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DEVELOPMENT OF LINGUISTIC MODELS FOR EVALUATING QUALITY INDICATORS OF
BENZENE AT THE OUTLET OF THE BENZENE COLUMN IN A FUZZY ENVIRONMENT

Annotation: Currently, due to the intensive development of the petrochemical industry and the growing
demand for its products, increasing the productivity of high-quality benzene production facilities based on their
models has become an actual scientific and practical problem. In practice, the main indicators of benzene
guality are assessed imprecisely based on the experience and knowledge of process engineers who manage
the benzene production process and specialists from the plant laboratory. The paper proposes a method for
synthesizing linguistic models of poorly formalized technological facilities, such as a benzene column, with
fuzzy input and output parameters, allowing for the modeling and optimization of their operating modes in a
fuzzy environment. Based on the proposed method, linguistic models have been developed to evaluate the
main quality indicator of benzene produced in the benzene column of the Atyrau oil refinery, which is the
subject of the study. Based on the developed linguistic models-a rule base in Fuzzy Logic Toolbox-fuzzy
modeling of various operating modes of the studied benzene column and optimization of its mode were carried
out. As a result, the optimal operating mode of the benzene column was determined, allowing to maximize the
volume and quality of benzene from its output. The novelty and importance of the proposed method for
synthesizing linguistic models of complex technological objects in a fuzzy environment lies in the fact that it
allows the development of effective linguistic models of objects with fuzzy input and output parameters. The
practical significance of the developed linguistic models of the object under study lies in the optimization of its
operating modes in a fuzzy environment based on fuzzy modeling.

Key words: benzene column, fuzzy modeling, optimization, linguistic models, benzene production
process.

Introduction

The benzene column, designed to produce benzene from naphtha with quality indicators that
meet current standards, is the main unit of the benzene production unit (BPU) at oil refineries (OR).
The quality indicators of benzene, such as the average octane number of benzene and the sulfur
content in benzene from the benzene column at the Atyrau and many other refineries, are not directly
measured in production. These important indicators, which determine the quality of benzene in
practice, are assessed imprecisely with the participation of process operators, decision-makers
(DMs) responsible for managing the benzene production process, and specialists from the plant
laboratory [1, 2]. At the same time, they determine these qualitative indicators of benzene based on
their knowledge, experience, and intuition, as well as additional research in laboratory conditions
using fuzzy expressions: “less,” “more,” “low,” “medium,” “high” quality, etc. [3]. Accordingly, to
determine such vaguely assessed parameters and indicators of poorly formalized production
facilities, it is necessary to use available fuzzy information obtained from decision makers and expert
specialists based on expert assessment methods and processed using fuzzy set theory methods [4,
5].

Recently, with the intensive development of the petrochemical industry, in which high-quality
benzene obtained at oil refineries is the main raw material, issues related to the optimization and
management of the benzene production process in oil refinery benzene columns have become a
highly relevant and priority task for the oil refining and petrochemical industries. In this regard,
research dedicated to solving this problem using mathematical models and information technology
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has intensified. Several studies [6-11] are devoted to the problems of developing mathematical
models and simulating benzene production facilities. The authors of [6, 7] presented the results of
research into the processes of benzene production by hydrodealkylation and from naphtha in oil
refineries and the problems of optimizing these processes based on mathematical modeling under
deterministic conditions. Zhilin, Franck, and others in their works [8, 9] investigated issues of
modeling the technology of benzene and toluene production based on the synthesis and production
of high-quality benzene for use in petrochemistry under conditions of stochastic uncertainty. Han et
al. in their work [10] investigated the conversion of benzene and synthesis gas into alkylbenzenes
using various catalysts based on kinetic models describing the rates of chemical reactions and their
mechanisms, as well as the influence of temperature.

The sources analyzed above and other sources on the subject mainly examine the problems
of modeling benzene production processes under deterministic conditions and under conditions of
stochastic uncertainty, while the problems of modeling in optimization under conditions of uncertainty
have not been sufficiently studied. Works [11, 12] examine the problems of developing fuzzy models
and multi-criteria optimization of hydrocarbon production facilities, including benzene, with clear
input and fuzzy output parameters. However, in these and other known similar works, the problems
of developing linguistic models under conditions of fuzzy input and output parameters of benzene
production facilities have not yet been sufficiently studied and solved. In this regard, the development
of an effective method for synthesizing linguistic models for linguistic modeling of facilities with fuzzy
input and output parameters is a relevant scientific and practical task for many poorly formalized
facilities, such as benzene columns, operating in a fuzzy environment. This work is devoted to the
study and solution of this task, i.e., the development of linguistic models for evaluating the quality
indicators of benzene at the outlet of the benzene column of the BPU in a fuzzy environment.

Research methods

The conditions for conducting the study are the availability and use of the following materials
and information:

— technological regulations for the operation of the benzene column of the BPU and a
description of its technological scheme [1];

— results of various studies and analyses, assessments of the quality characteristics of
benzene and benzene quality requirements according to current standards [3, 10];

— standards and methods for determining benzene quality indicators, such as: GOST 9572-93;
ASTM D2699; ISO 22854; GOST 511-82; spectroscopic methods [13, 14];

— unclear information obtained from the decision-maker responsible for managing the benzene
production process and expert specialists from the plant laboratory.

The benzene column C-401 BPU of the Atyrau Oil Refinery, in which benzene production
processes take place, was selected as the object of study. The main quality indicators are taken into
account as fuzzy constraints according to the requirements of current standards. The main fuzzy
guality indicators controlled in the benzene production process in accordance with the requirements
of current standards are: u; (x) = «the average octane number of benzenes is greater than: =102»
and p, (x) = «the sulfur content in the produced benzene is less than: <0.00005». Here, p, (x) and
U, (x) are membership functions that formalize the fuzzy descriptions of the constraints, determining
the dependence of the fuzzy constraints on the vector of input operating parameters of the benzene
column x. These fuzzy constraints are described by term sets: {“low”, “below average”, ‘average’,
“‘above average”, “high”}, for each term, for which membership functions p,(x), ¢ = 1,2, are
constructed, which evaluate the degree of fulfillment of fuzzy constraints:

In this work, the collection and processing of statistical and experimental data are implemented
using methods of mathematical statistics and probability theory [15, 16]. To obtain fuzzy information
from decision makers and experts, and to process and use it, expert assessment methods and fuzzy
set theory are used [17, 18]. The paper also proposes and uses a new method for synthesizing
linguistic models for complex production facilities such as a benzene column operating in a fuzzy
environment. The MATLAB system toolkit Fuzzy Logic Toolbox [19] is used for fuzzy modeling of
the benzene column operation and visualization of the results.

The proposed method for synthesizing linguistic models is based on conditional logical
inference rules, a production model of knowledge representation, and various operations on fuzzy
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sets. Below are the main stages of the method for synthesizing linguistic models of complex
technological systems with fuzzy input and output parameters.

1. Selection of fuzzy input and operating parameters of the modeled object %;, i = 1,n that
affect the values of its fuzzy output parameters y;,j = 1, m, which are optimized.

2. Definition of the term set T(X,Y) for fuzzy description of selected fuzzy inputs, mode %;, i =
1,n and outputs ¥j,J = 1,m, value parameters, i.e., a set of terms that are represented as linguistic
variables. Also, definition of universes X and Y, i.e., intervals of variation of fuzzy input and output
parameters.

3. Construction of membership functions that formally describe the degrees of membership of
terms in fuzzy sets that vaguely describe the values of linguistic variables %;,i = 1,n and Vi j = 1,m
i.e., implementation of fuzzification procedures.

4. Building a rule base based on a production model of knowledge representation and logical
rules of conditional inference, and synthesizing linguistic models with the following structure:

IF %, € Ay and/or %, € A,, ...,and/or %, € A, THEN §; € B;,j =1,m. (1)

To synthesize linguistic models that vaguely describe the influence of fuzzy input parameters
%;,i = 1,n on fuzzy output parameters Vi, J = 1,m of a fuzzy object, expert assessment methods
and fuzzy set theories are used.

5. Construction of fuzzy mappings ﬁij, describing fuzzy relationships between linguistic
variables %;,i = 1,n u Vi, J = 1,m, of the optimized object. For convenience, fuzzy mappings Rij are
formalized through their membership functions pz, (%;,7;). Then, based on the compositional

inference rule B; = A;°R;;, where A; c X, B; c Y,and X, Y are universal sets defined in step 4. For
each term t from the term sets T(X,Y), the fuzzy mapping can be defined by the Cartesian product
of the corresponding universal sets: R}; = A x B/.

6. For convenience, the fuzzy relation matrices #fiij (J?i,yj) are calculated based on the

membership function of the fuzzy mapping R{; using the formula:

t ~ ~\ _ . t t ., T . T
,uﬁij(xi,yj) = min [Mgi(xi);ﬂgj(yj)];l =1,n,j=1m, (2)
based on which the values of the membership functions of the output parameters 3;,j = 1,m:
are determined:

i, (7)) = max{min[uz, (x)), pr,, (%0 v/} (3)

Here, x; are fuzzy values of input and operating parameters estimated by experts. Then, the
desired set, to which the current values of input and operating parameters belong, is determined by
the formula p,, (x7) = maxuy,, (x;), i.e., as a setin which the values of the operating parameters have

L

the maximum values of the membership function.

m
7. The adequacy condition of the obtained model is checked min > (y}' —y£)?< S, , where
=
y]M are the defased values of the output parameters of the technological system; y]E are the actual
values of the output parameters obtained experimentally on the technological system under study;
S is the specified level of adequacy. The values yJM and y]E must be obtained at the same values of
xfi=1mn.
If the condition is not met, then starting from stage 5, the next iteration of synthesizing more
adequate models is performed.
8. Synthesized linguistic models with the necessary adequacy are output, and fuzzy modeling
is performed to optimize the output parameters of the object under study.
When the condition of step 7 is met, the transition to the next step 8 is made.
A block diagram of the algorithm implementing the proposed method of linguistic model
synthesis is shown in Figure 1.
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Figure 1 — Block diagram of the algorithm for implementing the proposed method for synthesizing
linguistic models of complex objects with fuzzy input and output parameters

Research results

Using the proposed method of linguistic model synthesis, linguistic models were synthesized
that allow the average octane number of benzenes to be estimated, which is the main quality
indicator of benzene produced from a benzene column. Then, fuzzy modeling was performed in the
MATLAB Fuzzy Logic Toolbox.

In accordance with block 2 of the algorithm for implementing the method of synthesizing
linguistic models based on the Delphi method, the following input parameters were selected as the
operating parameters that most influence j, the average octane number of benzenes from the
benzene column outlet: ¥;, ¥, — operating parameters: temperature and pressure values in the
benzene column, characterized by fuzzyness and being linguistic variables.

As a result of implementing block 3, the following term sets were defined, which describe X,
X, and 7, in a fuzzy manner:

%1 = {«low», «below average», «average», «above average», «high»};

X,= {«low», «below normal», «<normal», «above normal», «high»};

1= {«very low», «low», «average», «high», «very high»}.

For formalization and further convenience, the terms describing the fuzzy values of the
parameters are denoted by the symbols given in Table 1.
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Table 1 — Terms describing fuzzy parameter values and their designations used in constructing
their membership functions and creating a rule base

Therms describing fuzzy parameter values

Designation

Low, low

LW (Low)

Below average, below normal

BA, (Below average), BN (below normal)

Average, average, normal

AR (Average), NR (normal)

Above average, above normal

AA (Above average), AN (above normal)

High, high HG (High)
Normal NR (Normal)
Very low V LW (Very low)
Very high VHG (Very high)

Block 5 defines the universes for linguistic variables ¥, ¥, and J; used in constructing the
membership function in block 5. The results are shown in Table 2 below.

Table 2 — Universes for linguistic variables ¥;, X, and output parameter j,

. - . Designations of terms, meanings of linguistic variables
Linguistic variables
LW BA, BN AR, NR AA, AN HG
X; — column temperature C-401, °C 1324-1336 | 1328-1342 | 1334-1346 1340-1352 | 1344-1356
%, — column pressure C-401 kg/cm? 35-40 37-42 39-44 41-46 43-48
Designations of themes and meanings of fuzzy output
Fuzzy output parameter parameters
VLW LW AR HG VHG
¥, — average octane number of benzene 97-103 100-104 103.4-103.6 | 103.8-104.2 104-106

Let's present the results of the fuzzy faction procedure and other fuzzy inference procedures
using the Fuzzy Logic Toolbox application of the MATLAB system.
Figures 2a) and 2b) below show membership function graphs for fuzzy mode parameters
X, and %,, constructed using the Fuzzy Logic Toolbox.
Figure 3 shows the membership function graphs for the output parameter j,; constructed using

the Fuzzy Logic Toolbox.
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Figure 2 — Membership functions of fuzzy mode parameters
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Figure 3 — Membership functions, fuzzy output parameter j, — average octane number of
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A rule base system for a fuzzy inference system, created on the basis of a production model
of knowledge representation, for evaluating the fuzzy quality indicator of benzene depending on the
fuzzy values of the operating parameters of the benzene column, is presented in the form of fuzzy

production rules.

Rule 1: IF «X; is LW» V «X, is LW» THEN «J; is VLW»;
Rule 2: [F «X; is LW» V «X, is BN» THEN «y; is VLW»;
Rule 3: IF «X{ is BA» V «X, is LW» THEN «¥, is LW» ;
Rule 4: IF «X; is BA» V «X, is BN» THEN «J; is VLW,
Rule 5: [F «X; is LW» V «X, is NR» THEN «y; is VLW» ;
Rule 6: IF «X{ is AR» V «X, is LW» THEN «J; is LWy,
Rule 7: IF «X, is BA» V «X, is NR» THEN «Jy3 is LWx;
Rule 8: IF «X; is AR» V «X, is BN» THEN «J; is LW»;
Rule 9: IF «X; is AR» V «X, is NR» THEN «j; is LW»;
Rule 10: IF «X is LW» V «X, is AA» THEN «J; is LW»;
Rule 11: [F «X; is AA» V «X, is LW» THEN «J; is AR» ;
Rule 12: IF «X; is BA» V «X, is AA» THEN «J; is AR» ;
Rule 13: IF «X; is AA» \V «X, is BN» THEN «J; is AR»;
Rule 14: IF «X; is AR» V «X, is AA» THEN «J, is AR»;
Rule 15: IF «X; is AA» V «X, is NR» THEN «¥, is AR»;
Rule 16: [F «X; is AA» V «X, is AA» THEN «y, is HG»;
Rule 17: IF «X; is LW» V «X, is HG» THEN «J, is HG»;
Rule 18: IF «X; is HG» V «X, is LW» THEN «J; is HG» ;
Rule 19: IF «X; is BA» V «X; is HG» THEN «y, is HG»;
Rule 20: [F «X; is HG» V «X, is BN» THEN «J3 is HG»;
Rule 21: IF «X; is AR» V «X, is HG» THEN «y, is VHG»;
Rule 22: IF «X{ is HG» V «X, is NR» THEN «J; is VHG»;
Rule 23: IF «X; is AA» V «X, is HG» THEN «¥; is VHG» ;
Rule 24: [F «X; is HG» V «X, is AA» THEN «y; is VHG»;
Rule 25: IF «%; is HG» V «X, is HG» THEN «J; is VHG»,

Where V — «andy, i.e., the union operation.

If it is necessary to take into account the degrees of confidence in the truth of each sub-rule of
the rule base, weight coefficients F;,i = 1,25 are introduced, taking values from 0 to 1. Since all
weight coefficients in the resulting rule base are equal to 1, they are not shown.

The rule base obtained above, implemented in Fuzzy Logic Toolbox, which forms the basis of
the knowledge base, is shown in Figure 4.
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Figure 4 — Rule base for estimating the average octane number of benzenes, which is its

main quality indicator

Figure 5 shows the results of visualizing fuzzy logical inference in Rule Viewer based on the
created rule base, where the Input field contains the values of the mode parameters for which logical
inference is implemented.
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Figure 5 — Results of fuzzy logic inference visualization in Rule Viewer Fuzzy Logic Toolbox

Figure 6 below shows the results of three-dimensional visualization of fuzzy modeling in the
form of the “input-output” surface of a benzene column. The resulting surface corresponds to the
created rule base and allows visual control of the fuzzy modeling results.

Result

1350

pressure T temperature
Figure 6 — Three-dimensional visualization of fuzzy modeling of a benzene column in the Fuzzy
Logic Toolbox Surface Viewer window

Discussion of scientific results

The developed and described method for synthesizing linguistic models of poorly formalizable
objects described with fuzzy input and output parameters is based on conditional logical inference
rules using a production model of knowledge representation and operations on fuzzy sets. In this
method, expert assessment techniques are used to create a rule base describing the influence of
input linguistic variables on the fuzzy values of the output parameter.

Synthesized linguistic models based on the proposed method allow estimating the average
octane number of benzenes from the C-401 benzene column output based on fuzzy modeling of the
benzene production process using the Fuzzy Logic Toolbox and determining the C-401 operating
mode that provides the maximum volume of benzene with the required quality.

Based on the results of visualizing the implementation of the rule base in Rule Viewer, shown
in Figure 4, it is possible to analyze the conclusion of each rule and the results of modeling based
on the defuzzification procedure. Figure 4 shows the modeling results obtained for the following
operating parameters of the benzene column: temperature 1340°C; pressure 44 kg/cm?. At these
operating parameters of the benzene column, the average octane number of the benzene obtained
is 104, which, according to Table 2, compiled on the basis of the current standard, means high
benzene quality. It should be noted that using the Rule Viewer window of the Fuzzy Logic Toolbox
to simulate the operating modes of the benzene column, i.e., by changing the fuzzy values of its
operating parameters, it is possible to select the best value for the quality of the benzene produced.

Based on the results of the analysis and discussion of fuzzy modeling and the input-output
surface in the Surface Viewer window (Figure 5), it can be noted that the lower the values of the
operating parameters (temperature, pressure) of the benzene column, the higher the quality of
benzene, since the average octane number of benzenes increases. Conversely, the higher the
temperature and pressure of the benzene column, the lower the quality of the benzene. This
conclusion is consistent with the established set of rules, and in practice, when managing the
benzene production process, it is necessary to choose a compromise solution that maximizes the
volume of benzene produced with the specified quality indicators. However, sometimes, due to the
requirements of the benzene market, it is necessary to choose a benzene column operating mode
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that provides the required volume of benzene with the best quality indicators. Thus, based on the
models, it will be necessary to solve the problem of choosing a compromise solution, taking into
account market demand for the volume of benzene and its quality, since these criteria are
contradictory.

Conclusion

The paper proposes a new method for synthesizing linguistic models of poorly formalizable
objects, which allows for the effective modeling of such objects with fuzzy input and output
parameters. Based on the proposed method, linguistic models have been synthesized that allow for
the evaluation of the main quality indicator of benzene and the modeling of the process of producing
high-quality benzene in a fuzzy environment.

The research yielded the following main results:

— A method was proposed for synthesizing linguistic models of complex technological objects
with fuzzy input and output parameters, allowing their operating modes to be modeled and optimized.

— Based on the proposed method, linguistic models were synthesized to estimate the average
octane number of benzene and to perform fuzzy modeling of the operating modes of a benzene
column in order to determine its effective operating mode that ensures the required benzene quality.

— Based on the Delphi method, logical rules of conditional inference, and a production model
of knowledge representation, a rule base was created for fuzzy modeling of benzene column
operating modes in Fuzzy Logic Toolbox.

The novelty of the results lies in the development of a new effective method for synthesizing
linguistic models of complex technological objects in a fuzzy environment for fuzzy modeling and
optimization of their operating modes.
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BEH30/14bIK KOJIOHHA LWbIFfbICbIHAOAFblI BEH30J1AblH CAMNAJbIK KOPCETKILUTEPIH BAFAJIAY
YWIH MUHTBUCTUKATBIK MOOEJIbAEPIH KYPY

Kasipai yakbimma MyHal-xumusi eHepKaCibiHIH KapKbiHObI OaMybiHa XOHe OHbIH 6HiMOepiHe
cypaHbicmblH apmybiHa b6alinaHbicmbl canasnbl 6eH30n eHOipy HbicaHOapbiHbIH 6HiMOinigiH onapdbliH
modenblepi HeziziHde apmmbipy 63eKmi fblbIMU-IpakmukanbiKk MiHoemke aliHandbl. ©HOipicme 6eH30:
canachlHbIH Hezizai kepcemkiwmepi 6eH30n1 eHOipy rpoueciH backapambiH orepamop-mexHonoanapObiH
XOHe 3aybim 3epmxaHacbl MamMaHOapblHbIH maxipubeci meH b6inimiHe cylieHe ombIpbir, alKbIiHCbI30a
baranaHadbl. byn makanada 6eH30/10bIK KOJIOHHA CUSIKMbI Hawap ghopmasudayusinaHamsiH, alkbiH eMec
Kipic, wbifbIiC MapamempriepiMeH cunammanambiH MEeXHOMO2USMbIK HbICaHOapObKYMBbIC pPexXUuMOepiH
modenbleyee, onmumusauusinayra MyMKiHOIK 6epemiH fiuHaecmuKarsblK MoOesnb0epiH cuHmesdey macini
YCbIHbIIFAaH. ¥CbIHbIIFAH Macin HezidiHde 3epmmey HbicaHbl 605bin mabbinambsiH Ambipay MyHal eHOey
3aybImbiHbIH 6€H30510bIK KO/IOHHacbiHOa eHOipinemiH beH30n0biH Heezi3ai cana kepcemkiwiH barasayObiH
nuH2guUcMuKkarnblK ModesnbOepi cuHmes0endi. AnbiHFaH fTUHa8UCMUKalbIK ModesibOep — epexernep 6a3achbl
apkbinbl Fuzzy Logic Toolbox KocbiMwacbkiHnda 3epmmenemiH 6eH30/1 KOMMOHHAChIHbIH apmypiii XYMbIC
pexumoepiH alKbIHCbI30bIKma Modenbley xoHe onmumu3auyusinay xypeidindi. HemuxeciHde >orfapbl
canarnbl 6eH3010bIH KeneMiH MakcuMmu3ayusnayra MyMKiHOIK 6epemiH 6eH30/1bIK KONMOHHaHbIH ornmumanibl
XKYMbIC pexXumi aHbiKmasiobl. AUKbIHCbI3ObIKMa Kypoesii mexHono2ussblK HbicaHdapobliH UH28UCMUKarbIK
modenblepiH cuHme3sdey yWiH yCbiHbliFaH MocindiH aHalblfbl MeH MaHbI30blbifbl KIpIiC XOHE WbIFbIC
napamempriepi alKkbiH emec HbicaHOapObiH muimMOi fuHaeucmuKanbiK ModenbOKepiH Kypyra MyMKiHOIK
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bepyiHde. 3epmmey HbiCaHbIHbIH KypbliiFaH JIUH28UCMUKaIIbiK MOOeIbOepiHiH npakmukasiblK MaHbi30bIbifbl
alikbIHCbI30bIKMma ModeribOey apKbliibl OHbIH XYMbIC PeXUMOeEpiH alikbIiH eMec opmada onmumu3auusiiayoa.

TyiiiH ce3dep: 6eH30n0bIK KO/IOHHA, alikbiH emec emec Modensoey, onmumu3ayusinay,
NuH28UCMuUKarblK Modernbdep, 6eH3051 6HAIpY MPOUEC.
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PA3PABOTKA JIMHFBUCTUYECKUX MOLOENEWN AnA OLEEHKN KAYECTBEHHbIX NOKA3ATENEWN
BEH30JA HA BbIXOAE BEH30JIbHOU KOJIOHHbI B HEYETKOU CPE[E

B Hacmosiwee epemsi 8 C883U UHMEHCUBHbIM pa3sumueM Heghmexumudeckol ompacsau u pocmom
cripoca Ha ee [pol0yKmbl —akmyasnbHOU Hay4yHO-fpakmuyeckol 3adadveli cmarna [o8bllWeHUe
npousgodumernibHocmu 06beKkmos npousgodcmea KadecmeeHHo20 6eH30ma Ha ocHose ux modesel. Ha
rpakmuke OCHO8HbIE Nokalamesnu kayecmea 6eH30/1a oueHU8armMcs HEYEMKO Ha OCHOBE Ofblma, 3HaHul
orepamopos8-mexHo/10208, yrpasnsouue npouyeccom rnpoudsodcmea beH3ona u creyuanucmos 3ago0cKol
nabopamopuu. B pabome npednoxeH Memod cuHmesa siuHaeucmuyeckux mooenel rnioxo ¢hopmasnusyembix
MeXHO/I02UYeCKUX 06bEKMO8, Kak b6eH30/bHasi KO/IOHHA, C HEeYemKUMU B8XOOHbIMU U 8bIXOOHLIMU
napamempamu, ro3eosnsiiowuli Modenupoeams U ONMUMU3UPO8aMb PEXUMO8 Ux pabombl 8 HeYemkol
cpede. Ha ocHose npednoxeHHo20 memoda paspabomaHbl fluH28UCMUYECKUEe MOOENU OUEHKU OCHOBHO20
KayecmeeHHO20 rokasamesisi 6eH3ona, npou3soouUMo20 8 bBeH30/bHOU  KOJIOHHE AmbipaycKoeo
Hebmenepepabamebisarouie2o 3a8o0a, siernsouwelicss 06bekmom uccriedosaHusi. Ha ocHose paspabomaHHbIX
NuHesucmuveckux modernell — 6asbl npasusn 8 Fuzzy Logic Toolbox nposedeHo Heyemkoe modesuposaHue
pasnuyHbIx pexumos pabomsbi uccriedyemoli 6eH30MbHOU KOMIOHHbI U onmumMmusayusi ee pexume. B
pesynbmame ornpedesieH onmumarsbHbil pPexum ee pabombl OEH30/IbHOU KOJIOHHbI, [1038050WUul
Makcumusuposamps 06bem u 6eH30s1a ¢ ee 8bixo0a ¢ Hauny4WuUM Ka4ecmeeHHbIM rokasamensm. HosusHa u
B8aXXHOCMb MPEANOXeHHO020 Memoda CUHMmMe3a JlUH28uCmu4Yeckux modesnel CIOXHbIX MeXHOI02UYECKUX
0bbekmos 8 Hedyemkolu cpede, 8 MOM, Ymo ro3gosnsiem paspabomams 3¢hheKMuUBHbIX JIUH28UCMUYECKUX
modesniell 06bEKMO8 C HeYeMKUMU 8XO0HbIMU U 8bIXOOHbIMU napamempamu. [pakmuyeckasi 3Ha4UMOCMb
paspabomaHHbIx nuHeeucmuyYeckux modeneli uccriedyemMozo obbekma 3ak/ryaemcss 8 onmumu3sayuu ee
pexumos pabomsi 8 Hedemkoli cpede Ha OCHO8E HEYEMKO20 MOOETUPOBaHUS.

Knroyeeble cnioea: b6eH305bHasi KOMIOHHaA, Heyemkoe  MoOenuposaHue,  onmumu3ayus,
JNuHesucmuYeckue modesnu, npouecc npoussodcmea beH30ona.
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YHUBEPCAIbHbIA TPAHC®OPMEPHbIA ®PEMMBOPK OJ19 AHAJIU3A U TEHEPALIUN
TEKCTA

AHHOMauyusi: B cmambe npednoxeH yHueepcarnbHbIl MynbmumodarbHbil pelMeopk Ons
peweHusi mpéx 3adady obpabomKu ecmecmeeHHO20 f3biKa: pacrio3HasaHusi capkasma, CeHMUMEHMHO-
OpUEHMUPOBaHHOU eeHepauyuu ornucaHul u3obpaxeHull U KOHMEKCMHO20 Helpocemesoz2o MawlUuHHO20
rnepegoda C uCrnonb30B8aHUeEM MexaHu3ma reranking. Apxumekmypa eKrro4aem creyuanu3upo8aHHbIe
9HKkoOepsbl (BERT, RoBERTa, ViT), kpocc-modarnbHble MexaHU3Mbl 8HUMaHUSI U KOHmMpacmuegHoe obydeHue,
ymo obecrniequgaem adanmauuro K pasiudHbIM muramM 6X00HbIX OaHHbIX U CeMaHmu4eckux 3adad.
OkenepumeHmsb! npodeMoHcmpuposanu ynydweHue mempuk BLEU, METEOR, F1 u NER no cpasHeHuto ¢
6asosebimu modensmu. OmoernibHoe 8HUMaHue yderleHo ycmouvusocmu modenu rnpu pabome ¢ pedKumu
c/108aMu U UMEHOBaHHbLIMU cyuwjHocmsamu. onydeHHble pe3ynbmambsl noomeepxoaom 3ghghekmusHOCmb
rpeodnoxxeHHO20 r1odxo0da 8 yCr108UsIX OepaHUYeHHbIX OaHHbIX U MyribmumodasnbHOU CIoXHOCmU. B ycnosusix
cmpeMumenibHo20 pocma MynbmumeOuliHo20 KOHMeHma U 3KCrpeccuu rnosb3oeameriel 8 coyuasibHbIX
cemsix, MynbmumodarsibHble Modesiu — 0b6bEOUHSIWUE MEKCM, 8u3yasibHble U CMUIUCMUYECKUE MPU3HaKU
— CmaHo8sAMCsl KIYesbiM HarpasjieHueM 6 passumuu KoeHumueHbix WW-cucmem. B yacmHocmu,
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