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ANNOTATION

This work is dedicated to the analysis and development of an integrated production system that
combines wells and surface facilities to select the optimal operating mode for equipment. The
main focus is on studying data analysis methods, as well as collecting and processing information,
which ensures high accuracy in process control and optimal use of technological capabilities. The
integration of data from various levels of the production chain, from the well to the surface
facilities, opens up new opportunities for optimizing equipment performance and improving
resource management quality. Integration of wells and surface facilities — The effective integration
of wells and surface facilities is crucial for optimizing production processes, minimizing operational
costs, and reducing environmental impact. Integrated management systems allow the automation
of many processes, providing continuous monitoring of operating parameters, automatic
adjustment of settings, and supplying data for quick decision-making. This includes real-time data
collection, analysis, and the use of the obtained information to select optimal operating modes,
which helps improve both overall efficiency and safety in production processes. In the modern oil
and gas industry, the efficient use of equipment at all stages of hydrocarbon production is of
particular importance. Optimizing the operation of wells and surface facilities is a key aspect for
increasing economic efficiency and reducing environmental impact. In this regard, the
development and application of integrated systems that enable real-time control and adaptation
of equipment operating modes has become a relevant and significant task.

Keywords: integrated system, surface facilities, integration of wells and surface facilities,
geotechnology, geotechnological methods, well, filtration.
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Introduction

Modern technological and economic conditions
in the oil and gas industry require increased
efficiency and reliability of equipment [[1], [2]]. The
contemporary oil and gas sector faces the need to
enhance the efficiency and sustainability of its
operations. One promising direction is the use of

integrated production systems that combine wells
and surface facilities [3]. These systems allow for the
optimization of equipment operating modes, which
contributes to increased productivity and reduced
operating costs. This article examines various
aspects of the application of such systems and
optimization methods, as well as examples of
successful implementation and development
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prospects. Integration of processes at the well-
surface facility level not only optimizes operational
parameters but also significantly reduces
environmental impact, making this study relevant
and important for the further development of the

industry.
When servicing wells, the operator follows an

established route and inspects the condition of
surface  equipment. The operator records
instrument readings, inspects wellhead equipment,
and collects fluid samples. As instructed by the
supervisor, dynamograms are recorded. The
operator participates in well depourification
operations [4], transmits information from the sites

to the dispatcher, and prepares wells for repair.
A well workover team replaces downhole

equipment. More complex repairs, such as
formation work, retrieval of stuck equipment, or
transitioning to different horizons, are carried out by

the well major repair teams.
Automation and Digitalization - Integrated

Digital Platforms: Discussion of the role of IT
solutions in production management, including real-
time monitoring, automatic well control, and
predictive equipment maintenance [5].

Robotics and Drone Technologies: The use of
automated systems and unmanned aerial vehicles
(UAVs) for monitoring, inspection, and even repairs

at oilfields.
Computer-Integrated Manufacturing (CIM) is a

manufacturing approach where computers control
the entire production process. Such integration
allows individual processes to share information
with each other and initiate actions. Through
computer integration, production can become faster
and less prone to errors, with the primary benefit
being the ability to create automated production

processes. CIM typically relies on feedback control
processes based on real-time sensor input, also
known as flexible design and manufacturing.

A recognized model for a company managing
information, responsible for the current level of
automation, is the hierarchical model of computer-
integrated manufacturing (CIM). According to this
model, upper-level systems operate with
aggregated data over relatively long periods of time,
while lower-level systems work with real-time data
streams.

SCADA systems are highly distributed systems
used to manage geographically dispersed assets,
often spread over thousands of square kilometers,
where centralized data collection and control are
critical for system operation. They are used in
distribution systems such as water supply and
wastewater collection systems, oil and gas pipelines,
electrical grids, and railway transport systems.

SCADA systems consist of both hardware and
software. Typical hardware includes a Master
Terminal Unit (MTU) located in a control center,
communication equipment (such as radio,
telephone lines, cables, or satellites), and one or
more geographically distributed field devices
consisting of Remote Terminal Units (RTUs) or
Programmable Logic Controllers (PLCs), which
control actuators and/or monitor sensors.

Research methods

Lower-level models represent elements of data
collection (sensors), device control (e.g., controllers,
CNC machines), and the automated SCADA system
(Supervisory Control and Data Acquisition),
interacting with hardware. An overview of
integration approaches is shown in Figure 1.

Integration
Approaches

1. Horizontal and
vertical integration

2. Technology integration

3. Supply Chain Integration

Figure 1 - Overview of Integration Approaches
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Providing examples from the practices of large
oil and gas companies that have successfully
implemented integration approaches. These could
be cases from various countries and regions,
demonstrating how technological and managerial
innovations have helped improve productivity and
reduce costs. Summarizing the analysis, highlighting
key findings and recommendations for oil and gas
companies seeking to enhance their
competitiveness and operational efficiency.

The Internet of Things (loT) is a network of
connected devices that collect and exchange data in
real-time. In the oil and gas industry, loT is used to
create "smart" wells and surface facilities where all
system elements are interconnected and centrally
managed [6]. The digitalization of extraction
processes enables the creation of digital twins of
wells and surface facilities, which assist in simulating
and analyzing various operational scenarios. These
digital models allow for testing different parameters
and conditions without risking real equipment,
improving the accuracy and reliability of decisions.

The flow in the water supply pump group is first
forecasted using an LSTM network for 24 hours.
Then, the water intake pump group's flow is planned
for 24 hours, along with the water level in the clean
water tank, based on the water supply pump group's
flow and engineering expertise. Secondly, nonlinear
models of the operating pumps are configured
based on historical data. Finally, intelligent joint
optimal planning tasks are set, allowing for the
minimization of pump consumption and the number
of switch-ons, using flow constraints in the intake
and supply pump groups, pressure in the main pipe,
and water levels in the pump system's clean water
tank. The optimal operating schedule for the intake-
supply pump groups, setting the pumps' operating
configurations at each moment in time, can be
obtained using the DP algorithm.

Modern integrated production systems include
complex control and monitoring systems that use
software and hardware tools to collect, analyze, and
visualize data. These systems ensure continuous
control over all production stages, from well
conditions to the transportation of finished
products. Information technologies, such as SCADA
(Supervisory Control and Data Acquisition) and DCS
(Distributed Control System), play a crucial role in
this [7].

One of the main advantages of an integrated
system is the ability to enhance hydrocarbon
extraction efficiency. By integrating all system
components and using modern monitoring and
control technologies, operators can optimize

extraction processes, reducing losses and increasing
productivity. For example, precise control of pumps
and valves allows maintaining optimal conditions for
oil and gas extraction.

Forecasting the flow in the water supply pump
group: Based on historical data analysis, water
temperature and pressure in the main clean water
pipe are important factors influencing the flow in the
water supply pump group. Since the LSTM network
can remember and learn long-term data
characteristics, a forecasting model is created to
predict the water supply pump group's flow using
the LSTM network. The forecasted flow in the supply
pump group for the next 24 hours is adjusted for the
difference between the predicted and actual flow in
the supply pump group over the past 24 hours. The
output variable is the supply pump group's flow for
the next 24 hours.

An LSTM network consists of an input layer, a
hidden layer, and an output layer. The LSTM
network differs from RNNs by adding a forget gate f;,
input gate i, output gate o, and memory cell CG: to
meet the needs of time series data. These gates can
open or close depending on the memory state of the
network (the previous network state) [[8], [9], [10]].

Developing an integrated system for optimal
equipment operation in the oil and gas industry is a
complex project that requires a deep understanding
of both technical aspects and management
processes. It is crucial to create a system that not
only enhances operational efficiency but also takes
into account environmental and economic factors.
Adaptive control systems enable quick responses to
changing extraction conditions and adjustments to
equipment operation modes in real time. Such
systems use data from sensors to automatically
adjust the operating parameters of pumps, valves,
and compressors. This allows for maintaining
optimal conditions for hydrocarbon extraction and
processing, minimizing losses, and increasing
productivity.

Production and technological processes have
made significant progress. The key is not only to
create new equipment components but also to
increase the degree of automation in managing
production and technological modes at facilities and
across utility industries. In this context, it is worth
noting that fundamentally new forms of operation
have emerged for current and future management
systems.

Modern automated control systems can
memorize [[11], [12], [13], [14], [15]], compare, and
even find optimal modes for controlled processes.
They select the best modes based on pre-
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programmed data, data obtained during the
system's operation, as well as process simulations,
all of which are implemented with minimal
investments. Integrated systems significantly reduce
operating costs by more effectively utilizing
resources and minimizing equipment downtime.
Modern monitoring systems enable quick
identification and elimination of malfunctions,
reducing repair and maintenance time. Equipment
wear is also reduced, extending its service life and
decreasing the frequency of replacements. Thanks
to optimized operation modes and timely
maintenance, the equipment operates longer and
more reliably. Integrated systems enable regular
equipment condition checks and forecast potential
breakdowns, allowing for pre-planned maintenance
and the replacement of worn-out components.

Dynamic well modeling involves analyzing well
behavior at various production levels, pressure
changes, and temperature conditions. Using
specialized software suites, such as ECLIPSE and
Petrel [[3], [4]], engineers can simulate different well
operation scenarios and select the optimal
parameters for maximum productivity and
extraction stability.

Pipeline flow modeling allows for the evaluation
of a system's hydraulic characteristics and the
selection of optimal conditions for hydrocarbon
transportation. Software packages such as OLGA and
PIPESIM are used to conduct hydrodynamic
calculations, which help prevent overloads and
pressure losses, as well as optimize the operation of
pumps and compressors.

The complete system of governing equations
that describe the processes in the asynchronous
electric drive of centrifugal pumps consists of four
groups: electromagnetic equilibrium equations
(Kirchhoff’s laws) describing the electromagnetic
processes in the motor, electromechanical energy
conversion equations, equations describing the
mechanical load on the motor shaft, and equations
representing the output parameters and properties
of the energy sources.

The first step was the analytical method, based
on the classical definition of the optimal cross-
sectional value, which allowed us to determine the
qualitative characteristics, laws, and methods to
reduce costs in the frequency-controlled electric
drive operating under centrifugal load.

The main distinction from known methods is the
use of refined mechanical characteristics of the
central pump, which we obtained earlier [2].

2 \2
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Where

ko - relative losses in coils, steel and no-load
current.

The accuracy of the method is determined by
the accuracy of the approximation of the
magnetization curve.

Figure 2 shows the dependence of the optimal
values of the magnetic flux on the back pressure at
the outlet of the pumping unit. The “kink” of curves
2 and 3 indicates a decrease in the operating range
of pump wheel speed adjustment with an increase
in the value of the static back pressure of the
pipeline. The calculation was carried out using the
same values of weight loss coefficients [[13], [14],
[15], [16]].
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Figure 2 — Fopt Curves(w) for different values of
relative pressure losses (w)

When selecting motors and designing the
optimal automatic control system (ACS) for the
central pump drive, the influence of induction motor
(IM) parameters on the variation of optimal
magnetic flux across the impeller's speed control
range is of particular interest. Specifically, the value
of Fopt Often depends on the distribution of costs
based on baseline arterial pressure. Figure 4b shows
the results of calculating the optimal magnetic flux
value based on inherent cost values common to
mass-produced asynchronous motors.

The next phase of research involved the
harmonic method, which takes into account the
non-sinusoidal distribution of magnetic induction in
the machine. In this case, the steel's magnetization
curve is approximated by a hyperbolic sine, and the
magnetic forces are represented by a series using

Bessel functions.
The analytical studies conducted allowed us to

establish the main patterns of the frequency-
controlled electric drive for a centrifugal pump. The
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evaluation of real numerical relationships was based
on the digital harmonic method of optimal
calculation in terms of minimizing costs, accounting
for system nonlinearity, precise core geometry,
high-frequency control, and other factors. An
algorithm was developed to solve this problem.

All processes in the induction motor are
described by a system of linear equations of
magnetomotive force (MMF) F, electromotive force
(EMF) E, and torque M, which are fuzzy functions of
the harmonic magnetic induction amplitude along
the longitudinal and transverse axes.

Based on the harmonic method, a mathematical
model of the "frequency-controlled induction motor
— centrifugal pump" system was created, taking into
account the technological parameters of the central
pump, the geometric parameters of the motor core,
and the actual distribution of magnetic induction.
The model includes the entire set of electrical
parameters, core structural parameters, and, most
importantly, accurately considers the nonlinearity of
the magnetic circuit.

Numerical studies conducted on the developed
model determined the main patterns and methods
for reducing motor energy consumption. Optimal
laws and frequency control for the central pump
drive were calculated for different core options,
ensuring minimal motor costs. The obtained IM
characteristics confirm the effectiveness of the
proposed control algorithms and the high level of
energy efficiency.

The created mathematical model can be directly
used as an element of the automatic control system
for the electric drive according to the "PC-IM"
scheme for centrifugal units optimized for energy
consumption.

Figure 3 shows the operating characteristics of
the system: torque, useful power, consumed power,
and power consumption. Using the proposed
optimal cost-minimizing frequency control law, the
efficiency of the central pump remains high and
equal to the nominal value across the entire flow
control range.

1.2

0g

0.6

Figure 3 — Operating characteristics of blood pressure in
the control range of the central pump with optimal
frequency control

The calculation of energy consumption and
energy performance of the torque-controlled drive
(TCD) has several features compared to other
induction motor (IM) control schemes (Figure 4). In
the TCD, the rotor speed of the induction motor is
adjusted by introducing an additional voltage U,
into the rotor circuit. This voltage can be controlled
in terms of magnitude, frequency, and phase.

Pis
—>
4

Figure 4 — Two-speed machine

The calculation of the static modes of operation
of the DCS is reduced to determining the values of
U, and & from a joint solution of the electrical
balance and electromechanical balances necessary
to ensure the operating mode. Thus, we have
obtained a mathematical model of the electric drive
of a centrifugal pump according to the scheme of
two feeding machines.

The power part of the SCH500 station is made
according to a two-transformer circuit with a low-
voltage frequency converter of the SM500 series
with a voltage of 690 V.

There are many standard sizes for a power of
250 kW and 320 kW. Depending on the output
power of the CM500, up to four HTM modules can
be installed.

6(10)8

6(10)8

Figure 5 — Description of the station

— 100——
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All HTM modules are identical, with one being
the master and the rest as slaves. Synchronization of
the parallel operation of the modules is carried out
at the "PMO" level. Power transformers can be used
in standard configurations, either oil-filled or dry-
type.

The KSO cells include switching equipment for
group control. Structurally, the CM500 frequency
converter (Figure 5) is a set of floor-standing
cabinets.

The process controller is based on an industrial
computer with a TFT monitor. The controller
manages the electrical circuit of the SN500 station
and the equipment of the main technological chain
of the pumping station.

The power section of the SN500 station is
designed using a dual-transformer scheme with a
low-voltage frequency converter of the CM500
series, operating at 690V.

There are multiple size options with capacities of
250 kW and 320 kW. Depending on the output
power, up to four HTM modules can be installed in
the CM500.

All HTM modules are identical, with one being
the master and the rest as slaves. Synchronization of
the parallel operation of the modules is carried out
at the "PMO" level. Power transformers can be used
in standard configurations, either oil-filled or dry-
type.

The KSO cells include switching equipment for
group control. Structurally, the CM500 frequency
converter is a set of floor-standing cabinets.

The process controller is based on an industrial
computer with a TFT monitor. The controller
manages the electrical circuit of the SN500 station
and the equipment of the main technological chain
of the pumping station.

Information is displayed graphically in three
main user windows:

Process window (displaying current information
in a technological flowchart);

Control window (setting the operating mode
and main control parameters);

Archiving window (access to two main archives:
alarm archive and event archive).

Additionally, the controller can
telemetry functions.

Advantages of using a variable frequency drive
(VFD):

Smooth regulation of the motor speed in most
cases eliminates the need for additional control
equipment, significantly simplifying the
technological system, increasing its reliability, and
reducing operating costs. A frequency-regulated

expand

motor start ensures smooth acceleration without
inrush currents or mechanical shocks, reducing
stress on the motor and associated transmission
mechanisms, thereby increasing their service life. In
this case, the power of the drive motors for loaded
mechanisms can be reduced according to startup
conditions. The built-in microprocessor-based PID
controller allows for speed regulation of controlled
motors and associated technological processes.

Using feedback from the system to the
frequency converter guarantees high-quality speed
maintenance of the motor or the controlled process
parameter under variable loads and other
disturbances.

The frequency converter, paired with an
asynchronous motor, can replace DC drive systems.

A frequency converter, supplemented by a
programmable microprocessor controller, can be
used to create multifunctional drive control systems,
including systems with backup mechanical units.

Using a variable-frequency drive (VFD) allows for
energy savings by eliminating unnecessary energy
consumption. Significant efficiency is achieved by
using frequency converters to regulate the
operation of pumping units, which were traditionally
controlled by throttle mechanisms in pump
discharge pipes.

Throttle regulation involves energy losses due to
local resistance created by control devices. These
losses are eliminated when the pump's performance
is controlled by regulating the motor speed. Energy
savings from using VFDs in pumps typically amount
to 10-30% of the power consumed by pumps under
throttle control.

The implementation of variable-frequency
drives (VFDs) at water supply and sewage pumping
stations allows for optimizing the hydraulic regime
of the water distribution network, addressing
energy-saving objectives, reducing operating costs,
and minimizing pipeline damage by maintaining
optimal pressure in the network.

The automation of production processes was
carried out in stages. Initially, an automated control
system for technological processes was created and
put into operation at two sewage pumping stations
(SPS). Control over the operation of these stations
was provided from the workstation of the dispatcher
at the SPS workshop. A central database (CDB) was
created on the dispatcher server in the workshop.

Automated operation requires complete
monitoring of all parameters and the ability to make
correct decisions in any situation. To ensure high
equipment reliability, more than a hundred variable
indicators characterizing the operation of the

— 101/
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equipment, as well as the primary and secondary
technological processes, are recorded. At the same
time, the number of control actions set by the
automated control system reaches twenty types.
Almost complete control over the station's
operation allowed for the development of control
actions for all situations, eliminating the need for
manual management from the dispatch room. This
provided full protection against unauthorized or
accidental access to the automated control system.
The high reliability of the specialized controllers
ensured monitoring and registration of all
parameters characterizing the equipment's
operation and the technological process.

Despite the high reliability of the automated
control system, the transition to operating the
pumping equipment without service personnel was
limited by several external factors. The SPS
workshop's automated control system was built on
its own computer radio network operating at a
frequency of 450 MHz. The rapid development of
the city, the appearance of new high-rise buildings,
and the significant distance between the SPS
facilities made it difficult to use the computer radio
network at some sites.

Thus, the requirements for the creation of the
automated control system at the NDS workshop
(Figure 6) expanded, necessitating the use of mobile
communication channels and telephone
connections (GSM, CDMA modems) due to objective
difficulties in data transmission within the computer
network.

The PTC PNO allows solving the following tasks
(Figure 7):

Continuous monitoring of pumping stations,
obtaining key indicators (energy consumption,

GSM, COMA
modems

—
Dial-up modems

—
ADRL modems of dedicated lines -

|
|
| COS Server
|
|
|

——
Radio station

Additional jobs in departments of

MUE <Gorvodokanale |

volume of waste
consumption);

Obtaining objective and reliable data to justify
the selection of pumping equipment during
reconstruction;

pumped, specific energy

Processing data on system expenditures and
identifying issues in pressure pipelines;

Comparing the operating time of pumping
equipment with the standard adjustment interval
and optimizing maintenance [[16], [17], [18], [19],
[20], [21]].

When creating the control and automation
system for KNS, the primary task was to solve the
issue of data transmission and to choose the main
communication channel between local dispatch
centers. Existing power lines were tested. As a
result, a data transmission network was created
between the local dispatch centers based on existing
communication networks, using SHDSL modems.

According to the technological scheme of the

NDS, variable indicators characterizing the
equipment operation at all stages of the
technological process were determined. The

selected variables are used for automating the work
and/or managing the facilities of the store, taking
into account the technological and administrative
division. Part of the information received from the
communication nodes of local dispatch centers is
transmitted to the central dispatch center of the USC
for evaluating the technological process, the
operation of workshops, their facilities, and the
enterprise as a whole. Based on variable indicators,
the technical characteristics of local dispatch points
and the devices of the central dispatch point have
been determined.

|

. |

Central dispatch

service |
|
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Figure 6 — Block diagram of automation of technological processes in the pumping station workshop
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[~ Sewage control station syste

Figure 7 - A fragment of the mnemonic diagram of the
dispatching control of a sewage pumping station (6 kV)

The information from the aforementioned
facilities is transmitted to SHDSL modems via Wi-Fi
wireless data transmission modems (the
communication center of the local dispatch point of
the corresponding workshop) and then transmitted
via special lines to the central dispatch center (CIC)
and displayed on the monitor.

The system's performance results showed that:

Low costs for installing special data transmission
lines, high noise immunity, reliability, and data
transmission speed;

Wireless data transmission networks using Wi-Fi
technology are characterized by high mobility of
data collection points, reliability, noise immunity,
high data reception speed, low installation costs,
and short implementation time;

In general, a local computer network has been
created for the system, providing information from
control measuring instruments and equipment
control systems in local control centers for all
workshops and in the Central Dispatch Center (CIC).

It is worth noting the possibility of dual use of
the technical and software solutions included in the
APKS (Automated Process Control System) for
related tasks. For example, the technical and
software tools of the SPC shop's APCS (Automated
Process Control System) are used for analyzing
pressure in water supply lines at control points.
Information received from the water supply system
pressure sensors is sent to the local automation
system and transmitted to the central database of
the pumping station, from where it is further
transmitted to the central dispatch point.
Measurement results, after processing, are

displayed in the water supply service work centers
and in the central control point.

The design solutions adopted are based on the
experience of existing automation systems and are
aimed at maximizing the coverage of technological
process parameters on a unified information
platform "Wander-ware," ensuring both the length
of parameters and their interconnection in the
technological chain and information flows.

Based on the design solutions, in 2009, the
automatic filter washing systems of NFS-1 and NFS-
5 are planned to be commissioned, and the internal
pressure monitoring system expanded to 45 control
points in the water supply network.

At present, plans are underway to equip the
relevant divisions with new control and measuring
equipment to use objective results for the
implementation of APCS capabilities, enabling the
acquisition of comprehensive characteristics of
technological processes in automatic mode.
Predicting equipment conditions and performing
preventive maintenance are important aspects of
optimizing operational modes. The use of predictive
analytics and machine learning technologies allows
predicting  possible failures and planning
maintenance in advance. This reduces the likelihood
of emergency situations and helps maintain
equipment in optimal condition.

Equipment required for automation: The
SIMATIC S7-1200 PLC is a new family of Siemens
microcontrollers designed for various low-level
automation tasks. These controllers are modular
and versatile. They can operate in real-time and can
be used to create relatively simple local automation
blocks or units supporting complex automatic
control systems.

This algorithm is designed to control the main
and backup pumps operating alternately in the same
network. It is used for controlling circulation pumps
in heating and hot water supply systems. In
combination with a shutoff and control valve, the
controller can be connected to a system using water
from a tank. In this device modification, two inputs
are used: the first can be connected to a switch,
closing which initiates the algorithm, and the fourth
input is connected to a pressure sensor. This could
be a flow sensor that closes the output contact when
the required pressure is achieved in the network or
modern pressure sensors with a single current
output. A pressure relay is used to control the main
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and backup pumps. A third relay can be connected
to an alarm system or a third pump.

The automatic control system ensures even use
of the main and backup pumps by alternating their
operation. The pump operation time is programmed
by the user (the maximum possible pump operation
time is 63 days). In case one of the pumps fails, the
device switches to the other, triggering an LED alarm
indicator. If all pumps fail during operation, the third
relay is activated, triggering an alarm or switching on
backup pumps (without pressure control in the main
line).

In the algorithm based on pressure sensor use,
during pump start-up, the pressure sensor readings
are not monitored for the user-specified time period
(30 seconds by default). Additionally, the controller
ignores short-term (2 seconds by default) drops in
pressure sensor readings.

System efficiency analysis

Integrated well-surface facility systems and
operational mode modeling open up new
opportunities for improving the efficiency and
reliability of the oil and gas industry. Implementing
such technologies requires significant investments
and a highly skilled workforce, but the long-term
benefits—such as reduced costs and increased
productivity—justify  these  efforts. = Modern
technologies and approaches to production process
management allow for achieving high results and
ensuring sustainable development of the industry.

A specific model corresponds to the basic
scheme of the Integrated Production Planning (IPP).
The main task of particular modifications is to fully
declare all temperatures and losses at any given

time and in each region of the GIS. Key information
for modifications includes the selection of heat
exchangers for heating, ventilation, and hot water
supply systems; the choice of the standard
forecasting interval, up to one calendar month,
which is analyzed in full; and brief details about the
modeling area, including temperature diagrams of
the heat carrier. Depending on the external
atmospheric temperature, the heat carrier
temperature, and the heat source, the
thermosensitive heat carrier at the IPP inlet and the
predicted heat recovery vary. The controllers’
resources are linked to temperature and
temperature changes incorporated into heat theory,
which are connected to the changes in natural
products. Based on the properties of the control
valve, it causes changes in the flow rate within the
sleeve element and the valves.

The effect of incoming heat on the temperature
Ti(t) can be determined by the gain factor k and a
first-order system with a time constant t. The
influence of ambient temperature can be
represented as a first-order system with a gain factor
and time constant. The water temperature Tu(t),
supplied to the heat exchanger loop, is regulated by
a Pl controller. The Pl controller is one of the most
versatile controllers. Essentially, it is a proportional
controller  (P-controller) with an additional
integrated component. This integrated component,
as the name implies, is added primarily to eliminate
the static error inherent to the proportional
controller. The integral part acts as an accumulator,
accounting for the history of the current input
variable to the Pl controller (1) (Figures 8-10).
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Figure 8 — Mathematical model in the Matlab environment
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Figure 9 — Parameters of the Pl controller
The following parameters of the Pl controller are set in the Matlab environment

Conclusions

This study emphasizes the critical importance of
developing and applying integrated management
systems in the oil and gas industry to enhance
efficiency and reduce environmental impact.
Automation and optimization of processes at all
levels of hydrocarbon production, from the well to
surface facilities, are key elements for achieving
these goals. The implementation of developed
algorithms and software, as well as their successful
testing and adaptation in real-world conditions,
demonstrate the potential for significant
improvements in operational efficiency and
economic benefits.

The research also revealed that integrating
modern technological solutions and analytical
methodologies can lead to a deeper understanding
and better management of production processes,
which will inevitably reduce environmental impact
and improve the safety of operations. These findings
represent a valuable contribution to the scientific
community and provide practical guidelines for
application in the industry.

In the future, based on the data obtained and
the methods developed, the scope of integrated
systems application will be expanded, along with the
investigation of their adaptability to different
conditions and the specifics of various fields. The
prospects for further research include the
development of advanced models for adaptation
and optimization, which will promote the broader
adoption of these technologies in the industry.

The shift toward more sustainable and
economically efficient production methods is
becoming an integral part of the oil and gas
industry's development. The implementation of
integrated management systems not only increases
overall productivity but also enables companies to
comply with stringent international environmental
safety standards. This, in turn, enhances the
companies' reputation in the global market, boosts
their competitiveness, and opens up new
investment opportunities and market access.

Focusing on the use of advanced technological
solutions and analytical tools makes the industry
more adaptive to market changes and better
prepared to respond to challenges such as
fluctuations in hydrocarbon prices and regulatory
changes. This approach not only optimizes current
processes but also helps predict future changes in
production parameters, ensuring stability and
resilience in operations.

Additionally, the development and application
of integrated systems create a foundation for
continuous learning and skill improvement among
employees. The adoption of the latest technologies
requires ongoing professional development and
training, which leads to an increase in internal
expertise and improves the quality of work at all
levels. This, in turn, fosters a culture of innovation
and a drive for continuous process and performance
improvement.

Based on the research conducted, the following
recommendations can be formulated for the
development of integrated production management
systems in the oil and gas industry:
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Digitization and data integration: Expand the use
of digital technologies for data collection, storage,
and analysis. This will improve process
understanding at all levels and enable more
effective resource management and response to
changes in the production environment.

Development of adaptive systems: Design
systems that can adapt to changing operating
conditions and market demands. Adaptive
management systems will help maintain optimal
operating parameters under various conditions and
reduce the risk of losses due to unforeseen
circumstances.
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MiHAEeTKe altHanyaa.

KemekTeceai. Kasipri

Byn }yMbIC KabAbIKTbIH OHTaM/Ibl }KYMbIC PEXMUMIH TaHAAY YLIH KIHEe XKep YCTi KypblNbiIMAapbIH
BipiKTIpETIH MHTErpaLmManaHFaH eHAIPICTIK KyieHi Tanaay MeH a3ipaeyre apHanfaH. Herisri Hasap
AepeKkTepai Tangay oficTepiH 3epTreyre, akmapaTtTbl WHAy MeH eHaeyre 6eniHreH, 6yn
npouectepai 6ackapyablH Kofapbl ANAIMH KIHE TEXHONOTUANBIK MYMKIHAIKTEPAl TUimAai
nanganaHyabl KamTamacbi3 eTesi. ¥YHFbIMaZaH Kep YCTi HblcCaHAapblHa AeliHri eHAipic Ti3beriHiH,
apTYpAi AeHreinepiHeH aepekTepai BipiKTipy KabAblK KYMbICbIH OHTAMNAHAbIPY YLWIH KaHe
pecypcTapapbl 6ackapy canacbliH apTTbipy YLUiH KaHa MYMKIHAIKTEp awwagbl. ¥YHFbIMA/bIK XKaHe XKep
YCTi KOHAbIPFbINAPLIH TMIMAi BipiKTIPY OHAIPICTIK NpouecTepai OHTANAAHABIPY KaHe NnanganaHy
WbIFbIHAAPbI MEH KOplUafaH opTafa acepdi asalTy yWiH eTe MaHbI3apl. UHTerpaumanaHsaH
6ackapy Kyienepi KenTereH npouecTepai aBTOMaTTaHAbIPYFa, KYMbIC NMapameTpiepiH y3AiKci3
6akblnayra, H6anTaynapapl aBTOMaTTbl TypAe Ty3eTyre aHe Kejen lwewim Kabbingay yuwiH
[epeKTep yCbiHyFa MYMKIHZiK 6epegi. byn HaKTbl yaKbITTa AepeKTepAi }UHayAbl, Tanfayabl )aHe
anblHFaH MaNiMeTTepAi NaiJanaHa OTbIPbIN, OHTAN/IbI XKYMbIC PEXMMAEPIH TaHAAYAbl KAMTUAbI,
byn e3 KeseriHge OHAIPICTIK NpouecTepAiH »annbl TMIMAINIMIH KaHe Kayinci3giriH apTTbipyFa
3aMaHfbl MyHai-ra3 eHepKacibiHge 6apablK eHAaipy KeseHaepiHae
}KababIKTbl TMIMAI NailganaHy maceneci epeklle MaHbi3fa Me. ¥HfblManap MeH Xep YCTi
KYPbINbIMAAPbIHbIH, NailaanaHy npouectepiH OHTalAaHAbIPY SKOHOMMUKAbIK TUIMAINIKTI apTTbipy
YKIHE IKONIOTUANBIK SCepi a3aiTy YLWiH MaHbI3apbl acnekT 6oabin Tabblnaabl. OcbifaH 6ainaHbICTbI
KabABIKTbIH, KYMbIC PEXMMAEPIH HaKTbl YaKblT peumiHae bGakblnayFa aHe benimpeyre
MYMKIHAIK BepeTiH MHTerpaumanaHfaH »Kymenepai asipsiey XaHe KONLaHY ©3eKTi api MaHbI3abl

TyiiiH ce30ep: WHTerpaumsnaHFaH >Kyie, Kep YCTi KabAbIKTapbl, YHFbIMa MeEH Xep YCTi
»KabAbIKTapblH MHTErpauuanay, reoTexHoA0r1aA, reoTeXHOOMMANbIK, SAICTEDP, YHFbIMA, CY3Y.
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AHHOTALMUA

[aHHas paboTa nocesleHa aHanvMly U pa3paboTke WMHTEerpuMpoBaHHOM cucTembl A06bluM,
obbeguHaoLwei B cebe CKBaXKMHY M NOBEPXHOCTHbIE COOPYKEHMS, ANA nogbopa ONTUManbHOro
pexxuma paboTtbl 0bopyaoBaHuAa. OCHOBHOE BHUMaHWE YAENEHO WCCNEA0BAHUIO METOA0B
aHanu3a AaHHbix, cbopy u obpaboTke WHPOpMmaLMK, YTO NoO3BONAET ObECcneunTb BbICOKYHO
TOYHOCTb yMpaBAEHUA MpoueccaMM W ONTUMaNbHOE WCNONb30BaHWE TEXHO0rMYEeCKUX
BO3MOXHOCTEN. MHTErpauma AaHHbIX C PasAUYHbIX YPOBHEN MNPOU3BOACTBEHHOW LEMOYKM,
HaUMHaA OT CKBaXXMHbl U 3aKaH4YMBasA MOBEPXHOCTHbIMWU COOPYKEHWAMM, OTKPbIBAET HOBble
BO3MOHOCTU AN ONTUMU3aLMKU paboTbl 060PYAOBaAHUA U YNYYLLIEHMA KavyecTBa ynpasieHus
pecypcamn. IPPEKTUBHAA WMHTErpaLUMA CKBAXKMHHbBIX U MOBEPXHOCTHbIX COOPYMKEHWUMN KpaiiHe
BaXKHa A4/17 ONTUMM3ALUMM MPOLECCOB A00bIMM U MMHMMM3ALMKU OMeEpaLMOHHbIX 3aTpaT W
3KONIOTMYECKOro  BO3AeWCTBUA.  WHTEerpMpoBaHHble  CUCTEMbI  YMpaBAEHUA  MO3BONAOT
aBTOMATM3MPOBATb MHOMECTBO MNpoLeccoB, obecneymsas HeNpepbIBHbIA  MOHWUTOPUHT
napameTpoB paboTbl, aBTOMATUYECKYIO KOPPEKLMIO HAaCTPOeK M NpepocTaB/ieHue AaHHbIX ANns
NPUHATUA ONepPaTUBHBIX PeLLleHui. ITo BKAKoYaeT B ceba cbop AaHHbIX B peasibHOM BPeMeHU, UX
aHa/sM3 U UCNO/Ib30BaHME NONYYEHHbIX CBEAEHWI ANA NoA60pa ONTUMA/IbHBIX PEXKMMOB PaboTbl,
4YTO MOMOraeT MOBbICUTb Kak 06LLyo 3¢PeKTMBHOCTb, Tak U 6E30MNacHOCTb NMPON3BOACTBEHHbIX
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KNOYEeBbIM aCMeKTOM AN MOBbIWEHUA 3KOHOMUYECKON 3GPEeKTUBHOCTU W yMeHbLUeHUA
3KO/IOTMYECKOTO BO3AENCTBUA. B 3TOM cBA3M, pa3paboTKa M NMPUMEHEHUE WHTErPUPOBAHHbIX
cUCTeM, MO3BOJIAIOLWMX KOHTPOAMPOBATb M afanTUMPOBaTh PeXMmMbl paboTbl obopyaoBaHuA B
peanbHOM BpeMeHW, CTAaHOBUTCA aKTyaslbHOM M 3HAYMMOI 3aga4ei.
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