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         2. 
        

   . 
 

 – 2           ДDКЭК ШЧ 
distribution failures by years of operation at Balakovo NPP]  

  2010 2011 2012 2013 2014 2015 2016 2017 2018 
 

 Дx] 

 10 5 3 0 0 0 0 1 0 19 

 1 0 0 0 0 0 0 0 0 1 

 0 1 0 0 0 0 0 0 0 1 

 1 0 0 0 0 0 0 0 0 1 

-  1 0 0 0 0 0 1 0 0 2 

 2 0 0 0 0 0 0 0 0 2 

 0 0 0 0 0 0 0 0 0 0 

 1 0 0 0 0 0 0 0 0 1 

 0 0 0 0 0 0 0 0 2 2 

 0 0 0 0 0 0 0 0 1 1 

 0 0 0 0 0 0 0 0 0 0 

 1 0 0 0 1 0 0 0 1 3 

 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 

-  0 0 0 0 0 0 0 0 0 0 

 1 2 0 0 0 1 0 0 0 4 

 0 0 0 0 0 0 0 0 1 1 

 1 0 0 0 0 0 0 0 1 2 

 5 3 0 2 0 0 0 0 2 12 

 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 6 6 

 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 

 

    

       : 
1.           

,           
01.01.2010  31.12.2018,    ,      

    01.01.2010. 
2.          , 

       (600      
  ) Д12Ж,     ,  
       .  
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                  (19) 

 

 

 x –      Δt; 

      m –     .  

     3. 
 
 3 –      б ≠ 0 ДFКТХЮЫО ЫКЭОЬ ШП Unified Set of Technical Means 

ЮЧТЭЬ КЭ б ≠ 0Ж 
      Дm]   [x] λ(1/ ) 

 2400 19 8,795E-04 

 2400 1 4,630E-05 

 2400 1 4,630E-05 

 2400 1 4,630E-05 

-  2400 2 9,259E-05 

 2400 2 9,259E-05 

 2400 1 4,630E-05 

 2400 2 9,259E-05 

 2400 1 4,630E-05 

 2400 3 1,389E-04 

 2400 4 1,852E-04 

 2400 1 4,630E-05 

 2400 2 9,259E-05 

 2400 12 5,555E-04 

 2400 6 2,778E-04 

 

   λ    x = 0 

        (17) (                       t –       )  
   4. 

 
 4 –      x = 0 [Failure rates of Unified Set of Technical Means 

units at x = 0] 

 
 

   
 (m) 

λ(1/ ) 
Pα=0,95 Pα=0,5 Pα=0,05 

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

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

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

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

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

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

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

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

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

 

 

        ,  
          

,)(
tm

x
t






70   . 

  , № 3(36) 2020 

  2010-2018 .   ,     
   ,  ,  

       
    -001-15 Д13Ж.     

      10-3
  

           
.  

,     ,     
   λ- ,  8,795  10

-4
 Д1/ Ж,   

     Q(t)=8  10
-3

.  

          λ- ,  
4,63010

-5 Д1/ Ж,      Q(t)= 410
-4

. 

        
       . 
     , 
    . ,   

      ,    
      ,   

      .  
 

  

 

1. , . .           /  
. . , . . , . . . –  :  , 2004. – 352 . 

2. , . .    / . . , . . . –  : 
  « », 2008 – 368 . 

3. Vieru, Gh. Reliability analysis and experimental reliability parameter determination of nuclear 

reactor equipments. 2014. Probabilistic Safety Assessment and Management PSAM 12. Honolulu. 

Hawaii. 

4. , . .       /  
. . , . . , . .  //     

 :    №16  . –  : , 2006. –  

. 9-23. 

5. , . .       

   / . . , . . . –  : 
, 1993. – 368 . 

6. , . .          
   / . . , . . , . .  //  

.  . – 2011. – № 2. – . 13. 

7. Hanly, J. A. If nothing goes wrong, is everything all right interpreting zero numerators /  

James A. Hanly // The Journal of the American Medical Association. 1983. . 149. № 13. P. 4. 

8.         /  
. .  Д  .Ж //    . – 2016. 

– № 06. – . 6. 
9. Razzaghi, M. On the Estimation of Binomial Success Probability with Zero Occurrence in Sample / 

Mehdi Razzaghi // Journal of Modern Applied Statistical Methods. 2002. . 1. № 2. P. 8. 

10.      ,  « ». 
       

  . 
11. , . .     / . . . –  : , 1997. – 

102 . 
12. , . .       

       / . . , . .  // 
 .  . – 2008. – № 1. – . 9-16. 

13. -001-15.         .  
    . –  :    

,    , 2015. – 30 . 
 



       71  

  , № 3(36) 2020 

REFERENCES 

 

[1] Akimov V.A., Lesnykh V.V., Radaev N.N. Osnovy analiza i upravleniya riskom v prirodnoy i 

tekhnogennoy sferakh [Fundamentals of Risk Analysis and Management in the Natural and 

Technogenic Spheres]. Moskva: Delovoy ekspress [Moscow: Delovoy Express]. 2004. 352 p.  

 (in Russian). 

[2] Vishnyakov Ya.D., Radaev N.N. Obshchaya teoriya riskov [General Risk Theory]. Moskva: 

IгНКЭОХ'ЬФТв ЭЬОЧЭЫ «AФКНОЦТвК» ДεШЬМШа: «AМКНОЦв» PЮЛХТЬСТЧР CОЧЭОЫЖ. 2008. 368 Щ.  
(in Russian). 

[3] Vieru Gheorghe. Reliability Analysis and Experimental Reliability Parameter Determination of 

Nuclear Reactor Equipments. 2014. Probabilistic Safety Assessment and Management PSAM 12. 

Honolulu. Hawaii. 

[4] Antonov A.V., Zyulyaeva N.G., Chepurko V.A. Issledovaniye metoda yadernoy otsenki plotnosti 

raspredeleniya [Study of the Method of Nuclear Estimation of Distribution Density]. Diagnostika i 

ЩЫШРЧШгТЫШЯКЧТвО ЬШЬЭШвКЧТвК ЬХШгСЧвФС ЬТЬЭОЦ: ЬЛШЫЧТФ ЧКЮМСЧвФС ЭЫЮНШЯ №16 ФКПОНЫв ASU 
[Diagnostics and Forecasting of Complex Systems: collection of scientific ЩКЩОЫЬ №16 ШП ЭСО 
Department of ACS]. Obninsk: IATE [Obninsk: INPE]. 2006. P. 9-23 (in Russian). 

[5] Antonov A.V., Ostreikovsky V.A. Otsenivaniye kharakteristik nadezhnosti elementov i system 

YAEU kombinirovannymi metodami [Estimation of Reliability Characteristics of Elements and 

Systems of Nuclear Power Plants by Combined Methods]. Moskva: Energoatomizdat [Moscow: 

Energoatomizdat]. 1993. 368 p. (in Russian). 

[6] Antonov A.V., Belova K.A., Chepurko V.A. Statisticheskiy analiz dannykh ob otkazakh 

oborudovaniya AES s uchetom neodnorodnosti potoka otkazov [Statistical Analysis of Data on 

Failures of NPP Equipment Taking into Account the Heterogeneity of the Failure Flow]. Izvestiya 

ЯЮгШЯ. ВКНОЫЧКвК ОЧОЫРОЭТФК ДUЧТЯОЫЬТЭв NОаЬ. NЮМХОКЫ EЧОЫРвЖ. 2011. № 2. P. 13 (ТЧ RЮЬsian). 

[7] James A. Hanly. If Nothing Goes Wrong, is Everything All Right Interpreting Zero Numerators.  

The Journal of the American Medical Association. 1983. . 149. № 13. P. 4. 
[8] Shakhanov N. I. [et al.] Prognozirovaniye otkazov oborudovaniya v usloviyakh malogo kolichestva 

polomok [Forecasting Equipment Failures in Conditions of a Small Number of Breakdowns]. 

Vestnik Cherepovetskogo gosudarstvennogo universiteta [Bulletin of Cherepovets State 

UЧТЯОЫЬТЭвЖ. 2016. № 06. P. 6 (ТЧ RЮЬЬТКЧ).  
[9] Mehdi Razzaghi. On the Estimation of Binomial Success Probability with Zero Occurrence in 

Sample / Mehdi Razzaghi // Journal of Modern Applied Statistical Methods. 2002. . 1. № 2. P. 8. 
[10] εТЧТЬЭОЫЬЭЯШ RШЬЬТвЬФШв FОНОЫКЭЬТТ ЩШ КЭШЦЧШв ОЧОЫРТТ, KШЧЭЬОЫЧ «RШЬОЧОЫРШКЭШЦ». BКХКФШЯЬФКya 

atomnaya elektrostantsiya sluzhba podgotovki personala unifitsirovannyy kompleks tekhnicheskikh 

sredstv [Ministry of the Russian Federation for Atomic Energy, Rosenergoatom Concern. Balakovo 

Nuclear Power Plant Personnel Training Service Unified Set of Technical Means]. URL: 

https://studfile.net/preview/5288613/ (in Russian). 

[11] Volkov Yu.V. Nadezhnost' i bezopasnost' YAEU [Reliability and Safety of Nuclear Power Plants] 

Obninsk: IATE [Obninsk: INPE]. 1997. 102 p. (in Russian). 

[12] Volkov Yu.V., Samokhin D.S. Obespecheniye konservativnosti otsenok pokazateley nadezhnosti 

ob"yektov yadernykh tekhnologiy pri maloy statistike po otkazam [Ensuring Conservative Estimates 

of Reliability Indicators for Nuclear Technology Facilities with Low Failure Statistics]. Izvestiya 

ЯЮгШЯ. ВКНОЫЧКвК ОЧОЫРОЭТФК ДUЧТЯОЫЬТЭв NОаЬ. NЮМХОКЫ EЧОЫРвЖ. 2008. № 1. P. 9-16 (in Russian). 

[13] NP-001-15. Federal'nyye normy i pravila v oblasti ispol'zovaniya atomnoy energii. Obshchiye 

polozheniya obespecheniya bezopasnosti atomnykh stantsiy. Moskva: Federal'naya sluzhba po 

ekologicheskomu, tekhnologicheskomu i atomnomu nadzoru [NP-001-15. Federal Norms and Rules 

in the Field of Atomic Energy Use. General Provisions for Ensuring the Safety of Nuclear Power 

Plants. Moscow: Federal Service for Ecological, Technological and Nuclear Supervision].  

2015. 30 p. 

 

 

 

 

 

 

 

 

 

 



72   . 

  , № 3(36) 2020 

Evaluation of Reliability Indicators of Units of Unified Set of Technical Means at 

Nuclear Power Plants Using Information About Failures and Defects 

  

Samokhin D.S.
1
, Alslman M.A.

2
 

 
NКЭТШЧКХ RОЬОКrМС NЮМХОКr UЧТЯОrЬТЭв «MEPСI», KКЬСТrЬФШвО ЬСШЬЬО, 31, Moscow, Russia 115409 

1
e-mail: DSSamokhin@mephi.ru 

2
ORCID iD: 0000-0002-7971-2507 

e-mail: moh.salman85@gmail.com 
 

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. 

 

Keywords: reliability, mean time to failure, failure rate, probability of failure-free operation, defect 

log, conservative assumption, Unified Set of Technical Means, safety, time to failure. 

 

 


