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ȼɨɥɝɨɞɨɧɫкɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟхɧɢчɟɫкɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫкɨɝɨ ɹɞɟɪɧɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ ɆɂФɂ, ȼɨɥɝɨɞɨɧɫк, Ɋɨɫɬɨɜɫкɚɹ ɨɛɥ., Ɋɨɫɫɢɹ 

 
ɋɟɬɶ ɝɟɧɟɪаɬɨɪɧɨɝɨ ɧаɩɪɹɠɟɧɢɹ кɪɭɩɧɵɯ ɷɧɟɪɝɨɛɥɨкɨɜ ɷкɫɩɥɭаɬɢɪɭɸɬɫɹ ɫ ɢзɨɥɢɪɨɜаɧɧɨɣ 
ɧɟɣɬɪаɥɶɸ, ɢ ɨɞɧɨɮазɧɨɟ заɦɵкаɧɢɟ ɧа зɟɦɥɸ ɜ ɞаɧɧɵɯ ɫɟɬɹɯ ɧɟ ɹɜɥɹɟɬɫɹ кɨɪɨɬкɢɦ. ɑаɳɟ 
ɜɫɟɝɨ заɳɢɬа ɨɬ заɦɵкаɧɢɣ ɧа зɟɦɥɸ ɞɟɣɫɬɜɭɟɬ ɧа ɫɢɝɧаɥ, ɧɨ ɜ ɪɹɞɟ ɫɥɭɱаɟɜ ɩɪɨɢɫɯɨɞɢɬ 
ɨɬкɥɸɱɟɧɢɟ ɰɟɩɢ заɳɢɬаɦɢ. Ⱥɧаɥɢз ɩɪɢɱɢɧ ɨɬкɥɸɱɟɧɢɣ ɷɧɟɪɝɨɛɥɨкɨɜ ɞɟɣɫɬɜɢɟɦ заɳɢɬɵ 
ɨɬ заɦɵкаɧɢɹ ɧа зɟɦɥɸ ɩɨказаɥ, ɱɬɨ ɱаɫɬɶ ɢз ɧɢɯ ɛɵɥа ɥɨɠɧɨɣ ɢ ɩɪɨɢзɨɲɥа ɜ ɪɟзɭɥɶɬаɬɟ 
ɩɨɹɜɥɟɧɢɹ ɜ ɰɟɩɢ ɭɫɬɨɣɱɢɜɵɯ ɮɟɪɪɨɪɟзɨɧаɧɫɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɪɨɬɟкаɧɢɟ ɮɟɪɪɨɪɟзɨɧаɧɫɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɜɨзɦɨɠɧɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɩаɪаɦɟɬɪɨɜ ɷɥɟкɬɪɢɱɟɫкɨɣ ɰɟɩɢ. ȼ 
ɪаɛɨɬɟ ɪаɫɫɦаɬɪɢɜаɸɬɫɹ ɝɪаɧɢɱɧɵɟ зɧаɱɟɧɢɹ ɫɭɦɦаɪɧɨɣ ɢɧɞɭкɬɢɜɧɨɫɬɢ ɢ ɟɦкɨɫɬɢ ɰɟɩɢ, 
ɩɪɢ кɨɬɨɪɵɯ ɜ ɰɟɩɢ ɦɨɠɟɬ ɜɨзɧɢкɧɭɬɶ ɭɫɬɨɣɱɢɜɵɣ ɮɟɪɪɨɪɟзɨɧаɧɫɧɵɣ ɩɪɨɰɟɫɫ, 
ɪаɫɫɱɢɬɵɜаɸɬɫɹ ɩаɪаɦɟɬɪɵ ɫɯɟɦɵ заɦɟɳɟɧɢɹ ɷɧɟɪɝɨɛɥɨка Ⱥɗɋ, ɪаɫɫɦаɬɪɢɜаɸɬɫɹ 
ɨɫɰɢɥɥɨɝɪаɦɦɵ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɨɞɧɨɮазɧɨɦ заɦɵкаɧɢɢ ɧа зɟɦɥɸ, ɩɪɨɢзɜɨɞɢɬɫɹ ɜɵɛɨɪ 
ɪɟзɢɫɬɨɪа ɞɥɹ ɷɮɮɟкɬɢɜɧɨɝɨ зазɟɦɥɟɧɢɹ ɧɟɣɬɪаɥɢ. 
 
Ʉɥɸчɟɜɵɟ ɫɥɨɜɚ: ɮɟɪɪɨɪɟзɨɧаɧɫ, ɝɟɧɟɪаɬɨɪɧɨɟ ɧаɩɪɹɠɟɧɢɟ, ɢзɨɥɢɪɨɜаɧɧаɹ ɧɟɣɬɪаɥɶ, 
ɬɪаɧɫɮɨɪɦаɬɨɪ ɧаɩɪɹɠɟɧɢɹ, ɩɟɪɟɧаɩɪɹɠɟɧɢɟ. 
 

ɉɨɫɬɭɩɢɥа ɜ ɪɟɞакɰɢɸ: 11.10.2018 

 

ȼ ɫɟɬɢ ɝɟɧɟɪаɬɨɪɧɨɝɨ ɧаɩɪɹɠɟɧɢɹ Ⱥɗɋ ɧаɛɥɸɞаɥɫɹ ɪɹɞ аɜаɪɢɣɧɵɯ ɨɬкɥɸɱɟɧɢɣ 
ɷɧɟɪɝɨɛɥɨкɨɜ ɨɬ ɫɟɬɢ ɞɟɣɫɬɜɢɟɦ заɳɢɬɵ ɨɬ заɦɵкаɧɢɹ ɧа зɟɦɥɸ. ɋɨɝɥаɫɧɨ 
ɩɪɨɜɟɞɟɧɧɵɦ ɪаɫɫɥɟɞɨɜаɧɢɹɦ аɜаɪɢɣɧɵɯ ɫɢɬɭаɰɢɣ ɱаɫɬɶ ɢз ɧɢɯ ɨказаɥаɫɶ ɥɨɠɧɨɣ. 
ɑаɫɬɨ ɩɪɢɱɢɧɨɣ ɥɨɠɧɵɯ аɜаɪɢɣ ɹɜɥɹɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɜ ɫɟɬɢ ɮɟɪɪɨɪɟзɨɧаɧɫɧɵɯ ɹɜɥɟɧɢɣ, 
ɜɵзɜаɧɧɵɯ кɨɦɦɭɬаɰɢɟɣ ɧаɝɪɭзкɢ, кɪаɬкɨɜɪɟɦɟɧɧɵɦ ɩɨɹɜɥɟɧɢɟɦ ɞɭɝɨɜɨɝɨ заɦɵкаɧɢɹ, 
а ɬакɠɟ ɪɹɞɨɦ ɞɪɭɝɢɯ ɩɪɢɱɢɧ Д1Ж. 

Ɋаɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɬɢɩɨɜɨɝɨ ɷɧɟɪɝɨɛɥɨка Ⱥɗɋ ɧа ɩɪɢɦɟɪɟ ɛɥɨка № 2 

Ɋɨɫɬɨɜɫкɨɣ Ⱥɗɋ.  
Ɍɭɪɛɨɝɟɧɟɪаɬɨɪ ɫ ɜɨɞɨɪɨɞɧɨ-ɜɨɞɹɧɵɦ ɨɯɥаɠɞɟɧɢɟɦ TBB-1000 ɫɜɹзаɧ ɱɟɪɟз ɞɜа 

ɬɪаɧɫɮɨɪɦаɬɨɪа Ɍɐ-630000/500 ɫ ɈɊɍ 500 кȼ‚ а ɬакɠɟ ɫ Ɋɍ 6 кȼ ɝɥаɜɧɨɝɨ кɨɪɩɭɫа 
ɛɥɨка 2 ɱɟɪɟз ɞɜа ɬɪаɧɫɮɨɪɦаɬɨɪа ɫ ɪаɫɳɟɩɥɟɧɧɵɦɢ ɨɛɦɨɬкаɦɢ ɬɢɩа ɌɊȾɇɋ 
63000/24/6‚3. 

ɉɢɬаɧɢɟ ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɷкɪаɧɢɪɨɜаɧɧɨɦɭ кɨɦɩɥɟкɬɧɨɦɭ 
ɬɨкɨɩɪɨɜɨɞɭ ɫ ɧɟɩɪɟɪɵɜɧɨɣ ɨɛɨɥɨɱкɨɣ ɢ ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ ɜɨзɞɭɲɧɵɦ ɨɯɥаɠɞɟɧɢɟɦ 
ɌɗɄɇɉ. 

ȼаɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɢɫɬɟɦɵ ɩɢɬаɧɢɹ ɷɧɟɪɝɨɛɥɨка №2 Ɋɨɫɬɨɜɫкɨɣ Ⱥɗɋ ɧа 
ɝɟɧɟɪаɬɨɪɧɨɦ ɧаɩɪɹɠɟɧɢɢ 24 кȼ ɹɜɥɹɟɬɫɹ ɧаɥɢɱɢɟ 7 ɬɪɟɯɮазɧɵɯ ɝɪɭɩɩ 
ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɧаɩɪɹɠɟɧɢɹ. 

Ⱦɜɟ ɬɪɟɯɮазɧɵɟ ɝɪɭɩɩɵ ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɧаɩɪɹɠɟɧɢɹ ɬɢɩа TJC7 ɫ ɧаɩɪɹɠɟɧɢɟɦ 
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 B, ɫɨɟɞɢɧɟɧɢɟ ɨɛɦɨɬɨк В/В/Δ ɜ ɫɨɫɬаɜɟ ɝɟɧɟɪаɬɨɪɧɨɝɨ 

ɜɵкɥɸɱаɬɟɥɹ ɇȿɋ-8. ɍɫɬаɧɨɜɥɟɧɵ ɦɟɠɞɭ ɨɛɦɨɬкɨɣ ɇɇ ɛɥɨɱɧɵɯ ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɢ 

ɝɟɧɟɪаɬɨɪɧɵɦ ɜɵкɥɸɱаɬɟɥɟɦ. 
Ⱦɜɟ ɬɪɟɯɮазɧɵɟ ɝɪɭɩɩɵ ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɧаɩɪɹɠɟɧɢɹ ɬɢɩа TJC7 ɫ ɧаɩɪɹɠɟɧɢɟɦ 
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 B, ɫɨɟɞɢɧɟɧɢɟ ɨɛɦɨɬɨк В/В/В ɜ ɫɨɫɬаɜɟ ɝɟɧɟɪаɬɨɪɧɨɝɨ 

ɜɵкɥɸɱаɬɟɥɹ ɇȿɋ-8. ɍɫɬаɧɨɜɥɟɧɵ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɟɣɧɵɯ ɜɜɨɞɨɜ ɝɟɧɟɪаɬɨɪа. 
Ɍɪɢ ɬɪɟɯɮазɧɵɟ ɝɪɭɩɩɵ ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɧаɩɪɹɠɟɧɢɹ ɬɢɩа ɁɇɈɅ.06-24ɍɁ ɫ 

ɧаɩɪɹɠɟɧɢɟɦ ɨɛɦɨɬɨк 
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 ȼ, ɫɨɟɞɢɧɟɧɢɟ ɨɛɦɨɬɨк В/В/Δ ɜɫɬɪɨɟɧɵ ɜ 

ɝɟɧɟɪаɬɨɪɧɵɣ ɬɨкɨɩɪɨɜɨɞ 24 Ʉȼ. ɍɫɬаɧɨɜɥɟɧɵ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ 
ɝɟɧɟɪаɬɨɪа. 

ɇɟɣɬɪаɥɶ ɝɟɧɟɪаɬɨɪа ɫɨ ɫɬɨɪɨɧɵ ɧɭɥɟɜɵɯ ɜɵɜɨɞɨɜ зазɟɦɥɟɧа ɱɟɪɟз ɨɞɢɧ 

ɬɪаɧɫɮɨɪɦаɬɨɪ ɧаɩɪɹɠɟɧɢɹ ɬɢɩа ɁɇɈɅ.06-24ɍɁ ɧаɩɪɹɠɟɧɢɟɦ 100/
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 B.  

Ⱦɥɹ ɧаɫɬɭɩɥɟɧɢɹ ɮɟɪɪɨɪɟзɨɧаɧɫа ɜ ɞаɧɧɨɣ ɫɟɬɢ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
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ɋ ɭɱɟɬɨɦ ɭɜɟɥɢɱɟɧɢɹ ɢɧɞɭкɬɢɜɧɨɫɬɢ за ɫɱɟɬ ɧɟɩɨɥɧɨɝɨ ɧаɫɵɳɟɧɢɹ ɜ 1,3 ɪаза 
ɮɨɪɦɭɥа ɪаɫɱɟɬа ɢɧɞɭкɬɢɜɧɨɫɬɢ ɧаɫɵɳɟɧɢɹ заɩɢɫɵɜаɟɬɫɹ как: 
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ɝɞɟ  ω – ɱɢɫɥɨ ɜɢɬкɨɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬкɢ; 
 d – ɫɪɟɞɧɢɣ ɞɢаɦɟɬɪ ɨɛɦɨɬкɢ, ɦ; 
 a – ɜɵɫɨɬа ɨɛɦɨɬкɢ, ɦ; 
 Ka – кɨɷɮɮɢɰɢɟɧɬɵ ɮɨɪɦɵ ɨɛɦɨɬкɢ Д2Ж; 
 μ0 – ɨɬɧɨɫɢɬɟɥɶɧаɹ ɦаɝɧɢɬɧаɹ ɩɪɨɧɢɰаɟɦɨɫɬɶ ɜɨзɞɭɯа. 

 

Ɍɪаɧɫɮɨɪɦаɬɨɪ ɧаɩɪɹɠɟɧɢɹ ɁɇɈɅ.06-24ɍɁ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩаɪаɦɟɬɪɵ 
ɨɛɦɨɬɨк:  

ɱɢɫɥɨ ɜɢɬкɨɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬкɢ – 21750; 

ɜɧɭɬɪɟɧɧɢɣ ɞɢаɦɟɬɪ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬкɢ – 115 ɦɦ; 
ɧаɪɭɠɧɵɣ ɞɢаɦɟɬɪ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬкɢ – 190 ɦɦ; 
ɫɪɟɞɧɹɹ ɜɵɫɨɬа ɨɛɦɨɬкɢ – 96 ɦɦ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɨɛɦɨɬкɢ ɞɥɹ ɬɪаɧɫɮɨɪɦаɬɨɪа ɧаɩɪɹɠɟɧɢɹ ɬɢɩа ɁɇɈɅ.06-

24ɍɁ ɫɨɫɬаɜɥɹɟɬ Ʉа=0,5815, ɬɨɝɞа 
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ɂɧɞɭкɬɢɜɧɨɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞа ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧа ɩɨ ɮɨɪɦɭɥɟ: 
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ɝɞɟ  Ixx – ɬɨк ɯɨɥɨɫɬɨɝɨ ɯɨɞа ɬɪаɧɫɮɨɪɦаɬɨɪа; 
 Uɧɮ – ɧɨɦɢɧаɥɶɧɨɟ ɪаɛɨɱɟɟ ɮазɧɨɟ ɧаɩɪɹɠɟɧɢɟ ɬɪаɧɫɮɨɪɦаɬɨɪа. 

 

Ɋаɫɫɱɢɬаɟɦ ɢɧɞɭкɬɢɜɧɨɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞа: 
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Ɍɨɝɞа ɝɪаɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 
 

59,76 ɧɎ ≤ Сɷкɜ≤ 153,076 ɧɎ 

 

ɗɬɢ ɝɪаɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɟɬɢ ɫ ɨɞɧɢɦ Ɍɇ. 
ȼɜɢɞɭ ɨɬɫɭɬɫɬɜɢɹ ɞаɧɧɵɯ ɢ ɫɯɨɠɟɫɬɢ ɨɛɳɢɯ кɨɧɫɬɪɭкɬɢɜɧɵɯ ɫɨɨɛɪаɠɟɧɢɣ, 

ɩɪɢɦɟɦ ɞɥɹ ɨɰɟɧɨɱɧɨɝɨ ɪаɫɱɟɬа, ɢɧɞɭкɬɢɜɧɨɫɬɶ ɧаɦаɝɧɢɱɢɜаɧɢɹ ɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞа 
ɁɇɈɅ.06-24ɍɁ ɢ TJ C7 ɪаɜɧɵɦɢ [3]. 

Ɍɨɝɞа ɞɥɹ ɫɟɦɢ TH: 
 

418,30 ɧɎ ≤Сɷкɜ≤ 1073,56 ɧɎ 

 

ɉɪɢ ɧаɯɨɠɞɟɧɢɢ ɫɭɦɦаɪɧɨɣ ɟɦкɨɫɬɢ ɫɟɬɢ, ɛɥɢзкɨɣ к ɞаɧɧɵɦ зɧаɱɟɧɢɹɦ, 

ɜɨзɦɨɠɧɨ ɜɨзɧɢкɧɨɜɟɧɢɟ ɭɫɬɨɣɱɢɜɵɯ ɮɟɪɪɨɪɟзɨɧаɧɫɧɵɯ ɹɜɥɟɧɢɣ Д4Ж. 
ɂɫɬɨɱɧɢкɨɦ ɩɢɬаɧɢɹ ɜ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɫɟɬɢ ɹɜɥɹɟɬɫɹ ɝɟɧɟɪаɬɨɪ. ɂɧɞɭкɬɢɜɧɨɫɬɶ 

ɪаɫɫɟɹɧɢɹ Lp ɢ акɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Rɝ ɢɫɬɨɱɧɢка ɩɢɬаɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɧɨɦɢɧаɥɶɧɵɦ ɩаɪаɦɟɬɪаɦ. ɋɨɝɥаɫɧɨ ɩаɫɩɨɪɬɧɵɦ ɞаɧɧɵɦ, ɧɨɦɢɧаɥɶɧɨɟ акɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬкɢ ɝɟɧɟɪаɬɨɪа ɫɨɫɬаɜɥɹɟɬ 0,0011 Ɉɦ. ɉɪɢ ɞɭɝɨɜɨɦ заɦɵкаɧɢɢ ɩɨ 
ɮазаɦ ɢɫɬɨɱɧɢка ɩɪɨɬɟкаɸɬ ɫɜɨɛɨɞɧɵɟ ɫɨɫɬаɜɥɹɸɳɢɟ ɬɨкɨɜ заɪɹɞɧɵɯ кɨɧɬɭɪɨɜ, 
кɨɬɨɪɵɟ ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɱаɫɬɨɬɭ (ɧɟɫкɨɥɶкɨ кɢɥɨɝɟɪɰ), ɩɨɷɬɨɦɭ акɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɫɬɨɱɧɢка ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɢɬɶ ɜ 2-2,5 ɪаза. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜаɧɢɹ 

ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɟɬɢ ɪɟакɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪаɬɨɪа ɪаɫɫɱɢɬɵɜаɥɨɫɶ 
ɢɫɯɨɞɹ ɢз ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, кɨɬɨɪɨɟ ɫɨɫɬаɜɥɹɟɬ 0,324 ɨ.ɟ. 

Ƚɟɧɟɪаɬɨɪ ɦɨɞɟɥɢɪɨɜаɥɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɝɨɬɨɜɵɯ ɛɥɨкɨɜ ɢз ɛɢɛɥɢɨɬɟкɢ ɷɥɟɦɟɧɬɨɜ 
ɩɪɨɝɪаɦɦɵ ȺɌɊ ȿɆɌɊ Д5Ж, ɞɥɹ кɨɬɨɪɵɯ заɞаɜаɥɢɫɶ акɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ 
ɢɧɞɭкɬɢɜɧɨɫɬɢ ɨɛɦɨɬɨк. Ɍакɠɟ ɞɥɹ ɪаɫɫɦаɬɪɢɜаɟɦɵɯ ɩɪɨɰɟɫɫɨɜ ɛɨɥɶɲɭɸ ɪɨɥɶ ɢɝɪаɸɬ 
ɩаɪазɢɬɧɵɟ ɟɦкɨɫɬɢ ɧа зɟɦɥɸ. ɋɨɝɥаɫɧɨ ɮɨɪɦɭɥɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ Д6Ж, ɟɦкɨɫɬɶ ɞɥɹ ɮазɵ 
ɨɛɦɨɬкɢ ɫɬаɬɨɪа ɝɟɧɟɪаɬɨɪа ɦɨɠɟɬ ɛɵɬɶ ɪаɫɫɱɢɬаɧа: 

 

  ,
)08,01(2,1 ɧɨɦɧɨɦ
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ɝɞɟ k = 0,0187 ɩɪɢ 15-20°ɋ; 
 Uɧɨɦ – ɧɨɦɢɧаɥɶɧɨɟ ɧаɩɪɹɠɟɧɢɟ; 
 S – ɧɨɦɢɧаɥɶɧаɹ ɦɨɳɧɨɫɬɶ. 

 

ɦкФСɝ 04,2
4208,01(242,1
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
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
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ɂɧɞɭкɬɢɜɧɨɫɬɶ ɨɛɦɨɬкɢ ɬɪаɧɫɮɨɪɦаɬɨɪа ɨɩɪɟɞɟɥɹɥаɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪазɨɦ: 
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ɨɛɦ
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ɝɞɟ Uk – ɧаɩɪɹɠɟɧɢɟ кɨɪɨɬкɨɝɨ заɦɵкаɧɢɹ; 
 Uɧɨɦ.ɨɛɦ. – ɧɨɦɢɧаɥɶɧɨɟ ɧаɩɪɹɠɟɧɢɟ ɨɛɦɨɬкɢ ɬɪаɧɫɮɨɪɦаɬɨɪа; 
 ω=100π; 

 Sɧɨɦ.ɨɛɦ. – ɧɨɦɢɧаɥɶɧаɹ ɦɨɳɧɨɫɬɶ ɨɛɦɨɬкɢ ɬɪаɧɫɮɨɪɦаɬɨɪа. 
 

  ,
2

2

ɧɨɦ

ɧɨɦ
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ɝɞɟ Pk – ɩɨɬɟɪɢ кɨɪɨɬкɨɝɨ заɦɵкаɧɢɹ ɬɪаɫɧɮɨɪɦаɬɨɪа. 
 

Ⱦɥɹ ɛɥɨɱɧɨɝɨ ɬɪаɧɫɮɨɪɦаɬɨɪа Ɍɐ-630000/500: 

 

Ukɜ= Ukɧ= Uk/2 
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Sɧɨɦ.ɨɛɦ.=Sɧɨɦ/3 

 

ɆȼАS ɨɛɦɧɨɦ 210
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Ɍɨɝɞа ɢɧɞɭкɬɢɜɧɨɫɬɶ ɢ акɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɨк: 
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Ⱦɥɹ ɬɪаɧɫɮɨɪɦаɬɨɪа ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌɊȾɇɋ 63000/24/6‚3 
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Ⱥкɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬкɢ ɬɪаɧɫɮɨɪɦаɬɨɪа ɪаɫɫɱɢɬɵɜаɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (3). 
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Ⱦɥɹ ɛɥɨɱɧɨɝɨ ɬɪаɧɫɮɨɪɦаɬɨɪа Ɍɐ-630000/500: 

 

Sɧɨɦ.ɨɛɦ.=Sɧɨɦ/3 

ɆȼАS ɨɛɦɧɨɦ 21
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Ɍɨɝɞа ɢɧɞɭкɬɢɜɧɨɫɬɶ ɢ акɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɨк: 
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Ⱦɥɹ ɪаɫɱɟɬа ɜɯɨɞɧɨɣ ɟɦкɨɫɬɢ ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɛɵɥɢ ɜзɹɬɵ ɮɨɪɦɭɥɵ: 
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Ⱦɥɹ ɛɥɨɱɧɨɝɨ ɬɪаɧɫɮɨɪɦаɬɨɪа Ɍɐ-630000/500: 
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Ⱦɥɹ ɬɪаɧɫɮɨɪɦаɬɨɪа ɌɊȾɇɋ-63000/35: 
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ɉаɪаɦɟɬɪɵ ɬɨкɨɩɪɨɜɨɞа ɪаɫɫɱɢɬаɧɵ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪаɦɦɵ ȺɌɊ ȿɆɌɊ. Ⱦɥɹ 
ɪаɫɱɟɬа заɞаɧɵ ɪɟаɥɶɧɵɟ ɩаɪаɦɟɬɪɵ ɦаɬɟɪɢаɥɨɜ ɢ ɝɟɨɦɟɬɪɢɹ ɬɨкɨɩɪɨɜɨɞа. ȼ ɪɟзɭɥɶɬаɬɟ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩаɪаɦɟɬɪɵ ɞɥɹ каɠɞɨɝɨ ɭɱаɫɬка ɬɨкɨɩɪɨɜɨɞа ɫɟɬɢ ɝɟɧɟɪаɬɨɪɧɨɝɨ 
ɧаɩɪɹɠɟɧɢɹ. 

Ƚɟɧɟɪаɬɨɪɧɵɣ ɜкɥɸɱаɬɟɥɶ ɜ ɫɯɟɦɟ заɦɟɳɟɧɢɹ ɭɱɢɬɵɜаɥɫɹ ɟɦкɨɫɬɶɸ ɜɫɬɪɨɟɧɧɵɯ ɜ 
ɧɟɝɨ кɨɧɞɟɧɫаɬɨɪɨɜ (ɪɢɫ. 1), ɩɪɢɧɹɬɨɣ ɪаɜɧɨɣ 132 ɧɎ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪаɬɨɪа ɢ 

260 ɧɎ ɫɨ ɫɬɨɪɨɧɵ ɫɢɥɨɜɨɝɨ ɬɪаɧɫɮɨɪɦаɬɨɪа. 
 

 
Ɋɢɫɭɧɨк 1 – ɋɯɟɦа ɭɫɬɪɨɣɫɬɜа ɝɟɧɟɪаɬɨɪɧɨɝɨ ɜɵкɥɸɱаɬɟɥɹ ɇȿɋ 8 

[Scheme of ɇȿɋ 8 generator switcher] 

 

ɉɪɢ ɪаɫɫɦɨɬɪɟɧɢɢ аɜаɪɢɣɧɵɯ ɪɟɠɢɦɨɜ ɬɪɟɛɭɟɬɫɹ ɭɱɢɬɵɜаɬɶ ɜɥɢɹɧɢɹ ɦаɝɧɢɬɧɵɯ 
ɫɢɫɬɟɦ ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɧаɩɪɹɠɟɧɢɹ. ȼ ɯɨɞɟ ɫɛɨɪа ɞаɧɧɵɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞаɧɧɵɟ ɨɬ 
ɩɪɨɢзɜɨɞɢɬɟɥɟɣ ɨ ɝɟɨɦɟɬɪɢɢ ɫɟɪɞɟɱɧɢка, ɱɢɫɥɟ ɜɢɬкɨɜ ɨɛɦɨɬɨк, ɨɛɳɟɣ кɨɧɫɬɪɭкɰɢɢ ɢ 
ɦаɝɧɢɬɧɨɣ ɯаɪакɬɟɪɢɫɬɢкɟ ɬɪаɧɫɮɨɪɦаɬɨɪа. Ȼɨɥɶɲɨɟ акɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬкɢ Ɍɇ ɹɜɥɹɟɬɫɹ ɯаɪакɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɢзɦɟɪɢɬɟɥɶɧɵɯ 
ɬɪаɧɫɮɨɪɦаɬɨɪɨɜ ɧаɩɪɹɠɟɧɢɹ [7-8Ж. ɋɨɝɥаɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞаɧɧɵɦ акɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬкɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɞɥɹ ɁɇɈɅ.06-24ɍɁ3 – 3500 Ɉɦ, ɞɥɹ 
TJC7  – 3000 Ɉɦ. 

ɇɟɥɢɧɟɣɧаɹ ɢɧɞɭкɬɢɜɧɨɫɬɶ ɜ ɰɟɩɢ ɧаɦаɝɧɢɱɢɜаɧɢɹ ɭɱɢɬɵɜаɟɬɫɹ заɜɢɫɢɦɨɫɬɶɸ 
ɧаɩɪɹɠɟɧɢɹ ɨɬ ɬɨка ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬкɢ Ɍɇ ɬɢɩа TJC7 ɢ ɁɇɈɅ.06-24ɍ3, 
ɩɪɟɞɫɬаɜɥɟɧɧɵɯ ɜ ɬаɛɥɢɰаɯ 1 ɢ 2 ɢ ɧа ɪɢɫɭɧкаɯ 2 ɢ 3.  

Ɉɞɧɢɦ ɢз ɜаɠɧɵɯ ɮакɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɪазɜɢɬɢɹ ɢ ɩɪɨɬɟкаɧɢɹ ɮɟɪɪɨɪɟзɨɧаɧɫɧɵɯ 
ɹɜɥɟɧɢɣ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧаɹ ɧаɝɪɭзка Ɍɇ. ȼ ɫɜɹзɢ ɫ ɷɬɢɦ ɧаɝɪɭзка заɞаɜаɥаɫɶ ɜ ɜɢɞɟ 
акɬɢɜɧɨ-ɢɧɞɭкɬɢɜɧɨɣ ɧаɝɪɭзкɢ ɫɨɝɥаɫɧɨ ɧазɧаɱɟɧɢɸ Ɍɇ. Ɇɨɳɧɨɫɬɶ ɧаɝɪɭзкɢ 
заɞаɜаɥаɫɶ ɢɫɯɨɞɹ ɢз ɩɨɥɧɨɣ ɧɨɦɢɧаɥɶɧɨɣ ɦɨɳɧɨɫɬɢ Д9Ж. 
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Ɍаɛɥɢɰа 1 – Ʉɪɢɜаɹ ɧаɦаɝɧɢɱɢɜаɧɢɹ ɬɪаɧɫɮɨɪɦаɬɨɪа ɧаɩɪɹɠɟɧɢɹ TJC7 [Magnetization curve of voltage 

transformer TJC7] 

I, ɦȺ 0,028 0,056 0,084 0,14 0,2 0,28 0,42 0,56 0,84 1,12 

U, ȼ 162 325 553 1040 1463 2454 3169 5364 9103 12842 

I, ɦȺ 1,41 1,95 2,8 3,36 4,2 5,61 7,02 8,41 11,23  

U, ȼ 17978 22189 26155 27309 28041 29244 29910 30138 30866  

 

Ɍаɛɥɢɰа 2 – Ʉɪɢɜаɹ ɧаɦаɝɧɢɱɢɜаɧɢɹ ɬɪаɧɫɮɨɪɦаɬɨɪа ɧаɩɪɹɠɟɧɢɹ ɁɇɈɅ.06-24ɍ3 [Magnetization curve of 

voltage transformer ZNOL.06-24UZ] 

I, ɦȺ 0,95 1,23 1,26 1,47 1,74 2,08 2,4 2,66 3,04 3,74 6,79 24,74 129,4 184 

U, ȼ 11,4 57 60 70 80 90 95 100 105 110 120 130 140 144 

 

 
 

Ɋɢɫɭɧɨк 2 – ɇɨɦɢɧаɥɶɧаɹ кɪɢɜаɹ ɧаɦаɝɧɢɱɢɜаɧɢɹ (ɫɩɥɨɲɧаɹ ɥɢɧɢɹ) ɢ кɪɢɜɵɟ ɧаɦаɝɧɢɱɢɜаɧɢɹ ɫ 
ɪазɛɪɨɫɨɦ (ɩɭɧкɬɢɪɧɵɟ ɥɢɧɢɢ) ɬɪаɧɫɮɨɪɦаɬɨɪа ɧаɩɪɹɠɟɧɢɹ TJC7 ДNominal magnetization curve and 

magnetization curve with a spread of voltage transformer TJC7] 

 

 
Ɋɢɫɭɧɨк 3 – ɇɨɦɢɧаɥɶɧаɹ кɪɢɜаɹ ɧаɦаɝɧɢɱɢɜаɧɢɹ (ɫɩɥɨɲɧаɹ ɥɢɧɢɹ) ɢ кɪɢɜɵɟ ɧаɦаɝɧɢɱɢɜаɧɢɹ ɫ 

ɪазɛɪɨɫɨɦ (ɩɭɧкɬɢɪɧɵɟ ɥɢɧɢɢ) ɬɪаɧɫɮɨɪɦаɬɨɪа ɧаɩɪɹɠɟɧɢɹ ɁɇɈɅ.06-24ɍ3 ДNominal magnetization curve 

and magnetization curve with a spread of voltage transformer ZNOL.06-24UZ] 
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Ɂа ɫɱɟɬ ɧɟɬɨɱɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫкɢɯ ɪазɦɟɪɨɜ ɫɟɪɞɟɱɧɢка ɢ 
ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɫɬаɥɢ ɦаɝɧɢɬɨɩɪɨɜɨɞа ɧɨɦɢɧаɥɶɧɵɦ ɯаɪакɬɟɪɢɫɬɢкаɦ ɧаɦаɝɧɢɱɢɜаɧɢɹ 
заɜɨɞɫкаɹ кɪɢɜаɹ ɧаɦаɝɧɢɱɢɜаɧɢɹ ɦɨɠɟɬ ɢɦɟɬɶ ɧɟкɨɬɨɪɵɣ ɪазɛɪɨɫ Д10Ж, ɩɨɷɬɨɦɭ ɞɥɹ 
каɠɞɨɝɨ ɬɪаɧɫɮɨɪɦаɬɨɪа ɧаɩɪɹɠɟɧɢɹ заɞаɟɬɫɹ 10 % ɪазɛɪɨɫ кɪɢɜɨɣ ɧаɦаɝɧɢɱɢɜаɧɢɹ. 

ɉɨɫɥɟ ɦɨɞɟɥɢɪɨɜаɧɢɹ ɫɟɬɢ ɜ ɩɪɨɝɪаɦɦɧɨɣ ɫɪɟɞɟ ȺɌɊ ȿɆɊɌ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɨɫɰɢɥɥɨɝɪаɦɦɵ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɨɞɧɨɮазɧɵɯ заɦɵкаɧɢɹɯ ɧа зɟɦɥɸ. 
Ɉɫɰɢɥɥɨɝɪаɦɦɵ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫɭɧкɟ 4. 

 

 
 

Ɋɢɫɭɧɨк 4 – Ɉɫɰɢɥɥɨɝɪаɦɦɵ ɮазɧɵɯ ɬɨкɨɜ ɜ ɨɛɦɨɬкаɯ Ɍɇ ɩɪɢ ɜɨзɧɢкɧɨɜɟɧɢɢ ɈɁɁ ɜ ɫɟɬɢ ɝɟɧɟɪаɬɨɪɧɨɝɨ 
ɧаɩɪɹɠɟɧɢɹ ɫ ɢзɨɥɢɪɨɜаɧɧɨɣ ɧɟɣɬɪаɥɶɸ [Oscillograms of phase currents in voltage transformer winding for 

single-phase line-to-ground fault in generator voltage network with isolated neutral] 
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ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟз ɧɨɥɶ ɬɨка ɩɪɨɦɵɲɥɟɧɧɨɣ ɱаɫɬɨɬɵ заɦɵкаɧɢɟ 
ɥɢкɜɢɞɢɪɨɜаɥɨɫɶ, ɢ ɜ ɨɛɦɨɬкɟ ɜɨзɧɢк ɭɫɬɨɣɱɢɜɵɣ ɮɟɪɪɨɪɟзɨɧаɧɫɧɵɣ ɩɪɨɰɟɫɫ ɫ 
аɦɩɥɢɬɭɞɨɣ ɛɪɨɫка ɬɨка 0,3 Ⱥ. 

ȼ каɱɟɫɬɜɟ ɦɟɪɵ ɥɢкɜɢɞаɰɢɢ ɨɩаɫɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɮɟɪɪɨɪɟзɨɧаɧɫɧɨɝɨ ɩɪɨɰɟɫɫа 
ɛɵɥɨ ɩɪɢɧɹɬɨ зазɟɦɥɟɧɢɟ ɧɟɣɬɪаɥɢ ɫɟɬɢ ɱɟɪɟз акɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Д11-12]. 

ȼɟɥɢɱɢɧа ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɵɥа ɩɨɞɨɛɪаɧа ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɫɨɝɥаɫɧɨ ɬаɛɥɢɰɟ 3 ɢ 
ɪɢɫɭɧкɭ 5. 

 
Ɍаɛɥɢɰа 3 – Ɂаɜɢɫɢɦɨɫɬɶ ɭɪɨɜɧɹ ɩɟɪɟɧаɩɪɹɠɟɧɢɹ ɩɪɢ ɨɞɧɨɮазɧɵɯ заɦɵкаɧɢɹɯ ɨɬ ɧɨɦɢɧаɥɶɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟзɢɫɬɨɪа ɜ ɧɟɣɬɪаɥɢ [The dependence of the level of overvoltage in single-

phase circuits of the nominal resistance of the resistor in the neutral] 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɪɟзɢɫɬɨɪа, Ɉɦ 

ȼɟɥɢɱɢɧа ɬɨка ɈɁɁ, Ⱥ ɍɪɨɜɟɧɶ 
ɩɟɪɟɧаɩɪɹɠɟɧɢɣ 

ɋɬɟɩɟɧɶ ɧаɥɢɱɢɹ 
ɮɟɪɪɪɨɪɟзɨɧаɧɫа 

10000 24,52 2,79 ɭɫɬɨɣɱɢɜɵɣ 

7500 24,56 2,74 ɭɫɬɨɣɱɢɜɵɣ 

5000 24,64 2,68 ɧɟɭɫɬɨɣɱɢɜɵɣ 

2500 25,11 2,32 ɨɬɫɭɬɫɬɜɭɟɬ 

1000 28,14 2,31 ɨɬɫɭɬɫɬɜɭɟɬ 

 

 
 

Ɋɢɫɭɧɨк 5 – Ɉɫɰɢɥɥɨɝɪаɦɦɵ ɮазɧɵɯ ɬɨкɨɜ ɜ ɨɛɦɨɬкаɯ Ɍɇ ɩɪɢ ɜɨзɧɢкɧɨɜɟɧɢɢ ɈɁɁ ɜ ɫɟɬɢ ɝɟɧɟɪаɬɨɪɧɨɝɨ 
ɧаɩɪɹɠɟɧɢɹ ɫ ɪɟзɢɫɬɢɜɧɵɦ зазɟɦɥɟɧɢɟɦ ɧɟɣɬɪаɥɢ ɱɟɪɟз ɫɨɩɪɨɬɢɜɥɟɧɢɟ 2500 Ɉɦ ДOscillograms of phase 

currents in voltage transformer winding for single-phase line-to-ground fault in generator voltage network with 

grounded through 2500 Ohm resistor neutral] 
 

ɂɫɯɨɞɹ ɢз ɩɪɢɜɟɞɟɧɧɵɯ ɨɫɰɢɥɥɨɝɪаɦɦ ɢ ɬаɛɥɢɱɧɵɯ ɞаɧɧɵɯ ɦɨɠɧɨ 
ɪɟкɨɦɟɧɞɨɜаɬɶ ɞɥɹ ɭɫɬɪаɧɟɧɢɹ ɮɟɪɪɨɪɟзɨɧаɧɫɧɵɯ ɩɪɨɰɟɫɫɨɜ зазɟɦɥɢɬɶ ɧɟɣɬɪаɥɶ ɱɟɪɟз 
ɪɟзɢɫɬɨɪ 2500 Ɉɦ. ȼɨзɧɢкɧɨɜɟɧɢɟ ɮɟɪɪɨɪɟзɨɧаɧɫа ɜ ɰɟɩɹɯ 24 кȼ ɝɟɧɟɪаɬɨɪɧɨɝɨ 
ɧаɩɪɹɠɟɧɧɢɹ ɷɧɟɪɝɨɛɥɨкɨɜ Ⱥɗɋ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɈɃ ɅɂɌȿɊȺɌɍɊɕ 
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Abstract – The network generator voltage is operated using with isolated neutral, and line-to-

ground fault is not short circuit. Ground-fault protection more often works on signal, but in some 

cases shutdown network protection occurs. Analysis of the causes of power unit shutdowns by the 

action of ground-fault protection showed that some of them were false and occurred as a result of 

the appearance of stable ferroresonance processes in the circuit. Passing of ferroresonance 

processes is possible at a certain ratio of the parameters of the electrical circuit. The paper deals 

with the boundary values of the total inductance and capacitance of the circuit, in which a stable 

ferroresonance process can occur in the circuit, the parameters of the equivalent circuit of the NPP 
power unit are calculated, the oscillograms of processes in a single-phase ground fault are 

considered, the resistor is selected for effective grounding of the neutral. 
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