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ȼɨɥɝɨɞɨɧɫɤɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɹɞɟɪɧɨɝɨ 
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Ɋɚɡɪɚɛɨɬɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫ ɦɹɝɤɨɣ ɤɨɦɦɭɬɚɰɢɟɣ ɞɥɹ ɗɉɋ ɩɨɡɜɨɥɢɬ ɭɥɭɱɲɢɬɶ ɜɨɩɪɨɫɵ 
ɢɡɥɭɱɟɧɢɹ ɩɨɦɟɯ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɫɧɢɡɢɬɶ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɄɉȾ ɢ ɱɚɫɬɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɩɨɬɟɪɶ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɳɧɵɟ IGBT – ɦɨɞɭɥɢ ɧɚ ɩɨɜɵɲɟɧɧɵɯ 
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ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɤɨɦɦɭɬɚɰɢɟɣ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: IGBT-ɬɪɚɧɡɢɫɬɨɪɵ, ɱɚɫɬɨɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɨɦɦɭɬɚɰɢɹ, 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 02.08.2019 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 04.10.2019 
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ɋɬɪɟɦɢɬɟɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɞɥɹ ɫɢɥɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɢ ɜ ɧɚɱɚɥɟ ɏɏI 
ɜɟɤɚ ɩɪɢɜɟɥɨ ɤ ɩɨɹɜɥɟɧɢɸ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ IGBT ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 
ɞɚɸɳɢɦɢ ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɡɢɬɶ ɩɪɹɦɵɟ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ 
ɩɨɬɟɪɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɄɉȾ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɞɟɥɶɧɭɸ 
ɦɨɳɧɨɫɬɶ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɞɥɹ ɗɉɋ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɫɧɢɠɟɧɢɟ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ 
ɗɉɋ ɜɨɡɦɨɠɧɨ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɱɚɫɬɨɬɵ ɤɨɦɦɭɬɚɰɢɢ, ɱɬɨ ɡɚɫɬɚɜɥɹɟɬ 
ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɪɢɦɟɧɹɬɶ ɪɚɡɥɢɱɧɵɟ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɭɜɟɥɢɱɢɬɶ ɭɞɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ 
ɫɯɟɦɚɦɢ ɫ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 
ɩɨɬɟɪɶ IGBT (ɪɢɫ. 1). 

 

 
Ɋɢɫɭɧɨɤ 1 – Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɩɨɬɟɪɢ IGBT ɩɪɢ ɠɟɫɬɤɨɣ ɤɨɦɦɭɬɚɰɢɢ ДDвЧКЦТМ IGBT ХШЬЬОЬ аith hard 

commutation] 
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Ɉɞɧɨ ɢɡ ɬɚɤɢɯ ɪɟɲɟɧɢɣ – ɷɬɨ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɧɨɦɨɫɬɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ 
ɤɜɚɡɢɪɟɡɨɧɚɧɫɧɨɣ ɤɨɦɦɭɬɚɰɢɟɣ Д1-2Ж, ɜ ɤɨɬɨɪɨɦ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɧɚ ɜɪɟɦɟɧɧɵɯ 
ɢɧɬɟɪɜɚɥɚɯ ɩɟɪɟɤɥɸɱɟɧɢɹ IGBT ɩɪɨɬɟɤɚɸɬ ɩɪɢ ɤɨɥɟɛɚɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɬɨɤɨɜ ɢ 
ɧɚɩɪɹɠɟɧɢɣ ɡɚ ɫɱɟɬ ɩɚɪɚɡɢɬɧɵɯ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɟɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɟɣ 
ɤɨɦɦɭɬɚɰɢɢ. ȼɤɥɸɱɟɧɢɟ ɢ ɜɵɤɥɸɱɟɧɢɟ IGBT ɜ ɬɚɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɪɢ ɦɚɥɨɦ ɢɥɢ ɧɭɥɟɜɨɦ ɡɧɚɱɟɧɢɹɯ ɬɨɤɚ ɢ (ɢɥɢ) ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɢɯ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɢɦɟɟɬ ɦɟɫɬɨ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ «ɦɹɝɤɚɹ ɤɨɦɦɭɬɚɰɢɹ», ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ 
ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ ɩɨɬɟɪɢ ɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɢɥɨɜɵɯ ɷɥɟɦɟɧɬɚɯ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɩɨɥɧɨɦɨɫɬɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɪɟɡɨɧɚɧɫɧɵɦ ɢɧɞɭɤɬɨɪɨɦ, ɫɩɨɫɨɛɧɨɝɨ ɪɚɛɨɬɚɬɶ ɜ ɪɟɠɢɦɟ ɦɹɝɤɨɣ 
ɤɨɦɦɭɬɚɰɢɢ. ȼɵɤɥɸɱɟɧɢɟ IGBT ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɧɭɥɟɜɨɦ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɧɢɯ, ɚ 
ɜɤɥɸɱɟɧɢɟ – ɩɪɢ ɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɹɯ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɫɱɟɬ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ 
ɩɟɪɟɡɚɪɹɞɚ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ ɢɧɬɟɪɜɚɥɟ ɤɨɦɦɭɬɚɰɢɢ.  

 

 
Ɋɢɫɭɧɨɤ 2 – ɉɨɥɧɨɦɨɫɬɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɦɹɝɤɨɣ ɤɨɦɦɭɬɚɰɢɟɣ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɪɟɡɨɧɚɧɫɧɵɦ 

ɢɧɞɭɤɬɨɪɨɦ ДFЮХХ ЛЫТНРО ЬШПЭ-commanded converter with series resonant inductor] 

 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɨɫɬɨɜɨɝɨ ɤɚɫɤɚɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɫɞɜɢɝɚ ɩɨ ɮɚɡɟ ɦɨɦɟɧɬɚ 
ɩɟɪɟɤɥɸɱɟɧɢɹ ɨɞɧɨɣ ɩɨɥɨɜɢɧɵ ɦɨɫɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɣ (ɪɢɫ. 3). Ɉɫɨɛɟɧɧɨɫɬɶɸ 
ɮɚɡɨɫɞɜɢɝɚɸɳɟɣ ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɜɚ IGBT, ɫɨɟɞɢɧɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɫ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ, ɦɨɝɭɬ ɛɵɬɶ ɨɬɤɪɵɬɵ, ɚ ɧɚɩɪɹɠɟɧɢɟ, ɩɪɢɥɨɠɟɧɧɨɟ ɤ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ, ɪɚɜɧɨ ɧɭɥɸ. ɗɬɨ ɜɨɡɦɨɠɧɨ ɩɨɬɨɦɭ, ɱɬɨ ɷɬɢ IGBT ɧɟ ɹɜɥɹɸɬɫɹ 
ɞɢɚɝɨɧɚɥɶɧɵɦɢ, ɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɢɥɢ ɞɜɚ ɜɟɪɯɧɢɯ, ɢɥɢ ɞɜɚ ɧɢɠɧɢɯ ɫɢɥɨɜɵɯ 
ɤɥɸɱɚ. ȼ ɷɬɨɦ ɪɟɠɢɦɟ ɩɟɪɜɢɱɧɚɹ ɨɛɦɨɬɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɫɭɳɟɫɬɜɭ ɡɚɤɨɪɨɱɟɧɚ ɢ 
ɢɦɟɟɬ ɩɨɬɟɧɰɢɚɥ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɲɢɧɵ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ɂɧɚɱɟɧɢɟ ɬɨɤɚ 
ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɭɪɨɜɧɟ, ɬɚɤ ɤɚɤ ɧɟ ɢɦɟɟɬɫɹ 
ɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɵɜɚɸɳɟɝɨ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɡɧɚɱɟɧɢɹ. 

 

 
Ɋɢɫɭɧɨɤ 3 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɪɟɡɨɧɚɧɫɧɵɦ 

ɢɧɞɭɤɬɨɪɨɦ ДTТЦТЧР НТКРЫКЦ ШП К МШЧЯОЫЭОЫ аТЭС К ЬОЫТОЬ ЫОЬШЧКЧЭ ТЧНЮМЭШЫЖ 

 

Ʉɨɝɞɚ ɨɞɢɧ ɢɡ IGBT ɜɵɤɥɸɱɚɟɬɫɹ, ɬɨɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɧɚɱɢɧɚɟɬ ɩɪɨɬɟɤɚɬɶ 
ɱɟɪɟɡ ɫɧɚɛɛɟɪɧɭɸ ɟɦɤɨɫɬɶ ɤɥɸɱɚ, ɩɨɪɨɠɞɚɹ ɪɟɡɨɧɚɧɫɧɵɣ ɩɪɨɰɟɫɫ ɦɟɠɞɭ ɫɬɨɤɨɦ ɤɥɸɱɚ 
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ɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɲɢɧɨɣ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦɭ 
IGBT ɬɨɝɨ ɠɟ ɫɚɦɨɝɨ ɩɥɟɱɚ ɦɨɫɬɚ ɜɤɥɸɱɢɬɶɫɹ ɩɪɢ ɧɭɥɟɜɨɦ ɧɚɩɪɹɠɟɧɢɢ. 

ɗɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɟɪɟɡɚɪɹɞɚ ɫɧɚɛɛɟɪɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɋ1  C4 

ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ ɪɟɡɨɧɚɧɫɧɨɦ ɢɧɞɭɤɬɨɪɟ Lɝ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɫɨɛɫɬɜɟɧɧɨɣ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɪɚɫɫɟɹɧɢɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ LLk. ɗɧɟɪɝɢɹ, ɡɚɩɚɫɟɧɧɚɹ ɜ 
ɪɟɡɨɧɚɧɫɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ, ɱɟɦ ɷɧɟɪɝɢɹ, ɬɪɟɛɭɟɦɚɹ, ɱɬɨɛɵ 
ɡɚɪɹɠɚɬɶ ɢ ɪɚɡɪɹɠɚɬɶ ɫɧɚɛɛɟɪɧɵɟ ɟɦɤɨɫɬɢ IGBT ɜɨ ɜɪɟɦɹ ɪɟɡɨɧɚɧɫɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ 
ɩɪɟɞɟɥɚɯ ɟɝɨ ɞɥɢɬɟɥɶɧɨɫɬɢ. 
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ɝɞɟ Ipri – ɬɨɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ, 
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ɝɞɟ Vpri – ɧɚɩɪɹɠɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ, ɋr – ɫɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɩɚɪɚɡɢɬɧɵɯ 
ɜɵɯɨɞɧɵɯ ɟɦɤɨɫɬɟɣ IGBT ɢ ɫɧɚɛɛɟɪɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɨɞɧɨɝɨ ɩɥɟɱɚ. 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɬɪɟɛɨɜɚɧɢɟ ɤ ɜɟɥɢɱɢɧɟ ɪɟɡɨɧɚɧɫɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ: 
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ɬ.ɟ. ɩɪɢ ɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɨɬɩɚɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɢɧɞɭɤɬɨɪɟ Lr. 

ɇɚɦɢ ɛɵɥ ɢɫɩɵɬɚɧ ɦɚɤɟɬɧɵɣ ɨɛɪɚɡɟɰ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɫ ɜɵɯɨɞɧɨɣ 
ɦɨɳɧɨɫɬɶɸ 3 ɤȼɬ ɫ ɩɢɬɚɧɢɟɦ ɨɬ ɫɟɬɢ 3-ɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ з380ȼ. Ɉɧ ɩɨɤɚɡɚɥ 
ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɨɫɬɶ, ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɢɡɥɭɱɟɧɢɹ ɩɨɦɟɯ, ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ ɄɉȾ (ɞɨ 
91-92 %). Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɬɨɩɨɥɨɝɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢɦɟɟɬ ɢ ɪɹɞ ɫɟɪɶɟɡɧɵɯ 
ɧɟɞɨɫɬɚɬɤɨɜ. 

ȼɨ-ɩɟɪɜɵɯ, ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɤɥɸɱɟɣ ɩɪɢ ɦɚɥɨɣ 
ɧɚɝɪɭɡɤɟ ɢɥɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɧɚɝɪɭɡɤɢ. Ɇɢɧɢɦɚɥɶɧɵɣ ɬɨɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
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ȼɨ-ɜɬɨɪɵɯ, ɷɮɮɟɤɬ «ɩɨɬɟɪɢ ɫɤɜɚɠɧɨɫɬɢ» – ɭɦɟɧɶɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɫɤɜɚɠɧɨɫɬɢ 
ɢɡ-ɡɚ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɹ ɪɟɡɨɧɚɧɫɧɨɝɨ ɢɧɞɭɤɬɨɪɚ (ɫɦ. ɪɢɫ. 3): 
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ɝɞɟ D – ɫɤɜɚɠɧɨɫɬɶ ɧɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;  
      fsw – ɱɚɫɬɨɬɚ ɤɨɦɦɭɬɚɰɢɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ;  
      Ro – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ.  

ɗɬɨ ɜɟɞɟɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɦɟɧɶɲɟɧɢɹ ɡɧɚɱɟɧɢɹ k ɫ ɜɵɬɟɤɚɸɳɢɦɢ ɨɬɫɸɞɚ 
ɩɨɫɥɟɞɫɬɜɢɹɦɢ – ɭɜɟɥɢɱɟɧɢɟ ɚɦɩɥɢɬɭɞɧɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɢ 
ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɵɩɪɹɦɢɬɟɥɶɧɵɯ ɞɢɨɞɚɯ, ɭɜɟɥɢɱɟɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɜɵɯɨɞɧɨɝɨ 
ɞɪɨɫɫɟɥɹ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɭɥɶɫɚɰɢɣ ɬɨɤɚ. 

ȼ-ɬɪɟɬɶɢɯ, ɡɧɚɱɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ Lr ɢ LLk ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɚɪɚɡɢɬɧɵɦ 
ɤɨɥɟɛɚɧɢɹɦ ɦɟɠɞɭ ɪɟɡɨɧɚɧɫɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɢ ɩɚɪɚɡɢɬɧɨɣ 
ɟɦɤɨɫɬɶɸ ɜɵɩɪɹɦɢɬɟɥɶɧɵɯ ɞɢɨɞɨɜ, ɱɬɨ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ 
ɩɨɦɟɯ ɢ ɬɪɟɛɭɟɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɞɢɨɞɨɜ ɫɧɚɛɛɟɪɧɵɦɢ ɰɟɩɹɦɢ. 



 ɉɈɅɇɈɆɈɋɌɈȼɈɃ ɉɊȿɈȻɊȺɁɈȼȺɌȿɅɖ ɋ ɆəȽɄɈɃ ɄɈɆɆɍɌȺɐɂȿɃ 59 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(34) 2020 

Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɯɟɦɭ 
ɩɨɥɧɨɦɨɫɬɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ LCC-ɰɟɩɹɦɢ (ɪɢɫ. 4), ɤɨɬɨɪɚɹ 
ɫɩɨɫɨɛɧɚ ɨɛɟɫɩɟɱɢɬɶ ɦɹɝɤɨɟ ɩɟɪɟɤɥɸɱɟɧɢɟ IGBT ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɧɚɝɪɭɡɤɢ, ɜ ɬ.ɱ. ɛɟɡ 
ɧɚɝɪɭɡɤɢ Д3-4]. 

 

 
Ɋɢɫɭɧɨɤ 4 – ɉɨɥɧɨɦɨɫɬɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɦɹɝɤɨɣ ɤɨɦɦɭɬɚɰɢɟɣ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ LCC-ɰɟɩɹɦɢ 

[Full-bridge soft-commutation converter with optional LCC circuits] 
 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɰɟɩɢ ɫɨɫɬɨɹɬ ɢɡ ɟɦɤɨɫɬɧɨɝɨ ɞɟɥɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɜɭɯ 
ɢɧɞɭɤɬɨɪɨɜ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɦɟɠɞɭ ɫɪɟɞɧɟɣ ɬɨɱɤɨɣ ɟɦɤɨɫɬɧɨɝɨ ɞɟɥɢɬɟɥɹ ɢ ɫɪɟɞɧɟɣ 
ɬɨɱɤɨɣ ɤɚɠɞɨɝɨ ɢɡ ɩɥɟɱɟɣ ɦɨɫɬɚ. Ɍɨɤ, ɰɢɪɤɭɥɢɪɭɸɳɢɣ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɧɞɭɤɬɨɪɚɯ, 
ɩɨɦɨɝɚɟɬ ɪɚɡɪɹɞɢɬɶ ɫɧɚɛɛɟɪɧɵɟ ɟɦɤɨɫɬɢ ɩɪɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ ɜ ɦɨɫɬɭ, 
ɨɛɟɫɩɟɱɢɜɚɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɹɝɤɨɟ ɩɟɪɟɤɥɸɱɟɧɢɟ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɧɚɝɪɭɡɤɟ, ɞɚɠɟ 
ɛɟɡ ɜɜɟɞɟɧɢɹ ɪɟɡɨɧɚɧɫɧɨɝɨ ɢɧɞɭɤɬɨɪɚ Lr [5-7].  

ɗɧɟɪɝɢɹ, ɡɚɩɚɫɟɧɧɚɹ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɢɧɞɭɤɬɨɪɟ, ɪɚɜɧɚ:  
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Ɇɹɝɤɚɹ ɤɨɦɦɭɬɚɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɭɫɥɨɜɢɢ WLWC. 

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɚɫɱɟɬɵ, ɞɥɹ ɩɪɢɦɟɧɟɧɢɣ ɫ ɜɵɫɨɤɢɦ ɜɯɨɞɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ, 
ɧɚɩɪɢɦɟɪ, ɜɵɩɪɹɦɥɟɧɧɨɟ 3-ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ з380ȼ, ɜɤɥɚɞ ɬɨɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɢɧɞɭɤɬɨɪɨɜ ɜ ɨɛɳɢɣ ɬɨɤ ɱɟɪɟɡ ɤɥɸɱɢ ɨɱɟɧɶ ɜɟɥɢɤ, ɱɬɨ ɭɯɭɞɲɚɟɬ ɄɉȾ ɢ ɬɪɟɛɭɟɬ 
ɩɪɢɦɟɧɟɧɢɹ IGBT-ɦɨɞɭɥɟɣ ɫ ɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ ɩɨ ɬɨɤɭ. Ⱦɥɹ ɬɚɤɢɯ ɩɪɢɦɟɧɟɧɢɣ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɫɬɚɜɢɬɶ ɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ ɪɟɡɨɧɚɧɫɧɵɣ ɢɧɞɭɤɬɨɪ Lr, ɱɬɨ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɬɪɟɛɭɟɦɵɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɪɨɫɫɟɥɟɣ ɢ 
ɫɧɢɠɚɟɬ ɬɨɤ ɱɟɪɟɡ ɤɥɸɱɢ, ɬ.ɟ. ɧɟɨɛɯɨɞɢɦ ɤɨɦɩɪɨɦɢɫɫ ɦɟɠɞɭ ɩɨɬɟɪɟɣ ɫɤɜɚɠɧɨɫɬɢ ɢɡ-ɡɚ 
ɩɟɪɟɡɚɪɹɞɚ Lr ɢ ɜɟɥɢɱɢɧɚɦɢ Laux1 ɢ Laux2. ɉɪɚɜɢɥɶɧɨɟ ɪɟɲɟɧɢɟ ɷɬɨɝɨ ɜɨɩɪɨɫɚ ɩɨɡɜɨɥɹɟɬ 
ɫɨɡɞɚɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɜɵɫɨɤɢɦ ɄɉȾ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɨɥɶɲɨɣ ɭɞɟɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɨɣ 
ɤɨɦɦɭɬɚɰɢɢ Д8-9]. 

Ȼɵɥ ɫɨɡɞɚɧ ɢ ɢɫɩɵɬɚɧ ɦɚɤɟɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (ɪɢɫ. 5). Ɍɪɚɧɫɮɨɪɦɚɬɨɪ – ȽɆ14Ⱦɋ 
200ɯ100ɯ20, k = 1,3:1, ɧɚɦɨɬɤɚ ɛɢɮɢɥɹɪɧɚɹ, LLk = 3 H, IGBT-ɦɨɞɭɥɢ - Mitsubishi 

PM75DSA120,. Lr = 3 5 H, Laux1 = 210 H, Laux2 = 610 H, C1 = C2 = 10 nF, C3 = C4 = 5 nF, 

Rs = 150 Ɉɦ, Lo = 1,3 mH, fsw = 20 Ʉɝɰ, Rɧ = 8,7 Ɉɦ. 
ɄɉȾ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚ ɩɨɥɧɨɣ ɧɚɝɪɭɡɤɟ ɨɤɨɥɨ 95% (Io = 34,4 Ⱥ, Uɨ = 300 ȼ, 

ɦɨɳɧɨɫɬɶ 10,3 ɤȼɬ, ɩɨɬɟɪɹ ɫɤɜɚɠɧɨɫɬɢ 20%). 
 

 
Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɦɚɤɟɬɧɨɝɨ ɨɛɪɚɡɰɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ДCШЧЯОЫЭОЫ pЫШЭШЭвpО ХКвШЮЭЖ 



60 ȻȺɊȺɇ ɢ ɞɪ. 
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ȼɜɟɞɟɧɧɵɟ ɜ ɫɯɟɦɭ ɞɢɨɞɵ D7 ɢ D8 ɲɭɧɬɢɪɭɸɬ ɢɧɞɭɤɬɢɜɧɨɫɬɶ Lr ɩɪɢ ɡɚɤɪɵɬɢɢ 
ɜɵɩɪɹɦɢɬɟɥɶɧɵɯ ɞɢɨɞɨɜ D5 ɢ D6, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɩɚɪɚɡɢɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɧɚ 
ɧɢɯ (ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɨɣ LLk) ɢ ɭɦɟɧɶɲɚɟɬ ɩɨɬɟɪɢ ɜ 
ɫɧɚɛɛɟɪɟ CS-RS. ɉɪɢ CS=1 nF ɜɵɛɪɨɫ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɞɢɨɞɚɯ ɫɨɫɬɚɜɥɹɥ з18% ɨɬ 
ɚɦɩɥɢɬɭɞɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɪɢ CS=3,3 nF -  5% [10-11]. 

ɍɜɟɥɢɱɢɬɶ ɭɞɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɦɨɠɧɨ, ɡɚɦɟɧɢɜ Lr ɧɚ 
ɧɚɫɵɳɚɟɦɵɣ ɢɧɞɭɤɬɨɪ, ɱɬɨ ɭɦɟɧɶɲɢɬ ɩɨɬɟɪɸ ɫɤɜɚɠɧɨɫɬɢ ɧɚ ɩɨɥɧɨɣ ɧɚɝɪɭɡɤɟ, ɩɪɢ 
ɭɫɥɨɜɢɢ ɪɟɲɟɧɢɢ ɜɨɩɪɨɫɚ ɨɯɥɚɠɞɟɧɢɹ ɧɚɫɵɳɚɟɦɨɝɨ ɢɧɞɭɤɬɨɪɚ Д12Ж. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫ ɦɹɝɤɨɣ ɤɨɦɦɭɬɚɰɢɟɣ ɞɥɹ ɗɉɋ 
ɩɨɡɜɨɥɢɬ ɭɥɭɱɲɢɬɶ ɜɨɩɪɨɫɵ ɢɡɥɭɱɟɧɢɹ ɩɨɦɟɯ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ, 
ɫɧɢɡɢɬɶ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɄɉȾ ɢ ɱɚɫɬɨɬɵ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɩɨɬɟɪɶ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɳɧɵɟ IGBT – ɦɨɞɭɥɢ ɧɚ ɩɨɜɵɲɟɧɧɵɯ ɱɚɫɬɨɬɚɯ, ɤɨɬɨɪɵɟ ɨɧɢ ɧɟ 
ɫɩɨɫɨɛɧɵ ɜɵɞɟɪɠɚɬɶ ɜ ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ ɫ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ 
ɤɨɦɦɭɬɚɰɢɟɣ. 
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Abstract – The development of converters with soft commutation improves issues of radiation 

interference and electromagnetic compatibility, reduce weight and size parameters by increasing 

efficiency and conversion frequency. A significant reduction in commutation losses allows the use 

of high-power IGBT modules at higher frequencies which they are not able to withstand in 

traditional converters with pulse-width commutation. 
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