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Abstract. The main goal of this study is to develop an intellectual and analytical platform for
assessing the safety risk of a tourist trip. The intellectual and analytical platform for determining the safety
risk of a tourist trip consists of three analytical modules: individual level of safety of a tourist trip, regional
level of safety of a tourist trip, and national level of safety of a tourist trip. The essence of the intellectual
and analytical platform is that, based on the assessments of participants in the tourist movement regarding
their sense of their safety in the selected region, the predictability of a repeat visit and expert assessment of
the level of safety of regional tourist systems, it forms both quantitative and linguistic indicators of the risk
of travel safety. For the first time, an information module has been developed for assessing the level of safety
of a tourist trip, covering 17 criteria for assessing one's safety at the destination. Also, three analytical
modules have been developed for the first time, covering levels from individual to national: a module for
term assessment of the risk of one's safety of a tourist trip; a module for assessing the level of the sense of
safety of the region; a module for assessing the risk of travel safety. The input data is presented in the form
of linguistic variables that reflect the impressions of the participants of the tourist movement after visiting
the region and the level of their concern about their safety at the destination. The modules are based on the
principles of fuzzy logic and multidimensional membership functions. Data is aggregated on the generalized
safety risk of a tourist trip and the forecast of repeat visits to the region. Expert assessments of the safety of
regional tourist systems are combined with the subjective level of feeling of safety among tourists. The result
is both a quantitative and linguistic assessment of the safety risk of a tourist trip. The intellectual and
analytical platform was verified and tested on real data of 327 respondents from Zakarpattia, Lviv, and
Ivano-Frankivsk regions, and an example of its practical application for assessing.
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1. INTRODUCTION

In the current conditions of globalization, as the world becomes increasingly open to
travel, and tourism industry is rapidly developing and involving ever-wider segments of the
population, the issue of tourist safety has emerged as a priority in the tourism sector, state
policy, and international cooperation. A tourist trip, despite its many positive aspects—such as
memorable experiences, cultural enrichment, relaxation, and the opportunity to explore something
new—may also involve a range of potential threats. These risks are diverse in nature, ranging from
social and political (e.g., increased crime rates, social conflicts, terrorist acts) to natural
(earthquakes, floods, hurricanes), infrastructural (transportation accidents, insufficient medical
services), and informational (lack of reliable information about the real safety situation in the
region).

Under such conditions, there is a growing need not only for the development
of risk management systems but also for the formation of new approaches to monitoring
and forecasting situations that may pose a threat to tourists. Taking into account and
timely assessing such risks is a key condition for building an effective system to
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protect the interests of tourists, preserve their health and lives, as well as enhance
the overall competitiveness of tourist destinations and improve the quality of tourist
services.

However, it is important to note that traditional approaches to risk analysis are usually
based on statistical data, formal factors, and historical retrospectives, and often fail to consider
such important aspects as tourists’ subjective perception of danger, the emotional state of
travelers, and the level of trust in local infrastructure or personnel. These approaches also lack
sufficient flexibility in conditions of dynamic change—for instance, sudden shifts in
epidemiological situations, political instability, or natural disasters occurring in real-time. This
gives rise to the need for modern tools that combine artificial intelligence methods, expert
assessments, and analytical models.

The intelligent-analytical platform for assessing the safety risk of a tourist
trip consists of three analytical modules: the individual level of tourist trip safety;
the regional level of tourist trip safety; the national level of tourist trip safety. The
essence of the intelligent-analytical platform lies in the fact that, based on the evaluations
of participants in the tourism movement regarding their personal sense of safety in
a given region, their likelihood of returning, and expert assessments of the safety level
of regional tourism systems, it generates both quantitative and linguistic indicators
of travel safety risk. This approach enables a comprehensive analysis of a territory
from the standpoint of tourism safety, taking into account the specific features of
local tourism systems. In turn, this contributes to a deeper understanding of tourist
consumer behavior and the identification of current trends in regional tourism
development.

Over the past decade, there has been a steady trend towards intensifying scientific
research aimed at analyzing and assessing risks in the tourism sector using modern
intellectual and analytical approaches. The growing complexity of the global tourism
environment and the influence of external factors—such as climate change, pandemics, and
social conflicts—create a demand for innovative tools to ensure tourist safety. In this context,
researchers are increasingly applying decision support systems (DSS), artificial neural
networks, fuzzy logic mechanisms, multi-criteria analysis methods, as well as geographic
information systems (GIS) for modeling, forecasting, and visualizing the safety levels of
tourist routes and regions [ 1-3]. These methods allow for both retrospective and predictive
risk assessments, taking into account various factors that influence the tourist attractiveness
of territories [4-5].

In the works of foreign authors, special attention is given to the use of cutting-edge
digital technologies such as Big Data, artificial intelligence, social networks, open data from
official sources, and mobile applications, which serve as powerful tools for the rapid
collection and analysis of information on potential threats. Among the objects of analysis
are natural disasters, crime rates, political stability, epidemiological situations, and more.
Interactive risk maps are being developed with real-time data integration capabilities,
enabling tourists to access up-to-date information both during trip planning and while
traveling [6—8].

At the same time, Ukrainian and other domestic researchers are focusing on a more
personalized approach to assessing the safety of tourist travel. The use of expert evaluations,
linguistic variables, subjective impressions of tourists, and multi-level criteria models for
analyzing perceived safety is gaining particular relevance. Tools of fuzzy logic and
mathematical modeling are being used to combine qualitative and quantitative indicators
into a unified analytical platform. These approaches make it possible to adapt risk
assessments to the specifics of individual regions, taking into account local conditions and
tourist behavior patterns [9-11].
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Despite the growing scientific activity in this area, there is still a lack of comprehensive
solutions that would provide a multi-level safety assessment taking into account both individual
factors (such as tourist behavior, anxiety levels, readiness to respond) and regional and national
characteristics of tourism infrastructure. Issues related to the integration of intelligent modules
into general decision support systems (DSS) remain relevant, as such integration would allow
for adaptive management of tourist flows depending on the level of risk. Thus, there is an urgent
need to create next-generation intelligent-analytical platforms that combine modern data
analysis technologies with flexible decision-making mechanisms based on aggregated sources
of information [12—-14].

The main goal of this study is to develop an intelligent-analytical platform for
assessing the safety risk of tourist travel, which can be used to support decision-making in
the tourism sector, as well as to inform potential travelers about the safety levels in various
regions.

2. MATERIALS AND METHODS

To assess the level of risk associated with the safety of a tourist trip, a specific region,
denoted as R, is considered. The set of individuals participating in tourism activities is denoted
as E = {e;; e,; ...; e, }. These participants have already visited the designated region and have
provided their subjective evaluations regarding their overall impression, level of concern, and
sense of threat in terms of their personal safety. The assessment is carried out according to a set
of risk criteria, which are grouped into categories Gy; G,;...; G;, each reflecting a particular
aspect of the safety of the tourist environment.

The intelligent-analytical platform for assessing the safety risk of a tourist trip is
formally represented in the form of an operator:

TS(R; E: E, AJMIJMRllMRZIMRS)ly(fS)' (1)

where Ts — i1s an operator that, based on the input data R, E, £, A, M;, Mg, My,, Mps produces an
output evaluation Y (f5) = {ug, Tr} which includes: a quantitative assessment of the safety risk
of the tourist trip (1z) a linguistic (verbal) assessment of the safety risk of the tourist trip (Tg).
The input parameters are as follows: = — is the predicted level of repeat visits to the region by
participants in the tourist flow; A — is the expert-assessed level of safety of regional tourism
systems; M; — information module for assessing the level of tourist trip safety; Mgp; — module
for determining the term-based risk assessment of personal travel safety (individual level);
Mp, — module for assessing the level of regional sense of safety (regional level); M3 — module
for assessing the safety risk of a tourist trip (national level).

The intelligent-analytical platform is represented as a structural diagram (see Fig. 1).

Figure 1 illustrates the structural diagram of the intelligent-analytical platform for
assessing the safety risks of a tourist trip. Based on the input data regarding the evaluation
region and the participants in the tourist flow, calculations are performed in the information
module for assessing the safety level of the tourist trip, i.e. M;. The processed data are then
directed to Mg, — the module for determining the thermal (term) risk assessment of personal
travel safety, which represents the individual level. Next = — the predicted level of repeat
visits to the region by participants in tourist activities — is introduced, and the data are
transferred to Mg, — the module for assessing the regional sense of safety (regional level).
After that, A — the expert level of safety of regional tourism systems — is used to process
data in Mg; — the module for assessing the safety risk of a tourist trip (national level). The
output data Y (fs) are then sent to the decision-making module. If the assessed level of travel
safety risk across regions does not satisfy the decision-maker (DM), there is an option to
revise the evaluation by adjusting the platform’s parameters.

80 .o ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (120), 2025 https.//doi.org/10.33108/visnyk_tntu2025.04


https://doi.org/10.33108/visnyk_tntu2025.0

Andriy Shafar

. M, — information _ L~ .
RegionR [» E ¥ module > Mp, > Individual level
A
Review the
t
assessmen! b = > Mg, > Regional level
A ‘
» A > Mg, > National level
v Y ()
No Decision- Yes
making
module #

Solution implementation

Figure 1. Structural diagram of the intelligent-analytical platform for assessing the safety risks of a tourist trip

Next, we will consider all the modules of the intelligent-analytical platform for assessing
the safety risks of a tourist trip.

M; — is an information module for assessing the safety level of a tourist trip.

We consider a set of criteria for evaluating personal safety at the destination, denoted as
K = {K;;i = 1,m}. These criteria are structured into / logical groups, denoted as Gy; G,;...; G;,
each covering a specific aspect of safety. Each participant in the tourist flow provides
evaluations for each criterion using a set of linguistic variables L = {l;; l,; I3 1y s},
which reflect the participant’s subjective perception of safety and expectations regarding
conditions in the tourist region. It is proposed to interpret the linguistic variables as follows:
L ={l; — «Strongly disagree»; l, — «Disagree»; l; — «Neither agree nor disagree»;
l, — «Agreex; s — «Strongly agree»}.

The set of criteria covers key aspects of participants’ perception of personal safety,
including their impressions, level of concern, and degree of anxiety regarding conditions and
risks at the destination. These criteria also take into account tourists’ expectations regarding the
quality of a safe environment.

For a clearer structure of the information module, all criteria are grouped into several
logically justified assessment groups, each reflecting a particular aspect of tourist trip safety.
The proposed classification is as follows:

G, — Group of infrastructure safety risks at the destination;

K, — The information on signs was insufficiently clear or ambiguous for me;

K;, — In my opinion, the region lacks infrastructure or authorities responsible for tourist safety;
K;; — I felt concerned about chaotic traffic and potential road safety risks;

K14 — 1 was concerned about the safety of the accommodation during my trip;

Ki5 — While traveling by car, I felt fear or anxiety about the possibility of a traffic accident;
G, — Group of social and environmental safety risks in tourism;

K,, — I was concerned about severe environmental pollution at the tourist site;
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K,, — Due to fear of theft by local vendors, I preferred shopping in supermarkets or specialized
stores;

K,5 — I felt fear or discomfort due to large crowds in popular tourist locations;

K,, — I was worried about unfriendly or disrespectful behavior of local workers toward tourists;
K,5 — 1 felt anxiety due to hostile or unfriendly attitudes of locals toward tourists;

K,¢ — I was concerned about accidentally violating local traditions, cultural norms, or unwritten
rules;

K,, — I was worried that locals are reluctant to welcome tourists into their communities;

G5 — Group of medical safety risks during the tourist trip;

K3, — I was concerned about the state of infrastructure as it could pose a health risk;

K3, — I felt that the surrounding natural environment could be a health hazard;

K33 — I was worried about the likelihood of contracting viral infections during the trip;

K5, — I was concerned about threats to my health while at the destination;

K55 — I was concerned about the quality and safety of local food products.

Of course, the group of criteria is open, and the information module does not depend on
the number of groups or criteria.

Mp, — Module for determining the term-evaluation of the tourist trip’s personal safety
risk (individual level)

Based on tourists’ evaluations of the visited region, their concerns about personal safety,
and their expectations at the destination, a set of input linguistic variables is formed. In the first
stage, using membership rules and a knowledge base, a generalized term-evaluation T is
determined for each group of risk criteria. In the second stage, using the obtained T,
evaluations, an aggregated travel safety risk assessment is calculated for each tourist e.

To transit from linguistic evaluations to numerical values, each variable is assigned a
corresponding score t: l; — 1;=1; I, — 1,=2; I3 — 13=3; l, — 14,=4; ls — 15=5. The value of the
quantitative assessment T increases with the growing level of tourist satisfaction with
accommodation facilities.

Next, within the group of risk criteria, the sum of the quantitative assessment values is
calculated for a given expert e:

09 = Zi=1Tgi’ g=1l (2)

mg — the number of criteria on group g.
To calculate the final term-based assessment for each group of risk criteria, the
corresponding characteristic function is applied:

(L if 6, < my,
l, if my;<6,<2my,
T, =11y if 2mg <6, <3mg,. 3)

Ll4 if 3my < Hg < 4my,
ls if 65 =4mg,

Next, the aggregated assessment of the personal travel safety risk is determined. For this
purpose, let us consider an object with g inputs and one output:

r*(e) = A(Ty, Ty, ..., Ty). (4)

where: r* — the resulting output term-based assessment for the group of risk criteria g;
T, T,,...,T; — the input linguistic evaluations provided by the expert e, respectively;
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A — an operator that assigns the resulting output term-based assessment r*, at input variables
Ty, Ty, ..., T; (logical inference rule). Let the following term set of linguistic variables for
personal travel safety risk be proposed: R = {L; BA; A; AA; H},r* € R,L— «lowrisk»;
BA — «below average risk»; A — «average risk»; AA — «above average risk»; H — «high risk».

The next step is to construct membership rules for the resulting terms. These rules are
formulated as logical constructs of the «If~Then—Else» type, which establish a connection
between the terms of the input T, T, ..., T} and one of the possible values of the output variable
R. To do this, well-known approaches can be used, specifically fuzzy logic methods, including
the use of membership functions and operations on them. In particular, as the main tools,
techniques such as the Mamdani or Jiang methods can be applied, which allow the creation of
rules reflecting complex dependencies between input variables and outcomes based on fuzzy
sets [ 1, 4]. This makes it possible to model the uncertainty and fuzziness that are present in real
systems.

For example, the membership rules for aggregating the assessment of personal safety
risk in a tourist trip are defined as follows:

1) If the number of resulting term-assessments by groups of criteria is at least: one with
term Ts and two with term Ta, then aggregation gives L — «low risk».

2) If the number of resulting term-assessments by groups of criteria is at least: one with
term Ts, one with term T4, and one with term Ts, then the risk is defined as BA — «below average
risk».

3) If the number of resulting term-assessments by groups of criteria is at least: one with
term T, one with term Ts, and one with term T2, then aggregation gives A — «average risk».

4) If the number of resulting term-assessments by groups of criteria is at least: two with
term Ts and one with term T, then the risk assessment will be AA — «above average risk».

5) For all lower cases, the result is H — «high risk».

Thus, at the output of module — My, an aggregated term-assessment r*(e) of the
personal safety risk of a tourist trip is produced for expert e in the visited region R.

Mp, — module for assessing the level of the region’s perceived safety (regional level).

Thus, based on the previous module, for each expert an aggregated term-assessment of
the personal safety risk of the tourist trip is obtained: r*(e,),7*(e,), ...,7*(e,).

First, the overall value of the safety risk of the tourist trip in the studied region R is
calculated. All participants in the tourist activity involved in the study are considered
equivalent. If necessary, the decision-maker (DM) may differentiate them by level of
competence by introducing weighting coefficients.

The aggregated term-assessment of risk is usually determined using a percentage
scale (0—-100%), where each possible value is assigned a range within a certain interval [a;
b], for example: L — [0; 15], BA —[15; 30], A —[30; 50], AA —[50; 80], H—[80; 100].

Next, the following value is introduced for further analysis:

(15 if r*(e) =L,
30 if r*(e) = BA,
§(R) ==X, x(ej), where x(e;) = 50 if r*(e) = (5)
if r*(e) = AA
k100 if r*(e) =

n — the number of participants in tourist activities in region R, where j = 1,n. The generalized
value §(R) € [15; 100] of the safety risk of a tourist trip, obtained for a specific region, reflects
the assessment of the safety level in that region from the perspective of the participants in tourist
activities. The higher this value, the greater the safety risk of the tourist trip, and accordingly,
the lower the level of safety in the region. This relationship can be viewed as an uncertainty of
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the «small quantity» type, which is expressed through Z-shaped membership functions. For
example, a quadratic Z-spline for this task will have the following form:

r 1, 5(R) < 60;
_ 2
—W, 60 < 5(R) < 80;
o0 B80<8(R) <100,
L 0, S(R) = 100.

The obtained value ¢(R) € [0; 1], represents a normalized generalized value of the
safety risk of a tourist trip. When the value of ¢ (R) approaches 1, the risk of the tourist trip in
the studied region is minimal.

Let there be a predicted level for the studied region R regarding the likelihood of repeat
visits by participants in tourist activities (£ € [0; 1]). The value of this level determines the
potential possibility of revisiting the region and/or attracting new consumers of tourist services
[15]. The greater the value of Z(R), the higher the level of tourists’ desire to return to the region.
Within the framework of our study, it is assumed that when participants in tourist activities
intend to revisit a region, this indicates their satisfaction with the previous trip and their sense
of safety in the region.

To determine the level of perceived safety of the region by participants in tourist
activities, it is proposed to apply intelligent knowledge analysis using multidimensional
membership functions. Since the values ¢(R);Z(R) in the evaluation space [0; 1] are
characterized by «average value» type uncertainty, conical or pyramidal membership functions
can be used. For example, a conical membership function with its base at the point (1;1) and
scaling by the coordinates (2;2) will have the following form:

me(R) = 1~ [T — 17 + B ~ 7. )

The obtained value is normalized and characterizes the level of the region’s perceived
safety from the perspective of participants in tourist activities.

Mp; — module for assessing the safety risk of a tourist trip (national level).

Let us consider that, in the context of this study, a regional tourism system is defined as
a complex system formed at the regional level under the influence of tourist flows, with its
primary goal being the innovative and sustainable development of the region’s tourism sector.
At the present stage, the main focus in tourism development is ensuring tourism safety. In this
regard, A — the expert level of safety of regional tourism systems is introduced, representing a
nationally comparative assessment within the region. To establish this level, the decision-maker
(DM) analyzes the region in terms of innovative and sustainable development under the
influence of tourist flows, and then formulates conclusions in the form of linguistic variables
from the corresponding term set: A = {A;; A,; As; Ay; Ag}, where: A;={Low level of safety of
regional tourist systems}; A,={Below average level of safety of regional tourist systems};
Az;={ Average level of safety of regional tourist systems}; A,={Above average level of safety
of regional tourist systems}; As={High level of safety of regional tourist systems}.

In the first step, the fuzzification operation of the input hybrid data is performed. For
this purpose, each input value (mg(R); A(R)) is assigned a corresponding membership function
value pr(R). To achieve this, it is necessary to construct membership rules to obtain a
normalized assessment of the input data. Let the term set of linguistic variables A be represented
on a numerical interval, with the terms separated as follows: A; € [ay; a;], A, € [ay; as], Az €
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[az;a4], Ay € [a4;a5], As € [a5; ag]. The interval boundaries can be adjusted and modified
based on real data. Next, using the characteristic function, the corresponding quantitative values
o are calculated:

a, -mg(R), if A(R) € Ay;
as; -mg(R), if A(R) € Ay;
w(R) =< a,-mg(R), if A(R) € A3; (8)
as -mg(R), if A(R) € Ay;
ae -mg(R), if A(R) € As.

This will allow combining quantitative assessments with the opinions of tourism safety
experts (TSE). As a result, an objective evaluation w(R) of the safety of a tourist trip in the
region is obtained, which will lead to well-founded decision-making.

For a correct interpretation of the relationship between the perceived level of regional
safety—formed by participants in the tourist flow—and the expert assessments of TSE regarding
the safety of regional tourism systems, it is necessary to normalize the obtained values. To
enable comparison of these data, it is appropriate to use a membership rule represented as an
S-shaped membership function:

0, w(R) < a4
w(R)—aq 2 ai+ag
2 (—as_a1 ) , a;, <w(R) < —
Hr (R) - ag—w(R) 2 ai+a ) (9)
_ 6~ 1t0ae
1 Z(ae—al) , > < w(R) <aq
1, w(R) = aq

The membership function, constructed in this way, reflects that the value ug(R)
approaches 1 in the case of a minimal tourist trip safety risk. This approach allows for the
consideration of subjective expert assessments and facilitates the transition from fuzzy
linguistic and quantitative judgments to normalized, comparable indicators.

Next, based on the obtained normalized tourist trip safety risk assessment, a linguistic
interpretation is provided using the term set T as follows: uz(R) € [0;0,2) — R;: very high
tourist trip risk; ug (R) € [0,2; 0,4) — R,: high tourist trip risk; ugz (R) € [0,4;0,6) — R5: average
tourist trip risk; ug(R) € [0,6; 0,8) — R4: low tourist trip risk; uz (R) € [0,8; 1] — Rs: very low
tourist trip risk.

The decision-making levels can be adjusted by the systems analyst to account for current
data on participants in the tourist flow and the specific characteristics of regional tourism in a
particular country. This approach allows the model to be adapted to real-world conditions,
ensuring more accurate and relevant support for management decision-making.

3. RESULTS AND THEIR DISCUSSION

The study underwent a verification and validation process based on real empirical data
collected between October and December 2023 among 327 respondents from the Zakarpattia, Lviv,
and Ivano-Frankivsk regions [16]. Participants completed a specially designed questionnaire that
covered various aspects of their tourist experiences across different destinations and contexts. The
structure of the questionnaire consisted of 16 thematic sections containing a total of 320 questions.
The sample included respondents of different age groups, education levels, genders, and other
demographic characteristics, ensuring the representativeness of the results. The obtained dataset
meets the main requirements of statistical reliability, covering all key demographic and substantive
parameters necessary for a comprehensive analysis of the studied topic.
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Based on the collected information, a series of experimental assessments of risks
associated with the safety of tourist trips was conducted. Detailed data for each region are
presented in [16], and examples of input linguistic expert data are provided in Table 1.

Table 1

Input expert data

Group | Criteria R, — Zakarpattia R, — Ivgno-Frankivsk R3; — Lviv region
region (e;) region (e31¢) (€251)
Ky ls Ly L
K> ls L, L
G4 K3 L L, L,
K4 L L, L
Kis L L, L,
K71 L L, L
K>, L L, L
K33 L l3 L,
G, K4 L L, L
Ks L l3 L,
K6 L L, L5
K7 L L L5
K3, L, L, L
K3, L, l3 L,
Gs K33 L L5 Ly
K3, 21 ly L
K35 L ls L5

At the first stage, the linguistic evaluations provided by experts for each individual
criterion are converted into a single generalized term-based assessment within the
corresponding groups of risk criteria. Each linguistic variable corresponds to a specific
numerical value. Next, these quantitative assessments are summed within each group according
to formula (2). To form the final term-based evaluation for the groups of risk criteria, a
characteristic function presented in formula (3) is applied. The obtained results are as follows:
e1: Tz; Tp; Ta; €310 T35 Ts; Ty €511 To; T Ts.

The next step involves determining the aggregated assessment of the personal safety
risk during the tourist trip. To achieve this, membership rules are applied to derive the personal
safety risk assessment for the tourist trip: 7*(e;) = AA; r*(e319) = A; r*(e,51) = AA.

After conducting the analysis at the individual level of the participants in the tourist
flow, the regional-level calculations are performed. At this stage, the aggregated data of the
generalized value of the tourist trip safety risk and the predicted level of repeat visits to the
region are processed separately for each region: R; — based on data from 209 experts;
R, — based on data from 41experts; R; — based on data from 77 experts.

First, a single generalized value of the tourist trip safety risk is calculated for the studied
regions. To do this, an aggregated safety risk value is derived using a weighted sum, according
to formula (5): 6(R,) = 79,54; §(R,) = 69,73; 6(R;) = 87,89. Afterward, to enable data
comparison, the membership function (formula (6)) is applied: ¢(R;) =0,5; ¢(R,) =0,88;
¢(R3) =0,13.

Let the predicted level of repeat visits to the studied regions be as follows [15]:
Z(R,) =0,85; E(R;,) =0,78; Z(R3) =0,88.
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Next, according to formula (7), the level of perceived regional safety from the
perspective of participants in the tourist flow is determined as follows: mg(R;) =0,74;
mg(R,) =0,875; mg(R3) =0,56.

In the third module, the degree of tourist trip safety risk is derived, taking into account
both the regional sense of safety among tourists mg(R) and the expert-assessed level of safety
of regional tourism systems A.

Let us assume that the decision-makers (DMs) for each region have their own
evaluations of the safety of regional tourism systems: As (R;)={ High level of safety of regional
tourism systems}; A,(R,)={ Above-average level of safety of regional tourism systems};
A,(R3;)={ Above-average level of safety of regional tourism systems}.

Let the term set of linguistic variables A be represented on a certain numerical interval
[0; 100], divided as follows: A; € [0; 20], A, € [20;40], A; € [40;60], A, € [60;80], A5 €
[80; 100]. Then, using the characteristic function (8), the quantitative assessments and DMs’
opinions are combined to yield: w(R;) =74; w(R;) =70; w(R3) =44,8.

Subsequently, the S-shaped membership function (9) is applied, giving: uz(R;) =0,86;
tr(R2) =0,82; pp(R3) =0,41.

Based on the obtained normalized safety risk assessment, the linguistic interpretation is as
follows: pug(R;) =0,86€ [0,8; 1] — R5: very low tourist trip risk; uz (R,) = 0,82 € [0,8; 1] — R5:
very low tourist trip risk; uz (R3) = 0,41 € [0,4;0,6) — R5: average tourist trip risk.

Overall, the developed intelligent-analytical platform for assessing the safety risks of tourist
trips demonstrates a high level of formalization in the processes of analysis and decision-making in
the field of tourism safety. Its modular structure, adaptability to various levels of data, and the use of
fuzzy evaluations create favorable conditions for its implementation in modern tourism management
systems, particularly in the context of smart regions and digital monitoring of tourist flows.

4. CONCLUSIONS

The main objective of the conducted study is the development of an intelligent-analytical
platform for assessing the safety risk of tourist trips, which has yielded the following scientific results.

For the first time, an information module has been developed to evaluate the level of
safety during a tourist trip, encompassing 17 criteria for assessing personal safety at the
destination. These criteria are grouped into three main categories. The module makes it possible
to account for the subjectivity of expert judgments and ensures a transition from fuzzy linguistic
evaluations to normalized and comparable values.

Additionally, for the first time, three analytical modules have been designed to cover
different levels, i.e. from individual to national: the module for term-based assessment of personal
safety risk during a tourist trip, the module for assessing the perceived safety level of a region, and
the module for evaluating the overall safety risk of a tourist trip. The input data are represented in
the form of linguistic variables, reflecting the impressions of tourists after visiting a region and their
level of concern for personal safety at the destination. These modules are based on the principles of
fuzzy logic and multidimensional membership functions. The system performs data aggregation to
produce a generalized assessment of the safety risk of a tourist trip and to forecast the likelihood of
repeat visits to the region. Furthermore, the model integrates expert assessments of regional tourism
system safety with the subjective sense of safety among tourists. The result is both a quantitative
and a linguistic (qualitative) evaluation of the safety risk of a tourist trip.

The intelligent-analytical platform has been verified and validated using real data from
327 respondents from the Zakarpattia, Lviv, and Ivano-Frankivsk regions, and an example of
its practical application for risk assessment has been demonstrated.

Future research will focus on developing a web-oriented software application for the
intelligent-analytical platform for assessing tourist trip safety risks. This will enable the
practical implementation of the developed tool by both businesses and government authorities.
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IHTEJEKTYAJIbHO-AHAJITHYHA IJIAT®OPMA OIIITHIOBAHHS

PU3UKY BE3INEKUA TYPUCTUYHOI ITOJJOPOXKI

Anapii ladgap

JIBH3 « Yaiceopoocwvkutl hayionanvrutl yrisepcumemy, Yoaceopoo, Yrpaina

Pe3ztome. OcroBHOIW0O Memot 00CHiOHCeH s € PO3POONIeHHA IHMENeKMYATbHO-AHATIMUYHOI nAam@popmu

OYIHIOBAHHA PUBUKY Oe3neKu mypucmuynoi nooopooici. InmenexmyanbHo-aHanimuyHa niamepopma oyiHo6aHHs
PUBUKY Oe3neKu mypucmudHoi n000PoXCT CKAA0AEMbCA 3 MPbOX AHATIMUYHUX MOOYII8: IHOUBIOYATbHUL DiBeHb
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beznexu mypucmuunoi nooopooxci. Cyms iHmenekmyanbHO-aHaliimu4Hol RAamgopmu noaseac 8 momy, wo 60oHd,
CRUPAIOYUCh HA OYIHIOBAHHA YYACHUKIE MYPUCHUYHO20 DYXY W000 Gi0uymms 61ACHOI Oe3neKu y UubpaHomy
pecioHni, nepedbauysauicmv NOGMOPHO2O GI3UMY MA eKCNnepmHe OYIHIOBAHHS Di6Hs 0Oe3neKu pe2iOHATbHUX
MYPUCIMUYHUX CUCTEM, POPMYE K KLIbKICHI, MaK i JiHe8iCmMUu4Hi IHOUKAmMopu pusuKy Oe3neuHoCcmi nooopox;ci.
Bnepuie pospobneno inghopmayitinuii MoOyns 05t OYIHIOBAHHS PIGHS Oe3neKu MYypUcCmuyHoi noO00pPOICi, Wo
oxonnioe 17 kpumepiie oyinrO8anHs 61acHOL besneku y micyi npusnauenus. Taxooc enepuie po3pobieno mpu
AHATTMUYHI MOOYJL, WO OXONIIOIMb PI6HI 6i0 IHOUBLOYANILHO20 00 HAYIOHATILHO20: MOOYIb MepM-OYiHIOBAHHS.
PUBUKY 8]1ACHOL 6e3neKU Mmypucmudnol no0opoici; MoOyib OYIiHIOBAHHS PIGHS NOYYmMms Oe3neKu peziony; Mooyib
OYIHIOBAHHS PUSUKY Oe3neKu mypucmuyHoi nodopooici. Bxioni oaui npeocmaeéneni y 6uensioi JNiHe8iCMUYHUX
BMIHHUX, WO 8i000pANCAIOMb BPANCEHHS YHACHUKIE MYPUCTUYHO20 PYXY NIC/IS 8I08I0Y8AHHS PecioHy Md pieeHb
ixnvol cmypbosanocmi wo0o enachoi besnexu y micyi npuznauents. Mooyni 6asylomscsa Ha NPUHYUNAX Hewimkol
J02iky ma 6azamosumipnux yHKyitl Hanexcnocmi. 30ilCHIOEMbCS azpecy8anis OaHUX w000 Y3a2albHeH020
PUBUKY 6e3neku mypucmuyHoi nooopodici ma NpozHO3y NOBMOPHO20 6i0s8idyeanHs peciony. Iloeonyromovcs
OYIHIOBAHHS De3NneKuU PeciOHAIbHUX MYPUCMUYHUX CUCTeM 6i0 eKCnepmig i3 Cy0 €KmUuHUM pIiGHeM NO4ymmsi
besneku ceped mypucmie. Pesyniomamom € 5K KilbKiCHQ, max [ JiHEGICMUYHA OYIHKA PU3UKy Oe3nexu
MYypUCUYHOL RO0OPOICi. InmenexmyanbHO-aHATIMUYHY RAAMMOPMY 6epuikoeano ma anpobo8ano Ha pearbHux
Odanux 327 pecnondenmie i3 3axapnamcvkoi, Jlvsiecbkoi ma Ilsano-@panxiscokoi obnacmei, a maxoic
NPOLIIOCMPOBAHO NPUKIAO i NPAKMUYHO20 3ACMOCYB8ANHS OJisl OYIHIOBAHHSL.

Knrouosi cnosa: ingpopmayiiini mexnonozii, niHesicmuyni 3MIHHI, HewimKa J102iKa, NiOMpPUMaHHs
NPUUHAMMS PiUlenb, PUSUKU, PEe2iOHANbHULL MYPUSM.
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