N E WS ofthe Academy ofSciences ofthe Republic o fKazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 441 (2020), 204 - 207 https://doi.org/10.32014/2020.2518-170X.75

UDC 533.6.011:519.6:004.942

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.
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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
awide 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 oftechnology 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 “PV C’was developed. The complex allows to predict
the process of adsorption of solid model substances in nanopores of inorganic aerogels.

“PV C’ 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 aerodynamic 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. XycauH, K. K. BuHH1KoOBa, E. E. Kymapos, XX. [l. Menpbek, A. b. XycanH
«[. B. COKONMbCKMIA aTbIHAArbI XXaHapMaii, KaTanns XXaHe 3NeKTPOXMMUSA NHCTUTYTbI» AK, AnmMaTbl, KasakcTaH

KA3SAXCTAH PECNMYBNUKACBIHOA OHEPK3C1MT1 UNPPNTAHABLIPY YWNHH
BAT JAPTAMANBIK; KAMTAMACDBI3 ETETIH UMMNOPT ANTMACTbIPY

AHHOTauunsa. Kasipri anem TepTiHWIi eHepK3CIiNTIK PeBOMOUMAHBIH - anfblHrbl KaTap/bl TEXHOMornsanap
9KOHOMMKaHbIH TyTac canacblH TY6ereini e3repTeTiH MHHOBauusnap [AayipiHiH TabangblpbirbiHaa Typ >K3He
6apnbIrbl Xbl1gam KapKbIHMeH XYpin xatbip. KaclopbIHHbIH LM(PbIK TpaHchopMaumacbl HITVXKeCiHAe 6onaluak
OYAbIMHBIH, €HJIpICTIK >Ke/liHIH HeMece >Ka/inbl K3CLUOPbIHHbIH UMMPAbIK KOCbIHAbINAPbIH -  BUPTYyasjbl
Modenbiepw KongaHa 6actaigbl. «Undpnbik KasaxcTaH» MemaekeTnk 6argapnamacbl enimisgi TepTiHLWi
eHepKaCiNTiK peBooUMAra >xeteneil oTbipbin, KasakcTaH eMipi MeH 3KOHOMMKAaCbIHbIH 6apfblK cananapbiH
undpnaHabipyabl Makcat eTefi. O neMaik apeHagarbl UMGPAbIK 63cekere KablweTTWKN apTTblpy MakcaTblHAa
OTaHAbIK 33ipneyLwinepgiH XanblikapaablK Ta)kIpnbere Hasap aygapybl, >XeTeKLi KOMNaHusnapgblH TaxipubeciH
3epgeneyi xaHe KasakcTtaH PecnybnmkacbiHbIH 3KOHOMUKAcbl MeH WH(paKypbl/ibiIMbiHA 6arbITTasiraH eHimiH
acaybl Tuic. XXymbICTa XUMUA-TEXHONOrMANbIK YepicTepii MaTeMaTUKablK MOAeNbAey canacbiHAarbl LeTenaL
)K3He OTaHAbIK 33ipnemenepre wony XYprisinegi. «MBK» 6argapnamanbik-ecenTey KelleHi 6eliopraHMkanbik
asporenibfep HaHoMopblHAa KaTTbl MoOfAenbAi 3aTrTapfablH afcopbuusa Y[epiciH 6o/mkayra MYMKIHLIK 6epegi.
«CIMK-01-20» mamaHaaHablpbliraH 6argapnamanblK KelleHi 6acTankbl AepeKTepfl, HerisiHge (ras arblHbIHbIH
Kypambl, TemrepaTypacbl >X3HE >XblNgamibirbl) aBTOKeNiK KypanjapblHbliH, AW3eNb TeHepaTopnapAbliH  XaHe
EHEPKA3CINTiK 00beKTiNepAiH ybITTbl NalijanaHbi/iraH rasgapbiH Napaniens ecenTeyai KonjgaHa oTbIpbIn, GeiiTapan-
TaHablprbiwTa eTeTiH Y/epicTepai mofenbhey XOonAbIMeH TUiMAI TasapTy YLiH KakeTTi 6eliTapanTaHAbIprbilUTbIH
OHTalNbl NapameTpepiH Xefen anyra MYMKIHAIK 6epegi.

TYWin cesnep: 6argapnamanbik KamTamachl3 eTy, asporefb, HaHoMaTepuanjap, KaTanuTuKabik Gelitapan-
TaHAbIPrbIL, MaTeMaTUKa/IbIK MOAenbaey, undpnaHabipy.

B. X. XycauH, K. K. BuHH1KoOBa, E. E. Kymapos, XX. [. Menpbek, A. b. XycanH
AO "MHCTUTYT TONMBa, Katanusa n anektpoxumum nm. . B. Cokonbckoro', Anmarsl, KasaxctaH

MMMNOPTO3AMELWEHNE MPOTPAMMHOIO OBECMNEYEHWA
ANnA UNePOBUSALUUNU MPOMbBILLNEHHOCTW B PECMNYBJ/TMKE KASAXCTAH

AHHOTauuns. COBPEMEHHbIA MUP HaxOAUTCA Ha MOPOre YeTBEPTOM MPOMbLILUMIEHHON PEBOMOLUM - 3MOXU
WHHOBaUWA, Korga nepefoBbie TEXHOMOTMN PafMKa/ibHO MEHSIOT Liefible 0Tpac/n 3KOHOMWUKW, U BCE MPOUCXOAUT
[IOBO/IbHO 6bICTPbIMU Temnamu. B pesynbTaTe uugpoBOi TpaHchopMaunm Npesnpusitus HaUMHAKT NPUMEHATb
UM poBble ABOMHMKK - BUPYTa/ibHble MOAeNN GyayLLero nsnenusl, NPou3BOACTBEHHON NUHUM UKW NPEANPUATUSA B
uenom. ocygapcTBeHHas nporpamma «LingpoBoi KasaxcTaH» cTaBMT CBOel Uefblo UMppoBU3aLmMi0 Becex cdep
XU3HM N 3KOHOMUKK KasaxcTaHa, Befisi CTpaHy K YeTBepTOi MPOMbILLMEHHOM peBontouun. C Uefblo MOBbILIEHNS
LN POBOA KOHKYPEHTOCMNOCOGHOCTM Ha MWPOBOM apeHe OTeYecTBEHHbIM paspaboTumkam cregyeT obpalaTtb
BHUMaHMe Ha MeXAYyHapOoAHbI/A oMbIT, U3y4aTb OMNbIT NNANPYHOLLMX KOMMAHWA 1 co3faBaTh COGCTBEHHbIN MPOAYKT,
Haue/NleHHbIN Ha 3KOHOMUWKY 1 MH(PacTPYKTypy Pecnybnukun KasaxctaH. B pa6oTe npoBogmTca 0630p 3apy6exHbIX
M 0TEYECTBEHHbIX pa3paboToK B 06/1aCTM MATEMATUUECKOT0 MOAEIMPOBAHUA XUMUKO-TEXHONOMMYECKX MNPOLLECCOB.
MporpaMmMHO-BbIMNCINTENBHbI  KoMNeKe «MBK» nNo3BonsieT npeAckasbiBaTb MpouUecc afcopbumy TBephbIxX
MOJe/IbHbIX BELLECTB B HAHOMOpax HeopraHM4eckux asporeneii. Creynanm3vpoBaHHbIi NPOrpaMMHbIli KOMMIEKC
«ClMK-01-20» Ha OCHOBE W3 WUCXOAHbIX [AaHHbIX (COCTaB, TemrepaTypa W CKOpPOCTb MOTOKa rasa) Mo3BONSeT
ornepaTMBHO MOJly4aTb OMTMMasbHble MapameTpbl HelTpanu3aTopa, HeobxoauMble ANsi Hambosee 3PHEKTUBHON
OUUCTKU TOKCUYHbLIX BbIX/IOMHbLIX rasoB aBTOTPAHCMOPTHbLIX CPeACTB, AWM3eNlb FeHepaTopoB W MPOMbILUSIEHHbIX
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06BbEKTOB MyTeM MOAENNPOBAHMS MPOLLECCOB, MPOXOAALMX B HEATpanmsaTope C NPUMEHeHWeM napannefibHbIX
BbIYNCNEHNIA.

KntoueBble cnoBa: NporpamMmmHoe obecrneyeHune, asporesib, HaHOMaTepmanbl, KaTa/IMTUYECKUIA HeTpanusaTop,
MaTemMmaTUUeCKoe MOfeNnpoBaHue, LuhpoBmaaLms.
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