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The object of this study is a castellated beam, in which the
web openings have the shape of a regular hexagon. The beam is
examined to find optimal cross-sectional dimensions. The optimi-
zation task is stated as the task of finding the optimal profile num-
bers for top and bottom Tees of the beam and the optimal width of
the web opening while ensuring the required load-carrying capac-
ity of the beam. Minimization of the volume of the beam material
was considered as an optimality criterion. The stated optimization
problem was solved using the exhaustive search method. For an
assortment of normal I-beams with parallel flanges, castellated
beams were obtained with optimal cross-sectional dimensions
depending on the steel grade, the beam span, and the magni-
tude of transverse uniformly distributed load. The optimization
calculations proved that it was possible to increase the elastic
section modulus of the beam to 35.48...50 % through the use of a
castellated web. Castellated beams with optimal cross-sectional
dimensions at the same load-carrying capacity are characterized
by lower steel consumption (up to 23.19 %) compared to I-beams
with a solid web. Analysis of the results has made it possible to
devise recommendations for the optimal distribution of material
in the cross-sections of such beams. The results are valid only for
the assortment of normal I-beam profiles and only for the case
of uniformly distributed load acting on the beam when the com-
pressed beam flange is laterally restrained from the bending plane
and the beam web has openings in the form of regular hexagons.
It is under such conditions that the reported results can be imple-
mented in practice both at the stage of selecting cross-sections of
the studied class of structures, and at the development of effective
assortments of castellated beams.
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sign, mixed variables, exhaustive search.
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The object of this study is the processes of occurrence, percep-
tion, and redistribution of loads in the body of a gondola car with
reinforcing belts in the structure of side walls.

In order to improve the strength of side walls of the gondola
car body, it is proposed to strengthen them with additional belts.
At the same time, it is reinforced with diagonal belts in three sec-
tions of the body on the side of the consoles, and in the middle sec-
tion, 1/3 of the height from the lower strapping, with a horizontal
belt. To determine the parameters for the execution of profiles in
the reinforcing belts, the calculation of the gondola car body as a
rod system was carried out. Based on the resulting values of bend-
ing moments, the moment of resistance of the cross-section of the
profiles of the reinforcing belts was determined. The calculation
of the strength of the body of the gondola car under the main
modes of its loads in operation (I and III calculation modes) was
carried out. It was found that the resulting stresses were 10.3 %
lower than those occurring in a typical design of a gondola car
body. The movement of the gondola car in the empty and loaded
states was evaluated.

A feature of the reported research results is that the improve-
ment of the strength of the side walls of the gondola car body is
achieved by increasing the rigidity of its frame.

The field of practical use of the results is the engineering
industry, in particular, railroad transport. The conditions for the
practical application of results are the symmetrical distribution of
reinforcing belts along the length of the gondola car body.

This study results may contribute to improving the durability
of gondola car bodies in operation, and accordingly to reducing
costs for unscheduled repairs. Also, the findings could prove use-
ful for designing modern structures of railroad cars.

Keywords: transport mechanics, gondola car improvement,
gondola car frame, body load, body strength.
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The object of research is seismic design, and the subject of the

study is the determination of the reduction coefficient. One of the
important problems of earthquake-resistant design is to determine
the effect of low-cycle fatigue of reinforced concrete on the reduc-
tion coefficient and determine its optimal value. This problem is not
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disclosed and is not specifically taken into account in the standards
for earthquake engineering when determining the maximum bearing
capacity of types of structures due to the lack of study of the issue.
To solve the problem, a series of experimental studies were carried
out on low-cycle fatigue of reinforced concrete bending elements and
frame units. The range of results of the reduction coefficient values
and the degree of influence of monocyclic fatigue on the properties
of the reduction coefficient are obtained.

A feature and characteristic of the results obtained is that the
reduction coefficient Ry depends on the nature of the hysteresis
deformation pattern and the plastic life of structural elements
estimated by the plasticity coefficient p, which is significantly in-
fluenced by low-cycle fatigue manifested at peak accelerations of
strong seismic impacts. The above test algorithm, the feature and
characteristics of the results obtained made it possible to solve the
problem under study.

The results obtained are accepted for practical use in the ac-
tion of seismic loads: on the calculation of strength taking into
account new low-cycle coefficients, reduction coefficients for de-
termining the spectra of design reactions and seismic loads, taking
into account energy absorption. New reduction coefficients are
proposed for determining the spectra of calculated reactions and
seismic loads.

Keywords: seismic resistance, reinforced concrete structures,
low-cycle fatigue, reduction and ductility coefficients.
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The object of this study is the process of directing the bogies
of model 18-100 freight cars along a rail track, in particular, along
curved sections of the track. The task to be solved was to determine
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the influence of wheelset arrangement on the level of steering forces
in the flange contacts.

A calculation diagram and a mathematical model of fitting the
bogie into the curved section of the track have been built. The bogie
loading scheme by external forces, including lateral rocking forces
acting on the car in a curve, has been refined. In this case, the method
of pseudo-statics of the mechanical system, which is a system of
nonlinear algebraic equations, was applied. The calculation module
Given-Find in the Mathcad software package (USA) was used to
solve the mathematical model.

It was established that the misalignment of wheelsets in the
frames of model 18-100 bogies was of an accumulative nature.
At the maximum operating angles of misalignment of wheelsets,
the lateral steering forces in the flange contacts increase by
40-60 % compared to the rated setting. These angles can be up to
0.015 rad (0.85 degrees).

The field of practical application of the results is railroad
transportation, in particular, the system of maintenance and
repair of freight cars on bogies of the 18-100 model. At the same
time, the condition for the practical application of the research
results is the expediency of introducing into the maintenance
system the technological operation of controlling the deviation of
wheelset arrangement in the bogie relative to the rated one.

The current study will contribute to the construction of a
measuring system for monitoring the deviation of wheelset ar-
rangement in the bogie relative to the rated one. This proves the
expediency of introducing into the trolley maintenance system
the technological operation of controlling the deviation of wheel-
sets and designing a device for monitoring this parameter.

Keywords: railroad transport, 18-100 bogies, steering forces,
flange, interaction of wheels and rails.

References

1. Domin, R., Domin, L., Cherniak, G., Mostovych, A., Konstan-
tidi, V., Gryndei, P. (2016). Investigation of the some problems
of running safety of rolling stock on the Ukrainian railways.
Archives of Transport, 40 (4), 15-27. https://doi.org/10.5604/
08669546.1225459

2. Fomin, O., Lovska, A. (2021). Determination of dynamic loading
of bearing structures of freight wagons with actual dimensions.
Eastern-European Journal of Enterprise Technologies, 2 (7 (110)),
6-14. https://doi.org/10.15587 /1729-4061.2021.220534

3. Knothe, K. (2008). History of wheel/rail contact mechanics: from
Redtenbacher to Kalker. Vehicle System Dynamics, 46 (1-2), 9-26.
https://doi.org/10.1080,/00423110701586469

4. Bahrov, O. M. (2016). Bokovi ramy vizkiv vantazhnykh vahoniv.
Ekspluatatsiya. Problemy ta yikh vyrishennia. Zaliznychnyi trans-
port Ukrainy, 1-2, 29-34. Available at: http://nbuv.gov.ua/UJRN/
ZTU 2016_1-2 7

5. Pires, A. C., Pacheco, L. A,, Dalvi, L. L., Endlich, C. S., Queiroz, J. C.,
Antoniolli, F A, Santos, G. E M. (2021). The effect of railway wheel
wearonreprofilingand service life. Wear,477,203799. https://doi.org/
10.1016/j.wear.2021.203799

6. Zub, 1., Sapronova, S. (2022). Influence of deviations in the position
of wheel pairs in a freight-car on the guiding forces. Transport Sys-
tems and Technologies, 40, 63—77. https://doi.org/10.32703/2617-
9040-2022-40-6

7. Koshel, O., Sapronova, S., Tkachenko, V., Buromenska, M., Radkev-
ich, M. (2021). Research of Freight Cars Malfunctions in Operation.
Proceedings of 25th International Scientific Conference. Transport
Means 2021, 589-592. Available at: https://transportmeans.ktu.
edu/wp-content/uploads/sites/307,/2018/02/Transport-Means-
2021-Part-1Lpdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Hu, Y, Watson, M., Maiorino, M., Zhou, L., Wang, W. J., Ding, H. H.

et al. (2021). Experimental study on wear properties of wheel and rail
materials with different hardness values. Wear, 477, 203831. https://
doi.org/10.1016/j.wear.2021.203831

. Wang, W,, Huang, J., Ding, H., Wen, Z., Cui, X., Lewis, R., Liu, Q.

(2024). Initiation and evolution of wheel polygonal wear: Influence of
wheel-rail hardness ratios. Wear, 540-541, 205255. https://doi.org/
10.1016/j.wear.2024.205255

Zhao, H., Liu, P, Ding, Y., Jiang, B, Liu, X., Zhang, M., Chen, G.
(2020). An Investigation on Wear Behavior of ER8 and SSW-Q3R
Wheel Steel under Pure Rolling Condition. Metals, 10 (4), 513.
https://doi.org/10.3390/met 10040513

Zhang, P, He, C., Shen, C., Dollevoet, R., Li, Z. (2024). Compre-
hensive validation of three-dimensional finite element modelling
of wheel-rail high-frequency interaction via the V-Track test
rig. Vehicle System Dynamics, 1-25. https://doi.org/10.1080/
00423114.2024.2304626

Koshel, O., Sapronova, S., Kara, S. (2023). Revealing patterns in
the stressed-strained state of load-bearing structures in special
rolling stock to further improve them. Eastern-European Journal
of Enterprise Technologies, 4 (7 (124)), 30—42. https://doi.org/
10.15587,/1729-4061.2023.285894

Fomin, O., Lovska, A., Pistek, V., Kugera, P. (2019). Dynamic load
computational modelling of containers placed on a flat wagon at rail-
road ferry transportation. Vibroengineering Procedia, 29, 118—123.
https://doi.org/10.21595/vp.2019.21132

Soleimani, H., Moavenian, M. (2017). Tribological Aspects of
Wheel-Rail Contact: A Review of Wear Mechanisms and Effec-
tive Factors on Rolling Contact Fatigue. Urban Rail Transit, 3 (4),
227-237. https://doi.org/10.1007 /s40864-017-0072-2

Domin, R. Yu., Domin, Yu. V., Cherniak, H. Yu., Serhienko, O. V.
(2022). Stiykist rukhomoho skladu vid skhodzhennia z reiok. Sievi-
erodonetsk: Vyd-vo SNU im. V. Dalia, 232. Available at: https://
dspace.snu.edu.ua/server/api/core/bitstreams/7ad0aa67-11e3-
41df-ab59-2612b5848411/content

Weilguny, R., Leitner, M., Brunnhofer, P, Pospischil, F. (2023). In-
vestigation of dynamic gauge widening in small radius curves and its
impact on lateral wheel-rail contact forces. Vehicle System Dynam-
ics, 1-26. https://doi.org/10.1080,/00423114.2023.2276762
Djabbarov, S., Abdirakhmanov, J., Abdullaev, B., Namozov, S.,
Yuldoshov, R., Ergasheva, V. (2023). Rin-in comb wheels of the
wheel pair of the car when moving on a curve section of the path.
E3S Web of Conferences, 389, 05048. https://doi.org/10.1051/
e3sconf/202338905048

Derbiszewski, B., Obraniak, A., Wozniak, M., Rylski, A., Siczek, K.,
Kubiak, P. (2022). Friction Issues over the Railway Wheels-Axis
Assembly Motion. Lubricants, 10 (2), 26. https://doi.org/10.3390/
lubricants10020026

Shatunov, O. V., Shvets, A. O., Kirilchuk, O. A., Shvets, A. O. (2019).
Research of wheel-rail wear due to non-symmetrical loading of a flat
car. Science and Transport Progress, 4 (82), 102—117. https://doi.org/
10.15802/5tp2019,/177457

Eadie, D. T, Elvidge, D., Oldknow, K., Stock, R., Pointner, P,
Kalousek, J., Klauser, P. (2008). The effects of top of rail friction
modifier on wear and rolling contact fatigue: Full-scale rail-wheel
test rig evaluation, analysis and modelling. Wear, 265 (9-10), 1222—
1230. https://doi.org/10.1016/j.wear.2008.02.029

Meymand, S. Z., Keylin, A., Ahmadian, M. (2016). A survey of
wheel-rail contact models for rail vehicles. Vehicle System Dy-
namics, 54 (3), 386-428. https://doi.org/10.1080,/00423114.201
5.1137956

Golubenko, A., Sapronova, S., Tkacenko, V. (2007). Kinematics of
point-to-point contact of wheels with a rails. Transport problems,


https://doi.org/10.1016/j.wear.2021.203831
https://doi.org/10.1016/j.wear.2021.203831
https://doi.org/10.1016/j.wear.2024.205255
https://doi.org/10.1016/j.wear.2024.205255
https://doi.org/10.3390/met10040513
https://doi.org/10.1080/00423114.2024.2304626
https://doi.org/10.1080/00423114.2024.2304626
https://doi.org/10.15587/1729-4061.2023.285894
https://doi.org/10.15587/1729-4061.2023.285894
https://doi.org/10.21595/vp.2019.21132
https://doi.org/10.1007/s40864-017-0072-2
https://dspace.snu.edu.ua/server/api/core/bitstreams/7ad0aa67-11e3-41df-ab59-2612b5848411/content
https://dspace.snu.edu.ua/server/api/core/bitstreams/7ad0aa67-11e3-41df-ab59-2612b5848411/content
https://dspace.snu.edu.ua/server/api/core/bitstreams/7ad0aa67-11e3-41df-ab59-2612b5848411/content
https://doi.org/10.1080/00423114.2023.2276762
https://doi.org/10.1051/e3sconf/202338905048
https://doi.org/10.1051/e3sconf/202338905048
https://doi.org/10.3390/lubricants10020026
https://doi.org/10.3390/lubricants10020026
https://doi.org/10.15802/stp2019/177457
https://doi.org/10.15802/stp2019/177457
https://doi.org/10.1016/j.wear.2008.02.029
https://doi.org/10.1080/00423114.2015.1137956
https://doi.org/10.1080/00423114.2015.1137956
https://doi.org/10.5604/08669546.1225459
https://doi.org/10.5604/08669546.1225459
https://doi.org/10.15587/1729-4061.2021.220534
https://doi.org/10.1080/00423110701586469
http://nbuv.gov.ua/UJRN/ZTU_2016_1-2_7
http://nbuv.gov.ua/UJRN/ZTU_2016_1-2_7
https://doi.org/10.1016/j.wear.2021.203799
https://doi.org/10.1016/j.wear.2021.203799
https://doi.org/10.32703/2617-9040-2022-40-6
https://doi.org/10.32703/2617-9040-2022-40-6
https://transportmeans.ktu.edu/wp-content/uploads/sites/307/2018/02/Transport-Means-2021-Part-II.pdf
https://transportmeans.ktu.edu/wp-content/uploads/sites/307/2018/02/Transport-Means-2021-Part-II.pdf
https://transportmeans.ktu.edu/wp-content/uploads/sites/307/2018/02/Transport-Means-2021-Part-II.pdf

2(3), 57—-61. Available at: http://transportproblems.polsl.pl/pl/
Archiwum/2007 /zeszyt3,/2007t2z3_07.pdf
23. Agreement on use of freight wagons in international traffic (the PGV

Agreement) (with amendments and additions as of 1 January 2024)
(2024). Official publication OSJD Committee, Warsaw, 168. Avail-
able at: https://en.osjd.org/en/8911/page/106077?1d=2858

24. Mikhailov, E., Semenov, S., Sapronova, S., Tkachenko, V. (2020). On
the Issue of Wheel Flange Sliding Along the Rail. Lecture Notes in
Intelligent Transportation and Infrastructure, 377-385. https://
doi.org/10.1007 /978-3-030-38666-5_40

DOI: 10.15587,/1729-4061.2024.304051

DETERMINING THE EFFECT OF ADDITIONAL TANK
VOLUME AND AIR PRESSURE IN THE SPRING ON
THE DYNAMIC INDICATORS OF A PNEUMATIC
SYSTEM OF SPRING SUSPENSION IN HIGH-SPEED
RAILROAD ROLLING STOCK (p. 47-62)

Andrii Kuzyshyn
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-3012-5395

Vitalii Kovalchuk
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-4350-1756

Yuliya Sobolevska
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-8087-2014

Yuriy Royko
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-0055-9413

Ivan Kravets
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-2239-849X

The object of this study is the pneumatic system in the spring
suspension of rolling stock under conditions of high-speed move-
ment from 170 to 250 km /h.

Based on the thermodynamic model of the pneumatic spring
suspension system, the influence of volume of the additional tank
and the initial pressure in the pneumatic spring on the nature of
change in the spring’s dynamic stiffness, energy losses, and damp-
ing coefficient was studied.

Based on the built “force-deformation” dependences for the
pneumatic spring, it was established that the change in the vol-
ume of an additional tank has a slight effect on the deformation of
the pneumatic spring at different speeds of the high-speed rolling
stock.

It was established that in the range of rolling stock speeds of
170-250 km/h, the diameter of the connecting pipeline is 30 mm,
and the volume of the additional tank is from 30 to 60 I, the maxi-
mum change in the dynamic stiffness of the pneumatic spring up
to 15.5 % occurs at the pressure in the spring of 6.5 bar.

Dependences of energy loss and damping coefficient during
the operating cycle of the pneumatic spring suspension system
were derived. It was established that an increase in the volume of
the additional tank and the initial pressure in the pneumatic spring
leads to an increase in the energy loss during the operation cycle
of the pneumatic system. The maximum values of the damping
coefficient over the entire considered range of variable parameters
are 1.16-1.29.

Tt was established that with the volume of the additional tank
in the range from 30 to 50 liters, the maximum values of the damp-

ing coefficient are observed at a diameter of the connecting pipe-
line of 25 mm and a speed of movement from 200 to 250 km/h.
And with an additional tank volume of 60 liters — with a diameter
of 30 mm and a speed of 170 to 250 km/h.

Keywords: pneumatic spring suspension system, spring stiff-
ness, damping coefficient, railroad rolling stock.
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The object of this study was the motion of an ultralight class

variable-length launch vehicle made of a polymer body along
the active phase of the trajectory. The work considers the solu-
tion to the problem of designing low-cost means of delivery to
orbit, namely to the assessment of the possibility of removing
the payload by a carrier rocket with a polymer body of variable
length beyond the dense atmosphere of the Earth. For this pur-
pose, ballistic projection of the trajectory of the launch vehicle
was carried out taking into account overloading; its aerodynamic
characteristics and peculiarities of aerothermodynamic processes
occurring during flight in the atmospheric phase of the trajectory
were determined. The closeness (up to 10 %) of the obtained re-
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sults with known experimental data is shown. The influence of the
aerodynamic force on the parameters of the launch vehicle motion
was studied. A flight simulation was conducted, the results of
which showed the fundamental possibility of launching a CubeSat
24U class payload using a launch vehicle with a polymer body
of variable length to a suborbital trajectory with an altitude of
about 300 km. At the same time, the effective longitudinal over-
load on the body of the launch vehicle does not exceed 4 units,
and the temperature on the surface of the body does not exceed
300 K. A feature of the research is the use of a multidisciplinary
approach, which implies taking into account the interrelation-
ship of aerodynamic, thermodynamic, and ballistic processes. The
established motion parameters, aerodynamic characteristics, and
the surface heating temperature of the launch vehicle body are
key values for further research on the design and analysis of a
launch vehicle with a polymer body of variable length. These data
could be used to calculate the mechanical and thermal loads act-
ing on the structure of the launch vehicle during flight.

Keywords: launch vehicle, variable length, polymer body,
aerodynamic characteristics, suborbital trajectory.
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OIITUMI3AIIA PO3MIPIB IIOITEPEYHOTIO ITEPEPI3Y BAJIOK I3 IEP@®@OPOBAHOIO CTIHKOIO (c. 6-16)

B. B. IOpuesxko, 1. /1. Ilenemxo, II. P. Pycun

O6’eKTOM AOCHIKEHHST PO3TJIAAAEThCs Gasika i3 mep(opoBaHo0 CTIHKOIO, B AKiil OTBOPHM y CTiHII MaioTh (GOPMY TIPaBUILHOTO
HIECTUKYTHUKA. Basika 10ocai/pKy€eThest HAa MpeMeT HOUIYKY ONTUMAaJbHAX PO3MIpiB mepepisy. 3agada ontumisailii (hOpMyITIOEThCS K
3aja4a MOIyKY ONTUMaJbHUX HOMEPIB TPOdIIIB JIJIst BEPXHBOTO I HUKHBOTO TMosica GaIKi Ta ONTHMAJIbHOI ITUPUHI OTBOPY Y CTIHIL MpH
3abe3neyeHHi HeOOXIHOI Hecydol 3maTHOCTI Gaaku. SIK KpUTepiii ONTUMAaNbHOCTI PO3IJsiAanach MiHiMizalis 06’eMy mMaTepiary Ganku.
CdopmysnboBana 3a/jaua ONTUMI3allii PO3B’A3YETHCA 3a JOMOMOTOIO METO/Iy BUYEepPIHOTOo norykKy. /[ copraMeHTy HOpMaJabHUX /IBOTaB-
piB i3 mapajebHIMU MOJTUISIME OTPUMaHi 6aJIKH i3 1epHOPOBAHOI0 CTIHKOW i3 ONTUMATBHUMU PO3MiPaMU MepPepisy 3aJMeKHO Bij Kaacy
CTaJi, NpoJabOTY GANKM Ta BEJINYUHE TIOTIEPEYHOTO PIBHOMIPHO-PO3MOAIIEHOr0 HaBaHTa)KeHHs. BUKoHaHI onTuMisaniiiHi pospaxyHKn
3aCBIYMIIN, IO MOMEHT oTopy Gasiky Baasoch 36imbmmTi 10 35,48..50 % 3a paxyHOK 3acrocyBaHHs mepdopoBanoi cTinku. bamkn i3
11epOpOBAHOIO CTIHKOIO 3 ONTUMAJIbHUMU PO3MipaMu ITiepepisiB npu Tiil camiil Hecyd4iil 3aTHOCTI XapaKTePU3YIOThCS MEHIINMU BU-
Tpatamu ctaii (10 23,19 %) mopiBHSIHO IO IBOTABPOBHUX OAJIOK i3 CYIITBHOIO CTIHKOW. AHAII3 OTPUMAHUX PE3YJIBTATIB T03BOJIIB PO3-
pPo6UTH PEKOMEHIAINT 1I0I0 ONTUMATBHOTO PO3IOIIY MaTepiaiy B mepepizax Takux 6asok. OTpuMaHi pe3yJbraTi CrpaBeInBi Julie
IUIST COPTAMEHTY HOPMAJIbHUX ABOTABPOBUX MPOMIIIB i inmre a5 BUNaAKy Aii Ha 6aaKy piBHOMIPHO-PO3TIOIIIEHOTO HABAHTAKEHHST TIPH
POBKPIIIEHH] CTHCHYTOTO Tosica GAJKM i3 TIONMHM 3THHY Ta nepdopalilii cTiHKu 6aJKi OTBOPaMU Y BUTJISAI MPABUJIbHUX MECTUKYT-
HukiB. CaMe 3a TaKUX YMOB OTPUMaHi pe3yJbTaTu MOKYTb OyTU BIIPOBAJKEHI Ha MPAKTHUIL SIK Ha eTarli migbopy MolepevyHnx nepepisis
JIOCJIZKYBAHOTO KJIaCy KOHCTPYKILIH, Tak i mpu po3pobiti epeKTUBHUX COPTaMEHTIB GAJIOK i3 mephopoBaHOIO CTIHKOIO.

KiiouoBsi cioBa: Gajka 3 nephopoBaHOoI0 CTIHKOIO, HIECTUKYTHI OTBOPH, ONTUMAajbHE MPOEKTYBaHH, 3MillaHi 3MiHHI, BUYepPITHUN
OTITYK

DOI: 10.15587/1729-4061.2024.303987
BUSABJIEHHSA 3AKOHOMIPHOCTEIT HABAHTAYKEHOCTI KY30BA HAIIIBBATOHA 13 TIOCAJIIOIOUYUMH
MOSACAMU B KOHCTPYKIIIi BOKOBUX CTIH (c. 17-25)

A. O. JloBcbka, O. JI. CranoBcbkuii, O. B. JKaposa, €. O. Haymenko, €. C. Ileaunenko

O6’eKTOM AOCIKEHHS € TIPOIeCH BUHUKHEHHS, CIPUITHATTS Ta Nepepo3IoAiay HaBaHTa)KeHb B Ky30Bi HalliBBaroHa i3 MOCUJIIOI0-
YHMU MOSCAMU B KOHCTPYKIIiT GOKOBUX CTiH.

3 MeTo10 MoKpalleHHst MillHOCTi GOKOBHMX CTiH Ky30Ba HalliBBaroHa 3ampoINOHOBAHO MOCUJIEHHS iX J0AaTKOBUME mosicamu. [Ipu
1IbOMY 32 TPbOMa CEKIiSIMHI Ky30Ba 3 601<y KOHCOJIEH BiH NMOCUJIEHUH /liarOHAJIbHUMM TI0SICaMU, a B Cepe/lHiil cekIlii 3a BucoTow 1/3 Bij
HWKHBOTO 00B’sI3yBaHHsI — TOPU3OHTAIBHUM T10sicoM. [[Jisi BU3HAYEHHST TTapaMeTpiB podijiB BUKOHAHHS OCUIIIOIOYHMX MOSICIB MPOBe-
JIEHO PO3PAXyHOK Ky30Ba HANiBBArOHA sIK CTPUIKHEBOI cUCTeMU. 32 OTPUMAHUMU 3HAYEHHIMU 3TUHAJBLHUX MOMEHTIB BUBHAYEHO MOMEHT
OTIOPY TOIIEPEYHOTO Hepepisy npodisiB BUKOHAHHS MOCUIIOI0YNX MOSICiB. 3/ilicCHEHO PO3PaXyHOK Ha MII[HICTh Ky30Ba HaIliBBaroHa Ipu
OCHOBHUX pekMMax ioro HaBanTakenb B ekcrryatarii (I ta III pospaxynkosi pesxkumm). BeranoBiewno, 1Mo oTpUMaHi HampysKeHHs
Ha 10,3 % Hukyi 3a Ti, 110 MAIOTh Miclle B TUIIOBiil KOHCTPYKIIiI Ky30oBa HaniBBarona. OLiHEHO Xi/l pyXy HalliBBaroHa y HOPOXKHbOMY Ta
3aBAHTA)KEHOMY CTAHaX.

Oco6aUBICTIO OTPUMAHUX PE3YJAbTaTIB AOCAIAKEHHS € Te, 10 MOKPAIeHHs MiITHOCTI 60KOBUX CTiH Ky30Ba HAIlliBBATOHA OCATAETHCS
32 PaXyHOK Ii/IBUII[EHHS ’KOPCTKOCTI HOT0O KapKacy.

Cdepolo mpakTHIHOTO BUKOPUCTAHHS OTPUMAHKUX Pe3yJbTaTiB € MallnHOOYAiBHA TaIy3b, 30KpeMa, 3aJi3HIUYHII TPAHCIIOPT. YMO-
BaMU NPAKTUYHOTO BUKOPUCTAHHS PE3YJIbTATIB € CUMETPHYHE PO3IO/IiJIEHHS TOCUJIIOI0YUX OSICIB 32 IOBJKMHOIO Ky30Ba HalliBBaroHa.

Peayabpratin 1aHOTO OCTIPKEHHS CHPUATHMYTD IIOKPAIEHHIO MIIIHOCTI Ky30BiB HAaIliBBATOHIB B €KCILTyaTallii, a BiAMOBiIHO CKOPO-
YEeHHIO BUTPAT Ha I103aIIaHoBi BUAM iX peMoHTiB. Takosk orpuMani pesysbratu OyayTh KOPUCHUME HATIPAIIOBAHHAME IIPU IPOEKTYBaH-
Hi Cy4acHMX KOHCTPYKILi 3a/1i3HUYHNX BaroHiB.

KimouoBi cioBa: TpaHcrmopTHa MeXaHiKa, YIOCKOHAJIEHHS HAlliBBaroHa, Kapkac HalliBBAarona, HaBaHTAKEHICTh Ky30Ba, MII[HICTb
Ky30Ba.
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BUSBJIEHHS BILIMBY MAJIOITMKJIOBOI BTOMMU 3AJIISOBETOHHNX KOHCTPYKRIIIN HA BJIACTUBOCTI
SHUKYIOYOT0O KOEDIIIEHTA 3A /IIi HABAHTAKEHHS CEMICMIYHOTO TUITY (c. 26-37)

Mirken Abakanov, Izim Dyussembayev, Mermurat Nigmetov

OG’eKTOM POBIIISALY € CeCMIYHUI MPOEKT, a MPEAMETOM AOCIIPKEeHHsT — BU3HaUYeHHs KoedilienTta sumkents. OQHIE0 3 BaKINBUX
1pobJieM CeHCMOCTIIKOrO MPOEKTYBAHHS € BU3HAYEHHS BILIMBY MAJIOLMKJIOBOI BTOMH 3a/1i300eTOHY Ha KOe(Dilli€HT 3HUKEHHS Ta BH-
3HAYEHHSI fI0TO ONTHMAIBHOTO 3HaYeHHsT. 1[st TpobieMa He PO3KPUBAETHCS 1 CIIEIiaIbHO He BPAXOBYETHCST B HOPMAX CEHCMOTEXHIKM TIPH
BU3HAUYEHHI MAaKCUMaJIbHOI HeCy4ol 3/[aTHOCTI TUITIB KOHCTPYKIiil yepe3 HeJ0CTaTHIO BUBYEHICTh nuTaHH4. /[y BupinieHHs nocrabeHol
3amaui OyJI0 TIPOBEICHO CEPI0 eKCTIEPUMEHTATBHUX TOCTIKEHb MATOIMKIOBOI BTOMU 3a/1i3006TOHHUX 3TMHAJTBHUX €JIEMEHTIB 1 KapKac-



HUX By3JiB. OTpUMAHO /lialla30H pe3yJIbTaTiB 3HaueHb KoedillieHTa 3HUKEHHS Ta CTYIiHb BIIMBY MOHOIMKJIIYHOI BTOMM Ha BJIACTHUBOCTI
KxoedirienTa 3HMKEHHS.

Ocob6MBICTIO Ta XaPAKTEPUCTUKOI OTPUMAHUX PE3YJIBTATIB € Te, 110 KoedillieHT 3MeHIIeHHsT Rl 3aJIEKUTD Bijl XapakTepy TicTepesuc-
HOI KapTiHHM leopMaltii Ta NMIACTUYHOI JIOBFOBIYHOCTI €JIeMEHTIB KOHCTPYKILi, OlliHeHOI 3a KOe(iIlieHTOM IIITACTUYHOCTI |, Ha KUl CyT-
TEBO BIINBAE MAJIOIMKJIOBA BTOMA, 110 TIPOSIBIISIETHCS HA IIKY. IPUCKOPEHHS CHJIBHUX ceiicMiuHuX BIInBiB. HaBegenunii Buie anropurm
TeCTyBaHHsI, OCOOMUBICTD | XaPAKTEPUCTUKU OTPUMAHUX PE3YJIBTATIB A03BOJMIN BUPIIIUTH AOCII/KYBAHY 3a/a4y.

OrpumaHni pe3yabTaTi MIPUNHHATI 7151 TPAKTHUYHOTO BUKOPUCTAHHS TIPH /i1l CeCMIUHNX HaBaHTAKEHb: 3 PO3PAXYHKY MII[HOCTI 3 ypaxy-
BAHHSIM HOBUX MAJIOIUKIOBUX KOeDillieHTIB, KOeMilli€HTIB MPUBEECHHS /711 BU3HAUEHHS CIIEKTPIiB PO3PAXyHKOBUX PEAKINN i ceiicMivHUX
HaBaHTAKEHb 3 YPaxXyBaHHSIM ITOTJMHAHHS eHeprii. 3alIpoIloHOBAHO HOBI KOeiIli€eHTH TPUBEICHHS /IJISI BUBHAYCHHS CIIEKTPIB PO3paxyH-
KOBUX PEAKITill i celicMiUYHIX HaBaHTa KEHb.

Kio4oBi cioBa: ceiicMOCTiiiKicTh, 3a/1i300€TOHHI KOHCTPYKILT, MaJTOIMKIOBA BTOMA, KOedillieHTH Bi/IHOBIEHHS Ta MJIACTUYHOCTI.
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BU3HAYEHH BIVINBY YCTAHOBKH KOJIICHUX IIAP YV BIBKAX MO/IEJII 18-100 HA PIBEHD
CIIPAMOBYIOUHNX 3YCIJIb B TPEBEHEBUX KOHTAKTAX KOJIIC 3 PEMKAMM (c. 38-46)

€. II. 3y0, B. II. Tkauenko, C. FO. Canponosa, C. B. Cusaxkiscbkuii

OG6‘eKTOM JIOCTIIZKEHHS € TIPoIiecC CripsiMyBaHHus BiskiB Mojesi 18-100 BaHTa)KHUX BaroHiB peiikoBOIO KOJII€I0, 30KpeMa, B KPUBUX [i-
JstHKax koutii. [Ipo6uema, 1o BUPILIY€ETHCsI, HOJATAE Y BUSHAYEHH] BILINBY YCTAHOBKY KOJICHUX [Iap HA PiBEHb CHPSIMOBYIOUHX 3yCHJIb B
rpebeHeBUX KOHTAKTaX.

[To6ymoBaHO PO3PAXYHKOBY CXEMY i MATEMATUYHY MOJIEJIb BIIUCYBAHHS Bi3Ka B KPUBY IIJISTHKY KOJIii. YTOYHEHO CXEMY HAaBaHTAKEHHSI
Bi3Ka 30BHINIHIMM CHJIaMU, BKJIIOYAOUM CUJIM GOKOBOI XMTABUIL, IO AI0Th HA BarOH B KpuBiil. IIpu 1bOMY, 3aCTOCOBAHO METOJ IICEBIO-
CTaTUKU MEXaHIYHOI CHCTEMH, siKa sIBJIsIE COO0I0 CHCTEMY HeJiHIHHMX anreOpaidyHuX piBHsAHD. [l po3B’A3KY MaTeMaTH4HOI MO/ BUKO-
pucrano pospaxynkosuii 610k Given-Find nporpamuoro kommiekcy MathCad (CIITA).

Bcranosseno, 1o nepekic KoicHUX map y pamax BiskiB Mozedi 18-100 mae nakonnuyBasbnnii xapaktep. [Ipi MakcnMaabHUX excrya-
TaIiiiHUX KyTax MepeKociB KOJTiCHUX Map 6OKOBI CIPSIMOBYIOUi 3yCUILIS Y rpebGeHeBUX KOHTAKTaX 3011bIny0Thest Ha 40—60 % y mopiBHAHHI
i3 HoMiHaIBHOIO ycTanoBkow. 11i kyTu MokyTs ckaazaru 10 0,015 pax (0,85 rpa).

Cdeporo IpaKTHYHOTO 3aCTOCYBAHHS OTPUMAHIX PE3YJIBTATIB € 3aTI3HITIHII TPAHCTIOPT, 30KPEMA, CHCTEMA TEXHIYHOTO 06CIyTOBYBaH-
Hs 1 PEMOHTY BaHTa)KHUX BaroHis Ha Bizkax mozesi 18-100. IIpu ripbomy, yMOBOIO IIPAaKTUYHOTO 3aCTOCYBaHHS PE3yJIbTATiB OCII/KEHHS €
JOTJIBHICTD BBEJICHHS Y CHCTEMY TeXHIYHOTO 00CIYrOBYBaHHS TEXHOJIOTIYHOT orepaitii KOHTPOJIIO BiZIXUJIEHHS YCTAHOBKH KOJIICHUX TIap y
Bi3KY BiTHOCHO HOMiHAJBHOTO.

ITpoBeseni focti/PKeHHS CIPUATUMYTbh CTBOPCHHIO BIMiPIOBAJIBHOTO KOMILJIEKCY JIJIsT MOHITOPUHTY Bi/IXMJICHHS YCTAHOBKU KOJIICHUX
nap y Bi3Ky BifiHOCHO HOMiHaJbHOTO. Ile MOBOANTH AOIIIBHICTD BBEEHHS B CHCTEMY TEXHIYHOTO 0OCIYrOBYBaHHS Bi3KiB TEXHOJOTIYHOI
orepaltii KOHTPOJIIO BiIXUJIEHHS YCTAHOBKU KOJICHUX Map Ta PO3POOKH IPUCTPOIO JIJIsh MOHITOPUHTY I[OTO [TAPAMETPA.

Kiouosi cioBa: 3asisuunynnii Tpancrnopt, Bisku 18-100, cripsiMmoByioui 3ycuiist, Tpebitb, B3aEMOIist KoJieca i Peiiki.
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BU3HAYEHH? BIVINBY OB’EMY JOAATKOBOI'O PESEPBYAPY TA THUCRY IIOBITPA B PECOPI HA
JTUHAMIYHI IOKA3SHUKY MTHEBMATUYHOI CUCTEMU PECOPHOTO IIJIBIIIYBAHHS IIBUJIKICHOTO
PYXOMOTO CRJALY (c. 47-62)

A. 5. Kysumun, B. B. KoBanbuyk, IO. I'. CoGonescroka, YO. 5. Poiiko, I. B. Kpaseup

OG6’€KTOM JIOCTIIPKEHHsI € TIHEBMATHYHA CHCTEMa PECOPHOTO Ti/IBIIIYBAHHSI PYXOMOTO CKJIAAy B yMOBaX IIBU/KICHOTO pyXy Bix 170 1o
250 km/ro1.

Ha ocHOBI TepMOAMHAMIYHOT MOJIEJTi THEBMATUYHOI CHCTEMH PECOPHOTO MiABIIIYBaHHSI MPOBEAECHO MOCII/UKEHHS BILIMBY 00’€My 110-
JATKOBOTO pe3epByapy Ta MOYaTKOBOTO THCKY B MHEBMATUYHII pecopi Ha XapakTep 3MiHH JTUHAMITHOI JKOPCTKOCTI PECOpPH, BTPAT eHeprii ta
KoediienTa remidyBaHHsI.

Ha ocHoBi 100y1oBaHnX 3aj1e;KHOCTEN «criia-aedopMaltis> MTHEBMATHYHOI PECOPH BCTAHOBJIEHO, 110 3MiHA BEJIMYUHU 00’€MY J0aTKO-
BOTO pe3epByapy HE3HAYHO BIUIMBAE HA BEJIMYMHY /e()OPMYBAaHHS ITHEBMATUYHOI PECOPH IIPH PI3HUX HIBUAKOCTAX MIBUKICHOTO PyXOMOTO
CKJIazLy.

Beranosiieno, 1o B miamasoni msuakocteil pyxomoro ckaamxy 170—250 km/roz, giameTpi 3’eamyBaibHoro Tpy6ornposomy 30 MM Ta 1ipu
o6’emi sogarkoBoro pesepsyapy Biz 30 10 60 s MakcuMasbHA 3MiHA IUHAMIYHOL JKOPCTKOCTI MHEBMATHYHOI pecopu 110 15,5 % BinOyBaeTbest
TIpH THCKY B pecopi 6,5 atM.

[To6ynoBaHO 3aJIeKHOCTI BTpaTH eHepril Ta koedilieHTa geMidyBaHHs 3a UK POOOTH THEBMATUYHOI CHCTEMU PECOPHOTO TIi/IBilllyBaH-
Hs. BeraHoBeHo, o 36imbHieHHst 06’'eMy 10IaTKOBOTO Pe3epByapy Ta MOYaTKOBOTO TUCKY B THEBMATHYHIN PeCOpi MPU3BOANTD 10 30i/IbIIeH-
HsT BTpaTH eHeprii 3a UK poOOTH MHEBMATUYHOI crcTeMu. MakcuMaibhi 3HadeH st KoedilienTy aeMidyBaHis B yCbOMY PO3IISHYTOMY
niara3oHi 3MiHHIX 1TapaMeTpiB ckiaanaioTs 1,16—-1,29.

Beranosiieno, 1o mpu 06’eMi 10aTKOBOTO pesepByapy B Meskax Bia 30 10 50 iTpiB MakcuMasbHi 3HaYeHHsT KoedillieHTa aeMidyBaHHsT
CIIOCTEPIraOThCA TIPU AiaMeTpi 3'€iHyBaJIbHOTO TPYyOOTIpoBOAY 25 MM Ta mBuAKocTi pyxy Bia 200 10 250 KM/To. A 1ipr 06’eMi 101aTKOBOTO
pesepsyapy 60 sitpis — npu miamerpi 30 MM Ta mBuaKOCTI pyxy Bix 170 10 250 KM/TOL.

KimouoBi cioBa: mieBMaTHYHA CUCTEMA PECOPHOTO TTiBINITYBAHHSI, JKOPCTKICTh pecop, KoedillienT aeMn@yBaHms, PyXOMUI CKIa
3aJi3HUII.




DOI: 10.15587/1729-4061.2024.306225 B )
ONIHKA MOJKJINBOCTI BUKOPUCTAHHA IIOJIIMEPHOI PAKETH-HOCIA SMIHHOI TOBKWHU 1JIA
BUBEJIEHHA KOPHUCHOI'O HABAHTAKEHHSI (c. 63-72)

0. B. Tony6ek, C. B. Anekceenko, M. M. JIpoun, A. 1O. [Ipeyc

OG6’ekToM AoCHiKEHHS OYB PyX pakeTH-HOCISA HAJJIErKoro Kjaacy 3MiHHOT JOBKHUHU 3 TOJIMEPHOrO KOPIyCYy Ha aKTHBHIH MisHI
TpaekTopii. Po6oTa nprcBsueHa BUPINIEHHIO POOIEMU CTBOPEHHS JleeBUX 3ac00iB OCTABJIECHHS Ha OpOITY, a caMe OIiHIl MOKJIUBOCTI
BUBE/IEHHS KOPHCHOTO HABAHTAKEHHST PAKETOIO-HOCIEM 3 TOJIMEPHUM KOPITYCOM 3MIiHHOI IOBXKIHH 32 MeXi MIIbHOI aTMocdepn 3eMJi.
J71s1 IbOTO BUKOHAHO GasliCTUYHE MPOEKTYBAHH TPAEKTOPIi PaKeTH-HOCIs 3 ypaxyBaHHSAM MepeBaHTasKeHHs, BUHAYeHO 11 aepognHaMiuHi
XapaKTEePUCTUKK Ta OCOOIUBOCTI aePOTEPMOJANHAMIYHUX IIPOIIECIB, IO BiAOYBAIOTHCS il Yac MOJIBOTY Ha aTMOCGhEpHIi MiISHII Tpaek-
topii. ITokasano 6ausbkicts (10 10 %) OTPUMAaHUX Pe3yJBTATiB 3 BIIOMUME €KCMEPUMEHTATLHUME AaHUMU. J[OCTiKEeHO BIUIUB CHIIN
aepo/IMHAMIYHOTO o1opy aTMocdepn 3eMJi Ha TapaMeTpu pyxXy pakeTu-Hocis. IIpoBe/ieHO MoJie/II0BaHHS TTOJIBOTY, PE3YJIBTATH SIKOTO T10-
KasaJy MPUHITMIIOBY MOXKJIMBICTh BUBEIECHHSI KOPUCHOTO HaBaHTakeHHst kiaacy CubeSat 24U 3a 101OMOTOI0 paKeTH-HOCIS 3 TIOJIIMEPHUM
KOPILYCOM 3MIiHHOI IOBKUHE Ha cybopOiTaibHy TpaeKTOpiio BrucoToio nopsaaky 300 km. [Ipu npoMy ailoue MO310BKHE TIEPEeBAHTaKEHHA Ha
KOPILYC PaKeTH-HOCIs He TIePEeBUIILYE 4 OJMHUIL, a TeMIiepaTypa Ha oBepxHi Kopirycy ii cryneni ne nepesuiiye 300 K. OcobuausicTio mpo-
BEIEHOTO JIOCTI/PKEHHS € 3aCTOCYBAHHA My IBTHINCIUIIIIHAPHOTO MiAXO0/Y, 10 BU3HAYAETHCS yPaXyBaHHSM B3a€EMHOTO 3B’SI3Ky aepo/iiHa-
MiYHUX, TePMOAMHAMIYHUX i GamicTiaHuX nportecis. OTpuMaHi napaMeTpu pyxy, a6pOJAUHAMIYHI XapaKTEPUCTUKU Ta TEMIIEPATyPa HArpiBy
TOBEPXHI KOPITyCY PaKeTH-HOCIS € KIIOYOBUMH BeIMYMHAMH JIJIS TTO/IAJIBIINX JIOC/IKEeHD MI0/[0 TTPOEKTYBAHHS Ta aHATi3y pakeTH-HOCis
3 MOJIIMEPHUM KOPITyCcOM 3MiHHOI foBKuHN. [1i 1aHi MOKYTh 6yTU BUKOPUCTAHI ISl PO3PAXYHKY MEXaHIYHUX Ta TEIJIOBIX HABAHTAKEHb,
1[0 AIT0Th HA KOHCTPYKIIIO PAKETH-HOCIS Mifl 4ac MOIbOTY.

KiiouoBi cioBa: pakera-HoCiii, 3MiHHa J0BKUHA, TOJIMEPHIN KOPITYC, a¢pOAMHAMIUHI XapaKTepUCTUKH, CyOOpOiTalbHa TPAEKTOPIsL.



