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JIMHAMUKAaCHI )koHe OacKapy TEOpHsIChl HHCTUTYTHI, Peceit

7. BaoumeBuu Ilerp HuxomaeBu4, ¢.-m.F.a., npodpeccop, M. B. JIOMOHOCOB aThIHIAFbI
Mackey MEMIIEKETTiIK YHUBEpCUTETI, Peceit

8. Bacuuesckuii FOpuii BukropoBud, ¢.-m.F.11., mpodeccop, I'. 1. Map4yk aTbIHIaFbI
EcenTey maTemMaTUKachl HHCTUTYTBIHBIH JTHUPEKTOpPEHI, Pecet

9. Boiiuuk Baabaemap, JII00JUH TEeXHHKAIBIK YHHBEPCHTETIHIH mpodeccopsl, TTombimna

10. I'ycee Ouaer MHropeBu4, HoBocHOHMPCK KalachIHAAFrbkl ~AKIApPaTTBIK JKOHE €CENTey
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TamkeHT MEMJICKETTIK KOJIiK YHUBEPCUTETIHIH npodeccopnl, O30eKcTaH

13. KaxkeoaeB Jlaypen BakbiToekyabl, KP ¥YU1A koppecnonaeHT-myieci, oia-Papadbu aTbIHIAFbI
Ka3¥V, Kazakcran

14. Mmanranues Epunap Wmanraauyael, M. Oye3oB ateiHmarsl OHTycTik  Kasakcran
YHUBEPCUTETIHIH TPOpeKTopsl, Kazakcran

15. AmankyaoB Tumyp Cokenyibl, on-®Papabu arbiHaarbl Kazak YITTBIK YHHBEPCHUTETI,
Kazakcran

16. McaxoB Ouibex OoaiamiMyabl, Kazakcran-bpuran TexHHMKaIbIK yHHBepcuTeTi, Kazakcran

17. Kadanuxun Cepreii Uropesuu, PFA Cb Ecenrey maremaTukachl »oHE MaTeMaTHKaJBIK
reou3nKa HHCTUTYTHI, Pecell FBIIBIM akaieMHUSICBIHBIH KOPPECTIOHIEHT-MY1Ieci, Pecelt

18. KaamenoB  Teinbicoexk  Hlopinyabl, Kaszakcran PecnyOnukacel  YATTBIK — FBUIBIM
aKaJeMMSICBIHBIH aKajgeMuri, MareMaTuka J>XOHE MaTEeMaTHKaJIbIK MOJEINb/IEY HHCTUTYTHI,
Kazakcran

19. Kaaumoagaes Makcat Hypomiayabl, KP ¥YFA axamemuri, AKmapaTThIK >KOHE eCENTEyill
TEXHOJOTHsUIap MHCTUTYTHI, Ka3akcTan

20. Kaaraes Aiinapxan Kycinoexyanl, KP ¥YFA axamemuri, CormaeB aTeiHmarbl Ka3zak yJITTBIK
TeXHUKAJIBIK YHUBEpCcUTeTi, Kazakcran

21. Kaproaes Tumyp CaataumnoBu4, Kasax KeI3map MedarorvKajiblK yHHBepcuTeTi, Kasakcran

22. Kpinbipoekysibl Aamatoek banradekyiabl, MaremaTtnka >KOHE MEXaHHUKA FhUIBIMH-3EPTTEY
WHCTHUTYTBIHBIH TUPEKTOpsl, Kazakcran
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OtenbaeB MyxrTap6aii Otendaiiyabl, Kazakctan PecnyOnukacsl YITTBIK FBUIBIM
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Kazakcran

IMaBaoB Cepreii BragumupoBuy, BuHHHIIA TEXHUKAIBIK YHUBEPCHUTETI, YKpanHa

Meiiman I'mBu, npodeccop, I[IurrcOypr ynusepcuteti, AKII

IlecrynoB MHrops AunexceeBud, (.-M.F.K., JIOLEHT, AKNApaTTBIK JKOHE €cCemnTey
TEXHOJIOTHsUIaphl (ellepaliblK 3epTTey OpTalbIFbl, Pecei

IMoranos Bagum, PFA Cb AxnapatTTsIK jkoHE ecenTeyill TeXHoJIorusap dheaepaiibl 3epTTey
OpTaJIBIFBbIHBIH Npodeccopsl, Peceit

IMorarypkun Ouer, PFA Cb aBromaTuka KOHE DJIEKTPOMETPUS HMHCTUTYTHIHBIH
npodeccopsl, Peceit
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OpTaJIBIFbIHBIH Npodeccopsl, Peceit

CanpioexoB Maxmyn O90aicameryibl, Kaszakcran Pecny6nukackl YATTBIK —FBUIBIM
aKaJeMISICBIHBIH aKaJeMHri, MaTemMaTuka »XoHE MaTEeMaTUKAJIBIK MOJENbICY HHCTHTYTHI,
Kazakctan

Caposckuii Banagumup, PFA Cb Ecentik Monenbaey MHCTUTYTHIHBIH npodeccopsl, Peceit
Cmarun Cepreii, Peceii F'ouibiM akanemusichiHBIH KoppecnonaeHT-mymeci, PEFA Ecenrey
opransirbiHbIH Kubip [IsiFsic 6emimmeci, Peceit

Coiidgep Bukrtop, Peceil FoutbiM akagemMusicblHbIH akageMuri, Kopones arsingarsl Camapa
MEMJIEKETTIK adpoFaphilll yHUBEPCUTETI, Peceii

CremnkoBckuii Ajsiekcanap, Peceil FpuibiM akaneMusCHIHBIH KOPPECIOHAEHT MYIIECH,
Mukpoa3JIeKTpOHUKAJAFbI )K00ajiay Macelesiepi HHCTUTYTHI, Peceit

Yyo6apos Jleonuna bopucoBuu, PFA Cb AknapaTThIK >XKoHE €cCenTey TEXHOJIOTHUsIapbl
OoiipiHIIa PeepanaplK 3epTTey OpTaIbIFbIHBIH podeccopsl, Peceit

TemipoexkoB Hypaan Myxkanyiabl, Kazakctan PecmyOnaukachkl YITTBIK HHXKCHEPIIK
akaJeMUsIChIHBIH JkoHe Kazakcran PecnyOnukackl ¥ATTBIK FBUIBIM —aKaJE€MMSICHIHBIH
akanemuri, on-Papadbu ateiaarsl Kaz¥Y'V, Kazakcran

Tomac Bénnm, ITyTraprrarsl xoFapbl €HIMI1 €CenTey OpTajiblFbl, I epMaHus

Typuubin Cepreii, AcToH yHHBEpCHUTETIHIH mpodeccopsl, ¥IpIOpUTaHus

Ypmames Baiinoyiner AmanTaiiyisl, on-®Papabu ateinaarsl Kazak yJITThIK yHUBEPCUTETI,
Kazakcran

®enopyk Muxaua IlerpoBuu, Peceil FhuUIbIM akaJeMHUSCHIHBIH KOPPECIOHACHT-MYIIEC,
HoBocubupck memnekeTTik yHuBepcureTi, Peceit

Xabamm Barau sxopmk, Makl'win yHuBepcuteTiHig npodeccopsl, Kanana

Ilaiinypo Baagumup, Peceil FoutbIM akageMUsiCBIHBIH KoppecnonaeHT-myeci, PFA Cb
Ecenrik Mmonenbney MHCTUTYTHI, Peceit

HIpeaep Boasdranr, RTWH Axen ynuBepcureTinin npogeccopsl, I'epmanus

Xyxaépos baxTuep Xy:kaépoBuu, Qpusuka-mMaTeMaTuka FbUIBIMAAPBIHBIH 1OKTOpHI, [lapod
PammnoB ateraaarsl CamapKaHa MEMIICKETTIK YHUBEPCHUTETIHIH TTpodeccophl, O30exkcTan



YUBIMJACTBIPYHIBLIBIK KOMUTET

Tepara:
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[Mpesunenti, KP ¥arTeik umxenepinik akaneMusicel [Ipe3auanmyMbIHbIH 0ac FBUIBIMHM XaTILIBICHI,
TEXHHKA FBUIBIMIAPBIHBIH KaHIU1aThl

CadupoBa Po3za ®apxaToBHa, MexaHUKa-MaTeMaTHKa (aKyJIbTETiHIH FBUIBIMU XYMBICTAp
»koHe XK OoMbIHIIIA JIeKaHBIHBIH OphIHOACAPHI

MaycymobexkoBa Cayiie JKymakaHKbI3bl, MaTeMaTHKAIBIK KOHE KOMITBIOTEPIIIK MOACIBIALY
kadeapacel MEHIEepyIIicCi.

TemipoekoB Aamac Hypaanyiasl, Ph.D., ecenrey frpuibiMAapsl >KOHE CTaTHCTHKA
KadeIpacblHBIH MEHI'CPYIIIiCi

Typanuna Junapa Ejeyci3kbi3bl, ¢.-M.F.K., MEXaHHKa KadeapachbIHBIH MEHIePYIIIici
KacenoB CeipbiM Epkinyisl, Ph.D., maTtematuka kadeapacbiHbIH MEHrepyIici

Sixusie Papxart, ¢.M.-F.K., MaremaTuka >XOHE MEXaHHKAa HHCTUTYTHl IUPEKTOPBIHBIH
OpbIHOAcapsl

Baiirepees Jlocan Paxkumrammesuu, Ph.D., kayeimmacteipeuiran mpodeccop, C.
AmamxkonoB ateiaarsl HHIKY

Tama0aii /lmnapa Opa30eKKbI3bl, €CENTEY FHUIBIMAAPHI )KOHE CTAaTUCTUKA Ka(eIpachIHbIH
OKBITYIIIBICHI

TanamoBa Meaaip Ecenonukbi3bl, Kazakcran PecryOnukachiHbIH ¥ ITTHIK WHKCHEPITIK
aKaJEMHUSIChI

TaxurymnoBa JIoimo BeiicenoBHa, Kazakctan PecryOnuKachIiHbIH ¥JITTHIK HHKCHEPIIK
aKaJIEMHUSIChI

AobblikacbiMoBa Jlana MumumobaeBna, Kaszakctan PecnyOnukachlHBIH ¥ JITTBHIK
WHKECHEPJIIK aKaJeMHSIChI



MPOIr'PAMMHBII KOMUTET

Conpencenarenn:
1. Tyiime6aeB Kanceur KancemroBuu, I[Ipencenarens IIpaBnenust - Pexkrop Kaszaxckoro
HallMOHAJIFHOTO yHUBepcuTeTa M. anb-Dapadu, Kazaxcran
2. KymarynoB Bakbimkan TypcsinoBu4, axkamemuk HUA u  HAH PK, Ipe3uaenr
HanmonansHOM nH)eHepHOU akanemuii PecyOnuku Kazaxcran, Kazaxcran

Ynensr:

1. A6aubexoB Yanauxan CeiianiabaaeBud, Kazaxckuii HallMOHATBHBINA YHUBEPCUTET UM. aJlb-
®apabu, Kazaxcraun

2. ApunoB Mmupcaunn, npodeccop, HaumoHnanbHblii yHUBepcHTeT Y30ekucTana um. M.

Vyroeka, Y30ekuctan

Axmen-3axu dapxan, mpodeccop, pekrop FOKY um. Ayazosa, Kazaxcran

4. Bbapaxuun Baagumup BopucoBuu, 1.71.H., npodeccop, PeaepaibHblii HCCIICIOBATEIBCKUN
IIEHTP WHPOPMAITMOHHBIX U BEIYUCIUTENRHEIX TexHomorui (PULl UBT), Poccus

5. BekremecoB Makrtarajam AOAMMAKMTOBUY, TUPECKTOP MHCTUTYTa WH(POPMAIMOHHBIX U
BBIYMCIIUTENbHBIX TeXHONorni, Kazaxcran

6. BbrukoB Urops BsiuecmaBoBuy, akagemuk PAH, MHCTUTYT AMHAMUKH CHCTEM U TCOPHH
ympasineauss CO PAH, Poccus

7. Baoumenuu Ilerp HukonaeBu4, 1.¢.-M.H., npodeccop, MOCKOBCKHI TOCYyIapCTBEHHBIH
yHHUBepcuTeT uM. JIomoHocoBa, Poccus

8. BacuaeBckmii  IOpuii  BuxrtopoBu4, a.¢.-m.H., mpodeccop, aupektop HHcTHTyTa
BBIUMCIUTENbHON MaTemaTuku uM. I'. 1. Mapuyka Poccuiickoil akagemuu Hayk, Poccust

9. Boiinuk Baabaemap, npodeccop, JIIOOIMHCKHI TeXHUYECKUi yHUBepcuTeT, [lonbina

10. I'yceB Outer UropeBuy, k..-M.H., 3aMeCTUTEIb AUPEKTOpa 10 Hay4HOH pabore UL UBT,
HoBocubupck, Poccus

11. EcekeeB Kyanbimoek BaxbiToekoBu4, coBeTHuk [Ipesunenrta Pecnyonuku Kaszaxcraw,
Kazaxcran

12. EmmammaroBa  JIuabgpy3a  baxpomoBHa, n.¢d.-m.H., 1podeccop,  TamkeHTckuit
rOCYJapCTBEHHBIN TPAHCIIOPTHBI YHUBEPCUTET, Y 30€KHUCTaH

13. KakebaeB Jlaypen bBakbiTOekysabl, wieH-koppecnionaenr HUA PK, Kazaxckuii
HallMOHAJIBHBIN YHUBEpCUTET UM. anb-Papadu, Kazaxcran

14. Umanranues Epnap UmanranueBuny, npopexrop FOKY um. Ayazosa, Kazaxcran

15. UmankynoB Tumyp CakenoBuy, Kazaxckuii HalIMOHAIBHBIN YHUBEPCUTET HM. anb-Dapaduy,
Kazaxcran

16. UcaxoB Anmnbexk AgamammmoBuy, Ka3zaxcraHcko-BpuTaHCKUMiT TEXHUYECKHI YHUBEPCHUTET,
Kazaxcran

17. Kadaunxun Cepreii UropeBuy, wieH-koppecnonaeHT PAH, MHCTUTYT BBIYUCIUTEIBHON
MaTeMaTHKHU U MaTematuieckoit reodpusuku CO PAH, Poccus

18. KanbmenoB Toinbicoexk LlapumoBuuy, akagemuk HAH PK, UHCTUTYT MaTteMaTukd U
MaTeMaTH4YecKoro MojenupoBanus, Kasaxcran

19. Kanmmoanaes Makcat HypaaniaoBuu, akagemuk HAH PK, Mactutyt UHbOpMaIIMOHHBIX U
Brrancnurensueix Texunonoruii, Kazaxcran

20. Kaaraes Aiigapxan KycynéexkoBuu, akagemuk HAH PK, Kasaxckuii HanmoHaIbHBIH
TeXHH4YecKnil yHuBepcuteT uM. Carnaesa, Kazaxcran

21. KaproaeB Tumyp CaarauHoBu4, Kazaxckuii EHCKHUH MeJarornyecKuii YHUBEPCHUTET,

w

Kazaxcran
22. Kpucro¢ Kocepan, [omurexandeckuii Mucturyt [lapmxka, Opanumst
23. KplabIpOeKyanl Aamaroexk  Bbaiaradexosuy, nupexkrop  HayuHo-uccrienoBareiabCcKoro

WHCTUTYTAa MaTeMaTHKH U MeXaHuku, Kazaxcran
24. Mampbip6aeB Opken KymakanoBu4, HCTUTYT MH)OPMAIIMOHHBIX M BBIYUCIHTEIBHBIX
TexHonorui, Kazaxcran
25. MenBenes Cepreii BopucoBuy, 1.¢.-M.H., aupexkrop ®UIL UBT, HoBocubupck, Poccust
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MujomeBuu Xpanuciaas, npodeccop, YuuepcureT [Ipumtunsl, Cepbus

MockBuueB Baaguvmup BukropoBuu, n.1.H., mpodeccop, ULl BT, HoBocubupck,
Poccus

Oapmanckuii  Makceum  AJsiekcaHapoBu4,  a.¢.-M.H., 1podeccop,  XbIOCTOHCKHIA
yauBepcutet, CIITA

Otenbaes Myxrap6aii OtendaeBuu, akagemuk HAH PK, MHCTUTYT MaTeMaTuku u
MaTeMaTU4eCKOro Mmoaeinposanus, Kazaxcran

MaBaoB Cepreit BragumupoBud, BUHHULIKUN TEXHUYECKUI YHUBEPCUTET, YKpaiHa
Ieiiman I'mBu, podeccop, Yuusepcurer IlurrcOypra, CIIA

IlectynoB Uroppr AsekceeBud, K.§.-M.H., nouent, ®UILl BT, HoBocubupck, Poccus
IMoranoB Bagum IlerpoBuy, n.1.H., mpodeccop, PUL] BT, HoBocubupck, Poccus
Horarypkun OuJer, npodeccop, Uucturyt aBromaruku u snekrpomerpun CO PAH, Poccus
Pemr Maiikn, mnpodeccop, BBICOKONPOU3BOAUTEIbHBINA  BBIYUCIHUTENBHBIA LEHTP B
ItyTtrapre, ['epmanus

Po3nep Kapua, npodeccop, TexHonoruueckuii yauBepcuteT lapmiranra, ['epmanus

Psa6ko Bopuc SxoBiaeBud, aA.1.H., mpodeccop, UL UBT, HoBocubupck, Poccus
CaabioexoB Maxmyn AoabicameroBud, akagemMmuk HAH PK, Muctutytr matematuku u
MaTeMaTU4eCKOro Mmoaennposanus, Kazaxcran

CanoBckuii Baagumup, npodeccop, Mucturyr BerurciautensHoro moaenupoanus CO
PAH, Poccus

Cmarun Cepreii, unen-koppecnonneHT PAH, Komnwtorepusiii neatp JIBO PAH, Poccus
Coiidep Bukrop, akagemuk PAH, Camapckuii TocymapCTBEHHBIH a’3pPOKOCMHYECKUM
yauBepcuteT uMm. Koponesa, Poccus

CremnkoBckuii  AJjiekcanjap, uneH-koppecniongeHT PAH, HWuacturyr  mpobiem
npoexTupoBanusi B Mukposnektpounke PAH, Poccust

Yyo6apos Jleonun bopucoBuy, 1.¢.-m.H., npodeccop, PUILl BT, HoBocubupck, Poccus
TemupoexoB Hypaan Myxanosuu, akagemuk HUA u HAH PK, Kazaxckuii HanmoHaJIbHBIN
yHUBepcuTeT uM. anb-Papadu, Kazaxcran

Tomac bBéHui, BBICOKONPOU3BOAUTENBHBIN BBIYUCIUTENbHBIM LeHTp B llryTrapre,
I'epmanus

Typuubin Cepreii, npodeccop, YHusepcurer ActoH, BennkoOpurtanus

Ypmames Baiinayaer AManraeBu4, Ka3axckuil HaMOHAJIBHBI YHUBEPCUTET UM. AJlb-
®apabu, Kazaxcran

®enopyk Muxaua IlerpoBuu, axanemuk PAH, HoBocuOupckuili rocynapcTBeHHBIH
yHuBepcutet, Poccus

Xaoamm Baram xkopax, npodeccop, YauBepcurer Makrummna, Kanana

IMaiinypos  Baagummp,  uwieH-xkoppecnonaeHT  PAH, HHCTUTYT — BBIYMCIMTENBHOTO
moaenupoBanus CO PAH, Poccus

HIpenep Boasdraur, npodeccop, RTWH Axenckuii yHuBepcutet, [ 'epmanus

Xyxaépos BaxTuép XyxaépoBuy, I.¢.-M.H., npodeccop, CamapkaHackuit
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HIGHER ORDER NUMERICAL SOLUTION OF THE INCOMPRESSIBLE
NAVIER-STOKES EQUATIONS IN MOVING DOMAINS AND
HEMODYNAMIC APPLICATIONS

YURI VASSILEVSKI! KIRILL TEREKHOV*!

IMarchuk Institute of Numerical Mathematics of the Russian Academy of Sciences, Moscow, Russia

e-mail: yuri.vassilevski@gmail.com

This work is concerned with the computational analysis of two strategies for the numerical
solution of the Navier-Stokes equations in moving domains. Computational meshes in these
domains preserve topological structure and admit movement of their nodes. Both strategies
exploit Oseen linearization of the Navier-Stokes equations resulting in a linear system to be
solved at every time step. The first strategy is based on a collocated finite volume method
exploiting the Ostrogradsky-Gauss theorem for the time-space divergence operator. The second
strategy is based on a finite element scheme for the Navier-Stokes equations written in a reference
domain. We compare the accuracy of the methods on the same sequence of meshes for a
problem with a known analytical solution. Also, we provide a comparative analysis of two
approximate solutions for hemodynamics in the right ventricle of a patient given by a time series
of computer tomography scans. We conslude the talk with applications of the first strategy to
two blood coagulation problems: clot-in-transit and clot formation due to tissue inflammation
after infarction.

Keywords: moving domain, finite volume method, finite element method, semi-implicit scheme

AMS Subject Classification: 65MO08, 65M60
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MATHEMATICAL MODELING OF A CATALYTIC CONVERTER IN
CURVILINEAR COORDINATES USING THE NAVIER-STOKES
EQUATIONS

NURLAN TEMIRBEKOV!, KERIMAKYN AINUR?
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Abstract:This article discusses the problem of numerically solving the Navier—Stokes equa-
tions, the heat conduction equation, and the transport equation in the orthogonal coordinates of
a free curve. Since the numerical solution domain is complex, the curvilinear mesh method was
used. To do so, first, a boundary value problem was posed for the elliptic equation to automate
the creation of orthogonal curved meshes. By numerically solving this problem, the program
code for the curvilinear mesh generator was created. The motion of a liquid or gas through
a porous medium was described by numerically solving the Navier—Stokes equations in freely
curvilinear orthogonal coordinates. The transformation of the Navier—Stokes equation system,
written in the stream function, vorticity variables, and cylindrical coordinates, into arbitrary
curvilinear coordinates, was considered in detail by introducing metric coefficients.

To describe the unsteady flow in the smooth, curved regions of the catalytic converter bound-
ary, the system of Navier—Stokes equations in cylindrical coordinates can be written in the
following form[1]. Since the system of equations is a stream function and the speed of the
winding are variables, the continuity equation is automatically satisfied.

ow  Ouw) = Ow) 1 9 (wy\ kp ~ Gr o
7t o T\t E () VTV rew O

V- <iw) ~w. 2)

_1oy 10y 0 Ou v (3)
e YT Tror YT or ox

Keywords: Navier—Stokes equations; incompressible fluid; catalytic converter; curvilinear coordinates; finite
difference scheme.

MSC: 76Dxx; 76D05; 76D55
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INVESTIGATION OF COMPUTATIONAL ALGORITHMS DESCRIBING
TRANSITIONAL REGIMES FOR THE UNSTEADY NAVIER-STOKES
EQUATIONS

A. K. MURATOVA!, N. M. TEMIRBEKOV?

LAl-Farabi Kazakh National University, Almaty, Kazakhstan
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan

e-mail: aluamuratoval@gmail.com

The unsteady Navier—Stokes equations describe viscous incompressible fluid flows and are
widely used in aerodynamics, hydrodynamics, and engineering applications. Transitional regimes
arising during flow start-up, changes in boundary conditions, and external forcing are of partic-
ular interest, which motivates the development of efficient computational algorithms.

We consider the unsteady Navier—Stokes equations for an incompressible viscous fluid in a
bounded domain Q C R?: .

N (707 4 Vp= LAT |
o+ (V)7 + Vp= = AV, 1)

divV =0, z€Q, (2)

where V = (u,v) is the velocity vector, p is the pressure, and Re is the Reynolds number. The
initial condition is prescribed as

V(z,0)=Vy(z), xe (3)

For the numerical investigation of transitional regimes, this work employs a time-splitting
method based on the successive computation of an intermediate velocity field, solution of the
pressure equation, and correction of the velocity field with enforcement of the incompressibility
condition [1]. The influence of the time step, spatial grid parameters, and the Reynolds number
on the dynamics of transitional flow formation is investigated. Similar numerical approaches
and bifurcation phenomena for large Reynolds numbers are discussed in [3, 2].

Keywords: unsteady Navier—Stokes equations, transitional regimes, incompressible viscous flow, time-splitting
method, numerical simulation, Reynolds number.

AMS Subject Classification: 65M06, 76D05, 76M20.
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CONTINUATION PROBLEM FOR THE ELECTRODYNAMIC EQUATION

ZHANIYA TURLYBEK®'2, KASENOV SYRYM!'2, AIGERIM TLEULESOVA!-2

LA)-Farabi Kazakh National University, Almaty, Kazakhstan
2National Engineering Academy of the Republic of Kazakhstan, Almaty, Kazakhstan

e-mail: zhaniyaturlybek@gmail.com

Electrodynamic Continuation Problem.
We consider the continuation of the horizontal component of the electric field intensity from
the boundary z = 0 into the domain . The electromagnetic field u(z, y,t) satisfies the equation

pe(z, y)u + po(z,y)ur = Au, (1)
ui=0 =0, utlg=0 =0, (2)
Uz|.—0 = g(y,t), (3)
U|y=0 = “|y=Ly =0, (4)
ul—o = f(y,t). (5)

The problem consists in continuing the solution from the boundary z = 0 into the interior of
Q.

Direct Problem. For given ¢(z,v), o(z,y), g(y,t), and boundary data u|.—o = q(y,1),
determine u(z,y,t) in the domain Q:

pe(z, y)un + po(z,y)ur = Au, (6)
ulg=o =0, wutlt=0 =0, (7)
Uz |0 = g(y, 1), (8)
u]y:o = u’y=Ly =0, 9)
uls=0 = q(y, 1), (10)

Inverse Problem. Determine the unknown boundary function ¢(y,t) from additional mea-
surements on the boundary:

U(O, Y, t) = f(yat)' (11)

Keywords: Electrodynamic continuation problem, inverse problem, direct problem, boundary measurements,
electromagnetic field. keywords which can be used for indexing purposes.

AMS Subject Classification: 35R30, 78A25, 78M10, 65M32.
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INVERSE PROBLEM OF DETERMINING THE HEAT TRANSFER
COEFFICIENT IN HYPERTHERMIA OF A CANCER TUMOR

MAKTAGALI BEKTEMESOV!, SYRYM KASENOV?
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2 Al-Farabi Kazakh National University, Almaty, Kazakhstan
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In this work, an inverse problem of determining the effective heat transfer coefficient between
a cooling system and biological tissue during hyperthermia treatment of a cancer tumor is inves-
tigated through a boundary condition. The Pennes bioheat equation is employed as the math-
ematical model, describing the transient temperature distribution within biological tissue while
accounting for thermal conduction, blood perfusion, and internal heat sources. The tempera-
ture distribution is governed by the Pennes equation supplemented with boundary conditions
representing thermal contact with the cooling system, as well as appropriate initial conditions.

The overall heat transfer coefficient U, which characterizes the intensity of heat exchange at
the tissue boundary, is treated as an unknown control parameter [1].

The inverse problem is formulated as an optimal control problem, in which the objective
is to determine the heat transfer coefficient U that ensures a prescribed temperature profile in
both tumor tissue and surrounding healthy tissue. A quadratic misfit functional is constructed to
measure the discrepancy between the computed and target temperature values at a finite number
of control points over the entire treatment time. To solve the inverse problem, a gradient-based
optimization method relying on the construction of an adjoint equation is applied. The direct
and adjoint problems are solved numerically using the finite element method in the time domain
[2].

An analysis of the convergence of the iterative process is performed, and the root mean
square error of the temperature reconstruction is evaluated. The obtained results demonstrate
the stability of the proposed approach and its effectiveness for controlling the thermal regime
during hyperthermia treatment of a cancer tumor.

Keywords: inverse problem, Pennes equation, finite element method, optimization, heat transfer coefficient.

AMS Subject Classification: 35R30, 49J20, 65N30
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STRESS STRAIN CONSTITUTIVE MODELING OF 6061 ALUMINUM
ALLOY DURING HOT DEFORMATION
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3Corresponding author
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In this study, isothermal compression tests of cast 6061 aluminum alloy were conducted at
temperatures of 350 — 500 °C and strain rates ranging from 0.001 to 1 s~! using a Gleeble-3500
thermal simulator. Based on the experimental data, a traditional Arrhenius-type constitutive
model was established to describe the flow stress behavior during hot deformation. To further
improve prediction accuracy, a back-propagation (BP) neural network constitutive model was
developed with strain, strain rate, and temperature as input variables. The prediction results
of the traditional model and the neural network model were systematically compared. The
results indicate that although the Arrhenius-type model can capture the general trend of flow
stress evolution, the BP neural network demonstrates higher prediction accuracy and stronger
capability in handling complex nonlinear relationships. The proposed neural network-based
constitutive model provides an effective and accurate approach for predicting hot deformation
flow stress and offers reliable support for numerical simulation and process optimization of
aluminum alloys.

Keywords: 6061 aluminum alloy, constitutive modeling, machine learning, flow stress
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ANALYSIS OF LOTKA-VOLTERRA MODEL DYNAMICS VIA LYAPUNOV
FUNCTIONS

DILFUZA ESHMAMATOVA'?, KAMOLA SOLIJANOVA?

ITashkent State Transport University, Tashkent, Uzbekistan
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This report provides a qualitative analysis of the fixed points of a discrete Lotka—Volterra
operator on the 4-dimensional simplex, using Lyapunov functions to characterize the global
trajectory behavior. The operator corresponds to a tournament with five cyclic triples and is

defined by
m
xﬁczxk<1+2akia¢i>, k=1,...,5,
i=1
where = (z1,...,75) € S, and the interaction matrix A = (a;) is skew-symmetric with
bounded coefficients |ag;| < 1 ([1]). The first Lyapunov function considered is the multiplicative
functional ¢@p(xz) = ' ---2£°, which becomes non-increasing under the dynamics when the

exponent vector p is chosen in accordance with the interaction structure. This function allows
us to determine the direction of trajectories and to reveal attraction to fixed points located on
the cyclic triples of the simplex.

To strengthen the analysis, we additionally introduce an entropy-type Lyapunov function

5
H(z) =— Zxk log x,
k=1

which is known to be non-increasing for discrete Lotka—Volterra operators with skew-symmetric
interaction matrices. The function H(x) strictly decreases on the boundary of the simplex,
thereby reinforcing the conclusion that trajectories tend to cyclic triples. At the same time,
H (z) remains constant at the interior fixed point, confirming its neutral stability and clarifying
the global geometric structure of the dynamics.

Together, the two Lyapunov functions give a coherent characterization of the global dynamics:
the multiplicative function ¢,(z) detects the attracting faces corresponding to cyclic triples,
while the entropy function H(x) confirms the neutral stability of the interior fixed point and
clarifies the invariance of simplex subsets. Combined, they provide a clear and unified picture
of the system’s dynamics.

Keywords: Lotka Volterra operator, Lyapunov function, fixed point,interior point, neutral stability

AMS Subject Classification: 37B25, 37C25, 37C35
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Stability and Trajectory Analysis of the SEIR Model in the
Discrete Lotka—Volterra Framework
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Nonlinear dynamical systems play a central role in the analysis of epidemiological, ecological,
and socioeconomic processes [1]. The present work [2] develops this direction by studying the
stability and geometric properties of a discrete analogue of the classical SETR epidemic model,
formulated as a discrete Lotka-Volterra (LV) dynamical system on a four-dimensional simplex
generated by a skew-symmetric interaction matrix.

Consider the 3-dimensional simplex

S ={zx=(S,E,I,R)eR*: SSEI,R>0, S+E+I+R=1}.

Its vertices e; = (1,0,0,0), e2 = (0,1,0,0), e3 = (0,0,1,0), eq = (0,0,0,1) correspond to
the compartments of the SEIR model. On this domain we consider the discrete LV operator
Vix); = l‘i(l + Z?:l aijxj), i = 1,...,4, where A = (a;;) is a skew-symmetric matrix,
a;j = —aji, |a;;| < 1. Such operators preserve the simplex, possess non-isolated stationary sets,
and generate rich invariant structures on its boundary.

Within this framework we determine invariant subsets P and (), compute the Jacobian ma-
trix of V' at stationary points, and obtain a full spectral characterization of the dynamics. This
allows us to classify all equilibria (attracting, repelling, saddle) and to describe the geometry
of convex polytopes F; associated with signatures of the skew-symmetric matrix. The corre-
sponding trajectory configurations and admissible dynamical routes along boundary strata of
the simplex are analyzed in detail.

The discrete SETR model embedded into this structure is given by

Sn+l) — S(”)(l —qE™ _— bI(”)),
Ent1) — E(”)(l +aSm _ d[(n))7
I+ = 1) (1 4 pSM) 4 gE™M) — fR(M),
RO = R (1 4 1),
where a, b, d, f describe the transmission, progression, and recovery interactions. Representing
(1) as a special case of a discrete LV system provides access to general geometric and spectral
tools for studying its invariant sets, stability structure, and global qualitative behaviour.
The results offer new insight into the dynamics of discrete epidemic models, showing how skew-

symmetric interactions naturally generate invariant manifolds and govern transitions between
epidemiological states.

(1)

Keywords: Discrete Lotka—Volterra operator, invariant set, stability, trajectory, SEIR model.
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NUMERICAL MODELING OF THE DYNAMICS OF SATURATED WATER
UNDER LOCAL CHANNEL RUPTURE
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The instantaneous rupture of channels containing saturated water at high pressure produces
complex compressible two-phase flow phenomena that are important for safety analyses in ther-
mohydraulic and high-pressure engineering systems. In this work, we develop a mathematical
model and numerical algorithm for the dynamics of saturated liquid water interacting with a
gaseous environment after a local rupture. The flow is described by the compressible Euler
equations in conservative form, coupled with a stiffened-gas equation of state for water and
an ideal-gas law for the surrounding gas [1, 2]. A two-dimensional channel with a localized
rupture window is considered, through which saturated water at 5 MPa is discharged into an
atmospheric-pressure region.

The numerical method is based on a first-order explicit finite-volume scheme with the Rusanov
(Lax—Friedrichs) flux, which provides robust shock capturing for strongly nonlinear wave inter-
actions in multiphase mixtures. The analysis focuses on the expansion and rarefaction dynamics
of saturated water, the hydrodynamic interaction with the gas phase, and the resulting ther-
modynamic changes during rapid depressurization. The obtained results reveal characteristic
nonlinear wave structures and interface dynamics consistent with recent studies on depressur-
ization of high-pressure liquids [3], demonstrating the suitability of stiffened-gas formulations
for modeling saturated-water blowdown processes.

The proposed approach can be used for accident scenario simulation, analysis of mass and
energy transport in high-pressure channels, and for studying fundamental mechanisms of lig-
uid—gas interaction arising during fast rupture events.

Keywords: saturated water, channel rupture, two-phase compressible flow, stiffened-gas equation of state, Euler
equations, finite-volume method, Rusanov flux, shock waves, depressurization, blowdown dynamics.
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GENERATIVE MODELING OF CREDIT RISK FOR SECOND-TIER BANKS
IN THE REPUBLIC OF KAZAKHSTAN
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Estimating the probability of default (PD) is a central task in credit risk management and
banking analytics. For second-tier banks in the Republic of Kazakhstan, PD modeling based on
borrowers’ financial statements is often challenged by scarce default observations in individual
segments, strong class imbalance, and heterogeneous tabular structures that combine continuous
financial ratios and categorical attributes. In this paper, we propose a compact mathematical
framework for generative modeling in PD estimation, where deep generative models augment
tabular credit datasets with high-fidelity synthetic observations while preserving dependence
structures essential for default prediction.

As an interpretable baseline, let € R™ denote the vector of financial-statement features and
related attributes, and let Y € {0, 1} indicate default. The logistic regression model is

T 1
PY=1|X=x)=0(fo+8 ) 1 —i—eXp(—(ﬂo —i—ﬂ—rx))' (1)
In low-default regimes, estimation and calibration can become unstable; therefore, we enrich
the training distribution via controlled synthetic sampling.
GAN formulation. A generative adversarial network (GAN)[1] consists of a generator Gy
and a discriminator D,,. With z ~ p, and & = Gy(2), the standard minimax objective is

i MaX Bypguia 108 Doy (2)] + B, [log(1 — Dy(Go(2)))] - (2)

For portfolio-aware PD modeling, conditional generation[2] is used to control segment and
default status. Let ¢ be a conditioning vector (e.g., industry, product type, size group, and/or
target class). The conditional GAN objective is

mein mﬁx E(z,c)fvpdata [IOg Dw (‘Ta C)] + ]EZNPZ, c~p(c) [log(l - Dw(GG(Zv 0)7 C))] : (3)

We outline an end-to-end workflow: preprocessing of financial-statement variables with ac-
counting constraints and treatment of missingness, conditional sampling to mitigate class imbal-
ance and enrich rare default patterns, and multi-criteria validation of synthetic data. Validation
combines distributional fidelity (key marginals and moments), dependence preservation (cor-
relations and conditional relations), and downstream utility via out-of-sample PD tests using
transparent baseline models (logit) and competitive machine-learning benchmarks. Overall,
generative augmentation (GAN) is positioned as a practical tool for improving PD model devel-
opment in data-scarce, imbalanced credit datasets.

Keywords: probability of default; credit risk; machine learning; synthetic data; GAN; class imbalance.
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Mathematical models of blood flow and thrombus formation in vessels are widely used to
study cardiovascular processes and to support clinical decision making [1]. In many situations,
only indirect and noisy measurements of hemodynamic fields are available at a few locations,
while the region where a thrombus originates cannot be observed directly. Recovering this region
from limited data leads to an ill-posed inverse problem that requires appropriate regularization
techniques [2, 3].

We consider a simplified hemodynamic model in a rectangular domain  C R?. The concen-
tration of fibrin ¢ (x, y,t) is governed by a linear kinetic equation of the form 9y /0t = k 6(x,y, t)
in ©Q x (0,7] with zero initial condition ¢ (z,y,0) = 0, where & > 0 is a known constant and
O(x,y,t) is the activation function of blood coagulation representing the thrombosis source. It
is assumed that the final-time distribution of fibrin ¢r(x,y) = ¥(z,y,T) is known from mea-
surements, possibly corrupted by noise.

The inverse problem consists in reconstructing the activation function 6(x,y,t) (or its spatial
profile) from the noisy final-time data. To stabilize this reconstruction, we introduce a Tikhonov-
type functional that combines the mismatch between the model prediction at ¢ = T and the
measured Y7 with a quadratic penalty term on 6. The gradient of this functional with respect
to 6 is derived using the associated adjoint kinetic problem, which is solved backward in time
with a final condition at ¢ = 7. On this basis, a Landweber-type iterative scheme (a simple
gradient method with a fixed step size) is used to approximate a minimizer of the regularized
functional.

The direct and adjoint initial-/final-value problems are discretized by finite differences on a
uniform grid in space and time. Numerical experiments are performed on synthetic test cases,
where the “true” activation function * is a localized Gaussian-type distribution and artificial
noise (up to 5%) is added to the corresponding final-time fibrin concentration. The results show
that the proposed regularized inverse method can recover both the location and approximate
intensity of the thrombosis source with acceptable accuracy. The influence of the regularization
parameter and the measurement configuration on the reconstruction quality is briefly illustrated.

Keywords: hemodynamics, thrombosis, inverse problems, Tikhonov regularization, Landweber iteration.
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DETERMINATION OF THE INTENSITY OF DISTRIBUTED
GRAVITATIONAL AND INERTIAL FORCES ALONG THE JOINTS OF A
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In the present scientific work, algorithms and program codes were developed in the Maple
2023 software environment to construct an interactive three-dimensional computer model of a
spatial RRRRRR-type manipulator controlled by generalized coordinates. As a result of
implementing the developed algorithms and program codes, three-dimensional computer mod-
els were obtained that clearly represent the manipulator’s links, their cross-sections, kinematic
pairs, as well as end-effectors and loads, differing in structure and degrees of freedom. The pro-
posed models provide full visualization from all spatial directions and allow for a comprehensive
analysis of the manipulator’s kinematic and geometric characteristics.

The spatial position parameters of the manipulator’s joints were determined based on the
Denavit—Hartenberg methodology. The kinematic parameters required for dynamic analy-
sis were calculated using the recursive Newton—Euler equations. In the course of the study,
the intensity of gravitational forces distributed along the joints due to the self-weight
of the manipulator’s links, as well as the intensity of inertial forces distributed along the
joints, was determined. The obtained dynamic characteristics make it possible to determine,
over the entire operating cycle of the manipulator, the intensity of gravitational and inertial
forces distributed along the joints of the interactive RRRRRR manipulator in motion.

Keywords: Manipulator, distributed inertial forces, intensity, cycle, distributed gravitational forces
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NUMERICAL MODELING OF SOME PROBLEM OF FINANCIAL
MATHEMATICS
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This article examines the calculation of the option price V (¢, z), the stock price z(t), and
the optimal stopping (execution) time 7; (= t) over both finite and infinite time horizons. It
then delves into determining a fair value for American-style options, leveraging the optimal
stopping time within the framework of diffusion processes in stock markets, represented by
(B, S). Additionally, the article explores the pricing of European-style options, starting with
the buyer’s perspective and then transitioning to the seller’s viewpoint. The problems are
solved either analytically, when the optimal stopping time is pre-determined, or numerically
using methods like the sweep method and finite element techniques.These methods are applied
by reducing the problem to Stefan’s problem, where Y*(¢, x) represents the rational option value,
77 indicates the rational execution time, and x*(t) corresponds to the rational stock price.

Keywords: option prices, stock prices, equity diffusion markets, options of American and European types,
Stefan’s problem, numerical modeling.
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CROSS-VALIDATION FOR ROBUST BCI DESIGN
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Motor-imagery brain—computer interfaces (BCIs) depend on interpreting electroencephalog-
raphy (EEG) signals, and in rehabilitation tasks this interpretation must be stable and trustwor-
thy [1]. One of the classical techniques that researchers still rely on is the Filter Bank Common
Spatial Patterns method (Filter Bank CSP). Although it is widely used, its real-world imple-
mentations vary quite a lot. In some cases, Independent Component Analysis (ICA) is used only
partially. In other cases, feature selection is organized in a way that unintentionally exposes
information from the test set [2]. Besides that, the validation process sometimes produces folds
where the classes are not evenly represented. When several of these issues appear together, the
final accuracy does not show the actual performance of the method [3].

To minimize the influence of these factors, an adjusted version of the Filter Bank CSP pipeline
is introduced. The updated workflow uses nested stratified cross-validation, which helps maintain
class balance and improves the fairness of the evaluation. ICA components linked to artifacts
are removed automatically by paying attention to their spatial activity in frontal regions and
to sudden changes in amplitude. Performance is expressed through accuracy and the Cohen’s
Kappa coefficient (Kappa). When the method was tested on the BCI Competition IV-2a dataset,
the average accuracy reached 81.8%, and the Kappa value was 0.757 [4]. Compared to the
original Filter Bank CSP implementation by Ang and colleagues, who provided the winning
solution for BCI Competition IV-2a, this represents an improvement of 7.5 percentage points.
The results generally indicate that the way the evaluation is organized often has more influence
on the final outcome than adding extra complexity to the algorithm itself [5].

The revised pipeline may serve as a practical reference for later studies on motor-imagery
signal classification.

Keywords: Brain—-Computer Interface, Motor Imagery, Electroencephalography, Filter Bank Common Spatial
Patterns, Nested Stratified Cross-Validation
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Breast cancer remains one of the leading causes of morbidity and mortality among women in
Kazakhstan. According to official statistics, 5,507 new cases and more than 1,000 deaths were
recorded in 2023 [1]. Mathematical modeling plays a crucial role in the analysis of tumor growth
dynamics and the evaluation of treatment efficacy. However, identifying model parameters from
clinical data leads to ill-posed and inverse problems that require robust numerical approaches.

The growth dynamics of breast cancer are described using a logistic growth model [2]:

av (t) V(t)
5 = aV(t) (1 - K) , (1)

where V() denotes the tumor volume (mm?), « is the intrinsic tumor growth rate (day~!),
and K represents the carrying capacity corresponding to the maximum tumor volume (mm?).
The analytical solution is given by

B K

- Y
1+ (7}{;0\/0) e—ot

where Vp = V(0) denotes the initial tumor volume.

The reconstruction of the parameter vector § = (a, K, V}) from clinical observations consti-
tutes an inverse problem. Due to the inherent instability of inverse problems, optimization-based
approaches will be employed for parameter estimation. Both deterministic and stochastic tumor
growth models will be considered to estimate and compare model parameters and to assess their
impact on tumor growth dynamics.

This approach aims to provide more accurate individualized prognostic models for oncological
patients.

V(t)

(2)
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Abstract. In this work, the equation of motion for the seven-planet TRAPPIST-1 exoplanetary
system, which has variable, non-isotropic masses and reactive forces, is derived in the absolute, relative,
and, specifically, the Jacobi coordinate systems.

1. INTRODUCTION

A dynamic description of the variable mass N-body problem is a pressing issue for investigating
phenomena such as stellar mass loss in astrophysical systems or the motion of space vehicles [1].
While most traditional approaches to studying N-body dynamics utilize relative coordinates,
this method becomes increasingly complex as the number of bodies increases. The equations of
motion in Jacobi coordinates for the N-body problem with masses changing isotopically have
been previously obtained [2].

The main feature of this work is the first-time derivation of the generalized equations of motion
in Jacobi coordinates for the seven-body problem with masses changing in a non-isotropic way.
The practical significance of this research lies in the application of these derived equations
to a specific astrophysical system. Specifically, the study is centered on the TRAPPIST-1
exoplanetary system [3]. By utilizing Jacobi coordinates, the dynamical stability and evolution of
this seven-planet system are investigated in detail. The results enhance computational efficiency
in theoretical N-body calculations and allow for the construction of more precise dynamical
models for complex exoplanetary systems like TRAPPIST-1.

2. EQUATION OF MOTION IN JACOBI COORDINATES

The bodies attract one another in accordance with Newton’s law of universal gravitation. Due
to the variable nature of the masses, reactive forces arise, significantly complicating the problem.
Based on the equation of relative motion and employing geometric methods for defining material
points and their properties, the formula for transitioning to Jacobi coordinates is expressed as
follows.

i—1
P=Ri— Y vy, i=1,2,...,7 (1)
j=0

J
() =i )
where v; = v;(t) = s 0 = Mo —I—kzl my;
7; — radius vector in Jacobi coordinates and 7y = 0.
Thus, for a specific seven-planet system, we obtain the equations of motion in Jacobi coordi-

nates based on formula (1):
pits = grady,U — p;®; + piF; (2)
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Where U — force function:

mgmyg . .
U= —
>3 o 17 (3)
17]
1 — reduced masses:
i ,
Wi = pi(t) = m; ;'1 =vyioi1, 1=1,2,...,7 (4)
K3
. 7 .
b= @i+ b =127 (5)
i=1
F — Reactive forces for the first, second, and respectively, seventh body:
Fr=" - 0%, #o, (6)
mq mo
A <mzv2 _ mogb> o (qu _ movo> 20 (7)
ma mo my mo
A <m7v7movo> e (%767%0%) N (Wﬁlmogb) 40 (8)
my mo me mo m1 mo

New equations of motion in Jacobi coordinates were developed for the seven-body TRAPPIST-
1 system. These are applicable for investigating non-stationary gravitating systems.

Keywords: Astrophysical systems, non-isotropic mass variation, Jacobi coordinates, reactive forces, barycentric
coordinates, perturbation theory, TRAPPIST-1, quasi-elliptical orbit.
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Post-industrial cities in Kazakhstan are characterized by accumulated environmental impacts
caused by long-term mining and processing activities. For many years, the lack of integrated and
scientifically grounded assessments of environmental conditions and public health constrained
the adoption of effective management and social policy measures, highlighting the importance
of research supporting governmental decision-making.

In 2019-2020, Ecoservice-S LLP conducted a comprehensive assessment of environmental
conditions and public health in the city of Kentau and adjacent settlements, commissioned
by the local administration. The study aimed to substantiate the potential classification of the
territory as a zone of ecological emergency in accordance with national environmental assessment
criteria. The interdisciplinary methodology combined field and laboratory studies of air, soils,
and water resources, assessments of radiological, geochemical, and hydrogeological conditions,
medical-statistical analysis, and GIS-based spatial analysis.

The results identified persistent environmental degradation, including widespread heavy-metal
soil contamination, dust transport of polluted particles, and combined environmental and ge-
ological risks consistent with the criteria of an ecological emergency zone. The findings were
submitted to authorized governmental bodies and used in decision-making processes. In 2024,
the industrial zone of Kentau was officially designated as a zone of ecological emergency un-
til 2075, resulting in a special environmental management regime and social support measures
for the population. In 2025, the results of the scientific assessment conducted by Ecoservice-S
LLP were reflected in amendments to the legislation of the Republic of Kazakhstan, formally
establishing the legal status of the population residing within this zone.

In 2023-2024, a similar methodology was applied to the cities of Zhezkazgan and Satpayev and
settlements of the Ulytau district, including the development of an environmental geoinformation
system and a monitoring framework. The results indicate complex environmental conditions in
several areas and are currently undergoing staged governmental review.

These projects demonstrate that comprehensive scientific assessment provides an effective ba-
sis for environmental policy and social protection decisions and can be applied in future projects
focused on monitoring, territorial rehabilitation, and the integration of scientific evidence into
governmental decision-making.
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In the context of increasing requirements for the efficiency of mineral exploration, the integra-
tion of heterogeneous geological, geophysical, and remote sensing data using modern analytical
approaches has become increasingly important. This study develops and tests an approach
to the integrated assessment of source data for ore-bearing territories within a unified digital
information environment.

The methodology is based on a structural-hierarchical analysis framework, in which input
data are considered as a system of indicators of different origin and significance, ranging from
deep structural and tectonic factors to surface features identified from Earth remote sensing
data. The initial dataset includes spatial and attribute geological, geophysical, and geochem-
ical information, as well as satellite observations and derived spectral indices. All data are
standardized and integrated into a specialized geological information system.

At the next stage, the informativeness of individual indicators and their relationships with
known ore objects are evaluated using analytical and modeling approaches aimed at identifying
spatial patterns and the relative significance of ore-controlling factors. The analysis is conducted
without rigid a priori criteria, allowing both universal indicators applicable to different types of
mineralization and specific factors reflecting individual ore-forming systems to be considered.

Special attention is given to structural control, geodynamic setting, and lithological-formational
conditions as key factors influencing ore potential, as well as to the role of remote sensing data
in spatial refinement and preliminary prospectivity assessment. The preliminary results demon-
strate the feasibility of integrated use of heterogeneous datasets for evaluating ore potential and
identifying areas with increased mineralization probability.

The proposed approach is universal in nature and can be adapted to a wide range of tasks
related to mineral prospectivity assessment. The methodology may serve as a basis for the
further development of intelligent geoinformation systems supporting decision-making in mineral
exploration and subsurface resource management.

Keywords: Keywords: ore prospectivity, data integration, geological information systems, remote sensing,

mineral exploration.

AMS Subject Classification: 86A05.

REFERENCES

[1] de By R. A. (ed.), Principles of Geographic Information Systems, ITC, Enschede, 2001.

[2] Shcherba G.N., The Great Altai, Almaty, 1998.

[3] Maslennikov V.V., Ore Localization Factors and Prediction Criteria of Gold Deposits in Black Shale Se-
quences (Eastern Kazakhstan), Tomsk, 1998.

33



ANALYSIS AND SYNTHESIS OF GEOLOGICAL DATA FOR RARE-METAL
OBJECTS OF EASTERN KAZAKHSTAN

IGOR POEZHAEV!

1Ecoservice-S LLP, Almaty, Kazakhstan

e-mail: ipoyezzhayev@gmail.com

Based on the analysis and systematization of data on rare-metal objects of Eastern Kaza-
khstan, a comprehensive integrated database is at the final stage of preparation within the
project “Methods and technologies for prospecting and evaluation of mineral deposits using
artificial intelligence.” The database includes information on host and ore-generating rocks,
geochemical, structural, mineralogical, and petrochemical indicators of rare-metal mineraliza-
tion, as well as object parameters and prospecting criteria. More than 260 objects have been
identified, ranging from medium-sized deposits to mineralization points.

Rare-metal mineralization of Eastern Kazakhstan is represented by ore-bearing formations of
the Kalba—Narym belt, including rare-metal pegmatites (Ta, Be, Nb, Li, Sn, REE), greisen—
quartz vein Sn—W formations, and albite—greisen Sn—Ta—Li metasomatites associated with con-
cealed granite intrusions.

Prospecting criteria suitable for encoding as ore-potential indicators in Al-based correlation
matrices have been identified. The main controlling factors are deep magmatic feeder faults of
northwest and latitudinal strike and their intersections with northeast-trending strike-slip faults,
which control the central parts of ore-bearing massifs. Under stable tectonic conditions, weakly
mineralized or barren massifs formed despite compositional similarity to ore-bearing intrusions.

Pegmatite mineralization is genetically related to granitoids of the Kalba complex (P1), while
hydrothermal tin—tungsten mineralization is associated with the final stages of granitoid em-
placement of the Kalba and Monastyrsky complexes (P2). Lithological control is provided by
chemically favorable host rocks, mainly shales of the Takyr Formation (D3).

Geochemical indicators of mineralization include Cu, Zn, Ti, B, F, P, Be, Li, Sn, and W. The
rare-metal potential of Eastern Kazakhstan is not limited to known deposits and includes albitite
metasomatites, contact—-metasomatic Sn—W mineralization, and Kalba granitoids overlain by
Cenozoic sediments northwest of the Delbegetey massif.

Keywords: rare-metal mineralization, geological database, mineralogical indicators, ore prospecting, Eastern
Kazakhstan.
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This paper addresses a geochemical inverse problem aimed at reconstructing an unknown sub-
surface distribution from surface measurement data. The problem is formulated as a Fredholm
integral equation of the first kind, which belongs to the class of ill-posed problems and is highly
sensitive to measurement noise.

Three numerical approaches are employed to solve the problem: the classical Galerkin method,
the Galerkin method combined with Lavrentiev regularization, and a method based on Singu-
lar Value Decomposition (SVD). The discretization of the integral equation leads to a poorly
conditioned system of linear algebraic equations. To ensure stability, the influence of regulariza-
tion techniques and singular value truncation is investigated. The performance of the proposed
methods is evaluated through numerical experiments with artificially perturbed data, allowing
a comparative analysis of their stability and reconstruction accuracy.

The results demonstrate that the classical Galerkin method is highly sensitive to noise,
whereas the Lavrentiev-regularized Galerkin method and the SVD-based approach significantly
improve the stability of the solution. The accuracy of the reconstructed solutions is assessed and
their physical meaning is interpreted within a geochemical context. The proposed methodology
proves to be an effective numerical tool for solving geochemical inverse problems governed by
the Fredholm integral equations.

Keywords: Fredholm integral equation, inverse problems, Galerkin method, Lavrentiev regularization, singular
value decomposition, geochemical modeling
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The Kalman filter is an optimal recursive estimation algorithm based on the combination of
a dynamic process model and measurement data, taking into account the statistics of noise. Its
key state correction operation is formalized by the expression

T =2, + Ky (2 — Hiyp ), (1)
where the innovation term ensures the minimization of the mean squared estimation error. Due
to its adaptive nature and consideration of the covariance properties of the data, the Kalman
filter preserves the structural features of signals and geophysical images, providing high accuracy
while suppressing noise artifacts.

The Butterworth filter is a classical frequency-domain low-pass filter with a monotonic amplitude-
frequency characteristic, ensuring maximally smooth behavior in the passband. Its transfer

function is defined as ]

2n?
1+ (2)
which guarantees the absence of ripples and stable suppression of high-frequency components.
The application of the Butterworth filter results in uniform smoothing of geophysical data and

significant reduction of high-frequency fluctuations, making it an effective tool for preliminary
data processing prior to subsequent automated analysis.

[H(w)[” = (2)

Keywords: Kalman filter, Butterworth filter, geophysical data, image filtering. keywords which can be used for
indexing purposes.
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In the geological study area, geochemical samples n were collected at the coordinates
x; = (i, y;). For each sample, the measured concentration of the target component (of the

elements n) z(x;) was obtained. For each point of the given computational grid xR (xé, yE),
the following quantities must be determined: the predicted value of the target component
2(x0) and the kriging variance 0% (xo), which characterizes the uncertainty of the prediction.
These quantities are computed using geostatistical methods.

The purpose of the study is to develop models and algorithms that identify spatial anomalies
in geological objects, interpolate component concentrations, and precisely localize anomalies
using geostatistical approaches and machine learning methods.

During the study, geochemical data were preprocessed and the coordinates normalized.
Spherical and Gaussian variogram models were used to describe the spatial dependence
between samples. Based on these variograms, Ordinary Kriging interpolation was performed
and predicted values and kriging variances were obtained at the grid points [1]. The accuracy
of the models was evaluated using the Leave-One-Out cross-value method. In addition, spatial
associations of gold with other elements were identified using graphical and multivariate
analysis techniques [2].
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Machine learning algorithms can be used to analyze and synthesize historical geological
data in conjunction with mathematical geophysics and geochemistry, as well as Earth remote
sensing (ERS) data [1]. The development of geographic information systems (GIS) for such Big
Data, followed by processing using artificial intelligence methods, offers unique opportunities
for more accurate mineragenic zoning and forecasting of ore-prospective territories in Eastern
Kazakhstan, significantly increasing the efficiency of geological exploration. One area of such
research is based on the construction of mineragenic models, which represent a mathematical
or computer visualization of the geological space formed as a result of chemical interactions
occurring in the Earth39;s crust. It is used to explain the spatial distribution of mineral
deposits, ore processes in the Earth39;s interior, and the geochemical migration of chemical
elements in rocks. Minerogenic models can incorporate various parameters, such as the
geological structure of the studied areas, their geophysical and geochemical fields and anomalies,
patterns of mineralization localization, and chemical element concentrations in ore and near-ore
environments, as well as Earth remote sensing data. These models can serve as test objects
that allow us to understand the origin and evolution of geological and ore formations, as well
as predict the mineragenic characteristics of geological space. A series of experiments aimed at
determining the presence of minerals within the test object allowed us to predict ore-promising
areas. GIS technologies based on the ArcGIS platform were used to analyze the obtained
data in spatial and temporal aspects. The result of these studies was the development of a
distributed, integrated geoinformation technology that enables the processing and analysis of
geological data for a more effective assessment of predicted resources.
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The reconstruction of the spatial distribution of geochemical data is a key task in mineral
exploration, especially for the prediction of gold-related anomalies. This study aims to apply
the Radial Basis Function (RBF) interpolation method to restore the spatial distribution of
Au, Al, Ag, Sb and Hg elements, to predict their values at 50,000 new coordinate points, and
to construct a combined geochemical anomaly index based on all elements.

The RBF interpolation is expressed as

N
fay) =Y ne(Ve =2+ —uP). 1
=1

where (z;,y;) are observation points, \; are weighting coefficients, ¢(r) is a radial basis function,
and N is the number of measurements.

For each element, spatial fields were reconstructed on a dense grid of predicted points. The
obtained results were normalized and integrated into a combined anomaly index:

Atotal = W1 Ay + w2 A +w3Aag +wiAsy +wsApy. (2)
The results show that Ag, Sb and Hg exhibit strong spatial correlation with Au anomalies,
forming distinct prospective mineralization zones. The proposed approach demonstrates that

RBF interpolation is an effective tool for multi-element geochemical anomaly prediction and
integrated spatial analysis in gold exploration.

Keywords: RBF interpolation, geochemical anomaly, gold (Au), silver (Ag), antimony (Sb),
mercury (Hg), spatial prediction.
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Ecoservice-S LLP conducts research within the project “Methods and technologies for min-
eral deposit prospecting and evaluation using artificial intelligence,” aimed at developing an
integrated mapping methodology for identifying promising ore-bearing areas within a test re-
gion.

The test area includes the Aleisk—Ashalinskaya polymetallic subzone, the Priirtysh and Kalbinskaya
rare-metal subzones, and the West Kalbinskaya gold-bearing subzone, covering approximately
49,000 km?. The study focuses on gold, rare-metal, and polymetallic mineralization.

The main objective was the collection and systematization of archival geological materials and
scientific publications, as well as the preparation of standardized memos and attribute tables for
further analysis. Archival reports were examined at the Vostkaznedra Department archive, and
additional data were obtained through open-access sources and formal requests to the Regional
Center for Geological Information (Kazgeoinform LLP).

For each deposit or occurrence, a standardized memo was compiled using primarily textual
materials from archival reports. These memos formed the basis for attribute tables processed in
ArcGIS Pro and Excel.

The Alexandrovsky gold prospect was analyzed as an example of data systematization. Rel-
evant reports related to the Kuludzhun ore field were identified, and key information was trans-
ferred into standardized memos with an assessment of data completeness.

As a result, structured information on gold deposits and ore occurrences was compiled, form-
ing a unified data basis for subsequent analytical stages and further application of artificial
intelligence methods.
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AMS Subject Classification: 86A25, 86A05.

REFERENCES

[1] East Kazakhstan Region. Gold. Reference Book. Ust-Kamenogorsk, Kazakhstan.
[2] Shcherba G.N. The Great Altai. Almaty, 1998.

The research is funded by the Science Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. BR27100483) “Development of predictive exploration technologies for iden-
tifying ore-prospective areas based on data analysis from the unified subsurface user platform ‘Minerals.gov.kz’
using artificial intelligence and remote sensing methods”.

40



EVALUATION OF RADIOACTIVITY FOR PROSPECTING AND
EXPLORATION OF ORE DEPOSITS IN THE KALBA-NARYM
RARE-METAL ZONE

PAVLIN KAYUKOV?!

IEcoservice-S LLP, Almaty, Kazakhstan

e-mail: kayukovp@mail.ru

The Kalba—Narym rare-metal ore zone is included in a scientific research program of the
Ministry of Science and Higher Education of the Republic of Kazakhstan aimed at developing
predictive and prospecting technologies based on data from the unified subsoil-use platform
Minerals.gov.kz using artificial intelligence and Earth remote sensing methods. According to
the Technical Assignment, digital datasets for a test site, including information on geological
radioactivity, are required for pilot system operation.

Analysis of archival geological reports showed that the most complete information is avail-
able mainly for geology (lithology, metasomatism, tectonics), geochemistry, and ore geophysics
(magnetic and electrical surveys), while gravity surveys, aerospace data, and radiometric in-
formation are poorly represented. Radiometric surveys, although mandatory during large-scale
prospecting, are often mentioned only in the context of uranium exploration, usually without
analysis of their effectiveness.

According to studies by JSC Volkovgeology, within the Kalba—Narym zone (about 29.5 thou-
sand km?), 42 uranium and thorium deposits and occurrences have been identified, and approx-
imately 4.6 thousand km? of areas with elevated radioactivity have been delineated. This paper
presents an assessment of the radiological state of the subsurface and aquifers at the Sarymbet
deposit, demonstrating the effectiveness of radiometric investigations.

The results indicate that geological and structural formations characterized by increased ra-
dioactivity can be considered indicators for prospecting, primarily for rare and rare-earth el-
ement deposits. At the same time, the extraction and processing of such ores require careful
consideration of radiation safety issues during and after mining operations.
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This study presents an integrated workflow for predictive subsurface modeling based on mul-
ticomponent geospatial data and artificial intelligence methods. USGS and NASA satellite
datasets, combined with local geological sampling points, were processed in ArcGIS to generate
spatially meaningful raster and vector features, including terrain derivatives, spectral indices,
lithological attributes, and structural proximity metrics. During the feature engineering stage, a
unified machine-learning-ready dataset was created, followed by systematic division into training
and test subsets. Several machine learning models, such as Random Forest, Gradient Boost-
ing, and neural networks, were examined to predict mineralization indicators at different depths
(100 m, 200 m, and 500 m). A three-dimensional spatial grid was constructed to enable depth-
oriented prediction, resulting in continuous predictive raster outputs. The generated predictive
maps were exported in GIS-compatible formats, including GeoTIFF and shapefile. The results
demonstrated that integrating multispectral remote sensing data, terrain derivatives, and geo-
logical features significantly improves the ability to predict subsurface anomalies. The proposed
workflow provides a scalable methodology for identifying zones with increased mineralization
potential and can be adapted to different study regions and target elements.

Keywords: Geospatial data, Subsurface modeling, Machine learning, ArcGIS, Remote sensing, Mineralization
mapping.
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Interpolation is an important tool in geology and geochemistry for estimating the concen-
tration of minerals, such as gold, in areas where direct measurements are not available. The
use of interpolation methods allows for the construction of continuous models of concentration
distribution based on point sample data. Among the most common methods are: IDW (Inverse
Distance Weighting) — which applies inverse distance weighting; Kriging methods (Ordinary
Kriging, Universal Kriging) — statistically based approaches that take into account the spatial
correlation of data, which is evaluated using a variogram, allowing the dependence of value
differences on the distance between points to be determined and the prediction accuracy to be
assessed.

Applying interpolation methods provides the following results: a map of gold concentration
distribution in unknown points; identification of zones with a high probability of gold occurrence
(anomalous areas); quantitative assessment of prediction accuracy using the variogram and
confidence intervals.

The application of these methods in mineral exploration allows for the optimization of drilling
plans, reduction of costs, and increased efficiency in the search for gold deposits.
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In the context of modern geological exploration, where the role of scientific forecasting is
steadily increasing, effective prediction of geochemical anomalies, such as mineral concentrations,
has become one of the key challenges.

To address the problem of predicting gold content at newly generated points within a given
area, a geochemical analysis dataset is used. The data include the geographical coordinates (lon-
gitude and latitude) of geochemical sampling points and the corresponding gold concentration
values ¢;. These data were obtained through field investigations and are represented as discrete
points on a geographical map.

The objective of this study is to predict gold concentrations at new locations where gold
content data are unavailable, based on existing geochemical data. To solve this problem, a
multilayer perceptron (MLP) is employed—a neural network trained on the available data and
used to predict gold concentrations at new points.

One of the main challenges in applying neural networks is the low correlation between the
input data (coordinates) and the target variable (gold concentration), which complicates the
identification of hidden patterns and reduces prediction accuracy [2].

To improve prediction accuracy, data preprocessing is performed using feature transformation
methods, in particular anisotropy-based transformations, which allow spatial dependencies and
directional variability of geochemical indicators to be taken into account. This enhances the
relationship between the input and output variables and improves the quality of predictions [2].

The aim of this work is to increase the accuracy of gold content prediction using multilayer
perceptrons trained on preprocessed data. The results demonstrate that the application of
anisotropic preprocessing significantly improves prediction accuracy at new locations lacking
geochemical data and contributes to increasing the efficiency of geological exploration activities.
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In this work, we implemented preprocessing of geophysical raster data, focusing on noise and
artifact removal using a convolutional neural network (CNN). The main objective was to en-
hance the quality of magnetic survey images and extract a numerical magnetic field intensity
map (nT) from raster formats such as JPG, PNG, and TIFF. At the initial stage, the average
image dimensions were computed and used to standardize all inputs to a unified resolution,
ensuring consistent processing across datasets with varying geometry. The images were nor-
malized, artificially noised for training purposes, and then fed into a CNN consisting of two
convolutional layers and a reconstruction output layer [1, 2].

The trained CNN successfully removed noise while preserving the structural features of mag-
netic anomalies, which was confirmed both visually and quantitatively. For each sample, PSNR
and SSIM metrics demonstrated high-quality reconstruction and structural similarity to the
original clean data. Comparative visualizations of the original, noisy, and denoised images were
produced, allowing a clear assessment of the model’s impact on the magnetic field structures. In
addition, trained CNN filters and activation maps were extracted and visualized, showing that
the network learned characteristic geophysical textures and boundary patterns associated with
magnetic anomalies.

After the denoising stage, the processed images were resized to match a reference PNG tem-
plate and converted from RGB format into numerical magnetic field values using a calibration
function. To ensure correct integration with geospatial workflows, georeferencing information
(GeoTransform) and the coordinate reference system (CRS) were inherited from the original
GeoTIFF, enabling the generation of a spatially accurate magnetic field product. The final
outputs included denoised magnetic images, a magnetic field intensity map, a CSV matrix of
extracted values, the training history, PSNR/SSIM quality metrics, and visualizations of the
CNN'’s internal layers.

Keywords: cnn, machine learning, geophysical data, magnetic data, data extraction, data preprocessing.
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ARCGIS PRO-BASED MULTILAYER FEATURE ENGINEERING FOR
MACHINE LEARNING PREDICTION OF GOLD MINERALIZATION
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This study presents a geospatial-machine learning framework for predicting gold mineral-
ization using multilayer feature engineering developed in ArcGIS Pro. The study area was
divided into four mineragenic subzones, and a unified database of verified mineral occurrences
and background samples was constructed.

A high-resolution digital elevation model (DEM) was reprojected into WGS 84 / UTM Zone 45N,
enabling extraction of key geomorphological attributes such as slope, curvature, and structural
edge indicators [1]. Spatial predictors were integrated into a Python-based workflow using
pandas, numpy, and scikit-learn [2].

Several supervised machine learning models were evaluated using cross-validation procedures.
Future work planned for 2025-2026 includes the incorporation of regional geochemical datasets,
interpolated geochemical surfaces, and advanced DEM-derived metrics such as topographic po-
sition index (TPI), terrain ruggedness index (TRI), and surface roughness.

Benchmarking of modern machine learning architectures [3] will support the development of
a reproducible and scalable mineral prospectivity mapping pipeline suitable for regional gold
exploration.

Keywords: gold mineralization, ArcGIS Pro, geospatial feature engineering, machine learning, DEM analysis.
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ALGORITHMS FOR PROCESSING AND ANALYSIS OF GEOCHEMICAL
DATA
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The work is devoted to the development and testing of algorithms for processing and analysis
of multivariate geochemical data arising in mineral exploration. The main goal is to construct
predictive models for the contents of target elements and to quantify the influence of geochem-
ical indicators. The data set consists of several hundred samples with geographic coordinates
and concentrations of major, trace and rare-earth elements. Preprocessing includes format har-
monisation, removal of non-informative variables, detection and treatment of missing values,
transformation of strongly skewed distributions and scaling of numerical features.

A set of regression models is investigated, ranging from classical statistical approaches [2] to
modern machine-learning algorithms, including linear and regularised regression models as well
as tree-based ensemble and other nonlinear methods [1, 3, 4] . Model performance is evaluated
using train—test splits and cross-validation with the coefficient of determination R? [2]

and complementary error metrics. Feature-importance measures are employed to identify
the most informative geochemical indicators and to reveal geochemical associations related to
elevated contents of target elements [1, 4].

Preliminary results indicate that purely linear models are not sufficient to capture the complex
relationships present in the data, whereas nonlinear and ensemble approaches provide more
stable, though still limited, predictive ability [1, 2, 3, 4] . The proposed methodology forms a
flexible framework that can be further extended by incorporating spatial validation schemes and
additional geological features and can be applied to different geochemical exploration datasets.

Keywords: geochemical data, predictive modelling, regression, ensemble methods, feature
importance, mineral exploration.
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N CIIOJIb30BAHUEM IIPEJIBAPUTEJIHLHON OBPABOTKI BXOIHBIX
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[Mocnenuue necaTuieTrst XapakKTEPU3YIOTCsT TIOCTOSTHHBIM POCTOM ITOTPEOJIEHUST MIHEPAJTHLHOTO
cbipbst. Hapsiny ¢ KoJIM4ecTBEHHBIM POCTOM PACIHIMPSIETCS M HOMEHKJATypa MoTpeb/isieMoro
ChIpbst: B cdepy MPOMBINLIEHHOTO MOTPEeOJIEHNsT HEIPEPhIBHO BOBJIEKAIOTCSI BCE HOBBIE BUJIBI
MOJIE3HBIX MCKOMAEMBIX, KOTOPLIE CTAHOBATCS OCHOBOM TEXHIMYIECKOTO U NHHOBAIIMOHHOTO PA3BUTUS
MHUPOBOI SKOHOMUKU. B TAKWX YCJIOBUAX PE3KO BO3PACTAET POJIb HAYIHOTO TPOTHO3UPOBAHUS
JIJIsI TIOMCKA HOBBIX MECTOPOXKJIEHUN, 9TO TPEOYeT IIOCTOSHHOTO COBEPIIIEHCTBOBAHUS METOJOJIOTUI
U IpUMEeHEeHUs] HOBBIX TEXHOJIOTHH JJIsT aKTUBU3AIINN BO3MOYKHOCTEN COBPEMEHHBIX ITPOTHO3HO-
MTOMCKOBBIX METOJIOB.

Orpomublit 00bEM HHGOPMAIUN U HEJIOCTYITHOCTH OOJIBIITUHCTBA M€OJIOTHIECKUX OOBEKTOB U
IPOIECCOB JIJIsi HEOCPEICTBEHHOIO HAOJIIO/IeHNs (KaK B IPOCTPAHCTBE, TAK U BO BPEMEHN) JIEJTAIOT
HEOOXOIUMBIM IIPUMEHEHNE MATEMATUIeCKUX MeTOJIOB B reosyoruu. OJHON U3 MePCHeKTUBHBIX
TEXHOJIOTHH, y2Ke IMOKa3aBIINX CBOM BO3MOYKHOCTHM IIPU MOJIEIMPOBAHUN MECTOPOXKIEHWH m
[IOCTPOEHUU TTUQPPOBBIX MOJIEJIEl MECTHOCTH, SBJISIIOTCH METOJbl M TEXHOJIOI'MU MCKYCCTBEHHBIX
Heiiponnbix cereit (MHC).

B orsmnyne or n3BecTHBIX CIIOCOOOB MOJEINPOBAHUS MECTOPOXKIEHUIT, MATEMATHIECKHUIl allliapar
HUCKYCCTBEHHBIX HEHPOHHBIX CETell MO3BOJISIET HOJYINTh 00jiee OObEKTUBHYIO ITPOTHOZHYIO OIEHKY
HCCJIEJLYEMOT'O T'€0JIOIMYECKOI0 00beKTa, YTO CIOCOOCTBYET IIEPEXOJy Ha Ka4eCTBEHHO HOBBIN
YPOBEHBb 00PAOOTKM PE3Y/IbTATOB MHXKEHEPHO-T'EOJOTMIECKUX M3bICKAHUN U MUHUMU3AINH 00bEMA
PYYHOI'O TPYy/a IIPU aHAJN3E U IIPeoOpa30BaHIK OOJIBIIINX MACCHBOB I'e0JIOrMYecKoil nHbOpMaIuy.

OpanMu 3 HamboJiee OBICTPO PA3BUBAOIIMXCSI HEHPOCETEBBIX TEXHOJIOIUIl JIJIsi PEelleHusT
3a/1a9 BBISIBJICHUS U MIPOTHO3UPOBAHUS I'€OXUMUYIECKUX AHOMAJIUI SBJISIIOTCS MHOT'OCJIOMHBIE
[IEPCENTPOHBI, ITO3BOJISIONINE ITPOrHO3MPOBATH IEOXMMHUYECKUE IIOKA3aTeIu, MOJIEJIMPOBATH
MPOCTPAHCTBEHHOE PACIPEIC/ICHIE JIEMEHTOB U CTPOUTD JBYMEPHBIE U TPEXMEPHBIE I'€0JIOTTIEeCKUE
MOJIEJIN.

O/iHako BO3HHUKAIOT —OIPEAEIEHHBIE TPYAHOCTH HEIMOCPEJICTBEHHOTO  HCIOJIB30BaAHUS
FeOJIOTUYIECKUX JAHHBIX JIJIsi UX 00pPabOTKM MHOTOCJIOWHBIMU TepcenTponamu. IIpobiiemoit
0oOyUeHUsT MHOT'OCJIOMHBIX II€PCEIITPOHOB JIjId PEIIeHUs 3aJa9 MPOrHO3UPOBAHUS Ha MAaJIOM
kosmuectse janabix tuna (Xi, Yi, Ci), rme (Xi, Yi) — reojesndeckue KOOPJUHATHI TOYKHU
reoxuMmIeckoro ompobopannst, a Ci — pe3ysibTaTbl T€OXUMUYIECKOTO OIMPOOOBAHUS, SIBJISETCS
MOJTyYeHNe CUJIBHO YIIPOIIEHHBIX PEITeHnil 33124 TPOrHO3UPOBAHUS.

[TostyueHnue yHPOIMIEHHOIO pEIIEHUST CBSI3aHO € MaJioii MH(MOPMATUBHOCTHIO W HUBKOMA
KoppeJsinueii Mexkay BxoaHbiMu jganHbivu (Xi, Yi) u neseBoii nmepemennoii Ci obyuarorieit
BBIOOpKH. s yBetmueHust KOPPEIANMOHHON 3aBUCUMOCTH BXOJHBIX U BBIXOJHBIX [T€PEMEHHBIX

Uccnenosanune dunancupyerca Komurera Haykn Munncrepcrsa Hayku u BbICIIero obpasosanust Pecry6amku
Kazaxcran (MPH BR27100483 PaspaboTka MpOrHO3HO-NOMCKOBBIX TE€XHOJIOIHMH BBIJEJIECHUS PYIONEPCIEKTUBHBIX
TEPPUTOPUN Ha OCHOBE aHAJIN3a JAaHHBIX eJIUHON I1ardopMbl HeJporosb3oBareseil «Minerals.gov.kzy ¢
IPUMEHEHUEM HUCKYCCTBEHHOTO MHTEJUIEKTA M METOJOB JMCTAHIIMOHHOTO 30HINPOBAHU 3eMn’).
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HEe0OXOIMMO IIPEIBAPUTEIHLHO BBIIIOJIHUTH IPenobpaboTKy 00y daroleil BHIOOPKHU C UCIOJIb30BaAHUEM
METO0B IIpeoOpa30BaHUs IIPU3HAKOB (feature transformation).

BBenenne moHATHs «aHU30TPOINHT, CXOISIIENHCSI K TOYKE» IO3BOJISIET CPOPMUPOBATH 00y JaloIIue
BBIOOPKH, IOBBIIIAIONINE KOPPEISINOHHYIO 3aBUCHMOCTD BXOAHBIX ITEPEMEHHBIX M BBIXOIHBIX
[IPOTHO3HBIX 3HAYEHMI, W BJIEYET 3a COOOIM HEOOXOMMMOCTH JABYXKPATHOIO MCIIOJIb30BAHUSI
MHOT'OCJIOWHOTO TepcenTpoHa. JIByXKpaTHOe HCHOIb30BaHUE MHOTOCJONHOIO IIEePCElITPOHA
[O3BOJIAET II0JIy4aTh aJICKBAaTHbIE Pe3y/IbTaTbhbl IPOIHO3UPOBAHUA 3HAYEHUI I'€OJJOI'MYECKUX
AHOMAJINIA.
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TRAINING ALGORITHM OF A FULLY CONNECTED NEURAL
NETWORK WITH BACKPROPAGATION
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The application of neural networks in geology helps accelerate research processes, improve the
accuracy and reliability of results, and reduce the cost of geological investigations. Currently,
advanced neural networks such as GigaChat, YaGPT, GPT-40, and Gemini 1.5 Flash represent
top-tier technologies for modern geology. In all neural network systems, GIS technologies hold
the leading position, followed by 3D modeling of geological structures, artificial intelligence,
remote sensing of the Earth, and the analysis of large geological datasets (Big Data), including
multiparametric geostatistics.

Artificial intelligence enables faster processing of geological data, more accurate identification
of patterns, and reduced risks in decision-making. Therefore, this work considers a fully con-
nected neural network with backpropagation. A general overview of the development of machine
learning in geological sciences is presented in [1].

The algorithm under consideration consists of three stages: forward propagation (Forward),
backward propagation (Backward), and parameter update (Update). As a result of the forward
propagation, the error E(Q!) is computed. At the backward-propagation stage, using the error
E(QY), the gradient vector %(Qt) must be determined. Afterwards, the learnable parameters
are updated according to the rule:

t+1 _ Ot OF
Q™ =Q"—« 20 (Q°).
This work focuses on the transition from mathematical foundations and theoretical knowl-
edge to the development of software for model validation. The presentation of results moves
from textual explanations to code examples, which complement the theoretical framework and

illustrate model verification and key machine-learning concepts.

Keywords: Neural Networks, Geological Modeling, Machine Learning, Backpropagation Algorithm.
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TOWARDS THE PRACTICAL IMPLEMENTATION OF THE CONCEPT OF
DIGITAL IMMORTALITY
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The concept of digital immortality, which involves the transfer of individuality to a non-
biological information carrier, has been discussed in the literature for a long time. However,
its practical implementation continues to face challenges, including those of a philosophical
nature. We propose a concept of "partial” digital immortality, which allows us to clearly for-
mulate the corresponding technical specifications for programmers. This concept, in particular,
distinguishes between human consciousness and intellect [1]. It is also based on the proof of
the dual nature of human intellect and consciousness [2]. This dualism implies that, alongside
the collective unconscious, there is also a collective consciousness, and human intellect repre-
sents the structural component of individuality that is most closely related to the collective
consciousness [3]. It is this component that can be transferred to a non-biological information
carrier in the foreseeable future. The proposed interpretation of intelligence allows us to view
it as a "black box” that transforms information according to certain algorithms (the term is
interpreted as broadly as possible, i.e., it is taken into account that the operations performed
by human intelligence cannot be reduced to binary/Aristotelian logic). The key to solving the
problem of digital immortality, therefore, is the development of algorithms that can decipher
the true algorithms of a neural network based on experimentally discovered input-output rela-
tionships. It should be noted that this problem has long been addressed in the current literature
in connection with the problem of explainable neural networks. We propose a new approach
to developing algorithms for such deciphering, based on the analogy between the functioning of
neural networks and error-correcting codes [4], as well as on new approaches to the construction
and use of irreducible polynomials over Galois fields, which are used in error-correcting coding
[5]. It is precisely this that makes it possible, in the foreseeable future, to reveal the code of an
individual’s intelligence and ensure its recording on a non-biological information carrier.

Keywords: Digital immortality, Partial digital immortality, Collective consciousness, Explainable neural net-
works (XAI), Error-correcting codes, Galois fields (irreducible polynomials).

12-11, 12F99

REFERENCES

[1] Bakirov, A., Suleimenov, I., Theoretical Bases of Methods of Counteraction to Modern Forms of Information
Warfare, Computers, Vol.14, No.10, 2025, pp.410.

[2] Vitulyova, Y., Gabrielyan, O., Bakirov, A., Suleimenov, 1., Humanist Ideals in An Era of Increasing Con-
frontation: The Need to Renew Basic Paradigms, Journal of Ecohumanism, Vol.3, No.7, 2024, pp.2064-2076.

[3] Gabrielyan, O. A., Suleimenov, I. E., Objective Foundations of Ethics and Prospects for Its Development:
Information and Communication Approach, Conatus: Journal of Philosophy, Vol.10, No.1, 2025, pp.111-125.

[4] Suleimenov, I. E., Matrassulova, D. K., Moldakhan, 1., Vitulyova, Y. S., Kabdushev, S. B., Bakirov, A. S.,
Distributed memory of neural networks and the problem of the intelligences essence, Bulletin of FElectrical
Engineering and Informatics, Vol.11, No.1, 2022, pp.510-520.

[5] Shaltykova, D., Massalimova, A., Vitulyova, Y., Suleimenov, I., Algorithm for Obtaining Complete Irreducible
Polynomials over Given Galois Field for New Method of Digital Monitoring of Information Space, Computers,
Vol.14, No.11, 2025, pp.468.

52



ATl AS A GEOPOLITICAL FACTOR: THE GROWING IMPORTANCE OF
IMPROVING THE ALGORITHMIC FRAMEWORK
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The rapid development of Al is becoming a geopolitical factor, a fact that no longer requires
extensive proof. In addition to the potential for using Al for various types of informational
influence (including at the level of sociocultural code [1]), the supply of energy to the service
centers that support Al is becoming increasingly important. Energy demand is becoming so
significant that the question of redistributing energy generation on a global scale is already
being raised. In this regard, improving the algorithmic foundation of AI, closely linked to
the use of quasi-biological components, in particular neuromorphic materials [2], is particularly
relevant. The use of such materials, among other things, allows one to overcome one of the
main drawbacks of the von Neumann architecture: the spatial separation of the memory unit
and the computing processor necessitates the continuous movement of data between them [3],
and consequently, increased energy consumption. The literature also discusses the possibility of
creating neuromorphic materials (and, consequently, AI) based on biological information macro-
molecules—DNA and RNA, their modifications, and synthetic analogs [4]. The ultimate goal
of research in this area is, obviously, gradually approaching the ”information efficiency” of the
human brain [5]. However, the advantages of neuromorphic materials remain unrealized due to a
distinct contradiction [6]: existing approaches rely on the use of the same algorithms developed
on known neural networks (which are, in fact, nothing more than computer simulations). Based
on the fact that Al in the global context is closely linked to society, we propose a concept of
sociomorphic materials [8], based, on the one hand, on the use of multi-valued logic and modular
arithmetic, and, on the other, on the neural network theory of society. This concept is the next
logical step in the development of Al as a factor of social significance.

Keywords: Al geopolitics, Neuromorphic materials, Post-Neumann architecture, sociomorphic materials.

12-11, 12F99

REFERENCES

[1] Bakirov, A., Suleimenov, I., Theoretical Bases of Methods of Counteraction to Modern Forms of Information
Warfare, Computers, Vol.14, No.10, 2025, pp.410.

[2] Ling, H., Koutsouras, D. A., Kazemzadeh, S., Van De Burgt, Y., Yan, F., Gkoupidenis, P., Electrolyte-
Gated Transistors for Synaptic Electronics, Neuromorphic Computing, and Adaptable Biointerfacing, Applied
Physics Reviews, Vol.7, No.1, 2020, pp.011307.

[3] Lent, C. S., Henderson, K. W., Kandel, S. A., Corcelli, S. A., Snider, G. L., Orlov, A. O, ... Lu, Y., Molecular
cellular networks: A non von Neumann architecture for molecular electronics, In 2016 IEEE International
Conference on Rebooting Computing (ICRC), 2016, pp.1-7.

[4] Suleimenov, I., Gabrielyan, O., Kopishev, E., Kadyrzhan, A., Bakirov, A., Vitulyova, Y., Advanced Appli-
cations of Polymer Hydrogels in Electronics and Signal Processing, Gels , Vol.10, 2024, pp.715.

[5] Shaltykova, D., Kadyrzhan, K., Caiko, J., Vitulyova, Y., Suleimenov, 1., Trigger-Based Systems as a Promis-
ing Foundation for the Development of Computing Architectures Based on Neuromorphic Materials, Tech-
nologies, Vol.13, 2025, pp.326.

[6] Shaltykova, D., Sedldkovd, Z., Kopishev, E., Suleimenov, 1., From Neuromorphic to Sociomorphic Materials:
Perspectives and Prognoses, Symmetry, Vol.17, 2025, pp.2110.

53



METOAOJIOINA MHTEI'PAIIN MHTEJIJIEKTYAJIBHBIX OBYYAROIIINX
CHUCTEM B IIPEIIOJABAHWE BBICIIIEM MATEMATUKI B YCJIOBUAX
MHOT'OSA3BIYHOM AYAUTOPUN: ITPEOJOJIEHUE AKAJEMMUYECKOT'O
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CoBpeMeHHbBIE BBI3OBBI MUMPOBU3AINA W WHTEPHAIMOHAJIU3AINYN BBICIIETO O0pa30BaHUS
TPeOYIOT  KapJAWHAJBHOTO I[epPecMOTpa  JUJAKTHIECKUX  IIOJAXOJO0B K  IIPEIOIaBaHUIO
MaTeMaTUIeCKAX JIUCIUILINH.  1lesiblo JIaHHOI paboThI sIBJIsSleTCs pa3paboTKa W aHAJI3
s dexruBrocTr Meroosornu uHTerparuu Mareekryanbabix Obyvatomux Cucrem (UTC)
KaK KJIIOYEBOI0 MHCTPYMEHTa, CIIOCOOHOTO ONTHUMU3UPOBATH yUEOHBINA HpoIecc U 0bJIerduTh
paboty mpenojaBaress. B pabore paccMaTpUBAIOTCS JIBe KPUTUYIECKU BaKHbIE MPobeMbl. Bo-
[IEPBbBIX, AHAJU3UPYETCS POCT aKaJIEMIIECKON HET00POCOBECTHOCTH, BBI3BAHHBIN JOCTYITHOCTBIO
6osibiux  s13bIKOBbIX Mogeseit (LLM, manpumep, ChatGPT). Ilpeanaraercs meromosorus
ucnionb3oBanuss UTC st co3manust alallTHBHOIO TECTUPOBAaHUs, KOTOPOe (POKYyCHUPYeTCs Ha
[IOIIANOBOM OObSICHEHUN METOJa, & He Ha (PUHAJBHOM OTBeTe, 4TO M03BOJSAeT 3MDPEKTUBHO
JIETEKTUPOBATh HEKOPPEKTHO CreHEPUPOBAHHBbIE W/ HE JO KOHIA MOHATHIE peleHus. Bo-
BTODBIX, HMCCJIEAyeTcs IpodJieMa aJallTaliil UHOCTPAHHBIX CTYJ/IEHTOB, HPUOBIBAIOIINX H3-3a
pybexka (B wacrnocru, u3 Kuras u TyprMenuncrana), KOTopble 94acTO HAYUHAIOT O0yUEHUE C
OTIO3/IAHUEM U CTAJIKUBAIOTCS C S3BIKOBBIM Dapbepom. llpemjaraercss Mosiesib MHOTOS3BITHOM
narerpanuun U'TC, koropas obecniednBaerT BO3MOXKHOCTH JIMCTAHIIMOHHOIO HaYaJja OOydeHUs
U TIPEJIOCTABJISIET JIOMOJHUTEIbHBIE CCHIIKH Ha y4YeOHble MaTepHUAJbl Ha POJIHBIX SA3BIKAX,
HCIIOJIb3YsT YHUBEPCAJIBHOCTh MaTeMaTHIecKoil cuMBouKy (mocryriar "Maremarnka — sA3BIK
emqun"). Hemaercs BoiBom, uto UTC — 910 He "3710", a He3aMeHMMast OMOIIb JJIsI IIPEIIOIABATEIIS
U CTYJEHTa, [TO3BOJISIONIAs I€PCOHAIN3UPOBATH TPAEKTOPHUIO O0yUeHNUsl, OBBICUTH YCBOEHHE
MaTepuaJia B T€TePOreHHBIX IPYIIaX 1 TPaHc(hOpMUPOBATH POJIb IIEIAr0ra B CTOPOHY MEHTOPCTBA
1 TIPOEKTUPOBaHUsI 00pa30BaTEIbHON CPEJIbI.
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