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Currently, infrastructure development in earthquake-prone areas
can overcome major challenges related to soil liquefaction phenomena,
especially in areas with high earthquake intensity. This is a critical issue
in foundation design, especially short pile foundations. One important
aspect influencing the behavior of foundations in soil experiencing
liquefaction is lateral resistance, which directly affects the stability and
ability of the foundation to withstand lateral loads. The object of the
study is to determine the lateral occupant behavior of short pile founda-
tions with variations in vertical load, foundation depth, in liquid soil.
This research was carried out with a series of tests on groups of rigid
piles on sandy soil that received earthquake loads. The sand material
used comes from Lumajang with a uniform density to ensure consistent
soil conditions in each test. The length of the pile is determined based
on the pile stiffness factor (T), with L values of 17, 1.5T, and 2T. The
vertical load applied to the pile is varied by 0.1Pu, 0.2Pu, and 0.3Pu,
where Pu is the ultimate load of the pile. The research results show
that pore water pressure fluctuations can be an indicator of significant
liquefaction potential. Specifically, at a soil density of 20 %, the pore
water pressure fluctuates in the range of 1 to 3 kPa and can reach Ru
values close to or equal to 1. Another result is that the relationship be-
tween lateral deformation and lateral load in pile foundations shows an
increase in linear load, and lateral deformation is not the only factor that
influences the load resistance of piles. However, there are also factors
such as soil conditions and the characteristics of the pile material itself.

Keywords: lateral, resistance, short, pile, foundation, liquefaction,
soil, group, deformation, vertical.
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The object of this study is two thin elastic isotropic rectangular plates
in an infinitely long rectangular parallelepiped with an ideal fluid. The
first plate is the upper base of the rectangular parallelepiped, and the
second one horizontally separates ideal fluids that have different densi-
ties. The subject of the study is the normal joint plane vibrations of elastic
rectangular plates and an incompressible fluid and the conditions that
enable the stability of these vibrations.

In the linear statement, the frequency spectrum of normal plane
vibrations of two elastic isotropic plates in an infinitely long rectangular
parallelepiped with an ideal incompressible fluid has been investigated.
The frequency equation of joint vibrations of the plates and the ideal flu-
id was reduced to the form of an eighth-order determinant for arbitrary
cases of fixing the contours of the plates. The case of clamped contours
of the plates and the case of rebirth of the plates into membranes is ana-
lyzed. Based on analytical studies of infinite series in the transcendental
frequency equation, exact stability conditions for the combined oscilla-
tions of plates and liquid were established. It has been shown that insta-
bility of oscillations of plates and liquid occurs when a heavier liquid is
above a less heavy liquid. The derived stability conditions for symmetric
and asymmetric oscillations of plates and liquid do not depend on the
elastic parameters of the upper plate, the mass characteristics of the
plates and the depths of filling liquids. The analytically obtained exact
stability conditions for the combined oscillations of the plate and liquid
generalize the previously obtained approximate stability conditions for
this problem. The numerical calculations of the frequency equation con-
firmed the analytical studies of the stability conditions. The results could
be used in the calculation and design of mechanical objects related to the
storage and transportation of liquid cargo.

Keywords: rectangular plates, ideal fluid, infinitely long rectangular
parallelepiped, plane vibrations, stability.

References

1. Trocenko, V. A. (1995). Svobodnye kolebaniya zhidkosti v pryamou-
golnom kanale s uprugoy membranoy na svobodnoy poverhnosti.
Prikladnaya mehanika, 31 (8), 74-80.

2. Bohun, R. I, Trotsenko, V. A. (2009). Vilni kolyvanni ridyny v pri-
amokutnomu kanali z dovilnym symetrychnym dnom ta pruzhnoiu
membranoiu na vilniy poverkhni. Problemy dynamiky ta stiykosti
bahatovymirnykh system, 6 (3), 53-76.

3. Kononov, Yu. N., Lymar, A. A. (2018). On the update of the conditions
of the stability of vibrations of the plate separating ideal liquids in a
rectangular channel with hard foundations. Intern. Journal of Me-
chanical Engineering and Information Technology, 06 (1), 1755-1760.

4. Kononov, Y., Lymar, O. (2022). Stability of the coupled liquid-elastic bot-
tom oscillations in a rectangular tank. Journal of Theoretical and Applied
Mechanics, Sofia, 52,164-178. https://doi.org/10.55787/jtams.22.52.2.164

5. Jeong, K.-H., Yoo, G.-H., Lee, S.-C. (2004). Hydroelastic vibration of
two identical rectangular plates. Journal of Sound and Vibration,
272 (3-5), 539-555. htps://doi.org/10.1016/s0022-460x(03)00383-3

6. Zhou, D., Liu, W. (2006). Hydroelastic vibrations of flexible rectangular
tanks partially filled with liquid. International Journal for Numerical Meth-
ods in Engineering, 71 (2), 149-174. https://doi.org/10.1002/nme.1921

7. Tariverdilo, S., Shahmardani, M., Mirzapour, J., Shabani, R. (2013).
Asymmetric free vibration of circular plate in contact with incompress-
ible fluid. Applied Mathematical Modelling, 37 (1-2), 228-239. https://
doi.org/10.1016/j.apm.2012.02.025

8. Kononov, Yu. M., Dzhukha, Yu. O. (2020). Vibrations of Two-Layer
Ideal Liquid in a Rigid Cylindrical Vessel with Elastic Bases. Journal
of Mathematical Sciences, 246 (3), 365-383. https://doi.org/10.1007/
$10958-020-04745-w

9. Kononov, Yu. M. (2022). Stability of the Equilibrium State of a
Rigid Body with Multilayer Ideal Liquid Separated by Elastic Plates.
Ukrainian Mathematical Journal, 73 (10), 1551-1565. https://doi.org/
10.1007/511253-022-02013-5

10. Kononov, Yu. M. (2023). On the solution of a complicated biharmonic
equation in a hydroelasticity problem. Journal of Mathematical Sci-
ences, 274 (3), 340-351. https://doi.org/10.1007/s10958-023-06604-w

11. Jeong, K.-H. (2025). Dynamic characteristics of a horizontal rectangu-
lar vessel partially or fully filled with a fluid. Nuclear Engineering and
Technology, 57 (3), 103258. https://doi.org/10.1016/j.net.2024.10.020

DOI: 10.15587/1729-4061.2025.322461

DEVISING A PROCEDURE FOR CALCULATING THE BELT
TENSION OF A CONVEYOR WITH A STOPPED DRIVE WHEN
CHANGING THE TRANSPORTATION LENGTH (p. 22-37)

Alexandr Gavryukov
Kyiv National University of Construction and Architecture, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-6377-4180

Mykhailo Kolesnikov

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
ORCID: https://orcid.org/0009-0006-4892-2153

Andrii Zapryvoda
Kyiv National University of Construction and Architecture, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0001-9171-9325

Andrii Volters
Kyiv National University of Construction and Architecture, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-3842-8198

Mykola Samoilenko
Kyiv National University of Construction and Architecture, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-9410-6962

The object of this study is the working process of a belt conveyor. The
task consideredrelates to designing belt conveyors taking into account
the belt tension during a change in the transportation length.

It was established that when the length of a non-working conveyor
changes, the static and dynamic load of the belt increases. The change in
the static load of the belt on the drum of the mobile station depends on
the speed of the mobile station and the parameters of the conveyor. The
dynamic load of the belt depends on the acceleration of the belt, which is
associated with the acceleration of the mobile station during a change in
the transportation length of the conveyor.


https://doi.org/10.55787/jtams.22.52.2.164
https://doi.org/10.1016/s0022-460x(03)00383-3
https://doi.org/10.1002/nme.1921
https://doi.org/10.1016/j.apm.2012.02.025
https://doi.org/10.1016/j.apm.2012.02.025
https://doi.org/10.1007/s10958-020-04745-w
https://doi.org/10.1007/s10958-020-04745-w
https://doi.org/10.1007/s11253-022-02013-5
https://doi.org/10.1007/s11253-022-02013-5
https://doi.org/10.1007/s10958-023-06604-w
https://doi.org/10.1016/j.net.2024.10.020
https://doi.org/10.1016/j.soildyn.2022.107155
https://doi.org/10.1016/j.soildyn.2024.108548
https://doi.org/10.1016/j.asej.2020.03.002
https://doi.org/10.1016/j.asej.2020.03.002

The change in the load of the belt on the drum of the mobile station
occurs in two phases: the first phase is the shift; the second phase is the ac-
celeration and the change in the transportation length. The first phase lasts
for several seconds, and the belt tension is equal to the resistance force of
the empty conveyor line. The second phase lasts while the transportation
length changes, and the belt tension depends on the parameters of the
conveyor and the acceleration of the mobile station at this time.

For a non-operating conveyor that changes the conveyor length, the
static tension of the belt on the drum of the mobile station can increase
by 2 times from the initial one. The dynamic loading of the belt can
have a significant increase if the acceleration of the mobile station is not
stretched in time and has large values.

When operating the conveyor, it is necessary to change the transpor-
tation length when the conveyor is running.

Using the Mathcad software, a stopped conveyor with a change in
the transportation length was tested. Calculations showed that the belt
tension was 10 % higher than for a conveyor with a running drive.

The results make it possible to properly operate competitive machines
equipped with a belt conveyor with a variable transportation length.

Keywords: belt conveyor, software, operation, belt tension, theoreti-
cal research.
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The object of this study is the oscillation process of an impact device
with a two-element striker, which makes it possible to increase the ef-
ficiency of rock destruction and reduce the recoil on the device body.
The task addressed was the construction of a mathematical model that
describes the dynamic interaction between the striker elements and the
tool while taking into account the resistance of the working medium and
impulse loads on the device elements. In the given model, the tool is rep-
resented by a rod of variable cross-section, and the striker is represented
by two discrete elements with reduced masses. The impact interaction is
modeled by the presence of rigid and dissipative links and is described
by a system of differential equations with initial and boundary condi-
tions. To solve the initial boundary value problem, a numerical method
has been used; the parameters of the method are determined by solving
the model problem, which is constructed for a discrete model with three
discrete masses. An increase in the co-impact time relative to a device
with a solid striker by 1.5...2 times to values of 350...500 us was estab-
lished. With a load force of 50 to 500 kN in the time range of 0...1 ms and
element speeds of 1...8 m/s, the normal stresses in the tool cross-sections
were 200...380 MPa. The combination of discrete and continuous ele-
ments in the model made it possible to refine the numerical method,
taking into account the essential properties inherent in the impulse in-
teraction of the striker elements with the tool and the transfer of impact
energy to the processing environment. The model built can be used in the
design of impactors with optimal parameters for assessing the shape and
duration of the shock pulse, in mining, construction, and oil production.
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The object of this study is a spatial model of the body frame for the
Ukrautobusprom 4289 city bus, which is subject to structural optimiza-
tion of the sidewalls in order to strengthen them because of the increase
in equipped weight. The reason for loading is the need to install batter-
ies on the roof, which is the only possible location, given the low-entry
layout. Electrification of city buses is associated with the inevitable regu-
lated reduction of CO, emissions by 30 % by 2030 (Euro 7) and complete
decarbonization by 2050. Making up 30-40 % of the total cost of the bus,
the body requires preservation when re-equipping diesel city buses for
electric traction. Electrification automatically imposes UNECE R100
requirements for the absorption of 5.5 and 6g accelerations by the battery
pack together with the body. To solve the problem, a transition from clas-
sic rectangular to triangular inter-window openings of the sidewalls has
been proposed. An analytical methodology for simulating full-scale tests
is proposed, close to real physical tests. Owing to the higher rigidity of tri-
angular structures, a reduction in maximum stresses by 2.85 and 16.75 %
was achieved under the static torsion and bending modes while the
structure was maintained within the yield strength of steel g,=252 MPa.
Maximum deformations decreased by 28.71 % in bending and by 50.77 %
in torsion. Stresses under R100 conditions decreased by 18.52 and 16.07 %
under the 6.6g and 5g modes, respectively. Deformations in the latter
case decreased by 46.09 % and amounted to 10.83 mm only. Owing to the
proposed approach, it was possible to achieve unification of the body for
any type of drive: diesel, hybrid, or electric. Given sufficient technological
feasibility of bus body production, this solution could be used in practice.

Keywords: interwindow openings, bus body, structural optimiza-
tion, von Mises stress, passive safety.

References

1. Holenko, K., Dykha, O., Koda, E., Kernytskyy, I, Royko, Y., Hor-
bay, O. et al. (2024). Validation of Frontal Crashworthiness Simulation
for Low-Entry Type Bus Body According to UNECE R29 Requirements.
Applied Sciences, 14 (13), 5595. https://doi.org/10.3390/app14135595

2. Holenko, K., Dykha, O.,Koda, E., Kernytskyy, I., Horbay, O., Royko, Y. et al.
(2024). Structure and Strength Optimization of the Bogdan ERCV27
Electric Garbage Truck Spatial Frame Under Static Loading. Applied Sci-
ences, 14 (23), 11012. https://doi.org/10.3390/app142311012

3. Holenko, K., Koda, E., Kernytskyy, I., Babak, O., Horbay, O., Pop-
ovych, V. et al. (2023). Evaluation of Accelerator Pedal Strength under
Critical Loads Using the Finite Element Method. Applied Sciences,
13 (11), 6684. https://doi.org/10.3390/app13116684

4. Kehoe, P, Jafroudi, N., Oubahou, R. A., Toma, E. (2024). Experimen-
tal Testing for the Validation of a Multi-body Dynamics Model for a
Novel Electric Bus. Advances in Dynamics of Vehicles on Roads and
Tracks III, 664-670. https://doi.org/10.1007/978-3-031-66968-2_65

5. Yang, X, Tian, D. (2024). Design Optimization of a Lightweight Electric
Bus Body Frame Orienting the Static Performance and Side-Impact
Safety. SAE Technical Paper Series. https://doi.org/10.4271/2024-01-2461

6. Wang, D., Xie, C., Liu, Y., Xu, W,, Chen, Q. (2020). Multi-objective Col-
laborative Optimization for the Lightweight Design of an Electric Bus
Body Frame. Automotive Innovation, 3 (3), 250-259. https://doi.org/
10.1007/s42154-020-00105-1

7. Hong, H. C.,Hong,J. Y., D’Apolito, L., Xin, Q. F. (2024). Optimizing Light-
weight and Rollover Safety of Bus Superstructure with Multi-Objective


https://doi.org/10.3390/app14135595
https://doi.org/10.3390/app142311012
https://doi.org/10.3390/app13116684
https://doi.org/10.1007/978-3-031-66968-2_65
https://doi.org/10.4271/2024-01-2461
https://doi.org/10.1007/s42154-020-00105-1
https://doi.org/10.1007/s42154-020-00105-1
https://doi.org/10.1016/s0022-460x(03)00642-4
https://doi.org/10.1016/s0022-460x(03)00642-4
https://doi.org/10.1006/jsvi.2002.5158
https://doi.org/10.1088/1755-1315/194/6/062023
https://doi.org/10.1088/1755-1315/194/6/062023
https://doi.org/10.4236/mme.2012.24018
https://doi.org/10.4028/www.scientific.net/amr.1040.699
https://doi.org/10.1088/1757-899x/124/1/012171
https://doi.org/10.1088/1755-1315/134/1/012071
https://doi.org/10.1088/1742-6596/2131/3/032091
https://doi.org/10.1088/1742-6596/2131/3/032091
https://doi.org/10.15587/1729-4061.2023.290029
https://doi.org/10.15587/1729-4061.2023.290029
https://doi.org/10.1201/9780203908518

Evolutionary Algorithm. International Journal of Automotive Technol-
ogy, 25 (4), 731-743. https://doi.org/10.1007/s12239-024-00072-0
8. Teng, T-L., Liang, C.-C., Chu, H.-M. (2022). Development and Analysis of
Bus with Composite-Material-Reinforced Frames. International Journal
of Automotive Technology, 23 (5), 1229-1237. https://doi.org/10.1007/
$12239-022-0108-9
9. Yang, X, Liu, B. (2024). Frontal Crash Oriented Robust Optimization

of the Electric Bus Body Frame Considering Tolerance Design. SAE
Technical Paper Series. https://doi.org/10.4271/2024-01-2459

10. Jiang, W., Zhang, Y., Liu, J., Zhang, D., Yan, Y., Song, C. (2023). Multi-
objective optimization design for steel-aluminum lightweight body of
pure electric bus based on RBF model and genetic algorithm. Elec-
tronic Research Archive, 31 (4), 1982-1997. https://doi.org/10.3934/
era.2023102

11. Fu, C. L., Bai, Y. C,, Lin, C., Wang, W. W. (2019). Design optimization
of a newly developed aluminum-steel multi-material electric bus
body structure. Structural and Multidisciplinary Optimization, 60 (5),
2177-2187. https://doi.org/10.1007/s00158-019-02292-w

12. Gan,J., Zou, L., Yang, X., Liu, J. (2023). Optimization of the Bolted T-Joint
of an Electric Bus Body Frame Considering the Fatigue Performance.
SAE Technical Paper Series. https://doi.org/10.4271/2023-01-0028

13. Wang, D., Mao, A., Niu, Y., Wei, J., Shi, X. (2017). Lightweight Multi-
objective Optimization Design for Body Frame of Pure Electric Large Bus
Based on Topology Optimization. China Journal of Highway and Trans-
port, 30 (2), 136-143. https://zgglxb.chd.edu.cn/EN/Y2017/V30/12/136

14. Fan, D, Yang, X., Song, Y., Zhang, S. (2023). Robust Optimization of an
Electric Bus Body Frame Based on the Mesh Morphing Technology. SAE
Technical Paper Series. https://doi.org/10.4271/2023-01-0033

15. Schmauder, N., Malzacher, G., Fritsche, M., Burkat, M., Konig, J., Bo-
ese, B. (2024). High potential: lightweight optimised structural design of
car bodies for railway vehicles with alternative drive systems. Discover
Mechanical Engineering, 3 (1). https://doi.org/10.1007/s44245-024-
00040-z

16. Yang, R., Zhang, W,, Li, S., Xu, M., Huang, W., Qin, Z. (2023). Finite
Element Analysis and Optimization of Hydrogen Fuel Cell City Bus
Body Frame Structure. Applied Sciences, 13 (19), 10964. https://doi.org/
10.3390/app131910964

17. Liu, Y., Liu, C., Tan, J., He, Y., Li, F., Zhang, T. (2024). Optimization
and Structural Analysis of Automotive Battery Packs Using ANSYS.
Symmetry, 16 (11), 1464. https://doi.org/10.3390/sym16111464

18. Liu, F, Xu, Y., Li, M., Guo, J., Han, B. (2022). Optimization of automotive
battery pack casing based on equilibrium response surface model and
multi-objective particle swarm algorithm. Proceedings of the Institution
of Mechanical Engineers, Part D: Journal of Automobile Engineering,
237 (6), 1183-1194. https://doi.org/10.1177/09544070221104858

19. Wang, K., Shi, P.,, Zhang, Z. (2023). Finite element modeling of elec-
tric vehicle power battery pack and its influence analysis and test
research at body-in-white stage. Journal of Vibroengineering, 25 (7),
1353-1368. https://doi.org/10.21595/jve.2023.23260

20. Bijwe, V. B., Mahajan, R., Vaidya, R., Patel, K., Hiwale, D., Walke, A. A.
(2024). Simulation Methodology Development for Vibration Test of
Bus Body Structure Code AIS-153:2018. SAE Technical Paper Series.
https://doi.org/10.4271/2024-26-0249

21. Pravilonis, T., Sokolovskij, E., Kilikevi¢ius, A., Matijo§ius, J.,
Kilikevi¢ieng, K. (2020). The Usage of Alternative Materials to Opti-
mize Bus Frame Structure. Symmetry, 12 (6), 1010. https://doi.org/
10.3390/sym12061010

DOI: 10.15587/1729-4061.2025.321962
DETERMINING THE AMPLITUDE-FREQUENCY
CHARACTERISTICS OF AN ELECTRIC TRAIN CAR
FLOOR (p. 64-75)

Oleh Holovashchenko

State University of Infrastructure and Technologies, Kyiv, Ukraine
ORCID: https://orcid.org/0009-0007-3499-9413

Yaroslav Shostak
State University of Infrastructure and Technologies, Kyiv, Ukraine
ORCID: https://orcid.org/0009-0006-2886-3264

Viktor Tkachenko
State University of Infrastructure and Technologies, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-5513-2436

The object of this study is the process of vibration propagation
through the floor of a passenger railroad car from the base to passenger
seats. The problem addressed relates to the influence of the structure
of an electric train car floor on its anti-vibration properties, in par-
ticular the role of rubber shock absorbers in the process of damping
floor vibrations. A mathematical model of the vibration propagation
chain from the base of the car to the top layer of the floor was built.
As a source of vibrations in the mathematical model, the kinematic
disturbance of the base of the car was used. Two variants of the floor
structure were studied - with five layers and with seven layers. The
parameters of the floor layers obtained experimentally by the method
of free oscillations were used in the calculations.

Based on the application of specific parameters of the floor layers,
a transition was performed from distributed mass, elastic, and dissipa-
tive parameters to concentrated ones. The solution to the system of
differential equations of oscillations was obtained in the form of time
functions of displacements and velocities of floor elements. Layer-by-
layer amplitude-frequency characteristics (AFR) of the floor were con-
structed. Zones of resonant frequencies of the oscillating system of the
car floor have been determined. The dependence of the influence of the
degree of passenger loading on the resonance frequency of floor surface
oscillations was established. When the load changes from minimum to
maximum, the resonant frequency decreases from 15-22 Hz to 8-12 Hz.

It has been confirmed that the influence of parameters of the layer
of rubber shock absorbers on the floor AFR is decisive for its vibration
protection. When comparing the two floor variants under consideration,
there were no advantages of a seven-layer floor over a five-layer floor.
AFR for the first and second layers of plywood flooring are identical.

Based on the data on “dangerous” vibration frequencies for humans,
the preferred value for the shock absorber installation diagram was de-
rived — 5-6 units/m?, which could prove useful under the conditions of
modernization of suburban electric train cars.

Keywords: railroad transport, passenger cars, car floor vibration,
amplitude-frequency characteristics, passenger comfort.
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Mobile hydraulic press machines provide significant benefits in
field-based applications such as construction, agriculture, and mainte-
nance, all of which mobility and versatility are of utmost importance.
The design and development of mobile hydraulic press machines are
responsible for these advantages, which can be attributed to them. The
primary focus of this study is to evaluate the structural performance of a
mobile hydraulic press machine while it is subjected to operational loads.
Formulation, modeling, and simulation of the machine are all carried
out with the assistance of finite element analysis (FEA). Cutting-edge
computer-aided design (CAD) technologies were applied to develop a
model of the machine. This model was then analyzed to ascertain essen-
tial parameters such as the distribution of stress, the overall deformation,
and the safety aspects. The data imply that the hydraulic telescopic cylin-
der, press machine frame, waste press, and waste press door all perform
within an acceptable safety factor larger than two. In addition, the stress
levels are lower than 550 MPa, and the deformation values vary from
0.20 mm to 0.40 mm, significantly lower than the standards for the mate-
rial. When doing the safety factor analysis, it is essential to locate areas
that could benefit from a slight strengthening to enhance the product’s
dependability and durability. In addition, the waste press section had an
excessively planned safety margin, which indicated room for improve-
ment in material optimization. The structural integrity of the machine
is ensured by this all-encompassing approach, which also provides the
machine’s efficiency and versatility for various field applications. Future
attempts to enhance the concept will focus on prototyping and testing.

Keywords: hydraulic press machine, stress distribution, total
deformation, structural optimization.
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The object of this study is the processes of perception and redistribu-

tion of longitudinal loads in the structure of a tank container placed on a
flat wagon during a shunting collision. In this paper, the task was solved
to ensure the strength of the tank container during rail transportation.

In order to identify the stress concentration in the tank container,

mathematical modeling of its longitudinal load under the condition of
being placed on a flat wagon during a shunting collision was carried out.
The resulting accelerations were taken into account when calculating
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the strength of the tank container. It was established that the maximum
stresses occur in the zone of interaction of the paw with the vertical rack
and amount to 938.2 MPa, which is significantly higher than the allow-
able ones. It has been proposed to improve the tank container by intro-
ducing reinforcing elements into its structure. The results of the strength
calculation proved the feasibility of the proposed improvement. The maxi-
mum stresses in the tank container are about 215 MPa. Also, as part of the
research, a modal analysis of the improved tank container was carried out.
It was established that the safety of transportation of a tank container by
rail transport from the point of view of modal analysis is ensured.

A special feature of the results is that the strength of the tank
container was improved by strengthening its frame as the most loaded
element of the structure.

The field of practical application of the findings is railroad transport.
The conditions for the practical use of the results are the placement of
braces of the reinforcing element of the frame at an angle of 45° to the
horizontal.

The results of this study will contribute to new technological ad-
vancements in the design of modern structures of tank containers, as well
as to improving the efficiency of operation of container transportation.

Keywords: rail transport, tank container, tank container design
improvement, tank container strength, modal analysis.
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The object of this study is the process of separating the body of a
vertical steel tank from the bottom under the influence of emergency
thermal and dynamic loads characteristic of fires at tank farms. The task
addressed was to predict parameters of the trajectory of movement of
a vertical steel tank with fuel when it is separated under the action of
internal excess pressure due to the thermal effects of a fire.

The dynamic processes of destruction of the weld at the bottom of
the tank enclosure and the processes of fuel leakage from it were inves-
tigated. During the research, a computer model of the process of separa-
tion of a part of the tank was substantiated, which takes into account
the geometric and physical nonlinearity of the material behavior under
such conditions, as well as hydrodynamic processes during fuel leakage.
Computer simulation showed that the height of the tank’s flight when it
is separated from the bottom depends on its filling level and total volume.
At the same time, a lower filling level of the tank and its smaller volume
determine a lower height of its bouncing. This is explained by the fact
that the increase in the weight of the mechanical system, which is a tank
with an oil product, leads to an increase in energy for the corresponding
bouncing height.

To describe the revealed patterns, a regression analysis was con-
ducted. As a result, empirical dependences were established between the
kinematic parameters of the bouncing trajectory, the design characteris-
tics of the tank, and its filling level. The acceptable adequacy of the data
obtained by the revealed regression dependence was shown.

The revealed patterns are a scientific basis for compiling practical
recommendations on technological requirements for storing oil products
in vertical tanks to reduce the risk of their bouncing over long distances
during an internal explosion due to a fire.

Keywords: tank separation, numerical modeling, finite element
method, regression analysis.
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BHU3HAYEHHA XAPAKTEPUCTHK OIIOPY IIOIIEPEYHOMY 3YCUJIJIIO ®YHAAMEHTIB HA KOPOTKHX
ITAJISIX Y PO3PIIDKEHUX I'PYHTAX (c. 6-13)

Arief Alihudien, As’ad Munawir, Yulvi Zaika, Eko Andi Suryo

V rtenepiimHiil yac po3BUTOK iH(PACTPYKTYypH B celicMOHe6Ge3IIeUHUX perioHax /J03BOJIsIE BUPIMIUTH OCHOBHI ITpo6ieMH, ITOB’sI3aHi 3
SIBUIIAMM PO3Pi/PKEHHS I'PYHTY, 0COOIMBO B paiioHax i3 BUCOKOI iHTEHCHBHICTIO 3eMJIETPYCiB. Lle € BaXKJINBUM IMUTAHHSM IIPH IIPOEKTY-
BaHHI (yH/IaMeHTIB, 0COGJIMBO Ha KOPOTKUX NMaIsaX. OJHUM i3 KIFOYOBUX aCIIeKTiB, [0 BIUIMBAIOTh Ha IIOBE/iHKY (yH/IaMEHTIB B yMOBax
PO3piPKEeHHS ITPYHTY, € OIip IHOMlepevyHOMY 3yCUJLIIO, IKUi1 6e3r1ocepelHbO BIUIMBAE Ha CTIMKICTh i 37aTHICTD (yHAAMEHTY BUTPUMYBaTH
TIoTIepeyHi HaBaHTXKeHHs. MeTO0 JIOCIIi/PKEHHS € BU3HAYEHHS XapaKTEPHUCTUK OITOPY ITOIIEPeYHOMY 3yCHJLII0 (PyH/JaMEHTIB Ha KOPOTKHX
TIaJIsIX TPY 3MiHi BEpTUKaJIbHOIO HaBaHTAXKEHHs Ta IMTMOMHU 3a/IiTaHHA (QYHIAMEHTY B PO3PiflkeHOMY I'PYHTi. Jlocli/pKeHHA ITPOBO/IAJIOCS
3a JIOTIOMOTOX0 cepii BUIIPOOyBaHb I'PYI KOPCTKUX MaJib Y Mil[aHOMY I'PYHTI ITi/ BIUTHBOM CefiCMiYHMX HaBaHTa)keHb. IlimManuii marepian
B351TO 3 JIyMa/KaHTy i Ma€ OHOPiAHY IITBHICTD AJ1s 3a6e31eYeHHs CTaGlIbBHUX YMOB I'PYHTY ITPH KOXKHOMY BUITPOOYBaHHi. [IOB)KMHA Iai
BU3HAYAETHCSI HA OCHOBI KoedinieHTa sxoperrocti nasti (T), mpu 1jpoMy 3HaueHHs L ctaHoBsaTh 17T, 1,57 ta 2T. BepTuKaibHe HaBaHTa)XKeH-
Hs Ha IaJIlo BapitoeTbes B Mexkax 0,1Pu, 0,2Pu Ta 0,3Pu, ie Pu — rpaHUYHEe HaBaHTAXKEHHS Iajli. Pe3ypTaTi ZOCTIpKeHHS IOKa3yIOTh, 10
KOJIMBaHHS IOPOBOTO TUCKY BOJAY MOXYTb CBiZIlYMTH ITPO 3HAYHUI MMOTEH1liasl PO3pi/pkeHHA. 30KpeMa, IIpH MiIbHOCTI 'PyHTY 20 % MOpoBUit
THUCK BOJY KOJTMBAETHCS B Jjiana3oHi Bif 1 mo 3 kIla i Moxke focsAraTty 3Ha4eHb Ru, 6;1M3bKUX 260 piBHUX 1. JIOAATKOBUM pPe3y/IbTaTOM € Te,
1110 CITIiBBiZJHOIIEHHS ITonepeyHoi Aedopmallii Ta mormepeyHOro HaBaHTAXKEHHS B MATBOBUX (hyH/IaMEHTaX IT0Ka3ye 306iIbIIeHHs JiHiiTHOrO
HaBaHTa)XXeHHs#, IIPY 1IbOMY ToIlepeyHa Jedopmallisd He € eAMHUM (DaKTOPOM, 1[0 BIJIMBAE Ha OIip HaBaHTa)KEHHs IaJib. ICHYIOTb TaKOX
Taki (haKTOpH, K CTaH I'PYHTY i XapaKTEPUCTUKH CaMOr0 MaTepiay rajb.

Kurro4oBi cioBa: nonepeyHuii, omip, KOPOTKUH, Mas, GyHAAMEeHT, PO3piPKeHHs, IPYHT, IpyTa, Aedopmaliis, BepTUKaIbHUIA.
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BU3HAYEHHS 3AKOHOMIPHOCTEH KOJIMBAHB TA CTIKOCTI IPAMOKYTHUX IVIACTUH Y
HECKIHYEHHO JOBIroMy IIPAMOKYTHOMY ITAPAJIEJIEIIIIIEAI 3 ITEAJIBHOIO PIINHOXO (c. 14-21)

0. M. KoHOHOB, O. O. JIumap

OG6’eKTOM AOCTiZPKEHHS € /IBi TOHKI ITPY>XXHi i30TPOIHI MPSAMOKYTHI TVIACTUHN Y HECKiHUYEHHO ZIOBTOMY TIPSIMOKYTHOMY Iapasiesierminesi 3
ifeasbHOIO pivHOLO. Tlepiia IIacTUHA € BePXHbOK OCHOBOIO IPAMOKYTHOrO IapaJjesierinesa, a Jpyra — TOPU30HTaIbHO PO3Jise ifeanbHi
piAviHMY, Ki MalOTh Pi3HY IiIBHICTB. IIpeaMeToM JOCIiZPKEeHHsI € HOPMaJIbHI CIIi/IbHI IJIOCKI KOJIMBAaHHS MPY>KHUX MPAMOKYTHUX ILJIACTHH i
HECTHCJIMBOI PiZIHY Ta YMOBH, IO 3a6€311e4yI0Th CTilKiCTh IIUX KOJIMBAaHb.

Y n1iniiiHi# MOCTaHOBIIi JOCITPKEHO YaCTOTHUH CIIEKTP HOPMaJIbHUX TUIOCKUX KOJTMBAHb /IBOX IPYXKHUX i30TPOITHUX IJIACTUH Y HECKIHYEHHO
JIOBrOMY IIPSIMOKYTHOMY IapaJiesierline/ii 3 ilea/IbHOI0 HEeCTUCIMBOIO PiZIMHOI0. YacTOTHe piBHSHHSA CyMiCHMX KOJIMBAaHb IIACTHH i ifieabHOI
PiAHY 3BE/IEHO Y BUIVIA/I BUBHAYHMKA BOCBMOTO TIOPAZKY /IS IOBLIBHUX BUIIA/IKiB 3aKPillJIEHHs KOHTYPIB IUIaCTUH. IIpoaHa1i3o0BaHO BUIIa[I0K
3aTHCHEHUX KOHTYPIB IIJIACTHH, Ta BUMA/I0K BiZIpO/KeHHs IVIACTUH B MeMOpaHu. Ha mificTaBi aHaTITHYHUX JOCTiPKeHb HECKIHUeHHUX PSAZIB y
TPAHCLEHJJEHTHOMY 4aCTOTHOMY DiBHSIHHi OTpUMaHi TOYHi yMOBH CTiMKOCTi CyMiCHUX KOJIMBaHb IUIACTHH i piguHu. [TokazaHo, 1110 HECTIHKICTb
KOJINBaHb IUIACTHH i piAHY BUHUKAE, KOIU OibII Ba)KKA pifHA 3HAXOAUTHCS HaJ, MEHII BaXKKOI pijHO0. BUBeZieHi yMOBHU CTilKOCTi crMe-
TPUYHUX i HECUMETPUYHUX KOJIMBAaHb IUIACTHH i PiIMHN He 3aj1e)KaTh Bifi IPYy)KHUX ITapaMeTpiB BEPXHbOI IIJIACTUHHU, MACOBUX XapaKTEPUCTUK
IJTACTHH Ta IVIMOUH 3aII0BHEHHS PiIUH. AHAIITUYHO OTPUMAaHi TOYHi YMOBH CTiFIKOCTi CyMiCHUX KOJIMBAaHb IUIACTH i PIIMHU y3araJabHIOIOTh pa-
Hillle OTpUMaHi HabIDKeHi yMOBHU CTIMKOCTI Au1st 11i€l 3amadi. [IpoBezeHi YrceIbHi po3paxyHKH YaCTOTHOTO PiBHSHHS MiATBEPAIIN aHATITHYHI
JIOCJI/PKEeHHS yMOB CTikiKocTi. OTpUMaHi pe3y/IbTaTi MOXKYTh OYTH BUKOPHCTAHi P PO3PaxyHKy Ta KOHCTPYIOBaHHI MEXaHIYHUX 06 €KTIB, IO
T0B’s13aHi 31 30epiraHHsM Ta TPAHCHOPTYBAHHSM Pi/JKUX BAHTAXKIB.

KUrro4oBi c10Ba: psIMOKYTHI TUIACTHUHMY, i/ieaTbHa PiiiiHa, HECKiHIeHHO JJOBI'HMI ITPSMOKYTHHIH ITapasiesierine/i, TUIOCKi KOJIMBAHHS, CTIHKICTb.
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PO3POBKA ITPOLHEAYPH PO3SPAXYHKY HATATHEHD CTPIYKH KOHBEEPA 3 3YIIMHEHHWM ITPHMBOJOM
I YAC 3SMIHH JOBXXKWHU TPAHCIIOPTYBAHHA (c. 22-37)

0. B. I'aBprokoB, M. 0. KosecHikos, A. B. 3anipuBoga, A. O. Boasrepc, M. I. CamoiiieHKO

O6’exTOM Jl0CTi/pKEeHHs 6yB po60ounii mpoljec CTpiukoBOro KoHBeepa. JlocipKyBanacs mpobaeMa NPoeKTyBaHHs CTPiYKOBUX KOHBEEDIB 3
ypaxyBaHHSAM HATATY CTPIYKM i/l 9aC 3MiHU JOBXXUHU TPAHCIIOPTYBaHHS.

BcraHoBJIeHO, 11O ITijl Yac 3MiHU JOBKMHH HETIPAII0I0u0ro KOHBeepa 301/IbIIYEThCS CTAaTUYHE i AMHaMiYHe HaBaHTa)XXeHHs CTpiuky. 3MiHa
CTaTUYHOTO HaBaHTAXXEHHS CTPiUKM Ha 6apabaHi IlepecyBHOI CTaHIIi] 3a71€XKUTh BiJj IIBUIKOCTI IIepeCyBHOI CTaHIIil i mapameTpiB KOHBeepa.
JlnHaMiYHa HaBaHTa)KE€HICThb CTPIYKU 3aJIXKUTB Bifl IPUCKOPEHHS CTPiUKH, SIKe II0B>I3aHe 3 IPUCKOPEHHAM MIePeCyBHOI CTaHIIiI ITijl yac 3MiHU
JIOBKMHU TPaHCIIOPTYBAaHHS KOHBEEPA.

3MiHa HaBaHTAaXXEHHI CTPiuKK Ha GapabaHi mepecyBHOI cTaHIIii Biff OyBaeThcs B ABi (hasu: mepina ¢daza — 3pyuieHHs, gpyra dasa — pos-
TOHY ¥ 3MiHU JOBXXUHU TpaHCIopTyBaHH:. [lepuia ¢asa i€ JeKiybka CeKyH/ i HaTAr CTPIYKM {OPiBHIOE CHUI OIIOPY PyXY IOPOXKHBOI TiIKK



KoHBeepa. /Ipyra ¢a3za Jiie MoKu JOBKMHA TPAHCIIOPTYBAHHA 3MiHIOETLCA i HATAT CTPIYKM 3aJIeKUTh Bijl TapaMeTpiB KOHBeEPa i MPUCKOPEHHS
TepecyBHOI CTaHIiI B Ifeit yac.

JIJ1s1 HeITpaIjolouyoro KOHBeepa, 1110 3MiHIOE JIOBKMHY KOHBeepa, CTaTUYHE HATATHEHHs CTPiuky Ha GapabaHi rmepecyBHOI cTaHIii Moxe
36LIBLIYBAaTHUCh B 2 Pa3y Bij 104aTKOBOro. [IMHAMiUHA HAaBAaHTAXKEHICTh CTPIYKKY MOXKe MaTH 3HAYHE 3061/IbIIEHHS, SIKIIO IPUCKOPEHHS ITepe-
CYBHOI CTaHIIil HEPO3TATHYyTE y 4Yaci i Mae BeJIMKi 3HaYeHHS.

TIpu excrutyaranii KOHBeepa HEOOXi[HO 3MiHIOBATH JAOBXHUHY TPAHCIIOPTYBAHHS Tpeba IIPYU IPAIIOI0YOMY KOHBeepi.

3 3acTocyBaHHSIM ITporpamHoro 3abesrnedeHHs: Mathcad BukoHaHO ampo6ariifo [J1si 3yIIMHEHOI'0 KOHBEEpa 3i 3MiHOIO JJOBXXUHOIO TpaH-
CIIOpPTYBaHHs. Po3paXyHKU IT0Ka3ajIM, 110 HATAT CTPiuky Ha 10 % Gijiblie HX /I KOHBeepa 3 IIPaIfol0uMM ITPUBOJIOM.

OTpuUMaHi pe3yJIbTaT! Aal0Th MOXJINBICTh IIPAaBUJIbHO €KCILTyaTyBaT KOHKYPEHTHO3aTHI MalllMHU, 00/1afiHaHi CTPiYKOBUM KOHBEEPOM
31 3MiHHOIO JIOBXXMHOIO TPAHCIIOPTYBaHHS.

KurrouoBi c10Ba: cTpiuKoBUil KOHBeep, IporpaMHe 3a6e3IeueHH s, eKCILTyaTallisl, HATSTHEeHHs CTPiYKY, TeOPeTUYHI JJOCTi/PKEHHSI.

DOI: 10.15587/1729-4061.2025.322728
TIIOBYIOBA MATEMATHUYHOI MOJEJII YIAPHOT'O IPUCTPOXO 3 IBOXEJIEMEHTHHUM BOMKOM (c. 38-49)

B. M. Ciigenko, O. M. Cirigenko, JI. K. JIlicroBuiuk, A. O. HoBukos, B. O. Byt

OG’eKTOM JIOCJIPKEHHS € TIPOLieC KOJIMBAHb YAAPHOTO MPUCTPOIO 3 JIBOXEJIEMEHTHUM GOMKOM, SIKUi J03BOJIsI€ 30LIBIIUTH e(eKTUBHICTh
pyiHYyBaHHS TipchbKoi IMOPOAX i 3MEHIIUTH BiJjady Ha KOPITyC IPUCTPOI0. BupilryBasack mpo6ieMa CTBOPEHHsS] MaTeMaTUYHOI MOJZEJ, sSiKa
OIMCYE JMHAMIYHYy B3a€EMOZIiI0 eJIeMeHTIiB 6oiika 3 iHCTpyMEHTOM IIpY BpaxyBaHHi OIIOpy po60YOro cepezioBUINA Ta iMITyJIbCHUX HaBaHTAXKEHb
Ha eJIeMeHTH NPHUCTPOI0. Y IpUBe/eHill Moziesi iHCTpyMeHT TpeZcTaBlIeHUi CTpYKHEM 3MiHHOTO Iiepepisy, a 600K — JJBOMa AUCKPETHUMU
€JIEMEHTaM! 3i 3BeIEcHMMH MacaMH. Y/japHa B3a€MOZisl MOJIEITFOEThCS HasIBHICTIO YKOPCTKUX i IMICUIIATUBHUX 3B SI3KiB Ta OIMHCYETHCSI CHCTEMOIO
JnudepeHIliaTbHUX PiBHAHD 3 TIOYaTKOBMMU Ta KpalioBUMHU yMOBaMM. /Il BUpillleHHs TTOYaTKOBO-KPaloBOi 3a/iadi 3aCTOCOBYEThCS YUCIOBUM
MeToz. ITapameTpy MeTo/ly BU3HAYAIOThCA TIPH PO3B’SI3KY MOJEIbHOI 33/1aui, fIka MobyAoBaHa I JUCKPETHOI MOJiesli 3 TphOMa AUCKPETHUMU
MacaMu. BcTaHOB/IEHO 361/IbIIIEHHS Yacy CIIiByapy IO BiIHOIIEHHIO JI0 IIPHCTPOIO 3 CYLJIBHUM GOITKOM B 1.5...2 pa3u /10 3Ha4eHb 350...500 MKC.
ITpy BeJIMUMHI HaBaHTaXKEHHSI CHJIOIO0 Bif, 50 10 500 KP B yacoBoMy Aiana3oHi 0...1 MC Ta IIBHUAKOCTSIX eJIeMeHTiB 1...8 M/c, HOpMaJIbHi HaIIpy>KeH-
Hi B TIepepizax iHcTpymeHTy ckutanu 200...380 MITa. KomGiHamisi B MoziesTi AUCKPETHUX Ta HellepepBHIX €JIEMEHTIB /{03BOJIHJIA YTOUHUTH YHCTIO-
BUIA MeTO/], 3 ypaXyBaHHAM CyTTE€BUX BJIaCTUBOCTel IPUTAMaHHUX iMITY/IbCHiH B3aeMoziii eJleMeHTiB 6oiiKa 3 iHCTPyMEHTOM Ta Iepejadi eHeprii
yAapy B cepe/loBUIIIe, sike 00POOIIIOEThCs. BUKOpHCTaHHA MOJe/TbHOI 3a/jadi /JajIo 3MOTY BU3HAuUaTH pallioHa/IbHi TapaMeTpy YHCI0BOTO METOY.
Po3po6:ieHa MojieIb MOXKe OyTH BUKOPHCTAaHA IIPU IIPOEKTYBAHHI yAAPHUX IPUCTPOIB 3 ONTHUMAJIBHUMU ITapaMeTpaMHy I OLiHKU (DOPMHU Ta
TPUBAJIOCTI ylaAPHOTO iMITy/IbCy. IIPHCTpPOI 3aCTOCOBYIOTLCA /I PYHHYBaHHS IipChKUX TOPif, B Oy/iBesbHil TexHilli, B HagToBUA00YBHIi ramysi.

Kurro4oBi coBa: yiapHUIT IPHUCTPiii, TPOJIOHTAILiA yAApy, CHJIA CITIBY/japy, AMCKPETHO-KOHTHHYaIbHA MOJIeJIb, KpalioBa 3az1ada.
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BU3HAYEHHS BIUIMBY TPUKYTHUX MIKBIKOHHHUX ITPOMIM BOKOBHUH KY30BA ABTOBYCA HA HOr'0O
CTPYKTYPY, MIITHICTDH TA ITACHUBHY BE3IIEKY (c. 50-63)

K. E. Tosienko, O. B. fuxa, M. O. luxa, B. O. lutuHiok, O. 3. Top6aii, ¥0. 1. BoiiyuiuuH, JI. B. Kpaitnuk

O6’eKTOM JIOCITi/KeHb BUCTYIIA€ IIPOCTOPOBA MOIeJIb KapKaca Ky30Ba Micbkoro aBrobyca Ukrautobusprom 4289, 1110 HiAiZIa€ThCst CTPYKTYpPHIH
OIITHMIi3allil 60KOBHUH 3 METOIO iX IMOCHJIEHHS Y 3B’A3KY 3i 3pOCTaHHAM CIIOpsi/pKeHoi Macu. IIprunHa 00TsDKEHHS IoJIsrae y HeoOXifIHOCTi BCTa-
HOBJICHHSI aKyMYJIITOPHUX GaTapeil Ha Jjaxy, 1110 € €JMHOMOKIMBIM MicIieM, BPaXOByIOUM HU3BKOIIiJIOTOBY KOMITOHOBKY Low-entry. Enexrpu-
(ikaryist MiCbKHX aBTOOYCIB ITOB’s13aHa 3 HEMUHYYHMM perJiaMeHTOBaHUM CKOpoueHHsIM BUKUZiB CO, Ha 30 % 10 2030 (EBpo 7) i MOBHOIO /ieKap6o-
Hizarieto 710 2050. Cxuragaroun 30-40 % Bif, 3arabHOI BapTOCT] aBTOOYCA, Ky30B BIMarae 36epe)KeHHsI ITPY IIePEeOCHAIeHH] U3eIbHIX MiCHKUX
MaIlIMH Ii/] esleKTpoTsry. EnexTpudikailis aBTo6yciB aBTOMaTUYHO Haksiaziae yMoBy flotpumaHHd IIpasua UNECE R100 110710 MOIMHAHHSA 5.58
Ta 6g MPUCKOPEHb 6JIOKOM 6GaTapeii pa3oM 3 Ky30BOM. J{JIs1 BUpillIleHHs ITPOo6IeMH 3aIIPOITIOHOBAHO TIepexi/l 3 KIIACMYHUX MPSMOKYTHUX Ha TPH-
KyTHI MDKBIKOHHI ITpo¥iMy G0KOBUH. IIpOIIOHYeThCS aHAIITHYHA METO/JMKA iMiTallil HATYPHUX BUITPOOYyBaHb HAOIMDKEHA 0 pealbHUX (hi3UYHUX
TecTiB. 3aBSIKM BHUIIIN YKOPCTKOCTI TPUKYTHUX CTPYKTYP ZOCATHYTO CKOPOUEHHS MAKCUMAaJIbHUX HAIpy)KeHb Ha 2.85 Ta 16.75 % y pexumax
CTaTUIHOTO KPyYEHHsI Ta 3TUHY i 36epexeHHs KOHCTPYKILii B MeXax TeKy4ocTi oy=252 MIIa crasi. MakcuMasbHi fedopmariii SHUSHINCA Ha
28.71 % nipu 3ruHi Ta Ha 50.77 % ripu Kpy4yeHHi. Harpy>xeHHsa B ymMmoBax R100 ckopoTuiivcs Ha 18.52 Ta 16.07 % y pexkumax 6.6g Ta 5g BifiIIOBIHO.
Jedopmarii B OCTAHHBOMY BUITQZIKy 3MEHIIFUTHCS Ha 46.09 % Ta ckutauu jmmre 10.83 MM. 3aBASKY 3aIIpOITIOHOBAHOMY MiIXOAY /IO CTPYKTYPHOI
Mozpudikarii GOKOBUH AOCATHYTO YHibikalii Ky3o0Ba i 6yb-sKUil TUI IIPUBOJY: JU3eIbHUH, TiOPUIHMI a60 eIeKTPUYHUIL. 32 yMOB JOCTaTHBOT
TEXHOJIOTTYHOCTi BUPOOHHIITBA KY30BiB aBTOOYCIB ZjaHe pillleHHsI MO)Ke OyTH BUKOPHCTAHO Ha MTPAKTHULI].

KurrouoBi croBa: MKBIKOHHI IIPoIiMH, Ky30B aBT00yca, CTPyKTypHA ONTHMi3allis, Harpy>keHHs Mi3eca, macBHa 6e3Ieka.
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BUSHAYEHHA AMILTITYTHO-YACTOTHUX XAPAKTEPUCTHK HIJIJIOTHU BATOHA EJIEKTPOITIOT3/IA (c. 64-75)

0. A. T'ostoBauieHnko, A. B. Illocrak, B. II. TkaueHKO

O6’eKTOM JIOCTiZPKEHHS € IPOIIeC PO3IOBCIO/KEHHS Bibpalliil yepes mijyIory macakxupchbKoro BaroHa BiJj OCHOBH /10 NMACaKUPCHKUX CH-
JiHb. locipiyBanack po6JeMa BIUIMBY CTPYKTYpPH Mi/I/IOrM BaroHa eJIeKTponoisa Ha 11 Bi6po3axucHi BJIaCTUBOCTI, 30KpeMa, poJib TyMOBHUX
aMOpTU3aTOopiB y Iporeci racinHs Bibpariil migmory. ITo6ygoBaHO MaTeMaTUIHY MO/eJb JIAHIFOTa PO3TOBCIO/KEHHS Bibpalliil BiZi OCHOBHM
BaroHa /[0 BepXHbOr0 MIapy IijIory. B sxocti mkepesa BiGpaniii B MaTeMaTH4Hil Moziesli 3aCTOCOBaHO KiHeMaTHuHe 30ypeHHsI OCHOBU Ba-



roHa. JloctiikyBaaucs Ba BapiaHTU CTPYKTYpPHU IiJIOTH — II'ATUIIApoBa i cemumiaposa. IIpyu po3paxyHKax BUKOPHCTAHO ITapaMeTpH LIapiB
Mi/JI0TH, OTPUMaH]i eKCIIEpUMEHTAIbHO METO/IOM BiJIbBHUX KOJWBaHb.

Ha ocHOBi BUKOpUCTaHHSI ITMTOMUX ITapaMeTpH MIapiB Mifyiory Oyso 3AiliCHEHO IMepexif| Bif pO3IOAiIeHNX MacOBUX, IPYXKHUX i Auc-
UMNATUBHUX IIapaMeTpiB — /10 30cepepkeHuX. Po3B’s130k cucreMu AndepeHIiHHNX piBHAHb KOJTMBAaHb OTPUMAHO Y BUIVIS/I YaCOBUX (PyHKITii
TepeMilleHb Ta IBUAKOCTEH eJIeMeHTiB Tijytoru. I106ygoBaHO MOMIApOBi aMILTITYHO-9aCTOTHI XapakrepucTuku (AFR) mifyorn. BusHaueHo
30HU PE30HAHCHUX YacTOT KOJMUBAJIBHOI CUCTEMH MiZIord BaroHa. OTpUMaHO 3aJIe)KHICTh BIUIMBY CTYIIEHIO 3aBaHTa)KEHHS BaroHa I1acau-
paMM Ha pe30HAHCHY 4acCTOTy KOJIMBaHb NOBEPxXHi mizytoru. Ilpu 3MiHi 3aBaHTa)XK€HHS BiJi MiHIMQJIBHOTIO — 10 MAKCUMAJIBHOT'O PE30HAHCHA
4acroTa 3MEHUIYeThCsA BifJ 15-22 Ty 1o 8-12 I'm.

ITixTBEp/PKEHO, 1110 BIUIMB ITapaMeTpiB IIapy 'yMOBMX aMopTH3aTopiB Ha AFR mifyioru e BusHauarounm 14 ii Bi6posaxucry. I1pu nopis-
HSHHI JBOX PO3IVITHYTHX BapiaHTIB IiJJIOTH TIepeBar CeMUIIAPOBOI Ii/TIOTH Tiepe IT ITUIIAPOBO0 He criocTepiraetbcs. AFR jy1s mepiroro i
Jipyroro mapis (paHepHOro HaCTUIIY — iIeHTUYHi.

Ha ocHOBIi laHUX TTPO «He6e3eyHi» [ JIOAUHU YaCTOTH KOJMBaHb, OTPMMAHO NepeBaykHe 3HAYEeHHs /IJIs eII0PH YCTaHOBKM aMOPTH3a-
TOPIB - 5-6 WTYK/M?, 1[0 Gy/le KOPUCHUM B yMOBAaX MOJIEPHi3allii BATOHIB PUMICbKUX €JIEKTPOIIOi3/IiB.

Korro4oBi ciroBa: 3aIi3HUYHUN TPAaHCHOPT, [TaCAXUPCHKI BaroHW, BiOparjis mijioru BaroHa, aMIUTTYAHO-4aCTOTHI XapaKTepHCTHKU,
KOMQOPT IMacaKupis.
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PO3POBKA MOBUIBHOI T'JIPABJITYHOI ITPEC-MAIIIHU 3 BUKOPUCTAHHAM CKIHYEHO-EJIEMEHTHOI'O
AHAJTI3Y (c. 76-89)

Agus Widyianto, Wahyu Arrozi, Yoga Guntur Sampurno, Paryanto, Asri Widowati, Tien Aminatun, Sunarta

Mo6inbHi rifipaBiuHi npec-MalIMHU HA/lAI0Th CYTTEBI IIepeBaru B TAKUX 00JIACTSAX 3aCTOCYBAaHHS, SIK Oy[iBHUIITBO, CiIbChbKe TOCIIO-
JIapCTBO i TexHiYHE 0OCIYrOBYBaHHS, /ie MOOGITBHICTE i yHiBEepCaIbHICTh MAIOTh IeplIodyeproBe 3HadeHHs. Lli mepeBary 3ymMoBJIeHi IIpo-
€KTYBaHHSM Ta PO3POOKOI0 MOOLIBHUX TiZipaBiIiyHMX Ipec-MamuH. OCHOBHOI METOIO /JaHOTO JIOCJI/PKEHHS € OLliHKa KOHCTPYKTHUBHUX
XapaKTepUCTUK MOOIJBHOI IiffpaBjiyHOI Ipec-MallMHU MiJ| BIVIMBOM eKCILTyaTallilfHUX HaBaHTaXkeHb. Po3poOka KOHCTPYKILil, MoJeto-
BAaHHS Ta CHUMYJIAIisl poOOTH MAIIMHY BUKOHAHI 32 JJOITOMOTO0 aHaJIi3y METOJOM CKiHUeHHUX eseMeHTiB (FEA). [lnsa po3po6ku Mozeti
MaIllMHY 3aCTOCOBYBAJIMCS HOBITHI TexHoJIOTii aBToMarn3oBaHoro npoekryBanHs (CAIIP). Lis Mozesb Gysia IpoaHasli3oBaHa [yl BU3HA-
YeHHSI OCHOBHUX IIapaMeTpiB, TAKUX SIK PO3IOALI HAIMPy)XeHb, 3arajbHa fedopMariist Ta acriekTu 6e3neku. OTpuMaHi AaHi cBigUaTh mpo
Te, 110 TiZIpaBaiYHUI TeJeCKONIYHUI NUIiH/p, pamMa IIpec-MallluHU, IIpec JJId BiIX0o/iB i BeplsaTa mpeca AJ1s BiJX0/[iB ITPaIllOI0Th B MEXax
JIOITyCTUMOTO KoediljieHTa 3amacy Mil{HOCTi, 1110 niepeBuIye ABa. KpiM Toro, piBHi HampyxeHb Hix4ue 550 MIla, a 3Ha4eHHs AedopMariii
KOJIMBAIOTHCA Bif 0,20 MM 710 0,40 MM, 1[0 iCTOTHO HIDKYE CTAaHAAPTIB BUKOPUCTOBYBAHOTO MaTepiaiy. IIpu mpoBesieHHi aHaIi3y KoediljieH-
Ta 3aracy MilJHOCTi Ba)KJIMBO BCTAHOBUTHU 06J1aCTi, J1sl IKUX OyJ10 6 oLiIbHE He3HaYHe MOCUJIEHHS 3 MeTOIO MiZIBUIIeHHs HafiltHOCTi Ta
JIOBroBiYHOCTi BUPOOY. Y TOH )Ke Yac, B CEKIii mpeca AJIs BiZiX0o/iB nepe6adeHU I HaJJIMIIKOBUI 3a1ac MiI[HOCTI, III0 BKa3y€e Ha MOXKJIMBOCTI
JIUIs TIOKpallleHHs onTuMi3anii Matepiaiy. Ileit KOMIIJIEeKCHUIT Imixi/ 3a6e31nedye KOHCTPYKTUBHY L[iITICHICTh MAIlIMHH, 110 TAKOX rapaHTYye
e(eKTHBHICTh Ta yHiBepcaJbHICTh MaIIMHU JJIs pi3HUX obsacTteil 3acTocyBaHHs. [lofasbIi 3yCHJUIS I[O/I0 BOCKOHAJIEHHS KOHIIEMIil
GyAyTh CIIPSIMOBAHI Ha CTBOPEHHS ITPOTOTHITIB Ta BUIIPOOYBaHHS.

KurrouoBgi cioBa: rifipaBiiuHa npec-MalllMHa, pO3IO/il Halpy>KeHb, 3arajbHa edopMallis, ONTUMi3allis KOHCTPYKILil.
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BUABJIEHHA HABAHTAXXEHOCTI YVIOCKOHAJIEHOT'O KOHTEMHEPA-ITMUCTEPHU IIPU 3AJII3HUYHUX
IIEPEBE3EHHAX (c. 90-98)

A. O.JIoBcbKa, A. O. Mypanx’'saH, I. B. Bapcykosa, O. }0. IOpueHko, O. B. [leMHUAIOKOB

OG6’€KTOM AOCTIPKEHHS € MPOIEeCH CIPUMHATTS Ta Iepepo3MoALTy MOB3OBXHIX HaBaHTA)XEeHb B KOHCTPYKIIil KOHTeHHepa-IUCTePHH,
po3MmilieHoro Ha BaroHi-1iardopMi pyu MaHeBPOBOMY CIiByapsiHHi. [Ipy I1boOMy BUpilllyBaach Ipo6siemMa 3a6e3rnedeHHs MillHOCTi KOHTeit-
Hepa-IUCTEPHU IIPU 3a/li3HUYHHUX IIePEeBE3€HHAX.

[l BUSIBJIEHHSI KOHLIEHTpallil Hallpy>KeHb B KOHTeIHepi-IIUCTePHi IIPOBe/IeHO MaTeMaTUYHe MOAIEeIIOBaHHS MOT0 ITOB3J0BXHbBOI HABaH-
Ta)XEHOCTI 32 YMOBH pO3MillleHHsI Ha BaroHi-miaTgopMi mpy MaHEeBPOBOMY CHiByAapssHHi. OTpUMaHi IPUCKOPEHHsS BPaxOBaHO MPHU po3pa-
XYHKY Ha MiIJHICTb KOHTeliHepa-IIMCTePHHU. BCTaHOBJIEHO, 1110 MAKCHMAaJIbHi HAIIPY>KeHHsI BUHUKAIOTh B 30Hi B3a€MOJ|I Il 3 BEPTUKAJIBEHOIO
cTilikoro i cxyazarTh 938,2 MIla, 1110 3HaYHO MEPEBUIILYE JOMyCTUMI. 3aITPOIIOHOBAHO YAOCKOHAJIEHHs KOHTeliHepa-I[MCTePHU BIIPOBA/KEH-
HSIM ITOCHJTIOIOUMX eJIEMEHTIB Y IOT0 KOHCTPYKIIif0. Pe3ynbTaTyl IpoBeZjeHOro PO3paxyHKy Ha MiITHICTb OBEJIH JAOIIbHICTE 3aIIpOIIOHOBAHOTO
YAOCKOHAJIEHHs. MaKCUMaJsIbHi HAaIpy)>XeHHsI B KOHTeHepi-IMCcTepHi ZOPiBHIOIOTE 6iin3bK0 215 MITa. Takoxk B paMKax JOCTiPKEeHHS IIpoBe-
JIeHO MO/Ia/IbHUM aHaJIi3 y/J0CKOHa/IEHOro KOHTelHepa-1[ucTepHU. BcTaHOB/IEHO, 1110 Ge3IeKa repeBe3eHb KOHTeHHepa-IUCTePHU 3ali3HIY-
HHM TPaHCIIOPTOM 3 TOYKHU 30py MOZIQJIBHOTO aHAJI3y 3a6€311e9yeThCs.

OCo6IMBICTIO OTPUMAaHUX PE3Y/IBTATIB € Te, 110 OKPaIeHHs MilIHOCTi KOHTelHepa-IIUCTePHU JOCATAEThCS 32 PAXyHOK IIOCUJIEHHS Horo
Kapkaca, sIK Hai6isIbIll HaBaHTA)KEHOTO eJIeMeHTa KOHCTPYKIIii.

Cdeporo MpaKTUYHOTO 3aCTOCYBaHHS OTPUMAHUX Pe3y/IbTATIB € 3a/Ii3HUYHNUN TPAHCIIOPT. YMOBAMU ITPAKTUYHOTO BUKOPUCTAHHS Pe3YJIb-
TaTiB € PO3MIllleHHsI PO3KOCiB IIOCHJIIOI0YOr0 eJIeMEeHTY KapKacy IiJi KyToM 45° 10 TOpHU30HTaII.

PesysipTaTi JaHOTO AOC/I/DKEHHSI CIPUATUMYTh CTBOPEHHIO HAIPAIlIOBaHb IIOJ0 IIPOEKTYBaHHS Cy4aCHUX KOHCTDPYKIIiii KOHTeliHepiB-
LMCTEePH, a TaKOX Ii/JBUIIEHHI0 e(peKTUBHOCTI eKCIUTyaTallil KOHTelfHepHUX IlepeBe3eHb.

KUrro4oBi ciroBa: 3aTi3HUYHUAM TPaHCIIOPT, KOHTEHHEP-I[UCTePHA, YOCKOHAJIEHHSI KOHCTPYKIil KOHTeiiHepa-IIUCTepHH, MII[HICTh KOH-
TeliHepa-IUCTEePHU, MOJATIBHUI aHaJIi3.
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BU3HAYEHHSA JUHAMIYHHX IIPOIIECIB Y PE3EPBYAPI ITICJIS IOTO BIZIPHBY BIJI JHUIIA B YMOBAX
MOXKEXI (c. 99-111)

M. M. Hecyx, A. B. Cy6ora, A. B. IlIBugenko, O. B. Hekopa, O. C. Kyrina, M. O. KpormBa

OG6’eKTOM IOCITi/PKEHHS € MPOILIEC BipUBY KOPITyCY BEPTUKATHHOIO CTAJIEBOTO pe3epByapa BiJj JHUIIA ITifl BIUINBOM aBapiliHUX TETIOBUX
i IMHaMIYHNX HaBaHTa)KeHb, XapaKTEPHUX JJIS ITOXKEXK Ha pe3epByapHUX Iapkax. BupinryBasachk mpo6sieMa IIporHo3yBaHHS ITapaMeTpiB Tpa-
€KTODii PyXy BepTHUKaJIbHOTO CTaJIeBOr0 pe3epByapa 3 MajJMBOM IIijl 4ac Horo Bi[puBy Ipu Aii BHYTPilIHBOTO HA/ITUIIKOBOTO TUCKY B yMOBax
TEIJIOBOTO BILJIMBY TIOXKEXKi.

JlocnizpkeHo AMHaMiYHI Mpoliecy pylHyBaHHs 3BapPHOTO IIBA BHU3Yy OTOPOKEHHS pe3epByapa Ta MpOoIeCH BUTiKaHHSA MaJnBa 3 HHOTO.
ITpu mipoBesieHHi JociKeHb Gy/10 0GIPYHTOBAHO KOMIT FOTEPHY MOJIeJIb IIPOLiecy Bi[pyBy YaCTUHM pe3epByapa, sika BpaXOBye TeOMETPUIHY
Ta (i3yHy HesiHIHHOCTI ITOBEAIHKM MaTepialy B TAKMX YMOBAX, a TAaKOXX TiZipofiuHaMIiuHi Iporiecu Npy BUTiKaHHI nmasmBa. Komir'orepHe
MO/Ie/TIOBaHHA 1T0Ka3aJIo, 110 BUCOTA Mi/iliTaHHs pe3epByapa IpH Horo BifipuBi Bif JHUIA 3a/IeKNUTH BiJ| piBHSA H10ro 3aloBHEHHs Ta 3arajib-
HOTro 00’eMy. IIpH I[bOMy MEHIINIA piBeHb 3aIIOBHEHHS pe3epByapa Ta MEHIIHI f10ro 06’eM 3yMOBJIIOE MEHIITy BUCOTY iforo miguritaHHs. e
TIOSICHIOETBCS. TUM, 110 30i/IbIIIEHHS Bar MeXaHIiYHOI CUCTeMH, SIKOIO € pe3epByap i3 HadTOIPOLYKTOM, IPUBOAUTH /10 30i/IbLIEHHS eHepril
JIUIS BiZITTOBiIHOT BUCOTH ITi/I/TiTAHHS.

[l onMcaHHS BUSIBJIEHUX 3aKOHOMipHOCTel IpoBeZieHO perpeciiHuil aHasli3, Y pe3y/abTaTi BCTAHOBIEHO eMIIipUYHi 3aI€KHOCTI MiX
KiHEMaTUYHUMU ITapaMeTpaMH TPaeKTOpil Mifi/liTaHHs, KOHCTPYKTUBHUMMU XapaKTepUCTUKaMU pe3epByapa Ta piBHeM iforo 3armoBHeHHs. ITo-
Ka3aHa IPUIHATHA a/IeKBATHICTh JAHUX OTPMMAaHMX 3a BUSBJIEHOIO PErpeCciiiHOI0 3aJIeXKHICTIO.

BusiBiieHi 3aKOHOMIPHOCT] € HAyKOBUM IiAIPYHTSM /JIsl CTBOPEHHS IIPAKTUYHUX PEeKOMEH/ALlii 1[0/J0 TeXHOJIOIYHUX BUMOT 100 36e-
piraHHs HaTONMPOAYKTIB Y BEPTUKAIBHUX pe3epByapax AJis 3MeHIIEeHHsI pU3UKY IXHbOTO Ii/[TiTAaHHS Ha BeJIUKi JUCTAHIIT ITif yac BHYTpimI-
HBOT'0 BUOYXy BHACIIZJOK TIOXKEXI.

KurrouoBgi cioBa: BijpyB pezepByapa, 4ncebHe MOZIeIFOBaHHS, METO/| CKIHUeHHUX eJIEMEHTIB, perpeciiiHuil aHamis.



