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This paper substantiates the modernization and commissioning
of a railroad car for high-temperature, bulk /loose cargoes in order to
improve the efficiency of railroad transportation. A feature of the car
is the presence of an open-type boiler, which is made of heat-resistant
material. To prevent splashing of transported cargo, it is possible to
use a removable cover, which is attached to the top of the boiler.

The boiler of the car was calculated for strength under the main
operating modes. The vertical load on the boiler was taken into con-
sideration while accounting for the transportation of bulk cargo, as
well as longitudinal, and the effect of temperature load. The strength
was calculated by the method of finite elements. It is taken into
consideration that the boiler is made of composite heat-resistant
material. The calculation results showed that with the considered
load modes, the strength of the boiler is ensured.

The dynamic load of the boiler was mathematically modeled at car
shunting. The calculation was performed in a flat coordinate system.
Solving the mathematical model of the car dynamic load has established
that the maximum acceleration that acts on the boiler is 36.5 m/s2.

The dynamic load of the boiler was simulated. The dislocation
fields and numerical values of accelerations that act on it were de-
termined. The maximum acceleration, in this case, is concentrated in
the bottom of the boiler; it is 37.4 m/s%

To verify the dynamic load model, the F-criterion was used for
calculation. Tt has been established that the hypothesis about the
adequacy of the model is confirmed.

The study reported here could contribute to improving the ef-
ficiency of railroad transport operation and advancing the design of
multifunctional car structures.

Keywords: transport mechanics, railroad car, load-bearing struc-
ture, composite material, structure load.
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Based on the use of a multi-level mathematical model, this paper es-
timates the stressed-strained state of a cylindrical reservoir in the mount-
ing joint and considers the concentration of stresses in the joint zone.

The correctness of the selected mathematical model was verified
to show that for an engineering assessment of the stressed-strained



state of the wall of a cylindrical tank with variable thickness, it is
possible to use the ratios for a cylindrical shell with a constant wall
thickness. The spread of values is no more than 1 %, which indicates
the proper selection of the mathematical model.

A numerical assessment of the stressed-strained state in the zone
of the mounting joint proved the assumption of significant stress
concentrations in the zone and indicated the determining effect
exerted on the concentration of stresses by its geometric dimensions.

The concentration of stresses in the joint zone of the tank wall was
investigated at various sizes in the ANSYS programming environment.
The result of calculating the stressed-strained state of the reservoir for
various values of the dent parameters //¢ and a/</Rt is the constructed
polynomials that approximate the stress concentration coefficient K.

As a result of the calculations, an interpolation polynomial and
an approximating stress concentration coefficient were derived,
which could be used to assess the strength, durability, residual life
of the tank and to normalize the limiting dimensions of the imper-
fection of the joint.

This paper reports comparative results of the calculations of
the stress concentration coefficient depending on the geometric
dimensions of the imperfection of the mounting joint in the ANSYS
software package, as well as using an interpolation polynomial.

The results could be used to assess the strength and residual life
of such structures.

Keywords: steel tank, stress concentration, mounting joint, joint
parameters, numerical method.
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In this paper, the numerical simulation of the mechanical perfor-
mance of a composite prosthetic keel structure under static load has
been explored, and the findings of this inquiry have been included.
The prosthetic keel is constructed from an epoxy and glass fiber com-
posite, 3 percent weight (MWCNTSs with SiC), and a carbon nano-
tube, which are utilized in conjunction with other materials to create
the structure. The force that is applied in this example is 1,000 N,
and it is applied in accordance with the boundary condition that
has been previously established in this case. The ANSYS modeling
software package was used to create the prosthetic keel model, which
was meshed and created. Because of the total deformation, the fun-
damental simulation results of the prosthetic keel model have been
converged in line with the total deformation, which was used as a re-
ference to determine the total deformation. The major outcome of the
current numerical analysis has been successfully validated by consid-
ering the findings of the earlier experimental study. The mechanical
performance of the composite prosthetic keel structure is determined
by four primary criteria, the results of which are based on the find-
ings. Aspects to analyze include equivalent elastic strain, three-axis
directed deformation, total deformation, and equivalent stress (von
Mises). Although only 0.00058 mm total deformation is created by
the imposed static load of 1,000 N (the least attainable value), it
represents the largest total deformation. The equivalent stress (von
Mises) responded to the load with a response of 0.045 MPa, which is
quite small. Furthermore, the equivalent elastic strain has also been
undertaken and it resulted in a value of elastic strain of 3.4*10"7.

Keywords: von Mises stress, directional deformation, total de-
formation, equivalent elastic strain, FEM.
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This paper analyzes the influence of kinetic and physical-mechan-
ical parameters of systems on the characteristics of dynamic processes
in moving one-dimensional nonlinear-elastic systems. Improved
convenient calculation formulas have been derived that describe the
laws of changing the amplitude-frequency characteristics of systems
for both a non-resonant case and a resonant one. An important issue
of studying the influence of the speed of movement of elements of
mechanisms on the oscillations of one-dimensional nonlinear-elastic
systems has not been considered in detail until now in the scientific
literature. This issue relates to the vibrations of shafts in gears, pipe
strings when drilling oil and gas wells, the oscillations of turbine
blades and rotating turbine discs, the longitudinal vibrations of the
beam as an element of structures. The main reason for this in the
analytical study of dynamic processes were the shortcomings of the
mathematical apparatus for solving the corresponding nonlinear dif-
ferential equations that describe the laws of motion of those systems.

It was found that in the case of longitudinal oscillations in the
moving beam with an increase in the longitudinal speed of the me-
dium to 10 m/s, the amplitude of the oscillation also increases by
13.5 %. However, when the longitudinal velocity of the beam is 5 m/s,
the amplitude will increase by only 3 %. It is established that with the
growth of the amplitude, the frequency of longitudinal oscillations
decreases sharply, and if the system moves at a higher speed, for ex-
ample, 20 m/s, it reduces the frequency of oscillation by about 13 %.

The results reported here make it possible to assess the effect of
kinetic and physical-mechanical parameters on the frequency and
amplitude of oscillations. The research that involved the asymptotic
method makes it possible to predict resonant phenomena and obtain
engineering solutions to improve the efficiency of technological
equipment.

Keywords: nonlinear oscillations, asymptotic method, elastic
beam, longitudinal oscillations, torsional oscillations.
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This paper investigates the process of destruction of parts of
the connecting rod-piston group of the engine due to hydraulic lock
after the ingress of liquid into the cylinders of the engine. Compar-
ing expert data on actual engine destruction due to hydrolock with
existing estimation models has made it possible to identify a number
of significant contradictions affecting the objectivity and accuracy of
the destruction assessment.

To resolve the existing contradictions, a mathematical model for
reconstructing the destruction of the connecting rod-piston group
of the engine during a hydraulic lock has been improved. Unlike the
existing ones, the model makes it possible to take into consideration
not only the static deformation of the connecting rod but also to give
a comprehensive assessment of the deformations of the connecting
rod, piston pin, and piston at different volumes of hydrolock fluid.

Underlying the model is the hypothesis assuming that the de-
formation of the piston pin under excessive load caused by hydraulic
lock leads to the emergence of tension and an increase in the friction
in the mated pin-piston. The calculation from the condition of dif-
ferential change in the amount of friction in the mated pin-piston
produced a satisfactory result that does not contradict the practical
data and has confirmed the working hypothesis.

By calculation, the onset of the destruction of engine parts
during hydrolock at a pressure in the cylinder close to 17.3 MPa, at
a crankshaft angle of about 346°, was revealed. In addition, it was
found that in the case of violating the operating conditions, due to
friction, the mated pin-piston is exposed to the lateral force on the
skirt that reaches 17.2 MPa, which exceeds the permissible one, cal-
culated according to known procedures, by 2.8 times.

The results reported here are confirmed by known practical data,
which makes the devised model applicable to the practice of expert
studies into the causes of engine malfunctions when violating the
operating conditions of a car.

Keywords: violation of operating conditions, hydrolock in the
cylinder, connecting rod-piston group, deformation of parts.
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This paper reports the analysis of prospects for the use of prefab-
ricated metal corrugated structures in the body of the embankment
of a railroad track in the form of a tunnel overpass in order to pass
road vehicles and railroad rolling stock.



A technique of inertial dynamic tests of the deformed state of
a tunnel overpass from prefabricated metal corrugated structures
during the passage of railroad rolling stock is given, by measuring
accelerations at the top and on the sides of overpass structures.

An algorithm is proposed for processing the acceleration signal
for assessing the strained state of metal corrugated structures of
a tunnel overpass under the action of dynamic load from railroad
transport.

Experimental dynamic measurements of accelerations arising
at the top and on the sides of a tunnel overpass during the passage
of passenger and freight railroad rolling stock were carried out. The
maximum value of accelerations arising at the top of a tunnel over-
pass during the passage of a freight train was 7.99 m/s? and when
passing a passenger train — 6.21 m/s% the maximum accelerations
that occur on the sides were 2.63 m/s? and 1.77 m/s?.

Tt is established that the maximum deformations of metal corru-
gated structures of the top of a tunnel overpass, when passing freight
and passenger trains are, respectively, 1.63 mm and 1.11 mm. The
maximum strains of metal corrugated structures on the sides of an
overpass are 1.07 mm and 0.48 mm.

The value of relative deformations in the vertical and horizontal
dimensions of the structures of a tunnel overpass under the action
of dynamic loads from the railroad rolling stock has been found.
The relative vertical strains of an overpass amounted to 0.020 %;
horizontal — 0.012 %.

The practical significance of this work is that with the help of the
devised procedure for measuring accelerations, it is possible to assess
the strained state of metal corrugated structures under the influence
of dynamic loads from the railroad rolling stock.

Keywords: tunnel overpass, prefabricated metal corrugated
structures, railroad track, acceleration of metal structures, vertical
and horizontal strains of structures.
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This paper considers the issue related to the protection of build-
ings and structures against seismic influences and the prevention, ex-
clusion, or reduction of seismic hazards. The catastrophic destruction
of modern <«earthquake-resistant> buildings in Turkey and Taiwan
has shown that existing methods of strengthening and reinforcing
structures are not perfect and require further study. Analysis of ex-
isting approaches to ensuring seismic resistance showed that seismic
insulation and seismic suppression systems still do not have a scien-
tific and technical justification for the effectiveness of their operation
from the point of view of ensuring the stability of structures. The es-
timation-dynamic models of the «base-seismic insulation-structure»
system developed to date do not always make it possible to simulate
the joint work of their interaction during an earthquake and account
for the transformation of the seismic impact on the structure. An
alternative technique has been devised, a geotechnical seismic insula-
tion screen, as a seismic insulation system that reduces the intensity
of seismic loads on the structure and ensures its seismic resistance. In
a specific example, the effectiveness of this seismic insulation system
is confirmed. This seismic insulation technique in the form of damper
screens is characterized by reliability and manufacturability in ensur-
ing the seismic resistance of objects under construction.

The results of computational and experimental modeling of
the interaction of an earthquake-insulated structure with a ground
base found that the values of axial forces and bending moments in
a building with a seismic insulating screen are less than in a building
without seismic insulation by 30—40 %.

The geotechnical seismic insulation screen makes it possible to
advance the development of new seismic insulation techniques and
determine their effectiveness. This technique will also be effective
when strengthening the base and seismic insulation systems of his-
torical monuments, protecting them against seismic and dynamic
influences.

Keywords: seismic impacts, ground movement, seismic pro-
tection and seismic insulation, geotechnical damper of horizontal
stresses, geotechnical seismic insulating screen.
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This paper has defined and investigated for stability the steady
state modes of motion of a single-mass resonant vibratory machine.
The vibratory machine has a platform that is supported by viscoelastic
supports. The platform moves rectilinearly translationally. A vibration
exciter is installed on the platform. The vibration exciter consists of
N identical loads — balls, rollers, or pendulums. The center of mass of
each load can move in a circle of a certain radius with a center on the
longitudinal axis of the rotor. Each load, when moving relative to the
body of the vibration exciter, is exposed to a viscous resistance force.

It was established theoretically that with small forces of vis-
cous resistance and any number of loads, the vibratory machine has
jamming modes under which the loads that are collected form a con-
ditional combined load and lag behind the rotor. In this case, there
are two bifurcation speeds of the rotor. At speeds less than the first
bifurcation speed, the vibratory machine has one single (first) jam-
ming mode. When the first bifurcation speed is exceeded, the second
and third jamming modes appear. When the second bifurcation speed
is exceeded, the first and second jamming modes disappear. The first
jamming mode is resonant.

In the cases of two or more loads, the vibratory machine also
has an auto balancing mode (no vibrations), under which the loads
rotate synchronously with the body of the vibration exciter and mu-
tually balance each other.



With small forces of viscous resistance, the computational expe-
riment found that odd jamming modes are stable if they are num-
bered in ascending order of the frequency of load jamming. An auto-
balancing mode is stable at the rotor speeds above the resonance.
For the onset of a resonant mode of motion of the vibratory machine,
it is enough to slowly accelerate the rotor to a speed lower than the
second bifurcation speed.

The results reported here are applicable in the design of resonant
single-mass vibratory machines with inertial vibration exciters of the
ball, roller, or pendulum type.

Keywords: inertial vibration exciter, resonant vibratory ma-
chine, steady movement, Sommerfeld effect, auto balancing, stability
of motion.
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BU3HAYEHHS OCOBJIUBOCTEIT HABAHTAKEHOCTI HECYYOI KOHCTPYKIIIi BATATO®YHKIITIOHAJILHOTO
BATOHA ITPU EKCILIYATAIIIMHUX PESKUMAX (c. 6-13)

0. B. ®omin, A. O. Jloscbka, A. C. Jlursunenko, C. C. Cosa

[TpoBeseHO OOTPYHTYBAHHS MO/IEPHI3AIli Ta BIPOBA/UKEHHS B €KCIUIYATAIIO BarOHA [T BHCOKOTEMIIEPATYPHUX, HATNBHIX,/HACHITHIX
BaHTa)KiB 3 METOIO THABUIIEHHs e(heKTUBHOCTI eKCILIyaTallii 3a/isHnYHuX nepesesenb. OcoOMMBICTIO BaroHa € HasiBHICTh KOTJIA BIAKPUTOTO
THUITY, AKNI BUTOTOBJIEHMIT 3 TepMocTilikoro MaTepiamy. [l HeomyIenns po3IiecKyBaHs MepeBO3NMOTO BaHTaXKy € MOKJIMBUM BUKOPH-
CTAHH: 3HOMHOI KPUIIIKH, SIKa KPIMTUTHCS /10 BEPXHBOI YACTUHU KOTJIA.

3aiiicHeHO PO3PaxyHOK Ha MiI[HICTh KOTJIa BArOHA IIPY OCHOBHUX €KCILTyaTaliiHuX peskumax. /lo yBaru npuilHATo BepTUKaJIbHY HaBaH-
Ta’KEHICTh KOTJIA 3 yPaxyBaHHAM IepeBe3eHHs HATMBHOTO BAHTAXKY; TIOB3/I0BKHIO, a TAKOXK 10 TeMIepaTypHOTO HaBaHTakeHHA. PozpaxyHok
Ha MIIHICTh peasli3oBaHo 3a METO/IOM CKiHYeHUX esieMeHTiB. [1pu 11boMy BpaXoBaHO, 1110 KOTeJI BUTOTOBJIEHU 3 KOMIIO3UTHOTO TEPMOCTIIIKOTO
Martepiany. PesybraTit pospaxyHKiB IOKa3aJIH, 10 MPK PO3TIISTHYTUX PEKMMAaX HABAHTAKEHHST MIITHICTh KOT/Ia 3a0€31euyEThCs.

[TpoBezeno MaTemMaTuye MOJIEIOBAH AMHAMIYHOT HABAHTAKEHOCTI KOTJIAa TIPU MAHEBPOBOMY CITiBYIapsIiHi Barona. Po3paxynox 3iitic-
HEHWIT B TUIOCKIN cucTeMi KoopauHat. Po3B’si30k MaTeMaTH4IHOI MOJIeJTi TUHAMIYHOT HaBaHTa)KEHOCTI BaroHa BCTAHOBUB, 10 MAKCUMAaJbHE
MPUCKOPEHHSI, sIKe JIi€ HA KOTeJ CKIagae 36,5 M/ c2.

[TpoBesieHO KOMIT'IOTEPHE MOJIETIOBAHHST TUHAMIYHOT HABAHTAKEHOCTI KOT/Ia. BusHaueHo moJist Ancaokaiii tTa YncesbHi 3HaYeHHs TPUCKO-
pemb, AKi H0Th Ha Horo. MakcnMasbHe TPHCKOPEHHS TIPH IIbOMY 30cepelikerie B AHUTIe KOT/aa i cktanae 37,4 m/c2.

[lns Bepudikarii Mozesti AuHaMivHOT HABAHTAXKEHOCTI TPOBEIEHO PO3PaxyHOK 3a F-kpurepiem. Beranosiieno, 1o rinoresa mpo ajgexkBat-
HICTb MOJIEJIi Ti/ITBEP/IKYETHCSL.

[TpoBezieni gocizKEH S CIPUATUMYTh MiABUTIEHHIO €(DeKTUBHOCTI eKCIITyaTallii 3aTi3HIYHOTO TPAHCIIOPTY Ta CTBOPEHHIO HAMIPAI[IOBAHb
IO/I0 TPOEKTYBaHHs1 6araTo(yHKIIOHAIBHIX KOHCTPYKILH BaroHiB.

KorouoBi ciroBa: TpaHCcopTHA MeXaHiKa, 3aTi3HUYHUI BaroH, Hecyda KOHCTPYKILisl, KOMITO3UTHII MaTepial, HABAHTAKEHICTh KOHCTPYKITIL.
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OLIHKA HAITPYKEHO-TE®OPMOBAHOTO CTAHY BEPTUKAJIbHOT'O MOHTAKHOI'O CTUKY CTIHKI
MUJIHAPUYHOI'O PESEPBYAPY 3 YPAXYBAHHAM HE/JIOCKOHAJIOCTI (c. 14-21)

Ulanbator Suleimenov, Nurlan Zhangabay, Khassen Abshenov, Akmaral Utelbayeva, Kuanysh Imanaliyev, Saule Mussayeva,
Arman Moldagaliyev, Myrzabek Yermakhanov, Gulnura Raikhanova

Ha ocHoBI BUKOpHCTaHHsI GaraTopiBHEBOI MaTeMaTHYHOI MOJIEJI OI[IHEHO HANPYysKeHO-AehOPMOBaHUI CTaH HUJIIHAPUYHOTO pe3epByapy
B MOHTa)KHOMY CTHKY Ta BUBYEHO KOHIIEHTPAIIIIO HATIPY/KEHb Y 30HI CTHKY.

[Tposezero Bepudikaiiiio IPaBUILHOCTI 0OPaHOl MaTEMaTHYHOI MOJIEI, 1 TIOKa3aHo, 110 /IS iH/KEHEePHOT OIIHKN HampysKeHo-1e(hopMoBa-
HOTO CTaHy CTIHKU IIUJIIHPUYHOTO pe3epByapy 3i 3MiHHOIO TOBIIMHOIO MOXKHA CKOPUCTATUCS CIIBBIIHOIEHHIMU /711 Ui HAPUYHO] 060JIOHKI
3 MOCTIIHOIO TOBIIIHOIO CTiHKI. PO3KI 3HaUeHb CTAaHOBUTD TPOXH Oisbiie 1 %, 110 CBIAYNTB PO IPABUIIBHICTD 06paHOl MATEMATIHIHOT MOJIET.

[IpoBezeHa uncesbHa OlliHKA HANIPYKEHO-/1e(hOPMOBAHOTO CTaHY B 30Hi MOHTa)KHOTO CTUKY /IOBEJIA IIPHUITYIIIEHHS 1TPO 3HAYHI KOHI[eHTpa-
11ii HATIPYTH B 30Hi Ta BKa3aJja Ha BUBHAYAJIBHUI BIUINB Ha KOHI[EHTPAIIII0 HAIIPY’KEeHb I FTeOMeTPHYHIX PO3MIpiB.

[locmikeno KOHIEHTPAIIiI0 HATIPYT Yy 30HI CTUKY CTiHKU pe3epByapa B cepemoBuili ANSYS npu pisnux poamipax. B pesyibrari pos-
PaxyHKIiB HAIpysKeHO-1e(hOPMOBAHOTO CTAHY Pe3epByapy /Ui PI3HUX 3HAYEHDb MapaMeTpiB BM'aTuH f/t i a/ JRt 1no0yI0BaHi MOJIHOMH, 110
aIpPOKCUMYIOTh KoedilienT KonienTparii nanpyr K.

B pesyusbrati po3paxyHKiB OTPUMAHO iHTEPHOJIANINHUN MOJIHOM Ta AIPOKCUMYIOUNi KOehilli€eHT KOHIIEHTPAIlil HATIPYT, SIKi MOXKYThb
BUKOPUCTOBYBATUCS JIJIST OIIHKY MIITHOCTI, IOBrOBIYHOCTI, 3aJINIIIKOBOTO PECYPCY pe3epByapy Ta JiJIsi HOPMYBAHHSI TPAHUYHUX PO3MIpIiB He-
JOCKOHAJIOCTI CTUKY.

Hagenieno 1opiBHSIbHI pe3yJibTaTil pO3paxyHKiB KoedillieHTa KOHIIEHTPAIlil HAIIPYT Bii TEOMETPUYHIX PO3MipiB HEJIOCKOHAJIOCTI MOH-
TAKHOTO CTUKY B TporpamMuoMy komriekci ANSY'S, a Takosk i3 3acToCyBaHHSIM iHTEPHOJISIIHHOTO TIOJTiIHOMA.

Ortpumani pe3ysbraT MOKYTh OyTH BUKOPUCTAHI /7Sl OLIHKU MII[HOCTI Ta 3aJIMIIKOBOTO PECYPCY TOAIGHUX KOHCTPYKIIIi.

KoouoBi ciioBa: crasieBmii pesepByap, KOHIIEHTPAIlis HATTPYTH, MOHTAKHIIT CTHK, TAPAMETPH CTHKY, YUCETBHUIT METO/L.
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JOCJIIGKEHHA MEXAHIYHUX XAPAKTEPHUCTUK KOMIIO3UTHOI'O ITPOTE3HOT'O KIJISI HA OCHOBI CTATUYHOTO
HABAHTAKEHHS: OBYHUCJIIOBAJILHUIT AHAJII3 (c. 22-30)

Kussay Ahmed Subhi, Emad Kamil Hussein, Haider Rahman Dawood Al-Hamadani, Hussein Kadhim Sharaf

¥V po6oti GyJ10 BUBUEHO YKCETbHE MOIETIOBAHHS MEXaHIYHNX XapPaKTEPUCTUK KOMITO3UTHOI KOHCTPYKIIiT IPOTE3HOTO KiJIst TPU CTAaTHYHO-
My HaBaHTaKEeHHI Ta OyJIM BKJIIOUEH] pe3ysbraTh AaHoro Aoc/ipkenns. [IpoTe3tuii Kijib BUTOTOBJICHUIT 3 KOMIIO3UTY Ha OCHOBI €MOKCH/IHOT
cMosu Ta ckoBosokHa, 3 % (BBHT 3 SiC) Ta ByrieneBoi HAHOTPYOKH, SIKi BAKOPUCTOBYIOTHCS B MOEAHAHHI 3 IHIIUMU MaTepiajaMu [Jist
cTBOpeHH: KOHCTPyKIii. [Ipukmazena cunma B mpomy npukiazai cranosuts 1000 H BiamosizHo 10 pamiiie BCTaHOBJIEHOI B IaHOMY BUTIAAKY
rpaHu4HOi yMOBU. /L7113 CTBOPEHHS MO/Iesli IPOTE3HOTO KiJisi BUKOPUCTOBYBABCS IIPOrpaMHuUil nakeT MozesoBanHss ANSYS. Uepes nosne 3mi-
IIEHHST OCHOBHI Pe3yJIbTATH MOJIETIOBAHHS MOJIeJi TIPOTE3HOTO KiJIsi CXOAATBCS BiANOBIIHO /10 TIOBHOTO 3MillleHHS, SIKe BUKOPHCTOBYBAJIOChH
B SIKOCTI €TaJIOHY JIJIsl BU3HAYEHHS TIOBHOTO 3MitieHHst. OCHOBHUI pe3yJsibraT IIOTOYHOTO YHCENbHOTO aHasi3y OyB YCHIIIHO MiATBEPAKEHINT



3 ypaxyBaHHsIM Pe3yJIbTaTiB II0IePeIHbOT0 eKCIIePUMEHTAIBHOTO A0CI/PKeH s, MexaHiuHi XapakTepUCTUKI KOMIIO3UTHOI KOHCTPYKILii IPOTe3-
HOTO KiJIst BUSHAYAIOThCST YOTHPMA OCHOBHUMU KPUTEPIsIMU, PE3YJIBTAaTH SIKNX TPYHTYIOThCS Ha OTPUMAaHUX JIaHUX. AHA/II30BaHi aclleKTH BKJIIO-
YaloTh €KBiBAJIEHTHY MPYKHY lehopMalliio, TpUBICHe CIIPSIMOBaHe 3MillleH s, TOBHE 3MillleHHs Ta eKBiBaJeHTHe HAPYsKeHH: (32 Misecom).
HesBaskatouu Ha Te, 1110 10BHE 3MillleHHst ctaHoBUThH Beboro 0,00058 MM nipu crarnunomy HaBantaskenHi 1000 H (HaiimeHIie 0CsKHe 3HAYEHHST),
BOHO siBJIsiE co6010 HaiiGinbine nosue 3mimenns. ExBiBasentne nanpysxenns (3a Mizecom) BigpearyBajo Ha HABaHTKEHHS 3 BIATYKOM
0,045 MlIIa, 110 € 1ocuTh HU3bKKUM 3HaueHHAM. KpiM Toro, Gysa npose/ieHa ekBiBajieHTHa TPy KHa AedopMallis, B pe3yJibraTi 4oro 3HaueHHs
npyskHoi gedopmartii cxirano 3,4*10"7.
KurouoBi ciioBa: nanpyskents 3a Mizecom, cripsiMoBare 3MillleHHs, TIOBHe 3MillleHHsT, eKBiBaseHTHA npyskHa gecdopmariis, MKE.
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PO3BUHEHHSI ACUMIITOTUYHUX MIJIXO/IB TP JOCIIKEHHI TO30BKHIX TA KPYTHUJIbHUX KOJUBAHD
BAJIKH, SIKA PYXAETBCSI (c. 31-39)

A. M. Cainuyk, II. 4. IIykau, M. 1. BoBk, O. 3. Cmocapuyk

[TpoBezieno anasmi3 BIVIMBY KiHETHYHUX Ta (Hi3MKO-MeXaHIYHUX MTApaMeTPiB CUCTEM Ha XapaKTePUCTUKH JTUHAMITHIX TIPOIIECIB PYXOMUX
OIHOBUMIPHUX HEJIHINHO-TIPYKHUX cucTeM. OTPUMAHO 3PyuHi YIOCKOHAJEHI PO3PAXYHKOBI (DOPMYJIHU, SIKi OMUCYIOTh 3aKOHU 3MiHU aMII-
JHTYIHO-YaCTOTHIX XapaKTEPUCTHK CHCTEM SIK JUIST HEPE30OHAHCHOTO BHIIAJIKY, TaK if pe30HAHCHOTO. BaskimBa mpobsieMa BUBYEHHS BIIUBY
MIBUIKOCTI PYXY €JIEMEHTIB MeXaHi3MiB Ha KOJWBAHHS OJHOBUMIDHUX HEJIHIIHO-NIPYKHUX CHCTEM y NOCTATHIN Mipi J0Ternep B HAYKOBii
JitepaTypi He posrasgasacs. Brasana mpobsema CTOCYEThCs KOMMBaHb BaIiB y 3y0UacTuXx Iepenadax, KOJoH TpyO npu OypinHi HadhTOBUX
i ra30BHIX CBEPIJIOBUH, KOJTMBAHD TYPOIHHIX JOTATOK i TYPOIHHIX IUCKIB, IO 00€PTAIOTHCSI, TTO3M0BKHIX KOTUBAHD OAKH, SIK €JTeMEHTa KOH-
cTpykitiil. OCHOBHOIO IIPUYMHOIO I[OTO TP aHAJITUYHOMY JIOCII/IPKEHHI IMHAMIYHKX IIPOLeCiB 6yJ114 HeJlOJIIKM MaTeMaTUYHOTO arapary JJs
PO3B’SI3yBaHH Bi/IMOBITHIX HEJIHITHIX AudepenIliaTbHIX PiBHAHD, SIKi ONUCYIOTh 3aKOHU PYXY BKa3aHIX CHCTEM.

BeranosiieHo, 110 y BUMaAKY MO3I0BKHIX KOJUBAaHb PYyXOMOI Ga/IKi IIPK 3POCTAHHI MO310BKHBOI IMBUAKOCTI pyXy cepenosuiia o 10 m/c
aMILIITY/Ia KOJIMBAHHS Takok 3poctae Ha 13,5 %. OnHaK, KoM MBUIKICT TTO3I0BKHBOTO PyXy OalKu JOPIBHIOBATIME 5 M/C, TO BEIMYMHA
aMILTITY/In 3pocTe Juiie Ha 3 %. BeranosieHo, 1Mo npu 3pocTalHi aMIUITY/IM Pi3KO 3MEHIITYETBCS YaCTOTA TTO3/0BKHIX KOJMBAHb, & SIKIIO
K cucrema Oyjie pyXaTuch 3 OUIBIIOK NIBUIAKICTIO, HAPUKIIaL, 20 M/c, TO BOHA 3MEHIIY€ YacTOTy KOJIMBaHHS npubausHo Ha 13 %.

OTpuMani pe3yIsTaTi I03BOJISIOTH OIMIHUTH BIUINB KiHETHYHUX Ta (Qi3NKO-MeXaHiYHUX TTapaMeTpPiB Ha YACTOTY Ta aMIIITY/ Iy KOJIUBAHb.
IIpoBesneni goctipkeHHs 3a I0TIOMOrO0 AaCHMITOTUYHOTO METOJLy JI03BOJISIIOTh IIPOTHO3YBATH PE30HAHCHI SBUIIA Ta OTPUMATU iHXKEeHepHi
pirenHst 115t migBuieHasT eheKTHBHOCTI (hyHKIIOHYBAHHS TEXHOIOTIIHOTO 00 Ta/[HAHHSL.

KiiouoBi caioBa: HesliHiiiHi KOJMBaHHsI, aCHMITOTUYHUI METO/, TIPY’KHa Oasika, MO3M0BKHI KOJTUBAHHS, KPYTHIbHI KOJUBAHHSL.
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PO3POBKA MATEMATUYHOT MOJIEJII PYIHYBAHHS IIATYHHO-ITIOPITHEBOI TPYIIU IBUTYHA ABTOMOBLIAI
ITPU TTAPABJITYHOMY YIAPI (c. 40-49)

O. E. Xpyuzes, O. B. Capaes

JlocmikyeTnest mporiec pyWHYBaHHS JleTalell MaTyHHO-TOPIIHEBOI TPYIH ABUTYHA BHACTIOK TiJPABIIYHOTO yAapy TiCJs BIyYeHHS
piauHu B uminapu ABUryHA. IIOpIBHAHHSA eKCIepTHUX JaHUX /10 peaIbHUX PyHHYBaHb ABUTYHA BHACJIIOK MipoyAapy 3 iCHylOUUMHU Po3pa-
XYHKOBUMHE MOZIEJISIME JIO3BOJIMJIA ABTOPAM BUSIBUTH PsIJl iICTOTHUX POTUPIY, 110 BIVIMBAIOTH HA 00'€KTUBHICTD | TOUHICTDb OIIHKK PYIHYBaHb.

J11s1 103BOJTy iCHYIOYHX HPOTUPIY aBTOPAMU BIOCKOHAJIEHA MaTeMaTHYHA MO/IeJIb PEKOHCTPYKILii pyITHYBaHb IIaTYHHO-TIOPIIHEBOI IPyIIN
JIBUTYHA TIPH TijipaBiaiuHomy yzaapi. Ha BiaMiHy Bif iCHYIOUNX, MOJIE/TH /IO3BOJISIE BPAaXyBaTH HE TIIbKN CTATHYHY jedOopMalliio maryHa, ajie
i JaTi KOMIJIEKCHY OIIHKY siedhopMalliii mmartyHa, IopIuIHeBOTo Mablls Ta MOPIIHS MPU PisHUX 06csirax PiANHMU TiApoyAapy.

B ocHoBy Moziesi 1oKIIa/ieHa Tinoresa, 3riiHO 3 KO0 JedOopMallis MOPIIHEBOro HaJbI I/l HA/IMIPHIM HAaBAaHTA)KEHHSIM, 1110 BBI3BAHO
TiZIPOYAAPOM, TPUBONTD /IO OSBU HATATY Ta POCTY TEPTS B CTIOJIY4eHHI HasIelb-1opireib. Po3paxyHku 3 yMoBH AndepenIiaabioi 3MiHT Besn-
YUHU TEPTS B CHOJYUYEHH] MAJIENb-TIOPIIEHb [1aB 330BLIbHUIL PE3YJIBTAT, 10 HE CYTIEPEYNTh MPAKTUYHUM JaHVM, 1 ATBEPANB PO6OUY TillOTESY.

P03paxyHKOBUM IMIIAXOM BUSBJIEHWH TTOYATOK PYHHYBAHHs [eTajell ABUTYHA TIPU TiAPOyAapi TPpU TUCKY B IUJIIHAPI, OJIM3BKOMY 10
17,3 MIla, npu KyTi moBOpOTY KoJIiHYaToro Baja 61u3bko 346°. Kpim 11boro BctaHoBJIeHe, 110 IPU MOPYIIEHHI YMOB eKCITyaTailii BHacIi0K
TEpTsI B CHOJIYYEHH] Majelb-1opIieHb OiuHa cuia Ha crifiHuiio nopiiHs gocsarae 17,2 MIla, 1o nepeBuiiy€e mpuiryCTUMy, po3paxoBaty 1o
BiIOMUX METO/INKAX, B 2,8 pas3u.

OtpumaHi pe3ysibraTu MATBePIKYIOThCS €KCIIEPTHUMU MPAKTHYHUME JTaHUMU, 110 POOUTH PO3POOIIEHY MOJIE/Ib 3aCTOCOBHOI /10 IIPAKTH-
KM €KCIIEPTHUX JIOCJI/PKEHb TPUYMH HECITPABHOCTEH JIBUTYHIB TIPU TIOPYIIIEHHI YMOB €KCILTyaTallii aBToMOOIISI.

KurouoBi ciioBa: nopyiieHHst yMOB eKCILIyaTaliii, riipoyaap y MUIiHAPi, HIaTyHHO-IOPIIHEBA rpya, Aedopmaitis jerasei.
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BU3HAYEHHA JE®OPMOBAHOTO CTAHY 3BIPHUX METAJIEBUX TO®POBAHUX KOHCTPYKIIINA TYHEJIBLHOTO
HIAXONPOBOY ITPU JIIi IMHAMIYHOTO HABAHTASKEHHS 3AJII3HUYHOTO TPAHCIIOPTY (c. 50-58)

B. B. KoBanbuyk, M. II. KoBaxs, A. M. Onumenxko, 1. B. Kpaseup, O. M. Baxs, P. B. Mapkyus, C. 1. Bixors, O. B. Ilerpenxo,
P. T. Pu6axk, A. P. Mitsaauy

IIpoBezieHO aHali3 MepCHeKTUB 3aCTOCYBaHHs 30IPHUX METaIeBUX ToGPOBAHUX KOHCTPYKIH y Ti/ HACKITY 3a/liBHIYHOI KOJIT y BUTJIsiAL
TYHEJIBHOTO IUIIXOIMPOBO/LY 3 METOIO TIPOITYCKY aBTOMOOLIBHIX TPAHCIOPTHUX 3aCO6IB Ta PyXOMOTO CKJIa/ly 3aJi3HUIIb.

Haseneno crioci6 inepuiifinux aunamiuaux sunpoOyBaib AeGOPMOBAHOIO CTaHy TYHEJIBHOTO IHISXOINPOBOAY i3 30IPHUX METaIeBUX
ropoBaHNX KOHCTPYKILH MPM TIPOI3/i PyXOMOTO CKJIaAy 3ali3HUYHOTO TPAHCHOPTY, IMIJSAXOM BUMIPIOBaHHSA HMPUCKOPEHb Y BEPIINHI Ta Ha
GOKOBHX CTOPOHAX KOHCTPYKILI IIISIXOIPOBOJLY.



3amporoHOBaHO aIropuT™ 06POOKH CUTHAIY TIPUCKOPEHD IS OIIHKY 1e(hOPMOBAHOTO CTaHy MeTaIeBUX TOMPOBAHUX KOHCTPYKILiT TYy-
HEJIBHOTO IIJISIXOIIPOBO/LY IIPH /il IMHAMIYHOTO HaBAaHTAKEHHS BiJl 3a7I3HUYHOTO TPAHCIIOPTY.

[IpoBesieHO eKCIIEPUMEHTABHI [MHAMIYHI BUMiPIOBAHHS TIPUCKOPEHD, 110 BUHUKAIOTH ¥ BEPIIHHI Ta Ha GOKOBUX CTOPOHAX TYHEIBHOTO
LIJIIXOIIPOBOJLY IIPH IIPOI3/ii ITACaKUPCHKOrO Ta BAHTAKHOTO PYXOMOTO CKJIA/Ly 3ali3HMYHOTO TPAHCIIOPTY. MaKkcuMaibHa BeJIMUNHA ITPUCKO-
Pelib, 110 BUHUKAIOTH Y BEPIIHI TYHEALHOTO MIISIXOMPOBOLY MPH MPOis/ii BalTaxkHOTo 110i31y ckiaia 7,99 M/c2, a pu Mpoisii nacakupehKoro
moizay — 6,21 M/c?, a MaKCHMAaIbHi IPICKOPEHHS, SKi BUHUKAIOTh Ha 60KOBUX CTOpoHaX cTanoBuam 2,63 m/c? ta 1,77 m/c.

Bceranosieno, mo makcnmasnbi eopmarttii MetasneBux ropoBaHUX KOHCTPYKILH BEPIINHI TYHEJbHOTO MISIXOIPOBO/LY, TIPH MPOi3/i
BAHTAKHOTO Ta MACAKUPCHLKOTO TIOI3/IB CTAHOBJATH, BiAmosiano, 1,63 MM ta 1,11 mm. Makcumasnbii gedopmaliii MeTasneBUX rohpoBaHux
KOHCTPYKIII Ha 60KOBUX CTOPOHAX MIJIIXOMPOBOY cTaHoBAsATh 1,07 MM Ta 0,48 M.

OTpuMano BeTMYNHY BiIHOCHUX /echopMariiii BEPTUKAIBHOTO Ta TOPH3OHTATIBHOTO PO3MIipPiB KOHCTPYKIIiH TYHEJIBHOTO MIISIXOTIPOBOLY
npu il AMHAMIYHUX HABaHTAKEHb BiJl PyXOMOTO CKJIajy 3asisHuili. BigHocHi BeprukanbHi gedopmarti nuistxonposoay ckiaamu 0,020 %,
a ropuzonTanbhi — 0,012 %.

[IpakTiuHe 3HAYEHHS POOOTH MOJISITAE Y TOMY, 110 32 JOTIOMOTO0I0 PO3POGJIEHOI METOMKY BUMIPIOBAHHSI IPICKOPEHD MOKHA TIPOBOAUTH
OIIiHKY /1e(hOPMOBAHOTO CTAHY METaJIeBUX rOPOBAHNX KOHCTPYKILH pn [ AMHAMIYHNX HABAHTAKEHb BiJl PyXOMOI'0O CKJIa/ly 3aJi3HHUIL.

KiiouoBi cioBa: TyHeIbHUN MIJISIXOTIPOBIL, 36ipHi MeTaseBi TohpoBaHi KOHCTPYKIL, 3a/i3HIUIHA KOJIist, TIPHUCKOPEHHST METAIEBUX KOH-
CTPYKIiil, BEPTUKAJIbHI Ta TOPUBOHTAIBHI edhopMaitii KOHCTPYKIILii.
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3ABE3IEYEHHSI CEIICMOCTIKOCTI BYIIBJII IPUCTPOEM TrEOTEXHIYHOI'O CEFICMOI30JII0OI0YOT0
EKPAHY (c. 59-67)

Yerik Bessimbayev, Zauresh Zhambakina, Sayat Niyetbay

Posrasiaerbes pobiemMa 3axucty OyAiBesb Ta Cropyl BiJi ceeMIYHNUX BIUIMBIB, 3alI00irat s, BUKIIOUCHHS Y1 3HUKEHHS CeHeMiuHOi
nebesnexu. Karacrpodivni pyiinysanus cydacHux «ceiicmoctiiikux» GyaiBeans y Typeuunni ta Ha TaiiBani oKasajiu, 10 iCHYIOYI METOAN
3MIITHEHHS Ta MOCHJIEHHST CTIOPY/l He TOCKOHA Ta BHMAraioTh MOAJBIIOTO BUBYEHHS. AHAJI3 iCHYIOYMX MiIAXOAIB TOA0 3a0e3meyeHHs
cellcMOCTIIIKOCTI 110Ka3aB, 10 CHCTEMHU ceiicMOi30sriii Ta celicMoraleHHs 10ci He MAOTh HAyKOBO-TEXHIYHOro OOIPYHTYBaHHS e(DEKTHB-
HoCTi X po6oTH, 3 TIOTJIsALY 3abe3edeHHs cTifikocti cropy. Po3pobieni Ha ChOTOAHIIIHIN eHb PO3PaxXyHKOBO-ANHAMIYHI MOJIEJI CHCTEMU
«OCHOBA-CEHCMOI30JIAIIS-CIIOPY/IPKEHHS» He 3aBKAN J03BOJAIOTH MOETIOBATH CIILJIbHY PoOOTY iX B3a€MOJIii IiJ| yac 3eMJeTpycy Ta oKy
Tpancdopmaliii celicMivHOro BIVIMBY Ha criopyy. Po3po6iieHo aiasTepHaTUBHMUIT CIIOCi0, Te0TeXHIUHMUI ceficMOi30/110104niT eKpaH sIK ChcTeMa
ceileMoi30IA1iT, 110 BHMKYE IHTEHCUBHICTh CEHCMIUHMX HaBaHTaKeHb Ha CIIOPYY Ta 3abesredye ix ceiicMocTiiikicTs. Ha KoHKpeTHOMY ITpH-
KJIali BUSABJIEHO e(DeKTUBHICTD poOOTH crcTeMu ceficMoizosii. lanuii crioci6 ceficmoizosiii y Burysii remMindepHux eKpatiB BiPi3HAECTh-
¢l HAJIITHICTIO Ta TEXHOJIOTTYHICTIO B 3a0e3IedenHi ceiHeMOCTIKOCTI 06’€KTIB, 1110 OYAYIOThCSI.

Pesyssratamu po3paxyHKOBO-€KCIIEPUMEHTAJIbHOTO MOJIEJIIOBAHHS B3a€MO/Iii CeliCMOi30/IbOBAHOI CIIOPY/IU 3 IPYHTOBOIO OCHOBOIO BCTa-
HOBJICHO, 110 BEJMYMHI OCHOBUX CHJI Ta 3THHAIBHUX MOMEHTIB y Oy/IiBJI 3 CeHCMOI30II0I04MM €KpAaHOM MEHIIN, HiK y OyaiBii 6e3 celicMo-
izomanii Ha 30-40 %.

TeoTexHiuHMIT CENCMOI30MI0I0UNIT €KPaH JI03BOJISIE aKTYali3yBaTH PO3POOKY HOBHMX CHOCOGIB CEiicMOI30MIAIii Ta BU3HAYCHHS iXHBOI
edexrusrocti. Ieit cnioci6 takoxk Gyzie eheKTUBHIM TIPU BIANITYBAHHI 3MII[HEHHST OCHOBU Ta CUCTEM CeHCMOI30JIAIIIT iICTOPUYHIX TTaM'ITOK
apXiTeKTYpH, 3aXUCTY IX Bijl celicMIUHUX Ta AMHAMIYHUX BILIUBIB.

KouoBi cioBa: ceiicMivyHi BIUIMBH, PYX IPYHTY, CEICMO3aXUCT Ta CEHCMOI30JIsIIlisl, TEOTEXHIUHMIT JeMII(ep-raCHIUK TOPU3OHTATIBHUX
HAIPYT, TeOTEXHIYHIIT CEIICMO130JII0I0UYNIT eKPaH.
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BUJIJIEHHA TA TOCIZKEHHS CTIMKOCTI YCTAJIEHUX PEJKUMIB PYXY OJTHOMACOBOI PE3OHAHCHOT
BIGPOMAIIIWHMU, 11O ITPAITIOE HA EMEKTI 30MEP®EJIB/IA (c. 68-76)

I. B. @iximonixin, B.B. SIuyn, A. M. Manyii, B. O. Kougpareus, B. B. ITuporos

Bugisieni ta ocsiipkeni Ha CTiiikicTh yeTaseHi pesKuMu pyxy 0HOMacoBOi pe3oHaHcHOi BiGpomanmiu. BibpoManiia Mae mardopmy,
SKY HIATPUMYIOTb TIPYKHO-Bs13KM ontopu. [lmatdopma pyxaeTbest IpsAMOIIiHIHHO TocTymanbHo. Ha mardopMy BCTaHOBJIEHO BiIOPO3OYIHUK.
Bi6po36yanuk ckaanaetsesi 3 N O[HAKOBHUX BAHTAXKIB — KYJIb, POJIMKIB Ui MAsITHUKIB. L[eHTp Mac KOKHOTO BAHTAKY MOKE PYyXaTHCST TI0 KOJLY
MEBHOTO pajiiyca 3 IEHTPOM Ha MO0BIKHiiT oci poropa. Ha koskeH BaHTax MPH Pyci BIZIHOCHO KOPITyCy BiOpO30yAHUKA [Ii€ CUIIa B'I3KOTO OIIODY.

TeopeTHTHO BCTAHOBJIEHO, 10 TIPU MAJIHMX CHJIAX B'SI3KOTO OTOPY 1 Gy/ib-sIKMiT KITBKOCTI BAHTKIB Y BIOPOMAIIIHI iCHYIOTD PEXKIMH 3aCTPSI-
raHHs1, Ha AKMX BaHTaXKi 3i6paHi pa3oM, yTBOPIOIOTh YMOBHUIT CKJIaleHIH BaHTaX 1 BicTaoTh Big poropa. I1pu ibomy ichyiors aBi 6idypkaniiini
MBUAKOCTI 06epTanHs potopa. Ha mBuakocTsx, MeHmmx 3a nepiry GidypKariiiHy IBUAKICTb, y BIGPOMAIINHN iCHY€E OMH €anHMET (TIepIii)
pexnm sactpsranis. [pu mepexosi mepiiol GihypKariiioi MBUAKOCTI 3'ABISIOTHCS APYTHH 1 TpeTiil peskumu actpsramnst. [Ipu nepexozi
Apyroi GihypKariiHol MBUAKOCTI 3HUKAIOTH TEPIINH i IPYTHil PEXKUMU 3aCTPsIraHHst. Pe30HAHCHUM € MepIuil PeKUM 3aCTPSITAHHSI.

V Bumajskax ABox i GijibIe BAHTaXKIB y BIOPOMANIMHI TaKOXK iCHYE aBTOOANTAHCYBAIBHUI PesKuM (BIICYTHOCTI KOJIMBAHD ), Ha SIKOMY BaH-
Taxi 06ePTAIOTHCSI CHHXPOHHO 3 KOPITYCOM BiOPO30yAHIKA i B3AEMHO 3PIBHOBAKYIOTH OIMH OHOTO.

TIpu Masix CHJIax B'SI3KOTO OIIOPY OGUMCTIOBATBHIM EKCIIEPIMEHTOM BCTAHOBJIEHO, IO CTIHKIMI € HEMAPHi PeKIMHU 3aCTPSITAHHS, SIKIIO
iX MPOHYMEPOBATH Y OPSIIKY 3POCTAHHS YaCTOTH 3aCTPSATAHHS BAHTaKIB. ABTOOATAHCYBATBLHUI PEKUM € CTIHKIM Ha 3apPE30HAHCHUX MBI
KOCTSIX 0GepTantst poTopa. [yt HaCTaHHsI PE3OHAHCHOTO PEXKUMY PYXY BIGPOMAIIMHU JOCTATHBO IIOBLIBHO PO3TAHATH POTOP /10 IIBU/KOCT],
MeHIIoi apyroi Gidyprariiinoi. Oxepskani pesyIbTaTi 3aCTOCOBHI TIPU TIPOEKTYBAHHS PE30HAHCHUX OJHOMACOBUX BIOPOMAIIKMH 3 iHEPIiiiHNU-
MU BiGPO30YIHUKAMU KYJIbOBOIO, POJMKOBOIO Ul MAsITHUKOBOIO THILY.

Kimouosi cioBa: inepuiiinuii Bi6posGyaHuK, pesoHancHa BibpoMaiinna, ycraaennii pyx, edext 3omepdesnbia, aBrobanancyBansi, CTiii-
KiCTb PyXY.



