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In recent years, artificial intelligence (Al) and automation have become integral parts of the oil
and gas industry, unlocking new opportunities to enhance efficiency, safety, and process resilience.
Al technologies significantly improve exploration, extraction, processing, and transportation of
hydrocarbons, while also enhancing forecasting accuracy and risk management. Automation
optimizes production processes, reduces costs, and minimizes human error.

This paper explores the key applications of Al and automation in the oil and gas sector, such
as prediction and optimization of extraction, safety improvement, risk management, as well as the
use of robotic systems and digital twins. Special attention is given to the implementation of intelligent
data analytics systems, market trend forecasting, and the industry’s sustainable development.

The adoption of these technologies allows oil and gas companies to increase competitiveness,
improve environmental sustainability, and minimize operational risks. The paper also presents
examples of successful implementations and the challenges faced by companies during their
digital transformation.

KEYWORDS: artificial intelligence, automation, oil and gas industry, digitalization, safety,
optimization, digital twins.
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TAKTHOBUHCKMIN PETMOHANBHBLIA YHUBEPCUTET VM. K XXKYBAHOBA
KasaxctaH, 030000, r. AkTo6e, yn. A.Mongarynosa, 34

23AMAJHO-KASAXCTAHCKUA ATPAPHO-TEXHUYECKUIA YHUBEPCUTET
VMEHW XXAHITP XAHA
090009, KasaxcTaH, r. Ypanbck, yn. Xanrup XaHa, 51
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KaszaxcTaH, . Aktobe, yn. bpaTtbeB XKybaHoBbix, 302a.

B nocnedHue 200kl uckyccmeeHHbIlU uHmennekm (UM) u asmomamu3sayus cmaHo8simcs He-
ombemMsemMoll Yacmbio Heghmeaa3oeoao CEKMopa, OMKPbIBasi HOBbIE B03MOXHOCMU OJisl 108bIUIE-
Husi aghghekmusHocmu, 6e3onacHocmu u ycmoudyugocmu rpouyeccos. TexHonoauu VM no3sonsirom
3Ha4uUMesnbHO yry4wums npoyecchl 006bi4u, nepepabomku U mpaHcrnopmupoeKu y21e8000p000s,
a makxe rosbICUmb MOYHOCMb MPO2HO3UPOBaHUS U yripasieHusi puckamu. Aemomamusayusi, 8
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€8010 04epeldb, OIMUMU3UPYEM MPOU3BOOCMEEHHbIE MPOUECCHI, CHUXXas 3ampambl U MUHUMU3U-
PyS 8nusiHUE 4Yero8eqeckoao ghakmopa.

B cmambe paccmampusaromes Kitodesble HarnpasneHus npumeHeHuss UM u asmomamusa-
yuu 8 Heghmeaasosoli ompacsu, makue Kak rpedckasaHue u onmumu3ayusi 00bbi4u, MosbiueHUe
b6e3onacHocmu, yripasiieHue puckamu, a makxe ucriofib3o8aHue pobomu3uposaHHbIX cucmem u
yugbposbix 0eoliHUKo8. Ocoboe 8HUMaHUe yOerssemcss BHEOPEHUK UHMEIeKmyarsbHbIX cucmem
05151 aHanu3a 0aHHbIX, MPO2HO3UPOBAHUST PbIHOYHLIX MPEHO08 U yCcmoU4u8020 pa3sumusi ompacsu.

lMpumeHeHuUe amux mexHoso2ull Mo3eorssem HeghmeaazosbiM KOMIAHUSIM 108bICUMb KOHKY-
PEHMOCNOCOBHOCMb, yy4UWUMb 3KOMO2UYECKYH yCemoUyueocmb U MUHUMU3UPOBaMb 3KClyama-
UUOHHbIE pUcKU. B cmambe makxe npedcmasneHs npumepbl ycrewHbiX 8HeOpeHuUl U 8b1308bl, C
KOmopbIMU cmaJsikuearomcesi KoMrnaHuu 8 rpouecce uugposusayuu.

KITOYEBBIE CJTIOBA: uckyccmeeHHbIU UHmMesnnekm, asmomamu3ayus, He¢ghmeaa3osbil
cekmop, yugpoesu3sayusi, besonacHocms, onmumu3ayusi, yugpoebie 080UHUKU.
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Confbl xbindapbl xacaHObl uHmennekm (XKU) xxeHe asmomammaHObipy MyHal-2a3 CeKmophbi-
HbIH aXbipamac benieiHe altiHanbin, npouecmepdiH muimdinieiH, KayincizdiaiH XoHe mypakmbIbiFbIH
apmmbipyFra xaHa MyMKiHOIKmep awmbl. XKacaHObl UHMeSieKm mexHoIo2usinapbl KOMipCymekx-
mepOdi eHAipy, eHOey xoHe macbimanday rpouecmepiH edayip xakcapmyfa, coHOal-aK bomxkay
MeH mayekendepdi backapydbiH dandieiH apmmbipyra MyMKiHOIK 6epedi. AemomammaHObIpy
e3 ke3eaiH0e eHAipic npoyecmepiH oHMadlnaHObIpaldsl, WhiFbiHOaPObL! azalimadbl XoHe adam
ghakmopblIHbIH 8cepiH azalimaosbl.

Makanada myHal-ea3s canacbiHOa eHOipicmi bormkay xeHe oHmaunaHObIpy, Kayincidoikmi
apmmbipy, mayekendepdi backapy, pobommbik Xyluenep MeH yugprbik e2izdepdi natidanaHy
cusakmsl XKW xoeHe asmomammaHObipyObl KorndaHyObiH Hezidei barbimmapbl Kapacmbipblnaokbl.
Hepekmepdi manday, HapbikmblK mpeHOmepdi 6orkay xeHe canaHbliH mypakmbl damybl YWiH
3usamkepnik xytenepdi eHeidyze epekwe Hasap aydapbinadsbi.

Byn mexHomnozusnapObl KondaHy MyHali-ea3 KoMrnaHusinapbiHa bacekeze Kabinemmirik-
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mi apmmbipyFa, 9KO02usisbIK MypakmblbIKMbl XaKkcapmyfa XeHe natidanaHy mayekenoepiH
asatimyra MyMKiHOIK bepeli. Makanada coHbiMeH kamap mabbicmbl icke acblpyObiH Mbicandapbl
JKoHe yughprnaHObIpy rpoyeciHoe komnaHusinapoObiH andbiHOa mypraH KUbIHObIKMap KerimipinaeH.

TYUIH CO3LEP: xacaHdbl uHmerniekm, asmoMmammaHObIpy, MyHali-2a3 cekmopbi, Uughp-
naHobIpy, Kayinciddik, oHmalnaHobIpy, yugprbiK ezizoep.

a transformation due to the introduction of advanced technologies, including

artificial intelligence (Al) and automation. These technologies can significantly
improve the efficiency, safety and sustainability of production processes, as well as reduce
operating costs. In this article, we will look at how Al and automation are changing the
oil and gas sector, as well as their impact on various stages of the production cycle.

1. Optimization of exploration and production

One of the key applications of artificial intelligence and automation in the oil and
gas industry is the optimization of hydrocarbon exploration and production processes.
With the help of Al, it is possible to improve the quality of exploration work, reduce the
time and cost of field development.

Application of Al in exploration:

* Analysis of geophysical data. Artificial intelligence helps to process and analyze data
from seismic surveys, which makes it possible to more accurately model the geological
structure and predict the location of deposits.

* Reservoir modeling. Al systems can analyze data on the behavior of formations and
reservoirs, which helps optimize production strategies and increase the oil recovery rate.

* Resource forecasting. Modern Al algorithms are able to more accurately predict the
volume of hydrocarbon reserves, which minimizes risks and increases profits.

Automation at the production stages:

» Well automation. The use of automatic systems for monitoring and adjusting well
parameters can significantly reduce human interference in the process, increasing safety
and accuracy.

* Robotic systems. The use of robots to perform operations in hard-to-reach and
dangerous areas (for example, in deep-sea or underground installations) significantly
reduces risks for workers [1].

2. Intelligent process management systems

In the oil and gas industry, the management of technological processes at various stages
of production, from drilling to processing, plays an important role. The implementation
of intelligent control systems using Al and automation allows you to:

» Manage flows. Al can analyze sensor data and predict changes in oil and gas flow
parameters, which helps to respond quickly to changes and prevent emergencies.

» Optimization of production processes. Automatic control systems can adjust the
process in such a way as to maximize the efficient use of resources, minimizing energy
costs and increasing productivity.

* Monitoring the condition of the equipment. With the help of Al it is possible to
predict equipment malfunctions and automatically initiate maintenance procedures, which
significantly reduces the risks of accidents and downtime.

. ntroduction. In recent decades, the oil and gas industry has been undergoing
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3. Prediction and risk management

One of the most important aspects of Al application in the oil and gas industry is
forecasting and risk management. This applies to both environmental and operational
and financial risks.

* Forecasting accidents and incidents. Al systems can analyze data from multiple
sensors installed at production facilities and predict possible emergencies such as oil
leaks, gas emissions, or equipment overloads.

* Environmental risk management. Artificial intelligence is used to monitor environmental
impacts, for example, to detect leaks of hydrocarbons and other harmful substances in real time.
This allows us to quickly take measures to minimize environmental damage.

4. Smart factories and production automation

Automation plays a key role in the petrochemical and refining industries, which are
also part of the oil and gas sector. Modern factories and processing plants are becoming
"smart" due to the integration of Al into control, management and diagnostic processes.

» Automation of recycling processes. Al helps optimize production cycles, manage
product quality, and minimize losses. For example, control systems can adapt processing
processes on the fly depending on the characteristics of the raw material.

* Intelligent logistics. Modern Al-based management systems help optimize logistics
at production facilities, manage inventory, and minimize transportation costs.

5. Remote control and monitoring

The introduction of Al and automation significantly changes the approach to remote
monitoring and management of facilities, which is especially important for work in remote
or dangerous areas.

* The use of drones. Drones with sensors and cameras can carry out inspections of
facilities such as pipelines, drilling rigs or gas rigs, transmitting real-time data. This allows
you to avoid dangerous field trips of employees with potential threats.

* Centralized management. With the help of automated systems, it is possible to
centrally manage the entire process of extraction and processing of hydrocarbons, including
remote facilities, which increases efficiency and reduces management costs [2].

6. Economic and environmental benefits

The use of artificial intelligence and automation can significantly reduce costs and
increase profitability, which is especially important in conditions of instability in the
global oil and gas markets.

* Reduced operating costs. Automation allows you to optimize work processes, reduce
errors, improve cost control, and increase productivity.

» Environmental efficiency. Al helps to minimize pollutant emissions and control
environmental risks, which contributes to compliance with environmental standards and
improves the sustainability of the industry in the long term.

7. The future of AI applications in the oil and gas sector

The future of the oil and gas industry is inextricably linked to the development of
artificial intelligence and automation. As machine learning algorithms and deep analytics
improve, the opportunities for process optimization will only expand. We can expect:

 Improve the accuracy of predictions. With the help of Al it will be possible to
predict production even more accurately, as well as the behavior of the oil and gas market.
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* Development of smart object technologies. More smart wells, automated drilling
rigs, and integrated plants that will operate with minimal human intervention are expected
to be introduced.

* Development of new eco-technologies. Al will help in the development of
technologies aimed at more environmentally friendly extraction and processing of
hydrocarbons.

Materials and research methods. The use of artificial intelligence and automation
in the oil and gas industry opens up new horizons for improving efficiency and safety
at all stages of the production process. From exploration and production to processing
and logistics, these technologies can optimize operations, reduce costs, and improve
environmental sustainability. In the future, artificial intelligence and automation will
become even more integrated in the oil and gas sector, offering new opportunities for
innovation and industry growth [3].

Analysis of the application of artificial intelligence and automation in the oil and
gas sector.

In recent decades, the oil and gas sector has faced increasing challenges related to
the need to improve the efficiency, safety and sustainability of production processes. In
response to these challenges, as well as to optimize costs and minimize risks, the industry
is actively implementing advanced technologies such as artificial intelligence (Al) and
automation. Let's look at the impact of these technologies on various aspects of the oil
and gas industry, their advantages and possible challenges.

Optimization of hydrocarbon exploration and production processes

Advantages:

* Artificial intelligence significantly improves the exploration and production
processes, allowing for more accurate prediction of the location of hydrocarbon deposits, as
well as improving the quality of seismic and geophysical research. This reduces exploration
time and costs, increasing the efficiency of field development.

* Production automation allows you to create systems that can adjust the parameters
of wells in real time, minimizing errors, increasing accuracy and safety. This is especially
true in difficult and hard-to-reach areas, such as offshore and deepwater fields.

Challenges:

* The high cost of initial investments in Al and automation technologies, as well as
the complexity of implementation in existing production processes.

* The need for highly qualified specialists to develop and support these technologies.

Intelligent process management systems

Advantages:

* Al in production process management allows analyzing data from various sensors in
real time, predicting changes in parameters, which helps to respond to possible problems
in a timely manner and prevent accidents.

» Automation of control over technological processes, including flow, temperature and
pressure control, reduces the human factor and minimizes the risks of operational errors.

Challenges:

* The inability to fully automate in some cases — there are many factors that may
require human intervention, especially in complex and unusual situations.
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* The need for high-quality data collection for training Al systems, which may require
upgrading existing infrastructures.

Prediction and risk management

Advantages:

* Predicting emergency situations using Al allows you to identify potential threats in
advance and take timely measures to prevent accidents, such as oil leaks, gas emissions
or equipment overload.

 Environmental risks, such as pollution, can also be effectively controlled using Al
systems that analyze data on possible leaks and emissions in real time.

Challenges:

* The reliability and accuracy of Al models may vary depending on the quality of
the data being fed into the system. If the data is incomplete or distorted, this can reduce
the accuracy of forecasts and increase risks.

* Ethical and legal issues related to automated risk management, especially if the Al
system makes decisions without human involvement.

Development of smart factories and production automation

Advantages:

* In the petrochemical industry, automation of processing and production increases
efficiency, improves product quality, and reduces operating costs. Al systems, for example,
can set up equipment for more precise processing of raw materials, which contributes to
more efficient processing and reduced losses.

* Intelligent Al-based logistics helps optimize inventory management and minimize
transportation and distribution costs.

Challenges:

* Problems with the integration of existing technologies and automated systems.
The implementation of new solutions requires significant investments in equipment
modernization and staff training.

» Cyber threats related to digitalization of processes. As the level of automation
increases, the risk of cyber attacks and data leaks increases [4].

Remote control and monitoring

Advantages:

* Remote monitoring and control using Al and automation significantly improves security
by allowing remote facilities to be monitored without physical presence on site. This is especially
important in extreme and dangerous working conditions (for example, on offshore platforms).

* The use of drones and robots for inspections and equipment checks reduces risks
to human resources and increases the accuracy of inspections.

Challenges:

* Dependence on high-speed and reliable communication networks, which can be a
problem in remote regions.

* Difficulties in regulation and legislation, as remote control technologies may require
new safety standards and legal regulation.

Economic and environmental benefits
Advantages:
* Reduction of operating costs due to automation of many processes and optimization

184 HE®Tb U TA3 &8> 2025 1 (145)



PA3PABEOTKA

of staff work. This leads to significant savings on labor resources, as well as reduces the
likelihood of errors that can lead to accidents.

» Environmental sustainability: Al helps to minimize pollutant emissions, control
leakage risks and environmental impacts, which contributes to compliance with
environmental norms and standards [5].

Challenges:

* Significant initial investments in the development and implementation of
technologies that many companies may not be able to afford, especially in conditions of
instability in the oil market.

* Difficulties in the transition to new technologies and staff training to work with
high-tech systems.

The future of AI and automation applications in the oil and gas sector

Advantages:

* It is expected that with the development of Al technologies in the future, the oil and
gas industry will be able to make more accurate forecasts, optimize production processes
and manage risks.

* The introduction of new environmentally friendly technologies in the extraction and
processing of hydrocarbons using Al, which will help significantly reduce the negative
impact on nature.

Challenges:

* Technological barriers: At the moment, many oil and gas companies are still using
outdated equipment and technologies, which makes it difficult to implement new solutions.

* Moral and ethical aspects: Issues related to the autonomy of systems may raise
concerns among employees and the public, especially if Al systems begin to make decisions
without human involvement.

Conclusion. The use of artificial intelligence and automation in the oil and gas
industry opens up significant opportunities to increase efficiency and safety, improve
environmental sustainability and reduce operating costs. However, despite the obvious

10
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advantages, technology requires significant initial investments and may face various
technical, economic, and legal challenges. It is important that companies carefully analyze
the risks and benefits of implementing Al and automation, carefully choose technologies
and take into account all aspects, including staff training and data security [6,7].

The study shows that this graph illustrates the application areas of artificial intelligence
(AI) and automation, as well as their importance (score from 1 to 10). The horizontal axis
lists the areas of application, and the vertical axis shows the percentage of importance.

All directions have high humidity levels close to 100%. Among them:

Optimization of exploration and production.

Intelligent control systems.

Prediction and risk management.

The development of smart factories and automation of production.

Remote control and monitoring.

Economic and environmental benefits.

Each category has almost the same score, which indicates their equal importance
in the analysis.

Importance (score from 1 to 10)

Economic Optomization

Distance Intellectual

The development of smart Prediction

The study shows that this circular graph represents the distribution of importance of various
applications of artificial intelligence (AI) and automation (score from 1 to 10) as a percentage.
The sectors of the chart correspond to the following areas:
Optimization of exploration and production — 19.1%.
Economic and environmental benefits — 19.1%.
Intelligent control systems — 17.0%.
Remote control and monitoring — 17.0%.
Prediction and risk management — 14.9%.
Development of smart factories and production automation — 12.8%.
The graph shows that more importance is given to areas related to process optimization
and economic efficiency, while the development of smart factories is relatively less
important. @
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