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The determination of the dynamic loading of the bearing structures
of the main types of freight wagons with the actual dimensions under
the main operating conditions is carried out. The inertial coefficients
of the bearing structures of the wagons are determined by constructing
their spatial models in the SolidWorks software package. Two cases of
loading of the bearing structures of the wagons — in the vertical and
longitudinal planes — have been taken into account. The studies were
carried out in a flat coordinate system. When modeling the vertical
loading of the bearing structures of wagons, it was taken into account
that they move in the empty state with butt unevenness of the elastic-
viscous track. The bearing structures of the wagons are supported by
bogies of models 18-100. The solution of differential equations of motion
was carried out by the Runge-Kutta method in the MathCad software
package. When determining the longitudinal loading of the bearing
structures of wagons, the calculation was made for the case of a shunting
collision of wagons or a “jerk” (tank wagon). The accelerations acting on
the bearing structures of the wagons are determined.

The research results will help to determine the possibility of
extending the operation of the bearing structures of freight wagons
that have exhausted their standard service life.

It has been established that the indicators of the dynamics of the
load-carrying structures of freight wagons with the actual dimensions
of the structural elements are within the permissible limits. So, for a
gondola wagon, the vertical acceleration of the bearing structure is
4.87 m/s?, for a covered wagon — 5.5 m/s?, for a flat wagon — 5.8 m/s?,
for a tank wagon — 4.25 m/s? for a hopper wagon — 4.5 m/s The
longitudinal acceleration acting on the bearing structure of a gondola
wagon is 38.25 m/s?, for a covered wagon — 38.6 m/s?, for a flat wag-
on — 389 m/s?% for a tank wagon — 27.4 m/s% for a hopper wagon —
38.5m/s2. This makes it possible to develop a conceptual framework
for restoring the effective functioning of outdated freight wagons.

The conducted research will be useful developments for clarifying
the existing methods for extending the service life of the bearing struc-
tures of freight wagons that have exhausted their standard resource.

Keywords: freight wagon, bearing structure, dynamic loading,
modeling of loading, dynamic indicators, service life, railway trans-
port, transport mechanics.
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This research aims to simulate structural steel 400 (SS400)
material as an alternative material for the electric bus’s chassis
structure. The kind of the material is low carbon steel. The SS400
material is produced from one of the largest steel mills in Indone-
sia, considered a local material. The local material used to increase
the total domestic content in electric cars in Indonesia could be
improved. Generally, the reverse engineering method of the R260
ladder frame type chassis is used to increase the local content in
electric vehicles. However, this research used a ladder frame of
type SS400 from local material to fulfill the local content of vehicle
(EV)-bus chassis with the reverse engineering method. After the
model was successfully created using the finite element software,
statics analysis was carried out using the von Mises stress and the
simulation results’ deflection. The meshing process of the chassis
structure is carried out in such a way as to assume global contact.
Loading was evenly carried out over the two main beam ladder
frames totaling 14,200 kg. The elasticity modulus and tensile
strength values used for the material are 190 GPa and 480 MPa.
Furthermore, the support was placed in the mounting position
of the front and rear wheel leaf springs at a front, rear overhang,
and wheelbase distance of 2,380 mm, 3,290 mm, and 6,000 mm.
The resulting approach was carried out using a beam model with
a two-overhang beam model. The simulation results showed that
type SS400 from the local material obtained a maximum von Mises
stress value of 75.8 MPa, deflection of 2.568 mm, and the lowest
safety factor of 3.2. Meanwhile, through theoretical calculations,
the obtained stress occurred in 72.33 MPa and deflection of 2.594.
There is no significant difference between simulation results and
theoretical results.

Keywords: chassis, ladder frame, von Mises stress, low carbon
steel, electric vehicle.
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This paper reports the full-scale experimental measurements of
temperature distribution over the surfaces of bridges’ steel-concrete
beams under the influence of positive and negative ambient tempera-
tures. It has been established that the temperature is distributed un-
evenly along the vertical direction of a bridge’s steel-concrete beam.

It was found that the metal beam accepted higher temperature
values. The maximum registered temperature difference between
a metal beam and a reinforced concrete slab at positive ambient
temperatures was +9.0 °C, and the minimum temperature difference
was —2.1 °C.

The mathematical models for calculating a temperature field and
a thermally strained state of bridges’ steel-concrete beams under the
influence of variable climatic temperature changes in the environ-
ment have been improved, taking into consideration the uneven tem-
perature distribution across a bridge’s reinforced concrete beam. The
possibility has been established to consider a one-dimensional prob-
lem or to apply the three-dimensional estimated problem schemes as
the estimation schemes for determining the thermo-elastic state of
reinforced concrete bridges.

The temperature field and the stressed state of bridges’ re-
inforced concrete beams were determined. It was found that the
maximum stresses arise at the place where a metal beam meets a
reinforced concrete slab. These stresses amount to 73.4 MPa at
positive ambient temperatures, and 69.3 MPa at negative ambient
temperatures.

The amount of stresses is up to 35 % of the permissible stress
values. The overall stressed-strained state of a bridge’s reinforced
concrete beams should be assessed at the joint action of temperature-
induced climatic influences and loads from moving vehicles.

Keywords: road bridge, reinforced concrete beam, temperature
fields, temperature stresses, ambient temperature.
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The paper considers the method of computer simulation of the
stress-strain state of the drive drum shell in the NASTRAN inte-
grated environment. Due to the complexity of determining stresses
and deformations in the drum sections by the analytical method, it is
proposed to solve this important problem using the numerical finite-
element method. At the preliminary stage of computer modeling, a
mechanical design scheme was developed, including a variable pres-
sure that changes depending on the angle of rotation of the drum, the
deterministic relations describing the variable force factors are based
on the Euler ratio. It is also proposed to take into account the pres-
sure from the variable friction force, which depends on the changing
coefficient of adhesion of the belt to the drum.

As a result of the computer calculation, the equivalent Mises
stresses of 65 MPa were determined, the safety factor was 4.2 and
the components of the tangential stresses were determined using the



stress tensor marker, the shear stress reached the level t=16 MPa
for fabric tape and t=3.14 MPa for rubber tape. According to the
results of the calculation, the dependence of the tangential stresses
on the angle of rotation of the drum was constructed. A diagram of
the change in the component of tangential stresses along the forming
shell of the drum was constructed.

Analysis of stress-strain state allowed us to determine the fac-
tor of safety of the drum shell. Based on the analysis of equivalent
stresses, it is proposed to further calculate the durability of the drum
using the method of long-term fatigue. The computer calculation
of shear stresses in the component allows choosing the rational pa-
rameters of the lining, based on such indicators as peel strength and
break, as well as determining the angle 61° of the slab lining required
to improve the reliability and traction ability of the pipeline.

Keywords: conveyor belt, durability, drive drum, stresses, defor-
mation, finite-element method, lining.
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A steel-concrete beam was taken as the study object. The algo-
rithm of selecting the number of stiff supports for the steel-concrete
beam loaded with a concentrated lateral force in the middle of the
span has been refined. Stiff supports served to join the steel strip
with concrete to ensure their joint performance. The algorithm was
refined based on the condition of equality of the longitudinal force
in the steel strip from the action of the calculated load and the maxi-
mum longitudinal force obtained after setting the supports. In this
case, the longitudinal forces in all stiff supports, as well as the spacing
of the stiff supports should be the same.

A disadvantage of the known algorithm consists in the complex-
ity of determining the coefficient 1, taking into account the effect
of long-term concrete creep on the element deformation without
cracks. This coefficient fluctuates widely and depends on many fac-
tors. Besides, it is also insufficiently studied.

Calculations for determining the number and spacing of stiff
supports in a steel-concrete beam were conducted according to the
proposed algorithm and in the Lira software package. The forces
acting on the supports and spacing of the supports were the same.
The force acting in the support was 8941.5 N. When selecting char-
acteristics of the steel-concrete beam, maximum longitudinal force
in the steel strip was obtained. The longitudinal force amounted to
35726 N. The same longitudinal force was obtained from the diagram
of longitudinal forces obtained after setting the supports.

This study was aimed at improving the design of steel-concrete
beams. A rational number and placement of stiff supports ensure sav-
ings: the required amount of building materials is reduced and their

cost is reduced due to cutting labor costs for their manufacture and
operation.

Keywords: steel-concrete beam, stiff support, spacing of supports,
force in a support, reduced stiffness, graphic-analytical method.
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Designing and constructing underground structures for vari-
ous purposes, such as tunnels, mines, mine workings, necessitate
the development of procedures for calculating their strength and
reliability. The physical model of such objects worth considering
is a homogeneous isotropic half-space that contains an infinitely
long hollow cylinder, located parallel to its border. One can ex-
plore problems related to the mechanics of deformable solids for
such a multiply connected body.

This paper reports the proofs of addition theorems of the basis
solutions to the Lamé equation for the half-space and cylinder
wrote, respectively, in the Cartesian and cylindrical coordinate
systems. This result is important from a theoretical point of view in
order to substantiate a numerical-analytical method — the general-
ized Fourier method. This method makes it possible to solve spatial
boundary problems from the theory of elasticity and thermo-elas-
ticity for isotropic and transversal-isotropic multiply connected
bodies. Similar to the classical Fourier method, the general solu-
tions to equilibrium equations have been used here but in several
coordinate systems rather than one.

From a practical point of view, this method has made it pos-
sible to investigate the mixed problem of elasticity theory for
the multiply-connected body described above. The analysis of
the stress-strain state of this elastic body has made it possible
to draw conclusions on determining those regions that are most
vulnerable to destruction. The highest values are accepted by
normal stresses in the region between the boundaries of the half-
space and the cylinder. Changing the 6, component along the Ox
axis corresponds to the displacements assigned on the half-space.
The 1,,, component contributes less to the distribution of stresses
than o, and o,. The applied aspect of using the reported results
is the possibility to apply them when designing underground
structures.

Keywords: addition theorems, Lamé equation, generalized Fou-
rier method, half-space, cylindrical cavity.
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Laboratory shock tests involve the reproduction of simple one-
time and repeated pulses of a certain waveform. In practice, such
mechanical impacts on an object are implemented at specialized test-
ing equipment — shock systems.

A promising direction in the development of shock machines
includes the structures that operate on the energy of elastic deforma-
tion of the compressed liquid and the shell of the vessel that contains
it. Such systems make it possible to improve the versatility, manage-
ability, and accuracy of impact tests.

Underlying this study is the use of a hydroelastic drive to design
a prototype of the automated electro-hydraulic system for a shock
test system.

The proposed shock test system prototype makes it possible to
expand the functionality of the installations to perform impact tests
with a series of pulses, as well as improve manageability and increase
the level of automation. The main feature of the proposed structural
scheme is that the reconfiguration for a new impact pulse occurs very



quickly. Owing to the presence of a driven rotary drum with braking
devices, the bench makes it possible to generate a shock pulse repeti-
tion frequency of 1-2 Hz.

The constructed mathematical model of the shock machine
takes into consideration the inertia of moving masses, the rigidity
of the liquid or “one-way” spring of the charging chamber, as well
as the influence of dampers on which the test platform rests. The
variables in the mathematical model are linked by differential
equations describing two periods within a shock system work cy-
cle: charging and pulse generation. The model’s practical value is
to determine the dynamic characteristics of the test installation,
as well as to calculate the required structural and technological
parameters.

The differential equations describing the movements at the
shock machine have been solved in a numerical way. The study re-
sults have established the optimal value (in terms of minimizing the
overload on an article on the return stroke of the rod) for the damp-
ing factor of the braking device, which is 13,000 kg/s. In this setting,
the ratio of the amplitude of acceleration on the reverse stroke to
the amplitude of effective acceleration during tests is reduced to a
minimum of 0.195.

Keywords: shock test system, hydroelastic drive, damping fac-
tor, impact acceleration.
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This paper reports the analytically established conditions for
the onset of auto-balancing for the case of a flat rotor model on
isotropic elastic-viscous supports and an auto-balancer with a



single load. The rotor is statically unbalanced, the rotation axis is

vertical. The auto-balancer has a single cargo — a pendulum, a ball,
or a roller. The balancing capacity of the cargo is equal to the rotor
imbalance.

The physical-mathematical model of the system is described.
The differential equations of motion are recorded in dimensionless
form relative to the coordinate system that rotates synchronously
with the rotor. The so-called main movement has been found; in it,
the cargo synchronously rotates with the rotor and balances it. The
differential equations of motion are linearized in the neighborhood of
the main movement. A characteristic equation has been constructed.
It helped investigate the stability of the main movement (an auto-
balancing mode) for the cases of the absence and presence of resis-
tance forces in the system.

It was established that in the absence of resistance forces in the
system:

— the rotor has three characteristic rotational speeds, and the
first always coincides with the resonance frequency;

— auto-balancing occurs when the rotor rotates at speeds between
the first and second ones, and above the third characteristic speed;

— the value of the second and third characteristic speeds is sig-
nificantly influenced by the ratio of weight to the mass of the system;

— the second and third characteristic speeds monotonously
increase with an increase in the ratio of cargo weight to the mass of
the system.

Resistance forces significantly affect both the values of the sec-
ond and third characteristic speeds and the conditions of their exis-
tence. Small resistance forces do not change the quality behavior of
the system. With high resistance forces, the number of characteristic
speeds decreases to one.

The paper reports the results applicable to an auto-balancer with
many cargoes when it balances the imbalance that equals the balanc-
ing capacity of the auto-balancer.

Keywords: passive auto-balancer, rotor, automatic balancing,
static balancing, motion stability, static imbalance.
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This paper reports a theoretical study into the saw-type-grate sec-
tion of a large litter cleaner in mounted cleaners that operate on a cotton
harvester, as well as the theoretical and experimental justifications for
its parameters. The effect exerted by a mounted cleaner on the process
of cleaning raw cotton when processing in a cotton gin has been studied.



A theoretical model of the impact of grates on weeds in cleaning
processes has been developed. A condition for repelling the litter by
grates and removing it from a cotton technological flow has been
studied. The use of grates with a flat-shaped front edge allows for a
steady reduction in the amount of damage in the raw cotton fiber,
which improves the fiber quality and leads to a decrease in the num-
ber of defects and debris.

The experimental and theoretical studies have produced evi-
dence that enables the efficient operation of mounted-type cleaning
machines in the cotton-cleaning industry.

The movements of raw cotton as a viscoelastic body at the free
impact of litter with the teeth of the saw against a stationary surface
of the grate were investigated; the force schemes between the grates
and saws were considered. The effect of a saw-type drum on the
technological properties of raw cotton was investigated, namely on
seed damage and the formation of the free fiber.

A model of interaction between weed particles and grates was
considered; the trajectories of the litter flight were shown in the
function of the slope of the grate and the recovery factor.

The issues of the relationship between the physical-mechanical
properties of raw cotton, the elastic characteristics of raw cotton, and
the impact force of cotton flies against the grate with a flat working
face. Solving these issues could make it possible to determine the
optimal structure of the raw cotton cleaning mechanisms, which
would improve the effectiveness of cleaning raw cotton from weeds.

Based on the identified functional links, it has become possible
to construct new or improve existing structures of the saw-type grate
section of mounted cleaners. Practical experience shows that the use
of the designed structure in large litter cleaners of the mounted type
produces a significant increase in the cleaning effect of the machine.

Keywords: mounted cleaner, large litter, grate, seed damage, free
fiber, cleaning effect.
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This paper considers the influence of the transitional modes
of movement (acceleration, braking) of a multi-link vehicle on the
vibration protection of transported non-fixed or partially fixed car-
goes. The impact phenomenon, in this case, can be strengthened by
the existence of coupling mechanisms between the links of a multi-
link vehicle. To reduce such horizontal impact loads, it is advisable to
use elements with viscoelastic damping in the coupling devices of a
multi-link vehicle. To study the actual impact phenomena during the
transportation of non-fixed or partially fixed cargoes under the ex-
treme modes of movement of two-link vehicles, it is proposed to use
a flat two- and three-mass dynamic model with viscoelastic damping.
At the same time, the theory of elastic impact has been applied while
the elastic-damping characteristics of vehicles’ suspensions were not
taken into consideration.

It has been shown that the reported research results make it pos-
sible to estimate the approximate values of the mechanical param-
eters for restrictive devices that protect non-fixed or partially fixed
cargoes from impact, during the transition modes of transportation,
depending on the conditions of motion.

This practically makes it possible to select the rational design
parameters for the elements of viscoelastic restrictive devices, in par-
ticular elastic elements and dampers, in order to reduce impact loads



on non-fixed heavy cargoes during transportation under extreme

modes of movement.

Based on this study, a procedure of vibration protection of non-
fixed or partially fixed cargoes in the body of a two-link vehicle
during its uneven movement has been proposed, which implies deter-
mining the maximum dynamic loads on these cargoes as well as the
possibility of choosing the rational design parameters for restrictive
devices in order to prevent or reduce the impact of these cargoes hit-
ting the restrictive devices.

Keywords: transportation, cargo, multi-link vehicle, estimation
scheme, extreme mode, impact, vibration protection, differential
equations.
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BU3HAYEHHS TUHAMIYHOI HABAHTASKEHOCTI HECYYUX KOHCTPYKIII BAHTAYKHUX BATOHIB 3
DOAKTUYHHUMU PO3MIPAMU (c. 6-14)

0. B. @owmin, A. O. JloBchka

[TpoBeneHo BU3HAYEHHS IMHAMIUYHOI HABAHTAKEHOCTI HECYUNX KOHCTPYKIIIIl OCHOBHUX THIIB BAHTAKHUX BArOHIB 3 (haKTHYHIMHU PO3Mi-
paMu pu OCHOBHUX €KCILIyaTalliiiHuX peskimMax. [Hepiiiiai koedillieHTn Hecyurx KOHCTPYKIN BaroHiB BUSHAYEH] IIJISIXOM HOOYI0BH iX TIPO-
CTOPOBUX MoJieJiell B mporpaMuoMy Komiiekci SolidWorks. Jlo yBaru npHiHATO [Ba BUIIQAKN HABaHTa)KEHOCTI HECYUHX KOHCTPYKIiil BaroHiB — y
BEpPTHUKAJBHII Ta MOB3IOBXKHIH IUIoNMHAX. J{0CIiIKeHHs IPOBE/IeH] B IUIOCKii cuctemi koopauHart. [1pn MoenioBaHHI BEpTUKATEHOT HABAHTAKEHOCTI
HECYYnX KOHCTPYKIIiil BATOHIB BPaXOBAHO, 1[0 BOHH PYXaIOThCS Y MOPOKHBOMY CTaHi CTHKOBOIO HEPIBHICTIO TIPY’KHO-B’s13K010 KoJtieio. Hecyui koH-
CTpyKIIii BaroHiB o6nupaioThest Ha Bisku mojesieit 18-100. Poss’si30k audepentiambHux piBHSIHD PyXy 3ailicHenunii 3a Mmetogiom Pynre-Kyrra
B iporpamMuomMy Komruiekci MathCad. [pu Bu3HaueHHI TOB3AOBKHBOI HABAHTAKCHOCTI HECYUHX KOHCTPYKIIiil BATOHIB PO3PAaXyHOK MPOBEACHUIT ISt
BUIIAJ[Ky MAHEBPOBOTO CIIIBYJapsIHHS BaroHiB abo “puBKa’” (BaroH-IMCTepHA). BuzHaueHi npucKopeHHs, sKi AIF0Th Ha Hecydi KOHCTPYKIi] BaroHis.

PesynbraTnn mocipkeHb COpUATHMY T BU3HAYEHHIO MOXKJINBOCTI MOJOBKEHHS €KCILTyaTallil Hecydnx KOHCTPYKIIiff BaHTa)KHIX BaroHiB,
AKI BUYEpIajm CBiii HOpMaTUBHUN CTPOK CITy/KOU.

BceraHoBiieHO, 1110 TTOKAa3HUKH ANHAMIKI HECYYMX KOHCTPYKIL BAHTKHUX BAroHiB 3 (PaKTHYHUMH PO3MipaMi KOHCTPYKILIFHIX eJIEMEHTIB
3HAXOIATLCSA B Meskax fonycTumMuX. Tak, 715 HariBBarona BepTUKajbHe IIPUCKOPEHHs Hecydoi KOHCTPYKILT ck/1ano 4,87 M/c?, 1151 KPUTOTO Baro-
Ha — 5,5 M/c, 11 Barona-maatdopmu — 5,8 M/c2, 1 Barona-mueTephu — 4,25 m/c2, 1uia Barona-xorepa — 4,5 M/c2 I10B3/10BKHE TPUCKOPEHHS,
sIKe JTi€ Ha HeCydy KOHCTPYKIIii HariBBaroua, opisHioe 38,25 M/CQ, JUTST KPUTOTO Barona — 38,6 M/CQ, 1Tt BaroHa-matdopmu — 38,9 M/CZ, IS
BaroHa-1rcTepHn — 27,4 M/c?, st BaroHa-xorepa — 38,5 m/c. Ile 103B0IsI€ PO3POOUTH KOHIENTYaIbHi 3acajiit 7Sl Bi/IHOBJIEHHs e(heKTHBHOTO
(yHKITIOHYBaHHS 3aCTapiINX BAHTAKHNIX BATOHIB.

[IpoBeeHi AoCTiKeH st Oy Th KOPUCHUMHE HAMTPAIFOBAHHIMIL [T yTOUHEHHST ICHYI0UUX METOJIUK I[0/I0 OIOBKEHHS CTPOKY €KCILIya-
Tanlii Hecy4nx KOHCTPYKIIl BAHTaKHNUX BarOHiB, sIKi BUYEPIIaan CBill HOpMaTUBHUIL pecypc.

KmoyoBi cioBa: BaHTa’)kHUIT BaroH, Hecyda KOHCTPYKILis, [MHAMIYHA HABAHTAKEHICTh, MOJIEJIIOBAHHS HABAHTAKEHOCTI, ANHAMIYHI T10-
Ka3HUKU, PeCypC eKCILIyaTallii, 3a/i3HUUHUI TPAHCIIOPT, TPAHCIIOPTHA MeXaHiKa.
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PO3POBKA IIACI EJIEKTPOBYCA METOJ[OM 3BOPOTHOTO IH;KMHIPUHTY 3 BUKOPUCTAHHSIM
CTATUYHOT'O AHAJII3Y (c. 15-22)

Nazaruddin, Mohammad Adhitya, Danardono A Sumarsono, Ghany Heryana, Rolan Siregar, Sonki Prasetya, Fuad Zainuri

[lare moctipKentis cripsMoBaHe Ha MOJIeTIOBAaH s KOHCTPYKILiiioi ctasmi 400 (SS400) B IkoCTi abrepHaTHBHOTO MaTepiasy /st KOHCTPYKITi
1maci esiektpobyca. Bugom Matepiaity € Hu3bKkoByrIieresa craib. SS400 BUPOOIAETHCS Ha OHOMY 3 HAHOLIBIIIX CTajle/IMBapHIX 3aBOAIB [Ha0oHEe3I] i
BBa/KAEThCST MICIIEBUM MaTepiaioM. [CHy€E MOJKJIMBICTb MOJIIIEHHS MiCIIEBOTO MaTepPiaJTy, 10 BUKOPUCTOBYEThCS IS 30L/IBITEHHST 3aralbHOTO MicIie-
BOTO BMICTY B eJIeKTPOMOOiIsIX B [HmOHE3IT. SIK paBuJIo, 17ist 361/IbIIEHHST MICIIEBOTO BMICTY B €JIEKTPOMOGLISIX BUKOPUCTOBYETHCS METOJ[ 3BOPOTHO-
TO IHKUHIPUHTY 111aci 3 paMoro cxo0Boro tuity R260. OHaK B JaHOMY OCIIIKEHHI /Il BAKOHAHHST MiCIIEBOTO BMICTY B IIACi €IEKTPOOYCa METOIOM
3BOPOTHOTO IHKMHIPUHTY OyJia BAKOpUCTaHa cxo0Ba pama triy SS400 3 micrieBoro Marepiary. ITicsist yermimmoro cTBOpeHHst MOJIEI 3a IOTIOMOTOI0
[POrPaMHOro 3a6e3IeYeHHsT METO/IY CKIHUEHUX eJIEMEHTIB OYB [POBEIEHNUIT CTATHYHUIT aHAJII3 3 BUKOPUCTAHHSM HAIPYTH [0 Misecy i Iporumy pe-
3yJIBTaTiB MoZieoBaHHsL. [Ipoltec 3auenieH s KOHCTPYKIT MIaci 3iHCHIOETBCS 3 ypaxyBaHHIM 3a0€3MedeHHs I00aIbHOrO KOHTAKTY. HaBaHTasKeH-
H 3I[IHCHIOBAIOCS] PIBHOMIPHO 110 IBOX IOJIOBHUX OAIKOBUX CXO0BUX PaM 3arajibHoi0 Macoto 14200 Kr. 3HadeHHs MOLyIst TIPY’KHOCTI i MITIHOCTI Ha
pospuB Marepiainy cxiazaiors 190 TTla i 480 MITa. Kpim Toro, GyJia BctaHOB/IEHA OTIOPA B MOJIOKEHH] YCTAHOBKH JIMCTOBUX PECOP TEPE/IHIX 1 3a/(HiX
KOJIIC TIPH TIePeIHBOMY, 3aIHBOMY 3BHCI 1 KosricHii Gasi 2380 MM, 3290 mm i 6000 Mm.OTpumanmii mizxia 6yB sziiicHennii 3 BAKOPUCTAHHIM GaIKo-
BOI MOJIEJIi 3 JIBOBICHOIO GJIOUHOIO MOJIEJLITIO. PesyisraTu Mojie/ioBaHHst mokazay, mo SS400 3 MiciieBoro Matepiary Mae MaKCHMAIbHE 3HAYEHHS
Harpyru 1o Misecy 75,8 MITa, mporus 2,568 MM i HaiiMennmii koedirient samacy miraocTi 3,2. TiM 9acom, 3ri/iHO 3 TEOPETHIHNMI PO3PAXyHKAMI
orpuMana Harpyra ckiasia 72,33 MIla, mporus — 2,594. Mix pesysisratamut MOJIETIOBAHHST Ta TEOPETHYHIMH Pe3yJIbTaTaMi CYyTTEBOI PI3HUII HEMAE.

Kmo4oBi cioBa: maci, cxonosa pama, Hatpyra 1o Misecy, HU3bKOBYTJIEIIEBA CTalb, €IEKTPOMOOIIb.
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KOMILTEKCHA METO/IMKA OIITHIOBAHHSI HAIIPY3KEHO-JIE©OPMOBAHOTO CTAHY
CTAJIE3AJII30BETOHHUX MOCTIB ITPU /I 3BMIHHUX TEMIEPATYP HABKOJIUIIHbOTO
CEPEJIOBHIIIA (c. 23-30)

B. B. Kosanbuyk, A. M. Ouunienxo, O. B. @enopenko, M. M. Ta6pean, B. 3. Ilapuera, O. M. Bosusk, P. B. Mapkyub,
M. Bb. IIapuera, P. T. Pubax

[TpoBesieHo HATYPHI eKCIlepUMEHTAIbHI BIMIPIOBAHHS PO3IOJITY TEMIIEPATYPH Ha MOBEPXHSIX CTAIe3a1i300eTOHHIX OAaJIOK MOCTIB IIpn
Aii TOZAaTHUX Ta BiJ'€MHUX TeMIIEPATyp HaBKOJUIIHBOIO CePeOBUIIA. BeTaHOBIICHO, 1110 TeMIepaTypa PO3NOALIAEThCS HePIBHOMIPHO Y Bep-
TUKQJILHOMY HAIPSIMI CTase3a1i306eTOHHOT Gaski MOCTa.



BCTaHOBIIEHO, 110 BUIII 3HAUCHHS TEMIIEpaTypu Ma€ MeTasieBa Oaika. MakcnmanbHa 3aikcoBaHa PI3HUIA TEMIIEPATYD MiK METATIEBOIO
6aJIKOT0 Ta 3aJ1i300€TOHHOIO TUIMTOIO TIPH JA0JATHUX TeMIIepaTypax HaBKOJMIIHBOrO cepeoBriia ckiana +9,0 °C, a MiHiMaibHa PI3HUIS TEM-
neparyp ckriana —2,1 °C.

VaockoHAIEHO MaTeMaTHYHI MOZeJi PO3PAaXyHKY TEMIIEPATYPHOTO TOJISI Ta TEPMOHAIPYKEHOTO CTaHy CTaIe3aTi300eTOHHUX GAIoK
MOCTIB ITPH [Iii 3MIHHUX KJIIMATHYHUX TEMIIEPATYPHUX MePena/iB HaBKOJIHUITHBOTO CEPEJOBUINA i3 BPAXyBaHHIM HEPiBHOMIPHOTO PO3TIOIITY
TEMIIEPaTypH CTaJIe3a/i300eTOHHOI0 GAJIKOI0 MOCTA. BCTAaHOBIIEHO, 110 Y SKOCTI PO3PAXYHKOBUX CXEM BH3HAYECHHS TEPMOIIPYKHOIO CTaHy
cTane3ani306e TOHHIX MOCTIB MOKHA PO3TJISIIATH OTHOBUMIDPHY 3a1a4y, ab0 3aCTOCOBYBATH TPUBUMIPHI PO3PAXyHKOBI CXeMM 3a/1adi.

TIpoBeieHO BU3HAYEHHS TEMIIEPATYPHOTO MOJISI Ta HANPY/KEHOTO CTAHY CTale3aiz00eTOHHUX 6aloK MOCTIB. BeTaHOBIIEHO, 110 Mak-
CYMaJTbHI HAIPY/KEHHsT BUHUKAIOTh y MicIli 00’€/HAHHS MeTaneBol GalKy i3 3aMi300€TOHHOIO TINTOI0. BenumHa X HANpy/KeHb CKIalae
73,4 MIla nipu momatnux temreparypax i 69,3 MIla npu Bix'eMHIX TeMIiepaTypax HaBKOJIHUITHBOTO CEPeIOBHIIA.

BesmmunHa HAarpysKeHb CTAHOBUTD 10 35 % BiJI IOTYCTUMKX 3HAYEHb HANIPYsKeHb. 3arajabHuil HAPYKeHO-1e(hOPMOBAHUIT CTAH cTaje3a-
Ji306eTOHHNX GATIOK MOCTa CJIiji OLIHIOBATH TIPU CYMICHIH i TeMIiepaTypHuX KJIMaTHYHUX BIUIMBIB i HABAHTAKEHDb Bi/l PYXOMUX OJ[MHUIb
TPAHCIIOPTHUX 3aC00iB.

KiiouoBi ciioBa: aBToloposKHUIN MicT, crase3anizobeTonHa Gajika, TeMIepaTypHi ToJIst, TEMIIePaTypHi HAIIPYKEHHsI, TeMIiepaTypa Ha-
BKOJIMIITHBOTO CEPEOBUIIA.
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PO3POBKA METOJAUKH KOMIT'IOTEPHOTO MO/JIE/TIOBAHHA HAIIPYKEHOTO CTAHY
OBUYAVKHU MMPUBO/THOTO BAPABAHA CTPTYKOBOTO KOHBEEPA 3 METOIO OIITUMIBAIII fiIOTO
KOHCTPYKTHUBHUX ITAPAMETPIB (c. 31-39)

Olzhas Jassinbekov, Madina Isametova, Gabit Kaldan

VY crarTi posTISAAETHCST METO/ KOMITIOTEPHOTO MOJIETIOBAHHSI HAMPY KeHO-1eOPMOBAHOTO cTaHy oOMYaiiKi MpHBOAHOTO GapabaHa B
inrerposaromy cepenosuiii NASTRAN. V 38’s13Ky 31 CKIaIHICTIO BUSHAUEHHST HANPY’KEHb 1 AehopMaltili B cexiisx GapabaHa aHATI THYHUM
METO/IOM HPOIIOHYETHCS BUPIIINTH 10 BAXKJINBY 3a/[a4y YHCEJIbHIM METO/[0M CKiHueHnX eseMenTiB. Ha monepeanbomy eTarti KoMITI0OTEpHOTO
MoJiesioBaHHs OyJia po3polbiieHa MeXxaHiuHa PO3PaXyHKOBaA CXEMa, 110 BKIIOYAE 3MIHHUI THCK, 110 3MIHIOETHCS B 3aJI€5KHOCTI Bi/l KyTa MOBO-
pory Gapabana, feTepMiHOBaHi CIiBBIHOIIEHHS, 10 OMMCYIOTh 3MiHHI KoedilienTn 3ycuib, 3acHoBani Ha crissigHomenni Eiinepa. Takoxk
MPOIMOHYETHCST BPAXOBYBATH THCK Bijl SMIHHOT CHJIM TEPTSI, sIKa 3aJI€KUTh Bil SMIHHOTO KoedillieHTa 3UelyieHHs CTPIuKy 3 GapabaHoM.

B pesysibrati KoMI'ioTepHoro po3paxyHky OyJsin BusHadeHi ekBiBajgeHTHI Hanpyskenus mo Misecy 65 MIla, koedinient 3amacy mirHocTi
4,2 i KOMIIOHEHTH JIOTUYHIX HANPY’KeHb 3 BUKOPUCTAHHSIM MapKepa TeH30pa HaIlpy:KeHb, HAPY>KeHHs 3cyBY gocsrio piBasa t=16 MIla pis
TKaHUHHOI cTpiuky i 1=3,14 MIIa ajist TymMoBOI cTpiuku. 3a pesyJibraTaMu po3paxyHKy moOyaoBaHa 3aJesKHICTh IOTHYHUX HATIPYsKeHb Bij
KyTa nosopoty 6apabana. [TobynoBana giarpaMa 3MiHU CKJIaI0BOI JOTHYHUX HATIPYKeHb 110 hopMyouiil obuyaiini Gapabama.

AHastiz HanpysKeHo-1ehOPMOBAHOTO CTaHy J03BOJUB BU3HAUYMTH KoedillieHT 3amacy MinHocTi obnyaiikn Gapabana. Ha ocnosi anamizy
€KBIBAJICHTHUX HATIPYKEHb MPOIIOHYETHCS 0JATKOBO PO3PaxXyBaTh JIOBroBiuHicTh Gapabana MeTOAOM TpuBaioi Bromu. KoM’ otepHuii pos-
PaxyHOK 3CYBHUX HATPy’KeHb B KOMITOHEHTI I03BOJISIE BUOPATH PAIliOHAIbHI TapaMeTpH (yTePOBKH BUXOSUYN 3 TAKUX MOKA3HUKIB, SIK Mill-
HIiCTb Ha BIZIPUB i PO3PUB, @ TAKOK BU3HAYMTH KyT 61° IIMTKOBOI (DyTePOBKHU, HEOOXIAHMIA st MBUIIEHHS HaAIHHOCTI i TATOBOTO 3yCHILISA
IPH TIPOTSATYBaHHI TPYOOIIPOBOJLY.

Ki1040Bi ci1oBa: KoHBeEpHa CTPiuKa, IOBIOBIYHICTD, TIPUBOAHKI Gapabar, HarpyskeHHs, AedopMallis, METO KiHIIEBHX eJIeMEHTIB, (hyTepoBKa.
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BJOCKOHAJIEHHA AJITOPUTMY HIIBOPY KPOKY TA KIVIBKOCTI ;JKOPCTKUX VIIOPIB BI/|
30CEPE/IKEHOI CUJIA B CTAJIEBETOHHUX BAJIKAX (c. 40-47)

A. M. Ilerpos, Auz. II. Ilaniii, A. O. Haymenko, C. 0. lllentyn, M. I. Irnarenxo, I. A. Bucouusn, f1. B. Kononenko, O. B.
IOpuenko, T. B. [lexinosa, A. I1. ITaniit

OG6’exTOM JIOCTIKEH S € cTasebeToHHa GalKa. YTOUHEHO aJlTOPUTM MiAO0PY KiTbKOCTI JKOPCTKUX YIOPIB [JIst GaJKK 3i cTaiebeTomy, sika
HABaHTAKEHA MOIEPEUHON0 30CEPE/FKEHOI0 CUIIOK) OCePEArHI PoboTy. JKOPCTKi yIopu cirysKath /Uist 3'€IHAHHS CTaIeBOi CMYTH 3 GETOHOM,
110 3abe3nevye X cymicHy po6oTy. AJITOPUTM YTOYHEHO, BUXO/SYHN 3 YMOBH PIBHOCTI TIOB3/I0BKHBOI CUJIM B CTaJIeBill cMy3i BiJ /il po3paxyH-
KOBOTO HAaBaHTa)KEHHS I MAKCUMAaJIbHOI ITOB3/I0BKHBOI CUJIH, 10 OTPUMAHA ITiCJIsl BCTAHOBJIEHHS yIOpiB. [Ipy 1iboMy 1OB30BKHI 3yCHILIsA B
YCIX JKOPCTKHUX YIIOPaX, a TAKOK KPOK KOPCTKUX yIOPiB, MOBUHHI GyTH OHAKOBUMHU.

HeznoiikoM BiZtoMOro ajropuTMy € CKJIaHICTh BUSHAYEHHsT KoedilieHTy, IKUIl BpaxoBy€ BIIMB TPUBAJIOI TTOB3y4YOCTi GeToHy Ha Aedop-
Martii esiemenTy 6e3 TpinuH @po. 1leil KoedillieHT KOMMBAEThCSA B 3HAYHUX ME3KaX, 1 3a/Ie5KUTh Bil 6araTboX (hakTOPiB, a TAKOK TOCITIKEHIH
HE[OCTATHDBO.

TIpoBezieHO PO3PAXYHKU BU3HAYEHHS KIIBKOCTI Ta KPOKY JKOPCTKHX YIOPIB B cTanebeToOHHNX Gankax. PospaxyHku 6yJI0 IIPOBEIEHO 3a
3AITPOTTIOHOBAHIM JITOPUTMOM Ta B IPOTpaMHOMY KoMILTekci «Jlipa». 3ycuiis, fitodi Ha yriopn, Ta KPOK YIIOPiB OIHAKOBI. Bemmunna 3ycuiis
B ynopi aopisrioe 8941,5 H. IIpu niabopi xapakrepuctuk craiebeToHHoi aaku 6yJI0 OTPUMaHO MaKCUMaJIbHe TIOB30BKHE 3yCUJLISA B CMYy3i.
Besmmunna 10B37108:KHB0I crym 35726 H. Taxy K came MOB3I0BKHIO CHILy OyJI0 OTPUMAHO 32 EIOPOI0 MOB30BKHIX CUJI, IO OTPUMAHA TTiCJIs
BCTaHOBJIEHHS YIIOPIB.

Ile nocmi/pKeHHs CIIPSIMOBAHO Ha BIOCKOHAJICHHS KOHCTPYKILiL crasebeToHHNX Oastok. ParioHasibHa KiJbKicTh i PO3TalLyBaHHs >KOPCTKUX
YIOPIB MPU3BE/IE 10 €KOHOMII, SIK 10 3MEHIIEeHHs HeOOXi/IHOI KiJIbKOCTI Oy/IiBeIbHUX MaTepiasliB, Tak i 10 3HMKEHHS X BapTOCTI 32 paXyHOK
3MEHIIEHHS BUTPAT IIpalli, II0B’SI3aHNX 3 IX BUTOTOBJICHHSIM Ta €KCILIyaTalli€lo.

Kiouogi ciioBa: craneGeToHHa 6aska, 5KOPCTKUIL YIIOP, KPOK YIIOPIB, 3yCHJLIS B YIIOPI, IPUBEAEHA )KOPCTKICTh, Tpad0-aHATI THIHUIT METOZI.
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PO3B’A3AHHA QI[HIGT MIIIIAHOT 3AJTAYI TEOPII ITPYKHOCTI JIJISA MIBIIPOCTOPY 3
IMUWJITHAPUYHOI IIOPOKHNHOIO Y3ATAJIbHEHUM METO/IOM ®VYP’€ (c. 48-57)

H. A. Vkpainenp, O. A. Mypaxoscbka, O. M. IIpoxopoBa

[Tpu npoekTyBaHHi i GYAIBHUIITBI MBEMHUX CIIOPY/] PI3HOTO TPU3HAYEHHSI, TAKUX SIK TYHEJI, IaxTH, TipHUYi BUPOOKH, BUHUKAE HE0O-
XiZIHICTH B CTBOPEHHI METOAMK PO3PaXyHKY iX MilHOCTI i HazifiHocTi. Di3NYHOI0 MOIEIIIO TaKUX 06’eKTiB MOKHa BBaKaTH OJHOPLAHMI
130TPONHNIT HATIIBIPOCTIP, MO MICTUTh HECKIHYEHHO AOBTHI MOPOXKHIN IMJIH/P, PO3TAIIOBAHWIA TTapaieIbHo 0 HoTo rpanuti. /lasa Takoro
6araTo3B’I3HOTO Tijla MOKHA JOCJI/LKYBATH 3a/1a4i MexaHiKu 1eOpMiBHOTO TBEPAOTO TiJja.

HageneHo 10ka3 Teopem gofaBaHHs 0a3nMCHNX PO3B’sI3KiB piBHsAHHS JlaMe 111 MBIPOCTOPY i MJIHAPA, 3alIMCAHNX BIITOBIAHO B IeKap-
TOBIil Ta uIHAPHYHI cuctemax KoopauHar. Lleil pesysbrar € BaKJIMBUM 3 TEOPETUYHOT TOYKK 30pY [IJist OOIPYHTYBAHHS YHCETbHO-aHaTi-
THYHOTO METO/Ly — y3araibHenoro metoay Dyp’e. Leit MeTos1 103BOJIsIE PO3B I3y BaTH IIPOCTOPOBI KPaloBi 3a/1a4i T€OPii IPYKHOCTI Ta TepMO-
MPYKHOCTI JUUIsT i30TPOITHKX Ta TPAHCBEPCATBHO-130TPOITHIUX Garato3s’sisuuX Tl SK i B kaacuanomy metozi Dyp’e, TYT BUKOPUCTOBYIOTHCS
3arajbHi PO3B’SI3KU PiBHSAHb PIBHOBArH, ajle HE B OJHIlL, a B JICKIJIbKOX CHCTEMaX KOOP/MHAT.

3 HPaKTHYHOI TOUKK 30y 1eil METO/[ I03BOJIMB JIOCIIIMTH MilllaHy 3ajiady Teopil IPY/KHOCTI B ONUCAHOMY BuIle Oaratoss’sizHomy Tiji. TTpo-
BeJIeHUT aHasli3 HaIpy/KeHO-1e(OPMIBHOTO CTaHy I[bOTO MPY;KHOTO TiJia J03BOJIUB 3pOOKTH BUCHOBKH MPO BU3HAYEHHS 00/IacTeil, sIKi € HaitObI
ypasMBUMU [ist pyiiHyBantst. HaiiGlibiini 3HaueHHs IPUIIMAIOTh HOPMAJIbHI HAIIPY/KEHHsT B 00JIACTI MiJK TPAHUIIAMI HIBIPOCTOPY 1 IMJIiHApa. 3MiHa
KOMIIOHEHTH G,, 110 oci Ox BiANOBi/a€ 3a/laHiM Ha IMiBIpocTopi nepemimentsm. Kommonenra 1, BHOCUTb MEHIIMIT BHECOK B POBIOILI HATIPysKeHb,
HIXK Gy Ta 6. [IPUKIQIHIM aClIeKTOM BUKOPUCTAHHSA OTPUMAHUX PE3yJIBTaTiB € MOKIMBICTD X 3aCTOCYBAHH HPU IIPOCKTYBAHHI M/IBEMHUX CIIOPYL.

KmouoBi ciioBa: teopemn joaBansi, pisusinis Jlame, ysarampruennii metox Dyp’e, HAMIBIPOCTIP, MIIHAPHYHA TOPOKHITHA.
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PO3POBKA ITIPOTOTHUILY YAAPHOI'O BUIIPOBYBAJIbHOI'O CTEHAY HA BA3I TTAPOIIPYKHOTO
IIPUBOAY (c. 58-65)

0. L. lllepemer, T. B. Kipienko, A. M. Bem, K. C. Illepemer

JlaGoparopni yzapHi BUIpoOyBatst iepeadavyaioTh BiATBOPEHHS POCTUX OAMHOYHKX i GaratopasoBo MOBTOPIOBAHUX IMITYJIbCIB MEBHOI (hop-
vu. Ha npaxruiii Taki MexatiuHi il Ha 06'€KT (POpMyIOThCST 32 IONIOMOTO) CIEIATBHOTO BUIPOOYBAIBHOTO YCTATKYBAHHS — YIADHUX CTEH/IIB.

[TepcriekTMBHIM HAIPSIMKOM PO3BUTKY YAPHUX CTEH/IIB € KOHCTPYKIIii, IO MPAIIOIOTh Ha OCHOBI eHeprii npy>kHoi fedopMaliii cTUHCHYTOI
piantu i 060JOHKN OCYANHY, B SIKIll BOHA 3HAXOANTHCsL. Taki cTeH/1 I03BOIAIOTH MIBUIIUTH YHIBEPCATBHICTD, KEPOBAHICTD Ta TOUHICTD yAap-
HIX BUTIPOOYBaHb.

Jlocikentst 6a3y€eThest Ha 3aCTOCYBAHHI TiIPOIPYKHOTO PUBOJLY JIJIsT CTBOPEHHST [IPOTOTUITY aBTOMATH30BAHOI €JIeKTPOTIIPaBIiuHOI CCTe-
MU YIAPHOTO BUIIPOOYBAIBHOTO CTEHLY.

3anponoHOBaHMIA POTOTHIT YAAPHOTO BUIIPOOYBATBHOTO CTEHTY I03BOJISIE POSIIMPUTH (DYHKI[IOHATBHI MOKIIBOCTI YCTAHOBOK /UIST BUKOHAHHSI
VIAPHUX BUTIPOOYBaHb CEPIsIMI IMITYJIBCIB, & TAKOK TOJIIIIITU KEPOBAHICTD 1 THABUIITH PiBeHb aBTOMaTH3alli. [010BHA 0COOIMBICTD 3APOIIOHOBA-
HOI KOHCTPYKTUBHOI CXEMU TIOJIATAE B TOMY, IO TIEPEHATAINTYBAHHS Ha HOBUH YIAPHUI IMITyJThC BiIOYBAETBCS IysKe ONEPATUBHO. 3aBSKN HAIBHOCTI
MIPUBOIHOTO MTOBOPOTHOTO GapabaHa 3 TaJbMiBHUMIL TIPHCTPOSIMIL, CTEHJ[ JI03BOJISIE OTPUMATH YACTOTY TPOXOJUKEHHS YAAPHUX iMITysibeiB 1-2 T

Pospobiiena MateMaTHyHa MOJEb YAAPHOTO CTEH/@ BPAXOBYE iHEPIHHHICTD PyXOMUX Mac, JKOPCTKICTh PiAMHHOI ab0 <«OHOCTOPOHHBOI»
MIPY/KUHE 3aPSIHOI KaMEpPH, a TAaKOJK BIUIMB JeMII(epiB, Ha sIKi CIIMPAEThest BUNPOOyBasibHa matdopMa. 3MiHHI, 10 BXOAATH 10 MaTeMaTUYHOI
MOJIeJI, TOB’sI3aHi MizK c060I0 3a I0MOMOTOI0 u(epeHIiaIbHuX PIBHsIHb, SIKi OMUCYIOTH Ba HEPIoan poOOYOro HUKIY YAAPHOTO CTEH/A: 3aps/IKi
Ta opmyBaHHst iMrystbey. IIpakTryna MiHHICTS MOJIEsT] TOJISATAE Y BU3HAYEHH] IMHAMIYHIX XapaKTEPUCTHK BUMPOOYBAIBHOI YCTAHOBKH, & TAKOXK
o6uricsienHi HeOOXITHNX KOHCTPYKTHBHUX Ta TEXHOIOTTYHIX [TAPAMETPIB.

JTudepeHitiaibHi piIBHAHHS, 110 OMUCYIOTh PYX YAAPHOTO CTEH/A, BUPIIIEH] YNCETbHIM CIOCOO0M. 3a pe3yJ IbraTaMu JOCTi/UKeHb BU3HA-
YeHO ONTUMaJIbHe (3 To3uIll MiHiMizalil epeBaHTa)KeHHs BUPOOY Ha 3BOPOTHOMY XO/i IITOKA) 3HaYeHHst KoedilienTa aemMiidyBaHts s
raJbMiBHOTO IIPUCTPOIO, sike ctanoBuTh 13000 kr/c. IIpu TakoMy HajalITyBaHHI BiIHOIIEHHS aMILIITY/IX IIPUCKOPEHHS HA 3BOPOTHOMY XO/Ii
J10 aMILTI Ty eheKTHBHOTO IPUCKOPEHHS i/l Yac BUPOOYBaHb 3BOANTHCS 10 MiHiMymy — 0,195.

KiiouoBi caoBa: yaapHuii BUIPOOYBaJbHUI CTEH L, TAPONPYKHUI IpUBOJ, KoedillieHT geMiidyBais, yapHe IPpUCKOPEHHSI.

DOI: 10.15587/1729-4061.2021.227583
AHAJITUYHE JOCJII)KEHHA ABTOBAJIAHCYBAHHS Y PAMKAX IIJIOCKOT MOJIEJI POTOPA T
ABTOBAJIAHCUPA 3 O/THUM BAHTAKEM (c. 66-73)

I. b. @ixivonixin, JI. C. Ouniiinivenko, Guntis Strautmanis, A. II. TaneeBa, B. A. Ipy6aub, O. B. Jlucenko, Mareks Mezitis, 1. A. Baisscbkuit

AHaiTHYHO 3HAliIEH] YMOBY HACTAHHST aBTOOATAHCYBAHHS Y PaMKaX IIJI0CKOI MOJIesli POTOpa Ha i30TPOIHUX TIPY;KHO-B SI3KUX OMOpax M
aBTOGAIAHCHPA 3 OJIHUM BaHTakeM. POTOD CTATHYHO HE3PIBHOBAKEHMIA, BiCh 0OEPTAHHS — BEPTHKAIbHA. ABTOOANAHCU]D MAE OIUH BAHTAXK —
MasITHUK, KYJIIO YU POJINK. BasaHcyBaTbHa EMHICTD BAHTAXKY JIOPIBHIOE HE3PIBHOBAXKEHOCTI POTOPA.

Onucana ¢izuko-MareMaTHyHa MOJAEIb CUCTeMI. 3anucani gudeperiianbhi piBHANHS PyxXy y 6e3po3MipHOMY BUTJISI/ TIOA0 CHCTEMU
KOODP/IMHAT, 1[0 CHHXPOHHO 00€PTAEThCst 3 POTOPOM. 3HaliieHuil Tak 3BaHUll OCHOBHUIN PYX — Y HBOMY BAaHTaK CHHXPOHHO 00EPTAETHCS PA3OM
3 poTopoM i Gamancye iioro. ndepeniianbii piBHAHHS pyXy JiHeapU30BaHi B OKOJIi OCHOBHOTO pyXy. CKrajileHe XapaKTepucTuaHe PiBHSHHSL.
TTo Hpomy pocaifzKena CTIKICTh OCHOBHOTO PyXy (peKUMy aBToOaaHCyBaHHs) Y BUIIAKaX BIZICYTHOCTI i HASIBHOCTI CHJI OTIOPY B CHCTEMI.

Beranosiieno, 1110 3a BiZICYTHICTIO CHJI OTIOPY B CUCTEMi:




— Y POTOpa iCHYIOTh TPU XapaKTePHI MBUAKOCTI 0OEPTAHHsI, IPIYOMY TIEPIIA 3aB/K/IH CIIBIIAIAE 3 PE3OHAHCHOIO YaCTOTOK);

— aBrobaJlaHCyBaHHST HACTA€E TIPK OOEPTAHHI POTOPA 3 IBUAKOCTSIMH, TII0 3HAXOASATHCS MK TIEPIIOIO 1 IPYTOI0, Ta HaJl TPETHOIO XapaKTePHUMU
TIBUIKOCTSIMIM;

— Ha BeJIMYMHU JIPYTOI 1 TPETHOI XapaKTEPHUX MIBUAKOCTEN iICTOTHO BIUIMBAE CITiBBIZIHOIIIEHHST MACH BAHTAXKY 10 MACH CUCTEMTT,

— JIpyra i TpeTs XapaKTepHi MBUKOCTI MOHOTOHHO 3POCTAIOTH i3 3POCTAHHSM BiIHOIIEHHS MACH BAHTAXKY /10 MACH CHCTEMIL.

Cuitn 0110pY iCTOTHO BIIMBAIOTH SIK HA BEJIMYMHU JIPYTOI i TPEThOI XapakTepHOI IIBUIKOCTEH, TaK 1 Ha YMOBH iX icHyBaHH:. Mat cusu oropy
He 3MIHIOIOTD SIKiCHOI OBEMiHKN cucTeMU. [Ipr BeJTMKIX crytax omopy KiTbKiCTh XapaKTepHUX IITBU/KOCTEH 3MEHTITYETHCS 70 OJTHIEI.

Onepskani pe3yJIsTaTi 3aCTOCOBHI /17t aBToOaaHcKHpa 3 GaraTbMa BaHTaKaMHU, KOJIU BiH Ga/laHCye He3PIBHOBAKEHICTD, 1110 OPIBHIOE OaaHcy-
BaJIbHIN €EMHOCTI aBTOGATAHCHPA.

Kio4oBi citoBa: nacusHuii aBroGasaHcp, poTop, aBToOMaTH4YHe OajlaHCyBaiHsi, cTaTUYHe GajlaicyBaHHsl, CTIHKICTb PyXy, CTaTHYHa HE3PiBHO-
BaKEHICTb.
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TEOPETUYHI JIOCJIKEHHSI KOJTOCHUKOBO-IMMJIBYATOTO OUUII[YBAYA BEJIMKOTO CMITTS
HABICHOTO THILY (c. 74-84)

Husnu Karimov, Esmira Mustafayeva , Elman Jafarov, Terane Safarova, Fazil Veliev

ITpoBeziero TeopeTHyHe TOCITiUKEHHS TATBYATO-KOTOCHIKOBOI CEKIIi OYnTIfyBada raGapuTHOTO CMITTSI B HABICHIX OYMCHIKAX, M0 (QYHKITIOHYE
Ha GAaBOBHO3GMPAIIbHIIT MAIMHI, TEOPETUYHI Ta eKCIIEPUMEHTAIbHI OOIPYHTYBAHHS 1i0T0 mapamMeTpiB. BUBYEHO BILIMB HABICHOIO OUMIIyBaya Ha
TEXHOJIOTTYHUIA TIPOTIEC OUMITIEHHST GABOBHU-CUPINO TIPU TIePepoOIli Ha XJTOMKO3aBO/I.

P03p06.1eHO TeOPETUUYHY MOJIE/Ib BIUIMBY KOJIOCHUKIB Ha CMITTEBI IOMIIIKK B OYUCHUX TIpoliecax. BUBYeHO yMOBY BiZIoOpasKEeHHS CMITTS KOJIO-
CHUKAMU Ta BUBEJCHHS HOTO 3 TEXHOJIOIYHOTO MOTOKY GaBOBHU. 3aCTOCYBAHHS KOJOCHUKIB IIOCKOT (hopmu Tiepe/iHboi rpani 3abesredye criiike
3HIDKEHHSI KITBKOCTI TIONTKO/UKEHB Y BOJIOKHI GABOBHU-CHPITIO, IO TH/BHUIILYE SKICTh BOJOKHA Ta IPU3BOIATD /10 3HIKEHHST CyMIU BT | 3aCMIY€HOCTi.

B pesysibrari eKCriepUMEeHTAIbHUX | TEOPETHYHUX JOCIIKEHb OTPUMAHI J[aHi, sIKi 03BOJISIOTh OpraHisyBaTh eeKTUBHY POOOTY OUMCHUX
MAIIIH HAaBICHOTO TUITY B XJIOTTKOOYHCHIiT TIPOMICIIOBOCTI.

Jlocikeno pyx 6aBOBHU-CHPITIO SIK TPY’KHO-B’SI3KOTO TiJjia TP BLIBHOMY yIapi CMITTsI 3y6aMil MAJIKH 06 HEPYXOMY TIOBEPXHIO KOJIOCHHKA,
PO3ITIAHYTI CUIIOBI CXEMU MIK KOJIOCHUKAMH Ta MJIaMU. PO3ITISTHYTO BIUIME IMIbYATOro GapabaHa Ha TeXHOJIOTIYHI BJIACTUBOCTI GABOBHU-CUPIIO,
a came Ha TIOIMIKO/KEHICTh HACiHHS Ta YTBOPEHHS BiTTbHOTO BOJIOKHA.

Po3riisiHyTO MOJIE/Ib B3a€MO/Iil 3aCMIiYeHNX YaCTHHOK 3 KOJIOCHMKAMH, IOKa3aHi TPAEKTOPII ITOJIbOTY CMITTS B (DYHKIiI HAXMILy KOJIOCHUKA Ta
KoedirienTa BiTHOBIECHHSI.

JlOCTi/IKEHO TUTAHHST B3a€MO3B I3KY (DI3MKO-MEXaHIYHIX BJIACTUBOCTEl GABOBHHU-CHPITO, TIPY/KHIX XapaKTEPUCTHK GaBOBHU-CHPITIO Ta CUJIH
YIAPY JICTIOUKH 00 KOJOCHHK 3 IVIOCKOI0 POOOUYOIO IPAHHIO. BUPIIIECHHS 11X MTUTAHD IACTh MOKJIMBICTD 3HANTH ONITUMAJIBHY KOHCTPYKIIIO MEXaHi3-
MiB OYHIIEeHHsT GAaBOBHI-CUPIIIO, IO TTPU3BE/IE 10 MiIBUIIEHHS eDeKTY OUHMIEHHsT GABOBHI-CHPINO Bi/l CMITTEBUX IOMIIITOK.

Ha ocHOBi BusiB/IeHUX (DYHKILIOHAIBHUX 3B'SI3KIB BIJIKPHBAETHCSI MOKJIUBICTD CTBOPEHHST HOBUX 200 BIOCKOHAJICHHS iCHyI04UX KOHCTPYKILiil
MAJTBYATO-KOJOCHUKOBOT CEKITiT OYMIIyBaviB HaBicHOTO THITy. OTPHUMAHHMIT I0CBI/I TIOKA3YE, 10 3aCTOCYBAHHS PO3POOIEHOT KOHCTPYKITIT B OUMIILyBa-
Yax rabapuTHOTO CMITTsI HABICHOTO TUITY IA€ 3HAYHE 301LTBIIEHHS] OUUCHOTO e(heKTY MAIIIIHIL

Kii04oBi ciioBa: ouniigyBay HaBiCHU, rabaprTHE CMITTsI, KOJIOCHUK, MOIIKOJKEHICTh HACIHHSI, BIJIbHE BOJOKHO, OYMCHUIT eheKT.
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PO3POBKA JEMII®EPIB YIAPIB ITIPH1 TPAHCIIOPTYBAHHI BAHTAKIB IBOJIAHKOBUMH
TPAHCIIOPTHUMI 3ACOBAMM (c. 85-94)

I. A Bikosuy, JI. B. Kpaiinuk, P. B. 3inbko, B. B. Ilonosuy, O. 3. T'opo6aii

POo3IIIsIHYTO BIUIMB MEPEXiHNX PEsKUMIB PyXy (PO3TiH, raJibMyBaHHsT) 6araToJIaHKOBOTO TPAHCIIOPTHOTO 3ac00y HA BIGPO3AXKCT TPAHCIIOPTOBA-
HUX He 3aKPinyieHnx abo 4acTKOBO 3aKPIIJICHUX BAHTKIB. SIBUIIE yapy y TAKOMY pasi MOKe IMiICHITIOBATUCS HASBHICTIO 3UiITHUX MEXaHI3MIB MijK
JTaHKaMu GaraToJaHKOBOTO TPAHCTIOPTHOTO 3ac00y. JLIsT SMEHITIEHHST TAKMX TOPU3OHTATBHIX YAAPHUX HABAHTAKEHD JOTIHHO BUKOPHCTOBYBATH Y
34iTHUX MIPUCTPOSIX GAraTOJAHKOBOTO TPAHCIIOPTHOTO 3aC00Y €JIEMEHTH 3 B I3KO-TIPY/KHUM JAeMIIyBaHHIM. [[JIs1 TOCTI/UKEHHST PEalbHUX Y/IapHIX
SIBHII TTIJT YaC TPAHCIIOPTYBAHHST He 3aKPIiMieHnX ab0 YaCTKOBO 3aKPIilJIEHNX BAHTAKIB B €KCTPEMATBHIIX PEKIMAX PYXY ABOJAHKOBUX aBTOTPAH-
CMOPTHHUX 3ac00iB 3aIPOIIOHOBAHO 3aCTOCOBYBATH TLJIOCKY [IBO- 1 TPU MAcOBY AMHAMIYHY MOJIENb 3 B'SI3KO-NPYKHUM JAeMibyBantsM. [Ipu oMy
3aCTOCOBAHO TEOPIIO TPYKHOTO YIapy Ta He BPAXOBAHO TPYKHO-IeMII(YBa/IbHI XapaKTePUCTUKHY T/IBICKU TPAHCIIOPTHUX 3aC00IB.

[TokazaHo, 110 OTpUMaHi Pe3yJIBTaTh JOCIIFKEHD Tal0Th MOKJINBICTD OIIHIOBATH OPIEHTOBHI 3HAYEHHST BEJIMYMH MEXaHIYHUX TTapaMeTpiB 00-
Me’KYBaJILHIX IIPUCTOCYBAHD, SIKi 3aXUIIAIOTH He3aKPIIlJIeH] UM 4aCTKOBO 3aKpillyleHi BaHTaXKi Bifl yapy, y IepexXi/HUX pesKUMaX TPaHCIOPTYBaHH:,
3aJI€KHO BiJ] YMOB PyXYy.

Ile mpakTIYHO [1a€ 3MOTY OGUPATH PAIOHATHHI KOHCTPYKTUBHI TIAPAMETPH €JIEMEHTIB B SI3KO-TIPY/KHIX OOMEKYBAJIBHIX MIPHCTOCYBAHb, 30-
KpeMa IPY’KHUX eJIeMeHTIB i iemiichepiB /U1st SMEHIIIEHHST YIAPHUX HABAHTAKEHb HA HE3aKPIIIeH] BEJIMKOBArOBI BAHTAXKI ITi/] 4aC TPAHCIIOPTYBAHHS
B €KCTPEMAJIbHIX PEKIMax PyXY.

Ha 0CHOBI MPOBEICHNX OCJII/KEHD 3alIPOIIOHOBAHA METOMKA BiOPO3AXMCTY HE3AKPIIUIEHUX YU YACTKOBO 3aKPIIIEHUX BAHTAKIB Y KY30Bi
JIBOJIAHKOBOTO TPAHCITIOPTHOTO 3ac00Y TIi/T 4ac HEPiBHOMIPHOTO HOTO PYXY, sIKa TTOJSITAE Y BU3HAYEHHI MAKCUMATBHIX INHAMIYHIX HABAHTAKEHD Ha
11l BAaHTaKi Ta MOKJIMBOCTI MAGOPY PaIliOHATIbHIX KOHCTPYKTUBHIX TIAPAMETPiB 0OMEIKYBATBHIX [IPUCTOCYBAHb ISt 3aI00iraHHsT a60 3MEHIIIEHHS
yIapy IUX BaHTAKIB 00 0OMEKYBaJIbHI IIPUCTOCYBAHHSL.

Kir040Bi coBa: TpaHCIOPTYBaHHsI, BAHTAK, 6araToOTaHKOBHUIT TPAHCTIOPTHHIT 3aci6, PO3PaXyHKOBA CXEMA, EKCTPEMATBHIIT PEKIM, Yap,
BiGposaxucr, nudepeHIianbHi piBHAHHSL.





