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Abstract. Basic parameters and characteristics of the electric vehicle powerplant are scientificaly 
grounded. The low of control of brushless motor as a part of the powerplant at a given towing speed 
mode is investigated. 
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ȼɫɬɭɩ 
 
ɇɚɣɛɿɥɶɲ ɩɟɪɫɩɟɤɬɢɜɧɢɦ ɧɚɩɪɹɦɨɦ ɜɢɪɿ-
ɲɟɧɧɹ ɡɚɞɚɱɿ ɩɿɞɜɢɳɟɧɧɹ ɟɤɨɥɨɝɿɱɧɨʀ ɱɢɫɬɨ-
ɬɢ ɣ ɟɤɨɧɨɦɿɱɧɨɫɬɿ ɚɜɬɨɦɨɛɿɥɿɜ ɜɜɚɠɚєɬɶɫɹ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɐɟɣ 
ɧɚɩɪɹɦ ɩɨɜ’ɹɡɚɧɢɣ ɹɤ ɿɡ ɩɨɞɚɥɶɲɢɦ ɜɞɨɫɤɨ-
ɧɚɥɟɧɧɹɦ ɟɥɟɤɬɪɨɦɨɛɿɥɿɜ, ɬɚɤ ɿ ɡ ɪɨɡɪɨɛɤɚɦɢ 
ɚɜɬɨɦɨɛɿɥɿɜ, ɨɫɧɚɳɟɧɢɯ ɝɿɛɪɢɞɧɢɦɢ ɫɢɥɨɜɢ-
ɦɢ ɭɫɬɚɧɨɜɤɚɦɢ. Ɍɚɤɿ ɫɢɥɨɜɿ ɭɫɬɚɧɨɜɤɢ 
ɜɤɥɸɱɚɸɬɶ, ɨɤɪɿɦ ɞɜɢɝɭɧɚ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨ-
ɪɚɧɧɹ, ɬɹɝɨɜɢɣ ɟɥɟɤɬɪɨɞɜɢɝɭɧ, ɤɨɧɬɭɪ ɪɟɤɭ-
ɩɟɪɚɰɿʀ ɟɧɟɪɝɿʀ, ɚ ɬɚɤɨɠ ɩɪɢɫɬɪɿɣ ɭɩɪɚɜɥɿɧɧɹ 
ɩɟɪɟɪɨɡɩɨɞɿɥɨɦ ɩɨɬɨɤɿɜ ɩɨɬɭɠɧɨɫɬɿ. 

ɍ ɧɚɲ ɱɚɫ ɹɤ ɬɹɝɨɜɢɣ ɟɥɟɤɬɪɨɩɪɢɜɿɞ ɱɚɫɬɨ 
ɡɚɫɬɨɫɨɜɭɸɬɶ ɜɟɧɬɢɥɶɧɢɣ ɞɜɢɝɭɧ (ȼȾ). ȼȾ є 
ɫɢɫɬɟɦɨɸ ɪɟɝɭɥɶɨɜɚɧɨɝɨ ɟɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɳɨ 
ɫɤɥɚɞɚєɬɶɫɹ ɡ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ ɡɦɿɧɧɨɝɨ ɫɬɪɭ-
ɦɭ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɩɨɞɿɛɧɨɝɨ ɞɨ ɫɢɧɯɪɨɧɧɨʀ 
ɦɚɲɢɧɢ, ɜɟɧɬɢɥɶɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɿ ɩɪɢ-
ɫɬɪɨɸ ɭɩɪɚɜɥɿɧɧɹ, ɳɨ ɡɚɛɟɡɩɟɱɭє ɤɨɦɭɬɚɰɿɸ 
ɥɚɧɰɸɝɿɜ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɡɚɥɟɠɧɨ ɜɿɞ ɤɭɬɨ-
ɜɨɝɨ ɩɨɥɨɠɟɧɧɹ ɪɨɬɨɪɚ. əɤ ɬɹɝɨɜɢɣ ɟɥɟɤɬɪɨ-
ɩɪɢɜɿɞ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ȼȾ ɧɚ ɨɫɧɨɜɿ ɫɢɧɯ-
ɪɨɧɧɨɝɨ ɞɜɢɝɭɧɚ ɡɿ ɡɛɭɞɠɟɧɧɹɦ ɜɿɞ ɪɨɡɬɚɲɨ-
ɜɚɧɢɯ ɧɚ ɪɨɬɨɪɿ ɩɨɫɬɿɣɧɢɯ ɦɚɝɧɿɬɿɜ. ȼɢɤɨɪɢɫ-
ɬɚɧɧɹ ȼȾ ɦɚє ɪɹɞ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɿ ɬɟɯɧɿɤɨ-
ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ ɩɟɪɟɜɚɝ: ɛɟɡɤɨɧɬɚɤɬɧɿɫɬɶ ɿ 
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ɜɿɞɫɭɬɧɿɫɬɶ ɜɭɡɥɿɜ, ɳɨ ɜɢɦɚɝɚɸɬɶ ɨɛɫɥɭɝɨɜɭ-
ɜɚɧɧɹ; ɜɟɥɢɤɚ ɩɟɪɟɜɚɧɬɚɠɭɜɚɥɶɧɚ ɡɞɚɬɧɿɫɬɶ 
ɡɚ ɦɨɦɟɧɬɨɦ; ɧɚɣɜɢɳɿ ɟɧɟɪɝɟɬɢɱɧɿ ɩɨɤɚɡɧɢɤɢ 
ɱɟɪɟɡ ɜɿɞɫɭɬɧɿɫɬɶ ɜɬɪɚɬ ɧɚ ɡɛɭɞɠɟɧɧɹ; ɩɪɨɫ-
ɬɨɬɚ ɫɢɫɬɟɦɢ ɨɯɨɥɨɞɠɟɧɧɹ ɱɟɪɟɡ ɜɿɞɫɭɬɧɿɫɬɶ 
ɧɚ ɪɨɬɨɪɿ ɨɛɦɨɬɨɤ, ɳɨ ɧɚɝɪɿɜɚɸɬɶɫɹ ɫɬɪɭɦɨɦ 
ɧɚɜɚɧɬɚɠɟɧɧɹ; ɜɟɥɢɤɢɣ ɬɟɪɦɿɧ ɫɥɭɠɛɢ, ɧɚ-
ɞɿɣɧɿɫɬɶ; ɤɪɚɳɿ ɦɚɫɨɝɚɛɚɪɢɬɧɿ ɣ ɜɚɪɬɿɫɧɿ ɩɨ-
ɤɚɡɧɢɤɢ.  
 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 
 
Ɉɫɬɚɧɧɿɦ ɱɚɫɨɦ ɡ’ɹɜɢɥɚɫɹ ɞɨɫɬɚɬɧɶɨ ɜɟɥɢɤɚ 
ɤɿɥɶɤɿɫɬɶ ɪɨɛɿɬ ɜɿɬɱɢɡɧɹɧɢɯ ɿ ɡɚɪɭɛɿɠɧɢɯ ɞɨ-
ɫɥɿɞɧɢɤɿɜ, ɩɪɢɫɜɹɱɟɧɢɯ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɚɬɟ-
ɦɚɬɢɱɧɢɯ ɦɨɞɟɥɟɣ ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɩɪɢɜɨɞɚ 
ɪɿɡɧɢɯ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɿ ɫɢɧɬɟɡɭ ɨɩɬɢ-
ɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɚɜɬɨɦɨɛɿɥɶɧɢɯ ɫɢɥɨɜɢɯ 
ɭɫɬɚɧɨɜɨɤ. ɐɟ ɝɨɜɨɪɢɬɶ ɩɪɨ ɚɤɬɭɚɥɶɧɿɫɬɶ ɜɤɚ-
ɡɚɧɨʀ ɩɪɨɛɥɟɦɢ. 
 
Ɂɨɤɪɟɦɚ ɜ ɪɨɛɨɬɚɯ Д1–4Ж ɜɢɤɥɚɞɟɧɿ ɩɿɞɯɨɞɢ 
ɞɨ ɦɨɞɟɥɸɜɚɧɧɹ ɫɢɥɨɜɢɯ ɭɫɬɚɧɨɜɨɤ ɝɿɛɪɢɞ-
ɧɢɯ ɚɜɬɨɦɨɛɿɥɿɜ, ɳɨ ɜɤɥɸɱɚɸɬɶ ȼȾ ɹɤ ɞɨɩɨ-
ɦɿɠɧɢɣ ɟɥɟɤɬɪɨɩɪɢɜɿɞ, ɿ ɜɿɞɩɨɜɿɞɧɢɯ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɿɧɧɹ.  
 
ɍ ɪɨɛɨɬɚɯ Д5–7Ж ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɩɢɬɚɧɧɹ ɦɚ-
ɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ȼȾ, ɚ ɬɚɤɨɠ ɨɩɬɢ-
ɦɿɡɚɰɿʀ ɭɩɪɚɜɥɿɧɧɹ ɜɟɤɬɨɪɨɦ ɫɬɪɭɦɭ ɫɬɚɬɨɪɚ. 
 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 
 

ɉɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɧɨɜɢɯ ɚɜɬɨɦɨɛɿɥɶɧɢɯ ɫɢ-
ɥɨɜɢɯ ɭɫɬɚɧɨɜɨɤ ɜɢɧɢɤɚє ɫɤɥɚɞɧɚ ɩɪɨɛɥɟɦɚ 
ɧɚɭɤɨɜɨɝɨ ɨɛґɪɭɧɬɭɜɚɧɧɹ ʀɯ ɛɚɡɨɜɢɯ ɩɚɪɚɦɟ-
ɬɪɿɜ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ 
ɩɪɨɛɥɟɦɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɦɟɬɨɞɢɤɢ, ɳɨ 
ɛɚɡɭɸɬɶɫɹ ɧɚ ɩɪɨɜɟɞɟɧɧɿ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ 
ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ ɦɚɬɟɦɚɬɢɱɧɢ-
ɦɢ ɦɨɞɟɥɹɦɢ. ɉɪɨɬɟ ɩɪɨɜɟɞɟɧɧɹ ɩɨɪɿɜɧɹɥɶ-
ɧɨɝɨ ɚɧɚɥɿɡɭ ɪɿɡɧɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɪɿɲɟɧɶ 
ɧɟ є ɦɨɠɥɢɜɢɦ ɛɟɡ ɨɩɬɢɦɿɡɚɰɿʀ ɚɥɝɨɪɢɬɦɿɜ 
ɭɩɪɚɜɥɿɧɧɹ ɹɤ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ ɜ ɰɿɥɨɦɭ, 
ɬɚɤ ɿ ɨɤɪɟɦɢɯ ɚɝɪɟɝɚɬɿɜ, ɳɨ ʀʀ ɫɤɥɚɞɚɸɬɶ. ɐɹ 
ɪɨɛɨɬɚ ɩɪɢɫɜɹɱɟɧɚ ɞɨɫɥɿɞɠɟɧɧɸ ɡɚɤɨɧɭ 
ɭɩɪɚɜɥɿɧɧɹ ȼȾ ɭ ɫɤɥɚɞɿ ɚɜɬɨɦɨɛɿɥɶɧɨʀ ɫɢɥɨ-
ɜɨʀ ɭɫɬɚɧɨɜɤɢ, ɳɨ ɡɚɛɟɡɩɟɱɭє ɦɿɧɿɦɚɥɶɧɢɣ 
ɫɬɪɭɦ ɫɩɨɠɢɜɚɧɧɹ ɡɚ ɡɚɞɚɧɨɝɨ ɬɹɝɨɜɨ-
ɲɜɢɞɤɿɫɧɨɝɨ ɪɟɠɢɦɭ. 
 

Ɉɫɧɨɜɧɿ ɩɨɥɨɠɟɧɧɹ ɜɢɤɨɧɚɧɨɝɨ  
ɞɨɫɥɿɞɠɟɧɧɹ 

 

ɉɪɨɬɟ ɡɚɜɞɚɧɧɹ ɩɨɪɿɜɧɹɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɪɿɡɧɢɯ 
ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɪɿɲɟɧɶ ɚɜɬɨɦɨɛɿɥɶɧɢɯ ɫɢɥɨ-
ɜɢɯ ɭɫɬɚɧɨɜɨɤ ɧɚ ɩɿɞɫɬɚɜɿ ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ 

ɟɤɫɩɟɪɢɦɟɧɬɭ ɩɨɪɨɞɠɭє ɪɹɞ ɨɫɨɛɥɢɜɨɫɬɟɣ ɹɤ 
ɩɪɢ ɫɢɧɬɟɡɿ ɦɨɞɟɥɟɣ ɨɛ’єɤɬɚ ɭɩɪɚɜɥɿɧɧɹ, ɬɚɤ ɿ 
ɭɩɪɚɜɥɹɸɱɢɯ ɜɩɥɢɜɿɜ. ɉɢɬɚɧɧɹ ɬɟɯɧɿɱɧɨʀ ɪɟ-
ɚɥɿɡɚɰɿʀ ɡɚɤɨɧɿɜ ɭɩɪɚɜɥɿɧɧɹ ɜɢɹɜɥɹɸɬɶɫɹ ɧɟɿ-
ɫɬɨɬɧɢɦɢ. ȼ ɬɨɣ ɠɟ ɱɚɫ ɨɩɬɢɦɚɥɶɧɿɫɬɶ 
ɭɩɪɚɜɥɿɧɧɹ ɜɟɤɬɨɪɨɦ ɫɬɪɭɦɭ ɧɚ ɜɫɿɯ ɬɹɝɨɜɨ-
ɲɜɢɞɤɿɫɧɢɯ ɪɟɠɢɦɚɯ ɡɚ ɡɚɞɚɧɢɯ ɨɛɦɟɠɟɧɶ ɿ 
ɤɪɢɬɟɪɿʀɜ ɹɤɨɫɬɿ ɧɚɛɭɜɚє ɨɫɨɛɥɢɜɨɝɨ ɡɧɚɱɟɧ-
ɧɹ. ɉɪɢ ɰɶɨɦɭ ɪɿɜɟɧɶ ɫɤɥɚɞɧɨɫɬɿ ɦɨɞɟɥɟɣ, ɳɨ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ, ɩɨɜɢɧɟɧ ɡɚɛɟɡɩɟɱɭɜɚɬɢ 
ɦɨɠɥɢɜɿɫɬɶ ɞɨɫɥɿɞɠɟɧɧɹ ɪɨɛɨɬɢ ɫɢɥɨɜɨʀ 
ɭɫɬɚɧɨɜɤɢ ɭ ɫɬɚɧɞɚɪɬɧɨɦɭ ʀɡɞɨɜɨɦɭ ɰɢɤɥɿ 
ɪɭɯɭ ɚɜɬɨɦɨɛɿɥɹ. 
 
ɉɪɨɜɟɞɟɦɨ ɞɨɫɥɿɞɠɟɧɧɹ ɪɿɡɧɢɯ ɩɿɞɯɨɞɿɜ ɞɨ 
ɦɨɞɟɥɸɜɚɧɧɹ ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɩɪɢɜɨɞɚ ɚɜɬɨ-
ɦɨɛɿɥɹ ɧɚ ɨɫɧɨɜɿ ȼȾ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦɭ 
ɭɩɪɚɜɥɿɧɧɿ ɜɟɤɬɨɪɨɦ ɫɬɪɭɦɭ ɫɬɚɬɨɪɚ ɣ ɨɰɿɧɤɢ 
ɜɟɥɢɱɢɧɢ ɩɨɦɢɥɤɢ ɦɨɞɟɥɸɜɚɧɧɹ, ɡɭɦɨɜɥɟɧɨʀ 
ɧɟɯɬɭɜɚɧɧɹɦ ɞɢɧɚɦɿɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ȼȾ 
ɩɪɢ ɫɬɭɩɿɧɱɚɫɬɢɯ ɞɿɹɯ, ɳɨ ɭɩɪɚɜɥɹɸɬɶ. 
 
Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɧɟɨɛɯɿɞɧɨ 
ɪɨɡɪɨɛɢɬɢ ɫɬɪɭɤɬɭɪɧɿ ɫɯɟɦɢ ɞɢɧɚɦɿɱɧɨʀ ɬɚ 
ɫɬɚɬɢɱɧɨʀ ɦɨɞɟɥɟɣ ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɩɪɢɜɨɞɚ, 
ɚ ɬɚɤɨɠ ɦɨɞɟɥɶ ɬɪɚɧɫɦɿɫɿʀ ɚɜɬɨɦɨɛɿɥɹ. ɉɨɪɿɜ-
ɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɦɨɞɟɥɟɣ ɦɨɠɟ ɛɭɬɢ ɡɞɿɣɫɧɟ-
ɧɢɣ ɡɚ ɱɚɫɨɜɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ ɨɫɧɨɜɧɢɯ 
ɡɦɿɧɧɢɯ, ɨɬɪɢɦɚɧɢɯ ɞɥɹ ɫɬɭɩɿɧɱɚɫɬɢɯ ɭɩɪɚɜ-
ɥɹɸɱɢɯ ɜɩɥɢɜɿɜ ɿ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦɭ ɭɩɪɚɜ-
ɥɿɧɧɿ ɜɟɤɬɨɪɨɦ ɫɬɪɭɦɭ ɫɬɚɬɨɪɚ, ɩɪɢ ɜɪɚɯɭ-
ɜɚɧɧɿ ɨɛɦɟɠɟɧɶ ɨɛɥɚɫɬɿ ɞɨɩɭɫɬɢɦɢɯ ɪɟɠɢɦɿɜ 
ȼȾ. 
 
Ɋɨɡɝɥɹɧɟɦɨ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ,d q , 

ɩɨɜ’ɹɡɚɧɭ ɡ ɪɨɬɨɪɨɦ ȼȾ ɿ ɧɟɪɭɯɨɦɭ ɜɿɞɧɨɫɧɨ 
ɧɶɨɝɨ. ȼɜɚɠɚɬɢɦɟɦɨ, ɳɨ ɜɿɫɶ d  ɫɭɦɿɳɟɧɚ ɡ 
ɜɿɫɫɸ ɦɚɝɧɿɬɧɨɝɨ ɩɨɬɨɤɭ ɪɨɬɨɪɚ. ɍ ɰɿɣ ɫɢɫ-
ɬɟɦɿ ɤɨɨɪɞɢɧɚɬ ɪɿɜɧɹɧɧɹ ɞɥɹ ɟɥɟɤɬɪɨɦɚɝɧɿɬ-
ɧɢɯ ɩɪɨɰɟɫɿɜ ȼȾ ɭ ɫɤɚɥɹɪɧɿɣ ɮɨɪɦɿ ɦɨɠɧɚ 
ɡɚɩɢɫɚɬɢ ɭ ɜɢɝɥɹɞɿ 
 

1 1 1

1 1 1

1 1

3
, (1)

2

d
d d d p q q

q

q q q p d d p mag

VD p mag d d q q

d i
u R i L p L i

dt

d i
u R i L p L i p

dt

M p i L L i

 
ɞɟ du , qu , di , qi  – ɩɪɨɟɤɰɿʀ ɜɟɤɬɨɪɿɜ ɧɚɩɪɭɝɢ 
ɿ ɫɬɪɭɦɭ ɫɬɚɬɨɪɚ ɧɚ ɨɫɿ ɫɢɫɬɟɦɢ ɤɨɨɪɞɢɧɚɬ, 
ɳɨ ɨɛɟɪɬɚєɬɶɫɹ; 1dL  ɿ 1qL  – ɩɨɜɧɿ ɿɧɞɭɤɬɢɜ-
ɧɨɫɬɿ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɩɨ ɩɨɞɨɜɠɧɿɣ ɿ ɩɨɩɟ-
ɪɟɱɧɿɣ ɨɫɹɯ; 1R  – ɚɤɬɢɜɧɢɣ ɨɩɿɪ ɮɚɡɧɢɯ ɨɛ-
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ɦɨɬɨɤ; 
mag

 – ɜɟɤɬɨɪ ɩɨɬɨɤɨɡɱɟɩɥɟɧɧɹ ɫɬɚ-
ɬɨɪɚ ɜɿɞɧɨɫɧɨ ɦɚɝɧɿɬɧɨɝɨ ɩɨɬɨɤɭ ɪɨɬɨɪɚ;  

pp  – ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɿɜ;  – ɤɭɬɨɜɚ ɲɜɢɞ-
ɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ ɪɨɬɨɪɚ; VDM  – ɟɥɟɤɬɪɨɦɚɝɧɿ-
ɬɧɢɣ ɦɨɦɟɧɬ ȼȾ.  
 

Ɂɧɚɱɟɧɧɹ ɫɤɥɚɞɨɜɢɯ ɫɬɪɭɦɭ ɫɬɚɬɨɪɚ ȼȾ *
di  ɿ 

*
qi  ɩɨɬɪɿɛɧɿ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɚɞɚɧɨɝɨ ɬɹɝɨ-

ɜɨ-ɲɜɢɞɤɿɫɧɨɝɨ ɪɟɠɢɦɭ ɣ ɜɢɡɧɚɱɚɸɬɶɫɹ ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɨɛɪɚɧɨɝɨ ɤɪɢɬɟɪɿɸ ɹɤɨɫɬɿ 
ɭɩɪɚɜɥɿɧɧɹ. əɤɳɨ ɤɪɢɬɟɪɿєɦ ɹɤɨɫɬɿ ɜɢɫɬɭɩɚє 
ɦɿɧɿɦɭɦ ɩɨɜɧɨɝɨ ɫɬɪɭɦɭ ɫɩɨɠɢɜɚɧɧɹ ȼȾ ɭ 
ɫɬɚɬɢɱɧɨɦɭ ɪɟɠɢɦɿ, ɨɩɬɢɦɚɥɶɧɚ ɡɚɥɟɠɧɿɫɬɶ 

* *, ,d d Mi i f  ɦɨɠɟ ɛɭɬɢ ɨɬɪɢɦɚɧɚ ɡ 
ɭɦɨɜɢ 
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ɩɪɢ                     constVD zdM ,          (2) 
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2

2

2

1 1

2 1

3
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– ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ ɫɬɪɭɦɭ ɫɬɚɬɨɪɚ (ɩɨɜɧɢɣ 
ɫɬɪɭɦ ɫɩɨɠɢɜɚɧɧɹ ȼȾ); VD zdM  – ɟɥɟɤɬɪɨɦɚɝ-
ɧɿɬɧɢɣ ɦɨɦɟɧɬ, ɳɨ ɡɚɞɚєɬɶɫɹ, ɩɨɬɪɿɛɧɢɣ ɞɥɹ 
ɩɿɞɬɪɢɦɤɢ ɧɟɨɛɯɿɞɧɨɝɨ ɬɹɝɨɜɨ-ɲɜɢɞɤɿɫɧɨɝɨ 
ɪɟɠɢɦɭ ɚɜɬɨɦɨɛɿɥɹ; 1,1M  – ɫɢɝɧɚɥ 
ɭɩɪɚɜɥɿɧɧɹ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɦ ɦɨɦɟɧɬɨɦ ȼȾ; 

maxM VD zd VDM M ; maxVDM  – ɦɚɤɫɢɦɚɥɶ-
ɧɢɣ ɦɨɦɟɧɬ ɨɛɟɪɬɚɧɧɹ ȼȾ. 

 
Ɉɱɟɜɢɞɧɨ, ɳɨ ɨɩɬɢɦɚɥɶɧɟ, ɡɝɿɞɧɨ ɡ ɨɛɪɚɧɢɦ 
ɤɪɢɬɟɪɿєɦ, ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɩɨɞɨɜɠɧɶɨʀ ɿ ɩɨ-
ɩɟɪɟɱɧɨʀ ɫɤɥɚɞɨɜɢɯ ɫɬɪɭɦɭ ɦɨɠɟ ɛɭɬɢ ɡɚɛɟɡ-
ɩɟɱɟɧɟ ɬɿɥɶɤɢ ɜ ɬɢɯ ɡɨɧɚɯ ɨɛɥɚɫɬɿ ɞɨɩɭɫɬɢ-
ɦɢɯ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ȼȾ, ɞɟ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭ-
єɬɶɫɹ ɪɟɠɢɦ ɨɫɥɚɛɥɟɧɧɹ ɩɨɥɹ. əɤ ɪɟɝɭɥɹɬɨɪ 
ɫɬɪɭɦɭ ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ Д8Ж ɡɚɩɪɨ-
ɩɨɧɨɜɚɧɢɣ ɪɟɝɭɥɹɬɨɪ ɜɢɝɥɹɞɭ 
 

* * *
1

0

* * *
1

0

ˆ

ˆ

t

d pd d d id d d p q q ad d

t

q pq q q iq q q p d d aq q

u k i i k i i dt p L i R i

u k i i k i i dt p L i R i

, (3) 

ɞɟ  1̂pd c dk a L ;  1̂pq c qk a L ; 

1
ˆ

id c adk a R R ;
1

ˆ
iq c aqk a R R ; 

1 1
ˆ ˆ

ad c dR a L R ; 1 1
ˆ ˆ

aq c qR a L R ; 1̂dL , 1̂qL , 

1R̂  – ɨɰɿɧɤɢ ɜɟɥɢɱɢɧ 1dL , 1qL  ɿ 1R  ɜɿɞɩɨɜɿɞ-
ɧɨ; ca  – ɩɚɪɚɦɟɬɪ, ɳɨ ɜɢɡɧɚɱɚє ɧɟɨɛɯɿɞɧɭ 
ɲɢɪɢɧɭ ɫɦɭɝɢ ɩɪɨɩɭɫɤɚɧɧɹ ɡɚɦɤɧɭɬɨʀ ɫɢɫɬɟ-
ɦɢ ɭɩɪɚɜɥɿɧɧɹ. Ɂɚɡɜɢɱɚɣ 1 1c qa R L . 

 
ɍ ɰɶɨɦɭ ɪɟɝɭɥɹɬɨɪɿ ɩɟɪɲɿ ɞɜɿ ɫɤɥɚɞɨɜɿ ɜɢɪɚ-
ɡɿɜ ɞɥɹ ɩɨɞɨɜɠɧɶɨɝɨ ɿ ɩɨɩɟɪɟɱɧɨɝɨ ɤɚɧɚɥɿɜ є 
ɫɬɚɧɞɚɪɬɧɢɦ ɉІ-ɪɟɝɭɥɹɬɨɪɨɦ. Ɍɪɟɬɿ ɫɤɥɚɞɨɜɿ 
ɜɤɚɡɚɧɢɯ ɜɢɪɚɡɿɜ ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɤɨɦɩɟɧɫɚɰɿʀ 
ɡɜ’ɹɡɧɨɫɬɿ ɫɬɪɭɦɨɜɨʀ ɞɢɧɚɦɿɤɢ ɦɿɠ ɩɨɞɨɜɠ-
ɧɿɦ ɿ ɩɨɩɟɪɟɱɧɢɦ ɤɚɧɚɥɚɦɢ ɦɨɞɟɥɿ ȼȾ. 
Ɉɫɬɚɧɧɿ, ɱɟɬɜɟɪɬɿ, ɫɤɥɚɞɨɜɿ ɡɚɛɟɡɩɟɱɭɸɬɶ ɚɤ-
ɬɢɜɧɟ ɞɟɦɩɮɭɜɚɧɧɹ.  
 
ɉɟɪɟɬɜɨɪɟɧɧɹ ɨɬɪɢɦɭɜɚɧɢɯ ɧɚ ɜɢɯɨɞɿ ɪɟɝɭ-
ɥɹɬɨɪɚ ɫɬɪɭɦɭ ɫɢɝɧɚɥɿɜ ɡɚɞɚɧɧɹ ɧɚɩɪɭɝɢ ɿɡ 
ɫɢɫɬɟɦɢ ɤɨɨɪɞɢɧɚɬ ,d q , ɳɨ ɨɛɟɪɬɚєɬɶɫɹ, ɭ 
ɧɟɪɭɯɨɦɭ ,x y  ɦɨɠɧɚ ɡɞɿɣɫɧɢɬɢ ɡɝɿɞɧɨ ɡ 
ɜɢɪɚɡɚɦɢ [9]: 

 
* * *

* * *

cos sin

sin cos

x d c q c

y d c q c

u u Q u Q

u u Q u Q
 ,         (4) 

 

ɞɟ CQ  – ɤɭɬ ɩɨɜɨɪɨɬɭ ɪɨɬɨɪɚ ȼȾ. 
 

Ɂɜɨɪɨɬɧɟ ɩɟɪɟɬɜɨɪɟɧɧɹ ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɫɤɥɚ-
ɞɨɜɢɯ ɫɬɪɭɦɭ ɫɬɚɬɨɪɚ, ɳɨ ɩɨɫɬɭɩɚɸɬɶ ɧɚ ɜɯɿɞ 
ɪɟɝɭɥɹɬɨɪɚ, ɜɢɤɨɧɭєɬɶɫɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ 

 

cos sin

sin cos

d x c y c

q x c y c

i i Q i Q

i i Q i Q
.        (5) 

 

ɉɟɪɟɬɜɨɪɟɧɧɹ ɮɚɡ β/γ ɞɥɹ ɫɢɝɧɚɥɿɜ ɡɚɞɚɧɧɹ 
ɧɚɩɪɭɝɢ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɜɢɪɚɡɚɦɢ [9]: 

 

* *

* * *

* * *

1 3

2 2

1 3

2 2

A x

B x y

C x y

u u

u u u

u u u

 . (6) 

 

Ɂɧɚɱɟɧɧɹ ɮɚɡɧɢɯ ɫɬɪɭɦɿɜ, ɨɬɪɢɦɚɧɿ ɧɚ ɩɿɞɫ-
ɬɚɜɿ ɫɢɝɧɚɥɿɜ ɞɚɬɱɢɤɿɜ ɫɬɪɭɦɭ ADT  ɿ CDT , 

ɦɨɠɭɬɶ ɛɭɬɢ ɩɪɢɜɟɞɟɧɿ ɞɨ ɧɟɪɭɯɨɦɨʀ ɫɢɫɬɟɦɢ 
ɤɨɨɪɞɢɧɚɬ ,x y  ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɜɢɪɚɡɿɜ: 
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3

x A

B C
y

i i

i i
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 . (7) 

 
Іɧɟɪɰɿɣɧɿɫɬɶ ɬɪɢɮɚɡɧɨɝɨ ɿɧɜɟɪɬɨɪɚ ɡ ɒІɆ ɦɨ-
ɠɟ ɛɭɬɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɱɢɫɬɢɦ ɡɚɩɿɡɧɸɜɚɧ-
ɧɹɦ ɧɚ ɜɟɥɢɱɢɧɭ ɩɟɪɿɨɞɭ ɲɢɪɨɤɨ-ɿɦɩɭɥɶɫɧɨʀ 
ɦɨɞɭɥɹɰɿʀ PWMT . Ⱦɥɹ ɫɩɪɨɳɟɧɧɹ ɡɚɜɞɚɧɧɹ ɪɨɡ-
ɝɥɹɞɚɬɢɦɟɦɨ ɿɧɜɟɪɬɨɪ ɹɤ ɥɿɧɿɣɧɢɣ ɩɿɞɫɢɥɸɜɚɱ 
ɩɨɬɭɠɧɨɫɬɿ ɡ ɤɨɟɮɿɰɿєɧɬɨɦ ɩɨɫɢɥɟɧɧɹ 1uk  ɿ 
ɩɨɫɬɿɣɧɨɸ ɱɚɫɭ PWMuT T  [19] 
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, (8) 

 
ɞɟ p  – ɨɩɟɪɚɬɨɪ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ.  
 
ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɩɟɪɟɬɜɨɪɟɧɧɹ ɤɨɨɪɞɢɧɚɬ, 
ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɨɩɢɫ ɬɪɢɮɚɡɧɨɝɨ ɿɧɜɟɪɬɨɪɚ ɡ 
ɒІɆ ɫɩɨɱɚɬɤɭ ɜ ɧɟɪɭɯɨɦɿɣ ,x y , ɚ ɩɨɬɿɦ ɿ ɜ 
ɩɨɜ’ɹɡɚɧɿɣ ɡ ɪɨɬɨɪɨɦ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ, ɳɨ 
ɨɛɟɪɬɚєɬɶɫɹ ,d q  
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Ɉɫɬɚɧɧɿɣ ɜɢɪɚɡ, ɳɨ є ɦɚɬɟɦɚɬɢɱɧɢɦ ɨɩɢɫɨɦ 
ɿɧɜɟɪɬɨɪɚ ɡ ɒІɆ ɭ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ, ɳɨ 
ɨɛɟɪɬɚєɬɶɫɹ ,d q , ɜɿɞɨɛɪɚɠɚє ɬɚɤɨɠ ɿɫɧɭɸɱɿ 
ɜɡɚєɦɨɜɩɥɢɜɢ ɩɨɞɨɜɠɧɶɨɝɨ ɿ ɩɨɩɟɪɟɱɧɨɝɨ 
ɤɚɧɚɥɿɜ ɭɩɪɚɜɥɿɧɧɹ, ɹɤɿ ɩɨɫɢɥɸɸɬɶɫɹ ɡɚ ɡɛɿ-
ɥɶɲɟɧɧɹ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɪɨɬɨɪɚ ȼȾ. ɐɿ 
ɜɡɚєɦɨɜɩɥɢɜɢ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɡɛɭɪɟɧɧɹ, 
ɳɨ ɞɿɸɬɶ ɧɚ ɫɬɪɭɦɨɜɿ ɤɨɧɬɭɪɢ. Ⱦɥɹ ʀɯ ɦɿɧɿɦɿ-
ɡɚɰɿʀ ɧɟɨɛɯɿɞɧɨ ɡɦɟɧɲɭɜɚɬɢ ɜɟɥɢɱɢɧɭ ɩɟɪɿɨ-
ɞɭ ɒІɆ. 

 
ȿɥɟɦɟɧɬɢ ɬɪɚɧɫɦɿɫɿʀ ɚɜɬɨɦɨɛɿɥɹ, ɹɤɿ ɜɢɫɬɭ-
ɩɚɸɬɶ ɧɚɜɚɧɬɚɠɟɧɧɹɦ ɰɶɨɝɨ ɟɥɟɤɬɪɨɩɪɢɜɨɞɚ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɞɨɫɬɚɬɧɶɨ ɜɟɥɢɤɢɦ ɩɪɢɜɟ-
ɞɟɧɢɦ ɦɨɦɟɧɬɨɦ ɿɧɟɪɰɿʀ. ɉɨɫɬɿɣɧɿ ɱɚɫɭ ɩɪɨ-
ɰɟɫɭ ɭɩɪɚɜɥɿɧɧɹ ɲɜɢɞɤɿɫɬɸ ɨɛɟɪɬɚɧɧɹ ɪɨɬɨ-
ɪɚ ȼȾ ɭ ɫɤɥɚɞɿ ɫɢɥɨɜɨʀ ɭɫɬɚɧɨɜɤɢ ɚɜɬɨɦɨɛɿɥɹ 
ɜɢɹɜɥɹɸɬɶɫɹ ɿɫɬɨɬɧɨ ɛɿɥɶɲɢɦɢ ɩɨɫɬɿɣɧɢɯ 
ɱɚɫɭ ȼȾ, ɪɟɝɭɥɹɬɨɪɚ ɫɬɪɭɦɭ ɣ ɿɧɜɟɪɬɨɪɚ ɡ 
ɒІɆ. ɐɟ ɞɨɡɜɨɥɹє ɧɟɯɬɭɜɚɬɢ ɞɢɧɚɦɿɱɧɢɦɢ 
ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɜɥɚɫɧɟ ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɩɪɢ-
ɜɨɞɚ ɩɿɞ ɱɚɫ ɞɨɫɥɿɞɠɟɧɧɹ ɪɿɡɧɢɯ ɬɹɝɨɜɨ-
ɲɜɢɞɤɿɫɧɢɯ ɪɟɠɢɦɿɜ ɚɜɬɨɦɨɛɿɥɶɧɨʀ ɫɢɥɨɜɨʀ 
ɭɫɬɚɧɨɜɤɢ. ɉɨɬɭɠɧɿɫɬɶ, ɫɩɨɠɢɜɚɧɭ ȼȾ, ɦɨɠ-
ɧɚ ɜɢɡɧɚɱɢɬɢ ɹɤ ɫɭɦɭ ɦɢɬɬєɜɢɯ ɩɨɬɭɠɧɨɫɬɟɣ 
ɮɚɡ ɫɬɚɬɨɪɚ 
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ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɨ ɡɦɿɧɭ ɩɨɬɭɠɧɨɫɬɿ, ɫɩɨɠɢ-
ɜɚɧɨʀ ȼȾ ɜɿɞ ɬɹɝɨɜɨʀ ɦɟɪɟɠɿ, ɩɪɢ ɪɨɡɝɨɧɿ ɚɜ-
ɬɨɦɨɛɿɥɹ, ɚɛɨ ɬɿєʀ, ɳɨ ɜɿɞɞɚєɬɶɫɹ ɜ ɦɟɪɟɠɭ ɜ 
ɪɟɡɭɥɶɬɚɬɿ ɪɟɤɭɩɟɪɚɰɿʀ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɝɚ-
ɥɶɦɭɜɚɧɧɹ. 
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Ɋɢɫ. 1. ɉɨɬɭɠɧɿɫɬɶ, ɳɨ ɫɩɨɠɢɜɚɧɚ ɚɛɨ ɜɿɞɞɚ-
єɬɶɫɹ ɜ ɬɹɝɨɜɭ ɛɨɪɬɨɜɭ ɦɟɪɟɠɭ ɟɥɟɤɬɪɨ-
ɩɪɢɜɨɞɨɦ ɚɜɬɨɦɨɛɿɥɹ 

 
ɉɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧ-
ɧɹ ɬɪɚɧɫɦɿɫɿʀ ɚɜɬɨɦɨɛɿɥɹ ɡ ɬɹɝɨɜɢɦ ɟɥɟɤɬɪɨ-
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ɩɪɢɜɨɞɨɦ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɫɬɚɬɢɱɧɨʀ ɿ ɞɢ-
ɧɚɦɿɱɧɨʀ ɦɨɞɟɥɟɣ ȼȾ ɩɪɢ ɫɬɭɩɿɧɱɚɫɬɢɯ 
ɭɩɪɚɜɥɹɸɱɢɯ ɜɩɥɢɜɚɯ ɣ ɨɩɬɢɦɚɥɶɧɨɦɭ 
ɭɩɪɚɜɥɿɧɧɿ ɜɟɤɬɨɪɨɦ ɫɬɪɭɦɭ ɩɨɤɚɡɚɜ, ɳɨ ɫɟ-
ɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɿ ɜɿɞɯɢɥɟɧɧɹ ɫɤɥɚɞɨɜɢɯ 
ɫɬɪɭɦɭ ɿ ɧɚɩɪɭɝɢ, ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɦɨɦɟɧ-
ɬɭ ɿ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɪɨɬɨɪɚ ȼȾ ɫɬɚɧɨɜɥɹɬɶ: 

0,90478 AIq ; 0,57824 AId ; 

0,35869 BUq ; 0,56286 BUd ; 

0,37262Mvd ɤɝɦ; 1,6344n ɤɝɦ ɜɿɞɩɨ-

ɜɿɞɧɨ. 
 

ȼɢɫɧɨɜɤɢ 
 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɟɥɢɱɢɧɢ ɩɨɦɢɥɨɤ ɨɫɧɨɜɧɢɯ 
ɡɦɿɧɧɢɯ ɦɨɞɟɥɸɜɚɧɧɹ, ɜɢɤɥɢɤɚɧɿ ɧɟɯɬɭɜɚɧ-
ɧɹɦ ɞɢɧɚɦɿɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ȼȾ, ɜɢɹɜ-
ɥɹɸɬɶɫɹ ɞɨɫɬɚɬɧɶɨ ɦɚɥɢɦɢ ɩɨɪɿɜɧɹɧɨ ɡ ɞɿɚ-
ɩɚɡɨɧɨɦ ɡɦɿɧɢ ɜɿɞɩɨɜɿɞɧɢɯ ɡɦɿɧɧɢɯ. ɐɟ ɩɿɞɬ-
ɜɟɪɞɠɭє ɞɨɰɿɥɶɧɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɬɚɬɢɱɧɨʀ 
ɦɨɞɟɥɿ ȼȾ ɭ ɩɪɨɰɟɫɿ ɫɢɧɬɟɡɭ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɿɧɧɹ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ ɚɜɬɨɦɨɛɿɥɹ 
ɡ ɬɹɝɨɜɢɦ ɟɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, ɚ ɬɚɤɨɠ ɜɢɛɨɪɭ 
ɣ ɨɛґɪɭɧɬɭɜɚɧɧɹ ʀʀ ɛɚɡɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ ɿ ɯɚɪɚ-
ɤɬɟɪɢɫɬɢɤ. 
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