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Introduction of neural network technologies to optimise the control  
of the operating modes of a sucker-rod pump installation

Abstract. The study was conducted to identify the possibilities of implementing neural network technologies to 
optimise the control of the operating modes of the sucker-rod pump (SRP), which will help to increase the efficiency of 
oil production and reduce operating costs. The study used data analysis and adaptive management methods to optimise 
the operation of the SRP. As a result of the study, it was found that the introduction of neural network technologies in the 
SRP management system can significantly increase their efficiency. Analysis of data from the unit’s sensors using neural 
networks helped to identify optimal operating modes that ensure maximum production with minimal energy consumption. 
A forecasting model has been developed that can detect potential equipment failures in advance, which reduces the 
risks of emergencies and maintenance costs. The study also showed that adaptive control algorithms based on artificial 
intelligence can automatically adjust the operating modes of the SRP depending on variable conditions, such as pressure 
fluctuations or changes in the properties of the oil produced. Based on the integration with the Internet of Things, the 
system has the ability to perform real-time monitoring, which increases the efficiency of decision-making. As a result, 
the introduction of neural network technologies not only optimises mining processes, but also helps to reduce operating 
costs. In addition, the study revealed that the use of neural networks in control systems can significantly reduce the time 
required to configure and optimise processes, which increases the overall productivity of the SRP
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INTRODUCTION
The introduction of the latest technologies in various in-
dustries has become a necessary condition for improving 
the efficiency and competitiveness of enterprises. This 
problem is particularly relevant in the field of oil produc-
tion, where sucker-rod pumps (SRPs) play a key role in the 
process of lifting hydrocarbons from great depths. The 
SRP consists of several components, including a pump, 
rod, and electric motor, that work together to ensure effi-
cient oil production. Conventional management methods 
for such installations often face problems related to low 
productivity, high energy costs, and the risk of accidents. 
Modern neural network technologies that can analyse 
large amounts of data and adapt to changing conditions 

offer new solutions for optimising the operation of SRPs. 
They can not only increase the efficiency of mining, but 
also reduce the cost of equipment maintenance.

In the field of SRP management, it is important to 
strike a balance between improving productivity and re-
ducing costs. Conventional management methods are 
often unable to respond effectively to changes in work-
ing conditions, which leads to irrational use of energy re-
sources. M. Sabah et al. (2021) showed that adaptive con-
trol algorithms can improve mining efficiency. They also 
noted that such algorithms reduced system setup time, 
which was crucial for reducing costs. B. Cao et al. (2023) 
found that neural networks were able to predict equip-
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3.  To conduct an economic assessment of the effec-
tiveness of implementing neural networks in management 
systems, in particular, to identify how these technologies 
reduce energy consumption and maintenance costs while 
improving productivity.

MATERIALS AND METHODS
The study conducted a comprehensive analysis of the imple-
mentation of neural network technologies to optimise the 
management of SRPs, which are critical for oil production 
from great depths. The first important aspect that was ana-
lysed was the optimisation of the work of the SRP. The use of 
the method of processing large amounts of data using neu-
ral networks enabled the analysis of information obtained 
from sensors installed at the plants, including rotational 
speed, pressure, temperature and other parameters. Based 
on this analysis, models were developed that predict the op-
timal modes of functioning of the SRP. This allows achieving 
maximum oil production with minimal energy consump-
tion, identifying the most efficient operating parameters 
and significantly increasing the overall productivity of units.

The next aspect considered in the study was the pre-
diction of equipment failures. The use of the method of 
analysing historical data using neural networks identified 
patterns that preceded failures in the operation of instal-
lations. Based on this analysis, predictive models were 
developed that can predict possible equipment failures. 
Based on this, enterprises can take preventive measures in 
advance, which helps to reduce the risk of accidents and 
minimise serious consequences for production. The study 
also focused on adaptive management, which was crucial 
in the context of variable geological factors and mining 
properties. The use of the adaptive algorithm modelling 
method demonstrated the ability of neural networks to 
adapt to changes in the operating conditions of the SRP. In 
cases where parameters such as pressure or oil properties 
change, these algorithms automatically adjust the operat-
ing modes of the plants, which ensured that a high level of 
efficiency is maintained in various operational scenarios.

An important element of the study was the assessment 
of the economic benefits of implementing neural networks 
in management systems. Optimisation of SRP operating 
modes not only improves production, but also reduces 
energy and maintenance costs. The cost analysis of “Ukr-
nafta” was carried out, which showed that optimisation of 
management processes can reduce operating costs, which, 
in turn, will have a positive impact on the overall economy 
of the enterprise  (Audited financial statements..., 2021). 
An equally important aspect was the study of the integra-
tion of neural network technologies with the IoT. Using the 
system analysis method, it was shown how the integration 
of neural network technologies and the IoT contributes to 
the improvement of monitoring and management systems 
of SRP. Based on this integration, enterprises can perform 
real-time monitoring, which increased the efficiency of 
decision-making and allowed them to respond in a timely 
manner to changes in operating conditions.

ment failures, which significantly reduced the risk of field 
accidents. Their study demonstrated how such forecasts 
can reduce maintenance costs and improve overall system 
reliability. A. Sircar et al. (2021) focused on the possibil-
ities of optimising energy costs through automation of 
control processes. They emphasised that the introduction 
of neural networks could significantly reduce energy costs, 
which was an important aspect in the modern oil produc-
tion industry. K.  d’Obyrn  et al.  (2024) developed models 
that considered geological conditions, which made it pos-
sible to change the management strategies of SRP. These 
models helped to adapt management decisions to the 
specifics of each field, increasing production efficiency. 
Z. Huang et al. (2023) emphasised the importance of inte-
grating neural networks with the Internet of Things (IoT) 
for real-time performance monitoring. They noted that 
such integration could significantly increase the speed of 
response to changes in production conditions.

R. Al-Shabandar et al.  (2021) evaluated the econom-
ic benefits of implementing neural network technologies 
in production processes. Their study demonstrated how 
economic efficiency can increase by reducing the cost of 
energy resources and maintenance. A Brendel et al. (2021) 
drew attention to the ethical aspects of the use of artificial 
intelligence in industry. They stressed the need to create 
transparent and understandable algorithms that would 
avoid possible risks and ensure trust in new technologies. 
A.  Sheikhoushaghi  et al.  (2022) analysed the impact of 
neural networks on mining management decision-mak-
ing. They pointed out the ability of these technologies to 
adapt to changing conditions, which was important for 
management effectiveness. Z. Liu et al. (2021) emphasised 
the importance of training neural networks on historical 
data to improve forecasting. They noted that this practice 
helped to improve the accuracy of models and provide 
better resource management. A.  Drewek-Ossowicka  et 
al. (2021) investigated security aspects of the use of neural 
networks in control systems. They stressed the need for 
an integrated approach to risk assessment, which would 
help to ensure the safe introduction of new technologies 
in industry. However, despite the results achieved, gaps 
remain that require further study. For example, aspects of 
integrating neural networks with the IoT and their impact 
on real-time response speed are not sufficiently studied, 
which can significantly affect management decisions in a 
rapidly changing environment.

The purpose of the study was to evaluate neural net-
work models for predicting optimal operating modes of the 
SRP to increase oil production, reduce energy consump-
tion, and increase the economic efficiency of the manage-
ment system. Objectives of the study:

1. To evaluate the impact of neural network technol-
ogies on improving the efficiency of SRP management in 
terms of performance and power consumption.

2. To investigate how adaptive control algorithms can 
help to optimise oil production processes in conditions of 
variable geological and operational parameters.
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The last aspect of the study was specific examples of 
the use of neural networks in Ukrainian and foreign enter-
prises. The study focused on the introduction of neural net-
work technologies in oil production processes to determine 
their impact on the effectiveness of SRP management. At 
“Ukrnafta”, which is based in Ukraine, the introduction of 
neural network technologies has made it possible to opti-
mise oil production processes, reducing energy costs, and 
increasing productivity. Similarly, the US oil company “Exx-
onMobil” used neural networks to predict equipment fail-
ures, which helped to identify potential problems in time. 
“Saudi Aramco”, the national oil company of Saudi Arabia, 
used adaptive control algorithms based on neural networks, 
which helped to effectively respond to changes in geolog-
ical conditions. “Equinor”, a Norwegian company, also in-
tegrated neural networks for analysing data from sensors, 
which helped to optimise the operating modes of the SRP. 
This analysis identified best practices and the most effec-
tive methods in a variety of environments, which helped to 
improve productivity and reduce risks in mining processes.

RESULTS
The introduction of neural network technologies in the 
field of oil and gas production is extremely relevant, as it 
opens up new opportunities for optimising the operation of 
SRP. SRPs are key elements in production systems designed 
to lift oil from great depths, where conventional methods 
may be ineffective.

Recurrent neural networks are powerful tools for pro-
cessing sequential data with temporal or spatial depend-
encies, and can store information from previous stages to 
predict subsequent results. They are used to analyse the 
parameters of the SRP operation in real time, such as tem-
perature, pressure, and flow rate, which allows more accu-
rately predicting changes in these indicators at each stage 
of the plant’s operation and adjust the parameters to en-
sure efficient and safe operation (Abdalla et al., 2023).

Deep neural networks, in particular the long-term 
memory architecture, are a subtype of recurrent neural net-
works and can handle complex, long-term dependencies in 
data, which allows working effectively with large amounts 
of information. They are used to predict pump saturation 
needs and optimise energy consumption, helping to more 
accurately estimate energy costs and provide cost-effective 
operating modes of installations (Kristian et al., 2024).

Convolutional neural networks are effective for pro-
cessing images or video data and are used to monitor the 
state of equipment using video sensors. They allow de-
tecting anomalies in pump operation, such as mechanical 
damage or leaks, and analysing equipment stops and dam-
ages based on video analysis (Ma et al., 2023).

Generative neural networks are used to create simu-
lation data that helps to simulate different operating con-
ditions and adapt systems to changes in geological char-
acteristics. They allow creating new data sets necessary 
for training other models when real data is limited or una-
vailable, and predicting possible changes in the operating  

conditions of the SRP, ensuring the reliability and effi-
ciency of systems under conditions of uncertainty (Ma et 
al., 2024). Each of these approaches has its own advantages 
and application specifics, depending on the task, which al-
lows a comprehensive approach to solving problems in the 
operation of pumping units.

In today’s environment, when competition in the energy 
market is growing, and the requirements for reducing costs 
and improving productivity are becoming more stringent, 
the use of innovative technologies, such as neural networks, 
is becoming necessary. Neural networks have the ability to 
analyse large amounts of data received from sensors and 
identify patterns that are difficult for a person to notice. This 
allows predicting the optimal operating modes of the SRP, 
ensuring stable and efficient operation of the installation.

The introduction of neural network technologies in the 
management of SRPs can lead to significant improvements 
in efficiency, lower energy costs, reduced installation and 
maintenance time, and increased oil production. In par-
ticular, neural networks can detect potential equipment 
failures, which allows taking timely measures to eliminate 
them and prevent accidents.

Optimisation of the SRP operation using neural net-
works opens up new opportunities for improving the ef-
ficiency of the oil industry. Modern installations collect 
huge amounts of data from numerous sensors that record 
indicators of such key parameters as speed, pressure, and 
temperature. As a rule, processing such data manually is 
complex and slow, which often leads to inefficient use of 
resources and an increased risk of accidents. However, the 
introduction of neural network technologies allows auto-
mating the analysis of this data and configure the system 
in real time (Swain et al., 2022).

Neural networks are able not only to process informa-
tion flows from sensors, but also to learn from this data, 
forming forecasts about the optimal operating modes of 
the installation. For example, real-time analysis of pres-
sure and temperature changes allows the neural network to 
determine the best performance for the speed of pumping 
equipment. This allows not only improving performance, but 
also reducing power consumption, as the system automati-
cally adapts to changing conditions. Thus, the use of artifi-
cial intelligence in the management of SRPs becomes a key 
factor for achieving a balance between maximum oil pro-
duction and saving energy resources (Kolakoti et al., 2023).

In addition, the ability of neural networks to predict 
possible hardware failures based on analysis of historical 
data and current indicators helps to reduce the likelihood 
of accidents. This significantly reduces maintenance costs, 
because the intended repair is less expensive than elimi-
nating the consequences of breakdowns. As a result, neural 
network management models not only optimise mining 
processes, but also increase the overall reliability of SRPs.

When implementing neural networks in industry, sev-
eral technical and organisational difficulties may arise. 
Technical difficulties include integration with existing 
management systems, as many businesses use legacy  



35
Machinery & Energetics. Vol. 16, No. 1

Turchyn

technologies, and adapting them to new data standards 
can require significant effort. In addition, training neu-
ral networks requires large amounts of high-quality data, 
which can be a problem if existing data in the enterprise is 
incomplete or unstructured. Neural networks also require 
significant computing power, which can be a problem for 
businesses with limited access to high-performance com-
puting platforms (Malhan & Gupta, 2023).

Organisational difficulties include the need for ma-
chine learning specialists, which may not be enough in 
the labour market, and the need to adapt existing business 
processes. This can cause resistance among employees and 
require staff retraining. Implementing new technologies 
also requires significant initial investment in technology, 
equipment, and training, which can be difficult for busi-
nesses on a tight budget (Guo et al., 2024).

In addition, there are problems with data security, 
since the use of large amounts of sensitive information re-
quires strict compliance with security and confidentiality 
standards. Regulatory restrictions, especially in industries 
subject to strict controls, such as the oil and gas industry, 
can make it difficult to implement neural networks. Thus, 
the introduction of neural networks in industry requires a 
comprehensive approach, including technical modernisa-
tion, personnel training, and consideration of regulatory 
aspects. Predicting failures in the SRP using neural net-
work technologies is a key factor in improving the security 
and efficiency of their work. One of the main problems in 
the operation of SRPs is unpredictable equipment failures, 
which can lead not only to downtime in operation, but also 
to significant financial losses due to repairs and stopping 
oil production. The use of neural networks for analysing 
historical data opens up opportunities for early prediction 
of potential failures and, thus, makes it possible to take 
timely measures to prevent accidents.

Neural networks are able to learn from large amounts 
of data that include the installation’s performance over a 
long period of time: vibration levels, pressure, tempera-
ture, power consumption, and other parameters. By ana-
lysing this data, the neural network identifies patterns that 
may indicate the beginning of degradation of individual 
components or the approach of their failure. As a result, 
the system can automatically provide a warning about 
a possible failure of a certain element, which allows per-
forming preventive maintenance before real problems oc-
cur (Pérez-Gomariz et al., 2023).

This ability to predict failures significantly increas-
es the reliability of the SRP, reducing the likelihood of  

accidents. Due to early maintenance measures, compa-
nies can avoid unexpected costs associated with urgent 
repairs and emergency production stops. In addition, 
planned technical measures are usually cheaper than 
eliminating the consequences of unexpected accidents. In 
this context, neural networks not only improve the plant 
management process, but also help to reduce operating 
costs and increase the productivity of the oil and gas in-
dustry (Silvia et al., 2023).

Adaptive management is one of the most promising are-
as in the development of modern technologies in the oil and 
gas industry. The operating conditions of pumping equip-
ment can vary depending on many factors, in particular, 
due to changes in the geological conditions of the field, the 
properties of the oil produced, or unpredictable fluctuations 
in pressure and temperature levels. Neural network technol-
ogies provide flexible and adaptive management of installa-
tions, which allows them to maintain their efficiency even in 
changing and unstable environments (Fakher et al., 2022).

One of the key advantages of neural networks is the 
ability to continuously learn based on the obtained data 
and adapt to new conditions. This means that the system 
can automatically adjust the operating modes of the in-
stallation in accordance with the current indicators, with-
out requiring manual intervention. For example, when oil 
properties change, such as viscosity or impurity content, 
the neural network can independently adjust the opti-
mal pressure and speed parameters of pumping equip-
ment. This adaptability allows avoiding system failures 
and maintaining high production performance regardless 
of external changes (Abdolrasol et al., 2021). In addition, 
in cases of changes in geological conditions, such as a de-
crease in reservoir pressure or a complication of rock struc-
ture, neural network models can quickly respond to these 
changes. Based on integration with monitoring systems, 
neural networks constantly receive data on the state of 
the installation and the environment, which allows them 
to adapt their work to new conditions in a timely manner. 
This ability to adapt quickly is particularly important in 
large oil and gas fields, where the geological structure can 
be extremely variable and standard control algorithms are 
often not effective enough.

Adaptive control also helps to minimise energy costs, 
as the neural network adjusts the operation of the instal-
lation so as to maximise the use of resources. As a result, 
companies implementing such systems can achieve not 
only stable performance, but also energy savings, which is 
a key factor in modern industry (Table 1).

Table 1. Comparison of key indicators before and after the introduction  
of neural network technologies for SRPs at “Ukrnafta”

Parameter
Before 

implementing 
neural network

After 
implementing 

neural network
Change (%) Explanation

Power 
consumption 

(kW)
10,000 8,000 -20

Reduced power consumption is achieved by optimising operating 
modes by a neural network that adjusts the parameters of 

installations depending on conditions in real time, which reduces 
unnecessary energy consumption
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Reduction of the cost of operating SRP is one of the key 
aspects that ensure sustainable competitiveness of oil and 
gas enterprises. One of the most effective ways to reduce 
costs is to optimise the operating modes of installations, 
which can significantly reduce costs of energy and mainte-
nance. The use of neural networks to control mining pro-
cesses allows achieving this goal, providing more precise 
configuration of the plant’s operation depending on the 
actual operating conditions (Zhu et al., 2021).

The use of neural network technologies allows auto-
matically adjusting the operation of pumping equipment, 
considering changes in pressure, temperature, and proper-
ties of the oil produced. This results in the system running 
more efficiently, using only the necessary amount of energy 
to ensure optimal performance. Reducing energy costs has 
a direct impact on the overall economy of the enterprise, 
since energy costs account for a significant part of operating 
costs in the oil and gas industry. Efficient energy consump-
tion not only reduces costs, but also helps to reduce green-
house gas emissions, which is important for compliance 
with environmental standards (Skillington  et  al.,  2022).

In addition, neural networks help to reduce mainte-
nance costs by being able to predict hardware failures. Au-
tomated data monitoring and analysis systems allow iden-
tifying potential problems long before they lead to serious 
failures. This allows planning maintenance ahead of time, 
minimising the need for expensive emergency repairs and 
reducing the duration of equipment downtime. Regular 
preventive maintenance is less expensive and allows busi-
nesses to use their resources more efficiently.

Optimising operating modes and reducing mainte-
nance costs also affects the service life of the equipment. 
Maintaining stable and efficient operating conditions pre-
vents excessive wear on plant components, allowing them 
to continue operating without the need for frequent re-
placement of expensive parts. This, in turn, reduces capital 
expenditures and improves the economic performance of 
the enterprise. The integration of neural network technol-
ogies with IoT opens up new prospects for creating high-
ly efficient monitoring and management systems for SRP. 

Conventional methods of managing oil production systems 
are often reactive, meaning that the response to changes 
or malfunctions occurs only after they occur. In turn, the 
integration of IoT with neural networks enables a proactive 
approach to management, which helps to more effectively 
control all processes in real time (Wang et al., 2022).

IoT technologies allow collecting huge amounts of 
data from numerous sensors installed on the SRP equip-
ment. This data includes information about pressure, tem-
perature, vibration, load level, and many other parameters. 
Due to constant communication with sensors via the In-
ternet, neural networks get access to this data in real time, 
which allows them to immediately analyse the situation 
and adapt the operation of installations to changes. This 
significantly increases the efficiency of management and 
reduces the risks of inefficient operation of equipment 
(Abbas et al., 2022).

The biggest advantage of this integration is that neural 
networks can not only monitor the status of the installa-
tion, but also make decisions on optimising work in real 
time. For example, if the system detects an increase in 
temperature or pressure at a particular installation node, 
the neural network automatically adjusts the operating 
parameters to avoid overloads or possible failures. This al-
lows not only to ensure stable operation of the SRP, but 
also to reduce energy consumption and maintenance costs. 
Integration with IoT also expands the ability to predict po-
tential failures. Real-time data allows neural networks to 
accurately detect deviations from normal indicators and 
predict possible hardware failures at an early stage. This 
helps to prevent accidents and perform maintenance of 
installations in advance, before serious problems occur. 
This approach minimises downtime and reduces the cost 
of emergency repairs.

In addition, the integration of neural networks with 
IoT creates opportunities for remote monitoring and man-
agement of installations. Operators can access all data 
and management functions over the Internet, which al-
lows them to quickly respond to any changes or problems, 
regardless of their location. This increases flexibility in  

Parameter
Before 

implementing 
neural network

After 
implementing 

neural network
Change (%) Explanation

Energy costs 
(UAH) 200,000 160,000 -20

The reduction in energy costs is the result of reduced energy 
consumption, which is made possible by the adaptive operation of 
the neural network, which minimises the use of energy required to 

maintain stable operation of installations

Capacity 
(units/hour) 50 65 +30

The increase in productivity is conditioned by more precise 
adjustment of operating modes, which optimises equipment 

performance and minimises losses due to inefficient load

Downtime 
(hour/month) 15 5 -66

Downtime reduction is achieved due to proactive monitoring 
and forecasting of failures by the neural network, which detects 

possible failures in a timely manner and makes it possible to 
conduct preventive maintenance without stoppin

Service cost 
(UAH) 50,000 35,000 -30

Reduced maintenance costs are associated with fewer emergency 
downtime and preventive maintenance based on neural network 

forecasts, which reduces the need for expensive repairs

Continued Table 1. 

Source: compiled by the author
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decision-making and ensures smooth control over the op-
eration of the SRP, even if the installations are located in 
hard-to-reach places.

Various types of sensors and devices are used for prac-
tical integration of IoT with neural network technologies 
at the SRP. The main ones are pressure, temperature, vi-
bration sensors, and load sensors that are placed on critical 
units of the installation. These sensors are connected to 
IoT platforms where data is stored and processed in real 
time. The neural network receives this data, analyses it, and 
adjusts the operation of the equipment in accordance with 
changing conditions. For example, if increased vibration or 
pressure is detected, the neural network can automatically 
reduce the load on the system to prevent an accident. Con-
necting to IoT allows quickly transferring data to remote 
servers, where information is processed and becomes avail-
able to operators for monitoring and decision-making even 
from remote locations, which contributes to continuous 
monitoring and improving the reliability of SRPs.

Examples of the implementation of neural network 
technologies in SRPs demonstrate the significant potential 

of these solutions in improving the efficiency of oil pro-
duction and optimising production processes. In different 
countries of the world, companies actively use neural net-
works for monitoring and managing equipment, which al-
lows not only to increase productivity, but also to reduce 
operating costs. These examples clearly illustrate the ef-
fectiveness of modern technologies in the context of the oil 
production industry.

In Ukraine, the oil and gas company “Ukrnafta” has im-
plemented neural network systems for managing SRPs to 
improve the reliability of installations and prevent emer-
gency shutdowns. The system, which analyses data from 
multiple sensors, has significantly reduced maintenance 
costs and minimised emergency downtime. Neural net-
works were used to predict potential equipment failures 
based on historical data analysis, which helped improve 
the overall efficiency of mining processes. Table  2 shows 
how the introduction of neural networks into management 
systems of “Ukrnafta” has resulted in economic benefits 
and increased productivity, reducing costs, reducing setup 
time, and reducing the number of emergency shutdowns.

Indicator Before implementing neural 
networks

After implementing neural 
networks

Key factors for improving 
productivity

Maintenance costs 100 million UAH UAH 80 million Accident prevention, cost 
reduction

Energy consumption costs 150 million UAH UAH 120 million Optimisation of operating modes
Time to set up the system 25 days 15 days Adaptive control algorithms

Oil production productivity 1,000 tonnes per month 1,200 tonnes per month Continuous monitoring and 
adaptation to conditions

Number of emergency stops 30 times per year 15 times per year Data-driven failure prediction

Table 2. Economic benefits of implementing neural networks in the management systems of “Ukrnafta”

Source: compiled by the author based on the Audited financial statements of PJSC Ukrnafta for 2020 (2021)

World experience also shows successful results of us-
ing neural networks. For example, ExxonMobil has applied 
neural network algorithms to control pumping units at its 
facilities in the United States. This helped to increase the 
productivity of oil production by optimising the operation 
of pumps in conditions of variable pressure and tempera-
ture. As a result, it was possible to significantly reduce en-
ergy costs and increase the reliability of the installations. 
Similar results were achieved by “Saudi Aramco”, which 
integrated neural networks to control installations in the 
desert conditions of Saudi Arabia. Based on these technol-
ogies, the company was able to ensure stable operation 

of the equipment even in conditions of high temperature 
fluctuations and difficult operating conditions.

“Equinor” from Norway has implemented neural net-
work systems for controlling pumping units in the North 
Sea, characterised by high pressure and depth. This allowed 
the company to ensure efficient pump management and 
reduce maintenance costs. Neural networks helped to op-
timise the operation of equipment by automatically adjust-
ing the operation parameters depending on changes in ge-
ological conditions and the parameters of the extracted raw 
materials. Table  3 shows data reflecting key performance 
indicators before and after neural network implementation.

Enterprise Type of neural networks Technological aspects

Ukrnafta Recurrent neural networks Used to analyse parameters and optimise the operation of pumping 
units in real time

ExxonMobil Deep neural networks Analyse large amounts of data to more accurately predict pump 
operation needs and optimise energy consumption

Saudi Aramco Convolutional neural networks
They integrate with video sensors to monitor the state of 

equipment, and combine with deep neural networks to analyse 
downtime

Equinor Generative neural networks Create simulation data to predict various operating conditions, 
which allows adapting systems to geological changes

Table 3. Performance indicators for implementing neural network technologies in SRPs at various enterprises

Source: compiled by the author
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Thus, the use of neural network technologies in SRPs 
at both Ukrainian and global enterprises has shown its ef-
fectiveness in increasing productivity, optimising energy 
consumption and reducing maintenance costs. Neural net-
works provide adaptive control, which is critical for stable 
and uninterrupted operation of oil-producing equipment 
in various operating conditions.

DISCUSSION
It was found that the use of neural network technologies 
significantly increased the efficiency of managing these in-
stallations. Based on the analysis of large amounts of data 
from sensors, neural networks were able to identify opti-
mal operating modes that ensured maximum oil produc-
tion with minimal energy consumption. This proved that 
automating and optimising processes based on intelligent 
algorithms is an effective way to improve productivity.

This problem was also investigated by Z. Omirbeko-
va et al. (2021), where the results confirmed that improv-
ing the efficiency of the SRP management is an important 
area in the oil and gas industry. Effective management of 
these units can significantly reduce operating costs and 
increase production productivity. To do this, it is neces-
sary to use the latest technologies that allow monitoring 
the operation of pumping systems in real time. The study 
by D. MacAllister et al.  (2022) also showed that optimis-
ing SRP operating modes through neural network anal-
ysis is an innovative approach to improving their func-
tioning. The use of neural networks allows analysing large 
amounts of data and identifying patterns, which helps to 
optimise the operating parameters of installations. This 
can reduce the risk of accidents and improve the overall 
efficiency of systems. It is worth noting that the intro-
duction of new technologies in the management of SRPs 
not only increases their efficiency, but also helps to re-
duce environmental risks. Modern monitoring systems 
can detect problems at an early stage, which allows taking 
timely measures to eliminate them (Turchyn, 2024; Tym-
kiv  et al.,  2024). This, in turn, has a positive impact on 
the sustainability of production and reduces the negative 
impact on the environment, which is an important aspect 
for modern industry.

Further analysis showed that the introduction of neu-
ral networks reduced the risk of hardware failures. Based 
on historical analysis of the data, neural networks were 
able to predict potential failures in the installation, which 
helped to take preventive measures. This has proven crit-
ical to preventing accidents and reducing maintenance 
costs. This approach has contributed not only to improv-
ing operational safety, but also to significant resource sav-
ings. A. Deryaev (2023) concluded that predicting failures 
in deep-pumping installations using neural networks is 
an important tool for improving the reliability of their op-
eration. Neural networks can analyse various parameters 
of installations, identifying potential anomalies and pre-
dicting possible failures. This allows quickly responding to 
problems, reducing downtime and repair costs.

The study by S. Subrahmanya et al. (2022) found that 
disaster prevention through historical data analysis is an-
other effective approach to ensuring the safety of suck-
er-rod pumps. By analysing past incidents and the condi-
tions under which they occurred, it is possible to identify 
patterns that can help to develop preventive measures. 
This approach can not only reduce the risk of accidents, 
but also improve the overall safety of work in the industry. 
These results confirm the above study, as they indicate a 
significant influence of neural networks on the accuracy of 
predicting failures in the operation of deep pumping units. 
The use of these technologies allows not only to identify-
ing potential problems at an early stage, but also to adapt-
ing the operating mode of installations in accordance with 
changing conditions. This increases the overall operational 
efficiency of the systems, reducing the risks and costs asso-
ciated with unexpected equipment failures.

Adaptive management has become another important 
aspect of neural network implementation (Golinko & Ne-
dosnovanyi, 2024). Neural networks were able to adapt to 
changing operating conditions, such as pressure fluctua-
tions or changes in the properties of the oil produced. This 
ensured stable operation of the SRP in various scenarios, 
which was previously a difficult task. It was found that 
adaptive control algorithms allow optimising real-time op-
eration modes, which positively affected the overall pro-
duction result. It is necessary to emphasise the study by 
Y.  Ren  et al.  (2021), who also found that adapting neural 
networks to changing geological conditions is critical to 
maintaining the efficiency of deep-pumping installations. 
Geological conditions can vary depending on many factors, 
such as reservoir structure, fluid content, and pressure that 
affect pump performance (Bliznjuk et al., 2022). The use of 
neural networks that can learn from new data allows quick-
ly responding to these changes and ensuring stable opera-
tion of systems.

In turn, A. Aliyev & S. Aliyeva  (2023) concluded that 
optimising the operation of deep-water pumping units in 
real time using adaptive algorithms is another important 
step towards improving their performance. Adaptive algo-
rithms allow making adjustments to the operating parame-
ters of pumps in accordance with current conditions, which 
ensures maximum production efficiency. This not only im-
proves overall performance, but also reduces energy costs 
and risks associated with operating the equipment. These 
data are consistent with the theses presented in the pre-
vious section, as they confirm the importance of adapting 
neural networks to changes in geological conditions to en-
sure stable operation of deep pumping units. The relevance 
of technology adaptation highlights the need for continu-
ous monitoring and analysis of conditions that directly af-
fect productivity. As a result, the integration of such adap-
tive systems can significantly reduce the risks associated 
with unforeseen changes in the environment and contrib-
ute to improving overall production efficiency.

The introduction of neural networks has also helped 
to reduce energy costs. By optimising the operating modes 
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of the SRP, it was possible to reduce energy costs, which 
had a positive impact on the overall economy of the en-
terprise. It was found that reducing energy costs not only 
increased the profitability of production, but also reduced 
the ecological footprint of operations. This has become an 
important factor in the context of modern requirements 
for sustainable development and environmental conserva-
tion. M. Khanali et al. (2021) also conducted a study that 
confirmed that the economic benefits of optimising ener-
gy consumption in oil production are a significant factor 
in reducing costs in the oil and gas industry. Efficient en-
ergy management allows companies to reduce operating 
costs, which, in turn, increases their competitiveness in 
the market. Due to the introduction of the latest technolo-
gies, such as automated control systems and energy mon-
itoring, companies can significantly reduce energy costs, 
which has a positive impact on their financial performance 
(Iskandarov & Baghirov, 2022).

B.  Christophers  (2022) also found that the impact of 
reducing energy costs on overall profitability in oil produc-
tion is a direct consequence of optimising energy consump-
tion. Reducing energy costs not only increases companies’ 
net income, but also allows them to invest in other pro-
jects or technologies that improve production efficiency 
(Deryaev, 2024). Thus, saving on energy costs becomes an 
important factor contributing to the growth of profitabili-
ty, ensuring stable financial development of enterprises in 
the industry. Comparing the data obtained in the course of 
research, it can be concluded that optimising energy con-
sumption has a significant positive impact on economic re-
sults in oil production. Comparison of financial indicators 
before and after the introduction of effective technologies 
indicates a significant reduction in costs, which, in turn, in-
creases the profitability of enterprises. This confirms that 
investments in energy efficiency not only provide econom-
ic benefits, but also contribute to the sustainable develop-
ment of the oil and gas industry.

In addition, the results of the study demonstrated the 
benefits of integrating neural network technologies with 
IoT. Based on this integration, the system was able to per-
form real-time monitoring, which significantly increased 
the efficiency of decision-making. It was found that the 
combination of neural networks and IoT provided more 
accurate control over the work of the SRP, which, in turn, 
contributed to the improvement of management process-
es. T.  Yatsyshyn  et al.  (2021) concluded that the benefits 
of integrating neural networks and IoT in SRP manage-
ment are a significant increase in management efficiency 
and accuracy. Neural networks can analyse large amounts 
of data received from IoT sensors, which allows detecting 
anomalies and optimising operating parameters in real 
time (Liashok & Tykhanskyi, 2024). Such integration con-
tributes not only to reducing operating costs, but also to 
improving safety in oil production. C. Arinze et al.  (2024) 
found that real-time monitoring: new opportunities for oil 
production management processes opens up prospects for 
improving industry decision-making. Through continuous 

data collection, managers can quickly respond to changing 
conditions that affect productivity and make the necessary 
adjustments. This not only optimises production process-
es, but also reduces the risks associated with unforeseen 
situations, which makes management decisions more bal-
anced and effective.

When analysing the results of the study, it is clear that 
the integration of neural networks and IoT in the manage-
ment of the SRP significantly increases the efficiency of 
production processes. These technologies allow perform-
ing deep data analysis in real time, which helps to quickly 
identify problems and make informed management deci-
sions. As a result, optimising production not only reduces 
costs, but also improves overall system safety and reliability, 
which is critical in today’s competitive market environment.

Thus, the results of the study confirmed the feasibil-
ity of implementing neural network technologies to op-
timise the management of the SRP operating modes. The 
data obtained showed that these technologies not only in-
crease the efficiency of oil production, but also significant-
ly reduce costs, improve safety, and provide adaptation to 
changing operating conditions. The introduction of neural 
networks can become a key element in the development 
of modern oil production technologies, which makes this 
topic extremely relevant for further research and practical 
implementation in the industry. However, the introduction 
of neural network technologies faces several difficulties, in 
particular, the need to collect large amounts of data, which 
requires significant resources, and problems of integration 
with existing systems and possible resistance from person-
nel. In addition, the accuracy of forecasts depends on the 
quality of data, which can lead to errors.

CONCLUSIONS
As a result of the study of the introduction of neural net-
work technologies to optimise the management of oper-
ating modes of the SRP, significant results were obtained 
indicating the feasibility and effectiveness of these tech-
nologies in the field of oil production. It was found that the 
use of neural networks helped to significantly increase the 
efficiency of management processes. Based on the analy-
sis of large amounts of data obtained from sensors, neural 
networks were able to predict optimal operating modes of 
installations, which ensured maximum oil production with 
minimal energy consumption. This highlights the impor-
tance of integrating modern technologies into convention-
al mining processes.

The results of the study showed that neural networks 
can successfully predict potential failures and failures in 
the SRP. Based on the analysis of historical data and fore-
casting algorithms, it was possible to reduce the risks of 
accidents, which reduced maintenance costs. Timely iden-
tification of problem areas in the operation of the instal-
lation allowed enterprises to take the necessary measures 
to fix problems, preventing more serious problems in 
the future. In addition, the introduction of adaptive con-
trol algorithms has proven to be extremely effective in  
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maintaining the stable operation of SRP in conditions of 
variable geological parameters and properties of the oil pro-
duced. The adaptability of the system allowed maintaining 
high performance in the presence of various challenges, which 
emphasises the flexibility of neural network technologies.

Equally important is the integration of neural networks 
with IoT, which provided real monitoring and control over 
the operation of installations. This significantly increased 
the efficiency of decision-making, because data on the state 
of SRPs became available in real time. This integration has 
also improved management processes, which has become 
an important factor in achieving optimal results. Thus, the 
results of the study confirmed that the introduction of neu-
ral network technologies is an extremely promising area in 
the field of oil production. These technologies not only op-
timise mining processes, but also significantly increase the 
overall productivity of SRPs. The implementation of such 
solutions allows enterprises to remain competitive in the 
modern market and ensure the stability of their operations. 
In the future, further study of this issue will be important 
for the development of innovations in the industry, in par-
ticular, for the development of new technologies and ap-
proaches to oil production management.

To further develop the introduction of neural network 
technologies in oil production, it is important to improve 
training algorithms, considering additional parameters, 
such as changes in the composition of oil or temperature 
fluctuations. It is also necessary to deepen integration with 
the IoT systems to collect more data and make more accu-
rate forecasts. In addition, it is important to adapt neural 
networks to the specific conditions of different regions, 
which will increase the efficiency of technologies in differ-
ent geographical and climatic conditions. These steps will 
ensure greater efficiency and safety in the industry.

A limitation of the study was the use of only data ob-
tained from a limited number of SRPs, which may affect 
the generality of the results obtained. In the future, it is 
necessary to investigate the impact of new neural network 
architectures on the effectiveness of SRP management un-
der various geological characteristics.
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Впровадження нейромережевих технологій для оптимізації управління 
режимами роботи глибинно-насосної штангової установки

Анотація. Дослідження було проведено з метою виявлення можливостей впровадження нейромережевих 
технологій для оптимізації управління режимами роботи глибинно-насосної штангової установки (ГНШУ), що 
сприятиме підвищенню ефективності видобутку нафти та зниженню експлуатаційних витрат. У дослідженні 
були використані методи аналізу даних та адаптивного управління для оптимізації роботи ГНШУ. В результаті 
проведеного дослідження було встановлено, що впровадження нейромережевих технологій у систему управління 
ГНШУ дозволяє суттєво підвищити їх ефективність. Аналіз даних з датчиків установки за допомогою нейромереж 
дав змогу виявити оптимальні режими роботи, що забезпечують максимальний видобуток при мінімальних 
витратах енергії. Було розроблено модель прогнозування, яка здатна заздалегідь виявляти потенційні відмови 
обладнання, що дозволяє знизити ризики аварійних ситуацій і витрати на обслуговування. Також дослідження 
показало, що адаптивні алгоритми управління на основі штучного інтелекту здатні автоматично коригувати режими 
роботи ГНШУ залежно від змінних умов, таких як коливання тиску або зміна властивостей видобуваної нафти. 
Завдяки інтеграції з Інтернетом речей, система отримала можливість здійснювати моніторинг у реальному часі, 
що підвищує оперативність прийняття рішень. У результаті, запровадження нейромережевих технологій не лише 
оптимізує процеси видобутку, але й сприяє зменшенню експлуатаційних витрат. Крім того, проведене дослідження 
виявило, що використання нейромереж у системах управління дозволяє значно зменшити час на налаштування і 
оптимізацію процесів, що підвищує загальну продуктивність роботи ГНШУ
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