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Fig .7. The machine modelling of transient process-

es at current of stator, rotor of synchronous machine at a 

soft start with  steel saturation 

 
Fig. 8. The machine modelling of energy consump-

tion at a direct start ȿɟ, start with saturation Eenas  

and at a linear start Elin 

2. The steel saturation of the synchronous machine lead to high-frequency generation, modulated by low-

frequency ones. The amplitude of peak current can achieve 40-90% of nominal values of the current.  

3. The energy consumption at a linear start is 30 - 40% less than at a direct start. 
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ȾɂɇȺɆɂɑȿɋɄɂȿ ɂ ɋɌȺɌɂɑȿɋɄɂȿ ɇȺȽɊɍɁɄɂ ȼ ȾȼɍɏȾȼɂȽȺɌȿɅɖɇɕɏ ɋɂɇ-
ɏɊɈɇɇɕɏ ɉɊɂȼɈȾȺɏ ȻȺɊȺȻȺɇɇɕɏ ɆȿɅɖɇɂɐ 

 
ɋɧɢɠɟɧɢɟ ɭɞɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɫɵɪɶɹ ɢɞɟɬ ɩɨ ɩɭɬɢ ɫɨɡɞɚɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɛɚɪɚɛɚɧ-

ɧɵɯ ɦɟɥɶɧɢɰ ɛɨɥɶɲɨɣ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɟɪɟɞɚɱ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɦɨɳɧɨɫɬɢ ɫɜɵɲɟ 4500–5000 ɤȼɬ ɜɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɞɜɭɯɞɜɢ-
ɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɟɪɟɞɚɜɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɦɨɳɧɨɫɬɶ ɤ ɛɚɪɚɛɚɧɭ ɞɜɭɦɹ ɫɢɥɨɜɵɦɢ ɩɨ-
ɬɨɤɚɦɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɶɲɚɹ ɦɨɳɧɨɫɬɶ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɞɜɟ ɩɪɢ-
ɜɨɞɧɵɟ ɲɟɫɬɟɪɧɢ ɢ ɡɭɛɱɚɬɵɣ ɜɟɧɟɰ, ɫɨɫɬɚɜɥɹɟɬ 15000 ɤȼɬ Д1Ж. Ɉɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ 
ɩɪɢɜɨɞɨɜ ɫ ɫɢɧɯɪɨɧɧɵɦɢ ɢɥɢ ɚɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ, ɩɨɤɚɡɚɥ, 
ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɚɯ ɜɨɡɧɢɤɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɚɤɬɨɪɵ, ɜɵɡɵɜɚɸɳɢɟ ɜ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ Д2Ж. 

ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ 
ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ. 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ «ɭɝɥɨɦ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ». ɉɨɞ ɭɝ-
ɥɨɦ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ   ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɟɪɧɭɬɶ ɪɨɬɨɪ ɨɞɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɝɨ, ɱɬɨɛɵ ɧɚɝɪɭɡɤɚ ɪɚɫɩɪɟɞɟɥɢɥɚɫɶ ɪɚɜɧɨɦɟɪɧɨ. 

Ɋɚɡɥɢɱɚɸɬ ɩɨɫɬɨɹɧɧɭɸ ɢ ɩɟɪɟɦɟɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ ɜ ɫɢɧɯɪɨɧɧɨɦ 
ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɦ ɩɪɢɜɨɞɟ. ɉɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ 0  ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɬ.ɟ. 
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 ɦɟɯɷ 000  ,         (1) 

 

ɝɞɟ ɷ0 , ɦɟɯ0  – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɢ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɛɭɞɟɦ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɦ Hk , ɤɨɬɨɪɵɣ ɪɚ-

ɜɟɧ ɨɬɧɨɲɟɧɢɸ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ maxɆ  ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ, ɪɚɜɧɨɦɭ CM,50  [2], 
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 ,     (3) 

 

ɝɞɟ Hɦɟɯk , Hɷɥk  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɜɵɡɜɚɧɧɨɣ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ; ɦɟɯc  – ɩɪɢɜɟɞɟɧɧɚɹ 
ɠɟɫɬɤɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɇɦ; CM  – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɥɨɠɟɧɧɵɣ ɤ ɛɚɪɚɛɚɧɭ; ɞɜc  – 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɠɟɫɬɤɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, Д3Ж, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ 

 

ɷɥ
ɧɨɦ

ɞɜ
pM

c 
 , ɇɦ,     (4) 

 

ɧɨɦM  – ɧɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ; p  – ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɞɜɢɝɚɬɟɥɹ; ɷɥ  – ɜɧɭɬɪɟɧɧɢɣ ɭɝɨɥ 
ɞɜɢɝɚɬɟɥɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɟɞɢɧɢɰɚɯ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɚɤ: 

 
2610770010 n,n,ɷɥ

 ,          (5) 

 

n  – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɨɛ/ɦɢɧ. 
ɉɨɞɫɬɚɜɥɹɹ ɜ ɭɪɚɜɧɟɧɢɟ (3) ɜɵɪɚɠɟɧɢɟ (4), ɚ ɬɚɤɠɟ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɭɝɨɥ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ ɜ 

ɭɪɚɜɧɟɧɢɢ (3) pɷɥɷ  0 , ɩɨɥɭɱɢɦ 

 

ɷɥ
ɷɥ

Hɷɥ ,k 
 501 ,      (6) 

 

ɝɞɟ ɷɥ  – ɧɟɫɨɝɥɚɫɨɜɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɜɧɭɬɪɟɧɧɟɝɨ ɭɝɥɚ ɞɜɢɝɚɬɟɥɟɣ, ɚ Cɧɨɦ M,M 50 . 

ɂɡ ɜɵɪɚɠɟɧɢɣ (5) ɢ (6) ɫɥɟɞɭɟɬ, ɱɬɨ ɨɞɧɚ ɢ ɬɚ ɠɟ ɜɟɥɢɱɢɧɚ ɭɝɥɚ ɷɥ  ɜ ɩɪɢɜɨɞɚɯ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɛɨ-
ɥɟɟ ɛɵɫɬɪɨɯɨɞɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, 
ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɦɟɧɶɲɟɣ ɧɟɪɚɜ-
ɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ 
(ɪɢɫ. 1) 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɧɟ-
ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɞɜɢɝɚɬɟɥɹɦɢ ɜ ɩɪɨ-
ɰɟɫɫɟ ɦɨɧɬɚɠɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɪɚɫ-
ɫɨɟɞɢɧɟɧɧɵɯ ɜɚɥɚɯ ɞɜɢɝɚɬɟɥɹ ɢ ɦɟ-
ɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɨɝɥɚɫɨɜɚɬɶ 
ɪɨɬɨɪɵ ɞɜɢɝɚɬɟɥɟɣ ɢ ɜɵɛɪɚɬɶ ɜɫɟ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɡɚɡɨɪɵ ɜ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɫɢɫɬɟɦɟ. ɉɪɢ ɷɬɨɦ ɜɚɥɵ ɞɜɢɝɚ-
ɬɟɥɟɣ ɢ ɜɯɨɞɧɵɟ ɜɚɥɵ ɪɟɞɭɤɬɨɪɨɜ 
(ɩɪɢɜɨɞɧɵɯ ɲɟɫɬɟɪɟɧ) ɡɚɣɦɭɬ ɨɩɪɟ-
ɞɟɥɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɢɯ 
ɧɟɨɛɯɨɞɢɦɨ ɫɨɟɞɢɧɢɬɶ ɫɩɟɰɢɚɥɶɧɵ-
ɦɢ ɧɨɧɢɭɫɧɵɦɢ ɦɭɮɬɚɦɢ Д4Ж. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɢ ɱɚɫɬɨɬɟ ɩɢ-
ɬɚɸɳɟɣ ɫɟɬɢ 50f  Ƚɰ ɱɢɫɥɨ ɩɚɪ 
ɩɨɥɸɫɨɜ ɞɜɢɝɚɬɟɥɹ np 3000 , ɬɨ 

 
Ɋɢɫ. 1. Ʉɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ  
ɞɜɢɝɚɬɟɥɟɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɟɥɢɱɢɧɚɯ ɜɧɭɬɪɟɧɧɟɝɨ ɭɝɥɚ  

ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɝɪɚɞɭɫɚɯ:  
1 – ɷɥ = 3; 2 – ɷɥ = 10; 3 – ɷɥ =20; 4 – ɷɥ =30. 
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ɭɝɥɵ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ ɜ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɟɞɢɧɢɰɚɯ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ 
ɬɚɤɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ: 

 

nɦɟɯɷɥ
3000 ,      (7) 

 

ɝɞɟ ɦɟɯ  – ɚɛɫɨɥɸɬɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟɬɨɱɧɨɫɬɢ ɦɨɧɬɚɠɚ, ɪɚɞ. 
ɂɡ ɜɵɪɚɠɟɧɢɹ (7) ɜɵɬɟɤɚɟɬ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɩɪɢ ɧɨɧɢɭɫɧɵɯ ɦɭɮɬɚɯ 

ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɬɨɱɧɨɫɬɢ, ɭɦɟɧɶɲɚɟɬɫɹ ɩɨɝɪɟɲɧɨɫɬɶ ɦɨɧɬɚɠɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɫɬɚɬɨɱɧɚɹ ɜɟɥɢɱɢɧɚ 
ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɨɛ/ɦɢɧ150n  ɢ ɩɨɝɪɟɲɧɨ-
ɫɬɢ ɦɨɧɬɚɠɚ ɦɟɯ  ɨɫɬɚɬɨɱɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ ɦɟɯɷɥ  20 , ɚ ɩɪɢ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ 1000n  ɨɛ/ɦɢɧ – ɦɟɯɷɥ  3 . 

ɇɚ ɫɬɚɬɢɱɟɫɤɭɸ ɜɟɥɢɱɢɧɭ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ ɛɭɞɭɬ ɧɚɤɥɚɞɵɜɚɬɶɫɹ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, 
ɜɵɡɜɚɧɧɵɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɩɪɢɜɨɞɚ. Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜ-
ɥɹɸɳɚɹ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɧɚɤɨɩɥɟɧɧɨɣ ɨɲɢɛɤɨɣ ɲɚɝɚ ɨɬɤɪɵɬɨɝɨ ɡɭɛɱɚɬɨɝɨ 
ɡɚɰɟɩɥɟɧɢɹ ɢ ɪɚɞɢɚɥɶɧɵɦ ɛɢɟɧɢɟɦ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ Д4Ж: 

 

       n

i
iikiɤ tpsin

1

,      

 

ɝɞɟ ki , ip , i  – ɚɦɩɥɢɬɭɞɚ, ɱɚɫɬɨɬɚ ɢ ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ ɤɢɧɟ-
ɦɚɬɢɱɟɫɤɨɝɨ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɪɚɫɫɦɨɬɪɢɦ ɷɤɜɢɜɚɥɟɧɬ-
ɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɯɟɦɭ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɝɨ ɫɢɧɯɪɨɧɧɨɝɨ 

ɩɪɢɜɨɞɚ ɩɪɟɞɫɬɚɜɢɦ ɧɚ ɪɢɫ. 2, ɝɞɟ 1I , 2I , 3I , 1 , 2 , 3  – 

ɩɪɢɜɟɞɟɧɧɵɟ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɢ ɭɝɥɵ ɩɨɜɨɪɨɬɚ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, ɞɜɢɝɚɬɟɥɟɣ ɢ ɛɚɪɚɛɚɧɚ ɦɟɥɶɧɢɰɵ; 13ɫ , 23ɫ  – ɩɪɢɜɟ-
ɞɟɧɧɚɹ ɠɟɫɬɤɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɫɨɨɬ-ɜɟɬɫɬɜɟɧɧɨ ɩɟɪ-
ɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɞɜɢɝɚɬɟɥɹ; ɷɦ1(2)M  – ɷɥɟɤɬɪɨ-ɦɚɝɧɢɬɧɵɣ ɦɨ-

ɦɟɧɬ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɞɜɢɝɚɬɟɥɹ; ɋM  – ɩɪɢɜɟɞɟɧɧɵɣ ɦɨɦɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ;  t  – ɤɢɧɟɦɚɬɢɱɟɫɤɨɟ ɜɨɡɦɭɳɟɧɢɟ. 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɛɭɞɟɦ ɨɩɢɫɵɜɚɬɶ ɭɪɚɜɧɟɧɢɹɦɢ ɉɚɪɤɚ-

Ƚɨɪɟɜɚ Д4Ж. Ɍɨɝɞɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɝɨ ɩɪɢ-
ɜɨɞɚ, ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
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Ɋɢɫ. 2. ɉɪɢɜɟɞɟɧɧɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ 

ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɯɟɦɚ  
ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɝɨ ɫɢɧɯɪɨɧɧɨɝɨ  
ɩɪɢɜɨɞɚ ɛɚɪɚɛɚɧɧɨɣ ɦɟɥɶɧɢɰɵ 
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ɝɞɟ  21d ,  21q  – ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ;  21f  – ɩɨɬɨ-

ɤɨɫɰɟɩɥɟɧɢɹ ɨɛɦɨɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ;  21ɷН ,  21ɷq  – ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɞɟɦɩɮɟɪɧɵɯ ɨɛɦɨɬɨɤ ɩɨ ɩɪɨ-

ɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ; mU  – ɚɦɩɥɢɬɭɞɚ ɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ;  21fU  – ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠ-

ɞɟɧɢɹ;  2 , 3  – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɩɟɪɜɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɜɬɨɪɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢ ɛɚɪɚɛɚɧɚ ɫɨɨɬ-

ɜɟɬɫɬɜɟɧɧɨ;  21H , 3H  – ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɞɜɢɝɚɬɟɥɟɣ ɢ ɛɚɪɚɛɚɧɚ;  2ɷɦ1M  – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ; 

ɋM  – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ;  21  – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ɧɚɜɟɞɟɧɧɨɣ ɜ ɫɬɚɬɨɪɟ ɗȾɋ ɨɬ ɬɨɤɚ ɜɨɡɛɭɠɞɟ-

ɧɢɹ ɢ ɜɟɤɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ;  21ar ,  21fr ,  21ɷНr ,  21ɷqr  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɮɚɡɵ ɫɬɚɬɨɪɚ, ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, ɞɟɦɩɮɟɪɧɨɣ ɨɛɦɨɬɤɢ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ;  21d''X ,  21f''X ,  21ɷН''X ,  21df''X ,  21НɷН''X ,  21ɷdf''X ,  21q''X ,  21ɷq''X ,  21ɷqq''X  – 

ɫɜɟɪɯɩɟɪɟɯɨɞɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɢɧɞɟɤɫ 1 ɢ 2 ɨɬɧɨɫɹɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɩɟɪɜɨɦɭ ɢ ɜɬɨɪɨɦɭ ɞɜɢɝɚɬɟ-
ɥɸ).  

ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɵ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɩɪɢ ɩɪɹ-
ɦɨɦ ɩɭɫɤɟ ɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɝɨ ɩɪɢɜɨɞɚ ɦɟɥɶɧɢɰɵ, ɫɨɞɟɪɠɚɳɟɝɨ ɞɜɢɝɚ-
ɬɟɥɢ ɋȾɆ32-21-91-40 ɍɏɅ4 ɦɨɳɧɨɫɬɶɸ 4 000 ɤȼɬ ɢ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɨɛ/ɦɢɧ150n . 

 

  
ɚ) ɛ) 

Ɋɢɫ. 3. Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ Ɇ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɩɪɢ ɩɪɹɦɨɦ ɩɭɫɤɟ ɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 
ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɝɨ ɩɪɢɜɨɞɚ: 1, 2 – ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  

ɚ – ɩɪɢɜɟɞɟɧɧɚɹ ɠɟɫɬɤɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɤɚɠɞɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱ ( ɦɇ1012 6
ɦɟɯ c ), ɜɧɭɬɪɟɧɧɢɣ 

ɭɝɨɥ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ ɷɥ=10; ɛ – ɦɇ102 6
ɦɟɯ c , ɷɥ= 10 ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɝɪɚɞɭɫɨɜ. 

 

ȼɵɜɨɞɵ 

 

Ⱦɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 
ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɪɨɰɟɫɫɟ ɦɨɧɬɚɠɚ ɫɨɝɥɚɫɨɜɵɜɚɬɶ ɩɨɥɨɠɟɧɢɟ ɪɨɬɨɪɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɜɟɧ-
ɫɬɜɨ ɜɧɭɬɪɟɧɧɢɯ ɭɝɥɨɜ  . ɉɪɢ ɷɬɨɦ ɨɞɧɚ ɢ ɬɚ ɠɟ ɜɟɥɢɱɢɧɚ ɧɟɫɨɝɥɚɫɨɜɚɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɭɝɥɚ ɷɥ ɜ ɩɪɢ-
ɜɨɞɚɯ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɛɨɥɟɟ ɛɵɫɬɪɨɯɨɞɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɦɟɧɶɲɟɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɜɨɞɨɜ ɫ ɛɵɫɬɪɨɯɨɞɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɭɩɪɨɳɚɟɬ 
ɩɪɨɰɟɫɫ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɣ ɪɨɬɨɪɨɜ, ɬɚɤ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɧɟɫɨɝɥɚɫɨɜɚɧɧɨɣ ɜɟɥɢɱɢɧɵ ɜɧɭɬɪɟɧɧɟɝɨ 
ɭɝɥɚ ɷɥ ɤ ɩɨɝɪɟɲɧɨɫɬɢ ɦɨɧɬɚɠɚ ɦɟɯ, ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɢ ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɢɫɥɭ ɩɨɥɸɫɨɜ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɢɧɚɦɢɤɢ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɵɧɭɠ-
ɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɜɵɡɜɚɧɧɵɯ ɧɚɤɨɩɥɟɧɧɨɣ ɨɲɢɛɤɨɣ ɜ ɡɭɛɱɚɬɨɦ ɡɚɰɟɩɥɟɧɢɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɦɭɮɬ ɩɨɧɢɠɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɢɬɶ 
ɧɚɝɪɭɡɤɭ ɢ ɨɝɪɚɧɢɱɢɬɶ ɟё ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ. 
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RESEARCH OF THE POWER EFFECTIVENESS OF THE TRACTION  

ELECTROTECHNICAL COMPLEX MOTION TRAJECTORY REALIZATION IN A 

TROLLEYBUS WITH PEAK MOTOR EFFICIENCY 
 

Introduction 
The requirements imposed on traction electrotechnical complex are increasing day by day. This is ex-

pressed in raising evaluation of quality, ease of implementation, efficiency, reliability and performance when the 

necessary criteria for optimality [1] are met. 

The control systems of traction electrotechnical complex (TEC) of city electric transport are diverse. They 

are formed by power electric circuits, which include traction DC motors and devices, machines and converters 

and auxiliary circles, which include auxiliary electrical machines, heating and lighting devices.  

Considerable part of the trolleybuses, operated in the cities of Ukraine, are equipped with rheostat-contact 
control systems (RCCS) of traction complex [2], the simplified structure is given in Fig. 1. 
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Fig. 1. The structure of the electrotechnical complex of trolleybus with RCCS 

 

Such control systems of traction electrotechnical complexes have certain advantages: simplicity of con-

struction and repair, relatively high controllability. They are characterized by some disadvantages: significant 

weight and dimension parameters, have high level of electrical energy losses in the resistors. 

Development of power semiconductor technology has allowed a new quality mode control system of trac-

tion motors: thyristor-pulse, later – transistor-pulse [3] regulatory system, which simplified structure shown in 

Fig. 2. 

Transfer to noncontact pulse control system significantly changes the scheme and the working conditions of 

traction complex of trolleybus, improving the traction performance and enhancing economic efficiency of elec-

tric traction. Stepless control provides automatic control of the engine, allows to obtain any traction characteris-

tics. Soft start reduces energy loss and improves acceleration of trolleybus at start without increasing engine 
power, simplifies power circuit trolley. These control systems provide work of traction complex of trolleybus 

type ZYU-683, 14 Tr [3]. 


