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Abstract. The article highlights the importance of mathematical modeling in road construction,
reconstruction, and repair in Ukraine. We can outline the importance of this research by taking into
account such factors as financial instability and financial uncertainty, as well as the importance to
comply with safety standards during any road-related maintenance work. We would also like to point
out that there is an increasing need for new tools for optimization and improvement of construction
operations. This need exists both due to factors of uncertainty, such as climatic anomalies, dynamics
of road traffic, and technological progress in construction, as well as due to numerous social
challenges that result in an increase in traffic load, for instance, an ongoing military conflict.

The main goal of our research is to implement mathematical modeling into different phases of any
road-related maintenance work, from planning to executing, under conditions of limited finances.
Achieving the aforementioned goal will allow to improve assessing and repairing the critical areas and
will also improve the choice of optimal nondestructive inspection methods for identifying any damage
in road coating and infrastructure. To achieve this goal, we use methods of statistical and system
analysis, multi-criteria optimization, and decision-making theory. The main emphasis is on the
development of strategic management decisions and their effectiveness.

We have managed to prove that the use of mathematical modeling during the planning phase of any
road works allows us to effectively distribute the available financial resources even if they are limited.
This practice also makes it possible to dynamically alter the volumes of funding depending on expert
analysis of the importance or project completion status.

Upon completion of the initial planning stage, which includes repairing all critical areas of the road in
order to minimize the risk of road traffic accidents and using methods of increased safety, we have
managed to develop a plan with concrete steps. Following the aforementioned steps allows us to
reduce a total number of road traffic accidents occurring in critical areas by 1.4-1.6 times. These
results are possible to achieve without going over the established financial restrictions.

We have also developed criteria for assessing the quality of damage identification on the road coating.
These criteria are based on the defect detection rate. We have provided a detailed explanation of how
this rate can increase from 0,891 to 0,967.

Further scientific research conducted by the author of this paper will focus on a detailed analysis of the
results of the implementation of illustrated mathematical models, especially as mathematical support
of the analytical and information system for monitoring the state of road infrastructure.

Keywords: mathematical model, motor transport, roadway, critical area, nondestructive inspection
method, condition of uncertainty.

Introduction

Modern world is in a state of constant development, which results in an expansion of
roadways between cities, countries, and continents (Global Trends 2030, 2012). Apart from
planning new road networks, it is also very important to reconstruct and repair the existing
ones (Disclaimer: The Ukraine Rapid Damage and Needs Assessment, 2022). However,
development and maintenance of road infrastructure demand not only considerable financial
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investments but also creation and improvement of project management methods, as well as
methods for planning and forecasting such projects (Muhammad et al., 2021; Willar et al.,
2023; Browning, 2018).

In Ukraine, mathematical modeling is very important in road construction,
reconstruction, and repair, especially under conditions of unstable and uncertain funding, as
well as under conditions of following special safety procedures. Climatic anomalies,
dynamics of road traffic, technological progress in construction, as well as numerous social
challenges causing an increase in traffic load due to the ongoing military conflict, make it
necessary to develop new methods and tools for optimization of road construction
(Zolotukhin et al., 2021).

However, a rapid development of mathematical modeling in road construction has
become very noticeable in the motor transport industry throughout the years (Belyaev, 2020).
Scientists work on improving methods of mathematic forecasting of the demand for transport
services, create models to analyze the influence of uncertainty on the cost and duration of
construction, and utilize artificial intelligence to analyze data to improve resource distribution
and project management (Kazeem ef al., 2023; Adesola et al., 2023).

The main purpose of this paper is to analyze mathematical modeling during the
planning phase of construction, reconstruction, and repair of roads and their support structures
under conditions of uncertainty and reduced funding. This analysis can improve the procedure
of dealing with critical areas and help choose optimal methods of nondestructive testing to
hasten the identification of damage to road coating and analyze the quality of road
infrastructure components.

We have identified the following tasks required to reach the aforementioned goal:

— improvement of mathematical model for planning of construction, reconstruction, and repair
of roads and related infrastructure under conditions of uncertainty and reduced funding;

— development of a plan for dealing with critical areas on roads;

— optimization of methods of nondestructive testing to hasten the identification of damage to
road coating and analyzing the quality of road infrastructure components;

The scientific novelty of our study is as follows:

— we have improved mathematical models designed for establishing an effective functioning
of modern road construction industry. These models are based on the models of expert
analysis factoring in the uncertainty related to the volumes of funding. Using such models
allows for improvement of the existing funding mechanism of construction objects by
arranging them according to their cost and priority;

— we have improved the mechanisms for solving applied problems related to optimization of
planning of road construction, reconstruction, and repair based on algorithmic diagrams of
genetic algorithms and method of time series analysis. The mechanisms themselves are
illustrated by the models of discrete optimization and can hasten the identification of damage.
They are also used as criteria for choosing methods of nondestructive testing of road coating.

Analysis of literature

Below, we will analyze the results of the latest research and their practical application in road
construction. Additionally, we will highlight the opportunities for further research related to
the topic in question. This analysis is important to support the development and improve the
quality of traffic infrastructure of Ukraine, both of which are important for social and
economic development of Ukraine.

Mathematical models and methods used to solve problems of decision theory are not
only the foundation of problems analyzed in this paper but a powerful mathematical tool. The
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development of modern computing devices and information technologies allows us to use
them as programs for support and maintenance.

A group of scientists led by S. S. Kyzyma (Scientific work of Department, 2023) from
the National University of Transport has made a noticeable contribution by developing a
method for planning of reconstruction and repair of road coating based on technical and
economic analysis. Renowned scientists, such as N. Sokolova (Kanin et al., 2022) and
I. Sokolova (Markelova et al., 2022), have dedicated their research to mathematical methods
used for planning and optimizing the operational use of roads under conditions of uncertainty.
Among the scientists who have worked with the mathematical maintenance models are
V. Babakov and A. Kravchenko (Kharchenko et al., 2023).

The following Ukrainian scientists also conduct their research in the field of road
construction: professor of Dnipro State Technical University Borys Sereda, who studies
mathematical modeling of transport and production systems (Sereda ef al., 2023); professor of
the National University of Transport Artur Onyshchenko, who analyzes mathematical models
and methods for optimization of planning and managing road construction projects
(Onyshchenko et al., 2019); professor of Vinnytsia National Technical University Serhii
Pavlov, who researches methods to optimize the quality and speed of road construction
(Wojcik et al., 2021). The following foreign scientists have dedicated their research to the
problem in question, including Dr. Carlos Daganzo (Spain), who investigates the optimization
of transport systems, including road networks, and is also a creator of several mathematical
models for optimizing road traffic and infrastructure (Itani et al., 2021); professor of McGill
University, Dr. Michael Florian, who describes methods of optimization of road networks and
transport systems (Babazadeh et al., 2021); Henrik Fredriksson (2021) from Blekinge
Institute of Technology, who studies mathematical modeling of transport systems for
improving the decision-making and analysis of transporting-related issues.

Methods and materials

Creation of a mathematical model for planning of construction, reconstruction, and repair of
roads and infrastructure under conditions of uncertainty and reduced financing

In general, planning construction, reconstruction, and repair of roads used for different
purposes, as well as the whole related infrastructure, can be characterized by the necessity to
define the tasks required to be completed during the given period and the calculation of
required financial resources. The primary obstacle capable of influencing efficiency is the
uncertainty of volumes of funding for construction programs. For instance, according to (On
the report on the implementation of the Law of Ukraine), the volume of underfunding for
intermediate-level maintenance and overhaul maintenance of public roads, as well as building
new road infrastructure and provision of new gear, materials, etc., was 71.3% of the demand
in 2022. According to (Markuts et al., 2023), general financing of roadbuilding will decrease
by 14,9 billion UAH in 2023 as compared to the previous year. The main focus of this
financing has also shifted from building new roads to repairing the ones destroyed as a result
of the ongoing military conflict (Markuts et al., 2023).

One of the most common methods of addressing an issue of uncertainty related to
funding is putting on hold all construction work on certain planned objects. Defining such
objects is done by factoring in different criteria, for example, importance, current state,
remaining cost of construction work, etc. Effective solution to this task requires a clear
definition and a reasonable algorithm approach since there are a lot of different types of
objects, as well as criteria for their evaluation and restriction.

Expert analysis can be used to evaluate the importance of each object based on different
criteria. For example, social and economic importance of an object can be evaluated based on
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the following definitions: "high-priority, important, with average priority, low-priority".
These definitions are then transformed into normalized scores from 0 to 1.

We can illustrate all criteria used to make decisions regarding the possible reduction of
funding of road construction, reconstruction, and repair projects under conditions of
underfunding as a hierarchical structure as shown in Fig. 1.
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Figure 1. Simplified scheme of criteria of economic importance

According to data from Fig. 1, decision-making is affected by different criteria, such as

criteria of economic importance. These criteria include:

- current stage of construction;

- traffic safety and dealing with critical areas;

- priority of construction, which is defined by the government;

- remaining cost of construction work;

- funding received from other sources (except the State Budget of Ukraine);

- evaluation of economic influence on the region;

- contribution to the development of international transport corridors and influence on
traffic flow in general.

The aforementioned scheme from Fig. 1 indicates the types of work required to be
completed on the roads of different types, including their support structures, In addition, it
shows what types of work require funding.

Next, we use paired-comparison method to define the weight numbers of these criteria.
We use the same method to analyze hierarchical structures (Mi et al., 2022).
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Formulation of the problem. We will now analyze linear convolution for the previously
chosen criteria according to the defined weight numbers py, p2, ..., pm:

Z Z PiViZi |

iel k=1
where vy is defined as the value of i-object according to k-criterium, z; is defined as the
current stage of constructing i-object.
Correspondingly, the current stage of construction of each object depends on how the
program is implemented:

Zj :ﬁ (Xil, Xi2y ooy xih*).
In this case, boolean value x;, equals 1 if the A-stage of construction of the i-object is
properly funded. If not, then x;;, = 0.
Function f; has the following attributes:

-fi X [0, 1]; . 1 . )
The following condition f; (x 1, X 1, ..., X i*) = fi (X711, X" 12, ..., X i*) 18 valid for any
11 1 2 2 2
boolean vector (x 1, X 2, ..., X ;+) greater than (X%, X, ..., X ip%).

Solution algorithm. Statement of the problem where each stage is completed
sequentially (the next stage cannot be completed unless all the previous ones are completed as
well) can be illustrated in the following way:

Xin > Xipv, h=1,2, ..., (h*=1),i=1,2,...,n.

Below we provide a detailed illustration

X X Xy
X, X e X
n Xn 2
X =
'xnl 'xn2 xnh*

Cost of all planned construction works:

B(X): ngihxih ,

iel h=1
where b;;, is defined as the cost of all planned construction works on the 4-stage.
If the real funding can be described as the value By <B (1), then the following
matrix X = (X;)ixz, h =12, ... »* 1s used, whereas:

X = argmaxzzpkvikfi ('xil’ Xigs +ees xz‘h*) (1)

xeX iel k=1
under conditions:

Xih inthlah: 19 29 ceey (h*_l)a (2)
h*

B(X)=>.> b,x,>B,. (3)
iel h=l1

Under conditions of uncertainty related to volumes of funding, the following problem
can appear: find optimal matrixes X ,Xz*, . Xd* for the defined Blo, Bzo, - Bdo (B10<Bzo<
... <B.") values. The matrixes are required to meet the additional condition of a «build-up»:

Xl* <X2*< <Xd*.

Meeting the aforementioned condition allows us to slowly «build up» the plans for
funding.

Formulation of the inverse problem. Now, we rewrite the previous problem (1) — (3) in
the following way:
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D0V S (Xigs Xizs +vs X0 ) = Max (4)

i=1 k=1 o
zzbihxih <B,, ®))

i=1 h=1
xinZxminh=1,2, .., (h =1),i=1,2, ..., n, (6)
xp X{0, 13, h=1,2, ...,k ,i=1,2,...,n (7)

Here we also introduce new boolean values y;;. These values are related to the previous
x;n values in the following way: y;, = 1, if x;, = 1 for Vk < A. In other cases, y; = 0, if x =0
for Vk>h. We will use function ¢(-) to connect the values x; = q(h, vi, Yio, ---» Vin®)s
i=1,2, .., h=1,2 . k.

In this scenario, we can use a maximization problem equivalent to (4) — (7):

n m

Zzpkvikzi(yil’ yi2""’yih*); )]

i=1 k=1
under conditions:

iyihzl,i=l,2,...,n, 9)
h=1

n  h* -

2.2 buy, < By, (10)

i=l h=1

where zi(Vit, Vizs - o» Yirr) =G, Vits Vizs <o Yit)s oo QU3 Vits Vizs ooy yir))s i=1,2, ..., m,
- )2
bip :Zbih ,p=1,.., h*.
h=1

Problems (8) — (10) are problems of linear programming with boolean values. A solution
to this problem can be acquired by building a minorant in nondecreasing order. This minorant
will correspond with objective function (8), as well as with rows of h"-value boolean vectors,
which correspond with condition (9) (Chen et al., 2008).

Development of a plan for dealing with critical areas on roads

Formulation of the problem. Suppose the traffic flow consists of vehicles, which are
divided into categories k € K = {1, 2, ...,k*}. They include light motor vehicles of different
types and sizes, cargo vehicles of different types, sizes and capacities, buses, two-wheeled
vehicles, etc. Then we divide the road into sectors g, i € I = {1, 2, ..., n}. In this case, pi (x;)
is defined as probability of traffic accident in sector g; for k-category of vehicles under the
condition of using measure x; € X; = {x;1, Xp, ..., X;s; to reduce the probability of traffic

accidents in sector g;, whereas s is defined as several such measures. Every measure x; € X; is
defined by economic, technical, social, and other values. Values pu(x;) can be calculated
based on a model, for example, a non-linear model introduced in (Saaty ef al., 1985).

The problem itself requires creating a plan of measures for reducing the number of
traffic accidents in every g;-sector under conditions of limited resources. These measures
revolve around not only reducing the amount of traffic accidents but also reducing the amount
of human casualties, financial and material losses as a result of such accidents. Formally, we
can present this problem of planning how to deal with critical areas and minimizing the risk of
traffic accidents in the following way:

R(x):ZZakpik(xi)—)min, (11)

iel keK

under conditions:
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bm(x):zbim(xi)gbriam EM; (12)

iel
x=(xlx,...,xli\_,...,xnl\)eX= X, ,i €1, (13)
iel
where m € M = {1, 2, ..., m*} is defined as an index of expenditure for different resources
required to implement measures to reduce the accident rate, b, , m € M is defined as the
given value of constraints of m-resource, a; is defined as the value of losses as a result of a
traffic accident involving transport category k € K.
To solve problems (11) — (13), we can use algorithms described in (Shvartsman, 2023),
since these problems are additive problems of discrete programming with multiple
restrictions.

Solution algorithm. Definition of losses a;, & € K caused by traffic accidents is a
completely separate problem, which requires calculation of value of human lives lost during
such accidents, as well as losses related to treatment of relevant traumas and repair of
damaged vehicles, road objects, etc.

In order to effectively develop measures for reducing the number of traffic accidents,
we must considerthe human factor, which greatly affects the rate of accidents and deaths. All
traffic fatalities have different causes, which can be identified by analyzing statistical data of
the Ukrainian Ministry of Internal Affairs (Vedmedenko, 2023) (Table 1). Among the
28 possible causes described in (Vedmedenko, 2023), the major ones are speeding and non-
compliance with regulations related to maneuvering on the road with a total of 60% of all
cases.

Table 1. Traffic accidents involving human casualties divided by causes, number, and rate
in 2022

Cause Number Rate, %

Speeding 7561 40,25
rI;I:g—comphance with regulations related to maneuvering on the 3846 20,47
Non—.comphance with regulations related to driving through 1467 7.81
crossings

Not keeping a safe distance 843 4,49
Crossing the contraflow lane 418 2,23
Drunk driving 790 4,21
Crossing the road in undesignated areas (applied to pedestrians) 593 3,16
Speeding on turn 469 2,49
Vljéi)lrli-scomphance with regulations related to driving through cross- 1443 7.68
Non-compliance with traffic signals of a traffic policeman 236 1,25
Other (rate below 1% for each) 1118 5,96

We define the problem of reducing the number of traffic accidents resulting in fatalities
or traumas as a problem with high priority and analyze the mathematical presentation of this
problem.

We define equation D= {1,2, ...,d } as a multitude of reasons for traffic accidents
with casualties occurring on the road in question. Equation D, i € I, D; € D on the other hand
is defined as a multitude of reasons for traffic accidents for the g;-sector of the road. For every
reason d € D; in sector g;, i € I we calculate coefficient py;, which is defined as the frequency
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of traffic accidents with casualties occurring in this sector. We perform these calculations
based on statistical data, for example, data from Table 1.
To evaluate the effectiveness of measures x;, i € I to reduce the rate of traffic accidents
in each sector g;, i € [ we use the utility function fz(x;) € [0; 1], which can be described as a
function to reduce the rate of traffic accidents for every cause d € D;. Implementing this
function yields the following results depending on conditions:
—  fai(x;) = 0, if measures x; were not able to reduce the rate of traffic accidents with
casualties due to the cause d € D;;
— fai(x;)) € (0; 1), if measures x; were able to reduce the rate of traffic accidents with
casualties due to the cause d € D;;
— fai(x;) =1, if no traffic accidents with casualties due to the cause d € D; were registered
in sector g;.
In this scenario, we can formulate the problem regarding minimization of fatalities and
casualties in the following way:

R(x) = Z Z Z paihi Ny (1 = fa:(x;)) - min, (14)

deD i€l keK
under conditions that:
bm(x):zbim(xi)gb:lamXMa (15)
iel
x:(xl‘y,...,xl.y,...,xns)eX:HXi,iXI (16)

iel
where Ny is defined as the average number of traffic accidents with casualties in sector i € /
for vehicle category k € K; Ay is defined as the average number of individuals in vehicles of
category k € K.

Problem (14) — (16) is a modified version of problem (11) — (13). We can define this
problem as a problem of discrete programming with multiple limitations. To solve this
problem we can use sequential analysis of variants or digital methods (Shvartsman, 2023).
Since every transport network is a crucial part of critical infrastructure, we deem modeling
processes capable of increasing traffic safety and minimizing traffic accidents an important
task.

Optimization of methods of nondestructive testing for identification of damage to roads
and other components of road infrastructure

Any defects in public roads and other elements of road infrastructure, such as bridges,
tunnels, and overhead roads, adversely affect normal operating conditions. Among such
defects are wear and tear of road coating and water isolation, cracks and a large number of
holes, plastic deformation, trembling of flexible elements, damaged protective layer and
cracks in reinforced concrete structures and fences, damaged expansion dams, destabilization
of construction elements, etc. (Shaikh et al., 2022).

The aforementioned defects often appear as a result of natural occurrences capable of
affecting the condition of the road. Alternatively, they can be caused by violation of normal
operating conditions, for example overloading the road or lack of proper maintenance.

Methods of nondestructive testing effectively identify these defects. Apart from
advantages, there are certain disadvantages, since the results of implementing such methods
do not always reflect the real state of the object due to the inability to identify all kinds of
present defects (Wang et al., 2022).

For instance, using methods of visual control to analyze the condition of the road
coating allows to quickly identify visible surface damage, but prevents from identifying any
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damage or deformation of deeper layers. As such, analysis of any given road sector may not
be objective, thus the efforts directed to cope with the identified defects become less effective,
outright ineffective, or even worsen the situation.

This issue can be addressed by using different types of methods of nondestructive
testing. This is common practice during research of complex systems which allows us to
greatly speed up and increase the probability of defect identification. In addition, it helps to
reduce the risk of partial identification (Sidliarenko, 2014). Thus, it is possible to obtain
exhaustive information regarding the present damage, as well as compliance with regulations
of road safety. The methods of nondestructive testing also allow us to analyze the state of
road infrastructure without decommissioning any of its elements. Finally, accumulated
statistical data can be used during maintenance and repair, while also helping to avoid
possible mistakes during future follow-up inspections (Prokopev et al., 2019).

Formulation and analysis of the problem. Assume that L = {/;,i€ = {1, 2, ..., z'*}} isa
finite set of defect types in road sectors and other types of road infrastructure, whereas / is
defined as a set of damage type indexes. Defects /; € L are described according to different
criteria, such as geometry (including length and depth of a crack, evenness of road coating,
etc.), complexity, probability of causing a traffic accident, etc.

To evaluate the defects /; € L, we use different methods of nondestructive testing. These
methods differ by probability of identifying the defect, cost, or the necessity to utilize
additional resources. For example, the effectiveness of visual control depends on qualification
of experts responsible for evaluation of damage and unevenness of upper road layers, quality
of asphalt, and other attributes. The aforementioned method is both the fastest and the
cheapest compared to many others, which require not only specialized tools but also long-
term laboratory analysis.

An alternative method revolves around utilizing space monitoring to analyze the state of
road coating and road infrastructure, yet it requires additional equipment and trained
personnel.

We can present a set of j-methods of nondestructive testing as the equation M; = {my},
where j € J is a set of indexes of methods of nondestructive testing, and k£ € K; € K is a set of
indexes of implementation mediums related to methods of nondestructive testing.

Equation p(mj;) will serve as an a priori assessment of probability of damage
identification by method mj;. The value of the probability of damage identification p(mj;) may
be specified beforehand in technological documents, defined by experiment, or simply taken
from the same research. R; is defined as a set of alternative means of damage identification
l;€ L. Equation i € [ can then be transformed in the following way:

Ri= {l"il, l"l‘z, ceey Viri},
where elements of set R; are fixed technologies of damage identification ;. On their own, they
are a combination of indexesj € J of sets of different types of methods of nondestructive

testing. They are written as »; = {ji, ..., js}, j1, ..., js €EJ; & J. In this scenario, R; can be
described in the following way:
Wohoee g
2 2 .2
.] J Jsz . . . Ti .1
R=[" 7 s Jit s dsits oo 1T e s € (17)
AR o
Thus, a combination ; = {jj, ..., j;} € R;is defined as a fixed technology of damage

identification /; € L, which utilizes certain nondestructive testing methods. This technology is
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the most effective when used after factoring in specifics of the analyzed road sector, as well as
technical parameters and operating specifications of tools used for nondestructive testing,
including whether or not they can be used in conjunction with each other.

Any technology »; € R; can be represented as possible combinations of types (complex)
of methods of nondestructive testing v,; = (mij] PR mij'sk) = (mjr)jx. They are used to identify
damage /; € L.

Assuming that V. = HM ; 1s a set of possible options of implementing technology

jer
rER, V.= U V. will be defined as a set of all alternative methods of nondestructive testing
reR;
used to identify partial damage /; € L, while V:HVi is a set of alternative methods of
iel

nondestructive testing used to identify all possible damage damage /; € L, whereas
V=Vrty eves Viiy woes Vi) = (Vi)ixt, Vi€ Viy i€ELVE V.

We define P; (p(v,;)) as probability of avoiding an emergency situation assuming that
damage [;€ L was identified and dealt with (Donchenko, 2022). In this scenario,

P;(p(v))=1- p(v,), where p(v,[ ) = I—H(l— p(mjk )) is defined as probability of
Jjed;

identifying damage /,€ L while using complex v,; for technology 7;.

Here, we analyze the problem related to identifying all defects at once from the
available set L. First, we assume that /; € L are already known, and different complexes
v,i € V; are used for their identification. In this scenario, the probability of avoiding an
emergency situation can be presented in the following way:

ORI BECH! (18)
iel

Value P;(v) is a lower estimate of probability to identify a set of defects L. This value
can be used as a criterion to choose methods of nondestructive testing used to identify all
defects /; € L at once.

Assume that Cp budget is provided to implement methods of nondestructive testing
(including purchase and/or usage of tools, development of methods, personnel training, etc.).
Thus, a problem related to developing the complex of methods of nondestructive testing can
be presented in the following way:

P,(v) = Hp(vri) - max (19)
i€l
V=2 > (v, )<, (20)
iel jeJ
V=Wt Vi = (Mg, .o M) E Vi kEK S K, veV =]V, (21)

iel
where c¢;; 1s defined as the volume of funding required to implement option v,;.

We can define problems (19) — (21) as problems of discrete programming with multiple
limitations. To solve this problem we can use algorithms of sequential analysis of variants or
digital methods (Zhang et al., [2020). Solving this problem results in development of complex
of different types of methods of nondestructive testing v = (v Ay eees v ris +-es V +), Where

v = (mjj, ..., Mjg), C(v") is defined as resources and PI(v*).(v') is defined as probablhty.

We can improve the aforementioned mathematical model by conducting additional

evaluation of severity of defects or the state of structure targeted by methods of

© A. L Sidliarenko, 2023
DOI: 10.24025/2306-4412.3.2023.287845

122



BicHuk YepkacbKoro gepxaBHOro TeXHOJNOri4YHOro yHiBepcurteTty 3/2023
Bulletin of Cherkasy State Technological University

nondestructive testing. In addition, we can simplify the choice of methods of nondestructive
testing for cases, which do not require complex solutions.

Results and discussion

To prove the effectiveness of analyzed mathematical models used for planning road
construction, reconstruction, and repair, including all relevant infrastructure, under conditions
of uncertainty and reduced funding, we have conducted multiple calculations. Acquired
results allow us to conclude that improving road safety and reducing the rate of traffic
accidents require implementation of special measures, aimed at reducing the number of such
accidents by 40-60%. The price of these measures should remain within the established limits.

We have analyzed a bridge structure as an example of planning the measures aimed at
dealing with critical areas on roads, in combination with further optimization of methods of
nondestructive testing used to identify damage in road coating and components of road
infrastructure. As primary targets of methods of nondestructive testing, we can name asphalt-
concrete roads, reinforced concrete structures, welds, and other parts. To identify set of
defects L in bridge structure, we can use radio-wave methods of nondestructive testing
(M = {m}, k € K;), acoustic methods of nondestructive testing (M, = {mau}, k € K>),
radioscopy methods (M3 = {ms;}, k € K3), methods of visual control (My= {ma;}, k € K,).
The probability of identifying defects by applying the aforementioned methods in the classic
sense was the following: P;;=0,913; P;,=0,908; P;;=0,963; P;,= 0,891.

Optimization of these methods results in the alteration of every complex. These
complexes v, will transform into Vv, = (mk1, Mmoo, Mzgz, Myry), Where k; € K; S K,
k€K, CK, k;€K;C K, ks € K, € K are defined as chosen A-modifications of relevant
methods of nondestructive testing used to identify i-defect. In this case, the low value
of Py-probability rate used to identify such defects equals 0,967.

By comparing our results with those described in (Somy et al., 2022), we have deemed
them congruent, and thus we can conclude that our models are not only correct but also
applicable for quick calculations. Among other similar models, they can also be integrated
into the programs used for planning and organization of road work.

Conclusions

In this research, we have highlighted that reduction of funding for road construction,
reconstruction and repair is one of the main reasons for alteration or reallocation of funds for
the ongoing projects, as well as for the projects yet to be started. Thus, mathematical
modelling of such road construction projects allows to develop a plan of acquiring enough
funds under conditions of reduced funding and allows to alter volumes of such funding by
analyzing the object state, whereas an expert analysis of importance or project completion
status are taken into account.

Reducing the amount of accident clusters can be achieved by minimizing the amount of
traffic accidents in general, as well as minimizing the amount of deaths as a result of such
traffic accidents. To solve mathematical problems related to reduction of accident clusters and
minimizing the risk of traffic accidents, as well as to model the scenarios of increased safety,
it is necessary to use a plan for implementing the measures to reduce the number of such
traffic accidents by 40-60%. The aggregate cost of implementing the aforementioned means
must not go beyond the defined limits.
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The analyzed problem of nondestructive testing is based on the optimal choice of
methods of nondestructive testing whenever it is needed to identify an entire set of defects L.
Probability detection rate P;, which has increased from 0,891 no 0,967, allows evaluation of
the process of identification of defects.

The upcoming research conducted within the scientific field analyzed in this paper will
focus on the results of an implementation of analyzed mathematical models as a mathematical
supplement for analytical and information systems for monitoring the state of roads. These
systems will focus on supporting decision-making regarding the development of construction
and maintenance plans, road repair and maintenance of current public roads, and
improvement of operational facilities and structures. The aforementioned systems are
important to support general road infrastructure according to established development
strategy, as well as to improve road networks and implement state, social or purpose-oriented
programs related to the road industry.
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MATEMATUWYHI MOJEJII BY IIBHUIITBA, PEKOHCTPYKIIII
TA PEMOHTY JOPIT" 3A YMOB HEBU3HAYEHOCTI
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AHOTamisi. Y CcTaTTi HAaroJjoOUIYeThCS Ha BAKIMBOCTI MaTEeMaTHYHOT'O MOJETIOBAaHHSA B CY4YaCHHX
yMOBax OyIiBHHUIITBA, PEKOHCTPYKIII Ta pEMOHTY aBTOMOOLIBHHX J0PIir B YKpaiHi. OCHOBHI aCleKTH,
SIKI POOJIATH 1€ aKTyallbHUM, BKIIOYAIOTh (PiHAHCOBY HECTAO1IbHICTh, HEBU3HAYCHICTh (hiHAHCYBaHHS,
a TaKoX HEOOXiJHICTh AOTPUMAaHHS BHCOKUX CTaHIApPTIB OE3MEKH Ha Joporax IIiJi 4ac MPOBEIACHHS
po0it. 3a3HavaeThes, MO 3MiHHI (DaKTOPH, TaKi K KIIMaTHYHI aHOMATii, JUHAMIKa TPaHCIIOPTHOTO
PYXy, TEXHOJIOT1YHHM Tporpec v OYaiBENbHIN ramy3i Ta COIMiaibHI BUKIIUKH, ITOB’sI3aHi 31 301IBIICHUM
HABaHTQXCHHSAM Ha JOpPOTH uYepe3 BIiHICBKOBUII KOH(QIIKT, BHMAaraloTb HOBUX MIAXOIIB Ta
IHCTPYMEHTIB JIJIsI ONTHMI3allii Oy MiBEIBHHIX MPOIIECIB.

['0IOBHOIO METOIO JTOCHIJHKEHHS € 3aCTOCYBAaHHS MaTeMaTHYHOTO MOJICITIOBAHHS JUISl TUTAHYBaHHS Ta
BUKOHAHHS pOOIT Ha aBTOMOOUTRHMX JOporax i CIOpynax, 30KpeMa B yMOBaX OOMEXEHOTO
(dinancyBaHHs. lle 70mMOMOXKE MOKpAIIUTH IPOIEC YCYHEHHS aBapiiHO-HEOC3MEYHHMX MUISHOK Ta
BUOpaTH ONTHMAJIbHI METO/IM HEPYHHIBHOTO KOHTPOIIIO JUISI BUSIBIICHHS ITOIIKOJKCHD Y JIOPOXKHEOMY
MOKPUTTI Ta iHppacTpyKTypi. s JOCATHEHHS Li€l METH BUKOPUCTOBYIOTHCS METOAN CTATHCTHYHOTO
Ta CHCTEMHOTO aHalli3y, OaraToKpuTepiaabHOI ONTUMI3AIl] Ta Teopii MPUHHATTS pimeHb. OCHOBHHUN
aKUEHT POOUTHCS HA PO3POOJICHHI CTPATETUHUX YIPaBIiHCHKUX PIlIEHb Ta iX e()eKTUBHOCTI.
[TokazaHo, 110 BUKOPUCTAaHHS MaTeMaTHYHOTO MOJICIIIOBAHHS B MPOLECi TUIAHYBaHHS aBTOMOOLIBHIX
JIOPOXKHIX POOIT 103BOJIAE €PEKTUBHO PO3MOALIUTH (DIHAHCOBI PECYPCH, HABITh MPH 1X 0OMEKEHOMY
o0cs3i. L9 mpakTuka TakoX Ja€ 3MOTY JUHAMIYHO 3MiHIOBAaTH piBeHb (iHAHCYBaHHS, BPaxOBYIOUH
NpY [IbOMY €KCIIEPTHI OLIHKY BayKIIMBOCTI Ta CTYIEHS 3aBEPIICHOCTI poOiT Ha 00’ €KTi.

B pesynbrarti mpoBeneHOTo MIaHyBaHH POOIT 13 BUMPABICHHS aBapiHO-HEOE3MEYHUX MUITHOK JTOPIT
3 aKUEHTOM Ha MiHIMIi3allil0 PU3HKY IOPOXHBO-TPAHCIIOPTHUX NPHUroJ] Ta 3aCTOCYBaHHS METOIIB
migBumieHoi Oe3neku OyB po3poOJicHWH IUIaH BIPOBAIKEHHS KOHKPETHHX 3aXOJiB Ta 3aco0iB.
BukopucTtanas nux 3axofiB mependadac 3HWKECHHS KUIBKOCTI TOPOXKHBO-TPAHCTIOPTHUX IIPHUTOMA Ha
aBapiliHO-HeOe3neyHux nuisiHkax B 1,4—1,6 pasy, i e gocsiraeTbesi 0e3 NMEepeBHILIECHHS BU3HAUCHHX
(hiHaHCOBHX OOMEKEHB.

BcraHoBiieHa oIiHKa SKOCTiI BHSBICHHS IMOIIKOJKCHb HA JOPOXKHBOMY TOKPHTTI, BAKOPHCTOBYIOUN
MOKa3HUK iIMOBIPHOCTI BUSIBICHHS pi3HOMaHITHMX AedekTiB. [leTadpHO MmoKa3aHo, sSKi ONTHUMIi3amiiHi
3aX0J1 JO3BOIMIHN M ABAINKATH IieH nokasHuk 3 0,891 1o 0,967.

VY mnojanemnx HayKOBUX JIOCITIDKCHHSX aBTOpa Mepe0adaeThcsl PETeNbHO JOCHIIMTH Pe3ylbTaTh
BIIPOBA/KCHHSI OOTOBOPIOBAHUX MAaTEMaTHYHHUX MOZEJeH, OCOOIMBO SK MaTeMAaTH4HOI MiIATPUMKH
aHAITHYHO-1H()OPMAIifHOI CUCTEMH 1JI MOHITOPUHTY CTaHy JOPOKHBOI iHQPacTpyKTypH.

KarodoBi ciioBa: MaTeMaTHyHa MOJENb, AaBTOMOOIUIBHMN TPAHCHOPT, AaBTOLUIIX, aBapiliHO-
HeOe3nmevHa JUITHKA, METOJ HEpYHHIBHOTO KOHTPOJIIO, YMOBAa HEBH3HAYCHOCT!I.
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