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ABSTRACT

The article examines the architectural and organizational principles of applying containerization, orchestration,
and DevOps practices in industrial IT infrastructure. The mechanisms ensuring adaptability, fault tolerance,
and security of digital systems based on Docker and Kubernetes technologies are analyzed. The role of
DevOps in integrating development, testing, and operation processes, as well as its importance for building
self-adaptive and secure production platforms, is emphasized. Particular attention is given to data management,
information protection, and the implementation of multi-layered security policies in container clusters. It is
shown that the combination of containerization, orchestration, and DevOps contributes to improving the
resilience of IT systems and reducing operational risks in industrial environments.
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INTRODUCTION

Modern production companies, particularly those operating in high-tech industries, are faced with increasing
complexity of logistics processes, volatility of supply chains, and the need to promptly react to procurement
flow dynamics. Under these conditions, a stable and adaptive IT infrastructure becomes the key to granting
production systems resilience. Monolithic legacy solutions usually lack sufficient flexibility and hinder the
rapid implementation of changes, while downtime threats, loss of efficiency, and increased operational costs
are the result. In this context, containerization and orchestration have been of particular interest as architectural
approaches that can provide modularity, isolation, and scalability for enterprise IT infrastructure.

Containerization technology (most notably Docker) and orchestration software (such as Kubernetes)
increasingly are the foundation of building flexible digital infrastructures that facilitate the use of DevOps
principles and Infrastructure as Code (laC). These approaches not only accelerate the development and
deployment of functional changes but also enhance system resilience against failures and disruptions in IT
services supporting material and warehouse flows.

The purpose of this study is to analyze the architectural and organizational advantages of applying
containerization, orchestration, and DevOps practices in industrial IT systems, with an emphasis on
adaptability, reliability, and information security. To achieve this goal, the following methods were employed:
analysis of existing architectural solutions and implementation practices in industry; synthesis of typical
container infrastructure patterns; a comparative approach to evaluate the effectiveness and resilience of
implemented solutions in contrast with traditional IT models; and a systems approach, which allowed for a
comprehensive assessment of the technological impact on production processes.

Main part. Containerization as the foundation of adaptive IT infrastructure

Containerization represents a technological approach to packaging and running software components in
isolated environments — containers — that include everything necessary for application execution: executable
code, libraries, dependencies, and configuration files [1]. Containers share the host operating system, which
significantly reduces overhead, accelerates startup time, and simplifies infrastructure management. According
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to Grand View Research, the global application container market was valued at $5,847.6 million in 2024 (fig.
1).
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Fig. 1 Global application container market size, million dollars [2]

There are various approaches to deploying software components and isolating environments; however, the
most widely adopted containerization technology in industrial IT environments is Docker, which provides
convenient tools for building, distributing, and managing containerized applications.

The operation of Docker is based on the use of images, which are immutable layers of a file system with
preinstalled software [3]. Each container is created from one or more such images and runs in its own isolated
environment, without interfering with other containers. This guarantees dependable separation of applications
from one another and from the host OS, greatly minimizing the potential for mutual interference, particularly
in systems with elevated levels of parallelism. This method is especially efficient in upholding distributed IT
services that communicate via standardized API interfaces, while retaining autonomy and scalability (fig. 2).

Containerized Applications

Host Operating System

Fig. 2 Docker architecture

The efficiency of the container environment is ensured by a set of system mechanisms aimed at process
isolation, resource control, and deployment acceleration. These mechanisms are implemented primarily at the
kernel level of the operating system and enable high performance while maintaining flexibility and security.
Table 1 summarizes the key containerization parameters and their impact on computational performance.
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Table 1. Key Parameters of Containerization and Their Performance Impact

Parameter Description Implementation Impact on performance
mechanism

Process isolation Separation of execution | Linux namespaces (PID, | Minimizes conflicts and
between containers. NET, IPC). increases system stability.

Resource limitation | Control of  CPU, | Control groups (cgroups). Ensures predictable
memory, and 1/O workload behavior.
utilization.

File system isolation | Separation of data | OverlayFS / AUFS. Enables fast deployment and
environment. disk space efficiency.

Startup time Time  required  to | Lightweight runtime. Milliseconds,  significantly
initialize a container faster than virtual machines.

Network Interconnection Bridge / Host / Overlay | Provides  flexibility in

communication between containers. networks. building microservice

architectures.
Parameter Description Implementation mechanism. | Impact on performance.

Containerization contributes to architectural modularity, enabling the development and deployment of
individual components as independent services, which simplifies the processes of updating, testing, and
maintenance. Scalability is achieved through the ability to launch any number of identical container instances
depending on workload, as well as through automated resource balancing tools. Additionally, infrastructure
based on Docker provides environment consistency, which is crucial for the industrial field, where the
reliability of software module execution has a direct impact on production flows.

The logic and understanding of containerization for IT systems in industry have consistently remained
effective both from the viewpoint of architectural flexibility and operational resilience. According to the
Docker report of 2025, container usage among IT professionals totaled 92 %, depicting a significant increase
compared to 80 % in the year 2024 [4]. The figures reflect an ongoing trend towards the overall adoption of
container-based solutions as a standard for operations and development across high-technology sectors.

Practical advantages are realized particularly in industries with high complexity of operations, such as
aerospace, automotive, and heavy equipment manufacturing. For instance, in managing internal logistics flows
— such as the movement of assemblies and components between production lines — containerized microservices
enable flexible integration of planning, accounting, and quality control modules. This allows modifications to
specific IT system functions without the need to halt the entire production platform. Thus, containerization not
only ensures modularity and technological flexibility but also becomes a structural element of digital
transformation at the level of industrial enterprises.

ORCHESTRATION USING KUBERNETES

Containerization as a technological foundation of adaptive IT infrastructure acquires real production value only
when multiple containers distributed across different computing nodes are efficiently managed. In order to do
this, orchestration systems assist in automating the deployment, scaling, load balancing, and fault tolerance of
containerized applications. Some of the orchestration tools that exist include Docker Swarm, Apache Mesos,
Nomad, and Open Shift, each with some pros and cons. Nonetheless, Kubernetes has become the de facto
standard here since it has a modular architecture, high scalability, and broad industry support. It is reported in a
research report by Linux Foundation Research and Cloud Native Computing Foundation (CNCF) in 2024
based on 689 respondents worldwide that 80 % of organizations use Kubernetes in production (fig. 3).
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Fig. 3 Kubernetes usage by organizations [5]

The fundamental element of Kubernetes architecture is the cluster, made up of one control plane and multiple
worker nodes that run containers. The control plane oversees all aspects, including scheduling container (pod)
placement, monitoring their status, redistributing workloads, and handling configuration and security.
Kubernetes implements a declarative model of management: users define the desired system state in YAML
manifests and the orchestrator automatically reconciles the current state with the provided configuration,
thereby applying the automation rules and self-healing (fig. 4).
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Fig. 4 Kubernetes architecture

The structure of Kubernetes orchestration operations is founded on a core of essential elements that exchange
information to maintain the state of the system as needed, distribute workloads, and ensure cluster stability.
The description of these components is given in table 2, outlining their primary functions and technical
implementation mechanisms.

Table Il. Key Orchestration Components of Kubernetes and Their Functions

Component Function Technical implementation
API Server Central management interface [Implements gRPC/JSON over HTTPS;
that processes REST requests
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and updates the cluster state.

communicates with etcd.

Scheduler

Assigns pods to nodes based on
available resources and
constraints.

Resource-aware scheduling algorithm
using node metrics.

Controller Manager

Monitors cluster objects and
performs corrective actions.

Replication,
controllers.

endpoint, and  node

etcd Distributed key-value store for | Implements Raft consensus protocol.
cluster state.

Kubelet Agent that runs on each node to | Interacts with container runtime via CRI.
manage containers.

Kube-proxy Manages network rules and | Implements iptables/IPVS rules for traffic

service load balancing.

routing.

One of the primary advantages of Kubernetes is its high availability. If a node or one of the components fails,
the system automatically reboots the containers on other nodes and minimizes downtime [6]. This is
paramount in industrial 1T systems that guarantee error-free operation of production lines, logistics
subsystems, and supply services. In addition, Kubernetes supports workload-based auto-scaling, where the
platform responds automatically to fluctuations in intensity of data stream and operation volumes — both
nominal operation and peak cases, e.g., processing a bulk production order or suffering temporary shortages of
components.

In modern manufacturing companies, particularly in extremely sensitive industries such as aerospace, logistics
and supply chain dependability is of extreme importance. Kubernetes-based orchestration enhances IT
infrastructure stability against disruption by supply chain uncertainty, temporary delivery delays, or production
process configuration updates. For example, in a situation where communication is lost with an external ERP
or WMS service that manages supplies, Kubernetes can ensure local availability of cached microservices and
fall back to temporary backup processing modes. Through this, the cluster remains functional and run
supporting critical business processes without interference, which is most crucial under continuous production
settings.

Thus, Kubernetes as a tool for orchestration of containerized ecosystems not only performs automation and
management activities but is also a building block for the development of fault-tolerant, scalable, and
responsive IT systems adjusted to the specific requirements of industrial manufacturing. This allows
maintaining business processes even in the case of high dynamics and external volatility, maintaining integrity
of information flows and reducing the level of operational risk.

DEVOPSPRACTICES IN INDUSTRIAL IT ENVIRONMENTS

Building on containerization and orchestration, integrating DevOps practices during implementation allows
industrial organizations to combine these technologies under one operating framework for ensuring
consistency across software development, deployment, and infrastructure management.

In industrial digitalization, DevOps adoption techniques are a top tool in achieving the highest reliability and
efficiency of IT infrastructure. Unlike the traditional method, where development, testing, and operation are
performed individually, DevOps integrates all the stages of the software life cycle and creates a single
technological environment. For manufacturing companies, where IT services are inextricably linked with the
management of material flow, supply, and logistics, DevOps enables the realization of principles of continuous
improvement as well as operational flexibility in handling changed production configurations. Architecturally,
DevOps practices realize principles of containerization and orchestration into automated pipelines, version-
controlled configurations, and continuous system feedback loops (table 3).
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Table I11. Key Devops Practices and Tools In Industrial It Environments [7]

Practice / tool Purpose in industrial | Typical implementation Expected effect
IT

CI/CD pipelines Continuous integration | Jenkins, GitLab CI, Argo CD | Faster release cycles,
and  deployment of reduced deployment
production systems. risk.

laC Declarative Terraform, Ansible, Helm Version control,
infrastructure repeatable cluster
management. setup.

Container orchestration | Automated  workload | Kubernetes, Docker Swarm Scalability and fault

distribution. tolerance.
Monitoring and | Real-time system | Prometheus, Grafana, Loki Early anomaly
observability performance tracking. detection, reduced
downtime.
Incident management Automated alerts and | Alertmanager, PagerDuty Faster response to
recovery. failures.
Configuration Standardized Ansible, Puppet, Chef Compliance and
management environment control. consistency ~ across
clusters.

Thus, DevOps processes in industrial 1T processes are the technology foundation for the creation of reliable,
scalable, and self-healing systems. They enable coordinated development of software and operational parts,
minimize the innovation deployment cycle to a bare minimum, and facilitate integration of digital technologies
into real production processes. Implementation of CI/CD, laC, and intelligent monitoring systems assists
organizations in achieving a high degree of automation as well as fault tolerance, which is particularly critical
in aerospace and similar industries where precision, reliability, and continuity of operations are crucial.

In addition, DevOps principles also extend to user interface development, prioritizing inclusivity and
accessibility. Inclusion of inclusive design guidelines and automated usability tests into CI/CD pipelines, firms
will be in a position to ensure that industrial software is accessible and easy to use for employees with different
technical abilities and physical disabilities [8]. This method not only improves user experience but also
increases overall operational safety and efficiency, making human—machine interaction more adaptive and
universally usable in different environments of production.

Also, through the use of automated deployment in conjunction with continuous security validation, DevOps
enhances the protection of industrial systems from configuration drift, unauthorized access, and human error.

DATA SECURITY AND MANAGEMENT IN CONTAINER CLUSTERS

Security is one of the most critical aspects of implementing containerization and orchestration in industrial IT
infrastructures [9]. The shift toward micro service architectures and distributed computing clusters introduces
new attack vectors and requires a comprehensive approach to protecting data, processes, and inter-container
communication. Unlike traditional monolithic systems, where access control and encryption are centralized,
containerized environments rely on dynamic scaling, frequent updates, and high automation levels —
necessitating a multi-layered security model.

The architecture of Kubernetes and its associated tools enable the implementation of a layered defense system
that includes access control, execution environment isolation, and secret management. Network Policies define
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which containers and services may communicate, forming virtual trust zones within the cluster and reducing
the risk of lateral movement. The Role-Based Access Control (RBAC) model regulates user and service
account access to the Kubernetes API, mitigating against unnecessary activity and protecting critical resources.

Secrets and sensitive data are managed by native Kubernetes controls that encrypts sensitive data (such as
passwords, tokens, and API keys) within Secrets. External vaults like HashiCorp Vault or AWS Secrets
Manager can be used for added security — a big step for distributed infrastructure organizations and high-
compliance environments (e.g., ISO/IEC 27001, NIST 800-53). In addition to storage-level encryption through
Container Storage Interface (CSI) plugins, it ensures data confidentiality and integrity in transit and rest.

No less important is resistance to insider attacks and misconfigurations due to human behavior. Pod Security
Standards (PSS) restrict container privileges and resource access, while auditing and monitoring tools such as
Falco and Open Policy Agent (OPA) provide continuous visibility into cluster activity. The integration of audit
logs and event monitoring systems supports early detection of anomalies and compliance with security
policies.

In industrial contexts, security extends beyond data protection — it also encompasses reliability and regulatory
conformity. In aerospace and manufacturing industries, for instance, traceability of technological operations
and verification of software modules are crucial. Digital signatures container repositories (such as Notary,
Cosign) help ensure the authenticity and integrity of the container images so that malicious code cannot be
injected during build or deployment.

Thus, security in containerized and orchestrated environments is not an independent solitary function but an
integral part of the DevOps infrastructure [10]. It ensures secure execution of production processes, protected
data management, and compliance with business and international standards. A combined security strategy not
only reduces the risk of cyber incidents but also increases confidence in digital technologies, forming the
foundation for long-term industrial evolution.

CONCLUSIONS

Modern industrial IT infrastructure is being revolutionized by containerization, orchestration, and DevOps
practices. Combined, these technologies offer the architectural building blocks to create fault-tolerant, resilient,
and secure digital systems to maintain the continuity of production and logistics flow. Containerization offers
modularity and reproducibility of the software environment, orchestration offers automation and optimal
resource balancing, and DevOps practices integrate development, testing, and operations. They exist as an
integrated IT management system where improvements are implemented without interruption and the
infrastructure dynamically changes between different production states in real time.
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