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NAS RK 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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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B. Kh. Khussain, K. K. Vinnikova, Y. Y. Kumarov, Zh. D. Meirbek, A. B. Khussain

D.V. Sokolskiy Institute of Fuel, Catalysis and Electrochemistry JSC, Almaty, Kazakhstan.
E-mail: bolatbekh@mail.ru

IMPORT SUBSTITUTION OF SOFTWARE FOR DIGITALIZATION
OF INDUSTRY IN THE REPUBLIC OF KAZAKHSTAN

Abstract. The state program "Digital Kazakhstan" aims to digitalize all spheres of life and economy of
Kazakhstan, leading the country to the fourth industrial revolution. In order to increase digital competitiveness on the
world stage, domestic developers should pay attention to international experience, study the experience of leading
companies and create their own product aimed at the economy and infrastructure of the Republic of Kazakhstan. The
paper reviews foreign and domestic developments in the field of mathematical modeling of chemical and
technological processes. Authors describe software complexes "SPK-01-20" and "PVC" created for mathematical
modeling of nanostructured sorbents, and determining the optimal configuration of catalytic converters.

Key words: software, airgel, nanomaterials, catalytic converter, mathematical modeling, digitization.

Against the background of the situation in the world, the government of our republic pays great
attention to the program "Digital Kazakhstan". The main objective of the program is digitization of all the
spheres of Kazakhstan life and economy in order to take the opportunity to occupy the frontline on the
world scene, as well as to enhance the quality of the public life and to establish favorable conditions for
entrepreneurial development [1-2]. In the coming years it is planned to widely introduce digital
technologies into business and industry, attract investments in domestic IT start-ups, commercialize
scientific developments, work on import substitution of software. In order to increase digital
competitiveness on the world stage, domestic developers should pay attention to international experience,
study the experience of leading companies and create their own product aimed at the economy and
industry of Kazakhstan.

Today such companies as Unisim, Predict, Ansys, MSC occupy the leading place in digitalization of
a wide range of physical and chemical processes both in the world and in Kazakhstan.

Honeywell Predict is a real-time corrosion control system used in refining, transportation, gas
refineries and refineries, in exploration and oil and gas production. More than 20 years of experience in
modeling and developing solutions to problems has allowed the company to build up an extensive
database, allowing for the most accurate forecasts. The value of these technologies for corrosion
protection lies primarily in the financial effect. Another product by Honeywell, UniSim Design Suite
provides an accurate and intuitive process modeling solution that enables engineers to create steady-state
and dynamic models for plant and control design, safety studies, performance monitoring, troubleshooting,
operational improvement, digital twins, business planning and asset management [3]. The software
enables users to create models quickly to evaluate many scenarios. The interactive environment allows for
easy ‘what-if’ studies and sensitivity analysis. The top candidates can be used to create high fidelity
models in which additional equipment and process details are included.

ANSYS and MSC are universal multidisciplinary integrated environments for virtual product
development and engineering calculations, existing, solving problems in various fields of engineering
(structural strength, thermodynamics, fluid and gas mechanics, electromagnetism and many others).
ANSYS exists and develop over the past 30 years currently having 200,000 business and university jobs
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worldwide. With the help of MSC, the most advanced samples of aviation, automobile, space technology,
high-tech devices and structures in other fields of technology are being developed.

Starting in 2015, «D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry» JSC began its
way to study the process of creating digital twins and engaged in mathematical modeling of chemical and
technological processes. In 2017, within the framework of the scientific project “High-precision modeling
for structure prediction and properties of functional and composite nanomaterials using parallel
computing”, the first software-computing complex “PVC” was developed. The complex allows to predict
the process of adsorption of solid model substances in nanopores of inorganic aerogels.

“PVC” consists of two sections: "Structure Generator" and "Chromatography and Adsorption." Due
to the fact that the process of chromatography and, in particular, adsorption is an extremely long process
(can take up to 48 hours per sample), these processes are modeled in “PVC” so that research could be
carried out without using of reagents, expensive instruments and extra time. Through the comparative
analysis of modeling methods using parallelisms of different types (coarse and fine grain), 3 models of
generation of chaotic structures were selected: weakly overlapping spheres model (OSM), diffusion
limited aggregation with multiple crystallization centers model (MultiRLA), diffusion limited cluster
aggregation model (DLCA). Monte Carlo techniques used in these cell-automatic models effectively
produce important parameters such as pore size distribution, cluster structure dimensions, and local
particle concentrations in the system. In order to bring the simulation results closer to the conditions of
real tests and increase the accuracy of calculations, such environmental parameters as temperature,
properties of adsorbed solid substance, pressure are taken into account. The software allows to perform
calculations on supercomputers using OpenMP and MPI cluster computing technologies, as well as using
CUDA fine grain parallelism technology. The software module is implemented in the C# programming
language and has the first edition. “PVC” can be used in higher education institutions, specialized research
institutes, scientific centers of Kazakhstan, which deal with the problems of creating a new generation of
sorbents, as well as the development of new porous materials with a chaotic structure for the chemical,
pharmaceutical, medical, space, construction fields.

Software "SPK-01-20" was developed in 2020 within the framework of the scientific project
"Modeling of processes in neutralizers of toxic gases for determining their optimal composition and
design using parallel computing". It is intended for users for users who do not have special knowledge in
the fields of chemistry, mathematical modeling and programming, based on the initial data (composition,
temperature and gas flow rate), to quickly obtain the optimal catalyst parameters necessary for the most
effective purification of toxic exhaust gases of motor vehicles, diesel generators and industrial facilities by
simulating processes taking place in the catalytic converter using parallel calculations. The software
complex is a modular hierarchical structure, this allows a gradual deepening in the details of the process
being studied by complicating the number and hierarchy of mathematical models as the program develops,
thereby gradually creating a full digital twin. The basis of numerical modeling of processes in the
neutralizer is the approach based on the theory of cell automata on Boltzmann lattices. This method has
proven itself in the simulation of dynamic processes, it is easily to parallelize. Modeling the dynamics of
the gas flow passing through the catalytic converters allows to obtain the resistance of the catalytic units
and choose the correct geometry to avoid pipe rupture. Data processing module of experimental research
results is a constantly replenishing virtual MySQL database storing data on results of acrodynamic as well
as physical and chemical tests of catalytic converters. The reference to the experimental database
accelerates the modeling process, allows to carry out comparative analysis of calculated and experimental
data, thus guaranteeing adequacy of the mathematical model used in the “SPK-01-20”. The software
complex is implemented in the programming language C#, the results visualization module is built in the
Unity development environment. In the perspective of further development of the software complex it is
planned to create a chemistry module. This module will allow to investigate the process of neutralizing
gases of various compositions, as well as determine the degree of purification for a particular catalyst
configuration. Rapid and automatic selection of the catalyst composition will allow to establish the
production of catalytic converters for many types of toxic exhaust gas sources. Currently, "SPK-01-20" is
successfully used in the catalytic converter manufacturing workshop at the institute.

Created software is oriented for a wide range of scientific problems, it is based on adequate
mathematical models, has high performance, provides high accuracy and representativeness of the
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estimated parameters and meets the basic requirements for such products in order to be competitive in the
domestic software market.

This work has is funded by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. AP05131076).

b. X. Xycaun, K. K. Bunnukosa, E. E. Kymapos, /K. JI. Meupoek, A. b. Xycaun
«/J1. B. Coxonbckuii aTeIHIAFBI JKaHAPMAal, KaTaIn3 XKoHE dEKTpoXuMust HHCTHTYTh» AK, Anmater, Ka3zakcran

KA3AKCTAH PECITYBJIMKACBIHJIA OHEPKOCIITI HUP®PJIAH/IBIPY YIIIH
BAFJJAPJIAMAJIBIK KAMTAMACBI3 ETETIH UMITIOPT AJIMACTBIPY

Annoranus. Kazipri omeM TepTIHII ©HEPKICINTIK PEBONIONMUSHBIH — AIIBIHFBI KaTapibl TEXHOJOTHSIIAP
SKOHOMUKAHBIH TYTac cajachlH TyOereiial e3repTeTiH HWHHOBAUWSIAD AQYipiHIH TaOangbIpbIFBIHIA TYP >KOHE
OapIBIFEI )KBUTIAM KapKBIHMEH JKYPill XKaTblp. KocimopsIHHBIH MUQPIBIK TpaHCHOpMAIHSICHl HOTIKECiHIe Oomanmak
OYHBIMHBIH, OHMIPICTIK JKETiHIH HEMece JKaIbl KOCIMOPHIHHBIH LUQPIBIK KOCBIHABUIAPHIH — BHPTYaJIbl
Monenbaepin KonmmaHa Oactaigel. «udpaeik Kaszakcram» wMemiekeTTik OarmapiaMachl eTiMi3di  TOPTIHIIL
OHEPKOCINTIK PEBOIIOIUAFA JKeTelned OTHIphI, KasakcTaH emipi MeH SKOHOMHKACHIHBIH OapilblK cajlalapbiH
TUGPIAHIBIPYABl MakKcaT eTeli. OJIeMAIK apeHagarbl NUGPIBIK Oocekere KaOUIETTINIKTI apTTHIPy MaKCcaThIHIA
OTaHZBIK O3IpICYIIIEPIiH XalbIKapallbIK THKipHOere Hazap aygapybl, KETEKII KOMIAHWIAPIBIH TIXKipuOeciH
3epaeneyi xkoHe KaszakcraH PecmyOmmkachlHBIH SKOHOMHKACH MEH HH(PAKYPBHUIBIMBIHA OaFBITTaIFaH ©OHIMIH
xacaybl Thic. JKYMBICTa XUMHUSA-TEXHOJIOTHSIIBIK YACPICTEPAI MaTeMaTHKAIBIK MOJEIBICY CalachIHAAFbl MISTEIIIK
JKOHE OTaHIBIK d3ipiemenepre moiy xyprizineni. «[IBK» Oarmapiamaibpik-ecentey KemieHi OelopraHWKabIK
asporenplep HAHOMOPBIHAA KATTBI MOJENBAlI 3aTTapAblH ancopOIust yHAepiciH Oommkayra MYMKIiHIIK Oepemi.
«CIIK-01-20» maMaHmaHOBIPBUTFAH OargapiiaMalblK KeIIeHI OacTamKel IepeKTepliH HeTi3iHAe (ra3 arbIHBIHBIH
KYpaMBbl, TEeMIeEpaTypachl oHE >KbUINAMIBIFBI) aBTOKOJIK KypajlapblHbIH, IH3€Ib TCHEpaTOpJIapiblH JKOHE
OHEPKICINTIK 0OBEKTLUIEP/IiH YHITTH NalJalaHbUTFaH Ta3dapblH IMapajuielb ecenTeyai KOIIaHa OTHIPHIN, OeiTapar-
TaHABIPFBIIITA OTETIH YAepicTepli MOAENbICY >KOJBIMEH THIMII Ta3apTy YIIiH KaXeTTi OefiTapanTaHIbIpFBIIITHIH
OHTAMIIBI TapaMeTpIIepiH XKeIen aryFa MyMKIiHIIK Oepei.

Tyiiin ce3mep: OarmapraManblK KaMTaMachkl3 €Ty, a’porelilb, HAHOMaTepHalIap, KaTAIUTUKAJIBIK Oedrapar-
TaHIBIPFBILLI, MATEMATHKAIIBIK MOJIEIIbACY, LU(PIaHABIPY.

b. X. Xycaun, K. K. Bunnukosa, E. E. Kymapos, /K. I. Meupoek, A. b. Xycaun
AO "UucTruTyT TOTUIHBA, KaTanm3a u dektpoxumun uM. [1. B. Cokonsckoro", Amvatel, Kazaxcran

HUMIIOPTO3AMEHIEHUE ITPOT'PAMMHOI'O OBECITEYEHMUMS
VIS HUOPOBU3ALIMU TPOMBIIIVIEHHOCTH B PECITYBJIMKE KA3BAXCTAH

Annoranusi. COBpEeMEHHBII MHP HaXOAWTCS HA IOPOTE UYETBEPTOW MPOMBIIUICHHOH PEBOJIONHHA — 3IIOXU
WHHOBALIMH, KOTJa TEPEJOBbIE TEXHOJOTHUH PAJNKAIFHO MEHSIOT LIEJIbIe OTPACIH SKOHOMUKH, M BCE IPOUCXOINT
JIOBOJILHO OBICTPBIMU TeMIlaMu. B pesynbrare mudpoBoit TpaHcdopmanuy NpennpusTHs HAYMHAIOT TPUMEHSThH
(poBEIE TBOWHUKY — BUPYTAJIBHBIE MOIETH OyIyIIEro M3JeNusl, IPON3BOJICTBEHHOHN JIMHUN WM NPEATIPUATHS B
nenoM. ['ocynmapctBenHas nporpamma «L{udposoit Kazaxcram» craBUT cBoel Henbio HUGPOBU3AIMIO BCEX chep
JKM3HM W SKOHOMHKHM KaszaxcraHa, BeAs cTpaHy K YETBEPTON MPOMBINUICHHON peBoonuu. C IEeNbi0 TOBBIICHHS
IUPPOBOH KOHKYPEHTOCIIOCOOHOCTH HAa MHPOBOM apeHe OTEUYECTBEHHBIM pa3padOTYMKaM cIemyeT oOpamaTh
BHUMaHHE HA MEKIYHAPOAHBIN OIBIT, N3y4aTh OIBIT JIUANPYIOIINX KOMIIAHUN U CO3/1aBaTh COOCTBEHHBIN MPOIYKT,
HAIICTICHHBIM Ha SKOHOMUKY U HH(ppacTpykTypy Pecmybmmku Kazaxcran. B paboTte mpoBoautcs 0030p 3apyOesKHBIX
W OTEUECTBEHHBIX Pa3pabdOTOK B 00JIACTH MaTEMAaTHYECKOTO MOJACINPOBAHMUS XUMUKO-TEXHOJIOTHYECKUX MTPOIIECCOB.
[Iporpammuo-BEancIUTeNBHBIH KoMImieke «[IBK» mo3BomseT mpenckasplBaTh MpoOIEce aicopOIH TBEPIBIX
MOJICTIbHBIX BEIECTB B HAHONOpAaX HEOPraHWYecKHX asporened. Clennaln3upOBaHHBIM MPOrPaMMHBIN KOMIUIEKC
«CIIK-01-20» Ha OCHOBE W3 HWCXOIHBIX HAHHBIX (COCTaB, TEMIIEpaTypa M CKOpPOCTh IIOTOKA ra3a) II03BOJIIET
OTIepPaTHBHO MONy4YaTh ONTHMANIFHBIE TapaMeTphl HEeUTpaitm3aTtopa, HeoOXoAMMBIC s HamOoiee >(PQPEKTHBHOM
OUYMCTKM TOKCHYHBIX BBIXJIOIHBIX Ta30B aBTOTPAHCIIOPTHBIX CPEACTB, AW3EIb TCHEPATOPOB M INPOMBIILICHHbBIX
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00BEKTOB MyTEM MOJEIMPOBAHUS IIPOLIECCOB, NMPOXOAMIMX B HEUTpadM3aToOpe C NMPUMEHEHHEM MapalielbHBIX
BBIYHCIICHUHN.

KuroueBble ¢ji0Ba: porpaMMHOe o0ecrieueHne, adporeiib, HAHOMAaTEPHAITbI, KAaTATUTUHIECKUI HEeUTpanu3aTop,
MaTeMaTH4YeCKOe MOJIeITpOBaHue, I(HPOBU3AITHS.
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