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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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Abstract. This article discusses the actual problem of mathematical modeling

and computer forecasting of the consequences of seismic activity. The aim of the
study is to develop an integrated methodology and software for rapid assessment of
potential damage from earthquakes of various magnitude.
The methodological basis of the work is based on the combination of several
mathematical approaches. The study used the macroseismic field equation
(Shebalin equation) to calculate the intensity of the seismic impact based on the
magnitude and hypocentric distance. The results of finite element modeling are
used to assess the physical vulnerability of buildings and structures. Special
attention is paid to modeling catastrophic events: to describe the probability of
critical disturbances above 7.0, a generalized Pareto distribution was included in
the computational algorithm, which makes it possible to estimate taking into
account the maximum danger levels. The practical value of this research was to
develop an interactive
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interface that would allow users to simulate earthquake scenarios by selecting the
magnitude and region. The system automatically calculates and visualizes predicted
sanitary and irretrievable population losses, the number of damaged buildings and
the length of destroyed roads in 3D graphics format. The proposed approach allows
emergency response services and planners to effectively assess risks, analyze the
predicted consequences of earthquakes, and develop public safety measures.

Keywords: earthquake, seismic activity, magnitude, mathematical modeling,
web application
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AnHoTanmmusa. byn Makamama ceficMHKanmbIK OEJNCEHIUTIKTIH cajiapiapbiH
MaTeMaTHUKAIBIK MOJCTBCY MEH KOMIBIOTEPIIK OOJDKayJablH ©3€KTi Maceneci
KapacThIpbUIFaH.  3epTTEydiH  MakcaTbl  opTypil  MarHWTylajgarbl  Kep
CINKIHICTEpiHIH BIKTMMaJ 3ajlaJbiH JKelesl OaFajay YIIH WHTeTpalusiIaHFaH
omicreMe MeH OaFrJapiaMaiblK KaMTamachl3 eTyidi 93ipiey OoibIn TaObLIajIbL.
JKyMBICTBIH o/licHAMAJIBIK HeTi31 OipHelle MaTeMaTHKaIBIK TOCUIIep i OipikTipyre
HeriznenreH. 3epTTey OapbIChIHIA CEHCMUKAIBIK OCEPHiH KAPKbIHIBLUTBIFBIH
MarHUTYIAaChl MEH THITOIICHTPANB/Ib KAIIBIKTHIFBIHA Kapail ecenrtey yIliH epicTiH
MakpoceiicMukansik TeHeyi (ILlebanmna rerneyi) naitnananpuiasl. Fumaparrap MeH
KYPBUIBICTapABIH (PH3UKAIIBIK OCaJIBIFBIH Oaraiay YIIiH MIEKTi SJIeMEHTTep JIicCi
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apKBUTBI MOJICINB/ICY HOTHOKENIepl KOJAaHbUIaAbl. JKYMBICTAa anarThl OKUFaIapIIbl
MOZICTIb/ICYTE epeKlIe Haszap aynapbuianel: 7.0-IeH >KOFaphl MarHUTYAaIarbl
CBIHM OY3bLTYJIapblH BIKTHMAIABIFBIH CHIIATTAY YIIiH [lapeTOHBIH KajIblIaHFaH
Tapairybl €CenTey alrOpUTMiHE SHTI3UIl, OYJI KayiNTUTIKTiH MIEKTIK JeHTeHIepiH
eCKepe OTBHIpBIN, OaranayFa MYMKIHAIK Oepeni. 3epTTeyliH NPaKTUKAJIbIK
KYHJIBUTBIFBI TIaii/lalaHyIIbUIapFa MarHUTYlachl MEH aiiMarblH TaHJAy apKbUIbI
Kep CUIKIHICI CIeHapHuilIepiH MOJAeNbAeyre MYMKIHAIK OepeTiH HHTEPaKTHBTI
nHTepdercTi a3ipiey Oommpl. JXKyile XambIKTBIH OOJDKaMIIbI CAHUTAPIBIK JKOHE
KalTapbIMCBI3 IIBIFBIHIAPBIH, 3aKbIMJIAJIFAaH FUMapaTTap/IbIH CAHBIH )KOHE KHparaH
KOJIIAp/ABIH Y3bIHABIFBIH 3D-rpaduk GopmaTbiHIa aBTOMATTHI TYpAE €cenTeii
’KOHE BU3YyaJIM3alMsUIAHIbI. ¥ CHIHBUIBIN OTBIPFAH TOCUT TOTEHILE JKaFmaiaapIsl
JKOI0 KBI3METTEpl MeEH JKOcCIapiayllibllapFa ToyeKeJaeplai THiMIi Oaranayra,
OoIDKaMJIBI Kep CIUTKIHICI calflapbhlH TalljjayFa XKoHE TYPFBIHIAP/BIH Kayilci3mik
ic-1mapanapbIH a3ipieyre MyMKiHJIIK Oepeti.

Tyiiin ce3mep: xep CLIKICiHICI, CEWCMUKANBIK OCICEeHAUTIK, MarHuTy/Ja,
MaTeMaTHKAaJIbIK MOJIEIbICY, Web-KochIMIIa

© E.T. Aniepues, K.C. locanues*, A.C. HaykenoBa, A.M. Erenona,
JI. A6apacuJios, 2025.
IOxH0-Ka3zaxcranckuii yausepcurer umenn M. AyazoBa,
ITevkenT, Kazaxcran.
E-mail: mr.alsheriev@mail.ru

MATEMATUYECKOE MOJEJIMPOBAHUE U KOMITbIOTEPHBIE
BBIUNCJIEHUS IJIS1 IPOTHO3UPOBAHUS BO3MOKHbBIX
HNOCJEACTBUM 3EMJIETPSICEHUM

AmmepueB Epnayiner — mokropant, OxHo-Kazaxcranckuii yHuBepcuter uMmM. M. Aya30Ba,
[IIemvkenT, Kazaxcran,

E-mail: mr.alsheriev@mail.ru, https://orcid.org/ 0000-0002-5942-1200;

HocanueB Kanar — PhD, nouenr, Oxno-Kazaxcranckuii yausepcutet uM. M. Ays3oBa, [1IbIMKeHT,
Kazaxcran,

E-mail: dosaliev_k@mail.ru, https://orcid.org/0000-0002-5423-9231;

HaykenoBa AijiryJb — KaHAMIAT TEXHWYECKHX HAyK, acCOUMPOBAaHHBIN mpodeccop, HOxHO-
Kasaxcranckuii yuusepcurer um. M. Aya3oBa, [lIsimkenT, Kazaxcran,

E-mail: n.a.s.1970@mail.ru, https://orcid.org/0000-0003-0596-7141;

ErenoBa Anus — PhD, IOxn0-Kazaxcranckuii yauBepcureT uM. M. Ays3oBa, LlIsivkenT, Kazaxcran,
E-mail: yegenova2022@gmail.com, https://orcid.org/0000-0001-8438-4088;

AobnpacuioB JlecOek — KaHAMIAT TEXHUUYECKNX Hayk, HOxHO-KazaxcTaHCKuil yHUBEPCUTET WM.
M. Aya3oga, llIsivkenT, Kazaxcras,

E-mail: aruaray@mail.ru, https://orcid.org/0009-0004-9183-3987.
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B pa3pabOTKe WHTEIPUPOBAHHONW METOMOJIOTHH M IMPOrPaMMHOTO oOecredeHus
JUIl  ONEpPaTUBHOM OLIEHKM IOTEHIMAJIbHOTO yiiepba OT 3eMIIeTpSACCHHI
pasNMYHOM BeNWYMHBL. MeTononorndyeckas 0as3a HMcclIeJOBaHMS OCHOBaHA Ha
00BbEIMHEHNN HECKOJIBKUX MaTeMaTHYeCKuX MOAXonoB. B pabore ncrmonb3oBaHo
MakpoceiicMuueckoe ypaBHeHue nons (ypasHenue llleGanmna) s pacuera
WHTCHCHUBHOCTH CEHCMHUYECKOrO BO3ACHCTBHS HA OCHOBE BEJIMYMHBI U
TUIIOLIEHTPUYECKOTO  PACCTOSIHUA.  Pe3ynbTaTrel  MOIECIMPOBAHUS  METOIOM
KOHEUYHBIX 3JIEMEHTOB IPUMEHSIOTCS JJIS1 OLIEHKH (PU3NUECKON ySA3BUMOCTH 31aHUN
u coopyxkeHnil. Ocoboe BHUMaHHUE YIEICHO MOJCIMPOBAHUIO KaTaCTPOPHUECKUX
COOBITHH: JUISI OLIEHKH BEPOSTHOCTH KPUTHUYECKUX BO3MYILICHUH MarHUTYHION
Bbile 7,0 B BBIYMCIUTENBHBIN QJITOPUTM BKIIOYEHO 0000ILICHHOE pacipeesicHne
[TapeTo, 4TO MO3BOJISAET yUUTHIBATH IPECIbHBIC YPOBHU OntacHOCTH. [IpakTndeckas
LIEHHOCTb UCCIIEIOBAHUS 3aKIII0UAETCs B pa3padOTKe HHTEPAKTUBHOIO MHTepdeiica,
MO3BOJISAIOLIETO MOJIH30BATEISIM MOJICIIMPOBATH CLICHAPUH 3EMIICTPSICEHUIM, BEIOUpast
BEIMUYNHY W perroH. CrucreMa aBTOMaTHYECKH PACCUMTHIBAET U BU3YaIH3HPYET
MIPOTHO3UPYEMbIE CAaHUTapHBIC U OE3BO3BpPATHBIC MOTEPU HACEJICHHS, KOJIMYECTBO
MOBPEKACHHBIX 3IaHUA W NPOTSDKEHHOCTh PaspyLICHHBIX JOpor B Qopmare
3D-rpadukn. [IpeanaraeMsii moaxo 1aeT BOSMOKHOCTB CITyK0aM 4pe3BbIYaitHOTO
pearupoBaHus ¥ IIIAHUPOBIIMKAM 3()(HEKTUBHO OLICHUBATH PUCKH, aHAJTM3UPOBATh
MPOTHO3UPYEMbIE TOCIEACTBHS 3EMJICTPSICEHUI M pa3pabaTbiBaTh MeEphl IO
obecrieueHII0 0e30MaCHOCTH HACEICHUSI.

KitroueBble ciioBa: 3emieTpsiceHue, ceiicMuieckas aKTUBHOCTh, MarHUTYAA,
MaTeMaTHYeCcKoe MOJICINPOBAHNE, WEb-TIPHUIIOKEHNE

Introduction. Earthquakes are shaking and vibrations of the Earth’s surface
caused by natural causes (mainly tectonic processes) or artificial processes
(explosions, filling of reservoirs, collapse of underground cavities of mining
operations). Small shocks can also be caused by the rise of lava during volcanic
eruptions. Every year, about a million earthquakes occur all over the world, but most
of them are so small that they are not noticeable. Indeed, strong earthquakes, causing
great destruction, occur on the planet about once every two weeks. Most of them
occur at the bottom of the oceans, so they do not have catastrophic consequences (if
the earthquake under the ocean does not cause a tsunami). Earthquakes are known
for the destruction they can cause (Xu et al, 2022; Mavroulis et al, 2023; Bata et al,
2022; Raimbekov et al, 2013). The collapse of buildings and structures is caused
by ground vibrations or giant waves (tsunamis) that occur during seismic waves
on the seabed. This implies the importance and urgency of solving the problem
of predicting the consequences of an earthquake, which will allow minimizing
the consequences of the disaster and reducing the number of human casualties by
organizing timely preventive measures to protect the population and evacuate them.

First, let’s look at what an earthquake is. The uppermost crust of the Earth is the
lithosphere, which consists of a solid surface - it is divided into a number of plates
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called the lithosphere. Below is the solid upper mantle, or rather its upper part.
These geospheres consist of various rocks of high hardness. But in the thickness
of the upper mantle, a layer called the asthenosphere is located at different depths.
It is, unlike other neighboring layers, flexible. The asthenosphere is considered the
layer along which lithospheric plates and parts of the upper mantle move. When the
plates move, they can collide, forming large mountain ranges, and in other places,
on the contrary, they separate with the formation of oceans (Ledn et al, 2022;
Kirillov, 2013; Guerrero-Miranda et al, 2021; Yunus et al, 2023). The interaction
of these plates creates huge stresses in the rocks, compressing them or, conversely,
stretching them. If the stresses exceed the strength limit of the rocks, they can
shift very quickly, instantly, and burst. This moment of displacement is called an
earthquake.

Modeling seismic activity and its consequences requires a thorough study
of the technical characteristics of objects exposed to earthquakes and seismic
activity, identification of periods and characteristic waves of seismic activity,
and identification of patterns underlying the socio-economic consequences of an
individual event or group of events.

Materials and methods. Earthquake intensity is a seismic effect, which is rated
on a descriptive scale based on the reaction of people, structures, and changes in
natural features. The maximum intensity value on most scales is 12 points. Detailed
seismic zoning is necessary to determine the potential seismic effect in a given
area. Since the researcher is most interested in the largest earthquakes, that is,
earthquakes that occur in the «tail» of the probability distribution, the basic rules of
extreme value theory can be used to provide detailed seismic zoning according to
the Balkema-Pickands-De Haan theorem (Alimkanov et al, 2020; Samarskii et al,
2001; Trusov, 2007; Ponomarev et al, 2006).

Flu+y)—F()
1-F(u)

E(y)=PX—-u<yX>u)=

The conditional distribution of random excesses X is described by a somewhat
higher bound asymptotically generalized Pareto distribution, and the distribution
function is as follows:

Fu(a(u)y + b(u)) - Gy 4 (y), ce6ebiu — oo,

here

Gro(¥) =1—(1+ky/o) /¥ erepk # 0
Gro(¥) =1—e7/% erep k = 0.
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To implement the program complex, a hybrid mathematical model has been
developed that combines deterministic patterns of seismic wave attenuation and
probabilistic methods for assessing the vulnerability of structures. The seismic
impact model is based on the macroseismic field equation (Shebalin’s equation),
which takes into account magnitude M, hypocentral distance, and local ground
conditions, calculating the intensity of earthquakes I at an arbitrary point in the area
(Gubar, 2007; Popov et al, 1983; McKinney, 2021; Silén et al, 2016):

I=bxM—-v=xlgr+c

where,

I- earthquake intensity at a given point (for example, on the MSK-64 scale);

M is the magnitude of the earthquake (a value that characterizes the total energy
released in the hearth);

R-hypocentral distance (distance from earthquake epicenter to control point);

b,v, ¢ — empirically determined regional coefficients for certain seismically
active regions.

For the formation of damage Probability Matrices (DPM), numerical modeling
of typical buildings of the region by the method of threshold elements was used.
The numerical simulation results were approximated using the Pareto distribution
to describe the «severe consequences» of the catastrophic magnitude (M>7.0)
damage distribution. Integral probability of damage of degree K(Pk) for intensity I:

PO 2 ki) = 1+ Xy

where, ¢ and &- Parameters of the scale and shape of the Pareto distribution.

Operational prediction algorithm (implementation algorithm) to ensure that
the web application runs in real time («on-the-fly»), complex integral calculations
obtained during the fem modeling phase have been transformed into linear Ispec
cost ratios. The final forecast of Loss costs is calculated by the program using the
following formula:

LOSSZZQ\I:l(POPi * vuln(Ml S) * (1 + acorr))

Mathematical modeling of post-earthquake losses is an important tool for
estimating losses, predicting impacts, and developing risk reduction strategies. It
includes several key aspects:

1. Input data for the model:

- seismic parameters (magnitude, depth, epicenter, rupture mechanism);
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- geological and geotechnical data (soil type, landslide probability, seismic wave
amplification);

- construction and infrastructure (characteristics of buildings, bridges, roads,
life support networks);

- demographic information (population density, socio-economic indicators).

2. Seismic wave propagation model.

The following types of models are used:

- attenuation laws - describe the decay of seismic waves over distance;

- finite difference or element methods - numerical modeling of ground motion;

- empirical and stochastic models - approximate assessment of seismic effects.

3. Damage and loss assessment:

- physical damage: calculating the probability of building collapse based on
vulnerability (e.g. HAZUS technique);

- economic costs: recovery costs, business damage, job losses;

- social costs: number of victims, injuries and deaths, impact on quality of life.

4. Mathematical modeling methods:

- statistical models: regression analysis, Bayesian methods;

- stochastic models: Monte Carlo method for estimating uncertainties;

- machine learning: neural networks, time series analysis for forecasting costs;

- Geographic Information System (GIS) modeling: spatial analysis of risk areas.

5. Risk prediction and management:

- evacuation optimization;

- development of insurance strategies.

Results and discussion. Summing up the above data, a special application was
created with the introduction of all mathematical calculations for the consequences
of earthquakes with software code.

Web-the main page of the application is the main interface for user interaction
with the system. When loading the page, the user is offered a convenient interface
for selecting the magnitude of the earthquake, as well as displaying and analyzing
data on losses in different regions. The main page displays a drop-down list with
the ability to select the magnitude of the earthquake shown in Figure 1. This item
allows you to set the user’s interest level. After the user selects the magnitude, the
system will begin to automatically calculate the costs for each region, based on
predefined data such as population, number of buildings, number of roads and other
parameters that can be set during the data processing process.
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Forecasting earthquake losses

Select the

Figure 1. Home page

Also on the main page is a table with the calculation results, which is updated
immediately after the magnitude is selected. This table displays the cost data for
each region for the selected magnitude. For each region, there are various indicators
such as sanitary losses, loss of life, damage to buildings and road damage. This table
gives the user a clear idea of what impact the earthquake might have in different
regions depending on its magnitude, as shown in Figure 2.

Estimated loss rates for: Turkestan city

Sanitary losses Human losses Buildings Roads Total number of Total number of Total number of
(resi ) (resil (units) yed (km.) i i i i i i

\ \ g

0 0 49 16 221471 people is 32780 532 km.

Figure 2. Table of losses

In addition, the home page contains 3D graphs that show the losses for each of
the parameters listed for each region. These graphs allow for data visualization and
make the perception of information more visual and intuitive. Each graph can be
generated for a selected magnitude and shows the change in losses with increasing
earthquake strength, as shown in Figure 3.
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Losses in the Keles region Damaged buildings in the Keles region Losses in the Keles region

" pi] /m 7 7000 ,/’ E f 60

L
Sanitary losses ™~ b

Human losses
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Figure 3. Graphical representation of the table of losses

Conclusions. The developed web application allows you to improve the
operational processing and analysis of seismological data, opening up new
opportunities for solving complex problems in the field of earthquake forecasting.
The software will be developed based on a hybrid mathematical model that combines
the shebalin macroseismic decomposition equation and the physical vulnerability
curves of buildings; the generalized Pareto distribution and probabilistic damage
matrices are used to increase prediction accuracy. The results of the study show
that seismic zones have a mosaic structure, prove the heterogeneity of regional
activity and determine the need for further improvement of forecasting algorithms
and models. In addition, the proposed algorithms and models make it possible to
analyze the possible consequences of seismic hazard, identify hazardous areas in
a timely manner, effectively plan preventive measures and ensure the safety of the
population.
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