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ǜǱǳȊǸǱ 
ɉɨɞɞɟɪɠɚɧɢɟ ɧɚɞɟɠɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɮɚɪɮɨɪɨɜɨɣ ɢɡɨɥɹɰɢɢ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɮɚɤɬɨɪɨɦ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɛɟɫɩɟɪɟɛɨɣɧɨɣ 

ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. ɇɟɞɨɫɬɚɬɨɱɧɨɟ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ ɜ ɩɨɫɥɟɞɧɢɟ 10–15 ɥɟɬ ɩɪɢɜɟɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɚ ɨɬɤɚɡɨɜ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɋɬɚɪɟɧɢɟ ɢ ɢɡɧɨɫ ɮɚɪɮɨɪɨɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɛɟɡ ɫɜɨɟɜɪɟɦɟɧɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 

ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɫɟɪɶɟɡɧɵɦ ɚɜɚɪɢɹɦ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ, ɬɚɤɢɟ ɤɚɤ ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɢ 

ɢɡɦɟɪɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ, ɧɟ ɜɫɟɝɞɚ ɩɨɡɜɨɥɹɸɬ ɜɵɹɜɢɬɶ ɫɤɪɵɬɵɟ ɞɟɮɟɤɬɵ, ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɚɤɬɭɚɥɶɧɵɦɢ ɫɬɚɧɨɜɹɬɫɹ ɧɟɪɚɡɪɭɲɚɸɳɢɟ ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ, ɩɨɦɨɝɚɸɳɢɟ ɨɰɟɧɢɜɚɬɶ 

ɮɭɧɤɰɢɨɧɚɥ ɢɡɨɥɹɬɨɪɨɜ ɛɟɡ ɢɯ ɞɟɦɨɧɬɚɠɚ. ɋɨɫɬɨɹɧɢɟ ɢɡɨɥɹɰɢɢ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɫɪɨɤɚ ɟɟ ɫɥɭɠɛɵ ɢ ɤɚɱɟɫɬɜɚ ɩɪɨɜɨ-
ɞɢɦɨɣ ɞɢɚɝɧɨɫɬɢɤɢ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɞɪɹɬɶ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɭɸ ɧɚɞɟɠ-
ɧɨɫɬɶ ɢɡɨɥɹɬɨɪɨɜ, ɫɭɪɨɜɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɭɫɥɨɜɢɹ ɬɪɟɛɭɸɬ ɩɪɢɦɟɧɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɢɤ ɩɪɨɜɟɪɤɢ ɨɛɨɪɭɞɨɜɚ-
ɧɢɹ. Ɉɞɢɧ ɢɡ ɬɚɤɢɯ ɦɟɬɨɞɨɜ – ɭɥɶɬɪɚɡɜɭɤɨɜɚɹ ɞɢɚɝɧɨɫɬɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɛɧɚɪɭɠɢɜɚɬɶ ɬɪɟɳɢɧɵ ɢ ɞɪɭɝɢɟ ɞɟɮɟɤɬɵ ɜ 

ɮɚɪɮɨɪɨɜɵɯ ɢɡɨɥɹɬɨɪɚɯ ɢ ɩɨɤɪɵɲɤɚɯ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ, ɚɤɭɫɬɢɱɟɫɤɢɣ ɢ ɜɢɛɪɨɚɤɭɫɬɢɱɟ-
ɫɤɢɣ ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ, ɦɟɬɨɞ ɮɭɤɫɢɧɨɜɨɣ ɩɪɨɛɵ ɢ ɬ.ɞ. Ɉɞɧɚɤɨ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɧɟ ɪɟɲɚɟɬ ɡɚɞɚɱɭ ɨɞ-
ɧɨɦɨɦɟɧɬɧɨɝɨ ɜɵɹɜɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɢɡɨɥɹɰɢɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɭɠɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɦɩɥɟɤɫɧɵɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɬ ɧɚ ɪɚɧɧɟɣ ɫɬɚɞɢɢ ɭɜɢɞɟɬɶ ɨɩɚɫɧɵɟ ɞɟɮɟɤɬɵ ɜ ɢɡɨɥɹɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɛɫɬɜɟɧɧɨ ɢɡɨɥɹɬɨɪɨɜ ɫ ɰɟ-
ɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. 
 
КǷȊȃǱǮȇǱ ǽǷǺǮǬ 
ɞɢɚɝɧɨɫɬɢɤɚ, ɮɚɪɮɨɪɨɜɵɟ ɢɡɨɥɹɬɨɪɵ, ɮɚɪɮɨɪɨɜɵɟ ɩɨɤɪɵɲɤɢ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ, ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ 
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 Abstract 
Maintaining a reliable condition of porcelain insulation is a key factor in ensuring the smooth operation of electrical installations. 

Insufficient funding in the last 10–15 years has led to an increase in the number of equipment failures in power supply systems. Ag-

ing and wear of porcelain insulators without timely diagnostics and maintenance can lead to serious accidents. Traditional control 

methods, such as visual inspection and insulation resistance measurement, do not always reveal hidden defects, especially under 

energized operating conditions. In this regard, non-destructive diagnostic methods that allow assessing the condition of insulators 

without dismantling them become relevant. The condition of the insulation directly depends on its service life and the quality of the 

diagnostics performed. Therefore, it is necessary to implement more effective methods for monitoring the condition of the insulation. 

Despite the high reliability of the insulators, severe operating conditions require the use of modern equipment testing methods. One 

of such methods is ultrasonic diagnostics, which allows detecting cracks and other defects in porcelain insulators and covers. Diag-

nostic methods such as thermal imaging control, acoustic method, vibro-acoustic, fuchsin test method and others are also used. How-

ever, the use of these methods separately does not allow to detect all types of insulation defects at once. Therefore, it is necessary to 

develop a comprehensive diagnostic method that will allow to detect dangerous defects in the insulation of equipment and the insula-

tors themselves at an early stage, which is necessary to ensure reliable operation of electrical installations. 
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ǎǮǱǰǱǹǴǱ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨ-

ɹɧɢɹ ɮɚɪɮɨɪɨɜɵɯ ɩɨɤɪɵɲɟɤ ɜɵɫɨɤɨɜɨɥɶɬɧɨ-
ɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹ-
ɬɨɪɨɜ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ, ɫɭɳɟɫɬɜɟɧɧɨ 

ɨɬɥɢɱɚɸɳɢɯɫɹ ɤɚɤ ɩɨ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɨɦɭ 

ɩɨɞɯɨɞɭ, ɬɚɤ ɢ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɢɫɩɨɥɧɟɧɢɸ. 
ɋɜɨɟɜɪɟɦɟɧɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ ɢɝɪɚɟɬ ɜɚɠɧɭɸ 

ɪɨɥɶ, ɬɚɤ ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ ɩɨ-
ɤɪɵɲɟɤ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɟɪɶɟɡɧɵɦ ɩɨɫɥɟɞ-
ɫɬɜɢɹɦ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɤɪɢɬɢɱɟ-
ɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚ-
ɧɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ 

ɬɪɚɧɫɩɨɪɬɟ ɷɬɨ ɫɩɨɫɨɛɧɨ ɧɚɪɭɲɢɬɶ ɧɨɪɦɚɥɶ-
ɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɬɹɝɨɜɨɝɨ ɷɥɟɤ-
ɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɫɧɢɡɢɬɶ ɟɟ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨ-
ɫɨɛɧɨɫɬɶ [1–6]. 

Ɍɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹ-
ɧɢɹ ɢɡɨɥɹɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ, ɧɟ 
ɜɫɟɝɞɚ ɩɨɡɜɨɥɹɸɬ ɜɵɹɜɢɬɶ ɫɤɪɵɬɵɟ ɞɟɮɟɤɬɵ, 
ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞ ɧɚɩɪɹ-
ɠɟɧɢɟɦ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɚɤɬɭɚɥɶɧɵɦɢ ɫɬɚɧɨɜɹɬɫɹ 
ɧɟɪɚɡɪɭɲɚɸɳɢɟ ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ, ɩɨɡɜɨ-
ɥɹɸɳɢɟ ɨɰɟɧɢɜɚɬɶ ɫɨɫɬɨɹɧɢɟ ɢɡɨɥɹɬɨɪɨɜ ɛɟɡ ɢɯ 
ɜɵɜɨɞɚ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɇɚɩɪɢɦɟɪ, ɜɢɛɪɨɚɤɭ-
ɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɩɪɢɦɟɧɹɟɦɵɣ ɩɨɞ ɪɚɛɨɱɢɦ 
ɧɚɩɪɹɠɟɧɢɟɦ, ɩɨɡɜɨɥɹɟɬ ɨɛɧɚɪɭɠɢɜɚɬɶ ɬɪɟɳɢ-
ɧɵ ɢ ɞɪɭɝɢɟ ɞɟɮɟɤɬɵ ɜ ɬɟɥɟ ɮɚɪɮɨɪɚ ɢ ɦɟɫɬɚɯ 
ɤɪɟɩɥɟɧɢɹ ɢɡɨɥɹɬɨɪɨɜ [7–9]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɚɜɬɨɪɨɜ ɩɨɤɚɡɚɥɢ [9–11], 

ɱɬɨ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɡɚɪɟɤɨ-
ɦɟɧɞɨɜɚɥ ɫɟɛɹ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɜɵɹɜ-
ɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɜ ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹ-
ɬɨɪɚɯ. ɗɬɨɬ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɪɟɝɢɫɬɪɚɰɢɢ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɪɚɡ-
ɜɢɬɢɢ ɬɪɟɳɢɧ ɢ ɞɪɭɝɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɦɚɬɟ-
ɪɢɚɥɟ ɢɡɨɥɹɬɨɪɚ. ȿɝɨ ɩɪɢɦɟɧɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 
ɫɜɨɟɜɪɟɦɟɧɧɨ ɨɛɧɚɪɭɠɢɜɚɬɶ ɩɨɬɟɧɰɢɚɥɶɧɨ 

ɨɩɚɫɧɵɟ ɞɟɮɟɤɬɵ ɢ ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɜɚɪɢɣɧɵɟ 
ɫɢɬɭɚɰɢɢ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɪɭɲɟɧɢɟ ɮɚɪɮɨ-
ɪɨɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɟ ɬɨɥɶ-
ɤɨ ɢɡ-ɡɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ, ɧɨ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɡ-
ɞɟɣɫɬɜɢɣ. Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵ-
ɜɚɸɬ, ɱɬɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɜɪɟɠɞɟɧɢɹ, ɬɚɤɢɟ 
ɤɚɤ ɭɞɚɪɵ ɢɥɢ ɜɢɛɪɚɰɢɢ, ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ 
ɬɪɟɳɢɧɚɦ ɢ ɩɨɫɥɟɞɭɸɳɟɦɭ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ 
ɢɡɨɥɹɬɨɪɨɜ [10–14]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɹɟɦɵɟ ɦɟɬɨɞɵ ɞɢɚ-
ɝɧɨɫɬɢɤɢ ɢɡɨɥɹɰɢɢ ɩɨɡɜɨɥɹɸɬ ɜɵɹɜɢɬɶ ɨɬɞɟɥɶ-
ɧɵɟ ɜɢɞɵ ɞɟɮɟɤɬɨɜ ɮɚɪɮɨɪɨɜɵɯ ɩɨɤɪɵɲɟɤ ɢ 
ɢɡɨɥɹɬɨɪɨɜ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚ-
ɛɨɬɤɚ ɤɨɦɩɥɟɤɫɧɨɣ ɦɟɬɨɞɢɤɢ ɞɢɚɝɧɨɫɬɢɤɢ 
ɮɚɪɮɨɪɨɜɨɣ ɢɡɨɥɹɰɢɢ ɞɥɹ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɨɛ-
ɧɚɪɭɠɟɧɢɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɜɢɞɨɜ ɞɟɮɟɤɬɨɜ ɢ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɬɤɚɡɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɮɚɪ-
ɮɨɪɨɜɵɦɢ ɩɨɤɪɵɲɤɚɦɢ ɢ ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɯ 
ɢɡɨɥɹɬɨɪɨɜ. 
 
ǛǺǽǾǬǹǺǮǶǬ ǳǬǰǬȃǴ ǴǽǽǷǱǰǺǮǬǹǴȋ 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɡɪɚɛɨɬɤɢ ɨɫɧɨɜɧɵɯ ɩɨ-
ɥɨɠɟɧɢɣ ɤɨɦɩɥɟɤɫɧɨɣ ɦɟɬɨɞɢɤɢ ɞɢɚɝɧɨɫɬɢɤɢ 

ɢɡɨɥɹɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɨɬɤɚɡɨɜ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɮɚɪɮɨɪɨɜɵɦɢ ɩɨɤɪɵɲɤɚɦɢ ɢ 

ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɡɚ ɩɨɫɥɟɞɧɢɟ 

ɝɨɞɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɵɹɜɢɬɶ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɜɢɞɵ ɞɟɮɟɤɬɨɜ, ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ 

ɩɪɢɱɢɧɚɦɢ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ. 
Ⱥɜɬɨɪɚɦɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɨɛɪɚɧɚ ɫɬɚɬɢ-

ɫɬɢɤɚ ɩɨ ɨɬɤɚɡɚɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɮɚɪɮɨɪɨɜɵ-
ɦɢ ɩɨɤɪɵɲɤɚɦɢ ɢ ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹ-
ɬɨɪɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚ ɨɞɧɨɣ ɢɡ ɪɨɫɫɢɣɫɤɢɯ 

ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, ɡɚ ɩɟɪɢɨɞ ɫ 1996 ɝ. ɩɨ 2024 ɝ. 
(ɬɚɛɥ. 1). Ⱦɥɹ ɧɚɢɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɩɪɟɞ-
ɫɬɚɜɢɦ ɞɚɧɧɵɟ ɩɨ ɨɬɤɚɡɚɦ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ 
ɉɚɪɟɬɨ (ɪɢɫ. 1). 
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Ɍɚɛɥɢɰɚ 1. Ɉɬɤɚɡɵ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɮɚɪɮɨɪɨɜɨɣ ɢɡɨɥɹɰɢɢ 

Table 1. Failures of various types of porcelain insulation 

Ƚɨɞ 

Year 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ, ɤȼ 

Name of distribution 

device, kV 

ȼɢɞɵ ɨɬɤɚɡɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɡɨɥɹɬɨɪɨɜ 

Types of equipment and insulator failures 

1996 
27,5 

Ɋɚɡɪɭɲɟɧɢɟ ɧɢɠɧɟɝɨ ɢɡɨɥɹɬɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ ȼȼɎ-27,5 

Destruction of the lower insulator of the VVF-27,5 switch 

1998 
35 

ȼɡɪɵɜ ɜɜɨɞɚ Ɇȼ-35 

Explosion of the MV-35 bushing 

2005 
220 

ɉɪɨɛɨɣ ɢɡɨɥɹɰɢɢ ɜɜɨɞɚ ȼɆɌ-220 ɤȼ 

Breakdown of the insulation of the VMT-220 kV bushing 

110 
ɉɨɜɪɟɠɞɟɧɢɟ ɮɚɪɮɨɪɨɜɨɣ ɩɨɤɪɵɲɤɢ ȼɆɌ-110 

Damage to the porcelain cover of the VMT-110 

27,5 
ɉɨɥɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɌɎɁɆ-35Ⱥ 

Complete destruction of the TFZM-35A 

2006 
27,5 

ɉɨɜɪɟɠɞɟɧɢɟ ɜɜɨɞɚ ɜɵɤɥɸɱɚɬɟɥɹ ȼȼɍ-27,5 

Damage to the bushing of the VVU-27.5 switch 

2007 
10 

ɉɨɜɪɟɠɞɟɧɢɟ ɜɜɨɞɚ ȼɆ-10 Ɍ-1 ɮɚɡɵ «Ⱥ» 

Damage to the VM-10 T-1 bushing of phase «A» 

27,5 
ɂɡɥɨɦ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɒɊ 1 ɫ.ɲ. ɮɚɡɵ «ɋ» 

Fracture of the support insulator of the ShR 1 s.sh. phase «C» 

110 
ɉɨɜɪɟɠɞɟɧɢɟ ɜɜɨɞɚ 110 ɤȼ ȼ-110 Ɍ-4.  

Damage to the 110 kV input V-110 T-4 

10 
ɉɟɪɟɤɪɵɬɢɟ ɩɪɨɯɨɞɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɂɉ-10 ɜɜɨɞɚ ȼɆ-10 Ɍ-1 ɮɚɡɵ «Ⱥ» 

Flashover of the IP-10 feedthrough insulator of the VM-10 T-1 input of phase «A» 

27,5 
ɂɡɥɨɦ ɧɢɠɧɟɝɨ ɢɡɨɥɹɬɨɪɚ ɊɇȾɁ-27,5 

Fracture of the lower insulator RNDZ-27,5 

110 
ɉɨɜɪɟɠɞɟɧɢɟ ɜɜɨɞɚ 110 ɤȼ ɜɵɤɥɸɱɚɬɟɥɹ ȼ-110 Ɍ-4 

Damage to the 110 kV input V-110 T-4 

27,5 
ɂɡɥɨɦ ɧɢɠɧɟɝɨ ɢɡɨɥɹɬɨɪɚ ɊɇȾɁ-27,5 

Fracture of the lower insulator RNDZ-27,5 

27,5 
ɂɡɥɨɦ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɒɊ 1 ɫ.ɲ. ɮɚɡɵ «ɋ» 

Fracture of the support insulator SR 1 N.l. phase «C» 

2008 
110 

ɉɨɜɪɟɠɞɟɧɢɟ ɤɨɥɨɧɤɢ ɢɡɨɥɹɬɨɪɚ Ɋɋ-110. 

Damage to the column of the insulator RS-110 

2009 
27,5 

ɉɨɜɪɟɠɞɟɧɢɟ Ɇȼ ɮɢɞɟɪɚ № 1 

Damage to the MV feeder No 1 

2010 
27,5 

Ʉɪɭɝɨɜɚɹ ɬɪɟɳɢɧɚ ɮɚɪɮɨɪɨɜɨɣ ɩɨɤɪɵɲɤɢ ȼɆɍɗ-27,5 

Circular crack of the porcelain cover VMUE-27,5 

2011 
35 

ɉɨɜɪɟɠɞɟɧɢɟ Ɍɇ ɁɇɈɆ-35-54 

Damage to the VT ZNOM-35-54 

220 

Ɋɚɡɪɭɲɟɧɢɟ ɜɟɪɯɧɟɣ ɪɭɛɚɲɤɢ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɜɜɨɞɚ ɋȼ-220 

ɮɚɡɵ «ɋ» ɜ ɫɬ. 1 ɫ.ɲ. 
Destruction of the upper jacket of the high-voltage bushing SV-220 

phase «C» in st. 1 N.l. 

220 
Ɋɚɡɪɭɲɟɧɢɟ ɜɟɪɯɧɟɣ ɪɭɛɚɲɤɢ ɜɜɨɞɚ ɋȼ-220 ɮɚɡɵ «ɋ» 

Destruction of the upper jacket of the SV-220 phase «C» bushing 

2012 
110 

Ɋɚɡɪɭɲɟɧɢɟ ɜɜɨɞɨɜ ɮɚɡɵ «ɋ» ɆɄɉ-110 

Destruction of the phase «C» bushings MKP-110 

2014 
27,5 

Ʉɪɭɝɨɜɚɹ ɬɪɟɳɢɧɚ ɮɚɪɮɨɪɨɜɨɣ ɩɨɤɪɵɲɤɢ ȼȻɇ-27,5 

Circular crack of the porcelain cover VBN-27,5 

110 
Ɉɬɤɥɸɱɟɧɢɟ Ɇȼ-110 ɤȼ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɪɭɲɟɧɢɹ ɜɜɨɞɚ 

Disconnection of MV-110 kV due to bushing destruction 

110 ɂɡɥɨɦ ɢɡɨɥɹɬɨɪɚ ɬɢɩɚ ɂɈɋ-400 
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Fracture of the IOS-400 type insulator 

2015 
27,5 

Ɋɚɡɝɟɪɦɟɬɢɡɚɰɢɹ ɤɚɦɟɪɵ ɢ ɪɚɡɪɭɲɟɧɢɟ ɮɚɪɮɨɪɚ ȼȼɍ-27,5 

Depressurization of the chamber and destruction of the porcelain VVU-27,5 

27,5 
ɉɨɜɪɟɠɞɟɧɢɟ ɮɚɪɮɨɪɨɜɨɣ ɢɡɨɥɹɰɢɢ ɌɌ 27,5 ɤȼ 

Damage to the porcelain insulation of the 27,5 kV CT 

27,5 
ɂɡɥɨɦ ɤɨɥɨɧɤɢ ɢɡɨɥɹɬɨɪɚ ɒɊ-2ɎɄɋ 

Fracture of the column of the ShR-2FKS insulator 

110 
ɂɡɥɨɦ ɨɝɨɥɨɜɧɢɤɚ ɮɚɡɵ «Ⱥ» ɜ ɫɬɨɪɨɧɭ ȼɅ 

Fracture of the phase «A» head towards the overhead line 

2016 
27,5 

ɉɨɜɪɟɠɞɟɧɢɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɜɜɨɞɚ ɜɵɤɥɸɱɚɬɟɥɹ ȼȻɗɌ-27,5 

Damage to the high-voltage bushing of the VBET-27.5 circuit breaker 

27,5 
Ɋɚɡɪɭɲɟɧɢɟ ɮɚɪɮɨɪɨɜɨɣ ɢɡɨɥɹɰɢɢ Ɉɉɇ-27,5-2Ɍɇ ɠɟɥɬɨɣ ɮɚɡɵ 

Destruction of the porcelain insulation of the OPN-27,5-2TN yellow phase 

110 
ɂɡɥɨɦ ɤɨɥɨɧɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 110 ɤȼ 

Fracture of 110 kV disconnector column 

27,5 

ɂɡɥɨɦ ɤɨɥɨɧɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɒɊ-1-27, ɩɨɜɥɟɤɲɟɟ ɩɨɜɪɟɠɞɟɧɢɟ 

ɹɱɟɣɤɢ Ɋɍ-27,5 

Fracture of SR-1-27 disconnector column, resulting in damage to RU-27,5 cell 

110 
Ʌɨɩɧɭɥɚ ɪɭɛɚɲɤɚ ɢɡɨɥɹɰɢɢ ɩɨɥɸɫɚ ȼɆɌ-110 2Ɍ 

Insulation jacket of VMT-110 2T pole burst 

220 
Ɋɚɡɪɭɲɟɧɢɟ Ɉɉɇ-220 1Ɍ «ɋ» 

Destruction of OPN-220 1T «C» 

35 
ɂɡɥɨɦ ɤɨɥɨɧɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 2 Ɋɉ 

Fracture of 2 RP disconnector column 

2017 
27,5 

ɉɨɜɪɟɠɞɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ȼɄɍ-27,5 

Damage to VKU-27,5 circuit breaker 

110 
ɂɡɥɨɦ ɤɨɥɨɧɤɢ ɢɡɨɥɹɬɨɪɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɅɊ-110 

Fracture of LR-110 disconnector insulator column 

110 
ɂɡɥɨɦ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɅɊ-110 

Fracture of LR-110 support insulator  

35 
ɂɡɥɨɦ ɩɨ ɜɟɪɯɧɟɦɭ ɮɥɚɧɰɭ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɂɈɋ-35-500 ɦ/ɪ ɒɋ-4 

Fracture along the upper flange of the IOS-35-500 support insulator m/r SHS-4 

2018 
110 

ɂɡɥɨɦ ɤɨɥɨɧɤɢ ɢɡɨɥɹɬɨɪɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɅɊ-110 

Fracture of LR-110 disconnector insulator column 

10 
Ɋɚɡɪɭɲɟɧɢɟ ɢɡɨɥɹɬɨɪɚ ɫɪɟɞɧɟɣ ɮɚɡɵ ɌɊ-10 2Ɍ 

Destruction of the middle phase insulator TR-10 2T 

35 
Ɋɚɡɪɭɲɟɧɢɟ ɢɡɨɥɹɬɨɪɚ ɎɋɎ-70 

Failure of FSF-70 insulator  

2019 
10 

Ɋɚɡɪɭɲɟɧɢɟ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɜɜɨɞɚ 10 ɤȼ 2Ɍ 

Failure of 10 kV input support insulator 2T 

220 
ɂɡɥɨɦ ɜɟɪɯɧɟɣ ɤɨɥɨɧɤɢ ɢɡɨɥɹɬɨɪɚ ɮɚɡɵ «ɋ» Ɋɉ-1-220 

Fracture of upper column of phase «C» insulator RP-1-220 

220 
ɉɨɜɪɟɠɞɟɧɢɟ ɤɨɥɨɧɤɢ ɢɡɨɥɹɬɨɪɚ ɒɊ-1-220 2Ɍ 

Damage to column of insulator ɒɊ-1-220 2T 

2019 
10 

Ɋɚɡɪɭɲɟɧɢɟ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɧɚ ɜɜɨɞɟ 10 ɤȼ 2Ɍ 

Failure of support insulator at 10 kV input 2T 

10 
ɉɟɪɟɤɪɵɬɢɟ ɢɡɨɥɹɰɢɢ ȼ-10 

Flashover of insulation V-10 

110 
ɂɡɥɨɦ ɢɡɨɥɹɬɨɪɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɅɊ-110 

Fracture of disconnector insulator LR-110 

220 
Ɋɚɡɪɭɲɟɧɢɟ ɮɚɡɵ «Ⱥ» ȼɆɌ-220 

Failure of phase «A» VMT-220 

35 
ɉɟɪɟɤɪɵɬɢɟ ɢɡɨɥɹɰɢɢ ɌɌ 35 ɤȼ 

Flashover of 35 kV TT insulation 

110 
ɌɎɁɆȻ-110 300/5 

TFZMB-110 300/5 
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2020 
10 

ɉɨɜɪɟɠɞɟɧɢɟ ɜɟɪɯɧɟɝɨ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ Ɋɋ-11 

Damage to upper support insulator RS-11 

110 
Ɍɪɟɳɢɧɚ ɜ ɧɢɠɧɟɣ ɪɭɛɚɲɤɟ ɮɚɡɵ ɋ ȼɆɌ-110 

Crack in lower jacket of phase C VMT-110 

27,5 
Ɋɚɡɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ Ɍɇ-35 

Insulation failure TN-35 

110 
ɉɨɜɪɟɠɞɟɧɢɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɜɜɨɞɚ ɜɵɤɥɸɱɚɬɟɥɹ ɆɄɉ-110 

Damage to high-voltage input of circuit breaker MKP-110 

2021 
110 

ɂɡɥɨɦ ɢɡɨɥɹɬɨɪɚ ɒɊ-110 

Insulator failure ShR-110 

110 
ɉɨɜɪɟɠɞɟɧɢɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɜɜɨɞɚ ɆɄɉ-110 

Damage to high-voltage input MKP-110 

110 
Ɋɚɡɪɭɲɟɧɢɟ ɧɟɫɭɳɟɣ ɱɚɫɬɢ ɢɡɨɥɹɬɨɪɚ ɈȾ-110 2Ɍ 

Destruction of supporting part of insulator OD-110 2T 

2×27,5 
ɂɡɥɨɦ ɢɡɨɥɹɬɨɪɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɅɊ ɎɌɋ-3 

Insulator failure of disconnector LR FTS-3 

10 
ɉɨɜɪɟɠɞɟɧɢɟ ɩɪɨɯɨɞɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɜ ɹɱɟɣɤɟ ȼ-10 

Damage to bushing insulator in cell B-10 

2022 

110 

ɂɡɥɨɦ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɬɢɩɚ Ɉɇɋ-110/600 

ɧɚ ɪɚɡɴɟɞɢɧɢɬɟɥɟ Ɋɉ-1-220 ɮɚɡɵ «Ⱥ» 

Fracture of support insulator type ONS-110/600 on disconnector RP-1-220 phase «A» 

35 
ɉɨɜɪɟɠɞɟɧɢɟ ȼȻɉɋ-35 ɩɨ ɩɪɢɱɢɧɟ ɩɟɪɟɤɪɵɬɢɹ ɩɨɥɸɫɚ 

Damage to VBPS-35 due to pole overlap 

2023 
35 

ɂɡɥɨɦ ɭ ɧɢɠɧɟɝɨ ɮɥɚɧɰɚ ɢɡɨɥɹɬɨɪɚ Ɉɇɋ-35/500 

Fracture at lower flange of insulator ONS-35/500 

2024 
110 

ɉɨɜɪɟɠɞɟɧɢɟ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ Ɉɇɋ-110/600 

Damage to the support insulator ONS-110/600 

220 
Ɋɚɡɪɭɲɟɧɢɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɜɜɨɞɚ ɮɚɡɵ «Ⱥ» ȼ-220 

Destruction of the high-voltage input of phase «A» B-220 

10 
ɂɡɥɨɦ ɤɨɥɨɧɤɢ ɢɡɨɥɹɬɨɪɚ Ɋɋ-11 ɮɚɡɵ «Ⱥ» 

Fracture of the column of the insulator RS-11 of phase «A» 

27,5 
ɋɤɨɥ ɨɝɨɥɨɜɧɢɤɚ ɢɡɨɥɹɬɨɪɚ ɨɛɯɨɞɧɨɝɨ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɈɊ-40 

Chipping of the head of the insulator of the bypass disconnector OR-40 

27,5 
ɋɤɨɥ ɨɝɨɥɨɜɧɢɤɚ ɢɡɨɥɹɬɨɪɚ ɨɛɯɨɞɧɨɝɨ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɈɊ-39 

Chipping of the head of the insulator of the bypass disconnector OR-39 

110 
Ɍɪɟɳɢɧɚ ɭ ɨɫɧɨɜɚɧɢɹ ɨɩɨɪɧɨɝɨ ɢɡɨɥɹɬɨɪɚ ɮɚɡɵ «ȼ» ɅɊ-110 

Crack at the base of the support insulator of phase «B» LR-110 

110 
ɂɡɥɨɦ ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɨɝɨ ɢɡɨɥɹɬɨɪɚ ɂɈɋ-110-400 

Fracture of the support-rod insulator IOS-110-400 

110 
Ɍɟɱɶ ɦɚɫɥɚ ɩɨ ɧɢɠɧɟɦɭ ɮɥɚɧɰɭ ɢɡɨɥɹɬɨɪɚ ɩɨɥɸɫɚ ɮɚɡɵ «Ⱥ» ɋȼ-110 

Oil leak along the lower flange of the pole insulator of phase «A» SV-110 

 

 
Ɋɢɫ. 1. Ⱥɧɚɥɢɡ ɨɬɤɚɡɨɜ ɮɚɪɮɨɪɨɜɨɣ ɢɡɨɥɹɰɢɢ 

Fig. 1. Analyses of porcelain insulation failures 
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Ⱦɢɚɝɪɚɦɦɚ (ɫɦ. ɪɢɫ. 1) ɹɜɧɵɦ ɨɛɪɚɡɨɦ 
ɞɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɨɬɤɚɡɨɜ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɮɚɪɮɨɪɨɜɵɦɢ ɩɨɤɪɵɲɤɚɦɢ ɢ 
ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɫɬɚɪɟ-
ɧɢɟ ɢɡɨɥɹɰɢɢ, ɬɚɤ ɤɚɤ ɧɚ ɞɟɝɪɚɞɚɰɢɨɧɧɵɟ ɨɬɤɚ-
ɡɵ ɩɪɢɯɨɞɢɬɫɹ 87,9 % ɨɬɤɚɡɨɜ ɨɬ ɢɯ ɨɛɳɟɝɨ 

ɱɢɫɥɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɪɟɞɨɬ-
ɜɪɚɳɟɧɢɹ ɫɟɪɶɟɡɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɬɚɤɢɯ ɨɬɤɚɡɨɜ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɫɜɨɟɜɪɟɦɟɧɧɭɸ ɤɚɱɟɫɬɜɟɧɧɭɸ 
ɞɢɚɝɧɨɫɬɢɤɭ ɮɚɪɮɨɪɨɜɨɣ ɢɡɨɥɹɰɢɢ. ɉɪɢ ɷɬɨɦ ɫ 

ɰɟɥɶɸ ɨɛɧɚɪɭɠɟɧɢɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɜɢɞɨɜ ɞɟ-
ɮɟɤɬɨɜ ɧɭɠɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɦɟɬɨ-
ɞɢɤɭ ɞɢɚɝɧɨɫɬɢɤɢ ɧɚ ɛɚɡɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜ-
ɧɵɯ ɟɟ ɦɟɬɨɞɨɜ. 

 
ǝǼǬǮǹǴǾǱǷȈǹȇǵ ǬǹǬǷǴǳ ǸǱǾǺǰǺǮ ǰǴǬǯǹǺǽǾǴǶǴ 

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 
ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɜɵɩɨɥɧɟɧɨ ɢɯ ɫɪɚɜɧɟɧɢɟ 
ɩɨ ɪɹɞɭ ɤɪɢɬɟɪɢɟɜ (ɬɚɛɥ. 2). 

 
Ɍɚɛɥɢɰɚ 2. ɋɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ 

Table 2. Comparison of diagnostic methods 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɦɟ-
ɬɨɞɚ 

Name of the method 

ɋɭɬɶ ɦɟɬɨɞɚ  

(ɤɪɚɬɤɨ) 

The essence of the 

method  

(briefly) 

ȼɢɞ ɜɵɹɜɥɹɟɦɨɝɨ 

ɞɟɮɟɤɬɚ 

Type of defect 

detected 

Ⱦɨɫɬɨɢɧɫɬɜɚ 

Advantages 

ɇɟɞɨɫɬɚɬɤɢ 

Disadvantages 

ȼɢɡɭɚɥɶɧɵɣ ɤɨɧ-
ɬɪɨɥɶ 

Visual inspection 

ȼɢɡɭɚɥɶɧɵɣ 
ɨɫɦɨɬɪ ɩɨɤɪɵɲɟɤ 
(ɢɡɨɥɹɬɨɪɨɜ) ɧɚ 
ɧɚɥɢɱɢɟ ɜɢɞɢɦɵɯ 
ɩɨɜɪɟɠɞɟɧɢɣ 

Visual inspection of 

tires (insulators) for 

visible damage 

ɇɚɪɭɠɧɵɟ ɬɪɟɳɢɧɵ 

External cracks 

Ɇɟɬɨɞ ɧɚɢɦɟɧɟɟ 
ɡɚɬɪɚɬɧɵɣ, ɛɨɥɟɟ 
ɥɟɝɤɢɣ ɜ ɭɫɜɨɟɧɢɢ 
ɢ ɩɪɢɦɟɧɟɧɢɢ 

The method is the 

least expensive, easi-

er to learn and apply 

Ȼɨɥɶɲɨɟ ɜɥɢɹɧɢɟ 
ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤ-
ɬɨɪɚ, ɧɟɜɨɡɦɨɠ-
ɧɨɫɬɶ ɜɵɹɜɥɟɧɢɹ 
ɜɧɭɬɪɟɧɧɢɯ 

ɞɟɮɟɤɬɨɜ 

Large influence of 

the human factor, the 

inability to detect 

internal defects 

ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɧɟɪɚɡɪɭɲɚɸɳɢɣ 
ɤɨɧɬɪɨɥɶ (ɩɪɢɛɨɪ 
ɍȾɋ2ȼɎ- 

ɐɂȼɈɆ-ɗɉ) 
Ultrasonic non-

destructive testing 

(device UDS2VF-

TSIVOM-EP) 

ȼɵɹɜɥɟɧɢɟ ɫɤɨɥɨɜ 
ɢ ɬɪɟɳɢɧ ɜ ɩɨɥɨ-
ɫɬɢ ɢɡɨɥɹɬɨɪɚ ɫ 
ɩɨɦɨɳɶɸ ɭɥɶɬɪɚ-
ɡɜɭɤɨɜɵɯ ɜɨɥɧ, 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɱɟ-
ɪɟɡ ɦɚɬɟɪɢɚɥ, ɪɟ-
ɝɢɫɬɪɢɪɭɟɦɵɯ ɢ 
ɚɧɚɥɢɡɢɪɭɟɦɵɯ 
ɞɥɹ ɜɵɹɜɥɟɧɢɹ 
ɞɟɮɟɤɬɨɜ 

Detection of chips 

and cracks in the 

insulator cavity 

using ultrasonic 

waves directed 

through the materi-

al, recorded and 

analyzed to detect 

defects 

ȼɵɹɜɥɟɧɢɟ ɤɚɤ 
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɣ 
ɩɨɪɢɫɬɨɫɬɢ ɮɚɪɮɨ-
ɪɚ, ɬɚɤ ɢ ɦɚɤɪɨɫɤɨ-
ɩɢɱɟɫɤɢɯ ɞɟɮɟɤɬɨɜ 
«ɨɩɚɫɧɵɯ» ɫɟɱɟɧɢɣ 

Detection of both 

microscopic porosity 

of porcelain and 

macroscopic defects 

of «dangerous» 

cross-sections 

Ɇɟɬɨɞ ɷɮɮɟɤɬɢɜɟɧ, 
ɩɨɡɜɨɥɹɟɬ ɧɚ 
ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ 
ɜɵɹɜɢɬɶ ɫɤɪɵɬɵɟ 
ɞɟɮɟɤɬɵ, ɱɬɨ ɦɨ-
ɠɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ 
ɫɟɪɶɟɡɧɵɟ ɚɜɚɪɢɢ 
ɧɚ ɷɧɟɪɝɨɨɛɴɟɤɬɟ 

The method is effec-

tive, it allows you to 

identify hidden de-

fects at the initial 

stage, which can 

prevent serious ac-

cidents at the power 

facility 

ɇɟ ɪɚɫɫɱɢɬɚɧ ɧɚ 
ɜɵɹɜɥɟɧɢɟ ɨɤɨɥɨ-

ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ 
ɞɟɮɟɤɬɨɜ ɢ ɭɫɬɚ-
ɥɨɫɬɧɵɯ ɞɟɮɟɤɬɨɜ 

Is not designed to 

detect about-surface 

macroscopic defects 

and fatigue defects 

Ⱥɤɭɫɬɢɱɟɫɤɚɹ ɷɦɢɫ-
ɫɢɹ (ɩɪɢɛɨɪ 

ɉȺɄ-3Ɇ) 
Acoustic emission 

(PAK-3M device) 

Ɉɫɧɨɜɚɧ ɧɚ ɪɟɝɢ-
ɫɬɪɚɰɢɢ ɧɚɪɭɲɟ-
ɧɢɹ ɬɚɤ ɧɚɡɵɜɚɟ-
ɦɨɝɨ «ɷɮɮɟɤɬɚ 
Ʉɚɣɡɟɪɚ» ɩɪɢ ɩɨ-
ɜɬɨɪɧɨɦ ɧɚɝɪɭɠɟ-
ɧɢɢ ɞɟɮɟɤɬɧɨɝɨ 
ɢɡɨɥɹɬɨɪɚ [7] 

ɍɫɬɚɥɨɫɬɧɵɟ ɩɨ-
ɜɪɟɠɞɟɧɢɹ 

ɜ ɢɡɨɥɹɬɨɪɚɯ 

Fatigue damage in 

insulators 

ȼɵɫɨɤɚɹ ɫɬɟɩɟɧɶ 
ɜɵɹɜɥɟɧɢɹ ɞɟɮɟɤ-
ɬɨɜ, ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɬɚ-
ɬɨɱɧɨɣ ɧɟɫɭɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

High degree of de-

tection of defects, the 

Ɍɪɟɛɭɟɬ ɜɪɟɦɟɧɢ ɢ 
ɬɪɭɞɨɟɦɨɤ, ɜɨɡɦɨɠ-
ɧɨ ɭɯɭɞɲɟɧɢɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ 

Requires time and 

labor, and the char-

acteristics may dete-

riorate 
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It is based on re-

cording violations 

of the so-called 

«Kaiser effect» dur-

ing repeated loading 

of a defective insu-

lator [7] 

ability to determine 

the residual load-

bearing capacity 

Ɇɟɬɨɞ ɮɭɤɫɢɧɨɜɨɣ 
ɩɪɨɛɵ (ɩɪɢɛɨɪ 
ɐȼȾ-250-3) 

Fuchsin test method 

(CVD-250-3 device) 

Ɇɟɬɨɞ ɮɭɤɫɢɧɨɜɨɣ 
ɩɪɨɛɵ ɩɨɞ ɞɚɜɥɟ-
ɧɢɟɦ (ɎɉȾ) ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɧɚ ɨɛ-
ɪɚɡɰɚɯ, ɨɬɨɛɪɚɧ-
ɧɵɯ ɢɡ ɪɚɡɪɭɲɟɧ-
ɧɵɯ ɢɡɨɥɹɬɨɪɨɜ 

The fuchsin pres-

sure test method is 

used on samples 

taken from de-

stroyed insulators 

ȼɧɭɬɪɟɧɧɢɟ ɩɨɜɪɟ-
ɠɞɟɧɢɹ ɩɨɥɨɫɬɢ 
ɩɨɤɪɵɲɟɤ 

ɢ ɢɡɨɥɹɬɨɪɨɜ 

Internal damage to 

the cavity of tires 

and insulators 

ȼɨɡɦɨɠɧɨɫɬɶ ɜɵ-
ɹɜɥɟɧɢɹ ɩɪɢɱɢɧɵ 

ɪɚɡɪɭɲɟɧɢɹ 

ɢɡɨɥɹɬɨɪɚ 

The ability to identi-

fy the cause of insu-

lator failure 

ɉɨɥɧɵɣ ɪɚɡɛɨɪ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɟ-
ɛɭɟɬ ɜɪɟɦɟɧɢ, ɧɟ-
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨ-
ɜɟɪɤɢ ɩɨɤɪɵɲɟɤ ɢ 
ɢɡɨɥɹɬɨɪɨɜ, ɧɚɯɨ-
ɞɹɳɢɯɫɹ ɜ ɪɚɛɨɬɟ 

Complete analysis of 

equipment, requires 

time, the inability to 

check tires and insu-

lators that are in op-

eration 

ȼɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɣ 
ɦɟɬɨɞ (ɦɟɬɨɞ ɜɵ-
ɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚ-
ɧɢɣ) (ɩɪɢɛɨɪ 

ɆɂɄ-1) 

Vibroacoustic meth-

od (forced vibration 

method) (MIK-1 

device) 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɨɰɟɧɤɟ ɫɩɟɤɬɪɚɥɶ-
ɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɦɨɳɧɨɫɬɢ (ɋɉɆ) 
ɪɟɚɤɰɢɢ ɢɡɨɥɹɬɨɪɚ 
ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ 
ɫɥɭɱɚɣɧɨɣ ɜɢɛɪɚ-
ɰɢɢ ɫ ɩɥɨɫɤɢɦ 
ɫɩɟɤɬɪɨɦ 

It is determined by 

evaluating the pow-

er spectral density 

of the insulator re-

sponse to random 

vibration with a flat 

spectrum 

Ɉɫɬɚɬɨɱɧɚɹ ɧɟɫɭ-
ɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

Residual load-

bearing capacity 

ɇɟ ɬɪɟɛɭɟɬ ɦɧɨɝɨ 
ɜɪɟɦɟɧɢ, ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɞɢɚɝɧɨɫɬɢ-
ɪɨɜɚɧɢɹ ɩɨɞ 
ɧɚɩɪɹɠɟɧɢɟɦ 

Does not require 

much time, the abil-

ity to diagnose un-

der voltage 

ɇɟɨɛɯɨɞɢɦɨ ɨɛɭɱɟ-
ɧɢɟ ɩɟɪɫɨɧɚɥɚ ɞɥɹ 
ɤɨɪɪɟɤɬɧɨɣ ɢɧɬɟɪ-
ɩɪɟɬɚɰɢɢ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Personnel training is 

required for correct 

interpretation of the 

study results 

Ɍɟɩɥɨɜɢɡɢɨɧɧɵɣ 
ɦɟɬɨɞ (ɩɪɢɛɨɪ 

Prism DS) 

Thermal imaging 

method (Prism de-

vice DS) 

ȼɵɹɜɥɟɧɢɟ ɞɟɮɟɤ-
ɬɨɜ ɜɵɫɨɤɨɜɨɥɶɬ-
ɧɨɝɨ ɨɛɨɪɭɞɨɜɚ-
ɧɢɟ, ɜɵɡɵɜɚɸɳɢɯ 
ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɞɟɮɟɤɬɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɢɡɦɟ-
ɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨ-
ɫɬɢ ɢɧɮɪɚɤɪɚɫɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ 

Detection of defects 

in high-voltage 

equipment that 

cause changes in the 

temperature of de-

fective elements 

and, as a result, 

changes in the in-

tensity of infrared 

radiation 

Ʉɨɪɨɧɚɪɧɵɟ ɪɚɡɪɹ-
ɞɵ, ɩɪɨɛɨɣ ɜɧɭɬ-
ɪɟɧɧɟɣ ɩɨɥɨɫɬɢ 
ɩɨɤɪɵɲɤɢ 

Coronary discharges, 

breakdown of the 

inner cavity of the 

tire 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɧɟ 
ɧɭɠɧɨ ɜɵɜɨɞɢɬɶ ɜ 
ɪɟɦɨɧɬ ɢ ɨɛɟɫɬɨɱɢ-
ɜɚɬɶ. ȼɵɹɜɥɹɟɬ ɤɚɤ 
ɧɚɪɭɠɧɵɟ, ɬɚɤ ɢ 
ɜɧɭɬɪɟɧɧɢɟ ɞɟɮɟɤɬɵ 

Equipment does not 

need to be taken out 

for repair and deen-

ergized. It detects 

both external and 

internal defects 

ɂɫɩɨɥɶɡɨɜɚɬɶ ɦɨɠ-
ɧɨ ɬɨɥɶɤɨ ɜ ɜɟɱɟɪ-
ɧɟɟ ɢ ɧɨɱɧɨɟ ɜɪɟɦɹ. 
ɂɧɮɨɪɦɚɰɢɸ ɨɛ 
ɨɫɬɚɬɨɱɧɨɣ ɧɟɫɭ-
ɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɢɡɨɥɹɬɨɪɚ ɧɟ ɞɚɟɬ 

Can only be used in 

the evening and at 

night. Information 

about the residual 

load-bearing capaci-

ty of the insulator is 

not provided 
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ȼɢɡɭɚɥɶɧɨ-

ɚɤɭɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ 
(ɜɢɡɭɚɥɶɧɨ-

ɚɤɭɫɬɢɱɟɫɤɢɣ ɞɟ-
ɮɟɤɬɨɫɤɨɩ NL-

ɤɚɦɟɪɚ) 
Visual-acoustic method 

(visual-acoustic flaw 

detector NL-camera) 

ȼɵɹɜɥɟɧɢɟ ɧɚɪɭɠ-
ɧɵɯ ɢ ɜɧɭɬɪɟɧɧɢɯ 
ɤɨɪɨɧɚɪɧɵɯ ɪɚɡ-
ɪɹɞɨɜ ɡɚ ɫɱɟɬ 
ɧɚɩɪɚɜɥɟɧɧɵɯ 
ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ 
ɦɢɤɪɨɮɨɧɨɜ [8] 
Detection of external 

and internal coronary 

discharges using di-

rectional ultrasound 

microphones [8] 

ɇɚɪɭɠɧɵɟ ɢ ɜɧɭɬ-
ɪɟɧɧɢɟ ɤɨɪɨɧɚɪɧɵɟ 

ɪɚɡɪɹɞɵ 

External and internal 

coronary discharges 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɧɟ 
ɧɭɠɧɨ ɜɵɜɨɞɢɬɶ ɜ 
ɪɟɦɨɧɬ ɢ ɨɛɟɫɬɨ-
ɱɢɜɚɬɶ. ȼɵɹɜɥɹɟɬ 
ɤɚɤ ɧɚɪɭɠɧɵɟ, ɬɚɤ 
ɢ ɜɧɭɬɪɟɧɧɢɟ ɞɟ-
ɮɟɤɬɵ 

Do not need to be 

repaired or de-

energized. Detects 

both external and 

internal defects 

ɇɟ ɞɚɟɬ ɢɧɮɨɪɦɚ-
ɰɢɸ ɨ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɩɨɜɪɟɠɞɟɧɢɹɯ 

ɢɡɨɥɹɬɨɪɚ ɢ ɟɝɨ 
ɨɫɬɚɬɨɱɧɨɣ ɧɟɫɭ-
ɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 

Does not provide 

information about 

mechanical damage 

to the insulator and 

its residual load-

bearing capacity 

 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ (ɫɦ. ɬɚɛɥ. 2) ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɧɢ ɨɞɢɧ ɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɢɡɨɥɹɰɢɢ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨɛɨ ɜɫɟɯ ɜɨɡ-
ɦɨɠɧɵɯ ɞɟɮɟɤɬɚɯ ɨɞɧɨɜɪɟɦɟɧɧɨ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɹɜɥɹɟɬ-
ɫɹ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɞɯɨɞɚ, ɜɤɥɸ-
ɱɚɸɳɟɝɨ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ.  

ȼɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɩɨɦɨɝɚɟɬ ɨɛɧɚɪɭɠɢɬɶ 
ɞɨ 40 % ɜɧɟɲɧɢɯ ɬɪɟɳɢɧ, ɭɥɶɬɪɚɡɜɭɤɨɜɚɹ ɧɟ-
ɪɚɡɪɭɲɚɸɳɚɹ ɞɢɚɝɧɨɫɬɢɤɚ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ 
ɫɤɪɵɬɵɟ ɞɟɮɟɤɬɵ, ɚ ɬɟɩɥɨɜɢɡɢɨɧɧɵɣ ɢɥɢ ɜɢɡɭ-
ɚɥɶɧɨ-ɚɤɭɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɧɚ-
ɪɭɠɟɧɢɟ ɤɚɤ ɜɧɟɲɧɢɯ, ɬɚɤ ɢ ɜɧɭɬɪɟɧɧɢɯ ɩɨ-
ɜɪɟɠɞɟɧɢɣ, ɩɪɢɱɟɦ ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɬɤɥɸ-
ɱɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ [15–18]. 

ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɩɥɨɜɢɡɢɨɧɧɨ-
ɝɨ ɦɟɬɨɞɚ ɨɬɥɢɱɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ: 

– ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɚɹ ɞɨɫɬɨɜɟɪ-
ɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɡɚ ɫɱɟɬ ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɝɪɟɲ-
ɧɨɫɬɢ ɩɪɢɦɟɧɹɟɦɵɯ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜ; 

– ɧɟ ɨɤɚɡɵɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɧɚ ɫɨɫɬɨɹɧɢɟ 
ɨɛɴɟɤɬɚ ɨɛɫɥɟɞɨɜɚɧɢɹ, ɬ.ɟ. ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɦɟɬɨɞɨɜ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ; 

– ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɩɨɞɝɨ-
ɬɨɜɤɚ ɨɛɫɥɟɞɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɭɥɶɬɪɚɡɜɭ-
ɤɨɜɨɝɨ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ (ɍɁɇɄ) 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ: 

– ɦɟɧɶɲɢɟ ɮɢɧɚɧɫɨɜɵɟ ɡɚɬɪɚɬɵ ɜɜɢɞɭ 
ɛɨɥɟɟ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ 
ɦɟɬɨɞɚ; 

– ɨɬɫɭɬɫɬɜɢɟ ɨɩɚɫɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɫɩɟɰɢ-
ɚɥɢɫɬɚ, ɜɵɩɨɥɧɹɸɳɟɝɨ ɨɛɫɥɟɞɨɜɚɧɢɟ ɨɛɴɟɤɬɚ; 

– ɭɞɨɛɫɬɜɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɛɨɪɨɜ ɜ ɫɜɹɡɢ 
ɫ ɢɯ ɧɟɛɨɥɶɲɢɦɢ ɝɚɛɚɪɢɬɚɦɢ; 

– ɨɬɫɭɬɫɬɜɢɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 
ɪɟɡɭɥɶɬɚɬɨɜ; 

– ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɨɛɴɟɤɬɚ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ [19, 20]. 

КǺǸǻǷǱǶǽǹǬȋ ǸǱǾǺǰǴǶǬ ǰǴǬǯǹǺǽǾǴǶǴ 
Ɋɚɡɪɚɛɨɬɤɚ ɩɪɟɞɥɨɠɟɧɢɣ ɚɜɬɨɪɚɦɢ ɩɨ 

ɤɨɦɩɥɟɤɫɧɨɦɭ ɦɟɬɨɞɭ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨɷɬɚɩɧɨ. 
ɉɪɢ ɨɰɟɧɨɱɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɦɟɸɳɢɯɫɹ ɦɟɬɨ-
ɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɩɪɨɜɟɞɟɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɜ 
ɯɨɞɟ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɩɪɢɛɨ-
ɪɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɬɞɟɥɶɧɵɯ 
ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ. ɂɬɨɝɢ ɞɢɚɝɧɨɫɬɢɤɢ ɫ ɩɪɢ-
ɦɟɧɟɧɢɟɦ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɞɟɮɟɤɬɨɫɤɨɩɚ ɩɨ-
ɤɚɡɚɧɵ ɧɚ ɪɢɫ. 2. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɚɤɨɝɨ ɦɟ-
ɬɨɞɚ ɜɵɫɨɤɚ ɜɟɪɨɹɬɧɨɫɬɶ ɮɢɤɫɚɰɢɢ ɤɚɦɟɪɨɣ 
ɩɪɢɛɨɪɚ ɪɚɡɪɹɞɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ 
ɛɨɥɶɲɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɢɡɨɥɹɬɨɪɚ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ 
ɧɟɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɟɩɥɨɜɢ-
ɡɢɨɧɧɨɣ ɤɚɦɟɪɨɣ (ɪɢɫ. 3) ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɩɪɨɛɨɣ 
ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɨɥɹɬɨɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɫɥɨɠ-
ɧɟɟ, ɨɞɧɚɤɨ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɹɜɢɬɶ 
ɜɧɭɬɪɟɧɧɢɟ ɞɟɮɟɤɬɵ: ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɩɪɨɬɟɤɚ-
ɧɢɢ ɬɨɤɚ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɨɥɹɬɨɪɚ 
ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɧɚɝɪɟɜ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɡɚɮɢɤ-
ɫɢɪɨɜɚɬɶ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. 

ɉɪɢɛɨɪɨɦ ɞɥɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɧɟɪɚɡɪɭ-
ɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɍȾɋ2ȼɎ-ɐɂȼɈɆ-ɗɉ 
(ɪɢɫ. 4) ɩɪɨɞɢɚɝɧɨɫɬɢɪɨɜɚɧ ɪɹɞ ɮɚɪɮɨɪɨɜɵɯ 
ɩɨɤɪɵɲɟɤ ɢ ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹɬɨɪɨɜ. 
Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɚɞɨɤ ɞɥɹ ɩɪɢɛɨɪɚ ɢ 
ɨɛɲɢɪɧɵɣ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ 
ɜɨɥɧ ɩɨɡɜɨɥɹɸɬ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɨ ɥɨɤɚɥɢɡɨ-
ɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɟ, ɜɵɹɜɢɬɶ ɦɚɥɟɣɲɢɟ ɫɤɨɥɵ ɢ 
ɦɢɤɪɨɬɪɟɳɢɧɵ ɜɧɭɬɪɢ ɢɡɨɥɹɬɨɪɚ. 

ɉɪɢɛɨɪ ɞɥɹ ɚɤɭɫɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 
ɆȿɌȺɄɈɇ-ɗɄɋɉɊȿɋɋ (ɪɢɫ. 5) ɩɨɡɜɨɥɹɟɬ ɞɨ-
ɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ ɩɪɨɜɟɪɢɬɶ ɫɨɫɬɨɹɧɢɟ ɢɡɨɥɹɬɨ-
ɪɚ, ɨɞɧɚɤɨ ɟɝɨ ɧɢɡɤɚɹ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ (ɦɨɠɧɨ 
ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ ɬɨɥɶɤɨ ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɟ 
ɢɡɨɥɹɬɨɪɵ ɧɚ 220 ɤȼ ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɚɪɨɤ), ɚ 
ɬɚɤɠɟ ɧɟɜɵɫɨɤɚɹ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ 
ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ (ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢ-
ɦɟɧɬɨɜ ɩɪɢɛɨɪ ɧɟɨɞɧɨɤɪɚɬɧɨ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ 
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ɠɟ ɨɛɪɚɡɰɟ ɜɵɞɚɜɚɥ ɪɚɡɥɢɱɧɭɸ ɨɰɟɧɤɭ ɟɝɨ ɫɨ-
ɫɬɨɹɧɢɹ) ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧ ɧɟɷɮɮɟɤɬɢɜɟɧ ɩɪɢ 
ɩɪɨɜɟɪɤɟ ɢɡɨɥɹɬɨɪɨɜ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ. 

ɇɟɞɨɫɬɚɬɤɢ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɦɟɬɨɞɚ 
ɭɫɬɪɚɧɹɸɬɫɹ ɜ NL-ɤɚɦɟɪɟ, ɩɪɢɛɨɪɟ ɞɥɹ ɜɢɡɭ-
ɚɥɶɧɨ-ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ (ɪɢɫ. 6). Ɂɚ ɫɱɟɬ 
ɧɚɥɢɱɢɹ 144 ɧɚɩɪɚɜɥɟɧɧɵɯ ɦɢɤɪɨɮɨɧɨɜ ɞɚɧ-
ɧɵɦ ɩɪɢɛɨɪɨɦ ɦɨɠɧɨ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɨ 
ɭɫɬɚɧɨɜɢɬɶ ɦɟɫɬɨ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɚɡɪɹɞɨɜ, ɚ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɛɵɫɬɪɨ ɨɩɪɟɞɟɥɢɬɶ ɬɢɩ ɪɚɡɪɹɞɨɜ ɢ ɩɨɫɬɪɨɢɬɶ 
ɱɚɫɬɨɬɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɧɮɨɪɦɚɰɢɢ, ɩɨɥɭɱɟɧɧɨɣ 
ɩɪɢ ɚɧɚɥɢɡɟ ɦɟɬɨɞɨɜ ɢ ɩɪɨɜɟɞɟɧɢɢ ɪɹɞɚ ɷɤɫɩɟɪɢ-
ɦɟɧɬɨɜ, ɚɜɬɨɪɚɦɢ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɪɚɛɨ-
ɬɚɧɚ ɤɨɦɩɥɟɤɫɧɚɹ ɦɟɬɨɞɢɤɚ ɞɢɚɝɧɨɫɬɢɤɢ, ɤɨɬɨɪɚɹ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɪɢɦɟɧɟɧɢɟ ɜɢɡɭɚɥɶɧɨɝɨ, ɬɟɩɥɨ-
ɜɢɡɢɨɧɧɨɝɨ, ɜɢɡɭɚɥɶɧɨ-ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɨɜ ɢ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ. Ɉɛ-
ɳɚɹ ɫɬɪɭɤɬɭɪɚ ɦɟɬɨɞɢɤɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 7. 

 

 
Ɋɢɫ. 2. ɍɥɶɬɪɚɮɢɨɥɟɬɨɜɚɹ ɤɚɦɟɪɚ 

Fig. 2. Ultraviolet chamber 

 

 
Ɋɢɫ. 3. ɉɪɢɦɟɧɟɧɢɟ ɬɟɩɥɨɜɢɡɢɨɧɧɨɝɨ ɦɟɬɨɞɚ 

Fig. 3. Application of the thermal imaging method 
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Ɋɢɫ. 4. ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɧɟɪɚɡɪɭɲɚɸɳɢɣ ɤɨɧɬɪɨɥɶ 

Fig. 4. Ultrasonic non-destructive testing 

 

 
Ɋɢɫ. 5. Ⱥɤɭɫɬɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ 

Fig. 5. Acoustic control 
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Ɋɢɫ. 6. ȼɢɡɭɚɥɶɧɨ-ɚɤɭɫɬɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ 

Fig. 6. Visual and acoustic control 

 

 
Ɋɢɫ. 7. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɦɩɥɟɤɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 

Fig. 7. Structural diagram of complex diagnostics 

 

ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɦɟɬɨɞɢɤɟ (ɫɦ. ɪɢɫ. 7) ɩɪɨ-
ɰɟɫɫ ɞɢɚɝɧɨɫɬɢɤɢ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɩɨɷɬɚɩɧɨ. 
ɉɟɪɜɵɣ ɷɬɚɩ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɢɡɭɚɥɶɧɨɦ ɨɫɦɨɬ-
ɪɟ. ɉɨ ɟɝɨ ɪɟɡɭɥɶɬɚɬɚɦ ɛɭɞɟɬ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ 
ɥɢɛɨ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɚɥɶɧɟɣɲɟ-
ɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɜ ɫɥɭɱɚɟ ɜɵɹɜɥɟɧɢɹ ɹɜɧɵɯ 
ɜɢɞɢɦɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɞɟɮɟɤɬɨɜ ɢɡɨɥɹɰɢɢ ɢ 
ɜɵɧɟɫɟɧɨ ɡɚɤɥɸɱɟɧɢɟ ɩɨ ɡɚɦɟɧɟ ɩɨɤɪɵɲɤɢ ɢɥɢ 
ɢɡɨɥɹɬɨɪɚ, ɥɢɛɨ, ɩɪɢ ɧɚɥɢɱɢɢ ɞɨɩɭɫɬɢɦɵɯ ɩɨ-

ɜɟɪɯɧɨɫɬɧɵɯ ɞɟɮɟɤɬɨɜ, ɛɭɞɭɬ ɪɟɤɨɦɟɧɞɨɜɚɧɵ 
ɱɚɫɬɢɱɧɵɣ ɪɟɦɨɧɬ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ 
ɝɥɭɛɨɤɨɝɨ ɦɟɬɨɞɚ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ. 

ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ, ɫɨ-
ɝɥɚɫɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ, ɞɨɥɠɧɨ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɨ ɬɟɩɥɨɜɢɡɢɨɧɧɨɟ ɨɛɫɥɟɞɨɜɚɧɢɟ. ȿɝɨ 
ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɜɵɹɜɥɟɧɢɢ ɞɟɮɟɤɬɚ ɜɵɜɨɞɹɬ ɧɚ 
ɬɨɬ ɠɟ ɩɭɬɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɜɨɦɭ ɷɬɚɩɭ ɫ 
ɭɱɟɬɨɦ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɩɨɜɪɟɠɞɟɧɢɹ. ȼ ɫɥɭɱɚɟ 
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ɠɟ ɧɟɜɵɹɜɥɟɧɢɹ ɞɟɮɟɤɬɚ ɧɭɠɧɨ ɜ ɩɥɚɧɨɜɨɦ ɩɨ-
ɪɹɞɤɟ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ 
ɩɪɢɦɟɧɢɬɶ ɬɚɤɨɣ ɦɟɬɨɞ ɞɢɚɝɧɨɫɬɢɤɢ, ɤɚɤ 
ɍɁɇɄ. ɉɪɢ ɜɵɹɜɥɟɧɢɢ ɞɟɮɟɤɬɚ ɜɧɨɜɶ ɭɯɨɞɢɦ 
ɩɨ ɩɭɬɢ ɩɟɪɜɨɝɨ ɷɬɚɩɚ, ɩɪɢ ɧɟɜɵɹɜɥɟɧɢɢ ɩɪɢ-
ɯɨɞɢɦ ɤ ɡɚɤɥɸɱɟɧɢɸ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɞɟɮɟɤɬɨɜ ɜ 
ɢɡɨɥɹɰɢɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɞɨɥɠɟɧɢɹ ɷɤɫɩɥɭ-
ɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɮɚɪɮɨɪɨɜɵɦɢ ɩɨɤɪɵɲ-
ɤɚɦɢ ɢɥɢ ɨɩɨɪɧɨ-ɫɬɟɪɠɧɟɜɵɯ ɢɡɨɥɹɬɨɪɨɜ. 

ɋɱɢɬɚɟɦ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɞɨɫɬɨɢɧ-
ɫɬɜɨɦ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɛɭɞɟɬ ɪɨɫɬ ɤɨɥɢɱɟɫɬɜɚ 
ɜɵɹɜɥɹɟɦɵɯ ɞɟɮɟɤɬɨɜ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɭɜɟ-
ɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɞɢɚɝɧɨɫɬɢɤɢ. ȼɧɟɞɪɟɧɢɟ ɪɚɡ-
ɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɩɪɢɜɟɞɟɬ ɤ ɫɨɤɪɚɳɟɧɢɸ 
ɱɢɫɥɚ ɨɬɤɚɡɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɡɨɥɹɬɨɪɨɜ, 
ɩɪɟɞɨɬɜɪɚɬɢɬ ɭɳɟɪɛ ɨɬ ɧɟɞɨɨɬɩɭɫɤɚ ɷɥɟɤɬɪɨ-
ɷɧɟɪɝɢɢ ɩɨɬɪɟɛɢɬɟɥɹɦ, ɩɨɜɵɫɢɬ ɧɚɞɟɠɧɨɫɬɶ 
ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. 

 
ǓǬǶǷȊȃǱǹǴǱ 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɫɢ-
ɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ ɷɥɟɤ-

ɬɪɢɮɢɰɢɪɨɜɚɧɧɵɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ, ɧɟɨɛɯɨ-
ɞɢɦɨ ɜɧɟɞɪɹɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɧɟɪɚɡɪɭ-
ɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɮɚɪɮɨɪɨɜɵɯ ɢɡɨɥɹɬɨɪɨɜ ɢ 
ɩɨɤɪɵɲɟɤ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɜɨɞɢɬɶ ɪɟɝɭɥɹɪ-
ɧɵɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɢ ɭɱɢɬɵɜɚɬɶ 
ɜɥɢɹɧɢɟ ɤɚɤ ɷɥɟɤɬɪɢɱɟɫɤɢɯ, ɬɚɤ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ ɧɚ ɫɨɫɬɨɹɧɢɟ ɢɡɨɥɹɰɢɢ. ɋ ɰɟɥɶɸ ɪɟɚ-
ɥɢɡɚɰɢɢ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɧɚ ɩɪɚɤɬɢɤɟ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɤɨɦ-
ɩɥɟɤɫɧɭɸ ɦɟɬɨɞɢɤɭ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɢɡɨɥɹ-
ɰɢɢ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɫɜɨɟɜɪɟɦɟɧɧɨ ɜɵɹɜɥɹɬɶ ɢ 
ɭɫɬɪɚɧɹɬɶ ɞɟɮɟɤɬɵ, ɩɪɟɞɨɬɜɪɚɳɚɹ ɚɜɚɪɢɣɧɵɟ 
ɫɢɬɭɚɰɢɢ ɢ ɨɛɟɫɩɟɱɢɜɚɹ ɫɬɚɛɢɥɶɧɭɸ ɪɚɛɨɬɭ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [18–20]. 

Ⱦɥɹ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɵɯ ɠɟɥɟɡɧɵɯ ɞɨ-
ɪɨɝ ɨɫɧɨɜɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɛɭɞɟɬ ɩɨɜɵɲɟɧɢɟ 

ɭɪɨɜɧɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɫɨɤɪɚɳɟɧɢɟ ɪɚɫɯɨɞɨɜ ɧɚ ɡɚɦɟɧɭ ɩɨɜɪɟɠɞɟɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɟɣ ɩɨɬɪɟɛɢɬɟɥɟɣ. 

 
ǝǻǴǽǺǶ ǷǴǾǱǼǬǾǿǼȇ 
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