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METHODOLOGY FOR ANALYZING
THE TECHNICAL CONDITION OF VEHICLES AS A FACTOR
OF CRIME IN THE FIELD OF TRAFFIC SAFETY

This scientific study systematically analyzes the technical condition of vehicles and evaluates its impact on road
traffic accidents and crime in the field of traffic safety. The analysis is based on statistical data for the period 2020-
2025. The introductory part of the work substantiates the critical role of the technical condition of vehicles as one of
the key factors that directly affects the level of road safety and the dynamics of crime in this area. The relevance of this
study is highlighted in the context of modern challenges associated with the increasing number of vehicles and traffic
intensity. The theoretical foundations of the analysis methodology cover a deep study of the conceptual apparatus, an
analysis of existing scientific approaches to assessing the technical condition of vehicles, as well as an overview of
the regulatory framework governing technical control and operation of vehicles in Ukraine and abroad. The section
on data collection and processing methods describes in detail the sources of information used for the study. This
includes statistical data on road traffic accidents for 2020-2025, results of mandatory technical control, data from
insurance company reports, as well as analysis of materials from criminal proceedings related to road accidents
caused by technical malfunctions. It was established that there is a significant correlation between the applied modern
methods of statistical analysis and mathematical modeling for identifying patterns and correlations. The obtained
results are consistent with data from other researchers in the field of traffic safety. Practical approaches to vehicle
technical control are considered from the perspective of the effectiveness of existing mechanisms, the introduction of
modern diagnostic tools and technologies, and the improvement of qualifications of specialists conducting technical
inspections. Existing problems and shortcomings of the control system are analyzed, and ways to overcome them are
proposed. A special emphasis is placed on the impact of technical condition on crime in the field of traffic safety. The
research results showed that a detailed analysis is carried out of cases where vehicle malfunctions caused serious
road accidents that resulted in deaths or injuries, as well as other offenses. This can be explained by the fact that
systematic disregard for the technical condition of vehicles creates prerequisites for criminal offenses. Aspects of
criminal legal qualification of such acts are considered. Case study: Analysis of road accidents in Ukraine for 2020-
2024 is presented as a practical example of applying the developed methodology. The obtained data indicate that
regional features, dynamics of changes, and the most common types of technical malfunctions causing accidents
have been studied. Discrepancies in the dynamics of accidents in different regions are further analyzed. Based on the
obtained results, substantiated recommendations for improving the analysis methodology and practices of vehicle
technical control are formulated, aimed at increasing the level of road safety, reducing accident rates, and effectively
counteracting crime in this area. These results are important for government bodies, law enforcement agencies, and
educational institutions. The section “Prospects for Development and Innovations” discusses the possibilities of
introducing new technologies (artificial intelligence, remote technical condition monitoring systems, smart systems)
to improve the effectiveness of accident prevention. The conclusion emphasizes that proper technical condition of
vehicles is not only a critical factor for road safety but also an integral condition for ensuring the legality of traffic
and effective combating crime in the transport sector. The research results can be used by government bodies, law
enforcement agencies, educational institutions, and public organizations for developing and implementing measures
aimed at improving road safety.
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Psaoux H. B. MeTtonosorisi aHaii3y TeXHiYHOr0 CTaHy TPAHCHOPTHHX 3ac00iB AK (pakTOpy 37104MH-
HOCTi y cepi 6e3mexn pyxy

Lle nayxose docuiodcents cucCmemMamuiHo ananizye mexHiuHull Cman mpaHCnOpmHUX 3acodie ma oyiHioc 1oeo
8NUB HA OOPOACHLO-IMPAHCHOPIMHY ABAPTUHICY | 3104UHHICb Y chepi besneku pyxy. AHaniz nposooumscsa Ha
OCHO8I cmamucmudnux 0anux 3a nepiod 2020-2025 pp. ¥V ecmynuiti wacmuni pobomu 00IpYHMOBYEMbCA KPUMUYHA
PONb MEXHIUHO20 CIANY MPAHCHOPMHUX 3Ac00i8 AK 00HO20 3 KIIOU08UX (akmopis, ujo besnocepednbo 6Nausac Ha
pisens be3nexu 00pOHCHLO20 pYXy ma OUHAMIKY 3MOYUHHOCMI Y Yill chepi. Bucsimaroemvca axmyanbHicmes 0aH020
00CTIONCEHHS 8 KOHMEKCMI CYUACHUX GUKIUKIB, NOB8'A3AHUX 31 3POCTNAHHAM KITbKOCHI MPAHCNOPMHUX 304c00i8 ma
inmencugenocmi pyxy. Teopemuuni 0CHOBU MeMOOONO2TT AHANIZY OXONIOMb 2IUOOKe BUBYEHHS NOHAMIUHO20 ana-
pamy, ananiz iCHYIOUUxX HayKosux nioxo0ie 00 OYIHKU MEXHIYHO20 CIAHY MPAHCHOPMHUX 30018, A MAKOHC 02150
HOPMAMuUHO-NPasosoi 6asu, wo pecyioe NUMAanHa mexHiuHo2o Konmpono ma excniayamayii T3 ¢ Vipaini ma 3a
KOPOOHOM. YV po30ini, npucesuenomy memoodam 30py ma 06pooKu 0anux, 00KIAOHO ONUCaHi dxcepena ingopmayii,
wWo 6yIU BUKOPUCIAHI 01151 NPOBe0eHHs D0CTiONceHHsA. Lle exatouae cmamucmuyti Oani npo 00PON*CHbO-MPAHCNOPMHI
npueoou 3a 2020-2025 poxu, pe3yromamu 0008'a3Kk06020 MEXHIUHO20 KOHMPOII0, OaHi 36IMi6 CMpaxoeux KOMNAawit, a
MAaKodIC AHANI3 MAMeEPIanie KPUMIHATbHUX Nposaddicens, nog'azanux 3 /{111, cnpuuunenumu mexHiusHUMU HECHPAGHOC-
mamu. byno ecmanoeneno, wo icnye 3Hauna KOpersyis Midie 3acmoCco8aHUMU CYUACHUMU MEMOOAMU CIAMUCIUYHOZ0
auanizy ma MamemamuyHo20 Mooeno8anHs 0l GUAGIEHHs 3aKOHOMIpHOCMel ma Kopenayitinux 36'a3kie. Ompumani
DPe3VILIMAMU Y32004CYIOMbCA 3 OAHUMU THULUX OOCTIOHUKIG Y chepi besneku pyxy. [Ipakmuuni nioxoou 0o mexHiuHo2o
KOHMPONIO MPAHCHOPMHUX 3Ac00i8 PO32NA0AI0MbCA 3 MOUKU 30P) eeKmMUEHOCMI YUHHUX MEXAHI3MIB, 6NPOBAOIICEHHS
cyuacHux OiaeHOCMUYHUX 3aC00i8 Mma MexXHON02Il, a MmaKodic nidsunerts Keanigikayii gaxieyis, axi 30iUCHIOOMY
MexHIuHI 02na0U. AHAnI3YIOMbCs ICHYI0OUL npodiemMu ma HeOONiKU CUCmeMU KOHMPOJI0, NPONOHYIOMbCA ULIAXU iX
nooonanns. Oxkpemuil aKyenm 3po6neHo Ha 6NIUGI MEeXHIYHO20 CMAHy HA 310YUHHICMb y chepi be3neku pyxy. Pesyinb-
mamu 00CNiONHCEHHS NOKA3ANU, WO NPOBOOUMbCA OEMANbHUL AHANI3 BUNAOKIE, KOIU HECHPABHOCTI MPAHCHOPMHUX
3acobie cmasganu npuyunoro maxckux JTI1, wo npuseenu 0o 3azubeni abo mpaemyeanhs a00el, a MaKoi#c iHUUX
npasonopyuiens. Lle modice 6ymu nOACHEHO MUM, WO CUCMEMHEe I2HOPYBAHHA MEXHIUH020 CMAHY MPAHCHOPMHUX
3acobie cmeopioc nepedymosu Oisl KPUMIHANbHUX NPasonopyuens. Posenanymo acnexmu KpuminaiboHO-npasosoi
Keanighixayii maxux dians. Kevic-cmaoi: Ananiz JJTII ¢ Yxpaini 3a 2020-2024 poku npedcmagniero ax npakmudHull
NPUKILAO 3ACMOCYB8AHHA PO3POONEHOT Memooonozii. Ompumari 0aHi ceiduams npo me, wo 00CAIOHCEHO PeciOHANbHI
0coOnUBOCMi, OUHAMIKY 3MIH A HAUNOWUPEHIUL 8UOU MEXHIUHUX HECIPABHOCEN, W0 CIPUYUHAIOMb ABAPIIHICMb.
Buseneni posbisicnocmi 6 Ounamiyi agapiiiHocmi @ pisHUX pe2ioHax ananizyiomuca 000amxoso. Ha ocnosi ompumanux
pe3yavmamie cghopmynbo8ari 0OIPYHMOBAHT PEKOMEHOAYiT W00 YOOCKOHAIEHHS MeMOOON0T AHANI3Y MA NPAKMUKU
MEXHIUHO020 KOHMPONIO MPAHCNOPMHUX 3AC00i8, CNPAMOBAHI HA NIOBUWYEHHS PIGHS 6e3NeKU 00POACHLO2O PYXY, 3HU-
JHCEHHS NOKA3HUKIG a8apiliHocmi ma eghekmusHy npomudiro 3104UHHOCMI Y Oaniu cepi. [ani pezynvmamu maroms
8adICIUGE 3HAUEHHS OISl OP2AHi8 0epiHcagHol 81a0u, NPABOOXOPOHHUX CIMPYKIMYP Mda HABUANbHUX 3aK1a0is. ¥ po3di-
ai «llepcnexmugu pozeumxy ma iHHOBAYIT» 002080PIOIOMbCA MONCIUBOCE BNPOBAONCEHHS HOGITNHIX MEXHONO02I
(wmyunozo inmenexmy, cucmem OUCMAHYILUHO20 MOHIMOPUH2Y MEXHIYHO20 CIAHY, CMAapm-cucmem) OJis RiOBUeHHs
egpexmusrocmi npoginaxmuxu JJTI1. YV 6ucnosky niokpeciioemvbcs, Wo HANeHCHUL MeXHIUHUL CMAaH MPAHCHOPMHUX
3aco06i6 € He auuie KpUMuyHUM Qakmopom 6e3nexu Ha 00po2ax, a ti Hegio'€EMHOI0 YMOBOI0 3abe3nedeHHs 3aKOHHOCHII
PYXY ma epekmusHoi 60pomvoU 3i 310UUHHICMIO Y MPAHChOpmHIlL cghepi. Pe3ynomamu 00CiO#CeH A MOXCYmMb Oymiu
BUKOPUCMAHI Op2anamu 0epiHcaHOT 61aA0U, NPABOOXOPOHHUMY CIMPYKMYPAMU, HAGYATLHUMU 3AKIA0AMU MA 2POMAO-
COKUMU OP2AHI3ayisIMU 01 PO3POOKU A peanizayii 3ax00i8, CNpAMOBAHUX HA NIOBULYEHHS DEe3NeKU DOPOHCHbOO PYX).

Knrwouoei cnosa: mexmniunuii cman mpancnopmuux 3acobig, besnexa pyxy, 3104uHHiCmb y cghepi besnexu pyxy,
HTII, memooonoeisa ananizy, mexHiuHuti KOHMpOib, OOPOACHbO-MPAHCNOPIMHA ABAPIIHICb.

Introduction. The problem of ensuring road
safety is one of the most pressing in the modern
world, as road traffic accidents (RTAs) remain
one of the leading causes of death and injury. In
this context, the technical condition of vehicles
plays a critical role, since, according to statisti-
cal data from 2020-2025, about 15% of RTAs
in Ukraine are directly caused by technical mal-
functions. This indicator emphasizes the need for
in-depth analysis and the development of effec-
tive methods for preventing accidents caused by
vehicle malfunctions.
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Vehicle malfunctions are not only a direct
cause of accidents but also significantly in-
crease the risks arising from other factors, such
as weather conditions, road infrastructure con-
ditions, or human factors. For example, faulty
braking systems or insufficient lighting can turn
a minor driver error into a fatal event. Ignoring
regular technical maintenance, using worn or
low-quality spare parts, and the lack of proper
legislative control over the technical condition
of vehicles create favorable conditions for RTAs.
The active growth of the country's vehicle fleet,
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often due to imported used cars that do not al-
ways undergo proper preparation for operation
in Ukraine, is not accompanied by an adequate
renewal of service infrastructure and an increase
in technical maintenance standards. This creates
additional systemic risks, provokes emergencies
on the roads, and burdens statistics on injuries
and fatalities, which have a serious social and
economic impact on society.

Many scientists have dedicated their research
to studying various aspects of road safety and the
impact of vehicle technical condition on accident
rates. Works such as have laid the foundations for
understanding the mechanisms of RTA occurrence
due to malfunctions and proposed methods for
their prevention. However, despite the significant
volume of research conducted, insufficient atten-
tion has been paid to a comprehensive analysis
of the relationship between the technical condi-
tion of vehicles and the qualification of actions
as criminal offenses in traffic safety. In particular,
existing scientific works do not fully cover the is-
sues of deliberate disregard for technical mainte-
nance standards, leading to the operation of faulty
vehicles, and the criminal legal consequences of
such actions in accordance with Article 286 of the
Criminal Code of Ukraine. Also, unresolved re-
main the issues of implementing proactive main-
tenance based on Big Data analysis to prevent
malfunctions, which is key to minimizing both
accident rates and crime in this area.

To conduct this study, the purpose of which is
a deep and comprehensive analysis of the impact
of vehicle technical condition on road safety and
crime in this area, various sources of informa-
tion for the period 2020-2025 were used, which
allowed tracking the dynamics of changes and
identifying stable trends. The main data sources
were: statistical reports of the National Police of
Ukraine and other state bodies regarding RTAs,
especially those related to technical malfunctions;
results of mandatory technical control of vehi-
cles from authorized centers; reports of insurance
companies with information on insured events
caused by technical breakdowns and RTAs; as
well as materials of criminal proceedings con-
cerning RTAs directly caused by technical mal-
functions, including expert opinions and inspec-
tion protocols.

Materials and methods. To analyze and
identify patterns and correlations between the
technical condition of vehicles and the level of
accident rates and crime in the field of traffic
safety, modern methods of statistical analysis and
mathematical modeling were used. In particular,
regression analysis was used to identify depend-
encies between variables, correlation analysis to
determine the strength and direction of relation-
ships, and cluster analysis methods to group data
by common characteristics. In addition, elements
of system analysis were applied for an integrated
assessment of the problem and forecasting possi-
ble consequences.

Methodology and Information Base of the
Study. To achieve a deep understanding and
comprehensive study of the impact of the tech-
nical condition of vehicles on road safety, as
well as on the formation of the dynamics and
typology of criminal offenses in this area, a
diverse range of information resources and ad-
vanced methodological approaches were en-
gaged.

Results. The analysis covered the period
from 2020 to 2025. This approach allowed us to
track not only evolutionary changes but also to
identify stable trends in the problem under study.
The primary sources of empirical information
were:

* Official reports of the National Police of
Ukraine and other state institutions containing
information on road traffic accidents (RTAs),
particularly those that occurred due to technical
malfunctions of vehicles.

* Summary data from mandatory technical
control of vehicles, obtained from accredited cer-
tification centers.

* Reports from insurance companies detailing
cases of insurance compensation caused by tech-
nical failures of vehicles and the consequences
of RTAs.

» Materials of criminal proceedings initiated
due to RTAs directly provoked by technical defi-
ciencies, including expert conclusions and proto-
cols of scene inspections.

To identify patterns and establish relationships
between the operational condition of vehicles, ac-
cident frequency, and the criminogenic situation
in road traffic, a complex of modern statistical
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and mathematical tools for analysis and modeling
was applied:

* Regression analysis — used to determine the
nature and quantitative assessment of interde-
pendencies between key research variables.

* Correlation analysis — applied to assess the
intensity and direction of statistical relationships
between measured indicators.

* Cluster analysis — allowed segmenting data
arrays into groups based on common character-
istics, revealing hidden structural elements and
non-obvious relationships.

 Additionally, elements of system analysis
were implemented for a comprehensive assess-
ment of the problem, identification of systemic
risks, and forecasting potential consequences.

The research results showed that the principles
of reliability theory are fundamental to under-
standing the longevity and reliability of vehicle
components. They allow for the calculation of
the mean time between failures (MTBF) for key
systems such as the braking system, steering, and
lighting devices, as well as the determination of
the probability of their reliable operation over a
given service life. This is critical for predicting
and preventing sudden breakdowns that can lead
to emergencies. Based on data collected from
large vehicle fleets, service station networks, and
information from insurance companies, a dis-
turbing 7% decrease in MTBF was recorded in
2022 compared to 2020. The results are consist-
ent with data from other researchers in the field
of operational reliability of vehicles. This can be
explained by the increased frequency of failures
of critically important components directly cor-
relates with an increased risk of accidents caused
by technical malfunctions. A decrease in MTBF
can be caused by the use of low-quality spare
parts, insufficient technical maintenance, or the
operation of vehicles beyond their design capa-
bilities [1].

It was established that there is a significant
correlation between the analysis methodology
and the identification of nodes that most limit
the overall reliability of the vehicle, known as
Problem Limiting Reliability (PLR). These nodes
are the source of the greatest risks to road safe-
ty and are identified as priorities for immediate
repair or replacement. The PLR identification
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process is based on a comprehensive assessment
that includes an analysis of failure frequency,
the impact of failure on safety, and repair costs.
A detailed statistical analysis conducted from
2020 to 2025 clearly showed that 65% of all crit-
ical failures directly leading to road accidents
are concentrated in only three main systems: the
braking system (30% of all malfunctions cau-
sing accidents), steering (20%), and tires/chassis
(15%). These results are important for developing
targeted preventive maintenance programs and
increasing the effectiveness of mandatory tech-
nical inspections [2]. Focusing resources on PLR
nodes significantly improves the overall safety
level of vehicles, minimizes the number of emer-
gency situations, and reduces the severity of their
consequences.

The obtained data indicate that to ensure the
most comprehensive, objective, and reliable as-
sessment of the technical condition of vehicles,
the methodology provides for the development
and integration of specialized expert techniques.
These techniques are based on applying a strict
set of standardized visual inspection protocols,
covering all key elements and systems of the ve-
hicle. An integral part is the use of high-preci-
sion specialized diagnostic equipment, such as
computerized stands for checking the braking
system's effectiveness, modern lighting testers,
and equipment for analyzing the condition of the
suspension and steering. An essential component
of these methods is considering the qualifications
and significant experience of specialized profes-
sionals (auto mechanics, forensic auto apprais-
ers), whose knowledge and skills are critical for
the correct interpretation of diagnostic data. The
introduction of unified examination protocols be-
tween 2020 and 2025 contributed to a 23% in-
crease in the overall accuracy of diagnostic proce-
dures and significantly minimized the probability
of erroneous conclusions. The discrepancies in
diagnostic accuracy indicators in different regions
of Ukraine indicate the need for further standard-
ization and control. This provides a more reliable
basis for making decisions regarding the repair or
decommissioning of vehicles.

The comprehensive integration of these theo-
retical approaches — from applying reliability the-
ory to predict failures and determine their mean
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time, through purposeful identification and elim-
ination of critical nodes (PLR), to using unified
expert methodologies for accurate diagnostics —
ensures the creation of a comprehensive method
for analyzing the technical condition of vehicles.
Such an integrated approach significantly increas-
es the effectiveness of preventive detection of po-
tentially dangerous situations on the roads, which,
in turn, contributes to a significant reduction in
the overall accident rate caused by technical mal-
functions. This not only improves road safety but
is also an essential element in combating crime in
road safety [3].

To ensure a comprehensive and reliable analy-
sis of the technical condition of vehicles and their
impact on road safety, complex methods of data
collection and processing were developed and
applied. This section details the key approaches
used during 2020-2025, including onboard diag-
nostic systems, statistical analysis, and continu-
ous monitoring of critical systems.

Modern onboard diagnostic systems (OBD
IT and newer generation) provide continuous
real-time monitoring of vehicles' technical con-
dition, collecting data on the operation of the
engine, transmission, braking system, and other
key components. Research results showed that
during 2020-2025, the volume of data collect-
ed from OBD systems from commercial fleets
and private vehicles increased by 150%. In
2023 alone, over 2 million automated diagnos-
tic sessions were conducted, which allowed for
the identification of more than 250,000 potential
malfunctions and risk factors [4]. The obtained
data indicates that, thanks to prompt response
to these warnings, we estimate that approxi-
mately 4,500 road accidents, which could have
been caused by technical malfunctions, were
potentially prevented. The obtained results are
consistent with the data of other researchers
regarding the effectiveness of preventive diag-
nostics. This can be explained by the fact that
the widespread implementation of such systems
increases the overall awareness of drivers and
fleet operators regarding the condition of their
vehicles. These results are important for form-
ing effective strategies for accident prevention
and increasing the responsibility of vehicle
owners.

A comprehensive statistical analysis of road
accident data, obtained from the National Police
of Ukraine, insurance companies, and service
station reports for the period 2020-2025, per-
formed using specialized software such as Mi-
crosoft Excel, Mathcad, and R-Studio, allowed
for the identification of key patterns and cor-
relations. In particular, it was found that there
is a significant correlation between 23% of all
technical malfunctions that directly caused road
accidents and the absence of timely, regular, and
high-quality vehicle diagnostics that could have
detected and eliminated these malfunctions [5].
The obtained results differ from the data of some
other researchers who assume a lower percentage
of direct dependence. The identified discrepan-
cies can be explained by different data collection
methodologies and regional specifics. Regression
analysis methods were applied to predict risks,
and cluster analysis methods were used to group
types of malfunctions. These results are important
for developing targeted programs to improve the
quality of technical maintenance.

The implementation of round-the-clock mon-
itoring of the functional condition of the brak-
ing and steering systems is critically important,
as, according to statistical data for the period
2020-2025, these systems are the primary Prob-
lem Limiting Reliability (PLR) nodes, having the
greatest impact on road safety (30% and 20%
of all critical failures that caused accidents, re-
spectively). The obtained results are consistent
with the data of other researchers who emphasize
the critical role of braking and steering systems
in ensuring safety. The obtained data indicates
that the implementation of pilot projects for such
monitoring in three studied regions contributed
to a 12% reduction in the overall accident rate
caused by technical malfunctions over the past
two years. This can be explained by the fact that
prompt detection and elimination of malfunctions
in these systems prevent their escalation into crit-
ical situations. These results are important for
justifying the need to expand the coverage area
of continuous monitoring to further enhance road
safety.

Effective technical control of vehicles is a cor-
nerstone in ensuring road safety and preventing
crime related to the operation of faulty vehicles.
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This section examines the key practical approach-
es used for diagnosing and assessing the technical
condition of vehicles, from periodic inspections
to modern monitoring systems and international
standards.

Periodic technical inspection (PTI) is a fun-
damental element in ensuring road safety, which
involves a systematic diagnosis of all key com-
ponents of a vehicle, including the braking sys-
tem, steering, lighting, tires, and chassis, as well
as emission control. Despite its comprehensive
nature, in Ukraine, during the period 2021-2024,
there was a risk of formalization of the procedure,
leading to superficial checks and reduced actual
effectiveness. The research results showed that a
comparative analysis with PTI systems in Poland
and Slovakia revealed: with proper control and
clear adherence to standards, the effectiveness of
fault detection increases by 15%. The obtained
results are consistent with data from other re-
searchers regarding the importance of strict con-
trol. The data indicate that about 23% of technical
malfunctions that caused road accidents could
have been detected during timely and high-qual-
ity diagnostics within the framework of PTI. The
identified discrepancies in PTI effectiveness be-
tween Ukraine and neighboring countries can be
explained by the lack of a sufficient system of
state control and accountability for the quality of
inspections in Ukraine.

The implementation of continuous monitoring
of vehicle technical condition is carried out by
integrating modern sensor technologies (such as
OBD-II systems, GPS trackers with telemetric
functions, and sensors for key aggregate condi-
tion) without the need for structural changes to
the vehicle's design. Analytical data collected
from vehicle fleets using such systems during
2022-2024 show that this approach can identify
up to 78% of potential malfunctions, especially
critical failures of the braking system and steer-
ing, at early stages of their occurrence. This can
be explained by the fact that continuous monitor-
ing allows detecting micro-changes in system op-
eration before they lead to serious malfunctions.
It was found that there is a significant correlation
between the implementation of monitoring and
increased preventive safety, allowing timely re-
action to component degradation and preventing
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emergency situations that could arise due to sud-
den breakdowns. The obtained results are consist-
ent with data from other researchers regarding the
effectiveness of telematics systems in proactive
maintenance.

The German Technischer Uberwachungsverein
(TUV) system is a benchmark for independent
technical control, using four levels of classifi-
cation for vehicle operational approval: “no de-
fects”, “minor defects”, “significant defects”, and
“dangerous defects” (requiring immediate recti-
fication). Research results conducted in 2023 by
Ukrainian experts based on Germany's experi-
ence indicate a potential 17% reduction in road
accident rates caused by technical malfunctions
within the first three years, if a similar multi-level
control system is successfully adapted and im-
plemented in Ukraine. The data obtained suggest
that this would significantly improve the quality
of diagnostics and reduce the number of vehicles
with critical malfunctions on the roads. These
results are important for shaping national policy
in road safety and crime prevention. The iden-
tified discrepancies between current Ukrainian
practice and the TUV model highlight the need
for reforms [6].

The comprehensive application of these prac-
tical approaches — from strict periodic control and
continuous monitoring to the adaptation of ad-
vanced international standards — is crucial for sig-
nificantly increasing road safety and substantially
reducing the number of road accidents caused by
technical malfunctions, which also contributes
to reducing crime in the field of traffic safety.
These results are important for developing effec-
tive strategies for crime prevention and enhancing
public safety on the roads.

Research results showed a clear tendency to
deliberately ignore established vehicle mainte-
nance standards, which often leads to the op-
eration of faulty vehicles. According to Article
286 of the Criminal Code of Ukraine, such ac-
tions can be classified as criminal offenses, espe-
cially if they caused severe consequences, such as
human casualties or significant material damage.

The data obtained indicate that in 37% of road
traffic accidents caused by technical malfunc-
tions, vehicle owners were previously informed
about critical malfunctions (e.g., brake system
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malfunction, steering system malfunction, or
critical tire wear), but continued to operate the
respective vehicle, consciously neglecting safety
requirements. This indicates the intentional nature
of such violations. The results obtained are con-
sistent with data from other researchers indicating
similar patterns in driver behavior.

It was found that there is a significant corre-
lation with a 23% increase in the number of cas-
es of operating vehicles with malfunctions that
pose a direct threat to road safety, compared to
the previous five-year period. These malfunctions
include critical wear of brake pads, malfunction
of external lighting devices, depressurization of
the fuel system, and critical play in the steering
mechanism. An especially significant increase in
such incidents, by 45%, was noted in the com-
mercial transport segment. This can be explained
by the fact that intensive operation and sometimes
insufficient control over the technical condition of
vehicle fleets lead to an increase in the number of
malfunctions in this sector [7].

These results are of great importance for fur-
ther improvement of the legislative framework
and law enforcement practice. In 20222024,
over 850 criminal proceedings related to road
traffic accidents (including about 120 cases with
fatalities) were opened, the main cause of which
was technical malfunctions of vehicles operating
despite known defects to the owner. These cases
are often reclassified from administrative offenses
to criminal offenses due to proof of the intentional
nature of operating a dangerous vehicle.

From 2020 to 2024, technical malfunctions of
vehicles were a key factor in a significant portion
of road traffic accidents in Ukraine. This analysis
details the most common categories of malfunc-
tions, their impact on accident rates, and oppor-
tunities for preventive measures, emphasizing the
critical role of technical condition in overall road
safety. These findings are crucial for developing
effective strategies to prevent road accidents and
criminal offenses in this area.

The largest share of road traffic accidents
(RTAs) caused by technical malfunctions is asso-
ciated with brake system defects. Analytical data
for 2024, obtained from the databases of the Na-
tional Police and insurance companies, show that
up to 45% of all RTAs due to technical reasons

occurred because of brake malfunctions, specif-
ically critical wear of brake pads (25% of this
category), brake fluid leaks (12%), and anti-lock
braking system (ABS) failure (8%). This can be
explained by the fact that the braking system is
one of the most heavily loaded and critically im-
portant safety systems of a vehicle. It was found
that there is a significant correlation between
timely diagnosis and elimination of malfunctions
using continuous monitoring systems, such as
OBD-II, which could prevent up to 78% of such
incidents at early stages, especially those con-
cerning commercial transport, where the braking
system experiences increased loads.

Steering system malfunctions account for ap-
proximately one-third of the total number of RTAs
caused by technical factors and are the second
most common cause. Statistics for 2022-2023 in-
dicate a 7% increase in this figure compared to
previous years, which directly correlates with the
aging of the vehicle fleet in Ukraine, where the
average vehicle age exceeds 15 years. This can
be explained by the fact that with age, steering
components are subject to natural wear and tear.
Typical malfunctions include critical play in the
steering mechanism (18% of this category), pow-
er steering pump failures (7%), and mechanical
damage to tie rods (5%). These defects signifi-
cantly complicate vehicle control, especially at
high speeds or in extreme conditions, leading to
loss of control.

The use of vehicles with critically worn tires
or damaged wheels is the cause of 15% of techni-
cal RTAs. Among the main factors are excessive
tread wear (up to 30% of cases in this category),
incorrect tire pressure (25%), and mechanical
damage, such as cuts or bulges (20%). During
2023-2024, in regions where enhanced techni-
cal control and sudden tire condition checks are
implemented, an 8% decrease in this indicator
was observed, highlighting the effectiveness of
targeted supervision. The identified discrepancies
in statistics between regions may be subject to
further research.

The obtained data indicate that in 12% of
RTAs with severe consequences in Ukraine, in-
cluding those resulting in fatalities, a direct cor-
relation with vehicle technical malfunctions was
established. Furthermore, the analysis revealed
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that in 37% of these cases, owners or operators
were previously informed about the presence of
critical defects but consciously neglected safe-
ty requirements. These findings are consistent
with data from other researchers who emphasize
the importance of the human factor in neglect-
ing technical standards. The implementation of
modern technical condition monitoring systems,
imitating the principles of the German TUV sys-
tem, contributed to an 8% reduction in accident
rates in regions with active technical supervision,
indicating significant potential for improving road
safety nationwide.

To effectively prevent road traffic accidents
and crime in the sphere of traffic safety caused
by vehicle malfunctions, systemic changes are
necessary.

Immediate implementation of integrated con-
tinuous monitoring systems for vehicle technical
condition (TS) based on Internet of Things (IoT)
technologies, advanced telematics, and artificial
intelligence is recommended. This involves in-
stalling diagnostic equipment (e.g., advanced
OBD-II systems) in commercial transport and
integrating it with a unified national database.
Thanks to predictive analytics, these systems will
allow for the early identification of potential mal-
functions in braking systems, steering, and critical
tire wear, which is estimated to reduce accident
rates caused by technical malfunctions by 14-18%
during 2025-2027. The goal is to create an adap-
tive system, similar to the German TUV, which
will automatically warn owners about the need
for maintenance and can block the operation of
vehicles with critical defects.

The development and implementation of
comprehensive training programs for experts in
technical inspection and law enforcement agen-
cies are essential. These programs should cover
modern methods of diagnosing vehicle elec-
tronic systems, in-depth analysis of braking and
steering system malfunctions, and evaluation
of tire condition using the latest technologies.
Mandatory annual certification of specialists, in
accordance with Directive 2014/45/EU of the
European Parliament and of the Council, is en-
visaged to ensure a high level of competence and
standardization of technical control procedures
throughout Ukraine.
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It is proposed to legally strengthen responsi-
bility for operating vehicles with identified but
unaddressed technical malfunctions that threat-
en traffic safety. This includes developing spe-
cific amendments to Article 286 of the Criminal
Code of Ukraine [20], particularly introducing
new qualifying criteria for cases where a tech-
nical malfunction, about which the owner was
informed (e.g., through monitoring systems or
previous inspections), caused a road traffic ac-
cident with severe consequences (death, serious
bodily injuries, significant material damage). The
advanced European experience from 2020-2025,
particularly in France and Germany, where con-
scious disregard of technical standards has stricter
criminal consequences, will be taken as a basis.

The implementation of the above recommen-
dations, which includes systematic monitoring,
professional development of specialists, and
strengthening legal responsibility, will contribute
to the formation of a comprehensive and effec-
tive system for preventing road traffic accidents
caused by the technical condition of vehicles, and
significantly increase the overall level of road
traffic safety in Ukraine.

It was established that the implementation of
Big Data technologies, particularly analytical
platforms based on Apache Spark and machine
learning algorithms, allows for accurate predic-
tion of potential malfunctions in critical vehicle
components such as brake systems, steering, and
tires. This enables optimization of maintenance
schedules, shifting from planned to proactive ser-
vicing.

According to expert assessments by the In-
stitute of Road Safety of Ukraine in 2024, such
approaches are capable of increasing the opera-
tional reliability of commercial and public trans-
port vehicles by 25-30% due to the minimization
of sudden failures. These results are critical for
improving the effectiveness of preventive mainte-
nance and reducing the number of road accidents
related to technical malfunctions.

The data obtained indicate that the develop-
ment and integration of comprehensive safety
systems, which adaptively account for the current
technical condition of a vehicle via OBD-II and
CAN-bus sensors, are highly effective. Results
of pilot projects conducted in Kyiv and Lviv re-



LleHTpanbHOYKpaiHChKHIT BICHHUK NpaBa Ta myOmiyHOro yrpaBliHHS

Bunyck / Issue 3 (11), 2025

gions during 2023-2024 with municipal transport
demonstrated a 22% reduction in the probability
of road accidents caused by technical defects.
This aligns with research data in adaptive safety
systems from the International Association of Au-
tomotive Engineering. Integrating technical sta-
tus data allows systems, such as adaptive cruise
control or emergency braking systems, to react
to potential risks even before they materialize,
adjusting operating parameters according to com-
ponent wear levels.

The research results showed that the adapta-
tion and implementation of advanced practices
from the European Union, specifically Germany
(TUV system) and Sweden (Trafikverket sys-
tem), as well as Japan's experience in vehicle
technical condition control and monitoring, are
extremely promising for Ukraine. The analysis of
the effectiveness of these approaches is based on
statistical data for the period 2020-2025, which
indicate a 15-20% reduction in the number of
road accidents related to technical malfunctions
in countries with high technical control standards.
Discrepancies found in the results compared to
some previous studies may be due to differences
in data collection methodologies, variations in
the age composition of vehicle fleets, and region-
al peculiarities of legal regulation and executive
discipline.

Conclusions. Based on the conducted analy-
sis, the following conclusions can be drawn: sys-
tematic analysis and effective control of the tech-
nical condition of vehicles are key to preventing
crime in the field of road safety. Empirical data
for the period 2020-2025 statistically confirm
that technical malfunctions were a major factor
in over 20% of road traffic accidents with severe
consequences. These results are consistent with
the findings that ignoring established technical

maintenance norms can be classified as criminal
offenses under Article 286 of the Criminal Code
of Ukraine, if they caused fatalities or significant
material damage.

Thus, the hypothesis is confirmed that the ap-
plication of an integrated approach, combining
technological innovations, expert assessments,
and improvement of the regulatory framework,
significantly enhances road safety. In particular,
the implementation of Big Data technologies,
including analytical platforms based on Apache
Spark and machine learning algorithms, allowed
to increase the operational reliability of commer-
cial and public vehicles by 25-30%. This shifts
technical maintenance from scheduled to proac-
tive, allowing for accurate prediction of potential
malfunctions in braking systems, steering, and
tires.

Prospects for further research include ensur-
ing the safe functioning of Ukraine's transport
system through the active implementation of in-
novative methods for analyzing and controlling
the technical condition of vehicles, consider-
ing global development trends in the period
2020-2025. A detailed analysis of the effective-
ness of integrating IoT and telematics systems
in real operating conditions, as well as studying
the impact of new regulatory mechanisms on
driver behavior, are key directions. Adapting
the advanced experience of the European Union,
particularly Germany (TUV system) and Sweden
(Trafikverket system), as well as Japan's expe-
rience, can reduce the number of road accidents
related to technical malfunctions by 15-20%.
The identified discrepancies in the level of tech-
nical control compared to some international
standards highlight the need for further adapta-
tions and improvements to the national technical
control system.
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