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The main purpose of a scientific journalis to provide broad sections of the scientific community with the
opportunity to &change information, cover research results and scientific and methodological findings,
including the international level, related to transport infrastructure.
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findings of road construction complex, scientific institutions and industry scientists and specialists to solve
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Council of the National Transport Universiggrotocol = 3 from 26.03.202%5).

The Scientific and Technical Journal "Automobile Roads and Road Construction" is published according to
the decision of the National transport university Academic council. Printed copies are distributed among: state
and leading libraries of Ukraine, leadimoadtransporttrend educational, scientific, research and design
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the Ministry of Education and Science of Ukraine
the scientific journal is included in the register of scientific publications of Ukraine (Category B).
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FORECASTING ENVIRONMENTAL POLLUTION BY ASPHALT CONCRETE PLANTS
BASED ON MATHEMATICAL MODELING IN CONDITIONS OF CLIMATE INSTABILITY
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Abstract. The theoretical and practical aspects of predicting the dispersion of harmful impurities in
atmospheric air in conditions of modern climatic instabifitg explored in this paperhe fundamental
principles of mathematical modeling of emissions from asptlwitrete plants (ACPs) are analyzed, in
particular, the features of the application of the Gaussian plume model and th8B8JMREthodology. The
main focus is on identifying methodological gaps in current environmental impact assessment (EIA)
procedures, wich are based on static meteorological parameters and do not take into account the risks caused
by anomal ous Aheat waveso.

Based on a real industrial facility (an asphalt mixing plant in Vinnytsia region), a series of numerical
experiments were performed simulate the distribution of nitrogen dioxide (NO2) in a wide temperature
range from1 0 to +40 AC) . The modeling results demonst |
the increasef groundlevel concentrations of the pollutant and the mggh of the pollution epicenter to the
emission source.

The practical part of the investigation was implemented through cartographic visualization of
concentration fields with reference to the topography of settlements. It has been proved that atlghbigitma
air temperatures (+40 AC and above), a decrease |
in the thermal gradient, which can lead to the coverage of residential buildings with concentrations that
significantly exceed the reqatbry MAC (Maximum Allowable Concentration).

A scientifically based strategy for adaptive m
which involves dynamic adjustment of technological cycles and the implementation of predictive air basin
monitoring systemdlhe conclusions of the work can be used to improve environmental regulations and justify
the boundaries of sanitary protection zones of road industry enterprises.
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Keywords: mathematical modeling, forecasting, Gaussodel, asphalt comete plant, dispersion of
harmful impurities, numerical experiment, climatic instability, stratification parameters, environmental risk,
sanitary protection zone, adaptive environmental management.

Introduction. In the context of active development andtogation of the road and transport network,
asphalt concrete plants GR) perform a key role in supporting the construction industty courses to an
increase in the number and productivity of agricultural enterprises, many of which operate in cliosigypro
to settlements or are mobile and frequently change location. Such intensive use is necessary for the economy,
but creates permanent and growing environmental pressure.

According to the Law of Ukraine AOneBnwvifr damebet
to the category of facilities that may have a significant impact on the environment and require obligatory
environmental impact assessment (EIA) procedures before the beginning of their operation or reconstruction
[1]. The EIA proceduresia comprehensive analysis aimed at determining the potential impact of a factories
on ecosystems and populations. A critically important element of this process is a mathematical modeling,
since the calculated forecast allows us to establish a splatsatation of the distribution of pollutants and
make reasoned decisions regarding environmental safety.

Despite the obligatory EIA procedure, the modern practice of environmental regulation and
environmental impact assessment of asphalt concrete plants in Ukraine faces a serious challenge due to the
inconsistency of traditional calculation models with rdiahate change.

The main problem is that actual methods for predicting the dispersion of harmful substances are based
on static meteorological parameters that do not take into account the anomalous temperature regimes that are
increasingly observed intlleu mmer peri od. The increase of the fre
above+35+40 AC radical ly chan greusdlevelager af thesatmospline, causing ¢ s ¢
a decrease in the effective height of emissions and theirintdhgive e s si ngo t o t he wearth

The situation is complicated by the high density of development around industrial sites. Traditional
calculations of sanitary protection zones, performed based on average statistical indicators, turn out to be
irrelevantduring periods of extreme heat, when the zone of maximum pollution shifts closer to the source and
covers residential areas with a higher concentration of impurities.

Thus, an sharp scientific and practical contradiction arises between the necessityé@earanteed
environmental safety of the population and the limitations of the existing forecasting tools, which requires a
transition to adaptive modeling taking into account modern climatic extremes.

The problem of modeling atmospheric dispersion estiimation the impact of industrial facilities on
the environment is a subject of active discussion in the modern scientific community. The issue of applying
Gaussian models and their adaptation to complex meteorological conditions is considered in thetall
fundamental works of Zannetti P. [2] and Stockie J. M. [3], which laid the mathematical foundation for
understanding the dynamics of a smoke plume and calculginodlevel concentrations. Modern foreign
studies, in particular the works &f X. s © H-M. [4{ and Pu X., Wang T. J., Huang X., Ding A. J.,
ZhouD.R.[ 5], indicate that global climate change, 1in
the turbulence of thgroundlevel layer of the atmosphere. This makes staticutations using traditional
methods, such as ONB8S [6], less accurate, as they do not fully take into account the thermal suppression of
flare rise. The issue of the impact of asphalt concrete plants as specific sources of pollution was investigated
by Oreto C.et al. [7], focusing on the risks from emissions of nitrogen oxides and particulate matter within the
life cycle of road mix production.

In the Ukrainian scientific segment, a significant contribution to the development of methods of
environmental moitoring and modeling was made by scientists Belyaev M. M. [8] (development of numerical
models of impurity distribution), Vasylenko L. A. [9] (environmental safety of road construction) and
Gunchenko O. M. [10However, despite a significant number ofrik® the issue of quantitative assessment
of the impact of extreme temperatures Xmd)®OoadC) o
sector facilities in Ukraine remains insufficiently covered, which makes this study relevant.
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The purpose d the studyis to predict the levels of atmospheric air pollution by emissions from asphalt
concrete plants under conditions of climate instability and to substantiate adaptive measures to minimize
environmental risk for nearby territories based on mathematical mgdel

To achieve the goal, it is necessary to solve the following tasks:

1. To justify the choice of mathematical apparatus and algorithm for modeling the dispersion of
emissions from industrial sources (asphalt concrete plants).

2. Perform mathematical melihg of nitrogen dioxide dispersion in a wide temperature range (from
10 AC to +40 AC) to i dgourdlevielgoncergrgtions.ar i ti es i n chan

3. To investigate the spatial transformation of the impact zone and the configuration of thenemissi
flare under the influence of extremely high air temperatures.

4. Perform cartographic modeling of the impact zones of a real ACP with a direct connection to the
actual coordinates of the object and the surrounding residential area to estimate rimalthiskgopulation.

5. To substantiate a complex of adaptive environmental protection measures (technological, monitoring
and planning) aimed at minimizing the negative impact of ACP on residential areas during periods of abnormal
weathemphenomena.

Presentation of the main research material and the obtained results.

Forecasting atmospheric pollution from asphalt concrete plants (ACP) based on mathematical modeling
is an important tool for assessing environmental impact, plarerimgonmental protection measures, and
monitoring compliance with regulations. The purpose of modeling is to determine the maximum surface
concentrations of pollutants at various distances from the emission source and estimate the compliance of these
concentrations with maximum allowable concentrations (MAC). This modeling is a obligatory step for
developing an emissions permit and determining the size of the sanitary protection zone (SPZ).

Since the ACP is a complex source of pollution, mathematical nmgdsfiould include the following
key steps:

1. Collection of initial data.

1.1 Characteristics of the ACP:productivity, features of the technological process, type of fuel,
availability and efficiency of dust and gas cleaning units, etc.

1.2 Emission data:identification and inventory of emission sources, actual or estimated emission
capacities (M) for all main pollutants.

1.3 Meteorological data:wind speed and direction, temperature, atmospheric stability class (usually
for the entire calculation period).

1.4 Geographic data:topography of the area (taking into account relief), data on buildings and
structures for calculating aerodynamic flow.

2. Construction or adaptation of a mathematical model.

3. Calculation: determination of the field of pollutant concentrations at déffi¢ points around the ACP.

4. Analysis of results.

4.1 Comparison of calculated maximurgroundlevel concentrationswith maximum permissible
concentrations (MAC).

4.2 Definition of the sanitary protection zone (SPZ2).

4.3 Assessment of the contributiontibé SPZ to overall atmospheric air pollution and development of
measures to reduce the impact (for example, increasing the height of pipes, increasing the efficiency of gas
purification equipment, improving the technological process, etc.).

The most widesead and simplest model for predicting the spread of impurities in the atmosphere is
the Gauss ®lume Model. This model is well suited for predicting the dispersion of emissions from point
sources (smokestacks) over open and flat terrain over relathatydistances (up to 120 km).

The Gausd model is based on the following key assumptions:

1. Point source:Pollution emanates from a single point source (pipe) located at an effective height H.

2. Permanent emission:The emission rate (M) and meteorological conditions (wind spgede
constant (do not change over time).
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3. Ga u s s 0 s Tlkeidisttibutionbf urrpurity noncentration in the crosection of the smoke
pl ume (perpendicular to the wind direction) obeys
4. Reflection from the ground: Thee a r suhfatesis considerdd be perfectly reflective (pollutasit
are not absorbed, but reflected).
Within the Gaussbés model ,(XyzYrem acpoim soercet(ahimney) sn C
defined as [2]:
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whereQ is the emission power (mass of impurity per unit time, g/s);

uis the average wind speed, m/s;

1 j is the effective emission height, m;

A @hK @ are dispersal parameters (standard deviations) in the horizontal and vertical directions,

depending on the distangand the atmospheric stability class.
a 2

In equation (1), the first exponefakpgg 2;2/—()() f’defines the horizontalispersion (across the wind).
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The maximum concentration is always on the axis of the emission pyee (
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The second exponemxpae u agrexp M defines the vertical dispersion.
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Theflrsttermexpaeuls the actual Gaussodés distributi ol
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The second ternexp% 252—() is the imaginary source, which is used to model the total reflection
X
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of the pollutant z60h.om the earthds surface (

For the most of environmental assessments, the most important calculation gsotinetevel
concentrationslong the axis of the flare.
Puttingz=0( e ar t h 6 sy=0(wind dilectionxaimodhe general formula, we get:
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The key task of environmental forecasting is to determine the maxgmumdlevel (at a level of 2 m
from the ground) concentratid®nax and the distancemax at which it is achieved. Analysis of formula (2)
allows us to make the following conclusions:

1. At short distances( Y tbe concentration C is zero, since the flare is located high.

2. At large distances( V) de concentration C approaches zerohaptume is dispersed over a large
area.

3. The maximungroundlevel concentrationstmaxis reached at a certain optimal distaee,, where
the flare has time to descend to da&th but has not yet completely dispersed.

The effective heighti(;) is the sum of the physical height of the pipe (H) and the additional flare lift
(3° ) caused by the kinetic energy and buoyancy (temperature) of the exhaust gases [3]:
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Ho=H +HD. 3)

Thelargerthe value) j, then better the initialdispersal occurand the lower the concentration in the
groundlevellayerwill be. The flare lift DH is a complex parameter and is calculated using empirical formulas
(e.g., Holland, Briggs formulas) thiatke into account the temperature of the gases, the outlet velocity, and the
wind speed.

The main | imitations for the application of t he

1. Flat terrain (the model works poorly in conditions of complex buildings or moootaterrain).

2. Nonstationarity (it cannot model changes in meteorological conditions in time).

3. Chemistry (it does not take into account chemical transformations of impurities (for example,
oxidation ofSG; NOy)).

However, t he Gidaaldo®ldos mo d el i's an

1. Assessing the impact of ACP emissions on surrounding residential areas.

2. Designing chimneys (determining the minimum required height H).

3. Establishing sanitary protection zones (SPZ) around the plant.

Al t hough t he GaussoOs mod e |l i s fundament al |, it
complicated by the necessity for permanent monitoring of the turbulent characteristics of the atmmsphere

ands, . In order to make the environmental impact assessment (EIA) process universal and accessifde, Gauss
physical principles were transformed into empirical methods of the simplified calculation, such as the OND
86 method.

This approach is based on thenciple of determining the worstase scenario. Instead of calculating
the concentration for each wind change, the technique immediately determines the maximum surface
concentration (may that can occur under the most adverse meteorological conditierss¢ al | ed fAdange
wind speedodo) .

For a single point source with a round mouth (for example, an ACP pipe), the maximum concentration
formula has the form [6], mg/fn
_ O f F

B (4)

B0n

where¢ is acoefficient, depending on the temperature stratification of the atmosphere at which the
concentration of harmful substances in the air is maxinsed’degreé“mg(g;

M is themass of harmful impurity emitted into the atmospheresay/s

F is thedimensonless coefficient that takes into account the settling velocity of harmful substances in
atmospheric air;

m, nare the coefficients that take into account the conditions of thaigasxture exiting the source;

1 is the dimensionlescoefficient that takes into account the influence of the terrain;

1 is the height of the emission source above ground level, m;

V; is the gasair mixture flow rateds/sec;

Dy is the difference between the temperature of theafiamixture emitted into the atmosphere and the
temperature of the ambient airC .

The distance from the emission source at whichgtieendlevel concentration reaches its maximum
value under adverse meteorological conditions is determined by the formula [6], m:

Mmo::¥ di ©)

10k dRe 3 EgpdaO(dz {1 wf 21w rJtdarl w v wié,r AG2U0¢21 LIS
ISSN 03658171 (Print)ISSN 27074080( filine), ISSN 27074099(CD), https://arrcjournal.org .
Scientific journalgAUTOMOBILE ROADS AND ROAD CONSTRUCTIOR, 2026. Issue 19.

19


https://arrcjournal.org/

G2ur mi ff J1ww Y d¢mrRevL 10l s I RrRZV?L(L wrtrrflrzo
G2ENVIRONMENTAL PROTECTION TECHNOLOGIES

where the dimensionless coefficiehis determined by the formulas given in [6].

The advantage of the application theathematical model (4) (5) is the possibility of scenario
modeling, which allows assessing environmental risks at the design or modernization stage of production. Due
to the variation of input parameters (such as discharge temperature, gas velocigooological conditions),
the model becomes a tool for shtetm and longerm forecasting. This makes it possible to determine the
boundaries of the enterpriseds Iimpact zones under
temperature auditions, which are becoming increasingly frequent due to global climate change.

To verify the theoretical provisions and estimation the real impact of the asphalt concrete plant (ACP)
on the state of atmospheric air, a numerical experiment was condastd dn models (1)(3). Within the
framework of the investigation, special attention was paid to the analysis of the impact of ambient air
temperature on dispersion processes, since the parameter directly correlates with the lifting force of the flare
ard, accordingly, with the level of grouslevel concentration of pollutants.

Based on the presented methodology, a series of numerical calculations were carried out for a test source
of emissions from an asphalt concrete plant. The object of the studyhvesplaalt concrete plant chimney
with the following characteristics: height H = 20m, mouth diameterl.2 m, gas outlet velocity
U, =5.80m/sec at a mixture temperatufg, .. = 8 0 Nitfo@en dioxide N@with an emission rate of

M=3g/secand a background pollutionlev@g= 0. 01 mg/ mj was defined as th
were performed for flat terrain conditiofd= 1 with an atmospheric stratificationeficient A=180. The

control criterion washe value of the greatest otime limited permissible concentration ME&®r NO,, which
is 0.085 mg/ mj
The aim of the experiment was to establish the dependence of the magioundlevel concentration
of the pollutant and the distance to reach it on
The scenario modeling covered a wide temperature rangefr@dmA C t owhiehsh@ énly reflects
the typical annual temperature course in a temperate climate, but also takes into account current trends in global
climate changeT he study paid particular attention to a ¢
Including sich anomalous temperature in the model allowed us to establish peak levels of anthropogenic load,
which is critically important for predicting envi

Table 17 Results of groundevel pollutant concertion modeling under various temperature
conditions

v OB dzdiyWj LIz dz! IsOIsd d3tsH J dz6 9 Odzdz? ftedL § dzdets™ € tsdzyd dalste
sj &3 j cOztedzd »r EZ Btso

Alr Maximum grounelevel Distance at which Dangerous wind
Experiment | - temperature, concentration, mg/fn maximunm is speed, misc

C » My reached, m peed,
1 -10 0,143 256,15 2,26
2 -5 0,144 252,97 1,97
3 0 0,146 249,07 1,93
4 5 0,148 245,00 1,89
5 10 0,151 240,75 1,85
6 15 0,154 236,28 1,80
7 20 0,158 231,58 1,75
8 25 0,162 226,62 1,70
9 30 0,168 221,34 1,65
10 35 0,174 215,70 1,59
11 40 0,182 209,62 1,53
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Given the increasing frequency and intensity of anomalous meteorological phenomena in Ukraine, this
approach allows us to simulate therstcase scenario of impurity dispersion, when traditional impact
assessment methods may underestimate the real threat. This transforms the model from a statistical calculation
tool to a means of adaptive environmental forecasting, capable of takirg@ationt the instability of climatic
parameters and ensuring the sustainability of the environmental safety of adjacent territories even under
extreme conditions. 0

The modeling results are presented in Table 1 and Figure 2.
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Figure 17 Dependence of maximum groutelel pollutant concentration and its peak distance on air
temperature
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As can be seen from Fig. 1, thése direct correlation between air temperature and the level of ground
level concentration (blue line), while the distance to the maximum point (red line) has an inverse relationship
- it decreases when air masses are heated.

A complex analysis of the tdined data allows us to establish the following patterns:

Dynamics of groundevel concentrationA nonlinear increasing dependence of the pollution level on

t he ambient temperature has been establ i srbachdd, Whe
the maximum grountl e v e | concentration increases to 0.182
winter minimum (0.143 mg/ mj) . Physically, this <ceé

difference between exhaust gases ammdospheric air, which eliminates the effect of thermal lift of the flare
and worsens the conditions for its dispersion.

Spatial shift of the risk zoneAn inverse dependence between air temperature and the distance up to
reach the maximumyaxwas f ound. I n the extreme scenario (+40
46.53 m closer to the emission source compared to winter condifrans 256.15 m to 209.62 m. It indicates
an increase in environmental load directly near the industtéaboundary in hot weather.
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Transformation of critical meteorological parameter€alculations indicate a significant decrease in
the Adangerous wind speedo from 2.26 m/sec in wirt
heat. It means that summer, conditions of extreme pollution are formed with significantly weaker air flows,
which increases the risks of accumulation of harmful substances in the deoehthyer.

Thus, a comparative analysis of scenarios proves that the temperature maximst 4 0 AC) i s t
critical period for the operation of AaP. The con
of the maximum zone to the source by almost 47 m, and a decrease in dangerous wind speed requires the
implementation of adajye environmental forecasting and taking into account summer indicators as estimated
when establishing the boundaries of sanitary protection zones. The establishment of the boundaries of sanitary
protection zones should be based not on average annuataordjcbut on predicted extreme temperature
scenarios.

To compare analysis of the dynamics MO, dispersion, the spatial graphs of grodedel
concentrations dispersal were constructed for two extreme scenarios: winter minimum (Experiinént 1A C)
add extreme summer maxi mum (Experiment 11, +40 AC)
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Figure 21 Distribution of NQ groundlevel concentration along the plume axis for extreme scenarios
(winter minimum and summer maximum)
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An analysisof Figure 2 allows us to compare two critical atmospheric states. The red line (summer
maximum) demonstrates a higher pollution intensity and a shift of the zone oshumaxmpact closer to the
source, which confirms the greater environmental hazard of emissions in the hot period of the year.

Moreover, analysis of the graphs (Fig. 2) allows us to establish the following regularities:

Transformation of theamplitude and shape of the emission flawt an abnormally high temperature
(+40 AC), the dispersion curve is characterized b
concentration value of 0. 182 imgherthanthe svinter endicattre d f a s
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Shift of the pollution epicentetThe gr aph confirms clearly the ef/
ground in hot conditions. The point of maximum pollution shifts towards the source by 46.53 m (from
256.15 m to 209.66).

Expansion of the zone of exceeding the MA@nalysis of the intersection of the curves with the MAC
i soline equaled to 0.085 mg/ mj demonstrates a <cr.i
decreases below the standard at a distaf about 6807 0 0 m, then in extreme he:
exceeding the MAC expands, covering a larger arélaeo$urrounding territory.

Long-range dynamicsStarting from a distance of 800 m, concentrations under different temperature
scenariogradually level off, but in the range of IGWO m (which is critical for residential development), the
summer scenario demonstrates consistently higher pollution levels.

The next stage of scenario modeling was the study of the spatial distributionogfenitdioxide
concentrations, taking into account wind directions. This allows us to establish the real configuration of the
enterpriseds i mpact zone on the surrounding build

The basis for conducting a numerical experiment wasalweilation of emission dispersion parameters
from the chimney of the asphalt mixing plant of a real asphalt concrete plant (ACP) located in Vinnytsia region
based on model (4) (5). To ensure maximum reliability of the results, the modeling was camiedith a
direct reference to the actual location of the industrial site and the surrounding topogedpttyinto account
the geographical coordinates of the source allowed not only to calculate theoretical concentrations, but also to
visualize the diretions of spread of nitrogen dioxide (NO2) pollution in the immediate vicinity of settlements
(Demydivka, Mogilivka, Hnivan).

Temperature extremes typical for this region o
which corresponds to curremmends in global climate change, were taken as a bases.

Figure 37 Modeling of the asphalt plaistimpact zone on the residential areas of settlements
(Demydivka, Mohylivka, Hnivan) under various wind directions and extreme conditions (etomee+40
AC, dangerous wind speed)
t Mz dég S HY dzs 0 Odedz? L tsded off dzdolz ¢u1 7 dzO Mmjdz' Isjsd
(rdd3dn’ 960, [teddz 90O, Jd 90dz ) ftd t' L dedr d2OY tc
(lsj BB jeOlszte® +40 AC, dzjBjLtjydzO hoadu¢'

As can be seen in Fig. 3, the zone of maximum pollution directly covers the residential areas of the
settlements of Demydivka, Mohylivka and Hnivan.

Integration of numerical modeling with terrain maps confirms that modern climate changes in Ukraine
(increased periods of abnormal heat) make the existing boundaries of the SPZ insufficient to fully protect the
residents of Demydivka and Hnivan.
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It clearly demonstrates the summer period is the time of maximum risk, when the pollution flare
i pr es she graundamd cdvers a larger areaaiflements with highedO, concentrations.

Geometry of pollution fieldsThe constructed isolines of concentrations C(x, y) demonstrate that during
abnormal heat the emission flare becomes more intense and ldcalimepollution core with concentrations
of0.150 . 18 mg/ mj 712(1wrhes ligher tham th& MAL) is concentrated directly in the grtawed
layer along the axis of wind spread.

Impact on residential development in the settlement of DemydiVkiah a westerly wind direction, a
pl ume of pollution with a concentration of mor e
settlement. I n particular, it has been establishe
into theresidential area, creating an excessive load on residential development.

Environmental risks for the settlements of Hnivan and Mogilevikdodeling with a northwesterly
wind represented that the emissions of the ACP form a zone of persistent pollgtierdirection of Hnivan
and Mogilevka. Taking into account the previously identified regularity of expanding the distance of influence
in the summer (see Fig. 2), it was found that the isolines of concentrations.086 mg / mj can r
bordersofthe e settl ements, which requires speci al atter

Based on the obtained modeling results, which confirmed the increase of-¢geehdoncentrations
by 27.3% and the approach of the maximum zone to the ntisidareas of Demydivka and Hnivan during
ifheat waveso, the following set of adaptation mea:
temperature maxima:

1. Adjustment of the operating mode of the enterprise:

Temperatureregulation. During periods of extreme heat (at air temperatures above+305 AC) , i t
recommended to transfer the most intensive production cycles to night or early morning, when the temperature
gradient contributes to better dispersion of impurities.

Capacity managementither eachi ng t he «cr i t i ciadofaweaakwindgaboutt+ 4 0 £
1.53 m/s), it is necessary to consider the possibility of temporarily reducing production volumes to prevent the
formation of zones with a NO2 concentratn above 0.182 mg/mj in residen

2. Implementation of an adaptive monitoring system:

Predictive modelinglt is recommended to implement an early warning system that, based on weather
forecasts, will determine the risks of flare direction inlsetents (in this specific example, Demydivka or
Hnivan).

Location of monitoring postsinstallation of automated air quality sensors should be carried out in the
sectors of greatest risk identified during modeling (in this case, at a distance of aboufrai®the source
in the direction of the prevailing summer winds).

3. Urban planning and engineering solutions:

Adaptation of SPZ. When establishing the boundaries of sanitary protection zones for new or
reconstructed sanitary protection zones, it iseesary to use the maximum air temperature as a calculation
scenario, but not the average annual indicators, since exactly during abnormal heat the pollution flare is
Aipressedd to the ground most intensively.

Phytofiltration barriers. Creation of multitiered forest belts on the border of the industrial site (in this
example, towards the settlements of Demydivka and Hnivan) for additional air turbulence and mechanical
sedimentation of particles.

The implementation of the proposed recoemdations will allow to transform the environmental
management system of the enterprise into an adaptive management format capable of effectively responding
to the challenges associated with climate change in Ukraine.

Conclusions and recommendationBasel on the calculations and modeling, it is possible to make a
general conclusion that climate changes in Ukraine, which are manifested as an extreme summer temperatures,
directly worsen the state of atmospheric air in the zone of influence of the ACguitesethe calculation of
sanitary protection zones not according to average, but according to the extremum meteorological parameters
to ensure guaranteed environmental safety of the population.
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The obtained results allow usntwakethe following conclusios:

1. The methodological limitation of traditional approaches to environmental impact assessment (EIA),
which are based on average meteorological indicators, has beeu.ggnaing temperature extremes is
established to lead to a significant undereatiom of real environmental risks for nearby residential areas.

2. A direct correlation was found between the temperature of the atmospheric air and the level of ground
level pollution. According to the results of mathematical modeling, it was estabiisiteslith an increase in
temperature from1 0 AC t o +40 AC, -leveh@ncantsation of mitrogey idioxiddd Q)
increases by 27.3% (from 0.143 mg/mj to 0.182 mg/
underground flare.

3.1ln conditions of fdheat waveso {mnsliftsd@cSertothe he p
i ndustrial site compared to the winter period. Th
ground, which increases the toxic load dingetl the border of the sanitary protection zone.

4. Based on cartographic modeling with reference to the area (Demydivka, Mohylivka, Hnivan), zones
of potential exceedance of the MAC were visualized. It was proved that under unfavorable wind directions
andt emper at ur e ab ov eflarediestly doers residiertial puildingsucteatingnan excessive
load on the population.

5. The necessity to transition to adaptive enyv
introductionoft e mper ature regul ations (power | imitation a
the creation of multtiered phytofiltration barriers to protect residential areas have been proposed.

6. It is recommended to review approaches to establishingahndaries of sanitary protection zones
(SP2) for new road sector facilities, using as a calculation scenario not average annual, but predicted extreme
summer air temperatures, which corresponds to current trends in climate change in Ukraine.

Thus, the dveloped and tested mathematical modeling methodology confirms its ability to provide high
reliability in predicting the environmental impact of ACP, which is a necessary condition for the resistant
development of road infrastructure and ensuring envirotaheafety.
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Summary. The role of transport has been high at all times of history and in almost all countries.
Currently, Ukraine has a developed powerful transport systearga share of which is road transport. Its
importance in the lives of Ukrainians is difficult to overestimate: from individual civilian transportation to
transportation at the front. In addition to positive factors, cars have, unfortunately, negativerenetthe
negative factors of cars is environmental noise pollution. Given the fact that over the past decade in Ukraine
the number of cars and the density of traffic flows have significantly increased, the problem of noise pollution
is becoming increasgly relevant. It is especially acute in cities. The negative impact of noise on people cannot
be underestimated, since it is one of the most important factors that determines the conditions of work and
recreation of people. With prolonged exposure, now@gses irreversible hearing loss (hearing loss), has a
harmful effect on the nervous system, destroys the gastrointestinal tract, has a detrimental effect on the human
psyche, reduces visual acuity, disrupts the cardiovascular system, reduces labowjtyodnct creates a risk
of accidents due to the indistinctness of sound signals and misunderstanding of spoken language. Cars annoy
citizens the most in terms of excessive noise in traffic flows. There are several ways to combat traffic noise:
first, by reducing the external noise levels of each of the cars that make up the traffic flow; second, not to place
buildings close to highways; third, to fence off highways from residential buildings with-pr@igeetion
structures. This paper considers the tatfiion, since the first two are extremely difficult to implement. If the
noiseprotection structure is no more than half a meter thick, it is usually called apnotsetion screen. In
some cases, it is advisable to install such screens between edposg of highways. This will give an
additional acoustic effect. Such noise protection screens must necessarily have highbsounidg
properties, which means that the latter cannot be made of solid concrete. As the experience of experimental
studiesof transport noise has shown, it is necessary to pay serious attention to-thegieency component
of the latter. Especially if a higkpeed tram runs parallel to the highway in the city, as it actually does on the
right bank of the city of Kyiv. To ragte the lowfrequency component, a narivial approach is required,
which is what is considered in this work.

Keywords: highways, traffic noise, acoustic efficiency, sotaftborbing screen, noise protection
screen, frequency, sound waves.
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Figure 17 Damage to vehicles
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Figure 27 Deformation model of a circular dent
Source: developed by the authors
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Figure 37 Dynamic characteristics of a circular dent: a) equation of motion of the dent;
b) relationship between radius and deflection
Source: developed by the authors
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Figure 471 Protrusion of vehicle structural parts under compression, bending and shear
Source: developed by the authors
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DEVELOPMENT OF A METHOD FOR DETERMINING PLASTIC DEFORMATIONS
OF VEHICLE BODY PARTS DURING COLLISION
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University, Kremenchuk, Ukraingafedra.tehmash@gmail.cohitp://orcid.org/00060001:9637%3079
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Summary. The study is relevant because it aims to improve the accuracy of automotive technical
expertise in road traffic accidents, which directly affects the objectivity of establishing collision circumstances
and determining vehicle speed parametersstixj methods for assessing plastic deformations of body parts
are mainly based on static approaches that do not account for the dynamic nature of impact loads and the
inertial properties of materials at the moment of collision. This leads to significant @ determining the
energy parameters of impact and reconstructing the mechanism of road traffic accidents.

The purpose of the study is to improve the method for describing the deformation and destruction
processes of vehicle structural elements tegulfrom impact loads during collisions. The work aims to
increase the accuracy and objectivity of automotive technical expertise by refining approaches to determining
plastic deformations of vehicle body panels, taking into account modern requiremmentsifsafety and the
need for accurate reconstruction of traffic accident mechanisms.

Object of research the process of public participation in project management.

Subject of research regularities of plastic deformation of vehicle body parts, takirig account
dynamic characteristics of materials, inertial properties, and energy balance of the system under collision
conditions.

Research methodology. The study employs a comprehensive approach based on phenomenological
theory, methods of deformable sbimechanics, and plasticity theory. For the mathematical modeling of
material behavior under dynamic loading, Ritz analytical methods and the sedend.agrange equations
were applied. The methodology includes analysis of the system's energy batanoatiag for the work of
external forces, stress intensity, degree of deformation, and material volume. The experimental part is based
on impact tests (bending, tension, compression) to study the mechanical characteristics of metals in dynamic
mode, partularly using the elastic rebound method to determine the hardness of deformed metal.
Classification of body panels was also conducted according to curvature type and contourafsindpelble
curvature elements, closed and open contours).

Keywords: autanotive technical expertise, destruction, deformation, phenomenological theory,
hardness, vehicles, road safety.
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OCCUPATIONAL SAFETY OF UKRAINIAN CITIZENS IN THE MACHINE -BUILDING
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Summary.The article is devoted to the analysis of the Czech occupational safety system in the Czech
Republic's machinbuilding industry, the functioning of health insurance for workers (including voluntary
health insurance) and those citizens who arrived ingpahlic as a result of hostilities on the territory of
Ukraine. The article examines the developed system of medical care for the population and foreigners,
including a large number of Ukrainian citizens who have left their country for the-abenviéonedeason. It
notes the broad access of foreign citizens to the labor market. As of January 2026, there are -@%9&ut 392
thousand Ukrainians with temporary protection in the Czech Republic, and abdlg8 6usand Ukrainians
had employment contracts aetheginning of 2025.

The purpose of this article is to examine the peculiarities of occupational safety for Ukrainians in the
Czech Republic's machidmiilding industry and requires an analysis of the legal framework of the EU/ Czech
Republic and Ukrainethe adaptation of Ukrainians (linguistic and cultural barriers, differences in safety
culture), the role of Ukrainian diasporas and migration services, as well as interaction with Czech labor
inspectorates to ensure compliance with EU standards andtketjun of the rights of workers from Ukraine,
which requires a comparative approach to regulation and social protection in both countries.

To fully and successfully achieve the established goal of this scientific research, the methodological
approach isbased on the application of general scientific methods. Specifically, empirical knowledge,
observation and comparison, and fundamental research were used. The content analysis method was chosen f
summarize the research. Theoretical research méthauslyss, synthesis, and generalizat@omwere used to
identify problematic issues.

An analysis of works by Czech and Ukrainian authors studying the situation of Ukrainian citizens in
the Czech Republic shows that Ukrainian citizens, like other refugees, hawdl tight to employment in
accordance with their profession, desires, and abilities, and must be provided with training in occupational
safety. Ukrainians have conditional free access to the labor market.

The most common types of permits are: employmartt, dlue card, extraordinary work visa, or work
permit.

Occupational safety training in the Czech Republic is mandatory for all employees, including
foreigners, and is regulated by the Labor Code. Employers are required to provide training during emiployme
and periodic refresher courses. The wide range of medical services and insurance available to citizens creates
favorable conditions for both working and studying in the Czech Republic and could serve as an example for
Ukraine.

Specific links between gevnment structures and business in terms of occupational safety at machine
building enterprises in the Czech Republic have been studied. Based on the study, conclusions have been
drawn regarding the improvement of the insurance and medical care systeonkiers in Ukraine.

The scientific results obtained in the course of this research can be used by the Ukrainian state to study
and disseminate among enterprises and society in terms of improving medical care and insurance for Ukrainian
citizens.

10k dRe 3 EgpdaO(dz {1 wf 21w rJtdarl w v wié,r AG2U0¢21 LIS
ISSN 03658171 (Print)ISSN 27074080( filine), ISSN 27074099(CD), https://arrcjournal.org .
Scientific journalgAUTOMOBILE ROADS AND ROAD CONSTRUCTIOR, 2026. Issue 19.

57


https://arrcjournal.org/

Glif ¢zr1u L1 vr vl oQoc vl r Awdf w)/oAwl d
G11MECHANICAL ENGINEERING (SPECIALISATION)

Keywords: medical care, insurance, Czech authors, employment card, migrants

References

1. Iryna Ozturk. (2025). The number of refugees from Ukraine has risen sharply in the Czech Republic.
URL: https://glavcom.ua/world/observedekhiji-rizko-zroslakilkist-bizhentsivz-ukrajini-1085205.html
[in Ukrainian]

2. ZdenhDk Genk. (2009) Occupational healNt h an
OHSAS 18001:2008 standard. Olomouc: ANAG. 279[ppCzech]

3. On amendments to the Rules for crossing the state border by citizens of Ukraine. Cabinet of
Ministers of Ukraine. Resolution No. 1031 of August 26, 2025. Kyiv. URL:
https://zakon.rada.gov.ua/laws/show/1ERPR5%D0%BF#Text [in Ukrainian]

4. Eva Dandovsg8. (2004). Occupational health an
pp. [in Czech]

5. Livinsky, 0. (2024) . Wor king in the Czech
contract: what are the disadvantages and risks? WRps://proukrainu.blesk.cz/robetacechijinacorne
tobto-nelehaljnebezdohovorujakymy-je-nevyhodyta-ryzyky/ [in Ukrainian]

6. Labor Code, (2006). Act No. 262/2006 Coll. URittps:/Mmww.zakonyprolidi.cz/cs/20a862 [in Czech]

7. Bilyk O.A. (2019) Features of legal regulation of partial unemployment in the Czech Republic.
Scientific  Bulletin of Public and Private Law. I&su 1, Volume 2, pp. 338
DOlhttps://doi.org/10.32844/2618258.2019.42.6.[in Ukrainian]

8. Mirosl av Kol 2, Mi rosl ava Kopeck§, JindSich
persons on occupational health and safety, mining activitied, and e pr ot ect i on. Ol omo
[in Czech]

[ OlsO dzOH A BH Y j dz@V12.2085. tcj H O
(OO fd2dvlslsw fMlsOlsls' 1501.2006" tcj \

10k (o > apdaOdz 1 wi2 v w Lt 4R w [t £r 621002 IAPR A v [
ISSN 03658171 (Print) ISSN 27074080( filine), ISSN 27074099(CD), https://arrcjournal.org .
Scientific journalgAUTOMOBILE ROADS AND ROAD CONSTRUCTIOR, 2026. Issue 19.

58


https://arrcjournal.org/
https://glavcom.ua/world/observe/u-chekhiji-rizko-zrosla-kilkist-bizhentsiv-z-ukrajini-1085205.html
https://zakon.rada.gov.ua/laws/show/1031-2025-%D0%BF#Text
https://proukrainu.blesk.cz/robota-u-cechiji-nacorno-tobto-nelehaljno-bez-dohovoru-jakymy-je-nevyhody-ta-ryzyky/
https://proukrainu.blesk.cz/robota-u-cechiji-nacorno-tobto-nelehaljno-bez-dohovoru-jakymy-je-nevyhody-ta-ryzyky/
https://www.zakonyprolidi.cz/cs/2006-262

Glif ¢zr1u L1 vr vl oQoc vl r Awdf w)/oAwl d
G11MECHANICAL ENGINEERING (SPECIALISATION)

L[ s656.6 DOI:10.33744/03658171-2026:119-059-073
UDC 656.6

INTELLIGENT MODELS AND METHODS FOR NAVIGATION AND OPERATION OF
CONTAINER SHIPS

Kulbovskyi Ivan candidate of science in engineerjnijational Transport
University, Kyiv, Ukraineg, i.kulbovskiy@tu.edu.ua

http://orcid.org/0000000253293842

Liubarets Ihor, postgraduate studentNational Transport UniversityKyiv,
( Ukraine, llyubarec@gmail.com

» @

&
R

https://orcid.org/0006000318101435

Abstract. The article substantiates the feasibility of intellectualizing navigation cgoeatational
management of container ships under transoceanic transportation conditions. It is demonstrated that traditional
voyage planning methods do not account for dynamic hydrometeorological conditions, navigational
constraints, vessel technical staémd loading parameters. An integrated operational efficiency model is
proposed that combines navigational, operational, energy, and economic indicators into a single decision
support metric. An intelligent voyage management algorithm based on AlIS dathtesaonitoring, and
predictive models is developed. Simulation results demonstrate fuel consumption reduction of up to 11.7%,
voyage time reduction of 5.6%, and schedule deviation reduction af 71%

The object- the process of operatirugntainer ships in transoceanic transportation.

The purposei development of methodological approaches to the intellectualization of navigation and
control to increase the efficiency of container ship operation

Research methods analytical, systems analig, comparative and mathematical modeling elements

Transoceanic container transportation is characterized by long routes, high variability of weather
conditions and significant fuel consumption. Traditional methods of voyage planning are based mut#atic
and average climatic data, which does not correspond to modern operating conditions. The development of
maritime transport is associated with the introduction of intelligent systems capable of integrating
heterogeneous data and providing adaptiveagament.

Modern and higtguality management of navigation and operation processes of container ships is one
of the priority areas for increasing the efficiency of maritime transportation in transoceanic traffic in terms of
reducing fuel costs, reducingetlduration of voyages, increasing navigation safety and reducing the load on
ship power plants. In the conditions of increasing dynamics of hydrometeorological factors, the intensity of
sea routes and requirements for environmental friendliness of tréatspartraditional approaches to voyage
planning no longer provide the proper level of efficiency of vessel operation.
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In order to improve the effectiveness of voyage management, the article proposes an integrated model
for the systematic assessment & gfficiency of container ship operation based on a set of navigational,
operational, energy and economic indicators using electronic cartography data, satellite monitoring and
intelligent information processing algorithms.

The purpose of the study is tetdrmine a scientifically sound approach to organizing intelligent
decisionmaking support during container ship traffic management in transoceanic transportation by
integrating evaluation results into the processes of route planning, speed selectiealtimeé adjustment
of voyage parameters.

The results of the study can be recommended for implementation in information and analytical systems
for managing maritime transportation and fleet operation of shipping companies in order to increase their
operaional efficiency, economic feasibility and competitiveness in the global maritime transportation market..

Keywords: container ship, intelligent navigation, ship management, voyage optimization, operational
efficiency, model, optimization.

Problem statemer.

Transoceanic container transportation is characterized by long route distances, high variability of
hydrometeorological conditions, intensive traffic along major sea corridors, and a significant share of fuel
costs in vessel operatirgxpenses. In practice, voyage planning is still often performed using static routing
schemes that do not account for riile weather dynamics, sea state, traffic restrictions, vessel loading
conditions, and propulsion system operating modes. This r@saltsessive fuel consumption, longer voyage
duration, accelerated equipment wear, and reduced operational efficiency of container ships.

Shipping companies currently face several challenges that complicate effective voyage management,
including limited gerational analytics for optimal route selection, fragmentation of navigational and technical
data, and insufficient integration between navigation information, vessel performance parameters, and
economic voyage indicators. As a consequence, many decisioai based primarily on crew experience
and predefined routes rather than on integrated digital desjgort tools.

The conceptual basis for digital integration of marine navigation data is defined by international
standards for -mavigation and thes-100 universal hydrographic data model. In addition, global vessel
movement data obtained from the Automatic Identification System create significant potential for route
analytics. However, these information flows are typically used separately andfdonmat unified decision
support framework for intelligent voyage management.

Traditional approaches to planning transoceanic voyages rely on regulatory route charts, average
climatic characteristics of navigation areas, and fixed speed regimes. Suckchpprdo not adequately reflect
the specific conditions of an individual voyage, including dynamic weather changes, actual vessel loading,
technical condition of the power plant, and historical operational data. As a result, route, speed, and system
operaion decisions may be insufficiently justified, leading to increased costs, reduced reliability, and elevated
navigational risks.

In addition, the lack of an integrated approach to processing navigational, technical and economic data
limits the capabilitie®f shipping companies for strategic fleet management. This is manifested in the absence
of a system for predicting optimal voyage parameters, the inability to promptly adjust the route in the event of
changing sailing conditions, and the insufficient oé¢he potential of modern navigation and information
technologies.

Therefore, the current scientific and practical task is to develop a systematic approach to the
intellectualization of navigation and management processes of container ships in trandoemesportation,
which will allow:

A to integrate navigational, hydrometeorologic
and analytical system;
A to form objective integr al i ndi c@&yame; s of t he
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A to carry out adaptive planning of the route
conditions;

A to ensure operational adjustment of voyage p

A to optimize fuel consumpt ichamsmsvoyage durati o

The implementation of such an approach will ensure increased shipping safety, reduced operating
costs, and increased efficiency in the use of container ships in transoceanic transportation, which makes this
problem extremely relevant both for sctific research and for the practical activities of shipping companies.

Analysis of recent research and publicationsAnalysis of scientific research shows that the problem
of intellectualization of navigation processes and ship traffic management $iodeamic transportation is
actively considered in the context of increasing the efficiency of container ship operation, reducing fuel costs
and increasing the safety of maritime transportation. The works of K. Kim, J. Lee and H.iBam\éstigate
algaithms for optimizing ship routes using navigation system data, hydrometeorological forecasts and
machine learning models, which allows predicting optimal speed regimes and arrival times, minimizing fuel
consumption and voyage duration. The authors S. ghdnWang and M. Li [4] propose integrated fleet
management models taking into account the technical condition of ships, the efficiency of energy systems and
the risks of malfunctions, which allows improving maintenance planning and reducing downtime.

The studies of F. Bagheri, J. Lee and A. Tewari [5] substantiate the concept of digital integration of
navigational, technical and economic data for adaptive voyage planning aticheedécisioamaking. At the
same time, the works of D. Zhang et al. [6] sider modern approaches to integrating navigational risk
assessment into the decisimaking process, which allows to increase shipping safety and optimize routes
taking into account probabilistic scenarios. The studies of K. Kim, J. Lee and H. Par& fi@vated to the
application of artificial intelligence methods for optimizing ship routes in variable marine environment
conditions. In turn, C. Gkerekos and |. Lazakisl[§ analyze the possibilities of using modern machine
learning models for predictinand optimizing fuel consumption by seagoing vessels, which ensures increased
energy efficiency and reduced operating costs inweald maritime transportation conditions.

However, despite the existing scientific achievements, the issue of comprehetsjration of
navigational, technical and economic data into a single decision support system for transoceanic container
ships has not been sufficiently investigated. This necessitates further research in the direction of developing
intelligent voyage maagement models that provide adaptive route planning, reduce operating costs and
increase transportation safety.

The purposeThe aim of the work is to develop an integrated model of intelligent management of a
container ship voyage. To achieve this gita necessary to:

V form a system of voyage efficiency indicators;

V develop an integrated efficiency indicator;

V propose an algorithm for intelligent vessel movement management.

Presentation of the main material.

One of the key areas is the development rdégrated decisiemaking models that combine
information on the technical condition of the vessel, forecast data on navigation and weather conditions, and
economic indicators of operation [11]. This allows the formation of complex integrated indicators of
transportation efficiency, which are used for:

A optimization of the route and speed of the v

A reduction of fuel consumption and operating

A i mprovement of technical readiness and safet

A planni ng o frepardasediortheactual eonditiordof the vessel.

The article proposes a systematic approach to assessing the efficiency of container ship operation using
intelligent algorithms, which allows integrating data on the technical condition of the vesmgghtion
conditions and production indicators. The implementation of such an approach ensures increased productivity
of transport operations, reduced operating costs and reduced influence of the human factor on the decision
making process in transoceatri@nsportation.
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Table 1i Correspondence of indicator groups to components of the integral model
v OB dzdiyw™ Hlf s Hdg MiIs! ctokf " dZHdC Oltste’ 8 € sSdif tsdzi dals

Component Indicator group Examples

Ts Technical condition indicators Enginestatus, power systems, onboard equipni
Op Operational performance indicato| Average speed, voyage time, port downtime
Ce Economic and energy indicators | Fuel consumption, voyage cost

Nf Navigational and weather indicatg Route length, sestate, restrictions

Table 1 demonstrates the direct correspondence between the indicator groups and the components of
the integral efficiency model (1). This eliminates inconsistency between the descriptive classification of
indicators and the mathematidformulation of the efficiency criterionhese groups of indicators directly
correspond to the components Ts, Op, Ce, and Nf used in the integral efficiency model.

The integral indicator of the efficiency of container ship operation is formed obatsie of a
comprehensive consideration of the technical condition of the vessel, navigation conditions, fuel consumption
and other economic indicators. This approach allows assessing the overall efficiency of transportation in the
form of a single generaled numerical value, which simplifies the comparison of alternative solutions and
planning of optimal operating modes.

The main components of the integral indicator are:

\% technical condition of the vesselassessment of the operation of engines, powerhsupp
systems, hydraulics and navigation equipment;

\% operationalindicators- average speed, voyage duration, port downtime, container loading
efficiency;

\% economic indicators fuel consumption, maintenance and repair costs, operating costs per
voyage;

V navigational and weather conditiorthe impact of waves, currents, wind and other factors on

the route and resource consumption.

The integral indicator is calculated as the weighted sum or arithmetic mean of the normalized values
of the individual compnents:

Ei=w1 T stwWolOp+walCetwallNr (1)

WhereE; i integral efficiency indicator for theth voyage

Tsi technical condition of the vessel;

O, 1 performance indicators;

Cei economic costs;

N: i navigation and weather factors;

W1, We, W5, Ws i component weighting factors (determined by experts or by the analytical hierarchy
method).

To ensure the comparability of heterogenguerformance indicators in the integral efficiency model
(1), all components are normalized to a dimensionless scale [0;1][0;1][0;1]. The normalization is performed
using the minmax method based on statistical data of previous voyages and operatioraatistahdontainer
ships.

For benefittype indicators (the larger the better):
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For costtype indicators (the smaller the better):

where Xnin and Xmax are determined from AIS statistics, technical documentation of vessels, and
historical voyage data.

For example, the technical condition value of 85% is converted into 0.85 asiittigsthe admissible
operational range [0;100], which is linearly mapped to [0;1].

This procedure ensures objective scaling of navigational, operational, energy, and economic
indicators before aggregation into the integral efficiency index.

Using the intgral indicator allows:

A to quickly compare the efficiency of differe

A to make informed management decisions on opt

A to increase the economi c rmsgoftation;i ency and safe

A to ensure strategic management of fleet res:
external conditions.

Thus, the integrated performance indicator is a key tool for intellectualizing the processes of havigation
and managemeuwf container ships in transoceanic transportation.

The scientific novelty of the research lies in the following:

1 For the first time, an integral efficiency indicator combining navigational, operational, energy,
and economic parameters into a single decisiaking metric for container ship voyage management is
proposed.

1 For the first time, navigation risk, fuel consumption, voyage time, and technical condition are
jointly integrated into a unified multiriteria optimization model.

] Improved methodologid¢approach to intelligent voyage planning through the integration of
AIS analytics, weather routing, and predictive modeling.

1 Further developed the application of the Analytic Hierarchy Process (AHP) for determining
the priority of operational criteria imaritime transport.

1 Further developed simulation modeling of container ship voyages under dynamic

environmental conditions for quantitative assessment of intelligent management efficiency.

In contrast to traditional static voyage planning models, the proposed approacls eostraious
recalibration of optimal control decisions under uncertainty, thereby significantly improving operational
efficiency, safety, and environmental performance of container shiffifihg

Let's calculate the integral efficiency indicator. To chdtaithe integral efficiency indicator, the
following components are defined:

Component Value Normalized value (01) Weight w
Technical condition of the vessE$ 85% 0,85 0,35
Operational indicator®p 90% 0,90 0,25
Economic cost€e 80% 0,80 0,25
Navigation and weather conditioNs | 70% 0,70 0,15

The integral index is found by formula (1). Substituting the data, we obtain:

Ei=w1 T s+woi0p+w3siCetwaMNri=0,350,85+0,2%0,90+0,2%0,80+0,1%0,70=0,8275
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Therefore, theintegrad f f i ci ency i ndicator of thel)voyage Ei
A The value of 0.83 indicates a high level of
condition of the vessel, operational indicators, economic costs and navigaiditions.

A I'f necessary, it is possible to compare the
to choose the optimal option for managing the voyage.
A This indicator is al so usrmahagément depidioasrionmproge ma i

the efficiency of subsequent voyages.

Todetermine the weights of the components of the integral efficiency indicator, the Analytic Hierarchy
Process (AHP) was applied. Expert pairwise comparisons were carried out foritéhni@ that directly
correspond to the variables of the integral model: technical condition of the vessel (Ts), operational
performance (Op), economic costs (Ce), and navigational and weather factors (Nf). This ensures
methodological consistency betwade AHP results and the integral efficiency formula.

Table 2i AHP pairwise comparison matrix

v OB dzdiywOIRted yvw f s Otcdesets ff tste’ o dgv dzdzv AHP
Criteria Ts Op Ce Nf Weight
Ts 1 1.4 1.4 2.33 0.35
Op 0.71 1 1 1.67 0.25
Ce 0.71 1 1 1.67 0.25
Nf 0.43 0.60 0.60 1 0.15

As a result of the AHP procedure, the following weights were obtainetl:0T35; Opi 0.25; Cei
0.25; Nfi 0.15. The consistency ratio (CR) was 0.06, which confirms the reliability of expert judgments. These
weights are further used ihe calculation of the integral operational efficiency indicator.

The normalized priority vector obtained from the matrixis(0.35, 0. 25 , 05,1 5)

The consistency index was calculated as:

60— TmT.C

Theconsistency ratio:

6'Y — mimy ¢ Tip,

which confirms acceptable consistency of expert judgments.

The intelligent container ship voyage management algorithm provides dynamic route planning,
optimization of speed and fuel consumption, as well astagagdjustment of voyage parameters in real time
taking into account hydrometeorological conditions, vessel status and AlS data. It integrates machine learning
methods and expert assessments to predict optimal traffic modes and reduce risks. The iatjgleroktite
algorithm allows to increase the safety of maritime transportation, economic efficiency and accuracy of cargo
delivery schedule compliance [13].

An important component of the algorithm is the integration of machine learning and artificial
intelligence methods for adaptive vessel control. Such approaches allow the systerfetorsélised on data
from previous voyages, determine the most effective control strategies, and predict possible deviations from
the planned route. This contributesngoroving the safety of maritime transportation and rationalizing the use
of vessel resources.
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Compliance with the cargo delivery schedule is ensured through the complex processing of navigation,
meteorological and operational information within the framdwof the intelligent voyage management
algorithm (Fig. 1). Input data from navigation systems, onboard sensors and weather forecasts are fed to the
central integration and analysis module, which forms the basis for making adaptive management degisions an
predictive modeling of the impact of external factors on the vessel's motion parameters.

The algorithm also provides for integration with automated ship and port infrastructure control
systems. The interaction of the route optimization, speed, fuel mmtisun, port arrival planning and risk
management modules ensures operational information exchange between the ship and shore services. This
increases the accuracy of voyage planning and the speed of response to changing conditions, creating the
prerequidies for the introduction of autonomous container ships and the development of digital maritime
transportation.

GRS AIS Weather Forecasts Ship Sensors

L. i i )

L
A 4

Intelligent Voyage Management Algorithm

ﬂ

W

Real-Time Data Integration
4

Al & Predictive Modeling

v v \ 4 v v

Route Speed and Port Arrival Risk Risk
Optimization Fuel Optimization Scheduling & Management Management

Cargo Handling

Figure 17 Algorithm for intelligent management ofcantainership
t d Mz dipSlzelistcdIsd3 " delsj dzj ClszOdz! dztse 5 bk cOo dz' dzdaw

To clearly summarize the differences between traditional and intelligent voyage management, Table
3 presents their comparative characteristics.

Table 3i Comparison of approaches
v OB dzdiyWste3' o dgW dzdz? " HR tSH ' @

Criterion Traditional Intelligent
Planning Static Dynamic
Reaction to weather After the fact Forecast
Fuel consumption Uncontrolled Optimized
Management Captain's experience Data andhlgorithms
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As can be seen from Table 3, the intelligent approach involves a transition from static planning to
dynamic reatime voyage management. In contrast to the traditional reaction to changing weather conditions
Aaft er t dgerithmarovides,predictive consideration of meteorological and navigational factors. Of
particular importance is the ability to optimize fuel consumption and maintain optimal vessel movement
modes, which directly affects the economic efficiency of partstion.

In addition, the very concept of management is changing: while in the traditional model the captain's
experience plays a key role, in the intelligent model decisiaking is based on a combination of professional
experience with datanalytics and algorithmic decision support methods. This creates the prerequisites for
increasing safety, planning accuracy and adherence to the cargo delivery schedule.

The comparative analysis presented in Table 3 shows qualitative differences bedwiendat and
intelligent approaches to voyage management. To quantitatively substantiate the effectiveness of intelligent
management, it is advisable to formalize the process of selecting vessel motion parameters in the form of a
mathematical optimizatiomodel [14].

The general criterion for voyage efficiency can be presented as an integral function that takes into
account the main operational indicators: route travel time, fuel consumption, navigation risk level and
deviations from the cargo delivery schule.

Minimizing this criterion ensures the selection of optimal parameters for the container ship's
movement within the framework of the intelligent voyage management algorithm. In this case, fuel
consumption, voyage time, and risk level are functionhefship's speed, weather conditions, sea currents,
and ship's operational load.

External Factors [ Key Voyage Metrics l Optimization Block |
(
e Weather Conditions > | Voyage Time ‘ [ Optimal Speed J
: )
¢ Ocean Currents > [ Fuel Consumption } { Route Trajectory }
¢ Ship Load ( - ? ) = 2 B
| Navigation Risk e [ Operational Modes }
« Maritime Traffic | | o
* Navigation Constraints Integratund Efficiency | g
—_— Criterion

Figure 27 Container ship voyage parameter optimization model
{ Mz S HY dzr sflsdB LOYy' ~ fO0LOdkjlte’ o toj 2 Mk

Optimization of the parameters of a container ship's voyage is considered as -aritarii
optimization problem taking into account ingational, technical and economic factors.

Model variables:

vi vessel speed, knots;

R1 transition route (sequence of coordinates);

t1 route time;

F ( v, Mfuellcgnsumption as a function of speed, weather condiicarsd sea waves

The optimization criterion (2) is directly derived from the components of the integral efficiency

indicator (1). In particular:

A fuel cons uocopdasporndsto the economic compopent Ce;

A voyage time t corresponds to the op

A navigation risk Nr corresponds to t

erational
he naviga
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Thus, the optimization model represents a dynamic implementation of the integral effamecept,
where the static assessment indicator Ei is transformed into an operational control criterion J.
Objective function: Minimize the total operating costs of the trip:

minJ UF(v,¥ ,h)+ Gt+ BN, (2)

whereN; T integral navigation risk indicator;
U1 weighting factors.

All components of the objective function are preliminarily normalized to the range [0;1] to ensure
dimensional consistency of the optimizatmtterion.

Weighting coefficients were determined using the analysis of hierarchies method. Consistency of
estimates was confirmé@R < 0,1).

Limitation:

- navigational R ¥ Q safe

- technical ViminOV OVimax

- time: t Otschedule

- meteorologicaly,h ¥ qweather

The integral navigation risk indicatd\: is defined as a function of traffic density, weather severity,
and presence of restricted navigational zones:

Ni=Db1Di+ bWt B3R,

WhereD: i traffic density obtained from AIS data (ships per nautical mile);
Ws 1 weather severity coefficient based on wind speed and wave height;
R, 1 coefficient of restricted or hazardous navigation areas;
bi i normalization coefficientss bi=1.

All components are normalized to the range [0;1]. This formulation allows the integration of
probabilistic navigational hazards into the optimization nhode

The coefficients\alpha_U serve as normalization and priority parameters that allow combining
heterogeneous criteria into a single objective function. Their values are determined based on expert assessment
and operational priorities of the voyage. In the presented model, gregiertance is assigned to fuel
consumption and navigation safety, which directly affect operating costs and risk levels. The coefficients are
selected so thah+Uh+k=1, ensuring proportional contribution of each criterion to the optimization process.

Functional dependence of fuel consumption. Fuel consumption is approximated by a cubic dependence
on speedF(v)=kv?, which corresponds to the real operational characteristics of seagoing {Esjsels

Thus, the model (Fig. 2) takes on the formalized fornarofoptimization problem, which can be
implemented using nonlinear programming or dynamic route optimization methods.

The presented model is a theoretical basis for the implementation of the intelligent voyage
management algorithm and allows us to quantady substantiate the advantages of the intelligent approach
compared to traditional container ship management methods.

However, the proposed model has certain limitations related to the availability and accuracy of real
time data, as well as the need flarther validation under real operational conditions.

To assess the effectiveness of the proposed model, we consider a conventional container ship voyage
with a route length of S = 4800 nautical miles, which takes place under conditions of variabl®logitzd
conditions, the presence of sea currents and increased traffic intensity in port areas. The vessel has an
operational load of 85% and moves at an average cruising speed of 19 knots.
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Within the traditional approach, voyage planning is carriedatarg a predetermined route without
prompt adjustment of speed and trajectory depending on weather conditions and currents. In turn, the use of
an intelligent voyage management algorithm involves dynamic changes in movement parameters in
accordance with fecast data and the results of the optimization model (Fig. 2).

To compare efficiency, indicators of route travel time, fuel consumption and deviations from the cargo
delivery schedule were used.

The data presented in Table 4 were obtained as a resudtrofikation of the voyage based on:

A statistical AlI'S data of real container ships
A archival met eorol ogi cal data (wind speed, se
A typical fuel characteristics of ship engines

Meteorological parameters (wind speed, wave heighteseants) were derived from historical open
access oceanographic datasets. The simulation included 25 voyage scenarios with variable weather conditions,
vessel loading (7®5%), and traffic intensity near port areas. For each scenario, two models veste test

1. Traditional static voyage planning;

2. Intelligent adaptive voyage optimization based on the proposed model.

Fuel consumption characteristics were taken from typical engine performance curves of container
ships with a capacity of 8,0002,000 TEU.

Sucha methodology ensures the approximation of real operational conditions and the reliability of the
obtained results.

Thus, the results in the table reflect a simulation experiment that approximates the real operating
conditions of the vessel.

Table 41 Results of comparison of traditional and intelligent approaches
v OB dzdiywj LAz dz' IsOIsd § ste’ 9 dgw dzgdg?v IsStceOHdy' 2dzedr O ° dzls,

Indicator Traditional approach | Intelligent approach | Effect
Voyage time, hours 252 238 Z 5,
Fuelconsumption, tons 980 865 Z 11
Deviation from schedule, houl 14 4 Z 71
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Figure 31 Fuel consumption comparison
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The practical significance of the proposed approach lies in its applicability within modern maritime
transport systems, shipping companies, and digital fleet management maffdrenimplementation of the
developed models and algorithms can improve decisiaking processes, reduce operational costs, and
enhance the overall efficiency and safety of container shipping.

The graphical interpretation of the simulation resolitained in Table 4 is presented in Figures.3
These figures illustrate the comparative effectiveness of traditional and intelligent voyage management
approaches in terms of fuel consumption, integral efficiency indicator, and voyage duration.

—— Traditional
—o— Intelligent

Econontic Tgchnical

Navigation

Figure 4 1 Integralefficiencyindicatorcomparison
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Figure 5 7 Voyage duration comparison
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As can be seen from Table 4, the use of an intelligent voyage management algorithm allows to
significantly improve the key operational indicators of a container ship. The route tiedeic®d by choosing
a rational trajectory and adaptive regulation of the vessel's speed, taking into account weather conditions and
sea currents.
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The most significant effect is observed in the reduction of fuel consumption, which is achieved by
optimizing the operating modes of the ship's power plant and avoiding unfavorable navigation areas. At the
same time, the deviation from the cargo delivery schedule is significantly reduced, which is critically important
for transoceanic container transportation.

The results obtained confirm the feasibility of using the proposed model for optimizing flight
parameters as a component of the intelligent control algorithm and demonstrate its practical effectiveness
compared to traditional flight planning methods.

Conclusions. The study addresses the problem of improving the operational efficiency of container
ships in transoceanic transportation under dynamic navigation conditions and high fuel consumption.

The research analyzed modern approaches to the intellectuali@atiamigation and ship operation
management, based on the use of artificial intelligence, machine learning, and big data analysis technologies.
It was proven that the integration of information frombward monitoring systems and AIS allows for
increasedccuracy in assessing the state of the ship and the external environment, and also ensures the validity
of management decisions.

The key result of the work is the development of an integrated indicator of the efficiency of container
ship operations, whicltombines technical, operational, economic and navigational factors into a single
generalized assessment.

An intelligent voyage management algorithm is also proposed, which implements adaptive
optimization of the route, vessel speed and fuel consumpéisadbon predictive modeling of navigation
conditions. The developed optimization model allows formalizing the process of selecting rational parameters
of the container ship's movement by minimizing the integral efficiency criterion, which takes intotaccoun
voyage time, fuel consumption, risk level and deviation from the delivery schedule.

The results of the calculations confirm the effectiveness of the proposed approach. Comparison with
traditional methods showed a reduction in voyage duration, fuel carisummand deviations from the delivery
schedule, which indicates the feasibility of implementing intelligent algorithms in the practice of maritime
transportation management.

Thus, the use of intelligent models and methods in the processes of navigatiopexation of
container ships contributes to increasing the economic efficiency of transportation, increasing the level of
safety and reducing the influence of the human factor on degisiting.

Further research should be directed towards pract&taigeof the developed models in real operating
conditions, as well as towards improving data integration methods and expanding the list of factors taken into
account in the optimization process.
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Figure 47 Expected simulation results.
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Summary. The article addresses the development of a multisensor intelligent system for detecting
explosive objects during excavator dndldozer operations. An analysis of existing methods for detecting
explosive objects is carried out, and the feasibility of implementing such a system in Ukraine is
substantiated. The concept and architecture of the proposed system are presentedl irgdifigence
algorithms are defined, and simulation results are reported. The system integrates penetrading
radar (GPR) operating in the 4@D0 MHz range, a magnetogradient sensor, an infrared (IR) sensor, and
an inertial measurement unit (IMUData processing is performed using convolutional neural networks
(CNNs) for GPR signals, long shagrm memory (LSTM) networks for magnetic signals, and Bayesian
fusion for integrating multisensor data. Simulation results indicate a detection ptglai9h 97% with
a false alarm rate ofi80%, a probing depth of up to 1.5 m, and a processing timei 6040s. Further
research should focus on experimental field validation of the system, expanding the sensor set through the
inclusion of acoustic andhemical detectors, adapting artificial intelligence algorithms to different soil
types in Ukraine, and integrating the system with geographic information systems for automated mapping
of cleared areas.

Keywords: explosive objects, groungenetrating radarmagnetogradient sensor, artificial

intelligence, convolutional neural networks, mechanized earthworks, bayesian fusion, safety.
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Figure 17 Comparative Graph of Residual Operator Error Risk Dependencies
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Figure 27 Architectural Model of an Adaptivintelligent Computer Contrdbystem
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¢ dzts Is © The Wpaper investigates the theoretical, algorithmic, and structural foundations for the
development of intelligent computer control systems intended fmatipn at critical infrastructure facilities
with increased reliability and safety requirements. The relevance of the study is determined by the growing
complexity of modern technical and transport systems, the increasing volume of heterogeneousedataiproc
in real time, and the necessity to minimize operator risk under conditions of uncertainty, incompleteness, and
inconsistency of information. Under such conditions, traditional deterministiepdatassing algorithms
prove insufficient, which necesates a formalized approach to the intellectualization of computer control
systems.

A mathematical model of the intellectualization of computer control systems is proposed, providing a
staged transition from informational and analytical levels to knowledgated and adaptiviatelligent levels
of operation. Within the proposed framework, the baseline and residual operator error risks are formalized as
a functional relationship between the initial probability of error and the efficiency of intelligeisicsec
support. Analytical models for risk reduction at different levels of intellectualization are developed, including
linear, polynomial, and logistic dependencies that reflect qualitative changes in the risk compensation
mechanism.

It is demonstrated #i the adaptiwintelligent level, implemented using artificial intelligence methods,
machine learning techniques, and contextual analysis, ensures nonlinear and tiwasdalcegulation of
decisionsupport intensity. This approach enables minimizatona e s i du a l ri sk wi-thout
inthel oopo principle and ensures consistency betweer
proposed model provides a theoretical basis for the development of adaptive eRqigiort systems drcan
be applied in the design of intelligent computer control systems in domains with increased requirements for
safety, reliability, and adaptability of computational processes.

Keywords: Intelligent computer systems, algorithm, mathematical model, nrdton, methods,
reliability, intellectualization, architecture, artificial intelligence, safety, data processing, knowledge base.
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Table 17 Structure of indirect financial losses from aggressive militapgrations by economic
sector, billion dollars, according to [4]
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Table21 Results of the assessment of indirect lodseso Russian military aggression in transport,
billion dollars, according to [4]
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INFORMATION AND ANALYTICAL SUPPORT FOR ASSESSING THE LEVEL OF
DEVELOPMENT AND USE OF GEO-ECOLOGICAL MONITORING OF LAND RESTORATION
IN TRANSPORT INFRASTRUCTURE: THEORETICAL ASPECTS
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Summary. The relevance of the research topic is determined by the significant destruction of the land
and property complex and the need for its reconstruction at the regional level. Given ttendeagatimplexity
of the problems, the relevance and necessity of forming information and analytical support for assessing the
level of formation and use of geological monitoring of the restoration of transport infrastructure lands has
been determined.

The research objective has been achieved in terms of substantiating the information and analytical
support for assessing the level of formation and use eégelmgical monitoring of the restoration of transport
infrastructure lands.

The following tasks have been solved: determining the directions and features of the formation of
information and analytical support for assessing the level of formation and useexfajegical monitoring
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of the restoration of transport infrastructurads; identifying factors that influence the formation and use of
geoecological monitoring.

Based on the identified directions and analytical data, information and analytical support for the
development and implementation of gemological monitoring of t restoration of transport infrastructure
lands has been formed. It allows identifying land, environmental, transport and security factors and building a
multi-level system of indicators to create a quantitative basis feegelogical monitoring.

Keywords: gececological monitoring, information and analytical support, restoration of territories,
transport infrastructure land, assessment.
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Summary. The article defines the relevance of the study, which is determined by the need to ensure
the efficient use of transport infrastructure land through the application of modern geoinformation systems.
The processes of transport infrastructure land use &eted by the consequences of aggressive military
operations.

The work achieves the goal of defining transport infrastructure in the system -ecglegical
monitoring of land restoration. To achieve this goal, the following tasks were solved: sutistartia
theoretical provisions for the definition of transport infrastructure; identification of the peculiarities of
transport infrastructure functioning.

It has been established that the restoration of transport infrastructure destroyed or damaggdtas a r
of the Russian Federation's armed aggression against Ukraine should, if possible, be carried out at a higher
quality level (according to the principle gbuild back bette¥), including taking into account the standards
provided for by Ukraine's inteational legal obligations in the field of European integration, European Union
law (EU acquis), in particular standards for transport safety and transport decarbonisation.

To develop geecological monitoring of the use of transport infrastructure largljantitative basis
is being formed, which is created on the basis of the application of mathematical tools, analytical and expert
methods, environmental and spatial support, information parameters and construction support features.

It is proposed to usgeographic information systems for the formation and functioning of transport
infrastructure.

As a result of the study, transport infrastructure is defined as a system of transport communications
that ensures the formation of passenger and freight treinsymal is determined by a complex of technical
structures and devices for its functioning, land resources, safety parameters, and leads to the uninterrupted
operation of end consumption chains, taking into account the influence of environmental factors.

The study identified the characteristics of the functioning of transport infrastructure, which are
characterised by systematicity, the influence of external and internal factors, land relations, security conditions,
and environmental factors.

Keywords: gececological monitoring, restoration of territories, transport infrastructure land,
transport infrastructure
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DEFINITION OF GEO -ECOLOGICAL MONITORING OF LAND RESTORATION IN
TRANSPORT INFRASTRUCTURE: THEORETICAL APPROACHES
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Summary. The relevance of the research topic has been determined. The work has achieved the
research goal of substantiating theoretical approaches to defining geoecological monitoring of the restoration
of transport infrastructure lands.

The following theoreticabpproaches are proposed: functional: the directions and features of the
development of geecological monitoring are determined; regulatory and legal: the regulatory and legal
aspects of the formation and application of -geological monitoring of land esfor the restoration of
transport infrastructure in regions are substantiated; ecological: focuses on the ecological directions of
monitoring procedures; stakeholder: characterises the level and features of interaction between interested
parties in the deelopment and implementation of geoological monitoring of land use for the restoration of
transport infrastructure in regions; monitoring: determines the areas and characteristics of monitoring
procedures; structural: identifies the structural elemeftgececological monitoring of land use for the
reconstruction of regional transport infrastructure; systemiciegetngical monitoring is considered as a set
of land, environmental, transport and security factors that ensure the implementation ofinggmitcedures
and the interaction of stakeholders to improve the efficiency of land use for the reconstruction of transport
infrastructure.

Summarising theoretical and methodological approaches and as a result of systematising regulatory
and legal supparit is proposed to define gexrological monitoring of land use for reconstruction as a system
consisting of land, environmental, transport and security factors that form the quantitative basis for monitoring
using mathematical methods and models, géodetd geoinformation support, which allows for more
efficient land use for the reconstruction of transport infrastructure, taking into account the level and
characteristics of stakeholder interaction.

Keywords: geoecological monitoring, reconstructiorf territories, land transport infrastructure,
assessment.
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Summary. Global Navigation Satellit&ystems (GNSS) are critical for higinecision positioning,
navigation, and time synchronization across various domains, including transportation, geodesy, aviation, and
scientific research. However, the accuracy of GNSS signals is significantly affgcteddspheric delay,
caused by the interaction of radio signals with charged particles in the ionosphere. This delay, influenced by
signal frequency, ionospheric conditions, time of day, geographic location, and solar activity, introduces
positioning erros that can reach several meters, posing challenges for applications requiring high precision,
such as geodesy and autonomous navigation. Existing correction methods, including the widely used
Klobuchar model, SBAS augmentation systems, and global ionasphaps (GIM), have limitations, such
as high equipment costs, reliance on external data, or insufficient accuracy in regions with high ionospheric
variability. This article reviews current methods for mitigating ionospheric delay, analyzing their features
advantages, and drawbacks, and evaluates their effectiveness-imeesahd posprocessing coordinate
determination tasks.

The study highlights that singfeequency GNSS receivers, commonly used in practice, rely on models
like Klobuchar, which compesates for approximately 50% of ionospheric errors. More advanced models,
such as NTCM and NeQuick, offer improved accuracy, reducing root mean square errors (RMSE) by 0.24
0.45 meters depending on ionospheric conditions.baglency GNSS receivers, liging ionospherdree
linear combinations of L1 and L2 band measurements, provide superior accuracy but require resolving phase
ambiguities, which complicates implementation. Regional Total Electron Content (TEC) models outperform
global GIMs due to highespatialt e mpor al resolution (e.g., Q09%AI 0.5
error reduction in specific cases. Tirseries analysis methods, such as ARIMA, SARIMA, and Kalman
filtering, enable shoterm TEC forecasting, enhancing réiahe navigaibn and geodetic measurements. The
article emphasizes the importance of selecting correction methods based on application requirements, receiver
type, and regional ionospheric characteristics, advocating for the integration of regional TEC models, dual
frequency measurements, and advanced forecasting techniques to achieve optimal GNSS accuracy.

Keywords: Earth's ionosphere, GNSS technologies, ionospheric delay, global ionospheric map,
regional TES model, satellite geodesy, mathematical processing of gegataticomplex systems.
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RECONSTRUCTION OF INDIVIDUAL RESIDENTIAL HOUSES: IMPLICATIONS FOR
URBAN CADASTRE DATA ACCURACY

Nesterenko Galuna BCandidate of Economic Sciences, Docent of the Department of Land Cadastre,
Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies Lviv, Dublaraing
e-mail: galsanesterenko@aih.com tel. +380676978647 https://orcid.org/00000024411-1242

Summary. The article aims to highlight the importance of including information about the
reconstruction of individual residential houses in the Ukrainian urban cadastre. This inclusion is crucial due to
its impact on building density, infrastructure needs, andethed status of real estate.

To conduct this study, several methods were employed, including a legal analysis of Ukrainian
legislation (such as the Civil Code, the Law on Regulation of Urban Development Activities, and the Law on
Peculiarities of Exerciag Ownership Rights in Mukfpartment Buildings). Additionally, stadeuilding
norms were reviewed, and an urfaanning analysis was performed on cases of aparitodriuse
transformations.

The research demonstrates that the reconstruction of réalderidings significantly alters their area,
volume, number of floors, and functional purpose, thereby affecting the relevance of urban cadastre data. The
study identifies the legal and technical foundations for transforming the status of apartmedétacihed
houses, as well as the challenges associated with land privatization.

A key contribution of this research is the proposed comprehensive approach to reconstruction. This
approach views reconstruction not just as a technical modification bwtsadstransformation of legal status,
necessitating systematic documentation in the urban cadastre.

The findings can be utilized to enhance cadastre maintenance procedures, ensure the accuracy of data
for territorial development planning, and addresswoership legal issues during land privatization processes.

Future research should focus on developing methodological recommendations for recording
reconstruction data in the urban cadastre and analyzing the-esmziomic consequences of housing
transformdon in light of modern challenges, such as war.

Keywords: urban cadastre, residential building reconstruction, individual residential house, land plot,
legal status of real estate.
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ecol ogical safetyd and 06af f ensoféndicatore of thd etotogical 8tataof d  a
the environment at the international and national levels. A structuring efaqgdogical safety indicators by
blocks is proposed: natural resources, technogmsotogical, soci@lemographic, and institutiona list of
key quantitative and qualitative indicators suitable for the integrated assessment of¢lkelggcal safety
of affected territories of territorial communities is formed, and examples of their use are given in the form of
tables. The possiliiies of applying the proposed system of indicators in planning the restoration, spatial
development and ecological rehabilitation of territorial communities are outlined.

Keywords: gececological safety, affected territories, territorial communities, cetdis,
environmental monitoring, integrated assessment.
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Figure 21 Organizational Design Paradigm System

Source: developed by the author based on [10, 11]
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Figure 47 Process Organization Model in the Concession Sector
Source: developed by tlaethor based on [19]
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Abstract. Leading economic strategies for implementing renewal measures in construction contracting
enterprises through a targeted reengineering project are considered as an instrument ofrsystiEmitation
of industry entities under conditions of increasing market turbulence. Intensified competition, rising costs of
material and energy resources, growing complexity of supply chains, digitalization of management processes,
and stricter requireamts for energy efficiency and environmental responsibility shape a new configuration of
economic challenges for construction contractors. Under such conditions, traditional approaches to
performance optimization based on partial organizational improverpemte insufficient to ensure lotgrm
financial stability and competitiveness.

Renewal of contracting enterprises is interpreted as a-taudti process of structural, procedural, and
financialeconomic restructuring aimed at forming an adaptive opaatmodel. This involves a profound
transformation of the managerial architecture, including the revision of strategic priorities, optimization of
production and supporting processes, reduction of transaction costs, and integration of digital mtwuotsring
and analytical decisieaupport systems. Such an approach ensures coherence between operational actions,
financial outcomes, and strategic development objectives.

Targeted reengineering is defined as a mechanism for radical redesign of businessegfocesed on
achieving specific economic resdtenhanced productivity, stabilization of cash flows, increased
profitability, and minimization of project implementation risks. Unlike classical improvement models, targeted
reengineering provides synchipation of organizational, technological, and financial changes within a
unified strategic transformation program. The research hypothesis is based on the assumption that integration

10k dRe 3 EgpdaO(dz {1 wf 21w rJtdarl w v wié,r AG2U0¢21 LIS
ISSN 03658171 (Print)ISSN 27074080( filine), ISSN 27074099(CD), https://arrcjournal.org .
Scientific journalgAUTOMOBILE ROADS AND ROAD CONSTRUCTIOR, 2026. Issue 19.

163


https://arrcjournal.org/
https://orcid.org/0009-0007-5909-8283

GlOJur wlirRAu) [ o ARIJ wf ?1 AGLACONSTRUGTION AND CIVIL ENGINEERING

of organizational, technological, and analytical management tools vetliémgeted reengineering project
generates a synergistic economic effect.

Keywords: Reengineering, economic strategies, construction enterprises, renewal, contracting
organizations, project management, innovation, competitiveness.
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Summary. The article presents recent studiesigh rap hafwarm mix asphaljtwhich indicates the
promising application of seawarm mixtures with a high content of asphalt concrete crumbs and makes it
possible to create durable and resowgffieient materials. The use of asphalt concrete crumbs not only saves
materials and solves the issue of itgpdsal, but also allows saving energy resources and reducing harmful
emissions into the environment due to lower technological temperatures for the preparation and installation of
semiwarm mixtures. At the same time, this technology has not yet beenentfficesearched, especially in
domestic practice, and requires laboratory and field experimental studies with subsequent optimization of
formulation and technological parameters, as well as the development of mathematical models of the
dependence of theghysical and mechanical characteristics of semnim mixtures on the components of the
material and technological parameters. Research in laboratory and field conditions on -teentoggality
characteristics (calculated characteristics, resistancdtitogrand atmospheric influences) of mixtures with a
high content of asphalt concrete crumbs is also relevant

Keywords: semiwarm asphalt concrete mixtures with a high content of asphalt concrete crumbs,
reclaimed asphalt pavement, foamed bitunnetting resistance, physical and mechanical characteristics.
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Table 4i Dependence of deformations on load and type of mixture

1 Sods) o] tlsdC Od dajdeni L ©)sds oS
L 0o 0des 060 O 50T 90,19 180720 470730
0 0 0 0 0

50 0,17 0,27 0,32 0,29
100 0,51 0,55 0,66 0,6
150 0,83 0,83 0,09 0,01
200 112 11 1,33 12
300 1,78 1.7 2.04 1,87
400 2.29 2,17 2.65 2.74
500 2.83 2.64 3,34 3,67
600 3,46 3,1 4,06 4,63
700 4,31 3,89 4,92 6,04
800 5.02 43 53177 7.02
900 5,45 4,83 5,82 8,3
1000 6,4 5,45 6,77 9,58
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Table 51 Indicators of the modulus of elasticity and modulus of deformation
lduw Mmkzd® h°
1 OOz Isted
1100 19071 18072 17073
[ O¢CMd &3O dz! ded?2 Isd 0,637
f sHEdz (tolzy dztsfmls 50,56 60,67 82,73 82,73
[ sHEZd HJWBtdOY] 31,44 32,02 26,48 29,35
[ OCMd &3O dz! dzd 2 Isd fi 1,911
f sHEdz (k) dztsmlis’ 80,29 82,73 105,00 105,00
[sHEZd HjWBtod@OY' 30,53 34,08 26,02 22,82
[ OCMd d3Odz! dzd 2 Isd fi 3,185
] sHEd (tolzy desfmls’ 126,39 130,00 137,88 162,50
[ BHEd HJWBtdROY' 27,51 32,31 26,01 18,38
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Figure 31 Graph of the dependence of the change in deformation on the load and type of mixture
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Figure 41 Graph of change in elasticity Figure 51 Graph of change in deformation modulus
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Bsdzj delslz Ltcdolz tsHdd ° YyOMmlsdded o' Hdetsfgets j tizh 5 dzdzy OB s d
dz' 3y &0 5did3. OB Yv O OWdISOcO ‘ GteOded ydzd d3 tsif Stets
odL &Z2OYOdzdmw CjW' y' ' dasd odzkzlste' hdzgt sets Isjtelsw SO !
ZzOo jHjdz2 o IsOBdz. 6 SO dzO tdm. 6.
s OB dzdiyssC®L d2d ¢ d tfstelz LMzek, SCEkEIO odkzlste' h dz' G
Table 61 Shear resistance, angle of internal friction, specific adhesion
I & ) l jtelsd ¢ 1 Mkzoq | teOdzd | s zls o-ds lcf_lstsc
Il dH ﬁ']tLBd;sq’ﬁ-tGdzOlthsz dzO0o Odzl s ' 16 h.dZJBG'Ll{JUdZ
Blzo O [10 1 [10 sjtlsw | &, []
1 0,2 450 0,18
1100 0 2 0,3 525 0,21 16,70 0,12
3 0,4 600 0,24
1 0,2 400 0,16
19071 10 2 0,3 500 0,2 21,80 0,08
3 0,4 600 0,24
1 0,2 375 0,15
180712 20 2 0,3 487,5 0,195 25,41 0,055
3 0,4 612,5 0,245
1 0,2 350 0,14
17073 30 2 0,3 487,5 0,195 28,81 0,03
3 0,4 625 0,25
g 0,25
B 0,23
o 0,21
B
= ——] 100
< 0,19
B —&—-; 90
30,17 1 801
- == 7 0
0,15 ;
0,13 T T T )
0,2 0,25 0,3 0,35 0,4
l jtelsd S Odzt dzj 2O oz j dzdzv, [1 O
it dMEzdig@e ol " ¢ L Odzj ) desls® ftstek LMok o' H

Figure 61 Graph of shear strength versus ash content
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Table 7 Results of compressive strength, frost resistance and bending strength tests

4C oy (| 18Oddyv & yds sd¥W Yy g [ ydd Mmis!

[10 Bl sk’ 2 [10
L 100K 0,713 0 0,229
L100K 1,111 0,32 0,398
L100K 2,722 0,37 0,533
190710 1,092 0,12 0,290
1907110 2,181 0,39 0,477
1907110 3,488 0,45 0,779
1807 20 1,705 0,24 0,328
1807 20 2,066 0,45 0,490
1807120 2,816 0,56 0,675
170130 1,431 0,33 0,227
170 30 1,535 0,55 0,354
170 30 2,491 0,76 0,478
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Figure 77 Compressive strength limit graph
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Abstract. The article considers the possibility of using fly ash fithhiermal power plants (TPPs) for
soil stabilization in road construction. The relevance of the study is driven by the deficit of suitable natural
soils and the necessity of using industrial waste for sustainable development. Modern scientific research on
the influence of fly ash in combination with various activators on the physemxhanical properties of soils
is analyzed and summarized. It is shown that the introduction of fly ash promotes the formation of cementation
bonds in the soil structure, leadibg a decrease in plasticity and an increase in strength indicators. The
efficiency of soil stabilization depends on the ash content, its properties, and curing conditions. Based on the
analysis of scientific sources, the program and methodology of expgaimesearch are substantiated, the list
of controlled properties is determined, and the variations of ash and cement content in the mixtures are
specified. Through laboratory experiments, the patterns of changes in the properties of stabilized soils
depanding on the ash content were revealed. Particular attention is paid to the study of the complex binder "fly
ashi cement". It is proved that the rational combination of these components significantly increases the frost
resistance and crack resistancesoil bases. The paper details the research methodology and presents and
analyzes the results of experimental testing. The use of ash is a promising direction for improving the
engineering properties of soil structures, contributing to the reduction aiblalmatural resource use by
replacing them with industrial waste. The results obtained testify to the efficiency of soil stabilization with fly
ash and the feasibility of further research aimed at improving the efficiency of road construction and
implemerning the principles of sustainable development.

Keywords: fly ash, soil stabilization, constructiomad construction, physiemechanical properties of
soils, soil strengthening, bearing capacity, soil compactability, subgrade, road pavement, transport
infrastructure, secondary materials, sustainable development, waste recycling.
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Figure 27 Combined methods for restoring cement concrete surfaces
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the application of thin and ultthin layers is analyzed. The effectiveness of technologies such as
microsurfacing, slurry seal, ankin asphalt layers is evaluated. The economic and operational advantages of
preventive maintenance are substantiated.

In 2025 2026, a test of cold higbrushed asphalt concrete Road Pave was conducted in the Kyiv
region. The mixture was laid in alayerbf5 mm at an air temperature of -
After two weeks of operation, the condition of the site was assessed as excellent, no crushed stone was
recorded. This confirms the possibility of using cold technologies for the operatiotedtmn of concrete
slabs.

The main efficiency factors: technical condition of the surface; traffic intensity; climatic conditions;
quality of materials and technology of work. The economic efficiency of using wearing layers consists in
reducing costs bg5i 45%; postponing major repairs frorii2to 10 15 years; increasing the efficiency of
using limited resources.

The scientific novelty lies in the established dependence of the efficiency of wearing layers on: the
condition of the surface; type of techagy; composition of the mixture. The feasibility of using micovers
as an optimal solution for cement concrete surfaces is substantiated.

The practical significance of the results obtained lies in the use used in the development of regulatory
documentsin the practice of operating highways and in planning repair measures in the SUSP or HDM system.

The most promising direction for Ukraine is the development of cold mix compositions with increased
adhesion, clarification of DSTU requirements for surfaeatments, diluted bitumen, cold asphalt concrete
mixtures, preventive maintenance o#tlZ and training of qualified personnel of road workers capable of
meeting the level of modern technologies.

Keywords: cement concrete pavement, wearing course, micasag, efficiency, durability.
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Summary. The article analyses international experience in the use ofdkleeoad trains with a total
length of over 25 m in the field of road freight transport. It considers the main technical and operational
characteristics of such vehicles, the conditionstfeir use, as well as the regulatory and infrastructure
restrictions in force in different countries. It analyses approaches to regulating the movemeniuriithoael
trains in the European Union, Scandinavia, Australia, etc., taking into accouirenegnts for dimensions
and weight parameters, routes, road safety and the impact on transport infrastructure. The potential advantages
of using road trains of this length in terms of increasing transport efficiency, reducing transport costs and
environmatal impact are identified, and reservations about possible risks and limitations are highlighted. The
results of the analysis can be used to justify the feasibility of further introducinguthite®ad trains into
international and domestic freight tsgort, particularly in the context of adapting the national road
infrastructure and regulatory framework.

Keywords: threelink trains, road train over 25 m, LHV, EuroCombi, international freight transport,
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Figure 17 Schematic diagram illustrating the determination of the depression surface within the dam
body when the water level in the reservoir is lowered
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when the water level in the reservoir isvered
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Figure 571 Variation in the depression curve within the dam slope body as the water level in the
reservoirdecreases, where the dam is situated on highly permeable foundation soils
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DYNAMICS OF THE PHREATIC SURFACE IN THE BODY OF EARTH STRUCT URES
DURING DRAWDOWN OF WATER LEVEL IN A RESERVOIR
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Summary. The article analyzes the condition of wasaturated earth slopes of structures under
conditions of fluctuating water levels in reservoirs. A criteri@s beersubstantiated for the necessity of
considering hydrodynamic forces arising from unsteady sgefbaw in watersaturated earth slopes during
water level drawdown in reservoirs with different intensitiébe relationshiphas beenobtained for
determining the phreatic surface within homogeneous veatierated slopes at any moment during reservoir
emptying, where groundwater flow occurs from infinity on the side of the soil mass.

Regularities in the dynamics of the phreatic surface in vaaturated earth slopes during water level
drawdown in reservoirBave beerstablished for two types of foundtats differing in permeability.

Based on the research results, graphical relationships describing the dynamics of the phreatic surface in
watersaturated slopes during water level drawdown in reserhaive beerconstructed for homogeneous
earth structurgwith a trapezoidal crossection located on loywermeability and permeable foundationsds
beenestablished that under certain construction and operation conditions of earth structures, the phreatic
surface significantly lags behind the decreasaerréservoir water level. In addition, the study shows that the
rate of decline of the phreatic surface along the slope height varies, which may significantly affect the intensity
of reservoir drawdown.
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Summary. The purpose of this work is to develop a computer model of heat flow in a floor on the
ground, taking into account the radiogenic heat flux of the Eartbrder to assess the energy efficiency of
building structuresThe object of modeling is a rectangular concrete floor slab placed on the ground, with
possible perimeter insulation by a strip of thermal insulation. The model considers the toemhativity of
materials, the temperature of indoor air and soil, as well as a steddywedimensional heat transfer process.
Existing approaches to floam-ground insulation were analyzed in accordance with Ukrainian and European
standards, and pitiples of numerical modeling using the finite difference method and iterative solution for
the heat conduction equation with variable coefficients were propbsedtated goal is achieved by solving
the problem of temperature field simulation in theéslasulation, and soil, taking into account boundary
conditions, building geometry, and the thermal characteristics of materials, which makes it possible to evaluate
transmission heat losses for different insulation widéfa. convenient practical appditon, additional
parameters should be introduced to account for different soil types, insulation thicknesses, and economic
feasibility, while ensuring compliance with energy efficiency requirements for logistics infrastructure
buildings.The most importanresults include the development of a 2D heat transfer model that confirms the
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concentration of heat losses in the edge zones of the floor and demonstrates a reduct2b?ofir2tbsses
with 2i 3 m wide perimeter insulation. The model also shows consigigith engineering methods according
to DSTU EN ISO 13370:2022 and DSTU 9190:2022.

The significance of the obtained results lies in the fact that the proposed methodology allows not only
to optimize insulation for buildings with large groufidor areasjmproving energy efficiency and reducing
energy consumption, but also to serve as a basis for updating regulatory standards, particularly during the
renovation of existing facilities..

Keywords: hermal conductivity floor on the groundthermal insulationedge zongperimeter
insulation numerical modelingfinite difference methodenergy efficiencylogistics infrastructure buildings.
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Abstract. The article examines thgrofession of the consulting engineer within the FIDIC contract model
through the |l ens of the sustainable development ¢
war reconstruction, the role of the consulting engineer is significaxplgneling, as this professional acts as

an independent institutional actor responsible for coordinating project participants, managing risks, ensuring
guality control, and maintaining process transparency. Based on an analysis of regulatory documents,
intemational reports, and scholarly sources, the study identifies the essence of engineering consultancy and
outlines the functional duties of the consulting engineer under FIDIC contracts.

The article reveals the nature of sustainable development in thetinftare sector and identifies its
three key pillars: economic, environmental, and social. It is demonstrated that the professional functions of the
consulting engineer inherently correspond to each of these components. Economic sustainability isl supporte
through cost and resource management; environmental sustaidatsilibugh the implementation of climate
resilient and naturbased solutions; social sustainabditthrough stakeholder engagement, adherence to
safety requirements, and the maintenanaastitutional integrity.

It is established that the consulting engineer may be considered a key facilitator and ambassador of
sustainable development principles in infrastructure projects, ensuring the durability, efficiency, and safety of
investments.

Theconducted research provides a comprehensive
and defines their central role in ensuring the sustainable development of infrastructure projects within the
FIDIC contract framework. The study finds that thesudting engineer acts as an independent administrative
entity combining technical expertise, managerial functions, and stakeholder coordination, thereby ensuring
decision coherence and process transparency. The integration of economic, environmestaiabaspects
of sustainability throughout all stages of the infrastructure project life cycle positions the consulting engineer
as a pivotal element in shaping letegm resilient transport infrastructure. The findings may be used to
improve infrastructte project management systems, harmonize national legislation with international
standards, and strengthen the professional competencies of consulting engineers.

Keywords: consulting engineer; engineering consulting; sustainability model; road and ik
FIDIC contract model
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Figure 27 Graph of the Dependence of the Probabilitfraflure Free Operation P(t) on Operating
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Figure 47 Comparative Diagram of the Integral Failure Régdsessment of Network Elements
Source: developed by the author based on [8]
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