
 ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, 2020 № 3(36), ɋ. 63–72  

 

© ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆɂɎɂ», 2020 

ɗɄɋɉɅɍȺɌȺɐɂə ɈȻɔȿɄɌɈȼ 

ȺɌɈɆɇɈɃ ɈɌɊȺɋɅɂ 
 

ɍȾɄ 621.039.5 

 

ɈɐȿɇɄȺ ɉɈɄȺɁȺɌȿɅȿɃ ɇȺȾȿɀɇɈɋɌɂ ȻɅɈɄɈȼ ɂɁ ɋɈɋɌȺȼȺ 
ɍɇɂɎɂɐɂɊɈȼȺɇɇɈȽɈ ɄɈɆɉɅȿɄɋȺ ɌȿɏɇɂɑȿɋɄɂɏ ɋɊȿȾɋɌȼ 
ɇȺ Ⱥɗɋ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɂɇɎɈɊɆȺɐɂɂ ɈȻ ɈɌɄȺɁȺɏ ɂ 

ȾȿɎȿɄɌɈȼ 
 

© 2020  Ⱦ.ɋ. ɋɚɦɨɯɢɧ, Ɇ.Ⱥ. Ⱥɥɶɫɥɶɦɚɧ  
 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆɂɎɂ», Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɦɟɬɨɞɢɤɚ ɚɧɚɥɢɡɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɨɛ ɨɬɤɚɡɚɯ ɞɥɹ ɨɰɟɧɤɢ 
ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɛɥɨɤɨɜ ɫɨɫɬɚɜɚ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ 
ɧɚ Ȼɚɥɚɤɨɜɫɤɨɣ Ⱥɗɋ, ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɤɨɧɫɟɪɜɚɬɢɜɧɨɦ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɢɡ-ɡɚ 
ɨɬɫɭɬɫɬɜɢɹ ɧɟɤɨɬɨɪɵɯ ɞɚɧɧɵɯ ɜ ɠɭɪɧɚɥɟ ɞɟɮɟɤɬɨɜ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɤɚɫɚɥɫɹ 
ɫɥɭɱɚɹ ɧɭɥɟɜɵɯ ɨɬɤɚɡɨɜ ɧɟɤɨɬɨɪɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɛɥɨɤɨɜ ɡɚ ɩɟɪɢɨɞ ɧɚɛɥɸɞɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɷɬɢ ɛɥɨɤɢ ɜɩɨɥɧɟ ɧɚɞɟɠɧɵ ɞɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɇɚɞɟɠɧɨɫɬɶ, ɫɪɟɞɧɹɹ ɧɚɪɚɛɨɬɤɚ ɞɨ ɨɬɤɚɡɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ, 
ȼɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɵ, ɠɭɪɧɚɥ ɞɟɮɟɤɬɨɜ, ɤɨɧɫɟɪɜɚɬɢɜɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, 
ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɛɟɡɨɩɚɫɧɨɫɬɶ, ɧɚɪɚɛɨɬɤɚ ɧɚ ɨɬɤɚɡ. 
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ȼɜɟɞɟɧɢɟ 

Ƚɚɪɚɧɬɢɹ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (Ⱥɗɋ), ɩɪɢɯɨɞɢɬ 
ɱɟɪɟɡ ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ Ⱥɗɋ. Ɉɰɟɧɤɚ 
ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɩɪɨɜɨɞɢɬɫɹ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɫɥɚɛɵɯ ɦɟɫɬ, ɚ 
ɬɚɤɠɟ ɩɪɨɱɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ ɧɚ Ⱥɗɋ. Ʉɚɤ ɢɡɜɟɫɬɧɨ ɫɭɳɟɫɬɜɭɟɬ 
ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɚ ɤ ɨɰɟɧɤɢ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ Ⱥɗɋ: ɞɟɬɟɪɦɢɧɢɫɬɫɤɢɣ 
ɩɨɞɯɨɞ ɢ ɜɟɪɨɹɬɧɨɫɬɧɚɹ ɨɰɟɧɤɚ Д1, 2Ж. ȼɟɪɨɹɬɧɨɫɬɧɵɣ ɚɧɚɥɢɡ ɛɟɡɨɩɚɫɧɨɫɬɢ (ȼȺȻ) 
ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɨɰɟɧɤɢ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 
Ⱥɗɋ. 

ȼ ɩɪɢɧɰɢɩɟ, ɨɰɟɧɤɚ ɩɨɤɚɡɚɬɟɥɹ ɧɚɞɟɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ Ⱥɗɋ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɚ ɩɭɬɟɦ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɨɬɤɚɡɚɜɲɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɮɚɤɬɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɥɢɛɨ ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɹ. Ʉɚɠɞɵɣ ɢɡ ɷɬɢɯ ɦɟɬɨɞɨɜ ɢɦɟɟɬ ɫɜɨɢ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɨɝɪɚɧɢɱɟɧɢɹ Д3Ж. ȼ ɫɥɭɱɚɟ ɪɟɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɫɟ ɞɟɮɟɤɬɵ, 
ɜɨɡɧɢɤɲɢɟ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ, ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɜ ɫɩɟɰɢɚɥɶɧɨɦ 
ɞɨɤɭɦɟɧɬɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɧɢɤɚɸɬ ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɬɨɱɧɵɦ ɩɨɥɭɱɟɧɢɟɦ ɞɚɧɧɵɯ 
ɢɥɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ (ɫɢɫɬɟɦ, ɦɨɞɭɥɟɣ), ɪɚɛɨɬɚɸɳɢɯ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, 
ɛɥɢɡɤɢɯ ɤ ɪɟɚɥɶɧɵɦ, ɧɚ Ⱥɗɋ ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɢɫɩɵɬɚɬɟɥɶɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɢ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ 
ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɰɟɧɤɢ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɞɚɧɧɵɦ 
ɷɤɫɩɥɭɚɬɚɰɢɢ Д4, 5, 6Ж. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɚɧɧɵɟ ɨɛ ɨɬɤɚɡɚɯ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɧɨɫɹɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɠɭɪɧɚɥɵ ɭɱɟɬɚ ɨɬɤɚɡɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
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ɩɪɢɜɟɞɲɢɯ ɤ ɫɧɢɠɟɧɢɸ ɦɨɳɧɨɫɬɢ ɢɥɢ ɨɫɬɚɧɨɜɤɟ ɷɧɟɪɝɨɛɥɨɤɚ Ⱥɗɋ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɟ ɧɚ Ⱥɗɋ, ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɫ ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ ɢ 
ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɨɣ ɩɪɨɝɪɚɦɦɨɣ ɨɛɟɫɩɟɱɟɧɢɹ ɤɚɱɟɫɬɜɚ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ 
ɹɞɟɪɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɧɚɞɟɠɧɨɫɬɢ. Ⱦɨɜɨɥɶɧɨ ɱɚɫɬɨ ɜ ɬɚɤɢɯ ɠɭɪɧɚɥɚɯ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɥɢɛɨ ɟɞɢɧɢɱɧɵɟ ɨɬɤɚɡɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɥɢɛɨ ɨɧɢ ɨɬɫɭɬɫɬɜɭɸ ɫɨɜɫɟɦ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɛɵɥɨ 
ɩɪɨɜɟɞɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɚɧɚɥɢɡɭ ɧɚɞɟɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɤɨɬɨɪɨɟ ɧɢɤɨɝɞɚ ɧɟ ɨɬɤɚɡɵɜɚɥɨ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ Д7, 8, 9Ж. 

ɋɬɪɭɤɬɭɪɚ ɢ ɮɭɧɤɰɢɢ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ  
ɍɧɢɮɢɰɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ (ɍɄɌɋ), ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɭɫɬɪɨɣɫɬɜ ɭɩɪɚɜɥɟɧɢɹ, ɡɚɳɢɬɵ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ, 
ɜɵɩɨɥɧɹɸɳɢɯ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ Д10Ж: 

1) ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɡɚɳɢɬɵ ɢ ɛɥɨɤɢɪɨɜɤɢ; 
2) ɚɜɬɨɦɚɬɢɤɚ (ɪɟɝɭɥɹɬɨɪɵ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɜɤɥɸɱɟɧɢɟ ɪɟɡɟɪɜɚ); 

3) ɩɪɢɟɦ ɚɧɚɥɨɝɨɜɨɣ ɢ ɞɢɫɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ; 

4) ɤɨɧɬɪɨɥɶ ɡɚ ɪɚɛɨɬɨɣ ɭɫɬɪɨɣɫɬɜ ɭɩɪɚɜɥɟɧɢɹ, ɡɚɳɢɬɵ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ; 
5) ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ, ɫɢɝɧɚɥɢɡɚɰɢɹ ɩɨɥɨɠɟɧɢɹ ɚɪɦɚɬɭɪɵ ɢ ɫɨɫɬɨɹɧɢɹ 

ɦɟɯɚɧɢɡɦɨɜ; 
6) ɩɪɢɟɦ ɞɢɫɤɪɟɬɧɨɣ ɢ ɚɧɚɥɨɝɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ; 
7) ɫɛɨɪ ɢ ɝɟɧɟɪɚɰɢɹ ɞɢɫɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɞɪɭɝɢɟ ɩɨɞɫɢɫɬɟɦɵ. 
ɍɄɌɋ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɲɤɚɮɚ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɫɨɟɞɢɧɟɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɤɚɛɟɥɹɦɢ, ɚ ɬɚɤɠɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɛɥɨɤɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ ɢ 
ɜɵɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ. Ȼɥɨɤɢ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɤɨɦɩɨɡɢɰɢɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1 – Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ ɍɄɌɋ ДFunctional units of the Unified Set of Technical Means] 

 

Ɉɰɟɧɤɚ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ  
ɇɚɞɟɠɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ:  
1. ȼɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɵ ȼȻɊ P(t) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɜɪɟɦɹ Ɍ ɛɟɡɨɬɤɚɡɧɨɣ 

ȻɄɂɇ – Ȼɥɨɤ Ʉɨɧɬɪɨɥɹ 
ɂɡɨɥɹɰɢɢ ɂ ɇɚɩɪɹɠɟɧɢɹ 

ȻɍɁ – Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 
ɡɚɩɨɪɧɨɣ ɚɪɦɚɬɭɪɨɣ 

Ȼɉɇ – Ȼɥɨɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ 

ȻɎɇ - Ȼɥɨɤ Ɏɨɪɦɢɪɨɜɚɧɢɹ 
ɧɨɦɟɪɚ ɩɨ ɢɡɛɢɪɚɬɟɥɶɧɨɣ 
ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ 

ȻɍȾ - Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ 

ȻɅȼ - Ȼɥɨɤ ɥɨɝɢɱɟɫɤɢɣ ɜɪɟɦɟɧɢ 

ȻɄɉ - Ȼɥɨɤ ɤɨɧɬɪɨɥɹ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ 

ȻȼɊ - Ȼɥɨɤ ɜɤɥɸɱɟɧɢɹ 
ɪɟɝɭɥɹɬɨɪɚ 

ȻȽɊ - Ȼɥɨɤ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 
ɪɚɡɞɟɥɟɧɢɹ 

ȺȾɉ - Ⱥɧɚɥɨɝɨ-ɞɢɫɤɪɟɬɧɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (ȺȾɉ-1, 2, 11, 

22) 

ȻȺɊ1 - Ȼɥɨɤ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɜɤɥɸɱɟɧɢɹ ɪɟɡɟɪɜɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ 

ȻɊɉ - Ȼɥɨɤ ɪɟɥɟ 
ɩɪɨɦɟɠɭɬɨɱɧɵɣ 

ȻɊ-Ɍ - Ȼɥɨɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɬɨɤɨɜɨɝɨ 
ɫɢɝɧɚɥɚ 

ȻɎɄ - Ȼɥɨɤ ɤɨɧɬɪɨɥɹ ɢ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɚɧɞ 

Ȼɋɂ - Ȼɥɨɤ ɫɢɝɧɚɥɢɡɚɰɢɢ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ 

ȻȽɊ-Ɍ -Ȼɥɨɤ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 
ɪɚɡɞɟɥɟɧɢɹ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝ ɨ 
ɬɨɤɨɜɨɝɨ ɫɢɝɧɚɥɚ 

ȻɎɋ - Ȼɥɨɤ ɮɢɤɫɚɰɢɢ 
ɫɪɚɛɚɬɵɜɚɧɢɹ 

Ȼɋɍ - Ȼɥɨɤ ɫɢɝɧɚɥɢɡɚɰɢɢ 
ɭɱɚɫɬɤɨɜɵɣ 

Ȼɉɍ - Ȼɥɨɤ ɍɩɪɚɜɥɟɧɢɹ 
ɉɪɨɦɟɠɭɬɨɱɧɵɣ 

ȻɉɄ - Ȼɥɨɤ ɩɪɢɟɦɚ ɤɨɦɚɧɞɵ 
ɡɚɳɢɬɵ. 

ȻɄɅ - Ȼɥɨɤ ɤɥɸɱɟɣ ɥɨɝɢɱɟɫɤɢɯ 

ȻɍɄ - Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 
ɪɟɝɭɥɢɪɭɸɳɢɦ ɤɥɚɩɚɧɨɦ 

ȻɅɉ - Ȼɥɨɤ ɥɨɝɢɱɟɫɤɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ  

ȻɊȼ - Ȼɥɨɤ ɜɵɯɨɞɧɵɯ ɪɟɥɟ 
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ɪɚɛɨɬɵ ɚɩɩɚɪɚɬɭɪɵ ɛɭɞɟɬ ɛɨɥɶɲɟ ɡɚɞɚɧɧɨɝɨ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ Э ɪɚɛɨɬɵ,  
ɮɨɪɦɭɥɚ (1): 

 

      (1) 

 

ɝɞɟ T ‒ ɜɪɟɦɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɞɨ ɩɟɪɜɨɝɨ ɨɬɤɚɡɚ. 
ɋɬɚɬɢɫɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ P(t) ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟɦ ɱɢɫɥɚ   , ɨɞɧɨɬɢɩɧɵɯ 

ɷɤɡɟɦɩɥɹɪɨɜ ɚɩɩɚɪɚɬɭɪɵ, ɧɚɯɨɞɢɜɲɢɯɫɹ ɜ ɪɚɛɨɬɟ ɜ ɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ t, ɤ ɨɛɳɟɦɭ ɱɢɫɥɭ 
ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɨɬɤɚɡɨɜ n(t) ɚɩɩɚɪɚɬɭɪɵ ɤ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ t=0, ɮɨɪɦɭɥɚ (2): 

 

 

(2) 

 

ɝɞɟ N0 ‒ ɨɛɳɟɟ ɱɢɫɥɨ ɧɚɛɥɸɞɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ;  
      n(t) ‒ ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ, ɨɬɤɚɡɚɜɲɢɯ ɡɚ ɜɪɟɦɹ t. 

2. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ λ(Э) – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɚɫɬɨɬɭ, ɫ ɤɨɬɨɪɨɣ ɷɥɟɦɟɧɬ 
ɢɥɢ ɤɨɦɩɨɧɟɧɬ ɜɵɯɨɞɢɬ ɢɡ ɫɬɪɨɹ ɢ ɢɦɟɟɬ ɟɞɢɧɢɰɭ ɢɡɦɟɪɟɧɢɹ ɨɛɪɚɬɧɭɸ ɜɪɟɦɟɧɢ, 
ɧɚɩɪɢɦɟɪ 1/ɱɚɫ. Ʌɹɦɛɞɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ, ɱɬɨ ɨɛɴɟɤɬ, 
ɩɪɨɪɚɛɨɬɚɜɲɢɣ ɛɟɡɨɬɤɚɡɧɨ ɞɨ ɦɨɦɟɧɬɚ t, ɨɬɤɚɠɟɬ ɜ ɩɨɫɥɟɞɭɸɳɭɸ ɦɚɥɭɸ ɟɞɢɧɢɰɭ 
ɜɪɟɦɟɧɢ. Ɉɰɟɧɤɚ λ(t) ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3): 

 

(3) 
 

 

 

ɝɞɟ f(t) – ɱɚɫɬɨɬɚ ɨɬɤɚɡɨɜ ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ (0, t);  
      P(t) – ɜɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɵ ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ (0, t). 

ɋɬɚɬɢɫɬɢɱɟɫɤɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ  ሺ ሻ 
ɨɬɤɚɡɚɜɲɢɯ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɷɤɡɟɦɩɥɹɪɨɜ (ɷɥɟɦɟɧɬɨɜ) ɤ ɱɢɫɥɭ    ɷɤɡɟɦɩɥɹɪɨɜ, 
ɤɨɬɨɪɵɟ ɢɫɩɪɚɜɧɵ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, ɮɨɪɦɭɥɚ (4): 

 

(4) 

 

 

ɝɞɟ     – ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ. 
Ɉɩɪɟɞɟɥɹɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ ȼȻɊ P(t) ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ (5): 
  ሺ ሻ                                                                       (5) 

     

ɂɫɯɨɞɹ ɢɡ ɬɟɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ, ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɨɜ Q(t) ɜɵɱɢɫɥɹɟɬɫɹ  
ɩɨ ɮɨɪɦɭɥɟ (6): 

 

Q(t)= 1-P(t) .                                                               (6) 

 

3. ɋɪɟɞɧɹɹ ɧɚɪɚɛɨɬɤɚ ɞɨ ɨɬɤɚɡɚ (MTTF) ‒ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɷɥɟɦɟɧɬɚ ɨɬ 
ɩɟɪɢɨɞɚ ɩɭɫɤɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɞɨ ɩɟɪɜɨɝɨ ɨɬɤɚɡɚ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7): 

 
 

 

(7) 
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ɝɞɟ      – ɫɪɨɤ ɫɥɭɠɛɵ k-ɝɨ ɨɛɪɚɡɰɚ,            – ɨɛɳɟɟ ɱɢɫɥɨ ɧɚɛɥɸɞɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ;  
       r – ɱɢɫɥɨ ɨɬɤɚɡɨɜ ɡɚ ɜɪɟɦɹ Э. 

4. ɋɪɟɞɧɹɹ ɧɚɪɚɛɨɬɤɚ ɧɚ ɨɬɤɚɡ θ (ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɵ) «MTBF» θ, 
ɮɨɪɦɭɥɚ (8): 

 

 

(8) 
 

 

ɝɞɟ    – ɜɪɟɦɹ ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɵ ɦɟɠɞɭ (k‒1)-ɦ ɢ k-ɦ ɨɬɤɚɡɚɦɢ;  

       r – ɱɢɫɥɨ ɨɬɤɚɡɨɜ ɡɚ ɜɪɟɦɹ t. 
ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɫɪɟɞɧɹɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɨɬɤɚɡɨɜ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɮɨɪɦɭɥɟ (9) ɞɥɹ ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɨ 
ɮɨɪɦɭɥɟ (10) ɞɥɹ ɧɟɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ: 

 

(9) 

 

 

(10) 

 

 

ɉɪɢ ɨɰɟɧɤɟ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ 
ɹɞɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɞɚɧɧɵɦ, ɫɪɟɞɢ ɩɪɨɱɢɯ, ɱɚɫɬɨ ɜɨɡɧɢɤɚɸɬ 
ɩɪɨɛɥɟɦɵ ɞɜɭɯ ɪɨɞɨɜ Д11, 12Ж:  

1) ɩɪɨɛɥɟɦɚ ɦɚɥɨɣ ɫɬɚɬɢɫɬɢɤɢ ɩɨ ɨɬɤɚɡɚɦ; 
2) ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɚɞɟɤɜɚɬɧɵɯ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɡɭɱɚɟɦɵɯ ɫɥɭɱɚɣɧɵɯ 

ɜɟɥɢɱɢɧ. 
Ȼɟɡ (ɦɚɥɨ-)ɚɜɚɪɢɣɧɵɣ ɪɟɡɭɥɶɬɚɬ ɢɫɩɵɬɚɧɢɣ. ɉɭɚɫɫɨɧɨɜɫɤɢɣ ɩɨɬɨɤ 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɞɨɥɝɨɜɪɟɦɟɧɧɨɟ ɛɟɡɚɜɚɪɢɣɧɨɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɇɚɞɟɠɧɨɫɬɶ ɞɥɹ ɞɚɧɧɵɯ ɢɡɞɟɥɢɣ ɞɨɥɠɧɚ 
ɨɛɭɫɥɚɜɥɢɜɚɬɶɫɹ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ. ɉɨɷɬɨɦɭ ɨɬɤɚɡɵ ɞɚɧɧɵɯ ɬɢɩɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɜɨɡɧɢɤɚɸɬ ɫ ɨɱɟɧɶ ɦɚɥɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɥɢɛɨ ɧɟ ɜɨɡɧɢɤɚɸɬ ɜɨɜɫɟ [11]. Ɉɬɤɚɡɵ ɷɬɢɯ 
ɨɛɴɟɤɬɨɜ ɨɱɟɧɶ ɪɟɞɤɢɟ, ɩɨɬɨɤ ɨɬɤɚɡɨɜ ɤɨɬɨɪɵɯ ɨɩɢɫɵɜɚɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɉɭɚɫɫɨɧɚ. 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ m ɨɬɤɚɡɨɜ ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɧɚɛɥɸɞɟɧɢɹ t ɢɦɟɟɬ ɜɢɞ  
ɮɨɪɦɭɥɵ (11):  

 

(11) 
 

 

ɝɞɟ (t) – ɜɟɞɭɳɚɹ ɮɭɧɤɰɢɹ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ, ɩɨɞɥɟɠɚɳɚɹ ɨɰɟɧɤɟ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɡɚɞɚɱɢ, ɜɵ ɦɨɠɟɬɟ ɭɫɬɚɧɨɜɢɬɶ ɷɬɭ ɮɭɧɤɰɢɸ ɞɥɹ 

ɩɨɫɥɟɞɭɸɳɢɯ ɨɰɟɧɨɤ ɞɜɭɦɹ ɩɨɞɯɨɞɚɦɢ: 
1) ɜ ɫɥɭɱɚɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɚ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ Э, ɬɨ ɩɨ 

ɮɨɪɦɭɥɟ (12):  
 

 (12) 

 

ɝɞɟ   – ɫɪɟɞɧɢɣ ɧɚ ɢɧɬɟɪɜɚɥɟ Д0, tЖ ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ. 
2) ɜ ɫɥɭɱɚɟ ɩɪɨɜɟɞɟɧɧɵɯ k ɨɩɟɪɚɰɢɹɯ ɫ ɨɛɴɟɤɬɨɦ ɢɥɢ ɨ k ɢɡɞɟɥɢɹɯ, ɩɨɞɜɟɪɠɟɧɧɵɯ 

ɢɫɩɵɬɚɧɢɹɦ, ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ t, ɬɨ ɩɨ ɮɨɪɦɭɥɟ (13): 
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  kɪ=(t)  ,     (13) 

 

ɝɞɟ ɪ – ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɨɞɧɚ ɨɩɟɪɚɰɢɹ ɨɤɚɠɟɬɫɹ ɧɟɭɞɚɱɧɨɣ, ɧɚɩɪɢɦɟɪ, ɡɚɤɨɧɱɢɬɫɹ 
ɚɜɚɪɢɟɣ. 

3) ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɮɨɪɦɭɥɭ (11), ɤɨɬɨɪɭɸ ɭɞɨɛɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ  
ɮɨɪɦɭɥɵ (14):  

 

(14) 

 

 

Ⱦɨɩɭɫɬɢɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɨɛɴɟɤɬɨɦ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ, ɱɬɨ ɨɧ 

ɨɬɤɚɡɵɜɚɥ ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ t ɪɨɜɧɨ i  0 ɪɚɡ. Ɍɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɧɚ ɷɬɨɦ 
ɢɧɬɟɪɜɚɥɟ ɨɬɤɚɡɨɜ ɨɛɴɟɤɬɚ ɛɵɥɨ ɯɨɬɹ ɛɵ ɧɚ ɨɞɢɧ ɛɨɥɶɲɟ, ɮɨɪɦɭɥɚ (15): 

 

(15) 

 

 

ȼ ɫɥɭɱɚɟ k ɨɩɟɪɚɰɢɣ ɷɬɚ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (16): 
 

(16) 

 

ȼɟɪɨɹɬɧɨɫɬɢ    ɨɬɪɚɠɚɟɬ ɫɬɟɩɟɧɶ ɧɟɞɨɜɟɪɢɹ ɤ ɧɚɛɥɸɞɟɧɧɨɦɭ ɛɟɡ (ɦɚɥɨ-) 

ɚɜɚɪɢɣɧɨɦɭ ɨɩɵɬɭ. ɑɟɦ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ   , ɬɟɦ ɛɨɥɶɲɟɟ ɦɵ ɦɨɠɟɦ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ 
ɛɟɡ (ɦɚɥɨ-) ɚɜɚɪɢɣɧɵɣ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɚ ɧɟ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ «ɜɟɡɟɧɢɹ», ɚ 
ɩɪɟɞɨɩɪɟɞɟɥɟɧ ɚɞɟɤɜɚɬɧɨɫɬɶɸ ɩɪɢɧɢɦɚɟɦɵɯ ɦɟɪ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɧɚɞɟɠɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɚ ɢɥɢ ɛɟɡɨɩɚɫɧɨɦɭ ɩɪɨɜɟɞɟɧɢɸ ɨɩɟɪɚɰɢɣ ɫ ɧɢɦ. 

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɰɟɧɤɢ ɩɪɢ i = 0, ɬ.ɟ. ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɱɢɫɬɨ 
ɛɟɡɚɜɚɪɢɣɧɵɣ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɚ ɢɥɢ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɣ ɫ ɧɢɦ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥ (17) ɢ (18) ɨɰɟɧɢɜɚɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɫɨɛɵɬɢɣ, ɤɨɬɨɪɵɟ ɧɢ ɪɚɡɭ ɧɟ ɧɚɛɥɸɞɚɥɢɫɶ ɧɚ ɩɪɚɤɬɢɤɟ Д11, 12Ж: 

 

(17) 
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Ɋɚɫɱɺɬ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɺɠɧɨɫɬɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɛɥɨɤɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ 
ɚɩɩɚɪɚɬɭɪɵ ɤɨɦɩɥɟɤɫɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɂɧɮɨɪɦɚɰɢɹ ɨɛ ɨɬɤɚɡɚɯ ɫɢɫɬɟɦɟ, ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɨɦɩɨɧɟɧɬɚɯ ɚɬɨɦɧɵɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɣ ɞɨɤɭɦɟɧɬ, ɧɚɡɵɜɚɟɦɵɣ ɠɭɪɧɚɥɨɦ 
ɞɟɮɟɤɬɨɜ. ȼɪɟɦɹ, ɩɪɢɱɢɧɵ, ɩɨ ɤɨɬɨɪɵɦ ɨɧ ɩɪɨɢɡɨɲɺɥ, ɢ ɜɪɟɦɹ ɪɟɦɨɧɬɚ, ɧɟɨɛɯɨɞɢɦɨɟ 
ɞɥɹ ɨɛɧɚɪɭɠɟɧɧɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɬɚɤɠɟ ɞɚɬɚ ɜɜɨɞɚ ɨɛɴɟɤɬɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɞɨɥɠɧɵ 
ɛɵɬɶ ɡɚɩɢɫɚɧɵ ɜ ɷɬɨɦ ɞɨɤɭɦɟɧɬɟ. ɉɪɢ ɷɬɨɦ ɜɵɹɫɧɢɬɶ, ɤɚɤɨɣ ɢɦɟɧɧɨ ɷɥɟɦɟɧɬ ɢɡ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɞɧɨɬɢɩɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬɤɚɡɚɥ, ɤɨɝɞɚ ɬɨɬ ɢɥɢ ɢɧɨɣ ɷɥɟɦɟɧɬ 
ɭɫɬɚɧɨɜɥɟɧ ɜ ɫɢɫɬɟɦɭ, ɫɤɨɥɶɤɨ ɜɪɟɦɟɧɢ ɨɧ ɧɚɯɨɞɢɥɫɹ ɧɚ ɯɪɚɧɟɧɢɢ, ɤɚɤɨɜ ɯɚɪɚɤɬɟɪ 
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ɪɟɦɨɧɬɚ, ɧɟ ɜɫɟɝɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. ɀɭɪɧɚɥ ɞɟɮɟɤɬɨɜ ɹɜɥɹɟɬɫɹ ɠɢɜɵɦ 
ɞɨɤɭɦɟɧɬɨɦ, ɬɨ ɟɫɬɶ ɨɧ ɞɨɥɠɟɧ ɨɛɧɨɜɥɹɬɶɫɹ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ 
ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɗɋ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɆȺȽȺɌɗ, ɚ ɬɚɤɠɟ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɩɪɨɝɪɚɦɦɨɣ ɨɛɟɫɩɟɱɟɧɢɹ ɤɚɱɟɫɬɜɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯ Ⱥɗɋ 
ɨɪɝɚɧɢɡɚɰɢɣ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ, ɩɨɫɬɭɩɚɸɳɚɹ ɞɥɹ ɚɧɚɥɢɡɚ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: ɢɡɜɟɫɬɧɨ ɤɨɥɢɱɟɫɬɜɨ ɨɬɤɚɡɨɜ ɷɥɟɦɟɧɬɨɜ k ɢɡ ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɞɧɨɬɢɩɧɵɯ 
ɨɛɴɟɤɬɨɜ ɡɚɞɚɧɧɨɝɨ ɨɛɴɟɦɚ m, ɪɟɚɥɢɡɨɜɚɜɲɢɯɫɹ ɧɚ i-ɦ ɢɧɬɟɪɜɚɥɟ ɧɚɛɥɸɞɟɧɢɹ. Ⱦɚɧɧɵɟ 

ɨɛ ɨɬɤɚɡɚɯ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨ ɝɨɞɚɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 
ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɹɜɥɹɸɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɦɢ ɢ ɧɟ ɩɟɪɟɞɚɸɬ ɪɟɚɥɶɧɭɸ 
ɤɚɪɬɢɧɤɭ ɩɨ ɨɬɤɚɡɚɦ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 
Ɍɚɛɥɢɰɚ – 2 Ⱦɚɧɧɵɟ ɨɛ ɨɬɤɚɡɚɯ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨ ɝɨɞɚɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ Ȼɚɥɚɤɨɜɫɤɨɣ Ⱥɗɋ ДDКЭК ШЧ 
distribution failures by years of operation at Balakovo NPP]  

Ȼɥɨɤɢ ɍɄɌɋ 2010 2011 2012 2013 2014 2015 2016 2017 2018 
Ʉɨɥɢɱɟɫɬɜɨ 
ɨɬɤɚɡɨɜ Дx] 

ȺȾɉ 10 5 3 0 0 0 0 1 0 19 

ȻȺɊ 1 0 0 0 0 0 0 0 0 1 

ȻȼɊ 0 1 0 0 0 0 0 0 0 1 

ȻȽɊ 1 0 0 0 0 0 0 0 0 1 

ȻȽɊ-Ɍ 1 0 0 0 0 0 1 0 0 2 

ȻɄɂɇ 2 0 0 0 0 0 0 0 0 2 

ȻɄɅ 0 0 0 0 0 0 0 0 0 0 

ȻɄɉ 1 0 0 0 0 0 0 0 0 1 

ȻɅȼ 0 0 0 0 0 0 0 0 2 2 

ȻɅɉ 0 0 0 0 0 0 0 0 1 1 

ȻɉɄ 0 0 0 0 0 0 0 0 0 0 

Ȼɉɇ 1 0 0 0 1 0 0 0 1 3 

Ȼɉɍ 0 0 0 0 0 0 0 0 0 0 

ȻɊȼ 0 0 0 0 0 0 0 0 0 0 

ȻɊɉ 0 0 0 0 0 0 0 0 0 0 

ȻɊ-Ɍ 0 0 0 0 0 0 0 0 0 0 

Ȼɋɂ 1 2 0 0 0 1 0 0 0 4 

Ȼɋɍ 0 0 0 0 0 0 0 0 1 1 

ȻɍȾ 1 0 0 0 0 0 0 0 1 2 

ȻɍɁ 5 3 0 2 0 0 0 0 2 12 

ȻɍɄ 0 0 0 0 0 0 0 0 0 0 

ȻɎɄ 0 0 0 0 0 0 0 0 6 6 

ȻɎɇ 0 0 0 0 0 0 0 0 0 0 

ȻɎɋ 0 0 0 0 0 0 0 0 0 0 

 

Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ 

Ɋɚɫɱɟɬ ɛɵɥ ɜɵɩɨɥɧɟɧ ɧɚ ɨɫɧɨɜɟ ɫɥɟɞɭɸɳɢɯ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɣ: 
1. ɉɨɫɤɨɥɶɤɭ ɦɵ ɧɟ ɪɚɫɩɨɥɚɝɚɥɢ ɞɚɧɧɵɦɢ ɩɨ ɜɜɨɞɭ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɜ ɞɟɮɟɤɬɧɵɯ ɠɭɪɧɚɥɚɯ ɛɵɥ ɨɛɨɡɧɚɱɟɧ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ 
01.01.2010 ɩɨ 31.12.2018, ɬɨ ɦɵ ɫɞɟɥɚɥɢ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɜɫɟ ɛɥɨɤɢ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ 
Ⱥɗɋ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 01.01.2010. 

2. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ ɍɄɌɋ ɤɚɠɞɨɝɨ ɬɢɩɚ ɞɥɹ ɧɚɲɟɝɨ ɫɥɭɱɚɹ ɧɟɢɡɜɟɫɬɧɨ, 
ɧɨ ɦɵ ɡɧɚɥɢ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɲɤɚɮɨɜ ɍɄɌɋ (600 ɲɤɚɮɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɱɟɬɵɪɟɯ 
ɛɥɨɤɨɜ Ȼɚɥɚɤɨɜɫɤɨɣ Ⱥɗɋ) Д12Ж, ɩɨɷɬɨɦɭ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ, ɱɬɨ 
ɤɚɠɞɵɣ ɲɤɚɮ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɨɞɢɧ ɛɥɨɤ ɤɚɠɞɨɝɨ ɬɢɩɚ.  

Ɉɰɟɧɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ λ ɩɪɢ ɱɢɫɥɟ ɨɬɤɚɡɨɜ x ≠ 0 

Ɉɰɟɧɤɚ ɥɹɦɛɞɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɥɨɤɨɜ ɍɄɌɋ, ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ (4). ȼ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɮɨɪɦɭɥɭ (4) ɭɞɨɛɧɟɟ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ ɮɨɪɦɭɥɵ (19):  
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                  (19) 

 

 

ɝɞɟ x – ɤɨɥɢɱɟɫɬɜɨ ɨɬɤɚɡɨɜ ɡɚ ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɹ Δt; 

      m – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ.  

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 
 

Ɍɚɛɥɢɰɚ 3 – ɂɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ ɍɄɌɋ ɛɥɨɤɨɜ ɩɪɢ б ≠ 0 ДFКТХЮЫО ЫКЭОЬ ШП Unified Set of Technical Means 

ЮЧТЭЬ КЭ б ≠ 0Ж 
Ȼɥɨɤɢ ɍɄɌɋ Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ Дm] Ʉɨɥɢɱɟɫɬɜɨ ɨɬɤɚɡɨɜ [x] λ(1/ɝɨɞ) 
ȺȾɉ 2400 19 8,795E-04 

ȻȺɊ 2400 1 4,630E-05 

ȻȼɊ 2400 1 4,630E-05 

ȻȽɊ 2400 1 4,630E-05 

ȻȽɊ-Ɍ 2400 2 9,259E-05 

ȻɄɂɇ 2400 2 9,259E-05 

ȻɄɉ 2400 1 4,630E-05 

ȻɅȼ 2400 2 9,259E-05 

ȻɅɉ 2400 1 4,630E-05 

Ȼɉɇ 2400 3 1,389E-04 

Ȼɋɂ 2400 4 1,852E-04 

Ȼɋɍ 2400 1 4,630E-05 

ȻɍȾ 2400 2 9,259E-05 

ȻɍɁ 2400 12 5,555E-04 

ȻɎɄ 2400 6 2,778E-04 

 

Ɉɰɟɧɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ λ ɩɪɢ ɱɢɫɥɟ ɨɬɤɚɡɨɜ x = 0 

Ɉɰɟɧɤɚ ɥɹɦɛɞɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɥɨɤɨɜ ɍɄɌɋ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ (17) (ɩɪɢ                    ɢ ɝɞɟ t – ɷɬɨ ɨɛɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɜɫɟɦɢ ɨɛɴɟɤɬɚɦɢ) ɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 
 
Ɍɚɛɥɢɰɚ 4 – ɂɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ ɍɄɌɋ ɛɥɨɤɨɜ ɩɪɢ x = 0 [Failure rates of Unified Set of Technical Means 

units at x = 0] 

Ȼɥɨɤɢ 
ɍɄɌɋ 

Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɞɚɧɧɨɝɨ 
ɬɢɩɚ (m) 

λ(1/ɝɨɞ) 
Pα=0,95 Pα=0,5 Pα=0,05 

ȻɄɅ 2400 1,387E-04 3,209E-05 2,37469E-06 

ȻɉɄ 2400 1,387E-04 3,209E-05 2,37469E-06 

Ȼɉɍ 2400 1,387E-04 3,209E-05 2,37469E-06 

ȻɊȼ 2400 1,387E-04 3,209E-05 2,37469E-06 

ȻɊɉ 2400 1,387E-04 3,209E-05 2,37469E-06 

ȻɊ-Ɍ 2400 1,387E-04 3,209E-05 2,37469E-06 

ȻɍɄ 2400 1,387E-04 3,209E-05 2,37469E-06 

ȻɎɇ 2400 1,387E-04 3,209E-05 2,37469E-06 

ȻɎɋ 2400 1,387E-04 3,209E-05 2,37469E-06 

 

Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɧɚɞɟɠɧɨɫɬɢ ɤɨɪɩɭɫɧɵɯ ɛɥɨɤɨɜ ɍɄɌɋ, ɤɨɬɨɪɵɟ 
ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ȺɋɍɌɉ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɯ 

,)(
tm

x
t



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ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɚ 2010-2018 ɝɨɞɵ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɪɢ ɨɰɟɧɤɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɨɬɤɚɡɨɜ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɤɨɧɫɟɪɜɚɬɢɜɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɢɛɨɪɨɜ ɞɨɫɬɚɬɨɱɧɨ ɧɚɞɟɠɧɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ 
ɮɟɞɟɪɚɥɶɧɵɯ ɧɨɪɦ ɢ ɩɪɚɜɢɥ ɇɉ-001-15 Д13Ж. ȼ ɞɚɧɧɵɯ ɬɪɟɛɨɜɚɧɢɹɯ ɨɛɨɡɧɚɱɟɧɚ 
ɜɟɥɢɱɢɧɚ ɜɟɪɨɹɬɧɨɫɬɢ ɧɟɜɵɩɨɥɧɟɧɢɹ ɷɥɟɦɟɧɬɨɦ ɮɭɧɤɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 10-3

 ɤɚɤ 
ɩɨɪɨɝɨɜɚɹ ɞɥɹ ɧɚɥɨɠɟɧɢɹ ɨɬɤɚɡɚ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɢɫɯɨɞɧɨɟ ɫɨɛɵɬɢɟ ɩɪɢ ɚɧɚɥɢɡɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ.  

ɇɚɩɪɢɦɟɪ, ɜ ɫɬɚɬɶɟ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɯɭɞɲɢɣ ɛɥɨɤ ȺȾɉ 
ɢɦɟɟɬ ɩɪɢɟɦɥɟɦɨɟ ɡɧɚɱɟɧɢɟ λ-ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɪɚɜɧɨɟ 8,795  10

-4
 Д1/ɝɨɞЖ, ɩɪɢ ɷɬɨɦ 

ɜɟɪɨɹɬɧɨɫɬɶ ɧɟɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ Q(t)=8  10
-3

.  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɥɭɱɲɢɣ ɛɥɨɤ ȻȺɊ ɢɦɟɟɬ ɩɪɢɟɦɥɟɦɨɟ ɡɧɚɱɟɧɢɟ λ-ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɪɚɜɧɨɟ 
4,63010

-5 Д1/ɝɨɞЖ, ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɧɟɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ Q(t)= 410
-4

. 

Ɉɰɟɧɤɚ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɍɄɌɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɛɟɡɚɜɚɪɢɣɧɨɦ ɨɩɵɬɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɜɩɟɪɜɵɟ. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ ɩɪɢɟɦɥɟɦɨɫɬɶ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɞɨɩɭɳɟɧɢɣ, 
ɜɵɞɜɢɝɚɟɦɵɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɨɞɨɛɧɵɯ ɨɰɟɧɨɤ. ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɛɭɞɭɬ ɤɪɚɣɧɟ ɩɨɥɟɡɧɵ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɰɟɧɤɨɣ 
ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɪɟɞɤɨ ɨɬɤɚɡɵɜɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɷɥɟɦɟɧɬɨɜ, ɨɬɤɚɡ ɤɨɬɨɪɵɯ 
ɧɟ ɛɵɥ ɡɚɮɢɤɫɢɪɨɜɚɧ ɡɚ ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ.  
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Abstract – The article deals with the method of analyzing statistical data on failures to assess the 

reliability of units of the Unified Set of Technical Means (UCTM) at the Balakovo NPP. The 

calculations are carried out under a conservative assumption due to the lack of some data in the 

defect log. The analysis of the obtained data concerned the case of zero failures of some blocks 

during the observation period. The results show that these blocks are quite reliable to continue 

their operation. 
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