
ȼɬɨɪɚɹ ɪɨɫɫɢɣɫɤɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ  
«ɗɧɟɪɝɟɬɢɤɚ, ɷɥɟɤɬɪɨɦɟɯɚɧɢɤɚ ɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɝɥɚɡɚɦɢ ɦɨɥɨɞɟɠɢ» 

ɋɟɤɰɢɹ 1. ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɷɥɟɤɬɪɨɦɟɯɚɧɢɤɟ 
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ȼ ɡɚɤɥɸɱɟɧɢɟ ɨɬɦɟɬɢɦ ɨɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢɦɟɧɟɧɢɹ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
ɩɟɧɟɬɪɚɧɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɤɚɩɢɥɥɹɪɧɨɣ ɞɟɮɟɤɬɨɫɤɨɩɢɢ: ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɨɬɟɱɟɫɬɜɟɧɧɵɦ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɫɬɚɧɞɚɪɬɚɦ; ɜɵɝɨɞɧɵɟ ɰɟɧɵ ɢ 
ɫɪɨɤɢ ɩɨɫɬɚɜɤɢ ɛɥɚɝɨɞɚɪɹ ɫɤɥɚɞɚɦ ɜ Ɋɨɫɫɢɢ; ɦɢɧɢɦɢɡɚɰɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ, 
ɥɨɝɢɫɬɢɱɟɫɤɢɯ ɢ ɬɚɦɨɠɟɧɧɵɯ ɧɚɥɨɝɨɜ; ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɟɧɟɬɪɚɧɬɨɜ. ɉɪɢ ɷɬɨɦ ɩɟɪɫɩɟɤɬɢɜɧɵ ɪɚɛɨɬɵ ɩɨ ɩɨɜɵɲɟɧɢɸ 
ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɟɧɟɬɪɚɧɬɨɜ. 
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ɉȿɊɋɉȿɄɌɂȼɕ ɉɊɂɆȿɇȿɇɂə ɆȺɌɊɂɑɇɕɏ ɉɊȿɈȻɊȺɁɈȼȺɌȿɅȿɃ ȾɅə 
ɗɅȿɄɌɊɈȼȿɇɌɂɅəɌɈɊɈȼ ȺȼɌɈɇɈɆɇɕɏ ɈȻɔȿɄɌɈȼ 

ɉɨɥɹɤɨɜ Ⱥ.ɋ. 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɵɦ ɜɢɞɨɦ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ 

ɷɥɟɤɬɪɢɱɟɫɬɜɨ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɷɥɟɤɬɪɨɜɟɧɬɢɥɹɬɨɪɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɱɟɥɨɜɟɤɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɚɜɬɨɧɨɦɧɵɯ ɨɛɴɟɤɬɨɜ. Ɋɟɦɨɧɬ ɬɚɤɨɝɨ 
ɪɨɞɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɟɫɥɢ ɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, ɬɨ ɱɟɪɟɡ ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɵɟ 
ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɩɨɜɵɲɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɦɧɨɠɟɫɬɜɚ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɮɚɤɬɨɪɨɜ. 

Ⱦɨɫɬɚɬɨɱɧɨ ɞɨɥɝɨ ɞɥɹ ɬɚɤɢɯ ɰɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɧɟɪɟɝɭɥɢɪɭɟɦɵɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ, 
ɧɨ, ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, ɜɫɟ ɱɚɳɟ ɢ ɱɚɳɟ ɢɯ ɡɚɦɟɧɹɸɬ ɪɟɝɭɥɢɪɭɟɦɵɟ ɜɚɪɢɚɧɬɵ. ɋɚɦɵɦ 
ɫɭɳɟɫɬɜɟɧɧɵɦ ɜɵɢɝɪɵɲɟɦ ɨɬ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ 
ɧɟɫɤɨɥɶɤɢɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ (ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɢɧɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɚɬɶ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɫɢɫɬɟɦɵ). ɇɨ ɜɦɟɫɬɟ ɫ ɬɟɦ, ɪɟɝɭɥɢɪɭɟɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ 
ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɩɨɥɧɨɰɟɧɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ, ɤɨɬɨɪɵɟ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɫɟɬɢ ɱɟɪɟɡ ɨɛɵɱɧɵɣ ɤɨɧɬɚɤɬɨɪ. 

 ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɪɚɡɨɝɪɟɜ, ɱɬɨ  ɭɦɟɧɶɲɚɟɬ ɫɪɨɤ 
ɫɥɭɠɛɵ ɜɯɨɞɹɳɢɯ ɜ ɧɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɚɢɛɨɥɟɟ ɤɪɢɬɢɱɧɵɦɢ ɜ ɷɬɨɦ 
ɩɥɚɧɟ ɷɥɟɦɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɟ ɤɨɧɞɟɧɫɚɬɨɪɵ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ [1], 
ɦɚɬɪɢɱɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɢɯ ɨɬɫɭɬɫɬɜɢɟɦ ɜ ɫɢɥɨɜɨɣ ɱɚɫɬɢ, ɱɬɨ, 
ɩɨɦɢɦɨ ɜɫɟɝɨ ɩɪɨɱɟɝɨ, ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɝɚɛɚɪɢɬɵ ɜɫɟɝɨ ɢɡɞɟɥɢɹ.  

ȼ ɡɚɪɭɛɟɠɧɨɣ ɥɢɬɟɪɚɬɭɪɟ [2] ɨɩɢɫɚɧɵ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɦɚɬɪɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 
(Ɇɉ), ɧɨ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦɢ ɜ ɭɩɪɚɜɥɟɧɢɢ ɹɜɥɹɸɬɫɹ ɞɜɚ – ɩɪɹɦɨɣ (direct matrix 
converter) ɢ ɧɟɩɪɹɦɨɣ (indirect matrix converter). ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɧɟɩɪɹɦɨɝɨ Ɇɉ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 



ȼɬɨɪɚɹ ɪɨɫɫɢɣɫɤɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ  
«ɗɧɟɪɝɟɬɢɤɚ, ɷɥɟɤɬɪɨɦɟɯɚɧɢɤɚ ɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɝɥɚɡɚɦɢ ɦɨɥɨɞɟɠɢ» 

ɋɟɤɰɢɹ 1. ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɷɥɟɤɬɪɨɦɟɯɚɧɢɤɟ 
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɧɟɩɪɹɦɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

 
ɇɚ ɜɯɨɞɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɢɧɜɟɪɬɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɧɚɩɪɚɜɥɟɧɧɵɯ ɤɥɸɱɟɣ, ɤɚɠɞɵɣ 

ɢɡ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɚ ɜɫɬɪɟɱɧɨ ɜɤɥɸɱɟɧɧɵɯ IGBT, ɡɚɲɭɧɬɢɪɨɜɚɧɧɵɯ 
ɞɢɨɞɚɦɢ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɨɧ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢ ɷɬɨɦ 
ɧɚɩɪɹɠɟɧɢɟ ɦɨɠɟɬ ɞɢɧɚɦɢɱɟɫɤɢ ɦɟɧɹɬɶɫɹ. ȼɵɯɨɞɧɨɣ ɢɧɜɟɪɬɨɪ ɪɚɛɨɬɚɟɬ ɧɟɡɚɜɢɫɢɦɨ ɨɬ 
ɜɯɨɞɧɨɝɨ ɢ ɩɪɟɨɛɪɚɡɭɟɬ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɩɟɪɟɦɟɧɧɨɟ ɧɟɨɛɯɨɞɢɦɨɣ ɱɚɫɬɨɬɵ. ȼ 
ɰɟɥɨɦ ɬɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɛɦɟɧ ɷɧɟɪɝɢɟɣ ɧɚɝɪɭɡɤɢ ɫ ɫɟɬɶɸ ɩɪɢ 
ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ ɝɚɛɚɪɢɬɚɯ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɥɨɜɢɹ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɬɨɤɨɜ 
ɢɫɩɨɥɶɡɭɸɬ ɫɢɧɭɫɧɵɟ ɮɢɥɶɬɪɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ (ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɢɧɯɪɨɧɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ). ɉɪɢ ɜɫɟɯ ɫɜɨɢɯ ɞɨɫɬɨɢɧɫɬɜɚɯ, ɧɟɩɪɹɦɨɣ Ɇɉ ɩɪɨɢɝɪɵɜɚɟɬ ɩɨ ɷɧɟɪɝɟɬɢɤɟ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦ ɫ ɚɤɬɢɜɧɵɦ ɜɵɯɨɞɧɵɦ ɜɵɩɪɹɦɢɬɟɥɟɦ ɢ ɛɚɬɚɪɟɟɣ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. 

ɉɪɨɬɨɬɢɩɨɦ ɩɪɹɦɵɯ Ɇɉ ɹɜɥɹɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɧɚ 
ɬɢɪɢɫɬɨɪɚɯ, ɩɨɥɭɱɢɜɲɢɟ ɧɚɡɜɚɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ 
ɫɜɹɡɶɸ. ɉɪɢɦɟɧɟɧɢɟ ɬɚɤɨɝɨ ɪɨɞɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɨɝɪɚɧɢɱɢɜɚɥɨɫɶ ɧɢɡɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɬɢɪɢɫɬɨɪɨɜ ɤ ɩɨɦɟɯɚɦ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ ɩɨɜɵɲɟɧɧɨɣ ɱɚɫɬɨɬɵ.  

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɹɦɵɯ ɦɚɬɪɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ (ɪɢɫ.2) ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɞɜɭɧɚɩɪɚɜɥɟɧɧɵɟ ɤɥɸɱɢ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɚ ɜɫɬɪɟɱɧɨ 
ɜɤɥɸɱɟɧɧɵɯ IGBT, ɡɚɲɭɧɬɢɪɨɜɚɧɧɵɯ ɞɢɨɞɚɦɢ. ȼɫɟɝɨ ɢɯ 9, ɢ ɨɧɢ ɩɨɡɜɨɥɹɸɬ 
ɩɨɞɤɥɸɱɚɬɶ ɥɸɛɭɸ ɢɡ ɮɚɡ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤ ɮɚɡɚɦ ɧɚɝɪɭɡɤɢ.  

 
Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɹɦɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 
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Ɍɚɤ ɠɟ ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɧɟɩɪɹɦɨɝɨ Ɇɉ, ɜɵɫɨɤɚɹ ɱɚɫɬɨɬɚ ɤɨɦɦɭɬɚɰɢɢ ɤɥɸɱɟɣ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɫɢɧɭɫɧɵɯ ɮɢɥɶɬɪɨɜ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, 
ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɜɨɡɦɨɠɧɵɯ ɜɵɛɪɨɫɨɜ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɥɸɱɚɯ ɢɫɩɨɥɶɡɭɸɬ 
ɞɟɦɩɮɢɪɭɸɳɢɟ ɫɯɟɦɵ. 

Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɬɨɤ ɧɟɨɛɯɨɞɢɦɨɣ ɮɨɪɦɵ ɧɚ ɜɵɯɨɞɟ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɵ ɜɯɨɞɧɨɝɨ ɬɨɤɚ ɢ ɟɞɢɧɢɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɦɨɳɧɨɫɬɢ. ȼɨɡɦɨɠɧɨɫɬɶ ɷɬɨɝɨ ɞɨɤɚɡɚɧɚ ɜ [3] - ɬɚɦ ɩɨɤɚɡɚɧ ɜɟɤɬɨɪɧɵɣ ɫɩɨɫɨɛ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɹɦɵɦ Ɇɉ. ɗɬɨɬ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, 
ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ, ɭɩɪɚɜɥɟɧɢɟ ɩɪɹɦɵɦ ɦɚɬɪɢɱɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɧɚɦɧɨɝɨ ɫɥɨɠɧɟɟ, ɱɟɦ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɞɪɭɝɢɯ ɬɢɩɨɜ, ɬɚɤ ɱɬɨ ɨɬɫɭɬɫɬɜɢɟ ɦɨɳɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ 
ɹɜɥɹɥɨɫɶ ɨɫɧɨɜɧɵɦ ɬɨɪɦɨɡɨɦ ɢɯ ɪɚɡɜɢɬɢɹ. 

ȼɨɨɛɳɟ, ɜ ɦɢɪɟ ɚɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɦɚɬɪɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚɱɚɥɨɫɶ ɜ 
ɩɨɫɥɟɞɧɢɟ 10-15 ɥɟɬ, ɤɨɝɞɚ ɩɨɹɜɢɥɢɫɶ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɨɪɵ ɢ 
ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ IGBT-ɦɨɞɭɥɟɣ ɫ ɧɢɡɤɢɦ ɩɚɞɟɧɢɟɦ. 

Ⱥɜɬɨɧɨɦɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɜɟɧɬɢɥɹɬɨɪɨɜ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɋɇȽ, ɩɨɫɤɨɥɶɤɭ ɩɚɪɬɧɟɪɵ ɢɡ ɨɫɬɚɥɶɧɵɯ ɝɨɫɭɞɚɪɫɬɜ ɧɟ 
ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɩɨɫɬɚɜɤɭ. Ʉ ɫɱɚɫɬɶɸ, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ 
ɞɨɫɬɚɬɨɱɧɨɣ ɦɨɳɧɨɫɬɢ ɭɠɟ ɨɫɜɨɟɧɵ ɜ Ɋɨɫɫɢɢ. 

ȼɟɧɬɢɥɹɬɨɪɧɚɹ ɧɚɝɪɭɡɤɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶɸ 
ɦɨɳɧɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ ɞɥɢɬɟɥɶɧɵɦɢ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɜ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ 
ɪɟɠɢɦɟ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɟɪɟɯɨɞɧɵɟ ɪɟɠɢɦɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɞɤɢ, ɢ ɦɚɥɨ ɜɥɢɹɸɬ ɧɚ 
ɧɚɝɪɟɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ȼ ɫɥɭɱɚɟ ɧɟɩɪɹɦɨɝɨ Ɇɉ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ 
ɰɟɩɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɬɪɟɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɚ ɞɥɹ ɩɪɹɦɨɝɨ Ɇɉ – ɞɜɭɯ, ɢɡ-ɡɚ ɱɟɝɨ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɜɵɲɟ.  

Ɍɚɤ ɤɚɤ ɜɨɡɞɭɯ ɧɟ ɹɜɥɹɟɬɫɹ ɩɥɨɬɧɨɣ ɫɪɟɞɨɣ, ɚ ɜɟɧɬɢɥɹɬɨɪ ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɦɨɦɟɧɬɨɦ ɢɧɟɪɰɢɢ, ɧɟɜɨɡɦɨɠɧɨ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɛɟɡɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ 
ɪɚɛɨɬɵ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɟɬ ɨɫɬɪɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɟ ɚɧɚɥɨɝɨɜɵɟ ɞɚɬɱɢɤɢ ɬɨɤɚ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɨɬɨɪɵɯ ɨɬɫɭɬɫɬɜɭɟɬ ɜ 
ɫɬɪɚɧɚɯ ɋɇȽ. 

ȿɞɢɧɫɬɜɟɧɧɵɦ ɷɥɟɦɟɧɬɨɦ, ɨɬɫɭɬɫɬɜɢɟ ɤɨɬɨɪɨɝɨ ɫɟɪɶɟɡɧɨ ɬɨɪɦɨɡɢɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɚɬɪɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɞɥɹ ɜɟɧɬɢɥɹɬɨɪɨɜ ɚɜɬɨɧɨɦɧɵɯ ɨɛɴɟɤɬɨɜ, ɹɜɥɹɟɬɫɹ 
ɞɜɭɫɬɨɪɨɧɧɢɣ ɤɥɸɱ, ɜɵɩɨɥɧɟɧɧɵɣ ɜ ɟɞɢɧɨɦ ɦɨɞɭɥɟ. ɇɨ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɩɨɫɥɟɞɧɢɟ 
ɝɨɞɵ ɨɫɜɨɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ IGBT-ɦɨɞɭɥɟɣ ɢɞɟɬ ɛɵɫɬɪɵɦɢ ɬɟɦɩɚɦɢ, ɦɨɠɧɨ ɨɠɢɞɚɬɶ 
ɩɨɹɜɥɟɧɢɟ ɞɜɭɫɬɨɪɨɧɧɢɯ ɤɥɸɱɟɣ ɪɨɫɫɢɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ȼ ɦɢɪɟ ɭɠɟ ɩɨɹɜɢɥɢɫɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ RB-IGBT (reverse blocking IGBT), ɤɨɬɨɪɵɟ 
ɨɛɴɟɞɢɧɹɸɬ ɜ ɟɞɢɧɨɣ ɫɬɪɭɤɬɭɪɟ IGBT ɢ ɞɢɨɞ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɛɥɚɞɚɸɬ ɦɟɧɶɲɢɦ 
ɩɚɞɟɧɢɟɦ (3ȼ ɩɪɨɬɢɜ 4ȼ ɜ ɨɛɵɱɧɨɦ ɞɜɭɫɬɨɪɨɧɧɟɦ ɤɥɸɱɟ). ɗɬɨ ɩɨɡɜɨɥɢɬ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɜɟɥɢɱɢɬɶ ɄɉȾ ɦɚɬɪɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɱɬɨ ɟɳɟ ɫɢɥɶɧɟɟ ɭɫɤɨɪɢɬ ɪɚɡɜɢɬɢɟ ɷɬɨɣ 
ɨɛɥɚɫɬɢ. 
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