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The object of this study is a disk of variable thickness. A solution
to the problem of natural torsional vibrations of disks of variable thick-
ness was sought. An algorithm to solve the problem for an arbitrary
number of different disk profiles has been constructed. The law of
change in disk thickness H(p), which contains three arbitrary con-
stants a, C, Cy, has been considered. The choice of the disk profile con-
figuration is controlled by changing the values of these three constants.

Exact solutions to the problem in elementary functions are
known only in two cases, when H(p)=1/p or H(p)=p3e**, where
p is the relative radial coordinate and o is an arbitrary constant. These
cases are not sufficient for generalizing conclusions about the behav-
ior of disks during their oscillations.

For the case of a disk that is rigidly fixed along its inner diameter
and with a free outer edge, the corresponding relations were derived.
They made it possible to calculate natural numbers and study the
distribution of angular displacements of the disk. These numerical
parameters, along with the frequency indices, are a convenient tech-
nique for evaluating the resonant properties of the disk for practice.

A comparison of torsional and radial vibrations of the disk with
the chosen law of thickness change was performed. To study torsional
vibrations, approximation approaches of thickness change functions
were used. It was found that the relative discrepancy between the
values of these functions at a certain interval did not exceed 2.2 %.
It was found that the differences in the eigenfrequencies of torsional
vibrations for the disk of the chosen configuration were significantly
smaller than in the case of radial vibrations.

A practical algorithm for applying the method used is presented,
which could prove useful for further research based on similar ana-
lytical approaches.

The method makes it possible to choose the desired disk configu-
ration for various practical purposes. Owing to this feature, it is pos-
sible to provide the required distribution of cyclic stresses, resonant
frequencies, and amplitudes for the disk.
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sional vibrations, natural frequencies, method of symmetries.
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The object of this study is the processes of perception and redistri-
bution of loads in the structure of a container for grain transportation
under operating conditions. The task to address is to provide the rail-
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road industry with vehicles for grain transportation by modernizing
universal containers.

To upgrade the universal container for grain transportation, a
1CC container was selected as a prototype. In order to adapt this con-
tainer for grain transportation, it is proposed to install three standard-
diameter loading hatches on the roof. It is planned to make an un-
loading hatch in the end wall 1/3 of the height of the lower strapping.
To substantiate the proposed solution, the strength of the container
was calculated under the following loading scenarios: transporting
the container as part of a railroad train; lifting by the upper corner
fittings; unloading the container. The calculation results showed that
the strength of the container is ensured under all the considered load-
ing schemes.

A special feature of the results is that the provision of the railroad
industry with vehicles for grain transportation is achieved not by de-
signing new structures but by modernizing existing ones.

The field of practical application of the research results is rail-
road transport. The conditions for the practical use of the results are
the application of low-alloy steel to fabricate the components of the
container structure.

The results of the study will help compile recommendations for
the modernization and design of container structures, as well as to
improve the efficiency of container transportation, including inter-
national traffic.

Keywords: railroad transport, container, container moderniza-
tion, container load, container strength, container transportation.
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The object of the study is the stress-strain state of elastomeric
structures. When solving practical problems in elastomer mechan-
ics, the issue of selecting an effective computational scheme based
on computational mathematics methods arises. However, due to the
insufficient number of studies, it is difficult to assess the optimality
of a particular methodology, which necessitates an analysis of com-
putational algorithms followed by a comparison of their advantages
and disadvantages.

In the design of elastomeric structures, the numerical analysis of
their stress-strain state is a relevant issue. One of the key character-
istics is the compressibility of the material, which is not taken into
account by equations for incompressible media. In thin-layer rubber
elements, this effect becomes more pronounced as the ratio of one of
the geometric dimensions to the thickness of the structure increases.

The use of the finite element method in displacements, despite
its convenience, encounters computational errors. When the Poisson’s
ratio approaches 0.5, numerical instabilities arise, complicating the
attainment of reliable computational results.

This study proposes a new approach to organizing computational
schemes in specialized automated design systems, which ensures
more accurate modeling of the stress-strain state of structures. The
foundation is the use of Open Modeling Language, which simplifies
the description of mechanics problems and corresponding numerical
schemes within a unified variational framework.

The key result is the derivation of universal formulas for deter-
mining the potential energy of the system based on the moment finite

element scheme. The proposed approach eliminates the “false shear”
effect and improves the accuracy of numerical calculations for weakly
compressible materials, which is confirmed by numerical analysis
and experimental data.

Keywords: moment finite element scheme, variational principle
of Lagrange, mathematical model of elastomeric structures.
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The object of this study is a castellated beam, in which the large
openings in the web have the shape of a regular hexagon. The beam
is investigated for the purpose of assessing deflections. Based on a
set of experimental studies, the features of the stress-strain state of
castellated beams have been defined. The need to take into account
the increased deflections of castellated beams due to the openings in
the beam web when calculating the deflections of castellated beams
at the serviceability limit state verifications has been determined. A
comparative analysis of the deflections obtained as a result of the nu-
merical experiment with the deflections of beams determined using
the design code technique has been performed. It was established that
for verifications of castellated beams at the serviceability limit state,
the error in assessing the deflections of a single-span hinged beam
loaded with a uniformly distributed transverse load in some cases
reaches 20 %. Recommendations have been devised for estimating
deflections of castellated beams. According to the proposed recom-
mendations, the error in estimating castellated beam deflections does
not exceed 3 % for the range of the beam span to the total height of its
cross-section 8.5<L/h<25.

The results are valid only for the range of I-section profiles and
only for the case of a uniformly distributed load acting on the beam
when the compressed beam flange is out of bending plane restrained
and the beam web is perforated with large openings in the form of
regular hexagons. It is under such conditions that the results could be
implemented in practice both at the stage of selecting cross-sections
of the studied class of structures and when designing effective ranges
of castellated beams.

Keywords: castellated beam, hexagonal openings, deflections,
finite element analysis, SOLIDWORKS Simulation.
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The inlet region of a plane-parallel pressure flow is the subject of
this study. The patterns of variations in the hydrodynamic inlet region
under unsteady plane-parallel pressure flow of a viscous fluid are
examined in this research. Based on the boundary layer equation and
flow characteristics, the boundary conditions of the problem were
determined and a boundary value problem was formulated. The prob-
lem’s boundary conditions were established and a boundary value
problem was developed based on the boundary layer equation and
flow characteristics. In order to find patterns of velocity change over
time and over the length of the inlet region under general boundary
conditions, a method for integrating the boundary value conditions
was created. Solutions for scenarios with a constant and parabolic
velocity distribution in the inlet region were derived from the general
solutions. Regularities of pressure and velocity change were found
along the entire hydrodynamic inlet region.

Using computer analysis, graphs of velocity changes over time
at various points along the entire length of the inlet region are con-
structed. The patterns of velocity distribution along the entire length
of the inlet region depending on time can be seen using graphs. This
allows one to estimate the length of the hydrodynamic inlet region
and calculate the fluid flow velocity at any point in this region. The
findings enable revealing the essence of the processes running in an
hydropneumatic automation system’s transition sections. Based on
the revealed regularities of the hydrodynamic parameters of viscous
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incompressible liquid during unsteady flows, it is possible to correctly
design of the automatic systems’ channels of regulating units ensur-
ing their smooth and accurate operation.

Keywords: plane-parallel flow, inlet section, unsteady flow, vis-
cous fluid, velocity distribution.
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The object of this study is the measurement errors of a fiber-optic
gyroscope, which is an element of the spacecraft orientation control
system. The task to determine the patterns of thermomechanical
loading influence on the measurement errors of gyroscopes has
been solved by using mathematical modeling. The study was con-
ducted using the finite element method, which has made it possible
to analyze the stress-strain state of structural elements under differ-
ent conditions of temperature and mechanical loading. Temperature
and deformation distributions of the spacecraft structural elements
were obtained. These data were used to estimate the misalignment
parameters of the sensitivity axes of the onboard system gyroscopes,
which arise due to structural deformation. Under certain modeling
conditions, they exceed one hundred arc seconds, which could lead to
an unacceptable error in controlling the spacecraft orientation.

To specify the magnitude of gyroscopes’ measurement error,
high-frequency oscillations that occur when the jet engine is turned
on during the correction of the spacecraft’s orbit were considered to-
gether with thermal deformation of the structure. This combination
of thermal and mechanical effects creates conditions under which
the accuracy of the control systems is significantly compromised.
It was determined that under the conditions studied, the measure-
ment error increases 8 times when the temperature of the structure
changes by 40 °C.
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Thus, to solve the task set, a procedure for determining the mea-
surement error under specific conditions of thermomechanical loading
was devised and described. Using such a procedure in the design of
control systems in the future will contribute to increasing the accuracy
of their operation. This will be achieved by optimally placing gyro-
scopes on board, taking into account the influence of thermal fields.

Keywords: thermomechanical deformation, finite element meth-
od, misalignment of a fiber-optic gyroscope, measurement errors.
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Automatic balancing devices (ABDs) of the Leblanc type - pas-
sive ABDs of the liquid type - are used in rotary machines to reduce
their vibration level when the distribution of masses around the geo-
metric axis of rotation changes during machine operation or during
its restart. To redistribute the masses during balancing, the movement
of the working (correcting) liquid in the direction opposite to the
imbalance is used. The object of this study is the motion modes (quali-
tative states) of the working liquid in the chamber of the balancing
device for the vertical rotor system. The study is aimed at substantiat-
ing the existence of the auto-balancing mode at subcritical angular
velocities of the rotor system and investigating its conditions and
features. This paper reports the results of modeling the motion modes
of the working liquid in the cylindrical chamber of the Leblanc ABP
at a subcritical range of rotation speeds taking into account the vector
relationships of the force factors depending on the design parameters
of the auto-balancing device, the volume of the working fluid, and the
shape of its free surface. Estimates of the angular velocities of switch-
ing on the working liquid under the rotational motion and under
the auto-balancing mode have been analytically and experimentally
substantiated, constituting, respectively, 1/3 and 1/2 of the critical
angular velocities of the rotor system. For the practice of balancing an
elastically deformable rotor and a rotor on elastic supports, the results
of the study expand the range of rotation speeds where the balancing
of the imbalance by the liquid and the reduction of the amplitudes of
vibration processes are observed. This could help increase the service
life, reliability, and accuracy of the technological process of machines
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with variable rotor imbalance by monitoring their vibration resistance
through the use of liquid ABDs.

Keywords: passive auto-balancing, Leblanc-type device, vertical
rotor, auto-balancing mode.

References

. Pan, X,, Lu, J., Huo, J., Gao, J., Wu, H. (2020). A Review on Self-

Recovery Regulation (SR) Technique for Unbalance Vibration of
High-End Equipment. Chinese Journal of Mechanical Engineering,
33 (1). https://doi.org/10.1186/510033-020-00514-7

. Osinski, Z. (Ed.) (2018). Damping of Vibrations. CRC Press. https://

doi.org/10.1201/9781315140742

. Ibraheem, A., Ghazaly, N., Abd el- Jaber, G. (2019). Review of Rotor

Balancing Techniques. American Journal of Industrial Engineering,
6 (1), 19-25. Available at: https://www.sciepub.com/ajie/abstract/11311

. Li, L., Cao, S., Li, J., Nie, R., Hou, L. (2021). Review of Rotor

Balancing Methods. Machines, 9 (5), 89. https://doi.org/10.3390/
machines9050089

. Zhang, Z., Nielsen, S. R. K., Basu, B., Li, J. (2015). Nonlinear modeling

of tuned liquid dampers (TLDs) in rotating wind turbine blades for
damping edgewise vibrations. Journal of Fluids and Structures, 59,
252-269. https://doi.org/10.1016/j jfluidstructs.2015.09.006

. Cho, J.-S., Jeong, H.-Y., Kong, K.-C. (2014). Analysis of dynamic

model of a top-loading laundry machine with a hydraulic balancer.
International Journal of Precision Engineering and Manufacturing,
15 (8), 1615-1623. https://doi.org/10.1007/s12541-014-0511-x

. Filimonikhin, G., Filimonikhina, I., Dumenko, K., Pirogov, V. (2017).

Methods of balancing of an axisymmetric flexible rotor by passive au-
to-balancers. Eastern-European Journal of Enterprise Technologies,
3(7(87)), 22-27. https://doi.org/10.15587/1729-4061.2017.101832

. LeBlanc, M. (1912). Pat. No. US1209730A. Automatic Balancer for

Rotating Bodies. Available at: https://patents.google.com/patent/
US1209730A/en

. Narkhede, C. N., Dhande, K. K. (2016). Review on vibration reduc-

tion of a vertical axis drum based washing machine. IJARIIE, 2 (3),
3842-3847. Available at: https://typeset.io/pdf/review-on-vibration-
reduction-of-a-vertical-axis-drum-based-3lswicxnch.pdf

. Nilawar, S. G., Yerrawar, R. N. (2023). Numerical modeling of semi-

automatic washing machine motion model. International Scien-
tific Session on Applied Mechanics XI: Proceedings of the 11th In-
ternational Conference on Applied Mechanics, 2949, 020032. https://
doi.org/10.1063/5.0168215

. Lozynskyi, V., Shihab, T., Drach, I., Ropyak, L. (2024). The Iner-

tial Disturbances of Fluid Movement in the Chamber of a Lig-
uid Autobalancer. Machines, 12 (1), 39. https://doi.org/10.3390/
machines12010039

. Spannan, L., Daniel, C., Woschke, E., Strackeljan, J. (2016). An evalua-

tion of computational methods to specify the effects of liquid balancers.
Proceedings of vibrations in rotating machinery - VIRM 11, 785-791.
Available at: https://www.ifme.ovgu.de/ifme_media/DY/pdf/Veroef-
fentlichungen/2016/VIRM_paper_Spannan_final-p-2126.pdf

. Majewski, T., Ahearn, G. A. (2019). Extended Model of Automatic

Balancer for Washing Machine. Advances in Mechanism and Machine
Science, 3197-3206. https://doi.org/10.1007/978-3-030-20131-9_315

. Chen, H.-W., Zhang, Q.-J., Fan, S.-Y. (2011). Study on steady-state re-

sponse of a vertical axis automatic washing machine with a hydraulic
balancer using a new approach and a method for getting a smaller
deflection angle. Journal of Sound and Vibration, 330 (9), 2017-2030.
https://doi.org/10.1016/j.jsv.2010.11.006

. Haifei, W., Tian, Z., Guo, C. (2023). Boundary-value-problem ex-

amination of the stability of a symmetrical rotor partially filled with
a viscous incompressible fluid. Physics of Fluids, 35 (4). https://
doi.org/10.1063/5.0147073

16.

17.

18.

19.

20.

21.

22.

23.

Langthjem, M. A., Imura, M., Yamaguchi, K. (2023). The unbalanced
rotating cylinder partially filled with fluid; multiple scales analysis of
a forced Korteweg—de Vries-Burgers equation. Journal of Engineering
Mathematics, 140 (1). https://doi.org/10.1007/s10665-023-10259-6
Cunico, M. W. M. (2015). Characterization and Modelling of LeBlanc
Hydrodynamic Stabilizer: A Novel Approach for Steady and Transient
State Models. Modelling and Simulation in Engineering, 2015, 1-11.
https://doi.org/10.1155/2015/729582

Urbiola-Soto, L., Lopez-Parra, M. (2013). Liquid Self-Balancing De-
vice Effects on Flexible Rotor Stability. Shock and Vibration, 20 (1),
109-121. https://doi.org/10.1155/2013/742163

Drach, I., Bubulis, A., Mazeika, D., Kandrotaité Janutiené, R., Juod-
valkis, D. (2018). Investigation of Small Motions of Liquid in Cylindri-
cal Chamber of Auto-Balancing Device. Mechanics, 24 (2). https://
doi.org/10.5755/j01.mech.24.2.20402

Drach, I, Royzman, V., Bubulis, A., Juzénas, K. (2021). Passive
Balancing of the Rotor with an Auto-Balancing Device with a
Viscous Incompressible Liquid. Mechanics, 27 (1), 45-51. https://
doi.org/10.5755/j02.mech.23789

Royzman, V., Drach, I., Tkachuk, V., Pilkauskas, K., Cizauskas, G.,
Sulginas, A. (2019). Operation of Passive Fluid Self-Balancing Device
at Resonance Transition Regime. Mechanics, 24 (6). https://doi.org/
10.5755/j01.mech.24.6.22469

Royzman, V., Drach, I., Bubulis, A. (2016). Movement of Work-
ing Fluid in the Field of Centrifugal Forces and Forces of Weight.
Proceedings of 21th nternational scientific conference, MECHAN-
IKA 2016, 222-224. Available at: https://elarkhmnu.edu.ua/items/
73746ee0-fe74-46ad-98e4-641332f31c6e

Dykha, A. V., Kuzmenko, A. G. (2016). Distribution of friction tangen-
tial stresses in the Courtney-Pratt experiment under Bowden’s theory.
Journal of Friction and Wear, 37 (4), 315-319. https://doi.org/10.3103/
$1068366616040061

DOI: 10.15587/1729-4061.2025.327663

CONSTRUCTION OF A MATHEMATICAL MODEL OF
DYNAMIC LOADS IN A JIB SELF-PROPELLED CRANE
WHEN PULLING A SHEET PILE OUT OF THE GROUND
(p. 76-86)

Andrii Chervonoshtan

Ukrainian State University of Science and Technologies,
Dnipro, Ukraine

ORCID: https://orcid.org/0000-0003-3458-0034

Mykola Kolisnyk

Ukrainian State University of Science and Technologies,
Dnipro, Ukraine

ORCID: https://orcid.org/0000-0002-6228-0939

Oleksandr Golubchenko

Ukrainian State University of Science and Technologies,
Dnipro, Ukraine

ORCID: https://orcid.org/0000-0003-2971-1263

Andrii Shevchenko
ORCID: https://orcid.org/0000-0002-6926-3365

Volodymyr Panteleenko

Ukrainian State University of Science and Technologies,
Dnipro, Ukraine

ORCID: https://orcid.org/0000-0001-5651-8616

The object of this study is the process of extracting sheet piles

from the ground using a jib self-propelled crane for their repeated
use. The task addressed was the extraction of steel sheet piles by a jib
self-propelled crane, its interaction with the vibratory pile driver, and
the determination of dynamic loads.
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The vibratory method significantly increases extraction effi-
ciency; however, it also induces vibrational impacts on the crane,
causing alternating stresses in the metal structure. This could lead to
fatigue damage accumulation, cracks in weld seams, failure of base
metal, and a decrease in the service life of the self-propelled crane.
Furthermore, vibration negatively affects the working conditions of
crane operators by causing fatigue, reducing performance, and com-
promising safety.

Mathematical modeling methods were used, with the construc-
tion of calculation schemes that reflect all stages of sheet pile extrac-
tion: preliminary insertion, taking up slack in the lifting system,
tensioning the lifting ropes, extraction with vibration over 2/3 of the
pile’s length, and final extraction without vibration.

Numerical modeling has shown that during static extraction, the
dynamic coefficient may reach 4.76, while with vibration it decreases
to 1.47. This confirms the effectiveness of the vibratory method,
provided its adverse effects on the crane are minimized. The results
could be applied to improve crane design, devise protective measures
against vibration, and enhance operational efficiency and safety. Ad-
ditionally, the findings could become a basis for optimizing the pa-
rameters of elastic ties and the interaction scheme between the crane
and the ground, thereby expanding the potential for model’s practical
application under more complex conditions.

Keywords: vibratory pile driver, dynamic coefficient, loads in
elastic ties, friction force, sheet pile.
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CITOCIB 3ACTOCYBAHHS METO/IY CUMETPI} /I PO3B’SI3AHHS 3AJJAUI ITPO KPYTWJIbHI KOJIUBAHHS
JVICKIB 3MIHHOI TOBIIMHMU (c. 6-14)

K. O. Tpaneson, O. I. Tpane3oH

OG6’eKTOM /IOCTiZPKEHHS € MCK 3MiHHOI TOBIIMHU. Po3IIyKyBaBCA PO3B’A30K 3a/adi PO BIACHI KPYTUJIbHI KOJTMBaHHSA AMCKiB 3MiHHOI
ToBIIMHHU. [T06yj0BaHO aJIFOPUTM PO3B’sI3Ky 3ajadi [JIs JOBLIBHOI KiZTbKOCTi pi3HOMaHITHUX NMPOdiliB ANCKY. PO3IISAHYTO 3aKOH 3MiHU TOB-
muHY aucka H(p), Skuii MicTUTb y CBOEMY CKJIaii TpH oBLIbHI ctasi a, C, C;. Bubip xoHoirypanii mpodiro AUCKY KOHTPOTIOETHCS HISXOM
3MiHU 3HaY€Hb [IUX TPHOX CTAJIUX.

Bigomi TouHi po3B’si3KK 3371a4i B eieMeHTapHUX (YHKIIISX JIMIIE Y ABOX BUMaakax, ko H(p)=1/p* a6o H(p)=p3e*, ne p - BigHOCHA
pajiasbHa KOOpAWHATA, o — JOBIIbHA cTasia. [IUX BUIIAJKiB HEAOCTATHBO JJIs y3araJbHIOIOUUX BUCHOBKIB IIPO IOBEZiHKY JAUCKIB IIPU IX KO-
JIMBaHHSX.

JIJ1s1 BUITQJIKy YKOPCTKOT'O 3aKpPiIlIEHHs JMCKa 10 BHYTPIilIHbOMY JiiaMeTpy Ta 3 BUIBHMM 30BHIIIHIM KpaeM OTPUMAaHO Bi/IIIOBiJiHI CIIiBBij-
HOIIIEHHsI. BOHM Z103BO/IMIIN OGYMC/IUTY BJIACHI YKCJIa, BUBYUTH PO3IIO/i KyTOBUX IlepeMillleHb AUCKy. HaBefeHi 4ncI0Bi mapamMeTpH, IOpsiz
3 YaCTOTHUMH ITOKAa3HUKAMH, € 3pyYHUM 3aCO00M JIJIs OI[{HKM Pe30HAHCHUX BJIACTUBOCTEH JIMCKA IS IIPAKTHKH.

ITpoBefieHO NOPiBHSIHHS KPYTUIBHUX Ta paJialbHUX KOJIUBAHb AUCKY 3 00paHUM 3aKOHOM 3MiHU TOBLIWHU. /IS BUBUEHHS KPYTHIBHUX
KOJINBaHb BUKOPHCTAHO ITZXOAY aITpOKCUMAIlil (GyHKIIi# 3MiHM TOBIIMHU. BUSABUIIOCH, IO BiAHOCHA PO361KHICTh 3HaUYeHb IUX (QyHKIIN Ha
BU3HAYEHOMY iHTepBaJsIi He IepeBUlllye BeJIUYUHU Y 2,2 %. OTpUMaHO, 1[0 PO3XOPKEHHS BIACHUX YacTOT KPYTHJIBHUX KOJIMBAHb I JUCKA
o6paHoi KoH(piryparii cyTTeBO MeHII, HiXK Y BUIIA/IKy pa/liaTbHUX KOJIMBaHb.

HagesieHO TPaKTUYHMI aJITOPUTM 3aCTOCYBaHHS BUKOPHCTAHOTO METOAY, SIKUi MOXKe OyTH KOPUCHUI IS TIOJAJIBIINX AOCTIPKEHb Ha
OCHOBI MOAIIGHUX AHATITUYHUX TTiZIXO/iB.

MerToz, 103B0JIsie BUOpATH MOTPiOHY KOH(Irypamiero ArcKa s pisHUX MPAaKTHYHUX IiiIeil. 3aBAsSKY TaKiil MOXKJIMBOCTI MOXKHA 3a0e311e-
YUTH IS JUCKY HEOOX{THUI PO3IO/LI IMKIIYHUX HAIIPy>KeHb, PE30HAHCHUX YacTOT Ta aMILIITYy/.

KorrouoBi cioBa: qudepeHIiiasbHe piBHIHHS, AUCK 3MiHHOI TOBIIMHY, KPYTH/IbHI KOJTUBAHHS, BJIACHI YaCTOTU, METOJ, CUMETpiil.
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BUSBJIEHHS HABAHTAYKEHOCTI KOHTEMHEPA JIJISI IEPEBE3EHD 3EPHOBUX IPU
EKCIUIVATAIIMTHUX PEXKHMAX (c. 15-22)

A. O. JIoBcbka, Nurlana Karimova

OG6’€KTOM JJOCJIi/IKEHHS € IIPOLECH CIIPUIHATTS Ta II€PepO3I0/iTy HaBAaHTAXKEHb B KOHCTPYKIIil KOHTeHepa IS IlepeBe3eHb 3ePHOBUX
TIpU eKCIIyaTalifHuX pexxumax. IIpy 11boMy BUpilllyBajach mpo6siema 3a6e3MeueHoCT] 3a1i3HUYHOI raly3i TpPaHCIIOPTHUMM 3aco6aMU /st
TepeBe3eHb 3ePHOBUX IIUISIXOM MOAEpPHi3allii yHiBepcaJIbHUX KOHTEHHEPiB.

Jlnsi MoziepHi3anii yHiBepcaJbHOrO KOHTEMHepa JI0 MepeBe3eHb 3epHOBUX Y SIKOCTI IIPOTOTUITy 06paHOo KoHTeliHep Tunopo3mipy 1CC. 3
METOIO a/JalTallil JaHOro KOHTeitHepa A0 IepeBe3eHb 3ePHOBUX ITPOTIOHYEThCS BCTAHOBJIEHHS Ha /IaXy TPhOX 3aBaHTAXKyBaJIbHUX JIFOKIiB CTaH-
JapTHoro giamerpy. Ilepes6ayaeTbesi CTBOPEHHS B TOPLEBiil CTiHi 32 BECOTOIO 1/3 Bifi HXKHBOTO 00B’SI3yBaHHS PO3BAaHTAXKYBAJIBHOT'O JIFOKA.
JI71s1 0GI'PyHTYBAHHSI 3aIIPOIIOHOBAHOTO PillleHHs! IIPOBEAEHOr0 PO3PAaXyHOK Ha MII[HICTh KOHTeiTHepa P TaKUX CXeMaX HOro HaBaHTAXKEHb:
TIepeBe3eHHsT KOHTeHepa y CKIafi 3aJIi3HUIHOTO I10i3/]a; Mi/IHOM 3a BepxXHi KyTOBi ()iTWHIH; po3BaHTa)KEHHS KOHTeliHepa. Pe3ybraTti pos-
paxyHKy IOKa3aJIH, 1[0 MillHiCTh KOHTeHepa P BCiX PO3IVITHYTHX CXeMax HaBaHTa)KEHb 3a6e3I1e4yeThCs.

OCoGIUBICTIO OTPUMAHUX PE3Y/IBTATIB € Te, 10 3a6e3MeYeHHsT 3aIi3HIYHO]I raTy3i TpaHCIIOPTHUMH 3ac00aMU J1JIsl [TIepeBe3eHb 3ePHOBUX
JIOCATAETHCS He HMIJIIXOM CTBOPEHHS IX HOBUX KOHCTPYKIIil, a MOJiepHi3allielo icCHyouux.

Cdeporo MpaKTUYHOTO 3aCTOCYBaHHS Pe3y/IbTaTiB JOCIi/KEHHS € 3a/li3HUYHUI TPAHCIIOPT. YMOBaMU NMPAKTUYHOTO BUKOPUCTAHHS pe-
3yJIBTATiB € 3aCTOCYBaHHS HU3bKOJIETOBAHO]I CTAJIi JI/IT CTBOPEHHS CKJIaJOBUX KOHCTPYKIIii KOHTelHepa.

PesysibTaTi IIPOBE/IEHOTO AOCJIiPKEHHSI CIIPUSTUMYTh CTBOPEHHIO peKOMEeHJalliil 111040 MoJepHi3alliii Ta MpoeKTyBaHHsS KOHCTPYKIIiit
KOHTeIHepiB, a TAKOXK IMiJBUIIEHHIO e(DeKTUBHOCTI KOHTeHEPHUX IIepeBe3eHb, B TOMY YHCJI, i B MDKHAPOAHOMY CITOJIyIeHH.

Korro4oBi c1oBa: 3a1i3HUYHUI TPaHCIIOPT, KOHTeHHep, MOJepHi3allis KOHTellHepa, HaBaHTa)KeHiCTh KOHTelHepa, MilJHICTb KOHTeliHepa,
KOHTelHepHi IlepeBe3eHHs.
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PO3POBKA ITPOLIEAYPU PO3PAXYHKY 3ATAY MEXAHIKHW EJTACTOMEPIB HA OCHOBI MOBH OPEN
MODELING LANGUAGE (c. 23-32)

B. B. JIaBpuK, 1. T. BorgaHos, I. M. AsekceeBa, O. B. AHTOHeHHKO, O. C. OBCAHHIKOB

OG6’€KTOM JIOCJIi/KEHHSI € HaIlpy KeHO-/1e)OpMOBaHUI CTaH eJJaCTOMEPHUX KOHCTPYKIIiii. [Tpy BUpillleHH] TPaKTUYHUX 3aB/JaHb MEXaHIKN
€JIaCTOMEPIB I10CTa€ pobieMa BUOOPY e(heKTHUBHOI pO3PaxyHKOBOI CXeMH, 1110 6a3yeThCst HA METOAAX 00YMCIF0BaIbHOI MaTeMaTHKU. OfHaK
4yepes3 HeJOCTaTHIO KiJbKiCTh JOCII/KEeHb CKJIaHO OI[iHUTH ONTHMAJIBHICTD Ti€l 4/ iHIIOT METOJUKH, 1[0 0GYMOBJIIOE HEOOXi[HICTh aHaIi3y
06YMCIIOBAJIBHUX AJITOPUTMIB i3 MOJAIBIINM IOPiBHSAHHSAM iX IepeBar i HeJ[oJlikiB.



IIpy IpO€eKTyBaHHI eJ1aCTOMEPHUX KOHCTPYKIiM aKTyaJbHOIO € IIpo6yieMa YUCeIBHOTO aHali3y IX Halpy)xeHo-iedpopMoBaHoro crany. Og-
Hi€I0 3 KJIIOYOBUX XapaKTEPUCTUK € CTUCIMBICTh MaTepiasly, SIKy piBHAHHA Il HECTUCJIWBUX CEPEJOBUIL HE BPAaXOBYIOTh. Y TOHKOIIAPOBUX
T'YMOBHX eJIEeMEHTaX Iieit epeKT cTae GibII BUPAYKEHNM i3 3pOCTaHHSIM BiJHOIIEHHS OfIHOTO 3 TEOMETPIUYHIX PO3MIpiB /10 TOBIIMHN KOHCTPYKILiT.

BUKOpHCTaHHS METOy CKIHUEeHHUX eJIeMEeHTIB y IlepeMillleHHsIX, TIOIPH HOro 3pydHiCTh, CTUKAETCS 3 00UMC/IIOBAIBHIMU ITIOXUOKaMHU. ITpy Ha-
6mrokeHHi koedirienTa ITyaccona /10 0,5 BUHMKAIOTh YHCEIbHI HECTAOUIPHOCTI, 110 YCKITA/JHIOE OTPUMAHHS ZIOCTOBIPHUX PO3PAXyHKOBHX PE3YJIBTATIB.

¥V po6oTi 3a11porioHOBaHO HOBUH ITiJIXif 10 opraHizanii 064HCIIOBAIbHUX CXeM Y Clieljali3oBaHUX aBTOMAaTH30BAHUX CUCTEMAX IIPOEKTYBaHHS,
1110 3a6e31edye TOYHIIIIe MOZIe/TIOBAHHS HAIIpyXKeHO-/1e(pOpMOBAHOTO CTaHy KOHCTpyKLiil. OCHOBOIO € BUkopHcTaHHsI Open Modeling Language, 1110
CIIPOIIIy€e OITMC 3aJja4 MeXaHiKK Ta BiTIOBIHIX YHCEIbHUX CXeM y MEXaxX €IMHOr0 BapiallilfHOro mifxozmy.

K/TI040BUM pe3ysIbTaTOM € OTPHMMAaHHS yHiBepcaJbHUX (OpMyII [J1s1 BU3HAYeHHsT MOTeHIiliHO] eHepril chucTeMU Ha OCHOBI MOMEHTHOI
CXeMH CKiHYeHHHX eJIEMEHTIB. 3aIIpOIIOHOBAHUI ITiZIXiZl yCyBa€e epeKT «ITOMUIKOBOTO 3CYBY» Ta Mi/IBUIIyE TOYHICTh YNCETBHUX PO3PAXYHKIB
C1aOKOKOMITPECiIHUX MaTepiasiB, 10 MiITBep/PKYEThCS YUCETbHUM aHAIi30M Ta eKCIIePUMEHTAIbHIMHU JAHUMH.

Korro4oBi coBa: MOMEHTHA cxeMa CKiHYeHHUX eJIeMEHTIB, BapialiitHuii npuHoun Jlarpamka, MaTeMaTUYHa MOJieJIb €JIaCTOMEPHUX
KOHCTPYKIIiH.
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ONIHKA ITPOTHMHIB BAJIOK I3 IIEP®OPOBAHOIO CTTHKOIO I3 BUKOPHUCTAHHAM SOLIDWORKS
SIMULATION (c. 33-40)

II. P. Pycum, I. [I. Ileseuniko, B. B. FOpyeHko

O06’eKTOM AOCTPKEHHS € Oaska i3 epopoBaHOIO CTIHKOIO, B sIKili OTBOPU y CTiHIi MaioTh (hopMy IPaBUIBHOTO IIECTUKyTHHUKA. Baika fo-
CJTPKYETBCS HA IIPeAMET OI[iHKY ITPOrvHiB. Ha OCHOBI KOMIUIEKCY eKCIIEpUMEHTAIBHIX JJOCITi/PKEHDb BUSIBJICHO OCOGJIMBOCTI HAIPy»KeHO-/ehopmMo-
BAHOTO CTaHy GaJIOK i3 TepdOopOBaHOIO CTIHKOI0. BU3HaUeHO HeOOXiHICTh BpaxyBaHHs 30LIbIIEHHX ITPOrMHIB GaJIOK i3 IepdopoBaHOIO CTIHKOIO 32
PaxyHOK HasIBHUX y CTiHIIi 6KV OTBOPIB ITpY OGUMCIIEHH] ITPOrMHIB GAJIOK i3 IepdOpOBaHOIO CTIHKOIO Y ITepeBipKax 3a APyrolo IPYIIO0 IPAHMIHIX
CTaHiB. BUKOHAHO NOPIBHSJIBHUIT aHAJIi3 TPOTHHIB, OTPYMAHUX B Pe3y/IbTaTi BUKOHAHHS YHCJIOBOIO €KCIIEPUMEHTY, i3 IIPOrMHaMK GaJIoK, BU3HaYe-
HHMH 32 METO/IMKOI0 HOPM. BCTaHOBJIEHO, 1110 ITPY ITepeBipHUX PO3PaXyHKaX OAJIOK i3 TIepdopOBaHOI0 CTIHKOIO 32 ZIPYTOI0 TPYIOI0 IPAHIMYHUX CTaHIB
TTOXMOKA B OLHIi TIPOTHHIB OfHOIPOILOTHOI IIAPHIPHO-00TIEPTOI GaJTKH, HABAHTAXKEHOI piBHOMIPHO PO3MO/[iJIEHNM TIOTIEPEYHIM HaBaHTKEHHSIM,
B IeSIKVX BUTIaJKax focsrae 20 %. Po3po6ieHi peKoMeH a1l Iof10 OI[iHKY ITPOrvHIB 6aJIOK i3 repdopoBaHOI0 CTIHKOI0. BiATIOBiIHO 10 TPOIIOHOBaHMX
peKoMeH/janiii MOX1OKa ITPY OLHITi ITPOrvHIB GAJIOK He IiepeBUILye 3 % /15 /Iiaria30Hy BiZJHOLIEHHS ITPOIbOTY GAJIKH JI0 3aTa/IbHOI BUCOTH 11 Iomepe-
YHOTO Tiepepisy 8,5<L/h<25. OTprMaHi pe3y/IbTaTy CIIPaBe/INBI JIMIIe I COPTAMEHTY BOTaBPOBUX IPO(MLTIB i JmIe /1 BUaaKy Ail Ha Gasky
PiBHOMipHO-PO3TO/IiIEHOr0 HaBaHTA)KEHHsI IIPY PO3KPIIIEHH] CTUCHYTOTO Tosica 6aJIKH i3 TUIOLIWHU 3TUHY Ta repdopaliii CTiHKM 61K/ 0TBOpaMU
Y BUIVISIZIi IPaBIJIbHUIX IIECTUKYTHHKIB. CaMe 32 TaKMX yMOB OTPHMaHi pe3y/IbTaTH MOXKyTb OyTH BIIPOBA/PKEHI Ha IPAKTHUI]i SIK Ha eTarti misioopy 1mo-
TIepeyHuX IepepiziB JOCIIiHKYBaHOrO K1acy KOHCTPYKILH, TaK i py po3po6Lii eheKTUBHUX COPTAMEHTIB 6aJI0K i3 ep(opoBaHOI0 CTIHKOIO.

KurrouoBi ciroBa: 6asika 3 mepopoBaHOIO CTIHKOIO, IIECTUKYTHI OTBOPH, IIPOTMHHU, CKiHUeHHO-eJleMeHTHHI aHasi3, SOLIDWORKS Simulation.
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IAEHTHU®IKAIIIA 3AKOHOMIPHOCTEH HECTAIIIOHAPHOTI'O JIAMIHAPHOT'O IIOTOKY B’$I3KOf PIAVHU
HA BXITHIN JUISHII IJIOCKOIIAPAJIEJIBHOI'O IIOTOKY I TUCKOM (c. 41-49)

Arestak Sarukhanyan, Garnik Vermishyan, Hovhannes Kelejyan, Pargev Baljyan

IIpemMeToM JOCIIi/IKEHHS € BXiZiHa 06/1aCTh IJIOCKOIIapaJIeIbHOTO IIOTOKY ITi/] TUCKOM. Y IIbOMY JJOCJIi/IKEHHI JOCJIi/PKEHO 3aKOHOMipHOC-
Ti 3MiHU TiZpoAMHAMITHOI BIIyCKHOI 00J1aCTi IIpY HecTal[ioHapHOMY IUIOCKOIIapajieIbHOMY ITOTOLIi B'sI3K01 pifuHu mif TrickoM. Ha ocHOBI piB-
HSTHHS ITIOIPAaHUYHOTO [IAPY Ta XapaKTePHUCTHK IIOTOKY BU3HAYEHO I'PAaHUYHI YMOBH 3a/a4i Ta chopMy/IbOBaHO KpailoBy 3azady. BctaHOBIEHO
IpaHUYHi YMOBH 33/1aui Ta po3p0o06JIeHO KpailoBy 3a/jauy Ha OCHOBi PiBHSIHHSI IPUKOPAOHHOTO IIapy Ta XapaKTePUCTUK NOTOKY. [1[06 3HaiiTH
3aKOHOMIPHOCTI 3MiHH HMIBU/JKOCTI B Yaci Ta 10 ZOBXKMHI BXiZIHOT 06,1aCTi 32 3araJIbHUX IPAHUIHUX YMOB, 6YB CTBOPEHUI MeTO/| iHTerpyBaHHS
IrPAaHUYHUX YMOB. PillleHHs [y1s crjeHapiiB 3i mocTiitHuM i napaGoiYHUM PO3MOALIOM MIBHKOCTEH Y BXifgHiil o6sacTi Gynu oTpuMaHi i3 3a-
TJIbHUX pillleHb. BcTaHOBIEHO 3aKOHOMiPHOCTI 3MiHM TUCKY i IIBUJIKOCTI 10 Beill rizpoauHaMivHiit o671acTi BXogy.

3a JI0IIOMOT0I0 KOMIT FOTEPHOTO aHasIi3y OyAyroThesl rpadiky 3MiHM IMIBUZKOCTI B Yaci B pi3sHMX TOYKAaX IO BCill JOBKMHI BXiJHOI 06J1acTi.
3aKOHOMIPHOCTI pO3MOJIiTy MIBUAKOCTI MO BCiil OBXXMHI BXiIHOT 06J1acTi B 3aJIeXKHOCTI Bifl yacy MOYKHa MOGAYMTU 3a JIONOMOIoI0 rpadikib.
Lle mo3BOJIsIE OIIHUTH OBXXUHY TiZIPOJMHAMIYHOI BXi/{HOI 06/1acTi Ta po3paxyBaTH IIBU/KICTh TIOTOKY PiAMHU B Oy/b-sIKiil To4Ii 1iiei o6acTi.
OTpuMaHi pesy/IbTaTi [JO3BOJISIOTH PO3KPUTHU CYTHICTb IPOLIECIB, 1110 IIPOTIKAIOTh Y MEePeXiJHUX AUIAHKAX Ii[pOITHEBMAaTUYHOI CUCTEMU aBTO-
maru3zalil. Ha ocHOBi BUSIBIIEHHX 3aKOHOMipHOCTeH TiipofiHaMiUHMX ITapaMeTpiB B’SI3K0I HECTUCIMBOI PiANHY IIPU HeCTalliOHAPHUX ITOTOKAX
MOYKHA TIPaBUJIBHO CIIPOEKTYBATH KaHAIN BY3JIiB PETy/IFOBAHHS aBTOMAaTUYHHX CHUCTeM, 110 3a6e3I1euyIoTh iX Ge3nepebiliHy Ta TO4HYy po6oTy.

Kurouogi cioBa: riockonapaseabHUH MOTiK, BIlYCKHUI repepi3, HecTallioHapHuUi TIOTiK, B’A3Ka piZiiHa, PO3MOZiI IBUIKOCTEMH.
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BHU3HAYEHHA BIIVIMBY TEPMOMEXAHIYHHUX HABAHTAYKEHDb HA ITIOXUBKHW BUMIPIOBAHHS
BOJIOKOHHO-OIITUYHOI'O I'TPOCKOILY (c. 50-65)

J1. B. BpeciaBcbkuii, B. B. YerieHchkuii, B. O. MeTenboB, A. B. CeHnko, O. A. TatapiHoBa

0O06’exTOM ,ILOCJ'Ii,I[)KeHHH € TIOXUOKU BI/IMip}OBaHb BOJIOKOHHO-OIITUYHOI'O I‘ipOCKOHy, SIKUH € eJIEeMEHTOM CUCTEMU praBJ'IiHHH OpiGHTa-
I_liGIO KOCMi4HOT'O ariapary. BI/IpiHIyBaJ'IaCL npoﬁneMa BU3HAYCHHSA 33KOHOMipHOCTeﬁ BILIUBY TepMOMeXaHi‘{HI/IX HaBaHTOKEHb Ha MOXUOKU



BUMIpIOBaHb TipPOCKOIIB 3a [JOIIOMOIOX MaTeMaTHYHOIO0 MOZeII0BaHHS. JIOC/Ii/PKeHHS IIPOBEJeHO 3 BUKOPHUCTAHHAM METOAY CKiHUYEHHUX
€JIEMEHTiB, 110 J03BOJIMJIO ITpOaHasi3yBaTH HAPY)KeHO-Ae(OpMOBAaHUM CTaH KOHCTPYKTUBHUX €JIEMEHTIB Y Pi3HUX YMOBaxX TeMIIEPATYPHUX i
MeXaHIYHUX HaBaHTa)KeHb. By/Il oTprMaHi po3nofiniu temriepatyp i gedopmarniii KOHCTPYKTUBHHX €JIEMEeHTIB KocMivHoro anapary. i gaHi
BHUKOPHMCTaHO /71 OI[iHKM IapaMeTpiB HecIiBBICHOCTi oceil uyTJMBOCTi TipockomiB 60pPTOBOI CHCTEMH, 1[0 BUHUKAIOTh 4depes JedopMariii
KOHCTPYKIIil. Y TIEeBHUX yMOBaX MO/IE/TFOBAHHSI BOHH IIEPEBUIIYIOTh CTO KyTOBUX CEKYH/I, II[0 MOYKe IIPUBECTH /[0 HEITPUITYCTUMOI MTOXUOKY ITPH
YIPaBJIiHHI Opi€HTali€}0 KOCMIYHOTO anapary.

J1s1 KOHKpeTHU3arlii BeJIMYNHY [TOXUOKM BUMIpIOBaHb TipOCKOIIIB pa30M 3 TEIUIOBUMH JieopMariisiMi KOHCTPYKIIil pO3IJITHYTO BUCOKOUYAC-
TOTHI KOJIMBaHHS, SIKi BUHUKAIOTh IIPY BMUKAaHHI peaKTUBHOTO ABUTYHA ITi/] Yac KOPEKIil op6iTh KocMiuHOro arapary. Take CIIoTy4eHHS TerIo-
BUX i MeXaHIYHMX BIUIMBIiB CTBOPIOE YMOBH, 3a IKMX TOYHICTb POGOTH CHCTEM YTIPABJIiHHA CyTTEBO 3HIDKYEThCS. BH3HaueHo, 1110 B JOCTIipKyBa-
HUX YMOBAaX ITOXHOKa BIMipIOBAaHHS 30iIbIIyeThCS Y 8 pa3iB Impy 3MiHiI TeMmepaTypy KOHCTPyKIii Ha 40 °C. TaKUM YMHOM, 3a/1s BUPilIeHHS
II0CTaBJIeHO] PoGJIeMH PO3POGJIEHO Ta OIKCAHO IPOLElyPy BU3HAYEHHS OXMOKHM BIUMipIOBaHb B KOHKPETHUX YMOBaX TepMOMEXaHIYHHUX Ha-
BaHTa)XeHb. BUKOPHCTAaHHSI TaKOl IPOIeZlypH ITPY ITPOEKTYBAaHHI CUCTEM YIIPABJIiHHS y MaliOyTHHOMY CIIPUSTUME ITiZBUILEHHIO TOUHOCTI TXHBOT
po6oTu. Lle JocATaTMETHCS IIUTSIXOM OIITHMAJIBHOTO PO3MIIIIEHHS ripOCKOIIiB Ha 60PTY 3 ypaXyBaHHSIM BILIMBY TEIIOBUX MOJIB.

KirrouoBi cyoBa: TepMoMexaHiuHe JieopMyBaHHs, MeTO/, CKiHU€HHHUX eJIeMEHTIiB, HeCHiBBiCHiCTb BOJIOKOHHO-ONITHYHOTO TipOCKOITY,
TTOXUOKH BUMipIOBaHb.
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BU3HAYEHHA JIATIA30HY KYTOBUX IIBUIKOCTEN ABTOBAJIAHCYBAJIBHOI'O PEXXUMY JJIA
BEPTUKAJIBHOI POTOPHOI CUICTEMH 3 BAJIAHCUPOM THUITY LEBLANC (c. 66-75)

I. B. Ipay, O. B. luxa, C. A. MaTiox, M. O. /luxa

ABro6anaHcyBaibHi mpuctpoi (ABII) tumy Leblanc - nacuBHi ABII piiMTHHOrO TUITy — 3HAXOASATh 3aCTOCYBAaHHs B POTOPHHUX MAIIMHAX
JUIs1 3HVDKEHHST piBHSA 1X BiOpamii, Ko po3Mmozig Mac HaBKOJIO T€OMETPUYHOI Oci 06epTaHHsI 3MiHIOETBCS TIiJ Yac po6OTH MAIIWHH a6o 1[0-
pasy pu if HOBTOPHOMY 3amycKy. [l Iepepo3Io/ily Mac Ipy 6ajlaHCyBaHHI BUKOPHCTOBYETHCS PyX po6040l (KOPUTYBaJIbHOI) PiZITHY B Ha-
MIPSIMKY, TPOTHJIKHOMY JI0 rcGanaHcy. OG0 €KTOM JIOCIIPKEHHS € PeKUMHU PyXy (SKiCHI cTaHM) po6GoY0i pifMHY B KaMepi 6aTaHCyBaJIbHOTO
TIPUCTPOIO IS BEPTUKAIBHOI POTOPHOI cHCTeMHU. JI0CIIi/KeHHs CIIpsIMOBaHe Ha OOIPYHTYBAaHHS iCHYBaHHS aBTOOATAHCYBAJIBHOTO PEXKUMY
Ha JIOKPUTHUYHUX LIBUAKOCTSIX PyXy POTOPHOI CUCTEMH Ta Ma€ Ha MeTi JOC/IAUTH Horo yMoBU i 0co6MBOCTI. Y pOGOTI IOjaHO pe3y/ibTaTh
MO/IEJTIOBAHHST PeXXUMIB pyXy po6ouoi pifnau B mputiHApuuHii kamepi ABIT Leblanc Ha JOKpUTUYHOMY Jianla30Hi MIBUAKOCTEl 06epTaHHS
3 OISy Ha BEKTOPHi CIIiBBi/[HOIIEHHS CHJIOBUX YMHHUKIB 3aJIEKHO Bifi KOHCTPYKTMBHHX ITapaMeTpiB aBTOOAJIAHCYBAJIBHOTO IPUCTPOIO,
06’eMy po6ouoi piinHu i popMu 1i BiIbHOI TOBEpXHi. AHAIITUYHO i eKCIIepUMEHTaJIbHO 06T PyHTOBAHO OI[iHKM KyTOBUX IIBUAKOCTEH BKJIIO-
4eHHs po6oUoi PiANHU B 00epTOBUI PyX i B aBTOOAIAaHCYBATTBHUI PEXKUM, sIKi CTAHOBJIATH, BiAIIOBiAHO, 1/3 i 1/2 Bij KpUTUYIHOI IIBUAKOCTI
PYyXy POTOpHOI crcTeMHU. [IJIsl IPAKTUKY GalaHCYyBaHHS IIPY>KHO-Ae(OpMiBHOTO POTOpa, POTOpPA HA IMPY)KHUX OIIOPAX Pe3y/IbTATH JOCTiKEHHS
PO3IIMPIOIOTH Ajaria30H IBU/KOCTEH 06epTaHHS, [ie CIIOCTEPIiraeThCsl 3piBHOBAYKEHHS AUCOAIAHCY PiSUHOIO i 3MEHIIIeHHS aMILIITy, BiOpartiii-
HUX IIpoleciB. Lle cipusiTUMe MiZIBUIIEHHIO eKCILTyaTal[iiiHOTo pecypcy, HaAilfHOCTi Ta TOYHOCTI BUKOHAHHS TeXHOJIOTiYHOT0 ITPOLeCcy MAllIuH
31 3MiHHMM A1c6aaHCOM POTOPA 3a PaxXyHOK KOHTPOJIIO iX BiGpocTiiikocTi uepes 3acTocyBaHHs pifMHHUX ABII.

KurrouoBi coBa: macuBHe aBTOOAIAHCYBaHHS, IIPUCTPil THITy Leblanc, BepTukampHIIT pOTOp, aBTOOAIAHCYBATBHII PEXKIM.
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PO3POBKA MATEMATHUYHOI MOJEJII TUHAMIYHUX HABAHTAXKEHbD YV CTPIJIOBOMY CAMOXITHOMY
KPAHI ITPU BUTATAHHI IIIIYHTOBOI ITAJII 3 ITPYHTY (c. 76-86)

A. JI. YepBoHomraH, M. II. KonicHuk, O. I. T'osry6ueHko, A. ®. IlleByeHko, B. I. [laHTe/Ie€HKO

O6’eKTOM JIOCTIi/KEHHS € IIPOIieC BUTATAHHS IIIMyHTOBUX I1aJIb 3 IPYHTY CTPLIOBUM CaMOXiIHUM KPaHOM AJIsI X MOAAJIBIIOTO IOBTOPHOTO
BHUKOPHCTaHHs. Bupinrysasace mpo6JieMa, 0B s13aHa 3 BUTATYBAHHSM CTIBHUX IIITyHTOBUX IaJIb 3 BAKOPUCTAHHSAM CTPiJIOBOTO CAMOXiIHOTO
KpaHy, B3aeMO/il ioro 3 Bi6po3aHyproBadyeM i BU3Ha4eHHsAM JIMHaMi4YHUX HaBaHTA)KEHb.

Bi6parifiHuii MeToz 3HAUHO Mi/IBUIIYe e(peKTUBHICTb BUTSATAHHS, OJHAK OJJHOYACHO CIIPUYMHSIE BiOpaljiliHe HaBaHTa)KeHHS Ha CTPiJIOBUI
KpaH, 3yMOBJIIOIOYM BUHUKHEHHS 3HAKO3MiHHMX 3yCUJIb Y METAJOKOHCTPYKIisX. Ile Mo)ke IPU3BOAUTU 0 HAKONMYEHHsI BTOMHHUX IIOIIKO-
JDKEHb, TIOSIBY TPILMH Y 3BapHUX IIBaX, PyHHYBaHHS OCHOBHOTO MeTaJIy Ta CKOPOUEHHsI CTPOKY CIy»x6H KpaHa. Kpim Toro, BiGpariist Heratus-
HO BIIJIMBAa€ Ha YMOBH IIpaIji OIepaTopiB KpaHa — Mi/IBUIIye BTOMIIOBAHICTb, 3HIDKYE ITPaIe3/1aTHICTb i piBeHb Ge3MeKH.

BukopucTaHO METO[M MaTeMaTUYHOTO MOZIEJIIOBAHHS 3 ITOOY/I0BOI0 PO3PAXYHKOBUX CXeM, sIKi BPaXOBYIOTh yCi €Taly BUTSTAHHS IIITyH-
TOBOI IaJIi: IoTepeJHE 3aHypeHHsI, BUOip 3a30py y MPUBO/i, HATAT KaHATIB, BUTATAHHS IaJli 3 BiOparjieio Ha 2/3 JOBXXUHH Ta OCTATOYHE BU-
TATaHHS 6e3 BiOparii.

YucesbHe MOJENIOBAHHS MOKA3aJI0, 110 NIPY CTATUYHOMY BUTSTAHHI IIMyHTOBOI Masi koedimieHT AnHaMiuHOCTI Moxke focsiratu 4,76,
TOAI SIK TIPY 3aCTOCYBaHHI Bi6pariii BiH 3HIKyeThCs 710 1,47. Lle miaTBep/Kye eeKTUBHICTD BiOpamilfHOro MeToy 3a YMOBH MiHiMi3arii fioro
BIUIMBY Ha KpaH. OTpUMaHi pe3y/IbTaTh MOXKYTb OyTH BUKOPUCTAHI /ISl BAOCKOHAJIEHHS] KOHCTPYKIIT KpaHiB, pO3poOKU 3aX0/iB 3aXHCTy Bif
BiGpariif, migBUIeHHST e()eKTUBHOCTI Ta 6e3MeKH ITiJ Yac BUKOHAHHS OyZiBeJbHUX POGIT. J0AATKOBO Pe3yIbTaTH MOXXYThb CTaTH OCHOBOIO
JUTS TIOAAJIBIIO] OIITUMI3AILil ITapaMeTpiB IPY>KHUX 3B’SI3KiB i cXeM B3aeMO/il KpaHa 3 I'PyHTOM, IO PO3IIMPIOE MOXKIMBOCTI MPAKTUIHOTO 3a-
CTOCYBaHHS MOZIeJIi y CKJIaJIHIIINX YMOBaX.

Kurrouogi coBa: Bi6po3aHyproBad, KoeillieHT AUHAMIYHOCTI, HABAHTAXKEHHS B MPYKHUX 3B’A3KaX, CUJIA TePTS, MIITyHTOBA MaJIs.



