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The object of this study is the deformation of an elastic axis with
a large deflection of a cantilever clamped absolutely elastic rod under
the action of an applied concentrated force. The rod in the free state
can have a rectilinear or curved elastic axis. This fact implies a differ-
ence in the analytical description of the bending process. However,
there is a factor by which some similarity can be found between the
bending of rectilinear and curved rods. This factor is the curvature
of the elastic axis of the rod in a free state. According to this feature,
they can be divided into rods of constant and variable curvature of
the elastic axis. The former include rectilinear rods and those that in
the free state have the shape of an arc of a circle, and the latter — rods
with a variable curvature of the elastic axis. There is a difference
between the bending of these groups of rods: in the first case, the
deformation of the elastic axis of the rod during its bending will be
the same regardless of which end will be cantilever pinched.

A distinctive feature of the current research is that the bending
of rods with variable curvature of the elastic axis was carried out
by alternate pinching of their opposite ends. Moreover, the rods of
constant and variable curvature were of the same length s=0.314 m,
the same cross-section of 0.005x0.02 m. That has made it possible to
visually show the difference between the shape of the elastic axis of
the bent rod under the action of the same force when the pinch end
is changed. When attached to the rods of the working bodies of ag-
ricultural machines, pulsating dynamic loads are smoothed out due
to their elasticity. It is important for practice to be able to calculate
the value of their deviation, which should be within the given limits.

The results are explained by the fact that in the analytical de-
scription of the shape of the elastic axis of a curved rod, a technique
was proposed in which the length of the axis can start counting both
from one end and from the opposite end.

Keywords: arc length, concentrated force, pulsating loads, axis
curvature, cantilever fastening.
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The object of this study is the stressed-strained state of contact-
ing elements of close-shaped machine-building structures. The pres-
ence and flexibility of surface layers and coatings are modeled. There
are cases of the matching shape of the contacting surfaces of bodies,
as well as the perturbation of the shape of these surfaces. The task be-
ing solved relates to the fact that the analysis methods of such bodies
contact interaction are not yet sufficiently developed.

It was established that for the case of the matching shape of
contacting surfaces, the contact area does not depend on the level
of loads. In this case, the contact pressure distribution is propor-
tional to the operating load. Such features of the solution do not
depend on the properties of the materials of surface layers. A dif-
ferent case is when the shape of the contacting surfaces of bodies is
disturbed. In particular, it was established that the properties of the
materials of surface layers exert a strong influence on the shape and
dimensions of bodies contact area, as well as on the distribution of
contact pressure (the difference is 1.5-2.5 times or more).

The theory of variational inequalities is used to model the
stressed-strained state of contacting bodies. As a result, the problem
about contact interaction of bodies with surfaces of close shape is
reduced to the problem of minimizing the modified energy func-
tionality. The minimization is carried out on a set of distributions of
displacements, which describes conditions of bodies not penetrating
each other. The finite element method is used to discretize the prob-
lem of determining the stressed-strained state of contacting bod-
ies. The parametric model built makes it possible to determine the
stressed-strained state of contacting bodies when the disturbance of
the nominal shape of the bodies and the properties of their surface
layers is varied.

Keywords: contact interaction, intermediate layer, contact area,
contact pressure, separation die.
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The object of this study is the processes of perception and redis-
tribution of vertical loads in the structure of a container with a floor
made of sandwich panels under operational modes.

To ensure the strength of the container, as well as the safety of
the cargo transported in it, it is proposed to design a floor based
on sandwich panels. It is assumed that each of these panels is made
of two metal sheets in a layer between which an energy-absorbing
material is placed. Given the presence of energy-absorbing mate-
rial in the structure of the sandwich panel, the vertical dynamic
loads acting on the cargo container during its transportation will
be reduced.

To substantiate the proposed solution, mathematical modeling
of the vertical load on the container during its transportation by a
flat wagon was carried out. It is found that the accelerations acting
on the container of the improved design are 5.7 % lower than those
acting on the container of standard design.

The calculation of the strength of the container was carried out
under operational schemes of its loads. It has been established that
the strength of the container is ensured.

A special feature of the results is that the reduction of the load
on the container is achieved not by strengthening its structure but
by introducing flexible connections into it.

The field of practical application of the results is railroad trans-
port. The conditions for the practical use of the findings are the use
of energy-absorbing material in the structure of sandwich panels that
form the floor of the container.

The results of the research will contribute to improving the
strength of containers under operating conditions, the safety of the
cargo transported in them, as well as increasing the efficiency of the
functioning of container transportation.

Keywords: transport container, container improvement, con-
tainer load, container strength, container transportation.
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This paper examines the use of neural network methods to solve
inverse problems in the mechanics of elastic materials.

The aim is to design physics-informed neural networks that can
predict the parameters of structural components, and the physical
properties of materials based on a specified displacement distribution.

A key feature of the specified neural networks is the integra-
tion of differential equations and boundary conditions into the
loss function calculation. This approach ensures that the error in
approximating unknown functions has a direct impact on optimiz-
ing the network’s weights. As a result, the resulting neural network
approximations of unknown functions comply with the differential
equations and boundary conditions.

To test the capabilities of the designed neural networks, inverse
problems involving the bending of plates and beams have been
solved, focusing on determining one or two unknown parameters.
Comparison of predicted and exact values demonstrates high ac-
curacy of the constructed neural network models, with a relative
prediction error of less than 3 % across all cases.

Unlike analytical methods for solving inverse problems, the
primary advantage of physics-informed neural networks is their
flexibility when addressing both linear and nonlinear problems. For
instance, the same network architecture can be employed to solve
various boundary-value problems without modification. Compared
to classical numerical methods, the parallelization capability of neu-
ral networks is inherently supported by modern software libraries.

Therefore, the application of physics-informed neural networks
for solving inverse elasticity problems of plates and beams is effec-
tive, as evidenced by the achieved relative errors and the computa-
tional robustness of the method. In practice, the proposed solution
can be used for relevant calculations during the design of structural
elements. The developed software code can also be integrated into
automated design systems or computer algebra systems.

Keywords: physics-informed neural networks, inverse problems,
geometric nonlinearity.
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Many factors affect the vibration of the hydraulic unit, including
the natural oscillation frequencies of the structural elements, which
in some cases may contribute to an increase in vibration because of
the occurrence of resonance phenomena.

In this work, the case of design optimization of the support
assemblies of the shaft pipeline of the hydrogenerator-motor was
considered, installed at HSPP during its reconstruction in order to
improve vibration parameters. The effect of increasing the stiffness
of the upper crosspiece and reducing the weight of the rotating
parts on the value of the first and second critical rotation frequen-
cies was analyzed. Based on the results of computations, operability
of the proposed new reinforced structure of the upper crosspiece of
the hydrogenerator-motor with increased rigidity was confirmed.
Using this design could increase the first critical rotation frequency
from 9 Hz (540 rpm) to 17.6 Hz (1056 rpm). This would lead to the
avoidance of resonance phenomena caused by the proximity of the
first critical rotation frequency of the rotor to the rated rotation
frequency (600 rpm).

The computations were performed in a three-dimensional set-
ting in two stages for each of the considered design cases. At the
first stage, the supporting elements rigidity of the shaft line of the
hydrogenerator-motor were studied by determining the structural
element elastic deformations when it was loaded by a transverse
force. At the second stage, these determined stiffnesses of the sup-
port elements were used as input data for calculating the critical
rotation frequencies of the hydraulic unit rotor.

Keywords: umbrella-type hydrogenerator, rotor, vibration,
stiffness, critical rotation frequency, three-dimensional compu-
tation, flexibility of hydrogenerator supports, hydrogenerator
crosshead.
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The object of this study is the pneumatic spring of the high-
speed railroad rolling stock that moves over the rail joint of a rail-
road track with a vertical ledge.

The task solved was establishing the dynamic behavior of the
rubber cord shell of the pneumatic spring of the high-speed railroad
rolling stock, taking into account the design features of the railroad
track, namely the rail joint.

The methodology for experimental testing of the pneumatic
spring of the high-speed railroad rolling stock using the proposed
dynamic test installation is given. Experimental tests of the pneu-
matic spring were carried out within the rail joint of the railroad
track, which has a vertical ledge of 7.0 mm. It was established that
the maximum value of the accelerations of the rubber cord shell of
the pneumatic spring occurs in the vertical plane. The maximum ver-
tical accelerations of the rubber cord shell of the pneumatic spring
were 2.4m/s? horizontal transverse accelerations — 0.85m/s?,
and horizontal longitudinal accelerations — 0.9 m/s?.

It was determined that the deformations of the pneumatic
spring in the vertical plane are higher than the deformations in the
horizontal plane. The value of the maximum vertical deformations
of the pneumatic spring was 4.1 mm, while the maximum value of
horizontal deformations was 1.2 mm.

The natural frequencies and logarithmic decrements of oscil-
lations damping were determined based on the obtained records
of the free oscillations of the rubber cord shell of the pneumatic
spring. It was established that the value of the first natural fre-
quency of oscillations of the pneumatic spring is 3.21 Hz.

The logarithmic decrement of oscillation damping of the rub-
ber cord shell of the pneumatic spring was determined based on the
constructed graph of oscillation damping with an approximating
exponent. It is 0.2147.

The obtained values of the dynamic indicators of the new
pneumatic spring could be used in the future to control changes
in the physical and mechanical properties of the rubber cord shell
of the pneumatic spring under the operational conditions of the
railroad track. In practice, engineers and scientists will be able to
take into account the obtained dynamic parameters of the spring

when designing and improving the pneumatic spring for high-speed
train movement.

Keywords: joint of railroad rails, pneumatic spring, high-speed
rolling stock, acceleration of the rubber cord shell, deformations of
the spring, natural frequency of spring oscillations.
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The object of this study is to consider dynamic processes in the
tank of a fire truck with different levels of water filling. The task to
be solved is to determine the data on the fluctuation of the center of
mass of a dynamic system, which consists of the water tank of a fire
truck tanker truck, when it moves through rough forest terrain at
different speeds. The data make it possible to predict the danger of
a fire truck tipping over. In the process of solving the task, an esti-
mation model of a fire truck tanker truck was built together with a
water tank, using the LS-Dyna dynamic systems simulation software
package. In order to reproduce the dynamic impact on the fire truck
tanker with the water capacity exerted by the relief of the rugged
forest area, the time dependences of the angles of current position of
the fire truck tanker — roll angle, yaw, and pitch — were established.
The resulting dependences were used as boundary conditions to
reproduce the dynamic influence of the terrain. The turning angles
of the water tank of a fire truck were determined depending on the
unevenness of the terrain, the geometry of which was calculated by
a pseudo-random number generator. Using the explicit method for
integrating the dynamics equations, implemented in the code of the
LS-Dyna software package, the patterns of fluctuations of the center
of mass of the water tank of the fire truck tanker depending on the
level of filling and speed of movement were defined.

Using results from the mathematical modeling of dynamic pro-
cesses in the fire truck tanker, a numerical algorithm was developed
for this fire truck tanker to maintain its stability against overturning.
Therefore, the results of this study have a direct practical application
in the field of fire truck tanker design safety and could be used to
improve and devise new technologies in this field.

Keywords: fire truck, forest terrain, fluctuation of the center of
mass, optimal route model.
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C. @. ITnnunaka, B. M. Hecsigowmin, T. M. Boxina, 1. 10. I'pumenko, T. C. Ilnmunaka, f. C. Kpemens, C. JI. Auapyx,
0. 10. Casoiicbkuii, JI. B. Kop:k-¥Ycenko, 0. I. CemipHenko

OG6’ekTOM fOCTIKEH ST € ehopMallist TPYKHOT 0Ci 3 BEJIMKAM MPOTHHOM KOHCOJIBHO 3alIEMJIEHOTO aOCOTIOTHO TIPY/KHOTO CTEPIKHST I
J€I0 IPpUKJIaieHoi 3ocepe/skeHol cuin. CrepskeHb y BIIBHOMY CTaHi MOJKe MaTH IPsIMOJIiHIIHY a60 KpuBoJiHiiiHy npyskHy Bich. Lleil daxr
nepeabavac BiAMIHHICTD Y aHATITHYHOMY OITvci niporiecy 3ruHanist. OnHak icHye (hakTop, 3a SKUM MOKHA 3HAUTH TIEeBHY TOIOHICTD MiXK 3TH-
HAHHAM MPSIMOJIHIHHIX 1 KpUBOMiHIHHUX cTep:kHiB. [{uM pakTopoM € KpuBUHA TIPY)KHOI OCi CTEPKHS Y BIIbHOMY CTaHi. 3a I[i€10 03HAKOIO
iX MOJKHA PO3MIIUTH Ha CTEP:KHI CTasIol 1 3MIHHOI KPUBUHH NPY>KHOI oci. [0 Mepimx BiHOCATLCS MPAMOJIHIHI cTep:kHi 1 Ti, AKi y BiTbHOMY
cTani MatoTh GOPMY IyTH KOJIa, 10 IPYTUX — CTEP:KHi i3 3MiHHOI0 KPUBUHOIO MPY’KHOI 0ci. MixK 3rMHAHHSM IMX I'PYII CTEPKHIB iCHYE BiMiH-
HICTB: B MEPIIOMY BUNAAKY AedopMaiiist IpyKHOI 0Ci CTepsKHs IIPU HOro 3ruHaHHi Gy/ie 0OJIHAKOBOIO HE3aJIEeKHO Bijl TOTO, SIKUil KiHelb Oyne
KOHCOJIbHO 3aIieMJIeHN.

BiamiHHOI0 0COOMMBICTIO JAHOTO AOCIKEHHS Bi/l ICHYIOUNX € Te, 110 3TMHAHHA CTEPKHIB i3 3MIHHOIO KPMBUHOIO TIPY/KHOT OCI IIPOBOANIIO-
CsI TIPH TI0YEPTOBOMY 3aleMIIEHHI iX IPOTIUIEKHIX KiHIiB. [Ipraomy cTepskHi ctasol i 3MiHHOI KpuBHHE Oy 0AHAKOBOI 10BKIHE s=0,314 M,
otHaKoBOTO Tronepedroro nepepisy 0,005x0,02 m. 1le 103B0JIII0 HAOYHO TOKA3ATH BIZIMIHHICTD MixK (hOPMOTO MPYKHOI OCi 3iTHYTOTO CTEPIKHSI
i iero oHiel K 1 Tiei cum npu 3MiHi Kinig 3amemaenns. [Ipy KpimyienHi 10 ¢TepKHiB poOOUMX OPraHiB CiIbChKOTOCIOAAPCHKUX MATIHH
3aB/IAKY IX IPYKHOCTI 3TJIA/IKYIOTBCS MTyJIbCYIOUi IMTHAMIYHI HaBaHTaXKeHHs. BaXkIMBOIO 17151 TPAKTUKN € MOKJINBICTD PO3PAXyHKY BEJTHYIMHA
iX BiZIXUJIEHHS, SIKa TIOBUHHA OYTHU B 33/laHIX MEKax.

OTpuMaHi pe3yJIbraTi MOSICHIOIOTHCS TUM, TI0 TPH aHAITHYHOMY ONHUCi (HOPMHU TIPYIKHOT OCi KPUBOJIHIHHOTO CTepsKHsI GYJI0 3amporo-
HOBAHO CIOCIO, TIPY AKOMY JIOBKHHA 0Ci MOKe TIOYMHATH BiUIK K Bi/l OJ[HOTO, TaK i Bifl TIPOTUIIEKHOTO KiHIIS.

KmiouoBi ciioBa: 10BXKIHA JIyTH, 30Cepe/PKeHa CIUJIa, MyJIbCyiodi HABAHTAKEHHS, KPUBHUHA OCi, KOHCOJIbHE 3aKPillJICHHSI.
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BU3HAYEHHA XAPAKTEPUCTHUK KOHTAKTHOI BSBAEMO/II EJEMEHTIB KOHCTPYKIIN 3A
BAPIIOBAHUX BJIACTUBOCTEM IIOBEPXHEBUX HIAPIB (c. 14-35)
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OG'eKT MOCTIIKEHHST — HaNPyKeHO-1eOPMOBaHUIA CTaH KOHTAKTYIOUMX €JeMEeHTIB MalluHOOYIBHUX KOHCTPYKINHA 6IM3bK0I (hopMHL.
Moyie010ThCsl HasiBHICTD Ta MOAATINBICTD IIOBEPXHEBUX MIAPIiB Ta HOKPUTTIB. BUPI3HAIOTHCS BUIIAIKY CIIiBIIA/[a04901 (hOPMH KOHTAKTYIOUNX
MIOBEPXOHB TiJI, a TAKOXK 30ypeHtst GopMU IX TTOBepXOHb. [Ipobrema, 1o BUPINIyBaIacs, MOIsTae y TOMY, 1[0 HATETep METO/I aHasi3y KOH-
TAKTHOI B3a€MO/Iii TAaKUX TiJI HEJIOCTATHHO PO3BUHEHI.

TTorepesHbo YCTaHOBIIEHO, 10 /IS BUNIAJIKY CIIBIaa040i GOPMU KOHTAKTYIOYNX [HOBEPXOHDb 00J1aCTh KOHTAKTY He 3aJI€KUTD Bi/l PiBHS
HaBaHTasKeHb. [Py 1[bOMY PO3MOALT KOHTAKTHOTO TUCKY MTPOMOPIHIHIIA AiF090My HaBaHTaxkeHHIO. Taki 0cOOMMBOCTI PO3B'A3KY He 3ajIeKaTh
Bi/l BJIACTUBOCTEN MaTepiaiiB MOBEPXHEBUX 1IapiB. [HITA CUTYAllis CIIOCTEPIraeThest 3a 30ypeHHs GOPMU KOHTAKTYIOUNX TOBEPXOHD TiJL. 30-
KpeMa, YCTAaHOBJIEHO, 1110 BJIACTUBOCTI MaTepiajiB MOBEPXHEBHUX MAPIB YNHATh CUILHUN BIUIUB 1 Ha GOpMY Ta Po3Mipu 00J1acTi KOHTAKTY TiJI,
i Ha PO3IIO/LI KOHTAKTHOTO TUCKY (pisHuis — y 1,5-2,5 pasu Ta Gisbiie).

J17151 MOziesTIoBaHH HAIIPysKeHO-/1e(hOPMOBAHOTO CTAHY KOHTAKTYIOUHX TiJT 3/IyIa€ThCsT TeOpisl BapialliiiHuX HepiBHOCTEH. Y pe3yJIsTaTi 3a1ada
PO KOHTAKTHY B3a€MOJIIO TiJT i3 MOBEPXHAMMU OJIM3BKOI (hOPMHU 3BOAUTHCSI 10 TIPOOIeMI MiHIMIZaIil MOAU(IKOBAHOTO €HEePreTHYHOTO (DYHKITIOHA-
Jsry. Minimizanist 3/iliCHIOETbCSI HA MHOYKUHI PO3IIOJILJIB IIepeMillieHb, SIKa OIUCY€E YMOBU HEIIPOHUKHEHH: T ofiHe B oztHOro. [yt UCKpeTu3ariii
3a/1a4i TIPO BU3HAYEHHS HAIPY’KEHO-Ie(OPMOBAHOTO CTAHy KOHTAKTYIOUNX TiJT 3aIy9a€ThCsl METOJ CKiHUeHHNX enemenTiB. [ToGyoBara mapame-
TPHYHA MOJIENb A€ MOKIIMBICTh BU3HAYATH HAMPYKEHO-e(OPMOBAHMUIT CTAaH KOHTAKTYIOUKX TiJI TIPU BapiloBaHHi 30yPeHHSI HOMIHAILHOT (hopMIt
TiJI Ta BlacTUBOCTE IXHIX MoBepxHeBuX 1mapis. Ile BipisHse cTBOpeni MozeTi, MEeTo/IN Ta yCTaHOBEHI 3aKOHOMIPHOCTI Bijl BiZIOMUX.

KouoBi c0Ba: KOHTaKTHA B3a€MO/Iisl, IPOMIBKHHUI 1map, 061acTh KOHTAKTY, KOHTAKTHUIT TUCK, PO3/IJTOBUI IITAMIL.
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BUABJIEHHSA BEPTUKAJIbHOI HABAHTAYKEHOCTI KOHTEMHEPA 3 IIJIJIOTOIO 13
CEH/IBIU-TTIAHEJIEI ITPU IIEPEBE3EHHI BATOHOM-ILIAT®OPMOIO (c. 36-44)

A. O. JIoBcoeKa, 1. 1. CranoBcska, B. 10. Kupmiiosa, A. M. Oxopokos, P. B. Bepuuropa

OG6’€KTOM OCTIIKEHHS € MPOTIECH CIIPUIHATTST Ta MEPEPO3IO/ILTY BEPTUKAIBHIX HABAHTAKEHb B KOHCTPYKILT KOHTEITHEPa 3 MiIOToM0 i3
CeH/BiU-TIaHesiell TP eKCITyaTaIliifHIX pesKuMax.

Izt 3abe31e€ueH s MITHOCTI KOHTEIHEPa, a TAKOK CXOPOHHOCTI MEPEBO3UMOI0 Y HbOMY BAHTAKY, IPOIIOHYETHCS CTBOPEHHS TII/JIOTH 13
cenpiu-nmaneseit. [TepeabavaeThbest, MO KOKHA i3 TAKNX TaHesteil Gy/ie BUTOTOBJIEHA i3 IBOX METAJIEBUX JIUCTIB B MPOIIAPKY MiXK SKUME PO3-
MIIIYEThCS eHEProNOrIMHAIBHUN MaTepiad. 3a paxyHOK HasgBHOCTI €HEPromorInHaIbHOrO MaTepiasy B KOHCTPYKIi ceHaBid-manesi Oye
3/1IICHIOBATHCS 3MEHIIEHHS BEPTUKAJIBHUX INHAMIUHNX HAaBaHTAKEHb, SKi II0Th HA KOHTEHHEpP 3 BaHTa)keM IIPU HOTro TPaHCIOPTYBAHHI.



Jlnst 0OrpYHTYBAHHS 3amPOIIOHOBAHOTO PIlIEHHS MPOBEIEHO MAaTeMaTUYHE MOJIETIOBAHHS BEPTHKAIbHOI HABAHTAXKEHOCTI KOHTEHHe-
pa TIpu HepeBe3eHHi oro BaroHOM-TIaThopMoio. BeTaHOBIIEHO, IO TIPUCKOPEHHS, SKi AiI0Th HA KOHTEHHEp YAOCKOHATIEHOI KOHCTPYKIL,
Ha 5,7 % HUXKYI 32 Ti, 1110 HI0TH HA KOHTEHHEP TUIIOBOI KOHCTPYKILIL.

IIpoBezieno po3paxyHOK Ha MIITHICTb KOHTeITHepa IIPH eKCIUTyaTallifHuX cXeMax Horo HaBaHTakeHb. BCTanoBIeHO, 10 MIITHICTh KOHTEH-
Hepa 3a6e31evyeThCs.

Oco6IUBICTh OTPUMAHUX PE3YJIBTATIB MOJATAE Y TOMY, 110 3MEHIIECHHS HABAHTAKEHOCTI KOHTEIHEPA IOCATAEThCS HE 32 PAXyHOK TIOCH-
JIEHHST F10TO KOHCTPYKILii,  BIIPOBA/IKEHHM TTOATINBHX 3B sI3KiB B Hei.

Cdeporo IpakTUYHOTO 3aCTOCYBAHHS OTPUMAHKX PE3YJIBTaTiB € 3aJIi3HNYHUIT TPAHCIIOPT. YMOBAaMHU IIPAKTHYHOTO BUKOPUCTAHHS PE3YJIb-
TaTiB € BUKOPHCTAHHS €HEPTOMOTINHATIBHOTO MaTepiasy B KOHCTPYKIIii ceH/BiU-TIaHeseH, sSIki yTBOPIOIOT IMiIJIOTY KOHTeliHepa.

PesysbraTii IPOBEIEHOTO JOCIi/IKEHHS COPUATHMYTh TOKPAIIEHHIO MIiIIHOCTI KOHTEHHePiB B yMOBAX €KCILTyaTallii, CXOPOHHOCTI Tepe-
BO3MMUX Y HUX BAaHTAXIB, a TAKOXK ITi/IBUIIEHHIO e(heKTHBHOCTI (DYHKI[IOHYBaHHSI KOHTEIHEPHUX IIepPeBe3eHb.

Kmou4oBi cioBa: TpaHCcnopTHUII KOHTEITHED, YIOCKOHAJIEHHS KOHTeliHepa, HaBaHTa)KEeHICTh KOHTeIHepa, MillHICTh KOHTelTHepa, KOHTel-
HEpHi 1lepeBe3eHHs.
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PO3POBKA HEMIPOMEPE;KEBUX OBUUCJIIOBAJIbBHUX METO/IIB /1711 PO3B’I3AHHS OBEPHEHHUX
SAIAY ITPYKHOCTI (c. 45-52)

A. B. Kamoxusk, O. B. Kyzin, 10. O. bexokons, /1. O. Kpyrasax

OG6’€KTOM JIOCIIKEHHSI € HelipoMepeskeBi MeTO/IM PO3B’A3aHHsT 0GEPHEHNX 3a/1a4 MEXaHIKU MPYAKHUX TiJL.

Meroio € po3pobKa HeHPOHHUX Mepesk 3 (i3UUHOIO iH(OPMAIIIEO AT IPOTHO3YBaHHS MapaMeTPiB €JIEMEHTIB KOHCTPYKIN Ta (isuaHux
XapaKTEePUCTUK MaTepiaiB Ha OCHOBI 33/IJaHOTO PO3IIO/IITY TIepeMillleHb.

OcobamBIcTIO PO3POOIECHNX HEHPOMEPEK € BUKOPUCTAHHS An(epeHitialbHuX PiBHAHD Ta KPAiioBUX YMOB HPH OOYMCTIeHHT (yHKITii
Brpatr. OTsKe, MOXMOKa HAGIMKEHHST HEBIJOMUX dyHKIii 6esnocepeIHbO BIIMBAE Ha TIPOIIEC ONTUMI3allii BaroBux koedilienTis HeipoHHux
Mepex. B pesysbrati, oTprMaHi anpokcuMariii HeBigoMux GyHKIH Y BUTJIS HelipoMepesk 3a/10BOTBSIIOTH AM(ePEeHITIaTbHAM PIBHIHHAM Ta
KpalloBUM yMOBaM.

JInst TeCTyBaHHS MOKIUBOCTEH PO3POOJIEHNX HEHPOHHNX MEPEK PO3B’A3aHO 0GEPHEH] 3a/1a4i 3TMHY IIACTUH Ta OAJIOK i3 BU3HAYEHHSAM
ofiHoTO 260 BOX HEBiIOMUX mapameTpiB. [TOpiBHIHHS CIPOTHO30BAHUX Ta TOYHMX 3HAYEHb CBIAYUTDH PO BUCOKY SIKICTh MOOYIOBAHUX He-
ipoMepeskeBIX MOJIesIell, OCKITIbKU BiZIHOCHA OMUJIKA TIPOTHO3Y CTAHOBUTH MEHIIE 3 % JIJIs BCIX 3a/1a4.

Ha Biaminy Bi aHamiTHYHUX METO/IB PO3B’sI3aHHs 00EPHEHUX 3a/[a4, OCHOBHOIO TIepeBaroio HeiipomMepesk 3 (hisndHoio iHhopmaIiieio €
THYYKICTb IIPY PO3B’A3aHHI JIHINHIX Ta HETiHIHKUX 3a/1a4. Tak, 30KpemMa, ojiHa I Ta caMma Mepeska MoXKe BUKOPUCTOBYBATUCH /IS PO3B sI3aHH:
Pi3HUX KpaitoBux 3azau 6e3 3MiHM apxiTekTypu Mepexi. Ha BiaMiHy Bif KIQCMYHMX YMCETBHUX METOIB, MOKINBICTh Mapasesisarii Heifipo-
Mepek BKe 3aKJIajieHa y cydacHi nmporpamui 6i6rioTeku.

Ortke, 3aCTOCYBaHHS HEPOHHUX Mepesk 3 (isnuHow iHGOPMAI€E st PO3B'si3atHst 0OEPHEHNX 3aj1ay TPYKHOCTI MIACTUH Ta HANOK €
e(eKTUBHUM 3 OTJISIIY Ha OTPUMaHi 3HAYEHHST BI/IHOCHUX MOXUOOK Ta 00YMCIIOBAIbHY CTiiiKicTh MeToy. Ha mpakTuili 3anpornoHoBaHi MOKYTh
BUKOPHCTOBYBATHCh JIJIsl BAKOHAHHSI BiITOBIIHUX PO3PaxXyHKiB [P POEKTYBAHHI €JeMEHTIB KOHCTPYKIIii. Po3po6ieHuii mporpaMHmii Koj
MOsKe OyTH YaCTUHOIO CUCTEM aBTOMATH3AIlil MPOEKTYBATBHUX POOIT a00 CHCTEM KOMIT IOTEPHOI aireOpH.

KimouoBi caoBa: reiipomepeski 3 ¢izuuroio indopmaitieio, obepieni 3aadi, reoMmeTpryHa HeJIiHIHICTb.
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OIIIHKA BILTUBY #KOPCTKOCTI OIIOPHUX BY3JIIB HA PE3OHAHCHI SIBUIIA TA BIBPAIIMTHUI
CTAH TTAPOATIPETATY (c. 53—64)

O. B. Tpertsik, A. €. Kospura, C. C. KpaBuenko, /I. M. llnitaxsuuii, A. 10. 5Kykos, C. A. Ceprienko, M. O. Apednesa,
H. C. IlenbkoBcbka, A. O. Majgonuy

Ha Bi6Gpartiio rigpoarperaty BIUIMBAIOTh Garato YHHHUKIB, Y TOMY YHCJIi BJACHI YaCTOTH KOJIMBAHHS €JIeMEHTIB KOHCTPYKIIT, AKi y JAesTKIX
BUIIAJIKAX MOXKYTh CIIPUSITH 301/IbIIIEHHIO BiOpallii BHAC/IJOK BUHUKHEHHST PE30HAHCHUX SBUIIL.

B naniit po6oTi po3riistHyTo BUIAI0K ONTUMI3aIlil KOHCTPYKIIii OMOPHUX BY3JIiB BaJIOMPOBOJLY TifiporeHepaTopa-IBUTYHa, BCTAHOBJIEHOTO
Ha TiZAPoaKyMyJIo0Uiil esekTpocTaHilii, mijg yac Horo peKOHCTPYKIIii 3 METOI0 MoJinineHHs Bibpamiinux mapaMerpis. B xomi gocaimpkents
6yJI0 BIKOHAHO aHAJI3 BILIMBY MOCHJIEHHS KOPCTKOCTI BEPXHBOI XPECTOBMHY Ta 3HUKEHHs Barm 0OGEPTOBHMX YACTHH Ha BEJMYUHY TEPUIOl
Ta IPYrol KPUTHYHUX YacTOT 0OepTaHHs. 3a pe3yJIbraTaMil BUKOHAHUX PO3PaxXyHKIB 6yJIO MiATBEP/UKEHA TPAE3AaTHICTD 3alPOTTOHOBAHOI
HOBOI IOCUJIEHOT KOHCTPYKIIiT BEPXHBOI XPECTOBUHU Ti[POreHepaTOpa-ABUryHa 31 301/IbIIEHOI0 KOPCTKICTIO. BUKOpUCTaHHS 1i€] KOHCTPYKILT
JO3BOJINTD 301IBIIUTH TIepIy KpUTHIHY yactory obepranns 3 9 It (540 06/x8) mo 17,6 Tir (1056 06/x8). Ile npusBeje 10 YHUKHEHHS Pe30-
HAHCHUX SIBUII, BUKJIUKAHUX GJIM3bKICTIO MEPIIO] KPUTUYHOI YaCTOTU OOEPTAHHS POTOPA iICHYIOUOTO TIAPOArperaTy 0 HOMIiHAIBLHOI YacTOTH
obepranns (600 06/xB).

Bianosiani pospaxyuku 6yJ10 BAKOHAHO B TPUBUMIPHIIT MOCTAHOBIN B JIBa €TaIK /I KOKHOTO 3 PO3IJISTHYTUX BUIAAKIB KOHCTPYKIIIi.
Ha nepmomy erami pospaxyHKy JOCJIiKyBadach KOPCTKICTh OIIOPHUX €JIEMEHTIB BaJIOIIPOBOAY TiporeHeparopa-ABUIyHA LLISIXOM BU-
3HAUEHHS NMPYKHUX AedhopMalliil eJleMeHTy KOHCTPYKILil IPH HOTO HaBaHTaKeHH] TTonepevHoio cuyioio. Ha apyromy etari gociiiskeHHS 11i
BU3HAYEH] JKOPCTKOCTI OMIOPHUX €JIEMEHTIB BUKOPUCTOBYBAINCS Y SIKOCTI BUXITHUX AHUX [JIs1 PO3PAXYHKY KPUTHYHUX YACTOT OGEPTAHHS
poTopa rigpoarperary.

KiiouoBi ci1oBa: rigporereparop 30HTUYHOTO THITY, 3HIZKEHHsI BiOpallil Tiporereparopa, ’KOpCTKICTh OIIOPH, KPUTHYHA YacToTa 0OepTaH-
H, TPUBUMIPHUIT PO3PaXyHOK, IOJATIUBICTD OIIp ri[poreHepaTopa, XpeCcTOBUHA TifiporeHepaTopa.
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BU3HAYEHHS THWHAMIYHNX IIOKASHUKIB MHEBMATHYHOI PECOPH IBU/IKICHOTO PYXOMOTO
CKJIAZY Y 30HI PEUKOBOI'O CTUKY 3AJI3HNYHOI KOJIII (c. 65-74)

A. d. Kysumun, B. B. KoBambuyk, I0. f1. Poiiko, 10. M. I'epmaniok, 0. B. Tepemax, A. JI. ITynapis

OO6’€KTOM IOCIIIPKEHHS € THEBMATHYHA PECOpPa MIBIUIKICHOTO PYXOMOTO CKJIA/Y 3aJTi3HUIN, 8 yMOBaX PYXY IO PEIKOBOMY CTHKY 3aJi3HI-
HOI KOJIiI i3 BepTUKAJIbHUM YCTYTIOM.

Bupinryerbest mpobseMa BCTaHOBJICHHS AMHAMIYHOI MOBEIHKN TYMOKOP/HOI 000JIOHKH TTHEBMATHYHOI PECOPH TBHUIKICHOTO PyXOMOTO
CKJIaJly 3a/li3HHUIL i3 BpaXyBaHHAM KOHCTPYKTUBHUX OCOOJIMBOCTEl 3a/i3HITYHOI KOJIil, a caMe PEeHKOBOTO CTHKY.

HageaeHo MeTo/10/I0Ti0 eKCIIEPUMEHTANIbHIX BUIPOOYBaHb MTHEBMATHYHOI PECOPH MIBUAKICHOTO PYXOMOTO CKJIALy 3aJi3HUIL i3 BUKO-
PUCTAHHSIM 3aI[POMTOHOBAHOI INHAMIYHOI BUTIPOOYBATBHOI yCTaHOBKNU. [IpOBEIEHO eKCIIeprMeHTAIbHI BIUTPOOYBAHHST TTHEBMATHYHOI PECOPU
y MeKax peiikoBOro CTHKY 3ali3HMYHOI KOJIil, 1[0 Mae BepTukasibHuii yeryn 7,0 mm. BeranosiieHo, 1110 MakcUMasibHa BeJIMUMHA IIPUCKOPEHD
TYMOKOPHOI 000JIOHKH TTHEBMATHYHOI PECOPU BUHUKAE Y BEPTUKAIbHIH TI0mMHI. MaKkcMasIbHi BepPTUKAIbHI TPUCKOPEHHS TYMOKOP/IHOT
06OJIOHKN THEBMATHYHOT PECOPH CKJIaN 2,4 M/c?, TOPU3OHTAIbHI TIonepeuni npuckopents — 0,85 M/c? Ta FOPM30OHTANbHI MOB3/I0BKHI MPH-
ckoperns — 0,9 m/c?.

Bceranonieno, 1o nedopmaitii mueBMaTHYHOI PECOPU Y BEPTHKAIbHIN MJIONIMHI € BUITUMHE 32 JedopMariii y ropu30HTaIbHUN TIJIOMIHAHI.
BesimunHa MakcMMaIbHUX BEePTHKAJIBHUX JlepopMaltiil THEBMATHYHOI pecopu ckjana 4,1 MM, Ipu 11bOMY MaKCHMaJIbHA BEeJIMYMHA TOPU30H-
TaTpHNX edopmartiii ctanoBmia 1,2 Mm.

3a OTPUMAHUMU 3aMICAMHE BiJIbHUX KOJIMBAHb IyMOKOP/IHOI 0G0JIOHKY THEBMATHYHOI PECOPU BU3HAYEHO BJIACHI YaCTOTH Ta JIorapudmiy-
Hi JIeKPEMEHTH 3TacaHHs KOJINBaHb. BcTanoBIeHO, 1110 3HAUEHHS MIEPIIO] BJACHOI YaCTOTa KOJIMBAHb ITHEBMATHUHOI pecopu ctaHoBuTh 3,21 I1.

3a nobyaoBaHuM rpadikoM 3racaHHs KOJMBAHb i3 ATPOKCUMYIOUYOI0 EKCIIOHEHTOIO0 BU3HAYEHO JIOTapubMidHUIl TeKPEMEHT 3racaHHsI KO-
JIMBaHb TYMOKODP/IHOT 0GOJIOHKY TTHEBMATUYHOI pecopu. Bin ckiazae 0,2147.

Otpumani 3HaYeHHs ANHAMIYHIX MOKA3HUKIB HOBOI THEBMATUYHOI PECOPU MOXKYTD Y HOAATBIIOMY BUKOPUCTOBYBATUCS /1T KOHTPOJIIO
3MiHK (HIBUKO-MEXaHIUHKUX BJIACTUBOCTEH TYMOKOPAHOI 000JOHKU MHEBMATHYHOI PECOPU B €KCILIyaTalliiHuX yMOBax 3ajisHu4ynoi koJii. Ha
MIPaKTHIl {HKeHEePH Ta HAYKOBi CIIIBPOGITHIKY 3MOXKYTh BPAXOBYBATH OTPHUMaHi AMHAMIYHI TTOKA3HUKH PECOPH MPH IPOEKTYBAHHI Ta y/I0-
CKOHAJIeHi ITHEBMATHYHOI PECOPH, B YMOBaX IMBUIKICHOTO PYXY TOI3IiB.

KiiouoBi cii0Ba: CTHK 3a/1i3HUYHNX PEIOK, THEBMATHYHA PECOPa, MBUAKICHUN PYXOMUIT CKJIajl, TPUCKOPEHHST TYMOKOP/HOI 000JIOHKH,
nedopmariii pecop, BacHa 4acTOTa KOJTMBAHb PECOPH.
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BU3HAUYEHHS CTIMKOCTI HOKEKHOI ABTOIIUCTEPHU 10 IEPEKUIAHHS ITPU ii PYCI
MEPECIYEHOIO JIICOBOIO MICIIEBICTIO (c. 75-86)

K. 1. Anmazos, C. B. IToszees, O. A. Tapacenko, O. C. Kyuiua, A. 1. Kaaunosceskuii, I. K. Yopaomas

O06’ekToM J0CTiKeHHs Oy IMHAMIYHI IPOIIECH Y IIUCTEPHI MOKEKHOTO aBTOMOOLIIS 3 PI3HUM PiBHEM 3all0BHEHHS BOJIOI0. [Ipobiema,
110 BUPIITyBaaacs, — BU3HAYEHHS JaHUX PO (IyKTyalifo eHTpy Mac AMHAMIYHOI CUCTEeMH, Ky CTaHOBUTD IMICTEPHA 3 BOJOIO TTOKEKHOI
aBTOIMCTEPHU, TIPH 1i pyci 110 nepeciveniii icosiii MiciieBocTi 3 pizHoIo miBKUAKICTIO. OTpUMaHi faHi 103BOJIAIOTD IIPOTHO3YBAaTH HEOE3IEKY Tie-
PEKUAHHS [OKEKHOTO aBTOMOO1IIsL. Y 1potieci BUPIIeHHs 3aBatHs OyJI0 CTBOPEHO PO3PAXyHKOBY MOJIEIb I0KEKHOI ABTOIMCTEPHU PA30M
i3 BOJISTHOTIO EMHICTIO, BUKOPHCTOBYIOUN MPOTPAMHUIA KOMILJIEKC MOZIETIOBAHHS AnHaMiunuX cucteM LS-Dyna. /lJist BinTBOpeHHS IMTHAMIYHOTO
BILUIMBY Ha aBTOIMCTEPHY 13 BOASHOK EMHICTIO Pesbedy mepeciueHoi JicoBoi MiciieBoCTi GyJI0 BCTAHOBJIEHO YaCOBI 3a/IEKHOCTI KYTH TIOTOY-
HOTO MOJIO’KeHHS aBTOIIMCTEPHHU — KyT KPeHy, pUCKaHH: Ta Tanraxxy. OTpruMani 3aJ1esKHOCTI BUKOPUCTOBYBAJINCS SIK TPAHNYHI yMOBH /L7 Bifi-
TBOPEHHSI IMHAMIYHOTO BILUIUBY pesibedy. KyTi moBOpoTy IUCTEPHN 3 BOOIO MOKEKHOTO aBTOMOOIIsI BUSHAUAIIKCS 3aJIEKHO Bijl HEPIBHOCTEN
penbedy, TeoMeTpist IKUX 00UMCIIOBATACST TEHEPATOPOM TICEBI0BUITAJIKOBIX Yncesl. BUKOPHCTOBYIOUM SIBHUI METOJ iIHTErpyBaHHs PiBHSAHbD
JMHAMIKK, peasiizoBaHuii y Kol nporpaMHoro komiiekcy LS-Dyna, 6y/i0 BU3HaAYeHO 3aKOHOMIPHOCTI (hJIyKTyalliil eHTPy Mac [UCTEPHU 3
BOJIOIO TIOKEAKHOTO aBTOMOOLIISI B 3aJIE)KHOCTI Bij PIBHSI 3all0BHEHHS Ta HIBUAKOCTI PYXY.

3 BUKOPHCTAHHSIM Pe3yJIbTaTiB, OTPHMAHIX 3a [0IIOMOTOI0 MATEMATHYHOTO MOJIETIOBAHHS INHAMIYHUX TIPOIECIB Y aBTOIMCTEPH], 6YJI0
CTBOPEHO YMCJIOBHIi aJlTOPUTM JaHOI aBTOMCTEPHU A 30epeskeHHst 1i criiikocti mogo nepekupanisa. OTxke, pesyabraTi X JOCTIHKEHD
MalOTh G€3II0CEPEe/THE 3aCTOCYBAHHS Ha IPAKTHUII B TATy31 O€3IIeKH MPOEKTYBAHHS aBTOIMCTEPH i MOKYTh OyTH BUKOPUCTAHI [UIS TIOKPAIIEHHS
Ta PO3POOKU HOBUX TEXHOJIOTTH y Iiii Tasysi.

KmouoBi ciioBa: 110xexHa aBTOIMCTEPHA, J1iCOBA MICLEBICTb, (IIyKTyallist EHTPY MAC, MOJeJIb ONTUMAJIBHOTO MapIIpyTy.



