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Abstract. The method of calculating the basic parameters of the BLDC motor in regenerative braking 

mode proposed. The motor based on the powerful alternator of the vehicle to convert an ordinary car 

into a hybrid one is offered. The results of calculation of basic characteristics of the engine in regen-

erative mode on the basis of the G290 car alternator are given. 
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ȼɜɟɞɟɧɢɟ 
 

Ʉɨɧɜɟɪɫɢɹ ɨɛɵɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɩɨɞɡɚɪɹ-
ɠɚɟɦɵɣ ɝɢɛɪɢɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɤɢɥɨ-
ɦɟɬɪɚ ɩɪɨɛɟɝɚ ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɟɧɢɟ ɜɪɟɞ 

ɧɵɯ ɜɵɛɪɨɫɨɜ. ɇɨ ɞɥɹ ɬɚɤɨɣ ɤɨɧɜɟɪɫɢɢ  

ɧɟɨɛɯɨɞɢɦ ɧɟɞɨɪɨɝɨɣ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɢɦɟɸɳɢɣ ɦɚɥɵɟ ɝɚɛɚɪɢɬɵ ɢ ɩɨɞɯɨɞɹɳɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ. ȼɟɧ-

ɬɢɥɶɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ (ȼɗȾ) ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɝɢɛɪɢɞɧɵɯ ɚɜɬɨɦɨɛɢɥɹɯ, 

ɩɨɫɤɨɥɶɤɭ ɢɦɟɸɬ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɦɨɳ-

ɧɨɫɬɢ ɢ ɄɉȾ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ ɝɚɛɚɪɢɬɚɯ ɢ 

ɜɟɫɟ, ɚ ɬɚɤɠɟ ɢɦɟɸɬ ɩɨɞɯɨɞɹɳɭɸ ɞɥɹ ɬɹɝɨɜɨ-
ɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟɪɢ-
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ɫɬɢɤɭ. Ɉɞɧɚɤɨ ɬɹɝɨɜɵɟ ɜɟɧɬɢɥɶɧɵɟ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɢ,  ɩɪɢɝɨɞɧɵɟ ɞɥɹ ɤɨɧɜɟɪɫɢɢ ɢɦɟɸɬ 
ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ, ɱɬɨ ɫɧɢɠɚɟɬ ɷɤɨɧɨɦɢɱɟ-
ɫɤɭɸ ɜɵɝɨɞɭ, ɚ ɡɧɚɱɢɬ, ɢ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɛɵɱɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ ɜ ɩɨɞɡɚɪɹɠɚɟɦɵɣ ɝɢɛɪɢɞɧɵɣ 

ɚɜɬɨɦɨɛɢɥɶ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ȼ ɪɚɛɨɬɚɯ [1-3] ɩɨɤɚɡɚɧɨ, ɱɬɨ ȼɗȾ, ɤɨɬɨɪɵɣ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɝɢɛɪɢɞɧɨɝɨ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞɚ, ɦɨɠɟɬ ɛɵɬɶ ɫɨɡɞɚɧ ɧɚ ɛɚɡɟ ɫɢɧ-

ɯɪɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ (ɋɗɆ) 

ɦɨɳɧɨɝɨ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. Ⱦɥɹ 
ɷɬɨɝɨ ɜ ɝɟɧɟɪɚɬɨɪɟ ɧɭɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɞɚɬɱɢ-

ɤɢ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɢ ɭɞɚɥɢɬɶ ɬɪɟɯɮɚɡɧɵɣ 

ɞɢɨɞɧɵɣ ɦɨɫɬ. Ɉɛɟɫɩɟɱɢɬɶ ɪɚɛɨɬɭ ɷɬɨɣ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɨɬ ɬɹɝɨɜɨɣ ɚɤɤɭɦɭɥɹɬɨɪ-
ɧɨɣ ɛɚɬɚɪɟɢ (ɌȺȻ) ɦɨɠɧɨ ɬɨɥɶɤɨ ɫ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɦɢ ɤɨɧɬɪɨɥɥɟɪɨɦ ɢ ɫɢɥɨɜɵɦ 

ɤɨɦɦɭɬɚɬɨɪɨɦ (ɢɧɜɟɪɬɨɪɨɦ) [1,5]. Ʉɪɨɦɟ ɬɨ-
ɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɵ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɚɤɨɝɨ 

ȼɗȾ. Ɉɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨ-
ɛɥɟɦɵ ɪɚɫɫɦɨɬɪɟɧ ɜ ɪɚɛɨɬɟ [9].  Ʉɨɧɫɬɪɭɤɰɢɹ  
ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
ɯɨɪɨɲɨ ɩɪɢɫɩɨɫɨɛɥɟɧɚ ɤ ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ ɜ 
ɩɨɞɤɚɩɨɬɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɚɜɬɨɦɨɛɢɥɹ, ɦɚ-
ɥɵɟ ɝɚɛɚɪɢɬɵ ɭɩɪɨɳɚɸɬ ɭɫɬɚɧɨɜɤɭ, ɚ ɛɥɚɝɨ-
ɞɚɪɹ  ɦɚɫɫɨɜɨɦɭ ɜɵɩɭɫɤɭ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
ɝɟɧɟɪɚɬɨɪɨɜ ɫɬɨɢɦɨɫɬɶ ȼɗȾ ɩɨɥɭɱɚɟɬɫɹ  ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɨɣ. ɇɚɥɢɱɢɟ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠ-

ɧɨɫɬɶ  ɜ ɞɜɢɝɚɬɟɥɶɧɨɦ ɪɟɠɢɦɟ ɨɪɝɚɧɢɡɨɜɚɬɶ 
ɨɩɬɢɦɚɥɶɧɨɟ  ɞɜɭɯɡɨɧɨɜɨɟ ɭɩɪɚɜɥɟɧɢɟ [6], ɚ 
ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ ɨɛɟɫɩɟɱɢɬɶ ɨɩɬɢ-

ɦɚɥɶɧɨɟ ɪɟɤɭɩɟɪɚɬɢɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ. ɗɬɢ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɞɟɥɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɨ-
ɰɟɫɫ ɫɨɡɞɚɧɢɹ ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
ɝɟɧɟɪɚɬɨɪɨɜ. Ɋɚɫɱɟɬ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɬɚɤɨɝɨ ȼɗȾ ɜ ɪɟɠɢɦɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɢ-

ɜɟɞɟɧ ɜ ɪɚɛɨɬɟ [8]. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɉɪɢ ɤɨɧɜɟɪɫɢɢ ɨɛɵɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɝɢ-

ɛɪɢɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɡɥɢɱɧɵɯ 

ɪɟɠɢɦɨɜ ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɫɥɭɠɟɛɧɨɝɨ ɬɨɪ-
ɦɨɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɬɹɝɨɜɨɝɨ ȼɗȾ ɫ ɭɩɪɚɜɥɹɟɦɵɦ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɞɥɹ ɝɟɧɟɪɚɬɨɪɧɵɯ  
ɪɟɠɢɦɨɜ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 
ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ ɩɚ-
ɪɚɦɟɬɪɨɜ ɬɹɝɨɜɨɝɨ ȼɗȾ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ 
ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɨɪ-

ɦɨɠɟɧɢɹ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨ-
ɦɨɛɢɥɹ.  ɇɚɝɪɭɠɟɧ ɬɚɤɨɣ ɝɟɧɟɪɚɬɨɪ ɜ ɪɟɠɢɦɟ 
ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ  
ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɬɹɝɨɜɭɸ ɚɤɤɭɦɭɥɹ-
ɬɨɪɧɭɸ ɛɚɬɚɪɟɸ (ɌȺȻ), ɥɢɛɨ ɧɚ ɌȺȻ ɱɟɪɟɡ 
ɩɨɜɵɲɚɸɳɢɣ DC-DC ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɥɢ 

ɧɚɝɪɭɠɟɧ ɧɚ ɪɟɡɢɫɬɢɜɧɭɸ ɧɚɝɪɭɡɤɭ. 

 

ɉɪɢ ɪɚɫɱɟɬɟ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɪɟ-
ɠɢɦ ɨɝɪɚɧɢɱɟɧɢɹ ɬɨɤɚ, ɤɨɬɨɪɵɣ ɜɨɡɧɢɤɚɟɬ ɜ 
ɨɛɥɚɫɬɢ ɪɚɛɨɱɢɯ ɨɛɨɪɨɬɨɜ ȼɗȾ ɧɚ ɧɟɤɨɬɨ-
ɪɵɯ ɟɟ ɭɱɚɫɬɤɚɯ. Ɍɨɤɨɜɵɣ ɪɟɠɢɦ ɧɚ ɷɬɢɯ 
ɭɱɚɫɬɤɚɯ  ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚ-
ɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɋȺɊ) ɬɨɤɚ ɮɚɡ ɜ 
ɢɧɬɟɪɜɚɥɟ ɨɛɨɪɨɬɨɜ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɨ  ɨɝɪɚ-
ɧɢɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɨɝɨ ɬɨɤɚ ɮɚɡ. 
Ɍɚɤɨɣ ɢɧɬɟɪɜɚɥ ɡɚɧɢɦɚɟɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɡɨ-
ɧɵ ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ. 
 

Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ  
ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

 

Ɋɚɫɱɟɬ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɤɨɧɜɟɪɫɢɨɧ-

ɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜɨɡɦɨɠɟɧ ɩɪɢ ɧɚɥɢɱɢɢ ɢɫ-
ɯɨɞɧɵɯ ɞɚɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɬɚɤɢɯ ɤɚɤ 
ɦɨɳɧɨɫɬɶ, ɝɚɛɚɪɢɬɵ, ɜɟɫ, ɫɬɨɢɦɨɫɬɶ, ɜɪɚɳɚ-
ɸɳɢɣ ɢɥɢ ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬɵ, ɭɝɥɨɜɚɹ ɫɤɨ-
ɪɨɫɬɶ, ɩɭɫɤɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɄɉȾ ɢ ɬ.ɞ., 

ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ, ɭɩɪɚɜɥɹɸɳɟɣ ɢ ɫɢ-

ɥɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɢ, ɬɢɩɚ ɢ ɩɚɪɚɦɟɬɪɨɜ ɌȺȻ, 

ɜɢɞɚ ɢ ɜɟɥɢɱɢɧɵ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɨɬɧɨɲɟɧɢɹ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ. 

 

 Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɧɨɝɨ ɧɚɛɨɪɚ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɢ ɫɨɡɞɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ȼɗȾ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ 
ɷɬɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɬɪɟɛɭɟɬɫɹ ɧɚɛɨɪ ɜɧɭɬ-
ɪɟɧɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ, 

ɬɚɤɢɯ ɤɚɤ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɢ 

ɜɡɚɢɦɨɢɧɞɭɤɰɢɹ ɨɛɦɨɬɨɤ, ɩɚɪɚɦɟɬɪɵ ɦɚɝ-
ɧɢɬɧɨɣ ɰɟɩɢ, ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɫɢɫɬɟɦɵ ɜɨɡ-
ɛɭɠɞɟɧɢɹ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, 
ɜɟɥɢɱɢɧɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɩɨɬɟɪɶ 
ɢ ɬ.ɞ. ɉɪɢ ɷɬɨɦ ɦɧɨɝɢɟ ɢɡ ɬɪɟɛɭɟɦɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɧɟ ɩɪɢɜɨɞɹɬɫɹ ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ 
ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ȼɗȾ ɝɟɧɟɪɚɬɨɪɧɨɣ ɫɢɧɯɪɨɧ-

ɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ, ɚ ɩɪɹɦɨɟ ɢɯ ɢɡ-
ɦɟɪɟɧɢɟ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ ɢɥɢ ɩɪɟɞɫɬɚɜɥɹ-
ɟɬ ɨɱɟɧɶ ɛɨɥɶɲɢɟ ɬɪɭɞɧɨɫɬɢ.  

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɨɞɨɥɟɬɶ ɷɬɢ ɩɪɨɛɥɟɦɵ ɜ 
ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɟɚɥɢɡɨɜɚɧ ɫɥɟɞɭɸɳɢɣ ɩɨɞ-

ɯɨɞ, ɚ ɢɦɟɧɧɨ: ɢɫɩɨɥɶɡɨɜɚɧ ɪɹɞ ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɞɨɫɬɭɩɧɵɯ 
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ɞɥɹ ɩɪɨɫɬɨɝɨ ɢɡɦɟɪɟɧɢɹ, ɢ ɧɚ ɢɯ ɨɫɧɨɜɟ ɜɵ-

ɱɢɫɥɟɧɵ ɧɟɞɨɫɬɚɸɳɢɯ ɩɚɪɚɦɟɬɪɵ. Ɍɚɤɨɣ 

ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɬɟɦɚɬɢ-

ɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ȼɗȾ ɤɚɤ ɜ ɪɟɠɢɦɟ ɞɜɢɝɚɬɟɥɹ, 
ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ. 
 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ȼɗȾ ɹɜɥɹ-
ɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ ɢɡ-ɡɚ ɬɨɝɨ, 
ɱɬɨ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɜɛɥɢɡɢ ɧɚɫɵɳɟɧɢɹ (ɢɥɢ 
«ɤɨɥɟɧɚ» ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ) ɧɟɥɢɧɟɣɧɨ ɡɚɜɢ-
ɫɢɬ ɨɬ ɬɨɤɚ ɜ ɨɛɦɨɬɤɚɯ ɞɜɢɝɚɬɟɥɹ. ɗɬɨ ɫɜɹɡɚ-
ɧɨ  ɫ ɬɟɦ, ɱɬɨ ɗȾɋ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɢɥɢ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɵ ɩɪɨɢɡɜɟɞɟɧɢɹɦ ɩɨɬɨɤɚ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ ɧɚ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ  ɢ ɬɨɤ ɹɤɨɪɹ. 
ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 
ɞɜɢɝɚɬɟɥɶ ɢɥɢ ɝɟɧɟɪɚɬɨɪ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡ-
ɛɭɠɞɟɧɢɟɦ ɪɚɛɨɬɚɟɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɨɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ [4]; ɬɚɤɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɞɨɩɭ-
ɫɬɢɦɨ, ɟɫɥɢ ɪɨɬɨɪ ɜɵɩɨɥɧɟɧ ɫ ɜɵɫɨɤɨɤɨɷɪɰɢ-
ɬɢɜɧɵɦɢ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ ɢɥɢ ɫɢ-
ɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɢɦɟɟɬ ɤɨɦɩɟɧɫɚɰɢɸ 
ɪɟɚɤɰɢɢ ɹɤɨɪɹ (ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɬɚɤ-
ɠɟ ɢ ɜ ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɝɟɧɟ-
ɪɚɬɨɪɚ). Ɍɨɝɞɚ, ɟɫɥɢ ɢɫɤɥɸɱɢɬɶ ɢɡ ɪɚɫɫɦɨɬ-
ɪɟɧɢɹ  ɡɨɧɭ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɩɨ 
ɬɨɤɭ ɹɤɨɪɹ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨ-
ɰɟɫɫɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜ ɜɟɧɬɢɥɶɧɨɦ 
ɞɜɢɝɚɬɟɥɟ ɭɩɪɨɳɚɟɬɫɹ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫ ɩɪɢ-
ɟɦɥɟɦɨɣ ɧɚ ɩɪɚɤɬɢɤɟ ɬɨɱɧɨɫɬɶɸ ɚɧɚɥɢɡɢɪɨ-
ɜɚɬɶ ɪɚɛɨɬɭ ȼɗȾ ɜ ɬɹɝɨɜɨɦ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɪɟɠɢɦɚɯ ɢ ɪɚɫɫɱɢɬɵɜɚɬɶ ɨɫɧɨɜɧɵɟ ɢɧɬɟ-
ɝɪɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ. 
 
ȼ ɤɚɱɟɫɬɜɟ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɢɫ-
ɩɨɥɶɡɭɸɬ ɋɗɆ, ɪɚɛɨɬɚɸɳɢɟ ɫ ɞɨɫɬɚɬɨɱɧɨ 
ɦɚɥɵɦ ɨɬɥɢɱɢɟɦ ɮɨɪɦɵ ɝɟɧɟɪɢɪɭɟɦɨɣ ɮɚɡ-
ɧɨɣ ɗȾɋ ɨɬ ɫɢɧɭɫɨɢɞɵ. ɍɦɟɧɶɲɟɧɢɸ ɷɬɢɯ 
ɨɬɥɢɱɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɚɜɬɨɦɨ-
ɛɢɥɶɧɵɯ ɝɟɧɟɪɚɬɨɪɚɯ ɤɥɸɜɨɨɛɪɚɡɧɵɯ (ɤɨɝɬɟ-
ɨɛɪɚɡɧɵɯ) ɩɨɥɸɫɨɜ ɪɨɬɨɪɚ.  Ⱦɥɹ ɬɚɤɢɯ ɋɗɆ 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɬɚɧɞɚɪɬɧɚɹ ɦɨ-
ɞɟɥɶ ɨɛɨɛɳɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ 
[4,7,10]. Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ȼɗȾ ɜ 
ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ 
ɜɵɜɨɞɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɞɢɨɞɧɨɝɨ ɦɨɫɬɚ ɝɟɧɟɪɚ-
ɬɨɪɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɨɛɪɚɬɧɵɦɢ ɞɢɨɞɚɦɢ 
ɭɩɪɚɜɥɹɟɦɵɯ ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ ɢɧɜɟɪɬɨɪɚ. 
ȼɫɟ ɫɢɥɨɜɵɟ ɤɥɸɱɢ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɧɚɯɨɞɹɬ-
ɫɹ ɜ ɫɨɫɬɨɹɧɢɢ «ɜɵɤɥɸɱɟɧɨ». ɍɪɚɜɧɟɧɢɟ ɛɚ-
ɥɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ 
ɢ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɧɚɝɪɭ-
ɠɟɧɧɨɣ  ɹɤɨɪɧɨɣ ɰɟɩɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɛɭɞɭɬ 
ɢɦɟɬɶ ɜɢɞ 
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ɝɞɟ  uɝ – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ, 
ɩɪɢ ɷɬɨɦ ɤ ɜɵɜɨɞɚɦ ɝɟɧɟɪɚɬɨɪɚ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɞɤɥɸɱɟɧɚ ɧɚɝɪɭɡɤɚ, uɜ – ɩɢɬɚɸɳɟɟ ɧɚɩɪɹ-
ɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ ȼɗȾ, e – ɗȾɋ 

ɜɪɚɳɟɧɢɹ, Rɜ – ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɰɟɩɢ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, iɜ – ɦɝɧɨɜɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, iɹ – 

ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɹɤɨɪɹ, Lɹ – ɫɭɦ-

ɦɚɪɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɰɟɩɢ ɹɤɨɪɹ, Lɜ – ɫɭɦ-

ɦɚɪɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɰɟɩɢ ɨɛɦɨɬɤɢ ɜɨɡ-
ɛɭɠɞɟɧɢɹ, Rɹ – ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɹɤɨɪɧɨɣ ɰɟɩɢ. Ɂɧɚɱɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɹɤɨɪɧɨɣ ɰɟɩɢ Rɹ ɞɨɥɠɧɨ ɜɤɥɸɱɚɬɶ 
ɢɡɦɟɪɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɫɬɨɹɧɧɨɦɭ ɬɨ-
ɤɭ ɦɟɠɞɭ ɥɸɛɵɦɢ ɞɜɭɦɹ ɮɚɡɧɵɦɢ ɜɵɜɨɞɚɦɢ 

ɫɢɧɯɪɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ (ɫ ɭɱɟ-
ɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ), ɚ ɬɚɤɠɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɞɜɭɯ ɨɛɪɚɬɧɵɯ ɞɢɨɞɨɜ ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ 

ɭɩɪɚɜɥɹɟɦɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɦɨɫɬɚ ɢɧɜɟɪɬɨɪɚ 
ȼɗȾ ɩɪɢ ɹɤɨɪɧɨɦ ɬɨɤɟ.  
 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɨ-
ɬɟɯɧɢɤɟ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɜɨ ɦɧɨ-
ɝɢɯ ɫɥɭɱɚɹɯ   ɢɫɩɨɥɶɡɭɟɬ ɫɜɟɞɟɧɢɟ ɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɡɚɞɚɱ ɤ ɫɬɚɬɢɱɟɫɤɢɦ ɡɚɞɚɱɚɦ. ɗɬɨ 
ɞɟɥɚɸɬ  ɩɭɬɟɦ ɡɚɦɟɧɵ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ ɧɚ 
ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɢɦ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

ɫɬɚɬɢɱɟɫɤɢɟ ɫɢɥɵ (ɩɪɢɧɰɢɩ Ⱦɚɥɚɦɛɟɪɚ). 
Ʉɪɨɦɟ ɬɨɝɨ, ɦɨɳɧɵɟ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ 

ɩɪɢ ɜɤɥɸɱɟɧɢɢ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɪɟɲɟɧɢɹ ɜ 
ɬɟɨɪɢɢ ɰɟɩɟɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ, ɜ ȼɗȾ 

ɧɟ ɩɪɨɢɫɯɨɞɹɬ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɨɥɧɨɫɬɶɸ ɝɚɫɹɬɫɹ ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɦɨɳɧɵɯ 
ȼɗȾ ɡɚɳɢɬɨɣ. Ɉɛɵɱɧɨ ɷɬɚ ɡɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ  
ɜ ɜɢɞɟ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɋȺɊ ɮɚɡɧɵɯ ɬɨ-
ɤɨɜ. ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɫɤɚɡɚɧɧɵɦ, ɫɱɢɬɚɟɦ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɵɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 

ɦɨɞɟɥɶ ȼɗȾ ɞɥɹ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɝɢɛɪɢɞɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ ɜ ɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. 
 

ɍɱɬɟɦ ɬɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɫɬɚɬɢɱɟɫɤɨɝɨ (ɭɫɬɚɧɨ-
ɜɢɜɲɟɝɨɫɹ) ɪɟɠɢɦɚ ɢɦɟɟɬ ɦɟɫɬɨ ɧɚɥɢɱɢɟ ɩɨ-
ɫɬɨɹɧɧɨɝɨ ɩɨɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ,  ɩɪɢ ɷɬɨɦ  Lɜ 
diɜ /dt = 0, ɢ ɧɚɥɢɱɢɟ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɪɟɯ-
ɮɚɡɧɵɦ ɞɢɨɞɧɵɦ ɦɨɫɬɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
ɹɤɨɪɹ, ɬɨɝɞɚ  Lɹdiɹ/dt = 0. ȿɫɥɢ ɩɪɢɧɹɬɶ ɜɨ 

ɜɧɢɦɚɧɢɟ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɨɩɪɟɞɟɥɟ-
ɧɢɟ ɩɨɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɪɨɢɡ-
ɜɨɞɢɬɫɹ ɤɨɫɜɟɧɧɵɦ ɦɟɬɨɞɨɦ (ɨɩɢɫɚɧɧɵɦ 

ɧɢɠɟ), ɢɦɟɟɦ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɬɨɥɶɤɨ ɫɬɚɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ 
ɧɚɩɪɹɠɟɧɢɣ ɹɤɨɪɧɨɣ ɰɟɩɢ ȼɗȾ, ɤɨɬɨɪɨɟ ɜ 
ɫɥɭɱɚɟ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ  ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɪɟ-
ɠɢɦɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 
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         E  – Uɝ – RɹIɹ = 0,                       (1) 

                                 

ɝɞɟ Uɝ – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ, 
ȿ – ɗȾɋ ɜɪɚɳɟɧɢɹ, Iɹ – ɬɨɤ ɹɤɨɪɹ.  
 

Ɉɩɪɟɞɟɥɢɦ  ɗȾɋ ɜɪɚɳɟɧɢɹ ȿ ɞɥɹ ȼɗȾ.  ɗȾɋ 

ɤɚɠɞɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɟɩɪ, 
ɩɟɪɟɫɟɤɚɟɦɨɝɨ ɜɪɚɳɚɸɳɢɦɫɹ ɦɚɝɧɢɬɧɵɦ 

ɩɨɥɟɦ ɪɨɬɨɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɡɚɤɨɧɭ ɢɧ-

ɞɭɤɰɢɢ ɢ ɪɚɜɧɚ 
 

                             ɟɩɪ = Blv. 

 

ɝɞɟ ȼ – ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ, l – ɞɥɢɧɚ ɩɪɨ-
ɜɨɞɧɢɤɚ, v — ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟ-
ɦɟɳɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ. ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɗȾɋ 

ɩɪɨɜɨɞɧɢɤɚ ɟɩɪ,ɫɪ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɩɟɪɟ-
ɦɟɳɟɧɢɢ ɪɨɬɨɪɚ ɜ ɩɪɟɞɟɥɚɯ ɩɨɥɸɫɧɨɝɨ ɞɟɥɟ-
ɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɱɟɪɟɡ ɫɪɟɞɧɟɟ ɡɧɚɱɟ-
ɧɢɟ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ 

  

                             ɟɩɪ,ɫɪ = Bcplv.  

 

ȼɜɟɞɟɧɢɟ ɩɨɧɹɬɢɹ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɗȾɋ 

ɩɪɨɜɨɞɧɢɤɚ ɟɩɪ,ɫɪ ɢ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɢɧɞɭɤ-
ɰɢɢ Bcp ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨ ɩɨɬɨɦɭ, ɱɬɨ ɨɧɢ 

ɫɬɪɨɝɨ  ɜɯɨɞɹɬ ɜ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟ-
ɞɟɧɢɹ  kɎ, ɤɨɬɨɪɨɟ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 
ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ ɢ ɤɨɬɨɪɨɟ, ɤɚɤ ɛɭɞɟɬ 
ɨɩɢɫɚɧɨ ɧɢɠɟ, ɧɚɣɞɟɦ ɪɚɫɱɟɬɧɨ-ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɦ (ɪɚɫɱɟɬɧɨ-ɷɦɩɢɪɢɱɟɫɤɢɦ) ɩɭɬɟɦ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɦɟɪɟɧɧɵɯ ɫɪɟɞɧɢɯ ɡɧɚ-
ɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɞɥɹ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ȼɗȾ. 

 

ȿɫɥɢ ɨɛɦɨɬɤɚ ɹɤɨɪɹ ɢɦɟɟɬ N ɚɤɬɢɜɧɵɯ  ɩɪɨ-
ɜɨɞɧɢɤɨɜ ɢ 2ɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ, ɬɨ ɱɢɫɥɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ 
ɜ ɤɚɠɞɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ ɜɟɬɜɢ ɛɭɞɟɬ 
N/(2a). Ɍɨɝɞɚ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɗȾɋ ɦɚɲɢɧɵ  

 

         cp  
2

Nȿ B lv
a

                        (2) 

 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɫɟɱɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ   
ɩɪɨɜɨɞɧɢɤɚɦɢ ɛɭɞɟɬ 

 

v = ωr,                                  (3) 

 

ɝɞɟ ω – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ ȼɗȾ,  r ɪɚ-
ɞɢɭɫ ɪɚɫɬɨɱɤɢ ɫɬɚɬɨɪɚ. Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ 
ɜɨɡɛɭɠɞɟɧɢɹ Ɏ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɜɟɧ 

 

                  Ɏ = Bɫɪ 2πrl/(2p), 

ɝɞɟ 2p ɱɢɫɥɨ ɩɨɥɸɫɨɜ ȼɗȾ, (p – ɱɢɫɥɨ ɩɚɪ 

ɩɨɥɸɫɨɜ). ȼɟɥɢɱɢɧɚ 2πrl/(2p) ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɩɨɜɟɪɯɧɨɫɬɶ ɫɟɪɞɟɱɧɢɤɚ ɹɤɨɪɹ, ɩɪɢɯɨ-
ɞɹɳɭɸɫɹ ɧɚ ɨɞɢɧ ɩɨɥɸɫ. Ɉɬɫɸɞɚ ɫɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɛɭɞɟɬ  
 

Bɫɪ =                        (4) 

 
ɉɨɞɫɬɚɜɢɜ (3) ɢ (4) ɜ (2) ɢɦɟɟɦ 

  

                   ȿ = kɎω,                           (5)                           

 

ȼ (5) ɢɫɩɨɥɶɡɨɜɚɧɨ ɨɛɨɡɧɚɱɟɧɢɟ: 
 

            k = pN/(2πa),                            (6) 

 

ȼɟɥɢɱɢɧɚ k ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɤɨ-
ɷɮɮɢɰɢɟɧɬ. ȼɟɥɢɱɢɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ k ɦɨɠɟɬ ɬɚɤɠɟ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ 
ɭɱɟɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɦɚɲɢɧɵ, ɧɚɩɪɢɦɟɪ, ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɫɚ. 
 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨ-
ɫɬɟɣ ɭɦɧɨɠɢɦ ɭɪɚɜɧɟɧɢɟ (1) ɧɚ Iɹ 
 

                E Iɹ – UɝIɹ  – RɹIɹ
2 = 0,                 (7) 

                   

ɝɞɟ  EIɹ = Ɋɫ ɩɨɥɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ  ɦɨɳɧɨɫɬɶ 
ɝɟɧɟɪɚɬɨɪɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɫɭɦɦɭ 
ɦɨɳɧɨɫɬɢ ɧɚ ɧɚɝɪɭɡɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɦɨɳɧɨ-
ɫɬɢ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɜ ɝɟɧɟɪɚɬɨɪɟ; UɝIɹ = Ɋ – 

ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɢɞɟɬ ɨɬ  
ɝɟɧɟɪɚɬɨɪɚ ɤ ɧɚɝɪɭɡɤɟ. 
 

ɉɟɪɟɩɢɫɚɜ ɩɨɥɭɱɟɧɧɵɣ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ 

(7) ɢɦɟɟɦ 

 

                          Ɋ = E Iɹ - RɹIɹ
2 ,  

 

ɨɬɤɭɞɚ ɜɢɞɢɦ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɦɨɳɧɨɫɬɢ ɧɚ 
ɜɵɯɨɞɟ ɝɟɧɟɪɚɬɨɪɚ Ɋ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɩɨɥɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ  ɦɨɳ-

ɧɨɫɬɶɸ ɝɟɧɟɪɚɬɨɪɚ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɩɨɬɟ-
ɪɹɦɢ, ɤɨɬɨɪɵɟ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɬɟɩɥɨ ɜɧɭɬɪɢ 

ɝɟɧɟɪɚɬɨɪɚ. ɉɨɥɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ  ɦɨɳɧɨɫɬɶ 
ɪɚɜɧɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɩɨɞɜɟɞɟɧɧɨɣ 

ɤ ɝɟɧɟɪɚɬɨɪɭ, ɟɫɥɢ ɧɟ ɭɱɢɬɵɜɚɬɶ ɩɨɬɟɪɢ ɜ 
ɩɨɞɲɢɩɧɢɤɚɯ, ɜɟɧɬɢɥɹɬɨɪɧɵɟ ɩɨɬɟɪɢ ɢ ɩɨɬɟ-
ɪɢ ɜ ɦɚɝɧɢɬɨɩɪɨɜɨɞɚɯ ȼɗȾ. Ɇɟɯɚɧɢɱɟɫɤɚɹ 
ɦɨɳɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɤɚɤ ωɆ, ɝɞɟ 
Ɇ ɦɟɯɚɧɢɱɟɫɤɢɣ ɦɨɦɟɧɬ, ɩɪɢɥɨɠɟɧɧɵɣ ɤ  
ɜɚɥɭ ɝɟɧɟɪɚɬɨɪɚ,  ɩɨɷɬɨɦɭ ɜ ɷɬɨɦ ɩɪɢɛɥɢɠɟ-
ɧɢɢ ɫ ɭɱɟɬɨɦ (5) ɢɦɟɟɦ 

 

                       E Iɹ = kɎωIɹ = ωɆ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ, 
ɜɪɚɳɚɸɳɟɝɨ ɪɨɬɨɪ ɝɟɧɟɪɚɬɨɪɚ, ɢɦɟɟɦ ɜɵɪɚ-
ɠɟɧɢɟ 
 

                   M = kɎIɹ ,                         (8) 

 

ɇɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɹ ȼɗȾ ɫɭɳɟɫɬɜɟɧɧɭɸ ɬɪɭɞɧɨɫɬɶ ɜɵɡɵ-

ɜɚɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɤɚɤ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɜɨɡ-
ɛɭɠɞɟɧɢɹ Ɏ, ɬɚɤ ɢ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ k. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɬɟɦ ɨɛ-

ɫɬɨɹɬɟɥɶɫɬɜɨɦ, ɱɬɨ ɨɧɢ ɜɫɬɪɟɱɚɸɬɫɹ ɜɫɟɝɞɚ ɜ  
ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ, ɫɱɢɬɚɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ 

ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɢɡɜɟɞɟɧɢɟ kɎ ɫɥɟɞɭɸɳɢɦ 

ɪɚɫɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ. ɂɫ-
ɩɨɥɶɡɭɟɦ ɬɨ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟ-
ɧɢɣ ɜɟɥɢɱɢɧɚ kɎ ɨɞɢɧɚɤɨɜɚ ɤɚɤ ɜ ɪɟɠɢɦɟ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ. 
Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ 

ɹɤɨɪɧɨɣ ɰɟɩɢ ɞɥɹ ɞɜɢɝɚɬɟɥɶɧɨɝɨ ɪɟɠɢɦɚ 
ȼɗȾ [8]. 

 

                        U – E – RɹɞɜIɹ = 0,                (9) 

 

ɝɞɟ U – ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 
ȼɗȾ, Rɹɞɜ – ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪ-
ɧɨɣ ɰɟɩɢ ɜ ɪɟɠɢɦɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɬ.ɟ. ɫ 
ɭɱɟɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɧɚɥɨɜ ɞɜɭɯ ɨɬɤɪɵ-

ɬɵɯ ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ ɭɩɪɚɜɥɹɟɦɨɝɨ ɬɪɟɯɮɚɡ-
ɧɨɝɨ ɦɨɫɬɚ. 
 

ɂɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɹ (9) ɢ ɜɵɪɚɠɟɧɢɟ (5), 

ɫɩɪɚɜɟɞɥɢɜɨɟ ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɞɜɢɝɚɬɟɥɶɧɨ-
ɝɨ ɪɟɠɢɦɚ ȼɗȾ,  ɜɵɞɟɥɹɟɦ ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ 
ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɜɟɥɢɱɢɧɭ kɎ 

 

U – kɎω – RɹɞɜIɹ = 0; 

                   kɎ = U – RɹɞɜIɹɯɯ )/ ωɯɯ,          (10) 

 

ɝɞɟ Iɹɯɯ – ɬɨɤ ɹɤɨɪɹ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ; 
ωɯɯ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ  ɜ ɪɟɠɢɦɟ ɯɨ-
ɥɨɫɬɨɝɨ ɯɨɞɚ,  
 

Ⱦɚɥɟɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ Iɹɯɯ  ɢ ωɯɯ ɩɪɨɜɨɞɢɦ 

ɷɤɫɩɟɪɢɦɟɧɬ: ɞɨɪɚɛɨɬɚɧɧɵɣ ɝɟɧɟɪɚɬɨɪ  ɫ 
ɞɚɬɱɢɤɚɦɢ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ  ɢ ɛɥɨɤɨɦ ɢɧ-

ɜɟɪɬɨɪɚ ɜɤɥɸɱɚɟɦ ɤɚɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɜ 
ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ. ɂɡɦɟɪɟɧɢɟ ɬɨɤɚ ɹɤɨ-
ɪɹ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ  Iɹɯɯ ɢ  ɩɢɬɚɸɳɟ-
ɝɨ  ɧɚɩɪɹɠɟɧɢɹ ȼɗȾ U ɢ ɩɨɥɧɨɝɨ ɚɤɬɢɜɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɹɤɨɪɹ Rɹɞɜ ɧɟ ɜɵɡɵɜɚɸɬ ɬɪɭɞ-

ɧɨɫɬɟɣ. ɉɨ ɢɡɦɟɪɟɧɧɨɣ ɱɚɫɬɨɬɟ ɫɢɝɧɚɥɚ f ɫ 
ɨɞɧɨɝɨ ɢɡ ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɫ ɭɱɟ-
ɬɨɦ ɱɢɫɥɚ ɩɚɪ ɩɨɥɸɫɨɜ ɜɵɱɢɫɥɹɟɦ ɫɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ȼɗȾ n = f/p 

(ɨɛɨɪɨɬɵ ɜ ɫɟɤɭɧɞɭ) ɢ ɡɚɬɟɦ ɩɨɥɭɱɚɟɦ ɡɧɚɱɟ-

ɧɢɟ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ωɯɯ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ 

ȼɗȾ, ωɯɯ = 2πn.  

 

ɇɚ ɪɢɫ.1 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɫɧɹ-
ɬɵɟ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɡɚɜɢɫɢɦɨɫɬɢ 

ɬɨɤɚ ɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɨɬ ɧɚɩɪɹɠɟɧɢɹ 
ɌȺȻ ɞɥɹ ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɝɟ-
ɧɟɪɚɬɨɪɚ Ƚ290Ȼ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɧɢɹ 
ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ 28ȼ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ 
ɝɪɚɮɢɤɟ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨ-
ɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ, ɤɨ-
ɬɨɪɚɹ ɩɨɧɚɞɨɛɢɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ ɄɉȾ. Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ kɎ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɜɵɛɪɚɬɶ ɞɨɩɭɫɬɢɦɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟ-
ɧɢɟ, ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ, ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɢɧɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 
[8]. ɉɨɫɤɨɥɶɤɭ ɢɡɜɟɫɬɧɚ ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ  
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ȼɗȾ ɜ ɪɟɠɢɦɟ ɝɟ-
ɧɟɪɚɬɨɪɚ  Pɷɥ = UɝIɹ , ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ  ɄɉȾ  

ɞɥɹ ȼɗȾ η ɛɟɡ ɭɱɟɬɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ 
ɩɨɞɲɢɩɧɢɤɚɯ,  ɩɨɬɟɪɶ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɢ ɦɚɝ-
ɧɢɬɧɵɯ ɩɨɬɟɪɶ. ȿɫɥɢ Pɦɟɯ = ω M  – ɦɟɯɚɧɢɱɟ-
ɫɤɚɹ ɦɨɳɧɨɫɬɶ ɩɨɞɜɨɞɢɦɚɹ ɤ ɜɚɥɭ ɝɟɧɟɪɚɬɨ-
ɪɚ, ɢɦɟɟɦ 

 

η = Ɋɷɥ / Pɦɟɯ = UɝIɹ / ω M = UɝIɹ /( ωIɹkɎ) = 

= Uɝ /(ωkɎ) = Uɝ / E 

 

 
Ɋɢɫ.1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɤɚ,  

ɦɨɳɧɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ  ɜɪɚɳɟɧɢɹ ɨɬ ɧɚ-
ɩɪɹɠɟɧɢɹ ɞɥɹ ɪɟɠɢɦɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ 

 

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ:  
 

Uɝ = E – Rɹ Iɹ = E – Rɹ E / (Rɹ+ Rɧ) =  

= E [1 – Rɹ  / (Rɹ+ Rɧ)], 

 

ɢɦɟɟɦ ɞɥɹ  ɄɉȾ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
 

η = Uɝ / E  =[ E – Rɹ E / (Rɹ+ Rɧ)] / E = 

 = 1 – Rɹ  / (Rɹ+ Rɧ) =   Rɧ  / (Rɹ+ Rɧ)       (11) 

ȼ ɬɚɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɄɉȾ ȼɗȾ ɪɚɜɟɧ ɨɬ-
ɧɨɲɟɧɢɸ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ 
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ɤ ɗȾɋ ɜɪɚɳɟɧɢɹ ɢɥɢ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɟɞɢɧɢ-

ɰɟɣ ɢ ɨɬɧɨɲɟɧɢɟɦ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɹɤɨɪɹ ɤ ɫɭɦɦɟ ɷɬɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ  ɢ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɢɥɢ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɤ ɫɭɦɦɟ ɷɬɨɝɨ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ  ɢ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɹɤɨɪɹ. ȼ 

ɬɚɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɄɉȾ ɪɚɜɟɧ: 

 

η = 1 – Rɹ  / (Rɹ+ Rɧ) = 

= 1 – 0,04 / (0,04 + 0,166) = 0,806. 

 

ɉɨɞɫɬɚɜɥɹɹ ɜ (11) Uɝ  ɩɨɥɭɱɟɧɧɨɟ ɢɡ (1) ɢ 

ɭɦɧɨɠɚɹ ɱɢɫɥɢɬɟɥɶ ɢ ɡɧɚɦɟɧɚɬɟɥɶ ɧɚ Iɹ (ɱɬɨ-
ɛɵ ɩɟɪɟɣɬɢ ɤ ɪɚɡɦɟɪɧɨɫɬɢ ɦɨɳɧɨɫɬɢ), ɩɨɥɭ-

ɱɢɦ 

 

η = (EIɹ – Rɹ Iɹ
2) /(EIɹ ).                 (12) 

 

ɂɡ (12) ɫɥɟɞɭɟɬ, ɱɬɨ ɄɉȾ ȼɗȾ ɜ ɝɟɧɟɪɚɬɨɪ-
ɧɨɦ ɪɟɠɢɦɟ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ ɪɚɡɧɨɫɬɢ ɩɨɥ-
ɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ  ɢ ɩɨɬɟɪɶ ɜ ɜɢ-

ɞɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɹɤɨɪɧɨɣ ɰɟɩɢ ɤ 
ɩɨɥɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ. ɉɨɥɭɱɢɦ 

ɛɨɥɟɟ ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɄɉȾ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, 
ɱɬɨ ɜ ɡɧɚɦɟɧɚɬɟɥɟ (12) ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɥɧɚɹ 
ɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ. Ⱦɥɹ ɷɬɨɝɨ ɤ ɩɨɥɧɨɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɧɭɠɧɨ ɩɪɢɛɚɜɢɬɶ  
ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɩɨɞɲɢɩɧɢɤɚɯ,  ɩɨɬɟ-
ɪɢ ɧɚ ɜɟɧɬɢɥɹɰɢɸ, ɦɚɝɧɢɬɧɵɟ ɩɨɬɟɪɢ ɢ ɞɪɭ-

ɝɢɟ, ɬɪɭɞɧɨ ɭɱɢɬɵɜɚɟɦɵɟ ɩɨɬɟɪɢ. Ⱦɥɹ ɷɬɨɝɨ 
ɢɫɩɨɥɶɡɭɟɦ ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫ.1 ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨ ɫɧɹɬɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɪɟɛɥɹɟ-
ɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ  ɯɨɥɨɫɬɨɝɨ ɯɨ-
ɞɚ ȼɗȾ ɜ ɪɟɠɢɦɟ ɞɜɢɝɚɬɟɥɹ ɨɬ ɧɚɩɪɹɠɟɧɢɹ  
ɩɢɬɚɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɧɚ ɪɢɫ.1 ɟɫɬɶ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ 

ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɢ-

ɪɚɬɶ ɬɨɱɤɭ U ɡɚɜɢɫɢɦɨɫɬɢ Nɯɯ(U), ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɭɸ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ȼɗȾ ɜ ɪɟɠɢ-

ɦɟ ɝɟɧɟɪɚɬɨɪɚ, ɢ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɢɬɶ 
Pɷɥɯɯ= IɹɯɯU . ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɥɧɨɝɨ ɄɉȾ ȼɗȾ ɜ 
ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ ɧɚ ɨɫɧɨɜɟ ɋɗɆ ɫ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɤ ɩɨɬɟɪɹɦ ɧɚɞɨ 

ɞɨɛɚɜɥɹɬɶ ɧɟɛɨɥɶɲɭɸ ɦɨɳɧɨɫɬɶ, ɪɚɫɫɟɢɜɚɟ-
ɦɭɸ ɨɛɦɨɬɤɨɣ ɜɨɡɛɭɠɞɟɧɢɹ Pɜ = Iɜ Uɜ, ɬ.ɟ. 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ ɧɚ ɧɚɩɪɹɠɟ-
ɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ.  
 

ɋ ɭɱɟɬɨɦ ɷɬɢɯ ɩɨɬɟɪɶ ɢɦɟɟɦ ɄɉȾ ɞɥɹ ɝɟɧɟ-
ɪɚɬɨɪɚ 
 

η = (EIɹ – Rɹ Iɹ
2 - Pɜ) /(E Iɹ + Pɷɥɯɯ - Rɹɯɯ Iɹɯɯ

2) =  

= (kɎω Iɹ – Rɹ Iɹ
2 – Pɜ) /( kɎω Iɹ + Iɹɯɯ U – 

- Rɹɯɯ Iɹɯɯ
2),                                               (13) 

 

ɝɞɟ Rɹɯɯ – ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɧɨɣ 

ɰɟɩɢ ɜ ɪɟɠɢɦɟ ɞɜɢɝɚɬɟɥɹ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ. 
ȼ ɜɵɪɚɠɟɧɢɢ (13) ɭɱɬɟɧɨ, ɱɬɨ ɦɨɳɧɨɫɬɶ ɩɨ-
ɬɟɪɶ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɫɥɚɝɚɟɦɵɦ ɜ ɱɢɫɥɢɬɟɥɟ 
RɹIɹ

2, ɭɱɢɬɵɜɚɸɬ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ ɩɨɬɟɪɶ ɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɧɚɝɪɟɜ, ɩɨɷɬɨɦɭ ɩɨɬɟɪɢ ɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɧɚɝɪɟɜ RɹɯɯIɹɯɯ

2  ɢɡ ɷɤɫɩɟɪɢɦɟ 
ɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨ-
ɫɬɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɧɚɞɨ ɜɵɱɟɫɬɶ.  
 

ɉɪɨɜɟɪɢɦ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 

ɦɨɞɟɥɶ ɝɟɧɟɪɚɬɨɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɫɪɚɜɧɢɦ ɢɡ-
ɜɟɫɬɧɵɟ ɩɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ ɨɛɨɪɨɬɵ ɜɵ-

ɯɨɞɚ ɧɚ ɪɟɠɢɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɫ ɢɯ ɪɚɫ-
ɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ 
ɝɟɧɟɪɚɬɨɪɚ 6311.3701 (Ƚ290Ȼ) ɪɚɜɟɧ 150 Ⱥ,  

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɷɬɨɝɨ ɝɟɧɟ-
ɪɚɬɨɪɚ 25ȼ (ɬɚɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɜɟɞɟɧɨ ɜ 
ɡɚɜɨɞɫɤɢɯ ɞɚɧɧɵɯ ɩɨ ɧɚɝɪɭɡɨɱɧɵɦ ɢɫɩɵɬɚ-
ɧɢɹɦ) ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɛɭɞɟɬ  
Rɧ = 25ȼ / 150Ⱥ = 0,166 Ɉɦ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
kɎ ɢɫɩɨɥɶɡɭɟɦ ɜɵɪɚɠɟɧɢɟ (10) ɢ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ  
ɜɚɥɚ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ȼɗȾ ɩɪɢ  ɩɢɬɚɸɳɟɦ 

ɧɚɩɪɹɠɟɧɢɢ 64,2ȼ: Nɯɯ (64,2ȼ) = 3123 1/ɦɢɧ, 

Iɹɯɯ = 9A, Rɹɯɯ = 0,03 Ɉɦ.  Ɋɚɫɱɟɬɧɵɣ ɦɚɤɫɢ-

ɦɚɥɶɧɵɣ ɬɨɤ ɡɚɩɢɲɟɦ ɫ ɭɱɟɬɨɦ  ɩɨɥɧɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɹɤɨɪɧɨɣ ɰɟɩɢ 

 

Iɦɚɤɫ = E / (Rɧ +Rɹ) = kɎω / (Rɧ +Rɹ),          (14) 

 

ɝɞɟ Rɹ = Rɹɨ+ Rɹɞ, Rɹɨ ɩɨɥɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɹɤɨɪɹ, ɞɥɹ Ƚ290 ɢɡɦɟɪɟɧ-

ɧɨɟ Rɹɨ = 0,025 Ɉɦ, Rɹɞ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɭɯ 
ɨɛɪɚɬɧɵɯ  ɞɢɨɞɨɜ ɤɥɸɱɟɣ ɭɩɪɚɜɥɹɟɦɨɝɨ 
ɬɪɟɯɮɚɡɧɨɝɨ ɦɨɫɬɚ. ɉɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
ɨɞɧɨɦ ɬɚɤɨɦ ɞɢɨɞɟ ɞɥɹ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɨ 

ɫɨɟɞɢɧɟɧɧɵɯ MOSFET ɬɪɚɧɡɢɫɬɨɪɨɜ 
IRFP4468 ɩɪɢ ɬɨɤɟ 150Ⱥ ɩɪɢɦɟɪɧɨ 1,1ȼ , ɩɨ-
ɷɬɨɦɭ ɩɪɢ ɬɨɤɟ 150Ⱥ ɢɦɟɟɦ ɞɥɹ ɞɜɭɯ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ Rɹɞ = 0,015 Ɉɦ. Rɹ = Rɹɨ+ Rɹɞ = 0,025 

+ 0,015 = 0,04 Ɉɦ.  ȼɵɪɚɡɢɦ ɢɡ (14) ɭɝɥɨɜɭɸ 

ɫɤɨɪɨɫɬɶ ω, ɩɪɢ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ ɬɨɤ 
150Ⱥ, 

 

                  ω = Iɦɚɤɫ (Rɧ +Rɹ) / (kɎ). 

 

ɉɨɥɭɱɢɦ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɜ ɦɢɧɭɬɭ  N, ɩɨ-
ɫɤɨɥɶɤɭ ɜ ɬɚɤɢɯ ɟɞɢɧɢɰɚɯ ɨɧɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɡɚɜɨɞɫɤɢɯ ɞɚɧɧɵɯ: 

 

ω =  2πN/60 ;     N = 60ω / 2π; 
N = 60Iɦɚɤɫ (Rɧ +Rɹ) /[2π (kɎ)] = 

60*150*(0,187+0,04) / (2·3,14*0,196) =  

= 1489 ɨɛ/ɦɢɧ. 
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ɉɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ ɨɛɨɪɨɬɵ ɞɨɫɬɢɠɟɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɪɚɜɧɵ 1450 ɨɛ/ɦɢɧ. 

ɉɪɨɜɟɞɟɧɧɨɟ ɫɪɚɜɧɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ ɪɚɡɥɢɱɢɟ 
ɦɟɧɟɟ 3% ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɦɟɟɬ ɦɟɫɬɨ ɯɨ-
ɪɨɲɟɟ ɫɨɜɩɚɞɟɧɢɟ ɡɚɜɨɞɫɤɢɯ ɞɚɧɧɵɯ  ɫ ɪɟ-
ɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɟɞ-

ɥɨɠɟɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɄɉȾ  ɬɚɤɨɝɨ ȼɗȾ ɜ ɪɟɠɢɦɟ ɝɟɧɟ-
ɪɚɬɨɪɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɬɨɤɟ, ɢɫɩɨɥɶɡɭɹ 
ɜɵɪɚɠɟɧɢɹ (11) ɢ (13). ȼ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨ 
ɮɨɪɦɭɥɟ (11) ɄɉȾ ɪɚɜɟɧ: 

 

η = 1–Rɹ  / (Rɹ+Rɧ)  = 1 – 0,04/(0,04 + 0,166) = 

= 0,806. 

 

ɉɨ ɮɨɪɦɭɥɟ (13) ɫ ɭɱɟɬɨɦ ɞɚɧɧɵɯ ɧɚ ɪɢɫ. 1, ɚ 
ɬɚɤɠɟ ɭɱɢɬɵɜɚɹ, ɱɬɨ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɛɦɨɬɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ 28ȼ ɢ ɬɨɤ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ 
4Ⱥ, ɩɨɫɱɢɬɚɟɦ ɭɬɨɱɧɟɧɧɵɣ ɄɉȾ: 

 

Η=(kɎωIɹ– RɹIɹ
2 -Pɜ)/(kɎω Iɹ+Iɹɯɯ U-Rɹɯɯ Iɹɯɯ

2)=  

= (0,196*155,8*150 – 0,0377*1502 – 

- 28*4) / (0,196*155,8*150 + 100 – 0,03*16) = 

 = 0,7736. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɄɉȾ 77,36% ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɦɨɳɧɨɫɬɢ  3,75 ɤȼɬ. ɄɉȾ ɫɪɟɞɢ ɩɚɪɚ-
ɦɟɬɪɨɜ ɝɟɧɟɪɚɬɨɪɚ 6311.3701 (Ƚ290Ȼ) ɧɟ ɩɪɢ-

ɜɨɞɢɬɫɹ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɦɟɪɟɧɢɟ ɄɉȾ 

ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɩɨ-
ɷɬɨɦɭ ɩɪɢɦɟɦ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɄɉȾ ɝɟɧɟɪɚ-
ɬɨɪɚ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 50% ÷ 60% ɢ 

ɛɵɫɬɪɨ ɪɚɫɬɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɳɧɨɫɬɢ 

(ɪɚɡɦɟɪɨɜ) ɝɟɧɟɪɚɬɨɪɚ. Ɍɚɤ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 98% ɢ ɛɨ-
ɥɟɟ. ɉɨɫɤɨɥɶɤɭ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ Ƚ290Ȼ 

ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ 
ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭ 

Ƚ290Ȼ  ɜɵɲɟ ɢ ɄɉȾ.  

 

ɉɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  ɝɨɬɨɜɵɯ ɋɗɆ ɫ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɩɨɡɜɨɥɢɥ 
ɨɛɨɣɬɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ 
ɫɥɨɠɧɨɣ ɡɚɞɚɱɢ ɪɚɫɱɟɬɚ ɦɚɝɧɢɬɧɨɣ ɰɟɩɢ 

ɋɗɆ. ɂɫɩɨɥɶɡɨɜɚɧɢɸ ɷɬɨɝɨ ɦɟɬɨɞɚ ɩɪɢ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ȼɗȾ ɞɥɹ ɤɨɧ-

ɜɟɪɫɢɢ ɨɛɵɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɝɢɛɪɢɞɧɵɣ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɚɤɠɟ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ 
ɋɗɆ ɩɨɥɧɨɫɬɶɸ ɩɨɞɝɨɬɚɜɥɢɜɚɟɬɫɹ ɞɥɹ ɪɚɛɨ-
ɬɵ ɜ ɪɟɠɢɦɟ ɞɜɢɝɚɬɟɥɹ, ɬɨɱɧɟɟ ɜ ɪɟɠɢɦɟ 
ȼɗȾ, ɚ ɢɦɟɧɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɚɬɱɢɤɢ ɩɨ-
ɥɨɠɟɧɢɹ ɪɨɬɨɪɚ, ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɫɢɥɨɜɨɣ 

ɷɥɟɤɬɪɨɧɧɵɣ ɢɧɜɟɪɬɨɪ (ɤɨɦɦɭɬɚɬɨɪ), ɢɦɟɟɬ-
ɫɹ ɦɨɳɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ (ɌȺȻ). Ȼɨɥɶ-

ɲɨɟ ɱɢɫɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɜ ɷɬɨɦ 

ɦɟɬɨɞɟ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɦɚɥɵɯ 
ɬɨɤɚɯ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, ɝɞɟ ɡɚɜɢɫɢɦɨɫɬɶ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɨɬ ɬɨɤɚ ɩɪɚɤɬɢɱɟɫɤɢ ɥɢ-

ɧɟɣɧɚɹ. 
 

Ƚɟɧɟɪɚɬɨɪɧɵɣ ɪɟɠɢɦ ȼɗȾ ɜ ɤɨɧɜɟɪɫɢɨɧɧɨɦ 

ɝɢɛɪɢɞɧɨɦ ɚɜɬɨɦɨɛɢɥɟ ɜɨɫɬɪɟɛɨɜɚɧ ɩɨɬɨɦɭ, 

ɱɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɧɟɨɛɯɨɞɢɦɨ ɫɥɭɠɟɛɧɨɟ ɬɨɪ-
ɦɨɠɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ȼɗȾ, ɢ ɜɨ-ɜɬɨɪɵɯ, ɩɨ-
ɬɨɦɭ, ɱɬɨ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɫ ɩɨɦɨɳɶɸ ȼɗȾ 

ɜɨɡɦɨɠɧɚ ɪɟɤɭɩɟɪɚɰɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɫɨɯɪɚ-
ɧɢɬɶ ɱɚɫɬɶ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢɥɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 

ɷɧɟɪɝɢɢ ɚɜɬɨɦɨɛɢɥɹ. ɗɬɨ ɫɧɢɡɢɬ ɪɚɫɯɨɞ ɬɨɩ-

ɥɢɜɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɉɪɢ ɪɚɛɨɬɟ ȼɗȾ ɜ 
ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ, ɚɧɚɥɨɝɢɱɧɨ ɪɚɛɨɬɟ 
ȼɗȾ ɜ ɪɟɠɢɦɟ ɞɜɢɝɚɬɟɥɹ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫ-
ɩɟɱɢɜɚɬɶ ɨɝɪɚɧɢɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɮɚɡɧɨ-
ɝɨ ɬɨɤɚ ɫ ɩɨɦɨɳɶɸ ɋȺɊ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɧɟɨɛɯɨɞɢɦɨ ɨɬɞɟɥɶɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱɟɬ ɜ 
ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ, ɝɞɟ ɟɫɬɶ ɨɝɪɚɧɢɱɟɧɢɟ 
(ɫɬɚɛɢɥɢɡɚɰɢɹ) ɩɨ ɬɨɤɭ ɢ ɜ ɨɛɥɚɫɬɢ, ɝɞɟ ɧɟɬ 
ɨɝɪɚɧɢɱɟɧɢɹ (ɫɬɚɛɢɥɢɡɚɰɢɢ) ɩɨ ɬɨɤɭ. Ɋɚɛɨɬɚ 
ȼɗȾ ɜ ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɚɬɨɪɚ ɜ ɤɨɧɜɟɪɫɢɨɧɧɨɦ 

ɝɢɛɪɢɞɧɨɦ ɚɜɬɨɦɨɛɢɥɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɪɟɯ 
ɪɟɠɢɦɚɯ: 
1. Ɋɟɠɢɦ ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ 
ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
ɫɨ ɫɤɨɪɨɫɬɶɸ V > Vɤɪ , ɝɞɟ Vɤɪ ɫɤɨɪɨɫɬɶ ɩɪɢ 

ɤɨɬɨɪɨɣ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ  E = UɌȺȻ , ɝɞɟ 
UɌȺȻ – ɧɚɩɪɹɠɟɧɢɟ ɌȺȻ. 

2. Ɋɟɠɢɦ ɪɟɨɫɬɚɬɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. ɗɬɨɬ 
ɪɟɠɢɦ ɜɨɡɦɨɠɟɧ ɩɪɢ ɥɸɛɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢ-

ɠɭɳɟɝɨɫɹ ɚɜɬɨɦɨɛɢɥɹ.  
3. Ɋɟɠɢɦ ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ 
ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
ɫɨ ɫɤɨɪɨɫɬɶɸ V < Vɤɪ. 

 

ȼ ɪɟɠɢɦɟ 1 ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ 

ɰɟɩɢ ɹɤɨɪɹ ɛɭɞɟɬ 
 

     E –  UɌȺȻ – Rɹ Iɹ = 0,                      (15) 

 

ɝɞɟ Uɡ = UɌȺȻ, UɌȺȻ - ɧɚɩɪɹɠɟɧɢɟ ɌȺȻ ɜ ɪɟ-
ɠɢɦɟ ɡɚɪɹɞɤɢ, Rɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɧɨɣ ɰɟ-
ɩɢ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ. Ɍɨɤ ɹɤɨɪɹ ɛɭɞɟɬ 
 

Iɹ = (kɎω –  UɌȺȻ) / Rɹ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɫɤɨɥɶɤɭ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 
ɡɚɠɢɦɚɯ ɩɢɬɚɧɢɹ ȼɗȾ ɪɚɜɧɨ UɌȺȻ, ɡɚɪɹɞɧɵɣ 

ɬɨɤ ɪɚɜɟɧ ɬɨɤɭ ɹɤɨɪɹ Iɹ = Iɡ, ɩɪɢɱɟɦ ɡɚɪɹɞ 

ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɩɪɢ ɟɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɦ 

ɡɧɚɱɟɧɢɢ. ɑɬɨɛɵ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ Iɡ = Iɡ(ω), 

ɧɟɨɛɯɨɞɢɦɚ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɫɬɚɛɢɥɢ-
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ɡɢɪɨɜɚɧɧɨɝɨ (ɨɝɪɚɧɢɱɟɧɧɨɝɨ) ɬɨɤɚ  ɝɟɧɟɪɚɬɨ-
ɪɚ:  Iɡ= Iɦɚɤɫ . Ⱦɥɹ Ƚ290Ȼ Iɦɚɤɫ= 150Ⱥ.   

 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ  ɡɚɪɹɞɧɨɝɨ ɬɨɤɚ ɧɚ ɜɵɯɨ-

ɞɟ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɚɥɚ 
ȼɗȾ 

 

ɇɚ ɪɢɫ.2 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ Iɡ(ω) – ɡɚ-
ɪɹɞɧɨɝɨ ɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɭɝɥɨ-
ɜɨɣ ɫɤɨɪɨɫɬɢ ɜɚɥɚ ȼɗȾ. Ɂɚɜɢɫɢɦɨɫɬɶ 1 ɞɥɹ 
UɌȺȻ = 60ȼ, 2 - ɞɥɹ UɌȺȻ = 72ȼ. Ɂɚɜɢɫɢɦɨɫɬɶ 3 

– ɭɱɚɫɬɨɤ ω [ω1,ωɦɚɤɫ], ɝɞɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɨɝɪɚɧɢɱɟɧɢɟ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ. ȼ ɪɟɠɢɦɟ 1 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 
Ƚ290Ȼ 0,04 Ɉɦ, ɫɬɚɛɢɥɢɡɚɰɢɹ ɩɨ ɬɨɤɭ 150Ⱥ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɜɵɯɨɞɟ ɝɟɧɟɪɚɬɨɪɚ (ɩɨ ɧɢɡ-
ɤɨɜɨɥɶɬɧɨɣ ɰɟɩɢ) ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɬɨɤ ɨɛ-

ɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. Ɂɚɪɹɞɤɚ ɌȺȻ ɩɪɢ ɪɟɤɭ-

ɩɟɪɚɰɢɢ ɜ ɪɟɠɢɦɟ 1 ɢɦɟɟɬ ɫɦɵɫɥ ɬɨɥɶɤɨ ɜ 
ɡɨɧɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɨɤɚ, ɡɨɧɚ ɧɚɪɚɫɬɚɧɢɹ ɬɨ-
ɤɚ ɩɟɪɟɞ ɷɬɨɣ ɡɨɧɨɣ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚ ɢ ɧɟ-
ɩɪɢɝɨɞɧɚ ɞɥɹ ɩɨɥɧɨɰɟɧɧɨɝɨ ɫɥɭɠɟɛɧɨɝɨ ɬɨɪ-
ɦɨɠɟɧɢɹ, ɩɨɷɬɨɦɭ ɟɟ ɧɟɨɛɯɨɞɢɦɨ  ɡɚɦɟɧɢɬɶ 
ɧɚ ɪɟɠɢɦ 2 ɢɥɢ 3. ɉɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɩɨɥ-
ɧɨɦɭ ɡɚɪɹɞɭ ɧɚɩɪɹɠɟɧɢɟ ɌȺȻ ɪɚɫɬɟɬ ɢ ɡɚɬɟɦ 

ɞɨɫɬɢɝɚɟɬ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɨɟ 
ɧɟɞɨɩɭɫɬɢɦɨ ɩɪɟɜɵɲɚɬɶ, ɩɨɷɬɨɦɭ ɜɜɟɞɟɧɚ 
ɜɬɨɪɚɹ ɩɟɬɥɹ ɋȺɊ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɌȺȻ ɬɚɤɠɟ 
ɩɭɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɬɨɤɨɦ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟ-
ɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɫɬɚɛɢɥɢɡɚɰɢɹ ɧɚɩɪɹɠɟɧɢɹ 
ɫɪɚɡɭ ɧɚɱɢɧɚɟɬ ɭɦɟɧɶɲɚɬɶ ɬɨɤ ɡɚɪɹɞɚ, ɚ ɡɧɚ-
ɱɢɬ, ɢ ɦɨɦɟɧɬ ɫɥɭɠɟɛɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ȼɗȾ, 

ɫɥɟɞɭɟɬ ɜ ɫɥɭɱɚɟ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɩɟɬɥɢ ɋȺɊ 

ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɩɟɪɟɤɥɸɱɟ-
ɧɢɟ ɧɚ ɪɟɠɢɦ 2. 

 

ȼ ɪɟɠɢɦɟ 2 ɩɨɫɬɨɹɧɧɨɟ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟ-
ɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨɫɥɟ ɜɵɩɪɹɦɢɬɟɥɹ ɩɪɟɨɛɪɚ-
ɡɭɟɬɫɹ ɜ ɩɟɪɟɦɟɧɧɨɟ, ɩɨɜɵɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɩɨɞɚɟɬ-
ɫɹ ɧɚ ɩɪɟɞɩɭɫɤɨɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɉɉɉ). 

ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɧɚ 
ɜɟɞɭɳɢɯ ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢɥɹ ɢ ɩɪɨɢɫɯɨɞɢɬ 

ɪɟɤɭɩɟɪɚɬɢɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ. ɗɧɟɪɝɢɹ, ɜɵɪɚ-
ɛɚɬɵɜɚɟɦɚɹ ɝɟɧɟɪɚɬɨɪɨɦ, ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɩɨ-
ɞɨɝɪɟɜ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ (Ɉɀ) Ⱦȼɋ. ȼ 

ɝɢɛɪɢɞɧɨɦ ɚɜɬɨɦɨɛɢɥɟ Ⱦȼɋ ɧɟ ɪɚɛɨɬɚɟɬ ɩɨ-
ɫɬɨɹɧɧɨ, Ɉɀ ɨɫɬɵɜɚɟɬ, ɩɨɷɬɨɦɭ ɟɟ ɩɨɞɨɝɪɟɜ 
ɭɥɭɱɲɚɟɬ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ Ⱦȼɋ ɢ ɭɦɟɧɶɲɚɟɬ 
ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ. ȼ ɷɬɨɦ ɧɟɢɡɪɚɫɯɨɞɨɜɚɧɧɨɦ 

ɬɨɩɥɢɜɟ ɢ ɫɨɯɪɚɧɹɟɬɫɹ ɷɧɟɪɝɢɹ ɪɟɤɭɩɟɪɚɰɢɢ. 

ɍɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ ɹɤɨɪɹ ɜ 
ɷɬɨɦ ɪɟɠɢɦɟ ɛɭɞɟɬ 
 

E – (Rɹ + Rɜɤ)Iɹ = 0, 

 

ɝɞɟ Rɜɤ ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ DC-ȺC ɤɨɧ-

ɜɟɪɬɨɪɚ ɞɥɹ ɩɢɬɚɧɢɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ ɩɟɪɟ-
ɦɟɧɧɵɦ ɬɨɤɨɦ ɉɉɉ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ 

Ⱦȼɋ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɜɵɪɚɠɟ-
ɧɢɣ ɨɛɨɡɧɚɱɢɦ Rɹ + Rɜɤ = Rɫ . Ɍɨɤ ɹɤɨɪɹ, ɚ ɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɢ ɬɨɤ, ɜɵɞɚɜɚɟɦɵɣ ɝɟɧɟɪɚɬɨɪɨɦ, 

ɛɭɞɟɬ 
 

Iɹ = kɎω / (Rɹ + Rɜɤ) = kɎω / Rɫ                (16) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ nɬɪ ɜɵɫɨɤɨɱɚ-
ɫɬɨɬɧɨɝɨ  ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  DC-ȺC ɤɨɧɜɟɪɬɨ-
ɪɚ ɜɧɚɱɚɥɟ ɪɚɫɫɱɢɬɚɟɦ ɱɟɪɟɡ ɜɟɥɢɱɢɧɭ  ɨɬ-
ɧɨɲɟɧɢɹ ɪɚɛɨɱɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɉɉɉ (220ȼ) ɤ 
ɨɩɬɢɦɚɥɶɧɨɦɭ (ɡɚɜɨɞɫɤɨɦɭ) ɡɧɚɱɟɧɢɸ ɪɚɛɨ-
ɱɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ Ƚ290Ȼ (28ȼ), ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ nɬɪ = 220ȼ/28ȼ = 7,86. ɂɡ 
ɭɫɥɨɜɢɹ ɫɨɯɪɚɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɢɞɟɚɥɶɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɜɯɨɞɧɨɟ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ ɫɨ ɫɬɨɪɨɧɵ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɝɪɭɠɟɧɧɨɝɨ ɫɨ ɫɬɨɪɨɧɵ 

ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɧɚ ɉɉɉ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢ-

ɟɦ Rɩɩɩ =32 Ɉɦ ɛɭɞɟɬ: Rɩɩɩ / nɬɪ
 2. ɋ ɭɱɟɬɨɦ 

ɄɉȾ DC-ȺC ɤɨɧɜɟɪɬɨɪɚ ηdc-ac = 0,9 ɢɦɟɟɦ 

 

Rɜɤ = ηdc-ac Rɩɩɩ / k
2 =(0,9)*32/7,862) =0,466 Ɉɦ. 

 

ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ Ƚ290Ȼ 

Rɹ= 0,04 Ɉɦ, ɢɦɟɟɦ Rɫ = 0,506 Ɉɦ. Ɋɟɠɢɦ 2 

ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɟɧ ɢɦɟɬɶ ɋȺɊ – ɩɨ ɧɚɩɪɹ-
ɠɟɧɢɸ ɧɚ ɉɉɉ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨɞ-

ɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɞɜɨɞɢɦɨɣ 

ɤ ɉɉɉ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɢɧɬɟɪɜɚɥɟ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɨɝɪɚɧɢɱɟɧɢɟ ɬɨɤɚ, ɩɨɫɬɨɹɧɧɵɦ 

ɹɜɥɹɟɬɫɹ ɧɟ  ɬɨɥɶɤɨ ɬɨɤ, ɧɨ ɢ ɧɚɩɪɹɠɟɧɢɟ, ɤɚɤ 
ɧɚ ɉɉɉ, ɬɚɤ ɢ ɧɚ ɜɵɯɨɞɟ ȼɗȾ. ɋɜɹɡɚɧɨ ɷɬɨ ɫ 
ɬɟɦ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɟɜɚɬɟɥɹ ɉɉɉ 

ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɜɵ-

ɯɨɞ ɧɚ ɪɚɛɨɱɢɣ ɪɟɠɢɦ ɧɚɝɪɟɜɚɬɟɥɹ ɩɪɨɢɫɯɨ-
ɞɢɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ. Ɋɟɠɢɦ ɨɝɪɚɧɢɱɟɧɢɹ 
(ɫɬɚɛɢɥɢɡɚɰɢɢ) ɬɨɤɚ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɢɧɬɟɪɜɚ-
ɥɟ ω [ω1,ωmax], ɝɞɟ ω1 – ɷɬɨ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 
ɩɪɢ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɟɞɟɥɶɧɵɣ ɬɨɤ ɢ 
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ɧɚɱɢɧɚɟɬɫɹ ɟɝɨ ɨɝɪɚɧɢɱɟɧɢɟ. ɉɪɟɞɩɨɥɨɠɢɦ, 

ɱɬɨ ɬɨɤ ɨɝɪɚɧɢɱɟɧ ɩɪɟɞɟɥɶɧɵɦ ɹɤɨɪɧɵɦ ɬɨ-
ɤɨɦ Iɹmax. Ɍɨɝɞɚ ɦɨɠɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ (16) ɡɚ-
ɩɢɫɚɬɶ ɪɚɜɟɧɫɬɜɨ 
 

                     Iɹmax =  kɎmax ω1 / Rɫ   ,       

 

ɝɞɟ Ɏmax –ɩɨɥɧɵɣ (ɧɟɨɫɥɚɛɥɟɧɧɵɣ) ɩɨɬɨɤ 
ɜɨɡɛɭɠɞɟɧɢɹ. 
 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɬɨɱɤɟ ω1 ɧɚ ɢɧɬɟɪɜɚɥɟ 
ω [ω1,ωmax]  ɢɦɟɟɦ 
 

ω1 = Rɫ Iɹmax / (kɎmax),                      (17) 

 

ɝɞɟ (kɎmax) – ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢ ɩɨɥɧɨɦ (ɧɟ-
ɨɫɥɚɛɥɟɧɧɨɦ) ɩɨɬɨɤɟ ɜɨɡɛɭɠɞɟɧɢɹ. Ⱦɚɥɟɟ 
ɡɚɩɢɲɟɦ ɭɫɥɨɜɢɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɨɤɚ 

 

I = ω kɎ(ω) / Rɫ  = const = Iɹmax = 

=  kɎmax ω1 / Rɫ ,         ω [ω1,ωmax] 

 

ɂɥɢ      ω kɎ(ω) / Rɫ   = kɎmax ω1 / Rɫ  ; ɨɬɤɭɞɚ 
 

   ω kɎ(ω) = kɎmax ω1    ,     ω [ω1,ωmax]     (18) 

 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢ-

ɫɢɦɨɫɬɶ Ɏ(ω) ɜɜɟɞɟɧɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡ-
ɦɨɠɧɨɫɬɢ ɪɚɛɨɬɵ ɋȺɊ, ɫ ɪɨɫɬɨɦ ɭɝɥɨɜɨɣ ɱɚ-
ɫɬɨɬɵ ɪɚɫɬɟɬ ɜɵɪɚɛɚɬɵɜɚɟɦɵɣ ɝɟɧɟɪɚɬɨɪɨɦ 

ɬɨɤ, ɱɬɨɛɵ ɫɞɟɥɚɬɶ ɷɬɨɬ ɬɨɤ ɧɟɢɡɦɟɧɧɵɦ ɢ 

ɭɱɢɬɵɜɚɹ, ɱɬɨ ɜɟɥɢɱɢɧɵ k ɢ Rɫ ɩɨɫɬɨɹɧɧɵ, 

ɧɭɠɧɨ ɭɦɟɧɶɲɚɬɶ (ɨɫɥɚɛɥɹɬɶ) ɩɨɬɨɤ ɩɨ ɧɟɤɨ-
ɬɨɪɨɦɭ ɡɚɤɨɧɭ. Ɉɩɪɟɞɟɥɢɦ ɷɬɨɬ ɡɚɤɨɧ. ɂɡ 
(18) ɫɥɟɞɭɟɬ 
 

     Ɏ(ω) = Ɏmax ω1 / ω ,          ω [ω1,ωmax] 

 

ɍɱɢɬɵɜɚɹ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɩɪɢ ɪɚɫɱɟɬɟ 
ȼɗȾ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɦɚɝɧɢɬɧɵɣ 

ɩɨɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ ɜ ɜɵɞɟ-
ɥɟɧɧɨɦ ɜɢɞɟ, ɚ ɜ ɜɢɞɟ ɟɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɧɚ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɥɟɞɭɟɬ ɡɚɩɢ-

ɫɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ 
 

 kɎ(ω) = (kɎ)max ω1 / ω ,     ω [ω1,ωmax]     (19) 

 

Ɍɚɤɠɟ, ɤɚɤ ɢ ɪɚɧɟɟ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɡɧɚɱɟɧɢɟ 
kɎ ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɪɚɫɱɟɬɧɨɝɨ 

ɦɟɬɨɞɚ. Ⱥɧɚɥɨɝɢɱɧɨ, ɢɫɩɨɥɶɡɭɹ ȼɗȾ ɜ ɪɟɠɢ-

ɦɟ ɞɜɢɝɚɬɟɥɹ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ, ɫɥɟɞɭɟɬ  
ɩɨɥɭɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫ-
ɱɟɬɨɜ ɡɚɜɢɫɢɦɨɫɬɶ kɎ(ω). Ʉɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɦɨɠɟɬ ɛɵɬɶ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɦɚɥɵɯ 
ɬɨɤɚɯ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ ɉɉɉ ɜ 
ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɋȺɊ ɞɥɹ ȼɗȾ ɫ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚ-
ɬɨɪɚ ɬɚɤɠɟ ɭɞɨɛɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɢɡɦɟɧɟɧɢɟɦ 

ɬɨɤɚ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 
 

 ɉɨɥɶɡɭɹɫɶ ɡɚɩɚɫɨɦ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 

ɬɟɦ, ɱɬɨ ɟɫɬɶ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɩɪɟɞɟɥɶɧɨɦɭ 

ɬɨɤɭ ɝɟɧɟɪɚɬɨɪɚ ɢ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ 

ɉɉɉ, ɫɞɟɥɚɟɦ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɥɭɠɟɛ-
ɧɨɟ ɬɨɪɦɨɠɟɧɢɟ ɧɚ ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ, ɢɧɚɱɟ 
ɝɨɜɨɪɹ, ɜɜɟɞɟɦ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
«ɫɬɟɩɟɧɢ ɪɟɤɭɩɟɪɚɰɢɢ» [11]. Ⱦɥɹ ɷɬɨɝɨ 
ɭɦɟɧɶɲɢɦ (ɧɚɩɪɢɦɟɪ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ nɬɪ) ɫɭɦɦɚɪɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɧɨɣ ɰɟɩɢ Rɫ = Rɹ +Rɜɤ. 

ɉɪɢ ɷɬɨɦ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɜɵɪɚɠɟɧɢɹ (11), 

ɭɦɟɧɶɲɢɬɫɹ ɢ ɄɉȾ, ɨɞɧɚɤɨ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ 

ȼɗȾ ɧɟ ɭɯɭɞɲɢɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɩɨ ɩɪɟɠɧɟɦɭ 
ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɫɬɚɛɢɥɢɡɚɰɢɹ ɬɨɤɚ ɹɤɨɪɹ. 
 

 Ⱦɥɹ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ  ɉɉɉ ɜɨɡɶɦɟɦ 

ɞɜɚ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɉɉɉ Ɋɩ = 1500ȼɬ 
(ɫɨɩɪɨɬɢɜɥɟɧɢɟ 32 Ɉɦ) ɢ Ɋɩ = 3000ȼɬ (ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ 16 Ɉɦ), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɳɧɨ-
ɫɬɢ ɫɟɪɢɣɧɵɯ ɉɉɉ «ɋɟɜɟɪɫ-Ɇ1» ɢ «ɋɟɜɟɪɫ-
Ɇ3». ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɵɛɨɪ ɉɉɉ ɞɥɹ ɤɨɧ-

ɜɟɪɫɢɨɧɧɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫɞɟɥɚɟɦ 

ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɫɥɭɠɟɛ-
ɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚ-
ɬɚɰɢɢ ɚɜɬɨɦɨɛɢɥɹ.   
 

ɇɚ ɪɢɫ.4 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɹɤɨɪɧɨɝɨ 
ɬɨɤɚ Iɹ(ω) ɨɬ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɚɥɚ ȼɗȾ ɞɥɹ 
ɱɟɬɵɪɟɯ ɡɧɚɱɟɧɢɣ ɫɭɦɦɚɪɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ Rɫ = Rɹ + Rɧɩ , ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɸɬ ɞɥɹ 
ɤɪɢɜɵɯ 1, 2, 3 ɢ 4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɡɧɚɱɟɧɢɹ 
Rɧ1 = 0,14; Rɧ2 = 0,18; Rɧ3 = 0,22 ɢ Rɧ4 = 0,506 

Ɉɦ ɫ ɭɱɟɬɨɦ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɟɞɟɥɶɧɨɝɨ ɬɨɤɚ 
ɹɤɨɪɹ ɧɚ ɭɪɨɜɧɟ 150 Ⱥ (ɥɢɧɢɹ 5). ɗɬɢ ɡɧɚɱɟ-
ɧɢɹ ɜɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɜɟɪɬɨɪɚ ɜɵ-

ɛɪɚɧɵ ɞɥɹ ɉɉɉ ɦɨɳɧɨɫɬɶɸ 1500 ȼɬ. ɇɚ 
ɪɢɫ.5 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɹɤɨɪɧɨɝɨ ɬɨɤɚ 
Iɹ(ω) ɨɬ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɚɥɚ ȼɗȾ ɞɥɹ ɉɉɉ 

ɫ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɳɟɣ ɦɨɳɧɨɫɬɶɸ 3000 ȼɬ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɡɧɚɱɟɧɢɹ ɱɟɬɵɪɟɯ ɜɯɨɞɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɤɨɧɜɟɪɬɨɪɚ ɜɵɛɪɚɧɵ ɜ ɞɜɚ 
ɪɚɡɚ ɦɟɧɶɲɢɦɢ. Ɂɧɚɱɟɧɢɟ ω = 400  ɪɚɞɢɚɧ ɜ 
ɫɟɤɭɧɞɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɢɠɟɧɢɸ ɤɨɧɜɟɪɫɢ-

ɨɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ «Ʌɚɧɨɫ-ɩɢɤɚɩ» ɫɨ ɫɤɨɪɨ-
ɫɬɶɸ 58 ɤɦ/ɱ, ɩɟɪɜɚɹ ɧɚ ɪɢɫ. 4 ɬɨɱɤɚ ɩɟɪɟɝɢɛɚ 
– 15,8 ɤɦ/ɱ, ɜ ɷɬɨɣ ɬɨɱɤɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚ-
ɬɨɪɚ 15,4ȼ, ɦɨɳɧɨɫɬɶ  ɧɚ ɜɵɯɨɞɟ ɝɟɧɟɪɚɬɨɪɚ 
2310 ȼɬ. ɗɬɨ ɡɧɚɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɩɪɹ-
ɠɟɧɢɸ ɧɚ ɉɉɉ, ɪɚɜɧɨɦɭ 272ȼ. Ɉɞɧɚɤɨ ɷɬɨ 
ɫɥɢɲɤɨɦ ɦɧɨɝɨ ɞɥɹ ɉɉɉ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɧɚ 



ВеȟȠник ХНАДУ, вып. 70, 2015 

 

131

220ȼ. Ɍɪɟɛɭɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ 220ȼ ɛɭɞɟɬ ɧɚ 
ɉɉɉ, ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɜɜɟɞɟɧɚ ɬɚɤɠɟ 
ɋȺɊ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɚ ɉɉɉ, ɤɨɬɨɪɚɹ ɜɨɡ-
ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɛɦɨɬɤɭ ɜɨɡɛɭɠɞɟɧɢɹ.  
 

 ȼɵɱɢɫɥɢɦ ɦɨɳɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ ɧɚ ɤɨɥɟɫɚɯ 

ɚɜɬɨɦɨɛɢɥɹ  Ɋɤ , ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɜ ɬɨɬ ɦɨɦɟɧɬ 
ɫɥɭɠɟɛɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ 
ɨɝɪɚɧɢɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɉɉɉ  

 

Ɋɤ = Ɋɩ  / (ηɬɪ ηɪɩ ηdc-ac ηɝ),                (20) 

 

ɝɞɟ ηɬɪ – ɄɉȾ ɬɪɚɧɫɦɢɫɫɢɢ (0,91), ηɪɩ  - ɄɉȾ 

ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ (0,92), ηdc-ac – ɄɉȾ DC-

AC ɤɨɧɜɟɪɬɨɪɚ (0,9) ɢ ηɝ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 
ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɱɢɬɚɬɶ  ɩɪɢ 

ɱɟɬɵɪɟɯ ɡɧɚɱɟɧɢɹɯ  ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ  
Rɧ1 … Rɧ4.  ɉɪɢɦɟɧɹɹ ɞɥɹ ɪɚɫɱɟɬɚ ɄɉȾ ɜɵɪɚ-
ɠɟɧɢɟ (11) ɢɦɟɟɦ ɞɥɹ ɉɉɉ ɦɨɳɧɨɫɬɶɸ  

1500 ȼɬ 
 

ηɝ11 = Rɧ1  / (Rɹ+ Rɧ1) = 

= 0,14 / (0,04+0,14) = 0,77 

 

ηɝ12 = Rɧ2  / (Rɹ+ Rɧ2) = 

= 0,18 / (0,04+0,18) = 0,82 

 

ηɝ13 = Rɧ3  / (Rɹ+ Rɧ3)  = 

= 0,22 / (0,04+0,22) = 0,85 

 

ηɝ14 = Rɧ4  / (Rɹ+ Rɧ4) = 

= 0,506 / (0,04+0,506) = 0,92. 

 

ȼɵɱɢɫɥɢɦ ɬɚɤɠɟ ɄɉȾ ɜ ɱɟɬɵɪɟɯ ɬɨɱɤɚɯ ɞɥɹ 
ɉɉɉ ɦɨɳɧɨɫɬɶɸ 3000 ȼɬ. ɉɨɫɤɨɥɶɤɭ 
ɧɚɝɪɭɡɤɚ ɤɨɧɜɟɪɬɨɪɚ DC-AC ɢɦɟɟɬ ɜɞɜɨɟ 
ɦɟɧɶɲɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɜɨɡɶɦɟɦ Rɧ1 = 0,07; 

Rɧ2 = 0,09; Rɧ3 = 0,11 ɢ Rɧ4 = 0,253 Ɉɦ   

                          

ηɝ21 = Rɧ1  / (Rɹ+ Rɧ1) = 

= 0,07 / (0,04+0,07) = 0,64 

 

ηɝ22 = Rɧ2  / (Rɹ+ Rɧ2) = 

= 0,09 / (0,04+0,09) = 0,69 

 

ηɝ23 = Rɧ3  / (Rɹ+ Rɧ3) = 

= 0,11 / (0,04+0,11) = 0,73 

 

ηɝ24 = Rɧ4  / (Rɹ+ Rɧ4) = 

= 0,253 / (0,04+0,253) = 0,88. 

 

Ⱦɥɹ ɉɉɉ ɦɨɳɧɨɫɬɶɸ 1500 ȼɬ ɩɪɨɢɫɯɨɞɢɬ 
ɬɨɥɶɤɨ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɉɉɉ, 

ɩɨɫɤɨɥɶɤɭ ɦɨɳɧɨɫɬɶ, ɨɬɛɢɪɚɟɦɚɹ ɨɬ ɝɟɧɟɪɚ-
ɬɨɪɚ ɦɟɧɟɟ ɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɦɨɳɧɨɫɬɢ,  Ɋɝmax = 4200ȼɬ. ɍɱɬɟɦ, ɱɬɨ ɩɪɟ-

ɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ Ƚ290Ȼ ɩɪɢ 

ɧɚɩɪɹɠɟɧɢɢ 28ȼ 4200ȼɬ, ɚ ɄɉȾ ηɝ = 0,797, 

ɩɪɢ ɷɬɨɦ ɦɨɳɧɨɫɬɶ ɩɨɬɟɪɶ ɛɭɞɟɬ:   
 

Ɋɉɝmax = Ɋɝmax (1 - ηɝ) = 852,6 ȼɬ. 
 

ɉɪɢ ɥɸɛɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ ɦɨɳ-

ɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, ɪɚɡɨɝɪɟɜɚɸɳɚɹ 
ɝɟɧɟɪɚɬɨɪ Ɋɉɝmax, ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɷɬɭ 

ɜɟɥɢɱɢɧɭ, ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟ-
ɧɢɟ 
 

(1 - ηɝ) Ɋɝmax = Ɋɉɝmax. 

 

Ɉɬɤɭɞɚ ɩɨɥɭɱɢɦ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ 

ɦɨɳɧɨɫɬɶ 
 

Ɋɝmax= Ɋɉɝmax/(1- ηɝ) = 852,6/(1-0,64) = 2368 ȼɬ. 
 

ȼɨɡɶɦɟɦ ɧɚɢɦɟɧɶɲɢɣ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ 
ɧɚɝɪɭɡɤɢ 3000 ȼɬ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ 

0,07 Ɉɦ ɄɉȾ ηɝ21 = 0,64, ɬɨɝɞɚ ɦɨɳɧɨɫɬɶ ɝɟ-
ɧɟɪɚɬɨɪɚ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵ-

ɲɚɬɶ 
 

Ɋɝmax= Ɋɉɝmax/(1- ηɝ) = 852, /(1- 0,64) = 2368 ȼɬ. 
 

Ɍɚɤɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɋȺɊ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ 

ɩɪɟɞɟɥɶɧɨɝɨ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ (150Ⱥ ɞɥɹ ɝɟɧɟ-
ɪɚɬɨɪɚ Ƚ290Ȼ). Ⱥɧɚɥɨɝɢɱɧɨ ɞɥɹ ɉɉɉ 3000ȼɬ 
ɩɪɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɧɚɝɪɭɡɤɢ 0,09 Ɉɦ ɢɦɟɟɦ 

ɩɪɟɞɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ 2750 ȼɬ, 
ɬɚɤɠɟ ɩɨɞɞɟɪɠɢɜɚɟɦɭɸ ɬɨɤɨɜɨɣ ɋȺɊ. ɉɪɢ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɧɚɝɪɭɡɤɢ 0,11 Ɉɦ ɢ 0,253 Ɉɦ 

ɩɪɟɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɛɭɞɟɬ ɛɨɥɶɲɟ ɦɨɳɧɨ-
ɫɬɢ ɉɉɉ (3000ȼɬ) ɢ ɬɨɤɨɜɚɹ ɋȺɊ ɧɟ ɛɭɞɟɬ 
ɪɚɛɨɬɚɬɶ. Ɉɤɨɧɱɚɬɟɥɶɧɨ ɬɨɪɦɨɡɧɭɸ ɦɟɯɚɧɢ-

ɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ ɧɚ ɤɨɥɟɫɚɯ ɩɨɫɱɢɬɚɟɦ ɩɨ 

ɮɨɪɦɭɥɟ (20), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɦɟɟɦ 

 

Ɋɤ11=1500ȼɬ / (0,753* ηɝ11) = 2585ȼɬ.  
 

Ɋɤ12=1500ȼɬ / (0,753* ηɝ12) = 2427ȼɬ. 
 

Ɋɤ13=1500ȼɬ / (0,753* ηɝ13) = 2342ȼɬ. 
 

Ɋɤ14=1500ȼɬ / (0,753* ηɝ14) = 2163ȼɬ. 
 

ɋɪɟɞɧɹɹ ɬɨɪɦɨɡɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɤɨɥɟɫɚɯ ɫ 
ɉɉɉ ɦɨɳɧɨɫɬɶɸ1500 ȼɬ ɛɭɞɟɬ Ɋɤ1ɫɪ = 2379 

ȼɬ. Ⱦɥɹ ɉɉɉ ɦɨɳɧɨɫɬɶɸ 3000 ȼɬ ɢɦɟɟɦ 

 

 Ɋɤ21=2368ȼɬ / (0,753* ηɝ21) = 4913ȼɬ.  
 

Ɋɤ22=2750ȼɬ / (0,753* ηɝ22) = 5292ȼɬ. 
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Ɋɤ23=3000ȼɬ / (0,753* ηɝ23) = 5457 ȼɬ. 
 

Ɋɤ24=3000ȼɬ / (0,753* ηɝ24) = 4573 ȼɬ. 
 

ɋɪɟɞɧɹɹ ɬɨɪɦɨɡɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɤɨɥɟɫɚɯ ɫ 
ɉɉɉ ɦɨɳɧɨɫɬɶɸ 3000 ȼɬ ɛɭɞɟɬ Ɋɤ2ɫɪ =  

= 5059 ȼɬ. 
 

ȼɵɱɢɫɥɢɦ ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɧɚ ɤɨɥɟɫɚɯ ɜ 
ɬɨɱɤɟ ω1 ɞɥɹ ɧɚɢɦɟɧɶɲɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɧɚɝɪɭɡɤɢ ɞɥɹ ɉɉɉ ɦɨɳɧɨɫɬɶɸ 1500 ȼɬ ɢ 

3000 ȼɬ. Ɇɟɯɚɧɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ ɧɚ ɤɨɥɟ-
ɫɚɯ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
 

                         Ɋɤ = Ɇɤωɤ , 
 

ɝɞɟ ωɤ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɤɨɥɟɫɚ, 
 

ωɤ = ω / Kɩ 

 

Ɇɤ = Ɋɤ / ωɤ = ɊɤKɩ/ ω, 

 

ɝɞɟ Kɩ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɜɚɥɨɦ 

ȼɗȾ ɢ ɤɨɥɟɫɚɦɢ. Ⱦɥɹ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɚɜɬɨ-
ɦɨɛɢɥɹ «Ʌɚɧɨɫ-ɩɢɤɚɩ» Кɩ = 6,88, ɬɨɝɞɚ ɬɨɪ-
ɦɨɡɧɨɣ ɦɨɦɟɧɬ ɧɚ ɤɨɥɟɫɚɯ ɜ ɬɨɱɤɟ ω1 ɞɥɹ 
ɧɚɢɦɟɧɶɲɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɞɥɹ 
ɉɉɉ ɦɨɳɧɨɫɬɶɸ 1500 ȼɬ ɛɭɞɟɬ 
    

Ɇɤ = ɊɤKɩ/ ω = 2585*6,88 / 110 = 161ɧ*ɦ, 

                              

Ɇɤ = ɊɤKɩ/ ω = 4913*6,88 / 53,6 = 630 ɧ*ɦ. 

 

Ⱦɥɹ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ «Ʌɚɧɨɫ-
ɩɢɤɚɩ» ɫ ɦɚɫɫɨɣ m = 1100 ɤɝ ɪɚɞɢɭɫɨɦ ɤɨɥɟɫɚ 
rɤ = 0,275ɦ ɜ ɬɨɱɤɟ ω1  ɢɦɟɟɦ ɬɨɪɦɨɡɧɨɟ ɭɫɢ-

ɥɢɟ ɞɥɹ ɉɉɉ 1500 ȼɬ: B = Ɇɤ / rɤ = 585 ɇ, 

ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɬɨɪɦɨɡɧɨɟ ɭɫɤɨɪɟɧɢɟ ɩɪɢ 

ɷɬɨɦ ɛɭɞɟɬ:  – 0,53 ɦ/ɫ2, ɞɥɹ ɉɉɉ  3000 ȼɬ 
ɢɦɟɟɦ ɬɨɪɦɨɡɧɨɟ ɭɫɢɥɢɟ 2290 ɇ, ɨɬɪɢɰɚ-
ɬɟɥɶɧɨɟ ɬɨɪɦɨɡɧɨɟ ɭɫɤɨɪɟɧɢɟ ɩɪɢ ɷɬɨɦ ɛɭ-

ɞɟɬ:  – 2.1 ɦ/ɫ2 

 

Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɦɟɧɹɟɬɫɹ ɫɢɥɚ ɬɨɤɚ ɹɤɨɪɹ ɜ 
ɫɥɭɱɚɟ ɪɟɨɫɬɚɬɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟ-
ɧɢɢ ɫɤɨɪɨɫɬɢ 

  

Iɹ  = E / Rɫ =  kɎ ω / Rɫ 
ɧɚ ɢɧɬɟɪɜɚɥɟ  ω [ω0,ω1], 

 

Iɹ = Iɹmax 

ɧɚ ɢɧɬɟɪɜɚɥɟ    ω [ω1,ωmax]. 

 

ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɞɥɹ ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɪɚɬɨɪɚ Ƚ290Ȼ, ɢɦɟɸ-

ɳɟɝɨ ɡɧɚɱɟɧɢɟ Iɹmax = 150Ⱥ  ɞɥɹ ɉɉɉ ɫ ɦɨɳ-

ɧɨɫɬɶɸ 1500 ȼɬ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ Rɫ . 

Ɂɚɜɢɫɢɦɨɫɬɶ 1 ɞɥɹ Rɫ = 0,14 Ɉɦ, ɡɚɜɢɫɢɦɨɫɬɶ 
2 ɞɥɹ Rɫ = 0,506 Ɉɦ,  ɡɚɜɢɫɢɦɨɫɬɶ 3 ɞɥɹ Rɫ = 

0,18 Ɉɦ,  ɡɚɜɢɫɢɦɨɫɬɶ 4 ɞɥɹ Rɫ = 0,22 Ɉɦ ɢ 

ɨɛɳɚɹ ɞɥɹ ɜɫɟɯ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɹɦɚɹ  5 ɜ 
ɨɛɥɚɫɬɹɯ ɫɬɚɛɢɥɢɡɚɰɢɢ (ɨɝɪɚɧɢɱɟɧɢɹ) ɬɨɤɚ 
ω [ω1,ωmax]. ȼ ɷɬɢɯ ɨɛɥɚɫɬɹɯ ɱɚɫɬɢɱɧɨ ɫɥɢ-

ɜɚɸɬɫɹ ɩɪɨɞɨɥɠɟɧɢɹ ɩɪɟɞɵɞɭɳɢɯ ɡɚɜɢɫɢɦɨ-
ɫɬɟɣ. 

 

  
 

Ɋɢɫ. 3 Ɂɚɜɢɫɢɦɨɫɬɶ ɬɨɤɚ ɹɤɨɪɹ ɨɬ ɫɤɨɪɨɫɬɢ ɜ  
ɫɥɭɱɚɟ ɪɟɨɫɬɚɬɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɞɥɹ 
ɩɪɟɞɩɭɫɤɨɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɦɨɳɧɨ-
ɫɬɶɸ 1500 ȼɬ 

 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɞɥɹ ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɪɚɬɨɪɚ Ƚ290Ȼ, ɢɦɟɸ-

ɳɟɝɨ ɡɧɚɱɟɧɢɟ Iɹmax = 150Ⱥ ɞɥɹ ɉɉɉ ɫ ɦɨɳ-

ɧɨɫɬɶɸ 3000 ȼɬ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ Rɫ . 

Ɂɚɜɢɫɢɦɨɫɬɶ 1 ɞɥɹ Rɫ = 0,07 Ɉɦ, ɡɚɜɢɫɢɦɨɫɬɶ 
2 ɞɥɹ Rɫ = 0,09 Ɉɦ, ɡɚɜɢɫɢɦɨɫɬɶ 3 ɞɥɹ Rɫ = 

0,11 Ɉɦ,  ɡɚɜɢɫɢɦɨɫɬɶ 4 ɞɥɹ Rɫ = 0,253 Ɉɦ ɢ 

ɨɛɳɚɹ ɞɥɹ ɜɫɟɯ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɹɦɚɹ 5 ɜ 
ɨɛɥɚɫɬɹɯ ɫɬɚɛɢɥɢɡɚɰɢɢ (ɨɝɪɚɧɢɱɟɧɢɹ) ɬɨɤɚ 
ω [ω1,ωmax].  

 

ɉɨɥɭɱɢɦ  ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ 
ɨɬ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ, ɜɧɚɱɚɥɟ ɞɥɹ ɢɧɬɟɪɜɚɥɚ 
ω [ω0,ω1] 

 

Mɬ = kɎIɹ = kɎ E / Rɫ = ω (kɎ)2 / Rɫ      (21)  

 

Ɂɚɩɢɲɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ 
ɨɬ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɞɥɹ ɢɧɬɟɪɜɚɥɚ 
ω [ω1,ωmax]. ɇɚ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ ɩɨɹɜɥɹɟɬɫɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɢɡɜɟɞɟɧɢɹ kɎ ɨɬ ω, ɪɚɧɟɟ 
ɩɨɥɭɱɟɧɧɚɹ ɞɥɹ ɷɬɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜ ɜɵɪɚɠɟɧɢɢ 

(19). Ɍɨɤ ɹɤɨɪɹ ɧɚ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ  ɩɨɫɬɨɹ-
ɧɟɧ, ɜɫɥɟɞɫɬɜɢɟ ɞɟɣɫɬɜɢɹ ɋȺɊ ɩɨ ɬɨɤɭ: Iɹ  = 

const  =  Iɹmax , ɫɥɟɞɨɜɚɬɟɥɶɧɨ  ɢɦɟɟɦ 

 

Mɬ = kɎ(ω) Iɹmax = Iɹmax (kɎ)max ω1 / ω,                                   
ω [ω1,ωmax].                                               (22) 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɨɤɚ ɹɤɨɪɹ ɨɬ ɫɤɨɪɨɫɬɢ ɜ 
ɫɥɭɱɚɟ ɪɟɨɫɬɚɬɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɞɥɹ 
ɩɪɟɞɩɭɫɤɨɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɦɨɳɧɨ-
ɫɬɶɸ 3000 ȼɬ 

      

ȼɧɚɱɚɥɟ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ 
ɡɧɚɱɟɧɢɣ ɩɪɨɢɡɜɟɞɟɧɢɹ kɎ (ɧɟɫɤɨɥɶɤɨ ɫɬɭ-

ɩɟɧɟɣ ɨɫɥɚɛɥɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɜɨɡ-
ɛɭɠɞɟɧɢɹ).  ɇɚ ɪɢɫ.5 ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ ɷɬɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɪɚɬɨɪɚ 
Ƚ290Ȼ, ɢɦɟɸɳɟɝɨ ɡɧɚɱɟɧɢɟ Iɹmax = 150Ⱥ.  ɇɚ 
ɝɪɚɮɢɤɟ ɡɚɜɢɫɢɦɨɫɬɶ 1 ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ kɎ = 0,196 , ɡɚɜɢɫɢɦɨɫɬɶ 2 ɞɥɹ kɎ = 

0,147,  ɡɚɜɢɫɢɦɨɫɬɶ 3 ɞɥɹ kɎ = 0,098, ɡɚɜɢɫɢ-

ɦɨɫɬɶ 4 ɞɥɹ kɎ = 0,0735 , ɡɚɜɢɫɢɦɨɫɬɶ 5 ɞɥɹ 
kɎ = 0,049, ɡɚɜɢɫɢɦɨɫɬɶ 6  ɨɛɳɚɹ ɞɥɹ ɜɫɟɯ 

ɝɢɩɟɪɛɨɥɚ  ɜ ɨɛɥɚɫɬɹɯ ɫɬɚɛɢɥɢɡɚɰɢɢ (ɨɝɪɚɧɢ-

ɱɟɧɢɹ) ɬɨɤɚ ɩɪɟɞɵɞɭɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ  

ω [ω1,ωmax]. ɇɚ ɷɬɨɣ ɤɪɢɜɨɣ ɱɚɫɬɢɱɧɨ ɫɥɢ-

ɜɚɸɬɫɹ ɩɪɨɞɨɥɠɟɧɢɹ  ɩɪɟɞɵɞɭɳɢɯ ɡɚɜɢɫɢ-

ɦɨɫɬɟɣ.  

 

Ɂɚɜɢɫɢɦɨɫɬɢ ɧɚ ɪɢɫ. 5 ɢɦɟɸɬ ɜɢɞ, ɫɨɜɩɚɞɚ-
ɸɳɢɣ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɩɪɢ-

ɜɟɞɟɧɧɵɦɢ ɜ ɪɚɛɨɬɟ [12] ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ  ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɬɹɝɨɜɵɦ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞɨɦ. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɬɨɪɦɨɠɟɧɢɟ ɤɚɪɶɟɪɧɵɯ ɫɚɦɨ-
ɫɜɚɥɨɜ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɬɪɚɧɫɦɢɫɫɢɟɣ, ɤɨɬɨ-
ɪɨɟ ɪɟɝɭɥɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɩɨɬɨɤɚ ɜɨɡ-
ɛɭɠɞɟɧɢɹ ɢ, ɢɧɨɝɞɚ, ɩɭɬɟɦ ɩɟɪɟɤɥɸɱɟɧɢɹ 
ɧɚɝɪɭɡɤɢ ɪɟɨɫɬɚɬɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ.  
 

ɇɚ ɪɢɫ.5 ɡɚɜɢɫɢɦɨɫɬɢ 1 ɢ 6 ɨɛɪɚɡɭɸɬ ɩɪɟ-
ɞɟɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɨɦɟɧɬɚ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɬɨɪɦɨɠɟɧɢɹ Ɇɬ(ω), ɚ ɱɚɫɬɢɱɧɵɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɚɸɬɫɹ ɩɪɢ ɨɫɥɚɛɥɟɧɢɢ 

ɩɨɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ, ɬ.ɟ. ɡɚɜɢɫɢɦɨɫɬɢ 2 ɢ 6, 3 

ɢ 6, 4 ɢ 6, 5 ɢ 6. 

 

ɉɪɟɞɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɦɟɟɬ ɭɡɤɭɸ ɨɛ-

ɥɚɫɬɶ ɜɵɫɨɤɢɯ  ɡɧɚɱɟɧɢɣ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧ-

ɬɚ  ɜ  ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ, ɩɨɷɬɨɦɭ ɭɱɢɬɵɜɚɹ 
ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɜ ɤɨɧɜɟɪɫɢɨɧɧɨɦ ɝɢ-

ɛɪɢɞɧɨɦ ɚɜɬɨɦɨɛɢɥɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ, ɟɫɬɟɫɬɜɟɧɧɨ 

ɠɟɥɚɧɢɟ ɞɥɹ ɫɥɭɠɟɛɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ  ɬɨɪ-
ɦɨɡɧɨɣ ɦɨɦɟɧɬ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨ-
ɫɬɟɣ.   

 

 
 

Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɦɟɧɬɚ ɨɬ ɫɤɨɪɨɫɬɢ ɞɥɹ 
ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɣ ɨɫɥɚɛɥɟɧɢɹ ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ 

 

ɋɞɟɥɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɬɨɪɦɨɡɧɨɝɨ 
ɦɨɦɟɧɬɚ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɟɣ ɦɨɠ-

ɧɨ,  ɟɫɥɢ ɢɡɦɟɧɹɬɶ  ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ 

ɝɟɧɟɪɚɬɨɪɚ, ɭɜɟɥɢɱɢɜɚɹ ɟɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ  

ɫ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɜɧɚɱɚɥɟ ɩɪɨɜɟ-
ɞɟɦ ɪɚɫɱɟɬ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ 
ɨɬ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ  ɫ ɩɨɥɧɵɦ ɩɨɬɨɤɨɦ ɜɨɡ-
ɛɭɠɞɟɧɢɹ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɧɨɦɢɧɚɥɨɜ ɬɨɪ-
ɦɨɡɧɵɯ ɪɟɡɢɫɬɨɪɨɜ. Ƚɪɚɮɢɤ ɬɚɤɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ.6. Ɂɚɜɢɫɢɦɨɫɬɶ 1 ɞɥɹ  
Rɫ = 0,14 Ɉɦ, ɡɚɜɢɫɢɦɨɫɬɶ 2 ɞɥɹ Rɫ = 0,22 Ɉɦ,  

ɡɚɜɢɫɢɦɨɫɬɶ 3 ɞɥɹ Rɫ = 0,36 Ɉɦ, ɡɚɜɢɫɢɦɨɫɬɶ 
4 ɞɥɹ Rɫ = 0,506 Ɉɦ ɢ ɩɪɢɜɟɞɟɧɧɚɹ ɞɥɹ ɫɩɪɚɜ-
ɤɢ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɹɦɚɹ  5 ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɬɨɪɦɨɡɧɨɦɭ ɦɨɦɟɧɬɭ  ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦ ɬɨɤɟ ɹɤɨɪɹ. Ʉɚɠɞɚɹ 
ɢɡ ɡɚɜɢɫɢɦɨɫɬɟɣ 1 – 4 ɢɦɟɟɬ ɬɨɱɤɭ ɩɟɪɟɝɢɛɚ 
ɧɚ ɩɪɹɦɨɣ 5, ɬ.ɟ. ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɪ-
ɦɨɡɧɨɝɨ ɪɟɡɢɫɬɨɪɚ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɚɹ ɭɝɥɨɜɚɹ 
ɫɤɨɪɨɫɬɶ, ɩɪɢ ɤɨɬɨɪɨɣ ɫ ɞɚɧɧɵɦ ɡɧɚɱɟɧɢɟɦ 

kɎ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɪɦɨɡɧɨɣ 

ɦɨɦɟɧɬ. 
 

ȿɫɥɢ ɭɜɟɥɢɱɢɜɚɬɶ ɡɧɚɱɟɧɢɟ Rɫ ɩɪɢ ɭɜɟɥɢɱɟ-
ɧɢɢ ɫɤɨɪɨɫɬɢ, ɬɨ ɦɨɠɧɨ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɜɵɪɚ-
ɠɟɧɢɹ (22), ɩɨɞɞɟɪɠɢɜɚɬɶ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪ-
ɜɚɥɟ ɫɤɨɪɨɫɬɟɣ ɜɵɫɨɤɢɣ ɩɨɫɬɨɹɧɧɵɣ ɦɨɦɟɧɬ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ 
ɬɨɤɭ ɨɛɦɨɬɤɢ ɹɤɨɪɹ. 
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Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɢ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ ɨɬ   

ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɫ ɩɨɥɧɵɦ ɩɨɬɨɤɨɦ 

ɜɨɡɛɭɠɞɟɧɢɹ 
 

Ⱦɥɹ ɷɬɨɝɨ ɡɚɜɢɫɢɦɨɫɬɶ Rɫ(ω) ɞɨɥɠɧɚ ɛɵɬɶ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ω, ɩɨɫɤɨɥɶɤɭ ɡɚɜɢɫɢɦɨɫɬɶ 
(19) ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ω. ɋɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɡɚɜɢɫɢɦɨɫɬɶ Rɫ(ω) ɞɨɥɠɧɚ ɛɵɬɶ ɥɢ-

ɧɟɣɧɨɣ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɜɨɡɶɦɟɦ ɞɜɟ ɬɨɱɤɢ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫ.6, ɚ ɢɦɟɧ-

ɧɨ, ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ ɡɚɜɢɫɢɦɨɫɬɟɣ Ɇ1(ω) ɢ  

Ɇ4(ω). Ʉɨɨɪɞɢɧɚɬɵ ɩɟɪɟɦɟɧɧɨɣ ω ɜ ɬɨɱɤɟ 
ɩɟɪɟɝɢɛɚ ɡɚɜɢɫɢɦɨɫɬɟɣ Ɇ1(ω) ɢ  Ɇ4(ω) ɨɛɨ-
ɡɧɚɱɢɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ω1 ɢ ω4. ɉɨɥɭɱɢɦ ɷɬɢ 

ɡɧɚɱɟɧɢɹ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɨɱɟɤ ɩɟɪɟ-
ɝɢɛɚ ɢɡ ɜɵɪɚɠɟɧɢɹ (17) 

 

  ω1 = Rɫ1 Iɹmax / (kɎmax)              (23) 

 

ω4 = Rɫ4 Iɹmax / (kɎmax).              (24) 

 

ȼ ɤɨɨɪɞɢɧɚɬɚɯ ω ɢ Rɫ ɢɦɟɟɦ ɬɨɱɤɢ (ω1, Rɫ1) ɢ 

(ω4, Rɫ4). ɉɨ ɷɬɢɦ ɞɜɭɦ ɬɨɱɤɚɦ ɩɨɫɬɪɨɢɦ ɡɚ-
ɜɢɫɢɦɨɫɬɶ Rɫ(ω). ɍɪɚɜɧɟɧɢɟ ɷɬɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɛɭɞɟɬ 
 

(Rɫ1 - Rɫ4) ω + (ω4 - ω1) Rɫ(ω)  + 

+ (ω1 Rɫ4 - ω4 Rɫ1) = 0.                        (25) 

 

ɋ ɭɱɟɬɨɦ (23) ɢ (24) ɢɦɟɟɦ 

 

   Rɫ(ω)  = ω (Rɫ1 - Rɫ4) / (ω4 - ω1)         (26) 

 

Ɂɚɜɢɫɢɦɨɫɬɶ (26) ɞɥɹ ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɋɗɆ  

Ƚ290Ȼ  ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.7. ɇɚɱɢɧɚɟɬɫɹ ɷɬɚ 
ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɡɧɚɱɟɧɢɹ Rc = 0,14 , ɤɨɬɨɪɨɟ 
ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɟɞɟɥɶɧɵɦ ɬɨɤɨɦ ɹɤɨɪɹ, ɢ, ɤɚɤ 
ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɵɲɟ ɨɬ ɩɪɟɞɟɥɶɧɨɣ ɦɨɳɧɨ-
ɫɬɶɸ ɧɚɝɪɟɜɚ ɹɤɨɪɧɨɣ ɨɛɦɨɬɤɢ.  

 

ɇɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɥɭɠɟɛɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ ɩɨɜɵɲɟɧɢɟ Rc(ω) ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɫɤɨɪɨɫɬɢ  ɛɭɞɟɦ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɭɬɟɦ ɩɨɜɵ-

ɲɟɧɢɹ  ɜɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ DC- DC ɢɥɢ 

DC-AC ɤɨɧɜɟɪɬɨɪɚ, ɦɟɧɹɹ ɛɚɡɨɜɭɸ ɫɤɜɚɠ-

ɧɨɫɬɶ ɨɬɤɪɵɬɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɥɸɱɟɣ ɩɨɥɭɦɨ-
ɫɬɚ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɷɬɨɣ ɫɤɜɚɠɧɨɫɬɢ. 

ȿɫɥɢ ɜ DC- DC ɤɨɧɜɟɪɬɨɪɟ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɫɤɜɚɠɧɨɫɬɶ χmax = 1 ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɜɯɨɞ-
ɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ Rɜɯmin, ɬɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɩɨɜɵɲɟɧɧɨɝɨ ɜɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Rɜɯ 

ɧɟɨɛɯɨɞɢɦɚ ɫɤɜɚɠɧɨɫɬɶ χ =  Rɜɯmin / Rɜɯ.  ȼ  

ɩɨɥɭɦɨɫɬɨɜɨɦ  (ɦɨɫɬɨɜɨɦ) DC-AC ɤɨɧɜɟɪɬɨ-
ɪɟ ɛɚɡɨɜɚɹ ɫɤɜɚɠɧɨɫɬɶ χɛ < 0,5, ɩɨɫɤɨɥɶɤɭ 
ɧɭɠɧɵ ɡɚɳɢɬɧɵɟ ɢɧɬɟɪɜɚɥɵ ɞɥɹ ɩɪɟɞɨɬɜɪɚ-
ɳɟɧɢɹ ɫɤɜɨɡɧɵɯ ɬɨɤɨɜ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ  χɛ = 

0,45, ɬɨ ɭɦɟɧɶɲɚɟɦ ɫɤɜɚɠɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ  ɬɚɤɠɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɬ-
ɧɨɲɟɧɢɸ Rɜɯmin / Rɜɯ  .  

 

                        χ =  χɛ (Rɜɯmin / Rɜɯ) 

 

 
Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɯɨɞɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ DC-AC ɤɨɧɜɟɪɬɨɪɚ ɨɬ 
ɫɤɨɪɨɫɬɢ 

 

ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɜɯɨɞɧɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɜɟɪɬɨɪɚ, ɹɜɥɹɸɳɟɝɨɫɹ 
ɧɚɝɪɭɡɤɨɣ ȼɗȾ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ, ɩɨɥɭ-

ɱɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ, ɢɡɨɛ-
ɪɚɠɟɧɧɭɸ ɧɚ ɪɢɫ.8 ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɣ 

Iɹmax. Ɂɚɜɢɫɢɦɨɫɬɶ 1 – 150Ⱥ, ɡɚɜɢɫɢɦɨɫɬɶ 2 – 

125Ⱥ, ɡɚɜɢɫɢɦɨɫɬɶ 3 – 100Ⱥ ɢ ɡɚɜɢɫɢɦɨɫɬɶ  
4 – 75 Ⱥ, ɗɬɢ ɡɧɚɱɟɧɢɹ ɜɨɞɢɬɟɥɸ ɦɨɠɧɨ ɜɵ-

ɛɢɪɚɬɶ ɫ ɩɨɦɨɳɶɸ ɪɟɝɭɥɢɪɨɜɤɢ «ɋɬɟɩɟɧɶ 
ɪɟɤɭɩɟɪɚɰɢɢ» [11]. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɬɚɤɨɣ 

ɪɟɝɭɥɢɪɨɜɤɟ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ, ɧɚɩɪɢɦɟɪ, ɧɚ 
ɡɚɬɹɠɧɵɯ ɫɩɭɫɤɚɯ.  
 

ȼ ɪɟɠɢɦɟ 3, ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ V < Vɤɪ ɩɪɢ ɪɟ-
ɤɭɩɟɪɚɰɢɢ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɌȺȻ, 

ɬ.ɟ. ɡɚɪɹɞɤɢ ɌȺȻ, ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ-
ɜɵɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ DC-DC ɤɨɧɜɟɪɬɨɪɚ. 
ɍɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ ɹɤɨɪɹ ɜ 
ɷɬɨɦ ɪɟɠɢɦɟ ɛɭɞɟɬ 
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                            E – (Rɹ + Rɜɩ)Iɹ = 0, 

 

ɝɞɟ Rɜɩ  ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɵɲɚɸɳɟ-
ɝɨ DC-DC ɤɨɧɜɟɪɬɨɪɚ ɞɥɹ ɡɚɪɹɞɤɢ ɌȺȻ. 

əɤɨɪɧɵɣ ɬɨɤ Iɹ ɜ ɷɬɨɦ ɪɟɠɢɦɟ ɢɦɟɟɦ 

 

                       Iɹ =  E / (Rɹ + Rɜɩ). 

 

Ɍɨɤ ɡɚɪɹɞɤɢ ɌȺȻ Iɡ ɛɭɞɟɬ 
 

                       Iɡ = Iɹ ηDC-DC / KDC-DC, 

 

ɝɞɟ ηDC-DC – ɄɉȾ ɤɨɧɜɟɪɬɨɪɚ, KDC-DC – ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ DC-DC 

ɤɨɧɜɟɪɬɨɪɚ. Ɋɟɠɢɦ 3, ɤɚɤ ɢ ɪɟɠɢɦ 1, ɨɛɹɡɚ-
ɬɟɥɶɧɨ ɞɨɥɠɟɧ ɢɦɟɬɶ ɞɜɟ ɋȺɊ – ɨɞɧɭ ɩɨ ɦɚɤ-
ɫɢɦɚɥɶɧɨɦɭ ɬɨɤɭ ɹɤɨɪɧɨɣ ɨɛɦɨɬɤɢ ɢ ɜɬɨɪɭɸ 

ɩɨ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɨɦɭ ɧɚɩɪɹɠɟɧɢɸ 

ɌȺȻ. 

 

 
 

Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ ɨɬ 
ɫɤɨɪɨɫɬɢ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ 

ɜɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ DC-AC ɤɨɧ-

ɜɟɪɬɨɪɚ 
 

Ɇɨɠɟɬ ɛɵɬɶ ɜɜɟɞɟɧɨ ɟɳɟ ɢ ɨɝɪɚɧɢɱɟɧɢɟ ɬɨɤɚ 
ɡɚɪɹɞɤɢ ɌȺȻ, ɟɫɥɢ ɟɫɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɟɜɵ-

ɲɟɧɢɹ ɟɝɨ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ɉɞɧɚɤɨ ɜ 
ɤɨɧɜɟɪɫɢɨɧɧɨɦ ɚɜɬɨɦɨɛɢɥɟ ɜ ɞɢɚɩɚɡɨɧɟ ɫɤɨ-
ɪɨɫɬɟɣ ɪɟɠɢɦɚ 2 ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ȼɗȾ ɬɨɤ ɜɪɹɞ ɥɢ ɩɪɟɜɵɫɢɬ ɩɪɟɞɟɥɶɧɨɟ 
ɞɥɹ ɥɢɬɢɣ-ɠɟɥɟɡɨ-ɮɨɫɮɚɬɧɵɯ ɛɚɬɚɪɟɣ ɡɧɚɱɟ-
ɧɢɟ 3ɋ, ɝɞɟ ɋ - ɟɦɤɨɫɬɶ ɌȺȻ.  

 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɤɚɤ ɬɨɤɚ, ɬɚɤ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɋȺɊ ɞɥɹ ȼɗȾ ɫ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚ-
ɬɨɪɚ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɭɞɨɛɧɨ ɨɫɭ-

ɳɟɫɬɜɥɹɬɶ ɢɡɦɟɧɟɧɢɟɦ ɬɨɤɚ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠ-

ɞɟɧɢɹ. Ɉɞɧɚɤɨ, ɟɫɥɢ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 
ɷɬɨɦ ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ ɢɦɟɬɶ ɦɚɤɫɢɦɚɥɶ-
ɧɵɣ ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɩɪɢ ɪɟɤɭɩɟɪɚɰɢɢ, 

ɬɚɤɠɟ, ɤɚɤ ɢ ɜ ɪɟɠɢɦɟ 2, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɭɠ-

ɧɨ ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɶ ɩɭɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɫɤɜɚɠɧɨɫɬɢ ɨɬɤɪɵɬɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɥɨɜɵɯ 

ɷɥɟɤɬɪɨɧɧɵɯ ɤɥɸɱɟɣ DC-DC ɤɨɧɜɟɪɬɨɪɚ.    
 

ȼɵɜɨɞɵ 

 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ ɞɥɹ ȼɗȾ ɜ 
ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ ɧɚ ɨɫɧɨɜɟ ɋɗɆ ɫ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɩɨɡɜɨɥɹɟɬ, 
ɢɦɟɹ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɋɗɆ, ɚ ɬɚɤɠɟ ɧɟ-
ɤɨɬɨɪɵɟ ɥɟɝɤɨɞɨɫɬɭɩɧɵɟ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɚ-
ɪɚɦɟɬɪɵ ȼɗȾ ɜ ɪɟɠɢɦɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, 
ɩɨɥɭɱɢɬɶ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɟɨɛɯɨ-
ɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɬɨɪɦɨɡɧɨɝɨ ɪɟɠɢɦɚ   
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɚ 
ɢɦɟɧɧɨ: 
 

– ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ  ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɬɨɪɦɨɡ-
ɧɨɝɨ ɦɨɦɟɧɬɚ ȼɗȾ (ɦɟɯɚɧɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɭ) ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ,  
– ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɪɦɨɡɧɨɝɨ ɬɨɤɚ ɹɤɨɪɹ  ɋɗɆ 

ɨɬ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ (ɬɨɤɨɫɤɨɪɨɫɬɧɭɸ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɭ, 

– ɡɚɜɢɫɢɦɨɫɬɢ ɞɨɩɭɫɬɢɦɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɦɨɳɧɨɫɬɢ ȼɗȾ ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ ɨɬ 
ɫɤɨɪɨɫɬɢ ɢ ɧɚɝɪɭɡɤɢ, 

– ɡɚɜɢɫɢɦɨɫɬɶ ɄɉȾ ɨɬ ɧɚɝɪɭɡɤɢ ɜ ɝɟɧɟɪɚɬɨɪ-
ɧɨɦ ɪɟɠɢɦɟ, 
– ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ ɨɬ ɫɤɨɪɨ-
ɫɬɢ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɜɯɨɞɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ DC-AC ɤɨɧɜɟɪɬɨɪɚ 
– ɪɚɫɫɱɢɬɚɬɶ ɧɟ ɬɨɥɶɤɨ ɜɧɟɲɧɢɟ, ɧɨ ɢ ɱɚ-
ɫɬɢɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼɗȾ ɜ ɝɟɧɟɪɚɬɨɪ-
ɧɨɦ ɪɟɠɢɦɟ. 
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