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The growth of shipping intensity and the increase in the size and speed of ships lead to increased
maritime traffic density and require stricter operational safety requirements. The article discusses the
problem of the decreasing reliability of marine navigation systems caused by the constant complex-
ity of their technical infrastructure. Despite the high reliability of individual components, the overall
complexity of the systems leads to an increased risk of failure, especially under specific operating
conditions. Given the remoteness of ships from repair bases, failure of critical equipment can lead to
emergencies with severe consequences. The study focuses on improving technical means’ reliability
by introducing structural redundancy (duplication) and applying comprehensive evaluation approaches,
including a priori, a posteriori, and hybrid methods. Mathematical models of degradation processes are
presented, based on which probabilistic-physical models for estimating the time to failure are built. The
article aims to form a systematic approach to ensuring the continuous operability of marine navigation
systems at all life cycle stages, which is critical for improving the reliability of maritime transportation
and reducing the risk of accidents.
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1. Introduction.

The growing number, size, and speed of vessels underscore
the importance of heightened maritime safety measures. En-
suring the reliability of marine technical systems is essential
for safe navigation. Nevertheless, the increasing complexity
of Technical equipment challenges the overall reliability of the
system. While individual components may be reliable, the con-
tinuous advancement of technical systems can reduce their over-
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all reliability. This decline poses a risk of emergencies, jeop-
ardizing maritime safety. Addressing this challenge is crucial
to guaranteeing the smooth operation of vessels and elevating
safety standards in marine navigation.

The basic standards and classical approaches to assessing
system reliability are laid down in [1-3], which contain a regu-
latory and methodological framework for determining the resid-
ual life, forecasting, and statistical analysis of failures. Papers
[4-6] demonstrate the application of reliability models in re-
lated high-risk industries (nuclear power, drilling systems, wind
power) using stochastic processes and diffusion modeling.

Probabilistic physical models, including DN-distributions,
estimates of degradation of mechanical components and com-
puter equipment, are presented in [7-10]. Paper [11] extends
the control range to cases of complex nonlinear systems, which
is relevant for adaptive control in maritime navigation. Theo-
retical estimation models (inverse distributions, wear functions)
and application examples to medical and industrial equipment
are presented in [12-16].
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Modern methods for estimating the residual life, consider-
ing the variability of degradation and the Bayesian approach,
are disclosed in [17-20]. Environmental sustainability, risk man-
agement, and information security in the transport environment
are covered in [21-24].

Estimates of thermal efficiency and heat transfer processes
in non-standard environments are considered in [25-26], which
is helpful for engineering support of ship life support systems.
Papers [27-28] focus on maneuverability, decision-making, and
the impact of bulky cargo, which is key to assessing operational
safety.

Developments in energy saving and automation of ship sys-
tems, including electric drives and combined engines, are de-
scribed in [29-30]. Predicting the instability of compressors
and digital twins of diesel systems is covered in [31-32].

Multi-criteria optimization of marine terminals and model-
ing of infrastructure projects are discussed in [33-34], while the
influence of hull geometry on maneuverability is described in
[35]. Papers [36-39] go beyond ship systems but provide sup-
port in energy audits, cooling, and materials science.

A study [40] substantiates the effectiveness of acquiring un-
focused ships, which is essential for operational decisions. Sour-
ces [41-42] supplement the engineering part with load calcu-
lations and structural reliability. Digital modeling, intelligent
solutions, and robotic control systems are described in [43-44].
The topics of energy efficiency, pollution, alternative energy,
and wind impact forecasting are presented in [45-47].

The issues of maritime security, cyber threats, and vulnera-
bility of ship systems are raised in [48-50], where maritime sit-
uational awareness is also assessed. The environmental aspects
of ballast water and charter contracts are discussed in [51-52].

The concepts of sustainable energy in the fleet are discussed
in [53], and improving the energy efficiency of electric motors
is discussed in [54]. Geopolitical influence and regional risks
are covered in [55-56].

The ship-to-windmill dynamic, which combines engineer-
ing and energy components, is analyzed in [57]. The reliability
of bearing supports and the prediction of braking efficiency are
discussed in [58]-[59], and [60] presented a methodology for
expert risk assessment of ship operations, which summarizes
the concept of a comprehensive analysis of operational reliabil-
ity.

The literature review reveals a broad spectrum of research
modelling technical and organizational systems. It underscores
the significance of simulation modeling in attaining elevated
reliability standards. The analyzed topics encompass diverse
issues and their implications for system performance. The re-
search emphasizes the necessity of an integrated approach to
enhance the reliability and safety of technical systems. The ar-
ticle explores the challenge of diminished reliability in marine
navigation systems and proposes strategies to mitigate it, aim-
ing to ensure seamless vessel operation and bolster navigation
safety. The primary focus lies in implementing equipment re-
dundancy (duplication) as an approach to guarantee continuous
vessel operation and mitigate the risk of emergencies. The ob-
jective is to offer technical solutions and recommendations that
augment the reliability of marine navigation systems and ensure

navigation safety amidst escalating transportation traffic and in-
tricate vessel operating conditions.

2. Objetives.

Equipment reliability is one of the fundamental indicators
of the operational process. Reliability, by definition, refers to
an object’s ability to maintain specified parameter values over
time within established limits. This characteristic encompasses
the capacity to perform required functions under designated op-
erational modes and conditions, considering aspects such as
technical servicing, repairs, storage, and transportation. As
known, reliability is a multifaceted property that, depending
on the object’s purpose and operational conditions, comprises
a combination of traits: faultlessness, durability, repairability,
and preservability. This necessitates a quantitative assessment
of reliability levels and the determination of the dependency of
reliability on usage regimes and operating conditions.

2.1. Methods.

The electronic component base designed for maritime ap-
plications significantly differs from general-purpose electron-
ics. The distinctions are outlined in Table 1:

Table 1: Characteristics a comparison between general-purpose
electronics and marine electronics.

Source: Authors.

The problem of reliability is becoming especially relevant
in the field of marine vehicles, as said the growing number of
ships, their size and speed leads to an increase in traffic and
increases the requirements for navigation safety. Reliability of
shipboard equipment is becoming a crucial aspect of ensuring
navigation safety, which requires a comprehensive approach to
assessing and ensuring their effectiveness in harsh marine envi-
ronments.

In such circumstances, the electronic component base in-
tended for use on ships must possess not only the traditional
properties of electronic components, but also high resistance to
aggressive marine environments, significant reliability, and op-
timal durability in conditions of constant exposure to humidity,
corrosion, and other external factors.
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Thus, the problem of ensuring the reliability and efficiency
of ship systems and their electronic component base is the sub-
ject of in-depth analysis and consideration in this article.

The electronic component base for maritime applications
significantly differs from its general-purpose industrial coun-
terpart. Table 2 outlines key aspects of this distinction, compar-
ing the functional nomenclature, serial production characteris-
tics, reliability requirements, temperature ranges, and service
life between maritime and general-purpose electronic compo-
nent bases.

Table 2: Aspects of differentiation between marine and general-
purpose electronic component bases.

Source: Authors.

Table 3: Requirements and Reliability Assessment Methods at
Different Stages.

Source: Authors.

This complex set of rigorous requirements necessitates a
comprehensive consideration of the impact of degradation pro-
cesses over time on the parameters of electronic components
concerning quantitative assessments of the stability of long-
term functioning electronic equipment.

The assurance of conformity of the electronic component
base to specified requirements can only be guaranteed through
direct testing of electronic components and functional blocks
for reliability. On one hand, the probability of failure-free op-
eration of such devices and systems approaches unity, necessi-

tating significantly larger sample sizes for testing. On the other
hand, the time during which this probability is guaranteed is
substantial, and even with direct testing, the obtained informa-
tion lags behind the pace of the delivery of devices and systems
to the end user. Thus, the practical feasibility of verifying com-
pliance with stringent requirements for the installation of com-
ponents and blocks in equipment often becomes problematic.

In summary, reliability studies encompass a comprehensive
approach, involving upfront theoretical assessments, empirical
validations, and ongoing optimization strategies to ensure and
improve the reliability of instruments and systems.

The desire to obtain information on the reliability of de-
vices and systems in a shorter period and, preferably, with fewer
test samples has stimulated the development of accelerated as-
sessment methods. These methods include a combination of a
priori (computational), a posteriori (experimental), and hybrid
approaches. Reliable criteria are essential for interpreting the
results of proliferation studies.

Such criteria can be derived from the theory describing degra-
dation processes in devices and systems. However, theoretical
work in accelerated reliability assessment is often based either
on the prediction theory or on laws and physical postulates de-
scribing certain aspects of degradation and failure processes.

Such an approach does not take into account that the re-
search objects are products that undergo changes in the course
of testing, becoming sources of unreliability inherent in produc-
tion technology.

All of this necessitates the development of probabilistic and
physical foundations for accelerated reliability assessment and
solving urgent problems in the field of reliability.

Solving this issue is an integral part of meeting the relia-
bility requirements for parts and assemblies dictated by trans-
portation needs.

The reliability problem can be divided into two areas: en-
suring reliability and its calculation (control). The former is
based on solving traditional design and technological problems
to create high-quality devices and systems and ensure their pro-
per functioning. The second is mainly related to the use of spe-
cialized mathematical methods. Since the existing systems un-
der development are designed for long-term operation, special
preventive measures are taken to ensure their reliability, which
are integrated into a system of scheduled preventive mainte-
nance.

Until now, the reliability theory and practice field has pre-
dominantly advanced along a trajectory rooted solely in proba-
bilistic concepts, specifically the theory of probability. In this
context, failures are regarded as abstract random events, and the
various physical states of instruments and systems are simpli-
fied into operational and non-operational. During system oper-
ation, errors may be identified and rectified. If correcting errors
does not introduce new errors or fewer errors than those recti-
fied, the system’s reliability continuously improves during op-
eration. The more intensively the system is operated, the more
errors are detected, increasing reliability.

The methodology for obtaining final reliability results for
instruments and systems, based on probabilistic (statistical) the-
ory, involves gathering failure statistics from tests or operations.
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Subsequently, the most suitable probability distribution model
developed in probability theory (exponential, normal, Weibull,
log-normally distributed, etc.) is selected using established sta-
tistical goodness-of-fit criteria. This chosen model is accepted
as the theoretical probability distribution model for failure-free
operation (reliability models). From this model, the necessary
quantitative reliability indicators are determined.

System reliability assessment (calculation) is carried out by
computing the probabilities of elements’ operational states (Fig.
1).

Figure 1: Product life cycle stages.

Source: Authors.

A reliability assurance program is developed for an object’s
entire lifecycle. It serves as a document that establishes a set of
interconnected organizational and technical requirements and
measures to be implemented at specific stages of the object’s
lifecycle. The program aims to ensure the specified reliability
requirements and enhance reliability. It can be developed as a
single document or as separate documents during the design,
production, and operation stages.

Reliability assurance programs are essential documents that
provide a comprehensive approach to addressing reliability-related
tasks, considering the interests of all stakeholders (suppliers,
consumers) throughout the objects’ life cycle.

The reliability assurance program involves analyzing, veri-
fying, controlling, and maintaining the specified reliability level,
as established in normative and technical documents. It de-
pends on project decisions, specific constraints, and require-
ments. An important factor is the identification of accurate re-
liability requirements since, typically, there is no precise infor-
mation about the reliability of the components of the developed
product. Therefore, for accelerated reliability assessment at the
design stage, simulation modeling methods (based on informa-
tion about analogs and prototypes of the object and their com-
ponents), statistical modeling, and approximate a priori calcu-
lation are recommended.

This approach is particularly relevant for navigation equip-
ment, ensuring that the system’s reliability is thoroughly ad-
dressed and maintained throughout its lifecycle.

Ensuring the object’s faultlessness, durability, and repairabil-
ity is particularly important. The testing strategy should assess
the reliability risks for both the supplier and the consumer. Dur-
ing the object’s manufacturing stage, accelerated forced testing
methods (deterministic and control) are employed, and fore-
casting methods are also utilized.

At the stage of operation, maintenance, and repair, the ob-
ject is used as intended, serviced, and repaired. Measures to
ensure reliability should focus on collecting operational infor-

mation, evaluating and analyzing data on malfunctions and fail-
ures, maintenance and repair strategies, and spare parts provi-
sion, including calculations and accelerated testing.

The classification of reliability assessment methods, for-
mally divided based on how initial information about the object
is obtained, includes a posteriori (accelerated testing methods,
forecasting methods), a priori (modeling methods and calcula-
tion methods), and a priori-a posteriori (combined methods),
which combine features of both a priori and a posteriori meth-
ods (calculation and experimental methods), as shown in Fig. 2.
The prediction of reliability involves observing direct (defining)
or indirect predictive parameters. It is possible to forecast based
on the results of completed observations of device and system
samples or by studying the reliability of a product during its
operation. This aspect is particularly significant for devices and
systems produced in small quantities or as unique specimens
that perform critical functions. For such cases, estimating reli-
ability based on failure statistics is unacceptable, especially for
highly reliable devices and systems with redundancy structures.

2.2. Results.

Within the classification of reliability prediction methods,
the following approaches exist: direct prediction, backward pre-
diction, forward prediction, present prediction, back prediction,
individual prediction, group prediction.

Table 4: Classification of Reliability Assessment Methods.

Source: Authors.

The first group is most commonly used to address relia-
bility tasks. To justify the choice of a particular forecasting
method, its quality must be assessed quantitatively. Each tech-
nique should have a specific quality indicator accompanying it.

Mathematical modeling can, in some cases, allow for pre-
dicting a product’s reliability in a very short period. Methods of
mathematical reliability modeling can be divided into two main
groups: statistical and simulation modeling.

Statistical modeling methods are employed to study the be-
havior of a sample of devices and systems during reliability
testing. These methods rely on a random number generator dis-
tributed according to a specified probability distribution. The
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most commonly chosen random variable is the time until the
product fails. Statistical modeling allows for simulating any
testing plan and obtaining all statistical estimates of the exam-
ined sample of devices and systems that have ”failed.” Tran-
sitioning to quantitative reliability indicators is achieved either
directly through statistical estimates in non-parametric reliabil-
ity estimation methods or by computing the parameters of the-
oretical failure distributions.

Simulation modeling methods, also known as machine ex-
periments, study the behavior of complex devices and systems
within a specified, sometimes scaled, time frame. Based on the
simulation results of a product’s performance, statistical analy-
sis is conducted to obtain reliability indicators, as in the follow-
ing example:

• Exponential Distribution Reliability Function, describes
the reliability function for the exponential distribution. It
tells us the probability that a system will function without
failure until time t;

• Mean Time To Failure (MTTF) calculates the Mean Time
To Failure. This metric represents the average time a sys-
tem is expected to operate before encountering a failure,
with λ being the failure rate;

• General System Reliability Formula, expresses the relia-
bility of a system over time, considering variations in the
failure rate;

• Binomial Reliability Model calculates the probability of
n systems failing out of a total of m systems using bino-
mial coefficients and the basic reliability function R(t),
Table 5.

Figure 2: Basic tools for analysing the reliability of system.

Note: λ represents the failure rate, t denotes time, and R(t) is the reliability

function.

Source: Authors.

Reliability assessment involves using a priori calculation
methods during a product’s design or modernization stages. These
methods rely on prior information about the research object,
such as the structural scheme, composition, operational modes,
and conditions. A priori calculations serve the purpose of com-
parative analysis, preliminary reliability assessment, and justi-
fying reliability requirements. Additionally, calculation-experimental

methods are employed to evaluate identical elements and re-
fine estimates obtained through a priori calculations. This inte-
grated approach accelerates the acquisition of reliable informa-
tion about the product.

The presented approach to reliability assessment methods
enables the application of a systematic methodology grounded
in the basic theoretical reliability model, the distribution of time
to failure. It integrates existing and newly developed a priori, a
posteriori, and combined methods to expedite the acquisition of
reliable information about the product. Recently, there has been
a growing prevalence of probability-physical reliability models,
which can effectively replace the current apparatus for studying
and predicting reliability.

The probability-physical approach uses failure distribution
laws (reliability models) derived from the analysis of physi-
cal degradation processes leading to failure. In this approach,
degradation processes are considered random processes. This
probability-physical approach directly establishes the connec-
tion between the probability of reaching a critical level and a
physically deterministic parameter, linking the probability of
failure and the physical parameter causing failure.

In electronic devices like integrated circuits, it is practically
impossible to identify all deterministic parameters causing fail-
ures in numerous components, let alone measure them.

In such cases, statistical estimation of the average rate of
the generalized degradation process of the product remains pos-
sible. However, it is undisputable that these products undergo
physical degradations, determining the corresponding probabil-
ity of failure. Therefore, these products correspond to a specific
probability-physical reliability model.

Experimentally, it has been proven that the discrepancy in
estimating the reliability indicators of devices and systems de-
pends on the adopted theoretical model and can vary by several
orders of magnitude.

Thus, the correct choice of the theoretical failure distribu-
tion model for high-reliability integrated circuits, semiconduc-
tor devices, etc., proves to be challenging. Obtaining com-
plete failure samples for electronic components, even in forced
modes, is impossible. The choice of the theoretical failure dis-
tribution model is mainly made considering physical reasoning.

Several formalization schemes of failure models are based
on analyzing the dynamics of deterministic parameters lead-
ing to failure. One of the early attempts to conceptualize the
behavior of a deterministic parameter in the formalization of
the model of parametric failures was to represent the change in
the deterministic parameter as a linear law.tic parameters lead-
ing to failure. One of the early attempts to conceptualize the
behaviour of a deterministic parameter in the formalization of
the model of parametric failures was the representation of the
change in the deterministic parameter as a linear law.
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Figure 3: Model of a random degradation process (fan process)
and a scheme for forming the distribution of time to failure (al-
pha distribution).

Source: Authors.

The hypothesis of vigorous mixing of the stationary wear
process is also adopted in this consideration. This assumes that
the change in variance is proportional to time and that the dis-
tribution of working time becomes asymptotically normal for
large wear values (see Figure 4).

Analyzing various degradation processes, it is notable that
they exhibit a random nature, and their values can display both
monotonic and non-monotonic characteristics. Complex elec-
tronic devices such as integrated circuits are simultaneously
susceptible to the influence of many processes. All these pro-
cesses, whether uncorrelated or weakly correlated, contribute
to the overall degradation of the device.

Figures 5 and 6 qualitatively represent typical degradations.
The processes shown with countless realizations may corre-
spond to a complex electronic device, like an integrated cir-
cuit with numerous electronic components. The degradation
process of electronic devices, alongside monotonic realizations
(mechanical failure), is also due to electrical phenomena.

Figure 4: The model of a random degradation process (a highly
”mixed” Gaussian process) and the scheme of forming the dis-
tribution of time to failure (a normal parametric distribution)
have non-monotonic realizations. Therefore, in the general
case, these devices’ degradation is considered a process with
non-monotonic realizations.

Source: Authors.

This figure presents two subplots illustrating key aspects of
reliability analysis. Model of a Random Degradation Process

Figure 5: Model of a random degradation process (non-
monotonic) and scheme of reliability distribution formation
(DN distribution).

Source: Authors.

(Non-monotonic):

• The left subplot depicts a non-monotonic degradation model
over time.

• The degradation model is characterized by the formula
1−e−0.2·time, displaying the degree of degradation as
time progresses.

• Scheme of Reliability Distribution Formation (DN Dis-
tribution):

• The right subplot highlights the formation scheme of the
time to failure distribution.

• The time to failure distribution is represented by the for-
mula e−0.1·time, providing insights into the reliability
trends over time.

The subplots are arranged side by side for ease of compar-
ison. Both visualizations contribute to a comprehensive un-
derstanding of the non-monotonic degradation process and the
contribution of time to failure, offering valuable insights into
the reliability characteristics of the analyzed system.

Figure 6: Model of a random degradation process (Markov
monotonic process) and scheme of forming the distribution of
time to failure (DM distribution).

Source: Authors.



O. Melnyk et al. / Journal of Maritime Research Vol XXII. No. I (2025) 25–34 31

The four types of two-parameter probabilistic-physical fail-
ure models (alpha distribution, normal parametric, DN distri-
bution, DM distribution) are based on the analysis of a kind of
degradation process - stationary wear (fracture)- and share pa-
rameters with the same physical interpretation. However, due to
differing formalization schemes, the expressions for the laws of
failure distribution and the formal characteristics of these mod-
els can vary significantly. Let’s provide a comparative assess-
ment of these probabilistic-physical failure models.

As can be seen visually, the mathematical models of the
degradation processes differ markedly (see Fig. 3-6), and the
analytical expressions for the laws of the time-to-failure distri-
bution are diff erent accordingly. The models of the analyzed
processes differ significantly from the physical point of view.
An idealized random process (see Fig. 3) indicates that its char-
acteristics are entirely determined by the initial state (quality of
sample manufacturing) and do not depend on the mechanical,
physical, and chemical degradation processes occurring inside
the objects under the influence of external conditions and time.
The model in Fig. 3. A process with strongly ”mixed” real-
izations has a rapidly damped correlation function, i.e., it does
not depend much on the initial state. The Markov models (see
Figs. 5-6) have, as it were, generalizing physical properties that
are partially inherent in the first (Fig. 1) and second (Fig. 3)
models.

Thus, the analysis of the main curves of probabilistic-physical
failure models shows that the compared models have signifi-
cantly different patterns that determine the quantitative reliabil-
ity indicators. The accepted idealization of changing the defin-
ing parameter (degradation process) and its realizations is the
foundation on which the predicted process is built - the time
distribution to reach the threshold level of the defining parame-
ter.

The adequacy of mathematical models for random and real
degradation processes determines how well the predicted dis-
tribution (time to failure of the investigated objects) aligns with
the actual scattering of failures in the general population. In
cases of adequacy, the probability-physical model of failures
can be evaluated from two perspectives: first, by examining
the initial ideal and real degradation processes, and second, by
comparing the predicted theoretical distribution with observed
failure data.

The second approach appears more realistic and significant
from a practical standpoint. The visual assessment of the pre-
sented mathematical models of the defining parameter behavior
during operation and their physical foundation mentioned ear-
lier suggests that the models in Figures 3-4 more accurately
reflect the real process of changing the defining parameter than
others. Alignment with experimental failure data is essential for
a more thorough verification of the adequacy of failure models.

When investigating the issues of ensuring the continuous
operational state of a vessel with insufficient reliability of its
equipment, one proposed approach to solving this problem is
equipment redundancy (duplication). This strategy involves hav-
ing additional copies of equipment or systems that can be ac-
tivated in case of failure of primary components. Equipment
redundancy guarantees the vessel’s continuous operation, even

if some of its components fail. This helps mitigate the risk of
accidents and ensures safe navigation. Upon detection of a pri-
mary equipment failure, the backup equipment can be activated
automatically or by the operator to ensure that the system con-
tinues to operate without interruption. Therefore, this approach
is one of the methods to enhance the reliability of marine sys-
tems and reduce the risk of emergencies. This strategy is widely
utilized in shipbuilding and the maritime industry to ensure the
reliability of technical means and the uninterrupted operation
of vessels.

3. Discussion.

The study of reliability engineering has emphasized the im-
portance of ensuring the continuous operating state of technical
objects throughout their life cycle. Probabilistic-physical mod-
els, such as those based on failure distributions, have laid the
foundation for understanding and predicting the reliability of
complex electronic systems, considering both mono- tonic and
non-monotonic degradation processes.

Life-cycle considerations have revealed the need for an in-
tegrated approach to reliability, involving the development of
reliability programs at different stages of an object’s life. These
programs are the most critical documents in forming organiza-
tional and technical requirements to achieve reliability objec-
tives. Reliability assessment methods are considered, including
a priori calculations and design - experimental approaches.

These methods help evaluate and compare different design
and circuit options during the design phase, providing essential
insight for decision-making.

The effects of degradation on various electronic and me-
chanical components have been considered. It has been shown
that degradation processes have both monotonic and non - mono-
tonic characteristics, and the adequacy of mathematical models
for these processes has been discussed. Furthermore, the con-
clusion emphasizes the importance of equipment redundancy
in improving reliability, especially in offshore systems. Redun-
dancy, which involves duplicating equipment or systems, has
become a practical strategy to ensure uninterrupted operation
and reduce the risk of accidents.

The study of reliability and degradation design processes
has provided valuable insights into methods, models, and strate-
gies to improve technical systems’ reliability and continuous
operation throughout their life cycles. The versatility of these
considerations emphasizes the complexity and importance of
reliability engineering in various technical fields.

Conclusion.

The study found that ensuring the reliability of maritime
navigation systems is a multidimensional engineering and or-
ganizational task that covers the entire life cycle of a technical
object. The increasing complexity of ship electronic systems
requires new approaches to modeling degradation processes,
including monitoring physical parameters and statistical pro-
cessing of failure data. The probabilistic physical models pro-
posed in this paper allow us to predict the moment of reaching
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a critical state more accurately and formulate adaptive mainte-
nance strategies. It has been determined that the effective use of
equipment duplication (redundancy) is an effective mechanism
for maintaining the operational readiness of a ship in conditions
of limited repair availability.

The results demonstrated the feasibility of implementing
comprehensive reliability programs during the design stage, in-
cluding a priori assessments, simulation modeling, accelerated
testing, and risk calculation. The findings from this work can
serve as a theoretical and methodological foundation for devel-
oping standards and regulations concerning the technical oper-
ation of marine systems in challenging navigation conditions.
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in Krško NPP. Journal of Energy - Energija. 65. 32-40.
10.37798/2016653-4111.

21. Melnyk O., Onishchenko O., Onyshchenko S. (2023).
Renewable Energy Concept Development and Applica-
tion in Shipping Industry. Lex Portus, 9 (6), pp. 15 – 24.
DOI: 10.26886/2524-101X.9.6.2023.2.

22. Fedotov O., Zotenko O. (2020). Risk management in
customs inspection of goods. Lex Portus, 3 (23), pp. 79
- 94. DOI: 10.26886/2524-101X.3.2020.5.

23. Dharmadhikari D.D., Tamane S.C. (2023). Augmented
security scheme for shared dynamic data with efficient
lightweight elliptic curve cryptography. System Research
and Information Technologies, 2023 (3), pp. 19 - 41.
DOI: 10.20535/SRIT.2308-8893.2023.3.02.



O. Melnyk et al. / Journal of Maritime Research Vol XXII. No. I (2025) 25–34 33

24. Trofymchuk O.M., Kaliukh I.I., Dunin V.A., Kyrash S.Y.
(2022). Dynamic certification and assessment of the build-
ings life cycle under regular explosive impacts. System
Research and Information Technologies, 2022 (4), pp.
100 - 118. DOI: 10.20535/SRIT.2308-8893.2022.4.09.

25. Belyanovskaya E.A., Lytovchenko R.D., Sukhyy K.M.,
Yeremin O.O., Sukha I.V., Prokopenko E.M. (2019). Op-
erating regime of adsorptive heat-moisture regenerators
based on composites ≪silica gel - sodium sulphate≫ and
≪silica gel - sodium acetate≫. Journal of Chemistry and
Technologies, 27 (2), pp. 158 - 168. DOI: 10.15421/081-
917.

26. Biletsky E.V., Ryshchenko I.M., Petrenko E.V., Seme-
niuk D.P.(2021). Heat exchange equation during the flow
of non-newtonian liquids in technological equipment chan-
nels. Journal of Chemistry and Technologies, 29 (2), pp.
254 – 264. DOI: 10.15421/JCHEMTECH.V29I2.229829.

27. Biletsky E.V., Ryshchenko I.M., Petrenko E.V., Seme-
niuk D.P.(2021). Heat exchange equation during the flow
of non-newtonian liquids in technological equipment chan-
nels. Journal of Chemistry and Technologies, 29 (2), pp.
254 – 264. DOI: 10.15421/JCHEMTECH.V29I2.229829.

28. Burmaka, I., Vorokhobin, I., Melnyk, O., Burmaka, O.,
& Sagin, S. (2022). Method of prompt evasive maneuver
selection to alter ship’s course or speed. Transactions on
Maritime Science, 11(1), pp. 1 – 9. DOI: 10.7225/toms.v-
11.n01.w01.

29. Onyshchenko, S., Shibaev, O., & Melnyk, O. (2021). As-
sessment of potential negative impact of the system of
factors on the ship’s operational condition during trans-
portation of oversized and heavy cargoes. Transactions
on Maritime Science, 10(1), pp. 126–134. DOI: 10.7225-
/toms.v10.n01.009.

30. Volyanskaya Y., Volyanskiy S., Volkov A., Onishchenko
O. (2017). Determining energy-effcient operation modes
of the propulsion electrical motor of an autonomous swim-
ming apparatus. Eastern-European Journal of Enterprise
Technologies, 6 (8-90), pp. 11 - 16. DOI: 10.15587/1729-
4061.2017.118984.

31. Budashko V., Nikolskyi V., Onishchenko O., Khniunin S.
(2016). Decision support system’s concept for design
of combined propulsion complexes. Eastern-European
Journal of Enterprise Technologies, 3 (8-81), pp. 10 -
21. DOI: 10.15587/1729-4061.2016.72543.

32. Minchev D.S., A Gogorenko O., Varbanets R.A., Moshent-
sev Y.L., P´ıs?te?k V., Kuc?era P., Shumylo O.M., Kyr-
nats V.I. (2023). Prediction of centrifugal compressor
insta- bilities for internal combustion engines operating
cycle simulation. Proceedings of the Institution of Me-
chanical Engineers, Part D: Journal of Automobile Engi-
neering, 237 (2-3), pp. 572 - 584. DOI: 10.1177/095440-
702210-75419.

33. Minchev D., Varbanets R., Shumylo O., Zalozh V., Alek-
sandrovska N., Bratchenko P., Truong T.H. (2023). Dig-
ital Twin Test-Bench Performance for Marine Diesel En-
gine Applications. Polish Maritime Research, 30 (4), pp.
81 – 91. DOI: 10.2478/pomr-2023-0061.

34. Rudenko S., Shakhov A., Lapkina I., Shumylo O., Malak-
siano M., Horchynskyi I. (2022). Multicriteria Approach
to Determining the Optimal Composition of Technical
Means in the Design of Sea Grain Terminals. Transac-
tions on Maritime Science, 11 (1), pp. 28 - 44. DOI:
10.7225/ toms.v11.n01.003.

35. Lapkina I., Malaksiano M., Savchenko Y. (2020). De-
sign and optimization of maritime transport infrastructure
projects based on simulation modeling methods. CEUR
Workshop Proceedings, 2565, pp. 36 - 45.

36. Shumylo O., Yarovenko V., Malaksiano M., Melnyk O.
(2023). Comprehensive Assessment of Hull Geometry
Influence of a Modernized Ship on Maneuvering Perfor-
mance and Propulsion System Parameters. Pomorstvo,
37 (2), pp. 314 – 325. DOI: 10.31217/p.37.2.13.

37. Bazaluk O., Havrysh V., Fedorchuk M., Nitsenko V. (20-
21). Energy assessment of sorghum cultivation in south-
ern Ukraine. Agriculture (Switzerland), 11 (8), art. no.
695. DOI: 10.3390/agriculture11080695.

38. Doubrovsky M.P., Meshcheryakov G.N. (2015). Physical
modeling of sheet piles behavior to improve their numer-
ical modeling and design. Soils and Foundations, 55 (4),
pp. 691 - 702. DOI: 10.1016/ j.sandf.2015.06.003.

39. Chen G., Ierin V., Volovyk O., Shestopalov K. (2019).
Thermodynamic analysis of ejector cooling cycles with
heat- driven feed pumping devices. Energy, 186, art. no.
115892. DOI: 10.1016/ j.energy.2019.115892.

40. Chen G., Shestopalov K., Doroshenko A., Koltun P. (2015).
Polymeric Materials for Solar Energy Utilization: A Com-
parative Experimental Study and Environmental Aspects.
Polymer - Plastics Technology and Engineering, 54 (8),
pp. 796 - 805. DOI: 10.1080/03602559.2014.974185.

41. Melnyk O., Malaksiano M. (2020). Effectiveness assess-
ment of non-specialized vessel acquisition and operation
projects, considering their suitability for oversized cargo
transportation. Transactions on Maritime Science, 9 (1),
pp. 23 34. DOI: 10.7225/ toms.v09.n01.002.

42. Fomin O., Lovska A. (2021). Determination Of Dynamic
Loading Of Bearing Structures Of Freight Wagons With
Actual Dimensions. Eastern-European Journal of Enter-
prise Technologies, 2 (7-110), pp. 6 – 14. DOI: 10.1558-
7/1729-4061.2021.220534.

43. Lovska A., Fomin O., Kuc?era P., P´ıs?te?k V. (2020).
Calculation of loads on carrying structures of articulated
circular-tube wagons equipped with new draft gear con-
cepts. Applied Sciences (Switzerland), 10 (21), art. no.
7441, pp. 1 – 11. DOI: 10.3390/app10217441.

44. Mikhalevich M., Yarita A., Leontiev D., Gritsuk I.V., Bo-
gomolov V., Klimenko V., Saravas V. (2019). Selection
of Rational Parameters of Automated System of Robotic
Transmission Clutch Control on the Basis of Simulation
Modelling. SAE Technical Papers, 2019-January (Jan-
uary). DOI: 10.4271/2019-01-0029.

45. Gorobchenko O., Fomin O., Gritsuk I., Saravas V., Gryt-
suk Y., Bulgakov M., Volodarets M., Zinchenko D. (2018).
Intelligent locomotive decision support system structure



O. Melnyk et al. / Journal of Maritime Research Vol XXII. No. I (2025) 25–34 34

development and operation quality assessment. 2018 IEEE
3rd International Conference on Intelligent Energy and
Power Systems, IEPS 2018 - Proceedings, 2018-January,
art. no. 8559487, pp. 239 – 243. DOI: 10.1109/ IEPS.20-
18.8559487.

46. Zaporozhets, A. (2019). Analysis of control system of
fuel combustion in boilers with oxygen sensor. Periodica
Polytechnica Mechanical Engineering, 64(4), 241–248.
DOI: 10.3311/PPme.12572.

47. Zaporozhets, A., & Khaidurov, V. (2020). Mathematical
models of inverse problems for finding the main charac-
teristics of air pollution sources. Water, Air, & Soil Pollu-
tion, 231(12), 563. DOI: 10.1007/s11270-020-04933-z.

48. Zaporozhets, A., & Sverdlova, A. (2021). Photovoltaic
technologies: Problems, technical and economic losses,
prospects. In The 1st International Workshop on Infor-
mation Technologies: Theoretical and Applied Problems,
CEUR Workshop Proceedings, Vol. 3039, pp. 166–181.

49. Melnyk, O., Onyshchenko, S., & Koryakin, K. (2021).
Nature and origin of major security concerns and poten-
tial threats to the shipping industry. Scientific Journal of
Silesian University of Technology. Series Transport, 113,
pp. 145–153. DOI: 10.20858/SJSUTST.2021.113.11.

50. Melnyk, O., Onyshchenko, S., Onishchenko, O., Shcher-
bina, O., & Vasalatii, N. (2023). Simulation-based method
for predicting changes in the ship’s seaworthy condition
under impact of various factors. In Studies in Systems,
Decision and Control (Vol. 481, pp. 653–664). Springer.
DOI: 10.1007/978-3-031-35088-7 37.

51. Onysh?henko, S., & Melnyk, O. (2021). Probabilistic as-
sessment method of hydrometeorological conditions and
their impact on the efficiency of ship operation. Journal
of Engineering Science and Technology Review, 14(6),
132–136. DOI: 10.25103/jestr.146.15.

52. Melnyk, O., Sagaydak, O., Shumylo, O., & Lohinov, O.
(2023). Modern aspects of ship ballast water manage-
ment and measures to enhance the ecological safety of
shipping. Studies in Systems, Decision and Control, 481,
681–694. DOI: 10.1007/978-3-031-35088-7 39.

53. Koskina, Y., Onyshenko, S., Drozhzhyn, O., & Melnyk,
O. (2023). Efficiency of tramp fleet operating under the
contracts of affreightment. Scientific Journal of Silesian
University of Technology. Series Transport, 120, 137–
149. DOI: 10.20858/sjsutst.2023.120.9.

54. Melnyk, O., Onishchenko, O., & Onyshchenko, S. (2023).
Renewable energy concept development and application
in shipping industry. Lex Portus, 9(6), 15–24. DOI:
10.26886/2524-101X.9.6.2023.2.

55. Volyanskaya, Y., Volyanskiy, S., Onishchenko, O., & Ny-
kul, S. (2018). Analysis of possibilities for improving
energy indicators of induction electric motors for propul-
sion complexes of autonomous floating vehicles. Eastern-
European Journal of Enterprise Technologies, 2(8-92),
25–32. DOI: 10.15587/1729-4061.2018.126144.

56. Malyarenko, T., & Kormych, B. (2024). New Wild Fields:
How the Russian war leads to the demodernization of
Ukraine’s occupied territories. Nationalities Papers, 52(3),
497–515. DOI: 10.1017/nps.2023.33.

57. Kormych, B., Averochkina, T., & Gaverskyi, V. (2020).
The public administration of territorial seas: Ukrainian
case. International Environmental Agreements: Politics,
Law and Economics, 20(3), 577–595. DOI: 10.1007/s10-
784-020-09473-9.

58. Melnyk, O., Onyshchenko, S., Kuznichenko, S., Sud-
nyk, N., & Nykytyuk, P. (2024). Modeling ship-wind
turbine dynamics for optimal energy generation and nav-
igation. E3S Web of Conferences, 534, Article 01013.
DOI: 10.1051/e3sconf/202453401013.

59. Savchuk, V., Bulgakov, N., Kuhtov, V., Simahin, A., Grit-
suk, I. V., Bilousov, I., Mateichyk, V., & Grascht, R.
(2018). Providing reliability of sliding bearings for gear-
wheels of high-loaded transport vehicles power transmis-
sions during operation. SAE Technical Papers, 2018-
April. DOI: 10.4271/2018-01-0794.

60. Volkov, V., Gritsuk, I., Volkova, T., Berezhnaja, N., Plie-
khova, G., Bulgakov, M., Marmut, I., & Volska, O. (2021).
System approach to forecasting standards of vehicles’ brak-
ing efficiency. SAE Technical Papers. https://doi.org/10.-
4271/2021-01-5083.

61. Melnyk, O., Bychkovsky, Y., Onishchenko, O., Onysh-
chenko, S., & Volianska, Y. (2023). Development the
method of shipboard operations risk assessment quality
evaluation based on experts review. Studies in Systems,
Decision and Control, 481, 695–710. https://doi.org/10.-
1007/978-3-031-35088-7 40.


