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The common properties of images on a plane and a sphere are
considered in the scientific works by scientists-designers of spherical
mechanisms. This is due to the fact that the plane and the sphere
share common geometric parameters. They include constancy at all
points of the Gaussian curve, which has a zero value for a plane and a
positive value for a sphere. Figures belonging to them can slide freely
on both surfaces. With unlimited growth of the radius of the sphere,
its limited section approaches the plane, and the spherical shape
transforms into a plane. Thus, a loxodrome that crosses all meridians
at a constant angle is transformed into a logarithmic spiral that inter-
sects at a constant angle the radius vectors that come from the pole.

The tooth profile of cylindrical gears is outlined by the involute of a
circle. A spherical involute is used for the corresponding bevel gears.
Other spherical curves are also known, which are analogs of flat ones.

The formation of a cycloid and an involute of a circle are as-
sociated with the mutual rolling of a line segment with each of
these figures. If the segment is fixed and the circle rolls along it,
then the point of the circle describes the cycloid. In the case of a
stationary circle along which a segment is rolled, the point of the
segment will execute the involute. To move to the spherical analogs
of these curves, it is necessary to replace the circle with a cone, and
the straight line with a plane. The spherical prototype of the cycloid
will be the trajectory of the point of the base of the cone, which rolls
along the plane, that is, along the sweep of the cone. The sweep of a
cone is a sector, the radius of the limiting circle of which is equal to
the generating cone. If this sweep, like a section of a plane, is rolled
around a fixed cone, when its top coincides with the center of the sec-
tor, then the point of the limiting radius of the sector will execute a
spherical involute. This paper analytically implements these two mo-
tions and reports the parametric equations of the spherical analogs of
the circle involute and the cycloid.

Keywords: involute, cycloid, spatial curves, parametric equa-
tions, geometric model, spherical analogs.
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The object of the study is a circular saw blade. An annular plate of
constant thickness with a free outer contour and a fixed inner contour
was taken as the calculation scheme of the saw blade. The real condi-
tions for fixing the internal circuit correspond to the elastic fixing of
the saw blade with clamping flanges on the shaft of the machine. For
the accepted calculation scheme of the circular saw, the dynamic mod-
el was a fourth-order nonlinear differential equation of the transverse
oscillations of the annular plate with the corresponding boundary
conditions. The rotation of the circular saw was taken into account in
the dynamic model due to the radial force in the middle surface of the
ring plate. This force arises as a result of the action of centrifugal forces
during the rotation of the saw blade. The solution to the fourth-order
nonlinear differential equation was constructed using the Bubnov-
Galyorkin numerical method. The boundary conditions for construct-
ing the solution were as follows: the outer contour of the saw disk was
considered free; the inner contour of the saw disk — elastically fixed
with a certain stiffness coefficient.

The solution was implemented in the Maple 15 mathematical
environment in the form of a developed program. According to
the obtained frequency equation, the values of cyclic and natural
frequencies of transverse oscillations of circular saw disks of differ-
ent thicknesses with the same radius of the inner contour and three
values of the radii of the outer contour were determined: 150 mm,
200 m, and 250 mm. The effect of the rigidity of the internal contour
fixing and the angular speed of rotation of the saw blade on the
natural frequencies of transverse oscillations was studied. The study
was performed for saw disks in the case of oscillations with one, two,
and three nodal diameters. It was established that the rigidity of the
internal contour of the saw blade has the greatest influence on the
natural frequency of transverse oscillations with one nodal diameter.

Keywords: circular saw, transverse oscillations, ring plate, natu-
ral frequency, elastic fastening.
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The object of research is the processes of occurrence, percep-
tion, and redistribution of loads in the supporting structure of a
gondola car with unloading hoppers. In order to increase the car-
rying capacity of the gondola car, and accordingly the profitabil-
ity of railroad transportation, it has been proposed to improve its
structure. This improvement implies the installation of unloading
hoppers in its middle part. According to preliminary calculations,
the use of unloading hoppers could increase the usable volume of
the body by 2.82 m?3. At the same time, the carrying capacity of the
car would increase by 3.8 tons. Accordingly, the axial load on the
wheelsets would increase. It is possible to solve this issue by using
wheelsets with increased axial load in bogies.

As part of the research, a mathematical modeling of the verti-
cal dynamics of the gondola car during its movement in the empty
and loaded states of the rail track was carried out. It was estab-
lished that the movement of the car is evaluated as “excellent”.
The calculation of the strength of the gondola car body under the
main operational load modes was carried out. The stability of the
car’s equilibrium was determined, and its modal analysis was also
carried out.

The peculiarity of the results within the framework of the study
is that the proposed improvement could be implemented not only
when designing a new car structure but also during modernization.

The area of practical application of the results is the machine-
building industry, in particular, railroad transport. The conditions
for the practical application of the research results are compliance
with the axial load within the permissible values.

The research reported here will contribute to improving the
technical and economic indicators of cars, as well as increasing the
profitability of railroad transportation.

Keywords: gondola car with hoppers, vertical dynamics of the
car, body strength, modal analysis of the car.
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The object of research is strength indicators of load-bearing
structures of special rolling stock (dump cars). The research problem
is the appearance of the same type of cracks in the girder beams of
dump cars, the repair of which is not provided for by the current
repair documentation. Malfunction analysis, control tests, strength
studies by calculation and experiment were carried out.

The analysis of malfunctions of cars in operation helped prove
the place of occurrence of fatigue defects — the girder beam. This
made it possible to determine specific zones of load-bearing ele-
ments, in which during control tests of cars, on the basis of taking
into account data on fatigue defects, it is necessary to measure stress
parameters.

The results of the control tests showed that the lowest value of
the fatigue resistance reserve factor n=1.6 for the dump car is found
in the zone on the girder beam in the area of the pivot beam. The
value of 7 is within acceptable limits.

Normative calculations were carried out and a separate calcula-
tion (emergency) mode was additionally defined in the SolidWorks
Simulation 2019 software package (France). Based on the results of
the dump car stress calculations, it was established that the maxi-
mum equivalent stresses in the load-bearing structures of the car
occur during its unloading due to twisting, and the stress vectors are
at an angle of 45°. During the calculation of individual load modes,
the stresses exceed the permissible values.

In order to ensure the necessary strength conditions, it is pro-
posed to introduce a reinforcing pad into the girder beam of the
dump car, due to which the calculated stresses are within the permis-
sible limits.

The research will contribute to devising the recommendations
for the restoration of dump cars, for designing modern structures
of special rolling stock, and for improving strength determination
processes.

Keywords: car, dump car, girder beam, dump car strength, cal-
culated loads.
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The object of research is a tunnel conduit made of star-shaped
metal corrugated structures.

The stresses and magnitude of the plastic hinge occurring in the
metal corrugated structures of the tunnel conduit were investigated,
taking into account the degree of compaction and the height of the
soil backfill.

It was established that when the height of the backfill above
the tunnel conduit made of precast metal corrugated structures
increases and the degree of compaction of the soil backfill decreases,
there is an increase in the values of stresses and plastic hinge in
metal structures. With the height of the backfill above the conduit
equal to 2.75m and the degree of compaction of the soil backfill
RP=80 %, stresses of 235.89 MPa are reached, exceeding the permis-
sible 235 MPa. At the same time, the value of the plastic hinge is 1.03,
which exceeds the normative 1.0.
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It was established that at embankment heights above the tunnel
conduit structures from 1.75 m to 2.0 m, the smallest difference in
stresses and magnitude of the plastic hinge is observed. At RP=98 %,
the stress difference is 0.66 MPa, and the value of the plastic hinge
is 0.008. In the case of the height of the embankment above the
conduit from 1.5 m to 1.75 m, the stress increase was 5.5 MPa, and
the value of the plastic hinge — 0.031. When the embankment height
increases from 2.0 m to 2.25 m, the stress difference is 7.57 MPa, and
the value of the plastic hinge is 0.041.

It was determined that when the height of the embankment
above the conduit was increased by 1.0 m in the range from 0.75 m
to 1.75 m, the stress difference at RP=98 % increased by 27.84 MPa.
However, when the height was increased by 1.0 m in the range from
2.75 m to 3.75 m, the stress difference increased by 12.66 MPa. At the
same time, the value of the plastic hinge at embankment heights from
0.75 m to 1.75 m increased by 0.139, and at embankment heights
from 2.75 m to 3.75 m — by 0.093.

Keywords: precast metal corrugated structures, tunnel conduit,
stress of metal structures, plastic hinge.
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In order to study the patterns of deformation and change of
concrete structures, studies of the fiber Bragg lattice in the form of a
measuring sensor were carried out. Fiber optic sensors have several
advantages: small size, resistance to electromagnetic interference,
high sensitivity, wide range, simple structure, high reaction rate,
corrosion resistance, geometrically versatile and resistant to external
influences.

This work is related to the development of the characteristics
and behavior of strain sensors acting on a fiber Bragg lattice us-
ing computer modeling. The work focuses on the analysis of the
operational characteristics and behavior of strain sensors acting on
the fiber Bragg lattice. The sensor is used to measure the deforma-
tion of an object whose resistance varies depending on the applied
force. This is shown by an example of how a fiber Bragg lattice can
demonstrate strain sensors. In the work, a simulation was carried out
using a computer program to simulate the operation of a fiber Bragg
lattice deformation sensor.

When measuring the deformation, calculations with the Young’s
modulus formulas were used for a more accurate calculation of the
data. When measured, the wavelength left from 1662 nm to 1666 nm,
as well as a constant temperature from 20 °C to 40 °C. The results
show the following, the values of the Young’s modulus are 23.25 Pa,
the Poisson’s ratio is 0.167 br, the modulus of elasticity at shear
is 9.96444 Pa. And in this regard, the results of this work show:
the first is that changes in the magnitude, position and shape of
the deformation can reflect the dynamic evolutionary process of
deformation during bending on the structure. The following is the
deformation curve has a good corresponding relationship with the
change in the applied pressure, which shows software modeling in
different types of deformation.

The conclusion shows that the technology of monitoring fiber-
Bragg lattice sensors has a good effect on internal deformation and
control of mechanical stresses during model tests; it provides new
methods and monitoring tools for model tests.

Keywords: fiber Bragg lattice, simulation, communication tech-
nologies optical fiber, Young’s modulus.
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In this research, commotional analysis based on the finite ele-
ment analysis (FEA) has been performed to investigate IZOD im-
pact test based on the ASTM D256 standard. The ANSYS model
primarily employs a composite constructed of glass fiber-rein-
forced polyester for the boundary conditions. The CEAST 9050
instrument was used to implement the impacting technique in
the experimental inquiry. By employing mathematics, we have
calculated that the applied force is 9.2 N. A hammer traveling
at a speed of 3.5 meters per second is used to strike the samples,
and the results are recorded after each blow. The object of this
study is the mechanical properties and structural integrity of the
composite material composed of glass fibers and polyester when
subjected to impact forces. The main hypothesis of the study en-
compasses the optimism that the glass fiber-reinforced polyester
composite, when put through the Izod impact test in accordance
with ASTM D256. Convergence between the overall deformation
indicator and the numerical result has occurred. Results from the
numerical analysis were examined and confirmed, and compared
to those from the experiment. The specimens in this study were
totally distorted at three different thicknesses (6 mm, 8 mm,
and 10 mm). Deformation was found to be greatest for the thin-
nest value of thickness considered in the study (6 millimeters), as
determined by the results of the computer analysis. This was the
case even though the thickness value was not the sole criterion.
This is the actual state of affairs. The specimen was subjected to a
von-Mises stress at three different thicknesses of 6 mm, 8 mm, and
10 mm. The computer investigation revealed that the Von-Mises
stress was highest at the thinnest possible thickness of jus 6 milli-

meters. Internal energy, kinetic energy, and touch energy are only
few of the various types of energy that have been studied in the
context of energy conservation.

Keywords: impact test, shear stresses, total deformation,
static structure, IZOD test.
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This paper reports the analysis of fire resistance assessment
methods of building structures. Based on the results, it was es-
tablished that conducting fire tests is not expedient and harmful
to the environment. The use of estimation fire resistance assess-
ment methods for reinforced concrete staircases is not considered
possible due to the lack of appropriate tables with fire resistance
classes for the tabular method. The use of the estimation zone
method is also impossible because of the lack of temperature nomo-
grams of temperature distribution during exposure to the standard
fire temperature regime. There are also no described procedures
for applying the estimation refined method for reinforced concrete
staircases. So, using mathematical models, the existing type of re-
inforced concrete staircase was reproduced. Employing the finite-
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element method, the behavior of reinforced concrete stairwells
under the influence of fire was investigated.

Based on the results of these experiments, it was analyzed
which structural geometric parameters of reinforced concrete
stairwells have the greatest influence on their fire resistance. In this
way, three independent, most significant geometric parameters of
reinforced concrete stairwells were established — the height of the
solid base, the thickness of the protective layer of the lower row of
reinforcing bars, and the length of the span.

Therefore, the ranges of the most significant structural geo-
metric parameters of reinforced concrete stairwells were used to
build a regression dependence of the fire resistance limit on these
parameters in order to design a full factorial numerical experiment.

After proving the adequacy of the results obtained according to
the regression dependence, tables were constructed with the geo-
metric parameters of reinforced concrete stairwells to determine
the compliance of these structures with the required fire resistance
class. The use of these tables will make it possible to reduce the
risks of threats to human life and health during a fire by determin-
ing the possibility of using these structures with a guaranteed fire
resistance class during design.

Keywords: stairwell flight, fire, tabular method, refined meth-
od, fire tests.
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This paper considers the influence of higher harmonics in dy-
namic action systems due to their complex movement in the process
of interaction with the technological load. The object of research
is the process of propagation of oscillations in complex dynamic
systems. One of the problems in the application of oscillatory pro-
cesses is the consideration of higher harmonics in the overall move-
ment of systems. To solve the problem, the idea of using a hybrid
model that takes into account both discrete and distributed param-
eters was proposed. The resulting mathematical discrete model in
the analytical equations of motion of the dynamic system preserves
continuous properties in the form of wave coefficients. These coeffi-
cients in their analytical form take into account the contribution of
higher harmonics of both the reactive (elastic-inertial) and active
(dissipative) components of the resistance force. The studies were
carried out on a model of a plant with a multimode spectrum of
oscillations and a nonlinear dynamic system, which is a system with
piecewise linear characteristics.A series of experimental studies
with a wide variation of the change in the frequency of oscillations
was carried out on the installation with a multimode spectrum of
oscillations. Zones of manifestation of higher harmonics along the
vertical axis of force action were revealed. The given spectrum at
the exciter frequency of 35 Hz showed the manifestation of the
spectrum component (around 70 Hz) along the X axis, which is an
important result for practical application. For a system with piece-
wise linear characteristics, the manifestation of multimode, which
manifests itself in the form of subharmonic and superharmonic
oscillations, was determined. The contribution of each harmonic
is determined by applying the obtained dependences. The results
were used in the development of algorithms and calculation meth-
ods of a new class of dynamic action systems taking into account
the contribution of higher harmonics.

Keywords: dynamic system, technological load, continuous
model, spectral characteristic, oscillation frequency.
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A physical-mathematical model of oscillations of unbalanced
vibrators of a pneumatic sorting table as non-stationary oscilla-
tions of an impulse-loaded round plate with various options for
fixing its contour has been built. The axisymmetric non-stationary
oscillations of a round plate supported by a one-sided round base
were considered in two ways of fixing its contour, namely, when
it is tightly clamped and freely supported. It was assumed that
the linearly elastic base resists only compression and does not
perceive stretching. It is shown that for certain durations of the
transverse force pulse in time, the amplitude of the deflection of
the middle of the plate in the direction of action of the external
pulse can be smaller than the amplitude of the deflection in the
opposite direction. At the same time, in the second case, there is
no contact of the plate with the base. It has been proven that this
dynamic effect of the asymmetry of the elastic characteristic of
the system also applies to bending moments and is more clearly
manifested when the contour is freely supported than when it is
tightly clamped. For rectangular and sinusoidal pulses, closed-
loop solutions of the equations of motion of the plate during its
contact with the base and after separation from the base were
constructed. Compact formulas were derived for calculating the
amplitudes of positive and negative deflections in both directions
from the zero position of static equilibrium. Formulas have been
obtained for calculating the time it takes for the plate to obtain
extreme deflection values, which is achieved due to the selection
of a special axisymmetric distribution of dynamic pressure on the
plate. Under such a load, the plate simultaneously detaches from
the base at all points, except for the contour points, which reduces
the nonlinear boundary value problem to a sequence of two linear
problems. Numerical integration of the differential equation was
carried out to check the reliability of the constructed analytical
solutions. Adequacy of the model was proven for the following
values of initial parameters: modulus of elasticity, 2.1-10!" Pa; the
Poisson ratio of the plate material, 0.25; plate thickness, 7...10 mm;

the maximum pressure on the plate, 4-10° Pa; the bending stiffness
of the plate, 6402.6667 N-m.

Keywords: unbalanced vibrator, pneumatic sorting table, oscil-
lation of a round plate, dynamic effect of asymmetry.
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One of the most rational methods of energy utilization of
compressed gas in pipelines is to use turbo-expander installations.
In particular, these are autonomous turbo-expander power sta-
tions. A fundamentally new concept has been devised to improve
the technical and economic performance of this type of machines.
This concept is not focused on a separate aspect of the plant’s
operation but on their entire set. In particular, physical prin-
ciples, structures, and technologies were considered as an object
of research. First, effective parameters of gas-dynamic flows and
heat-mass transfer were determined based on the modeling of
work processes. Secondly, progressive designs of turbo-expander
units have been created. Thirdly, technologies for the production
of parts and assemblies of turbo-expander units have been devel-
oped, which combine, unlike the traditional ones, different types
of strengthening for contacting parts in their pair. A method of
parametric modeling was used to substantiate the technical solu-
tions of the elements of turbo-expander power plants. This makes
it possible to determine the technical characteristics of these
installations under a certain set of parameters. By purposeful
variation, a recommended set of their parameters was determined,
which ensure the improvement of the most important technical
characteristics. A specialized database was built, which contains
an array of information about the regularities of the influence of
variation of significant parameters on various characteristics of
turbo-expander power plants. Already on this basis, the problems
of synthesis of successful technical solutions of turbo-expander
power plants are solved. As a result, their high energy efficiency
is ensured. Thus, the efficiency of the expander was achieved at
the level of 86 % while the resource increased by 20-25 %. All
these solutions were implemented in a number of unique turbo-
expander units. Their effectiveness has been demonstrated during
operation.

Keywords: discrete-continuous strengthening, contact inter-
action, stressed-strained state, technical characteristics, turbo-
expander, heat and mass transfer.
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The object of the study is to determine the required power
leveling device grinder-mixer-dryer. When operating equipment
that combines grinding, mixing and drying in one device, there
are such problems as energy intensity, the lack of calculation
formulas for the theoretical determination of the required power,
which makes it difficult to plan the energy intensity of the equip-
ment. As a result of the research, a constructive-technological
scheme of the grinder-mixer-dryer equipped with a leveling de-
vice was developed. The leveling device, rotating in opposite
directions, moves the raised fodder mass to the end walls of the
bunker. The operation of the screed tines eliminates excessive
forage lift and speeds up the mixing process by moving the for-
age evenly across the entire width of the bin. The acceleration of
the drying process of wet food is explained by the fact that new
portions of wet food are constantly exposed to hot air. As a result
of theoretical studies an analytical expression was obtained to de-
termine the required power for the process of leveling the layer of
forage mass and the required power for the process of leveling the
layer of forage mass Ny=0.286 kW was determined. The results of
the experimental determination of the required power for the pro-
cess of leveling the forage mass layer showed the following value
Ng=0.273 kW, i.e. the difference between theoretical and actual
value is only 4.76 %. This proves the reliability of the obtained
analytical expression, which provides the definition of the main
parameter of the grinder-mixer-dryer, i.e. required power leveling
device. The proposed device and the resulting analytical expres-
sion can also be used in feed mixers.

Keywords: grinder-mixer-dryer, leveling device, required pow-
er, forage mass, layer to be removed.
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PO3POBKA TEOMETPUYHUX MO/IEJIEFI COEPUYHUX AHAJIOTIB EBOJIbBEHTH KOJIA I ITUKJIOIIN
(c. 6-12)

A. B. Hecsinomin, C. @. lwmmnaxka, T. M. Bonina, M. B. Kanenux, 1. C. lllyasxk, 10. I. Cemipuenko, H. B. TapensHuk, 1. 10. I'pumienko,
10. B. Xonoausk, JI. B. Cepux

ITpo crizbHi BacTUBOCTI 300paskeHb Ha TLIONIMHI i cepi BiA3HAYAEThCS Yy HAYKOBUX IPAIAX BUYCHUX-IIPOEKTYBATbHUKIB CHepUaHIX
MeXaHi3MiB. 3yMOBJICHO 1ie THM, 10 IVIONHHY i chepy 06’euny10Tb CIIiIbHI reoMeTpuyHi apameTpu. /Lo HUX BiIHOCUTBCS NIOCTIHHICTD Y BCiX
ToUYKax [ayCccoBOl KPUBMHY, STKa JI7IsT IUTONTMHI Ma€ HyJIbOBe 3HAYEHHSI, a 151 cepn — mozathe. [1o 060X moBepxHsIX (irypH, 1o iM HaJleXKaTh,
MOKYTb BiJIbHO KoB3aTu. [Ipu HeoOMeReHOMY 3pOcTaHHi pajiyca chepn oOMexeHa il MiJIsTHKA HAGMIKAETHCS [0 TUIONMHM, a chepuyuna di-
rypa TpaHc(hOPMYETHCS y TIOCKY. Tak, JIOKCOAPOMA, sIKa MepeTHHAE BCi MEPHU/IAHN i/l CTATUM KYTOM, TPAaHCHOPMYETHCS y JorapiudmidHy
CIIipaJib, sIKa MePeTHHAE MiJl CTAIUM KyTOM Pajiyc-BEKTOPH, SIKi BUXOAATD i3 moJoca. IIpodinb 3yOus MUIHAPHYHUIX 3a4elieHb OKPECIIo-
€ThCsI €BOJIBBEHTOIO KoJia. J{JIst BIAMOBIIHNX KOHIYHUX Hepe/iad 3aCTOCOBYEThCS chepuuHa eBosbBeHTa. Bifomi i inni chepnyuni kpusi, ski €
aHaJIOTaM1 TITOCKUX.

YTBOpEHHSI IUKJIOIN i €BOJBBEHTH KOJIA TIOB’sI3aHi 3 B3AEMHHUM KOYEHHSIM BiJ[pi3Ka MPSMOi 3 KOKHOIO i3 1uX ¢diryp. AKio Bigpizox
HEPYXOMHI, i KOJIO KOTUTBCS 110 HbOMY, TO TOUKA KOJIA OIUCYE IIMKJIOILY. Y BUIAAKY HEPYXOMOTO KOJIa, IO IKOMY IEPEKOYYEThCS BiIPi30K,
TOuKa Bijpiska onuure eBosbBenTy. [106 nepeiiTu 10 chepuuHrx aHAIOTIB IIMX KPUBKX, IIOTPIGHO 3MIHCHUTH 3aMiHY KOJIa Ha KOHYC, & IPSMOI
Ha mwionmHy. ChepuaHuM mpooGPasoM IUKIOIAN Gyjie TPAEKTOPIs TOUKH OCHOBH KOHYCA, SKUI KOTUTHCS 110 TUIONIUHI, TOOTO 110 PO3TOPTIL
KoHyca. Po3ropTkoio KoHyca € CeKTop, pajiyc 0OMesKyI04oro KoJjia IKOro PiBHUN TBIpHill KoHyca. SIKIIO 1110 pO3ropTKY, sIK BiJICIK TUIOIITHH,
06KOYyBaTH HABKOJIO HEPYXOMOTO KOHYCa, KOJU MO0 BEpIIMHA 30ira€ThCsl 3 IEHTPOM CEKTOPY, TO TOYKa 0OMEKYIOUOro pajiyca CeKTopa
onume cepudHy eBOAbBEHTY. Y CTaTTi aHANITHYHO Peasyi3oBaHo IIi Ba PyXH i OTPHMaHO TapaMeTPUYHi PiBHAHHA c(epUYHIX aHATIOTIB
€BOJIbBEHTH KOJIa 1 IINKJIOIIH.

Kimo4oBi ciroBa: eBoJIbBEHTa, IIMKJIOI/IA, IPOCTOPOBI KPUBI, TapaMeTPUYHi PiBHSHHS, FeOMETPHYHA MOJIeJIb, C(hepHUYHi aHAJIOTH.
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BU3HAYEHHS YACTOT IOIEPEYHNX KOJIMBAHD IIPY3KHO 3AKPIIIJIEHOTO JUCKA KPYTJION
MAJIKH (c. 13-20)

JI. @. [I3106a, O. Y0. Umup, O. B. Menbmmkosa, X. I. JlinuHcbka

OG6’€KTOM JOCIIDKEHHS € IMCK KPYTJIOl IMMJIKK. 32 PO3PaXyHKOBY CXeMY MUJIKOBOTO JAUCKA MIPUIHSTO KiJIbIIEeBY B IJIaHi IJIACTHHY CTAJIOL
TOBIIMHY 3 BIJIbHUM 30BHIIIHIM KOHTYPOM Ta 3aKpillJICHUM BHYTPIlIHIM KOHTYpoM. PeasbHi yMOBHU 3aKpillJICHHS BHYTPIIHBOTO KOHTYPY
Bi/IITIOBIZIAIOTH TPY’KHOMY 3aKPIiIIEHHIO TMHJIKOBOTO IMCKA 3ATUCKHUMHI (DIIaHIsIMU Ha BaTy BepcTata. [l mpuitHATOl po3paxyHKOBOI cXeMu
KPYTJIO1l IJIKY TUHAMIYHOIO MOJIEJLIIO € HeJTiHiline qudepeniiaabie PiBHAHHS Y€TBEPTOrO TOPSIAKY MOMEPEYHUX KOJTUBAHD KiJTbIIEBOT IIac-
TUHU 3 BIINOBIAHUMY TpaHnyHuME yMoBaMu. OGepTaHHst KPYIJIol MHUJIKK BPAXOBAaHO B IMHAMIYHIN MOl yepes pajiajibHy CHIIy B CEpe/inH-
Hiit ToBepXHi KisbIeBoi miactunu. 15 cnita BUHMKAE BHACIOK i BiIIEHTPOBUX 3yCUIIb ITiJ] Yac obepTaHHs MUJIKOBOro Aucka. [ToOyaoBano
PO3B’SI30K HEJIHIITHOTO AUEePEHIIaTbHOTO PIBHSHHS YETBEPTOTO MOPSIIKY YUCENbHUM MeTo0oM By6HoBa-Tambopkina. Ipanuuni ymMoBU 7151
moOyI0BY PO3B’SI3KY TaKi: 30BHINIHIN KOHTYP MUJIKOBOTO [MCKA BBAKAJIW BIJILHUM; BHYTPIIHIiT KOHTYD MUJIKOBOTO JMCKA — MPYKHO 3aKpi-
IJICHUM 3 TIeBHUM KOebil[i€EHTOM JKOPCTKOCT.

Po3B’s130K peasizoBaHo B MaTeMaTnuHoMy cepenosuiii Maple 15 y Burisiai pospoGienoi nporpamu. 3a OTPUMAHUM YacCTOTHUM PiB-
HSHHSAM BU3HAUEHO 3HAYEHHS [UKJIYHUX Ta BJIACHUX YAaCTOT ITOTEPEYHUX KOJMBAHD JUCKIB KPYIJIMX ITHUJIOK Pi3HOI TOBIIMHU 3 OIHAKOBUM
pajtiycoM BHYTPIIIHBOTO KOHTYPY Ta 3 TPhOMA 3HAYCHHSAMU PajiiyciB 30BHIMHBOr0 KOHTYPY: 150 MM, 200 mm i 250 mm. Jlocstipkeno BrmB
JKOPCTKOCTI 3aKPIiTJIEHHST BHYTPIITHBOTO KOHTYPY Ta KyTOBOI MIBIHAKOCTI 0OEPTAHHS TMIKOBOTO ANCKA HA BIACHI YACTOTH TTOMEPEYHIX KO-
smBaHb. /locijzKeHHs: BUKOHAHO TS TIMJIKOBUX JIMCKIB y pa3i KOJMBAHb 3 OJJHUM, JIBOMA Ta TPbOMa BY3JIOBUMH JliameTpamiu. BeraHoBieHo,
110 KOPCTKICTh 3aKPITIEHHS BHYTPINTHBOTO KOHTYPY MUJIKOBOTO MCKA MA€ HAGIIbIINI BILIMB HA BIACHY YaCTOTY TTOMEPEYHUX KOJIUBAHb 3
OJTHUM BY3JIOBUM JliaMeTPOM.

KouoBi cioBa: kpyriia mujKa, HOIEPeYHi KOJIMBAHHS, KiJIbIleBa IJIACTUHA, BIACHA YACTOTA, IIPY>KHE 3aKPIIlJICHHSI.
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BU3HAYEHHA HABAHTAKEHOCTI KY30BA HAIIIBBATOHA 3 PO3BAHTAKYBAJIbHUMH
BYHKEPAMMH ITP OCHOBHUX EKCILTYATAIIMHUX PEKUMAX (c. 21-29)

A. O. JloBcbKa, L. I. Cranoscbka, B. I1. Hepy6aupkuii, €. O. Haymenko, /1. JI. Cymko

O6’eKTOM JIOCIIDKEHHS € MPOIeCH BUHUKHEHHS, CIPUHHATTS Ta Iepeposo/Iily HaBaHTaKeHb B HeCydiii KOHCTPYKILii HamiBBaroHa
3 po3BaHTaKyBaJTbHUMU OyHKepaMu. JIJist 3611bIIEHHS BAHTAKOTIIHOMHOCT] HATIIBBArOHA, @ BIAMOBIAHO i peHTA0ENbHOCTI 3a/II3HUYHUX
nepeBe3enb, 3alPOTIOHOBAHO Y OCKOHATIEeHHs Horo KoHCTpyKiii. /laHe ymockoHaleHHS TIOJATA€ y BCTAHOBJEHHI 3a HOTO cepeaHboio
YACTUHOIO PO3BAHTAKYBAIbHUX OYHKePiB. 3a MONepeHiMI PO3PaXyHKAMU BUKOPUCTAHHS PO3BAHTAKYBAJIbHUX OYHKEPiB 36i1bIIUTH
KopucHuit 06’eM xysoBa Ha 2,82 M°. [Ipu boMy BaHTaKOMiAHOMHICT BaroHa 36impmuThCA Ha 3,8 T. Bixmosigno i 36imbmmThesa ochoBe



HABAHTAKEHHsI HA KOJICHI Tapu. BUpImuTyu 11e TUTaHHS MOKJIMBO MIJISXOM BUKOPUCTAHHS Y Bi3KaX KOJTICHUX Hap 31 301/IbIIIEHUM 0ChO-
BUM HaBaHTaKEHHSM.

B pamkax focJiijiKeHHs TIPOBE/IeHO MaTeMaTHYHe MOJIeJIIOBAaHHS BEePTHKAIbHOI JUHAMIKY HaNiBBaroHa npu Horo pyci y HOPOKHbOMY
Ta 3aBAaHTAKEHOMY CTaHAX PEeHKOBOIO KOJi€lo. BeTanoBieHo, Mo Xif pyXy BaroHa OILIHIOETHCS SIK “Biaminumil”. IIpoBeseno po3paxyHok Ha
MIIHICTDh Ky30Ba HalliBBaroHa IIpM OCHOBHMX €KCILTyaTalliiiHNX pekKMMaxX HaBaHTa’keHHs. BuaHaueHO CTIilKiCTh piBHOBAarm BaroHa, a TaKOX
IIPOBeZIeHO HOT0 MOJIAIbHUI aHAaIi3.

Oco6MBICTh OTPIMAHIX PE3YJIBTATIB B paMKaX TOCJI/KEHHST TIOJISITAE Y TOMY, IO 3alTPOIIOHOBAHE YIOCKOHATIEHHS MOKJIIBO 3/[HICHUTH
He TIJIbKY [1PU IPOEKTYBAHHI HOBOI KOHCTPYKIIil BaroHa, a i Mo/iepHi3aitii.

Cchepoio mpakTUIHOTO 3aCTOCYBAHHST PE3YJIBTATIB € MAMIMHOOYAIBHA TaIy3b, 30KPeMa, 3a/I3HUYHIIT TPAHCTIOPT. YMOBAMH MPAKTHYHOTO
3aCTOCYBaHHS Pe3yJIbTaTiB JOCTIPKEHHS € JOTPUMAHH OCbOBOTO HaBaHTaKEHHS B PaMKaX JOIyCTUMUX 3HAYEHb.

ITpoBezieHi noCHiPKEHHS CIPUATUMYTD CTBOPEHHIO HAIIPAIIOBaHb I10/I0 IIOKPAIleHHS TeXHIKO-eKOHOMIUHNX IIOKa3HHUKIB BaroHis, a Ta-
KO TiIBUIIEHHIO PeHTAbeTbHOCT 3aTi3HITIHIX TTEPEBE3EHb.

Kio40Bi ci0Ba: HaniBBaros 3 6yHKepamu, BEPTUKAIbHA [MHAMIKA BATOHA, MIIHICTD Ky30Ba, MOJQJIbHIIN aHAJI3 BarOHA.
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BUABJIEHHSA OCOBJIMBOCTEI HATIPY }KEHO-TE®OPMOBAHOTO CTAHY HECIBHUX KOHCTPYKIIIA
CHEIIAJIBHOTO PYXOMOTO CKJIAZTY JIJI iX MOJIAJBIIOTO BJIOCKOHAJIEHHS (c. 30-42)

0. O. Komress, C. 10. Canponosa, C. B. Kapa

OO6’€KTOM JIOCTI/UKEHHS € TIOKA3HUKK MIiITHOCT] HECIBHUX KOHCTPYKITIH CIIEIiaIbHOr0 pyXoMoro ckiay (ymnkapis). [Tpobiema gocmimKe st
TOJISITAE Y TOSIBI OJIHOTUITHUX TPIIIH B XPeOTOBIX GaJIKaX [yMITKapiB, PEMOHT SIKHX He TiepeGayeHuil iF0U0i0 PEMOHTHOIO IOKYMeHTarti€o. [Tpo-
BEJICHO AHAJII3 HECTTPABHOCTEH, KOHTPOJIBHI BUIIPOOYBAHHST, IOCIKEHHST MIITHOCTI PO3PAXyHKOBUM Ta €KCIIEPHUMEHTATLHUM ILJISIXOM.

3a paxyHOK MPOBEAECHOTO aHaJIi3y HeCHPaBHOCTEH BaroHiB B €KCILIyaTallii, JOBeIEeHO MIiCIsl BUHUKHEHHS BTOMHUX Je(eKTiB — XpeOToBa
Gaska. Ile 1210 3MOTY BUBHAYMTH KOHKPETHI 30HU HECIBHUX €JIEMEHTIB, B IKUX TIPU KOHTPOJILHUX BUMIPOOYBAHHSX BATOHIB, HA OCHOBI Bpaxy-
BaHHI IAHUX PO BTOMHI fedeKTH, HeOOXiIHO TIPOBOANTH 3aMipH ITapaMeTpiB HAPYKEHHSI.

PesynbraTun KOHTPOJIBHUX BUIIPOOYBaHb MOKA3aJIH, 1110 HAllMEHIIe 3HAYeHHs KoedilieHTy 3amacy onopy Bromi n=1,6 iuis1 gymrkapa 3Ha-
XOJIUTBCS B 30HI HA XpeOTOBIi Gami B paiioHi IBOpHEBOI GanKn. 3HAYEHHS N 3HAXOAUTHCA B JOTYCTUMHX MEKaX.

[TpoBezieno HOpMATHBHI PO3PaXyHKH Ta A0JATKOBO BU3HAYEHO OKPEMUIT PO3PAXyHKOBHH (aBapiifHmii) peskuM B TIPOTPAMHOMY KOMILIEKCI
SolidWorks Simulation 2019 (®Dpaniis). 3a pesysbrataMmu po3paxyHKiB HAPYKEHb TyMIIKapa BCTAHOBJIEHO, 110 MAKCHMAJIbHI €KBiBaJIEHTHI
HaNPy’KeHHS B HECIBHUX KOHCTPYKI[ISIX BaroHa BUHMKAIOTD il ac HOTO PO3BaHTaKEHHS 3a PaXyHOK CKPY4YyBaHHS, a BEKTOPU HANPYKeHb
3HAXOAATHCS T1ijL KyToM 45°. [1if yac po3paxyHKy OKPeMHX PEKMMiB HABAHTAKEHHs HAIIPYIKEHHS [IEPEBHIILYIOTD IOy CTUMI 3HAYEHHSI.

Jlns 3abesmedeHHss HeOOXITHMX YMOB MII[HOCTI 3aIIPOTIOHOBAHO BIIPOBA/UKEHHS B XPEOTOBY OaslKy AyMIIKapa MiCHIIOI0YY HAKIAAKY, 38
PaxyHOK YOTO PO3PAXyHKOBI HAIPYKEHHS 3HAXO/AATHCS B AOMYCTHMUX MEXKax.

ITpoBeseHi noCHiKEHHS CIIPUATUMYTh CTBOPEHHIO PeKOMEH/IALTiil 1110/10 BiZIHOBJICHHS [yMIIKapiB, IIPOEKTYBAHHS CyUYaCHUX KOHCTPYKIIiil
CHeIiaTbHOTO PYXOMOTO CKJIa/Ly Ta YAOCKOHATIEHHS TIPOIIECiB BU3HAYCHHS MIITHOCTI.

Kio4oBi ciioBa: Baros, mymikap, xpe6rosa Gaika, MillHICTb yMIIKapa, PO3PaXyHKOBI HABAHTAKEHHSL.
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OIIHIOBAHHS HATIPYKEHD TA BEJJMYNHHU IVIACTUYHOTO IIAPHIPY TYHEJIBHOTO
IIJIIXOIPOBO/IY I3 3BIPHUX METAJIEBUX TO®POBAHUX KOHCTPYKIIIiI I3 BPAXYBAHHSIM
ITAPAMETPIB IPYHTOBOI 3ACUIIKH (c. 43-53)

B. B. KoBaisbuyk, 1. A. Kapnakos, A. M. Onumienko, O. B. Ilerpenko, P. B. Boiikis

OO6’eKTOM [OCITI/KEHD € TYHEJTbHUI IIIAXOMPOBI i3 3ipHUX MeTaieBuX ropoBaHNX KOHCTPYKILiil.

[TpoBesieHO IOCITI/IPKEHHST HATIPY KEHb Ta BEJIMYNHI [IJIACTUYHOTO TAPHIPY, 110 BUHUKAIOTh Y MeTaleBUX TO(OPOBAHNX KOHCTPYKILSX TY-
HEJIbHOTO NITAXOIPOBO/LY i3 BpaXyBaHHAM CTYTICHS YIIIbHEHHS Ta BICOTH IPYHTOBOI 3aCHIIKH.

BcTaHoBIIEHO, 110 TpH 301/IbIIEHH] BUCOTH 3aCUTIKU HAJl TYHEJIbHUM IIIXOIPOBOIOM i3 30ipHUX MeTaleBUX rohpOBaHUX KOHCTPYKILiii i
3HIDKEHH] CTYIIEHIO YIITbHEHHS [PYHTOBOI 3aCHIIKI, BiIOYBAETHCS MiABUIIIEHHS BEJIMYNH HAIPY/KEHb Ta IIACTHYHOTO MAPHIPY Y METATEBUX
KOHCTPYKIisIX. [Ipu BUCOTI 3acunkn Ha/| MIISIXOIPOBOJIOM PiBHIN 2,75 M Ta BeJMYUHI CTYIEHIO YIJIbHEHHs rPyHTOBOI 3acuiiku RP=80 %
nocsiraioThest Hanpyskenus 235,89 MITa, mo nepesunyiors gomycrumi 235 MITa. ITpu iiboMy BemunHa 1IacTHYHOTO mapHipy ckaagae 1,03,
10 TepeBwIy€e HopMatusiy 1,0.

BeranosIieHo, 1110 py BHCOTAX HACUILY HAJI KOHCTPYKINSIME TYHEILHOTO HMIISIXOIPoBoAY Bif 1,75 M 10 2,0 M criocrepiraeTbest HaiiMeHIma
PISHHUILA HANPY)KEHDb Ta BeJMYUHK 11acTHyHOro mapHipy. [Ipu RP=98 % pisuuig Hanpysxens ckaagae 0,66 MIla, a Besmunna 1maacTuaHOro
mrapuipy — 0,008. Y Bumajky BHCOTH HacHIly Hajl HLIsIXOmpoBogoM Big 1,5 M g0 1,75 M npupict Hanpyskeub ckiaB 5,5 MIla, a Beuunnn
mractuysoro mapuipy 0,031. ITpu 36imbmienni Bucorn Hacumy Biz 2,0 M 10 2,25 M pisHuIst HAPYsKeHb ckaagae 7,57 MIla, a BesmunHu 1irac-
tugHoTo Tapuipy — 0,041.

BeranosiieHo, 1110 11pu 36iIbIIEHH] BUCOTH HACHITY Ha/l NIIsIXOIpoBozoM Ha 1,0 M y Mexxax Big 0,75 M 10 1,75 M pi3HUIs HAIIPYKEHD TIPH
RP=98 % s6iapiriracst na 27,84 MIIa. ITpore npu mizsummeni Bucorn Ha 1,0 M y Mexkax Biz 2,75 M 710 3,75 M Pi3HUISI HATTPYKEHb 301IBIIIIACS
na 12,66 MIIa. IIpu 1iboMy BesMukHA IJIACTHYHOTO MIAPHIPY MpU Bucotax Hacuity Big 0,75 M 10 1,75 m 36iabmmiacs wa 0,139, a npu Bucorax
nacuity Bz 2,75 M 110 3,75 M — Ha 0,093.

KiouoBi ciioBa: 36ipHi MetasieBi ropoBani KOHCTPYKILii, TYHEJIbHUIT IIISIXOMPOBIJI, HATIPY/KEHHS MeTaJIeBUX KOHCTPYKILIH, MIacTHaHU
LIapHip.
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3ACTOCYBAHHS METO/1Y BUMIPIOBAHHSI IIAPAMETPIB JIEGOPMAIIIT 3A MEXAHIYHOI /1T HA
BETOHHI BAJIKM 3 BUKOPUCTAHHSIM BOJIOKHHUYHOT PEIITKH BPEITA (c. 54-62)

Gulim Kadirbayeva, Katipa Chezhimbayeva, Mukhabbat Khizirova, Waldemar Wojcik

3 MeToI0 BUBYEHHST 3aKOHOMIpHOCTEH JehopMaitii Ta 3MiHM 6ETOHHUX KOHCTPYKIN OyJIv IPOBEAEH] JOCIIIZKEHHS BOJIOKHUCTOI PEITiTKH
Bperra y Burssiai BuMipioBaabHOro gatuka. BosoKoOHHO-ONTHYHI JaTYMKU MAIOTh PsJl IepeBar: MaJli Po3MipH, CTIHKICTb 0 eJIeKTPOMAarHiT-
HUX TIEPEITKO/I, BICOKA Yy TINBICTh, MIMPOKUII iama3oH, IpocTa KOHCTPYKITis, BICOKA MBUKICTD PeaKIlii, CTi#KicTh 10 KOpo3ii, reomeTpuyHa
YHIBEPCATbHICTD i CTIHKICTD 10 30BHIIIHIX BILJIUBIB.

st poboTa 1moB’si3ana 3 pO3POOKOI0 XapaKTEPUCTHK 1 TTOBEAIHKY JAATIYNKIB sedhopmartii, 1o Ai0Th Ha BOJIOKOHHY periTky Bperra, 3a jomo-
MOT0I0 KOMIT IOTEPHOTO MOzIeTioBaHHsT. Po60Ta 30cepe/kena Ha aHATi3i poGOUYIX XapaKTEPUCTHK i TIOBEIIHKI TEH30/IATUHKIB, IO [II0Th Ha BOJIO-
KOHHY pentiTky Bperra. /[aTanuk BUKOPUCTOBYETHCS JIJIs BUMIpIOBaHHsT ehopMaltii 06’€KTa, OIip SAKOTO 3MiHIOEThCST 3AJIEKHO BiJl IPUKJIAIEHOT
cwi. 1le TokasaHo Ha TIPUKJIaZi TOTo, sIK BOJOKOHHA pelliTka Bperra Mojke ieMOHCTpYBaTH JaTunky jedopmartii. Y poboti 6ysio mpoBeneHo
MO/IEJTFOBAHHSI 32 IOTIOMOTOI0 KOMITIOTEPHOI TPOTPAMU JJIsi MOJIEIOBAHHS POOGOTH BOJIOKOHHOTO latyrKa Aedbopmaitii pemritku Bperra.

[Tpu BuMipoBaHHi KedopManii BUKOPUCTOBYBAIMCS PO3PaxyHKH 3a (hopmynamu Moy st IOHTa uist GLIbII TOYHOTO PO3PAXYHKY JAHUX.
[Tpu BumipioBanHi JOBKUHA XBUJII BTiBO Bif 1662 nm 10 1666 1M, a Takosx nocriitna Temmeparypa Bix 20 °C mo 40 °C. Pesynbsratit mOKa3yioTh
Hacrynue, 3Hauennst Moyast IOnra cranosisats 23,25 I1a, koediuient ITyaccona cranosuts 0,167 6p, MoayIb IPYXKHOCTI 1P 3CYBi CTaHO-
BUTH 9,96444 TTa. I B 11bOMY BiIHOIIEHH] Pe3yJIBTaTH Ii€i pOOOTH MOKA3YIOTh: Mepliie, o 3MiHU Y BEJIMYNHI, TI0J0KeHH] Ta hopmi gedopmartii
MOKHA BiJoOpasuTH AMHAMIYHKUI eBosoniitnuii nporec aedopmartii pu 3runi Ha koHcTpykiii. Hukue Hasegeno kpuBy aedopmaiiii, sika
n06pe BiAIOBia€ 3MiHI MPUKIAIEHOTO THCKY, IO IEMOHCTPYE MTPOrPaMHE MOJIENIOBAHHS PI3HUX THIIB Aedopmaltii.

BUCHOBOK TIOKa3ye, 110 TEXHOJIOTIS MOHITOPUHIY BOJOKOHHO-OGPErTiBCHKUX CEHCOPIB J00pe BIUIMBAE Ha BHYTPILIHIO jedopMaliiio Ta
KOHTPOJIb MEXaHIUYHUX HATIPY’KEHb ITijl Yac MOJEJbHUX BUMIPOOYBaHb; BiH HAla€ HOBI METO/IM Ta 3aCO0U MOHITOPUHTY /IS TECTYBAHHS MOJIEI.

KmouoBi cioBa: BosiokHO, periTka bperra, MoemioBanHsI, ONTUYHE BOJOKHO /I KOMYHIKAI[ifHIX TEXHOJIOTIH, Moxyb HOnra.
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INEHTUODIKANIA SAKOHOMIPHOCTEU Y IIOBEAIHIII IIOJIIECTEPHOI'O KOMIIO3UTY, APMOBAHOI'O
CKJIOBOJIOKHOM, II1/T YAC BUITPOBYBAHHS HA YIAP HA OCHOBI CTAHZIAPTY ASTM D256 (c. 63-71)

Imad O. Bachi Al-Fahad, Azzam D. Hassan, Batool Mardan Faisal, Hussein kadhim Sharaf

Y 1poMy nociKeHHL 6yJ10 [IPOBEZICHO aHAJII3 KOMMOLIII Ha OCHOBI aHasi3y CKIHUEHUX eJIEMEHTIB, o6 gocainTI Bl/lllpO6yBaHH$I Ha y/lapHy
critikicts IZOD ma ocHosi crangapty ASTM D256. Y mozeni ANSYS /i1t TpaH9HAX YMOB B OCHOBHOMY BUKOPHCTOBYETBCST KOMITO3HUT, BUTOTOB-
JIeHWH! i3 TToJtiecTepy, apMOBAHOTO CKJIOBOJIOKHOM. /17151 peasti3aliii MeToIMKN BIIUBY B eKCIIEPUMEHTATILHOMY /IOC/I/IPKeHHI BUKOPHCTOBYBABCS IIPH-
nan CEAST 9050. 3acTocoBytoun MaTeMaTHKy, OyJI0 MipaxyBaHo, M0 MPUKIaaeHa cuaa ctanoButh 9,2 H. st yaapy 10 3paskax BUKOPUCTOBYETh-
€S MOJIOTOK, SIKMH PYXa€ThCs 31 IBUAKICTIO 3,5 METPa Ha CEKYH]LY, i Pe3yJIBTaTH 3alMCyIOThCsI THCIsT KOKHOTO yaapy. O6'€KTOM IIbOTO JIOCT/IKEHHS
€ MeXaHiuHi BJIACTUBOCTI Ta CTPYKTYPHA LiMICHICTb KOMIIO3ULIHOIO MaTepialy, 1[0 CKJIAJA€ThCs 31 CKJIOBOJIOKHA Ta [10JecTepy, Iiji BIVINBOM CUJL
yrapy. OcHOBHA TiNoTe3a A0CITI/IKEHHS TOJISITAE B TOMY, 1110 1oJTiehipHIA KOMITO3UT, aDMOBAHUIT CKIOBOJIOKHOM, MIAETHCST BUTPOOYBAHHIO Ha
yaap 3a I3ozom BianosiaHo 10 ASTM D256. 36iKHiCTb Mizk 3arajibHUM HOKa3HUKOM jiepopMallii Ta ynceIbHUM pesyisratoM BioyJacst. Pesyiisra-
TH YHCETLHOTO aHAJII3Y MEPEBIPEHO Ta THATBEPIKEHO, & TAKOK TIOPIBHSIHO 3 PE3yJIETATAMHU EKCIIEPUMEHTY. 3Pasku B [IbOMY AOCIKEHH] OyJIu 1mo-
BHICTIO CITOTBOPEHI TIPU TPHOX Pi3HUX TOBIMHAX (6 MM, 8 MM i 10 MMm). [lehopmaltist BUsIBUIACS HAHGLIBIIONO /IS HATOHIIOTO 3HAYEHHST TOBIIMHHM,
POBIJIAHYTOTO B TOCIi/UKeHH] (6 MM), SIK BUSHAUECHO 32 Pe3yJIbTaTaMi KOMITIOTepHOro aHasisy. Lle 6yJ10 Tak, HaBiTh SIKIO 3HAYEHHS TOBIMHU He
OyJ10 exmnnM Kpurepiem. Ile daxruanuii cran pedeit. 3pasok OyB miyianuii Harpysi hor-Mizeca 1Ipu TpbOX pisHUX TOBIMHAX 6 MM, 8 MM i 10 MM.
Komi'torepre pocizken s nokasaso, 1o Harpyra ¢ox-Miseca Oysia HaliBUIIOIO P HARTOHIINA MOK/IMBIN TOBIMHI BCboro 6 MM. BHyTpitms
€Hepris, KIHeTHYHA eHEepris Ta eHeprist AOTUKY — 1€ JIUIIIE IesIKi 3 PI3HUX BUJIB €Hepril, siki BUBYAJINCS B KOHTEKCT] 30epesKeHHsI eHeprii.

Kioyosi cioBa: BunpoOyBaHHs Ha yaap, HaIPysKEHHsT 3CyBY, TOBHA jehopMallisi, craTHuHa cTpyKTypa, BunpoOysants [3O/I.
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YIOCKOHAJIEHHSI TABJIMYHOTO METO/IY OIITHKU BOTHECTIIKOCTI 3AJII30BETOHHUX
KOHCTPYKIIIIA (c. 72-78)

I. O. Hecen, C. O. Cianeii, O. A. IleryxoBa, M. M. JKypascokuii, €. O. Tumenko

[IpoBe/ieHmii aHaIi3 METO/IB MTPOBE/IEHHSI OLIHKK BOTHECTIHKOCTI Oy/IiBeIbHIX KOHCTPYKILiH. 3a pe3ysbrataMu BCTaHOBJIEHO, 110 TPOBe-
JICHHST BOTHEBUX BUITPOOYBAHb He € AOIIIBHUMK Ta IIKIIMBUMU [IJIs1 HABKOJHMIITHBOTO CEPEAOBUINA. 3aCTOCYBAHHS PO3PaXyHKOBUX METOIB
OLIHKK BOTHECTIKOCTI 110 3a/1i300€TOHHUM CXO0BMM MapliaM He mepe6adacThes MOKINBUM i3-3a BI/ICYTHOCTI BiZITIOBIAHUX TabJINIb 3 KiIa-
CaMH BOTHECTIHKOCTI /7151 TaGJIMIHOTO MeTOLy. BUKOPHCTaHHS PO3PAaXyHKOBOTO 30HHOTO METO/IY TAKOK HEMOKJIMBO T10 IPUYKHI BiZICYyTHOCTI
TEeMIIePaTyPHUX HOMOTPAM IOLIUPEHHS TeMIIEPATYPH i/l Yac BIUIMBY CTAHIAPTHOIO TEMIEPATYPHOTO PEKUMY MOKexi. OMucaHnx MeTOINK
3aCTOCYBAHHS PO3PAXyHKOBOTO YTOUHEHOTO METOLY JIUIS 3a1i300€TOHHUX CXOJOBMX MapIIiB TakoxK Hemae. OTKe, BAKOPUCTOBYIOUN MaTeMa-
TUYHI MoJiesTi, OyJI0 BIATBOPEHO iCHYIOUMIT THII 327113006 TOHHOTO CXOI0BOTO Mapliry. 3a AOTIOMOTOI0 METOAY CKiHYEHUX €JIEMEHTIB TPOBeIeH]
JOCTIIFKEHHST OBEAIHKY 3a/1i300€TOHHIX CXO0BUX MapIIiB i yac BILIUBY MTOKEXKI.

3a pesyJibTaTaMy IIMX eKCIIEPUMEHTIB TIPOAHAJIB0BAHO, sIKi KOHCTPYKTUBHI FeOMETPUYHI TTAapaMeTpy 3a/li300€TOHHIX CXO0BUX MapIIiB Haii-
GiJIbIITe BILIMBAIOTH Ha IXHIO BOTHECTIHKICTb, TAKUM YMHOM BCTAHOBJIEH] TPU HE3a/IeKHUX HAROLIBII 3HAYYIMX TEOMETPUYHUX [TapaMETPU 3aJ1i30-
GETOHHUMX CXO/I0BUX MapIIIiB — BUCOTA CYIIJIBHOI OCHOBH, TOBIIMHA 3aXMCHOTO APy HUKHBOTO PSUTY aDMATyPHUX CTEP/KHIB Ta TOBKUHA TTPOJIBOTY.



Orxe, 6yJI0 BUKOPUCTAHO iAla30HH HAKOLIBIIT 3HAYYIIUX KOHCTPYKTHBHUX FeOMETPUUYHKX IAPAMETPIB 3a/Ti300€ TOHHIX CXOOBHX MAPIIIB /ISt
CTBOPEHHST PerpeciifHoi 3aIe’KHOCTi MesKi BOTHECTIMKOCTI BiJl ITMX MapaMeTpiB 3 METOIO CKJIA/IAHHST TIOBHOTO (DaKTOPHOTO YHCIOBOTO €KCIIEPIMEHTY.

TTicais moBeieHHS aleKBaTHOCTI Pe3yJIbTaTiB OTPUMAHKX 3a PErPeciiiHoI0 3aIeKHICTIO CTBOPEHi Tab/HIl 3 TeOMETPUYHIUMU MapaMeTpaMu
3a71i300€ TOHHIX CXOZOBUX MapIIiB /IS BU3HAYEHHS BIAMOBIAHOCTI IIMX KOHCTPYKIIHN 10 HEOOXiAHOTO KiIacy BorHectiiikocTi. Bukopucranms
X TabJIUIb JO3BOIUTH 3MEHIITUTY PU3UKU 3arPO3H JKUTTIO Ta 3[0POB’S JTIOANHM TIi/T Yac MOKEKi 32 PAXyHOK BUSHAYEHHS MOKJIHUBOCTI 3a-
CTOCYBaHHS IIUX KOHCTPYKIIiil i3 rapaHTOBaHUM KJIACOM BOTHECTIHKOCTI IPU IPOEKTYBAHHI.

KiiouoBi cioBa: cX0I0BUI Mapiil, Mojkeska, TaOJMIHUI METO/I, yTOYHEHU T METO/I, BOTHEBI BUITPOOYBAHHSI.
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BU3HAYEHHS BILIUBY BUIIIUX TAPMOHIK HEJITHIITHOTO TEXHOJIOTTYHOTO HABAHTAKEHHS B
CUCTEMAX JTUHAMIYHOI /i (c. 79-88)

I. I. Hazapeunxo, O. I1. [lenos, I. M. Bepuuk, A. €. Bounapenko, A. M. Ouumenxo, P.C. JlicueBcokuii, B. C. Cmocap

JloctijizkeHo BILUIMB BUIMX TaPMOHIK B CUCTeMax JAMHAMIYHOI /il BHACJI/IOK IX CKJIQJIHOTO PyXy B IpOIleci B3a€EMO/Ii i3 TEeXHOJOTTYHUM
HaBaHTakeHHAM. Q6 €KTOM TOCIIIKEHD € TIPOIEC PO3MOBCIO/IKEHHS KOJMBaHb y CKJIAJHUX AMHaMivHNX cucteMax. OHieo 3 mpobaeM mpu 3a-
CTOCYBaHHI KOJMBAJIBHUX MPOIIECIB € BPAXyBaHHS BUIIMX TAPMOHIK Y 3aralbHOMY PYXOBi cricreM. [[Jist BUpiIieHHsS TIPOGIEME 3aIPOTIOHOBAHA
ijtest BAKOPUCTAHHS MiGPUIHOT MOJIEJI, 110 BPAXOBYE sIK AMCKPETHI TaK i po3no/iieni napamerpu. OTpuMana MaTeMaTHYHA MCKPETHA MOJIENb B
AHAJIITUYHNX PIBHSAHHAX PyXY AMHAMIYHOI cHcTeMU 30epirac KOHTHHYaJIbHI BJIACTHBOCTI y BUTJIsII XBUIbOBUX Koedirientis. L1 koedirientn B
CBOEMY aHAJIITUYHOMY BUIVISI/II BPAXOBYIOTb BKJI/l BUIIIUX FAPMOHIK $IK PeaKTUBHOI (IIPY’KHO-1HEepIiitHOT) TaK i akTHBHOI (ANCUNIATUBHOI) CKJIa-
n0BOI cuw onopy. J{ocTipkeH S 3ifiCHEH] Ha MOJIENTi yCTAHOBKH i3 GaraTope;kKMMHUM CTIEKTPOM KOJTMBaHb Ta HEJIHIHOI IMHAMIYHOI CHCTEMH,
SIKOIO € CHCTEMA 3 KyCOUHO-TIHIfIHIMU XapakTeprcTikaMit. Ha yeraHoBIi i3 6araTopesKiMHIM CIIEKTPOM KOJIMBAHb MPOBEJIEHA CePist eKCIIepH-
MEHTATBHUX JIOCTI/PKEHD 13 IIPOKOIO Bapialli€lo 3MiHN YacTOTH KOJIMBaHb. BUABIIEH] 30HN IPOSIBICHHS BUIIIX FTAPMOHIK 110 BEPTUKAJIBHIN Bici
cuioBoi aii. HaBegenwuii criektp 3a yacroru 36yammka 35 i1 3acBiuuB mpostBieH s cKIagoBoi criektpy (6ist 70 Tir) no Bici X, 1110 € BOKIMBIM
PE3YIIBTATOM JIJIs IPAKTUYHOTO 3aCTOCYBaHHsL. J[Jis1 CUCTEMHU 3 KyCOYHO-JIHIITHMMU XapaKTePUCTHKAMI BU3HAYECHO [IPOSIBJICHHST araTopesKiM-
HOCTI, SIKa IPOSIBJISIETHCST Y BUTJISI/I CyOTapMOHIHUX 1 CyneprapMOHIHIX KOJIMBaHb. BHECOK KOKHOI TApMOHIKM BU3HAYAETHCS 3aCTOCYBAHHSIM
OTPUMAHNX 3a/eKHOCTell. OTpUMaHi Pe3yJIbraTii BUKOPHUCTaHI TIPU PO3POOKU AlTOPUTMIB Ta METOAIB PO3PAXyHKY HOBOTO KJIACY CHCTEM JIMHA-
MIYHOI Il i3 BpaxyBaHHSM BKJIQ/[y BUIIX FAPMOHIK.

KmouoBi cioBa: iuHamivHa cHCTeMa, TEXHOJIOTigHe HaBaHTKEHHS, KOHTHHYaJIbHA MOJIeJIb, CIIEKTPATbHA XapaKTePUCTHKA, YaCTOTA KOJIMBAHb.

DOI: 10.15587/1729-4061.2023.281425
PO3POBKA ®I3UKO-MATEMATHYHOI MO/IEJII KOJIUBAHD JIEBAJJAHCHOTO BIBPATOPA
ITHEBMOCOPTYBAJIbBHOTO CTOJIA (c. 89-97)

M. B. Cainuenko, B. B. Bpeauxiu, JI. B. Kics-Kopkimenko, A. O. Ilak, O. I. Andpsopos

Po3pobiieHo (hisuko-MaTeMaTUUHy MOJIENb KOJMBAHb Ie0aIaHCHUX BIOPATOPIB ITHEBMOCOPTYBAIBHOTO CTOJA SIK HECTAIIOHAPHUX KOJIM-
BaHb iMITyJIbCHO HAaBAaHTAKEHOI KPYTJIOi IUTACTHHY 3 PI3HUMU BapiaHTaMM 3aKPillJIeHHs ii KOHTYpY. Po3risHyTo BicecemMeTpmuHi HecTalio-
HapHi KOJIMBaHHA KPYIJIOl IJIACTHHM, TTAKPITIEHOT 0AHOGIYHOI0 KPYTJIOI0 OCHOBOIO, ITPH JIBOX BapiaHTaX 3aKpilljIeHHs il KOHTYPY, a came pu
H0T0 JKOPCTKOMY 3aTHCHEHH] Ta BIIBHOMY OOIMpPaHHI. YBEJIEHO IPUIIYIIEHHS, 10 JIHIITHO-IPY/KHA OCHOBA YMHUTH OIIIP JIMIIE CTHCKAHHIO i He
cnpuiimae poarary. [lokasano, 1110 3a IeBHUX TPUBAIOCTEH IOIIEPEYHOTO CHIJIOBOTO IMITYJIbCY B 4acCi, aMILIITy/la IPOTHHY CePEeANHN IIITACTUHI
B HanpsiMi i 30BHIIIHBOTO IMITYJIbCY MOsKe GYTH MEHIIOK 3a aMILITYy IPOTUHY B 3BOPOTHOMY HanpsiMi. [Ipu 1[bOMY B IPYrOMY BUITAAKY
Bi/ICYTHIl KOHTaKT TJIACTHHU 3 OCHOBOIO. /loBesieHO, el auHaMiunmii eekT HecuMeTpil MPY’KHOI XapaKTePUCTUKHA CUCTEMH CTOCYETHCS
TaKO)K 3TUHANBLHUX MOMEHTIB i OL/IbII BUPA3HO MPOSIBAAETHCA NP BIILHOMY OOIIMpPaHHI KOHTYPY, HiXK IIPH JKOPCTKOMY HOro 3aTucHenHi. s
MIPSIMOKYTHOTO Ta CHHYCOIZaTbHOTO IMITyJIbCY TTOOYZ0BAHO 3aMKHEH] PO3B’SI3KU PIBHSHD PYXY IUIACTHHI IIPH i KOHTAKT] 3 OCHOBOIO IPH Ta
nic/is BizApuBy Biz ocHoBu. Busemero kommnakTHi (GopMyJIv st PO3paxyHKy aMILITY/L JOAATHKX 1 Bi'€MHIX IIPOTHHIB B 001/1Ba OOKY Bi/l Hy-
JIBOBOTO TIOJIOKEHHS CTaTH4HOT piBHOBarn. Oepxkano hopMyJu it 004UCIeHHS Yacy OTPUMAHHS IJIACTUHOIO eKCTPEMAIbHUX 3HAYEHD T1PO-
TUHIB, 110 IOCSITHYTO 3aBSIKN BHOOPY CIEMiATbHOI BiCECHMETPUYHOTO PO3MOALTY ANHAMIYHOTO THCKY MO TIJIACTHHI. 32 TAKOTO HABAHTasKEHHS
IJIACTUHA BCIMA TOYKaMM, KPiM KOHTYPHUX, OJIHOYACHO BiJIPUBAETHCS Bi/l OCHOBH, 1110 3BOAUTH HEJIiHIIHY KPailoBY 3aj1auy /10 TOCi/I0BHOCTL
ABOX JIiHIHHIX 3a1a4. [[y1s1 mepeBipkn BiporifHOCTI MOOYI0BaHNX AHAMITHYHUX PO3B’SI3KiB MPOBEIEHO YNCJIOBE IHTErPyBaHHS AN(EPEHITaTb-
HOrO PiBHAHHSA. AICKBAaTHICTb MOJCJI 0BeAeHa 32 HACTYIIHUX 3HAaYCHDb BUXiJHUX IlapaMeTpiB: Moayab 1pyxuocti — 2,1-10' I1a; koedimient
Ilyaccona Matepiamy muacTuri — 0,25; TOBIIHA TIAACTHHI — 7...10 MM; MaKCHMaTbHITH THCK Ha TTacTHHy — 4-10° Tla; sruHambHa JKOPCTKICTD
mwractunn — 6402,6667 H-m.

Kmo4osi cioBa: sebanancHuil BiGpaTtop, THEBMOCOPTYBAJIBHUIN CTiJI, KOJIMBAHHS KPYTJIOl IJIACTHHY, ANHAMIYHUIT e(heKT HecuMeTpil.
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OBI‘PYHIYBAHHH IMPOTPECUBHHUX TEXHIYHUX PINIEHDb TYPBOAETAHAEPHUX EJNERKTPITYHUX
CTAHIIU HA OCHOBI JOC/IIIKEHHA POBOYUX ITPOIECIB I CTAHIB (c. 98-103)

M. A. Tkauyk, I'. I. JIsBoB, C. O. KpaBuenxo, C. B. Moicees, M. K. HoBikos,A. B. bypusimes, I'. B. ITakki, C. M. Iloapesa
OpruM i3 HAlGIIBIN paIioHATLHUX METOIB YTHII3AIll eHeprii CTUHCHEHOTO ragy y TpyOoIpoBoAax € TypboieTaniepHi yCTaHOBKU. 30Kpe-

Ma, 1le — aBTOHOMHI TypOozeTaHAepHi eJleKTpIYHi cTaniii. /[ MiABUIEHHS TeXHIKO-eKOHOMIYHUX TIOKa3HUKIB TAKOTO TUITY MAIIMH PO3PO-
6JICHO TIPUHIIMIIOBO HOBY KOHIIENi0. I[s KOHIIEIIist OpieHTOBaHA He Ha OKPEMUI aciiekT poOOTH yCTAaHOBKH, & HA BECH iX KOMILIEKC. 30KpeMa,




SIK 00’€KT I0CITIKEHb PO3TIIAAAIOTHCS (DI3UUHI IPUHITMITHN, KOHCTPYKIIT Ta TexHoorii. [To-Tiepiire, Ha OCHOBI MOZIEIFOBAHHS POOOUUX TIPOIIECIB
BU3HAYEeHO e(heKTHBHI ITapaMeTpH Ta30AnHaMIYHIX MOTOKIB Ta Teromacorepenocy. Io-apyre, cTBOpeHi porpecuBHi KOHCTPYKILi Typbojie-
TaHJePHUX YCTaHOBOK. [10-TpeTe, po3pobIieHi TEXHOJIOTIT BUTOTOBJIEHHST [IeTasleil Ta By3JIiB TypOOeTaHAePHIX YCTAHOBOK, 10 MOEAHYIOTh,Ha
BiAMiHY Bil TpaauuiiiHKUX, Pi3HI BUAM 3MIIHEHHS U1 KOHTAKTYIOUUX JleTasiell y ix napi. st oGrpyHTYBaHHs TEXHIYHUX PillleHb €IEMEHTIB
Typ6oieTaHIEPHIX €JEKTPOCTAHIIIN 3aCTOCOBAHO METO/[ TTAPAMETPUYHOTO MojIeTioBaHHsL. 1le /ae MOKJIMBICTD BI3HAYATH TEXHIUHI XapaKkTe-
PUCTHUKM I[UX YCTAHOBOK 3a MEBHOTO Habopy mapamerpis. [[II1X0M 1iTeCHpPIMOBAHOTO BapilOBAHHS BU3HAYAETHCSA PEKOMEHIOBAHUN HaGip
iXHIX TapamMeTpiB, sIKi 3a0e31euy0Th MiIBUIIEHHsT HAOIBIT BaKIMBUX TeXHIYHIX XapakreprcTuk. DopMyeThes criertianizoBata 6asa JaHunx,
sKa MiCTUTH MacuB iH(opMallii Ipo 3aKOHOMIPHOCTI BIUIMBY BapiloBaHHs 3HAUYIIMX TapaMeTPiB Ha Pi3Hi XapaKTePUCTUKK TYpOOeTaHAEePHUX
€JIEKTPOCTAHILH. YiKe Ha 11iif OCHOBI PO3B’I3y10ThCsI 3a/1aui CUHTE3Y BIAIMX TEXHIYHUX PillleHb TYpOOIeTaHIePHUX eJIEKTPOCTAHIIN. Y 1migcyM-
Ky 3a0e3IeuyeThes iX Bucoka eneproedekTnBHicTh. Tak, nocsiraerbest KK/ 3a meranzepom Ha piBHi 86 % Ta 3poctanHs pecypey Ha 20-25 %.
Vei wi pimenns Brizeni y HU3IH yHiKaabHIX TyPOOJETAHAEPHUX YCTAHOBOK. 1X e(heKTHBHICTD IIPOEMOHCTPOBAHA Y X0/ eKCILTyaTaIlil.

KmouoBi coBa: 111CKpeTHO-KOHTHHYaIbHe 3MII[HEHHS, KOHTAaKTHA B3a€MO/isl, HapysKeHo-1e(OPMOBAHUI CTaH, TeXHiYHA XapaKTepHc-
THKa, TypOOIeTaH/IeD, TETIIOMACOTIEPEHOC.
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PO3POBKA TEXHOJIOTTi BUPIBHIOBAHHA IIJIACTIB, 1110 3HUKY€E EHEPTOEMHICTD ITPOIIECIB
3MIIIYBAHHS TA CYIIITHHSA KOPMOBOI MACH (c. 106-115)

Tokhtar Abilzhanuly, Ruslan Iskakov, Sultanbek Issenov, Gulmira Kubentaeva, Indira Mamirbaeva, Daniyar Abilzhanov,
Altyngul Khaimuldinova, Nurakhmet Khamitov

OO6’eKTOM JIOCIIIKEHHS € BU3HAYEHHST HeOOXiTHOI OTYKHOCTI BUPIBHIOIOYOTO MIPUCTPOIO TI0IPpiGHIOBaYa-3MilTyBada-cymapki. [Ipu exc-
mutyarartii 06/1aiHaHHS, IKe OEHY€E B OHOMY allaparti mopiOHeHHsl, 3MillyBaHHS Ta CYUTiHHST, BHHUKAIOTh TaKi POOJIEMH, SIK EHEPTOEMHICTB,
Bi/ICYTHICTh PO3PAXyHKOBUX (OPMYJI [IJIST TEOPETUYHOTO BU3HAYEHHST HEOOXIMHOI MOTYKHOCTI, 1O YCKIAAHIOE TITAHYBAHHS €HEPrOEMHOCTI
obuasiHaHHs. B pesysibrati IpoBeeHuX M0CTi/KeHb PO3POOIEHO KOHCTPYKTUBHO-TEXHOJIOTIYHY CXeMy MOAPIOHIOBaYa-3MililyBaya-CyIapku,
OCHAIIEHOTO BUPIBHIOBAJIBHUM MPUCTPOEM. PO3piBHIOBAIBbHMIT MPUCTPIl, 06epTAIOYNCh Y TPOTUIIECKHUX HAMPSIMKAX, MEPEMIILy€ MiHATY
KOPMOBY Macy /IO TOPIEBUX CTiHOK OyHKepa. Po6oTa BUTSKHUX 3yOIliB yCyBa€ HaJMipHE THAKOM KOPMY Ta MPUCKOPIOE MPOIIEC 3MIlITyBaHHS
3aBJIAKM PIBHOMIDHOMY TI€PEMIIIEHHIO KOPMY IO BCiil mupuHi GyHkepa. [IpHCKOPEHHS MPOIeCy BUCUXAHHS BOJIOTOTO KOPMY MOSICHIOETHCS
THM, TI[0 HOBi MOPIIii BOJIOTOTO KOPMY MOCTIHHO TiAI0ThCS BILUIUBY TapsTI0ro MOBITPs. B pe3ysbrari TeopeTHYHNX MOCTiKeHb OTPUMAHO
aHAIITUYHUIT BUPA3 /IS BUSHAUEHHsT HEOOXIIHOI TOTY;KHOCTI POIecy PO3PIBHIOBAHHS IMapy KOPMOBOI Macu Ta HeOOXiZHOI MOTYKHOCTI
mpoliecy po3piBHIOBaHHs mapy kKopmoBoi Macu N1=0,286 kBt Oysi0 BusHadeHo. Pesysibrati eKCriepuMeHTalIbHOTO BU3HAYEHHST HeOOXiHOT
MOTYKHOCTI JIJIs1 TIPOIeCy PO3PIBHIOBAHHS HIAPY KOPMOBOI MACH MOKa3a/lu Take 3HaueHHst Np=0,273 kBT, T0OTO Pi3HUII Mi’K TEOPETHYHUM i
akTHaHNM 3HAYEHHSIM CTAHOBUTH Jniie 4,76 %. Ile cBiAINUTD PO JOCTOBIPHICTH OTPUMAHOTO AaHAJITIHIHOTO BUPA3Y, SIKNiT 3a0e31evye BI3Ha-
YeHHsI OCHOBHOI'O TapaMeTpa IoApibHioBaYa-3MillyBada-cymapku, ToOTO HeoOXiAHOT OTYKHOCTI BUPiBHIOBaYa. 3allPOIIOHOBAHUIT IIPUCTPIH i
OTPUMAHWI AaHATITUYHUIT BUPA3 TAKOK MOKYTh OYTH BUKOPHCTaHI B KOPMO3MIIIyBavax.

Kio4oBi ciioBa: 1ozipibHIOBaY-3MillTyBau-Cyapka, BUPIBHIOBAJILHUIA MPUCTPIii, HeoOXiIHA MOTY/KHICTh, KOPMOBA Maca, 1Iap, 0 3HIMAEThCS.
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