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This paper determines the load on the load-bearing structure
of a universal gondola car during the transportation of cargo
with a temperature of 700 °C in it. It has been established that
the maximum equivalent stresses, in this case, significantly ex-
ceed permissible ones. The maximum temperature of the cargo,
at which the strength indicators of the carrying structure of the
gondola do not exceed the permissible values, is 94 °C. At the
same time, the temperature of the cargo transported in the cars
by rail can be much higher. In this regard, in order to use gondola
cars for the transportation of cargoes with high temperatures, it
is possible to arrange them in heat-resistant containers of open
type — flatcars. Therefore, in this study, a structure of the flatcar
with convex walls has been proposed. Such configuration of the
sidewalls makes it possible to increase the usable volume of the
container by 8 % compared to the prototype. As a flatcar mate-
rial, a composite with heat-resistant properties is used. To justify
the proposed solution, the strength of a flatcar was calculated. It
has been established that the maximum equivalent stresses in the
carrying structure of the flatcar are about 300 MPa and do not
exceed permissible ones.

To determine the main indicators of the dynamics of the gon-
dola car loaded with flats, its dynamic load was mathematically
modeled. The calculation results showed that the accelerations
that operate in the center of the mass of the load-bearing struc-
ture of a gondola car are about 1.5 m/s% The vertical dynamics
coefficient is 0.22. The estimated dynamics indicators are within
the permissible values.

The study reported here could contribute to improving the ef-
ficiency of the use of gondola cars and to further advancements in
the design of innovative vehicles.

Keywords: transport mechanics, load-bearing structure, body
load, temperature impact, heat-resistant flatcar.
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This paper reports a study into the effect of the winding type
on the stressed-strained state of the wall of a steel cylindrical tank
filled with oil to the predefined level. The shapes of free oscillations
of oil in the tank and the effect of the winding type on the natural



frequencies of the structure were analyzed. Stress in the tank wall
was estimated on the basis of finite-element simulation of the de-

formation of a three-dimensional structural model under the influ-
ence of distributed oil pressure on the inner surface of the wall and
stresses on the outer surface of the wall. The stresses were induced
by the winding of various types, taking into consideration the level
of oil loading, the winding step of the winding, and the mechanical
characteristics of the thread.

The stressed-strained state of a cylindrical tank with winding
was investigated at its full filling with oil, half-filling with oil, and
without oil. Three winding options were simulated: single, double,
and triple intervals. Two types of winding were considered: made
from high-strength steel wire and made from composite thread. It
was established that when winding the tank wall with steel wire at
a triple interval, the stress in the structure does not exceed 34.2 %
of the yield strength. At the same time, the height of oil loading
does not significantly affect its strength. Applying a composite
thread leads to an increase in the stress of up to 47.2 % of the yield
strength but makes it possible to reduce the mass of the tank with
winding. When winding with a composite thread at a triple inter-
val, the mass of the structure increases by only 3.6 %. The results
reported here make it possible to effectively use pre-stress in order
to improve the strength and dynamic characteristics of the studied
structures, taking into consideration their windings made of differ-
ent materials.

Keywords: steel tank, pre-stress, tank oscillations, operational
loads, winding step.
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The technology of repairing reinforced concrete bridges typi-
cally involves closing traffic on one half of the structure and



performing work on it when it is possible to move vehicles on the
second part of this structure. The main process of interest to prac-
titioners in terms of hardening concrete, which occurs in the beams
of a span structure during the passage of a temporary moving load,
is deformation. By the time the cement of freshly laid concrete
of the overhead reinforcement slab is hardened, it is necessary to
create the necessary conditions for this (temperature, humidity,
immobility over time, etc.). Before concrete acquires strength,
movements arising in the span structure cause the destruction of
cement stone at the formation stage. It is necessary to investigate
the presence of deformations, as well as their impact on the impos-
sibility of forming a homogeneous structure of concrete and its
adhesion to reinforcing elements that combine the existing slab
with the new one.

This study has established deformations induced by a tempo-
rary load from 1.61 to 5.83 mm, which have a negative impact on
the process of solidification of concrete in the reinforcement slab
for a span structure during the repair of a motorway bridge. The
three-dimensional models were calculated by simulating a bridge
of the M-04 highway. The results underlie the conclusions that
the technology of repair work does not take into consideration the
required conditions for high-quality concrete strength acquisition
in an additional slab.

The study results established that operations on concreting an
additional overhead reinforcement slab in the presence of vibra-
tional effects exerted by the temporary load on the span structure
cannot be performed because of the destruction of concrete at the
hardening stage.

Given the above issue, several ways to address it have been
devised and analyzed; the best of them is recommended.

Keywords: repair of bridges, concrete road beams, reinforce-
ment slab, deformation, concrete structure.
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The article deals with the issues of vehicle traffic safety on arti-
ficial constructions. Ensuring safety in the field of rail transport is an
essential element in the activities of all subjects of the market of rail-
way services, including passenger carriers. To fully study the issues of
the deformed state of beam superstructures, it is necessary to conduct
static and dynamic tests. Before the start of the tests, it is mandatory
to check the technical condition of the artificial structure:

1) visual inspection, special checks with verification of necessary
parameters;

2) carrying out control linear measurements;

3) selective determination of concrete strength by non-destruc-
tive methods.

First, the static tests is conducted to determine the total defor-
mations of each beam of the superstructure at the control point with
maximum deformations of % L. Then dynamic tests with determina-
tion of periods of natural oscillations and deformations (stresses).
Processing of the results of surveys and tests of the overpass with
an assessment of the possibility of passing design loads on the road
bridge, after which a dynamic passport of the transport structure is
compiled. The study of the stressed state of vehicles gives a clear
idea of the causes of deformations in the structural elements when
analyzing the work of the span of the automobile bridge in conditions
of increasing axial loads and traffic flow speeds. Deformation pro-
cesses lead to defects, structural failures and accidents on the vehicle,
which leads to premature wear, material damage and environmental
damage. Periodic measurements of deformations (stresses) of the
superstructure structure over several years will make it possible to
predict changes in its condition over time and determine the remain-
ing resource in terms of load-bearing capacity and load capacity. As
a result of experimental studies, it was proved that the presented
technique, developed in the classical version for detecting structural
defects between a single-layer coating and a base of various types,
can also work effectively in the case of non-destructive testing of
multilayer structures.

Keywords: safety, road bridge, stress condition, technical in-
spection, static and dynamic tests.
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This paper has analyzed the use of fiberglass pipes in the body
of the railroad embankment by a method of pushing them through
the subgrade.

A flat rod model has been improved for assessing the deformed
state of the transport structure “embankment-fiberglass pipe” by
a method of forces when replacing the cross-section of the pipe
with a polygonal one.

The analytical model accounts for the interaction between the
pipe and soil of the railroad embankment. To this end, radial and
tangential elastic ligaments are introduced into the estimation
scheme, which make it possible to simulate elastic soil pressure, as
well as friction forces that occur when the soil comes into contact
with the pipe.

The deformed state of the transport structure “embankment-
fiberglass pipe” was calculated by the method of forces and by a
finite-element method under the action of load from the railroad
rolling stock, taking into consideration the different cross-sec-
tions of the pipe.

Tt has been established that with an increase in the diameter
of the fiberglass pipe, the value of deformations of the subgrade
and fiberglass pipe increases. With a pipe diameter of 1.0 m, the
deformation value in the vaulted pipe is 2.12 mm, and with a
pipe diameter of 3.6 m — 4.16 mm. At the same time, the value
of deformations of the subgrade under the sleeper is 5.2 mm and
6.0 mm, respectively.

It was determined that the maximum deformations of the sub-
grade, which occur above the pipe, with a pipe diameter of 3.6 m,
are 4.46 mm. At the same time, the maximum vertical deforma-
tions of a fiberglass pipe arise in the pipe vault and, with a pipe
diameter of 3.6 m, are 4.16 mm.

It has been established that the maximum horizontal deforma-
tions of the subgrade occur at points of horizontal diameter of the
fiberglass pipe while the minimal horizontal deformations of the
subgrade occur at points lying on the vertical diameter of the pipe.

Keywords: subgrade, fiberglass pipe, railroad track, horizon-
tal and vertical deformations, equivalent load.
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In this study, computational analysis has been carried out using
computational fluid dynamics (CFD). These calculations have been
made to investigate the rheological behavior of the mixed-phase
flow in horizontal pipelines. In order to study the shear stress in
a vertical pipe, a new numerical model for oil-water dispersion in
three dimensions has been developed. CFD software has been used
to study the wall shear stress function and water droplet pressure.
Using Reynolds numbers and the Navier-Stokes equations with k—
turbulence factor to save energy, the flow range for the continuous
process was explained. The results from a recent study on experi-
mental methodology were simulated. In this study, the diameter of
the tube is 40 mm and the length is 3.5 m and modeled and analyzed
using Ansys software. Thus, the geometry has been imported and
modeled using the CFD tool. The meshed model has been tested
and converged accordingly. The primary data of the simulation have
been verified with experimental results successfully. Oil droplet
widths have previously been thought to be dependent on the flow
Reynolds number, which was confirmed in this case study. Droplet
diameter Dd was measured at 6 mm while the mixture moved at a
speed of 1.9 m/s. It was found that the largest shear stress value was
found at the top of the pipe, where the oil fraction (cut-off) was 0.3,
in the simulation results for varied velocities (1.6, 2.5, 2.9 m/s) and
oil fraction (cut-off) values. The results of the simulation analysis of
the two-phase flow of crude oil for the horizontal pipe are wall shear
stresses with different velocities for crude oil in the two-phase flow.
As well as pressure drop at different velocities for the same fluids.

Keywords: Iraqi crude oil, CFD, FEM, wall shear stress, pres-
sure drop.
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Those parts of solid or hollow blanks whose shape is complex
should be produced by means of combined radial-longitudinal
extrusion. However, the use of combined extrusion processes with
several degrees of flow freedom requires a preliminary assessment
of shape formation, which is true, taking into consideration the
peculiarities of evolution of strain sites at different stages of defor-
mation. When deforming high blanks, the presence of an intermedi-
ate rigid zone can be observed, separating two autonomous strain
sites. When constructing an estimation scheme of the initial stage
of the process of combined radial-backward extrusion of hollow
parts with a flange, the presence of an intermediate rigid zone is
taken into consideration. The need to improve the devised estima-
tion scheme is caused by significant deviations in the projected
growths of a part from its experimentally derived dimensions. As an
alternative to the axial rectangular kinematic module of the lower
deformation site, the use of an axial triangular module has been
proposed, whose effectiveness is demonstrated in simulating the
process of radial-longitudinal extrusion with expansion. The ratio-
nality of the proposed replacement was revealed, both for forecast-
ing the forced mode of the deformation process and for the gradual
part’s shape formation. This has made it possible to reduce the
projected estimates to 10 % in terms of the increase in the size of a
part based on a comparative analysis with experimentally derived
data. It is recommended to use the devised scheme for modeling the
initial stage of the process for relatively high blanks at Hy/h;>4...6;
the limitation is the degeneration of the intermediate rigid zone.
This will contribute to compiling recommendations for expanding
the possibilities of using combined radial-backward extrusion of
hollow parts with a flange during production.

Keywords: combined extrusion, process modeling, energy
method, kinematic module, forced mode, shape formation.
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This paper reports results of studying the influence of geomet-
rical parameters of the frame in a traction-transportation vehicle
on its traction and energy indicators. A method for estimating the
influence of geometrical parameters of the frame in a traction-
transportation vehicle on its traction and energy indicators has
been substantiated, based on the traction calculation of the trac-
tor and taking into consideration the change in the distance from
the hinge of the traction-transportation vehicle to the front and
rear drive axles. The method makes it possible to determine the
normal reactions, tangent thrust forces, and traction power on
the wheels of the machine. The method reported here enables
defining the optimal geometric parameters for improving the
traction-adhesion and fuel-economic indicators of the traction-
transportation vehicle. It was theoretically established that the
normal reactions on the front wheels of the studied traction-
transportation vehicle are 27,800 N and exceed by 1.95 times the
normal reactions on the rear wheels of 14,200 N. This is due to
the fact that the distance from the hinge to the corresponding
axles of the wheels is 1.89 m and 0.97 m. Increasing the distance
from the hinge to the axle of the rear wheels to 1.17 m produces
a positive effect on improving the tractive performance of the
traction-transportation vehicle. There is an increase in the trac-
tive power on rear wheels to 24.39 kW. The experimental study
of the traction-transportation vehicle was performed using an all-
wheel-drive machine with a hinge-connected frame as an example.
The maximum traction power is 121 kW, which is achieved at a
speed of 12 km/h, traction efficiency of 0.68, and a thrust force
per hook of 30.2 kN. The difference between the results obtained
theoretically and experimentally is 8 %. Applying the method
could make it possible to provide designers and manufacturers
with recommendations for the construction and improvement
of a traction-transportation vehicle, to improve traction and
adhesion properties, and reduce the anthropogenic impact on
the soil.

Keywords: tractive force, thrust force, normal reaction, geomet-
ric parameters, traction-transportation vehicle.
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AJIATITAIIISI HECYYOI KOHCTPYKIIII HAIIIBBATOHA JIO IIEPEBE3EHb BUCOKOTEMIIEPATY PHUX
BAHTAZKIB (c. 6-13)

O. B. ®omin, A. O. JIoscbka, M. B. Xapa, I. B. Hikonaenko, A. C. JlutBunenxo, C. C. CoBa

[IpoBeseno BU3HAYEHHS HABAHTAKEHOCTI HECY4Oi KOHCTPYKINI yHiBepCaJIbHOTO HAIiBBArOHA IIPU NE€PeBe3€HHI B HbOMY BaHTAXY 3
temnepatypoio 700 °C. Bcranossieno, 110 mpu 1[bOMY MaKCUMATbHI €KBiBaJTeHTHI HATPY KEHHS 3HAYHO MEPEBUINYIOTH AOmycTrMi. Makcu-
MaJsibHa TeMIepaTypa BaHTasKy, U SAKiil TOKa3HUKKM MIIHOCTI Hecy4oi KOHCTPYKIil HalliBBaroHa He HepeBUIYIOTh JIOIyCTUMUX 3HAYCHD,
ckmagae 94 °C. PazoM 3 UM TemIiepaTypa BaHTasKy, [0 MEePEBO3UTHCS Y BaroHaX 3aJi3HUIIEI0, MOKE MAaTH 3HAYHO OLIbIN BeJndnum. Y
3B’13KY 3 MM /I MOJKJINBOCTI BUKOPUCTAHHS HANiBBArOHIB /IS IIePEeBE3€Hb BAHTAXKIB 3 IIi/[BUIIEHOIO TEMIIEPATYPOIO € MOXKJINBUM PO3-
MillyBaTn iX y TePMOCTIHKNX KOHTelHepax BigkpuToro tuiry — ¢erax. ToMy B paMKax JOCTI/KeHHS 3alIPOTIOHOBAHO KOHCTPYKIIifo (eta
3 Bunykaumu crinamu. Taka koudirypaitist 60KOBHX CTiH 03BOJISIE MiABUIIUTI KOPUCHUIT 06’€M KOHTelTHepa Ha 8 % Y TOPIBHSIHHI 3 TIPO-
ToTunoM. B sikocti marepiany diieta 3aCTOCOBYETHCS KOMIIO3UT 3 TEPMOCTIHKUMU BIACTUBOCTAMU. [LJis1 0OrPYHTYBaHHSI 3a1IPOIIOHOBAHOTO
pillleHHsT TPOBEIEHO PO3PAXYHOK HA MIIHICTH (yieta. BeTamosieno, 1Mo MakCHMMaIbHi eKBiBAJT€HTHI HANPYKEHHS B HECYUill KOHCTPYKITii
(darera ckaagaiors 6au3bko 300 MIla ta He MepeBUIILYIOTh AOMYCTHMI.

JL1st BU3HAYeHHSI OCHOBHMX TTOKA3HUKIB JIMHAMIKM HAIiBBArOHA, 3aBAHTAXKEHOTO (hireTaMu, MPOBEAEHO MaTeMATUYHE MOIETIOBAHHS
1oT0 MUHAMIYHOI HaBaHTa)keHocTi. Pe3yibratt po3paxyHKy MOKa3aJ, MO MPUCKOPEHHs, SIKi Mil0Th B IEHTPI Mac HeCy4yoi KOHCTPYKILii
HaIiBBAaroHa, CKJIaZa0Th 6u3bKko 1,5 M/c2. KoedinienT Bepruxanbioi aunamiku gopismoe 0,22, Po3paxoBaHi IOKa3HUKH ANHAMIKY 3Ha-
XOAATHCS B MeKax IOIYCTUMUX 3HAYECHD.

[TpoBeeni soci/KEHHS CIIPUSATUMYTh Hi/IBUIIIEHHIO e()eKTUBHOCTI BUKOPUCTAHHS HAIIIBBATOHIB Ta CTBOPEHHIO HAIIPAIIOBAHb I1110/10
MIPOEKTYBAHHS IHHOBAIIHHUX KOHCTPYKIIH TPAaHCTIOPTHUX 3aC00iB.

KiiouoBsi ciioBa: Tpancrnoptia MexaHika, Hecyua KOHCTPYKIlisl, HABAHTAKEHICTh Ky30Ba, TeMIIEPATYPHUIl BILIUB, TEPMOCTIHKUIT (JIeT.
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AHAJII3 MIIIHOCTI [IOIIEPE/THHO HAIIPYKEHIX BEPTUKAJIBHUX IIAJITHAPUYHUX CTAJTEBUX
PE3EPBVAPIB /11l HA®THU IIPU EKCILTYATAIIIITHUX TA JUHAMIYHIX HABAHTAKEHHSIX

(c. 14-21)

Timur Tursunkululy, Nurlan Zhangabay, Konstantin Avramov, Maryna Chernobryvko, Ulanbator Suleimenov, Akmaral Utelbayeva,
Duissenbekov Bolat, Aikozov Yermurat, DauitbekBakdaulet, Zhuldyz Abdimanat

3alpoNoOHOBAHO OCIIPKEHHS BILUIMBY TUILY OOMOTKHU HA HAIIPYKEHO-1e(HOPMOBAHMIT CTAH CTIHKM CTAJIEBOTO IIJIHAPUYHOTO PE3€EP-
Byapa, 3aIoBHEHOTr0 Ha(TOI0 /10 3a/[aHOTO PiBH. AHamizyBasucs GOPMHU BIIbHUX KOJUBaHb HahTH y pe3epByapi Ta BILUIUB THITY 0OMOTKN
Ha BJIACHI 4acTOTU KOHCTPYKIii. OIliHKa HANpyTu B CTiHI pe3epByapa MPOBOAMIACS HA OCHOBI CKiHYEHO-€JeMEeHTHOTO MOJETIOBAHHS
neopMyBaHHS TPUBUMIPHOT MOJeJIi KOHCTPYKILT 1Tiji /Ii€f0 po310o/iieHoro THCKY Ha(TH HAa BHYTPINIHIO MOBEPXHIO CTIHKK Ta HAIPYTH
Ha 30BHIMHIN moBepxHi crinku. Hanpyra crBopioBaiacst 3 0OMOTKH Pi3HOTO THITY 3 YpaxXyBaHHIM PiBHS HaJUBY Ha(hTH, KPOKY HAMOTY-
BaHHs OOMOTKH Ta MEXaHIYHUX XapaKTEPUCTUK HUTKU.

[IpoBeseHo MOCHiUKEHHST HAPYKEHO-1ehOPMOBAHOTO CTAHY MUIIHAPUYHOTO pe3epByapy 3 0OMOTKOIO TPH MOBHOMY, MOJOBIH-
HoMmy sanosHenni HadgTolo Ta 6e3 HadTi. MojemoBannucsa TpU BapianTu 0OMOTKU: 3 OJHKMM, 3 HOABIHUM Ta MOTPIHHUM iHTEpPBaIOM.
Posrisiranucest Ba THIN OOMOTKH: 13 BHCOKOMIITHOTO CTAJIEBOTO JPOTY Ta 3 KOMIIO3UTHOI HUTKH. OTPHUMAHO, 10 IPH OOMOTI[ CTIHKI
pesepByapy CTaJIeBUM J[POTOM i3 HOTPIHUM iHTEPBAJIOM HANPyra B KOHCTPYKILii He nepeBuiye 34,2 % rpaunuii manunocti. [Ipu oMy
BHMCOTA HAJMBY Ha(dTU iCTOTHO HE BIIMBAE Ha ii MilHicTh. BukopncTanHs KOMIO3UTHOI HUTKM HPU3BONTD /10 3POCTAHHS HAIIPYTH J10
47,2 % Bin rpaHuIli TNIMHHOCTI, aJie 03BOJISIE 3HU3UTH Macy pe3epByapa 3 00MOTKO10. [Ipi 06MOTIII KOMITO3UTHOIO HUTKOIO 3 TTOTPIHHITM
iHTepBaIOM Maca KOHCTPYKIii 36iaburyersest auiie Ha 3,6 %. OTprMani pe3yabratu 103BOJIATH e(eKTUBHO BUKOPUCTOBYBATH MOIEpe-
JIHIO HAIIPYTY 3 METOIO MOKPAIIEHHsT MIITHOCTI Ta IMHAMIYHUX XapPAKTEePUCTHK Y TOCAiIKYBAHUX KOHCTPYKILISIX 3 ypaXyBaHHsIM OOMOTKN
3 pi3HUX MaTepiais.

KomouoBi ciioBa: crasieBuii pesepByap, IOIepe/iHs HAlPyTa, KOJMBAHHS Pe3epByapy, eKCIIyaTalliiiHi HABAaHTAKEHHs, KPOK HAMOTYBaHHS.
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BUABJEHHA OCOBJINBOCTEN JE®OPMOBAHOI'O CTAHY 3AJISBOBETOHHHUX BAJIOK
ABTOJOPOKHIX MOCTIB IIPH IIIJICUJIEHHI ITIPOTOHOBUX BYIOB (c. 22-28)

C. B. Kimounuk, /I. C. CuiBak, I. @. l'opomkin

TexHoOTisI BUKOHAHHST PEMOHTY 3aJ1i300€TOHHUX MOCTIB, 3a3BUYaii, mepenbdayae 3aKpUTTs PyXy Ha OIHIN MOJOBUHI CIOPYAM Ta BU-
KOHAaHHs POGIT Ha Hill, IPU MOKJIMBOCTI MOAAIBIIOTO PYXY aBTOMOOIIBHOTO HABAHTAKEHHS Ha APYTiil uactuni cnopyan. OcHOBHUIT mpo-
1ec, 10 MIKaBUTh MPAKTUKIB B TJIaHi TBEP/iHHsT GeTOHY, SKUil BiOyBa€ThCs B GaKaxX IPOrOHOBOI OYI0BY IIPU MPOXO/KEHHI THMYACOBOTO
PYXOMOTO HaBaHTaxKeHHs1, — 1€ gedopmaiiii. /[0 MOMEHTY 3aKiHUEHHS CXOILTIOBAHHS [[EMEHTY CBIKOYKIAAEHOTO GETOHY HAKJIAIHOI INTH



mijicusieH s TOTPiGHO CTBOPUTU HEOOXIAHI yMOBH ISt IOTO (TEMIEpaTypa, BOJOTICTh, HEPYXOMICTh B uaci Ta inme). Kosu Geton uie He
Mae MIIHOCTI, epeMillieH s, 10 BUHUKAIOTh B TPOTOHOBII Oy/10Bi, CIPUYMHSIOTH PYIHYBaHHS IeMEHTHOTO KaMeHIo Ha cTajii (hopMyBaH-
Hs1. HeoOxiano gocaiant HasgBHicTh Aedopmaitiii, Ta iX BIJIMB Ha HEMOKJIMBICTD YTBOPEHHS 1IJIICHOT CTPYKTYpH GETOHY 1 34erieH s iioro
3 apMaTyPHUMH €JIEMEHTaMHU, 10 00'€IHYIOTh ICHYIOUY IINTY 3 HOBOIO.

JlocnijzkenHsm BeranoBiieri gecopmaliii Bizi TiMyacoBoro HaBantaskentst Biz 1,61 10 5,83 MM, 1110 MatOTh HEraTUBHUIT BIUIUB HA MIPOIEC
3acTUraHHs OETOHY TIMTH MiJICUJICHHS /ISl TIPOTOHOBOI OY/IOBH M/l YaC PEMOHTY aBTOAOPOKHBOTO MOCTY. BUKOHYEThCSI TporpaMHue ooumc-
JIEHHsI 00'€eMHIX MOjieJieil Ha MIPUKJIa/i MocTa aBTOMOO1/IbHOT oporr M-04. I3 HA0YHO OTPUMAHUX Pe3YJIbTaTiB (hOPMYJITIOIOTHCST BUCHOBKH, IO
TEXHOJIOTisI BUKOHAHHSI PEMOHTHUX POGIT He BPAXOBYE HEOOXIHUX YMOB JIJISI SIKICHOTO HAGOPY MIlIHOCTI GETOHY [0/IATKOBOI ILIUTH.

B pesyJibrati A0CAIIKEHD BCTAHOBJIEHO, M0 POOOTH 3 OETOHYBAHHS JI0OATKOBOI HAKJIA/[HOI IJINTH IHiACUIICHHS IPH HAsiBHOCTI BiOpa-
WiHHKUX BIJIMBIB BiJl THMYACOBOTO HaBaHTAaKEHHs Ha IIPOTOHOBY OYyOBY, Yyepe3 pyiHyBaHHst OeTOHY Ha CTajii TBEepAiHHS, BUKOHYBATH He
MOJKHa.

Ha mijicraBi BUHUKHEHHS BUIIeocanol mpobaeMu ¢(hopMOBAHO i TIPOaHAi30BaHO JEKiIbKa MIISAXIB 11 BUPINIEHHSI Ta 3aIIPOIOHOBAHO
HallKpaluii i3 HUX.

Ki04oBi c1oBa: peMOHT MOCTIB, GETOHHI aBTOOPOKHI GatKy, IIMTA MiACUIeHHS, AehopMallil, CTPyKTypa GeTOHY.
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BILJIUB JIE®@OPMOBAHOTO CTAHY ABTOJIOPOKHBOI'O MOCTY HA EKCILTYATAIIITHY BE3NEKY
(c. 29-34)

Ivan Bondar, Mikhail Kvashnin, Dinara Aldekeyeva, Bekzhanova Saule, Aliya Izbairova, Assem Akbayeva

Y crarTi posraspaoThes MUTAHHS 100 3abe3ledeHHs: 6e3IeKN PyXy TPAHCIIOPTHUX 3ac006iB Ha MITYYHUX CHOPYIaxX. 3abe3nedeHHst
Gesnekn y cdepi 3ai3HUIHOIO TPAHCIOPTY € HAWBAKJIMBIIINM €JIEMEHTOM JisUIBHOCTI BCiX cy0 €KTiB PUHKY 3a/i3HUYHUX TTOCJYT, 30-
KpeMa MacakipChKUX TepeBisHuKiB. /s TOBHOrO BUBYEHHS MUTaHb Ae(OPMOBAHOTO cTaHy GATKOBHUX MPOTOHOBUX OY/I0B HEOOXIMHO
MPOBE/IEHHST CTATUYHKX Ta JAMHAMIYHUX BUIPOOyBaHb. Ilepes mMoYaTKOM BUNPOOYBaHb 0GOB’SI3KOBO MEPEBIPSIETHCS TEXHIUHWIT CTaH
MITY4HOI CIIOPYy/AN:

1) BizyanbHuii orisi, crelianbhi mepeBipku i3 nepeBipkoio HeoOXiHUX MapaMeTpis;

2) 1npoBe/ieHHST KOHTPOJbHUX JIIHINHUX BUMIPIB;

3) BubipKoBe BU3HAYEHHS MIITHOCTI GETOHY HEPYHHIBHUMHU criocobaMu.

CrouaTky TPOBOAATH CTATUYHI BUIPOOYBAHHS [/ BUSHAUEHHSI CyMapHUX gedopManiil KoxKHOI GaJKi MPOTOHY B KOHTPOJbHIN
TOYIll 3 MakcHMaIbHUMK feopmattisivu 5 L. TToTiM IpoBoAsATh [ruHaMiyHi BUIIPOOYBaHHSI 3 BU3HAYECHHSM T1EPIOAiB BIACHUX KOJMBAHb
i nedopmariii (Hanpysxennb). O6pobka pe3ysbraTiB 06CTeKeHb Ta BUPOOYBaHb MLISXOMPOBOAY 3 OIIHKOI0 MOKJIUBOCTI MPOXO/KEHHS
PO3paxyHKOBUX HAaBAHTAKEHb HA aBTOOPOIKHII MICT, HiCJISI YOTO CKJIAAETHCS JUHAMIYHNI HACIOPT TPAHCIIOPTHOIL cIIOpyAN. BuBuenus
HAMpPYKEHOTO CTaHy TPAHCIIOPTHUX 3aC00iB [a€ YiTKe YSBIEHHS PO TIPUYMHN BUHUKHEHHS edopMalliil B eleMeHTax KOHCTPYKILI mpu
aHasi3i po6OTU MPOrOHOBOI OY0BU aBTOOPOKHBOIO MOCTY B YMOBaX 3POCTAIOUUX OChOBUX HABAHTaKEHb Ta MIBUAKOCTEH TPAHCIIOPT-
HuX notokis. edopmartiiini nporecy npusBoAsAThH 10 Ae(DHEKTIB, KOHCTPYKTUBHUX PYHHYBaHb Ta aBapiil Ha TPaHCIIOPTHOMY 3ac00i, 1110
MIPU3BOIUTH JI0 MEPEAIACHOTO 3HOCY, MaTepiabHUX 30UTKIB Ta 30UTKIB HABKOIUIIHBOMY cepenoButy. [lepioauuni Bumipu gedopmartiit
(HANPYIKEHHsT) KOHCTPYKILii HaAOYI0OBU TPOTATOM AEKIJIBKOX POKIB J03BOJISATH CIPOTHO3YBATH 3MiHY 11 cTaHy B yaci i BU3HAYUTH 3a-
JIMIIIKOBYIA pecypc Mo Hecydill 3[aTHOCTI Ta BaHTa)OMiAiioMHOCTI. B pesysbrari ekcriepuMeHTaJIbHIX A0CHiKEeHb OYI0 J0BEEHO, 110
[pe/ICTaBIeHa METOIMKA, PO3POOJIEHA B KIACHUYHOMY BapiaHTi Ui BUSIBJIEHHS CTPYKTYPHUX Ae(EKTIB MixK OJHOIIAPOBUM MOKPUTTSAM Ta
OCHOBOIO PI3HUX TUIIB, MOXKe e(eKTUBHO MPAIIOBATH 1 Y Pasi HePYHHIBHOTO KOHTPOJIIO HaraTomiapoBUX KOHCTPYKITiii.

Kiarouosi ciioBa: Gesreka, aBTOIOPOKHIN MiCT, HAIPYKEHWIA CTaH, TEXOTJISII, CTATUYHI Ta AMHAMIYHI BUTPOOYBAHHSI.

DOI: 10.15587/1729-4061.2022.254573 ] )
BU3HAYEHHS BILIUBY JIIAMETPY CKJIOIJIACTUKOBOI TPYBU HA IECOPMOBAHMII CTAH
TPAHCIIOPTHOI CHOPY/IU <HACHII-TPYBA» 3AJIIBHUYHOI KOJII (c. 35-43)

B. B. KoBaibuyk, Q. I'. Co6oneBcbka, A. M. Onumenko, O. M. Baxs, 1. B. Kpaseup, A. 4. Ilenuak, b. 3. Ilapuera, A. S1. Kysumun,
B. B. Bosipko, O. M. Bosusik

TIpoBeeno aHai3 3acTOCYBaHH CKJAOIIACTUKOBUX TPYO y T/l HACKILY 3a/1i3HUYHOI KOJIT METOOM TIPOJABJIIOBAHHA 3€MJITHOTO TIOJIOTHA.

VIOCKOHAIEHO TITOCKY CTEP/KHEBY MOJIEND JUTST OIHKH e(hOPMOBAHOTO CTaHy TPAHCIOPTHOI CIIOPYAN <HACHII-CKIOIVIACTHKOBA TPyOas
METOJIOM CHJI TIPU 3aMiHi TIOMIEPEYHOTO MePePi3y TPYOU MOTIrOHATBHIM.

B ananitiuHiit Moziesi BpaXOBaHO B3a€MOJII0 TPYOH 3 TPYHTOM HACHITY 3a/li3HUYHOI KOil. [[JIs1 IOTO Y PO3PAXyHKOBY CXEMY BBOASTHCS
pasiabHi Ta TAaHTEHIaabHi TPYKHI B'SI31, SKi [03BOJISIOTH MOZEIOBATY TIPYKHUI BiIMip TPYHTY, & TAKOXK CUJIU TEPTS, SIKi BUHUKAIOTH TIPU
KOHTaKTi IPYHTY 3 TPYy6OI0.

TIpoBeneHo po3paxyHOK neOPMOBAHOTO CTaHy TPAHCIIOPTHOI CIIOPYAM <«HACHII-CKJIOIIACTUKOBA TPyGa» METOAOM CHJI Ta METOIOM
CKIHYEHHUX eJIeMEeHTIB IIPH i1 HaBaHTa)KEHHS Bi/l 3a/i3HIYHOTO PYXOMOI'O CKJIa/ly i3 BpaXyBaHHIM Pi3HOTO MOIEPEYHOro mepepisy Tpyou.

BceTaHoBJIeHO, 110 13 301bIIEHHAM AiaMeTpy CKJIOIIACTUKOBOI TpyOu BesamuuHa gedopmaliiil 3¢ MJISHOTO MOJOTHA Ta CKJIOMIACTU-
KoBOi TpyOu 36imbryersest. [pu giamerpi Tpy6ou 1,0 M Besmunna gedopmartii y ckieninmi Tpyou cranoButh 2,12 MM, a ipu aiamerpi
Tpy6u 3,6 M — 4,16 mm. IIpu 1ibomy BestnumHa gedopMalliil 3eMASTHOrO TTOJO0THA T1i/] MINAJI00 CTaHOBUTDL 5,2 MM Ta 6,0 MM BiAIOBiAHO.

Bceranosiieno, mo MakcuMasbhi gedopmaliii 3eMJISIHOTO TOJIOTHA, SIKI BUHUKAIOTH Haj TPy6o1o, pu giamerpi Tpybu 3,6 M cTaHOB-
AT 4,46 MM. [Tpu 1IbOMy MaKCHUMaJIbHI BepTHKaIbHI gedopMaitii CKI0MIacTHKOBOI TPyOH BUHUKAIOTh Y CKJEIHHI TpyOu i npu aiaMerpi
Tpy6u 3,6 M cTaHOBJIATD 4,16 MM.



BceraHoBIeHO, 1110 MaKCUMaJIbHI TOPU30HTANIbHI ehopmaltii 3eMJISTHOTO MOJIOTHA BUHUKAIOTh B TOUKAX TOPU30HTAIBHOTO JiiaMeTpy CKJIO-
MJTACTUKOBOT  TPYOH, a MiHIMaIbHi TOPU3OHTAIBHI sehopMallii 3eMJISTHOTO MOJOTHA BUHUKAIOTH B TOYKaX, IO JIEKATh Ha BEPTHKAIHLHOMY
JiameTpi Tpyou.

Kimo4oBi ci10Ba: 3eMIIsiHE TOJIOTHO, CKIOIUIACTHKOBA TPYOa, 3aIi3HIYHA KOJIis, TOPU30HTAIbHI Ta BepTHKAIbHI fehopmartii, ekBiBaseHTHE
HaBaHTaKEHHS.
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BU3HAYEHHS MEXAHI3MY BATATO®A3HOI TEUII B TOPU30HTAJIbHOMY TPYBOIIPOBO/II 3
BUKOPUCTAHHSIM OBYHNCIIOBAJIBHOI TI/IPO/IMHAMIKH (c. 44-50)

Ashham Mohammed Aned, Saddam Hussein Raheemah, Kareem Idan Fadheel

V naniii po6oTi MpoBeseHO 0OUUCTIOBATBHUI aHANI3 3 BUKOPUCTAHHAM 00uncoBanbHol rigpoaunamiku (OT/T). PospaxyHku OyJu Bu-
KOHAHI 75T TOCJIIPKEHHST PEOJIOTIYHIX XapaKTepHCTHK 6aratodasnoi Tedii B ropu30HTAIBHIX TPYOOIPOBOIaX. /[y BUBUEHHST HATIPYTH 3CYBY
y BepTHKaJIbHiil TpyOi OyJa pospobieHa HoBa TPUBUMIPHA YnceIbHa MoJeb BogoHadToBoI ancnepeii. s gocaipkenns GyHKIii Harmpyrun
3CYBY Ha CTiHIlI i THCKY Kparesb BOAN BUKOPHCTOBYBaJIOCs porpamue 3abesreuentss OT/]. 3a goromoroio yncsia PeiiHosbica Ta piBHSHHS
Hag’e-Crokca 3 koedirienrom Typoysentrocti k st ekoHowmii eneprii, 6yB onucanuii aiarason Tedii 1is 6e3nepepBHOTO mpoiecy. 3Moie-
JIbOBaHI PE3yJIBTATH HEABHBOTO JOCJIFKEHHS eKCIIEPIMEHTAIBHOT METO0MIOTIT. Y aHOMY AOCTIKEHH] HiaMeTp TpyOu cTaHOBUTH 40 MM,
JOBXKIHA — 3,5 M, MOJIEJTIOBAHHSI Ta aHaji3 BUKOHAHI 3a OMOMOTOIO ITPOrpaMHOro 3abe3nedentst Ansys. TakuM 4uHOM, reoMeTpist Oya im-
mopToBaHa i 3mMojiesiboBana 3a oromoroo incrpymenty OL/[. Ciryacta Mojiesib OyJia npoTecToBaHa Ta BioBiHO cxoauiacs. [lepsunni gaxi
MOJIEJTIOBAHHST OYJIM YCIIITHO THATBEP/UKEHI eKCIIePUMEHTATBHIMHI pe3yJIsTaTaMi. BBaskasocsl, 1Mo miprHa HaQTOBUX Kpariesib 3ajIeKnTh
Bizt uncaa Peifrosb/ca Teuii, 1o GyJ10 miATBEPAKEHO Y IOMY TeMaTHYHOMY Aoc/ipkenni. liamerp kpaneab Dd ckias 6 MM 3a yMOBU pyXy
cymimii 3i mBuakicTio 1,9 m/c. BeranosieHo, 1o Haiibiiblie 3HaY€HHST HAIIPYTH 3CYBY CIIOCTEPITAEThCsT Y BEPXHIN yacTuHi TpyOH, jie JacTka
nadru (Bigcivenns) ckiana 0,3, 32 pe3ysbraTaMi MOJIETIOBAHHS st pisHux miBuakocteit (1,6, 2,5, 2,9 m/c) ta 3navens yactkn Hadru (Bij-
ciuenns). Pesyssratamu MojienoBants GararodasHoi teuii cupoi HahTH [ TOPUBOHTATILHOI TPYOH € HAIIPYTU 3CYBY Ha CTIHIN 3 PisHUMU
TIBUKOCTSIMU 7T clpoi HadTH y ABodasHiil Tedii. A TaKok eperaj THCKY 3a PI3HUX MIBUIKOCTEH /7T OAHUX 1 THX CAMUX PifIITH.

Kmouogi cioBa: ipakchka cupa nadra, OI'/[, MKE, nanpyra 3cyBy Ha CTiHIl, TIepemnaj TUCKY.
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PO3PAXYHOK ITIOYATKOBOI CTA/IIi ITIPOIECY PAJIIAJIbBHO-3BOPOTHOI'O BUJIABJIIOBAHHS 3
BUKOPHUCTAHHAM TPUKYTHOI'O KIHEMATUYHOTO MOYJIA (c. 51-60)

H. C. I'pyakina, B. M. JleBuenko, I. C. Auies, 10. I. Ipsauyenxo, P. I. Cusaxk, JI. II. CyxoBipcpka

Cxaani 3a GopMoIo feTasi i3 cynibHIX a00 TTOPOKHUCTUX 3arOTOBOK JOTIIBHO BUTOTOBJISATH CIOCOOaMU KOMOIHOBAHOTO Pa/lialbHO-
MO3/IOBKHBOTO BrAaBioBanHs. OHAK BUKOPHUCTaHHSI POTECIB KOMOIHOBAHOTO BUIABJIIOBAHHS 3 IEKITPKOMA CTYIIEHSIMI CBOOO/H Tedil Bi-
Marae TonepeHboi OliHKu (POPMOYTBOPEHHS, IO BiANOBIAAE AIHCHOCTI, 3 ypaxyBaHHIM 0coOIUBOCTEl (hOpMYyBaHHS OCEPeKiB Aedopmaltii
Ha pi3Hux eramax gedopmysanus. [Ipu medopmyBaHHI BHCOKMX 3aroTOBOK MOXKE CIIOCTEPIraTHCS HASBHICTH MPOMIKHOI JKOPCTKOI 30HH,
IO BiZIOKPEMJIIOE JIBa aBTOHOMHUX ocepeaku aedopmaitii. [Tpu m1o06y0Bi po3paxyHKOBOI CXeMU MOYaTKOBOI CTaAil Ipoecy KOMGIHOBAHOTO
paiabHO-3BOPOTHOIO BUJABJIIOBAHHS TIOPOKHUCTHX eTajell 3 (iaHIleM BPaxOBaHO HASIBHICTH IIPOMIKHOI sKOpCTKOI 30HU. HeobxinHicTh
VIOCKOHATEHHST PO3PO6IEHOT PO3PaXyHKOBOI CXeMU BUKJIMKAHA CYTTEBMMI BiIXIJIEHHSIMU TPOTHO30BAHIX MIPHPOCTIB AETAJ Bijl €KCIIEPH-
MEHTaJIbHO OTPUMAHUX PO3MIpPiB JeTami. Y AKOCTi aJbTepHaTHBU OCbOBOMY ITPAMOKYTHOMY KiHEMaTHUHOMY MOJIYJIIO HUKHBOTO OCEPEAKY
nedopmartii 3aIIpoONOHOBAHO BUKOPUCTAHHS OCHOBOTO TPUKYTHOTO MOYJs, e(heKTHBHICTh 3aCTOCYBAHHS SKOTO ITPOJIEMOHCTPOBAHA MU
MOJIEJTIIOBAHHI TIPOIIeCy pa/lia/IbHO-1103/[0BKHBOT0O BU/IABIIOBAHHA 3 Po3/1ayeio. BUsABiIeHO pallioHaIbHICTD 3aITPOIIOHOBAHOI 3aMiHH, K i3 IIPO-
THO3YBaHHS CUJIOBOTO PEKUMY IIporiecy AedopMyBaHHs, Tak i moetanHoro ¢opmoaMinenns getasi. Ile 103Bommio 3HUSUTH TPOrHO30BaHI
ouinku /10 10 % 3a mpupocTamMu po3mipiB JeTasi 3rijiHo MOPiBHAIBHOTO aHAMI3Y 3 €KCIIEPUMEHTAIBHO OTPUMAHUMHE JaHnMU. PexomMernoBano
BUKOPHCTAHHST PO3POOJIEHOT CXeMU JIJIsi MOJIEIOBAHHSI TI0YATKOBOT CTaJIil IpoIiecy Juisl BiIHOCHO BUCOKKX 3aroToBOK tipu Hy/hi>4..6, obme-
JKEHHSIM € BIPOJIKEHHS TPOMIKHOI skopcTKOI 30HM. 1le cripusitiiMe BUpOGIEHHIO PEKOMEH/IAII T OO PO3ITHPEHHST MOKINBOCTET BIKOPHC-
TaHHs1 KOMGIHOBAHOTO PA/ialIbHO-3BOPOTHOTO BU/IABJIIOBAHHSI IIOPOKHUCTUX JleTasiell 3 uiatieM Ha BUPOGHUIITBI.

KiouoBi cioBa: KoMOiHOBaHe BUIABIIOBAHHSI, MOJIEJIOBAHHST TIPOIIECIB, EHEPTETHYHUIT METO/, KiIHeMAaTUYHIIi MOJLYJIb, CUIIOBUIT PEKIM,
¢opmoyTBOpeHHSI.
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BU3HAYEHHS BINIUBY TEOMETPUYHUX IAPAMETPIB PAMU TATOBO-TPAHCIIOPTHOI MAIIIMHU
HA TATOBO-EHEPTETUYHI IIOKASHUKMH (c. 61-67)

P. B. Aurouienkos, 1. B. T'amny, A. O. Hukudopos, I'. I. UepeBartenko, 1. O. Unxukos, C. JI. Cymko, H. O. IloHomapesko,
C. M. Monauk, 1. B. Ile6piok

Hagemeno pe3ysnbraTn 1OCTiPKEHHS BIUIMBY FeOMETPUYHIX TTAPAMETPIiB PAMU TSATOBO-TPAHCIOPTHOI MAIMUHU HA TSITOBO-€HEPTeTHY-
Hi nokazuuku. OOTPYHTOBAHO METO/ OIIHKU BIUIMBY T€OMETPUYHUX [TAPAMETPIB PAMU TATOBO-TPAHCIIOPTHOI MANIUHK HA TATOBO-€HEP-
reTUYHi TOKa3HUKH, 110 6a3yEThCs Ha TATOBOMY PO3PaxXyHKYy TPAKTOPa Ta BPAXOBYE 3MiHY BifiCTaHi Bi/Jl APHIPYy TSATOBO-TPAHCIIOPTHOI
MAIllUHU JI0 MEePEeIHbOI Ta 3a/IHbOI Beyunux oceil. MeTos 103B0OJIsI€ BU3HAYUTU HOPMAJIbHI Peakilii, JOTUYHI CUJIU TATU Ta TSATOBI MO-
TYJKHOCTI Ha KoJslecax Mamunu. HaBegenuii MeTos 103BoJIsI€ BUBHAYATH ONTUMAJIBHI TeOMETPUYHI TapaMeTpH JIJIS Mi/IBUIEHHS TATOBO-



3YiITHUX Ta MaJNBO-€KOHOMIUHUX IIOKa3HUKIB TATOBO-TPAHCIOPTHOI MamuHu. TeopeTHYHO BU3HAUEHO HOPMAJIbHI peakilii Ha IepeaHix
KOJIecax JOCTiIKYBAHOI TSITOBO-TpaHCIOPTHOI Mamunu ckaazaioTs 27800 H ta mepesumyiors B 1,95 pasu HopMasibHi peakinii Ha 3aHiX
kostecax 14200 H. Ile BinOyBaeThcs BHACAIZOK TOTO, 110 BiAcTaHi BiJl mapHipy A0 BiANOBIAHUX oceii Koic gopiBHio0OTh 1,89 M ta 0,97 M.
306isbiIeHHs BiicTaHi Bijt mapHipy 10 oci 3ajHix kosic 10 1,17 M HO3UTHBHO BIIMBAE HA TiABUIIEHHST TSTOBUX TIOKA3HUKIB TSITOBO-TPaH-
crnoptHoi ManHu. BigdyBaeTbes MiABUIEHHS TSTOBOI MOTY/KHOCTI Ha 3ajHiX Kojecax 10 24,39 kBr. EkcriepuMeHTanbHi A0CIiKEHHS
TSATOBO-TPAHCIOPTHOI MAMIMHY BUKOHAHI HA IIPUKJIA/li MOBHOIPUBIHOI MAlINHNU 3 MIAPHIPHO-3'€/IHAHOI0 paMOI0. MaKkcuMaibHa TSAroBa
MoTYKHICTh ckaamac 121 kBr, aka gocaraerses npu mBuzakocti 12 km/rox, tarosomy KK/ 0,68 Ta cumi tarm na raky 30,2 kH. Pos-
GisKHICTD MisK pesyJibTaTaMi OTPUMAHMMU TEOPETUYHO Ta eKCIEePUMEHTAIbHO CKiafae 8 %. 3acToCyBaHHI METO/LY J03BOJUTH HaAaTh
KOHCTPYKTOpaM Ta BUPOOHMKAM PEKOMEH/IAINT 11010 CTBOPEHHST Ta YAOCKOHAJECHHS TATOBO-TPAHCIIOPTHOT MAIIMHH, MiABUIIIUTH TSITOBO-
34iITHI BJIACTUBOCTI Ta 3HU3UTU TEXHOTEHHWI BILJIUB HA TPYHT.
Komo4oBi ciioBa: TSroBa MOTYKHICTb, CHJIA TSTH, HOPMaJIbHA PEAKILisi, FCOMETPUYHI TapaMeTpH, TAr0BO-TPAHCIOPTHA MalIlHa.



