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MATEMATHYECKAS ITIOCTAHOBKA 3AJAYHU OIITUMU3AIINHU
JJIs1 YCTAHOBKU KATAJIMTUYECKOI'O PUOOPMUHT A
MATHEMATICAL FORMULATION OF THE OPTIMIZATION

PROBLEM FOR A CATALYTIC REFORMING UNIT

AnHoTanusi. B cratbe paccMaTpuBarOTCS BOMPOCH  pa3pabOTKH  MaTEeMaTUYECKON
IIOCTAaHOBKHM 3a4a4Yu OIITHUMHU3allUU d)yHKI_II/IOHI/IPOBaHI/IH OJHOIro M3 OCHOBHBIX alllIapaToB
HCCIIelyeMON YCTaHOBKHM, a MMEHHO pPEaKTOpHOro Osioka. Peakrtopbl puoOpMUHIa KpUTHUYECKU
BaXXHbl [OJIsd He(bTenepepa60TKH, IIOCKOJIBKY OHH IIPOHU3BOASAT KOMIIOHCHTEI, oe3 KOTOPBIX
HEBO3MOXKHO IOJIYYUTh COBPEMEHHBIN BBICOKOKAUe€CTBEHHBIN OeH3uH. [IpobieMbl hopMyInpoBKU
3(1)(bCKTI/IBHOI71 IIOCTAHOBKH 3aJla4d ONTHUMAJIbHOI'O YIIPAaBJICHHA W IIOMCKa OINTHUMAJIbHBIX PCKHMOB
(i)yHKI_[I/IOHI/IPOBaHI/ISI CJIOKHBIX YCTAHOBOK OTHOCATCA K YHCIIYy BE€CbMa aKTyaJlbHBIX 3ajady. Ha
IPAaKTHUKE BBIMMOJHCHUC OTHUX 3ada4d JJId CJIOXKHBIX KOMIINIICKCOB OCJIOKHACTCA MPEKIAC TEM, YTO OHHU
XapaKTCPUIYIOTCA  CIIOKHOCTHBHO, MHOI'OKOMIIOHCHTHOCTBIKO, MHOI'OCBA3HOCTHIO IapaMCTPOB,
MHOT'OKpUTCPUAIIBHOCTBIO, 4 TAKIKC HEMOJIHOTOU U HCOMMPCACICHHOCTBIO I/ICXOIIHOﬁ I/IH(I)OpMaLII/II/I

Abstract. The article examines the development of a mathematical formulation for the
optimization problem, the operation of one of the main apparatuses of the installation under study,
namely the reactor block. Reforming reactors are critical to oil refining because they produce
components essential to producing modern, high-quality gasoline. The problems of formulating an
effective statement of the optimal control problem and searching for optimal operating modes of
complex installations are among the most pressing issues. In practice, the implementation of these
problems for complex systems is complicated primarily by the fact that they are characterized by
complexity, multi-component nature, multi-connectedness of parameters, multi-criteria, as well as.
incompleteness and uncertainty of the initial information.

KaroueBbie ciaoBa: OnruMaibHOE YIIpaBJICHHUC, TEXHOIOTHUECKUH arIiapar, 3aaada
ONTUMU3AINH, YCTAHOBKA KATATUTHUECKOTO puOpMHUHTa, pEaKTOPHBIH OJIOK.

Keywords: Optimal control, technological apparatus, optimization problem, catalytic
reforming unit, reactor block.

It is known that to deepen the oil refining process and ensure that the resulting commodity
products meet international standards, modernization of existing oil installations and optimal control
of these technological installations are necessary. Since the gasoline produced at this facility is
intended for direct sale as a final product, it is subject to strict regulatory requirements. To ensure
compliance with global product quality standards, optimal process control at this facility is a critical
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and actual problem. One of the most important technological systems within the fuel and energy
complex, particularly the oil refining complex, is the catalytic reforming unit [1-5]. The primary
purpose of the installation's operation is to produce high-octane gasoline with high-quality indicators
from low-octane gasoline. An analysis of scientific papers devoted to the study of control systems for
catalytic reforming units has shown that these technological systems, from the point of view of the
control object, represent a complex technological system that connects multidimensional
technological aggregates, interconnected by numerous technological links. Each technological
apparatus in this complex system operates in a wide range of changes in input and output
technological parameters.

In addition, unlike other technological processes occurring in oil refining installations, the raw
materials entering the catalytic reforming unit for its processing vary over a wide range of qualitative
and quantitative indicators. The reason for this is that the original gasoline is obtained from oil,
coming from various oil fields, and these raw materials vary greatly in quality. Naturally, this, in turn,
leads to the need to set certain restrictive requirements for the range of changes in the quality
indicators of the original oil. It is known that specific quality indicators of the feedstock correspond
to a narrow operating process mode. Because of this, to ensure a given control accuracy, the
development of a more complex, effective approach and control algorithm for the installation under
study is required [6-9].

The technological installation of catalytic reforming is characterized by a high rate of change
in the process, as well as a rapid change in the mode of transition from one type of raw material to
another. Under such conditions, the requirements for rapid changes in the system as a whole become
more stringent. The presented article considers the problem of developing a mathematical formulation
for the optimization of the control system for the reactor block of a catalytic reforming unit. Here, I,
1, 111, and IV are the corresponding reactors, Ug, is the inlet temperature of reactor I, Ug,, is the inlet
temperature of reactor Il, Ug,,, is the inlet temperature of reactor 111, Uy, is the inlet temperature of

reactor 1V, and X, is the flow rate of low-octane gasoline entering the column. Then, the input
parameters of the reactor block under consideration are characterized by the following vector:
Xo = {X1, X2} 1)
where X, is the gasoline consumption, X, is its quality indicator.
In this case, the control actions vector:

Uk = {URI1 UR”' UR”I’ UR[v} (2)
And the vector of output parameters for the technological block:
Y ={Y, 12} 3)

where Y; is the platformate consumption (quantitative indicator), Y, is the octane number of
platformate (quality indicator).
It should be noted that, at the same time, the output coordinate of the parameter Y; is
characterized by the quality indicator g;, where i = 1,6 .
Mathematically, this can be written as follows:
9i(Xp, Up, 1) <0 4)
After the technological definition of the catalytic reforming unit as a control object, let us
consider the formulation of the problem for its operation optimization.
Let us assume that the mathematical model for each element of the technological system under
consideration is presented in the form below:
Vi=flXLULED, j=Tn,i=Tm,r=Tq,l=1z. (5)
where in is the j-th output vector in the i-th apparatus, s € E (i), E (i) is the index of the input

flow in the i-th apparatus, U} is the vector of control parameters in the i-th apparatus, and &
characterizes the disturbing effects controlled in the i-th apparatus.
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The limitations placed on the quality indicators of products obtained in the technological

process are recorded as follows:
gXLULEY <0 j=Tni=1mr=T4ql=12 s€E(®) (6)

Mathematical models describing the states of technological apparatuses for the process under
study and its production and economic indicators also include the following restrictive conditions:

a) X{ > A}, foreveryone j € B(i), (7)
where A]i- is the plan set for the output of the j-th product in the i-th apparatus;

b) for non-targeted products:

X <c, for everyone j € I'(i), (8)
where Cji is the upper limit value of the j-th non-target product in the i-th apparatus, I'(i) is
the non-target products set;

c) condition of restriction on raw materials supplied to the installation:

X()min = X() = Xomax (9)
where X, is the amount of raw material supplied to the installation, X;,,in and X mq, are its
minimum and maximum values, respectively;

d) the condition of the limitation imposed on the material balance of apparatuses:

Yser) Xs — Ljek@X; =0 K@) =E@) VI, (10)
where K (i) is the index of the output parameters set.

e) the limiting conditions imposed on the change range of control parameters in each
technological apparatus:

{U}, X5, V) € E(D)} € G (11)
where Gi is the any closed area.

The economically justified global measure of the process control system is the maximization
of the target product's yield, that is

® =X Y ZiepyZ; Y (X5, Ur, §1) = max (12)
where Zj" is the quantity of the output commodity product.

The solution to the optimization problem (1)+(12) of the catalytic reforming process based on
its mathematical models (5) consists of determining the values that ensure the limiting conditions of
the control parameters (11) in each technological apparatus of this process, for given values of the
quantitative and qualitative indicators of low-octane gasoline X, supplied to the installation [2, 3]. In
this case, fulfilling the conditions of the limitations (6)+(10) ensures the criterion maximum (12),
which characterizes the yield of the commodity product.

Thus, along with the optimization problem, formulating a mathematical statement of the problem
and modeling are important stages in both the theory and practice of managing complex processes, such
as a catalytic reforming installation. Without developing an effective, physically sound mathematical
statement, it is impossible to achieve an optimal solution to either the optimization problem, the control
of any process, or the development of an effective control system for it.
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