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Abstract

Currently, due to the rapid growth in demand for fuel and energy resources in the world,
there is an increase in the depth of processing and an improvement in quality indicators at
technological installations that carry out oil fractionation at the oil refineries of our republic.
Increasing their economic efficiency by reducing energy costs during oil refining is of national
economic importance. Ensuring the implementation of this technological process in both safe and
optimal modes, as a rule, directly depends on the level of construction of its automation system.
For development high-quality automation systems and implement enterprise management in an
optimal mode, it is necessary to develop mathematical models that can adequately describe the
operating modes of its main technological devices. In the article a mathematical model was
developed that ensures the optimal operating mode of the K-2 column, which is the main
fractionating device of a primary oil refining installation and its quality was evaluted.
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Neftin fraksiyalandirilmas1 qurgusunun asas aparatimin riyazi modelinin
islanilmasi

A.A. Safarova
Azorbaycan Doviat Neft va Sanaye Universiteti (Azadliq pr. 16/21, Baki, AZ1010, Azarbaycan)

Xiilasa

Hazirda diinyada yanacaq-enerji echtiyatlarina tolobatin siirotlo artmasi ilo olagodar olaraq
respublikamizin neft emali zavodlarinda neftin fraksiyalasdirilmasini hoyata keciron texnoloji qurgularda
emal dorinliyinds artim, keyfiyyat gostaricilorinds yaxsilasma miisahida olunur. Neftin emali zaman
enerji Xorclorini azaltmaqla onlarin iqtisadi somaraliliyinin yiiksoldilmasi milli igtisadi ohomiyyato
malikdir. Bu texnoloji prosesin hom tohliikasiz, hom do optimal rejimlords hayata kegirilmasinin tomin
edilmasi, bir gayda olaraq onun avtomatlasdirma sisteminin qurulmasi Saviyyasindon birbasa asilidir.
Yiksok keyfiyyatli avtomatlagdirma sistemlarini qurmaq vo qurgunun idars edilmasini optimal rejimda
hoyata kegirmok tigiin onun asas texnoloji apparatlarinin is rejimlorini adekvat tosvir eds bilon riyazi
modellorinin islonilmasi tolob olunur. Magaloda neftin ilkin emali qurgusunun asas fraksiyalama apparati
olan K-2 kalonunun optimal is rejimini tamin edan riyazi modeli islonib hazirlanmis vo onun keyfiyyati
giymatlondirilmisdir.

Agar sozlor: neft emali zavodu, K-2 siitunu, reqressiya tonliyi, riyazi model, adekvatliq.

Pa3paboTka maTreMaTHM4eCKOM MOJeJH OCHOBHOIO ammapara yYCTaHOBKHM
(ppakunonupoBanus HepTH
A.A. Cajgaposa

Azepbatiodicanckuli 20cy0apcmeeHHvlll yHugepcumem Hegpmu u npomviuiiennocmu (np. Azaonvie, 16/21,
baxy, AZ1010, Azepbatioxncan)

AHHOTAUA

B nHacrosmiee BpeMs B CBSI3H C OBICTPBIM POCTOM CIIPOCA HA TOITUIMBHO-3HEPTETHYECKUE PECYPCHI B
MHUpPE TPOUCXOJUT YBEIMYCHHE TIYyOUHBI MepepaOdO0TKU M YJIYYIICHHWE KaueCTBEHHBIX IOKa3aTesicH Ha
TEXHOJIOTMUECKUX YCTAaHOBKAxX, OCYIISCTBIIONMX (pakiuoHupoBanue Hedptn Ha Hedrenepe-
pabaThIBaONIMX 3aBOJAX Hallel pecryOsukd. [loBeIIeHHE UX SKOHOMUYECKOH 3PPEKTUBHOCTH 32 CUET
CHIDKGHHUS DJHEpProsaTpaT TMpH TIepepadoTKe HePTH UMEEeT HaPOJAHOXO3SHCTBEHHOE 3HAYCHUE.
ObecniedyeHne peanw3allid JAaHHOTO TEXHOJIIOTHMYECKOrO0 TMporecca Kak B 0Oe30MMacHOM, Tak W B
ONTUMAJIPHOM pPEXKUMaX, KaK MPaBHJIO, HAMPSIMYIO 3aBHUCHT OT YPOBHS TOCTPOSHHUS CHCTEMBI €ro
aBToMaru3anuu. s pa3paOOTKM KadyeCTBEHHBIX CHCTEM aBTOMATH3AIlMM W Peaau3allid YIpaBIICHUS
MPEANPHUITHEM B ONITUMAIBHOM PEXUME HE0OX0[uMa pa3paboTKa MaTeMaTHYECKUX MOJIENIeH, CIIOCOOHBIX
aJIeKBaTHO OIIMCHIBATh PEKHUMbI Pa0OThI €r0 OCHOBHBIX TEXHOJIOTMYECKHX YCTPOMCTB. B craThe
pa3paboTaHa MaTeMaTH4ecKas MOJelb, 00eCIeYnBaONMas ONTUMAIBHBIA PEXKUM pa0OThl KOJMOHHBI K-2,
SIBJISIFOIICHCSI OCHOBHBIM PEKTH()HUKAIIMOHHBIM alapaToM YCTAHOBKH NEPBUYHOMN mepepadoTKku HePTH, U
OIIEHEHO €€ Ka4eCTBO.

Kurouessle ciioBa: HedTenepepadbaTeiBatonMii  3aBoA, KojoHHa K-2, ypaBHeHHe perpeccuw,
MaTeMaTH4yecKasi MOZelb, aJeKBaTHOCTb.
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Introduction

"Black box" and "gray box" methods
can be used in the modeling of systems,
including the development of mathematical
models of technological processes. In the
modeling based on the "black box" method,
only the initial statistical information collected
on the basis of passive experiments on the
input and output parameters of the
technological process is used. At the next
stage, as in other methods, the parameters of
the selected models are determined. They are
widely used in the development of
deterministic and probabilistic models of
technological processes [1].

As it is known, primary oil processing
facilities are designed for the production of
light-colored oil products and various oil
fractions that meet modern requirements with
their quality. The main equipment of these
technological facilities are rectification
columns operating under atmospheric and
vacuum conditions, which perform the
decomposition of crude oil and fuel oil into
various product fractions. Generally, the
quality indicators of product fractions
produced in these columns are provided by
stabilizing the temperature modes at certain
points (plates) of these or rectification
columns by regulating the irrigation
consumption supplied to those plates.
Requirements for the quality indicators of
various oil products produced through these
technological facilities require the creation of
more modern and perfect control systems [2,
3].

Experience in modeling technological
processes shows that when developing
mathematical models of control objects of this
class, experience is needed in using
experimental mathematical models built on

the basis of statistical data collected in normal
operating modes of technological processes or
collected as preliminary information. These
facilities widely use the results of specially
organized passive  experiments.  When
modeling modern technological processes of
oil refining, taking into account the physical
and chemical laws in these processes is one of
the main conditions that ensures, as a rule,
obtaining adequate mathematical models. On
the other hand, the use of mathematical
models constructed by this method in a control
system has great advantages compared to
other methods. The most important of them is
the elimination of uncertainty, which cannot
always be detected due to the assumed
variables of reflux number and steam number
in mathematical models of the quantity and
quality indicators of fractions obtained in the
K-2 rectification column, which is considered
the main device of this technological process
from the point of view target production of
products [4, 5].

For this purpose, a plan and softiiare for
a passive experiment was developed to collect
preliminary statistical information, which
could become the basis for bilding more
adequate  mathematical models in a
technological installation for primary oil
refining. One of the main advantages of this
plan is that there is no disruption to the normal
operation of the device during the experiment.

The experiment was conducted in each
column separately. At this time, stabilization
of existing regimes in other columns was
ensured. The quality indicators were based on
the results of laboratory analyses. During the
experiment the registration frequency of mode
parameters was done once per hour, and the
results of the quality indicators of the fractions
in each stable mode were recorded twice.
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Purpose of the work

Development of mathematical models
that can adequately describe the real
technological situations occurring in the
operating modes of the K-2 column of oil
fractionation unit on its input, control and
controlled output coordinates.

Problem statement

The mathematical formulation of the
modeling problem, which expresses the
regression dependence between unstable
gasoline yield (volume consumption) of the K-
2 column of atmospheric section and other
parameters, and the sequence of solving the
problem according to the formulation are as
follows. The diagram of the structural form of
K—2 column as a modeling facility for the
building of a mathematical model is depicted
in Fig. 1.

Constraint conditions set for input and
control parameters. The linear mathematical
model of K-2 column is written as follows
(with unknown coefficients):

y =D, +ibi X;.
i=1

Here bi — unknown regression coefficients. Xi
is input and y; is output.
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Figure 1 — Structural diagram of K-2 column as a
modeling facility

Where X1 — volume consumption of raw
material given to K-2; X2 — specific weight of

row material; X3 — temperature above K-2;
X4 — temperature below K-2; X5 -
temperature below K-1; X6 — temperature in
flow K-6; X7-- temperature in flow K-7; y —
volume consumption of unstable gasoline.
There are many ways to find the
unknown regression coefficients of a
mathematical model, one of which is to find
the regression coefficients using the least
squares method. This method is based on the
fact that the square of the difference between
the calculated value and the experimental one
is very small. The initial statistical data
obtained from the passive experiments
required for modeling are as shown in table 1.
If we replace these values of unknown
coefficients bi in the model, then the linear
mathematical model for the consumption of
the unstable gasoline fraction of column K-2
in terms of density constraint is as follows:
The regression equation in a linear form:
Y=337,7733+0,023212X1-- 611,846X2
+0,448617X3+0,212763X4 - 0,00532X5
+0,076568X6+0,290111X7 (1)
It should be noted that after the
development of the mathematical model of the
considered technological apparatus, it is
required to check its adequacy [6-8]. The
Fisher criterion was used to check the
adequacy of the mathematical model.
The experimental value of Fisher
criterion (Fexp) must be greater than its table
value (Ftab) for the mathematical model to be
adequate:
Fexp<Ftab. (2)
When checking the adequacy according
to set correlation coefficient, the closer the
coefficient R is to the unit (0<R>1), the more
adequate the mathematical model is.
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Table 1 — Statistical data table

Ne X1 X2 X3 X4 X5 X6 X7 Y
1 515 | 0,8526 114 345 141 171 300 45
2 530 | 0,8527 118 350 143 169 265 44
3 555 0,853 110 320 138 160 300 42
4 550 | 0,8533 117 350 143 165 297 51
5 531 | 0,8537 116 345 137 163 298 56
6 520 | 0,8536 115 341 142 164 303 58
7 515 0,854 117 332 134 169 305 54
8 600 | 0,8541 116 341 143 168 307 53
9 610 | 0,8547 116 342 135 165 309 44
10 640 0,855 118 345 150 168 298 58
11 530 | 0,8551 114 346 130 163 292 40
12 640 | 0,8553 116 347 149 162 296 60
13 530 | 0,8559 115 343 136 165 301 59
14 640 0,856 113 350 134 166 303 57
15 535 | 0,8561 112 349 130 173 304 56
16 585 | 0,8562 116 345 138 176 307 52
17 530 | 0,8563 115 348 137 160 308 51
18 580 | 0,8564 114 350 149 168 309 49
19 530 | 0,8567 113 346 148 169 298 46
20 625 | 0,8566 112 339 143 171 299 49
21 580 | 0,8567 126 340 139 150 289 48
22 585 0,857 118 350 138 160 285 47
23 515 0,854 117 332 134 169 305 54
24 640 0,856 113 350 134 166 303 57
25 531 | 0,8537 116 345 137 163 298 56

In order to check the adequacy of the
developed linear mathematical model, its
analysis should be carried out, which can also
be performed using Excel.

The results of the analysis include
residual error, set correlation coefficient,
Fisher criterion are shown in table 2.

Experimental value of Fisher adequacy
index: Fexp=1.92.

Experimental value of set correlation
coefficient: R=0.87

Table 2 — Adequacy indicators of the

mathematical model

Adequacy index of the
mathematical model

The value obtained
from the analysis

1 |[Fisher criterion (F) 1,92

2 Set correlation 0.87
coefficient (R)

3 Residual error ¢ 0.103

Table value of Fisher adequacy index
corresponding to a mathematical model
consisting of 25 experiments with 7 factors:
Ftab=1.11
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Thus, since the numerical value of
Fisher coefficient adequacy index of the
mathematical developed model is greater than
its table value (Fexp>Ftab), set correlation
criterion R is close to the 1 and residual error ¢
is very small, the developed mathematical
regression model is adequate.

Conclusion

The article deals with the research in
terms of the control object of the atmospheric
unit of oil refining technological complex and
revealing the change of its input, controlling
and controlled output coordinates according to
random rules in production conditions.

A passive experiment was conducted
through the equipment to collect the initial
data of the object in order to develop

mathematical models that can adequately
record the real technological situations
occurring in the operating modes of
fractionation unit. Based on the statistical data
collected as a result of the passive experiment
for the main apparatus of the unit, a
mathematical model was developed in the
form of a linear regression equation on the
main output coordinate of K-2 rectification
column and its adequacy was checked on the
basis of mathematical statistics. The obtained
result confirmed the adequacy of the
mathematical model.
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