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Abstract. The aim of the study was to develop a hierarchical fuzzy model for assessing the risks of road transportation
of dangerous goods, taking into account the influence of the human factor to increase the accuracy and informativeness
of decision-making in the field of transport security. The study employed a systematic approach, analysis and synthesis,
expert assessment, comparative analysis, and fuzzy modelling based on the Mamdani algorithm, implemented in
MATLAB, to assess human factor risks. The research resulted in the development of a hierarchical fuzzy framework for
evaluating risks associated with the road transportation of dangerous goods. A key focus of the model is the assessment
of human factors based on three input variables: the driver’s health status, their experience in transporting dangerous
goods (measured in tonne-kilometres), and the duration of accident-free operation. The fuzzy model, implemented
using the Mamdani algorithm, includes 27 fuzzy logic rules and has demonstrated stable behaviour even under varying
input parameters. Testing the model on four real drivers produced scores reflecting the quality of the human factor,
ranging from 28.5 to 62.6 points. These scores indicate the model’s sensitivity to individual personnel characteristics. An
integrated assessment of overall risk is generated through a two-level aggregation of results from sub-models, allowing
the system to adapt to different transportation scenarios. This model can be effectively incorporated as a critical
component of a logistics operator’s Decision Support System for dynamic risk analysis prior to each transport operation

Keywords: decision support system; expert evaluation; accident-free experience; membership function; logistics
safety

Introduction

Transporting dangerous goods by road is one of the riski-  various risk factors, including regulatory, logistical, phys-

est aspects of logistics. Accidents during such transporta-
tion can have severe consequences for human life, prop-
erty, and the environment. Traditional risk assessment
methods rely largely on deterministic or stochastic mod-
els, which fail to consider the complex interactions among

ical, and human elements. Furthermore, these methods
are less effective when dealing with incomplete, unclear,
or subjective data. This is particularly crucial when eval-
uating human factors, such as a driver’s health, fatigue,
or experience in handling dangerous goods. Despite the
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growing interest in using fuzzy logic and multicriteria
approaches to address these issues, this area remains un-
derdeveloped. Therefore, there is a need to create a hierar-
chical fuzzy model that considers the influence of the hu-
man factor as a key source of risk in the transportation of
dangerous goods by road. This model should offer a more
accurate and flexible risk assessment by processing both
quantitative and qualitative data, ultimately making the
decision-making process in safe logistics more efficient.

An analysis of the literature published in scientific
journals reveals a growing interest among the scientific
community in risk assessment in logistics, particularly re-
garding the influence of human factors. Modern research
increasingly employs approaches such as fuzzy logic, mul-
ti-criteria analysis, and machine learning to model situa-
tions where personnel behaviour, condition, or errors are
critical. Significant attention is devoted to various aspects,
including driver fatigue, instruction violations, underesti-
mation of risks in warehouse or transportation operations,
and the effects of psychological stress on the quality of
logistics procedures. N. Vojinovi¢ et al. (2021) considered
the results of the latest trends in the development of fuzzy
modelling for assessing the activities of road transport
companies engaged in the transportation of dangerous
goods: the method of improved fuzzy step-by-step analy-
sis of weighting coefficients; the method of decision-mak-
ing by multiple criteria (MCDM Method); the method of
finding an alternative to rough measurement and ranking
based on a compromise solution (R-MARCOS - “Rough
Measurement Alternatives and Ranking according to the
Compromise Solution” method). As a result of the fuzzy
modelling, the authors obtained rating scores for 11 com-
panies that operate in the service market.

S. Benchkovska et al. (2020) introduced an innovative
method for risk assessment that emphasises the role of
“human errors”. The main idea behind this method is to
evaluate and model the human factor as a primary cause
of road traffic accidents. To quantify the parameter relat-
ing to the human factor, fuzzylogic techniques are utilised.
This model calculates the probability of a road accident
occurring during the transportation of hazardous goods.
This new approach to risk assessment considers various
factors, including how the human element influences the
likelihood of accidents, and recognises the diversity of
the different segments that comprise the overall route for
transporting dangerous cargo. The method is valuable for
assessing risk variability and accounts for the human fac-
tor on both planned and existing routes. It also takes into
consideration the classification of road sections, catego-
risation of hazardous materials, and the potential impact
of various scenarios and risks on transportation safety. A
comparative analysis of risk models for transporting dan-
gerous goods by rail may be useful for examining similar
models for road transportation, particularly in fuzzy risk
modelling (Benchkovska e al, 2020). T.D. MiloSevi¢ et
al. (2021) discussed the development of a fuzzy Mamdani
model designed to assess the quality of routes used for the
transportation of dangerous goods by road. The evaluation
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of these routes is based on five specific criteria. Each in-
put variable is represented by three membership func-
tions, while the output variable is determined through
five membership functions. The rules within the fuzzy log-
ic system are created using the Aggregation of Weighted
Preconditions (ATPP) method, which helps build a knowl-
edge base grounded in expert experience and intuitive
reasoning. Given the number of input variables and their
respective membership functions, a total of 243 rules has
been defined. To establish the weights for the member-
ship functions, three experts from the Ministry of Defence
were consulted, and the weight values were determined
using the Full Consistency Method (FUCOM). B. Mati¢ et
al. (2022) developed a fuzzy model of road infrastruc-
ture based on multicriteria analysis. The determination
of weighting coefficients for evaluation criteria in fuzzy
models is discussed in a paper by Z. Stevi¢ et al. (2022) in
the field of applied mathematics.

S.A. Beczkowska & I. Grabarek (2021) discussed the
key role of the human factor in ensuring safety during the
transportation of dangerous goods. The authors examine
common staff errors, the causes of safety violations, and
how the psychological and physical well-being of em-
ployees can influence risk levels. They placed particular
emphasis on the need to consider behavioural and organ-
isational aspects when evaluating threats in transporta-
tion processes. The article highlights the significance of a
systematic approach to enhancing safety, which includes
training, monitoring, and management of human factors.
The article by T. Panchyshyn et al. (2024) presented an
analysis of international experience in investing in human
capital development. The authors explore the key trends
and effective strategies of states and corporations to im-
prove the quality of education, training and innovation
activity of employees. Particular attention is paid to the
role of investment in the formation of a competitive econ-
omy in the context of digital transformation. The article by
K.M. Bozhko et al. (2024a) presented a method for assess-
ing the effectiveness of investments in the human capi-
tal of an enterprise using fuzzy modelling based on linear
and logarithmic scales of input data. In another article by
K. Bozhko et al. (2024b) considered an approach to eval-
uating start-up projects from the investor’s perspective
based on fuzzy models. They proposed the use of variable
evaluation criteria to take into account the uncertainty
and subjectivity of investment decisions. Thus, a review
of the literature indicated the relevance of applying fuzzy
modelling to assess the risks associated with the transport
of dangerous goods by road, which encourages the author
to continue research in this direction.

Despite the existence of some studies on risk mod-
elling in the transportation of dangerous goods, several
important aspects remain underdeveloped. First, there is
no holistic hierarchical model that would simultaneous-
ly cover all key groups of risk factors — regulatory, logisti-
cal, physical, and human - in a single fuzzy environment.
Secondly, the human factor, despite its critical role in
accidents, is often considered in a fragmented manner
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or without taking into account the interrelationships
with other risk groups. There is also a lack of models that
would allow quantitative assessment of the human factor
based on variables of the driver’s health, experience, and
behavioural characteristics in dynamic transportation
conditions. Additionally, the challenge of adapting input
linguistic or fuzzy data to a formalised multi-level evalu-
ation structure is still relevant, complicating the practical
application of these models within logistics information
systems. Most existing approaches also lack a mechanism
for comparative analysis based on qualitative criteria,
which would allow for ranking routes or carriers through
an integrated risk assessment. Therefore, the develop-
ment of a hierarchical fuzzy model that includes a com-
prehensive assessment of the human factor as a separate
module remains essential and inadequately addressed in
current scientific and applied research. This article aimed
to design and substantiate a hierarchical fuzzy model for
assessing risks in the road transportation of dangerous
goods, with particular emphasis on integrating the human
factor into a comprehensive risk assessment framework.
The objectives of the study included the formalisation of
key risk factor groups, the development of a fuzzy model
for evaluating the human factor, the construction of a hi-
erarchical structure of the integrated risk model, and the
validation of its applicability using empirical data to sup-
port managerial decision-making in the transportation of
dangerous goods.

Materials and Methods
The research materials comprised regulatory and le-
gal acts and specialised regulations in the field of road
transport of dangerous goods, academic publications on
transport risk assessment, and results of pilot testing of a
fuzzy model based on data from four drivers. The study
employed a systematic approach, as well as methods of
analysis and synthesis, expert assessment, fuzzy model-
ling, and comparative analysis. Fuzzy logic was used to
formalise dependencies between human factor parame-
ters, and the model was constructed using the Mamdani
algorithm. The feasibility of applying this algorithm was
determined by a combination of factors, including its ef-
fectiveness under conditions of a small sample size and
its suitability for supporting management decision-mak-
ing with limited input data. In addition, the Mamdani al-
gorithm is widely implemented in the MATLAB package,
which enables the rapid development and adjustment of
fuzzy models through a graphical interface. It has been
traditionally used in fuzzy risk assessment models, where
excessive precision is not required, whereas efficiency in
decision-making is prioritised. The model was based on
the hypothesis of a normal distribution of input data.
The input data were empirical and obtained from annu-
al reports of Ukrainian motor transport enterprises. The
study examined the human factor assessment module
of a two-level hierarchical risk model for the transport
of dangerous goods by road. In the basic fuzzy model,
only the driver was considered as the main agent in the
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process, without including other transport participants
such as logistics specialists, mechanics, system admin-
istrators, or freight forwarders. The Human Factor mod-
el contained three input variables — Health, Volume, and
Safetime — and one output variable, Hum, which reflect-
ed an integrated score of the human factor quality. The
Health variable characterised the driver’s state of health
and was assessed on a ten-point scale based on expert
medical evaluation. The Volume variable reflected accu-
mulated experience in transporting dangerous goods and
was measured in millions of tonne-kilometres. The Safe-
time variable characterised the duration of continuous ac-
cident-free driving before the journey. Gaussian member-
ship functions were applied to the input variables, while
triangular membership functions were used for the out-
put variable; the knowledge base of the model contained
27 fuzzy logic rules. In the human factor submodel, all
weighting coefficients were set equal to 1. The procedure
for forming the base of 27 fuzzy inference rules was car-
ried out by the authors acting as experts. Additional infor-
mation was obtained through oral surveys of managers of
motor transport enterprises. The ranges of variables were
defined as follows: Health € [1; 10], Volume € [0; 1], Safe-
time € [0; 1,000], Hum € [0; 100]. If actual values exceeded
the defined limits during modelling, boundary values were
applied. The parameters of the membership functions
were determined using the MATLAB environment during
the development of the fuzzy model in interactive mode:

« for input Health 0 =1.529; average membership val-
ues were 1; 5.5; 10;

« for input Volume ¢=0.17; average membership val-
ues were 0; 0.5; 1;

« for input Safetime o = 152.9; average membership
values were 100; 550; 1,000;

« for output Hum, vertex coordinates were 0; 50; 100
points.

The assessment of drivers’ health status was conduct-
ed by a qualified medical professional using a ten-point
scale in accordance with the ethical principles set forth in
the Declaration of Helsinki of the World Medical Associ-
ation (WMA, 2024), ensuring confidentiality of personal
data and obtaining informed consent from all partici-
pants. Input data for model validation were generated for
four drivers based on pre-trip medical checks, transport-
ed cargo volume, and accident-free driving records. Model
validation was performed using functional testing in the
Fuzzy Designer MATLAB environment, with average input
values: Health =5 points, Volume = 0.5 million tkm, Safe-
time =550 hours. The MATLAB environment was used for
modelling and processing results, including implementa-
tion of model structure, membership functions, rule base,
and defuzzification procedure.

Results and Discussion
The preliminary analysis indicates that all possible risk
factors for the transportation of dangerous goods by road
can be grouped into common features: regulatory; logis-
tical; physical. Regulatory features include a set of legal



rules and regulations governing the transportation of
dangerous goods, as well as the degree of compliance with
their requirements by the carrier. Logistical factors include
coordinating the complexity of the route with the regula-
tions, continuous online monitoring of its progress, and
optimising the schedule for the busiest sections. Physical
features include material factors of the driver-vehicle-en-
vironment system: readiness of the vehicle for the trans-
portation of dangerous goods; quality of the road surface;
meteorological and air pollution conditions. All three
groups of factors have a certain impact on the human fac-
tor. The human factor provides feedback to other groups
of risk factors. For example, the optimal route logistics
from the driver’s point of view is one that will provide him
with sufficient rest without reducing his salary. Structur-
ing the risk factors into groups leads to a hierarchical fuzzy
model with two levels, the first of which contains four
fuzzy models for each group, and the second level con-
tains a model with four inputs and the results of the eval-
uations performed by the first level models. The output of
the second-level model provides a score for the total risk
of dangerous goods transportation. Thus, fuzzy risk mod-
elling uses a set of five models on the full set of factors M:

M= RegULogUPhUHum, ey

where Reg- regulatory factors (regulations); Log—logistics
factors; Hum — human factor.

The human factor is considered. For the basic fuzzy
model, only the driver is taken into account as the main
subject of the process, while other participants (logistics
specialists, mechanics, system administrators, freight for-
warders, etc.) are not considered. For the integrated as-
sessment of the human factor, three main parameters are
selected:

« driver’s health condition — Health;

« experience: the volume of dangerous goods trans-
portation over the entire driver’s career — Volume;

« period of continuous trouble-free operation on the
day of transportation — Safetime.

The block diagram of the two-level fuzzy risk mod-
el for the transportation of dangerous goods by road is
shown in Figure 1.

Flézfzgel‘\]/‘[ecl)czlel Transportation Risk
Fuzzy Models h
of Level 1 | Reg | Hum P Log |

PRLT T Ft
\_ Volume  Safe Time )

Risk Factors

Figure 1. Two-level fuzzy risk model
for road transportation of dangerous goods
Note: Reg - regulations; Hum - human factor; Ph - physical
environmental influences; Log — logistics
Source: created by the authors
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At the first level of the fuzzy model, the following pa-
rameters were identified: Reg (regulations), Hum (human
factor), Ph (physical environmental influences), and Log
(logistics). The human factor assessment module repre-
sented one of the principal components of the first-level
model and reflected the influence of driver-related char-
acteristics on overall risk formation. The second level is a
fuzzy risk assessment. Within the scope of this study, con-
sideration was limited to the fuzzy model of the human
factor in the road transportation of dangerous goods. For
all three input factors of the model, corresponding values
and evaluation scales were defined within the adopted
methodological framework. Experience in the trans-
portation of dangerous goods was measured in million
tonne-kilometres of transported cargo (million tkm). The
accident-free driving record was measured in hours spent
behind the wheel. The ranges for all three input variables
were subsequently defined: Health € [1; 10], Volume € [0; 1],
Safetime € [0; 1,000], Hum € [0; 100]. If the range limits of
any of the functions are exceeded, the modelling saves its
limit value. The Hum output function has a 100-point rat-
ing scale Hum [0; 100]. The section of the four-dimension-
al surface along the Safetime coordinate has the shape of
a surface with a convex shape, which indicates the mono-
tonicity of the output function (Fig. 2).

Surface Viewer: HumanFactar

File Edit View Options

Volume Health
Koo g YO0 e | 2, v|
S | [ G |
Ref. Input: | [NaN NaN §50] | Plot points: |1o1 || ‘ | Help | Closa ||

Figure 2. Decision surface for the human factor fuzzy
model in coordinates “Health — Volume”
Source: created by the authors

Figure 2 illustrates a cross-section of the decision
surface for the HumanFactor fuzzy model, with Safe-
time fixed at 550 hours. The plotted relationship demon-
strates the variation of the integral human factor assess-
ment (Hum) under the influence of two input variables:
Health and Volume. The non-linear surface indicates that
improvements in driver health parameters and accumu-
lated transport experience correlate with an increase in
the overall assessment. This confirms the model’s capac-
ity to account for the synergistic, rather than isolated,
influence of input parameters on the final result. Model
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effectiveness is verified via the “Rules” option within the
“View” menu of the MATLAB Fuzzy Designer module. In-
itially, the model adopts average values for all input pa-
rameters:

« health: 5 points;

« experience: 500,000 tonne-kilometres of dangerous
goods transported;

« uninterrupted period of accident-free transport pri-
or to the start of the expedition: 550 hours.

The result of modelling under such conditions is 50
points ofhuman factor quality (Fig. 3). The higher the score,
the lower the risk for transportation. In a comparative anal-
ysis (rating) of carriers, the highestlevel in the quality scale
will be occupied by those agents with the highest score.
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Figure 3. Unclear assessment
of the human factor (score equal to 50 points)
Source: created by the authors

The result shown in Figure 3 indicates that, for
Health =5.5 points, Volume = 0.5 million tkm and Safe-
time =550 hours, the fuzzy HumanFactor model produces
an output value of Hum =50 points. This corresponds to
the average level of human factor assessment and con-
firms the model’s consistency for an average combination

of input characteristics. The highest human factor quality
score in this fuzzy model is 85.4 points, and the lowest is
14.6 points. Low risk has a range from 85.4 to 68.9 points;
medium risk has a range from 68.8 to 41.8 points; high
risk has a range from 41.7 to 14.6 points. The specificity
of fuzzy modelling is that it does not provide hard bound-
ary estimates, since the values are formed on the basis of
membership functions that reflect the degree of member-
ship in linguistic terms, rather than clear boundaries. If
the user of a fuzzy expert system needs exactly the bound-
ary scores (0 and 100 points), then it is necessary to stretch
the range of the output function in both directions or ap-
ply normalisation of the results after defuzzification. This
will allow the model to be adapted to the requirements of
a specific application task, for example, for comparison
with traditional rating scales. Determining the threshold
value for decision-making is the prerogative of the user
of the expert system based on a fuzzy model, that is, the
manager or responsible person of the transport enterprise.
The fuzzy model of the human factor was tested at the
premises of ALA-TRUCK Ltd (Kyiv) between 1 June 2025
and 10 June 2025. Four drivers (D1-D4) with documented
experience in the transport of dangerous goods took part
in the pilot testing. The sample included adult drivers with
a valid driving licence for the relevant category, existing
experience in the transport of dangerous goods, and a
complete set of input data for modelling. The grounds for
exclusion were the absence of voluntary consent to partic-
ipate, the absence of confirmed experience in the relevant
transport operations, incomplete input data, and medical
contraindications to the performance of professional du-
ties at the time of assessment. A general practitioner with
nine years of professional experience assessed the Health
indicator. This specialist was responsible for conducting
pre-trip health checks on drivers at the company. He car-
ried out the initial medical assessment of the drivers’ con-
dition on a 10-point scale, with the results subsequently
used in a fuzzy model. The Volume and Safetime indica-
tors were derived from drivers’ work data documented by
ALA-TRUCK Ltd. Table 1 shows the values of the human
risk factor components for four drivers (D1, D2, D3, D4).

Table 1. Values of human risk factor components for drivers

No. Name Health, balls Volume, TKM Safe time, hours
1 D1 9 0 80
2 D2 7 0.1 150
3 D3 5 0.5 300
4 D4 8 1 220

Source: created by the authors

Table 1 presents the initial values of the three human
risk factor components for four drivers, which were used
as input data for the HumanFactor fuzzy model. A com-
parison of the indicators reveals variations in drivers’ indi-
vidual characteristics, including health status, the volume
of dangerous goods transported, and accident-free driving
records. Driver D1 has the highest health rating, but lacks
experience in transporting dangerous goods and has the
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lowest Safe Time value. Driver D4, conversely, combines
a high level of health with the highest transport volume,
whilst D3 has average or moderate values across all three
indicators. The data presented in the table serve as the ba-
sis for further fuzzy evaluation of the human factor and for
a comparative ranking of drivers. The results of the fuzzy
human risk factor assessment for four drivers are shown
in Figures 4-7.
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Figure 4. Unclear assessment
of the human risk factor (D1 received 49 points)
Source: created by the authors
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Source: created by the authors
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Figure 7. Unclear assessment
of the human risk factor (D4 received 62.6 points)
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Figure 4 demonstrates the results obtained for driver
D1, for whom the model generated a score of 49 points.
This value corresponds to an average human factor rating
and indicates a moderate level of risk associated with the
influence of human-related factors. Figure 5 presents the
assessment results for driver D2, who scored 28.5 points.
This value represents a low score on the 100-point scale
and indicates an increased level of risk associated with
potential human error. Figure 6 illustrates the results ob-
tained for driver D3, for whom the model assigned a score
of 49.5 points. Similar to driver D1, this value corresponds
to an average human factor rating and reflects a moderate
level of risk. Figure 7 presents the assessment results for
driver D4, who scored 62.6 points, representing the highest
value among the evaluated drivers. This result indicates a
relatively low level of risk associated with human-error-re-
lated accidents. As follows, Figures 4-7 shows the results of
the fuzzy assessment of the human factor for the four driv-
ers. Driver D1 scored 49 points, D2 scored 28.5 points, D3
scored 49.5 points, and D4 scored 62.6 points. The values

File Edit View Options obtained indicate that drivers D1 and D3 have an average
) —t a0 el —um=285  human factor rating, D2 has a low rating, and D4 has the
§ *;'n % — }| = 1 highest rating among the study group, corresponding to
= = the lowest level of risk. The results of fuzzy modelling of
é = . . — . “: . ) the human risk factor for road transportation of danger-
i = ] — ous goods are summarised in Table 2.
12 ]
i — ,' Table 2. Rating assessment
18| ] : — ' = [ ] by human risk factor based on fuzzy modelling
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3 D3 49.5 2
Figure 6. Unclear assessment 4 D4 62.6 1

of the human risk factor (D3 received 49.5 points)
Source: created by the authors

Source: created by the authors
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Drivers were assessed based on three criteria: health
status, the volume of dangerous goods transported, and
accident-free record. The scores achieved through this
evaluation allowed for comparative analysis and ranking.
According to the results, D4 demonstrated the highest
quality regarding human factors, scoring 62.6 points and
securing first place in the ranking. D3 followed in second
place with a score of 49.5 points, while D2 came in third
with 49 points. The lowest score of 28.5 points was record-
ed by D1, who occupied the last position. This ranking
enables the logistics operator or employees of security
service to make informed decisions about route assign-
ments and to determine the need for additional monitor-
ing or staff training. To summarise the modelling results,
the developed fuzzy model of the human factor demon-
strated the ability to classify drivers by risk level based on
the combined effects of health parameters, experience in
transporting dangerous goods, and accident-free driv-
ing history. The scores obtained and the resulting rank-
ing confirmed the model’s sensitivity to individual driver
characteristics and demonstrated its potential for com-
parative analysis in the field of transport safety. This pro-
vides grounds for considering the HumanFactor model as
a functionally suitable component of a two-level hierar-
chical system for assessing the risks of road transport of
dangerous goods.

The results obtained confirm the validity of using
fuzzy modelling to assess the risks associated with the
road transport of dangerous goods, combining quantita-
tive indicators with expert judgements. This approach is
generally consistent with the study by M.M. Aliabadi et
al. (2024), which consider the human factor as one of
the key causes of accidents in the transport of danger-
ous goods. In particular, in the article by M.M. Aliabadi et
al. the assessment of human error is combined with ar-
tificial intelligence methods and fuzzy inference tools.
Unlike studies focusing primarily on transport routes,
infrastructure conditions, or individual risk scenarios, as
shown in the work of Z. Wang (2018) and M.M. Aliaba-
di et al. (2024), the present study identified the human
factor as a separate functional module within a hierar-
chical assessment system. Z. Wang (2018) proposed a
fuzzy model for assessing the transportation routes of
dangerous goods, which includes two indicators: a prob-
ability indicator and a reliability indicator. The goal of
this model is to identify the optimal route schedule that
minimises risk while maintaining specific levels of prob-
ability and confidence. Research on transport accidents
reveals that the human factor is the most significant
contributor to the occurrence of these accidents. There-
fore, understanding the level of driver unreliability and
examining driver behaviour during the transportation of
dangerous goods requires thorough investigation. The
authors employ fuzzy logic to describe driver actions.
In this model, human behaviours are expressed using
linguistic terms. The model based on an author’s ques-
tionnaire and expert research that identified particular
features of human behaviour. The output parameter of
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the model represents the intensity of human error that
can lead to accidents. M.M. Aliabadi et al. (2024) investi-
gated the identification of human errors and risk assess-
ment during the road transportation of petroleum prod-
ucts. The study proposed the application of the SHERPA
method combined with fuzzy modelling techniques. An
overview of current research into the challenges arising
from the risk assessment of dangerous goods transport
is provided in the article by E Ma et al. (2025). An origi-
nal development of the Fine-Kinne fuzziness risk assess-
ment model, based on the Pythagorean fuzzy set, can be
found in work S.R. Satict & S. Mete (2024). At that time,
M. Gul et al. (2022) improved the Fine-Kinne fuzzy model
by calculating weighting coefficients for risk factors. The
resulting model was tested at petrol stations. V. Tsopa et
al. (2022) devoted to the multi-factor fuzzy assessment
of occupational risks for lorry drivers. S. Vahabzadeh et
al. (2025) presented the use of fuzzy modelling for as-
sessing risks associated with the transport of dangerous
goods and provided a comparative analysis of the Fane-
Kinne model and the fuzzy analytic-hierarchical model.
T. Luan et al. (2024) focused on the application of a fuzzy
Bayesian statistical model for risk assessment in the
transportation of dangerous goods through road tunnels.
A distinctive feature of this approach is the mechanism
for compensating for errors caused by insufficient input
data. Such compensation is possible through fuzzy data
representation and fuzzy inference rules. In doing so, the
authors calculated the risks for the network formed by
motorways and tunnels and used the monitoring of each
transport node to correct the assessment of accident
probability in real time.

However, the role of the human factor as a separate
subsystem within the model’s multi-level architecture is
not explored. An important result was that the final as-
sessment proved to be sensitive primarily to the com-
bination of input parameters rather than to any single
indicator in isolation. This finding highlighted the com-
plex nature of risk and confirmed the advantages of fuzzy
logic in modelling interdependencies between a driver’s
health, experience, and accident-free driving. In this re-
spect, the proposed model complemented existing re-
search, including the work of V. Tsopa et al. (2022), where
fuzzy approaches were applied to the ranking of alterna-
tives, route selection, and occupational risk assessment.
However, the results of this work should be interpret-
ed with certain limitations in mind. The model covered
only a small number of variables and does not include
the driver’s dynamic psychophysiological characteristics,
journey situational factors, or telematics data. Further-
more, the practical accuracy of the study depends on the
quality of the membership functions and the rule base,
which is a typical limitation of fuzzy models, as indirectly
indicated by E Ma et al. (2025). Consequently, hierarchi-
cal fuzzy modelling is promising for assessing the safety
of road transport of dangerous goods, as it integrates the
human factor into a multi-level risk model without sacri-
ficing interpretability or practical value.



Conclusions
The study demonstrated the feasibility of applying fuzzy
approaches for expert risk assessment in the road trans-
portation of dangerous goods. These methods effectively
handled incomplete, linguistic, and subjective data typi-
cal of the transport sector. A two-level multifactor model
was developed, aggregating risks into four categories: reg-
ulatory, logistical, physical, and human. This approach
enabled the calculation of an integrated transportation
hazard indicator while maintaining transparency for ex-
pert interpretation. A key outcome was the development
and validation of the “human factor” model, which was
tested using real driver data. The model enabled rapid
ranking of personnel according to risk level, taking into
account health status, professional experience, and ac-
cident-free records. It was established that even minor
variations in these parameters significantly affected the
overall risk rating, confirming the critical role of the hu-
man factor in shaping transportation risk. At the same
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data on the driver, route, and weather conditions. It was
anticipated that integration with telematics systems and
HR platforms would improve the accuracy of input data
and the responsiveness to critical changes. The system
could provide dispatchers with visual risk dashboards,
automated alerts, and recommendations for route ad-
justments or driver replacement, thereby enhancing
transportation safety. Thus, the developed hierarchi-
cal fuzzy model provided a basis for an integrated risk
management system in the transportation of dangerous
goods and demonstrated strong potential for further au-
tomation of decision-making processes. Prospects for
further research included expanding the model structure
through the incorporation of dynamic indicators, cali-
bration of weighting coefficients, and integration with
route optimisation tools to improve the accuracy of risk
assessment.
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lepapxiyHe HeuiTKe MoAEeNIOBAHHA PU3UKIB ABTONEPEBE3€EHb
He6e3neyHUX BAOHTAXiB 3 YPAXYBAHHAM BMJIMBY JIIOACBKOro GaKkTopy
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KaHpupaT TexHiYHUX HayK, JOLEHT
HanioHapHUHM TPAaHCIIOPTHUM YHIBEPCUTET
01010, Bys1. M. OMessHOBuHua-I1aBseHka, 1, M. KuiB, Ykpaina
https://orcid.org/0000-0002-5912-0678

AHoTaUif. MeTo0 noCTimKeHHsI OyJI0 po3pobJeHHs iepapxidHOi HEeUYiTKOI MOjeJsIi JJisl OIiHIOBaHHSI PU3UKIB
aBTOMOOIJIBHOTO ITepeBe3eHHs HeOe3[IeYHNX BaHTAKIB 3 YpaxyBaHHAM BIJIUBY JIIOACHKOTO (pakTOpa, 10 JO3BOJISIE
MiJBUINUTH TOYHICTH Ta iH(OPMATUBHICTH NPUNHATTA pimeHs y cdepi TpaHCIOpTHOI 6e3neku. Y AOCimKeHHi
3aCTOCOBAHO CHCTEMHMH MiAXiJl, METOAHM aHaMi3y i CHHTEe3y, eKCIepTHOTO OIiHIOBaHHs, IOPiBHAIBHOIO aHAJIi3y,
a TAaKOK HeYiTKe MOJEJI0OBaHHSA Ha OCHOBi asroputMmy MampjaHi, peanisoBaHoro B cepenoBuilli MATLAB, nis
OI[iIHIOBAHHSI PU3UKIB, MOB’SI3aHUX i3 JIOACHKKUM (PAKTOPOM IIiJ] YaC aBTOMOOLIHHOTO MepeBe3eHHs Hebe3meUHnxX
BaHTQKiB. Y pe3yabrari JOCTiIKeHHSA OyI0 pO3poOJIeHO iepapxiuHy HEYITKY MOJesb OIHIOBaHHS PU3UKIB
nepeBe3eHHs He0e3[eYHUX BaHTAKiB aBTOMOOITBHUM TpaHCIIOPTOM. K/TI0OUOBUM eJIeMEHTOM MOJIeJIi € OI[iHIOBaHHSA
JIIONICBKOTO (haKTOpa, M0 I'PYHTYETHCS HA TPHOX BXiTHUX 3MiHHUX: CTaHi 3JI0POB’sl BOJis1, 1OTO JOCBifi mepeBe3eHHs
Hebe3MeYHNX BAaHTaKiB (BUMipIOBAHOMY B TOHHO-KiJTOMeTpax) Ta TpUBAIOCTi 6e3aBapiiiHoi po6oTu. HediTky Momesb
OyJIo peasli3oBaHO i3 3aCTOCYBaHHAM aJrOpUTMy MamaHi; BOHa BKJIOYa€ 27 mMpaBMJI HEUITKOI Joriku. Mopmesb
MPOJIEMOHCTPYBAaJja CTIMKYy MOBEIIHKY 3a YMOB BapiloBaHHS BXiIHMX IapameTpiB. AmpoOarisi Momesi Ha JaHUX
YOTUPHOX peabHUX BOMiiB 3abe3neunsia OTPUMaHHS OIiHOK SKOCTI JIIOIICBKOTO (haKTopa B Jianma3oHi Bim 28,5 10
62,6 6asta, M0 CBiTUMTH IIpO i Yy TIUBICTE 10 iHAMBIAyaIbHUX XapaKTePUCTHUK IIepCcoHay. [HTerpasbHe OIiHIOBaHHSA
3araJJbHOT0 PHU3HUKY (POPMYETHCS IIJISIXOM ABOPIBHEBOI arperailii pe3yJsbrariB migMmopesieil, mo 3abesredye
ajanTariio CUCTeMH JJ0 Pi3HUX ClleHapiiB IepeBe3eHb. 3alPOIIOHOBAHA MOJIETb MOsKe OyTH e(heKTUBHO iHTerpoBaHa
SIK KJIIOYOBMU KOMIIOHEHT CHCTeMH HiITPUMKU NPUHHATTA pillleHb JIOTICTUYHOTO oleparopa Jjis JUHAMiYHOTO
aHa/Ti3y pU3UKIB Ilepef KOSKHUM TPAHCIIOPTHUM peficoM

KniovoBi cnoBa: cucreMa miATPUMKY TPUUHATTSA pPillleHb; eKCIIEPTHE OI[iHIOBAaHHS; 0e3aBapiliHUMA CTasK; QPyHKITIA
HaJIe;KHOCTi; 6e31eKa JIOTiCTUKU
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