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This study investigates metal structures of tower cranes that are
subjected to intense dynamic impact of the high-speed pressure of
extreme wind flow.

The task addressed relates to the insufficient adaptability of
existing engineering standards (in particular EN 13001-2) to the as-
sessment of crane stability under short-term extreme aerodynamic
loads (squall gusts and remote explosion effects). Classical methods
use averaged quasi-static coefficients and do not take into account the
synergistic effect of the coincidence of the sudden flow vector with
the dynamics of pendulum oscillations of the load.

The results include the analytical model of velocity head built to
describe dynamic loads on the boom, tower, and crane load depend-
ing on their position. Aerodynamic coefficients for lattice structures
have been determined by taking into account a change in the Reyn-
olds number when the flow front passes.

It is shown that the loss of stability is due to the nonlinear in-
teraction of the velocity head with pendulum oscillations of the load
and the resistance of the lattice. The maximum overturning moment
(up to 451 kNm at a flow velocity of 33 m/s) occurs when the flow
velocity vector coincides with the movement of the cargo. Special
features of the results involve modification of the classical formula
of aerodynamic pressure by integrating the quadratic set of relative
velocities. This, in contrast to static approaches, makes it possible to
analytically describe the nonlinear amplification of the overturning
moment due to the kinetic energy of the swinging cargo under condi-
tions of unsteady flow.

The scope of and conditions for practical implementation of the
results include engineering and supervisory organizations. The model
could be integrated into automated design systems for developing
emergency protection algorithms at facilities with an elevated risk of
extreme wind loads.
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This study considers processes resulting in the occurrence and ac-
ceptance of loads by the body of a passenger railroad car with a girdle
beam under operational conditions. The task addressed is to improve
the strength indicators of the girdle beam in a passenger car.

To improve the strength of the frame of a passenger car, it is
proposed to introduce a C-shaped profile with perforation as a profile
for the girdle beam. The mass of the girdle beam using the proposed
profile will decrease by more than 20%. At the same time, the moment
of resistance of the cross-section of the girdle beam will increase by
almost 14%.

To substantiate such an implementation, a calculation was per-
formed for the strength of the body of a passenger car under the main
modes of its loading during operation. It was established that the
maximum stresses arising in the girdle beam under the most unfavor-
able loading scheme are lower than the permissible ones by 20.5%.
Under other design loading conditions of the body, the strength of its
structure is also maintained. As part of the study, a modal analysis of
the passenger car body was conducted. The calculations showed that
traffic safety from the point of view of modal analysis is observed.

A feature of the proposed improvement of the passenger car body
is that it does not complicate the maintenance and repair of the car
using the existing base.

The scope of practical use of the results is railroad transport.

The condition for using the research results is compliance with
periodic maintenance of the passenger car body during operation.

The study reported here will contribute to compiling recommen-
dations for the design of new passenger car structures with improved
technical and economic indicators.

Keywords: railroad transport, passenger car, body improvement,
girdle beam, body strength.
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Two thin-walled glass domes in the form of a spherical seg-
ment with a truncated apex have been considered in this study.
The task addressed relates to the lack of experimentally confirmed

data on their stressed-strained state and fracture mechanisms,
which compromises the reliability of numerical models and limits
practical application.

This paper reports experimental results from testing glass dome
models subjected to uniformly distributed loading, as well as and
their numerical verification using the finite element method imple-
mented in Siemens Simcenter Femap with NX Nastran (USA). The
deformation behavior, ultimate load levels, and brittle explosive
failure mechanism with crack initiation in the apex zone were iden-
tified. The maximum experimental vertical displacement reached
3.1 mm, while the discrepancy between numerical and experimental
results did not exceed 12.9%, confirming the adequacy of the nu-
merical model.

The results made it possible to identify tensile stress concen-
tration zones and demonstrated consistency between numerically
predicted critical regions and the experimentally observed failure
pattern. This was achieved through a combined approach integrat-
ing controlled laboratory testing and detailed spatial FEM analy-
sis. The results are attributed to the predominantly membrane
behavior of the dome and local stress concentration in the load
application zone.

The findings could be applied in the design of transparent
dome structures as well as annealed and additively manufactured
glass shells intended for special operating conditions, including
prospective hermetic modules for extraterrestrial environments
such as Mars.

Keywords: glass dome; stressed-strained state; Siemens Sim-
center Femap; Martian structures, structural behavior of glass
structures.
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One of the main methods for protecting paper banknotes is
intaglio printing, whose key quality factor is the durability of the
printing plate. This study investigates the process that induces
the stressed-strained state of an engraved printing plate obtained
by direct laser engraving with different geometric parameters of
printing and non-printing elements of printing plate. The task ad-
dressed relates to the lack of understanding of the mechanism be-
hind the influence of geometric engraving parameters on the stress
concentration and deformation of engraved elements of intaglio
printing plates. This causes their premature wear and a decrease
in the stability of the printing process.

Based on modelling the contact interaction of the plate and
printing cylinders, the results of the study have established
quantitative dependences between the geometric parameters of
engraving and the values of equivalent stresses and deformations
of engraved strokes. It was found that the stress values vary within
the range of 15-550 MPa, and the deformations range from 0.01
to 0.06 mm, depending on the characteristic zone of the engraved
elements and their geometric parameters. The optimal geometric
parameters of engraving have been determined based on the analy-
sis of simulation results.

A notable feature of the results is that the model accounted
for the actual printing conditions during intaglio printing, as well
as the presence or absence of paint within the stroke. Compiled
recommendations for the selection of geometric parameters of
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engraved strokes could be taken into consideration when designing
the engraving of intaglio printing plates. The results of this study
are valuable for the industrial production of banknote products
and securities.

Keywords: intaglio printing plates, direct laser engraving,
wear resistance, stressed-strained state, intaglio printing model-
ling.
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This study explores the contact pair «trolleybus contact insert
«TCI-power wire». The task addressed relates to the lack of consider-
ation of thermal effects, phase changes, and thermal softening of the
material in the classical Archard and Karman models, which compli-
cates wear prediction.

To solve this problem, an energy-temperature wear model (ETW)
has been constructed, which integrates mechanical, thermal, and
energy processes in the contact zone. Unlike existing approaches, the
model considers the temperature-dependent hardness H(T) and local
fields of contact pressure and frictional stresses, determined by the
finite element method (FEM) in the Ansys environment.

The research features involve a hybrid approach to wear predic-
tion - the integration of mathematical modeling and FEM simulation.


https://doi.org/10.20535/2077-7264.1(75).2022.263575
https://developer.ansys.com/docs
https://developer.ansys.com/docs
https://api.pageplace.de/preview/DT0400.9780080531670_A23527211/preview-9780080531670_A23527211.pdf
https://api.pageplace.de/preview/DT0400.9780080531670_A23527211/preview-9780080531670_A23527211.pdf
https://api.pageplace.de/preview/DT0400.9780080531670_A23527211/preview-9780080531670_A23527211.pdf
https://soaneemrana.org/onewebmedia/Finite%20Element%20Procedures%20in%20Engineering%20Analysis%20Bathe%20K.J.pdf
https://soaneemrana.org/onewebmedia/Finite%20Element%20Procedures%20in%20Engineering%20Analysis%20Bathe%20K.J.pdf
https://soaneemrana.org/onewebmedia/Finite%20Element%20Procedures%20in%20Engineering%20Analysis%20Bathe%20K.J.pdf
https://cybertycoons.wordpress.com/wp-content/uploads/2014/04/robert_d-_cook_david_s-_malkus_michael_e-_pleshbookos-org-fem.pdf
https://cybertycoons.wordpress.com/wp-content/uploads/2014/04/robert_d-_cook_david_s-_malkus_michael_e-_pleshbookos-org-fem.pdf
https://cybertycoons.wordpress.com/wp-content/uploads/2014/04/robert_d-_cook_david_s-_malkus_michael_e-_pleshbookos-org-fem.pdf
https://ansyshelp.ansys.com/public/account/secured?returnurl=/Views/Secured/corp/v242/en/ans_elem/Hlp_E_HSFLD242.html
https://ansyshelp.ansys.com/public/account/secured?returnurl=/Views/Secured/corp/v242/en/ans_elem/Hlp_E_HSFLD242.html
https://ansyshelp.ansys.com/public/account/secured?returnurl=/Views/Secured/corp/v242/en/ans_elem/Hlp_E_HSFLD242.html
https://www.emergenresearch.com/industry-report/banknote-printing-machine-market
https://www.emergenresearch.com/industry-report/banknote-printing-machine-market
https://www.emergenresearch.com/industry-report/banknote-printing-machine-market
https://www.centralbanking.com/central-banks/currency/7701186/watermarks-and-intaglio-printing-remain-top-security-features
https://www.centralbanking.com/central-banks/currency/7701186/watermarks-and-intaglio-printing-remain-top-security-features
https://www.centralbanking.com/central-banks/currency/7701186/watermarks-and-intaglio-printing-remain-top-security-features
https://www.researchgate.net/publication/282327575
https://doi.org/10.2139/ssrn.3581541
https://doi.org/10.5755/j01.mech.20.3.7393
https://doi.org/10.5755/j01.mech.20.3.7393
https://currencyaffairs.org/document/stainless-steel-intaglio-plate-making-process/
https://currencyaffairs.org/document/stainless-steel-intaglio-plate-making-process/
https://doi.org/10.1117/12.526899
https://doi.org/10.1117/12.526899
https://doi.org/10.1117/12.660938
https://doi.org/10.20535/2077-7264.4(66).2019.208868
https://doi.org/10.20535/2077-7264.3(69).2020.226568
https://doi.org/10.20535/2077-7264.3(69).2020.226568
https://doi.org/10.20535/2077-7264.4(74).2021.258285
https://doi.org/10.20535/2077-7264.4(74).2021.258285
https://jpmtr.net/index.php/journal/article/view/14
https://jpmtr.net/index.php/journal/article/view/14
https://doi.org/10.1515/npprj-2025-0019
https://doi.org/10.1515/npprj-2025-0019

The results include von Mises stresses o, = 16.24 MPa (amorphous
carbon), 18.99 MPa (electrographite - EG), and 30.53 MPa (copper-
graphite composite Cu-40%C(f) 0.90 - CU). Under sliding condi-
tions of Sjyq = 0.2 m at contact pressure p = 0.5 MPa, the wear
depth for EG is 1.99-10~> mm, which is extrapolated to 47.8 mm at
450 km and exceeds the permissible 10 mm, while for CU the wear
decreases to 2.2 mm. The wear reduction is associated with the
greater hardness of CU (120-135 HV) and a uniform distribution of
contact stresses, which confirms the ETW effectiveness.

Practical significance of the results is the possibility of a reason-
able choice of TCI materials, in particular copper-fullerene compos-
ites (Cu-0.5% FS), to increase wear resistance and stability of current
collection with priority insert wear over the contact wire. The scope
of practical implementation of the results includes the design of
materials for current collection systems of electric transport.

Keywords: frictional interaction, fullerene soot, contact insert,
wear prediction, energy model.
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This study investigates dynamic interaction between the soil and
an obstacle under explosive loading. The task addressed is to protect
underground structures with shallow laying in the soil massif from
the effect of critical explosive influences, which is becoming increas-
ingly relevant under conditions of military threats.

A methodology has been devised to numerically solve the prob-
lem of a cylindrical warhead explosion on the surface of the soil mas-
sif, taking into account the interaction with the foundation-cement
obstacle. That has made it possible to investigate the patterns of
change in wave processes in the soil and obstacle depending on time,
charge mass, and depth of the screen.

The wave interaction between the explosion and the soil massif
with an obstacle was numerically simulated. The isobar field was
determined at different times and velocity isoseisms were defined,
which show the dynamics of wave propagation deep into the soil
massif and changes in their velocity. Dependences of the peak
stress on the depth for different warhead masses (50, 150, and
500 kg) were derived, as well as the resulting peak stresses and the
minimum safe horizontal distances to the epicenter of the explo-
sion for the obstacle. The dependences between the deflection and
pressure of the protective soil-cement structure were determined,
which makes it possible to predict the stability of the protective
screen at its different thickness.

It has been established that the peak stress decreases rapidly
with distance from the epicenter of the explosion. For R < 3.7 m,
the screen (obstacle) is in the zone of high tensile stress-
es (Omax > 2 MPa), which leads to crushing, loss of shape, and sta-
bility of the structure. For R = 7.4 m, the tensile stress decreases to
approximately 0.3-0.5 MPa. These values should be considered as
a threshold value for maintaining the holding (protective) function
of the soil-cement obstacle.

A nomogram has been constructed to assess the mechanical
properties of a soil-cement barrier located at a certain depth dur-
ing a surface explosion of a warhead of different mass depending
on the cement content. This facilitates practical management of
the stability of the protective structure by adjusting the parameters
of the bonding mixture.

The prospects of engineering protection of underground facili-
ties by forming a continuous soil-cement screen in the path of the
blast wave, formed by jet cementing of soils, have been proven.

Keywords: blast waves, soil massif, soil-cement screen, math-
ematical modeling, stability prediction.
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This study investigates natural harmonic vibrations of a work-
ing implement equipped with a lever-type hitching system to the
traction mechanisms and two support points on the surface. The
task addressed relates to the absence of a generalized theoretical
model for quantitative prediction of amplitude-frequency charac-
teristics of such systems. This complicates the substantiation of
rational structural and geometric parameters to enable technologi-
cally acceptable vertical deviations of working bodies under field
irregularities and variable soil properties.

A calculation scheme of a two-support lever mechanism has
been devised, separating the implement’s intrinsic dynamics from
the power unit motion and considering roller-soil contact as an
excitation source. An energy-based mathematical model using
Lagrange equations of the second kind has been constructed;
parametric modeling revealed the decisive influence of attachment

geometry and made it possible to determine rational parameter
values. The length of the hitch lever to the power unit is 0.5 m,
and the distance from the oscillatory system’s center of mass to the
hitch point is 0.25 m.

The advantage of the results involves the analytical relation-
ship between the mechanism geometry, contact parameters, and
vibration characteristics, which enables structural minimization
of vertical deviations without mandatory use of active control.
The identified regularities are explained by changes in the reduced
inertial-elastic characteristics of the system when varying the le-
ver arms and the position of the hitch point relative to the center
of mass.

The results could be practically applied at the stages of design-
ing and adjusting implements provided that equivalent elastic-
damping parameters of the “roller-soil” contact are identified for
specific field and soil conditions and operating speeds.

Keywords: tillage (seeding) implement, aggregation, support
rollers, parallelogram oscillatory system, soil surface following,
tillage (seeding) depth accuracy.
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PO3POBKA AHAJIITUYHOI MOJEJII HECTAIIIOHAPHOI'O AEPOJITUHAMIYHOTO HABAHTAXKEHHA /I
OIITHKH CTIMKOCTI METAJIOKOHCTPYKIIIM BAIIITOBOT'O KPAHA (c. 6-13)

€. B. l'op6ariok, O. O. Bynaeka, O. O. TepeHtbeB, B. B. Bopoauss, B. C. Cirocap

OG’eKT JJOCJI/PKEHHS] — METaJIOKOHCTPYKIIii 6aIITOBUX KPaHiB, sIKi 3a3HAIOTh iHTEHCMBHOI'O JJUHAMIYHOTO BIUIMBY IIBUKICHOTO Hamopy
€KCTPEMaJIbHOTO BiTPOBOT'O IIOTOKY.

IIpoGsiema, 10 BUpillyBasacs, IOJATa€ B HEJOCTATHIN a/JallTOBAHOCTI iCHYIOUMX iH)KeHepHHUX HOpM (30okpema EN 13001-2) 1o orjiHKU
cTitikocTi KpaHiB ITpH [1ii KOPOTKOIACHUX €KCTPEMATIbHUX aepOANHAMIUHUX HaBaHT)KEHb (IIKBAJIMCTUX ITOPUBIB Ta BijaJeHUX e(eKTiB BU-
6yxiB). KylaciuHi MeToAM BUKOPHUCTOBYIOTh ycepeJHeHi KBa3icTaTH4Hi KoedilieHTH i He BpaXOBYIOTh CHHEPIeTUYHMI epeKT Biff 36iry BekTopa
PanToBOro MOTOKY 3 AMHAMIKY MassTHUKOBUX KOJIMBaHb BaHTAXKY.

OTpuUMaHi pe3y/lbTaTH BKJIIOYAIOTh PO3pO6JIeHy aHATITUIHY MOJE/Ib IIBHAKICHOTO HAIOpy, SIKA OMUCYe JUHAMiuHi HaBaHTa)KeHHS Ha
CTpisy, 6GaIlTy Ta BaHTAXX KpaHa 3aJIeXKHO BiJ| IX mosioykeHHs1. Bu3HaueHo aepoguHaMivHi Koeil[ieHTH JyIs rpaT4acTUX KOHCTPYKIIH i3 ypaxy-
BaHHSM 3MiHU unciia PeifHosbzCa i yac mpoxofykeHHs (PPOHTY MOTOKY.

ITokazaHo, 10 BTpaTa CTiIMKOCTi 3yMOBJIEHA HEJIiHIITHOIO B3a€EMOJi€l0 HBUKICHOrO HAIlopy 3 MasTHUKOBUMY KOJIMBAHHAMM BaHTAXy Ta OIO-
POM rpatku. MakcUMasIbHUN epeKUIHNN MOMeEHT (710 451 kKHM mpu mIBHAKOCTI OTOKY 33 M/C) BUHUKAE NP 36iry BeKTOpa IIBU/KOCT] ITOTOKY 3
pyxoM BaHTaxy. OCOGIMBOCTI Ta BiAMiHHI PUCH OTPUMaHMX Pe3yJIBTATIB MOJIATal0Th Y MoANGiIKaIii KiacuaHoi (popMysi aepoANHAMIYHOTO THCKY
LIUISIXOM iHTerpanii KBaJjpaTUYHOr0 KOMIUIEKCY BiTHOCHMX HIBHAKOCTel. Ha BiAMiHy Bif cTaTUUHUX MifXOAiB, Iie J03BOJIAE aHAITUYHO OIMCATU
HeJTiHifiHe IiCHIeHHs TIepeKUAHOT0 MOMEHTY BHACJII/JOK KiIHETUYHOI eHeprii po3roijaHoro BaHTa)Xy B YMOBaX HECTAI[iOHAPHOTO OOTIKaHHS.

Cdepa Ta yMOBH ITPAaKTHYHOTO BUKOPUCTAHHS OTPIMAHHUX Pe3Y/IbTaTiB OXOIUIIOIOTh iHYKMHIPHHIOBI Ta HaIvIsI0Bi opraHisamii. Moziesrs Moxe
OyTH iHTerpoBaHa B CICTEMH aBTOMATH30BaHOTO IPOEKTYBAHHS IJIs1 PO3POOKH aJITOPUTMIB ITPOTHABAPiHOTO 3aXMCTy Ha 06>EKTax 3 Ii/[BUIIe-
HHMM PU3UKOM €KCTPEMaJIbHUX BiTPOBUX HaBaHTAXKEHb.

KurrouoBi ciroBa: 6aiToBuii KpaH, HeCTallioHapHa aepoAirHaMiKa, eKCTPeMAasIbHUI MOPHB, TePeKUAHNI MOMEHT, aHAJTITYHE MOJIETFOBAHHSI.
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BHUABJIEHHA 3AKOHOMIPHOCTEM ITOKA3HHKIB MIITHOCTI KY30BA ITACAYKMPCHKOTI'O BATOHA BIJ]
BUKOPHUCTAHHSA C-TIOAIEHOT'O IIPO®LIIO 3 IIEP®OPAIIIEIO B XPEETOBIM BAJIIII (c. 14-20)

C. B. ITanueHko, A. O. JIoBCbKa, 1. I. CtaHoBcbKa, A. O. Mypax s, 1. O. BojommH

OG6’eKTOM IOCJIi/PKEHHS € IIPOLIECH BUHUKHEHHS Ta CIPUUHSTTS HaBaHTAXXeHb Ky30BOM ITaCA)XHPCHKOTO BaroHa 3 XpeOTOBOIO GAIKOI0
IPY eKCILTyaTaliiiHuX pexkxuMax. [Ipo6siema, 1110 BUpilyBasIach, ITOJIATAE Y TIOKPAIleHH] TOKa3HUKIB MIiIIHOCT] XpeOGTOBOT GaJIK1 MacaXKUPCHKO-
ro BaroHa. /ljis oKpalleHHs MilJHOCTi paMH Maca’kKUPChKOT'0 BaroHa MPOIIOHYETLCA BITPOBA/PKEHHS Y SIKOCTi ITPO(iar0 BUKOHaHHSA Xpe6TOBOI
6asnku C-miofi6HOTO TIpOdhiss 3 Tepdopariero. Maca xpe6TOBOi 6aIKU i3 BUKOPUCTAHHIM 3aIIPOTIOHOBAHOTO MPOGiTI0 3MEHIIUTECS OiIbIIe
HibK Ha 20%. IIpy LIbOMY MOMEHT OIIOPY IOIIEPEUHOro Iepepisy Xpe6ToBol Galky 361IbIIUTCS Maibke Ha 14%. [t OOIPYHTYBaHHS TaKOTO
BITPOBA/[KEHHs IIPOBEJIEHOTO PO3PAaXyHOK Ha MII[HICTh Ky30Ba MTACa)KMPCHKOTO BaroHa IPH OCHOBHUX PEXMMax HOro HaBaHTA)XEHHS B €KC-
IwIyaranii. BcraHoBJIeHO, 1[0 MAaKCUMaJIbHI HAaIIpy>KeHHS, 110 BUHUKAIOTh Y XpeOTOBil Gami mpy Hal6i/IbI HeCIPUSTVINBIM cXeMi HaBaHTa-
YKEHHs], € HIDKYMMU 32 JlonycTuMi Ha 20,5%. [Tpu iHITMX po3paxyHKOBUX pe)KMMaxX HaBaHTaXKEHHS Ky30Ba MillHICTh H10ro KOHCTPYKIIii Takox
JIOTPUMYETHCS. B paMKax J0C/iHKeHHS IIPOBeeHO MOJaIbHUI aHali3 Ky30Ba I1acaXKMPCHKOTo BaroHa. IIpoBe/ieHi po3paxyHKH ITOKa3aju, 0
6e3reKa pyxy 3 TOUKH 30py MOJAJIBHOIO aHAJI3Y AOTPUMYEThCS.

Oco6IMBICTIO 3aITPOIIOHOBAHOTO YAOCKOHAIEHHS Ky30Ba ITacaKUPChKOTO BarOHa € Te, 10 BOHO He YCKJIAHIOE TEXHITHOTO 06CIyTOBYBaH-
HsI Ta PEMOHT BaroHa i3 BUKOPUCTaHHIM iCHYr04oi 6a3u.

Cdeporo MpaKTUIHOTO0 BUKOPUCTAHHSA OTPUMAHUX Pe3Y/IbTaTiB € 3aIi3HUYHUN TPaHCIIOPT.

VYMOBOIO BUKOPUCTAHHSI PE3yJ/IbTATiB AOCTIPKEHHS € ZOTPUMAaHHS IEePiOAMYHOrO0 TEXHIYHOTO 0OCIyroByBaHHS Ky30Ba MACAKHUPCHKOTO
BaroHa y eKCILIyaTaliii.

IIpoBefeHi ZOCiPKEHHS CIPUSATUMYTh (POPMYBaHHIO PeKOMeH/Ialliil {010 TPOEKTYBAHHS HOBUX KOHCTPYKI[ili Taca)KUPCHKUX BaroHiB i3
MOKPal[eHUMHU TeXHiKO-eKOHOMIYHUMU ITOKa3HUKaAMU.

Kurro4uoBi c10Ba: 3aIi3HUYHUIT TPAHCIIOPT, TACAKUPCHKUI BaroH, y/l0CKOHAJIEHHS Ky30Ba, XpeOToBa 6aJIka, MillHICTh Ky30Ba.
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BCTAHOBJIEHHS 3AKOHOMIPHOCTEM HAITPYKEHO-ZE®OPMOBAHOTO CTAHY CKJIAHOTO KYIIOJIA
(c. 21-27)

B.T. lemuuHa, P. O. Tkay, P. C. Koneiko, X. B. [lemunHa
OG’eKT [JOCITi/KEHHS — [IBa TOHKOCTiHHI CKJIHI Kymosid y dopMi ceprIHOro cerMeHTa 3i 3pi3aHor0 BepuInHOI0. I[Ipo6ieMa Iossirae y

Bi/ICYTHOCTi €KCIIepUMMEeHTAJIbHO MiATBEP/PKEHNX JAHUX PO IX HarnpykeHo-AeopMOBaHU cTaH i MexaHi3MU pyiHyBaHHH, 1[0 3HIDKYE /10-
CTOBIpHICTb UHCJIOBUX MOJieJIelt Ta 0OOMeXKye IIPAKTHUHE 3aCTOCYBAHHSI.



¥V po6oTi HaBe/ieHO pe3y/IbTaTH €KCIIEPUMEHTAIbHUX BUIIPOOYBaHb MOZieJIell CKJITHOTO KyTIoJIa IIifl Ai€ef0 piBHOMIpHO pO3MO/iIeHOro
HaBaHTAXXEHHS Ta BUKOHAHO IX YMCJIOBY BepHU(iKallilo METOZOM CKiHUEHHUX €JIEeMEHTIB i3 BUKOPUCTAHHSM IIPOIPAMHOIO0 KOMILJIEKCY
Siemens Simcenter Femap with NX Nastran (CIIIA). BctaHOBIEHO XapakTep AeOopMyBaHHS 00OOJIOHKH, piBeHb I'PaHUYHUX HaBaHTa-
JKeHb i KpUXKUI, BUOYXOIOAiOHUI MexaHi3M pyiiHyBaHHs 3 iHilianieto TpiluH y BepmnHHii 30Hi. MakCMMasIbHe eKCIIepUMeHTaIbHe
BePTHUKaJbHE IepeMilleHHs CTAaHOBUJIO 3,1 MM, a Pi3HMIS MK PO3DaXyHKOBHMMHM Ta €KCIIEPMMEHTAJIbHUMU 3HAYEHHSIMH He IIePEBU-
muta 12,9%, o nigTBeppKye aJleKBaTHICTh YMCI0BOI MOZEJIi.

OTpuMaHi pe3yJabTaTH [O03BOJHIN ieHTHU(DIKyBaTH 30HU KOHI[EHTpaIil pO3TATyIOUMX HAIpy>KeHb i BCTAaHOBUTHU BiATOBiAHICTH
Mi’K YHCEJIbHO IIPOTHO30BAaHUMH KPUTUYHUMH 30HAMHM Ta (DAaKTUYHMMM 30HAMHU pPyHHYBaHHS. lle CTajo MOXXJIUBHUM 3aBJASKU II0-
€JHAaHHI0O KOHTPOJIbOBAHOTO JIAGOPATOPHOTO €KCIEPUMEHTY 3 AeTaabHUM ImpoctopoBuM MKE-aHamizoM 060JI0HKU. PesynbraTtd mo-
SICHIOIOTBCS TIEPEBAYXKHO MEMOPAHHOI0 POGOTOI0 KYIMOJBHOI (hOPMHU Ta JIOKAJTBHOK KOHIIEHTpAIli€el0 HaIpy>XeHb y 30HI IMPUKJIafaHHS
HaBaHTa)KEHHS.

ITpakTUYHE BUKOPUCTAaHHS OTPUMAHUX Pe3yJIbTaTiB MOXJIMBE ITPHU MPOEKTYBaHHI CBITJIONMPO30pUX KYIIOJIbHUX KOHCTPYKILiH, a TAKOX
Bi/[ITaJIeHNX i aANTUBHO CPOPMOBAHUX CKJITHUX 000JIOHOK JIJISI CITeI[iaIbHUX YMOB eKCIUTyaTallii, 30KpeMa ITepCIIeKTUBHUX FepMETHIHUX
MOJyJIiB /i1l T03a3€MHUX CepeOBUIL, BKJII0YaI0UM MapciaHChKy iH(GpacTpyKTypy.

KorrouoBi cioBa: CKISHUI KyIoJI, Halpy>keHo-AeopMoBaHuii cTaH, Siemens Simcenter Femap, MapciaHChKi KOHCTpyKIIii, po6oTa
CKJISTHUX KOHCTPYKIIili.
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BHU3HAUYEHHS 3AKOHOMIPHOCTEHM ®OPMYBAHHA HAIIPY>KEHO-IIE®OPMOBAHOI'O CTAHY
IOPYKAPCBHKOI ®OPMH ITI[] YAC IHTAIJIIOAPYKY (c. 28-43)

T. 10. Kupuuok, O. B. Koporenko, B. B. Koporenko, B. P. [Topomryk

OJHUM i3 OCHOBHUX METOAIB 3aXMCTy MANepoBUX OAHKHOT € iHTarMiofpyK, KIIOYOBUM (aKTOPOM SKOCTi SIKOTO € 3HOCOCTiiiKicTh
JpyKapcbkoi gopmu. O6’€KTOM JOCIIi/PKEHHS € Ipolec (hOpMyBaHHS HaIpy>XKeHO-Ae(OpPMOBAHOIO CTaHy I'PaBiiloBaHOI J[pyKapchbKoOl
(opmu, oTpUMaHOi METOJ,OM NIPSIMOTO JIa3€PHOT0 IpaBilOBaHHS NMPHU Pi3HUX FeOMETPUUYHUX ITapaMeTpax JpyKyBaJbHUX Ta MPOOITbHUX
esieMeHTiB. IIpo6yieMa, 10 BUpilllyBasack, MOJISATaJa y BiJICYTHOCTI pOo3yMiHHS MeXaHi3My BIINBY T€OMETPHUYHHUX ITapaMeTpiB rpasi-
I0OBaHHS Ha KOHIIEHTpallil0 Halpy>XeHb Ta jedopmaliito rpasilioBaHuX eeMeHTIB ¢opM iHTarmioapyky. Lle 3yMoBIIIOe mepeyacHe ix
3HOIIYBAaHHS Ta 3HIKEHH: CTabiIbHOCTI pyKapchKoro mnpouecy. OTpUMaHi pe3y/bTaTH MOJIATAl0Th y TOMY, 1[0 Ha OCHOBI MO/I€JTFOBaHHS
KOHTAaKTHOI B3aeMOZil (hOPMHOrO i ApyKapchKOro LMJIIHAPIB BCTAHOBJIEHI KiJIbKiCHI 3a/IeXKHOCTi Mi>K reOMeTPUYHUMU IlapaMeTpamu
rpaBilOBaHHsA Ta BeJIMYMHAMM €KBiBaJIGHTHUX HaNpyXeHb i JedopMaliil rpasifioBanux mtpuxis. MojeqroBaHHA 3/lifiCHEHO 3a /10T0-
MOTOI0 BUKOPHMCTaHHS METO/ly CKiHU€HHHX €JIEMEHTIB i3 BUKOPUCTaHHSAM KoMIiekcy ANSYS (CIIIA). BctaHOBJIGHO, IO 3HAYEHHS Ha-
TIpy>KeHb 3MiHIOIOTbCA y Mexax Bij 15-550 MIIa, a gedpopmariii - 0,01-0,06 MM, 3a/1€XKHO Bifi XapaKTepHOi 30HU I'PaBiiioBaHNX eJIeMEeHTiB
Ta IXHiX reoMeTprUyHUX napaMmeTpiB. Ha ocHOBi aHami3y pe3ysbTaTiB MO/I€/IIOBAaHHSI BU3HAUYEHO ONTHUMAaJIbHI €OMETPUYHI ITapaMeTpu
rpaBitoBaHHs. OCOGJIMBICTIO OTPUMAaHMX Pe3y/bTaTiB € Te, IO AJI IX OTPUMaHHS MOJiesIb BpaxoByBajla peasbHi yMOBU /IPYKapChKOTI'O
KOHTaKTy IIPU iHTaIJiofpylli, a TaKOXX HasgBHICTb Ta BificyTHicTh pap6u BcepeauHi mrpuxa. ChopmynpoBaHi pekoMeHAallii 100 BU-
60py reOMeTpUYHUX ITapaMeTpiB rpaBilioBaHUX IITPUXiB MOXKYTh OYTH BpaxOBaHi IPY IIPOEKTYBAHHI I'paBifoBaHHS (hOPM iHTATTiOZPYKY.
Pe3ysbTaTy AOC/IPKEHHS € IiHHUMU /IS IPOMMCJIOBOI'O BUPOOHUIITBA GAHKHOTHOI IPOAYKILiT Ta I[iHHUX Iarepis.

KurrogoBi coBa: hopmu iHTarIioApyKy, mpsiMe JlazepHe I'paBiloBaHHSA, 3HOCOCTIHKICTh, HaIIpy>XeHO-Ae(OPMOBAHUIT CTaH, MOAEIIO-
BaHHS iHTaIJIiOLPYKY.
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ITPOTHO3YBAHHA 3HOCY TA BUBIP MATEPIAJIIB KOHTAKTHHNX BCTABOK EJIEKTPOTPAHCIIOPTY HA
OCHOBI EHEPTETUYHOI MOJEJII METO/IOM CKIHUEHUX EJIEMEHTIB (c. 44-61)

K. E. Tosenko, O. B. luxa, O. 3. Top6aii, O. C. KoBtyH, B. O. lUTHHIOK

OG’eKTOM [JOCJIiPKEHHSI BHCTyIlaja KOHTAaKTHa Iapa «BCTaBKa KOHTaKTHa TposeibycHa «BKT»-apit sxuByieHHs». [Ipobiema, 110
BUpilllyBajiacs, IOB’s3aHa 3 BiJICYyTHICTIO y KaacuuyHUX Mogesnsax Archard i Karman ypaxyBaHHS TeIIOBUX edekTiB, ¢ha3oBUX 3MiH i
TepMOIIOM SIKIIIEHHsI MaTepiajly, [0 yCKIaAHIOE IPOTHO3YBAHHS 3HOCY B peaIbHUX yMoOBax. [ly1st po3B’si3aHHs L€l mpo6ieMu po3pobJie-
HO eHepreTHYHO-TeMIIepaTypHy Mofiesb 3Hocy (ETW), sika iHTerpye MexaHiqHi, TepMidHi Ta eHepreTUYHi IIpoIjecH y 30HiI KOHTaKTy. Ha
BiZIMiHY BiJ| icHylOUMX IiZIXOZiB, MOZI€/Tb BPAXOBY€e TeMIIEPATypo3asexHy TBepAicTs H(T) Ta JIOKaabHi 110 KOHTAaKTHOT'O TUCKY i pUK-
LilfHUX HAMpy)XeHb, BU3HAUEHI MeTO/[OM CKiHueHHUX eneMeHTiB (FEM) y cepemoBuii Ansys. OcoGIUBOCTI AOCI/KEHHS MOJISATAIOTh Y
ri6pugHOMY ITiIXOA1 10 MPOrHO3yBaHHS 3HOCY — iHTerpanii MmaremarnyHoro Ta FEM-MozentoBaHHS. OTpUMaHi pe3yJIbTaTy BKJIIOYAIOTh
HANpyXXeHHs 32 Mi3ecoM Oy = 16.24 MIla (amopdHuii Byrenp), 18.99 MIla (enexrporpadit — EG) Ta 30.53 MIla (migHo-TpaditoBuit
xoMm11o3uT Cu-40%C(f) 0,90 - CU). 3a yMOB KOB3aHHS Sorq; = 0.2 M IIPH KOHTAaKTHOMY TUCKY p = 0.5 MIla rmu6uHa 3Hocy st EG cra-
HOBUTH 1.99-10° MM, 1[0 EKCTPATIONIOEThCSA 110 47.8 MM Ha 450 KM i mepeBuiiye gomyctuMi 10 MM, Tofii ik st CU 3HOC 3MEHIIYEThCS
710 2.2 MMm. ITokasaHo, 1[0 3HIKEHHS 3HOCY 3yMOBJIeHe 6ibnoro TBepAicTio CU (120-135 HV) i piBHOMipHIIIMM pO3MOAiIOM KOHTAKTHUX
HaIIpy>XeHb, 110 TiATBepKye edekTuBHiCTH ETW-Mogesi. [IpakTHYHa 3HAYYIIiCTh Pe3y/IbTATiB MOJIATae Y MOXJIMBOCTI OGI'PYHTOBaHOT'O
BuGopy MarepianiB BKT, 30kpema MigHO-(dynepeHoBux kommno3utiB (Cu-0.5% FS), st migBuUIeHHST 3HOCOCTIMKOCTI Ta cTabibHOCTI
CTPYMO3HIMaHHS 32 YMOBH IIPiOPUTETHOTO 3HOCY BCTABKU IOPiBHAHO 3 KOHTAaKTHUM JipoToM. Chepa MpaKTUYHOTO BUKOPHUCTAHHS pe-
3yJIbTaTiB OXOIUIIOE MTPOEKTYBAHHS MaTepialiB CTPyMONPUIIMaIbHUX CUCTEM €JIeKTPOTPAHCIIOPTY.

KurrouoBgi coBa: dpukiiliHa B3aeMofis, GyepeHoBa caxka, KOHTAaKTHA BCTaBKa, TPOTHO3YBAHHS 3HOCY, EHEPreTUIHA MOAIEJTb.
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BU3HAYEHHS CTIMKOCTI 3AXMCHOI I'PYHTOIIEMEHTHOI KOHCTPYKIIII B I'PYHTOBOMY MACHBI ITPU
J1i KPUTUYHHUX BUBYXOBUX BILIHNBIB (c. 62-71)

H. C. Pemes, I. I. I'aiiko, B. O. Bponunskuii, T. B. I'peGenroxk, C. I. I'aiiko

OG6’eKTOM JOCITi/PKEHHS € AMHAMIYHA B3a€EMOJ[isl IPYHTY 3 IIEPELIKO/0I0 ITPY BUOYXOBOMY HaBaHTXKEHHI. PO3IIsHyTa ITpo6iiemMa 3aXUCTy
MiZI3eMHUX CIIOPYZ, MUJIKOrO 3aKJIalaHHs B I'PyHTOBOMY MAacHBi Biff /il KpUTMYHUX BUOYXOBHX BILIMBIB, aKTyaJIbHICTb SIKOI 3HAYHO 3POCTA€E
B YMOBAaX BOEHHHMX 3arpo3. Po3po6sieHO METOAMKY YHCEJIbHOTO BUPIIIEHHS 3aBJAHHS PO BUOYX IMJIHAPUYHOrO G0€3apsily Ha IOBEPXHi
I'PYHTOBOTO MACHBY 3 ypaxyBaHHSM B3a€MO/il 3 IDyHTOIIEMEHTHOIO MEPEIIKOA00. Lle 03BOINIIO JOCTIINTH 3aKOHOMiPHOCTI 3MiHM XBHAJIBO-
BUX IIPOIIECIB y I'PYHTI Ta IePEIIKO/i 3aIeXHO Bi/l yacy, Macu 3apsifly Ta INIMOMHY 3aKJIaJlaHHsI eKpaHy. IIpoBeJieHe Yrce/IbHe MOJeTI0BAaHHS
XBUJIBOBOI B3a€MO/i1 BUOYXY 3 I'PyHTOBUM MacCHBOM Ta ITEPENIKO0I0. Bi3HavueHe 1mosie i306ap B pi3Hi MOMEHTH Yacy Ta BU3HaueHi i3oceiicMu
LIBUJIKOCTI, IKi TIOKA3yI0Th AUHAMIKY ITOIIMPEHHS XBIJIb BIVINO I'PyHTOBOIO MacHBY Ta 3MiHM TX mBHAKOCTI. OTpHUMaHi 3aJ1eXKHOCTI ITIKOBOTO
HaIpy>KeHHsI Bi/i INIMOMHMU JIs pi3HUX Mac 6oe3apsiy (50, 150 i 500 Kr), a TaKO)X BUHUKAIOUi MiKOBi HaIpy)XeHHsI Ta MiHiMasIbHi Ge3IeyuHi
TOPU30HTAJIBHI BifICTaHi /10 emileHTpy BUOYXY IS ITePeIIKoAN. Biu3HaueHi 3a/IeKHOCTI MK ITPOTMHOM i THCKOM 3aXHMCHOI I'PYHTOIIEMEHTHOL
KOHCTPYKILi, 110 /la€ MOXKJIMBICTh TPOTHO3YBATH CTiKiCTh 3aXMCHOT0O €KpaHy ITpHU Pi3Hili ioro TOBIKHI. BcTaHOB/IEHO, 1110 MiKOBE HAIIPY>KeH-
Hsl IIBUJIKO CIIa/Ia€ B Mipy BififjasieHHs1 Bif emitieHTpy Bubyxy. st R < 3,7 M ekpaH (Ilepeniko/ja) 3HaX0AUTHCSI B 30HI BUCOKUX HAIPYXKeHb
PO3TAraHHH (Opmax > 2 MIIa), 1[0 TPU3BOAUTB [0 APOGJIEHHS, BTpaTH (POPMU Ta CTIHKOCTI KOHCTPYKIIL. [IJist R = 7,4 M HaIIpy>KEHHS PO3TSTaHHS
3HIKYETHCST TPUOGIN3HO 70 0,3-0,5 MITa. 1li BeJIMYMHM CITifi PO3IISJATH SIK TIOPOTOBE 3HAUEHHS [Tt 30epeXKeHHs TPUMAJIbHOI (3aXMCHOT)
yHkuii rpyHTonieMenTHOI nepemkogu. I1o6y0oBaHO HOMOIpaMy JJIsi OLIHKM MeXaHiYHMX BJIACTUBOCTEH I'DYHTOLIEMEHTHOI IepelIKoAu,
po3TanioBaHol Ha BU3Ha4YeHill IM6MHi, Ipu MoBepxHeBOMY BUOYXy 6oe3apsily pizHOI Macu B 3aJIeXKHOCTI Bifi BMicTy LiemeHTy. Lle cripuse
NPaKTUYHOMY YNPABJIiHHIO CTiMKICTIO 3aXMCHOI KOHCTPYKIil IUIAXOM KODEeryBaHHS I1apaMeTpiB CKpiIUIOBaJbHOI cymim. /loBefieHa Iep-
CIEKTUBHICTb iH)KEHEPHOT0 3aXUCTY Ii[3eMHUX 06 €KTiB IIUISIXOM YTBOPEHHS Ha IUISXY Aii BUOYXOBOI XBUJIi CYIIJIBHOTO I'PyHTOLIEMEHTHOT'O
€KpaHy, yTBOPEHOTO LISIXOM CTPYMUHHOI LIeMeHTallil I'PyHTiB.

Kirrouosi ciroBa: BUGYXOBi XBUJII, IDyHTOBUI MacHB, I'PyHTOLIEMEHTHU eKpaH, MaTeMaTHUYHe MO/Ie/IIOBAaHHS, IIPOTHO3YBAaHHS CTiltKOCTI.
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PO3POBKA TEOPETUYHOT MOJIEJII KOJIMBAHBb I PYHTOOBPOBHOTO (ITOCIBHOT'O) 3HAPAJIJIA 3
HE3AJIE2XKHUM KPIIUIEHHAM I JIBOMA OIIOPHUMH KATKAMM (c. 72-80)

B. B. ITaganka, O. B. TopGeHko, [I. B. XBocTeHKO, A. 1. JIazopeHKko, B. B. AIbIiIoBChKUIT

OG6’€KTOM JOCTiPKEHHS € TapMOHiifHI KOJIMBaHHS PO6OYOro 3HAPA//d, IKe Ma€ BaXKi/IbHY CUCTeMy ITPU€EAHAHHA [0 TATOBUX MeXaHi3MiB
Ta JIBi TOYKM OITOPH HA MOBepXHI0. [Ipobiema, 1o BUpilyBasiacs, IOIATa€ y BiICYTHOCTI y3araJbHEHOI TeOPeTUIHOI MOZeJIi ZIs KiTbKiCHOTO
TIPOTHO3yBaHHs aMILIITyZIHO-4aCTOTHUX XapaKTePUCTUK TaKUX chcTeM. Ile yckiaiHIoe OGIPyHTYBaHHS pallioHaJIbHUX KOHCTPYKTUBHO-T€O-
METPUUYHUX MapameTpiB Jjis 3a6e3MedeHHsT TEXHOJIOTIUHO JJOITyCTUMHUX BepTHKAJIbHUX BiIXWJIeHb POOOYMX OpraHiB Iif Jjiefo HepiBHOCTeH
T10J151 Ta 3MiHHHUX BJIACTUBOCTEH I'PyHTY. OTpHMaHO pO3paxyHKOBY CXeMY Ba)KiJIbLHOrO MeXaHi3My 3 /IBOMa OIOPaMHM, sKa BiJOKPEMJIIOE BJIACHY
JMHAMIKy 3HapsiAZis Bifi pyXy eHepro3acofy Ta BPaxOBye KOHTAKT «KAaTOK-I'PyHT» SIK JpKepeJio 30ypeHb. Po3po6/IeHO eHepreTHUHy MareMa-
TAYHY MO/IeJIb Ha OCHOBI PiBHSIHB Jlarpam»ka Apyroro pojgy Ta BUKOHaHO ITapaMETPUYHE MOJEII0OBAHHS, II0 BUSBUIO BU3HAYAILHUI BIUIUB
reoMeTpil IpUeHAHHS 1 J03BOJINJIO BCTAHOBUTH pallioHaJIbHI 3HAYEHHS ITapaMeTpiB. JJOBXHUHA BakeJIsl KPIiIJIeHHsI 10 eHepro3acofy — 0,5 M,
a BiicTaHb Bif I[eHTpa Mac KOJIMBHOI CHCTEMH JI0 By3Jja KpiruieHHs — 0,25 M. IlepeBara pe3ysbTaTiB MOJISITAa€ B aHATITUYHOMY 3B’SI3Ky MDK
reoMeTpielo MexaHi3My, ITapaMeTpaMH KOHTaKTy Ta KOJIMBaJIbHUMU XapaKTepUCTHKAMHU, 1110 3a6e3Iedye KOHCTPYKTUBHY MiHiMi3alliio BepTH-
KaJIbHUX BiIX1JIeHb 6e3 0600B’A3KOBOT0 3aCTOCYBAaHHS aKTUBHOr0 KepyBaHH:. OTprUMaHi 3aKOHOMipHOCTi TMOSCHIOIOTHCA 3MiHOIO TIPUBEJEHUX
iHEpUiHO-TIPY)KHUX XapaKTEPUCTUK CMCTEMM TP BapilfOBaHHI IJiedel Ba)kKesis Ta ITOJIOXKEHHST By3Jla IIPUEJHAHHS BiIHOCHO IIEHTpa Mac.
TIpakTYHE BUKOPUCTaHHSA Pe3y/IbTaTiB MOXJIMBE Ha eTalli IPOEKTyBaHHs Ta HaJIAIITYBaHHA 3HAPsA/Ib 3a YMOBH i/leHTHdiKallil ekBiBaJIeHTHUX
TIPYXKHO-ZieMIT(EePHUX TTapaMeTpPiB KOHTAKTY «KaTOK-IPYHT» /i KOHKPETHUX I'PYHTOBO-TIONIbOBUX YMOB, PO6OUNX ITBU/IKOCTEH.

KirouoBi ciioBa: rpyHT006po6HE (110CiBHE) 3HAPsA//S, arperaTyBaHHs, OIOPHI KOTKH, IapaJieJlorpaMa KOJIMBHA CUCTeMa, KOIiIoBaHHS
TIOBEPXHi T'PYHTY, TOYHICTb ITTMOHMHM 06pOOGITKY (T10CIBY).



