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ЧФ «ХАЛЫҚ»

В 2016 году для развития и улучшения качества жизни казахстанцев был 
создан частный Благотворительный фонд «Халык». За годы своей деятельности 
на реализацию благотворительных проектов в областях образования и науки, 
социальной защиты, культуры, здравоохранения и спорта, Фонд выделил 
более 45 миллиардов тенге.

 Особое внимание Благотворительный фонд «Халык» уделяет 
образовательным программам, считая это направление одним из ключевых 
в своей деятельности. Оказывая поддержку отечественному образованию, 
Фонд вносит свой посильный вклад в развитие качественного образования 
в Казахстане. Тем самым способствуя росту числа людей, способных 
менять жизнь в стране к лучшему – профессионалов в различных сферах, 
потенциальных лидеров и «великих умов». Одной из значимых инициатив 
фонда «Халык» в образовательной сфере стал проект Ozgeris powered by Halyk 
Fund – первый в стране бизнес-инкубатор для учащихся 9-11 классов, который 
помогает развивать необходимые в современном мире предпринимательские 
навыки. Так, на содействие малому бизнесу школьников было выделено более 
200 грантов. Для поддержки талантливых и мотивированных детей Фонд 
неоднократно выделял гранты на обучение в Международной школе «Мирас» 
и в Astana IT University, а также помог казахстанским школьникам принять 
участие в престижном конкурсе «USTEM Robotics» в США. Авторские 
работы в рамках проекта «Тәлімгер», которому Фонд оказал поддержку, легли 
в основу учебной программы, учебников и учебно-методических книг по 
предмету «Основы предпринимательства и бизнеса», преподаваемого в 10-11 
классах казахстанских школ и колледжей. 

 Помимо помощи школьникам, учащимся колледжей и студентам Фонд 
считает важным внести свой вклад в повышение квалификации педагогов, 
совершенствование их знаний и навыков, поскольку именно они являются 
проводниками знаний будущих поколений казахстанцев. При поддержке 
Фонда «Халык» в южной столице был организован ежегодный городской 
конкурс педагогов «Almaty Digital Ustaz. 

 Важной инициативой стал реализуемый проект по обучению основам 
финансовой грамотности преподавателей из восьми областей Казахстана, 
что должно оказать существенное влияние на воспитание финансовой 
грамотности и предпринимательского мышления у нового поколения граждан 
страны. 



3

ISSN 1991-346X 1. 2024

 Необходимую помощь Фонд «Халык» оказывает и тем, кто особенно 
остро в ней нуждается. В рамках социальной защиты населения активно 
проводится работа по поддержке детей, оставшихся без родителей, детей и 
взрослых из социально уязвимых слоев населения, людей с ограниченными 
возможностями, а также обеспечению нуждающихся социальным жильем, 
строительству социально важных объектов, таких как детские сады, детские 
площадки и физкультурно-оздоровительные комплексы. 

 В копилку добрых дел Фонда «Халык» можно добавить оказание помощи 
детскому спорту, куда относится поддержка в развитии детского футбола и 
карате в нашей стране. Жизненно важную помощь Благотворительный фонд 
«Халык» оказал нашим соотечественникам во время  недавней пандемии 
COVID-19. Тогда, в разгар тяжелой борьбы с коронавирусной инфекцией 
Фонд выделил свыше 11 миллиардов тенге на приобретение необходимого 
медицинского оборудования и дорогостоящих медицинских препаратов, 
автомобилей скорой медицинской помощи и средств защиты, адресную 
материальную помощь социально уязвимым слоям населения и денежные 
выплаты медицинским работникам.

В 2023 году наряду с другими проектами, нацеленными на повышение 
благосостояния казахстанских граждан Фонд решил уделить особое внимание 
науке, поскольку она является частью общественной культуры, а уровень ее 
развития определяет уровень развития государства. 

Поддержка Фондом выпуска журналов Национальной Академии наук 
Республики Казахстан, которые входят в международные фонды Scopus и 
Wos и в которых публикуются статьи отечественных ученых, докторантов 
и магистрантов, а также научных сотрудников высших учебных заведений 
и научно-исследовательских институтов нашей страны является не менее 
значимым вкладом Фонда в развитие казахстанского общества.

С уважением, 
Благотворительный Фонд «Халык»!
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БАС РЕДАКТОР:
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доценті, әл-Фараби  атындағы Қазақ ұлттық университеті (Алматы, Қазақстан), Н=10

QUEVEDO Hemando, профессор, Ядролық ғылымдар институты (Мехико, Мексика), Н=28
ЖҮСІПОВ Марат Абжанұлы, физика-математика ғылымдарының докторы, теориялық және 

ядролық физика кафедрасының профессоры, әл-Фараби  атындағы Қазақ ұлттық университеті 
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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 t he h igh 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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Аннотация. Мақалада мезоскопиялық тәсілге бағытталған молекулярлық 
електердегі заттардың тасымалдануын есептеу алгоритмінің интеллектуалды 
талдауы берілген. Жұмыста ұсынылған алгоритм негізінде жатқан теориялық 
негіздері мен әдістемесіне толық шолу жасалады. Молекулярлық құрылымдардағы 
заттардың тасымалдануының күрделі процестерін тиімдірек модельдеуге мүмкіндік 
беретін мезоскопиялық шкалаларға ерекше назар аударылады. Сипаттаманың 
мезоскопиялық деңгейі микроскопиялық және макроскопиялық деңгейлер 
арасындағы ауысуды білдіреді. Молекулалық електердегі заттардың тасымалдануын 
зерттеуге мезоскопиялық тәсілді қолдану молекулалар мен атомдар деңгейіндегі 
күрделі динамика мен өзара әрекеттесулерді түсінуде жаңа көкжиектер ашады. 
Бұл тәсіл молекулалардың үлкен топтарының өзара әрекеттесуінен туындайтын 
ұжымдық құбылыстарды есепке ала алады, сөйтіп молекулалық құрылымдарда 
зат тасымалдаудың дәлірек және шынайы үлгілерін жасауға ықпал етеді. Зерттеу 
ұсынылған алгоритмді қолдану арқылы жүргізілген сандық тәжірибелердің 
нәтижелерін талдауды қамтиды. Алынған мәліметтер молекулярлық електердегі 
мезоскопиялық құбылыстарды модельдеуде алгоритмнің жоғары дәлдігі мен 
қолдану мүмкіндігін растайды. Жұмыс сонымен қатар материалтану, катализ және 
басқа салаларда алгоритмнің әлеуетті қолданбалы мүмкіндіктерін көрсетеді, онда 
затты тасымалдауды тиімді модельдеу маңызды.
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 Аннотация. Статья представляет интеллектуальный анализ алгоритма 
расчета переноса вещества в молекулярных ситах, ориентированный на 
мезоскопический подход. В работе представлен подробный обзор теоретических 
основ и методологии, лежащих в основе предложенного алгоритма. Особое 
внимание уделяется мезоскопическим масштабам, позволяющим более 
эффективно моделировать сложные процессы переноса вещества в молекулярных 
структурах. Мезоскопический уровень описания представляет собой переход 
между микроскопическим и макроскопическим уровнями. Применение 
мезоскопического подхода к изучению переноса вещества в молекулярных ситах 
открывает новые горизонты в понимании сложных динамик и взаимодействий 
на уровне молекул и атомов. Этот подход может учесть коллективные явления, 
возникающие в результате взаимодействия больших групп молекул, и, таким 
образом, способствовать созданию более точных и реалистичных моделей 
переноса вещества в молекулярных структурах. Исследование включает в себя 
анализ результатов численных экспериментов, проведенных с использованием 
предложенного алгоритма. Полученные данные подтверждают высокую точность 
и применимость алгоритма при моделировании мезоскопических явлений в 
молекулярных ситах. Работа также выделяет потенциальные области применения 
данного алгоритма в области материаловедения, катализа и других сферах, где 
эффективное моделирование переноса вещества играет ключевую роль.
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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).

T
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able 1. Mass transfer methods, advantages, and limitations
№ Method Description Advantages Limitations

1 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.

2 Method of Hybrid 
Quantum-Me-
chanical and 
Classical Methods 
(QM/MM)

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 
the system.

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

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
№ 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 M a n y - P a r t i c l e 
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 Artificial 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
№ The process Description
1 Representation 

as Cells or 
Groups

In mesoscopic models, molecular sieves are often represented as cells or groups 
of molecules, where each cell describes the average behavior of molecules inside 
it. This allows accounting for collective effects and interactions that may be negli-
gible at the microscopic level.

2 Statistical 
Methods

The mesoscopic approach utilizes statistical methods such as kinetic Monte Carlo 
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 
Movements

The mesoscopic approach involves describing collective movements of groups of 
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 
Space Scaling

The mesoscopic approach scales processes in time and space, allowing for the 
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 
Artificial Intel-
ligence

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

6 Dynamic 
Changes Con-
sideration

Molecular sieves may undergo dynamic changes, such as conformational changes, 
conformation shifts, and the influence of external factors. The mesoscopic ap-
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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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)
Where   - molecule position vector, t - time.
The potential function includes energy interactions and potentials that describe 

interactions with membrane structures.
       (2)

- energy potential,  - 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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   (3)

 (4)
In these formulas:
N - number of molecules in the system.

- velocity vector of the i-th molecule.
- energy of the i-th molecule.

The quantum mechanical description can be represented by the wave function
- molecule position vector, t - time.

The energy barrier (Eb) can be calculated using the Hamiltonian operator 
      (5)

Here    represents an energy barrier.
The probability of Pt transport can be related to the wave function and the expo-

nential decay of the probability.
         (6)

Here:
   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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