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Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɧɚ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɹɯ ɨɛɭɫɥɨɜɥɟɧɚ ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɭɜɟɥɢɱɟɧɢɟɦ ɢɯ ɩɪɨɬɹɠɺɧɧɨɫɬɢ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɘɠɧɨɝɨ ɪɟɝɢɨɧɚ ɜ 
ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ 4-ɯ ɛɥɨɤɨɜ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. ɉɪɨɢɡɜɟɞɺɧ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ 
ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɧɚ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɧɚɩɪɹɠɟɧɢɟɦ 110-ββ0 ɤȼ, 
ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɞɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɢɯ ɩɪɢɦɟɧɟɧɢɸ ɜ ɞɚɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɥɟɞɨɨɛɪɚɡɨɜɚɧɢɟ, ɨɛɪɵɜ ɩɪɨɜɨɞɨɜ, ɚɜɚɪɢɢ, ɩɥɚɜɤɚ ɝɨɥɨɥɟɞɚ, ɤɨɪɨɬɤɨɟ 
ɡɚɦɵɤɚɧɢɟ, ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɨɟ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɜɢɛɪɚɰɢɹ ɩɪɨɜɨɞɨɜ. 
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ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɚɛɟɥɶɧɵɯ, ɜɨɡɞɭɲɧɵɟ ɥɢɧɢɢ ɛɨɥɶɲɟ ɜɫɟɝɨ ɩɨɞɜɟɪɠɟɧɵ ɜɥɢɹɧɢɸ 
ɪɚɡɥɢɱɧɵɯ ɩɪɢɪɨɞɧɵɯ ɹɜɥɟɧɢɣ (ɝɪɨɡɨɜɵɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɩɪɹɦɵɟ ɭɞɚɪɵ ɦɨɥɧɢɣ, 
ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɨɛɪɚɡɨɜɚɧɢɟ ɧɚ ɩɪɨɜɨɞɚɯ ɥɶɞɚ ɢ ɩɪɨɱɟɟ). ȼɫɟ ɷɬɢ ɹɜɥɟɧɢɹ ɧɟ ɬɨɥɶɤɨ 
ɫɧɢɠɚɸɬ ɧɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɧɨ ɢ ɹɜɥɹɸɬɫɹ ɩɪɹɦɨɣ ɩɪɢɱɢɧɨɣ 
ɚɜɚɪɢɣ, ɤɪɭɩɧɵɯ ɭɳɟɪɛɨɜ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɷɤɨɧɨɦɢɤɢ ɜ ɰɟɥɨɦ Д1Ж. 

ɉɪɨɛɥɟɦɚ ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɩɪɨɜɨɞɨɜ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ (ɪɢɫ.1) 
ɨɛɳɟɢɡɜɟɫɬɧɚ ɢ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɚ. ȼ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ, 4 ɛɥɨɤɚ 
ɤɨɬɨɪɨɣ ɦɨɳɧɨɫɬɶɸ ɩɨ 1000 ɦȼɬ ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɪɚɞɢɭɫɟ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɤɢɥɨɦɟɬɪɨɜ. ɗɬɨ ɋɬɚɜɪɨɩɨɥɶɫɤɢɟ ɢ 
Ʉɪɚɫɧɨɞɚɪɫɤɢɟ ɤɪɚɹ, Ɋɟɫɩɭɛɥɢɤɚ Ʉɪɵɦ, Ⱥɫɬɪɚɯɚɧɫɤɚɹ, ȼɨɥɝɨɝɪɚɞɫɤɚɹ, Ɋɨɫɬɨɜɫɤɚɹ 
ɨɛɥɚɫɬɢ, ɞɥɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɧɵ ɩɨɜɵɲɟɧɧɚɹ ɜɥɚɠɧɨɫɬɶ, 
ɜɟɬɪɵ, ɜɧɟɡɚɩɧɨɟ ɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɪɢɱɢɧɵ ɧɟɠɟɥɚɬɟɥɶɧɵɯ 
ɩɨɫɥɟɞɫɬɜɢɣ ɥɟɞɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɪɨɜɨɞɚɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ. Ʌɟɞɹɧɵɟ ɨɬɥɨɠɟɧɢɹ 
ɭɜɟɥɢɱɢɜɚɸɬ ɜɟɫ ɩɪɨɜɨɞɚ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɚ ɬɨɥɳɢɧɚ ɥɟɞɹɧɨɝɨ ɫɥɨɹ ɢɧɨɝɞɚ ɞɨɫɬɢɝɚɟɬ 
100 ɦɦ. Ʌɟɞɹɧɨɣ ɩɨɤɪɨɜ ɜɵɡɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɜɫɟ 
ɷɥɟɦɟɧɬɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ. 

 

     
                                                    (ɚ)                                                   (ɛ) 

Ɋɢɫɭɧɨɤ 1 – Ƚɨɥɨɥɟɞɧɵɟ ɨɬɥɨɠɟɧɢɹμ ɚ) ȼɅ ββ0ɤȼ ɊɨȺɗɋ-ȼɨɥɝɨɞɨɧɫɤ II ɰɟɩɶ, ɛ) ȼɅ 110ɤȼ 
Ɂɢɦɨɜɧɢɤɢ-Ɋɟɦɨɧɬɧɨɟ ДGХКгОН ЛХКЧФОЭЬμ К) VL ββ0ФV RШNPP-Volgodonsk II circuit, b) VL 110kV 
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ɉɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɨɬɥɨɠɟɧɢɹɯ ɥɶɞɚ ɨɛɪɵɜɚɸɬɫɹ ɩɪɨɜɨɞɚ, ɩɪɨɢɫɯɨɞɹɬ ɪɚɡɪɭɲɟɧɢɹ 
ɢɡɨɥɹɬɨɪɨɜ ɢ ɞɚɠɟ ɨɩɨɪ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. Ʌɟɞɹɧɵɟ ɨɬɥɨɠɟɧɢɹ ɩɨ ɜɫɟɣ ɞɥɢɧɟ 
ɥɢɧɢɢ ɦɨɝɭɬ ɛɵɬɶ ɞɨɜɨɥɶɧɨ ɧɟɪɚɜɧɨɦɟɪɧɵɦɢ ДβЖ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɟɬɟɜɚɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɤɨɦɩɚɧɢɹ ɢ ɩɨɬɪɟɛɢɬɟɥɢ ɧɟɫɭɬ ɛɨɥɶɲɢɟ ɩɨɬɟɪɢ. Ɋɟɦɨɧɬ ɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ – ɷɬɨ ɞɨɪɨɝɨɫɬɨɹɳɢɣ ɢ ɞɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ, 
ɷɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɚɠɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɝɨɥɨɥɟɞɧɵɟ ɨɬɥɨɠɟɧɢɹ ɧɚ ɩɪɨɜɨɞɚɯ ɜɨɡɞɭɲɧɵɯ 
ɥɢɧɢɣ ɩɪɨɢɫɯɨɞɹɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɨɤɨɥɨ ɦɢɧɭɫ 5°ɋ ɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 5-10 ɦ/ɫ. 
ɋɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɢ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ. 

Ɏɢɡɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɨɫɬμ ɤɚɩɟɥɢ ɜɨɞɵ ɢɡ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɫɚɠɞɚɸɬɫɹ ɢ 
ɡɚɦɟɪɡɚɸɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɨɜ. ɂɦɟɧɧɨ ɬɚɤ ɢ ɨɛɪɚɡɭɟɬɫɹ ɢɧɟɣ ɢ ɧɚɥɟɞɶ (ɪɢɫ. β). 

 

 
Ɋɢɫɭɧɨɤ 2 – ɂɞɟɚɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɝɨɥɨɥɟɞɚ ɧɚ ɩɪɨɜɨɞɚɯ  
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ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ДγЖ. ɇɚ ɦɚɥɵɯ ɭɱɚɫɬɤɚɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
ɩɪɨɜɨɞɢɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɦɟɯɚɧɢɱɟɫɤɨɟ ɭɞɚɥɟɧɢɟ ɥɶɞɚ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɲɟɫɬɵ ɢɡ ɛɚɤɟɥɢɬɚ, ɫɬɟɤɥɨɜɨɥɨɤɧɚ ɢ ɞɪɭɝɨɝɨ ɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɚɤɨ ɷɬɨɬ 
ɦɟɬɨɞ ɬɪɟɛɭɟɬ ɭɱɚɫɬɢɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɪɚɛɨɱɢɯ, ɦɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ 
ɬɟɯɧɢɱɟɫɤɢ ɩɪɢɦɟɧɢɦ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɟɥɶɫɤɨɣ ɦɟɫɬɧɨɫɬɢ ɧɚ ɬɭɩɢɤɨɜɵɯ ɩɨɞɫɬɚɧɰɢɹɯ 
ɧɟɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ. 

ȼ β008 ɝ. ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɥɢɧɢɣ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ. ɋɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ, ɧɟ ɨɬɤɥɸɱɚɹ ɥɢɧɢɸ, ɧɚ ɧɟɟ ɩɨɞɚɟɬɫɹ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɣ ɬɨɤ (50÷500 ɆȽɰ), ɤɨɬɨɪɵɣ ɧɚɝɪɟɜɚɟɬ ɩɪɨɜɨɞ. Ⱦɥɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ 
ɤɨɦɩɨɧɟɧɬɵ ɬɨɤɚ ɜɨɡɧɢɤɚɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɫɤɢɧ-ɷɮɮɟɤɬ» ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɵɣ 
ɷɮɮɟɤɬ. ɉɪɨɬɟɤɚɸɳɢɣ ɩɨ ɩɪɨɜɨɞɭ ɬɨɤ ɫɦɟɳɚɟɬɫɹ ɤ ɜɧɟɲɧɟɦɭ ɫɥɨɸ ɩɪɨɜɨɞɧɢɤɚ ɢ 
ɪɚɡɨɝɪɟɜɚɟɬ ɟɝɨ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɫɬɪɚɧɟɧɢɸ ɥɟɞɹɧɨɝɨ ɩɨɤɪɨɜɚ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɢ ɢɧɨɝɨ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Д4Ж. 

Ɍɨɥɳɢɧɚ ɫɥɨɹ, ɩɨ ɤɨɬɨɪɨɦɭ ɦɨɠɟɬ ɩɪɨɯɨɞɢɬɶ ɬɨɤ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1)μ 
 �ሺ ሻ      √          ,                                                (1) 

 

ɝɞɟ σ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ;  
          – ɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ; 
       ȝ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ; 
       f – ɱɚɫɬɨɬɚ. 

ɍɬɨɧɱɟɧɢɟ ɩɭɬɢ ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɤɚ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɱɚɫɬɨɬɵ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɨɣ ɱɚɫɬɢ ɩɪɨɜɨɞɧɢɤɚ, ɩɨ ɤɨɬɨɪɨɣ ɬɟɱɟɬ ɬɨɤ (ɩɨ ɫɭɬɢ ɷɬɨ ɬɨɧɤɨɫɬɟɧɧɚɹ 
ɬɪɭɛɤɚ). Ɍɨ ɟɫɬɶ, ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɜɟɥɢɱɢɧɟ ɩɪɨɯɨɞɹɳɟɝɨ ɬɨɤɚ, ɱɟɦ ɜɵɲɟ ɱɚɫɬɨɬɚ 
ɫɢɝɧɚɥɚ, ɬɟɦ ɜɵɲɟ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɚ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɨɣ ɦɟɬɨɞ 
ɬɪɟɛɭɟɬ ɨɤɨɥɨ β-ɯ ȼɚɬɬ ɧɚ 1 ɦ ɩɪɨɜɨɞɚ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɥɶɞɚ. Ɉɞɧɚɤɨ 
ɢɦɟɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢμ 

 ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɨɝɪɟɜɚ ɩɪɨɜɨɞɨɜ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɨɛɥɟɞɟɧɟɧɢɹ; 
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 ɛɨɥɶɲɚɹ ɫɬɨɢɦɨɫɬɶ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɬɪɟɛɭɟɦɨɣ ɦɨɳɧɨɫɬɢ; 
 ɪɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɚɫɬɨɬ 

ɞɢɚɩɚɡɨɧɨɦ 87,5…108 ɆȽɰ, ɬɚɤ ɤɚɤ ɩɪɢ ɞɪɭɝɢɯ ɱɚɫɬɨɬɚɯ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɨɦɟɯ ɢ ɞɚɠɟ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞɚɧɢɹ Ɉȼɑ-ɪɚɞɢɨɫɜɹɡɢ ɢ  
ɍȼɑ-ɫɜɹɡɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɷɤɫɬɪɟɧɧɵɯ ɫɥɭɠɛ; 

 ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɧɢɠɚɟɬɫɹ ɢɡ-ɡɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɦɧɨɝɨɩɪɨɜɨɥɨɱɧɵɯ ɩɪɨɜɨɞɨɜ, ɬɚɤ ɤɚɤ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫɤɢɧ-ɷɮɮɟɤɬ. 
ɉɚɫɫɢɜɧɨɣ ɦɟɪɨɣ ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɩɪɨɜɨɞɨɜ. ɉɨ ɫɭɬɢ, ɷɬɨ ɧɟ ɛɨɪɶɛɚ ɫ ɝɨɥɨɥɟɞɨɦ ɤɚɤ ɬɚɤɨɜɚɹ, ɚ 
ɩɨɜɵɲɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɞɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɟɧɢɟ 
ɞɨɩɭɫɬɢɦɨɣ ɬɨɥɳɢɧɵ ɥɶɞɚ. ɉɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɪɨɜɨɞɨɜ ɩɪɨɢɫɯɨɞɢɬ, ɜ ɨɫɧɨɜɧɨɦ, ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɤɨɦɩɨɡɢɬɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. Ɍɚɤɢɟ ɩɪɨɜɨɞɚ ɦɨɝɭɬ ɜɵɞɟɪɠɚɬɶ ɛɨɥɶɲɢɟ ɧɚɝɪɭɡɤɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 
ɫɬɚɧɞɚɪɬɧɵɦ ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɦ ɩɪɨɜɨɞɨɦ, ɢ ɦɨɝɭɬ ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɤɪɢɬɢɱɟɫɤɨɦɭ 
ɜɨɡɞɟɣɫɬɜɢɸ, ɨɤɚɡɵɜɚɟɦɨɦɭ ɧɚ ɧɢɯ ɥɶɞɨɦ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ 
ɬɚɤɢɯ ɩɪɨɜɨɞɨɜ ɧɟ ɛɟɫɤɨɧɟɱɧɚ, ɚ ɡɧɚɱɢɬ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɜ ɪɟɝɢɨɧɟ ɫ 
ɢɧɬɟɧɫɢɜɧɵɦ ɝɨɥɨɥɟɞɨɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɠɟɬ ɛɵɬɶ ɧɟɷɮɮɟɤɬɢɜɧɵɦ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ 
ɫɥɭɱɚɹɯ ɜɨɜɫɟ ɧɟɜɨɡɦɨɠɧɵɦ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɯ ɬɢɩɨɜ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɩɪɨɜɨɞɨɜ ɹɜɥɹɸɬɫɹ ɩɪɨɜɨɞɚ 
ɢ ɤɚɛɟɥɢ ɫ ɧɟɫɭɳɢɦ ɫɟɪɞɟɱɧɢɤɨɦ ɢɡ ɤɨɦɩɨɡɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɛɳɟɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɫɬɚɧɞɚɪɬɧɵɟ ɫɬɚɥɶɧɵɟ ɫɟɪɞɟɱɧɢɤɢ ɩɟɪɟɝɪɟɜɚɸɬɫɹ ɩɪɢ ɩɢɤɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɤɚɯ, ɚ ɷɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɬɹɠɟɧɢɸ ɩɪɨɜɨɞɚ ɢ ɟɝɨ ɩɪɨɜɢɫɚɧɢɸ 
ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ. ɇɚɩɪɨɬɢɜ, ɩɪɨɜɨɞ ɫ ɫɟɪɞɟɱɧɢɤɨɦ ɢɡ ɤɨɦɩɨɡɢɬɨɜ ɢɦɟɟɬ ɛɨɥɟɟ 
ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢ ɩɨɷɬɨɦɭ ɨɧɢ ɦɟɧɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 
ɬɟɩɥɨɜɨɦɭ ɪɚɫɲɢɪɟɧɢɸ, ɱɟɦ ɩɪɨɜɨɞɧɢɤɢ ɫɨ ɫɬɚɥɶɧɵɦɢ ɫɟɪɞɟɱɧɢɤɚɦɢ. ɉɭɬɟɦ ɡɚɦɟɧɵ 
ɩɪɨɜɨɞɚ ɫɨ ɫɬɚɥɶɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ ɧɚ ɩɪɨɜɨɞ ɫ ɤɨɦɩɨɡɢɬɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɦɨɠɧɨ ɜ 
ɪɚɡɵ ɭɜɟɥɢɱɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɥɢɧɢɣ. 

 ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɩɪɨɜɨɞɚ ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɦɨɠɧɨ ɜɞɜɨɟ ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ 
ɷɧɟɪɝɢɢ ɜ ɥɢɧɢɢ ɛɟɡ ɪɢɫɤɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɜɟɫɚ ɢ ɨɛɪɵɜɚ ɩɪɨɜɨɞɨɜ. ɍɱɢɬɵɜɚɹ 
ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɜɵɫɨɤɨɟ ɨɬɧɨɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɤ ɦɚɫɫɟ ɢ 
ɧɟɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ ɩɪɨɜɢɫɚɧɢɹ) ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɩɪɨɦɟɠɭɬɨɤ ɦɟɠɞɭ ɨɩɨɪɚɦɢ, 
ɩɨɫɪɟɞɫɬɜɨɦ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɨɩɨɪ ɜ ɥɢɧɢɢ ɧɚ 15%. Ɋɟɚɥɢɡɚɰɢɹ ɷɬɨɝɨ 
ɩɪɟɢɦɭɳɟɫɬɜɚ, ɤɨɧɟɱɧɨ, ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɜɜɨɞɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɧɨɜɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ. Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɬɚɪɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɤɢ ɫɜɹɡɚɧɚ ɫɨ 
ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ. Ɉɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɫɬɨɢɦɨɫɬɶ ɬɚɤɢɯ ɤɨɦɩɨɡɢɬɧɵɯ 
ɩɪɨɜɨɞɨɜ ɜɫɟ ɟɳɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɨɛɵɱɧɵɯ. 

Ⱦɥɹ ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɢɫɩɨɥɶɡɭɸɬ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: 

ɦɚɥɟɧɶɤɢɟ ɦɨɛɢɥɶɧɵɟ ɪɨɛɨɬɵ, ɩɭɬɟɲɟɫɬɜɭɸɳɢɟ ɩɨ ɩɪɨɜɨɞɚɦ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɥɢɧɢɣ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɢ ɜɵɩɨɥɧɹɸɳɢɟ ɪɹɞ ɩɪɨɫɬɵɯ ɨɩɟɪɚɰɢɣ, ɜɤɥɸɱɚɹ ɭɞɚɥɟɧɢɟ ɥɶɞɚ. 
ɋɭɳɟɫɬɜɭɟɬ ɨɛɪɚɡɟɰ ɬɚɤɨɝɨ ɪɨɛɨɬɚ (LТЧОSМШЮЭ, Ʉɚɧɚɞɚ), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ, 
ɦɚɧɟɜɪɢɪɭɹ ɩɨ ɥɢɧɢɹɦ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɩɪɟɞɨɫɬɚɜɥɹɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɨɫɬɨɹɧɢɢ 
ɥɢɧɢɣ Д5Ж. ɗɤɫɩɟɪɬɵ ɞɢɫɬɚɧɰɢɨɧɧɨ ɭɩɪɚɜɥɹɸɬ ɪɨɛɨɬɚɦɢ, ɧɚɯɨɞɹɫɶ ɧɚ ɡɟɦɥɟ, ɱɬɨɛɵ ɨɧɢ 
ɦɨɝɥɢ ɨɛɧɚɪɭɠɢɬɶ ɩɨɜɪɟɠɞɟɧɢɹ, ɭɞɚɥɢɬɶ ɥɟɞ ɫ ɩɪɨɜɨɞɚ ɢ ɜɵɩɨɥɧɢɬɶ ɩɪɨɫɬɵɟ ɨɩɟɪɚɰɢɢ 
ɩɨ ɪɟɦɨɧɬɭ. ɗɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɪɢɫɤ, ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɪɚɛɨɬɭ ɢ 
ɩɨɜɵɫɢɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɥɸɞɟɣ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɪɨɛɨɬɚ LТЧОSМШЮЭ – ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɩɪɚɜɥɟɧɢɹ ɢɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ɉɧɚɤɨ ɟɫɬɶ ɢ ɧɟɞɨɫɬɚɬɤɢμ 

 ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɚɫɬɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ (ɜɵɫɨɬɧɵɟ ɪɚɛɨɱɢɟ ɦɚɲɢɧɵ) ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɪɨɛɨɬɚ ɧɚ ɩɪɨɜɨɞɚ ɢ 
ɭɩɪɚɜɥɟɧɢɟ ɢɦ; 
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 ɩɪɨɬɹɠɟɧɧɵɟ ɥɢɧɢɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɨɛɨɬɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ; 

 ɧɟɜɵɫɨɤɚɹ ɚɜɬɨɧɨɦɧɨɫɬɶ ɪɚɛɨɬɵ ɢ ɫɥɨɠɧɨɫɬɢ ɜ ɪɟɦɨɧɬɟ. 
ɉɥɚɜɤɚ ɝɨɥɨɥɟɞɚ ɧɚ ɩɪɨɜɨɞɚɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɜ ɭɫɥɨɜɢɹɯ ɄɁ. 
Ɉɫɧɨɜɧɨɣ ɩɭɬɶ ɛɨɪɶɛɵ ɫɨ ɥɶɞɨɦ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɬɹɠɟɧɧɵɯ ɜɨɡɞɭɲɧɵɯ 

ɥɢɧɢɣ – ɷɬɨ ɟɝɨ ɬɚɹɧɢɟ ɡɚ ɫɱɟɬ ɩɪɨɯɨɞɹɳɟɝɨ ɬɨɤɚ, ɤɨɬɨɪɵɣ ɧɚɝɪɟɜɚɟɬ ɩɪɨɜɨɞ. ɍɱɢɬɵɜɚɹ 
ɛɨɥɶɲɭɸ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɜ ɘɠɧɨɦ ɪɟɝɢɨɧɟ, ɷɬɨɬ 
ɦɟɬɨɞ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɟɧ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɟɬ ɭɞɚɥɢɬɶ ɞɟɫɹɬɤɢ ɤɢɥɨɦɟɬɪɨɜ ɥɶɞɚ 
ɡɚ 0,5-1 ɱɚɫ, ɩɪɟɞɨɬɜɪɚɳɚɹ ɨɩɚɫɧɵɟ ɬɹɠɟɥɵɟ ɧɚɝɪɭɡɤɢ ɢ ɭɫɬɪɚɧɹɹ «ɩɥɹɫɤɭ» ɩɪɨɜɨɞɨɜ. 

Ɏɢɡɢɤɚ ɩɪɨɰɟɫɫɚ ɩɥɚɜɤɢ ɩɪɨɫɬɚ ɢ ɧɢɱɟɦ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɚɛɨɬɵ ɥɸɛɨɝɨ 
ɧɚɝɪɟɜɚɬɟɥɹ. Ɇɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɚɹ ɧɚ ɭɱɚɫɬɤɟ ɰɟɩɢ ɫ ɚɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢ 
ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2):  

                                                                     (2) 

 

ɝɞɟ P – ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ; 
      R – ɫɨɩɪɨɬɢɜɥɟɧɢɟ; 
      I – ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ. 

ȼɵɞɟɥɹɟɦɨɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɟɩɥɨ ɩɥɚɜɢɬ ɝɨɥɨɥɟɞ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɩɪɨɜɨɞɨɜ. 
Ƚɥɚɜɧɨɟ ɜ ɷɬɨɦ ɫɩɨɫɨɛɟ – ɫɨɡɞɚɧɢɟ ɤɨɧɬɭɪɚ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɩɥɚɜɤɢ. ɑɚɳɟ ɜɫɟɝɨ ɷɬɨ 
ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɧɚ ɨɬɞɟɥɶɧɨ ɜɵɞɟɥɟɧɧɨɦ ɭɱɚɫɬɤɟ ɥɢɧɢɢ. 
ɋɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɯɟɦɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ Д6Ж, 
ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɯɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ, ɧɚɝɪɭɡɤɨɣ ɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɣ ɢ ɞɪɭɝɢɦɢ ɮɚɤɬɨɪɚɦɢ (ɪɢɫ. γ). 

 

 
(ɚ) 

 

 

 
(ɛ) 

 
 

Ɋɢɫɭɧɨɤ γ – ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɩɟɪɟɦɟɧɧɵɦ ɚ) ɢ ɜɵɩɪɹɦɥɟɧɧɵɦ ɛ) ɬɨɤɨɦ 
[Schematic diagrams of ice melting with alternating a) and rectified b) current] 

 

ɋɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚɱɚɥɨ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ ɩɨɞɤɥɸɱɚɟɬɫɹ 
ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ 6-10 ɤȼ, ɚ ɤɨɧɰɵ ɥɢɧɢɢ ɡɚɦɵɤɚɸɬɫɹ ɧɚɤɨɪɨɬɤɨ [7]. Ⱦɥɹ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɥɢɧɢɣ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɬɞɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ 
ɜɵɯɨɞɨɦ 6-10 ɤȼ, ɟɫɥɢ ɧɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɤɚ 
ɝɨɥɨɥɟɞɚ. ɉɥɚɜɤɚ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ ɢɦɟɟɬ ɫɜɨɢ ɨɝɪɚɧɢɱɟɧɢɹ. Ɂɧɚɱɟɧɢɟ ɬɨɤɚ, 
ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɡɚɦɤɧɭɬɨɦɭ ɤɨɧɬɭɪɭ ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ɉɦɚ, ɪɚɜɧɨ (3):  

     ;   √     ,                                                        (3) 

 

ɝɞɟ   – ɧɚɩɪɹɠɟɧɢɟ, ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɤɨɧɬɭɪɭ;  
   – ɦɨɞɭɥɶ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɬɭɪɚ;  
       – ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɱɚɫɬɤɚ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ. 

ɂɦɟɧɧɨ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɪɟɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɜ ɤɨɧɬɭɪɟ ɛɭɞɟɬ 
ɦɟɧɶɲɟ ɱɟɦ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɪɟɛɭɟɬɫɹ ɢ ɛɨɥɶɲɚɹ ɦɨɳɧɨɫɬɶ 
ɢɫɬɨɱɧɢɤɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɨɤɚ ɩɥɚɜɤɢ. 
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ɉɪɢ ɚɧɚɥɢɡɟ ɫɩɨɫɨɛɚ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɩɨɫɬɨɹɧɧɵɦ ɢɥɢ ɩɟɪɟɦɟɧɧɵɦ ɬɨɤɨɦ ɛɵɥ 
ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɢ ɜɵɛɨɪ ɧɚɩɪɹɠɟɧɢɣ (ɬɚɛɥ. 1), ɚ ɬɚɤɠɟ ɚɧɚɥɢɡ ɬɟɩɥɨɝɪɚɦɦ 
ɩɪɢ ɩɥɚɜɤɟ ɝɨɥɨɥɟɞɚ ɧɚ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 110 ɢ ββ0ɤȼ (ɪɢɫ. 4, 5) 
ɩɨɞɫɬɚɧɰɢɣ 110/10 «Ɋɟɦɨɧɬɧɟɧɫɤɚɹ» ɢ ββ0/110/10ɤȼ Ɂɢɦɨɜɧɢɤɢ, ɚ ɬɚɤɠɟ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɷɬɢɯ ɦɟɬɨɞɨɜ [8].  
 

Ɍɚɛɥɢɰɚ 1– Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ДEЬЭТЦКЭОН ТМО ЦОХЭТЧР ЯКХЮОЬЖ 

ɉɥɚɜɤɚ ɩɨɫɬɨɹɧɧɵɦ 
ɬɨɤɨɦ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɣ ɮɚɡɵ, Ɉɦ 7,5 

ɋɯɟɦɚ ɩɥɚɜɤɢ ɮɚɡɚ–ɮɚɡɚ 

ɇɚɩɪɹɠɟɧɢɟ ɩɥɚɜɤɢ, ɤȼ 6 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɆȼȺ 4,7 

ɉɥɚɜɤɚ ɩɟɪɟɦɟɧɧɵɦ 
ɬɨɤɨɦ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɣ ɮɚɡɵ, Ɉɦ 14,7 

ɋɯɟɦɚ ɩɥɚɜɤɢ ɬɪɟɯɮɚɡɧɨɟ ɄɁ 

ɇɚɩɪɹɠɟɧɢɟ ɩɥɚɜɤɢ, ɤȼ 10 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɆȼȺ 6,8 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɍɟɩɥɨɝɪɚɦɦɚ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɩɨɫɬɨɹɧɧɵɦ ɬɨɤɨɦ. ȼɅ 220 ɤȼ Ɋɉ 220ɤȼ ȼɨɥɝɨɞɨɧɫɤ-

Ɂɢɦɨɜɧɢɤɢ [Thermogram of smelting ice with direct current. VL 220 kV RP 220kV Volgodonsk-Zimovniki]  

 

 
Ɋɢɫɭɧɨɤ 5 – Ɍɟɩɥɨɝɪɚɦɦɚ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɩɟɪɟɦɟɧɧɵɦ ɬɨɤɨɦ. ȼɅ 110 ɤȼ Ɂɢɦɨɜɧɢɤɢ-Ɋɟɦɨɧɬɧɨɟ 

[Thermogram of ice melting by alternating current. VL 110 kV Zimovniki-Remontnoye] 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɚɧɚɥɢɡɚ ɜɢɞɧɨ [9], ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 
ɰɟɥɟɫɨɨɛɪɚɡɧɟɣ ɧɚ ɥɢɧɢɹɯ ɧɟ ɛɨɥɟɟ 110ɤȼ, ɞɥɹ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ββ0ɤȼ ɢ ɜɵɲɟ ɩɥɚɜɤɚ 
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ɝɨɥɨɥɟɞɚ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɜɵɝɨɞɧɨɣ, ɬɚɤ ɤɚɤ ɥɢɧɟɣɧɵɟ ɩɪɨɜɨɞɚ 
ɢɦɟɸɬ ɛɨɥɶɲɟɟ ɫɟɱɟɧɢɟ ɢ ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɩɟɪɟɦɟɧɧɨɦ 
ɬɨɤɟ ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɷɮɮɟɤɬɚ, 
ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ ɩɪɨɜɨɞɧɢɤɚ 
ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɚ ɢ ɬɟɩɥɨɨɬɞɚɱɚ ɫɬɚɥɶɧɨɝɨ ɬɪɨɫɚ ɭɥɭɱɲɚɟɬ ɤɚɱɟɫɬɜɨ ɩɥɚɜɤɢ. 

ɇɟɞɨɫɬɚɬɤɢ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚμ  
- ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɢ ɧɚ ɜɪɟɦɹ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ, ɱɬɨ ɬɪɟɛɭɟɬ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɞɥɹ ɨɫɬɚɥɶɧɨɣ ɫɢɫɬɟɦɵ;  
- ɧɟɨɛɯɨɞɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɚ ɞɥɹ ɩɥɚɜɤɢ ɩɨɫɬɨɹɧɧɵɦ ɬɨɤɨɦ ɟɳɟ 

ɢ ɜɵɩɪɹɦɢɬɟɥɶ; 
- ɬɨɤɚ ɩɥɚɜɤɢ ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɜ 1,5-β ɪɚɡɚ. 

Ɍɟɩɥɨɝɪɚɦɦɵ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚɝɥɹɞɧɨ 
ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɧɚɝɪɟɜɚɧɢɟ ɩɪɨɜɨɞɨɜ. ɉɥɚɜɤɚ ɝɨɥɨɥɟɞɚ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɦɨɠɟɬ ɛɵɬɶ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɚ, ɬɚɤ ɤɚɤ ɜ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɘɠɧɨɝɨ ɪɟɝɢɨɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɫɟɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 
ɡɚɱɚɫɬɭɸ ɧɟɨɞɢɧɚɤɨɜɚ ɢ ɧɚɥɟɞɶ ɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ. ɇɟɤɨɬɨɪɵɟ ɭɱɚɫɬɤɢ 
ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɜɨɨɛɳɟ ɛɟɡ ɝɨɥɨɥɟɞɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɩɥɚɜɤɢ ɷɬɢ 
ɭɱɚɫɬɤɢ ɛɭɞɭɬ ɩɨɞɜɟɪɠɟɧɵ ɱɪɟɡɦɟɪɧɨɦɭ ɧɚɝɪɟɜɭ, ɬɚɤ ɤɚɤ ɧɚ ɧɢɯ ɧɟɬ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɧɚ 
ɩɥɚɜɤɭ ɝɨɥɨɥɟɞɚ. ɗɬɨ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɩɨɫɨɛɚ Д10]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɣ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɦɟɬɨɞ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɤɨɬɨɪɨɝɨ ɜɨɡɧɢɤɚɸɬ ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɞɜɢɠɟɧɢɹ ɩɪɨɜɨɞɨɜ, ɪɚɡɪɭɲɚɸɳɢɟ ɝɨɥɨɥɟɞɧɵɟ 
ɨɛɪɚɡɨɜɚɧɢɹ. ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɩɥɚɜɤɢ 
ɝɨɥɨɥɟɞɚ, ɚ ɬɚɤɠɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɢ ɫɚɦɨɟ ɝɥɚɜɧɨɟ ɧɟ ɬɪɟɛɭɟɬ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɣ. 
 

 

 

 
 

 
 

Ɋɢɫɭɧɨɤ 6 – ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɭɞɚɪɧɵɣ ɷɥɟɦɟɧɬ, ɝɞɟ 1-ɩɪɨɜɨɞ, β-ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ, γ-ɩɪɢɠɢɦɧɵɟ 
ɩɥɚɫɬɢɧɵ ДEХОМЭЫШЦОМСКЧТМКХ ЬСШМФ ОХОЦОЧЭ, аСОЫО 1-wire, 2-permanent magnets, 3-pressure plates] 

 

ɋɭɬɶ ɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦμ ɧɚ ɩɪɨɜɨɞɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɟ 
ɦɚɝɧɢɬɵ, ɜ ɡɚɡɨɪɟ ɤɨɬɨɪɵɯ, ɪɚɜɧɨɦ ɞɢɚɦɟɬɪɭ ɩɪɨɜɨɞɚ, ɫɨɡɞɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɟ ɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ, ɤɨɬɨɪɨɟ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɩɪɨɜɨɞɭ, ɫ ɫɢɥɨɣ 
Ⱥɦɩɟɪɚ. ɇɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɷɬɨɣ ɫɢɥɵ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɞɜɚɠɞɵ ɡɚ ɩɟɪɢɨɞ ɢ 
ɜɵɡɨɜɟɬ ɫɦɟɳɟɧɢɟ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɢɛɪɚɰɢɸ ɩɪɨɜɨɞɚ ɫ 
ɱɚɫɬɨɬɨɣ 50Ƚɰ, ɱɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɜɫɬɪɹɯɢɜɚɧɢɸ ɜɥɚɝɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɨɜ 
ɞɨ ɬɨɝɨ, ɤɚɤ ɨɧɚ ɩɪɟɜɪɚɬɢɬɫɹ ɜ ɧɚɥɟɞɶ. ɗɬɨɬ ɧɟɩɪɟɪɵɜɧɵɣ ɩɪɨɰɟɫɫ ɨɛɟɫɩɟɱɢɬ ɭɞɚɥɟɧɢɟ 
ɤɚɩɟɥɶ ɜɨɞɵ ɢ ɧɚɥɟɞɢ ɧɚ ɪɚɧɧɟɣ ɫɬɚɞɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɨɥɨɥɟɞɚ. Ɉɞɧɚɤɨ, ɩɪɢ ɛɨɥɟɟ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɟɫɥɢ ɝɨɥɨɥɟɞ ɜɫɟ ɠɟ ɨɛɪɚɡɨɜɚɥɫɹ, ɭɫɢɥɢɬɶ ɜɫɬɪɹɯɢɜɚɸɳɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɪɨɜɨɞɚ ɫ ɰɟɥɶɸ ɪɚɡɪɭɲɟɧɢɹ ɧɚɥɢɩɲɟɝɨ ɥɶɞɚ, ɦɨɠɧɨ ɩɪɨɩɭɫɬɢɜ ɩɨ 
ɩɪɨɜɨɞɚɦ ɢɦɩɭɥɶɫɵ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ ɞɨ 5 Ƚɰ ɨɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɚɦɩɥɢɬɭɞɭ ɤɨɥɟɛɚɧɢɹ ɞɨ β0-γ0 ɫɦ ɫ ɭɫɤɨɪɟɧɢɟɦ 
(0,5÷14Р), ɱɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɫɛɪɚɫɵɜɚɧɢɸ ɥɶɞɚ ɫ ɩɪɨɜɨɞɨɜ ɩɨ ɜɫɟɣ ɞɥɢɧɟ 
ɩɪɨɥɟɬɨɜ Д11Ж. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɧɟ ɩɪɢɯɨɞɢɬɫɹ ɜɵɜɨɞɢɬɶ ɥɢɧɢɸ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɢɡ ɪɚɛɨɬɵ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɨɦ. ȼɪɟɦɹ 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɨɱɢɫɬɤɢ ɥɢɧɢɢ ɫɨɫɬɚɜɥɹɸɬ ɨɬ 0.5 ɞɨ 1 ɱɚɫɚ.   

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢμ 
 ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɢɦɩɭɥɶɫɨɜ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 
 ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ 

ɧɚɝɪɭɡɤɭ ɨɬ ɜɢɛɪɚɰɢɢ ɩɪɨɜɨɞɨɜ.  
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ɉɨɞɜɟɞɹ ɢɬɨɝ ɩɪɨɜɟɞɟɧɧɨɦɭ ɚɧɚɥɢɡɭ ɫɩɨɫɨɛɨɜ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɞɥɹ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɘɠɧɨɝɨ ɪɟɝɢɨɧɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɩɪɢɦɟɧɹɟɦɵɣ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɞɨɫɬɚɬɨɱɧɨ 
ɷɮɮɟɤɬɢɜɧɵɦ, ɬɚɤ ɤɚɤ ɬɪɟɛɭɟɬ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɢ ɧɚ ɜɪɟɦɹ ɩɥɚɜɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ-ɡɚ 
ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɝɨɥɨɥɟɞɧɵɯ ɨɬɥɨɠɟɧɢɣ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɟɞɨɩɭɫɬɢɦɵɣ ɧɚɝɪɟɜ 
ɩɪɨɜɨɞɨɜ. ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɦɟɬɨɞ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ 
ɦɟɧɟɟ ɡɚɬɪɚɬɧɵɦ, ɬɚɤ ɤɚɤ ɧɟ ɬɪɟɛɭɟɬ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɢ ɢ ɩɪɢɦɟɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɚɩɩɚɪɚɬɨɜ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ-ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ 
ɜɵɩɪɹɦɢɬɟɥɟɣ. ȼɵɛɨɪ ɦɟɬɨɞɚ ɞɨɥɠɟɧ ɨɛɨɫɧɨɜɵɜɚɬɶɫɹ ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɢ ɢ ɯɚɪɚɤɬɟɪɨɦ ɝɨɥɨɥɟɞɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. ȼɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɝɨɥɨɥɟɞɨɦ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɟɫɬɢ ɤɪɭɝɥɨɫɭɬɨɱɧɵɣ 
ɦɨɧɢɬɨɪɢɧɝ ɡɚ ɝɨɥɨɥɟɞɨɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚ ɛɨɥɶɲɨɣ ɬɟɪɪɢɬɨɪɢɢ Д1βЖ.  
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Abstract – The relevance of ice melting on air lines is due to a significant increase in their length 

in the electric power system of the Southern region under the conditions of operation of Rostov 

NPP 4 units. The paper makes the analysis of various methods of combating icing on overhead 

power lines with a voltage of 110-220 kV, on the basis of which recommendations for their use in 

these climatic conditions are given. 
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