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A hunting rifle with a variable barrel length has been examined in
this study. The task addressed was to determine the ballistic indicators
of hunting cartridges for different barrel lengths.

A standard deviation in shot distribution on the target and the
area of damage by hunting cartridges depending on the length of the
hunting rifle barrel were established. The influence of barrel length
on the ballistic characteristics of hunting cartridges was investigated
by conducting a multifactorial experiment according to the D-optimal
Box-Behnken plan.

As a result of experimental studies, it was found that the maxi-
mum value of standard deviation in shot distribution at the level of
21 cm is achieved with a barrel length of 150 mm and a shot charge
mass of 36 g. At the same time, the gunpowder charge did not have
a significant effect on the standard deviation in shot distribution on
the target. The standard deviation of shot distribution has maximum
values when the powder charge is maximum while the shot mass is
minimum.

The area of damage was modeled by increasing the penetration
point on the target to the size of the total equivalent diameter of the
most vulnerable elements of unmanned aerial vehicles (UAVs) with
FPV (First-Person View) piloting. On a target with an equivalent di-
ameter of 8 cm, the area of damage has a maximum value of 1.2 m?
with a barrel length of 150 mm, a powder charge mass of 2.28 g and

a shot charge mass of 54 g. Reducing the mass of the shot charge
and the mass of the powder charge leads to a decrease in the area of
damage at any barrel length.

The practical significance of the results is that they could be ap-
plied to improve cartridges and individual means of defeating UAVs
with FPV piloting. In addition, they might be used in automatic pro-
tection systems that are promising for installation on combat vehicles.

Keywords: hunting rifle, powder charge, standard deviation,
area of damage, dispersion model.
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This study investigates deformation processes occurring in sec-
ondary support systems for gob-side retained entries in coal mine
extraction panels mining thin seams. The task addressed is to stabilize

gob-side retained entries by improving the bearing capacity of second-
ary support systems to prevent roof collapses and provide safe working
conditions. The comparative assessment was conducted based on an
analysis of strain energy-related indicators. Underlying the study are
physical models simulating filling walls, concrete blocks, and combined
structures consisting of blocks with wooden interlayers.

During uniaxial compression tests, the deformation capacity
of each type of support system was determined; critical values of
relative deformation at which the structures lose their functional
performance were identified. The application of an energy-based
approach has made it possible to quantify the stability limit and to
predict the onset of structural failure. Experimental results showed
that, under uniaxial compression, rigid secondary support systems
operate under an increasing resistance mode before the initiation of
failure processes. At the same time, the range of linear elastic defor-
mation of the combined support structure is 33% greater than that of
the homogeneous structure (damage initiation occurs at 4, = 0.103
and 4, = 0.075-0.08, respectively), which results in a delayed transi-
tion to loss of bearing capacity. The incorporation of limited yielding
elements into rigid structures facilitates stress redistribution and
enhances their deformation capacity.

An energy-based approach to analyzing the interaction between
secondary support systems and the surrounding rock mass has been
proposed, based on the use of strain energy density and its compo-
nents, which characterize the processes of energy accumulation and
dissipation. The practical significance of this study is associated with
the application of the results to substantiate the design parameters for
rigid secondary support systems for gob-side retained entries in coal
extraction panels mining thin seams up to 1.2 m thick.

Keywords: entry support, bearing capacity, secondary support,
deformation energy density, occupational safety.
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This study investigates processes that separate gas-liquid flows

and purify formation water in the equipment for oil and gas field
production preparation units.

At the late stage of field development, the efficiency of separation

depends on the ability of the equipment to operate under conditions
of waterlogging, an increase in the content of mechanical impurities,
and a decrease in formation pressure. Under such conditions, conven-
tional separation equipment does not provide the required quality of
hydrocarbon separation and purification of formation water.



The task addressed in this work has been solved by improving
the internal structural elements in the three-phase separator and
a cyclone in the hydrocarbon preparation unit. Hydraulic losses were
within permissible values; no secondary removal of drops into the gas
stream occurred. That was confirmed by the results of thermodynam-
ic and CFD modeling. This is a feature of the approach in comparison
with those reported in which studies of new design solutions were not
comprehensively conducted.

The issues of hydraulic losses and secondary removal of drops
into the gas stream remained open. The design solutions proposed
in this work affected the separation efficiency - the volume of the
selected condensate increased while the total hydraulic losses did not
exceed 0.037 MPa. It has been proven that new structural solutions
for separation elements provide a more uniform distribution of speeds
and form local zones with reduced speeds.

The results are explained by a change in the flow structure,
an increase in inertial deposition of drops, and a decrease in
low-mobility zones in the flow part of the separation elements. The
findings could be implemented in the reconstruction of oil and gas
treatment plants, in the design of internal separation elements, and
when choosing structural solutions for cyclones in order to purify
formation water.

Keywords: oil and gas fields, hydrocarbon transportation, hy-
drocarbon preparation, formation water, thermodynamic modeling.
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This study considers the construction of tubular surfaces with a
spatial axis of slope, referred to a coordinate grid of curvature lines.
Such surfaces have a number of mathematical advantages compared
to surfaces described by arbitrary coordinate grids. In differential
geometry, this has a theoretical justification and applied value. This
follows from the special role of curvature lines as geometrically priv-
ileged directions on a surface with minimal and maximal curvatures.

To parameterize a tubular surface in this way, it is necessary that
the length of its axis be described by analytical dependences in a finite
form. Typically, the length of spatial curves is determined by numerical
integration. There is a known group of plane curves that are described
by parametric equations as a function of the arc length and for which
such a problem does not exist. This work proposes taking such curves
as a horizontal projection of a spatial curve. The spatial curve should
be constructed as a slope curve with a constant elevation angle relative
to the horizontal plane. Then the spatial curve, the equations of which
include the elevation angle, will be described as a function of the arc
length. Its use as the axis of the tubular surface makes it possible to
attribute the latter to the families of coordinate lines of curvature.

In this paper, the horizontal projection of the axis of the tubular
surface is a logarithmic spiral. Parametric equations of the tubular
surface in analytical form have been derived. A surface with the
elevation angle of the axis #=10° and the radius of the generating
circle p =15 linear units was constructed. The orthogonality of the
resulting coordinate grid has been proven through the analysis of
the coefficients of the first quadratic form (F=0), which confirms
the assignment of the surface to the lines of curvature. This makes it
possible to improve the accuracy of calculating the stress-strain state
of shells in mechanical engineering and aerospace engineering at
simultaneous minimization of computational costs.

Keywords: curvature lines, slope curve, arc length, Frenet trihe-
dron, orthogonal grid.
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The object of the study is the manual wheeled furrowing imple-
ment (IMRS), a human-powered tool used by smallholder farmers
in the Tiabaya district (Arequipa, Peru) to form furrows and hill
crops of onion and garlic requiring 45 cm spacing, operated for up
to 227 furrows per plot in 10-12 hour shifts. The unvarying height of
the handle compels taller individuals to maintain prolonged trunk
bending and wrist extension, while shorter users manage the excess
force with their arms, structurally excluding women who lack a fitting
handle height. Four approaches were employed: design thinking and
quality function deployment (QFD) to translate farmer needs into key
engineering goals; VDI 2221/2225 to evaluate design alternatives; the
McKyes & Ali equation for modeling soil resistance in sandy loam
found in Tiabaya; and Digital Human Models within CATIA V5 for
biomechanical validation at female P5 and male P95 percentiles before
physical prototyping. The refined design incorporates a @2" SCH10
tube frame with a quick-release height adjustment limited to between
900 and 1,200 mm based on QFD priorities, a @600 mm spoked
wheel, an AISI 1045 heat-treated furrower, and handles made from
AISI 304 steel, minimizing push force by 8%. This reduction occurs
because the larger wheel distributes soil reaction over a broader area,
lowering rolling resistance per the McKyes & Ali model. The adjust-
able height eliminates the postures causing a score of 5 on the rapid
upper limb assessment (RULA), reducing it to 4 for users at both mea-
surement extremes. While unit cost is higher (= S/680 vs. S/300-400),
a lifespan exceeding 12 years yields break-even within 3-4 years,
aligning with sustainable development goals (SDGs) 2, 5, and 8.

Keywords: furrowing implement, rapid upper limb assessment,
quality function deployment, digital human modeling, smallholder
agriculture, artisanal manufacturing.

References

1. The Future of Food and Agriculture: Alternative Pathways to 2050
(2018). Food and Agriculture Organization of the United Nations.
Available at: https://www.fao.org/3/i8429en/i8429en.pdf

2. Ricciardi, V., Ramankutty, N., Mehrabi, Z., Jarvis, L., Chookolingo, B.
(2018). How much of the world’s food do smallholders produce? Global
Food Security, 17, 64-72. https://doi.org/10.1016/].gfs.2018.05.002

3. Lowder, S. K., Skoet, J., Raney, T. (2016). The Number, Size, and Dis-
tribution of Farms, Smallholder Farms, and Family Farms Worldwide.
World Development, 87, 16-29. https://doi.org/10.1016/j.worlddev.
2015.10.041

4. de Janvry, A., Sadoulet, E. (2009). Agricultural Growth and Poverty
Reduction: Additional Evidence. The World Bank Research Observer,
25 (1), 1-20. https://doi.org/10.1093/wbro/lkp015

5. Fathallah, F. A. (2010). Musculoskeletal disorders in labor-intensive
agriculture. Applied Ergonomics, 41 (6), 738-743. https://doi.org/
10.1016/j.apergo.2010.03.003

6. Zhang, M., Kim, R. (2025). Occupational health in agriculture:
a re-emerging frontier in worker protection. Global Health Journal,
9 (2), 65-71. https://doi.org/10.1016/j.gl0hj.2025.06.001

7. Goals 8: Promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all.
United Nations. Available at: https://sdgs.un.org/goals/goal8

8. Harianto, S., Listyani, R. H. (2025). Empowering marginalised women
in rural Indonesia: a multifaceted approach. International Jour-
nal of Sociology and Social Policy, 45 (9-10), 959-980. https://doi.
0rg/10.1108/ijssp-02-2025-0111

9. Majumder, J., Shah, P. (2017). Mapping the Role of Women in Indi-
an Agriculture. Annals of Anthropological Practice, 41 (2), 46-54.
https://doi.org/10.1111/napa.12112

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Yoder, A. M., Adams, A. M., Brensinger, E. A., Freivalds, A. (2010).
Designing Tools and Agricultural Equipment for Women. 2010
Pittsburgh, Pennsylvania, June 20 - June 23, 2010. https://doi.org/
10.13031/2013.29983

Caputo, F., Greco, A., Fera, M., Caiazzo, G., Spada, S. (2018). Simu-
lation Techniques for Ergonomic Performance Evaluation of Manual
Workplaces During Preliminary Design Phase. Proceedings of the 20th
Congress of the International Ergonomics Association (IEA 2018),
170-180. https://doi.org/10.1007/978-3-319-96077-7_18

Devaux, A., Horton, D., Velasco, C., Thiele, G., Lopez, G., Bernet, T.
et al. (2009). Collective action for market chain innovation in the
Andes. Food Policy, 34 (1), 31-38. https://doi.org/10.1016/j.foodpol.
2008.10.007

Escobal, J., Torero, M. (2003). Adverse Geography and Differences in
Welfare in Peru. United Nations University. Available at: https://www.
wider.unu.edu/sites/default/files/dp2003-073.pdf

Escobal, J., Ponce, C. (2008). Enhancing Income Opportunities for
the Rural Poor: The Benefits of Rural Roads. Economic Reform in
Developing Countries. https://doi.org/10.4337/9781781007655.00019
Food security and nutrition and sustainable agriculture. United Na-
tions. Available at: https://sdgs.un.org/topics/food-security-and-nu-
trition-and-sustainable-agriculture

Colombini, D. (2018). Application Study: Biomechanical Overload in
Agriculture. Proceedings of the 20th Congress of the International Er-
gonomics Association (IEA 2018), 72-83. https://doi.org/10.1007/978-
3-319-96083-8_10

Yu, H., Nam, K., Shin, S., Choi, M., Son, Y., Chang, J. (2021). Repeti-
tive patterns in the locations of touch errors for two-thumb text entry
on a smartphone. Applied Ergonomics, 97, 103541. https://doi.org/
10.1016/j.apergo.2021.103541

Markova, V., Petrova, Z., Valcheva-Georgieva, 1. (2025). Assessing Mus-
culoskeletal Health Risks in Standing Occupations. EEPES 2025, 74.
https://doi.org/10.3390/engproc2025104074

Meinel, C., Leifer, L., Plattner, H. (Eds.) (2011). Design Thinking.
Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-13757-0
Akao, Y. (1990). Quality Function Deployment: Integrating Customer
Requirements into Product Design. Productivity Press.

Apfata Limachi, B. A., Cari Mora, F. A,, Sivincha Quispe, Y. S., Valdei-
glesias Flores, E., Silva Vidal, Y. L., Sulla Espinoza, E., Pari, L. (2024).
Application of QFD and FMEA methodologies for the development
and improvement of an explosive ordnance disposal robot design.
Eastern-European Journal of Enterprise Technologies, 5 (1 (131)),
30-42. https://doi.org/10.15587/1729-4061.2024.306986

Rega, S. J., Rohman, T., Ishlah, N. W,, Subekti, S. (2024). Application
of the VDI 2221 method in the design of an air-to-water converter
device. JTTM: Jurnal Terapan Teknik Mesin, 5 (2), 277-288. https://
doi.org/10.37373/jttm.v5i2.1126

Leutenecker-Twelsiek, B., Klahn, C., Meboldt, M. (2016). Considering
Part Orientation in Design for Additive Manufacturing. Procedia
CIRP, 50, 408-413. https://doi.org/10.1016/j.procir.2016.05.016
Schroppel, T., Miehling, J., Wartzack, S. (2020). How to identify relevant
product properties in the context of user-product interaction? Procedia
CIRP, 91, 615-620. https://doi.org/10.1016/j.procir.2020.02.219

Llave, T. G. V,, Huaman, L. A. L., Torres, B. P. R., Rodriguez, J. C.,
Vidal, Y. L. S. (2024). Conceptual Design of a Trash Collecting Ma-
chine for Highways in Arequipa, Peru. International Journal of Me-
chanical Engineering and Robotics Research, 13 (4), 477-488. https://
doi.org/10.18178/ijmerr.13.4.477-488

Gembarski, P. C., Bibani, M., Lachmayer, R. (2016). Design catalogues:
Knowledge repositories for knowledge-based-engineering applica-
tions. International Design Conference - DESIGN 2016. Available at:
https://www.researchgate.net/publication/309610854_Design_Cata-
logues_Knowledge_Repositories_for_Knowledge-Based-Engineer-
ing_Applications




27. Jiang, S., Sarica, S., Song, B., Hu, J., Luo, J. (2022). Patent Data for
Engineering Design: A Critical Review and Future Directions. Journal
of Computing and Information Science in Engineering, 22 (6). https://
doi.org/10.1115/1.4054802

28. Lopez-Perez, V. P., Ramirez-Montesdeoca, W. A., Alarcon-Moyano, G. A.
(2020). Estudio de materiales utilizados en la construccién de aperos
para la mecanizacién agricola en la zona Andina del Ecuador. Do-
minio de las Ciencias, 6 (3), 1194-1204. Available at: https://dialnet.
unirioja.es/servlet/articulo?codigo=7539763

29. Bringas-Fernandez, B., Carrion-Reyes, M., Altamirano-Flores, E., Via-
cava-Campos, G. (2022). Model to Increase the Production Efficiency
of Low-Pressure Regulators through the Combined Use of Lean
Tools at a Metalworking SME. 2022 8th International Conference on
Information Management (ICIM), 141-145. https://doi.org/10.1109/
icim56520.2022.00032

30. Leceta, F., Binder, C., Mader, C., Michtle, B., Marsh, E., Dietrich, L. et
al. (2024). The impact of agriculture on tropical mountain soils in the
western Peruvian Andes: a pedo-geoarchaeological study of terrace
agricultural systems in the Laramate region (14.5°S). SOIL, 10 (2),
727-761. https://doi.org/10.5194/s0il-10-727-2024

31. Hruban, V., Panfilova, A., Galeeva, A., Khramov, M. (2024). Opti-
misation of structural parameters of rotary tillage units to increase
the stability of operation under the influence of variable loads. Nau-
kovij Zurnal "Tehnika Ta Energetika”, 16 (1), 65-80. https://doi.org/
10.31548/machinery/1.2025.65

32. Stafford, J. V. (1979). The performance of a rigid tine in relation to soil
properties and speed. Journal of Agricultural Engineering Research,
24 (1), 41-56. https://doi.org/10.1016/0021-8634(79)90059-3

33. Fielke, J. M., Riley, T. W. (1991). The universal earthmoving equation
applied to chisel plough wings. Journal of Terramechanics, 28 (1),
11-19. https://doi.org/10.1016/0022-4898(91)90003-0

34. Hasankhani-Ghavam, F., Abbaspour-Gilandeh, Y., Shahgoli, G., Rah-
manzadeh-Bahram, H. (2015). Design, manufacture and evaluation of
the new instrument to measure the friction coefficient of soil. CIGR
Journal, 17 (1), 101-109. Available at: https://cigrjournal.org/index.
php/Ejounral/article/view/2710

35. Ucgul, M., Saunders, C., Fielke, J. M. (2017). Discrete element mod-
elling of tillage forces and soil movement of a one-third scale mould-
board plough. Biosystems Engineering, 155, 44-54. https://doi.org/
10.1016/j.biosystemseng.2016.12.002

36. Antunez, A. et al. (2017). Propiedades fisico-hidricas del suelo
en el cultivo del maiz grano. INIA, 31-50. Available at: https://
biblioteca.inia.cl/server/api/core/bitstreams/19314dbc-3274-4165-b176-
b4370c91fe20/content

37. Mouazen, A. M., Neményi, M. (1999). Tillage Tool Design by the Fi-
nite Element Method: Part 1. Finite Element Modelling of Soil Plastic
Behaviour. Journal of Agricultural Engineering Research, 72 (1),
37-51. https://doi.org/10.1006/jaer.1998.0343

38. GEOS5 Software. Online Help. Available at: https://www.finesoftware.
eu/help/geo5/en/material-10/

DOI: 10.15587/1729-4061.2026.354678
IDENTIFICATION OF THE PERFORMANCE
MECHANICAL SECONDARY SAFETY BRAKE
UNDER HYDRAULIC FAILURE CONDITIONS:
EXPERIMENTAL ASSESSMENT UNDER FLUID
LEAKAGE (p. 57-65)

Rolan Siregar
Darma Persada University, Jakarta, Indonesia
ORCID: https://orcid.org/0000-0002-0300-7094

Asyari
Darma Persada University, Jakarta, Indonesia
ORCID: https://orcid.org/0009-0003-4504-8083

Suzuki Syofian
Darma Persada University, Jakarta, Indonesia
ORCID: https://orcid.org/0000-0003-3105-8259

The object of the study is the hydraulic braking system of heavy
vehicles under conditions of progressive brake fluid leakage, with
particular emphasis on its effect on braking performance and failure
behavior. The problem addressed is the loss of braking performance
due to hydraulic brake failure caused by fluid leakage, which reduces
hydraulic pressure and may lead to total brake failure.

This study presents the design and experimental analysis of
an independent mechanical wheel-clamp-based secondary safety
brake for heavy vehicle braking systems. Experimental evaluation
was conducted using a rotational test rig under varying load condi-
tions. The results show that brake failure is strongly dependent on
load. Under low load (5 Hz), total failure occurs at approximately
70 mL leakage and 5 bars, whereas under high load (50 Hz), failure
occurs at only 25 mL and 9.3 bar, indicating increased sensitivity
to leakage. This behavior is explained by the loss of hydraulic fluid
and the compressibility of trapped air in the braking circuit, which
prevents pressure from reaching its maximum level and reduces
effective force transmission. Under total hydraulic failure, the sec-
ondary safety brake is capable of stopping wheel rotation across all
tested conditions; however, the stopping time is longer, reaching up
to 6.5 s compared to 1.4-2.9 s for the primary brake. These results
demonstrate that the proposed system provides a fully indepen-
dent fail-safe braking mechanism capable of maintaining braking
functionality when the primary system fails, thereby addressing the
problem of brake performance loss under hydraulic failure condi-
tions. The system can be applied in heavy vehicle braking systems
as a risk mitigation solution under failure scenarios, particularly in
high-load operating conditions, with potential for further develop-
ment, experimental refinement, and real vehicle implementation,
including integration with activation strategies.

Keywords: secondary safety brake, leakage, stopping time, pres-
sure threshold, failure zone.
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This study investigates the working process in a 4Ch7.6/6.6
gasoline engine when using hydrogen and methane additives to fuel.
The task addressed relates to the lack of a single methodological
approach to the comparative quantitative assessment of the im-
pact of various gas additives on combustion parameters, efficiency
indicators, and CO, emissions. As a result, there is a complication
of the justified choice of the optimal component to increase energy
efficiency and reduce the carbon footprint of the existing fleet of
gasoline engines.

This work advanced semi-empirical relationships for determin-
ing the parameters of the Wiebe model when methane is added to
gasoline, which are based on scaling through the ratio of laminar
flame velocities. Based on the results from mathematical modeling,
it was established that when adding 10% hydrogen, the combustion
dynamics indicator m decreases by 32.4-38.7% while the combustion
duration ¢, is reduced by 26.1-28.2%. It was determined that the spe-
cific effective fuel consumption decreases by 13.9-14.3%, the effective
efficiency increases by 0.5-1.8%, and the volume fraction of CO,
decreases by 14.1%. When methane is added to 10%, the dynamics
parameter m increases by 3.2-3.9%, and, accordingly, the combustion
duration ¢, increases by 2.4-2.6%, while the specific consumption
decreases by 2.3-4.8%, the effective efficiency increases by 1.4-3.7%,
and a decrease in CO, is also observed, which is 11.7%.

A defining feature is the quantitative results of the effect at the
same proportion of the additive (10%), according to which hydrogen
provides a 1.2-fold greater reduction in CO, compared to methane,
but at the same time an improvement in fuel efficiency is observed.
The results allow for a reasonable choice of the type of additive
for a comprehensive increase in efficiency and environmental
friendliness or moderate decarbonization at minimal engine mod-
ernization.
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This study investigates the film cooling process on a flat plate.
The task addressed relates to the identification of the most universal
CFD model for different film cooling hole shapes.

The task has been solved by selecting an optimal computational
mesh and determining the most suitable turbulence models for pre-
dicting film cooling effectiveness over a wide range of parameters.
To investigate mesh-independence effects, four levels of polyhedral
computational grids were generated. It was shown that the mesh
with 5.8 million elements, selected based on the mesh-convergence
analysis, performs nearly as well as a block-structured mesh with
identical settings.

A validated CFD model based on a polyhedral mesh was built.
A distinctive feature of the results is that the CFD model covers 4 hole
geometries spaced 5D apart and inclined at 30° to the mainstream
flow (classical cylindrical, fan-shaped, oval, and a diffused slot).

The results include a comparison of seven RANS turbulence
models with experimental data. It was found that for the considered
flow and geometric conditions, the most robust and generally applica-
ble model is the k-¢ Realizable turbulence model. Its advantages may
be explained by its improved stability and better sensitivity to regions
of complex flow kinematics, which enables more accurate prediction
of expanding (fan-shaped and diffuser-type) holes.

Additionally, the model feasibility was verified for the 7-7-7 hole
configuration. For this type of hole, a preliminary analysis of the
influence of thermal barrier coating configurations on film cooling
effectiveness is presented. The proposed computational model could
be used for optimizing hole geometry and blowing conditions in gas
turbine blade cooling applications.

Keywords: film cooling, cooling efficiency, flat plate, numerical
modeling, turbulence model.
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This study investigates air flow characteristics and the tempera-
ture field in the combustion chamber, which are determined by the
geometry of the swirler. The task addressed is predetermined by the
fact that swirlers manufactured by conventional casting methods
with subsequent assembly are characterized by significant geometric
deviations of the flow-through elements. This leads to a dispersion
of air flow along the contours, a violation of the uniformity of the
fuel-air mixture and, as a result, to increased circular unevenness of
the temperature field at the outlet of the combustion chamber, which
reduces the resource and reliability of engine operation.

In this work, three-dimensional simulation of the swirler was
performed using the Unigraphics NX CAD system; a numerical CFD
analysis of processes in the combustion chamber was carried out.
Experimental studies on geometric deviations and air flow rates for
swirlers manufactured by the conventional casting method and the
additive method L-PBF (Laser Powder Bed Fusion) were conducted.
The geometric accuracy was assessed using a 3-D scanning method
with comparison with a digital model; the flow characteristics were
determined by bench tests during the purging of the air and fuel cir-
cuits, as well as during the combined operation of the circuits.

It was found that the swirlers manufactured using the L-PBF
method provide air flow stability within +1.5%, which is a better in-
dicator compared to cast analogs. That has made it possible to reduce
the circular unevenness of the combustion chamber temperature field
to 12.5-18.9% with an allowable value of no more than 21%.

The results confirm the feasibility of using additive technologies
for the manufacture of swirlers for combustion chambers in gas tur-
bine engines.

Keywords: additive technologies, L-PBF, swirler, combustion
chamber, gas turbine engine, CFD simulation.

References

1. Lefebvre, A. H., Ballal, D. R. (2010). Gas Turbine Combustion. CRC
Press. https://doi.org/10.1201/9781420086058

10.

11.

12.

13.

14.

16.

17.

18.

19.

. Turns, S. R. (2012). An Introduction to Combustion: Concepts and

Applications. McGraw-Hill, 736. Available at: https://www.academia.
edu/40886924/An_Introduction_To_Combustion_Concepts_And_
Applications_

. Poinsot, T., Veynante, D. (2005). Theoretical and Numerical Combus-

tion. R.T. Edwards, 540. Available at: https://www.researchgate.net/
publication/248068931_Theoretical_and_Numerical_Combustion

. Pitsch, H. (2006). Large-eddy simulation of turbulent combustion.

Annual Review of Fluid Mechanics, 38 (1), 453-482. https://doi.
org/10.1146/annurev.fluid.38.050304.092133

. Lieuwen, T. C., Yang, V. (2006). Combustion Instabilities In Gas Tur-

bine Engines. American Institute of Aeronautics and Astronautics.
https://doi.org/10.2514/4.866807

. Mattingly, J. D. (2002). Elements of Gas Turbine Propulsion. AIAA

Education Series, 945. Available at: https://soaneemrana.org/one-
webmedia/ELEMENTS%200F%20GAS%20TURBINE%20PROPUL-
TION2.pdf

. Frazier, W. E. (2014). Metal Additive Manufacturing: A Review. Jour-

nal of Materials Engineering and Performance, 23 (6), 1917-1928.
https://doi.org/10.1007/s11665-014-0958-z

. Herzog, D., Seyda, V., Wycisk, E., Emmelmann, C. (2016). Additive

manufacturing of metals. Acta Materialia, 117, 371-392. https://doi.
org/10.1016/j.actamat.2016.07.019

. Spierings, A. B., Herres, N., Levy, G. (2011). Influence of the particle

size distribution on surface quality and mechanical properties in AM
steel parts. Rapid Prototyping Journal, 17 (3), 195-202. https://doi.org/
10.1108/13552541111124770

Vodennikova, O. S., Koval, M. O., Vodennikov, S. A. (2021). Investi-
gation of Mechanical Properties and Structure of Inconel 718 Alloy
Obtained by Selective Laser Sintering from Powder Produced by
‘LPW’. Metallofizika I Noveishie Tekhnologii, 43 (7), 925-937. https://
doi.org/10.15407/mfint.43.07.0925

Launder, B. E., Spalding, D. B. (1972). Lectures in Mathematical Mod-
els of Turbulence. London: Academic Press, 169.

Burke, S. P., Schumann, T. E. W. (1928). Diffusion Flames. Indus-
trial & Engineering Chemistry, 20 (10), 998-1004. https://doi.org/
10.1021/ie50226a005

Pope, S. B. (1976). The probability approach to the modelling of turbu-
lent reacting flows. Combustion and Flame, 27, 299-312. https://doi.
0rg/10.1016/0010-2180(76)90035-3

Crowe, C. T. (1982). Review — Numerical Models for Dilute Gas-Par-
ticle Flows. Journal of Fluids Engineering, 104 (3), 297-303. https://
doi.org/10.1115/1.3241835

. van Leer, B. (1997). Towards the Ultimate Conservative Difference

Scheme. Journal of Computational Physics, 135 (2), 229-248. https://
doi.org/10.1006/jcph.1997.5704

Turbomeca uses metal additive manufacturing for helicopter engine
components. Available at: https://www.metal-am.com/turbomeca-us-
es-metal-additive-manufacturing-for-helicopter-engine-components/
Pedash, A. A., Klochykhin, V. V., Lysenko, N. A., Shilo, V. G., Kasay, P. A.
(2019). Influence of the powder manufacturing technique on the
structure and properties of the SLM-parts. Bulletin of Engine Build-
ing, 2, 31-39. Available at: https://www.google.com/url?sa=t&rct=-
j&gq=&esrc=s&source=web&cd=&ved=2ahUKEwjln6bLjo6 UAX-
WIoywIHHX86JYgQFnoECBYQAQ&url=https%3A%2F%2Fvd.zp.edu.
ua%2Farticle%2Fview%2F180255%2F180181&usg=AOvVaw1lkuOs-
1mY5xtbSOyCCDmrKp&opi=89978449

Klochikhin, V. V., Kasai, P. A., Naumyk, V. V. (2022). Structure and
Properties of Material of Samples, Cultivated by Selective Laser
Melting of In718 Alloy Powder after Hot Isostatic Pressing and Subse-
quent Heat Treatment. Casting Processes, 147 (1), 19-29. https://doi.
0rg/10.15407/plit2022.01.019

Klochikhin, V. V., Kasay, P. A., Balushok, K. B., Shilo, V. G.,
Naumyk, V. V. (2021). Study of the Material Quality of Samples



Obtained by Selective Laser Melting (SLM) Method from IN718 Alloy
Powder. Casting Processes, 144 (2), 12-22. https://doi.org/10.15407/
plit2021.02.012

20. WZ16/Ardiden 3C. ENGINES. Safran-Group JSC. Available at: https://
www.safran-group.com/products-services/ardiden-3c-first-jointly-de-

veloped-aero-engine-be-entirely-certified-china

21. Nozzles Ariane 6. Ariane-Group JSC. Available at: https://www.ari-
ane.group/en/space-transportation/ariane-6/

22. Hahn, J. (2020). Hyperganic uses Al to design 3D-printed rocket
engine. Available at: https://www.dezeen.com/2020/03/30/hypergan-
ic-ai-rocket-engine-3d-printed/

23. 3D printing a rocket engine. Available at: https://www.etmm-online.
com/3d-printing-arocket-engine-a-886960/

24. Giant Satellite Fuel Tank Sets New Record for 3-D Printed Space
Parts. Available at: https://news.lockheedmartin.com/2018-07-11-
Giant-Satellite-Fuel-Tank-Sets-New-Record-for-3-D-Printed-Space-
Parts#assets_115

25. Yadroitsev, 1., Yadroitsava, I., du Plessis, A., MacDonald, E. (2021).
Fundamentals of Laser Powder Bed Fusion of Metals. Elsevier, 654.
Available at: https://www.researchgate.net/publication/350007655_
Fundamentals_of Laser Powder_Bed_Fusion_of Metals

26. Kuts, D., Yefanov, V., Halienkova, O., Ovchynnykov, O., Tepla, T.,
Lemishka, 1., Mierzwinski, D. (2025). Additive technologies for man-
ufacturing swirlers of the combustion chamber of aircraft engines
from nickel superalloy powders. Archives of Materials Science and
Engineering. https://doi.org/10.5604/01.3001.0055.0368

DOI: 10.15587/1729-4061.2026.356920

STUDY OF THE REGULARITIES OF CENTERLINE
POROSITY FORMATION IN CONTINUOUSLY
CAST BILLETS DEPENDING ON CASTING
PARAMETERS (p. 105-114)

Yevhen Synehin
Ukrainian State University of Science and Technology, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0002-9983-3971

Volodymyr Ruban
Ukrainian State University of Science and Technology, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0002-6617-296X

Kostiantyn Niziaiev
Ukrainian State University of Science and Technology, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0002-9260-0964

Oleksandr Stoianov
Ukrainian State University of Science and Technology, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0002-7136-7403

Svitlana Zhuravlova
Ukrainian State University of Science and Technology, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0002-8519-5155

This study investigates the process that forms centerline porosity
in the axial zone of a continuously cast steel billet during its hard-
ening. The task addressed relates to the need to establish rational
parameters for the temperature-speed mode of casting to minimize
axial porosity, which is critical for increasing the density of the metal
and the quality of rolled products.

A comprehensive methodology for physical modeling of the hard-
ening process using stearin as a model substance has been devised.
Based on the analysis of similarity numbers (Biot, Fourier, Kosovych),
the exact scales of modeling were established: by time - 1.854, by
linear dimensions — 0.1778, by heat transfer coefficient - 0.04639.
It was determined that for an adequate simulation of the forma-
tion of the bloom blank, the closing angle of the liquid core varies
within 2.3-6°. Quantitative parameters of the experiment on the

model were established: overheating of the melt in the range of
1.8-4.2°C, which corresponds to 15-35°C for steel.

The resulting data are explained by the laws of convection
heat transfer and phase transition. The angle of inclination of the
crystallization front and the intensity of heat removal determine
the moment of formation of "bridges” and interceptions in the ther-
mal center, which directly defines the morphology and volume of
shrinkage pores.

Unlike conventional mathematical modeling, the proposed ap-
proach provides high visual reliability of defect formation due to the
use of the m-theorem for the selection of physical parameters. This
makes it possible to investigate critical system states without the risk
of emergencies in industrial settings.

The research results could be used for implementation at metal-
lurgical enterprises in the design and optimization of billet cooling
modes on a continuous billet casting machine (CCM), which will
ensure an increase in the yield of suitable metal.

Keywords: continuous billet, centerline porosity, physical mod-
eling, similarity numbers, temperature-speed regime, stearin.
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The paper studies the influence of flexographic printing speed
on the manifestation of the bouncing effect and imprint quality
indicators. Printing was carried out on an Optima 2 flexographic
machine (Soma Engineering, Czech Republic) on a white poly-
propylene film with a thickness of 20 um. The study was carried

out using a test printing form containing solid fills, raster areas
(25%, 50%, 75%), linear elements and gradients. The geometric pa-
rameters of the lines were analyzed using an electron microscope.
Spectrodensitometric studies of optical density and dot gain (TVI)
in three zones across the width of the web were also conducted.
The appearance of vibration defects in the form of banding and
doubling of elements was observed at printing speeds of more
than 400 m/min. It was found that with an increase in printing
speed from 100 to 600 m/min, the TVI value decreases on average
by 15-25% depending on the tone.

Based on the results obtained, second-order regression models
were constructed that describe the dependence of TVI on printing
speed and position on the web. Based on these models, the correspond-
ing response surfaces were synthesized and analyzed. For a tone of 75%,
a pronounced nonlinear nature of the process is observed (R? = 0.93),
for 50% — moderate nonlinearity (R* = 0.88), for 25% — almost linear
dependence (R? = 0.81). The adequacy of the models was confirmed by
the Fisher criterion, and the homogeneity of the experimental data - by
the Cochran criterion.

It was found that the position on the web is a significant factor
determining the distribution of TVI, which indicates the spatial het-
erogeneity of the printing process. The results obtained can be used
to optimize high-speed flexographic printing modes and reduce vibra-
tion defects during the manufacture of packaging products.

Keywords: high-speed flexographic machines, vibration effects,
imprints, tone value increment (TVI).
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BU3HAYEHHS BIUIUBY TOBXXVHU CTBOJIA HA BAJIICTUYHI IIOKA3HUKH MUCJIUBCHKUX HABOIB (c. 6-12)

B. A. Toxy®6, C. II. Bicuk, I. A. ToxyG6, I. M. 303ysieBuy, O. M. Kynipinenko, JI. C. laBumosceskuii, C. I. CejoB, O. M. ApictapxoB

OG6’€KTOM OCITiZPKEHHS € MUCJIMBChKA PYIIHUIIS 3 BapiaTHBHOIO JJOBXKMHOIO CTBOJIA. J{OCTiZPKyBaIach IpobJieMa, ITOB’13aHa 3 BU3HAUeH-
HAM 6aTiCTUIHUX TOKa3HUKIB MUCIMBCHKUX HA0O0IB 3a pi3HOI JOBKUHU CTBOJIA.

BusHaueHo cTaH/apTHE BiXWJICHHS PO3MO/iUTy ApoOy Ha MillleHi Ta IJIOIA YPaKeHHs MUCIMBCBKUMU HaO0OSMU B 3aJISKHOCTI Bif J10B-
JKMHHU CTBOJIa MUCJIMBCHKOI PYLTHUIT. BIJIMB ZOBKWHU CTBOJIA Ha GaJIiCTUYHI XapaKTepPUCTHKYA MUCIHUBCHKIX HAGOIB {OCTIZPKYBABCS IIUISIXOM
TIPOBE/ICHHsI 6araTo(haKTOPHOTO eKCIIEPUMEHTY, o6Y/[0BaHOTO 32 D-0oNTUMaIbHUM IIJIaHOM Bokca-BeHkeHa.

V pesysbrati IPOBE/IEHHS eKCIIepUMEHTaIbHUX JOCII/PKEHb Oy/I0 BCTAHOBJIEHO, 1[0 MAaKCUMaJIbHe 3HAYeHHSI CTAaHAPTHOTO Bi/[XWJIEHHS
po3noziny ApoOy Ha piBHI 21 cM Mae MicIie IpU JOBXKUHI cTBosia 150 MM Ta Maci po6oBoro 3apsiy 36 I. IIpu oMy 3apsifi IOpOXy He MaB
CYTTEBOTO BIIMBY Ha CTaHJJapTHE BiIXMJICHHS PO3NOALTY Jpo0y Ha MinreHi. CTaHZapTHE BiAXUJICHHS PO3NO/UTY P00y Mae MaKCUMaJsIbHi 3Ha-
YEeHHd y BUIIa/[Ky KOJI TOPOXOBUH 3aps/; MaKCUMaIbHUH, a Maca ipoby MiHiMasbHa. [110111a ypaykeHHs MOZIeTI0BAsIACs HIJITXOM 301/IbIIeHHS
TOYKM MTPOOGHUTTS HA MillIeHi /{0 po3MipiB CyMapHOTO €KBiBaJIEHTHOTO JliaMeTpy Hal6Gi/IbII BPa3/IMBHUX eJIEMEHTIB O€3ITi/IOTHUX JIITAIPHUX ama-
pariB (BriJIA) i3 FPV (First-Person View) misoryBanssM. Ha milleHi i3 ekBiBaJleHTHUM /iiaMeTpoM 8 CM ILJIOIA ypayKeHHSI Ma€ MaKCUMaJIbHE
3HAYEeHHs Ha piBHi 1,2 M? TIpM JOBXMHI CTBOJIa 150 MM, Maci TIOpOXOBOTO 3apsiy 2,28 T' Ta Maci Apo6GOBOTo 3apsiAy 54 . 3MEHIIEHHs. Mach
JIpOGOBOTO 3apsily Ta MacH ITOPOXOBOTO 3apsiAy IPU3BOJUTH A0 3MEHIIEHHS TUIONI YPaKeHHs IIpU Oy/b-sIKiil JOBXKHUHI CTBOJIA.

[TpakTHyHe 3HAYEHHS PE3YJIbTATiB JOCIIPKEHD TIOJIATa€ B TOMY, 10 BOHU MOXYTh OYTH BUKOPHCTaHi [/Isi yOCKOHAJIeHHsI HaboIB Ta
iHAMBiyaspHEX 3ac06iB ypaxxeHHs BJIA i3 FPV misoryBarHsaM. KpiM Toro, iX MOXKJIMBO 3aCTOCYBaTH B aBTOMAaTHYHUX CHCTEMaXx 3aXHCTY,
TIEPCIIEKTHBHUX JIJIs1 BCTAHOBJICHHS Ha 60MOBUX MalllMHAX.

KUrro4oBi coBa: MUCIMBChKA PYIIHUISA, TOPOXOBUI 3apsiji, CTaHAAPTHE BiIXMJIEHHS, TUIOIIA YPa)kKeHHsI, MOZIeJTb PO3CiIOBaHHSI.
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OINIHKA TPUMKOCTI ) KOPCTKHMX OXOPOHHHUX CIIOPY/I IIIATOTOBYMNX BUPOBOK HA OCHOBI AHAJII3Y
EHEPTETUYHHX IIOKA3SHUKIB IEOOPMYBAHH/I (c. 13-24)

. A. Yerrira, JI. JI. BauypiH, C. B. Ilogxonaes, [I. B. ITouiii, O. O. BicuH, €. C. Iloaxomnaes, I. A. Tepacumuyk, f. II. Bauypina

O6’exToM JocmimpKeHHs Oynu fedopMariiiiHi mporjecu B 0XOPOHHUX CIOPYZAAX AJIsI MiATOTOBUYMUX BUPOOOK, MiATPUMYBaHUX [103/Ly OUKC-
HOTO BH0OIO Ha BUIMKOBUX JIJISTHKAX BYT'JIBHUX LIAXT, 110 BiZIIIPaIibOBYIOTh TOHKI IJIaCTH. BupimryBaace mpo6siema 3a6e31edeHHs CTiiKoCTi
MiZATOTOBYMX BUPOOOK Ha BUIMKOBUX JIUIAHKAX BYTUIBHUX LIAXT IIJISXOM Mi/IBUIEHHS TPUMKOCTI OXOPOHHUX CIIOPYZ, /IS 3ar1o6iraHHs 06-
BaJICHb ITOKPIBJIi Ta CTBOPeHHs Ge3MeYHNX yMOB Iparli. IIopiBHsIbHA OIfiHKA 37ilICHIOBaIIACcS Ha OCHOBI aHAJIi3y €eHePreTUYHNX ITOKA3HUKIB
nedopmyBaHHs. JlociipkeHHsT 6a3yBaancs Ha BUKOPUCTaHHI MoJiesieid, 1[0 BiATBOPIOBAIM POGOTY JINTUX CMYT, OETOHHUX OJIOKIB Ta KOMOi-
HOBAHMX KOHCTPYKIIiii i3 6JIOKIB 3 /ilepeB’THUMHU MTpOKIafKaMy. IIpy BUIIPOOGYyBaHHSX Ha OJHOBICHE CTHCHEHHs BU3HAa4YeHO JedopMariiitHuit
pecypc KOXKHOTO BUJY CIIODY/], BCTAHOBJIEHO KPUTHUYHI 3Ha4eHHs BiIHOCHOI JiedpopMariii, 3a IKUMU Bi/j0yBaeThCcs BTpaTa (QPyHKIIIOHAIBHOI
TIPUAATHOCTI KOHCTPYKIIi{l. BUKOPHCTaHHS €HePTeTUUHOTO ITiIXO/Y Z03BOIMJIO KiJIbKICHO OIL[iHUTH MEXXy CTIiHKOCTi Ta IIPOrHO3yBaTU MOMEHT
pyliHyBaHHS cropyfu. ExcliepiMeHTaJbHUM ILISXOM BHU3HAUE€HO, II0 B YMOBaX OJHOBICHOIO CTHCHEHHS JKOPCTKI OXOPOHHI CIOPYAU [0
10YATKy ITPOIIECiB PyHHYBaHHS IIPAIIOI0Th B PeXXKUMI 3pocTaiouoro onopy. IIpu 1ipoMy JiisiHKa JiHIHHO-TIpYXHOI fedopmariii koMGiHOBaHOT
criopyzu Ha 33% Ginblire, HDK y offHOpiHOT KOHCTPYKI|i (iHiljiamis pyiiHyBaHHS BifOyBaeThcs Ipu 3Ha4eHHI 4, = 0.103 Ta 4, = 0.075-0.08 Bif-
IIOBi/{HO), 1110 3yMOBJIIOE Mi3HilIMIT Mlepexif o BTpaTu TpUMKOCTi. HassBHICTb 0OMEXEHO MiIATIMBUX eJIEMEHTIB Y HKOPCTKUX KOHCTPYKIIisIX
CITpUSiE TIepepO3MO/AiTY HAIPyXKeHb Ta IiIBUIIYe iX JedopMariiiHuil pecypc.

3arponoHOBaHO €HEePreTHYHMH IiIXi/ 10 aHaIi3y B3aeEMOfil OXOPOHHMX KOHCTPYKIiil 3 IIOPOAHUM MAacHBOM, IO 6a3yeThCsl HA BUKO-
pHUCTaHHI TUTOMO] MOTeHIiaIbHOI eHepril Ta i1 CKJ1a/0BUX, AKi XapaKTepU3yIOTh ITPOLIeCU aKyMy/IIOBaHHs i Aucumnarlii eHeprii. IIpaktuune
3HA4YeHHs] POOOTH IIOJISITA€E B MOXKJIMBOCTI 3aCTOCYBaHHSI OTPUMAHMX PE3YJIbTaTiB JIsl OOTPYHTYBAaHHS ITapaMeTpiB OXOPOHHUX CHOPY/ ITPH
MiZATPUMAaHHI HiJrOTOBYNX BUPOOGOK Ha BUIMKOBUX JJUISTHKAX BYTLIBHMX IIAXT, 10 BiANPAIibOBYIOTh TOHKI IIJIACTH TOBIIMHOO JI0 1.2 M.

KorrouoBi cioBa: miiTpuMaHHsI BUPOOOK, TPUMKICTh, OXOPOHHI CITOPY/H, TYCTHHA eHeprii gedopmarii, 6e3reka mpari.
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OBTPYHTYBAHHSA KOHCTPYKIIII OBJIAZHAHHS JIJIA MIZATOTOBKHU IO TPACIIOPTYBAHHS ITPOAYKIIII POJOBUII]
HA®TH I TA3Y (c. 25-34)

T. M. HecrepeHko, 1. I. Hazapenko, M. M. HecrepeHko, O. O. IlleBueHko, A. A. XinkHsK, I. M. BepHuk, A. M. OHHUILIEHKO,
P. B. Mo1IKiBChKHIA

OG6’eKTOM JIOCJIi/[PKEHHS € TIPOLIECH Celtapallii ra30pi/[MHHNX MOTOKIB i OUMIEHHS IJTACTOBOI BOAY B 00JIaJHAHHI YCTAHOBOK ITiATOTOBKHU
TIpoAyKIil pogoBuIl HaTH i razy.

Ha mi3Hiii crazii po3pobku pomoBHIl eheKTUBHICTD Cerapariil 3aJIeXKUTh Bifi 3AATHOCTI 06/IaiHAHHS ITPAIfIOBaTH B yMOBaX 00BOJHEHOCTI,
301IBIIEHHST BMIiCTY MEXaHI{UHUX JJOMIIIIOK i 3HIDKEHHS IIJIACTOBOT'O THCKY. 3a TAaKMX YMOB KJIACHYHE cerapaljiiiHe 06J1a/{HaHHS He 3a6e31edye
HeoOXiTHOT SIKOCTi PO3ZiIeHHST BYIJIEBOAHIB i1 OUHMIIEHHS IUIACTOBOI BOAM. BupimryBasacs mpo6yeMa IJIIXOM YZIOCKOHAJIEHHSI BHYTPIIIHIX
KOHCTPYKTHBHUX €JIEMEHTIB TPU(a3HOTro cernapaTopa Ta IUKJIOHA YCTAHOBKY Ii/ITOTOBKY BYIVIEBOAHIB. [ifpaBiiuHi BrpaT 6ysin B MeKax
JIOITYCTUMUX 3Ha4€Hb i BTOpMHHE BUHECEHHs Kparlesb y Ta30BUi MOTik He Bif6yBasocs. lle mifTBep/pKyBaocs pesyabTaTaMy TepMO/IMHA-
miyHOro i CFD-MOzieTIoBaHHs. Y I[bOMY € OCOGJIMBICTD MMi/IXO/y y TIOPiBHSIHHI 3 iCHYIOYMMH AOCTiPKEHHSMH, B IKUX JOCII/PKEHHS HOBUX



KOHCTPYKTHUBHHUX DillleHb KOMILIEKCHO He IPOBOAWUINCS. [IMTaHHSA ri[paBlivHUX BTpAT i BTOPUHHOIO BUHECEHHS KpaIlesib Y ra30BUii MOTIK
3aJIMLIAJIICS BIIKPUTUMU. 3aIIPOIIOHOBAHI B pOGOTI KOHCTPYKTUBHI pillleHHs BITMHY/IN Ha e(heKTUBHICTD cenaparlii — 36i1bInBCs 06Csr Bii-
6GpaHOro KOH/IEHCATy, a CyMapHi TifipaBiiuni BTpaTu He nepeBunuau 0,037 MIla. /loBesieHO, 1110 HOBi KOHCTPYKLiHI pillleHHs cermapariitHux
€JIeMEeHTiB 3a6e3IeuyIoTh OiIbI pIBHOMIPHUI PO3IIOALT MIBUKOCTEH Ta (hOPMYIOTH JIOKAJIbHI 30HH 31 3HIKEHUMH MBUAKOCTAMU. OTpUMaHi
Ppe3y/IbTaTH MOsICHIOIOTBCS 3MiHOKO CTPYKTYPU MOTOKY, 3pPOCTaHHAM iHepIifiHOro OcaziPKeHHs KparieJib i SMeHIIeHHSIM MaJIopyXOMUX 30H Y IIpoO-
TOYHIN YaCTHHI cermapaniifHux eJleMeHTiB. IIpaKTHYHe BUKOPHUCTAHHS Pe3Y/IbTATiB MOXKJIMBE ITPU PEKOHCTPYKIIii yCTAHOBOK ITiATOTOBKY Ha()TH
i rasy, MpoeKTyBaHHi BHYTPIIlIHIX cernapaiiliHuX eJleMeHTiB if BUOOPi KOHCTPYKTMBHUX PillleHb I[UKJIOHIB /I OYMIIEHHH IIJIaCTOBOI BOAU.

KurrouoBi coBa: HadTOrasoBi pojjoBHUINA, TPAaHCIIOPTYBAHHS BYIVIEBOAHIB, MiZAFOTOBKA BYIVIEBOAHIB, IJIACTOBA BOZQA, TePMOAMHAMIUHE
MO/IeTIOBaHHS.
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PO3POBKA CIIOCOBY KOHCTPYIOBAHHSI TPYBYACTHX IIOBEPXOHbB, BUTHECEHHX 10 KOOPIMHATHOI CITKH
I3 JITHIN KPUBHUHH (c. 35-41)

A. B. HecBigomin, C. ®. ITrmumnaka, T. M. Boiina, B. M. HecBigomisn, O. O. Conapsos, T. II. Bosomiko, T. C. ITrumaka,
JI. T. CaBueHKko, O. C. CaBueHko, I. O. 3axaposa

OG6’eKTOM JIOC/TiIPKEHHs € KOHCTPYIOBaHHs TPyO4acTHX ITOBEPXOHB i3 IPOCTOPOBOIO BiCCIO YKOCY, BifIHECEHUX 10 KOOPAMHATHOI CiTKU i3
JiHiA kpuBUHU. Taki MOBEpXHi MalOTh HU3KY MaTEMaTUYHUX IIepeBar MOPiBHAHO 3 MOBEPXHSAMM, OIIMCAHUMU JOBIIBHUMHU KOOPAUHATHUMU
citkamu. Y gudepeHIiaabHiil reoMeTpil Ije Mae TeOpeTUYHE OOI'PYHTYBAHHS i NMPUIKJIAJHY LiHHICTb. Lle BUMIMBaAE 3 0cOOIUBOI poti JiHil
KPUBHUHU SIK T€OMETPUIHO IIPUBiLIE0BAaHNX HAIIPSIMIB Ha ITOBEPXHi i3 MiHIMaTbHUMU | MAKCUMaTbHUMU KPUBUHAMU.

1106 mapaMeTpr3yBaTH TPyGUACTY ITOBEPXHIO TAKUM YMHOM, IIOTPi6HO, 11106 JOBXKIMHA 11 0Ci OIMcyBaIacs aHaTiTHYHUMH 3aJIeKHOCTSIMU
B KiHIIeBOMY BUIVIsIZI. 3a3BHUYail JOBKMHA IPOCTOPOBUX KPUBUX BU3HAUAETHCSI YMCEIbHNUM iHTETpyBaHHSIM. Bifjoma rpyma IaoCKHUX KpUBHUX,
SIKi OITMCYIOTBCS TAPAMETPUYHUMU PiBHIHHAMU y (DYHKIIIT JOBKUHU JAYTH i /17151 IKUX TaKol IIpo6JieMH He icHye. B po6oTi 3a11portoHOBaHO Taki
KpUBi IpUiiMaTy 32 FOPU30HTAIBHY IIPOEKIIiI0 IIPOCTOPOBOI KPUBOI. A IIPOCTOPOBY KPHBY KOHCTPYIOBATH SIK KPHBY YKOCY 3i CTaJIMM KyTOM ITiJi-
oMy 110 Bi/JHOIIEHHIO /{0 TOPU30HTAIBHOI IUToImUHY. ToZi IMpocTOpoBa KPUBA, /10 PiBHAHB SIKOI BXOAUTH KyT MifiiioMy, Oyzie orucaHa y QyHKIil
JIOBKUHU Jyrd. [i BAKOPUCTAHHS B POJIi OCi TpyGUacTOi TOBEPXHi 03BOJISIE BiHECTU OCTAHHIO 10 CiMel KOOpAWUHATHUX JIiHil KPUBMHU.

B po60Ti ropu30HTaIBHOI IIPOEKIIi€I0 OCi TpyOUIacTol MOBepXHi € jorapudmivaa cripaab. OTpuMaHO IapaMeTpUYHi piBHIHHS TpyO4acTol
TTOBEPXHi B aHAIITHYHOMY BUT/IsAA]. [To6y0BaHO MTOBEPXHIO 3 KYTOM TijifioMy oci £ = 10° i pasiiycoM TBipHOTO KoJia p = 15 JIHITHUX OAWHUI.
JloBe/ieHO OPTOTOHAIBHICT OTPUMAHOI KOOPAMHATHOI CITKM 4Yepe3 aHasli3 KoediieHTiB nepiiol kBaspaTtuuHoi popmu (F = 0), 110 miaTBep-
JDKye BifIHECEHHsI TIOBEPXHI /10 JIiHi# KpuBUHMU. 1 F03BOJIsA€ MABUIUTH TOYHICTh PO3PaXyHKiB HAIIPy>keHO-Ae()OPMOBAHOTO CTaHY 060TI0HOK
y MamMHOGYyBaHHi Ta aBiakocMiuHiil TexHilli 3 oZiHOYACHOI0 MiHiMi3alli€l0 0GUNUCIIIOBAIBHUX BUTPAT.

KorrouoBi ciroBa: siHii KpUBUHH, KpHBa YKOCY, JOBXKUHA AYTH, TPUTpaHHUK PpeHe, OpTOroHaIbHA CiTKa.
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EPTOHOMIYHA OIITHUMI3AIISA PYYHOI'O KOJIICHOTI'O 3HAPAAAA A1 BOPO3SHYBAHHS (IMRS) I3 3ACTOCYBAHHAM
METO/I0JIOT'TH ITIPOEKTYBAHHSA, OPIEHTOBAHUX HA KOPMCTYBAYA: IOCJIIJIXDKEHHS HA IIPUKJIAAI CIMEMHOTI'O
OEPMEPCTBA B IIEPY (c. 42-56)

Cesar Augusto Castillo Roque, Wendy Carolina Yupanqui Leon, Trunks Giorgio Vasquez Llave, Jose Canazas Rodriguez,
Yuri Lester Silva Vidal, Jose Fernando Garate Delgado

OG6’eKTOM JOCTiZPKEHHSI € PyYHMIt KosticHUiT 60po3HUK (IMRS) — iHCTpYMEHT, 110 IIPUBOAUTBCS B /110 MYCKYJIBHOIO CUJIOIO, SIKMI BUKO-
PHCTOBYIOTH [IpiGHI (hepmepu B paiioHi Tiabas (Apekimna, Ilepy) a1 hopMyBaHHS G0PO3€H Ta MiAropTaHHs IUOY/I Ta YACHUKY 3 iHTepBaIoM
45 cM; 3a 10-12-roMHHY 3MiHYy 06p00JIseThCs 10 227 60po3eH Ha AtsHLi. HeaMiHHA BUCOTAa pydKM 3MyIlye BUCOKUX JIIOJiel TPUBAIUIl yac
3TUHATU TY/IyO i pO3THMHATH 3aIT sICTS, TOZi SIK HIDKUYi KOPUCTYBadi KOMIIEHCYIOTh Ha/IMipHE HaBaHTQXKEHHS Ha PyKH, 1[0 CTPYKTYPHO BUKJIIOYAE
JKIHOK, JUIs SIKUX BHUCOTAa PYYKU € HEBi/IMOBiHOI0. By/io 3aCTOCOBAaHO YOTHPHU MiAXoAW: «/IM3aifH-MUC/IeHH» Ta «Po3ropTaHHs (DYHKIH KO-
cri» (QFD) jy1s1 epeTBopeHHs ToTpe6 (epMepiB y kiIto4uoBi imxeHepHi 1ii; VDI 2221/2225 Aj1st OLiHKY aJbTePHATUB; PiBHAHHS Makkica Ta
A 17151 MOJI@JTIOBaHHS OTIOPY I'PYHTY B CYITiCKaX, IO 3ycTpidatoThes B Tiabai; Ta nudposi mogesi mogunan B CATIA V5 aist 6iomexaHivHOI Ba-
Jliflanii Ha 5-My NMPOIEHTUJI /1A KiHOK Ta 95-My /IS YOJIOBiKiB Iepe/] CTBOPEeHHAM (i3HUIHOT0 MPOTOTHUITY. YIOCKOHAIeHa KOHCTPYKIIisl BKJIIO-
4Jae pamy 3 Tpy6 ©@2" SCH10 i3 mMBUAKUM PEryIIoBaHHIM BUCOTH Bif 900 70 1200 MM 3a mpiopureramu QFD, xoseco 3i cimmsamu @600 M,
60po3HI0BaY i3 TepMo06Gpo6IeHol cTasti AISI 1045 Ta py4xu 3i crasi AISI 304, 3HIDKYIOYH 3ycHsuIst Ha 8%. Bijbllle Kosteco po3IOfiIse CHILY
Bi/l I'PyHTY Ha Gi/bIIiil TUIOII KOHTAKTY, [0 3MEHIIIye OIip Mpu pyci, Ak 3a3HauaroTh McKyes Ta Ali. HamamryBaHHs BUCOTH yCyBae MO3MILiT
Tila, sIKi OTPUMYIOTH OLiHKY 5 3a Rapid Upper Limb Assessment (RULA), 3HIDKY!04H 1i 710 4 /1711 KOPUCTYBAYiB 3 KpaifHIMU ITapaMeTpaMu.
He3Ba)kaloyM Ha Te 10 BapTiCTh TeXHIYHOro 3acofy BULIA (MpUOGIM3HO 680 coseil y opiBHAHHI 3 300-400), CTPOK ciy»6H Giiblie 12 pokiB
3a6e3redye MOBePHEHHs iHBECTHIIiH 3a 3—4 poku, BiAnoBigHO mo Llineit crasoro po3sutky (LICP) 2, 5 Ta 8.

Kurrouogi cyioBa: 60p0o3HIOBaJIbHUN iHCTPYMEHT, IIBH/IKA OLIiHKA BEPXHIX KiHI[iBOK, po3ropTaHHs (DyHKIii KOCTi, I poBe MOJie/II0BaH-
H JIFOJIUHH, JIpi6HE CiTbChbKe rOCIIOAAPCTBO, KyCTapHe BUPOOHUIITBO.
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BU3HAYEHHS POBOTU MEXAHIYHOTI'O JIOIIOBHIOIOYOTO 3ATTIOBI)KHOI'O TAJIBMA B YMOBAX I'IJIPABJITYHOT
BIAMOBH: EKCIIEPUMEHTAJIBHA OIIIHKA ITPU BUTOKY PIJUHMU (c. 57-65)

Rolan Siregar, Asyari, Suzuki Syofian

OG6’eKTOM JIOCTi/PKEHHS € TifipaBJiuHa rajibMiBHA CHCTEMa Ba)KKUX TPaHCIIOPTHUX 3ac00iB B yMOBaxX IPOI'PECYIOUOr0 BUTOKY TaJibMiB-
HOI piiHN, 3 0COGIMBUM aKIIEHTOM Ha Ti BIUTMB Ha TaJIbMiBHY e()eKTHBHICTh Ta MOBEiHKY ITPU BifMOBax. Po3mIsHyTa ITpobiemMa ToJIsrae




B BTPATi TaJIbMiBHOI €(heKTHUBHOCT] Yepe3 BiZIMOBY Ti/[paBIiYHUX raIbM, CIPUYNHEHY BUTOKOM PiJJTHU, 10 3HIDKYE Ti/[paBIiYHUI THUCK i MOXKe
TIPU3BECTH [I0 TIOBHOI BiZIMOBM r'aJibM.

VY 1poMy OCJTiPKEHHI TPeACTaBAeHO KOHCTPYKIIiI0 Ta eKCIIepUMeHTAaIbHUN aHaJIi3 He3aIe)KHOT0 MeXaHi{YHOTO0 BTOPUHHOIO 3aI10-
6i>KHOrO rajibMa Ha OCHOBI KOJIICHOTO 3aTHCKa4a /I TaJbMiBHUX CHCTEM BA)XKKHUX TPAHCIOPTHUX 3ac0o6iB. ExcrieprMeHTa IbHA OLliHKA
Gys1a IIpoBeZieHa 3 BUKOPUCTAHHSAM 00€pTOBOrO BUIIPOOYBaJbHOTO CTEH/Y 3a Pi3HUX YMOB HaBaHTa)XeHHd. Pe3ybTaTh 1MoKas3yroTh, 110
Bi/[MOBa TaJbM CHJIBHO 3aJIE)KUTH Bifi HABaHTa)XeHHs. IIpy HM3bKOMY HaBaHTakeHHi (5 I'I]) MoBHA BigMOBa Bi/OyBAa€THCS IIPU BUTO-
Ky Ipu6ar3HO 70 MJI Ta THUCKY 5 6ap, TOAL SIK IIpU BUCOKOMY HaBaHTa)keHHi (50 I'l) BizMoBa BifbGyBaeThbCs JIMIIe IIPU 25 MJI Ta TUCKY
9,3 6ap, 110 BKa3ye Ha ITi/[BUI[eHYy YyTJIUBIiCTh /0 BUTOKIB. Taka IMoBe/iHKa TOSICHIOETHCS BTPATOIO TiZIPaBJIidHOI PiIUHU Ta CTUCINUBICTIO
TOBITps, IO OTPANMIIO B TaJIbMiBHUI KOHTYD, 1[0 3aI100irae JOCATHEHHIO TUCKY MaKCUMAJIbHOTO PiBHS Ta 3MEHIIye e(eKTHUBHY Iiepe-
naqy 3ycusuisi. [Ipu moBHIH rigpaBsidHiil BifMOBI BTOpHHHE 3a11061)KHE raJbMo 3/jaTHe 3yIIMHUTH 00epTaHHS KoJjieca 3a BCiX BUIIPOOY-
BaHUX YMOB; OZIHAK, 4ac 3y[IMHKH JOBIINMH, cATaI04YHU 6,5 ¢ IOPiBHAHO 3 1,4-2,9 ¢ y1s1 OCHOBHOTrO rajbma. Ili pe3ysibTaTu eMOHCTPYIOTb,
110 3aIIPOIIOHOBAHA CHCTeMa 3a6e3Ieuye IMOBHICTIO He3a/IeXKHHUI 6e3BiIMOBHUN raJIbMiBHUI MeXaHi3M, 34aTHUH MiATPUMYBATH QyHK-
[i0HAJBHICTh TATBMYBaHHSA Yy Pa3i BiAMOBM OCHOBHOI CHCTEMH, TUM CAMHUM BHUPIIIyI09H IpobaeMy BTpaTH edeKTUBHOCTI raIbMyBaHHS
B YMOBax rizipasiyHoi BiiMoBu. Cucrema Moxke OyTH 3aCTOCOBAHA B IaJbMiBHUX CUCTEMaX BaXKKUX TPAHCIIOPTHHUX 3aCO0iB K pillleHHs
JUIsT 3MEHIIEHHSI pU3UKIB y CI[€HapisiX BiZAMOBH, 0COGJMBO B yMOBaX eKCILIyaTallil 3 BUCOKMM HaBaHTA)KEHHSIM, 3 ITOTEHIiaJoM JJIst
IIO/JAJIBIIOTO PO3BUTKY, EKCIIEPUMEHTAIBHOIO BJOCKOHAJICHHS Ta BIIPOBA/PKEHHS B PeaJbHUX TPAHCIIOPTHUX 3ac00aX, BKJIIOYAIOYH iH-
Terpaniro 3i CTpaTeriiMu akTUBaIlil.

KurrouoBi coBa: BTOpHHHE 3a11061KHe rajJbMo, BUTIK, Yac 3yIIMHKH, TTOPIT THCKY, 30HA BiMOBH.
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IMIABUINEHHA IIOKASHHKIB EOEKTHUBHOCTI TA SHM>KEHHA BUKH/IIB CO, IIJIAXOM 3ACTOCYBAHHA TOBABOK
BO/ZIHIO TA METAHY O BEH3HHA B IBUT'VHI 3 ICKPOBHM 3AITIAJTFOBAHHSIM (c. 66-77)

A. II. Mapyenko, M. T. MineHKo

OG6’eKTOM JIOCJTiIPKEHHsI € poO04Hit mpoliec 6eH3MHOBOrO ABUTYHA 447,6/6,6 TIpM BUKOPHCTaHHI 106aBOK BOAHIO Ta METaHy /IO MaJINBa.
IIpo6ema, 110 BUpilllyBaIacs, OJIATA€E Y BifICyTHOCTI €JUHOTO METOL0JI0TiYHOr0 MiZIXOAY [0 OPiBHSUIBHOI KiIbKiCHOI OLIiIHKY BIUIMBY Pi3HUX
ra30BUX 06aBOK Ha IapaMeTpy 3TOPsIHHS, TOKa3HUKH epeKTUBHOCTI Ta BUKUAU CO,. SIK HACTIi/IOK, BUHUKAE YCKIAJHEHHSI 00T PyHTOBAHOTO
BHOOPY ONTUMAIbHOTO KOMITOHEHTA /IS TTiIBUIEHHS eHeproe)eKTUBHOCTI Ta 3HIDKEHHS BYIVIEIIEBOTO CJTifTy iCHYIOYOTO ITapKy 6EH3MHOBHX
JIBUTYHIB.

¥V po6orTi ficTasy MoAaIBIIOr0 PO3BUTKY HaIliBEMITipUYHI 3aJIeKHOCTI /IJI1 BU3HAUYEHHS ITapaMeTpiB Moziesti Bibe mpu /joflaBaHHI MeTaHy
710 6eH3MHY, 5IKi 6a3yl0ThCsl Ha MacIITaOyBaHHI yepe3 CITiBBiHOIIEHHS JJaMiHAPHUX MIBUJKOCTEH TOIyM’st. 3a pe3ysibTaTaMyi MaTeMaTUYHO-
IO MOJIEJTFOBAaHHSI BCTAHOBJIEHO, 1110 IIpY J0JaBaHHi 10% BOAHIO MOKa3HUK JAUHAMIKM 3TOPSIHHS M 3MEHILIYeThcd Ha 32,4-38,7%, TpUBAJICTh
3TOPSIHHS ¢, CKOPOYYEThCS Ha 26,1-28,2%. Bu3Ha4eHo, 10 mUTOMa e(eKTHUBHA BUTpATa MaMBa 3HIDKYEThCS Ha 13,9-14,3%, edeKTUBHUIT
koedinieHT kopucHoi aii (KK/I) 3poctae Ha 0,5-1,8%, a 06’eMHa yactka CO, 3MeH1IyeThest Ha 14,1%. Ilpu fogaBaHHI MeTaHy /10 10% mapaMeTp
JMHAMIKU m 3pocTae Ha 3,2-3,9%, Ta, BifITIOBIJHO, TPUBAJIiCTh 3TOPSTHHS ¢, 301/IbIIyeThCA Ha 2,4-2,6%, ITPU IIbOMY ITUTOMA BUTpPaTa 3HIDKYETh-
cs Ha 2,3-4,8%, epexruBHuii KK/l 3pocrae Ha 1,4-3,7%, Takox criocrepiraetbcs 3HMKeHHs CO,, AKe CTaHOBUTD 11,7%.

Br3HauaJIbHOIO OCOOJIMBICTIO € KUIBKICHI pe3y/IbTaTH BIUIMBY IPH OZHAKOBIiH vactii mo6aBku (10%), BiAIOBIZHO 0 SIKMX, BOJEHD 3a-
6e3rneuye B 1,2 pasu Giybine 3HKeHHsT CO, IMOPiBHSHO 3 METaHOM, ajle OJJHOYACHO CIIOCTEPIiraeThCs MOKPAIeHH] ITaJTMBHOI e()eKTUBHOCTI.
OTpuMaHi pe3y/lbTaTy /I03BOJISIIOTh OOIPYHTOBAHO OOUPATH THUII JOOGABKH JIJIsT KOMILJIEKCHOT'O MifIBUIEHHS e()eKTUBHOCTI Ta €KOJIOTiYHOCTI
a60 roMipHoOI iekap6oHi3ariii 3 MiHIMaJIbHOI MOJIEpHi3aIlielo BUTYHA.

Kurrouogi coBa: 06aBKa BOJIHIO, /J00aBKa MeTaHy, Mo/ieJib Bibe, mapameTpy 3ropsiHHS, AeKapOoHi3alisi TpaHCIIOPTY.
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PO3POBKA BAJIIZIOBAHOI MOJEJII OBYHCJIIOBAJILHOI TI/IPOJUHAMIKH JIJISI PO3PAXYHKY E@EKTHUBHOCTI
IUIIBKOBOT'O OXOJIOMKEHHH (c. 78-90)

O. B. IlleBuyK, O. I. TapacoB

OG6’eKTOM JIOCIIiZPKEHHS € IPOIleC IJIiBKOBOTO OXOJIOZXKEHHS Ha IIOCKiH maacTuHi. OCHOBHOIO IPOGJIEMOI0, SIKA PO3IVIsAAIACh, OYB
momyk Hal6iaem yHiBepcaabHoi CFD Mogesni st pisHUX (DOpPM OTBOpIB IJIIBKOBOTO OXOJIOMKeHHs. IIpo6iemMa BUpilIyBasach HUISIXOM
BHOOPY ONTHMAaJIbHOI PO3PaXyHKOBOI CITKM Ta BU3HAYEHHS HANOLIBII MiAXOAAMIMX TYpPOYJICHTHUX MOJeJsel I IIPOrHO3yBaHHS edek-
THUBHOCTI IUTIBKOBOTO OXOJIOZPKEHHSI B LIIMPOKOMY Jlialta3oHi mapaMeTpis. [list ZOCTiPKEHHS BIUIMBY CITKOBOI 301XHOCTI Gy/10 110GYZ0BaHO
4 piBHA mostiefipaybHOI (6araTorpaHHol) PO3paxyHKOBOI ciTKU. IIoka3aHo, [0 oOpaHa CiTKa po3MipoM 5.8 MJIH eJIEMEHTIiB ITPaKTHYHO He
IIOCTYIIAEThCS GJIOYHIM CTPYKTYypOBaHiil CiTIi 3 ileHTHUHUMU HajamTyBaHHAMU. OTpuMaHo BasifioBany CFD Mozesb, o 6a3yeThbest Ha
TioJtiefipaibHiil citii. Oco6JMBICTIO pe3y/nbTaTiB € Te, mo CFD Mofesb 0XOIUII0e YOTHUPU (DOPMU OTBODIB, AKi PO3TAIIOBaHI 3 KPOKOM 5D
iz KyroM 30° /10 OCHOBHOI'O IIOTOKY (KJIACMYHMI IIWIIH/APUYHUI, BisUIOBUI, OBaJbHUN Ta Audy3Ha 1iiynHA). IIpeacraBieHi pe3yabTaTi
nopiBHAHHS ceMH RANS-Mozeseil TypOy/IeHTHOCTI 3 eKCIIepUMEHTaIbHUMU JaHUMU. BUSIBJIEHO, 10 MIPU PO3IVITHYTUX PEKUMHUX i reo-
METPUYHUX MapaMeTpax HalGLIbII YHIBEpPCATHLHOK 3a 6ararbMa KpUTEpisiMU € MOJiesb TypGyieHTHOCTI k-¢ Realizable. Ti mepesara moxe
TIOSICHIOBATHCS Mi/IBUIEHOIO CTIMKICTIO Ta Kpaliliii 4yTJIMBOCTI /10 30H CKJIaZHOI KiHeMaTHKU MTOTOKY, 1110 3a6e3Ieuye 6ibll TOUHe BiATBO-
peHHS PO3MNPIOBAaHUX (BisUIOBHX Ta ANQY30pHUX) OTBOPIB. JJ0AATKOBO Ipalle3/laTHICTh MOjiesli OGyJia IepeBipeHa IpHu po3paxyHKy OTBOPY
7-7-7. 11 1jpOro THUILy OTBOPY IpeZACTaBJIeHUIl IonepesHiil aHasi3 BIUIMBY KOH(irypaiiii Terao3axucHOro MOKpUTTS Ha e(eKTUBHICTb
IUTiBKU. 3aIIpOIIOHOBAaHA PO3PaXyHKOBA MOZEJIb MOyKe OYyTH BUKOPHCTaHA JIJIsl ONTHUMI3allii reoMeTpil OTBOPIB i pe)KUMiB BAyBY B 3a7jauax
OXOJIOZKEHHSI JIONIATOK Ta30TypOiHHUX JABUTYHIB.

KurrouoBi cyioBa: MIiBKOBE OXOJIOZKEHHs, e(eKTUBHICTb OXOJIO/PKEHHH, IJIOCKA IJIACTHHA, YMCeJbHE MOJE/NIOBaHHHA, MOJeNb Typ-
GyJIEHTHOCTI.
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PO3POBKA KOHCOJII/TOBAHOT KOHCTPYKIIIi 3ABUXPIOBAYA 3 METOIO OIITUMIBAIIIT ITPOITECIB
MIKPOMETAJIYPTTHOI'O IIOIIAPOBOT'O CIUIABJIEHHA XKAPOCTIMKUX CILUIABIB AIK MOHOZETAJII (c. 91-104)

B. C. €Edanos, 0. O. Karxinidenko, /I. O. Kyny, O. O. OBUunHHUKOB, I'. M. JlannTeBa

OG’eKTOM JIOCJI/PKEHHSI € BUTPATHI XapaKTePHCTUKM IIOBITPsI Ta TeMIIepaTypHe IIoJe KaMOPW 3TOPSHHS, IO BHU3HAYAIOTBCS I'eOMeTpi-
€10 3aBUXpIoBaya. IIpo6seMa, sika BUPILIYeTbCsI Y poOOTi, MOJIArae B TOMY, 1[0 3aBUXpPIOBaui, BUTOTOBJIEHHI TPaAULIfHUMU MeTOAAMU JIUTTSI
3 MOZIJIBIIMM CKJIAJJaHHAM, XapaKTePU3yIOThCS 3HAYHUMH I€OMETPUYHUMHU BiIXWJIEHHAMM €JIEMEHTIB IIPOTOYHOI 4acTHUHU. 1le MpU3BOAUTE /10
PO3KU/ly BUTPAT IIOBITPs 10 KOHTYpaXx, [OPYIIEHHs] piBHOMIPHOCTI ITaJIMBHO-TIOBITPAHOI CyMIillli Ta, SIK HAC/IiZ0K, 0 IiZIBUILIEHOI KOJIOBOI HEPIBHO-
MipHOCTI TeMITepaTypHOTO 107151 Ha BUXOZi 3 KAMOPH 3TOPSIHHS, 1110 3HIDKYE pecype i HailHiCTb po60TH IBUTYHA. Y POOOTi BUKOHAHO TPUBUMIipHE
MO7IeJTFOBAaHHSI 3aBHXpIoBaya i3 BukoprcraHHsAM CAD-crucremu Unigraphics NX ta mposejieHo uricesnbHuit CFD-aHasti3 mporieciB y kamepi 3ropsiH-
Hs. [TpoBe/ieHO eKCIlepUMeHTaIbHi JJOCTiKeHHA NeOMETPUYHIUX Bi/IXWJIEHb i BUTpAT IMOBITPs [JIsl 3aBUXPIOBayiB, BUTOTOBIEHUX TPAAUI[IHIM
METO/[OM JIUTTS Ta aAUTUBHIM MeTozioM L-PBF (Laser Powder Bed Fusion). OIiHKy reoMeTpHYHOI TOYHOCTi BUKOHAHO METOAOM 3-D CKaHyBaHH:
3 OPiBHSIHHSM i3 IN(POBOIO MOZIEJLTIO, @ BUTPATHI XapaKTePUCTUKH BU3HAYEHO ILISIXOM CTEH/[OBUX BUITPOOYBAaHb ITPY ITPO/LyBAHHS [TOBITPSHOTO
Ta MMaJMBHOTO KOHTYPIiB, a TAKOXK IIPpU CyMiCHili poGOTi KOHTYpiB. BcTaHOBJIEHO, 1110 3aBHXpIOBAYi, BUTOTOBJIEHI MeTofioM L-PBF, 3a6e3medyioTh
CTaGiIbHICTh BUTpPAT IOBITPsI B MeXXax +1,5%, 10 € KpalM ITOKAa3HUKOM IOPiBHSHO 3 JIMTUMM aHajoraMu. Lle /103BOJIMJIO 3HU3UTH KOJIOBY
HepiBHOMIPHICTb TeMIIepaTypHOro IoJisi KaMepy 3TopsHHA A0 12,5-18,9% mpu AOMyCTHMOMY 3Ha4yeHHi He Giibiie 21%. OTpuMaHi pesy/IbTaTi
Ti/ITBEP/PKYIOTh AOLUIBHICT 3aCTOCYBAHHS aUTHUBHIX TEXHOJIOTIH /1T BUTOTOBJICHHS 3aBUXPIOBAviB KaMep 3TOPSHHS Ta30TypOiHHNX JBUTYHIB.

KirrouoBi croBa: agutuBHi TexHosoril, L-PBF, 3aBuxproBau, kamepa 3ropsiHHs, Ta30TypOiHHUX ABUTYH, CFD-MO/e/II0BaHHS.
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BU3HAYEHH 3AKOHOMIPHOCTEW BIIUBY IIAPAMETPIB PO3JIMBAHHA HA ®OPMYBAHHA IIEHTPAJIBHOT
TIOPUICTOCTI BE3IIEPEPBHOJIUTOI 3ATOTOBKH (c. 105-114)

€. B. Cunerin, B. O. Py6an, K. I'. HizseB, O. M. CrosH0B, C. B. )KypaBiboBa

OG’eKT JOCJI/KEHHS — TIpoliec (hOPMyBaHHS IIeHTPaIbHOI IIOPUCTOCTI B OChOBIl 30Hi Ge31epepBHOIMTOI CTAJIEBOI 3arOTOBKH IIiJ| Yac Ti
TBepHeHHs. [Ipo6sieMa moJsirae y HeoOXiZJHOCTI BCTAHOBJIEHHS! PallioHAJIbHUX [TapaMeTpiB TeMIIepaTypHO-IIBHUAKICHOTO PeXKUMY PO3IHMBaH-
He 7151 MiHiMi3anii 0cbOBOI MOPUCTOCTI, 110 € KPUTUUHUM I IiJBULIEHHS III/IbHOCTi MeTaJly Ta SIKOCTi IIPOKATYy.

Po3p06JIeHO KOMIUIEKCHY METOZIUKY (hi3IHOTO MOJIe/TIOBAaHHS TIPOLIECY 3aTBEP/iHHS 3 BUKOPUCTAHHSIM CT€APUHY SIK MOZIEJIbHOI PEYOBH-
HH. Ha ocHOBI aHasi3y yucen nogi6HocTi (Bio, @yp’e, KocoBrva) BCTAHOBJIEHO TOUHI MACIITA0N MOZIETIOBAHHS: 33 4acoM — 1,854, 3a JIiHIITHH-
MM po3Mipamu - 0,1778, 3a koedinieHToM TerutoBigaaui — 0,04639. BusHadeHo, 110 /715 a/IeKBaTHOI iMiTallii hopMyBaHHA KyT 3SMUKaHHS pifiKoi
JIyHKY KOJTMBAETHCS B MeXKax 2,3-6°. BcTaHOBJIEHO KiIbKICHI TapaMeTpy eKCIIEpUMEHTY Ha MOJieJTi: ITeperpiB po3IuiaBy B Mexax 1,8-4,2°C, mo
BigmoBizae 15-35°C a1t crasti.

OTpuMaHi JjaHi MOACHIOIOTHCA 3aKOHOMiPHOCTSIMU KOHBEKIIiIHOTO Ter006MiHy Ta (asoBoro nepexopy. KyT Haxumy GpoHTy KpucTai-
3amii Ta iHTEHCUBHICTD BiZIBEZICHHS TeIUIa BU3HAYAIOTh MOMEHT YTBOPEHHS «MOCTiB» i IIepexBaTiB y TeIJIOBOMY I[EHTPpi, 1[0 6e311ocepeHbO
3yMOBJIIOE MOP(OJIOTit0 Ta 06’€M yCa/[KOBHX TI0D.

Ha BigMmiHYy Bif TpaguIiiifHOro MaTeMaTHMYHOTO MOJEJIIOBaHH, 3alIPONIOHOBAHUI MifXi/ 3a6e3redye BUCOKY Bi3yaslbHy HAOCTOBIpHICTBH
Jle()eKTOyTBOPEHHS 3aB/SKM BUKOPHUCTAHHIO 7-TeOpeMH I Mifoopy iznmyHux mapaMeTpis. Lle 03BoJIsIE ZOCTIPKYBaTH KPUTHYHI CTaHU
crcTeMHU 6e3 pH3HUKY aBapiltHUX CUTYAI[ill y IPOMUCIOBUX YMOBaX.

Pesy/bTaTi JOCTi/HKEHHSI MOXKYTh OyTH BUKOPHCTaHI JIsT BIIPOBAZKEHHS Ha METATypriliHUX ITiIIIPUEMCTBAX TP IIPOEKTyBaHHI Ta OITTHMi3arlil
PEXXMMIB OXOJIO[PKEHHST 3arOTOBOK Ha MaIlIMH{ 6e31iepepBHOTo JIMTTS 3aroToBoK (MBJI3), 1110 3a6e31e4nTh ITiIBUILIEHHST BUXOAY TIPH/JATHOTO METAJTY.

KurrouoBi ciioBa: 6e3repepBHOINTA 3aTOTOBKA, IIEHTPaJIbHA MOPUCTICTD, (Ghi3WYHE MOZAEIIOBAHHS, YHCJ/IA MO00H, TEMITePaTypPHO-IIBU/-
KiCHUII pe)kuM, CTeapyuH.
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BUSIBJIEHH BIUIMBY IIBHUAKOCTI ®JIEKCOTPA®IYHOIO APYKY HA IIOSIBY IIJICTPUBYIOUYOI'0 EGEKTY (BOUNCING
EFFECT) HA BIIBUTKAX (c. 115-124)

C. ®@. I'aBenko, T. €. Texerina, M. T. JlaGenbKa

B poGori IpoBeseHO OCIIPKeHHST BIUIMBY IIBHJKOCTI duiekcorpadiqHoro JpyKy Ha IIposIB ITiICTpHOYI0UOro e(eKTy Ta MOKa3HUKU SKOCTi
BigOUTKiB. [IpyKyBaHHs 3pilicHIOBasIOCh Ha (texcorpadiuniii MaumHi Optima 2 (Soma Engineering, Yexist) Ha 6iniit mostinporniseHoBiH mutiBni
TOBIIMHOIO 20 MKM. [IOCITi/PKeHHST ITPOBO/IIIOCS 3 BUKOPHCTAHHIM TECTOBOI IpyKapchKoi (hOpMH, SIKa MICTHUIA CYLUIBHI 3aJIMBKH, PACTPOBI AUITHKI
(25%, 50%, 75%), MiHilHi eJleMeHTH Ta rpajiieHTH. 3/1ifICHeHO aHaJIi3 FeOMeTPHUYHIX ITapaMeTpiB JIiHil 3 BUKOPUCTAHHSIM eJIEKTPOHHOI'O MiKpPOCKOIIa.
TakoxX ITPOBEJIEHO CIIEKTPOJEHCUTOMETPUYHI JJOCTi/IKEHHS ONITIYHOI IIUIBHOCTI 1 pO3THCKYBaHHS pacTpoBoi Kparku (TVI) y TppoOX 30HaX I10 IIHUPH-
Hi nosioTHa. ITosiBa BiGparifiHuX fietheKTiB y BUIVIS/Ii CMyracTOCTi Ta IIO/IBOEHHST eJIEeMEeHTIB CIIocTepiraiacs pH IBU/KOCTSIX APyKy oHaz 400 M/XB.
BcraHOBIIEHO, 110 3i 36L/IBIIEHHSM IIBUAKOCTI APYKY Bif 100 0 600 M/xB 3HaueHHs TVI B cepefHbOMY 3MEHILYEThCS Ha 15-25% 3aJ1€)KHO BiJf TOHY.

Ha ocHOBi OTpUMaHMX pe3yJIbTaTiB OGY/[0BAHO PerpeciiiHi Moziesti Pyroro MOPsIKY, SIKi ONMMCYIOTh 3aIexHicTh TVI BiJf IIBUAKOCTI JPyKy Ta
r1o3ullii Ha nos1oTHI. Ha 0CHOBI 111X Moziesteit CHHTe30BaHO Ta IIPoaHaIi30BaHO BiAMOBiAHI MOBepxHi BiATyKy. [l/1s1 TOHY 75% CIIOCTepiraeThCst BUpa-
SKEeHUH HestiHiAHui Xxapakrep riporecy (R? = 0.93), syist 50% — nomipHa HetiHikHicTs (R? = 0.88), 47151 25% — Maibke siHiliHa 3atekHicTb (R? = 0.81).
AgiexBaTHICTb Mojiesieil ImiITBep/pKeHo 3a kputepieM dilrepa, a 0IHOPiHICTb eKCIIepUMEHTaIbHUX JJaHUX — 3a KpruTepieM Koxpena.

BcTaHOBJIEHO, 1110 MTO3UIiSI HA ITOJIOTHI € BarTOMUM (DaKTopoM, sIKUi BU3Havae po3nofia TVI, mo Bkasye Ha MPOCTOPOBY HEOZHOPIAHICTL
JIpyKapcheKoro rporiecy. OTprMaHi pe3ysIbTaTh MOXKyTh OyTH BUKOPHCTaHi I onTHUMIi3alil IBU/IKICHUX peXXUMIB uiekcorpadidHoro ApyKy
Ta 3MeHIIeHHsI BibpaliitHux aedeKTiB Mmif yac BUTOTOBJIEHHS ITaKyBaJIbHOI ITPOAYKIIii.

KurrogoBi ciroBa: BUCOKOIIBH/IKICHI urexcorpadiuni ManmHy, BibpariiiiHi edekTH, ApyKapchKi BifOMTKH, TPHUpicT TOHOBOro 3HaYeHH: (TVI).




