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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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KYPUHOB Mypar ’KypunoBH4, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbubiii tupekrop AO «MHCTHTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoroy (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBuY, JOKTOp TEXHMYECKHX HayK, npodeccop, akazemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHI TexHmueckuii ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIEI'ASI:

ABCAMETOB Mauuc KyabicoBu4, (3aMecTHTellb [JIABHOTO  PEOAKTOpa), JIOKTOp  T'e0JIOro-
MHUHEpPAJIOTHYECKUX HayK, podeccop, akanemuk HAH PK, aupexrop MHCTUTYTA rHAPOr€0I0TUH U F€0IKOJIOTHU
nM. Y.M. Axmencaduna (Anmatsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosnraeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, IIpodeccop, ITOUSTHBIH aKaJIeMUK
HAH PK (Anwmarsi, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnpoBanusiii mpodeccop, aupekrop JlabopaTropruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoguTens ucclieoBaHHIl B 00IaCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HbIX McKonaeMbix B Otaerne Hayk o 3emiie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBud, 10KTOp TeXHUUECKUX Hayk, mpodeccop Yuusepcutera Haneu (Hamcn,
Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH IMun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxorun Kuralickoro reonorndaeckoro
obmiecTBa, WieH AMEPUKAHCKOH accormanun skoHoMudeckux reosoroB (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

OUUIEP Akcenn, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer pesnen ([pesnew,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBuY, TOKTOp XuMHUYecKuX Hayk, akagemuk HAH Benapycu, noderHsiii
nmupekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accouumposanusiii mnpodeccop, Texuuueckuit ynusepcuter ([lpesieH,
I'epmanns), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https:/www.webofscience.com/
wos/author/record/1309251

CATHUHTAEB Kanaii, PhD, accoruupoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHHU Iaono, PhD, accounnpoBanubliii npodeccop, Munanckuii ynusepcuter bukokk (Munaw,
Wramus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEMCOBA Map:xan baiicanoBHa — JOKTOp TeXHMYEeCKMX Hayk, mnpodeccop Kazaxckoro
HarroHansHOTO HCCIIeIOBaTENbCKOro TexHuueckoro ynusepcurera um. KUM. Carnaesa, (Anmarsl, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/
record/AAD-1173-2019

PATOB Bopan6aii TosGacapoBu4, IOKTOp TEXHMYECKMX Hayk, npodeccop, 3aBenyrommii kadenpoi
«T'eomsuka u ceiicmonorusy, Kasaxckuit HannoHansHbIN HCClieOBATEIbCKIN TEXHHYECKUH YHUBEPCUTET M.
K. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, ITpodpeccop LleHTpa nepcreKTuBHbIX OIMKHEBOCTOUYHBIX HCCIeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH M BOCTOUHEBIN Hay4YHO-HCCIIENOBATEILCKUIT
ueHtp, Yuusepcuter Apwoust, (M3pawmib), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«M3BecTusi POO «HAH PK». Cepusi reo10ruu 1 TEXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CoberBennnk: TOO «lleHTpanbHO-a3HATCKUIT aKaIeMUUSCKUI HayqHBII HEHTp» (T. AJIMATEI).
CBHICTEIBCTBO O IOCTAHOBKE HA Y4YET MEPHOAMYECKOro medaTHoro usfganus B Komwurere wmH(popmannn
MunucrepctBa uHGopManuu 1 koMMyHuKauuii u PecnyOnuku Kazaxcran N° KZ50VPY00121155, BeimanHOe
05.06.2025 .
TemaTuueckasi HANPABICHHOCTb: 2€0102Usl, 2UOPO2EON02Us, 2e02Ppapus, 20pHOe 0eno U XUMUHECKUe MEXHON02UU
Hegmu, easa u Memanios
IMepromuanoCTb: 6 pas B TOJ.
http://www.geolog-technical kz/index.php/en/
© TOO «lleHTpanbHO-a3uaTCKH aKaAEMHYECKUIl HayYHBIN LEHTp», 2025



ISSN 2224-5278 6.2025

CONTENTS

A.U. Abdullaev, I.N. Litovchenko, V.S. Lyutikova
Swarm recognition algorithm as a promising artificial intelligence method
N seismological TESEATCH. .........eiviiiiiiriieiee e 8

E.T. Alsheriyev, K.S. Dossaliyev, A.S. Naukenova, A.M. Yegenova,

L. Abdrasilov

Mathematical modeling and computer calculation of the prediction of possible
consequences Of earthquakes.........cccovveriiiiieiiieniirece e 22

N. Amirgaliev, L. Ismukhanova, A. Madibekov, B. Sultanbekova,

A. Sultanayeva

Monitoring the level of polychlorated bipheniles pollution in the

T1e RIVET fallS ..o 32

A.B. Baibatsha, A. Nukhuly, A.Ye. Agmanova, E.S. Bashilova,

B.B. Amralinova

The legacy of Academician K.I. Satpayev in the study of uranium deposits

OF KazZaKhSTam. ....co.eeiiiiiieee e e 47

R. Bashirov, V. Abbasov, S. Zakenov, G. Bashirova, L. Nurshakhanova
Effect of parameters on chip shrinkage in ultrasonic turning of oilfield

M.Zh. Bulenbayev, B.T. Altaibayev, D.R. Magomedov, A.K. Omirgali,

A.N. Bakrayeva

Investigation of the possibility of separate bio-leaching of uranium and vanadium
from black shale raw materials...........coceveriiiiiiininee e 76

U.M. Jabiyeva, K.V. Jafarova, G.I.Malikov, S.Z.Abdullayeva
Modeling the path to greener plastics through sustainable innovations in
Low-Density Polyethylene..........c..cccveviieiiieciieiiiiieiecie e 92

R.K. Zhanakova, N. Atalykova, G. Jangulova, E. Kakimzhanov,
O. Kurmanbaev
The near-pit wall rock mass state stability monitoring method................c......... 102

B.M. Zhurynov, A.F. Tsekhovoy
Project-based approach to quantitative assessment of the EPN effectiveness
on the example of Kazakhstan industrial holdings..........ccoceveeriiininnenininene 118



ISSN 2224-5278 6.2025

G.B. Ilmalieva, D.M. Tursunbekov, E.B. Kenzhaliyev, O.V. Atanova,
K.M. Smailov
Evaluation of the efficiency of using fly ash in polymer composite materials.....135

M. Leman, A. Tairov, I. Malkovskiy, L. Toleubaeva, A. Aldiyarova
Dynamic-stochastic model of sustainable water resources management
1N KAZaKRSTAN. ..o 151

A.V. Mazdubay, D.R. Absolyamova, A.Zh. Taskarina, A.D. Suleimenoyv,
D.D. Alipbayev
Tribotechnical analysis of energy-efficient mixers for mineral suspensions........ 168

Sh.M. Medetov
Safe transportation of a drilling rig during rockfalls............ccccovveivrviievieerirnnnne, 180

B.T. Ratov, A.E. Kuttybayev, M. T. Tabylganov, V.L. Khomenko,
A.S. Kainazarov
An effective device for the development of shallow aquifers...........c...cceevennnnee. 195

S.S. Sayyidkosimov, A.T. Nizamova, A.N. Kazakovl, M.R. Hakberdiev,

LY. Sohibov

Methodology for forecasting dynamic rock pressure manifestations

in underground gOld MINING..........cceevvierieiieriieriieieteee et e ebeereeseens 209

D.Kh. Sunakbaeva, D.Kh. Yuldashbek, K. Aitekova, Y.T. Ergashev
Biologically active substances for reducing heavy metal migration
In contaminated SOILS........c.ooovviiiiiiiiiie e 230

V.M. Timokhin, V.V. Kondratiev, V.Yu. Konyukhov, I.S. Remezoyv,

N.N. Bryukhanova

Diagnostics of the structure of crystalline materials of rock formations by the
method of thermally stimulated depolarization.............cocoeceevevinieenenencenee, 246

J.B. Toshov, K.T. Sherov, U.R. Bainazov, B.N. Absadykov, M.R. Sikhimbayev
Study and determination of the stress-strain state of conveyor belts................... 265

J.F. Shirnyev, G.R. Muradov, K.S. Mammadov, S.A. Musayeva, M.A. Azimov
Prospectivity assessment of deep sediments in pirsaat, Lower Kura
DIEPTESSION. ..ecutieiiieeiieiie et ette sttt te et e e e e staeesbe e taessaeesbaessaessbeeseessseenseesssesnsens 280

N.S. Faiz, Sh.K. Shapalov, K.Zh. Smagulov, N.P. Tokenov, B.K. Nauryz
Creation of geoinformation maps for assessment of wind energy potential
of local areas of TUrKeStan reZION.........ccveveeriieriieriieiieiiereeie e e e e eeeeseeseens 294



ISSN 2224-5278 6.2025

NEWS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278

Volume 6. Number 474 (2025), 8-21

https://doi.org/10.32014/2025.2518-170X.567

UDC 550.34.06: 004.85

© A.U. Abdullaev, I.N. Litovchenko, V.S. Lyutikova, 2025.
National Scientific Center for Seismological Observations and Research of the
Ministry of Emergency, Situations of the Republic of Kazakhstan,
Almaty, Kazakhstan.

E-mail: litovira@rambler.ru

SWARM RECOGNITION ALGORITHM AS A PROMISING ARTIFICIAL
INTELLIGENCE METHOD IN SEISMOLOGICAL RESEARCH

Abdullaev Abdulaziz — Doctor of Geological and Mineralogical Sciences, Academician of MANEB
MAIN, Head of the Laboratory, Laboratory of the Fluid Regime of the Earth’s Crust, National Scien-
tific Center for Seismic Observations and Research (NSCSR EMERCOM RK), Almaty, Kazakhstan,
E-mail u.abdullaev@mail.ru, https://orcid.org/0000-0003-1975-4569;

Litovchenko Irina — Leading Researcher, Laboratory of Geodynamic and Seismic Processes,
National Scientific Center for Seismic Observations and Research (NSCSR EMERCOM RK),
Almaty, Kazakhstan,

E-mail litovira@rambler.ru, http://orcid.org/0009-0008-1051-9419;

Lyutikova Veronika — Master of Engineering and Technology, Junior Research Fellow, Laboratory
of geodynamic and seismic processes, National Scientific Center for Seismic Observations and
Research (NSCSR EMERCOM RK), Almaty, Kazakhstan,

E-mail nikki.valol6@gmail.com, https://orcid.org/0009-0006-2115-2072.

Abstract. The article examines the current stage of seismic activity in the
Northern Tien Shan region and adjacent territories in order to assess seismic
hazard. Currently, there is another stage of seismic activity in the region, which
necessitates the search for and application of new modern research methods
and tools. The article presents an up-to-date method of pattern recognition as a
promising approach to studying this problem. This is one of the applications of
Artificial Intelligence (Al) in seismic research (related to assessing seismic hazard)
based on recognizing the swarm activity of earthquakes in the region’s seismicity.
The paper considers the current stage of seismic activity in the Northern Tien Shan
region and adjacent territories, focusing on the recognition of earthquake swarms
(weak seismicity) and their thermodynamic parameters. The paper highlights the
spatial and temporal distributions of earthquake swarms for the period 2017-2025
and by year. The paper also describes the physical and mathematical criteria for
recognizing earthquake swarms and the thermodynamic conditions in their sources.
The calculation of thermodynamic conditions in the foci of earthquake swarms
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was carried out using a computational method that contains universal equations for
calculating these parameters based on the magnitudes and energies of the occurring
earthquakes. These studies will help to clarify the seismotectonic potential of the
selected areas where earthquake swarms are concentrated, as well as provide a more
accurate assessment of the seismic safety of the study area. The results obtained
during the research and calculations play an important role in assessing the risks
of severe earthquakes in the study area and potentially predicting their occurrence.

Keywords: Artificial Intelligence (Al), patternrecognition, algorithm, seismicity,
earthquake swarm, seismic hazard assessment, physical and mathematical criteria,
thermodynamic parameters
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AnHoTanus. Maxkanana ceilicMUKanbIK KayinTi Oaramay ymriH ConrTycTik
Tsap-1llane aliMarbIHBIH JKOHE OFaH ipreyiec ayMaKTaplblH CEHCMUKAIBIFBIH
KAHIAHABIPYIABIH Ka3ipri Ke3eHi KapacThIppUIajbl. byriHri TaHma ailiMakra
CeHCMUKaHbBI KaHJAHABIPYABIH Ke3eKTi Ke3eHI KYpil KaTelp, Oy 3epTTeyaiH
JKaHa 3aMaHayW oJiCTepi MEH KypaJJIapblH i37€y JXKoHE KOJNJaHy KaXeTTLTIriH
TyAbIpaael. Makanazna OCkl MACeJIeHI 3epTTeY/iH MEepCIeKTUBANBIK SICi peTiHae
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YITiHI TaHyABIH ©3eKTi oJici KenTipinreH. byn celicMHKalbIK 3epTTeyiepiae
(ceficMuKanbIK KayinTi Oarajayra OalaHBICTHI) alMAaKTBIH CEHCMHKACHIHIAFBI
JKep CUIKIHICTepiHIH YHIpiiKk OeJICEHAUIITIH TaHy HETI31H/Ie )KacaH bl MHTEJUICKTTI
(AW) xonnmany OarbiTTapeiHblH Oipi. Contycrik TsHb-lllanp aiiMarbIHBIH JKOHE
OFaH ipreyiec ayMaKTapAblH CEHCMUKAIBIFBIH JKep CUTKiHICI YHiHmUTepiH (o7ci3
CEHCMUKAIIBIKTBI) JKOHE OJapiblH KeWOip TepMOAMHAMHUKAIBIK HapameTpiepiH
TaHy TYPFBICBIHAH >KaHAAHIBIPYIBIH Ka3ipri Ke3eHi Kapacteipburyaa. 2017-2025
XKbUTIAp KeseHinge xoHe JKpuiaap OoWbIHINA Kep CUIKIHICTepiHIH YHIHIUIepiHiH
KEHICTIKTIK-yaKbITTBIK Tapailybl epekiueneHeni. JKep cinkinici yHiHIinepin
TaHybIH (U3HKa-MaTeMaTHKAIBIK KPUTEPUIIEPI ’KOHE OJIap/blH OIAKTapbIHAAFbI
TePMOJIMHAMUKAJIBIK JKaFjaiiap cumnarraiarad. JKep CUIKiHICI OIIaKTapbIHIAFbI
TEPMOAMHAMUKAJIBIK JKaFJaijapabl ecenrtey oaicreMeci OOMbIHIIA >KYprisiiii,
OHJIa OOJBINT JKaTKaH JXep CUIKIHICTEPiHIH MarHUTyJachl MEH JHEPTUACHIHBIH
MOHJIEpIHE HETi3JereH OChl MapaMmeTpiiepli ecenteymiH omOeOan TeHaeysepi
Oap. JKyprizinreH 3seprreynep Jkep CiUIKiHICI YHIHIUIEpiHIH LIOFbIpJIaHFaH
aliMaKTapbIHbIH CEHCMOTEKTOHUKAJIBIK QJIEYyeTiH HaKThUIAyFa, COHAAN-aK 3epTTey
ayMarbIHbIH CEHCMHKAJIBIK KayllCI3AiriH Jojipek Oaranay/ibl KaMTaMachi3 €Tyre
MYMKIiHZIK Gepeni. XKypriziiaren 3epTreynep MeH ecenteyiaep MpoLeciHe albIHFaH
HOTIDKENIep 3epTTey ayMarblHIa KYIINTI jKep CUIKIHICTEpiHIH Maima 0oy KayiH
Oaranayna >XKoHE OJap/bIH Maiiia 0oy OpBIHIAPBIH OOJDKayla MaHbBI3Ibl pei
aTKapajbl.

Tyiiin ce3mep: xacannsl Matemiekt (Al), yiriHi TaHy, allrTOpUTM, CEHCMHKa-
JBIK, JKep CUIKiHICI, CeWCMHKAIBIK KayinTi Oaranay, (H3MKa-MaTeMaTHKAaJIbIK
KpUTEpHIIEp, TEPMOAMHAMHKAIIBIK, TapaMeTpiiep
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AnHoTauusi. B crathe paccMaTpuBacTCsi COBPEMEHHBIM ATam aKTHUBU3ALNUU
ceficmuuHocT peruona CesepHoro Tsup-lllans u npunerarommux TEPPUTOPUN C
LIEJIBI0 OLEHKU CEMCMUYECKOH omacHOCTH. Ha ceromHsiiHuil JeHb HaOIr0maeTcs
OYEPEJHOM I3Tal TMOBBIMICHUS CEHCMUYECKONH aKTMBHOCTH, YTO OOYCIIOBJIHMBAET
HEOOXOAMMOCTh TIPUMEHEHHS HOBBIX COBPEMEHHBIX METOJIOB HCCIICIOBAHMS.
B pabore mnpesncraBieH akTyalbHBI METOI paclo3HaBaHUsT 00pa3oB Kak
MEPCIICKTUBHBIA MHCTPYMEHT aHAJIN3a JAHHOU TPOOJIEMbL. ITO OJTHO U3 HATIPABICHUN
NPUMEHEHUSI HCKYCCTBEHHOTO HHTEICKTa B CEUCMHUYECKUX HCCICIOBAHUSAX,
OCHOBAHHOE HA PACIIO3HABAHUU POCBOM aKTUBHOCTHU 3EMIICTPSICEHUN B PErHOHE.
PaccmarpuBaeTcsi COBpeMEHHBIA STan aKTUBHU3AIUU CEUCMUYHOCTH PETHOHA
Ceseproro Tsup-lllansg u mpuiieraromux TEPPUTOPUN IJIST paCIO3HABAHUS POCB
3eMJIeTpsICeHUH (c1abol CeHCMUYHOCTH) U UX TEPMOJAMHAMUYCCKUX MapaMeTPOB.
Brigenensl mpocTpaHCTBEHHO-BPEMEHHBIE PACTIPECICHUS POEB 3eMIICTPSICEHUH 32
nepuon 2017—-2025 rr. 1 1o oTAeabHBIM rojiaM. Onrcanbl GU3NKO-MATEMaTHYSCKUC
KpUTECPUH pPACIO3HABAaHUS POEB 3EMIICTPSICEHUH U  TEPMOJUHAMUYCCKUE
ycioBUs B UX ouarax. Pacu€r TepMOAMHAMHUYECKUX YCIOBUN B Odarax poeB
3eMIICTPSICCHUN  BBIMIOJIHEH 110 BBIYHCIUTEIBHOM METOAMKE, COAepIKalle
YHUBEpCAIbHBIC YPAaBHEHUS, OCHOBAaHHBIC HA 3HAYCHUSX MATHUTYJ U SHEPTUU
npous3omeAmux 3emiueTpsiceHuil. I[IpoBeaéHHBIE UCCIETOBAaHUS TO3BOJSIOT
YTOUHHUTH CEHCMOTEKTOHUYCCKHUH MOTEHIIMAN BBISIBICHHBIX 30H CKOIUICHHSI POECB
3eMJICTPSCEHUH, a TaKke O00ECHeYUTh 00JIee TOYHYHO OICHKY CEHCMHYECKOU
Oe3omacHoCTH uccleayeMol Teppuropuu. [lomydeHHBIE pPe3yJbTaThl UTPAIOT
BOXHYIO pOJIb B OIICHKE PHUCKOB BO3HUKHOBEHMSI CHJIBHBIX 3EMIICTPSICEHUN U
MOTCHIIMAILHOM MPOTHO3UPOBAHUU MECT UX BO3MOKHOTO MPOSIBICHUSI.

KaroueBnsie caoBa: lckyccrBennwii wunTemiektr (MU), pacrno3naBanue
00pa3oB, ATOPUTM, CEHCMUYHOCTh, PO 3eMJICTPSICCHHIA, OIEHKA CEHCMHUYECKOI
OMACHOCTH, (PU3NKO-MATEMATHUECKUE KPUTESPHUH, TEPMOINHAMHUYCCKHAC TTapaMETPhI

Introduction. With the development of technology and engineering, scientists
from various fields of science and applied disciplines, in particular mathematics,
cybernetics and informatics, set themselves the task and goal of solving the
problem of automatic pattern recognition. Historically, this problem arose from
solving a specific problem - the creation of reading machines (Nguyen, 2019).
Recognition is a task that processes and transforms incoming information and
features of recognizable images into output, which is a conclusion about which
class a particular recognizable image belongs to.

In terms of the history of the issue, we can note the work of R. Fisher, carried
out in the 1920s and leading to the formation of discriminant analysis as one of the
sections of the theory and practice of recognition. In the 40s, A.N. Kolmogorov and
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A. Ya. Khinchin set the task of separating a mixture of two distributions. The most
fruitful years were the 50s and 60s of the twentieth century. At that time, based on
a mass of works, the theory of statistical decisions appeared. As a result, algorithms
appeared that had the ability to classify a new object into one of the previously
known classes, which became the beginning of a systematic scientific search and
practical developments (Nguyen, 2019). Within the framework of cybernetics, a new
scientific direction began to form, associated with the development of theoretical
foundations and practical implementation of devices, and then systems designed
to recognize objects, phenomena and processes. The new scientific discipline was
called “Pattern Recognition”.

And in the 60s, the problem of recognition became the leading one in attempts
to apply mathematics in weakly formalized areas of science and practice. These
included: practical geology, seismology, meteorology, biology, chemistry, medicine,
etc.

Thus, the results of the classical theory of statistical decisions served as the
basis for solving the problems of distributing objects into a particular class. Within
the framework of this theory, algorithms were constructed that ensure, based on
experimental measurements of the parameters (features) characterizing this object,
as well as some similar data describing classes, the definition of a specific class
to which the recognized object can be assigned. Subsequently, the mathematical
apparatus of recognition theory was expanded due to the use of: graph theory;
information theory; set theory; theory and methods of statistical analysis; methods
of Boolean algebra; computer science; mathematical programming and systems
engineering (Nguyen, 2019).

Research methodology. Today, the emergence of a large number of new
recognition problems has led to the emergence of two directions with different
research methods (Abdullaev et al, 2023). The first used standard mathematical
methods. As a result, statistical recognition methods were introduced, created on the
basis of the principles of mathematical statistics. The disadvantage of this direction
was that the required degree of formalization in real problems was not met in most
cases. The second, in turn, began to create new approaches, which required extensive
mathematical experiments. With the advent of computers, mathematicians were
able to conduct experimental studies. A mathematical experiment is essentially little
different from a physical one. A real problem (situation) was studied, a hypothesis
was put forward, then the experiment itself was conducted, which confirmed or
refuted the hypothesis put forward.

The algorithm for the recognition problem can be represented as follows:

1. Study of a class of real problems (forecasting problems in geology, seismology,
meteorology, etc.).

2. Study of locations and distributions of recognition objects (criteria for
selecting objects that fit the given criteria).

- writing a program (implementation of an algorithm) or a set of programs
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that, based on features and criteria, select objects described (suitable) for specified
criteria.

In this case, the mathematician creates formal descriptions of classes of
recognition procedures (models of recognition algorithms) and conducts their
research using rigorous mathematical methods.

3. Classification of the recognized object and its placement in the final array,
marked as “recognized” (array of recognized data).

- To classify a recognizable object, the object itself is placed in the data array
in which recognition is being conducted; if all specified data recognition criteria
match, the object is marked as recognized and placed in the array of recognized
data.

4. Completing the recognition procedure

- At this stage, the recognition procedure is completed, the set of recognized
objects is output as an array of “processed” recognized data, which can be
subsequently worked with directly.

The procedure of pattern recognition in data arrays of any nature has always
been a difficult and complex task. Data arrays can be not only one-dimensional
(simple), two-dimensional, three-dimensional, but also multidimensional. So, in
the case of a one-dimensional array, the data is arranged sequentially and does not
require labor-intensive procedures for their selection and clustering. In the case of
multidimensional arrays, the situation is different. The complexity of interpreting
multidimensional arrays requires not only a large amount of computer memory,
but also a complex mathematical multi-component analysis of each data set. In
such cases, an algorithm written for a specific task comes to the rescue. Thus, for
research in the field of seismology, the task is to apply a specific pattern recognition
algorithm using data clustering for experimental seismological databases (catalogs).

Physical and mathematical criteria for recognizing earthquake swarms.
Based on the assumption that the initial earthquake catalog does not contain events
(earthquakes) of a man-made nature, that is, does not contain weak earthquakes
caused by man-made or other events not related to natural processes and phenomena.
In the presented algorithm, a swarm of earthquakes is taken to be weak seismicity
with clear physical and mathematical criteria for its recognition (Kanamori et al,
2001, Abdullaev et al, 2024).

To identify the physical and mathematical criteria for recognizing earthquake
swarms (weak seismicity) in the seismicity of the studied region, the graphical
clustering method (GCM) was used (Celler, 1997, Lyutikova et al, 2017).

This method is used for pattern recognition as one of the Al methods that allows
you to select from a large amount of information according to clear criteria the
event that meets the specified selection criteria. In the graphical clustering method,
such a criterion is the minimum distance between events. That is, for seismic
events (earthquakes), this is the minimum distance between their epicenters. The
time criterion is the minimum time between events (earthquakes), which has been
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established experimentally (it is 15-26 days). The criterion for the number of events
included in the sample was that only those events that were included in the previous
two criteria and had more than 3 events were considered.

To recognize earthquake swarms, the following physical and mathematical
criteria were obtained and introduced into the algorithm:

1. A swarm is a group in which the number of earthquakes N>3, without
limitation N by maximum value.

2. Spatial distance between adjacent events, forming a swarm L<10’ in angular
measure.

An earthquake swarm can exist for minutes, hours, and can also exist for a longer
period of time: months and even years. Therefore, swarms cannot be characterized
by either the number of events N or the lifetime of the swarm.

3. Time between events (earthquakes) in a swarm (0<tswarm<15-26 days).

The radius of probable grouping of earthquake swarms was taken to be 18-20
km. The number of grouped earthquakes was 10% of the sample volume from the
catalog [15]. Stable groups of clusters no larger than 20°-25° of angular measure
(i.e. the size of focal zones of earthquakes with M=6-7 in the study area) are formed
at a distance between events of L<10’. Physical and mathematical criteria of
earthquake swarms are related to the number of earthquakes in the swarm (group)
itself. The probability of three random events falling into an area with a radius of
L=10’ is so small that it can be neglected.

Using these limiting physical and mathematical criteria, the images of earthquake
swarms are recognized (using the graphical clustering method), and a detailed
catalog of recognized earthquake swarms is compiled for the selected research area
over a certain period of time (Levi et al, 1995, Kurskeyev et al, 2001, Lyutikova et
al, 2017).

The process of swarm formation can be represented as a procedure of spatial
grouping of seismic events.

The presented criteria and their numerical characteristics provide a more
accurate physical and mathematical dependence in recognizing earthquake swarms
in the seismicity of the study region. They are a specific application of Al methods
and algorithms in seismological research.

Based on the physical and mathematical criteria for recognizing earthquake
swarms, maps-schemes of the spatial distribution of swarms for the territory of the
Northern Tien Shan and adjacent territories were constructed. Swarms presumably
arise on the eve of strong earthquakes, the foci of which are formed in the earth’s
crust from structural inhomogeneities saturated with high-temperature masses for
1.5-2 years (Knopof, 1996, Litovchenko et al, 2020 Lyutikova et al, 2017, 2024).

Statement of the problem. To study seismicity in the Northern Tien Shan region
and adjacent territories for the period 2017-2025 in order to recognize earthquake
swarms (weak seismicity with K>7) (Regional catalog, 2025, World earthquake
catalog, 2025).
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To identify zones of distribution and concentration of swarm activity in the
study region.

Construct maps-schemes of the spatial-temporal distribution of strong
earthquakes, taking into account the places of concentration of swarm activity.

To study the relationship between earthquake swarms (weak seismicity) and the
stress-strain state of the environment.

To achieve the set objectives, it is necessary to apply an algorithm for recognizing
earthquake swarms using the graphical clustering method.

In order to identify patterns in the spatial and temporal distribution of strong
earthquake swarms, the graphical clustering method was used. Using generally
accepted methods of cluster analysis, the correspondence of the row elements in
the matrix to the specified rules was analyzed. If there is a spatial relationship and
interdependence of events, it is expressed through “distances” (Euclidean or other)
between events in n-dimensional space. If the geographic coordinates of an event
are known, the geometric distance between the epicenters of earthquakes is chosen
as a measure of the relationship. It is believed that the most interconnected events
are those for which the inter-episocentral distances are minimal. The calculation
time for GCM is proportional to the number of events in the sample that forms
the matrix. Such situations may arise when analyzing time sequences of events,
when there are clusters whose lifetime is less than the interval of the entire sample.
Thus, for the territory bounded by coordinates 39-47°N and 70-85°E in 2017-
2025. representative are earthquakes with K>7. Some, the most general, qualitative
characteristics of grouping for earthquakes with K>9 (M=2.8) in the territory of the
Northern Tien Shan are given in (Litovchenko et al, 2020, Lyutikova et al, 2024).
Here, the radius of probable grouping was taken to be 15 km. In this case, the
number of grouped earthquakes amounted to 10% of the sample size.

The obtained numerical characteristics of the swarms provide a more accurate
mathematical dependence in the description of the recognition of their images in
seismic data. Then, the spatial-temporal distribution of these events in the study
area was carried out. In addition, strong earthquakes in the region were taken out
(Figure 2).

Results and discussion. Based on the obtained characteristics of the swarms,
maps-schemes of the spatial distribution of earthquake swarms were constructed
(Figure 1-3). It was revealed that earthquake swarms are formed on the eve of
strong earthquakes, the foci of which are formed in the earth’s crust of structural
inhomogeneities, the lithosphere of which in the latest stage of tectogenesis is
destroyed and saturated with high-temperature masses. The obtained result is
a high-quality confirmation of the algorithm’s performance and can be used by
specialists in further research.

15
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Figure 1. Map-scheme of the spatial-temporal distribution of swarm activity in the territory of the
seismically active region of the Northern Tien Shan and adjacent territories for the period 2017-2025
(radius of swarms depending on K)

Figure 2 shows a schematic map of the spatiotemporal distribution of earthquake
swarms for 2023 (Regional catalog, 2025). The epicenter of the strong earthquake
that occurred in China in Aksu Province (01/23/2024, M=7.1,41.19°N, 78.84°E) of
the seismically active study region 39-46°N, 70-85°E is shown in red.

46 : '

I [ - = e L ' ' ' |
70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
Longitude

Figure 2. Map-scheme of distribution of earthquake swarms for 2023. In red is the epicenter of a
strong earthquake that occurred in China in Aksu Province (01/23/2024, M = 7.1, 41.19°N, 78.84°E)
of the seismically active study region 39-46°N, 70-85°E
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Below in Figure 3 are presented maps-schemes (by year) of the spatial-temporal
distribution of earthquake swarms in the territory of the seismically active region
of the Northern Tien Shan and adjacent territories for the period from 2017-2025
(Regional catalog, 2025). The radius of events is indicated depending on K.
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Figure 3. Maps-schemes of the distribution of earthquake swarms for 2017-2025 (A-I) by year in the
territory of the seismically active region of the Northern Tien Shan and adjacent territories (radius of
swarms depending on K)

The study of the relationship between earthquake swarms (weak seismicity)
and the stress-strain state of the environment was carried out using the obtained
numerical values of thermodynamic parameters in earthquake swarms for the
period 2017-2025 (Regional catalog, 2025). Data on thermodynamic parameters
in each of the swarm epicenters were calculated using a universal computational
technique. The initial data for determining the thermodynamic parameters in
earthquake swarms were the magnitude (M) and energy class (K) of earthquakes.

The calculations of the numerical values of the physical and mathematical
parameters in the earthquake swarms of the Northern Tien Shan region and the
adjacent territories are represented by the following equations (Tuliani, 1999):

B E=9257+27M -0.1M> (1)
EV(@E ’)=66 +M(2.6-0.1M) )
U=E/V 3)

E, =27+0.1M @)
T(K)=196.8K(IgE,  —k E) (5)
a, = T(K)(7733) (©)
G~klVa, @)

T, =0TEQ ®)
¢=a,T(K) ©)
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bn=kn,.,1g&,./ E)

(10)
(11)

where 1 - E and M are the energy and magnitude of earthquakes, 2 - V is the
critical value of the hearth volume, 3 - U is the potential energy density of seismic
waves per unit volume (erg/cm’), 4 — E,_is the specific energy of the hearth shape
change, 5 - G is the volumetric modulus of elasticity, 6 -k — Boltzmann’s constant,
7 — a, is the coefficient of volumetric thermal expansion, 8 - t_ is the additional
stresses discharged by the hearth, 9 - ¢ is the normal component of effective stresses,
10 - 11 is the viscosity of rocks in the hearth, 11 —n__ is the maximum value of the
viscosity of the upper layers of the Earth.

Table 1 shows the numerical values of the parameters associated with some
thermodynamic parameters in earthquake swarms, characterizing stresses and
deformations in the foci (see Table 1).

Table 1.Numerical values of thermodynamic parameters of earthquake swarms

M [H[K [LeE [Legv[T°C  [LeU [E  [G*10" e, T, F10° [e 6*10° [ 1gn

189 (10|74 |14 [11.1 [2381.7 |2.8858 |2.88 |1.03615 |4.44E-05 [0.0015 |0.1178 |0.122 | 14.51
1945 [7.5]14.1 112 [23564 [2.891 [2.89 |1.04613 |4.40E-05 |0.00152[0.1156 |0.120 | 14.63
25 |5 [85[153 124 [2109.8 [2.947 [2.95 [1.1544 [3.99E-05 [0.00167 [0.0949 |0.109 | 15.89
233 [10]82[15.0 [12.0 [2182.5 [2.930 [2.93 [1.12022 [4.11E-05 [0.00162 |0.1008 [0.112 | 15.52
2 [25[76 (142113 [2331.2 [2.897 [2.9 [1.05626 |[4.36E-05 [0.00153 [0.1134 [0.119 [ 14.76
2172079 [14.6 [11.7 [2256.3 [2.913 [2.91 [1.08753 [4.23E-05 |0.00158 [0.1069 |0.116 | 15.14
189 [20[7.4 |14 [11.1 [2381.7 [2.885 [2.88 [1.03615 |4.44E-05 [0.0015 [0.1178 |0.122 [ 14.51
172 [10[7.1 [ 13.6 [ 10.7 [2458.51 [2.869 [2.87 [1.00705 |4.57E-05 [0.00146 [0.1247 [0.125 [ 14.12
189 [15[74 14 [11.1 [2381.7 [2.885 [2.88 [1.03615 |4.44E-05 [0.0015 [0.1178 |0.122 [14.51
194 [20[7.5 [ 14.1 [11.2 [2356.46 [2.891 [2.89 | 1.04613 |4.40E-05 |0.00152 [0.1156 |0.120 | 14.63
172 [20[7.1 [ 13.6 [ 10.7 [2458.51 [2.869 [2.87 [1.00705 |4.57E-05 [0.00146 | 0.1247 [0.125 | 14.12
194 [10[7.5 [ 14.1 [ 112 [2356.46 [2.891 [2.89 | 1.04613 |4.40E-05 |0.00152 [0.1156 |0.120 | 14.63
2.06 | 15]7.7 [14.3 [ 11.4 [2306.17 [2.902 [2.90 [ 1.06653 [4.31E-05 [0.00155 [0.1112 [0.118 | 14.89
194 |5 [7.5|14.1 [11.2 [2356.46 [2.891 [2.89 | 1.04613 |4.40E-05 |0.00152 [0.1156 |0.120 | 14.63
183 [10[7.3]13.8 [10.9 [2407.24 [2.880 [2.88 [1.02631 |4.48E-05 [0.00149 [0.1201 [0.123 | 14.38
1895 [7.4[14 [11.1 [2381.79 [2.885 [2.88 [1.03615 |4.44E-05 [0.0015 [0.1178 [0.122 |14.51
2.06 [20[7.7 [ 143 [11.4 [2306.17 [2.902 [2.90 | 1.06653 |4.31E-05 [0.00155 [0.1112 [0.118 | 14.89
222|158 [14.7[11.8 [2231.64 [2.919 [2.92 [1.09827 [4.19B-05 [0.00159 [0.1049 [0.115 | 15.27
211 [10[7.8 [145 [11.6 [22812 [2.908 [2.91 [1.07696 |4.27E-05 [0.00156 [0.1091 [0.117 | 15.02
228 [208.1 [14.8 [11.9 [2207.04 [2.924 [2.92 [1.10916 [4.15E-05 [0.00161 [0.1028 [0.114 | 15.39
217 [10[7.9 [14.6 [11.7 [2256.36 |2.913 [2.91 [1.08753 [4.23B-05 |0.00158 [0.1069 |0.116 | 15.146
239 [15[8.3 151 [12.2 [21582 [2.935 [2.93 [1.13144 [4.07E-05 [0.00164 [0.0988 |0.111 | 15.64
1672017 [13.4[10.6 [24843 [2.863 [2.86 [0.99762 [4.61E-05 [0.00145 [0.1271 [0.126 [13.98
206 [15[7.7 [143 [11.4 [2306.1 [2.902 [2.90 |1.06653 [4.31E-05 [0.00155 [0.1112 [0.118 | 14.89
211 [15[7.8 [ 145 [11.6 [22812 [2.908 [2.91 [1.07696 |4.27B-05 [0.00156 [0.1091 [0.117 | 15.02
178 [15 7.2 [13.7 [10.8 [2432.8 [2.874 [2.87 [1.01661 |4.53E-05 [0.00147 [0.1224 |0.124 [ 14.25
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As shown in Table 1, the parameters: E and M are the energy and magnitude of
earthquakes, H (km) is the depth, K is the energy class, V is the critical value of the
source volume, U is the density of the potential energy of seismic waves per unit
volume (erg/cm’?), E, is the specific energy of the change in the shape of the source,
G is the volumetric modulus of elasticity, K is the energy class, av is the coefficient
of volumetric thermal expansion, tkp are the additional stresses released by the
source, ¢ is the normal component of the effective stresses, Lgn is the logarithm of
the viscosity of rocks in the source, 1 is the viscosity of rocks in the source (Poise).

Conclusion. The results obtained allow us to draw the following conclusions:
based on the physical and mathematical criteria for recognizing earthquake swarms,
it has become possible to identify areas of increased seismic activity in the study
region. Earthquake swarms occur on the eve of strong seismic events, the foci of
which are formed in the earth’s crust from structural inhomogeneities saturated with
high-temperature masses within 1.5-2 years. Due to the calculated physical and
mathematical criteria, the algorithm for recognizing earthquake swarms is universal
and can be applied to any seismically active region. The calculated thermodynamic
parameters in the foci of earthquake swarms show more accurately the physical
and mechanical conditions of the occurrence of earthquake swarms. In the course
of the conducted research, an algorithm for recognizing earthquake swarms was
applied, as one of the promising areas of application of Al. This algorithm allows
for a more accurate assessment of the seismotectonic potential of the selected areas
of earthquake swarm accumulation, and also provides the most accurate assessment
of the seismic safety of the study area. The obtained scientific and practical results
are of a research and applied nature and can be adapted to any seismically active
region.
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