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Abstract: This study presents the development of a kinetic model of the
catalytic reforming process using data from a commercial fixed-bed
catalyst plant. Model parameters were determined by minimizing
discrepancies between calculated values and industrial data, ensuring
high accuracy in predicting reformate composition. The proposed model
combines the simplicity of generalized approaches with the benefits of
more detailed models, enabling efficient prediction of reformate
composition and accounting for key process variables (temperature,
pressure, hydrogen/hydrocarbon ratio, and feed rate). Validation was
conducted with both laboratory isothermal data and industrial data,
confirming its practical applicability. The software developed from this
model demonstrated high accuracy, with calculation errors under 3%
and less than 1% error in determining aromatic hydrocarbon
concentration. These results confirm the model's precision, making it
suitable for real-time process control and optimization. The model’s
application in industry will not only increase the yield of target products
and improve fuel quality but also reduce production costs by optimizing
operating modes and extending catalyst life. Given tightening
environmental regulations, the model is an important tool for ensuring
sustainable development in oil refineries. Future research could enhance
its integration with digital control systems and optimize energy
efficiency in Kazakhstan’s oil and gas enterprises.

Keywords: mathematical modeling, oil refining, optimization, resource
efficiency, petrochemistry, catalytic reforming.

1. Introduction

Catalytic reforming is a key process in the petrochemical industry,
used to improve gasoline quality and produce high quality chemical
products. This process plays an important role in increasing the octane
rating of fuels, as well as in the production of aromatic hydrocarbons
and hydrogen, making it indispensable in petroleum refining.
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In the context of the global transition to sustainable development and tightening
environmental regulations, the oil refining industry faces the need to introduce advanced
technologies aimed at improving energy efficiency and reducing harmful emissions. One of the
most important processes in the production of high-octane gasoline is catalytic reforming, which
provides improvement of octane number and obtaining valuable aromatic hydrocarbons. However,
this process is energy intensive and generates by-products such as carbon dioxide and other harmful
emissions.

Development and use of mathematical models of reforming processes allow not only to
optimize technological parameters, but also to significantly reduce energy consumption and
emissions. The use of models contributes to:

reducing the time required to conduct pilot tests;

determination of optimal operating modes to maximize the yield of target products;

reduction of coke formation and prolongation of catalyst service life;

increase the safety of plant operation.

In the context of the transition to more environmentally friendly technologies, such models
become an important tool for reducing the carbon footprint of production. Optimization of
technological processes based on modeling helps to reduce the use of raw materials and energy,
which is in line with the goals of sustainable development and global environmental requirements.

In Kazakhstan, the main oil refining is carried out by three large oil refineries (refineries). The
total design capacity of these three refineries is 16.6 million tons of crude oil per year. However,
actual refining volumes may differ from the design capacity due to various factors such as
scheduled maintenance, modernization and market conditions.

In terms of global figures, as of January 2022, the total capacity of catalytic reforming
processes was 14.6 million barrels per day, equivalent to about 730 million tons per year.

Thus, Kazakhstan's share in global reformate production is relatively small. Nevertheless, it is
important for the country to optimize existing processes and introduce modern technologies to
improve the efficiency and environmental safety of oil refining.

Given the strategic role of the oil refining industry for the economy of Kazakhstan, the
development and implementation of mathematical models of catalytic reforming processes seem to
be relevant and in demand. This will allow not only to improve the quality of produced fuel, but
also to reduce the negative impact on the environment, meeting international environmental
standards.

Mathematical modeling of catalytic reforming began to develop in the 1950s, when the first
attempts were made to describe reactions in the catalyst using empirical data (Krane et al., 1959). In
the 1970s and 1980s, models became more sophisticated, considering reactions such as
isomerization, dehydrogenation, and other mechanisms, as well as hydrocarbon interactions. At this
time, differential equations and numerical methods began to be used extensively to improve
accuracy (Ramage et al., 1987, 1980; Zhorov et al., 1980).

In the 1990s, dynamic models became available that described real-time changes in
concentrations and temperatures, including parameters such as temperature, pressure, and catalyst
degradation, which improved the prediction of reactor performance (Rodriguez and Ancheyta,
2011; Stijepovic et al., 2009).

Since the early 2000s, molecular and machine learning approaches have been incorporated
into modeling to optimize catalyst performance and predict product composition. These methods
allowed a wide range of factors to be considered, thereby improving the accuracy of predictions and
the economic efficiency of the process (Sotelo-Boyas and Froment, 2008; Wei et al., 2008a, 2008b).

Recent interest in the reforming process has been driven by two main factors: reformate has
become a major source of aromatic hydrocarbons in gasoline, and new legislative restrictions
address benzene and aromatic hydrocarbon content in commercial gasoline (Sapre and Katzer,
2020; Velazquez et al., 2023).
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The main chemical reactions of catalytic reforming include (As Martinez et al., 2022;
Rekoske et al., 2017):

1. Isomerization of normal alkanes into isoalkanes, which is a fast exothermic reaction and
leads to a slight increase in octane number. The reaction itself does not depend on the number of
carbon atoms in the molecule, and its thermodynamic equilibrium depends mainly on the
temperature of the process. High temperature favors the acceleration of the reaction. Isomerization
reactions take place on acidic catalyst centers.

n— CeHy4 — CeHyy 1)

2. Dehydrocyclization of alkanes (aromatization), which involves dehydrogenation to form
aromatic hydrocarbons and hydrogen. The reaction proceeds on metallic and acidic catalyst centers.
Alkanes with higher molecular weight undergo this reaction most rapidly, but they are also the most
susceptible to the side reaction of hydrocracking. The reaction is accelerated by high temperature
and low pressure, but, in general, this rate is much lower than the rate of the cycloalkane
dehydrogenation reaction.

Ce¢Hy4 — CeHg + 4H, 2

3. Dehydrogenation of naphthenes to aromatic hydrocarbons, which is an endothermic
reaction requiring high temperatures and low pressures for efficient proceeding. The rate of these
reactions is high compared to other reactions. Since dehydrogenation of naphthenes provides high-
octane components, intensification of this reaction is the most desirable process.

Ce¢H1, = C¢Hg + 3H, (3)

4. Isomerization of five-membered cycloalkanes into cyclohexane derivatives, an exothermic
reaction with a relatively low rate.

CsHg » CH3 + C¢Hyp 4)

5. Hydrocracking of alkanes has 2 stages and proceeds both on metal and acid catalyst
centers. At the first stage, the dehydrogenation reaction takes place on metal centers, after which the
resulting alkene molecule is broken on the acid center and the resulting short chain alkene is
hydrogenated. The reaction rate increases with increasing temperature and pressure. It is an
undesirable reaction, because due to hydrocracking the content of alkanes in reformate decreases,
which leads to an increase in the concentration of aromatic hydrocarbons and a decrease in
reformate yield.

n-CoHy9 + Hy, —» i-C4Hqy + i-CsHy, (5)

Various kinetic models have been described in the literature to represent the catalytic
reforming process. All these models take into account some or all of the reactions mentioned above,
catalytic reforming, and simplify the complex mixture of naphthenes so that each of the three
classes of hydrocarbons - paraffins, naphthenes and aromatic hydrocarbons — is represented by a
single compound with the average properties of that class.

Mathematical modeling of the catalytic reforming process continues to develop. One of the
popular models is the Jorge model (Arani et al., 2009), which includes 24 differential equations and
71 kinetic parameters, describing the behavior of paraffins, naphthenes, and aromatic hydrocarbons,
as well as the effect of temperature and pressure on the kinetic constants. This model was validated
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using experimental data obtained from fixed bed catalyst plants. As a result, the deviation of
calculated data from experimental data did not exceed 3%.

Other studies (Wei et al., 2017) focus on dynamic modeling of catalytic reforming of naphtha,
examining changes in hydrocarbon concentrations as well as temperature and hydrogen profiles in
the reactor to optimize conditions to produce high quality reformate. In recent years, much attention
has been given to molecular models and grouping methods, which help simplify the calculation by
combining feedstock components.

The authors (Elizalde and Ancheyta, 2015) focus on the construction of a molecular model of
the catalytic reforming process of naphtha and its optimization considering molecular information.
Reactions in the reactor are modeled using a reaction network including six classes of reactions.
The process is then simulated using dynamic equations and Kinetic constants to predict the
molecular composition of the products.

Due to the large number of components in the feedstock, unaccounted reactions and high
process temperature, the design and modeling of catalytic reforming reactors are accompanied by
difficulties. To simplify modeling, the grouping method (lumping) is widely used, which allows
combining feedstock components, which significantly reduces the complexity of calculations. We
have considered several existing kinetic models of reforming, such as those proposed by (Arani et
al., 2009). In this paper, the authors propose a model in which naphtha is represented by 17
hydrocarbon fractions with 15 reaction pathways and a simple catalyst deactivation model proposed
by (Elizalde and Ancheyta, 2015; Jarullah et al., 2023). The model contains 17 "pseudo-
components" connected by 15 reaction pathways. The kinetic and thermodynamic parameters of the
model were obtained by optimization based on plant data. The authors also propose equations for
calculating thermodynamic equilibrium constants between lumped hydrocarbons as a function of
temperature.

Based on the above, there are several different kinetic models to describe the catalytic
reforming process, each with its own advantages and limitations. The models simplify the complex
mixture of hydrocarbons by dividing them into three main groups: paraffins, naphthenes and
aromatic hydrocarbons. Some models, such as the Krane model (Krane et al., 1959), have
shortcomings such as not accounting for isomerization or the effects of temperature and pressure on
Kinetic constants. In response to these limitations, newer models (Jarullah et al., 2023; Mokheimer
et al., 2024), take into account more factors including temperature, pressure, and hydrocarbon
domain expansion, resulting in a better fit to experimental data.

It is important to note that while simplified multi-group models may not perfectly capture all
features of the process, the use of such models is often justified because they can effectively predict
outcomes at a lower computational cost than more complex approaches.

2. Materials and methods

The main tool for numerical studies in this work is a mathematical model of the process of
catalytic reforming of gasolines. The model is developed on the basis of a formalized scheme of
hydrocarbon transformations, taking into account the main chemical reactions and the influence of
technological parameters on the yield and quality of target products

The input data for model building was collected from the following sources:

- industrial data provided by operating catalytic reforming units at Kazakhstan refineries;

- laboratory analyses of component and group composition of feedstock and reformate;

- literature sources containing kinetic data and characterization of typical catalysts.

Gas chromatography to determine the individual composition of hydrocarbons; infrared
spectrometry to assess the presence of functional groups; gravimetric method to measure the
content of sulfur and other impurities (GOST 6370-83; GOST 31271-2012; GOST 13379-82) were
used to analyze the composition of raw materials.
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The data collected covered the characteristics of fractions such as: naphthenic hydrocarbons
(cycloalkanes); paraffins (normal and isomeric); aromatic hydrocarbons (benzene, toluene,
xylenes).

The model was developed using a sequential and multicomponent approach. At the first stage,
a system of differential equations describing the dynamics of changes in component concentrations
was determined. To describe the reaction rate, the Arrhenius equations were used, taking into
account the influence of temperature and pressure. The equations of material and thermal balances
were applied, taking into account the input of raw materials, reaction products and heat losses.

3. Results
3.1 Modeling and validation of the reforming process

The first stage of the study was to determine the key Kinetic equations and parameters
affecting the reforming process, as well as to build a mathematical model based on a software
product. This stage included collection and analysis of data on chemical reactions occurring in the
reforming process.

The mathematical model developed in the course of the study allows predicting the behavior
of the plant under different conditions, which is the basis for process optimization.

The group and component composition of the oil was then determined. These oil samples
were selected in accordance with the information provided by production, which allowed the oil
that actually goes to the refinery to be examined.

The method of fractional composition determination was realized using a gas chromatograph
ChromateK-5000 (Russia). The process of fractional composition determination was carried out
according to the methods specified in (Russel et al., 2023; Sundari and Vaidya, 2012).

After analysis using a gas chromatograph, the chromatogram results were analyzed.
Component analysis was performed on each of the oil samples to determine the group composition
of the feedstock. This analysis is of key importance for further prediction of oil refining, as it allows
not only to understand what hydrocarbons are present in the oil, but also how they can be used in
various refining processes.

Oil components were categorized into 69 components, depending on the number of carbon
atoms in the molecule. In addition, the contribution of each component to the process of octane
number increase was taken into account during the analysis.

Next, process conditions identical to those of the actual operating plant were entered into the
Reforming software we developed. This included parameters such as temperature, pressure,
feedstock composition and other important factors that directly influence the efficiency of the
reforming process. An example of input data such as catalyst temperature or feedstock composition
was shown in Figure 1. This data allowed the accuracy of the mathematical model to be verified, as
well as the prediction of plant performance under different conditions and with different feedstock

types.
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Figure 1. "Reforming" software product with process parameters

3.2 Kinetic and reactor equations

Formalization of the mechanism of hydrocarbons transformation in the reforming process
together with aggregation of material flow compositions by homologous series and reactivity of
components allows to simplify the model considerably, reduce the number of considered
components to 69, while preserving its physicochemical essence.

Aggregation is performed at two levels: by contribution to the octane number increase and by
the number of carbon atoms in the molecule, which is an undeniable advantage over numerous other
techniques.

The scheme of transformations developed on the basis of the obtained experimental studies is
presented in Figure 2.

= 6N
—»
P — -«
A . p
%
k.,
" kg Gas
A
COKE = 9N iP

Figure 2. Scheme of hydrocarbon transformations in the catalytic reforming process with chemical
reaction rate constants ki
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The catalyst is in a fixed bed through which the oil-gas mixture flows. The reaction kinetics in
this case will be more stable and predictable because the reaction conditions in the catalyst bed will
be more homogeneous.

The reaction rate will depend on the thickness of the catalyst layer, the intensity of heat
exchange and the diffusion of reactants through the layer.

It is important to consider that due to the lack of catalyst movement in the reactor, localized
overheating or accumulation of reaction products in the vicinity of the catalyst may occur, which
can lead to reduced efficiency.

The catalyst efficiency may be lower than in the moving bed case due to possible diffusion
and thermal issues.

The reaction order of each hydrocarbon reactant is one.

According to hypotheses (Chen, 2023; Pasandide and Rahmani, 2021; Yang et al., 2022) and
reaction network, reaction rates are expressed by Equations (6—10).

Dehydrocyclization of n-paraffins (i=1-7)

P(Ns)P(Hz)

r (D) = k; (P(nPs) - ),s —6-12. ©)

eq,i
Dehydroaromatization of naphthenes (i=8-15)

P(As)P(Hy)3

r (i) = k] (p(zvs) _ ),s —6-12. )

eq,i

Isomerization of paraffins (i=16-24)

(i) = k; (P(nPS) G )

Keq,i

Transalkylation of aromatic compounds (i=25-32)

Keq,i
Hydrocracking of n-paraffins (i=33-40)
r(i) = k;P(nP,)P(H;),s =5—12. (10)
Hydrocracking of isoparaffins (i=41-48)
r(i) = k;P(iP,)P(H,),s =5 —12. (11)
Hydrodealkylation of aromatic compounds (i=49-67)
r(i) = k;P(A;)P(H,),s = 7 — 12. (12)

Reaction of addition of n-paraffins to nP;; (i = 68)
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r(i) = k;P(nPg)P(nPs). (13)
Reaction of addition of n-paraffins to nP,, (i = 69 — 70)

r(i) = k;P(nP,)P(nPi,_s),s =7 — 8. (14)
Reaction of addition of aromatic compounds to A, (i = 71 — 73)

r(i) = k;P(A;)P(nPi,_s),s =7 — 8. (15)

In order to model the reforming kinetics taking into account the reversibility of the reactions,
the equilibrium constants of the reactions of the aggregated components were first calculated by a
procedure using the Want-Goff equation (Samad et al., 2023):

LnK,; = AS;/R — AH;/RT. (16)

Using standard algorithms of modeling of ideal displacement reactors and equations of
material and heat balances, the following model of reforming reactor can be written down (17, 18):

ah=pe (W = YiR), 2= pe—ry

daé Co g Co (17)
ar _PT ¥ . AH.
2 = c, o TAH (18)

The main technological parameters of the reforming process, in addition to temperature and
pressure, are the volumetric feed rate of liquid feedstock and WSS circulation ratio.

Therefore, it is reasonable to write down the mathematical model of the reactor in the same
terms.

V,=-LN,== (19)

Vy v

The equation for the temperature will, in this case, have the form:

ar _ s AH.
g— sz GAHJ (20)

It was found that the activation energies of reactions during the reforming process and for
different feedstocks do not change, so their values are assumed constant. The variation of the
reaction rate constant with temperature is described by the Arrhenius equation, so calculations are
made using the following formula (Chen, 2023; Chen et al., 2023):

kpy = Ky - €Xp [— = (Tz - T)] (21)

43



A.H. I'ymures amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 150(1)

4. Discussion

Table 1 presents the results of component analysis for 10 oil samples representing different
types of hydrocarbon resources. For each sample, a comprehensive examination of the component
composition, including determination of hydrocarbon content, was performed. These results
facilitate comparative analysis and help identify compositional characteristics unique to each
sample.

Table 1. Compositions of raw materials for catalytic reforming

Number of sample
1 2 3 4 5 6 7 8 9 10
n-paraffins, (%) | 21.78 | 22.10 | 23.81 | 31.55 | 29.82 | 21.58 | 24.20 | 24.24 | 26.76 | 25.85
iso-paraffins, (%) | 24.25 | 19.14 | 18.71 | 25.83 | 23.64 | 24.33 | 26.63 | 23.29 | 22.41 | 23.40
naphthenes, (%) | 31.61 | 33.89 | 30.90 | 30.24 | 26.95 | 31.00 | 32.44 | 44.50 | 40.35 | 40.58
Aromatic
hydrocarbons,
(%) 22.34 | 2490 | 26.60 | 12.39 | 19.58 | 23.07 | 16.73 | 7.11 | 9.62 | 8.88

Fraction

Table 1 shows that the content of n-paraffins in the analyzed samples ranges from 21.58% to
31.55%. Higher concentration of n-paraffins increases the yield of high-octane products, as they are
easily converted into aromatic hydrocarbons.

The share of isoparaffins varies from 18.71% to 26.63%. Despite their lower reactivity, their
presence contributes to the increase of octane number in the final product due to isomerization and
cyclization processes. The content of naphthenes ranges from 26.95% to 44.5%, which is
advantageous for the reforming process, since naphthenes are easily transformed into aromatic
compounds, which further increases the octane number.

The aromatic hydrocarbon content ranges from 7.11% to 26.6%, indicating that the feedstock
already has some high-octane properties. Nevertheless, careful monitoring of coke formation is
essential to maintain process efficiency. Among the analyzed feedstocks, materials with high
naphthene content are considered to be the most valuable for the reforming process, since
naphthenes are converted into aromatic hydrocarbons with higher selectivity than paraffinic
hydrocarbons.

4.1 Simulation

Based on the proposed mathematical model, a software tool for modeling and analysis of the
reforming process was developed. The software functions as a database management system,
providing efficient storage, management and quick access to source materials and process data.

The main component of the software is a digital block diagram that visualizes and simulates
the entire processing sequence. This flowchart provides a comprehensive representation of material
and energy flows at each process step, allowing detailed monitoring of changes in raw materials and
reaction products. The system displays all inputs and outputs, as well as critical parameters such as
temperature, pressure, feedstock flow rate and other key process characteristics needed for thorough
analysis and optimization.

The software is implemented using the Python programming language for flexibility,
scalability and easy integration with other analytical tools.

4.2 Model validation

Figure 3 shows a comparison of actual plant data and model predictions, providing an
assessment of the adequacy of the developed kinetic model. Ten data sets from the plant were
analyzed to validate the model, with operating conditions and feedstock consumption set in
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accordance with the plant's technical regulations. This comparison allows us to evaluate the
accuracy of the model in predicting the efficiency of the reforming process under real operating
conditions, ensuring its reliability for further analysis and optimization of the process.
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To increase the reliability of the results of modeling and analysis of the catalytic reforming
process, statistical processing of experimental and calculated data was carried out. The main
statistical methods used were the estimation of standard deviation, coefficient of variation and
correlation analysis between calculated and actual parameters.

Table 2. Results of statistical processing of data

Fraction Average error Mean absolute error Coefficient of
determination (R?)
n-paraffins -0.18 0.21 0.98
iso-paraffins 0.06 0.55 0.97
cycloalkanes-5 -0.03 0.06 0.99
cycloalkanes-6 -0.08 0.10 0.98
aromatic hydrocarbons 0.00 0.06 0.99

The coefficients of determination (R?) for all fractions exceed 0.97, indicating a high degree
of consistency of the calculated data with the industrial results.

The aromatics fraction showed the highest prediction accuracy (R* = 0.99) with the lowest
average error. Iso-paraffins showed a slightly higher average absolute error (0.55), indicating the
possible influence of compositional uncertainty or process variations.

It should be noted that rate constants in generalized kinetic models usually depend on
feedstock and catalyst characteristics, and their use for modeling reforming reactors under other
feed conditions may not be appropriate if they are determined for specific conditions. However, if
the kinetic model is sufficiently detailed, the rate constants can be considered independent of the
initial feedstock composition, allowing them to be used to model reactors at other feed conditions.
The main problem with the use of more complex models is that the simplicity of the kinetic
representations inherent in models with a small number of generalizations is partially lost. The use
of models with a large number of generalizations requires much more experimental data.

The developed model can be used for operational control of the reforming process at
operating plants. It allows predicting changes in product composition when varying process
parameters, which contributes to increased production flexibility and adaptation to changing market
conditions. In addition, the model can serve as a tool for personnel training and practicing various
scenarios of plant operation without risk to real production.

Implementation of the developed mathematical model into industrial practice will improve the
efficiency and environmental safety of the catalytic reforming process. Accounting for catalyst
deactivation and optimization of process parameters on the basis of the model will ensure stable
product quality and extension of catalyst service life, which has a significant economic effect for oil
refining enterprises.

5. Conclusion

In the framework of this study, a kinetic model of the catalytic reforming process was
developed based on data from a commercial fixed bed catalyst plant. The model parameters were
determined using the method of minimization of discrepancies between calculated values and
industrial data, which provided a high degree of accuracy in predicting the reformate composition.

The proposed model combines the simplicity of generalized approaches with the advantages
of more detailed models to effectively predict reformate composition and account for key process
variables (temperature, pressure, hydrogen/hydrocarbon ratio and feed rate). Validation of the
model was performed on both laboratory isothermal data and industrial data from commercial
plants, confirming its versatility and practical applicability.
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The developed program product based on this mathematical model demonstrated a high
degree of adequacy. The total error of calculations was less than 3%. The error in determining the
concentration of aromatic hydrocarbons was less than 1%.

These results indicate the accuracy and high detail of the model, which allows using it for
operational control of the reforming process and development of recommendations for optimization
of the plant operation mode.

The application of the developed model in industry will allow not only to increase the yield of
target products and improve fuel quality, but also to reduce production costs by optimizing
operating modes and extending catalyst lifetime. In today's conditions of tightening environmental
requirements, such a model is an important tool to ensure sustainable development of oil refineries.

Future research aimed at integrating the model with digital control systems and optimizing
energy efficiency can significantly improve the competitiveness of Kazakhstan's oil and gas
enterprises and ensure compliance with international quality and environmental safety standards.

Thus, the developed kinetic model is not only a scientific achievement, but also a practical
solution to improve the efficiency of reforming processes under the conditions of modern
requirements to fuel quality and sustainable development of the industry.
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OHepKacinTIK JepekTep HeridiHae OeKiTUIreH KadaTTrarbl KAaTAJIMTHKAJIBIK
pudoOpMUHT PoLECiH MOeJIb/ey

Puzaryas /{rocoBa, Meanip bopamosa, SIkooc Cepreesc, linsic Kyanbimes

Angarna: byn 3eprreyse KaTadUTUKAIBIK PUGOPMHHT TPOIECIHIH KHHETHKAIBIK YIATICI
KOMMEPUMSUIBIK TYPaKThl KaTalu3aTOp 3aybITHIHBIH JEPEeKTepiH MaijalaHa OTBIPBII J31pJeHIL.
Mogenpaik mapaMeTpiep €CenTeNreH MOHAEP MEH OHEpPKICINTIK JepeKTep apachiHAarbl
COMKECCI3IKTEep/Il a3aiTy apKbLIbl, KalTa MINIMIEY KypaMmblH OoJpKayaa >KOFapbl JOJIIKTI
KaMTaMachl3 €Ty apKbUIbl aHBIKTAJAbl. ¥CBIHBUIFAH MOJENb O KAIMbUIAHFAH TOCULAEPAIH
KaparmabIMIBUIBIFBIH €MKEH-TerKEIT YATUIEPAIH apTHIKIIBUIBIKTapbIMEH OipikTipeai, Oy KaiiTa
mimIiMaey KypaMblH —THIMII OoJpKayFa JKOHE HETI3TT  TEXHOJOTHSUIBIK — aifHBIMATBLIAPIBI
(Temriepatypa, KbICBIM, CYTET1/KOMIPCYTEK KAaThIHACHI koHE Oepy KbUIAAMIBIFBI) €CElKe anlyFa
MYMKIHJIK Oepeni. Banunanus 3epTxaHalbIK U30TEPMHUSIIBIK IEPEKTEPMEH /i€, OHBIH MPAKTUKAIIBIK
KOJIJaHY MYMKIHJIITIH pacTalThIH ©HEPKICINTIK AEPeKTepMeH Je Kyprizimmi. Ocel yuri OoibIHIIA
o3ipyieHreH OafFjapiaMaiblK KaMTaMachl3 €Ty JKOFaphl JOJJIIKTI KOPCETTi, apOMAaTThl KOMIPCYTEK
KOHIICHTPAIUSCHIH aHbIKTayaa 3%-1aH a3 xoHe 1%-1aH a3 KaTelikIieH ecentey Karenepi 6ap. by
HOTIDKENIEp MOJIENbIIH JASJINH pacTal, OHbl HAKThl YaKbITTaFbl MPOLECTI Oackapy >KoHE
OHTAMNIAHABIPY VIIIH KOJAiibel erefi. Moaenbai eHEepKacilTe KOJNJaHy MaKCaTThl ©HIMICPIiH
HIBIFBIMIBUIBIFBIH APTTHIPBIN, OTHIH CAachlH KaKCAPTHII KaHa KOWMaiiibl, COHBIMEH KaTap KYMbIC
PEKUMICPIH OHTAMIAaHABIPY JKOHE KaTaIM3aTOPIBIH KbI3MET €Ty MEp3iMiH y3apTy apKbUIbI OHIIpic
UIBIFBIHIAPBIH a3aiTaapl. DKOJIOTHSIIBIK €peXeNnepal KaTalTylbl ecKepe OTBIPBIN, MOJAETh MYHail
OHJICY 3ayBITTAPbIH/IA TYPAKTHI JaMyAbl KAMTaMachl3 €TYIIH MaHbI3Ibl Kypajbl OO TaObLUIaIbI.
Bbonamiak 3eprreynep oHbIH HHUMPIBIK Oackapy KyHelnepiMeH MHTErpalMsChlH KaKcapTyFa *KoHe
KaszakcTtaHHbIH MyHai-ra3 KoCIOpPBIHAAPBIHAA dHEPIUs TUIMIUITIH OHTAWIAHJBIpYFa MYMKIHAIK
oepeni.

Tyiiin ce3aep: MaTeMaTUKANbIK MOJENbICY, MYHAl OHJEY, OHTAWIaHABIPY, PECypc THIMILMITI,
MYHal XUMUSChI, KATATUTHKAIBIK PUPOPMUHT

MopaeanpoBaHue mnpouecca KATAJINTHYECKOro Pu(OpPMHUHIa ¢ HeNOABUKHBIM
CJI0eM KaTajJu3aTopa Ha OCHOBE MPOMBIILICHHBIX JaAHHBIX

Puzaryas /{rocosa, Moaaup bopamosa, fikooc Cepreesc, Unusic Kyanbimes

AuHoTanusi: B nmaHHOM wHccienoBaHuu Obiia paspaboTaHa KHHETHYECKash MOJENb Mpoiiecca
KaTaJIUTUYECKOTO PUGOPMHUHra C KCIOJIb30BAHHEM JaHHBIX C KOMMEPYECKOH YCTaHOBKU C
HCIIOABMIKHBIM CJIOEM KaTajJu3aTopa. HapaMeTpLI MOACIN ObLIH OMpeACIICHBI ITYTEM MUHUMU3AIUU
PACXOXKICHUN MEX/y PACUCTHBIMHM 3HAUCHUSIMH M TIPOMBIIUICHHBIMU JJAHHBIMH, YTO 00ECIICUYHBACT
BBICOKYIO TOYHOCTH MPOTHO3WPOBaHMs cocTaBa pudopmara. [IpemioxkeHHas MOJCIb COYETAET B
cebe mpocToTy OOOOIIEHHBIX TOIXOIOB C MPEHMYIIeCTBaMH Ooliee TOAPOOHBIX MOJENEH, 4TO
103BoJIsIET 3()(PEKTUBHO MPOTHO3UPOBATH COCTaB pU(OpMaTa U YUUTHIBAThH KIIFOUEBbIE IIEpEMEHHBIE
nporecca (Temreparypy, JAaBlICHHE, COOTHOIICHHE BOJOPOJa W YIJICBOJAOPOIOB M CKOPOCTh
nojaun). Bamumarus Oblia mpoBeeHa Kak ¢ JJabopaTOpHBIMUA H30TEPMHUUYCCKHUMH JAHHBIMH, TaK U C
MPOMBIIJICHHBIMH JIAaHHBIMH, YTO TIOJATBEPANUIIO €€ MPAKTHUECKYI0 IPUMEHUMOCTh. Pa3paboTanHoe
HAa OCHOBE ATOI MOJIENIM MPOrpaMMHOE 00ECICUCHHE MPOJCMOHCTPUPOBATIO BHICOKYIO TOYHOCTD C
MOTPEIIHOCThIO  pacyeToB MeHee 3% W TOTPEIIHOCTBIO  ONPEHENICHUS  KOHIEHTPAIUU
apOMAaTUYECKUX YTIIEBOJOPOJOB MeHee 1%. DTH pe3ynbTaThl MOATBEPKAAIOT TOYHOCTh MOJICIH,
qTO ACJIAaCT €€ HpPII‘O,ZLHOfI AJId ylipaBJICHUS TPOLUCCCOM B pC€ajlbHOM BPEMCHU U €TI0 ONITHUMU3AIHU.
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[IpuMeHeHre MOAENM B MPOMBIIIJICHHOCTH ITO3BOJIMT HE TOJIBKO YBEJIWYHTH BBIXOJ| LEJIEBBIX
IPOJXYKTOB M YIYYIIUTHh Ka4eCTBO TOIUIMBA, HO M CHU3UTH CEOECTOMMOCTh HMPOAYKIIMU 32 CUET
ONTUMH3AIMUA PEKUMOB pPAOOTHI M TPOMICHHUS CpOKa CIy)XObl KaTanu3aTopa. YUHUTHIBas
Y)KECTOYCHHE IKOJIOTUYECKUX HOPM, MOJIEIb SIBISETCS BAKHBIM HHCTPYMEHTOM Ul 0OeCIICUeHHS
YCTOMUMBOTO pa3BUTUsI HedTenepepadaThIBAOIIMX 3aBOJOB. JlanbHEHIINE HCCIEIOBAaHUS MOTYT
YAYYIIUTh WHTETpaldi0 ¢ [OUGPOBBIMH  CHUCTEMAaMU  YIpPaBICHUS H  ONTUMH3HPOBAThH
SHEeprodPpPeKTUBHOCTH HA He(Tera3oBhIX npeanpusaTusix Kasaxcrana.

KiroueBble cjoBa: MaTeMaTHUeCKOe MOJCIUpOBaHUE, HedTenepepadoTka, ONTUMHU3AINS,
pecypcoddHEeKTUBHOCTD, HE(DTEXUMUS, KATATUTHUYSCKUI pUGOPMUHT
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