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1�=20@>20 %04>:0B �09@0B>2=0, 2�0=8520 �0@=> $CAB0<>2=0, 
3�@B8:>2 (0@E>4 $CAB0<>28G 

�=AB8BCB A59A<>;>388 �! $'7, 3. &0H:5=B, '715:8AB0=  
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�AABF4J<S.  BA<FBD<A7 E9=E@<KABEF< 6 5?<:A<I ;BA4I >DGCAOI <A:9-
A9DAOI EBBDG:9A<= S6?S9FES 64:AB= BEAB6B= 8?S D4ECB;A464A<S GDB6AS 
4>F<6ABEF< F9>FBA<K9E><I D4;?B@B6 6 ;BA9 F9IAB79AAB7B 6?<SA<S >DGCAOI 
6B8BID4A<?<M. �?S EB;84A<S @9EFAOI >4F4?B7B6 < BD74A<;4J<< D45BFO E 
A<@< CD< D4EK9F4I 6 5?<:A<I D4;?B@4I 8BCB?A<F9?PAOI 89HBD@4J<= < 
A4CDS:9A<=, 6B;A<>4RM<I, ;4 EK9F Q>EC?G4F4J<< F9IAB79AAOI B5N9>FB6 
BEF49FES B8AB= <; CD<BD<F9FAOI ;484K. � D45BF9 EBEF46?9A >4F4?B7 
?B>4?PAOI ;9@?9FDSE9A<= 8?S 5?<:A<I ;BA >DGCAOI 6B8BID4A<?<M *9A-
FD4?PAB7B < 2:AB7B ';59><EF4A4. "A 849F 6B;@B:ABEFP 5B?99 >BDD9>FAB 
BJ9A<FP D4ECD989?9A<S ;9@?9FDSE9A<= 6 ;BA4I 6?<SA<S G>4;4AAOI B5N9>-
FB6. � >4F4?B74I F4>:9 @B:AB BCD989?9FP D4EEFBSA<S BF EF6BD4 >4:8B7B 
6B8BID4A<?<M4 8B BK474 < ;A4K9A<< E5DBE4 A4CDS:9A<=. 
�?RK96O9 E?B64: >4F4?B7, D4ECD989?9A<9 ;9@?9FDSE9A<=, 6B8BID4A<-
?<M9, QA9D79F<K9E><= >?4EE, ;4>BA CB6FBDS9@BEF<. 

 

%B;84A<9 @9EFAOI >4F4?B7B6 ;9@?9FDSE9A<= 8?S ;BA 4>F<6AB7B 6?<SA<S >DGCAOI 
6B8BID4A<?<M A9B5IB8<@B 8?S CDB6989A<S D4EK9FB6 6 5?<:A<I F9>FBA<K9E><I D4;?B@4I 
8BCB?A<F9?PAOI 89HBD@4J<= < A4CDS:9A<=. "A< @B7GF 6B;A<>4FP, CD< Q>EC?G4F4J<< D9-
;9D6G4D4 EB;8464S E@9M9A<9 C?4EFB6 <I BEAB64A<S [1].  

�BAO 6?<SA<S #4K>4@4DE>B7B, +<@>GD74AE>B7B (2:AO= ';59><EF4A) < �:<;4>-
E>B7B, �4@<AE>B7B (*9AFD4?PAO= ';59><EF4A) 6B8BID4A<?<M BI64FO64RF F9DD<FBD<R, 
>BFBD4S I4D4>F9D<;G9FES 4>F<6AB= F9>FBA<K9E>B= 89SF9?PABEFPR, CDBS6?SRM9=ES, 6 FB@ 
K<E?9, < 6 8BEF4FBKAB 6OEB>B@ GDB6A9 E9=E@<K9E>B= 4>F<6ABEF<. #D<@9DB@ 8?S 2:AB7B 
';59><EF4A4 E?G:4F �4@4L<AE><9 ;9@?9FDSE9A<S 6 1999 < 2000 7B84I. #B 84AAO@ 

$.%.  <I4=?B6B= ;9@?9FDSE9A<S@ 31.10.1999 7. < 20.04.2000 7. @B:AB CD<E6B<FP A4;64-
A<S �4@4L<AE>B9-I E Mw=5.0 [2] < �4@4L<AE>B9-II E Mw=5.3 [1], CB A4;64A<R 5?<:4=-
L97B, 25 < 15 >@ EBBF69FEF69AAB, > QC<J9AFD4@ A4E9?9AAB@G CGA>FG �4@4L< 6 ;4C48AOI 
BFDB74I �<EE4DE>B7B ID95F4, @9:8GD9KP9 �<;O?84DP< < 'D484DP< [3]. $4EEFBSA<9 8B 
EF6BDB6 #4K>4@4DE>B7B < +<@>GD74AE>B7B 6B8BID4A<?<M EBEF46?S?B EBBF69FEF69AAB 19 
< 18 >@. "A< EBCDB6B:84?<EP BCD989?9AAO@ >B?<K9EF6B@ 4HF9DLB>B6. 

�;GK9A<9 E9=E@<KABEF< D4=BA4 D4ECB?B:9A<S #4K>4@4DE>B7B, +<@>GD74AE>B7B 
(2:AO= ';59><EF4A) < �:<;4>E>B7B, �44@<AE>B7B (*9AFD4?PAO= ';59><EF4A) 6B8BID4-
A<?<M CDB6B8<?BEP GEF4AB6?9AAO@< 6 D45BF9 [4] !. .�:GD496O@ @9FB84@< < CD<9@4@< 
A4 C?BM48< <EE?98B64A<= E >BBD8<A4F4@< G7?B6 FD4C9J<<: φN=38.30ø 39.50 < »E=66.50ø
68.50. �; >4F4?B7B6 ;9@?9FDSE9A<= 8?S QFB= C?BM48< CDB<;6989A4 6O5BD>4 < EBEF46?9AO 
>4DFO QC<J9AFDB6 ;9@?9FDSE9A<= ;4 C9D<B8 1955-2007 7B8O E QA9D79F<K9E><@ >?4EEB@ 
�g9.0 (D<E. 14) < >4DF4 QC<J9AFDB6 ;4 1996-2007 7B8O E �g8.0 (D<E. 15), 4 F4>:9 >4F4?B7 
;9@?9FDSE9A<= E �g8 ;4 C9D<B8 1990-2008 7B8O (CB B>FS5DP) [3]. 

#B CB?GK9AAO@ 84AAO@ @B:AB ;4@9F<FP E?98GRM<9 BEB59AABEF< CDBS6?9A<S 
E9=E@<KABEF< F9DD<FBD<< CB 7B84@.  
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�B?<K9EF6B ;9@?9FDSE9A<= N 6 1 7B8 E �g8 ;4 C9D<B8 A45?R89A<= 1990-2007 7B8O, 
CB 7B84@ D4;?<KAB. !4<5B?PL<9 ;A4K9A<S, N=23 < 24, CD<IB8SFES A4 2001 < 2000 7B8O 
EBBF69FEF69AAB. !4<@9APL<9 ;A4K9A<S N=0, 5, 6, 7 < 8 CD<IB8SFES A4 1996-1999 < 2002-
2007 7B8O. %?98G9F ;4@9F<FP, KFB QF< C9D<B8O I4D4>F9D<;GRFES 5B?99 EF45<?PAO@< ;A4-
K9A<S@< N=538 < A45?R849FES 8?S C9D<B8B6 1996-1999, 2002 < 2004-2006 7B8O. 1FB BF-
D4:9AB 6 7<EFB7D4@@9 D4ECD989?9A<S >B?<K9EF64 ;9@?9FDSE9A<= ;4 C9D<B8 1990-2008 

7B84 (D<E. 2). 
 

 
4) 

 
5) 

$<E. 1. �4DF4 QC<J9AFDB6 ;9@?9FDSE9A<= D4=BA4 <EE?98B64A<=: 

4) ;4 1955-2007 77. E �9;    5) ;4 1996-2007 77. E �8 [4] 
 

�B?<K9EF6B QC<J9AFDB6 < 7GEFBF4 <I D4ECB?B:9A<S A4 QFB= C?BM48< 6 D4;AO9 
7B8O BF?<K4RFES @9:8G EB5B=. "8A4>B, >BAFGD E>BC?9A<S < 7GEFBF4 QC<J9AFDB6, < <I 
CD<GDBK9AABEFP > BF89?PAO@ 79BEFDG>FGDAO@ Q?9@9AF4@, 6 J9?B@, BEF4RFES CBIB:<@<. 
&4>, E>BC?9A<9 QC<J9AFDB6 ;9@?9FDSE9A<= 6 D4=BA9 <EE?98B64A<= BFD4:9AB A4 >4DF9 
QC<J9AFDB6 ;4 1955-2007 7B84 E �g9.0 (D<E. 14), 4 A4 D<EGA>9 15 BFB5D4:9A4 7GEFBF4 QC<-
J9AFDB6 ;4 1996-2007 7B84 �g8.0, >BAJ9AFD4J<S QC<J9AFDB6 ;A4K<F9?PAB @9APL9, F4>4S 
:9 E<FG4J<S A45?R84?4EP < 6 2000-2008 7B84I.  

%9=E@<K9E>4S EF4AJ<S D97<BA4?PAB7B F<C4, >BFBD4S 5O?4 BF>DOF4 6 1995 7B8G (E 
G69?<K9A<9@ V=10 000 D4;) A4 <EE?98G9@B= F9DD<FBD<<, 6 ;BA9 �<EE4D4>E>B7B 6B8BID4-
A<?<M4, 8?S 8BCB?A9A<S D97<BA4?PAB= E9F< E9=E@BEF4AJ<= < 8?S CB6OL9A<S <AHBD@4-
F<6ABEF< < FBKABEF< BCD989?9A<S >BBD8<A4FO @9EFAOI ;9@?9FDSE9A<=, D45BF4?4 CB 2016 
7B8. #B?GK9AAO9 E9=E@B7D4H<K9E><9 @4F9D<4?O B5D454FO64?<EP, <ECB?P;GS <I 8?S <;G-
K9A<S E9=E@<KABEF< F9DD<FBD<< �<EE4D4>E>B7B < +<@>GD74AE>B7B 7<8DBEBBDG:9A<=. 
1F4 EF4AJ<S D4ECB?B:9A4 6A9 ;BAO 6?<SA<S 6B8BID4A<?<M4, F.9. 6 D4EEFBSA<< B>B?B 1 
>@ BF C?BF<AO, KFB CB;6B?<?B <E>?RK<FP E9=E@<K9E><9 CB@9I<, <EIB8SM<9 BF C?BF<AO. 
1F4 EF4AJ<S 6 F9K9A<9 2002-2008 7B84 D45BF4?4 E 5B?PL<@ C9D95B9@ < >4K9EF6B E9=E@B-
7D4H<K9E><I @4F9D<4?B6 A<;>B9. �4 2002, 2004, 2005 < 2006 7B8O, >B?<K9EF6B CDB<EL98-
L<I ;9@?9FDSE9A<=, N, 5?<;>< @9:8G EB5B=, < EBEF46?SRF EBBF69FEF69AAB 7, 5, 5 < 8. 
�9@?9FDSE9A<= E �g8, 6 2003 7B8G 6B6E9 A9F. �B?<K9EF6B ;9@?9FDSE9A<= 6 2007 7B8G EB-
EF46?S9F 1. 1FB 6B;@B:AB E6S;4AB E CDB8B?:9A<9@ 6 QFBF C9D<B8 E9=E@<K9E>B7B ;4F<LPS. 

 



XXIV 'D4?PE>4S @B?B89:A4S A4GKA4S L>B?4 CB 79BH<;<>9 

5 

 
$<E. 2. �<EFB7D4@@4 D4ECD989?9A<S >B?<K9EF64 ;9@?9FDSE9A<= CB 7B84@ ;4 C9D<B8 
1990-2008 77. 6 ;BA9 *9AFD4?PAB7B < 2:AB7B ';59><EF4A4 [4] 

 

#D< 4A4?<;9 @9:8GA4DB8AOI >4F4?B7B6 ;9@?9FDSE9A<= CB 84AAB= F9DD<FBD<< 
CDB<;6989A4 6O5BD>4 A4 2007 < 2008 7B8O. �89EP A4@< CB?GK9AB 8BCB?A9A<9 > >4F4?B7G 
CB G>4;4AAO@ 7B84@. "A4 E?45B CB8F69D:849F CDB7ABEF<K9E>GR K4EFP 7<EFB7D4@@O D4E-
CD989?9A<S >B?<K9EF64 ;9@?9FDSE9A<= 6 D<EGA>9 2 A4 C9D<B8 E 2007 CB 2008 7B8O. #B-
8B5AO= 4A4?<; S6?S9FES A98BEF4FBKAO@ 8?S CB?GK9A<S CB?AB7B CD98EF46?9A<S B FB@, >4> 
<;@9AS9FES E9=E@<K9E><= D9:<@ 6 ;BA9 6?<SA<S >BA>D9FAB 6O5D4AAB7B B8AB7B 6B8BID4-
A<?<M4.  

#BQFB@G 6 2011-2021 7B8O A4@< CDB<;6B8<?BEP A45BD EBBF69FEF6GRM<I 84AAOI 
B CBE?98GRM<I ;9@?9FDSE9A<SI < D4EK9F E9=E@<K9E><I C4D4@9FDB6 8?S >BA>D9FAB= C?B-
M48< ;BAO 6?<SA<S 6B8BID4A<?<M, <I <;@9A9A<9 6B 6D9@9A< E GK9FB@ I4D4>F9D4 CDBF9-
>4A<S E9=E@<K9E><I EB5OF<= ;4 C9D<B8O A45?R89A<=, 6 D4;?<KAO9 C9D<B8O Q>EC?G4F4J<< 
6B8BID4A<?<M. � 84?PA9=L9@ 6O5BD>G <; >4F4?B7B6 ;9@?9FDSE9A<= CDB<;6B8<?< CB 84A-
AO@ A9E>B?P><I �9BH<;<K9E><I E?G:5, 8?S >4:8B7B <; >BFBDOI E4@< E?G:5O BCD989-
?S?< CD98EF46<F9?PABEFP ;9@?9FDSE9A<= 8?S <EE?98G9@B= B5?4EF< [5]. 

#D9864D<F9?PAB EBEF46?9AAO9 >4F4?B7< ;4 1990-2008 7B8O E6989AO CB8 98<AGR 
HBD@G ;9@?9FDSE9A<= E QA9D79F<K9E><@ >?4EEB@ �8 < ;4 2011-2021 7B84 E QA9D79F<K9-
E><@ >?4EEB@ �7, BCD989?SS D4EEFBSA<9 8B QC<J9AFD4 BF EF6BD4 6B8BID4A<?<M. 

� ED46A9A<< E 7<EFB7D4@@4@< D4ECD989?9A<S ;9@?9FDSE9A<= 6 C9D<B8 1990-2007 

7B8O (D<E. 2) CB CB?GK9AAO@ 84AAO@ @B:AB BF@9F<FP BEB59AABEF< CDBS6?9A<S E9=E@<K-
ABEF< F9DD<FBD<< E 2011 CB 2022 7B84 (D<E. 3).  

�B?<K9EF6B ;9@?9FDSE9A<= N E �g8 ;4 C9D<B8 A45?R89A<= 1990-200777 < 2011-
2022 7B8O D4;?<KABEFP CB 7B84@ EBID4AS9FES. � C9D<B8 2011-2022 7B8O A4<5B?PL<9 ;A4-
K9A<S 6 ;BA9 6?<SA<S #4K>4@4DE>B7B 6B8BID4A<?<M4 (N=230) CD<IB8SFES A4 2019-2022 

7B8O EBBF69FEF69AAB. !4<@9APL<9 ;A4K9A<S N=6, 16, 10, 11, 9 CD<IB8SFES A4 2011-2016 

7B8O, ED98A99 ;A4K9A<9 N=18, 23 < 26 CD<IB8SFES A4 2017-2018 7B8O. !4<@9APL<9 ;A4-
K9A<S ;4 G>4;4AAO= C9D<B8 >4> 6 C9D<B8 1990-2006 7B8O I4D4>F9D<;GRFES 5B?99 EF45<?P-
AO@< ;A4K9A<S@< N CD< A<;>B@ >4K9EF69 D97<EFD4J<< ;9@?9FDSE9A<= GEF4D96L<@< 4C-
C4D4FGD4@<. 
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$<E. 3. �<EFB7D4@@4 D4ECD989?9A<S >B?<K9EF64 ;9@?9FDSE9A<= E � ≥ 8 ;4 2011-2022 

7B8O 6 ;BA9 *9AFD4?PAB7B < 2:AB7B ';59><EF4A4 
 

�; Q@C<D<K9E>B= HBD@G?O lgN=30.350K+2.212 CB6FBDS9@BEF< ;9@?9FDSE9A<= E 
8BEFB69DABEFPR 4CCDB>E<@4J<< R2=0.943 ;4 1990-2007 7B8O CBEFDB9AO 7D4H<> CB6FBDS-
9@BEF< EB7?4EAB ;4>BAG �GF959D74-$<IF9D4 [6] (D<E.4).  

 

 
$<E. 4. #B6FBDS9@BEFP ;9@?9FDSE9A<= CB ;4>BAG �GF9A59D74-$<IF9D4 [10], 6 CD989-
?4I D48<GE4 R100 >@ BF EF6BDB6 C?BF<A (;BAO #4K>4@4DE>B7B, +<@>GD74AE>B7B, 
�:<;4>E>B7B < �44@<AE>B7B 6B8BID4A<?<M) 

 

�BQHH<J<9AF 7D4H<>4 CB6FBDS9@BEF< 6 CD989?4I >D496B= CB8;BAO �<EE4DB- 4-
7OL?4>E>B7B D4;?B@4 < �GA7F4A-�4=EGAE>B9 CB8ASF<9 2:AB@ ';59><EF4A9 < ;BA4 �F-
54L<AE>B= EGFGDO, 4 F4>:9 �9?PF4G-�GD4@<AE><= 6G?>4A<K9E>B7B CBSE4 *9AFD4?PAB@ 
';59><EF4A9 ED46A<F9?PAB A<;><= (0.350). 

#B ;A4K9A<S@ QF<I >BQHH<J<9AFB6 FDG8AB BF@9F<FP <I 64D<4J<R 8?S BF89?PAB 
6;SFOI ;BA 6?<SA<S 6B8BID4A<?<M. �;GK9A<9 BEB59AABEF9= CDBS6?9A<S E9=E@<KABEF< 6 
E6S;< E Q>EC?G4F4J<9= B5N9>F4 FD95G9F 8?<F9?PAB7B A9CD9DO6AB7B A45?R89A<S E A4>BC-
?9A<9@ EF4F<EF<>< B ;9@?9FDSE9A<SI A9 FB?P>B CB E<?PAO@, AB < 6 BEAB6AB@ CB E?45O@ 
;9@?9FDSE9A<S@ @9A99 10 QA9D79F<K9E>B7B >?4EE4.  
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D4EEFBSA<S BF EF6BD4 >4:8B7B 6B8BID4A<?<M4 8B BK474 ;9@?9FDSE9A<= < ;A4K9A<< E5DBE4 
A4CDS:9A<=. 
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LOCAL CATALOG OF EARTHQUAKES FOR THE NEAR ZONE OF 

LARGE RESERVOIRS IN CENTRAL AND SOUTHERN UZBEKISTAN  
 

1Anvarova Sadokat Gayratovna, 2 Ganieva Barno Rustamovna, 
3Artikov Farhod Rustamovich 

Institute of Seismology, Academy of Sciences, Tashkent, Uzbekistan 
1sadokat.anvarova@mail.ru, 2barno.rustamovna@mail.ru, 3farhadbek_uz@mail.ru  

 

Summary. Monitoring of seismicity in the near zones of large engineering struc-

tures is an important basis for recognizing the level of activity of tectonic faults 

in the zone of technogenic influence of large reservoirs. To create local catalogs 

and organize work with them in calculations in nearby faults, additional defor-

mations and stresses that arise due to the exploitation of technogenic objects re-

main one of the priority tasks. In the work, a catalog of local earthquakes for the 

near zones of large reservoirs in Central and Southern Uzbekistan has been com-

piled. It makes it possible to more correctly estimate the distribution of earth-

quakes in the zones of influence indicated. In the catalogs, one can also deter-

mine the distances from the site of each reservoir to the source and the value of 

stress relief. 

Key words: catalogue, distribution of earthquakes, reservoir, energy class, re-

currence law. 
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�AABF4J<S. � EF4FP9 BC<E4A4 4CC4D4FGD4 < @9FB8<>4, CB;6B?SRM4S 6O89-
?SFP ;BAO FD9M<AB64FBEF< 6 D4;D9;4I E>64:<A < BJ9A<64FP A4 >4K9EF69A-
AB@ GDB6A9 <I 79B8<A4@<K9E>GR 4>F<6ABEFP. #D<6989AO D9;G?PF4FO <E-
E?98B64A<S E<7A4?B6 79B4>GEF<K9E>B= Q@<EE<< < Q?9>FDB@47A<FAB7B <;?G-
K9A<S 6 B8AB= <; E>64:<A �BC4AE>B7B F<F4AB@47A9F<FB6B7B @9EFBDB:89-
A<S. $4EE@BFD9A CD<@9D CDBS6?9A<S ;BAO FD9M<AB64FBEF< 6 CB?SI 79B4>G-
EF<K9E>B= Q@<EE<< < Q?9>FDB@47A<FAB7B <;?GK9A<S. 
�?RK96O9 E?B64: 79B4>GEF<K9E>4S Q@<EE<S, Q?9>FDB@47A<FAB9 <;?GK9A<9, 
>4DBF4:, ;BAO FD9M<AB64FBEF<, A4CDS:9AAB-89HBD@<DB64AAB9 EBEFBSA<9. 
 

�;GK9A<9 ;BA FD9M<AB64FBEF< S6?S9FES 4>FG4?PAB= ;484K9=, FD95GRM9= 8BEF4-
FBKAB E?B:AOI F9IA<K9E><I < F9IAB?B7<K9E><I CB8IB8B6. �A9 ;46<E<@BEF< BF 7?G5<AO 
;4?974A<S, ;BAO FD9M<AB64FBEF< CD98EF46?SRF E9DPё;AGR G7DB;G, >4> CD< 5GD9A<< < Q>E-
C?G4F4J<< E>64:<A, F4> < CD< EFDB<F9?PEF69 7BDAB8B5O64RM<I CD98CD<SF<= < B5N9>FB6 
EFD4F97<K9E>B7B ;A4K9A<S. 

�EE?98B64A<9 FD9M<AB64FBEF< 7BDAOI CBDB8 BEGM9EF6?S9FES D4;?<KAO@< ECBEB-
54@<: <;GK9A<9 B5A4:9A<= 7BDAOI CBDB8 A4 8A96AB= CB69DIABEF<; A4;9@AO@< < E>64-
:<AAO@< 79BH<;<K9E><@< @9FB84@<; <EE?98B64A<9 >9DA4 6 ?45BD4FBDAOI GE?B6<SI. 
�4:8O= <; C9D9K<E?9AAOI ECBEB5B6 <@99F E6B< 8BEFB<AEF64 < A98BEF4F><. &4>, A4CD<-
@9D, CD< <EE?98B64A<SI A4 ;9@AB= CB69DIABEF< B5A4:9A<= 7BDAOI CBDB8, 8BEF4FBKAB 
E?B:AB ECDB7AB;<DB64FP D4ECDBEFD4A9A<9 A4DGL9A<= EC?BLABEF< @4EE<6B6 A4 7?G5<AG. 
� QFB@ E?GK49, A4<5B?99 D4J<BA4?PAB 6 >B@C?9>E9 E 79B?B7<K9E>B= EN9@>B= <ECB?P;B-
64FP A4;9@AO9 < E>64:<AAO9 79BH<;<K9E><9 @9FB8O D4;698><, >BFBDO9 CB;6B?SRF 6O89-
?SFP ;BAO FD9M<AB64FBEF< CB C?BM48< < CB 7?G5<A9.   9FB8O 79BH<;<>< CB;6B?SRF A9 
FB?P>B 6O89?SFP < FD4EE<DB64FP ;BAO A4DGL9A<S EC?BLABEF< 79B?B7<K9E>B= ED98O, AB 
< BJ9A<64FP >B?<K9EF69AAO9 I4D4>F9D<EF<>< <;GK49@OI B5N9>FB6. #D< QFB@ ?<LP A9-
5B?PL4S 7DGCC4 E>64:<AAOI @9FB8B6 79BH<;<>< CB;6B?S9F 6O89?SFP ;BAO FD9M<AB64FB-
EF< < BJ9A<64FP A4 >4K9EF69AAB@ GDB6A9 <I 79B8<A4@<K9E>GR 4>F<6ABEFP. 

� B8AB@G <; ECBEB5B6 BJ9A>< 79B8<A4@<K9E>B= 4>F<6ABEF< BFABE<FES <EE?98B64-
A<9 E<7A4?B6 79B4>GEF<K9E>B= Q@<EE<< (��1) < Q?9>FDB@47A<FAB7B <;?GK9A<S (1 �). � 
A4EFBSM99 6D9@S 84AAB= CDB5?9@B= ;4A<@49FES 8BEF4FBKAB 5B?PLB9 >B?<K9EF6B GK9AOI 
EB 6E97B @<D4. &4>, A4CD<@9D, 6 D45BF4I [4, 2, 5, 8] BC<EO64RFES ?45BD4FBDAO9 Q>EC9D<-
@9AFO CB GEF4AB6?9A<R E6S;< @9:8G EF48<S@< D4;DGL9A<S B5D4;JB6 7BDAOI CBDB8 < 
E<7A4?4@< 1 � < ��1. � D94?PAOI GE?B6<SI <;@9D9A<S E<7A4?B6 Q?9>FDB@47A<FAB7B 
<;?GK9A<S < 79B4>GEF<K9E>B= Q@<EE<< 6OCB?ASRF 6 L4IF4I [9] 8?S 6OS6?9A<S < @BA<FB-
D<A74 ;BA CB6OL9AAB= A4CDS:9AABEF< 6 @4EE<64I 7BDAOI CBDB8; 6 GE?B6<SI BF>DOFOI 
7BDAOI 6OD45BFB> [3] 8?S BJ9A>< D94>J<< 79B?B7<K9E>B= ED98O A4 F9IAB79AAO9 6;DO6O; 
A4 8A96AB= CB69DIABEF< [7] 8?S <EE?98B64A<S 9EF9EF69AAOI Q?9>FDB@47A<FAOI < 79B4>G-
EF<K9E><I E<7A4?B6 ?<FBEH9DAB7B CDB<EIB:89A<S < 6OS6?9A<S F9>FBA<K9E>< A4DGL9A-
AOI ;BA; 6 E>64:<A4I [6] 8?S 6OS6?9A<S ;BA CB6OL9AAB= A4CDS:9AABEF< < 
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FD9M<AB64FBEF< @4EE<6B6 7BDAOI CBDB8 6 9EF9EF69AAB@ ;4?974A<< < GEF4AB6?9A<S E6S;< 
64D<4J<= E<7A4?B6 ��1 < 1 � E 89HBD@4J<BAAO@< CDBJ9EE4@< <;69EFAB= H<;<K9E>B= 
CD<DB8O. 

� 84AAB= D45BF9 CD98EF46?9A B8<A <; @9FB8B6 E>64:<AAB= 79BH<;<><, CD<@9AS9-
@O= 8?S 6O89?9A<S ;BA FD9M<AB64FBEF< @4EE<6B6 7BDAOI CBDB8 CB EF6B?G E>64:<A, < 
BJ9A>< <I 79B8<A4@<K9E>B= 4>F<6ABEF<.  9FB8 BEAB64A A4 D97<EFD4J<< 9EF9EF69AAOI 
79B4>GEF<K9E><I < Q?9>FDB@47A<FAOI E<7A4?B6. 

�?S <;@9D9A<S E<7A4?B6 79B4>GEF<K9E>B= Q@<EE<< < Q?9>FDB@47A<FAB7B <;?GK9-
A<S 6 ?45BD4FBD<< E>64:<AAB= 79BH<;<>< �AEF<FGF4 79BH<;<>< 'D" $�! D4;D45BF4AB 
< BCDB5B64AB A9E>B?P>B 4CC4D4FGDAB-CDB7D4@@AOI >B@C?9>EB6. � 84AAB= D45BF9 D4E-
E@4FD<64RFES D9;G?PF4FO <EE?98B64A<= 79B?B7<K9E>B= ED98O E CD<5BDB@  1,-42 [1].  

�4AAO= CD<5BD CB;6B?S9F CDB6B8<FP E<AIDBAAGR D97<EFD4J<R E<7A4?B6 ��1 < 1 �. 
%<7A4?O ��1 D97<EFD<DGRFES 6 FD9I K4EFBFAOI 8<4C4;BA4I E FD9I 6;4<@AB-BDFB7BA4?P-
AOI 84FK<>B6-4>E9?9DB@9FDB6 < CDB7D4@@AO@ ECBEB5B@ CD9B5D4;GRFES 6 E?98GRM<9 
<AHBD@4F<6AO9 C4D4@9FDO: H1 (D9;G?PF<DGRM4S E 86GI 7BD<;BAF4?PAOI 84FK<>B6 6 K4-
EFBFAB@ 8<4C4;BA9 1003500 �J), H2 (D9;G?PF<DGRM4S E 86GI 7BD<;BAF4?PAOI 84FK<>B6 6 
K4EFBFAB@ 8<4C4;BA9 50035000 �J), H4 (D9;G?PF<DGRM4S E 86GI 7BD<;BAF4?PAOI 84FK<-
>B6 6 K4EFBFAB@ 8<4C4;BA9 250035000 �J) < Z1 (69DF<>4?PAO= 84FK<> 6 K4EFBFAB@ 8<4-
C4;BA9 1003500 �J), Z2 (69DF<>4?PAO= 84FK<> 6 K4EFBFAB@ 8<4C4;BA9 50035000 �J), Z4 

(69DF<>4?PAO= 84FK<> 6 K4EFBFAB@ 8<4C4;BA9 250035000 �J). %<7A4?O 1 � D97<EFD<-
DGRFES A4 FD9I K4EFBF4I: F1 (45 >�J), F2 (80 >�J) < F3 (120 >�J). 

�CC4D4FGDAB-CDB7D4@@AO= >B@C?9>E  1,-42 CB;6B?S9F CDB6B8<FP <EE?98B64-
A<S E>64:<A, >4> 6 D9:<@9 >4DBF4:4, F4> < 6 D9:<@9 @BA<FBD<A74 D4;?<KAB= 8?<F9?PAB-
EF<. �4DBF4: E<7A4?B6 ��1 < 1 � CB;6B?S9F CDB6B8<FP 79B8<A4@<K9E>B9 D4EK?9A9A<9 
D4;D9;4 E>64:<A, 6O89?SFP ;BAO FD9M<AB64FBEF< < F9>FBA<K9E>B= A4DGL9AABEF<, 
GK4EF>< CB69L9AAB7B A4CDS:9AAB7B EBEFBSA<S @4EE<6B6 CBDB8 < CD. 

�?S D9L9A<S ;484K< 6O89?9A<S ;BA FD9M<AB64FBEF< < BJ9A>< <I 79B8<A4@<K9-
E>B= 4>F<6ABEF< A4<5B?99 <AHBD@4F<6AO@ S6?S9FES >B@C?9>E<DB64A<9 >4DBF4:4 < >D4F-
>BEDBKAB7B @BA<FBD<A74. �O5BD GK4EF>B6 8?S CDB6989A<S @BA<FBD<A7B6OI A45?R89A<= 
<;GK49@OI 79BH<;<K9E><I CB?9= BEAB6O649FES A4 4A4?<;9 D9;G?PF4FB6 >4DBF4:4 E<7A4-
?B6 ��1 < 1 �, ?<FB?B7<K9E>B7B EFDB9A<S <EE?98G9@B7B B5N9>F4, 4 F4>:9 84AAOI EF4A-
84DFAB7B >B@C?9>E4 79BH<;<K9E><I <EE?98B64A<= E>64:<A. �?<A4 ;4C<E< B8AB7B J<>?4 
<;@9D9A<= >D4F>BEDBKAB7B @BA<FBD<A74 EBEF46?S9F 256 FBK9> E 8<E>D9FABEFPR 6 2 E9-
>GA8O (510 E9>GA8). 

&4>, A4CD<@9D, 6 B8AB= <; E>64:<A �BC4AE>B7B F<F4AB@47A9F<FB6B7B @9EFBDB:-
89A<S CB D9;G?PF4F4@ >4DBF4:4 E<7A4?B6 ��1 < 1 �, 6 CD989?4I 4AB@4?<< E<7A4?B6 
1 � 5O?4 6O5D4A4 FBK>4 8?S CDB6989A<S >D4F>BEDBKAB7B @BA<FBD<A74 A4 7?G5<A9 256 

@ (D<E. 1) 6 ;BA9 F<F4AB@47A9F<FB-<?P@9A<FB6B= @<A9D4?<;4J<<.  

&4> >4> CB 84AAO@ ?<FB?B7<K9E>B7B D4EK?9A9A<S D4;D9;4 E>64:<AO < BC<E4A<S@ 
>9DA4, 6 <AF9D64?9 <;@9D9A<= BFEGFEF6GRF ;BAO >BAF4>FB6 D4;ABEFAOI CBDB8, FB 4AB@4-
?<< E<7A4?B6 ��1 < 1 �, ;4H<>E<DB64AAO9 A4 8<47D4@@4I >D4F>BEDBKAB7B @BA<FB-
D<A74, @B7GF 5OFP B5GE?B6?9AO ;BA4@< FD9M<AB64FBEF< 6 @4EE<69 F<F4AB@47A9F<FB-<?P-
@9A<FB6B= @<A9D4?<;4J<<.  

!4 8<47D4@@4I ��1 E 86GI 7BD<;BAF4?PAOI 84FK<>B6 (C4D4@9FDO !) A45?R84-
RFES ?B>4?PAO9 6OEB>B4@C?<FG8AO9 H?G>FG4J<< E<7A4?B6, >4> 7DGCCB6B7B I4D4>F9D4, 
F4> < 98<A<KAB7B. &4> :9 EFB<F BF@9F<FP, KFB CB C9D6B@G K4EFBFAB@G 8<4C4;BAG (100-
500 �J) CDBE?9:<649FES BCD989?9AA4S C9D<B8<KABEFP 6 CBS6?9A<< 4AB@4?<=. �EIB8S <; 
D4ECD989?9A<S 6OEB>B4@C?<FG8AOI H?G>FG4J<= E<7A4?B6 CB K4EFBFAO@ 8<4C4;BA4@, 
@B:AB CD98CB?B:<FP, B A4?<K<9 6 <EE?98G9@B@ <AF9D64?9 <;@9D9A<= A9E>B?P><I <EFBK-
A<>B6 E<7A4?B6 ��1. #B 69DF<>4?PAB@G 84FK<>G (C4D4@9FDO Z) A45?R849FES EIB:4S 
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>4DF<A4, CD< QFB@ @9EF4@< CBS6?9A<9 4AB@4?PAOI 6EC?9E>B6, ;4D97<EFD<DB64AAOI CB 
69DF<>4?PAB@G 84FK<>G, A9 EB6C4849F CB 6D9@9A< < K4EFBFAO@ 8<4C4;BA4@ E H?G>FG4J<-
S@< CB 7BD<;BAF4?<. &4>B9 CB6989A<9 E<7A4?B6 ��1 CB;6B?S9F CD98CB?B:<FP B D4;?<K-
AB= CDBEFD4AEF69AAB= BD<9AF4J<< <EFBKA<>B6 E<7A4?B6 79B4>GEF<K9E>B= Q@<EE<<. 

!4 8<47D4@@4I E<7A4?B6 1 �, A4<5B?99 4>F<6AB 6989F E95S >D<64S A4 K4EFBF9 45 
>�J (F1). �OEB>B4@C?<FG8AOI 98<A<KAOI ?B>4?PAOI 4AB@4?<=, EIB:<I E E<7A4?4@< 
��1, ;4D97<EFD<DB64AB A9 5O?B, AB A45?R849FES B5M99 G69?<K9A<9 HBAB6B7B GDB6AS (A4 
8<47D4@@4I 1 � ?<A<S FD9A84 6O89?9A4 >D4EAO@ J69FB@), E6S;4AAB9 E A4D4EF4A<9@ 
A4CDS:9A<S 6 <EE?98G9@B= B5?4EF<. #D< QFB@ A4D4EF4A<9 CDB<EIB8<F A9 C?46AB, 4 EFG-
C9A9B5D4;AB, E S6AO@ E5DBEB6O@ I4D4>F9DB@. �B?G5O@< ?<A<S@< B5B;A4K9AO <AF9D-
64?O EB6C489A<= <;@9A9A<S CB6989A<S >D<6B= C4D4@9FD4 F1 < C4D4@9FDB6 ��1. &B 9EFP, 
@B:AB CD98CB?B:<FP, KFB <EE?98G9@O= <AF9D64? A4IB8<FES 6 A4CDS:9AAB@ EBEFBSA<<, 
EBCDB6B:84RM9@ES 4>F<6AO@< CDBJ9EE4@< FD9M<ABB5D4;B64A<S.  

 

 
$<E. 1. $9;G?PF4FO >D4F>BEDBKAB7B @BA<FBD<A74 E<7A4?B6 ��1 < 1 � 6 B8AB= <; 
E>64:<A �BC4AE>B7B F<F4AB@47A9F<FB6B7B @9EFBDB:89A<S (+9?S5<AE>4S B5?4EFP) 

 

� D9;G?PF4F9 CDB6989AAOI <EE?98B64A<= 6 84AAB= E>64:<A9, 5O?B GEF4AB6?9AB, 
KFB ;BA4 F<F4AB@47A9F<FB-<?P@9A<FB6B= @<A9D4?<;4J<< A4 7?G5<A9 256 @ S6?S9FES 79B-
8<A4@<K9E>< 4>F<6AB= < 6B;@B:AB @B:9F CD98EF46?SFP G7DB;G 8?S 84?PA9=L<I E>64:<A-
AOI <EE?98B64A<=. $9;G?PF4FO <EE?98B64A<= E<7A4?B6 79B4>GEF<K9E>B= Q@<EE<< < Q?9>-
FDB@47A<FAB7B <;?GK9A<S 6 E>64:<A9 �BC4AE>B7B GK4EF>4 S6?SRFES IBDBL<@ CD<@9DB@ 
<ECB?P;B64A<S 84AAOI 79BH<;<K9E><I CB?9= CD< <;GK9A<< ;BA FD9M<AB64FBEF< < BJ9A>< 
<I 79B8<A4@<K9E>B= 4>F<6ABEF<.   
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MANIFESTATION OF FRACTURE ZONES IN THE FIELDS OF 

GEOACOUSTIC EMISSION AND ELECTROMAGNETIC RADIATION 
 

Bazhenova Evgenia, Vdovin Alexey 

Institute of geophysics UB RAS, Ekaterinburg  

Bazenova_jena@mail.ru 

 

Summary. The article describes the equipment and methodology that allows to 

identify fracture zones in the sections of wells and to assess their geodynamic 

activity at a qualitative level. The results of the study of signals of geoacoustic 

emission and electromagnetic radiation in one of the wells of the Kopansky ti-

tanomagnetite deposit are presented. An example of the manifestation of a frac-

ture zone in the fields of geoacoustic emission and electromagnetic radiation is 

considered. 

Keywords: geoacoustic emission, electromagnetic radiation, logging, fracture 

zones, stress-strain state. 
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�AABF4J<S. � D45BF9 CD98EF46?9A >4F4?B7 @9EFAOI ;9@?9FDSE9A<= 6 ;BA9 
6?<SA<S 6B8BID4A<?<M4 �:<;4>. "A CB87BFB6?9A 6 MS Excel < ;47DG:9A 

CB?ABEFPR 6 ED98G ArcGis. �4F4?B7 84? 6B;@B:ABEFP 5B?99 >BDD9>FAB BJ9-
A<FP CDBEFD4AEF69AAB-6D9@9AAB9 D4ECD989?9A<9 ;9@?9FDSE9A<= 6 ;BA9 
6?<SA<S �:<;4>E>B7B 6B8BID4A<?<M4 6 C9D<B8 Q>EC?G4F4J<< ;4 CBE?98A<9 
7B8O. #DB<;6989A4 >?4EF9D<;4J<S A4<5B?99 C?BFAOI ;BA D4ECD989?9A<S 
;9@?9FDSE9A<=. "F@9K9A4 6B;@B:ABEFP B8AB6D9@9AAB7B BFE?9:<64A<S 
E9=E@<K9E><I J<>?B6 D4;AB7B C9D<B84 CB >4:8B@G >?4EF9DG, EB6@9M4S <I 
E 64D<4J<S@< D9:<@4 Q>EC?G4F4J<< 6B8BID4A<?<M4. 1FB 849F 6B;@B:-
ABEFP BJ9A<FP GDB69AP E9=E@<KABEF<, 6O;64AAO= 6B8BID4A<?<M9@ 6 D4E-
E@4FD<649@B= B5?4EF< A4 ;484AAB@ <AF9D64?9 6D9@9A<.  
�?RK96O9 E?B64: ;9@?9FDSE9A<9, 6B8BID4A<?<M9, E9=E@<K9E><= D9:<@, 
;4>BA CB6FBDS9@BEF<, D9:<@ Q>EC?G4F4J<<. 

 
�OS6?9A<9 @9I4A<;@4 ;9@?9FDSE9A<=, 6O;64AAOI <A:9A9DAB= 89SF9?PABEFPR K9-

?B69>4, EF4?B A9B5IB8<@O@ CBE?9 FB7B, >4> 6 @<DB6B= CD4>F<>9 5O?< ;4D97<EFD<DB64AO 

A9E>B?P>B ;9@?9FDSE9A<=, 6O;646L<9 D4;DGL9A<9 EFDB<F9?PAOI B5N9>FB6, C?BF<A < CB-
6?9>L<9 K9?B69K9E><9 :9DF64. #DB5?9@4 B5A4DG:9A<S ;9@?9FDSE9A<= 6 E6S;< E <A:9-
A9DAB= 89SF9?PABEFPR S6?S9FES 64:AB=, KFB5O CD<ASFP B5BEAB64AAO9 @9DO CB CD98BF-
6D4M9A<R 6D98AOI CBE?98EF6<=. #BQFB@G A4@< CDB<;6989AB BCD989?9A<9 CDBEFD4A-
EF69AAB-6D9@9AAB7B D4ECD989?9A<9 HBAB6OI < A9 HBAB6OI ;9@?9FDSE9A<= 6 5?<:A9= 
;BA9 �:<;4>E>B7B 6B8BID4A<?<M4 (D<E. 1). 
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;9@?9FDSE9A<= 6 ;BA9 6?<SA<S 6B8BID4A<?<M4 �:<;4>. "A CB87BFB6?9A 6 MS Excel < ;4-
7DG:9A CB?ABEFPR 6 ED98G ArcGis. � D48<GE9 8B 100 >@ BF EF6BD4 6B8BID4A<?<M4 �:<;4> 
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EB@ 7�15. %BEF46?9AAO= >4F4?B7 @9EFAOI ;9@?9FDSE9A<= 84? 6B;@B:ABEFP 5B?99 >BD-
D9>FAB BJ9A<FP CDBEFD4AEF69AAB-6D9@9AAB9 D4ECD989?9A<9 ;9@?9FDSE9A<= 6 ;BA9 6?<S-
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H4>F<K9E><I 84AAOI 3 6O5BD>< <; >4F4?B74 ;9@?9FDSE9A<= 2011-2022 7B8B6, BCD989?9AO 

C4D4@9FDO 7D4H<>4 CB6FBDS9@BEF< ;9@?9FDSE9A<= CB ;4>BAG �GF9A59D74-$<IF9D4 [2] 
(D<E. 2). #B CBEFDB9AAB@G 7D4H<>G CB6FBDS9@BEF< @B:AB BF@9F<FP BEB59AABEF< CDBS6-
?9A<S E9=E@<KABEF< F9DD<FBD<< E 2011 CB 2022 7B8O. �B?<K9EF6B ;9@?9FDSE9A<= N (CB 
>4:8B@G 7B8G) E �g8 ;4 C9D<B8 A45?R89A<= 1990-2007 7B8O, CB [3], < 2011-2022 7B8O, 
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E>B7B BCD989?9A<S CB6FBDS9@BEF< ;9@?9FDSE9A<= 6<8AB, KFB >BQHH<J<9AF 7D4H<>4 CB-
6FBDS9@BEF< 6 CD989?4I >D496B= CB8;BAO B5?4EF< 6?<SA<S �:<;4>E>B7B 6B8BID4A<?<M4 
(;BA4 �F54L<AE>B= EGFGDO *9AFD4?PAB7B ';59><EF4A4) BFABE<F9?PAB 5B?PLB= (0,456-
0,458). %BBF69FEF69AAB, CB ;A4K9A<S@ QF<I >BQHH<J<9AFB6 @B:AB BF@9F<FP, KFB CB6FB-
DS9@BEFP ;9@?9FDSE9A<= 6 6OL9BF@9K9AAB= ;BA9 6B;@B:AB <@99F HD4>F4?PAGR D4;@9D-
ABEFP.  
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D4;?B@O, EHBD@<DB646L<9ES 6 C9D<B8 <AF9AE<6AB= E>?48K4FBEF<, 6 A4EFBSM99 6D9@S 
6O;O64RF ;9@?9FDSE9A<S, 6B;89=EF6GRM<9 A4 6B8BID4A<?<M9 CB8 6?<SA<9@ 
EB6D9@9AAOI 79B8<A4@<K9E><I 86<:9A<=. 

 47A<FG84 QF<I ;9@?9FDSE9A<=, 6 E6BR BK9D98P, ;46<E<F BF 79B?B7<K9E>B7B 
EFDB9A<S @9EFABEF<. 'K4EF>< 65?<;< �:<;4>E>B7B 6B8BID4A<?<M4 F9>FBA<K9E>< 
E?B:AO, E �F54L<AE><@ 79BEGFGDB= (;4@>AGFO@ B>94A<K9E><@ L6B@, E?B:9AAO@ 
B>94A<K9E><@< B5D4;B64A<S@< ?<FBEH9DO), CDBIB8SM9= K9D9; 6BEFBKAGR K4EFP, < 
E@9M9A<S@< (A486<7) < C9D9@9M9A<S@< (E86<7), 6B;A<>4RM<@< 6 D9;G?PF4F9 
7BD<;BAF4?PAOI F9>FBA<K9E><I 86<:9A<= 6 E969DAB= < R:AOI K4EFSI. � 79B?B7<K9E>B@ 
BFABL9A<< @9;B->4=AB;B=E><= (MZ-KZ) BE48BKAO= E?B= EB89D:<F 79DJ<AE><9 E>?48>< 
%969DBFGD4AE>B= C?<FO. 1F< B5D4;B64A<S CD98EF46?9AO 4??BIFBA4@< (A486<7B6O@< 
5?B>4@< 6 A4?B:9AAOI EFDG>FGD4I), BFF9EA9AAO@< A4 5B?PLB9 D4EEFBSA<9 < 
B5D4;GRM<@< CB>DB6AGR EFDG>FGDG, 4 86<:9A<9 5?B>B6 ;46<E<F BF 7BD<;BAF4?PAOI 
F9>FBA<K9E><I 86<:9A<=. 

� E969DAB= < R7B-;4C48AB= BDB79AAOI K4EFSI 6B8B9@4 <@9RFES 7D4A<FB<8AO9 
6OIB8O, B5D4;B646L<9ES 6 D9;G?PF4F9 @47@4F<K9E><I CDBJ9EEB6, C9D9E9K9AAO9 
>DGCAO@< F9>FBA<K9E><@< Q?9@9AF4@< (E86<7<, A486<7<, L4DPS:<). !4 GK4EF>4I 65?<;< 
6B8BID4A<?<M4 A45?R84?BEP @AB:9EF6B 7BD<;BAF4?PAOI F9>FBA<K9E><I 86<:9A<=, 
6OD4;<6L<IES 6 B5D4;B64A<< E>?48K4FOI EFDG>FGD < >DGCAB4@C?<FG8AOI A486<7B6. � 
E969DAB= < R7B-;4C48AB= BDB79AAOI K4EFSI 6B8BID4A<?<M <@9RFES 7D4A<FB<8AO9 
6OIB8O, B5D4;B646L<9ES 6 D9;G?PF4F9 @47@4F<K9E><I CDBJ9EEB6, C9D9E9K9AAO9 
>DGCAO@< F9>FBA<K9E><@< Q?9@9AF4@< (E86<7<, A486<7<, L4DPS:<). !4 GK4EF>4I 65?<;< 
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6B8BID4A<?<M4 A45?R84?BEP @AB:9EF6B 7BD<;BAF4?PAOI F9>FBA<K9E><I 86<:9A<=, 
6OD4;<6L<IES 6 B5D4;B64A<< E>?48K4FOI EFDG>FGD < >DGCAB4@C?<FG8AOI A486<7B6. 

 

 
$<E.4. �BA4 �:<;4>E>B7B 6B8BID4A<?<M4 < F9>FBA<K9E><9 EFDG>FGDO EB7?4EAB 
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+FB5O 5B?99 89F4?PAB <;GK<FP 6;4<@BE6S;P, EA4K4?4 CBEFDB<?< CDBEFD4AEF69AAB-
6D9@9AAB9 D4ECD989?9A<9 ;9@?9FDSE9A<= (D<E. 5), 6 ;BA9 �:<;4>E>B7B 6B8BID4A<?<M4 
6O89?SS <I 6 >?4EF9DO E CB@BMPR @9FB84, CD98?B:9AAB7B F.Waldhauser, W.L. Ellsworth 

[4]. �?S 84?PA9=L97B 4A4?<;4 I4D4>F9D<EF<> ;9@?9FDSE9A<= <ECB?P;B64?< @9FB8 5?<:4=-
L<I EBE989= 8?S CDB6989A<S >?4EF9DAB7B 4A4?<;4 [5]. � QFB@ @9FB89 EIB8EF6B BCD989?S-
9FES >648D4FB@, �6>?<8B64 D4EEFBSA<S. !4<?GKL<9 D9;G?PF4FO @B:AB CB?GK<FP EB-
7?4EAB [4,5], >B784 CBDB7B6B9 ;A4K9A<9 d=d0

2 >648D4F4 �6>?<8B64 D4EEFBSA<S (x2-x1)
2+(y2-

y1)
2 CD<A<@49FES D46AO@ BF 1I 2 8B 1.2I 2 >@, 789  -@47A<FG84. 

�89EP F4>:9 CD< EBCBEF46?9A<< E F9>FBA<K9E><@< EFDG>FGD4@< <ECB?P;B64AB 6O-
D9;>< <; F9>FBA<K9E>B= >4DFO ';59><EF4A4 < CD<?974RM<I F9DD<FBD<= (D<E. 4) [6]. #B-
E?9 >?4EF9D<;4J<< ;9@?9FDSE9A<S 89?SFES A4 >B?<K9EF6B GC?BFA9A<= QC<J9AFDB6 >4> >?4-
EF9DB6 E GK9FB@ FB7B, KFB ;9@?9FDSE9A<S D4ECD989?SRFES A9B8ABDB8AB 6B 6D9@9A<. 

%9=E@<KABEFP 6OD4:49FES 5B?99 A<;><@< QA9D79F<K9E><@< >?4EE4@< <?< BFEGF-
EF6<9@ ;9@?9FDSE9A<= 6 <;GK49@B= ;BA9 >4:8B7B >?4EF9D4. #DBEFD4AEF69AAB-6D9@9AAB9 
D4ECD989?9A<9 ;9@?9FDSE9A<= CB ;BA9 6?<SA<S �:<;4>E>B7B 6B8BID4A<?<M4 CB>4;4?B 
DBEF C?BFABEF< D4ECD989?9A<S QC<J9AFDB6 6 F9>FBA<K9E><I EFDG>FGD4I 6 BEAB6AB@ 6 EG-
FGD4I, A486<7B6OI ;BA4I < 6 >DGCAOI D4;?B@4I. 
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2 3 @9EFB D4ECB?B:9A<S 6B8BID4A<?<M4; 3 3 >?4EF9DO, 6O89?9AAO9 @9FB8B@ 5?<:4=L<I EBE989=; 
4 3 7D4A<JO 6O89?9AAOI >?4EF9DB6 

 

#BE?98B64F9?PABEFP CDBS6?9A<S ;9@?9FDSE9A<= E �g7 CB >?4EF9D4@ E A4<5B?PL9= 
C?BFABEFPR QC<J9AFDB6 (I < II) CD<6989A4 A4 D<EGA>9 6. �4> 6<8AB <; D<EGA>4 CBE?9 ;9@-
?9FDSE9A<S E BCD989?9AAO@ 5B?PL<@ QA9D79F<K9E><@ >?4EEB@ CB >4:8B@G >?4EF9DG 
A4EFGC4RF C9D<B8O E9=E@<K9E>B7B ;4F<LPS. #BEFBSAAO9 E9=E@<K9E><9 A45?R89A<S 6 
5?<:A<I ;BA4I 6B8BID4A<?<M < 8BEFB69DAB9 BCD989?9A<9 @9EFBCB?B:9A<9 QC<J9AFDB6 
;9@?9FDSE9A<= S6?S9FES 64:AB= BEAB6B= 8?S <EE?98B64A<S E9=E@<KABEF<, 6O;64AAB= 6B-
8BID4A<?<M9@. 

 

   
$<E. 6. #BE?98B64F9?PABEFP CDBS6?9A<S ;9@?9FDSE9A<= E �≥7 6 ;BA9 �:<;4>E>B7B 
6B8BID4A<?<M4 CB >?4EF9D4@ I < II 

 

#BE?98B64F9?PABEFP CDBS6?9A<S ;9@?9FDSE9A<= 6 ;BA9 �:<;4>E>B7B 6B8BID4A<-
?<M4 D4EE@BFD9AB E CB;<J<< EBCDS:9A<S &SAP-,4ASE>B7B BDB79A4 < &GD4AE>B= C?4F-
HBD@O. �A4?<; C?BFABEF< D4ECD989?9A<S ?B>4?PAOI ;9@?9FDSE9A<= 6B>DG7 D4;?B@B6 
CB>4;4?, KFB 6B;@B:ABEFP B8AB6D9@9AAB7B BFE?9:<64A<S E9=E@<K9E><I J<>?B6 D4;AB7B 
C9D<B84 CB >4:8B@G >?4EF9D4@, EB6@9EFAB 64D<4J<9@< D9:<@4 Q>EC?G4F4J<<  
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6B8BID4A<?<M4 CB;6B?<F BJ9A<FP GDB69AP E9=E@<KABEF< 6O;64AAB= 6B8BID4A<?<M9@ 6 
D4EE@4FD<649@B= B5?4EF< A4 ;484AAB@ <AF9D64?9 6D9@9A<. 

 

%#�%"� ��&�$�&'$/ 
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L9A<9 EFDB<F9?PAOI D4EF6BDB6 BF89?BKAB7B CB>DOF<S ;84A<= CD< >B?954F9?PAOI 86<-
:9A<SI BF ;9@?9FDSE9A<S 26 @4S 2013 7B84 6 D4=BA9 7B58GAE><I 7BD. // %B6D9@9AAO9 @9-
FB8O < F9IAB?B7<< 6 D9L9A<< 7<8DB79B?B7<K9E><I, <A:9A9DAB-79B?B7<K9E><I < 79BQ>B-
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SPATIAL-TEMPORAL DISTRIBUTION OF EARTHQUAKES  

NEAR THE JIZZAKH’S RESERVOIR 
 

1,2Bakhriddinova Dildora Hamza kizi, 
1Khamidov Lutfulla Abdullayevich 

1Institute of Seismology Academy of Sciences, Tashkent, Uzbekistan 
2 National University of Uzbekistan, Tashkent, Uzbekistan 

 1,2dildora.baht@gmail.com, 1hamidov_l@mail.ru 

 

Summary. The paper presents a compiled local catalog of earthquakes in the 

zone of influence of the Jizzakh reservoir. It was prepared in the MS Excel en-

vironment and fully embedded in the ArcGis environment. It made it possible to 

more correctly assess the spatial and temporal distribution of earthquakes in the 

zone of influence of the Jizzakh reservoir during the period of operation in recent 

years. Clustering of the densest zones of distribution of earthquakes has been 

carried out. The possibility of simultaneous tracking of seismic cycles of differ-

ent periods in the clusters of each reservoir is noted, combining them with a 

variation in the operating mode, which will make it possible to assess the level 

of seismicity caused by reservoirs in the area under consideration at a given time 

interval. 

Key words:  earthquake, distribution, reservoir, recurrence law, operation mode. 
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'�� 550.34.016+550.34.013.2+550.348.425 

%��% �+�%��� �"����%&��3 "& &�)!"�"��+�%��) 
"��!"+!/) ��$/�"� � ����!�� �"!� 

 
1�5;S520 �8:B>@8S �;5:A0=4@>2=0, 2�@>=>2 �@:0489 �5AA5;528G, 3�C@A528G �;5:A59 
�;5:A0=4@>28G, 4 0@B8=>28G .;8S �8B0;P52=0, 5&5@5I5=:> �A5=8S �0;5@P52=0 

*5=B@ 35>D878G5A:>3> <>=8B>@8=30 !�! �5;0@CA8, 3.  8=A:, $5A?C1;8:0 �5;0@CAP 
1bialiayeva@cgm.by, 2aronov@cgm.by, 3kursevich@cgm.by, 

 4martsinovich@cgm.by, 5tsiareshchenko@cgm.by 

 

�AABF4J<S. � EF4FP9 BC<E4A CDBJ9EE <EE?98B64A<S GDB6AS E9=E@<K9E><I 
6B;89=EF6<= 6 5?<:A9= ;BA9 BF EBED98BFBK9AAOI F9IAB?B7<K9E><I B8<ABK-
AOI 6;DO6B6 A4 BEAB69 CDB6989A<S <AEFDG@9AF4?PAOI A45?R89A<=. $9-
;G?PF4FO D45BFO 5O?< <ECB?P;B64AO 8?S B5BEAB64A<S 6O5BD4 59;BC4EAOI 
D4EEFBSA<= CD< CDB6989A<< 5GDB6;DO6AOI E9=E@BD4;698BKAOI D45BF.  
�?RK96O9 E?B64: E9=E@B?B7<K9E><9 A45?R89A<S, 6;DO6, E>BDBEFP E@9M9-
A<S 7DGAF4, E9=E@<K9E>B9 6B;89=EF6<9. 
 

"EAB6AB= ;484K9= S6?S?BEP CDB6989A<9 <EE?98B64A<= CB BCD989?9A<R GDB6AS 
E9=E@<K9E><I 6B;89=EF6<= 6 5?<:A9= ;BA9 BF 5GDB6;DO6AOI D45BF CB 84AAO@ <AEFDG-
@9AF4?PAOI E9=E@B?B7<K9E><I A45?R89A<=. �AEFDG@9AF4?PAO9 A45?R89A<S 5O?< BD74-
A<;B64AO 8?S D97<EFD4J<< EBED98BFBK9AAOI 6;DO6B6 4A4?B7<KAOI F9IAB?B7<K9E><@ 
E9=E@BD4;698BKAO@ @BMABEFPR BF 0.2 8B 4 >7. $4EEFBSA<S BF CGA>FB6 6;DO64 8B E9=E@<-
K9E>B= EF4AJ<< BF 30 8B 400 @, 7?G5<A4 ;4?B:9A<S 6;DO6K4F>< 6 E>64:<A4I BF 18 8B 50 
@. �?S D97<EFD4J<< 6;DO6B6 5O?< <ECB?P;B64AO J<HDB6O9 E9=E@<K9E><9 EF4AJ<< 6 EB-
EF469 D97<EFD4FBDB6 E<7A4?B6 �9?PF4 03  (<;7BFB6<F9?P ��"&�), $BEE<S) < GMSplus 

(<;7BFB6<F9?P GeoSIG Ltd, ,69=J4D<S) c >BDBF>BC9D<B8AO@ FD9I>B@CBA9AFAO@ E9=-
E@B@9FDB@ LE-3Dlite MkIII/1s. �E97B 8?S D97<EFD4J<< 6;DO6B6 <ECB?P;B64?BEP 6 E9=E@<-
K9E><I EF4AJ<=.  �4@9D4?PA4S B5D45BF>4 ;4C<E9= ;4D97<EFD<DB64AAOI 6;DO6B6 < @<>DB-
E9=E@<K9E>B7B HBA4 CDB6B8<?4EP E <ECB?P;B64A<9@ CDB7D4@@O WSG [4] < SeisComp 3 
[1]. 

#D9864D<F9?PAB 5O?4 CDB6989A4 BJ9A>4 @<>DBE9=E@<K9E>B7B HBA4 8?S >BDD9>F-
AB= <AF9DCD9F4J<< ;4C<E9= 6;DO6B6. )4D4>F9D<EF<>< @<>DBE9=E@<K9E>B7B HBA4 (EC9>-
FD4?PAO= EBEF46, ED98A<= GDB69AP, 64D<4J<<) ;46<ESF BF CD<DB8AOI < 4AFDBCB79AAOI 
H4>FBDB6.  #D< QFB@ 7DGAFB6O9 GE?B6<S <;GK49@B= C?BM48< <@9RF 64:AB9 ;A4K9A<9, 
CBE>B?P>G E>BDBEF< CDBIB:89A<S E9=E@<K9E><I 6B?A ;46<ESF BF H<;<K9E><I E6B=EF6 CB-
DB8, E?474RM<I 69DIARR 7DGAFB6GR FB?MG, <I 79B?B7B-?<FB?B7<K9E>B7B EBEF464, EF9-
C9A< B56B8A9AABEF<.  #B7B8AO9 GE?B6<S, E9;BA 7B84 (;<@4 <?< ?9FB), @9EFB GEF4AB6>< 
84FK<>B6, D97<EFD<DGRM<I E<7A4? (CB864?, 8A96A4S CB69DIABEFP, QF4: ;84A<S) F4>:9 @B-
7GF B>4;O64FP 6?<SA<9 A4 ;4C<EP @<>DBE9=E@<K9E>B7B HBA4. 

�?S BJ9A>< GDB6AS @<>DBE9=E@<K9E>B7B HBA4 5O? BD74A<;B64A CGA>F A45?R89-
A<= ZRC < CB?GK9AO 97B ED98A<9 ;A4K9A<S CB FD9@ >4A4?4@ E9=E@B@9FD4 CGF9@ 6O5BD>< 
<; >DG7?BEGFBKAOI ;4C<E9= @<>DBE9=E@<K9E>B7B HBA4 B8ABK4EB6OI <AF9D64?B6 ;4C<E< 
< 6OK<E?9A<S BED98A9AAB7B ;A4K9A<S 6 CDB@9:GF>4I 6D9@9A< 00:00-01:00, 08:00-09:00, 

15:00-16:00, 22:00-23:00. 1F< 84AAO9 CD<6989AO 6 F45?<J9 1. 
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&45?<J4 1 
'DB6A< @<>DBE9=E@<K9E>B7B 9EF9EF69AAB7B HBA4 CB >B@CBA9AF4@ 

#GA>F <;@9D9A<S �9?<K<A4 ED98A97B ;A4K9A<S HBA4, E@/E 
Z  N-S  E 3W  

00:00-01:00 

ZRC 3.45*10-5 3.20*10-5 2.78*10-5 

08:00-09:00 

ZRC 7.86*10-5 4.76*10-5 4.91*10-5 

15:00-16:00 

ZRC 4.74*10-5 3.94*10-5 3.71*10-5 

22:00-23:00 

ZRC 3.51*10-5 3.20*10-5 2.82*10-5 

 

�A4?<; CD<6989AAOI 84AAOI CB>4;4?, KFB GDB69AP LG@4 6 D4;?<KAOI >B@CBA9A-
F4I A4IB8<FES 6 CD989?4I 0.0000278-0.0000786 E@/E (278-786 A@/E). 

�A4?<; EC9>FDB6 ED98A9EGFBKAB7B @<>DBE9=E@<K9E>B7B HBA4 CB;6B?<? BCD989-
?<FP 97B BEAB6AO9 I4D4>F9D<EF<><, F4><9 >4> @4>E<@G@O K4EFBF < EBBF69FEF6GRM<I <@ 
4@C?<FG8O >B?954A<=. 'DB69AP ED98A9EGFBKAB7B @<>DBE9=E@<K9E>B7B HBA4 6 D4=BA9 <E-
E?98B64A<= 8?S D4;?<KAOI 8<4C4;BAB6 K4EFBF 6 J9?B@ A<;><=. �@9EF9 E F9@, 6 EFDG>FGD9 
@<>DBE9=E@<K9E>B7B HBA4 K9F>B 6O89?SRFES < BFABE<F9?PAO9 @4>E<@G@O. 

!4<5B?99 K4EFB A4 Z >4A4?9 Q>EFD9@G@O A45?R84RFES A4 K4EFBF4I 2.8 �J. �BD<-
;BAF4?PAO9 EBEF46?SRM<9 <@9RF 6 DS89 E?GK496 5B?99 6OD4:9AAO9 Q>EFD9@G@O >4> A4 
5B?99 6OEB><I K4EFBF4I 3.6 3 4.8 �J, F4> < A4<5B?99 A<;><I K4EFBF4I 1.8 �J. %?98G9F 
;4@9F<FP, KFB F4><9 I4D4>F9D<EF<>< E9=E@<K9E>B7B LG@4 CB;6B?<?< CB?GK<FP GEFB=K<-
6O9 < IBDBLB K<F49@O9 ;4C<E< 6B?AB6B= >4DF<AO 6;DO64. 

"EAB6AO@ C4D4@9FDB@ CD< BJ9A>9 E9=E@<K9E>B7B QHH9>F4 6;DO64 CD<ASFB <E-
CB?P;B64FP ;A4K9A<9 EG@@4DAB= 69>FBDAB= E>BDBEF< E@9M9A<S 7DGAF4 <?<, >4> 6EFD9K4-
9FES 6 D4;?<KAOI CG5?<>4J<SI, @4>E<@4?PAB7B @B8G?S 69>FBD4 @4EEB6B= E>BDBEF< E@9-
M9A<S 7DGAF4. �@9AAB QFBF C4D4@9FD 849F CD98EF46?9A<9 B 8BCGEF<@OI E9=E@<K9E><I 
6B;89=EF6<SI [6]. �?S CB?GK9A<S B5BEAB64AAOI 84AAOI B I4D4>F9D9 E9=E@<K9E>B7B QH-
H9>F4 A4 <;GK49@B= F9DD<FBD<< BF 6;DO6B6 D4;?<KAB= @BMABEF< < CDB<;6B8<@OI A4 D4;-
AOI D4EEFBSA<SI 5O?< <;GK9AO: 

" I4D4>F9D ;4FGI4A<S EG@@4DAB= E>BDBEF< E@9M9A<S 7DGAF4 < 99 EBEF46?SRM<I 
BF D4EEFBSA<S, >4> 8?S BF89?PAOI 6;DO6B6, F4> < 6 J9?B@ 8?S 6E9= EB6B>GCABEF< 6;DO6B6; 

" ;46<E<@BEFP EG@@4DAB= E>BDBEF< E@9M9A<S 7DGAF4 BF CD<6989AAB7B D4EEFBS-
A<S. 

� CD4>F<>9 <A:9A9DAB= E9=E@B?B7<< 8?S BJ9A>< EG@@4DAB= 69>FBDAB= E>BDBEF< 
(<?< @4>E<@4?PAB7B @B8G?S 69>FBD4 @4EEB6B= E>BDBEF< E@9M9A<S 7DGAF4) B5M9CD<ASFB 
<ECB?P;B64FP E?98GRMGR HBD@G?G:  

V∑ = (Vx
2+ Vy

2+ Vz
2)1/2 (1)  

789 Vx, Vy, Vz 3 QFB @4>E<@4?PAO9 E>BDBEF< >B?954A<= 7DGAF4 CB FD9@ BDFB7B-
A4?PAO@ A4CD46?9A<S@. 

�AEFDG@9AF4?PAO9 ;A4K9A<S E>BDBEF9=, CB?GK9AAO9 BF 6;DO6B6 D4;AB= @BMAB-
EF<, EBCBEF46?S?<EP E F9BD9F<K9E><@< ;A4K9A<S@< E>BDBEF9= 6 CD989?4I ;484AAOI 8B69-
D<F9?PAOI <AF9D64?B6 [2]: 1) ±0.3σ, 2) ±0.5σ. #D< QFB@ 8?S 8B69D<F9?PAB7B <AF9D64?4 
±0.3σ 6E9 <AEFDG@9AF4?PAO9 ;A4K9A<S E>BDBEF9= EB6C484RF E F9BD9F<K9E><@< E 69DBSF-
ABEFPR 97%. 
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&45?<J4 2  

�A4K9A<S E>BDBEF9= 

 BMABEFP 
6;DO64, 
>7 

$4EEFBSA<9 
6;DO6-CD<-
9@A<>, @ 

 4>E<@4?PAB9 ;A4K9-
A<9  

F9BD9F<K9E>B= E>BDB-
EF<, c@/E 

 4>E<@4?PAB9 ;A4K9A<9  
<AEFDG@9AF4?PAB= E>B-

DBEF<, c@/E 

0.2 

30 0.9561 0.812 

50 0.3605 0.380 

100 0.0794 0.105 

0.4 

30 1.9121 1.380 

50 0.7210 0.570 

100 0.1589 0.175 

0.6 

30 2.8682 1.776 

50 1.0814 0.798 

100 0.2383 0.212 

0.8 

30 3.8242 2.243 

50 1.4419 1.007 

100 0.3178 0.255 

1 

30 4.7803 2.520 

50 1.8024 1.162 

100 0.3972 0.328 

 

#D< EBCBEF46?9A<< D9;G?PF4FB6 <AEFDG@9AF4?PAOI ;A4K9A<= E>BDBEF9= E F9BD9-
F<K9E><@< 8?S D4EEFBSA<S 30 @ (D<E. 1) 6<8AB, KFB 8?S 6;DO64 @BMABEFPR 0.2 >7 <AEFDG-
@9AF4?PAB9 ;A4K9A<9 E>BDBEF< EB6C4849F E F9BD9F<K9E><@ E 69DBSFABEFPR 97%. 

 

 
$<E. 1. �D4H<> ;A4K9A<= F9BD9F<K9E><I < <AEFDG@9AF4?PAOI E>BDBEF9= 8?S 

D4EEFBSA<S 30 @9FDB6 E 8B69D<F9?PAO@ <AF9D64?B@ 

 

�A4?<; 4@C?<FG8AOI EC9>FDB6 6;DO6B6 CB>4;O649F, KFB A45?R84RFES BFK9F?<6O9 
@4>E<@G@O B>B?B 10 < 15 �J A4 69DF<>4?PAOI EBEF46?SRM<I. #B @9D9 G84?9A<S BF 

+0,3σ

-0,3σ

+0,5σ

-0,5σ
0

1

2

3

4

5

0 0.5 1 1.5 2 2.5

&9
BD
9F
<K
9E
>4
S 
E>
BD
BE
FP
, E
@/
E

�AEFDG@9AF4?PA4S E>BDBEFP, E@/E
 4EE4 0,2 >7  4EE4 0,4 >7  4EE4 0,6 >7  4EE4 0,8 >7  4EE4 1 >7
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<EFBKA<>4 G@9APL49FES <AF9AE<6ABEFP >B?954A<=.  !4<5B?99 BFK9F?<6B 6OD4:9AO C<>< 
8?S K4EFBF B>B?B 1, 8, 18 �J. % G69?<K9A<9@ >B?<K9EF64 6;DO6K4FB7B 69M9EF64 CBEF9-
C9AAB ;4FGI49F C<> B>B?B 24 �J. �9DF<>4?PA4S Z 3 >B@CBA9AF4 S6?S9FES CD9B5?484RM9= 
6B 6E9@ 8<4C4;BA9 D4EE@4FD<649@OI K4EFBF.  

!4 D<EGA>9 2 CD98EF46?9AO EC9>FDO 8?S 69DF<>4?PAB= >B@CBA9AFO 6;DO64 @BM-
ABEFPR 6 2 >7 A4 7?G5<A9 18 @9FDB6. #B 7D4H<>4@ 6B;@B:AB BFE?98<FP >4> <;@9AS9FES 
EC9>FD4?PAO= EBEF46 6 ;46<E<@BEF< BF D4EEFBSA<S 8B <EFBKA<>4 6;DO64.   

 

   
4) 5) 6) 

$<E. 2. �@C?<FG8AO9 EC9>FDO E>BDBEF< E@9M9A<= 8?S 69DF<>4?PAB= >B@CBA9AFO: 

4) 30 @9FDB6;  5) 50 @9FDB6; 6) 100 @9FDB6  
 

� >4K9EF69 69DIA97B CBDB74 59;BC4EAB7B 8?S ;84A<= < EBBDG:9A<= GDB6AS E9=E@<-
K9E><I 6B;89=EF6<= CD<A<@49FES ;A4K9A<9 E>BDBEF< E@9M9A<S 7DGAF4 0,8 c@/c. 1F4 
BED98A9AA4S 69?<K<A4 EBBF69FEF6G9F 4 54??4@ CB 12-54??PAB= L>4?9  SK-64 E9=E@<K9-
E><I 6B;89=EF6<= [3, 5, 7], >BFBDO9 A9 EB;84RF >D<F<K9E><I QHH9>FB6 D4;DGL9A<S < CB-
6D9:89A<S B5N9>FB6.  

#DB6989AAO= >B@C?9>E <AEFDG@9AF4?PAOI A45?R89A<= CB;6B?<? E89?4FP 6O-
6B8O CB <ECB?P;B64A<R D9;G?PF4FB6 D45BFO 8?S B5BEAB64A<S 6O5BD4 59;BC4EAOI D4E-
EFBSA<= CD< CDB6989A<< 5GDB6;DO6AOI E9=E@BD4;698BKAOI D45BF BF C?BM48B> D4;@9-
M9A<S ;84A<=, EBBDG:9A<= < >B@@GA<>4J<= A4 89=EF6GRM<I A9HFSAOI @9EFBDB:89-
A<SI. 
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SEISMIC IMPACTS OF SINGLE TECHNOLOGICAL EXPLOSIONS IN 

THE NEAR-FIELD ZONE  
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Summary. The paper describes the investigation of the level of the seismic im-

pacts of single point-source technological explosions in the near-field zone on 

the basis of the instrumental observations performed. The results obtained were 

used as a ground to substantiate a choice of safety distances in the course of the 

drilling-and-blasting, as well as seismic operations.  

Key words: seismological observations, explosion, ground motion velocity, 

seismic impact. 
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�AABF4J<S. #D<6989AO D9;G?PF4FO <AF9DCD9F4J<< @BA<FBD<A7B6OI 
A45?R89A<= D48BA4-220 (FBDBA4) < D48BA4-222, 6OCB?A9AAOI 6 
2002-2004 7B84I A4 %969DAB@ &SAP-,4A9. #B>4;4AO CDB7ABEF<K9E><9 6B;-
@B:ABEF< FBDBA4, >4> >D4F>BEDBKAB7B CD9869EFA<>4 ;9@?9FDSE9A<=. "F@9-
K9AB, KFB 4AB@4?<< FBDBA4 S6?SRFES 5B?99 >BAFD4EFAO@< CB ED46A9A<R E 
4AB@4?<S@< D48BA4-222. #B?GK9A<9 @9A99 >BAFD4EFAOI 4AB@4?<= B5NSE-
AS9FES @9FB8<K9E><@< BL<5>4@< CD< CDB6989A<< A45?R89A<= E9=E@BD4-
8BABAB6O@< EF4AJ<S@<. #B6989A<9 FBDBA4 6B 6D9@S CDBJ9EE4 CB87BFB6>< 
;9@?9FDSE9A<= EB7?4EG9FES E D4A99 GEF4AB6?9AAO@< ;4>BAB@9DABEFS@< 
8?S D48BA4-222. #D< <ECB?P;B64A<< 74;B6, 6IB8SM<I 6 EBEF46 CB8;9@AB= 
4F@BEH9DO, 8?S @BA<FBD<A7B6OI A45?R89A<= ;4 CDBJ9EEB@ CB87BFB6>< 
;9@?9FDSE9A<= A4<5B?99 CD<7B8AO <;BFBCO D48BA4. 
�?RK96O9 E?B64: $48BA-220, FBDBA, >D4F>BEDBKAO= CDB7AB;, ;9@?9FDSE9-
A<9, @BA<FBD<A7, &SAP-,4AP, 4869>J<S, A4>BC<F9?PAO= QHH9>F, 5?<:ASS 
;BA4, 84?PASS ;BA4, 79B8<A4@<K9E><= >D<F9D<=. 

 

#DB7AB; ;9@?9FDSE9A<= CD98EF46?S9F EB5B= BK9AP E?B:AGR ;484KG. !9E@BFDS A4 
FB, KFB 6 ED98A9@ 864:8O 6 @9ESJ A4 C?4A9F9 6B;A<>49F E<?PAB9 ;9@?9FDSE9A<9 [1], D9-
4?PAB G84?BEP ECDB7AB;<DB64FP ?<LP 98<A<KAO9 E?GK4< [2, 3]. !4 A4L 6;7?S8 A4<5B?P-
L<= <AF9D9E CD98EF46?SRF >D4F>BEDBKAO= < BC9D4F<6AO= D4;AB6<8ABEF< CDB7AB;B6, 
CB;6B?SRM<9 CD98CD<A<@4FP E6B96D9@9AAO9 CD98GCD98<F9?PAO9 @9DO C9D98 69DBSF-
AO@ 6B;A<>AB69A<9@ >4F4EFDBH<K9E>B7B EB5OF<S. 

#DBJ9EE CB87BFB6>< ;9@?9FDSE9A<S CD98EF46?S9F EB5B= <;@9A9A<9 A4CDS-
:9AAB-89HBD@<DB64AAB7B EBEFBSA<S 7BDAOI CBDB8. #D<@9A9A<9 CBK69AAB7B D48BA4 8?S 
<;GK9A<S 64D<4J<= A4CDS:9AAB-89HBD@<DB64AAB7B EBEFBSA<S 7BDAOI CBDB8 CD< CB87B-
FB6>9 ;9@?9FDSE9A<= B5GE?B6?9AB A4?<K<9@ D48<B4>F<6AOI Q?9@9AFB6, ECBEB5AOI 79A9-
D<DB64FP <;BFBCO D48BA4, 6B 6E9I 7BDAOI CBDB84I; CDBEFBF4 D97<EFD4J<< B5Nё@AB= 4>-
F<6ABEF<; 6B;@B:ABEFP CDB6989A<S CBEFBSAAB= D97<EFD4J<< <;@9A9A<= CDBA<J49@BEF< 
7BDAOI CBDB8 ;4 EKёF A9CD9DO6AB= 79A9D4J<< <;BFBCB6 D48BA4. %GM9EF6G9F DS8 8DG7<I 
H<;<K9E><I S6?9A<= (A4CD<@9D, <;@9A9A<9 Q?9>FD<K9E>B7B EBCDBF<6?9A<S 7BDAOI CB-
DB8, 64D<4J<< @47A<FAB7B CB?S), E6S;4AAOI < 6O;O649@OI <;@9A9A<9@ A4CDS:9AAB7B 
EBEFBSA<S 7BDAOI CBDB8, AB <@9AAB <;@9A9A<9 CDBA<J49@BEF< < FD9M<ABB5D4;B64A<9 
EBCDB6B:84RF CDBJ9EE CB87BFB6>< ;9@?9FDSE9A<S A4 ;4>?RK<F9?PAOI EF48<SI, 6C?BFP 
8B E4@B7B EB5OF<S. !9E@BFDS A4 E?GK4< GEC9LAB7B CDB7AB;4 [2, 3], A489:AOI >D<F9D<96, 
G>4;O64RM<I A4 6B;@B:AB9, 5?<;>B9 CB 6D9@9A<, E9=E@<K9E>B9 EB5OF<9, 8B E<I CBD A9 
A4=89AB. 

,47B@ 6C9D98 @B:AB EK<F4FP CB?GK9AAO9 ;4>BAB@9DABEF< CB6989A<S "�$ (B5N-
9@AB= 4>F<6ABEF< D48BA4) 6 D9;G?PF4F9 B5D45BF>< 84AAOI 6BEP@<?9FA97B @BA<FBD<A74 
"�$ A4 2:AB-�GD<?PE>B@ 79B8<A4@<K9E>B@ CB?<7BA9 CD< CD<@9A9A<< 4869>F<6AB7B 
ECBEB54 8BEF46>< CBK69AAB7B D48BA4 > 89F9>FBDG [4]. #B>4;4AB, KFB 6 D4@>4I CD<@9A9A<S 
@B89?< EGM9EF6B64A<S ;BA E:4F<S < D4EFS:9A<S, CB6989A<9 B5N9@AB= 4>F<6ABEF< D4-
8BA4-222 6 QF<I ;BA4I EGM9EF69AAB D4;?<K49FES. 'EF4AB6?9AB, KFB ;9@?9FDSE9A<S 
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BF@9K4RFES FB?P>B A4 @4>E<@G@9, A4 A<EIB8SM9= 69F6< <?< A4 HBAB6OI ;A4K9A<SI CBE?9 
;469DL9A<S 4AB@4?<< >D<6OI "�$. 

%B5OF<S, 6B;A<>4RM<9 6 5?<:A9= ;BA9 (;BA9 E:4F<S), BFABE<F9?PAB FBK>< A45?R-
89A<S, A4 >D<6B= "�$ BF@9K49FES CBE?9 6OIB84 4AB@4?<< A4 HBAB6O= GDB69AP. !4 >D<-
6B= "�$ ;9@?9FDSE9A<S 84?PA9= ;BAO BFD4:4RFES 6 <AF9D64?9 BF @4>E<@G@4 4AB@4?<< 
8B 99 6OIB84 A4 HBAB6O= GDB69AP. #DB8B?:<F9?PABEFP 4AB@4?<= "�$, CD< 4869>F<6AB@ 
ECBEB59 8BEF46>< CBK69AAB7B D48BA4 > 89F9>FBDG, >4> 6 5?<:A9= ;BA9, F4> < 6 84?PA9= 
EBEF46?S9F A9E>B?P>B EGFB>. 

�4 EKёF BFABE<F9?PAB CDB8B?:<F9?PAB7B C9D<B84 CB?GD4EC484 Rn (3,82 EGFB>), CB 
ED46A9A<R E 6D9@9A9@ EGM9EF6B64A<S 4AB@4?<<, @B:9F E>4;O64FPES >G@G?SF<6AO= <?< 
A4>BC<F9?PAO= QHH9>F, A<69?<DGRM<= A9>BFBDO9 BEB59AABEF< 64D<4J<= "�$ 6 84?PA9= 
;BA9, A9CBED98EF69AAB C9D98 EB5OF<9@. �B?99 89F4?PAO9 A45?R89A<S 4AB@4?<= "�$ CB;-
6B?SF GFBKA<FP I4D4>F9D 99 E6S;< E @B@9AFB@ B5D4;B64A<S @47<EFD4?PAB7B D4;DO64, KFB, 
6B;@B:AB, CB;6B?<F 6O89?<FP 8BCB?A<F9?PAO9 >D<F9D<< 8?S BC9D4F<6AB7B CDB7AB;4. 

#BE>B?P>G A4>BC<F9?PAO= QHH9>F, CD< A45?R89A<SI D48BA4-222 A96B;@B:AB 
GEFD4A<FP, FB 8?S 89F4?<;4J<< 4AB@4?<= C9D98 ;9@?9FDSE9A<9@ @B:AB <ECB?P;B64FP <;B-
FBC D48BA4 4 D48BA-220 (FBDBA), >BFBDO= B5D4;G9FES 6 D48<B4>F<6AB@ DS8G FBD<S-232. 

#9D<B8 CB?GD4EC484 D48BA4-220 B>B?B 56 E9>GA8, KFB CD4>F<K9E>< <E>?RK49F 6B;A<>AB-
69A<9 A4>BC<F9?PAB7B QHH9>F4 [5]. 

%6989A<S CB <;@9D9A<S@ <;BFBC4 D48BA4-220 (FBDBA4) < B <;GK9A<< 97B CDB7AB-
EF<K9E><I 6B;@B:ABEFSI CD< BFD4:9A<< CDBJ9EE4 CB87BFB6>< ;9@?9FDSE9A<= 6 CG5?<>4-
J<SI A9@AB7BK<E?9AAO [6,7,8]. 

!45?R849@4S >BAJ9AFD4J<S FBDBA4, >4> < D48BA4-222, BCD989?9AAO@ B5D4;B@ <;-
@9AS9FES C9D98 ;9@?9FDSE9A<S@<. � 84AAB= D45BF9, 4A4?<;<DGS D9;G?PF4FO A45?R89A<=, 
CB?GK9AAO9 A4 %969DAB@ &SAP-,4A9 6 2002-2004 7B84I, D4EE@BFD<@ 6B;@B:ABEF< FB-
DBA4 >4> <A8<>4FBD4 CDBJ9EE4 CB87BFB6>< ;9@?9FDSE9A<S < EBBF69FEF6<9 97B CB6989A<S 
;4>BAB@9DABEFS@, CB?GK9AAO@ 8?S D48BA4-222. 

#B6OL9AA4S 8<E>D9FABEFP <;@9D9A<=, B7D4A<K9A<9 A4>BC<F9?PAB7B QHH9>F4 < 6 
DS89 E?GK496 5B?99 6OEB><9 >BAJ9AFD4J<< 84RF 6E9 BEAB64A<S 8?S <ECB?P;B64A<S FBDBA4 
6 EBK9F4A<< E D48BAB@-222 6 >4K9EF69 CD9869EFA<>4 ;9@?9FDSE9A<=. "8A4>B EGM9EF6GR-
M<9 E?B:ABEF< E <;@9D9A<9@ FBDBA4, E6S;4AAO9 E 97B >BDBF><@ 6D9@9A9@ :<;A<, EGM9-
EF69AAB B7D4A<K<64RF 97B CD<@9A9A<9. 

�;@9D9A<S CBK69AAB7B 74;4 E 8<HHG;<BAAO@ ECBEB5B@ 8BEF46>< 6B;8GI4 > 89F9>-
FBDG A9 CD<@9A<@O > FBDBAG, F4> >4> BA CD4>F<K9E>< CB?ABEFPR D4EC4849FES CB CGF< > 
<;@9D<F9?PAB@G CD<5BDG. $4;D45BF4AAO= 6 �AEF<FGF9 79BH<;<>< 'D" $�! 4869>F<6-
AO= ECBEB5 8BEF46>< CBK69AAB7B 6B;8GI4 89F9>FBDG, GEC9LAB CD<@9A<@ >4> 8?S <;@9D9-
A<= D48BA4-222, F4> < FBDBA4. �C9D6O9 4869>F<6AO= ECBEB5 B8AB6D9@9AAOI <;@9D9A<= 
D48BA4-222 < D48BA4-220 (FBDBA4) 5O? D94?<;B64A 6 E9=E@BD48BAB6B= EF4AJ<<, D4;D45B-
F4AAB= 6  �(� ( BE>B6E><= <A:9A9DAB-H<;<K9E><= <AEF<FGF) [9]. #BK69AAO= 6B;8GI 
CDB>4K<649FES A4EBEB@ K9D9; <;@9D<F9?PAGR >4@9DG EB EC9>FDB@9FD<K9E><@ ##�-

89F9>FBDB@. $4;89?PAB9 <;@9D9A<9 CDB<;6B8<FES CB 4?PH9-<;?GK9A<R CB?BA<S-218 8?S 
D48BA4-222 < CB?BA<R-216 8?S FBDBA4. 

#D<6B8<FES 4A4?<; CB?GK9AAOI >D<6OI "�& (B5N9@AB= 4>F<6ABEF< FBDBA4) 8?S 
BJ9A>< CDB7ABEF<K9E><I 6B;@B:ABEF9= FBDBA4 < CDB69D>4 EBBF69FEF6<S 97B CB6989A<S, 
GEF4AB6?9AAO@ A4 E97B8ASLA<= 89AP, ;4>BAB@9DABEFS@ 8?S "�$. �ECB?P;GS D4A99 GEF4-
AB6?9AAO9 8?S CB6989A<S D48BA4-222 ;4>BAB@9DABEF< CB6989A<S CD< CB87BFB6>9 ;9@?9-
FDSE9A<= [1], D4EE@BFD<@ CB6989A<9 FBDBA4 A4 CD<@9D9 ;4C<E< "�& < D48BA4-222 A4 
EF4AJ<< �?4-�DK4 (D<E. 1).  47A<FG8O ;9@?9FDSE9A<= C9D9EK<F4AO <; QA9D79F<K9E><I 
>?4EEB6 CB EBBFABL9A<S@, GEF4AB6?9AAO@ 8?S &SAP-,4AS [10]. 
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"EB5O= <AF9D9E CD98EF46?S9F CB6989A<9 "�$ < "�& A4 HD47@9AF9 ;4C<E< EB 
EF4AJ<< �?4-�DK4 (D<E. 1). �AB@4?<S "�$ D4EFSAGF4S, 6 BF?<K<< BF 4AB@4?<< "�&. � 
D4EE@4FD<649@O= <AF9D64? 6D9@9A< CDB<;BL?B 864 ;9@?9FDSE9A<S 4 89>45DS 2002 7B84 
E @47A<FG8B= 4.2 A4 D4EEFBSA<< 57 >@ (79B8<A4@<K9E><= >D<F9D<= 2.4) < 9 89>45DS 2003 
7B84 E @47A<FG8B= 4,0 A4 D4EEFBSA<< 10 >@ (79B8<A4@<K9E><= >D<F9D<= 4.0). %B5OF<9 9 
89>45DS BFABE<FES > EB5OF<S@ 5?<:A9= ;BAO (10 >@), < BAB CDB<;BL?B CBE?9 6OIB84 
4AB@4?<< "�$ < "�& A4 HBAB6O= GDB69AP, KFB EBBF69FEF6G9F GEF4AB6?9AAO@ D4A99 ;4-
>BAB@9DABEFS@ [4]. �9@?9FDSE9A<9 4 89>45DS F4>:9 BFABE<FES > 5?<:A<@ EB5OF<S@, AB 
BAB BFD4;<?BEP A4 @4>E<@G@9 >D<6OI "�$ < "�&, >4> 8?S 84?PA9= ;BAO. 1FB B5NSEAS-
9FES A4?B:9A<9@ CDBJ9EEB6 CB87BFB6>< 86GI EB5OF<=, CD<K9@ EB5OF<9 9 89>45DS EGM9-
EF69AAB 5?<:9 > FBK>9 @BA<FBD<A74 < CBQFB@G 97B 6?<SA<9 A4 CB6989A<9 "�$ < "�& 
5B?99 E<?PAB9. %BBF69FEF69AAB, A4 HBA9 CB87BFB6>< 5B?99 5?<;>B7B ;9@?9FDSE9A<S, <;-
@9A<?BEP CB6989A<9 "�$ < "�& CD< BFD4:9A<< ;9@?9FDSE9A<S 4 89>45DS 2002 7B84. 

 

 
$<E. 1. #B6989A<9 B5Nё@AB= 4>F<6ABEF< D48BA4 < FBDBA4. 
#GA>F<DAB= ?<A<9= B5B;A4K9A 7D4H<> <;@9A9A<S B5Nё@AB= 4>F<6ABEF< D48BA4. %C?BLAB= ?<A<9= 
4 FBDBA4. M 4 @47A<FG84 ;9@?9FDSE9A<S, R 4 D4EEFBSA<9 @9:8G EF4AJ<9= @BA<FBD<A74 < 

QC<J9AFDB@ ;9@?9FDSE9A<S, >@; 1; 4 B5B;A4K9A<9 ;9@?9FDSE9A<S 

 

�OCB?A9AAO= 4A4?<; D9;G?PF4FB6 <;@9D9A<= B5N9@AB= 4>F<6ABEF< FBDBA4 < D4-
8BA4-222 A4 %969DAB@ &SAP-,4A9 CB>4;4?, KFB CB6989A<9 FBDBA4 EB7?4EG9FES E >D<F9D<-
S@< 6O89?9A<S 5?<:A<I < 84?PA<I EB5OF<=, GEF4AB6?9AAOI 8?S D48BA4-222. &BDBA < 
D48BA B5?484RF EIB8AO@< CDB7ABEF<K9E><@< 6B;@B:ABEFS@<. �AB@4?<< "�&, CB?GK9A-
AO9 A4 EF4AJ<< �?4-�DK4 5B?99 >BAFD4EFAO9 CB ED46A9A<R E 4AB@4?<S@< D48BA4-222, 

KFB E6S;4AB E GE?B6<S@< CDB6B8<@OI <;@9D9A<=. �?S CB?GK9A<S >4K9EF69AAOI D9;G?P-
F4FB6 CB "�& CD< <;@9D9A<SI E9=E@BD48BAB6B= EF4AJ<9=, A9B5IB8<@B <;@9A<FP GE?B-
6<S <;@9D9A<=. !9B5IB8<@B D4;@9M4FP EF4AJ<R 6A9 FBK>< <;@9D9A<= (E>64:<AO) < CBK-
69AAO= 6B;8GI ;45<D4FP E CB@BMPR ;BA84. '69?<K9A<9 8<E>D9FABEF< <;@9D9A<= CB;6B-
?<F CB?GK<FP 5B?99 <AHBD@4F<6AGR >4DF<AG 64D<4J<= >D<6B= "�&.  9FB8O CDB7AB;<-
DB64A<S, BEAB64AAO9 A4 D97<EFD4J<< <;@9A9A<= B5N9@4 CBDB6B7B CDBEFD4AEF64, ;4I64-
FO64RF 5B?PL<=, CB ED46A9A<R E E9=E@B?B7<K9E><@, 6D9@9AAB= CDB@9:GFB> < CDBS6?S-
RFES 6 5B?PL9@ B5N9@9 7BDAOI CBDB8. 
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Summary. The results of interpretation of radon-220 (thoron) monitoring obser-

vations and radon-222, carried out in 2002-2004 on the Northern Tien-Shan, are 

presented. The prognostic capabilities of the thoron as a short-term earthquakes 

precursor is shown. It is noted that the thoron anomalies are more contrasting com-

pared to the radon-222 anomalies. Obtaining fewer contrasting anomalies is ex-

plained by methodological errors during observations by seismic radon stations. 

The behavior of the thoron during the earthquake preparation process is consistent 

with the previously established patterns for radon-222. When using gases that are 

part of the underground atmosphere, radon isotopes are most suitable for monitor-

ing observations of the earthquake preparation process. 

Key words: radon-220, thoron, short-term forecast, earthquakes, monitoring, 

Tien-Shan, advection, cumulative effect, near and far zone, geodynamic criterion. 
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�AABF4J<S. � E6S;< E CB6OL9A<9@ 8B?< FDG8AB<;6?9>49@OI ;4C4EB6 A9-
B5IB8<@ 4A4?<; <;69EFAOI @B89?9= G89?PAB7B Q?9>FD<K9E>B7B EBCDBF<6-
?9A<S ('1%) F9>EFGDAB-A9B8ABDB8AOI CBDB8 (&!#) < 6B;@B:ABEF< <I 
CD<@9A9A<S 8?S B5BEAB64A<S < GEB69DL9AEF6B64A<S 79B?B7<K9E>B= <AF9D-
CD9F4J<< @4F9D<4?B6 BCD989?9A<S '1% F4><I B5N9>FB6 CB 84AAO@ ��%. � 
K4EFABEF<, CD< B5BEAB64A<< CB8EK9FAOI C4D4@9FDB6. � EF4FP9 CD<6989A 
4A4?<; F9BD9F<K9E><I @B89?9= '1% &!#, BEAB64AAO= A4 7D4H<K9E>B@ EB-
CBEF46?9A<< CB?GK49@OI E <I CB@BMPR D9;G?PF4FB6 < 84AO 6O6B8O CB 
GE?B6<S@ CD<@9A<@BEF< QF<I @B89?9=.  
�?RK96O9 E?B64: G89?PAB9 Q?9>FD<K9E>B9 EBCDBF<6?9A<9, G89?PA4S Q?9>-
FDBCDB6B8ABEFP, F9>EFGDAB-A9B8ABDB8AO9 CBDB8O, F9BD9F<K9E><9 @B89?<, 
4A<;BFDBC<S, E?B:ABCBEFDB9AAO9 >B??9>FBDO. 
 

�>FG4?PABEFP 6O5D4AAB= F9@O: EB6D9@9AAO9 CD<5BDO Q?9>FD<K9E>B7B >4DBF4:4, 
CB;6B?SRF BCD989?SFP EBCDBF<6?9A<9 C?4EFB6 6 A4CD46?9A<SI C4D4??9?PAB < C9DC9A8<-
>G?SDAB BE< E>64:<AO. % CBS6?9A<9@ QF<I 6B;@B:ABEF9= D4EL<DS9FES <AHBD@4F<6ABEFP 
Q?9>FDB@9FD<<, @B:AB BJ9A<64FP 4A<;BFDBC<R 6B 6E9I FDёI A4CD46?9A<SI BFABE<F9?PAB 
BE< E>64:<AO. 1FB BK9AP 64:AB, 8?S B5N9>FB6 CD98EF46?9AAOI F9>EFGDAB-A9B8ABDB8-
AO@< CBDB84@ (&!#), 6 K4EFABEF<, CD< 79B?B7<K9E>B= <AF9DCD9F4J<< 84AAOI @9FB8B6 
Q?9>FD<K9E>B7B EBCDBF<6?9A<S < CDB6B8<@BEF< 6 F4><I B5N9>F4I. 

!B6<;A4 F9@O ;4>?RK49FES 6 4A4?<;9 6E9I <;69EFAOI F9BD9F<K9E><I @B89?9= 
G89?PAB7B Q?9>FD<K9E>B7B EBCDBF<6?9A<S B5N9>FB6, CD98EF46?9AAOI D4;?<KAB7B 6<84 
A9B8ABDB8ABEFS@<, 6 ED46A9A<< D9;G?PF4FB6 CD<@9A9A<S QF<I @B89?9= 8?S B5BEAB64A<S 
'1% B5N9>FB6 E D4;AO@< F<C4@< A9B8ABDB8ABEF9= <I EFDB9A<S < 6 B5BEAB64A<< A4<5B-
?99 GA<69DE4?PAOI @B89?9=, CD98EF46?SRM<I CD4>F<K9E><= <AF9D9E. 

*9?P D45BFO: GEF4AB6<FP BEB59AABEF< 6?<SA<S EFDG>FGDAB= A9B8ABDB8ABEF< < 
D4;AOI F<CB6 9ё A4 '1% @B89?9= <, EBBF69FEF69AAB, D4;AOI F<CB6 &!#, B5BEAB64FP 
A4<5B?99 CD<@9A<@O9 < <AHBD@4F<6AO9 F9BD9F<K9E><9 @B89?< '1% F4><I CBDB8. 

�484K< D45BFO:  

" �O5BD A4<5B?99 F9BD9F<K9E>< B5BEAB64AAOI @B89?9= '1% B5N9>FB6 CD<@9A<@OI 
8?S BC<E4A<S &!#.  

" �A4?<; BFB5D4AAOI @B89?9=, CD<6989A<9 <I > B8ABF<CAB@G 6<8G: ;46<E<@BEF< 
69?<K<AO '1% @B89?9= ĀТ�� (ĀA@) BF B5N9@AB= 8B?< (Ā>), HBD@O < '1% (Ā>) 

EBEF46?SRM<I <I 6>?RK9A<= < '1% BEAB6AB= ED98O (ĀA@ 3 @4FD<JO CBDB8O). 
" �OCB?A<FP D4EKёFO ĀТ�� = ÿ(Ā> , Ā>) 8?S >4:8B7B 6<84 A9B8ABDB8ABEF< < 
CD98EF46<FP 7D4H<K9E>B9 EBCBEF46?9A<9 D9;G?PF4FB6 D4EK9FB6. 

" "J9A<FP BEB59AABEF< '1% D4EE@BFD9AAOI F9BD9F<K9E><I @B89?9= < B5BEAB64FP 
A4<5B?99 <AHBD@4F<6AO9 @B89?<. 
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� CD989?4I �4C48AB-%<5<DE>B7B A9HF974;BABEAB7B @97454EE9=A4 L<DB>B D4;6<FO 
>4> FD48<J<BAAO9, F4> < E?B:AB CBEFDB9AAO9 CBDB8O->B??9>FBDO. "A< EGM9EF69AAB 
BF?<K4RFES BF >?4EE<K9E><I, BFABE<F9?PAB B8ABDB8AOI CBDB8->B??9>FBDB6, >4> CB 
BEB59AABEFS@ 79B?B7<K9E>B7B EFDB9A<S, F4> < CB 79B?B7B-79BH<;<K9E><@ 
I4D4>F9D<EF<>4@ < H<?PFD4J<BAAB-9@>BEFAO@ E6B=EF64@ ((�%). �B?S F4><I CBDB8 6 
EFDG>FGD9 ;4C4EB6 A9HF< 74;4, H<>E<DG9@OI ��� $(, FB@ K<E?9 < CB �4C48AB= %<5<D< 
A9G>?BAAB D4EF9F. "EAB6AO9 C9DEC9>F<6O A4D4M<64A<S 8B5OK< G7?96B8BDB8B6 >4> A4 
>BA>D9FAOI @9EFBDB:89A<SI, F4> < 6 J9?B@ 6 CD989?4I �4C48AB-%<5<DE>B= 
A9HF974;BABEAB= CDB6<AJ<< E@9M4RFES > B5N9>F4@ CD98EF46?9AAO@ &!#. !4 
@9EFBDB:89A<SI, >BFBDO9 A4IB8SFES A4 ;469DL4RM<I EF48<SI D4;D45BF><, <@9AAB > A<@ 
FS7BF9RF BEF4FBKAO9 E?45B8D9A<DG9@O9 ;4C4EO < FDG8AB<;6?9>49@O9 ;4C4EO (&$��O) 
G7?96B8BDB8AB7B EODPS. 

&9>EFGDAB-A9B8ABDB8AO9 CBDB8O <@9RF E?B:AB9 EFDB9A<9 < CD98EF46?SRF EB5B= 
J9?O= >B@C?9>E (<?< EBK9F4A<9) A9E>B?P><I ?<FB?B7<K9E><I F<CB6 CBDB8, 8?S >BFBDOI 
I4D4>F9DAO BCD989?9AAO9 7<8DB8<A4@<K9E><9 (EG54>64?PAO9) GE?B6<S E98<@9AF4J<<, 
>BFBDO9 6 E6BR BK9D98P CD98BCD989?<?< EC9J<H<K9E><9 EFDG>FGDAB-F9>EFGDAO9 BEB59A-
ABEF< < <I H<?PFD4J<BAAB-9@>BEFAO9 E6B=EF64 [1]. 

�A4?<; ?<F9D4FGDAOI <EFBKA<>B6 CB;6B?<? 6OS6<FP DS8 F9BD9F<K9E><I @B89?9=, 
BC<EO64RM<I D4;?<KAO9 F9>EFGDAO9 A9B8ABDB8ABEF< 7BDAOI CBDB8. %D98< A<I A4<5B-
?99 B5BEAB64AAO@< S6?SRFES E?98GRM<9.  

 B89?P �4IAB64-�B@4DB64. $4A99 6 CG5?<>4J<< [3] 5O?B D4EE@BFD9AB 6?<SA<9 
F9>EFGDAB= A9B8ABDB8ABEF< A4 E>4?SDAO9 C9FDBH<;<K9E><9 C4D4@9FDO 79BH<;<K9E>B7B 
C?4EF4 8?S D4;?<KAOI F<CB6 F9>EFGD. "8A4>B BCD989?9A<9 F4>B= 69>FBDAB= I4D4>F9D<-
EF<>< >4> G89?PAB9 Q?9>FD<K9E>B9 EBCDBF<6?9A<9 ('1%), S6?S9FES 5B?99 E?B:AB= ;484-
K9=. � 1953 7B8G �.!. �4IAB6O@ [3] 5O?B CD98?B:9AB CD<@9A9A<9 @B89?< C4D4??9?PAB7B 
EB98<A9A<S CDB6B8A<>B6 8?S BJ9A>< '1% C?4EF4 CD98EF46?9AAB7B C4D4??9?PAO@< 6>?R-
K9A<S@< CDBE?B96 >B??9>FBDB6 (C9EK4A<>B6 «K<EFOI») < A9 >B??9>FBDB6 (7?<A) (1), (2), 

(3), 789 ρFAC, ρCK < ρ7?, EBBF69FEF69AAB, EBCDBF<6?9A<S @B89?< (E?B<EFB= C4K><) < CDBE?B96 
C9EK4A<>4 < 7?<AO, ÇCK < Ç7?, EBBF69FEF69AAB, 8B?< C9EK4AOI < 7?<A<EFOI CDBE?B96 6 E?B-
<EFB= C4K>9, !C 3 FB?M<A4 FBA>BE?B<EFB= C4K><, hCK 3 EG@@4DA4S FB?M<A4 C9EK4AOI 
CDBE?B96 6 C4K>9 [2]. 

 { 1ĀBн? = Ā?чĀ?ч + Āг?Āг? = 1 2 Āг?Ā?ч + Āг?Āг?Ā?ч + Āг? = 1  

(1) 

∑ /?ч = �? ∙ Ā?ч (2) 

 

"FER84 <@99@: 
 

 

ĀТ�� = Ā>ĀA@Ā>ĀA@ + (1 2 Ā>)Ā> 
(3) 

 

 B89?P  4>E69??4. &9BD9F<K9E>< B5BEAB64A4 ;46<E<@BEFP '1% B5N9>F4, CD98-
EF46?9AAB7B B8ABDB8AB= CDB6B8SM9= ED98B= E Q?9>FDBCDB6B8ABEFPR �1, <@9RM9= 6>?R-
K9A<S (EH9D<K9E>B= <?<, 6B;@B:AB, <AB= HBD@O) E Q?9>FDBCDB6B8ABEFPR �2 CD< GE?B-
6<<, KFB 6>?RK9A<S A9 EBCD<>4E4RFES 8DG7 E 8DG7B@. � K4EFABEF<,  4>E69??, 8?S Q?9>-
FDBCDB6B8ABEF< F4>B= @B89?< σ1,2 CB?GK<? E?98GRM99 GD46A9A<9 (4), 789 āг 9EFP CDB-
J9AFAB9 EB89D:4A<9 6 98<A<J9 B5Nё@4 69M9EF64 E G89?PAB= Q?9>FDBCDB6B8ABEFPR �1. 

 



XXIV 'D4?PE>4S @B?B89:A4S A4GKA4S L>B?4 CB 79BH<;<>9 

29 

�1,2 = 300�2 + 2āг(�1 2 �2)300�1 2 āг(�1 2 �2) �1 
(4) 

 

'D46A9A<9 (4) CB;6B?S9F BCD989?<FP 69?<K<AG Q?9>FDBCDB6B8ABEF< σFAC= σ1,2 <, 
EBBF69FEF69AAB, EBCDBF<6?9A<S 7BDAOI CBDB8 ρFAC 8?S 6>?RK9A<= EH9D<K9E>B= HBD@O. 
#D< QFB@ �1 5G89F EBBF69FEF6B64FP Q?9>FDBCDB6B8ABEF< ED98O (C9D6B= >B@CBA9AFO), �2 

6>?RK9A<=. 
#D< C9D9IB89 BF G89?PAB= Q?9>FDBCDB6B8ABEF< ('1#) σFAC > '1% ρFAC HBD@G?4 (4) 

CD<@9F E?98GRM<= 6<8: 
 ÃBн? = 3Ā?ч 2 Āг? ∗ (Ā?ч 2 Āг?)3 ∗ Āг? + 2 ∗ Āг?(Ā?ч 2 Āг?) ∗ Āг? 

(5) 

 

 B89?<  4>E69??4-%9@9AB64. � @BAB7D4H<< �.#. �D4964 [4] CD<6B8<FES EEO?>4 
A4 @B89?P  4>E69??4 <, EG8S CB 6E9@G, A4 D4;6<F<9 QFB= @B89?< �.%. %9@9AB6O@ (1948 7) 
8?S ED98 E F9>EFGDAO@< A9B8ABDB8ABEFS@<, CD98EF46?9AAO@< 6>?RK9A<S@< 6 HBD@9 Q?-
?<CEB<8B6 E CB?GBES@< a, b. #D< <;@9D9A<< '1% F4>B= @B89?< 6 B8AB@ <; 6;4<@AB BD-
FB7BA4?PAOI A4CD46?9A<=, EBCDBF<6?9A<9 9ё 5G89F BCD989?SFPES E?98GRM<@ GD46A9-
A<9@ (5), 6 >BFBDB@ 

 Ą1 = Ą2 = 2ă3ă2(12ă2)���/(ă); Ą3 = ă3(12ă2)(���/(ă)2ă); þ = :1 2 (Āÿ)2
. 

 

� QF<I GD46A9A<SI e-Q>EJ9AFD<E<F9F Q??<CE4; a < b 3 @4?4S < 5B?PL4S CB?GBE< 
Q??<CE4 EBBF69FEF69AAB; n1, n2, n3 3 >BQHH<J<9AFO, BCD989?SRM<9 A4CD46?9A<9 @B89?<. 

#D< B8<A4>B6B= BD<9AF<DB6>9 ?R5OI A9<;B@9DAOI ;9D9A CBDB84 EF4AB6<FES 4A<-
;BFDBCAB=; '1% 99 BCD989?S9FES 7?46AO@ ;A4K9A<9@ F9A;BD4 '1% Ā(1), Ā(2), Ā(3) CB BF-
89?PAO@< BDFB7BA4?PAO@ A4CD46?9A<S@. #D< BFEGFEF6<< CD9<@GM9EF69AAB= BD<9AF<-
DB6>< ;9D9A CBDB84 5G89F 6 ED98A9@ <;BFDBCAB= E '1% (6). 

 ĀBн? = Ā(1) + Ā(2) + Ā(3)3  
(6) 

 

� D4@>4I 8?S 84AAB= @B89?< �.%. %9@9AB6O@ D4EE@BFD9AO A9E>B?P>B K4EFAOI 
E?GK496 F9>EFGDAB= A9B8ABDB8ABEF<, D4;?<K49@OI HBD@B= 6>?RK9A<=: 

a) � E?GK49 6>?RK9A<= EH9D<K9E>B= HBD@O 6OD4:9A<9 CD9B5D4;G9FES > 
<;69EFAB@G GD46A9A<R  4>E69??4: 

b)  ĀBн? = (3 2 Āг?) ∗ Ā?ч + Āг? ∗ Āг?2 ∗ Āг? ∗ Ā?ч + (3 2 2Āг?) ∗ Āг? ∗ Āг? 
(7) 

 

5) � E?GK49 CBDB8O E <7B?PK4FO@< 6>?RK9A<S@< 6OD4:9A<9 <@99F E?98GRM<= 
6<8: 

CD< <;@9D9A<< '1% 68B?P BE< «<7B?B>»: 
 Ā(1) = Ā(2) = (2 2 Āг?) ∗ Ā?ч + Āг? ∗ Āг?Āг? ∗ Ā?ч + (2 2 Āг?) ∗ Āг? ∗ Āг? 

(8) 
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CD< <;@9D9A<< '1% CBC9D9> BE< «<7B?B>»: 
 Ā(3) = Āг? ∗ Ā?чĀг? ∗ Ā?ч + (1 2 Āг?) ∗ Āг? (9) 

 

6) � E?GK49 CBDB8O E 6>?RK9A<S@< 6 6<89 «C?4EF<A» 6OD4:9A<9 CD<A<@49F E?9-
8GRM<= 6<8: 

CD< <;@9D9A<< '1% 6 A4CD46?9A<<, EB6C484RM9@ E C?BE>BEFPR C?4EF<AB>: 
 Ā(1) = Ā(2) = Āг? ∗ Ā?чĀг? ∗ Ā?ч + (1 2 Āг?) ∗ Āг? (10) 

 

 

CD< <;@9D9A<< '1% 6 A4CD46?9A<< C9DC9A8<>G?SDAB <@: 
  Ā(3) = 1(1 2 Āг?) ∗ Ā?ч+�г?∗Āг?  

(11) 

 

�DB@9 FB7B, <;69EFA4 @B89?P �DG779@4A4-)4A4<. � QFB= @B89?< 79F9DB79AA4S E<-
EF9@4 @B89?<DG9FES CDB<;6B?PAB 6O5D4AAB= K4EF<J9=, CB7DG:9AAB= 6 E6S;GRMGR 
ED98G. � D4@>4I QFB7B @9FB84 D4EE@4FD<649FES CD<D4M9A<9 CDB6B8<@BEF< 79F9DB79AAB= 
ED98O CD< 66989A<< 6 A9ё @4?B= CBDJ<< 8<EC9DEAOI K4EF<J. �.�. �H<@B6O@ (1978 7) 
5O?B 6OE>4;4AB CD98CB?B:9A<9, KFB 84AA4S @B89?P @B:9F 5OFP <ECB?P;B64A4 CD< BC<-
E4A<< CBDB8 E F4> A4;O649@B= «DS5K<>B6B=» F9>EFGDB=(12), 789 �Bн? 3 '1# &!#, �?ч 3 
'1# C9EK4AAB= >B@CBA9AFO, �г? 3 '1# 7?<A<EFB= >B@CBA9AFO, f 3 HBD@-C4D4@9FD. 

 (�Bн? 2 �?ч)(�г? 2 �?ч) ∗ ( �г?�Bн?)121Ą = Āг? 
(12) 

 

#D< C9D9IB89 BF Q?9>FDBCDB6B8ABEF< > G89?PAB@G Q?9>FD<K9E>B@G EBCDBF<6?9-
A<R GD46A9A<9 (12) CD<@9F E?98GRM<= 6<8, 789 f - HBD@-C4D4@9FD 6>?RK9A<=, 6 A4L9@ 
E?GK49 3 7?<A<EFOI. 

 Āг?(Ā?ч 2 ĀBн?)ĀBн?(Ā?ч 2 Āг?) ∗ (ĀBн?Āг? )121Ą = Āг? 
(13) 

 

!9B5IB8<@B CB8K9D>AGFP, KFB CD4>F<K9E>B9 CD<@9A9A<9 @B89?< �DG779@4A4_)4-
A4< FD95G9F B5BEAB64A<S HBD@-C4D4@9FD4 f. 1FBF C4D4@9FD BCD989?S9FES @AB:9EF6B@ 
H4>FBDB6, 5B?PL4S K4EFP >BFBDOI A9 CB884RFES CDS@B@G Q>EC9D<@9AF4?PAB@G B5BEAB-
64A<R, BEB59AAB E GK9FB@ 64D<4F<6ABEF< <I 6 EB6B>GCABEF< ;9D9A, E?474RM<I 7BDAGR 
CBDB8G (D4;@9DO, E<@@9FD<R < 4E<@@9FD<R >4:8B7B ;9DA4, <I HBD@G, L9DBIB64FBEFP, 
6;4<@AGR BD<9AF4J<R < 8DG7<9). 

%D46A9A<9 C9D9K<E?9AAOI 6OL9 @B89?9= 5O?B 6OCB?A9AB A4@< 8?S E?98GRM<I 
;484AAOI GE?B6<=, CD98EF46?9AAOI EBK9F4A<S@< «C9EK4A<>B6» < «7?<A»: 
" �B8BA4EOM9AAO= C9EK4A<> E '1% ρCK =2 "@@ < 6>?RK9A<S 7?<AO (7?<A<EFB= 
>B@CBA9AFO) E '1% ρ7? =6 "@@. 

" !9HF9A4EOM9AAO= C9EK4A<> E '1% ρCK =15 "@@ < 6>?RK9A<S 7?<AO (7?<A<EFB= 
>B@CBA9AFO) E '1% ρ7? =6 "@@. 
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$4EE@BFD9AAO9 F9BD9F<K9E><9 @B89?< '1% CB;6B?SRF BC<EO64FP D4;?<KAO9 F9>-
EFGDAO9 A9B8ABDB8ABEF< 7BDAOI CBDB8: E?B<EFO9, CD98EF46?9AAO9 6>?RK9A<S@< EH9D<-
K9E>B=, Q??<CEB<84?PAB= HBD@O 6 L<DB>B@ 8<4C4;BA9 <;@9A9A<S C4D4@9FDB6 Q??<CEB-
<8B6 6C?BFP 8B E<?PAB 6OFSAGFOI («<7B?PK4FOI») < E<?PAB EC?REAGFOI («C?4EF<AK4-
FOI»). �DB@9 FB7B, @B89?<  4>E69??4-%9@9AB64 CB;6B?SRF D4EEK<FO64FP '1% A9 <;B-
FDBCAOI @B89?9=, 6 K4EFABEF<, CD< D4;AOI A4CD46?9A<SI <;@9D9A<S BFABE<F9?PAB C?BE-
>BEF< 4A<;BFDBC<< <?< 6 CDB<;6B?PAB@ A4CD46?9A<<, CB 84AAO@ <;@9D9A<= 6 FD9I@9D-
AB= E<EF9@9 >BBD8<A4F (x, y, z). �@9EF9 E F9@ EFDB7B9 CD<@9A9A<9 @B89?9=  4>E69??4 < 
@B89?9= CDB<;6B8AOI BF A<I B7D4A<K<64RFES GE?B6<9@ BFEGFEF6<S >BAF4>F4 Q?9@9AFB6 
6>?RK9A<= 8DG7 E 8DG7B@.  

$4EK9FO 5O?< 6OCB?A9AO E GK9FB@ G>4;4AAOI 6OL9 GE?B6<= CD< <;@9A9A<< B5N-
9@AB= 8B?< 6>?RK9A<= (Ç7?) BF 0 < 8B 1. "5?4EFP CD<@9A<@BEF< GD46A9A<=  4>E69??4-
%9@9AB64, >4> G:9 5O?B BF@9K9AB, B7D4A<K<649FES GE?B6<9@, CD<@9DAB, Ç7?f0,5÷0,55. 
"8A4>B, E BK96<8ABEFPR CD< Ç7?→1 '1% @B89?< 8B?:AB EFD9@<FPES > '1% 7?<A (ρ7?). 
1FB B5?97K49F 4A4?<; CB?GK9AAOI D9;G?PF4FB6 < 8BCGE>49F <AF9DCB?SJ<R <I 6 B5?4EF< 
Ç7? BF 0,5÷0,55 8B 1.  

�D4H<K9E>B9 EBCBEF46?9A<9 D9;G?PF4FB6 D4EK9FB6 CD<6989AB A4 D<EGA>9 1. �; 
A97B E?98G9F, KFB I4D4>F9D ;46<E<@BEF9= '1% @B89?9= BF 8B?96B7B EB89D:4A<S 7?<A<-
EFOI 6>?RK9A<= GD46A9A<S@ �4IAB64-�B@4DB64 <  4>E69??4 <89AF<K9A. !4<5B?PL99 
D4;?<K<9 '1% CB QF<@ GD46A9A<S@ 8?S 6B8BA4EOM9AAB= &!# A45?R849FES CD< Ç7? = 0,7 
< EBEF46?S9F A9 5B?99 ·=8,5% BFABE<F9?PAB '1% CB @B89?< �4IAB64_�B@4DB64.  

 

 
$<E. 1. %D46A9A<9 ;46<E<@BEF9= ρFAC=f(Ā7?) @B89?9= '1% &!# 8?S C9EK4A<>B6 
6B8BA4EOM9AAOI < A9HF9A4EOM9AAOI < CD< ρ7? =6 "@@. 
,<HD >D<6OI - @B89?<: �-� 3 �4IAB64-�B@4DB64,   3  4>E69??4,  -% 3  4>E69??4-%9@9AB64 

 

�?S @B89?< &!# CD98EF46?9AAB= A9HF9A4EOM9AAO@ C9EK4A<>B@ < 7?<A<EFO@< 
6>?RK9A<S@< A4<5B?PL<9 D4;?<K<S '1% @B89?9= A45?R84RFES CD< 8B?9 7?<A<EFB= 
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>B@CBA9AFO B>B?B Āг?=0,3. "FABE<F9?PAB9 BF>?BA9A<9 '1% &!# BF '1% @B89?< �4I-
AB64-�B@4DB64 6 QFB@ E?GK49 8BEF<749F ·=4,6% (D<E. 1). &4><@ B5D4;B@ 6 C9D6B@ CD<-
5?<:9A<< D4;?<K<9@ '1%, D4EEK<F4AAOI CB QF<@ GD46A9A<S@, @B:AB CD9A95D9KP.  

"F89?PAO= <AF9D9E CD98EF46?SRF EBCBEF46?9A<S D9;G?PF4FB6 D4EK9FB6 8?S @B89-
?9=  4>E69??4-%9@9AB64 E 6>?RK9A<S@< D4;AB= HBD@O < BD<9AF4J<<. � D9;G?PF4F9 EB-
CBEF46?9A<S @B89?9= E 6>?RK9A<S@< 6 6<89 EH9D < Q??<CEB<8B6 6D4M9A<S BF «<7B?PK4-
FB=» 8B «C?4EF<AK4FB=» HBD@O 5O?B GEF4AB6?9AB CD4>F<K9E>B9 EB6C489A<9 '1% QF<I 
@B89?9= E @B89?PR  4>E69??4 8?S 6>?RK9A<= EH9D<K9E>B= HBD@O. �E>?RK9A<9 EBEF4-
6<?< @B89?< E 6>?RK9A<S@< 6 6<89 C?4EF<AB>. � QFB@ E?GK49 '1% @B89?9= 6 A4CD46?9-
A<< C4D4??9?PAB@ C?BE>BEF< «C?4EF<A» BF?<K49FES BF '1% @B89?< 8?S EH9D, A4<5B?P-
L99 D4;?<K<9 A45?R849FES CD< Āг?=0,4. %BBF69FEF69AAB A4<5B?PL99 BFABE<F9?PAB9 BF-
>?BA9A<9 (;4A<:9A<9) '1% @B89?9= 6 QFB@ E?GK49 8BEF<749FES ·=12,54% (D<E. 2). 

 
$<E. 2. �D4H<> ;46<E<@BEF9= Δρ=f(Ā_7?) 8?S 6>?RK9A<= D4;AB= HBD@O CB @B89?S@ 
 4>E69??4-%9@9AB64. 
,<HD >D<6OI 3 @B89?<  4>E69??43%9@9AB64, 1, 3 3 A4CD46?9A<S <;@9D9A<S 68B?P < CBC9D9> 6>?R-
K9A<= EBBF69FEF69AAB  

 

&4><@ B5D4;B@, D4EE@BFD9AAO9 @B89?< E 8BEF4FBKAO@ CD<5?<:9A<9@ @B7GF BC<-
E4FP '1% F9>EFGDAB-A9B8ABDB8AOI CBDB8 EB E?98GRM<@< F9>EFGDAO@< I4D4>F9D<EF<-
>4@<: E?B<EFBEFPR, E ?<A;B6<8ABEFPR 5?<;>B= > EH9D<K9E>B= < 5?<;>B= > C?4EF<AK4FB=, 
4 F4>:9 8?S E?GK496 EBK9F4A<S QF<I F<CB6 A9B8ABDB8ABEF<. "F>?BA9A<S D9;G?PF4FB6 D4E-
K9FB6 '1% QF<I @B89?9= BF @B89?< �4IAB64-�B@4DB64 6 D4EE@BFD9AAOI E?GK4SI A9 CD9-
6OE<?< 10-12 BFABE<F9?PAOI CDBJ9AFB6. "K96<8AB, KFB G69?<K9A<9@ >BAFD4EFABEF< 
'1% EBEF46?SRM<I D4EE@4FD<649@OI @B89?9= D4;ABEFP D4EEK<F4AAOI ;A4K9A<= '1% 
5G89F 6B;D4EF4FP, B8A4>B BFABE<F9?PAO9 «CB7D9LABEF<» A9 CD96OESF G>4;4AAO9 10-12%. 

1FB CB;6B?S9F 6 C9D6B@ CD<5?<:9A<< 6BECB?P;B64FPES @B89?PR �4IAB64-�B@4DB64. #D< 
A9B5IB8<@BEF< < 6B;@B:ABEF< <89AF<H<J<DB64FP 6<8 < I4D4>F9D F9>EFGDAOI A9B8AB-
DB8ABEF9=, 4 F4>:9 ED98A<9 79B@9FD<K9E><9 C4D4@9FDO, @B:AB 6BECB?P;B64FPES @B89-
?S@<  4>E69??4-%9@9AB64.  

�B;@B:AB >B@C?9>E<DB64A<9 D4EE@BFD9AAOI @B89?9= G89?PAB7B Q?9>FD<K9E>B7B 
EBCDBF<6?9A<S F9>EFGDAB-A9B8ABDB8AOI CBDB8 6 E?GK49 E?B:AB7B I4D4>F9D4 F9>EFGDAOI 
A9B8ABDB8ABEF9=, A4CD<@9D 6 E?GK4SI EBK9F4A<S 6>?RK9A<= < E?B<EFBEF<. 
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1. �?9>E4A8DB6 �. . %D46A<F9?PAO= 4A4?<; F9>EFGDAB-A9B8ABDB8AOI CBDB8-
>B??9>FBDB6 // !4GKA4S F9DD<FBD<S: F9IAB?B7<< < <AAB64J<<: @4F9D<4?O 
@9:8GA4DB8AB= A4GKAB-CD4>F<K9E>B= >BAH9D9AJ<< 3 &R@9AP: &R@9AE><= 
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Q?9>FD<K9E>B7B EBCDBF<6?9A<S BEAB6AOI F<CB6 F9>EFGDAB-A9B8ABDB8AOI 
CBDB8_>B??9>FBDB6 �4C48AB= %<5<D< // 1A9D7<S @B?B89:< 8?S A9HF974;B6B= <A8GEFD<<: 
E5. @4F9D<4?B6 VI @9:8GA4D. A4GKAB-CD4>F. >BAH. @B?B8OI GK9AOI 3 �?P@9FP96E>: 
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 BE>64: �BEFBCF9I<;84F, 1955. 3 492 E. 
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ANALYSIS OF THEORETICAL MODELS OF SPECIFIC 

ELECTRICAL RESISTIVITY OF TEXTURE-INHOMOGENEOUS 

ROCKS 
 

1Borodulin Danil Alekseevich, 2Kanninen Maxim Yurievich,  
3Mamyashev Vener Galiullinovich, 4Bryukhanova Ekaterina Vyacheslavovna 

Tyumen Industrial University, Tyumen 
1d-borodulin@list.ru, 2kanninen01@mail.ru, 3tmngeofiz@mail.ru, 

4brjuhanovaev@tyuiu.ru 

 

Summary. Due to the increase in the share of hard-to-recover reserves, it is nec-

essary to analyze known models of specific electrical resistivity (SER) of textur-

ally inhomogeneous rocks (TIR) and the possibility of their application to sub-

stantiate and improve the geological interpretation of materials for determining 

the resistivity of such objects according to GRW. In particular, when justifying 

the calculation parameters. The article presents an analysis of the theoretical 

models of SER TIR, based on a graphical comparison of the results obtained 

with their help, and conclusions on the conditions of applicability of these mod-

els are given. 

Keywords: specific electrical resistivity, electrical conductivity, texturally 

inhomogeneous rocks, theoretical models, anisotropy, complex reservoir rocks. 
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bronnikovak1992@gmail.com 

 

�AABF4J<S. �EE?98B64A<S 7?G5<AAB7B EFDB9A<S A4 R79 #D<@BDPS BE?B:-
A9AO D4;?<KAO@< 4AB@4?<S@<, >4> ?B>4?PAB7B, F4> < D97<BA4?PAB7B @4E-
LF454. #D< QFB@ 6?<SA<9 A4<5B?99 @4ELF45AB7B <E>4:9A<S 3 59D97B6B7B 
QHH9>F4 3 A9 A45?R849FES CB >D<6O@ >4:GM97BES EBCDBF<6?9A<S. 1FB 6B;-
@B:AB FB?P>B CD< A4?<K<< 8DG7B= >DGCAB@4ELF45AB= 4AB@4?<<. #D<EGF-
EF6GRM4S 6 D97<BA9 D4;69F6?ёAA4S E9FP D4;?B@B6 A4<5B?99 69DBSFA4S CD<-
K<A4 CB8B5AB7B CDBS6?9A<S 59D97B6B7B QHH9>F4. "J9A>4 EF9C9A< 6?<SA<S 
E9F< D4;?B@B6 >D4=A9 64:A4 8?S >BDD9>FAB= <AF9DCD9F4J<<, CB?GK49@OI 
79BQ?9>FD<K9E><I D4;D9;B6. 
�?RK96O9 E?B64: �4?PA<= 6BEFB> $BEE<<, #D<@BDP9, @47A<FBF9??GD<K9-
E><9 ;BA8<DB64A<S, 59D97B6B= QHH9>F, 7?G5<AAO9 D4;?B@O 

 

!4 CDBFS:9A<< 6BEP@< ?9F @O 698ё@ D45BFO CB <;GK9A<R 7?G5<AAB7B EFDB9A<S 
R:AB= K4EF< �4?PA97B �BEFB>4 $BEE<< @9FB8B@ @47A<FBF9??GD<K9E>B7B ;BA8<DB64A<S 
( &�). �4AAO9 D45BFO CB;6B?<?< CB?GK<FP DS8 79BQ?9>FD<K9E><I D4;D9;B6 < EB;84FP 
CD9864D<F9?PAO9 FDёI@9DAO9 @B89?< 8?S A9E>B?P><I D4=BAB6. �?<;>B9 D4ECB?B:9A<9 
D4=BA4 <EE?98B64A<S > 7D4A<J9 >BAF<A9AF-@BD9 89?49F A9B5IB8<@O@ D4EE@BFD9FP 6?<S-
A<9 A4 84AAO9 @47A<FBF9??GD<K9E><I ;BA8<DB64A<= 59D97B6B7B QHH9>F4. �4AA4S 4AB@4-
?<S 6O;64A4 A4?<K<9@ >BAFD4EF4 @9:8G 86G@S ED984@<, 4 F4>:9 <A8GJ<DB64AAO@< FB-
>4@<, EB;84649@O@< @BDE><@ F9K9A<9@. #D< 4A4?<;9 84AAOI, CB869D:9AAOI 84AAB@G 
S6?9A<R, QFB BFB5D4:49FES >4> E<?PAB9 (A4 A9E>B?P>B CBDS8>B6) D4EIB:89A<9 4@C?<FG8-
AOI >D<6OI >4:GM97BES EBCDBF<6?9A<S A4 5B?PL<I C9D<B84I. #D< QFB@ 84?PABEFP 6?<-
SA<S 59D97B6B7B QHH9>F4 @B:9F 8BEF<74FP EBF9A ><?B@9FDB6, <E>4:4S CB?GK9AAO9 84A-
AO9 < GE?B:ASS 84?PA9=LGR <AF9DCD9F4J<R. 

#D< 4A4?<;9 D9;G?PF4FB6 CB?96OI D45BF A9 5O?B B5A4DG:9AB F<C<KAB7B CB6989-
A<S 4@C?<FG8AOI >D<6OI 6 GE?B6<SI 59D97B6B7B QHH9>F4, 6 FB@ K<E?9 6 CGA>F4I, D4ECB-
?B:9AAOI A4 E4@B@ 59D97G. �4?PA9=L99 D4EE@BFD9A<9 <A8G>J<BAAOI 69>FBDB6, >BFBDO9 
EFDBSFES CB 84AAO@ I4D4>F9D<EF<><, ;46<ESM9= FB?P>B BF @47A<FAB7B CB?S, CB>4;4?B 
A4?<K<9 59D97B6B7B QHH9>F4 A4 5B?PL<I C9D<B84I. 1FB 7B6BD<F B FB@, KFB 6 D4=BA9 9EFP 
A9>BFBD4S 4AB@4?<S, >B@C9AE<DGRM4S 6?<SA<9 4AB@4?<< A4 >D<6O9  &�. "8A<@ <; 69-
DBSFAOI <EFBKA<>B6 4AB@4?<= A4 R79 #D<@BDPS S6?S9FES D4;69F6?ёAA4S E9FP D4;?B@B6, 
ED98< A<I < >DGCAO= *9AFD4?PAO= %<IBFQ-�?<AE><= D4;?B@. 

�?S 6OSEA9A<S CD<K<AO E?45B7B 6?<SA<S 59D97B6B7B QHH9>F4 A4 CB6989A<9 4@-
C?<FG8AOI >D<6OI  &� A4@< 5O?B CDB6989AB FD9I@9DAB9 K<E?9AAB9 @B89?<DB64A<9 E 
<ECB?P;B64A<9@ CDB7D4@@O ModEM [1] A4 6OK<E?<F9?PAOI D9EGDE4I 
*�# «*9AFD 84AAOI ��" $�!» [2]. � >4K9EF69 <EIB8AB= 5O?4 EB;84A4 54;B64S 7BD<;BA-
F4?PAB-E?B<EF4S @B89?P (D<E. 1). #9D6O= 3 @BMABEFPR 30 >@ < EBCDBF<6?9A<9@ 
10000 "@∙@, 6FBDB= 3 55 >@, 300 "@∙@, FD9F<= 3 35 >@, 450 "@∙@, K9F6ёDFO= 3 40 >@ EB-
CDBF<6?9A<9@ 100 "@∙@, CSFO= 3 @BMABEFPR 80 >@ EBCDBF<6?9A<9@ 50 "@·@, L9EFB= 3 
320 >@ EBCDBF<6?9A<9@ 10 "@∙@. �BD<;BAF4?PAB-E?B<EF4S @B89?P 5O?4 CBEFDB9A4 A4 BE-
AB69 B5B5M9A<S D4;D9;B6 CDBH<?9=, CB?GK9AAOI D4A99 CD< <A69DE<<  &� [3, 4, 5, 6]. � 

6OK<E?9A<SI <ECB?P;B64?4EP @B89?P EB E?98GRM<@< C4D4@9FD4@< E9F><: 166 SK99> CB 
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BE< X, 169 3 CB BE< Y < 27 3 CB BE< Z. � 7BD<;BAF4?PAB@ A4CD46?9A<< BEAB6A4S ;BA4 
@B89?< <@9?4 D4;@9DO 152I155 SK9=>< E L47B@ 2,5 >@, D4;@9D BEF4?PAOI SK99> CB >D4S@ 
G69?<K<64?ES E 5 >@ 8B 300 >@ 8?S 74L9A<S >D496OI QHH9>FB6 CD< D9L9A<< CDS@B= ;4-
84K<.  �9DF<>4?PA4S E9F>4, A4K<A4?4EP E 50 @ < CBEF9C9AAB G69?<K<64?4EP 8B 160 >@. 
#DS@4S ;484K4 D9L4?4EP 8?S BEAB6AB7B < 8BCB?A<F9?PAB7B <@C984AEB6 < F<CC9D4. %9F>4 
C9D<B8B6 EBEFBS?4 <; 50 C9D<B8B6 6 8<4C4;BA9 BF 0,0001 E 8B 1000 E. � 84AAGR @B89?P 
6A98DS?<EP 7?G5<AAO9 D4;?B@O, EB7?4EAB EI9@9 [7]. ,<D<A4 D4;?B@B6 CD<A<@4?4EP D46-
AB= 2,5 >@, 7?G5<A4 30 >@, EBCDBF<6?9A<9 100 "@∙@, ;4 <E>?RK9A<9@ *9AFD4?PAB7B %<-
IBFQ-�?<AE>B7B, >BFBDO= S6?S9FES A9CDB6B8SM9= 7D4A<J9= (B5?4EFPR CB6OL9AAOI EB-
CDBF<6?9A<=), D4;89?SRM9= 5?B>< 6OEB>B7B EBCDBF<6?9A<S, CBQFB@G 6 @B89?P BA 8B546-
?9A >4> 5?B> E EBCDBF<6?9A<9@ 9000 "@∙@. 

 

 
$<E. 1. �9BQ?9>FD<K9E><= D4;D9; �4;B6B= @B89?< 

 

$4EKёF CDS@B= ;484K< 8?S 54;B6B= @B89?< CB>4;O649F E?98GRM99: 6 FBK>4I, D4E-
CB?B:9AAOI A9CBED98EF69AAB A4 59D97G, 69>FBD4 CB6BD4K<64RFES G:9 E C9D<B84 
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INFLUENCE OF THE NETWORK OF DEEP FAULTS ON THE 

MANIFESTATION OF THE COASTAL EFFECT 
 

Bronnikov Anatoly Konstantinovich 

ITIG FEB RAS, Khabarovsk 

bronnikovak1992@gmail.com 

 

Summary. Studies of the deep structure in the south of Primorye are compli-

cated by various anomalies, both local and regional. At the same time, the effect 

of the largest distortion, the coast effect, is not observed in the apparent resistiv-

ity curves. This is possible only in the presence of another large-scale anomaly. 

The extensive network of faults present in the region is the most likely reason 

for this manifestation of the coastal effect. The assessment of the degree of in-

fluence of the fault network is extremely important for the correct interpretation 

of the obtained geoelectric sections. 

Key words: Russian Far East, Primorye, magnetotelluric soundings, coast 

effect, deep faults. 
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SOLUTION OF GEOLOGICAL PROBLEMS BY THE METHOD OF 

BOREHOLE MAGNETOMETRY ON THE EXAMPLE OF THE IRON 

ORE DEPOSIT OF THE NORTH-TARATASHSKY AREA 

 
Viryasova Uliana Vasilievna 
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Summary. The article describes the results of studies of magnetic susceptibility 

and three components of the geomagnetic field in the well of the North-Taratash 
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area. The obtained data and their analysis made it possible to identify the layers 

of magnetite quartzites and to determine the elements of the occurrence of bodies 

by the jumps of the magnetic field, and to determine the location of the body in 

the near-wellbore space using the pattern of vectors. 

Key words: borehole magnetometry, magnetic susceptibility, three-component 

geomagnetic measurements, vector magnetometry, magnetite quartzites. 
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�AABF4J<S. %F4F<EF<K9E><9 84AAO9 B CDB<;BL98L<I E9=E@<K9E><I EB5O-
F<SI A4 F9DD<FBD<< 6BEFBKAB= K4EF< "D9A5GD7E>B= B5?4EF< @B:AB CB?G-
K<FP <; Q?9>FDBAAB7B D9EGDE4, E4=F4 �4;4IEF4AE>B7B A4J<BA4?PAB7B J9AFD4 
84AAOI. �4AAO9 < <I I4D4>F9D<EF<>< A9B5IB8<@O 8?S 84?PA9=L97B 4A4-
?<;4 E J9?PR GEF4AB6?9A<S 89=EF6<F9?PAB= E9=E@<KABEF< F9DD<FBD<<, 4 
F4>:9 B59EC9K9A<S E9=E@<K9E>B= 59;BC4EABEF< A4E9?9A<S. 
�?RK96O9 E?B64: >4F4?B7 E9=E@<K9E><I EB5OF<=, E9=E@<K9E>4S 4>F<6-
ABEFP, 79B8<A4@<K9E><= @BA<FBD<A7. 
 

�;GK9A<9 E9=E@<K9E>B= 4>F<6ABEF< A4 F9DD<FBD<< 6BEFBKAB= K4EF< "D9A5GD7-
E>B= B5?4EF< 69EP@4 64:AB. �89EP 6 CBE?98A<9 89ESF<?9F<S ;A4K<F9?PAB 6B;DBE?B >B?<-
K9EF6B ;4D97<EFD<DB64AAOI E9=E@<K9E><I EB5OF<=. �>FG4?PABEFP <EE?98B64A<S E6S;4A4 
E A9B5IB8<@BEFPR B59EC9K9A<S E9=E@<K9E>B= 59;BC4EABEF< A4E9?9A<S, EA<:9A<S D<E>B6 
EBJ<4?PAB7B, Q>BAB@<K9E>B7B < Q>B?B7<K9E>B7B I4D4>F9D4 6 D4=BA4I E CB6OL9AAB= E9=-
E@<KABEFPR, < EA<:9A<S GM9D5B6 BF D4;DGL<F9?PAOI ;9@?9FDSE9A<=. 

%F4F<EF<K9E><9 84AAO9 ;4D97<EFD<DB64AAOI E9=E@<K9E><I EB5OF<= 8?S 6BEFBK-
AB= K4EF< "D9A5GD7E>B= B5?4EF< @B:AB CB?GK<FP E E4=F4 �4;4IEF4AE>B7B A4J<BA4?PAB7B 
J9AFD4 84AAOI [4]. 

�4;4IEF4AE><= A4J<BA4?PAO= J9AFD 84AAOI (KNDC) BEGM9EF6?S9F E6BR 89SF9?P-
ABEFP 6 EFDG>FGD9  9:8GA4DB8AB= E<EF9@O @BA<FBD<A74 ( % ).  9:8GA4DB8A4S E<-
EF9@4 @BA<FBD<A74 6>?RK49F 6 E95S E9=E@<K9E><9, <AHD4;6G>B6O9, D48<BAG>?<8AO9 < 
7<8DB4>GEF<K9E><9 EF4AJ<<, D4ECB?B:9AAO9 A4 F9DD<FBD<< 90 7BEG84DEF6 @<D4.  

*9?PR EB;84A<S  98:GA4DB8AB= E<EF9@O @BA<FBD<A74 S6?S9FES >BAFDB?P 6O-
CB?A9A<S "���3� ("D74A<;4J<< �B7B6BD4 B 6E9B5N9@?RM9@ ;4CD9M9A<< S89DAOI <E-
COF4A<=). �@9EF9 E F9@, >DG7?BEGFBKAB D45BF4RM<9 6OEB>BKG6EF6<F9?PAO9 EF4AJ<< D9-
7<EFD<DGRF 5B?PLB9 >B?<K9EF6B ;9@?9FDSE9A<= < 8DG7<I CD<DB8AOI < F9IAB79AAOI S6-
?9A<= A4 6E9@ ;9@AB@ L4D9, 6ABES E6BR ?9CFG 6 D9L9A<9 ;484K E9=E@B59;BC4EABEF<. 

!4 D<EGA>9 1 CB>4;4AB D4ECB?B:9A<9 A4 ;9@AB@ L4D9 EF4AJ<= EB;84649@B=  9:-
8GA4DB8AB= E<EF9@O @BA<FBD<A74 "���3�. �4;4IEF4AE><= A4J<BA4?PAO= J9AFD 84A-
AOI EGM9EF6G9F A4 54;9 *9AFD4 E5BD4 < B5D45BF>< EC9J<4?PAB= E9=E@<K9E>B= <AHBD@4-
J<< $�# "�AEF<FGF 79BH<;<K9E><I <EE?98B64A<=" (���)  <A<EF9DEF64 QA9D79F<>< $9E-
CG5?<>< �4;4IEF4A.  

K4;4IEF4AE><= A4J<BA4?PAO= J9AFD 84AAOI A4 CBEFBSAAB= BEAB69 EBFDG8A<K49F 
E DS8B@  9:8GA4DB8AOI < ;4DG59:AOI A4J<BA4?PAOI J9AFDB6 84AAOI, ED98< >BFBDOI: 
 9:8GA4DB8AO= J9AFD 84AAOI "���3� (IDC, �9A4, �6EFD<S); �6DBC9=E><= ED98<;9@-
AB@BDE><= E9=E@B?B7<K9E><= J9AFD (EMSC, #4D<:, (D4AJ<S);  9:8GA4DB8AO= E9=E@B-
?B7<K9E><= J9AFD (ISC, �A7?<S); *9AFD <;GK9A<S �9@?< �9D@4A<< (GFZ, #BFE84@, �9D-
@4A<S) < 8DG7<9. 
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$<E. 1. $4ECB?B:9A<9 EF4AJ<=  9:8GA4DB8AB= E<EF9@O @BA<FBD<A74 "���3� 

 

�4;4IEF4AE>4S E9FP EF4AJ<= @BA<FBD<A74 6>?RK49F 6 E95S E9=E@<K9E><9 < <AHD4-
;6G>B6O9 EF4AJ<<, 84AAO9 >BFBDOI EB5<D4RFES < B5D454FO64RFES 6 7. �?@4FO 6 �4;4I-
EF4AE>B@ A4J<BA4?PAB@ J9AFD9 84AAOI. 1F< EF4AJ<<, E B8AB= EFBDBAO, GK4EF6GRF 6 D4-
5BF9  9:8GA4DB8AB= E<EF9@O @BA<FBD<A74, 4 E 8DG7B= EFBDBAO, B59EC9K<64RF E?9:9-
A<9 ;4 E9=E@<K9E>B= E<FG4J<9= A4 F9DD<FBD<< �4;4IEF4A4, $BEE<< (6 FB@ K<E?9 < "D9A-
5GD7E>B= B5?4EF<), EFD4A *9AFD4?PAB= �;<<. 

� K<E?B ;484K �4;4IEF4AE>B7B A4J<BA4?PAB7B J9AFD4 84AAOI 6IB8SF: E5BD < C9D9-
84K4 84AAOI EB EF4AJ<= E9F< $�# ���; B5@9A 84AAO@< E  9:8GA4DB8AO@< < !4J<B-
A4?PAO@< J9AFD4@<; B5D45BF>4 6E9I CBEFGC4RM<I 84AAOI 6 D4;AOI D9:<@4I BC9D4F<6-
ABEF<; A4GKAO9 <EE?98B64A<S 6 B5?4EF< E9=E@B?B7<<, E9=E@B4>GEF<><, 79B8<A4@<>< < 
8D. 

�4;4IEF4AE>4S E9FP EF4AJ<= @BA<FBD<A74 �4;4IEF4AE>B7B A4J<BA4?PAB7B J9AFD4 
84AAOI D97<EFD<DG9F 84AAO9 CB E9=E@<K9E><@ EB5OF<S@ A4 F9DD<FBD<< "D9A5GD7E>B= 
B5?4EF<.  �4AAO9 D97<EFD<DGRFES 86G@S E9=E@<K9E><@< 7DGCC4@<: �>5G?4> (ABKAR), 

«�>FR5<AE>» AS-059 (AKTO). 

%9=E@<K9E>4S 7DGCC4 �>5G?4> (ABKAR) D4;@9M9A4 6 �=F<>95<=E>B@ D4=BA9 �>-
FR5<AE>B= B5?4EF< 65?<;< CBE9?>4 &4?8O>. 'K4EFB> D4ECB?4749FES 6 R:AB= K4EF< �>-
5G?4>E4=E>B7B 7D4A<FAB7B @4EE<64 69DIA9C4?9B;B=E>B7B 6B;D4EF4. 

%9=E@<K9E>4S 7DGCC4 �>5G?4> EBEFB<F <; 10 FBK9> A45?R89A<S, D4ECB?B:9AAOI 
CB 86G@ B>DG:ABEFS@ E B8AB= J9AFD4?PAB= FBK>B=. $48<GE 6AGFD9AA97B >B?PJ4 ~500 @, 
A4DG:AB7B ~2000 @. !4 9 CGA>F4I 6 E>64:<A4I GEF4AB6?9AO B8AB>B@CBA9AFAO9 69DF<-
>4?PAO9 E9=E@B@9FDO GS21 (Geotech Instruments). �DB@9 FB7B, <@99FES B8A4 L<DB>BCB-
?BEA4S FD9I>B@CBA9AFA4S EF4AJ<S E E9=E@B@9FDB@ KS54000 (Geotech Instruments). $97<-
EFD<DGRM4S 4CC4D4FGD4 24-5<FAO9 �*# AIM24S (Science Horizons). +4EFBF4 BJ<HDB6>< 
3 40 BCDBEB6/E9>/>4A4?. #D<6S;>4 6D9@9AAB= L>4?O: E<EF9@4 GPS. 

#D<9@ < D97<EFD4J<S E9=E@<K9E><I 6B?A 7DGCCB= <@99F DS8 CD9<@GM9EF6 CB 
ED46A9A<R E D97<EFD4J<9= B8<ABKAO@< EF4AJ<S@<. � K4EFABEF<, EG@@<DB64A<9 ;4C<E9= 
A4 D4;AOI >4A4?4I 7DGCCO E 66989A<9@ 6D9@9AAOI CBCD46B> @B:9F EGM9EF69AAB CB6O-
E<FP  

�AHBD@4J<S E 6OABEAOI CGA>FB6 E9=E@<K9E>B= 7DGCCO «�>5G?4>» ��01 3 ��31 
CB D48<BF9?9@9FD<K9E><@ >4A4?4@ C9D9849FES 6 J9AFD4?PAO= CGA>F E5BD4 <AHBD@4J<<, 
789 FD< 6IB8SM<I CBFB>4 CD9B5D4;GRFES 6 B8<A <EIB8SM<=, >BFBDO= 84?99 CB ECGFA<>B-
6O@ >4A4?4@ C9D9849FES 6 *9AFD 84AAOI, 7. �?@4FO. 'CD46?9A<9 E<EF9@B= 
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BEGM9EF6?S9FES 8<EF4AJ<BAAB E J9AFD4?PAB7B CGA>F4 E5BD4 <AHBD@4J<< 7DGCCO < <; 
*9AFD4 84AAOI. �; �?@4FO 84AAO9 E9=E@<K9E>B= 7DGCCO «�>5G?4>» C9D984RFES 6 �@9-
D<>4AE><= A4J<BA4?PAO= J9AFD 84AAOI (USNDC) 6B (?BD<8G (%,�). 

�ECB@B74F9?PA4S E9=E@<K9E>4S EF4AJ<S @9:8GA4DB8AB= E<EF9@O @BABFBD<A74 
( % ) «�>FR5<AE>» AS-059 (AKTO) A4IB8<FES A4 R7B-6BEFBKAB= B>D4<A9 CBE9?>4 &4E-
E4= )DB@F4GE>B7B D4=BA4 �>FR5<AE>B= B5?4EF<. �9B?B7<K9E>B9 EFDB9A<9 GK4EF>4 E?98G-
RM99: 84FK<> GEF4AB6?9A 6 E>64:<A9 CD<5BDAB7B EBBDG:9A<S, A4 69DL<A9 EBC><, E?B-
:9AAB= 8<BD<F4@<. �<BD<FO E?474RF A95B?PLB9 84=>BB5D4;AB9 F9?B, CDBDO64RM99 E<-
?GD<=E><9 7455DB-4@H<5B?<FO. 

%9=E@<K9E><= 84FK<> EF4AJ<< 3 CMG-3TB H<D@O Guralp. 'EF4AB6?9A 6 E>64:<A9 
7?G5<AB= 65 @. $97<EFD<DGRM4S 4CC4D4FGD4: 24-5<FAO= �*# Europa-T H<D@O 
Nanometrics. +4EFBF4 BJ<HDB6>< 3 40 BCDBEB6/E9>/>4A4?. #D<6S;>4 6D9@9AAB= L>4?O: E<-
EF9@4 GPS.  

�?S FB7B, KFB5O EB5D4FP @4EE<6 EF4F<EF<K9E><I 84AAOI CB CDB<;BL98L<@ E9=-
E@<K9E><@ EB5OF<S@ A4 F9DD<FBD<< "D9A5GD7E>B= B5?4EF<, A9B5IB8<@B A4 E4=F9 �4;4I-
EF4AE>B7B A4J<BA4?PAB7B J9AFD4 84AAOI 6B=F< 6B 6>?48>G «%9=E@<K9E><9 5R??9F9A<» 
A4 7?46AB= EF4A<J9, 84?99 «�AF9D4>F<6A4S 5R??9F9AP». �89EP @O 6<8<@ >4DFG E9=E@<-
K9E><I EB5OF<= ;4 BCD989?9AAO= CDB@9:GFB> 6D9@9A<.  

!<:9 D4ECB?4749FES >4F4?B7 E9=E@<K9E><I EB5OF<=. �ECB?P;GS 84AAO= >4F4?B7, 
@O A4IB8<@ FB E9=E@<K9E>B9 EB5OF<9, >BFBDB9 CDB<;BL?B A4 A9B5IB8<@B= F9DD<FBD<< 
(EFB?5<> «region name» 6 F45?<J9). �O5<D49@ D97<BA 'D4?PE><I 7BD. (Ural mountains re-

gion). �; A<I BF5<D49@ F9, >BFBDO9 6IB8SF 6 7D4A<JO 6BEFBKAB= K4EF< "D9A5GD7E>B= B5-
?4EF<.  

 

 
$<E. 2. %A<@B> Q>D4A4 <; >4F4?B74 E9=E@<K9E><I EB5OF<= «�AHBD@4J<S  
B EB5OF<<» E �4;4IEF4AE>B7B A4J<BA4?PAB7B J9AFD4 84AAOI 

 

�; 84AAOI >4F4?B74 E9=E@<K9E><I EB5OF<= (D<E. 2) F4> :9 @B:AB CB?GK<FP 8B-
CB?A<F9?PAGR <AHBD@4J<R B I4D4>F9D<EF<>4I E9=E@<K9E>B7B EB5OF<S: >BBD8<A4FO; 
84F4 < 6D9@S 97B D97<EFD4J<<; CD<A48?9:ABEFP > E9=E@<K9E>B@G D97<BAG; @47A<FG8O; 

QA9D79F<K9E><= >?4EE; 7?G5<AG. 
%B7?4EAB CB?GK9AAO@ < CDB4A4?<;<DB64AAO@ 84AAO@ �4;4IEF4AE>B7B A4J<B-

A4?PAB7B J9AFD4 84AAOI ;4 CBE?98A<9 89ESF<?9F<S A4 F9DD<FBD<< �BEFBKAB7B "D9A-
5GD:PS D97<EFD<DGRFES E9=E@<K9E><9 EB5OF<S E @47A<FG8B= Mb>2,0. #B?GK9AAO9 EF4-
F<EF<K9E><9 84AAO9 CB CDB<;BL98L<@ ;4D97<EFD<DB64AAO@ E9=E@<K9E><@ EB5OF<S@ 
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A9B5IB8<@O 8?S 6OS6?9A<S GE?B6<= D4ECDBEFD4A9A<S E9=E@<K9E>B= 4>F<6ABEF< < GEF4-
AB6?9A<S CD<K<A ?B>4?<;4J<< E9=E@<K9E><I EB5OF<= A4 F9DD<FBD<< 6 FB= <?< <AB= 
@9EFABEF< 6 ;46<E<@BEF< BF 79B?B7<K9E><I, F9>FBA<K9E><I GE?B6<= < CDB<;6B8<@OI D4-
5BF CDB@OL?9AAOI CD98CD<SF<= CB 8B5OK9 CB?9;AOI <E>BC49@OI <; A98D ;9@AB= >BDO. 

%BCBEF46?9A<9 >B?<K9EF64 ;4D97<EFD<DB64AAOI E9=E@<K9E><I EB5OF<= E 6;DO-
64@< A4 DG8A<>4I 7BDAB8B5O64RM<I >B@C4A<= CB;6B?<? E89?4FP CD98CB?B:9A<9 B 6B;-
@B:AOI CD<K<A4I 79B8<A4@<K9E><I CDBJ9EEB6: 74,5% 79B8<A4@<K9E><I CDBJ9EEB6 ECDB-
6BJ<DB64AO 6;DO6AO@< D45BF4@< A4 DG8A<>4I 7BDAB8B5O64RM<I CD98CD<SF<=, 5B?P-
L9= K4EFPR 6 L4IF4I [3]. 

�;GK9A<9 < 4A4?<; E9=E@<K9E><I 84AAOI, E9=E@<KABEF< F9DD<FBD<<, @BA<FBD<A7 
9EF9EF69AAB= < F9IAB79AAB= E9=E@<KABEF< 64:A4S ;484K4 < 6OCB?AS9FES 8?S CB6OL9A<S 
E9=E@<K9E>B= 59;BC4EABEF< A4E9?9A<S, EA<:9A<S EBJ<4?PAB7B, Q>BAB@<K9E>B7B < Q>B?B-
7<K9E>B7B D<E>4 6 E9=E@<K9E>< BC4EAOI D4=BA4I, EA<:9A<9 GM9D5B6 BF D4;DGL<F9?PAOI 
;9@?9FDSE9A<= [1]. !45?R89A<9 ;4 79B8<A4@<K9E>B= 4>F<6ABEFPR CB;6B?<F 6OS6<FP < 
BJ9A<FP GDB69AP CD<DB8AB= < F9IAB79AAB= E9=E@<KABEF< 84AAB= F9DD<FBD<<, E89?4FP 
CD9864D<F9?PAGR BJ9A>G 6?<SA<S E9=E@<K9E>B= 4>F<6ABEF< F9DD<FBD<< A4 6B;A<>AB69-
A<9 +% A4 GK4EF>4I D4;D45BF>< @9EFBDB:89A<= F69D8OI CB?9;AOI <E>BC49@OI.  

 

%#�%"� ��&�$�&'$/ 

 

1. �9@?9FDSE9A<S < @<>DBE9=E@<KABEFP 6 ;484K4I EB6D9@9AAB= 79B8<A4@<>< �B-
EFBKAB-�6DBC9=E>B= C?4FHBD@O/ #B8 D98. !.�. ,4DB64, �.�.  4?B6<K>B, 2.�. -G><A4// 
�A.1: �9@?9FDSE9A<S. #9FDB;46B8E>: �4D9?PE><= A4GKAO= J9AFD $�!, 2007. 3 381 E. 
2. �9EFA<> "�' №1/ 3A64DP, FB@ 2. �EF9EF69AAO9 < F9IA<K9E><9 A4G><, 2006 7. 
3. �9?B6 �.%. �9B8<A4@<K9E><9 CDBJ9EEO 6 �BEFBKAB= K4EF< "D9A5GD7E>B= B5?4EF<. 
// �.%. �9?B6,  .2. !9EF9D9A>B, !.�. �4J9C<A, �.�.*6S> / 'EC9I< EB6D9@9AAB7B 9EF9-
EF6B;A4A<S. 2020. №10. 3 65-72 E. 
4. �4;4IEF4AE><= !4J<BA4?PAO= *9AFD 84AAOI. [1?9>FDBAAO= D9EGDE] URL: 
https://www.kndc.kz (84F4 B5D4M9A<S 02.02.2023 7.) 
 

OBTAINING STATISTICAL DATA ON SEISMIC EVENTS IN THE 
EASTERN PART OF THE ORENBURG REGION 

 
1Galeeva Elvira Rafisovna, 2Nesterenko Maxim Yurievich, 2Belov Vladimir Sergeevich 

1Orenburg State University, Orenburg 
2Orenburg Federal Research Center of the UB RAS (Department of Geoecology), Orenburg 

1Galeevskoe@mail.ru, 2n_mu@mail.ru 

 

Summary. Statistical data on the seismic events that occurred in the eastern part 
of the Orenburg region were obtained from an electronic resource, the website 
of the Kazakhstan National Data Center. The data and their characteristics are 
necessary for further analysis in order to establish the actual seismicity of the 
territory, as well as to ensure the seismic safety of the population. 
Keywords: catalog of seismic events, seismic activity, geodynamic monitoring. 
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Summary. In this paper a three-dimensional model for the generation, transport, 

and sink of biogeochemical impurities (dissolved gases and solid carbon) in sta-

bly stratified water bodies is proposed. It complements the thermohydrodynamic 

model based on the RANS approach. The role of the modified closure, which 

takes into account the two-way transformation of the kinetic and potential ener-

gies of turbulent fluctuations, is demonstrated in the description of the processes 

of turbulent transfer of momentum and scalars. It is shown that the model cor-

rectly describes the physical and biogeochemical processes occurring in the wa-

ter body, and the obtained numerical results are consistent with the measurement 

data. 

Key words: turbulence, stable stratification, gradient Richardson number, tur-

bulent Prandtl number, carbon cycle. 
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6BECD<<@K<6BEF< C9?<FB6, EC9K9AAOI < BC?46?9AAOI 6 CDBJ9EE9 CB?GK9A<S :9?9;4 
8D96A<@< @9F4??GD74@< #D<B?PIBAPS. 
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�?S 8BEF<:9A<S J9?< 5O?B CDB6989AB <;GK9A<9 <;@9AK<6BEF< @47A<FAOI E6B=EF6 
4DF9H4>FB6 E D4;AOI 4DI9B?B7<K9E><I C4@SFA<>B6 < E D4;AB= EF9C9APR F9@C9D4FGDAB7B 
6B;89=EF6<S; I4D4>F9D4 ;46<E<@BEF< @47A<FAB= 6BECD<<@K<6BEF< BF EF9C9A< F9@C9D4-
FGDAB7B 6B;89=EF6<S; 6;4<@BE6S;< EB89D:4A<S :9?9;4 6 4DF9H4>F4I < @47A<FAGR 6BECD<-
<@K<6BEFP. 

 47A<FA4S 6BECD<<@K<6BEFP <;@9DS?4EP A4 B5D4;J4I F9@C9D4FGDAB<;@9A9AAOI 
C9?<FB6 E 4 4DI9B?B7<K9E><I C4@SFA<>B6: �4DGA-I4?-2, �GD@<AE>B9 B;9DB-1, +9DABDG8-2, 

"AFIQ-2. #9D6O9 864 B5N9>F4 BFABESFES > D4AA9@G :9?9;AB@G 69>G, 864 CBE?98A<I 3 > 
ED98A969>B6PR. �DB@9 FB7B, 5O?< <ECB?P;B64AO 84AAO9 B @47A<FAB= 6BECD<<@K<6BEF< 
EF9AB> 7BDAB6 < 6@9M4RM<I CBDB8 A4 QF<I C4@SFA<>4I, <;@9D9AAOI D4A99. �?S 5B?P-
L<AEF64 B5D4;JB6 <;@9D9A<S CDB<;6B8<?<EP CB 6AGFD9AA9= < 6A9LA9= EF9A>9 BF89?PAB. 
�;@9D9A<S CDB6B8<?<EP >4CC4@9FDB@ �&-5. �E97B 5O?B 6OCB?A9AB 5B?99 300 <;@9D9-
A<=. �DB@9 FB7B, A4 36 B5D4;J4I B5@4;>< E C4@SFA<>B6 �4DGA-I4?-2 < �GD@<AE>B9 B;9DB-
1 5O?< CDB6989AO BCD989?9A<S I<@<K9E>B7B EBEF464 @9FB8B@ D9AF79ABH?GBD9EJ9AFAB= 
EC9>FDB@9FD<< E CB@BMPR A4EFB?PAB7B QA9D7B8<EC9DE<BAAB7B EC9>FDB@9FD4 %&)800 
(Bruker, �9D@4A<S). �;@9D9A<S CDB6B8<?<EP 6 ?45BD4FBD<< 79B?B7<K9E>B7B H4>G?PF9F4 
��'. 

#B 84AAO@ <;@9D9A<S @47A<FAB= 6BECD<<@K<6BEF< 5O?< CBEFDB9AO 7<EFB-
7D4@@O CB <;GK49@O@ C4@SFA<>4@, BF89?PAB CB K9FOD9@ 7DGCC4@ B5D4;JB6: 6@9M4RM<9 
7?<A<EFO9 CBDB8O, CDB>4?9AAO9 C9?<FO EF9A>< 7BDAB6, EC9K9AAO9 C9?<FO B5@4;>< 7BD-
AB6, BC?46?9AAO9 < BL?4>B64AAO9 C9?<FO B5@4;>< 7BDAB6. 

#B CB?GK9AAO@ 84AAO@ 6<8AB, KFB CD< CB6OL9A<< F9@C9D4FGDAB7B 6B;89=EF6<S 
A4 C9?<FO CDB<EIB8<?B <;@9A9A<9 <I @47A<FAOI E6B=EF6. �E?< >4CC4 6@9M4RM<I CBDB8 
A9 CD96OL49F 1 @<?<98. %<, FB G EC9K9AAOI C9?<FB6 BA4 CB6OL4RFES 8B 2,736,7 @<-
?<98.%<. #?46?9A<9 < BL?4>B64A<9 C9?<FB6 CD<6B8<F > CB6OL9A<R @47A<FAB= 6BECD<-
<@K<6BEF< 8B 11 < 5B?99 @<?<98.%<. 

1FBF CDBJ9EE IBDBLB 6<89A CB D9;G?PF4F4@ <;@9D9A<S @47A<FAB= 6BECD<<@K<6B-
EF< A4 86GI EFBDBA4I B5D4;JB6 B5@4;><. �?S BC?46?9AAB= < BL?4>B64AAB= EFBDBAO 
>4CC4 ;4@9FAB 6OL9 CB ED46A9A<R EB EC9K9AAB=.  

#B 84AAO@ I<@<K9E>B7B 4A4?<;4 69M9EF64 B5D4;JB6 B5@4;>< 5O?4 <;GK9A4 6;4<-
@BE6S;P EB89D:4A<S :9?9;4 < @47A<FAB= 6BECD<<@K<6BEF<. �?S 6E9= EB6B>GCABEF< <;-
@9D9A<= >BQHH<J<9AF >BDD9?SJ<< EBEF46<? 0,44. !B CD< 6A<@4F9?PAB@ D4EE@BFD9A<< 
84AAOI 6OSEA<?BEP, KFB 6E9 ;A4K9A<S D4;89?SRFES A4 869 7DGCCO: EC9K9AAO9 < BC?46-
?9AAO9 C9?<FO. !4 8<47D4@@9 (D<E. 1) 6<8AB, KFB B59 7DGCCO <@9RF D4;AGR ;46<E<@BEFP 
4A4?<;<DG9@OI C4D4@9FDB6. #D< D4;89?9A<< B5D4;JB6 CB 7DGCC4@ >BQHH<J<9AFO >BDD9-
?SJ<< CB6OL4RFES 8B 0,85 < 0,9. 

#B?GK9AAO9 84AAO9 B @47A<FAB= 6BECD<<@K<6BEF< A9<;@9A9AAOI, EC9K9AAOI < 
BC?46?9AAOI 7?<A<EFOI CBDB8 E C4@SFA<>B6 8D96A9= @9F4??GD7<< #D<B?PIBAPS 6O-
S6<?< E?B:AO= I4D4>F9D D4ECD989?9A<S @47A<FAB= 6BECD<<@K<6BEF< 8?S C9?<FB6 CB8-
69D7L<IES A47D964A<R. &4>:9, B5A4DG:9AB, KFB CD< C?46?9A<< 7?<A<EFOI @4F9D<4?B6 
CDB<EIB8<F G69?<K9A<9 @47A<FAB= 6BECD<<@K<6BEF<. !9E@BFDS A4 FB, KFB G 6E9I F<CB6 
C9?<FB6 @47A<FA4S 6BECD<<@K<6BEFP A4CDS@GR ;46<E<F BF EB89D:4A<S :9?9;4, I4D4>F9D 
;46<E<@BEF9= QF<I 86GI C4D4@9FDB6 ;A4K<@B D4;?<K49FES. 

� J9?B@, D9;G?PF4FO <EE?98B64A<S CB>4;4?<, KFB @47A<FA4S 6BECD<<@K<6BEFP <;-
@9A9AAOI 7?<A<EFOI CBDB8 <@99F L<DB><= 8<4C4;BA < E?B:AO= I4D4>F9D <;@9A9A<S, 
>BFBDO= A9B5IB8<@B GK<FO64FP CD< CBEFDB9A<< H<;<>B-79B?B7<K9E><I @B89?9= < CDB-
6989A<< @47A<FBD4;698BKAOI D45BF. 
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4) 

   
5) 

6) 7) 

8) 9) 
$<E. 1. $4ECD989?9A<9 @47A<FAB= 6BECD<<@K<6BEF< 8?S A9<;@9A9AAOI < CDB>4?9A-
AOI C9?<FB6 4DI9B?B7<K9E><I C4@SFA<>B6 +9DABDG8-2 (4,5), "AFIQ-2 (6,7), 
�4DGA-I4?-1 < �GD@<AE>B9 B;9DB-1 (8,9). 4,6,8 3 A9<;@9A9AAO9 CBDB8O; 5,7,9 3 CDB>4-
?9AAO9 CBDB8O 

 

 
$<E. 2. $4ECD989?9A<9 @47A<FAB= 6BECD<<@K<6BEF< < :9?9;4 (Fe) 8?S A9<;@9A9AAOI 
< CDB>4?9AAOI C9?<FB6 4DI9B?B7<K9E><I C4@SFA<>B6 1) �4DGA-I4?-1 < 

2) �GD@<AE>B9 B;9DB-1 
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1. %ABC>B6 %.�. �ECB?P;B64A<9 79BH<;<K9E><I < 79BI<@<K9E><I @9FB8B6 CD< <;G-
K9A<< C4@SFA<>B6 8D96A9= @9F4??GD7<< #D<B?PIBAPS. // �BCDBEO �EF9EF6B;A4A<S. !4GK-
AO= :GDA4?. № 4 (12), 2016. 3 %. 99-102. 

2. %ABC>B6 %.�., )4D<AE><= �.�.  9F4??GD7<K9E><9 7BDAO #D<B?PIBAPS // �D96A<9 
>G?PFGDO  BA7B?<< < �4=>4?PE>B= %<5<D<:  4F9D<4?O III  9:8GA4DB8AB= A4GKAB= 
>BAH9D9AJ<< ('?4A-�4FBD, 5-9 E9AFS5DS 2012 7.). - '?4A-�4FBD: �;8-6B  BA7. 7BE. GA-F4, 
2012. �OC.3. 3 %. 241-246. 

 

MAGNETIC SUSCEPTIBILITY OF THE MATERIAL OF THE 

ANCIENT METALLURGICAL FORGE OF THE PRIOLKHONYE 
 

1Denisyuk Evgeniya Alexandrovna, 2Kokodey Diana Yuryevna,  
3Snopkov Sergey Viktorovich 

1INRTU, Irkutsk 
2SSG INRTU, Irkutsk 

1denisyuk@geo.istu.edu, 2dkokodey@gmail.ru, 2snopkov_serg@mail.ru 

 

Summary. The magnetic susceptibility of clay materials from the ancient met-

allurgical furnaces of the Priolkhonye (Western Baikal region) has been investi-

gated. Four groups of materials were studied: unchanged rocks, calcined and 

sintered rocks of the walls of the furnaces, sintered coating of the furnaces, 

melted coating of the furnaces. Based on the measurement results, histograms of 

the distribution of properties for each group are constructed. The analysis of his-

tograms showed that, depending on the degree of temperature exposure to "pierc-

ing 3 melting", an increase in magnetic susceptibility occurs. Comparison of the 

iron content in clays with magnetic susceptibility also confirmed the conclu-

sions.  

Key words: kappametry, magnetic prospecting, ancient iron-restoring furnaces, 

the effect of temperature. 
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�78<>20 .;8S �235=P52=0 
�� �><8 !* '@" $�!, 3. %O:BO2:0@ 

ezimova89@mail.ru 

 

�AABF4J<S. � EF4FP9 CD98EF46?9AO D9;G?PF4FO CDBH<?PAOI 79BH<;<K9-
E><I <EE?98B64A<= 6 >D9EF CDBEF<D4A<S #B8K9D9@-�4@9AE>B7B D4;?B@4, 
>BFBDO9 6>?RK4RF @47A<FB@9FD<K9E><9 < D48BAB6O9 A45?R89A<S. $9;G?P-
F4FO CB>4;4?<, KFB D4;?B@A4S ;BA4 A9 BFB5D4:49FES 6 ?B>4?PAB@ @47A<F-
AB@ CB?9, AB CDBS6?S9FES 6 CB?9 CBK69AAB7B D48BA4 B5?4EFPR @<A<@4?P-
AOI ;A4K9A<= B5N9@AB= 4>F<6ABEF< D48BA4. 1FB CB;6B?S9F <ECB?P;B64FP 
D48BAB6GR EN9@>G 8?S GFBKA9A<S @9EFBCB?B:9A<S F9>FBA<K9E>B7B A4DG-
L9A<S A4 GK4EF>4I, 789 BFEGFEF6GRF 84AAO9 8DG7<I 79BH<;<K9E><I @9FB-
8B6. 
�?RK96O9 E?B64: D4;?B@, D48BA, @47A<FAB9 CB?9, 79BH<;<K9E><9 <EE?98B-
64A<S, B5N9@A4S 4>F<6ABEFP D48BA4. 
 

#9KBDB-�B?6<AE><= 46?4>B79A 3 QFB A48CBDS8>B64S <A69DE<BAA4S EFDG>FGD4 &<-
@4AB-#9KBDE>B= C?<FO, <@9RM4S D4;@9DO 6 CD989?4I EGL< 700I60-20 >@ < CDBFS7<64-
RM4SES 6 4>64FBD<R #9KBDE>B7B @BDS. �D4A<J4 46?4>B79A4 A4 ;4C489 CDB6B8<FES CB +4D-
>4R-#O?9@9J>B@G < #B8K9D9@-�4@9AE>B@G D4;?B@4@, >BFBDO9 CB 84AAO@ E9=E@BD4;-
698>< CD98EF46?SRF EB5B= E?B:ABCBEFDB9AAGR ;BAG E 5B?PL<@< 69DF<>4?PAO@< 4@C?<-
FG84@< E@9M9A<S >DO?P96. +4D>4R-#O?9@9J><= D4;?B@ 6@9EF9 E �?OK-+<>L<AE><@ B5-
D4;GRF E<EF9@G, >BFBD4S GCB@<A49FES 6 ?<F9D4FGD9 >4> #D<C9KBDE>4S. #B8K9D9@-�4@9A-
E><= D4;?B@ E969DB-;4C48AB7B CDBEF<D4A<S BF89?S9F #9KBDB-�B?6<AE><= 46?4>B79A A4 
R7B-6BEFB>9 BF EFDG>FGD [1, 5] #D98GD4?PE>B7B >D496B7B CDB7<54 (D<E. 1). 

 

$4=BA D45BF D4ECB?4749FES 6 ;BA9 FDB=AB7B EBK?9A9A<S �:@4-#9KBDE>B= E<A9-
>?<;O, #9KBDB-�B?6<AE>B7B 46?4>B79A4 < #D98GD4?PE>B7B >D496B7B CDB7<54, KFB A4 6D9-
@9AAOI D4;D9;4I CDBE?9:<649FES 6 6<89 L<DB>B= CB?BEO (2-5 >@) E@9M9A<S, D4;DO6B6 
<?< CBF9D< >BDD9?SJ<< FD4EE<DG9@OI BFD4:4RM<I 7BD<;BAFB6. #B ><A9F<K9E>B@G F<CG 
#B8K9D9@-�4@9AE><= D4;?B@ 6 54=>4?PE>B@ E>?48K4FB@ HGA84@9AF9 < A<:A9C4?9B;B=-
E>B= FB?M9 S6?S9FES E5DBEB@. �69DI CB D4;D9;G D4;?B@ CD<B5D9F49F K9DFO 6;5DBE4, CB8-
IB8SM97B 5?<;>B > «8A96AB=» CB69DIABEF< (D<E. 24). #B@<@B BEAB6AB7B E@9EF<F9?S D4;-
?B@4 6O89?SRFES 6FBDBEF9C9AAO9 8<;NRA>F<6O E5DBEB6B7B F<C4, E9>GM<9 69EP BE48BK-
AO= K9IB?. 

� D45BF9 CD98EF46?9AO D9;G?PF4FO D48<B@9FD<K9E><I < @47A<FB@9FD<K9E><I 
A45?R89A<= CB 86G@ CDBH<?S@, C9D9E9>4RM<@ E969DAGR K4EFP #B8K9D9@-�4@9AE>B7B 
D4;?B@4. 

 9FB8<>4 CDB6989A<S @47A<FB@9FD<K9E><I < D48<B@9FD<K9E><I A45?R89A<= CB-
8DB5AB BC<EO649FES 6 8DG7<I D45BF4I 46FBD4 [2, 3, 4]. 

#DBH<?< �-�9 < �-�9 8?<AB= 11 >@ >4:8O=, BFD45BF4AO 65?<;< @9EFBDB:89A<= 
G7?96B8BDB8B6, >BFBDO9 CD<GDBK9AO > F9DD<79AAO@ CBDB84@ [1] ED98A97B < 69DIA97B 89-
6BA4, 6OIB8SM<I A4 CB69DIABEFP CB D4;?B@4@ (D<E. 1). 

#DBH<?P �-�9 C9D9E9>49F %969DB-�B:6<AE>B9 @9EFBDB:89A<9 A9HF<. #B8K9D9@-

�4@9AE><= D4;?B@ A4 84AAB@ GK4EF>9 A9 CDBE?9:9A <;-;4 BFEGFEF6<S E9=E@BD4;698BKAOI 
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84AAOI. #BQFB@G D4;?B@O ;89EP 6O89?SRFES GE?B6AB EB7?4EAB E9=E@<K9E><@ CDBH<?S@, 
A4<5B?99 5?<;>B D4ECB?B:9AAO@ > GK4EF>G D45BF. #DBH<?P �-�9 BFD45BF4A 65?<;< �OD-
F49?PE>B7B < 2:AB-�ODF49?PE>B7B @9EFBDB:89A<= A9HF< < 74;4.  

 

 
$<E. 1. %I9@4 D4=BA4 CDB6989A<S 79BH<;<K9E><I <EE?98B64A<= K9D9; #B8K9D9@-

�4@9AE><= D4;?B@: 1 3 7D4A<JO >DGCA9=L<I (A48CBDS8>B6OI) EFDG>FGD: �#% 3 �:@4-#9-
KBDE>4S E<A9>?<;4, #�� 3 #9KBDB-�B?6<AE><= 46?4>B79A, 2 3 7D4A<JO C?<F < E>?48K4FOI B5?4-
EF9= E 98<AO@ 6D9@9A9@ EF4AB6?9A<S >BAF<A9AF4?PAB= >BDO: #�# 3 #D98GD4?PE><= >D496B= 
CDB7<5, 3 3 D4;?B@O, 6O89?9AAO9 '8BD4F<AO@ �.�., �;<@B6B= 2.�. CB @4F9D<4?4@ #�" «#9KB-
D479BH<;<>4»: #� 3 #B8K9D9@-�4@9AE><=, �� 3 �G>FO?PE>B-�B=6B:E><=, ## 3 #9KBDB7BDB8E>B-
#9D95BDE><=, 4 3 CD98CB?4749@O9 D4;?B@O, 5 3 CDBH<?< D48BAB6B= < @47A<FB@9FD<K9E>B= EN9-
@B>, 6 3 E9=E@<K9E><9 CDBH<?<, 7 3 6OIB8O 8BC?<BJ9AB6OI B5D4;B64A<=; @9EFBDB:89A<S: 8 3 
A9HF<: I 3 %969DB-�B:6<AE>B9, 9 3 A9HF< < 74;4: II 3 �ODF49?PE>B9, III 3 2:AB-�ODF49?PE>B9 

 

$9;G?PF4FO @47A<FB@9FD<K9E><I A45?R89A<= CB>4;4?<, KFB #B8K9D9@-�4@9A-
E><= D4;?B@ < BF69F6?SRM<9ES BF A97B 6FBDBEF9C9AAO9 D4;?B@O A9 CDBS6?SRFES 6 ?B-
>4?PAB@ @47A<FAB@ CB?9 @4ELF454 1:5000 (D<E. 25, 7). �D<6O9 A4 7D4H<>9 CB6FBDSRF D9-
;G?PF4FO, EASFO9 E >4DFO @4ELF454 1:200000, FB 9EFP BFB5D4:4RF <;@9A9A<S D9?P9H4 
CB69DIABEF< E>?48K4FB7B HGA84@9AF4, CBE>B?P>G BE48BKAO9 B5D4;B64A<S S6?SRFES 
CD4>F<K9E><I A9 @47A<FAO@<. 

� IB89 D48<B@9FD<K9E><I A45?R89A<= ;BAO 4AB@4?PAOI ;A4K9A<= B5N9@AB= 4>-
F<6ABEF< D48BA4 ("�$) [6] BCD989?S?<EP CB HBD@G?9 (1):  

 

Q=QED+σ (1) 

 

789 QED 3 ED98A99 ;A4K9A<9 "�$ CB CDBH<?R, σ 3 EF4A84DFAB9 BF>?BA9A<9 BF ED98-
A97B ;A4K9A<S. $9;G?PF4FO <EE?98B64A<=, 6OCB?A9AAOI 6 F9K9A<9 86GI CB?96OI E9;BAB6, 
89@BAEFD<DGRF, KFB @4>E<@4?PAO9 ;A4K9A<S "�$ CB CDBH<?S@ 8BEF<74RF 1000-
1100 �>/@3 CD< HBAB6OI 3 100-200 �>/@3. ,<D<A4 D48BAB6OI 4AB@4?<= EBEF46?S9F 500-
1500 @. #B8K9D9@-�4@9AE><= D4;?B@ EBBF69FEF6G9F B5?4EF< HBAB6OI ;A4K9A<= "�$ L<-
D<AB= 4-5 >@. #<>< "�$ D97<EFD<DGRFES CB 5B>4@ BF D4;?B@4 65?<;< 6OIB8B6 >BD9AAOI 
F9DD<79AAOI ED98A9-69DIA9896BAE><I CBDB8. #B CDBH<?R �-�9 @4>E<@G@O "�$ CD<GDB-
K9AO > 6FBDBEF9C9AAO@ D4;DO6AO@ A4DGL9A<S@. &4><@ B5D4;B@, CD98EF46?9AAB9 



XXIV 'D4?PE>4S @B?B89:A4S A4GKA4S L>B?4 CB 79BH<;<>9 

57 

D4ECD989?9A<9 CBK69AAB7B D48BA4 68B?P ?<A<< CDBH<?9= �-�9 < �-�9 G>4;O649F A4 FB, 
KFB S8DB #B8K9D9@-�4@9AE>B7B D4;?B@4 ;4CB?A9AB C?BFAO@< A9CDBA<J49@O@< CBDB-
84@<, 6E?98EF6<9 K97B 74; 6OIB8<F K9D9; BE?45?9AAO9 ;BAO CB 5B>4@ BF A97B.  

 

 
$<E. 2. 4) 3 %9=E@B?B79B?B7<K9E><= D4;D9; K9D9; #B8K9D9@-�4@9AE><= D4;?B@ CB 
CDBH<?R 50391-01 (EBEF46<?4 �;<@B64 2.�. CB @4F9D<4?4@ #�" «#9KBD479BH<-
;<>4»); 5) 3 �D4H<> <;@9A9A<S 79B@47A<FAB7B CB?S CB CDBH<?R �-�’; 6) 3 �D4H<> 
<;@9A9A<S 79B@47A<FAB7B CB?S CB CDBH<?R �-�’; 7) 3 �D4H<> <;@9A9A<S "�$ CB 
CDBH<?R �-�’; 8) 3 �D4H<> <;@9A9A<S "�$ CB CDBH<?R �-�’.  
1 3 D4;?B@O, 6O89?9AAO9 CB E9=E@<K9E><@ 84AAO@, 2 3 ED98A99 ;A4K9A<9 "�$ CB CDBH<?R, 
3 3 GDB6A< �A@ ± �, 789 σ 3 EF4A84DFAB9 BF>?BA9A<9, 4 3 B5?4EF< CDBH<?S E 4AB@4?PAO@< ;A4K9A<-
S@< "�$ 6 CBK69AAB@ 6B;8GI9, 5 3 CD98CB?4749@4S 7D4A<J4 D48BAB6B= 4AB@4?<<, E6S;4AA4S E D4;-
?B@B@; @9EFBCB?B:9A<9 CDBH<?9= E@. D<E. 1 

 

�9B?B7B-79BH<;<K9E><9 <EE?98B64A<S CB>4;4?<, KFB #B8K9D9@-�4@9AE><= D4;?B@ 
BFK9F?<6B CDBE?9:<649FES A4 6D9@9AAOI D4;D9;4I 6 6<89 L<DB>B= ;BAO CBF9D< >BDD9?S-
J<< BFD4:4RM<I 7BD<;BAFB6. � ?B>4?PAB@ @47A<FAB@ CB?9 D4;?B@AO9 ;BAO A9 CDBE?9-
:<64RFES. � CB?9 CBK69AAB7B D48BA4 #B8K9D9@-�4@9AE><= D4;?B@ EBBF69FEF6G9F L<DB-
>B= B5?4EF< @<A<@4?PAOI ;A4K9A<= "�$, KFB G>4;O649F A4 ;4CB?A9A<9 S8D4 D4;?B@4 
C?BFAO@< BE48BKAO@< CBDB84@<. #D< QFB@ L<D<A4 D4;?B@AB= ;BAO 6 CB?9 D48BA4 CD4>-
F<K9E>< EB6C4849F E 99 L<D<AB= CB E9=E@<K9E><@ 84AAO@. � CD<D4;?B@AOI @9EFBDB:-
89A<SI G7?96B8BDB8B6 8BCB?A<F9?PAB9 6?<SA<9 A4 6OABE D48BA4 > CB69DIABEF< @B7GF 
B>4;O64FP @<7D4J<S A9HF< < 74;4, KFB B5NSEAS9F 8BEF4FBKAB 6OEB><9 ;A4K9A<S "�$ CB 
CDBH<?R. &4><@ B5D4;B@, D48BAB64S EN9@>4 CB;6B?S9F 6O89?SFP D4;?B@AO9 ;BAO, 5?<;>B 
CB8IB8SM<9 > «8A96AB=» CB69DIABEF< A4 GK4EF>4I, 789 BFEGFEF6GRF <?< S6?SRFES A9 <A-
HBD@4F<6AO@< @4F9D<4?O 8DG7<I 5B?99 FBKAOI 79BH<;<K9E><I @9FB8B6, F4><I >4> E9=-
E@BD4;698>4, @47A<FBD4;698>4 < 8D. 

 

�6FBD 6OD4:49F >3@><=CR 5?47B84DABEFP E6B9@G A4GKAB@G DG>B6B8<F9?N >.7-
@.A. �.�. '8BD4F<AG ;4 CB@BMP 6 CDB6989A<< CB?96OI <EE?98B64A<= < D9>B@9A84J<< CB 
A4C<E4A<N CD98EF46?9AAOI @4F9D<4?B6. 
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GEOLOGICAL AND GEOPHYSICAL STUDIES OF THE 

PODCHEREM-KAMENSKY FAULT OF THE PECHORA-KOLVINSKY 

AVLAKOGEN 

 
Ezimova Yuliya Evgen’evna 

IG FRC Komi SC UB RAS, Syktyvkar 

ezimova89@mail.ru 

 

Summary. The article presents the results of profile geophysical studies across 

the Podcherem-Kamensky fault, which include magnetometric and radon obser-

vations. The results showed that the fault zone is not displayed in the local mag-

netic field, but is manifested in the field of soil radon by the region of the mini-

mum volumetric radon activity values. This makes it possible to use radon sur-

vey to clarify the location of a tectonic disturbance in areas where there is no 

data from other geophysical methods. 

Key words: fault, radon, magnetic field, geophysical studies, volumetric radon 

activity. 
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�AABF4J<S. #B8 DG>B6B8EF6B@ CDBH9EEBD4 )46E>B64 (Prof. Havskov) A4K4F 
CDBJ9EE 6A98D9A<S CDB7D4@@AB7B >B@C?9>E4 SEISAN 6 CD4>F<>G B5D4-
5BF>< < <AF9DCD9F4J<< E9=E@B?B7<K9E><I 84AAOI %969DAB7B �46>4;4. %B-
;84A4 CDB7D4@@4 GSRNOR 8?S EBEF46?9A<S 54;O 84AAOI EB5OF<= %969D-
AB7B �46>4;4. % CB@BMPR CDB7D4@@O GSRNOR 6 54;G SEISAN 5O?< ;4A9-
E9AO 84AAO9 6210 ;9@?9FDSE9A<= %969DAB7B �46>4;4 E 2013 CB 2022 77. %B-
;84A<9 98<AB= 54;O 84AAOI 6 (�* ��% $�!, CB;6B?<?B CD<@9A<FP CDB-
7D4@@G CodaQ 8?S CB?GK9A<S <AF97D4?PAOI BJ9AB> K4EFBFAB-;46<E<@B= 
8B5DBFABEF< 6 J9?B@ 8?S 6E97B D97<BA4. 
�?RK96O9 E?B64: %969DAO= �46>4;, 8B5DBFABEFP ED98O, ;4FGI4A<9, 
SEISAN 

 

�EE?98B64A<9 ;4FGI4A<S E9=E@<K9E><I 6B?A 6 ?<FBEH9D9 F9DD<FBD<< %969DAB7B 
�46>4;4 6 (989D4?PAB@ <EE?98B64F9?PE>B@ J9AFD9 �9BH<;<K9E>B= E?G:59 $�! ((�* 
��% $�!) CDB6B8SFES, A4K<A4S E 2017 7. �4FGI4A<9 6B?AO B5OKAB 6OD4:49FES K9D9; 59;-
D4;@9DAO= C4D4@9FD, >BFBDO= < A4;O649FES 8B5DBFABEFPR ED98O Q. �EE?98B64A<9 ;4FG-
I4A<S E9=E@<K9E><I 6B?A E D4EEFBSA<9@ 849F HGA84@9AF4?PAGR <AHBD@4J<R B A9GCDG-
7BEF< < D4EE9<64RM<I E6B=EF64I ?<FBEH9DO 6 >BA>D9FAB@ D97<BA9, 4 F4>:9 A9B5IB8<@B 
8?S HGA84@9AF4?PAOI < CD<>?48AOI ;484K E9=E@B?B7<<, F4><I >4> D4EK9F BK47B6OI EC9>-
FDB6, E9=E@<K9E>B= QA9D7<<, E9=E@<K9E><I @B@9AFB6 < <AOI BK47B6OI C4D4@9FDB6 ;9@-
?9FDSE9A<=, 8?S @B89?<DB64A<S 6B;@B:AOI E<?PAOI 86<:9A<= 7DGAF4 < CD. �B A4EFBS-
M97B 6D9@9A< 6E9 QF< <EE?98B64A<S CDB6B8<?<EP 8?S BF89?PAOI E9=E@<K9E><I EF4AJ<= 
< ;4C<E9= A4<5B?99 E<?PAOI ;9@?9FDSE9A<=, 4 F4>:9 E <ECB?P;B64A<9@ D4;AB7B CDB-
7D4@@AB7B B59EC9K9A<S < @9FB8<><. &4><@ B5D4;B@, 6 (�* ��% $�! A4K<A4S E 2020 7. 
698GFES D45BFO CB 6A98D9A<R CDB7D4@@AB7B >B@C?9>E4 SEISAN [10] 8?S B5D45BF>< < 
<AF9DCD9F4J<< ;9@?9FDSE9A<= %969DAB7B �46>4;4. 

�4AAO9 D45BFO 5O?< A4K4FO CB8 DG>B6B8EF6B@ < A9CBED98EF69AAO@ GK4EF<9@ 
CDBH9EEBD4 )46E>B64 (Prof. Havskov), B8AB7B <; BEAB6AOI D4;D45BFK<>B6. #DB7D4@@AO= 
>B@C?9>E SEISAN 8?S B5D45BF>< E9=E@B?B7<K9E><I 84AAOI <ECB?P;G9FES G:9 30 ?9F < 
CD98EF46?S9F EB5B= A45BD CDB7D4@@, >BFBDO9 CB@B74RF 6OCB?ASFP ;484K< BF 54;B6B= 
B5D45BF>< ;9@?9FDSE9A<= 8B 5B?99 E?B:AOI CDB86<AGFOI E9=E@B?B7<K9E><I <EE?98B64-
A<=. �O5BD 84AAB7B >B@C?9>E4 B5GE?B6?9A A4?<K<9@ 6 97B EBEF469 CDB7D4@@O 8?S D4E-
K9F4 K4EFBFAB-;46<E<@B= 8B5DBFABEF< ED98O CodaQ, G8B5AB= 6 <ECB?P;B64A<< < A4L98-
L9= L<DB>B9 CD<@9A9A<9 6 D45BF4I 8DG7<I <EE?98B64F9?9= [3,8,9,13].  

� SEISAN <AHBD@4J<S B E9=E@<K9E><I EB5OF<SI ID4A<FES 6 54;9 84AAOI, 6 EFDG>-
FGD9, EBEFBSM9= <; C4CB> < H4=?B6, >4:8B9 BF89?PAB9 EB5OF<9 ;4849FES B8A<@ H4=?B@ 6 
HBD@4F9 Nordic [10], >BFBDO= <@99F A4;64A<9 S-H4=?. S-H4=? EB89D:<F C4D4@9FD<K9E><9 
84AAO9 F4><9 >4> 6D9@S 6 BK479, @9EFBCB?B:9A<9 7<CBJ9AFD4, @47A<FG8O, BL<5>< ?B>4-
J<<, 4 F4>:9 EEO?>G A4 @9EFBCB?B:9A<9 H4=?4 EBBF69FEF6GRM<I 6B?AB6OI HBD@. 
"EF4?PAO9 @9F484AAO9, F4><9 >4> 6B?AB6O9 HBD@O, >BBD8<A4FO E9=E@<K9E><I EF4AJ<=, 
>4?<5DB6BKAO9 84AAO9 E 4@C?<FG8AB-K4EFBFAO9 I4D4>F9D<EF<>4@< 4CC4D4FGDO @B7GF 
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5OFP ;484AO 6 D4;?<KAOI HBD@4F4I.   
�?46AB= ;484K9= 8?S A4K4?4 D45BFO 6 SEISAN E EB5OF<S@< %969DAB7B �46>4;4 

EF4?B EB;84A<9 B5M9= 54;O 84AAOI < CB87BFB6>4 BEF4?PAOI @9F484AAOI. $GF<AA4S B5-
D45BF>4 84AAOI %969DAB7B �46>4;4 6 (�* ��% BEGM9EF6?S9FES 6 CDB7D4@@9 WSG [1], 

8?S BCD989?9A<S C4D4@9FDB6 7<CBJ9AFDB6 ;9@?9FDSE9A<= <ECB?P;G9FES CDB7D4@@4 
HYPO71 [11] E ;484AAB= E>BDBEFAB= @B89?PR ;9@AB= >BDO 8?S �4C48AB7B �46>4;4 CB [5], 

6B?AB6O9 HBD@O 6 HBD@4F9 CSS 3.0, 4 H4=?O E �+) 4CC4D4FGDO 6 SAC.  

�?S >BA69DF4J<< 84AAOI <; HBD@4F4, <ECB?P;G9@B7B 6 (�* ��% $�! 6 Nordic 

EB6@9EFAB E CDBH9EEBDB@ )46E>B6O@ (Prof. Havskov) 5O?4 EB;84A4 CDB7D4@@4 GSRNOR 

8?S SEISAN [12]. #DB7D4@@4 <ECB?P;G9F FD< 6IB8AOI H4=?4: 
1. �OIB8AB= H4=? 5R??9F9AS EB5OF<S <; CDB7D4@@O HYPO71 6 HBD@4F9 bin, 

6>?RK4RM<= 6 E959: 6D9@S CD<IB84 6B?A E 69EB@ H4;O, ?B>4J<S, @47A<FG8G MPVA, AB-
@9D <ECB?P;G9@B= E>BDBEFAB= @B89?<, CB?SDABEFP < BL<5>< ?B>4J<<.   

2. �OIB8AB= H4=? <; CDB7D4@@O WSG EB EC<E>B@ H4; 6 HBD@4F9 arr: QFBF H4=? 
<@99F 4@C?<FG8O P < S 6B?A < AML 8?S D4EK9F4 ?B>4?PAB= @47A<FG8O ML 6 98<A<J4I 
@>@*100, ML 8?S >4:8B= EF4AJ<< (<ECB?P;G9FES 8?S D4EK9F4 ED98A97B ;A4K9A<S ML) < 
>B8O >B@CBA9AF. �4@9D 4@C?<FG8 AML 6 CDB7D4@@9 WSG CDB6B8<FES A4 ;4C<ESI E 
H<?PFD4J<9= CB8B5AB= K4EFBFAB@G BF>?<>G EF4A84DFAB7B E9=E@B7D4H4 �G843
�A89DEBA4.  

3. (4=? filenr.lis EB EC<E>B@ A4;64A<= EBBF69FEF6GRM<I H4=?B6 6B?AB6OI HBD@. 
(4=? 8B?:9A <@9FP A4;64A<S 6B?AB6OI HBD@ 6 HBD@4F9 SEISAN, >BFBDO9 <ECB?P;GRFES 
8?S ED46A9A<S 6D9@9A< A4K4?4 H4=?4 EB 6D9@9A9@ A4K4?4 EB5OF<S. "A F4>:9 8B?:9A 
EB89D:4FP CD46<?PAO9 A4;64A<S >B8B6 >B@CBA9AF. 1FB @B:AB E89?4FP E CB@BMPR 
CDB7D4@@O WAVFIX, F4>:9 6IB8SM<= 6 SEISAN. �64 C9D6OI 6IB8AOI H4=?4 8B?:AO 
5OFP 6 IDBAB?B7<K9E>B@ CBDS8>9 < EB89D:4FP B8A< < F9 :9 EB5OF<S, <A4K9 CDB7D4@@4 
BEF4AB6<FES. 1FB CDB69DS9FES CGF9@ ED46A9A<S 6D9@9A< 6EFGC?9A<S P-6B?A 6 86GI 
H4=?4I, < 9E?< 9EFP D4;?<K<S, FB CDB7D4@@4 BEF4A46?<649FES E EBB5M9A<9@ B5 BL<5>9. 
#DB7D4@@4 EA4K4?4 K<F49F H4=? <; HYPO, 4 ;4F9@ arr < B5N98<AS9F <I, ;4F9@ 
;4C<EO649FES A4;64A<9 6B?AB6OI HBD@. !4;64A<9 6EF46?S9FES 9E?< 6D9@S A4K4?4 <@9A< 
H4=?4 6B?AB6OI HBD@ A4IB8<FES 6 CD989?4I xx E9>GA8 BF 6D9@9A< 6 BK479. #B G@B?K4A<R 
6D9@S xx ;484AB 600 E, AB CB?P;B64F9?P @B:9F 6O5D4FP ?R5B9 ;A4K9A<9.  

�E?< EB5OF<9 <@99F AG?96GR 7?G5<AG, BAB EK<F49FES 6;DO6B@ < CB@9K49FES 5G>-
6B= E 6 EFB?5J9 23 6 EFDB>9 ;47B?B6>4. !B@9D E>BDBEFAB= @B89?<, 9E?< BA <@99FES 6 
H4=?9 HYPO, G>4;O649FES 6 EFB?5J9 21 6 EFDB>9 ;47B?B6>4. 1A9D79F<K9E><= >?4EE KD (CB 
$4GF<4A) G>4;4A 6 EFDB>9 >B@@9AF4D<S. � >4K9EF69 A4;64A<S 479AFEF64 ;A4K<FES GS 
(Geophysical Survey 3 �9BH<;<K9E>4S E?G:54), < ;4CD4L<649FES <@S BC9D4FBD4. #D<@9D 
6OIB8AB7B H4=?4 CD98EF46?9A A4 D<EGA>9 1. 

% CB@BMPR CDB7D4@@O GSRNOR 6 54;G SEISAN 5O?< ;4A9E9AO 84AAO9 6210 ;9@-
?9FDSE9A<= %969DAB7B �46>4;4 E 2013 CB 2022 77. C4D4@9FDO 7<CBJ9AFDB6 >BFBDOI 5O?< 
BCD989?9AO CB 84AAO@ E9F9= D97<BA4?PAOI E9=E@<K9E><I EF4AJ<= (�* ��% $�!: %9-
69DB-"E9F<AE>B7B H<?<4?4 (NOGSR), �479EF4AE>B7B H<?<4?4 (DAGSR) < *9AFD4?PAB7B 
BF89?9A<S (OBGSR) [2]. �?S >4:8B7B <; EB5OF<=, ;4A9E9AAOI 6 54;G, 5O?< ;4C<E4AO 
H4=?O E 6B?AB6O@< HBD@4@< 6 HBD@4F9 miniSEED. �4?<5DB6BKAO9 H4=?O E �+) E9=-
E@<K9E><I EF4AJ<= 5O?< CD<6989AO 6 EBBF69FEF6<9 E FD95B64A<S@< SEISAN < ;4C<E4AO 
6 EBBF69FEF6GRMGR 8<D9>FBD<R.  

%B;84A<9 98<AB= 54;O 84AAOI 6 (�* ��% $�!, CB;6B?<?B CD<@9A<FP CDB7D4@@G 
CodaQ 8?S CB?GK9A<S <AF97D4?PAOI BJ9AB> K4EFBFAB-;46<E<@B= 8B5DBFABEF< 6 J9?B@ 
8?S 6E97B D97<BA4. � BEAB69 CDB7D4@@O ?9:<F @9FB8 B7<54RM<I >B84-6B?A, 789 BJ9A<-
649FES G@9APL9A<9 <I 4@C?<FG8O A4 ;4C<ESI ?B>4?PAOI < D97<BA4?PAOI ;9@?9FDSE9A<= 
[7, 6], 4 CB?GK9AA4S 8B5DBFABEFP <@99F A4;64A<9 8B5DBFABEFP CB >B89 6B?AO Qc (Coda Q). 
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#DB7D4@@4 6OK<E?S9F 8B5DBFABEFP CB >B89 Qc 8?S DS84 EB5OF<= < EF4AJ<= A4 ;484AAOI 
;A4K9A<SI J9AFD4?PAB= K4EFBFO. #B ;469DL9A<< D4EEK<FO64RFES ED98A<9 ;A4K9A<S A4 
BEAB64A<< K4EFBFAB-;46<E<@B= EF9C9AAB= HGA>J<9= Qc(f). $4EK9F S6?S9FES EF4A84DFAO@ 
8?S @9FB84 B7<54RM<I, CD< >BFBDB@ 6O5D4AAB9 B>AB >B8-6B?A H<?PFDG9FES 6 ;484AAB= 
CB?BEB= CDBCGE>4A<S (D<E 2), EFDB<FES B7<54RM4S < 6OK<E?S9FES Qc A4 EBBF69FEF6GR-
M9= K4EFBF9. #B8DB5A4S @9FB8<>4 6OK<E?9A<S Qc 6 SEISAN CD98EF46?9A4 6 D45BF9 [9].  

 

 
$<E. 1. #D<@9D 6OIB8AB7B S-H4=?4 CBE?9 D45BFO CDB7D4@@O GSRNOR 

 

 
$<E. 2. #D<@9D CDBJ9EE4 B5D45BF>< 84AAOI 8?S D4EK9F4 Qc:  

4) 3 �B?AB6O9 HBD@O <EIB8AB7B A9H<?PFDB64AAB7B E<7A4?4 E G>4;4A<9@ 6D9@9A CD<IB84 P < S 6B?A, 
6D9@9A< 6 BK479 < A4K4?4 B>A4 >B8O; 
5) 3 �O5D4AAB9 B>AB G@9APL9A<S 4@C?<FG8O >B84-6B?A <EIB8AB7B E<7A4?4 < 6 D4;?<KAOI H<?PFD4I, 
E CBEFDB9AAO@< B7<54RM<@< < D4EEK<F4AAO@< ;A4K9A<S@< BFABL9A<S E<7A4?4 > LG@G (S/N), 

>BQHH<J<9AF4 >BDD9?SJ<< (Corr) < EB5EF69AAB 8B5DBFABEF< (Q). 
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!4 D<EGA>9 3 CD98EF46?9A CD<@9D H4=?4 codaq.par E BCF<@4?PAO@ A45BDB@ C4D4-
@9FDB6 8?S D4EK9F4 [9, 12]:  

start in s-times 3 6D9@S A4K4?4 B>A4 >B8O BFABE<F9?PAB 6D9@9A< 6EFGC?9A<S S-

6B?AO. "5OKAB EK<F49FES, KFB B>AB >B8O A4K<A49FES A9 D4APL9, K9@ 86B=AB9 6D9@S CD<-
IB84 S-6B?AO BF 6D9@9A< 6 BK479 [6];  

absolute start time (sec) 3 6D9@S A4K4?4 B>A4 >B8O BFABE<F9?PAB 6D9@9A< 6 BK479 6 
E9>GA84I. �E?< 45EB?RFAB9 6D9@S A4K4?4 @9APL9, K9@ 6D9@S, BCD989?S9@B9 C4D4@9FDB@ 
Start in s-times, FB 84AA4S EF4AJ<S A9 5G89F <ECB?P;B64A4 6 D4EK9F9; 

window length (sec) 3 8?<A4 B>A4 >B8O 6 E9>GA84I; 
spreading parameter 3 79B@9FD<K9E>B9 D4EIB:89A<9; 
constant v in q=q0*f**v 3 �?S 6E9I ;A4K9A<= Q(f), Q0 D4EEK<FO649FES E <ECB?P;B64-

A<9@ H<>E<DB64AAB7B ;A4K9A<S v. 1FBF C4D4@9FD A9 6?<S9F A4 <A8<6<8G4?PAO9 D4EK9FO 
Q; 

minimum signal to noise ratio 3 @<A<@4?PAB9 BFABL9A<9 E<7A4?4 > LG@G; 
Noise window in front of signal and length of RMS noise window 3 C9D6B9 K<E?B 3 

QFB >B?<K9EF6B E9>GA8 LG@4, BFB5D4:49@OI C9D98 E<7A4?B@, 6FBDB9 K<E?B QFB 8?<F9?P-
ABEFP B>A4 LG@4, <ECB?P;G9@B7B 8?S D4EK9F4 BFABL9A<S E<7A4?/LG@;  

minimum correlation coefficient 3 8?S D4EK9F4 Q >BQHH<J<9AF >BDD9?SJ<< A4>?BA4 
B7<54RM9= E CDS@B= 8B?:9A 5OFP D469A <?< 5OFP 5B?PL9 ;484AAB7B ;A4K9A<S. �A4K9A<S 
>BDD9?SJ<< 6 89=EF6<F9?PABEF< BFD<J4F9?PAO, AB A4 CD4>F<>9 GCB@<A4RFES >4> CB?B-
:<F9?PAO9; 

maximum counts to use 3 BFEK9FB6 6 B>A9 E >B84-6B?AB= 6OL9 ;484AAB7B FB B>AB 
A9 <ECB?P;G9FES. *9?P EBEFB<F 6 FB@, KFB5O <;59:4FP <ECB?P;B64A<S B5D9;4AAOI ;A4K9-
A<=;  

number of frequencies and number of octaves (optional) 3 >B?<K9EF6B <ECB?P;G9@OI 
K4EFBF, @4>E<@G@ 10. &4>:9 @B:AB ;484FP >B?<K9EF6B B>F46 8?S H<?PFD4, FB784 6E9 H<?P-
FDO 5G8GF <@9FP B8<A4>B6GR CB?BEG CDBCGE>4A<S; 

frequencies and bands (optional if octave given) 3 EBBF69FEF6GRM<9 J9AFD4?PAO9 K4-
EFBFO < CB?BEO K4EFBF; 

station(1.line), 50a5, blank line is no default, 2.line is components, 50(a4,1x) 3 9E?< A9 
;484AO ;A4K9A<S, FB CB G@B?K4A<R <ECB?P;GRFES 6E9 EB5OF<S < >B@CBA9AFO <; H4=?4 
codaq.inp. � C9D6B= EFDB>9 @B:AB ;484FP A9B5IB8<@O9 >B8O E9=E@<K9E><I EF4AJ<=, 4 6B 
6FBDB= >B8O >B@CBA9AF. 

� D9;G?PF4F9 D45BFO CDB7D4@@O CodaQ D4EEK<FO64RFES ;A4K9A<S Qc 8?S >4:8B= 
E9=E@BEF4AJ<< < J9AFD4?PAB= K4EFBFO, <ECB?P;GS K4EFBFAB-;46<E<@GR EF9C9AAGR 4C-
CDB>E<@4J<R Qc=Q0∙f ³. #9D6O= BCOF GEC9LAB7B CD<@9A9A<S CDB7D4@@O 5O? CDB6989A 
8?S F9DD<FBD<< %969DB-�4C48AB7B �46>4;4 [14] 789 CB 267 ;9@?9FDSE9A<S@ < 17 EF4AJ<S@ 
<; E9F< (�* ��% $�! 5O?B CB?GK9AB ED98A99 K4EFBFAB-;46<E<@B9 BFABL9A<9 
Qc=90±21∙f1.02±0.11. 1FB C9D6B9 <EE?98B64A<9 Qc 8?S D97<BA4 E <ECB?P;B64A<9@ F4>B7B 
5B?PLB7B A45BD4 84AAOI.  

#B?GK9AAB9 ;A4K9A<9 8B5DBFABEF< Q(f) CB;6B?<?B >BDD9>FAB D4EEK<F4FP BK47B6O9 
EC9>FDO, F4><@ B5D4;B@, 6C9D6O9 8?S F9DD<FBD<< %969DB-�4C48AB7B �46>4;4 5O? 6OCB?-
A9A D4EK9F EC9>FD4?PAOI < 8<A4@<K9E><I C4D4@9FDB6 BK47B6 D97<BA4?PAOI E9=E@<K9-
E><I EB5OF<= [4]. #B?GK9AAO9 6 D9;G?PF4F9 QFB7B ;A4K9A<S E9=E@<K9E><I @B@9AFB6 M0 

CB;6B?<?< D4EEK<F4FP @B@9AFAO9 @47A<FG8O Mw 8?S 40 ;9@?9FDSE9A<=.  
� A4EFBSM99 6D9@S CDB8B?:49FES CDBJ9EE CBCB?A9A<S 54;O 84AAOI SEISAN F9-

>GM<@< EB5OF<S@<. � C9DEC9>F<69 C?4A<DG9FES CDB6989A<9 CB?AB= DGF<AAB= B5D45BF>< 
EB5OF<= A9CBED98EF69AAB 6 SEISAN, CB?P;GSEP GF<?<F4@< ?B>4J<<, CBEFDB9A<9@ @9I4-
A<;@4 BK474, EC9>FDB6 < D4EK9F4 EC9>FD4?PAOI C4D4@9FDB6 < @47A<FG8 ML <  w. #B-
E>B?P>G <ECB?P;B64A<9 84AAB= CDB7D4@@O 84?B GEC9LAO= D9;G?PF4F 8?S F9DD<FBD<< 
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�4C48AB7B �46>4;4, FB 5O?B CD<ASFB D9L9A<9 B CDB8B?:9A<< 6A98D9A<S 84AAB7B >B@-
C?9>E4 8?S <EE?98B64A<= 6 8DG7<I ;BA4I %969DAB7B �46>4;4 < CD< CB87BFB6>9 9:97B8AB= 
EF4FP< «%C9>FD4?PAO9 < BK47B6O9 C4D4@9FDO ;9@?9FDSE9A<= %969DAB7B �46>4;4» 6 :GD-
A4?9 «�9@?9FDSE9A<S %969DAB= �6D4;<<». 

 

  

4) 4) 
$<E. 3. #D<@9D 6IB8AOI H4=?B6 8?S D4EK9F4 Qc 6 CDB7D4@@9 CodaQ: 
 4) 3 codaq.par E ;484AAO@ BCF<@4?PAO@ A45BDB@ C4D4@9FDB6 8?S D4EK9F4 [9]; 5) 3 codaq.inp 
 

%#�%"� ��&�$�&'$/ 
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USING THE SEISAN SOFTWARE COMPLEX FOR CODAQ 

CALCULATION OF THE LITHOSPHERE OF THE NORTHERN 

CAUCASUS 
 

Zvereva Anastasia Sergeevna 

FRC GS RAS, Perm 

zvereva.as59@gmail.com 

 

Abstract. The process of introducing the SEISAN software package into the 

practice of processing seismological data of the North Caucasus has begun under 

the leadership of Professor Havskov. using the GSRNOR program, data of 6210 

earthquakes in the North Caucasus from 2013 to 2022 were entered into the 

SEISAN database. The creation of a unified database at the GS RAS made it 

possible to apply the CodaQ program to obtain integral estimates of the fre-

quency-dependent quality factor for the whole region. 

Keywords: North Caucasus, CodaQ, attenuation, SEISAN. 
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�C1@8:>2 �;5:A0=4@ �=4@5528G 
�# �C1@8:>2 �.�., 3. #5@<P 

zubrikoff92@gmail.com 

 

�AABF4J<S. � CG5?<>4J<< ;4FD47<649FES F9@4 CD<@9A9A<S @9FB8B6 Q?9>-
FDBD4;698>< CD< <EE?98B64A<< ;4>4DEFB64AAB7B D4=BA4, E J9?PR BCD989?9-
A<S A4?<K<S A974F<6AOI H4>FBDB6 8?S EFDB<F9?PEF64 A4 CD<@9D9 EBCBEF46-
?9A<S >?4EE<K9E>B7B @9FB84 69DF<>4?PAB7B Q?9>FD<K9E>B7B ;BA8<DB64A<S 
< @9FB84 7DGCCB6OI ;BA8<DB64A<=, S6?SRM<IES @B8<H<>4J<9= >?4EE<K9-
E>B7B @9FB84.  9FB8 7DGCCB6OI ;BA8<DB64A<= S6?S9FES 4?PF9DA4F<6B= @9-
FB8G Q?9>FDBHBFB7D4H<< < <@99F DS8 BCD989?9AAOI BF?<K<=. $4EE@BFD9AO 
D9;G?PF4FO <AF9DCD9F4J<< CB?GK9AAOI 84AAOI. 
�?RK96O9 E?B64: @AB7BQ?9>FDB8A4S GEF4AB6>4, Q?9>FDBD4;698>4, >4DEF, 
<A:9A9DAO9 <;OE>4A<S, 7DGCCB6O9 ;BA8<DB64A<S. 
 

� EB6D9@9AAB@ @<D9 EGM9EF6G9F A9B5IB8<@BEFP CDB6989A<S 79BH<;<K9E><I <;OE-
>4A<= CD< CDB6989A<< D9>BAEFDG>J<= < AB6B7B EFDB<F9?PEF64 A4 CD98@9F A4?<K<S >4D-
EFB6OI CDBJ9EEB6, E J9?PR B59EC9K9A<S 59;BC4EABEF< B5N9>F4. � E6S;< E QF<@ 6EF49F 6B-
CDBE 6O5BD4 @9FB84 CDB6989A<S <;OE>4A<=, BF69K4RM97B J9?S@ D45BF. 

�4:AO@ H4>FBDB@ 8?S CB8F69D:89A<S D9;G?PF4F<6ABEF< CD<@9A9A<S @9FB8B@ 
Q?9>FDBD4;698>< S6?S9FES ED46A9A<9 D9;G?PF4FB6 D4;AOI @9FB8B6 Q?9>FDBD4;698>< < 79B-
?B7<K9E>B= B5EF4AB6>B= CB 84AAO@ 5GD9A<S. 

*9?PR 84AAB= D45BFO S6?S?BEP EB;84A<9 < EB69DL9AEF6B64A<9 @9FB8<>< D45BF 
7DGCCB6B7B ;BA8<DB64A<S, D94?<;B64AAB7B A4 BEAB69 4CC4D4FGDAB-CDB7D4@@AB7B >B@-
C?9>E4 � %-1 [2], 6 J9?SI D9L9A<S 6BCDBEB6, E6S;4AAOI E 46FB@4F<;4J<9= <;@9D<-
F9?PAB-<AF9DCD9F4J<BAAB7B CDBJ9EE4, CB6OL9A<9@ <AHBD@4F<6ABEF< < D4EL<D9A<9@ 
HGA>J<BA4?PAOI 97B 6B;@B:ABEF9=. 

 9FB8O Q?9>FD<K9E>B7B ;BA8<DB64A<S L<DB>B <ECB?P;GRFES CD< D9L9A<< @AB-
7<I 79B?B7BD4;698BKAOI, <A:9A9DAB-79B?B7<K9E><I [4], Q>B?B7<K9E><I < 8DG7<I ;484K. 
#D< D45BF4I A4 B5N9>F4I D9>BAEFDG>J<< K4EFB <ECB?P;GRF @9FB8 69DF<>4?PAB7B Q?9>-
FD<K9E>B7B ;BA8<DB64A<S, >4> A4<5B?99 <AHBD@4F<6AO= CD< EBCBEF46<@OI FDG8B;4FD4-
F4I. #9DEC9>F<6AO@ A4CD46?9A<9@ 97B D4;6<F<S S6?S9FES D4;D45BF>4 AB6OI F9IAB?B7<=, 
A4J9?9AAOI A4 CB6OL9A<9 BC9D4F<6ABEF< < Q>BAB@<K9E>B= QHH9>F<6ABEF< 6989A<S D4-
5BF. "EAB6AB9 6A<@4A<9 CD< QFB@ G89?S9FES CD<@9A9A<R @AB7BQ?9>FDB8AOI GEF4AB6B> 
E Q?9@9AF4@< Q?9>FDBFB@B7D4H<< [1], B59EC9K<64RM<I 6B;@B:ABEFP ;A4K<F9?PAB7B 
GE>BD9A<S CDBJ9EE4 CB?96B= EN9@><. 1FB GE>BD9A<9 CDBJ9EE4 8BEF<749FES 6 BEAB6AB@ ;4 
EK9F <ECB?P;B64A<S E<EF9@O D46AB@9DAB D4ECB?B:9AAOI (E CBEFBSAAO@ 4D<H@9F<K9-
E><@ L47B@, ?<5B CD<5?<:9AAB@G > 79B@9FD<K9E>B@G) Q?9>FDB8B6, 6OCB?ASRM<I 6 ;4-
84AAB= CBE?98B64F9?PABEF< HGA>J<R C<F4RM<I < CD<9@AOI Q?9>FDB8B6, B59EC9K<64S 
98<ABB5D4;<9 6OCB?A9A<S ;BA8<DB64A<= 8?S D4;AOI C<>9FB6 <;@9D<F9?PAB= GEF4AB6><. 

 AB7BQ?9>FDB8A4S GEF4AB6>4 CD98EF46?S9F EB5B= A45BD Q?9>FDB8B6 H<>E<DB64A-
AB7B D4ECB?B:9A<S, B59EC9K<64RMGR 6B;@B:ABEFP ;BA8<DB64A<S >4> ?<A9=AB=, F4> < 
C?BM48AB= F9DD<FBD<<. �4AA4S @B8<H<>4J<S S6?S9FES K4EFAO@ E?GK49@ >?4EE<K9E>B7B 
@9FB84 69DF<>4?PAB7B Q?9>FD<K9E>B7B ;BA8<DB64A<S (�1�), CD< QFB@ B5?4849F D4EL<-
D9AAO@< 6B;@B:ABEFS@< CD< 6OCB?A9A<< <EE?98B64A<= 6 E?B:AOI GE?B6<SI 
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(CB6OL9AA4S ;4>4DEFB64AABEFP, A4?<K<9 ?9E4, A4?<K<9 @9D;?OI 7DGAFB6, 4EH4?PFB6OI 
CB>DOF<= < @A. 8D.), BEB59AAB CD< <EE?98B64A<< 79BQ?9>FD<K9E>B7B D4;D9;4 8B C9D6OI 
EBF9A @9FDB6. 

 9FB8<>4 7DGCCB6OI ;BA8<DB64A<= (��) <ECB?P;G9FES ;4 BEAB6G @AB7BQ?9>FDB8-
AO9 GEF4AB6>< (>BEO) (D<E.1) E E<EF9@B= >4> C4DAOI, F4> < D46AB@9DAB D4ECB?B:9AAOI 
Q?9>FDB8B6, >BFBDO9 6 CDBJ9EE9 ;BA8<DB64A<S 6OCB?ASRF >4> HGA>J<R CD<9@AOI, F4> < 
HGA>J<R C<F4RM<I Q?9>FDB8B6 ;46<E<@B BF CDB7D4@@O <;@9D9A<=. � F4>:9 6B;@B:AB 
<ECB?P;B64FP CD<AJ<C Q?9>FDBFB@B7D4H<<. !4 E97B8ASLA<= 89AP D94?<;B64A4 6B;@B:AB 
<ECB?P;B64FP ?R5O9 GEF4AB6>< �1� < Q?9>FDBCDBH<?<DB64A<S [2]. 

 

 
$<E. 1. %I9@4 GEF4AB6>< �� 

 

�AF9DCD9F4J<S [4] CB?GK9AAOI D9;G?PF4FB6 CDB<;6B8<?4EP 6 46FB@4F<K9E>B@ 
>B@C?9>E9 «�"!�», CB;6B?SRM<= CB?GK4FP >4> >4K9EF69AAGR, F4> < >B?<K9EF69AAGR 
<AF9DCD9F4J<R CB?GK9AAOI D9;G?PF4FB6. 

 

 
$<E. 2. $9;G?PF4F >4K9EF69AAB= <AF9DCD9F4J<< @9FB8B6 �1� < �� 

 

�4K9EF69AA4S <AF9DCD9F4J<< D9;G?PF4FB6 <ECB?P;B64A<S @9FB8B6 �1� < ��, 6O-
CB?A9AAOI, 6 CD989?4I B8AB= <EE?98G9@B= C?BM48< (D<E. 2) CB>4;O649F A4 D4EL<D9A<9 
89F4?<;4J<< D4;D9;4 CD< <ECB?P;B64A<< @9FB84 �� BFABE<F9?PAB D9;G?PF4FB6 @9FB84 
�1�, KFB 7B6BD<F B D4J<BA4?PABEF< <ECB?P;B64A<S <@9AAB @9FB84 �� 8?S B5E?98B64A<S 
GK4EF>B6 ;4>4DEFB64AABEF< CD< <A:9A9DAOI <;OE>4A<SI. 

#D< B5E?98B64A<< GK4EF>B6 ;4>4DEFB64AABEF<, >4> CB>4;O649F BCOF, A9B5IB8<@ 
A95B?PLB= L47 CB CDBH<?R, 8?S B59EC9K9A<S 8BEF4FBKAB= <AHBD@4F<6ABEF<.  
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$<E. 3. $9;G?PF4F >B?<K9EF69AAB= <AF9DCD9F4J<< @9FB8B6 �1� < �� 

 

�?S BCD989?9A<S >B?<K9EF69AAOI C4D4@9FDB6 3 @BMABEF9= < G89?PAOI Q?9>FD<-
K9E><I EBCDBF<6?9A<= 6OCB?AS9FES QF4C >B?<K9EF69AAB= <AF9DCD9F4J<< 84AAOI �1� < 
��. $9;G?PF4FB@ S6?SRFES 79BQ?9>FD<K9E><9 D4;D9;O, CB?GK9AAO9 E CB@BMPR CB85BD4 
F9BD9F<K9E><I >D<6OI < 84AAOI 5GD9A<S. $9;G?PF4FO >B?<K9EF69AAB= <AF9DCD9F4J<< CB 
D4;AO@ @9FB84@ CB>4;O64RF EIB:<9 D9;G?PF4FO, CD< QFB@ CB D9;G?PF4F4@ >B?<K9EF69A-
AB= <AF9DCD9F4J<< 7DGCCB6OI ;BA8<DB64A<< BF@9K49FES 5B?99 6OEB>4S 89F4?<;4J<S D4;-
D9;4. 

#B D9;G?PF4F4@ D45BF BF@9K49FES, KFB I4D4>F9D<EF<>< CB?9= CD< D45BF4I �1� < 
�� (D<E. 3) <@9RF B5M<9 ;4>BAB@9DABEF<, >4> CD< >4K9EF69AAB=, F4> < CD< >B?<K9EF69A-
AB= <AF9DCD9F4J<<, 4 F4>:9, KFB 7DGCCB6O9 ;BA8<DB64A<S 3 QFB <AEFDG@9AF 8?S K4EFAOI 
E?GK496, CB;6B?SRM<9 CB?GK4FP D9;G?PF4FO E A9B5IB8<@B= FBKABEFPR E 8BEF4FBKAB= 
7?G5<AB= < A<;><@< FDG8B;4FD4F4@<. #D< QFB@ BF@9K49FES 5B?PL4S Q>BAB@<K9E>4S B5BE-
AB64AABEFP <@9AAB @9FB84 ��.  

�?S CB?GK9A<S <AHBD@4J<< B5 <;GK49@B@ D4;D9;9 8B A9B5IB8<@B= 7?G5<AO, 
BCD989?S9@B= @4>E<@4?PAO@ D4;ABEB@ GEF4AB6><, CD<@9AS9FES @9FB8<>4 <;@9D9A<= E 
<ECB?P;B64A<9@ 6EFD9KAOI FD9I-Q?9>FDB8AOI GEF4AB6B> ,?R@59D:9. � EBBF69FEF6<< E 
84AAB= @9FB8<>B= CD< 6OCB?A9A<< ;BA8<DB64A<= 6 CD989?4I C9D6B= CB?B6<AO 8?<AO 
<;@9D<F9?PAB= GEF4AB6>< <ECB?P;G9FES CDS@4S FD9I-Q?9>FDB8A4S GEF4AB6>4 MNA, 4 CB-
E?9 8BEF<:9A<S CBE?98A<@ C<F4RM<@ Q?9>FDB8B@ � 7D4A<JO <;@9D<F9?PAB= ?<A<< 4 

B5D4FA4S FD9I-Q?9>FDB8A4S GEF4AB6>4 A9MN CD< F9I :9 99 C4D4@9FD4I, KFB < 8?S MNA. 
#D< QFB@ 6 BCD989?9AAB= B5?4EF<, 66<8G <ECB?P;B64A<S CDS@B= < 6EFD9KAB= GEF4AB6B>, 
CB?GK4RFES 86B=AO9 <;@9D9A<S, EG@@4DA4S 69?<K<A4 ;A4K9A<= D4;ABEF< CBF9AJ<4?4 >B-
FBDOI EBBF69FEF6G9F D9;G?PF4F4@ <;@9D9A<= E K9FOD9I-Q?9>FDB8AB= GEF4AB6>B= A9MNA 
� <FB79 7DGCCB6B= EN9@><, CD< ;484AAB@ K<E?9 D4;ABEB6 n1 < K9FAB@ 97B ;A4K9A<< D97<-
EFD<DG9FES 2n1 ;BA8<DB64A<9, CD< A9K9FAB@ 4 2n1+1. �A4K9A<S D4;ABEB6 r ;BA8<DGRM9= 
GEF4AB6>< @B7GF ;48464FPES E <I CD<D4M9A<9@ &r = &x 3 MN/2 ?<5B &r = &x + MN/2. 
 4>E<@4?PAO= D4;ABE ;BA8<DGRM9= GEF4AB6><, D46AO= n1·&r, B59EC9K<649F B8<A4>B-
6GR QHH9>F<6AGR 7?G5<AG ;BA8<DB64A<S A4 6E9I C<>9F4I <EE?98G9@B7B D4;D9;4. 
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� BF?<K<9 BF FD48<J<BAAB= @AB7BQ?9>FDB8AB= GEF4AB6><, 6 84AAB= @B8<H<>4J<< 
<ECB?P;B64A4 A9;46<E<@BEFP D4;@9D4 CD<9@AB= ?<A<< MN BF D4EEFBSA<S @9:8G C<>9F4@< 
&I, A4CD46?9AA4S A4 6B;@B:ABEFP 64DP<DB64A<S, 6 BCD989?9AAB= @9D9, L474 CD<D4M9A<S 
D4;ABEB6 GEF4AB6>< < <AHBD@4F<6ABEF< CB?GK49@OI @4F9D<4?B6. #BE?98A<= H4>FBD B5N-
SEAS9FES F9@, KFB C4D4@9FDO &I < D4;@9D MN A9E>B?P>B BF?<K4RFES CB <AHBD@4F<6ABEF<. 
#9D6O= <; A<I, &I, BFD4:49F 89F4?PABEFP EN9@><, 4 6FBDB=, MN, 4 EF9C9AP <AF97D4?PAB-
EF< <, EBBF69FEF69AAB, >BAFD4EFABEF< CDBS6?9A<S <EE?98G9@B= K4EF< CBDB8 6 A45?R849-
@B@ CB?9. 

�OCB?A9A<9 EN9@>< E <ECB?P;B64A<9@ @9FB8<>< 7DGCCB6OI ;BA8<DB64A<= CB;6B-
?S9F 6 46FB@4F<K9E>B@ D9:<@9 E CB@BMPR >B@@GF4FBD4 CB?GK4FP CDB<;6B?PAO= A45BD 
>D<6OI ;BA8<DB64A<S E 6<;G4?PAO@ ?<5B K<E?9AAO@ <I >BAFDB?9@. #D< A9B5IB8<@BEF< 
6B;@B:AO CB6FBDAO9 ;4@9DO A4 ?R5B@ C<>9F9 <; 6E9= EB6B>GCABEF<. 

$9;R@<DGS 6E9 6OL9 E>4;4AAB9, @B:AB BF@9F<FP <AHBD@4F<6ABEFP @9FB84 7DGCCB-
6OI ;BA8<DB64A<= < C9DEC9>F<6ABEFP 97B <ECB?P;B64A<S E J9?PR BCD989?9A<S ;BA >4DEFB-
BC4EABEF<. 
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USING THE METHOD OF GROUP SOUNDING TO STUDY 

KARST PROCESSES IN THE TERRITORY OF PERM REGION 

 
Zubrikov Alexander Alexandrovich 

IP Zubrikov A.A., Perm 

zubrikoff92@gmail.com 
 

Summary. The publication touches upon the topic of using electrical exploration 

methods in the study of a karst area in order to determine the presence of negative 

factors for construction, using the example of comparing the classical method of 

vertical electrical sounding and the method of group sounding, which are a modi-

fication of the classical method. The group sounding method is an alternative to 

the electrophotography method and has a number of specific differences. The re-

sults of interpretation of the received data are considered. 

Key words: multi-electrode installation, electrical prospecting, karst, engineering 

surveys, group soundings.  
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1�1@>38<>2 (0E@8ё@ �A<>8; C3;8, 1,2 CE0<<04қC;>2 !C@0;8  C@>40;8528G, 
1)0<84>2 )09@C;;0 �CBDC;;0528G 

1�=AB8BCB A59A<>;>388 �! $'7, 3. &0H:5=B, $5A?C1;8:0 '715:8AB0= 
2!0F8>=0;P=O9 C=825@A8B5B '715:8AB0=0, 3. &0H:5=B, $5A?C1;8:0 '715:8AB0= 

1fakhriyoribrogimov@gmail.com, 1,2nuralimuhammadqulov@gmail.com, 
1hayrulla_classic@mail.ru  

 

�AABF4J<S. !4 BEAB64A<< 84AAOI CDB6989AAOI E9=E@B@9FD<K9E><I <E-
E?98B64A<= 6OS6?9AO FBK>< 6B;89=EF6<S 7<8DBEF4F<K9E>B7B 846?9A<S A4 
C?BF<AG �I4A74D4AE>B7B 6B8BID4A<?<M4, D4ECB?B:9AAB7B 6 �BEFBKAB@ 
';59><EF4A9. �9HBD@4J<S F9?4 C?BF<AO CB8 89=EF6<9@ 7<8DBEF4F<K9E>B7B 
846?9A<S BCD989?S?4EP D4;?<KAO@< C4D4@9FD4@<. #D98EF46?9AO 6B;@B:-
ABEF< BJ9A>< 8<A4@<K9E>B7B CB6989A<S C?BF<AO CB 99 EC9J<H<K9E><@ >B-
?954A<S@. 
�?RK96O9 E?B64: C?BF<A4, 7<8DBEF4F<K9E>B9 846?9A<9, 89HBD@4J<S, K4-
EFBF4, 4@C?<FG84, @B8G?P GCDG7BEF<, E:<@49@BEFP, C?BFABEFP, E>BDBEFP.  

 
�I4A74D4AE>B9 6B8BID4A<?<M9, D4ECB?B:9AAB9 A4 6BEFB>9 ';59><EF4A4, CD98-

EF46?S9F EB5B= 7<8DBF9IA<K9E>B9 EBBDG:9A<9 A4 D9>9 �I4A74D4A, E?G:4M99 8?S BDBL9-
A<S ;9@9?P �I4A74D4AE>B7B, 'DF4-+<DK<>E>B7B, #E>9AFE>B7B < �G><AE>B7B D4=BAB6. "5-
M<= B5N9@ �I4A74D4AE>B7B 6B8BID4A<?<M4 EBEF46?S9F 260 @?A. @3, @4>E<@4?PA4S 6O-
EBF4 C?BF<AO 100 @, CDBCGE>A4S ECBEB5ABEFP 480 @3/E.  

�;GK9A<9 <;@9A9A<= 9EF9EF69AAOI >B?954A<= >DGCAOI 7<8DBF9IA<K9E><I EBBDG-
:9A<= CB;6B?S9F <;GK4FP H<;<K9E><9 <;@9A9A<S <I >BAEFDG>F<6AB= EFDG>FGDO. �;-;4 
;A4K<F9?PAB7B 6?<SA<S GDB6AS 6B8O 6 6B8BID4A<?<M9 6 F9?9 C?BF<AO B5D4;GRFES E<?P-
AO9 GK4EF>< 6B;89=EF6<S 7<8DBEF4F<K9E>B7B 846?9A<S. !9D46AB@9DABEFP 8<A4@<K9E>B7B 
86<:9A<S 6 F9?9 C?BF<AO, 6 E6BR BK9D98P, ;46<E<F BF GE?B6<= 99 79B7D4H<K9E>B7B CB?B-
:9A<S. �B8BID4A<?<M9 �I4A74D4A D4ECB?B:9AB 6 CD987BDAB= 8B?<A9. !9D46AB@9DAO= 
7<CEB@9FD<K9E><= D9?P9H CB86B8AB= K4EF< CD<6B8<F > A9D46AB@9DAB@G D4ECD989?9A<R 
846?9A<S, 89=EF6GRM97B A4 C?BF<AG. 1F4 E<FG4J<S BEB59AAB 64:A4 6 E6S;< E 6OEB><@ 
GDB6A9@ 6B8O 6 EF4DB8B?<AAB= K4EF< D9><, CD<@O>4RM9= > C?BF<A9. 

!4 BEAB64A<< E9=E@B@9FD<K9E><I <;@9D9A<= CDB6989AO <EE?98B64A<S @9EF E<?P-
AB7B 6B;89=EF6<S 6B8O CB F9?G C?BF<AO. !9EF4J<BA4DAO9 ;4@9DO CDB6B8<?<EP 6 D4;AOI 
GK4EF>4I C?BF<AO (D<E. 1). �?S BCD989?9A<S 9EF9EF69AAOI >B?954A<= C?BF<AO 5O?< CDB-
<;6989AO ;4@9DO ;4 D4;AO9 C9D<B8O 6D9@9A<. #DB<;6B8EF6B >4K9EF69AAOI <;@9D9A<S 
S6?SRFES B8A<@ <; 64:A9=L<I GE?B6<= 8?S >BDD9>FAB= <AF9DCD9F4J<< E9=E@<K9E><I 
;4C<E9=. 'EFD4A9A<9 D4;?<KAOI GDB6A9= E9=E@<K9E>B7B LG@4, 6B;89=EF6GRM97B A4 C?B-
F<AG, CB;6B?S9F 7D4H<K9E>< BC<E4FP BEAB6AO9 ;4>BAB@9DABEF< 6<5D4J<< C?BF<AO [1]. 

#D< 4A4?<;9 >BAEFDG>F<6AB7B EBEFBSA<S 5B?PL<AEF64 CD<CB8ASFOI 
E>4?PAB-7DGAFB6OI C?BF<A GK<FO64RF 6?4:ABEFP @4F9D<4?B6 C?BF<AO < 89HBD@4J<BA-
AO9 I4D4>F9D<EF<>< CBDB8O 6 GE?B6<SI E<?O FS:9EF< < 6?4:ABEF<. �?S BJ9A>< 89HBD-
@<DB64AAB7B EBEFBSA<S < CDBKABEF< C?BF<AO �I4A74D4AE>B7B 6B8BID4A<?<M4 CB8 846-
?9A<9@ A9B5IB8<@B D9L<FP DS8 ;484K. 
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$<E. 1. &BK>< E9=E@<K9E><I <;@9D9A<=, CDB6989AAO9 6 D4;AOI K4EFSI C?BF<AO 

 

� IB89 <EE?98B64A<= 5O?< CDB6989AO Q>EC9D<@9AF4?PAO9 <;@9D9A<S A4 C?BF<A9 
�I4A74D4AE>B7B 6B8BID4A<?<M4. #B?GK9AAO9 D9;G?PF4FO 5O?< CDB4A4?<;<DB64AO < <E-
CB?P;B64AO 8?S <;GK9A<S EFDG>FGDAB7B EBEFBSA<S C?BF<AO. #D< <AF9DCD9F4J<< E9=E@B-
7D4@@ CBEFDB9AO 7D4H<>< E6S;< K4EFBFO < 4@C?<FG8O >B?954A<= (D<E. 2). �EE?98B64A<S 
BEAB64AO A4 @9FB84I J<HDB6B= D97<EFD4J<< E9=E@<K9E><I 6B?A. � D9;G?PF4F9 <AF9DCD9-
F4J<< CB?GK9AAOI 84AAOI CBEFDB9AO K4EFBFAB-4@C?<FG8AO9 7D4H<><, 6 D9;G?PF4F9 >B-
FBDOI BCD989?9AO ;A4K9A<S E>BDBEF< < C?BFABEF< 7BDAOI CBDB8 CB 7?G5<A9. #4D4@9FDO 
89HBD@4J<< D4EEK<FO64?<EP CB ;A4K9A<S@ E>BDBEF< < C?BFABEF< [2]. 

1F< 7D4H<>< <;6?9>4RFES <; D4;?<KAOI E9=E@<K9E><I LG@B6 < BFD4:4RF 9EF9-
EF69AAO9 >B?954A<S C?BF<AO. �A4K9A<S E>BDBEF< < C?BFABEF< 5O?< D4EEK<F4AO E CB@B-
MPR 7D4H<>B6, CD98EF46?SRM<I G89?PAGR 6<5D4J<R 6 C?BF<A9 �I4A74D4AE>B7B 6B8B-
ID4A<?<M4 (D<E. 3). �;69EFAB, KFB 6OEB>B9 7<8DBEF4F<K9E>B9 846?9A<9, 89=EF6GRM99 A4 
E>4?PAB-;9@?SAGR C?BF<AG, B>4;O649F EGM9EF69AAB9 6?<SA<9 A4 4>GEF<K9E>GR :9EF-
>BEFP. � D9;G?PF4F9 <;@9ASRFES < I4D4>F9D<EF<>< 89HBD@4J<< (D4EFS:9A<9, E:4F<9, D4E-
L<D9A<9) [3]. 

�4> <;69EFAB, D4EK9F C4D4@9FDB6 89HBD@4J<< 64:9A 6 <A:9A9DAOI D45BF4I, 4 6E9 
@B8G?< GCDG7BEF< 84RF <AHBD@4J<R B CD989?9 CDBKABEF< >BAEFDG>J<<. �4> H<;<K9E><= 
C4D4@9FD, I4D4>F9D<;GRM<= E:<@4RMGR E<?G, 6 BEAB6AB@ 6?<SRMGR A4 >BAEFDG>F<6-
AB9 EBEFBSA<9 C?BF<AO, @B8G?P 2A74 849F >4K9EF69AAO= D9;G?PF4F. 

 B8G?P 2A74 <?< @B8G?P GCDG7BEF< <ECB?P;G9FES 8?S <;GK9A<S <;@9A9A<=, CDB-
<EIB8SM<I 6 7BDAOI CBDB84I CB8 89=EF6<9@ E<?O FS:9EF< <?< E:4F<S. �A9LA<9 E<?O, 
CD<EGFEF6GRM<9 6 7<8D46?<K9E><I B5N9>F4I, @B7GF A9 FB?P>B <;@9ASFP <I 9EF9EF69AAB9 
EBEFBSA<9 86<:9A<S, AB < <;@9ASFP <I HBD@G [5]. �;69EFAB, KFB B5N9@A4S C?BFABEFP 3 
QFB @4EE4 7BDAOI CBDB8 6 98<A<J9 B5N9@4, BF?<KA4S BF C?BFABEF< I<@<K9E><I Q?9@9A-
FB6, G69?<K<649FES 6 GE?B6<SI 6OEB>B7B 846?9A<S [1,2]. � D9;G?PF4F9 <AF9DCD9F4J<< E9=-
E@B@9FD<K9E><I 84AAOI BF C?BF<AO �I4A74D4AE>B7B 6B8BID4A<?<M4 K9D9; E>BDBEF< 
CDB8B?PAOI < CBC9D9KAOI 6B?A, 4 F4>:9 B5N9@AO9 C?BFABEF< 7BDAOI CBDB8 BCD989?9AO 
>BQHH<J<9AF BFABL9A<S E>BDBEF9= K, @B8G?P E86<74 ý, CBEFBSAA4S GCDG7BEF< �4@9 ü, 

>BQHH<J<9AF #G4EEBA4 þ, @B8G?P 2A74 E. 

1F< C4D4@9FDO B5?484RF E?98GRM<@< E6B=EF64@<. "FABL9A<9 E>BDBEF9= 3 �. 
�BQHH<J<9AF K= Vp/Vs <ECB?P;G9FES 8?S BCD989?9A<S EBBFABL9A<S E>BDBEF9= CDB8B?P-
AB= < CBC9D9KAB= 6B?AO. %D98A99 ;A4K9A<9 � CD<ASFB D46AO@ 1/73 CD< E<?PAOI ;9@?9-
FDSE9A<SI. #BE>B?P>G 6B?AB6O9 C4D4@9FDO @<>DBE9=E@<K9E><I >B?954A<= @4?O, QFBF 
>BQHH<J<9AF @B:9F CD<A<@4FP 5B?PLB9 ;A4K9A<9. 

 B8G?P E86<74 BCD989?S9FES CB E?98GRM9= HBD@G?9:  
¼ = VS2 ·ρ (1)  

789  (7/E@3) 3 B5N9@A4S C?BFABEFP CBDB8O. 
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�;@9D<F9?PA4S FBK>4 №4 

 
�;@9D<F9?PA4S FBK>4 №5 

 
�;@9D<F9?PA4S FBK>4 №6 

 
�;@9D<F9?PA4S FBK>4 №7 

 
�;@9D<F9?PA4S FBK>4 №8 

 
�;@9D<F9?PA4S FBK>4 №9 

$<E. 2. �;@9A9A<9 GE<?9A<S E<7A4?4 CB FBK>4@ 6 F9?9 C?BF<AO �I4A74D4AE>B7B 
6B8BID4A<?<M4 

 

�;@9D<F9?PA4S FBK>4 №4 
�;@9D<F9?PA4S FBK>4 №6 

�;@9D<F9?PA4S FBK>4 №5 �;@9D<F9?PA4S FBK>4 №9 
$<E. 3. �D4H<> <;@9A9A<S CBC9D9KAOI (Vs) < CDB8B?PAOI (Vp) 6B?A < B5N9@AB= 
C?BFABEF< () E 7?G5<AB= A4 F9?9 C?BF<AO 6B8BID4A<?<M4 (EB7?4EAB D4EK9F4@< 6 
ED989 [4]) 

 

�BAEF4AFO GCDG7BEF< �4@9 ü < µ, QFB 69?<K<AO, E6S;O64RM<9 >B@CBA9AFO 
GCDG7B= 6B?AO 6 A9>BFBDB= FBK>9 ?<A9=AB-GCDG7B= <?< :9EF>B 89HBD@<DG9@B= 
<;BFDBCAB= ED98O E >B@CBA9AF4@< 89HBD@4J<< 6 QFB= FBK>9. �BDD9?SJ<S >BAEF4AF GCDG-
7BEF< �4@9 – »; F.9. » = q.¼. "FABL9A<9 >BAEF4AF GCDG7BEF< �4@9-q, 6OD4:49FES >4> 
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. �BQHH<J<9AF #G4EEBA4 3 þ. �BQHH<J<9AF GCDG7BEF< D4EEK<FO649FES 

>4> @9D4 <;@9A9A<S 79B@9FD<K9E>B= HBD@O 7BDAOI CBDB8 6 GCDG7B= ED989 þ =0.18-0.5 6 

CBDB84I, þ=0.5 6 6B89 < .  B8G?P 2A74 3 �. 1FB @B8G?P GCDG7BEF<, >BFBDO= 

G>4;O649F A4 EBCDBF<6?9A<9 7BDAOI CBDB8 6 B>DG:4RM9= ED989 D4EFS:9A<R <?< CDB-
8B?PAB@G E:4F<R. � 6B8BID4A<?<M4I BA <ECB?P;G9FES >4> C4D4@9FD, CB>4;O64RM<= EB-
CDBF<6?9A<9 CDB8B?PAB@G E:4F<R F9?4 C?BF<AO 7<8DBEF4F<K9E>B@G 846?9A<R < 
E = 2Vs

2ρ(1+ Ç).  
�?S BJ9A>< E>?BAABEF< EF4?PAB= C?BF<AO 6B8BID4A<?<M4 > D4EFD9E><64A<R CB8 

89=EF6<9@ 7<8DBEF4F<K9E>B7B 846?9A<S 5O?< D4EEK<F4AO ;A4K9A<S <;@9A9A<S @B8G?S 
GCDG7BEF< E 7?G5<AB= CB CD<6989AAO@ 6OL9 7D4H<>4@ (F45?.1).  B8G?P E:4F<S 68B?P 
F9?4 C?BF<AO 4CCDB>E<@<DG9FES BF89?PAB <;B?<A<S@< < J69F4@<. #4D4@9FDO 
89HBD@4J<< BF?<K4RFES 6OEB><@ <FB7B6O@ ;A4K9A<9@ >4:8B= FBK>< <;@9D9A<S. 
$4ECD989?9A<9 @B8G?S E:4F<S CB F9?G C?BF<AO <@99F 6OEB>B9 (10-11 �#4) ;A4K9A<9 6 
BEAB6AB@ 6 BEAB64A<< (;BA4 F9K9A<S D9><). #D< 4A4?<;9 CB?GK9AAOI 84AAOI CB C?BF<A9 
5O?B ;4@9K9AB, KFB @B8G?P E86<74 G69?<K<?ES 6 K9FOD9 D4;4 (2,5-10 �#4) > J9AFD4?PAB= 
K4EF< C?BF<AO.  

&45?<J4 1  
#4D4@9FDO 89HBD@4J<<, D4EEK<F4AAO9 6 C?BF<A9. 

!B@9D4 FBK9> <;-
@9D9A<S 

H 

(@) 
Vp Vs ρ 

(>7/@3) 
 �   q   ¼, (�#4) », (�#4) þ   E, (�#4)  

@/E 

4 

2.1 365 104 1538 3.51    10.32    0.02    0.17    0.46    0.05    

16.5 474 245 1961 1.93    1.74    0.12    0.21    0.32    0.31    

71.1 1252 490 2187 2.56    4.53    0.53    2.38    0.41    1.48    

100 2371 1405 2752 1.69    0.85    5.43    4.61    0.23    13.36    

5 

2.2 342 108 1708 3.17    8.03    0.02    0.16    0.44    0.06    

17.3 408 221 1964 1.85    1.41    0.10    0.14    0.29    0.25    

97.2 1201 533 2034 2.25    3.08    0.58    1.78    0.38    1.59    

100 3305 1923 2684 1.72    0.95    9.93    9.47    0.24    24.70    

6 

2.1 276 130 1713 2.12    2.51    0.03    0.07    0.36    0.08    

20.3 422 216 1887 1.95    1.82    0.09    0.16    0.32    0.23    

73.3 712 362 2570 1.97    1.87    0.34    0.63    0.33    0.89    

100 2822 1672 2816 1.69    0.85    7.87    6.68    0.23    19.36    

9 3 A4 D4EEFBSA<<  
1 >@ BF 
C?BF<AO  

2.3 195 102 1700 1.91    1.65    0.02    0.03    0.31    0.05    

12.8 335 180 1955 1.86    1.46    0.06    0.09    0.30    0.16    

62.9 951 396 2209 2.40    3.77    0.35    1.31    0.40    0.97    

  2712 1247 2267 2.17    2.73    3.53    9.62    0.37    9.63    

 

1F4 E<FG4J<S B;A4K49F A<;><9 ;A4K9A<S 7?G5<AO 6B8O < 846?9A<S 6 E969DB-
;4C48AB= K4EF< C?BF<AO. #D< <;@9D9A<SI 6 >4K9EF69 C4D4@9FD4, I4D4>F9D<;GRM97B 
EBCDBF<6?9A<9 C?BF<AO CDB8B?PAB@G E:4F<R ;4 EK9F 7<8DBEF4F<K9E>B7B 846?9A<S, 
<ECB?P;B64?ES @B8G?P 2A74 (� 3 @B8G?P CDB8B?PAB7B E:4F<S) < EFDB<?4EP EI9@4 
D4ECD989?9A<S F9?4 C?BF<AO (D<E. 4). 
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$<E. 4. #DB8B?PAB9 E:4F<9 CB F9?G C?BF<AO EI9@4 D4ECDBEFD4A9A<S @B8G?S 

'E?B6AO9 B5B;A4K9A<S: 1-64D<4J<S CB C?BF<A9; 2- FBK>< <;@9D9A<S; 3-S 7D484J<S GDB6A9= 

 

�B?99 6OEB><= @B8G?P E:4F<S 6 J9AFD4?PAB= K4EF< C?BF<AO (№5, №6) B;A4K49F, 
KFB E<?PAB9 6?<SA<9 B>4;O649F A4CBD 6B8O. 

!4 BEAB64A<< 84AAOI, CB?GK9AAOI <EE?98GS EBEFBSA<9 C?BF<AO �I4A74DBAE>B7B 
6B8BID4A<?<M4, 5O?B GEF4AB6?9AB, KFB BA4 <@99F 6OEB><= @B8G?P E:4F<S. 
$4ECD989?9A<9 C4D4@9FDB6 89HBD@4J<< C?BF<AO 6B8BID4A<?<M4 CB>4;4?B, KFB F9?B 
C?BF<AO A4IB8<FES 6 ABD@4?PAB@ EBEFBSA<<. �<8DBEF4F<K9E>B9 846?9A<9 B>4;O649F 
;A4K<F9?PAB9 6?<SA<9 A4 EBEFBSA<9 69DIA9= K4EF< C?BF<AO. � D9;G?PF4F9 E<?4 D94>J<< 
BF A97B B>4;O649F 846?9A<9 A4 54;B6GR K4EFP. 1F4 E<FG4J<S ;4FD47<649F 7DGAFO 6 
HGA84@9AFAB= K4EF< C?BF<AO (№5, №6). #D< ;9@?9FDSE9A<< <?< CD< CB8N9@9 GDB6AS 
6B8O 6OL9 ABD@O 7DGAF QFB= K4EF< @B:9F CB869D74FPES ;A4K<F9?PAO@ 89HBD@4J<S@. 

 

%#�%"� ��&�$�&'$/ 
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THE STATE OF DEFORMATION OF THE DAM  

OF THE AKHANGARAN RESERVOIR 
 

1Ibrogimov Fakhriyor, 1,2Muhammadqulov Nurali Murodalievich,  
1Khamidov Khayrulla Lutfullaevich 

1Institute of Seismology, Academy of Sciences, Tashkent, Uzbekistan 
2National University of Uzbekistan, Tashkent, Uzbekistan 

1fakhriyoribrogimov@gmail.com, 1,2nuralimuhammadqulov@gmail.com, 
1hayrulla_classic@mail.ru 

 

Summary. Based on the data of the conducted seismometric studies, the points 

of influence of hydrostatic pressure on the dam of the Akhangaran reservoir lo-

cated in Eastern Uzbekistan are expressed. The deformation of the dam body 

under the action of hydrostatic pressure was determined by various parameters. 

The possibilities of assessing the dynamic behavior of the dam by its specific 

oscillations are presented. 

Key words: dam, hydrostatic pressure, deformation, frequency, amplitude, elas-

tic modulus, compressibility, density, speed.  
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'�� 550.34 
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�20=:>2 ";53 �235=P528G 
(�* ��% $�!, 3. "1=8=A:  

�>@>=56A:89 �>AC40@AB25==O9 '=825@A8B5B, 3. �>@>=56 

e-mail: ivankov@math.vsu.ru 

 

�AABF4J<S. !4 BEAB69 84AAOI ;4 25 ?9F CB>4;4AB, KFB 10-15 % 6E9I ;9@?9-
FDSE9A<= CDB<EIB8<?< A4 7?G5<A4I 5B?99 150 >@. � 69DA9= @4AF<< A4 7?G-
5<A9 500-600 >@. 6O89?S9FES @4>E<@G@. #B>4;4AB, KFB I4D4>F9D CDBS6?9-
A<S E9=E@<KABEF< A4 5B?PL<I 7?G5<A4I >BDD9?<DG9FES E I4D4>F9DB@ CDB-
J9EEB6, CDB<EIB8SM<I 6 69DIA9= @4AF<<. �4AAO9 E9=E@B?B7<K9E><I 
A45?R89A<= S6?SRFES A489:AO@ <EFBKA<>B@ ;A4A<= B5 <AF9AE<6ABEF< 
CDBJ9EEB6, CDB<EIB8SM<I 6 A98D4I �9@?<. 
�?RK96O9 E?B64: �?B54?PA4S E9=E@<KABEP, 7<CBJ9AFD ;9@?9FDSE9A<=, 
E9=E@<K9E>4S QA9D7<S, A9B8ABDB8ABEFP 69DIA9= @4AF<<.  

 

%4@O@ SD><@ E6<89F9?PEF6B@ EGM9EF6B64A<S A4CDS:9A<= A4 5B?PL<I 7?G5<A4I 
S6?SRFES ;9@?9FDSE9A<S. !<:9 84A 4A4?<; 7?B54?PAB= E9=E@<KABEF< �9@?< A4 CBE?98-
A<9 25 ?9F, E 1996 CB 2021 7B8. �:97B8AB A4 �9@?9 CDB<EIB8<F CBDS8>4 10000 ;9@?9FDS-
E9A<= EB7?4EAB >4F4?B7G NEIC [1], QFB A4<5B?99 CB?AO= >4F4?B7 <; EGM9EF6GRM<I 6 
A4EFBSM99 6D9@S, F4> >4> BA, CB@<@B E6B<I ;4C<E9=, B5N98<AS9F 6 E95S 84AAO9 <; @AB7<I 
8DG7<I <EE?98B64F9?PE><I J9AFDB6. �A4?<; D4ECD989?9A<S >B?<K9EF64 ;9@?9FDSE9A<= BF 
@47A<FG8O ;4 CBE?98A<9 25 ?9F CB>4;4?, KFB CD<@9DAB 10-15% 6E9I ;9@?9FDSE9A<= 6 D4;-
AO9 7B8O CDB<EIB8SF A4 7?G5<A9 5B?99 150 >@. !4 D<EGA>9 1. CD98EF46?9AO D4ECD989?9-
A<S CB @47A<FG89 >BDB6OI < @4AF<=AOI ;9@?9FDSE9A<=.  
 

 
$<E. 1. %D46A9A<9 D4ECD989?9A<= >B?<K9EF6 6 CDBJ9AF4I >BDB6OI < @4AF<=AOI 
;9@?9FDSE9A<= 6 A9>BFBDO9 7B8O 6O5D4AAB7B CDB@9:GF>4 

 

�EE?98B64A<9 D4ECD989?9A<= 7<CBJ9AFDB6 ;9@?9FDSE9A<= CB 7?G5<A9 < 6O89?<6-
L9=ES CD< QFB@ E9=E@<K9E>B= QA9D7<< CB>4;4?B, @4>E<@4?PAB9 >B?<K9EF6B E9=E@<K9-
E>B= QA9D7<<, >4> < >B?<K9EF6B BF@9K49FES 8B 7?G5<AO CBDS8>4 150 >@. (D<E. 25, 6). %?9-
8GRM<= @4>E<@G@ A45?R849FES A4 7?G5<A9 CBDS8>4 500-600 >@. �AF9D64? 7?G5<A BF 150 

mailto:ivankov@math.vsu.ru
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8B 500 >@ I4D4>F9D<;G9FES BFABE<F9?PAB A95B?PL<@ >B?<K9EF6B@ ;9@?9FDSE9A<= < @4>-
E<@G@B@ E9=E@<K9E>B= QA9D7<< (D<E. 25, 6). 
 

 
$<E. 2. 4) 3 %FDB9A<9 ?<FBEH9DO < 69DIB6 @4AF<< [2], 5) 3 �B?<K9EF6B ;9@?9FDSE9A<= 

6 CDBJ9AF4I 6 ;46<E<@BEF< BF 7?G5<AO, 6) 6O89?<6L4SES E9=E@<K9E>4S QA9D7<S 

6 ;46<E<@BEF< BF 7?G5<AO 

 

%BCBEF46?SS CB?GK9AAO9 D4ECD989?9A<S E 7?G5<AAO@ EFDB9A<9@ �9@?< @B:AB 
CD98CB?B:<FP, KFB BEB59AABEF< EFDB9A<S < EBEFBSA<S ;9@AB= >BDO BFD4:49FES 6 I4D4>-
F9D9 E9=E@<KABEF<.  

�; E>4;4AAB7B < D<EGA>4 2. E?98G9F, KFB ;9@A4S >BD4 < 69DIASS @4AF<S A9B8AB-
DB8AO CB EFDB9A<R < EBEFBSA<R A98D. �E?< ;9@?9FDSE9A<S, >BFBDO9 CDB<EIB8SF 6 ;9@-
AB= >BD9 B5GE?B6?9AO, 6 BEAB6AB@, 86<:9A<9@ C?<F, FB ;9@?9FDSE9A<S, >BFBDO9 CDB<E-
IB8SF A4 ;A4K<F9?PAOI 7?G5<A4I, CB-6<8<@B@G, E6S;4AO E CDBJ9EE4@<, CDB<EIB8SM<@< 
CD< 6OEB><I 846?9A<SI < F9@C9D4FGD9. �E?< E?98B64FP D45BF9 [2], FB A45?R849@O= @4>-
E<@G@ >B?<K9EF64 CDB<;BL98L<I ;9@?9FDSE9A<= < 6O89?<6L9=ES CD< QFB@ E9=E@<K9-
E>B= QA9D7<< A4 7?G5<A4I 500-600 >@., S6?S9FES E?98EF6<9@ H4;B6B7B C9D9IB84 59F4-B?<-
6<A4 6 B?<6<A EB EFDG>FGDB= LC<A9?<. #D< QFB@ CDBJ9EE9 <;@9ASRFES E6B=EF64 69M9-
EF64, 6 K4EFABEF<, C?BFABEFP, CBS6?SRFES BK47< 8BCB?A<F9?PAB7B > EGM9EF6GRM9@G ?<-
FBEF4F<K9E>B@G 846?9A<R, KFB @B:9F CD<6B8<FP > ;9@?9FDSE9A<S@. 

� A4EFBSM99 6D9@S @B:AB EK<F4FP GEF4AB6?9AAO@< BEAB6AO9 K9DFO 6AGFD9AA97B 
EFDB9A<S �9@?<: A4<5B?99 @BMAO= E?B= 6 EFDG>FGD9 �9@?< 4 QFB @4AF<S. �ё CB8D4;89-
?SRF A4 A<:ARR (∼660-2890 >@) ED98ARR (∼100-660 >@) < 69DIARR (∼100-200 >@). 
 9:8G ;9@AB= >BDB= < @4AF<9= EGM9EF6G9F 4EF9ABEH9DAO= E?B=, >BFBDO= 6 D4;AOI 79B-
?B7<K9E><I EFDG>FGD4I A4IB8<FES A4 D4;AB= 7?G5<A9 < <@99F D4;AGR @BMABEFP. 

�9@A4S >BD4 4 A4<5B?99 IBDBLB <;GK9AA4S B5B?BK>4 �9@?<, A9 FB?P>B E CB@BMPR 
4A4?<;4 7?B54?PAB= E9=E@<KABEF<, AB < CDS@O@< 79BH<;<K9E><@< @9FB84@<. �9 89?9A<9 
A4 7?46AO9 E?B< 6OCB?AS9FES A4 BEAB69 4A4?<;4 ;4C<E9= E<?PAOI ;9@?9FDSE9A<=. 

#B D9;G?PF4F4@ E9=E@<K9E><I A45?R89A<= A4 8?<AAOI < E69I8?<AAOI CDBH<?SI, 
6O89?9AO A4 7?G5<A9 CBDS8>4 ~100 >@ 3 7D4A<J4 №1. "A4 H<>E<DG9FES A4 6E9I >BAF<-
A9AF4I. �AB784 99 A4;O64RF 8* 7D4A<J9= [8]. �D4A<J4 №2 6O89?S9FES A4 7?G5<A9 CBDS8>4 
150 >@, 7D4A<J4 L- A4 7?G5<A9 B>B?B 200 >@ < H A4 7?G5<A9 CBDS8>4 300 >@. 
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� C9D9IB8AB= ;BA9 69DIASS @4AF<S 3 A<:ASS @4AF<S CB E9=E@<K9E><@ 84AAO@ 
6O89?9AO FD< 7D4A<JO D4;89?4 A4 7?G5<A4I 420-430 >@, 500-520 >@ < 660 >@. �DB6?S < 
CB8BL64 C9D9IB8AB= ;BAO 6O89?9AO 6B 6E9I D97<BA4I @<D4. #D98CB?4749FES, KFB QFB H4-
;B6O9 7D4A<JO [8]. 

�9DIASS @4AF<S E?B:9A4 G?PFD4BEAB6AO@< CBDB84@< C9D<8BF<F4@<, EBEFBSM<@< 
6 BEAB6AB@ <; B?<6<A4. "A< BF?<K4RFES CB EBEF46G C<DB>E9AB6: FB?P>B E BDFBC<DB>E9-
AB@ (74DJ5G7D<FO) <?< E BDFB- < >?<ABC<DB>E9AB@ (?9DJB?<FO). %4@4S 69DIASS K4EFP 
@4AF<< 6@9EF9 E >BDB= B5D4;G9F ?<FBEH9DG, >BFBD4S D9B?B7<K9E>< E?4749F A4<5B?99 
IDGC>GR < IB?B8AGR B5B?BK>G �9@?<. �<FBEH9D4 <@99F @4>E<@4?PAGR @BMABEFP CB8 
>BAF<A9AF4@< 200 >@ < 5B?99. #B8 B>94A4@< BA4 A9 CD96OL49F 100 >@, EB>D4M4SEP CB8 
ED98<AB-B>94A<K9E><@< ID95F4@< 8B A9E>B?P><I ><?B@9FDB6. �EF9ABEH9D4 (BE?45?9A-
A4S B5B?BK>4) CB8EF<?49F ?<FBEH9DG < BF?<K49FES BF A99 CBA<:9AAB= (6 100 D4;) 6S;>B-
EFPR < ECBEB5ABEFPR > F9K9A<R. 1F< E6B=EF64 B5GE?B6?9AO K4EF<KAO@ (1-5%) C?46?9-
A<9@ 69M9EF64 <?< 97B 4@BDF<;4J<9= CB8 8D96A<@< K4EFS@< >BAF<A9AFB6. #?46?9A<9 
CD<6B8<F > 6B;A<>AB69A<R @47@4F<K9E><I BK47B6 E 54;4?PFB6B= < G?PF4BEAB6AB= @47-
@B=. #B8BL64 ?<FBEH9DO CD<@9DAB EBBF69FEF6G9F <;BF9D@9 1200-1300⁰%. !<:ASS 7D4-
A<J4 4EF9ABEH9DO GEF4A46?<649FES E @9APL9= BCD989?9AABEFPR.  BMABEFP 4EF9AB-
EH9DO CB8 B>94A4@< A9 5B?99 50-80 >@, CB8 >BAF<A9AF4@< 8B 100-120 >@, 4 CB8 M<F4@< 
>D4FBAB6 4EF9ABEH9D4 @B:9F ;4I64FO64FP 69DI< C9D9IB8AB7B E?BS > A<:A9= @4AF<<. 
 9:8G CB8BL6B= 4EF9ABEH9DO < 7D4A<J9= A4 7?G5<A9 410 >@ 6O89?SRF ;BAG CB6OL9A-
AB= 6S;>BEF< 4 @9;BEH9DG. #9D9IB8AO= E?B= BF 69DIA9= @4AF<< > A<:A9= B5BEB5?9A 6 
<AF964?9 7?G5<A 410-670 >@. !4 7?G5<A9 410 >@ E>BDBEFP GCDG7<I 6B?A 6B;D4EF49F A4 
10%, < QFB E6S;O64RF E C9D9IB8B@ B?<6<A4 6 59F4-B?<6<A, 6B;@B:AB, E A9>BFBDO@ <;@9-
A9A<9@ I<@<K9E>B7B EBEF464. !9846AB B5A4DG:9A4 E9=E@<K9E>4S 7D4A<J4 A4 7?G5<A9 520 
>@, D4ECB?B:9AA4S FB?P>B CB8 >BAF<A9AF4@<. �9 B5NSEASRF CBFB>B@ IB?B8AB7B 69M9-
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SOME FEATURES OF GLOBAL SEISMICITY OVER THE PAST 25 

YEARS 
 

Ivankov Oleg Evgenievich 

FRC GS RAS, Obninsk  
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Summary. Based on 25 years of data, it is shown that 10-15 % of all earthquakes 

occurred at depths greater than 150 km. A maximum in the upper mantle at a 

depth of 500-600 km is identified. It is shown that the character of seismicity at 

great depth correlates whis the chatacter of processes occurring in the upper 

mantle. Data of seismological observations are a reliable source of knowledge 

about the intensity of processes occurring in the Earth interior, 

Key words: Global seismicity, earthquake hypocenter, seismic energy, upper 

mantle inhomogeneity.  
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#"$"� (�"$"!��%��� �$�%&����+�%���  �%%��) 

 
�;P8= �8B0;89 �8:B>@>28G 

�>@>=56A:89 �>AC40@AB25==O9 '=825@A8B5B, 3. �>@>=56 
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�AABF4J<S. #D<6989AO AB6O9 E6989A<S B C9FDBC?BFABEFAOI < C9FDB@47-
A<FAOI E6B=EF64I 7D4A<FB<8B6 C46?B6E>B7B >B@C?9>E4 < 79A9F<K9E>< E6S-
;4AAOI E A<@< CBDB8.  
�?RK96O9 E?B64: 7D4A<FB<8O, C46?B6E><= >B@C?9>E, C?BFABEFP, @47A<F-
A4S 6BECD<<@K<6BEFP. 
 

!9E@BFDS A4 8?<F9?PAGR <EFBD<R <EE?98B64A<S 8B>9@5D<=E><I 7D4A<FB<8AOI 
>B@C?9>EB6, 6 FB@ K<E?9 < C46?B6E>B7B, A4 F9DD<FBD<< �BDBA9:E>B7B >D<EF4??<K9E>B7B 
@4EE<64 (�� ), 84AAO9 B5D4;B64A<S A9 F9DSRF E6B9= 4>FG4?PABEF< 6 >4K9EF69 B5N9>F4 
<;GK9A<S. 1FB B5GE?B6?9AB F9@, KFB CBE?98A<9 H4>F<K9E><9 84AAO9 B5 <I H<;<K9E><I 
E6B=EF64I 5O?< CB?GK9AO 6 A4K4?9 90-I 7B8B6 CDBL?B7B 69>4, CBE?9 K97B 5GD9A<9@ BA< 
6E>DO64?<EP ?<LP QC<;B8<K9E><. �E9 CBE?98GRM<9 4A4?<F<K9E><9 D45BFO BEAB6O64-
?<EP FB?P>B A4 QFB= D9FDBEC9>F<6AB= <AHBD@4J<< [1, 4, 10]. %B6D9@9AAO9 CB8IB8O > 
79B?B7B-79BH<;<K9E>B@G @B89?<DB64A<R [3, 7 < 8D.], 6B;DBEL<9 4CC4D4FGDAB-@9FB8<K9-
E><9 6B;@B:ABEF< ?45BD4FBDAOI <EE?98B64A<= H<;<K9E><I E6B=EF6, 4 F4>:9 A4?<K<9 AB-
6B7B >4@9AAB7B @4F9D<4?4 FD95GRF E B8AB= EFBDBAO 4>FG4?<;<DB64FP EF4DO9 84AAO9, 4 E 
8DG7B= 3 CB?GK<FP AB6O9 E6989A<S.  

#46?B6E><= @<7@4F<F-7D4A<F-7D4ABE<9A<FB6O= >B@C?9>E A4<5B?99 L<DB>B D4E-
CDBEFD4A9A 6 R7B-6BEFBKAB= K4EF< �BDBA9:E>B7B >D<EF4??<K9E>B7B @4EE<64 (�� ). "E-
AB6AB= 4D94? 97B D4;6<F<S B7D4A<K9A �BE96E>B= LB6AB= ;BAB= ;4 CD989?4@< >BFBDB= 
6EFD9K49FES ?<LP QC<;B8<K9E><. �D4A<FB<8O >B@C?9>E4 E9>GF < @<7@4F<;<DGRF CBDB8O 
8BAE>B7B F<C4 B5BSAE>B7B >B@C?9>E4. �B;D4EF 7D4A<FB<8B6, CB 84AAO@ <;BFBCAB7B 84-
F<DB64A<S 4>J9EEBDAOI J<D>BAB6 GD4A-E6<AJB6O@ @9FB8B@, EBEF46?S9F 2078±4 @?A ?9F. 
!4<5B?99 B5L<DA4S ;BA4 D4;6<F<S 7D4A<FB<8B6 3 #46?B6E>B-�BDBA9:E>B9 7D4A<FB<8AB9 
CB?9 (D<E. 1). � CD989?4I QFB7B CB?S 6O89?S9FES DS8 >DGCAOI @<7@4F<F-7D4A<FAOI >GCB-
?B6 < 5B?99 @9?><I <AFDG;<6AOI F9? [6].  

"5D4;B64A<S >B@C?9>E4 CD98EF46?9AO CBDB84@< 86GI H4; 6A98D9A<S. #9D64S 
H4;4 3 ED98A9->DGCAB;9DA<EFO9 EGM9EF69AAB @<>DB>?<AB6O9 7D4A<FB<8O (7D4A<FO, 7D4-
ABE<9A<FO, 7A9=EB7D4A<FO, 7A9=EB-7D4ABE<9A<FO). �B 6FBDB= H4;9 BFA9E9AO ?9=>B>D4-
FB6O9 ED98A9;9DA<EFO9 < 4C?<FB6<8AO9 7D4A<FO, C97@4F<FO, E9>GM<9 7D4A<FO C9D6B= 
H4;O < EGCD4>DGEF4?PAO9 CBDB8O 6 6<89 @4?OI F9? < :<? [8]. &4> :9 E CBDB84@< B59<I 
H4; 4EEBJ<<DGRF 4@H<5B?<FO (6 D4;AB= EF9C9A< 7D4A<F<;<DB64AAO9 < A9<;@9A9AAO9) < 
@9F4C9EK4A<>< [9]. 

�;GK9A<9 79B?B7<K9E><I B5N9>FB6 E 8B?7B= EFDG>FGDAB-@9F4@BDH<K9E>B= Q6B?R-
J<9= FD95G9F CD<6?9K9A<S L<DB>B7B >B@C?9>E4 84AAOI < C9FDBH<;<K9E><9 <EE?98B64-
A<S 6 84AAB@ E?GK49 CB;6B?SRF A9 FB?P>B CB87BFB6<FP BEAB6G 8?S CD<@9A9A<S 79BH<;<-
K9E><I @9FB8B6, AB < CB8K9D>AGFP BEB59AABEF< EFDB9A<S < EBEF464, A9 6O89?S9@O9 8DG-
7<@< @9FB84@< <;GK9A<S 69M9EF64. �ECB?P;B64A<9 EB6B>GCABEF< @<A9D4?B7<K9E><I, I<-
@<K9E><I < C9FDBH<;<K9E><I 84AAOI CB;6B?S9F >B@C?9>EAB BE69F<FP <;GK49@O= B5N9>F, 
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4 F4>:9 E 6OEB>B= 8B?9= B5N9>F<6ABEF< CDB<;69EF< D4;7D4A<K9A<9 F4>EBAB@<K9E>< EB-
CB8K<A9AAOI 7BDAOI CBDB8. 

 

 

$<E. 1. %I9@4F<K9E>4S 79B?B7<K9E>4S >4DF4 #46?B6E>B-�BDBA9:E>B7B 7D4A<FB<8-
AB7B CB?S ((D47@9AF >4DFO <; [2])  
1 3 B5BSAE><= >B@C?9>E; 2 3 @<I4=?B6E>4S E9D<S; 3 3 ?BE96E>4S E9D<S; 4 3 6BDBA9:E>4S E6<F4;  
5 3 6BDBAJB6E>4S E9D<S; 6 3 >GDE>4S E9D<S; 7 3 F<@E>4S E6<F4; 8 3 4F4@4AE><= >B@C?9>E; 
10 3 C46?B6E><= >B@C?9>E; 11 3 GE@4AE><= >B@C?9>E; 12 3 ?<E><AE><= >B@C?9>E; 13 3 B?PIB6E><= 
>B@C?9>E; 14 3 @4@BAE><= >B@C?9>E; 15 3 @9EFBCB?B:9A<9 #46?B6E>B7B >4DP9D4 

 

% J9?PR <;GK9A<S C9FDBH<;<K9E><I I4D4>F9D<EF<> 7D4A<FB<8B6 C46?B6E>B7B >B@-
C?9>E4 < 4EEBJ<<DGRM<I E A<@< CBDB8 5O?B BFB5D4AB 132 @4>E<@4?PAB E69:<I B5D4;J4 
<; #46?B6E>B7B 7D4A<FAB7B >4DP9D4 (D<E. 1). "CD989?9A<9 C9FDBH<;<K9E><I I4D4>F9D<-
EF<> EB5D4AAB= >B??9>J<< CDB<;6B8<?BEP 6 C9FDBH<;<K9E>B= ?45BD4FBD<< >4H98DO 79B-
H<;<>< �BDBA9:E>B7B 7BEGA<69DE<F9F4 CB CD<ASFB= @9FB8<>9 [5]. $9;G?PF4FO ?45BD4-
FBDAOI <;@9D9A<= E6989AO 6 F45?<JG 1. #B?GK9AAO9 84AAO9 CDBL?< EF4A84DFAGR EF4-
F<EF<K9E>GR B5D45BF>G E CBEFDB9A<9@ 64D<4J<BAAOI >D<6OI D4ECD989?9A<S C4D4@9F-
DB6. 

!4 D<EGA>4I 2 < 3 CD<6989AO 64D<4J<BAAO9 >D<6O9 <;GK9AAOI C9FDBH<;<K9E><I 
C4D4@9FDB6. )4D4>F9D D4ECD989?9A<S C?BFABEF< < @47A<FAB= 6BECD<<@K<6BEF< 
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G>4;O649F A4 E?B:AB9 CB?<IDBAAB9 < CB?<79AAB9 B5D4;B64A<9 CBDB8 <EE?98G9@B= 6O-
5BD><, 8BCGE>4RM99 CD< QFB@ 8BEF4FBKAB 8BEFB69DAB9 6O89?9A<9 C9FDBH<;<K9E><I 
7DGCC. 

 

&45?<J4 1 

#9FDBH<;<K9E><9 E6B=EF64 7D4A<FB<8B6 C46?B6E>B7B >B@C?9>E4 <  
4EEBJ<<DGRM<I E A<@< CBDB8 

#�&$"#�"&!"%&!/� �$'##/ 

(σ, 7/E@3) 

#�&$" ��!�&!/� �$'##/ 

(k×10-3 98. %�) 
№ C9FDB-
F<C4 

min 

max 
ED98A99 № C9FDB-

F<C4 
min 

max 
ED98A99 

1 
2.61 

2.65 
2.63 1 

0.1 

1.5 
0,6 

2 
2.65 

2.67 
2.66 2 

1.8 

13 
7 

3 
2.67 

2.70 
2.68 3 

13 

21 
17 

4 
2.72 

2.73 
2.73 4 

22 

29 
25 

5 
2.75 

2.79 
2.76 5 

30 

36 
33 

6 
2.82 

2.84 
2.83 

6 
37 

51 
43 

7 3 2.89 

 

#B?<@B84?PAB9 D4ECD989?9A<9 C?BFABEF< CBDB8 >B@C?9>E4 < 4EEBJ<<DGRM<I E 
A<@< B5D4;B64A<= @B:AB D4;89?<FP A4 869 5B?PL<I 7DGCCO. #9D64S 7DGCC4 CBDB8, D4;-
6<F4S 6 CD989?4I 2,61-2,70 7/E@3, 7?46AO@ B5D4;B@ 6>?RK49F 6 E95S 7D4A<FB<8O 86GI H4; 
79A9D4J<< < @4>DBE>BC<K9E>< A9BF?<K<@O9 BF A<I @9F4C9EK4A<><. #B?GK9AAB9 D4ECD9-
89?9A<9 8?S 7D4A<FB<8B6 EBBFABE<FES E D9;G?PF4F4@< D45BF CD98L9EF69AA<>B6 CB <;GK9-
A<R 7D4A<FAOI >B@C?9>EB6 ��  [1, 4, 10].  

 

$<E. 2. �4D<4J<BAAO9 >D<6O9 D4ECD989?9A<S C?BFABEF<: 
#9FDBC?BFABEFAO9 7DGCCO: 1-3 3 7D4A<FB<8O; 4-5 3 7D4A<F<;<DB64AAO9 4@H<5B?<FO;  
6-7 - 4@H<5B?<FO 
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"8A4>B, CD< 5B?99 89F4?PAB@ D4EE@BFD9A<<, 8BCB?A<F9?PAB 6O89?SRFES FD< C9F-
DBC?BFABEFAOI CB8F<C4 7D4A<FB<8B6: C9D64S 7DGCC4, EB ED98A<@ ;A4K9A<9@ 2.63 7/E@3, 

6>?RK49F 6 E95S 7D4A<FB<8O CB;8A<I EF48<= 79A9D4J<< (?9=>B>D4FB6O9 7D4A<FO, 7D4A<F-
4C?<FO) < @9F4C9EK4A<><; 7D4A<FB<8O D4AA<I EF48<= 79A9D4J<< (CBDH<DB6<8AO9 4@H<-
5B?-5<BF<FB6O9 7D4A<FO < 7D4ABE<9A<FO) CD<GDBK9AO >B 6FBDB= < FD9FP9= C9FDBC?BF-
ABEFAO@ 7DGCC4@, ED98A<9 ;A4K9A<S >BFBDOI D46AO 2.66 < 2.68 7/E@3 EBBF69FEF69AAB. )4-
D4>F9D D4ECD989?9A<S C?BFABEF< 8?S 7D4A<FB<8AB= 7DGCCO E6<89F9?PEF6G9F B @AB7B-
QF4CAB= Q6B?RJ<< 69M9EF64 E 5?<;><@ EBEF46B@ 6 D4;?<KAOI F9D@B8<A4@<K9E><I GE?B-
6<SI 

�FBD4S 7DGCC4 CBDB8, CD98EF46?9AA4S 6 D4;AB= EF9C9A< 7D4A<F<;<DB64AAO@< 4@-
H<5B?<F4@<, 6 E6BR BK9D98P CB8D4;89?S9FES A4 869 CB87DGCCO. !4 64D<4J<BAAB= >D<6B= 
C9D64S CB87DGCC4 6>?RK49F 6 E95S FD9F<= < K9F69DFO= C9FDBH<;<K9E><9 F<CO, D4;@4I 
8<EC9DE<< CBE?98A97B B5GE?B6?9A <AF9AE<6ABEFPR CDBJ9EEB6 7D4A<F<;4J<<, 6OD4:4R-
M<IES 6 <;@9A9A<< EB89D:4A<S F9@ABJ69FAOI @<A9D4?B6. �FBD4S CB87DGCC4 CD98EF46-
?9A4 86G@S CB8F<C4@< 4@H<5B?<FB6: C9D6O= F<C EB ED98A<@ ;A4K9A<9@ 2.83 7/E@3 < 6FB-
DB= F<C, ED98A99 ;A4K9A<9 C?BFABEF< >BFBDB7B EBEF46?S9F 2.89 7/E@3. #D<K<A4 A9B8AB-
DB8ABEF< D4ECD989?9A<S C?BFABEF< ED98< 4@H<5B?<FB6, CB 6E9= 6<8<@BEF<, >DB9FES 6 
D4;?<KAB@ CDBJ9AFAB@ EB89D:4A<< C?47<B>?4;4. 

 47A<FA4S 6BECD<<@K<6BEFP CBDB8 <;GK49@B7B >B@C?9>E4 F4> :9 BFB5D4:49F 
8?<F9?PAGR <EFBD<R HBD@<DB64A<S < CBE?98GRM97B @9F4@BDH<;@4 8B>9@5D<=E><I B5-
D4;B64A<=, KFB 6OD4:49FES 6 CB?<@B84?PAB@ D4ECD989?9A<< G>4;4AAB7B C4D4@9FD4 (D<E. 
3). 

 

 

$<E. 3. �4D<4J<BAAO9 >D<6O9 D4ECD989?9A<S @47A<FAB= 6BECD<<@K<6BEF<: 
#9FDB@47A<FAO9 7DGCCO: 1 3 7D4A<FB<8O 6FBDB= H4;O 79A9D4J<<, 4@H<5B?<FO, 
@9F4C9EK4A<><; 2-6 3 7D4A<FB<8O C9D6B= H4;O 79A9D4J<<, <AF9AE<6AB 7D4A<F<;<DB64AAO9 
4@H<5B?<FO  

 

 47A<FA4S 6BECD<<@K<6BEFP A9 S6?S9FES A4EFB?P>B ?<A9=AB G6S;4AAB= E 69M9-
EF69AAO@ EBEF46B@, >4> C?BFABEFP, KFB 89?49F A9B5IB8<@O@ CD<6?9K9A<9 @<A9D4?B7<-
K9E><I < 79BI<@<K9E><I <EE?98B64A<= 8?S D4EL<HDB6>< EFDG>FGDAB-69M9EF69AAOI BEB-
59AABEF9=, CDB8GJ<DGRM<I A45?R849@B9 D4ECD989?9A<9 C4D4@9FD4. "8A4>B, A9>BFBDO9 
;4>BAB@9DABEF< @B7GF 5OFP A4@9K9AO. 
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!4<5B?99 A9B8AB;A4KAO@ 6 69M9EF69AAB@ 6OD4:9A<< S6?S9FES C9D6O= C9FDB@47-
A<FAO= F<C 6 8<4C4;BA9 0.1-1.5 k×10-3 98. %�, 6>?RK4RM<= 6 E95S 7D4A<FB<8O CB;8A<I 
H4; 79A9D4J<<, @9F4C9EK4A<>< < 4@H<5B?<FO (7D4A<F<;<DB64AAO9 < A9<;@9A9AAO9). �E9 
CDBK<9 7DGCCO 6 <AF9D64?9 BF 1.5 8B 51 k×10-3 98. %� CD98EF46?9AO CBDH<DB6<8AO@< 
4@H<5B?-5<BF<FB6O@< < 5<BF<FB6O@< 7D4A<FB<84@<, 4 F4>:9 <AF9AE<6AB 7D4A<F<;<DB-
64AAO@< 4@H<5B?<F4@<. %FB<F F4> :9 BF@9F<FP CD<EGFEF6<9 6 6O89?9AAB@ <AF9D64?9 
7D4A<FB<8B6 6FBDB= H4;O 79A9D4J<< E A9E6B=EF69AAB 6OEB><@< ;A4K9A<S@< @47A<FAB= 
6BECD<<@K<6BEF<. %FB?P L<DB><= D4;@4I ;A4K9A<= @47A<FAB= 6BECD<<@K<6BEF< @B:9F 
5OFP B5GE?B6?9A D4;?<KAO@< GE?B6<S@< >D<EF4??<;4J<< H9DDB@47A<FAOI @<A9D4?B6, 
6IB8SM<I 6 EBEF46 BC<EO649@OI CBDB8.  

�6FBD 5?47B84D<F E6B97B A4GKAB7B DG>B6B8<F9?S >.7.-@.A. �. �. �46BDBA><A4 ;4 
CBEF4AB6>G ;484K< < CB@BMP 6 9ё D9L9A<<, 8.7.-@.A. �.  . !9A4IB64 ;4 @AB7BK<E?9AAO9 
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PETROPHYSICAL CHARACTERISTICS OF PAVLOVSKY COMPLEX 

GRANITOIDS AND ROCKS ASSOCIATED WITH THEM (VORONEZH 

CRYSTALLINE MASSIF) 
Vitalii Ilin 

Voronezh State University, Voronezh 

vitaliy.ilin.2000@bk.ru 

 

Summary. New information about petrodensity and petromagnetic properties of 

granitoids of the pavlovsk complex and rocks genetically related to them is pre-

sented. 

Key words: granitoids, pavlovsk complex, density, magnetic susceptibility, cor-

relation. 
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�A;0<30;852 �<8B@89 �;048<8@>28G 

'��', 3. �:05B5@8=1C@3 
Dmitriy.Islamgaliev@m.ursmu.ru 

 

�AABF4J<S. � A4EFBSM99 6D9@S EGM9EF6G9F 5B?PLB9 >B?<K9EF6B D4;AB-
6<8ABEF9= 5GDB6OI D4EF6BDB6, >BFBDO9 CB@B74RF B5?97K<FP 5GD9A<9 E>64-
:<A. #D< QFB@ D45BF4 A48 QHH9>F<6ABEFPR 5GDB6B7B D4EF6BD4 FD95G9F 8B-
EF4FBKAOI 5B?PL<I 89A9:AOI 6?B:9A<=, F4> >4> D4EF6BD 8B?:9A EBID4-
ASFP E6B< I4D4>F9D<EF<>< CD< 5GD9A<<, BEFG:4FP 5GD<?PAO9 <AEFDG@9AFO, 
CD98BF6D4M4FP B564? E>64:<A. �DB@9 QFB7B, A4ABE<FP >4> @B:AB @9APL<= 
6D98 Q>B?B7<< B>DG:4RM9= ED98O. !B 9EFP < B5D4FA4S EFBDBA4 6 FB@, KFB 
>B@CBA9AFO 5GDB6B7B D4EF6BD4 GE?B:ASRF B5D45BF>G D9;G?PF4FB6 79BH<-
;<K9E><I <EE?98B64A<= E>64:<A @9FB84@< Q?9>FDBD4;698><, KFB @B:9F 
CD<69EF< > A9CD46<?PAB= <AF9DCD9F4J<< 84AAOI >4DBF4:4, <E>4:4RM9= 
BCD989?9A<9 ;4?974A<S 7BDAOI CBDB8, ;46OL9AAB= <?< ;4A<:9AAB= BJ9A>9 
6B8AOI, 74;B6OI  <?< A9HFSAOI ;4C4EB6 <EE?98G9@OI C?4EFB6->B??9>FBDB6 
<?< 8DG7<I FD95G9@B7B 8?S 8B5OK< @<A9D4?PAB7B EODPS. � 84AAB= EF4FP9 
D4EE@BFD9AB 6?<SA<9 5GDB6B7B D4EF6BD4 A4 69?<K<AG Q?9>FD<K9E>B7B CB-
F9AJ<4?4 CD< >4DBF4:9 @9FB8B@ ECBAF4AAB= CB?SD<;4J<<, GK<FO64RM9= 
F4><9 C4D4@9FDO >4> ><A9@4F<K9E>4S 6S;>BEFP, 8<A4@<K9E>4S 6S;>BEFP, 
C?BFABEFP, G89?PAB9 Q?9>FD<K9E>B9 EBCDBF<6?9A<9 5GDB6B7B D4EF6BD4, 8<4-
@9FD E>64:<AO, CB86<:ABEFP < D48<GE <BAB6 D4EF6BDB6, 48EBD5J<S 86B=-
AB7B Q?9>FD<K9E>B7B E?BS, EB;84649@4S A4 7D4A<J9 C?4EF3E>64:<A4.  
�?RK96O9 E?B64: 5GDB6B= D4EF6BD, 79B?B7BD4;698BKA4S E>64:<A4, 48-
EBD5J<BAAO= CBF9AJ<4?, 6S;>BEFP. 

 
�EE?98G9@ 6?<SA<S 5GDB6OI D4EF6BDB6 (F45?<J4 1) < BJ9A<@ 69?<K<AG 48EBD5J<-

BAAB7B CBF9AJ<4?4 CB 84AAO@, CD<6989AAO@ �G?4FB6O@ �.�. 6 [1]. � F45?<J9 1 CD98-
EF46?9A C9D9IB8 GE?B6AB= 6S;>BEF< > °�' < ><A9@4F<K9E>B= 6S;>BEF<.  

 

&45?<J4 1 

�EIB8AO9 I4D4>F9D<EF<>< 5GDB6OI D4EF6BDB6 [2] 
�GDB6B= D4EF6BD 'E?B6A4S 

6S;>BEFP, E 
#?BFABEFP, 
7/E@3 

°�' �<A9@4F<K9E>4S 
6S;>BEFP, 1036 @2/E  

F9IA<K9E>4S 6B84 15 1 1 1 

A9EF45<?<;<DB64AAO9 EGE-
C9A;<< 

25350 1.0531.24 1.6733.33 8.39322.47 

7G@4FAO9 20360 1.0332.2 1.3334 5327.6 

?<7ABEG?PH4FAO9 18-40 1.0632.2 1.232.67 3.5317.1 

CB?<@9DAO9 A98<EC9D7<-
DGRL<9 

20360 1.0332 1.3334 5327.6 

<;69EF>B6O9 E 6OEB><@ pH 18330 1.0832.2 1.232 3.5311.5 

<;69EF>B6O9 E A<;><@ pH 25340 1.0432.2 1.6732.67 8.4317.1 

59;7?<A<EFO9 EB?9EFB=><9 20360 1.131.12 1.3334 5327.7 

7<CEB<;69EF>B6O9 25340 1.0432.2 1.6732.67 8.4317.1 
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E<?<>4FAO9 20340 1,0532 1,3332,67 5317,1 

7<8DBHB5<;<DGRM<9 18320 1,0631,18 1,231,33 3,535 

A9B5D45BF4AAO9 7?<A<-
EFO9 EGEC9A;<< 

20340 1,232 1,3332,67 5317,1 

EF45<?<;<DB64AAO9 EB?9-
ABEFB=><9 

20360 1,232 1,3334 5327,7 

D4EF6BD A4 BEAB69 7<8DB-
79?S @47A<S 

20340 1,232 1,3332,67 5317,1 

1�31 1503200 1,0332,1 10-13,33 72,5-97 

 

�ECB?P;GS 84AAO9 F45?<JO 1, 6 F45?<J9 2 CB?GK9AO 8<A4@<K9E>4S 6S;>BEFP < 
G89?PA4S CB69DIABEFP. 
 

&45?<J4 2 
#B?GK9AAO9 I4D4>F9D<EF<>< 5GDB6OI D4EF6BDB6 [2] 

 

� F45?<J9 3 CD<6989AO D9;G?PF4FO D4EK9FB6 69?<K<A 48EBD5J<< < CBF9AJ<4?B6, 
EB;84649@OI A4 7D4A<J4I 5GDB6B7B D4EF6BD4 E 7?<A4@< < CDB8G>F<6AO@< CBDB84@<->B?-
?9>FBD4@< G7?96B8BDB8B6 (C9EK4A<>4@< <?< 4?96DB?<F4@<) CD< D4;?<KAOI K<E?4I [2] 
C9D9ABEB6 (0,6 < 0,4).  

 

&45?<J4 3 
�8EBD5J<S < CBF9AJ<4?, 6O;64AAO9 5GDB6O@ D4EF6BDB@ [2] 

�GDB6B= D4EF6BD 
�<A4@<K9E>4S 
6S;>BEFP, 

1033 >7/(@·E) 

'89?PA4S CB69DI-
ABEFP, 103 @2/>7 

F9IA<K9E>4S 6B84 1 20 

A9EF45<?<;<DB64AAO9 EGEC9A;<< 8.9326.5 16.1319 

7G@4FAO9 5.1360.9 9319.4 

?<7ABEG?PH4FAO9 3.7337.7 16.1318.9 

CB?<@9DAO9 A98<EC9D7<DGRL<9 5.1355.3 10319.4 

<;69EF>B6O9 E 6OEB><@ pH 4.2323 9318.5 

<;69EF>B6O9 E A<;><@ pH 8.7337.7 9319.2 

59;7?<A<EFO9 EB?9EFB=><9 5.5331 17.8318.2 

7<CEB<;69EF>B6O9 8.7337.7 9319.2 

E<?<>4FAO9 5.2334.3 10319 

7<8DBHB5<;<DGRM<9 3.736 16.9318.9 

A9B5D45BF4AAO9 7?<A<EFO9 EGEC9A;<< 6334.3 10316.7 

EF45<?<;<DB64AAO9 EB?9ABEFB=><9 6355.3 10316.7 

D4EF6BD A4 BEAB69 7<8DB79?S @47A<S 6334.3 10316.7 

1�31 79.73109 9.5319.4 

�GDB6B= D4EF6BD '1%, 
"@·@ 

�8EBD5J<S, 
10-6 @B?P/>7 

#BF9AJ<4?, 
@� 

�8EBD5J<S, 
10-6 @B?P/>7 

#BF9AJ<4?, 
@� 

$4;ABEFP K<E9? C9D9ABE4 0.6 0.4 

F9IA<K9E>4S 6B84 1 0.16 0.01 0.1 0.04 

A9EF45<?<;<DB64A-
AO9 EGEC9A;<< 2 0.2630.3 0.2730.94 0.8230.97 0.5632 

7G@4FAO9 2 0.1530.31 0.0932.2 0.4630.99 0.1834.6 

?<7ABEG?PH4FAO9 2 0.2630.3 0.1131.3 0.8230.96 0.2332.8 
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#D< CD<@9A9A<< D4EF6BDB6 A4 CD9EAB= < @BDE>B= 6B89 [3] CBF9AJ<4? G@9APL4-
9FES 8B 4 @�, A4 CB?<@9DAOI D4EF6BD4I 3 8B 6 @�, A4 EB?9A4EOM9AAOI D4EF6BD4I 3 8B 
10 @�, A4 G7?96B8BDB8AB= BEAB69 3 8B 40 @�. %GM9EF69AAB9 6?<SA<9 A4 CBF9AJ<4? D4E-
F6BDB6 B5GE?B6?9AB ;A4K<F9?PAO@ 6>?48B@ 6S;>BEF< CD<@9AS9@B= :<8>BEF<. 1F< 69?<-
K<AO S6?SRFES 8BEF4FBKAB EGM9EF69AAO@< CD< <AF9DCD9F4J<< 84AAOI >4DBF4:4 @9FB-
8B@ ECBAF4AAB= CB?SD<;4J<< (#%) CD< BCD989?9A<< H<?PFD4J<BAAB-9@>BEFAOI C4D4-
@9FDB6 CDB8G>F<6AOI C?4EFB6 < FD95GRF GK9F4 [2]. 
 

%#�%"� ��&�$�&'$/ 

 

1. �G?4FB6 �. �., #DBE9?>B6 2.  ., ,4@4AB6 %. �. &9IA<>4 < F9IAB?B7<S 5GD9A<S 
A9HFSAOI E>64:<A. 3  .: """ «!98D4-�<;A9EJ9AFD». 3  2003. 3 1007 E. 
2. �E?4@74?<96 �. �., $4FGLAS> �. !. �?<SA<9 5GDB6B7B D4EF6BD4 A4 69?<K<AG CB-
F9AJ<4?4 ECBAF4AAB= CB?SD<;4J<< CD< >4DBF4:9 E>64:<A // �BDAO= <AHBD@4J<BAAB-
4A4?<F<K9E><= 5R??9F9AP. 4 2021. 4 № 11-1. 4 %. 46454. DOI: 10.25018/0 

236_1493_2021_111_0_46. 

3. �&% 28-2017 «�B5OK4 A9HF<»: CD<>4; (989D4?PAB7B 479AFEF64 CB F9IA<K9E>B@G 
D97G?<DB64A<R < @9FDB?B7<< BF 15 89>45DS 2017 7.  № 2838 (66989A E 1 <R?S 2018 7B84). 
�BEFGC <; ECD46.-CD46B6B= E<EF9@O «�BAEG?PF4AF#?RE». 

 

DRILLING FLUIDS AND THEIR INFLUENCE ON THE POTENTIAL 

OF SPONTANEOUS POLARIZATION OF WELL LOGGING 

 

Islamgaliev Dmitriy Vladimirovich 

UrSMU, Ekaterinburg 

Dmitriy.Islamgaliev@m.ursmu.ru 

 

Summary. There are a larger number of types of drilling fluids that help facili-

tate well drilling currently. At the same time, the work on the effectiveness of 

the drilling fluid requires a sufficiently large investment, since the drilling fluid 

CB?<@9DAO9 A98<E-
C9D7<DGRL<9 2 0.1630.31 0.132 0.530.99 0.234.2 

<;69EF>B6O9 E 6OEB-
><@ pH 

2 0.1530.3 0.0730.8 0.4630.94 0.1531.7 

<;69EF>B6O9 E A<;-
><@ pH 

2 0.1530.31 0.1531.35 0.4630.98 0.3132.8 

59;7?<A<EFO9 EB?9-
EFB=><9 2 0.2930.3 0.1831 0.930.93 0.3832.2 

7<CEB<;69EF>B6O9 2 0.1530.31 0.1531.35 0.4630.98 0.3132.8 

E<?<>4FAO9 2 0.1630.31 0.131.2 0.5130.97 0.232.6 

7<8DBHB5<;<DGRM<9 2 0.2730.3 0.1230.13 0.8630.96 0.2530.27 

A9B5D45BF4AAO9 7?<-
A<EFO9 EGEC9A;<< 

4 0.1630.27 0.2232.2 0.5130.85 0.4734.5 

EF45<?<;<DB64AAO9 
EB?9ABEFB=><9 4 0.1630.27 0.2233.5 0.5130.85 0.4737.2 

D4EF6BD A4 BEAB69 
7<8DB79?S @47A<S 4 0.1630.27 0.2232.2 0.5130.85 0.4734.5 

1�31 6 0.1530.31 4.2312 0.4830.99 9325 
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must maintain its characteristics, cool the drilling tools, prevent wells from col-

lapsing and cause as little harm to the environment as possible. But there is also 

a downside, in that the components of the drilling fluids shall complicating the 

processing of the results of geophysical learning of wells using electrical explo-

ration methods, which can lead to incorrect interpretation of logging data, dis-

torting the determination of the occurrence of rocks, overestimating or underes-

timating the water, gas or oil reserves of the learned reservoirs or others required 

for the extraction of mineral raw materials. This article considers the influence 

of the drilling fluid on the electric potential during logging by the spontaneous 

polarization method, taking into account such parameters as kinematic viscosity, 

dynamic viscosity, density, specific electrical resistance of the drilling fluid, 

borehole diameter, mobility and ionic radius, adsorption of an electric double 

layer created at the reservoir boundary3well. 

Key words: drilling mud, expendable well, adsorption potential, viscosity. 
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�!&�$#$�&�*�"!!"�  "���� #" ��!!/  ��% 

 
1,2�070@S= �=65;0 �@<5=>2=0, 1�C1S=A:0S �235=8S �;5:A0=4@>2=0 

1""" «$!-�0H!�#�=5DBP», 3. 'D0 
2'D8<A:89 '=825@A8B5B !0C:8 8 &5E=>;>389, 3. 'D0 

1,2AA_Kazarian@bnipi.rosneft.ru 

 

�AABF4J<S. $45BF4 CBE6SM9A4 CB8IB84@ > CB<E>G <AF9D64?B6 D4;DGL9A-
AB7B EF6B?4 E>64:<AO CD< CBEFDB9A<< <AF9DCD9F4J<BAAB= @B89?< CB 84A-
AO@ 79BH<;<K9E><I <EE?98B64A<= E>64:<A. *9?PR <EE?98B64A<S S6?S9FES 
46FB@4F<;4J<S CB<E>4 <AF9D64?B6 D4;DGL9AAB7B EF6B?4 CB >D<6B= >469D-
AB@9D4. #B>4;4A4 A9B5IB8<@BEFP BCD989?9A<S GK4EF>B6 D4;DGL9AAB7B 
EF6B?4 CB >D<6B= >469DAB@9D4 8?S >BDD9>FAB= <AF9DCD9F4J<< 79BH<;<K9-
E><I <EE?98B64A<= E>64:<A ��%. $4EE@BFD9AO EGM9EF6GRM<9 >?4EE<K9-
E><9 CB8IB8O < D4;D45BF4A AB6O= 46FB@4F<;<DB64AAO= @9FB8 BCD989?9A<S 
<AF9D64?B6 D4;DGL9A<S EF6B?4 E>64:<AO. 
�?RK96O9 E?B64: <AF9DCD9F4J<BAA4S @B89?P, D4;DGL9AAO= EF6B?, 79BH<-
;<K9E><9 <EE?98B64A<S E>64:<A, 46FB@4F<;4J<S, 89D96B D9L9A<=. 
 

#DBJ9EE <AF9DCD9F4J<< 84AAOI ��% 6>?RK49F 6 E95S A9E>B?P>B QF4CB6, B8A<@ <; 
64:A9=L<I S6?S9FES QF4C CD98B5D45BF>< <EIB8AOI 84AAOI 79BH<;<K9E><I <EE?98B64-
A<= E>64:<A (��%). !4 84AAB@ QF4C9 CDB<EIB8<F E5BD < E<EF9@4F<;4J<S 84AAOI, G6S;>4, 
>4?<5DB6>4, EL<6>4 >D<6OI ��%, ABD@4?<;4J<S E CBE?98GRM9= EF4A84DF<;4J<9= >D<-
6OI ��% (74@@4->4DBF4: (��), A9=FDBAAO= >4DBF4: (!�)), 6BEEF4AB6?9A<9 CB>4;4A<= 
C?BFABEFAB7B (���C) < 4>GEF<K9E>B7B (��) >4DBF4:9= 6 <AF9D64?4I D4;DGL9AAB7B 
EF6B?4 E>64:<AO. 

�?S >BDD9>FAB7B 6BEEF4AB6?9A<S ���C < �� A9B5IB8<@B GK<FO64FP <AF9D64?O 
D4;DGL9AAB7B < A9D4;DGL9AAB7B EF6B?4, F4> >4> EGM9EF69AAB9 6?<SA<9 A4 D9;G?PF4FO 
<;@9D9A<= ���C < �� B>4;O649F <;@9A9A<9 8<4@9FD4 E>64:<AO. #D< 8<4@9FD9 >469DA 
200-250 @@ < 5B?99, D4EE9SA<9 74@@4->64AFB6 CDB<EIB8<F 6 CDB@O6BKAB= :<8>BEF< < 
QF<@ <AF9D64?4@ EBBF69FEF6GRF 4AB@4?PAO9 ;A4K9A<S >D<6B= ���C [1]. 

"5L<DAO9 ;BAO D4;@O6B6 < >469DA, >BFBDO9 BF@9K4RFES CB >D<6B= >469DAB@9D4 
(�%), 6?<SRF F4>:9 < A4 CB>4;4A<S 4>GEF<K9E>B7B @9FB84. �>GEF<K9E><= >4DBF4: 6 BE-
AB6AB@ 64D<4AF9 E6B8<FES > BCD989?9A<R E>BDBEF< D4ECDBEFD4A9A<S GCDG7<I >B?954A<= 
6 7BDAOI CBDB84I (�� CB E>BDBEF<); @B7GF F4>:9 BCD989?SFPES CB7?BM4RM<9 E6B=EF64 
7BDAOI CBDB8 (�� CB ;4FGI4A<R) [2]. %>BDBEFP D4ECDBEFD4A9A<S GCDG7<I 6B?A 6 7BDAOI 
CBDB84I ;46<E<F BF <I @<A9D4?B7<K9E>B7B EBEF464, CBD<EFBEF< < HBD@O CBDB6B7B CDB-
EFD4AEF64 <, E?98B64F9?PAB, F9EAB E6S;4A4 E <I ?<FB?B7<K9E><@< < C9FDB7D4H<K9E><@< 
E6B=EF64@< [2, 3]. %<?PAB9 6?<SA<9 A4 4>GEF<K9E><9 6B?AO B>4;O649F F4>:9 7?<A<EFBEFP 
CBDB8. #B QFB= CD<K<A9 6 CDBJ9EE9 <AF9DCD9F4J<< C?BFABEFAB= < 4>GEF<K9E><= >4DB-
F4:< E?98G9F >B@C?9>E<DB64FP E >469DAB@9FD<9= < 8DG7<@< @9FB84@< ��% 8?S <E>?R-
K9A<S 6?<SA<S D4;@OFOI 7?<A < D4;DGL9AAOI E?45BEJ9@9AF<DB64AAOI C9EK4A<>B6. � 
E6S;< E QF<@ BCD989?9A<9 D4;DGL9AAOI/A9D4;DGL9AAOI GK4EF>B6 EF6B?4 E>64:<AO CB 
8<4@9FDG E>64:<AO �% S6?S9FES 4>FG4?PAB= ;484K9= 8?S 84?PA9=L9= >BDD9>FAB= <AF9D-
CD9F4J<< 84AAOI ��%.  

� D4@>4I FD48<J<BAAB7B @9FB84 <AF9D64?O D4;DGL9A<S BCD989?SRFES CB H4>F<-
K9E>B@G AB@<A4?PAB@G 8<4@9FDG CBDB8BD4;DGL4RM97B <AEFDG@9AF4. (4>F<K9E><= 
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8<4@9FD E>64:<AO EF4AB6<FES 5B?PL9 AB@<A4?PAB7B 8<4@9FD4 8B?BF4 ;4 EK9F D4;DGL9-
A<S EF9AB> E>64:<AO. �BEFB<AEF6B@ 84AAB7B @9FB84 EK<F49FES 8BEFB69DABEFP <AHBD@4-
J<<. !98BEF4F>4@< S6?SRFES BFEGFEF6<9 <AHBD@4J<< 6 BH<J<4?PAOI 54;4I 84AAOI 6 
6<89 las-H4=?B6 < FDG8B9@><= CDBJ9EE E5BD4 <AHBD@4J<< B AB@<A4?PAB@ 8<4@9FD9/D4;-
@9D4I 8B?BF 6 BFK9F4I CB 5B?PLB@G B5N9@G E>64:<A.  

#D98?B:9AA4S 46FB@4F<;<DB64AA4S @9FB8<>4 BCD989?9A<S <AF9D64?B6 D4;DGL9A-
AB7B EF6B?4 CB �% ;4>?RK49FES 6 <ECB?P;B64A<< 89D964 D9L9A<=. �?7BD<F@ 46FB@4F<;<-
DB64AAB7B D4EK9F4 AB@<A4?PAB7B 8<4@9FD4 E>64:<AO CD98EF46?9A 6 6<89 5?B>-EI9@O A4 
D<EGA>9 (D<E. 1). � >4K9EF69 6IB8AOI C4D4@9FDB6 ;484RFES >4DBF4:A4S >D<64S �%, K<E?B 
GDB6A9= 89D964 D9L9A<= < CDBJ9AF EB89D:4A<S 7?<A<EFB= >BD><. 

 

 
$<E. 1. �?7BD<F@ D4EK9F4 H?474 D4;DGL9AAB7B <AF9D64?4 

 

!4 D<EGA>9 2 CD98EF46?9AO E?GK4< GK9F4 7?<A<EFB= >BD>< < D4;DGL9AAB7B <AF9D-
64?4. � E?GK49 1 D4;@9D <AF9D64?4 length_2 @9APL9, K9@ length_3, CBQFB@G 4?7BD<F@ CB-
EK<F49F <AF9D64? ;4 7?<A<EFGR >BD>G. � E?GK49 2 <AF9D64? length_2 @9APL9, K9@ <AF9D-
64? length_1, 6 F4>B@ E?GK49 4?7BD<F@ EK<F49F 97B ;4 D4;DGL9A<9 EF6B?4. 
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$<E. 2. #D<@9D GK9F4 GE?B6<S G@9APL9A<S D4;@9D4 8B?BF4 

 

!4 D<EGA>9 3 CD98EF46?9A E?GK4= 4CCDB>E<@4J<< �%, <ECB?P;GS 89D96B D9L9A<S. 
�D4EA4S ?<A<S BC<EO649F E?GK4= � = 0% 3 FB 9EFP EK<F49FES, KFB 7?<A<EF4S >BD>4 6 84A-
AB@ E?GK49 BFEGFEF6G9F. �9?9A4S >D<64S E@9M9A4 6?96B ;4 EK9F 6?<SA<S 7?<A<EFBEF< � = 

45%.  

 

  
$<E. 3. #D<@9D GK9F4 7?<A<EFBEF< 

 

!4 D<EGA>9 4 CD98EF46?9A D9;G?PF4F 4CCDB>E<@4J<< >D<6B= �% CD< CB@BM< 89-
D964 D9L9A<= < D4EK9F4 <AF9D64?B6 D4;DGL9AAB7B EF6B?4 E>64:<AO. 
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$<E. 4. $4EK9F H?474 D4;DGL9AAB7B <AF9D64?4 
 

#D98?B:9AA4S 6 IB89 <EE?98B64A<S @9FB8<>4, CB;6B?<?4 E <ECB?P;B64A<9@ 84A-
AOI >469DAB@9FD<< BCD989?<FP 6 46FB@4F<;<DB64AAB@ D9:<@9 GK4EF>< D4;DGL9AAB7B 
EF6B?4 6 E>64:<A4I. #B?GK9AAO9 D9;G?PF4FO 6 84?PA9=L9@ 5G8GF CD<@9A9AO 8?S >BD-
D9>FAB7B 6BEEF4AB6?9A<S >D<6OI 4>GEF<K9E>B7B < C?BFABEFAB7B >4DBF4:9= 6 D4;DGL9A-
AOI <AF9D64?4I. 

 

%#�%"� ��&�$�&'$/ 

 

1. �><APL<A �. �., �4AF9@<DB6 2. �. #D4>F<K9E>B9 DG>B6B8EF6B CB <AF9DCD9F4J<< 
79BH<;<K9E><I <EE?98B64A<= E>64:<A: @BAB7D4H<S. 3 """ <&R@9AE><= A9HFSAB= A4GK-
AO= J9AFD=, 2021. 3 122 E. 
2. �4?S96 !.�.  9FB8<>4 46FB@4F<;<DB64AAB= <AF9DCD9F4J<< 79BH<;<K9E><I <EE?9-
8B64A<= E>64:<A. 3  A.: 'A<69DE<F9FE>B9, 1990. 3 144 E. 
3. &GD9A>B %. �. �84CF<6AO= CB8IB8 > B5D45BF>9 84AAOI 79BH<;<K9E><I <EE?98B64-
A<= E>64:<A CD< CBEFDB9A<< E9=E@B79B?B7<K9E><I @B89?9= A9HF974;B6OI B5N9>FB6. 
!9HFSAB9 IB;S=EF6B. - № 5. - 2016. 3 %. 34337. 
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APPROACHES TO AUTOMATING THE SEARCH FOR 

INTERVALS OF A DESTROYED WELLBORE WHEN BUILDING AN 

INTERPRETIVE MODEL BASED ON WELL LOGGING DATA 
 

1,2Angela Armenovna Kazaryan, 1Lubyanskaya Evgenia Aleksandrovna 

1RN-BashNIPIneft LLC, Ufa  
2Ufa University of Science and Technology, Ufa 

1,2AA_Kazarian@bnipi.rosneft.ru 

 

Summary. The work is devoted to approaches to searching for intervals of a 

destroyed wellbore for an interpretation modeling based on well logging data. 

The purpose of the study is to automation of the search for the intervals of the 

destroyed wellbore according to the caliper curve (DS). It is shown that it is 

necessary to determine the intervals of the destroyed wellbore according to the 

caliper curve for the correct interpretation of well logging. Existing classical ap-

proaches are considered and a new automated method for determining wellbore 

failure intervals is developed. 

Key words: interpretation model, destroyed wellbore, well logging, automation, 

decision tree. 
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'�� 550.31 

��"(���+�%��� �$�&�$�� #"�%�� �"�"&"$'�!/) 
 �%&"$"���!�� � #$�����) ��$��0%��) 

����!"�� �!!/) #"3%"� 

 
1�8@8;;>2 �8:B>@ %B0=8A;02>28G, 2�5;0@52 �<8B@89 �;5:A0=4@>28G,  

2 8@>H=8G5=:> .;8S �;048<8@>2=0 

1""" «%���� «�5>:><?;5:A», 3. %0=:B-#5B5@1C@3 
2%0=:B-#5B5@1C@3A:89 3>@=O9 C=82@5A8B5B, 3. %0=:B-#5B5@1C@3 

1vikkirkirillov@yandex.ru, 2kelarevdmitry06@yandex.ru 

 

�AABF4J<S. "5N9>FB@ <EE?98B64A<S S6?S9FES #9DF<ANSD6<AE>4S C?B-
M48P, EB6C484RM4S CB E6B9@G CDBEFD4AEF69AAB@G CB?B:9A<R E J9AFD4?P-
AB= K4EFPR 3?BA64D4-)4FFG-�9A89DE>B7B ;9?9A>B@49AAB7B CBSE4. � 84A-
AB= D45BF9 D4EE@4FD<64RFES 84AAO9 >B@C?9>EAOI 79BH<;<K9E><I D45BF, 
CDB6989AAOI 6 ?9FA<= E9;BA 2022 7. EBFDG8A<>4@< >B@C4A<< %���� <�9B-
>B@C?9>E= < EFG89AF4@< %4A>F-#9F9D5GD7E>B7B �BDAB7B 'A<69DE<F9F4. 
�4?99 849FES BC<E4A<9 4?7BD<F@4 >B@C?9>EAB= B5D45BF>< < <AF9DCD9F4-
J<< EB5D4AAOI 84AAOI. � A4 BEAB69 84AAOI B5D45BF>< < <AF9DCD9F4J<< 
HBD@G?<DGRFES 79BH<;<K9E><9 >D<F9D<< DG8BABEABEF< D4EE@4FD<649@B= 
C?BM48<. 
�?RK96O9 E?B64: 79BH<;<K9E><9 >D<F9D<<, Q?9>FDBD4;698>4, @47A<FBD4;-
698>4, �4D9?<S, �9?9AB>4@9AAO= CBSE, ;B?BFB. 
 

�D4F><= 79B?B7<K9E><= BK9D>. 

�EE?98G9@4S C?BM48P, D4ECB?B:9A4 6 CD989?4I 3?BA64D4-)4FFG-�9A89DE>B7B 4D-
I9=E>B7B ;9?9AB>4@9AAB7B CBSE4 (��#), 6IB8SM97B 6 EBEF46 D97<BA4?PAB= ;9?9AB>4@9A-
AB= EFDG>FGDO )4FFG-�?B@4AFE<, E969DA4S K4EFP >BFBDB= D4ECB?B749FES A4 F9DD<FBD<< 
(<A?SA8<<. $4EE@4FD<649@B@G ��# CD<EGM< CD9<@GM9EF69AAB EG5@9D<8<BA4?PAB9 
CDBEF<D4A<9 < E?B:AB9 6AGFD9AA99 EFDB9A<9, I4D4>F9D<;GRM99ES K9D98B64A<9@ HD47-
@9AFB6 EGM9EF69AAB ;9?9AB>4@9AAB7B D4;D9;4 < 5?B>B6 7D4A<FB<8B6. 

�8B?P BE96B= K4EF< >B@C?9>E4 D4ECB?B:9A4 D97<BA4?PA4S ?<A9=A4S F9>FBA<K9-
E>4S B5?4EFP, 6OCB?A9AA4S E9D<9= D4;?B@B6 EBA4CD46?9AAOI D4;DO6AOI A4DGL9A<=, EB-
CDS:9AAOI E 7?46AB= EFDG>FGDB=.  

%FD4F<H<J<DB64AAO9 BF?B:9A<S C?BM48< CD98EF46?9AO A<:A9- < ED98A9- ?BC<=-
E><@< BE48BKAB-6G?>4AB79AAO@< >B@C?9>E4@< S?BA64DE>B= E6<FO, <@9RM<@< 6<8 E9-
D<< 6OFSAGFOI, CDBEF<D4RM<IES EG5@9D<8<BA4?PAB, EFDG>FGD.  

+4EFP <AFDG;<6AOI >B@C?9>EB6, B5D4@?SRM<I EFD4F<H<J<DB64AAO9 FB?M< S?BA-
64DE>B= E6<FO, BFABE<FES > ED98A9@G ?BC<R, FB 9EFP EBCBEF46<@O CB E6B9@G 6;D4EFG E 
CBDB84@< S?BA64DE>B= E6<FO < CD98CB?B:<F9?PAB E<ABDB79AAO E A<@<. �B?99 @B?B8O9 
7D4A<FB<8O (69DIA<= ?BC<=) D4ECDBEFD4A9AO CD9<@GM9EF69AAB A4 C9D9H9D<< ��# 
CD98EF46?9AO 5B?99 >DGCAO@< <AFDG;<64@< [1]. 

 4F9D<4?O 8?S <EE?98B64A<S EB5<D4?<EP 6 C9D<B8 467GEF-B>FS5DP 2022 7. EBFDG8-
A<>4@< >B@C4A<< """ %���� <�9B>B@C?9>E= < 6>?RK4?< 6 E95S EN9@>< @9FB84@< @47-
A<FBD4;698>< < Q?9>FDBD4;698>< �# 6 @B8<H<>4J<< ED98<AAB7B 7D48<9AF4 6 @4ELF459 
1:5000, CB E9F< 50I5 < 50I10 EBBF69FEF69AAB. %N9@>4 69?4EP E J9?PR 6OS6?9A<S < CDB-
E?9:<64A<S DG8AOI F9? < BCD989?9A<9 7D4A<J DG8B6@9M4RM9= ;BAO.  
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$<E. 1. �9B?B7<K9E>4S EI9@4 <EE?98G9@B= C?BM48< 

 

 47A<FBD4;698>4. 
%N9@>4 69?4EP CDBFBAAO@< @47A<FB@9FD4@< (A4 QHH9>F9 "69DI4G;9D4) MiniMag, 

CDB<;6B8EF64 """ "�9B8964=E". 
�?S GK4EF>4 I4D4>F9DAO J9?B@ ECB>B=AO9 ;A4K9A<S 4AB@4?PAB7B @47A<FAB7B 

CB?S (CD< ED98A<I ;A4K9A<SI CBDS8>4 -150 A&?) E ?<A9=AO@< ?B>4?PAO@< CB?B:<F9?P-
AO@< 6OEB>B4@C?<FG8AO@< 4AB@4?<S@< (8B 8500 A&?). 

�EE?98G9@GR C?BM48P @B:AB HBD@4?PAB D4;89?<FP A4 FD< K4EF<, CB I4D4>F9DG < 
@BDHB?B7<< 4AB@4?<=.  

� R7B-6BEFBKAB= K4EF< 4AB@4?<< <@9RF EG5@9D<8<BA4?PAB9 A4CD46?9A<9. "5-
?4EFP BE?B:A9A4 D4;AB4@C?<FG8AB= 4AB@4?<9=, 8<E>D9FAB9 EFDB9A<9 >BFBDB=, 69DBSFA99 
6E97B, E6S;4AAB E DS8B@ F9>FBA<K9E><I A4DGL9A<= 
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�?S R7B-;4C48AB= K4EF< GK4EF>4 CD<EGM9 CD9<@GM9EF69AAB E969DB-;4C48AB9 CDB-
EF<D4A<9 4AB@4?<=. � FB@ K<E?9 A4 ;4C489 6O89?S9FES ?B>4?PA4S A96O89D:4AA4S CB 4@-
C?<FG89 4AB@4?<S, F4>:9 CD98CB?B:<F9?PAB E6S;4AA4S E D4;DO6AO@< A4DGL9A<S@<. 

!4 E969DAB= K4EF< GK4EF>4 CB?GK<?< D4ECDBEFD4A9A<9 EG5@9D<8<BA4?PAO9 ?<-
A9=AB-6OFSAGFO9 4AB@4?<< E A<;>B= 4@C?<FG8B=, 4 F4>:9 DS8 6OEB>B4@C?<FG8AOI <;B-
@9FD<KAOI 4AB@4?<= 

1?9>FDBD4;698>4 
%N9@>4 69?4EP 6 K4EFBFAB= B5?4EF< GEF4AB6>B= ED98<AAB7B 7D48<9AF4, L47 MN 

20 @, D4;ABE AB CBDS8>4 8000 @. �O?< <ECB?P;B64AO <;@9D<F9?< SGD-EEM "MEDUSA-

B2" < 79A9D4FBD SKAT-2000 CDB<;6B8EF64 """ !#� «%<5�9BH<;#D<5BD». 
"EAB6O64SEP A4 C9D6<KAB@ 4A4?<;9 D4ECD989?9A<S G89?PAB7B Q?9>FD<K9E>B7B EB-

CDBF<6?9A<S ('1%), @B:AB E89?4FP 6O6B8 B FB@, KFB BEAB6A4S C?BM48P GK4EF>4 D45BF 
E?B:9A4 CD9<@GM9EF69AAB 6OEB>BB@AO@< >B@C?9>E4@< (ρk >14000 "@*@), 6AGFD< >BFB-
DOI D4ECB?B:9AO ?<A9=AO9 B5?4EF< CBA<:9AAB7B EBCDBF<6?9A<S. � J9?B@ CDBcF<D4A<9 
4AB@4?<= 6O89D:4AB 6 %� A4CD46?9A<< (CB 4;<@GFG 3300), ;4 <E>?RK9A<9@ J9AFD4?PAB= 
K4EF< 6 >BFBDB= CDBE?9:<649FES 4AB@4?<S EG5@9D<8<BA4?PAB7B CDBEF<D4A<S.  

�A4K9A<S CB?SD<;G9@BEF< <;@9ASRFES 6 8<4C4;BA9 BF 0.4 8B 9%, CD< HBAB6B@ ;A4-
K9A<< CBDS8>4 1.8%. 

�AB@4?<< CB?SD<;G9@BEF< CDBEFD4AEF69AAB >BDD9?<DGF E F9>FBA<K9E><@< A4DG-
L9A<S@< < CD98EF46?SRF EB5B= ?<A9=AO9, G;><9 (100-200 @ 6 CBC9D9KA<>9) B5?4EF< %� 
(D98>B EG5@9D<8<BA4?PAB7B) CDBEF<D4A<S. �?S 4AB@4?<= I4D4>F9DAO 6OEB><9 4@C?<-
FG8O < 7D48<9AFO, KFB >BE69AAB G>4;O649F A4 5?<;><9 > 69DF<>4?PAO@ G7?4@ C489A<S 
4AB@4?BB5D4;GRM<I F9?.  

"5D45BF>4 < <AF9DCD9F4J<S. 

#9D6O@ QF4CB@ B5D45BF>< < <AF9DCD9F4J<< EF4?< D4EK9FO FD4AEHBD@4AF 79BH<-
;<K9E><I CB?9= < ?<A94@9AFAO= 4A4?<;.  

�?S >BAFD4EF<DB64A<S BFB5D4:9A<S 7D4A<J %�� < D4;DO6AOI A4DGL9A<= 6 79B-
H<;<K9E><I CB?SI 5O? D4EEK<F4A DS8 FD4AEHBD@4AF < H<?PFD4J<=, F4><I >4>: 69DF<>4?P-
AO= < CB?AO= 7BD<;BAF4?PAO= 7D48<9AFO, H<?PFD <4A4?<F<K9E><= E<7A4?=, Tilt. 

!4 BEAB69 <EIB8AOI < CB?GK9AAOI 6 IB89 D4EK9FB6 @4FD<J, 5O? CDB<;6989A ?<A9-
4@9AFO= 4A4?<; 79BH<;<K9E><I CB?9=. �<A94@9FAO= 4A4?<; CB;6B?S9F 6OS6<FP ?<A9=-
AO9 EFDG>FGDO 6 79B?B7<K9E>B@ EFDB9A<< <EE?98G9@B= C?BM48<, BFB:89EF6?S9@O9 E 
>BAF4>F4@< %�� >BAFD4EFAOI CB E6B<@ C9FDBH<;<K9E><@ E6B=EF64@, CDBS6?9A<9@ D4;-
DO6AB= F9>FBA<><, ?<A9=AO@< 79B?B7<K9E><@< F9?4@< (:<?O, 84=><, ?<A;O) [2]. 

� D9;G?PF4F9 CDB6989A<S ?<A94@9AFAB7B 4A4?<;4 5O?B 6OS6?9A %� < EG5@9D<8<-
BA4?PAO= FD9A8 CDBEF<D4A<S BEAB6AOI EFDG>FGD < D4;DO6AOI A4DGL9A<=. �4AA4S <A-
HBD@4J<S A9B5IB8<@4 8?S 84?PA9=L97B BCD989?9A<S >D<F9D<96 DG8BABEFABEF<, F4> >4> 
8?S D4EE@4FD<649@OI DG8BCDBS6?9A<= CD98CB?4749FES EFDG>FGDAB-F9>FBA<K9E><= >BA-
FDB?P BDG89A9A<S.  

%?98GRM<@ L47B@ 6 B5D45BF>9 5O?B CDB6989A<9 >?4EF9DAB7B 4A4?<;4 CD< CB-
@BM< @AB7B@9DAB7B EF4F<EF<K9E>B7B 4A4?<;4 84AAOI 79BH<;<><, CD< CB@BM< @B8G?S 
cluster, 6 CDB7D4@@AB@ B59EC9K9A<< statistica. �4AAB9 #" <ECB?P;G9F 4?7BD<F@ �-ED98-
A<I (K-means), EGFP 89=EF6<S >BFBDB7B ;4>?RK49FES 6 CBEFDB9A<< EFDB<F DB6AB K D4;-
?<KAOI >?4EF9DB6, D4ECB?B:9AAOI A4 6B;@B:AB 5B?PL<I D4EEFBSA<SI 8DG7 BF 8DG74. � 
>?4EF9D<;4J<< @9FB8B@ K ED98A<I CDB7D4@@4 C9D9@9M49F B5N9>FO F.9. A45?R89A<S <; 
B8A<I 7DGCC (>?4EF9DB6) 6 8DG7<9 8?S FB7B, KFB5O CB?GK<FP A4<5B?99 ;A4K<@O= D9;G?P-
F4F CD< CDB6989A<< 8<EC9DE<BAAB7B 4A4?<;4 [3]. 
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$<E. 24. �4DF4 7D4H<>B6 8<HH9D9A-
J<4?PAB= CB?SD<;G9@BEF< (η) A4<;B-
?<A<SI G89?PAB7B Q?9>FD<K9E>B7B 
EBCDBF<6?9A<S ('1%, ρk) 

$<E. 25. �4DF4 <;B?<A<= 4AB@4?PAB7B 
@47A<FAB7B CB?S 

 

$9;G?PF4FO >?4EF9DAB7B 4A4?<;4 CD98EF46?9AO 6 6<89 >4DFO >?4EEB6. � >4:8O= 
>?4EE CB@9M9AO ;A4K9A<S 8<HH9D9AJ<4?PAB= CB?SD<;G9@BEF< 84?99 3 CB?SD<;G9@BEFP 
<?< η, >4:GM97BES G89?PAB7B EBCDBF<6?9A<S (ρk) < 4AB@4?PAB7B @47A<FAB7B CB?S (ΔTa), 

>BFBDO9 >BDD9?<DGRF E 8DG7 8DG7B@ BCD989?9AAO@ B5D4;B@ 6 CD989?4I >?4EF9D4. � F45-
?<J4I >?4EEB6 G>4;4AO ED98A<9 ;A4K9A<S C4D4@9FDB6 8?S >4:8B7B >?4EF9D4. 

� 84?PA9=L9@ >4DF4 >?4EEB6 <ECB?P;G9FES 8?S CBEFDB9A<S 79B?B7B-79BH<;<K9E>B= 
EFDG>FGDAB= EI9@O. 

� >BA9KAB@ <FB79 <AF9DCD9F4J<S ;4>4AK<649FES 79B?B7<K9E><@ <EFB?>B64A<9@ 
4AB@4?<= < CBEFDB9A<9@ EB7?4EB64AAB= CB 6E9@ CB?S@ >B@C?9>EAB= 79B?B7B-79BH<;<K9-
E>B= EFDG>FGDAB= EI9@B=. 

&4>:9 6 IB89 <EE?98B64A<S 5O?< D4EE@BFD9AO 6B;@B:ABEF< A9=DBE9F96OI 4?7B-
D<F@B6 79B?B7<K9E>B7B CDB7AB;4. $4EK9FO CDB6B8<?<EP CD< CB@BM< 4?7BD<F@4 A4 BEAB69 
A9=DBE9F96OI F9IAB?B7<=, A9;46<E<@B BF D9;G?PF4FB6 >B@C?9>EAB= <AF9DCD9F4J<< 79B-
H<;<K9E><I 84AAOI E J9?PR 6O89?9A<S C9DEC9>F<6AOI C?BM489= CB EB6B>GCAB@G D9-
;G?PF4FG >B@C?9>EAB= <AF9DCD9F4J<< < HBD@4?<;B64AAB7B CDB7AB;4. 

�?7BD<F@ HBD@4?<;B64AAB7B 79B?B7<K9E>B7B CDB7AB;4 @9FB8B@ @4L<AAB7B B5G-
K9A<S E <ECB?P;B64A<9@ E6ёDFBKAOI A9=DBAAOI E9F9= ;4 46FBDEF6B@ �D<7BDP964 �.�.  

#B<E>B6O9 >D<F9D<<. 

� >4K9EF69 6@9M4RM<I CBDB8 A4 D4EE@4FD<649@B@ GK4EF>4 6OEFGC4RF CD9<@G-
M9EF69AAB @9F46G?>4A<FO < FGHB79AAO9 B5D4;B64A<S ED98A97B < ED98A93><E?B7B EB-
EF464. �?S 84AAOI >B@C?9>EB6 I4D4>F9DAO 4AB@4?<< EG5@9D<8<BA4?PAB7B A4CD46?9A<S, 
;4 <E>?RK9A<9@ E969DAB= K4EF<. "A< BF?<K4RFES 8<E>D9FAO@< @9A99 <AF9AE<6AO@< 
4AB@4?<S@< ΔTa BF -400 8B +2000 A&? CD< HBAB6OI ;A4K9A<SI -200-0 A&?, 8B6B?PAB 6O-
EB><@< ;A4K9A<S@< η>1.8% CBKF< A4 6E9= C?BM48< >B@C?9>E4 < L<DB><@ 8<4C4;BAB@ 
;A4K9A<= ρk BF 5000-60000 "@*@. 
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#B D9;G?PF4F4@ ?<A94@9FAB7B 4A4?<;4 5O?B BCD989?9AB, KFB EFDG>FGDAO= >BA-
FDB?P BEGM9EF6?S9FES E9D<9= EG5C4D4??9?PAOI D4;DO6AOI A4DGL9A<< %� < EG5@9D<8<-
BA4?PAB7B CDBEF<D4A<S, 6IB8SM<I 6 EBEF46 D97<BA4?PAB= E86<7B6B= ;BAO, CD<GDBK9AAB= 
> 3?BA64D4-)4FFG-�9A89DE>B@G ��#. �B?PL<AEF6B QF<I A4DGL9A<= 6OD4:9AO ;BA4@< 
D4EE?4AJ964A<S, 8DB5?9A<S < @9F4EB@4F<K9E>B7B <;@9A9A<S CBDB8. 

�B>4?<;G9FES DG84 6 ;BA4I 7<8DBF9D@4?PAB-@9F4EB@4F<K9E>B= CDBD45BF>< CBDB8, 
DS8B@ E :<?4@< >64DJ4 6 ;BA4I <AF9AE<6AB7B FBA>B7B CDB:<?>B6B7B B>64DJ964A<S. #B 
<FB74@ 4A4?<;4 84AAOI A4 GK4EF>9 CDBE?9:<649FES GEFB=K<64S >BDD9?SJ<S ;4>BAB@9DAB-
EF9= D4;@9M9A<S BDG89A9A<S E CB?B:9A<9@ ?<A9=AB= ;BAO EG5@9D<8<BA4?PAB7B CDBEF<-
D4A<S. &4>:9 6 J9AFD4?PAB= K4EF< GK4EF>4 E G:9 <;69EFAO@< DG8BCDBS6?9A<S@< 6O89?S9FES 
DS8 C9DEC9>F<6AOI ;BA CB E6B<@ 79BH<;<K9E><@ C4D4@9FD4@ EIB:<I E J9AFD4?PAB=. �?S A<I 
I4D4>F9DAO 6OEB><9 ;A4K9A<S >BDD9?SJ<< ?B>4?PAOI CB6OL9A<= 4AB@4?PAB7B @47A<FAB7B 
CB?S < CB?SD<;G9@BEF< E 7D48<9AFAO@< <?< ;BA4@< ?B>4?PAOI CBA<:9A<= ρk. "A< CDBIB8SF 
68B?P E969DB-;4C48AOI F9>FBA<K9E><I A4DGL9A<=, B7D4A<K9AAOI J9AFD4?PAB= F9>FBA<K9-
E>B= ;BAB= E 6BEFB>4. � J9AFD4?PAB= ;BA9 ;4@9K9AB A9>BFBDB9 EA<:9A<9 <AF9AE<6ABEF< 4AB-
@4?<= ΔTa < η, 4 F4>:9 EA<:9A<9 EF9C9A< >BDD9?SJ<< QF<I 4AB@4?<=, ;4K4EFGR @4>E<@G@O 
4AB@4?<= ΔTa E@9M9AO BFABE<F9?PAB @4>E<@G@B6 η.  
 

%#�%"� ��&�$�&'$/ 
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GEOPHYSICAL CRITERIA OF THE SEARCH FOR GOLD DEPOSITS 

WITHIN THE KARELIAN GREENSTONE BELTS 

 
1Kirillov Viktor, 2Kelarev Dmitriy, 2Miroshnichenko Yulia 

1NWGGC «Geocomplex», 2Saint Petersburg mining university, Saint Petersburg 
1vikkirkirillov@yandex.ru, 2kelarevdmitry06@yandex.ru 

 

Abstract. The object of the study is the Pertinyarva square, which coincides in 

its spatial position with the central part of the Yalonvar-Hattu-Lender green belt. 

This paper examines the data of complex geophysical works carried out in the 

summer season of 2022 by the company NWGG% <Geocomplex". The follow-
ing is a description of the algorithm for complex processing and interpretation 

of the collected data. And based on the processing and interpretation data, geo-

physical criteria for the ore content of the area under consideration are formu-

lated. 

Keywords: geophysical criteria, electrical exploration, magnetic explora-

tion, Karelia, Greenstone belt, gold.  
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�AABF4J<S. � EF4FP9 D4EE@BFD9AO 6B;@B:ABEF< CD<@9A9A<S 7<8DB@47-
A<FAB= ENё@>< 6 >B@C?9>E9 E 6OEB>BD4;D9L4RM9= E9=E@BD4;698>B= CD< 
<A:9A9DAB-79B?B7<K9E><I <;OE>4A<SI A4 4D>F<K9E>B@ L9?PH9 E J9?PR 6O-
S6?9A<S CBF9AJ<4?PAB BC4EAOI ;BA 8?S CBEF4AB6>< C?46GK9= 5GDB6B= GEF4-
AB6><. � D9;G?PF4F9 >B@C?9>EAB= <AF9DCD9F4J<< 7<8DB@47A<FAOI < E9=-
E@B4>GEF<K9E><I 84AAOI 6OS6?9AO C?BM48< D4ECDBEFD4A9A<S C4?9B6D9-
;B6. #DB6989AB 2D 79B@47A<FAB9 @B89?<DB64A<9 CB CDBH<?R, C9D9E9>4R-
M9@G CBF9AJ<4?PAB BC4EAO9 EFDG>FGDO 6 D4=BA9 D45BF, CB D9;G?PF4F4@ >B-
FBDB7B CB?GK9AO ;A4K9A<S @47A<FAB= 6BECD<<@K<6BEF< CBDB8 D4;D9;4. 
�?RK96O9 E?B64: 7<8DB@47A<FA4S ENё@>4, E9=E@B4>GEF<K9E><9 <EE?98B-
64A<S, <A:9A9DAB-79B?B7<K9E><9 <;OE>4A<S, C4?9B6D9;O, 79B@47A<FAB9 2D 

@B89?<DB64A<9. 
 

�?46A4S ;484K4 <A:9A9DAB-79B?B7<K9E><I <EE?98B64A<= A4 L9?PH9 ;4>?RK49FES: 
6 >B@C?9>EAB@ <;GK9A<< BEB59AABEF9= EFDB9A<S 69DIA9= CD9<@GM9EF69AAB 7BD<;BA-
F4?PAB-E?B<EFB= K4EF< D4;D9;4 8B 7?G5<AO B8AB7B ><?B@9FD4, BCD989?9A<< <A:9A9DAB-
79B?B7<K9E><I < <A:9A9DAB-79B>D<B?B7<K9E><I GE?B6<= D4=BA4 D45BF, 4 F4>:9 CB<E>9 
CBF9AJ<4?PAB BC4EAOI B5N9>FB6 < A95?47BCD<SFAOI S6?9A<= 8?S EFDB<F9?PEF64 @BDE>B= 
A9HF974;B6B= <AHD4EFDG>FGDO. �BA9KAB= J9?PR <EE?98B64A<= S6?S9FES BCD989?9A<9 
6B;@B:ABEF< D4;@9M9A<S CB?GCB7DG:AOI < C?46GK<I 5GDB6OI GEF4AB6B> 6 CDB9>FAB= 
FBK>9.  

� <R?9 2022 7B84 EC9J<4?<EFO �" « ��1» A4 �% «�>64@4D<A» 6OCB?A<?< 7<8-
DB@47A<FAO9 A45?R89A<S 6 >B@C?9>E9 E 6OEB>BD4;D9L4RM9= E9=E@BD4;698>B= 6 R:AB= 
K4EF< L9?PH4 �4DE>B7B @BDS A4 GK4EF>9 <A:9A9DAB-79B?B7<K9E><I <;OE>4A<= C?BM48PR 
25 >@2. �;@9D9A<S CDB6989AO A4 51 @9D<8<BA4?PAB@ < 26 L<DBFAOI CDBH<?SI. $4EEFB-
SA<9 @9:8G @9D<8<BA4?PAO@< CDBH<?S@< 3 100 @, L<DBFAO@< 3 200 @. �?<A4 >4:8B7B 
CDBH<?S 5 >@. �E97B A4 B5N9>F9 6OCB?A9AB 385 CB7. >@ >B@C?9>EAOI A45?R89A<=.  

�<8DB@47A<FA4S EN9@>4 (� %) 6IB8<F 6 EF4A84DFAO= >B@C?9>E 79BH<;<K9E><I 
@9FB8B6 CD< <A:9A9DAB-79B?B7<K9E><I <;OE>4A<SI < 6OCB?AS9FES E J9?PR B5A4DG:9A<S 
< >4DF<DB64A<S @47A<FB4>F<6AOI A9B8ABDB8ABEF9= A4 @BDE>B@ 8A9 < 6 69DIA9= K4EF< 
BE48BKAB7B K9I?4, >4> F9IAB79AAB7B I4D4>F9D4, F4> < 79B?B7<K9E>B= CD<DB8O. 

�;@9D9A<S @B8G?S CB?AB7B 69>FBD4 <A8G>J<< @47A<FAB7B CB?S ( #) & CDB6B8<-
?<EP @47A<FB@9FDB@ SeaSPY2 E FBKABEFPR <;@9D<F9?PAB7B 84FK<>4 0,1 A&?. �?S BCD989-
?9A<S 6OEBFO CD<5BD4 A48 8AB@ (4?PF<FG8O) 6 @47A<FB@9FD9 GEF4AB6?9A 4?PF<@9FD 4 

6OEB>BFBKAO= QIB?BF, 4 F4>:9 84FK<> 846?9A<S. #DBEFD4AEF69AA4S CD<6S;>4 EN9@BKAOI 
74?EB6 BEGM9EF6?S?4EP E<EF9@B= CB86B8AB7B 7<8DB4>GEF<K9E>B7B CB;<J<BA<DB64A<S 
Sonardyne Ranger 2 USBL E FBKABEFPR +0,5 @. $97<EFD4J<S 84AAOI BEGM9EF6?S?4EP E K4-
EFBFB= 8<E>D9F<;4J<< 1 E. "5D45BF>4 @4F9D<4?B6 CDB6B8<?4EP 6 CDB7D4@@AB@ >B@C?9>E9 
Geosoft Oasis montaj.  

� % 6OCB?A9A4 E B7<54A<9@ D9?P9H4 @BDE>B7B 8A4. �?G5<A4 @BDS A4 GK4EF>9 <E-
E?98B64A<= 64DP<DG9F BF 69 8B 87 @9FDB6. !4 CDBFS:9A<< 6E9I D45BF @47A<FB@9FD 
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G89D:<64?ES 6 >BD<8BD9 7?G5<A 10-20 @9FDB6 BF 8BAAB= CB69DIABEF< < 5G>E<DB64?ES A4 
D4EEFBSA<< BF EG8A4 D46AB@ FDё@ 97B 8?<A4@. �4AAO= @9FB8<K9E><= CB8IB8 CB;6B?<? 
D97<EFD<DB64FP E<7A4? BF E4@OI A9;A4K<F9?PAOI CB D4;@9D4@ @47A<FB4>F<6AOI A9B8AB-
DB8ABEF9= < @<A<@<;<DB64FP 896<4J<BAAGR CB@9IG 6 A45?R89A<SI. "EF46L4SES 896<4-
J<BAA4S EBEF46?SRM4S >B@C9AE<DB64?4EP A4 EF48<< GD46A<64A<S ENё@><. �?S GK9F4 64-
D<4J<=  # <ECB?P;B64?4EP 8BAA4S @47A<FB64D<4J<BAA4S EF4AJ<S Sentinel, GEF4AB6?9A-
A4S A9CBED98EF69AAB 6 D4=BA9 D45BF.  

+FB5O A9 CBF9DSFP 6B;@B:AO9 A<;>B4@C?<FG8AO9 4AB@4?<<, H<?PFD4J<S A45?R-
8ёAAOI ;A4K9A<=  # 5O?4 @<A<@4?PAB= 3 CD<@9AS?ES H<?PFD �4FF9D6BDF4 L<D<AB= 15 
@9FDB6. �AB@4?PAB9 @47A<FAB9 CB?9 (� #) D4EEK<FO64?BEP CB HBD@G?9 (1), 789 T 4 

<;@9DS9@4S 69?<K<A4 (CB?AO= 69>FBD <A8G>J<<)  #, Tn 4 ABD@4?PAB9  # �9@?<, ·& 
4 64D<4J<<  #. #B 6OK<E?9AAO@ ;A4K9A<S@ � # 6 FBK>4I C9D9E9K9A<S @9D<8<BA4?P-
AOI < L<DBFAOI CDBH<?9= CB HBD@G?9 (2) D4EEK<FO64?4EP ED98ASS >648D4F<KA4S CB-
7D9LABEFP (%�#) � ENё@><, 789 n 3 >B?<K9EF6B CB6FBDAOI <;@9D9A<=, Ăi 3 D4;ABEFP ;A4-
K9A<= CB?S 6 FBK>4I C9D9E9K9A<S CDBH<?9=. 

 ΔТа =  T –  Tn –  δТ (1) 

Ã = ±:∑ δi2n
i=1 2n⁄  (2) 

 

#BE?9 6OK<E?9A<S A96S;B> � # 6 FBK>4I C9D9E9K9A<S CDBH<?9= 6OCB?AS?BEP 
GD46A<64A<9 <;@9D9A<= <F9D4F<6AO@ ECBEB5B@. #D< >B?<K9EF69 FBK9> C9D9E9K9A<= CDB-
H<?9= n=1326 %�# EN9@>< 8B GD46A<64A<S EBEF46<?4: +2,76 A&?, CBE?9 GD46A<64A<S CB 
CBEFBSAAB= EBEF46?SRM9= +2,05 A&?, CBE?9 GD46A<64A<S CB?<AB@4@< +1,2 A&?. #B GD46-
A9AAO@ ;A4K9A<S@ CB?S D4EEK<FO64?4EP J<HDB64S @B89?P (* ) � # E SK9=>B= <AF9D-
CB?SJ<< 25 @9FDB6 (D<E.1).  

 

  

$<E. 1. *  � # $<E. 2. *  D97<BA4?PAOI � # 

 

� A4<5B?99 D4ECDBEFD4AёAAO@ BC4EAO@ 79B?B7<K9E><@ B5N9>F4@ @B:AB BFA9EF<: 
B5?4EF< D4;6<F<S CD98CB?B:<F9?PAB @9D;?OI 7DGAFB6, C4?9B6D9;O < C4?9B89CD9EE<<, 4 
F4>:9 <AF9D64?O D4;D9;4 E CB6OL9AAB= 74;BA4EOM9AABEFPR.  �EE?98G9@O9 B5N9>FO CB-
<E>B6 CDBS6?SRFES 6 6OEB>BK4EFBFAB= EBEF46?SRM9=  #, < 8?S <I 6O89?9A<S <ECB?P-
;B64?4EP ?B>4?PA4S EBEF46?SRM4S � #, >BFBD4S D4EEK<FO64?4EP @9FB8B@ C9D9EKёF4 <E-
IB8AB7B CB?S (D<E.1) 6 69DIA99 CB?GCDBEFD4AEF6B A4 6OEBFG 150 @ (D<E. 2) < 84?PA9=L97B 
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6OK<F4A<S D9;G?PF4FB6 C9D9EKёF4 <; <EIB8AOI 84AAOI (D<E. 3).  

 

 

$<E. 3. �4DF4 ?B>4?PAB= EBEF46?SRM9= � # <EE?98G9@B7B GK4EF>4. �9?9AO@ 

J69FB@ B5B;A4K9AO 7D4A<JO C?BM48AOI 4AB@4?<=  # 

 

#?BM48P <EE?98B64A<= D4ECB?B:9A4 6 CD989?4I 6OEB>B7D48<9AFAB= ;BAO � # E 
BEAB6AO@ @9D<8<BA4?PAO@ < EG5L<DBFAO@ A4CD46?9A<9@ <;B4AB@4? (D<E. 2). #B?9 ?B-
>4?PAOI @47A<FAOI 4AB@4?<= <@99F E?B:AGR >BAH<7GD4J<R. #D4>F<K9E>< 6ER ;4C48-
AGR K4EFP D4=BA4 D45BF ;4A<@49F <AF9AE<6A4S 8B 15,5 A&? CB?B:<F9?PA4S D97<BA4?PA4S 
4AB@4?<S, C9D9E9>4RM4S C?BM48P E R74 A4 E969D < SD>B CDBS6?S9FES 6B 6E9I FD4AEHBD-
@4AF4I � # (D<E 2, 3). #B E9=E@B4>GEF<K9E><@ 84AAO@ 6OSEA9AB, KFB 4AB@4?<S <@99F 
79B?B7<K9E>GR CD<DB8G < CD<GDBK9A4 > C4?9B6D9;G (D<E. 4). � 6BEFBKAB= K4EF< C?BM48< 
E A9= EBK?9AS9FES ?<A9=A4S ;BA4 CB?B:<F9?PAOI 4AB@4?<= <AF9AE<6ABEFPR BF 8 8B 16 
A&? (max 8B 19 A&?) EG5L<DBFAB7B CDBEF<D4A<S. %FDG>FGD4 <@99F L<D<AG CBDS8>4 200 
@ < FD4EE<DG9FES A4 6E9I CDBH<?SI 6 6BEFBKAB= K4EF< D4=BA4 D45BF. #D<@9K4F9?PAB, KFB 
6O89?9AA4S ?<A9=A4S ;BA4 CB?B:<F9?PAOI 4@C?<FG8 A9 CDBS6?S9FES 6 84AAOI E9=E@B-
4>GEF<K9E><I <EE?98B64A<=. � R7B-6BEFBKAB@ G7?G A45?R849FES D97<BA4?PA4S CB?B:<-
F9?PA4S 4AB@4?<S %-� CDBEF<D4A<S >BAGEB6<8AB= HBD@O E ;4>DOF<9@ A4 E969D. !9B8AB-
DB8ABEFP CDBFS7<649FES A4 3,5 >@ 8B EG5L<DBFAB= ?<A9=AB= ;BAO, < D4EE9>49FES 9=. #DB-
8B?:9A<9 «69DL<AO» >BAGEB6<8AB= 4AB@4?<< >4DF<DG9FES ;4 CD989?4@< ?<A9=AB= E9-
>GM9= 4AB@4?<< 6 D97<BA4?PAB@ < ?B>4?PAB@ � #. �E9 6O89?9AAO9 @47A<FB4>F<6AO9 
A9B8ABDB8ABEF< BFD4:4RF 79B?B7<K9E><9 BEB59AABEF< < CDBJ9EEO 6 BE48BKAB@ K9I?9.  

#4?9B6D9;O < C4?9B8B?<AO 4 79B?B7<K9E><9 BC4EABEF<, CD98EF46?SRM<9 5B?P-
LGR G7DB;G 8?S EFDB<F9?PEF64 A9HF974;B6B= <AHD4EFDG>FGDO. #D<DB84 C4?9B89CD9EE<= 
6 <;GK49@B@ D4=BA9 @B:9F 5OFP D4;?<KAB= 3 BA< @B7GF CD98EF46?SFP EB5B= QDB;<BAAO9 
6D9;O, 6OD45BF4AAO9 C4?9BD9>4@< 6B 6D9@S A4<5B?99 >DGCAOI D97D9EE<= (6 CB;8A9@ 
@<BJ9A9, 6 ED98A9@ C?<BJ9A9, 6 ED98A9@ < CB;8A9@ A9BC?9=EFBJ9A9), EFDG>FGDO CDBE9-
84A<S, B5D4;B646L<9ES CD< D4;6<F<< CB8DGE?B6OI F4?<>B6, >DGCAO9 CBEF>D<B79AAO9 89-
HBD@4J<< < 8D. #B E9=E@<K9E><@ 84AAO@ A9 6E9784 6B;@B:AB 8BEFB69DAB <89AF<H<J<-
DB64FP QF< B5D4;B64A<S < BCD989?<FP <I 79A9;<E [1]. 

� D9;G?PF4F9 4A4?<;4 E9=E@B4>GEF<K9E><I 84AAOI 8B 7?G5<AO 500 @9FDB6, 5O?B 
6O89?9AB 3 E9=E@B>B@C?9>E4 (%�), 7D4A<J4@< >BFBDOI S6?SRFES 4 BCBDAOI BFD4:4R-
M<I 7BD<;BAF4: !0 (@BDE>B9 8AB), !1, !2, !3 (D<E. 4). #B D9;G?PF4F4@ EBCBEF46?9A<S 
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BFD4:4RM<= 7BD<;BAF !2 CD<GDBK9A > 7D4A<J9 69DIA97B @9?4 3 A<:A97B C4?9B79A4, BF-
D4:4RM<= 7BD<;BAF !3 > >DB6?9 >4@C4A4. �D4A<JO !3.1 < !3.2 5O?< 6O89?9AO 6AGFD< 
E9=E@<K9E>B7B >B@C?9>E4 H3 CB 4CD<BDAO@ E>64:<AAO@ 84AAO@. #B CB?GK9AAO@ ;A4-
K9A<S@ � # < E9=E@B4>GEF<K9E><@ 7BD<;BAF4@ K9D9; 6ER C?BM48P 5O? CBEFDB9A 79B-
@47A<FAO= D4;D9; 8B 7?G5<AO 500 @ A4CD46?9A<S �-� (D<E. 4).  

 

 
$<E. 4. �9B@47A<FAO= D4;D9; CB D9;G?PF4F4@ 2D @B89?<DB64A<S.  
1 3 BFD4:4RM<9 7BD<;BAFO < 7D4A<JO C4?9B6D9;B6 CB E9=E@B4>GEF<K9E><@ 84AAO@, 2 3 7D4A<JO 
5?B>B6 CB D9;G?PF4F4@ @B89?<DB64A<S, 3 3 @B89?PAO9 ;A4K9A<S @47A<FAB= 6BECD<<@K<6BEF<, 4 3 
(4) 3 ΔTa, A&?: A45?R89AAO= < 6OK<E?9AAO= 7D4H<>< � #, (5) 3 σ, A&?: 7D4H<> D4;ABEF< 
A45?R8ёAAOI < 6OK<E?9AAOI ;A4K9A<= ΔTa 

 

 B89?<DB64A<9 CDB6B8<?BEP 8B CB?GK9A<S EIB8<@BEF< 7D4H<>B6 <;@9D9AAB7B < 
D4EKёFAB7B CB?S E FBKABEFPR A9 IG:9 CB7D9LABEF< ENё@>< +1,2 A&?. #B D9;G?PF4F4@ @B-
89?<DB64A<S GEF4AB6?9AB, KFB @47A<FB4>F<6AO9 @4EEO FS7BF9RF > C4?9B6D9;4@, 4 
<@9AAB > <I 7D4A<J4@ < 5BDFB6O@ K4EFS@ < HB>GE<DGRFES 6 8<4C4;BA9 7?G5<A 50-400 @ 
8?S C4?9B6D9;4 1, 40-300 @ 8?S C4?9B6D9;4 2 < 40-100 @ 8?S C4?9B6D9;4 3, 6O89?SRM97BES 
D4;@OFB= BFD4:4RM9= 7D4A<J9= A4 6E9= 6BEFBKAB= K4EF< C?BM48< <EE?98B64A<S 68B?P 
D4EE@4FD<649@B7B CDBH<?S (D<E. 4). #B D9;G?PF4F4@ @B89?<DB64A<S 6@9M4RM<9 CBDB8O 
CD4>F<K9E>< A9 @47A<FAO, ;A4K9A<S @47A<FAB= 6BECD<<@K<6BEF< EBBF69FEF6GRF BE48BK-
AO@ CBDB84@: C9EK4A<>4@ < 7?<A4@, KFB EB7?4EG9FES E 79B?B7<K9E><@ CD98EF46?9A<9@ B 
EFDB9A<< 54EE9=A4 �4DE>B7B @BDS. #D<@9K4F9?PAB, KFB G69?<K9A<9 ;A4K9A<= @47A<FAB= 
6BECD<<@K<6BEF< A45?R849FES CD< C9D9IB89 > 5BDFB6O@ K4EFS@ C4?9B6D9;B6 < 8BEF<749F 
@4>E<@G@B6 6 B5?4EFSI EBK?9A9A<S <I 7D4A<J.  4>E<@4?PAO9 ;A4K9A<S @47A<FAB= 6BE-
CD<<@K<6BEF< H<>E<DGRFES 6 J9AFD4?PAB= K4EF< CDBH<?S A4 BF@9F>9 2,9 >@ 6 B5?4EF< 
EBK?9A9A<S Vrez-1 < Vrez-3 < 8BEF<74RF 8B 4*10-3 98.%�, KFB @B:9F B5NSEASFPES CD<EGF-
EF6<9@ 7<8DBB><E?B6 :9?9;4 < EG?PH<8B6 :9?9;4 6 C9EK4AOI BF?B:9A<SI. $9;G?PF4FO 
79B@47A<FAB7B @B89?<DB64A<S 8BCB?ASRF E9=E@B4>GEF<K9E><9 84AAO9 < 84RF 
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>B?<K9EF69AAB9 CD98EF46?9A<9 B D4ECD989?9A<< @47A<FAB= 6BECD<<@K<6BEF< D4;D9;4. 
�?46AO@ H4>FBDB@ QHH9>F<6AB7B D9L9A<S 79B?B7B-79BH<;<K9E><I ;484K CD< 6O-

CB?A9A<< <A:9A9DAB-79B?B7<K9E><I <;OE>4A<= A4 4D>F<K9E>B@ L9?PH9 S6?S9FES >B@-
C?9>EAO= CB8IB8 > <AF9DCD9F4J<< @4F9D<4?B6 E9=E@BD4;698>< < CBF9AJ<4?PAOI @9FB-
8B6 79BH<;<><. #D<6989AAO9 6 EF4FP9 D9;G?PF4FO >B@C?9>EAB= <AF9DCD9F4J<< 7<8DB@47-
A<FAOI <EE?98B64A<= E 84AAO@< E9=E@BD4;698>< CB>4;4?< 6OEB>GR QHH9>F<6ABEFP @9-
FB8B6 CD< ?B>4?<;4J<< C4?9B6D9;B6 < FD4EE<DB64A<< <I 7D4A<J, 4 F4>:9 6O89?9A<< A9-
B8ABDB8ABEF9= 6 D4;D9;9.  

�B@C?9>EA4S <AF9DCD9F4J<S CBF9AJ<4?PAOI CB?9= E 84AAO@< E9=E@BD4;698>< 
CB;6B?S9F CB?GK<FP 8BEFB69DAGR >4DF<AG B D4ECDBEFD4A9A<< C4?9B6D9;B6, F9>FBA<K9-
E><I A4DGL9A<SI < 8DG7<I CBF9AJ<4?PAB BC4EAOI 79B?B7<K9E><I < F9IAB79AAOI EFDG>-
FGD4I. �4> CB>4;O649F CD4>F<>4, D9;G?PF4FO @9FB8B6 IBDBLB CB8F69D:84RF < 8BCB?-
ASRF 8DG7 8DG74. $9;G?PF4FO <AF9DCD9F4J<< < @B89?<DB64A<S 7<8DB@47A<FAOI 84AAOI 
CB8F69D:84RF 6OEB>GR KG6EF6<F9?PABEFP @9FB84 < 97B CDB8G>F<6ABEFP CD< @BDE><I <A-
:9A9DAOI <;OE>4A<SI. �OEB>BFBKA4S 4CC4D4FGD4 CB;6B?S9F <;GK4FP FBA>GR EFDG>FGDG 
79BH<;<K9E><I CB?9=, CB6OL49F FD95B64F9?PABEFP > B5D45BF>9 < <AF9DCD9F4J<< A45?R-
89A<=, F9@ E4@O@ EF46<F AB6O9 ;484K< C9D98 79BH<;<>4@<. 

 

%#�%"� ��&�$�&'$/ 

 

1. �B?R54><A �.�.,  <DBAR> %.�., $BE?S>B6 �.�. < 8D. #D<@9A9A<9 >B@C?9>E4 79B-
H<;<K9E><I @9FB8B6 8?S 6OS6?9A<S BC4EAOI 79B?B7<K9E><I CDBJ9EEB6 < S6?9A<= A4 
L9?PH9 @BDS �4CF96OI // �A:9A9DAO9 <;OE>4A<S. 2016. № 10-11. %. 38251. 
2. �BK9FB6  .�., �GD46?ё6 �.�. "CF<@<;4J<S @9FB8<>< 8<HH9D9AJ<4?PAB= 7<8DB-
@47A<FAB= EN9@>< // �9EFA<> �BDBA9: 7BE. GA-F4. %9D: �9B?B7<S. 2018. № 2. %. 1273131. 

 

HYDROMAGNETIC INVESTIGATIONS IN SOLVING ENGINEERING 

AND GEOLOGICAL PROBLEMS ON THE ARCTIC SHELF 
 

Kochetov Mikhail Vladimirovich 

JSC MAGE, Moscow 

kochetov.mv@mage.ru 

 

Summary. The article considers the possibilities of using hydromagnetic sur-

veys in combination with high-resolution seismic surveys in engineering and ge-

ological surveys on the Arctic shelf in order to identify potentially hazardous 

areas for setting up a floating drilling rig. As a result of the complex interpreta-

tion of hydromagnetic and seismoacoustic data, the distribution areas of paleoin-

cisions were revealed. A 2D geomagnetic modeling was carried out along a pro-

file crossing potentially dangerous structures in the area of work, which results 

were used to obtain the values of the magnetic susceptibility of the rocks in the 

section. 

Key words: hydromagnetic survey, seismoacoustic surveys, geotechnical sur-

veys, paleoincisions, geomagnetic 2D modeling.  



© «�� 'D" $�!». 2023 

104 

'�� 550.836 
�/3���!�� %�3�� �$����!&!/) �"! &�#�"�"�" 
#"&"�� % !�(&����"!"%!"%&02 ��#��� &" %�"� 

"���%&� 

 
�@CB5=:> �0=88; %5@35528G 
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�AABF4J<S. �C9D6O9 CBEFDB9A4 >4DF4 7BD<;BAF4?PAB7B 7D48<9AF4 F9C?B-
6B7B CBFB>4 8?S ;4C48AB= K4EF< &B@E>B= B5?4EF<. #DB6989A4 >4K9EF69AA4S 
>BDD9?SJ<S 7D48<9AFAOI ;BA F9C?B6B7B CBFB>4 c ?B>4?<;4J<9= @9EFBDB:-
89A<= G7?96B8BDB8B6. �B?PL<AEF6B @9EFBDB:89A<= D4ECB?B:9AO 6 B5?4-
EFSI E 69?<K<AB= 7D48<9AF4 F9C?B6B7B CBFB>4 6OL9 ED98A97B.  
�?RK96O9 E?B64: F9C?B6B= CBFB>, 7D48<9AFAO9 ;BAO, A9HF974;BABEABEFP, 
;4C48A4S K4EFP &B@E>B= B5?4EF<. 
 

&9;<E B FB@, KFB @9EFBDB:89A<S G7?96B8BDB8B6 FS7BF9RF > 4AB@4?PAO@ BEB59A-
ABEFS@ F9C?B6B7B CB?S, 6OE>4;O64?ES A9B8AB>D4FAB. �4?9:< A9HF< < 74;4 A4IB8SFES CD9-
<@GM9EF69AAB 6 ;BA4I ;A4K<F9?PAOI A9B8ABDB8ABEF9= 7?G5<AAB7B F9C?B6B7B CBFB>4, 
K4EFAO@ E?GK49@ >BFBDOI S6?SRFES CB?B:<F9?PAO9 79BF9@C9D4FGDAO9 4AB@4?<< [4].  

&B@E>4S 7DGCC4 79BF9D@<>B6 6 D9;G?PF4F9 <;GK9A<S CB?S F9C?B6B7B CBFB>4 8?S ;4-
C484 &B@E>B= B5?4EF< < CB?GBEFDB64 3@4? CB8F69D8<?4, KFB @9EFBDB:89A<S G7?96B8B-
DB8B6 FS7BF9RF > 6OEB>B7D48<9AFAO@ ;BA4@ F9C?B6B7B CBFB>4 [3, 6]. "8A4>B QF< D9;G?P-
F4FO FD95GRF 5B?99 89F4?PAB= 4D7G@9AF4J<<. �?S FB7B, KFB5O CDB69D<FP A4?<K<9 E6S;< 
A9B8ABDB8ABEF9= F9C?B6B7B CB?S E A9HF974;BABEABEFPR, CDB6989@ D4EK9F 7BD<;BAF4?P-
AB7B 7D48<9AF4 F9C?B6B7B CBFB>4.  

*9?PR A4EFBSM9= D45BFO S6?S9FES BCD989?9A<9 A4 >4K9EF69AAB@ GDB6A9 6;4<@B-
E6S;< 7D48<9AFAOI ;BA F9C?B6B7B CBFB>4 E ?B>4?<;4J<9= @9EFBDB:89A<= G7?96B8BDB8B6 
A4 F9DD<FBD<< ;4C48AB= K4EF< &B@E>B= B5?4EF<. 

&9DD<FBD<S <EE?98B64A<S 6>?RK49F ;4C48AGR K4EFP &B@E>B= B5?4EF<, 6 >BFBDB= 
EBED98BFBK9AB 5B?PL<AEF6B @9EFBDB:89A<= G7?96B8BDB8B6 ('�) D97<BA4. #B BF?B:9-
A<S@ C?4FHBD@9AAB7B K9I?4 <EE?98G9@O= D4=BA A4IB8<FES 6 ;BA9 D4;6<F<S EFDG>FGD 
C9D6B7B CBDS8>4: !RDB?PE>B= < 'EFP-&O@E>B= @9746C48<A, %D98A964ER74AE>B7B @974-
64?4, #4D459?PE>B7B @9746OEFGC4, �?9>E4A8DB6E>B7B, !<:A964DFB6E>B7B < �4=@OEB6-
E>B7B E6B8B6. �BEFBKA4S 7D4A<J4 F9DD<FBD<< <EE?98B64A<S EB6C4849F E 6BEFBKAB= 7D4-
A<J9= 'EFP-&O@E>B= @9746C48<AO < �4>K4DE>B= @9;B6C48<AO. 

�4:9AB6E>4S E6<F4 S6?S9FES <EFBKA<>B@ HBD@<DB64A<S ;4?9:9= '� 6 ?B6GL>4I 
69DIA9RDE>B7B < @9?B6B7B A9HF974;BABEAOI >B@C?9>EB6 (!��) CB 6E9= F9DD<FBD<< <E-
E?98B64A<S. �?S !RDB?PE>B= < 'EFP-&O@E>B= @9746C48<A, 6@9EF9 E F9@, I4D4>F9DA4 
A9HF979A9D<DGRM4S FB7GDE>4S E6<F4 E D4EE9SAAO@ BD74A<K9E><@ 69M9EF6B@ ($"�) 7G-
@GEB6B-E4CDBC9?96B7B F<C4, E?G:4M4S @4F9D<AE>B= FB?M9= 8?S A<:A9RDE>B7B < 8BRD-
E>B7B !�� [1]. 

$4A99 5O?4 CBEFDB9A4 >4DF4 F9C?B6B7B CBFB>4 A4 BEAB69 @B89?<DB64A<S F9C?B6B7B 
CBFB>4 6 433 E>64:<A4I A4 F9DD<FBD<< <EE?98B64A<S [2]. 

�EE?98G9@GR F9DD<FBD<R D4;89?<?< A4 98<A<KAO9 GK4EF>< (SK9=><) 20I20 >@. 
�?S 8BEF<:9A<S BCF<@4?PAB= 89F4?<;4J<< <EE?98B64A<S L47 D4EK9FB6 6O5D4?< 10 >@. 
&4><@ B5D4;B@, E9F>4 D4EK9FB6 6OCB?A9A4 E C9D9>DOF<9@ (D<E. 1). � D9;G?PF4F9 J9AFDG 
>4:8B= SK9=>< 5O?B CD<E6B9AB ;A4K9A<9 F9C?B6B7B CBFB>4. 
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$<E. 1. �??REFD4J<S D4EK9F4 7BD<;BAF4?PAB7B 7D48<9AF4 F9C?B6B7B CBFB>4 CB 
>4DF9 F9C?B6B7B CBFB>4 [2] 
 

�?S D4EK9F4 7BD<;BAF4?PAB7B 7D48<9AF4 F9C?B6B7B CBFB>4 [5] CB CSF< FBK>4@ <E-
CB?P;B64?< HBD@G?G (1, 2, 3), 789 Qi 3 ;A4K9A<9 F9C?B6B7B CBFB>4 6 >4:8B= SK9=>9 E9F><, 
@�F/@2, q 3 L47 E9F><, >@, Q9i 3 7BD<;BAF4?PAO= 7D48<9AF F9C?B6B7B CBFB>4 6 >4:8B= 
SK9=>9 E9F><, (@�F/@2)/>@. �??REFD4J<S D4EK9FB6 CD98EF46?9A4 A4 D<EGA>9 1. 

 ý′ÿ = :ý′ý�2 + ý′þ�2  
(1) 

ý′ý� = 23 ∙ (ýý�+1 2 ýý�21) 2 112 (ýý�+2 2 ýý�22)þ  

(2) 

ý′þ� = 23 ∙ (ýþ�+1 2 ýþ�21) 2 112 (ýþ�+2 2 ýþ�22)þ  

(3) 

 

#B D9;G?PF4F4@ D4EK9F4 CBEFDB<?< EI9@4F<K9E>GR >4DFG 7BD<;BAF4?PAB7B 7D48<-
9AF4 F9C?B6B7B CBFB>4 (D<E. 2). !4 >4DF9 ;4F9@A9AAO@< B5?4EFS@< 6O89?9AO ;A4K9A<S 
7D48<9AF4 6OL9 ED98A97B ;A4K9A<S A4 F9DD<FBD<< <EE?98B64A<S 0,2 (@�F/@2)/>@.  

�A4?<;<DGS >4DFG, @B:AB CD<=F< > E?98GRM<@ 6O6B84@: 5B?PL<AEF6B @9EFB-
DB:89A<= G7?96B8BDB8B6 D4ECB?B:9AB 6 B5?4EFSI E 69?<K<AB= 7D48<9AF4 
0,2-0,4 (@�F/@2)/>@; 6 B5?4EFSI 6OEB><I ;A4K9A<= 7D48<9AF4 F9C?B6B7B CBFB>4 
>0,5 (@�F/@2)/>@ >DGCAO9 @9EFBDB:89A<S BFEGFEF6GRF; 6 B5?4EFSI @<A<@4?PAOI ;A4K9-
A<= 7D48<9AF4 <0,2 (@�F/@2)/>@ >DGCAO9 E>BC?9A<S @9EFBDB:89A<= BFEGFEF6GRF ;4 
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<E>?RK9A<9@ D4=BAB6 #9D6B@4=E>B7B (;4C48A4S K4EFP >4DFO) < �7B?PE>B-&4?B6B7B @9-
EFBDB:89A<= (R7B-;4C48A4S K4EFP >4DFO). 
 

 
$<E. 2. %I9@4F<K9E>4S >4DF4 7BD<;BAF4?PAB7B 7D48<9AF4 F9C?B6B7B CBFB>4 CB CSF<-
FBK9KAB= HBD@G?9: 1 3 @9EFBDB:89A<S E ;4?9:4@< 6 BE48BKAB@ K9I?9; 2 3 @9EFBDB:89A<S E ;4?9-
:4@< 6 8BRDE>B@ BEAB64A<<; 3 3 <;B?<A<< 7BD<;BAF4?PAB7B 7D48<9AF4 F9C?B6B7B CBFB>4, 
(@�F/@2)/>@ 

 

&4><@ B5D4;B@, 6 D9;G?PF4F9 4A4?<;4 >4DFO 7D48<9AF4 F9C?B6B7B CBFB>4 5O?B CB8-
F69D:89AB, KFB @9EFBDB:89A<S '� FS7BF9RF > ;BA4@ A9B8ABDB8ABEF< F9C?B6B7B CBFB>4. 
�@9EF9 E F9@ 5O?B CB?GK9AB, KFB 5B?PL<AEF6B @9EFBDB:89A<= '� ?B>4?<;B64AO 6 ;BA4I 
EB ;A4K9A<S@< 7D48<9AF4 6OL9 ED98A97B, CD< QFB@ 6 B5?4EFSI BK9AP 6OEB><I ;A4K9A<= 
7D48<9AFB6 @9EFBDB:89A<S CD98EF46?9AO 6 @4?B@ >B?<K9EF69. 
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DISCOVERY OF THE CORRELATION BETWEEN THE DEEP HEAT 

FLOW GRADIENT ZONES AND OIL AND GAS FIELDS IN THE WEST 

OF TOMSK REGION 
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Summary. This paper shows for the first time the map of the deep heat flow 

horizontal gradient in the west of Tomsk Region. The qualitative correlation be-

tween the heat flow gradient zones and localization of hydrocarbon fields was 

performed. Majority of hydrocarbon fields are located in the areas with an above 

average heat flow gradient. 

Key words: deep heat flow, gradient zones, oil and gas potential, the west of 

Tomsk Region, southeast of Western Siberia. 
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6 A<:A9= 3 7D4H<> <;@9A9A<S D4EK9FAB= C?BFABEF< F9C?B6B7B CBFB>4 6B 6D9@9A< 

 

&9D@<K9E>4S <EFBD<S CBF9AJ<4?PAB A9HF9@4F9D<AE><I E6<F 6 E>64:<A9 'D@4A-
E>4S 5 <??REFD<DG9F, KFB D9;9D6G4DO C4?9B;BS @B7?< ;4CB?ASFP RDE><9 <EFBKA<>< FB-
7GDE>B=, FR@9AE>B= < 54:9AB6E>B= A9HF<, 4 F4>:9 <EFBKA<> C4?9B;B=E>B7B ?G7<A9J>B7B 
74;4. $9;G?PF4FO <ECOF4A<= QF<I <AF9D64?B6 CB>4;O64RF, KFB G7?96B8BDB8O ;4?9:9= 
CD98EF46?9AO E6B5B8AO@ 74;B@ < A9HFPR. #BQFB@G, E A4<5B?PL9= 69DBSFABEFPR 8BRD-
E><9 D9;9D6G4DO S6?SRFES 4>>G@G?SFBD4@< C4?9B;B=E>B7B ?G7<A9J>B7B 74;4 < RDE>B= 
A9HF<.  

#B D9;G?PF4F4@ @B89?<DB64A<S 6 E>64:<A9 2:AB-'D@4AE>4S 1 CB?GK9AB, KFB KFB 
D9;9D6G4DO C4?9B;BS @B7?< ;4CB?ASFP FB?P>B RDE><9 <EFBKA<>< FB7GDE>B=, FR@9AE>B= 
< 54:9AB6E>B= A9HF<. $9;G?PF4FO <ECOF4A<= QF<I <AF9D64?B6 CB>4;O64RF, KFB G7?96B-
8BDB8O ;4?9:9= CD98EF46?9AO A9;A4K<F9?PAO@ 74;BCDBS6?9A<9@ < A9HFPR. #BQFB@G, E 
A4<5B?PL9= 69DBSFABEFPR @B:AB 7B6BD<FP B EBID4AABEF< 6 8BRDE><I D9;9D6G4D4I RD-
E>B= A9HF<. 

1F< ;4>?RK9A<S A9 CDBF<6BD9K4F D9;G?PF4F4@ 79BI<@<K9E><I <EE?98B64A<=. &4> 
46FBD4@< [3] 5O?B CB?GK9AB, KFB <EE?98B64AAO9 B5D4;JO A9HF< 7BD<;BAF4  + 1 <; EB-
E98A9= E>64:<AO 'D@4AE>4S 2 S6?SRFES E@9EPR A9HF9= <; 86GI <EFBKA<>B6 EB ;A4K<-
F9?PAO@ 6>?48B@ >BAF<A9AF4?PAB= BD74A<>< 6 <EIB8AB9 BD74A<K9E>B9 69M9EF6B.  

&4><@ B5D4;B@, A9HF< <; 8BRDE><I D9;9D6G4DB6 'D@4AE>B7B @9EFBDB:89A<S, 6B;-
@B:AB, CD98EF46?SRF EB5B= E@9EP H?R<8B6 <; 2-I <EFBKA<>B6: CD98CB?B:<F9?PAB RD-
E>B= A9HF9@4F9D<AE>B= CBDB8O >BAF<A9AF4?PAB7B 79A9;<E4 3 FB7GDE>B= </<?< 
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FR@9AE>B= E6<FO < RDE>B= A9HF9@4F9D<AE>B= CBDB8O @BDE>B7B 79A9;<E4 3 54:9AB6E>B= 
E6<FO. �EFBKA<>B@ 74;4 8BRDE><I ;4?9:9= @B7GF 5OFP FB?P>B C4?9B;B=E><9 A9HF9@4F9-
D<AE><9 BF?B:9A<S, 6 K4EFABEF< ?G7<A9J>4S E6<F4 6 E>64:<A9 'D@4AE>4S 5. %BID4AABEFP 
74;4 6 8BRDE><I D9;9D6G4D4I 6B;@B:A4 CD< 5?47BCD<SFAB@ F9@C9D4FGDAB@ D9:<@9 C4-
?9B;B=E><I A9HF9@4F9D<AE><I BF?B:9A<=. 

 

%#�%"� ��&�$�&'$/ 

 

1. �4?<964  .(. �9BF9@C9D4FGDAO9 @B89?< H4A9DB;B=E><I BK47B6 79A9D4J<< G7?9-
6B8BDB8B6 < <I DB?P 6 HBD@<DB64A<< ;4?9:9= «C4?9B;B=E>B= A9HF<» (�9D4E<@B6E>B9 
@9EFBDB:89A<9, &B@E>4S B5?4EFP) // �648J4FP 6FBD4S 'D4?PE>4S @B?B89:A4S A4GKA4S 
L>B?4 CB 79BH<;<>9. %5BDA<> A4GK.  4F9D<4?B6. 3 #9D@P: �� 'D" $�!, 2021. 3 %. 22-
26. 

2. $9L9A<S EB69M4A<S CB D4EE@BFD9A<R < CD<ASF<R D97<BA4?PAB= EFD4F<7D4H<K9-
E>B= EI9@O C4?9B;B=E><I B5D4;B64A<= �4C48AB-%<5<DE>B= D46A<AO / #B8 D98. �.�. 
�D4EAB64. 3 !B6BE<5<DE>, 1999. 3 80 E. 
3. %FGC4>B64 �.�., %B>B?B6 �.�., %B5B?964 �.�., �<DRI<A4 &.�., �GD4EB6 �.�., �BD-
8R7 �.�. �9B?B7<K9E>B9 <;GK9A<9 < A9HF974;BABEABEFP C4?9B;B=E><I BF?B:9A<= �4C48-
AB= %<5<D< // �9BD9EGDEO. 3 2015. 3 &. 61. 3 № 2. 3 %. 63-76. 

4. Li D., Chang J., Qiu N., Wang J., Zhang M., Wu X., Han J., Li H., Ma, A. The thermal 

history in sedimentary basins: A case study of the central Tarim Basin, Western China // Journal 

of Asian Earth Sciences. 3 2022. 3 &. 229. 3 %. 1-17. URL: 

https://doi.org/10.1016/j.jseaes.2022.105149 (84F4 B5D4M9A<S 04.06.2022). 
 

MODELLING OF THE PHANEROZOIC FOCI OF HYDROCARBON 

GENERATION IN THE URMAN FIELD (TOMSK REGION) 

 
Margarita Krutenko 

Tomsk Polytechnic University, Tomsk 

mfg2@tpu.ru 

 

Summary. This paper performs paleotemperature modelling of the Paleozoic 

(Devonian, Silurian) and the Jurassic foci of hydrocarbon generation on the ex-

ample of the Urman field wells in Tomsk Region. It was stated that the pre-

Jurassic deposits may contain oil, which was generated by two sources: presum-

ably, the Jurassic terrigenous oil-source rock 3 Togur and/or Tumen suites and 

the Jurassic marine oil-source rock 3 Bazhenov suite. The gas source for the 

deposit in the area of the well Urman 5 is, probably, the Luginetsk suite. 

Keywords: paleotemperature modelling, foci of generation, the pre-Jurassic de-

posits, Tomsk Region.  
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��$��*�� #�$� �&$"� �$'##�$"��!�3 %��% �+!"%&� 

#�$�� %��0!/ � �� ��&$3%�!�3 � 
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�AABF4J<S. #B?GK9AAO9 D4A99 >4K9EF69AAO9 D9;G?PF4FO, 6OS6?SRM<9 
A4?<K<9 E6S;< @9:8G E<?PAO@< ;9@?9FDSE9A<S@< < 64D<4J<S@< ED98A9= 
CDB8G>F<6ABEF<, FD95GRF CDB69D><. !G:AB GEF4AB6<FP, S6?SRFES ?< BA< 
EF4F<EF<K9E>< ;A4K<@O@< <?< QFB ?<LP EB6C489A<9. % QFB= J9?PR 5O? 
A4C<E4A 4?7BD<F@ CDB7AB;4 ;9@?9FDSE9A<=, BEAB64AAO= A4 B5A4DG:9AAOI 
;4>BAB@9DABEFSI. #9D6O9 D9;G?PF4FO F9EF4 CB>4;O64RF A9C?BI<9 D9;G?P-
F4FO < 84RF BEAB64A<S CB?474FP, KFB 89=EF6<F9?PAB <@99F @9EFB G>4;4AA4S 
;4>BAB@9DABEFP. 
�?RK96O9 E?B64: ;9@?9FDSE9A<9, CDB8G>F<6ABEFP, E9=E@<KABEFP, @9FB8 
5?<:4=L97B EBE984, 4?7BD<F@ CDB7AB;4. 
 

�ECB?P;G9FES @9FB8 5?<:4=L97B EBE984 [2], CB;6B?SRM<= B8AB;A4KAB GEF4AB-
6<FP, E6S;4AO ?< 2 ;9@?9FDSE9A<S 8DG7 E 8DG7B@. � CDBEFD4AEF69-6D9@9A<-@47A<FG89 66B-
8<FES @9D4 E6S;< @9:8G ;9@?9FDSE9A<S@<, A4;O649@4S HGA>J<9= 5?<;BEF< (1), 789 t12 3 
6D9@S @9:8G ;9@?9FDSE9A<S@<, r12 3 D4EEFBSA<9 @9:8G A<@<, df 3 HD4>F4?PA4S D4;@9D-
ABEFP, b 3 A4>?BA 7D4H<>4 CB6FBDS9@BEF<, m1 3 @47A<FG84 C9D6B7B ;9@?9FDSE9A<S. 

 ÿÿĀ =  {��ÿĀÿÿĀĂ�102Ā(þ2þ0),   �ÿĀ > 0∞,   �ÿĀ < 0  (1) 

 

 9FB8 CB;6B?S9F D4;89?<FP 6E9 ;9@?9FDSE9A<S A4 HBAB6O9 < E6S;4AAO9, FB 9EFP 
B8AB;A4KAB BCD989?S9FES CD<K<AAB-E?98EF69AA4S E6S;P @9:8G ;9@?9FDSE9A<S@< (<A<J<-
<DGRM99 A4;O649@ «DB8<F9?P», <A<J<<DB64AAB9 3 «CBFB@B>»). 

#DB8G>F<6ABEFP ;9@?9FDSE9A<S 3 QFB >B?<K9EF6B 97B CBFB@>B6, D4EEK<F4AAB9 6 
H<>E<DB64AAB@ <AF9D64?9 @47A<FG8, G8B6?9F6BDSRM9@ A9D469AEF6G  CBFB@>4>  DB-
8<F9?S - &M [1].  

�O?B B5A4DG:9AB, KFB 6 F9K9A<9 BFABE<F9?PAB A95B?PLB7B C9D<B84 6D9@9A< (CB-
DS8>4 7B84) C9D98 E<?PAO@< ;9@?9FDSE9A<S@< 65?<;< <I BK474 6B;A<>4RF CB6OL9AAO9 
;A4K9A<S CDB8G>F<6ABEF<. 

�?7BD<F@ CDB7AB;4. %FDB<FES D46AB@9DA4S CB CDBEFD4AEF6G E9F>4, CB>DO64RM4S 
6ER <EE?98G9@GR B5?4EFP. � >4:8B@ G;?9 E9F>< CDB<;6B8<FES D4EK9F ED98A9= 
CDB8G>F<6ABEF<, GED98A9AAB= 6 >DG79 D48<GE4 r E J9AFDB@ 6 G;?9 E9F>< ;4 8?<F9?PAO= 
C9D<B8 6D9@9A< (1980-2020 77.) 3 QF4 69?<K<A4 CB>4;O649F, >4> 6 ED98A9@ 6989F E95S 
69?<K<A4 ED98A9= CDB8G>F<6ABEF< A4 5B?PLB@ 6D9@9AAB@ <AF9D64?9. "5B;A4K<@ QFG 
69?<K<AG (Λ̅i). &4>:9 5G89@ EK<F4FP ED98ARR CDB8G>F<6ABEFP, GED98ASS 99 ;4 5B?99 
>BDBF><= <AF9D64? 6D9@9A< 6 F4>B@ :9 >DG79. "5B;A4K49@ QFG 69?<K<AG Λi(t). �4?99 
ED46A<649@ Λi(t) < (Λ̅i). �D<F9D<= B5NS6?9A<S FD96B7<: 9E?< Λi(t) > n*(Λ̅i), FB B5NS6?S9FES 
FD96B74 6 >DG79 D48<GE4 R E J9AFDB@ 6 FB@ :9 G;?9 E9F>< A4 C9D<B8 6D9@9A< (t; t+T). &B 
9EFP FD96B74 B5NS6?S9FES, 9E?< ED98ASS CDB8G>F<6ABEFP CD96OL49F ED98ARR 
CDB8G>F<6ABEFP ;4 8?<F9?PAO= <AF9D64? 6D9@9A<, G@AB:9AAGR A4 >BQHH<J<9AF n, 
>BFBDO= 5G89@ A4;O64FP CBDB7 CDB8G>F<6ABEF<. 
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$<E. 1. �4DF4 ED98A9= CDB8G>F<6ABEF<, GED98A9AAB= ;4 7B8 C9D98 ;9@?9FDSE9A<9@ 
&BIB>G  9.1 11.03.2011 

 

 
$<E. 2. �D4H<> ;46<E<@BEFP ED98A9= CDB8G>F<6ABEF< BF 6D9@9A< 65?<;< BK474 ;9@-
?9FDSE9A<S &BIB>G  9.1 11.03.2011 

 

� 4?7BD<F@9 9EFP A9E>B?P>B 64DP<DG9@OI C4D4@9FDB6: 1) D48<GE >DG74, 6 >BFBDB@ 
B5NS6?S9FES FD96B74 R; 2) C9D<B8 FD96B7< T; 3) @<A<@4?PA4S @47A<FG84 ;9@?9FDSE9A<=-

J9?9= CDB7AB;4; 4) CBDB7 CDB8G>F<6ABEF< n. 
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�?7BD<F@ 5O? CDBF9EF<DB64A A4 F9DD<FBD<< 3CBA<< 8?S ;9@?9FDSE9A<= @47A<FG-
8B= 7,5 < 6OL9. �O?4 CBEFDB9A4 8<47D4@@4 BL<5B>. �4:84S FBK>4 A4 8<47D4@@9 EBBF-
69FEF6G9F BCD989?9AAB@G A45BDG 64DP<DG9@OI C4D4@9FDB6. 

 

 
$<E. 3. �<47D4@@4 BL<5B> 

 

�<8<@, KFB 6OS6?9AA4S E6S;P E<?PAOI ;9@?9FDSE9A<= < CB6OL9AAOI ;A4K9A<= 
CDB8G>F<6ABEF< A9 S6?S9FES E?GK4=AO@ EB6C489A<9@, 4 A4B5BDBF 9EFP GEFB=K<64S ;4>B-
AB@9DABEFP. 
 

%#�%"� ��&�$�&'$/ 

 

1. Shebalin, P.N., Narteau, C., Baranov, S.V. (2020). Earthquake productivity law, Geo-

physical Journal International, $. 126431269. 

2. Zaliapin, I. & Ben-Zion, Y. (2013). Earthquake clusters in Southern California. I: Iden-

tification and stability, J. Geophys. Res.: Solid Earth, 118(6): $. 284732864. 

 

VARIATIONS OF THE CLUSTERING PARAMETERS OF 

SEISMICITY BEFORE STRONG EARTHQUAKES 

 
Kirill Krushelnitskii 

IEPT RAS, Moscow 

kirillkrush@mail.ru 

 

Summary. The qualitative results obtained earlier, revealing the presence of a 

connection between strong earthquakes and variations in average productivity, 

require verification. It is necessary to establish whether they are statistically sig-

nificant or it is just a coincidence. For this purpose, an earthquake prediction 

algorithm was written based on the discovered patterns. The first test results 

show good results and give reason to believe that this pattern really takes place. 

Key words: earthquake, productivity, seismicity, nearest neighbor method, pre-

diction algorithm. 
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�AABF4J<S. � EF4FP9 <;?474RFES D9;G?PF4FO @B89?<DB64A<S 6B;@B:AOI 
GE?B6<= HBD@<DB64A<S < 6O89?9A<S ?<FBF<CB6 <;69EFAS>B6 >D4EABJ69F-
AB= HBD@4J<< >4;4AE>B7B SDGE4 (ED98ASS C9D@P) A4 F9DD<FBD<< A<:A9= 
�4@O. � CDBJ9EE9 <EE?98B64A<=, 8?S <;GK9A<S B5D4;JB6 79B?B7<K9E>B7B 
D4;D9;4 %9AFS> 65?<;< 7BDB84 �?45G74, <ECB?P;B64AO, A4DS8G E 5<BEFD4F<-
7D4H<K9E><@ CB8IB8B@, 84AAO9 @9FB8B6 @47A<FB@<A9D4?B7<K9E>B7B 4A4-
?<;4.  47A<FB@<A9D4?B7<K9E><= 4A4?<; D4EE@4FD<649FES 6 >4K9EF69 <A-
EFDG@9AF4 CB?GK9A<S 5B?99 8BEFB69DAB= <AHBD@4J<< 8?S CBEFDB9A<S E9-
8<@9AF4?B7<K9E>B= @B89?< <;GK49@B7B 79B?B7<K9E>B7B B5N9>F4. 
�?RK96O9 E?B64: @47A<FAO9 @9FB8O, A9@BDE><9 @<>DB5<4?PAO9 <;69EF-
AS><, E98<@9AF4?B7<K9E>4S @B89?P, ?<FBF<CO, >4;4AE><= SDGE. 
 

"5N9>FB@ <EE?98B64A<S S6?SRFES <;69EFAS>< >4;4AE>B7B SDGE4 C9D@E>B7B (P2kz) 
6B;D4EF4. �;GK49@O= 79B?B7<K9E><= D4;D9; %9AFS> D4ECB?B:9A 6 CD989?4I %969DB-F4F4D-
E>B7B E6B84 �B?7B-'D4?PE>B= 4AF9>?<;O, S6?SRM9=ES EFDG>FGDB= AG?96B7B CBDS8>4 $GE-
E>B= C?<FO �BEFBKAB-�6DBC9=E>B= C?4FHBD@O. �9B?B7<K9E><= D4;D9; %9AFS> CD98EF46-
?9A E9@PR B5A4:9A<S@<, D4ECB?B:9AAO@< A4 CD46B@ 59D97G D9>< �4@4 6 0,532,0 >@ 
6OL9 CB F9K9A<R BF E9?4 %9AFS>. !<:A<9 E?B< >4;4AE>B7B SDGE4 ;4?974RF 7?G5:9 64F9D-
?<A<< D9>< �4@4. "A< 5O?< <;GK9AO CB B5D4;J4@ <; E>64:<AO №1, CDB5GD9AAB= 6 1995 
7B8G, 6 3 >@ > E969DB-6BEFB>G BF E. %9AFS> [2]. 

(BD@<DB64A<9 BE48BKAB7B K9I?4 %969DB-F4F4DE>B7B E6B84 �B?7B-'D4?PE>B= 4A-
F9>?<;O 6 C9D@E><= C9D<B8 CDB<EIB8<?B A4 HBA9 4>F<6AOI F9>FBA<K9E><I CDBJ9EEB6 < 
<;@9A9A<= >?<@4F4. % QF<@ E6S;4AO BEB59AABEF< C4?9B79B7D4H<K9E><I < H<;<>B-I<@<-
K9E><I GE?B6<= 6 54EE9=A9 BE48>BA4>BC?9A<S, 6OD4;<6L<9ES 6 C9EFDBF9 H4J<4?PAB7B < 
?<FB?B7<K9E>B7B EBEF464 C9D@E><I BF?B:9A<=. #B>4;4F9?S@< H<;<>B-I<@<K9E><I GE?B-
6<= ED98O BE48>BA4>BC?9A<S (F9@C9D4FGDO, EB?9ABEF< 54EE9=AB6OI 6B8 < 8D.) S6?SRFES 
>D<EF4??BI<@<K9E><9 BEB59AABEF< 4GF<79AAOI >4?PJ<F4 < 8B?B@<F4, E?474RM<I C?4EFO 
>4D5BA4FAOI CBDB8 [4].  

�9F4?PAB 5O?B <ECB?P;B64AB 44 B5D4;J4, CD9<@GM9EF69AAB >4D5BA4FAB7B F<C4, 
8?S >BFBDOI 5O?< 6OCB?A9AO 5<BEFD4F<7D4H<K9E><9 < @47A<FB@<A9D4?B7<K9E><9 <E-
E?98B64A<S, CBE?G:<6L<9 BEAB6B= 8?S 6O89?9A<S ?<FBF<CB6 < EB;84A<S 64?<8AB= E98<-
@9AF4?B7<K9E>B= @B89?< <;GK49@B7B 79B?B7<K9E>B7B B5N9>F4.   

 47A<FA4S 6BECD<<@K<6BEFP BE48BKAOI CBDB8 I4D4>F9D<;G9FES ;A4K9A<S@< 
BF -1,42×10-6 98. %� (8<4@47A9F<><) 8B 7,20×10-8 98. %�. ' 7?<A, 4D7<??<FB6, C9EK4A<>B6 
< 4?96DB?<FB6 CD9B5?484RF D4;ABEF< E A<;>B= @47A<FAB= 6BECD<<@K<6BEFPR 3 6 CD989-
?4I (12 3 125) × 10-5 98. %�, 4 G <;69EFAS>B6, 8B?B@<FB6 < @9D79?9= (1 - 30) ×10-5 98. %�. 
' BE48BKAOI CBDB8 B5A4DG:9A4 BK9AP E?454S, AB 69EP@4 EF45<?PA4S 9EF9EF69AA4S BEF4-
FBKA4S A4@47A<K9AABEFP.  47A<FA4S 6BECD<<@K<6BEFP 6 7BDAB= CBDB89 A9 6E9784 
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B8<A4>B64 CB 6E9@ A4CD46?9A<S@, A45?R849FES E?454S 4A<;BFDBC<S. �E9 ;A4K9A<S A4IB-
8SFES 6 ED98A<I CD989?4I 8?S BE48BKAOI CBDB8. 

$9;G?PF4FB@ <;@9D9A<S 6 >BQDJ<F<6AB@ EC9>FDB@9FD9 S6?SRFES C9F?< 7<EF9D9-
;<E4 >4> CB <A8G>F<6AB=, F4> < CB BEF4FBKAB= A4@47A<K9AABEF<. �;GK9AAO9 B5D4;JO CB-
C484RF 6 B5?4EFP CE968BB8AB8B@9AAOI (PSD) K4EF<J. �4AA4S 7DGCC4 CB8D4;G@9649F C9-
D9IB8AB9 EBEFBSA<9 @47A<FAOI E6B=EF6 6 L<DB>B@ 8<4CB;BA9 D4;@9DB6 ;9D9A @9:8G B8-
AB8B@9AAO@< (SD) < <EF<AAB @AB7B8B@9AAO@< (MD). �DG7<@< E?B64@<, PSD 4 QFB C9-
D9IB8AB9 EBEFBSA<9 BF B8AB8B@9AAB7B EBEF464 > @BAB8B@9AAB@G. � 84AAB@ E?GK49, B5-
D4;JO BFABESFES, E>BD99 6E97B, > @47A<FB@S7><@ @4F9D<4?4@, F4> >4> S6?SRFES BE48BK-
AO@<, < 69?<K<A4 EB89D:4A<S 4>J9EEBDAOI @47A<FAOI @<A9D4?B6 A969?<>4 (D<E. 1). 

 

 
$<E. 1. �BQDJ<F<6AO9 I4D4>F9D<EF<>< <EE?98B64AAOI B5D4;JB6 (Day Plot) 

 

�AF9DCD9F4J<S CB?GK9AAOI 84AAOI CB;6B?<?4 6O89?<FP 6 79B?B7<K9E>B@ D4;D9;9 
%9AFS> 16 ?<FBF<CB6 (�&), EBBF69FEF6GRM<I D4;?<KAO@ H4J<4?PAO@ GE?B6<S@ HBD@<-
DB64A<S >4D5BA4FAOI CBDB8 6 <;GK9AAOI BF?B:9A<SI (D<E. 2), >BFBDO9 6CBE?98EF6<< 
D4;89?9AO A4 H4J<4?PAO9 ;BAO.  

%D98< ?<FBF<CB6  6O89?SRFES: BF?B:9A<S S6AB >D4EABJ69FAB= FB?M< (�& 16, 
�& 11, �& 8, �& 7, �& 5, �& 3), B5D4;B64AAO9 A4 D46A<A9 6 B5?4EF< 6B;89=EF6<S 4F@B-
EH9DO, BF?B:<6L<9ES 6 BK9AP @9?>B6B8AB@ < CD9EAB6B8AB@ 54EE9=A9; BF?B:9A<S BCD9E-
A9AAOI ?47GA <?< CD<5D9:AOI B;9D (�& 15, �& 6, �& 4, �& 2), B5D4;B64AAO9 6 ;4EFB=AOI 
GE?B6<SI 6 C9D<B8 A<;>B7B CB?B:9A<S GDB6AS @BDS; BF?B:9A<S C9D9IB8AB= H4J<< 
(�& 12) BF B7D4A<K9AAB7B L9?PH4 > ?<FBD4?PAB= ;BA9; BF?B:9A<S BF>DOFB-@BDE>B= (EG5-
?<FBD4?PAB= ;BAO) (�& 14, �& 13, �& 10, �& 9, �& 1), 5B?PLB9 >B?<K9EF6B BEF4F>B6 
BEFD4>B8 < BD74A<K9E>B7B 69M9EF64 6 QF<I >4D5BA4F4I @B:9F G>4;O64FP A4 A<;>GR E>B-
DBEFP BE4:89A<S, 6OEB>GR EF9C9AP 5<BFGD54J<<, < BFABE<F9?PAB CBEFBSAAGR ED98G BE4-
:89A<S. �D4A<JO 6O89?9AAOI �& A9 S6?SRFES D9;><@<. "F?B:9A<S 7?G5<AAOI H4J<= 
@B7GF E6<89F9?PEF6B64FP B E<?PAOI >B?954A<SI GDB6AS 6B8O. �O89?9A<9 ?<FB?B7<K9-
E><I F<CB6 CB;6B?S9F GA<H<J<DB64FP BC<E4A<9 ?<FB?B7<K9E><I I4D4>F9D<EF<> CBDB8, 
CD< QFB@ EGM9EF69AAB EB>D4M49FES >B?<K9EF6B CB6FBD9A<= 6 BC<E4A<< D4;D9;B6, F4> >4> 
6O89?9AAO9 F<CO @AB7B>D4FAB 6EFD9K4RFES 6 BE48BKAOI CBE?98B64F9?PABEFSI >BAF<-
A9AF4?PAOI C9D@E><I BF?B:9A<=, L<DB>B D4ECDBEFD4A9AAOI 6 D97<BA9 [1]. 
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$<E. 2. $4ECD989?9A<9 6O89?9AAOI �& CB H4J<4?PAO@ ;BA4@ B>4=@?9AAB=C?4F-
HBD@O (CB �. (?R79?R, 2010); CGA>F<DB@ 3 BFABE<F9?PAB D98>B9 D4ECDBEFD4A9A<9) 

 

!4 BEAB69 CB?GK9AAOI 84AAOI < 6O89?9AAOI ?<FBF<CB6 CBEFDB9A4 >BAJ9CFG4?P-
A4S @B89?P BE48>BA4>BC?9A<S 8?S <;GK49@B= F9DD<FBD<< (D<E. 3).  

 

 
$<E. 3. �BAJ9CFG4?PA4S @B89?P BE48>BA4>BC?9A<S F9DD<FBD<< A<:A9= �4@O 

 

!4 84AAB= @B89?<, 6 ;46<E<@BEF< BF EBBFABL9A<S 6O89?9AAOI ?<FBH4J<= 6 D4;-
D9;9, 6O89?S9FES K9FOD9 H4J<4?PAO9 ;BAO (D<E. 3).  B:AB E89?4FP 6O6B8, KFB 489>64FAB9 
C4?9B79B7D4H<K9E>B9 < C4?9BH4J<4?PAB9 @B89?<DB64A<9 >BAF<A9AF4?PAOI C9D@E><I 
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BF?B:9A<= $GEE>B= C?<FO �BEFBKAB-�6DBC9=E>B= C?4FHBD@O @B:9F 5OFP D94?<;B64AB 
CD< >B@C?9>EAB@ <ECB?P;B64A<< D9;G?PF4FB6 C9FDBH<;<K9E><I, 5<BEFD4F<7D4H<K9E><I, 
@47A<FB@<A9D4?B7<K9E><I < C4?9B@47A<FAOI <EE?98B64A<=.   

  

%#�%"� ��&�$�&'$/ 
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THE USE OF MAGNITOMINERALOGICAL METHODS TO DEVELOP 

A MODEL FOR THE FORMATION OF NON-MARINE MICROBIAL 

LIMESTONE OF THE RED-COLOURED KAZAN STAGE (MIDDLE 

PERMIAN) OF THE LOWER KAMA (EAST-EUROPEAN PLATFORM) 
 

Latifullina Milyausha Faritovna 

Kazan Federal University, Kazan 

latifullina1997@mail.ru 

 

Summary. The article contains the results of modelling of possible conditions 

of formation and delineation of limestone lithotypes of the red-colored formation 

of the Kazan Stage (Middle Permian) the Lower Kama. In the process of re-

search, data of magnetomineralogical analysis methods were used along with 

biostratigraphic approach to study samples of the Sentiak geological section near 

Elabuga.  Magnetomineralogical analysis is considered as a tool for obtaining 

more reliable information to construct a sedimentological model of the geologi-

cal object under study. 

Key words: magnetic methods, non-marine microbial limestone, sedimentolog-

ical model, lithotypes, Kazan Stage. 
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�AABF4J<S. � D45BF9 CD<6B8SFES D9;G?PF4FO D9:<@AOI Q?9>FDBD4;698BK-
AOI <EE?98B64A<= 6OCB?A9AAOI EB6D9@9AAB= F9IAB?B7<9= FB@B7D4H<K9-
E><I <EE?98B64A<= A4 L4IFAB@ CB?9 @9EFBDB:89A<S >4?<=AOI EB?9=. #DB-
6989A ED46A<F9?PAO= 4A4?<; 84AAOI CB B8AB@G CDBH<?R ;4 864 7B84. 
�?RK96O9 E?B64: 1?9>FDBD4;698>4, @BA<FBD<A7, Q?9>FDBFB@B7D4H<S, 
G89?PAB9 Q?9>FD<K9E>B9 EBCDBF<6?9A<9, @9EFBDB:89A<9 EB?9=. 
 

�?S 59;BC4EAB= D4;D45BF>< CDB8G>F<6AB= FB?M< EB?SAB7B @9EFBDB:89A<S, 4 
F4>:9 8?S GEC9LAB7B CDB7AB;<DB64A<S CDBE984A<S 8A96AB= CB69DIABEF< A4 F9DD<FBD<< 
7D48BCDB@OL?9AAOI 47?B@9D4J<= A4 L4IFAOI CB?SI >4?<=AB7B @9EFBDB:89A<S EB?9=, 
A9B5IB8<@B E6B96D9@9AAB CDB<;6B8<FP <;GK9A<9 EBEFBSA<S CB8D454FO649@B7B @4EE<64. 
!4 84AAB@ B5N9>F9 E J9?PR >BAFDB?S 9EF9EF69AAB7B D4;6<F<S B5DGL9A<= 8A96AB= CB-
69DIABEF<, A4K<A4S E 2015 7B84, CDB6B8<FES >B@C?9>EAO9 9:9@9ESKAO9 A45?R89A<S, >B-
FBDO9 6>?RK4RF >4> CB8;9@AO9 A4FGDAO9 <ECOF4A<S @4EE<64, F4> < A4;9@AO9 D9:<@AO9 
A45?R89A<S, >BFBDO9, 6 K4EFABEF<, 6>?RK4RF 6 E95S E9=E@<K9E><9 < Q?9>FDB@9FD<K9E><9 
A45?R89A<S [3, 5]. 

1?9>FDB@9FD<K9E><9 A45?R89A<S E 2015 CB 2020 7. BEGM9EF6?S?<EP @9FB8B@ E<@-
@9FD<KAB7B Q?9>FDBCDBH<?<DB64A<S [4] E L47B@ 20 @. � 2021 7. 6 D4@>4I GEB69DL9AEF6B-
64A<S ECBEB5B6 >BAFDB?S A48 <;@9A9A<9@ Q?9>FD<K9E><I E6B=EF6 CBDB8AB7B @4EE<64 6 
D4=BA9 F9IAB79AAB= A4DGL9AABEF< CBDB8 GEC9LAB 6A98D9A4 EB6D9@9AA4S F9IAB?B7<S FB-
@B7D4H<K9E><I <EE?98B64A<=. 1?9>FDBFB@B7D4H<S (1&) 3 QFB J9?O= >B@C?9>E, 6>?RK4-
RM<= 6 E95S >4> @9FB8<>G CB?96OI A45?R89A<=, F4> < F9IAB?B7<R B5D45BF>< < <AF9D-
CD9F4J<< CB?96OI 84AAOI. �9 BEB59AABEFPR S6?S9FES @AB7B>D4FAB9 <ECB?P;B64A<9 6 >4-
K9EF69 C<F4RM<I < <;@9D<F9?PAOI B8A< < F9 :9 H<>E<DB64AAO9 A4 CDBH<?9 A45?R89A<= 
CB?B:9A<S Q?9>FDB8B6. 1FB CD<6B8<F > G@9APL9A<R B5M97B K<E?4 D45BK<I CB?B:9A<= 
Q?9>FDB8B6 CD< EGM9EF69AAB@ G69?<K9A<< C?BFABEF< <;@9D9A<=, K<E?B >BFBDOI B5OKAB 
8BEF<749F C9D6OI FOESK [1, 2, 6]. 1?9>FDBFB@B7D4H<S <ECB?P;G9F BF?<KAGR BF >?4EE<K9-
E><I �1� E<EF9@G A45?R89A<= < B5?4849F 6OEB>B= C?BFABEFPR A45?R89A<=. �?S A99 
6OCGE>49FES EC9J<4?PA4S @AB7BQ?9>FDB8A4S 4CC4D4FGD4, D4;D45BF4AB CDB7D4@@AB9 B59E-
C9K9A<9 8?S 2D <A69DE<< [3]. 

#B?96O9 D45BFO 6OCB?A9AO E <ECB?P;B64A<9@ @AB7BQ?9>FDB8AB= 15-F< >4A4?P-
AB= Q?9>FDBD4;698BKAB= 4CC4D4FGDO "%>4?4 64�15" (""" «�� 1?9>FDB@9FD<<», $BE-
E<S). �;@9D9A<S 6OCB?A9AO CB @9FB8<>9 Q?9>FDBFB@B7D4H<< @9FB8B@ EBCDBF<6?9A<=, 
>B@5<A4J<9= CDS@B= < 6EFD9KAB= FD9IQ?9>FDB8AOI GEF4AB6B>. $4EEFBSA<9 @9:8G Q?9>-
FDB84@< EBEF46<?B 5 @9FDB6. "5D45BF>4 84AAOI Q?9>FDBFB@B7D4H<K9E><I <EE?98B64A<= 
BEGM9EF6?S9FES E CB@BMPR CDB7D4@@AB7B B59EC9K9A<S 8?S 86G@9DAB= <A69DE<< 84AAOI 
Q?9>FDBD4;698>< @9FB8B@ EBCDBF<6?9A<S «ZondRes2d» F4> :9 BF9K9EF69AAB= D4;D45BF>< 
(ZondSoftware, %#5). 

"EB59AABEFPR D9L9A<S CDS@B= < B5D4FAB= ;484K< 6 2D CBEF4AB6>9 S6?S9FES GK9F 
6?<SA<S D9?P9H4, 4 F4>:9 <E>4:9A<= ($ < %-QHH9>FO), B5GE?B6?9AAOI A9B8ABDB8AB-
EFS@< 6 69DIA9= K4EF< D4;D9;4, F.>. BA< S6?SRFES K4EFPR 86G@9DAB= @B89?<. �DB@9 FB7B, 
E?98G9F BF@9F<FP, KFB 86G@9DA4S <A69DE<S CDBJ9EE <F9D4J<BAAO=, F.9. <E>B@B9 D9L9A<9 
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A4IB8<FES @9FB8B@ CBE?98B64F9?PAOI CD<5?<:9A<=, E?98B64F9?PAB, A9B5IB8<@B BCD9-
89?<FP, E>B?P>B <F9D4J<= A9B5IB8<@B 8?S CB?GK9A<S G8B6?9F6BD<F9?PAB7B D9L9A<S. 
�E?< >B?<K9EF6B <F9D4J<= 5G89F E?<L>B@ @4?B, FB @B89?P CB?GK<FES 8B6B?PAB 7DG54S, 
E 8DG7B= EFBDBAO, 9E?< >B?<K9EF6B 5G89F E?<L>B@ 5B?PL<@, FB, A9E@BFDS A4 5B?99 FBK-
AB9 D9L9A<9 E FBK>< ;D9A<S 4D<H@9F<><, CB?GK9AAO= D9;G?PF4F @B:9F B>4;4FPES ;4 D4@-
>4@< 489>64FABEF<. #BQFB@G 6 84AAB= E<FG4J<< A9B5IB8<@B A4=F< >B@CDB@<EE @9:8G 
FBKABEFPR D9L9A<S < 97B EBBF69FEF6<9@ D94?PAB= 79B?B7<K9E>B= B5EF4AB6>9. � CDB-
7D4@@9 D94?<;B64AB A9E>B?P>B CB8IB8B6 > B7D4A<K9A<R >B?<K9EF64 <F9D4J<=. 1FB 8B-
EF<:9A<9 ;484AAB= ED98A9>648D4F<KAB= A96S;>< @9:8G <EIB8AO@< < D4EEK<F4AAO@< 
84AAO@<, ?<5B G@9APL9A<9 D4;A<JO QFB= A96S;>< A4 F9>GM9= < CD98O8GM9= <F9D4J<SI 
@9APL9 ;484AAB= 69?<K<AO. "8A4>B BC9D<DB64FP 84AAO@< C4D4@9FD4@< A9 6E9784 
G8B5AB, CBQFB@G BCOFAO@ CGF9@ 5O?B CB8B5D4AB, KFB 4-5 <F9D4J<= 6 84AAB@ >BA>D9F-
AB@ E?GK49 6CB?A9 8BEF4FBKAB 8?S CB?GK9A<S G8B6?9F6BD<F9?PAB7B D9L9A<S. 

 

 

$<E. 1. $4;D9;O '1% CB 84AAO@ FB@B7D4H<<: 4) 3 <RAP 2021; 5) 3 <R?P 2021;  
6) 3 <RAP 2022; 7) 3 <R?P 2022  
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#D< 6OCB?A9A<< @BA<FBD<A7B6OI D45BF, 64:AB CD46<?PAB BJ9A<FP F4><9 GE?B6<S 
>4> 6?4:ABEFP < @<A9D4?<;4J<S @4EE<64 CBDB8, 4 F4>:9 E9;BAABEFP D45BF. %FB<F GK9EFP, 
KFB, A4K<A4S E 2016 7., BD74A<;B64AO EC9J<4?PAO9 @9DBCD<SF<S CB G>D9C?9A<R CBDB8-
AB7B @4EE<64 65?<;< F9IAB79AAB= A4DGL9AABEF< 7BDAB7B @4EE<64, CBED98EF6B@ ;4EOC>< 
B5DGL9A<S >BA69=9DAO@ ECBEB5B@, 4 F4>:9 ;4>4K>< ;4>?48BKAB7B @4F9D<4?4 CB FDG54@ 
< E>64:<A4@. 1FBF @4F9D<4? EBEFB<F <; 7?<A<EFB= C4EFO E 8B546?9A<9@ CB?<@9DAOI 8B-
546B>. � <EE?98G9@O= C9D<B8 ;4 EGF>< CBEFGC4?B B>B?B 5000 @3 F4>B= C4EFO C?BFABEFPR 
1800 >7/@3, KFB D46AS9FES 7500 FBAA 7?<AO. #BE>B?P>G F4>B= D4EF6BD B5?4849F 6OEB>B= 
Q?9>FDBCDB6B8ABEFPR, FB 6A98D9A<9 84AAB= E@9E< 6 CBDB8AO= @4EE<6 9EF9EF69AAB CD<-
6B8<F > ;A4K<F9?PAO@ CBA<:9A<S@ EBCDBF<6?9A<=, >4> E?98EF6<9, Q?9>FDB@9FD<K9E><9 
A45?R89A<S 6 5B?PL9= EF9C9A< BFD4:4RF D4ECD989?9A<9 ;4>?48BKAB7B @4F9D<4?4 6 ;BA9 
<EE?98B64A<S.  

$4EE@BFD<@ D9;G?PF4FO 1&, 6OCB?A9AAO9 6 <RA9 < <R?9 2021 < 2022 7B8B6 
(D<E. 1). #D< ED46A9A<< 84AAOI, CB?GK9AAOI 6 <RA9 3 <R?9 2021 7B84 (D<E. 14, 5) H<>-
E<DGRFES A9;A4K<F9?PAB9 EA<:9A<9 EBCDBF<6?9A<= A4 GK4EF>4I 0-250, 350-450, 520-680 

@. #D< 4A4?<;9 84AAOI ;4 F9 :9 CDB@9:GF>< 2022 (D<E 1 5, 6), BF@9K49FES CDB7D9EE<6AB9 
EA<:9A<9 EBCDBF<6?9A<= A4 ED98A<I < 84?PA<I D4;ABE4I 6 ;BA4I CBA<:9AAOI EBCDBF<6-
?9A<=, 6O89?9AAOI D4A99 (#� 350-440 < 520-680). '89?PAB9 Q?9>FD<K9E>B9 EBCDBF<6?9-
A<9 ('1%) @9:8G QF<@< ;BA4@< GC4?B 8B 10 "@∙@, F4><@ B5D4;B@, CDBE?9:<649FES F9A-
89AJ<S A4 <I EB98<A9A<9. &4> :9 6O89?S9FES ;BA4 CB6OL9AAOI EBCDBF<6?9A<= A4 
GK4EF>9 250-320 @, >BFBD4S D4ECDBEFD4AS9FES A4 5B?PLGR 7?G5<AG. �4AA4S ;BA4 CB6O-
L9AAOI EBCDBF<6?9A<= EF4AB6<FES 54DP9DB@ @9:8G 86G@S ;BA4@< E CBA<:9AAO@< EB-
CDBF<6?9A<S@< #� 0 3 250 < #� 350 3 680. 

&4><@ B5D4;B@, <ECB?P;B64A<9 EB6D9@9AAB7B CDB7D4@@AB-4CC4D4FGDAB7B >B@-
C?9>E4 CB;6B?S9F D9L4FP ;484K< @BA<FBD<A74 A4 >4K9EF69AAB AB6B@ GDB6A9. � K4EFABEF<, 
5B?PLB= B5N9@ CB?GK49@OI 84AAOI CB6OL49F 8BEFB69DABEFP <AHBD@4J<<, KFB BEB-
59AAB 4>FG4?PAB CD< 6OCB?A9A<< <EE?98B64A<= 6 E?B:AOI 79B?B7<K9E><I B5EF4AB6>4I 
CD< A4?<K<< E<?PAOI F9IAB79AAOI CB@9I. �DB@9 FB7B, CB6OL49FES 89F4?PABEFP 6OCB?-
AS9@OI <EE?98B64A<= <, >4> E?98EF6<9, CBS6?S9FES 6B;@B:ABEFP BJ9A>< A9 FB?P>B >4D-
8<A4?PAOI <;@9A9A<= 6 D4ECD989?9A<< Q?9>FD<K9E><I C4D4@9FDB6 ED98O, AB < H<>E4J<S 
A9;A4K<F9?PAOI <;@9A9A<=. 

�EE?98B64A<9 6OCB?A9AB CD< H<A4AEB6B= CB889D:>9  <A<EF9DEF64 A4G>< < B5-
D4;B64A<O $( (D97<EFD4J<BAAO= AB@9D CDB9>F4 122012000398-0). 
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ROUTINE ELECTRICAL SURVEY OBSERVATIONS AT THE SITE OF 

TECHNOGENIC DISTURBANCE OF ROCKS 

 
1Luchnikov Maksim Sergeevich, 2Zubrikova Ekaterina Sergeevna 

Mining Institute UB RAS, Perm 
1maximluchnikov@mail.ru, 2katerina.bushueva@mail.ru 

 

Summary. The paper presents the results of routine electrical exploration stud-

ies performed by modern tomographic research technology in the mine field of 

the potash salt deposit. A comparative analysis of data on one profile for two 

years was carried out. 

Keywords: Electrical exploration, monitoring, electrotomography, electrical re-

sistivity, salt deposit. 
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���"!" �$!"%&� #$"%&$�!%&��!!"-�$� �!!"�" 
�$'##�$"��!�3 %"�/&�� ��'%&�+�%�"� 1 �%%�� � 
���"$�&"$!/) 1�%#�$� �!&�) #" $��$',�!�2 
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 0B>G:8=0 %>D8S �<8B@852=0 

�&#� $�!, 3.  >A:20 
sofijamat@mail.ru 

 

�AABF4J<S. *9?PR 84AAB= D45BFO S6?S9FES Q>EC9D<@9AF4?PAB9 <EE?98B-
64A<9 ;4>BA4 CDB8G>F<6ABEF< ;9@?9FDSE9A<= [4] 6 ?45BD4FBDAOI GE?B6<SI, 
4 <@9AAB: 6OS6?9A<9 H4>FBDB6, B>4;O64RM<I 6?<SA<9 A4 BEB59AABEF< 
HBD@<DB64A<S CDB8G>F<6ABEF< 4>FB6 D4;DGL9A<S < C4D4@9FDO ;4>BA4 CDB-
8G>F<6ABEF<. �45BD4FBDAO9 GE?B6<S, 6 BF?<K<9 BF A4FGDAOI, CB;6B?SRF 
GCD46?SFP A4CDS:9AAB-89HBD@<DB64AAO@ EBEFBSA<9@ ED98O < 64DP<DB-
64FP @9I4A<K9E><9 E6B=EF64 B5D4;JB6. � 84AAB= D45BF9 <ECB?P;B64AO 84A-
AO9 Q>EC9D<@9AFB6, CDB6989AAOI CD< D4;?<KAOI GDB6ASI A4CDS:9A<=, EB-
BFABL9A<SI BE96OI A4CDS:9A<= < A4CDS:9A<= 6E9EFBDBAA97B E:4F<S, A4 
EGI<I < 6B8BA4EOM9AAOI B5D4;J4I D4;?<KAOI 7BDAOI CBDB8 (7D4A<F < C9E-
K4A<>). 
�?RK96O9 E?B64: ;4>BA CDB8G>F<6ABEF< ;9@?9FDSE9A<=, HGA>J<S 5?<;B-
EF<, ?45BD4FBDAB9 <EE?98B64A<9. 

 

!4 E97B8ASLA<= 89AP FBKAB9 CDB7AB;<DB64A<9 ;9@?9FDSE9A<= E GK9FB@ 97B GDB6AS 
D4;DGL9A<= S6?S9FES 64:AB= CDB5?9@B= 8?S D9L9A<S.  %GM9EF6GRM<9 @B89?< E9=E@<-
K9E>B7B D9:<@4 (A4CD<@9D, ETAS) BC<D4RFES A4 FB, KFB EB5OF<S B8<A4>B6B= E<?O 
<@9RF B8<A4>B6B9 K<E?B 4HF9DLB>B6. � F4>B@ E?GK49 D94?<;G9FES #G4EEBAB6E>B9 D4E-
CD989?9A<9 K<E?4 4HF9DLB>B6. "8A4>B CD< 4A4?<;9 E9=E@<K9E><I EB5OF<= A45?R849FES 
Q>ECBA9AJ<4?PAO= ;4>BA CDB8G>F<6ABEF< ;9@?9FDSE9A<= [4]. �89EP CB8 CDB8G>F<6AB-
EFPR ;9@?9FDSE9A<S CBA<@49FES K<E?B E9=E@<K9E><I EB5OF<= 6 BCD989?9AAB@ 8<4C4;BA9 
@47A<FG8O, <@9RM<I CD<K<AAB-E?98EF69AAGR E6S;P E QF<@ ;9@?9FDSE9A<9@. 

�EE?98B64A<S ;4>BAB@9DABEF9= D4;DGL9A<S 79B?B7<K9E><I @4F9D<4?B6 < <I @B-
89?9= CD< 64D<4J<SI C4D4@9FDB6 A4CDS:9AAB-89HBD@<DB64AAB7B EBEFBSA<S ED98O < 99 
H<;<K9E><I E6B=EF6 @B:AB BEGM9EF6<FP 6 GE?B6<SI H<;<K9E>B7B Q>EC9D<@9AF4. � ?45B-
D4FBDAOI <EE?98B64A<SI 4>GEF<K9E>4S Q@<EE<S 6 <E>GEEF69AAOI < 9EF9EF69AAOI @4F9D<-
4?4I @B:9F D4EE@4FD<64FPES >4> A9>BFBDO= 4A4?B7 ;9@?9FDSE9A<=. #B8 4>GEF<K9E><@ D9-
:<@B@, CB 4A4?B7<< E E9=E@<K9E><@ D9:<@B@, CBA<@4RF EB6B>GCABEFP 4>GEF<K9E><I 
EB5OF<= 6 B5Nё@9 B5D4;J4, D4EE@4FD<649@GR 6B 6D9@9A< < CDBEFD4AEF69 [1]. 

�?S <;GK9A<S ;46<E<@BEF< CDB8G>F<6ABEF< BF D4;AOI C4D4@9FDB6 <ECB?P;G9FES 
@9FB8 5?<:4=L97B EBE984, GEF4A46?<64RM<= B8AB;A4KAGR E6S;P 86GI EB5OF<= 8DG7 E 
8DG7B@ [6], 4 F4>:9 HGA>J<S 5?<;BEF< [3], >BFBD4S S6?S9FES @9DB= E6S;< @9:8G 86G@S 
;9@?9FDSE9A<S@< (1), 789 <A89>EO CB>4;O64RF CBDS8B> ;9@?9FDSE9A<= 6B 6D9@9A< 1-EB-
5OF<9 CDB<;BL?B D4APL9, 2 3 CB;:9, �12 3 6D9@S @9:8G ;9@?9FDSE9A<S@<, ÿ12 3 CDBEFD4A-
EF69AAB9 D4EEFBSA<9 @9:8G QC<J9AFD4@<, ýĄ 3 HD4>F4?PA4S D4;@9DABEFP D4ECD989?9A<S 
QC<J9AFDB6, Ā 3 A4>?BA 7D4H<>4 CB6FBDS9@BEF<,  ă1 3 @47A<FG84 C9D6B7B CB 6D9@9A< 
EB5OF<S. 
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ÿ12 = {�12(ÿ12)Ă�10Āþ1 ,   �12 > 0+∞,                           �12 f 0 (1) 

 

#9D6O= B5D4;9J. BS02. �45BD4FBD<S 79B@9I4A<>< < D9B?B7<< (GFZ, Potsdam). �B-
8BA4EOM9AAO= J<?<A8D<K9E><= B5D4;9J 8<4@9FDB@ 50 @@ < 6OEBFB= 125 @@. #9EK4A<> 
�9AI4=@. #9D64S EF48<S: HBD@<DB64A<9 E86<7B6B7B @4>DBD4;DO64 6 D9;G?PF4F9 9EF9-
EF69AAB7B D4;DGL9A<S @4F9D<4?4 B5D4;JB6 68B?P A4>?BAAB= C?BE>BEF<. "5D4;B64A<9 
@4>DBD4;DO64 EBCDB6B:84?BEP CDBE>4?P;O64A<9@ CB D4;DO6G EB E5DBEB@ BE96OI A4CDS-
:9A<=. �FBD4S EF48<S Q>EC9D<@9AF4 (EB EHBD@<DB64AAO@< «D4;?B@AO@< ;BA4@<»): @B-
89?<DB64A<9 4HF9DLB>B6OI CBE?98B64F9?PABEF9= [2] (D<E. 1a). *69FAO@< CDS@BG7B?P-
A<>4@< A4 D<EGA>9 1a 6O89?9AO B5?4EF< 4A4?<;4 84AAOI: K9DAO= < E<A<= 3 B5?4EF< 8B 
HBD@<DB64A<S @<>DBD4;DO64 (before 1 < before 2 EBBF69FEF69AAB 6 B5B;A4K9A<SI 84?99); 
>D4EAO=, :9?FO= < ;9?9AO= 3 CBE?9 HBD@<DB64A<S @<>DBD4;DO64 (after 1, after 2 < after 

3 EBBF69FEF69AAB). 
 

a) 5) 
$<E. 1. a) - �EFBD<S A47DG:9A<S C9D6B7B B5D4;J4: 1 3 BE96O9 89HBD@4J<<, 2 3 BE96O9 A4CDS-
:9A<S σ1, 3 3 846?9A<9 6E9EFBDBAA97B E:4F<S Pc, 4 3 CBDB6B9 846?9A<9 Pp, 5 - 4>GEF<K9E>4S 4>F<6-
ABEFP (D4;AO@< J69F4@< 69DF<>4?PAO@< ?<A<S@< G BE< 6D9@9A< CB>4;4A4 4>F<6ABEFP CD< D4;AOI 
;A4K9A<SI 846?9A<S 6E9EFBDBAA97B E:4F<S). !4 6D9;>4I 3 CD<@9DO D4ECD989?9A<S <EFBKA<>B6 4>G-
EF<K9E>B= Q@<EE<< 6AGFD< B5D4;JB6 A4 CB87BFB6<F9?PAB= (I) < D45BK9= (II) EF48<SI. [2] 5) - �D4-
H<>< CB6FBDS9@BEF< 8?S D4;?<KAOI QF4CB6 Q>EC9D<@9AF4: all before 3 C9D64S EF48<S 
A47DG:9A<S (B5?4EF< K9DAB7B < E<A97B CDS@BG7B?PA<>B6 6@9EF9); all after 3 B5?4EF< after 1, after 2 < 
after 3 6@9EF9; all cat 3 69EP >4F4?B7 Q>EC9D<@9AF4 

 

�?S 4A4?<;4 84AAOI Q>EC9D<@9AF4 5O?< CBEFDB9AO 7D4H<>< CB6FBDS9@BEF< 
(D<E. 15). % CB@BMPR D<EGA>4 15 5O?< A4=89AO CBDB7B6O9 ;A4K9A<S QA9D79F<K9E>B7B 
>?4EE4 Kc < C4D4@9FDO ;4>BA4 �GF9A59D74-$<IF9D4 b, F4>:9 5O?< CBEK<F4AO >BDD9?SJ<-
BAAO9 HD4>F4?PAO9 D4;@9DABEF< d (F45?. 1). #BE?9 K97B 5O?< CBEFDB9AO D4ECD989?9A<S 
HGA>J<< 5?<;BEF< (D<E. 2): D94?PAB9 (preal) < D4A8B@<;<DB64AAB9 (prand). � BF?<K<< BF 
4A4?<;<DB64AAOI D4A99 ;9@?9FDSE9A<= [4, 5], 6 E?GK49 ?45BD4FBDAOI <EE?98B64A<= 
A45?R849FES B8AB7BD5B9 D4ECD989?9A<9, 8?S >BFBDB7B 9M9 A9 6OS6?9A ECBEB5 A4IB:89-
A<S CBDB7B6B7B ;A4K9A<S HGA>J<< 5?<;BEF< 8?S CBE?98GRM97B D4EK9F4 CDB8G>F<6ABEF9= 
< 4A4?<;4 EB5OF<=. 
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&45?<J4 1 
�A4K9A<S C4D4@9FDB6 8?S BJ9A>< CDB8G>F<6ABEF< EB5OF<= 4>GEF<K9E>B= 

Q@<EE<< 8?S BS02 

 

all  
cat 

all 
before 

before 
1 

before 
2 

all  
after 

after  
1 

after  
2 

after  
3 

Kc 5 5 5 5 5 5 5 5 

d 
2.92 
±0.04 

2.71 
±0.02 

2.07 
±0.06 

2.72 
±0.02 

2.92 
±0.04 

2.60 
±0.07 

2.43 
±0.08 

2.83 
±0.05 

b 
0.782 
±0.002 

0.976 
±0.009 

0.95 
±0.07 

0.977 
±0.009 

0.766 
±0.002 

0.835 
±0.011 

0.83 
±0.08 

0.746 
±0.003 

 

 

 

a) 5) 

 

 

6) 7) 

 

 

8) 9) 
$<E. 2. �D4H<>< D4ECD989?9A<S HGA>J<< 5?<;BEF< 8?S 86GI QF4CB6 C9D6B= EF48<< 
A47DG:9A<S B5D4;J4 (a, 5), FD9I QF4CB6 6FBDB= EF48<< A47DG:9A<S B5D4;J4 (6, 7, 8) < 
8?S 6E97B >4F4?B74 (9). +9DAO@< >648D4F4@< <;B5D4:9AO 7D4H<><, CBEFDB9AAO9 CB 
<EIB8AB@G >4F4?B7G, >D4EAO@< >DG:>4@< 3 CB D4A8B@<;<DB64AAB@G [4, 5] 
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�FBDB= B5D4;9J. AE42. 6 �45BD4FBD<< FD9A<S 7BDAOI CBDB8 (Rock friction 
laboratory, USGS, Menlo Park, USA) [1]. *<?<A8D<K9E>B= HBD@O 8<4@9FDB@ 76.2 @@ < 
6OEBFB= 190.5 @@ <; 7D4A<F4 �9EF9D?<. �9HBD@4J<S CDB6B8<?4EP B8ABBEAB= A47DG;>B= 
6 GE?B6<SI CBEFBSAAB7B 6E9EFBDBAA97B E:4F<S 50  #4. %GIB=, B56B8A9A<9 A9 CDB6B8<-
?BEP. !47DG:9A<9 6OCB?AS?BEP 6 D9:<@9 E B5D4FAB= E6S;PR CB 4>F<6ABEF< 4>GEF<K9E>B= 
Q@<EE<< [1]. �?S 4A4?<;4 84AAOI 5O?< 6;SFO EB5OF<S <; 86GI 6D9@9AAOI B5?4EF9=: 4000-
12400 E9>GA8; 14490-15460 E9>GA8 (before < after EBBF69FEF69AAB). �A4?<; CDB6B8<?ES 
4A4?B7<KAB C9D6B@G B5D4;JG (D<E. 3-4, F45?. 2). �<8AB, KFB 7D4H<>< D4ECD989?9A<S HGA>-
J<< 5?<;BEF< F4>:9 <@9RF B8AB7BD5O= 6<8 (D<E. 4). 
 

 

 

a) 5) 
$<E. 3. a) 3 �D4H<> A47DG:9A<S 6FBDB7B B5D4;J4, 5) 3 �D4H<>< CB6FBDS9@BEF< 8?S 
86GI QF4CB6 A47DG:9A<S (K9DAO9 >DG:>< 3 C9D<B8 before (4000-12400 E9>GA8), >D4E-
AO9 3 after (4000-12400 E9>GA8)) 
 

&45?<J4 2 
�A4K9A<S C4D4@9FDB6 8?S BJ9A>< CDB8G>F<6ABEF< EB5OF<= 4>GEF<K9E>B= Q@<EE<< 

8?S AE42 
 before After 

Kc 1.6 1.6 
d 3.07±0.05 2.63±0.07 
b 1.086±0.013 0.678±0.010 

 

 

 

a) 5) 
$<E. 4. �D4H<>< D4ECD989?9A<S HGA>J<< 5?<;BEF< 8?S 86GI QF4CB6 A47DG:9A<S B5-
D4;J4 AE42: a) 3 C9D6B7B; 5) 3 6FBDB7B. +9DAO@< >648D4F4@< <;B5D4:9AO 7D4H<><, 
CBEFDB9AAO9 CB <EIB8AB@G >4F4?B7G, >D4EAO@< >DG:>4@< 3 CB D4A8B@<;<DB64A-
AB@G [4, 5] 
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"8AB7BD5B9 D4ECD989?9A<9 HGA>J<< 5?<;BEF< D4A8B@<;<DB64AAB7B >4F4?B74 A9-
@AB7B E86<749FES 6CD46B BFABE<F9?PAB 7D4H<>4 <EIB8AB7B >4F4?B74, KFB E6<89F9?PEF6G9F 
B FB@, KFB HGA>J<S 5?<;BEF< 7DGCC<DB64AAOI EB5OF<= @4?B BF?<K49FES BF HGA>J<< 8?S 
A9;46<E<@OI EB5OF<=. !95B?PLB= E86<7 B;A4K49F A95B?PLGR 8B?R 7DGCC<DG9@OI EB-
5OF<=.   
 

%#�%"� ��&�$�&'$/ 
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REGULARITIES OF SPATIAL AND TEMPORAL GROUPING OF 

ACOUSTIC EMISSION EVENTS IN LABORATORY EXPERIMENTS 

ON ROCK FRACTURE 
 

Matochkina Sofiya Dmitrievna 

IEPT RAS, Moscow 

sofijamat@mail.ru 

 

Summary. The aim of this work is experimental study of earthquake productiv-

ity law [4] in laboratory environment: identification of the factors that influence 

characteristics of fracture productivity formation and parameters of the produc-

tivity law. Laboratory conditions, in contrast to natural ones, allow controlling 

the stress-strain state of medium and varying mechanical properties of samples. 

This paper uses data from experiments carried out at various stress levels, axial 

stress and compression stress ratios, on dry and water-saturated samples of var-

ious rocks (granite and sandstone). 

Key words: earthquake productivity law, proximity function, laboratory study. 
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�AABF4J<S. �BA4?PAB9 D4=BA<DB64A<9 D9;9D6G4DB6 >BDO 6O69FD<64A<S < 
6AGFD9AA97B C4?9B;BS F9DD<FBD<< �BEFBKAB-#4=8G7<AE>B= @9746C48<AO 
6OCB?A9AB E GK9FB@ C?BFABEF< 79A9D4J<< FB7GDE>B= A9HF<, >4K9EF64 6B;-
@B:AB7B >B??9>FBD4 < FB?M<AO >BDO 6O69FD<64A<S. #D< C?4A<DB64A<< 
CB<E>B6 A9HF< 6 8BRDE>B@ !�� D9>B@9A8G9FES GK<FO64FP CDB7AB;AO9 
;BAO @4>E<@4?PAOI < 6OEB><I C9DEC9>F<6. 
�?RK96O9 E?B64: C4?9BF9@C9D4FGDAB9 @B89?<DB64A<9, D4=BA<DB64A<9, 
D9;9D6G4DO >BDO 6O69FD<64A<S < C4?9B;BS, &B@E>4S B5?4EFP.  
 

� D4@>4I CDB9>F4 ;BA4?PAB7B <;GK9A<S < BJ9A>< CB<E>B6OI C9DEC9>F<6 A9D4ECD9-
89?9AAB7B HBA84 A98D 6BEFB>4 &B@E>B= B5?4EF<, <A<J<<DG9@B7B FB@E>B= A4GKAB= 7DGC-
CB= 79BF9D@<>B6, 6OCB?A9AO A4EFBSM<9 CDB7AB;AB-CB<E>B6O9 <EE?98B64A<S. #D< QFB@ 
89?49FES 4>J9AF A4 8BRDE><= A9HF974;BABEAO= >B@C?9>E (!��), ;4?9:< 6 >BFBDB@ BFAB-
ESFES > FDG8AB<;6?9>49@B= A9HF<. �89EP BEAB6AB= A9HF9@4F9D<AE>B= HBD@4J<9= S6?S-
9FES <@9RM4S L<DB>B9 D4ECDBEFD4A9A<9 FB7GDE>4S E6<F4 [1].  

*9?P <EE?98B64A<S 3 A4 BEAB69 C4?9BF9@C9D4FGDAB7B @B89?<DB64A<S < ;BA4?P-
AB7B D4=BA<DB64A<S BJ9A<FP C9DEC9>F<6O F9DD<FBD<< �BEFBKAB-#4=8G7<AE>B= @9746C4-
8<AO < EFDG>FGD <I B5D4@?9A<S. 

� >4K9EF69 B5N9>F4 <EE?98B64A<S 6O5D4A4 F9DD<FBD<S, CB BE48BKAB@G K9I?G CD<-
GDBK9AA4S > A4<5B?99 >DGCAB= < >BAFD4EFAB= BFD<J4F9?PAB= EFDG>FGD9 I CBDS8>4 �B-
EFBKAB-#4=8G7<AE>B= @9746C48<A9 [5], A4 6BEFB>9 7D4A<K4M9= E �?48<@<DB6E><@ @9-
746OEFGCB@, A4 E969DB-;4C489 E #4=8G7<AE><@ @97464?B@ (D<E. 1). %B7?4EAB E F9>FBA<-
K9E><@ D4=BA<DB64A<9@ 8BRDE>B7B HGA84@9AF4 �4C48AB-%<5<DE>B= C?<FO [7] ;4C48AGR 
K4EFP F9DD<FBD<< ;4A<@4RF EFDG>FGDO CB;8A979DJ<AE>B= E>?48K4FBEF< 3 !4DO@E>B-
�B?C4L96E>4S 6AGFD9AASS 6C48<A4 < #O?P-�4D4@<AE><= @974AF<>?<ABD<=. �BEFBKA99 
D4ECB?474RFES EFDG>FGDO E4?4<DE>B7B 8<4EFDBH<;@4: A4 E969D9 A95B?PLB= HD47@9AF 
�:4D@<AE>B7B CDB7<54, �?<CE><= CDB7<5 < '?GR?PE>B-%D98A9KG?O@E><= 6OEFGC (D<E. 
2�).  

&B7GDE>4S E6<F4 ;89EP <@99F L<DB>B9 D4ECDBEFD4A9A<9 (D<E. 1), 4 @BMABEFP A<:-
A9RDE><I BF?B:9A<= 8BEF<749F @4>E<@4?PAOI ;A4K9A<=. $4EE9SAAB9 BD74A<K9E>B9 69-
M9EF6B ($"�) 6 FB7GDE><I BF?B:9A<SI A9B8ABDB8AB, CD<EGFEF6GRF 7G@GEB64S < E4CDB-
C9?964S EBEF46?SRM<9. %B89D:4A<9 BD74A<K9E>B7B 69M9EF64 %BD7 8BEF<749F (E>6. �BEFB> 
3C) 2%, 4 6B8BDB8AO= <A89>E 3 38 @7 '�/7. %F48<S >4F479A9;4 BD74A<K9E>B7B 69M9EF64 
8BEF<749F 7D484J<<  �1

1 3  �1
2. 

 B89?<DB64A<9 BEAB64AB A4 D9L9A<< GD46A9A<S F9C?BCDB6B8ABEF< 7BD<;BA-
F4?PAB-E?B<EFB7B F69D8B7B F9?4 E CB86<:AB= 69DIA9= 7D4A<J9=, E CD<@9A9A<9@ BD<7<-
A4?PAB= >B@CPRF9DAB= F9IAB?B7<< [1]. �;GK9A<9 BEGM9EF6?S9FES E <ECB?P;B64A<9@ BE4-
8BKAB-@<7D4J<BAAB= F9BD<< A4HF<8B79A9;4. #D<ASF4 >BAJ9CJ<S B CD9<@GM9EF69AAB 
69DF<>4?PAB= @<7D4J<< G7?96B8BDB8B6. 
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"EAB6B= 8?S 6OCB?A9A<S D45BFO CBE?G:<?< D4A99 6OS6?9AAO9 < ;4>4DF<DB64A-
AO9 >4F479A9F<K9E><I BK47< 79A9D4J<< '�, 4 F4>:9 D9;G?PF4FO Q>ECD9EE-BJ9A>< 3 D4E-
CD989?9A<9 <AF97D4?PAB7B F9@C9D4FGDAB7B CB>4;4F9?S R, I4D4>F9D<;GRM97B C?BFABEFP 
79A9D4J<< FB7GDE>B= A9HF< (D<E. 1) [2].  

 

 
$<E. 1. %I9@4F<K9E>4S >4DF4 <;B?<A<= D4ECD989?9A<S <AF97D4?PAB7B F9@C9D4-
FGDAB-6D9@9AAB7B CB>4;4F9?S R (B. 98.) (E GK9FB@ @BMABEF< @4F9D<AE>B= E6<FO) [1]: 
1 3 7D4A<JO F9>FBA<K9E><I EFDG>FGD I-7B (4) < II-7B (5) CBDS8>4 [5];  
2 3 >BAFGD D4ECDBEFD4A9A<S FB7GDE>B= E6<FO; 3 3 E>64:<A4, 6E>DO6L4S 8BRDE><= >B@C?9>E; 4 3 
7<8DBE9FP; 5 3 48@<A<EFD4F<6A4S 7D4A<J4 &B@E>B= B5?4EF<; 6 3 <;B?<A<S C?BFABEF< 79A9D4J<< FB-
7GDE>B= A9HF< (B.98.); 7 3 CDS@O9 CD<;A4>< A9HF974;BABEABEF< 6 E>64:<A4I ;4 CD989?4@< @9EFBDB:-
89A<= 6 RDE>B@ < 8BRDE>B@ !��: A9CDB@OL?9AAO= CD<FB> A9HF< (a), 74;4 (b); ;4C4I 6 >9DA9 (c). 
#9DEC9>F<6AO9 ;9@?< (R>30 B.98.) CB>4;4AO >D4EAB-DB;B6B= ;4?<6>B=  

 

�?4EE<H<>4J<S 7DGCC C9FDBF<CB6 CBDB8 HGA84@9AF4. #9FDB7D4H<K9E><9 D4;AB-
6<8ABEF< CBDB8 69DIA97B 7BD<;BAF4 C4?9B;BS < >BDO 6O69FD<64A<S E FBK>< ;D9A<S >4K9-
EF64 6B;@B:AB7B >B??9>FBD4 D4;89?<?< A4 FD< 7DGCCO. 

#B CBF9AJ<4?G HBD@<DB64A<S >B??9>FBDB6 6B 6AGFD9AA9@ C4?9B;B9 6 C9D6GR 
7DGCCG 6IB8SF C9FDBF<CO CBDB8 HGA84@9AF4, 6 >BFBDOI E 6OEB>B= 69DBSFABEFPR @B7GF 
B5D4;B6O64FPES D9;9D6G4DO >B??9>FBDB6 E ?GKL<@< (�%. 1FB @B7GF 5OFP >4D5BA4FAO9 
BF?B:9A<S, CD98EF46?9AAO9 <;69EFAS>4@<, 8B?B@<F4@< < 8DG7<@< CBDB84@< ED98A97B-
CB;8A97B 896BA4 < D4AA97B >4D5BA4 [3]. �B 6FBDB= 7DGCC9 CBDB8 HGA84@9AF4, 6 >BFBDOI 
@B7GF B5D4;B64FPES >B??9>FBDO E IBDBL<@< (�%, BFABESFES F9DD<79AAB->4D5BA4FAO9 < 
@9F4@BDH<K9E><9 CBDB8O, CD98EF46?9AAO9 7?<A<EFB->D9@A<EFO@< <?< 7?<A<EFO@< CB-
DB84@<, 4 F4>:9 >D9@A<EFO9 E?4AJO >BAF4>FB6B-<;@9A9AAO9 65?<;< <AFDG;<= [6]. &D9-
FPS 7DGCC4 B5N98<AS9F C?BFAO9 7?<A<EFO9 D4;ABEF< < @47@4F<K9E><9 CBDB8O BEAB6AB7B 
EBEF464, B5D4;GRM<9 «C?BI<9» >B??9>FBDO [6].  
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#B CBF9AJ<4?G HBD@<DB64A<S >B??9>FBDB6 6 >BD9 6O69FD<64A<S 6 C9D6GR 7DGCCG 
6IB8SF C9FDBF<CO CBDB8 HGA84@9AF4, CB >BFBDO@ B5D4;GRFES >B??9>FBDO >BDO 6O69F-
D<64A<S E 6OEB><@< 9@>BEFAO@< E6B=EF64@< 3 >D9@A<EFB->4D5BA4FAO9, 7?<A<EFB->D9@-
A<EFO9 CBDB8O, 7D4A<FB<8O < <I FGHO [4] D4;?<KAB7B 6B;D4EF4. �FBD4S 7DGCC4 B5N98<-
AS9F CBDB8O 4EC<8AB= < 7?<A<EFB-E?4AJ96B= HBD@4J<= [4]. � FD9FP9= 7DGCC9 BFABESFES 
@47@4F<K9E><9 CBDB8O BEAB6AB7B EBEF464 C4?9B;B=E>B7B HGA84@9AF4. 

!4 BEAB69 6OL9BC<E4AAB7B D4;89?9A<S C9FDBF<CB6 7DGCC4@ CBDB8 CD<E6B9AO 69-
EB6O9 >BQHH<J<9AFO D4=BA<DB64A<S, EB ;A4K9A<S@< 0, 1 < 2 6 CBDS8>9 G69?<K9A<S >4K9-
EF64 >B??9>FBD4. 

 

 
$<E. 2. (D47@9AF >4DFO 69M9EF69AAB7B EBEF464 C4?9B;B=E>B7B HGA84@9AF4 6 >BA-
FGD9 F9DD<FBD<< <EE?98B64A<S [8], E 8BCB?A9A<S@< (�), EI9@4 <;BC4I<F >BDO 6O-
69FD<64A<S �BEFBKAB-#4=8G7<AE>B= @9746C48<AO < EFDG>FGD 9ё B5D4@?9A<S (�): 
HBD@4J<< E G>4;4A<9@ 6B;D4EF4 HBD@<DB64A<S (1-17): 1-8 3 BE48BKAO9 (1-4 3 F9DD<79A-
AO9, 5-6 3 F9DD<79AAB->4D5BA4FAO9, 7 3 >4D5BA4FAO9, 8 3 8B?B@<FB6O9); 9-12 3 QHHG;<6AB-BE48BKAO9 
(9 3 54;4?PFB6O9, 10 3 4A89;<FB-54;4?PFB6O9, 11,12 3 QHHG;<6AB->4D5BA4FAO9); 13-15 3 @9F4@BDH<-
K9E><9 (13, 14 3 4EC<8AO9, 15 3 7?<A<EFB->D9@A<EFO9); 16-17 3 @47@4F<K9E><9 (16 3 7D4A<FB<8O, 17 
3 54;<FO); 23 3 E>64:<A4, 6E>DO6L4S C4?9B;B=E><9 BF?B:9A<S; 24 3 D4;DO6AO9 A4DGL9A<S; 20 3 
E>64:<A4 (6 K<E?<F9?9 3 C?BM48P, AB@9D; 6 ;A4@9A4F9?9 3 @BMABEFP >BDO 6O69FD<64A<S, @); 21 3 
<;B?<A<S FB?M<AO >BDO 6O69FD<64A<S, E9K9A<9 5 @ 

 

#D< D4=BA<DB64A<< F9DD<FBD<< < D4A:<DB64A<< GK4EF>B6 CB C?BFABEF< C9D6<K-
AB= 4>>G@G?SJ<< A9HF< 6 C4?9B;B=E>B@ D9;9D6G4D9 C9D6O@ CB 64:ABEF< CD<;A4>B@ CD<-
ASF AB@9D 7DGCCO C9FDBF<CB6 CBDB8 HGA84@9AF4, 6FBDO@ 3 C?BFABEFP 79A9D4J<< FB7GD-
E>B= A9HF<. #B D9;G?PF4F4@ >4DF<DB6BKAB7B >B@C?9>E<DB64A<S 6O89?9AO 4 C9DEC9>F<6-
AO9 ;BAO (D<E. 3�). $4A:<DB64A<9 GK4EF>B6 D9;9D6G4D4 C4?9B;BS CB C9DEC9>F<6ABEF< 
E?98GRM99 (AB@9D 7DGCCO C9FDBF<CB6 CBDB8 HGA84@9AF4/C?BFABEFP 79A9D4J<< FB7GD-
E>B= A9HF<, B. 98.): 1 3 1/5B?99 30; 2 3 1/10-30; 3 3 2/5B?99 30; 4 3 2/10-30. 

� GK4EF>G ;BAO E @4>E<@4?PAB= C9DEC9>F<6ABEFPR (CB D4A:<DG 1) BFABE<FES GK4-
EFB> EB ;A4K9A<S@< C?BFABEF< 79A9D4J<< 5B?99 30 B.98., D4ECDBEFD4A9A<9@ >B??9>FBDB6 
1-B= 7DGCCO C9FDBF<CB6. !4 QFB@ GK4EF>9 C4?9B;B= E>64:<A4@< A9 6E>DOF. 

� GK4EF>4@ ;BAO E 6OEB>B= C9DEC9>F<6ABEFPR (CB D4A:<DG 2) BFABESFES GK4EF>< 
E C?BFABEFPR 79A9D4J<< A9HF< BF 10 8B 30 B.98. < E >B??9>FBD4@< 1-B= 7DGCCO C9FDBF<-
CB6. �89EP CD< 5GD9A<< E>6. �9;89IB8A4S 4C 6 <AF9D64?9 C4?9B;BS CB?GK9A4 C?9A>4 A9HF< 
CD< <ECOF4A<<, ;4C4I < 6OCBFO '� 6 >9DA9. 
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$4=BA<DB64A<9 D9;9D6G4D4 >BDO 6O69FD<64A<S BEAB6O649FES A4 >B@C?9>E<DB64-
A<< FD9I C4D4@9FDB6: 69EB6B7B >BQHH<J<9AF4 CBF9AJ<4?4 HBD@<DB64A<S >B??9>FBDB6 
D4;?<KAO@< C9FDBF<C4@< CBDB8 HGA84@9AF4, C?BFABEF< 79A9D4J<< FB7GDE>B= A9HF< < 
FB?M<A9 >BDO 6O69FD<64A<S. #9D@B-FD<4EB6O9 BF?B:9A<S ;89EP L<DB>B D4ECDBEFD4-
A9AO, KFB BFD4:9AB A4 CBEFDB9AAB= >4DF9 CB @4F9D<4?4@ 68-@< 7?G5B><I E>64:<A, <; 
>BFBDOI 40 ;4 >BAFGDB@ (D<E. 2�) («89?4 E>64:<A», &B@E><= H<?<4? (�' «&(�� CB 
%("»). 

 

 
$<E. 3. $4=BA<DB64A<9 < D4A:<DB64A<9 C9DEC9>F<6 A9HF974;BABEABEF< D9;9D6G4D4 
C4?9B;BS (�) < >BDO 6O69FD<64A<S (�): 1-2 3 B5?4EF< D4ECDBEFD4A9A<S C9D6B= (1) < 6FBDB= 
(2) 7DGCC C9FDBF<CB6 D9;9D6G4D4 C4?9B;BS; 3-4 3 B5?4EFP D4ECDBEFD4A9A<S C9D6B= (3) < 6FBDB= (4) 

7DGCC C9FDBF<CB6 >BDO 6O69FD<64A<S; 5 3 B5?4EFP D4ECDBEFD4A9A<S FD9FP9= 7DGCCO C9FDBF<CB6 
C4?9B;BS < >BDO 6O69FD<64A<S; 6 3 <;B?<A<S C?BFABEF< 79A9D4J<< FB7GDE>B= A9HF< (B. 98.); 7 3 <;B-
?<A<S FB?M<AO >BDO 6O69FD<64A<S (@); 8 3 C9DEC9>F<6AO= GK4EFB>, 97B AB@9D 6 D4A:<DB64A<< 

 

#B D9;G?PF4F4@ >4DF<DB6BKAB7B >B@C?9>E<DB64A<S 6O89?9AO 9 C9DEC9>F<6AOI 
;BA (D<E. 3�). $4A:<DB64A<9 GK4EF>B6 CB EF9C9A< C9DEC9>F<6ABEF< E?98GRM99 (7DGCC4 
C9FDBF<CB6 CBDB8 HGA84@9AF4/C?BFABEFP 79A9D4J<< FB7GDE>B= A9HF<, B. 98./FB?M<A4 
>BDO 6O69FD<64A<S, @): 1 3 1/5B?99 30/5B?99 10; 2 3 1/5B?99 30/5-10; 3 3  1/5B?99 30/0-5; 

4 3 1/10-30/5B?99 10; 5 3 1/10-30/5-10; 6 3 1/10-30/0-5; 7 3 2/5B?99 30/5B?99 10; 8 - 2/5B?99 
30/5-10; 9 3 2/5B?99 30/0-5. 

� GK4EF>4@ E @4>E<@4?PAB= C9DEC9>F<6ABEFPR BFABESFES GK4EF>< E D4ECDBEFD4-
A9A<9@ >B??9>FBDB6 C9D6B= 7DGCCO C9FDBF<CB6, C?BFABEF< 79A9D4J<< 5B?99 30 B.98. (CB 
D4A:<DG 1-3). � GK4EF>4@ E 6OEB>B= C9DEC9>F<6ABEFPR BFABESFES GK4EF>< E D4ECDBEFD4-
A9A<9@ >B??9>FBDB6 C9D6B= 7DGCCO C9FDBF<CB6, ;A4K9A<S@< C?BFABEF< 79A9D4J<< A9HF< 
BF 10 8B 30 B.98. (CB D4A:<DG 4-6). �BD4 6O69FD<64A<S 6E>DOF4 ?<LP A4 B8AB@ <; GK4EF-
>B6 D4A:<D4 3 3 E>6. �9;89IB8A4S 3C, 4, B8A4>B C?4EF   A9 <ECOF4A. 

�?S GK4EF>4 �BEFBKAB-#4=8G7<AE>B= @9746C48<AO 6OCB?A9A4 GE?B6A4S >?4EE<-
H<>4J<S B5?4EF9= D4ECDBEFD4A9A<S C9FDBF<CB6 CBDB8 8BRDE>B7B BEAB64A<S CB CBF9AJ<-
4?G HBD@<DB64A<S >B??9>FBDB6 6B 6AGFD9AA<I 7BD<;BAF4I C4?9B;BS < 6 >BD9 6O69FD<64-
A<S. #D< C?4A<DB64A<< CB<E>B6OI D45BF 6 8BRDE>B@ !�� D9>B@9A8G9FES GK<FO64FP 
;BAO @4>E<@4?PAOI < 6OEB><I. #D4>F<K9E>< CB8F69D:89A4 A9HF974;BABEABEFP GK4EF>4 
;BAO 6OEB><I C9DEC9>F<6 D9;9D6G4D4 C4?9B;BS. � 8DG7<I E>64:<A4I >BD4 6O69FD<64A<S 
< C4?9B;B= ?<5B A9 6E>DOFO, ?<5B A9 <ECOF4AO. 

�OD4:4N 5?47B84DABEFP A4GKAB@G DG>B6B8<F9?N �.�. �E496G, 4 F4>:9 �.�. �B-
5B6B= ;4 6E9EFBDBAANN CB889D:>G D45BFO < 99 B5EG:89A<9. 
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WEATHERING CRUST AND PALEOZOIC RESERVOIRS ZONING OF 

THE EAST-PAIDUGIN DEPRESSION (TOMSK REGION) 

 
Anna Merenkova 
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Summary. The zoning of the Paleozoic and weathering crust reservoirs of the 

East-Paidugin depression was carried out taking into account the Togur oil gen-

eration density, the quality of the possible reservoir and the weathering crust 

thickness. It is recommended to consider the forecast zones of maximum and 

high prospects when planning oil prospecting in the Pre-Jurassic oil and gas 

complex. 

Key words: paleotemperature modeling, zoning, weathering crust and Paleozoic 

reservoirs, Tomsk region. 

  



© «�� 'D" $�!». 2023 

134 

'�� 550.343.2 
"*�!�� �"� "�!"%&� $���%&$�*�� "�$��"��!�3 
�"$"!"� ���"�"�" �/�$"%� %��% "�"��+�%��  

 �&"�"  

 
 8;5E8=0 �;5:A0=4@0  8E09;>2=0 

(�* ��% $�!, 3. "1=8=A: 
amilekhina@gsras.ru 

 

�AABF4J<S. "C<E4A<9 F4>B7B S6?9A<S, >4> 6BDBA>< 74;B6B7B 6O5DBE4 6 
3@4?B-!9A9J>B@ 46FBAB@AB@ B>DG79 (3!�"), B5D4;B64A<9 >BFBDOI 
CB8F69D:849FES >BE@BEA<>4@<. $4EE@BFD9A CD<@9D 6B;@B:ABEF< 
D97<EFD4J<< 6BDBA>< 74;B6B7B 6O5DBE4 E9=E@<K9E><@ @9FB8B@ CD< 
A4?<K<< 8BEF4FBKAB C?BFAB= E9F< E9=E@<K9E>B7B @BA<FBD<A74. 
�?RK96O9 E?B64: 4D>F<K9E>4S ;BA4, 6O5DBE 74;4, 6BDBA>4, >BE@BEA<@><, 
E9FP E9=E@<K9E>B7B @BA<FBD<A74, QC<J9AFD EB5OF<S 
 

� <R?9 2014 7. 5B?PLB9 6A<@4A<9 A4GKAB= B5M9EF69AABEF< 6O;64?4 <AHBD@4J<S 
B5 B5A4DG:9A<< 6 3@4?B-!9A9J>B@ 46FBAB@AB@ B>DG79 (3!�"), 6 R7B-;4C48AB= K4EF< 
CB?GBEFDB64 3@4?, 6 30 >@ R:A99 GA<>4?PAB7B CB ;4C4E4@ �B64A9A>B6E>B7B 
A9HF974;B>BA89AE4FAB7B @9EFBDB:89A<S < @9A99 K9@ 6 5 >@ BF @47<EFD4?PAB7B 
74;BCDB6B84 �B64A9A>B6B3'IF4 7<74AFE>B7B 7?G5B>B7B >D4F9D4, ;4CB?A9AAB7B 6B8B= 
?<LP 6 A<:A9= K4EF< [1]. ':9 6 467GEF9 BA4 <EE?98B64?4EP 79B?B74@<, 79BH<;<>4@<, 
74;B6<>4@< < @9D;?BFB6984@< <; 4>489@<K9E><I <AEF<FGFB6  BE>6O, %<5<DE>B7B < 
'D4?PE>B7B BF89?9A<= $�!. !4 QFB@ QF4C9 <;GK9A<S 6BDBA>< 6A9LA<= 99 8<4@9FD 
EBEF46?S? B>B?B 37 @, 4 6AGFD9AA<= (EF6B?, >B?B89J, >D4F9D) 3 A9 5B?PL9 25 @, 7?G5<A4 
BF >D4S 5DGEF69D4 8B 6B8O 8BEF<74?4 35 @, 4 8B 8A4 ~ 42 @ (D<E. 1). �4@9DO EB89D:4A<S 
74;B6 6 6BDBA>9 CB>4;4?< BFEGFEF6<9 ;A4K9A<= 6OL9 HBAB6OI [2]. 
 

4) 5) 
$<E. 1. �B64A9A>B6E>4S 6BDBA>4 6 2014 7. 4) 3 ?9FB@, 5) 3 BE9APR. (BFB 
�. �B7BS6?9AE>B7B 

 



XXIV 'D4?PE>4S @B?B89:A4S A4GKA4S L>B?4 CB 79BH<;<>9 

135 

+9D9; A9E>B?P>B 8A9= CBS6<?4EP <AHBD@4J<S B5 B5A4DG:9A<< 9M9 86GI 6BDBAB> 
A9E>B?P>B @9APL97B D4;@9D4 6 3!�" (D<E. 2). " CD<DB89 B5D4;B64A<S 6BDBAB> 5O?B 
6O86<AGFB A9E>B?P>B 7<CBF9;, AB 5B?PL<AEF6B GK9AOI 98<AO 6B @A9A<< B 
74;B-6;DO6AB@ @9I4A<;@9 CDB<EIB8SM<I EB5OF<=. 

 

 
$<E. 2. $4ECB?B:9A<9 6BDBAB> 

 

'DB69AP 8BEFB69DABEF< <AHBD@4J<< B CD<DB89 B5A4DG:9AAOI CB8B5AOI 
B5N9>FB6 E<?PAB D4;?<K49FES, KFB E6S;4AB E <I B7D4A<K9AAB= 8BEFGCABEFPR 8?S 
Q>EC98<J<BAAOI D4EE?98B64A<= </<?< E BFEGFEF6<9@ >BBD8<A4F <I D4ECB?B:9A<S CD< 
A4?<K<< CB8F69D:84RM<I 6<89B- < HBFB@4F9D<4?B6, CD98BEF46?9AAOI >BD9AO@ 
A4E9?9A<9@.  

�4> CD46<?B, B8A<@ <; ECBEB5B6 B5A4DG:9A<S 6BDBAB> S6?S9FES <;GK9A<9 
4QDBHBFB- < >BE@BEA<@>B6 (�%) 8<EF4AJ<BAAB7B ;BA8<DB64A<S �9@?<. �% D4;?<KAB7B 
CDBEFD4AEF69AAB7B D4;D9L9A<S CD<@9ASRFES 8?S D9L9A<S E?98GRM<I ;484K: 
BCD989?9A<9 6D9@9AAB7B <AF9D64?4 B5D4;B64A<S <EE?98G9@OI 6BDBAB>; CB?GK9A<9 
?4A8L4HFAOI < 79B@BDHB?B7<K9E><I I4D4>F9D<EF<> GK4EF>B6 <I D4ECB?B:9A<S; 
>B?<K9EF69AA4S < >4K9EF69AA4S BJ9A>4 <;@9A9A<= 6 D9?P9H9, E6S;4AAOI E B5D4;B64A<9@ 
6BDBAB>; 6OS6?9A<9 8<A4@<>< Q6B?RJ<< B5D4;B646L<IES 6BDBAB> [3]. 

"K96<8AB, KFB CBS6?9A<9 6BDBAB> 6 �D>F<>9 ABE<F E<EF9@4F<K9E><= I4D4>F9D < 
CD98EF46?S9F A9EB@A9AAGR G7DB;G :<;A989SF9?PABEF< K9?B69>4, CBQFB@G 6B;@B:ABEFP 
5OEFDB7B 6OS6?9A<S B5D4;B64A<S AB6OI 6BDBAB> A9EB@A9AAB 64:A4. 

� 2017 7. (�* ��% $�! EB6@9EFAB E 48@<A<EFD4J<9= 3!�" D4;69DAG?< 
6OEB>BKG6EF6<F9?PAGR E9FP E9=E@<K9E>B7B @BA<FBD<A74 %969DAB7B 3@4?4 65?<;< 
A4E9?9AAOI CGA>FB6 %459FF4, )4D4E469= < �B64A9A>B (D<E. 3). � E>64:<AO 7?G5<AB= 
2-5 @ 6 5O?< GEF4AB6?9AO L<DB>BCB?BEAO9 E9=E@B@9FDO Trillium Compact 120 E 
J<HDB6O@< D97<EFD4FBD4@< Centaur, >B@C?9>F4@< 59EC9D95B=AB7B C<F4A<S < C9D984K< 
84AAOI [4].  

 

 
$<E. 3. %I9@4 D4ECB?B:9A<S EF4AJ<= E9F< 



© «�� 'D" $�!». 2023 

136 

�4AAB= E9FPR, 6C9D6O9 6 @<DB6B= CD4>F<>9 5O?< ;4D97<EFD<DB64AO 
E9=E@<K9E><9 E<7A4?O BF 6;DO6AB7B 6O5DBE4 74;4, CD<698L97B > B5D4;B64A<R 74;B6B= 
6BDBA>< 29 <RAS 2017 7., B5A4DG:9AAB= @9EFAB= :<F9?PA<J9=. � FBF 89AP BA4 CB8AS?4EP 
A4 69DL<AG IB?@4 CBE@BFD9FP <;84?9>4 A4 C4EGM<IES B?9A9=. � >4>B=-FB @B@9AF 9= 
CB>4;4?BEP, KFB ;9@?S CB8 AB74@< «;48OL4?4». �9AM<A4 <ECG74?4EP < CB59:4?4 CDBKP. 
#D<@9DAB K9D9; @<AGFG CB;48< A99 D4;84?ES EFD4LAO= 6;DO6 E D4;?9FB@ CBDB8O 5B?99 
K9@ A4 300 @, BA4 CDBEFB KG8B@ A9 CBEFD484?4. "K96<8JO <; >BD9AAB7B A4E9?9A<S 
D4EE>4;4?< CBFB@, KFB 6 F9K9A<9 CB?GFBD4 K4EB6 CBE?9 6;DO64 A45?R84?<, >4> 
6O89?SRM<=ES 74; 7BD9? A4 6B89 [5]. &4> >4> >D4F9D B5D4;B64?ES CB8 DGE?B@ 
D.  R8D<SI4 6BDBA>G ED4;G ;4FBC<?B < 99 E?B:AB B5A4DG:<FP A4 �%. 

"8A4>B, 6 2018 7. E9=E@<K9E><@< EF4AJ<S@< 5O?B ;4H<>E<DB64AB 9M9 4 
4A4?B7<KAOI EB5OF<S [6]. � 84AAB= D45BF9 D4EE@4FD<649FES B8AB <; A<I, CDB<;BL98L99 
19 @4DF4 2018 7. %B5OF<9 5O?B ;4H<>E<DB64AB 6E9@< FD9@S EF4AJ<S@< (D<E. 4), KFB 
CB;6B?<?B FBKAB BCD989?<FP >BBD8<A4FO QC<J9AFD4. 

 

 
$<E. 4. %9=E@<K9E><9 E<7A4?O (CB FD9@ FD9I>B@CBA9AFAO@ E9=E@<K9E><@ 

EF4AJ<S@) < BCD989?9A<9 QC<J9AFD4 6O5DBE4 74;4 A4 3@4?9 19 @4DF4 2018 7. [7] 
 

�?S CB<E>4 6BDBA>< E E4=F4 www.sentinel-hub.com 5O?< BFB5D4AO �% E 
<;B5D4:9A<9@ 8B < CBE?9 E9=E@<K9E>B7B EB5OF<S. !4 C9D6OI �% (D<E. 54, 55) @B:AB 
D4;7?S89FP 5G7BD, >BFBDO=, >4> CD46<?B, CD98L9EF6G9F B5D4;B64A<R 6BDBA><, 4 A4 �% 
84F<DB64AAB@ 15 <RAS 2018 7. (D<E. 6) G:9 @B:AB K9F>B 6OS6<FP B5D4;B64A<9 AB6B= 
6BDBA><. 

 

4) 5) 
$<E. 5. %A<@>< EB ECGFA<>4. 4) 3 10 <R?S 2017 7., 5) 3 12 B>FS5DS 2017 7. 



XXIV 'D4?PE>4S @B?B89:A4S A4GKA4S L>B?4 CB 79BH<;<>9 

137 

 

 
$<E. 6. %A<@B> EB ECGFA<>4 15 <RAS 2018 7. 

 

&4><@ B5D4;B@, CD<6989AAO= 6OL9 CD<@9D CB>4;O649F, KFB CD< A4?<K<< 
8BEF4FBKAB C?BFAB= E9F< E9=E@<K9E>B7B @BA<FBD<A74 6 �D>F<K9E>B= ;BA9 6B;@B:AB 
D97<EFD<DB64FP F4><9 BC4EAO9 S6?9A<S, >4> 6BDBA>< 74;B6B7B 6O5DBE4 E9=E@<K9E><@ 
@9FB8B@. 

&4>:9 E9FP E9=E@<K9E>B7B @BA<FBD<A74 J9?9EBB5D4;AB 8BCB?A<FP 2-3 EF4AJ<S@< 
<AHD4;6G>B6B7B @BA<FBD<A74, F.>. 6 CDBJ9EE9 B5D4;B64A<S 74;B6OI 6O5DBEB6 6O89?S9FES 
5B?PLB9 >B?<K9EF6B 4>GEF<K9E>B= QA9D7<< 6 <AHD4;6G>B6B@ 8<4C4;BA9 K4EFBF. 
%B6@9EFAB9 CD<@9A9A<9 E9=E@<K9E>B7B < <AHD4;6G>B6B7B @BA<FBD<A74 EGM9EF69AAB 
D4EL<D<F 6B;@B:ABEF< E9F< A45?R89A<S 6 K4EF< D4ECB;A464A<S CD<DB8O CDB<;BL98L<I 
EB5OF<= [8]. 

 

%#�%"� ��&�$�&'$/ 
 

1. �B7BS6?9AE><= �.�. '7DB;4 >4F4EFDBH<K9E><I 6O5DBEB6 74;4 <; >D<B?<FB;BAO 
�D>F<><. �BDBA>< 3@4?4 < &4=@OD4 // �GD9A<9 < A9HFP. 3 2014. 3№ 9 3 %. 13318. 

2. �C<H4AB6 �.�. �;DO6AO9 6BDBA><->B?B8JO < 4>FG4?PABEFP <;GK9A<S DB?< 
8974;4J<< A98D 6 >?<@4F<K9E><I EB5OF<SI < ?4A8L4HFAOI CD9B5D4;B64A<SI 
K9F69DF<KAB7B C9D<B84 // �R??9F9AP >B@<EE<< CB <;GK9A<R K9F69DF<KAB7B C9D<B84. 3
2018. 3 № 76 3 %. 5340. 

3. �<;S>B6 �.�., �9=5@4A  ."., �<@<A  .�. #D<@9A9A<9 >BE@<K9E><I EA<@>B6 8?S 
<;GK9A<S 6BDBAB> 74;B6B7B 6O5DBE4 //  4F9D<4?O 8B>?48B6 XIII "5M9DBEE<=E>B= 
A4GKAB-CD4>F<K9E>B= >BAH9D9AJ<< < 6OEF46>< «#9DEC9>F<6O D4;6<F<S <A:9A9DAOI 
<;OE>4A<= 6 EFDB<F9?PEF69 6 $BEE<=E>B= (989D4J<<». 3 2017. 3 %. 2593264. 

4. �<AB7D48B6 2.�., #SFGA<A  .%. %9=E@B?B7<K9E><= @BA<FBD<A7 A4 E969DAB@ 
3@4?9. #9D6O9 D9;G?PF4FO //  4F9D<4?O XII  9:8GA4DB8AB= E9=E@B?B7<K9E>B= L>B?O. 
3 "5A<AE>: (�* ��% $�!, 2017. 3 %. 92395.  

5. �9B?B7<  �' D4E>DO?< F4=AG CDB<EIB:89A<S >D4F9D4 A4 3@4?9 // «!4GKA4S 
$BEE<S» [1?9>FDBAAO= D9EGDE]. 3 $9:<@ 8BEFGC4: 
https://scientificrussia.ru/articles/razgadana-tajna-potustoronnih-kraterov-na-yamale 

6. �<AB7D48B6 2.�.,  <?9I<A4 �. ., �<AB7D48B6 �.!. �9BH<;<K9E><9 @9FB8O 
@BA<FBD<A74 6O5DBEB6 74;B7<8D4FB6 6 �D>F<>9 // �?B54?PAO9 CDB5?9@O �D>F<>< < 
�AF4D>F<><. �DI4A79?PE>, 2020. 3 %. 86391. 



© «�� 'D" $�!». 2023 

138 

7. �<AB7D48B6 2.�., (98BDB6 �.�., #SFGA<A  .%.,  <?9I<A4 �. . %9=E@<K9E><= 
@BA<FBD<A7 A4 CB?GBEFDB69 3@4? // %B6D9@9AAO9 @9FB8O B5D45BF>< < <AF9DCD9F4J<< 
E9=E@B?B7<K9E><I 84AAOI. &9;<EO XIV  9:8GA4DB8AB= E9=E@B?B7<K9E>B= L>B?O. 3 
"5A<AE>: (�* ��% $�!, 2019. 3 %. 28. 
8. �E@<A7 �.1., �6FR7<A4 �.�., �<AB7D48B6 2.�., (98BDB6 �.�. �A4?<; 
<AHD4;6G>B6OI E<7A4?B6, 79A9D<DG9@OI F9IAB79AAO@< <EFBKA<>4@< // �9EFA<>  �&'. 
&DG8O  GD@4AE>B7B 7BEG84DEF69AAB7B F9IA<K9E>B7B GA<69DE<F9F4. 3 2009. 3 &. 12, № 2. 3 
%. 300-307. 

 

ASSESSMENT OF THE POSSIBILITY OF REGISTRATION OF 

EDUCATION GAS DISCHARGE FUNNEL SEISMOLOGICAL 

METHOD 

 
Milekhina Aleksandra 

FRC GS RAS, Obninsk 

amilekhina@gsras.ru 
 

Summary. A description of such a phenomenon as gas vents in the 

Yamal-Nenets Autonomous Okrug (YaNAO), the formation of which is 

confirmed by spacemen. An example of the possibility of registering a funnel of 

gas emission by the seismic method in the presence of a fairly dense network of 

seismic monitoring is considered. 

Key words: arctic zone, gas release, funnel, satellite imagery, seismic 
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FBK>< ( "�  "�&) < Q?9>FDBD4;698>4 6 @B8<H<>4J<< Q?9>FDBFB@B7D4H<< (1&). 

1?9>FDBFB@B7D4H<K9E><9 <EE?98B64A<S 6OCB?A9AO 6 86GI 6<84I: 2D < 3D EN9@>4. 
�?S D97<EFD4J<< D9;G?PF4FB6 <;@9D9A<= <ECB?P;B64?4EP 4CC4D4FGD4 Q?9>FDBD4;698BKA4S 
%���� 64 (""" «�� 1?9>FDB@9FD<<», 7. !B6BE<5<DE>). ,47 @9:8G Q?9>FDB84@< EB-
EF46?S? 3 @. 1?9>FDBD4;698BKAO9 <EE?98B64A<S 2D 6OCB?A9AO E CD<@9A9A<9@ 3-I < 4-I 
Q?9>FDB8AB= D4EEF4AB6B>. 3D Q?9>FDBFB@B7D4H<S CD98CB?4749F CDB6989A<9 C?BM48AOI 
<EE?98B64A<=.  

!45?R89A<S  "�  "�& CDB6989AO E D97<EFD4J<9= CDB8B?PAOI 6B?A @AB7B>4-
A4?PAB= GEF4AB6>B= E K<E?B@ >4A4?B6 96, L47 CGA>FB6 6B;5G:89A<S EBEF46<? 1 @, L47 
CGA>FB6 CD<9@4 3 1 @. ,47 8<E>D9F<;4J<< D469A 0,25 @E, 6 BF>DOFB@ >4A4?9. �?<A4 



© «�� 'D" $�!». 2023 

140 

;4C<E< 3 256 @E. �?S D97<EFD4J<< E<7A4?4 CD<@9ASRFES E9=E@<K9E><9 84FK<>< GS-ONE, 

I4D4>F9D<;GRM<9ES A<;><@< <E>4:9A<S@< E<7A4?4 < 5B?99 6OEB><@ BFABL9A<9@ «E<7-
A4?/LG@» CB ED46A9A<R E 8DG7<@< 84FK<>4@<, KFB CB;6B?S9F CB6OE<FP >4K9EF6B CB?GK4-
9@B7B @4F9D<4?4, KFB BEB59AAB 64:AB CD< CDB6989A<< 79BH<;<K9E><I D45BF 6 GE?B6<SI 
89=EF6GRM<I CDB@OL?9AAOI B5N9>FB6 [6]. �?S D97<EFD4J<< CB?96OI 84AAOI <ECB?P;B-
64A4 J<HDB64S F9?9@9FD<K9E>4S E9=E@BEF4AJ<S &��%%-3 (>B@C4A<S «�9BE<7A4?», 
7.  BE>64).  

� D9;G?PF4F9 B5D45BF>< 84AAOI Q?9>FDBFB@B7D4H<< 5O?< CB?GK9AO 79BQ?9>FD<-
K9E><9 D4;D9;O, <;@9A9A<S G89?PAB7B Q?9>FD<K9E>B7B EBCDBF<6?9A<S ('1%) B5GE?B6-
?9AO D4;?<KAB= EF9C9APR 6?4:ABEF< @<A9D4?<;B64AAOI 7DGAFB6. #B6OL9AAO9 ;A4K9-
A<S '1% I4D4>F9DAO 8?S A4<5B?99 EGI<I GK4EF>B6, 4 8?S G6?4:A9AAOI, 5B?99 @<A9D4?<-
;B64AAOI 7DGAFB6, FD9M<AB64FOI < ;4>4DEFB64AAOI ;BA, CB?BEF9=, ;4CB?A9AAOI 7?<A<-
EFO@< CBDB84@< I4D4>F9DAO BFABE<F9?PAB A<;><9 ;A4K9A<S EBCDBF<6?9A<= (D<E. 1) [3]. 
!4 79BQ?9>FD<K9E><I D4;D9;4I 6OS6?9A DS8 4AB@4?<= CBA<:9AAOI ;A4K9A<= '1%, 4EEB-
J<<DG9@OI E CD98CB?4749@O@< >4DEFB6O@< CB?BEFS@<.  

 

 
$<E. 1. �9BQ?9>FD<K9E><= D4;D9; 

 

�?S GFBKA9A<S CB?B:9A<S < >BAH<7GD4J<< 6OS6?9AAOI 4AB@4?<= 5O?< 6OCB?-
A9AO D45BFO CB 89F4?<;4J<< 3 3D Q?9>FDBFB@B7D4H<K9E><9 <EE?98B64A<S. � D9;G?PF4F9 
<A69DE<< 5O?4 CB?GK9A4 FD9I@9DA4S 79BQ?9>FD<K9E>4S @B89?P <EE?98G9@B= FB?M< 
EB?9BFIB8B6 (D<E. 2), A4 >BFBDB= A<;>BB@AO9 4AB@4?<< ?B>4?<;GRFES ;A4K<F9?PAB 5B?99 
89F4?PAB < CB8DB5AB.  

 

 
$<E. 2. &D9I@9DA4S 79BQ?9>FD<K9E>4S @B89?P 
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$9;G?PF4FB@ B5D45BF>< E9=E@BD4;698BKAOI 84AAOI, CB?GK9AAOI @9FB8B@  "� 
 "�&, S6?SRFES 7?G5<AAO9 E9=E@<K9E><9 D4;D9;O. � >4K9EF69 CD<@9D4 CD98EF46?9A D4;-
D9; (D<E. 34), CB?GK9AAO= A4 B8AB@ <; GK4EF>B6 <EE?98B64A<=. �<8AB, KFB E9=E@BD4;-
698>4 CB;6B?S9F A489:AB CDBE?98<FP CB8BL6G EB?9BF64?4. �4DEF K4M9 6E97B 6O89?SRFES 
CD< <AF9DCD9F4J<< E?98GRM<@ CD<;A4>4@: D4;DO6 BE9= E<AH4;ABEF<, CBS6?9A<9 @4?B-
CDBFS:9AAOI BE9= E<AH4;ABEF<, A4?<K<9 7B8B7D4HB6 8<HD47<DB64AAOI 6B?A. %9=E@<K9-
E><9 84AAO9, CB?GK49@O9 CD< CDB6989A<< CB?96OI D45BF, I4D4>F9D<;GRFES A4?<K<9@ 
D4;?<KAOI 6B?A-CB@9I, KFB CD<6B8<F > ;4FDG8A9A<R 6O89?9A<S 8<HD4>J<< 6<;G4?PAO@ 
ECBEB5B@, BEB59AAB 6 E?GK49 @4?OI D4;@9DB6 >4DEFB6OI B5?4EF9=, ?<5B D4ECB?B:9A<S 
<I A4 A95B?PL<I 7?G5<A4I [2]. �?S CB6OL9A<S B5N9>F<6ABEF< 6O89?9A<S 8<HD4>J<= 
5O?4 <ECB?P;B64A4 CDB7D4@@4, D4EEK<FO64RM4S >BQHH<J<9AF >B79D9AFABEF< @9:8G 
FD4EE4@< 6D9@9AAB7B D4;D9;4 68B?P F9BD9F<K9E><I 7B8B7D4HB6 8<HD47<DB64AAOI 6B?A. 
� D9;G?PF4F9 CB?GK9AO D4;D9;O D4ECD989?9A<S ABD@<DB64AAB7B >BQHH<J<9AF4 >B79D9AF-
ABEF<, CB;6B?SRM<9 GEF4AB6<FP A4?<K<9 8<HD47<DB64AAOI 6B?A, 4EEBJ<<DG9@OI E >4D-
EFB6O@< CB?BEFS@< A4 <EE?98G9@B@ GK4EF>9. !4 CD98EF46?9AAB@ CD<@9D9 CB?BEFP G69-
D9AAB ?B>4?<;G9FES A4 D4;D9;9 CB 4FD<5GFG 8<HD4>J<< (D<E. 35).  

 

 
$<E. 3. $9;G?PF4FO B5D45BF>< 84AAOI E9=E@BD4;698><: 4) 3 7?G5<AAO= D4;D9;, 5) 3 
D4ECD989?9A<9 4FD<5GF4 8<HD4>J<<  

 

% GK9FB@ D9;G?PF4FB6 B5D45BF>< E9=E@BD4;698>< < Q?9>FDBFB@B7D4H<< 5O?< CDB-
6989AO 5GDB6O9 D45BFO. � CDB5GD9AAOI E>64:<A4I 6OCB?A9A >B@C?9>E 79BH<;<K9E><I 
<EE?98B64A<= (��%), 6>?RK4RM<= 6 E95S 69DF<>4?PAB9 E9=E@<K9E>B9 CDBH<?<DB64A<9 
(�%#), 5B>B6B9 >4DBF4:AB9 ;BA8<DB64A<9 (���) < >4DBF4: EBCDBF<6?9A<= (�%) [4]. #B 
D9;G?PF4F4@ 5GD9A<S 6E>DOF4S @BMABEFP EB?9BFIB8B6 EBEF46<?4 28,5 @. !4 7?G5<A9 3,53
5,7 @ CB CDB64?G <AEFDG@9AF4 5O?4 BF@9K9A4 ;4CB?A9AA4S CB?BEFP (;4CB?A<F9?P 3 EG7?<-
AB> >BD<KA96O= @S7>BC?4EF<KAO= E 6>?RK9A<S@< 7D46<S, 74?P><, 8:GF4, 5<FB7B ><D-
C<K4), >BFBD4S K9F>B BFB5D4:49FES A4 D9;G?PF4F4I �%#, �% < ��� (D<E. 4). 

"5?4EFP CBA<:9A<S EBCDBF<6?9A<= CB ��� < �% D4ECDBEFD4AS9FES BF A4 2,5 @ 
7?G5:9, K9@ E4@4 CB?BEFP (D<E. 4). "FER84 @B:AB E89?4FP 6O6B8 B FB@, KFB 6B>DG7 CB?B-
EF< EGM9EF6G9F B5?4EFP EB?9BFIB8B6 E <;@9A9AAO@< Q?9>FD<K9E><@< EBCDBF<6?9A<S@<, 



© «�� 'D" $�!». 2023 

142 

 
$<E. 4. $9;G?PF4FO 5GD9A<S, �%#, ���, �% 

 

CD<K<A4 >BFBDOI 8B >BAJ4 A9 GEF4AB6?9A4. �9DBSFAB, BA4 ;4>?RK49FES 6 CB6OL9AAB= 
6?4:ABEF< </<?< 7?<A<EFBEF< 7DGAFB6 6B>DG7 CB?BEF9=. #B?BEF< :9 BF@9K4RFES CBA<-
:9AAO@< EBCDBF<6?9A<S@<, CBE>B?P>G, EB7?4EAB D9;G?PF4F4@ 5GD9A<S, BA< ;4CB?A9AO 
@S7>BC?4EF<KAO@< EG7?<A>4@<, >BFBDO9 E4@< CB E959 B5?484RF BK9AP A<;><@ EBCDBF<6-
?9A<9@ < ;489D:<64RF H<?PFD4J<R D4EEB?B6 6AGFD< EB?9BF64?4. 

� @9FB89 �%# B5?4EFP 6B>DG7 CB?BEF< BF@9K49FES ;A4K<F9?PAO@ CBA<:9A<9@ 
E>BDBEF9= D4ECDBEFD4A9A<S 6B?A 66<8G FB7B, KFB ;4>4DEFB64AAO9 EB?9BFIB8O D4;GC?BF-
A9AO < B5?484RF CB6OL9AAB= FD9M<AB64FBEFPR < CBD<EFBEFPR (D<E. 4). �DB@9 FB7B, 
>4DEFB6O9 CB?BEF< ;4CB?A9AO @S7>BC?4EF<KAO@< EG7?<A>4@<, 6 >BFBDOI E>BDBEF< D4E-
CDBEFD4A9A<S GCDG7<I 6B?A ;A4K<F9?PAB A<:9, K9@ 6 E?9:46L<IES EB?9BFIB84I. 

&4><@ B5D4;B@, E9=E@BD4;698>4 < Q?9>FDBD4;698>4 CB;6B?SRF CB?GK<FP B5N9>F<6-
AGR <AHBD@4J<R B >4DEF9 6 F9?9 EB?9BF64?4.  9FB8 Q?9>FDBFB@B7D4H<< CB;6B?S9F 6O-
89?<FP B5?4EF< CB6OL9AAB= 6?4:ABEF< < 7?<A<EFBEF< CB BFABE<F9?PAB A<;><@ ;A4K9-
A<S@ '1%. �ECB?P;B64A<9 3D Q?9>FDBFB@B7D4H<< 6 >4K9EF69 89F4?<;4J<BAAB7B @9FB84 
CB;6B?S9F GFBKASFP HBD@G < CB?B:9A<9 CB?BEF9= < 6O5<D4FP BCF<@4?PAO9 @9EF4 8?S 
CDB6989A<S 5GD9A<S < ECBEB5 CBE?98GRM97B CB74L9A<S CB?BEF9=. %9=E@BD4;698>4  "� 
 "�& CB;6B?S9F 6OCB?A<FP EFDG>FGDAO9 CBEFDB9A<S CB8BL6O EB?9BF64?4 < CB8F69D-
8<FP A4?<K<9 CB?BEF9= CB 7B8B7D4H4@ 8<HD47<DB64AAOI 6B?A.  9FB8O ��% CB;6B?SRF 
A9 FB?P>B 6OCB?A<FP CD<6S;>G CB69DIABEFAOI A45?R89A<=, AB < GEF4AB6<FP K9F>GR 6;4-
<@BE6S;P @9:8G A4?<K<9@ 6 @4EE<69 EB?9BF64?B6 CB?BEF9= < CBA<:9A<9@ ;A4K9A<= Q?9>-
FD<K9E><I EBCDBF<6?9A<= < E>BDBEF9= GCDG7<I 6B?A. 

 

%#�%"� ��&�$�&'$/ 

 

1. �BD;4>B6E><= �.�., �CFG>B6 �.!., �B?97B6 %.�. �9B@9I4A<K9E>4S BJ9A>4 B5D4;B-
64A<S >4DEFB6OI CDB64?B6 A4 EB?9BF64?4I // �BDAO= <AHBD@4J<BAAB-4A4?<F<K9E><= 
5R??9F9AP. 2016. №10. 3 %. 1573166. 



XXIV 'D4?PE>4S @B?B89:A4S A4GKA4S L>B?4 CB 79BH<;<>9 

143 

2. �BDBL<?B6 �.�., #D<74D4 �. ., *4D96 $.�., �G>B6 �.�., ,GEF><A4 �.2. #DB-
7D4@@4 CB<E>4 7B8B7D4HB6 8<HD47<DB64AAOI 6B?A GodFind. �9DE<S 1.0. %6<89F9?PEF6B 
B 7BEG84DEF69AAB= D97<EFD4J<< CDB7D4@@O 8?S 1�  № 2020610309. 
3. �G>B6 �.�., #D<74D4 �. ., *4D96 $.�., ,GEF><A4 �.2. #D<@9A9A<9 79BH<;<K9-
E><I @9FB8B6 8?S 6OS6?9A<S BE?45?9AAOI ;BA 6 EB?9BF64?4I >4?<=AOI DG8A<>B6. //  4-
F9D<4?O A4GKAB-CD4>F<K9E>B= >BAH9D9AJ<< «�A:9A9DA4S < DG8A4S 79BH<;<>4 2018» 
4. �BEF<JOA �. �., )@9?96E>B= �. �. �9BH<;<>4: GK95A<> // �. �. �BEF<JOA, �. �. 
)@9?96E>B=; #9D@. 7BE. A4J. <EE?98. GA-F. 3 #9D@P, 2018. 3 428 E. 
5. �G8DSLB6 �.�. �9DIA9>4@E>B9 @9EFBDB:89A<9 EB?9=. 2-9 <;8., C9D9D45. 3  .: 1C-
E<?BA #?RE, 2013. 3 368 E. 
6. %# 11-105-97. �A:9A9DAB-79B?B7<K9E><9 <;OE>4A<S 8?S EFDB<F9?PEF64.  +. I. "5-
M<9 CD46<?4 CDB<;6B8EF64 D45BF. 3  ., 1997. 3 47 E. 

 

GEOPHUSICAL METHODS OF SEARCHING FOR KARST CAVITIES 

IN SALT DUMPS 

 
1,2MinniguzinV.E., 2Zhukov A.A., 1,2Prigara A.M., 2Tsarev R.I., 1,2Obmelyukhin M.A. 

1Perm State University, Perm  
2<VNII Galurgii= JSC, Perm  

eVadim.Minniguzin@uralkali.com 

 

Summary. In order to identify karst cavities a set of geophysical works were 

performed which included seismic survey by the reflected wave method and 

electrical survey by 2D and 3D electric resistivity tomography. As a result, geo-

logical and geophysical sections of the study area were obtained. Analysis of the 

data obtained showed that the combination of electrical and seismic survey 

methods provides objective information about the localization of karst in the 

massif. 

Key words: salt dump, karst, electrical resistivity tomography, seismic survey 

reflected wave method, attribute analysis. 
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�AABF4J<S. � D45BF9 D4EE@BFD9AB CDBEFD4AEF69AAB-6D9@9AAB7B D4ECD989-
?9A<9 QC<J9AFDB6 ;9@?9FDSE9A<= A4 F9DD<FBD<< �D@9A<< < EBCD989?PAOI 
D4=BAB6 E <EFBD<K9E><I 6D9@9A CB A4EFBSM99 6D9@S. !4 BEAB69 <AEFDG@9A-
F4?PAOI 84AAOI (1900-2020 77.) BJ9A9AO 8B?7B6D9@9AAO9 >B?<K9EF69AAO9 
C4D4@9FDO 7D4H<>4 CB6FBDS9@BEF<. �OS6?9AB, KFB E9=E@<K9E><= D9:<@ <E-
E?98G9@B= F9DD<FBD<< <@99F E?B:AO= I4D4>F9D, 6 >BFBDB@ BFD4:9AO C9D<-
B8O E9=E@<K9E>B= 4>F<6ABEF< < BFABE<F9?PAB7B E9=E@<K9E>B7B ;4F<LPS 
CD9864DSRM<I < EBCGFEF6GRM<I, >4> E<?PAO@ D97<BA4?PAOI  >6.5, F4> < 
ED98A<I CB E<?9  g5 @9EFAOI ;9@?9FDSE9A<=. 
�?RK96O9 E?B64: E9=E@<K9E><= D9:<@, E9=E@<K9E>4S 4>F<6ABEFP, 7D4H<> 
CB6FBDS9@BEF<, 4AB@4?PAO9 CDBS6?9A<9 E9=E@<KABEF<, ;9@?9FDSE9A<S. 

 

&9DD<FBD<S �D@9A<< D4ECB?B:9A4 6 J9AFD4?PAB= K4EF< �A4FB?<=E>B-�46>4;-
E>B7B E97@9AF4 �?PC<=E>B-�<@4?4=E>B7B E9=E@<K9E>B7B CBSE4 < S6?S9FES B8AB= <; 
A4<5B?99 E9=E@B4>F<6AOI B5?4EF9= &46DB-�46>4;E>B7B D97<BA4. �EE?98G9@4S F9DD<FB-
D<S B7D4A<K9A4 E 79B7D4H<K9E><@< >BBD8<A4F4@< φ=38-420N E969DAB= L<DBF< <  »=43-
470E 6BEFBKAB= 8B?7BF<. �O5BD QFB7B D4=BA4 B5GE?B6?9AB F9@, KFB BA BI64FO649F 6ER 
F9DD<FBD<R �D@9A<<, 6>?RK4S CD<@O>4RM<9 > A9= D4=BAO E E9=E@B79AAO@< ;BA4@< 
D46ABD4A7B6OI F9>FBA<K9E><I A4DGL9A<=.  

 AB7BK<E?9AAO9 <EE?98B64A<9 CB 4A4?<;G >B?<K9EF69AAB-6D9@9AA<I I4D4>F9D<-
EF<> CDBS6?9A<S E9=E@<KABEF<. �?S BJ9A>< ED98A9= CDB8B?:<F9?PABEF< E9=E@<K9E>B7B 
J<>?4 CD<@9ASRFES @9FB8O Q>EFD4CB?SJ<< 7D4H<>B6 CB6FBDS9@BEF< E?45OI ;9@?9FDSE9-
A<= 6 B5?4EFP E<?PA9=L<I; A45?R89AAO9 6D9@9AAO9 DS8O 6B;A<>AB69A<= E<?PA9=L<I 
;9@?9FDSE9A<= 6 D4=BA9 [4].  

#D< A4?<K<< 8BEFB69DAOI E9=E@BEF4F<EF<K9E><I 84AAOI CBE?98A<= @9FB8, A4 8B-
EF4FBKAB 8?<F9?PAB@ C9D<B89 A45?R89A<= 5B?99 CD98CBKF<F9?9A. 

'K<FO64S FB B5EFBSF9?PEF6B, KFB 8?S <EE?98G9@B= F9DD<FBD<< 5B?99, K9@ ;4 CB?-
FBD4 FOESK9?9F<S A4>BC?9AO 5B74FO9 8BEFB69DAO9 <EFBD<K9E><9 E6989A<9 < @AB7BK<E-
?9AAO9 <AEFDG@9AF4?PAO9 84AAO9 CB E9=E@<KABEF<, A4@< 5O?< CD<@9A9AO 6OL9G>4-
;4AAO9 @9FB8O 8?S BCD989?9A<S ED98A97B C9D<B84 CB6FBD9A<S E<?PA9=L<I ;9@?9FDSE9-
A<= QFB7B D4=BA4. �?S E9=E@B4>F<6AB= < E9=E@BBC4EAB= F9DD<FBD<< �D@9A<< >D4=A9 
64:AB= ;484K9= S6?S9FES <EE?98B64A<9 I4D4>F9DAOI BEB59AABEF9= CDBS6?9A<S E9=E@<K-
ABEF< A4 D97<BA4?PAB@ < ?B>4?PAB@ GDB6ASI.  

�?S BEGM9EF6?9A<S CBEF46?9AAOI J9?9= 5O? CD<6?9K9A E6B8AO= Q?9>FDBAAO= >4-
F4?B7 ;9@?9FDSE9A<= <EE?98G9@B7B D4=BA4 <; 54;O 84AAOI HBA84 ���% [3;5-7], EB;84A-
AOI <; EB6B>GCABEF< @<DB6OI, D97<BA4?PAOI < D9ECG5?<>4AE><I E9=E@BEF4F<EF<K9E><I 
5R??9F9A9=.  
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�A4?<; >4F4?B74 E<?PAOI ;9@?9FDSE9A<= CB>4;O649F, KFB CB 84AAB@G D4=BAG 6 J9-
?B@, > E<?PA9=L<@ BFABESFES ;9@?9FDSE9A<S E  >7.4. &4><I ;9@?9FDSE9A<= 6B 6E9@ D4=-
BA9, ;4 69EP A45?R89AAO= C9D<B8 CDB<;BL?B A9 5B?99 6BEP@<.  !9B5IB8<@B BF@9A<FP, 
KFB C9D6B9 F4>B9 EB5OF<9 BFABE<FES > <EFBD<K9E>B@G 6D9@9A< 3 427 7B8G, 4 CBE?98A<9 
FD< ;9@?9FDSE9A<S E  g7.4 CDB<;BL?< 6 A4L9@ EFB?9F<<, CD<K9@ B8AB <; A<I 1D-
;<A8:4AE>B9 ;9@?9FDSE9A<9 E  =8.0 6 1939 7B8G. �@9AAB QFB EB5OF<9 5O?B A4@< CD<-
ASFB, >4> ;469DL9A<9 CBE?98A97B E9=E@<K9E>B7B J<>?4. �?S 6O89?9A<S E9=E@<K9E><I 
J<>?B6 < C9D<B8B6 4>F<6<;4J<< E9=E@<KABEF<, 6 A<I D4EE@4FD<64?ES 6D9@9AAB= DS8 CDB-
<;BL98L<I ;9@?9FDSE9A<= E  >6.0 (D<E. 1). 

 

 
$<E. 1 $4ECD989?9A<9 @47A<FG8 E9=E@<K9E><I EB5OF<= CB 7B84@ 

 

�; 7D4H<>4 6D9@9AAB7B D4ECD989?9A<S E<?PA9=L<I EB5OF<= 6<8AB, KFB BA< 
<@9RF 8BEF4FBKAB K9F>GR C9D<B8<KABEFP CB6FBD9A<=. �O89?SRFES EBBF69FEF69AAB K9-
FOD9 E9=E@<K9E><I J<>?4 ;9@?9FDSE9A<= E C9D<B84@<, D46AO@< 490, 520, 440 < 360 ?9F. 
�?S C9D6B7B J<>?4 ;4 A4K4?B C9D<B84 GE?B6AB 5O?B CD<ASFB ;9@?9FDSE9A<9 139 7B84. 
%D98A<= C9D<B8 CB6FBD9A<= E<?PA9=L<I ;9@?9FDSE9A<= <?< CDB8B?:<F9?PABEFP E9=-
E@<K9E>B7B J<>?4 8?S �D@9A<< < EBCD989?PAOI D4=BA46 D46A4 425 7B84@. �AF9D9EAB BF-
@9F<FP, KFB CD98EF46<F9?PABEFP ;9@?9FDSE9A<= E  >6.0 E ED98<AO 1100 7B8B6 CB;6B?S9F 
6O89?<FP 6 E9=E@<K9E><I J<>?4I C9D<B8O 4>F<6<;4J<= EB ED98A<@< 69?<K<A4@< CB-
DS8>4 140 ?9F. !4?<K<9 <AEFDG@9AF4?PAOI 84AAOI ;9@?9FDSE9A<= E 1900 7B84 CB D97<-
BAG, CB;6B?S9F <EE?98B64FP CB6FBDS9@BEFP ;9@?9FDSE9A<= >B?<K9EF69AAO@< @9FB84@<.   

"CD989?9A<9 8B?7B6D9@9AAOI ED98A<I ;A4K9A<= C4D4@9FDB6 E9=E@<K9E>B7B D9-
:<@4 CDB6B8<?BEP 86G@S @9FB84@<: @9FB8 A4<@9APL<I >648D4FB6 < @4>E<@4?PAB7B 
CD468BCB8B5<S [1,2]. �EIB8AO9 84AAO9 ;9@?9FDSE9A<= >4F4?B74 5O?< E7DGCC<DB64AO 6 
;46<E<@BEF< BF C9D<B84 A45?R89A<= < <AF9D64?4 @47A<FG8 < D4;@9M9AO 6 86G@9DAB= 
7<EFB7D4@@9 8?S BJ9A>< C4D4@9FDB6 ;4>BA4 CB6FBDS9@BEF<. �?S QFB= J9?O 5O?< <ECB?P-
;B64AO <;69EF<9 EBBFABL9A<9 @9:8G >B?<K9EF6B ;9@?9FDSE9A<= < <I @47A<FG8. 

 ĂĀþ(ý) = ÿ 2 Ā(ý 2 ý0) (1) 

 

!4IB:89A<9 A9<;69EFAOI C4D4@9FDO '4' < 'b' 6 E6S;< E 8BEF4FBKABEFPR <EIB8AOI 
84AAOI CDB6B8<?4EP @9FB8B@ A4<@9APL<I >648D4FB6. 
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 ∑ [ĂĀĄÿ 2 (ÿ 2 Ā(ýÿ 2 ý0))]2 = ăÿĄ6ÿ=1    (2) 

 

#B @9FB8G @4>E<@4?PAB7B CD468BCB8B5<S C4D4@9FDO ''4'' < ''b' D4EEK<FO64RF CD< 
CB@BM< EBBFABL9A<S (3). 

 þ(ý) = þ�ý[ÿ 2 Ā(ý 2 ý0)] (3) 

 

#9D6BA4K4?PAB D4EE@4FD<64?<EP 864 D4;AOI C9D<B8O A45?R89A<= E 1901 CB 1961 
7B8O: D4AA<= <AEFDG@9AF4?PAO= C9D<B8 3 (4), < E 1961 CB 2022 7B8O: EB6D9@9AAO= <A-
EFDG@9AF4?PAO= C9D<B8 3 (5). �?S 89F4?PAB7B < B8ABDB8AB7B 4A4?<;4 <EIB8AOI 84AAOI 
8BCB?A<F9?PAB 5O? CBEFDB9A 7D4H<> CB6FBDS9@BEF< ;9@?9FDSE9A<= ;4 69EP <AEFDG@9A-
F4?PAOI C9D<B8 (1901-2022 77.(6)). 

�4> 6<8AB <; 7D4H<>4 CB6FBDS9@BEF< ;9@?9FDSE9A<= (D<E. 2)., A4<5B?99 FBKAO9 
84AAO9 EBBF69FEF6GRF C9D<B8G A45?R89A<= E 1901 CB 2022 77. �@9AAB QFBF 7D4H<> CB-
6FBDS9@BE< E<?PAOI ;9@?9FDSE9A<= 849F IBDBL99 EB6C489A<9 E A45?R89AAO@< 84A-
AO@<. #B 7D4H<>G 6<8AB, KFB 6 ED98A9@ B8<A D4; 6 7B8 @B:9F CDB<;B=F< B8AB ;9@?9FDS-
E9A<9 E @47A<FG8B=  =6,0 

 

 
$<E. 2. �D4H<>< CB6FBDS9@BEF< ;9@?9FDSE9A<=: a) 3 ;4 C9D<B8 1901-1961 77., 5) 3 ;4 
C9D<B8 1961-2022 77.; 6) 3 ;4 C9D<B8 1901-2022 77., CB @9FB8G @4>E<@4?PAB7B CD468B-
CB8B5<S 
 

�OL9 CDB6989AAO= 6D9@9AAB= 4A4?<; I4D4>F9D4 CB6FBDS9@BEF< ;9@?9FDSE9A<= 
<EE?98G9@B7B D4=BA4, CB>4;4? A4?<K<9 BEB59AABEF9= CDBS6?9A<S E9=E@<K9E>B7B D9:<@4, 
E6S;4AAO9 E CDBJ9EE4@< E9=E@<K9E>B= 4>F<6<;4J<< < D9?4>E4J<< F9>FBA<K9E><I A4CDS-
:9A<=. $4EE@4FD<64S D4ECD989?9A<9 >B?<K9EF64 CDB<EL98L<I ;4 C9D<B8 E 1990 CB 2019 
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7B8O ;9@?9FDSE9A<= E  g5.1, ?97>B ;4@9F<FP A4?<K<9 D9;><I <;@9A9A<=, >4> 6 B5M9@ 
K<E?9 ;9@?9FDSE9A<= CB BCD989?9AAO@ 89ESF<?9FA<@ <AF9D64?4@ A45?R89A<=, F4> < CB 
BF89?PAO@ @47A<FG8AO@ 7DGCC4@ (F45?. 1). 
 

&45?<J4 1  

 

�; F45?<JO 1 6<8AB, KFB A4<5B?99 4>F<6AO@< C9D<B84@< EB6D9@9AAB= E9=E@<K-
ABEF< D4=BA4 S6?SRFES 1900-1910 77., 1930-1940 77., 1970-1980 77. < 2010-2019 77. � QF< 
C9D<B8O A45?R84RFES D9;><9 CB6OL9A<9 EG@@4DAB7B >B?<K9EF64 ;9@?9FDSE9A<= 6 @47-
A<FG8AB@ 8<4C4;BA9  =5.1-6.6 CD< QFB@ BEAB6A4S 8B?S ;9@?9FDSE9A<= CD<IB8<FES A4 
@47A<FG8AGR 7DGCCG  =5.1-5.7. 

!4DS8G E QF<@, A4 6E9@ CDBFS:9A<< 6D9@9AAB7B <AF9D64?4 A45?R89A<= 6OS6?S-
9FES, KFB ;9@?9FDSE9A<S E @47A<FG8B= 7DGCCB=  =6.8-8.0 CDBS6?SRFES EF45<?PAB, KFB 
G>4;O649F A4 CB6OL9AAGR E9=E@<K9E>GR 4>F<6ABEFP 6E97B D97<BA4. 

� C9D<B8O E 1910-1930 77., 1940-1960 77. < 1980-2009 77. A45?R84?BEP BFABE<F9?P-
AB9 CBA<:9A<9 E9=E@<KABEF< D4=BA4. � QF< C9D<B8O, ;9@?9FDSE9A<S E  =5.1-5.7 CDB<E-
IB8<?< 6 A9E>B?P>B D4; D9:9, K9@ 6 C9D<B8O 4>F<6<;4J<<. "8A4>B, <@9AAB > QF<@ C9D<-
B84@ BFABE<FPES CDBJ9EEO CB87BFB6>< < 6B;A<>AB69A<S E<?PA9=L<I ;9@?9FDSE9A<= 
D4=BA4: ;9@?9FDSE9A<9 6 D4=BA9 B;. 'D@<S 1930 7., 1D;<A:4AE>B9 ;9@?9FDSE9A<9 1939 7.,  
%C<F4>E>B9 ;9@?9FDSE9A<9 1988 7. < $4K<AE>B9 ;9@?9FDSE9A<9 1991 7.  

�OS6?9AAO9 6D9@9AAO9 ;4>BAB@9DABEF< <@9RF EGM9EF69AAB9 ;A4K9A<9 8?S 
CBA<@4A<S CDB<EIB8SM<I A4 F9DD<FBD<< �D@9A<< < EBCD989?PAOI D4=BAB6 E?B:AOI 
E9=E@BF9>FBA<K9E><I CDBJ9EEB6 6;4<@B89=EF6<S 5B?PLB7B >B?<K9EF64 5?B>B6 < @974-
5?B>B6 D4;?<KAB= ;A4K<@BEF<. "EB5O= <AF9D9E CD98EF46?S9F 84?A9L99 <;GK9A<9 
6BCDBEB6 @<7D4J<< E<?PAOI ;9@?9FDSE9A<=, B5GE?B6?9AAO9 F9>FBA<>B= D4=BA4. 

 

%#�%"� ��&�$�&'$/ 

1. �9B84>SA 1.�., #DBEFD4AEF69AAB-6D9@9AAB9 D4ECD989?9A<9 E<?PAOI 
;9@?9FDSE9A<= &46DB-�46>4;E>B7B D97<BA4 < E9=E@<KABEFP �D@SAE>B= %%$: 
�HFBD9H9D4F 8<EE9DF4J<< A4 EB<E>4A<9 GK9AB= EF9C9A< >4A8<84F4 H<;<>B-
@4F9@4F<K9E><I A4G>. �(� �! %%%$:  BE>64, 1986. 3 21 E. 
2. %@<DAB6 !.�., �GA<A-�4D>B6E><= �.�. �D4F><= >GDE @4F9@4F<K9E>B= EF4F<EF<>< 
8?S F9IA<K9E><I CD<?B:9A<=.  BE>64, 1959. 3 436 E.  
3. !B6O= >4F4?B7 E<?PAOI ;9@?9FDSE9A<= A4 F9DD<FBD<< %%%$.  BE>64.: 1977. 3503 E. 

$4ECD989?9A<9 ;9@?9FDSE9A<= E  g5.1 ;4 C9D<B8 A45?R89A<= E 1900-2019 77. 
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 =5.135.7 32 17 11 18 13 19 28 37 10 12 20 41 

M=5.836.6 12 1 5 6 6 2 8 3 1 2 - 2 

M=6.737.3 4 1 1 - 2 1 2 3 2 3 - 1 

Mg7.4 - - - 2 - - - - - - - - 

"5M99 >B?-6B 
;9@?9FDSE9A<= 

E  g5.1 

48 19 17 26 21 22 38 43 16 16 20 44 
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4. (98BFB6 %.�. " E9=E@<K9E>B@ J<>?9, 6B;@B:ABEF< >B?<K9EF69AAB7B 
E9=E@<K9E>B7B D4=BA<DB64A<S < 8B?7BEDBKAB@ E9=E@<K9E>B@ CDB7AB;9. � >A.  
%9=E@<K9E>B9 D4=BA<DB64A<9 %%%$,  ., �;8-6B !4G>4,  . 1978. 3 831 E. 
5. European-Mediterranean Seismological Centre, Arpajon Cedex, France. (2023). 

[Site]. 3 URL: http://www.emsc.org 

6. «Survey for Seismic Protection» Agency, Armenia. (2023). [Site]. 3 
http://www.mes.am 

7. National Earthquake Information Center, Golden, Colorado, USA. (2023). [Site]. 3 
URL: https://earthquake.usgs.gov 

 

CHARACTERISTIC FEATURES OF THE MANIFESTATION OF 

SEISMICITY IN THE TERRITORY OF ARMENIA AND ADJACENT 

REGIONS 

 
1Mkrtchyan Mary Artush, 2Sahakyan Babken Vazgen, 3Geodakyan Eduard Grigor, 

4Hovhannisyan Sevada Mkrtich, 5Karapetyan Jhon Kostik 

IGES, NAS RA, Gyumri, Armenia 
 1mary-mary-86@mail.ru, 2sahakyan_babken@mail.ru, 3geodakyan.e@mail.ru, 

4iges@mail.ru, 5jon_iges@mail.ru 

 
Summary. The paper considers the spatial and temporal distribution of earth-

quake epicenters in the territory of Armenia and adjacent regions from historical 

times to the present. On the basis of instrumental data (1900-2020), long-term 

quantitative parameters of the recurrence graph are estimated. It was revealed 

that the seismic regime of the study area has a complex character, which reflects 

periods of seismic activity and relative seismic calm preceding and accompany-

ing, both strong regional M>6,5, and medium-sized Mg5 local earthquakes. 
Key words: seismic regime, seismic activity, recurrence plot, anomalous 

manifestation of seismicity, earthquakes. 
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�AABF4J<S. � D4@>4I Q>EC9D<@9AF4 KISS (201532016 77.) 5O?B ;4C<E4AB 
2136 E9=E@<K9E><I EB5OF<=. � 84AAB= EF4FP9 CD98EF46?9AO C9D6O9 D9;G?P-
F4FO CD<@9A9A<S @9FB84 EC9>FD4?PAOI BFABL9A<=, CDB6989AAB7B E J9?PR 
CB8DB5AB= >?4EE<H<>4J<< F<CB6 6G?>4A<K9E><I EB5OF<= CB BK47B6O@ C4-
D4@9FD4@ CB8 6G?>4A4@< �?RK96E>B= 7DGCCO A4 �4@K4F>9. 
�?RK96O9 E?B64: 6G?>4A<K9E>B9 ;9@?9FDSE9A<9, BK47 ;9@?9FDSE9A<S, @B-
89?P �DGA4, EC9>FD (GDP9, @9FB8 EC9>FD4?PAOI BFABL9A<=. 

 

 BA<FBD<A7 �?RK96E>B= 7DGCCO 6G?>4AB6 (���) BEGM9EF6?S9FES E9=E@<K9E>B= 
E9FPR, EBEFBSM9= <; 12 EF4AJ<=, >BFBDB= GCD46?S9F �4@K4FE><= H<?<4? �9BH<;<K9E>B= 
E?G:5O $BEE<=E>B= 4>489@<< A4G>. "5<?PA4S E9=E@<K9E>4S 4>F<6ABEFP 6G?>4AB6 ��� 
6>?RK49F 6 E95S CDB8B?:<F9?PAO9 FD9@BDO, @AB7BK<E?9AAO9 6G?>4AB-F9>FBA<K9E><9 < 
8?<AABC9D<B8AO9 ;9@?9FDSE9A<S. � D4@>4I Q>EC9D<@9AF4 KISS (Klychevskoy 

Investigation 3 Seismic Structure of an Extraordinary Volcanic System), 7?46AB= J9?PR >BFB-
DB7B S6?S?BEP <;GK9A<9 7?G5<AAB= EFDG>FGDO >BDO < 69DIA9= @4AF<< 6 D4=BA9 �?RK96-
E>B= 7DGCCO 6G?>4AB6, 83 46FBAB@AOI E9=E@<K9E><I EF4AJ<< 5O?< GEF4AB6?9AO EDB>B@ 
A4 1 7B8 6 201532016 77. [1]. � D9;G?PF4F9 <I D45BFO 5O?B ;4C<E4AB 2136 EB5OF<= [2]. � 
84AAB= D45BF9 CD98EF46?9AO D9;G?PF4FO <I 4A4?<;4 E J9?PR CB8DB5AB= >?4EE<H<>4J<< 
F<CB6 6G?>4A<K9E><I EB5OF<= CB BK47B6O@ C4D4@9FD4@ CB8 6G?>4A4@< �?RK96E>B= 
7DGCCO A4 �4@K4F>9 CB 84AAO@ Q>EC9D<@9AF4 KISS. 

&D48<J<BAAB 6G?>4A<K9E><9 ;9@?9FDSE9A<S D4;89?SRF A4 864 BEAB6AOI F<C4: 6O-
EB>BK4EFBFAO9 (6G?>4AB-F9>FBA<K9E><9) < A<;>BK4EFBFAO9 (8?<AABC9D<B8AO9). �B?P-
L<AEF6B 6OEB>BK4EFBFAOI ;9@?9FDSE9A<= 6O;64AO E86<7B6O@ D4;DGL9A<9@ <?< E>B?P-
:9A<9@ CB D4;?B@4@, CDB<EIB8SM<@< 6 ;9@AB= >BD9 CB8 6G?>4A4@<, < BF?<K4RFES BF 
F9>FBA<K9E><I @47A<FG84@< < I4D4>F9DAO@< BEB59AABEFS@< 6B;A<>AB69A<S. !<;>BK4-
EFBFAO9 :9 ;9@?9FDSE9A<S 6 5B?PL<AEF69 E?GK496 6O;64AO CDBJ9EE4@<, A9CBED98-
EF69AAB CDB<EIB8SM<@< 6 C<F4RM9= @47@4F<K9E>B= E<EF9@9 < E6S;4AAO@< E 5OEFDO@< 
<;@9A9A<S 846?9A<S :<8>BEF<, 6O;O649@O@< A9B8ABDB8AO@< CDBJ9EE4@< F9K9A<S <?< 
74;BB5D4;B64A<9@ [3].  

�?S <;GK9A<S @B89?< BK47B6 6G?>4A<K9E><I ;9@?9FDSE9A<= 6 84AAB= D45BF9 <E-
CB?P;G9FES @9FB8 EC9>FD4?PAOI BFABL9A<=. "A <ECB?P;G9FES 8?S <;GK9A<S < BCD989?9-
A<S BK47B6OI C4D4@9FDB6 6G?>4A<K9E><I ;9@?9FDSE9A<= F4><I, >4> E9=E@<K9E><= @B-
@9AF < I4D4>F9DAO9 K4EFBFO EC9>FD4 [4]. � 84AAB@ @9FB89 <ECB?P;GRFES ;4C<E<, CB?G-
K9AAO9 A4 B8AB= < FB= :9 EF4AJ<<, BF EB5OF<=, >BFBDO9 D4ECB?B:9AO @4>E<@4?PAB 
5?<;>B 6 CDBEFD4AEF69. �?S B8AB= < FB= :9 C4DO ;9@?9FDSE9A<= CB?GK49FES @AB7B BFAB-
L9A<=, 6E?98EF6<9 5B?PLB7B K<E?4 EF4AJ<=, ;4C<EO64RM<I EB5OF<9. "FABL9A<S 
A45?R89AAOI EC9>FDB6 BF 6O5D4AAB= C4DO 5?<;><I 6 CDBEFD4AEF69 ;9@?9FDSE9A<= ED46-
A<64RFES E F9BD9F<K9E><@<. &9BD9F<K9E>B9 BFABL9A<9 EC9>FDB6 D4EEK<FO649FES CB HBD-
@G?9 @B89?< �DRA4 (1), 789 ý̇1 < ý̇2 3 4@C?<FG8AO9 EC9>FDO E<?PAOI < E?45OI 
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;9@?9FDSE9A<= EBBF69FEF69AAB, ÿ 3 K4EFBF4, ÿā1 < ÿā2 3 >BDA9D-K4EFBFO E<?PAOI < E?45OI 
;9@?9FDSE9A<= EBBF69FEF69AAB, ý01 < ý02 3 E9=E@<K9E><9 @B@9AFO E<?PAOI < E?45OI 
;9@?9FDSE9A<= EBBF69FEF69AAB, Ą 3 C4D4@9FD, >BFBDO= BCD989?9?S9F 4E<@CFBF<K9E><= 
A4>?BA CD46B= 69F6< EC9>FD4, ā 3 >BAEF4AF4, >BFBD4S BCD989?S9F BEFDBFG EC9>FD4?PAB7B 
G7?4. 

 

ý̇1(ÿ)ý̇2(ÿ) = ý01ý02 (1 + ( ÿÿā2)āÿ
1 + ( ÿÿā1)āÿ)

1ā
 (1) 

 

�?S BJ9A>< EBBFABL9A<9 E<7A4?4 > LG@G 5O?4 E89?4A4 CBCD46>4 8?S 5B?99 FBK-
AB7B BCD989?9A<S 7D4A<JO <EE?98G9@B7B 6D9@9AAB7B B>A4. �?S BCD989?9A<S 84AAB= 7D4-
A<JO 59D9FES 6D9@S 6 BK479 <; >4F4?B74 < > A9@G 8B546?S9FES 6D9@S CDBIB:89A<S E<7A4?4 
BF ;9@?9FDSE9A<S 8B EF4AJ<<. � QFB@ E?GK49 G?GKL49FES BJ9A>4 EBBFABL9A<S @9:8G E<7-
A4?B@ < LG@B@, F.>. 59DGFES «K<EFO9» BFD9;>< E<7A4?4 < LG@4, 789 t0 3 6D9@S 6 BK479 <; 
>4F4?B74, S 3 D4EEFBSA<9 BF ;9@?9FDSE9A<S 8B EF4AJ<<, vp 3 E>BDBEFP p-6B?AO. 

 � = �0 + ÿ�� 
(2) 

 

�?S FB7B, KFB5O CDB69D<FP, KFB IBDBL99 BFABL9A<9 «E<7A4?-LG@» EBID4AS9FES 6 
L<DB>B@ 8<4C4;BA9 K4EFBF (KFB 64:AB 8?S @9FB84 EC9>FD4?PAOI BFABL9A<=), 8?S 6E9I 
6G?>4A<K9E><I ;9@?9FDSE9A<=, ;4C<E4AAOI 6 D4@>4I Q>EC9D<@9AF4 KISS, CDB6B8<FES 
BJ9A>4 EBBFABL9A<S @9:8G E<7A4?B@ < LG@B@ CB C?BM48S@. !4 B8AB@ 7D4H<>9 EFDBSFES 
EC9>FDO (GDP9 E<7A4?4 < LG@4, < EK<F49FES C?BM48P D4;ABEF< QF<I 86GI 7D4H<>B6. )B-
DBLB ;4C<E4AAO9 EB5OF<S, BFABL9A<9 E<7A4?4 > LG@G >BFBDOI CD<9@?9@B 6 L<DB>B@ 
8<4C4;BA9 K4EFBF, <@9RF 5B?PLGR 84AAGR C?BM48P. �4C<E< :9 E LG@B@ <@9RF ?<5B 
8B6B?PAB @4?GR C?BM48P, ?<5B BFD<J4F9?PAGR. 

 

 
$<E. 1. �4C<E< EB5OF<= (E69DIG) < EBBF69FEF6GRM<9 <@ EC9>FDO (GDP9 E<7A4?4 < 
LG@4 (EA<;G) 

 

�?S BFD45BF>< 84?PA9=L9= @9FB8<>< < E<EF9@4F<;4J<< 4A4?<;4 5O?< 6O5D4AO 2 
;9@?9FDSE9A<S, 5?<;>B D4ECB?B:9AAOI 8DG7 > 8DG7G (D4EEFBSA<9 @9:8G EB5OF<S@< 
1225 @) E IBDBL9= BJ9A>B= E<7A4?-LG@ CB C?BM48S@ < EK<F49@ BFABL9A<S E<?PAB7B 
EC9>FD4 E<7A4?4 > E?45B@G. 
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&45?<J4 1 
#4D4@9FDO 6O5D4AAOI 8?S 4A4?<;4 ;9@?9FDSE9A<= 

 �D9@S UTC ,<DBF4 �B?7BF4 �?G5<A4, >@ ML 

1 2015.10.20 17:06:30.252 55.8365 160.2447 19.98 2.65 

2 2015.11.20 12:28:18.834 55.8395 160.2258 19.40 1.60 

 

 
$<E. 2. %C9>FDO 6O5D4AAOI EB5OF<= (E?964) < EC9>FD4?PAO9 BFABL9A<S E<?PAB7B 
EB5OF<S > E?45B@G (ECD464) 8?S D4;AOI EF4AJ<=. %C?BLA4S ?<A<S 3 E<?PAB9 
EB5OF<9, CGA>F<DA4S ?<A<S 3 E?45B9 EB5OF<9 

 

&45?<J4 2 
#4D4@9FDO 6O5D4AAOI 8?S 4A4?<;4 EF4AJ<= 

 %F4AJ<S ,<DBF4 �B?7BF4 &<C 
1 IR1 55.71783 160.305 TRILLIUM COMPACT 

2 IR2 55.78518 160.2323 MARK L-4C-3D 

3 IR3 55.85794 160.2253 TRILLIUM COMPACT 

 

 
$<E. 3. %I9@4 GEF4AB6>< E9=E@<K9E><I EF4AJ<= 6 D4=BA9 ���. �DG:>< 3 46FB@B5<?P. 
�648D4FO 3 69DFB?9F. %9DO9 3 MARK L-4C-3D. &9@AB-E9DO9 3 TRILLIUM COMPACT. �9?O9 3 E9=-
E@<K9E><9 EF4AJ<< E9F< �( �%. �9?O@ CDS@BG7B?PA<>B@ 6O89?9AO EF4AJ<<, ;4C<E< E >BFBDOI <E-
CB?P;B64AO 6 4A4?<;9 
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!4 CD<@9D9 D4EE@BFD9AAOI EB5OF<=, G84?BEP CB?GK<FP 4?PF9DA4F<6AO9 BJ9A>< 
BFABL9A<S E9=E@<K9E><I @B@9AFB6, 4 <@9AAB Ā01Ā02 = 10, 4 F4>:9 BJ9A>< I4D4>F9DAOI K4-
EFBF BK47B6OI EC9>FDB6, 4 <@9AAB ÿā1 = 15 �J < ÿā2 = 22 �J, 8?S C9D6B7B < 6FBDB7B EB-
5OF<=, EBBF69FEF69AAB.  
 

%#�%"� ��&�$�&'$/ 

 

1. ,4C<DB !. ., �BD8996 �.�., �5>48ODB6 �.(., �G?4>B6 �.2., 3>B6?96 �.�. 
,<DB>B@4ELF45AO= CB?96B= E9=E@B?B7<K9E><= Q>EC9D<@9AF 8?S <;GK9A<S �?RK96E>B= 
7DGCCO 6G?>4AB6 // �9EFA<> ��" $�!. 3 2017. 3 № 1 (191). 3 %. 75-78. 

2. %9AR>B6 %.�., �DB;A<A �.�., �DB;A<A4 %.3., ,4C<DB !. ., !G:8<A4 �.!., 
�B:96A<>B64 &.2., %B5B?96E>4S ".�., !4;4DB64 �.�., �B?:<>B64 �.!., &B?B>AB64 %.�., 
�4DC9A>B �.�. ��&��"� �� ��&$3%�!�� #" ��!!/  %�&� KISS � 2015-2016 

��. #DB5?9@O >B@C?9>EAB7B 79BH<;<K9E>B7B @BA<FBD<A74 E9=E@B4>F<6AOI D97<BAB6. 
&DG8O �BEP@B= �E9DBEE<=E>B= A4GKAB-F9IA<K9E>B= >BAH9D9AJ<< E @9:8GA4DB8AO@ 
GK4EF<9@ 26 E9AFS5DS32 B>FS5DS 2021 7. 7. #9FDBC46?B6E>-�4@K4FE><=. 

3. McNutt, S.R., Roman, D.C., 2015. Volcanic Seismicity. In: Sigurdsson, H., Houghton, 

B., Rymer, H., Stix, J., McNutt, S. (Eds.), The Encyclopedia of Volcanoes, pp. 101131034. 

4. Rachel E. Abercrombie. Investigating uncertainties in empirical Green9s function 
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THE STUDY OF THE VOLCANIC EARTHQUAKES OF THE 

KLYUCHEVSKAYA GROUP’S VOLCANOES USING THE SPECTRAL 
RATIO METHOD 

 
1,2Molokova Alisiya 

1Lomonosov Moscow State University 
2IEPT RAS, Moscow 

molokova.ap18@physics.msu.ru 

 

Summary. As part of the KISS experiment (2015-2016), 2136 seismic events 

were recorded. This article presents the first results of the application of the spec-

tral ratio method, conducted for the purpose of a detailed classification of types 

of volcanic events by focal parameters under the volcanoes of the 

Klyuchevskaya group in Kamchatka. 

Key words: volcanic earthquake, earthquake source, Brun9s model, Fourier 
spectrum, spectral ratio method. 
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'�� 550.34 
���!&�(���*�3 �0�"&$3%�!�� %$��� �"���0!/) 
%��% �+�%��) %"�/&�� !� �$)�#����� %���$!�3 

�� �3 
 

1 >@>7>20 �:0B5@8=0 $CA;0=>2=0, 2�>=5G=0S /=0 �8:B>@>2=0 
1(��'! (�*��� '@" $�!, 3. �@E0=35;PA: 

2(�* ��% $�!, 3. "1=8=A: 
1morozova_er@fciarctic.ru, 2yanakon@mail.ru  

 

�AABF4J<S. "F>DOF<9 E9=E@<K9E>B= EF4AJ<< A4 4DI<C9?479 %969DA4S 
�9@?S CB;6B?<?B A4K4FP @BA<FBD<A7 ?B>4?PAB= E9=E@<KABEF<. % 2017 CB 
2022 7B8 ;4D97<EFD<DB64AB 41 ?B>4?PAB9 E9=E@<K9E>B9 EB5OF<9 E @47A<FG-
84@< ML BF 0.2 8B 4.9. % CB@BMPR EC9>FD4?PAB-6D9@9AAB7B 4A4?<;4 <I 
G84?BEP D4;89?<FP A4 869 7DGCCO. �EE?98B64A<9 CDBEFD4AEF69AAB7B D4E-
CD989?9A<S QC<J9AFDB6 < 7?G5<AO 7<CBJ9AFDB6 CB;6B?<?B CD98CB?B:<FP 
CD<DB8G EB5OF<= 6O89?9AAOI 7DGCC 6 D4=BA9 BEFDB64 ">FS5DPE>B= $96B-
?RJ<<. 
�?RK96O9 E?B64: ?P8BFDSE9A<9, ?B>4?PAB9 E9=E@<K9E>B9 EB5OF<9, 4DI<-
C9?47 %969DA4S �9@?S, 6EFGC?9A<9 6B?A, ?98B6O= >GCB?. 
 

�4 CBE?98A<9 30 ?9F F9@C9D4FGD4 6B;8GI4 6 D4=BA9 4D>F<K9E><I @BD9= ;A4K<-
F9?PAB 6ODBE?4. &4SA<9 4D>F<K9E><I ?P8B6 CD<6B8<F > <;@9A9A<R @9F9BGE?B6<=, KFB 
BE?B:AS9F A46<74J<R, CBQFB@G A9CD9DO6AO= @BA<FBD<A7 8?S CDB7AB;<DB64A<S >?<@4-
F<K9E><I <;@9A9A<= < ?98B6B= B5EF4AB6>< 4>FG4?9A 8?S �D>F<><. 

�?<F9?PAO9 <;@9A9A<S 6A9LA<I GE?B6<= 698GF > CBEF9C9AAB@G C9D9IB8G 5B?P-
L<I @4EE<6B6 ?P84 6 A9D46AB69EAB9 EBEFBSA<9, > CBS6?9A<R 6 A<I <;5OFBKAB7B A4CDS-
:9A<S < 6B;@B:AB7B CBE?98GRM97B E4@BCDB<;6B?PAB7B D4;DGL9A<S. $4;DGL9A<9 ?98S-
AB7B CB>DB64 6O;O649FES A9 FB?P>B 6A9LA<@< E<?4@<, AB < 6AGFD9AA<@<, 89=EF6GR-
M<@< 6AGFD< B5N9@4 ?P84. #DBJ9EEO 89EFDG>J<< ?98A<>B6OI CB>DB6B6 6 E9=E@B?B7<< 
A4;O64RF ?P8BFDSE9A<S@<. �O89?SRF A9E>B?P>B F<CB6 ?P8BFDSE9A<=, BF?<K4RM<IES 
@9I4A<;@B@ B5D4;B64A<S: CB69DIABEFAO9 FD9M<AO (D4EFD9E><64A<9), CD9DO6<EFB9 
E>B?P:9A<9, BF>4?O64A<9 4=E59D7B6, CB8?98A<>B6O= CBFB> 6B8O < 7<8DBD4;DO6 
[7, 11, 6]. &4><9 7?SJ<B?B7<K9E><9 CDBJ9EEO <EE?98GRFES E CB@BMPR C4EE<6AB7B E9=-
E@<K9E>B7B @BA<FBD<A74, EFD9@<F9?PAB D4;6<64RM97BES 6 CBE?98A<9 89ESF<?9F<S [8, 9]. 

%969DA4S �9@?S 3 >DGCAO= BEFDB6AB= 4DI<C9?47 > E969DG BF CB?GBEFDB64 &4=@OD 
A4 7D4A<J9 �4DE>B7B @BDS < @BDS �4CF96OI (D<E. 1). !4 4DI<C9?479 6O89?9AB 17 ?98A<-
>B6OI E<EF9@ A4 B5M9= C?BM48< 16801 >@2. "5M4S 8?<A4 ?98SAOI 59D97B6 338 >@ [3]. 

"EFDB6 ">FS5DPE>B= $96B?RJ<< S6?S9FES >DGCA9=L<@ BEFDB6B@ 4DI<C9?474. !4 A9@ 
A4IB8<FES 7 >DGCAOI ?98A<>B6, >BFBDO9 ;4A<@4RF 5B?PL9 CB?B6<AO 6E9= C?BM48< BEF-
DB64 (D<E. 1). � A4EFBSM99 6D9@S BF@9K49FES EB>D4M9A<9 ?98B6B7B CB>DB64 4DI<C9?474 
%969DA4S �9@?S [3]. 

 9EF4, 789 ?98A<>< 6OIB8SF > @BDR, K4EFB E?G:4F <EFBKA<>B@ B5D4;B64A<S 4=E-
59D7B6. !4<5B?99 4>F<6AO9 @9EF4 3 6BEFBKAB9 (5GIF4 �D9A>9?S) < R:AB9 CB59D9:P9 ?98-
A<>4 �>489@<< !4G>, BEFDB6 �B@EB@B?9J < CB59D9:P9 ?98A<>4 $GE4AB64 6 D4=BA9 
HPBD84  4FGE96<K4 A4 BEFDB64 ">FS5DPE>B= $96B?RJ<<, CB>4;4AAO K9DAO@< B64?4@< A4 
D<EGA>9 1. 
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$<E. 1. (<;<K9E>4S >4DF4 D9?P9H4 4DI<C9?474 %969DA4S �9@?S. !B69=L<9 D4;?B@O 
(134) E [2]: 4 - 8BEFB69DAO9, 5 - CD98CB?4749@O9; 1 - E5DBEO, LFD<I< A4 BCGM9AAB@ >DO?9; 2 - 
6;5DBEO, FD9G7B?PA<>< A4 CD<CB8ASFB@ >DO?9; 3 - D4;?B@O A9GEF4AB6?9AAB7B F<C4, LFD<I< A4 BCG-
M9AAB@ >DO?9; 4 - D4;?B@O 59; GEF4AB6?9AAB7B E@9M9A<S; 5 - EFD9?>4@< CB>4;4AB A4CD46?9A<9 E@9-
M9A<S CD< E86<74I. $4;?B@O E [13] (638): 6 - 4>F<6AO= ECD98<A7B6O= J9AFD; 7 - ABD@4?PAO9 
D4;?B@O;8 - A9>?4EE<H<J<DB64AAO9 D4;?B@O. $4;?B@O E [12] (9313): 9 - A486<7 < 6;5DBE; 10 - E86<-
7B6O= E5DBE (EFD9?>4-A4CD46?9A<9 E5DBE4); 11 - HDBAF 89HBD@4J<= 8?S BDB79AB6; 12 - ABD@4?PAO9 
?<EFD<K9E><9 D4;?B@O; 13 - A9>?4EE<H<J<DB64AAO9 D4;?B@O; 14 - E9=E@<K9E>4S EF4AJ<S «%969DA4S 
�9@?S» (SVZ);15 - ;BAO B5D4;B64A<S 4=E59D7B6 < ?98A<>B6 [5] 

 

� D45BF9 [10] CB8A<@49FES 6BCDBE B CD<DB89 ?B>4?PAOI E9=E@<K9E><I EB5OF<=, 
;4D97<EFD<DB64AAOI E9=E@<K9E>B= EF4AJ<9= «%969DA4S �9@?S» (SVZ), GEF4AB6?9AAB= A4 
B8AB<@9AAB@ 4DI<C9?479 6 ABS5D9 2016 7B84 < S6?SRM9=ES 98<AEF69AAO@ <EFBKA<>B@ 
<AHBD@4J<< B E9=E@<KABEF< 4DI<C9?474 (D<E. 1). �6FBDO [10] CD98CB?474RF, KFB «part of 

the island is covered by large glaciers, so it is quite likely that the seismicity was due to failures 

in the glaciers». �OS6?9A<9 ?98A<>B6OI EB5OF<= <; B5M9= @4EEO ?B>4?PAOI E9=E@<K9-
E><I EB5OF<=, CDB<EIB8SM<I A4 4DI<C9?479 %969DA4S �9@?S, < <I F<C<;4J<S CB;6B?<F 6 
84?PA9=L9@ <;59:4FP CBC484A<S «?B:AOI» EB5OF<= 6 E9=E@<K9E><= >4F4?B7. 

!4 84AAB@ QF4C9 A4L<I <EE?98B64A<= @O EBED98BFBK<@ES A4 E9=E@<K9E><I EB5O-
F<SI, 6>?RK4RM<I P- < S- H4;O B5N9@AOI 6B?A, CDB<EIB8SM<I A4 BEFDB69 ">FS5DPE>B= 
$96B?RJ<< 4DI<C9?474 %969DA4S �9@?S, ;4D97<EFD<DB64AAOI EF4AJ<9= SVZ. �;69EFAB, 
KFB B5D45BF>4 E9=E@<K9E><I EB5OF<= CB B8AB= EF4AJ<< A4<@9A99 8BEFB69DAO= ECBEB5 
?B>4J<<, K9@ CB A9E>B?P><@, B8A4>B CB 97B D9;G?PF4F4@ @B:AB BCD989?<FP BEAB6AO9 
;BAO CDBEFD4AEF69AAB7B D4ECD989?9A<S QC<J9AFDB6. "5D45BF>4 84AAOI CDB6B8<?4EP 6 
CDB7D4@@4I EL [4] < WSG [1] D4;D45BF>< (�* ��% $�!. �4 C9D<B8 HGA>J<BA<DB64A<S 
EF4AJ<< SVZ (E 2017 CB 2022 77.) 5O?B B5D45BF4AB 41 ?B>4?PAB9 E9=E@<K9E>B9 EB5OF<9, 
<@9RM<9 6EFGC?9A<S H4; B5N9@AOI 6B?A. �A4K9A<S ?B>4?PAB= @47A<FG8O ;9@?9FDSE9-
A<= A4IB8<FES 6 8<4C4;BA9 BF 0.2 8B 4.9. 

%B5OF<S A4 BEFDB69 ">FS5DPE>B= $96B?RJ<< 5O?< CDB4A4?<;<DB64AO E FBK>< 
;D9A<S EC9>FD4?PAB-6D9@9AAB7B 4A4?<;4. �?S B5D45BF>< < 4A4?<;4 E9=E@<K9E><I E<7A4-
?B6 @O <ECB?P;B64?< CDB7D4@@G Geopsy, CB;6B?SRMGR EFDB<FP %��!-8<47D4@@O 8?S 
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D4;89?9A<S EB5OF<= A4 7DGCCO. #B D9;G?PF4F4@ EC9>FD4?PAB-6D9@9AAB7B 4A4?<;4 EB5O-
F<S 5O?< D4;89?9AO A4 869 7DGCCO � < �. !4 D<EGA>9 2 CD98EF46?9AO CD<@9DO ;4C<E9= 
(69DF<>4?PAO= >4A4?) E9=E@<K9E><I EB5OF<= < EBBF69FEF6GRM<9 <@ %��!-8<47D4@@O. 
#9D64S 7DGCC4 �, CB>4;4AA4S A4 D<EGA>9 24, <@99F 8BEF4FBKAB K9F><9 6EFGC?9A<S P < S 

6B?A, CD<K9@ S 6E9784 <AF9AE<6A99 P. � D45BF9 [9] <??REFD<DGRFES CBIB:<9 6B?AB6O9 
HBD@O 8?S EB5OF<= 4DI<C9?474 ,C<J59D79A < BCD989?SRFES 46FBD4@< >4> ;9@?9FDSE9-
A<S. ' 7DGCCO EB5OF<= � P-6B?A4 6OD4:9A4 5B?99 E?45B, BFEGFEF6GRF CB69DIABEFAO9 
6B?AO < A45?R849FES 6OEB>BK4EFBFAO= LG@ (~20 Hz) @9:8G 6EFGC?9A<S@< 6B?A. � E6S;< 
E 6OL9E>4;4AAO@< BEB59AABEFS@< 6B?AB6OI HBD@ EB5OF<= 7DGCCO �, @B:AB CD98CB?B-
:<FP, KFB BA< CDB<EIB8SF 7?G5:9, K9@ EB5OF<S 7DGCCO �. 

 

 
$<E. 2. �B?AB6O9 HBD@O < %��!-8<47D4@@O ?B>4?PAOI 

E9=E@<K9E><I EB5OF<=, ;4D97<EFD<DB64AAOI SVZ: 4 - 7DGCC4 A; 5 - 7DGCC4 � 

 

!4 >4DF9 D<E. 3 BFB5D4:9AO ?B>4?PAO9 E9=E@<K9E><9 EB5OF<S BEFDB64 ">FS5DP-
E>B= $96B?RJ<<. �B>4?PAO9 ;9@?9FDSE9A<S CD<GDBK9AO > 7D4A<J9 �4DE>B= C?<FO < ;BA9 
%969DB-&4=@ODE>B= 89HBD@4J<<, B>D4<A9 �4D9AJ96B-�4DE>B7B L9?PH4; ;4H<>E<DB64AO 
EB5OF<S 6 D4=BA9 FD4AECBDFAB7B >BD<8BD4 %969DAB7B @BDE>B7B CGF<. !4 BEFDB69 �B?P-
L96<> 5 E9=E@<K9E><I EB5OF<= CD<GDBK9AO > D4;?B@AO@ ;BA4@ < 4 > ?98A<>B6O@ >GCB-
?4@ BEFDB64. 

"5D4F<@ 6A<@4A<9, KFB EB5OF<S, CDB<EIB8SM<9 A4 BEFDB69 ">FS5DPE>B= $96B?R-
J<<, CD<GDBK9AO > ?98B6O@ >GCB?4@, >4> CB>4;4AB A4 D<EGA>9 3. �<8AB, KFB QC<J9AFDO 
«6OEFD4<64RFES» 6 ?<A9=AO9 EFDG>FGDO, EB5OF<S 7DGCCO � D4ECB?474RFES ;4C48A99, BF-
ABE<F9?PAB EB5OF<= 7DGCCO �. #D< D4EK9F9 CB?B:9A<S QC<J9AFDB6 @O ;4H<>E<DB64?< 
7?G5<AG 6E9I EB5OF<= >4> h=0 >@. #9D95BD 6B;@B:AOI 7?G5<A 8?S 7DGCCO A (8?S 7DGCCO 
B BEF49FES h=0 >@) CB>4;4?, KFB CD< h=25330 >@ QC<J9AFDO EB5OF<= A @4>E<@4?PAB EB6-
@9M4RFES E QC<J9AFD4@< EB5OF<= 7DGCCO B. &4><@ B5D4;B@, @B:AB EK<F4FP, KFB EB5O-
F<S 7DGCCO � D4ECB?B:9AO 6 >BAEB?<8<DB64AAB= >BD9. �4AAO= 6O6B8 CB8F69D:849F FBF 
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H4>F, KFB 8?S EB5OF<= 7DGCCO A @O A45?R849@ 8BEF4FBKAB K9F><9 6EFGC?9A<S P- < S- 

6B?A, F.9. BK47 8B?:9A D4ECB?474FPES 6 5B?99 >BAEB?<8<DB64AAOI CBDB84I CB ED46A9A<R 
E EB5OF<S@<, CDB<EIB8SM<@< 6 ?98B6OI >GCB?4I <?< A4 7D4A<J9 CB69DIABEF< «;9@?S-
?98B6O= >GCB?». �DB@9 FB7B, CD< ;47?G5?9AAB@ BK479 B5D4;G9FES CB69DIABEFA4S 6B?A4, 
4 CD< A4?<K<< 6OL9?9:4M97B E?BS (6 A4L9@ E?GK49 QFB ?98B6O= >GCB?) < 5B?PLB@ >BA-
FD4EF9 E>BDBEF9= (?98->D<EF4??<K9E>4S CBDB84) B5D4;GRFES F4>:9 6B?AO �S64, KFB @O < 
A45?R849@ 8?S EB5OF<= 7DGCCO �. �E9 QFB CB8F69D:849F D4;?<K<9 6 CD<DB89 EB5OF<= 
86GI 7DGCC: 8?S � 3 QFB >BDB6O9 ;9@?9FDSE9A<S, 8?S � 3 E5DBE A4CDS:9A<= 6 ?98B6OI 
>GCB?4I. 

 

 
$<E. 3. %B5OF<S A4 BEFDB69 ">FS5DPE>B= $96B?RJ<< A4 D4;AOI 7?G5<A4I 7<CBJ9A-
FD4: 1 - 7DGCC4 �, h=0 km; 2 - 7DGCC4 �, h=0 km; 3 - 7DGCC4 �, h=25 km; >D4EAO= FD9G7B?PA<> - 
E9=E@<K9E>4S EF4AJ<S SVZ (F9>FBA<K9E>4S ?979A84 CD<6989A4 A4 D<E. 1) 

 

�4@9F<@, KFB 5?<;>B9 D4ECB?B:9A<9 7DGCC BFABE<F9?PAB 8DG7 8DG74 6B;@B:AB 
G>4;O649F A4 <I 79B8<A4@<K9E>GR E6S;P, F9@ 5B?99 KFB ?<A9=AO= I4D4>F9D <I CDBS6?9-
A<S EB6C4849F E 6O89?9AAB= D4;?B@AB= ;BAB= CB 79B?B7<K9E><@ 84AAO@ [2, 12].  

'EF4AB6>4 E9=E@<K9E>B= EF4AJ<< SVZ A4 4DI<C9?479 %969DA4S �9@?S CB;6B?<?4 
;A4K<F9?PAB CDB86<AGFPES 6 <EE?98B64A<< QFB= 4D>F<K9E>B= F9DD<FBD<<, 6 K4EFABEF< 
D4;89?<FP ?98B6GR E9=E@<K9E>GR 4>F<6ABEFP < EB5OF<S, CDB<EIB8SM<9 6 ;9@AB= >BD9. 
�A4K9A<9 ?B>4?PAB= @47A<FG8O ;9@?9FDSE9A<= A4IB8<FES 6 8<4C4;BA9 BF 00,2 8B 4,9. 
1C<J9AFDO E?45OI EB5OF<= 5O?< BCD989?9AO CB 84AAO@ B8AB= EF4AJ<<. &9@ A9 @9A99, 
G849FES D4;89?<FP EB5OF<S A4 869 7DGCCO < CD<6S;4FP <I > D4;?B@AB= F9>FBA<>9 < > ?9-
8B6O@ >GCB?4@.  

$45BF4 6OCB?A9A4 E <ECB?P;B64A<9@ 84AAOI, CB?GK9AAOI A4 GA<>4?PAB= A4GKAB= 
GEF4AB6>9 «�DI4A79?PE>4O E9=E@<K9E>4O E9FP» (https://ckp-rf.ru/catalog/usu/310187/). 
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IDENTIFICATION OF ICEQUAKES AMONG LOCAL SEISMIC 

EVENTS IN THE SEVERNAYA ZEMLYA ARCHIPELAGO 
 

1Morozova Ekaterina Ruslanovna, 2Konechnaya Yana Victorovna  

1FECIAR UrB RAS, Arkhangelsk 
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1morozova_er@fciarctic.ru, 2yanakon@mail.ru 

 

Summary. Seismic station installation on the Severnaya Zemlya archipelago 

made it possible to start monitoring local seismicity. 41 local seismic events with 

magnitudes ML from 0,2 to 4,9 were recorded from 2017 to 2022. Two groups 

of local events were identified using spectral-temporal analysis. The study of the 

spatial distribution of epicenters and the depth of hypocenters allows us to as-

sume the nature of events on the October Revolution Island. 

Key words: Icequake, local seismic event, Severnaya Zemlya archipelago, 

phase entry, ice sheet. 
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�AABF4J<S. $4EE@BFD9AO 6B?AB6O9 HBD@O E9=E@<K9E><I EB5OF<=, 6B;A<-
>4RM<I 6 D9;G?PF4F9 CDB6989A<S CDB@OL?9AAOI 6;DO6B6 6 >4DP9D4I CD< 
8B5OK< D4;?<KAOI CB?9;AOI <E>BC49@OI. #B>4;4AB, KFB BA< <@9RF SD>B 
6OD4:9AAO9 EC9J<H<K9E><9 K9DFO 6 ;46<E<@BEF< BF I4D4>F9D4 8B5O649-
@B7B EODPS. 
�?RK96O9 E?B64: CDB@OL?9AAO9 6;DO6O, E9=E@<K9E><9 EB5OF<S, 6B?AB-
6O9 HBD@O, �BDBA9:E><= >D<EF4??<K9E><= @4EE<6. 
 

� CD989?4I ��  6 A4EFBSM99 6D9@S D97G?SDAB 89=EF6G9F 20 CDB@OL?9AAOI >4-
DP9DB6, 6 >BFBDOI 8B5O64RFES CB?9;AO9 <E>BC49@O9 E <ECB?P;B64A<9@ 6;DO6AB= F9IAB-
?B7<<. #B?9;AO9 <E>BC49@O9 8B5O64RFES >4> 6 BE48BKAB@ K9I?9, F4> < 6 >D<EF4??<K9-
E>B@ HGA84@9AF9.  

!4<5B?99 E<?PAO9 6;DO6O CDB<;6B8SFES 6 >4DP9D4I �GDE>B=  47A<FAB= �AB@4-
?<<: «�9?9;AB7BDE><=», «�9598<AE><=», «%FB=?9AE><=» (BF 300 8B 2500 т ��) [1], 789 
8B5O649FES :9?9;A4S DG84 6 >D<EF4??<K9E><I CBDB84I. !4<5B?99 ;A4K<F9?PAO@ <; C9D9-
K<E?9AAOI 6OL9 >4DP9DB6 S6?S9FES «�9?9;AB7BDE><=» >4DP9D 3 >DGCA9=L<= 6 �6DBC9=-
E>B= K4EF< $BEE<<. � A4EFBSM99 6D9@S 8B5OK4 DG8O 6 «�9?9;AB7BDE>B@» >4DP9D9 CDB<E-
IB8<F A4 7?G5<A9 B>B?B 450 @. #DBFS:9AABEFP >4DP9D4 B>B?B 6 >@ < L<D<A4 B>B?B 4 >@. 
� >4DP9D4I �9?7BDB8E>B= B5?4EF< «�9598<AE>B@» < «%FB=?9AE>B@» F4>:9 8B5O649FES 
:9?9;A4S DG84 E 7?G5<AO CBDS8>4 300-400 @. � «#46?B6E>B@» >4DP9D9 A4 R79 �BDBA9:-
E>B= B5?4EF< 8B5O64RF 7D4A<FAO= M959AP. �89EP @BMABEFP 6;DO6B6 BF 100 8B 300 F �� 
[1].  

�B5OK4 CB?9;AOI <E>BC49@OI 6 BE48BKAB@ K9I?9 (8B?B@<F4, <;69EFAS>4, C9EK4-
A<>4) BEGM9EF6?S9FES 6 BFABE<F9?PAB A95B?PL<I >4DP9D4I, D4ECB?B:9AAOI 6 BEAB6AB@ 
6 �<C9J>B= B5?4EF<. #DB@OL?9AAO9 6;DO6O 6 QF<I >4DP9D4I A95B?PLB= @BMABEF< (5-
50 F ��) [1]. 

!4 D<EGA>9 1 CD98EF46?9AO ;4C<E< Z->B@CBA9AFO 6B?AB6OI HBD@ E9=E@<K9E><I 
EB5OF<=, 6B;A<>4RM<I CD< CDB<;6B8EF69 6;DO6B6 6 D4;AOI >DGCAOI >4DP9D4I ;4C<E4A-
AO9 B8AB= EF4AJ<9= VAU7. 1F4 EF4AJ<S D4ECB?B:9A4 A4 D4;AOI D4EEFBSA<SI BF <EFBK-
A<>B6. �4> 6<8AB <; D<EGA>4 1, A9 ;46<E<@B BF @BMABEF< < D4EEFBSA<S @9:8G <EFBKA<-
>B@ < CD<9@A<>B@ 6 EFDG>FGD9 6B?AB6B7B CB?S 6O89?SRFES CB69DIABEFAO9 6B?AO. #D< 
QFB@ 6 ;4C<E< CB69DIABEFAB= 6B?AO IBDBLB 6<8AO >B?<K9EF6B CB8DO649@OI 5?B>B6. 
&4> 6 «�9598<AE>B@» >4DP9D9 6B 6D9@S B8AB7B 6;DO64 5O?B CB8BD64AB 4 5?B>4, 4 6 «#46-
?B6E>B@», >4> CD46<?B, A45?R849FES 1 5?B> [2]. �AF9AE<6ABEFP >4> B5N9@AOI, F4> < CB-
69DIABEFAOI 6B?A ;46<E<F BF @BMABEF< 6;DO64 (QA9D79F<K9E>B7B >?4EE4 6B;A<>4RM<I 
EB5OF<=), F4> < D4EEFBSA<S <EFBKA<>-CD<9@A<> [3].  
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$<E. 1. #D<@9D <EIB8AOI < H<?PFDB64AAOI ;4C<E9= 6;DO6B6 6 D4;AOI >4DP9D4I, CB 
84AAO@ E9=E@<K9E>B= EF4AJ<< «�DI4A79?PE>B9» (VAU7)  

 

�B 6FBDGR 7DGCCG 6IB8SF @AB7BK<E?9AAO9 >4DP9DO CB 8B5OK9 CB?9;AOI <E>BC49-
@OI 6 BE48BKAB@ K9I?9 (<;69EFAS><, 8B?B@<FO, @9D79?< < 8D.). �4DP9DO >4> CD46<?B, A9 
BK9AP 7?G5B><9 < >B?<K9EF6B �� CD< @4EEB6OI 6;DO64I A9 CD96OL49F 5-50 F ��.  

'84?9AABEFP D97<EFD<DGRM9= E9=E@<K9E>B= EF4AJ<< BF @9EF4 CDB6989A<S 6;DO64 
S6?S9FES B8A<@ <; 64:A9=L<I C4D4@9FDB6 CD< 97B D97<EFD4J<<. #BASFAB, KFB 6;DO6 A9-
5B?PLB7B >B?<K9EF64 6;DO6K4FOI 69M9EF6 (��) E 5B?PL<@ FDG8B@ @B:AB ;4D97<EFD<DB-
64FP A4 ;A4K<F9?PAB@ D4EEFBSA<<. � GE?B6<SI ��  @<A<@4?PAB9 D4EEFBSA<9 BF >4DP9D4 
8B E9=E@<K9E>B= EF4AJ<< BF@9K49FES 8?S >4DP9DB6 6 �<C9J>B= ;BA9: >4DP9D «)@9?<A9J» 
D4ECB?B:9A BF E9=E@<K9E>B= EF4AJ<< LPSR «�4?<KPS 7BD4» 3 5,5 >@.  

!4 D<EGA>9 2 CD98EF46?9AO ;4C<E< Z->B@CBA9AFO 6B?AB6OI HBD@ E9=E@<K9E><I 
EB5OF<=, 6B;A<>4RM<I CD< CDB<;6B8EF69 6;DO6B6 6 D4;AOI >4DP9D4I �<C9J>B= B5?4EF<. 
�B?AB6B9 CB?9, 6B;A<>4RM99 CD< CDB<;6B8EF69 CDB@OL?9AAOI 6;DO6B6 E A95B?PL<@ 
>B?<K9EF6B@ �� <@99F 8DG7GR 6B?AB6GR HBD@G K9@ CD< 8B5OK< CB?9;AOI <E>BC49@OI 
6 >D<EF4??<K9E><I CBDB84I. !4 ;4C<ESI 6B?AB6OI HBD@ E9=E@<K9E><I EB5OF<=, 6B;A<-
>4RM<I CD< CDB<;6B8EF69 6;DO6B6 6 D4;AOI >4DP9D4I �<C9J>B= B5?4EF<, A45?R849FES 
8?<F9?PA4S «74D@BA<>4» CBE?9 CD<IB84 CB69DIABEFAB= 6B?AO. �B;@B:AB, QFB E6S;4AB E 
A4?<K<9@ >4DEF4 6 BE48BKAB@ K9I?9.  

%?98G9F BF@9F<FP, KFB CDB@OL?9AAO9 6;DO6O 6 D4;AOI >4DP9D4I EB;84RF E9=-
E@<K9E><9 QHH9>FO D4;AB= <AF9AE<6ABEF< [4]. 
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$<E. 2. #D<@9D <EIB8AOI < H<?PFDB64AAOI ;4C<E9= 6;DO6B6 6 D4;AOI >4DP9D4I, CB 
84AAO@ E9=E@<K9E>B= EF4AJ<< «�4?<KPS 7BD4» (LPSR) 

 

�DB@9 FB7B, >B?<K9EF6B 6;DO6B6, CDB<;6B8<@OI 6 D4;AOI >4DP9D4I, EGM9EF69AAB 
BF?<K49FES. !4 D<EGA>9 3 84AO 8<47D4@@O >B?<K9EF64 6;DO6B6, CDB<;6B8<@OI 6 >4:8B@ 
<; >4DP9DB6 < >B?<K9EF6B, 6O89?<6L9=ES QA9D7<<. 

 

 
$<E. 3. �B?<K9EF6B 6;DO6B6, CDB<;6989AAOI 6 D4;AOI >4DP9D4I E 2020 CB 202277 6 
% < >B?<K9EF6B 6O89?<6L9=ES QA9D7<< CD< CDB<;6B8EF69 6;DO6B6: 
1 3 #46?B6E><=; 2 3 %FB=?9AE><=; 3 3 �9?9;AB7BDE><=; 4 3 �9598<AE><=; 5 3 �<C9J>4S ;BA4 

 

�4> 6<8AB <; D<EGA>4, >B?<K9EF6B EB5OF<=, D97<EFD<DG9@OI 6 �<C9J>B= ;BA9, EB-
EF46?S9F 5B?99 60% BF B5M97B >B?<K9EF64 EB5OF<=, 6O;64AAOI 6;DO64@< 6 >4DP9D4I. #D< 
QFB@, >B?<K9EF6B QA9D7<<, 6O89?<6L9=ES CD< QF<I EB5OF<SI, EBEF46?S9F @9A99 10% ;4 
4A4?<;<DG9@O= C9D<B8. �E?< B5D4F<FP 6A<@4A<9 A4 «�9?9;AB7BDE><=» >4DP9D, FB ;89EP 
A45?R849FES B5D4FA4S E<FG4J<S: >B?<K9EF6B EB5OF<= EBEF46?S9F @9A99 10%, 4 >B?<K9-
EF6B 6O89?<6L9=ES QA9D7<< 3 5B?99 60%. ' «%FB=?9AE>B7B», «�9598<AE>B7B» < «#46-
?B6E>B7B» >4DP9DB6 EBBFABL9A<9 >B?<K9EF64 EB5OF<= < QA9D7<< D4;?<K49FES A4 5-10%. 
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� J9?B@, @B:AB E89?4FP 6O6B8, KFB A4<5B?99 <AF9AE<6AO9 E9=E@<K9E><9 EB5O-
F<S, 6B;A<>4RF CD< CDB<;6B8EF69 CDB@OL?9AAOI 6;DO6B6 6 >4DP9D4I CB 8B5OK9 CB?9;-
AOI <E>BC49@OI 6 >D<EF4??<K9E><I CBDB84I. #D< QFB@, 6 EFDG>FGD9 6B?AB6B7B CB?S ;A4-
K<F9?PAGR DB?P <7D4RF CB69DIABEFAO9 6B?AO. �@9EF9 E F9@, 6O89?SRFES <AF9AE<6AO9 
B5N9@AO9 6B?AO. %9=E@<K9E><9 EB5OF<S, 6B;A<>4RM<9 CD< 6;DO64I 6 BE48BKAB@ K9I?9 
@9A99 <AF9AE<6AO9. "8A4>B, BEB59AABEFPR <I S6?S9FES A4?<K<9 6 EFDG>FGD9 6B?AB6B7B 
CB?S BFABE<F9?PAB A<;>BK4EFBFAOI 6B?A, CDBS6?SRM<IES 6 F9K9A<< 8?<F9?PAB7B 6D9-
@9A< CBE?9 CDB<;6B8EF64 6;DO64. 

�6FBD 6OD4:49F CD<;A4F9?PABEFP EBFDG8A<>4@ �45BD4FBD<< E9=E@<K9E>B7B 
@BA<FBD<A74 �BDBA9:E>B7B >D<EF4??<K9E>B7B @4EE<64 ;4 B>4;4AAO9 CB@BMP < EB89=-
EF6<9 CD< CDB6989A<< <EE?98B64A<=. 
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FEATURES OF SEISMIC EVENTS THAT OCCUR DURING THE 

PRODUCTION OF INDUSTRIAL EXPLOSIONS IN QUARRIES ON 

THE TERRITORY OF THE VCM 
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Summary. Wave forms of seismic events resulting from industrial explosions 

in quarries during the extraction of various minerals are considered. It is shown 

that they have pronounced specific features depending on the nature of the ex-

tracted raw materials. 
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�AABF4J<S. #D<6989AO B5B5M9AAO9 84AAO9 CB BCBDAO@ E>64:<A4@, CDB-
5GD9AAO@ 6 CD989?4I �4C48AB-%<5<DE>B7B A9HF974;BABEAB7B @97454E-
E9=A4. $4EE@BFD9AO B5M<9 ;4>BAB@9DABEF< < BEB59AABEF< <;@9A9A<S CB-
D<EFBEF< B5D4;JB6 CBDB8 6 ;46<E<@BEF< BF 7?G5<AO <I ;4?974A<S. "5BEAB-
64AO BEB59AABEF< >D<6OI GC?BFA9A<S «K<EFOI» C9EK4A<>B6 < 7?<A. 
�?RK96O9 E?B64: BE48BKAO9 CBDB8O, ABD@4?PAB9 GC?BFA9A<9, CBD<-
EFBEFP, «K<EFO9» C9EK4A<>< < 7?<AO, BCBDAO9 E>64:<AO, <;@9A9A<S C9F-
DBH<;<K9E><I I4D4>F9D<EF<> CBDB8 E 7?G5<AB= <I ;4?974A<S. 
 

�>FG4?PABEFP F9@O <EE?98B64A<= BCD989?S9FES A9B5IB8<@BEFPR BJ9A>< DB?< < 
<AHBD@4J<BAAB7B ;A4K9A<S BCBDAB7B 5GD9A<S CD< BD74A<;4J<< 79B?B7B-CB<E>B6OI D4-
5BF A4 F9DD<FBD<< �4C48AB= %<5<D<. $9;G?PF4FO 5GD9A<S < @4F9D<4?O <EE?98B64A<= 
>9DA4 BCBDAOI E>64:<A CD98EF46?SRF <AF9D9E >4> E FBK>< ;D9A<S 6?<SA<S F9IAB?B7<K9-
E><I B7D4A<K9A<= QF<I D45BF, F4> < E FBK>< ;D9A<S C9DEC9>F<6 CD<@9A9A<S ;4>BAB@9D-
ABEF9= <;@9A9A<S C9FDBH<;<K9E><I I4D4>F9D<EF<> CBDB8 E 7?G5<AB= <I ;4?974A<S.  

�484K< <EE?98B64A<=. 
1. "5BEAB64A<9 A9B5IB8<@BEF< BCBDAB7B 5GD9A<S CD< <;GK9A<< EFDB9A<S < 

79B?B7<K9E>B= I4D4>F9D<EF<>< F4><I «;4>DOFOI» F9DD<FBD<= >4> �4C48AB-%<5<DE>4S 
D46A<A4. 

2. $4;6<F<9 D45BF < BEAB6AO9 D9;G?PF4FO 5GD9A<S BCBDAOI E>64:<A; 6?<SA<9 
BEB59AABEF9= F9IAB?B7<< 5GD9A<S A4 BF5BD >9DA4. 

3. "5B5M9A<9 BEAB6AOI D9;G?PF4FB6 5GD9A<S BCBDAOI E>64:<A, BJ9A>4 <I 
79B?B7B-79BH<;<K9E>B= <AHBD@4F<6ABEF<. 

� E<?G @4?B= <;GK9AABEF< 7?G5<AAB7B EFDB9A<S �4C48AB-%<5<DE>B= A<;@9AABEF< 
(< A9 FB?P>B) A4 C9D6B@ QF4C9 C?4AB@9DAOI D97<BA4?PAOI 79B?B7B-CB<E>B6OI D45BF 6 
1947 7B8G 5O?B CD<ASFB D9L9A<9 B 5GD9A<< 15 BCBDAOI E>64:<A 7?G5<AB= 2-3 >@. #D4>-
F<K9E>< B8AB6D9@9AAB E QF<@, 6 1948 7B8G 5O?< A4K4FO E9=E@BD4;698BKAO9 < @47A<FB-
D4;698BKAO9 <EE?98B64A<S F9DD<FBD<<. #9D64S A4 F9DD<FBD<< �4C48AB-%<5<DE>B= D46-
A<AO BCBDA4S E>64:<A4 № 1-$ 5O?4 ;4?B:9A4 6 7BDB89 &R@9A< < A4K4F4 5GD9A<9@ 15 
H96D4?S 1949 7B84.  

"FABE<F9?PAB A9 6OEB>B9 >4K9EF6B F9IAB?B7<< 5GD9A<S < 9ё A4DGL9A<S CD<69?< 
> FB@G, KFB 6OABE >9DA4 6 &R@9AE>B= BCBDAB= E>64:<A9 EBEF46<?, 6 ED98A9@, 43,6% CD< 
@<A<@4?PAB= ABD@9 8?S BCBDAOI E>64:<A 6 60% [5].  

�DB@9 &R@9AE>B= BCBDAB= E>64:<AO 6 QFB@ D4=BA9, ;89EP 5O?< ;4?B:9AO 9M9 
K9FOD9 E>64:<AO: �9D5OL<AE>4S, 3DE>4S, �G7B6E>4S < 'F9L96E>4S, 4 A9E>B?P>B CB;:9 
9M9 A4 �GK<A><AE>B=, #B>DB6E>B= < �46B8BG>B6E>B= EFDG>FGD4I.   
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� IB89 5GD9A<S �9GL<AE>B=, '64FE>B= < �4DPS>E>B= BCBDAOI E>64:<A4I 5O?4 
6OS6?9A4 C9DEC9>F<6ABEFP 69DIA9RDE><I BF?B:9A<=, 4 6 �B?C4L96E>B= E>64:<A9 6 &B@-
E>B= B5?4EF< 5O? CB?GK9A A9;A4K<F9?PAO= CD<FB> A9HF<. 

� 1949-1962 77. A4 F9DD<FBD<< A<;@9AABEF< 5O?B CDB5GD9AB 8648J4FP 896SFP 
E>64:<A, <; >BFBDOI FB?P>B CSFP, &4;B6E>4S, &GDGI4AE>4S, �4;O@E>4S,  4?B�F?O@E>4S 
< �9D9;B6E>4S, 5O?< D4ECB?B:9AO E969DA99 60-B= C4D4??9?<. #D< QFB@ FB?P>B �9D9;B6-
E>4S BCBDA4S E>64:<A4 6E>DO?4 CBDB8O HGA84@9AF4. !4 F9DD<FBD<< ) �" 5O?B CDB-
5GD9AB 6BE9@P E>64:<A, 4 6 CD989?4I 3!�" ;45GD9A4 B8A4, &4;B6E>4S, BCBDA4S E>64:<A4, 
C9D96989AA4S 66<8G CB?GK9A<S 464D<=AB7B 74;B6B7B HBAF4A4 6 D4;DS8 CB<E>B6OI B5N9>-
FB6.  

%I9@4 D4ECB?B:9A<S BCBDAOI E>64:<A CB 84AAO@ D45BFO [6] CD<EF46?9AO A4 D<-
EGA>9 1. 

 

 
$<E. 1. "5;BDA4S >4DF4 BCBDAB7B 5GD9A<S 6 �4C48AB= < �BEFBKAB= %<5<D<: 
I 3 D4=BA %GD7GFE>B= BCBDAB= E>64:<AO; II 3 %GD7GFE>4S BCBDA4S E>64:<A4; III4 3 E>64:<AO, 
6E>DO6L<9 HGA84@9AF; III6 3 A9 6E>DO6L<9 HGA84@9AF; III6 3 5GDSM<9ES; "CBDAO9 E>64:<AO: 1 3 
�9D9;B6E>4S; 2 3 �4;O@E>4S (6 1960 7. C9D96989AO 6 D4;DS8 EFDG>FGDAB-CB<E>B6OI); 
3 3  4?B-�F?O@E>4S; 4 3 XaAFO- 4AE<=E>4S; 5 3 '64FE>4S; 6 3 �9GL<AE>4S; 7 3 �G;A9JB6E>4S; 
8 3 &GD<AE>4S; 9 3 &R@9AE>4S; 10 3 "@E>4S; 11 3 �B?PL9D9K9AE>4S; 12 3 &4DE>4S; 13 3 !B6B64ER74A-
E>4S; 14 3 #G8<AE>4S; 15 3 %GD7GFE>4S; 16 3 #B>GDE>4S; 17 3 �4DPS>E>4S 18 3 &O@E>4S; 19 3 �B?C4-
L96E>4S; 20 3 �4D45<AE>4S; 21 3 %?467BDB8E>4S; 22 3  4D<<AE>4S; 23 3 +G?O@E>4S; 24 3  4>E<@-
><A-3DE>4S; 25 3 �9?B7BDE>4S; 26 3 �9FE>4S; 27 3 �?B7G=E>4S; 28 3 &GDGI4AE>4S; 29 3 &4;B6E>4S 

 

%6989A<S CB BCBDAO@ E>64:<A4@, CDB5GD9AAO@ A4 F9DD<FBD<< �4C48AB-%<5<D-
E>B= D46A<A9 6 C9D<B8 E 1949 CB 1962 7B8O, CD<6989AO 6 F45?<J9 1. 
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&45?<J4 1 
)4D4>F9D<EF<>4 CB BCBDAO@ E>64:<A4@ 6 �4C48AB-%<5<DE>B= D46A<A9 
"CBDA4S E>64:<A4 �8@<A<EFD4F<6AO= D4=BA  �?G5<A4, @ �B8 5GD9A<S 
�9D9;B6E>4S  �9D9;B6E><= D4=BA, ) �" 1344 1952-1953 

�4;O@E>4S ) �" 2061 1957-1960 

 4?B-�F?O@E>4S ) �" 2909 1955-1959 

)4AFO- 4AE<=E>4S 7. )4AFO- 4AE<=E> 2180 1951-1952 

'64FE>4S &R@9AE>4S 2983 1951-1954 

�9GL<AE>4S ) �" 2482 1953-1954 

�G;A9JB6E>4S %69D8?B6E>4S B5?4EFP 950 1952-1958 

&GD<AE>4S %69D8?B6E>4S B5?4EFP 1289 1954-1955 

&R@9AE>4S �. &R@9AP 2000 1949 

"@E>4S "@E>4S B5?4EFP 3000 1950-1954 

�B?PL9D9K9AE>4S "@E>4S B5?4EFP 2690 1953-1955 

&4DE>4S "@E>4S B5?4EFP  1950-1951 

!B6B64ER74AE>4S &B@E>4S B5?4EFP 3004 1956-1959 

#G8<AE>4S &B@E>4S B5?4EFP 3002 1955-1958 

%GD7GFE>4S ) �" 3048 1951-1954 

#B>GDE>4S ) �" 2360 1951-1954 

�4DPS>E>4S ) �" 2802 1952-1954 

&O@E>4S &B@E>4S B5?4EFP  2961 1957-1959 

�B?C4L96E>4S &B@E>4S B5?4EFP 3002 1949-1954 

�4D45<AE>4S !B6BE<5<DE>4S B5?4EFP 2470 1949-1950 

&4;B6E>4S 3!�" 4000 1961-1962 

 

�4 CD989?4@< �4C48AB-%<5<DE>B= D46A<AO: 6 �4;4IEF4A9 < 6 �D4EABSDE>B@ >D49, 
5O?B CDB5GD9AB 9Mё 8 BCBDAOI E>64:<A. 

"8AB= <; ;484K 5GD9A<S BCBDAOI E>64:<A S6?S?4EP C9FDBH<;<K9E>4S I4D4>F9D<-
EF<>4 D4;D9;4. "A4 5O?4 D94?<;B64A4 6 6<89 ;46<E<@BEF9= H<?PFD4J<BAAB-9@>BEFAOI 
E6B=EF6 BF 7?G5<AO CB >4:8B= E>64:<A9. 1F< <EE?98B64A<S 5O?< A4K4FO 6 1962 7B8G. 
#9D6O9 <EE?98B64A<S >4E4?<EP FB?P>B CBD<EFBEF<, ;4F9@ 6O5BDBKAB CBS6<?4EP BCD989-
?9A<S CDBA<J49@BEF<, 6B;D4EFAO9 BJ9A>< EFD4F<7D4H<<, E CB@BMPR EFD4F<7D4H<K9E><I 
@4D>9DB6, >BFBDO9 CB;6B?S?< BCD989?SFP CD<@9DAO= 6B;D4EF CBDB8 CB D4;D9;G BE48BK-
AB7B K9I?4. 

$9;G?PF4FO <EE?98B64A<= CB BCBDAO@ E>64:<A4@ BFD4:9AO 6 D45BF4I !.�. &G9;B-
6B= [1]. "5B5M9A<9 QF<I D9;G?PF4FB6 CD<6989AB 6 CG5?<>4J<SI !.�. �D59 [2, 3]. !4 BE-
AB64A<< 6OCB?A9AAOI 9R EBCBEF46?9A<=  4@SL96O@ �.�. < �G;A9JB6B= �. . 6OCB?-
A9AB EBCBEF46?9A<9 >D<6OI ABD@4?PAB7B GC?BFA9A<S, CBD<EFBEF<, «K<EFOI» 7?<A < C9E-
K4A<>B6 6 ;46<E<@BEF< BF 7?G5<AO <I ;4?974A<S (D<E. 2). 

�; CD<6989AAB7B EBCBEF46?9A<S E?98G9F, KFB <89AF<KABEFP CB?B:9A<S >D<6OI 
ABD@4?PAB7B GC?BFA9A<S 7?<A 8?S D4;D9;B6 EBBF69FEF6G9F 5B?PL9= K4EF< E>64:<A. �E-
>?RK9A<9 EBEF46<?< �9D9;B6E>4S <, 6 @9APL9= @9D9, �9GL<AE>4S <  4?B-�F?O@E>4S 
E>64:<AO, CBD<EFBEFP 7?<A 6 A<I A9E>B?P>B @9APL9, K9@ 6 BEF4?PAOI E>64:<A4I. #B 
84AAO@ D45BFO [4] QFB B5GE?B6?9AB GE?B6<S@< BE48>BB5D4;B64A<S, >BFBDO9 6 QF<I D4=-
BA4I BJ9A<64RFES >4> >BAF<A9AF4?PAO9. �D<6O9 8?S K<EFOI C9EK4A<>B6 D4;?<K4RFES 6 
5B?PL9= @9D9. %D98< A<I F4>:9 CBA<:9AAO@< ;A4K9A<S@< CBD<EFBEF< 6O89?SRFES 84A-
AO9 CB G:9 G>4;4AAO@ �9D9;B6E>B= < �9GL<AE>B= E>64:<A4@, 4 F4>:9 CB  4?B-�F?O@-
E>B= E>64:<A9.  �DB@9 FB7B, 8<EC9DE<< >D<6OI ;4@9FAB 6B;D4EF4RF E G@9APL9A<9@ 7?G-
5<AO ;4?974A<S CBDB8. �AHBD@4F<6ABEFP >9DAB6OI 84AAOI < 6OABE 97B ;46<ESF BF 
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EB5?R89A<S F9IAB?B7<< 5GD9A<S. %>BD99 6E97B, QFB B5GE?B6?9AB D4;?<K<9@ 6 6OABE9 
>9DA4 K<EFOI, E?45BEJ9@9AF<DB64AAOI C9EK4A<>B6 <; 69DIA9= K4EF< D4;D9;4 6 D4;AOI 
E>64:<A4I [4]. !4<5B?99 CD98EF46<F9?PAO@< S6?SRFES >D<6O9 ABD@4?PAB7B GC?BFA9A<S 
CB %GD7GFE>B= < #B>GDE>B= E>64:<A4@. 

 

 
$<E. 2. �D<6O9 ABD@4?PAB7B GC?BFA9A<S «K<EFOI» 7?<A < C9EK4A<>B6 E 7?G5<AB=, 
CB >9DAG BCBDAOI E>64:<A A4 F9DD<FBD<< �4C48AB= %<5<D<  

 

#B 84AAO@ BFK9F4 1957 7B84 #BSD>B6B= �.�. CB +G?O@E>B= BCBDAB= E>64:<A9 
A4@< 5O?< 6OCB?A9AO EBCBEF46?9A<S BF>DOFB= CBD<EFBEF< C9EK4AB-7?<A<EFOI C?BFAOI 
CBDB8 E 7?G5<AB= <I ;4?974A<S (D<E. 3). #D98CB?4749@, KFB 6 QF<I 84AAOI 6 DS89 E?GK496 
B5D4;JO E A<;><@< ;A4K9A<S@< BF>DOFB= CBD<EFBEF< (@9A99 10% 6 <AF9D64?9 7?G5<AO 
8B 1200 @ < @9A99 6-7% A4 7?G5<A4I BF 2500 @), EBBF69FEF6GRM<9 C?BFAO@ CBDB84@, 
5O?< BCD989?9AO >4> 7?<AO, < 84:9 >4> C9EK4AB-4?96D<FB6O9 CBDB8O, A4 D<EGA>9 3 QF4 
B5?4EFP 6O89?9A4 HBAB@. !4 D<EGA>9 A4@< CD<6989AO ?<A<< ABD@4?PAB7B GC?BFA9A<S 
«K<EFOI» C9EK4A<>B6 < 7?<A. �DB@9 FB7B, A4 QFB :9 EBCBEF46?9A<9 A4A9E9AO 8BEFGCAO9 
A4@ 84AAO9 CB �B?C4L96E>B= E>64:<A9.  

!9B5IB8<@B BF@9F<FP, KFB 84AAO9 CB �B?C4L96E>B= E>64:<A9 A9 CDBF<6BD9K4F 
84AAO@ CB +G?O@E>B= E>64:<A9, 4 >D<6O9 ABD@4?PAB7B GC?BFA9A<S «K<EFOI» C9EK4A<-
>B6 < 7?<A CB QF<@ E>64:<A4@ CD4>F<K9E>< EB6C484RF E >D<6O@< CB %GD7GFE>B= < #B-
>GDE>B= E>64:<A4@<. 

� D4;D9;9 +G?O@E>B= BCBDAB= E>64:<AO GC?BFA9A<9 «K<EFOI» C9EK4A<>B6 ?GKL9 
4CCDB>E<@<DG9FES ?<A9=AB= ;46<E<@BEFPR CBD<EFBEF< BF 7?G5<AO (1), 789 H-7?G5<A4, @. 
'C?BFA9A<9 7?<A E 7?G5<AB= BC<EO649FES ?B74D<H@<K9E>B= ;46<E<@BEFPR (2). 

 

�CB.CK.=-167,08! +6814,9 (1) 

�CB.7?.=-2144ln(!) + 7469,9 (2) 
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�4> G:9 5O?B BF@9K9AB 84AAO9 CB �B?C4L96E>B= E>64:<A9 A9 CDBF<6BD9K4F >D<-
6O@ ABD@4?PAB7B GC?BFA9A<S CB BEF4?PAO@ BCBDAO@ E>64:<A4@. �?S <AF9D64?4 7?G5<A 
1800-2200 @ CB 6E9@ CD<6989AAO@ BCBDAO@ E>64:<A4@ 8<4C4;BA CBD<EFBEF< «K<EFOI» 
C9EK4A<>B6 EBEF46?S9F 27-30%, 8<4C4;BA CBD<EFBEF< «K<EFOI» 7?<A 3 12-15%.  

 

 
$<E. 3. $4ECD989?9A<9 BF>DOFB= CBD<EFBEF< CBDB8 E 7?G5<AB=, E CD98EF46?9A<9@ 
>D<6OI 8?S «K<EFOI» C9EK4A<>B6, «K<EFOI» 7?<A 6 D4;D9;9 +G?O@E>B= BCBDAB= 
E>64:<AO. &BK>4@< BF@9K9AO 84AAO9 CB +G?O@E>B= E>64:<A9: >D4EAO9 3 C9EK4AB-4?96D<FB6O9 
CBDB8O; E<A<9 3 7?<A<EFB-4?96D<FB6O9 CBDB8O; K9DAO9 3 C?BFAO9 CBDB8O.   �D9EF4@< BF@9K9AO 
84AAO9 CB �B?C4L96E>B= E>64:<A9: ;9?9AO9 3 C9EK4AB-4?96D<FB6O9 CBDB8O; K9DAO9 3 C?BFAO9 CB-
DB8O 

 

!9E@BFDS A4 <;69EFAO9 F9IAB?B7<K9E><9 B7D4A<K9A<S BF5BD4 >9DA4, BCBDAO9 
E>64:<AO B59EC9K<?< CB?GK9A<9 64:AB= 79B?B7B-C9FDBH<;<K9E>B= <AHBD@4J<<. �4A-
AO9 CB BCBDAO@ E>64:<A4@ CB;6B?<?< CB?GK<FP C9D6O9 CD98EF46?9A<S B ?<FB?B7<< < 
EFD4F<7D4H<< D4;D9;4, B5 BEB59AABEFSI EFDB9A<S < C9FDBH<;<K9E>B= I4D4>F9D<EF<>< D4;-
D9;4 �4C48AB= %<5<D<. �O89?9AAO9 ;46<E<@BEF< 8?S «K<EFOI» C9EK4A<>B6 < 7?<A 84RF 
6B;@B:ABEFP 8?S <ECB?P;B64A<S CB8B5AOI ;46<E<@BEF9=, E J9?PR >BAFDB?S >4K9EF64 @4-
F9D<4?B6 79BH<;<K9E><I <EE?98B64A<= E>64:<A < 8BEFB69DABEF< D9;G?PF4FB6 <; 79B?B-
7<K9E>B= <AF9DCD9F4J<<.  

 

%#�%"� ��&�$�&'$/ 

 

1. &G9;B64 !.�., �BDB7<A<J>4S  . ., �9@<A4 $.�., �DR;7<A4 !.�. (<;<K9E><9 E6B=EF64 
7BDAOI CBDB8 �4C48AB-%<5<DE>B= A9HF974;BABEAB= CDB6<AJ<< //  .: !98D4, 1975. 3 185 E. 
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Summary. The process of compaction of sediments is the basis of scientific in-

terest in geology, determining the characteristics of changes in the properties of 

rocks by section. Empirical dependences of porosity changes with depth for 

clays and sandstones are presented on the example of core studies of reference 

wells drilled in Western Siberia. 

Key words: sedimentary rocks, normal compaction; porosity, "pure" sandstones 

and clays, support wells, changes in the petrophysical characteristics of rocks 

with the depth of their occurrence. 
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�AABF4J<S. � B>FS5D9 2019 7B84 8?S BCD989?9A<S EF9C9A< 6B;89=EF6<S 5G-
DB6;DO6AOI D45BF A4 @9EFBDB:89A<< 7<CE4 «�?G5B>B9» A4 J9?BEFABEFP C9-
M9DO �CD9?PE><= G;9?, D4ECB?B:9AAB= 6 +G7E>B@ 7BEG84DEF69AAB@ CD<-
DB8AB@ ?4A8L4HFAB@ ;4>4;A<>9 D97<BA4?PAB7B ;A4K9A<S, 5O? CDB6989A 

Q>EC9D<@9AF4?PAO= CDB@OL?9AAO= 6;DO6. #4D4@9FDO 6;DO6AOI D45BF 
5O?< CB8B5D4AO F4><@ B5D4;B@, KFB5 ;4H<>E<DB64FP @4>E<@4?PAB 6B;@B:-
AO9 CBE?98EF6<S E9=E@<K9E>B= A47DG;><. � 84AAB= EF4FP9 CD98EF46?9AO 
D9;G?PF4FO E9=E@<K9E><I <EE?98B64A<= 84AAB7B Q>EC9D<@9AF4. 
�?RK96O9 E?B64: C9M9D4, 6;DO6AO9 D45BFO, E9=E@<K9E>B9 6B;89=EF6<9. 
 

�<CE L<DB>B <ECB?P;G9FES 6 EFDB<F9?PEF69 8?S CDB<;6B8EF64 6OEB>B>4K9EF69A-
AOI @4F9D<4?B6 (7<CEB>4DFBA, 7<CEB6B?B>AB, 7<CEB6O9 C?<FO, LC4F?96>4, LFG>4FGD>4), 
6 E9?PE>B@ IB;S=EF69 8?S G?GKL9A<S H<;<K9E><I, H<;<>B-I<@<K9E><I < 5<B?B7<K9E><I 
E6B=EF6 CBK6O < CB6OL9A<S 99 C?B8BDB8<S, 6 @98<J<A9 8?S ?9K95AOI J9?9=. $4;6984A-
AO9 ;4C4EO 7<CE4 6 @<D9 EBEF46?SRF 5B?99 7500 @?A. FBAA, CD< QFB@ B>B?B 50% A4IB-
8<FES A4 F9DD<FBD<< $BEE<<. � FB :9 6D9@S 8B5OK4 7<CEB6B7B EODPS 6 $BEE<< EBEF46?S9F 
FB?P>B 5-6% @<DB6B= 8B5OK<. !4 CDBFS:9A<< CBE?98A<I CSF< ?9F A45?R84RFES EF45<?P-
AO9 B5N9@O 8B5OKAOI D45BF A4 @9EFBDB:89A<< 7<CE4 «�?G5B>B9» 6 �DI4A79?PE>B= B5-
?4EF< E CBEF9C9AAO@ G69?<K9A<9@ B5N9@B6 BF7DG;>< E 2020 CB 2022 7B8 A4 36%. "8A4>B 
8B5OK4 7<CEB6B7B >4@AS 3 E9DP9;AB9 6@9L4F9?PEF6B 6 B>DG:4RMGR ED98G.  9EFBDB:89-
A<9 7<CE4 D4;D454FO649FES BF>DOFO@ ECBEB5B@ - >4DP9DB@, CD<K9@ A9CD9DO6AB 6B;D4E-
F4RM4S CBFD95ABEFP 6 EFDB=@4F9D<4?4I EF<@G?<DG9F D4;6<F<9 8B5OK<. �@9AAB BF>DO-
FO9 7BDAO9 D4;D45BF>< B>4;O64RF A4<5B?99 7?G5B>B9 < ;D<@B9 A974F<6AB9 6B;89=EF6<9 
A4 5<B79BJ9AB;, 6>?RK4RM<= EBB5M9EF6B :<6OI BD74A<;@B6 < F9EAB E6S;4AAGR E A<@ 
EB6B>GCABEFP 45<BF<K9E><I H4>FBDB6 ED98O, 6OD4:9AAB9 6 6B;89=EF6<< A4 4F@BEH9DG, 
CB69DIABEFAO9 < CB8;9@AO9 6B8O, ;9@9?PAO9 D9EGDEO, H?BDG < H4GAG, K9?B69>4. 

�M9 B8A<@ H4>FBDB@ 6B;89=EF6<S A4 B>DG:4RMGR ED98G S6?S9FES EBE98EF6GR-
M99 D4ECB?B:9A<9 +G7E>B7B 7BEG84DEF69AAB7B CD<DB8AB7B ?4A8L4HFAB7B ;4>4;A<>4 D9-
7<BA4?PAB7B ;A4K9A<S, B5D4;B64AAB7B E J9?PR EBID4A9A<S CD<DB8AOI ?4A8L4HFB6, 
EHBD@<DB64AAOI A4 >4DEFGRM<IES CBDB84I, 6989A<S A4GKAOI <EE?98B64A<=, EF4J<BA4D-
AB7B <;GK9A<S >4DEFB6OI CDBJ9EEB6 < CB889D:4A<S B5M97B Q>B?B7<K9E>B7B 54?4AE4. 

�4DEF +G7E>B7B @4EE<64 CD98EF46?S9F EB5B= GA<>4?PAB9 S6?9A<9. $4;6<F<9 L9-
?BCAS>B6OI CB?9= 3 HBD@ CB69DIABEFAB7B >4DEF4, CB8B5AOI <;69EFAS>B6O@ @BEFB6O@ 
�4A48O < %>4A8<A46<< 3 ;89EP CDB<EIB8<F 6 EG?PH4FAOI CBDB84I. &4>B7B ;A4K<F9?PAB7B 
CB C?BM48< D4;6<F<S L9?BCAS>B6OI CB?9= A9F A< 6 8DG7<I >4DEFB6OI @4EE<64I �DI4A-
79?PE>B= B5?4EF<, A< 6 >4DEF9 @<D4 6 J9?B@. #B C?BFABEF< C9M9D +G7E><= D9?P9H ;4A<-
@49F C9D6B9 @9EFB A4 %969D9 $BEE<<. "5M4S CDBFS:9AABEFP C9M9D E6OL9 15 >@, 10 <; 
A<I CD96OL4RF 8?<AG 6 500 @. �DGCA9=L<9 C9M9DO CD96OL4RM<9 800 @ 3 E<EF9@4 C9-
M9D #B7D4A<KA4S-�69;8BK>4 (1910 @), C9M9DO �GAAO9 �BDO (1233 @), �CD9?PE><= G;9? 
(1069 @), %<SA<9 (902 @) 3 6IB8SF 6 >484EFD >DGCAOI 7<CEB6OI C9M9D @<D4. &9DD<FBD<S 
;4>4;A<>4 64:A4, >4> D9;9D64F 8?S @AB7<I D98><I 6<8B6 D4EF9A<= < F<CB6 D4EF<F9?PAOI 
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EBB5M9EF6. #BQFB@G A4DS8G E @BA<FBD<A7B@ 6?<SA<S D4;D45BF>< @9EFBDB:89A<S A4 >4-
K9EF6B CB69DIABEFAOI < CB8;9@AOI 6B8, 4F@BEH9DG D97<BA4 < EBEFBSA<9 D4EF<F9?PABEF< 
< :<6BFAB7B @<D4, A4@< CDB6B8SFES <EE?98B64A<S E9=E@<K9E>B7B 6B;89=EF6<S A4 ?4A8-
L4HFAO9 B5N9>FO ;4>4;A<>4 CD< CDB6989A<< >BDBF>B;4@98?9AAB7B 6;DO64A<S E <ECB?P-
;B64A<9@ E<EF9@O A9Q?9>FD<K9E>B7B <A<J<<DB64A<S. 

� D4@>4I D94?<;4J<< 84AAB7B 6<84 @BA<FBD<A74 A4 E97B8AS 6OCB?A9AO ;4@9DO 
E9=E@<K9E>B7B 6B;89=EF6<S 6;DO6B6 A4 C9M9DG �CD9?PE><= G;9?. �?S D97<EFD4J<< E9=-
E@<K9E>B7B 6B;89=EF6<S 6;DO6B6 CD<@9AS?<EP E9=E@<K9E><9 E9=E@B7D4HO «Mini-Seis 

MS 8G 1Hz» № 4844 < № 5436 (CB69D9AAO9 < <@9RM<9 E6<89F9?PEF6B B5 GF69D:89A<< 
F<C4 ED98EF64 <;@9D9A<S).  9EF4 GEF4AB6>< E9=E@<K9E><I 84FK<>B6 6AGFD< C9M9DO 
(FBK>4 №1) < A4 9ё CB69DIABEF< (FBK>4 №2) CD<6989AO A4 D<EGA>9 1. 

 

 
$<E. 1.  9EF4 GEF4AB6>< E9=E@<K9E><I 84FK<>B6 6AGFD< C9M9DO (FBK>4 №1) 
< A4 9ё CB69DIABEF< (FBK>4 №2) 

 

#B?96O9 <;@9D9A<S E>BDBEF< < GE>BD9A<S >B?954A<= 6@9M4RM97B C9M9DG @4E-
E<64 7BDAOI CBDB8 6OCB?A9AO CB >B@C?9>EAB= @9FB8<>9 <EE?98B64A<= 8<A4@<K9E><I 
6B;89=EF6<= A4 C9M9DG, BEAB64AAB= A4 <;69EFAOI, CDB69D9AAOI BCOFB@ @9FB8<>4I [2-
5]. �?S BCD989?9A<S EF9C9A< E9=E@<K9E>B7B 6B;89=EF6<S A4 B5N9>F 5O? 6O5D4A 5?B> 
№313 A4 7BD<;BAF9 +58,7@, E B5M9= @4EEB= 6;DO6K4FOI 69M9EF6 47 FBAA, @4>E<@4?PAB= 
;4 69EP C9D<B8 6989A<S 7BDAOI D45BF. �?S CDB6989A<S Q>EC9D<@9AF4 5O?4 6O5D4A4 CB-
DS8A4S EI9@4 <A<J<<DB64A<S E @4>E<@4?PAO@ K<E?B@ E>64:<AAOI ;4DS8B6 6 7DGCC9. 
�4AAO9 C4D4@9FDO 8B?:AO 5O?< CDB<;69EF< @4>E<@4?PAB 6B;@B:AB9 E9=E@<K9E>B9 6B;-
89=EF6<9 A4 EBEFBSA<9 C9M9DO «�CD9?PE><= G;9?». 

�;DO649@O9 7BDAO9 CBDB8O CD98EF46?9AO CD9<@GM9EF69AAB >4D5BA4FAO@< CB-
DB84@< E >BQHH<J<9AFB@ >D9CBEF< 2 CB L>4?9  . . #DBFB8PS>BAB64. %9F>4 E>64:<A 
6;DO649@B7B 5?B>4 <@9?4 D4;@9DO 3.5x3.5 @. �OEBF4 GEFGC4 EBEF46?S?4 6.7 @. �B?<K9-
EF6B E>64:<A A4 5?B>9 3 636 LF. �?G5<A4 E>64:<A 3 BF 5,5 8B 10,5 @. �<4@9FD E>64:<A 3 
115 @@. #D<@9AS9@O9 �� 3 !<FDBA<F. #D<@9AS9@O9 <AF9D64?O ;4@98?9A<=: 0 @E9> < 
42 @E9>. "5M4S @4EE4 6;DO6K4FOI 69M9EF6 A4 5?B>9 3 47 044 >7. #DB8B?:<F9?PABEFP 
6;DO64 1512 @E9>. %D98A<= 69E ;4DS84 EFGC9A< 3 2000 >7. 
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�ECB?P;B64?<EP 864 >B@C?9>F4 4CC4D4FGDO E 6 <;@9D<F9?PAO@< >4A4?4@< (E9=-
E@B7D4H J<HDB6B= Mini-Seis MS), >BFBDO9 D97<EFD<DB64?< E>BDBEFP >B?954A<= < GE>B-
D9A<9 >B?954A<= CBDB8. #D<AJ<C 89=EF6<S E9=E@B7D4H4 BEAB64A A4 CD9B5D4;B64A<< 
6A9LA<I A<;>BK4EFBFAOI >B?954A<=, 6B;A<>4RM<I 6 @9EF9 GEF4AB6>< C9D6<KAB7B CD9-
B5D4;B64F9?S, 6 Q?9>FD<K9E><= E<7A4?, 4@C?<FG84 < K4EFBF4 >BFBDB7B CDBCBDJ<BA4?PAO 
6A9LA9@G 6B;89=EF6<R. #9D6<KAO= CD9B5D4;B64F9?P EBEFB<F <; 84FK<>4, <@9RM97B FD< 
BDFB7BA4?PAB D4ECB?B:9AAO9 BE< KG6EF6<F9?PABEF<, < GE<?<F9?S. �4FK<> CD98EF46?S9F 
EB5B= >B?95?RMGRES @4EEG, EA45:ёAAGR 89@CH9DB@. #D< 6B;A<>AB69A<< >B?954A<= 6 
A4CD46?9A<< EBBF69FEF6GRM9= BE< KG6EF6<F9?PABEF<, CB8CDG:<A9AA4S @4EE4 A4K<A49F 
86<:9A<9, 6 D9;G?PF4F9 K97B A4 6OIB89 84FK<>4 6OD454FO649FES E<7A4?, CDBCBDJ<BA4?P-
AO= 6A9LA9@G 6B;89=EF6<R. %<7A4? E 84FK<>4 K9D9; 6OIB8AB= GE<?<F9?P CBEFGC49F A4 
D97<EFD4FBD. % E9=E@B7D4HB@ <ECB?P;G9FES 6EFDB9AAB9 CDB7D4@@AB9 B59EC9K9A<9. "AB 
D94?<;G9F HGA>J<BA4?PABEFP E9=E@B7D4H4 < B59EC9K<649F 6OCB?A9A<9 E?98GRM<I 
HGA>J<=: D97<EFD4J<R < C9D984KG D9;G?PF4FB6 <;@9D9A<=; B5D45BF>G <;@9D<F9?PAB= <A-
HBD@4J<< BF C9D6<KAB7B CD9B5D4;B64F9?S; BFB5D4:9A<9 A4 8<EC?99 D97<EFD4FBD4 D9;G?P-
F4FB6 <;@9D9A<=; ID4A9A<9 D9;G?PF4FB6 <;@9D9A<= 6 QA9D7BA9;46<E<@B= C4@SF<. 

�O5D4AAO9 C4D4@9FDO 4CC4D4FGDO B59EC9K<64?< ;4C<EP E>BDBEF< >B?954A<= < 
GE>BD9A<S >B?954A<= CBDB8 6 <AF9D64?9 K4EFBF BF 2 8B 100 �*. �;@9D9A<S E>BDBEF< E9=-
E@<K9E><I >B?954A<= 6 86GI FBK>4I CB FD9@ BES@ CDB6B8<?<EP E<AIDBAAB, CD< QFB@ G84-
?9AABEFP BF QC<J9AFD4 (6;DO649@B7B 5?B>4) 8B FBK9> ;4@9D4 5O?4 D46A4 1025.3 @. 

#B?GK9AAO9 E9=E@B7D4@@O CB>4;4AO A4 D<EGA>9 2. 

 

 
$<E. 2. %9=E@B7D4@@O BF 6B;89=EF6<S @4EEB6B7B 6;DO64: 

4) &BK>4 (№1) D97<EFD4FBD № 4844; 5) &BK>4 (№2) D97<EFD4FBD № 5436 
 

#BE?9 CDB6989A<S 6;DO6AOI D45BF, E GK9FB@ CB?GK9AAOI ;4C<E9= E>BDBEF9= E@9-
M9A<S 7DGAF4, 6 CDB7D4@@AB@ B59EC9K9A<< «Seismograph Data Analysis», 5O? CDB<;6989A 
4A4?<; A974F<6AB7B 6B;89=EF6<S, 6>?RK4RM<= 6 E95S EC9>FD 4A4?<F<K9E><I 
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<AEFDG@9AFB6. #B >4:8B@G <@CG?PEAB@G E<7A4?G BFE?9:<64?4EP ;46<E<@BEFP 4@C?<-
FG8AB-K4EFBFAB= I4D4>F9D<EF<>< < @4EEO 6;DO649@B7B 69M9EF64 6 E9D<<, 6O89?S?4EP B5-
?4EFP K4EFBF 89=EF6<S E9=E@<K9E>B7B EB5OF<S E 84?PA9=L9= H<?PFD4J<9= 8?S 6OS6?9A<S 
CB?AB7B C9D<B84 >B?954A<=. #BE?9 CDB6989A<S CB?AB7B 4A4?<;4 < B5D45BF>< D9;G?PF4-
FB6, E6B8AO9 84AAO9 CD98EF46?9AO 6 F45?<J9 1. 

 

&45?<J4 1.  
�;@9D9AAO9 E>BDBEF< E@9M9A<S 

№ 

FBK>< 
 9EFB GEF4AB6>< 
E9=E@BCD<9@A<>4 

�;@9D9AAO9 7BD<;BAF4?PAO9 CDB-
8B?PAO9 < CBC9D9KAO9 (VI, VG) < 
69DF<>4?PA4S (Vz) EBEF46?SRM<9 
E>BDBEF< E@9M9A<S 7DGAF4, @@/E 

#<>B64S E>BDBEFP 
E@9M9A<S 7DGAF4 
(PPV), @@/E 

1 $97<EFD4FBD 4844 
6AGFD< C9M9DO. 
�4C<EP № 079 

VI = 0.572 

VG = 0.572 

Vz = 0.762 

Vm4I = 0.762 

2 $97<EFD4FBD 5436 
A4 CB69DIABEF< C9-
M9DO.  
�4C<EP № 017 

VI = 1.65 

VG = 2.41 

Vz = 1.65 
Vm4I = 2.41 

 

�?S C9D6B= FBK>< 6;DO64 @4>E<@4?PA4S E>BDBEFP E@9M9A<S 7DGAF4 (PPV) EBEF4-
6<?4 0.762 @@/E, 8?S 6FBDB= FBK>< 3 2.41 @@/E.  

�?S >B@C?9>EAB= BJ9A>< EF9C9A< 6B;89=EF6<S A4 EBEFBSA<9 C9M9DO «�CD9?PE><= 
G;9?» ;4D97<EFD<DB64AAO9 CB>4;4F9?< E>BDBEF< E@9M9A<S 7DGAF4 ED46A<64?<EP CB 86G@ 
ABD@4F<6AO@ 8B>G@9AF4@ [1, 6].  

#B?GK9AAO9 ;A4K9A<S E>BDBEF< E@9M9A<S 7DGAF4 6 BEAB64A<< B5N9>F4 A9 6OIB8SF 
;4 8BCGEF<@O9 CD989?O, GEF4AB6?9AAO9 8?S EBBDG:9A<=, <@9RM<I 6OEB>GR EBJ<4?P-
AGR ;A4K<@BEFP, < D46AO9 3.0 @@/E [1].  

%B7?4EAB @9FB8<K9E><@ D9>B@9A84J<S@ CB BJ9A>9 GEFB=K<6BEF< 5BDFB6 BEGL49-
@OI >4DP9DB6 [6], 8BCGEF<@O9 E>BDBEF< E@9M9A<S CBDB8 6 @4EE<69, A9 6O;O64RM<9 89-
HBD@4J<=, CD98EF46?9AO 6 F45?<J9 2. 

 

&45?<J4 2.  
�BCGEF<@O9 E>BDBEF< E@9M9A<S 

)4D4>F9D<EF<>4 CBDB8, E?474RM<I CBDB8 
GEFGC4 

�BCGEF<@O9 E>BDBEF< E@9M9A<S CD< 6;DO-
64A<<, @@/E 

�B8BA4EOM9AAO9 C9EK4AO9 @AB7B>D4FAB@ B8AB>D4FAB@ 

60 120 

 4?BE6S;AO9 < E A95?47CBD<SFAB-BD<9AF<-
DB64AAB= FD9M<AB64FBEFPR 

240 480 

#DBKAO9 480 960 

 

�4> 6<8AB <; F45?<JO, CB?GK9AAO9 C<>B6O9 ;A4K9A<S E>BDBEF< E@9M9A<S 7DGAF4, 
CB?GK9AAO9 E D97<EFD4FBDB6 A4 CB69DIABEF< < 6AGFD< C9M9DO, A9 CD96OL4RF 8BCGEF<-
@OI. 

� 84?PA9=L9@ C?4A<DG9FES 6OCB?ASFP 9:9>64DF4?PAO9 ;4@9DO E9=E@<K9E>B7B 
6B;89=EF6<S 6;DO6AOI D45BF 6 F9K9A<9 2023-2025 7B8B6. !4 BEAB64A<< CB?GK9AAOI 84A-
AOI 5G89F EHBD@<DB64AB 89F4?PAB9 CBA<@4A<9 6?<SA<S 6;DO6AOI D45BF A4 BEB5B BID4-
AS9@O= B5N9>F, F4>:9 CD98CB?4749FES BJ9A<FP ;46<E<@BEFP E9=E@<K9E>B7B 6B;89=EF6<S 
BF 6<84 <A<J<<DB64A<S 6;DO6AB7B 5?B>4. 
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ASSESSMENT OF THE IMPACT OF INDUSTRIAL EXPLOSIONS ON 

THE KARST RELIEF OF THE LANDSCAPE RESERVE. 
 

1Nakhod Vitaly, 2Malov Alexandr 
1KNAUF GIPS KOLPINO LLC, Arkhangelsk 

2FECIAR UrB RAS, Arkhangelsk 
1vitaliy.Nakhod@knauf.com, 2malovai@yandex.ru 

 

Summary. In October 2019, an experimental industrial explosion was con-

ducted to determine the impact of drilling and blasting operations at the 

Glubokoye gypsum deposit on the integrity of the Aprilskiy Usel cave, located 

in the Chugskiy State Nature Reserve of regional significance. Blasting param-

eters were chosen to record the maximum possible effects of seismic loading. 

This article presents the results of seismic studies of this experiment. 

Key words: cave, blasting, seismic effect. 
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"&�"��!�� #���"$'%�"�/) %�%&�  &2 �!%�"� 
%��&/ ��#��!"-%���$%�"�" !�(&����"!"%!"�" 

��%%��!� 
 

1"@5H:>20  0@8S .@P52=0, 2";P=520 &0BPS=0 �;048<8@>2=0 
1%0=:B-#5B5@1C@3A:89 3>@=O9 C=825@A8B5B, 3. %0=:B-#5B5@1C@3 

2""" «�07?@><=5DBP !&*», 3. %0=:B-#5B5@1C@3 
1wintersurprise@mail.ru 

 

�AABF4J<S. � 84AAB= D45BF9 D4EE@BFD9A4 >B@C?9>EA4S @9FB8<>4 @B89?<-
DB64A<S 79B@9FD<< C4?9BDGE?B6OI E<EF9@ < CDB7AB;4 4DI<F9>FGDO D9;9D-
6G4D4 A4 CD<@9D9 B8AB7B <; @9EFBDB:89A<= )4AFO- 4AE<=E>B7B �". �>-
FG4?PABEFP D45BFO B5GE?B6?9A4 CB<E>B@ AB6OI CDB8G>F<6AOI 7BD<;BA-
FB6 6 D4A99 A9 <;GK49@B@ <AF9D64?9 D4;D9;4 Q>EC?G4F<DG9@B7B 6 A4EFBSM99 
6D9@S @9EFBDB:89A<S. "5N9>FB@ <EE?98B64A<S S6?SRFES C4?9BDGE?B6O9 
E<EF9@O 6 CD989?4I FR@9AE>B= E6<FO 6 GE?B6<SI �4C48AB-%<5<DE>B7B 
A9HF974;BABEAB7B 54EE9=A4. #4?9BDGE?4 < E6S;4AAO9 E A<@< C9EK4AO9 F9?4 
4??R6<4?PAB7B 79A9;<E4 A4IB8SFES 6 HB>GE9 6A<@4A<S CD< CB<E>4I ;4?9-
:9= G7?96B8BDB8B6, F4> >4> S6?SRFES A489:AO@< ?<FB?B7<K9E><@< ?B6GL-
>4@<. *9?PR D45BFO S6?S9FES EB;84A<9 >B@C?9>EAB= @9FB8<>< @B89?<DB-
64A<S 79B@9FD<< C4?9BDGE?B6OI E<EF9@ < CDB7AB;4 4DI<F9>FGDO D9;9D6G-
4D4 A4 CD<@9D9 B8AB7B <; @9EFBDB:89A<= )4AFO- 4AE<=E>B7B �". 
�?RK96O9 E?B64: E9=E@BD4;698>4, <AF9DCD9F4J<S E9=E@<K9E><I 84AAOI, 
C4?9BDGE?4, FR@9AE>4S E6<F4. 
 

#?BM48P <EE?98B64A<S D4ECB?B:9A4 6 J9AFD4?PAB= K4EF< �4C48AB-%<5<DE>B= 
D46A<AO. �8@<A<EFD4F<6AB BFABE<FES > )4AFO- 4AE<=E>B@G D4=BAG )4AFO- 4AE<=-
E>B7B 46FBAB@AB7B B>DG74 &R@9AE>B= B5?4EF< $BEE<=E>B= (989D4J<<. 

�9B?B7<K9E><= D4;D9; <EE?98G9@B= F9DD<FBD<< E?B:9A @BMAB= FB?M9= (5B?99 
3000 @) F9DD<79AAOI BF?B:9A<= BE48BKAB7B K9I?4 @9;B- >4=AB;B=E>B7B 6B;D4EF4, ;4?974-
RM9= A4 CBDB84I 8BRDE>B7B BEAB64A<S. 2DE>4S E<EF9@4 CD98EF46?9A4 FD9@S BF89?4@<: 
A<:A<@, ED98A<@ < 69DIA<@. � 99 EFDB9A<< 6O89?SRFES 864 BEAB6AOI >B@C?9>E4 CBDB8: 
A<:A<=, CD98EF46?9AAO= BE48>4@< >BAF<A9AF4?PAB7B 79A9;<E4 < 69DIA<=, E?B:9AAO= 
BE48>4@< @BDE>B7B 79A9;<E4. "F?B:9A<S S79?PAB= < 7BD9?B= E6<F A<:A9RDE>B7B BF89?4 
< BF?B:9A<S FR@9AE>B= E6<FO ED98A9RDE>B7B BF89?4 HBD@<DGRF A<:A<= >B@C?9>E. 
�9DIA<= >B@C?9>E EHBD@<DB64A BF?B:9A<S@< 454?4>E>B= < 54:9AB6E>B= E6<F CB;8A9-
RDE>B7B 6B;D4EF4. 

&R@9AE>4S E6<F4 CD98EF46?9A4 FBA><@ K9D98B64A<9@ 4D7<??<FB6, 4?96DB?<FB6 < 
C9EK4A<>B6, >BFBDO9 D4;6<FO CD4>F<K9E>< CB6E9@9EFAB: ?<5B EB7?4EAB ;4?974RF A4 4D-
7<??<F4I D48B@E>B= C4K><, ?<5B E C9D9DO6B@ 6 BE48>BA4>BC?9A<< C9D9>DO64RF 89AG8<-
DB64AAO9 CBDB8O 8BRDE>B7B BEAB64A<S. %6<F4 GE?B6AB 89?<FES A4 FD< CB8E6<FO: A<:-
ARR, 6 EBEF469 >BFBDB= 6O89?SRFES C9EK4AO9 C?4EFO 2%9, 2%8, 2%7, ED98ARR, E C?4-
EF4@< 2%6 < 2%5, 69DIARR, 6@9M4RMGR C?4EFO 2%4, 2%3, 2%2.  4>E<@4?PA4S 
@BMABEFP FR@9AE>B= E6<FO 8BEF<749F 320 @. � E9=E@<K9E><I 84AAOI >DB6?S E6<FO 4E-
EBJ<<DG9FES E BCBDAO@ BFD4:4RM<@ 7BD<;BAFB@ &.  

�B@C?9>EAO= CB8IB8 8?S <89AF<H<>4J<< C4?9BDGE?B6OI E<EF9@ (A4 CD<@9D9 B8-
AB7B <; @9EFBDB:89A<= )4AFO- 4AE<=E>B7B �").  
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&D48<J<BAAB 8?S <;GK9A<S C4?9BDGE?B6OI B5N9>FB6 D4EE@4FD<64RFES CB8IB8O, 
;4>?RK4RM<9ES 6 <;GK9A<< D97<BA4?PAB7B 79B?B7<K9E>B7B EFDB9A<S < C4?9B79B7D4H<< 
<;GK49@B= C?BM48<, 4A4?<;9 E>64:<AAOI 84AAOI (>9DA, <AF9DCD9F4J<S ��%), EFDG>FGD-
AOI CBEFDB9A<=, 8<A4@<K9E>B= <AF9DCD9F4J<< E9=E@<K9E><I 84AAOI (D<E. 1). �4:8O= 
<; C9D9K<E?9AAOI CB8IB8B6 CB;6B?S9F CBE@BFD9FP A4 79B@9FD<R D9;9D6G4D4 CB8 D4;AO@ 
G7?B@ ;D9A<S.  

 

 
$<E. 1. �A4?<; EGM9EF6GRM<I CB8IB8B6 > <;GK9A<R C4?9BDGE?B6OI B5N9>FB6 

 

� 84AAB= D45BF9 CB8DB5A99 5G8GF D4EE@BFD9AO CB8IB8O 8<A4@<K9E>B= <AF9DCD9-
F4J<< (CGA>F 4 EB7?4EAB EI9@9 A4 D<E. 1) E9=E@<K9E><I 84AAOI < <I CD4>F<K9E>B9 <E-
CB?P;B64A<9 A4 CD<@9D9 B8AB7B @9EFBDB:89A<S. �B@C?9>E<DB64A<9 CB?GK9AAB= <AHBD-
@4J<< B5 <;@9AK<6BEF< 8<A4@<K9E><I I4D4>F9D<EF<> 6B?AB6B7B CB?S 6 CDBEFD4AEF69 
CB;6B?S9F 6O89?<FP < ;4>4DF<DB64FP E9FP C4?9BDGE9?.  

%9=E@BH4J<4?PAO= 4A4?<; (CGA>F 4.1 EB7?4EAB EI9@9 A4 D<E. 1) A4IB8<F L<DB>B9 
CD<@9A9A<9 8?S <89AF<H<>4J<< C4?9BDGE?B6OI E<EF9@ < 6>?RK49F D4;ABB5D4;AO9 CB8-
IB8O, C9D9K<E?9AAO9 84?99. 

�FD<5GFAO= 4A4?<; A4<5B?99 ECBEB5EF6G9F Q>ECD9EE-<89AF<H<>4J<< C4?9BDGE?B-
6OI E<EF9@, CB;6B?S9F BJ9A<FP >4K9EF6B <EIB8AOI 84AAOI < BF@9F<FP I4D4>F9DAO9 BEB-
59AABEF< LAGD>B6OI 4AB@4?<=. "8A4>B, 6 BEAB6AB@, BFB5D4:49F A4<5B?99 >BAFD4EFAB 
CDBS6?9AAO9 6 6B?AB6B@ CB?9 B5N9>FO. � 84AAB= D45BF9 D4EEK<FO64?<EP 4FD<5GFO, 
CD98EF46?9AAO9 6 5<5?<BF9>9 #" Petrel, 65?<;< BFD4:4RM97B 7BD<;BAF4 T. %?4=EO, 89-
@BAEFD<DGRM<9 64D<4J<< 4@C?<FG8 6 CD989?4I EN9@>< 3D CD98EF46?9AO A4 D<EGA>4I 2 

< 3. 

%C9>FD4?PA4S 89>B@CB;<J<S. #D<@9A9A<9 4?7BD<F@B6 EC9>FD4?PAB= 89>B@CB;<-
J<< < CBE?98GRM9= 6<;G4?<;4J<< D9;G?PF4FB6 E CD<@9A9A<9@ RGB-E@9L<64A<S CB;6B-
?S9F 6 ;A4K<F9?PAB= EF9C9A< GFBKA<FP >BAH<7GD4J<R < D4ECDBEFD4A9A<9 C4?9BDGE9?. 
#B?GK9AA4S EI9@4 CD98EF46?9A4 A4 D<EGA>9 4, EFB<F BF@9F<FP, KFB CB ED46A9A<R E 4FD<-
5GFAO@ 4A4?<;B@, DGE?4 < CBSE4 @94A8D<DB64A<S 6O89?SRFES E 5B?99 6OEB>B= EF9C9APR 
89F4?PABEF< < >BAFD4EFABEF<.  

&9IAB?B7<S eXchroma, D94?<;B64AA4S 6 #" Petrel < ;4>?RK4RM4SES 6 J69FB6B@ 
E@9L<64A<< 4@C?<FG8AOI ED9;B6, CB;6B?S9F ;4>4DF<DB64FP C4?9BDGE?4 E A4<5B?99 6OEB-
>B= EF9C9APR 89F4?PABEF<. �?S <;GK49@B= C?BM48< 84AA4S F9IAB?B7<S CB>4;4?4 BK9AP 
6OEB>GR EF9C9AP 89F4?PABEF< < <AHBD@4F<6ABEF< >4> 8?S C4?9BDGE9?, F4> < 8?S CBSEB6 
DGE?BHBD@<DB64A<S.  *69FB64S >4DF4 eXchroma CD98EF46?9A4 A4 D<EGA>9 5. 
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�?4EF9D<;4J<S CB @9FB8G k-ED98A97B <ECB?P;G9FES 8?S H<>E4J<< A4<5B?99 >D<-
F<KAOI 7D4A<J 6 64D<4J<SI E9=E@<K9E><I 4FD<5GFB6, KFB ECBEB5EF6G9F >4DF<DB64A<R 
I4D4>F9DAOI B5N9>FB6 < BCD989?9A<R 7D4A<J H4J<4?PAOI B5EF4AB6B>.  

"J9A>4 <AHBD@4F<6ABEF< C9D9K<E?9AAOI CB8IB8B6 CDB<EIB8<F, 6 BEAB6AB@, A4 
Q>EC9DFAB@ GDB6A9. 
 

  

$<E. 2. �4DF4 Q>EFD47<DB64AAOI 
;A4K9A<= (20 @E 6A<;) 

$<E. 3. �4DF4 Q>EFD47<DB64AAOI  
;A4K9A<= 4@C?<FG8O (10 @E 6A<;) 

  
$<E. 4. *69FB64S >4DF4 EC9>FD4?PAB7B 
D4;?B:9A<S 

$<E. 5. *69FB64S >4DF4 eXchroma 
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 B89?<DB64A<9 79B@9FD<< C4?9BDGE?B6B= E<EF9@O. �A4?<; D9;G?PF4FB6 CD<@9A9-
A<S 6OL9C9D9K<E?9AAOI CB8IB8B6 CB;6B?<? ;4>4DF<DB64FP 6 CD989?4I J9?96B7B <AF9D-
64?4 A9E>B?P>B C4?9BDGE9?. �?S A4<5B?99 >BAFD4EFAB CDBS6?9AAB7B B5N9>F4 46FBD4@< 
6OCB?A9A4 BJ9A>4 97B @BDHB@9FD<K9E><I I4D4>F9D<EF<>, CD98EF46?9AAOI A4 D<EGA>9 6, 

F4><I >4> L<D<A4 CBSE4 DGE?BHBD@<DB64A<S (�), 8?<A4 <;?GK<AO (%), D48<GE >D<6<;AO 
(R) [3]. � 84AAB@ CD<@9D9 CD98CB?4749@4S ED98ASS @BMABEFP DGE?B6OI BF?B:9A<=, D4E-
EK<F4AA4S CB ;46<E<@BEF< Collinson (1987), CDB7AB;<DG9FES 6 14.6 ±3 @. � F45?<J9 1 CD98-
EF46?9AO <;@9D9AAO9 < D4EEK<F4AAO9 C4D4@9FDO 79B@9FD<< C4?9BDGE?4.  

&45?<J4 1  
#4D4@9FDO @BDHB?B7<< C4?9BDGE?4 

#4D4@9FDO 
�OK<E?9AAO9 ;A4K9A<S CB 
C?BM48< <EE?98B64A<S 

,<D<A4 CBSE4 DGE?BHBD@<DB64A<S (�), @ 4000 

,<D<A4 DGE?4 (W), @ 450 

�?<A4 C4?9BDGE?4, >@ 47 

�?<A4 8B?<AO C4?9BDGE?4, >@ 25 

�BQHH<J<9AF <;6<?<EFBEF< 1.88 

�?<A4 <;?GK<AO (%), @ BF 7000 8B 10000 
$48<GE >D<6<;AO (R), @ BF 1500 8B 2500 
�OK<E?9AA4S ED98ASS @BMABEFP 6 CD989?4I CBSE4 
@94A8D<DB64A<S (h), @ 

14.6±3 

 

 
$<E. 6. "J9A>4 @BDHB?B7<< C4?9BDGE?4 CB C4D4@9FD4@ E<AGEB<84?PABEF< 

 

#4?9BDGE?4, >4> CD46<?B, A4IB8SF E6Bё BFB5D4:9A<9 6 6B?AB6B@ CB?9. � A4EFBS-
M99 6D9@S EGM9EF6GRF D4;?<KAO9 CB8IB8O 8?S <I 6OS6?9A<S. "J9A>4 QHH9>F<6ABEF< 
CD<@9A9A<S FB7B <?< <AB7B CB8IB84, CDB<EIB8<F, 6 BEAB6AB@, A4 Q>EC9DFAB@ GDB6A9, ;4 
<E>?RK9A<9@ F9I E?GK496, >B784 >B?<K9EF6B CDBS6?9AAOI B5N9>FB6 @B:AB CBEK<F4FP CB-
LFGKAB. &9@ A9 @9A99 EBCBEF46?9A<9 D9;G?PF4FB6 D4;?<KAOI CB8IB8B6 CB;6B?S9F ;4>4D-
F<DB64FP B5N9>F 5B?99 A489:AB, 4 6 A9>BFBDOI E?GK4SI 6OS6<FP BF89?PAO9 89F4?< 6 97B 
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EFDB9A<<, CB;6B?SRM<9 CD<@9A<FP ECBEB5 K<E?9AAB= BJ9A>< @BDHB@9FD<K9E><I C4D4-
@9FDB6 DGE?B6OI F9? (C4?9B>4A4?B6). 

#D<@9D CD<@9A9A<S B5B;A4K9AAB7B CB8IB84 89@BAEFD<DG9F 97B CD9<@GM9EF64 8?S 
G7?G5?9AAB= 79B?B7<K9E>B= <AF9DCD9F4J<<. #4D4@9FD<;4J<S B5N9>F4 < CDB7AB; BF89?P-
AOI 69?<K<A, A4IB8SM<IES ;4 CD989?4@< D4;D9L9AABEF< E9=E@<K9E>B7B @9FB84, CB;6B-
?SRF 5B?99 D94?<EF<KAB BJ9A<FP @BDHB?B7<R C4?9BDGE?4, ECDB7AB;<DB64FP D4;@9DO 
6B;@B:AOI ?<FB?B7<K9E><I ?B6GL9>, BJ9A<FP D9EGDEO, 84FP CDB7AB; < D9>B@9A84J<< 
8?S 84?PA9=L97B <;GK9A<S. 
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Annotation. In this paper we consider a complex technique for modeling geom-

etry of paleo-channel systems and predicting architecture of a reservoir using the 

example of one of deposits of Khanty-Mansi Autonomous Okrug. Relevance of 

the work is due to search for new productive horizons in previously unexplored 

interval of the section of the currently exploited field. Object of study is the 

paleo-channel systems within the Tyumen formation in the conditions of the 

West Siberian oil and gas basin. Paleochannels and associated sandy bodies of 

alluvial genesis are focus of attention in the search for hydrocarbon deposits, as 

they are reliable lithological traps. Aim of the work is to create an integrated 

methodology for modeling geometry of paleo-channel systems and predicting 

architecture of a reservoir using example of one of deposit of the Khanty-Mansi 

Autonomous Okrug. 
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Abstract. Today there is a huge problem of karst sinkholes, because they cause 

significant damage of an economic, environmental and social nature. Collapses 

can be heard all over the world, and, of course, karst processes are active in 

Russia. In order to avoid a new cartesian process, new methods are needed to 

prevent it. 
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D4>F9D<EF<>< QFB7B E?BS.   
�?RK96O9 E?B64: >4DEF, <A:9A9DA4S 79BH<;<>4, Q?9>FDBD4;698>4, �1�, 
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H4FAOI 7BDAOI CBDB84I @B7GF B5D4;B64FPES 6BDBA><, CB?BEF<, CDB64?O < <AO9 BC4EAO9 
HBD@O >4DEFBCDBS6?9A<S. &4><@ B5D4;B@, EG?PH4FAO= >4DEF @B:AB BFA9EF< > A4<5B?99 
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A<S A4CD46?9A<S < <AF9AE<6ABEF< D4;6<F<S 84AAB7B CDBJ9EE4, KFB CB;6B?S9F <;59:4FP 
BC4EAOI CBE?98EF6<=, ?<5B @<A<@<;<DB64FP GM9D5 BF A<I. !4 CD4>F<>9, 8?S @BA<FB-
D<A74 >4DEFB6OI CDBJ9EEB6 <ECB?P;G9FES >B@C?9>E @9DBCD<SF<=, A4CD46?9AAOI A4 <;G-
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RM9= 6OEB>B= FBKABEFPR < CB@9IB;4M<M9AABEFPR [2]. #DBH<?PAO9 Q?9>FDBD4;698BK-
AO9 A45?R89A<S 6OCB?A9AO E <ECB?P;B64A<9@ K9FOD9IQ?9>FDB8AB= E<@@9FD<KAB= <;-
@9D<F9?PAB= GEF4AB6>< (GEF4AB6>4 ,?R@59D:9). $4;ABEO C<F4RM9= ?<A<< AB <;@9AS-
?<EP BF 3.2 8B 500.0 @. � >4K9EF69 ;4;9@?<F9?9= 8?S C<F4RM9= ?<A<< �� <ECB?P;B64?<EP 
Q?9>FDB8O <; EC?464 F<F4A4 < EF4?<, 8?S CD<9@AB= ?<A<< <ECB?P;B64?<EP ;4;9@?<F9?< <; 
?4FGA<. �A4?<; D9;G?PF4FB6 Q?9>FD<K9E>B7B ;BA8<DB64A<S CDB6B8<?ES 6 46FB@4F<;<DB-
64AAB= <AF9D4>F<6AB= E<EF9@9 «�"!�» [1] < 6>?RK4? 6 E95S C9D6<KAGR B5D45BF>G, >4-
K9EF69AAGR < >B?<K9EF69AAGR <AF9DCD9F4J<R CB?96OI @4F9D<4?B6. $9;G?PF4FO @9FB84 
�1� CB;6B?<?< CB?GK<FP CD98EF46?9A<9 B I4D4>F9D9 < BEB59AABEFSI D4ECD989?9A<S 79B-
Q?9>FD<K9E><I C4D4@9FDB6 A4 GK4EF>9 D45BF. � J9?SI >BDD9>FAB7B <EFB?>B64A<S CB?G-
K9AAOI D9;G?PF4FB6 CBEFDB9AO >4DFO D4ECD989?9A<S G89?PAOI Q?9>FD<K9E><I EBCDBF<6-
?9A<= ('1%) 8?S >DB6?< 4A7<8D<FB6 6 CD989?4I >4:8B7B <;GK49@B7B GK4EF>4 D45BF 
(D<E. 1). 

!4 D<EGA>9 14 CD98EF46?9A GK4EFB> D45BF 6 E9?9 �4DG5<AB, A4 >BFBDB@ 6OCB?A9AO 
<;@9D9A<S CB 6 C4D4??9?PAO@ CDBH<?S@. � J9AFD9 CDBH<?S 2, @9:8G C<>9F4@< 59 < 53, 
A4IB8<FES >4DEFB?B7<K9E>4S E>64:<A4 %-1, >BFBD4S 6E>DO?4 E?B= 4A7<8D<FB6 A4 7?G5<A9 
26 @. #B 84AAO@ �1� 84AAO= E?B= I4D4>F9D<;G9FES EBCDBF<6?9A<S@< BF 51 8B 309 "@@. 
� D4=BA9 C<>9FB6 5, 4, 10, 16, 22, 28 A45?R84RFES CB6OL9AAO9 ;A4K9A<S G89?PAB7B EB-
CDBF<6?9A<S.  

!4 D<EGA>9 15 CD98EF46?9A GK4EFB> D45BF 6 89D96A9 �4EC4?B6B, >BFBDO= 6>?RK49F 
6 E95S 3 C4D4??9?PAOI CDBH<?S.  9:8G C<>9F4@< 20 < 21 A4IB8<FES >4DEFB?B7<K9E>4S 
E>64:<A4 %-2, >BFBD4S 6E>DO?4 E?B= 4A7<8D<FB6 A4 7?G5<A9 21 @. #B 84AAO@ �1� 84A-
AO= E?B= I4D4>F9D<;G9FES EBCDBF<6?9A<S@< BF 106 8B 580 "@@. � D4=BA9 C<>9FB6 133 < 
24, 26, 27, 28, 29, 30 A45?R84RFES CB6OL9AAO9 ;A4K9A<S '1%. 

!4 D<EGA>9 16 CD98EF46?9A GK4EFB> D45BF 6 89D96A9 �BK954IF<AB, EBEFBSM<= <; 6 

CDBH<?9=.  9:8G C<>9F4@< 12 < 13 A4IB8<FES >4DEFB?B7<K9E>4S E>64:<A4 %-3, >BFBD4S 
6E>DO?4 E?B= 4A7<8D<FB6 A4 7?G5<A9 27 @. #B 84AAO@ �1� 84AAO= E?B= I4D4>F9D<;G9FES 
'1% BF 128 8B 261 "@@.  

!4 D<EGA>9 17 CD98EF46?9A GK4EFB> D45BF 6 89D96A9 ,?SCA<><, 789 6OCB?A9AO 8 

CDBH<?9= A45?R89A<=. $S8B@ E C<>9FB@ 23 A4IB8<FES >4DEFB?B7<K9E>4S E>64:<A4 %-5, 

>BFBD4S 6E>DO?4 E?B= 4A7<8D<FB6 A4 7?G5<A9 23 @. #B 84AAO@ �1� 84AAO= E?B= I4D4>-
F9D<;G9FES '1% BF 68 8B 182 "@@.  

� J9?SI 6OS6?9A<S B5M<I ;4>BAB@9DABEF9= D4ECD989?9A<S '1% 6 E?B9 4A7<8D<-
FB6 CDB6989A EF4F<EF<K9E><= 4A4?<; 84AAOI >4> 8?S >4:8B7B GK4EF>4 D45BF CB BF89?PAB-
EF<, F4> < CB 6E9@ 6@9EF9 6;SFO@ GK4EF>4@ D45BF CGF9@ 6OK<E?9A<S EF4F<EF<K9E><I C4-
D4@9FDB6 8?S 6E97B @4EE<64 ;A4K9A<= '1% (F45?. 1). 
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$<E. 1. �4DFO D4ECD989?9A<S '1% >DB6?< 4A7<8D<FB6 8?S A4E9?9AAOI CGA>FB6 
#9D@E>B7B >D4S: 4) 3 E. �4DG5<AB, 5) 3 8. �4EC4?B6B, 6) 3 8. �BK954IF<AB, 7) 3 8. ,?SCA<>< 

 

&45?<J4 1 
%F4F<EF<K9E><9 I4D4>F9D<EF<>< '1% E?BS 4A7<8D<FB6 

 �4EC4-
?B6B 

�4DG-
5<AB 

�BK954I-
F<AB 

,?SC-
A<>< 

"5B5M9A-
AO9 

 <A<@4?PAO9 ;A4K9A<S 
'1%, "@@ 

85.00 31.90 94.00 10.50 10.50 

 4>E<@4?PAO9 ;A4K9A<S 
'1%, "@@ 

880.00 460.00 327.00 271.00 880.00 

%D98A<9 ;A4K9A<S '1%, "@@ 253.20 100.58 200.13 116.95 142.68 

%F4A84DFAB9 BF>?BA9A<9 σ, 
"@@ 

199.81 69.08 61.52 61.54 112.02 

 98<4A4, "@@ 185.00 81.00 204.50 113.00 111.00 
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�EIB8S <; CB?GK9AAOI 84AAOI, @<A<@4?PAO9 ;A4K9A<S 6 E?B9 4A7<8D<FB6 D46AO 
10.5 "@@, @4>E<@4?PAO9 3 880.0 "@@. &4>B= L<DB><= 8<4C4;BA ;A4K9A<= '1% @B:9F 
5OFP E6S;4A E D4;?<KAO@< H<;<>B-@9I4A<K9E><@< E6B=EF64@< (C?BFABEFP, EF9C9AP 6O-
69FD<64A<S, CBD<EFBEFP, FD9M<AB64FBEFP < F.8.) 4A7<8D<FB6, 4 F4>:9 A4?<K<9@ 7DGAFB6OI 
6B8 < EF9C9APR <I @<A9D4?<;4J<<. �DB@9 FB7B, 5B?PLB= 8<4C4;BA ;A4K9A<= @B:9F E6<-
89F9?PEF6B64FP B A4?<K<< 6 CB?96OI 84AAOI A9>BFBDB= CB7D9LABEF<.  

#BE>B?P>G ;A4K9A<S '1% <@9RF ?B7ABD@4?PAO= I4D4>F9D D4ECD989?9A<S, BA< 
5O?< EBBF69FEF6GRM<@ B5D4;B@ CD9B5D4;B64AO 8?S CB?GK9A<S ABD@4?PAB7B D4ECD989-
?9A<S (D<E. 2), ;4F9@ 5O?< CB?GK9AO ED98A<9 < 7D4A<KAO9 ;A4K9A<S CD< EBCBEF46?9A<< 
?B7ABD@4?PAB7B < ABD@4?PAB7B D4ECD989?9A<= (F45?. 2).  

 

 
$<E. 2. �<EFB7D4@@4 D4ECD989?9A<S '1% 8?S E?BS 4A7<8D<FB6 

 

&45?<J4 2 
"J9A>4 8<4C4;BAB6 EF4F<EF<K9E>< ;A4K<@OI ;A4K9A<= '1% E?BS 4A7<8D<FB6 

 �B74D<H@O '1% '1%  
�B69D<F9?PAO= <A-

F9D64? 1 σ 2 σ 3 σ 1 σ 2 σ 3 σ 

%D98A99 '1%, "@@ 2.06 114 

!<:ASS 7D4A<J4, 
"@@ 

1.78 1.49 1.21 60.0 31.9 28.6 

�9DIASS 7D4A<J4, 
"@@ 

2.34 2.63 2.91 221.0 380.0 800.0 

 

"J9A>< 8<4C4;BAB6 ;A4K9A<=, CB?GK9AAO9 CGF9@ ?B74D<H@<DB64A<S ;A4K9A<= 
'1%, EBEF46<?< BF 60.0 8B 221.0 "@@, BF 31.9 8B 380 "@@ < BF 28.6 8B 800.0 "@@ 8?S 
8B69D<F9?PAOI <AF9D64?B6 L<D<AB= 1σ, 2σ < 3σ, EBBF69FEF69AAB. � QF< 8<4C4;BAO 
CBC4?< 71.9%, 94.6% < 98.5% 6E9I <EIB8AOI 84AAOI CB E?BR 4A7<8D<FB6, EBBF69F-
EF69AAB.  1F<@ CB8F69D:849FES 5?<;BEFP Q@C<D<K9E>B7B D4ECD989?9A<S, CD98EF46?9A-
AB7B A4 D<EGA>9 2, > ABD@4?PAB@G ;4>BAG. #D98EF46?9AA4S @9FB8<>4 CB;6B?S9F 
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<E>?RK<FP 6O5DBEO 6 ;A4K9A<SI '1% < BCD989?SFP 8<4C4;BAO EF4F<EF<K9E>< ;A4K<@OI 
;A4K9A<= QFB7B C4D4@9FD4.  
 

%#�%"� ��&�$�&'$/ 

 

1. �B?9EA<>B6 �.#. "EAB6O <AF9DCD9F4J<< Q?9>FD<K9E><I ;BA8<DB64A<=.  .: !4GK-
AO= @<D, 2007.3 248 E. 
2. �B@C?9>E � %-1 [1?9>FDBAAO= D9EGDE]. URL: http://uralgeopole.ru/kompleks-

ams-1/ (8.B. 28.01.2023). 
3.  4>E<@B6<K �.�., �BD5GAB64 �.�. �4DEF #9D@E>B= B5?4EF<. #9D@E>B9 >A<:AB9 
<;84F9?PEF6B 7. #�$ 0 3 1958 7. 184 E. 
4. $9>B@9A84J<< CB 79BH<;<K9E>B@G <EE?98B64A<R ;4>4DEFB64AABEF< F9DD<FBD<=, 
CD98A4;A4K9AAOI 8?S EFDB<F9?PEF64 [1?9>FDBAAO= D9EGDE]. 
URL: https://files.stroyinf.ru/Index2/1/4294815/4294815113.htm (8.B. 28.01.2023). 
5. �A<>996 �.�. #DB64?O < 6BDBA>< BE984A<S 6 >4DEFB6OI D4=BA4I: @9I4A<;@O B5-
D4;B64A<S, CDB7AB; < BJ9A>4 D<E>4 7.  BE>64: $'�!, 2017. 3 328 E. 
6. �G5?SAE>4S �.!., �G5?SAE><= �.!., �4F496 �.!. �4DEFB6989A<9. +. 3. �A:9A9DAB9 
>4DEFB6989A<9: 'K95. CBEB5<9 / #9D@. GA-F. 3 #9D@P, 2010. 
7.  4>E<@B6<K �.�. "EAB6O >4DEFB6989A<S. &B@ 1. #9D@E>B9 >A<:AB9 <;84F9?PEF6B 
7. #�$ 0 3 1969 7.  
8.  4F6996 �.�. 1?9>FDBD4;698>4. 'K95A<> 8?S 6G;B6 7.  BE>64: !98D4, 1990. 3 368 E. 
9.  4DK9A>B  .!. �9DF<>4?PAB9 Q?9>FD<K9E>B9 ;BA8<DB64A<9. 'K95AB9 CBEB5<9  .: 
<;84F9?PEF6B  �', 2013 3 28 E. 
 

DETERMINATION OF THE SPECIFIC ELECTRICAL RESISTANCE 

IN SOLVING CARSTICAL PROBLEMS IN THE CONDITIONS OF 

URBANIZED TERRITORIES OF THE PERM KRAI 
 

1Petrosyan Ruben, 2Ginzburg Evgenii, 3Zotin Nikita 

PSU, Perm 

 1petrosyan@antikarst.ru, 2ginzburg2014@mail.ru, 3zotin@antikarst.ru 

 

Summary. Karst is a dangerous geological process, the development of which 

is difficult to predict. In order to predict the development of karst in the Kungur 

region, electrical exploration field observations were carried out using the 

method of vertical electrical sounding, followed by processing and interpretation 

using a priori drilling data. Based on the interpretation results, maps of the elec-

trical resistivity distribution over the anhydrite layer were constructed. An anal-

ysis of the data was carried out, which made it possible to determine the statisti-

cally significant geoelectric characteristics of this layer. 

Key words: karst, engineering geophysics, electrical exploration, VES, resistiv-

ity, Kungur. 
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'�� 55.550 
�"��+�%&��!!�3 "*�!�� #�$� �&$"� ��" �&$�� 

&$�-�! �$# � #$"!�*�� "%&� #��%&� #" *����+�%��  
&�$ �+�%��  �%%���"��!�3  %�����!  

 
1#@8;CF:89 �;5:A0=4@ �;5:A0=4@>28G, 2!8:>=>@>20 �=0AB0A8S !8:>;052=0 

$>AA89A:89 �>AC40@AB5==O9 '=825@A8B5B =5DB8 8 3070 8<. �.  . �C1:8=0, 3.  >A:20 
1yosahelp@gmail.com, 2anastasia.nikonorova@list.ru 

 

�AABF4J<S. !9CDB<;6B8<F9?PA4S ;4>4K>4 3 B8A4 <; BEAB6AOI CDB5?9@ A98DB-
CB?P;B64F9?9= A4 E97B8ASLA<= 89AP, EB;84RM4S A9 FB?P>B E?B:ABEF< CD< D4;-
D45BF>9, AB < G7DB;G ;47DS;A9A<S C?4EFB6OI 6B8. !9CDB<;6B8<F9?PA4S ;4>4K>4 
6B;A<>49F 6 CDBJ9EE9 D94?<;4J<< E<EF9@O CB889D:4A<S C?4EFB6B7B 846?9A<S 
CGF9@ ;4>4K>< H?R<84. !9D98>B ;4>4K<649@4S 6 C?4EF :<8>BEFP, @B:9F CD<69-
EF< > 6B;A<>AB69A<R A9EF45<?PAOI FD9M<A 7<8DBD4;DO64 C?4EF4 (�$#), CB >B-
FBDO@ A47A9F49@4S 6B84 @B:9F C9D9F9>4FP 6 6OL9- < A<:9?9:4M<9 C?4EFO-

>B??9>FBDO. !4 84AAO= @B@9AF 6D9@9A< 4>FG4?PAB= ;484K9= BEF49FES D4;D4-
5BF>4 @9FB8<> < F9IAB?B7<= <EE?98B64A<S, 4A4?<;4 < 8<47ABEF<>< FD9M<A �$#, 
4 F4>:9 ECBEB5B6 E6B96D9@9AAB7B CD98BF6D4M9A<9 CBS6?9A<S < D4;6<F<S A9EF4-
5<?PAOI FD9M<A. �6FBD4@< 5O? D4EE@BFD9A @9FB8 F9D@B@9FD<<, >4> BEAB64 
>B?<K9EF69AAB= BJ9A>< < 8<47ABEF<>< FD9M<A �$#, 6B;A<>4RM<I 6 CDBJ9EE9 
;4>4K>< E KD9;@9DAB 6OEB><@ 846?9A<9@.  
�?RK96O9 E?B64: FD9M<A4 �$#; F9C?B6B9 CB?9; A9CDB<;6B8<F9?PA4S ;4>4K>4; 
F9D@B@9FD<S E>64:<A; D4;D45BF>4 A9HFSAOI @9EFBDB:89A<=; CDB@OE?B6B-79B-
H<;<K9E><9 <EE?98B64A<S; 7<8DB8<A4@<K9E><9 <EE?98B64A<S; @9:C?4EFB6O9 
C9D9FB><. 

 

% J9?PR CB889D:4A<S C?4EFB6B7B 846?9A<S A4 A9HFSAOI @9EFBDB:89A<SI 5GDSF 
A47A9F4F9?PAO9 DS8O E>64:<A, >BFBDO9, ;4K4EFGR, Q>EC?G4F<DGRFES A4 @4>E<@4?PAB 6B;@B:-
AOI D9CD9EE<SI, KFB @B:9F CD<6B8<FP > A4DGL9A<R J9?BEFABEF< >4> E>64:<AO, F4> < C?4EF4. 
«�7D9EE<6AO9» D9:<@O D45BFO A47A9F4F9?PAOI E>64:<A @B7GF S6?SFPES CD<K<A4@< ;4>4K>< 
A47A9F49@B= 6B8O 6 A9J9?96O9 B5N9>FO CB D4;?<KAO@ >4A4?4@ C9D9FB>4. &4>, CB8 6OEB><@< 
846?9A<S@< @B7GF B5D4;B64FPES FD9M<AO 7<8DBD4;DO64 6 CBDB84I, 4 F4>:9 CD< CD96OL9A<< 
;45B=AB7B 846?9A<S A48 846?9A<9@ D4;DO64 J9@9AFAB7B >4@AS CDB<EIB8<F A4DGL9A<9 J9?BEF-
ABEF< ;4>B?BAAB7B CDBEFD4AEF64.  

�BCDBE E6B96D9@9AAB= 8<47ABEF<>< < BJ9A>< CDB<EIB:89A<S C9D9FB>B6 CB D4;?<K-
AO@ >4A4?4@ EFB<F 69EP@4 BEFDB 8?S <EE?98B64F9?9=. �A4A<9 B CDB<EIB:89A<< >4A4?4 C9D9-
FB>4 CB;6B?<F 5B?99 QHH9>F<6AB GCD46?SFP D4;D45BF>B= @9EFBDB:89A<=, KFB 6 E6BR BK9D98P 
ECBEB5AB CB;<F<6AB BFD4:4FPES A4 Q>BAB@<>9 CDB9>F4. 

� CD98EF46?9AAB= D45BF9 46FBD4@< D4EE@4FD<649FES @9FB8 A9EF4J<BA4DAB= F9D@B@9F-
D<< >4> 54;B6O= CD< 8<47ABEF<>9 C9D9FB>B6 CB FD9M<A4@ < A979D@9F<KAB@G ;4>B?BAAB@G 
CDBEFD4AEF6G. 

% CB@BMPR @9FB8B6 CDB@OE?B6B= 79BH<;<>< @B:AB >B?<K9EF69AAB BJ9A<FP C4D4-
@9FDO FD9M<AO < GEF4AB6<FP GE?B6<S B5D4;B64A<S FD9M<A 8?S D4;?<KAOI F<CB6 >B??9>FBDB6. 

 9FB8 F9D@B@9FD<< S6?S9FES 54;B6O@ @9FB8B@ D9L9A<S 84AAB= ;484K< 6 A47A9F4F9?P-
AOI E>64:<A4I G:9 A4 CDBFS:9A<< @AB7<I ?9F. "8A4>B, 6BCDBE, A4E>B?P>B <AHBD@4F<69A QFBF 
@9FB8 6 GE?B6<SI CDBFS:9AAOI FD9M<A, BEF49FES BF>DOFO@. 
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&9D@B@9FD<S 3 54;B6O= @9FB8 D9L9A<S ;484K, E6S;4AAOI E CBS6?9A<9@ < D4;6<F<9@ 
FD9M<A 6 A47A9F4F9?PAOI E>64:<A4I, AB 6BCDBE B <AHBD@4F<6ABEF< @9FB84 6 GE?B6<SI CDB-
FS:9AAOI FD9M<A BEF49FES A9<EE?98B64AAO@ CB E9= 89AP. 

� CD98O8GM<I E6B<I D45BF4I 46FBDO B5D4M4?< 6A<@4A<9, KFB E G69?<K9A<9@ CDBFS-
:9AABEF< FD9M<A F9@C D9?4>E4J<< F9C?B6B7B CB?S CBE?9 BEF4AB6>< E>64:<AO CDB<EIB8<F 6 
A9E>B?P>B D4; 5OEFD99. �DB@9 FB7B, 69EB@O= 6>?48 6 HBD@<DB64A<9 F9C?B6B7B CB?S, CB@<@B 
8?<AO FD9M<AO, 6ABE<F F4>:9 CDBA<J49@BEFP C?4EF4, <AF9AE<6ABEFP < CDB8B?:<F9?PABEFP 
;4>4K><. 

&4>:9, 6 IB89 CD98O8GM<I <EE?98B64A<= 46FBD4@< 5O?B 6OS6?9AB, KFB 8?S BJ9A>< C4-
D4@9FDB6 FD9M<A < CD4A<J49@BEF< C?4EF4 69EP@4 <AHBD@4F<6AB= S6?S9FES F9IAB?B7<S J<>-
?<K9E><I F9D@<K9E><I <EE?98B64A<= E>64:<A CD< GCD46?9A<< 6D9@9A9@ < <AF9AE<6ABEFPR 
;4>4K><. 

&4>, A4 B8AB@ <; @9EFBDB:89A<= D9ECG5?<>< &4F4DEF4A 5O?4 BCDB5B64A4 84AA4S F9I-
AB?B7<S, >BFBD4S CB;6B?<?4 46FBD4@ E89?4FP Q>ECD9EEAGR BJ9A>G 8?<AO FD9M<AO < CDBA<J4-
9@BEF< C?4EF4 CB F9D@<K9E><@ <EE?98B64A<S E>64:<A. 

!4 D<EGA>9 1 CD<6989A CD<@9D J<>?<K9E><I <EE?98B64A<= @9FB8B@ F9D@B@9FD<< 6 
A47A9F4F9?PAB= E>64:<A9, 789 SD>B 6<8AO BEB59AABEF< CB6989A<S F9C?B6B7B CB?S CD< 6B;A<>-
AB69A<< FD9M<A 6 C?4EF9, BF?<K4RM99ES BF >?4EE<K9E>B7B CD98EF46?9A<S. �OEBF4 BFD<J4-
F9?PAOI F9@C9D4FGDAOI 4AB@4?<= EGM9EF69AAB 5B?PL9, K9@ FB?M<A4 EBBF69FEF6GRM<I >B?-
?9>FBDB6-B5N9>FB6 ;4>4K><. �DO?PS FD9M<A D4ECDBEFD4ASRFES ;4 CD989?O >B??9>FBDB6 6B 
6@9M4RM<9 A9CDBA<J49@O9 C?4EFO, 6 E6S;< E QF<@ ;4>4K<649@4S :<8>BEFP 86<:9FES CB >DO-
?PS@, 8BCB?A<F9?PAB BI?4:84S 6@9M4RMGR FB?MG [1,2]. 

 

 
$<E. 1. *<>?<K9E><9 CDB@OE?B6B-79BH<;<K9E><9 <EE?98B64A<S 6 A47A9F4F9?PAB= 

E>64:<A9 
 



© «�� 'D" $�!». 2023 

188 

�?S CDB6989A<S 4A4?<;4 <AHBD@4F<6ABEF< F9D@B@9FD<< 6 GE?B6<SI HBD@<DB64A<S A9-
EF45<?PAOI FD9M<A 46FBD4@< 5O?B CDB6989AB F9D@B8<A4@<K9E>B9 @B89?<DB64A<9 6 CDB-
7D4@@AB= ED989 Eclipse A4 A9D46AB@9DAB= E9F>9, E7GM9AAB= 6 B5?4EFSI C?BE>BEF9= FD9M<AO, 
65?<;< EF9AB> E>64:<AO < 6 B5?4EFSI >BAFD4EFAOI F9D@B54D<K9E><I <;@9D9A<= 6 CB?BEF< 
FD9M<AO. 

� BEAB69 4A4?<;4 <ECB?P;B64?4EP >?4EE<K9E>4S @B89?P D4;6<F<S FD9M<AO, CD<6989A-
A4S A4 D<EGA>9 2. � 84AAB@ CD98EF46?9A<< E>64:<A4 3 J<?<A8D<K9E>4S CB69DIABEFP, 6E>DO-
64RM4S 59E>BA9KAO9 CB CDBFS:9AABEF< C?4EFO->B??9>FBDO, EB98<A9AAO9 FD9M<AB=. $45BF4 
E>64:<AO ;48464?4EP CB8 GE?B6<S D94?PAOI <EE?98B64A<=, FB 9EFP <AF9AE<6ABEF< < CDB8B?-
:<F9?PABEF< J<>?B6 EB6C484RF E CDB7D4@@B= CDB@OE?B6B-79BH<;<K9E><I <EE?98B64A<=. 

 

 
$<E. 2. %<EF9@4 «E>64:<A4-FD9M<A4-C?4EF»: LFD 3 CB?G8?<A4 FD9M<AO, @; rE 3 D48<GE 
E>64:<AO, @; h 3 6OEBF4 FD9M<AO, @ 

 

 B89?<DB64A<9 CB6989A<S F9C?B6B7B CB?S 8?S 4A4?<;<DG9@B= E>64:<AO 6 CDBJ9EE9 
CBQF4CAB= ;4>4K>< 6 GE?B6<SI B5D4;B64A<S FD9M<AO, 8?<F9?PABEFP FD9I ;4>4K9> EBEF46<?4 6, 
3 < 4 K4E4 EBBF69FEF69AAB, 4 8?<F9?PABEFP BEF4AB6B> 3 12, 5 < 40 K4EB6 6OCB?A9AB 6 ED989 
Eclipse. �95<FO ;4>4K9> 3 93, 62 < 136 @3/EGF. 

� C9D<B8 6FBDB= 6OEB>B895<FAB=, CB ED46A9A<R E C9D6B=, ;4>4K>< CB CB6989A<R F9C-
?B6B7B CB?S 5O?B 6OS6?9AB, KFB 6 QFBF @B@9AF CDB<;BL?B HBD@<DB64A<9 FD9M<AO (CB A4?<-
K<R D4EIB:89A<S D9?4>E4J<=), A9:9?< K9@ 6 C9D6B@ @4?B895<FAB@ C9D<B89 ;4>4K>< (D<E. 2).  

� D9;G?PF4F9 @B89?<DB64A<S 5O?4 CB?GK9A4 F9BD9F<K9E>4S C4?9FBKA4S ;46<E<@BEFP 
8?S >BA>D9FAOI GE?B6<= D45BFO E>64:<AO, CD<6989AA4S A4 D<EGA>9 3. !4 C4?9F>9 SD>B 6O89-
?9A4 ;BA4 <AHBD@4F<6ABEF< 6 B5?4EF< 6E9I ED98A<I ;A4K9A<= CDBA<J49@BEF< < 8?<A FD9M<A. 

!4 BE< 45EJ<EE BF>?48O64RFES ;A4K9A<S F9@C9D4FGDO CD< B5N9@9 ;4>4K>< 136 @3/EGF, 
A4 BE< BD8<A4F 3 ;A4K9A<S F9@C9D4FGDO CD< B5N9@9 ;4>4K>< 62 @3/EGF. �;@9D9A<S F9@C9D4-
FGDO CDB6B8<?<EP CD< D4;AB@ 6D9@9A< D9?4>E4J<< 3 < 4 K < 8?S D4;?<KAOI 8?<A FD9M<A: 10, 
50, 100 @. &9@C9D4FGDAB9 CB?9 5G89F 5OEFD99 6BEEF4A46?<64FPES CD< 8?<AAOI FD9M<A4I.  
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�EIB8S <; 7D4H<K9E><I 84AAOI 5O?4 BCD989?9A4 CDBFS:9AABEFP FD9M<AO 3 60 @, < 
CDBA<J49@BEFP J9?96B7B C?4EF4 3 20-22 @� 6 4A4?<;<DG9@B= E>64:<A9 6 D9ECG5?<>9 &4F4D-
EF4A, 79BH<;<K9E><9 <EE?98B64A<S >BFBDB= CD<6989AO A4 D<EGA>9 1. 

 

 
$<E. 3. �D4H<> ;46<E<@BEF9= F9@C9D4FGD CD< D4;?<KAB@ B5N9@9 ;4>4K>< < D4;AB@ 6D9-

@9A< D9?4>E4J<< 

 

�; 7D4H<>4 6<8AB, KFB CB?GK9AAO9 D9;G?PF4FO 5G8GF <AHBD@4F<6AO 6 GE?B6<SI FD9-
M<A 8?<AB= 8B 50 @ < CDBA<J49@BEF9= J9?96B7B C?4EF4 8B 30 @�. � GE?B6<SI 5B?PL<I 8?<A 
FD9M<A < CDBA<J49@BEF9= 8?S CDB6989A<S <EE?98B64A<S A9B5IB8<@B 5B?PL99 6D9@S ;4>4K><. 
�?S <EE?98B64A<S FD9M<A 5B?PL9= 8?<AO FD95GRFES 5B?PL<9 B5N9@O ;4>4K>< 8?S FB7B, 
KFB5O ;4CB?A<FP 6ER CB?BEFP FD9M<A A47A9F49@O@< 6B84@< < <EE?98B64FP 84?PA9=L99 6BE-
EF4AB6?9A<9 F9@C9D4FGDAB7B CB?S, 8?S @4?9AP><I 8?<A FD9M<A FD95GRFES @9APL<9 B5N9@O 
;4>4K><. 

!4 BEAB69 4A4?<;4 J<>?<K9E><I CDB@OE?B6B-79BH<;<K9E><I <EE?98B64A<= E>64:<A A4 
B8AB= <; E>64:<A D9ECG5?<>< &4F4DEF4A 5O?< 6OS6?9AO BEB59AABEF< F9C?B6B7B CB?S CD< 
A4?<K<< FD9M<AO 7<8DBD4;DO64 6 C?4EF9. !4 54;9 F9D@B8<A4@<K9E>B7B @B89?<DB64A<S CB?G-
K9A4 F9BD9F<K9E>4S C4?9FBKA4S ;46<E<@BEFP 8?S >BA>D9FAOI GE?B6<= CDB6989A<S <EE?98B64-
A<S A4 B8AB= <; E>64:<A D9ECG5?<>< &4F4DEF4A. "J9A9AO 79B@9FD<K9E><9 C4D4@9FDO FD9-
M<AO, 4 F4>:9 CDBA<J49@BEFP C?4EF4 CB J<>?<K9E><@ F9D@<K9E><@ <EE?98B64A<S E>64:<A A4 
BEAB69 C4?9FBKAB= ;46<E<@BEF<, CB?GK9AAB= 6 IB89 F9D@B8<A4@<K9E>B7B @B89?<DB64A<S 
GE?B6<= CDB6989A<S ;4>4K><. 

 

%#�%"� ��&�$�&'$/ 

 

1. �D9@9A9J><=  .�., �C4FB6 �.�., �G?S96 �.!. �AHBD@4J<BAAB9 B59EC9K9A<9 < 
F9IAB?B7<< 7<8DB8<A4@<K9E>B7B @B89?<DB64A<S A9HFSAOI < 74;B6OI ;4?9:9=. 3  . 3 
�:96E>: �:96E><= <AEF<FGF >B@CPRF9DAOI <EE?98B64A<=, 2011. 3 896 E 
2. !<>BABDB64 �.!., �D9@9A9J><=  .�., �D4EFB64 �.�., !4G@B6 �.%. �<47ABEF<>4 < 
BJ9A>4 FD9M<A @AB7BEF48<=AB7B �$# 6 7BD<;BAF4?PAOI E>64:<A4I CB D9;G?PF4F4@ F9D-
@<K9E><I <EE?98B64A<=. �BD<;BAF4?PAO9 E>64:<AO 2022. %5BDA<> @4F9D<4?B6 5-= 
A4GKAB-CD4>F<K9E>B= >BAH9D9AJ<<.  BE>64, 2022. 3 %. 85-88. 
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QUANTITATIVE EVALUATION OF HYDRAULIC FRACTURE 

GEOMETRY AND FORMATION PERMEABILITY BY CYCLIC 

THERMAL SURVEYS OF WELLS 

 
1Prilutskiy Alexander Alexandrovich, 2Nikonorova Anastasiya Nikolaevna2 

National University of Oil and Gas "Gubkin University", Moscow 
1yosahelp@gmail.com, 2anastasia.nikonorova@list.ru 

 

Annotation. Unproductive injection is one of the main problems of subsoil users 

today, which creates not only difficulties in development, but also the threat of 

formation water pollution. Unproductive injection occurs in the process of im-

plementing a reservoir pressure maintenance system by fluid injection. Often, 

the fluid injected into the reservoir can lead to the formation of unstable hydrau-

lic fractures (HF), through which the injected water can flow into the overlying 

and underlying reservoirs. At this point in time, the development of methods and 

technologies for studying, analyzing and diagnosing hydraulic fractures, as well 

as ways to timely prevent the appearance and development of unstable fractures, 

remains an urgent task. The authors considered the thermometry method as the 

basis for the quantitative assessment and diagnosis of hydraulic fractures that 

occur during injection with excessively high pressure.  

Key words: hydraulic fracture; thermal field; unproductive download; well ther-

mometry; development of oil fields; field geophysical research; hydrodynamic 

studies; interlayer flows. 

  



XXIV 'D4?PE>4S @B?B89:A4S A4GKA4S L>B?4 CB 79BH<;<>9 

191 
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"#$�����!�� '+�%&�"�, #�$%#��&��!/) !�  ��!"-

�"�+���!!"� "$'��!�!��,  �&"�"  #$"(��0!"� 
%��% "$������� 

 
$0E8<>2 -<8;P �@BC@>28G 

%0=:B-#5B5@1C@3A:89 �>@=O9 '=825@A8B5B, 3. %0=:B-#5B5@1C@3 
rahimovball15@mail.ru 

 

�AABF4J<S. � EF4FP9 4A4?<;<DGRFES 6B;@B:ABEF< CDBH<?PAB= E9=E@BD4;-
698><, 6OCB?A9AAB= A4 27B-�BEFB>9 $9ECG5?<>< �4L>BDFBEF4A, S6?SR-
M9=ES B8AB= <; A4<5B?99 C9DEC9>F<6AOI F9DD<FBD<= A4 2:AB@ 'D4?9 6 
BFABL9A<< CB<E>B6 >B?K984AAOI DG8. #D<6989AO D9;G?PF4FO <AF9DCD9F4-
J<< @B89?PAOI 84AAOI, 4 F4>:9 D9;G?PF4FO <AF9DCD9F4J<< 2D CDBH<?S, 
CDBIB8SM97B K9D9; %969DB- 4@59FB6E>B9 < �48<?96E>B9 DG8BCDBS6?9A<S, 
A4IB8SM<IES 6 CD989?4I &G5<AE>B-�4=E>B= %(�.  
�?RK96O9 E?B64: DG8A4S E9=E@BD4;698>4, 8<HD4>J<S, >B?K984AAO9 @9-
EFBDB:89A<S, BCD989?9A<9 DG8B>BAFDB?<DGRM<I EFDG>FGD, 2:AO= 'D4?. 
 

�B?K984AAO9 @9EFBDB:89A<S S6?SRFES BEAB6AB= EODP96B= 54;B= @98AB= CDB-
@OL?9AABEF< 'D4?4. !4DS8G E @98PR <; >B?K984AAOI DG8 <;6?9>4RFES J<A>, E9D4, E9-
D95DB, ;B?BFB, >48@<= < 8DG7<9 @9F4??O [2]. #BF9AJ<4?PAO9 @9FB8O 79BH<;<>< FD48<-
J<BAAB < GEC9LAB <ECB?P;B64?<EP CD< D4;698>9 CB?9;AOI <E>BC49@OI 8?S B>BAFGD<64-
A<S C9DEC9>F<6AOI DG8BABEAOI ;BA A4 @9?><I 7?G5<A4I [1]. "8A4>B 98<AEF69AAO@ 
A4;9@AO@ @9FB8B@, B59EC9K<64RM<@ 6OEB>GR D4;D9L4RMGR ECBEB5ABEFP < A9B5IB8<-
@GR 7?G5<AG CDBA<>AB69A<S, S6?S9FES @9FB8 E9=E@BD4;698>< [6]. 

$G8AO9 F9?4 B5?484RF D4;?<KAO@< D4;@9D4@< < HBD@4@< F4>, > CD<@9DG, LFB-
>69D> A9 <@99F L4AEB6 CDBS6<FPES 6 6B?AB6B@ CB?9 A4 E>B?P ?<5B ;A4K<@B= 7?G5<A9. #B 
QFB= CD<K<A9 A9B5IB8<@B C9D9=F< BF <;GK9A<S BFD4:4F9?PAOI ECBEB5ABEF9= DG8AOI F9? 
> <;GK9A<R BFD4:4F9?PAB= ECBEB5ABEF< DG8B>BAFDB?<DGRM<I EFDG>FGD. &4>B= CB8IB8 
CB <;GK9A<R EFDG>FGD DG8AOI CB?9= < @9EFBDB:89A<= CB;6B?<F BCD989?SFP 9EF9EF69A-
AO9 7D4A<JO BDG89A9A<S < F9@ E4@O@ D4J<BA4?PAB CDB6B8<FP CB<E>B6B-D4;698BKAO9 
D45BFO.  

"EAB6AO@< EFDG>FGDAO@< Q?9@9AF4@< >B?K984AAOI ;4?9:9= S6?SRFES: 4) Q>EFDG-
;<6AO9 >GCB?4; 5) 6G?>4A<K9E><9 CB>DB6O; 6) 89CD9EE<< D4;AB7B 79A9;<E4 [7].  

&G5<AE>B-�4=E>4S %(� 6 E<EF9@9 EFDG>FGD CB;8A969A?B>E>B-D4AA9Q=H9?PE>B= 
�4C48AB- 47A<FB7BDE>B= BEFDB6AB= 8G7< 6@9M49F 5B?PLGR 7DGCCG @98AB-J<A>B6B>B?-
K984AAOI < ;B?BFB->B?K984AAOI @9EFBDB:89A<= (GD4?PE>B7B < 54=@4>E>B7B F<CB6, EB-
BF69FEF69AAB) [4]. � 99 CD989?4I CB BEB59AABEFS@ EFDB9A<S < HBD@4J<BAAB= CD<A48?9:-
ABEF< >B?K984ABABEAOI 6G?>4AB79AAOI >B@C?9>EB6 6O89?S9FES A9E>B?P>B EFDG>FGDAB-
HBD@4J<BAAOI CB8;BA: �>NSD-�GD<54=E>4S, �4=E>B-#B8B?PE>4S ( 4>4A-�4=E>4S) < &G-
5<AE>B-�4=@4>E>4S CB8;BA4. �;GK49@4S 6 D45BF9, �4=E>B-#B8B?PE>4S CB8;BA4 B5D4;B-
64A4 A9CD9DO6AB= 54;4?PF-4A89;<F-84J<F-D<B?<FB6B= HBD@4J<9=, EB EF4AB6?9A<9@ >B-
FBDB= E6S;4AB B5D4;B64A<9 >DGCA9=L<I A4 2:AB@ 'D4?9 @9EFBDB:89A<= @98AB-J<A-
>B6B->B?K984AAOI DG8: �4=E>B7B 3 A4 R79 CB8;BAO < #B8B?PE>B7B 3 65?<;< 99 E969DAB7B 
;4@O>4A<S.  

#DBH<?P CD<GDBK9A > #B8B?PE>B@G 5?B>G �4=E>B=-#B8B?PE>B= CB8;BAO. #DB5G-
D9AAO9 68B?P CDBH<?S E>64:<AO CB;6B?<?< BCD989?<FP, KFB 6G?>4A<FO >B?K984ABEAB= 
A9CD9DO6AB= HBD@4J<<, ;4?974RM<9 6 #B8B?PE>B@ 5?B>9 6 BEAB64A<< B8AB<@9AAB= 
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6C48<AO, CD98EF46?9AO 69DIA9= K4EFPR 99 D4;D9;4 3 CD9<@GM9EF69AAB 84J<FB6B= FB?-
M9=, 4 F4>:9 D<B84J<FB6O@ Q>EFDG;<6AO@ >GCB?B@, ;469DL4RM<@ EF4AB6?9A<9 HBD@4-
J<<. �48<?96E><= LFB>BB5D4;AO= >GCB?, HBD@<DB646L<=ES 6AGFD< D4;D9;4 84J<FB6B= 
FB?M< EBCDS:9A E 89CD9EE<BAAB= EFDG>FGDB=, CB>DO64RM9= CB69DIABEFP 84J<FB6B= 
FB?M< < ;4CB?A9AAB= 6G?>4AB@<>FB6O@< CBDB84@< < D4;?<KAO@< FGH4@<. 1F< B5D4;B-
64A<S 3 Q>EFDG;<6AO= >GCB? < 89CD9EE<BAA4S EFDG>FGD4 S6?SRFES BEAB6AO@< C4?9-
BEFDG>FGDAO@< Q?9@9AF4@< <;GK49@B= C?BM48< (D<E.1). 

 

 
$<E. 1. �9B?B7<K9E>4S >4DF4 D4=BA4 D45BF. *<HD4@< 1 < 2 BF@9K9AO 

%969DB- 4@59FB6E>B9 < �48<?96E>B9 DG8BCDBS6?9A<9 EBBF69FEF69AAB 
  

$45BFO CB 6<;G4?<;4J<< CB8;9@AOI B5N9>FB6 CDB6B8SFES 8BEF4FBKAB 846AB [5]. � 
A4L9@ E?GK49 8?S CB8F69D:89A<S 6B;@B:ABEF< D9L9A<S ;484K CB<E>4 DG8B>BAFDB?<DG-
RM<I EFDG>FGD >B?K984AAOI @9EFBDB:89A<= E CB@BMPR E9=E@BD4;698>< 5O?B 6OCB?-
A9AB @4F9@4F<K9E>B9 @B89?<DB64A<9 6B?AB6B= >4DF<AO 6 CDB7D4@@9 Tesseral [7].  B-
89?P BC<EO649F CDBEFGR 79B?B7<K9E>GR B5EF4AB6>G E @BAB>?<A4?PAO@ ;4?974A<9@ 
E?Bё6, >BFBD4S BE?B:AS9FES ?<LP DG8AO@ F9?B@ <;B@9FD<KAB= HBD@O. &9?B CD<GDBK9AB 
> Q>EFDG;<6G D4AA9= 79A9D4J<<, E?B:9AAB@G <AF9AE<6AB 7<8DBF9D@4?PAB <;@9A9AAO@<, 
C?47<B>?4;B6O@< 84J<F4@<. (D<E. 2). #D< @B89?<DB64A<< E<EF9@4 A45?R89A<S EBEFBS?4 
<; #� F<C4 Surface < 801 ## E L47B@ 12,5 @. %9=E@<K9E><= <EFBKA<> CD98EF46?S? EB5B= 
69=6?9F Ricker E J9AFD4?PAB= K4EFBFB= 50 �J.  B89?<DB64A<9 6OCB?AS?BEP E CB@BMPR 
4>GEF<K9E>B7B 6B?AB6B7B GD46A9A<S.  

 

 
$8A. 2.  >45;P=O5 40==O5 

 

�A4K9A<S E>BDBEF9= < C?BFABEF9= 7BDAOI CBDB8 6 @B89?SI 5O?< BCD989?9AO CB 
E>64:<AAO@ 84AAO@ < CD<6989AO A<:9 (D<E.3).  B89?<DB64A<9 CB;6B?<F <;GK<FP E<A-
F9F<K9E>B9 6B?AB6B9 CB?9 < >BDD9>FAB CDB4A4?<;<DB64FP D94?PAO9 84AAO9. 
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$8A. 3. �=0G5=8S A:>@>AB59 8 ?;>B=>AB59 3>@=OE ?>@>4 2 <>45;8 ?> A:2068==O< 
40==O< 

 

�A4?<; 6B?AB6B7B CB?S CB>4;4?, KFB 6 B5?4EF< A4IB:89A<S <;GK49@OI B5N9>FB6 
A45?R849FES E9D<S C4D45B?, E6S;4AAOI E DG8BABEAB= ;BAB= (D<E. 4).  

 

 
$8A. 4. �>;=>2>5 ?>;5 ?>;CG5==>5 ?> <>45;P=O< 40==O< 

 

&4>4S 8<HD4>J<BAA4S >4DF<A4 B5NSEAS9FES F9@, KFB DG8AB9 F9?B D4ECB?4749FES A4 
>BAF4>F9 ><E?OI CBDB8 E 7<8DBF9D@4?PAB <;@9A9AAO@< CBDB84@< Q>EFDG;<6AB7B >GCB?4. 

!4 BEAB64A<< G>4;4AAOI D9;G?PF4FB6 5O?4 6OCB?A9A4 4A4?B7<KA4S <AF9DCD9F4-
J<S 84AAOI, CB?GK9AAOI 6 IB89 E9=E@BD4;698BKAOI D45BF. $4EE@4FD<649@O= CDBH<?P 
S6?S9FES QF4?BAAO@ CBE>B?P>G FBKAB <;69EFAB B A4IB:89A<< DG8BABEAB= ;BAO. 
�EFBKA<>4@< GCDG7<I >B?954A<= 6OEFGC4?< 6<5D4FBDO @4D>< C� 14/150 6 6OEB>BK4-
EFBFAB@ 64D<4AF9 E E<EF9@B= GCD46?9A<S PELTON. #D<9@ >B?954A<= BEGM9EF6?S?ES 
E9=E@BCD<9@A<>4@< GS-20DX. ,47 @9:8G ## EBEF46?S? 12,5 @., @9:8G #� 3 25 @. �9B-
?B7<K9E><= D4;D9; QF4?BAAB7B CDBH<?S CD98EF46?9A A<:9 (D<E. 5). 
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$8A. 5. �5>;>38G5A:89 @07@57 QB0;>==>3> ?@>D8;S 

 

�48<?96E><= Q>EFDG;<6AO= >GCB?, 6E>DOFO= E>64:<AB= 3069 6 6<89 D<B84J<F4 
D4AA9= 79A9D4J<<, S6?S9FES DG8B>BAFDB?<DGRM9= EFDG>FGDB=, < BA F4>:9 BFKёF?<6B 
CDBS6?S9FES A4 E9=E@<K9E>B@ D4;D9;9 (D<E. 6). 

 

 
$8A. 6. $@03<5=B 3;C18==O9 @07@570 QB0;>==>3> ?@>D8;S. �5;ё=O< F25B>< 2O45;5= 
@C4>:>=B@>;8@CRщ89 Q:AB@C782 

  

&4>:9 6 D4=BA9 >GCB?4 CDBE?9:<649FES F4:9 8<HD4>J<BAA4S >4DF<A4, KFB < 
A45?R84?4EP A4 @B89?PAOI 84AAOI (D<E. 7). 
 

 
$<E. 7.. �B?AB6B9 CB?9 CB?GK9AAB9 CB QF4?BAAB@G CDBH<?R 
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#B D9;G?PF4F4@ <EE?98B64A<S @B89?PAOI < D94?PAOI 84AAOI @B:AB E89?4FP 6O-
6B8, KFB E9=E@BD4;698>4 @B:9F <ECB?P;B64FPES >4> E4@BEFBSF9?PAO= @9FB8 8?S CB<E>4 
;BA @98AB->B?K984AAB7B BDG89A9A<S. #DBS6?9A<9 DG8B>BAFDB?<DGRM<I EFDG>FGD A4 
E9=E@<K9E>B@ D4;D9;9 @B:AB D4ECB;A464FP, >4DF<DB64FP < <ECB?P;B64FP 6 CD4>F<>9 79B-
?B7BD4;698BKAOI D45BF. 
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DETERMINATION OF AREAS POSSIBLE FOR COPPER-PYRITE 

MINING BY THE METHOD OF PROFILE SEISMIC EXPLORATION. 
 

Rakhimov Emil Arturovichl 

Saint Petersburg Mining University, Saint Petersburg 

rahimovball15@mail.ru 

 

Annotation. The article analyzes the possibilities of profile seismic surveys car-

ried out in the South-East of the Republic of Bashkortostan, which is one of the 

most promising areas in the Southern Urals in terms of the search for pyrite ores. 

The results of interpretation of model data are presented, as well as the results of 

interpretation of a 2D profile passing through the Severo-Mambetovskoye and 

Gadilevskoye ore occurrences, located within the Tubinsko-Gai SFZ. 

Key words: ore seismic exploration, diffraction, pyrite deposits, determination 

of ore-controlling structures, Southern Urals. 
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�AABF4J<S. 11 ABS5DS 2022 7. 6 10:48 CB �D<A6<KG G 59D97B6 BEFDB6AB7B 
7BEG84DEF64 &BA74 6 #B?<A9;<< CDB<;BL?B ;9@?9FDSE9A<9 E @47A<FG-
8B= 7,3. � A4EFBSM9= D45BF9 CD98EF46?9AO D9;G?PF4FO 4A4?<;4 EC9>FDB6 
64D<4J<= @47A<FAB7B CB?S 6 CD<;9@AB@ E?B9 4F@BEH9DO, EBCGFEF6GRM<I 
;9@?9FDSE9A<R, 6 K4EFBFAB@ 8<4C4;BA9, 5?<;>B@ > K4EFBF9 BEAB6AB= EH9-
DB<84?PAB= @B8O �9@?< 0S2. #D<6?9>4?<EP 84AAO9 D97<EFD4J<< >B@CBA9AF 
@47A<FAB= <A8G>J<< A4 �9BH<;<K9E>B= B5E9D64FBD<< « <IA96B». 
�?RK96O9 E?B64: ;9@?9FDSE9A<9, 79B@47A<FAO9 64D<4J<<, EB5EF69AAO9 
>B?954A<S �9@?<, E<A7?9F, @G?PF<C?9F. 
 

%GM9EF6G9F A45BD EH9DB<84?PAOI < >DGF<?PAOI EB5EF69AAOI >B?954A<= �9@?< 
(%��) [1]. #DBA<>AB69A<9 <I 6 4F@BEH9DG @B:9F CD<69EF< > 7?B54?PAO@ >B?954A<S@ 4F-
@BEH9DO A4 K4EFBF4I %�� [2]. � 79B@47A<FAB@ CB?9 F4>:9 @B7GF CBS6?SFPES 64D<4J<<, 
5?<;><9 CB K4EFBF4@ > K4EFBF4@ %�� [3].  

%4@B9 A<;>BK4EFBFAB9 %�� 2 EH9DB<84?PAB9 >B?954A<9 0ÿ2, >BFBDB9 S6?S9FES 
CD98@9FB@ A4EFBSM<I <EE?98B64A<=. �B?954A<9 0ÿ2 CD98EF46?S9F EB5B= @G?PF<C?9F 2 
D4EM9C?S9FES A4 5 >B@CBA9AF [4, 5]. 

� A4EFBSM9= D45BF9 A4 BEAB69 D9;G?PF4FB6 <AEFDG@9AF4?PAOI A45?R89A<= ;4 79B-
@47A<FAO@ CB?9@ 6 C9D<B8 @BMAB7B ;9@?9FDSE9A<R 6 &<IB@ B>94A9, CDB<;BL98L97B 11 
ABS5DS 2022 7., <EE?98G9FES EC9>FD 6 K4EFBFAB@ 8<4C4;BA9, 5?<;>B@ > K4EFBF9 BEAB6AB= 
EH9DB<84?PAB= @B8O �9@?< 0ÿ2.  

�9@?9FDSE9A<9 @47A<FG8B= 7,3 CDB<;BL?B 6 10:48:45 UTC 11 ABS5DS 2022 7B84 G 
59D97B6 BEFDB6AB7B 7BEG84DEF64 &BA74 6 #B?<A9;<< (2:A4S K4EFP &<IB7B B>94A4), 6B 
6A9LA9= ;BA9 EG58G>J<< &BA74 (F45?. 1). 1C<J9AFD CB8;9@AOI FB?K>B6 A4IB8<?ES 6 
206 >@ BF EFB?<JO >BDB?96EF64 7BDB84 !G>G4?BH4. #B 84AAO@ �9BH<;<K9E>B= E?G:5O 
%,� [6] BK47 ;9@?9FDSE9A<S ;4?974? A4 7?G5<A9 24.8 >@. �BBD8<A4FO QC<J9AFD4: 
19.3181° R.L.; 172.1001° ;.8. 

�9@?9FDSE9A<9 E B5D4FAO@ D4;?B@B@, CDB<;BL98L99 11 ABS5DS 2022 7B84, 6O-
;64?B JGA4@< [7]. *GA4@< 5O?B 8BEF4FBKAB 5B?PL<@, KFB5O 97B @B:AB 5O?B K9F>B 
A45?R84FP A4 AB6B;9?4A8E><I EF4AJ<SI DART NZF (0.36 E@), NZG (0.62 E@), NZH 

(2.22 E@) < NZI (1.09 E@) < A4 59D97B6OI EF4AJ<SI 6 #47B-#47B (%4@B4) < '<AA9 (!B64S 
�4?98BA<S).  

� A4EFBSM9= D45BF9 6 >4K9EF69 <EIB8AOI CD<6?9>4?<EP 84AAO9 D97<EFD4J<< >B@-
CBA9AF @47A<FAB= <A8G>J<< A4 ;9@AB= CB69DIABEF<, 6OCB?A9AAB= A4 �9BH<;<K9E>B= B5-
E9D64FBD<< « <IA96B» (989D4?PAB7B 7BEG84DEF69AAB7B 5R8:9FAB7B GKD9:89A<S A4G>< 
�AEF<FGF4 8<A4@<>< 79BEH9D <@9A< 4>489@<>4  .�. %48B6E>B7B $BEE<=E>B= 4>489@<< 
A4G> [8]. �9B7D4H<K9E><9 >BBD8<A4FO: 54.96° E.L.; 37.77° 6.8. �9B@47A<FAO= @BA<FBD<A7 
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6OCB?AS9FES E CB@BMPR H9DDB;BA8B6B7B @47A<FB@9FD4 LEMI-018, D4ECB?B:9AAB7B 6 
EF4J<BA4DAB B5BDG8B64AAB@ 79B@47A<FAB@ C46<?PBA9. 

&45?<J4 1 
#4D4@9FDO BK474 ;9@?9FDSE9A<S G 59D97B6 &BA74 [6] 

�D9@S UTC ,<DBF4 �B?7BF4 �?G5<A4, >@ Mw 

10:48:45 19.3181° 2.,.  172.1001° �.�. 24.8 7.3 

 

�EE?98GRFES EC9>FD4?PAO9 I4D4>F9D<EF<>< 64D<4J<= @B8G?S 69>FBD4 <A8G>J<< 
@47A<FAB7B CB?S B. �?S 4A4?<;4 <ECB?P;GRFES 6D9@9AAO9 DS8O J<HDB6OI 84AAOI, EHBD-
@<DB64AAO9 E 8<E>D9FABEFPR 1 E9>. 

% J9?PR BCD989?9A<S 8?<AO <ECB?P;G9@B7B DS84 84AAOI 5O?< CDB4A4?<;<DB64AO 
C4D4@9FDO @47A<FAB= 4>F<6ABEF< (K, Ap < �D <A89>EO) 6 C9D<B8 < CBE?9 ;9@?9FDSE9A<S 
G 59D97B6 &BA74 (F45?. 2). #9D<B8 E 10:48 UTC 11 ABS5DS 2022 7B84 (BEAB6AB= FB?KB> 
;9@?9FDSE9A<S) 8B 18:00, I4D4>F9D<;GRM<=ES BFEGFEF6<9@ E<?PAOI 79B@47A<FAOI 6B;-
@GM9A<=, >4@GH?<DGRM<I BFABE<F9?PAB E?45O9 CDBS6?9A<S D4EM9C?9A<S @G?PF<C?9F4, 
5O? <ECB?P;B64A CD< 6OK<E?9A<< EC9>FD4. 

"J9A>4 EC9>FD4 64D<4J<= @47A<FAB7B CB?S 6 CD<;9@AB@ E?B9 4F@BEH9DO 6OCB?-
AS?4EP A4 BEAB69 @9FB84 C4D4@9FD<K9E>B= 46FBD97D9EE<< [9, 10]. % J9?PR CB6OL9A<S 
GDB6AS 8<E>D<@<A4J<< 5?<;><I CB C9D<B84@ >64;<74D@BA<K9E><I EC9>FD4?PAOI EBEF46-
?SRM<I 6 8BCB?A9A<9 > C4D4@9FD<K9E>B@G EC9>FD4?PAB@G 4A4?<;G 6 A4EFBSM9= D45BF9 
CD<@9AS?ES F4>:9 @9FB8 6O89?9A<S 74D@BA<K9E><I EBEF46?SRM<I E CB@BMPR G;>BCB-
?BEAOI 484CF<6AOI D9:9>FBDAOI H<?PFDB6 [11, 12], CD9<@GM9EF6B >BFBDOI ;4>?RK49FES 
6 CDBEFBF9 6O5BD4 <E>B@B= K4EFBFO, C9D9EFDB=>< CB?BEO CDBCGE>4A<S < CD4>F<K9E>< 
A9B7D4A<K9AAB@ CB846?9A<< EBE98A<I K4EFBF.  

"J9A9AAO9 CB 84AAB@G 4?7BD<F@G K4EFBFO E<A7?9F4 BEAB6AB= @B8O 0S2 ED46A<64-
?<EP E D4EEK<F4AAO@< CB @B89?< �9@?< 1 066 � K4EFBF4@< [13]. +4EFBFO CB @B89?< 
�9@?< 1 066 � 6OK<E?S?<EP E CB@BMPR @9FB84 6B;@GM9A<S 8?S 6OK<E?9A<S D4EM9C?9-
A<S <;B?<DB64AAB= 6ODB:89AAB= EB5EF69AAB= K4EFBFO [14]. 

 

&45?<J4 2 
K [8], Ap < �D <A89>EO [15] @47A<FAB= 4>F<6ABEF< 6 C9D<B8 < CBE?9 

;9@?9FDSE9A<S G 59D97B6 &BA74 
�4F4 ApMos KpMos K 

11.11.2022 009 11233323 01222212 

12.11.2022 005 22221100 22211100 

13.11.2022 007 12122321 12212321 

14.11.2022 005 11121121 00111020 

15.11.2022 004 11111101 00011001 

16.11.2022 004 10010211 00010220 

17.11.2022 003 00111001 00001001 

18.11.2022 007 10113132 10111233 

19.11.2022 004 21121111 20121010 

20.11.2022 007 10011332 00001222 

21.11.2022 007 22222212 22122112 

22.11.2022 004 11111210 11011210 

23.11.2022 003 00102110 00101120 

24.11.2022 006 11112223 01112123 

25.11.2022 016 22333344 22223344 
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$9;G?PF4FO BJ9A>< EC9>FD4 64D<4J<= @47A<FAB7B CB?S 6B 6D9@S ;9@?9FDSE9A<S G 
59D97B6 &BA74 2022 7. CD98EF46?9AO A4 D<E. 1. � CB?9 D<E. 1 CD<6989AO F9BD9F<K9E><9 
;A4K9A<S K4EFBF >6<AF9F4 0S2 6 6<89 69DF<>4?PAOI ?<A<=.  

�; D<EGA>4 1 6<8AB, KFB, 6B-C9D6OI, 6 EC9>FD9 79B@47A<FAOI 64D<4J<= BFK9F?<6B 
6<8AO E<A7?9FO, 6B-6FBDOI, ;A4K9A<S K4EFBF, BJ9A9AAO9 CB 84AAO@ 64D<4J<= @47A<F-
AB7B CB?S 6B 6D9@S QFB7B ;9@?9FDSE9A<S, 5?<;>< > ;A4K9A<S@ K4EFBF, 6OK<E?9AAO@ CB 
@B89?< [4].  

"J9A>< K4EFBF, CB?GK9AAO9 CB Q>EC9D<@9AF4?PAO@ 84AAO@, BCD989?SRFES E 8B-
EF4FBKAB 6OEB>B= FBKABEFPR < <@9RF ;A4K9A<S 8BEF4FBKAB 5?<;><9 > F9BD9F<K9E><@ (F.9. 
D4;ABEFP @9:8G A45?R849@O@< < F9BD9F<K9E><@< ;A4K9A<S@< A9 CD96BEIB8<F 0.7 %). 
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�9@?< 0S2 6 79B@47A<FAOI 64D<4J<SI A4 B5E9D64FBD<< « <IA96B» CBE?9 ;9@?9FDS-
E9A<S G 59D97B6 &BA74 11.11.2022 7. (69DF<>4?PAO9 ?<A<< − F9BD9F<K9E><9 ;A4K9A<S 
K4EFBF >6<AF9F4 0S2) 

 

Э>EC9D<@9AF4?PAO9 <EE?98B64A<O 6OCB?A9AO 6 D4@>4I 7BEG84DEF69AAB7B ;484A<O 
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G84DEF69AAB7B ;484A<O �(� $�!. 
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DATA AT THE MIKHNEVO OBSERVATORY DURING THE 

EARTHQUAKE OFF THE COAST OF TONGA ON NOVEMBER 11, 

2022 

 

Riabova Svetlana 
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Summary. On November 11, 2022 at 10:48 GMT, the earthquake with a mag-

nitude of 7,3 struck off the coast of the island nation of Tonga in Polynesia oc-

curred. This paper presents the results of an analysis of the spectra of variations 

in the magnetic field in the near-surface layer of the atmosphere, accompanying 

an earthquake, in a frequency range close to the frequency of the main spheroidal 

mode of the Earth 0S2. The registration data of the magnetic induction compo-

nents at the Mikhnevo Geophysical Observatory were used. 

Key words: earthquake, geomagnetic variations, natural vibrations of the Earth, 

singlet, multiplet. 
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VARIATIONS OF f0F2 AT ROME STATION DURING STROMBOLI 

VOLCANO ACTIVITY IN NOVEMBER-DECEMBER 2020 
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Summary. The response of the critical frequency of the F2-layer of the iono-

sphere to the activity of the volcano Stromboli (Italy) is analyzed. We use 

ground-based vertical sounding at the Rome ionospheric station. The periods of 

strong volcanic activity from November to December 2020 are considered. It is 

shown that the active stage of the volcanic eruption was accompanied by f0F2 

disturbance, which is associated with the influence on the ionosphere by atmos-

pheric acoustic-gravity waves generated by volcanic activity and causing long-

lived disturbances in the ionosphere. 

Key words: volcanic eruption, critical frequency, F2-layer, ionosphere, varia-

tions. 
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C?<F4, E BFABE<F9?PAB= E>BDBEFPR v=25 @@/7B8, CB 86G@ BEAB6AO@ LB6AO@ ;BA4@, CD98-
EF46?SRM4S EB5B= >DGCAO9 E9=E@B79AAO9 ?<A94@9AFO 6>?<A<649FES 6 EFDG>FGDO  4-
?B7B < �B?PLB7B �46>4;4. �D46<=E>4S C?<F4 CB869D749F D4;86<74RM9@G 6B;89=EF6<R 
+9DAB@BDE>GR < �A4FB?<=E>GR @9;BC?<FO A4 ;4C48, 2:AB-�4EC<=E>GR < �D4AE>GR 
@9;BC?<FO A4 6BEFB>, 4 D4ECB?B:9AAO9 6 C9D98B6B= ;BA9 �D46<=E>B= C?<FO 2:AB-�D-
@SAE><= < �4>46>4;E><= 5?B>< CB869D74RFES 6B;89=EF6<R 5?<;@9D<8<4A4?PAB A4CD46-
?9AAOI [2, 3, 10] E:<@4RM<I A4CDS:9A<= (D<E. 1). 

�A4?<;O EF9D9B7D4@@ @9I4A<;@B6 BK47B6 E<?PAOI ;9@?9FDSE9A<= G>4;O64RF A4 
FB, KFB 6 69DL<A4I 8G7 A45?R84RFES 86<:9A<S 6;5DBEB-E86<7B7B F<C4, 4 EBBF69FEF69AAB 
;4C48AO9 < 6BEFBKAO9 H?4A7< D4;?B@B6 CD98EF46?SRF [3, 11] EB5B= ?96BEFBDBAA<9 < CD4-
6BEFBDBAA<9 E86<7< (D<E. 1). 

�9F4?PAO9 <EE?98B64A<S EB6D9@9AAOI F9>FBA<K9E><I 86<:9A<= CB >B@C?9>EG 
79B89;<K9E><I < 79B@BDHB?B7<K9E><I 84AAOI <EE?98G9@B= F9DD<FBD<< CDB6989AO �<-
?<9A59D7B@ < 3M9A>B [9]. � E6S;< E <;GK9A<9@ CDBJ9EEB6 CB87BFB6>< >4F4EFDBH<K9E>B7B 
%C<F4>E>B7B ;9@?9FDSE9A<S BA< 6OS6<?< DS8 I4D4>F9DAOI BEB59AABEF9= CDBS6?9A<S 79B-
8<A4@<K9E><I CDBJ9EEB6 6 �46>4;E>B@ D97<BA9. !4 BEAB69 84AAOI @AB7B>D4FAOI, J<>-
?<KAOI, 6OEB>B>?4EEAOI, D97<BA4?PAOI A<6<?<DB6B> E <I EFBDBAO, 5O?B 6OS6?9AB, KFB 
A4 HBA9 B5M9= <A69DE<< 79B8<A4@<>< 6 BDB79A9  4?B7B �46>4;4 A45?R84RFES 
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>D4F>BC9D<B8AO9, 20-30 ?9F, 64D<4J<< 69DF<>4?PAOI F9>FBA<K9E><I 86<:9A<=, CD<GDB-
K9AAOI > LB6AO@ ;BA4@ @BDHBEFDG>FGDAOI 5?B>B6 D4;AB7B CBDS8>4. �A4?B7<KAO= @9-
I4A<;@ < 97B 6;4<@BE6S;P E 64D<4J<S@< E9=E@<KABEF< A45?R849FES F4>:9 8?S 7BDAB= 
E<EF9@O �B?PLB7B �46>4;4. #B>4;4AB, KFB 6 CDBEFD4AEF69AAB-6D9@9AAB@ BFABL9A<< EB-
6D9@9AAO9 69DF<>4?PAO9 86<:9A<S 6 QF<I >DGCAOI BDB79A4I A4IB8SFES >4> 5O 6 CDBF<-
6BH4;4I. 1CBI4 4>F<6<;4J<< E:4F<S < CB8ASF<S �B?PLB7B �46>4;4 EBBF69FEF6G9F QCBI9 
D4EFS:9A<S < BCGE>4A<S  4?B7B �46>4;4 < A4B5BDBF [1, 5, 9]. 1FBF 64:AO= 79B8<A4@<K9-
E><= 6O6B8 46FBDO E6S;O64RF E A4?<K<9@ B8AB6D9@9AAB 89=EF6GRM<I 6 D97<BA9, E@9-
ASRM<IES 6B 6D9@9A< @9I4A<;@B6, E:<@4RM<I < D4EFS7<64RM<I F9>FBA<K9E><I A4CDS-
:9A<S. #B>4;4AB, KFB A4<5B?99 <AF9AE<6AO9 EB6D9@9AAO9 69DF<>4?PAO9 86<:9A<S 
A45?R84RFES 6 BDB79A9  4?B7B �46>4;4, 789 C9D9IB8 BF QCBI< BCGE>4A<S, 6 C9D<B8 E 
1911/1929-7B CB 1940/1953-O= 7B8, > QCBI9 CB8ASF<S, 6 C9D<B8 E 1940/1953-7B CB 
1972/1974-O= 7B8, CDB<EIB8SF EB E>BDBEFS@< 7-12 @@/7B8. 

� A4EFBSM9= D45BF9 A4@< 5O?4 CBEF46?9A4 J9?P 3 6OS6<FP, >4> BFD4:4RFES QF< 
E?B:AO9 79B8<A4@<K9E><9 CDBJ9EEO 6 CDBEFD4AEF69AAB-6D9@9AAB@ D4ECD989?9A<< E<?P-
AOI ;9@?9FDSE9A<= 6 QFB@ >DGCAB@ E9=E@<K9E>B@ ?<A94@9AF9. �?S QFB= J9?< D4EE@4F-
D<64?ES CDBEFD4AEF69AAB-6D9@9AAO9 <;@9A9A<S E9=E@<KABEF< CB E9=E@<K9E>B@G ?<A9-
4@9AFG 1D;DG@-�BD:B@<-�4;59> (1��), CD98EF46?SRM<= EB5B= E969DAGR LB6AGR ;BAG 
6;4<@B89=EF6<S �D46<=E>B= < %><HE>B= ?<FBEH9DAOI C?<F (D<E.1). 

 

 
$<E. 1. "EAB6AO9  C?<FBF9>FBA<K9E><9 Q?9@9AFO �D@9A<<  < EBCD989?PAOI D97<B-
AB6: 1 3 A4CD46?9A<S 86<:9A<= ?<FBEH9DAOI C?<F; 2 3 6;5DBEB6O9 < E5DBEB6O9 CB86<:><; 3 3 E86<-
7B6O9 CB86<:><; 4 3 4>F<6AO9 7?G5<AAO9 D4;?B@O: E969DB4A4FB?<=E><= D4;?B@ (%�$) < 6BEFBKAB-
4A4FB?<=E><= D4;?B@ (��$); 5 3 QC<J9AFDO ;9@?9FDSE9A<= E @47A<FG84@< M>5; 6 3 EF9D<B7D4@@O 

<;69EFAOI HB>4?PAOI @9I4A<;@B6 BK47B6 ;9@?9FDSE9A<=; 7 3 ;BA4 8<A4@<K9E>B7B 6?<SA<S E9=E@<-
K9E>B7B ?<A94@9AF4 1D;DG@-�BD:B@<-�4;59>. 
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�9B7D4H<K9E>< ?<A94@9AF 1�� CDBEF<D49FES BF >DGCAB7B 1D;DG@E>B7B E9=E@B-
F9>FBA<K9E>B7B G;?4 CB A4CD46?9A<R E969DB-6BEFB>, CBE?98B64F9?PAB C9D9E9>4S BDB79A 
 4?B7B �46>4;4, $<BAB-�GD<=AE>GR 89CD9EE<R E 6OIB8B@ A4 BDB79A �B?PLB7B �46>4;4 
> D4=BAG 7BDO �4;59> [4, 8]. 

�?S <;GK9A<S 6;4<@BE6S;< 6OL9<;?B:9AAOI E?B:AOI, 79B8<A4@<K9E><I CDBJ9E-
EB6 6 BDB79A4I �B?PLB7B <  4?B7B �46>4;4 E E9=E@<KABEFPR D4EE@4FD<64?BEP D4;6<F<9 
E9=E@<K9E><I EB5OF<= 6 ;BA9 8<A4@<K9E>B7B 6?<SA<S QFB7B >DGCAB7B E9=E@<K9E>B7B ?<-
A94@9AF4, BI64FO64RM<= C9D<B8 J<>?<K9E><I 79B89;<K9E><I A45?R89A<= 6 C9D<B8 E 
1896-7B CB 2000-O= 7B8O. 

� >4K9EF69 <EIB8AOI 84AAOI 5O?< 6O5D4AO <; @<DB6OI < D97<BA4?PAOI >4F4?B-
7B6 ;9@?9FDSE9A<S E @47A<FG8AO@ GDB6A9@ M 5B?PL9 5. % B8AB= EFBDBAO F4>B= GDB69AP 
S6?S9FES A<:A<@ GDB6A9@ CD98EF46<F9?PABEF< E9=E@<KABEF< 8?S 84AAB7B D4=BA4, E 8DG-
7B= EFBDBAO GK<FO649F, KFB A4>BC?9A<S F9>FBA<K9E><I A4CDS:9A<= < 89HBD@4J<= 6 BK4-
7B6OI ;BA4I F4><I ;9@?9FDSE9A<= B5GE?B6?9AO A9CD9DO6AB CDBF9>4RM<@< 6 ;9@AB= 
>BD9 E?B:AO@< D97<BA4?PAO@< 79B8<A4@<K9E><@< CDBJ9EE4@<. 

�?S 89F4?PAB7B <EE?98B64A<S A4CDS:9AAB-89HBD@4J<BAAB7B EBEFBSA<S ;9@AB= 
>BDO < H?G>F4J<BAAB7B CB6989A<S E9=E@<K9E>B7B CDBJ9EE4, @O <ECB?P;B64?< CD98?B-
:9AAGR '?B@B6O@ 79B8<A4@<K9E>GR @B89?P @<7D4J<BAAOI CDBJ9EEB6, C9D986<74R-
M<IES 6 79B?B7<K9>B= ED989, ?B>4?<;B64AAOI 89HBD@4J<BAAOI 6B?A, F4> A4;O649@OI 
79BAB6. �; F9BD<< H<;<>< F69D8B7B F9?4 <;69EFAB, KFB CBDB8O, >BFBDO9 A4IB8<FES CB8 
6B;89=EF6<9@ D97<BA4?PAOI F9>FBA<K9E><I A4CDS:9A<=, A96B;@B:AB C9D9@9M4FP CB 
6E9= 8?<A9 CB QA9D79F<K9E><@ EBB5D4:9A<S@. %?98B64F9?PAB, 6 F4><I E?GK4SI, C9D984K4 
A4CDS:9A<= < 89HBD@4J<= 6 79B?B7<K9E>B= ED989 6OCB?AS9FES CB K4EFS@ E CB@BMPR 
6OL9CD<6989AAOI 79BAB6 [8]. �?S B5D4;AB7B BC<E4A<S 8<A4@<>< E9=E@<K9E><I CDBJ9E-
EB6, @O CBEFDB<?< 7B8B7D4H ;46<E<@BEF< D4EEFBSA<S QC<J9AFDB6 ;9@?9FDSE9A<= BF 6D9-
@9A< (D<E. 24), >BFBDO= CD98EF46?S9F <; EB5B= CDBEFD4AEF69AAB-6D9@9AAB= >4A4? (#��) 
C9D9@9M9A<S 79BAB6. 

 

 
$<E. 2. #DBEFD4AEF69AAB-6D9@9AAB= >4A4? (#��) C9D9@9M9A<S 79BAB6 (4) < EB6D9-
@9AAO9 86<:9A<S ;9@AB= >BDO (5) 

 

!4 7D4H<>9 CGA>F<D4@< 6O89?S9FES #��, 4 EFD9?>4, <;B5D4:9AA4S F9@AO@ J69-
FB@, CB>4;O649F A4CD46?9A<9 79A9D4J<< < 69?<K<AG ><A9@4F<K9E>B= I4D4>F9D<EF<>< 
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86<:9A<S 89HBD@<DB64AAOI 79BAB6, 789 »-L<D<A4 CDBEFD4AEF69AAB-6D9@9AAB7B >4A4?4, 
4 VG-E>BDBEFP 79BAB6. %B7?4EAB 7D4H<>G, 6B?AB6O9 HDBAFO E L<D<AB= »=93 >@, C9D9E9-
>4RM<9 #�� 6 C9D<B8 E 1896-1950 7B84I, 6 ?R5B= @B@9AF 6D9@9A< CB>4;O64RF E>BDBEFP 
79BAB6 VG=2.2 >@/7B8, 69?<K<A4, >BFBD4S EBID4A<?4EP 8B >BAJ4 BFABE<F9?PAB7B E9=E@<-
K9E>B7B ;4F<LPS 6 1970-O9 7B84. (?G>FG4J<BAAO9 S6?9A<S B8AB6D9@9AAOI E9=E@<K9-
E><I CDBJ9EEB6 6 6<89 C9D9EFDB=>< < C9D9D4ECD989?9A<S F9>FBA<K9E><I A4CDS:9A<=, 
A4K<A4S E 1970-7B 7B84, CD<69?< > D9;>B@G 6B;D4EF4A<R E>BDBEF< 86<:9A<S 79BAB6 8B 
VG=3.1 >@/7B8 < > G5O64A<R L<D<AO »= 56 >@ #��. 

�<EE<C4J<S, 4 ;4F9@ FBD@B:9A<9 ?B>4?<;B64AAOI 89HBD@4J<BAAOI 6B?A 1896-7B 
19507B 7B8B6, CB 6E9= 69DBSFABEF<, E6S;4AO E 5B?PLB= L<D<AB= #��, 4 F4>:9 E @4?B= 
E>BDBEFPR C9D9@9M9A<S 79BAB6 < A4?<K<9@ �:464I9FE>B= 5GH9DAB= ;BAO. � G>4;4AAB@ 
BFD9;>9 6D9@9A< 6O89?SRFES CDBEFD4AEF69AAB-6D9@9AAO9 74D@BA<K9E><9 H4;O QC<J9A-
FDB6 ;9@?9FDSE9A<= BF BK47B6B= ;BAO 1D;DG@4 > �I4?>4?4>E>B@G 6G?>4A<K9E>B@G A47B-
DPR < A4B5BDBF. �4DF<A4 <A4S 6 1970-O= 2000-O= 7B8O, 789 6B?AO, C9D984RM<9 A4CDS-
:9A<S < 89HBD@4J<<, <@9RM<9 ED46A<F9?PAB @4?GR 4@C?<FG8G #�� < 5B?PLGR E>B-
DBEFP C9D9@9M9A<S 79BAB6, D4ECDBEFD4ASSEP 8BL?< 8B �B?PLB7B �46>4;4. 

"EB5B E?98G9F BF@9F<FP, KFB A4>BC?9A<S < D4;DS8>< E9=E@BF9>FBA<K9E><I 89HBD-
@4J<= A4 C9D6B@ QF4C9 @<7D4J<BAAB7B CDBJ9EE4 CDBS6?SRFES 6 ?B>4?PAB@ @4ELF459, 
BI64FO64S 6 BEAB6AB@ BDB79A  4?B7B �46>4;4. 

�A4S >4DF<A4 A45?R849FES 6B 6FBDB@ C9D<B89 @<7D4J<BAAB7B S6?9A<S, 6 >BFBDB@ 
CDBJ9EEO A4>BC?9A<S < D4;DS8>< E9=E@BF9>FBA<K9E><I 89HBD@4J<=, CDBF9>4RM<I A4 
D97<BA4?PAB@ GDB6A9, BI64FO64RF 69EP E9=E@<K9E><= ?<A94@9AF. �A4?<; 6D9@9AAB7B 
IB84 E9=E@<KABEF< A4 6E9@ CDBFS:9AABEF< ?<A94@9AF4 CB>4;O649F, KFB A4K4?4 B5B<I 
QF4CB6 @<7D4J<BAAOI S6?9A<= E9=E@<K9E>B7B CDBJ9EE4 HBD@<DGRFES 6 BDB79A9  4?B7B 
�46>4;4 CDBS6?9A<9 6 6<89 �I4?>4?4>E>B7B, 1899 7.  =6.3, < �@4A<=E>B7B, 1978 7. 
 =5.2, ;9@?9FDSE9A<=, 4 ;4F9@ ;469DL4RFES 6 BDB79A9 �B?PLB7B �46>4;4 CDBS6?9A<9 6 
6<89 �G84@4>4DE>B7B, 1947 7.  =5.2, <  �4D<E4IE>B7B, 1992 7.  =6.4, ;9@?9FDS9A<=.  

�EIB8S <; QFB7B, @B:AB E89?4FP 6O6B8, KFB BFABE<F9?PAB @4?O= CB D4;@9DG < EB-
BF69FEF69AAB 5B?99 D4;8DB5?9AAO= BDB79A  4?B7B �46>4;4 KG6EF6<F9?PAB D947<DG9F A4 
E?B:AO9 D97<BA4?PAO9 7?G5<AAO9 79B8<A4@<K9E><9 CDBJ9EEO, CDB<EIB8SM<9 6 QF<I 
BDB79A4I. 

#B?GK9AAO9 E9=E@B?B7<K9E><9 84AAO9 CB;6B?SRF CDB69EF< <I EBCBEF46<F9?PAO= 
4A4?<; E 6OS6?9AAO@ CB 79B89;<K9E><@< < @BDHBEFDG>FGDAO@< 84AAO@<, E?B:AO@< 
79B8<A4@<K9E><@< CDBJ9EE4@<, CDB<EIB8SM<@< 6 BDB79A9 �B?PLB7B <  4?B7B �46>4;4. 

�?S QFB= J9?< >D4F>BC9D<B8AO9 64D<4J<< 69DF<>4?PAOI F9>FBA<K9E><I 86<:9-
A<=, 6OD4:9AAO9 <AF9D64?4@< QCBI CB8ASF<= < BCGE>4A<=, 5O?< EBCBEF46?9AO E CDB-
EFD4AEF69AAB-6D9@9AAO@ IB8B@ E9=E@<KABEF< 6 6<89 7D4H<>4 CDBEFD4AEF69AAB-6D9@9A-
AB7B >4A4?4 (#��) C9D9@9M9A<S 79BAB6 (D<E. 25). !4 7D4H<>9 #�� K9F>B 6O89?SRFES 
>BDD9?SJ<< QF4CB6 #�� @<7D4J<BAAOI S6?9A<= E QCBI4@< CB8ASF<S < BCGE>4A<S ;9@AB= 
>BDO BDB79A4  4?B7B �46>4;4. #9D6O= QF4C @<7D4J<BAAB7B S6?9A<S E 1896-7B CB 1950-
O= 7B8 EB6C4849F E QCBIB= BCGE>4A<S E 1911/1929-7B CB 1940/1953-<= 7B8 6 B5?4EF< BDB-
79A4  4?B7B �46>4;4. �FBDB= QF4C @<7D4J<BAAB7B S6?9A<S E 1970-7B CB 2000-O= 7B8, 
A45?R849@O= CB 6E9= 8?<A9 E9=E@<K9E>B7B ?<A94@9AF4 E6S;4A E QCBIB= B8AB6D9@9AAB7B 
CB8ASF<S BDB79A4  4?B7B �46>4;4 < BCGE>4A<S BDB79A4 �B?PLB7B �46>4;4. �O89?9AAO= 
A4 7D4H<>9 #��, 6D9@9AAB= C9D<B8 C9D9D4ECD989?9A<S < C9D9EFDB=>< E9=E@B89HBD@4-
J<BAAB7B CDBJ9EE4 B5GE?B6?9A S6?9A<9@ C9D9IB84 BF QCBI< BCGE>4A<S > QCBI9 CB8ASF<S 
;9@AB= >BDO  4?B7B �46>4;4. 

�A4?<;O, CD<6989AAO9 6 D45BF4I [7, 9] < >B?<K9EF69AAO9 ;A4K9A<S EB6D9@9AAOI 
86<:9A<= ;9@AB= >BDO 6 <EE?98G9@OI B5?4EFSI CB>4;O64RF, KFB QCBI< BCGE>4A<S < CB8-
ASF<S CDB<EIB8SF E D4;AO@< E>BDBEFS@<. 1F< 84AAO9 5O?< EBCBEF46?9AO E 
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D4EEK<F4AAO@< ;A4K9A<S@< E>BDBEF9= 79BAB6 8?S QF<I QCBI. 'EF4AB6?9AB, KFB QF< 864 
CDBJ9EE4 CDB<EIB8SF E<AIDBAAB, B8A4>B 6 QCBI9 BCGE>4A<S, 789 VG1j2.2 >@/7B8, v1=-

7 @@/7B8, >4> E>BDBEF< EB6D9@9AAOI 86<:9A<=, F4> < E>BDBEF< 89HBD@4J<BAAOI K4EF<J, 
@9APL9 EBBF69FEF6GRM<I ;A4K9A<= QCBI< CB8ASF<S, 789 VG2j3.1 >@/7B8, v2=12 @@/7B8. 

"5B5M4S D9;G?PF4FO 6OL9CD<6989AAB7B EBCBEF46<F9?PAB7B 4A4?<;4, @O CD<IB-
8<@ > ;4>?RK9A<R, KFB 6B;A<>AB69A<9 E<?PAOI ;9@?9FDSE9A<= < <I CDBEFD4AEF69AAB-
6D9@9AAB9 D4;6<F<9 A4 E9=E@<K9E>B@ ?<A94@9AF9, A9E@BFDS A4 <I 8<E>D9FABEFP, 489>-
64FAB BFB5D4:49F 6OS6?9AAO9 CB 79B89;<K9E><@ < @BDHBEFDG>FGDAO@ 84AAO@ QCBI< 
BCGE>4A<S < CB8ASF<S EB6D9@9AAOI 86<:9A<= 6 BDB79A4I �B?PLB7B <  4?B7B �46>4;4. 
#B?GK9AAO9, CB E9=E@B?B7<K9E><@ 84AAO@, @<7D4J<BAAO9 CDBJ9EEO H?G>FG4J<BAAOI 
S6?9A<= < I4D4>F9DAO9 BEB59AABEF< CDBS6?9A<S EB6D9@9AAOI 86<:9A<= A4 ?<A94@9AF9 
1�� CB;6B?SRF <ECB?P;B64FP <I 8?S D9>BAEFDG>J<< EB6D9@9AAOI 86<:9A<= 6 C9D<B8O, 
>B784 BFEGFEF6GR 79B89;<K9E><9 < @BDHBEFDG>FGDAO9 84AAOI, 4 F4>:9 6 <EE?98B64A<SI, 
A4CD46?9AAOI A4 D9L9A<9 CDB5?9@O 8B?7BEDBKAB7B CDB7AB;4 ;9@?9FDSE9A<S A4 QFB@ 
64:AB@ D97<BA4?PAB@ E9=E@<K9E>B@ ?<A94@9AF9. 

 

%#�%"� ��&�$�&'$/ 

 

1. �4?SA %.#., �<?<9A59D7 �.�.,  <?4AB6E><= �.�. !B69=L4S < EB6D9@9AA4S F9>FB-
A<>4 E9=E@B4>F<6AOI BDB79AB6 �D@9A<< < D4=BA4 %C<F4>E>B7B ;9@?9FDSE9A<S // �9B@BD-
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GEODYNAMICS AND SEISMICITY ON THE ERZRUM-

BORJOMI-KAZBEK SEISMIC LINEAMENT (EBK) 

 
1Sahakyan Babken Vazgen, 2Mkrtchyan Mary Artush, 3Geodakyan Eduard Grigor, 

4Hovhannisyan Sevada Mkrtich, 5Karapetyan Jhon Kostik 

IGES, NAS RA, Gyumri, Armenia 
1sahakyan_babken@mail.ru, 2mary-mary-86@mail.ru, 3geodakyan.e@mail.ru, 

 4iges@mail.ru, 5jon_iges@mail.ru 

 

Abstract. The paper considers reflections of spatio-temporal developments of 

seismicity for the period (1896-2000) along the large seismic lineament Erzrum-

Borjomi-Kazbek (EBK) in the geodynamics of orogens of the Greater and Lesser 

Caucasus, as well as establishing its connection with the identified geodetic and 

morphostructural data recent movements of these orogens. It is shown that the 

periods of migration processes identified from seismological data and the time 

intervals of restructuring and redistribution of seismic-deformation processes be-

tween them adequately reflect the short-term epochs of subsidence and uplift of 

the Lesser and Greater Caucasus orogens identified from geodetic data. The re-

sults obtained make it possible to use seismological data for the reconstruction 

of modern movements, as well as in studies aimed at solving the problem of 

long-term earthquake prediction. 

Key words: seismic lineament, seismotectonic deformation, space-time chan-

nel, geon, migration, fluctuation. 
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�AABF4J<S. � D45BF9 D4EE@BFD9AO BF?B:9A<S ;46B?:E>B7B 7BD<;BAF4 
�9;O@SAAB7B @9EFBDB:89A<S $9ECG5?<>< &4F4DEF4A, CBEFDB9A4 ;46<E<-
@BEFP �C>9DA 3 σ>9DA, �C>9DA 3 �Āý>9DA, D4EEK<F4AO D97D9EE<BAAO9 GD46-
A9A<S 8?S ;46<E<@BEF9=. �ECB?P;B64AO >BQHH<J<9AFO <; D97D9EE<BAAB7B 

GD46A9A<S 8?S D4EKёF4 φC CB ���-# < �� >4DBF4:G, CDB6989A 4A4?<; CB?G-
K9AAOI 84AAOI < A4C<E4A 6O6B8. 
�?RK96O9 E?B64: ��%, >9DA, >4DBF4:, ��, D48<B4>F<6ABEFP, CBD<EFBEFP, 
C?BFABEFP. 
 

�6989A<9.  
� 84AAB= D45BF9 D4EE@4FD<649FES BF?B:9A<S ;46B?:E>B7B 7BD<;BAF4 B8AB7B <; @9-

EFBDB:89A<= R7B-6BEFB>4 $9ECG5?<>< &4F4DEF4A. *9?PR 84AAB= D45BFO S6?S9FES EBCB-
EF46?9A<9 84AAOI >4DBF4:4 < 84AAOI <EE?98B64A<= >9DA4 A4 CD<@9D9 �9;O@SAAB7B @9-
EFBDB:89A<S $9ECG5?<>< &4F4DEF4A. "5N9>FB@ <EE?98B64A<S S6?S9FES ;46B?:E><= 7BD<-
;BAF �9;O@SAAB7B @9EFBDB:89A<S $9ECG5?<>< &4F4DEF4A. � CDBJ9EE9 D45BFO CDB6B8<-
?<EP <EE?98B64A<S >9DAB6B7B @4F9D<4?4, B5D45BF>4 < <AF9DCD9F4J<S 79B?B7B-79BH<;<K9-
E><I @4F9D<4?B6, EBCBEF46?9A<9 CB?GK9AAOI 84AAOI. 

'6S;>4 84AAOI 74@@4-EC9>FDB@9FD<< >9DA4 E @4F9D<4?4@< ��%. 
% J9?PR GFBKA9A<S 7?G5<AO BFB5D4AAB7B >9DAB6B7B @4F9D<4?4 CDB6989A4 

74@@4-EC9>FDB@9FD<S BFB5D4AAB7B >9DA4. � D9;G?PF4F9 CB?GK9AO 84AAO9 CB EG@@4DAB@G 
74@@4-<;?GK9A<R. � 84?PA9=L9@ 6OCB?A9A4 G6S;>4 E 84AAO@< ��%. 1F4 CDBJ98GD4 CB;-
6B?S9F CDB69D<FP CD46<?PABEFP G>?48>< >9DA4 < BCD989?<FP @9EFB <EF<AAB7B CB?B:9A<S 
<AF9D64?4, 6 E?GK49 97B A969DAB7B D4;@9M9A<S 6 89D96SAAO9 SM<>< A4 5GDB6B=. [6] 

�EE?98B64A<S 9EF9EF69AAB= D48<B4>F<6ABEF< CB?ABD4;@9DAB7B >9DA4 CDB6B8<-
?<EP CD< CB@BM< CD<5BD4 EC9>FDB@9FD4-D48<B@9FD4 74@@4-<;?GK9A<S «�D4FBD» CDB<;-
6B8EF64 """ «1>B79BE#DB@» (&69DP, $BEE<S). 

�?S G6S;>< >9DA4 CB 7?G5<A9 E D9;G?PF4F4@< ��% <ECB?P;B64?<EP >D<6O9 EG@@4D-
AB= D48<B4>F<6ABEF<. #DBJ98GD4 CDB6B8<?4EP 6 CDB7D4@@AB@ C4>9F9 <#$�� =. !4 
C?4AL9FO 5O?< ;47DG:9AO >D<64S 74@@4->4DBF4:4, CDB6989AAB7B A4 E>64:<A9 CBE?9 5G-
D9A<S, < >D<64S EG@@4DAB= D48<B4>F<6ABEF< CB?ABD4;@9DAB7B >9DA4, CB?GK9AA4S 6 ?4-
5BD4FBD<<. 

#9FDBH<;<K9E>B9 B59EC9K9A<9 <AF9DCD9F4J<< 84AAOI ��%. 
�?S FBKAB= <AF9DCD9F4J<< >B@C?9>E4 ��% A9B5IB8<@O C9FDBH<;<K9E><9 ;46<E<-

@BEF< CB >9DAB6B@G @4F9D<4?G. [2] � 84AAB= D45BF9 D4EEK<F4AO 869 ;46<E<@BEF< 8?S 
84AAOI, CB?GK9AAOI A4 EF4A84DFAOI B5D4;J4I >9DA4 CD< 4F@BEH9DAOI GE?B6<SI. �46<-
E<@BEFP >BQHH<J<9AF BF>DOFB= CBD<EFBEF< (>9DA) 3 B5N9@A4S C?BFABEFP (>9DA), ;46<E<-
@BEFP >BQHH<J<9AF BF>DOFB= CBD<EFBEF< (>9DA) 3 <AF9D64?PAB9 6D9@S CDB8B?PAB= 
6B?AO A4 EF4A84DFAB@ B5D4;J9. [1] 

�46<E<@BEFP CBD<EFBEFP 3 CBD<EFBEFP. #B D9;G?PF4F4@ EBCBEF46?9A<S 69?<K<AO 
B5N9@AB= C?BFABEF< CBDB8O < >BQHH<J<9AF4 BF>DOFB= CBD<EFBEF< (D<E. 1) 5O?B GEF4-
AB6?9AB ;A4K9A<9 C?BFABEF< E>9?9F4 <;69EFAS>B6 �46B?:E>B7B 7BD<;BAF4 (·E>), D46AB9 
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2,7057 7/E@3. �46<E<@BEFP CD98EF46?9A4 A4 D<EGA>9 1. �CCDB>E<@<DGRM4S ;46<E<@BEFP 
<@99F B5M<= 6<8 (1), 789 ·C 3 B5N9@A4S C?BFABEFP CBDB8O, 7/E@3, 4 �C3 >BQHH<J<9AF 
BF>DOFB= CBD<EFBEF<, %. δ? = 2.7057 2 0.0285 × К? (1) 

 

�46<E<@BEFP CBD<EFBEFP 3 <AF9D64?PAB9 6D9@S. #B D9;G?PF4F4@ EBCBEF46?9A<S <A-
F9D64?PAB7B 6D9@9A< CDB8B?PAB= 6B?AO < >BQHH<J<9AF4 BF>DOFB= CBD<EFBEF< (D<E. 2) 

69?<K<A4 <AF9D64?PAB7B 6D9@9A< CDB5974 CDB8B?PAB= 6B?AO 6 E>9?9F9 <;69EFAS>B6 �9-
D9=E>B7B 7BD<;BAF4 (Δ&E>) D46A4 148,68 @>E/@. �46<E<@BEFP CD98EF46?9A4 A4 D<EGA>9 2. 

�CCDB>E<@<DGRM4S ;46<E<@BEFP <@99F 6<8 (2), 789 Δ&D 3 <AF9D64?PAB9 6D9@S 
CDB5974 CDB8B?PAB= 6B?AO, @>E/@. ΔTp = 148.68 + 6.1441 × К? (2) 

�AF9DCD9F4J<S 84AAOI 
#D< A4C<E4A<< 84AAB= D45BFO 5O?4 CDB6989A4 >4K9EF69AA4S < >B?<K9EF69AA4S 

<AF9DCD9F4J<S 84AAOI ��% A4 �9;O@SAAB@ @9EFBDB:89A<< 6 BF?B:9A<SI ;46B?:E>B7B 
7BD<;BAF4 CB 84AAO@ E>64:<AO №1. �?S <AF9DCD9F4J<< <ECB?P;B64?4EP <AF97D<DB64A-
A4S E<EF9@4 E5BD4, B5D45BF>< < ID4A9A<S 84AAOI ��% «#$�� ». 

�4K9EF69AA4S <AF9DCD9F4J<S CD98EF46?9A4 6 6<89 EI9@O EBCBEF46?9A<S 84AAOI 
<AF97D4?PAB= EBEF46?SRM9= 74@@4-EC9>FDB@9FD<< CB >9DAG < 74@@4->4DBF4:4. �B?<K9-
EF69AA4S <AF9DCD9F4J<S CD98EF46?S9F EB5B= BCD989?9A<9 >BQHH<J<9AFB6 CBD<EFBEF<. 
�BQHH<J<9AF CBD<EFBEF< D4EEK<F4A CB >B@C?9>EG ��%: ��, ���-#.  

�?S G59:89A<S 6 8BEFB69DABEF< D4EEK<F4AAOI C4D4@9FDB6 C?4EFB6->B??9>FBDB6 
CB ��% <ECB?P;GRF EBCBEF46?9A<9 «>9DA-��%» [4]. "5OKAB EBCBEF46?9A<9 �C>9DA-

�C��% EFDB<FES CB C?4EFBC9D9E9K9A<S@, I4D4>F9D<;G9@O@ E?98GRM<@< CD<;A4>4@<: 1) 
FB?M<A4 C?4EF4 A9 @9A99 1,5 @; 2) 6OABE >9DA4 <; <EE?98G9@OI C?4EFB6 A9 @9A99 80%; 3) 
C?BFABEFP 4A4?<;B6 A9 @9A99 3-5 A4 1 @ 6OA9E9AAB7B >9DA4. #D< QFB@ >9DAB6O9 84AAO9 
GED98ASRFES 6 CD989?4I B8ABDB8AB7B CB EF4A84DFAB@G >B@C?9>EG ��% C?4EF4 [5]. 

 

 

$<E. 1. %BCBEF46?9A<S 69?<K<AO 

B5N9@AB= C?BFABEF< CBDB8O < >BQHH<-
J<9AF4 BF>DOFB= CBD<EFBEF< 

$<E. 2. %BCBEF46?9A<S <AF9D64?PAB7B 
6D9@9A< CDB8B?PAB= 6B?AO < >BQHH<-
J<9AF4 BF>DOFB= CBD<EFBEF< 
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$8A. 3. %BCBEF46?9A<9 �?:5@=–�?���-# $<E. 4. %BCBEF46?9A<9 �C>9DA3�C�� 

 

� EB:4?9A<R, 6OL9GCB@SAGFO9 FD95B64A<S 6OCB?ASRFES 8?S A9;A4K<F9?PAB7B 
>B?<K9EF64 C?4EFBC9D9E9K9A<=. !96OCB?A9A<9 FD95B64A<=, 7?46AO@ B5D4;B@, E6S;4AB E 
@4?O@< FB?M<A4@< CDBA<J49@OI CDBC?4EF>B6, 4 F4>:9 E A98BEF4FBKAB= C?BFABEFPR 
4A4?<;B6, >BFBDB= ;4K4EFGR CD<IB8<?BEP CD9A95D974FP. 

$9;G?PF4FO ;46<E<@BEF9= �C>9DA-�C��%, 789 �C��% 3 D4EEK<F4A4 CB 86G@ @9FB-
84@ (��, ���-#), CD98EF46?9AO A4 D<EGA>4I 3 < 4. 789 6<8A4 8BEF4FBKAB IBDBL4S >BDD9-
?SJ<S CBD<EFBEF< CB >9DAG < CB ��%. 

 

 
$<E. 5. �9BH<;<K9E><= C?4AL9F E>64:<AO №1 
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!4 D<EGA>9 5 CD98EF46?9A C?4AL9F E >B@C?9>EB@ ��%, 4 F4>:9 D9;G?PF4FB@ <A-
F9DCD9F4J<<.  

�4>?RK9A<9. 
� IB89 A4C<E4A<S 84AAB= D45BFO 5O?4 CDB<;6989A4 >4K9EF69AA4S < >B?<K9EF69A-

A4S <AF9DCD9F4J<S @4F9D<4?B6 79BH<;<K9E><I <EE?98B64A<= E>64:<A < >9DAB6B7B @4F9-
D<4?4. �4K9EF69AA4S <AF9DCD9F4J<S ;4>?RK4?4EP 6 CB?GK9A<< D9;G?PF4F4 CB G6S;>9 84A-
AOI >9DA 3 ��%, KFB 6 84?PA9=L9@ CB;6B?<?B E 5B?PL9= G69D9AABEFPR <ECB?P;B64FP 
D9;G?PF4FO ?45BD4FBDAOI <EE?98B64A<= >9DAB6B7B @4F9D<4?4 8?S BJ9A>< QHH9>F<6AB-
EF< @9FB8B6 ��%. �B?<K9EF69AA4S <AF9DCD9F4J<S ;4>?RK4?4EP 6 D4EK9F9 >BQHH<J<9AFB6 
CBD<EFBEF< < 7?<A<EFBEF<. 

%FB<F BF@9F<FP A9B5IB8<@BEFP CB?ABJ9AAB7B BF5BD4 B5D4;JB6 <; >9DA4 8?S C9F-
DBH<;<K9E>B7B B59EC9K9A<S <AF9DCD9F4J<< 84AAOI ��%. !98BEF4FBKAB9 >B?<K9EF6B 
84AAOI ?45BD4FBDAOI <EE?98B64A<= @B:9F ;4FDG8A<FP CB?GK9A<9 C9FDBH<;<K9E><I ;4-
6<E<@BEF9=. � 8?S FBKAB7B CB;<J<BA<DB64A<S EF4A84DFAOI C9FDBH<;<K9E><I <EE?98B-
64A<= E?98G9F 6OCB?ASFP CDBJ98GDG <;@9D9A<S 9EF9EF69AAB= D48<B4>F<6ABEF< CB?AB-
D4;@9DAB7B >9DA4, E CBE?98GRM9= 97B G6S;>B=.  
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FINDING THE KERN-GIS DEPENDENCE FOR THE ZAVOLZHSKY 

HORIZON OF ONE OF THE DEPOSITS OF THE REPUBLIC OF 

TATARSTAN 
 

Emil Arturovich Sabitov 

FSAEI HE KFU IoGaPT, Kazan 

emilsabitovkzn@gmail.com 

 
Summary. In this research work considers the deposits of the Zavolzhsky hori-

zon of the Bezymyanny field of the Republic of Tatarstan. A dependency was 

found between φpcore - σcore, φpcore - �Āýcore. A regression equation was 

found for these dependencies. The coefficients from the regression equation 

were used to calculate φp according to GGK-P and AK logging, the analysis of 

the obtained data was carried out and a conclusion was drawn. 

Keywords: well logging, core, gr, radioactivity, porosity, density.  
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1saidgoh03@gmail.com, 2ovezovba@mgri.ru, 3sherbakovak@mgri.ru 

 

�AABF4J<S. NeoTron 3 A9=FDBAAO= >4DBF4: 8?S B5?GK9A<S, E>64:<AO < 
CBDB8 A9=FDBA4@< BF EF4J<BA4DAB7B 4@CG?PAB7B <EFBKA<>4 < <;@9D9A<< 
C?BFABEF< CBFB>B6 F9C?B6OI A9=FDBAB6, B5D4;GRM<IES 6 D9;G?PF4F9 S89D-
AOI D94>J<= D4EE9SA<S < ;4I64F4 A9=FDBAB6. "EAB6A4S CDB5?9@4F<>4 <E-
E?98B64A<S E>64:<AO 3 D4;ABB5D4;AO9 CB?B@><. &DG5O @B7GF CB869D-
74FPES E@SF<R, D4;DO64@, B5DO64@ <?< CB?B@>4@ 6E?98EF6<9 E>DGK<64A<S. 
�GDB6O9 8B?BF4 @B7GF D4;5<64FPES, ;4@>B6O9 EB98<A9A<S @B7GF BF6<AK<-
64FPES BF >B?BAAO FDG5 < E4@< FDG5O @B7GF K4EFB ;4EFD964FP 6 E>64:<A9. 
!9B5IB8<@B D4;B5D4FPES E 4A4?B7<KAO@< D4;D45BF>4@< < @9FB8<>4@< CB-
ED98EF6B@ ED46A<F9?PAB7B 4A4?<;4, <;GK<FP CD<AJ<C D45BFO, BCD989?<FP 
CD9<@GM9EF64, D4;D45BF4FP GEB69DL9AEF6B64AAGR F9IAB?B7<R. 
�?RK96O9 E?B64: >4DBF4:, A9=FDBA, 5GD9A<9, CD<I64F, 74@@4-<;?GK9A<9, 
4?PH4-K4EF<J4, <;6?9>49@O= <EFBKA<>. 
 

%97B8AS 6B 6E9@ @<D9 C9D98B6O9 A9HF974;B6O9 >B@C4A<< 4>F<6AB <ECB?P;GRF 
F9IAB?B7<< >4DBF4:4 6 CDBJ9EE9 5GD9A<S >4> 8?S D4;698>< AB6OI, F4> < 8?S BCF<@4?PAB= 
D4;D45BF>< G:9 Q>EC?G4F<DG9@OI @9EFBDB:89A<=. 

% EB69DL9AEF6B64A<9@ F9IAB?B7<< 6 CBE?98A<9 89ESF<?9F<S LWD 
(LoggingWhileDrilling 3 >4DBF4: 6 CDBJ9EE9 5GD9A<S) 6 A4EFBSM99 6D9@S L<DB>B <ECB?P-
;G9FES 8?S 5GD9A<S (6>?RK4S 79BA46<74J<R) < BJ9A>< C?4EF4 (BEB59AAB 8?S E>64:<A 6 
D94?PAB@ 6D9@9A< < E 5B?PL<@ G7?B@ A4>?BA4) (D<E. 1) [8]. 

 

 

$<E.1.  B8G?P A9=FDBA-A9=FDBAAB7B >4DBF4:4 
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LWD E<EF9@O E?G:4F 8?S B59EC9K9A<S CDB6B8>< E>64:<AO CB CDB9>FAB= FD49>-
FBD<<, BEGM9EF6?SS >BAFDB?P <E>D<6?9A<S, ?<FB?B7<<, A4EOM9A<S < BC9D4F<6AB7B 
GCD46?9A<S 5GD9A<9@. LWD E<EF9@O, >DB@9 <;@9D9A<S <A>?<AB@9FD<K9E><I < F9IAB?B-
7<K9E><I C4D4@9FDB6, 8BCB?A9AO 4CC4D4FGDB= 8?S <;@9D9A<S E6B=EF6 D4;5GD<649@OI CB-
DB8. �AHBD@4J<S B FD49>FBD<< EF6B?4 < E6B=EF64I D4;5GD<649@OI 7BDAOI CBDB8, CB?G-
K49@4S 6 D9:<@9 D94?PAB7B 6D9@9A<, CB;6B?S9F 5B?99 FBKAB A4CD46?SFP EF6B? E>64:<AO 
BFABE<F9?PAB <AF9D9EGRM<I >B??9>FBDB6 < ;BA D4;?<KAB= A4EOM9AABEF<. 

 B8<H<>4J<< D48<B4>F<6AB7B >4DBF4:4 CD<@9ASRFES E <@CG?PEAO@< <EFBKA<-
>4@< A9=FDBAB6 (<@CG?PEAO= A9=FDBA-A9=FDBAAO= >4DBF4:, <@CG?PEAO= A9=FDBAAO= 
74@@4->4DBF4:) < 74@@4-<;?GK9A<S (<@CG?PEAO= 74@@4-74@@4->4DBF4:). 

�B;A<>AB69A<9 >4>B7B-?<5B 6<84 BE?B:A9A<= <?< 464D<= ;46<E<F BF @AB7<I CD<-
K<A, 7?46AO@ B5D4;B@, BF EBBF69FEF6<S F9IAB?B7<< 5GD9A<S 79B?B7<K9E><@ GE?B6<S@, 4 
F4>:9 BF <ECD46ABEF< 5GDB6B7B B5BDG8B64A<S. #D<I64F 5GD<?PAB= >B?BAAO 3 QFB 
A9CD986<89AA4S CBF9DS CB86<:ABEF< >B?BAAO FDG5 6E?98EF6<9: CD<?<C4A<S CB8 89=-
EF6<9@ C9D9C484 846?9A<S; ;4>?<A<64A<S 6 :9?B54I, 6 @9EF4I EG:9A<=; 6 D9;G?PF4F9 B5-
64?4, BEOC4A<S 7BDAOI CBDB8 EB EF9AB> E>64:<AO <?< BE984A<S L?4@4 ;4 EK9F A4DGL9-
A<S D9:<@4 CDB@O6><, 4 F4>:9 <;-;4 B5D4;B64A<S E4?PA<>4 A4 5GD<?PAB= >B?BAA9 (D<E. 
2).  

 

$<E. 2. �;B5D4:9A<9 CD<I64F4 5GD<?PAB7B <AEFDG@9AF4 
 

�R5B= CD<I64F EBCDB6B:849FES ;4FS:>4@< 5GD<?PAB= >B?BAAO. �4FS:>4 5GD<?P-
AB= >B?BAAO 3 QFB >D4F>B6D9@9AA4S CBF9DS CB86<:ABEF< 5GD<?PAB= >B?BAAO, >BFBD4S 
EBCDB6B:849FES C9D<B8<KAO@ G69?<K9A<9@ 69E4 A4 >DR>9. � E?98EF6<9 K97B CDB<EIB8<F 
;4EFD964A<9 FDG5 CD< CDB6989A<< 79BH<;<K9E><I <EE?98B64A<= E>64:<A, KFB A9E9F ;4 EB-
5B= CD<I64FO < BEF46?9A<9 6 E>64:<A9 >4DBF4:AB7B >459?S, CD<5BDB6, 7DG;B6, L45?BAB6, 
FBDC98 < 8DG7<I GEFDB=EF6. 1FBF F<C 3 E4@O= D4ECDBEFD4A9AAO= 6<8 464D<< 6B 6D9@S 
��% [7].  

�GDB6O9 >B@C4A<< A4 CBEFBSAAB= BEAB69 A9EGF B7DB@AO9 G5OF>< CB CD<K<A9 CD<-
I64F4 5GD<?PAB7B <AEFDG@9AF4: 

" &D4F4 6D9@9A< A4 97B ?<>6<84J<R; 
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" #BF9DS K4EF< 5GD<?PAB= >B?BAAO; 
" !9B5IB8<@BEFP 5GD9A<S 5B>B6B7B 6 B5IB8, BEF46?9AAB7B 6 E>64:<A9; 
" #BF9DS E>64:<AO [4]. 
!9=FDBA-A9=FDBAAO= >4DBF4: BEAB64A A4 B5?GK9A<< E>64:<AO < CBDB8 A9=FDB-

A4@< BF EF4J<BA4DAB7B 4@CG?PAB7B <EFBKA<>4 < <;@9D9A<< C?BFABEF< CBFB>B6 F9C?B6OI 
A9=FDBAB6, B5D4;GRM<IES 6 D9;G?PF4F9 S89DAOI D94>J<= D4EE9SA<S < ;4I64F4 A9=FDBAB6 
[3]. 

NeoTron D4;D454FO649FES EC9J<4?PAB 8?S EB6@9EFAB= D45BFO E 4CC4D4FGDB= <@-
CG?PEAB7B A9=FDBAAB7B >4DBF4:4, 6 97B >BAEFDG>J<< CD98GE@BFD9AB <;6?9K9A<9 <EFBK-
A<>4 74@@4-<;?GK9A<S 6 E?GK49 464D<=AB= E<FG4J<<. 

�EFBKA<> 6 84AAB= >BAEFDG>J<< <EE?98G9F < C9D9849F <AHBD@4J<R B5 GDB6A9 CB-
D<EFBEF< C?4EF4, CBE?9 CDBJ9EE4 5GD9A<S 7<8D46?<K9E><@< ;45B=AO@< 86<74F9?S@< < 
C9D984K< <AHBD@4J<< @4F9D<AE>B= F9?9E<EF9@9, E CD<@9A9A<9@ >BAFDB?<DG9@B7B D4-
8<B4>F<6AB7B <;?GK9A<S.  

!4?<K<9 D48<B4>F<6AOI I<@<K9E><I <EFBKA<>B6 E?GK49 464D<< EB;849F BC4EA9=-
LGR E<FG4J<R 3 D48<B4>F<6AB9 ;4IBDBA9A<9 [5, 9]. 

� A9=FDBAAB@ >4DBF4:9 9EFP FD< CDBJ9EE4, CD98EF46?SRM<9 <AF9D9E: Q@<EE<S 
A9=FDBAB6, D4EE9SA<9 A9=FDBAB6 < CB7?BM9A<9 A9=FDBAB6 (D<E. 3). 1HH9>F<6ABEFP CB-
7?BM9A<S A9=FDBAB6 64DP<DG9FES BF Q?9@9AF4 > Q?9@9AFG. �8<AEF69AAO@< Q?9@9AF4@<, 
>BFBDO9 CDBS6?SRF ;A4K<F9?PAB9 CB7?BM9A<9 A9=FDBAB6 < EGM9EF6GRF 6 D4;G@AOI >B-
?<K9EF64I 6 7BDAOI CBDB84I, S6?SRFES 6B8BDB8 < I?BD. � A9=FDBAAB@ >4DBF4:9 89F9>-
FBDO <;@9DSRF QC<F9D@4?PAO9 A9=FDBAO, A9>BFBDO9 F9C?B6O9 A9=FDBAO < A9>BFBDO9 
74@@4-?GK<, <ECGE>49@O9 CD< CB7?BM9A<< A9=FDBA4. 

+9@ @9APL9 F9C?B6OI A9=FDBAB6 6B;6D4M49FES 6 89F9>FBD, F9@ 5B?PL99 >B?<K9-
EF6B 6B8BDB84 A4IB8<FES 6 7BDAB= CBDB89. +9@ 6OL9 6B8BDB8AO= <A89>E, F9@ 6OL9 CB-
D<EFBEFP. 

*9?P D4;D45BF>< NeoTron 4 QFB CBEFBSAAO= >BAFDB?P A48 CDBJ9EEB@ <;?GK9A<S 
A9=FDBAB6. �O?9F96L4S <; 4@9D<J<S 4?PH4-K4EF<J4 CBC4849F 6 59D<??<=, < BA CD96D4-
M49FES 6 D48<B4>F<6AO= G7?9DB8, >BFBDO= <;546?S9FES BF ?<LA97B A9=FDBA4 [1, 2]. 

$94>J<S E<AF9;4 G7?9DB84 < A9=FDBAB6: Am241=>Np237 +He4; He4+Be9=> C12+n. 

 

 

$<E. 3. )<@<K9E>4S D94>J<S 6B 6D9@S <EE?98B64A<S C?4EF4 
 

&4><@ B5D4;B@ A4 >4:8O= @<??<BA 4?PH4-K4EF<J, 6O?9F96L<I <; 4@9D<J<S, CB-
?GK49FES 6E97B 30 A9=FDBAB6. %6B5B8AO9 A9=FDBAO A9 6B;A<>4RF 9EF9EF69AAO@ CGF9@. 
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"A< B5D4;GRFES CD< 5B@54D8<DB6>9 4FB@B6 59D<??<S 4?PH4-K4EF<J4@< <; D4EC484RM9-
7BES 4@9D<J<S.  

NeoTron 5G89F CDB<;6B8<FP 6 10 D4; 5B?PL9 A9=FDBAB6 CD< 6FDB9 5B?PL9= QA9D-
7<< I<@<K9E>B7B <EFBKA<>4. 

"EAB6AO9 F9IA<K9E><9 I4D4>F9D<EF<><: 
" �9D@9F<KAO= >BDCGE 6OEB>B7B 846?9A<S EB89D:<F 55 ��� FD<F<S; 
" #B8 846?9A<9@ 74;4 SF6 (HFBD<8 E9DO (VI)) 8?S CD98BF6D4M9A<S B5D4;B64-

A<S 6OEB>B6B?PFAB= 8G7<; 
" �9A9D<DG9F ~ 108 A9=FDBAB6 CD< ~ 14  Q� [7] (D<E. 4). 

 
$<E. 4. %I9@4F<KAB9 <;B5D4:9A<9 >B@C?9>E4 NeoTron 

 

�4AAB9 GEFDB=EF6B CB;6B?S9F @<A<@<;<DB64FP A974F<6AB9 6B;89=EF6<9 A4 Q>B?B-
7<K9E>GR B5EF4AB6>G. "EAB6AO9 CD9<@GM9EF64 NeoTron 3 D48<4J<BAA4S 59;BC4EABEFP, 
6OEB>B9 >4K9EF6B @4F9D<4?4, BFEGFEF6<9 I<@<K9E>B7B <EFBKA<>4 A9=FDBAB6, A4?<K<9 <@-
CG?PEAB7B D9:<@4 D45BFO A9=FDBAAB7B 79A9D4FBD4, <;6?9>49@O= <EFBKA<> 74@@4->64A-
FB6.  

!4 DBEE<=E>B@ DOA>9 A9 CD98EF46?9AB A< B8AB7B 6<84 CD<5BD4, <@9RM97B HGA>-
J<R BF>?RK9A<S C<F4A<S, 698P CD< CBF9D9 D48<B4>F<6AB7B Q?9@9AF4 >BAEFDG>J<< D48<B-
4>F<6AB9 ;47DS;A9A<9 5G89F >4F4EFDBH<K9E><@ < BFD46?SFP B>DG:4RMGR ED98G A4 CDB-
FS:9A<< 500-600 ?9F. �4AA4S D4;D45BF>4 CD<5BD4 <;546<F >B@C4A<< CB 5GD9A<R BF LFD4-
HB6 < 48@<A<EFD4F<6AB= BF69FEF69AABEF<. � FB@G :9, E H<A4AEB6B= FBK>< ;D9A<S, @9I4-
A<;@ A9 S6?S9FES E?B:AO@, AB ;A4K<F9?PAB B5?97K<F Q>EC?G4F4J<R. 

!OA9LASS D4;D45BF>4 CB;6B?<F <;59:4FP BC4EAOI E<FG4J<= CD< <ECB?P;B64A<< 
<EFBKA<>4 S89DAB= D94>J<< < CD< 97B GFD4F9 6 E>64:<A9 [6]. 

 

%#�%"� ��&�$�&'$/ 
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A4GKAB= >BAH9D9AJ<< @B?B8OI GK9AOI. � 7-@< FB@4I,  BE>64, 23 B>FS5DS 2020 7B84 / 
$98>B??97<S: �.�. �BEPSAB6, �.2. �9D<@B6, �.�. �G?<>B6. &B@ 4. 3  BE>64: $BEE<=E><= 
7BEG84DEF69AAO= 79B?B7BD4;698BKAO= GA<69DE<F9F <@. %. "D8:BA<><8;9, 2020. 3 %. 157-
160. 3 EDN: JNWHBK. 
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NEOTRON - NEUTRON LOGGING GEOPHYSICAL 

INSTRUMENT FOR EXCITATION AND STOP OF THE 

SYNTHESIS REACTION 
1Saidov Saidjon Sukhrobovich, 2Ovezov Batyr Annamuhamedovich, 

3Shcherbakova Kseniia Olegovna 

MGRI, Moscow 
1saidgoh03@gmail.com, 

2ovezovba@mgri.ru, 

3sherbakovak@mgri.ru 

 

Annotation. NeoTron - neutron logging for irradiating boreholes and rocks with 

neutrons from a stationary ampoule source and measuring the density of thermal 

neutron fluxes resulting from nuclear reactions of neutron scattering and capture. 

The main problem of well exploration is a variety of breakdowns. Pipes can be 

crushed, torn, broken or broken due to twisting. Drill bits can break, tool joints 

can unscrew from the pipe string, and the pipes themselves can often become 

stuck in the well. It is necessary to deal with similar developments and tech-

niques through comparative analysis, study the principle of operation, determine 

the advantages, develop an improved technology. 

Key words: logging, neutron, drilling, sticking, gamma radiation, alpha particle, 

recoverable source. 
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�AABF4J<S. �96BAE><= C9D<B8 5O? < BEF49FES CDB5?9@AO@ C9D<B8B@ 8?S 
C4?9B@47A9F<;@4. � A4EFBSM99 6D9@S <@99FES A98BEF4FBKAB9 >B?<K9EF6B 
C4?9B@47A<FAOI 84AAOI >4> 8?S @47@4F<K9E><I, F4> < 8?S BE48BKAOI CB-
DB8. "8A4>B, 84AAO9 CB @47@4F<K9E><@ CBDB84@ E6<89F9?PEF6GRF B 6B;-
@B:AB@ 4AB@4?PAB@ CB6989A<< @47A<FAB7B CB?S 6 896BAE>B9 6D9@S. 
!4L9= J9?PR S6?S9FES CB?GK9A<9 AB6OI C4?9B@47A<FAOI 84AAOI A4 BE-
AB69 <;GK9A<S 896BAE><I BE48BKAOI CBDB8 A4 �BEFBKAB-�6DBC9=E>B= 
C?4FHBD@9 < 99 B5D4@?9A<S@. � 84AAB= D45BF9 @O CD<6B8<@ D9;G?PF4FO 
@47A<FBEFD4F<7D4H<K9E><I <EE?98B64A<= D4;D9;4 ?BI>B6E>B7B SDGE4 A<:-
A97B 896BA4 B. ,C<J59D79A.  
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EF< 8?S 896BAE>B7B 6D9@9A<, CBE>B?P>G 6 <I BEAB69 ?9:<F 7<CBF9;4 J9AFD4?PAB7B BE96B7B 
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$<E. 1.  47A<FBEFD4F<7D4H<K9E>4S EI9@4 E6<FO (D9A>9?PDR779A, CBEFDB9AA4S A4 
BEAB69 84AAOI <; [11] < 84AAB= D45BFO E B5M<@< @47A<FBEFD4F<7D4H<K9E><@< 
L>4?4@< [16, 17] 

$9;G?PF4FO C4?9B@47A<FAOI <EE?98B64A<= E6<89F9?PEF6GRF B 6B;@B:ABEF< 6O-
89?9A<S 8D96A<I >B@CBA9AF 9EF9EF69AAB= BEF4FBKAB= A4@47A<K9AABEF< 6 D4AA9896BA-
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PALEOMAGNETIC STUDIES LOCHKOVSKY STAGE ROCKS FROM 

WEST SPITSBERGEN ISLAND IN THE LIGHT OF THE DEVONIAN 

GEOMAGNETIC FIELD PROBLEM 
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Summary. The Devonian period was and remains a problematic period for pale-

omagnetism. At present, not enough paleomagnetic data is available for both 

magmatic and sedimentary rocks. However, the data on igneous rocks indicate a 

possible anomalous behavior of the magnetic field in the Devonian time. Our 

goal is to obtain new paleomagnetic data based on the study of Devonian sedi-

mentary rocks on the East European Platform and surroundings. In the present 

work, we present the results of magnetostratigraphic studies of the Lower Devo-

nian section (Lokhkovskii stage) from Spitsbergen. 

Key words: paleomagnetism, Devonian, Lochkovian Stage, Spitsbergen (Sval-

bard). 
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�AABF4J<S. #D98EF46?9AO D9;G?PF4FO @B89?<DB64A<S 74@@4-74@@4 J9-
@9AFB@9FD<< @9FB8B@  BAF9-�4D?B E <ECB?P;B64A<9@ D4;D45BF4AAB= CDB-
7D4@@O GGCM A4 BEAB69 CDB7D4@@AB7B >B@C?9>E4 Geant4. #DB4A4?<;<DB-
64AB 6?<SA<9 <;@9A9A<S FB?M<AO >B?BAAO A4 74@@4-EK9F 89F9>FBDB6 CD< 
;4CB?A9A<< D4;AO@< ED984@< 6AGFD< < ;4 >B?BAAB=. 
�?RK96O9 E?B64: 74@@4-74@@4 J9@9AFB@9FD<S, CDS@B9 @B89?<DB64A<9, 
@9FB8  BAF9-�4D?B, Geant4. 

 

� A4EFBSM99 6D9@S DB?P >BAFDB?S F9IA<K9E>B7B EBEFBSA<S E>64:<AO EF4AB6<FES 
64:A99 CD< D4;D45BF>9 A9HF974;B6OI E>64:<A. �B;@B:ABEF< 74@@4-74@@4 J9@9AFB@9F-
D<<, >4> B8ABB= <; BEAB6AOI F9IAB?B7<= >BAFDB?S EBEFBSA<S B5E48AB= >B?BAAO < J9-
@9AFAB7B >B?PJ4, 9Mё A9 CB?ABEFPR D4E>DOFO. $4AA<9 <EE?98B64A<S D48<B4>F<6AB7B >4-
DBF4:4 6 ;A4K<F9?PAB= EF9C9A< CB?474?<EP A4 A4FGDAO9 E>64:<AO < Q@C<D<K9E><9 84A-
AO9. % D4;6<F<9@ >B@CPRF9DAB7B B5BDG8B64A<S < CDB7D4@@AB7B B59EC9K9A<S @9FB8 
 BAF9-�4D?B 6E9 K4M9 <ECB?P;G9FES CD< <EE?98B64A<SI S89DAOI >4DBF4:9=. "EAB6AO9 
CDB7D4@@O 4A4?<;4, <ECB?P;G9@O9 8?S @B89?<DB64A<S  BAF9-�4D?B, 6>?RK4RF MCNP 
< Geant. 
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74@@4 J9@9AFB@9FD<< 6 B5E4:9AAB= E>64:<A9, 46FBDB@ EB6@9EFAB E %.�. �9?B6B@ D4;D4-
5BF4A4 CDB7D4@@4 @B89?<DB64A<S 74@@4-74@@4 J9@9AFB@9FD<< GGCM A4 BEAB69 CDB-
7D4@@AB7B >B@C?9>E4 @9FB84  BAF9-�4D?B «Geant4». #D<@9A<@BEFP < ECBEB5ABEFP QFB= 
CDB7D4@@O 5O?< D4EE@BFD9AO 6 D45BF9 [1].  
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B>DG:4RM<= <I E6<AJB6O= Q>D4A < 6OF9EA<F9?P A4 6A9LA9= EFBDBA9 CD<5BD4 CD< GE?B-
6<< 8<4@9FD4 >B?BAAO 168 @@. $4EEFBSA<9 5?<:A97B < 84?PA<I 89F9>FBDB6 8B <EFBKA<>4 
EBEF46?SRF 18,5 < 41,0 E@ EBBF69FEF69AAB. �9B@9FD<K9E>4S @B89?P CD98EF46?9A4 A4 
D<E. 1. #D< @B89?<DB64A<< 8<4@9FD CD<5BD4 EBEF46?S? 100 @@, 8<4@9FD E>64:<AO 3 216 

@@, CD<5BD D4ECB?474?ES 6 J9AFD9 E>64:<AO. "EF4?PAO9 A4EFD4<649@O9 C4D4@9FDO 
CD98EF46?9AO 6 F45. 1. 
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D<8 >4?<S), 0.42% (6B8BA4EOM9AAO= C9EK4A<> E CBD<EFBEFPR 15%) < 0.66% (@D4@BD). 
"L<5>4 ?<A9=AB= D97D9EE<< BK9AP @4?4. #BQFB@G @B:AB E89?4FP 6O6B8, KFB A4FGD4?P-
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SIMULATION OF THE INFLUENCE OF CASING THICKNESS ON 

THE SENSOR READING DURING GAMMA-GAMMA CEMENT 

LOGGING 
Xie Mingjun 

PSU, Perm 

yiranxmj@mail.ru 

 

Summary. The simulation results of gamma-gamma cement logging by the 

Monte Carlo method using the developed GGCM program based on the Geant4 

software package are presented and the influence of changing the column thick-

ness on the gamma count of detectors when filled with various media inside and 

behind the column is analyzed. 

Key words: gamma-gamma cement logging, direct modeling, Monte Carlo 

method, Geant4. 
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A<< """ «��"�����%». !9E@BFDS A4 FB, KFB 84AAO= @47A<FB@9FD G>B@C?9>FB64A 
GPS-@B8G?9@, 6 IB89 EN9@>< @O CB?P;B64?<EP EFBDBAA<@ GPS-A46<74FBDB@, F.>. E<EF9@4 
GPS 6 @47A<FB@9FD9 A9 B5?484?4 :9?49@B= FBKABEFPR. 

�4@@4-EC9>FDB@9FD<S. %N9@>4 CDB6B8<?4EP E CB@BMPR 74@@4-EC9>FDB@9FD4 
Gamma Surveyor Vario CDB<;6B8EF64 >B@C4A<< GF Instruments (+9I<S). �D9@S <;@9D9A<S 
EBEF46?S?B 30 E9> < 5O?B 6O5D4AB Q@C<D<K9E><@ CGF9@ 3 CDBIB:89A<9 B8AB7B < FB7B :9 
BCOFAB-@9FB8<K9E>B7B CDBH<?S E D4;AO@< 6D9@9AAO@< <AF9D64?4@<, ;4F9@ CDB6B8<-
?BEP ED46A9A<9 CB?GK9AAOI D9;G?PF4FB6 < 6O5BD BFABE<F9?PAB FBKAB7B < 5OEFDB7B @9-
FB84 <;@9D9A<S. 

1?9>FDBFB@B7D4H<S. 1?9>FDBFB@B7D4H<S CDB6B8<?4EP 3-I Q?9>FDB8AB= GEF4AB6-
>B=. %N9@>4 6OCB?AS?4EP CD< CB@BM< <;@9D<F9?S SGD-EEM Medusa-B2 CDB<;6B8EF64 
>B@C4A<< «%<579BH<;CD<5BD». �ECB?P;G9@O= >B@@GF4FBD 5O? DGKAB= E5BD>< < CB889D-
:<64? 8B 20 CB8>?RK49@OI Q?9>FDB8B6; Q?9>FDBD4;698BKAO9 >BEO F4>:9 5O?< EB5EF69A-
AB7B CDB<;6B8EF64 < CB;6B?S?< CB8>?RK4FP 8B 20 Q?9>FDB8B6. � CD989?4I GK4EF>4 D45BF 
45EB?RFA4S 7?G5<A4 <EE?98B64A<S EBEF46?S?4 100 @. "EAB6AB= ;484K9= Q?9>FDBFB@B7D4-
H<< S6?S?4EP ;469D>4 4AB@4?PAOI B5N9>FB6, CB?GK9AAOI CB 84AAO@ @47A<FB@9FD<< < 
74@@4-EC9>FDB@9FD<<. 

"5D45BF>4 BFEASFOI @4F9D<4?B6 CB @47A<FBD4;698>9 < 74@@4-EC9>FDB@9FD<< CDB-
<;6B8<?4EP 6 E?98GRM<I CDB7D4@@4I: MS Excel, Golden Software Surfer < «�"%��� 3D» 
� CDB7D4@@9 MS Excel 69?4EP 6ES 54;4 84AAOI, 6OCB?AS?BEP 6A9E9A<9 CBCD46B>. � CDB-
7D4@@9 Golden Software Surfer HBD@<DB64?<EP >4DFO CB?AB7B @B8G?S @47A<FAB7B CB?S < 
>4DFO D4ECD989?9A<S D48<B4>F<6AOI Q?9@9AFB6 CB 84AAO@ 74@@4-EC9>FDB@9FD<<. $4E-
K9FO EF4F<EF<K9E><I I4D4>F9D<EF<> 6 E>B?P;SM9@ B>A9 5O?< 6OCB?A9AO E <ECB?P;B64-
A<9@ >B@C?9>E4 EC9>FD4?PAB3>BDD9?SJ<BAAB7B 4A4?<;4 84AAOI «�"%��� 3D» [3-7]. 

�B@CPRF9DA4S F9IAB?B7<S EF4F<EF<K9E>B7B < EC9>FD4?PAB->BDD9?SJ<BAAB7B 4A4-
?<;4 84AAOI «�"%��� 3D» CD98A4;A4K9A4 8?S 4A4?<;4 J<HDB6B= 79B<AHBD@4J<< @9FB-
84@< 69DBSFABEFAB-EF4F<EF<K9E>B7B CB8IB84 [4]. %F4F<EF<K9E><9 4FD<5GFO, D4EEK<F4A-
AO9 6 E>B?P;SM9@ B>A9, L<DB>B <ECB?P;GRFES 8?S 79BH<;<K9E><I CB?9= < K4EFB A9EGF 
8BCB?A<F9?PAGR CB?9;AGR <AHBD@4J<R, CB;6B?SRMGR D9L<FP 79B?B7<K9E><9 ;484K<. 
�4> <;69EFAB, A4<5B?99 <AF9D9EAO B5?4EF< Q>EFD9@4?PAOI ;A4K9A<= F4><I I4D4>F9D<-
EF<>, >4> 8<EC9DE<S, 4E<@@9FD<S < Q>EJ9EE, >BFBDO9 >BAFDB?<DGRF B5?4EF< A4DGL9A<S 
EF4F<EF<K9E>B= EF4J<BA4DABEF< 79BH<;<K9E><I CB?9=, CD<GDBK9AAO9 > 79B?B7<K9E><@ 
7D4A<J4@ <?< F9>FBA<K9E><@ ;BA4@ [3].  

#B ;A4K9A<S@ Δ&4 5O?4 CB?GK9A4 >4DF4 ED98A<I ;A4K9A<=, 8?S >BFBDB= ;4F9@ 
5O?< D4EEK<F4AO F4><9 EF4F<EF<K9E><9 4FD<5GFO, >4> 8<EC9DE<S, 4E<@@9FD<S < Q>EJ9EE. 
#4D4@9FDO E>B?P;SM97B B>A4, GEF4AB6?9AAO9 6 IB89 6OK<E?<F9?PAOI Q>EC9D<@9AFB6, 
EBEF46<?< 5 A4 5 FBK9>.  

� D9;G?PF4F9 4A4?<;4 >4DF EF4F<EF<K9E><I 4FD<5GFB6 EBEF46?9A4 CD9864D<F9?PA4S 
F9>FBA<K9E>4S EI9@4 GK4EF>4 <EE?98B64A<=. #D98CB?B:<F9?PAO9 F9>FBA<K9E><9 A4DG-
L9A<S BF@9K4RFES A4 >4DF4I 4E<@@9FD<< < Q>EJ9EE4 CB?B:<F9?PAO@< 4AB@4?<S@<. #B-
?GK9AAO9 D9;G?PF4FO EB7?4EGRFES E 4CD<BDAO@< 79B?B7<K9E><@< 84AAO@<: F4> D4;?B@-
AO9 ;BAO, 6O89?9AAO9 6 IBDBLB <;GK9AAB= ;4C48AB= K4EF< GK4EF>4, EB6C484RF E DG-
8B6@9M4RM<@< EFDG>FGD4@<, ;469D9AAO@< 7BDAO@< D45BF4@<.  

�AF9DCD9F4J<S 79BH<;<K9E><I 84AAOI 5G89F CDB8B?:9A4. � 84?PA9=L9@ C?4A<-
DG9FES GE<?<FP CB?9;AO= E<7A4?, CB846<6 CDBH<?PAO9 4AB@4?<< < D4EEK<F4FP 
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EF4F<EF<K9E><9 I4D4>F9D<EF<>< 6 E>B?P;SM9@ B>A9 8?S ?B>4?PAB= EBEF46?SRM9= @47A<F-
AB7B CB?S. #?4A<DG9FES F4>:9 <ECB?P;B64FP 8DG7<9 6B;@B:ABEF< CDB7D4@@AB7B >B@-
C?9>E4 «�"%��� 3D»: D4EK9F < 4A4?<; 7D48<9AFAOI I4D4>F9D<EF<>, 6OCB?A9A<9 >B@CB-
A9AFAB7B 4A4?<;4 E CD<6?9K9A<9@ 84AAOI 74@@4-EC9>FDB@9FD<<. 
 

%#�%"� ��&�$�&'$/ 
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INTEGRATION OF GEOPHYSICAL METHODS IN THE SEARCH FOR 

NATIVE SILVER AT THE KHACHAKCHAN SITE WITHIN THE 

ALLARA-SAKHA ORE NODE (EASTERN YAKUTIA) 

 
Sotnikov Anton Aleksandrovich 

Voronezh State Univesity, Voronezh 

Anton.sotnikov.01@mail.ru 

 
Summary. The results of a ground-based areal survey, including magnetic pro-
specting, electrotomography and gamma-ray spectrometry, at the Khachakchan 
site within the Allara-Sakha ore node (Eastern Yakutia) are considered. The in-
terpretation of the results of geophysical studies was carried out using the com-
plex of spectral correlation analysis of data «KOSKAD 3D». According to the 
primary data, anomalous magnetic field ΔTa, maps of statistical characteristics 
were obtained, the analysis of which made it possible to clarify the tectonic struc-
ture of the site, and in the future, to identify zones promising for the detection of 
ore occurrences of native silver. 
Keywords: native silver, complex of geophysical methods, «KOSKAD 3D» 
technology.  
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 2%#�', 3. %0=:B-#5B5@1C@3 

3'=825@A8B5B �1= �>@, 3. '0@7070B, �>@>;52AB2>  0@>::> 
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�AABF4J<S. � C9D<B8 E 04.10.2021 CB 24.12.2021 77. """ «%���� «�9B-
>B@C?9>E» EB6@9EFAB E 79B?B7<K9E>B= >B@C4A<9= """ «"���"» CDB6B-
8<?4 >B@C?9>EAO9 79BH<;<K9E><9 D45BFO A4 H?4A74I @9EFBDB:89A<S �G-
�;;9D ( 4DB>>B), 6>?RK4RM<9 6 E95S Q?9>FDBD4;698>G @9FB8B@ 6O;64AAB= 
CB?SD<;4J<< (�#), @47A<FBD4;698>G < 74@@4-EC9>FDB@9FD<R. *9?P D45BF 3 
CDBE?9:<64A<9 >BAF4>F4 @4EE<64 E9DC9AF<A<FB6, E >BFBDB= E6S;4AB >B-
54?PFB6B9 BDG89A9A<9, 4 F4>:9 6O89?9A<9 A4 C?BM48< D45BF D4A99 A9<;-
69EFAOI 4AB@4?BB5D4;GRM<I B5N9>FB6.  9FB8B@ Q?9>FDBD4;698>< �# 
5O?B 6OS6?9AB 869 <AF9D9EAO9, E FBK>< ;D9A<S DG8AB= @<A9D4?<;4J<<, 
4AB@4?<<. � >B@C?9>E9 E Q?9>FDBD4;698>B= < @47A<FD4;698>B= CD<@9AS-
?4EP 74@@4-EC9FDB@9FD<S.  
�?RK96O9 E?B64: 79BH<;<>4, Q?9>FDBD4;698>4, 74@@4-EC9>FDB@9FD<S, CB-
<E>B6O9 D45BFO, CB?<@9F4??<K9E><9 DG8O, >B54?PFB6O9 DG8O, �G-�;;9D, 
 4DB>>B. 
 

�6989A<9.  
#?BM48A4S 74@@4-EC9>FDB@9FD<K9E>4S EN9@>4 CDB6B8<?4EP CD< CB@BM< EB6D9-

@9AAB7B CBDF4F<6AB7B 74@@4-EC9>FDB@9FD4 RS-125 CB E9F< 100I20 @. 
"FABL9A<S U/Th, U/K, Th/K 6 B5M9@ S6?SRFES <A8<>4FBD4@< 7<8DBF9D@4?PAB- < 

@9FBEB@4F<K9E><I <;@9A9AAOI CBDB8 (84?99 CDBEFB <;@9A9AAO9 CBDB8O). � A9>BFBDOI 
E?GK4SI, >B784 CDB<EIB8<?< <AF9AE<6AO9 CDBJ9EEO <;@9A9A<S, 5O649F E?B:AB BCD989-
?<FP <EF<AAGR CD<DB8G 4AB@4?<= <A8<>4FBDAOI ;A4K9A<=. "8A4>B, A45?R849FES A9>B-
FBD4S ;4>BAB@9DABEFP. &4>, 5O?B BF@9K9AB, KFB @AB7<9 >B54?PFB6O9 @9EFBDB:89A<S E6S-
;4AO E CB6OL9AAO@< ;A4K9A<S@< CB>4;4F9?9= U/Th, U/K. !4CD<@9D, DG8A4S @<A9D4?<-
;4J<S A4 GK4EF>9 Bou-Azzer (>B54?PFB64S DG84) E6S;4A4 E 8<E>D9FAB= ;BAB= CB6OL9AAOI 
;A4K9A<= U/K. &4>:9 A45?R84RFES CB6OL9AAO9 ;A4K9A<S BFABL9A<S U/Th. � E6BR BK9-
D98P, 8?S GK4EF>4 El Bleida (@98AO9 DG8O), I4D4>F9DAO 5B?99 I4D4>F9DAO CDBS6?9A<S 
4AB@4?<= Th/K < G@9D9AAO9 ;A4K9A<S U/K, U/Th (CB 84AAO@ D4A99 CDB6989AAOI D45BF 
>B@C4A<9= Geotech Ltd @9FB8B@ 4QDB74@@4-EC9>FDB@9FD<<). 

#B BCOFG D45BF, <A8<>4FBDAO9 BFABL9A<S 6 A9<;@9A9AAOI CBDB84I 5G8GF A4IB-
8<FES 6 ED98A9@ 6 B8AB@ 8<4C4;BA9 ;A4K9A<=. " 7<8DBF9D@4?PAOI < @9F4EB@4F<K9E><I 
<;@9A9A<SI 6 CBDB84I 5G8GF E6<89F9?PEF6B64FP <;@9A9A<S BFABL9A<= Th/K, U/K, U/Th.  
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�D4F>B9 BC<E4A<S 79B?B7<< D4=BA4 D45BF. 
$4=BA D45BF A4IB8<FES 6 CD989?4I *9AFD4?PAB7B �AF<4F?4EE>B7B 8B@9A4 A4 E9-

69DAB= 7D4A<J9 �4C48AB4HD<>4AE>B7B >D4FBA4 < 6>?RK49F 6 E95S CB8ASF<9 �G-�;-
;9D-1?P-�D44D4. � D97<BA4?PAB@ @4ELF459 �AF<-�F?4E CD98EF46?S9F EB5B= BDB79AAGR 
HDBAF4?PAGR B5?4EFP, EHBD@<DB646LGRES 6 C9D<B8 79DJ<AE>B= BDB79A<<. 'CDBM9AA4S 
79B?B7<K9E>4S EI9@4 �G �;;9D4, CB>4;O64RM4S FD< BEAB6AOI F9DD9=A4 3 8G74, BH<B?<F 
< >BAF<A9AF4?PA4S B>D4<A4, < >BAFGD GK4EF>4 D45BF CD98EF46?9A4 A<:9 A4 D<EGA>9 1. 

 

 
$<E. 1. 'CDBM9AA4S 79B?B7<K9E>4S EI9@4 �G-�;;9D4 E B5B;A4K9A<9@ GK4EF>4 D45BF 

 

� 7BDAB@ D4=BA9 �G-�;;9D-1?P-�D44D4 A4IB8SFES B>B?B EBFA< CDBS6?9A<= < @9-
EFBDB:89A<= Co < Cu, 6>?RK4S >B54?PFB6O9 < @98AO9 DG8A<>< �G-�;;9D < �?9=84. 

1?9>FDBD4;698>B= @9FB8B@ �# 5O?B 6O89?9AB A9E>B?P>B <AF9D9EAOI 4AB@4?<= 
>4:GM9=ES CB?SD<;G9@BEF< (84?99 CDBEFB CB?SD<;G9@BEF<) (D<E.1). #9D64S 6O89?9A4 
Q?9>FDBFB@B7D4H<9= @9FB8B@ &1�-�# A4 R7B-;4C489 GK4EF>4 65?<;< 7D4A<JO E9DC9AF<-
A<FB6, 6 54;4?PF4I. �FBD4S 3 C?BM48AB= Q?9>FDBD4;698>B= @9FB8B@ �#-%� A4 E969DB-
6BEFB>9 GK4EF>4, 6 C9C?B6OI FGH4I, 6 BEAB64A<< >BFBDOI ;4?9749F C9EK4AB-FGHB64S 
FB?M4. 

"5D45BF>4 84AAOI C?BM48AB= A4;9@AB= EC9>FDB@9FD<< CDB6B8<?4EP E GK9FB@ 
HBA4. 

$9;G?PF4FO. �AB@4?<S �# №1. 
$G8AO9 F9?4 CD<GDBK9AO 6 BEAB6AB@ > E9DC9AF<A<F4@ < <I >BAF4>F4@ E >64DJ9-

6O@< 8<BD<F4@< (7D4A<F4@<), 54;4?PF4@<, 7455DB < 6G?>4A<F4@<.  9EFBDB:89A<S Co-
Ni-Fe-4DE9A<8B6 EFDG>FGDAB >BAFDB?<DGRFES < EBEFBSF <; E?B:AB= E<EF9@O FD4AEA4CDS-
:9AAOI, EG569DF<>4?PAOI D4;?B@B6-6OEFGCB6, C?4@9A96<8AOI DG8AOI F9?, C?BE><I 
?<A;B6<8AOI < >4D@4AB6<8AOI F9?, :<?, CDB:<?B>, J9@9AF<DB64AAOI 5D9>K<= 6AGFD< 
:<? < ;4CB?A9A<= BC9DSRM<I D4;?B@B6 D4EFS:9A<S.  

!4 7D4H<>9 4AB@4?PAB7B @47A<FAB7B CB?S D9;><@< E>4K>4@< A4 #�1000 6O89?S-
9FES 7D4A<J4 @4EE<64 E9DC9AF<A<FB6 (D<E 24, A4 D<E.26 K9DA4S ?<A<S), A4 #�1600 F9>FB-
A<K9E>B9 A4DGL9A<9 (D<E.24). #B?SD<;GRM<=ES B5N9>F (#�1300-1600) >BAF4>F<DG9F E 
CD98CB?4749@O@ F9>FBA<K9E><@ A4DGL9A<9@ 6 D4=BA9 #�1500-1600 (D<E.26). � QFB= B5-
?4EF< A45?R849FES A4<5B?99 I4D4>F9DA4S ;BA4 CB6OL9AAOI 4AB@4?PAOI ;A4K9A<= U/K 

(CB?<7BA E E<A9= LFD<IB6>B=) (D<E.25). &4>:9 CB6OL9AAO9 4AB@4?PAO9 ;A4K9A<S U/K 

CD<EGFEF6GRF A48 B5N9>FB@ 6 D4=BA9 #�1400. �<E>D9FAO9 4AB@4?PAO9 C<>< U/Th 
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(BD4A:96O9 CB?BEO 6AGFD< CB?<7BAB6 E E<A9= LFD<IB6>B=), A45?R84RM<9ES A48 B5N9>-
FB@, FS7BF9RF > >D4S@ 4AB@4?<= U/K. 

!4 CB6OL9AAO9 4AB@4?PAO9 ;A4K9A<S U/K < EBCGFEF6GRM<9 <@ 8<E>D9FAO9 C<>< 
U/Th 6 D4=BA9 #�1100-1300 6?<S9F 5?<;BEFP >BAF4>F4 E E9DC9AF<A<F4@<, CBQFB@G I4D4>-
F9D QF<I 4AB@4?<= A9@AB7B BF?<K49FES BF 4AB@4?<= A9CBED98EF69AAB A48 B5N9>FB@. 

 

 
$<E. 2. (4) 3 �D4H<> 4AB@4?PAB7B @47A<FAB7B CB?S; (5) 3 �D4H<> BFABL9A<= U/K, 
U/Th, Th/K; (6) 3 $4;D9; >4:GM9=ES CB?SD<;G9@BEF< E A4?B:9AAO@< <;B?<A<S@< 
CB G89?PAB@G >4:GM9@GES EBCDBF<6?9A<R ('1%); (7) 3 �D4H<> EB89D:4A<9 @98< 
(Cu), (8) �D4H<> Th/K; (9 )3 �9B?B7<K9E><= D4;D9; CB FD4AL99 E G>4;4A<9@ 79BI<@<-
K9E><I CDB5 [2] 

 

$9;G?PF4FO. �AB@4?<S №2. 
"F@9F<@ A4?<K<9 6 84AAB@ D4=BA9 @98AB= @<A9D4?<;4J<< 6G?>4AB79AAB-BE48BK-

AB= E9D<< E B5M<@ EFDG>FGDAO@ < ?<FB?B7<K9E><@ >BAFDB?9@. %FDG>FGDAO9 <EE?98B64-
A<S 6 D4=BA9 @98AOI @9EFBDB:89A<= CB>4;4?< CDBEFD4AEF69AAGR < 79A9F<K9E>GR E6S;P 
@<A9D4?<;B64AAOI F9? < <I @<A9D4?B7<K9E>B= ;BA4?PABEF< E D4;?B@4@< >4D5BA4F->64D-
J96B7B ;4CB?A9A<S. #D<K9@ CB 6B;D4EFG < EF9C9A< HBD@4J<< QF< DG8B>BAFDB?<DGRM<I 
D4;?B@O CBIB:< A4 D4;?B@O 6 D4=BA9 @9EFBDB:89A<S �G-�;;9D [1]. 

�?S G6S;>< 84AAOI A4;9@AB= EC9>FDB@9FD<< E 79B?B7<9= CDB6B8<?<EP <;@9D9A<S 
68B?P EF9A>< FD4AL9< (D<E.27,8,9). &D4AL9S 6E>DO?4 A95B?PLGR >64DJ->4D5BA4FAGR 
:<?>G, CB ?<A<< FD4AL9< 65?<;< F9>FBA<K9E><I A4DGL9A<= (6A9 ;BAO 8DB5?9A<S), CD<-
GDBK9AAOI > :<?9 CB 79BI<@<K9E><@ 84AAO@ [2] A45?R84RFES CB6OL9AAO9 ;A4K9A<S 
@98<, KFB CB8F69D:849F H4>F @<7D4J<< @98< CB FD9M<A4@. 

�;SF<9 79BI<@<K9E><I CDB5 < 74@@4-EC9>FDB@9FD<S CDB6B8<?<EP 6 D4;AO9 8A<, 
KFB @B:9F 6?<SFP A4 D4EIB:89A<< FBK9> EN9@><. 

(<>E<DG9FES ;BA4 <;@9A9A<S C4D4@9FD4 Th/K BF ED98A<I ;A4K9A<= E #� 3 8B 
#� 12. #D<K9@, C9DEC9>F<6AB= A4 B5A4DG:9A<9 @98AB= @<A9D4?<;4J<< EK<F49@ 
FBK></;BAO E CB6OL9AAO@ ;A4K9A<9@ Th/K (CDS@BG7B?PA<>B@ E ;9?9AB= LFD<IB6>B=) 
65?<;< >64DJ->4D5BA4FAB= :<?O (D<E.28) %4@4 ;BA4 :<?O < EBCGFEF6GRM4S 9= ;BA4 
8DB5?9A<S (CDS@BG7B?PA<> E >D4EAB= LFD<IB6>B=) 6O89?S9FES C489A<9@ ;A4K9A<S Th/K. 

!4 D<EGA>9 27 6<8A4 >BDD9?SJ<S ;BA CB6OL9AAOI ;A4K9A<= Th/K 6 B5?4EF< <;@9A9A<S 
Th/K E EB89D:4A<9@ @98<, KFB CB8F69D:849F E6S;P BFABL9A<S Th/K E @98AB= @<A9D4?<-
;4J<9= 6 84AAB@ D97<BA9. #D<K9@ EFB<F BF@9F<FP, KFB ;BAO <;@9A9A<S Th/K @4D><DGRF 
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A9 E4@G @98P, 4 ;BAO 7<8DBF9D@4?PAOI <;@9A9A<= CBDB8, >BFBDO9 @B7GF EBCGFEF6B64FP 
@98AB= @<A9D4?<;4J<<. 

�?S EF4F<EF<K9E>B= B5D45BF>< 84AAOI 5O? 6O5D4A H4>FBDAO= 4A4?<; @9FB8B@ 
7?46AOI >B@CBA9AF, F4> >4> BA A9E9F 6 E959 <AHBD@4J<R B 8<EC9DE<< < >BDD9?SJ<<, 4 
8<EC9DE<R D48<B4>F<6AOI < 8DG7<I I<@<K9E><I Q?9@9AFB6 @B:AB D4EE@4FD<64FP >4> D9-
4?PAGR @9DG 69DBSFABEF< CBS6?9A<S DG8AOI >BAJ9AFD4J<= 6 CB?SI @9F4@BDH<K9E><I 
CD9B5D4;B64A<= CBDB8 [3].  

!4 C9D6B@ QF4C9 5O?4 CBEFDB9A4 >4DF4 6FBDB= >B@CBA9AFO H4>FBDAB7B 4A4?<;4 
(84?99 PCA2), BF69K4RM4S ;4 CB6OL9A<9 ;A4K9A<= C4D4@9FD4 Th/K < Th, CD< CBKF< A9<;-
@9AAB@ >4?<<. 'D4A 6 84AAB= >B@CBA9AF9 CDBS6?S9FES >4> A9=FD4?PAO= Q?9@9AF. �?S 
A47?S8ABEF< CB 6E9= C?BM48< D45BF 5O?< CBEFDB9AO ?<A94@9AFO CB PCA2 (D<E.34). � 
84AAB@ E?GK49 <@9RFES 6 6<8G ?<A<<, CDB698ёAAO9 CB BES@ 4AB@4?<= (?<A<< K9DAB7B 
J69F4). 

 

 
$<E. 3. 4) 3 �4DF4 PCA2; 5) 3 4AB@4?<S �# A4 >4DF9 PCA2 c 6O89?9AAO@< C9DEC9>-
F<6AO@< ;BA4@< (>D4EAO= CB?<7BA E LFD<IB6>B=); 6) 3 4AB@4?<S �# A4 >4DF9 
PCA2 c 6O89?9AAO@< C9DEC9>F<6AO@< ;BA4@< < FBK>< 79B?B7<K9E>B7B @4DLDGF4 

 

�<8AB, KFB CB6OL9AAO9 ;A4K9A<S 6FBDB= >B@CBA9AFO B>BAFGD<64RF 4AB@4?<R 
CB?SD<;G9@BEF< (D<E.35). �EIB8S <; BEB59AABEF9= DG8AOI F9?, I4D4>F9DAOI 8?S 84AAB7B 
D4=BA4, < GK9F4 6B;@B:ABEF< 6?<SA<S D9?P9H4 5O?< 6O5D4AO A4<5B?99 C9DEC9>F<6AO9 
B5?4EF< (J<HDO 1 < 2 D<E. 35) 8?S CB<E>4 @98AB= @<A9D4?<;4J<< (>D4EAO9 CB?<7BAO E 
;9?9AB= LFD<IB6>B=) �?S ;469D>< 6O5D4AAB= 4AB@4?<< CDB6B8<?<EP EC9J<4?PAO9 79B-
?B7<K9E><9 @4DLDGFO E J9?PR CB<E>4 CD<;A4>B6 @98AB= @<A9D4?<;4J<<. � D9;G?PF4F9 
5O?< B5A4DG:9AO >64DJ96O9 8<BD<FO E @98AB= @<A9D4?<;4J<9= (QD) < >64DJ96O9 :<?O 
(Q). � BEAB6AB@ BA< CDBS6?9AO 68B?P B5?4EF< 2 (D<E.36), F4@ :9 5O?4 B5A4DG:9A4 A9-
5B?PL4S 6OD45BF>4 A4 #$8100 (K9DAO= FD9G7B?PA<>). !9E>B?P>B CDBS6?9A<= >64DJ96OI 
8<BD<FB6 < >64DJ96OI :<? CD<EGFEF6G9F < 6 B5?4EF< 1 (D<E.36). 

�O6B8O.  

� D9;G?PF4F9 D45BF A4;9@AB= 74@@4-EC9>FDB@9FD<9= 5O?4 CB8F69D:89A4 E6S;P: (1) 
C4D4@9FD4 Th/K (6 6<89 6FBDB= >B@CBA9AFO H4>FBDAB7B 4A4?<;4) 6 84AAB@ E?GK49 E B5-
?4EFPR <;@9A9AAOI CBDB8 DS8B@ E >64DJ96O@< 8<BD<F4@<, >64DJ96O@< :<?4@<, E >BFB-
DO@< @B7GF 5OFP CD<GDBK9AO > B5N9>F4@ @98AB= @<A9D4?<;4J<<, (2) C4D4@9FD4 U/K 6 
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8BCB?A9A<< E U/Th 3 E B5?4EFPR <;@9A9AAOI CBDB8, E >BFBDB= @B7GF 5OFP CD<GDBK9AO 
> B5N9>F4@ >B54?PFB6B= @<A9D4?<;4J<<. &4><@ B5D4;B@, 5O?B 6O86<AGFB CD98CB?B:9-
A<9 B FB@, KFB <EFBKA<> 4AB@4?<< �# №1 3 B5N9>F E >B54?PFB6B= @<A9D4?<;4J<9=, 4 
4AB@4?<< �# №2 3 B5N9>F E @98AB= @<A9D4?<;4J<9=. 

 

%#�%"� ��&�$�&'$/ 

 

1. Maacha L. Minéralisations sulfurées de Cuivre de la série de plateforme de Bleïda bou-
tonnière de Bou Azzer-El Grâara (Anti-Atlas occidental)/ Elghorfi M, Zouhair M, Sadiqui " 

[et al] // Actes du 8ème colloque international du magmatisme, metamorphisme et mineralisa-
tions associees 3 2013. URL: (PDF) Minéralisations sulfurées de Cuivre de la série de plate-
forme de Bleïda. Boutonnière de Bou Azzer-El Grâara (Anti-Atlas occidental) (re-

searchgate.net) 

2.  «"5 Q>EC9DFAOI <EE?98B64A<SI, 6OCB?A9AAOI @<EE<9= """ «"���"» ;4 C9D<B8 
2019-2020 / 2021-2022 77. < C?4AO D45BF A4 C9DEC9>F<6G 6 >BAFGD4I E9>FBD4 Ihrtem 3Ait-

Ahmane DG8AB7B D4=BA4 Bou Azzer»; �AHBD@4J<BAAO= BFK9F: 22-26 / """ «"���"»; 
DG>. �959896.�.�; <ECB?A.: #DB>BCP96 �.$. [< 8D] 3 M., 2022. 3 93 E. 
3. %B5B?96 �.%. �ECB?P;B64A<9 Q?9@9AFB6 @AB7B@9DAB= EF4F<EF<>< 8?S B5D45BF>< 
84AAOI A4;9@AB= 74@@4-EC9>FDB@9FD<< CD< CB<E>4I 7<8DBF9D@4?PAOI @9EFBDB:89A<= 
;B?BF4 - �;69EF<S &B@E>B7B CB?<F9IA<K9E>B7B GA<69DE<F9F4. �A:<A<D<A7 79BD9EGDEB6. 
2018. &. 329. № 7. 3 %. 1043115. 

 

APPLICATION OF GAMMA-RAY SPECTROMETRY FOR 

SEPARATION OF IP ANOMALIES OVER ORE BODIES (ON THE 

EXAMPLE OF THE BOU-AZZER DEPOSIT, MOROCCO) 

 
1Stanishevskaya Julia, 1Filina Tatiana, 2Andreenok Anzhelika, 3Said Ilmen 

1LLC "SZGGK "Geocomplex", Saint Petersburg 
2Mining University, Saint Petersburg  

3University Ibn Zohr, Ouarzazate, Morocco  
1katacimuri@gmail.com, 1www2325962@gmail.com, 2An.andreenok@gmail.com, 

 3ilmensaid@gmail.com 
 

Annotation. In the period from 04.10.2021 to 12/24/2021, LLC "SZGGK "Ge-

ocomplex", together with the geological company OZGEO LLC, carried out 

complex geophysical work on the flanks of the Bu-Azzer field (Morocco), in-

cluding electrical exploration by the method of induced polarization (IP), mag-

netic exploration and gamma spectrometry. The purpose of the work is to trace 

the contact of the serpentinite massif, which is associated with cobalt minerali-

zation, as well as the allocation of previously unknown anomalous objects on 

the work area. Two anomalies of interest, from the point of view of ore mineral-

ization, were revealed by the method of electrical exploration of the IP. Gamma-

ray spectrometry was used in combination with electrical and magnetic explora-

tion. 

Keywords: geophysics, electrical exploration, gamma-spectrometry, prospect-

ing, polymetallic ores, cobalt ores, Bu-Azzer, Morocco.  
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https://www.researchgate.net/publication/287209796_Mineralisations_sulfurees_de_Cuivre_de_la_serie_de_plateforme_de_Bleida_Boutonniere_de_Bou_Azzer-El_Graara_Anti-Atlas_occidental
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%C;CS=>20 �A5=8S �;048<8@>2=0 
%0=:B-#5B5@1C@3A:89 �>AC40@AB25==O9 '=825@A8B5B, 3. %0=:B-#5B5@1C@3 

uluynova@ya.ru 

 

�AABF4J<S. � A4EFBSM9= D45BF9 CD98?4749FES ED46A9A<9 FD48<J<BAAB7B < 
@AB7B>B@CBA9AFAB7B ECBEB5B6 6B;5G:89A<S 6B?AB6B7B CB?S. 
�EE?98B64A<9 6B;@B:ABEF9= CD<@9A9A<S F4>B7B @9FB84 BEGM9EF6?S9FES 
CGF9@ CDB6989A<S @4?B7?G5<AAOI E9=E@<K9E><I <EE?98B64A<= A4 
F9DD<FBD<< �9A<A7D48E>B= B5?4EF<. #D<6989AO 7D4H B5D45BF>< 84AAOI < 
4A4?<; D9;G?PF4FB6 D45BF. 
�?RK96O9 E?B64: @4?B7?G5<AA4S E9=E@BD4;698>4,  "�-"%&, 
CDB8B?PAO9 6B?AO, CBC9D9KAO9 6B?AO, 69DIASS K4EFP D4;D9;4, 
@AB7B6B?AB64S E9=E@BD4;698>4, �9A<A7D48E>4S B5?4EFP.  

 

�;GK9A<9 69DIA9= K4EF< 79B?B7<K9E>B7B D4;D9;4 (�+$) S6?S9FES 6BEFD95B64AAB= 
< 4>FG4?PAB= ;484K9= >4> CD< D4EK9F9 < 66B89 CBCD46B>, GK<FO64RM<I A9B8ABDB8ABEF< 
�+$ CD< D9L9A<< ;484K A9HF974;B6B= E9=E@BD4;698><, F4> < CD< <A:9A9DAB-

79BH<;<K9E><I D45BF4I, >B784 �+$ S6?S9FES A9CBED98EF69AAB B5N9>FB@ <EE?98B64A<S. 
1FB E6S;4AB EB ;A4K<F9?PAO@< ?4F9D4?PAO@< <;@9A9A<S@< 79B@9FD<K9E><I < 
H<;<K9E><I E6B=EF6 B5N9>FB6, E?474RM<I �+$, 4 F4>:9 99 CB869D:9AABEF< CD<DB8AO@ 
< F9IAB79AAO@ CDBJ9EE4@ [9].  

$4;@9DO B5N9>FB6, CD98EF46?SRM<I <AF9D9E 8?S EC9J<4?<EFB6, @B7GF 8BEF<74FP 
A9E>B?P><I @9FDB6, KFB B5GE?46?<649F A9B5IB8<@BEFP CB6OL9A<S D4;D9L4RM9= 
ECBEB5ABEF< 79BH<;<K9E><I @9FB8B6 [4]. �DB@9 FB7B, E?98G9F GK<FO64FP F4>:9 < 
Q>BAB@<K9E>GR EBEF46?SRMGR 3 CDB6989A<9 D45BF A9 8B?:AB <@9FP ;4CD989?PAB 
6OEB>GR EFB<@BEFP. %?98B64F9?PAB, A9B5IB8<@B B7D4A<K<FP <ECB?P;B64A<9 F4><I 
79BH<;<K9E><I @9FB8B6, >BFBDO9 CB;6B?SF CB?GK<FP ?<LP B5M<9, <AF97D4?PAO9 
I4D4>F9D<EF<>< <EE?98G9@B= ED98O. 

% J9?PR CB?GK9A<S 5B?PLB7B B5N9@4 <AHBD@4J<< E 6OEB>B= 89F4?PABEFPR CD< 
@<A<@4?PAOI H<;<K9E><I < Q>BAB@<K9E><I ;4FD4F4I CD98CB?4749FES <ECB?P;B64A<9 
@AB7B6B?AB6B= E9=E@BD4;698>< ( �%), BEAB6BCB?474RM9= <899= >BFBDB= S6?S9FES 
EB6@9EFAB9 <ECB?P;B64A<9 D4;?<KAOI F<CB6 GCDG7<I 6B?A 3 CDB8B?PAOI (P-) < 
CBC9D9KAOI, CB?SD<;B64AAOI 6 BDFB7BA4?PAOI A4CD46?9A<SI (Sv- < Sh-6B?AO). 

%BK9F4A<9 6B?A E:4F<S-D4EFS:9A<S < 6B?A E86<74 B59EC9K<649F  �% DS8 
CD9<@GM9EF6 C9D98 BEF4?PAO@< @9FB84@<: 5B?99 FBKAO= CDB7AB; ?<FB?B7<< CB 
EBBFABL9A<R E>BDBEF9= CDB8B?PAB= 6B?AO > CBC9D9KAB=, KFB B5GE?46?<649FES 
;A4K<F9?PAB= 8<HH9D9AJ<4J<9= E>BDBEF9= CDB8B?PAB= (Vp), < CBC9D9KAB= (Vs) 6B?A 6 
7BDAOI CBDB84I [7]. 

&D48<J<BAAB 6 @4?B7?G5<AAB= E9=E@BD4;698>9 <ECB?P;GRF 86GI>B@CBA9AFAO9 
A45?R89A<S [6], <EE?98GS 69DF<>4?PAGR (Z) < 7BD<;BAF4?PAGR (K4M9 6E97B Y, 

A4CD46?9AAGR C9DC9A8<>G?SDAB CDBH<?R) >B@CBA9AFO. &4><9 D45BFO CB;6B?SRF 
CDBE?9:<64FP 7D4A<JO B56B8A9AAOI 7BDAOI CBDB8 E CB@BMPR CBC9D9KAOI 6B?A < 
GCDBM4RF B5D45BF>G ;4 EK9F <ECB?P;B64A<S CDB8B?PAOI 6B?A, >B784 CB69DIABEFAO9 
6B?AO C9D9>DO64RF J9?96O9 BFD4:9A<S CBC9D9KAOI 6B?A [1]. �DB@9 FB7B, CBC9D9KAO9 
6B?AO CD98EF46?SRF <AF9D9E CD< E9=E@B@<>DBD4=BA<DB64A<< (% $) 8?S BCD989?9A<S 
C4D4@9FD4 Vs30 [11]. 
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#D< 6OCB?A9A<< F4>B7B 6<84 <EE?98B64A<= < CD<@9A9A<< B8AB>B@CBA9AFAOI 
E9=E@BCD<9@A<>B6 A9B5IB8<@B 864:8O CDB6B8<FP 6B;5G:89A<9 GCDG7<I >B?954A<= 
(EA4K4?4 69DF<>4?PAB, CBFB@ 7BD<;BAF4?PAB). �?S Q>BAB@<< 6D9@9A< CD< GE?B6<< 
86GI>B@CBA9AFAB= D97<EFD4J<< EGM9EF6G9F F9IAB?B7<S «C?RE-@<AGE» [1], 
;4>?RK4RM4SES 6 CBE?98B64F9?PAB@ 6B;5G:89A<< >B?954A<= C9DC9A8<>G?SDAB ?<A<< 
CDBH<?S 6 86GI CDBF<6BCB?B:AOI A4CD46?9A<SI («C?RE» < «@<AGE» EBBF69FEF69AAB), 
>4> CD98EF46?9AB A4 D<EGA>9 1.  
 

 
$<E. 1. %I9@4F<KAB9 D4ECB?B:9A<9 GEF4AB6>< 8?S 6B;5G:89A<S CBC9D9KAOI 6B?A: 
4) 3 CB?B:9A<9 BFABE<F9?PAB CDBH<?S; 5) 3 D4;?B:9A<9 >B@CBA9AF «C?RE» < 
«@<AGE» A4 EBEF46?SRM<9 CB BES@ Z < Y 

 

&4><@ B5D4;B@, EB7?4EAB F9BD9F<K9E><@ CD98EF46?9A<S@ B D4;?B:9A<< 69>FBD4 
A4CD46?9A<S G84D4 A4 >B@CBA9AFO, 6 D9;G?PF4F9 BF89?PAB= D97<EFD4J<< >B@CBA9AF 
«C?RE» < «@<AGE», < EG@@<DB64A<S CB?GK9AAOI E9=E@B7D4@@ BEF49FES FB?P>B 
69DF<>4?PA4S EBEF46?SRM4S >B?954A<=, 4 6 D9;G?PF4F9 6OK<F4A<S 3 7BD<;BAF4?PA4S.  

�ECB?P;B64A<9 FD9I >B@CBA9AF P-, SV- < SH-6B?A B8AB6D9@9AAB B5?4849F CB 
ED46A9A<R E 86GI>B@CBA9AFAB= D97<EFD4J<9= DS8B@ BEB59AABEF9=: 6B;@B:ABEFPR 
<;GK9A<S ;4>BAB@9DABEF9= D4ECD989?9A<S E>BDBEF9= CDB8B?PAOI < CBC9D9KAOI 6B?A, 4 
F4>:9 <I 6;4<@AB7B EBBFABL9A<S 6 CDBEFD4AEF69; D4;?<K<S 6 E6B=EF64I 
;4D97<EFD<DB64AAOI EB5OF<=, CB?GK9AAO9 CD< <ECB?P;B64A<<  �%, A9EGF 
8BCB?A<F9?PAGR <AHBD@4J<R B 79B?B7<K9E>B@ D4;D9;9 [5]. 

�?S F4>B7B DB84 <EE?98B64A<= FD95G9FES ?<5B FD<:8O @9ASFP A4CD46?9A<9 
6B;5G:89A<S < CD<9@4 CD< <ECB?P;B64A<< B8AB>B@CBA9AFAB= D97<EFD4J<<, ?<5B 864:8O 
<ECB?P;B64FP 6B;5G:89A<9 «C?RE-@<AGE» E <;@9A9A<9@ A4CD46?9A<S 7BD<;BAF4?PAB= 
>B@CBA9AFO 6B?AB6B7B CB?S. #D< <ECB?P;B64A<< FD9I>B@CBA9AFAOI D97<EFD4FBDB6 
BEF49FES 6BCDBE @<A<@<;4J<< 6D9@9A< 6OCB?A9A<S D45BF, CBE>B?P>G 6B;5G:89A<9 CB 
F9IAB?B7<< «C?RE-@<AGE» CB8D4;G@9649F CB >D4=A9= @9D9 4 G84D4 59; GK9F4 A4>BC?9A<= 
(X+, X-, Y+, Y-).  

� A4EFBSM9= D45BF9 BCDB5B64A 64D<4AF 6B;5G:89A<S GCDG7<I 6B?A, >B784 
BEAB6AB= 69>FBD CD<?B:9A<S E<?O A4CD46?9A CB8 G7?B@ 45° > ;9@AB= CB69DIABEF< < CB8 
G7?B@ 45° > ?<A<< CDBH<?S. &4>B9 «8<47BA4?PAB9» D4ECB?B:9A<9 A4CD46?9A<S 
6B;5G:89A<S CB;6B?S9F 4A4?B7<KAB F9IAB?B7<< «C?RE-@<AGE» D4;?B:<FP 69>FBD E<?O 
G:9 A4 FD< BDFB7BA4?PAOI EBEF46?SRM<I (Z, X, Y), >4> CB>4;4AB A4 D<EGA>9 2.  
 



© «�� 'D" $�!». 2023 

238 

$<E. 2. $4;?B:9A<9 >B@CBA9AF «C?RE» < «@<AGE» A4 EBEF46?SRM<9 CB BES@ X, Y < Z 

CD< @AB7B>B@CBA9AFAB= F9IAB?B7<< 6B;5G:89A<S GCDG7<I >B?954A<=  
 

*9?P D45BFO 3 <EE?98B64A<9 6B;@B:ABEF< CD<@9A9A<S @AB7B>B@CBA9AFAB7B 
6B;5G:89A<S GCDG7<I 6B?A CD< FD9I>B@CBA9AFAB= D97<EFD4J<< CD< @4?B7?G5<AAOI 
E9=E@<K9E><I D45BF4I. 

�484K4@< D45BFO S6?SRFES ED46A9A<9 D9;G?PF4FB6 @4?B7?G5<AAOI E9=E@<K9E><I 
<EE?98B64A<=  "�-"%&, 6OCB?A9AAOI CB FD48<J<BAAB= F9IAB?B7<<, < E 
<ECB?P;B64A<9@ CD98?4749@B7B @AB7B>B@CBA9AFAB7B 6B;5G:89A<S GCDG7<I 6B?A.  

� >4K9EF69 B5N9>F4 <EE?98B64A<S 5O?4 6O5D4A4 C4?9B8B?<A4, D4ECB?B:9AA4S A4 
F9DD<FBD<< �9A<A7D48E>B= B5?4EF< (7. %9EFDBD9J>) 6 59D97B6B= ;BA9 (<AE>B7B ;4?<64, 
789 G:9 5O?< CDB6989AO 79BH<;<K9E><9 <EE?98B64A<S [2, 10]. "EB59AABEFS@< QFB7B 
D4=BA4 S6?S9FES 6OEB>4S 8<HH9D9AJ<4J<S C?BFABEFAOI < E>BDBEFAOI I4D4>F9D<EF<> 
CB7D959AAOI 6D9;B6 CB ED46A9A<R EB 6@9M4RM<@< <I FB?M4@< [3].   9FB8<>4 CB?96OI 
D45BF ;4>?RK49FES 6 6B;5G:89A<< CDB8B?PAOI >B?954A<= 86G@S ECBEB54@<: 
«EF4A84DFAO@» (CD< CB@BM< @9F4??<K9E>B= C?4L><) < @AB7B>B@CBA9AFAO@ (CD< 
CB@BM< EC9J<4?PAB= GEF4AB6><). !4 D<EGA>9 3 CD98EF46?9AO 64D<4AFO 6B;5G:89A<S 
>B?954A<=, <ECB?P;G9@O9 CD< CB?96OI D45BF4I. 
 

 
$<E. 3 �B;5G:89A<9 CDB8B?PAOI >B?954A<= (E?964), @AB7B>B@CBA9AFAB9 
6B;5G:89A<9 >B?954A<= (ECD464) 
 

$97<EFD4J<S >B?954A<= CDB6B8<?4EP CD< CB@BM< FD9I>B@CBA9AFAB= 
F9?9@9FD<K9E>B= E9=E@BD97<EFD<DGRM9= E<EF9@O &��%%-403. 

"5D45BF>4 D9;G?PF4FB6 E9=E@BD4;698BKAOI D45BF CDB6B8<?4EP 6 #" SeisPro CB 
@9FB8<>9  "�-"%&. �D4H B5D45BF>< 6>?RK4? E?98GRM<9 BC9D4J<<: CD<@9A9A<9 
CB?BEB6B7B H<?PFD4, <AF9D4>F<6AO= 4A4?<; E>BDBEF9=, D4EK9F < 66B8 ><A9@4F<K9E><I 
CBCD46B> < EG@@<DB64A<9. �6FB@4F<K9E>4S D97G?<DB6>4 GE<?9A<= (�$') A9 
CD<@9AS?4EP. "EAB6AGR E?B:ABEFP CD< B5D45BF>9 84AAOI CD98EF46?S?B A4?<K<9 
6OEB>B<AF9AE<6AB7B >BAGE4 CB69DIABEFAOI 6B?A A4 E9=E@B7D4@@4I. #D<@9A9A<9   
86G@9DAB= H<?PFD4J<< 6 F-K B5?4EF< A9 CD<69?B > G8B6?9F6BD<F9?PAB@G D9;G?PF4FG. 
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!4<?GKL<= 64D<4AF 6D9@9AAB7B D4;D9;4, 5O? CB?GK9A 6 D9;G?PF4F9 CD<@9A9A<S A<:A97B 
@PRF<A74, E CB@BMPR >BFBDB7B CB69DIABEFAO9 6B?AO 5O?< CDBEFB G84?9AO E 
E9=E@B7D4@@ (D<E. 4). �6FBD BF849F E959 BFK9F, KFB 59;GE?B6AB, 6 QFB@ 64D<4AF9 
B5D45BF>< CBEFD484?4 < CB?9;A4S K4EFP E<7A4?4. �?S @AB7B>B@CBA9AFAB7B ECBEB54 
6B;5G:89A<S CD<@9AS?ES 4A4?B7<KAO= 7D4H B5D45BF><. 

#B?BEB64S H<?PFD4J<S 66B8<?4EP E C4D4@9FD4@< 90-100-300-400 �J, CB?GK9AAO= 
EC9>FD 8?S CB?9;AB7B E<7A4?4 CD<6989A A4 D<EGA>9 4. !4?<K<9 F4><I 6OEB><I K4EFBF 
S6?S9FES 8B6B?PAB <AF9D9EAO@ D9;G?PF4FB@ 8?S 6B;5G:89A<S GCDG7<I >B?954A<= 
>G64?8B=, CBE>B?P>G 8?S <EFBKA<>4 F<C4 «C484RM<= 7DG;» I4D4>F9D9A 8<4C4;BA 
>B?954A<= 20-100 �J [8]. 

 

 
$<E. 4. #B846?9A<9 CB69DIABEFAOI 6B?A CBED98EF6B@ @PRF<A74 

 

� D9;G?PF4F9 B5D45BF>< CB?GK9AO 6D9@9AAO9 D4;D9;O 8?S FD48<J<BAAB7B < 
@AB7B>B@CBA9AFAB7B ECBEB5B6 6B;5G:89A<S CDB8B?PAOI >B?954A<=, CD98EF46?9AAO9 A4 
D<EGA>9 5. !96BBDG:9AAO@ 7?4;B@ 6<8AB, KFB FD48<J<BAAO= ECBEB5 6B;5G:89A<S 
CB;6B?S9F CDBE?98<FP BFD4:4RM<9 7BD<;BAFO A4@AB7B 89F4?PA99 84:9 59; CD<@9A9A<S 
�$' < 89>BA6B?RJ<<. #D< @AB7B>B@CBA9AFAB@ ECBEB59 6B;5G:89A<S CD98CB?474?BEP 
>4>B9-FB GIG8L9A<9 6D9@9AAB7B D4;D9;4, B8A4>B >4K9EF6B CB?GK9AAOI 84AAOI BEF46?S9F 
:9?4FP ?GKL97B, KFB G>4;O649F A4 A9B5IB8<@BEFP CD<@9A9A<S A4<5B?99 «K<EFOI» 6 
C?4A9 A4CD46?9AABEF< <EFBKA<>B6 GCDG7<I 6B?A. � 84?PA9=L9@ C?4A<DG9FES ED46A9A<9 
G>4;4AAOI CB8IB8B6 6B;5G:89A<S 6B?A 8?S CBC9D9KAOI 6B?A < >B@C?9>EAB9 ;4>?RK9A<9 
B 6B;@B:ABEF< CD<@9A9A<S @AB7B>B@CBA9AFAB7B ECBEB54. &4>:9 C?4A<DG9FES 
D4EL<D<FP 7D4H B5D45BF>< 84AAOI CD<@9A9A<9@ EC9J<4?PAOI CDBJ98GD 8?S CB6OL9A<S 
>4K9EF64 D9;G?PF4FB6 D45BF.  
 

 
. $<E. 5. �D9@9AAB= D4;D9; CB D9;G?PF4F4@ FD48<J<BAAB7B (E?964) < 
@AB7B>B@CBA9AFAB7B (ECD464) @9FB8B6 6B;5G:89A<S 

 

�6FBD 6OD4:49F 5?47B84DABEFP 8<D9>FBDG !4GKAB7B J9AFD4 «!4G>4 B �9@?9» >.H.-@.A. 
".". �84@B6<KG ;4 CB@BMP CD< 6OCB?A9A<< B5D45BF>< 84AAOI, CDBH9EEBDG >4H98DO 
79BH<;<><, 8.F.A. �.#. %OEB96G ;4 J9AAO9 EB69FO < D9>B@9A84J<<, EFG89AF4@ 7DGCCO 
$(%-20, $(-20, $(-21 ;4 GK4EF<9 6 CDB6989A<< CB?96OI D45BF. 
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COMPARISON OF EXCITATION METHODS DURING SHALLOW-

DEPTH CDP STUDIES  
 

Suluyanova Ksenia Vladimirovna 

Saint Peterburg State University, Saint Petersburg 

suluynova@ya.ru 

 

Annotation. In this paper, we propose a comparison of the traditional and 

multicomponent methods of wave field excitation. The study of the possibility 

of using this method is carried out by conducting shallow seismic surveys on the 

territory of the Leningrad region. The graph of data processing and analysis of 

the results of the work are given. 

Key words: shallow seismic, CDP, compressional waves, transverse waves, 

upper part of the section, multiwave seismic, Leningrad region.  
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�AABF4J<S. � EF4FP9 CD98EF46?9AO D9;G?PF4FO B>BAFGD<64A<S G7?96B8B-
DB8AB= ;4?9:< A4 @B89?PAOI 84AAOI E CD<@9A9A<9@ @9FB84  BAF9-�4D?B, 
< 6OS6?9A4 BCF<@4?PA4S D4EEF4AB6>4 CD<5BDB6 8?S CDB6989A<S @<>DBE9=-
E@<K9E>B7B ;BA8<DB64A<S. #B?AO= 4?7BD<F@ D4EK9F4 D94?<;B64A A4 S;O>9 
CDB7D4@@<DB64A<S Python E <ECB?P;B64A<9@ E6B5B8AB D4ECDBEFD4AS9@OI 
5<5?<BF9>. 
�?RK96O9 E?B64: B>BAFGD<64A<9 ;4?9:9= G7?96B8BDB8B6, @9FB8  BAF9-
�4D?B, @<>DBE9=E@<K9E><9 <EE?98B64A<S ( %�), A<;>BK4EFBFAB9 E9=E@<-
K9E>B9 ;BA8<DB64A<9 (!%�), B5D45BF>4 @<>DBE9=E@<K9E><I E<7A4?B6, <A-
F9DCD9F4J<S 84AAOI !%�. 
 

� A4EFBSM99 6D9@S A4 EF48<< CB<E>B6B-BJ9ABKAOI D45BF EF4?< CD<@9ASFPES @9-
FB8O C4EE<6AB= E9=E@BD4;698><. 1F< @9FB8O 698GF <;@9D9A<S 59; <ECB?P;B64A<S <E>GE-
EF69AAOI <EFBKA<>B6, 6@9EFB QFB7B BA< CB?474RFES A4 9EF9EF69AAO9 E9=E@<K9E><9 
6B?AO, 79A9D<DG9@O9 ;9@?9FDSE9A<S@< <?< 4F@BEH9DAO@< 6B;@GM9A<S@<. 1F< 6B?AO 
D97<EFD<DGRFES E9=E@B@9FD4@< <?< 7DGCC4@< E9=E@B@9FDB6, >BFBDO9 ;4F9@ 4A4?<;<DG-
RFES 8?S BCD989?9A<S < E6B=EF6 A98D. 

 9FB8 A<;>BK4EFBFAB7B E9=E@<K9E>B7B ;BA8<DB64A<S (!%�) [3] S6?S9FES B8A<@ <; 
@9FB8B6 C4EE<6AB= E9=E@BD4;698>< A4DS8G E @BA<FBD<A7B@ 7<8DBD4;DO64 C?4EF4 (�$#) 
[4] 6 BFEGFEF6<< A45?R84F9?PAOI E>64:<A.  9FB8 !%� 6>?RK49F 6 E95S ;4C<EP < 4A4?<; 
A<;>BK4EFBFAOI E9=E@<K9E><I 6B?A, B5OKAB 6 8<4C4;BA9 1-10 �J, 79A9D<DG9@OI 9EF9-
EF69AAO@< <EFBKA<>4@<. %9=E@<K9E><9 6B?AO D4E>?48O64RFES A4 EC9>FDO, < >4:8O= 
EC9>FD 4A4?<;<DG9FES A4 A4?<K<9 4AB@4?<< [1]. 1F4 <AHBD@4J<S CB?9;A4 8?S B>BAFGD<-
64A<S ;4?9:< G7?96B8BDB84, KFB 6 E6BR BK9D98P, CB;6B?S9F 6O8464FP D9>B@9A84J<< CB 
;4?B:9A<R 7?G5B><I E>64:<A. 

*9?PR 84AAB7B <EE?98B64A<S EF4?B 6OS6?9A<9 BCF<@4?PAB7B >B?<K9EF64 CD<5B-
DB6 < D4EEFBSA<S @9:8G A<@< CD< B>BAFGD<64A<< @B89?PAB= ;4?9:< G7?96B8BDB84 @9-
FB8B@  BAF9-�4D?B. 

�?S <EE?98B64A<S EB;84RFES FD< 7DGCCO @4EE<64 84AAOI. #9D64S 7DGCC4 @4EE<-
6B6 3 QFB 79B?B7<K9E><9 @B89?< E D4ECB?B:9A<9@ CD98CB?4749@OI ;4?9:9=. +FB5O CDB-
4A4?<;<DB64FP >4> @B:AB 5B?PL9 64D<4AFB6 D4ECB?B:9A<S ;4?9:9= 5O?B E@B89?<DB64AB 
3933 @B89?9=, 6 >BFBDOI <;@9AS9FES >B?<K9EF6B < D4;@9D ;4?9:9=. '7?96B8BDB8A4S ;4-
?9:P ;4849FES D4;AO@ 8<4C4;BAB@ ;A4K9A<=, KFB5O CB>4;4FP D4;?<KAGR <AF9AE<6ABEFP 
QA9D7<< E<7A4?4, <EIB8SM97B BF ;4?9:< (D<E. 1) [2]. �FBD4S 7DGCC4 @4EE<6B6 EB89D:<F 
84AAO9 CB E9=E@BCD<9@A<>4@ (84FK<>4@) (D<E. 2). &D9FPS 7DGCC4 @4EE<6B6 <ECB?P;G9FES 
8?S D4EK9FB6. �E9 @4EE<6O 84AAOI <@9RF B8<A4>B6GR D4;@9DABEFP. 

 



© «�� 'D" $�!». 2023 

242 

 
$<E. 1. #D<@9D 86GI (<; 3933) 79B?B7<K9E><I @B89?9= E ;4?9:4@< G7?96B8BDB8B6 
('�): 2a 3 2 >DGCAOI E>BC?9A<S '�, 2b 3 6 @9?><I E>BC?9A<S '� 

 

 
$<E. 2. $4EEF4AB6>4 25 CD<5BDB6 
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�EIB8S <; BEB59AABEF9= D45BFO 84FK<>4, @B:9@ CD98CB?B:<FP, KFB CD< D4EEF4AB6>9 84F-
K<>B6 >648D4FAB= E9F>B= <I 4C9DFGDO 5G8GF A4>?48O64FPES 8DG7 A4 8DG74, CBQFB@G 6 D4;-
AOI FBK>4I @B:AB CB?GK<FP K4EF< B8AB7B < FB7B :9 E<7A4?4 [5]. &4> >4> 4C9DFGDO K4EFB 
C9D9>DO64RFES 8DG7 8DG7B@ @B:AB E9F>G CD<5BDB6 D4;D98<FP 59; CBF9D< 84AAOI. 1>E-
C9D<@9AF CDB6989A 8?S 6 64D<4AFB6 D4EEF4AB6>< CD<5BDB6, D48<GE 4C9DFGDO 3 1 >@. 

�?S CDB6989A<S D4EK9FB6 6 84AAB@ <EE?98B64A<< 5O? 6O5D4A @9FB8  BAF9-
�4D?B, >BFBDO= BEAB64A A4 EF4F<EF<K9E>B@ 4A4?<;9 5B?PLB7B K<E?4 D94?<;4J<= E?GK4=-
AB7B CDBJ9EE4 [5]. �?S 6OK<E?9A<= < @B89?<DB64A<S CD<@9AS?ES S;O> CDB7D4@@<DB64-
A<S Python E <ECB?P;B64A<9@ E6B5B8AB D4ECDBEFD4AS9@OI 5<5?<BF9> NumPy, SciPy, Pan-

das. �?S 6<;G4?<;4J<< D9;G?PF4FB6 <ECB?P;B64?4EP 5<5?<BF9>4 Matplotlib. 
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QF4CB6 6OK<E?9A<=, CD<@9AS9@ @9FB8  BAF9-�4D?B. !4 QFB= EF48<< D4EK9FB6 AG:AB CDB-
69EF< 6O5BD>G E?GK4=AOI FBK9>, >BFBD4S D46A4 0.5% BF B5M97B K<E?4 FBK9> FD9FP97B @4E-
E<64. �4?99 ;4CGE>49FES J<>? D4EK9F4 @9FB8B@  BAF9-�4D?B. �9EP D4EK9F CDB<;6B8<FES 
6 J<>?9 8B F9I CBD, CB>4 A9 5G89F 6OCB?A9AB GE?B6<9 BEF4AB6><, <?< CB>4 A9 CDB<;6989F 
2*104 <F9D4J<=. 

!4 D<EGA>9 3 < 4 CD98EF46?9AO D9;G?PF4FO. � 69DA9= K4EF< D<EGA>4 D4EEF4AB6>4 
CD<5BDB6 A4 79B?B7<K9E>B= @B89?< (C9D64S < 6FBD4S 7DGCC4 @4EE<6B6), 6 A<:A9= K4EF< 3 
@B89?PAO9 C?BM48< (FD9FPS 7DGCC4 @4EE<6), >BFBDO9 @O CB?GK<?< 6 D9;G?PF4F9 D4EK9-
FB6. "J9A<64RFES D9;G?PF4FO E CB@BMPR ;A4K9A<S 89?PFO, >BFBD4S CB>4;O649F, 
A4E>B?P>B D4;?<K4RFES @9:8G EB5B= 79B?B7<K9E>4S < @B89?PA4S C?BM48<. +9@ @9APL9 
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;A4K9A<9 89?PFO, F9@ ?GKL9 EIB8<@BEFP D9;G?PF4FB6 < F9@ ?GKL9 CDB<EIB8<F B>BAFGD<-
64A<9 ;4?9:<. �4> @B:AB ;4@9F<FP, @B89?<DB64A<9 @9FB8B@  BAF9-�4D?B A4 @B89?SI 1 
< 2 CB>4;4?B IBDBL<9 D9;G?PF4FO. � @B89?< 1 <ECB?P;B64?4EP D4EEF4AB6>4 25-F< CD<5B-
DB6 >648D4FAB= E9F>B= K9D9; 250 @, 89?PF4 6 QFB@ E?GK49 D46A4 0.55. � @B89?< 2 <ECB?P-
;B64?4EP D4EEF4AB6>4, >4> 6 @B89?< 1 FB?P>B <E>?RK<?< 9 J9AFD4?PAOI 84FK<>B6, 89?PF4 
3 0.64. � @B89?< 3, 9 CD<5BDB6 5O?< D4EEF46?9AO >648D4FAB= E9F>B= K9D9; 250 @, 89?PF4 
3 1.23, KFB 7B6BD<F B A98BEF4FBKAB@ >B?<K9EF69 CD<5BDB6 8?S 84AAB= C?BM48<. � @B89?< 
4 <ECB?P;B64?4EP D4EEF4AB6>4 16-F< CD<5BDB6 >648D4FAB= E9F>B= K9D9; D4EEFBSA<9 D46-
AB9 350 @, 89?PF4 6 QFB@ E?GK49 D46A4 0,6. � @B89?< 5, 36 CD<5BDB6 5O?< D4EEF46?9AO 
>648D4FAB= E9F>B= K9D9; 250 @, 89?PF4 3 0.55. � @B89?< 6 D4EEF4AB6>4, >4> 6 @B89?< 5 
FB?P>B <E>?RK<?< 16 J9AFD4?PAOI 84FK<>B6, 89?PF4 3 0.64. 

 

 
$<E. 3. $9;G?PF4FO D4EK9FB6 8?S 1-3 64D<4AFB6 D4EEF4AB6>< CD<5BDB6 

 

 
$<E. 4. $9;G?PF4FO D4EK9FB6 8?S 4-6 64D<4AFB6 D4EEF4AB6>< CD<5BDB6 

 

$4EK9F 5O? CDB6989A 8?S >4:8B7B 64D<4AF4 D4EEF4AB6>< CD<5BDB6 CB 6E9@ E@B89-
?<DB64AAO@ @B89?S@. � >4:8B@ 64D<4AF9 BJ9A<64?BEP >B?<K9EF6B @B89?9=, ;A4K9A<S 
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89?PFO >BFBDOI 6BL?< 6 8<4C4;BA BF 0 8B 0.6 <?< BF 0.6 8B 1 (D<E. 5). $9;G?PF4FO CB>4-
;4?<, KFB FBKAB9 B>BAFGD<64A<9 CDB<EIB8<F CD< D4EEF4AB6>9 16, 36, 20 CD<5BDB6 (@B89?P 
4, 5, 6 EBBF69FEF69AAB). &4> >4> A4L4 J9?P 6OS6<FP BCF<@4?PAB9 >B?<K9EF6B CD<5BDB6, 
FB E4@O@ BCF<@4?PAO@ 64D<4AFB@ D4EEF4AB6>< B>4;4?ES 4 64D<4AF: D4EK9FAO9 @B89?< 
<@9RF @4?B9 D4EIB:89A<9 E @B89?PAO@< 84AAO@< < <ECB?P;G9FES 16 84FK<>B6, >BFBDO9 
59; CBF9D< 84AAOI D97<EFD<DGRF @<>DBE9=E@<K9E><= E<7A4?. 

 

 
$<E. 5. �<EFB7D4@@4 <FB7B6OI D4EK9FB6 

 

&4><@ B5D4;B@, 6 A4EFBSM9= D45BF9 5O?B CDB6989AB <EE?98B64A<9 A4 6OS6?9A<9 
BCF<@4?PAB= D4EEF4AB6>< CD<5BDB6 CD< B>BAFGD<64A<< ;4?9:< @9FB8B@  BAF9-�4D?B. 
� D4EK9F4I GK<FO64?BEP D4;AB9 @9EFBCB?B:9A<9 ;4?9:<. $9;G?PF4FO <EE?98B64A<= CB>4-
;4?<, 6 E?GK49 D4EEF4AB6>< CD<5BDB6 4-O@ 64D<4AFB@, B>BAFGD<64A<9 ;4?9:< @9FB8B@ 
 BAF9-�4D?B <@99F IBDBLGR EIB8<@BEFP D4EEK<F4AAOI @B89?9= E 79B?B7<K9E><@< @B-
89?S@<. 

�OS6?9A<9 BCF<@4?PAB7B >B?<K9EF64 E9=E@BCD<9@A<>B6 < <;@9A9A<9 D4EEFBSA<S 
@9:8G A<@< CB@B:9F B8AB6D9@9AAB H<>E<DB64FP @<>DBE9=E@<K9E><= E<7A4?, < ;4 5B?99 
>BDBF><= CDB@9:GFB> 6D9@9A< CDB6B8<FP EN9@BKAO= QF4C D45BF. 
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ARRANGEMENT OF SEISMIC SENSORS IN THE PASSIVE METHOD 

OF SEISMIC EXPLORATION USING THE MONTE CARLO METHOD 

 
1Syuraeva Ksenia, 2Zhivaeva Vera 

Samara State Technical University, Samara 
1syuraeva94@mail.ru, 2bngssamgtu@mail.ru 

 

Summary. The article presents the results of contouring a hydrocarbon deposit 

on model data using the Monte Carlo method, and identifies the optimal arrange-

ment of instruments for microseismic sounding. The complete calculation algo-

rithm is implemented in the Python programming language using freely distrib-

uted libraries. 

Key words: delineation of hydrocarbon deposits, Monte-Carlo method, mi-

cro-seismic survey (MSS), low-frequency seismic sounding (LSS), processing 

of micro-seismic signals, interpretation of LSS data. 

  



© «�� 'D" $�!». 2023 

246 

'�� 550.832 
�" #���%!�3 �!&�$#$�&�*�3 ��!!/) 

 ��"��'��!!/) %�����!!/) ��"(���+�%��) 
�%%���"��!�� 

 
1&578:>2 �@B5<89 �<8B@8528G, 2&@0?57=8:>20 �==0 �>@8A>2=0  

1#�!�', 3. #5@<P 
2�>@=O9 �AB8BCB '@" $�!, 3. #5@<P 

 

�AABF4J<S. � D45BF9 CD98EF46?9AO D9;G?PF4FO >B@C?9>EAB= <AF9DCD9F4-
J<< 84AAOI @4?B7?G5<AAB7B CDB8B?PAB7B 69DF<>4?PAB7B E9=E@<K9E>B7B 
CDBH<?<DB64A<S < 79BH<;<K9E><I <EE?98B64A<= 6 @4?B7?G5<AAOI E>64:<-
A4I. #DB89@BAEFD<DB64A4 6B;@B:ABEFP EB6@9EFAB= <AF9DCD9F4J<< 84A-
AOI @9FB8B6 8?S CB?GK9A<S A4<5B?99 FBKAB= <AHBD@4J<< B H<;<K9E><I < 
?<FB?B7<K9E><I E6B=EF64I D4;D9;4 6 <AF9D64?9 @4?OI 7?G5<A, 4 F4>:9 8?S 
79B?B7<K9E>B= CD<6S;>< E9=E@<K9E><I BFD4:4RM<I 7BD<;BAFB6. 
�?RK96O9 E?B64: 69DF<>4?PAB9 E9=E@<K9E>B9 CDBH<?<DB64A<9 (�%#), 
79BH<;<K9E><9 <EE?98B64A<S 6 E>64:<A4I (��%), 4>GEF<K9E><= >4DBF4: 
(��), CDB8B?PAO9 E>BDBEF<, 79B?B7<K9E>4S CD<6S;>4. 
 

"59EC9K9A<9 59;BC4EABEF< 6989A<S 7BDAOI D45BF A4 @9EFBDB:89A<SI 6B8BD4EF6B-
D<@OI CB?9;AOI <E>BC49@OI FD95G9F 89F4?<;4J<< 79B?B7<K9E>B7B EFDB9A<S A48EB?SAOI 
BF?B:9A<= < <AHBD@4J<R B5 <I GCDG7<I E6B=EF64I. � D4@>4I D9L9A<S 84AAB= ;484K< 
E>64:<AAO9 79BH<;<K9E><9 <EE?98B64A<S FD48<J<BAAB <7D4RF 64:AGR DB?P.  9FB8<K9-
E><9 BEB59AABEF< CDB6989A<S ��% < �%# 6 <AF9D64?9 @4?OI 7?G5<A E6S;4AO E ?<FB?B-
7<K9E><@ EBEF46B@ < CDBKABEFAO@< E6B=EF64@< CBDB8AB7B @4EE<64, CBE>B?P>G 69DIASS 
K4EFP D4;D9;4 CD98EF46?9A4 E<?PAB 8<E?BJ<DB64AAO@< < CD9B5D4;B64AAO@< CBDB84@<. 
� E6S;< E B5<?<9@ 6B8BABEAOI 7BD<;BAFB6, 6 69DIA9= K4EF< D4;D9;4 H<>E<DGRFES @AB7B 
;BA B56B8AёAABEF< CBDB8AB7B @4EE<64. �AF9D64?O @4?OI 7?G5<A F4>:9 CB869D:9AO 
6?<SA<R D4;?<KAOI F9IAB79AAOI H4>FBDB6. �E9 6OL9C9D9K<E?9AAO9 CD<K<AO B5GE?46-
?<64RF @9FB8<K9E><9 BEB59AABEF< CDB6989A<S 79BH<;<K9E><I <EE?98B64A<= A4 @4?OI 
7?G5<A4I.  

#DB6989A<9 79BH<;<K9E><I <EE?98B64A<= 6 <AF9D64?4I A48EB?SAB= K4EF< D4;D9;4 
CB;6B?S9FES E89?4FP CD98CB?B:9A<S B ?B>4?<;4J<< 4AB@4?PAOI ;BA D4;?<KAOI F<CB6: 
;BAO D4;GC?BFA9A<S CBDB8AB7B @4EE<64, 698GM<9 > A4DGL9A<R 97B J9?BEFABEF< < CBE?9-
8GRM9@G BE984A<R; ;BAO CB6OL9AAB= B56B8AёAABEF< < ;4@9M9A<S CBDB8; 4 F4>:9 @9-
EFBCB?B:9A<S BCBDAOI C?4EFB6, 6OEFGC4RM<I 6 >4K9EF69 BFD4:4RM<I 7BD<;BAFB6, EB-
EF46?SRM<I >4D>4E E9=E@B79B?B7<K9E><I @B89?9=.  

�?S 4A4?<;4 EBEF464 < E6B=EF6 CBDB8AB7B @4EE<64 A4 <EE?98G9@B@ GK4EF>9 6 E>64-
:<A4I 6OCB?A9A >B@C?9>E @4?B7?G5<AAOI 79BH<;<K9E><I <EE?98B64A<= < CDB8B?PAB9 
69DF<>4?PAB9 E9=E@<K9E>B9 CDBH<?<DB64A<9.  

�B@C?9>E ��%, 6OCB?A9AAO= 6 E>64:<A4I, 6 FB@ K<E?9 6>?RK4? 6 E95S 4>GEF<K9-
E><= >4DBF4:, A9B5IB8<@O= 8?S CB?GK9A<S CDS@B= <AHBD@4J<< B 8<A4@<K9E><I E>B-
DBEFAOI E6B=EF64I CD<E>64:<AAB7B CBDB8AB7B @4EE<64. �>GEF<K9E><9 <EE?98B64A<S 
CDB6B8<?<EP 6 GE?B6<SI BF>DOFB7B EF6B?4 A4 7?<A<EFB@ 5GDB6B@ D4EF6BD9 E C?BFABEFPR 
1,10 7/E@3. "EAB6A4S J9?P <AF9DCD9F4J<< ��% 6 84AAB@ <EE?98B64A<< - B59EC9K9A<9 CD<-
6S;>< E9=E@<K9E><I BFD4:9A<=, CB?GK9AAOI CB 84AAO@ #�%#, < 4A4?<;4 GCDG7<I 
E6B=EF6 @4EE<64.  
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� J9?B@ >4K9EF6B CB?GK9AAOI @4F9D<4?B6 ��% 6 D4EE@4FD<649@OI E>64:<A4I 
BJ9A<649FES >4> G8B6?9F6BD<F9?PAB9. �BAFDB?P >4K9EF64 >4DBF4:AOI 84AAOI, B5D45BF>4 
< <AF9DCD9F4J<S CDB6989AO 6 CDB7D4@@AB@ >B@C?9>E9 «WellCAD» >B@C4A<< Advanced 
Logic Technology [4].  

%A<:9A<9 >4K9EF64 >D<6OI 4>GEF<K9E>B7B >4DBF4:4 6 BEAB6AB@ E6S;4AB E 6?<S-
A<9@ >469DA 6 <AF9D64?4I D4;@OFOI 7?<A<EFOI CBDB8, A4?<K<9@ 6O5DBEB6 < EDO6B6 H4;. 
� <AF9D64?4I <E>4:9A<S CB>4;4A<= >D<6OI CDB6B8<?4EP >BDD9>F<DB6>4 84AAOI. #D<-
6S;>4 84AAOI CB 7?G5<A9 6OCB?AS?<EP E GK9FB@ D9;G?PF4FB6 <A>?<AB@9FD<K9E><I <EE?9-
8B64A<= < <@9RM<IES >D<6OI 74@@4->4DBF4:4. #BE?9 CDB6989A<S CD<6S;>< 6OCB?A9A4 
CDBJ98GD4 ABD@<DB6>< CB?GK9AAOI 84AAOI A4 BCBDAO9 E>64:<AO. � >4K9EF69 BCBDAOI 
6O5D4AO E>64:<AO E A4<5B?99 6OEB><@ >4K9EF6B@ >4DBF4:AB7B @4F9D<4?4.  

�?S BJ9A>< EBEF464 CBDB8AB7B @4EE<64 6OCB?A9AB C9FDBH<;<K9E>B9 @B89?<DB64-
A<9. #BEFDB9A<9 B5N9@AB= C9FDBH<;<K9E>B= @B89?< BEAB64AB A4 B8AB6D9@9AAB@ D9L9-
A<< E<EF9@O GD46A9A<=, BC<EO646L<I CBDB8BB5D4;GRM<= B5N9@ E CB@BMPR >B@C?9>E4 
@9FB8B6 ��%.  9FB8<>4 CBEFDB9A<S BEAB6O64?4EP A4 <F9D4J<BAAB@ <A69DE<BAAB@ C9-
D95BD9, E 6B6?9K9A<9@ @4>E<@4?PAB7B >B?<K9EF64 @9FB8B6 < D4EK9FAOI >D<6OI 6 QF4?B-
A<DB64AAB= @B89?<. � >4K9EF69 BCBDAOI 84AAOI <ECB?P;B64?<EP <@9RM99ES ?<FB?B7B-

EFD4F<7D4H<K9E>B9 BC<E4A<9 >9DA4 E>64:<A < 4CD<BDA4S 79B?B7B-79BH<;<K9E>4S <AHBD-
@4J<S. #D< CDB69D>9 EIB8<@BEF< CB?GK9AAB= B5N9@AB= C9FDBH<;<K9E>B= @B89?< E 
4CD<BDAB= 79B?B7<K9E>B= <AHBD@4J<9= CDB<;6B8<?BEP G@9APL9A<9 <ECB?P;G9@OI @9-
FB8B6 < 66989A<9 8BCB?A<F9?PAOI CB?P;B64F9?PE><I CBCD46B>. !4 84AAB@ QF4C9 <EE?9-
8B64A<S B5N9@A4S C9FDBH<;<K9E>4S @B89?P <EE?98G9@B7B D4;D9;4 CD98EF46?9A4 6 6<89 
CSF<>B@CBA9AFAB= @B89?<, 6>?RK4RM9=: 7?<A<EFGR < >4D5BA4FAGR EBEF46?SRMGR, 
4?96DB?<FB6GR, 7<CEB6GR < CBF9AJ<4?PAOI D4;GC?BFAёAAOI C?4EFB6. � E6S;< E B7D4A<-
K9AABEFPR CDB6989AAB7B >B@C?9>E4 EFB<F GK<FO64FP BCD989?9AAO9 E?B:ABEF< CD< >BD-
D9?SJ<< 79B?B7<K9E>B= <AHBD@4J<< E 8DG7<@< E>64:<A4@< GK4EF>4. 

� D4@>4I <AF9DCD9F4J<< �� D4EEK<F4AO E>BDBEF< CDB5974 CDB8B?PAOI (P) 6B?A. 
"E?B:A9A<9 6B?AB6B= >4DF<AO CD< D97<EFD4J<< <AF9D64?PAOI 6D9@9A CDB5974 CDB8B?P-
AOI 6B?A B5GE?B6?9AB E<?PAB= 8<E?BJ<DB64AABEFPR D4;D9;4. #B 84AAO@ 4A4?<;4 >9DAB-
6OI @4F9D<4?B6 GEF4AB6?9AB, KFB <AF9D64? CDB6989A<S 4>GEF<K9E><I <EE?98B64A<= 6 
E>64:<A4I E?B:9A K9F69DF<KAO@< BF?B:9A<S@< < D4;@OFO@< BF?B:9A<S@< A48EB?S-
AB7B >B@C?9>E4 CBDB8. #BDB8O A48EB?SAB7B >B@C?9>E4 CD98EF46?9AO C9D9D45BF4AAO@< 
F9DD<79AAB->4D5BA4FAO@< C?4EF4@< E 6>?RK9A<S@< E?B96 EG?PH4FB6 < EB?9=. $4;D9; ;4-
K4EFGR CD98EF46?9A 6 6<89 B5?B@>B6 CBDB8 8B 8D9E6O < M95AS, A45?R84RFES K4EF<KAB 
EBID4A<6L<9ES J9?PAO9 C?4EFO 7<CEB6 < EB?9=. !4?<K<9 6OL9CD<698ёAAOI H4>FBDB6 
CD9CSFEF6G9F CDBIB:89A<R E<7A4?4 BF 4>GEF<K9E>B7B ;BA84 > CBDB8AB@G @4EE<6G < B5-
D4FAB < BE?45?S9F D97<EFD<DG9@O= E<7A4? 8B GDB6AS 4CC4D4FGDAOI LG@B6, CBDB= A9 A9-
EGM<I 8BEFB69DAB= <AHBD@4J<< B5 GCDG7<I E6B=EF64I CBDB8AB7B @4EE<64 [2].  

!4 BEAB64A<< CB?GK9AAB= <AHBD@4J<< B E>BDBEF< CDB5974 P-6B?A EHBD@<DB64AO 
E>BDBEFAO9 @B89?<, <ECB?P;G9@O9 6CBE?98EF6<< CD< B5D45BF>9 < <AF9DCD9F4J<< 84AAOI 
E9=E@<K9E><I E>64:<AAOI <EE?98B64A<=.  

%9=E@<K9E><9 E>64:<AAO9 <EE?98B64A<S CDB6989AO CB @9FB8<>9 CDB8B?PAB7B 
69DF<>4?PAB7B E9=E@<K9E>B7B CDBH<?<DB64A<S.  9FB8 BEAB64A A4 6B;5G:89A<< E9=E@<-
K9E>B7B E<7A4?4 A4 ;9@AB= CB69DIABEF< 65?<;< E>64:<AO < D97<EFD4J<< E9=E@<K9E><I 
84AAOI CD<9@A<>4@<, CB7DG:9AAO@< 6 E>64:<AG, E CBE?98GRM<@ BCD989?9A<9@ 6D9-
@9A< CDB5974 GCDG7<I 6B?A < CBEFDB9A<9@ E>BDBEFAB= @B89?< 68B?P EF6B?4 E>64:<AO 
[1].  

�?S D97<EFD4J<< <ECB?P;B64?4EP CP9;B>9D4@<K9E>4S 7<8DBHBAA4S >BE4 E 24 >4A4-
?4@<. �B;5G:89A<9 GCDG7<I 6B?A A4 CB69DIABEF< BEGM9EF6?S?BEP E CB@BMPR Q?9>FDB-
@9I4A<K9E>B7B G84DAB7B <EFBKA<>4 E QA9D7<9= G84D4 700 >�:. 
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"5D45BF>4 < <AF9DCD9F4J<S 84AAOI #�%# CDB<;6B8<?<EP E CB@BMPR CDB7D4@@-
AB7B >B@C?9>E4 «RadExPro» [3]. � D4@>4I QF4C4 6OCB?A9AO E?98GRM<9 CDBJ98GDO: 66B8 
<EIB8AOI 84AAOI < CD<E6B9A<9 ;47B?B6>B6; CB?BEB64S < >B79D9AFA4S H<?PFD4J<S ;4-
C<E<; 6O89?9A<9 CB?S C9D6OI 6EFGC?9A<= A4 E9=E@B7D4@@9; CBEFDB9A<9 E>BDBEFAOI @B-
89?9= (D<E. 1). 

 

 
$<E. 1. %>BDBEFAO9 @B89?< 68B?P EF6B?4 E>64:<AO (4) < HD47@9AF E9=E@B7D4@@O 
�%# (5). 1 3 C?4EFB64S E>BDBEFA4S @B89?P; 2 3 ED98ASS E>BDBEFP; 3 3 <AF9D64?PA4S E>BDBEFP, D4E-
EK<F4AA4S <; A4>?BA4 7B8B7D4H4 C9D6OI 6EFGC?9A<= A4 E9=E@B7D4@@9 �%# 

 
�4?99 CDB<;6989AB BED98A9A<9 CB?GK9AAB= @B89?< <AF9D64?PAOI E>BDBEF9= A4 

54;9 5 FBK9> 8?S GEFD4A9A<S D9;><I 6EC?9E>B6, 6O;64AAOI A9FBKABEFS@< CD< 6O89?9A<< 
C9D6OI 6EFGC?9A<=. � D9;G?PF4F9 CB?GK9A4 E7?4:9AA4S @B89?P <AF9D64?PAOI E>BDBEF9= 
(D<E. 2), >BFBD4S <ECB?P;G9FES 8?S EBCBEF46?9A<S E 84AAO@< 4>GEF<K9E>B7B >4DBF4:4 6 
E>64:<A9. 

#D< EBCBEF46?9A<< CB?GK9AAOI 84AAOI �� < #�%# @B:AB E89?4FP ;4>?RK9A<9, 
KFB <AF9D64?PAO9 < ED98A<9 E>BDBEF< ?B:4FES 6 B5M<= FD9A8. #B 84AAO@ !�%# A45?R-
849FES CB6OL9AAO9 E>BDBEF< BFABE<F9?PAB 84AAOI ��, KFB B5GE?B6?9AB E<?PAB= 8<E-
?BJ<DB64AABEFPR D4;D9;4 6?<SRM9= A4 >4K9EF6B ;4C<E< 84AAOI �� < A9 A9EGM<I EGM9-
EF69AAOI CB7D9LABEF9= 6 <;@9D9A<< E9=E@<K9E><I E>64:<AAOI @9FB8B6. 

$4ECD989?9A<9 E>BDBEF9= CB 84AAO@ �� EBEF46?SRF: @4>E<@4?PAO9 ;A4K9A<9 
E>BDBEF< CDB8B?PAB= 6B?AO BF69K4RF ;A4K9A<S@ 3979 @/E CD< ED98A<I 2687 @/E < @<A<-
@4?PAB= 1423 @/E. %D98A<9 C?4EFB6O9 E>BDBEF< EBEF46?SRF 2655@/E CD< @4>E<@4?PAB= 
2464 @/E < @<A<@4?PAB= 1834 @/E. 

#B 84AAO@ 69DF<>4?PAB7B CDB8B?PAB7B E9=E@<K9E>B7B CDBH<?<DB64A<S ED98A<9 
D4ECD989?9A<S E>BDBEF9= 6 CBDB8AB@ @4EE<69 EBEF46?SRF CBDS8>4 3176 @/E CD< @4>E<-
@4?PAOI 4358 @/E < @<A<@4?PAOI 2286 @/E. 



XXIV 'D4?PE>4S @B?B89:A4S A4GKA4S L>B?4 CB 79BH<;<>9 

249 

 

 
$<E. 2. %BCBEF46?9A<9 D9;G?PF4FB6 CDB8B?PAB7B �%# < �� 6 E>64:<A9  

 

�B@C?9>EA4S <AF9DCD9F4J<S �� < #�%# CB;6B?<?< CDB4A4?<;<DB64FP EBEF46 CB-
DB8AB7B @4EE<64 A4 BEAB69 B5N9@AB= C9FDBH<;<K9E>B= @B89?< < 84FP BJ9A>G GCDG7<@ 
E6B=EF64@ CBDB8AB7B @4EE<64. !4 BEAB69 CB?GK9AAB= <AHBD@4J<< B D4ECD989?9A<< E>B-
DBEFAOI I4D4>F9D<EF<> CBDB8, 6 <EE?98G9@B@ <AF9D64?9 D4;D9;4 6O89?9AO 6OEB>BE>B-
DBEFAO9 C?4EFO BFABE<F9?PAB= 6@9M4RM<I CBDB8 (D<E. 2). �O89?9AAO9 C?4EFO CDBE?9-
:<64RFES 6 CD989?4I 6E97B GK4EF>4 <EE?98B64A<=. #B 84AAO@ C9FDBH<;<K9E>B7B @B89-
?<DB64A<S BA< BI4D4>F9D<;B64AO >4> 7<CEB64S < @9D79?P-7<CEB64S CBDB84. �4AAO9 C?4-
EFO BF?<K4RFES CB6OL9AAB= 4>GEF<K9E>B= :9EF>BEFPR ;A4K9A<S >BFBDB= EBEF46?SRF 
CBDS8>4 9100-9900 7/E@3*@/E. #?4EFO 7<CEB6B= CBDB8O I4D4>F9D<;GRFES 6OEB>B= C?BF-
ABEFPR 3 2,3 7/E@3 < E>BDBEFS@< CDB8B?PAOI 6B?A CBDS8>4 3600-4400 @/E, CD< ED98A<I 
8?S 84AAB7B <AF9D64?4 D4;D9;4 6 2300-2600 @/E. �9DIASS 7D4A<J4 6O89?9AAOI E?B96 6 
EFDG>FGDAB@ C?4A9 EBBF69FEF6G9F B5M9@G CB?B:9A<R 7<CEB6B7B ;9D>4?4 6 CD989?4I <E-
E?98G9@B7B GK4EF>4.  

#B?GK9AAO9 D9;G?PF4FO >B@C?9>EAB= <AF9DCD9F4J<< @9FB8B6 ?S7GF 6 BEAB6G E9=-
E@B79B?B7<K9E><I @B89?9=, <ECB?P;G9@OI >4> BCBDA4S <AHBD@4J<S CD< <AF9DCD9F4J<< 
< B5D45BF>9 84AAOI E9=E@BD4;698BKAOI D45BF. �O89?9AAO9 6OEB>BE>BDBEFAO9 C?4EFO 
7<CEB6B= CBDB8O @B7GF 5OFP <ECB?P;B64AO 6 >4K9EF69 BCBDAOI BFD4:4RM<I 7BD<;BA-
FB6.  

�EE?98B64A<9 6OCB?A9AB CD< H<A4AEB6B= CB889D:>9  <A<EF9DEF64 A4G>< < B5-
D4;B64A<O $( (D97. AB@9D CDB9>F4 122012000401-7). 
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COMPREHENSIVE INTERPRETATION OF SHALLOW DEPTH WELL 

GEOPHYSICAL SURVEYS 

 
1Tezikov Artemii, 2Trapeznikova Anna 

1PSU, Perm, 2MI UB RAS, Perm  
1artemii.tezikov@gmail.com, 2a.b.trapeznikova@gmail.com 

 

Annotation. The paper presents the results of a comprehensive data interpreta-

tion of shallow depth vertical seismic profiling and geophysical surveys in shal-

low wells. The possibility of an integrated interpretation of these methods in 

order to obtain the most accurate information about the physical and lithological 

properties of the rocks in the shallow depth interval, as well as for the seismic 

well-tie is demonstrated. 

Keywords: vertical seismic profiling (VSP), well logging, acoustic logging 

(DT), longitudinal wave velocities, well tie. 
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'�� 550.34.016+550.34.013.2+550.348.425+550.348 
"*�!�� %��% �+�%��) �"����%&��� #$� ��$/��) !� 

�$�!�&!"  ��$0�$� � ����$'%� 

 
1&5@5I5=:> �A5=8S �0;5@P52=0, 1�@>=>2 �@:0489 �5AA5;528G,  

 1�5;S520 �8:B>@8S �;5:A0=4@>2=0, 1�C@A528G �;5:A59 �;5:A0=4@>28G,  
1 0@B8=>28G .;8S �8B0;P52=0, 2"@;>2A:89 �SG5A;02 +5A;02>28G 

1*5=B@ 35>D878G5A:>3> <>=8B>@8=30 !�! �5;0@CA8, 3.  8=A:, $5A?C1;8:0 �5;0@CAP 
1aronov@cgm.by, 1tsiareshchenko@cgm.by, 1bialiayeva@cgm.by, 

1kursevich@cgm.by, 1martsinovich@cgm.by, 2to@granit.by 
2$5A?C1;8:0=A:>5 C=8B0@=>5 ?@>872>4AB25==>5 ?@54?@8SB85 «�@0=8B» 
 8=8AB5@AB20 0@E8B5:BC@O 8 AB@>8B5;PAB20 $5A?C1;8:8 �5;0@CAP, 

3.  8:0H528G8, $5A?C1;8:0 �5;0@CAP  
 

�AABF4J<S. %F4FPS CBE6SM9A4 BCD989?9A<R 6?<SA<S 6;DO6AOI D45BF 6 
7D4A<FAB@ >4DP9D9 « <>4L96<K<» A4 ;84A<S < EBBDG:9A<S 7BDB84  <>4-
L96<K<. "J9A>4 E9=E@<K9E><I 6B;89=EF6<= CDB6B8<?4EP A4 BEAB69 84AAOI 
<AEFDG@9AF4?PAOI A45?R89A<= J<HDB6O@< EF4AJ<S@< E >BDBF>BC9D<B8-
AO@< FD9I>B@CBA9AFAO@< E9=E@B@9FD4@<. 
�?RK96O9 E?B64: CDB@OL?9AAO9 6;DO6O, E9=E@B?B7<K9E><9 A45?R89-
A<S, E>BDBEFP E@9M9A<S 7DGAF4, E9=E@<K9E>B9 6B;89=EF6<9. 
 

 9EFBDB:89A<9 EFDB<F9?PAB7B >4@AS « <>4L96<K<» D4ECB?B:9AB 6 500 @ > ;4-
C48G BF 7.  <>4L96<K< �GA<A9J>B7B D4=BA4 �D9EFE>B= B5?4EF<. �4DP9D 6 A4EFBSM99 
6D9@S <@99F D4;@9DO 2760 @ E ;4C484 A4 6BEFB> < 1770@ E E969D4 A4 R7. �?G5<A4 >4DP9D-
AB= 6OD45BF>< EBEF46?S9F 150 @, KFB A4 20 @ A<:9 GDB6AS �4?F<=E>B7B @BDS. �BEFBKA4S 
7D4A<J4 @9EFBDB:89A<S CDB?9749F A4 D4EEFBSA<< B>B?B 1 >@ BF :<?B= ;4EFDB=>< 7.  <-
>4L96<K< [2]. 

�GDB6;DO6AO9 D45BFO 6 >4DP9D9 A9B5IB8<@O 8?S BF5B=>< < DOI?9A<S CBDB8O E 
J9?PR B59EC9K9A<S 8DB5<?PAB-EBDF<DB6BKAOI ;46B8B6 6;BD64AAB= 7BDAB= @4EEB=. �;-;4 
5B?PLB7B 6B8BCD<FB>4 6B8BABEAB7B 7BD<;BAF4 >D<EF4??<K9E><I CBDB8 < FD9M<AB64FB-
EF< CBDB8 5B?PL<AEF6B E>64:<A B56B8A9AB. �OEBF4 6B8SAB7B EFB?54 6 E>64:<A4I BF 3 
8B 15 @9FDB6. � E6S;< E QF<@ CD<@9ASRFES 6;DO6K4FO9 69M9EF64 1�� !<FDBA<FO @4DB> 
1-70, 1-100, ��#1 «!<FDB�9?», 4 F4>:9 6B8BGEFB=K<6O9 �� (1@G?PE9A-��). � A<:A9= 
K4EF< BFABE<F9?PAB EGI<I E>64:<A < 6 69DIA9= K4EF< B56B8A9AAOI E>64:<A CD<@9AS-
RFES !<FDBA<F 1-50. �4DS8O D4;@9M4RFES 6 E>64:<A4I 8<4@9FDB@ 250 @@, 215 @@, 
165 @@, 165 @@, 152 @@. � >4K9EF69 ED98EF6 6;DO64A<S CD<@9ASRFES E<EF9@O A9Q?9>FD<-
K9E>B7B <A<J<<DB64A<S «�E>D4» <?< «�@CG?PE» E <AF9D64?4@< ;4@98?9A<S 25 @E, 42 @E, 
67 @E. %CBEB5 6;DO64A<S (<A<J<<DB64A<S) ‒ E CB@BMPR GEFDB=EF64 CGE>B6B7B Q?9>FDBA-
AB7B '#1 3 1.5/4 E <ECB?P;B64A<9@ 6B?ABBF6B84. %>64:<AO 69DF<>4?PAO9, A4>?BAAO9. 
$4ECB?B:9A<9 E>64:<A CDS@BG7B?PAB9, >648D4FAB9, 6 L4I@4FAB@ CBDS8>9. 

%9=E@B?B7<K9E><9 A45?R89A<S < D97<EFD4J<S CDB@OL?9AAOI 6;DO6B6 6 7D4A<F-
AB@ >4DP9D9 « <>4L96<K<» CDB6B8<?<EP E 20.08.2021 CB 26.11.2021. �?S D97<EFD4J<< 
6;DO6B6 5O?< BD74A<;B64AO 864 A45?R84F9?PAOI CGA>F4: «�D4A<F 1» < «�D4A<F 2». !4 
QF<I CGA>F4I 5O?< GEF4AB6?9AO E9=E@<K9E><9 EF4AJ<< 6 EBEF469 D97<EFD4FBD4 E<7A4?B6 
Delta 03  (<;7BFB6<F9?P ��"&�), $BEE<S) < >BDBF>BC9D<B8AB7B FD9I>B@CBA9AFAB7B 
E9=E@B@9FD4 LE3-dlite Mk III/1s (<;7BFB6<F9?P Lennartz, �9D@4A<S). #GA>F «�D4A<F 1» 
5O? BD74A<;B64A 65?<;< 5BDF4 >4DP9D4, 4 CGA>F «�D4A<F 2» 6 ;BA9 :<?B= ;4EFDB=><. � 
CDBJ9EE9 <EE?98B64A<= 5O?< BD74A<;B64AO 8BCB?A<F9?PAO9 CGA>FO A45?R89A<= E 4A4-
?B7<KAO@ B5BDG8B64A<9@ A4 G84?9A<< BF 2.6 8B 2.9 >@ BF J9AFD4 >4DP9D4 (D<E. 1). 
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 $<E. 1. %I9@4 D4ECB?B:9A<S E9=E@<K9E><I EF4AJ<= 

 

�?S B5D45BF>< ;4C<E9= E9=E@B?B7<K9E><I A45?R89A<= < D4EK9F4 C4D4@9FDB6 <E-
CB?P;B64?<EP CDB7D4@@O: WSG [6] < 8D. #D< QFB@ 6OCB?AS?<EP < F9BD9F<K9E><9 D4EK9FO 
8?S BJ9A>< EF9C9A< E9=E@<K9E><I 6B;89=EF6<=. 

!4<5B?99 D4ECDBEFD4A9AAO@ >D<F9D<9@ E9=E@<K9E>B= BC4EABEF<, S6?S9FES 69>-
FBDA4S E>BDBEFP >B?954A<= 7DGAF4 VΣ G BEAB64A<= BID4AS9@OI ;84A<= < EBBDG:9A<=. 
1>EC9D<@9AF4?PAO9 <EE?98B64A<S CB>4;4?<, KFB CB ED46A9A<R E 4@C?<FG8B= E@9M9A<S 
< GE>BD9A<9@ E@9M9A<S, E>BDBEFP E@9M9A<S A4<?GKL<@ B5D4;B@ >BDD9?<DG9F E A4K4?P-
AO@< CB6D9:89A<S@< ;84A<= < EBBDG:9A<= [1, 3, 7, 9]. 

�@9EF9 E F9@, A9E@BFDS A4 FB KFB E>BDBEFP E@9M9A<= 7DGAF4 CD4>F<K9E>< B5M9-
CD<ASF4 >4> @9D4 BJ9A>< GEFB=K<6BEF< ;84A<=, 99 8BCGEF<@O9 ;A4K9A<S EGM9EF69AAB 
D4;?<K4RFES, F4> >4> ;46<ESF BF F<C4 < >BAEFDG>F<6AOI BEB59AABEF9= ;84A<=, C4D4@9F-
DB6 7DGAF4, I4D4>F9D4 6;4<@B89=EF6<S E 7DGAFB@ < J9?B7B DS84 8DG7<I H4>FBDB6. �; ?<-
F9D4FGDAOI <EFBKA<>B6 E?98G9F, KFB BEAB6AO9 8BCGEF<@O9 ;A4K9A<S E>BDBEF9= E@9M9-
A<S 7DGAF4 A4IB8SFES 6 CD989?4I 1-3 E@/E [3, 4]. 

+4EFBFAO= EC9>FD 6E9I EBEF46?SRM<I 6B?AB6OI HBD@ ;4C<E9= 6;DO6B6 6 BEAB6-
AB@ A4IB8<FES 6 CD989?4I 8B 30 �J. #D< QFB@ EC9>FDO ;4C<E9= 6B?AB6OI HBD@ 6;DO6B6, 
CDB<;6989AAOI 6 D4;?<KAO9 8A< < <@9RM<9 BF?<K<F9?PAO9 I4D4>F9D<EF<><, 5?<;>< CB 
K4EFBFAO@ I4D4>F9D<EF<>4@. 

 4>E<@4?PAO9 4@C?<FG8O D4;?<KAOI EBEF46?SRM<I ;4C<E9= 6B?AB6OI HBD@ 
6;DO64 CD96OL4RF GDB69AP @<>DBE9=E@<K9E>B7B HBA4 6 10 < 5B?99 D4;.  4>E<@4?PAB9 
;A4K9A<9 EG@@4DAB= 69>FBDAB= E>BDBEF< 86<:9A<S K4EF<J 7DGAF4 EBEF46?S9F 4500 @>@/E, 
>BFBDB9 A45?R849FES 8?S 6;DO64 22.10.2021 E @BMABEFPR 121156 >7 6 FDBF<?B6B@ Q>6<-
64?9AF9 (D<E. 2). 1FB ;A4K9A<9 @B:AB B>DG7?<FP 8B 0.5 E@/c, F.9 A9 B>4;O649F ;A4K<@B7B 
A974F<6AB7B 6B;89=EF6<S A4 ;84A<S < <A:9A9DAO9 EBBDG:9A<S.  

"5B;A4K9A<S 
  %9=E@<K9E>4S EF4AJ<S E/c 

  �BCB?A<F9?PA4S E/E 
  *9AFD >4DP9D4 
  �D4A<J4 :<?B= ;4EFDB=>< 

�4DP9D « <>4L9-
6<K<» 

ГDанит 
1

ГDанит 
2
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$<E. 2. %C9>FD4?PAO= EBEF46 @<>DBE9=E@<K9E>B7B HBA4 A4 CGA>F9 A45?R89A<S 
�D4A<F 2: 4 3 Z 3 EBEF46?SRM<9; 5 3 N 3 EBEF46?SRM<9; 6 3 E 3 EBEF46?SRM<9, 
7 3 EC9>FD4?PA4S C?BFABEFP @BMABEF< 

 

!4 D<E. 3 E9=E@B7D4@@4 BF 6;DO64 22.10.2021. �4> 6<8AB, 84AAO9 E9=E@<K9E><I 
EF4AJ<= 84RF B5N9>F<6AB9 CD98EF46?9A<9 B I4D4>F9D9 CDBS6?9A<S E9=E@<K9E>B7B QH-
H9>F4.  

&4><@ B5D4;B@, @B:AB E89?4FP E?98GRM<9 6O6B8O: 
" B5M<@ 8?S 6E9I 6B?AB6OI HBD@ S6?S9FES K4EFBFAO= EBEF46 8B 30 �J, SD>B 

6OD4:9AAO= D9;BA4AEAO= QHH9>F, G69?<K9A<9 <AF9AE<6ABEF< EC9>FD4?PAOI 4@C?<FG8 
8?S 6E9I EBEF46?SRM<I ;4C<E<;  

" CD4>F<K9E>< 8?S 6E9I 6;DO6B6 A45?R849FES <AF9AE<6AB9 CDBS6?9A<9 7BD<-
;BAF4?PAOI EBEF46?SRM<I 6 ;4C<ESI E9=E@<K9E><I 6B?A; 

" 69DF<>4?PA4S EBEF46?SRM4S <@99F A95B?PLB= 69E 6 ;A4K9A<SI EG@@4DAB= 
E>BDBEF< 86<:9A<S K4EF<J 7DGAF4. 

 

 
$<E. 3. %9=E@B7D4@@4 6;DO64 22.10.2021 @BMABEFPR 121156 >7 
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!4 D<E. 4 CB>4;4A4 ;46<E<@BEFP @4>E<@4?PAB= E>BDBEF< K4EF<J 7DGAF4 BF CD<69-
89AAB7B D4EEFBSA<S. �?S CBEFDB9A<S 7D4H<>4 <ECB?P;B64?<EP 84AAO9, CB?GK9AAO9 CB 
D9;G?PF4F4@ A45?R89A<= ;4 69EP C9D<B8. �A4K9A<9 @4>E<@4?PAB7B GDB6AS E9=E@<K9E>B7B 
6B;89=EF6<S A4 7D4H<>9 (D<E. 4) 6;SFB [11]. 

  

 
$<E. 4. �46<E<@BEFP @4>E<@4?PAB= E>BDBEF< K4EF<J 7DGAF4 BF CD<6989AAB7B 
D4EEFBSA<S: 1 3 C9D6O= 6;DO6, 2 3 6FBDB= 6;DO6 

 

� >4K9EF69 BEAB6AB7B >D<F9D<S BJ9A>< E9=E@<K9E>B= BC4EABEF< <ECB?P;B64?BEP 
;A4K9A<9 EG@@4DAB= 69>FBDAB= E>BDBEF< 86<:9A<S K4EF<J (>B?954A<=) 7DGAF4, @4>E<-
@4?PAB9 ;A4K9A<9 >BFBDB7B CB D9;G?PF4F4@ B5D45BF>< 84AAOI E9=E@B?B7<K9E><I A45?R-
89A<= A9 CD96OE<?B 0.5 E@/c < @4>DBE9=E@<K9E><= QHH9>F A4 :<?GR ;4EFDB=>G BF @4E-
EB6OI CDB@OL?9AAOI 6;DO6B6 A9 CD96OE<? 4 54??B6 CB L>4?9 MSK-64 [5, 8, 10]. &4><@ 
B5D4;B@, <AEFDG@9AF4?PAB ;4D97<EFD<DB64AAO9 < <;GK9AAO9 6;DO6O A4 7D4A<FAB@ >4DP-
9D9 « <>4L96<K<» CB;6B?SRF E89?4FP 6O6B8 B FB@, KFB BA< A9 B>4;O64RF >D<F<K9E>B7B 
E9=E@<K9E>B7B 6B;89=EF6<S A4 EBEFBSA<9 ;84A<= < EBBDG:9A<=. #B D9;G?PF4F4@ <EE?98B-
64A<= CB87BFB6?9A4 CDB7D4@@4 84?PA9=L<I D45BF CB GFBKA9A<R C4D4@9FDB6 E9=E@<K9-
E><I 6B;89=EF6<= 8?S <ECB?P;B64A<S CD< BCF<@<;4J<< 5GDB6;DO6AOI D45BF A4 >4DP9D9. 
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ASSESSMENT OF THE SEISMIC IMPACTS OF EXPLOSIONS IN THE 

GRANITE QUARRY IN BELARUS  
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Summary. The paper deals with the determination of the impact of blasting op-

erations in the <Mikashevichy= granite quarry on the buildings and facilities in 
the town of Mikashevichy. An assessment of the seismic impacts was made on 

the basis of data obtained by the instrumental observations carried out at the 

digital stations equipped with short-period three-components seismometers. 

Key words: industrial explosions, seismological observations, ground motion 

velocity, seismic impact. 
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'�� 553.411.071 

��"(���+�%��� #$��!��� "$'��!�!�3 �"�"&"- ��!"-

#"$(�$"�"�" &�#� !� #"!��%�"  '+�%&�� 
#$�� '$%�"� �'���!"-#�'&"!�+�%�"� �"!/ 

()���$"�%��� �$��) 
 

(54>@>2 �;048<8@ �5==04P528G 

&><A:89 #>;8B5E=8G5A:89 '=825@A8B5B, 3. &><A: 
vgf2@tpu.ru 

 

�AABF4J<S.  98AB-CBDH<DB6O9 @9EFBDB:89A<S E DG84@< CDB:<?>B6B-
6>D4C?9AAB7B F<C4 S6?SRFES 7?46AO@< <EFBKA<>4@< @98< 3 B>B?B 62% @<-
DB6B= 8B5OK<.  9EFBDB:89A<S 84AAB7B F<C4 >4> CD46<?B >DGCAO9 < BF?<-
K4RFES >B@C?9>EAO@ @AB7B@9F4?PAO@ EBEF46B@ DG8. %B89D:4A<S @98< 
B5OKAB >B?95?9FES BF 0.16% 8B 0.9%, ;B?BF4 0.15-0.9 7/F. � E6S;< E QF<@ 
6OEB>4 4>FG4?PABEFP 4A4?<;4 BEB59AABEF9= 79A9D4J<< @9EFBDB:89A<= 84A-
AB7B F<C4 < 6OS6?9A<S <I 79BH<;<K9E><I CD<;A4>B6. 
�?RK96O9 E?B64: %<IBFQ-�?<AP, BDG89A9A<9 ;B?BFB-@98AB-CBDH<DB6B7B 
F<C4, >64DJ96O9 8<BD<FO, @47A<FBD4;698>4, 79BH<;<K9E><9 <EE?98B64A<S 
E>64:<A.  

 

#BA<=E><= C9DEC9>F<6AO= GK4EFB> B5M9= C?BM48PR 32 >@2 6 48@<A<EFD4F<6AB@ 
C?4A9 BFABE<FES > �B@EB@B?PE>B@G D4=BAG )454DB6E>B7B >D4S < A4IB8<FES 6 60 >@ > 
R7B-6BEFB>G BF D4=BAAB7B J9AFD4 7. �B@EB@B?PE>-A4-�@GD9, D4ECB?B:9AAB7B 6 352 >@ 
BF 7. )454DB6E>4. 

!4 GK4EF>9 6OS6?9AB CDB:<?>B6B-6>D4C?9AAB9 BDG89A9A<9 ;B?BFB-@98AB-CBDH<-
DB6B7B F<C4. $G8AO9 B5N9>FO 84AAB7B F<C4 6IB8SF 6 EBEF46 E9@9=EF64 @98AB-CBDH<DB-
6OI @9EFBDB:89A<=, 6E9 K?9AO >BFBDB7B, 7?46AO@ B5D4;B@, E6S;4AO E CBDH<DB6O@< <A-
FDG;<S@< BF ?9=>B7D4A<FB6B7B 8B @BAJBA<FB6B7B EBEF464.  9EFBDB:89A<S QFB7B E9@9=-
EF64 D4ECDBEFD4A9AO CB 6E9@G @<DG, B8A4>B BEAB6A4S <I K4EFP D4;@9M49FES 6 @9;B;B=-
E><I < >4=AB;B=E><I BF?B:9A<SI 6BEFBKAB7B < R7B-;4C48AB7B B5D4@?9A<= &<IB7B B>9-
4A4, A4;O649@O9 9M9 &<IBB>94AE><@ >B?PJB@. �I CB?B:9A<9 G>4;O649F A4 FB, KFB 7?46-
AO@ 7?B54?PAO@ 79BF9>FBA<K9E><@ H4>FBDB@ D4;@9M9A<S >DGCAOI @98AB-CBDH<DB6OI 
@9EFBDB:89A<= S6?SRFES EFDG>FGDO 7D4A<J >BA69D79AJ<< (;BAO EG58G>J<<) ?<FBEH9D-
AOI C?<F, 4 F4>:9 BEFDB6B8G:AO9 < B>D4<AAB->BAF<A9AF4?PAO9 A48EG58G>J<BAAO9 6G?-
>4AB-C?GFBA<K9E><9 CBSE4 (�##) < �## 7D4A<J E>B?P:9A<S ?<FBEH9DAOI C?<F (FD4AE-
HBD@AO9 7D4A<JO). !G:AB CB8K9D>AGFP, KFB �BEFBKAO9 D4=BAO $BEE<< 3 9EF9EF69AAO= 
Q?9@9AF &<IBB>94AE>B7B >B?PJ4 [4]. 

#BA<=E><= C9DEC9>F<6AO= GK4EFB>, >4> < <;69EFAB9 >DGCAB9 @9EFBDB:89A<9 ;B-
?BFB-@98AB-CBDH<DB6B7B F<C4  4?@O:, D4;@9M49FES 6 #D<4@GDE>B= 6G?>4AB-C?GFBA<-
K9E>B= ;BA9 %<IBFQ-�?<AE>B= E>?48K4FB= E<EF9@O.  9F4??B79A<R %<IBFQ-�?<AE>B= 
E>?48K4FB= E<EF9@O, 6 79BH<;<K9E>B@ 4EC9>F9, E6S;O64RF E B8AB<@9AAO@ D97<BA4?PAO@ 
7D46<F4J<BAAO@ @<A<@G@B@ E<?O FS:9EF<. #D<DB84 D4;GC?BFA9A<S, CD98CB?B:<-
F9?PAB, B5GE?B6?9A4 BK47B6B= 7D4A<F<;4J<9= 7?G5<AAB7B EG5EFD4F4 @9?4AB>D4FB6B7B EB-
EF464, D4EE@4FD<649@B7B 6 >4K9EF69 6B;@B:AB7B <EFBKA<>4 ;B?BF4 [3]. �8B?P CDBEF<D4-
A<S ;BAO D4;GC?BFA9A<S A45?R84RFES B5L<DAO9 BD9B?O ;B?BFBABEABEF< < D98>B@9F4?P-
AB7B BDG89A9A<S E ;BA4?PAO@ D4ECD989?9A<9@. � 99 J9AFD9 6 CD989?4I >GCB?PAOI EFDG>-
FGD CD9<@GM9EF69AAB D4;6<FB B?B6SAAB9 BDG89A9A<9, 84?99 BF J9AFD4 CB C9D<H9D<< 
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>GCB?B6 3 6B?PHD4@B6B9 < ;B?BFB-6B?PHD4@B6B9. � @9:>GCB?PAB@ CDBEFD4AEF69 D4;@9-
M4RFES ;B?BFBDG8AO9 @9EFBDB:89A<S (D<E. 1).  
 

 

$<E. 1. %BBFABL9A<9 ;B?BFB7B < D98>B@9F4?PAB7B BDG89A9A<S E 7?G5<AAO@< 

EFDG>FGD4@< D4;GC?BFA9A<S 6 %<IBFQ-�?<AE>B= E>?48K4FB-HBD@4J<BAAB= ;BA9 
 

�BAFDB?P BDG89A9A<S E>?48K4FB= E<EF9@O EB EFBDBAO D4;DO6AB= F9>FBA<>< BEG-
M9EF6?S?ES *9AFD4?PAB-%<IBFQ-�?<AE><@ 7?G5<AAO@ D4;?B@B@ (D<E. 2). 
 

 
$<E. 2. &9>FBA<K9E>4S EI9@4 !<:A97B #D<4@GDPS 

 

�?46AO@ F9>FBA<K9E><@ A4DGL9A<9@ #BA<=E>B7B GK4EF>4 S6?S9FES #BA<=E><= 

D4;?B@ E A9E>B?P><@< BC9DSRM<@< 69F6S@<, CB >BFBDO@ CDB<EIB8<?B 6A98D9A<9 F9? 
A<:A94@GDE>B7B <AFDG;<6AB7B >B@C?9>E4. � EBEF469 >B@C?9>E4 6O89?SRF FD< H4;O. � 
C9D6GR H4;G 6>?RK4RF @BAJBA<FO, 6B 6FBDGR 3 >64DJ96O9 8<BD<FO < >64DJ96O9 8<B-
D<F-CBDH<DO, 6 FD9FPR 3 7D4AB8<BD<FO. �B?BF4S < @98A4S @<A9D4?<;4J<S E6S;4A4 E >64D-
J96O@< 8<BD<F-CBDH<D4@< 6FBDB= H4;O 6A98D9A<S. �D4AB8<BD<FO FD9FP9= H4;O A4 
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#BA<=E>B@ GK4EF>9 A9 6EFD9K4RFES, AB 8BEF4FBKAB L<DB>B CDBS6?9AO A4 @9EFBDB:89-
A<<  4?@O:. 

�AFDG;<6AO9 F9?4 >64DJ96OI 8<BD<F-CBDH<DB6 6FBDB= H4;O 6A98D9A<S A4 #BA<=-
E>B@ GK4EF>9 >?4EE<H<J<DGRFES >4> DG8BCDBS6?9A<S  98AB9, "?PIB6B9, �D<5AB9 < 
�BDI< &BA>4S. 

#D< 89F4?PAB@ <;GK9A<< B5D4;JB6 E DG8BCDBS6?9A<= 5O?B GEF4AB6?9AB, KFB A9-
D98>B 6 QF<I CBDB84I, > >BFBDO@ CD<GDBK9AB ;B?BFB-@98AB9 BDG89A9A<9, BF@9K49FES CD<-
EGFEF6<9 CDB:<?>B6 @47A9F<F4 < C<DDBF<A4, KFB A489?S9F <I 6OEB>B= @47A<FAB= 6BECD<-
<@K<6BEFPR [1]. �E?98EF6<9 QFB7B A4 C?BM48< 5O?4 GEC9LAB <ECB?P;B64A4 @47A<FBD4;-
698>4 8?S 6OS6?9A<S 84=>B6OI F9? >64DJ96OI 8<BD<F-CBDH<DB6 A4 HBA9 ECB>B=AB7B @47-
A<FAB7B CB?S, EBBF69FEF6GRM97B CD4>F<K9E>< A9@47A<FAO@ F9DD<79AAB-BE48BKAO@ BF-
?B:9A<S@ 7BDABCDBFB>E>B= E6<FO.  

%FB<F BF@9F<FP, KFB A9D98>B BE48BKAO9 CBDB8O <;@9A9AO 6FBD<KAO@< A4?B:9A-
AO@< CDBJ9EE4@< < CDBD64AO 84=>4@< D4;?<KAB7B 69M9EF69AAB7B EBEF464, KFB CD<6B8<F 
> CBS6?9A<R A95B?PL<I ?B>4?PAOI 4AB@4?<=. � ;46<E<@BEF< BF F<C4 6FBD<KAOI <;@9-
A9A<= < EBEF464 849> 6 EFDG>FGD9 4AB@4?PAB7B @47A<FAB7B CB?S BA< CDBS6?SRFES CB-

D4;AB@G. �;@9A9A<S CBDB8 68B?P F9>FBA<K9E><I A4DGL9A<= (;BA 8DB5?9A<S < <AF9AE<6-
AB= FD9M<AB64FBEF<), >4> CD46<?B, CD<6B8SF > CBS6?9A<R BF89?PAOI ?B>4?PAOI @<A<-
@G@B6 @47A<FAB7B CB?S. �4=>< :9 I4D4>F9D<;GRFES 5B?99 6OEB><@< ?B>4?PAO@< @47-
A<FAO@< 4AB@4?<S@< <AF9AE<6ABEFPR BF C9D6OI 89ESF>B6 8B EBF9A A&?.  

� >4K9EF69 CD<@9D4 CD<6989AO HD47@9AFO 79B?B7<K9E>B= >4DFO < >4DFO 7D4H<>B6 
@47A<FAB7B CB?S E $G8BCDBS6?9A<S  98AB7B (D<E. 3).  
 

 
$<E. 3. $G8BCDBS6?9A<9  98AB9 < 97B @47A<FAB9 CB?9 

 

� @47A<FAB@ CB?9 4AB@4?<9= 8B 700 A&? IBDBLB 6O89?S9FES LFB>BB5D4;AB9, 6O-
FSAGFB9 6 L<DBFAB@ A4CD46?9A<< <AFDG;<6AB9 F9?B, E?B:9AAB9 ;B?BFB-@98ABEB89D:4-
M<@< >64DJ96O@< 8<BD<F-CBDH<D4@< E @47A9F<FB6B= @<A9D4?<;4J<9=.  

%B6@9EFAO= 4A4?<; EI9@4F<K9E>B= 79B?B7<K9E>B= >4DFO < >4DFO 7D4H<>B6 Δ& 
CB;6B?<? 6OS6<FP E?98GRM<9 ;4>BAB@9DABEF<. �B?PL<9 <;B@9FD<KAO9 <AFDG;<6AO9 
F9?4 8<BD<F-CBDH<DB6 <@9RF 5B?99 «ECB>B=AO9» 4AB@4?<< E CB?B7<@< @4>E<@G@4@< A4 
>4DF9 7D4H<>B6 Δ&, 4 4AB@4?<< BF D4;DO6AOI A4DGL9A<= 6B 6@9M4RM<I BE48BKAOI FB?-
M4I E EBCGFEF6GRM9= @9F4EB@4F<K9E>B=, 6 FB@ K<E?9 < @47A9F<FB6B=, @<A9D4?<;4J<9= 
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<@9RF 5B?99 C<>BB5D4;AGR, D9;>GR HBD@G. %?98G9F BF@9F<FP, KFB ;B?BFB-@98AB9 BDG89-
A9A<9 FS7BF99F > @47A<FAO@ @9F4EB@4F<F4@, CDBS6?9AAO@ >4> CB 8<BD<F-CBDH<D4@, F4> 
< CB F9DD<79AAB-BE48BKAO@ 7BDAO@ CBDB84@. #D< QFB@ EB5EF69AAB DG8AO9 F9?4, 6 K4EF-
ABEF< DG8AB9 F9?B  -1 (D<E. 3), CDBS6?9AO 6 5?<;><I > AG?96O@ < 84:9 BFD<J4F9?PAOI 
;A4K9A<SI Δ&. $4;@47A<K<64A<9 DG8, 69DBSFAB, B5GE?B6?9AB ;4@9M9A<9@ 5B?99 D4AA97B 
@47A9F<F4 B5<?PAB= C<D<FB6B= < I4?P>BC<D<FB6B= @<A9D4?<;4J<9=.  

#B@<@B A4;9@AOI 79BH<;<K9E><I <EE?98B64A<= A4 GK4EF>9 CDB6B8<?<EP >B@-
C?9>EAO9 79BH<;<K9E><9 <EE?98B64A<S 6 CB<E>B6B-D4;698BKAOI E>64:<A4I (��%). 'EF4-
AB6?9AB, KFB CD< CB@BM< ��% @B:AB K9F>B 6O89?<FP A9 FB?P>B E4@< <AFDG;<6AO9 F9?4 
A4 HBA9 6@9M4RM<I BE48BKAOI CBDB8, AB < F4><9 I4D4>F9DAO9 CD<;A4>< ;B?BFB-@98AB7B 
BDG89A9A<S >4> ;BAO @47A9F<FB6B= < EG?PH<8AB= @<A9D4?<;4J<<, <AF9AE<6AB= FD9M<-
AB64FBEF< < 8DB5?9A<S, 4 F4>:9 ;BAO B>64DJ964A<S [1]. 
 

 
$<E. 4. #DBS6?9A<9 >64DJ96OI 8<BD<F-CBDH<DB6 < @47A9F<FB6OI 
>4D5BA4F-4?P5<F-E?R8<EFOI @9F4EB@4F<FB6 (4) < DG8AOI <AF9D64?B6 (5) A4 >4DB-
F4:AOI 8<47D4@@4I. 
1 3 89?R6<4?PAO9 BF?B:9A<S; 2 3 FGHB79AAO9 4?96DB?<FO; 3 3 FGHB79AAO9 C9EK4A<><; 4 3 >4D5B-
A4F-4?P5<F-E?R8<EFO9 @9F4EB@4F<FO CB 8<BD<F-CBDH<D4@; 5 3 ;BA4 8DB5?9A<S; 6 3 >4D5BA4FAO9 
CDB:<?><; 7 - @47A9F<FB6O9 CDB:<?><; 8 3 4?96DB?<FO; 9 3 >64DJ96O9 8<BD<F-CBDH<DO 

 

�64DJ96O9 8<BD<F-CBDH<D<FO 6O89?SRFES A4 >4DBF4:AB= 8<47D4@@9 CBA<:9A-
AO@< GEFB=K<6O@< ;A4K9A<S@< D48<B4>F<6ABEF<, A4 HBA9 6@9M4RM<I ED46A<F9?PAB 
6OEB>B D48<B4>F<6AOI FGHB79AAOI 4?96DB?<FB6 (D<E. 4). "CD989?9AAB K9F>B >64DJ96O9 
8<BD<F-CBDH<D<FO 6O89?SRFES 6OEB><@< D9;><@< 4AB@4?<S@< @47A<FAB= 6BECD<<@K<-
6BEF< CB � � A4 HBA9 A9@47A<FAOI F9DD<79AAB-BE48BKAOI CBDB8. !9<;@9A9AAO9 <?< 
@4?B<;@9A9AAO9 6FBD<KAO@< CDBJ9EE4@< >64DJ96O9 8<BD<F-CBDH<DO I4D4>F9D<;GRFES 
ED46A<F9?PAB G;><@ 8<4C4;BAB@ ;A4K9A<= @BMABEF< Q>ECB;<J<BAAB= 8B;O (6-9 @>$/K) 
($<E. 44). #DBS6?9AAO9 CB A<@ >4D5BA4F-4?P5<F-E?R8<EFO9 @9F4EB@4F<FO E B5<?PAB= 
CDB:<?>B6B= @47A9F<FB6B= @<A9D4?<;4J<9=, BF?<K4RFES CD9:89 6E97B GD474AAO@< ;A4-
K9A<S@< @47A<FAB= 6BECD<<@K<6BEF< 8B 80000 * 10-5 98.%� (5). #D< QFB@ 6 A<I ;4@9FAB 
EA<:49FES 8B 2-4 @>$/K EB;84649@4S <@<  1�. �BA4@ 8DB5?9A<S, CB >4><@ 5O CBDB84@ 
BA< A9 D4;6<64?<EP, E6B=EF69AAB EGM9EF69AAB9, 6 D4;O, EA<:9A<9 G89?PAB7B 
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Q?9>FD<K9E>B7B EBCDBF<6?9A<S. 'K4EF>< CDB:<?>B6B7B B>64DJ964A<S, CD<6B8SF > CBA<-
:9A<R D48<B4>F<6ABEF< < ;4@9FAB@G G69?<K9A<R >4:GM97BES EBCDBF<6?9A<S CBDB8. 

$4;6<F<9 5B?99 CB;8A9= C<D<F-I4?P>BC<D<FB6B= @<A9D4?<;4J<< E ;B?BFB@ CB 
>64DJ96O@ 8<BD<F-CBDH<D4@ <, F9@ 5B?99, CB @47A9F<FB6O@ >4D5BA4F-4?P5<F-E?R8<-
EFO@ @9F4EB@4F<F4@ CD<6B8<?B > ;A4K<F9?PAB@G EA<:9A<R <I @47A<FAB= 6BECD<<@K<-
6BEF<. � QFB= E6S;< DG8AO@ <AF9D64?4@ E6B=EF69AA4 KD9;6OK4=AB 6OEB>4S A9B8ABDB8-
ABEFP CB @47A<FAB= 6BECD<<@K<6BEF<. �DG7<@, BK9AP 64:AO@ CD<;A4>B@ DG8AOI <AF9D-
64?B6 S6?S9FES <I B5B74M9A<9 D48<B4>F<6AO@< Q?9@9AF4@<. %B;84649@4S <@<  1� 6B;-
D4EF49F 8B 16-18 @>$/K ($<E. 45).   
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GEOPHYSICAL FEATURES OF PORPHYRY GOLD-COPPER TYPE 

MINERALIZATION IN THE PONIYSKY SITE OF THE AMUR 

VOLCANO-PLUTONIC ZONE (KHABAROVSK TERRITORY) 

 
Fedorov Vladimir Gennadievich 

Tomsk Polytechnic University, Tomsk 

vgf2@tpu.ru 

 

Summary. Porphyry copper deposits with vein-disseminated ores are the main 

sources of copper - about 62% of the world production. Deposits of this type are 

usually large and characterized by a complex multimetal composition of ores. 

Copper content usually ranges from 0,16% to 0,9%, gold 0,15-0,9 g/t. In this 

regard, the analysis of the generation features of this type of deposit and the 

identification of their geophysical features is highly relevant. 

Key words: Sikhote-Alin, porphyry gold-copper type mineralization, quartz di-

orite, magnetic survey, well log data.  
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�AABF4J<S. #4D4@9FDO @47A<FB4>F<6AB7B E?BS ?<FBEH9DO (7?G5<AO J9A-
FD4 @4EE, 69DIA9= < A<:A9= 7D4A<J) CB8 CB?GBEFDB6B@ &4=@OD < CD<?974-
RM<@< > A9@G F9DD<FBD<S@< D4EEK<F4AO CB 84AAO@ 7?B54?PAB= @B89?< 
4AB@4?PAB7B 79B@47A<FAB7B CB?S EMAG2v3 @9FB8B@ J9AFDB<84.  <A<-
@4?PAO9 ;A4K9A<S 7?G5<AO 69DIA9= 7D4A<JO ?<FBEH9DAOI @47A<FAOI <E-
FBKA<>B6 (<2.5 >@) I4D4>F9DAO 8?S 6E97B &4=@ODE>B7B E>?48K4FB7B CBSE4 
< D4EE@4FD<649@B= K4EF< %<5<DE>B= C?4FHBD@O, @4>E<@4?PAO9 (>6 >@) 3 
8?S %969DB-�4DE>B7B 54EE9=A4.  <A<@4?PAO9 ;A4K9A<S 7?G5<AO A<:A9= 
7D4A<JO ?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 (<36 >@) CD<GDBK9AO > 
�6D4;<=E>B@G 54EE9=AG < EBE98A<@< E A<@ F9DD<FBD<S@< L9?PH4 @BDS 
�4CF96OI < BEFDB6B6 4DI<C9?474 %969DA4S �9@?S.  4>E<@4?PAOI ;A4K9A<= 
(g48 >@) 7?G5<A4 A<:A9= 7D4A<JO 8BEF<749F CB8 �A<E9=-)4F4A7E><@, %9-
69DB-�4DE><@ 54EE9=A4@< < %<5<DE>B= C?4FHBD@B=. 
�?RK96O9 E?B64: 4AB@4?PAB9 79B@47A<FAB9 CB?9, @9FB8 J9AFDB<84, CB?G-
BEFDB6 &4=@OD, @47A<FB4>F<6AO= E?B= ?<FBEH9DO. 

 

"EAB6A4S ;484K4 84AAB= D45BFO EBEFBS?4 6 BCD989?9A<< C4D4@9FDB6 @47A<FB4>F<6-
AB7B E?BS ?<FBEH9DO (7?G5<AO J9AFD4 @4EE, 69DIA9= < A<:A9= 7D4A<J) CB8 CB?GBEFDB-
6B@ &4=@OD < CD<?974RM<@< > A9@G F9DD<FBD<S@< (70°380° N, 80°3115° E) (D<E. 1). 

  

 
$<E. 1. &9>FBA<K9E>4S EI9@4 B5?4EF< <EE?98B64A<S CB [1] 

 

$4A99 89F4?PAOI D97<BA4?PAOI <EE?98B64A<= QF<I C4D4@9FDB6 8?S D4EE@4FD<649@B= F9D-
D<FBD<< A9 CDB6B8<?BEP. #D< QFB@ <@9RM<9ES 7?B54?PAO9 D4ECD989?9A<S 7?G5<AO 
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A<:A9= 7D4A<JO ?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 [6, 7] < D97<BA4?PA4S @B89?P, CB-
EFDB9AA4S 8?S 6E9= �D>F<>< [8], 89@BAEFD<DGRF EGM9EF69AAO9 D4;AB7?4E<S. 

� >4K9EF69 <EIB8AB7B @4F9D<4?4 8?S D4EK9FB6 <ECB?P;B64?4EP A4<5B?99 4>FG4?PA4S 
A4 F9>GM<= @B@9AF 7?B54?PA4S @B89?P 4AB@4?PAB7B @47A<FAB7B CB?S �9@?< 
EMAG2v3 [10]. �AB@4?PAB9 79B@47A<FAB9 CB?9 6 A9= CD<6989AB > 6OEBF9 4 >@ A48 GDB6-
A9@ @BDS < <@99F 7BD<;BAF4?PAB9 D4;D9L9A<9 2 G7?B6O9 @<AGFO. #B87BFB6>4 84AAOI 
;4>?RK4?4EP 6 <I 89?9A<< A4 5?B>< 200 I 200 >@ 68B?P L<DBFO < 8B?7BFO. �?S G?GKL9-
A<S 7BD<;BAF4?PAB7B D4;D9L9A<S D9;G?PF4FB6 5O?< 6O5D4AO 5?B><, C9D9>DO64RM<9ES 
@9:8G EB5B=. #B 8B?7BF9 C9D9>DOF<9 @9:8G EBE98A<@< 5?B>4@< EBEF46?S?B 100 >@, F.9. 
CB?B6<AG BF D4;@9DB6 6O5D4AAB7B 8?S 4A4?<;4 B>A4. #B L<DBF9 J9AFD4?PAO9 FBK>< EB-
E98A<I 5?B>B6 D4ECB?B:9AO A4 D4EEFBSA<< 1°.  

�A4K9A<S 7?G5<A J9AFD4 @4EE (Z0) < 69DIA9= 7D4A<JO (Zt) ?<FBEH9DAOI @47A<FAOI 
<EFBKA<>B6 6OK<E?S?<EP E CB@BMPR 4A4?<;4 4;<@GF4?PAB-GED98A9AAOI (GDP9-EC9>FDB6 
@BMABEF< 4AB@4?<= 79B@47A<FAB7B CB?S 6 >4:8B@ <; 5?B>B6 200 I 200 >@ 6 EBBF69FEF6<< 
E @9FB8B@ J9AFDB<84 [14]. �?G5<AO Z0 6OK<E?S?<EP 6 <AF9D64?9 6B?AB6OI K<E9? BF @4>-
E<@G@4 EC9>FD4, F.9. CD<@9DAB BF 0 D48/>@, 8B 0.0430.05 D48/>@. �4> CB>4;O64RF E<AF9-
F<K9E><9 F9EFO, <ECB?P;B64A<9 F4>B7B 8<4C4;BA4 6B?AB6OI K<E9? >BDD9>FAB 8?S D4EK9-
FB6 7?G5<AO J9AFD4 @4EE @47A<FB4>F<6AB7B E?BS @BMABEFPR 8B ~50 >@ [11]. �?S 6OK<E-
?9A<= 7?G5<A Zt <ECB?P;B64?ES <AF9D64? 6B?AB6OI K<E9? BF 0.25 8B 0.5 D48/>@. �?G5<A4 
A<:A9= 7D4A<JO (Zb) 6OK<E?S?4EP CB CB?GK9AAO@ ;A4K9A<S@ Z0 < Zt <EIB8S <; EBBFABL9-
A<S Zb=2Z03Zt [14]. 

#B7D9LABEF< 6OK<E?9A<= 7?G5<A D4EEK<FO64?<EP E <ECB?P;B64A<9@ EBBFABL9-
A<S, CD98?B:9AAB7B 6 D45BF9 [12]. � D9;G?PF4F9 5O?B CB?GK9AB, KFB CB7D9LABEF< 6OK<E-
?9A<= 7?G5<A Z0 < Zt ?9:4F 6 8<4C4;BA4I 0.332.9 < 0.132.0 >@ EBBF69FEF69AAB. %D98A99 
;A4K9A<9 CB7D9LABEF< 8?S Z0 EBEF46?S9F B>B?B 1,7 >@, 8?S Zt 3 0.5 >@. #B7D9LABEFP 6O-
K<E?9A<S 7?G5<AO Zb <;@9AS9FES BF 0.6 8B 5.0 >@, EB ED98A<@ ;A4K9A<9@ ~2.5 >@. $4ECD9-
89?9A<S CB7D9LABEF9= ABESF E?GK4=AO= I4D4>F9D. 

 

 
$<E. 2. �?G5<AO 69DIA9= (4) < A<:A9= (5) 7D4A<J ?<FBEH9DAOI @47A<FAOI <EFBKA<-
>B6, CB?GK9AAO9 6 84AAB= D45BF9. 
 

$9;G?PF4FO D4EK9FB6 7?G5<AO 69DIA9= 7D4A<JO ?<FBEH9DAOI @47A<FAOI <EFBK-
A<>B6 CD98EF46?9AO A4 D<E. 24.  4>E<@4?PAOI ;A4K9A<= (>6 >@) 84AAO= C4D4@9FD 8B-
EF<749F CB8 %969DB-�4DE><@ 54EE9=AB@. &BF H4>F, KFB @4>E<@G@ 7?G5<AO Zt F4>:9 
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K4EF<KAB D4ECDBEFD4AS9FES CB8 4DI<C9?47 %969DA4S �9@?S, A4<5B?99 69DBSFAB, E6S;4A E 
7BD<;BAF4?PAO@ D4;D9L9A<9@ CB?GK9AAB7B D4ECD989?9A<S. %GM9EF69AAB @9APL<@< 
7?G5<A4@< Zt (3.534.5 >@) I4D4>F9D<;G9FES �6D4;<=E><= 54EE9=A. !4 >BAF<A9AF9 ;47?G5-
?9A<9 69DIA9= 7D4A<JO ?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 8B 436 >@ A45?R849FES CB8 
�A<E9=-)4F4A7E><@ 54EE9=AB@. #D< QFB@ )4F4A7E>B-�9AE><= 54EE9=A CD4>F<K9E>< A9 
CDBS6?9A, 7?G5<A4 Zt CD4>F<K9E>< 69;89 CB8 A<@ EBEF46?S9F A9 5B?99 2 >@, ;4 <E>?RK9-
A<9@ A95B?PLB= ?B>4?PAB= B5?4EF< CB8 )4F4A7E><@ ;4?<6B@, 789 BA4 G69?<K<649FES 8B 
3.5 >@. #D4>F<K9E>< CB8 6E9@ &4=@ODE><@ E>?48K4FO@ CBSEB@, 6>?RK4S CD<5D9:AO9 
D4=BAO �4DE>B7B @BDS, ;A4K9A<S Zt <;@9ASRFES 6 G;>B@ 8<4C4;BA9 CD<@9DAB BF 1.5 8B 
2.5 >@. &B :9 E4@B9 BFABE<FES > D4EE@4FD<649@B= A4@< K4EF< %<5<DE>B= C?4FHBD@O, CB8 
>BFBDB= 7?G5<A4 69DIA9= 7D4A<JO ?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 EBEF46?S9F 
B>B?B 1.5 >@. 

"F@9F<@, KFB, >4> < 8?S �BEFBKAB-%<5<DE>B7B @BDS [2], CB?GK9AAB9 A4@< D4ECD9-
89?9A<9 7?G5<AO J9AFD4 @4EE ?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 (Z0) <89AF<KAB D4E-
CD989?9A<R 7?G5<AO A<:A9= 7D4A<JO, CD98EF46?9AAB@G A4 D<E. 25, CBQFB@G BF89?PAB 
A9 CD<6B8<FES. %IB:9EFP D4ECD989?9A<= S6?S9FES E?98EF6<9@ FB7B, KFB Z0>>Zt < EBBF-
ABL9A<S 8?S Zb, CD<ASFB7B 6 @9FB89 J9AFDB<84 (Zb = 2Z03Zt) [14]. %4@< 7?G5<AO Z0 8?S 
D4EE@4FD<649@B= F9DD<FBD<< <;@9ASRFES BF 16 >@ CB8 �6D4;<=E><@ 54EE9=AB@ < CD<?9-
74RM<@< > A9@G F9DD<FBD<S@< L9?PH4 @BDS �4CF96OI 8B 29 >@ CB8 �A<E9=-)4F4A7E><@ 
54EE9=AB@. 

#B?GK9AAO9 A4@< ;A4K9A<S 7?G5<AO A<:A9= 7D4A<JO ?<FBEH9DAOI @47A<FAOI 
<EFBKA<>B6 (Zb) CB8 D4EE@4FD<649@B= F9DD<FBD<9= <;@9ASRFES BF 30 8B 54 >@ (D<E. 25). 
 <A<@4?PAO9 ;A4K9A<S 7?G5<A (<36 >@) CD<GDBK9AO > �6D4;<=E>B@G 54EE9=AG < EBE98-
A<@< E A<@ F9DD<FBD<S@< L9?PH4 @BDS �4CF96OI < BEFDB6B6 4DI<C9?474 %969DA4S 
�9@?S. "FABE<F9?PAB A97?G5B>B9 CB?B:9A<9 A<:A9= 7D4A<JO @47A<FB4>F<6AB7B E?BS 
?<FBEH9DO (~36 >@) F4>:9 I4D4>F9DAB 8?S )4F4A7E>B-�9AE>B7B 54EE9=A4. &D9F<= CB ;A4-
K<@BEF< @<A<@G@ 7?G5<AO Zb, 6 >BFBDB@ BA4 G@9APL49FES 8B 38 >@, A45?R849FES A4 
;4C489 2:AB-&4=@ODE>B= ;BAO, 4 6 J9AFD9 QFB= ;BAO Zb ;47?G5?S9FES 8B 48 >@. �?S 
*9AFD4?PAB-&4=@ODE>B= < %969DB-&4=@ODE>B= ;BA 6 CD989?4I CB?GBEFDB64 7?G5<A4 Zb 
EBEF46?S9F 40344 >@, 6 FB :9 6D9@S >4> K4EF< QF<I ;BA, D4ECB?B:9AAO9 6 �4DE>B@ @BD9, 
I4D4>F9D<;GRFES 7?G5<A4@< 46348 >@, >4> < D4ECB?B:9AAO= > E969DG BF A<I %969DB-�4D-
E><= 54EE9=A.  4>E<@4?PAOI ;A4K9A<= (50355 >@) Zb 8BEF<749F CD4>F<K9E>< CB6E9-
@9EFAB CB8 �A<E9=-)4F4A7E><@ 54EE9=AB@. !9E>B?P>B @9APL<9 ;A4K9A<S 7?G5<AO 3 
B>B?B 48 >@ E ?B>4?PAO@< @<A<@G@4@< 8B 42 >@ 3 A45?R84RFES CB8 D4EE@4FD<649@B= 
K4EFPR %<5<DE>B= C?4FHBD@O.  

%BCBEF46?9A<9 CB?GK9AAOI A4@< D9;G?PF4FB6 (D<E. 25) E 8DG7<@< @B89?S@< 7?G-
5<A A<:A9= 7D4A<JO ?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 [638] CB>4;O649F, KFB 6E9 D4E-
E@4FD<649@O9 D4ECD989?9A<S I4D4>F9D<;GRFES 7?G5B><@ CB?B:9A<9@ A<:A9= 7D4A<JO 
?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 3 8B 48350 >@ 3 CB8 %969DB-�4DE><@ 54EE9=AB@. 
&4>:9 B8AB;A4KAB 6O89?S9FES @<A<@G@ 7?G5<AO CB8 �6D4;<=E><@ 54EE9=AB@, 8?S >BFB-
DB7B ;A4K9A<S Zb EBEF46?SRF BF 20330 >@ EB7?4EAB [7, 8] 8B 25335 >@ EB7?4EAB [6] < 84A-
AB= D45BF9. � CD989?4I >BAF<A9AF4?PAB= K4EF< <EE?98G9@B= F9DD<FBD<< D4;AB7?4E<S 
@9:8G D4;?<KAO@< @B89?S@< EF4AB6SFES 5B?99 6OD4:9AAO@<. #B8 &4=@ODB@ 64D<4J<< 
7?G5<AO, CDBS6?9AAO9 6 CB8ASF<< Zb A4 ;4C489 CB?GBEFDB64, A9 CDBE?9:<64RFES ?<LP 6 
7?B54?PAB@ D4ECD989?9A<< [7], 69DBSFAB, <;-;4 A98BEF4FBKAB7B 7BD<;BAF4?PAB7B D4;D9-
L9A<S. "8A4>B E4@< ;A4K9A<S 7?G5<A CB D4;AO@ <EFBKA<>4@ <;@9ASRFES 6 8B6B?PAB L<-
DB><I CD989?4I 3 BF 20325 [7] 8B 30340 [6] <?< 84:9 30345 >@ [8]. "J9A>< 86GI CBE?98A<I 
D45BF A4<5B?99 5?<;>< > A4L<@ D9;G?PF4F4@ (D<E. 25). !4<5B?PL<9 D4;?<K<S 6 7?G5<A4I 
?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 A45?R84RFES CB8 �A<E9=-)4F4A7E><@ < )4F4A7-
E>B-�9AE><@ 54EE9=A4@<. �89EP ;A4K9A<S 7?G5<A Zb 6 @B89?SI [7, 8] EGM9EF69AAB @9APL9 
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(10325 >@), K9@ 6 D45BF9 [6], 6 >BFBDB=  Zb 8BIB8<F 8B 50355 >@, KFB 6 J9?B@ EB7?4EG9FES 
E A4L<@< D9;G?PF4F4@<, IBFS E4@ @4>E<@G@ 7?G5<AO CB A4L<@ 84AAO@ D4ECB?B:9A ;4-
C48A99 < CD4>F<K9E>< A9 ;4I64FO649F )4F4A7E>B-�9AE><= 54EE9=A.  

'>4;4AAO9 D4;AB7?4E<S K4EF<KAB @B7GF S6?SFPES E?98EF6<9@ <ECB?P;B64A<S D4;-
?<KAOI <EIB8AOI 84AAOI. &4>, 6 [7] 4AB@4?PAB9 79B@47A<FAB9 CB?9 ;48464?BEP @B89?PR 
EMAG2v2 [9], 6 [6] 8?S QFB7B 5D4?<EP EH9D<K9E><9 74D@BA<>< 163100 EF9C9A< @B89?< 
LCS-1 [13], 4 D4ECD989?9A<9 [8] CBEFDB9AB A4 BEAB69 >B@C<?SJ<< 84AAOI 79B@47A<FAOI 
EN9@B> 8?S �D>F<>< <; D45BFO [5]. �DG74S CD<K<A4 6OS6?9AAOI A9EBBF69FEF6<= ;4>?R-
K49FES 6 CD<@9A9A<< D4;?<KAOI @9FB8B6 <A69DE<<.  B89?< [7, 8] 5O?< CB?GK9AO A4 BE-
AB69 4A4?<;4 EC9>FDB6 4AB@4?PAB7B 79B@47A<FAB7B CB?S E GK9FB@ HD4>F4?PAB7B I4D4>-
F9D4 D4ECD989?9A<S A4@47A<K9AABEF< 6 @47A<FB4>F<6AB@ E?B9 E 98<AO@ H<>E<DB64AAO@ 
;A4K9A<9@ HD4>F4?PAB7B C4D4@9FD4 ³. 1FBF C4D4@9FD EGM9EF69AAB ;46<E<F BF 79B?B7<K9-
E>B7B EFDB9A<S <EE?98G9@B= B5?4EF< [4], E?98B64F9?PAB, <ECB?P;B64A<9 98<AB7B ;A4K9-
A<S ³ 8?S D97<BAB6, EBEFBSM<I <; D4;?<KAOI F9>FBA<K9E><I EFDG>FGD, @B:9F CD<6B8<FP 
> BL<5>4@ 6 BJ9A>4I 7?G5<A ;4?974A<S ?<FBEH9DAOI @47A<FAOI <EFBKA<>B6 <, EBBF69F-
EF69AAB, > BF?<K<S@ BF 8DG7<I @B89?9= <A69DE<=. %?98G9F BF@9F<FP, KFB, A9E@BFDS A4 
D4;?<K<S 6 CD<@9AS9@OI @9FB84I <A69DE<<, D9;G?PF4FO 84AAB= D45BFO (@9FB8 J9AFDB-
<84) < D45BFO [6] (@9FB8 Q>6<64?9AFAOI @47A<FAOI 8<CB?9=) 8?S D4ECD989?9A<S Zb 6B 
@AB7B@ EIB:< @9:8G EB5B=, KFB CB8@9K4?BEP A4@< D4A99 8?S �4?F<=E>B7B M<F4 < �4D9A-
J964 @BDS [3]. 
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PARAMETERS OF THE LITHOSPHERIC MAGNETOACTIVE LAYER 

UNDER THE TAIMYR PENINSULA 
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1IZMIRAN, Moscow, Troitsk 
2IEPT RAS, Moscow 
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Summary. Parameters of the lithospheric magnetoactive layer (centroid depth, 

depths to the top and bottom) were estimated under the Taimyr Peninsula and 

adjacent areas based on the global EMAG2v3 lithospheric geomagnetic field 

model using a centroid method. Minimum depths to the top of the lithospheric 

magnetic sources (<2,5 km) are observed under the whole Taimyr fold belt and 

the considered part of the Siberian platform, while the maximum depths (>6 km) 

are seen under the North Kara Basin. The minimum depths to the bottom of lith-

ospheric magnetic sources (<36 km) are confined to the Eurasian Basin and 

neighboring territories of the Laptev Sea shelf and the islands of the Severnaya 

Zemlya archipelago. The bottom depth reaches maximum values (g48 km) un-

der the Yenisei-Khatanga and North Kara basins and the Siberian platform. 

Key words: lithospheric geomagnetic field, centroid method, Taimyr Peninsula, 

lithospheric magnetoactive layer 
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�AABF4J<S.  B8<H<>4J<< 2� < 3� E9=E@BD4;698>< S6?SRFES BEAB6AO@< 
79BH<;<K9E><@< @9FB84@< CD< <;GK9A<< 79B?B7<K9E><I ED98, 6@9M4RM<I 
CDB8G>F<6AO9 C?4EFO. !4<5B?PL<= <AF9D9E 6O;O64RF 6BCDBEO <I ED46A9-
A<S CB D9;G?PF4F4@ CB?96OI D45BF < <AF9DCD9F4J<<. � 84AAB= EF4FP9 CD98-
EF46?9AO D9;G?PF4FO ED46A<F9?PAB7B 4A4?<;4 F9BD9F<K9E><I < CD4>F<K9-
E><I 4EC9>FB6 86GI 6OL9G>4;4AAOI @B8<H<>4J<= E9=E@BD4;698>< A4 CD<-
@9D9 B8AB7B <; GK4EF>B6 6 �BEFBKAB= %<5<D<. 
�?RK96O9 E?B64: E9=E@BD4;698>4, 4;<@GF4?PA4S EBEF46?SRM4S, ><A9@4-
F<K9E>4S CBCD46>4 (�#), BFD4:ёAAO9 6B?AO, @9FB8 B5M9= ED98A9= FBK>< 
("%&), EG@@<DB64A<9 FD4EE CB "%&. 
 

� A4EFBSM99 6D9@S 6B;@B:ABEF< 2� < 3� @B8<H<>4J<= E9=E@BD4;698>< IBDBLB 
<;GK9AO, 4 <I BF?<K<9, CB EGF<, EBEFB<F 6 FB@, KFB FDёI@9DA4S E9=E@BD4;698>4 CB;6B?S9F 
GK<FO64FP E9=E@<K9E><= EABE 6 CDBEFD4AEF69, 4 6CBE?98EF6<< CD46<?PAB 6BEEF4AB6<FP 
CDBEFD4AEF69AAB9 CB?B:9A<9 BFD4:4RM<I 7D4A<J. #B QFB= < CB A9>BFBDO@ 8DG7<@ CD<-
K<A4@ CD98CBKF9A<9 59;B7B6BDBKAB BF849FES 3� E9=E@BD4;698>9. "8A4>B, CB @A9A<R 46-
FBD4, A9>BFBDO9 4EC9>FO ED46A<649@OI @B8<H<>4J<=, 6 FB@ K<E?9 < QHH9>F<6ABEFP, 
@B:AB BFA9EF< > 8<E>GEE<BAAO@.  

%D46A<F9?PAO= 4A4?<; B5EG:849@OI @B8<H<>4J<= CDB<;6B8<?ES A4 CD<@9D9 �B-
?<64DE>B7B GK4EF>4 6 3>GF<<, 789 46FBD CD<A<@4? ?<KAB9 GK4EF<9 6 CDB6989A<< CB?96OI 
D45BF 6 >4K9EF69 D45BK97B E9=E@BBFDS84 II D4;DS84. *9?P <EE?98B64A<S ;4>?RK4?4EP 6 
CDB6989A<< ED46A<F9?PAB7B 4A4?<;4 F9BD9F<K9E><I < CD4>F<K9E><I 4EC9>FB6 2� < 3� @B-
8<H<>4J<= E9=E@BD4;698><. �?S 8BEF<:9A<S CBEF46?9AAB= J9?< 5O? CBEF46?9A < D9LёA 
DS8 K4EFAOI ;484K: 4A4?<; F9BD9F<K9E><I < Q>EC9D<@9AF4?PAOI BEAB6 B59<I @B8<H<>4-
J<=; E5BD, B5B5M9A<9 < 4A4?<; <@9RM<IES 79B?B7B-79BH<;<K9E><I @4F9D<4?B6 A4 F9D-
D<FBD<R <EE?98G9@B7B GK4EF>4; CB85BD BCF<@4?PAOI C4D4@9FDB6 CDBJ98GD B5D45BF>< < 
<AF9DCD9F4J<< E9=E@<K9E><I @4F9D<4?B6, 4 F4>:9 4A4?<; D9;G?PF4FB6; BJ9A>4 FBKABEF< 
6OCB?A9AAOI EFDG>FGDAOI CBEFDB9A<=, 4 F4>:9 A48ё:ABEF< 6OS6?9AAOI EFDG>FGD; D4E-
KёF CDB7AB;AB= G89?PAB= CD<5O?< A4 98<A<JG ;4FD4K9AAOI D9EGDEB6. 

�@9AAB 6 D4@>4I 4A4?<;4 F9BD9F<K9E><I < Q>EC9D<@9AF4?PAOI BEAB6 E9=E@BD4;-
698>< 5O?< ;4?B:9AO CD98CBEO?>< ED46A<F9?PAB7B 4A4?<;4. !9CB889?PAO= <AF9D9E 6O-
;O649F 4A4?<; E<EF9@ A45?R89A<= B59<I @B8<H<>4J<= 6 BFABL9A<< 4;<@GF4?PAB= EB-
EF46?SRM9=, 6 IB89 >BFBDB7B 46FBD CDB6ё? A95B?PL<9 4A4?<F<K9E><= < 6OK<E?<F9?PAO= 
Q>EC9D<@9AFO. �I <89S EBEFB<F 6 E?98GRM9@: C9D98 EG@@<DB64A<9@ FD4EE CB E9=E@B-
7D4@@4@ "%& D4EEK<FO64RFES < 66B8SFES ><A9@4F<K9E><9 CBCD46><, >BFBDO9 CD< A4?<-
K<< 4;<@GF4?PAB= EBEF46?SRM9= B>4;O64RFES E<?PAB D4;?<KAO, KFB B5GE?46?<649F A9-
>BFBDO9 CB7D9LABEF< 6 D9;G?PF4F4I CBE?9 EG@@<DB64A<S.  

�# �(Ă, �) 9EFP A9 KFB <AB9, >4> 6D9@9AAB= E86<7, CD98EF46?SRM<= EB5B= D4;ABEFP 
6D9@9A CD<IB84 6B?A, BFD4:ёAAB= BF 7D4A<JO CB >BEB@G �(Ă, �) < ABD@4?PAB@G ?GK4@ �0(�), >B784 ABD@4?PAO= ?GK EBBF69FEF6G9F J9AFDG 8<EF4AJ<< >BEB7B ?GK4 [1]. �6B8S �# 
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6 D9;G?PF4FO, F.9. 6OK<F4S <I <; A45?R8ёAAOI 6D9@ёA, @O CD9B5D4;G9@ 7B8B7D4H BFD4-
:ёAAB= 6B?AO 6 7B8B7D4H ABD@4?PAOI 6D9@ёA < QFB A9FDG8AB CB>4;4FP:  

 �(Ă, �) 2 �(Ă, �) = �(Ă, �) 2 [�(Ă, �) 2 �0(�)] = �0(�) (1) 

 

�D9@S CD<IB84 6B?AO, BFD4:ёAAB= BF 7D4A<JO CB >BEB@G ?GKG �(Ă, �), A4IB8<FES 
<; GD46A9A<S CDB8B?PAB7B 7B8B7D4H4 "%& @BABF<CAB= 6B?AO, BFD4:ёAAB= BF C?BE>B= 
7D4A<JO 6 B8ABDB8AB= ED989. &B784 HBD@G?4 �# CD<A<@49F E?98GRM<= 6<8 (2), 789 Ă 4 

D4EEFBSA<9 <EFBKA<>-CD<ё@A<>, @; ��ГТ = �A@cos ÿ� 4 H<>F<6AO= E>BDBEFAB= C4D4@9FD, ;4-
6<ESM<= BF >4:GM97BES G7?4 C489A<S 7D4A<JO BFABE<F9?PAB ?<A<< A45?R89A<S ÿÿ, 

@/E9>; �A@ 4 ED98ASS E>BDBEFP, @/E9>.  
 �(Ă, �) = :�02 + Ă2��ГТ2 2 �0 = :�02 + Ă2 cos ÿÿ�A@2 2 �0 

(2) 

 

�?S 84?PA9=L<I CD9B5D4;B64A<= HBD@G?O (2) D4EE@BFD<@ FD<7BAB@9FD<K9E>GR 
B>DG:ABEFP E D48<GEB@ 1 (D<E. 1). �89EP 45EJ<EE4 EBBF69FEF6G9F ?<A<< A45?R89A<S, BD-
8<A4F4 4 ?<A<< 6;DO64, cos ÿ < 9ё CDB8B?:9A<9 4 A4CD46?9A<R C489A<S (4;<@GFG C4-
89A<S) C?4EF4, 4 ?<A<S D48<GE4 E CB8C<EPR «1» 4 BFD4:4RM9= 7D4A<J9, 6O69DAGFB= CB 
8G79 B>DG:ABEF< A4 7BD<;BAF4?PAGR C?BE>BEFP.  
 

 
$<E. 1. �??REFD4J<S > CBASF<R B >4:GM9@ES G7?9 C489A<S C?4EF4 

 

�; Q?9@9AF4DAOI 79B@9FD<K9E><I EBB5D4:9A<= E?98G9F, KFB:  
1) � = 180° 2 90° 2 (90° 2 [ÿ + Ā]) = ÿ + Ā; 

2) Ā = 90° + ÿ 

3) ā = ă 4 >4> A4>D9EF ?9:4M<9 G7?O; 
4) ÿ = 90° 2 ă; 

5) F.>. ā = ă, FB 90° 2 ă = Ā <, EBBF69FEF69AAB, ÿ = Ā. 
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� 84?99 6E9 BK96<8AB: @O CBA<@49@, KFB D97<EFD<DG9@O= 68B?P ?<A<< A45?R89-
A<S G7B? C489A<S A9 EB6E9@ <EF<AAO= < 6OD4;<FP 97B @O @B:9@ FB?P>B K9D9; sin ÿÿ =sin ÿ ∗ cos Ā, 789 Ā 4 4;<@GF C489A<S BFD4:4RM9= 7D4A<JO, BFEK<FO649@O= BF ?<A<< 
A45?R89A<S 8B CDB9>J<< ?<A<< C489A<S A4 C?BE>BEFP A45?R89A<=. &4><@ B5D4;B@, sin ÿÿ 4 QFB CDB9>J<S sin ÿ A4 ?<A<R, C4D4??9?PAGR ?<A<< A45?R89A<=. � F4>B@ E?GK49 
HBD@G?4 (2) CD<A<@49F E?98GRM<= 6<8:  

 �(Ă, �) = :�02 + ý2�A@2 (1 2 sin2 ÿ ∗ cos2 Ā) 2 �0. (3) 

 

�?S CDBEFBFO CD98EF46<@ QFG HGA>J<R 6 C4D4@9FD<K9E>B@ 6<89, 789 <;@9ASFPES 
5G89F FB?P>B 4;<@GF C489A<S 7D4A<JO BFABE<F9?PAB ?<A<< A45?R89A<S:  
 �(Ā) = :ÿ2 + Ā2ā2 (1 2 ý2 ∗ cos2 Ā) 2 ÿ = :ÿ2 + Ā2ā2 ă2 sin2 Ā 2 ÿ. (3.1) 

 

#BE?98A99 CB;6B?S9F GF69D:84FP, KFB HGA>J<S <;@9AS9F E6B< ;A4K9A<S CB >64-
;<E<AGEB<84?PAB@G ;4>BAG c C9D<B8B@, D46AO@ ÿ. "CD989?<@ I4D4>F9DAO9 FBK>< 7D4-
H<>4 HGA>J<<, A4=8S 9ё CDB<;6B8AGR < CD<D46AS6 9ё > AG?R:  

 ���Ā = Ā2þ2 sin 2Ā2ā2:ÿ2+ÿ2Ā2þ2 sin2 Ā = 0. (4) 

 

#BE?9 D9L9A<S Q?9@9AF4DAB7B FD<7BAB@9FD<K9E>B7B GD46A9A<S CB?GK<@ 864 D9-
L9A<S: Ā = 0 + ÿĄ < Ā = ÿ2 + ÿā, 789 Ą < ā B5S;4F9?PAB J9?O9, F.9. Ą ∈ ℤ < ā ∈ ℤ. &9C9DP 
CDB69D<@ S6?S9FES ?< A9B5IB8<@B9 GE?B6<9 EGM9EF6B64A<S Q>EFD9@G@4 HGA>J<<, CDB69-
D9AAB9 6OL9, 8BEF4FBKAO@ 6 84AAB@ E?GK49. �?S QFB7B A4=8ё@ 6FBDGR CDB<;6B8AGR 
HGA>J<< < CDB69D<@ 9ё ;A4K9A<S 6 CD98CB?4749@OI Q>EFD9@G@4I:  

 �2��Ā2 = 2 Ā4þ4 sin4 Ā+2ÿ2Ā2ā2þ2 sin2 Ā2ÿ2Ā2ā2þ2ā4(ÿ2+ÿ2Ā2þ2 sin2 Ā)3/2 . (5) 

 

�F4>, 6 FBK>4I Ā = 0 + ÿĄ 6FBD4S CDB<;6B8A4S CD< A9AG?96OI ;A4K9A<SI C4D4@9F-
DB6 CD<A<@49F FB?P>B CB?B:<F9?PAO9 ;A4K9A<S, KFB CB8F69D:849F A4?<K<9 Q>EFD9@G@4 
6 84AAOI FBK>4I < E6<89F9?PEF6G9F B A4?<K<< 6 A<I @<A<@G@4 HGA>J<<. � FBK>4I Ā =ÿ2 + ÿā ;A4K9A<S 6FBDB= CDB<;6B8AB= CD< A9AG?96OI ;A4K9A<SI C4D4@9FDB6 6E9784 5G8GF 
BFD<J4F9?PAO, KFB F4> :9 CB8F69D:849F A4?<K<9 Q>EFD9@G@4 6 84AAOI FBK>4I, AB FB?P>B 
E6<89F9?PEF6G9F B A4?<K<< 6 A<I @4>E<@G@4 HGA>J<<.  

�4?99 CDB6989@ 6OK<E?<F9?PAO9 Q>EC9D<@9AFO, KFB5O E89?4FP CD98@9FAO9 ;4-
>?RK9A<S. �9DA9@ES > B5B;A4K9A<S@ <; HBD@G?O (3). �4AB: Ă = 3000 @, �0 = 2,5 E9>, �A@ = 2500 @/E9>. !G:AB A4=F< 8?S >4:8B7B G7?4 ÿ ∈ [0°, 75°] E L47B@ 15° ;A4K9A<S �(Ā). 

%9@9=EF6B >D<6OI, <??REFD<DGRM<I ;46<E<@BEFP ><A9@4F<K9E>B= CBCD46>< BF 4;<@GF4 
C489A<S BFD4:4RM9= 7D4A<JO, <;B5D4:9AB A4 D<E. 2. $9;G?PF4FO 6OK<E?<F9?PAOI Q>E-
C9D<@9AFB6 CD98EF46?9AO 6 F45?<J9 1.  
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$<E. 2. %9@9=EF6B >D<6OI �(Ā) 8?S D4;?<KAOI G7?B6 A4>?BA4 7D4A<JO ÿ 

 

&45?<J4 1 
�A4K9A<S � CD< D4;?<KAOI ÿ < Ā ÿ, ° Ā, ° 0 15 30 45 60 75 

0 273 255 207 140 71 19 

10 273 256 209 144 77 27 

20 273 258 215 156 96 50 

30 273 260 224 174 123 85 

40 273 263 235 196 156 127 

50 273 266 246 219 191 171 

60 273 269 257 240 224 212 

70 273 271 266 258 250 245 

80 273 272 271 269 267 266 

90 273 273 273 273 273 273 

100 273 272 271 269 267 266 

110 273 271 266 258 250 245 

120 273 269 257 240 224 212 

130 273 266 246 219 191 171 

140 273 263 235 196 156 127 

150 273 260 224 174 123 85 

160 273 258 215 156 96 50 

170 273 256 209 144 77 27 

180 273 255 207 140 71 19 

 

�B-C9D6OI, BF@9F<@ 5?47BCD<SFAO= E?GK4= 6 E?GK49 7BD<;BAF4?PAB7B ;4?974A<S 
BFD4:4RM9= 7D4A<JO, CD< >BFBDB@ BFEGFEF6GRF >B?954A<S �#. �B-6FBDOI, A45?R849FES 
G69?<K9A<9 4@C?<FG8O >B?954A<= �# CD< G69?<K9A<< G7?4 A4>?BA4 BFD4:4RM9= 7D4-
A<JO. �-FD9FP<I, <;@9D9A<S D9>B@9A8G9FES CDB6B8<FP A4 BFD9;>4I CB BE< Ā E A4<@9A99 
D9;><@< <;@9A9A<S@< �#:  

⎯ CD< ÿ < 45° A4 BFD9;>9 Ā ∈ [220°+180°Ą, 20°+180°Ą], 4 F4>:9 A4 BFD9;>9 Ā ∈ [70°+180°ā, 110°+180°ā]; 
⎯ CD< ÿ > 45° A4 BFD9;>9 Ā ∈ [210°+180°Ą, 10°+180°Ą], 4 F4>:9 A4 BFD9;>9 Ā ∈ [80°+180°ā, 100°+180°ā], 789 Ą ∈ ℤ < ā ∈ ℤ. 

� BFABL9A<< A4L97B <EE?98B64A<S 64:9A FBF H4>F, KFB CD< A9;A4K<F9?PAOI G7?4I 
A4>?BA4 BFD4:4RM9= 7D4A<JO 6?<SA<9 4;<@GF4?PAB= EBEF46?SRM9= A4EFB?P>B 
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�, @E9>
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A9;A4K<F9?PAB, KFB 3� E9=E@BD4;698>4 BEF4ёFES 6A9 >BA>GD9AJ<<. &9C9DP AG:AB CDB69-
D<FP QFB GF69D:89A<9 A4 CD4>F<>9.  

�F4>, �B?<64DE><= GK4EFB> D4ECB?4749FES 6 3>GF<<, 6 ED98A9@ F9K9A<< D9>< �<-
?R=. &9>FBA<K9E>< GK4EFB> CD<GDBK9A > B8AB<@ёAAB= EFDG>FGD9 6 CD989?4I �<?R=E>B= 
E<A9>?<;O %<5<DE>B7B >D4FBA4, F.9. ;4?974A<9 E?B96 ;89EP CD9<@GM9EF69AAB EG57BD<;BA-
F4?PAB9. ,<DB>B9 D4ECDBEFD4A9A<9 <@99F 69KA4S @9D;?BF4, F4>:9 A4 <;@9A9A<9 E>BDB-
EF9= CB D4;D9;G 6?<S9F ?<FB?B7<K9E>4S 8<HH9D9AJ<DB64AABEFP. !4 <EE?98G9@B= F9DD<-
FBD<< D4ECB?4749FES �B?<64DE>B9 74;B>BA89AE4FAB9 @9EFBDB:89A<9 E ;4?9:4@<, ?B>4?<-
;B64AAO@< 6 <AF9D64?9 7?G5<A 2 500-3 250 @. 

� D9;G?PF4F9 B5D45BF>< 5B?99 A48ё:AO9 D4;D9;O CB?GK9AO CB D9;G?PF4F4@ 3� 
E9=E@<><, 2� @B8<H<>4J<S 6O89?<?4EP FB?P>B A4 4CD<BDAOI D4;D9;4I, KFB E6S;4AB, CB-

6<8<@B@G, E 5B?99 6OEB><@ >4K9EF6B@ C9D6<KAB7B @4F9D<4?4. " 5B?99 6OEB>B= A48ё:-
ABEF< D4;D9;B6 3� E6<89F9?PEF6GRF < ED46A<F9?PAO9 BJ9A>< CB C4D4@9FDG E<7A4?/LG@ 
(6,93 CDBF<6 3,80), 4 F4>:9 7BD<;BAF4?PAB= D4;D9LёAABEF< ;4C<E< (D<E. 3). 
  

  

$<E. 3. %D46A<F9?PAO9 7<EFB7D4@@O D4;D9;B6 < D4;D9L9A<= ;4C<E< 

 

� J9?B@, G:9 A4 84AAB@ QF4C9 @B:AB >BAEF4F<DB64FP, KFB B5M4S <AHBD@4F<6-
ABEFP < A48ё:ABEFP <AF9DCD9F4J<< E CD<@9A9A<9@ 3� @B8<H<>4J<< CB6OESFES, A9 7B-
6BDS B A4?<K<< CDBEFD4AEF69AAB= >4DF<A>< 59; A9B5IB8<@BEF< <AF9DCB?SJ<<. &4> < B>4-
;4?BEP, B5 QFB@ E6<89F9?PEF6GRF ED46A<F9?PAO9 7<EFB7D4@@O 8<EC9DE<= CB7D9LABEF< 
EFDG>FGDAOI CBEFDB9A<= < D9;G?PF4FO BJ9A>< A489:ABEF< 6OS6?9AAOI EFDG>FGD (D<E. 
4). �4AAO9 D4EK9FO CDB6B8<?<EP 6 EBBF69FEF6<< E [2]. #B BEAB6AO@ CDB8G>F<6AO@ 7B-
D<;BAF4@ <EE?98G9@B7B GK4EF>4 E9=E@BD4;698>4 3� 89@BAEFD<DG9F 6O<7DOL 5B?99 K9@ 
6 1,5 D4;4, 4 A489:ABEFP 6OS6?9AAOI EFDG>FGD CB D9;G?PF4F4@ 3� E9=E@<>< 6B 6E9I E?G-
K4SI >D4=A9 6OEB>4.  
 

  

$<E. 4. %D46A<F9?PA4S 7<EFB7D4@@4 8<EC9DE<= CB7D9LABEF< EFDG>FGDAOI 
CBEFDB9A<= < ?<A9=K4F4S 7<EFB7D4@@4 69DBSFABEF< EGM9EF6B64A<S EFDG>FGD 
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1>BAB@<K9E>4S QHH9>F<6ABEFP E9=E@BD4;698BKAOI D45BF BJ9A<64?4EP 69?<K<AB= 
CB87BFB6?9AAOI > 5GD9A<R D9EGDEB6 < CD<D4MёAAOI ;4C4EB6, 4 F4>:9 G89?PAB= CD<5O-
?PR A4 98<A<JG ;4FD4K9AAOI D9EGDEB6. �6FBDB@ 5O?4 CD98?B:9A4 @9FB8<>4 BJ9A>< QH-
H9>F<6ABEF< CB C4D4@9FDG CDB7AB;<DG9@B= G89?PAB= CD<5O?<, 4 EBCGFEF6GRM<9 D4E-
KёFO B5Nё@B6 D9EGDEB6 CDB6989AO 6 EBBF69FEF6<< E [3]. #B D9;G?PF4F4@ 2� E9=E@BD4;-
698>< B5Nё@ CB87BFB6?9AAOI > 5GD9A<R D9EGDEB6 74;4 D469A 10,561 @?D8. @3, 4 CDB7AB-
;<DG9@4S G89?PA4S CD<5O?P BJ9A<649FES 6 26.96 DG5. A4 1 6?B:9AAO= DG5. #B D9;G?PF4-
F4@ 3� E9=E@<>< B5Nё@O CD<D4M9A<S D9EGDEB6 74;4 EBEF46<?< 17.658 @?D8. @3, 4 B5Nё@O 
CD<D4M9A<S ;4C4EB6 4 33.798 @?D8. @3. %G@@4DA4S G89?PA4S CD<5O?P BJ9A<649FES 6 
135.24 DG5. A4 1 6?B:9AAO= DG5.  

� <FB79, CB D9;G?PF4F4@ ED46A9A<S E9=E@BD4;698BKAOI @4F9D<4?B6 8B < CBE?9 B5-
D45BF><, BJ9A>< FBKABEF< 6OCB?A9AAOI EFDG>FGDAOI CBEFDB9A<=, A48ё:ABEF< 6OS6?9A-
AOI EFDG>FGD < G89?PAB= CD<5O?< 8?S B5EG:849@OI @B8<H<>4J<= 6CB?A9 B:<849@B 3� 
E9=E@BD4;698>4 B>4;4?4EP 6C9D98<. %HBD@G?<DB64AAB9 CBE?9 6OK<E?<F9?PAB7B Q>EC9D<-
@9AF4 GF69D:89A<9 5O?B CB8F69D:89AB A4 CD4>F<>9.  

 

%#�%"� ��&�$�&'$/ 

 

1. �B74A<>, �.!., �GD6<K, �.�., %9=E@BD4;698>4/�.!. �B74A<>, �.�. �GD6<K 4 &69DP: 
�;8-6B ��%, 2006. 4 744 E., 204 <?.  
2. �AEFDG>J<S CB BJ9A>9 >4K9EF64 EFDG>FGDAOI CBEFDB9A<= < A489:ABEF< 
6OS6?9AAOI < CB87BFB6?9AAOI B5N9>FB6 CB 84AAO@ E9=E@BD4;698><  "�-"�& (CD< 
D45BF4I A4 A9HFP < 74;) 4  BE>64, !9HF979BH<;<>4, 1984. 3 40 E.  
3.  9FB8<K9E><9 D9>B@9A84J<< CB CD<@9A9A<R CDBEFD4AEF69AAB= E9=E@BD4;698>< 
3D A4 D4;AOI QF4C4I 79B?B7BD4;698BKAOI D45BF A4 A9HFP < 74;.  BE>64: "�" 
«*9AFD4?PA4S 79BH<;<K9E>4S Q>EC98<J<S», 2000. 3 %. 58-59. 

 

COMPARATIVE ANALYSIS OF 2D AND 3D MODIFICATIONS OF 

SESMIC EXPLORATION ON THE EXAMPLE OF THE BOLIVAR 

LOCATION IN THE REPUBLIC OF SAKHA (YAKUTIA) 
 

Frolov Vladimir Aleksandrovich 

Saratov State University, Saratov 

vovan.frolov2011@yandex.ru 

 

Summary. Modifications of 2D and 3D seismic surveys are the main geophys-

ical methods in the study of geological environments containing productive 

strata. Of greatest interest are questions of comparison of the results of field work 

and interpretation. This article presents the results of a comparative analysis of 

the theoretical and practical aspects of the two above-mentioned modifications 

of seismic exploration on the example of one of the sites in Eastern Siberia. 

Key words: Seismic exploration, azimuthal component, kinematic correction, 

reflected waves, common midpoint method, summation of traces by MPM. 
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'�� 550.360:551.583 
!��"&"$/� "%"��!!"%&� �/%"�"&"+!/) 
&� #�$�&'$!/) �� �$�!�� � %�����!�) 

 
1)0F:528G �>340= �<8B@8528G, 2(0:0520 !5;;8 $0D0Q;52=0 

�=AB8BCB 35>D878:8 '@" $�!, 3. �:0B5@8=1C@3 
1disaybl@yandex.ru 

 

�AABF4J<S. �EE?98GRFES BEB59AABEF< 6OEB>BFBKAOI F9@C9D4FGDAOI <;-
@9D9A<= 6 6B8BA4CB?A9AAOI 5GDB6OI E>64:<A4I. "C<E4AO 6?<SA<S F9@-
C9D4FGDAB= <A9DJ<< E>64:<AAB7B CD<5BD4 < <A<J<<DB64AAB= F9C?B6B= 
>BA69>J<<. #D<6989A4 <I >B?<K9EF69AA4S BJ9A>4, < CD98?B:9AO D9>B@9A-
84J<< CB CDB6989A<R F9@C9D4FGDAOI <;@9D9A<=. 

�?RK96O9 E?B64: 6OEB>BFBKAO9 <;@9D9A<S F9@C9D4FGDO, E6B5B8A4S F9C-
?B64S >BA69>J<S, 5GDB64S E>64:<A4, 79BF9D@<S, F9D@<K9E><= >4DBF4:. 

 

&9@C9D4FGDAO9 <;@9D9A<S 6 5GDB6OI E>64:<A4I S6?SRFES B8A<@< <; 7?46AOI @9-
FB8B6 79BF9D@<K9E><I <EE?98B64A<=. #BS6?9A<9 EB6D9@9AAOI 84FK<>B6, 4CC4D4FGDO < 
E<EF9@ D97<EFD4J<<, B59EC9K<64RM<I 6OEB>GR FBKABEFP, EF45<?PABEFP, CDBEFD4AEF69A-
AB9 < 6D9@9AAB9 D4;D9L9A<9 F9@C9D4FGDAOI <;@9D9A<=, CB;6B?<?B EGM9EF69AAB D4EL<-
D<FP EH9DG CD<@9A9A<S E>64:<AAB= F9D@B@9FD<<. "8A4>B QF< 6B;@B:ABEF< A9 6E9784 
@B7GF 5OFP D94?<;B64AO 6 CB?AB= @9D9, 6E?98EF6<9 6?<SA<S F4><I CDBJ9EEB6, >4> E6B-
5B8A4S F9C?B64S >BA69>J<S (%&�) :<8>BEF< < F9C?B64S <A9DJ<S CD<5BD4 6 E>64:<A4I.  

!9EF4J<BA4DAO= I4D4>F9D %&� 6989F > F9@C9D4FGDAO@ 64D<4J<S@, KFB CD98EF46-
?S9F ;A4K<F9?PAO= <EFBKA<> CB7D9LABEF9= CD< CDB6989A<< 6OEB>BFBKAOI F9@C9D4FGD-
AOI <;@9D9A<= 6 E>64:<A4I [2,3,4]. � 6B8BA4CB?A9AAOI 5GDB6OI E>64:<A4I %&� 6B;A<-
>49F, >B784 6E?98EF6<9 CB?B:<F9?PAB7B F9@C9D4FGDAB7B 7D48<9AF4 5B?99 F9C?O= <, E?9-
8B64F9?PAB, 5B?99 ?97><= H?R<8 D4ECB?4749FES A<:9 5B?99 IB?B8AB7B. �BEIB8SM<9 < 
A<EIB8SM<9 CBFB>< EFD9@SFES 6ODB6ASFP C?BFABEFAO9 < F9@C9D4FGDAO9 A9B8ABDB8AB-
EF<, B8A4>B 7BDAO9 CBDB8O CB889D:<64RF CB?B:<F9?PAO= 7D48<9AF [4].  

�B;A<>AB69A<9 < D4;6<F<9 %&� BCD989?S9FES ;A4K9A<9@ 59;D4;@9DAB7B K<E?4 $Q-
?9S. �?S E>64:<AAOI GE?B6<= (69DF<>4?PAO= J<?<A8D): 

 

G
a

rg
Ra

þ
 4

=  (1) 

 

789 g - GE>BD9A<9 E6B5B8AB7B C489A<S, β - >BQHH<J<9AF B5N9@AB7B F9@C9D4FGD-
AB7B D4EL<D9A<S, ½ - ><A9@4F<K9E>4S 6S;>BEFP, a - F9@C9D4FGDBCDB6B8ABEFP, r 3 D48<GE 
E>64:<AO, G 3 F9@C9D4FGDAO= 7D48<9AF. �IB8SM<9 6 QFB EBBFABL9A<S C4D4@9FDO β, ½, a, 

6 E6BR BK9D98P, ;46<ESF BF F9@C9D4FGDO. �BA69>J<S 6B;A<>49F, >B784 Ra CD96OL49F A9-
>BFBDB9 >D<F<K9E>B9 ;A4K9A<9 Racrit. #BE?98A99 8?S E>64:<AO ?9:<F 6 CD989?4I 68-216 

6 ;46<E<@BEF< BF BFABL9A<S F9C?BCDB6B8ABEF9= :<8>BEF<, ;4CB?ASRM9= E>64:<AG, < 
B>DG:4RM97B 99 @4EE<64 »f/»m [1]  

&9@C9D4FGDA4S <A9DJ<S CD<5BD4 D4APL9 BEB59AAB A9 <;GK4?4EP, F4> >4> EK<F4-
?BEP, KFB 99 6?<SA<S A4 <;@9D9A<S >D4F>BEDBKAB, < 97B @B:AB <;59:4FP CGF9@ CDB8B?-
:<F9?PAB7B <;@9D9A<S 6 FBK>4I A45?R89A<S [5]. �?S 6OEB>BFBKAOI <;@9D9A<= QFB 6D9@S 
BCD989?S?BEP BCOFAO@ CGF9@, 6 F9K9A<9 >BFBDB7B F9D@B@9FD 6BECD<A<@49F B>B?B 90% 
D4;ABEF< F9@C9D4FGDO ED98O < A4K4?PAB= F9@C9D4FGDO F9D@B@9FD4. � ;46<E<@BEF< BF 
A9B5IB8<@B= FBKABEF< CDBJ9AF D4;ABEF< @B:9F @9ASFPES.  
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�4K4EFGR F4>4S BJ9A>4 CDB6B8<FPES 1 D4; < CD<@9AS9FES 8?S 6E9I <;@9D9A<= E A9-
>BFBDO@< >BDD9>F<DB6>4@< 6 EFBDBAG G69?<K9A<S 6D9@9A< A45?R89A<S 8?S 5B?PL9= 
FBKABEF<. "8A4>B F4>B= CB8IB8 B>4;4?ES A9 EB6E9@ 69D9A. � IB89 F9D@B@9FD<< E>64:<A 
�>4F9D<A5GD74 6 ;<@A<= C9D<B8 @O EFB?>AG?<EP E F4>B= E<FG4J<9= (D<E. 1).  

 

 
$<E. 1. &9D@B7D4@@O E>64:<A №11 < №1434 6 7. �>4F9D<A5GD7 ;4 H96D4?P 2023 7B84. 
#GA>F<DA4S ?<A<S 6D9@S <;@9D9A<S 30 E, EC?BLA4S ?<A<S 60 E.  

 

�4@9DO CDB6B8<?<EP EB6D9@9AAO@ 46FBAB@AO@ F9D@B@9FDB@ RBR solo3, A9B5IB-
8<@B9 6D9@S <;@9D9A<= 8?S 8BEF<:9A<S FBKABEF< 6 ±0.001 °% 1 @<AGF4, L47 8<E>D9F<;4-
J<< 10 E9>GA8. $S8 F9D@B7D4@@, CBEFDB9AAOI CB D9;G?PF4F4@ 60 E <;@9D9A<=, B>4;4?<EP 
E<?PAB <;?B@4AO. �O?B CD<ASFB D9L9A<9 CBEFDB<FP F9D@B7D4@@O 30 E <;@9D9A<=. &4>B9 
6D9@S 5O?B 6O5D4AB, F4> >4> ECGE> 84FK<>4 ;4A<@4? BF 10 8B 20 E9>GA8. $9;G?PF4F EGM9-
EF69AAB G?GKL<?ES.   

&4>B9 BF>?BA9A<9 A45?R84?BEP G E>64:<A, A4IB8SM<IES A4 G84?9A<9 BF 8BDB7<, 
CBE>B?P>G 6ES 4CC4D4FGD4 ?9:4?4 6 SM<>9 8?S <AEFDG@9AFB6, FB CB CGF< 8B @9EF4 D45BFO 
84FK<> C9D9BI?4:84?ES, QFB < CB6?<S?B A4 D9;G?PF4FO A45?R89A<=. 

!4@< 5O?B D9L9AB <EE?98B64FP QFBF CDBJ9EE 5B?99 89F4?PAB 6 A45?R84F9?PAB= 
E>64:<A9 ��(-60. �;@9D9A<S CDB6B8<?< 6 D9:<@9 @BA<FBD<A74, F9@ :9 84FK<>B@ RBR 

solo3, E L47B@ 1 E9>GA84. #D<5BD BK9AP ?97><= < <AB784 6 >4K9EF69 GFS:9?<F9?S <ECB?P-
;B64?ES E6<AJB6O= 7DG;, CBQFB@G Q>EC9D<@9AF CDB6B8<?< 8?S 84FK<>4 E 7DG;B@ < 59; 
A97B. �;@9D9A<S CDB6B8<?<EP E CD9864D<F9?PAB A47D9FO@ 6 F9C?B@ CB@9M9A<< < BI?4-
:89AAO@ (A4 BF>DOFB@ 6B;8GI9, CD< F9@C9D4FGD9 BF -7 -8 °%) 84FK<>B@. #D<5BD A4 FDBE9 
BCGE>4?ES A4 7?G5<AG 20 @, 6D9@S ECGE>4 EBEF46?S?B 15-18 E9>GA8. !45?R89A<S CDB6B-
8<?<EP 6 F9K9A<9 8 K4EB6, $9;G?PF4FO CD98EF46?9AO A4 D<EGA>9 2.  

� F9K9A<9 10 E CBE?9 ECGE>4 CD<5BD4 A4 ;484AAGR 7?G5<AG A45?R849FES 5OEFDO= 
DBEF/EA<:9A<9 F9@C9D4FGDO 8B A96B;@GM9AAOI ;A4K9A<=. 1F< 5OEFDO9 <;@9A9A<S B59E-
C9K<64RFES @4?B= F9@C9D4FGDAB= <A9DJ<9= 84FK<>4, 6OA9E9AAB7B ;4 CD989?O E>64:<A-
AB7B CD<5BD4 6 FBA>B= FDG5>9. #BE?9 >BDBF>B7B C9D<B84 D97<EFD<DG9@O9 F9@C9D4FGDO 
EAB64 A4K<A4RF BF>?BASFPES BF A96B;@GM9AAOI ;A4K9A<= 6E?98EF6<9 CDB7D964/BI?4:89-
A<S 6B8O E4@<@ CD<5BDB@, B5?484RM<@ ;A4K<F9?PAB 5B?PL9= F9@C9D4FGDAB= <A9DJ<9=. 
+9D9; 100 E. 6B;B5AB6?S9FES @98?9AAB9 CD<5?<:9A<9 D97<EFD<DG9@OI F9@C9D4FGD > A9-
6B;@GM9AAO@ ;A4K9A<S@. !4 QFG >4DF<AG A4>?48O64RFES 6OEB>BK4EFBFAO9 F9@C9D4FGD-
AO9 >B?954A<S, 6O;64AAO9 E6B5B8AB= F9C?B6B= >BA69>J<9=, 6 E6BR BK9D98P, <A<J<<DB-
64AAB= F9@C9DAO@ 7D48<9AFB@ @9:8G E>64:<AAO@ CD<5BDB@ < B>DG:4RM9= :<8>B-
EFPR. � E?GK49, >B784 E>64:<AAO= CD<5BD 5O? CD9864D<F9?PAB BI?4:89A, >BA69>F<6AO= 
F9@C9D4FGDAO= LG@ <@99F 5B?99 6OEB>GR 4@C?<FG8G, K9@ 6 B5D4FAB@ 3 >B784 CD<5BD 
5O? CD9864D<F9?PAB A47D9F (D<E.2).  
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$<E. 2. (D47@9AF @BA<FBD<A74 F9@C9D4FGDO E>6. ��(-60 A4 7?G5<A9 20 @9FDB6. 0 3 
@BA<FBD<A7 CDB6B8<?ES CBE?9 1 K4E4 BI?4:89A<S 84FK<>4 A4 G?<J9, 1 3 CBE?9 2 K4E4 
A47D964A<S CB8 B89FB= >GDF>B=. 

 

� C9D6B@ E?GK49, >B784 CD<5BD BI?4:89A, KG6EF6<F9?PAO= Q?9@9AF A4IB8<FPES 
EA<;G, >G84 < BCGE>49FES IB?B8A4S 6B84, 6OF9EASS F9C?GR. �B 6FBDB@ E?GK49, CDBJ9EE 
CDBIB8<F A48 A<@, < 97B ?<LP K4EF<KAB ;48964RF >BA69>F<6AO9 F9K9A<S (D<E. 3), < FB, 
8B6B?PAB 5OEFDB ;4FGI4RF, 4 84?PL9 CDB<EIB8<F C?46AB9 EA<:9A<9 F9@C9D4FGDO 8B <E-
F<AAOI ;A4K9A<=.  

 

 
 

$<E. 3. "5?4EF< <AF9AE<6AB= >BA69>J<<. 
 

#B D9;G?PF4F4@ Q>EC9D<@9AF4 @B:AB E89?4FP E?98GRM<9 6O6B8O: 
1. �D<64S 6OIB84 D97<EFD<DG9@OI F9@C9D4FGD BCD989?S9FES 86G@S CDBJ9EE4@< 3 

F9@C9D4FGDAB= <A9DJ<9= E<EF9@O (E>64:<AAO= CD<5BD 3 84FK<>) < <A<J<<DB64AAB= 
E6B5B8AB= F9C?B6B= >BA69>J<9=. 
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2. !4<5B?99 FBKAO9 ;A4K9A<S F9@C9D4FGDO H?R<84 D97<EFD<DGRFES ?<5B 6 C9D-
6O9 E9>GA8O CBE?9 GEF4AB6?9A<S CD<5BD4 A4 ;484AAGR 7?G5<AG, ?<5B 3 K9D9; CDB8B?:<-
F9?PAB9 6D9@S 6OD46A<64A<S F9@C9D4FGD @9:8G CD<5BDB@ < H?R<8B@.  

3. &9@C9D4FGDAO= LG@, 6O;64AAO= E6B5B8AB= F9C?B6B= >BA69>J<9= @9APL9 8?S 
CD<5BD4, <@9RM97B A4K4?PAGR F9@C9D4FGDG 6OL9 F9@C9D4FGDO E>64:<AAB= :<8>BEF<. 

4. � 6OEB>BFBKAOI 79BF9D@<K9E><I <EE?98B64A<SI E>64:<A EK<F4?4EP 5B?99 CD98-
CBKF<F9?PAB= @9FB8<>4 CBFBK9KAOI <;@9D9A<= (point by point [5]). #B D9;G?PF4F4@ CDB-
6989AAOI <EE?98B64A<= @O CB?4749@ 5B?99 QHH9>F<6AB= @9FB8<>G A9CD9DO6AB7B F9@-
C9D4FGDAB7B >4DBF4:4 E CBEFBSAAB= E>BDBEFPR ECGE>4.  

%#�%"� ��&�$�&'$/ 

 

1. �9DLGA< �.1., �GIB6<J<= �. . �BA69>F<6A4S GEFB=K<6BEFP A9E:<@49@B= :<8-
>BEF<.  ., !4G>4, 1972. 3393 E. 

2. �9@9:>B �. 2.,  <A8G5496  . �., )4J>96<K �. �. &9@C9D4FGDAO9 QHH9>FO E6B5B8-
AB= F9C?B6B= >BA69>J<< 6 5GDB6OI E>64:<A4I //�9B?B7<S < 79BH<;<>4. 3 2017. 3 &. 
58. 3 №. 10. 3 %. 1602-1610. 

3.  <A8G5496  .�., �9@9:>B �.2. %6B5B8A4S F9C?B64S >BA69>J<S 6 5GDB6OI E>64:<-
A4I: K<E?9AAB9 @B89?<DB64A<9 < Q>EC9D<@9AF4?PAO9 84AAO9. // BA<FBD<A7. !4G>4 
< F9IAB?B7<<, 2012, №4(13). 3 C.12-18. 

4. "EFDBG@B6 �.�. %6B5B8A4S >BA69>J<S 6 GE?B6<SI 6AGFD9AA9= ;484K<. �BEF9I<;84F. 
 BE>64-�9A<A7D48. 1952. 3 286 E.  

5. Beck, A.E., Balling, N. (1988). Determination of Virgin Rock Temperatures. In: Haenel, 

R., Rybach, L., Stegena, L. (eds) Handbook of Terrestrial Heat-Flow Density Determina-

tion. Solid Earth Sciences Library, vol 4. Springer, Dordrecht. 

 

SOME FEATURES OF HIGH-ACCURACY TEMPERATURE 

MEASUREMENTS IN WELLS 
 

1Khatskevich Bogdan Dmitrievich, 2Fakaeva Nelli Rafaelevna 

Institute of geophysics UB RAS, Ekaterinburg, Russia 
1disaybl@yandex.ru 

 

Annotation: The results of experimental studies of temperature inertia and ini-

tiated thermal convection with high-precision temperature measurements in a 

water-filled well are described. An assessment of their influence on the accuracy 

of measurements is made, and recommendations are presented on how to mini-

mize the noise from these processes.  

Keywords: high-precision temperature measurements, free thermal convection, 

borehole, geothermal, thermal logging. 
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'�� 553.98:550.83.05 
��"�"��+�%��3 �!&�$#$�&�*�3 ��"(���+�%��) 

��!!/) ��3 �/3���!�3 %&$"�!�3, ��&"�"��+�%��) 
"%"��!!"%&�� � '%�"��� ("$ �$"��!�3 #"$"�-

�"����&"$"� #��%&� ) 2  �%&"$"���!�3 N (3!�") 
 

)>4>@>2 �20= %5@35528G 
&><A:89 #>;8B5E=8G5A:89 '=825@A8B5B, 3. &><A: 

khodorovis@gmail.com 

 

�AABF4J<S. � D45BF9 CD<@9A9AO D9;G?PF4FO >B@C?9>EAOI <EE?98B64A<= 
>9DA4 < 79B?B7<K9E>B= <AF9DCD9F4J<< 79BH<;<K9E><I <EE?98B64A<= E>64-
:<A (Q?9>FD<K9E><=, <A8G>J<BAAO=, D48<B4>F<6AO= >4DBF4:). �OS6?9AO 
?<FB?B7<K9E><9 BEB59AABEF<, GE?B6<S HBD@<DB64A<S, >B??9>FBDE><9 E6B=-
EF64 F9DD<79AAOI CBDB8->B??9>FBDB6 C?4EF4 ) 2 74;B>BA89AE4FAB7B @9-
EFBDB:89A<S N 3@4?4 < CDBE?9:9AO ;4>BAB@9DABEF9= <I D4ECDBEFD4A9-
A<S. 
�?RK96O9 E?B64: 79B?B7<K9E>4S <AF9DCD9F4J<S 79BH<;<K9E><I 84AAOI, 
>B@C?9>E E>64:<AAB7B >4DBF4:4 (�%, #%, ��, ��, !��), C?4EF ) 2, GE?B-
6<S BE48>BA4>BC?9A<S, >B??9>FBDE><9 E6B=EF64. 
 

*9?PR <EE?98B64A<S S6?S9FES BCD989?9A<9 ;4>BAB@9DABEF9= CDBEFD4AEF69AAB7B 
D4ECDBEFD4A9A<S CBDB8->B??9>FBDB6 C?4EF4 ) 2 A9HF974;B>BA89AE4FAB7B @9EFBDB:89-
A<S N CB D9;G?PF4F4@ <AF9DCD9F4J<< >9DAB6OI 84AAOI < 79BH<;<K9E><I <EE?98B64A<= 
E>64:<A: Q?9>DB>4DBF4:4 (�% 3 >4:GM99ES EBCDBF<6?9A<9 < #% 3 CBF9AJ<4? E4@BCDB-
<;6B?PAB= CB?SD<;4J<<), <A8G>J<BAAB7B >4DBF4:4 (��), D48<B4>F<6AB7B >4DBF4:4 (�� 
3 74@@4->4DBF4: < !�� 3 A9=FDBAAO= 74@@4->4DBF4:). 

 9EFBDB:89A<9 N 6 48@<A<EFD4F<6AB@ BFABL9A<< D4ECB?B:9AB 6 3@4?PE>B@ 
D4=BA9 3@4?B-!9A9J>B7B 46FBAB@AB7B B>DG74 &R@9AE>B= B5?4EF< <, EB7?4EAB A9HF974-
;B79B?B7<K9E>B@G D4=BA<DB64A<R, BFABE<FES > &4@59=E>B@G A9HF974;BABEAB@G D4=BAG 
3@4?PE>B= A9HF974;BABEAB= B5?4EF< �4C48AB-%<5<DE>B= A9HF974;BABEAB= CDB6<AJ<<, 
6IB8<F 6 EBEF46 &4@59=E>B7B >?4EF9D4. #DB@OL?9AA4S A9HF974;BABEABEFP @9EFBDB:89-
A<S GEF4AB6?9A4 6 L<DB>B@ EFD4F<7D4H<K9E>B@ 8<4C4;BA9 < E6S;4A4 E K9FODP@S A9HF9-
74;BABEAO@< >B@C?9>E4@<: 4?P5-E9AB@4AE><@, 4CFE><@, A9B>B@E><@ < RDE><@ [1]. 

"EAB6AO@< @9FB84@< <EE?98B64A<S S6<?<EP ?<FB?B7B-H4J<4?PAO= 4A4?<; CB 
84AAO@ >9DA4 [2] < Q?9>FD<K9E>B7B >4DBF4:4 [3], 4 F4>:9 79B?B7<K9E>4S <AF9DCD9F4J<S 
79BH<;<K9E><I 84AAOI [4]. 

#?4EF ) 2 CD<GDBK9A > ED98A9= K4EF< SDBA7E>B= E6<FO (4CF), 6IB8<F 6 EBEF46 
4CFE>B7B A9HF974;BABEAB7B >B@C?9>E4 [1], <@99F E?B:AB9 79B?B7<K9E>B9 EFDB9A<9, B5G-
E?B6?9AAB9 A9B8ABDB8ABEFPR ?<FB?B7<K9E>B7B EBEF464 < E<?PAB= H4J<4?PAB= <;@9AK<-
6BEFPR, I4D4>F9D<;G9FES E?45B= <;GK9AABEFPR, KFB < BCD989?S9F 4>FG4?PABEFP CDB6989A-
AOI <EE?98B64A<=. 

�?S BCD989?9A<S GE?B6<= BE48>BA4>BC?9A<S 5O?4 <ECB?P;B64A4 @9FB8<>4 
�.%.  GDB@J964 [4]. %B7?4EAB QFB= @9FB8<>9, E CB@BMPR <AF9DCD9F4J<< >D<6B= #% 
@B:AB BCD989?<FP C4?9B7<8DB8<A4@<>G ED98O E98<@9AF4J<<. %B7?4EAB <EE?98B64A<S@ 
�.%.  GDB@J964, 6O89?SRFES 5 7<8DB8<A4@<K9E><I D9:<@B6: BK9AP 6OEB><=, 6OEB><=, 
ED98A<=, A<;><=, BK9AP A<;><=. �4:8O= <; QF<I GDB6A9= I4D4>F9D<;G9FES A45BDB@ C9D-
6BA4K4?PAOI CD<;A4>B6, BFD4:4RM<I 8<A4@<K9E>GR 4>F<6ABEFP ED98O E98<@9AF4J<<. 
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#B D9;G?PF4F4@ <AF9DCD9F4J<< ��%, BE48>< A4>4C?<64?<EP CD< <;@9AK<6B= 8<-
A4@<>9 6B8AB= ED98O 6 CD<5D9:AB-@BDE><I 6 GE?B6<SI. �<A4@<>4 ED98O E98<@9AF4J<< 
BCD989?S?4EP CB @4>E<@4?PAB@G ;A4K9A<R ³#% >D<6B= E4@BCDB<;6B?PAB= CB?SD<;4J<< 
<, EB7?4EAB F<C<;4J<< 7<8DB8<A4@<K9E>B= 4>F<6ABEF< ED98O E98<@9AF4J<< �.%.  GDB@-
J964, @9AS?4EP BF BK9AP 6OEB>B=, 6OEB>B= < ED98A9=, ECBEB5EF6B646L9= A4>BC?9A<R 
C9EK4AOI BE48>B6, 8B A<;>B= < BK9AP A<;>B=, CD< >BFBDB= A4>4C?<64?<EP EBBF69FEF69AAB 
4?96D<FB6O9 < 7?<A<EFO9 BE48><.  

#D<5D9:AB-@BDE><9 GE?B6<S E98<@9AF4J<< 6OS6?9AO CB 79A9F<K9E><@ CD<;A4-
>4@, ;4>?RK9AAO@ 6 >9DA9 (D<E. 1). � CD<5D9:AB= CB?BE9 @BDS A4 @9?>B6B8P9 HBD@<DB-
64?<EP B8ABDB8AO9, 6B?A<EFB- < >BEB6B?A<EFB-E?B<EFO9 ED98A9- < ED98A9-@9?>B;9DA<-
EFO9 C9EK4A<>< E 5<BFGD54J<9= F<C4 Teichichnus; A4 G84?9A<< BF 59D974 3 6B?A<EFB- < 
?<A;B6<8AB-E?B<EFO9 4?96DB?<FO EB E?984@< :<;A989SF9?PABEF< 8BAAOI :<6BFAOI 
F<C4 Schaubcylindrichnus, PlanBlites, Zoophycos; 6 G7?G5?9AAOI GK4EF>4I @BDE>B7B 8A4 3 
CB?B7B-6B?A<EFB- < 7BD<;BAF4?PAB-E?B<EFO9 7?<A<EFO9 CBDB8O, EB89D:4M<9 <IABHBE-
E<?<< Chondrites, Phycosiphon. #D<;A4>< 5?<;BEF< > >BAF<A9AFG BFD4:9AO L<DB>B@ D4E-
CDBEFD4A9A<< C9EK4AOI BE48>B6 6 EBEF469 BF?B:9A<=, CB6E9@9EFAB@ CD<EGFEF6<< G7-
?9H<J<DB64AAOI D4EF<F9?PAOI BEF4F>B6 (4FFD<F, @9?><= 89FD<F), A4?<K<< FBA>BD4EE9-
SAAOI 6>D4C?9A<= < GC?BM9AAOI 6>?RK9A<= E<89D<F4. !4 @BDE><9 GE?B6<S BE48>BA4-
>BC?9A<S G>4;O64RF: CD9<@GM9EF69AAB 6B?A<EF4S E?B<EFBEFP, 6 FB@ K<E?9 D4;ABA4CD46-
?9AA4S, BFD4:4RM4S 6B;6D4FAB-CBEFGC4F9?PAO= I4D4>F9D 86<:9A<S 6B8AB= ED98O; 
BEF4F>< D4>B6<A 86GEF6BDK4FOI @B??RE>B6, EBID4A<6L<9ES 6 CBDB84I 6 6<89 J9?OI Q>-
;9@C?SDB6 < 89FD<F4; >B@C?9>E E?98B6 :<;A989SF9?PABEF< EB?BAB64FB-6B8AOI HBD@ 59A-
FBEAOI BD74A<;@B6; C<D<F<;4J<S, >4> CB>4;4F9?P ;4FDG8A9AAB7B 6B8BB5@9A4 < 6BEEF4AB-
6<F9?PAB= 79BI<@<K9E>B= ED98O. 

 

 
$<E. 1. �9A9F<K9E><9 CD<;A4>< BF?B:9A<= C?4EF4 ) 2 CB >9DAG: �, � 3 >BEB6B?A<-
EF4S D4;ABA4CD46?9AA4S E?B<EFBEFP 6 C9EK4A<>9; �, � 3 6B?A<EFB9 C9D9E?4<64A<9 
4?96DB?<FB6 < 7?<A<EFOI CBDB8 EB E?984@< 5<BFGD54J<<; � 3 FBA>4S 7BD<;BAF4?P-
A4S E?B<EFBEFP 6 4D7<??<F4I 

 

� IB89 <AF9DCD9F4J<< >B@C?9>E4 79BH<;<K9E><I <EE?98B64A<= E>64:<A 5O?< 6O-
89?9AO ?<FB?B7<K9E><9 BEB59AABEF< < CBEFDB9AO ?<FB?B7<K9E><9 >B?BA>< 6 CD989?4I 
C?4EF4 ) 2. %B7?4EAB QF<@ 84AAO@, 5O?< CBEFDB9AO >4DFO ?<FB?B7<K9E>B7B EBEF464, 
B5N9@AB= 7?<A<EF<EFBEF< < QHH9>F<6AOI FB?M<A, 4 F4>:9 EI9@4 >BDD9?SJ<< (D<E. 2). 

�A4?<; QF<I >4DF CB>4;4?, KFB A4<5B?99 @BMAO9 C9EK4A<>< CD<GDBK9AO > R:AB= < E9-
69DAB= K4EFS@ F9DD<FBD<<, ;89EP EB89D:4A<9 7?<A @<A<@4?PAB (B5N9@A4S 7?<A<EFBEFP 
EBEF46?S9F 8B 0,06-0,07 8.9.), 4 >4D5BA4F<;<DB64AAO9 CDBC?4EF>< D98>< < <@9RF 

� � � � �
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A9;A4K<F9?PAGR FB?M<AG, 6E?98EF6<9 K97B QHH9>F<6AO9 FB?M<AO 8BEF<74RF 33-37 @. 
#B @9D9 CDB86<:9A<S > J9AFD4?PAB= K4EF< @9EFBDB:89A<S 6 D4;D9;9 FB?M<A4 C9EK4AOI 
BF?B:9A<= ;A4K<F9?PAB EA<:49FES, 4 >4D5BA4FAOI < 7?<A<EFOI CDBE?B96 6B;D4EF49F 
(;A4K9A<9 B5N9@AB= 7?<A<EFBEF< 3 8B 0.35 8.9.), KFB CD<6B8<F > G@9APL9A<R QHH9>F<6-
AOI FB?M<A 8B 11.1-13.1 @. 
 

 
$<E. 2. %I9@4 >BDD9?SJ<< C?4EF4 ) 2 CB ?<A<< E>64:<A 10320315316314325 

 

�4F9@ CB 84AAO@ ��% < >BQHH<J<9AFG CBD<EFBEF< CB >9DAG 5O?4 CB?GK9A4 ;46<-
E<@BEFP >BQHH<J<9AF4 CBD<EFBEF< BF ³#%. #B QFB= ;46<E<@BEF< 5O? D4EEK<F4A >BQHH<-
J<9AF CBD<EFBEF< CB >4:8B= E>64:<A9 6 CD989?4I C?4EF4 ) 2. 

�A4?B7<KAO@ B5D4;B@ 5O?4 CBEFDB9A4 ;46<E<@BEFP CDBA<J49@BEF< BF >BQHH<J<-
9AF4 CBD<EFBEF< < CDB<;6989A D4EK9F CDBA<J49@BEF< CB >4:8B= E>64:<A9. 

!4 BEAB69 CB?GK9AAOI 84AAOI 5O?< CBEFDB9AO >4DFO ED98A<I ;A4K9A<= CBD<EFB-
EF< < CDBA<J49@BEF< C?4EF4 ) 2. 

�A4?<;<DGS >4DFO QHH9>F<6AOI FB?M<A, ED98A<I ;A4K9A<= CBD<EFBEF< < CDBA<-
J49@BEF< C?4EF4 ) 2, @B:AB >BAEF4F<DB64FP, KFB A4<5B?99 @BMAO9 < B8ABDB8AO9 C9E-
K4A<>< D4ECB?B:9AO 6 E969DAB= < R:AB= K4EFSI F9DD<FBD<<, 6 J9AFD4?PAB= K4EF< @BM-
ABEFP C9EK4AOI BF?B:9A<= EA<:49FES < A4>4C?<649FES 5B?99 @9?>B;9DA<EFO= 4?96D<FB-
6O= @4F9D<4?. 

!4<?GKL<@< H<?PFD4J<BAAB-9@>BEFAO@< E6B=EF64@< CB 84AAO@ ��% B5?484RF 
C9EK4A<><, D4ECB?B:9AAO9 A4 R79, R7B-;4C489, E969D9 < E969DB-;4C489 @9EFBDB:89A<S. 
�BQHH<J<9AF CBD<EFBEF< ;89EP 5B?99 0.28 8.9., 4 CDBA<J49@BEFP 8BEF<749F ;A4K9A<= BF 
400 8B 700·10-3 @>@2.  <A<@4?PAO9 ;A4K9A<S CBD<EFBEF< (�C=0.25 8.9.) < CDBA<J49@BEF< 

(�CD=126·10-3 @>@2) A45?R84RFES 6 J9AFD4?PAB= K4EF< F9DD<FBD<<. 
�; 6OL9<;?B:9AAOI ;4>BAB@9DABEF9= @B:AB E89?4FP 6O6B8, KFB C?4EF ) 2 6 

CD989?4I @9EFBDB:89A<S N E?B:9A IBDBLB CDBA<J49@O@< C9EK4A<>4@<, >BFBDO9 BFAB-
ESFES > >B??9>FBD4@ III-II >?4EE4 CB >?4EE<H<>4J<< �.�. )4A<A4 [5]. 

#B D9;G?PF4F4@ 79B?B7<K9E>B= <AF9DCD9F4J<< 79BH<;<K9E><I 84AAOI < >9DAB6B7B 
@4F9D<4?4 @B:AB E89?4FP E?98GRM<9 6O6B8O: 

3 C?4EF ) 2 EHBD@<DB64A 6 CD<5D9:AB= CB?BE9 @BDS 6 GE?B6<SI @9ASRM9=ES 
7<8DB8<A4@<K9E>B= 4>F<6ABEF<, KFB B5GE?B6<?B 69DF<>4?PAGR < ?4F9D4?PAGR H4J<4?P-
AGR <;@9AK<6BEFP; 

3 C9EK4AO9 BF?B:9A<S L<DB>B D4ECDBEFD4A9AO A4 F9DD<FBD<< @9EFBDB:89A<S < 
<@9RF ;A4K<F9?PAO9 FB?M<AO; 

3 CBDB8O->B??9>FBDO I4D4>F9D<;GRFES ED98A<@< < 6OEB><@< H<?PFD4J<BAAB-9@-
>BEFAO@< E6B=EF64@<. 
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1. �R74= �.�., %B<A �.�., %>BDB5B74FP>B �.!. "EB59AABEF< A9HF974;BABEABEF< CB-
?GBEFDB64 3@4? 6 E6S;< E BJ9A>B= C9DEC9>F<6 R:AB= K4EF< �4DE>B7B @BDS // �9EF< 74;B-
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Summary. The work applies the results of comprehensive core studies and ge-

ological interpretation of geophysical well surveys (electrical, induction, radio-

active logging). The lithological features, formation conditions, reservoir prop-

erties of terrigenous reservoir rocks of the XM2 reservoir of the N Yamal gas-

condensate field are revealed and their distribution patterns are traced. 
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�AABF4J<S. � 84AAB= EF4FP9 D4EE@4FD<649FES 6O89?9A<9 < BCD989?9A<9 
H<?PFD4J<BAAB-ё@>BEFAOI E6B=EF6 RDE><I BF?B:9A<= 6 E>64:<A4I 
@9EFBDB:89A<S &G@4D<E. "CD989?9AO CB8EK9FAO9 C4D4@9FDO < B5BEAB-
64AB CB?B:9A<9 74;B6B8SAB= >BAF4>F4 (���) 6 CDB8G>F<6AOI B5N9>F4I @9-
EFBDB:89A<S. #D98?4749@O= CB8IB8 BEAB64A A4 D9;G?PF4F4I 4A4?<;4 >9DA4 
< 84AAOI 79BH<;<K9E><I <EE?98B64A<SI E>64:<A (��%).  
�?RK96O9 E?B64: @9EFBDB:89A<9, >B??9>FBD, G7?96B8BDB8O, 7BD<;BAF, 
79BH<;<K9E><9 <EE?98B64A<S E>64:<A (��%), <AF9DCD9F4J<S 84AAOI ��%, 
E6B=EF64 CBDB8O, ;4?9:P, >4DBF4:, 8<47D4@@4. 
 

� 48@<A<EFD4F<6AB@ BFABL9A<< @9EFBDB:89A<9 &G@4D<E D4ECB?B:9AB A4 F9DD<-
FBD<< $B@9F4AE>B7B D4=BA4 �GI4DE>B= B5?4EF< $9ECG5?<>< ';59><EF4A (D<E.1).  

 9EFBDB:89A<9 &G@4D<E BF>DOFB 6 2018 7B8G CB D9;G?PF4F4@ 5GD9A<S < <ECOF4-
A<S CB<E>B6B= E>64:<AO №1, 789 6B 6D9@S BCDB5B64A<S E>64:<AO CB?GK9A CDB@OL?9A-
AO= CD<FB> 74;4 895<FB@ 284.73 FOE. @3/EGF A4 14 @@ LFGJ9D9. � 79B?B7<K9E>B@ EFDB9A<< 
@9EFBDB:89A<S &G@4D<E CD<A<@4RF GK4EF<9 @9;B->4=AB;B=E><9 BF?B:9A<S. "A< CD98-
EF46?9AO 6 BEAB6AB@ RDE><@<, @9?B6O@< BF?B:9A<S@< @9;B;BS, A9B79A < K9F69DF<K-
AO@< BF?B:9A<S@< >4=AB;B=E>B= 7DGCCO [2]. 

!4 @9EFBDB:89A<< &G@4D<E E BF5BDB@ >9DA4 CDB5GD9AO 4 E>64:<AO (№ 1, 4, 5, 6) 

E EG@@4DAB= >B?BA>B6B= CDBIB8>B= 27 CB7.@. #D< QFB@ 5O?B BFB5D4AB 17.2 CB7. @ >9DA4, 
KFB EBEF46<?B 63.7% BF >B?BA>B6B= CDBIB8><.  

#DB@OL?9AA4S 74;BABEABEFP @9EFBDB:89A<S &G@4D<E E6S;4A4 E ED98A9-69DIA9-
RDE><@< (XV-1, XV-2, XV-a 7BD<;BAFO) >4D5BA4FAO@< BF?B:9A<S@<. � ?<FB?B7<K9E>B@ 
BFABL9A<< <EE?98B64AAO9 CBDB8O CD98EF46?9AO C9D9E?4<64A<9@ <;69EFAS>B6 BD74AB-
79AAB-89FD<FB6B-L?4@B6OI, 7D4AG?<DB64AAOI, DOI?OI 59?B64FB-E9DOI, CBD<EFOI < E9-
DOI, C9C9?PAB-E9DOI C9?<FB@BDHAB-E7GEF>B6OI, C?<FK4FOI, ED98A9= C?BFABEF< < >D9-
CBEF<, 4 F4>:9 F9@AB-E9DOI E7GEF>B6B->B@>B64FOI, 6B8BDBE?96OI, E?B<EFOI D4;ABEF9= 
[3]. 

"F?B:9A<S XV-2 7BD<;BAF4 CD98EF46?9AO E9DO@< < F9@AB-E9DO@< <;69EFAS>4@< 
E >B@>B64FB-E7GEF>B6B= EFDG>FGDB=, @4EE<6AB= F9>EFGDB=. "A< C?BFAO9, >D9C><9 < A<;-
>BCBD<EFO9.  

!<:9 D4;D9; (<AF9D64? 1930-1934) CD98EF46?9A C9C9?PAB-E9DO@<, 6B8BDBE?96O@< 
<;69EFAS>4@< E >B@>B64FB= EFDG>FGDB= < 6>?RK9A<S@< BB?<FB6 E C?<FK4FB= F9>EFGDB= 

(<;69EFAS>< >D9C><9 < C?BFAO9, BB?<FO F9@AB-E9DO9, @9?><9 8<4@9FDB@ A9 5B?99 1 @@). 

� <AF9D64?9 1944-1948 @ CBDB8O CD98EF46?9AO 59?B64FB-E9DO@< <;69EFAS>4@< E 
BD74AB79AAB-89FD<FB6B= EFDG>FGDB= < @4EE<6AB= F9>EFGDB=. "F?B:9A<S CD98EF46?9AO 
CBDB84@< A<;>B= C?BFABEF< < >D9C>BEF<. "D74A<K9E><9 BEF4F>< CD98EF46?9AO A9BCD9-
89?<@O@ @9?>BD4;8DB5?9AAO@ D4>B6<AAO@ 89FD<FB@. 

&4>:9 ED98< CBDB8, E?474RM<I BF?B:9A<S XV-2 7BD<;BAF4, <@9RFES F9@AB-
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E9DO9, >D9C><9 < C?BFAO9 <;69EFAS>< E SD>B 6OD4:9AAB= 7BD<;BAF4?PAB= E?B<EFBEFPR. 
"F@9K4RFES @AB7BK<E?9AAO9 @9?><9 7A9;8B6<8AO9 6>?RK9A<S @9?>B;9DA<EFB7B >4?P-
J<F4, 8<4@9FDB@ A9 5B?99 0.1-0.2 E@. 

� <AF9D64?9 1984-1986 @ CBDB8O CD98EF46?9AO E9DO@< < F9@AB-E9DO@< <;69EF-
AS>4@< E >B@>B64FB-BB?<FB6B=, 6B8BDBE?96B= @9EF4@< BD74AB79AAB-89FD<FB6B= EFDG>-
FGDB= < E?B964FB= F9>EFGDB=. �;69EFAS>< C?BFAO9 < >D9C><9. 

"F>DOF4S CBD<EFBEFP <;69EFAS>B6, E?474RM<I XV-2 7BD<;BAF, >B?95?9FES 6 CD9-
89?4I BF 1.68% 8B 13.91%. #DBA<J49@BEFP <;@9AS9FES BF 0 8B 36.3x10-3 @>@2. �BQHH<J<-
9AF BEF4FBKAB= 6B8BA4EOM9AABEF< <;@9AS9FES 6 CD989?4I BF 68 8B 92%. 

 

 
$<E. 1. "5;BDA4S >4DF4 D4=BA4 D45BF 

 

"F?B:9A<S XV-4 7BD<;BAF4 A4 @9EFBDB:89A<< &G@4D<E 6 <AF9D64?9 2030-2031 @ 
CD98EF46?9AO <;69EFAS>4@< E9DO@< < F9@AB-E9DO@< @9EF4@< E K9DAB->BD<KA96O@< BF-
F9A>4@<, FBA>B;9DA<EFO@<, @<>DBE?B<EFO@<, E?45B;4C9EBK9AAO@< E @AB7BK<E?9AAO@< 
6>?RK9A<S@< BD74A<K9E><I 69M9EF6. "D74A<K9E><9 BEF4F>< CD98EF46?9AO A9BCD989?<-
@O@ D4>B6<AAO@ C9D9>D<EF4??<;B64AAO@ 89FD<FB@, D9:9 >B@BK>4@< 6B8BDBE?9=, B5-
?B@>4@< 74EFDBCB8. �;69EFAS>< A9B8ABDB8AO9, >B@>B64FO9, C?BFAO9, >D9C><9, A9 CBD<-
EFO9. 

"F?B:9A<S XV-4 7BD<;BAF4 A4 @9EFBDB:89A<< &G@4D<E 6 <AF9D64?9 2061-2065 @ 
CD98EF46?9AO <;69EFAS>4@< E9DB7B J69F4 E F9@AB-E9DO@ < ;9?9AB64FB-E9DO@ BFF9A>4@<, 
FBA>B;9DA<EFB= EFDG>FGDB=, E?B<EFB= F9>EFGDB=, C?BFAO=, >D9C><= E B5<?<9@ G7?9H<-
J<DB64AAOI 4?96D<FB6 K9DAB7B J69F4, >BFBDO9 6 A4C?4EFB64A<SI 6EFD9K4RFES 6 6<89 CS-
F9A, 4 A9 C?9AB>. � >9DA9 BF@9K4RFES D98><9 6>?RK9A<S BD74A<K9E><I 69M9EF6. "D74A<-
K9E><9 BEF4F>< CD98EF46?9AO A9BCD989?<@O@ D4>B6<AAO@ C9D9>D<EF4??<;B64AAO@ 89F-
D<FB@, D9:9 >B@BK>4@< 6B8BDBE?9=, B5?B@>4@< 74EFDBCB8. 

#BD<EFBEFP <;69EFAS>B6, E?474RM<I BF?B:9A<S XV-4 7BD<;BAF4, <;@9AS9FES 6 
L<DB><I CD989?4I BF 1.7% 8B 10%. #DBA<J49@BEFP <;@9AS9FES 6 CD989?4I BF 
0.113x10-3 @>@2 8B 117.45x10-3 @>@2. "EF4FBKA4S 6B8BA4EOM9AABEFP >B?95?9FES 6 
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CD989?4I BF 68% 8B 96%. 
�?S GEF4AB6?9A<S A<:A9= 7D4A<JO >B??9>FBDB6 CB >BQHH<J<9AFG BF>DOFB= CB-

D<EFBEF< (kC) <ECB?P;B64A 7D4HB4A4?<F<K9E><= @9FB8, BEAB64AAO= A4 CBEFDB9A<< <AF9-
7D4?PAB= HGA>J<< D4ECD989?9A<S ;A4K9A<= 84AAB7B C4D4@9FD4 CB <AF9D64?4@, BFABE<-
@O@ > >B??9>FBD4@ < A9 >B??9>FBD4@ [5]. �?S B5BEAB64A<S 7D4A<KAB7B ;A4K9A<S CB CB-
D<EFBEF< 5O?B <ECB?P;B64AB 39 B5D4;JB6. #B D9;G?PF4F4@ CBEFDB9AAB= ;46<E<@BEF< 
A4<5B?99 69DBSFAB9 ;A4K9A<9 7D4A<KAB= CBD<EFBEF< D46AB 6.5% (D<E. 2) [4]. 

 

  
$<E. 2. %BCBEF46?9A<9 >G@G?SF<6AOI >D<6OI D4ECD989?9A<S >B??9>FBDB6 < 

A9>B??9>FBDB6 CB >BQHH<J<9AFG CBD<EFBEF< 

 

�?S B5BEAB64A<S 7D4A<KAOI ;A4K9A<= >BQHH<J<9AF4 BEF4FBKAB= 6B8BA4EOM9A-
ABEF< (kB6. 7D) <ECB?P;G9FES >BDD9?SJ<BAA4S ;46<E<@BEFP kC= f(kB6) (1). 

$9;G?PF4FO EBCBEF46?9A<S ;A4K9A<= CBD<EFBEF< < 6B8BA4EOM9AABEF< E J9?PR 6O-
S6?9A<S ;46<E<@BEF< kC=f(kB6) 8?S >B??9>FBDB6 CDB8G>F<6AOI 7BD<;BAFB6 CD<6989AO A4 
D<EGA>9 3. �OS6?9AA4S ;46<E<@BEFP 6 K<E?9AAB@ 6OD4:9A<< 8?S >4D5BA4FAB= FB?M< 
<@99F 6<8: 

 

kB6 = 95,2 3 3,6*kC (1) 

 

#BKF< 6B 6E9I CD98EF46?9AAOI E>64:<A4I CDB6B8<?ES CB?AO= >B@C?9>E ��%. 
#D<EGFEF6<9 CB?AB7B >B@C?9>E4 @4F9D<4?B6 ��%, CB;6B?<?B BCD989?<FP ?<FB?B7<K9-
E><= EBEF46 CBDB8->B??9>FBDB6 < 5B?99 A489:AB BCD989?<FP H<?PFD4J<BAAB-9@>BEFAO9 
C4D4@9FDO >B??9>FBDB6. #B 6E9@ E>64:<A4@ EBEF46?9AO C?4AL9FO [1, 2]. 

 
$<E. 3. �46<E<@BEFP kB6=f(kC) >BQHH<J<9AF4 BEF4FBKAB= 6B8BA4EOM9AABEF< BF >B-
QHH<J<9AF4 BF>DOFB= CBD<EFBEF< >4D5BA4FAOI CBDB8 

 

!<:9 CD<6B8<FES B5BEAB64A<9 C4D4@9FDB6 CBD<EFBEF< < 74;BA4EOM9AABEF< CB 
6E9@ CDB8G>F<6AO@ 7BD<;BAF4@ < E>64:<A4@. 
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XV-1 7BD<;BAF ;A4K9A<S >BQHH<J<9AF4 CBD<EFBEF< 6 CD989?4I @9EFBDB:89A<S <;-
@9ASRFES BF 9.7% (E>6. №17) 8B 15.5% (E>6. №1). � CB8EK9FG CD<ASFB ED98A96;69L9AAB9 
;A4K9A<9 >BQHH<J<9AF4 CBD<EFBEF< D46AB9 11,5%. �A4K9A<S >BQHH<J<9AF4 74;BA4EO-
M9AABEF< <;@9ASRFES BF 51% (E>6. №2, 7) 8B 61 % (E>6. №17). � CB8EK9FG CD<ASFB ED98-
A96;69L9AAB9 ;A4K9A<9 >BQHH<J<9AF4 74;BA4EOM9AABEF< D46AB9 49%. 

&B784 7D4A<KAB9 ;A4K9A<9 >BQHH<J<9AF4 BEF4FBKAB= 6B8BA4EOM9AABEF< kB6 7D 8?S 
74;BA4EOM9AAB7B >B??9>FBD4 D46AB 76% (&45?<J4 1). 

 

&45?<J4 1 
�A4K9A<9 H<?PFD4J<BAAB-ё@>BEFAOI E6B=EF6 CDB8G>F<6AOI 7BD<;BAFB6 

#4D4@9FDO 
XV-1, XV-2, XV-a 

�4;BA4EOM9AA4S K4EFP 
#DBA<J49@BEFP, @>@2 0.1x10-3 @>@2 

6.5% 

76% 

"F>DOF4S CBD<EFBEFP, % 

"EF4FBKA4S 6B8BA4EOM9AABEFP, % 

 

)V-2 7BD<;BAF 3 > CB8EK9FG CD<ASFB ED98A96;69L9AAB9 ;A4K9A<9 >BQHH<J<9AF4 
CBD<EFBEF< D46AB9 17.7 %, 6 CD989?4I @9EFBDB:89A<S ;A4K9A<9 QFB7B C4D4@9FD4 <;@9AS-
9FES BF 14.7 % (E>6. №6) 8B 19.9 % (E>6. №10). �BQHH<J<9AF 74;BA4EOM9AABEF< <;@9AS-
9FES BF 52% (E>6. №6) 8B 61% (E>6. №1). � CB8EK9FG CD<ASFB ED98A96;69L9AAB9 ;A4K9A<9 
D46AB9 58%. 

 

 
$<E. 4. %I9@4 BCDB5B64A<S @9EFBDB:89A<S &G@4D<E 

 

)V4 7BD<;BAF 3 > CB8EK9FG CD<ASFB ED98A96;69L9AAB9 ;A4K9A<9 >BQHH<J<9AF4 
CBD<EFBEF< D46AB9 15.5%, 6 CD989?4I @9EFBDB:89A<S ;A4K9A<9 QFB7B C4D4@9FD4 <;@9AS-
9FES BF 11.2% (E>6. № 13) 8B 19.3% (E>6. № 17). �BQHH<J<9AF 74;BA4EOM9AABEF< <;@9-
AS9FES BF 52% (E>6. №6) 8B 63% (E>6.  №2). � CB8EK9FG CD<ASFB ED98A96;69L9AAB9 ;A4-
K9A<9 D46AB9 57%. 
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� EBBF69FEF6<< E CD<ASFB= 79B?B7<K9E>B= @B89?PR, 4 F4>:9 D9;G?PF4F4@< EBCB-
EF46?9A<S @4F9D<4?B6 ��% < BCDB5B64A<S 6 CD989?4I @9EFBDB:89A<S &G@4D<E 6O89?S-
RFES 74;B>BA89AE4FAO9 ;4?9:< 6 XV-1, XV-2 < XV4 7BD<;BAF4I. � ;4?9:4I XV-1, )V-2 

< XV4 7BD<;BAFB6 CD<ASFO 74;B6B8SAAO9 >BAF4>FO (���), CB?B:9A<9 >BFBDOI B5BEAB-
64AB E?98GRM<@ B5D4;B@:  

#B?B:9A<9 ���, 8?S ;4?9:< XV-1 7BD<;BAF4 CD<ASFB A4 45E. BF@. -1713 @ CB A<:-
A9= 8OD9 C9DHBD4J<< A4 7?G5<A9 1882 @ E>64:<AO №2, KFB A9 CDBF<6BD9K<F <ECOF4A<R 
6 E>64:<A9 №1, 789 6 <AF9D64?9 1874-1870 @ CB?GK9A CDB@OL?9AAO= CD<FB> 74;4 895<-
FB@ 81.5 FOE. @3/EGF K9D9; 10 @@ MFGJ9D.  

#B?B:9A<9 ��� 8?S ;4?9:< XV-2 7BD<;BAF4 CD<ASFB A4 45EB?RFAB= BF@9F>9 @<-
AGE 1785 @ CB A<:A9= 8OD9 C9DHBD4J<< A4 7?G5<A9 1947,4 @ E>64:<AO №11.  

� ;4?9:4I XV4 7BD<;BAF4 74;B6B8SAAB= >BAF4>F (���) CD<ASFB A4 45E. BF@. -
1892 @, CB A<:A9= 8OD9 C9DHBD4J<< A4 7?G5<A9 2036,3 @ E>64:<AO №3 (D<E. 4) [5]. 

 

%#�%"� ��&�$�&'$/  
 

1. �F9A59D7 %.%. «�;GK9A<9 A9HF974;BABEAOI FB?M CDB@OE?B6B-79BH<;<K9E><@< < 
79B?B7<K9E><@< @9FB84@<»  BE>64. !98D4. 19677. 3 191 E. 
2.  4@<DB6 �.$., )B?@GDB8B6 �.�. <"C9D4F<6AO= CB8EK9F < C9D9EK9F ;4C4EB6 
A9HF<, 74;4 < >BA89AE4F4 CB A4IB8SM<@ES 6 D4;698>9 @9EFBDB:89A<S@ �" 
<';59>A9HF974;=, &4L>9AF. �' <���$!�� = 20207. 3 130-138 E. 
3. �5D47<@B6 �.%. «#BDB8O->B??9>FBDO A9HF< < 74;4 @9;B;BS ';59><EF4A4». 
�;84F9?PEF6B «(�!». &4L>9AF,19717. 3 96 E. 
4. )B?@GDB8B6 �.�., )B:<96 �.�. «(<?PFD4J<BAAB-ё@>BEFAO9 E6B=EF64 
CDB8G>F<6AOI >B??9>FBDB6 BF?B:9A<= RDE>B= E<EF9@O >4A8O@E>B7B CB8ASF<S». 
�GDA4? «��%&!�� !'';» &4L>9AF, 20227. 3 31/1, 3 303 E. 
5. )B?@GDB8B6 �.�.,  GD4FB64 %.(.,  9I@BAB6 ,. . «1HH9>F<6ABEFP 6O89?9A<S 
F9DD<79AAOI >B??9>FBDB6 6 E969DB-;4C48AB= K4EF< K4D8:BGE>B= EFGC9A< (A4 CD<@9D9 
74;B>BA89AE4FAO9 @9EFBDB:89A<S �A84>?<)» �GDA4? «��%&!�� !'';» &4L>9AF, 
20217. 3 3 2/1, 3 186 E. 
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Summary: This article discusses the isolation and determination of filtration-ca-

pacitance properties of Jurassic sediments in the wells of the Tumaris deposit. 

The calculation parameters were determined and the position of the gas-water 

contact (GVK) in the productive objects of the field was justified. The proposed 

approach is based on the results of core analysis and curves in geophysical well 

surveys (GIS). 

Keywords: deposit, reservoir, hydrocarbon, horizon, geophysical well surveys 

(GIS), interpretation of GIS data, rock properties, deposit, logging, diagram. 
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INCREASING THE INFORMATIVENESS OF SEISMOELECTRIC 

LOGGING IN DETERMINING THE BOUNDARIES OF INTERVALS 

AND THE QUALITY OF PERFORATION OF PRODUCTION 

COLUMNS IN OIL WELLS 

 

Cherdyntsev Sergey 

LLC «Orenburggeoproject», Orenburg 

89501818580@mail.ru 

 

Summary. The paper gives a brief description of a method for determining the 

degree of hydrodynamic communication of an oil reservoir with the inner cavity 

of an operational column in a well by means of seismoelectric logging and a 

device for its implementation. In order to improve the accuracy of determining 

the boundaries of intervals and the quality of perforation of the casing production 

string in oil wells, the author proposes the use of a megaelectrode block - a group 

of 24 measuring electrodes located radially to the axis of the device on a clamp-

ing device as a sensing element in a deep device. The results of the application 

of the method and equipment of seismoelectric logging at the oil field of the 

Orenburg region are presented. The analysis of the received logging diagrams is 

made. The expediency of using the method using a megaelectrode block is sub-

stantiated. 

Key words: perforation, seismoelectric logging, borehole, mega electronic 

block, oil reservoir, production column, logging diagram, geophysical research, 

Orenburg region. 
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Summary. The work is devoted to the study of seismotectonic deformations as-

sociated with a series of strongest subduction earthquakes (Mg8) in Chile at the 
beginning of the 21st century based on the analysis of satellite geodetic data. 

Models of source zones of the 2010 Maule, 2014, Iquique and 2015 Illapel earth-

quakes were constructed. A comparative analysis of the processes of accumula-

tion and release of stresses during these events was carried out. 

Key words: Chilean subduction zone, strongest earthquakes, satellite geodesy, 

seismotectonic deformations, source zone. 
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E><9 I4D4>F9D<EF<><. 
 

� EF4FP9 CD98EF46?9AO D9;G?PF4FO <;GK9A<S CD<CB69DIABEFAB= K4EF< D4;D9;4 A4 
7?G5<AG CBDS8>4 8 @ @9FB8B@ 69DF<>4?PAB7B Q?9>FD<K9E>B7B ;BA8<DB64A<S (�1�) A4 BF-
89?PAB@ GK4EF>9 F9DD<FBD<< >4@CGE4 #�!�'. �EE?98G9@O= GK4EFB> A4IB8<FES 65?<;< 
E 'K95AB-A4GKAO@ 7<8DB79B?B7<K9E><@ CB?<7BAB@ ('!�#), EB;84AAO@ CB <A<J<4F<69 
CDBH9EEBD4 �.!. �4F4964. !4 CB?<7BA9 A4IB8SFES FD< 7<8DB79B?B7<K9E><9 E>64:<AO, 
CD98A4;A4K9AAO9 8?S CDB6989A<S BCOFAB-H<?PFD4J<BAAOI D45BF < A45?R89A<= ;4 GDB6-
A9@ CB8;9@AOI 6B8 A4 F9DD<FBD<< >4@CGE4.  

1?9>FDB@9FD<K9E><9 <;@9D9A<S CD<6S;O64?<EP > J9AFD4?PAB= E>64:<A9 CB?<-
7BA4, D4;D9; >BFBDB= E69DIG 6A<; CD98EF46?9A E?98GRM<@< BF?B:9A<S@<. #9D6O= (69DI-
A<= E?B=) @BMABEFPR ! = 1.4 @ CD98EF46?9A E?9:46L<@ES, @4?B= EF9C9A< 6B8BA4EOM9A-
ABEF< C9E>B@ ED98A9= >DGCABEF< EB EFDB<F9?PAO@ @GEBDB@ < EGC9EPR. #B8EF<?49F 97B 
E?B= :9?FB64FB->BD<KA96O@ C9E>4, A4EOM9AAB7B 6B8B= (! = 1.9 @). !<:9 CB D4;D9;G 
A4IB8SFES EG7?<A>< @S7>BC?4EF<KAO9 (! = 0.5 @) < ;4F9@ FG7BC?4EF<KAO9 (! = 0.6 @). 
�Mё 7?G5:9 A4IB8SFES 7D469?<EFO9 C9E><, A4EOM9AAO9 6B8B= (! = 0.9 @), >BFBDO9 CB8-
EF<?4RFES 7DGAFB@ 7D46<=AO@ E C9EK4AO@ 6B8BA4EOM9AAO@ ;4CB?A<F9?9@ (! = 0.8 @). 
�Mё 7?G5:9 BF@9K9AO EG7?<A>< @S7>BC?4EF<KAO9 E 7D46<9@ (! = 2.5 @). #B8EF<?4R-
M<@< CBDB84@< S6?SRFES E<?PABFD9M<AB64FO9 @4?B6?4:AO9 4D7<??<FO. 

�?S CB?GK9A<S Q>EC9D<@9AF4?PAOI 84AAOI CD<@9AS?4EP E<@@9FD<KA4S K9FO-
DёIQ?9>FDB8A4S Q?9>FDBD4;698BKA4S GEF4AB6>4. �;@9D9A<S CDB<;6B8<?<EP E CD<@9A9-
A<9@ 4CC4D4FGDO � %-1 [1]. "5D45BF>4 < <AF9DCD9F4J<S 6OCB?AS?4EP E <ECB?P;B64A<9@ 
89@B69DE<= CDB7D4@@AOI >B@C?9>EB6 «IPI2Win» [2] < «�BA8 2» [5]. 

!4 <;GK49@B@ GK4EF>9 <@9?<EP 864 C4D4??9?PAOI CDBH<?S, A4 >4:8B@ CB 4 FBK>< 
�1�, D4EEFBSA<S @9:8G >BFBDO@< 10 @, 4 @9:8G CDBH<?S@< 30 @. 

#B D9;G?PF4F4@ A45?R89A<= 6OK<E?9AO ;A4K9A<S Q?9>FD<K9E>B7B >4:GM97BES EB-
CDBF<6?9A<S (�%) 7BDAOI CBDB8. �?S A47?S8ABEF< A4 D<EGA>9 1 CD<6989A4 3D 6<;G4?<-
;4J<S CB?S �% 6 CDB7D4@@AB@ >B@C?9>E9 «�BA8 2», 789 BF@9K49FES B5M4S F9A89AJ<S 
G@9APL9A<S EBCDBF<6?9A<S BF 318-247 8B 8.7-5.6 "@·@ E 7?G5<AB=. #B D9;G?PF4F4@ >B-
?<K9EF69AAB= <AF9DCD9F4J<< E CB@BMPR «�BA8 2» 68B?P CDBH<?9= 1 (D<E. 2) < CDBH<?S 
2 (D<E. 3) CBEFDB9AO 79BQ?9>FD<K9E><9 D4;D9;O, BFB5D4:4RM<9 <;@9A9A<S Q?9>FD<K9-
E><I E6B=EF6 79B?B7<K9E><I FB?M  BF CB69DIABEF<, CD<@9DAB, 8B 7-8 @. #B?GK9AAO9 D4;-
D9;O CD98EF46?9AO K9FOD9I- < FD9IE?B=AO@< Q?9>FD<K9E><@< @B89?S@<. �<8AB, KFB ;A4-
K9A<S G89?PAB7B Q?9>FD<K9E>B7B EBCDBF<6?9A<S ('1%) A4 @B89?SI <;@9ASRFES 6 8BEF4-
FBKAB L<DB>B@ 8<4C4;BA9 BF C9D6OI 98<A<J 8B 380 "@·@.  
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$<E. 1. 3D @B89?P CB?S >4:GM97BES EBCDBF<6?9A<S 

 

$<E. 2. �9BQ?9>FD<K9E><= D4;D9; CB C9D6B@G CDBH<?R («�BA8 2») 
 

 
$<E. 3. �9BQ?9>FD<K9E><= D4;D9; CB 6FBDB@G CDBH<?R («�BA8 2») 
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#9D6O9 69DIA<9 864 E?BS 6 D4;D9;9 <@9RF BFABE<F9?PAB 6OEB><9 ;A4K9A<S '1% < 
BFB:89EF6?SRFES E DOI?O@< K9F69DF<KAO@< BF?B:9A<S@< (A4EOCAB= 7DGAF, C9EB>). 

!<:9 CB D4;D9;G '1% D9;>B G@9APL49FES. 1FB E6S;4AB E F9@, KFB 84AAO9 E?B< 
CD98EF46?9AO 4D7<??<F4@< < CD<@9DAB A4 84AAB= 7?G5<A9 A4IB8SFES CB8;9@AO9 6B8O. 
"FABE<F9?PAB CB6OL9AAO9 ;A4K9A<S �% 69DIA97B E?BS @B:AB E6S;4FP E F9IAB79AAO@< 
CDBS6?9A<S@< (A4?<K<9@ BFIB8B6 EFDB<F9?PAOI @4F9D<4?B6) < E F9@, KFB <EE?98B64A<S 
6OCB?AS?<EP 6 EGIGR FёC?GR CB7B8G. #B 84AAO@ �1� A4 C9D6B@ CDBH<?9 6O89?S9FES 4 
E?BS, A4 6FBDB@ CDBH<?9 3 E?BS, A4 BEAB64A<< 84AAOI 5GD9A<S BCD989?9A4 ?<FB?B7<K9-
E>4S CD<A48?9:ABEFP BF?B:9A<=. 

 

 
$<E. 4. $4;D9; �% (�) < 79BQ?9>FD<K9E><= D4;D9; (�) CB CDBH<?R 1 («IPI2Win») 

 

 
$<E. 5. $4;D9; �% (�) < 79BQ?9>FD<K9E><= D4;D9; (�) CB CDBH<?R 2 («IPI2Win») 
 

�4?99 8?S ED46A9A<S B5D45BF>4 Q>EC9D<@9AF4?PAOI 84AAOI 5O?4 6OCB?A9A4 6 
CDB7D4@@9 «IPI2Win» [2]. �8B?P CDBH<?9= 1 < 2 F4>:9 CBEFDB9AO D4;D9;O �% (D<E. 4� < 
D<E. 5�), EBBF69FEF69AAB, < 79BQ?9>FD<K9E><9 D4;D9;O (D<E. 4� < D<E. 5�). !4 QF<I D<EGA-
>4I 6 D4;D9;9 6O89?S9FES 3 E?BS. #9D6O= (69DIA<=) E?B=, CD98EF46?9A A4EOCAO@ 7DGAFB@ 
< I4D4>F9D<;G9FES CB6OL9AAO@< ;A4K9A<S@< EBCDBF<6?9A<S. �<8AB, KFB E G69?<K9A<9@ 
7?G5<AO EBCDBF<6?9A<9 7BDAOI CBDB8 F4>:9 G@9APL49FES. 

� D9;G?PF4F9 6OCB?A9AAOI <EE?98B64A<= A4 BEAB64A<< 84AAOI �1� <;GK9A4 CD<-
CB69DIABEFA4S K4EFP D4;D9;4 <EE?98G9@B7B GK4EF>4 A4 7?G5<AG CBDS8>4 7-8 @9FDB6, 789 
G69D9AAB 6O89?S9FES BF 3 8B 4 E?Bё6. 

�4?99 ED46A<@ CB?P;B64F9?PE><9 I4D4>F9D<EF<>< CD<@9AёAAB7B CDB7D4@@AB7B 
B59EC9K9A<S (#"), F45?<J4 1, 2 < 3. 
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&45?<J4 1 
�6B8, B5D45BF>4 < <AF9DCD9F4J<S 84AAOI 

«�BA8 2» [5] «IPI2Win» [2] 
�6B8 CB?96OI 84AAOI 6 
CDB7D4@@G 6B;@B:9A 
86G@S CGFS@<: 1) <@CBDF 
H4=?4, EBID4A9AAB7B 6 
C4@SF< <;@9D<F9?S «� %-

1»; 2) DGKAO@ ECBEB5B@ 
(A45<6>4 84AAOI <; 
:GDA4?4 

�?S A4K4?4 6 CDB7D4@@9 AG:9A H4=? 84AAOI 
BCD989?9AAB7B HBD@4F4 E <AHBD@4J<9= B E<EF9@9 
A45?R89A<= < ;A4K9A<S �% 8?S >D<6OI 59; «6BDBF» 
(*.dat) <?< E «6BDBF4@<» (*.dtg). (4=? F<C4 dtg @B:9F 
EB89D:4FP ;A4K9A<S D4;ABEF< CBF9AJ<4?B6 < FB>4 8?S 
E<@@9FD<KAB= < FD9IQ?9>FDB8AB= GEF4AB6B> 
,?R@59D:9. �6B8 84AAOI 6DGKAGR F4>:9 8BEFGC9A 

#DS@4S ;484K4 3 4?7BD<F@ 
?<A9=AB= H<?PFD4J<<; 
"5D4FA4S ;484K4 3 @9FB8 
!PRFBA4.  
 

#DS@4S ;484K4 D9L49FES E <ECB?P;B64A<9@ 4?7BD<F@4 
?<A9=AB= H<?PFD4J<<. � BEAB6G CB?B:9A4 >BAJ9CJ<S 
CDBH<?PAB= <AF9DCD9F4J<<. �4AAO9 CB CDBH<?R 
D4EE@4FD<64RFES, >4> BFD4:9A<9 EFDB9A<S 
79B?B7<K9E>B7B D4;D9;4 CB CDBH<?R 6 J9?B@, 4 A9 >4> 
A45BD A9;46<E<@OI >D<6OI ;BA8<DB64A<S. 

#D<@9AS9FES A45BD 
Q?9@9AFB6 D97G?SD<;4J<<, 
8?S CB6OL9A<S 
B8AB;A4KABEF< D9L9A<S 
B5D4FAB= ;484K<, E 
<ECB?P;B64A<9@ D4;?<KAB= 
4CD<BDAB= <AHBD@4J<< 
(>4K9EF6. < >B?<K9EF6.) B5 
<E>B@B@ D9L9A<<. 

�?S D9L9A<S B5D4FAB= ;484K< <ECB?P;G9FES CD<AJ<C 
@<A<@4?PAB7B K<E?4 E?B96 <?< 64D<4AF @9FB84 !PRFBA4 
@<A<@<;4J<< A96S;>< E <ECB?P;B64A<9@ &<IBAB6E>B7B 
CB8IB84 > D97G?SD<;4J<< D9L9A<S A9>BDD9>FAOI ;484K. 
#D< D97G?SD<;4J<< @B:9F <ECB?P;B64FPES 4CD<BDA4S 
<AHBD@4J<S B 7?G5<A4I 7D4A<J < EBCDBF<6?9A<SI E?B96. 
"5D4FA4S ;484K4 D9L49FES A9;46<E<@B 8?S >4:8B= FBK>< 

 

&45?<J4 2 
$G>B6B8EF6B CB?P;B64F9?S < EBCDB6B:89A<9 

�BA8 2» [5] «IPI2Win» [2] 
�?S CDB7D4@@O A4C<E4AB CB8DB5AB9 DG>B6B8EF6B 
CB?P;B64F9?S, 6 >BFBDB@ E>4;4AB, B5 B5M<I 
E6989A<SI CDB7D4@@O «�BA8 2», F4> :9 84A4 >D4F>4S 
<AEFDG>J<S CB D45BF9 E 84AAB= CDB7D4@@B=. 
#B889D:>4 CDB7D4@@O BEGM9EF6?S9FES K9D9; E4=F 
http://uralgeopole.ru/, Q?9>FDBAAGR CBKFG 
info@uralgeopole.ru  

�?S 84AAB= CDB7D4@@O F4> :9 
EGM9EF6G9F CB8DB5AB9 
DG>B6B8EF6B CB?P;B64F9?S. 
&4> :9 <@99FES E6B= E4=F 
http://www.geoelectric.ru < 
CBKF4 bobachev@rambler.ru 

 

&45?<J4 3 
�O6B8 D9;G?PF4FB6 

�BA8 2» [5] «IPI2Win» [2] 
�4DFO @B:AB EBID4A<FP 6 
7D4H<K9E>B@ H4=?9, 4 
CB?GK9AAO9 D9;G?PF4FO @B:AB 
Q>ECBDF<DB64FP 6 HBD@4F9 ewp. 
� 84AAB= CDB7D4@@9 @O @B:9@ 
E89?4FP CE968BD4;D9;, 
79BQ?9>FD<K9E><= D4;D9;, >4DFG 
CB?GD4;ABEB6, 3D @B89?P  

$9;G?PF4FO EBID4ASRFES 6 H4=?9 E F9@ :9 <@9A9@, 
KFB G BF>DOFB7B 6 84AAO= @B@9AF H4=?4 
84AAOI(.res). %BID4A9A<9 D9;G?PF4FB6 CDB<EIB8<F 
B8AB6D9@9AAB E EBID4A9A<9@ H4=?4 84AAOI, FB 9EFP 
CD< 6OCB?A9A<< BC9D4J<< EBID4A9A<S, <?< CD< 
6OIB89 <; CDB7D4@@O, <?< C9D98 BF>DOF<9@ AB6B7B 
H4=?4 84AAOI. � QFB= CDB7D4@@9 @O @B:9@ 
CBEFDB<FP CE968BD4;D9;, 79BQ?9>FD<K9E><= D4;D9;  
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�A4?<;<DGS CB?P;B64F9?PE><9 I4D4>F9D<EF<>< <ECB?P;G9@B7B #" BF@9F<@, KFB 
<AF9DH9=E CDB7D4@@ BFK4EF< EIB:, AB BF?<K49FES E6B<@< <A8<6<8G4?PAO@< 
BEB59AABEFS@<. !9?P;S GF69D:84FP, KFB G >4>B=-?<5B B8AB= CDB7D4@@O BA ?GKL9, F4> 
>4> A4 CD4>F<>9 CD98CBKF9A<S >4:8B7B <AF9DCD9F4FBD4 <A8<6<8G4?PAO. 
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THE RESULTS OF ELECTROMETRY BY THE VES METHOD ON 

A SEPARATE SECTION OF THE CAMPUS OF PERM STATE 

UNIVERSITY 
 

Uldop Maxim Yaanusovich 

Perm State University, Perm 

 yuldop@inbox.ru 

 

Summary. The results of electrical exploration work on the study of the 

near-surface part of the section of the PSU campus site are presented. Sections 

of the CS, 3D visualization of the apparent resistance field, geoelectric sections 

are presented and a comparative analysis of the user characteristics of the soft-

ware complexes "Zond 2" and "IPI2Win". 

Keywords: vertical electrical sounding, electrical exploration, geoelectric sec-

tion, observation well. 
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�AABF4J<S. �;GK9A<9 E969DAB7B 5BDF4 �<7G?96E>B-#G74K96E>B7B E6B84, 
BE?B:A9AAB7B 6;5DBE4@<, CDB6989AB A4 BEAB69 >B@C?9>EAB= <AF9DCD9F4-
J<< D9;G?PF4FB6 E9=E@BD4;698BKAOI D45BF < 79BH<;<K9E><I <EE?98B64A<= 
E>64:<A. #B @4F9D<4?4@ ��% 6 E>64:<A9 109 �D4EAB-%B>E>B= C?BM48< 
6OS6?9AAO= 6;5DBE I4D4>F9D<;G9FES CB6FBD9A<9@ K4EF< D4;D9;4 ;4 EK9F 97B 
CB8N9@4 CB C?BE>BEF< 6;5D4EO64F9?S. �;5DBE A4IB8<F E6B9 CB8F69D:89A<9 
A4 6D9@9AAB@ D4;D9;9 CB D9;G?PF4F4@ E9=E@BD4;698BKAOI D45BF.  
�?RK96O9 E?B64: 79B?B7<K9E>B9 EFDB9A<9, EFDG>FGDO, E6B8, 64?O, F9>FB-
A<K9E><9 A4DGL9A<S, E>64:<A4, C?4EFO, E9=E@BD4;698>4, 79BH<;<K9E>B9 
<EE?98B64A<9 E>64:<A. 

 

�;GK9A<9 E969DAB7B E>?BA4 �<7G?96E>B-#G74K96E>B7B E6B84 CDB6989AB A4 BEAB69 
>B@C?9>EAB= <AF9DCD9F4J<< D9;G?PF4FB6 E9=E@BD4;698>< < 79BH<;<K9E><I <EE?98B64-
A<= E>64:<A (��%). 

�<7G?96E>B-#G74K96E><= E6B8 6O89?9A 6 1956 7B8G �.�. !4?<6><AO@. 36?S9FES 
>DGCAB= CB?B:<F9?PAB= EFDG>FGDB= R7B-;4C48AB= K4EF< �B?:E>B-�4@E>B= 4AF9>?<;O. 
�OD4:9A CB CB69DIABEF< >D<EF4??<K9E>B7B HGA84@9AF4 < BCBDAO@ 7BD<;BAFB@ BE48BK-
AB7B C4?9B;B=E>B7B K9I?4. #?BM48P E6B84 EBEF46?S9F 12800 >@2 6 %4@4DE>B= B5?4EF<. 

�<7G?96E>B-#G74K96E><= E6B8 CB EFDB9A<R D9;>B 4EE<@9FD<K9A, A9 <@99F E969D-
AB7B E>?BA4, 789 B7D4A<K9A 6;5DBEB@. �8B?P E969DAB7B, A4<5B?99 CD<CB8ASFB7B >D4S 
E6B84, CDBEF<D49FES �<7G?96E><= 64?, CD98EF46?9AAO= J9CBK>B= ?B>4?PAOI EFDG>FGD, 
BD<9AF<DB64AAOI C4D4??9?PAB E969DAB@G >DO?G.  

$4=BA <EE?98B64A<S 6IB8<F 6 7DGCCG EFDG>FGD, BE?B:ASRM<I �<7G?96E><= 64? 
(�45BDB6E>B9, %O;D4AE>B9, �G5<AE>B9, �4D?B6B-%OFB6E>B9, �9D9;B6E>B9 < 8D.) 

!4 >DGCAOI F9>FBA<K9E><I 64?4I %4@4DE>B= B5?4EF< EB89D:<FES 5B?99 75% 
A4K4?PAOI <;6?9>49@OI ;4C4EB6 A9HF< CDB@OL?9AAOI >4F97BD<=. 

#D<GDBK9AABEFP BF>DOFOI ;4?9:9= A9HF< > 8<;NR>F<6AO@ A4DGL9A<S@ S6?S9FES 
64:AO@ >D<F9D<9@ 8?S 79B?B7BD4;698BKAOI D45BF. �DB@9 FB7B, QF< A4DGL9A<S <7D4RF 
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#D< A4?<K<< 6 D4;D9;9 F9>FBA<K9E>B7B A4DGL9A<S 3 6;5DBE4, A4 >4DBF4:AB= 8<4-
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CB8N9@4 CB C?BE>BEF< 6;5D4EO64F9?S [2].  

�<7G?96E>B7B 64?, >4> 6<8AB A4 6D9@9AAB@ D4;D9;9, <@99F 5?B>B6B9 EFDB9A<9 CD< 
<AF9AE<6AB= 8<E?BJ<DB64AABEF< >4> CBDB8 HGA84@9AF4, F4> < BE48BKAB7B K9I?4. 
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COFO649F <AF9AE<6AO9 6BEIB8SM<9 86<:9A<S (D<E. 1) 
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97B CB8N9@4 CB C?BE>BEF< 6;5D4EO64F9?S. 1FB BF?B:9A<S 6<;9=E>B7B SDGE4 (FG?PE><=, 
5B5D<>B6E><= 7BD<;BAFO) < FGDA9=E>B7B SDGE4 A<:A97B BF89?4 >4@9AABG7B?PAB= E<-
EF9@O C4?9B;BS (D<E. 2). +9F>B 6O89?S9FES EFD4F<7D4H<K9E>4S 7D4A<J4 6<;9=E><=-FGD-
A9=E><= SDGE. #B69DIABEFP FGDA9=E>B7B SDGE4 3 >4D5BA4FO. #B ��% I4D4>F9D<;GRFES 
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>4DBF4:).  
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M<A4 16 @) < 1732-1736 @ 6O89?SRFES 6B8BA4EOM9AAO9 C9EK4A<><, I4D4>F9D<;GRM<=ES 
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M<=ES E9=E@<K9E><= @4F9D<4?, 97B B5N9@, >4K9EF6B < A9B5IB8<@BEFP C9D9B5D45BF><; 
CDB69EF< (CD< A9B5IB8<@BEF<) C9D9B5D45BF>G < C9D9<AF9DCD9F4J<R E9=E@<K9E><I CDB-
H<?9=; CDB69EF< EFDG>FGDAO9 CBEFDB9A<S CB <@9RM<@ES @4F9D<4?4@; CDB69EF< BJ9A>G 
D9EGDEB6 ?B>4?PAOI EFDG>FGD; D4;D45BF4FP D9>B@9A84J<< CB 8BCB?A<F9?PAO@ CB?96O@ 
D45BF4@ 
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E>B9 CBEB5<9 // %4@4D4. �BE, F9IA. 'A-F, %4@4D4 2005. 38 E. 
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IDENTIFICATION AND STUDY OF THE UPSURGES OF THE 

NORTHERN SIDE OF THE ZHIGULI-PUGACHEV ARCH ON THE 

COMPLEX OF SEISMIC EXPLORATION AND «GEW» ON THE 

SQUARE "RL" 

 
1Yurtaeva Anna Andreevna, 2Dubinova Antonina Alekseevna,  

3Prilipko Natalia Maximovna  

Samara State Technical University 
1yurtaeva9@mail.ru, 2antonina.dubinova@gmail.com, 2n.prilipko@yandex.ru 

 

Summary. The study of the northern side of the Zhiguli-Pugachevsky arch, 

complicated by overflows, was carried out on the basis of a comprehensive in-

terpretation of the results of seismic exploration and geophysical studies of 

wells. According to the GEW materials in the well xx9 of the Krasno-Sokskaya 

area, the revealed rise is characterized by a repetition of part of the section due 

to its rise along the plane of the spreader. The rise is confirmed by the time sec-

tion based on the results of seismic surveys. 

Key words: geological structure, structures, vault, shafts, tectonic disturbances, 

borehole, formations, seismic exploration, geophysical exploration of wells. 
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7D4@@O «�"%��� 3D», >BFBD4S B5OKAB CD<@9AS9FES CD< B5D45BF>9 79B-
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�9BH<;<K9E><9 @9FB8O 6E9 K4M9 CD<@9ASRFES CD< <EE?98B64A<< 4DI9B?B7<K9-

E><I C4@SFA<>B6. %9=K4E CD4>F<K9E>< >4:8B9 <EE?98B64A<9 C4@SFA<>4 4DI9B?B7<< A4K<-
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�?S <EE?98B64A<S 6O5D4AO 864 C4@SFA<>4 QCBI< 5DBA;O, D4ECB?B:9AAO9 A4 R79 
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�AEF<FGF4 <EFBD<< < 4DI9B?B7<< $�! >.<.A. �.�. B?K4AB6O@ < !.�.%B?84F><AO@ E CB-
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«�"%��� 3D», CD98A4;A4K9A 8?S 4A4?<;4 FD9I@9DAB= J<HDB6B= 79B<AHBD@4J<< @9FB-
84@< 69DBSFABEFAB-EF4F<EF<K9E>B7B CB8IB84. 

#D< B5D45BF>9 D9?P9H4 CD<@9AS?4EP 86G@9DA4S H<?PFD4J<S 6 H<>E<DB64AAB@ 
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<?< QAFDBC<=AB= H<?PFD4J<<. 

1A9D79F<K9E><= H<?PFD @4>E<@<;<DG9F QA9D79F<K9E>B9 BFABL9A<9 E<7A4?/CB-
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H<?PFD. 

$9;G?PF4FO < B5EG:89A<9. 
!4 D<EGA>9 1 CD98EF46?9A4 <EIB8A4S >4DF4 D9?P9H4 C4@SFA<>4 %F9CAB9, EASF4S E 
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$<E. 4. (<?PFD4J<S D9?P9H4 <;B5D4:9AAB7B A4 D<E. 3. 
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4) ;A4K<F9?PAB G?GKL<?4 >4K9EF6B BFB5D4:49@OI B5N9>FB6. 

+FB5O G?GKL<FP D9;G?PF4F @B:AB CB6FBD<FP BC9D4J<R, B8A4>B QFB @B:9F CD<69-
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TERRAIN PROCESSING WITH «COSCAD 3D» 
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Summary. We performed a relief processing of two bronze age archaeological 

sites using two-dimensional filtering in a fixed window with COS%AD 3D soft-

ware, which is usually used for processing of geopotential fields in geopysics. 

Key words: relief, filtration, archaeological site. 
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%4A>F-#9F9D5GD7E><= 7BDAO= 
GA<69DE<F9F 
 

�DBAB6 �D>48<= �9EE9?96<K 

aronov@cgm.by 

 <AE>, $9ECG5?<>4 �9?4DGEP 
*9AFD 79BH<;<K9E>B7B @BA<FBD<A74 
!�! �9?4DGE< 

 

�DF<>B6 (4DIB8 $GEF4@B6<K3 
farhadbek_uz@mail.ru 

&4L>9AF, $9ECG5?<>4 ';59><EF4A 

�AEF<FGF %9=E@B?B7<< �! $'; 
 

�4:9AB64 �679A<S �A4FB?P96A4 
bazenova_jena@mail.ru 

�>4F9D<A5GD7 
�AEF<FGF 79BH<;<>< 'D" $�! 

 

�4ID<88<AB64 �<?8BD4 )4@;4 ><;< 

dildora.baht@gmail.com 

&4L>9AF, $9ECG5?<>4 ';59><EF4A 

�AEF<FGF %9=E@B?B7<< �! $'; 
!4GKAO= DG>B6B8<F9?P 
)4@<8B6 �GFHG??4 �58G??496<K,  
>.H.-@.A. 
 

�9?B6 �?48<@<D C9D7996<K 

"D9A5GD7 
"D9A5GD7E><= H989D4?PAO= 

<EE?98B64F9?PE><= J9AFD 'D" $�! 

 

�9?S964 �<>FBD<S �?9>E4A8DB6A4 
bialiayeva@cgm.by 

 <AE>, $9ECG5?<>4 �9?4DGEP 
*9AFD 79BH<;<K9E>B7B @BA<FBD<A74 
!�! �9?4DGE< 

!4GKAO= DG>B6B8<F9?P 
�DBAB6 �D>48<= �9EE9?96<K, 8.H.-@.A. 
 

�<DR?<A %9D79= �<>FBDB6<K 

serrega2009@gmail.com 

�>4F9D<A5GD7 
�AEF<FGF 79BH<;<>< 'D" $�! 

!4GKAO= DG>B6B8<F9?P 
2D>B6 �A4FB?<= �BAEF4AF<AB6<K, >.7.-@.A. 
 

�BDB8G?<A �4A<? �?9>E996<K 

d-borodulin@list.ru 

&R@9AP 
&R@9AE><= <A8GEFD<4?PAO= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
 4@SL96 �9A9D �4??<G??<AB6<K, >.7-@.A. 
�DRI4AB64 �>4F9D<A4 �SK9E?46B6A4 
 

�DBAA<>B6 �A4FB?<= �BAEF4AF<AB6<K 

bronnikovak1992@gmail.com 

)454DB6E> 
�&<� ��" $�! 

!4GKAO= DG>B6B8<F9?P 
�4C?GA �<F4?<= �BD<EB6<K, >.7.-@.A. 
 

�DRI4AB64 �>4F9D<A4 �SK9E?46B6A4 
4brjuhanovaev@tyuiu.ru 

&R@9AP 
&R@9AE><= <A8GEFD<4?PAO= GA<69DE<F9F 
 

�<DPSEB64 '?PSA4 �4E<?P96A4 
viryasova.u@mail.ru 

�>4F9D<A5GD7 
�AEF<FGF 79BH<;<>< 'D" $�! 

!4GKAO= DG>B6B8<F9?P 
�9?B7?4;B64 !489:84 �A4FB?P96A4, >.F.A. 
 

�8B6<A �?9>E9= �9AA48P96<K 

�>4F9D<A5GD7 
�AEF<FGF 79BH<;<>< 'D" $�! 

 

�?48<@<DB64 �D<A4 %9D7996A4, 
>. H.-@. A 

vladis@gsras.ru 

 BE>64, "5A<AE> 
�" $�!, (�* ��% $�! 
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�4?9964 1?P6<D4 $4H<EB6A4 
galeevskoe@mail.ru 

"D9A5GD7 
"D9A5GD7E><= 7BEG84DEF69AAO= 

GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
!9EF9D9A>B  4>E<@ 2DP96<K, 8.7.-@.A. 
 

�4A<964 �4DAB $GEF4@B6A4 
barno.rustamovna@mail.ru 

&4L>9AF, $9ECG5?<>4 ';59><EF4A 

�AEF<FGF %9=E@B?B7<< �! $'; 
 

�9B84>SA 18G4D8 �D<7BDP96<K 

geodakyan.e@mail.ru 

�R@D<, $9ECG5?<>4 �D@9A<S 
���% !�! $� 

 

�<A;5GD7 �679A<= �?9>E4A8DB6<K 

ginzburg2014@mail.ru 

#9D@P 
#9D@E><= 7BEG84DEF69AAO=  
A4J<BA4?PAO= <EE?98B64F9?PE><= 

GA<69DE<F9F 
 

�?48E><I �4DPS %9D7996A4 
daria.gladskikh@gmail.com 

!<:A<= !B67BDB8  

�AEF<FGF #D<>?48AB= (<;<>< $�! 

 

�9A<ER> �679A<S �?9>E4A8DB6A4 
denisyuk@geo.istu.edu 

�D>GFE> 
%<5<DE>4S L>B?4 79BA4G> �$!�&' 

!4GKAO= DG>B6B8<F9?P 
%ABC>B6 %9D79= �<>FBDB6<K, >.7.-@.A. 
 

�;<@B64 2?<S �679AP96A4 
ezimova89@mail.ru 

%O>FO6>4D 
�� �B@< !* 'D" $�! 

!4GKAO= DG>B6B8<F9?P 
'8BD4F<A �4?9D<= �SK9E?46B6<K, >.7.-
@.A. 
 

�<64964 �9D4 �<>FBDB6A4 
bngssamgtu@mail.ru 

%4@4D4 
%4@4DE><= 7BEG84DEF69AAO= F9IA<K9E><= 
GA<69DE<F9F 

�G>B6 �?9>E4A8D �A4FB?P96<K 

#9D@P 
�" «�!�� �4?GD7<<» 
 

�69D964 �A4EF4E<S %9D7996A4 
zvereva.as59@gmail.com 

#9D@P 
(�* ��% $�! 

!4GKAO= DG>B6B8<F9?P 
%B5<E96<K �?9>E9= �9BA<8B6<K, 
K?.->BDD. $�! 

 

�BF<A !<><F4 �?9>E996<K 

zotin@antikarst.ru 

#9D@P 
#9D@E><= 7BEG84DEF69AAO= A4J<BA4?PAO= 
<EE?98B64F9?PE><= GA<69DE<F9F 
 

�G5D<>B6 �?9>E4A8D �A8D996<K 

zubrikoff92@gmail.com 

#9D@P 
�# �G5D<>B6 �.�. 
 

�G5D<>B64 �>4F9D<A4 %9D7996A4 
katerina.bushueva@mail.ru 

#9D@P 
«�� 'D" $�!» 
 

�5DB7<@B6 (4ID<ёD �E@B<? G7?< 

fakhriyoribrogimov@gmail.com 

&4L>9AF, $9ECG5?<>4 ';59><EF4A 

�AEF<FGF %9=E@B?B7<< �! $'; 
!4GKAO= DG>B6B8<F9?P 
)4@<8B6 )4=DG??4 �GFHG??496<K, 8.F.A. 
 

�64A>B6 "?97 �679AP96<K 

ivankov.ol@yandex.ru 

�BDBA9: 

�BDBA9:E><= �BEG84DEF69AAO= 
'A<69DE<F9F, 
(�* ��% $�! 

!4GKAO= DG>B6B8<F9?P 
!48ё:>4 �R8@<?4 �64AB6A4, >.7.-@.A. 
 

�?@9A %4<8  
ilmensaid@gmail.com 

'4D;4;4F, �BDB?96EF6B  4DB>>B 
'A<69DE<F9F �5A �BD 
 

 

mailto:fakhriyoribrogimov@gmail.com
mailto:ivankov.ol@yandex.ru
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�?P<A �<F4?<= �<>FBDB6<K 

vitaliy.ilin.2000@bk.ru  

�BDBA9: 

�BDBA9:E><= �BEG84DEF69AAO= 
'A<69DE<F9F  
!4GKAO= DG>B6B8<F9?P 
�46BDBA><A �4?9D<= �64AB6<K, >.7.-@.A. 
 

�BE<H<8< �?9>E4A8D �9BD7<96<K 

iosag@mail.ru 

 BE>64 
��! $�!, %#5( �� �$�! 

 

�E?4@74?<96 �@<FD<= �?48<@<DB6<K 

Dmitriy.Islamgaliev@m.ursmu.ru 

�>4F9D<A5GD7 
'D4?PE><= 7BEG84DEF69AAO= 7BDAO= GA<-
69DE<F9F 
 

�4;4DSA �A:9?4 �D@9AB6A4 
AA_Kazarian@bnipi.rosneft.ru 

'H4 
""" "$!-�4L!�#�A9HFP",  
'H<@E><= 'A<69DE<F9F !4G>< < 

&9IAB?B7<= 
!4GKAO= DG>B6B8<F9?P 
�4I<FB64 �G;9?P $<A4FB6A4, >.F.A. 
 

�4AA<A9A  4>E<@ 2DP96<K 

kanninen01@mail.ru 

&R@9AP 
&R@9AE><= <A8GEFD<4?PAO= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
 4@SL96 �9A9D �4??<G??<AB6<K, >.7-@.A. 
�DRI4AB64 �>4F9D<A4 �SK9E?46B6A4 
 

�4D4C9FSA �:BA �BEF<>B6<K, >.7.A. 
jon_iges@mail.ru 

�R@D<, $9ECG5?<>4 �D@9A<S 
���% !�! $� 

 

�9?4D96 �@<FD<= �?9>E4A8DB6<K 

kelarevdmitry06@yandex.ru 

%4A>F-#9F9D5GD7 
%4A>F-#9F9D5GD7E><= 7BDAO= GA<69DE<-
F9F 
 

 

 

 

�<D<??B6 �<>FBD %F4A<E?46B6<K 

vikkirkirillov@yandex.ru 

%4A>F-#9F95GD7 
""" "%���� "��"�" #���%" 
 

�B>B89= �<4A4 2DP96A4 
dkokodey@gmail.ru 

�D>GFE> 
%<5<DE>4S L>B?4 79BA4G> �$!�&' 

 

�BA9KA4S 3A4 �<>FBDB6A4 
yanakon@mail.ru 

�DI4A79?PE> 
(�* ��% $�! 

 

�BK9FB6  <I4<? �?48<@<DB6<K 

kochetov.mv@mage.ru 

 BE>64 
�" « ��1» 
!4GKAO= DG>B6B8<F9?P 
�?4;A96 �<>FBD !<>B?496<K, 8.H.-@.A. 
 

�DGF9A>B �4A<<? %9D7996<K  
dskrutenko@gmail.com  

&B@E> 
!4J<BA4?PAO= <EE?98B64F9?PE><= &B@E><= 
CB?<F9IA<K9E><= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
�E496 �4?9D<= �64AB6<K, 8.7.-@.A. 
 

�DGF9A>B  4D74D<F4 (4D<FB6A4 
mfg2@tpu.ru 

&B@E> 
!4J<BA4?PAO= <EE?98B64F9?PE><= &B@E><= 
CB?<F9IA<K9E><= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
�E496 �4?9D<= �64AB6<K, 8.7.-@.A. 
 

�DGL9?PA<J><= �<D<?? �4?9DP96<K 

kirillkrush@mail.ru 

 BE>64 
�&#� $�! 

!4GKAO= DG>B6B8<F9?P 
,954?<A #9FD !<>B?496<K, 
8.H.-@.A., K?.->BDD. $�! 
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�G;P@<A4 �>4F9D<A4  4>E<@B6A4 
katerinchaaaaa@yandex.ru 

&R@9AP 
&R@9AE><= <A8GEFD<4?PAO= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
 4@SL96 �9A9D �4??<G??<AB6<K, >.7-@.A. 
�DRI4AB64 �>4F9D<A4 �SK9E?46B6A4 
 

�GDE96<K �?9>E9= �?9>E4A8DB6<K 

kursevich@cgm.by, 

 <AE>, $9ECG5?<>4 �9?4DGEP 
*9AFD 79BH<;<K9E>B7B @BA<FBD<A74 
!�! �9?4DGE< 

 

�4F<HG??<A4  <?SGL4 (4D<FB6A4 
latifullina1997@mail.ru 

�4;4AP 
�(' ��<!�& 

!4GKAO= DG>B6B8<F9?P 
�BD<EB6 �A4FB?<= %9D7996<K 
 

�G5SAE>4S �679A<S �?9>E4A8DB6A4 
'H4 
""" «$!-�4L!�#�A9HFP» 
 

�GKA<>B6  4>E<@ %9D7996<K 

maximluchnikov@mail.ru 

#9D@P 
«�� 'D" $�!» 
!4GKAO= DG>B6B8<F9?P 
%F9C4AB6 2D<= �64AB6<K, >.7.-@.A. 
 

 4?B6 �?9>E4A8D �64AB6<K 

malovai@yandex.ru 

�DI4A79?PE> 
(��'! (�*��� 'D" $�! 

 

 4@SL96 �9A9D �4?<G??<AB6<K 

tmngeofiz@mail.ru 

&R@9AP 
&R@9AE><= <A8GEFD<4?PAO= GA<69DE<F9F 
 

 4DF<AB6<K 2?<S �<F4?P96A4 
martsinovich@cgm.by 

 <AE>, $9ECG5?<>4 �9?4DGEP 
*9AFD 79BH<;<K9E>B7B @BA<FBD<A74 
!�! �9?4DGE< 

 

 

 

 4FBK><A4 %BH<S �@<FD<96A4 
sofijamat@mail.ru 

 BE>64 
�&#� $�! 

!4GKAO= DG>B6B8<F9?P 
,954?<A #9FD !<>B?496<K, 
8.H.-@.A., K?.->BDD. $�! 

 

 9D9A>B64 �AA4 %9D7996A4 
a.merenckowa@yandex.ru 

&B@E> 
!4J<BA4?PAO= <EE?98B64F9?PE><= &B@E><= 
CB?<F9IA<K9E><= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
�E496 �4?9D<= �64AB6<K, 8.7.-@.A. 
 

 <?9I<A4 �?9>E4A8D4  <I4=?B6A4 
amilekhina@gsras.ru 

"5A<AE> 
(�* ��% $�! 

!4GKAO= DG>B6B8<F9?P 
�<AB7D48B6 2D<= �A4FB?P96<K, 8.F.A. 
 

 <AA<7G;<A �48<@ 1?PH4FB6<K 

dlystima@gmail.com 

#9D@P 
�" �!�� �4?GD7<S,  
#9D@E><= 7BEG84DEF69AAO= A4J<BA4?PAO= 
<EE?98B64F9?PE><= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
�BEF<JOA �?48<@<D �?P<K, 8.F.A. 
 

 <DBLA<K9A>B 2?<S �?48<@<DB6A4 
%4A>F-#9F9D5GD7 
%4A>F-#9F9D5GD7E><= 7BDAO= GA<69DE<F9F 
 

 >DFKSA  9D< �DFGLB6A4 
mary-mary-86@mail.ru 

�R@D<, �D@9A<S 
���% !�! $� 

!4GKAO= DG>B6B8<F9?P 
�9B84>SA 18G4D8 �D<7BDP96<K, >.H.-@.A. 
 

 

 

 

 

 

 

 



© «�� 'D" $�!». 2023 

312 

 B?B>B64 �?<E<S #46?B6A4 
molokova.ap18@physics.msu.ru 

 BE>64 
 BE>B6E><= 7BEG84DEF69AAO= 

GA<69DE<F9F, 
�&#� $�! 

!4GKAO= DG>B6B8<F9?P 
,954?<A #9FD !<>B?496<K, 
8.H.-@.A., K?.->BDD. $�! 

 

 BDB;B64 �>4F9D<A4 $GE?4AB6A4 
morozova_er@fciarctic.ru 

�DI4A79?PE> 
(��'! (�*��� 'D" $�! 

!4GKAO= DG>B6B8<F9?P 
�AFBAB6E>4S �4?<A4 !<>B?496A4, 8.F.A. 
 

 BDF<>B6 �679A<= �4?9DP96<K 

evgeny.mortikov@gmail.com 

 BE>64 
!��*  �', 

��  $�! 

 

 BIB64 �<>FBD<S �48<@B6A4 
viktorijaperevoznikova@rambler.ru 

�BDBA9: 

(�* ��% $�!, 
�BDBA9:E><= 7BEG84DEF69AAO= 

GA<69DE<F9F 
 

 GD4L>B �>4F9D<A4 �679AP96A4 
muraskokata16@gmail.com 

&R@9AP 
&R@9AE><= <A8GEFD<4?PAO= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
 4@SL96 �9A9D �4??<G??<AB6<K, >.7-@.A. 
�DRI4AB64 �>4F9D<A4 �SK9E?46B6A4 
 

 GI4@@48қG?B6 !GD4?< 

 GDB84?<96<K 

nuralimuhammadqulov@gmail.com 

&4L>9AF, $9ECG5?<>4 ';59><EF4A 

�AEF<FGF E9=E@B?B7<< �! $'; 
 

 

 

 

 

 

 

!4IB8 �<F4?<= �?9>E4A8DB6<K 

vitaliy.nakhod@knauf.com 

�DI4A79?PE> 
�DI4A79?PE><= H<?<4? 
""" "�!�'( ��#% �"�#�!"" 
!4GKAO= DG>B6B8<F9?P 
 4?B6 �?9>E4A8D �64AB6<K, 8.7.-@.A. 
 

!9EF9D9A>B  4>E<@ 2DP96<K, 8.7.-@.A 

n_mu@mail.ru 

"D9A5GD7 
"D9A5GD7E><= H989D4?PAO= 

<EE?98B64F9?PE><= J9AFD 'D" $�! 

 

!<>BABDB64 �A4EF4E<S !<>B?496A4 
anastasia.nikonorova@list.ru 

 BE>64 
$�' A9HF< < 74;4 <@. �.  . �G5><A4  
 

"5@9?RI<A  <I4<? �A8D996<K 

#9D@P 
#9D@E><= 7BEG84DEF69AAO= A4J<BA4?PAO= 
<EE?98B64F9?PE><= GA<69DE<F9F 
 

"69;B6 �4FOD �AA4@GI4@@98B6<K 

ovezovba@mgri.ru 

 BE>64 
 �$� 

 

"74A9ESA %96484  >DF<K96<K 

4iges@mail.ru 

�R@D<, $9ECG5?<>4 �D@9A<S 
���% !�! $� 

 

"?PA964 &4FPSA4 �?48<@<DB6A4 
%4A>F-#9F9D5GD7 
""" «�4;CDB@A9HFP !&*» 
 

"D9L>B64  4D<S 2DP96A4 
wintersurprise@mail.ru 

%4A>F-#9F9D5GD7 
%4A>F-#9F9D5GD7E><= 7BDAO= GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
�7BDB6 �?9E>9= %9D7996<K, 8.7.-@.A. 
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"D?B6E><= �SK9E?46 +9E?46B6<K 

to@granit.by 

 <>4L96<K<, $9ECG5?<>4 �9?4DGEP 
$9ECG5?<>4AE>B9 GA<F4DAB9 CDB<;6B8-
EF69AAB9 CD98CD<SF<9 «�D4A<F» 
 <A<EF9DEF64 4DI<F9>FGDO < 

EFDB<F9?PEF64 $9ECG5?<>< �9?4DGEP 
 

"EFDB6E><= �96 �DBAB6<K 

ev.ostrovsky@gmail.com 

Boulder, USA 

University of Colorado  

 

#9F<A4 �<>FBD<S �?9>E4A8DB6A4 
vicka.petina@yandex.ru 

 BE>64 
 �$� 

!4GKAO= DG>B6B8<F9?P 
-9D54>B64 �E9A<S "?97B6A4 
 

#9FDBESA $G59A !69DB6<K 

petrosyan@antikarst.ru 

#9D@P 
#9D@E><= 7BEG84DEF69AAO= 
A4J<BA4?PAO= <EE?98B64F9?PE><= 

GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
�B?74?P �?9>E4A8D %9D7996<K, 8.H.-@.A. 
 

#D<74D4 �A8D9=  <I4=?B6<K, >.F.A 

#9D@P 
#9D@E><= 7BEG84DEF69AAO= 

A4J<BA4?PAO= <EE?98B64F9?PE><= 

GA<69DE<F9F 
 

#D<?GJ><= �?9>E4A8D �?9>E4A8DB6<K 

yosahelp@gmail.com 

 BE>64 
$�' A9HF< < 74;4 <@. �.  . �G5><A4 
!4GKAO= DG>B6B8<F9?P 
�D9@9A9J><=  <I4<? �;D4<?96<K, 8.F.A. 
 

$4I<@B6 1@<?P �DFGDB6<K 

rahimovball15@mail.ru 

%4A>F-#9F9D5GD7 
%4A>F-#9F9D5GD7E><= 7BDAO= 
GA<69DE<F9F 
!4GKAO= DG>B6B8<F9?P 
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