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ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɧɚɞɟɠɧɨɫɬɶ ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɩɚɪɤɚ ɢ ɩɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɹɝɢ ɩɨɟɡɞɨɜ: Ɇɚɬɟɪɢɚɥɵ IV ɜɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ / Ɉɦɫɤɢɣ ɝɨɫ. ɭɧ-ɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ. Ɉɦɫɤ, 2018. 227 ɫ. 

 

ȼ ɫɛɨɪɧɢɤ ɜɨɲɥɢ ɫɬɚɬɶɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ 
ɤɨɦɩɥɟɤɫɭ ɧɚɭɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɩɨɫɜɹɳɟɧɧɵɯ ɬɹɝɨɜɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɦɭ 
ɨɛɟɫɩɟɱɟɧɢɸ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɪɨɛɥɟɦɚɦ ɜɨɠɞɟɧɢɹ ɩɨɟɡɞɨɜ ɩɨɜɵɲɟɧɧɨɣ 
ɦɚɫɫɵ ɢ ɞɥɢɧɵ; ɩɨɜɵɲɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɹɝɨɜɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ; ɜɥɢɹɧɢɸ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɹɝɨɜɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɟɪɟɜɨɡɨɱɧɨɝɨ 
ɩɪɨɰɟɫɫɚ; ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢ ɪɟɦɨɧɬɭ ɥɨɤɨɦɨɬɢɜɨɜ; 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɬɟɯɧɨɥɨɝɢɢ ɢ ɫɪɟɞɫɬɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ 
ɬɹɝɨɜɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ; ɩɪɨɛɥɟɦɚɦ ɨɛɟɫɩɟɱɟɧɢɹ ɫɤɨɪɨɫɬɧɨɝɨ ɢ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ, ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 
ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɷɥɟɤɬɪɨɩɨɞɜɢɠɧɵɦ ɫɨɫɬɚɜɨɦ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɫɛɨɪɧɢɤɟ ɦɚɬɟɪɢɚɥɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɬɢɩɨɜ ɢ ɫɟɪɢɣ ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ ɞɥɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɟɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ. 

ɋɛɨɪɧɢɤ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɟɧ ɞɥɹ ɧɚɭɱɧɵɯ ɫɨɬɪɭɞɧɢɤɨɜ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ, 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɨɛɥɚɫɬɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ. 
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Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ, ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɤɪɢɬɟɪɢɣ ɩɨɞɨɛɢɹ.  
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MAGNETIC FIELD CALCULATION IMPROVEMENT METHOD BASED 

ON MAXWELL'S EQUATIONS 

 

Designing an electrical machine is a complex task. The solution should take into account 

quite a number of factors. The main task for engineers during the design is to obtain the finished 

product, that will be with their characteristics most closely to a given project. In addition, the 

design phase is desirable to spend time short as possible. That is why engineers try to use all the 

latest design’s achievements and new methods of engine’s calculation. 
 

Keywords: Maxwell's equation, magnetic field, DC electric motor, similarity criterion. 
 

Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɢɤ ɢɫɯɨɞɢɬ ɢɡ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ «ɦɚɲɢɧɧɨɣ 
ɩɨɫɬɨɹɧɧɨɣ», ɨɩɪɟɞɟɥɹɟɦɨɣ ɢɡ ɞɨɩɭɫɬɢɦɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɧɚɝɪɭɡɨɤ. 
 Ɇɚɲɢɧɧɚɹ ɩɨɫɬɨɹɧɧɚɹ Ⱥɪɧɨɥɶɞɚ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ: 𝑃ʏ = ′ଶ݈δω𝑃ܦ = ʹπ𝑎δ݇𝐵 ݇ʝʐ ܤ ܣδ  ,                                   ሺͳሻ 

ɝɞɟ  — ɞɢɚɦɟɬɪ ɹɤɨɪɹ ɢɥɢ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɫɬɚɬɨɪɚ, ɦ; ݈δ — 

ɪɚɫɱɟɬɧɚɹ ɞɥɢɧɚ ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ, ɦ; ω — ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ, ɪɚɞ/ɫ; 𝑃′ — 

ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ, ȼɬ; ܣ — ɥɢɧɟɣɧɚɹ ɧɚɝɪɭɡɤɚ, Ⱥ/ɦ; ܤδ — ɢɧɞɭɤɰɢɹ ɜ 
ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ, Ɍɥ; 𝑎δ — ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɸɫɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ; ݇𝐵 — 

ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɤɪɢɜɨɣ ɢɧɞɭɤɰɢɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɧɚ ɜɵɜɨɞɚɯ ɦɚɲɢɧɵ ɩɪɢ ɯɨɥɨɫɬɨɦ ɯɨɞɟ ɢ ɧɚɝɪɭɡɤɟ; ݇ʝʐ — ɨɛɦɨɬɨɱɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ.  
 Ɉɩɪɟɞɟɥɢɜ ʞʏ = 𝑓ሺ𝑃′ሻ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ, 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɛɚɡɭ ɞɥɹ ɢɯ ɪɚɫɱɟɬɨɜ. Ɇɚɲɢɧɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɧɟ ɹɜɥɹɟɬɫɹ 
ɤɨɧɫɬɚɧɬɨɣ ɢ ɡɚɜɢɫɢɬ ɨɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɧɚɝɪɭɡɨɤ, ɧɚɩɪɹɠɟɧɢɹ, ɬɢɩɚ 
ɢɡɨɥɹɰɢɢ, ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ, ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ 
ɦɚɲɢɧɵ, ɫɭɦɦɵ ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. 
 ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧɚɯ ɨɛɭɫɥɨɜɥɟɧɨ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢ ɩɨɷɬɨɦɭ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ 
ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɫɬɨɹɧɧɨɣ Ⱥɪɧɨɥɶɞɚ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɚɲɢɧɚɦ ɢɡɜɟɫɬɧɵ ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ ɢ 
ɪɟɤɨɦɟɧɞɚɰɢɢ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɇɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧёɧ ɦɟɬɨɞ ɭɪɚɜɧɟɧɢɣ Ʉɢɪɯɝɨɮɚ, ɤɨɝɞɚ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ, ɫɨɡɞɚɜɚɟɦɵɣ 
ɨɛɦɨɬɤɚɦɢ ɦɚɲɢɧɵ, ɡɚɦɵɤɚɟɬɫɹ ɱɟɪɟɡ ɯɚɪɚɤɬɟɪɧɵɟ ɭɱɚɫɬɤɢ ɦɚɲɢɧɵ, 

D
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ɨɛɪɚɡɭɸɳɢɟ ɟɟ ɦɚɝɧɢɬɧɭɸ ɰɟɩɶ. ɇɚɩɪɢɦɟɪ, ɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɨɫɧɨɜɧɵɦɢ ɭɱɚɫɬɤɚɦɢ ɦɚɝɧɢɬɧɨɣ ɰɟɩɢ ɹɜɥɹɸɬɫɹ ɹɪɦɨ (ɫɬɚɧɢɧɚ), ɫɟɪɞɟɱɧɢɤɢ 
ɩɨɥɸɫɨɜ (ɜɤɥɸɱɚɹ ɩɨɥɸɫɧɵɟ ɛɚɲɦɚɤɢ, ɢɥɢ ɧɚɤɨɧɟɱɧɢɤɢ), ɫɟɪɞɟɱɧɢɤ ɹɤɨɪɹ, 
ɨɛɦɨɬɤɚ ɹɤɨɪɹ, ɡɭɛɰɵ ɹɤɨɪɹ ɢ ɜɨɡɞɭɲɧɵɣ ɡɚɡɨɪ ɦɟɠɞɭ ɩɨɥɸɫɧɵɦɢ 
ɧɚɤɨɧɟɱɧɢɤɚɦɢ ɢ ɹɤɨɪɟɦ. ɍɤɚɡɚɧɧɵɟ ɭɱɚɫɬɤɢ ɦɚɝɧɢɬɧɨɣ ɰɟɩɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɪɚɡɦɟɪɚɦɢ ɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɨɧɢ ɢɡɝɨɬɨɜɥɟɧɵ.  

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɢɥɨ ɫɨɡɞɚɬɶ ɦɟɬɨɞɵ ɪɚɫɱёɬɚ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɣ Ɇɚɤɫɜɟɥɥɚ. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɸɬ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɜɟɤɬɨɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ  ∂ଶݔ∂ܣଶ + ∂ଶݕ∂ܣଶ + ∂ଶݖ∂ܣଶ = −μ δሺݔ, ,ݕ  ɜɟɤɬɨɪɧɵɣ ɩɨɬɟɧɰɢɚɥ; μ –ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ; δ -ɩɥɨɬɧɨɫɬɶ ܣ  ˈˇˆ ሻ,                                      ሺʹሻݖ
ɬɨɤɚ; x,y,z – ɤɨɨɪɞɢɧɚɬɵ. 

 

Ɋɢɫ. 1. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ 

1-ɨɫɬɨɜ; 2 – ɫɟɪɞɟɱɧɢɤ ɝɥɚɜɧɨɝɨ ɩɨɥɸɫɚ; 3 – ɤɨɦɩɟɧɫɚɰɢɨɧɧɚɹ ɨɛɦɨɬɤɚ;  
4 – ɨɛɦɨɬɤɚ ɹɤɨɪɹ; 5 – ɩɪɨɞɨɥɶɧɵɣ ɤɚɧɚɥ; 6 – ɤɚɬɭɲɤɚ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ;  

7 – ɤɚɬɭɲɤɚ ɞɨɛɚɜɨɱɧɨɝɨ ɩɨɥɸɫɚ;8 – ɫɟɪɞɟɱɧɢɤ ɞɨɛɚɜɨɱɧɨɝɨ ɩɨɥɸɫɚ;  
9 – ɫɟɪɞɟɱɧɢɤ ɹɤɨɪɹ. 
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Ɋɢɫ. 2. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɨɛɦɨɬɤɢ ɹɤɨɪɹ 

1 – ɨɫɬɨɜ; 2 – ɫɟɪɞɟɱɧɢɤ ɝɥɚɜɧɨɝɨ ɩɨɥɸɫɚ; 3 – ɤɨɦɩɟɧɫɚɰɢɨɧɧɚɹ ɨɛɦɨɬɤɚ;  
4 – ɨɛɦɨɬɤɚ ɹɤɨɪɹ; 5 – ɩɪɨɞɨɥɶɧɵɣ ɤɚɧɚɥ; 6 – ɤɚɬɭɲɤɚ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ;  

7 – ɤɚɬɭɲɤɚ ɞɨɛɚɜɨɱɧɨɝɨ ɩɨɥɸɫɚ;8 – ɫɟɪɞɟɱɧɢɤ ɞɨɛɚɜɨɱɧɨɝɨ ɩɨɥɸɫɚ;  
9 – ɫɟɪɞɟɱɧɢɤ ɹɤɨɪɹ. 

 

ɉɪɢ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ (2) ɢɫɩɨɥɶɡɭɸɬ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɱɟɝɨ ɩɨɥɭɱɚɸɬ ɤɚɪɬɢɧɭ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɜɢɞɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɚɝɧɢɬɧɵɯ 
ɫɢɥɨɜɵɯ ɥɢɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ 1, 2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ 4ɯ 
ɩɨɥɸɫɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɬɨɤɚɦɢ 
ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɨɛɦɨɬɤɢ ɹɤɨɪɹ. Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɣ ɨɛɦɨɬɤɢ ɢ ɞɨɛɚɜɨɱɧɵɯ ɩɨɥɸɫɨɜ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɫɱɢɬɚɬɶ, ɱɬɨ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ 
ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɚɪɚɦɟɬɪɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, 
ɨɛɦɨɬɤɢ ɹɤɨɪɹ, ɨɛɦɨɬɤɢ ɞɨɛɚɜɨɱɧɵɯ ɩɨɥɸɫɨɜ ɢ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɣ ɨɛɦɨɬɤɢ. 

ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɦɚɲɢɧɧɚɹ ɩɨɫɬɨɹɧɧɚɹ Ⱥɪɧɨɥɶɞɚ (1) 
ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɦɧɨɠɟɫɬɜɚ ɩɚɪɚɦɟɬɪɨɜ, ɢ ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ 
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ɦɟɠɞɭ ɦɚɝɧɢɬɧɵɦɢ ɩɨɥɹɦɢ ɜɵɡɜɚɧɧɵɦɢ ɨɛɦɨɬɤɚɦɢ. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɞɥɹ 
ɷɬɨɝɨ ɩɪɢɦɟɧɹɸɬ ɤɪɢɬɟɪɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɜɢɞ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬ ɦɟɬɨɞɚɦɢ 
ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɫɥɭɱɚɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɭɱɢɬɵɜɚɬɶ ɫɥɟɞɭɸɳɟɟ. 

Ʌɸɛɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɮɢɡɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢ ɜ ɬɨɦ ɱɢɫɥɟ ɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɫɥɨɠɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. ɤɨɬɨɪɵɟ ɩɟɪɟɞɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɡɧɚɧɢɹ ɨ 
ɯɚɪɚɤɬɟɪɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɠɞɭ ɢɫɫɥɟɞɭɟɦɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. Ɉɞɧɚɤɨ ɧɚ ɨɫɧɨɜɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɜɵɪɚɠɟɧɢɣ ɧɟɜɨɡɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɤɨɧɤɪɟɬɧɵɯ 
ɫɨɨɬɧɨɲɟɧɢɹɯ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ, [1-5]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɣ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɡɚɞɚɱɢ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɩɟɪɟɯɨɞ ɨɬ ɭɪɚɜɧɟɧɢɣ ɤ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ, ɤɨɬɨɪɵɟ ɢ ɨɩɪɟɞɟɥɹɸɬ ɨɞɧɢ ɜɟɥɢɱɢɧɵ ɱɟɪɟɡ ɞɪɭɝɢɟ. Ʉɪɨɦɟ 
ɷɬɨɝɨ ɞɥɹ ɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɡɚɞɚɱ ɩɪɨɢɫɯɨɞɢɬ ɧɟɢɡɛɟɠɧɨɟ ɭɩɪɨɳɟɧɢɟ. ȼɫё ɷɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɩɪɢɛɥɢɠɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɦɚɥɨ ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɰɟɧɧɨɫɬɢ ɢ ɥɢɲɟɧɵ ɨɰɟɧɨɱɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. Ɉɫɧɨɜɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɚɸɬ 
ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ [1-5], ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɭɱɢɥɢ 
ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɫɜɹɡɢ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɳɧɨɫɬɟɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɬɟɯɧɢɤɢ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦɵɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɢ ɬɨɦ, ɱɬɨ ɞɚɸɬ ɤɨɧɤɪɟɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɧɟ 
ɫɩɨɫɨɛɧɵ ɜɵɪɚɡɢɬɶ ɧɚɝɥɹɞɧɵɟ ɜɧɭɬɪɟɧɧɢɟ ɜɡɚɢɦɨɫɜɹɡɢ ɢ ɜɡɚɢɦɨɡɚɜɢɫɢɦɨɫɬɢ. ȼ 
ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɨɜ: ɦɟɬɨɞ ɛɚɡɨɜɨɣ 
ɬɨɱɤɢ, ɚɧɚɥɢɡ ɪɚɡɦɟɪɧɨɫɬɟɣ ɢ ɚɧɚɥɢɡ ɭɪɚɜɧɟɧɢɣ. Ɂɞɟɫɶ ɞɚɥɶɧɟɣɲɟɟ ɯɨɞ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɜɬɨɪɨɣ ɬɟɨɪɟɦɨɣ ɩɨɞɨɛɢɹ (ɢɥɢ 
ɉ-ɬɟɨɪɟɦɵ). ȼ ɧɟɣ ɞɟɥɚɟɬɫɹ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɨɥɧɨɟ ɭɪɚɜɧɟɧɢɟ ɮɢɡɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɢ ɟɝɨ ɨɬɞɟɥɶɧɵɯ 
ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ. ɉɨɥɧɨɟ ɮɢɡɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢ ɷɬɨɦ ɢɦɟɟɬ ɜɢɞ: 𝑓ሺʞଵ, ʞଶ, ʞଷ, … , ʞ𝑛ሻ = Ͳ ,                                           ሺ͵ሻ 

ɝɞɟ ʞଵ, ʞ𝑛 ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ ɮɢɡɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ. 
 ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɟ ɩɟɪɟɱɟɧɶ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 1. Ʉɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɭɱёɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ 
ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2.  
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Ɍɚɛɥɢɰɚ 1 

Ɏɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ 

Ɏɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɚ ɪɚɡɦɟɪɧɨɫɬɢ 

ɉɥɨɳɚɞɶ 

ɩɨɞ ɦɚɝɧɢɬɨɩɪɨɜɨɞɨɦ 
S ܮଶ 

Ɇɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ B ܮ−ଵଶ  ܯଵଶ  ܶ−ଵ  μଵଶ 

ɆȾɋ F ܮଵଶ  ܯଵଶ  ܶ−ଵ  μ−ଵଶ 

ȼɨɡɞɭɲɧɵɣ ɡɚɡɨɪ δ ܮ 

Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ Φ ܮଷଶ  ܯଵଶ  ܶ−ଵ μଵଶ 

ɇɚɩɪɹɠɟɧɧɨɫɬɶ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
H ܮ−ଵଶ  ܯଵଶ  ܶ−ଵ  μ−ଵଶ 

ɗɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ E ܮଷଶ  ܯଵଶ  ܶ−ଶ  μଵଶ 

Ⱦɢɚɦɟɬɪ ɹɤɨɪɹ D ܮ 

Ɇɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ M ܮହଶ  ܯଵଶ  ܶ−ଵ  μଵଶ 

ɑɚɫɬɨɬɚ n ܶ−ଵ 

 

Ɍɚɛɥɢɰɚ 2 

ȼɵɜɟɞɟɧɧɵɟ ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ 

 Ʉɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ ʞଵ ʞଶ ʞଷ ʞସ ʞହ ʞ଺ 

ȼɵɪɚɠɟɧɢɟ ܤ ∙ ܵଷଶܯ  

δܵଵଶ Φ ∙ ܵଵଶܯ  
ܪ ∙ ܵଵଶܨ  

 ଵଶܦܵ
𝑛 ∙ ଵଶܵܯ ∙  ܧ

 

Ʉɪɢɬɟɪɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɤɪɢɬɟɪɢɹɦɢ ɩɨɞɨɛɢɹ.  𝑓ሺʞଵ, ʞଶ, ʞଷ, ʞସ, ʞହ, ʞ଺ሻ = Ͳ.                                     ሺͶሻ 

ɉɪɢ ɷɬɨɦ ɨɞɢɧ ɢɡ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɞɪɭɝɢɯ 
ɤɪɢɬɟɪɢɟɜ ɢ ɩɨɷɬɨɦɭ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɧɟɡɚɜɢɫɢɦɵɯ ɤɪɢɬɟɪɢɟɜ 
ɩɨɞɨɛɢɹ. ȼ ɢɬɨɝɟ ɤɪɢɬɟɪɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɜɢɞ: ʞଵ = 𝑓ሺʞଶ, ʞଷ, ʞସ, ʞହ, ʞ଺ሻ.                                        ሺͷሻ 
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Ɂɚɤɥɸɱɟɧɢɟ 

Ȼɵɥɚ ɪɟɲɟɧɚ ɡɚɞɚɱɚ ɩɨɞɨɛɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɞɥɹ ɷɬɨɝɨ ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɚɝɧɢɬɧɨɣ ɰɟɩɢ, ɩɨɥɭɱɟɧɵ 
ɲɟɫɬɶ ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɨɩɢɫɵɜɚɸɳɢɯ ɫɥɨɠɧɭɸ ɫɢɫɬɟɦɭ. ɂɡ ɧɢɯ ɛɵɥɨ 
ɫɨɫɬɚɜɥɟɧɨ ɤɪɢɬɟɪɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ. Ⱥɧɚɥɢɡ ɪɚɡɦɟɪɧɨɫɬɟɣ ɩɨɡɜɨɥɢɥ ɧɚɣɬɢ 
ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɨɬɧɨɲɟɧɢɹ ɢɥɢ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɟ. Ʉɪɢɬɟɪɢɣ ɉ1 ɜɵɪɚɠɚɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɟɣ, ɩɥɨɳɚɞɶɸ ɩɨɞ ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ ɢ ɦɚɝɧɢɬɧɵɦ 
ɦɨɦɟɧɬɨɦ; ɤɪɢɬɟɪɢɣ ɉ2 – ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɜɟɥɢɱɢɧɨɣ ɜɨɡɞɭɲɧɨɝɨ ɡɚɡɨɪɚ ɢ 
ɩɥɨɳɚɞɶɸ ɩɨɞ ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ; ɉ3 ɩɨɤɚɡɵɜɚɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ, ɩɥɨɳɚɞɶɸ ɢ ɦɚɝɧɢɬɧɵɦ ɦɨɦɟɧɬɨɦ; ɤɪɢɬɟɪɢɣ ɉ4 ɜɵɪɚɠɚɟɬ 
ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɥɨɳɚɞɶɸ ɢ ɆȾɋ; 
ɤɪɢɬɟɪɢɣ ɉ5 ɦɟɠɞɭ ɩɥɨɳɚɞɶɸ ɢ ɞɢɚɦɟɬɪɨɦ ɹɤɨɪɹ. 
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1Ɉɤɬɹɛɪɶɫɤɚɹ ɞɢɪɟɤɰɢɹ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ, ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 
2 ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ ɂɦɩɟɪɚɬɨɪɚ Ⱥɥɟɤɫɚɧɞɪɚ I, 

ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɈɐȿɇɄȺ ɌəȽɈȼɕɏ ȼɈɁɆɈɀɇɈɋɌȿɃ ɗɅȿɄɌɊɈȼɈɁɈȼ 2ɗɋ5Ʉ ɂ 
3ɗɋ5Ʉ ɋ ȾɅɂɇɇɈɋɈɋɌȺȼɇɕɆɂ ɉɈȿɁȾȺɆɂ ɉɈȼɕɒȿɇɇɈɃ 

ɆȺɋɋɕ ɇȺ ɍɑȺɋɌɄȿ ɉȿɊȽɍȻȺ – ɇɈȼɕɃ ɉɈɋȿɅɈɄ 

 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɹɝɨɜɵɯ ɪɚɫɱɟɬɨɜ ɞɥɹ ɩɟɪɟɞɜɢɠɟɧɢɹ ɞɥɢɧɧɨɫɨɫɬɚɜɧɵɯ 
ɩɨɟɡɞɨɜ ɦɚɫɫɨɣ 5200 ɢ 6500 ɬ ɷɥɟɤɬɪɨɜɨɡɚɦɢ 2Эɋ5Ʉ ɢ 3Эɋ5Ʉ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɟɡ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɥɨɤɨɦɨɬɢɜɨɜ ɧɚ ɭɱɚɫɬɤɟ ɉɟɪɝɭɛɚ – ɇɨɜɵɣ ɩɨɫɟɥɨɤ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɹɝɨɜɵɟ ɪɚɫɱɟɬɵ, ɷɥɟɤɬɪɨɜɨɡ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɞɥɢɧɧɨɫɬɚɜɧɵɣ ɫɨɫɬɚɜ. 
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ESTIMATION OF 2ES5K AND 3ES5K LOCOMOTIVES TRACTION 

OPPORTUNITIES WITH LONG-CONSTITUTED TRAINS OF THE 

INCREASED MASS ON THE TRACK SECTION PERGUBA – NOVY POSELOK 

 

The results of traction calculations for the movement of long-haul trains of 5200 and 6500 

tons by electric locomotives 2ES5K and 3ES5K without the use of auxiliary locomotives in the 

Perguba - Novy poselok track section are presented. 

 

Keywords: grade computations, AC electric locomotive, long-haul train.  
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