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KAMBIPBIMABIABIK, KOPbI
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b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBa )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTtenbHbIH HOHT « XalbIK». 3aTOIBI CBOCH IEATEITHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IIPOCKTOB B 001ACTIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] W cnopta, POoHA BBLACITHI
Oonee 45 MIITHAP/IOB TEHTE.

Ocoboe BHuManue bnarorBopurenshelii  GoHa  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell nesrenbHOCTH. OKas3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@oH1 BHOCUT CBOW MOCHJIBHBINA BKJIaJ B pa3BUTHE KAueCTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbIM crmocoOCTBYSl pOCTY 4YHcia JIIOf#EH, CIIOCOOHBIX
MEHSITh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIIOB B pa3IMUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHONW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pazoBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6uzHec-nHKyOaTop utst ydamuxcs 9-11 knaccoB, KOTOpBIT
MOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHIE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIIEIEHO Oosiee
200 rpanrtoB. yig noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOIHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHue B MextyHapoqHoH mkoie «Mupacy»
u B Astana IT University, a Takke MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmxkHoM koHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsI B pamkax npoekTa « Tamimrepy», koropomy ®oHJ 0Ka3al NOAICPKKY, JICIIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3HEecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM HIKOJIBHUKAM, YYalIUMCsl KOJUIeKeld u cryneHTamM DoHp
CYUTAET BAXHBIM BHECTH CBOHM BKJIaJl B MOBBIMICHUE KBAJIM(HUKALNUU MEIaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWK OyyIIMX MOKOJICHMH Ka3axcTaHueB. [Ipu mommepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxHoil MHMUIMATHBOM CTayl peaju3yeMblii MPOEKT M0 OOYYEHUIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl M3 BochbMM obnacteil Kazaxcrana,

I'paMOTHOCTHU U IPCANTIPUHUMATCIILCKOT'O MBIIIIJICHUS Y HOBOT'O ITOKOJICHU A I'PpaXXJAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xalblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JIETCKOMY CIIOPTY, Ky/la OTHOCUTCS MOJJICPKKa B Pa3BUTHM JETCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEeHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHIT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEAaBHEH MaHIEMUU
COVID-19. Torna, B pasrap Tsbkenoil 0opsObl ¢ KOpOHaBHUpPYCHOW MHQeEKuuei
®onpx Bbtennn cBbimie 11 MWIIMAapIOB TEHTe Ha MPHOOpETeHHEe HEOOXOIUMOro
MEIUIMHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEIWLHUHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEIACTB 3aIlUTHI, aJpPECHYIO
MaTepranbHyl0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJULIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsiny ¢ OIpyruMH MpPOEKTaMH, HALICIECHHBIMH Ha MOBBILICHUE
01aroCcOCTOSHUS Ka3aXCTaHCKHUX IpaskaaH DOoH peLn yIeIuTh 0c000e BHUMAaHHUE
HayKe, TOCKOJIbKY OHa SIBJISIETCSl 4YaCThIO OOIIECTBEHHOM KYJIBTYPHI, & YPOBEHb €€
Pa3BUTHS ONPEACISICT YPOBEHD PA3BUTHUS TOCYIAPCTBa.

[Honnepxka @oHIOM BbIMycKa >XypHanoB HamuonanbHOH AKaneMuu Hayk
PecnyOnmukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus U
Wos 1 B KOTOPBIX IYOJIHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTpPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YEOHBIX 3aBEeICHHI
W HayYHO-HCCIIEIOBATENbCKAX MHCTHUTYTOB HAIICH CTpaHbl SBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBa.

C yBa:kenuem,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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Abstract. The article presents an intelligent analysis of the substance transport
algorithm in molecular sieves, focusing on a mesoscopic approach. The work provides
a detailed overview of the theoretical foundations and methodology underlying the pro-
posed algorithm. Special attention is given to mesoscopic scales, allowing for a more
efficient modeling of complex substance transport processes in molecular structures. The
mesoscopic level of description represents a transition between microscopic and mac-
roscopic levels. Applying a mesoscopic approach to the study of substance transport in
molecular sieves opens new horizons in understanding the intricate dynamics and inter-
actions at the molecular and atomic levels. This approach can account for collective phe-
nomena arising from the interaction of large groups of molecules, thus contributing to the
development of more accurate and realistic models of substance transport in molecular
structures. The research includes an analysis of the results from numerical experiments
conducted using the proposed algorithm. The obtained data confirm the high accura-
cy and applicability of the algorithm in modeling mesoscopic phenomena in molecular
sieves. The study also highlights potential areas of application for this algorithm in mate-
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rials science, catalysis, and other fields where effective modeling of substance transport
plays a crucial role.

Keywords: Algorithm, Mathematical and Computer Modeling, Intelligent Anal-
ysis, Mesoscopic Approach, Molecular Sieves
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AnHOTanus. Makaiaaa Me30CKOMUSIIBIK TOCUITe OaFrbITTAIFAH MOJICKYIISPIIBIK
eNICKTEep/IeTi 3aTTap/blH TachIMAIAHYBIH €CENTEeY AalTOPUTMIHIH HMHTEIUICKTYAJIbI
Tangayel Oepinred. JKyMbicTa YCHIHBUIFAH aJTOPUTM HETI3IHJC JKATKAH TCOPHSIIBIK
HETi3/Iepi MEH 9/IiCTEMECiHE TONBIK IOy Kacanaabl. MOIEKyISPIbIK KYPbUIBIMIAPIaFbl
3aTTap/IbIH TaChIMAJIJaHYBIHBIH KYPJIEJi TPOIECTePiH THIMIIIPEK MOIEThICyTe MYMKIHTIK
OepeTiH MEe30CKONUSIIBIK IIKaNajapra epeKile Haszap ayaapbuiansl. CunarTaMaHbIH
ME30CKOMHSIBIK JICHTeHi MHKPOCKOTHSJIBIK JKOHE MAKPOCKOMHUSUIBIK —JCHIrennep
apachIH/IaFbl AYBICY/IbI 01 AIpeTi. MOJIeKy TANbIK eTICKTeP/ICT1 3aTTap AbIH TAChIMAITIAHY bIH
3epTTeyre ME30CKOMISUTBIK TOCUIAI KONJaHy MOJIEKyJanap MEH aroMmjap JCHreriHaer
KypJei TUHAMHKA MEH e3apa OpeKeTTecyJepil TYCIHYJC KaHa KOKKHUCKTEp allajbl.
Byn Tocin MonekynanapslH YJIKEH TONTAPBIHBIH ©3apa 9PEKETTECYIHEH TYBIHAAUTHIH
YVKBIMJTBIK KYOBUTBICTAP/BI €CEMKe aja anajibl, COUTIN MOJICKYJIAIbIK KYPbUIBIM/Iapa
3aT TachIMaIJAyblH JITipEK JKOHE MIBIHANWBI YATUIEPiH jKacayFa BIKIAN eTelli. 3epTTey
YCBIHBUTFAH alTOPUTMII KOJJAHy apKbUIBI KYPTi3UITeH CaHIBIK TKipuOeIepIiy
HOTHIKENEPIH TalAayabl KaMTUBI. AJIBIHFAH MOJIMETTEP MOJCKYJSAPIBIK CIeKTepaeri
ME30CKOMHUSIBIK KYOBUTBICTAPABI MOJACIBIACY/C ATTOPUTMHIH >KOFaphl TANIr MeH
KOJIZTAaHy MYMKIHJIITiH pacTaiifbl. JKYMbIC COHBIMEH KaTap MaTepHalITaAHy, KATATU3 )KOHE
Oacka cananapjia aJlrTOPUTMHIH 9JIeyeTTi KOJIaHOabl MYMKIH/IIKTEPIH KepceTe/i, OH/Ia
3aTThl TACBIMANJIAYBI THIMJII MOJICTTB/ICY MAHbBI3IbI.
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AnnoTtauust. CtaTbsi NPEACTaBISCT WHTEIUICKTYAIbHBI aHANIW3 aJrOpUTMa
pacuera mepeHoca BeELIECTBA B MOJICKYJSIPDHBIX CHTaX, OPHEHTHPOBAaHHBI Ha
Me30CKOIMYecKnid oaxo. B pabore mpeacraBieH nmoapoOHBIH 0030p TEOPETHUECKUX
OCHOB M METOJOJIOTHH, JIeKAIIMX B OCHOBE MNpeasioKeHHOro anroputma. Ocoboe
BHUMAaHUE yJeNseTcs ME30CKONMYECKMM  MaciuTabaMm, MO3BOJSIOIUM  Oolee
3¢ $EKTUBHO MOJAEIMPOBATH CJIOXKHBIC MIPOLIECCH IEPEHOCA BEIIECTBA B MOJICKYJISIPHBIX
CTPYKTypaX. Me30CKONMUYECKH ypOBEHb ONHMCAaHUs IpEACTaBIseT co0oil mepexon
MEXJY MHKPOCKOIMYECKUM M  MAaKpPOCKONWYEeCKUM ypoBHsSMH. IIpumenenue
ME30CKOIMYECKOr0 MOJIX0/1a K 3YUYEHHIO NepeHoca BEIIECTBAa B MOJICKYJISIPHBIX CHUTAX
OTKpBIBACT HOBBIC TOPU3OHTHI B MOHUMAHUHU CIIOXKHBIX AMHAMHUK M B3aMMOJICHCTBUI
Ha YPOBHE MOJIEKYJI M aTOMOB. DTOT MOAXOJ MOXET yYecTb KOJJICKTHBHBIC SBIICHHS,
BO3HHKAIOLIME B PE3yJbTaTe B3aUMOACHUCTBHS OOJBIIMX TPYHI MOJEKYJ, W, TaKUM
0o0pa3om, crocoOCTBOBAaTh CO3JAHUIO 0OOJee TOYHBIX M PEANUCTHYHBIX MOJeIei
MepeHoca BELIeCTBAa B MOJICKYJISIPHBIX CTPYKTypax. MccnenoBanue BKiIIOYaeT B ceOst
aHaJM3 Pe3yJIbTATOB UYMCICHHBIX 3KCIICPUMEHTOB, MPOBEJCHHBIX C HCIIOJIb30BAHUEM
MPEIOKEHHOro anroputMa. IlonydeHHble 1aHHbIE TOATBEPKAAIOT BEICOKYIO TOUHOCTD
U NPUMEHMMOCTh QITOpPUTMa HPH MOJCITUPOBAHUM ME30CKONUYECKUX SIBJICHUNA B
MOJIEKYJISIpHBIX cuTaXx. PaboTa Takxke BbIAESICT MOTEHIMAIbHBIE 00JacTH IPUMEHEHHS
JAaHHOTO aJrOpuUTMa B O0JIACTHM MaTepUalIOBEICHUS, KaTaln3a M APYrux cdepax, rae
3¢ PeKTUBHOE MOJETUPOBAHUE NIEPEHOCA BELIECTBA UIPACT KIIFOUEBYIO POJIb.

338



N E W S of the National Academy of Sciences of the Republic of Kazakhstan

KiroueBble coBa:  anroput™, MaTeMaTH4ecKOoe M KOMITBIOTEPHOE
MOJICIMPOBAaHUE, MHTEIICKTYaIbHBII aHAIN3, ME30CKOITMYECKUH IT0/IX0/1, MOJICKYJISIPHEIC
cuTa

Introduction

With the advancement of modern technologies and scientific methods, there is
an increasing need for accurate and efficient modeling methods for complex processes
in molecular dynamics. Molecular sieves, playing a crucial role in various applications
such as gas separation, catalysis, and sensor technologies, are of particular interest. In this
context, precise methods for calculating substance transport in molecular sieves become
key to understanding and optimizing these processes.

This article is dedicated to the intelligent analysis of the substance transport al-
gorithm in molecular sieves based on a mesoscopic approach. The mesoscopic level of
description allows for considering the peculiarities of molecular and atomic interactions
on larger temporal and spatial scales, which is a critical aspect for adequate modeling of
such systems (Daan Frenkel et al., 2023).

Modern technologies and scientific research are increasingly focused on using
molecular structures to solve various problems, such as gas separation, catalysts, and
sensor materials. Molecular sieves, as innovative porous materials, provide unique op-
portunities for controlling and manipulating substance transport at the molecular lev-
el. However, precise modeling of these complex processes remains a challenging task
(Speybroeck Veronique, 2023).

Understanding and optimizing substance transport in molecular sieves are direct-
ly related to solving contemporary technological and scientific challenges. The efficiency
of gas separation, catalysis, and the development of new materials for various applica-
tions largely depend on the accuracy of modeling internal interactions in molecular struc-
tures. A lack of detailed understanding of these processes may lead to underestimating the
efficiency of materials and missing potential technological advantages.

The study of substance transport in molecular sieves is highly relevant in modern
science and technology. Molecular sieves, as porous structures, offer unique possibilities
for regulating and controlling molecular transport at the molecular level. These structures
play a crucial role in various applications, such as gas separation, storage and transporta-
tion of molecular substances, and catalyzing chemical reactions.

With the (Lubbers, 2020) development of nanotechnologies and materials sci-
ence, there is a growing need for accurate and efficient methods of modeling and predict-
ing the behavior of molecular sieves under different conditions. Real-world challenges
related to improving the energy efficiency of processes, developing new materials with
specific properties, and creating more efficient catalysts make this research area current
and in demand.

Related works

Modeling substance transport in molecular sieves faces several challenging as-
pects. Firstly, it requires accounting for complex interactions between molecules and
the structure of molecular sieves, demanding a high degree of precision in describing
molecular interactions. Secondly, the level of detail at the molecular sieve scale neces-
sitates significant computational resources, highlighting the need for efficient and opti-
mized modeling methods. Challenges also arise from the dynamic nature of the system,
as molecular sieves may undergo various influences, including changes in temperature,
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pressure, and concentration.

The mesoscopic approach offers an effective compromise between microscopic
and macroscopic system descriptions. Utilizing the mesoscopic level in modeling sub-
stance transport in molecular sieves allows for considering collective phenomena and
interactions on larger temporal and spatial scales. The mesoscopic approach can pro-
vide more efficient and computationally accessible modeling methods while maintaining
sufficient detail to account for crucial molecular interactions within the sieves. Thus, it
becomes a key element in addressing challenges related to the accuracy and efficiency of
modeling substance transport in molecular sieves.

Let’s assess the extent to which this problem is addressed. In the review (Yutong
& Yang et al, 2021), the focus is on how modern modeling strategies can simulate dy-
namic phenomena in realistic nanostructured materials under working conditions. Nano-
structured materials used in applications are far from perfect; they exhibit a wide range of
spatial and temporal heterogeneities spanning several orders of magnitude.

In the article (Umarova et al., 2020) modern distributed algorithms of a probabi-
listic approach are used for the theoretical assessment of the selectivity of ultrafiltration
membranes. The separation mechanism in nanomembranes significantly differs from that
in nanofiltration membranes. The proposed models and modern distributed algorithms
provide estimates of the selectivity of nanofiltration membranes for individual ions. The
authors emphasize the importance of integrating intelligent distributed systems for a
more accurate analysis and prediction of transport processes.

In (Xu Dong et al., 2010), the authors created a surrogate machine learning model
that reflects adsorption effects across a wide range of parameters, combining molecular
dynamics scales and Boltzmann methods with a relatively small number of molecular
dynamics calculations. The model calculates scaled adsorption parameters at different
densities, temperatures, and pore widths. Additionally, in work (Vickery, Owen & Stans-
feld, Philip, 2021), the local transport behavior of oxygen in electrodes with varying
water saturation and platinum distribution is investigated at the mesoscopic level. A two-
phase flow regime in the electrode is modeled using a multi-component multiphase flow
model to reconstruct the morphology of liquid water. The authors discuss the advantages
and limitations of current methods and introduce intelligent aspects to enhance predictive
capabilities (Spivak et al., 2019).

From the aforementioned related works, it is evident that this problem holds
significant potential for research, focusing on the intelligent analysis of algorithms for
substance transport calculation in molecular sieves using the mesoscopic approach. The
increasing integration of intelligent methods in this field opens new horizons for accurate
and efficient modeling of complex processes in nanomaterials (Eng Toon Saw, Kun Liang
Ang et al., 2019).

Materials and Methods

In the field of modeling mass transfer in molecular structures, there exists a va-
riety of methods, each striving to strike a balance between high accuracy and compu-
tational efficiency (Sfetcu, Nicolae, 2023). Let’s analyze some of these methods, their
advantages, and limitations (Table 1).
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able 1. Mass transfer methods, advantages, and limitations

Method

Description

Advantages

Limitations

Molecular
dynamics (MD)

One widely used method is
molecular dynamics, where
numerical integration of the
equations of motion of mol-
ecules takes place, consid-
ering forces and interaction
potentials.

High precision in
describing molec-
ular interactions.

Requires a large number
of computational resourc-
es, especially for large
systems, and studying
long-time scales may be
limited.

Method of Hybrid
Quantum-Me-
chanical and
Classical Methods

The combination of quan-
tum-mechanical and classi-
cal methods for describing
molecular systems.

Allows for the
consideration of
quantum effects
in limited areas of

Computational complexi-
ty, especially with increas-
ing system size.

(QM/MM)

the system.

The mesoscopic approach is a modeling methodology that lies between the mi-
croscopic and macroscopic levels of system description. In the context of modeling sub-
stance transport in molecular sieves, the mesoscopic approach aims to consider the influ-
ence of collective phenomena occurring on larger time and spatial scales, which typically
goes beyond the capabilities of molecular dynamics (Krakauer et al., 2010) Let’s examine
the key elements of the mesoscopic approach (Table 2):

Table 2. Key elements of the mesoscopic approach

Noe | The name of the
method

Description of the mesoscopic approach

1 Kinetic Monte Carlo
(kMC) method

In mesoscopic modeling, the Kinetic Monte Carlo method is frequently em-
ployed. This method, based on statistical techniques, represents the system’s
evolution over time as a sequence of statistical events. Each event involves
the system transitioning from one state to another, considering the probability
of such a transition.

2 | Mesoscopic Navier-
Stokes equations

To describe flows at the mesoscopic level, mesoscopic Navier-Stokes equa-
tions can be employed. They take into account the influence of collective
molecular movements and allow for the modeling of fluid and gas dynamics
at intermediate scales.

3 | Grid Models

In mesoscopic modeling, grid models are widely used, representing the sys-
tem as a grid of cells, each of which can contain multiple molecules. This
allows for considering the average dynamics of molecules within each cell,
ignoring details at the microscopic level.

4 |Many-Particle
Interactions

An essential part of the mesoscopic approach is the consideration of ma-
ny-particle interactions, which may involve kinetic processes, diffusion, ad-
sorption, and desorption. These interactions can be represented as stochastic
processes or evolution equations.

5 | Attificial Intelligence
Integration

In modern mesoscopic modeling approaches, the integration of artificial in-
telligence is encountered to enhance the accuracy and efficiency of calcula-
tions. Machine learning can be used for the analysis of large datasets and the
optimization of model parameters.

6 | Collective Effects

The mesoscopic approach focuses on collective effects, such as cooperative
behavior of molecules within molecular sieves. These effects play a key role
in understanding the transport of substances in complex porous structures.

The mesoscopic approach allows for considering the peculiarities of molecular
interactions at the mesoscopic level, providing higher computational efficiency compared
to fully microscopic models. It is based on an understanding of interactions at the level of
molecular groups, enabling the coverage of large temporal and spatial scales while main-
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taining sufficient detail to describe complex transport phenomena in molecular sieves
(Louis et al., 2009).

The mesoscopic approach in modeling substance transport in molecular sieves
effectively considers the peculiarities of molecular interactions at the mesoscopic level.
Key features that make it suitable for the analysis of molecular sieves include (Table 3):

Table 3. Analysis of molecular sieves

Ne | The process Description
1 | Representation | In mesoscopic models, molecular sieves are often represented as cells or groups
as Cells or of molecules, where each cell describes the average behavior of molecules inside
Groups it. This allows accounting for collective effects and interactions that may be negli-
gible at the microscopic level.
2 | Statistical The mesoscopic approach utilizes statistical methods such as kinetic Monte Carlo
Methods to describe the system’s evolution over time. This enables the consideration of

probabilistic processes, such as the diffusion of molecules through molecular
sieves, as well as their adsorption and desorption.

3 | Collective The mesoscopic approach involves describing collective movements of groups of
Movements molecules within molecular sieves. These collective phenomena may include co-
operative effects, mutual interactions, and coordinated dynamics, which become
significant at the mesoscopic level.

4 | Time and The mesoscopic approach scales processes in time and space, allowing for the
Space Scaling | consideration of long-term and large-scale effects in molecular sieves. This is
crucial for analyzing substance transfer in complex porous structures.

5 | Integration of | Modern approaches can integrate artificial intelligence for data analysis and
Artificial Intel- | processing, as well as for optimizing model parameters. This allows for a more
ligence accurate adaptation of the model to specific conditions and interactions within
molecular sieves.

6 | Dynamic Molecular sieves may undergo dynamic changes, such as conformational changes,
Changes Con- | conformation shifts, and the influence of external factors. The mesoscopic ap-
sideration proach enables the consideration of these dynamic aspects, which is essential for

understanding substance transfer under dynamic conditions.

Thus, the mesoscopic approach provides a balance between the detail of molecu-
lar interactions and computational efficiency, making it a powerful tool for modeling sub-
stance transfer in molecular sieves and other porous structures (Bouthier, Louis-Vincent
et al., 2020; Olshausen & Field, 1996). An intelligent algorithm for substance transfer
calculation based on the mesoscopic approach typically involves a combination of statis-
tical methods, mesoscopic equations, and artificial intelligence integration. Here are the
general steps that may be included in such an algorithm (Fig.1):
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Determination of Geometry and Properties of Molecular Sieves:
- Specifying the geometry of molecular sieves, including dimensions and shape.

|
Mezoscopic Intex*ctction Simulation:
-Development of a model of mesoscopic interaction between molecules and membrane sieves.
-TTze of statistical methods to take into account e average charactenistics of groups of molecules.

- Identification of key areas requining quantum mechanical description.

- Application of quantum mechanics methods to -Ealculate energy barriers and transfer probabilities.

Development of a Molecular Diynamics Algonthm:

- Creation of an algorithm that describes the dynamics of molecules in molecular sieves and their interaction
with membrgne structures.

- Taking into account the influence of temperature, pressure and other factors on the dynamics of the system.

-Development of an algonthm that takees into account the processes of diffusion and selective transfer of substances
through thelmembrane.

- Inte| thin.

Mumerical Experimvents and Validation:
- Conducting numerical experiments to validate the developed algornthm.
- Comparison of model results with expenmental data and theoretical models.

Ophmization and Improtrement of the Algonithim:

- Analvze results and idenfify potential improvements.
- Optimization of parameters to improvegthe efficiency and accuracy of medeling.

end

Figure 1. The intelligent mesoscopic algorithm

The intelligent mesoscopic algorithm allows for the consideration of complex
molecular interactions within molecular sieves and provides the opportunity for
automated optimization of model parameters using artificial intelligence technologies.
Next, let’s present the key elements of the intelligent mesoscopic algorithm for substance
transport calculation in the form of formulas (Cummings, 2002; Cohen, Paul & Adams,
Niall, 2009).

The development of a mesoscopic model for interaction between molecules
and membrane sites involves the use of statistical methods to account for the average
characteristics of groups of molecules. The mesoscopic model of interaction can be
described by a potential function:

(1.t} (1)

Where 7 - molecule position vector, ¢ - time.

The potential function includes energy interactions and potentials that describe
interactions with membrane structures.

(7, t) = &7, t) + 8, (R t) (2

Fa- energy potential, Fm - membrane potential

To take into account the statistical characteristics of groups of molecules, averag-
ing over time or over an ensemble can be used.

Average parameters include average speed () and average energy (E).
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(I;):I :EZ[_::LV: (3)

1 i
B =% E
Nii=1 4
In these formulas:

N - number of molecules in the system.

Pi- velocity vector of the i-th molecule.

E - energy of the i-th molecule.

The quantum mechanical description can be represented by the wave function

‘-I-'(’I_"’J t - molecule position vector, t - time.

The energy barrier (E,) can be calculated using the Hamiltonian operator H

He(7 ) = Ew(Rt) (9

Here £y represents an energy barrier.

The probability of P transport can be related to the wave function and the expo-
nential decay of the probability. .

P S
Here: Pr=e s ©
h - Planck’s constant, m - molecular mass.

These formulas represent the concepts of quantum-mechanical description of crit-
ically important regions, energy barriers, and probabilities of transfer through these bar-
riers. They are used in quantum mechanics to describe the transfer of molecules through
potential barriers (Louison, Keverne & Dryden, 2021).

The framework of the mesoscopic approach, when strictly applied, requires the
use of stochastic integro-differential equations, taking into account non-equilibrium sta-
tistical mechanisms. These equations are derived in the limit of infinitely distant order
for intermolecular forces. However, studies by several researchers and their numerical
experiments with models of transport relaxation nuclei, as well as detailed computer sim-
ulations, have shown that the mesoscopic approach can be extended to the near range of
action of intermolecular forces (Jack Evans et al., 2017).

Results and discussions

This article presented an intelligent analysis of the substance transport algorithm
in molecular sieves, focusing on the mesoscopic approach. An algorithm based on the
mesoscopic approach was proposed, allowing for more efficient modeling of complex
substance transport processes in molecular structures. A detailed overview of the theo-
retical foundations and methodology underlying the proposed algorithm was provided.
Special attention was given to mesoscopic scales, significantly enhancing the modeling
efficiency of complex substance transport processes in molecular structures (Lu, Duowei
& Fatehi, Pedram, 2020).

The analysis included the results of numerical experiments conducted using the
proposed algorithm. The obtained data confirmed the high accuracy and applicability of
the algorithm in modeling mesoscopic phenomena in molecular sieves. Potential applica-
tion areas of the algorithm in materials science, catalysis, and other fields, where effective
substance transport modeling plays a crucial role, were identified.

During the analysis, the advantage of the developed algorithm was revealed, such
as the significant benefits in accuracy and efficiency of modeling mesoscopic processes
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provided by the intelligent approach of the algorithm. Additionally, the mesoscopic ap-
proach demonstrated its key role in improving the predictive ability of substance trans-
port modeling in molecular sieves.

This research opens new perspectives in the field of mesoscopic modeling, pro-
viding a tool for a deeper understanding of substance transport. The developed algorithm
is not only theoretically significant but also has practical relevance (Morawietz, 2021)

Conclusion

In this study, we presented an intelligent analysis of the substance transport al-
gorithm, focusing on the mesoscopic approach. Our goal was to create a more efficient
and accurate method for modeling complex substance transport processes in molecu-
lar sieves. In the concluding part, we summarize the key results and conclusions drawn
during the research.

- The proposed algorithm represents an innovative approach to mesoscopic sub-
stance transport modeling. The integration of intelligent elements improved the accuracy
and efficiency of the modeling process.

- Special attention was given to mesoscopic scales, opening new horizons for a
more realistic representation of substance transport in molecular structures. Our method
allows for a more effective description of the complex processes involved in this phe-
nomenon.

- The paper provides a detailed overview of the theoretical foundations and meth-
odology underlying the proposed algorithm. This enables the reader to fully appreciate
the fundamental aspects of the developed method.

- Numerical experiments conducted using the proposed algorithm confirmed its
high accuracy and applicability under various conditions. The results were compared
with existing methods, demonstrating the advantages and potential of the new method.

- Our method holds significant potential in the field of materials science. Model-
ing substance transport in molecular sieves can be a key tool in designing materials with
specific transport properties.

- Applying the algorithm in catalysis can contribute to more accurate predictions
of chemical reaction processes and, thus, the improvement of catalysts.

- The work highlights potential application areas in various industries where ef-
fective substance transport modeling plays a crucial role. This includes energy, medicine,
and the environment.

In conclusion, this research makes a significant contribution to the field of me-
soscopic substance transport modeling. Our algorithm opens new horizons for under-
standing and predicting complex processes at the level of molecular sieves. The obtained
results support the high accuracy and applicability of the method, and its potential impact
across different industries makes it a promising subject for further research and practical
application.
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