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Q>EC9D<@9AF4?PAOI 84AAOI F4>B7B DB84 <;@9A9A<S 8<EC9DE<< @B:9F E?G:<FP CD<;A4>B@ A9<ECD46ABEF< 
D4EIB8B@9D4. 
 

�?RK96O9 E?B64: �1%, $� �, L4D<>B6O= D4EIB8B@9D, ,&"$ -32 , ,&"$ -8�, D4EIB8 
F9C?BABE<F9?S, ��� �,$, %��", &�1�, 8<47ABEF<K9E><= CD<;A4>. 
 

�?S J<F<DB64A<S: �47D95496 �. ., #BCB6 �.". #D98<>F<6A4S 8<47ABEF<>4 D4EIB8B@9DB6 D94>FBD4 
$� �.  �;>10;L=0O O45@=0O 157>?0A=>ABL. 2023;13(2):24330. https://doi.org/10.26583/gns-2023-02-03 

_________________________________________________________________________________________ 

 

Predictive diagnostics of RBMK reactor flowmeters 
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Abstract. At the moment, there are 8 rectors of the RBMK type in operation. The safety of their operation is 

ensured by monitoring devices for key indicators. In this article, the main attention is paid to the control of the 

coolant flow through the fuel channel, carried out with the help of ball flow meters of the STORM-32M and 
STORM-8A types. During operation, there is a gradual wear of the raceway and the ball, which leads to the 

appearance of a negative error in the device, in other words, the readings become underestimated. In this regard, 

as well as due to the widespread use of ball flowmeters at nuclear power plants, the task of diagnosing the state 

of flowmeters is urgent. One of the approaches to determining the flow rate of the coolant is an approach based 

on the measurement and use of information about the activity of the coolant by the tightness control system of 

the fuel element shells (SKGO). The use of this radiation approach to control the flow of coolant has its 

advantages and difficulties. The advantage is that real experimental information about the presence of a coolant 

in the fuel channel is involved, and the difficulties are associated with receiving and processing the signals of the 

SCGO in real time and, consequently, with low efficiency of solving the problem. In this paper, we propose a 

method for predictive diagnostics of the flow meter condition using the design features of the multiple forced 

https://orcid.org/0000-0003-0576-3587
https://orcid.org/0000-0002-2085-8683
https://orcid.org/0000-0003-0576-3587
https://orcid.org/0000-0002-2085-8683


25                                                         2023;13(2):24–30  �?>5а?PAаO O45@AаO 55з>?аAA>AFP / Global nuclear saf5ty 

За7@55а56 А. ., �>?>6 �.�. �@54<кF<6AаO 4<а7A>AF<ка … / Zagrebaev А.M., Popov E.O. Predictive diagnostics … 
 

 

circulation circuit (CMPC) of the reactor. The adaptive parameter of the �ÿ model was selected as a diagnostic 

parameter. Studies have shown that the increase in time variance in experimental flow values has a clear effect 

on the selected diagnostic feature �ÿ, as a result of which it can be said that the observation of this kind of 

variance change in experimental data can serve as a sign of a malfunction of the flow meter. 
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computing complex for diagnostics of ball flow meters; SKGO; fuel rod; diagnostic feature. 
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�6989A<9 
!4 84AAO= @B@9AF 6 Q>EC?G4F4J<< A4IB8SFES 8 D94>FBDB6 $� �, 59;GE?B6AB, 

59;BC4EABEFP <I Q>EC?G4F4J<< 3 B8A4 <; 64:A9=L<I ;484K. �?S QFB= J9?< D4;D45BF4A 
J9?O= >B@C?9>E ED98EF6 >BAFDB?S [1,2]. "8A<@ <; >BAFDB?<DG9@OI C4D4@9FDB6 
S6?S9FES D4EIB8 F9C?BABE<F9?S K9D9; FBC?<6AO= >4A4?. �BAFDB?P BEGM9EF6?S9FES E 
CB@BMPR L4D<>B6OI 4>E<4?PAOI D4EIB8B@9DB6 ,&"$ -32 , CD98A4;A4K9AAOI 8?S 
D45BFO CD< 6OEB><I F9@C9D4FGD4I F9C?BABE<F9?S 6 F9IAB?B7<K9E><I >4A4?4I C9D6B7B 
>BAFGD4 �1% E D94>FBD4@< $� �. "8A4>B 6 CDBJ9EE9 Q>EC?G4F4J<< CDB<EIB8<F 
CBEF9C9AAO= <;ABE 8BDB:>< >4K9A<S < L4D4, KFB CD<6B8<F > CBS6?9A<R G CD<5BD4 
BFD<J4F9?PAB= CB7D9LABEF<, 8DG7<@< E?B64@<, CB>4;4A<S EF4AB6SFES ;4A<:9AAO@<. 
1FB, 6 E6BR BK9D98P, CD<6B8<F > FB@G, KFB D4EIB8 F9C?BABE<F9?S K9D9; >4A4? 
CD96OL49F D4EK9FAO= [3]. 

� E6S;< E QF<@, 4 F4>:9 CB CD<K<A9 L<DB>B7B CD<@9A9A<S L4D<>B6OI 
D4EIB8B@9DB6 A4 �1%, 4>FG4?PAB= S6?S9FES ;484K4 8<47ABEF<>< EBEFBSA<S 
D4EIB8B@9DB6.  � A4EFBSM99 6D9@S A4 �1% 8<47ABEF<>4 CDB6B8<FES <;@9D<F9?PAB-

6OK<E?<F9?PAO@ >B@C?9>EB@ 8<47ABEF<>< L4D<>B6OI D4EIB8B@9DB6 (��� �,$).  
��� �,$ CB8>?RK49FES > <;@9D<F9?PAB@G >4A4?G, EK<FO649F 79A9D<DG9@O= 
Q?9>FD<K9E><= E<7A4? E @47A<FBQ?9>FD<K9E>B7B CD9B5D4;B64F9?S, K4EFBF4 >BFBDB7B 
CDBCBDJ<BA4?PA4 D4EIB8G. �<47ABEF<>4 CDB6B8<FES 8?S BJ9A>< F9IA<K9E>B7B 
EBEFBSA<S D4EIB8B@9DB6 E J9?PR E6B96D9@9AAB= <I ;4@9AO 6B 6D9@S D9@BAF4. 
�<47ABEF<>4 CDB6B8<FES 4 D4;4:  

− CBE?9 CGE>4;  
− 6 E9D98<A9 @9:8G D9@BAF4@<; 
− 864 D4;4 C9D98 BEF4AB6B@ E C9D9DO6B@ 6 1-2 A989?<. 
�@9EF9 E F9@, 6 @9:D9@BAFAO= C9D<B8 <AB784 6B;A<>4RF 89H9>FO, >BFBDO9 A9 

CDBS6?S?< E95S 6B 6D9@S 8<47ABEF<><. � F4><@ 89H9>F4@ BFABESFES BEF4AB6 6D4M9A<S 
L4D<>4 ,��$, ;47DS;A9A<9 6 >4A46>9 >4K9A<S ,��$ < F.C. 

&4><@ B5D4;B@, 4>FG4?PAB= S6?S9FES ;484K4 A9CD9DO6AB= 8<47ABEF<>< < 
CDB7AB;<DB64A<S EBEFBSA<S D4EIB8B@9DB6 6 CDBJ9EE9 Q>EC?G4F4J<< 6 @9:D9@BAFAO= 
C9D<B8. 

�BB5M9 7B6BDS, @9FB8<>4 CDB7AB;<DB64A<S F9IA<K9E>B7B EBEFBSA<S ?R5B7B 
B5N9>F4 8B?:A4 BFB5D4:4FP E?98GRMGR CBE?98B64F9?PABEFP 89=EF6<= [4]: 

1. $4;D45BF>4 @4F9@4F<K9E>B= @B89?< B5N9>F4 < A4 99 BEAB69 BCD989?9A<9 A45BD4 
A4<5B?99 ;A4K<@OI C4D4@9FDB6 < I4D4>F9D<EF<> B5N9>F4, BCD989?9A<9 A45BD4 
8<47ABEF<K9E><I CD<;A4>B6 B5N9>F4 (�#), BJ9A>4 8<4C4;BAB6 8BCGEF<@OI ;A4K9A<= 
�#, CD< A4IB:89A<< B5N9>F4 6 D45BFBECBEB5AB@ EBEFBSA<< < 8D.; 

2. #BEFDB9A<9 8<47ABEF<K9E>B= @B89?< (� ) B5N9>F4, CB?GK9A<9 4A4?<F<K9E><I 
;46<E<@BEF9= @9:8G A9CBED98EF69AAB <;@9DS9@O@< 69?<K<A4@< < �# B5N9>F4, 4A4?<; 
6B;@B:ABEF9= <89AF<H<>4J<< CB?AB7B A45BD4 �# < EB;84A<9 8?S J9?9= 
<89AF<H<>4J<< D4EK9FAB= CDB7D4@@O. 

#B8 8<47ABEF<K9E><@ CD<;A4>B@ B5N9>F4 CBA<@49FES EFDG>FGDAO= C4D4@9FD <?< 
I4D4>F9D<EF<>4, <;@9A9A<9 >BFBDB= CB8 6?<SA<9@ 6A9LA<I H4>FBDB6 < D9:<@B6 
D45BFO B>4;O649F A4<5B?PL99 6?<SA<9 A4 D45BK<9 HGA>J<< >BAFDB?<DG9@B7B B5N9>F4 . 
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� >4K9EF69 8<47ABEF<K9E>B= @B89?< B5N9>F4 CD98?4749FES D4EE@4FD<64FP @B89?P, 
6 >BFBDB= E6S;O64RFES 8<47ABEF<K9E><9 CD<;A4>< < 69?<K<AO, A9CBED98EF69AAB 
<;@9DS9@O9 6 CDBJ9EE9 8<47ABEF<DB64A<S. 

&4><@ B5D4;B@, CD< >BAFDB?9 F9IA<K9E>B7B EBEFBSA<S CD98?4749FES 6OCB?A<FP 
C9D9IB8 <; CDBEFD4AEF64 D45BK<I HGA>J<= 6 CDBEFD4AEF6B 8<47ABEF<K9E><I CD<;A4>B6, 
6 >BFBDB@ < BFE?9:<649FES EF9C9AP CD<5?<:9A<S B5N9>F4 > E6B9@G CD989?PAB@G 
EBEFBSA<R (;4C4E D45BFBECBEB5ABEF<) CB >4:8B@G <; QF<I CD<;A4>B6. 1FB CB;6B?S9F 
CB8B=F< > D9L9A<R ;484K< BJ9A>< BEF4FBKAB7B D9EGDE4. 

#BASFAB, KFB D9L9A<9 QFB= ;484K< CD4>F<K9E>< A96B;@B:AB 59; <ECB?P;B64A<S 
4DI<6B6 Q>EC?G4F4J<BAAOI C4D4@9FDB6, 6 >BFBDOI, CB EGF<, EB89D:<FES 6ES «:<;AP 
QA9D7B5?B>4». � A4EFBSM99 6D9@S 4DI<6O F9IAB?B7<K9E><I C4D4@9FDB6 698GFES A4 6E9I 
�1% E D94>FBD4@< $� � < ��1$. � ;484K4 6 QFB@ E?GK49 ;4>?RK49FES 6 CBEFDB9A<< 
8<47ABEF<K9E>B= @B89?< A4 54;9 E<AF9;4 @4F9@4F<K9E>B= @B89?<, D9;G?PF4FB6 
<;@9D9A<= < 4DI<6AB= <AHBD@4J<<. 

 

"5;BD @9FB8<>< BCD989?9A<S D4EIB84, BC<D4RM9=ES A4 <AHBD@4J<R B5 
4>F<6ABEF< F9C?BABE<F9?S 

"8A<@ <; CB8IB8B6 > BCD989?9A<R D4EIB84 F9C?BABE<F9?S S6?S9FES  
CB8IB8, BEAB64AAO= A4 <;@9D9A<< < <ECB?P;B64A<< <AHBD@4J<< B5  4>F<6ABEF< 
F9C?BABE<F9?S [5]. 

%GFP D48<4J<BAAB7B CB8IB84 ;4>?RK49FES 6 E?98GRM9@: <; BF9K9EF69AAB= < 
<ABEFD4AAB= ?<F9D4FGDO <;69EFAB, KFB A46989AA4S 4>F<6ABEFP F9C?BABE<F9?S ;46<E<F 
BF 69?<K<AO C?BFABEF< CBFB>4 5OEFDOI A9=FDBAB6, E?98B64F9?PAB, BF @BMABEF<, 4 6 
FBK>9 <;@9D9A<S 4>F<6ABEF< BF 6D9@9A< 8BEF46><, F.9. CD< <;69EFAB@ D4EEFBSA<< 3 BF 
D4EIB84 F9C?BABE<F9?S. &4><@ B5D4;B@, 69?<K<A4 4;BFAB= 4>F<6ABEF< F9C?BABE<F9?S 
A9E9F 6 E959 <AHBD@4J<R < B @BMABEF<, < B D4EIB89. 1FBF H4>F CD<6?9> 6A<@4A<9 
<EE?98B64F9?9= 5B?99 30 ?9F A4;48 CD<@9A<F9?PAB > >BDCGEAO@ D94>FBD4@ E 6B8B= CB8 
846?9A<9@. �O?< EB;84AO < 6A98D9AO 6 Q>EC?G4F4J<R <AHBD@4J<BAAO9 <;@9D<F9?PAO9 
E<EF9@O, BEAB64AAO9 A4 QFB@ CD<AJ<C9, CB;6B?SRM<9 E 6OEB>B= FBKABEFPR 
BCD989?SFP BEAB6AO9 ?<@<F<DGRM<9 C4D4@9FDO (8?S D4EIB84 F9C?BABE<F9?S C9D6B7B 
>BAFGD4 BFABE<F9?PA4S CB7D9LABEFP EBEF46?S9F 2-3%, 8?S F9C?B6B= @BMABEF< 1,5-2%). 

'EC9LAB9 6A98D9A<9 >BAFDB?PAB-<AHBD@4J<BAAOI E<EF9@ A4 BEAB69 4;BFAB= 
4>F<6ABEF< A4 �1% E D94>FBD4@< F<C4 ��1$ 6O;64?B EFD9@?9A<9 <ECB?P;B64FP 84AAO= 
<AHBD@4J<BAAO= >4A4? < A4 QA9D7B5?B>4I E D94>FBD4@< F<C4 $� �. � EB:4?9A<R, A4 
D94>FBD4I F<C4 $� � A9F EC9J<4?PAB= E<EF9@O >BAFDB?S ;4 A46989AAB= 4>F<6ABEFPR 
F9C?BABE<F9?S. �?S QFB= J9?< @B:9F 5OFP <ECB?P;B64A4 E<EF9@4 >BAFDB?S 
79D@9F<KABEF< B5B?BK>< &�1� (%��"). �BB5M9 7B6BDS, %��" CD98A4;A4K9A4 8?S 
B5A4DG:9A<S >4A4?4 E G69?<K9AAB= 4>F<6ABEFPR C4DB6B8SAB= E@9E< ;4 EK9F BE>B?>B6 
89?9A<S 6 E?GK49 A4DGL9A<S 79D@9F<KABEF< B5B?BK9> &�1� CB EBBFABL9A<R 
4>F<6ABEF< >BDBF>B- < 8B?7B:<6GM<I CDB8G>FB6 89?9A<S. "8A4>B, 6 BCD989?9AAB@ 
QA9D79F<K9E>B@ 8<4C4;BA9 (5B?99 3,5  Q�) QF4 E<EF9@4 H<>E<DG9F < A46989AAGR 
4>F<6ABEFP F9C?BABE<F9?S ;4 EK9F D94>J<<  16O (n,p)16N7. 

#D< QFB@ @4F9@4F<K9E><9 @B89?< 4>F<64J<< < @9FB8O BCD989?9A<S D4EIB84 
F9C?BABE<F9?S, <ECB?P;G9@O9 6 D94>FBD4I E 6B8B= CB8 846?9A<9@ 8?S D94>FBDB6 $� � 
A9 CD<@9A<@O. "5GE?B6?9AB QFB >4> ><C9A<9@ 6B8O 6 >4A4?9, F4> < >BAEFDG>J<9= 
%��".  9:8G F9@ 84AAO= CB8IB8 GEC9LAB D4;D454FO64?ES EBFDG8A<>4@<  
!�3'  �(� [6,7]. 

�ECB?P;B64A<9 84AAB7B D48<4J<BAAB7B CB8IB84 >BAFDB?S D4EIB84 F9C?BABE<F9?S 
<@99F E6B< 8BEFB<AEF64 < E?B:ABEF<. �BEFB<AEF6B@ S6?S9FES FB, KFB CD<6?9>49FES 
D94?PA4S Q>EC9D<@9AF4?PA4S <AHBD@4J<S B A4?<K<< F9C?BABE<F9?S 6 FBC?<6AB@ 
>4A4?9, 4 E?B:ABEF< E6S;4AO E CB?GK9A<9@ < B5D45BF>B= E<7A4?B6 %��" 6 D94?PAB@ 
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D9:<@9 6D9@9A< < 6E?98EF6<9 QFB7B E A<;>B= BC9D4F<6ABEFPR D9L9A<S ;484K< (D4; 6 
EGF><, A9 A4DGL4S LF4FAB7B D9:<@4 D45BFO %��").  

 

#D98?4749@4S @9FB8<>4 BCD989?9A<S D4EIB84 
+<E?9AAO= 4A4?<; 4DI<64 Q>EC?G4F4J<BAAOI C4D4@9FDB6 CB>4;4?, KFB HGA>J<S 

D4EIB84 F9C?BABE<F9?S 69EP@4 A9B8ABDB8A4, KFB CD98EF46?S9F E?B:ABEF< 8?S 99 
CBE?98GRM9= 4CCDB>E<@4J<< < Q>EFD4CB?SJ<<. &B:9 E4@B9 @B:AB E>4;4FP < B HGA>J<< 
@BMABEF<. &4>:9 6OS6?9A4 BFD<J4F9?PA4S >BDD9?SJ<S @BMABEF< < D4EIB84, 8DG7<@< 
E?B64@<, G69?<K9A<9 @BMABEF< 6989F > G@9APL9A<R D4EIB84. �4:AB BF@9F<FP, KFB 
84AAO9 ;46<E<@BEF< 5O?< 6OS6?9AO CD< A9<;@9AAB@ ;A4K9A<< ?<@54 ;4CBDAB-

D97G?<DGRM97B >?4C4A4 (�$�), F.>. 97B <;@9A9A<9 6?9K9F <;@9A9A<S 6 6OL9 
B5B;A4K9AAOI C4D4@9FD4I  

&4><@ B5D4;B@, E J9?PR GK9F4 6OS6?9AAOI ;46<E<@BEF9= 6 C4D4@9FD4I, 4 F4>:9 6 
J9?SI CB6OL9A<S BC9D4F<6ABEF< CB ED46A9A<R E D48<4J<BAAO@ CB8IB8B@, @B:AB 
8<47ABEF<DB64FP < CDB7AB;<DB64FP EBEFBSA<9 D4EIB8B@9D4 6 A9CD9DO6AB@ D9:<@9 
@9:8G «CDB>4F>4@< %��"» D4EK9FAO@ CGF9@ ;4 EK9F <ECB?P;B64A<S @4F9@4F<K9E>B= 
@B89?< F9C?B7<8D46?<K9E>B7B FD4>F4 < A4>BC?9AAB7B 4DI<64 Q>EC?G4F4J<BAAOI 
C4D4@9FDB6. �4:AB CD< QFB@ CBA<@4FP, KFB D4EK9FAO= CDB7AB; 8B?:9A, 6 >BA9KAB@ 
EK9F9, CDB69DSFPES 9:9EGFBKAB Q>EC9D<@9AF4?PAB D48<4J<BAAO@ ECBEB5B@ A4 BEAB69 
84AAOI %��". 

� 84AAB= D45BF9 CD98?4749FES @9FB8<>4 D4EK9FAB= CD98<>F<6AB= 8<47ABEF<>< 
EBEFBSA<S D4EIB8B@9D4. 

 9FB8<>4 <ECB?P;G9F >BAEFDG>F<6AO9 BEB59AABEF< >BAFGD4 @AB7B>D4FAB= 
CD<AG8<F9?PAB= J<D>G?SJ<< (� #*) D94>FBD4, EI9@4F<KAB <;B5D4:9AAB7B A4  
D<EGA>9 1. �>F<6A4S ;BA4 (��) D94>FBD4 D4;89?9A4 A4 869 CB?B6<AO, 6 >4:8GR <; 
>BFBDOI F9C?BABE<F9?P CB849FES <; A4CBDAB7B >B??9>FBD4 (!�) < CBE?9 CDBIB:89A<S 
CB >4A4?4@ �� EB5<D49FES 6 54D454A9-E9C4D4FBD9 (�%).  

 

 
$8AC=>: 1. %E5<0B8G=K9 D@03<5=B � #* @50:B>@0 $� �  

Figure 1. Schematic fragment of the multiple forced circulation circuit of the RBMK reactor 

 

$4;ABEFP 846?9A<S @9:8G !� < �% 8?S 6E9I >4A4?B6 >4:8B= <; CB?B6<A �� 
B8<A4>B64 < 6OD4:49FES E?98GRM9= HBD@G?B= (1): 

 

 ∆�экс? =  �НК 2 �Б% .                                                        (1) 
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� HBD@G?9 (1) 846?9A<S A4 !� < �% <;@9DS9FES LF4FAO@< ED98EF64@< <;@9D9A<S 
846?9A<S. 

�@9EF9 E F9@ EGM9EF6G9F @4F9@4F<K9E>4S @B89?P 7<8DB8<A4@<>< >4A4?4, >BFBD4S 
CB;6B?S9F BCD989?<FP 7<8DB8<A4@<K9E>GR I4D4>F9D<EF<>G >4:8B7B ÿ 2 7> FBC?<6AB7B 
>4A4?4 < E6S;4FP C9D9C48 846?9A<= 6 >4A4?9 E @BMABEFPR >4A4?4 < D4EIB8B@ 
F9C?BABE<F9?S K9D9; A97B ∆�(ÿÿ , Ăÿ ) . �?S GK9F4 C489A<S 846?9A<S A4 @9EFAB@ 
EBCDBF<6?9A<< CBE?9 !� < 8B 6IB84 6 FBC?<6AO= >4A4?, A4CD<@9D, A4 ;4CBDAB-

D97G?<DGRM9@ >?4C4A9 (�$�), 66B8<FES CBCD46>4 �ÿÿÿ2. 

&4><@ B5D4;B@, C9D9C48 846?9A<= 8?S >4:8B7B >4A4?4 @B:AB ;4C<E4FP 
6OD4:9A<9@ (2): 

               ∆�экс? =  ∆�(ÿÿ , Ăÿ ) + �ÿÿÿ2 .                                              (2) 

 

#BASFAB, KFB CD< <;@9D9AAB@ ;A4K9A<< ∆�экс? , <;69EFAB= @BMABEF< Ăÿ , @B:AB 
BCD989?SFP ?<5B D4EIB8 CD< <;69EFAB@ >BQHH<J<9AF9 �ÿ , ?<5B >BQHH<J<9AF �ÿ  CD< 
<;69EFAB@ D4EIB89 F9C?BABE<F9?S ÿÿ. 

"FER84 6OF9>49F 6B;@B:ABEFP 6O5BD4 8<47ABEF<K9E>B7B C4D4@9FD4. �E?< 6 
>4K9EF69 8<47ABEF<K9E>B7B C4D4@9FD4 6O5D4A CB?GK9AAO= CB @4F9@4F<K9E>B= @B89?< 
(2) D4EIB8 ÿÿм>8 , FB E?98GRM<@ QF4CB@ FD95G9FES 97B ED46A9A<9 E <;@9D9AAO@ 
D4EIB8B@ ÿÿ87м  CB >4>B@G-?<5B 4?7BD<F@G. �E?< 6 >4K9EF69 8<47ABEF<K9E>B7B 
C4D4@9FD4 6O5D4A >BQHH<J<9AF �ÿ , FB BA F4>:9 BCD989?S9FES <; 6OD4:9A<S (2) CB 
<;69EFAO@ ;A4K9A<S@ @BMABEF< < <;@9D9AAO@ ;A4K9A<S@ ÿÿ87м  < ∆�экс?  <; 4DI<64 
Q>EC?G4F4J<BAAOI C4D4@9FDB6 < ED46A<649FES E F9>GM<@ ;A4K9A<9@. �EE?98B64A<S A4 
D94?PAOI 84AAOI CB>4;4?<, KFB QFBF CB8IB8 5B?99 QHH9>F<69A. 

%GFP CD98?4749@B= @9FB8<>< ;4>?RK49FES 6 D94?<;4J<< FD9I QF4CB6: 
1. �?S >4:8B7B >4A4?4 <; 4DI<64 6O5<D4RFES 6D9@9AAO9 <AF9D64?O, 6 F9K9A<9 
>BFBDOI A9 @9AS?BEP CDBIB8AB9 E9K9A<9 �$�; 

2. �ECB?P;GS CDB7D4@@G F9C?B7<8D46?<K9E>B7B D4EK9F4 «���$�» < <;@9D9AAO9 
C9D9C48O 846?9A<S @9:8G A4CBDAO@ >B??9>FBDB@ < 54D454A-E9C4D4FBDB@, 
BCD989?S9FES 6D9@9AA4S CBE?98B64F9?PABEFP ;A4K9A<= �ÿ(�); 

3. �D9@9AA4S CBE?98B64F9?PABEFP �ÿ(�)  CD98EF46?S9F EB5B= 6D9@9AAB= DS8 
8<47ABEF<K9E>B7B C4D4@9FD4 < @B:9F <EE?98B64FPES D4;?<KAO@< <;69EFAO@< 
@9FB84@< 4A4?<;4 < CDB7AB;4 6D9@9AAOI DS8B6 [8]. 

 

"5EG:89A<9 D9;G?PF4FB6 CD<@9A9A<S CD98?4749@B= @9FB8<>< 

� 84AAB= D45BF9 CD98?4749FES E?98GRM<= 4?7BD<F@: 4DI<6AO= 6D9@9AAB= DS8 
E7?4:<649FES H<?PFDB@ E>B?P;SM97B ED98A97B < GEF4A46?<649FES 4C9DFGD4 3 CD989?O 
<;@9A9A<S 484CF4J<BAAB7B C4D4@9FD4 �ÿ(�) . �OIB8 F9>GM97B ;A4K9A<S �ÿ(�) ;4 
4C9DFGDG 8<47ABEF<DG9FES >4> BL<5BKAB9 ;A4K9A<9 <;@9DS9@B7B D4EIB84. 

"8A<@ <; CD<;A4>B6 A9<ECD46ABEF< D4EIB8B@9D4 @B:9F 5OFP DBEF 8<EC9DE<< 
D9;G?PF4FB6 <;@9D9A<= [3]. % J9?PR CDB69D>< 6?<SA<S DBEF4 8<EC9DE<< A4 6O5D4AAO= 
8<47ABEF<K9E><= CD<;A4> �ÿ(�) , > D94?PAO@ ;A4K9A<S@ D4EIB84 F9C?BABE<F9?S 6 
4DI<6AOI 84AAOI S89DAB7B QA9D7B5?B>4 %@B?9AE>B= �1% ;4 H96D4?P 2016 7B84, 
A4K<A4S E 10 K<E?4, 8B546?S?4EP CB@9I4 E D4EFGM9= 6B 6D9@9A< 8<EC9DE<9=. �EIB8S <; 
CD98?B:9AAB7B 6OL9 4?7BD<F@4, 6?<SA<9 H<>E<DG9FES 6 E?GK49 6OIB84 �ÿ(�) ;4 
4C9DFGDG. 

� >4K9EF69 4C9DFGDO 5O?< 6O5D4AO @<A<@4?PAB9 < @4>E<@4?PAB9 ;A4K9A<S K, 

CB?GK9AAO9 CB A9<E>4:9AAO@ 84AAO@. � 19 H96D4?S 8<EC9DE<S 6ODBE?4 5B?99 K9@ A4 
80% BFABE<F9?PAB ;A4K9A<S A4 10 K<E?B QFB7B :9 @9ESJ4. �; D<EGA>4 2 6<8AB, KFB 
<E>4:9A<9, 6A9E9AAB9 6 ;A4K9A<9 D4EIB84, CD<69?B > FB@G, KFB 19 H96D4?S K CD96OE<?B 
69DIARR 4C9DFGDG. 
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$8AC=>: 2. �@0D8: @>AB0 48A?5@A88 �(�) 2 :0=0;5 63-22  

Figure 2. Graph of �(�) variance growth in channel 63-22 

 

�OIB8 ;4 4C9DFGDG 6 E6BR BK9D98P 7B6BD<F B 6B;@B:AB= A9<ECD46ABEF< 
D4EIB8B@9D4. 
 

�O6B8O 

� E<?G FB7B, KFB D9;G?PF4FO 8?S 8DG7<I >4A4?B6 >4K9EF69AAB EB6C484RF, @B:AB 
E89?4FP 6O6B8 B FB@, KFB DBEF 8<EC9DE<< CB 6D9@9A< 6 Q>EC9D<@9AF4?PAOI ;A4K9A<SI 
D4EIB84 B>4;O649F S6AB9 6?<SA<9 A4 6O5D4AAO= 8<47ABEF<K9E><= CD<;A4> �ÿ(�) , 

6E?98EF6<9 K97B @B:AB 7B6BD<FP B FB@, KFB A45?R89A<9 6 Q>EC9D<@9AF4?PAOI 84AAOI 
F4>B7B DB84 <;@9A9A<S 8<EC9DE<<, @B:9F E?G:<FP CD<;A4>B@ A9<ECD46ABEF< 
D4EIB8B@9D4. 
 

%#�%"� ��&�$�&'$/ / REFERENCES 

 

1. �B??9:4?P !.�., �@9?PSAB6 �.3. �4A4?PAO= S89DAO= QA9D79F<K9E><= D94>FBD.  BE>64: 
�FB@<;84F; 1980. 208 E. URL : http://elib.biblioatom.ru/text/dollezhal_kanalnyy-yadernyy-reaktor_1980/go,4/ 

(84F4 B5D4M9A<S: 09.11.2022).  
2. �5D4@B6  .�., �68996 �.�., �84@B6 �.". < 8D. �4A4?PAO= S89DAO= QA9D79F<K9E><= D94>FBD 

$� � : @BAB7D4H<S; CB8 B5M9= D98. 2. . +9D>4LB64.  BE>64: �'# !���1&; 2006. 631 E. URL: 

https://cat.gpntb.ru/?id=EC/ShowFull&irbDb=KATBW&bid=�2-06/38105 (84F4 B5D4M9A<S: 05.01.2023).  
3. �OE<>B6 �.�., #DB;BDB6 �.�. &9D@B@9FD<S < D4EIB8B@9FD<S S89DAOI D94>FBDB6.  BE>64: 

1A9D7B4FB@<;84F; 1985. 119 E. URL: https://rusneb.ru/catalog/000199_000009_001248090/ (84F4 B5D4M9A<S: 
09.11.2023).  

4. #4A><A �. .  9FB8B?B7<S D4;D45BF>< 4?7BD<F@B6 >BAFDB?S F9IA<K9E>B7B EBEFBSA<S 
A9CD9DO6AOI B5N9>FB6. � >A.: &@C4K  564C=0@>4=>3> A8<?>78C<0 «!0456=>ABL 8 :0G5AB2>», 2016. 
2016;1:56359. URL: https://cyberleninka.ru/article/n/metodologiya-razrabotki-algoritmov-kontrolya-

tehnicheskogo-sostoyaniya-nepreryvnyh-obektov (84F4 B5D4M9A<S: 06.03.2023). 
5. �74CB6 %.�., �OE9A>B �.�.,  GEBD<A �.�., *OC<A %.�. $48<4J<BAAO9 @9FB8O <;@9D9A<S 

C4D4@9FDB6 ��1$; CB8 D98. %.�. *OC<A4.  BE>64: 1A9D7B4FB@<;84F; 1991. 129 E. 
https://rusneb.ru/catalog/004191_000025_DONPB-DGPB%7C%7C%7CRETRO6%7C%7C%7C0000001397/ 

(84F4 B5D4M9A<S: 09.11.2022).  
6. �47D95496 �. ., �BEF4A5496 %.�., "6ESAA<>B64 !.�. < 8D. �BAFDB?P D4EIB84 6 F9IAB?B7<K9E>B@ 

>4A4?9 $� � A4 BEAB69 <AHBD@4J<< B5 4>F<6ABEF< F9C?BABE<F9?S. �B><=0O M=5@38O. 2010;2:82385. 

URL: https://www.j-atomicenergy.ru/index.php/ae/article/view/1480 (84F4 B5D4M9A<S: 09.11.2022).  

http://elib.biblioatom.ru/text/dollezhal_kanalnyy-yadernyy-reaktor_1980/go,4/
https://cat.gpntb.ru/?id=EC/ShowFull&irbDb=KATBW&bid=Ж2-06/38105
https://rusneb.ru/catalog/000199_000009_001248090/
https://cyberleninka.ru/article/n/metodologiya-razrabotki-algoritmov-kontrolya-tehnicheskogo-sostoyaniya-nepreryvnyh-obektov
https://cyberleninka.ru/article/n/metodologiya-razrabotki-algoritmov-kontrolya-tehnicheskogo-sostoyaniya-nepreryvnyh-obektov
https://rusneb.ru/catalog/004191_000025_DONPB-DGPB%7C%7C%7CRETRO6%7C%7C%7C0000001397/
https://www.j-atomicenergy.ru/index.php/ae/article/view/1480


30                                                         2023;13(2):24–30  �?>5а?PAаO O45@AаO 55з>?аAA>AFP / Global nuclear saf5ty 

За7@55а56 А. ., �>?>6 �.�. �@54<кF<6AаO 4<а7A>AF<ка … / Zagrebaev А.M., Popov E.O. Predictive diagnostics … 
 

 

7. �47D95496 �. , �BEF4A5496 %.�., "6ESAA<>B64 !.�. $4EK9FAB-<;@9D<F9?PAO= >B@C?9>E >BAFDB?S 
D4EIB84 6 >4A4?9 D94>FBD4 $� � A4 BEAB69 <AHBD@4J<< B5 4>F<6ABEF< F9C?BABE<F9?S. �725AB8O 2C7>2. 
/45@=0O M=5@35B8:0. 2010;(1):1383145. URL: https://static.nuclear-power-engineering.ru/journals/2010/01.pdf 
(84F4 B5D4M9A<S: 09.11.2022). 

8. %9@<BI<A %.�. "5;BD EB6D9@9AAOI CB8IB8B6 > CDB7AB;<DB64A<R 6D9@9AAOI DS8B6. 
 >;>456=K9 =0CG=>-B5E=8G5A:89 25AB=8:. 2017(12):12. http://ainsnt.ru/doc/863957.html (84F4 B5D4M9A<S: 
05.01.2023) 

 
  

����� ��&"$"�: 
�47D95496 �. . 3 CBEF4AB6>4 ;484K<, D4;D45BF>4 
@4F9@4F<K9E>B= @B89?<; 
#BCB6 �.". 3 CDB7D4@@A4S D94?<;4J<S @4F9@4F<K9E>B= 
@B89?<, CDB6989A<9 K<E?9AAOI <EE?98B64A<=. 
 

AUTHORS’ CONTRIBUTION:  
Zagrebaev A.M. 3 problem statement, development of a 

mathematical model; 

Popov E.O. 3 software implementation of a mathematical 

model, conducting numerical studies. 

�%&"+!��� (�!�!%�$"��!�3: 
�6FBDO ;4S6?SRF B5 BFEGFEF6<< 6A9LA97B 
H<A4AE<DB64A<S. 
 

FUNDING: 

The authors state that there is no external funding. 

�"!(���& �!&�$�%"�: 
�6FBDO ;4S6?SRF B5 BFEGFEF6<< >BAH?<>F4 <AF9D9EB6. 
 

CONFLICT OF INTEREST: 
The authors declare that there is no conflict of interest. 
 

�!("$ �*�3 "� ��&"$�): INFORMATION ABOUT THE AUTHORS: 

• �A8D9=  4D>BSAB6<K �47D95496, 8.H.-@.A., CDBH9EEBD 
>4H98DO ><59DA9F<><, !4J<BA4?PAO= 
<EE?98B64F9?PE><= S89DAO= GA<69DE<F9F « �(�», 
 BE>64, $BEE<=E>4S (989D4J<S; ORCID: 

https://orcid.org/0000-0003-0576-3587 ; e-mail: 

amzagrebayev@mephi.ru 

Andrey M. Zagrebaev, Dr. Sci. (Phys. and Math.), 

Professor, Department Cybernetics, National Research 
Nuclear University «MEPhI», Moscow, Russian Federation; 
ORCID: https://orcid.org/0000-0003-0576-3587 ; e-mail: 

amzagrebayev@mephi.ru 

�7BD "?97B6<K #BCB6, EFG89AF @47<EFD4FGDO CB 
A4CD46?9A<R 09.04.04 «#DB7D4@@A4S <A:9A9D<S», 
!4J<BA4?PAO= <EE?98B64F9?PE><= S89DAO= GA<69DE<F9F 
« �(�»,  BE>64, $BEE<=E>4S (989D4J<S; ORCID: 

https://orcid.org/0000-0002-2085-8683 ; e-mail: 

popov.egoriy@yandex.ru 
 

Egor O. Popov, Master's degree student in the field of 

09.04.04 Software Engineering, National Research Nuclear 
University «MEPhI», Moscow, Russian Federation; 

ORCID: https://orcid.org/0000-0002-2085-8683 ; e-mail: 

popov.egoriy@yandex.ru 

 

#BEFGC<?4 6 D984>J<R 26.01.2023 
#BE?9 8BD45BF>< 28.05.2023 
#D<ASF4 > CG5?<>4J<< 04.06.2023 

Received 26.01.2023 

Revision 28.05.2023 

Accepted 04.06.2023 

 

 

 

 

https://static.nuclear-power-engineering.ru/journals/2010/01.pdf
http://ainsnt.ru/doc/863957.html
https://orcid.org/0000-0003-0576-3587
https://orcid.org/0000-0003-0576-3587
https://orcid.org/0000-0002-2085-8683
https://orcid.org/0000-0002-2085-8683

