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The object of the research is the scientific approach for modeling thermal phe-
nomena during welding operations in SMAW welding of pipelines. This model can 
be used to calculate changes in temperature fields as well as stresses and deformations.

Mastering welding processes requires an understanding of the various 
phenomena involved. This requires numerous tests to be carried out, which are 
very costly for manufacturers. The ideal solution would therefore be to develop 
predictive numerical models that would enable the behavior of assemblies to be 
analyzed. The SMAW process is used to fill a chamfer between two parts. It is 
therefore essential to define heat input, which can be described using the equiva-
lent heat source approach the equivalent heat source approach. The difficulty 
in implementing this approach lies in estimating the various parameters of the 
model. To this end, it was proposed to develop a simple and robust approach, 
which consists of using the numerical design of experiments (NDE) method.

In this research, it was decided to select four parameters from the model 
(rsurf_sup, rsurf_inf, r0 and λ) and four objective functions characterizing the shape 
of the fusion zone (Lsup, Lm, Linf, H). Preliminary results show good agreement 
between the direct model and the dimensions recorded on the macrographic sec-
tions, with the exception of the width of the median side of the fusion zone (Lm), 
where there is a significant deviation of 11.4% between the measurements and the 
model. Furthermore, the NDE shows that rsurf_inf is the factor that most influences 
Lm. Adjusting the rsurf_inf factor by 0.5 from its value at the central point changes 
the Lm value from 3.25 mm to 3.09 mm. This adjustment optimizes the digital 
model by improving it and reducing the discrepancy between the simulation 
and the experiment for the Lm function from 11.4% to 1.2%. The results of this 
research make it possible to increase the reliability of petroleum facilities (pipe-
line assemblies). The scientific novelty of this research lies in the implementation 
of a simple and robust scientific approach for optimizing non-physical param-
eters (equivalent heat source parameters) in the modeling of welding processes.
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The object of research is the process of measuring the effective scattering 
surface of an unmanned aerial vehicle (UAV) in the X-band of electromagnetic 
waves in an anechoic chamber. The problem being solved is to obtain reliable 
initial data for assessing the radar visibility and probability of detecting UAVs 
based on their backscatter diagrams. The aim of research is to improve the 
method of measuring the effective scattering surface (ESS) of UAV components 
in the X-band in an anechoic chamber and its experimental testing. As a result of 
the research, a technology for measuring the angular dependence of the ESS in 
the X-band was formed, which includes compensation of the background signal, 
calibration of the measuring equipment, ESS determination of the object and au-
tomation of the measurement process. The technology includes the design of the 
anechoic chamber, the structure of the measuring stand, the method of compen-
sation of the background reflection, measurement of the reflected signal power, 
calibration of the measuring equipment, ESS calculation. The conducted field 
experiments allowed to obtain the characteristics of the secondary scattering of 
UAV components in the angle sector ±45°, while the measurement error of static 
reference objects did not exceed ±1 dB. Comparison of experimental results with 
the data of mathematical modeling based on integral equations and the physical 
theory of diffraction confirmed the reliability of the improved approach. The ob-
tained results can be used to increase the accuracy of assessing the radar visibility 
of small-sized UAVs and improve the means of their detection.

Keywords: unmanned aerial vehicle (UAV), radar cross section (RCS), 
effective scattering surface, backscatter pattern measurement, anechoic chamber.
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The object of this research is the impact interaction between a bee bread 
granule and a hammer-type working element in a rotary separator. The practi-
cal relevance of the research arises from the need to ensure reliable release of 
granules while preventing their mechanical damage, since even partial destruc-

tion leads to deterioration of product quality and a decrease in its commercial 
value. Such an approach does not allow reliable prediction of energy transfer 
during impact or the subsequent trajectory of the granule. As a consequence, 
rotor speed and hammer mass are often selected without sufficient theoretical 
justification, which limits the efficiency and controllability of the separation 
process. To overcome these limitations, an analytical model describing granule 
impact and its post-impact motion in a rotating reference frame was developed. 
The mathematical formulation accounts for the combined action of centrifugal, 
Coriolis, gravitational, and friction forces, which made it possible to derive 
parametric relationships for velocity and displacement as functions of time. It 
was established that the post-impact motion follows a damped pattern, with the 
displacement amplitude decreasing by more than 60% within the first 0.02 s and 
exceeding an 80% reduction after 0.05 s. It was also found that energy transfer 
efficiency strongly depends on hammer mass. At a mass of 5 g, the efficiency 
reaches approximately 0.7–0.8%, whereas at 100 g it decreases to about 0.1%, and 
at 200 g it falls below 0.05%. These trends are explained by increasing dissipa-
tive losses within the rotating system. The proposed model enables prediction 
of granule trajectory, velocity, and energy dissipation under different operating 
conditions. Its practical value lies in providing a scientifically grounded basis for 
selecting hammer mass and rotor speed to achieve efficient and gentle separation 
of bee bread granules.

Keywords: bee bread, granule, rotor, mechanics, inertia, energy, trajectory, 
separation, dissipation, efficiency.
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The object of the research is the annular mixing chamber of the pre-turbine 
duct of a three-stream aircraft turbofan engine, designed to enforce the mixing of 
hot and cold flows within a confined axial geometry, with particular emphasis on 
the gas-dynamic and thermal processes occurring within it. The research prob-
lem addressed in this research was the determination of the minimally required 
relative length of the mixing chamber. This length must ensure an acceptable 
level of temperature uniformity at the turbine inlet without increasing the overall 
dimensions of the propulsion system. This condition is particularly critical for 
compact engines, including propulsion systems for unmanned aerial vehicles.  
A series of three-dimensional CFD simulations was performed using ANSYS Flu-

ent with a Reynolds stress model (RSM) for turbulence. The modeling was con-
ducted for an annular chamber with fixed geometric parameters (D = 1107 mm, 
d = 492 mm) within a range of relative lengths L* = 0.42–2.11. The research 
covered four different engine operating conditions, varying in bypass ratio. The 
results revealed a clear nonlinear dependence of the temperature non-uniformity 
coefficient θ on the relative chamber length L*. It was found that for L* < 1.2, the 
mixing process remains incomplete, accompanied by a significant increase in 
temperature non-uniformity. In contrast, within the range L* = 1.2–1.7, nearly 
complete temperature equalization is achieved (θ ≤ 0.1). These results can be 
explained by the dominance of the turbulent mixing mechanism, as confirmed by 
low Richardson numbers (Ri << 1) and the minor influence of operating param-
eters compared to geometric factors. The findings can be applied in the design of 
compact mixing chambers for aircraft gas turbine engines, especially under strict 
constraints on their axial dimensions. This is particularly relevant for propulsion 
systems of unmanned aerial vehicles.

Keywords: gas turbine engine, annular mixing chamber, temperature non-
uniformity, turbulent mixing, CFD modeling.
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The object of research is the process of designing and optimizing 
parking areas in complex geometric configurations in conditions of dense 
development.

The main problem is to solve the use of areas of complex geomet-
ric configuration for parking areas. In addition, there are currently no  
universal models and methods for the corresponding calculation and opti-
mization.

The result of the work was the receipt of a universal mathematical model 
with which it is possible to determine the number of parking spaces based on 
the geometric dimensions and area of the plot. A special feature is the pos-
sibility of calculating for complex geometric configurations (polygons). For 
this, the Gauss formula and the JavaScript programming language are used. 
The initial data are geodetic measurements, and the error in such a calcula-
tion is less than 2%.

The development of JavaScript code based on the shoelace formula was prac-
tical importance. The experimental object was the residential area " Vyshenka"  
in Vinnytsia (Ukraine). The selected plot has an area of 1350 m2 with an initial 
number of parking spaces before optimization –50, after –59. In general, the effi-
ciency of using the area increased from 70% to 88%. In addition, a 22% reduction 
in accidents is noted, which indicates the significant effectiveness of the model 
and minimal calculation error.

A feature of the proposed solution is also that not only linear dimensions 
are taken into account, but also the relief, infrastructure facilities and the initial 
shape of the site. There is also the possibility of integration into web applications 
and CAD programs for simultaneous planning and construction, which allows 
for an increase in the number of parking spaces of up to 20% without expanding 
the territories.

The results of the modeling can be used by engineers and builders to 
improve the landscaping of residential areas where there is no possibility for 
expanding the territories, programmers – by integrating the model into web ap-
plications and business.

Keywords: Shoelace formula, polygon area, computational geometry, ca-
pacity increase, efficiency coefficient, urban parking.
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The object of research is the influence of carbon nanotubes and fullerene 
nanomaterials C60 when introduced into the aluminum alloy AK12 on the forma-
tion of the eutectic microstructure.

The problem solved during the research is the insufficient effectiveness of 
existing modifiers such as Sr, Na, TiC and SiC to improve silicon globulariza-
tion, as well as the lack of simple and effective methods for introducing carbon 
nanomaterials.

In the work , two methods for introducing carbon nanoparticles into 
the aluminum alloy were developed. Improved silicon globularization, me-
chanical and physical properties were achieved. The thickness of the silicon 
dendritic axis was reduced to almost 20–25 microns, the size of silicon inclu-
sions was reduced from 2–10 microns, and the microhardness was increased 
almost twice, depending on the method. The improvement of properties is 
due to the fact that nanoparticles become centers of crystal nucleation and 
do not allow them to grow, which leads to a finer, more homogeneous struc-
ture of the alloy. Pre-treatment of nanomaterials allows them to be evenly 
distributed in the alloy, and the addition of magnesium improves the wetting 
properties.

The features and distinctive features of the obtained results are that two 
technologically simple methods of introducing nanoparticles into the liquid 
AK12 alloy have been proposed, without the use of ultrasound. A significant 
improvement in the mechanical and physical properties of the alloy has 
been achieved compared to the reference AK12 alloy. Controlled grinding 
of the silicon structure has been ensured. Available materials and equipment, 
which are available in Ukraine and suitable for scaling up in industrial vol-
umes, have been used. The modified AK12 alloy allows it to be used for the 
manufacture of castings of critical importance, such as pistons, transmission 
mechanisms, and engine housings.

Keywords: aluminum alloy AK12, fullerene C₆₀, carbon nanotubes, nano-
modification, microstructure, hardness.
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The object of research is the operating modes and ways to increase the sur-
vivability of the power plant’s own needs network under the influence of external 
emergency disturbances.

The power system of Ukraine today operates in extremely complex condi-
tions. This is a consequence of the fact that the existing problems associated 
with outdated equipment have been added by external destructive influence 
due to geopolitical events. These factors cause a decrease in the structural and 
regime reliability of electrical networks. Under such conditions, the surviv-
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ability of power plants and their own needs systems becomes of particular 
importance. The task of increasing the survivability of the power plant’s own 
needs network is one of the multi-criteria tasks with a large number of uncer-
tainties. To solve it, it is advisable to apply a probabilistic-statistical approach 
that takes into account the available random factors and makes it possible to 
make effective decisions. In the course of the research, an approach to assess-
ing the survivability of the power plant’s own needs network using a random 
number generator was developed, and the effectiveness of measures to increase 
it was determined.

This approach allows for a quantitative assessment of the survivability 
of the power plant’s own needs network under conditions of uncertainties 
associated with the network and surrounding power system modes. The 
approach also takes into account the probability of equipment failure over 
a time interval and the consequences of geopolitical influence on the power 
system of Ukraine. The risk of an emergency situation occurring in the power 
plant’s own needs network is taken as a quantitative criterion for assessing 
survivability. The developed approach and its implementation algorithm 
allow for a comparative analysis of the effectiveness of measures to increase 
the survivability of the power plant’s own needs network and to select the 
most effective ones among them. According to the results of probabilistic 
and statistical modeling of the HPP’s own needs network , it was determined 
that when using survivability measures, the risk of an emergency situation is 
reduced by 32%.

Keywords: survivability, power plant, own needs network, technical condi-
tion, emergency situation, probabilistic and statistical approach, risk.
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The object of research is the processes of electromagnetic transformation 
in powerful asynchronous electric drives during controlled start-up and their 
impact on the quality of electricity in the power supply network. Distribution 
networks of industrial enterprises are considered, which have significant dy-
namic loads during the start-up of powerful machines.

The problem to which the research is aimed is to ensure proper quality of 
electricity in distribution networks of industrial enterprises when performing 
controlled start-up of powerful asynchronous electric drives from soft starters 
based on a thyristor voltage regulator.

Quantitative indicators of the influence of starting devices on the pa-
rameters of electricity quality were calculated using computer modeling in 
the MATLAB/Simulink environment. Soft start using a thyristor regulator, 
although it limits the starting current, has a negative impact on the quality 
of electricity in the distribution network . Reactive power consumption in-
creases, which causes a voltage drop. For the case of starting an asynchronous 
motor with a capacity of 3500 kW in the network of a sintering factory, it was 
found that direct start causes a voltage drop of about 350 V. Harmonic volt-
age distortions with a distortion factor of up to 6% also appear. Power active 
filters allow to improve the quality of electricity by introducing antiphase 
currents, which is proven by the application of theoretical methods of electri-
cal engineering.

The results obtained are applicable in the design of electric drive systems 
of powerful mechanisms during the modernization of the power supply of in-
dustrial enterprises, in the calculation of reactive power compensation means 
and in the development of energy quality standards. This will significantly 
contribute to increasing the reliability of technological equipment, reducing 
energy losses, and increasing the service life of electrical equipment at the 
enterprise.

Keywords: starting devices, power quality, controlled reactor compensator, 
simulation modeling of the distribution network.
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