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Abstract. Relevance. The relevance of the study stems from the growing need
to enhance the efficiency of production and logistics processes within the complex
and resource-intensive supply chains of oil and gas equipment under unstable
market conditions.

Aim. The aim of the article is to substantiate the economic efficiency of
implementing adaptive control systems for metallurgical processes in the supply
chains of oil and gas equipment and to determine their impact on the key
performance indicators of industrial enterprises.

Methods. The following methods were applied: analysis of the scientific
literature, used to examine current research on the topic, and generalization and
systematization, used to present the findings of the study.

Results. The study develops a comprehensive theoretical and analytical

framework for assessing the impact of adaptive control systems, taking into account

https://econp.com.ua/index.php/journal/about ISSN: 2786-9431

VBech KOHTEHT JlilleH30BaHo 3a ymoBamu Creative Commons BY 4.0 International license


https://creativecommons.org/licenses/by/4.0/

their effect on production costs, resource utilization, and supply-chain efficiency. It
is established that the implementation of adaptive control systems delivers a
substantial reduction in production costs through the optimization of raw-material
consumption, improved energy efficiency, and the minimization of technological
losses. It is noted that the application of real-time data processing and predictive
analytics enables more precise regulation of metallurgical processes, which results
in higher product quality and a lower defect rate. It is shown that the introduction
of adaptive systems contributes to the optimization of logistics processes, in
particular by reducing inventory levels, shortening order-fulfillment cycles, and
enhancing the reliability of supply. It is established that the economic effect of
implementation is comprehensive and is formed through the synergy between
production and logistics improvements, thereby allowing enterprises to achieve a
higher level of competitiveness. It is further established that the application of
adaptive management approaches facilitates the transition from reactive to
proactive decision-making models, thus increasing resilience to external risks and
uncertainty.

Conclusions. The findings of the study confirm that the implementation of
adaptive control systems for metallurgical processes is both economically expedient
and strategically justified, as it promotes long-term growth in the operational
efficiency of enterprises within the supply chains of oil and gas equipment.

Keywords: adaptive control, metallurgical production, production costs,
resource optimization, logistics processes, supply-chain management, enterprise

efficiency, predictive analytics, Industry 4.0.
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Anomauin: AxmyanvHicms 00CHIONHCEHHS 3yMOBIEHA 3POCMAHHAM nompeou
YV ni0GUWEHHT eqheKmMUBHOCMI BUPOOHUYUX MA NO2ICMUYHUX NPOYECi8 Y CKAAOHUX I
PECYPCOEMHUX JIAHYI02AX NOCMAYAHHS HAPMO02a308020 O00OIAOHAHHA 8 YMOBAX
HecmabilbHO20 PUHK0B020 cepedosuwia. Memorw cmammi € 00IpyHMYBAHHS
EeKOHOMIYHOI eeKmusHOCmi 8NpoBaAONCEHHs CcUcmem adanmueHo20 YNPAGJiHHs
MemanypeiuHumMy  npoyecamu 8 JaHYlo2ax NOCMAYaHHs  HAGmMO02a308020
00IA0OHAHHST MA GU3HAYEHHs IX 6NIUB)Y HA KIHY08I NOKA3ZHUKU epeKxmusHocmi
npomuciosux nionpuemcms. Memoou: awnanizy Haykogoi iaimepamypu — O
00CTIOIHCEHHSI NOMOYHUX HAYKOBUX HANPAYIO8AHb 3 MEeMAMUKU, Y3a2albHeHHs ma
cucmemamuzayii — 01 NPeOCMAaBIeH sl Pe3yibmamie 00Cai0HCEeHH .

Peszynomamu. Y Oocniodcenni po3pobieHo KOMNWIEKCHY MmeopemudHy ma
AHANIMUYHY OCHO8Y OJIsl OYIHKU 6NIUBY CUCHEeM aO0anmueHo20 YNPAGIIHHA 3
VPAxXy8aHHAM IXHb020 8NAUBY HA GUPOOHUYT BUMPAMU, BUKOPUCMAHHS PecypCié ma
eghekmugHicms 1aHy02a NOCMayants. Bcmanoagneno, wo 8npoeaddicents cucmem
a0anmueHo20 YNPAGIIHHA 3a0e3neuye 3HAYHe 3HUNCEHHS SUPOOHUYUX SUMPAM
3A80AKU ONMUMI3AYI] CHONCUBAHHS CUPOBUHU, NIOBUWEHHIO eHepeoepheKmUusHOCmi
ma MIiHiMizayii mexHonociuHux empam. Biosuaueno, wo 3acmocysanus o6pooOKu
OAHUX Y PEeNCUMI PealbHO20 YAcy ma NPOSHO3HOI AHANIMUKU 0A€E 3MO2Y MOYHIue

pe2ynosamu MemanypeitiHi npoyecu, wjo Hnpu3eooums 00 NiOBUWEHHS SKOCMI
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npoodyKyii ma 3HudxceHus giocomka deghexmis. Ilpoananizoearno, o 6npoeaodiceHts
A0anmMueHUX CUCmeM CHpUsc ONnmuMizayii J102ICMUYHUX NpOYecis, 30Kpemda
3HUJCEHHIO PIBHI8 3ANAci6, CKOPOYEeHHIO YUKII8 BUKOHAHHI 3AMOGIeHb mda
niosuweHHIo HaoiiHocmi nocmadauHsa. Bcemanosneno, wo ekoHoMiuHuil egexm
BNPOBAOICEHHS € KOMNAEKCHUM 1 (QOpMYyEmMbCs 3a PAXyHOK CUHepeii Midc
BUPOOHUYUMU MA N02ICMUYHUMU 800CKOHAJICHHAMU, W0 00380J5€ docsiemu Oinbul
BUCOKO20 PIBHS KOHKYPEHMOCNPOMOdCHOCMI nionpuemcms. Bcmanoeneno, wo
3acmocy8anus  nioxo0ié  adanmuHO20 YNPAGIIHHSA CHPUAE nepexoody  Gio
PeaKkmueHux 00 NPOAKMUBHUX MoOellell NPULHAMMS piuleHb, wo 3abesneuye
niosuweHHs cmiukocmi 00 308HIWHIX pU3UKI8 ma HesusHaueHocmi. BucHoeku:
Pesynomamu  O0ocniooicennsi  niomeepodscyroms, WO BNPOBAONCEHHS CUCHIEM
a0anmueHo20 YNpasiiHHsi MemanypiuHuMuy npoyecamu € eKOHOMIYHO OOYLIbHUM
ma cmpame2iyHo SUNPABOAHUM, OCKIIbKU CAPUSE 00820CMPOKOBOMY 3DOCHAHHIO
eghekmugnocmi  (YHKYIOHYBAHHA  NIONPUEMCME )  JIAHYI02AX HOCMAYAHHA
HA®mMo2az06020 00IAOHAHHSL.

Knwuoei cnoea: aoanmusne ynpasiinHs, memanypeiiine 6upoOHUYmMaeo,
BUPOOHUYI uMpamu, ONMUMI3AYIsL pecypcis, N02ICMUYHI npoyecu, YNnpasiiHHsi
JIAHYI02AMU NOCMAYAHHS, e(heKmUsHiCms NIONPUEMCMEA, NPOSHO3HA AHANIMUKA,

Inoycmpis 4.0.

Introduction. In the context of intensifying global competition, the instability
of energy markets, and the growing complexity of industrial production systems, the
problem of ensuring the economic efficiency of implementing adaptive control
systems for metallurgical processes in the supply chains of oil and gas equipment
is becoming particularly relevant. Traditional approaches to managing metallurgical
production and the associated logistics chains are often characterized by limited
flexibility, high resource intensity, and an insufficient capacity to respond to external

and internal factors, which leads to higher production and transaction costs, reduced
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stability of product quality, and inefficient resource allocation. At the same time, the
oil and gas sector imposes strict requirements regarding the reliability, accuracy, and
timeliness of equipment supply, which reinforces the need for modern management
solutions capable of integrating production and supply-chain processes into a single,
dynamically adaptive system. The relevance of the present study is further amplified
by the rapid development of digital technologies and Industry 4.0 tools, which create
new opportunities for real-time monitoring, predictive analytics, and automated
decision-making, but which also require substantial investment and organizational
transformation. Accordingly, there is a clear scientific and practical need for a
comprehensive assessment of the economic feasibility and efficiency of
implementing adaptive control systems for metallurgical processes, taking into
account not only the direct reduction of costs but also the broader impact on supply-
chain efficiency, operational resilience, and the long-term competitiveness of
enterprises operating in the oil and gas equipment markets.

Literature Review. A number of studies by domestic and international
researchers have been devoted to the problem of assessing the economic efficiency
of implementing adaptive control systems in metallurgical processes; these works
explore various aspects of improving the performance of industrial enterprises and
supply chains. In particular, the study by S. Kiiko [1] substantiates the feasibility of
applying an adaptive approach to the management of energy-saving
project portfolios, which makes it possible to improve the efficiency of resource use
at metallurgical enterprises. Shcherbina K. and N. Meshko [2] elucidate the specifics
of developing innovative business models for the management of metallurgical
enterprises, aimed at enhancing their competitiveness and flexibility. Mushnikov S.
[3] focuses on the design of a convergent and integrated mechanism for managing
the security of enterprise development, which ensures operational stability under
conditions of instability. Melnichenko S. [4] analyzes the role of strategic

management in ensuring organizational success and enhancing the effectiveness of

https://econp.com.ua/index.php/journal/about ISSN: 2786-9431

VBech KOHTEHT JlilleH30BaHo 3a ymoBamu Creative Commons BY 4.0 International license


https://creativecommons.org/licenses/by/4.0/

H

)

managerial decision-making. In the research by L. Kudabayeva, M. Imanova,
A. Zurbayeva, G. Mussaeva, and A. Abubakirova [5], a correlation is established
between energy indicators and environmental impacts, a finding of considerable
importance for assessing the efficiency of resource consumption in industry. I.
Shkrabak, O. Latysheva, and N. Shevchenko [6] examine approaches to the
management of material resources based on the Performance Management concept,
which contributes to improving the efficiency of business processes in mining and
metallurgical companies. V. Parakanyan and G. Maslak [7] propose a method for
the logistics management of material flows that is aimed at coordinating the
interaction between production and transport operations in the metallurgical sector.
Finally, Yu. Gribovskaya and K. Moskalenko [8] address the analysis of costs as a
key element of the management system of a metallurgical enterprise, which makes
it possible to identify reserves for improving economic efficiency.

Identification of previously unresolved aspects of the general
problem. Despite the considerable number of scientific publications devoted to the
issues of adaptive management of metallurgical enterprises, resource efficiency, and
logistics processes, current research has not paid sufficient attention to a
comprehensive substantiation of the economic efficiency of implementing adaptive
systems integrated into the supply chains of oil and gas equipment. In particular, the
interrelation between the adaptive management of production processes and the
operational efficiency of logistics systems within a unified production-and-sales
environment remains insufficiently investigated. Approaches to the comprehensive
assessment of the economic impact of implementing such systems, taking into
account both production and logistics indicators, require further scientific
elaboration.

Formulation of the Article’s Objectives (Statement of the Problem). The
objective of this article is to substantiate the economic efficiency of implementing

adaptive control systems for metallurgical processes in oil and gas equipment supply
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chains and to determine their impact on the key performance indicators of industrial
enterprises.

In accordance with this objective, the following tasks were formulated: to
examine the theoretical foundations underlying the functioning of adaptive control
systems for metallurgical processes in oil and gas equipment supply chains; to
analyze their influence on the production and logistics performance indicators of
enterprises; to assess the economic effect of their implementation, taking into
account the optimization of costs and resources; and to substantiate the expediency
of applying adaptive approaches in an unstable market environment.

Research Results. The theoretical foundation for studying the economic
efficiency of adaptive control systems in metallurgical processes within oil and gas
equipment supply chains lies in the integration of systems theory, industrial
economics, and supply-chain management [9]. Adaptive control systems constitute
a class of dynamic control systems designed to adjust operating parameters in real
time in response to internal and external disturbances. In the context of metallurgical
processes, such systems employ advanced data-analysis methods, feedback
mechanisms, and predictive modeling to ensure optimal process efficiency under
changing production conditions. Their essence lies in the ability to continuously
learn from operational data, reduce uncertainty, and improve the accuracy of
decision-making. In terms of classification, adaptive control systems can be
distinguished by their level of automation, ranging from semi-automated decision-
support systems to fully autonomous cyber-physical systems. They may also be
classified by functional focus, including adaptive control at the process level,
enterprise-level optimization systems, and integrated supply-chain coordination
platforms. The classification may likewise account for the technological foundation,
distinguishing between rule-based systems, machine-learning-based systems, and

hybrid intelligent systems that combine several computational approaches.
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The operation of oil and gas equipment supply chains is characterized by a
number of specific features that significantly influence the implementation and
effectiveness of adaptive control systems. These supply chains are typically
distinguished by high capital intensity, long production cycles, and stringent quality
and safety requirements, owing to the critical nature of their end-use applications.
The metallurgical processes involved in manufacturing oil and gas equipment
components must comply with precise technical standards, which often calls for a
customized approach and close coordination among numerous participants,
including raw-material suppliers, manufacturers, logistics operators, and end users
[10, p. 3182]. Moreover, these supply chains are subject to considerable volatility
caused by fluctuations in global energy markets, geopolitical risks, and changes in
the regulatory environment. Consequently, there is a clear need for flexibility and
responsiveness, which adaptive management systems are designed to provide. The
integration of such systems enables improved synchronization of production
schedules, enhanced material traceability, and more efficient resource allocation
across the supply chain. At the same time, digitalization and the deployment of
Industry 4.0 technologies, such as the Internet of Things and artificial intelligence,
play a crucial role in enabling real-time data exchange and supporting adaptive
decision-making processes.

Approaches to assessing the economic efficiency of adaptive control systems
in industrial settings are multifaceted and require consideration of both direct and
indirect consequences. Traditional evaluation methods, such as cost-benefit analysis
and return-on-investment calculations, remain relevant, but they must be
supplemented by more comprehensive models that account for the dynamic and
systemic nature of adaptive systems. In particular, it is important to consider
improvements in process stability, reductions in downtime, and enhancements in
product quality, which may not be immediately reflected in financial metrics but

which contribute substantially to long-term competitiveness. Effectiveness should
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likewise be evaluated with reference to indicators of supply-chain performance,
including shorter order-fulfillment times, inventory optimization, and improved
service levels. Modern analytical techniques, such as simulation modeling and
scenario analysis, are increasingly applied to estimate the potential impact of
adaptive control systems under various operating conditions. In addition, the
evaluation framework must account for the costs associated with system
implementation, including investments in digital infrastructure, staff training, and
organizational change management. Thus, a comprehensive approach to assessing
economic efficiency makes it possible to obtain a more accurate understanding of
the value generated by adaptive control systems and facilitates informed decision-
making regarding their deployment in metallurgical processes within oil and gas
equipment supply chains [11].

The introduction of adaptive control systems into metallurgical processes
within oil and gas equipment supply chains is a key factor in enhancing economic
efficiency through the rationalization of resource use, the minimization of
operational losses, and the optimization of maintenance strategies. In contrast to
conventional control approaches, adaptive systems provide continuous adjustment
of process parameters on the basis of real-time data streams, enabling more precise
alignment of operating conditions with optimal performance thresholds. This
dynamic response contributes significantly to the reduction of production costs by
eliminating inefficiencies arising from fluctuations in raw-material quality,
variations in power supply, and deviations in process conditions. As a result,
enterprises gain the capacity to achieve greater stability of product quality while
simultaneously lowering the overall cost structure of metallurgical production.

A key aspect of cost reduction is the optimization of raw-material and energy-
resource utilization. Metallurgical processes are inherently resource-intensive, and
even minor inefficiencies can produce considerable economic losses when scaled to

large production volumes. Adaptive control systems apply modern algorithms and
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predictive analytics to determine the most efficient combinations of input resources
and process parameters, thereby curbing excessive consumption of raw materials
such as metal alloys and additives. At the same time, these systems improve energy
efficiency by optimizing heating, cooling, and processing cycles, which are among
the most energy-intensive stages of metallurgical production [12, p. 5]. The
capability to dynamically regulate energy consumption not only reduces operating
costs but also contributes to improved environmental performance, which is
becoming increasingly relevant in light of regulatory pressure and sustainable-
development goals in the oil and gas sector.

Another important benefit of adaptive control systems is the reduction of
process losses and defects. In conventional metallurgical operations, the variability
of process parameters frequently results in inconsistent product quality, which in
turn leads to higher losses, rework, and scrap. Adaptive systems address this issue
by continuously monitoring key process indicators and automatically adjusting
control variables to maintain them within predefined tolerance ranges. This
proactive approach minimizes defects and increases the overall yield of acceptable
products. Consequently, companies benefit from reduced material waste and lower
costs associated with rework and quality-control measures. Greater consistency in
product quality also enhances supply-chain reliability, which is of particular
importance in the manufacture of oil and gas equipment, where compliance with
stringent technical specifications is mandatory.

A further key aspect of cost efficiency is the reduction of equipment
maintenance expenditures. Adaptive control systems facilitate the transition from
reactive and scheduled maintenance to predictive and condition-based maintenance
strategies. By analyzing real-time equipment performance data and detecting early
indications of wear or malfunction, such systems enable timely intervention to
prevent costly breakdowns and unplanned downtime [13, p. 117]. This not only

extends the service life of critical equipment but also lowers the costs associated
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with emergency repairs and spare parts. Moreover, optimized maintenance planning
supports better allocation of labor resources and minimizes disruptions in production
processes, thereby further enhancing overall efficiency.
The combined impact of these factors on the reduction of production costs is
presented in Table 1.
Table 1

Impact of Adaptive Control Systems on Cost Reduction in Metallurgical Processes

Area of cost Mechanism of influence of adaptive Economic effect
reduction systems
Raw material Real-time optimization of input Reduced material costs,
utilization parameters and reduction of excessive improved resource efficiency
consumption
Energy Dynamic control of energy-intensive Reducing energy costs,
consumption processes improving environmental
sustainability
Process losses Continuous monitoring and correction Reducing waste, lowering
and defects of process deviations processing costs, and ensuring
quality
Equipment Predictive diagnostics and Reducing downtime and repair
maintenance maintenance based on equipment costs
condition

Source: compiled by the author on the basis of [12—14].

The deployment of adaptive control systems in metallurgical processes
accordingly produces a synergistic effect, whereby the optimization of individual
cost components mutually reinforces each element and yields a substantial overall
reduction in production costs. Importantly, these effects are not confined to short-
term cost savings but also contribute to long-term operational sustainability and
competitiveness. By ensuring more efficient use of resources, improved product
quality, and reliable equipment operation, adaptive systems support the strategic
objectives of companies operating within the complex supply chains of oil and gas
equipment.

Enhancing the efficiency of supply chains in the context of metallurgical

processes for the production of oil and gas equipment is increasingly associated with
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the adoption of adaptive management approaches that provide better coordination,
transparency, and responsiveness across all stages of logistics and production. In
contrast to conventional supply-chain models, which are often characterized by
inflexible planning and delayed responses to disruptions, modern adaptive
frameworks enable synchronized decision-making based on real-time data flows
[15, p. 6]. This contributes to a considerable reduction in logistics costs through the
optimization of transport routes, cargo consolidation, and the minimization of
downtime in distribution networks. By dynamically aligning supply and demand
parameters, companies can avoid excessive transportation expenses, reduce the
frequency of urgent deliveries, and improve the utilization rate of logistics
infrastructure.

A key aspect of supply-chain efficiency is the reduction of inventory levels
and order-fulfillment times, which directly affects the financial performance and
operational flexibility of industrial enterprises. Excess inventory has traditionally
been maintained as a safeguard against unforeseen circumstances; however, this
practice leads to higher storage costs, capital immobilization, and obsolescence
risks. The application of adaptive systems enables more accurate demand forecasting
and real-time inventory tracking, supporting a shift toward lean inventory
management strategies. As a result, companies can sustain lower inventory levels
without compromising service quality. At the same time, improved coordination
between production schedules and logistics operations shortens order-fulfillment
times, ensuring faster delivery to end consumers [16, p. 1266]. This acceleration of
order-fulfillment cycles enhances customer satisfaction and strengthens companies’
competitive positions in the oil and gas equipment market, where timely delivery is
often a critical requirement.

Another key benefit of supply-chain optimization is improved supply
reliability, which is of particular importance in industries characterized by high

technological complexity and stringent quality standards. Adaptive management
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systems provide continuous monitoring of supplier performance, transportation
conditions, and production processes, enabling the early detection of potential
disruptions. This supports proactive risk management and safeguards the stability of
supply flows even under changing external conditions. Greater reliability reduces
the likelihood of production interruptions, penalties for breach of contract, and
reputational damage, thereby generating both direct and indirect economic benefits.
Moreover, the integration of digital technologies promotes better traceability and
transparency, which further reinforces trust among supply-chain participants and
improves overall coordination.

The relationship between key performance factors and their economic
outcomes 1s summarized in Table 2.

Table 2
Impact of Adaptive Management Systems on Supply Chain Efficiency

Performance area Improvement mechanism Economic effect
Reduction of logistics Route optimization, cargo Reduction of transportation and
costs consolidation, reduction of distribution costs
downtime
Inventory management | Real-time demand forecasting, Reduced storage costs,
and order fulfillment lean inventory management accelerated working capital
turnover
Supply reliability Continuous monitoring, Reduction of disruptions, lower
proactive risk management costs for penalties and
downtime
Comprehensive Comprehensive assessment of | Improved overall efficiency and
economic impact interrelated indicators competitiveness

Source: compiled by the author on the basis of [15-18].

Therefore, enhancing supply-chain efficiency through adaptive management
systems produces a synergistic effect that contributes to the improvement of both
operational and financial performance. Reduced logistics and inventory
management costs, combined with greater reliability and faster order fulfillment,
lead to the formation of a more resilient and economically stable supply-chain
model. Importantly, a comprehensive assessment of these effects provides a holistic

understanding of the value generated by such systems, facilitating strategic decision-
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making and confirming the expediency of investing in modern management
technologies within the metallurgical sector serving the oil and gas industry.

Conclusions. As a result of the study, the economic efficiency of
implementing adaptive control systems for metallurgical processes in oil and gas
equipment supply chains has been substantiated, and their considerable impact on
the key performance indicators of industrial enterprises has been demonstrated. It
has been established that the application of adaptive approaches enhances the
precision of production process management, contributes to the optimization of raw-
material and energy-resource utilization, and reduces technological losses and
equipment maintenance costs, which collectively generate a tangible economic
effect. It has been shown that the integration of adaptive systems into logistics chains
makes it possible to lower inventory levels, shorten order-fulfillment times, and
improve supply reliability, which is critically important for enterprises oriented
toward the oil and gas sector. The analysis has revealed that the comprehensive
economic effect of deploying such systems is manifested not only in cost reduction
but also in greater flexibility, resilience to external risks, and long-term
competitiveness of enterprises. The expediency of using adaptive control systems as
a tool for transitioning to a proactive model of managerial decision-making in a
dynamic market environment has been substantiated. Prospects for further
research include the development of quantitative models for evaluating the
effectiveness of adaptive systems, taking into account industry-specific
characteristics, as well as a deeper investigation of the integration of intelligent
digital technologies into the management processes of industrial and logistics
systems.
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