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Abstract. The drive of the reactor control and protection system (CPS) is a system of normal operation, 
important for safety. Malfunctions of the drives of the ARC type CPS are often the initial events for accidents 
leading to unauthorized downtime. The currently existing standard methods for monitoring the parameters of the 
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CPS do not allow for a reliable assessment of the condition of the drives. In this paper, it is proposed to 
implement an approach that provides an increase in sensitivity when recognizing the states of the drives of the 
ARC control system by processing the initial signals, which are vibroacoustic signals registered on the lid of the 
upper unit of the VVER reactor. A procedure for processing diagnostic signals using singular spectrum analysis 
is proposed. The proposed approach differs from the known ones by the presence of a scaling procedure, which 
is implemented by multiplying the eigenvalue matrices by the gankelized matrices of the source data. Due to 
scaling, the necessary sensitivity increase is provided. The expected increase in sensitivity is based on the fact 
that the eigenvalues reflect the structure of the signals, which changes significantly under the influence of the 
defect. The proposed method was used to process vibroacoustic signals registered on the lid of the upper block of 
the VVER reactor unit. Experimental studies were carried out at the test stand of Izhorskiye Zavody OJSC. The 
results of processing experimental data indicate a high quality of diagnosis. The hypothesis was clearly 
confirmed that the difference in the structure of diagnostic signals of serviceable and faulty equipment can 
manifest itself in the eigenvalues of the gankel signal matrices. The approach proposed in the article to the 
processing of diagnostic signals is easily amenable to automation and can be implemented in the development of 
a diagnostic system for the drive of an ARC-type CPS. 
 

Keywords: CPS drive, diagnostic system, diagnostic signal, singular spectrum analysis, reference basis, 
diagnostic errors. 
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464D<=AB= CD98GCD98<F9?PAB= ;4M<FO, B5BDG8B64A<9 CDB7D4@@AB-F9IA<K9E>B7B 
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@BMABEF<, B5BDG8B64A<9 Q?9>FDBC<F4A<S < B5BDG8B64A<S GCD46?9A<S CD<6B84@< "$ A4 
EF9A89 69DF<>4?PAB@ [1,2].  

#B 6?<SA<R A4 59;BC4EABEFP, 6 EBBF69FEF6<< E !#-001-15 < «"FK9F4 CB 
G7?G5?9AAB= BJ9A>9 59;BC4EABEF<», CD<6B8O >4EE9F �$� <@9RF >?4EE<H<>4J<BAAB9 
B5B;A4K9A<9 2!3' (Q?9@9AFO, BF>4;O >BFBDOI @B7GF S6?SFPES <EIB8AO@< EB5OF<S@<, 
CD<6B8SM<@< > CDB9>FAO@ 464D<S@).  

�?S C9D9@9M9A<S 6 4>F<6AB= ;BA9 D94>FBD4 >4:8B7B <; 73-I BD74AB6 
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D99KAB7B F<C4). #D<6B84 "$ %'� GEF4A46?<64RFES 6 <A8<6<8G4?PAOI K9I?B6OI FDG54I 
(K9I?4I %'�), E@BAF<DB64AAOI A4 >DOL>9 >BDCGE4 D94>FBD4.  

%I9@4 @9I4A<;@4 GCD46?9A<S D94>FBD4 ��1$-440 CD98EF46?9A4 A4 D<EGA>9 1 [1]. 
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$8AC=>: 1. %E5<0 ?@82>40 �$� ��-$-440 

Figure 1. Drive ARC of WWPR 440 diagram 
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− HBD@<DB64A<9 ;4CD9F4 A4 86<:9A<9 669DI 7DGCC BD74AB6 D97G?<DB64A<S < 
BF89?PAOI BD74AB6 CD< CBEFGC?9A<< E<7A4?4 CD98GCD98<F9?PAB= ;4M<FO; 

− 46FB@4F<K9E>B9 8<EF4AJ<BAAB9 GCD46?9A<9 7DGCC4@< < BF89?PAO@< BD74A4@< 
D97G?<DB64A<S; 

− 46FB@4F<K9E>B9 D97G?<DB64A<9 @BMABEF< D94>FBD4 CB ;484AAO@ CDB7D4@@4@; 
− >BAFDB?P CB?B:9A<S BD74A4 D97G?<DB64A<S CB E<7A4?4@ 84FK<>B6 CB?B:9A<S. 
!9<ECD46ABEF< CD<6B8B6 %'� ;4K4EFGR S6?SRFES <EIB8AO@< EB5OF<S@< 8?S 

464D<=, CD<6B8SM<I > A9E4A>J<BA<DB64AAO@ CDBEFBS@ [3,4]. 
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� C9D6B@ CB8IB89 ;A4K9A<S F9IAB?B7<K9E><I C4D4@9FDB6 ED46A<64RF E GEF46>4@< 
[5]. !4CD<@9D, CD< 8<47ABEF<>9 �$� BJ9A<64RFES E?98GRM<9 C4D4@9FDO: 

− FB> H4;O № 1 3 3 Q?9>FDB86<74F9?S 6 D9:<@9 86<:9A<S, 10 + 15 % �; 
− A4CDS:9A<9 A4 6FBD<KAOI B5@BF>4I 84FK<>4 CB?B:9A<S, 14 + 25  % �; 
− D45BK<= IB8 D9=>< CD<6B84, 2500 ± 0,8 % @@ < F.8. 
"8A4>B 84AAO= @9FB8 <@99F DS8 A98BEF4F>B6: 7DG5BEFP 6 BJ9A>9 <;@9D9A<=, 

B7D4A<K9A<9 B8A<@ >?4EEB@ 8<47ABEF<DG9@B7B B5BDG8B64A<S, A96B;@B:ABEFP 
B5A4DG:9A<S @9EF4 6B;A<>AB69A<S 89H9>F4.  

�FBDO@ CB D4ECDBEFD4A9AABEF< @9FB8B@ 8<47ABEF<>< @9I4A<;@B6 DBFBDAB7B 
89=EF6<S S6?S9FES EC9>FD4?PAO= 4A4?<; [6,7]. �4> CD46<?B, 8<47ABEF<K9E><= E<7A4? 
@B:AB CD98EF46<FP 6 6<89 >B@5<A4J<< BF89?PAOI E<AGEB<84?PAOI 6B?A. 
%<AGEB<84?PAO9 6B?AO 6 7D4H<>9 (EC9>FD9) 5G8GF BFB5D4:4FPES 6 K4EFBFAB= B5?4EF< 6 
6<89 69DF<>4?PAOI ?<A<=, CD< K9@, CB?B:9A<9 < 6OEBF4 ?<A<< CD98EF46?SRF 
EBBF69FEF69AAB K4EFBFG < 4@C?<FG8G. �A4?<; EC9>FD4 BEAB6O649FES A4 ;46<E<@BEF< 
4@C?<FG8O BF K4EFBFO < ED46A9A<< K4EFBFAOI C<>B6 E K4EFBFB= ED454FO64A<S 89F4?9= 
@9I4A<;@4. 1FB B8A4 <; CD<K<A, CB >BFBDB= @9FB8 EC9>FD4?PAB7B 4A4?<;4 < 8DG7<9 
K4EFBFAO9 @9FB8O QHH9>F<6AO 8?S B5A4DG:9A<S A9<ECD46ABEF9= 6 @9I4A<;@9.  
�B 6D9@9AAB= B5?4EF< A9>BFBDO9 K4EFBFAO9 BEB59AABEF< E<7A4?4 A9 6<8AO, AB <I 
@B:AB A45?R84FP 6 EC9>FD9. "8A4>B EC9>FD4?PAO= 4A4?<; A9 ?<L9A A98BEF4F>B6: 
;4FDG8A<F9?PAB 4A4?<;<DB64FP C9D9IB8AO9 CDBJ9EEO; ;4FDG8A<F9?PAB 4A4?<;<DB64FP 
5?<;><9 CB K4EFBF9 74D@BA<><; E FDG8B@ CB8849FES 46FB@4F<;4J<<, FD95GRF Q>EC9DFAOI 
A46O>B6. !4 CD4>F<>9 ;4K4EFGR CD<;A4>< BF>?BA9A<= 6 EC9>FD9 S6?SRFES 
EF4F<EF<K9E>< @4?B;A4K<@O@< < A9 CB;6B?SRF B8AB;A4KAB 6OS6<FP EGM9EF6GRM<9 
BF>?BA9A<S 6 B5BDG8B64A<S, 4 ?<LP @B7GF 84FP CD<@9DAGR >4DF<AG B EBEFBSA<< 
B5N9>F4 8<47ABEF<DB64A<S < 97B BEAB6AOI G;?B6. 

�A4?<; EC9>FD4 4>GEF<K9E>B7B E<7A4?4 A9 6E9784 G8B59A, CBE>B?P>G E FDG8B@ 
CB8849FES 46FB@4F<;4J<<, ;4K4EFGR FD95G9F DGKAB= B5D45BF><, 6OCB?AS9@B= 
Q>EC9DFB@.  
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69DBSFABEF< CDBCGE>4 89H9>F4 (BL<5>4 6FBDB7B DB84) < ?B:AB= <AHBD@4J<< B 89H9>F9 
(BL<5>4 C9D6B7B DB84). 

 

$8AC=>: 2. (C=:F88 @0A?@545;5=8O 25@>OB=>AB8 ?0@0<5B@>2 A8AB5<K 

Figure 2. Probability distribution functions of system parameters 

 

�4AAO= CB8IB8 <@99F CD9<@GM9EF64: 1) B5B5M9AAO= GK9F 6E9I ;A4K9A<= 
C4D4@9FDB6, BC<EO64RM<I 8<A4@<>G EBEFBSA<S; 2) CDBEFBF4 D94?<;4J<< 6 
46FB@4F<;<DB64AAOI E<EF9@4I 8<47ABEF<><.  

!4GKAB= ;484K9= 6 E?GK49 D94?<;4J<< FD9FP97B CB8IB84 S6?S9FES 6O5BD 
KG6EF6<F9?PAOI C4D4@9FDB6, CD4>F<K9E>< <E>?RK4RM<I 69DBSFABEF< BL<5B>, <?< (KFB 
CDBM9 D94?<;G9@B) CD<@9A9A<9 > <EIB8AO@ 84AAO@ @9FB8B6 B5D45BF>< (A4CD<@9D, 
H<?PFD4J<<) 8?S CB6OL9A<S KG6EF6<F9?PABEF<. 
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CB6OL9A<9 KG6EF6<F9?PABEF< CD< D4ECB;A464A<< EBEFBSA<= CD<6B8B6 %'� �$�, ;4 
EK9F B5D45BF>< <EIB8AOI E<7A4?B6. �EIB8AO9 E<7A4?O CD98EF46?SRF EB5B= 
6<5DB4>GEF<K9E><9 E<7A4?O, ;4D97<EFD<DB64AAO9 A4 >DOL>9 69DIA97B 5?B>4 
D94>FBDAB= GEF4AB6>< ��1$. $4ECB?B:9A<9 84FK<>B6 CB>4;4AB A4 D<EGA>9 3. �A4?<; 
I4D4>F9D<EF<> <;@9DS9@OI E<7A4?B6 CB8 89=EF6<9@ BCD989?9AAOI 89H9>FB6 
CDB6B8<?<ES E <ECB?P;B64A<9@ <ECOF4F9?PAB7B EF9A84 [9]. #D<6B8 CD< E5DBE9 6 
D9:<@9 464D<=AB= ;4M<FO B59EFBK<64?ES. #D< QFB@ DBFBD 86<74F9?S BEF464?ES 
@9I4A<K9E>< E6S;4AAO@ E CD<6B8B@ < CD< E5DBE9 6D4M4?ES. �4 EK9F 6D4M9A<S < 
BEF4FBKAB7B A4@47A<K<64A<S DBFBD4 6 B5@BF>9 EF4FBD4 Q?9>FDB86<74F9?S 6B;5G:84?4EP 
Q?9>FDB86<:GM4S E<?4. !4 6IB8 46FB@4F<;<DB64AAB= E<EF9@O 6 QFB :9 6D9@S CB8464?ES 
E<7A4? E ;4>D9C?9AAB7B A4 >BDCGE9 B5N9>F4 8<47ABEF<DB64A<S 6<5DB4>GEF<K9E>B7B 
84FK<>4. 
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Figure 3. Places of installation of vibroacoustic sensors on the drive of the CPS type ARC 

 

#D< D97<EFD4J<< 6 @9I4A<;@ CD<6B84 6ABE<?<EP 89H9>FO. �O5BD 89H9>FB6 
BEGM9EF6?S?ES CB D9>B@9A84J<< EC9J<4?<EFB6 4FB@AOI Q?9>FDBEF4AJ<=, 
Q>EC?G4F<DGRM<I CD<6B8 %'� F<C4 �$�. � >4K9EF69 QF4?BA4 F4>:9 ;4D97<EFD<DB64AO 
E<7A4?O <ECD46AB7B CD<6B84. #D<@9D <EIB8AOI E<7A4?B6 CD98EF46?9A A4 D<EGA>9 4. 

 

 
 

$8AC=>: 4. �81@>0:CAB8G5A:85 A83=0;K ?@82>40 %'� B8?0 �$�: 8A?@02=K9 8 A 45D5:B>< (@0AF5?;5=85  
70I5;:8 <03=8B0) 

Figure 4. Vibroacoustic signals of the drive of the CPS type ARC: serviceable and defective (release of the  

magnet latch) 

 

�4> 6<8AB, E<7A4?O CD98EF46?SRF EB5B= C9D<B8<K9E>GR CBE?98B64F9?PABEFP 
<@CG?PEB6, CD< K9@, CD< A4?<K<< 89H9>FB6 4@C?<FG84 <@CG?PEB6 A9E>B?P>B 
G69?<K<649FES. #9D6BA4K4?PAB > E<7A4?4@ CD<@9AS?<EP FD48<J<BAAO9 @9FB8O 3 

EF4F<EF<K9E>4S B5D45BF>4 < EC9>FD4?PAO= 4A4?<;. 
�4> 6<8AB A4 D<EGA>9 5, D4;?<K<9 4@C?<FG8 <@CG?PEB6 CD< BFEGFEF6<< < A4?<K<< 

89H9>F4 A9 B59EC9K<649F 8BEF4FBKAB9 D4;?<K<9 8?S 8BEFB69DAB7B B5A4DG:9A<S 
89H9>FB6. 

� EC9>FD4I E<7A4?B6 6<5D4J<<, >BFBDO9 CB>4;4AO A4 D<EGA>9 6, @B:AB A45?R84FP 
8<47ABEF<K9E><9 CD<;A4>< (D4;?<K<9 4@C?<FG8 A4 BF89?PAOI K4EFBFAOI C<>4I, 
BF>?BA9A<S K4EFBF, A4 >BFBDOI A45?R84RFES C<><). "8A4>B, >4> CB>4;4?  4A4?<; E 
<ECB?P;B64A<9@ EF4F<EF<K9E><I >D<F9D<96 ;A4K<@BEF< 7<CBF9; [6], CD<;A4>< 
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BF>?BA9A<= 6 EC9>FD9 S6?SRFES EF4F<EF<K9E>< @4?B;A4K<@O@< < A9 CB;6B?SRF 
B8AB;A4KAB 6OS6<FP EGM9EF6GRM<9 BF>?BA9A<S 6 CD<6B89.  
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Figure 5. Probability distribution functions of vibration amplitudes of the drive of the CPS type ARC: 

serviceable and defective (release of the magnet latch) 
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Figure 6. Logarithmic spectra of vibration signals of the drive of the CPS type ARC: serviceable and defective 

(release of the magnet latch) 

 

&4><@ B5D4;B@, CD9864D<F9?PAO9 <EE?98B64A<S CB>4;O64RF, KFB EGM9EF6GRM<9 
@9FB8O A9 CB;6B?SRF 8BEFB69DAB 6OS6?SFP CD<;A4>< 89H9>FB6 6 CD<6B89 %'� F<C4 
�$� CB 97B 8<47ABEF<K9E><@ E<7A4?4@. &D95G9FES 6A98D9A<9 @9FB8B6 B5D45BF>< 
<EIB8AOI 84AAOI 8?S CB6OL9A<S KG6EF6<F9?PABEF<. 

 

 9FB8<>4  
"L<5><, >BFBDO9 A45?R84RFES CD< 4A4?<;9 EBEFBSA<S B5N9>F4 (E@. D<E. 5), 

6B;A<>4RF 6 D9;G?PF4F9 FB7B, KFB 6O5BD>< 8<47ABEF<K9E><I C4D4@9FDB6, 
EBBF69FEF6GRM<I D4;?<KAO@ EBEFBSA<S@, <@9RF 5?<;><9 ED98A<9 ;A4K9A<S < L<DB>GR 
8<EC9DE<R.  AB7BK<E?9AAO9 CD<@9DO [9-11] 89@BAEFD<DGRF, >4> 6O5BD>< C4D4@9FDB6 
<ECD46AOI < A9<ECD46AOI EBEFBSA<= C9D9>DO64RF 8DG7 8DG74 «C9D9>DO64RF». 
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� CD4>F<>9 B5D45BF>< 8<47ABEF<K9E><I E<7A4?B6 8?S GE<?9A<S D97G?SDAB= 
EBEF46?SRM9= E<7A4?4 < BE?45?9A<S 6O5DBEB6, CD<EGFEF6GRM<I 6 E<7A4?9 GEC9LAB 
CD<@9AS9FES @9FB8 A4 BEAB69 4A4?<;4 E<A7G?SDAB7B EC9>FD4 (�%%) [10-12]. 

 9FB8 CD98CB?4749F E?98GRMGR CBE?98B64F9?PABEFP 89=EF6<=: 
1. #D98EF46?9A<9 <EIB8AB= 6D9@9AAB= CBE?98B64F9?PABEF< E<7A4?4 <ECD46AB7B < 

EBEFBSA<S 6 6<89 FD49>FBDAB= @4FD<JO, 6OD4:9A<9 (1): 
 [�] = [ �1 �2 & �Ā�2 �3 & �Ā+1î î ⋱ î�ÿ �ÿ+1 & �� ], (1) 

 

789 Ii 3 ;A4K9A<9 6B 6D9@9AAB@ DS8G, N = m+n-1, n 3 8?<A4 B>A4. �1, �2, �3,ï �� 

�4 EK9F CD98EF46?9A<S 6 6<89 FD49>FBDAB= @4FD<JO B59EC9K<649FES ?GKL4S 
>BDD9?SJ<S EBE98A<I ;A4K9A<= 

2. #D9B5D4;B64A<9 @4FD<JO � 6 >B64D<4J<BAAGR, 6OD4:9A<9 (2): 
 

[�] = [ ý��(�1, �1) ý��(�2, �1) & ý��(�Ā, �1)ý��(�2, �2) ý��(�3, �2) & ý��(�Ā+1, �2)î î ⋱ îý��(�ÿ, �ÿ) ý��(�ÿ+1, �ÿ) & ý��(��, �ÿ) ].                                  (2) 

  

+9@ 5?<:9 ;A4K9A<S EBE98A<I Q?9@9AFB6, F9@ 5B?PL9 Q?9@9AFO @4FD<JO.  
3.  4FD<J4 % CB869D749FES E<A7G?SDAB@G D4;?B:9A<R. %<A7G?SDAB9 D4;?B:9A<9 

CB;6B?S9F D4;?B:<FP @4FD<JG [%] D4A74 L A4 FD< @4FD<JO: [U] (BDFB7BA4?PA4S @4FD<J4), 
[S] (8<47BA4?PA4S @4FD<J4) < [V]T (FD4AECBA<DB64AA4S BDFB7BA4?PA4S @4FD<J4 [V]), 

6OD4:9A<9 (3): 
 [%]ÿ×Ā = [Ā]ÿ×ÿ[þ]ÿ×Ā[ā]Ā×Ā� , (3) 

 

789 Ā�Ā = ā ; 
      ā�ā = ā;  
      S 3 8<47BA4?PA4S @4FD<J4, EB89D:4M4S >648D4FAO9 >BDA< EB5EF69AAOI ;A4K9A<= %�%, >BFBDO9 @B7GF 5OFP CD98EF46?9AO 6OD4:9A<9@ (4): 
 þ = þÿ�ý(ÿ1, ÿ2, ÿ�), (4) 

789 L=min(m, n). 1F< ÿÿ  (i=1,2,&, L) A4;O64RFES EB5EF69AAO@< ;A4K9A<S@< @4FD<JO 
[%]. %B5EF69AAB9 K<E?B BCD989?S9F ;A4K<@BEFP EBBF69FEF6GRM9= 9= >B@CBA9AFO. � 
D4EE@4FD<649@B@ @9FB89 @4FD<J4 V, 9E?< BA4 CB?GK9A4 CB ;A4K9A<S@, 
EBBF69FEF6GRM<@ <ECD46AB@G EBEFBSA<R, D4EE@4FD<649FES >4> QF4?BAAO= 54;<E. 
)4D4>F9D<EF<>< 8DG7<I EBEFBSA<= B5N9>F4 CDB9J<DGRFES A4 QFBF 54;<E. 

#DBJ98GD4 B5D45BF>< 8<47ABEF<K9E><I E<7A4?B6 E <ECB?P;B64A<9@ �%% 
BC<EO649FES EI9@B= A4 D<EGA>9 7. #D98?4749@O= CB8IB8 BF?<K49FES BF <;69EFAOI [10 -

12] A4?<K<9@ CDBJ98GDO @4ELF45<DB64A<S, >BFBD4S D94?<;G9FES CGF9@ G@AB:9A<S 
@4FD<J EB5EF69AAOI ;A4K9A<= A4 74A>9?PAO9 @4FD<JO <EIB8AOI 84AAOI. �4 EK9F 
@4ELF45<DB64A<S 8B?:AB B59EC9K<64FPES A9B5IB8<@B9 CB6OL9A<9 KG6EF6<F9?PABEF<. 
#D98CB?4749@B9 CB6OL9A<9 KG6EF6<F9?PABEF<, BEAB64AB A4 FB@, KFB EB5EF69AAO9 
;A4K9A<S BFB5D4:4RF EFDG>FGDG E<7A4?B6 (EBBFABL9A<9 C9D<B8<K9E><I 
EFBI4EF<K9E><I < FD9A8B6OI EBEF46?SRM<I), >BFBD4S EGM9EF69AAB @9AS9FES CB8 
6B;89=EF6<9@ 89H9>F4. 
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Figure 7. Processing of vibroacoustic signals using SSA 

 

$9;G?PF4FO <EE?98B64A<S 
#DBJ98GD4 B5D45BF>< 8<47ABEF<K9E><I E<7A4?B6 E <ECB?P;B64A<9@ �%% 5O?4 

CD<@9A9A4 > E<7A4?4@ 6<5D4J<< CD<6B84 %'� F<C4 �$�. � D9;G?PF4F9 CD9B5D4;B64A<S 
6OD4:9A<S (3) A48 QF4?BAAO@< 84AAO@< 5O? CB?GK9A QF4?BAAO= 54;<E, A4 >BFBDO= 
CDB9J<DB64?<EP 6E9 Q>EC9D<@9AF4?PAO9 84AAO9. &4>:9 6 D9;G?PF4F9 CD9B5D4;B64A<S 
5O?< CB?GK9AO 8<47BA4?PAO9 @4FD<JO, EB89D:4M<9 >648D4FAO9 >BDA< EB5EF69AAOI 
;A4K9A<=.  

� A4L9= <AF9DCD9F4J<< EB5EF69AAO9 ;A4K9A<S (< <I >BDA<) FD4>FGRFES >4> 
@4ELF45AO9 >BQHH<J<9AFO, B59EC9K<64RM<9 KG6EF6<F9?PABEFP CD< 
8<47ABEF<DB64A<<. 

#D<@9DO 7D4H<>B6, <A4K9 7B6BDS EC9>FDB6, EB5EF69AAOI ;A4K9A<= BF AB@9DB6 
>B@CBA9AF (A4CD46?9A<= 6 54;<E9) CD98EF46?9AO A4 D<EGA>9 8. #D<@9D A47?S8AB 
CB8F69D:849F 7<CBF9;G B FB@, KFB D4;?<K<9 EFDG>FGDO 8<47ABEF<K9E><I E<7A4?B6 
<ECD46AB7B < A9<ECD46AB7B B5BDG8B64A<S @B:9F CDBS6?SFPES 6 EB5EF69AAOI ;A4K9A<SI 
74A>9?PAOI @4FD<J E<7A4?B6.  
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Figure 8. The eigenvalue spectrum of the vibration amplitudes of the drive of the CPS type ARC: serviceable and 

defective (release of the magnet latch) 
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% J9?PR B59EC9K9A<S KG6EF6<F9?PABEF< 5O?B 6OCB?A9AB G@AB:9A<9 @4FD<J 
EB5EF69AAOI ;A4K9A<= A4 74A>9?<;B64AAO9 @4FD<JO <EIB8AOI 84AAOI < 
CDB9J<DB64A<9 D9;G?PF4F4 A4 54;<E, >BFBDO= CB?GK<?ES 6 D9;G?PF4F9 CD9B5D4;B64A<S 
6OD4:9A<S (3) A48 E<7A4?B@ <ECD46AB7B CD<6B84. $9;G?PF4FO CDB9J<DB64A<S A4 C9D6GR 
>B@CBA9AFG CD98EF46?9AO 6 6<89 HGA>J<= D4ECD989?9A<S 69DBSFABEF< (D<E. 9).  
#B HGA>J<S@ D4ECD989?9A<S 69DBSFABEF< <EIB8AOI C4D4@9FDB6 < HGA>J<S@, 
CB?GK9AAO@ CBE?9 B5D45BF><, 5O?< CB?GK9AO BJ9A>< 69DBSFABEF< BL<5B> 
8<47ABEF<DB64A<S 8B < CBE?9 B5D45BF>< (F45?. 1). 
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Figure 9. Probability distribution functions of the scaled amplitudes of vibration projections of the drive of the 

CPS type ARC: serviceable and defective (release of the magnet latch) 

 

&01;8F0 1. �5@>OB=>AB8 >H81>: 4803=>AB8@>20=8O 4> 8 ?>A;5 >1@01>B:8 
Table 1. Probabilities of diagnostic errors before and after processing 

№ 

�<8 89H9>F4 
"L<5>4 C9D6B7B DB84 "L<5>4 6FBDB7B DB84 

�B 
B5D45BF>< 

#BE?9 
B5D45BF>< 

�B  
B5D45BF>< 

#BE?9 
B5D45BF>< 

1 D4EJ9C?9A<9 ;4M9?>< @47A<F4 49 0 33 0 

2 CDBCGE> L474 47 0 24 0 

3 A4DGL9A<9 D9;P5B6B7B 
EB98<A9A<S 5?B>4 C9D9@9M9A<S 

46 0 31 0 

4 ;4984A<9 ;4M9?>< 41 0 27 0 

5 <;ABE ;4M9?B> CD<6B84 50 0 23 0 

6 A4?<K<9 CBEFBDBAA97B CD98@9F4 6 
>BDCGE9 

37 0 24 0 

 

�4> 6<8AB <; D<EGA>4 9 < F45?<JO 1, HGA>J<< C?BFABEF< D4ECD989?9A<S 
69DBSFABEF< QF4?BAAB7B E<7A4?4 < E<7A4?4 E 89H9>FAB= EBEF46?SRM9= A9 
C9D9E9>4RFES, KFB 7B6BD<F B 6OEB>B@ >4K9EF69 8<47ABEF<DB64A<S. #D98?4749@O= 6 
EF4FP9 CB8IB8 > B5D45BF>9 8<47ABEF<K9E><I E<7A4?B6 ?97>B CB8849FES 46FB@4F<;4J<< < 
@B:9F 5OFP 6A98D9A CD< D4;D45BF>9 E<EF9@O 8<47ABEF<>< CD<6B84 %'� F<C4 �$�.  
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