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Abstract. In the paper, a probabilistic methodology for the quantitative evaluation of the dependability
of critical electrotechnical systems operating under destructive impacts is proposed. It is shown that tradi-
tional reliability and availability indicators are insufficient for describing system conduct under partial deg-
radation, complete loss of operability, and subsequent recovery processes.

Dependability is interpreted as an integral probabilistic property reflecting a system’s ability to retain
and restore critical functions under adverse conditions. A state-based Markov model is applied to describe
the evolution of the functional state through a finite set of functional states and probabilistic transitions.
Within this framework, dependability is characterized by three complementary probabilistic components:
retention of full operability under destructive impact, recovery after partial loss of functionality, and recov-
ery after complete loss of operability.

On this basis, a normalized integral dependability criterion bounded within the interval [0,1] is pro-
posed using weighted aggregation of the probability components. The proposed approach provides a rigor-
ous and flexible tool for comparative analysis and evaluation of critical electrotechnical systems with re-

spect to resilience and recoverability.
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Introduction

Critical-purpose electrotechnical systems in the
twenty-first century have become one of the key
foundations of the functioning of modern society.
Power supply systems, communication systems, data
centers, water and gas supply facilities, transport
infrastructure, and medical institutions form an in-
terconnected network, the failure of individual ele-
ments of which is capable of causing cascading dis-
ruptions in adjacent sectors and leading to severe
socio-economic consequences [1], [2]. Under condi-
tions of digitalization and increasing interdepend-
ence of infrastructures, even a short-term loss of
power supply can result in disproportionately large
losses.

Modern electrotechnical systems operate under
conditions of a growing number of destructive im-
pacts of various natures. These include natural disas-
ters (hurricanes, floods and earthquakes), technolog-
ical accidents, as well as anthropogenic factors asso-
ciated with operational errors and equipment ageing

[3]. In recent decades, targeted destructive impacts
characteristic of armed conflicts have acquired par-
ticular significance, within which critical infrastruc-
ture becomes the object of systematic attacks. The
practice of recent years demonstrates that power
supply and communications are often regarded as
priority targets, since their disruption leads to paral-
ysis of medical, food, municipal, and governance
systems.

Traditional approaches to the analysis of elec-
trotechnical systems predominantly rely on the con-
cepts of reliability and fault tolerance, oriented to-
wards random component failures and statistically
stationary operating conditions [4]. However, under
conditions of targeted and large-scale destructive
impacts, such models prove to be insufficient, since
they generally do not take into account degradation
dynamics, the possibility of partial loss of function-
ality, and the processes of system recovery after
severe damage. In response to these challenges, the-
scientific literature has actively developed the con-
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cepts of robustness and resilience, aimed at analyz-
ing the ability of infrastructures to withstand ex-
treme events and recover after them [5], [6].

Despite significant progress in the field of ana-
lyzing the robustness and protection of critical infra-
structures, the term ‘“dependability” is increasingly
used in engineering and scientific practice, intuitive-
ly reflecting the ability of a system to ensure the
performance of critically important functions under
destructive impacts. At the same time, this term does
not have a generally accepted rigorous definition and
is not accompanied by a unified set of quantitative
indicators that would allow an objective evaluation
of the level of dependability of electrotechnical sys-
tems. The absence of a formalized and measurable
criterion significantly limits the possibilities for
analysis, design, and management of such systems,
especially in the context of critical infrastructure.

It should be noted that in the absence of a quan-
titatively defined indicator it is impossible to cor-
rectly compare different system architectures, sub-
stantiate design decisions, and develop strategies for
increasing their resistance to destructive impacts.
Thus, the problem of dependability acquires not only
theoretical but also applied significance, being di-
rectly related to ensuring energy security and the
resilience of vital societal functions.

In this regard, the aim of this study is, first, to
formalize the concept of dependability with respect
to critical electrotechnical systems and, second, to
develop a clear, interpretable, and quantitatively
measurable criterion that makes it possible to evalu-
ate the ability of a system to retain and restore the
performance of its functions under destructive im-
pacts. Achieving this aim requires an analysis of
existing approaches to the evaluation of operability
and the identification of their methodological limita-
tions, which determines the content of the subse-
quent sections of the work.

1 State of the Art

In contemporary scientific literature, the con-
cept of “dependability” reflects the ability of a sys-
tem to provide the required level of service with a
predefined degree of confidence, encompassing as-
pects of reliability, availability, maintainability,
safety, and security, as well as mechanisms of fail-
ure prevention, fault tolerance, recovery, and dis-
turbance prediction [7]. An important methodologi-
cal consequence of this approach is that dependabil-
ity is not reduced to the “probability of failure-free
operation” or to a single reliability indicator: it pre-
supposes a multicomponent description of system
conduct over time, including functional degradation

and subsequent recovery, as well as consideration of
organizational and technological operational loops.
For critical electrotechnical systems, this is of par-
ticular importance, since their systemic operability is
determined not only by equipment failures, but also
by the availability of control and communication,
the operation of automation, and the capabilities for
rapid recovery.

The contemporary literature on power engineer-
ing has traditionally developed a set of reliability
indicators (SAIDI/SAIFI, ENS/EENS, LOLP/LOLE,
etc.) and adequacy and security models, which make
it possible to formally evaluate the probability of
power supply shortages and the expected duration or
frequency of outages. At the same time, when transi-
tioning to the analysis of the dependability of critical
systems, two persistent limitations become evident.
First, a significant proportion of reliability indicators
describe the averaged quality of power supply and
do not distinguish levels of functional degradation
(complete or partial loss of operability), nor do they
consider recovery dynamics as an independent com-
ponent of dependability. Second, classical metrics
prove to be insufficiently sensitive to scenarios of
rare but high-impact events (HILF), in which the
rate of degradation, the depth of functional loss, and
the speed and probability of recovery become deci-
sive [9-12]. For this reason, in recent year, alongside
“reliability” approaches, the direction of resilience
has been actively developing as a characteristic of a
system’s ability to withstand destructive impacts,
adapt to them, and recover [9-12], [18], [20], [21].
For the dependability of critical electrotechnical
systems, what is fundamental is not the terminologi-
cal distinction, but the fact that resilience approaches
effectively bring back into focus the phase structure
of an event: the pre-disturbance state, degradation,
the minimum level of functioning, and recovery to
normal operation [9], [10], [21].

A significant contribution to the formalization
of this phase logic has been made in works propos-
ing temporal metrics of degradation and recovery
and emphasizing the need to distinguish between the
“infrastructural” and “operational” components of
power system response [9]. An important methodo-
logical advantage of such approaches is that they
facilitate the interpretation of dependability as a
probabilistic process of transitions between func-
tional states. At the same time, even advanced resili-
ence metrics often remain oriented towards aggre-
gated integral indicators of losses or recovery time,
rather than towards a probabilistic decomposition of
dependability by key events of “retention of full
functionality / recovery after partial degradation /
recovery after complete loss”, that is, they do not
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provide a direct measurable criterion that naturally
supports a Markov (state-space) interpretation re-
quired for further formal analysis.

In review works devoted to resilience metrics,
the problem of the absence of a standardized frame-
work is emphasized: there are many metrics, but
they are often incomparable, and the choice of an
indicator is determined by modeling convenience
rather than by the completeness of the description of
dependability [11], [12], [21]. This is directly mani-
fested in the fact that a significant proportion of
publications focuses on a single dominant axis—for
example, expected energy not supplied or recovery
time — and thereby lose the distinction between sce-
narios in which the same “integral damage” is
achieved through fundamentally different trajecto-
ries of degradation and recovery. For critical infra-
structure, where threshold effects and cascading
consequences are important, this constitutes a sub-
stantial limitation. Thus, even in the presence of a
wide spectrum of resilience metrics, there remains a
methodological demand for a dependability criterion
that would be simultaneously meaningfully inter-
pretable for critical infrastructure and formally
measurable through state probabilities and transition
probabilities.

An additional dimension of the dependability of
modern power systems is associated with their trans-
formation into cyber-physical systems, in which
fault tolerance is determined not only by the physi-
cal network, but also by monitoring, communication,
and control loops. In works devoted to the impact of
digitalization, it is emphasized that the integration of
information and communication technologies (ICT)
increases observability and controllability, but at the
same time creates new classes of vulnerabilities and
failures capable of reducing systemic dependability
[12], [13]. Accordingly, operability criteria that do
not take into account failures of measurement, data
transmission, and control become methodologically
incomplete for critical systems. Review studies on
the reliability of cyber-physical layers show that
traditional component reliability must be comple-
mented by models of data failures, routing errors,
and disruptions in the operation of control centers,
since it is precisely these mechanisms that are capa-
ble of transferring a system into degraded states
without “classical” damage to power equipment
[12]. The systematization of policies and models of
cyber-physical power systems further fixes the gap
between engineering reliability models and the task
of comprehensive dependability as a property of a
“system of systems” [13].

At the applied level, this is manifested in the
development of reliability models of cyber-physical

power systems that take into account random fail-
ures of measurement and remote control, which di-
rectly leads to the need to describe the system
through a set of functional states and probabilistic
transitions between them [14]. Similarly, in distribu-
tion network problems, schemes are considered in
which the reliability of the power component be-
comes dependent on the characteristics of the com-
munication channel (including modern wireless
technologies), and dependability must be evaluated
as a result of the joint dynamics of “power engineer-
ing + communication” [22]. These works confirm a
general conclusion: for critical electrotechnical sys-
tems, functional resilience under destructive impacts
is determined not by a single indicator, but by a
combination of probabilities of transition into differ-
ent functional states and probabilities of recovery.

In parallel, literature on micro-energy systems
and microgrids is developing, where the presence of
distributed generation, storage, and islanded modes
creates a natural formulation of “full/partial opera-
bility” and “recovery/reconfiguration”. It is indica-
tive that in studies where a state-space apparatus is
directly applied and cyber failures are taken into
account, the formulation almost inevitably shifts to a
probabilistic description of degradation and recov-
ery, although the final metrics are often again col-
lapsed into traditional indices [24], [15]. Some
works explicitly position the analysis in terms of the
dependability of microgrids and use Markov con-
structions (including extensions such as fuzzy-
Markov), which demonstrates the compatibility of
Markov logic with the dependability problem [23].
At the same time, the question remains open as to
which specific comprehensive measurable dependa-
bility indicator should be considered adequate for a
critical electrotechnical system — such that it 1) pre-
serves the interpretation of “retention of full func-
tionality” and “recovery from degradation”, 2) can
be parameterized through state and transition proba-
bilities, and 3) allows comparison of different strate-
gies for enhancing resilience and recovery.

A number of works attempt to eliminate this
gap by extending traditional reliability towards op-
erations and maintenance management, emphasizing
that system “availability” is determined not only by
design decisions, but also by the life cycle, mainte-
nance policies, risk management, and recovery re-
sources [16]. Such reviews are important for the
analysis of dependability, as they reintroduce the
temporal component of recovery and organizational
constraints into the model. However, they generally
do not provide an explicit formal dependability crite-
rion that would be “embedded” in a probabilistic
model of the functional states of a critical system.
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Similarly, frameworks for measuring the resili-
ence of critical infrastructure in general fix the di-
versity of existing measurement approaches and the
need for comparable metrics, but do not propose a
specialized dependability criterion specifically for
electrotechnical systems, where the key issue is the
preservation of power supply and critical functions
under targeted destruction [17].

Contemporary reviews on power system resili-
ence and strategic measures for enhancing resilience
directly use the term dependability as one of the
target characteristics of resilient infrastructure and
emphasize that metrics are needed which support
comparison of solutions both in terms of the ability
to “withstand” and the ability to “rapidly and with a
defined probability recover” [20]. In a similar vein,
works aimed at achieving conceptual consensus on
resilience emphasize that metrics should reflect not
only final damage, but also the process properties of
degradation and recovery, since it is precisely these
that determine the real dependability of critical sys-
tems under HILF events and combined threats [18].
Finally, reviews on the cybersecurity of microgrids
directly link resilience and dependability with the
need to jointly account for attacks/failures and re-
covery scenarios, since control resilience becomes a
factor in preserving the power supply function for
critical loads [25]. For critical energy infrastructure
based on renewable energy sources, it is also empha-
sized that the growing role of such facilities requires
a comprehensive view of resilience, network integra-
tion, and cyber protection as elements of dependabil-
ity, rather than as separate “add-ons” to classical
reliability [26].

Taken together, the cited sources make it possi-
ble to draw a key conclusion for the formulation of
the problem addressed in this study: the literature
has established a general framework of dependabil-
ity as a multicomponent system property [7], devel-
oped approaches to resilience metrics that introduce
degradation and recovery as central elements of
evaluation [9-12], [18], [20], [21], and relies on
results concerning the cyber-physical nature of pow-
er systems and the need to account for failures of
measurement, communication, and control [12—15],
[22], [25]. At the same time, a methodological gap
remains: there is no single, easily interpretable, and
measurable comprehensive dependability criterion
for a critical electrotechnical system that would be
directly expressed through probabilities of functional
states and transitions between them (including reten-
tion of full operability under impact and probabili-
ties of recovery from partial and complete loss of
operability) and would thereby naturally support
Markov analysis. Eliminating this gap constitutes the

substantive basis of the research objective and the
subsequent development of a formal apparatus for
the evaluation of dependability.

Thus, the conducted analysis of contemporary
scientific approaches to the evaluation of operability,
reliability, robustness, and resilience of critical elec-
trotechnical systems indicates the presence of a sub-
stantial methodological gap between the large num-
ber of existing indicators and the absence of a single,
clearly formalized, and quantitatively measurable
dependability criterion that would adequately reflect
system behavior under destructive impacts. Existing
metrics either focus on averaged indicators of fail-
ures and service losses or describe degradation and
recovery through integral temporal characteristics
that largely depend on the choice of service function
and threshold values [9-12], [18], [21]. At the same
time, the literature insufficiently represents ap-
proaches that would make it possible to directly link
dependability with the probabilistic structure of the
system’s functional states and the processes of tran-
sition between them, in particular taking into ac-
count the distinction between retention of full opera-
bility under impact and recovery after partial or
complete loss of functionality.

In this regard, the further development of the
theory of dependability of critical electrotechnical
systems requires a clear formalization of the very
concept of dependability in terms compatible with
the contemporary dependability framework, as well
as the definition of requirements for a quantitative
indicator capable of reflecting both the states of sys-
tem functioning and the dynamics of its degradation
and recovery under destructive impacts. Such an
indicator should be interpretable from an engineer-
ing point of view, suitable for comparative analysis
of alternative architectures and protection strategies,
and formally linked to the probabilistic characteris-
tics of the system, which opens the possibility for
the application of rigorous methods of stochastic
analysis.

2 Formalization and Justification of the
Dependability Criterion for Critical
Electrotechnical System

Based on the analysis of contemporary ap-
proaches to the evaluation of operability and de-
pendability of critical electrotechnical systems, de-
pendability is appropriately considered as an integral
probabilistic characteristic that reflects a system’s
ability to retain and restore the performance of its
functions in the presence of destructive impacts.
Such an interpretation is consistent with the general-
ly accepted dependability framework and makes it
possible to move from qualitative descriptions to
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quantitative evaluation, which is necessary for com-
parative analysis of architectures, justification of
design decisions, and support of critical infrastruc-
ture management [27], [28].

A key modeling assumption of this study is the
assumption of the Markovian nature of processes in
the system, according to which the evolution of the
functional state of an electrotechnical system is de-
scribed by a Markov process. Within this assump-
tion, it is considered that the probabilities of transi-
tions between states depend only on the current state
of the system and do not depend on the prior history
of degradation or recovery. This makes it possible to
represent system behavior in the form of a finite set
of functional states corresponding to different levels
of operability, and a matrix of transition probabili-
ties between them, conditioned both by destructive
impacts and by recovery processes. The Markov
formulation is well established in problems of relia-
bility and dependability analysis of complex tech-
nical systems and provides a formally rigorous and
at the same time engineering-interpretable descrip-
tion [27], [29].

Within this formulation, dependability cannot
be adequately characterized by a single scalar indi-
cator such as the probability of failure-free operation
or the availability factor. The behavior of critical
electrotechnical systems fundamentally depends on
the depth of degradation and the recovery scenario,
which necessitates the identification of several com-
plementary components. For this purpose, dependa-
bility is proposed to be characterized by three prob-
abilistic components, each of which has a clear
physical and engineering interpretation.

The first component reflects the probability of
retaining full operability of the system under the
action of a destructive impact. For electrotechnical
systems, this quantity characterizes the ability of the
infrastructure to withstand the impact without transi-
tioning into a degraded state, that is, without losing
the ability to provide nominal power supply to criti-
cal loads. High values of this probability indicate the
effectiveness of structural redundancy, physical and
cyber protection, circuit redundancy, and damage
localization, which is key to preventing cascading
disruptions in interconnected infrastructures [30],
[31].

The second component characterizes the proba-
bility of restoring full operability after a partial loss
of functionality. Partial degradation for electrotech-
nical systems implies operation in a limited mode,
for example with the disconnection of non-critical
loads, transition to islanded operation, or the use of
backup power sources. This component reflects sys-
tem adaptability, its reconfiguration capabilities, and

the effectiveness of recovery procedures. For mod-
ern distributed power supply systems, it is precisely
the ability to return quickly and with high probabil-
ity to the nominal operating mode after partial dis-
turbances that determines the practical level of de-
pendability [32].

The third component corresponds to the proba-
bility of restoring full operability after a complete
loss of system functionality, which occurs in cases
of large-scale accidents, destruction of key network
elements, or loss of centralized control. For critical
electrotechnical systems, this property is fundamen-
tally important in view of the need to ensure the
long-term provision of vital societal functions even
in the event of repeated or combined destructive
impacts. It reflects maintainability, resource availa-
bility, the effectiveness of emergency recovery strat-
egies, and organizational aspects of operation [33],
[34].

All three components are probabilities and, ac-
cordingly, take values in the range [0;1]. To form an
integral dependability indicator, it is proposed to
combine them using weighted aggregation. The
composite dependability criterion G is defined as a
weighted sum of the corresponding probabilities
with non-negative weighting coefficients that satisfy
the normalization condition:

G = wq " Pret + Wy - Prpp, + Wy * Prpy,

where wy, w,, w3 — are weighting coefficients4;

Pget — probability of retention of full operation-
al capability;

Prp; — probability of recovery after partial loss
of operational capability;

Pgrp — probability of recovery after complete
loss of operational capability.
With the imposition of the additional normalization
condition:

W1+W2+W3:1

the criterion G is a convex combination of probabili-
ties and strictly belongs to the interval [0;1].

The value G = 0 corresponds to a system that is
incapable of either withstanding destructive impacts
or restoring operability after degradation, whereas
the value G=1 corresponds to an idealized system
that retains or fully restores operability in all consid-
ered scenarios. In practice, high values of the criteri-
on are characteristic of specially protected systems
or distributed power supply systems in which the
failure of individual elements does not lead to a loss
of operability of the system as a whole [35], [36].

The weighting coefficients in this criterion have
a clear physical meaning and reflect the relative
importance of different aspects of dependability for
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a specific object or operating conditions. Their se-
lection makes it possible to adapt the criterion to the
system type, permissible levels of degradation, and
recovery priorities without changing the overall
structure of the indicator.

Thus, the proposed criterion combines formal
rigour, engineering interpretability, and configura-
tionally flexibility, which makes it suitable for fur-
ther use in stochastic analysis and optimization of
critical electrotechnical systems. At the same time,
the linear form of aggregation and the Markov as-
sumption define the limits of applicability of the
criterion, which should be taken into account when
analyzing systems with pronounced memory effects
or nonlinear interaction of degradation and recovery
processes; these limitations are considered as direc-
tions for further development of the proposed ap-
proach.

3 Discussion

The proposed composite dependability criterion
should be considered in the context of existing met-
rics that are traditionally used for the evaluation of
operability, reliability, and robustness of electro-
technical systems. Such a comparison makes it pos-
sible to clearly delineate both the advantages of the
proposed approach and its place among existing
engineering tools for the analysis of critical infra-
structure. Classical reliability indicators, in particu-
lar the probability of failure-free operation, mean
time to failure, and the availability factor, are widely
used for the evaluation of power systems under sta-
tionary operating conditions [37]. These metrics are
well formalized and have a clear statistical interpre-
tation; however, they are generally based on a binary
division of system states into “operable” and “inop-
erable”. As a result, they reflect neither intermediate
levels of degradation nor the distinction between
partial and complete loss of functionality, which is
fundamentally important for critical electrotechnical
systems under destructive impacts.

Power supply quality indices commonly used in
power engineering practice, such as SAIDI and
SAIFI, are oriented towards evaluating the conse-
quences of failures for consumers and characterize
the average duration and frequency of power supply
interruptions [38]. Although these indices are useful
for regulatory and operational analysis, they are not
dependability indicators in the strict sense, since
they are not directly linked to the internal structure
of the system, do not reflect its ability to recover
after large-scale destruction, and do not allow as-
sessment of the impact of alternative architectural
solutions.

Resilience metrics proposed in contemporary
literature represent a significant step towards ac-
counting for the dynamics of system degradation and
recovery [39]. Many of them are based on integral
characteristics of the service function over time, in
particular on the area under the recovery curve or on
the speed of return to the nominal level of function-
ing. Despite their conceptual attractiveness, such
metrics often depend on the choice of threshold val-
ues, time horizons, and the form of the service func-
tion, which complicates their comparative use and
engineering interpretation. In addition, they usually
do not distinguish between scenarios of partial and
complete loss of operability, combining them into a
single degradation indicator.

In contrast to the approaches mentioned above,
the proposed dependability criterion is based on an
explicit state-based representation of system conduct
and on a Markov model of transitions between func-
tional states. This makes it possible to directly link
the value of the criterion to physically and engineer-
ing-interpretable scenarios of retention of operability
and recovery. An important distinction is also that
the criterion is not reduced to an averaged indicator
of losses or recovery time, but is formed as a
weighted combination of probabilities of fundamen-
tally different events, each of which has independent
significance for the analysis of dependability.

Compared with multidimensional approaches to
the evaluation of dependability, the proposed criteri-
on maintains a balance between completeness of
description and practical applicability. On the one
hand, it aggregates several aspects of system con-
duct into a single normalized indicator, which sim-
plifies comparative analysis and optimization. On
the other hand, the presence of weighting coefti-
cients makes it possible to adapt the criterion to spe-
cific operating conditions, the type of electrotech-
nical system, and permissible levels of degradation,
without losing the transparency of the indicator’s
structure.

At the same time, the proposed criterion does
not claim to be a universal replacement for all exist-
ing metrics and should be regarded as a complement
to classical reliability indicators and power supply
quality indices for the analysis of dependability un-
der destructive impacts and complex degradation
scenarios.

Conclusion

In this paper, the scientific problem of formali-
zation and quantitative evaluation of the dependabil-
ity of critical electrotechnical systems under destruc-
tive impacts is solved. In contrast to traditional
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approaches predominantly focused on reliability and
availability indicators or average recovery character-
istics, the paper proposes a coherent probabilistic
concept of dependability that is directly linked to the
functional states of the system.

The key scientific novelty of the study lies in
the introduction and justification of a composite
state-based dependability criterion, which funda-
mentally differs from existing metrics in that it ex-
plicitly distinguishes different levels of system deg-
radation and the corresponding recovery scenarios.
The proposed approach does not reduce system be-
havior to a binary “operable/inoperable” model, but
formalizes dependability as a set of probabilistic
characteristics reflecting retention of full operability,
recovery after partial loss, and recovery after com-
plete loss of functionality. Such a decomposition
makes it possible to adequately describe the conduct
of critical electrotechnical systems under complex
and combined scenarios of destructive impacts.

Another significant element of scientific novel-
ty is the use of a Markov model of functional states
as the formal basis for constructing the dependability
criterion. Unlike many works in which Markov
models are applied only for calculating individual
reliability indicators, in this study they are used for
the direct determination of the components of the
integral criterion. This ensures a rigorous link be-
tween the physical interpretation of degradation and
recovery processes and the quantitative evaluation of
dependability.

The proposed aggregation rule in the form of a
weighted normalized combination of probabilities
also has methodological novelty. It makes it possible
to obtain an integral indicator bounded within the
interval [0;1], with a clear interpretation of its limit-
ing values, while simultaneously providing flexibil-
ity in adapting the criterion to different classes of
electrotechnical systems and operating conditions.
The introduction of weighting coefficients trans-
forms the criterion from an abstract theoretical
measure into an engineering tool suitable for practi-
cal analysis, comparison of architectures, and justifi-
cation of design decisions.

Comparative analysis with existing reliability
metrics, power supply quality indices, and resilience
measures has shown that the proposed criterion oc-
cupies a distinct niche within the system of indica-

tors used for the evaluation of electrotechnical sys-
tems. It complements classical approaches by elimi-
nating their methodological limitations in describing
multilevel degradation and recovery, while at the
same time avoiding dependence on the subjective
choice of time horizons and threshold values inher-
ent in many resilience metrics.

The obtained results form a new conceptual and
methodological basis for the quantitative analysis of
the dependability of critical electrotechnical sys-
tems. The proposed criterion can be used for sys-
tematic comparison of alternative architectures,
evaluation of the effectiveness of protection and
recovery measures, as well as a basic element of
stochastic models and optimization problems aimed
at enhancing the resilience and recoverability of
critical infrastructure. This determines the practical
significance and scientific promise of further devel-
opment of the proposed approach.
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NmoBIpHiCHUN KpUTEPiil OiIHIBAHHA TAPAHTO31ATHOCTI
KPUTUYHHUX €JIeKTPOTEXHIYHUX CUCTEM

A. B. Crenwx, acnipanm
ORCID: http://orcid.org/0000-0002-7013-7219; e-mail: stetsyk.di@stud.op.edu.ua
Hayionanvnuii ynieepcumem « Odecbka nosimexHixay

Anomauia. B cmammi posenadaemovcsa npobnema hopmanizayii ma KiibKiCHO20 OYIHIOBAHHS 2apaHMO-
30amMHOCMI KPUMUYHUX eeKMPOMEXHIUHUX CUCEM, WO PYHKYIOHYIOMb 8 YMOBAX 0eCmPYKMUGHUX 6NIUBIE.
3 oenady ma 3pocmaroyy 6pasiueicms CyYacHoi eHepeemudHol iHppacmpykmypu 00 NPpUpoOHUX, MexHO2eH-
HUX [ YINeCcnpAMOBAHUX PYUHIBHUX NOOIli NOKA3AHO, WO MPAOUYiiHi NOKA3HUKU, 3ACHOBAHI HA HAOIUHOCMI
ma 20moHOCMI, € HEOOCMAMHIMU 01 AOEK8AMHO20 ONUCY NOBEOIHKU CUCTEMU 3d YMO8 YACMKOB0I 0ecpa-
oayii, noenoi smpamu QYHKYIOHANLHOCME MA NOOAILUUUX NPOYECI8 8I0HOGICHHSL.

T'apanmosoamuicmy 3anponoHo8ano inmepnpemysamu K iHmezpanroHy UMOGIPHICHY 61ACMUBICMb, O
8idobpadicae 30amHicmy cucmemu 30epieamu ma GiOHOBIHO8AMU GUKOHAHHA CBOIX KPUMUYHO BANCIUBUX
@yHryit y Hecnpusmausux ymosax. 3acmocosano state-based nioxio, y mesicax sxoeo esonoyisi (PyHKYIoHA-
JILHO20 CMAHY cucmemu Mooemoemsbcst MapkogcoKum npoyecom Ha CKiHYeHHItl MHOICUHI QYHKYIOHANbHUX
cmanie. YV yill nocCmanosyi 2apanmo30amuicimy Xapakmepusyemucs mpboma UMOGIPHICHUMU CKIAO0GUMU.
tmosipuicmio 30epexcelts noeHol npaye30amuocmi 3a 0ii 0eCmpPyKmMueH0o20 GNIUBY, UMOBIPHICIIO 8I0HOG-
JIEHHST RICTISL 4ACMKOBOI empamu npaye30amHocmi ma UMOGIpHICmIO GIOHOGAEHHS NIC NOGHOI empamu
npaye30amuocmi.

Inmezcpanvruuiti kpumepiil 2apanmo30amnocmi 3anponoHOB8AHO WIAXOM AcpPe2y6aHHs 3a3HAYEHUX CKId-
008UX 34 0ONOMO2010 36ANCEHOI HOPMOBAHOI NHIUHOI KOMOIHAYIL, WO 3abe3neuye 0OMeNCeHICb OMPUMAHO-
20 nokasuuxa inmepsanom [0;1] i uimky inocenepny inmepnpemayiro 1020 epaHuyHUX 3HAYeHb. YeeoeHus
6azosux Koeghiyicumis 3abesneyye eHyuUKicmo Kpumepiro, 003804A0YU A0ANmMy8amu to2o 00 PI3HUX KAACie
EeNEKMPOMEXHIUHUX CUCTNEM, EKCHIAYAMAYIUHUX npiopumemis i 0Onycmumux pieHis oezpadayii Oe3 3MmiHu
dopmanvroi cmpyKkmypu nOKA3HUKA..

Knrouoei cnosa: capanmozoamuicme, NOKAZHUKU 2APAHMO30AMHOCTI, KPUMUYHI eeKIMPOMeXHIuHi Cu-
cmemu, Mapkoscuvki npoyecu, state-based mooenioganns, 8iOno8NeHH NPAYE30AMHOCHII.

Lumysanns cmammi: Crerok JI. B. (2026). MimoBipHicHuit KpuTepiii OIiHIOBAHHS rapaHTO3MATHOCT] KPUTHIHAX €IEKTPOTEXHITHAX
cucteM. Enexmpomexuiuni ma komn tomepni cucmemu, 45(121), ¢.22-31. doi:https://doi.org/10.15276/eltecs.45.121.2026.3

About the author (IIpo aBTopa)

Cremtoxk JImutpo BanepiiioBuu, acmipant xadenpu eixeKTporocTadaHHS Ta €HEPreTHYHOTO
MeHeKMeHTy, Hamionanpamii yHiBepcuTeT «Ojechka mMmoniTexHikay; mpoct. IlleBuenka, 1,
Opneca, 65044, Ykpaina. E-mail: stetsyk.di@stud.op.edu.ua, ten.: +380 48 705 8680

Dmytro Stetsiuk, Postgraduate Student of the Department of Power Supply and Power Con-
sumption Management, Odesa Polytechnic National University; 1, Shevchenko Ave., Odesa,
65044, Ukraine. E-mail: stetsyk.di@stud.op.edu.ua, ph.: +380 48 705 8680

ORCID: http://orcid.org/0000-0002-7013-7219

Electric Power Generation, Transmission and Distribution Systems 31



