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The object of the study is the processes of occurrence, percep-
tion, and redistribution of loads in the brake shoe of a freight car
bogie during braking. In order to ensure the safety of the movement
of freight cars, a study of the uneven load on the bogie shoe of the
model 18-100 freight car was carried out. A mathematical apparatus
was built to determine the strength of the brake shoe, taking into
account the uneven load transmitted to it from the brake pad. In this
case, the brake shoe was considered in the form of a frame with vari-
able stiffness. It was established that the stresses that occur in the
shoe exceed the permissible ones. To test the proposed mathematical
apparatus, a computer simulation of the strength of the brake shoe
was carried out. In this case, the finite element method, which is
implemented in SolidWorks Simulation, was used. The difference be-
tween the results obtained by mathematical modeling and computer
simulation was 5.7 %.

A feature of the research results is that they make it possible to
determine the moment of resistance, and accordingly, the stresses
that act in the shoe along its length. This will make it possible to
design its fundamentally new structure at the subsequent stages.

The field of practical application of the reported results is the en-
gineering industry, in particular, railroad transport. The conditions
for the practical application of the research results are to ensure the
strength of the shoe during braking of the rolling stock in operation.

The study will contribute to advancements in improving the
reliability of the braking systems of bogies, as well as ensuring the
manufacturability and maintainability in the construction, opera-
tion, and repair of the components of the mechanical part of brakes
for the new generation freight cars.

Keywords: freight car, brake shoe of a car, stressed state of the
shoe, transport mechanics, traffic safety.
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This study reports the results of experiments comparing the effect
of structural reinforcement for timber beams strengthened with differ-
ent carbon composite materials. Samples of one series were strength-
ened by gluing a carbon fiber plate from the outside to the face of the
beam. The samples of the other series were strengthened by laterally
gluing two carbon fiber rods inside the beam.

According to the bending research program, the ultimate loads and
deflections were determined for both series. As a result of the analysis of
the results and comparison with unreinforced samples from the control
series, the effect of beam reinforcement and the model of their destruc-
tion were determined. Studies have shown that the effect of external
reinforcement with a plate was 86.7 % according to the criterion of full
failure load, 20.5 % according to the criterion of ultimate load, 13.4 %
according to the criterion of ultimate deflection. The effect of rod rein-
forcement was 48.6 %, 18.6 %, and 4.1 %, respectively. The theoretical
analysis of the results showed a convergence of up to 8.2 % with the
experimental results.

External reinforcement with a plate compared to lateral gluing of
rods showed better results due to the placement of the plate in the zone
of maximum tensile stresses. This arrangement more effectively limited
the spread of ultimate stresses and the development of cracks.

The reinforcement parameters of the samples (materials, placement,
percentage of reinforcement) were selected under the condition of the
same theoretically predicted bearing capacity after reinforcement. How-
ever, comparative experimental studies have revealed differences in the
processes of deformation and destruction of reinforced beams.

The results will contribute to making rational project decisions and
for choosing a relevant technique of strengthening timber beams with
carbon composite materials.

Keywords: carbon composite materials, flexural strength, stiff-
ness, reinforcement efficiency, timber beams.
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This paper considers a thin-walled steel beam-wall with broken

edges, which is part of many structures. The wall of this beam con-
sists of two prismatic parts with a straight transition from a lower
wall height to a higher one, forming a broken upper edge together
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with the edges of the prismatic parts. The bottom straight edge of
the wall is attached to the cladding.

The beam-wall is affected by static and cyclic nominal loads,
which can cause the appearance of elastic-plastic deformations in
the stress concentrator. This causes non-fulfillment of static strength
and the appearance and growth of fatigue cracks.

In the current work, procedures of design and verification cal-
culation of a steel beam-wall with fractured edges at elastic static
and cyclic elastic-plastic deformation in the stress concentrator are
proposed. The material of the beam is ideal elastic-plastic.

Features of the procedures are the possibility of optimal design
under conditions of elastic and elastic-plastic deformation, using
dependences only for optimal elastic design. A distinctive signature
of the procedures is that, through Neiber’s formula, elastic-plastic
characteristics are not determined by known elastic ones, as usual,
but vice versa. According to the established dependences for cyclic
elastic-plastic deformations in the concentrator, the theoretical con-
centration coefficient is determined, which, in turn, is involved in
determining the optimal geometric parameters.

The procedures give reliable results with nominal symmetrical
cyclic loads up to 0.6 of the yield strength. This is because Naber’s
formula always yields conservative results, causing excess strength.

The procedures can be applied separately for stretching-com-
pression and bending, and with their combined action.

Keywords: beam-wall, broken edge, optimal design, low-cycle
fatigue life, cyclic elastic-plastic deformations.
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This paper considers the deformation process of a typical section of a
steel trunk pipeline with a defective zone, strengthened with a carbon fi-
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ber composite lining, under the influence of stationary internal pressure.
Defects in the form of thinning of the pipe thickness and cracks were
investigated. The stressed-strained state of the structure at critical pres-
sure was analyzed. The thickness of the composite lining was determined,
at which the bandage compensates for the effect of internal pressure on
the damaged section of the pipeline. Research was carried out numeri-
cally based on finite element modeling in the ANSY'S software package.

When studying the stressed-strained state of a pipe with a defect
of an arbitrary complex shape under the influence of critical pressure,
a compensating value was obtained. The result showed that a carbon
fiber lining with a thickness of 17 % of the rated thickness of the pipe
could completely compensate for the effects of internal pressure in the
defect area. In this case, the stresses in the carbon fiber lining were close
to minimal. When studying the stressed-strained state of a pipe with a
large crack of arbitrary shape at critical pressure, a compensating value
was also obtained.

It has been established that to compensate for the concentration of
internal pressure in the crack zone, the thickness of the composite lining
should be at the level of 34 % of the rated thickness of the pipe. In this
case, the deformation of the steel pipe in the area of the crack occurs in
the elastic region. The exception is the crack tips, where plastic deforma-
tions are observed, and stresses arise up to 93 % of the ultimate strength
of the pipe steel. At the same time, the stresses in the carbon fiber lining
remain close to minimal. Thus, it is recommended to use carbon fiber
linings with a thickness of 17 % or more of the rated pipe thickness to
bandage damage constituting up to 75 % of the thickness of a steel pipe.
To bandage cracks, it is recommended to use carbon fiber linings with a
thickness of at least 34 % of the rated pipe thickness.

Keywords: steel pipeline, pipe reinforcement, carbon fiber rein-
forced plastic bandage, finite element analysis.
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The object of research is the fire resistance of reinforced con-
crete ribbed slabs. The subject of research is the effect of the level
of mechanical load on the fire resistance of the studied reinforced
concrete ribbed slab under the influence of fire. Currently, the as-
sessment of the fire resistance of such structures using the tabular
method is significantly limited by certain geometric parameters
of these plates. It is also not considered possible to apply the zone
method, since reinforced concrete ribbed slabs consist of compo-
nents that receive thermal effects according to various scenarios
and geometric parameters, which is not taken into account in
Eurocode 2.

Experimental calculations carried out in the current work us-
ing a refined procedure involving the finite element method allow
solving the actual scientific and technical problem related to the
determination of the dependence of the fire resistance of these
structures on the level of load applied.

The calculation of the temperature spread over a reinforced
concrete ribbed slab under the influence of the standard tempera-
ture regime of fire was carried out using convection and radiant
heat exchange, which is recommended by Eurocode 2. The it-
erative implicit Newton-Raphson method was used to solve the
mechanical problem. Evaluation of fire resistance of reinforced
concrete ribbed slabs was carried out according to the onset of
signs of the limit state of fire resistance due to the loss of load-
bearing capacity. According to the results, it was established
that at 100 % load level of the structure under investigation, the
critical deflection of more than 268 mm and the rate of growth of
deformation exceeding 18 mm/min were recorded simultaneously
on minute 43.9.

According to the results of the research, the regularity of the
limit of fire resistance of reinforced concrete ribbed slabs from
the level of the applied mechanical load was established. This
will make it possible to design and build buildings and structures
using the specified building structures with guaranteed fire resis-
tance classes, which improves the level of safety for people at the
facilities.

Keywords: reinforced concrete ribbed slabs, fire resistance,
iterative Newton-Raphson method, finite element method.
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This paper investigates a process of gas flow in the resonant tube of
an engine with a periodic workflow. Analysis of various flow models and
comparison of known data have shown that the problems of construct-
ing closed 0-dimensional models of the operating cycle for some types
of engines remain unresolved. Given this, the question arises about the
dimensionality of models of individual engine elements, including the
resonant pipe model, which must be included in the general model of the
cycle, especially at the initial stage of its development.

To solve the identified problems, a mathematical model of air flow
has been improved, built on the basis of an analogy with a “liquid”
piston. Unlike existing ones, the piston analogy model allows one to
calculate the instantaneous velocity averaged over the length of the
pipe using a numerical solution of the differential equation for velocity.

To test the model built, an alternative finite-difference 1-di-
mensional gas-dynamic model was selected, with the help of which
a test simulation of air flow in a pipe was performed. It has been
established that the piston model allows one to find the flow veloc-
ity with an accuracy of 5 % for a pressure drop varying according to
a sinusoidal law. The permissible limits for changes in the oscillation
frequency and pipe length were found, at which the piston model has
a minimum error.

Based on the results of the study, it was concluded that with a
small mass and inertia of the liquid piston, the proposed model gives
results close to those provided by more complex models with higher
dimensionality. This indicates the possibility of using a piston model
for elements such as pipes as part of a 0-dimensional thermodynamic
model of engines with a periodic operating process as an approximate
alternative to traditional 1-dimensional flow models.

Keywords: pulse jet engine, resonant tube, flow modeling, “lig-
uid” piston method, piston analogy.
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Screw conveyors are used to move bulk materials vertically up-
wards, horizontally, and at an angle to the horizon. The processes that
take place when particles are moved by a screw conveyor in vertical and
horizontal directions have been studied. There is a significant difference
between them: for transportation in the vertical direction, the necessary
conditions must be ensured (sufficient angular speed of rotation of the
screw), and for horizontal transportation, the movement of the particle
occurs at any angular speed of rotation of the screw. Therefore, when
changing the inclination of the axis of the screw, there comes a moment
when transportation becomes possible, while it was impossible in the
vertical direction.

This paper considers the movement of a particle under the condi-
tion that it simultaneously contacts two surfaces: the moving surface of
the screw and the stationary surface of the cylindrical casing in which
the screw rotates. Their common line along which the particle slides is
a helical line — the periphery of the screw. The particle slides along the
helical line of the rotating screw, i.e., it is in relative motion with respect
to it. At the same time, it slides along the surface of the casing, relative
to which it is in absolute motion. The trajectory of the particle’s absolute
motion is its sliding track on the casing surface.

When constructing differential equations of the relative motion of
particles, the forces applied to the particle were taken into account. The
initial position was taken to be the vertical direction of the screw to
transport the particle upwards. If an auger in a cylindrical casing is tilted
from the vertical direction to a certain angle, then all applied forces
(except the force of weight) will also tilt to this angle. On the basis of
this, generalized differential equations of the relative motion of a particle
during its transportation by an inclined screw were built. They made it
possible to derive a generalized mathematical model of the movement of
a particle by an inclined screw that rotates inside a fixed casing.

Keywords: force applied to a particle, differential equations of mo-
tion, cylindrical casing, angle of inclination of the screw.
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A study of a model of a discrete-continuous type of impactor in the
energy transfer phase during the impact of a striker and a tool is present-
ed. The device is used to destroy rocks, in construction equipment, and
in the oil industry. In the mathematical model, the tool is represented by
a rod with a variable profile, and the striker is a discrete element with
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a consolidated mass. The presence of rigid and dissipative connections
models the impact interaction. The motion of the interacting elements of
the impactor is described by a system of differential equations linked by
boundary and initial conditions. The model allows determining the pa-
rameters of influence on the characteristic of the shock pulse at variable
resistance of the working medium. The force of impact of a discrete ele-
ment and the contact end of the rod is represented as a power law depen-
dent on the difference in displacements of the contacting elements. The
finite difference method is used to solve the initial boundary value prob-
lem. The parameters of the difference scheme were determined through
modelling problems and were as follows: time step (1,..,5)-107s;
length step — (0.1...0.3) of the tool length, and for the mixed scheme —
within 0.5...0.8. Tt was found that the time of striker-to-tool co-impact,
depending on the stiffness coefficient, was 200...300 ps. With aload of up
to 90 kN in the time range of 0...4 ms, the normal stresses in the tool sec-
tions at different times were 200...250 MPa. The combination of discrete
and continuous elements simplifies the calculation scheme. It allows to
determine the distribution of force characteristics in the cross-sections
of the tool, the force and time of impact, and the influence of the work-
ing environment on these parameters. The developed model can be used
to design impactors and optimize their parameters.

Keywords: impact device, discrete-continuous model, co-impact
force, boundary conditions, dissipative resistance.
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This paper focuses on the design and evaluation of hollow frame
structures for the development of two-passenger electric vehicles
targeted for urban use. The primary problem addressed is the lack
of focused research on efficient, lightweight, and safe electric ve-
hicle frame designs, particularly for urban transportation needs.
Through 3D simulation and Finite Element Analysis (FEA), this
paper successfully develops a hollow frame design with dimensions of
2,148x800x640 mm and a weight of 40.77 kg that meets strength and
stiffness criteria. The analysis shows that the design has an adequate
safety margin with a safety factor of 2.053e+01. ASTM A36 steel is
chosen as the material, balancing strength, stiffness, and cost. The re-
sults offer an innovative and practical solution to urban transportation
issues, with broad potential applications in the electric vehicle indus-
try. In particular, this study focuses on the specialized needs of urban-
centric, two-passenger electric vehicles. The Finite Element Analysis
(FEA) used here serves as a robust validation method, effectively
reducing the need for extensive physical testing. This accelerates the
R&D process and opens possibilities for future studies on alternative



materials and dynamic loading conditions. The study’s limitations and
future research directions are also discussed. Moreover, the study’s
computational methods offer an eco-friendly alternative to traditional
physical prototypes. This aligns with sustainability goals and provides
methodologies for future studies. With rising urban populations, the
demand for efficient vehicles is increasing. This study paves the way
for city-focused, two-passenger electric cars that meet modern urban
needs and sustainability goals.

Keywords: electric vehicles, hollow frame structures, urban trans-

portation.
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The problem found in many rigid pavement concrete slabs is the
occurrence of cracks. Research on the width of cracks in rigid pavement
due to the influence of reinforcement ratio is necessary because the stiff-
ness and strength of concrete slabs are related to slab thickness, concrete
quality, reinforcing steel quality and reinforcement numbers. This study
aims to determine the cracking behavior of rigid pavements subjected
to monotonic static line loads due to variations in reinforcement ratio
experimentally. Specimens tested in the laboratory were 2x0.6x0.2 m
concrete slabs placed on 30 ¢cm thick soil with 6% CBR value as a
support. The variation of reinforcement ratio was p=0.004; p=0.007;
p=0.01; p=0.02. Concrete quality ;=30 MPa, steel quality f,=580 MPa.
The results shows at small reinforcement ratios the results are close to
the average crack width of the formula from the regulations and at large
reinforcement ratios the results are further away from the average crack
width based on the formula in the regulations. The largest crack width
observed in this study occurred in rigid pavement with a reinforcement
ratio of p=0.004, under a load of 210 KN, resulting in a crack width
0f 0.519 mm. It was found that the relationship between crack width
and the reinforcement ratio follows a linear equation across all varia-
tions. The research also revealed variations in crack width between ex-
periments conducted under different design codes, with results closely
aligning with the average crack width determined by rule-based formu-
las, especially for a small reinforcement ratio (p=0.004). Conversely, for
a larger reinforcement ratio (p=0.01), the results deviated further from
the crack width predicted by the code-based formula.

Keywords: reinforcement ratio, cracking behavior, crack width,
rigid pavement, concrete, load.
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BUABJEHHS BIININBY HEPIBHOMIPHOI'O HABAHTAKEHHA TAJIbMOBOT O BAIIIMAKA BI3SKA
BAHTAKHOT'O BATOHA HA f10TO MIIHICTb (c. 6-13)

C. B. Ilanuenxo, A. O. JIoBcbka, B. I'. PaBmok, A. O. Bagenko, O. B. /lepeBsinuyk, O. B. Kaposa, 51. B. /lepeB’ssHuyk

OG6’€KTOM JOCIIZKEHHS € TPOIECH BUHUKHEHHST, CIIPUITHATTS Ta TIePEePO3IIO/ILY HABAHTAKEHb B TATbMOBOMY OAllIMaKy Bi3Ka BAHTaKHOTO
BaroHa Iij yac rajabMmyBanHst. [[yis1 3abe3nederns 6e3neky pyxy BaHTKHUX BarOHIB BUKOHAHO TOCITIKEHHsT HEPIBHOMIPHOTO HaBaHTaKEHHS
Gaimaka Biska moaesi 18—100 sanTaxnoro sarona. C(hopMoBaHO MaTeMaTHYHUIT allapat A/ BUSHAYEHHS MIIIHOCTI raJlbMOBOTO GaniMaka 3
ypaxyBaHHsIM HePiBHOMIPHOTO HaBaHTasKEHHsI, 1[0 TEPEAAETHCS Ha HBOTO BiJl TaJbMOBOI KOJIOAKHU. [IpH 1IboMy TaqbMOBHiT OalliMak po3rJisi-
HYTO y BUIJISIII paMK 31 3MIHHOIO KOPCTKiCTIO. BeTaHoBeHo, 110 HAIPysKEeHHs, SIKi BAHUKAIOTH y OaliMaKy, IepeBHILyoTh AomycTumi. s
arpodaltii 3aIpoIIOHOBAHOT0 MATEMATUIHOTO AlapaTy 3[1HCHEHO KOMIT'IOTePHE MOJEIIOBAHHS MII[HOCTI TaJbMOBOTO Oarimaka. [Ipu mbomy
3aCTOCOBAHO METOJI CKIHYEHUX eJIeMEHTIB, sikuii peanizosato y SolidWorks Simulation. Pos6ikHicTb Mixk pesyJibraTaMu, OTPUMaHUMU MaTe-
MaTUYHUM Ta KOMIT'IOTEPHUM MOJIEJIIOBAaHHAM CKJasa 5,7 %.

OcobIUBICTIO OTPUMAHUX Y PaMKaX JOCJI/UKEHHS PE3YJIBTaTiB € Te, 10 BOHU J03BOJISIIOTh BU3HAYUTH MOMEHT OIOPY, a BIAMOBIIHO i Ha-
NPy KEHHs, AKi AI0Th y GaniMaky 3a Horo 10BxKUHOI0. 11e 103BOMUTD Ha MOC/IYI0UYNX eTaliaX CTBOPUTH MPUHIIUIIOBO HOBY HOT0 KOHCTPYKIIIO.

Ccheporio mpakTHIHOTO 3aCTOCYBAHHS OTPUMAHKMX PE3YJIBTATIB € MANTMHOOYIIBHA TaIy3b, 30KPEMa, 3aJI3HUYHUIT TPAHCTIOPT. YMOBAMU
MPAKTUYHOTO 3aCTOCYBAHHS PE3YJILTATIB AOCTIIKEHHs € 3a0e3edeHHss MIIIHOCTI GaliMaKa TIijl yac raJbMyBaHHS PYXOMOTO CKJIaly B €KC-
IIyaTaiii.

ITpoBe/eHi MOCTiKEHHsT CIPUATHMYTH CTBOPEHHIO HAMPAIIOBAHD MO0 MiBUINEHHS HaAIHOCTI POOOTH raJlbMOBMX CHCTEM BI3KiB, a
TaKOXK 3a0€3MeYeHHsT TEXHOTOTTYHOCTI i PEeMOHTONPUAATHOCTI IPU BUTOTOBJICHHI, eKCITyaTallii Ta PeMOHTI CKJIaI0BUX MEXaHIYHOI YaCcTHHU
raJyibM BaHTaKHUX BaroHiB HOBOTO TIOKOJTIHHSL.

KouoBi ciioBa: BaHTasKHUI Baro, TaibMOBHii GaliMak Barota, Halpy KeHuil cran OalmMaka, TPAHCIIOPTHA MeXaHiKa, yOesIeueHHs pyxy.
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IMOPIBHSAHHS EOEKTUBHOCTI IIIJICUJIEHHA AEPEB’THIX BAJIOK APMOBAHUX BYIVIEHEBUMU
KOMIIO3UTHHUMU CTEPKHSAMMU TA IVIACTUHAMM (c. 14-22)

C. C. byia, A. b. ITexex

JTOCTIIPKEHHST OMICYE PE3yJIBTaTH €KCIIEPUMEHTIB 3 MOPIBHAHHS eeKTy KOHCTPYKIIHHOTO TACUIEHHS /IS IePEB’THUX OasIoK, 1o OyIu
Mi/ICUITEH] PI3HUMU BYTJIEIIEBIMU KOMIIO3UTHIMU MaTepiasaMi. 3pa3ku OfHi€l cepii MiCHIIoBaIICh MITXOM HAKJIEIOBAHHS 330BHI Ha TPaHb
GaJIK1 BYTJIEIIEBOBOJIOKOHHOI TJIACTUHU. 3Pa3Ku 1HIIOT cepii MiACHIIOBATINCD HIJISIXOM 6OKOBOI0 BKJICIOBAHHS BCEPEUHY 6GaJIK1 ZIBOX ByILJIE-
1[eBOBOJIOKOHHNX CTEPIKHiB.

3a Mporpamoro I0CiKEHD Ha 3riH GyJI0 BUSHAYEHO IPaHIYHI HABAHTAKEHHS Ta IPOTUHU [U1st 000X cepiil. B pesyJibrati aHasisy pe3yJisraTiB
i TOPIBHAHHS i3 HETICUJIEHNME 3Pa3KaMu i3 KOHTPOJIBHOI cepii Oys10 BusHaueHo eheKT MiacuIeHHs GaoK Ta MOJeNTh iX pyiiHyBaHHsL. Jlocsi-
JDKEHHST TIOKa3aJIH, 10 eeKT 30BHINIHBOTO MiJICHIIEHHS TITACTHHOIO CKIaB 86.7 % 3a KpUTepieM MOBHOTO pyiiHiBHOTO HaBaHTaxkeHs, 20.5 % 3a
KPUTEPIEM IPaHMYHOTO HaBaHTaKeHHs1, 13.4 % 3a kpurepiem rpanuyHoro nporuny. Edexr migcuienns crepskasimu ckias 48,6 %, 18,6 % ta 4,1 %
BimmosizaHo. TeopeTHYHNIT aHATI3 OTPUMAHIX PE3YIIBTATIB TOKa3aB 301KHICTh /10 8,2 % i3 eKCIIepUMeHTATbHUMI Pe3yIbTaTaMI.

30BHIIIHE MiICUIEHHST TUIACTHHOIO B MOPIBHsIHHI 3 GOKOBUM BKJICIOBAHHSIM CTEP/KHIB MTOKA3aJI0 KPAIIl PE3YJIBTaTH 3aBISKU PO3MIIIEHHIO
IUIACTMHY B 30HI MAKCUMAJIbHUX PO3TATYBAJTBHUX HANpysKeHb. Take poamimienHst eeKTuBHIiMme 00MeKYBAIO TOIMMPEHHST TPAHUYHUX HAIIPY-
’KEHb Ta PO3BUTOK TPIIIIH.

[Tapamerpu apMyBaHHs 3pa3KkiB (MaTepiaau, pO3MIlIEHHS, BI/ICOTOK apMyBaHHs) MIOUPAINCS 3 YMOBH OJIHAKOBOI TEOPETHYHO TIPOrHO30-
BaHOI HEeCY40i 3aTHOCTI Ticys mificuiaeHus. [IpoTe, mpoBesieri TOPiBHSUIBHI €KCTIePUMEHTATbHI IOCTIPKEHHST BUSIBIJIN BiIMiHHOCTI Y TIpoIiecax
nedbopMyBaHHsI Ta PyiTHYBaHHSI THCHIEHNX GAJIOK.

OtTpuMaHi pe3ysibraTi CHPUSATUMYTH TIPUHHATTIO PAIiOHAIBHUX IPOEKTHUX PillleHb Ta BUOOPI PEJEBAHTHOTO CIIOCOOY IMiICHIICHHS]
JIepeB’STHIX GAJIOK BYTJIEIIEBUMU KOMIIO3UTHIMI MaTepialaMil.

Komoyosi cioBa: ByriielieBi KOMIIO3UTHI MaTepiaii, 3rMHAIbHA MIIHICTb, JKOPCTKICTh, €(heKTUBHICTD ITi/ICUIICHHS, JIepeB’stHi BasKu.
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PO3POBKA METOAUK ITPOCKTYBAJIbHOI'O TA IIEPEBIPOYHOT'O PO3PAXYHKIB BAJIKHN-CTIHKH 31
3JJAMOM KPOMOK ITPU CTATUYHOMY TA IUKJIITYHOMY HABAHTAKEHHI (c. 23-33)

B. M. Cokos, JI. I. Kopoctiisos, O. B. llleaponoces, I'. B. Illapyn, C. 0. Kmumenkos

JloCIIZKYEThCSI TOHKOCTIHHA cTasibHa GaKa-CTiHKa 31 3JTaMOM KPOMOK, sIKa BXOAUTD JI0 CKJIaly 6araTboxX KoHCTpyKiiil. Crinka riei 6anku
CKJIAJIAETHCA 3 IBOX TIPUSMATUYHUX YACTUH 3 IPAMOJIHIHHUM TI€PEXOI0M Bijl MEHIIIOI BUCOTH CTIHKH /10 OIJIBINOI, YTBOPIOIOUH PA30M 3 KPOM-
KaMU IPU3MATHYHIX YaCTHH JaMaHy BEPXHIO KPOMKY. HIDKHBOIO MPSIMOJTIHITHOIO KPOMKOIO CTiHKA KPITTUTHCST 10 OOIIUBKIL.

Basnka-crinka 3a3Ha€ BIUIMBY CTAaTHYHUX Ta IMKJIIYHUX HOMIHAJIBHUX HAaBAaHTaKEHDb, SIKi MOXKYTb CIIPUYNHIOBATH TIOSIBY IIPY>KHO-TLJIACTHY-
HUX slepopMaliiii @ KOHIEHTPaTOPi HANPY>KeHb. 1le CIPUYMHIOE HEBUKOHAHHS CTATUYHOI MIiITHOCTI Ta BAHUKHEHHIO i POCTY BTOMHUX TPIill[IH.




B npezcrasieHiit po6oTi 3apOOHOBaHI METOMKH TPOEKTYBAIBHOTO T MEPEBIPOYHOTO PO3PAXYHKY CTAIEBOI GAIKHU-CTIHKY 31 3J1aMOM
KPOMOK TIPH TPY’KHOMY CTaTHYHOMY Ta IHKJIIYHOMY MPYKHO-IUIACTHYHOMY Ae(hOpMyBaHHi B KOHIIEHTPATOPI HAaNpysKeHb. Matepian 6aiku
i1ealbHUI TIPYKHO-TIJIACTUYHUIM.

Oco0JIMBOCTSIMU METOAMK € MOJKJIMBICTD ONTUMATBHOTO MPOEKTYBAHHS B YMOBAX TPY/KHOTO Ta MPYKHO-TUIACTUYIHOTO J1e(hOPMYBaHHS,
BUKOPUCTOBYIOUYH 3aJIEXKHOCTI TiJIBKY JIJIST OIITUMAJIBHOTO NIPY’KHOTO IMPOEKTYBAaHH:A. BifMiHHOIO prcoo METOINK € Te, 110 Yepe3 (hopmyy
Heiibepa BUBHAYAIOTHCS HE NPYKHO-TIIACTHYHI XapaKTEPUCTUKHU 32 BIIOMUMU MPY;KHUMU, SIK 3a3BUYAil, 2 HABIAKU. 32 PO3POOIECHUMU 3aJ1€K-
HOCTSIMHU JIJIST ITUKJITYHUX TPY>KHO-TIIIACTUIHUX lehopMaliiii B KOHIIEHTPATOPi BU3HAYAETHCS TEOPETUUHNI KoedillieHT KOHIeHTpaItii, SKuii, B
CBOIO Yepry, 3a/lisIHUIl y BU3HAUEHH] OITUMAJIbHUX FeOMETPUYHUX T1apaMeTpax.

MeToanky gaioTh Ha/IHI Pe3yJIbTaTH TPH HOMIHATBHUX CHMETPUYHUX IUKJIIYHIX HaBaHTKeHHAX 710 0,6 Bix rpanuti numaHOCTI. Le
MOSICHIOETBCS THM, 1110 hopmyia HeiiGepa mae 3aBkn KOHCEPBATUBHI PE3yJIGTATH, CIPIYUHIOIYH HATUIIKOBY MIllHICTb.

MeToanku MOKyTb OyTH 3aCTOCOBAHI OKPEMO JIUIsI PO3TATY-CTHCKY 1 3THHY, i pu iX cyMmicHiil il

KiouoBi croBa: 6anka-CcTiHKa, 371aM KPOMOK, OIITHMAaJIbHe POEKTYBAHHST, MATOIIKJIOBA BTOMHA IOBTOBIUHICTD, IIUKJIIYHI ITPY/KHO-TI/IAC-
TuvHi gedopmarrii.
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OCOBJIMBOCTI JE®OPMYBAHHS MATICTPAJIBHUX TPYBOIIPOBOAIB 13 KOMIIO3NUTHUMMI
HARJAIKAMHA ITPU CTATUYHUX HABAHTAKEHHAX (c. 34-42)

Arman Moldagaliyev, Nurlan Zhangabay, Ulanbator Suleimenov, Konstantin Avramov, Talzhan Raimberdiyev, Maryna Chernobryvko,
Altynsary Umbitaliyev, Atogali Jumabayev, Shairbek Yeshimbetov

Posrisinaerbest mpoiiec eopMyBaHHsT TUIIOBOI JJITHKU CTAJIEBOTO MariCTPaJbHOro Tpy6OrnpoBoay 3 AeheKTHOI 30HOW, 3MIilIHEHO
KOMITO3UTHOIO HAKJIA/IKOIO 3 BYTJIEIUIACTUKY IIi/l /II€I0 CTAIlIOHAPHOTO BHYTPINIHBOTO THCKY. JLOCITiKYI0ThCS 1eheKTH Y BUIISI/I TOTOHAHHS
TOBIIMHU TPYOHU Ta TPIIIHI. AHATIZYETHCST HATIPYKEHO eDOPMOBAHHUIT CTaH KOHCTPYKILI TIPU KPUTHIHOMY THCKY. Bi3HAYa€ThCS TOBIIMHA
KOMIO3UTHOI HAaKJIAAKH, KON OaHmaxK KOMIIEHCY€ BILJIUB BHYTPIIIHBOIO TUCKY HA IOMIKOJKEHIH i pr60uposouy. JlocumijpkeHHs mpo-
BOZISITHCS YMCETBHO HA OCHOBI KiHIIEBO-€JIEMEHTHOTO MOZIETIOBAHHS y ITporpaMHoMy KoMmiaekci ANSYS.

[Ipu gociasKeHHi HanpyKeHo-1eGOpMOBaHOTO cTaHy TPyOu 3 e(eKTOM AOBITLHOT CKIaAHOT (hOPMU Tl AI€I0 KPUTUYHOTO TUCKY OTPU-
MaHO KOMIIEHCYIOU€e 3HaUeHHsI. Pe3yJIbTaT II0Ka3aB, 10 HAKJIA/Ka 3 BYIJIEIIACTUKY 3aBTOBIIKK Ha PiBHI 17 % Biz HOMiHaIBHOT TOBIMHM TPYOU
JI03BOJISIE TIOBHICTIO KOMIIEHCYBATH BILIMB BHYTPINIIHBOTO THCKY B 30Hi fedexty. IIpn 1boMy HalpyTH y HAKJIAAI 3 BYTJIETIACTHKY OJII3bKI 10
MinimManbHuX. [Tpy 10CIIIZKEHH] HAPYsKEHO 1eOPMOBAHOTO CTaHy TPYOU 3 BEJIMKOI TPIIMHOK JOBUIBHOI (DOPMU IPU KPUTUYHOMY THCKY
TaKOK OTPUMAHO KOMIIEHCYIOue 3HAYCHHS.

BceranoBiieHo, 110 /U1t KOMIIEHCAllil KOHIIEHTPAIlil BIUIMBY BHYTPIIIHBOTO TUCKY B 30HI TPIlI[HM TOBIIMHA KOMIIO3UTHOI HAKJIAJKH IO-
BunHa OyTH Ha piBHI 34 % Bix HOMiHAMBHOI TOBIMHY TPYOU. [Ipu 1BOMY AehOPMYBaHHS CTaIeBoOl TpyOU B pailoHi TpimmHM BinOyBacThCs
y TIPY’KHiN AiTstHIl. BUHATOK CTAaHOBJISITD BEPIIMHU TPILIMHHM, /i€ CIIOCTEPIraloThest TiacTuyi gedopmartii Ta BUHUKAIOTH HATIPYTH 10 93 %
MeJKi MIIHOCTI cTaJjii pr6y1. IIpu nboMy HaIpyTu B HaKJaJAll 3 BYIJIEIJIACTUKY 3aIMIIAIOTLCS 6IM3bKUMU 10 MiHIMAJAbHUX. TAKUM YMHOM,
PEKOMEHIOBAHO BUKOPICTOBYBATH /TSI GAHAAKYBAHHS MONTKO/KEHD, [0 CTAHOBJSTH 10 75 % TOBIIIHI CTaJIeBOI TPYOH, HAKIAIKH 3 ByTIe-
MIACTUKY 3aBTOBIIKY Bi 17 % HOMiHAMBbHOT ToBIMHEM TPYOU. [[iis GaHAaKyBaHHS TPIIIH PEKOMEHIOBAHO BUKOPUCTOBYBATH HAKJIAJIKU i3
BYTJIEIJIACTHKY 3aBTOBIIKY Bift 34 % HOMIHAJIBHOI TOBIIMHU TPYOH.

KiiouoBi caoBa: cranesuii Tpy6onpoBsij, mocuaenus Tpyo, Ganiak i3 ByrJIenIacTuKy, KiHIleBo-eJeMeHTHIIT aHasi3.
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BUABJIEHHSA 3AKOHOMIPHOCTEI ITOBEJAITHKHY 3AJII3OBETOHHOI PEBPUCTOI IIUTH ITPU
MOJKEKI HA OCHOBI BUSHAYEHHS if HAITIPYKEHO-JIE@OPMOBAHOTO CTAHY (c. 43-49)

C. O. Cianeii, A. 1. Bepesoscekuii, C. O. Kacspywm, 1. II. Yacrakonenko

O0’eKTOM IOCITIIKEHDb € BOTHECTIKICTD 3a1i300eTOHHNX peOprcTuX mnt. [IpeMeToM TOCHiIKEHb € BIUIMB PiBHS MEXaHIYHOTO HABAH-
TasKeHHsI Ha BOTHECTIHKICTD AOCIKYBaHOT 3a/1i306€TOHHOT peOPUCTOT TIIMTH TIPK BILIMBI MOKEsKi. 3apa3 MpOBeJeHHs OI[IHIOBAHHST BOTHE-
CTIIKOCTI TAKMX KOHCTPYKILiH 32 IOMOMOTOI0 TaGJINYHOTO METOLY CYTTEBO OOMEKEHO 3a TIEBHIME F€OMETPUYHUMU TIAPAMETPAMU [IUX ILJIHT.
30HHMIT METOT 3aCTOCYBATH TAKOXK He MePea0adaeThCsT MOKIMBIM, OCKIIBKY 3a1i300€ TOHHI PeOPHCTI TIINTH CKIAAAIOTHCS 3 KOMITOHEHTIB, SIKi
OTPUMYIOTH TEILJIOBHI BIUIMB 32 PISHUMH CIIeHaPisIMU Ta TEOMETPUYHIMU I1apaMeTpaMH, 1110 He BpaxoBaHo y €Bpokoi 2.

ExcriepuMeHTaIbHi 0OYMCIEHHST, O MPOBEAeHI B POOOTI i3 BUKOPUCTAHHAM YTOYHEHOTO METOAY 3a JOMOMOTOK) METOMY CKIHYEHMX
€JIEMEHTIB, JJ03BOJISIIOTh PO3B’A3aTH aKTyaJlbHy HAyKOBO-TEXHIYHY MpoOJIeMy, TTOB’sI3aHy i3 BU3HAYECHHSIM 3aJEKHOCTI BOTHECTIHKOCTI 1IHMX
KOHCTPYKIH Bi/f piBHA IIPUKJIA/ICHOIO HABAHTAKEHHS.

P03paxyHOK MONTIPEHHS TEMIIEPATYPH TI0 3aTi300€ TOHHIH peOPHICTIH IIMTH T/ Yac BIVIMBY CTAHAAPTHOTO TEMITEPATYPHOTO PEKIMY TI0-
JKesKi IPOBOMBCS 13 3aCTOCYBAHHSIM KOHBEKIIIITHOTO Ta IIPOMEHKCTOTO TEIIOOOMIHY, 110 peKoMeH0BaHo €BpokozoM 2. [Ipu BupiiieHHi Me-
XaHIYHOI 33/1a4i 3aCTOCOBYBaBCs iTepaniitnuii Hessruil Mmeto Hpiotona — Padcona. OninioBanHst BOrHeCcTiIHKOCTI 3a71i300€ TOHHUX peOPUCTHX
TIJTAT ITPOBO/IAIIOCH 32 HACTAHHSIM O3HAK TPAHIYHOTO CTaHy BOTHECTIHKOCTI 3a BTPATOIO HeCcy4oi 37[aTHOCTI. 3a pe3y/IbTaTaMi BCTAHOBJIEHO, IO
mpu 100 % piBHI HaBaHTaXKEHHS JOCJI/PKYBAHOT KOHCTPYKIT KpUTHUHUIT TIPOTHH 1OHa/ 268 MM Ta MIBU/KICTH HapocTaHHs Jedopmartii — mo-
nazx 18 MmMm/xB 3adikcoBani ogHovacHo Ha 43,9 XB.

3a mijicyMKaMu JI0CKeHb BCTAaHOBJIEHA 3aKOHOMIPHICTh MeKi BOPHECTIHKOCTI 3a/1i306€TOHHNX PEOPUCTHUX TIJIAT Bijl PiBHSA NPUKJIALEHO-
O MeXaHIYHOro HaBaHTaKeHHs. 1le acThb MOKIMBICTD POEKTYBATH Ta OyayBaTi Oy/IiBIi Ta CIIOPY/AY BUKOPUCTOBYIOYN BKasaHi Oy/1iBesibHi
KOHCTPYKIIii 13 rapaHTOBAaHUMU KJIacCaMU BOTHECTIHKOCTI, 110 MBUIILY€E PiBeHb GE3IEKN I Jojieil Ha 00’eKTax.

Ki040Bi coBa: 3a1i300eTOHHI peGPUCTI IMTH, BOTHECTIHKICT, iTepaiiiinuii meTon HptoToHa-PadcoHa, METO/ CKIHUEHUX eJIEMEHTIB.
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BU3HAYEHHA TAPAMETPIB I'A3Y B PEBOHAHCHHX TPYBAX TA KAHAJIAX JIBUT'YHIB 3
MNEPIOANYHUM POBOYUM ITPOITECOM METO/ZIOM IIOPITHEBOI AHAJIOTTII (c. 50-69)

0. E. XpyxneB

JlOCTIIZKYETBCsI TIPOTieC Tevii ra3y B pe3oHaHCHiil TpyOi ABUTYHA 3 TEPIOANYHIM POOOUYMM MPOIlecoM. AHaI3 pisHUX Mozeseil Tedii Ta
MOPIBHAHHS BIZIOMUX JaHUX TTOKA3aJIH, [0 3aIUIIAI0THCA He BUPILIEH] 10 KiHIg mpobaemu 1106yu0314 3aMkHyTHX (-MipHUX MOjeseit pobo-
YOTO IUKJY 7T IeSTKUX THITIB ABUTYHIB. BiAMoBiIHO /10 IbOTO BUHWKAE MUTAHHS TIPO PO3MIPHICTh MOJIeJIell OKPEMUX eJIEMEHTIB [BUTYHIB,

Jlnst po3B'si3aHHs BUSABJIECHUX IPOOJIEM YIOCKOHAJIEHO MATEMATUYHY MOJZIEJIb Teuil ragy, moOyoBaHy Ha (asi aHamoril 3 «piAKMM» TOpII-
meMm. Ha Bizminy Bizl BimoMuX, MOZIeJTh TIOPIITHEBO1 aHAJIOT] I03BOJISIE PO3PAXOBYBATH MUTTEBY IIBU/IKICTD ra3y, OMocepeIKOBAHY 3a T0OBKUHOIO
pr6y1, 3a JIOMOMOTOIO YUCEJIHHOTO PillleHHsT [ndepeHIliaTbHOT0 PIBHSHHS JJIST HIBU/IKOCTI.

Jliist iepeBipKy po3pobIIeHol Mojiesi 06paHo albTepHATUBHY KiHIIEBO-PI3HUIEBY 1-MipHY ra3ofinHaMiqHy MOJIENb, 3a JIOMOMOTOI0 SIKOI
BUKOHAHO TECTOBE MOJIEJIIOBAHHS Teuil moBiTpst B Tpy6i. BeTanoBIeHo, 1110 MOPITHEBA MOJIEND 03BOJISIE 3HANTH MIBUIKICT TeYil 3 TOUHICTIO
10 5 % ISt TIEpenajly TUCKY, 0 3MIiHIOETHCS 32 CHHYCOTIAJIBHUM 3aKOHOM. 3HANIEHO JIOIyCTHMI MeKi 3MiHM YaCTOTH KOJIMBAHb Ta JOBKIUHU
TPYOH, IPH SIKMX TIOPITHEBA MOJIETh MA€ MiHIMAIbHY TOMILIKY MOPIBHSHO 3 1-MipHOIO MOJIEILTIO.

3a pesyJibTaTaMu J0CI/PKeHHS 3p00JIEHO BUCHOBOK y TOMY, 1110 IIpU HeBeJIUKil Maci Ta iHepIil piIkoro IIOPIUIHS IIPOIIOHOBAHA MOJIEJIb A€
pesyJIsTaTi, OJIN3bKI /10 THX, Ki 3a06€31edyI0Th CKJIa/HIII MOjIesi 3 BUIIOI0 po3MipHicTio. Ile Bkasye Ha MOKIIMBICTD 3aCTOCYBAHHST OPITHEBOT
Moziesti esieMenTiB Tuiy TpyO y ckiaai 0-MipHOT TepMOAMHAMIYHOT MOJE/I ABUIYHIB 3 TIEPIOANYHUM POOOYMM TIPOIIECOM SIK Ha HAOIMKEHY
QJIBTEPHATUBY TPAAULINHNM 1-MipHUM MOJIEJISIM Teuil.

Kir04oBi ci10Ba: 1y ibCyiounii IBUTYH, Pe30HAHCHA TPYOa, MOIETIOBAHHSI TeUii, METO «PiZIKOTO» TTOPIIIHSI, TOPIIHEBA AHAJIOTisI.
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PO3POBKA MATEMATUYHOI MOJIEJI NEPEMIIIIEHHA YACTUHKH ITOXWUJIUM ITHEKOM, KU1
OBEPTAETBHCA B HEPYXOMOMY KOJKYCI (c. 60-69)

T. M. Bouina, C. ®@. ITnimnaka, M. B. Kanenuk, C. C. [lenexuikos, B. M. Hecsinowmin, 1. 10. I'pumenxko, 5. O. JlurBuHeHko,
A. C. Bopogaii, [I. C. Bopopaaii, 5I. O. Boponaii

I'BUHTOBI TpaHCHOPTEPH BUKOPUCTOBYIOTBCS JJISA TIEPEMIIEHHS CUIIKUX MaTepiasiB BEPTHKAIbLHO BTOPY, B TOPH30HTAIBHOMY HAIIPSMI,
a TaKOX T/l KyTOM /10 TOPU3OHTY. BUBYUEHUMU € mpoliecH, siki BiGyBalOThCs MPH MEPEMillleHH] YACTUHKY ITHEKOBUM TPAHCIIOPTEPOM Y
BEPTHKAJIBHOMY | TOPU3OHTAIBHOMY HanpsiMaX. Mik HUMU € CyTTEBA PI3HUIISL: U TPAHCIIOPTYBAHHSI Y BEPTUKATLHOMY HAIPSAMI MOTPIOHO
3abe3neunTn HeOOXIiZHI YMOBHU (JIOCTATHIO KYTOBY IIBUIKICTh OOEPTAHHS TITHEKA), & P FOPU30HTAIBHOMY TPAHCIIOPTYBAHHI MepeMillieHHs
YACTHHKY BiOYBa€ThCs Ipu Oyab-sIKiii KyTOBIll mBUAKOCTI 0bepTanHs mHeka. OTke, MPU 3MiHI HAXUITY OCI IITHEKA HACTYNIAE MOMEHT, KOJIN
TPAHCIOPTYBAHHSI CTAE MOKJIMBUM, TOJIi SIK BOHO OYJI0 HEMOKJIMBIUM Y BEPTHKATBHOMY HATIPSIMi.

Y craTTi PO3IJISIHYTO PyX YACTHMHKM 3a YMOBH, 1[0 BOHA OJIHOYACHO KOHTAKTY€E 3 /[BOMA [IOBEPXHSMU: PYXOMOIO IIOBEPXHEIO IITHEKa i
HEpyXOMOTo MOBEPXHelo IHHAPUIHOTO KOKyXa, ¥ AKOMY 06epTacThes IIHeK. 1X crimbHolo Jiniero, Mo fKii KoB3ac YacTHHKA, € TBHHTOBA
Jinist — nepudepis mueka. YacturHka KoB3ae 110 TBUHTOBII JIiHii MTHEKa, AKUl 06epTaeThest, TOOTO MO BIIHOMEHHIO /10 HbOTO BOHA TepedyBae
y BigHOCHOMY pyci. OHOYACHO BOHA KOB3a€ i 10 MOBEPXHI KOKYXa, [0 BITHOIIEHHIO /10 SIKOTO BOHA MepedyBae B abcomoTHOMY pyci. Tpaek-
TOpi€r0 aBCOMOTHOTO PYXY YaCTHHKH € il CJIi/l KOB3aHHS Ha MOBEPXHI KOJKYXa.

IIpu ckiasanni qudepeniialbHIX PiBHSHD BIITHOCHOTO PyXY YaCTMHKU BPAXOBYBAJIMCS IPUKJIAJEH] 0 YaCTUHKU CUJIN. 3a 110YaTKOBE
TOJTOKEHHST 6yJI0 TIPUIHATO BEPTHKATIBHUI HAMIPSIM ITHEKA JIST TPAHCTIOPTYBAHHS YACTHHKN Bropy. SIKIIO MIHEK Y NI HAPUTIHOMY KOXYC
HAXWJIATH Bijl BEPTUKAJILHOTO HANPSAMY Ha NEBHUI KyT, TO i Bei Npukageni cum (OKpiM CHIIM Barn) Tesk OyAyTh HAXUJISATHCS Ha 1eil KyT.
Ha ocHOBI 11bOTO CKJTajieHO y3araJbHeHHi indepeHIialbHi pIBHSIHHS Bi/IHOCHOTO PyXy YaCTUHKH IIPH 1i TPAHCIIOPTYBAHHS HOXUJIUM IITHEKOM.
Bonu rasmin MOKIIMBICTD OTPIMATH Y3aralbHEHY MATEMATHYHY MOJIE/Tb TTEPEMITIEHHS YACTHHKI TIOXUJIIM ITHEKOM, SIKIH 06€pTaEThCsI Beepe-
JIMHI HEPYXOMOTI'0 KOXKyXa.

KmoyoBi cioBa: puKIazieri 10 9aCTHHKY CUIH, AndepeHtiaabii piBHAHHS PyXy, IUTIHAPIIHIN KOXKYX, KyT HAXWUJIy IITHEKA.
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PO3POBKA JUCKPETHO-BE3IIEPEPBHOI MATEMATHNYHOI MOJEJII YAAPHOTIO ITPUCTPOIO 3
ITAPAMETPAMU BIIVIUBY HA XAPAKTEPUCTUKU YIAPHOTO IMITYJIBCY (c. 70-79)

B. M. Cuinenko, O. M. Caigenko, JI. P. Mapuyk, B. O. Byr

HageeHo MOCHIKEHHST MOJIET IUCKPETHO-0e3MePePBHOTO TUITY YAAPHOrO MPKUCTPOIO B (a3l mepeaadi eneprii npu criByapi 6oiika ta
incrpymenty. [TpucTpiii 3acTOCOBYETBCS ISl PYHHYBaHHST TiPChbKUX TOPi/, y OyAiBebHii TexHili, Ta y HadToBHA00yBHIiT pomucaoBocTi. B
MareMaTUYHii Moesi iHCTPYMEHT NpeACTaBIeHUH CTepKHEM 3MIHHOTO MPodiio, a GOHOK — AUCKPETHUM eJIeMEHTOM i3 3BEIEHOI0 Macoio.
YnapHa B3aeMoiist MOZIETIOETHCST HASIBHICTIO JKOPCTKHX Ta JIMCUIIATUBHUX 3B’513KiB. PyX B3a€MO/IiI04NX €JIeMEHTIB y/[apHOTO PUCTPOIO OIH-
CYETBCS CUCTEMOIO InepeHIliaTbHIX PiBHAHD, TIOB'SI3aHNX KPAallOBUMM Ta TOYaTKOBUMHU yMOBaMH. Mojiesb 103BOJIsI€ BUSHAYNTHI NTapaMeTpn
BILUIMBY Ha XapaKTEPUCTHKY YAAPHOTO IMITyJIbCy TIPU 3MIHHOMY omnopi poGoudoro cepenosuiia. Cuiia criByzapy AUCKPETHOTO €JIEMEHTY Ta
KOHTAKTHOTO TOPIIS CTEPSKHS TIPE/ICTABIeHA Y BUIJIS/II CTETIEHEBOI 3a/IeKHOCTI BiJl PI3HUIN TepeMillleHb KOHTAKTYIOunX ejgeMenTiB. [l Bu-
pillleHHs [10YaTKOBO-KPaIoBOi 3a/1a4i 3aCTOCOBAHO METOJI CKiHYeHHUX Pi3HUIb. [lapamerpu pisHUIIEBOI cXeMM BH3HAYAJINCh 32 JIOIIOMOIO0
MOJIEJIBHUX 3a/1a4 1 CKJIasu: KPoK 3a yacoMm (1, ..., 5)-10-5 ¢; kpok 3a gosxkunoro — (0.1...0.3) Bij JOBKUHU IHCTPYMEHTY,  [7IsT 3MITIIAHOT CXeMU —



B Mexax 0,5...0,8. BeranosiieHo, 1110 yac criByzapy 6oiika Ta iHCTpYyMEHTY, B 3aJIe:KHOCTI Bi KoedirienTa sopcerkocti, cranosus 200...300 MKc.

[Tpu Besmmumni HaBanTaskenHs cuyroro 10 90 kH B wacoBomy aianasoni 0...4 Mc, HOpMaIbHI HAIPY>KEHHS B TTepepizax iHCTPYMEHTY B pisHi MO-

MmentH yacy ckaamn 200...250 MITa. KomGiHatist AUCKPETHOTO Ta HEMIEPEPBHOTO €JIEMEHTIB CIIPOIIYIOTh PO3PAXYHKOBY CXEMY Ta 03BOJSIOTH

BU3HAYUTHN p()3]'[0]'[iﬂ CHUJIOBUX XaPAaKTECPUCTHUK B IIOIIEPCUHUX TTEPETHHAX iHCprMeHTy, cniny iyac cniBy]{apy, BILJIUB pO60‘{OT‘O cepeioBuIla Ha

i mapamerpu. Pozpobsiena Mojes b Moske O6yTH BUKOPUCTaHa IIPK IIPOEKTYBAaHHI yIapHUX TPUCTPOIB Ta ONTHUMI3aILi X apamMeTpis.
Ki040Bi c10Ba: yzapHuii npucTpiii, IMCKpeTHO-6e31epepBHa MOJIeIb, CUJIA CITIBY/IAPY, KPAloBi YMOBH, ANCUMIATUBHUN OIIip.
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ITPOEKTYBAHHS TA OHIHKA IIOPOKHUCTUX PAMHHNX KOHCTPYKIIN J151 PO3SPOBKH MICbKUX
JABOMICHUX EJIEKTPOMOBIJIB (c. 80-86)

Muhammad Hidayat Tullah, Danardono Agus Sumarsono, Iwan Susanto, Fuad Zainuri, Sonki Prasetya, Rahmat Noval,
Sulaksana Permana, Bayu Dwi Aprianto

[lana po6oTa TPUCBAYEHA MPOEKTYBAHHIO Ta OI[HIN MOPOKHUCTHX PAMHHMX KOHCTPYKIil /Ui PO3POOKU JBOMICHHUX €JeKTPOMOGi-
JIiB, TIPUBHAYEHUX JUISI MICHKOTO BUKOpHCTaHHs. OCHOBHOIO MPOGJEMOI0 € BiJICYTHICTH IJIECHPAMOBAHKMX OCTIIKEHb IOA0 PO3POOKU
edeKTUBHUX, JIETKUX Ta Ge3MeYHnX PAMHUX KOHCTPYKINH eIeKTpOMOOiIiB, 0co6IMBO /it MOTPe6 MiCHKOTO TPAHCIIOPTY. 3a JIOMOMOTOM0
3D-MozeIOBaHHS Ta aHaTi3y MeToAoM cKindeHHUX eeMenTiB (FEA) y po6oTi ycmimHo po3pobieHo TOPOKHUCTY PaMHY KOHCTPYKIIIO 3
poamipamu 2148x800x640 mm i Baroio 40,77 KT, 10 BiAATIOBiIa€ KPUTEPISIM MIITHOCTI Ta JKOPCTKOCTI. AHAJII3 TIOKA3YE, 1110 KOHCTPYKILisS Ma€ /10-
craTHill 3anac minHocTi 3 koedinientom sanacy 2,053 e+01. B sxocti matepiany o6pana craab ASTM A36, mo 3abesieuye GaiaHc MilIHOCTI,
JKOPCTKOCTI 1 BaprocTi. OTpuMaHi pe3yJIbraTil IPOMOHYIOTh IHHOBAIHE Ta TIPAKTHYHE PillleHHs ITPOOJIEM MiCHKOTO TPAHCIIOPTY 3 MINPOKUM
MOTEHIANIOM 3aCTOCYBaHHs B 00J1acTi €JIeKTpoMOOLIiB. 30KpeMa, J0CIPKeHHS CIPAMOBaHe Ha ClelializoBati moTpebr MiChbKUX ABOMICHUX
enekTpoMobisiB. BukopuctoByBanuii anasis ckinuenuux enemeHTis (FEA) cayxuth HaliHUM METOZIOM HEPEBIPKH, e(hEKTUBHO 3MEHIITYIOYN
notpeby y Besmkux ¢pisnunux sunpodysansx. [le gossosie npuckoputn nponec HJIKP Ta BigkpuBae MOKIMBOCTI st MalOyTHIX 710~
CITiIKEHDb albTePHATUBHUX MATePiaiB Ta YMOB IMHAMIYHOTO HABAHTAKEHHsL. TAKOK 0GrOBOPIOIOTHCS OOMEKEHHST TOCII/UKEHHST Ta HAITPAMKU
MaibyTHIX oci/pKeHb. Bisbiie Toro, 0649ncI0BaIbHi METOAH JOCTI/UKEHHSI TPOMOHYIOTh €KOJIOTIYHY aJIBTePHATHBY TPAANIIHHIM Di3SHIHIM
nporotunam. Ile y3rofuky€eThes 3 IIISIME CTaIOr0 PO3BUTKY Ta HAJAE METOIOJOTIIO JIst MAOY THIX JOC/IKEeHb. 31 3DOCTaHHIM YMCETbHOCTI
MICHKOTO HACEJIEHHsI 301/IbIIYEThCST MOMUT Ha e(heKTUBHI TPAHCTIOPTHI 3acobu. J[aHe MOCTIKEHHST POKIAIAE MIJISIX 0 CTBOPEHHST MiChKUX
JBOMICHUX €JIeKTPOMOOIIIB, IO BIAMOBIAAIOTH CyYaCcHUM MiCbKUM IOTpeGaM Ta I[JISIM CTAJIOT0 PO3BUTKY.
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BU3HAYEHHS BILIMBY KOE®IIIEHTY APMYBAHHSI HA HOBEAIHKY TPII[MHHOCTI 3KOPCTKOTI'O
HIOKPUTTS (c. 87-94)

Agoes Soehardjono, Ari Wibowo, Devi Nuralinah, Candra Aditya

[Ipobsiema 6araTbox TBepANX GETOHHUX TUINT TOJSATAE ¥ MOSBI Tpirmu. [{OCTiKEHHsT MNPHHI TPIIH Y KOPCTKOMY TMOKPHUTTI Yepe3
BILIUB KoedillieHTa apMyBaHHsA € HEOOXIAHIM, OCKIILKU )KOPCTKICTD i MiIlHICTh OETOHHUX ILIUT OB’ A3aHi 3 TOBHIMHOIO IIUTH, SIKICTIO GETOHY,
AKICTIO apMaTypHOI cTasi Ta KiabKicTio apmatypu. Ile pocmipkenns Mae Ha MeTi eKCIIepIMEHTaIbHO BUSHAYUTH XapaKTep PO3TPICKyBaHHS
JKOPCTKUX JIOPOKHIX TTOKPUTTIB, SIKi 3a3HAIOTh MOHOTOHHMX CTATHMYHWX JIHIHHUX HAaBaHTa)KeHb 4yepe3 Bapiallii koedillieHTa apMyBaHHS.
3pasku, BunpobysaHi B 1abopaTopii, ABJsIM co6010 GeToHHI mmTu posmipom 2x0,6x0,2 M, poamileHi Ha rpyHTi ToBIUHOKL 30 M i3 3Ha-
ventsiv CBR 6 % stk omopy. Bapiartist koediriernra apmysarist ckiaana p=0,004; p=0,007; p=0,01; p=0,02. Sxicts Gerorry f.=30 MIla, sixicTb
crami f,=580 MIIa. Pe3yJbratii MoKasyoTh, 10 TIPU MAIUX KOehillieHTaX apMyBaHHS Pe3yJIbTaTh OIU3bKI 10 CEPENHBOI IUPHHK TPIlUHN
y (hopMyITi 3 HOpMATUBHUX JOKYMEHTIB, & TPU BEINKUX KoedillieHTaX apMyBaHHS Pe3yJIBTaTH I Aaji BiZl cepelHbol MUPUHHI TPIIIMHNA HA
OCHOBI (hopMyJIM B HOPMAaTUBHUX akTaX. HaliGiiblia mupuHa TPilMHm, sika criocTepiranacst B 1bOMY JOCJI/PKEHH], BAHUKJIA B JKOPCTKOMY
Tporyapi 3 koedinientom apmysanust p=0,004, mix vaBantaxennsim 210 kH, uo npusseno go mmpuan tpingann 0,519 mm. Bysio BusiBiieno,
0 3aJIeKHICTh MIXK IMUPUHOIO TPITUHY Ta Koedil[ieHTOM apMyBaHHs Bi[IOBifla€ JiHIITHOMY PiBHSIHHIO AJ BCixX Bapiariiil. Jocmimkenns
TaKOXX BUABUJIO Bapiallil ITMPUHU TPIIUHN MK eKCIIepUMeHTaM, IIPOBeJIeHUMU 32 PI3HUMU KOaMU IIPOEKTYBaHHs, IIPU 1IbOMY Pe3y/bTaTu
TicHO 36irajmcest i3 cepeIHbOIO MMPUHOIO TPIMHHU, BUSHAYEHOIO 32 (DOPMYJIaMK Ha OCHOBI TIPaBUJI, 0COOJIMBO ISl MAJIOTO KoedillieHTa ap-
myBanis (p=0,004). I nasnaku, as 6iabiuioro Koedimienra apmysanns (p=0,01) pesybraTi 1ie Giblie BiAXUISINUCS BiJ IIUPUHA TPIIUHH,
nepenbadeHoi HopMyJIo0 Ha OCHOBI KOTY.
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