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Abstract. Currently, much attention is paid to the issue of energy efficiency of gas processing
enterprises. The continuous growth of world prices for energy resources requires constant improvement
of the management system, providing the most optimal conditions for the flow of technological
processes. A conceptual model of the heat-mass transfer process occurring in the absorber as an object
of research has been developed, which characterizes the relationship of the variables involved in the
drying process of natural gas, control, measurable and immeasurable, as well as controlled parameters
have been selected, which are used to develop and study a mathematical model of the controlled drying
process of natural gas in the absorber. The developed mathematical models make it possible to predict
the behavior and control of a technological unit under various modes of its operation. A system of multi-
mode control of the natural gas drying process is proposed, which ensures the maintenance of the
specified parameters of the drained gas in wide changes in technological parameters such as pressure,
temperature and flow.

Key words: gas drying, absorber, automation, mathematical model, energy efficiency,
regulation, multi-mode.

Annotatsiya: Ayni paytda gazni gayta ishlash korxonalarining energiya samaradorligi
masalasiga katta etibor garatilmoqda. Energiya resurslariga jahon narxlarining uzluksiz o ‘sib borishi
texnologik jarayonlar ogimi uchun eng magbul sharoitlarni taminlovchi boshgaruv tizimini doimiy
ravishda takomillashtirishni talab giladi. Tadgigot obyekti sifatida absorberda sodir bo ‘ladigan issiglik
massasini uzatish jarayonining kontseptual modeli ishlab chigilgan bo ‘/ib, u tabiiy gazni quritish
jarayonida ishtirok etuvchi o ‘zgaruvchilar, nazorat, o‘lchash va o ‘lchash mumkin bo ‘Imagan,
shuningdek boshqgariladigan parametrlar bilan bog ‘ligligini tavsiflaydi. Rivojlangan matematik
modellar texnologik birlikning turli xil ish rejimlarida ishlashi va boshgaruvini bashorat gilish imkonini
beradi. Tabiiy gazni quritish jarayonini ko ‘p rejimli boshgarish tizimi taklif gilinmogda, bu bosim,
harorat va ogim kabi texnologik parametrlarning keng o zgarishida drenajlangan gazning belgilangan
parametrlarini saglashni ta'minlaydi.

Tayanch se‘zlar: gazni quritish, absorber, avtomatlashtirish, matematik model, energiya
samaradorligi, tartibga solish, ko ‘p rejimli.

Annomauyusn: B nacmosiujee 8pemsi BONPOCy IHep2odhhekmusHoCmu 2a30Nepepadamvléaiouiux
npeonpusimuil yoeusiemcsi bonvuioe gnumanue. Henpepulenulii pocm Mupoguix yen Ha dHepeopecypcbl
mpefyem NOCMOSIHHO20 COBEPULEHCMEOBANUSI CUCEMbl YNpasienus, obecneyusaroueli Hauboiee
onmumanbhvle YCio8Us NPOMEKAHUs MexHoI02uYeckux npoyeccos. Pazpabomana xonyenmyanvhas
MOOenb npoyecca menioMacconeperoca, npoucxoosaujeco 6 abcopoepe, Kak 0O6veKma uUcciedo8ans,
KOMOpas Xapakmepusyem 63auMocesn3b NePeMEHHbIX, YUACMBYIOUUX 8 NPoyecce OCYWKU NPUPOOH020
2a3d, KOHMPOTLHBIX, USMEPUMBIX U HEUSMEPUMbIX, a MAKICE 8blOPAHBL KOHMPOIUPYEeMble NAPAMEMpbI,
KOMOopble UCNOAb3YIOMCsL Ol pa3pabomKu U usyyume MAmMeMamuyeckKylo MoOeib YNpaeisieMo2o
npoyecca ocywKu npupoOHo2o 2aza 6 abcopbepe. Paspabomannvie mamemamuyeckue mooenu
HO360JISIIOM.  NPOZHO3UPOBANb NOGeOCHUEe MEXHONIOSUYECKO20 dzpeeamd U YApAeIsimb um npu
PA3IUYHBIX pedcumax e2o pabomol. IIpednodicena cucmema MHOZOPENCUMHOSO YNPABILEHUSI NPOYECCOM
OCYWKU NPUPOOHO20 2a3d, 0becneyusaruas NoOOEpICaHUe 3a40aHHbIX NAPAMEMPO8 OCYULAEMO20 2a3a
APU WUPOKUX USMEHEHUSIX MEXHOLOSUYECKUX NApaAMempos, maKux Kaxk O0dsleHue, memnepamypa u
pacxoo.

Knwuesvie cnosa: ocywrxa 2aza, abcopbep, agmomamuzayus, MAmemMamuyeckas Mooeb,
9HEP203PherxmueHOCmb, pecyIuposanue, MHO2OPEHCUMHOCTb.

Introduction gas processing facilities is becoming particularly

present, the  development and  relevantdue to the high energy intensity. The greatest

implementation of process automation systems for energy consumption occurs in absorption columns,
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where natural gas is dried, which is the most
important  technological process. Natural gas
extracted from underground is saturated with wet
droplets and heavy impurities, which can cause
undesirable situations when preparing gas for
consumption, which significantly affect the quality of
industrial gas.

These factors determine the high quality
requirements for the preparation of natural gas for
industrial use. The continuous nature of gas
processing production, as well as the variability of
dynamic properties and external influences, requires
constant optimization of the operating modes of
technological equipment during the operation of the
entire automation complex, which determines the
creation of new or improvement of existing automatic
control systems based on modern control methods
with the involvement of information technology
achievements [1].

The existing control systems for the
technological process of gas drying in the gas
processing industry do not allow for a tangible effect,
which requires the development of a gas drying
process control system taking into account the
physical characteristics of the controlled process.

Currently, when developing control systems
for the drying process of industrial gases, the main
attention is paid to static and dynamic models of
individual technological equipment [2].

It is known that static process models
determine the main material flows during the normal
operation of the units, and dynamic models are
formed on the basis of linearization of dependencies
with minor deviations from the stationary states of
technological  parameters provided for by
technological regulations and they are used only for
the development of local control circuits. On the other
hand, wvarious disturbing factors affect the
technological process of drying natural gas, such as
changes in the technological regime, moisture content
and gas pressure, and others that are uncertain and
probabilistic. These and other factors make it
necessary to develop adequate dynamic models of the
natural gas drying process, taking into account the
multiphase nature of interacting material flows, the
distribution of parameters and the nonlinear
relationship of physical quantities, which are the
mathematical basis for designing a control system for
multi-mode objects. In this direction, a number of
fundamental studies have been carried out to improve
the technology of natural gas processing [3,4].

The scientific work of many scientists is
devoted to the issues of modeling and control of
dynamic objects [5,6], where the main attention is
paid to the management of technological processes

that have a quasi-established character and
insufficient attention is paid to the action of
disturbing influences (changes in the technological
regime, moisture content and gas pressure, etc.),
leading to significant deviations of the process from
the stationary regime, which causes the creation of
highly efficient control systems, taking into account
uncertainty, changes in external influences and
internal properties of controlled parameters.

Solution method

An important stage in the construction of a
process control system is the analysis of physical
processes occurring at the facility in order to
determine the relationship of variables to identify
regulated and regulatory parameters, on the basis of
which a conceptual model of controlled processes is
being developed. At the same time, the conceptual
model, which is an abstract model of the process,
reflects the basic physical laws of the process of
absorption drying of natural gas, establishes causal
relationships to the method of regulated and
regulatory parameters, as well as external disturbing
influences.

The main disturbing effects of the natural gas
drying process include changes in the operating mode
of the technological unit- absorber, the speed of the
phases moving through the interaction zones,
reservoir pressure and temperature, gas composition
and concentration, and others.

When natural gas is dried, heat and mass
transfer processes occur in the absorber, which are
represented by a nonlinear system of partial
differential equations [7]. The dynamic model of the
natural gas drying process characterizes the
dependence of the change in the drying rate of gas on
its flow rate, temperature and pressure and is
represented as:

a) _ Vm5p(90+9r)lno
v[‘(Ql"' 9F; pr) - 0,78590pF.pD2 9 (1)

Where GF is the gas consumption; 6p- the
operating temperature of the gas; pr - the operating
pressure of the gas; — Vim = 22.4 — the volume of a
mole of ideal gas under normal conditions; 6,=273 —
normal temperature; po — normal pressure; D — the
diameter of the column.

With this in mind, using the relations [8,9], we
obtain a continuously discrete model of a controlled
process in the following form:

Technical science and innovation. 2023. Ne 4. 17
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dcu.ri+1/dt = _((vr/h) + Rr(vr))CuAr i+1 + Rr(vr)EpCu.a n—i + (vr/h)cu.ri 5

dCu.a i+1/dt = - ((f (u)/h) + RaEp) Cu.a i+1 + Racu.r n-i + ((f (u)/h))cu,.ai 5

)

dCu.n i+1/dt = _((vn/h) - Rn)Cu‘n i+1 + (vr/h)cu.ni - RHEC;.a n—i »
dCyni/dt = —((Wa/h) = RGgWIE)Cl 411 + Wa/MClyi = Re(W)Clanei »

where i=0, ..., n-1; Ep, E — phase equilibrium
coefficients; f(u) — control action; h — sampling step;
C,.»— concentration; C,, . — concentration of the target
component; v, — gas velocity; R~ physico-
technological coefficient of gas; R,— physico-
technological absorber.

The developed mathematical model of the
absorption process makes it possible to predict
changes in the operating parameters taking into
account the physico-chemical properties of the
reagents, as well as the condition of the equipment on
the basis of which it is possible to determine the
optimal parameters of the regulated parameters,
which significantly reduce energy consumption for
the gas drying process.

Based on the analysis of the mathematical
model of the process that characterizes the static
mode of operation of the equipment, the operating
parameters of the unit are determined. The main thing
is to maintain high stability of the temperature of the
gas stream, as well as the absorption process by
maintaining the maximum possible temperature
difference at the inlet and outlet of the absorption
column.

The control object under study is characterized
by various production situations caused by changes in
the technological modes of the units, external
influences (flow rate, temperature and pressure of
gas) and internal factors. The change in internal
disturbing effects is associated with a change in the
design features of the installation during the operation
of the system. To maintain the required values in a
wide range of changes in external influences, it is
advisable to use methods of multi-mode control of
dynamic objects.

When using the principle of multi-mode
regulation for the management of technological
objects, the law of regulation is selected from a set of
regime regulators, taking into account the
technological regulations and production situations
for a given time.

The choice of a particular law of regulation
occurs on the basis of formulated information
features, according to the current state of the
aggregate and external factors. A multimode
controller consists of a set of (linear, discrete and
nonlinear) control laws that generate the desired
control signal in accordance with the current dynamic
production situation and the technological mode of
operation of the unit. To analyze dynamic situations,
an analyzer of production situations has been added

to the multimode controller, designed to select the
necessary local controller that ensures the desired
behavior of the process.

The input of the multimode controller is fed:

e information about unmeasurable data
obtained from laboratory analysis or from a database
corresponding to technological regulations;

¢ information about measured values obtained
from sensors installed on aggregates;

¢ information on the qualitative assessment of
the products obtained, i.e. the concentration and
humidity of natural gas obtained from underground
and drained gas.

Based on this information, the dynamic
situation analyzer processes this data, recognizes the
image of production situations and makes decisions
about the current state of the dynamic production
situation. This solution will serve as the basis for
connecting the required local controller, which is
configured for this production situation.

It should be noted that the actual operating
technological facilities have been confirmed for
various impacts having a probabilistic and random
nature.

This circumstance determines the use of fuzzy
regulators to control the technological process of
drying natural gas.

On the other hand, when using fuzzy
controllers, some difficulties arise related to the
choice of the membership function for the formation
of terms of a linguistic variable, since the
informativeness of the response surface of the
membership function directly depends on the number
of terms. The greater the number of terms, the higher
the quality of information processing by the fuzzy
controller. However, this circumstance leads to an
increase in the number of terms, which, accordingly,
leads to an increase in the volume of the rule base.

It is known that the volume of the fuzzy
controller rule base depends on the number of input,
output variables and the number of terms. As the
number of terms and input variables increases, the
number of rules increases

It follows from this that the use of one fuzzy
controller in the control of the natural gas drying
process does not ensure optimal operation of the
absorber, because each mode of operation of the
object is characterized by a wide range of changes in
the regulated parameters and external conditions. In
addition, the fuzzy controller is limited by a rigid
range of input effects. If a multimode fuzzy controller

18 Technical science and innovation. 2023. Ne 4.
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consists of three fuzzy controllers, each of them
contains five terms, then the total number of the rule
base is seventy-five rules, and when using one fuzzy
controller, the number of rules will be equal to two
hundred and twenty-five [10-13].

In this regard, in order to reduce the number of
rules in the work, a hybrid application of the principle
of multimode regulation with the method of fuzzy
regulation with a changing structure is proposed. A
distinctive feature of a multimode fuzzy controller
with a variable structure is that the control signal
generated by the controller has a high sensitivity to
changes in input signals during the operation of the
control object.

The rule bases of fuzzy controllers of a
multimode fuzzy controller were formed on the basis
of a fuzzy PID controller. The control actions
generated by a multimode fuzzy controller are formed
using the error value of the control signal and its
derivative. Switching to the necessary control law in
a multimode fuzzy controller is implemented based
on the analysis of dynamic situations, where a control
action is formed and sent to the switchboard to
connect the corresponding fuzzy controller.

To reduce the information processing time in
the dynamic situation analysis unit and the delay time
on the switches, it is necessary to reduce the number
of terms of linguistic variables of the database and its
BM. This is achieved by switching input variables to
a block with the smallest range of changes in the
processed input signals.

'

The input of the control gain receives
information about the magnitude of the adjustment
error, the setting and device disturbing influences s(t)
and f(t), as well as information about the adjustable
value y, about the intermediate coordinates of the
object y1, yi, and the actuator u1,, u.

At the same time, depending on the change in
the magnitude and sign of the input signals, changes
in the structure of the control system are carried out,
thanks to which the quality of the control process of
the technological object is improved.

It follows that, depending on the appropriate
algorithm and the available information about the
process, the system will have one or another structure.
In this approach, the system combines the useful
properties of each of the existing set of structures, and
allows you to get new properties that are not inherent
in any of them. Due to this, the quality of
management of the technological object is
significantly improved.

To recognize changes in the control error and
its derivative, a fuzzy controller is proposed in the
work, built on the principle of fuzzy logic inference
of the Mamdani type [14,16].

Thus, in order to ensure the required quality of
control of the technological parameters of the
absorber, control variables are changed using several
fuzzy controlletes, each of which ensures optimal
control quality in certain operating modes. Taking
into account the above, a block diagram of a
multimode fuzzy controller with a variable structure
has been developed (see Fig.1).

Zoom Block
¥ i ¥
FC1 FC2 eecoe FCN
I—I I |
\ 4 + * A\ 4
Switchboard < Analysis Unit
Zoom Block

'

Fig.1. The structure of a multi-mode fuzzy controller with a variable structure

The structure of a multimode fuzzy controller
is changed when the magnitude and sign of the signal
change. Using this approach allows you to get the
process of regulation without hesitation and over-
regulation of the transition process.

It should be noted that such systems belong to
the class of nonlinear systems, due to the automatic
switching of the law due to regulation. In the process
of functioning of the system, such systems have
certain positive properties, unlike the classical ones,
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which can significantly improve the quality of
management.

Results

Let's consider the possibilities of implementing
the proposed expense in the process management
task.

In order for a certain regulation law to be
fulfilled in each range, it is necessary to divide the
temperature range of the absorber into separate
sections. Each section will correspond to the
necessary regulation regime.

Simulations have shown that the multi-mode
fuzzy controller for the control channel satisfies the
required control quality.

Multi-mode control based on mathematical
model is performed using the control function. In
each mode, the signal corresponds to the P- control
law, which provides the required gas-absorbent flow
ratios. The generated nonlinear characteristic of the
controller allows you to obtain the necessary indicator
in any permissible mode and does not require
switching.

Conclusion

The application of a multimode fuzzy
controller is proposed, which includes several fuzzy
controllers, each of which is configured for a certain
range of changes in external conditions, and dynamic
properties for controlling technological objects
operating in a wide range of variable changes.

To regulate technological parameters that vary
in a wide range, the principle of multi-mode
regulation is proposed, based on the selection of the
necessary regulation law from a set of regime
regulators depending on production situations.

The practical value of the obtained results lies
in the absorption drying of natural gas, which makes
it possible to explain and predict the behavior of the
complex under various external factors that determine
the modes of operation of the technological process.
A system of multi-mode control of the technological
process of natural gas drying is proposed, which
ensures the maintenance of the specified parameters
of the drained gas in wide changes in technological
parameters such as pressure, temperature and flow.
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Abstract: Modern methods for solving problems of planning the execution of batches of tasks in
multi-stage systems are characterized by the presence of restrictions on their dimensionality, the
impossibility of guaranteed obtaining better results in comparison with fixed packages for different
values of the input parameters of the problem. In the article, the author solved the problem of optimizing
the composition of job packages running in multi-stage systems using the branch and bound method.
Research has been carried out on various ways to form package execution orders tasks in multi-stage
systems (heuristic rules for ordering packages tasks in the sequence of their execution on MS devices).
A method has been determined ordering packages in the sequence of their execution (heuristic rule),
ensuring minimization of the total time for implementing actions with them on devices Based on the
obtained rule, a method is formulated for ordering task types, according to which their packages are
considered in the method procedure branches and boundaries. A mathematical model of the process of
implementing actions with packages on the devices of the system, which provides calculation of its
parameters.

Key words: analysis, management of multistage processes (MSP), flotation, optimization,
automated control system, digital technologies.

Annotatsiya: Ko‘p bosqichli tizimlarda vazifalar paketlarini bajarishni rejalashtirish
muammolarini hal gilishning zamonaviy usullari ularning o ‘Ichamlari bo ‘yicha cheklovlar mavjudligi,
kirish parametrlarining turli giymatlariga yega bo ‘Igan sobit paketlarga nisbatan kafolatlangan yaxshi
natijalarga yerishishning mumkin yemasligi bilan tavsiflanadi. muammolar. Magolada muallif ko p
bosqichli tizimlarda bajariladigan vazifalar paketlarining tarkibini filiallar va chegaralar usuli bilan
optimallashtirish muammosini hal qildi. Kop bosqichli tizimlarda paketlarni bajarish uchun
buyurtmalar vazifalarini shakllantirishning turli usullarini o ‘rganish (paketlarning vazifalarini MS
qurilmalarida bajarish ketma-ketligida buyurtma gilishning yevristik goidalari) amalga oshirildi.
Paketlarni ularni bajarish ketma-ketligida buyurtma gilish usuli (yevristik qoida) aniglanadi, bu ular
bilan qurilmalarda harakatlarni amalga oshirish uchun umumiy vaqtni minimallashtiradi. Olingan
goida asosida vazifa turlarini buyurtma qilish usuli shakllantiriladi, unga ko ra ularning paketlari usul
protsedurasining tarmoglari va chegaralarida hisobga olinadi. Tizim qurilmalarida paketlar bilan
harakatlarni amalga oshirish jarayonining matematik modeli, uning parametrlarini hisoblashni
ta’minlaydi.

Kalit so “zlar: tahlil, ko ‘p bosqichli jarayonlarni boshqarish (MSP), flotatsiya, optimallashtirish,
avtomatlashtirilgan boshgaruv tizimi, ragamli texnologiyalar.

Auuomauuﬂ: COSpeM@HHble Memoobl peuienus 3a0ay NIAHUPOBAHRUA BbINOJIHEHUA naKemoe
3a0ay 8 MHOCOCMYNEHYaAmvlx cucmemax xapaxkmepusyromcsa Haiuduem oepcmuqenuﬁ HA ux
PA3MEPHOCMb, HEBO3MONCHOCMbIO 2APAHMUPOBAHRKO20 NOJAYYEHUS AYHUWUX pe3)lbmamoe no
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