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Abstract
In the submitted article, on the basis of a comprehensive analysis and study of the

peculiarities for the complex processes occurring at the oil primary processing installation,
(electro-desalting plant of atmospheric-vacuum tube type) the issues of developing a
mathematical statement of the optimization problem for one of the important technological blocks
of the investigated technological complex - the vacuum block are considered. The experience of
operating a process installation in recent years shows that changes in both the quality and
consumption of processed oil over a wide range are random in time. The main reason for this is
that oil, as a raw material, supplied for processing to the installation from different wells, has
different quality indicators. Therefore, the necessity of using, in this case, the approach and
method of stochastic programming to the problem for the optimizing the functioning of the object
under study with probabilistic constraints is substantiated.
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Xiilaso
Toqdim edilon mogalo ELOU-AVT neftin ilkin emali qurgusunda bas veran miirokkab proseslorin
xususiyyatlorinin - hartorofli  tohlili vo todqigi osasinda texnoloji kompleksin miihiim texnoloji

aparatlarindan biri olan vakuum bloku {iglin optimallagdirilma massalasinin riyazi qoyulusunun islonib
hazirlanmasina hasr edilmigdir. Texnoloji qurgunun son illards istismar tocriibasi gostarir ki, emala verilon
xam neftin istor keyfiyyat gostoricilorinin vo istarso do sorfinin doyismosi genis diapazonda olmagla
borabor miioyyan zaman kasiyinds tosadiifi xarakter dasiyir. Bunun da osas sobobi xammal kimi qurguya
emala verilon neftin miixtolif modolonlordon miixtalif keyfiyyst gostoricilorina malik olmasidir. Buna
g0ra, tadqiq olunan obyektin iglonmasinin ehtimal mohdudiyyatlori ilo optimallasdirilmasi masalasine va
stoxastik programlagdirma metodundan istifads zarurati osaslandirilmisdir.

Acar sozlor: ilkin emal, optimallagdirilma maosSolasi, riyazi qoyulusu, texnoloji proses, ehtimal
xarakteri, riyazi model, vakuum bloku.
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AHHOTaNUA

B craThe Ha OCHOBE BCECTOPOHHEIO aHaJIM3a M MCCIICAOBaHNSI OCOOCHHOCTEN CIIOKHBIX IPOLIECCOB,
MPOTEKAIOIINX Ha YycTaHOBKe mepBu4yHOM mnepepabotkn DJIOY-ABT, paccMmaTpuBaroTcs BOHPOCHI
pa3paboTKH MaTeMaTHYECKOW MOCTAHOBKH 3a/la4H ONTHMHU3AIIMN OJHOTO M3 BaXXHBIX TEXHOJIOTHYECKUX
anmapaTtoB MCCIEILyeMOro TEXHOJOTMYECKOr0 KOMIUIEKCa — BaKyyMHOro Ojoka. OIBIT 3KCIUTyaTaluu
TEXHOJOTMYECKON YCTAaHOBKM B IOCIEIHUE TOABI MOKa3blBAE€T, YTO WM3MEHEHHUs KadecTBa M pacxoja
nepepabaTeiBaeMoil HE(PTH B IMIMPOKOM TUATA30HE HOCST CIy4YailHBIA BO BpeMeHH xapaktep. OcHOBHas
MpUYMHA 3TOTO COCTOMT B TOM, YTO HE(PTh, TMOoAaBaeMas B KadeCTBE CHIPbs I TMepepaboTKH Ha
YCTaHOBKY C Pa3HBIX CKBAXXMH, MMEET pa3jMyHbIe MOKa3aTenu KadecTBa. [loaTomy B maHHOM cityudae
00OCHOBBIBa€TCS HEOOXOJUMOCTh HCIOJB30BAaHUS TOAXOAA M METOAa CTOXaCTHYECKOTrO Iporpam-
MHUpPOBaHUSI K 3aja4e ONTUMH3AIWU (YHKIHOHHUPOBAHUS HCCIEAYEMOTO OOBEKTa C BEPOSITHOCTHBIMHU
OTpaHHYECHUSIMH.

KiioueBble ciioBa:  mepBUYHas mnepepabOTKa, 337adya ONTHMH3ALUM, MaTeMaTHYecKas MOCTaHOBKA,
TEXHOJIOTHYECKHUI TpoLIecC, BEPOSITHOCTHBIM XapaKTep, MaTeMaTHUeCKasi MOJEIb,
BaKyyMHBII OJIOK.
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Intoduction

It is known that the process installation
for primary oil refining is greatly influenced
by the mode of each process apparatus
operation for the system under study, both in
terms of productivity and in ensuring the
quality indicators of each final product.

Therefore, it would be more correct in
the matter of developing a mathematical
statement for the optimization problem,
mathematical modeling of the vacuum block
and developing an optimal control system, to
consider it as a whole as an electro-desalting
plant of atmospheric-vacuum tube type
installation, consisting of a large number of
different apparatus interconnected by various
technological and complex interconnections,
and also as a complex and mixed
technological system [1, 2].

Already all over the world, due to the
lack of technical conditions and methods of
operational control in industrial conditions, the
quality indicators of light oil products are
determined by traditional methods, i.e. only in
the factory.

The purpose of the work

For technological complexes with
probabilistic characteristics of output target
products, develop a universal physically
justified statement of the problem in order to
develop an optimal strategy for the
functioning of the object under study.

However, an analysis of this type
installation, one of the large-scale techno-
logical processes of primary oil refining
operated at an oil refinery, shows that even
after its modernization, the amount of crude
oil supplied to these units for processing and
its quality indicators vary over a very wide
range according to random patterns.

In  connection with the above
circumstances, the existing local systems for
monitoring and stabilizing the regime
parameters of the main apparatus, built on a
single-loop principle, cannot provide the
necessary technical and economic indicators.
Therefore, as a result of real operation
experience under production conditions of the
electro-desalting plant of atmospheric-vacuum
tube technological complex, which performs
primary oil processing, we can conclude that a
more correct and appropriate approach is to
research and study complex technological
systems of this type as control objects
operating under conditions uncertainty [3-5].
Therefore, the development of complex
mathematical models, the mathematical
statement of the optimization problem taking
into account the stochastic properties of state
coordinates, the development of an algorithm
for the numerical solution of the stochastic
programming problem and the synthesis of
controller regime coordinates of amultilevel
control system for a technological complex of
primary oil refining at the level of automatic
control is an urgent task both scientifically and
and from an economic point of view [6].

Taking into account the indicated
specific features, a number of mathematical
models and a method for optimizing the
stochastic regime at the level of operational
management are proposed.

For a physically justified mathematical
formulation of optimal control problem for the
vacuum  block of this technological
installation, we directly use the general
simplified basic structural diagram of the
primary oil refining processing plant (fig.).
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Figure — Schematic diagram for the technological installation of the electro-desalting plant of

atmospheric-vacuum tube

This structure consists of four main
blocks listed below:

- | block - distillation column K-1;

- Il block - distillation (atmospheric)
column K-2;

- 1l block -
column K-10;

- IV block - stabilization column K-8
and distillation columns K-3 and K-4.

Before giving a mathematical statement
of optimizing problem considered
technological complex (electro-desalting plant
of atmospheric-vacuum tube), we present
mathematical models that characterize the
quantitative and qualitative parameters of the
output fractions in the form:

distillation (vacuum)

vi = fi(opug) + &g =1 k=11 (1)
vie = Ge(x,pug) + & i=Tm, k=11 (2

Here y, and v, are respectively the flow rate
and quality indicators in accordance with the

fractions of oil, x is the flow rate of crude oil
fed to the processing plant, p is the quality
indicator (specific gravity) of crude oil, u, are
the control parameters in the distillation
columns (temperature, pressure, level, etc. at
different points), and &, and ¢ are random
variables characterizing errors, the average
estimates of which are equal to zero.

Problem solution

It can be seen from expressions (1) and
(2) that the functions are also determined with
certain errors, and therefore, f; (x, p,u,) and

gr(x,p,uy) the average values of the
functions are calculated using the regression
dependence. In this regard, the solution of the
optimization problem based on the average
indicators of target oil products cannot be
considered correct, such an approach can lead
to significant losses.

Restrictions on quality indicators for any
fraction of oil produced at the technological
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facility of primary oil refining (based on
specific technical conditions and standards)
can be written in the following mathematical
form:

bir < vir = G (%, p,ug, &1) < b,

i=Tml<q<rk=11 (3)

Here b;. and by are indicators of light oil
products quality characterizing the permissible
extreme values. All this determines the
probabilistic nature for the functional
restrictions imposed on the quality indicators
of light petroleum products for the intended
purpose. Then one can write that

Plvig)) =2 a;, i=1m 4)

0<a;<1

The values of restrictions on the quantity
and quality for the light oil products and the
possibility of their implementation are
determined by the process operator in
accordance with the regulations of the process
under consideration.

Each light oil fraction produced at the
process facility under study must be no less
than the potential value of the thick crude oil
included, i.e.:

Yk = fi(x, p, ukffk)_z Qx,
q=1rk=1,1 (5)

Due to the presence in expressions (3)
and (5) of random variables &, changes in the
x and p parameters will also be random
variables. And this means that the provision of
the above conditions for the restriction can be
provided with a certain probability.

Thus, in the matter of optimizing the
modes for the primary oil refining plant within
the framework of the regulation that
characterizes any technological mode of
operation for the plant under study and is

installed at any value of its parameters x and
p, it is required to calculate the values of the
controls wu;, so that the qualitative parameters
of the resulting target oil product are provided
with a predetermined probability P,, but their
number should not be close to the minimum
amount (limit) of the potential value @, for
crude oil entering the installation:
P(Yx = Qk,Vik € Bix,
i=1mk=110=P, (6)

Vi = Qi k=1,1, P(vik € By,

,m,k = 1, Z'Qik' bik € Bik) > 0.94 (7)

=

i =

Here, B;; is a set of performance ratings for
oil fractions, P, = 0.94 - probability of
fulfilling restrictive conditions.

In this case, as a criterion in the
optimization problem, you can use the
maximization of the mathematical expectation
of the profit received from the target light
fractions:

® = max, o5 E{Xk=1 ek — s}, (8)

where E(-) is the mathematical expectation,
s(x) is a function that characterizes the cost of
raw energy, raw materials and etc. to an oil
refinery, s(x) — linear in variables function, ¢,
is the price per unit of the k-th type for the
light oil product for its intended purpose.

Conclusion

From the above, we can conclude that
the optimization problem (1)+(8) by its nature
can be considered a non-linear stochastic
programming problem. To solve this problem,
a preliminary decision was made that the
restrictive conditions of the flows are
determined, and the restrictions characterizing
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the qualitative parameters for the resulting
target oil products are of a probabilistic nature.
In addition, the analysis of the obtained
experimental results shows that y,, k = 1,1,
Vi, i = 1, m participating in the process under

consideration, obey the normal distribution
law.
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