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Abstract. A method of electrophysical chromatography was proposed to visualize the results of electrical non-

destructive testing for the first time. Surface potentiograms usually used to represent the results of scanning 

contact potentiometry are replaced by volumetric images of structural inhomogeneities. The alternative has 

obvious advantages as useful additional information can drastically change the results of testing which is 

demonstrated by the example of a weld overlay. Methodological recommendations for constructing volumetric 

images of defects are formulated and implemented. The causes of self-shielding of structural inhomogeneities at 

different levels of fixation which are due to the mutual spatial overlap of microregions emitting waves of elastic 

stresses are discussed. The biggest problems in identifying defects for NDT are their complete or partial 

screening. The electrophysical chromatography method requires at least one experimental array obtained from 

the following measurements: double scanning of the surfaces of the test object; double simultaneous scanning of 

the surfaces of the test object; double simultaneous scanning of the surfaces of the test object using a radiation 

synchronizer in time or frequency. In the case of scanning along one (external or internal) surface, the 

coordinates of defects are determined from the corresponding cross sections and the calculated values of their 

depth using frequency and time-frequency analysis. 
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Figure 1. Fragments of surface potentiograms with reflections from the following defects (from left to right): the 

nucleus of a microscopic crack; singularity in a welded joint; slag accumulation in a welded joint 
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Figure 2. The effect of defect self-shielding at different structural levels: on the left - surface potentiograms with 

a crack-nucleus reflection at the fixation level SLS=2 (top) and SLS=4.854 (bottom); on the right - 1) 
potentiogram with a crack nucleus, 2) volumetric potentiogram of this defect at a high fixation level, 3) 

volumetric potentiogram of this defect at a low fixation level 
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Figure 3. Examples of full (a), partial or overlapping (b) and conditional (c) screening of inhomogeneities 
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%HBD@G?<DB64AO < D94?<;B64AO @9FB8<K9E><9 D9>B@9A84J<< 8?S CBEFDB9A<S 
B5N9@AOI <;B5D4:9A<= 89H9>FB6. �BBD8<A4FO 89H9>FB6 6 B5N9@9 BCD989?SRFES 
7D4H<K9E>< CB D9;G?PF4F4@ E?98GRM<I <;@9D9A<=: 

3 86B=AB7B E>4A<DB64A<S CB69DIABEF9= B5N9>F4 >BAFDB?S; 
3 86B=AB7B B8AB6D9@9AAB7B E>4A<DB64A<S CB69DIABEF9= B5N9>F4 >BAFDB?S; 
3 86B=AB7B B8AB6D9@9AAB7B E>4A<DB64A<S CB69DIABEF9= B5N9>F4 >BAFDB?S E 

CD<@9A9A<9@ E<AIDBA<;4FBD4 <;?GK9A<= CB 6D9@9A< <?< CB K4EFBF9. 
� E?GK49 E>4A<DB64A<S CB B8AB= (6A9LA9= <?< 6AGFD9AA9=) CB69DIABEF< 

>BBD8<A4FO 89H9>FB6 BCD989?SRFES >BBD8<A4F4@< EBBF69FEF6GRM<I CBC9D9KAOI 
E9K9A<= < D4EK9FAO@< ;A4K9A<S@< <I 7?G5<AO.  

#B?GK9AAO9 D9;G?PF4FO 86B=AB7B E>4A<DB64A<S 4A4?<;<DGRFES A4 D4;AOI 
GDB6ASI H<>E4J<<. �?S QFB7B F4>:9 CD<@9ASRFES @9FB8O K4EFBFAB-6D9@9AAB7B 4A4?<;4 
< <AF97D4?PAB9 CD9B5D4;B64A<9 (GDP9 [7]. 

�<8O 89H9>FB6 BCD989?S9FES E?98GRM<@< ECBEB54@<: 
− D4EK9FB@ CB?9= GCDG7<I A4CDS:9A<= 6AGFD< B5?4EF< %9A-�9A4A4; 
− @9FB8B@ K4EFBFAB-6D9@9AAB7B 4A4?<;4 < CD9B5D4;B64A<9@ (GDP9; 
− BJ9A>B= 6?<SA<9 QHH9>F4 Q>D4A<DB64A<S; 
− D4EK9FB@ HGA>J<< EC9>FD4?PAB= C?BFABEF< @BMABEF<; 
− 4A4?<;B@ 79B@9FD<K9E><I D4;@9DB6 B5?4EF< %9A-�9A4A4, 4 F4>:9 HBD@O < 

8DG7<I C4D4@9FDB6; 
− <FB7B6O@ EBCBEF46?9A<9@ AB6OI CBF9AJ<B7D4@@ E 4DI<6AO@< 84AAO@< 

?45BD4FBD<< (1�!� �3(<& [8,9]. 
#D<K<A4 6B;A<>AB69A<S < D4ECDBEFD4A9A<S � ! E6S;4A4 E D9?4>E4J<9= 

6AGFD9AA<I A4CDS:9A<= 6 B5N9@9 B5D4;J4. 'CDG7<9 6B?AO 6B;89=EF6GRF A4 
CB69DIABEFP >BAF4>F4 < 6O;O64RF ?B>4?PAO9 GCDG7<9 E@9M9A<S ED98O. �4> CD46<?B, 
F4><9 CDBJ9EEO A4 6D9@9AAB= ;46<E<@BEF< 4@C?<FG8O E<7A4?4 D97<EFD<DGRFES 
CD9B5D4;B64F9?9@ 6 6<89  3 HGA>J<= < I4D4>F9D<;GRFES 6OEB><@< ;A4K9A<S@< 
4@C?<FG8O. #DBJ9EEO, CD<6B8SM<9 > 89HBD@4J<BAAB@G GCDBK9A<R, E6S;4AO E 
86<:9A<9@ 8<E?B>4J<=. � QFB@ E?GK49 K4EFP B5D4;B646L<IES 8<E?B>4J<= 8BEF<749F 
CB69DIABEF< B5D4;J4, B5D4;GS A4 A9= 8<E?B>4J<BAAO9 EFGC9AP><. %FGC9AP>< 
6;4<@B89=EF6GRF E CB69DIABEFPR CD9B5D4;B64F9?S, G69?<K<64S K<E?B < C?BM48P CSF9A 
Q?9>FD<K9E>B7B >BAF4>F4. +9@ 4>F<6A99 CDBF9>4RF 89HBD@4J<BAAO9 CDBJ9EEO, F9@ 
5B?99 ;4@9FAO= CB 4@C?<FG89 E<7A4? 5G89F EHBD@<DB64A A4 6OIB89 
Q?9>FDBH<;<K9E>B7B CD9B5D4;B64F9?S. 

� EBBF69FEF6<< E F9BD9@B= #4DE964?S [10], @BMABEFP <EFBKA<>4 6AGFD9AA<I 
@9I4A<K9E><I A4CDS:9A<= BCD989?S9FES <AF97D4?PAB= HGA>J<9= Emech, HBD@G?4 (1):  

 ýÿ�ý/ = ∫ (∆�(�))2þ�.                                                             (1)þ2þ1  

 

�A4K9A<9 HGA>J<< CDBCBDJ<BA4?PAB FB= K4EF< @9I4A<K9E>B= QA9D7<<, >BFBD4S 
CB7?BM49FES Q?9>FDBAAB= E<EF9@B=. #B7?BM9AA4S Q?9>FDBA4@< QA9D7<S 6?<S9F A4 
?B>4?PAGR D45BFG 6OIB84 < <AF9AE<H<J<DG9F CDBJ9EEO Q?9>FDBAAOI C9D9IB8B6 @9:8G 
@9F4??4@<. $4;89?<6 CD46GR K4EFP 6OD4:9A<S (1) A4 69?<K<AG 6D9@9AAB7B <AF9D64?4 t 
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(t = t2 3 t1), B5OKAB D46AB7B 6D9@9A< <;@9D9A<S, CB?GK<@ 8DG7GR I4D4>F9D<EF<>G 8?S 
<EFBKA<>B6 � ! 3 W, HBD@G?4 (2):  

 Ă = 1∆� ∫ (∆�(�))2þ�.                                                             (2)þ2þ1  

 

%B7?4EAB E?98EF6<R F9BD9@O #4DE964?S 69?<K<A4 W 9EFP ED98ASS @BMABEFP 
K<EFB D9;<EF<6AB= A47DG;><, K<E?9AAB D46AB= 1 "@, > >BAJ4@ >BFBDB= CD<?B:9AB 
Q?9>FD<K9E>B9 A4CDS:9A<9 . � @9FB89 %�# A4CDS:9A<9  CD98EF46?S9F EB5B= 
8<HH9D9AJ<4?PAGR >BAF4>FAGR D4;ABEFP CBF9AJ<4?B6, ;46<ESMGR BF D45BFO 6OIB84 
Q?9>FDBAB6. 

� F45?<J9 1 CB>4;4AO ;A4K9A<S @BMABEF< <EFBKA<>B6, D4EEK<F4AAO9 CB HBD@G?9 
(2). #D<6989AAO9 6 F45?<J9 84AAO9 CB8F69D:84RFES ED46A9A<9@ < <89AF<H<>4J<9= 
89H9>FB6 8DG7<@< @9FB84@< A9D4;DGL4RM97B >BAFDB?S. 

 

&01;8F0 1. �=0G5=8O <>I=>AB8 8AB>G=8:>2 � ! 2 7028A8<>AB8 >B C@>2=O D8:A0F88 45D5:B0 

Table 1. Power values of mechanical stress wave sources depending on the defect fixation level 

'DB69AP 
H<>E4J<< 

 BMABEFP, �F #D<@9DO <EFBKA<>B6 

0 1 &BK9KA4S CB69DIABEFA4S >BDDB;<S, E?98O @9I4A<K9E>B= B5D45BF>< 
CB69DIABEF< 

1 10-2 #DBA<>4RM4S >BDDB;<S, CB69DIABEFAO9 < B5N9@AO9 89H9>FO 

2 10-4 %F9A>< BF69DEF<= < >4A46>< HD9;9DB6>< 6 @9F4??4I CBE?9 
@9I4A<K9E>B7B E69D?9A<S < HD9;9DB64A<S; BK47< GEF4?BEFAB7B 
D4;DGL9A<S 6 B5N9@9 

3 10-6 "K47< @9I4A<K9E><I D4;DO6B6 < GEF4?BEFAB7B D4;DGL9A<S 
4 10-8 �4DB8OL96O9 FD9M<AO, A9CDB64DO 

5 10-10 �BAO B5D4;GRM97BES @4DF9AE<F4, H4;B6O9 C9D9IB8O, ;4DB8OL96O9 
FD9M<AO, CB?BEO +9DAB64-�R89DE4 

6 10-12 %C4D9AAO9 89H9>FO, E>BC?9A<S < >?4EF9DAO9 B5D4;B64A<S 
7 10-14 "F89?PAO9, 7?G5B>BD4ECB?B:9AAO9 6 B5N9@9 89H9>FO 

 

�?S D4EK9F4 >BQHH<J<9AF4 Q>D4A<DB64A<S Q?9>FD<K9E>B7B E<7A4?4 �ý� 6 98<A<J4I 
89J<59?, CB?GK9AB 6OD4:9A<9 (3) [11]: 

 �ý� = 10 �ý (�1�2)2 ,                                                          (3) 

 

789 �1 3 4@C?<FG84 Q?9>FD<K9E>B7B E<7A4?4 8B Q>D4A4, �2 3 4@C?<FG84 Q?9>FD<K9E>B7B 
E<7A4?4 CBE?9 Q>D4A4. 

�?S D<EGA>4 3 >BQHH<J<9AFO Q>D4A<DB64A<S Q?9>FD<K9E>B7B E<7A4?4 �ý� 

EBBF69FEF69AAB D46AO 23,4 (0) < 1,0 (2). �?S E?GK4S 1 BFEGFEF6G9F 6;4<@AB9 
Q>D4A<DB64A<9 D9H?9>EB6 < CBQFB@G �ý�  5?<;>B > AG?96B@G ;A4K9A<R. !4 D<EGA>9 2 
CD<6989A CD<@9D GE?B6AB7B Q>D4A<DB64A<S. 

�4> 5O?B CB>4;4AB 46FBD4@< 84AAB= EF4FP< 6 BCG5?<>B64AAB= D4A99 D45BF9 
«"5BEAB64A<9 CD<@9A<@BEF< @9FB84 E>4A<DGRM9= >BAF4>FAB= CBF9AJ<B@9FD<< 8?S 
>BAFDB?S B5BDG8B64A<S �1% CD< 97B <;7BFB6?9A<<» [1], ?<A<< A9CDB64D4 6 A4C?46>9 
A4<5B?99 BFK9F?<6B 6<8AO A4 CBF9AJ<B7D4@@4I G BEAB64A<S A4C?46><, CB?GK9AAOI 8?S 
J<?<A8D<K9E>B= CB69DIABEF< GK4EF>4 № 11 A4 GDB6ASI H<>E4J<<, A4K<A4S E SLS=4 

(D<E. 4). $9H?9>EO A4 CBF9AJ<B7D4@@4I G>4;O64RF A4 K4EF<KAO= A9CDB64D, 
8BCGM9AAO= E64DM<>B@ CD< CBE?B=AB@ A4C?46?9A<< @9F4??4. #D< QFB@ B5D4;GRFES 
?B>4?PAO9 GK4EF>< BF89?PAOI A9CDB64DB6, FD< <; >BFBDOI A4<5B?99 ;4@9FAO A4 
CBF9AJ<B7D4@@9 (SLS=3,523). #D< <I 89F4?PAB@ <;GK9A<< @B:AB E89?4FP 6O6B8, KFB 
CDBFS:9AAO= CD< E>4A<DB64A<< CB J<?<A8D<K9E>B= CB69DIABEF< D9H?9>E EBEFB<F <; 
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BF89?PAOI K4EF9=. !4 D4;AB= 7?G5<A9 A45?R849FES FD< ?B>4?PAOI A9CDB64D4 6 
<AF9D64?9 SLS=4,699 3 5,26. 

 

 
$8AC=>: 4. #>B5=F8>3@0<<K B@C1K A =0?;02:>9: A;520 – A:0=8@>20=85 ?> B>@F52>9 ?>25@E=>AB8, A?@020 

– A:0=8@>20=85 ?> F8;8=4@8G5A:>9 ?>25@E=>AB8 
Figure 4. Welded pipe potentiograms: on the left - scanning along the end surface, on the right - scanning along 

the cylindrical surface  
 

!4<5B?99 ;4@9FAO= CB GDB6AR @BMABEF< <;?GK9A<S A9CDB64D D4ECB?4749FES 6 
A<:A9= K4EF< A4C?46>< (W= 10-8 �F). !9CDB64D, >BFBDO= A4 GDB6A9 H<>E4J<< SLS=4 

(D<E. 4) CD98EF46?S9F EB5B= FBA>GR CDBFS:9AAGR CB?BEG (D9H?9>E >D4EAB7B J69F4), A4 
5B?99 6OEB><I GDB6ASI H<>E4J<< 6E?98EF6<9 QHH9>F4 GE?B6AB7B Q>D4A<DB64A<S 
FD4AEHBD@<DG9FES 6 A9E>B?P>B ?B>4?PAOI A9CDB64DB6 (SLS=5,699). 

!4 D<EGA>9 6 CD<6989A CD<@9D B5N9@AB7B CD98EF46?9A<S A9CDB64D4 CB FB?M<A9 
FDG5O E A4C?46>B= 6 CD98EF46?9A<< CB69DIABEFAOI CBF9AJ<4?B6 A4 D4;AOI GDB6ASI 
H<>E4J<<. �;B5D4:9A<9 CBEFDB9AB E CB@BMPR D9;G?PF4FB6 (D<E. 5), CB?GK9AAOI E 
L47B@ 4@C?<FG8AB7B 8<E>D<@<A4FBD4, D46AB7B 1036 �.  
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$8AC=>: 5. �5B0;870F8O 45D5:B>2 A20@=>3> A>548=5=8O =0 CG0AB:5 №11 ?> @57C;LB0B0< A:0=8@>20=8O 

B>@F52>9 ?>25@E=>AB8 
Figure 5. Detailing of defects in the welded joint in section No. 11 based on the results of scanning the end 

surface 

 
$8AC=>: 6. "1J5<=>5 ?@54AB02;5=85 =5?@>20@0 ?> B>;I8=5 B@C1K A =0?;02:>9 «�», №5, �  

117.03.02.540 2 ?@54AB02;5=88 ?>25@E=>AB=KE ?>B5=F80;>2 ?@8 @07=KE C@>2=OE D8:A0F88: 25@E=89 @O4 
A;520 =0?@02> SLS – 2.523, 3.699, 4.000; =86=89 @O4 – 4.509, 5.301, 5.699 

Figure 6. Volumetric representation of lack of penetration across the thickness of the pipe with surfacing "I", 

No. 5, AM 117.03.02.540 in the representation of surface potentials at different levels of fixation: top row from 

left to right SLS - 2.523, 3.699, 4.000; bottom row - 4.509, 5.301, 5.699 
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�4>?RK9A<9 
 9FB8 Q?9>FDBH<;<K9E>B= IDB@4FB7D4H<< CB;6B?S9F CD98EF46?SFP CB69DIABEFAO9 

< 6AGFD9AA<9 B5N9@AO9 89H9>FO 6 @9F4??4I E 6OEB><@ CDBEFD4AEF69AAO@ 
D4;D9L9A<9@. 

#D<6989A CD<@9D B5N9@AB7B CD98EF46?9A<S A9CDB64D4 CB FB?M<A9 ;46B8E>B= 
FDG5O E A4C?46>B= «�», №5, �  117.03.02.540 6 CD98EF46?9A<< CB69DIABEFAOI 
CBF9AJ<4?B6 A4 D4;AOI GDB6ASI H<>E4J<<. 

%HBD@G?<DB64AO < D94?<;B64AO @9FB8<K9E><9 D9>B@9A84J<< 8?S CBEFDB9A<S 
B5N9@AOI <;B5D4:9A<= 89H9>FB6. �B>4J<S 89H9>FB6 6 B5N9@9 BEGM9EF6?S9FES CB 
D9;G?PF4F4@ E?98GRM<I <;@9D9A<=: 

− 86B=AB7B E>4A<DB64A<S CB69DIABEF9= B5N9>F4 >BAFDB?S; 
− 86B=AB7B B8AB6D9@9AAB7B E>4A<DB64A<S CB69DIABEF9= B5N9>F4 >BAFDB?S; 
− 86B=AB7B B8AB6D9@9AAB7B E>4A<DB64A<S CB69DIABEF9= B5N9>F4 >BAFDB?S E 
CD<@9A9A<9@ E<AIDBA<;4FBD4 <;?GK9A<= CB 6D9@9A< </<?< CB K4EFBF9. 

'EF4AB6?9AB FD< 6<84 E4@BQ>D4A<DB64A<S A9B8ABDB8ABEF9= 6 B5N9@9 @9F4??4: 
CB?AB9, K4EF<KAB9 < GE?B6AB9. 1>D4A<DB64A<9 B5GE?B6?9AB 6;4<@AO@ 
CDBEFD4AEF69AAO@ C9D9>DOF<9@ B5?4EF9=, <;?GK4RM<I 6B?AO GCDG7<I A4CDS:9A<= 
(89HBD@4J<=). +4EF<KAB9 C9D9>DOF<9 <?< K4EF<KAB9 A4?B:9A<9 D9H?9>EB6 A4 
CBF9AJ<B7D4@@4I BCD989?S9FES CB <I J69FB6B= 74@@9 < D4ECB?B:9A<R. "5?4EFP 
GE?B6AB7B Q>D4A<DB64A<9 A4 CBF9AJ<B7D4@@4I, >4> CD46<?B, B>DG:9A4 ;4@>AGFB= 
?<A<9=, D4;89?SRM9= <;BCBF9AJ<4?PAO9 GK4EF>< CBF9AJ<B7D4@@O. �BAFGDAB9 
6O89?9A<9 D9H?9>EB6 < 8DG7<9 HGA>J<< 6<;G4?<;4J<< @B:AB D97G?<DB64FP 
C4D4@9FD4@< CDB7D4@@O 8?S B5D45BF>< <;B5D4:9A<=.  
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