
  , 2017 №2(23), . 89–95 

©     « », 2017 

 

  

  

 
К 621.384.039 

 

   
      

 

© 2017 . . *, . . ё **, . . * 

 

* а а  сс а ск  с  « », ск а, сс  
**

 а   «К  сэ а » « ска  а а  э к с а »,  
, В ска  ., сс  

 
  ,         э  

  ,   XX .   э  
,      .   

      -

 ,    ф     
 « »    « ,   

     »   
    .      

  -      
         

     . 
 

К  с а:  , ,  , э -

 ,  ,  , . 
 

  : 12.05.2017 

 

, К    
К К      

 

    « »   1λ60-  . 
      

        ф . 
      

         
         
   Д1Ж, ё      Д2Ж,  
  ,       
    . 

  Д1Ж  ф     
     ,    

     ё   .   
        
       . 

 э  эфф ,    Д3Ж      
 : «      

  ( К)        
 ,     ,  ,  



90  К К   . 

 

  , № 2(23) 2017 

,   ,     
 ,     К,    

 ,          
      ». 

  Д4, 5Ж  ,      
ф     ,  э     

 .        
   ,    

 .  ф      
 ф ,       

      ( )    . 
    Д6-κЖ   э  эфф    

   .  
  ( )   1λ70-      

     ф . К    
ДλЖ,     ,       

            
 ,    э .    
         

     PАR. 
 

    C   

 

   « -  -2» (TεI)     
ф .       ,  

ф     ,    TεI 
            

         .  э   
     ,   

   (    - PАR),    
       . 

   э  ,       э   
[10-12]. 

 э          
    э    

   ф  ,  М ,   
   Д13Ж. 

  Д13Ж       
          

,  ф   ф  ,      
, , ,       ( ), , 

,     ф   .   
   эфф       

    ,      
    Д14Ж:   ,  

  ,  ,   
 .         

       
э    ,       

.  



  К  К К   91 

 

  , № 2(23) 2017 

 Д14Ж ,     ,   
  э  ,    

   ф    Д13Ж,    
        

  .  ,   Д14Ж, 
   э  ,   

    ,        
     .  

       ф  ,  
 ф        

         
э    . 

 ,         К 
   э    .    

       ,  
 ,    Д1, 4, 5, 13Ж     1λκ5 

,        «   
       

 К       
     ». ,   

 ,   ,    э     
1986 .     э       

   .    э  
      :   

  К,     ,  
 Д1Ж ,  ,     
 .       ф  

     ,    : )  
 «   »   ,  ) 

   ф      
     . 

 

К              

  1λκ6 . 
 

    , -κ76κ  1κ.05.κ6  
   ,    , э   

 .        
  . . .     ,  
 э   ,  ,     

  ,       
  ф         

  . 
         

  . . . К    э   : 
«1)  .  К. .    
          
 ( )  .      

         
 ,      



92  К К   . 

 

  , № 2(23) 2017 

. 2).        
    э    

     . 3).  
ф         э   

    . 4)  
  .  К. .     

  «       
   ». К ,  э   

    .    
ф  ,          

«   ,    
    »  . 

 

К       

  « К  » 

 

, ,        «  ». 
 ф  ,   -  ,   - , 

    ,    
. ,        ,   

,  ф   ,    , 
    , ё   .  

 э        . 
 э  ф        
         

 ,       
      .   , 

       BWR, 

  . 
 

  К    
   

 

 Д15Ж         
      ,  

,        
       ,   
     
         , 

    I    -1000,   , 
            

,     .  
  Д16Ж     I    

-1000:   λ.277    ф    
 1000.      , 

 10.1 ,     (  ф ),  
,      ,  13.1 , 

   ,  ,  
 . 

      



  К  К К   93 

 

  , № 2(23) 2017 

        ,  
    э      

  .  э   ,  
   ,        

       
         ,  

   . 
      

          
      
 К      э     

, ,      
        . 

   эфф     
    ф  ,   

.       
      , 

  ,      
   . 

  
К   К К   

 

      
  , ,   ,    

 э           
 .  э       

         
 ,        . 

       
        
  -  ,   

    э  ,       
. 

 
К  

 

1. ск к , К. .      Д Ж / К. . 
 // э . – 1965. – №12. – . 75–77. 

2. Tong L.S. Boiling crisis and critical heat flux. Westinghouse Electric Corporation. Published by 

Atomic Energy Commission office of information services, 1972. 

3. ф        ё ,   
 Д Ж //  э . – 1986. – . 61. – . 5. – . – . 301–320. 

4. ск к , К. .     Д Ж / К. . 
. – .:  , 1λ72. – . №126.  

5. ск к , К. .       Д Ж / 
К. .  // К э  I. – №5. – 1975. (   .) 

6. Van Blarcom P.P., Smitt R.D. Flashing fluids at low pressures. Proc. ISA Conf. And Exhib. 

Chicago, 1979, pp. 391–340. 

7. к , В. .  . К       
Д Ж / . . , . .  //     .   

  . – 1981. – . 2. – . 3–11. 

8. В ск , В. .  .        -1000  
  -1000 Д Ж / . . , . . , . . 
, . .  // э . – 1998. – №5. – . 36–41. 



94  К К   . 

 

  , № 2(23) 2017 

9. ск к  К. .  .      
     / К. . , . . , . , . . 

  . //  . – 1979. – . 407. – . κ7–92. 

10. Mullens L.A., Thie J.A. Understanding Pressure Dynamic Phenomena in PWRs for Surveillance, 

Diagnostic Application. Proceedings of 5-th Power Plant Dynamics, Controls, Testing Symposium 

University of Tennessee. Knoxville, March 1983. 

11. Por G., Izsak E.t Valka S. Some Results of Noise Measurements in PWR NPP. Progress in Nuclear 

EЧОЫРв. 1λκ5, №15, P. 3κ7. 
12. Nagy I., Katona T. Theoretical Investigation of the Low-Frequency Pressure Fluctuation in PWRs. 

Progress in Nuclear Energy, 1λκ5, №15, pp. 651–659.  

13. ск к , К. .      
   Д Ж / К. . . – .: , 1λκ4. – 67 . 

14. , . .    Д Ж / . . . – .: 
, 1λκλ. – 247 . 

15. ск к , К. .  .         
       Д Ж / К. . 

, . . ё , . .  // э . – 2015. –  №κ. – C. 17–23. 

16. ка, .  .   К   И1000/320  “ ”  
   Д Ж / . , . , .  //  V 

. .И . ф. “     ”. . 2λ –1 

 2007 . – , 2007. 

 

REFERENCES 

 

[1] Proskuriakov K.N. Avtokolebaniya v odinochnom parogeneriruiushchem kanale [Self-Oscillations 

in the Individual Steam-Generating Channel]. Teploenergetika [Heat Power Engineering], 1965, 

№12, ISSσ 0040-3636, pp. 75–77. (in Russian) 

[2] Tong L.S. Boiling crisis and critical heat flux. Westinghouse Electric Corporation. Published by 

Atomic Energy Commission office of information services, 1972. (in English) 

[3] Informatsiya ob avarii na Chernobylskoi AES i ee posledstviiakh, podgotovlennaya dlya MAGATE 

[Information of the Chernobyl Accident and Its Consequences Prepared for the IAEA]. Atomnaya 

energiya [Nuclear Energy], 1986, Vol. 61, Issue 5, November, ISSN 0004-7163, pp. 301–320. (in 

Russian) 

[4] Proskuriakov K.N. Elektricheskaia model parogeneriruiushchego kanala [Electrical Model of Steam 

Generating Channel Channel]. M. Pub. Trudy MPEI [MPEI АШЫФЬЖ, 1λ72, IЬЬЮО №126. (ТЧ RЮЬЬТКЧ) 
[5] Proskuriakov K.N. Uslovie vozniknoveniia kolebanii v parogeneriruiushchem kanale [Condition of 

Fluctuation Emergence in the Steam-GОЧОЫКЭТЧР CСКЧЧОХЖ. KОЫЧОЧОЫРТТК I ДKОЫЧОЧОЫРв IЖ, №5, 
1975. (in German) 

[6] Van Blarcom P.P., Smitt R.D. Flashing fluids at low pressures. Proc. ISA Conf. And Exhib. 

Chicago, 1979, pp. 391–340. (in English) 

[7] Ovchinnikov V.F., Smirnov L.V. Kolebaniia truboprovodov s nestatsionarnym potokom zhidkosti 

[Fluctuations of Pipelines with an Unsteady Flow of Liquid]. Voprosy atomnoi nauki i tekhniki. 

Fizika i tekhnika yadernykh reaktorov [Nuclear Science and Technology Issues. Physics and 

Technique of Nuclear Reactors.], 1981, Issue 2, ISSN 0205-4671 pp. 3–11. (in Russian) 

[8] Verezemskii V.G., Smirnov L.V., Ovchinnikov V.F., Iaskeliain A.V. Vliyanie rezhimov raboty 

konturov tsirkuliatsii AES s VVER-1000 na nadezhnost parogeneratorov PGV-1000 [Influence of 

the NPP Circulation Contour Modes with PWR-1000 on Reliability of PGV-1000 Steam 

GОЧОЫКЭШЫЬЖ. TОЩХШОЧОЫРОЭТФК ДHОКЭ PШаОЫ EЧРТЧООЫТЧРЖ, 1λλκ, №5, ISSσ 0040-3636, pp. 36–41. (in 

Russian) 

[9] Proskuriakov K.N., Stoianov S.P., Nidtsballa G., Griazev A.V. Teoreticheskoe opredelenie chastot 

sobstvennykh kolebanii teplonositelia v pervom konture AES [Theoretical Determination of 

Frequencies of Heat Carrier in the NPP First Contour]. Trudy MPEI [MPEI Works], 1979, Issue 

407, pp. 87–92. (in Russian) 

[10] Mullens L.A., Thie J.A. Understanding Pressure Dynamic Phenomena in PWRs for Surveillance, 

Diagnostic Application. Proceedings of 5-th Power Plant Dynamics, Controls, Testing Symposium 

University of Tennessee. Knoxville, March 1983. (in English) 

[11] Por G., Izsak E.t Valka S. Some Results of Noise Measurements in PWR NPP. Progress in Nuclear 

EЧОЫРв. 1λκ5, №15, P. 3κ7. (ТЧ EЧРХТЬС) 

[12] Nagy I., Katona T. Theoretical Investigation of the Low-Frequency Pressure Fluctuation in PWRs. 

Progress in σЮМХОКЫ EЧОЫРв, 1λκ5, №15, ЩЩ. 651–659. (in English) 



  К  К К   95 

 

  , № 2(23) 2017 

[13] Proskuriakov K.N. Teplogidravlicheskoe vozbuzhdenie kolebanii teplonositelia vo 

vnutrikorpusnykh ustroistvakh IaEU [Heathydraulic Excitation of the Heat Carrier Oscillations in 

the NPP Intra Body Devices]. M. Pub. MPEI, 1984, 67 p. (in Russian) 

[14] Fomichev M.S. Eksperimentalnaia gidrodinamika IaEU [The Experimental Hydrodynamics of 

Nuclear Installations]. M. Pub. Energoatomizdat [Energoatomizdat], 1989, 247 p. (in Russian) 

[15] Proskuriakov K.N., Fedorov A.I., Zaporozhets M.V. Prognozirovanie uslovii vozniknoveniia v 

pervykh konturakh AES s VVER vibroakusticheskikh rezonansov s vneshnimi periodicheskimi 

ЧКРЫЮгФКЦТ. TОЩХШОЧОЫРОЭТФК ДHОКЭ PШаОЫ EЧРТЧООЫТЧРЖ, 2015,  №κ, ISSσ 0040-3636, pp. 17–23. 

(in Russian) 

[16] PОМСТЧФК δ., SЭЮХТФ P., ГОЦКЧ V. VХТТКЧТО ЯТЛЫКЭЬТТ VKU ЫОКФЭШЫК VVERИ1000/320 χES “TОЦОХТЧ” 
ЧК ЮЬЭШТМСТЯШЬЭ ЬСКФСЭв ЫОКФЭШЫК. εКЭОЫТКХв V εОгСН. ЧКЮМС.ИЭОФСЧ. ФШЧП. “τЛОЬЩОМСОЧТО 
ЛОгШЩКЬЧШЬЭТ χES Ь VVER”. PШНШХЬФ. 2λ ЦКвК–1 iyunya 2007 g. Podolsk, 2007. (in Russian) 

 

auses of Vibroacoustic Resonances in Severe Accidents at Nuclear Power Plants 

 

K.N. Proskuryakov*
1
, A.I. Fedorov

**2
, M.V. Zaporozhets

*3 

 
* 
National Research University «MPEI», 

Krasnokazarmennaya St., 14, Moscow, Russia, 111250 
1 
e-mail: ProskuriakovKN@mpei.ru 

ORCID: 0000-0002-1884-5576 

WoS ResearcherID: I-3583-2017 
3
 ORCID: 0000-0002-8017-5200 

WoS ResearcherID: K-3710-2017 
 

** 
Novovoronezh Nuclear Power Plant the branch of «Rosenergoatom Concern» JSC 

Yuzhnaya St., 1, Plant zone, Novovoronezh, Voronezh region, Russia, 396072 
2 
ORCID: 0000-0002-5661-9502 

WoS ResearcherID: K-3752-2017 

 
Abstract – The paper shows that the results of scientific research carried out in the past century in 

MPEI, which outpaced in the past the current requirements of nuclear power, are of great 

importance. The results confirm the need for state support for scientific research work continuation 

in the new scientific area "Forecasting, Diagnostics and Prevention of Vibroacoustic Resonances 

in NPP Equipment" created at the Department of NPP MPEI, to increase safety and 

competitiveness of Russian nuclear power plants. 

 

Keywords: standing waves, vibrations, vibroacoustic resonance, electro-acoustic analogies, 

Helmholtz resonator, seismic effects, NPP. 

 

mailto:ProskuriakovKN@mpei.ru

