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MODERN TRENDS IN THE FIELD OF FUNCTIONAL STABILITY
OF COMPLEX SYSTEMS

Abstract. This paper explores the concept of functional resilience in organizations, highlighting its
importance in management and strategic development. Functional resilience is a relatively new concept
aimed at addressing the shortcomings of traditional analytical approaches, which often fail to consider
critical aspects such as flexibility, adaptability, stability, endurance, and the ability to respond to
challenges that may arise during the functioning of organizational structures. The key components of
functional resilience include the organization's ability to effectively tackle tasks in various scenarios and
conditions, such as economic changes, personnel reshuffles, technological transformations, and other
adverse impacts. Effective communication and internal coordination are essential to avoid problems in
management processes and interactions between structural units. Ensuring operational reliability, the
soundness of decisions, and the ability to adapt to unforeseen circumstances are fundamental elements of
organizational resilience. Functional resilience requires a systematic approach to risk management,
strategic planning, and the development of a culture of continuous improvement and adaptation. In addition
to functional resilience, other important system characteristics include robustness, fault tolerance, and
reliability, which together ensure the effectiveness and long-term stability of the system. The paper also
investigates the interrelationships and differences between reliability, functional resilience, and robustness,
emphasizing the need for integrated approaches to managing complex systems. Developing methods and
tools to ensure functional resilience is a critical task for organizations aiming to achieve stability and
success in an environment of constant change and uncertainty.
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Introduction

Functional resilience of complex systems is a key
characteristic that determines their ability to adapt and
operate under external and internal disturbances. In
today's world, technological and social changes lead to
increased system complexity, requiring new approaches
to their analysis and management. Consequently, new
scientific and engineering paradigms, methodologies,
and technologies are emerging, aimed at ensuring high
levels of resilience and reliability in complex systems.

In addition to functional resilience, systems possess
other important characteristics such as robustness, fault
tolerance, and reliability. These terms are often
interrelated, and their successful combination can be
crucial for ensuring the system's effectiveness and long-
term stability. System reliability is associated with its
ability to perform its functions without failure over a

specified period, focusing on avoiding breakdowns and
ensuring continuous operation.

Functional resilience implies the system's ability to
maintain its functions in the face of failures or abnormal
situations, emphasizing the importance of normal
operation even when problems arise. Robustness
includes aspects of adaptability, flexibility, and the
ability of the system to successfully cope with
environmental changes, crises, or attacks. It is
characterized by the system's ability to survive and adapt
to variable and complex conditions, preserving its core
functions even under adverse factors.

Another important characteristic is strength or
robustness, defined as the system's ability to remain
stable and functional under a given set of difficulties,
maintaining the stability of its structure. On the other
hand, anti-fragility reflects the system's ability not only
to withstand stress and negative impacts but also to benefit
from them, becoming stronger and more developed.
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The main material of the article

The study of functional sustainability in
organizations is an important aspect in management and
strategic development. This concept is relatively new and
aims to eliminate the shortcomings of analysis
approaches that do not take into account such key aspects
as flexibility, adaptability, stability, endurance and
response to challenges that may arise during the
functioning of organizational structures.

One of the main requirements for functionally
sustainable organizations is their ability to effectively
solve tasks under different scenarios and conditions. This
may include changes in the economic environment, staff
turnover, technological transformations and other
negative impacts. An organization's ability to adapt to
change and maintain stability is key to its long-term
success.

The functional stability of the organization is also
related to the effectiveness of communication and
internal coordination, which allow avoiding problems in
management processes and interaction between
structural parts. Ensuring the reliability of operations, the
acceptability of decisions and the ability to effectively
adapt to unforeseen circumstances are key components
of the functional sustainability of organizations.

Important is the idea that the property of functional
sustainability in organizations requires a systemic
approach to risk management, strategic planning and an
internal culture aimed at continuous improvement and
adaptation. Functional stability of organizations is an
important indicator of their ability to function
successfully in conditions of change and turbulence.

In addition to functional stability, systems have
other important characteristics such as survivability, fault
tolerance, and reliability [1]. These terms are often
interrelated, and their successful combination can be
critical to ensuring the effectiveness and long-term
sustainability of the system. These are concepts that may
overlap in certain aspects, but they indicate different
characteristics of systems and processes.

The reliability of the system is related to its ability
to perform its functions without failures during a certain
period of time. With a focus on avoiding failures and
ensuring uninterrupted system operation. This definition
is confused with Functional Sustainability in English-
language traditions [2].

Functional stability implies the system's ability to
maintain the performance of its functions in conditions of
failure or abnormal situations. Focused on ensuring the
normal operation of the system, even if events occur that
can affect its operation.

Resiliency includes aspects of adaptability,
flexibility and the ability of a system to successfully cope
with changes in the external environment, crises or
attacks. The system's ability to survive and adapt under

changing and complex conditions. The ability of the
system to maintain its, at least, basic functions under the
influence of negative environmental factors that go
beyond the design operating conditions. Simply put, it is
the property of a system to continue to work and perform
tasks even under undesirable circumstances, although the
quality of performance may suffer [3].

So, reliability focuses on avoiding failures and
ensuring stable operation of the system under normal
conditions, functional stability focuses on maintaining
the functionality of the system even when problems
occur, and survivability covers aspects of adaptability
and survival in changing environments or extreme
conditions.

Also, in [4], the concepts Stability of functioning
and functional stability are separated. Functional stability
characterizes the system's ability to maintain its basic
functions in the presence of random errors, failures, or
other random events. While Functional stability
determines the extent to which the system can perform its
functions under the influence of random events, failures
or external factors.

The idea of "functional stability", its definition and
the main principles of guaranteeing this stability were
first presented in the scientific publications of O.A.
Mashkov, dedicated to solving specific tasks of
managing complex autonomous systems. It was
established that the key condition for ensuring this
property is the ability to redistribute available resources
within the system itself.

In [5], the problems that arose during the
development of complex autonomous technical systems,
especially in the aviation industry, are considered, and
they indicate the inefficiency of traditional methods of
ensuring reliability. Instead of simply increasing
reliability through redundancy, an approach based on
functional resilience is proposed, which allows the
system to effectively respond to emergency situations
and ensure the performance of its functions. It is specified
that the basis for this is the ability to redistribute
resources within the system.

To ensure the functional stability of a system,
whether it is a business process, software or other system,
it is important to implement effective monitoring and
forecasting. Algorithms for system control are described
in work [6].

In many studies, functional sustainability is
considered in the context of technical systems such as
computer networks, information and telecommunication
systems, systems of automatic management of
autonomous objects, etc. Moreover, the issue of
functional stability in the context of organizations is no
less important [7].

The stability of the organization is determined by its
ability to function effectively, adapt to changes in the
environment and avoid risks and crisis situations [8].
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From the point of view of organizations, in the context of
sustainability, more attention is paid to such aspects as
economic sustainability, financial sustainability, risk
management, etc.

In the Western infofield, considerable attention is
paid to such a concept as business continuity [9]. It is a
management system that aims to protect against failures,
reduce their probability, prepare for them, respond to and
recover from various types of failures. Also, such
important concepts as Operational sustainability and
Organizational sustainability are highlighted.

Also distinguish such a characteristic of the system
as strength or robustness [10]. Robustness can be
considered as the ability of a system to remain stable and
functional under a given set of difficulties, while
maintaining the stability of its structure. Resilience, on
the other hand, is defined as the ability of a system to
adapt and recover from adversity, maintaining its ability
to perform its functions even when conditions or
influences change. Thus, robustness focuses on
maintaining stability, while resilience emphasizes the
ability to adapt and recover.

In work [11] such a characteristic as antifragility is
emphasized. Anti-fragility reflects the concept that a
system is not only resistant (robust) to stresses or
negative influences, but also benefits from their
influence, strengthens and develops. An anti-fragile
system gets a boost in benefits from testing and pressure.
The main idea of anti-fragility is that the system is not
only able to withstand pressure and stress, but reacts to
these factors, becomes stronger, optimizes its structure
and functions, adapts and improves. The natural
processes of evolution, where organisms become adapted
and improved through natural selection, can be seen as an
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example of antifragility. In the context of organizational
management and business, antifragility can mean a
company's ability not only to survive difficulties, but also
to use them to improve and strengthen its position in the
market [12].

An important aspect of the development of the
direction of functional sustainability of the organization
is the formalization of the measurement of organizational
sustainability. In [13], a scale for measuring
organizational sustainability was developed and
described. This can contribute to the further development
of quantitative research in the field of organizational
sustainability and its relationship with other factors.

In [14], organizational sustainability is presented as
a concept that includes five levels, starting from visible
features and ending with the root sources for the survival
of the organization. Here, organizational sustainability is
a multidimensional phenomenon that can be understood
as traits, processes, capabilities, and resources
simultaneously.

The lack of consensus on how to measure
organizational sustainability indicates uncertainty in
approaches and methods for assessing this important
aspect of organizations' activity [15]. The variety of

proposed tools and approaches, which include
measurement by  organizational  characteristics,
performance, or recovery from failure, indicates

ambiguity in the understanding and assessment of the
term "sustainability". This situation determines the need
for further research and development of uniform
standards or methodologies that will contribute to the
creation of more objective and universal mechanisms for
measuring organizational sustainability.
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Figure — Fragile, antifragile and robust system behaviour to stress [11]
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Conclusions

The study of functional stability in organizations
represents an important aspect of management and
strategic development. Functional sustainability aims to
eliminate shortcomings in existing analytical approaches
that do not take into account such key aspects as
flexibility, adaptability, stability, endurance and
responsiveness to challenges that may arise during the
functioning of organizational structures.

Based on the authors' analysis of functional
sustainability in organizations, a comprehensive
framework is proposed that emphasizes key aspects and
their main characteristics. Opportunities to use
systematic approaches to risk management, strategic

planning and improving internal culture to ensure
continuous improvement and adaptation are considered.

The authors identified a number of tasks that require
formalization, algorithmization, and development of
tools for measuring organizational sustainability. These
tasks include risk identification and management,
strategic scenario planning, and building a culture of
continuous improvement.

The set of problems identified by the authors is a
prerequisite for further formalization and development of
a single standard or methodology for measuring
organizational sustainability. The proposed framework
will contribute to organizations' ability to adapt, endure
and thrive in the face of change and turbulence,
ultimately enhancing their long-term success.
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CYYACHI TEHAEHIIIT 3ABE3IIEYEHHA ®YHKIIIOHAJIBHOI CTIMKOCTI
CKJIAJTHUX OPTAHIBAIIIMHUX CUCTEM

Anomauia. 'V yiu pobomi Oocniddceno KoHyenyilo (DYHKYIOHANbHOI CMIUKOCMI 6 Opeani3ayisix 3 HA20NOCOM HA it
BANCIUBOCI 8 YNPAGIIHHI MA CMpameiuHoMy po3eumky. QYHKYIOHAIbHA CMITIKICMb € 8BIOHOCHO HOBOK KOHYENYIEH0, IKA MA€ HA
Memi yCYHYmu HeOOiKY MpaouyiiuHux aHarimuyHux nioxoois, wo 4acmo He 6paxo8yoms maKi KPUMu4Hi acnekmu, K 2Hy4Kicma,
aoanmueHicms, cmabdilbHicmb, SUMPUEANICG MA 30AMHICMb peazysamu Ha SUKIUKU, AKI MOJXCYMb SUHUKHYMU Ni0 dac
@yHryionyeanmns opeanizayitinux cmpykmyp. Knouosumu komnonenmamu GyHKyionanvuoi cmitikocmi € 30amuicms opeanizayii
ehexmu6Ho eupiuyeamu 3a80aHHS 8 PIHUX CYEHApIAX | YMOBAX, MAKUX 5K EKOHOMIYHI 3MIHU, KAOpOGi NepecmaHosKu,
MexXHOA02TUHI mpancpopmayii ma iHwi necamusHi enausu. Egexmuena komynixayis i 6HympiwiHs KOOpOUHAyis € axiCIUSUMU OJis
VHUKHEHHs npoOaeM 8 YNPAGIIHCbKUX Npoyecax ma 63aemMooii Mixc cmpyKmypHumu niopozoinamu. 3abesneuenHs HAOIUHOCMI
onepayiii, 06IpyHmoganocmi piuienb ma 30amHOCmi a0anmysamucs 6 HenepeobaueHux 06CMasuUHax € OCHOBHUMU eleMeHmamu
opeamizayiinoi cmitikocmi. @YHKYIOHANbHA CMIUKICMb CKAAOHUX OP2AHI3AYIUHUX CUCTHEM GUMA2AE CUCMEMHO20 Ni0X00dy 00
VAPAGNIHHA PUBUKAMU, CMPAME2iYH020 NAAHYS8AHHA [ PO3GUMKY KyAbmypu HOCMIliHO20 800CKOHanenus u aoanmayii. Kpiu
@ynryionanvnoi cmitikocmi, iHWI  8AdICTUGI XAPAKMEPUCTNUKU CUCTEM GKIIOYAIOMb  JICUBYYICMb, GIOMOBOCMIlKICMb Ma
Haoiunicmy, sKi pazom 3a6e3neuyroms epekmugHicms i 00620CMPOKO8Y cMabiNbHICMb cucmemu. Y pobomi makoic 00CHioNHceHo
83A€MO036'A3KU | BIOMIHHOCII MidiC HAOIUHICMIO, QYHKYIOHATLHOIO CMIUKICMIO MA JICUBYHICIIO, WO NIOKPECTIOE HeobXIOHICMb
iHmezposaHux nioxoodie 00 YNpaeniHHA CKAAOHUMU cucmemamu. Pospobrenna memoodie ma incmpymenmie 015 3a0e3neyenus
@ynKyionanbHoi cmMitiIkocmi € 8aXiCIUBUM 3A80AHHAM Ol Opeanizayiil, SKi npazHyme 00cAemu cmadinbHocmi il YCnixy 6 ymosax
NOCMIUHUX 3MIH MA HeGU3HAYEHOCTI.

Kniouogi cnosa: ¢ynkyionanvna cmiikicms; opeanizayitina cucmema; AKiCmb @QYHKYIOHYBAHHA; OUIHKA pieHA
GUKOHAHHA YHKUYIL; eheKmueHicmv KOMNIEKCHOT cucmemu; 6UKOHAHHA QYHKYIT
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