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Abstract. The purpose of the study was to determine the advantages and disadvantages of using load balancing methods in
networks based on Software-Defined Networking and Network Functions Virtualisation technologies. Particular attention
was paid to comparing the effectiveness of different approaches to balancing, including centralised and distributed
methods, and the use of intelligent algorithms for load forecasting. The analysis helped to identify the advantages
and disadvantages of each method, and their ability to adapt to changing network traffic conditions, considering such
parameters as bandwidth, latency, packet loss, and energy efficiency. The paper discussed methods of load balancing
in networks based on Software-Defined Networking and Network Functions Virtualisation technologies, which are
important for ensuring the efficiency, scalability, and adaptability of modern networks. The key challenges faced by these
technologies are described, such as the dynamism and unpredictability of traffic, resource optimisation, energy efficiency,
and the integration of intelligent algorithms for load forecasting and energy consumption reduction. The study presents a
comparison of various load balancing methods, including centralised and distributed traffic management, and the use of
virtual balancers and adaptive traffic redirection algorithms. Particular attention was paid to analysing the impact of these
methods on throughput, latency, packet loss, and energy efficiency under different traffic conditions. The role of machine
learning in optimising load balancing processes, and the possibilities of integrating Software-Defined Networking and
Network Functions Virtualisation into hybrid networks were considered. According to the results of the study, the use of
balancing methods based on Software-Defined Networking/Network Functions Virtualisation can significantly improve
network efficiency, reduce latency and increase throughput, while reducing energy consumption under high loads. Key
results for Ukraine, where the integration of Software-Defined Networking/Network Functions Virtualisation into the
telecommunications infrastructure can become the basis for improving the quality of services, optimising costs, and
ensuring a high level of security in the context of digital transformation and infrastructure modernisation, are derived
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Introduction

Modern network infrastructures, especially in large corpo-
rations and data centres, face unprecedented workload due
to the growth of data volumes, the active introduction of
cloud technologies and the Internet of Things (IoT). In the
context of digital transformation, the issue of ensuring re-
liability, scalability, and efficiency of traffic management in
networks is becoming particularly relevant. This is where
innovative approaches such as Software-Defined Network-
ing (SDN) and network functions based on NFV (Network
Functions Virtualisation) come to the fore, offering radi-
cally new approaches to optimisation and load balancing.

Suggested Citation:

Load balancing is one of the key tasks of the network
infrastructure, because the efficiency of resource allocation
depends not only on the quality of user service, but also on
the performance of the network as a whole. Convention-
al approaches to load balancing are often limited by static
rules, which is not always effective under variable network
conditions and high traffic dynamics. Using SDN and NFV
technologies to implement dynamic balancing techniques
allows networks to automatically adapt to the current
load, ensuring efficient resource allocation in real time.
SDN technology separates network management from its
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physical infrastructure, helping to centrally monitor traffic
and provide flexible load balancing based on user needs.
NFV, in turn, allows migrating network functions to virtual
platforms, which simplifies resource management and re-
duces dependence on hardware.

The problem is that different balancing methods based
on SDN and NFV have their own characteristics and limi-
tations. For example, some methods may be more effective
for cloud environments, while others may be more effective
for data centres or IoT infrastructure. There are also ques-
tions about reliability, scalability, security, and speed of
response to changes. Thus, a comparative analysis of exist-
ing SDN/NFV-based load balancing methods is necessary
to select the optimal approach that meets modern network
infrastructure requirements.

The study by J. Billingsley et al. (2020) analysed adaptive
balancing methods for cloud services, where the load often
varies depending on the number of users. Researchers have
found that SDN/NFV technologies significantly improve re-
source efficiency in cloud environments, improving perfor-
mance. A. Das et al. (2025) considered security aspects relat-
ed to load balancing, in particular, protection against DDoS
attacks. Using SDN, the researchers created a system that
not only distributes the load, but also identifies abnormal
network activity. A.M. Zarca et al. (2019) analysed the ef-
fectiveness of various balancing methods for IoT networks,
where the use of SDN/NFV proved useful for managing a
large number of devices. They noted that NFV technology al-
lows effectively managing different levels of device priority.

A. Filali et al. (2020) examined methods for predictive
load balancing based on historical data. Using SDN and
machine learning algorithms, they created a system that
ca n predict peak load moments and allocate resources ac-
cordingly. Z. Song et al. (2019) reviewed balancing methods
adapted for e-commerce systems that require high reliabil-
ity and fast response to user requests. Research has shown
that SDN/NFV-based methods can reduce request pro-
cessing delays. M. Alenezi et al. (2019) focused on oppor-
tunities to reduce infrastructure costs through the use of
SDN/NFV in telecommunications networks. This study
proved that centralised control and virtualisation can re-
duce the need for physical hardware. The study by Q. Zhou et
al. (2021) compared static and dynamic balancing methods.
The researchers found that dynamic SDN-based methods
distribute the load more efficiently in conditions of high
traffic changes. L. Zhu et al. (2020) compared the impact
of different protocols on SDN network performance. They
found that the choice of protocol can significantly affect
the speed of request processing, and in particular, Open-
Flow protocols provide the highest performance. In addi-
tion, P.P. Ray & N. Kumar (2021) examined the impact of
SDN/NFV on network flexibility in computing power allo-
cation in multi-cloud environments. The results showed a
significant reduction in infrastructure maintenance costs
while increasing network performance.

An analysis of available studies showed that SDN/NFV-
based load balancing methods have demonstrated their
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effectiveness, but there are still several aspects that need
to be studied in more depth. Among the unexplored or
under-covered topics were the adaptability of methods to
heterogeneous network environments, such as multi-cloud
environments or hybrid networks; energy optimisation,
which is important in the context of growing demands for
green technologies; and the use of artificial intelligence
and machine learning for load forecasting and dynamic re-
source allocation in SDN/NFV networks.

The purpose of this study was to investigate the ef-
fectiveness of various load balancing approaches using
SDN/NFV technologies by benchmarking them. To achieve
this goal, the following tasks were solved: to compare the
efficiency of various SDN/NFV load balancing methods in
multi-cloud and hybrid environments; to evaluate the en-
ergy consumption of these methods and their compliance
with modern energy efficiency requirements.

Materials and Methods
An integrated approach to the study of network resource
management was applied to analyse load balancing meth-
ods in networks based on SDN and NFV technologies. This
made it possible to determine the efficiency, flexibility and
scalability of the network infrastructure in the context of
modern requirements for telecommunications systems.
The study used two key approaches to load balancing:
centralised management and decentralised balancing. For
the first approach, the SDN controller plays a central role,
which makes decisions based on global network status in-
formation. In decentralised balancing, each node makes
autonomous decisions using only local data. This approach
provides greater reliability in the event of a central element
failure, but requires more calculations on each node.
Machine learning algorithms that can predict loads
based on historical data were used for modelling and analy-
sis. Methods for analysing traffic patterns considering peak
loads were integrated, which ensured optimisation of traf-
fic routing in dynamic and complex network environments.
In particular, regression, clustering, and adaptive learning
algorithms were considered, which allowed improving the
accuracy of forecasts. The effectiveness of balancing meth-
ods was evaluated based on quantitative parameters such as
throughput, latency, packet loss, power consumption, and
adaptability under variable load conditions. These indica-
tors were selected as the most important for evaluating the
performance of the network infrastructure. To obtain the
results, simulations were used with the help of tools such as
Mininet for modelling SDN networks and specialised Python
libraries for implementing machine learning algorithms.
Special attention was paid to energy efficiency analy-
sis, which is an important aspect for modern data centres.
A comparison of different algorithms, such as Round Rob-
in, Least Connection, Weighted Least Connection, Short-
est Queue First and Adaptive Load Balancing, helped de-
termine which method is best suited to balancing certain
types of load under different network conditions to reduce
energy consumption and make optimal use of network
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resources. Various scenarios were modelled in experiments,
in particular peak load conditions, to assess the system’s
behaviour in critical situations. Reliability and security
issues were also considered, as a centralised SDN control-
ler can become system vulnerability. To reduce such risks,
approaches to implementing backup management mecha-
nisms that ensure uninterrupted network operation even
in the event of a central node failure were investigated. To
assess the flexibility of network solutions, special attention
was paid to multi-cloud and hybrid environments that re-
quire rapid adaptation to changes in network structure and
traffic. Two scenarios for using SDN/NFV in such environ-
ments were modelled to determine optimal configurations.

All experiments were carried out considering the
needs of modern telecommunications systems, in particu-
lar, the need to ensure high bandwidth, low latency, and
high network availability, which is becoming increasingly
important due to process automation. The obtained data
were analysed for such parameters of efficiency of meth-
ods as adaptability to variable traffic, power consumption,
and speed of response to loads. The analysis was based on
a comparison of different approaches to load balancing,
including centralised and decentralised methods, consid-
ering specific infrastructure requirements and system per-
formance in real-world operating conditions.

Results
Load balancing in SDN and NFV-based networks is a com-
plex and multidimensional task that involves a number of
technical and organisational challenges. One of the main
problems is the dynamism and unpredictability of traffic,
because the volume of traffic often changes due to user de-
mand, peak loads, or specific events, such as new product
releases or network attacks. This creates a significant load
on the system and requires constant dynamic balancing to
avoid congestion and ensure stable network operation. The
second important problem is resource optimisation: load
balancing in an SDN/NFV environment should consider
the available resources of each network node and optimise
them as much as possible, considering the different re-
quirements of virtualised network functions (VNF), such as
CPU time, memory, and bandwidth. In addition, energy ef-
ficiency is an important aspect: load balancing should help
to reduce power consumption, especially for large data cen-
tres. Using SDN/NFV can help to allocate resources more
efficiently, but it requires specialised algorithms to reduce
energy consumption (Tipantuna & Hesselbach, 2020).
There is also the question of integrating intelligent algo-
rithms, because modern networks are extremely complex
and variable, which requires intelligent approaches such as
machine learning. The implementation of such algorithms
faces challenges related to computing costs, training mod-
els, and ensuring real-time operation, and raising issues of
data security and privacy.

Another important challenge is scalability and flexi-
bility, especially for multi-cloud and hybrid environments
that require adaptive solutions to handle large volumes
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of traffic and provide a fast response to structural or load
changes. In addition, reliability and security must be con-
sidered, since a centralised SDN controller increases net-
work vulnerability and must be protected from threats
that may disrupt the balancing or stable operation of
network functions. Another important problem is latency
and throughput: when implementing load balancing, it is
necessary to minimise latency and maintain high network
throughput, which is a difficult task with large volumes of
traffic and interaction with different types of infrastructure
(George, 2022). Integration of SDN and NFV is an impor-
tant technological component of modern network systems,
because both of these technologies are aimed at improving
the flexibility, scalability, and efficiency of network infra-
structure. When combined, SDN and NFV offer the abili-
ty to dynamically manage network resources and quickly
adapt the network to changing needs, which is especially
important in an era of growing traffic and performance re-
quirements (Bonfim et al., 2019).

The basic principle of integration was to use an SDN
controller to manage network traffic and routing, while
NFV was responsible for virtualising network functions
(such as routers, firewalls, load balancers) on public hard-
ware. SDN allows centrally managing traffic routing, move-
ment, and prioritisation using software that provides fast
network configuration (Kaur et al., 2020). NFV, in turn, al-
lows performing functions normally performed by special-
ised hardware on virtual machines or containers.

SDN and NFV integration provides several key bene-
fits. Network management flexibility increases: network
functions can be quickly migrated or scaled to meet traffic
needs without the need for physical hardware replacement.
This significantly reduces the cost of network deployment
and maintenance, and allows quickly adapting to new busi-
ness requests. SDN/NFV allows centrally monitoring net-
work resources and providing efficient traffic management,
which greatly simplifies load balancing and improves net-
work performance. However, the integration of SDN and
NFV is not without its challenges. Ensuring compatibility
between components that may come from different man-
ufacturers is challenging. The lack of generally accepted
standards for certain aspects of SDN/NFV technologies can
complicate deployment and lead to compatibility issues.
The integration of these technologies increases security
requirements, as a centralised SDN controller can become
vulnerability in the infrastructure, creating network secu-
rity risks. In addition, with the integration of SDN and NFV,
the requirements for computing resources and monitoring
systems are increasing. Managing and monitoring the sta-
tus of virtualised functions requires high performance and
reliable monitoring tools to identify and solve potential
problems in real time. To reduce computing costs, artificial
intelligence and machine learning technologies are being
actively explored, which can optimise resource allocation
and predict network loads. SDN/NFV-based load balanc-
ing methods are key components of modern network in-
frastructures, as they allow dynamic and efficient load
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distribution between different network nodes, considering
performance requirements and minimising the likelihood
of delays or congestion (Nawaz et al., 2024). One of the
main approaches to load balancing in SDN is to central-
ly manage traffic through the SDN controller, which re-
ceives information about the state of the network from
all its parts and optimally distributes traffic between net-
work nodes. The controller can predict future load based
on current and past trends, and based on this informa-
tion, change traffic routes to avoid congestion (Lakhani &
Kothari, 2020). This approach reduces latency and ensures
efficient use of network resources.

Distributed load balancing is an alternative method in
which traffic balancing occurs without centralised control.
In this case, each network node independently determines
how to distribute traffic based on local network status in-
formation. Distribution balancing uses routing and adaptive
network algorithms, in particular traffic hashing, which al-
lows evenly distributing the load between different routes
without the need for a central controller, which reduces
the load on the central system and increases scalability.

NFV technologies allow dynamically changing the
infrastructure by virtualising network functions, such as
routers or load balancers. This allows quickly scaling the
network by adding or reducing the number of virtual func-
tions depending on the current load. This approach not
only improves network performance, but also significant-
ly reduces physical hardware costs, since functions can
be performed on public virtual platforms. The use of ma-
chine learning algorithms opens up new opportunities for
load balancing, allowing the prediction of loads based on

historical data and optimisation of traffic routing using
intelligent systems that can adapt to changes. Machine
learning algorithms can analyse traffic patterns and pre-
dict peak loads, which allows performing balancing in ad-
vance and reducing the risk of network congestion.

In complex hybrid networks that use both conventional
technologies and SDN, load balancing must consider both
virtual and physical resources. Balancing mechanisms can
integrate different routing strategies and adapt to different
types of traffic, which ensures high network performance
and reliability. An important part of this approach is the
use of policies that optimise resource usage and minimise
congestion in certain parts of the network. Thus, the use
of various load balancing methods based on SDN/NFV al-
lows ensuring high efficiency of networks, increasing their
scalability, and reducing the likelihood of congestion. The
choice of a particular method depends on the specifics of
the network and its needs for flexibility, speed of adapta-
tion, and efficiency of resource management.

Load balancing is a key task in modern Software-De-
fined Networks (SDN) and Network Features Virtualisation
(NFV). The efficiency of this process significantly affects
the quality of network operation, including bandwidth,
latency, packet loss, and overall power consumption. Dif-
ferent methods, such as centralised and decentralised
management, virtual balancers, and adaptive redirection
algorithms, show different performance depending on traf-
fic characteristics and environmental conditions. Table 1
summarises the main comparison parameters, such as
bandwidth, latency, packet loss, power consumption, and
adaptability to load changes.

Table 1. Comparative characteristics of load balancing methods in SDN/NFV networks by key metrics

Method Bandwidth (Gbps) Delay (ms) | Packet loss (%) | Power consumption (W) FIexib(izlri‘t:nfgoer strafﬂc
Least delay 8.5 15 2.5 250 Average
Adaptive redirection 9.2 12 1.8 300 High
Virtual balancer 10 10 1.2 280 High
Centralised management 7.5 20 3 200 Low
Decentralised management 8 18 2 220 Average

Source: created by the author based on N. Giri et al. (2018), M.F. Monir & D. Pan (2021)

The analysis showed that different load balancing
methods have their advantages and disadvantages. The
virtual balancer showed the best results in terms of band-
width, minimising latency and packet loss. It was also
highly adaptable to changes in network traffic, making it
suitable for complex and dynamic networks. However, its
power consumption has proven to be high, which can be
a critical factor for some environments. Centralised and
decentralised management methods have different levels
of energy consumption, which is an important aspect for
assessing their compliance with modern energy efficiency
requirements. Centralised management, due to the cen-
tralisation of resources, can reduce energy consumption
by optimising the use of equipment, although it is inferior
in performance in large and distributed networks. On the
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other hand, decentralised management, despite increased
energy consumption, has advantages in scenarios with high
resource allocation, where energy efficiency is less critical
compared to flexibility and adaptability.

The lowest latency method, while showing average
adaptability, also meets energy efficiency requirements in
stable traffic conditions, where the need to adapt to var-
iable loads is lower. However, for more dynamic environ-
ments where high adaptability and scalability are required,
additional energy saving mechanisms may be needed,
such as the use of specialised hardware platforms or al-
gorithms optimised for energy efficiency. Thus, the choice
of balancing method should consider not only perfor-
mance and adaptability, but also compliance with energy
efficiency requirements, which include minimising energy
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consumption while maintaining the required level of ef-
ficiency for different types of network environments. The
results of the study can become the basis for improving
methods of balancing and further optimising energy con-
sumption in SDN/NFV networks that meet modern energy
efficiency requirements.

With the introduction of SDN and NFV technologies,
it became necessary to improve load balancing methods
in networks to effectively manage traffic and ensure high
quality of services. The main goal of such methods is to
optimally distribute the load between servers, routers, and
other network components to prevent congestion and re-
duce delays, especially in dynamic traffic conditions. There
are several different approaches to load balancing, each with
its own advantages and disadvantages, depending on the
specifics of the network and its performance requirements.
Load distribution in SDN/NFV networks can significantly

improve the adaptability of the network, its ability to scale,
and its response to changing load conditions. Since net-
works with SDN and NFV differ from conventional ones in
that they can be configured programmatically to optimise
traffic, the chosen balancing method should consider the
dynamism and variability of traffic, and the resource re-
quirements that are available in each specific situation.

Table 2 compares the main load balancing algorithms
used in SDN/NFV networks, with a focus on important
parameters such as response speed, real-time efficiency,
scalability, and application in various environments. The
table helps to assess how each algorithm behaves in a par-
ticular environment, which allows network developers and
engineers to select optimal solutions for implementation
in real-world conditions, which is an important stage for
ensuring the smooth operation of critical network services,
in particular, in the context of 5G and IoT development.

Table 2. Comparison of load balancing algorithms in SDN/NFV networks:
efficiency and application in different network environments

Balancing algorithm | Network type | Load response time Real-time efficiency Scalability Application
. Small and medium-sized
Round Robin SDN/NFV Moderate Average Low networks
Least Connection SDN/NFV Fast High Average Networks with uneven load
Weighted Least . Networks with different
Connection SDN/NFV Fast High Average resource requirements
Shortest Queue First SDN/NFV Very fast High High Netwarks with high
bandwidth requirements
Adaptive Load . . Large networks, high-load
Balancing SDN/NFV Very fast Very high Very high environments

Source: created by the author based on S. Rout et al. (2020), T.G. Thajeel & A. Abdulhassan (2021)

Each of the presented algorithms has its own advantag-
es and limitations. For example, the Round Robin algorithm
is easy to implement, but its performance is limited in large
or high-load networks. At the same time, Least Connection
and Weighted Least Connection show better results when
handling uneven loads, although they require more comput-
ing resources. The Shortest Queue First and Adaptive Load
Balancing algorithms provide high real-time efficiency,
making them optimal for large and dynamic networks. Since
each of the methods has its own characteristics, it is impor-
tant to choose an algorithm depending on the specifics of
the network and its requirements. The use of these tech-
nologies allows optimising resources, reducing latency, and
increasing network throughput. The use of intelligent algo-
rithms for load forecasting also opens up new opportunities
for achieving high efficiency in variable traffic conditions.

Modern information systems require not only high per-
formance, but also reliability. The use of SDN/NFV technol-
ogies allows implementing adaptive backup mechanisms
that increase fault tolerance, ensuring the continuity of
services in different environments. Among the key redun-
dancy mechanisms, there are three approaches: active-ac-
tive, active-passive, and policy-based redundancy. The ac-
tive-active model demonstrates the highest efficiency due
to the simultaneous operation of several nodes, although it
requires significant resources. Instead, the active-passive
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approach saves resources, but is more vulnerable to delays
in switching. Policy-oriented redundancy offers flexibility,
but depends on the effectiveness of the monitoring system.

In multi-cloud environments, SDN/NFV helps to op-
timise resources through platform integration. For exam-
ple, dynamic traffic balancing between cloud providers
minimises latency and distributes the load evenly. Another
aspect is the centralised implementation of security fea-
tures, such as virtual firewalls, which allow protecting data
in distributed clouds. In hybrid environments, these tech-
nologies play a critical role in automating resource man-
agement. Integration allows smoothly switching between
on-premises and cloud resources, reducing system down-
time. Additionally, the use of virtualised backup functions
ensures business continuity by allowing traffic to be quickly
redirected in the event of a primary infrastructure failure.

The implementation of these scenarios illustrates the
potential of SDN/NFV to overcome conventional network
constraints. It provides high performance, flexibility, and
reliability in multi-level environments, which is an impor-
tant step towards the dynamic and adaptive infrastructures
of the future. Table 3 shows a summary of the key benefits
and challenges of each environment. This provides a clear
picture of the practical implementation of SDN/NFV in
multi-cloud and hybrid scenarios, which are the basis for
sustainable network infrastructures.

Information Technologies and Computer Engineering, 2025, 22(1)
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Table 3. Comparison of SDN/NFV usage scenarios in multi-cloud and hybrid environments

Category Multi-cloud environment

Hybrid environment

Backup mechanisms

Load balancing between providers; optimising data
routes to ensure fault tolerance

Use on-premises reserves and private clouds
to ensure continuity of work

Security

Centralised monitoring; tunnelling
to protect data transfer between clouds

Access control to local data; integration
with private cloud security policies

Scenario 1: Scalability to handle peak load

Additional resources are connected in real time

Use of cloud infrastructure as a reserve
to improve productivity during peak times

Scenario 2: Recovery

Automatically redirects traffic to an alternative
provider in the event of a failure

Local storage of critical data with the ability to
automatically switch to the cloud in case of failures

Source: created by the author based on M.S. Bonfim et al. (2019), H.U. Adoga & D.P. Pezaros (2022)

In a multi-cloud environment, the use of SDN/NFV
allows creating effective strategies for traffic management
and security at all infrastructure levels. SDN allows central-
ly managing security policies, optimising resource usage to
reduce costs and improve performance. NFV allows quickly
implementing new network features, reducing dependence
on physical devices and increasing flexibility. For example,
in the process of automating the allocation of resources
between different clouds, it is possible to reduce response
time and improve the ability to scale.

However, in a hybrid environment where both public
and private clouds are combined, SDN/NFV provides the
ability to provide more reliable connection management
between different cloud platforms. Due to integration
with NFV, it is possible to organise effective monitoring
and management of resources to ensure stability and se-
curity in the face of constant changes. One of the main
advantages of this approach is the ability to ensure contin-
uous operation of the enterprise, even if some resources
are decommissioned or transferred to another platform to
perform tasks. Therefore, the integration of SDN/NFV into
multi-cloud and hybrid environments allows achieving a
high level of adaptability, reducing costs, and improving
the management and security characteristics of the infra-
structure. This is especially important for organisations
that work with large amounts of data and have a complex
infrastructure that requires flexibility in load distribution
and business process continuity. This development to-
wards using SDN/NFV has huge potential to save resources
and improve infrastructure efficiency. These technologies
allow Ukrainian telecommunication operators to intro-
duce new services, ensure optimal use of their networks
and improve the quality of service, which is especially im-
portant in the context of the growing demand for digital
technologies in the country.

For Ukraine, the issue of load balancing in SDN and
NFV networks is of particular relevance in the context of
digital transformation and infrastructure modernisation.
Given the growing demand for high-quality Internet ac-
cess, the introduction of these technologies can signifi-
cantly improve the efficiency of traffic management in tel-
ecommunications systems. In addition, the introduction
of SDN/NFV methods allows Ukrainian telecommunica-
tion operators to optimise costs, provide greater flexibil-
ity in deploying services, and adapt to the growing needs
of both the commercial and public sectors. In addition,
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the development of SDN/NFV can become the basis for
improving cybersecurity, which is especially important
in the face of modern challenges. The participation of
Ukrainian IT companies in the development of solutions
based on these technologies contributes to their integra-
tion into the international innovation market. Given lim-
ited resources, the introduction of more energy-efficient
traffic balancing techniques is also an important factor in
reducing operating costs and maintaining environmental
sustainability. Further research on the effectiveness of
these methods in local conditions can become the foun-
dation for their adaptation to the realities of Ukrainian
network infrastructures.

However, these prospects require government sup-
port and a strategic approach to implementing SDN/
NFV. It is important to train specialists who can devel-
op, implement, and maintain such solutions, and ensure
their compliance with cybersecurity standards. Thus, re-
search and adaptation of SDN/NFV can contribute to a
significant improvement in the network infrastructure of
Ukraine, laying the foundation for further digitalisation
of the economy and society.

Discussion

The study of load balancing methods in networks based
on SDN and NFV technologies has shown that these ap-
proaches can significantly increase the efficiency of net-
work management, reducing the likelihood of congestion
and improving performance. A central aspect of the study
was the comparison of two main methods: centralised and
decentralised load balancing. The results showed that each
of them has its own advantages and disadvantages, de-
pending on the requirements for scalability, flexibility, and
energy efficiency of the network.

Centralised management, where the SDN controller
acts as a single decision centre, allows achieving high effi-
ciency in conditions of stable and predictable traffic. How-
ever, in the face of rapid load changes, this method may
have limitations due to the need to process large amounts
of data centrally. The study by M.D. Tache et al. (2024)
considered a centralised approach to load balancing in
SDN networks using conventional routing algorithms.
The results showed that centralised management is effec-
tive in networks with constant and predictable traffic, but
its efficiency is significantly reduced at high load peaks.
The researchers emphasise that centralised systems have

129



Comparative analysis of load balancing methods...

limits on the speed of response to changes in the network,
which causes delays in processing requests. In this study,
it was found that centralised balancing ensures stable net-
work operation in environments with low traffic variability,
but its efficiency is significantly reduced in conditions of
high dynamics or under unexpected loads. F. Chahlaoui &
H. Dahmouni (2020) pointed to the problem of optimising
centralised load balancing in SDN networks, in particular,
in the context of using conventional routing algorithms.
The main objective of the study was to determine the effec-
tiveness of the centralised approach in conditions of con-
stant and predictable traffic, and to identify the limitations
of this approach when working with high load peaks, such
as traffic spikes or processing large amounts of data in real
time. The researchers focused on centralised approaches
under stable load, while the current study focused on flex-
ible and adaptive algorithms that can effectively respond
to variable conditions. In addition, the use of NFV and ma-
chine learning to optimise system performance under high
traffic peaks was analysed.

On the other hand, decentralised load balancing,
where each node of the network independently makes de-
cisions about traffic routing, demonstrated a high level of
adaptability to changes in load. In situations with extreme
load or unstable traffic, this method can significantly im-
prove response time and reduce the likelihood of conges-
tion on specific nodes. Z. Nezami et al. (2021) investigated
decentralised load balancing in SDN networks using mul-
ti-level traffic management techniques. They note that
the decentralised approach has a significant advantage in
the context of variable traffic, since each node can make
its own decisions. However, the researchers also pointed to
the problem of increasing delays and load on nodes with
a very large number of connected devices. These findings
partially coincide with the current ones, since the high
level of adaptability of the decentralised approach to var-
iable traffic was equally indicated. However, the current
study highlights the additional difficulties associated with
optimising power consumption and integrating with NFV
technologies, which was not emphasised by researchers.
However, decentralised systems require more sophisticated
algorithmic provisioning to maintain network balancing,
which can increase the load on individual nodes and cause
delays with high traffic volumes.

X. Jiang et al. (2021) examined the effectiveness of
using distributed balancing methods, including hash-
ing-based algorithms for traffic distribution. They obtained
a result that showed that distributed balancing gives better
results in large, heavily loaded networks compared to cen-
tralised control. This confirms current conclusions about
the importance of flexibility and scalability in networks,
but the researcher did not consider power consumption
and its impact on overall system efficiency. In the current
results, energy efficiency was an important component.

One of the most important aspects of the study was the
use of machine learning technologies to predict traffic and
optimise balancing processes. Algorithms that can predict
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network loads can reduce the likelihood of overloads and
optimise resource usage. S. Liang et al. (2020) examined
the role of machine learning algorithms in load prediction
for traffic balancing in SDN networks. They found that us-
ing machine learning can reduce the likelihood of network
congestion by predicting the load using models based on
historical data. However, they also noted that the accuracy
of such forecasts depends on the quality and relevance of
training data. This is especially true for complex and dy-
namic networks, where changes in traffic can be unpredict-
able. The results are completely consistent with current
data on the importance of machine learning for load fore-
casting. Both studies pointed to limitations related to the
relevance of data, but the current one has added an aspect
of using hybrid approaches to improve adaptability to new
situations, which the researchers did not provide.

The study also drew attention to aspects of energy
efficiency in load balancing. The use of NFV technologies
reduces power consumption by virtualising network func-
tions, which reduces the need for specialised hardware.
However, when using virtual load balancers, there may be an
increase in power consumption compared to conventional
hardware solutions. T.V.K. Buyakar et al. (2019) investigat-
ed the efficiency of using network function virtualisation
for load balancing. They concluded that virtualisation can
significantly reduce hardware costs and improve network
scalability. However, virtualisation processes can be ener-
gy-intensive and require additional optimisation to max-
imise efficiency. The researchers’ findings coincide with the
current results regarding the energy intensity of virtualis-
ation and the need to optimise it. However, in the current
study, more attention is paid to integrating NFV with other
technologies to improve energy efficiency, which was not
indicated in the paper by T.V.K. Buyakar et al. This indicates
the need for additional optimisation of energy aspects in
the design of networks based on SDN and NFV. R. Moosa-
vi et al. (2021) investigated the effectiveness of SDN and
NFV integration in the context of energy conservation.
They found that these technologies can reduce the overall
power consumption of networks, but require detailed con-
figuration to avoid unnecessary power consumption due to
excessive virtualisation. The results of the study under con-
sideration and the current one partially coincide in terms
of energy consumption. However, the current study focuses
more on load balancing, and it notes that energy aspects
are only part of the overall network optimisation strategy.
The integration of these technologies with other modern
methods, such as multichannel or hybrid networks, opens
up new opportunities for achieving greater flexibility and
scalability. For example, using hybrid cloud environments
with dynamic resource allocation capabilities can further
improve load balancing efficiency.

U.K.Jena et al. (2022) focused on comparing different load
balancing methods in hybrid networks that use both phys-
ical and virtual resources. They found that hybrid networks
can provide high flexibility and adaptability, but the com-
plexity of managing such networks increases significantly.
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Comparison with current results shows similarities in under-
standing the importance of flexibility in load balancing, but
emphasis has been added on using machine learning to im-
prove the management of such networks, which is a more
detailed approach in the current study. O. Pidpalyi (2024)
analysed the prospects for integrating machine learning al-
gorithms to optimise routes and traffic in the telecommu-
nications industry. According to his conclusions, the use of
these technologies helps to increase network performance
by reducing latency and improving throughput by predict-
ing traffic changes based on historical data. This is very
similar to the current results, which also focused on using
machine learning to predict the load, but the researcher
did not consider factors such as power consumption and
cost of calculations when implementing such algorithms.
A.A. Tbrahim et al. (2020) investigated the application of
load balancing methods using a centralised controller in
SDN/NFV environments. The main focus was on reducing
latency and power consumption, which are also important
aspects in this paper. However, in contrast to the current
results, the researcher did not factor in changing load con-
ditions and mainly considered stable traffic, which limits
their approach to dynamic networks. They also empha-
sised the importance of using less energy-intensive meth-
ods, such as those with the lowest latency, which is partly
similar to current data on energy efficiency, but his method
provided less flexibility when adapting to changes in traffic.

Based on the results of the discussion, it can be con-
cluded that the optimal approach to load balancing de-
pends on the specific conditions and requirements for the
network. In the future, it is worth continuing to work on
integrating machine learning to provide greater flexibility
and efficiency in balancing processes. SDN and NFV tech-
nologies have great potential to improve network perfor-
mance, but it is necessary to consider the specifics of infra-
structure and traffic to maximise their efficiency.

Conclusions

The study was aimed at comparative analysis of load bal-
ancing methods based on SDN and NFV technologies, with
an emphasis on their efficiency and compliance with mod-
ern requirements for energy efficiency and adaptability in
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was revealed that centralised management methods have
advantages in energy consumption, but they are inferior
in performance in conditions of distributed resources. In
addition, decentralised approaches, although require high-
er power consumption, provide high adaptability, which
makes them optimal for scenarios with high resource allo-
cation. The method of the lowest delay has shown its effec-
tiveness in conditions of stable traffic, while meeting the
requirements of energy efficiency.

The study showed that SDN/NFV is the most effec-
tive for such networks. They combine centralised and de-
centralised management architectures, providing a bal-
ance between power consumption and adaptability in a
variable traffic environment. Such methods can provide
high performance, reduce latency, and optimise power
consumption depending on specific usage conditions.
In addition, combined approaches help to reduce infra-
structure costs and improve overall network efficiency.
Overall, the study confirmed the importance of consider-
ing energy constraints and dynamic traffic requirements
when choosing balancing methods in SDN/NFV networks,
which can significantly increase their efficiency and pro-
ductivity, and optimise energy and resource costs in the
face of constant data growth.

The prospects for further research are to expand sce-
narios for testing load balancing methods in real-world en-
vironments, in particular in 5G, IoT, and cloud computing
networks, and to implement machine learning for auto-
matic traffic optimisation. In addition, an important area is
to improve the energy efficiency of decentralised systems
and integrate SDN/NFV with the latest technologies, such
as blockchain and quantum computing.

Acknowledgements
None.

Funding

The study received no funding.

Conflict of Interest
None.

[1] Adoga, H.U., & Pezaros, D.P. (2022). Network function virtualization and service function chaining frameworks:
A comprehensive review of requirements, objectives, implementations, and open research challenges. Future Internet,

14(2), 59. doi: 10.3390/£114020059.

[2] Alenezi, M., Almustafa, K., & Meerja, K.A. (2019). Cloud based SDN and NFV architectures for IoT infrastructure.
Egyptian Informatics Journal, 20(1), 1-10. doi: 10.1016/j.€ij.2018.03.004.

[3] Billingsley, J., Miao, W., Li, K., Min, G., & Georgalas, N. (2020). Performance analysis of SDN and NFV enabled
mobile cloud computing. In GLOBECOM 2022 — 2022 IEEE Global Communications Conference (pp. 1-6). Taipei: IEEE.

doi: 10.1109/globecom42002.2020.9322530.

[4] Bonfim, M.S., Dias, K.L., & Fernandes, S.F. (2019). Integrated NFV/SDN architectures: A systematic literature review.
ACM Computing Surveys (CSUR), 51(6), article number 114. doi: 10.1145/3172866.

[5] Buyakar, T.V.K., Agarwal, H., Tamma, B.R., & Franklin, A.A. (2019). Prototyping and load balancing the Service Based
Architecture of 5G core using NFV. In 2019 IEEE Conference on Network Softwarization (pp. 228-232). Paris: IEEE.

doi: 10.3233/jifs-189706.

Information Technologies and Computer Engineering, 2025, 22(1)

131


https://doi.org/10.3390/fi14020059
https://doi.org/10.1016/j.eij.2018.03.004
https://doi.org/10.1109/globecom42002.2020.9322530
https://doi.org/10.1145/3172866
https://doi.org/10.3233/jifs-189706

Comparative analysis of load balancing methods...

[6] Chahlaoui, F., & Dahmouni, H. (2020). A taxonomy of load balancing mechanisms in centralized and distributed SDN
architectures. SN Computer Science, 1, article number 268. doi: 10.1007/s42979-020-00288-8.

[7] Das, A., Nanda, P., Jain, R., Saini, T., Bhaskar, S., & Mohapatra, H. (2025). Security considerations of SDN networks
during DDoS Attacks in load balancing. In Human impact on security and privacy: Network and human security, social
media, and devices (pp. 123-140). Hershey: IGI Global. doi: 10.4018/979-8-3693-9235-5.ch007.

[8] Filali, A., Mlika, Z., Cherkaoui, S., & Kobbane, A. (2020). Preemptive SDN load balancing with machine learning
for delay sensitive applications. IEEE Transactions on Vehicular Technology, 69(12), 15947-15963. doi: 10.1109/
TVT.2020.3038918.

[9] George, J. (2022). Optimizing hybrid and multi-cloud architectures for real-time data streaming and analytics:
Strategies for scalability and integration. World Journal of Advanced Engineering Technology and Sciences, 7(1),
174-185. doi: 10.30574/wjaets.2022.7.1.0087.

[10] Giri, N.,Kukreja, V., Panchi, D., Sajnani, J., & Seedani, H. (2018). Performance evaluation of load balancing algorithms
for SDN. In 2018 Fourth international conference on computing communication control and automation (pp. 1-4). Pune:
IEEE. doi: 10.1109/ICCUBEA.2018.8697762.

[11] Ibrahim, A.A., Hashim, F., Noordin, N.K., Sali, A., Navaie, K., & Fadul, S.M. (2020). Heuristic resource allocation
algorithm for controller placement in multi-control 5G based on SDN/NFV architecture. IEEE Access, 9, 2602-2617.
doi: 10.1109/ACCESS.2020.3047210.

[12] Jena, U.K., Das, P.K., & Kabat, M.R. (2022). Hybridization of meta-heuristic algorithm for load balancing in cloud
computing environment. Journal of King Saud University-Computer and Information Sciences, 34(6), 2332-2342.
doi: 10.1016/j.jksuci.2020.01.012.

[13] Jiang, X., Yang, H., Yang, Y., & Chen, Z. (2021). Cluster load balancing algorithm based on dynamic consistent hash.
Journal of Intelligent & Fuzzy Systems, 41(3), 4461-4468. doi: 10.3233/jifs-189706.

[14] Kaur, K., Mangat, V., & Kumar, K. (2020). A comprehensive survey of service function chain provisioning
approaches in SDN and NFV architecture. Computer Science Review, 38, article number 100298. doi: 10.1016/j.
cosrev.2020.100298.

[15] Lakhani, G., & Kothari, A. (2020). Fault administration by load balancing in distributed SDN controller: A review.
Wireless Personal Communications, 114(4), 3507-3539. doi: 10.1007/s11277-020-07545-2.

[16] Liang, S., Jiang, W., Zhao, F., & Zhao, F. (2020). Load balancing algorithm of controller based on SDN architecture
under machine learning. Journal of Systems Science and Information, 8(6), 578-588. doi: 10.21078/JSSI-2020-578-11.

[17] Monir, M.F., & Pan, D. (2021). Exploiting a virtual load balancer with SDN-NFV framework. In 2021 IEEE
international Black Sea conference on communications and networking (pp. 1-6). Bucharest: IEEE. doi: 10.1109/
BlackSeaCom52164.2021.9527807.

[18] Moosavi, R.,Parsaeefard, S.,Maddah-Ali, M.A., Shah-Mansouri, V., Khalaj, B.H., & Bennis, M. (2021). Energy efficiency
through joint routing and function placement in different modes of SDN/NFV networks. Computer Networks, 200,
article number 108492. doi: 10.1016/j.comnet.2021.108492.

[19] Nawaz, H., Ali, M.A., Rai, S.I., & Magsood, M. (2024). Comparative analysis of cloud based SDN and NFV in 5g
Networks. The Asian Bulletin of Big Data Management, 4(1), 206-216. doi: 10.62019/abbdm.v4i1.114.

[20] Nezami, Z., Zamanifar, K., Djemame, K., & Pournaras, E. (2021). Decentralized edge-to-cloud load balancing: Service
placement for the Internet of Things. IEEE Access, 9, 64983-65000. doi: 10.1109/ACCESS.2021.3074962.

[21] Pidpalyi, O. (2024). Future prospects: Al and machine learning in cloud-based SIP trunking. Bulletin of Cherkasy State
Technological University, 29(1), 24-35. doi: 0.62660/bcstu/1.2024.24.

[22] Ray, P.P., & Kumar, N. (2021). SDN/NFV architectures for edge-cloud oriented IoT: A systematic review. Computer
Communications, 169, 129-153. doi: 10.1016/j.comcom.2021.01.018.

[23] Rout,S.,Patra, S.S., Patel, P., & Sahoo, K.S. (2020). Intelligent load balancing techniques in software defined networks:
A systematic review. In 2020 IEEE international symposium on sustainable energy, signal processing and cyber security
(pp. 1-6). Gunupur Odisha: IEEE. doi: 10.1109/iSSSC50941.2020.9358873.

[24] Song, Z., Sun, Y., Wan, J., Huang, L., & Zhu, J. (2019). Smart e-commerce systems: Current status and research
challenges. Electronic Markets, 29, 221-238. doi: 10.1007/s12525-017-0272-3.

[25] Tache, M.D., Pascutoiu, O., & Borcoci, E. (2024). Optimization algorithms in SDN: Routing, load balancing, and delay
optimization. Applied Sciences, 14(14), article number 5967. doi: 10.3390/app14145967.

[26] Thajeel, T.G., & Abdulhassan, A. (2021). A comprehensive survey on software-defined networking load balancers.
In 2021 4th international Iraqi conference on engineering technology and their applications (pp. 1-7). Najaf: IEEE.
doi: 10.1109/1ICETA51758.2021.9717919.

[27] Tipantuna, C., & Hesselbach, X. (2020). NFV/SDN enabled architecture for efficient adaptive management of
renewable and non-renewable energy. Open Journal of the Communications Society, 1, 357-380. doi: 10.1109/
OJCOMS.2020.2984982.

132 Information Technologies and Computer Engineering, 2025, 22(1)


https://doi.org/10.1007/s42979-020-00288-8
https://doi.org/10.4018/979-8-3693-9235-5.ch007
https://doi.org/10.1109/TVT.2020.3038918
https://doi.org/10.1109/TVT.2020.3038918
https://doi.org/10.30574/wjaets.2022.7.1.0087
https://doi.org/10.1109/ICCUBEA.2018.8697762
https://doi.org/10.1109/ACCESS.2020.3047210
https://doi.org/10.1016/j.jksuci.2020.01.012
https://doi.org/10.3233/jifs-189706
https://doi.org/10.1016/j.cosrev.2020.100298
https://doi.org/10.1016/j.cosrev.2020.100298
https://doi.org/10.1007/s11277-020-07545-2
https://doi.org/10.21078/JSSI-2020-578-11
https://doi.org/10.1109/BlackSeaCom52164.2021.9527807
https://doi.org/10.1109/BlackSeaCom52164.2021.9527807
https://doi.org/10.1016/j.comnet.2021.108492
https://doi.org/10.62019/abbdm.v4i1.114
https://doi.org/10.1109/ACCESS.2021.3074962
https://doi.org/10.62660/bcstu/1.2024.24
https://doi.org/10.1016/j.comcom.2021.01.018
https://doi.org/10.1109/iSSSC50941.2020.9358873
https://doi.org/10.1007/s12525-017-0272-3
https://doi.org/10.3390/app14145967
https://doi.org/10.1109/IICETA51758.2021.9717919
https://doi.org/10.1109/OJCOMS.2020.2984982
https://doi.org/10.1109/OJCOMS.2020.2984982

Berestovenko

[28] Zarca,A.M.,Bernabe,].B., Trapero,R.,Rivera,D., Villalobos,]., Skarmeta, A., & Gouvas, P. (2019). Security management
architecture for NFV/SDN-aware IoT systems. IEEE Internet of Things Journal, 6(5), 8005-8020. doi: 10.1109/
JI0T.2019.2904123.

[29] Zhou, Q., Yu, J., & Li, D. (2021). A dynamic and lightweight framework to secure source addresses in the SDN-based
networks. Computer Networks, 193, article number 108075. doi: 10.1016/j.comnet.2021.108075.

[30] Zhu, L., Karim, M.M., Sharif, K., Xu, C., Li, F., Du, X., & Guizani, M. (2020). SDN controllers: A comprehensive analysis
and performance evaluation study. ACM Computing Surveys (CSUR), 53(6), article number 133. doi: 10.1145/3421764.

MopiBHaNbHMIA aHaNi3 MeToAiB 6ANAHCYBAHHS HOBAHTA)KEHHS
Ha ocHoBi SDN/NFV

OnekcaHpp bepecTtoBeHKko

AcnipaHT

HauioHAnbHWA TEXHIYHWI YHIBEpCUTET YKPAIHK «KUIBCbKMIA MONITEXHIYHMIA IHCTUTYT iMeHiI Iropst CikOopCbKoro»
03056, npocn. bepecTtencekuin, 37, M. Kuis, YkpaiHa

https://orcid.org/0000-0003-4887-4674

AHoTauig. MeToio mocTigkeHHsT 6y/0 BM3HAUEHHs [epeBar Ta HEeMOJIKIB 3aCTOCYBaHHsS METOMIB GajaHCyBaHHS
HaBaHTaskeHHsI B Mepeskax Ha OCHOBi TexHosoriit Software-Defined Networking ta Network Functions Virtualization.
OxpemyyBary6y/0 IpuIiIeHO MOPiBHSIHHIO e(eKTUBHOCTI Pi3HUX ITiIX0/1iB 10 6a/aHCyBaHHSI, 30KpeMa LIeHTPasi30BaHMUX
Ta IUCTPUOYTUBHUX METOiB,a TAKOK BUKOPMCTAHHIO iHTeIeKTyaabHUX aITOPUTMIB 1151 TPOTHO3yBaHHS HABAHTaKeHHSI.
AHasti3 003BOMMB BU3HAUUTU MepeBaru Ta HeJOoMiKM KOXXHOIO 3 MeTO/IiB, a TAKOX iXHi MOKIMBOCTI IJIs1 afanTaiiii g0
3MiHHMX YMOB MepeskeBOT0 TpadiKy, 3 ypaxyBaHHSM TaKUX MapaMeTpiB, SIK MPOMYCKHA 30aTHICTb, 3aTPMMKH, BTpaTa
nakeTiB Ta eHeproedeKTUBHICTb. Y pO6OTI PO3MISIHYTO MeTOAM GanaHCyBaHHS HABaHTaXKeHHSI B MepeskaxX Ha OCHOBI
texHosoriit Software-Defined Networking Ta Network Functions Virtualization, siki € BaskiMBuMu 151 3a6e3Me4eHHsT
edexTMBHOCTI, MacuITabOBaHOCTI Ta aJANITUBHOCTI CydacHUX Mepesk. OMMCaHO KIIOYOBi BUKINKHA, 3 IKUMU CTUKAIOThCS
1[i TeXHOJIOTI{, TaKi IK IMHAMiUHiCTb i Hemepenb6auyBaHicTh Tpadiky, omTMMizallis pecypcis, eHeproe@eKTUBHICTb, a
TaKOK iHTerpailist iHTeJeKTyaJlbHIX aITOPUTMIB IJ1sI TPOrHO3YyBAHHS HABAHTAXKEHHS | 3MeHIIIeHHS eHeprOCIIOKMBaHHSI.
V nocnimKkeHHi mpeCTaBaAeHO IOPiBHSHHS Pi3HMX MeTOAiB 6a/1aHCyBaHHS HABAHTaKeHHSI, BK/IIIOUAI0UM IIeHTpati3oBaHe
Ta OUCTPUOYTUBHE yNpaBaiHHS Tpadikom, a TAaKOXX BUKOPUCTAHHS BipTyaJbHUMX OalaHCyBadbHUKIB i aJalTUBHUX
aITOPUTMIB MepecnpsmMmyBaHHs Tpacdiky. Oco6iuBy yBary IpuAiJeHO aHalli3y BIUIMBY LIMX METOAIB Ha MPOIYCKHY
3IATHICTh, 3aTPUMKM, BTPATH MaKkeTiB i eHeproe@eKTUBHICTh y pisHUX yMOBax Tpadiky. PO3IISIHYTO pO/ib MAIIMHHOTO
HaBYaHHS B ONTMMI3alii mpoieciB OajaHCyBaHHS HaBaHTa)KEHHS, a TAKOX MOX/IMBOCTI iHTerpanii Software-
Defined Networking Ta Network Functions Virtualization y ri6puaHi Mepexi. 3rizHo 3 pe3yabTaTamMy IOCTiIKEeHHS,
BMKOPUCTaHHS MeTofiB GanmaHCyBaHHSI Ha ocHOBi Software-Defined Networking/Network Functions Virtualization
I03BOJISIE 3HAUHO MiABUIIUTU e(DeKTUBHICTh MepeX, 3MEHIINTY 3aTPUMKM Ta 301MbLIINTH MPOMYCKHY 30aTHICTb, TIPU
[IbOMY 3HMKYIOUM €HeProCIIOXKMBAHHS B YMOBax BMCOKMX HaBaHTaXXeHb. BMBeleHO KIOUOBi pe3ynbTaTyl Ij1st YKpainu,
ne interpanis Software-Defined Networking/Network Functions Virtualization y TeekoMmyHikaiiiiny iHbpacTpyKkTypy
MOYKe CTaTM OCHOBOIO JIJIsl TIiABUILEHHS SIKOCTi MOC/IYT, ONTUMIi3allii BUTpaT Ta 3a6e3meyeHHs BUCOKOTO PiBHS 6e3meKu
B yMoBax 1udpoBoi Tpanchopmariii Ta MmogepHisauii indpacTpykTypu

KniouoBi cnoBa: Bipryanisaiiist GbyHKIii Mepexi; iHTeJeKTyalbHi aJrOpMTMM; OINTUMIsallisi pecypcis; ribpumui
CTPYKTYpH; eHeproedeKTUBHICTb
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