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Abstract.The article presents modelling of spherical elements based on the developed computer
model. We recorded the main combinations of spherical particles during filling, which are formed
in the hopper. It was found that the most likely combination that occurs when modelling spherical
elements consists of three balls. It should be noted that in the cross-section of such a combination
passing through the center of the balls, an equilateral triangle is formed. And in the cross-section of
the structure, which consists of four spherical balls, a rhombus is formed, if you connect the centers
of these spherical elements. It is worth noting that from this formed combination of spherical
elements, it can be seen that the rhombus forms two smaller equilateral triangles that fix the process
of pushing the spherical balls apart. In turn, the process of pushing spherical elements apart made it
possible to fix the contact between spherical elements, as well as to state the stable position of each
(individual) particle.

This paper also presents the main fragments of encoding the source text of a 3D computer model
for modelling spherical elements, which made it possible to optimize the model parameters. It was
found that from the obtained data on the distribution of coordination numbers for different volume
fillings of spherical elements, it follows that the largest filling was 72 %, which corresponds to the
state when 112 lobules have an average coordination number of 3.92.

1 Introduction

The modern period of modern development is characterized by a significant influence of computer
technologies and information technologies that penetrate into all spheres of human activity[1, 2].
This rate of development of computerization ensures the dissemination of information flows in
society [3, 4], as well as allows the use of the latest technologies [5, 6], use a statistical approach for
a compact presentation of coded data [7, 8, 9]. In turn, the use of the latest technologies in the field
of information technologies allows us to move from a specific observation of research and
establishing the irrefutability of existence to a qualitative prediction of various properties of
spherical elements [10, 11], materials [12, 13], processes [14, 15], optimization of
parameters [16, 17, 18], etc [19, 20]. In particular, modern methods of computer modelling allow
solving problems of complex systems for various purposes, that is: information, technical, social,
economic, environmental, etc — both at the stage of their design and in the process of their
operation [21, 22, 23].

Creating a computer model is a troublesome and creative process that requires the researcher not
only deep theoretical knowledge in the field of various mathematical and technical components, but
also a creative approach to their implementation [24, 25]. Therefore, today the issue of optimizing
and establishing a statement of facts of a 3D computer model for modelling spherical elements is
acute [26]. And also, the ability to generate specific heuristics that correspond to the deep essence
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of this research will make it possible to reduce the number of time-consuming and cumbersome
field experiments [27, 28].

2 Main Part

In [29, 30], the authors developed geometric models for single - and multi-layer structures. The
main focus was on modelling various element shapes, and the authors also considered the influence
of individual factors on the particle cross-section. With such a broad study, the real parameters of
computer modelling are poorly taken into account, which do not allow predicting the results
obtained with a reliable error. The team of authors [31] investigated the environment of software
modelling for solving problems of spherical elements, as well as studied in detail the main
properties of structurally inhomogeneous materials, in particular: particle shape, particle size,
microstructure of the sample surface, etching process, advantages of the iterative process, etc.at the
same time, it would be good to pay more attention to the fragments of the software source code. In
[32], modelling of laser and electron beam technologies for obtaining spherical balls is formulated.
The main mathematical elements of Monte Carlo methods are highlighted, but the results of
computer modelling of our own development are poorly presented. Scientific works [33, 34] show
the results of the behaviour of parts under the influence of external power load. With such a wide
range of studies, it is not very clear which combination is most likely to occur when modelling
spherical elements. In studies [35], the main attention is paid to the flowability of elements by ball
indentation, but the process of pushing spherical elements apart, which would allow recording the
interaction between particles, is not fully justified. In scientific experiments [36, 37], a digital
approach to modelling spherical elements is used. It should be noted that the proposed materials can
be applied to both polydisperse and non-spherical particle systems. This indicates that the proposed
method using the digital approach is general and entails a traditional problem statement.
Experimental results [38] mainly show the packing behaviour of metal (spherical) particles, and the
processes of compaction and indentation of balls are presented. It should be noted that the authors
needed to further expand the modelling process in order to establish a functional relationship
between the particles, as well as fix the average coordination number. In [39], studies are presented,
namely: compaction of elements under hydrostatic loads and at high temperatures using the finite
element method. This study is mainly based on theoretical aspects, which does not allow predicting
the results obtained at a qualitative level, since there is no correlation between the theoretical and
practical components. In [40], the identification of analytical dependences of operational
characteristics of workpiece clamping mechanisms during reversible movement of the input link is
mainly highlighted. At the same time, the authors of this paper very narrowly highlighted the
developed simplified dynamic models for describing various stages of the computer modelling
process. Scientific groups [41] reviewed the methods of the mathematical approach to spherical
elements based on physical principles. At the same time, the position of packing spherical elements
1s not justified and the parameters of the computer model are not optimized. The authors' teams [42]
developed a two-dimensional DEM hysteresis model for polygonal particles of arbitrary shape. It
should be noted that the force model is applicable to both convex and concave polygonal particles.
Also, the correlation of theoretical and practical experiments is described, but the deviation error is
7%, which makes it impossible to predict the properties of particles at a qualitative level. In [43], a
new stiffness scaling methodology is proposed for modelling discrete elements of cohesive fine
powders. It should be noted that the established scaling law for contact adhesion, the force
estimation scheme for calculating contacts, and the van der Waals interaction are used only for
spherical small balls. At the same time, the shape of the particles must be perfectly processed,
which does not always correspond to real capabilities. The work teams [44] combine the CFD-DEM
model to model dry round balls. Checking and analyzing the sensitivity of the main particle
parameters is described in detail, but the model parameters, as well as fragments of the computer
model encoding, are completely absent. In [45], the effect of particle propagation is modelled. An
empirical equation describing the distortion deformation of the propagation parameters of spherical
elements is proposed in the form of approximation dependencies. The results of numerical
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modelling clearly show that the effect of particle propagation occurs due to uncontrolled parameters
of the hopper, on the basis of which it is not possible to obtain high-quality packaging of spherical
elements. In scientific works [46], complex modelling by the discrete element method for
calculating the energy of spherical particles is presented. During the study, the authors were given
only the shape of the particles, the size of the particles, and the initial velocity. This indicates very
narrow research results. In [47], the rheological scaling of spherical metal elements dispersed in
thermoplastics and its correlation with the possibility of extruding filaments for 3D printing are
presented. It should be noted that such a viscosity of the suspension of homogeneous particles was
extremely high, which does not meet the basic requirements of GOST. Therefore, from the above
analysis of literature sources, we can conclude that a number of questions in the field of computer
modelling remained open. And today, the issue of optimizing the parameters of a 3D computer
model for modelling spherical elements is acute, as this will make it possible to reduce the large
number of time-consuming field experiments[48, 49]. And also, to predict the main properties of
forming the structure of materials at a significantly new and qualitative level.

The aim of the study is to optimize the best parameters of the developed 3D computer model, as
well as present the main coding fragments of the computer model for modelling spherical particles.

Materials.In order to simulate the filling of spherical elements, it is necessary to build a hopper
(container) of the corresponding parameters at the initial stage. That is: the width of the container is
1500 mm, the height of the container is 1500 mm, the shape of the particles is spherical, the
diameter of the spherical ball is 20 mm, the experiment time is 20 minutes, the number of
experiments is 5. It is also worth noting that this 3D computer model provides for the use of
horizontal and vertical vibrations for better compaction of spherical elements. And also, investigate
the average coordination number of filling inFig. 1 shows the window interface of the developed
computer model for modelling spherical elements.

Fig. 1. Interface of the developed computer model for modelling spherical elements with an average
coordination number of 1.05%

It should be noted that the developed computer model for modelling spherical elements reduces
the time spent on conducting field experiments, as well as predicts the results of the study with a
small deviation of up to 1-3 %.

Spherical particles at the initial fall into the Hopper are in contact with one point with its surface
and can create various combinations. The most likely combination consists of three balls, which is
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shown in Fig. 2. In the cross-section passing through the center of the balls, an equilateral triangle is
formed that connects their centers to each other. It should be noted that the sides of an equilateral
triangle ABC are equal to the diameter (radius) of the balls, and the angles are equal to 62°. The
blank part of the space between the balls that makes up the shape in cross-section is created by three
arcs of a circle, the lengths of which are equal to 60°. The center of this figure is located at Point B
of the intersection of the medians of equilateral triangle ABC. In Figure 2 and 3 the main
combinations of spherical particles at initial filling are presented.

L5F

Fig. 2. A combination of three spherical balls Fig. 3. A combination of four spherical balls

In the cross-section of a structure consisting of four spherical balls (Fig. 3) a rhombus is formed
if the centers of these spherical elements are connected. In this case, the rhombus ABCD has sides
of length d. Its smaller AC diagonal also has a length of d. Sharp angles are 60°, and obtuse angles
are 120°. It is worth noting that from this combination of elements (Fig. 3) it can be seen that the
rhombus forms two smaller equilateral triangles, which fix the process of pushing the spherical
balls apart. The process of pushing the spherical elements of the first layer (filling line) apart will
end when two adjacent balls of the second layer find their stable position in the hopper. In this case,
two adjacent balls of the upper i.e. the second layer will touch each other relative to each other,
where you can fix the contact between spherical elements. The same principle will be used to create
both the third layer and the fourth layer (a string of filling balls) in the hopper. In Fig. 4 shows the
filling of spherical elements, which consists of four units and forms a square.
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Fig. 4. Combination of filling spherical elements with a square

The main fragment of such a structural combination (filling spherical elements with a square)

will be described by two conditional layers — one hemisphere of the second layer and four parts of
1/8 of the volume of the ball of the lower row (layer). Such combinations of spherical balls are part

of a parallelepiped with a base area of ind;zcand a height equal tod} / 2.

/*

Tests.Code snippet of the computer model, namely: building a bunker:
#include "DrawBunkerDialog.h"

DrawBunkerDialog::DrawBunkerDialog(QWidget *parent)

: QDialog(parent)

{

ui.setupUi(this);

paintArea = newPaintAreaB(ui.areaContainer);

paintArea->setGeometry(10, 23, 380, 380);

//polygon.clear();

//connect(paintArea, SIGNAL(painted(std::vector)), this,SLOT(writeMassCenter(std::vector)) );
//connect(paintArea, SIGNAL(cleared( )), this, SLOT(clearMassCenter( )) );
//connect(ui.loadButton, SIGNAL(clicked()), this, SLOT(showBunkerDialog()));

}

DrawBunkerDialog::~DrawBunkerDialog()
{

}

voidDrawBunkerDialog::writeMassCenter(std::vectorlist)
{

polygon = list;

unsignedintind = polygon.size() - 1;

QStringtemp;
ui.massX->setText(temp.setNum(polygon[ind].x()) );
ui.massY->setText(temp.setNum(polygon[ind].y()) );

}

voidDrawBunkerDialog::clearMassCenter( )
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{

ui.massX->setText("");
ui.massY->setText("");
polygon.clear();

}

b2Vec2* DrawBunkerDialog::convertPoints(std::vectorlist)
{

intsize = list.size();

b2Vec2* arr = newb2Vec2[size-1];

for (inti = 0; i1<size-1; ++1) {

floatx = (float(list[i].x()) — float(list[size-1].x()) ) / 10.0;
floaty = (float(list[size-1].y()) — float(list[1].y()) ) / 10.0;
arr[i].Set(x, y);

h

returnarr;

}
*/

Code snippet of the computer model, namely: simulation of spherical balls:

#include "CirclePhysicBody.h"
#include "Render.h"

CirclePhysicBody::CirclePhysicBody(b2World *world,
ShapeType shapeType,
BodyType bodyType,
const b2Vec2& massCenter,
float32 radius,
const b2Color& color,
const std::string& sextureFile)
: PhysicBody(world, shapeType, bodyType, massCenter, color, sextureFile)
, m_radius(radius)
, m_shape(new b2CircleShape)
{
setBodyType();
m_bodyDef.position.Set(massCenter.x, massCenter.y);
// Call the body factory which allocates memory for the ground body
// from a pool and creates the ground box shape (also from a pool).
// ' The body is also added to the world.
m_body = m_world->CreateBody(&m bodyDef);
// The radius
m_shape->m_radius = m_radius;

/I Add the ground fixture to the ground body.
m_body->CreateFixture(m_shape, 1.0f);

m_area = 3.141592653589793f * radius * radius;
m_BCradius = m_radius;

}
CirclePhysicBody::~CirclePhysicBody()
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{
if (m_shape)
delete m_shape;

}

void CirclePhysicBody::render()

{

Renderer renderer;
renderer.DrawSolidCircle(m_body->GetWorldCenter(),
m_radius, b2Vec2(0, 0), m_color);

§

3 Conclusion

Thus, as a result of the conducted research, we obtained different degrees of filling of the volume
container under the action of compressive force. From the obtained data on the distribution of
coordination numbers for different volume fillings of spherical elements, it follows that the largest
filling was 72 %, which corresponds to the state when 112 particles have an average coordination
number of 1,05. It was achieved by shaking the particles in the hopper with the help of vibration
vibrations. Checking the adequacy of the proposed model by comparing computer and field
experiments showed their good consistency.

The implementation of a 3D computer model allows you to solve simulation problems in the
following areas:

1) forecasting the main properties of forming the structure of materials, in particular spherical
elements;

2) statement of facts of contacts between particles, components and structure of spherical
elements;

3) reduce the number of time-consuming and cumbersome field experiments.

The prospect of further research is the development of a 3D computer model for modelling non-
isometric shapes of particles, as well as the study of their main properties during filling simulation.

References

[1] Hongping. Yang, Rongzhen. Zhao, Weiqian. Li, Cheng. Yang, Li. Zhen, Static and dynamic
characteristics modeling for CK61125 CNC lathe bed basing on FEM, Procedia Engineering
174 (2017) 489-496.

[2] G. Nan, Y. Xingtuan, Tu. Jiyuan, J. Shengyao, An extension of hard-particle model for three-
dimensional non-spherical particles: mathematical formulation and validation, Applied
Mathematical Modelling 40 (2016) 2485-2499.

[3] A. Zakirov, S. Belousov, M. Bogdanova, B. Korneev, A. Stepanov, A. Perepelkina, V.
Levchenko, A. Meshkov, B. Potapkin, Predictive modeling of laser and electron beam powder
bed fusion additive manufacturing of metals at the mesoscale, Additive Manufacturing 35
(2020) 1-15.

[4] E. Moghaddam, E. Foumeny, A. Stankiewicz, J. Padding, Multiscale modelling of wall-to-bed
heat transfer in fixed beds with non-spherical pellets: from particle-resolved CFD to pseudo-
homogenous models, Chemical Engineering Science 236 (2021) 1-15.

[5] H. Zhang, R. Kuschmierz, J. Czarske, Miniaturized interferometric 3-D sensor for shape
measurement inside of cutting lathes, Procedia CIRP 77 (2018) 46-49.

[6] H. Sulym, la. Pasternak, V. Pasternak, Boundary element modeling of pyroelectric solids with
shell inclusions, Mechanics and Mechanical Engineering 22 (2018) 727-737.



64 Quantum Technologies, Defect Identification and Materials Research

[7] N. Barannik, O. Yudin, M. Babenko, A. Bekirov, V. Manakov, V. Yroshenko. The method of
embedding information in the noise domain based on the modification of elements in the

pseudo-spatial domain ATIT 2020 Proceedings: 2020 2nd IEEE International Conference on
Advanced Trends in Information Theory(2020) 9349266 77-82.

[8] V.V. Pasternak, L. Samchuk, N. Huliieva, I. Andrushchak, A. Ruban, Investigation of the
properties of powder materials using computer modeling, Materials Science Forum 1038
(2021) 33-39.

[9] "V. Barannik, S. Sidchenko, N. Barannik. Development of the Method for Encoding Service
Data in Cryptocompression Image Representation Systems Eastern-European Journal of
Enterprise Technologies 3 (2021) 112-124

[10] V. Mahajan, T. Nijssen, J. Kuipers, J. Padding, Non-spherical particles in a pseudo-2D
fluidised bed: modelling study, Chemical Engineering Science 192 (2018) 1105-1123.

[11] As. Misral, A. Sharma, Gh. Singh, As. Kumar, V. Rastogi, Design and development of a low-
cost CNC alternative SCARA robotic arm, Procedia Computer Sciencel71 (2020) 2459-2468.

[12] M. Poluektov, Al. Freidin, L. Figiel, Modelling stress-affected chemical reactions in non-
linear viscoelastic solids with application to lithiation reaction in spherical Si particles,
International Journal of Engineering Science 128 (2018) 44-62.

[13] S. Ragimov, V. Sobyna, S. Vambol, V. Vambol, A. Feshchenko, A. Zakora A, E. Strejekurov,
V. Shalomov. Physical modelling of changes in the energy impact on a worker taking into
account high-temperature radiation. Journal of Achievements in Materials and Manufacturing
Engineering. 91 (2018) 27-33.

[14] C. Poulin, X. Zhang, P. Yang, Y. Huot, Diel variations of the attenuation, backscattering and
absorption coefficients of four phytoplankton species and comparison with spherical, coated
spherical and hexahedral particle optical models, Journal of Quantitative Spectroscopy and
Radiative Transfer 217 (2018) 288-304.

[15] Y. Danchenko, V. Andronov, A. Kariev, V. Lebedev, E. Rybka, R. Meleshchenko, D.
Yavorska. Research into surface properties of disperse fillers based on plant raw materials.
Eastern-European Journal of Enterprise Technologies. 5(12-89) (2017) 20-26.

[16] V. Pasternak, O. Zabolotnyi, N. Ilchuk, J. Machado, K. Svirzhevskyi, The behaviour of a rod
(beam) under the influence of an external power load, Lecture Notes in Mechanical
Engineering (2022) 13-22.

[17] S. Vambol, 1. Bogdanov, V. Vambol, Y. Suchikova, O. Kondratenko, O. Hurenko,
S. Onishchenko. Research into regularities of pore formation on the surface of
semiconductors. Eastern-European Journal of Enterprise Technologies. 3(5-87) (2017) 37—44.

[18] A.V. Kondratiev, V.E. Gaidachuk, Mathematical analysis of technological parameters for
producing superfine prepregs by flattening carbon fibers. Mechanics of Composite Materials.
57,1(2021) 91-100.

[19] N. Moteki, Capabilities and limitations of the single-particle extinction and scattering method
for estimating the complex refractive index and size-distribution of spherical and non-
spherical submicron particles, Journal of Quantitative Spectroscopy and Radiative Transfer
243 (2020) 1-19.

[20] B. Pospelov, V. Andronov, E. Rybka, O. Krainiukov, N. Maksymenko, R. Meleshchenko,
Y Bezuhla, 1. Hrachova, R. Nesterenko, A. Shumilova. Mathematical model of determining a
risk to the human health along with the detection of hazardous states of urban atmosphere
pollution based on measuring the current concentrations of pollutants. Eastern-European

Journal of Enterprise 4/10 (106) (2020) 37—44.



Defect and Diffusion Forum Vol. 428 65

[21] A. Fernandez-Pérez, T. Sang Hyuk Yoo, J. Fernandez-Luna, F. Moreno, E. Garcia-Caurel, J.
Saiz, Polarimetric analysis of a fused sphere as a model for adherent particles, Optik —
International Journal for Light and Electron Optics 207 (2020) 1-12.

[22] S. Vambol, 1. Bogdanov, V. Vambol, Y. Suchikova, H. Lopatina, N. Tsybuliak. Research into
effect of electrochemical etching conditions on the morphology of porous gallium arsenide.
Eastern-European Journal of Enterprise Technologies. 6 (5-90) (2017) 22-31.

[23] A. Kondratiev, Improving the mass efficiency of a composite launch vehicle head fairing with
a sandwich structure. Eastern-European Journal of Enterprise Technologies. 6, 7(102) (2019)
6-18.

[24] Th. Linsinger, Ts. Gerganova, V. Kestens, J. Charoud-Got, Preparation and characterisation of
two polydisperse, non-spherical materials as certified reference materials for particle size
distribution by static image analysis and laser diffraction, Powder Technology 343 (2019)
652-661.

[25] Bora. Erena, Burak. Sencera, Mechanistic cutting force model and specific cutting energy
prediction for modulation assisted machining, Procedia Manufacturing 48 (2020) 474-484.

[26] H. Nguyen, Ch. Zhao, Ol. Millet, G. Gagneux, An original method for measuring liquid
surface tension from capillary bridges between two equal-sized spherical particles, Powder
Technology 363 (2020) 349-359.

[27] 1. Pasternak, V. Pasternak, R. Pasternak, H. Sulym, Stroh formalism in evaluation of 3D
Green's function in thermomagnetoelectroelastic anisotropic medium, Mechanics Research
Communications 84 (2017) 20-26.

[28] Y. Yan, R. Helmons, Cr. Wheeler, D. Schott, Optimization of a convex pattern surface for
slidingwear reduction based on a definitive screening design and discrete element method,
Powder Technology 394 (2021) 1094-1110.

[29] J. Ouyang, X. Xing, J. Chen, L. Zhou, Zh. Liu, J. Heng, Effects of solvent, supersaturation
ratio and silica template on morphology and polymorph evolution of vanillin during swift
cooling crystallization, Particuology 65 (2022) 93-104.

[30] M. Mohajeri, C. Rhee, D. Schott, Replicating cohesive and stress-history-dependent behavior
of bulk solids: feasibility and definiteness in DEM calibration procedure, Advanced Powder
Technology 32 (2021) 1532-1548.

[31] V. Pasternak, L. Samchuk, A. Ruban, O. Chernenko, N. Morkovska, Investigation of the main
stages in modeling spherical particles of inhomogeneous materials, Materials Science Forum
1068 (2022) 207-214.

[32] T. Yang, B. Cao, T. Zhang, Y. Zhao, W. Liu, H. Kong, J. Luan, J. Kai, W. Kuo, C. Liu,
Chemically complex intermetallic alloys: a new frontier for innovative structural materials,
Materials Today 1 (2021) 1-14.

[33] D. Klomp, M. Hulsen, P. Anderson, A 2D hysteretic DEM model for arbitrarily shaped
polygonal particles, Powder Technology 378 (2021) 327-338.

[34] A. Kondratiev, V. Gaidachuk, T. Nabokina, V. Kovalenko, Determination of the influence of
deflections in the thickness of a composite material on its physical and mechanical properties

with a local damage to its wholeness, Eastern-European Journal of Enterprise Technologies 4,
1(100) (2019) 6-13.

[35] V. Pasternak, A. Ruban, M. Surianinov, Yu. Otrosh, A. Romin, Software modeling
environment for solving problems of structurally inhomogeneous materials, Materials Science
Forum 1068 (2022) 215-222.



66 Quantum Technologies, Defect Identification and Materials Research

[36] L. Ammosova, S. Cano Cano, St. Schuschnigg, Ch. Kukla, K. Monkkonen, M. Suvanto, J.
Gonzalez-Gutierrez, Effect of metal particle size and powder volume fraction on the filling

performance of powder injection moulded parts with a microtextured surface, Precision
Engineering 72 (2021) 604-612.

[37] G. Khrypunov, S. Vambol, N. Deyneko, Y. Suchikova. Increasing the efficiency of film solar
cells based on cadmium telluride. Eastern-European Journal of Enterprise Technologies. 6 (5)
(2016) 12-18

[38] O. Kaglyak, B. Romanov, K. Romanova, A. Ruban, V. Shvedun, Repeatability of sheet
material formation results and interchangeability of processing modes at multi-pass laser
formation, Materials Science Forum 1038 (2021) 15-24.

[39] N. Quang Hung, N. Dinh Dang, L. Tan Phuc, N. Ngoc Anh, T. Dong Xuan, T. Nhan Hao, A
fully microscopic model of total level density in spherical nuclei, Physics Letters. 811 (2020)
1-5.

[40] I. Mema, Ev. Wagner, J. Ruud van Ommen, J. Padding, Fluidization of spherical versus
elongated particles — experimental investigation using X-ray tomography, Chemical
Engineering Journal 397 (2020) 1-9.

[41] R. Ponzini, R. Da Via, S. Bna, C. Cottini, A. Benassi, Coupled CFD-DEM model for dry
powder inhalers simulation: Validation and sensitivity analysis for the main model
parameters, Powder Technology 385 (2021) 199-226.

[42] L Ryshchenko, L. Lyashok, A. Vasilchenko, A. Ruban, L. Skatkov, Electrochemical synthesis
of crystalline niobium oxide, Materials Science Forum 1038 (2021) 51-60.

[43] Liu. Yang, Hailiang. Jia, Li. Han, Huimei. Zhang, Liyun. Tang, Hysteresis in the ultrasonic
parameters of saturated sandstone during freezing and thawing and correlations with unfrozen
water content, Journal of Rock Mechanics and Geotechnical Engineering. 13 (2021) 1078-
1092.

[44] O. Mirgorod, G. Shabanova, A. Ruban, V. Shvedun, Experiment planning for prospective use
of barium-containing alumina cement for refractory concrete making, Materials Science
Forum 1038 (2021) 330-335.

[45] S. Wang, Dz. Marmysh, Shunying. Ji, Construction of irregular particles with superquadric
equation in DEM, Theoretical and Applied Mechanics Letters 10 (2020) 68-73.

[46] V. Venkatesh, R. Noraas, A. Pilchak, S. Tamirisa, K. Calvert, A. Salem, T. Broderick, M.
Glavicic, I. Dempster, V. Saraf, Data driven tools and methods for microtexture classification

and dwell fatigue life prediction in dual phase titanium alloys, Web of Conferences 321
(2020) 1-8.

[47] Chih-Jer. Lin, Xiao-Yi. Su, Chi-Hsien. Hu, Bo-Lin. Jian, Li-Wei. Wu, Her-Terng. Yau, A
linear regression thermal displacement lathe spindle model, Energies 13 (2020) 1-14.

[48] O. Blyznyuk, A.Vasilchenko, A.Ruban, Y. Bezuhla, Improvement of fire resistance of
polymeric materials at their filling with aluminosilicates, Materials Science Forum 1006
(2020) 55-61.

[49] A. Ruban, V. Pasternak, N. Huliieva, Prediction of the structural properties of powder
materials by 3D modeling methods, Materials Science Forum 1068 (2022) 231-238.
https://doi.org/10.4028/p-18k386



