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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. The quality of petroleum products at the outlet of the main rectification
column in a delayed coking unit is uncertain and typically evaluated by laboratory
experts based on their experience and test results. Therefore, addressing decision-
making in a fuzzy environment for controlling the rectification process and ensuring
product quality is a relevant scientific and practical task. This paper aims to study
and solve the decision-making problem for effective control of the rectification
process in the main column of the delayed coking unit under uncertainty. The key
outcome is a heuristic method developed to address decision-making under fuzzy
conditions, modifying the optimality principles of the main criterion and Pareto
optimality. Using this method, a fuzzy-constrained decision-making problem
for rectification control is resolved. The method demonstrates advantages over
conventional deterministic approaches. Its scientific novelty lies in formalizing fuzzy
expert information through membership functions, enabling maximum utilization
of expert knowledge. This enhances decision accuracy in fuzzy environments. The
proposed approach effectively translates expert insight into structured decision
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models, improving the adequacy of solutions in uncertain conditions. The practical
significance is in applying this method to manage complex industrial processes
where input data is vague and expert judgment is essential. The results contribute
to improving the efficiency and reliability of production control in the petroleum
industry and can be extended to other areas requiring fuzzy decision-making.

Keywords: decision making; fuzzy problem; principle of the main criterion;
Pareto principle of optimality; heuristic method; rectification process
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AHnHoTanus. basy KOKcTey KOHIBIPFBICBIHBIH HETI3r1 PEeKTH(PUKAIMSIBIK
KOJIOHHACBHIHBIH IIBIFBICEIHIAFEI MYHAll OHIMJIEpPIHIH camachl alKbIHCHI3IBIKICH
CUNATTANaabl KOHE 3epTXaHa MaMaHJApbIHBIH ToXipuOenepi MeH Oimimuaepi
HETI31HJE 3epTXaHaJbIK 3epTTeyIep apKbuibl Oaraimananpl. OcblFaH OalIaHBICTHI
HETi3Ti KOJOHHAJarbl peKTU(UKAIUIIAY TPOIeci MEH aiblHATBHIH OHIMIEPIiH
camaceklH Oackapy OOWBIHINIA alKBIH eMec OopTaja MIemiM KaObUiay eceOiH
3epTTey JKOHE IIENTy ©3eKTi FEUTBIMHU-TIPAKTUKAIBIK Macelie OOIBII caHamabl. by
’KYMBICTBIH MaKcamyl alKbIH eMec opTajia 0asty KOKCTEY KOHIBIPFBICHIHBIH HET13T1
KOJIOHHACBIHJIAFbl PEeKTHU(UKANMsIAY TPOIECiH THIMAI OakpLiay YIIH IIEmIiM
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KaObL1Jay MACEJIECiH 3epTTey KoHE THIMII Iey. 3epTTeYLiH Heeizei Hamudicenepi:
OacTel KpuTepuii jxoHe [lapeTo onTUMAanAbIK MPUHIUNTEPIH MOTU(PHKALUSIAY
HETi31H/Ie alKBIH eMeC OpTaaa MM KaOblIaay eceOiH MEeNTyaiH dBPUCTHKAIBIK
TOCIJIi; YCHIHBUIFAH 3BPUCTHKAJIBIK TACLT HETi3iHAE peKTH(UKausiay Mpolecin
Oackapy YIIiH aliKplH eMec IIeKTeysepiepl Oap mremriM KaObuigay eceOi
menriyiai. benrial meTepMUHUpACITEH TOCUIAEPMEH CaNBICTRIPFaHIa YCHIHBIIFaH
ABPUCTUKAJIBIK TOCUIIH apTHIKUIBUIBIKTAPHl KOPCETUITCH. FbLIbLMU JHCAHANBIEL:
aflKbIHEMEC OpTaIalIeIiMKa0bIIIay €CENTEePIH Iy IHA31PICHT €HIBPUCTUKAIIBIK
TOCUTIHIH FBUIBIMH YKaHAJIBIFBI alKBIHCHI3 IIaMaIap/IblH THICTUTIK (QYHKIUSIAPHIH
(dhopmanuzanusnay apKbUIbl KOJDKETIMJII Caparliibl MaMaHJIap/blH alKbIH eMec
aKmaparTapblH MaKCUMaJbl TaigamanyeiHna. Capamnmmsl MaMaHIapasH OimiMi
MeH ToXiprOeciH OapbIHINIa Nai1ajaHa OTHIPHII, aKbIH €EMEC eCenTepli MenTyIiH
OyJ1 Tociyi aliKbIH eMec opTajia KaObUIIaHFaH IIeIIiMICP/IiH )KOFaphblaIeKBaTTHIFBIH
KamMTaMachI3 eTei. Homuoicenepoiy npakmuxanslk KYHObLIbIEbL KYPICITi OHTIPICTIK
mporecTepAi 0ackapyna alKbIH eMec MIelniMep KaObuigay ecemnTepiH THiMIi
LICNTy YIIiH aJIbIHFaH HOTHKENEP/iH THIM/II KOJIaHbUTY MYMKIiHIIIT1HIE.
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AnHoTanus. KauectBo He(TenpomyKTOB Ha BBIXOIE OCHOBHOM peKTH(HKa-
LIMOHHOM KOJOHHBI YCTaHOBKHM 3aMEIJICHHOTO KOKCOBaHMS XapaKTepU3yeTcs
HEYETKOCTBIO U OLIEHUBAETCS C YYaCTHEM CIIEIMAIMCTOB-3KCIIEPTOB Jad0opaTopun
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Ha OCHOBE MX OIBITAa M 3HAHMU TyTeM JIADOpaTOPHBIX HCCIEIOBaHUA. B atoit
CBSI3M HCCJICOBAaHUE M PELICHHE 3aJa4yd NPUHATHS PELICHUH B HEUETKOU cperne
JUTSL YIIPABIICHHUS TPOLIECCOM PEKTH()UKAIINKY ¥ Ka9€CTBOM MOTy4aeMOU MPOTYKIIHN
OCHOBHOM KOJIOHHBI SIBIISICTCS aKTyaJbHOW HAy4HO-TIPAKTHYECKOW 3a/1adei.
Llenpro aHHOW PabOTHI SBISAETCS HCCIEJOBaHUE M pa3paboTka d(P(PEKTUBHOTO
peIeHus 33/1a9M NPUHATHS PEIICHUH JUIsl YIPaBICHUS MIPOLECCOM PEKTH(OUKAIIUH
B OCHOBHOIl KOJIOHHE YCTaHOBKH 3aMEIJICHHOTO KOKCOBAHHWSI B YCIIOBHSX
HeueTKoCTH. OCHOBHBIMU pe3yNbTaTaMH HCCIIEIOBaHUs SBISIIOTCS: pa3paboTka
IBPUCTUYECKOTO METO/Ia PEIICHHMS 3a1a4 IPHHATHS PEIICHNI B HEUETKOU cpezie Ha
OCHOBE MOTM(HKAIIMY TPUHIIUIIOB ONITHMAJILHOCTH IJIaBHOTO KpuTepws u [lapero-
ONTHMAaIbHOCTH; NMPUMEHEHUE NPEUIOKEHHOTO METOoHa JUIS PEIICHUS 3aaadu
C HEYCTKMMH OTPAHMYCHUSIMH TPU YIPABICHUH TPOIECCOM PEKTU(DHUKAIHH.
[Toka3aHbI IpEeUMYIIECTBA TPETIOKEHHOTO IBPUCTUYECKOTO METO/Ia [0 CPABHEHUIO
C M3BECTHBIMH JICTEPMHHUPOBAHHBIMHU MoaxogaMu. HaydyHas HOBH3Ha Mertona
3aKITI0YAETCsl B MAKCHMAaJIbHOM HCIIOJIb30BaHHUH IOCTYITHOM HeYeTKOH nH(opmarmm
OT CIICIMAIUCTOB-OKCIIEpTOB 3a cuér e€ dopmanmu3anum uepe3 (YHKIUU
NpUHAIISKHOCTH. Takoil moxxon obecriedynBaeT Ooliee BBICOKYIO aJIeKBATHOCTh
NPUHAMAEMbIX PEIICHUH B HeYeTKoi cpere. [IpakTuueckast IEHHOCTh Pe3y/IbTaToB
3aKJII0YAeTCsl B BO3MOXKHOCTH ITPUMEHEHHS pa3pabOoTaHHOTO METOA JITSL PEIICHHS
3aj1a4 yIpaBJICHUS CII0KHBIMH MTPOU3BOJICTBEHHBIMH POIECCAMH.

KuroueBble c10Ba: IpHHATHE PELICHUIA; HEUETKash Cpeia; MPUHIIMI [IIaBHOTO
KpHUTEepHs; MpUHIUN [lapeTo-onTUManbHOCTH; SBPUCTUYECKUH METOI; TPOIece
PEeKTHDUKAIIH

Introduction. Currently, increasing the depth of oil refining and increasing
the range of more valuable products is an important task for oil refineries, as
this indicator characterizes the efficiency of using hydrocarbon raw materials
(Shelekhova, 2019). Currently, after the modernization of oil refineries (ORs) in
the Republic of Kazakhstan, the average refining depth has exceeded 85%, but
lags behind the refining depth of many other countries. Therefore, for Kazakhstan,
further increasing the depth of oil refining is a very urgent scientific and practical
task. The Government of the Republic of Kazakhstan plans to increase the depth of
oil refining at refineries to 90-95% in the coming years through scientific research,
development and implementation of high-tech, high-tech projects.

The currently used processes of deep oil refining at catalytic cracking and
reforming units using catalysts in the presence of catalysts at high temperatures and
pressures do not ensure complete removal of sulfur and other harmful compounds
in gasoline. These refining technologies do not allow to achieve the required depth
of oil refining, providing a depth of refining 20% below the level of industrialized
countries. One of the approaches to solving the problems of increasing the depth of
oil refining is the qualitative organization of the processing of oil refining residues:
tar and fuel oil contained in the composition of oil up to 20%. In addition, this
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approach to increasing the depth of refining makes it possible to increase the
range of petroleum products with more valuable petroleum products, such as high-
quality petroleum coke, benzene, petrochemical raw materials, etc. Technological
processes of delayed coking occurring in delayed coking units (DCUs) Refineries
provide the most efficient way to produce high-quality petroleum coke, which is in
high demand in the domestic and global markets (Sawarkar et al., 2020).

One of the main units of the DCU is the main distillation column C-1, which is
designed to produce additional petroleum products of the unit: gasoline, light and
heavy gas oils, as well as heavy residues of the rectification process to produce
petroleum coke. Thus, the main C-1 DCU distillation column is designed to isolate
various fractions of petroleum products (gasoline, light and heavy gas oils) from
raw materials (fuel oil or tar), which are commercial products of the plant and
raw materials for the production of petroleum coke. Due to the development
of mathematical methods and computer technology in comparison with column
irrigation technology (Bochkarev, 2019), mathematical modeling and decision-
making methods have become more effective and promising methods for optimizing
the rectification process. These methods allow the decision maker (DM) to make the
best decision to manage the operating modes of complex distillation columns, such
as the C-1 DCU column, depending on the current production situation and market
demand for manufactured products. The main C-1 DCU distillation column, which
is the object of research in this work, like many complex distillation columns, is
characterized by a lack and vagueness of the initial information necessary for
modeling and decision-making. In this regard, this study develops a heuristic
method for effectively solving decision-making problems in a fuzzy environment
based on the use of intelligence (experience, knowledge and intuition) of DM,
domain experts. The proposed heuristic approach is based on the application of
the models of the main rectification C-1 DCU of Atyrau refinery developed by the
authors in the work (Assanova, et al, 2024) and is included in the mathematical
support of the developed intelligent decision support system (IDSS).

Anumber of studies have been devoted to the issues of multi-criteria optimization,
with contradictory criteria in the field of effective solutions, i.e. the problem of
decision-making based on models of the rectification process. For example, the
author of the article (Savelyev, 2022) reviewed the state of issues related to the
optimization of rectification plants. The authors of the paper (Yang et al, 2024)
investigated the problems of optimizing the rectification process based on models.
In the works (Sheikus, et al, 2024; Duyfjes, et al, 2024), an approach to optimizing
the distillation process using a mobile control device was proposed and the issues
of control and optimization of distillation columns based on their models were
investigated. However, when optimizing complex distillation columns such as the
C-1 DCU column, there are problems of shortages of the necessary information
for the mathematical description and formalization of the distillation process. In
well-known works on the modeling and optimization of distillation columns, these
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problems have not yet been sufficiently investigated and solved.

In works (Orazbayev, et al, 2023; Orazbayev, et al, 2015; Matveykin, et al,
2019) devoted to modeling and optimizing the parameters of distillation columns
and other aggregates with the fuzziness of some of the available information, an
approach is used to transform the initial fuzzy problem to a set of clear problems
based on the set of level a of the theory of fuzzy sets (Abbas, et al, 2019). However,
this approach allows us to solve the problem of fuzzy optimization only at the
specified a levels. In other areas, the problem of fuzziness is not solved, i.e. the
collected fuzzy information is lost in these areas, which is knowledge, experience
and intuition are not used, which reduces the adequacy of solving a fuzzy problem.
This situation motivates this research, which is aimed at making full use of the
collected fuzzy information and ensuring the high adequacy of the decision made
to manage vaguely described production facilities in a fuzzy environment.

The purpose of this study is to develop a heuristic method for solving the
decision-making problem for controlling the operating modes of complex vaguely
described objects and, based on it, effectively controlling the rectification process
in the C-1 DCU column in a fuzzy environment. The following research objectives
are set and solved to achieve this goal:

— formalization and obtaining a mathematical formulation of the decision-
making problem in a fuzzy environment for controlling the operating modes of
vaguely described technological facilities and specifying the resulting formulation
of the problem for the main distillation column C-1 DCU of Atyrau refinery;

— based on the modification of various principles of optimality for working
in a fuzzy environment, the development of a heuristic method for solving a
formulated fuzzy decision-making problem that makes maximum use of available
fuzzy information and ensures high adequacy of the decision;

— effective solution of the decision-making problem for controlling the
rectification process occurring in the C-1 DCU column in a fuzzy environment
using the proposed heuristic method based on the involvement of DM, experts in
the decision-making process.

The proposed heuristic method for solving the problem of decision-making based
on a systematic application of expert assessment methods and theories of fuzzy sets
of other methods has a synergetic effect and makes it possible to effectively solve
decision-making problems in a fuzzy environment.

Object, materials and methods. The object of the study is the main rectification
column C-1 DCU 21-10/6 of Atyrau refinery, designed to produce fatty gas,
gasoline, light and heavy gas oils from tar by separation depending on the boiling
point (Tuleuov, et al, 2010). The structure of the C-1 DCU 21-10/6 rectification
column is shown in Figure 1.
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Figure 1. Scheme of the rectification column C-1 DCU 21-10/6

As a raw material, tar heated in DCU primary heating furnaces is fed into
the C-1 distillation column. Vapors of gases and gasoline are released from the
top of the distillation column, which are separated into gases and gasoline in the
E-1 tank. Gas is used as an internal fuel, and gasoline is one of the commercial
products of DCU. Further, depending on the boiling point, light and heavy gas oils
are separated, which are removed from the corresponding plates of the columns.
Secondary raw materials are removed from the bottom of the column, which are
heated in furnaces of secondary raw materials and then fed into coke reactors for
the production of petroleum coke. The coking reactors undergo a delayed coking
process, which results in petroleum and petroleum vapors, which are fed into the
distillation columns to intensify the distillation process.

The materials of the research are the technological scheme of rectification
column C-1 DCU 21-10/6 of Atyrau refinery, experimental and statistical data on its
operation modes and expert information describing the dependence of qualitative
indicators of produced petroleum products on the input, mode parameters of the
investigated column C-1.

The choice of the best operating mode of the column when controlling the
rectification process is iterative and is implemented on the basis of the C-1 DCU

column models, which describe the dependence of the volume (¥j-J = 1.4) and
quality of products (f;F wl = 5j ) on the values of the output, operating parameters
of the column (%;f = 1,6). At the same time, the qualitative indicators of the
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column's commodity products (gasoline, light, heavy gas oil and combustion raw
materials) are characterized by vagueness, since they are not measured in practice
and are evaluated by DM, experts based on their experience and knowledge and
laboratory studies. In this regard, fuzzy models (¥jJ = 1, M) are used to evaluate
the quality of C-1 DCU products, which we synthesized in our work (Assanova, et
al, 2024).

To obtain a mathematical formulation of the decision-making problem for
controlling the modes of operation of complex objects in a fuzzy environment, we
present the following formalization.

Let pc(x)= (ch (X)eves ¢ (x))— be a normalized vector of local criteria, if the criteria

are fuzzy, then their membership functions; X=(x1,---,x,,)— be a vector of input,
mode parameters affecting the operating modes and output parameters of the control

object; ¢,(X)2b,,q =1,L— be fuzzy constraints specified in the form of fuzzy

instructions. Let's assume that the #,(x).q =1L membership functions describing
the degree of fulfillment of the requirements of fuzzy constraints are constructed
with the help of DM and experts. We believe that the weight vectors assessing the
mutual importance of fuzzy constraints are = (g,...., 8,)set or determined by DM and
experts.

Then the general statement of the decision-making problem for controlling the
modes of operation of an object in a fuzzy environment can be written as:

max e (x),i=1m
xeX

X ={x:arg max 1, (), =1L},
In this formulation, it is required to maximize the vectors of m criteria at one

point, taking into account the requirements of p¢(x),i=1,m L constraints #,(X),g=1L
, which cannot be solved with contradictory criteria. Therefore, in order to obtain
an effective (compromise) solution to the problem, it is necessary to apply various
principles of optimality (compromise schemes) to a fuzzy environment. For
example, by modifying and combining the principles of the main criterion (for
criteria) and Pareto optimality (for constraints), the correct formulation of the
decision-making problem in a fuzzy environment can be written as follows:

1
max i, (x), (1)

/
X ={x:xeQnarg(u(x) > up) A argmz}zxZﬁquq(x) A
xe p

L —
AY B, =1AB,20,i=2,mq=1L}. @)

g=1

In the resulting problem (1)—(2): wx— the main criterion chosen by DM,
which is optimized; A— the sign of the logical "and", which requires the truth of all
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conditions associated through it; u:,i=2m—the boundary values of local criteria set

by DM for local criteria po(X),i = 2,m that are included in the constraints.

By changing the values of the boundary values of the local criteria ty,i =2,m
and the weight coefficients of the vector, we p=(g,,..,8,)can obtain a family of

solutions to the problem (1)—(2) x(ug,B) : Then, the choice of the best solution from
the set of solutions obtained is carried out by the DM based on his preference and
taking into account the current situation in production and the market for the sale
of manufactured products.

In this study, a heuristic method is developed to solve the problem of decision—
making with fuzzy constraints in the formulation (1)-(2) to select the effective mode
of operation of the research object based on the modification of the principles of the
main criterion and Pareto optimality.

In the proposed approach to solving the problem (1)—(2), the DM defines
the main criterion that needs to be optimized, and sets boundary values for the
remaining local criteria and they are taken into account as constraints. The degree
of fulfillment of fuzzy constraints in optimizing the main criterion is assessed by

their membership functions. The u(x),i=2,m. flowchart of the proposed heuristic
method is shown in Figure 2.

We briefly describe the main blocks of the developed heuristic method based
on the modification of the principles of the main criterion and Pareto optimality for
working in a fuzzy environment.

In block 2, the values of the vector of input and mode parameters, the
x = (x,,....x ). number of criteria m and constraints L, as well as normalized local
criteria are entered. #gCe). . i e,

In blocks 3 and 4, the DM determines the number of steps Pe.9=LL for each
coordinate of the constraints, a number of priority criteria, Iz ={1....m} and

L),

selects the main criterion with priority 1: K
coefficients of the vector. In B= (ﬁ yoeB L} addition, the DM determines the
boundary values of the Hg:t=2.m |ocal criteria (except the main one) that are

taken into account in the constraints.

In block 5, the values of the steps for changing the coordinates of the vector of
1

weighting coefficients are calculated using £ the formula he = P’

In block 6, changing in the interval [0,1] with a step to g+ @ = L. L determine, a
set of weight vectors B, ... YN = (p, + 1) (pn + 1)+ (g, + 1) is determined
in which the optimal solution is sought.

assigns the values of the weighting

g=LL
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Entering a vector of input, mode parameters, the x = (x,, ..., x,),
number of criteria m and constraints 7, and
normalized local criteria pf (x), ..., g7 (x).

v

Determine for each coordinate the number of steps of the p, g = T,L,
priority series I = {1,...,m}, the main criterion with priority 1, a3(x)
and the vector of weighting coefficients p = (8, ..., 8).

v

DM determine the boundary values of the u}, i = Z,m local criteria

!

Use the formula to calculate A, = 1/pq ,q = 1,1 the number of steps to
change the coordinates of the vector of weighting coefficients B.

v

Formulate membership functions for g, (x), ¢ = 1, L, evaluating degrees of
fulfillment of fuzzy constraints

10

>y

By changing in the interval [0,1] in increments, b, g = T, Ldetermine the set
of weight vectors g%,..., B N =(py+ 1) - (pp + 1)+ ., (p, + 1),

v

Solve the problem (1)}-(2), search and identify current solutions x(u5, ),
i = 2,m, that ensure the maximum of the main criterion g5 (x),
if conditions (2) are met

v

Do the current solutions
x(ub, B), satisfy the DMs?

DM Adjustment

Hp, and for B l

]

11 Output of effective sclutions selected by DM:
values of the vector x*(u, |||l p), providing the maximum
of the main criterion g% (x* (ubs [3)) the local values

of criteria pk (x" (b, B) at least their boundary values
and the maximum values of the degrees of execution of fuzzy

constraints 4, ( x*(ak, B)), ., i ( x* (k. B) ).

v

End

12

Begin

Figure 2. A flowchart of a heuristic method for solving decision-making problems in a fuzzy
environment based on a combination and modification of the principles of optimality of the main

criterion and Pareto optimality

64



ISSN 2224-5278 5.2025

The construction of a function ¥, ). @ = L L, that allows estimating the degrees
of fulfillment of fuzzy constraints is @,(%) = bg.q = L.L performed in block 7 of
the proposed heuristic method.

In block 8, a solution is found to the decision-making problem in a fuzzy

environment (1)—(2), current solutions are determined * (4. B).1 = 2.M that can
provide the maximum of the main criterion #z(x), if conditions (2) are met. In this
block of searching for an effective solution, after reducing the initial multi-criteria
problem to a single-criterion one based on the principle of the main criterion and
formalizing fuzzy constraints through their membership functions, constructed in
block 6, suitable conditional optimization methods can be applied.

As a result of solving the problem, current solutions are determined

x (k. B) 1 =ZM  that provide the corresponding values of the main

criterion .“'é (x {.“va'? }), the remaining local criteria that satisfy the condition:
HL (x{.ug, ,'3‘}) = phi=2,m and the corresponding x (%, 8) values of the accessory

function. The H, (x (uk.8) ) e g (x (uk.8) ) current solutions obtained in the next
block are presented to the DM for analysis and selection of the best solution.

In block 9, the condition obtained in block 8 and the presented current solutions
is checked whether the DM satisfies or not. If the DM does not satisfy the current
solutions, then the Value§ of the boundary values of the weight vector are adjusted
to improve ph.i=2m and for the solution B (block 10). Then control is
transferred to block 8 for the next iteration of the search for the best solution. This
iteration is repeated until the DM is satisfied with the solutions obtained. If the DM
is satisfied with the current solutions presented to him, then the DM makes the final,
best decision based on his preferences, taking into account the current production
situation, quality requirements and market demand for manufactured products.

Block 11 displays the selected DM, the final, best solution: *(u )1 = Zm
— providing the maximum value of the main criterion H¢ (I “(uh }), the values
of the remaining local criteria .“'L (1' o 7: })i =2m satisfying the specified
boundary values Mzt = Z.m and the maximum values of the accessory function
By (I " }) s iy (X'{.u'ﬁ;ﬁ}); providing the degrees of fulfillment of fuzzy
constraints.

In addition to the proposed and described method, this study uses methods of
expert assessment (Boiko, 2018) and fuzzy set theory (Romanov, 2019; Orazbayev,
et al, 2018) to collect, formalize and use fuzzy information in the search and
decision-making process in a fuzzy environment. In addition, the methodology of
system analysis (Reverberi, et al, 2020) and methods of conditional optimization
(Bhatnaga, et al, 2022; Crown, et al, 2019) are used in the work.

Results. Based on the research results obtained in the previous section, i.e.
the general formulation of decision-making problems in a fuzzy environment and
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the developed heuristic method for solving it, the problem of decision-making
for controlling the modes of operation of the object of study is concretized and
formulated, and the problem of decision-making is solved. In the process of
preparation and decision-making, models of the main C-1 DCU distillation column
were used to control the operating modes of the C-1 DCU column.

We concretize the general formulation of the decision-making problem in a fuzzy
environment (1)—(2) for the decision-making problem for controlling the operating
modes of the distillation column of the C-1 DCU of Atyrau refinery column in the
form of the following fuzzy mathematical programming problem:

1
max y(X), 3)

7 3
X = {x:x € Qaarg(u;(x) > p) Aargmax Y B, () A
g=1

3
AY B, =1AB,>0,i=24,g=13}, 4)

q=1

~ where #e(x) — is the main criterion, the yield of gasoline from column C-1;
pe(x). i = 2,4 — are other local criteria that evaluate, respectively, the yields of light
p2(x) and heavy Hz(x) gas oils, as well as the yield of raw materials for coke
production #¢(x}: set by DM; M, (x).q = L3— are accessory functions that evaluate
the degrees of fulfillment of vague restrictions on quality indicators — is the boiling
point of gasoline (¥;()), light (u.(x)) and p,(x) the x = (x .., x4) vector of
input, operating parameters of the C-1 DCU distillation column: the volume of
raw materials supplied to the column Xy; x,.x;. x, and x- the outlet temperatures
of gasoline, light and heavy gas oils, respectively, as well as the outlet of raw
materials for the production of petroleum coke; *¥s— the pressure in the main C-1
DCU distillation column; Hp1=24_ he boundary the value of the local criteria
pp(), i = 24 go by the DM.

The best solution to the decision-making problem (3)—(4) with fuzzy constraints
is the value of the vector of input mode parameters x* = (x].x%.x3. x5 x2.x;) in
which the following is achieved:

—  the maximum of the main criterion, i.e. gasoline output pz(x*);

— the remaining criteria will not be less than the specified boundary value.
pLOet) = phi = 2.4

— the maximum values of the accessory function, estimating the degrees of
fulfillment of fuzzy constraints ¥, (x).g =13

Next, we will present the results of solving the problem of decision-making
on the effective management of the rectification process in C-1 DCU 21-10/6 of
Atyrau refinery. The main blocks of the proposed heuristic method for solving this
problem (figure 2) and the learned results:

1. The values of the vector of input, mode parameters, the x = (x,,....x,),

66



ISSN 2224-5278 5.2025

number of criteria m=4, constraints L=3, and normalized local criteria are entered

B, o ik ).

2. The number of steps and a 2-9 =L3p =4 p=2ip =2
priority criteria are determined for each coordinate I = {1*2*3*4}, respectively, for
the volumes of gasoline (1), light gas oil (2), raw materials for the production of
coke (3) and heavy gas oil (4), and the values of the vector of weighting coefficients

are set B = (0.5.0.3.0.2).

number of

i —
3.DM M=t T 24 boundary values for local criteria are defined and specified:
p; =60 oC; i =180 oC: p = 240 oC.

4. The values of the steps for changing the coordinates of the vector of weighting

1 =Lt _f_po
coefficients are calculated using B the formula s = PR Li:h = Py 5 0.2

h, =>=0.25 hy=—=-=0.2
= 4 p, E

5. Membership functions of .H-q{xL g = L3. estimating degrees of fulfillment of
fuzzy constraints are constructed:

—  "the temperature of the beginning of the boiling of gasoline , (x) Z 60;

— "the boiling point of light gas oil #,(x)  180;

—  "the boiling point of heavy gas oil py () = 240.

For a vague description of the quality indicators of gasoline, light and heavy DM
gas oils, the following term set 7(Y) is selected={"much less", "less", "equal"}. The
following exponential dependence (8) is chosen as the structure of the membership
function for estimating the degrees of fulfillment of fuzzy constraints:

1 () = exp (Qel5; — " 1™),
where ¢ is the number of the fuzzy constraint, ¢ is the number of the
current term; @; and ¥t are the identified parameters used respectively for
rough and accurate identification of the type of function; ¥-¥" — is the fuzzy
parameter and its most corresponding numerical value (with the maximum
value of the membership function).
The following membership functions are constructed that evaluate the

degrees of fulfillment of fuzzy constraints #; ).t = 1.3.q = 1.3.
prx) = exp(0.6]5; — 501°4); pilx) = exp(0.6]5% — 551°4) pi(x) = exp (0.6]5; — 60]*);
pi0) = exp(0.515; — 1601°%) ; p3(x) = exp(0.5[35 — 170]%%); pd(x) = exp (055, — 1801%5);
i (x) = exp(0.4]F; — 2201 ; p3(x) = expl0.6]F; — 230|); pi(x) = exp(0.6]5; — 240]°2).

The fuzzy values of ¥s:¥s and are ¥. determined by fuzzy models that
evaluate the quality of gasoline, light and heavy gas oils depending on the
operating parameters x».x3.%4 and of the x5 distillation column C-1 DCU of
Atyrau refinery, developed by us in [8].

6. To find the best solution with a change in the interval [0,1] with a step
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hi. bz and ha- defined in the previous paragraph, aset of weight vectorsis defined
B BN =(p, + 1)+ D (p+ D= 24+1D-24+1)-2+1)=5-3-3=45

7. The problem of decision-making (3)—(4) is solved, i.e. maximizing the
main criterion Hz(x) (3) in the field of acceptable solutions (2). As a result, a
solution was chosen that x(u%.8).1 = 2.m. provides the current values of the

main criterion of p} (x[;.-:ﬁt, g) ) local criteria Hx (I (wk.8) ] i = 2.4 and degrees

of fulfillment of fuzzy constraints¥; (x (k.8 ]J @ = L3 The current solutions
to the problem are presented to the DM for analysis and final decision-
making.

8. The condition has been verified: do the current solutions x(u%.8). satisfy
the DM? If the current solutions presented to the DM do not satisfy him, he

corrects them in order to improve the current solutions #z» and / or B (block
10) and repeats the next iteration of the search for the best solution starting
from block 7. In the case of a satisfactory current solution, the DM, based
on his preference and taking into account the current production situation
and market demand for manufactured products, makes the best decision that
is the best in these situations. The best decision made by the DM at the 5th
iteration is transferred for output to the next point.

9.Theeftectivesolutionsoftheselected DM arederived:thevalueofthevector
(g 1 -1 o ).i= 24 providing: the maximum of the main criterion p(x*(8))
, the values of the local criteria p (x* (7. 8). pz(x " (k. B). e (x” (3. 8). not less
than their boundary values g = 2.4 and the maximum values of the degrees
of fulfillment of fuzzy constraints, &, ( %" [.HEJE]) e ( x'[#ﬁe;ﬁ]) sHa ( x* (4. 8) J
i = 2.4 These results are listed in Table 1.

Table 1. The results of multi-criteria optimization of the operating modes of the C-1 DCU
distillation column based on well-known deterministic optimization methods (Shumsky, et al, 2019),
the proposed heuristic method and real data obtained at the research facility.

Results of multi-criteria optimization (decision- Deterministic The Real
making) of C-1 DCU parameters, determination optimization proposed (experimental
of volumes of produced petroleum products and | method (Shumsky, | heuristic P Jata
their quality et al, 2019) method
T 11,3 13,2 12,3
p[c{x ( B]} — volume of gasoline, t /h;
FE{x‘{#iﬁ] — volume of light gas oil, t/h; 34,7 35,3 33,2
=P | . 26,5 223 24,6
Bz B yolume of heavy gas oil, t/h;
ﬂ‘;{x‘{n“mﬁ] — volume of raw materials for coke 34.0 34.1 34.1
production, t/h;
: - 54.7 (55,5
Ll I 9
-“J.{ x (-”R’-B } ]L boiling point of gasoline, °C
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of i - 175 (178)-
K, { * {”R’ ﬁ}} — boiling point of light gas oil, °C
: - 253 (240)-
L
Hy { x {-“"R* B }} — boiling point of heavy gas oil,
°C
x° = (], X0, %3, %0, X5, %) _ optimal value of the
vector of selected input and mode parameters:
x] — volume of raw materials supplied to the C-1 104 104 104
column;
T temperature of gasoline withdrawal from 180 178 179
column C-1;
X3 — output temperature of light gas oil from C-1; 230 228 230
_x; — output temperature of heavy gas oil from C-1; 280 280 280
x5 — temperature of the output of raw materials for
the production of coke from the bottom of C-1; 327 327 327
IE — pressure in the C-1 DCU column. 4.5 4.4 4.6

Note: — means that these parameters that evaluate the quality of gasoline, light and heavy gas oils
are not determined by this method; (") means that these parameters are evaluated by specialists based
on laboratory tests.

Discussion of results. In the formulated decision—making problem with fuzzy
constraints (1)-(2) and in the developed method for solving it, the principles of the
main criterion, Pareto optimality, are modified for fuzziness and used. At the same
time, the principle of the main criterion is used to reduce a multi-criteria problem
to a single-criterion one, and the Pareto optimality principle, modified on the
basis of the apparatus of fuzzy set theories, is used to solve problems of constraint
fuzziness. In the specified C-1 DCU (3)—(4) column, the volume of gasoline, which
is the most important product of the column, is maximized as the main criterion.
And the remaining local criteria, which assess the volumes of light and heavy gas
oils produced and the residue from the bottom of the column, which is the raw
material for coke production, supplied to coke reactors, are taken into account
as restrictions, taking into account their boundary values set by DM Hg:i = 2.4
. The problem is solved in the field of feasible solutions, in which it requires the
fulfillment of fuzzy constraints, maximizing the function of accessories describing
the degrees of their fulfillment.

In the solved problem (3)—(4) ¢, vague restrictions are imposed on the quality
indicators at the output of C-1 DCU — of the temperatures of the beginning of
accumulation of gasoline, light and heavy gas oils, which are not directly measured,
determined with the participation of humans, specialists through laboratory research
and based on their experience, knowledge, i.e. are estimated vaguely.

The problem of making decisions on the effective management of operating
modes (3)—(4) was solved using the proposed heuristic method with the participation
of DM, and the solution was improved sequentially from iteration to iteration. The
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best solutions were obtained and selected by the DM at the fifth iteration and are
listed in the 3rd column of Table 1. The proposed and used heuristic method for
solving decision-making problems in a fuzzy environment by formalizing fuzzy
constraints in the form of a function for their implementation makes maximum
use of available fuzzy information —, experience, knowledge and intuition of DM,
expert specialists. Based on the comparison and discussion of the results obtained
in Table 1, the following advantages of the proposed and used heuristic method can
be noted:

1. Based on the results of comparing the results of the heuristic method with
the known one, it is noticeable that the results of the proposed method are more
adequate to real, experimental data, compared with the results of the compared
method.

2. The proposed eusristic method provides an effective solution to decision-
making problems with fuzzy constraints, based on the control of their degrees
of fulfillment in the form of a function of accessories describing their degrees of
fulfillment.

3. Comparing the results of the fuzzy, deterministic methods, it can be seen
from Table 1 that the proposed heuristic method increases the volume of the more
important products: gasoline and light gas oil, by 1.9 t/h (16.8%) and 0.6 t/h
(1.73%), respectively, by reducing the less demanded product — heavy gas oil. This
provides a significant economic effect, as the DCU is a continuous production unit
and allows for an additional 45.6 tons of gasoline and 14.4 tons of light gas oil per
day, which are more expensive and in demand. In addition, the proposed heuristic
method makes it possible to find and ensure a more efficient operating mode of the
C-1 DCU column in a more energy-efficient mode, i.e. lower temperatures.

Conclusions. Based on the modification and combination of the principles of
the main criterion and Pareto optimality, the formulation of the decision-making
problem for controlling the rectification process in a fuzzy environment is formulated
and a heuristic method for its solution is proposed. These results have been tested
to solve the problem of decision-making on the control of the distillation process
taking place in the main column C-1 DCU of Atyrau refinery.

Thus, based on the main results of the study, conclusions can be drawn:

— the formalization was carried out and the mathematical formulation
of the decision - making problem with fuzzy constraints in the form of a fuzzy
mathematical programming problem was obtained;

— a flowchart of a method for solving the formulated problem has been
created and described, developed by combining and modifying the principles of the
main criterion and Pareto optimality for fuzziness;

— based on the models of the main C-1 DCU distillation column and the
proposed heuristic method, the problem of decision-making with fuzzy constraints
for controlling the distillation process in the C-1 DCU of Atyrau refinery has also
been solved.
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— the proposed heuristic method based on the maximum use of the experience,
knowledge and intuition of DM, expert specialists allows us to obtain effective and
highly adequate solutions to the problem being solved in a fuzzy environment,
which is confirmed by comparing the results of the deterministic method, the
proposed method and real data.
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