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The object of the study reported here is the processes of occur-
rence, perception, and redistribution of loads in the improved struc-
ture of the hatch cover in a universal open wagon.

In order to reduce the load on the cover of an open wagon hatch,
and, accordingly, to improve its strength, it is proposed to improve
its design by introducing sandwich components. The thickness of the
sheets that form the hatch cover has been determined. The dynamic
loading of the hatch cover in the vertical plane was studied. It was
found that the accelerations acting on the hatch cover with the pro-
posed improvement are almost 20 % lower than those acting on the
typical structure. The basic strength indicators of the hatch cover
under the operational modes of its load have been determined. The
results of the calculation showed that the maximum stresses in the
hatch cover are 22 % lower than permissible ones. In addition, within
the framework of the study, the main indicators of the dynamics of
the open wagon equipped with the proposed structure of hatch cov-
ers were determined. The movement of the open wagon under the
condition of movement in an empty state is rated as “good”. At the
same time, the maximum accelerations in the center of mass of the
supporting structure of an open wagon were 4.6 m/s?, and the coef-
ficient of vertical dynamics was about 0.6.

Special features of the results within the framework of this study
are that the proposed improvement of the hatch cover helps improve
its strength by reducing the dynamic load, and not by strengthening
the structure.

The scope of practical application of the results is the engineer-
ing industry, in particular, railroad transport. The conditions for the
practical use of the research results are the use of energy-absorbing
material in the sandwich-type components that form the hatch cover.

The study reported here could contribute to devising recom-
mendations for the construction of components in the structures
of modern freight cars, thereby reducing the costs of maintaining
them in operation, as well as increasing the profitability of railroad
transportation.

Keywords: railroad transport, open wagon hatch cover, hatch
cover strength, open wagon load.
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Cracks in concrete structures due to tensile weakness can be re-
paired by using fiber concrete, including medical mask waste as an ad-
ditive in high-strength concrete mixes. This research the influence of
polypropylene fiber from medical mask waste on the mechanical char-
acteristics, flexural behavior, and crack width of high-strength rein-
forced concrete (RC) beams. The initial stage involved examining the
properties of the concrete constituent materials. The testing process
was based on a high-strength concrete mix design using the Aitchin
method mix design sheet. Compressive strength and split tensile
strength were tested at fiber content (0 %, 0.15 %, 0.20 %, and 0.25 %).
The three-point flexural testing procedure was carried out at 28 days
on 1200x100x150 (mm) RC beams. The use of IVDT, strain gauge,
and other measuring devices supported the acquisition of the required
data. The results showed that the split tensile strength reached the
optimum value of 66.19 MPa at 0.24 % fiber content. Polypropylene
fiber from medical mask waste in RC beams showed a positive impact
on reducing crack width at increased split tensile strength. Waste
mask fiber content of 0.15 %, 0.20 % and 0.25 % gave stable and better
results compared to 0 % content (no fiber). With high steel stress (fs),
and high strain, it offers the potential to improve the mechanical prop-
erties of high-strength concrete, thereby reducing the width of cracks
that occur. This improves the tensile weakness of the concrete. The
effect of split tensile strength on the crack width (w) of beams with the
formula approach: @, =3.74/tf °13, w0,,=0.187/t/ %922 shows that the
experimental results have a significant effect on decreasing the crack
width that occurs in high-strength RC beams, thereby improving the
quality of concrete.

Keywords: split tensile strength, crack width, high-strength,
reinforced concrete beam, medical mask waste, polypropylene fiber.
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The torsion problem for a radially inhomogeneous transversely
isotropic cylinder of small thickness was investigated by the
method of asymptotic integration of elasticity theory equations.
It is assumed that the side part of the cylinder is stress-free, and
boundary conditions are set at the ends of the cylinder, leaving
the eylinder in equilibrium. The elastic moduli are thought to be
arbitrary continuous functions of the variable along the cylinder
radius. The formulated boundary value problem is reduced to
a spectral problem containing a small parameter characterizing
the thin-walledness of the cylinder. Homogeneous solutions are
built, i.e. any solutions of the equilibrium equation satisfying the
condition of no stresses on the side surfaces. It is shown that the
solution of the torsion problem consists of a penetrating solution
and a boundary layer character solution similar to Saint-Venant’s
edge effect in the theory of inhomogeneous plates. The penetrating
solution determines the internal stress-strain state of a radially
inhomogeneous cylinder. The stress state determined by the pen-
etrating solution is equivalent to the torsional moments of stresses
acting in the cross-section perpendicular to the cylinder axis. Solu-
tions having the boundary layer character are localized at the ends
of the cylinder and decrease exponentially with distance from the
ends. These solutions are absent in applied shell theories. Asymp-
totic formulas for displacement and stresses are built, which make
it possible to calculate the three-dimensional stress-strain state of
a radially inhomogeneous transversely isotropic cylinder of small
thickness. Based on the obtained asymptotic expansions, it is pos-
sible to assess the applicability of applied theories and build a re-
fined applied theory for radially inhomogeneous cylindrical shells.

Keywords: torsion problem, elastic moduli, penetrating solu-
tion, boundary layer, torsional moment.
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The object of this study is hydrostatic processes in the fluid
friction bearings of gear-type aviation fuel pumps.

The problem of the influence of the design parameters of a
single-chamber hydrostatic bearing on its main characteristics
was solved. The main characteristics were considered to be the
load-bearing capacity and the flow rate of the working fluid.
When determining the main characteristics of a single-chamber
hydrostatic bearing, the Reynolds and flow balance equations were
solved jointly. The resulting diagram of pressure distribution over
the working surface of the bearing was used to determine the main
characteristics.

The influence of the clearance, nozzle diameter, and chamber
width on the load-bearing capacity and working fluid flow of a
single-chamber hydrostatic bearing was studied.

It has been established that as the gap increases, the load-
bearing capacity of a single-chamber bearing decreases, and the
flow rate of the working fluid increases. As the nozzle diameter in-
creases, the bearing’s load-bearing capacity increases. Increasing
the width of the chambers leads to an increase in the load-bearing
capacity and flow of working fluid through the bearing. When the
gap increases from 0.0125 mm to 0.0425 mm, the bearing capacity
decreases by 1.156 times. The flow rate of working fluid through
the bearing increases by 1.4 times. With an increase in the nozzle
diameter from 1.5 mm to 3 mm, the bearing capacity increases
slightly by approximately 1.02 times. Increasing the width of the
chambers from 4 mm to 8 mm increases the load-bearing capac-
ity by 1.29 times and increases the flow rate of working fluid
by 1.4 times.

The results show that a single-chamber hydrostatic bearing
can provide the required load-bearing capacity by selecting design
parameters. The given mathematical dependences could be used
for practical calculations of single-chamber hydrostatic bearings.

Keywords: single-chamber bearing, nozzle diameter, chamber
width, load-bearing capacity, lubricant consumption.
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The object of this study is a tractor with a front plow without
a support wheel. One way to avoid the use of ballast is to use front-
mounted plows that operate under the “push” mode. As a rule, such
plows are equipped with at least one supporting wheel. The presence of
the latter complicates the structure of the plow and, of course, affects
the degree of vertical load on the steered wheels of the mobile vehicle.

With the help of the constructed mathematical model and the
corresponding amplitude and phase frequency characteristics, the
dynamics of vertical oscillations of the front axle of a tractor with a
front mounted plow without a support wheel were investigated. Verti-
cal fluctuations of the total force acting on the tractor from the side
of the plow were considered as a disturbing influence. According to
the simulation results, an increase in the vertical load of the front axle
of the tractor by 600 kg causes a desired decrease in the value of the
amplitude and an increase in the phase of external disturbances of the
dynamic system. The higher the frequency of disturbance oscillations,
the more acceptable these characteristics become. It was established
that in order to improve the response of the studied dynamic system
to disturbances, it is necessary to reduce the stiffness coefficient of the
tires of the front wheels. In practice, this is achieved by adjusting the
air pressure in the tires. The amplitude-frequency characteristics of
the system almost do not change when the damping coefficient of the
tires of the front wheels of the tractor is increased in the range from 1
to 3 kN-s/m, while the phase-frequency characteristics improve. This
is especially noticeable at the frequencies of oscillations of the disturb-
ing influence in the range of 0—-10 s,

The results could be used as a basis for evaluating the efficiency of
tractors with a front plow without a support wheel in tillage operations.
Such efficiency can be achieved under the condition of practical imple-
mentation of the recommendations proposed in this paper regarding the
selection of design parameters of tires for the front wheels of the tractor.

Keywords: plow unit, front attachment mechanism, “push-pull”,
front plow, tire stiffness coefficient, tire damping coefficient.


https://doi.org/10.1016/j.measurement.2022.112050
https://doi.org/10.1016/j.measurement.2022.112050
https://bhxb.buaa.edu.cn/bhzk/en/article/doi/10.13700/j.bh.1001-5965.2020.0713
https://bhxb.buaa.edu.cn/bhzk/en/article/doi/10.13700/j.bh.1001-5965.2020.0713
https://doi.org/10.1115/1.4052479
https://doi.org/10.1115/1.4052479
https://doi.org/10.3390/en14248553
https://doi.org/10.1016/j.simpat.2020.102236
https://doi.org/10.1177/1350650120908116
https://doi.org/10.13675/j.cnki.tjjs.190462
https://doi.org/10.13675/j.cnki.tjjs.190462
https://doi.org/10.1177/0954406219896818
https://doi.org/10.1177/0954406219896818
https://doi.org/10.13675/j.cnki.tjjs.190004
https://doi.org/10.13224/j.cnki.jasp.20210017
https://doi.org/10.13224/j.cnki.jasp.20210017
https://doi.org/10.15587/1729-4061.2023.289426
https://doi.org/10.15587/1729-4061.2023.289426
https://doi.org/10.15587/1729-4061.2023.277755
https://doi.org/10.15587/1729-4061.2023.277755

References

. Liu, K., Sozzi, M., Gasparini, F, Marinello, F, Sartori, L. (2023).

Combining simulations and field experiments: Effects of subsoiling
angle and tillage depth on soil structure and energy requirements.
Computers and Electronics in Agriculture, 214, 108323. https://
doi.org/10.1016/j.compag.2023.108323

. Kraut-Cohen, J., Zolti, A., Shaltiel-Harpaz, L., Argaman, E., Rabi-

novich, R., Green, S. J., Minz, D. (2020). Effects of tillage prac-
tices on soil microbiome and agricultural parameters. Science of
The Total Environment, 705, 135791. https://doi.org/10.1016/
j.scitotenv.2019.135791

. Ren, Z., Han, X,, Feng, H., Wang, L., Ma, G., Li, J. et al. (2024). Long-

term conservation tillage improves soil stoichiometry balance and
crop productivity based on a 17-year experiment in a semi-arid area
of northern China. Science of The Total Environment, 908, 168283.
https://doi.org/10.1016 /j.scitotenv.2023.168283

. Ambike, S. S., Schmiedeler, J. P. (2007). Application of Geometric

Constraint Programming To The Kinematic Design of Three-Point
Hitches. Applied Engineering in Agriculture, 23 (1), 13-21. https://
doi.org/10.13031,/2013.22325

. Bulgakov, V,, Ivanovs, S., Nadykto, V., Petrov, G. (2023). Investiga-

tion of front plough functioning stability conditions without sup-
port wheel. Engineering for Rural Development. https://doi.org/
10.22616/erdev.2023.22.tf116

. Gluckauf, Z. W. (1989). Operating experience with a plough for

difficult seams (in German). International Journal of Rock Mechan-
ics and Mining Sciences & Geomechanics Abstracts, 26 (6), 321.
https://doi.org/10.1016,/0148-9062(89)91711-7

. ASAE Standards AD730: 2012, 2012. Agricultural wheeled trac-

tors — Rear-mounted three-point linkage — Categories 1N, 1, 2N, 2,
3N, 3, 4N AND 4. St. Joseph, Michigan: ASAE.

. ASAE Standards S513, 2003. Agricultural wheeled tractors - Front-

hitched three-point linkage. St. Joseph, Michigan: ASAE.

. Macmillan, R. H. (2002). The Mechanics of Tractor Implement Per-

formance: Theory and Worked Examples. University of Melbourne.

. Askari, M., Komarizade, M. H., Nikbakht, A. M., Nobakht, N,

Teimourlou, R. F (2011). A novel three-point hitch dynamom-
eter to measure the draft requirement of mounted implements.
Research in Agricultural Engineering, 57 (4), 128—136. https://
doi.org/10.17221,/16/201 1-rae

. Jagan, T, Ponpaul, R. S. (2022). Utilization of Tractor Power

using Front Three Point Linkage. Journal of Physics: Confer-
ence Series, 2272 (1), 012004. https://doi.org/10.1088,/1742-6596/
2272/1/012004

. Portes, P, Bauer, F, Cupera, J. (2013). Laboratory-experimental ver-

ification of calculation of force effects in tractor’s three-point hitch
acting on driving wheels. Soil and Tillage Research, 128, 81-90.
https://doi.org/10.1016/j.stil1.2012.10.007

. Prasanna Kumar, G. V. (2015). Geometric performance parameters

of three-point hitch linkage system of a 2WD Indian tractor. Re-
search in Agricultural Engineering, 61 (1), 47-53. https://doi.org/
10.17221/79,/2012-rae

. Kumar, A., Pranav, P. K., Kumar, S. (2018). Computer simulation of

three-point linkage parameters for virtual hitch point and optimum
depth of operation. Engineering in Agriculture, Environment and
Food, 11 (3), 114-121. https://doi.org/10.1016/j.eaef.2018.02.006

. Taticek, M., Bauer, F, Sedlak, P, Cupera, J. (2014). The effect of

setup of three point linkage on energetic and performance parameters
of tractor aggregate. Acta Universitatis Agriculturae et Silviculturae
Mendelianae Brunensis, 59 (5), 253-262. https://doi.org/10.11118/
actaun201159050253

. Bulgakov, V., Nadykto, V., Kyurchev, S., Nesvidomin, V., Ivanovs, S.,

Olt, J. (2019). Theoretical background for increasing grip properties

17.

19.

20.

21,

22.

23.

24.

25.

26.

21.

28.

29.

30.

of wheeled tractors based on their rational ballasting. Agraarteadus:
Journal of Agricultural Science, 30 (2), 78-84. https://doi.org/
10.15159 /jas.19.07

Mamkagh, A. M. (2018). Effect of Tillage Speed, Depth, Ballast
Weight and Tire Inflation Pressure on the Fuel Consumption
of the Agricultural Tractor: A Review. Journal of Engineering
Research and Reports, 3 (2), 1-7. https://doi.org/10.9734/
jerr/2018,/v3i216871

. Zhang, S., Ren, W,, Xie, B., Luo, Z., Wen, C., Chen, Z. et al. (2023).

A combined control method of traction and ballast for an elec-
tric tractor in ploughing based on load transfer. Computers and
Electronics in Agriculture, 207, 107750. https://doi.org/10.1016/
j.compag.2023.107750

Zhang, S., Xie, B., Wen, C., Zhao, Y., Du, Y., Zhu, Z. et al. (2022). In-
telligent ballast control system with active load-transfer for electric
tractors. Biosystems Engineering, 215, 143—155. https://doi.org/
10.1016/j.biosystemseng.2022.01.008

Singh, N., Pandey, K. (2017). Development of Visual Basic Program to
Design Front Mounted Three-Point Linkage for Higher Power Trac-
tors. Advances in Research, 11 (2), 1-10. https://doi.org/10.9734/
air/2017 /35767

Zheng, E., Zhong, X., Zhu, R., Xue, J., Cui, S., Gao, H., Lin, X.
(2019). Investigation into the vibration characteristics of agricul-
tural wheeled tractor-implement system with hydro-pneumatic
suspension on the front axle. Biosystems Engineering, 186, 14—33.
https://doi.org/10.1016 /j.biosystemseng.2019.05.004

Bauer, F, Porte§, P, Slimaiik, D., Cupera, J., Fajman, M. (2017).
Observation of load transfer from fully mounted plough to tractor
wheels by analysis of three point hitch forces during ploughing.
Soil and Tillage Research, 172, 69-78. https://doi.org/10.1016/
j.still.2017.05.007

Havrysh, V. I, Bondarenko, V. O. (2011). Osnovy teoriyi rozrak-
hunku mobilnykh enerhetychnykh zasobiv. Mykolaiv: MDAU, 284.
Zeidman, P, Friston, K., Parr, T. (2023). A primer on Variational
Laplace (VL). Neurolmage, 279, 120310. https://doi.org/10.1016/
j.neuroimage.2023.120310

Aizerman, M. A. (1963). Theory of automatic control. A volume in
Adiwes International Series in the Engineering Sciences. Elsevier.
https://doi.org/10.1016 /c2013-0-01720-3

Ogata, K. (2010). Modern Control Engineering. New Jersey: Pearson
Education, Inc., 912.

Sorin-Stefan, B., Valenti, V. (2012). Use of Finite Element Method
to Determine the Influence of Land Vehicles Traffic on Artificial Soil
Compaction. Water Stress. https://doi.org/10.5772/30189
Franklin, G. E, Powell, J. D., Emami-Naeini, A. (2019). Feedback
Control of Dynamic Systems. New York: Pearson.

Nise, N. S. (2011). Control Systems Engineering. John Wiley &
Sons, Inc.

Zhang, J., Yao, H., Chen, L., Zheng, E., Zhu, Y., Xue, J. (2022). Vi-
bration characteristics analysis and suspension parameter optimiza-
tion of tractor/implement system with front axle suspension under
ploughing operation condition. Journal of Terramechanics, 102,
49-64. https://doi.org/10.1016/j.jterra.2022.05.001

DOL: 10.15587,/1729-4061.2024.298204

DETERMINING THE CHARACTERISTICS OF
CONTACT INTERACTION BETWEEN THE TWO-ROW
WINDSHIELD WIPER AND A CURVILINEAR GLASS
SURFACE (p. 48-59)

Kostyantyn Holenko
Khmelnytskyi National University, Khmelnytskyi, Ukraine
ORCID: https://orcid.org/0000-0002-6140-4573


https://doi.org/10.15159/jas.19.07
https://doi.org/10.15159/jas.19.07
https://doi.org/10.9734/jerr/2018/v3i216871
https://doi.org/10.9734/jerr/2018/v3i216871
https://doi.org/10.1016/j.compag.2023.107750
https://doi.org/10.1016/j.compag.2023.107750
https://doi.org/10.1016/j.biosystemseng.2022.01.008
https://doi.org/10.1016/j.biosystemseng.2022.01.008
https://doi.org/10.9734/air/2017/35767
https://doi.org/10.9734/air/2017/35767
https://doi.org/10.1016/j.biosystemseng.2019.05.004
https://doi.org/10.1016/j.still.2017.05.007
https://doi.org/10.1016/j.still.2017.05.007
https://doi.org/10.1016/j.neuroimage.2023.120310
https://doi.org/10.1016/j.neuroimage.2023.120310
https://doi.org/10.1016/c2013-0-01720-3
https://doi.org/10.5772/30189
https://doi.org/10.1016/j.jterra.2022.05.001
https://doi.org/10.1016/j.compag.2023.108323
https://doi.org/10.1016/j.compag.2023.108323
https://doi.org/10.1016/j.scitotenv.2019.135791
https://doi.org/10.1016/j.scitotenv.2019.135791
https://doi.org/10.1016/j.scitotenv.2023.168283
https://doi.org/10.13031/2013.22325
https://doi.org/10.13031/2013.22325
https://doi.org/10.22616/erdev.2023.22.tf116
https://doi.org/10.22616/erdev.2023.22.tf116
https://doi.org/10.1016/0148-9062(89)91711-7
https://doi.org/10.17221/16/2011-rae
https://doi.org/10.17221/16/2011-rae
https://doi.org/10.1088/1742-6596/2272/1/012004
https://doi.org/10.1088/1742-6596/2272/1/012004
https://doi.org/10.1016/j.still.2012.10.007
https://doi.org/10.17221/79/2012-rae
https://doi.org/10.17221/79/2012-rae
https://doi.org/10.1016/j.eaef.2018.02.006
https://doi.org/10.11118/actaun201159050253
https://doi.org/10.11118/actaun201159050253

Aleksandr Dykha
Khmelnytskyi National University, Khmelnytskyi, Ukraine
ORCID: https://orcid.org/0000-0003-3020-9625

Yurii Voichyshyn
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0001-7004-0567

Orest Horbay
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-0915-5637

Maksym Dykha
Khmelnytskyi National University, Khmelnytskyi, Ukraine
ORCID: https://orcid.org/0000-0002-6075-1549

Volodymyr Dytyniuk
Khmelnytskyi National University, Khmelnytskyi, Ukraine
ORCID: https://orcid.org/0000-0001-6377-524X

Among the evaluation criteria for determining the efficiency of
vehicle windshield cleaning, the pressure distribution of the wiper
rubber brush on the glass surface is important. The problem is the lack
of this indicator standardization by the United Nations Economic
Commission for Europe Rules (UNECE) regarding the windshield
wipers certification. The inhomogeneity of the pressure distribution
of the conventional wiper (the object of research) is additionally due
to the mobility of the links of its mechanism and the plasticity of the
rubber brush together with the blade. The pressure value should not
be more than 30—50 kPa (33.4 kPa was recorded for the immobilized
wiper case), and the external normal load on the frame should be kept
within 20...30 N. Under a load of 24 N, the wiper blade was deformed
by 1.48 mm (according to R43, it cannot exceed 1.5 mm). Further
loading of the wiper frame causes two types of plastic deformation:
local and global (loss of the rubber brush shape). Local displacements
have increased to 1.82 mm, and the shape of the blade has acquired a
“sliced” character, which causes thin jets of dirt. Global ones led to the
rubber brush bending with the gap between it and the glass (5.7 mm)
and caused the blind zone appearance. Models to mathematically
predict layer-by-layer deformations of a conventional wiper were in-
vestigated. A model of a double-row blade with separate brushes was
built, which enables the parallelization of water flows and explains the
increase in the efficiency of its design. Hydrodynamic tests showed
1.58 times greater effectiveness compared to a classic single-row blade:
the water flow rate was 15.61 vs 9.86 m/s. This technological advance-
ment is the subject of a patent and a possible working prototype.

Keywords: distributed pressure, plastic deformations, stressed-
strained state, damping, hydrodynamics, volume flow rate, turbulence.
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The object of research is the process of bending sheet material,
taking into account its springiness. When manufacturing sheet parts
by bending from a completely elastic sheet, its shape is completely
restored after the deformation stops, unlike an elastic sheet. Thus,
when producing cylindrical parts by drawing between three rolls,
the resulting radius of the cylindrical part will be larger than the
calculated one. This phenomenon is evaluated by the coefficient of
springing — the ratio of the calculated radius to the one obtained
after partial expansion.

When manufacturing conical parts, this approach cannot be ap-
plied, because the value of the radius is variable. The article applies
the theory of surface bending from differential geometry. The cur-
vature of the line on the surface has two components — normal and
geodesic. When the surface is bent, the normal component changes,
while the geodesic component remains unchanged. The magnitude
of the normal component depends on the angle between the origin
of the cone and its axis. So, for a cone with a base of radius R and
an angle of 20°, the normal curvature is 0.94/R, and the geodesic
curvature is 0.34/R. For cylindrical parts, the geodesic curvature

of the cross-section (circle) is zero, so it is not necessary to take it
into account.

Usually, adjustment of rolls for the production of conical parts is
carried out experimentally. The difference of the proposed approach
lies in the elimination of this problem thanks to the decomposi-
tion of the curvature of the base of the cone into two components.
This allows to calculate the settings of the rolls and thereby reduce
their adjustment time. The parameters of the rolls and their mutual
placement are calculated for the production of conical parts of the
required size, taking into account their springiness. The field of ap-
plication of the obtained results is the production of parts by bending
flat metal sheet blanks.

Keywords: normal curvature, geodesic curvature, sheet part,
billet calculation, conical rolls.
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The plane problem of rolling theory is analytically solved us-
ing the method argument of functions of a complex variable. The
solution to the plane problem has been strengthened from the point
of view of the asymmetry of the process, which made it possible to
consider the applied problem as the interaction of differently di-
rected zones in the deformation zone. The interaction of lagging and
advancing zones is represented as a combination of multidirectional
processes in a single deformation zone. With a change in kinematic,
power characteristics in local zones, the process parameters change
in the entire deformation zone. Stressed states of intermediate load-
ing schemes between stable and unstable rolling are considered. A
feature of the interaction of zones with the opposite flow of metal is
the analogy with the action of back tension on the deformation zone
in literally all parameters - this is the presence of tensile stresses in
the lagging zone, a decrease in local specific pressures, a shift in maxi-
mum normal stresses towards the exit from the rolls, a change in the
length of the advance zone, reduction in rolling force.

The studies confirm and repeat the generally accepted provisions
of the theory of rolling but reveal the effects of changes in the stress
state under different loading models.

The results of the work make it possible to determine the modes
of rolling processes visually and computationally under conditions
of strong and weak interaction of zones with an oppositely directed
metal flow.

The effects of plastic deformation with a decrease in the total
effort in the processes that are within the reach of the limiting focus
of crimping under conditions of increasing kinematic load when the
gripping angles vary between 0,077...0,168 are given.

Keywords: loading asymmetry, counter-directional metal flow,
plane problem, effects of plastic deformation.
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The peculiarity of the work is to develop a mathematical model
of the melt flow in the cone-annular channel of the extruder die,
which will allow you to choose the optimal geometric shape of the
annular channel, as well as the angular rotation speed of the ex-
truder screw. The object of the study is the cone-ring channel of the
extruder matrix.

To solve the three-dimensional problem of turbulent and laminar
unsteady motion, the FlowVision software package was used, which
allows solving partial differential equations using the finite volume
method. The correct choice of the geometric shape of the annular gap
made it possible to change the molecular structure of the product by
creating a maximum pressure value. The optimally selected angular
rotation speed of the extruder screw made it possible to carry out
deep melting of the product due to the conversion of the mechanical
energy of the screw into thermal energy.

In the process of designing the forming of the cone-ring chan-
nel, the three volumes of the changing geometry of the stamp were
selected, at the borders of the transition of which extreme points
were observed. Deviations between the analyzed and experimental
values of velocity and pressure were found in the limits of 9-12 %
and 17-22 %, respectively.

Based on the analysis of the obtained results of modeling, the
optimal geometric shape of the annular gap and the recommended
angular rotation speed of the extruder screw were revealed.

The mathematical model proposed formed the basis of the
developed design of the six-zone extruder. In the extruder, the geo-
metric characteristics of the screw (variable pitch of the turns) were
substantiated and selected, which provide the maximum effect of
dissipation, i.e. autogenous mode of operation.

Keywords: mathematical model, FlowVision, combined feed,
cone-ring channel, extruder matrix.
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Slag bowls were chosen as the object of research, as important
components of blast furnace, steelmaking, and ferroalloy shops of
metallurgical enterprises. The main problem of operation of any
slag trucks is their limited durability and frequent destruction of
slag bowls. The reason for these problems is changes in the shape of
the bowls during operation, manifested in the formation of narrow-
ing places in the area of the support ring — for rail-mounted bowls,
destruction of supporting pins — for rail-mounted slag trucks, or
cracks in the walls. Those defects appear as a result of cyclic thermal
effects of liquid slag on the bowl. Based on the results of computer
simulation, it was established that the main role in the destruction
of the support pins of motor-driven slag bowls belongs to tem-
perature changes. The temperature stresses arising in the bowl are
localized in the area of the slag mirror (200—250 MPa for 25L steel,
280—-350 MPa for 30HML steel). The results provide grounds for
improving the presented slag bowl to reduce temperature stresses
in its walls and structures of the supporting trunnions. The results
reported here are explained by the fact that with uneven heating
of elastic bodies, temperature stresses appear, which, under certain
configurations of temperature loads, lead to the destruction of
structures. The findings from these studies are recommended to be
used at enterprises for the design and manufacture of slag bowls, as
information on the localization of dangerous places of the structure.
In addition, the data presented here could be useful for metallurgical
enterprises for detailed technical diagnosis of bowls in their danger-
ous places.

Keywords: slag bowl, blast furnace slag, thermal stresses, tem-
perature, bowl thermal resistance.


https://doi.org/10.1016/j.matpr.2017.02.006
https://doi.org/10.11648/j.ijnfs.20160502.13
https://doi.org/10.11648/j.ijnfs.20160502.13
https://doi.org/10.1002/fsn3.1284
https://doi.org/10.1088/1757-899x/994/1/012022
https://doi.org/10.1016/j.ejpb.2018.09.011
https://doi.org/10.3934/mbe.2019142
https://doi.org/10.3934/mbe.2019142
https://doi.org/10.17265/2159-5828/2016.03.005
https://doi.org/10.5219/1436
https://doi.org/10.1016/j.proeng.2017.10.686
https://doi.org/10.1007/s00170-014-6054-6
https://doi.org/10.1007/s00170-014-6054-6
https://doi.org/10.1007/s11947-022-02887-0
https://doi.org/10.1002/jsfa.12649
https://doi.org/10.1002/jsfa.12649
https://doi.org/10.3390/pr11072159
https://doi.org/10.1016/j.foodchem.2023.135502
https://doi.org/10.1016/j.foodchem.2023.135502
https://doi.org/10.15593/perm.mech/2014.2.05
https://doi.org/10.15593/perm.mech/2014.2.05

References

. Nabarro, E R. N. (1981). The calculation of thermal stresses in
cylinders. International Journal of Engineering Science, 19 (12),
1651-1656. https://doi.org/10.1016,/0020-7225(81)90157-9

. Ivanchenko, I. E (1977). Issledovanie opytnogo obraztsa shlakovoza
s chashey emkost’yu 24 m®. Otchet po NIR DMetI Otchet o NIR
(zaklyuchitel'niy)/DMetl i DZMO. Dnepropetrovsk, 148.

. Lee, J., Hwang, K.-Y. (1996). Prediction of thermal stresses during
vertical solidification of a pure metal with density change. Journal
of Materials Processing Technology, 57 (1-2), 85-94. https://doi.
org/10.1016,/0924-0136(95)02065-9

. Wang, L., Chen, L, Yuan, F, Zhao, L., Li, Y., Ma, J. (2023). Thermal
Stress Analysis of Blast Furnace Hearth with Typical Erosion Based
on Thermal Fluid-Solid Coupling. Processes, 11 (2), 531. https://
doi.org/10.3390,/pr11020531

. Emelin, M. V,, Rahmanov, S. R. (2009). K voprosu otsenki ter-
monapryazhennogo sostoyaniya i termoprochnosti chash shlakovo-
zov. Metallurgicheskaya i gornorudnaya promyshlennost’, 2, 105—
107. Available at: https://www.metaljournal.com.ua/mgp-02-2009/

. Rassokhin, D. O., Chigarev, V. V., Loza, V. A,, Shishkin, V. V. (2014).
Research of strain in the slag cars walls. Reporter of the Pri-
azovskyi State Technical University. Section: Technical Sciences, 27,
172—-176. Available at: https://journals.uran.ua/vestnikpgtu_tech/
article/view,/31526

. Neacsu, 1. A., Scheichl, B., Rojacz, H., Vorlaufer, G., Varga, M.,
Schmid, H., Heiss, J. (2015). Transient Thermal-Stress Analysis of
Steel Slag Pots: Impact of the Solidifying-Slag Layer on Heat Trans-
fer and Wear. Steel Research International, 87 (6), 720-732. https://
doi.org/10.1002/srin.201500203

10.

11.

12.

13.

14.

15.

16.

. Rojacz, H., Neacsu, I. A, Widder, L., Varga, M., Heiss, J. (2016).

Thermal effects on wear and material degradation of slag pots op-
erating in steel production. Wear, 350-351, 35-45. https://doi.org/
10.1016/j.wear.2015.12.009

. Oyama, K., Naito, M., Sato, Y., Kozai, K. (2020). Development of

Long-Life Slag Pot by Optimizing Stiffness Structurally for Tem-
perature Distribution. AISTech2020 Proceedings of the Iron and
Steel Technology Conference. https://doi.org/10.33313/380,/241
Szklarz, A., Bydatek, A. W., Migas, P, Pytel, A., Jaskowiec, K., Bit-
ka, A. et al. (2022). Analysis of Thermal Interactions in the Slag Pots
for Transporting Copper Slags. International Journal of Heat and
Technology, 40 (2), 646—652. https://doi.org/10.18280/ijht.400236
Benasciutti, D., Brusa, E., Bazzaro, G. (2010). Finite elements predic-
tion of thermal stresses in work roll of hot rolling mills. Procedia Engi-
neering, 2 (1), 707-716. https://doi.org/10.1016 /j.proeng.2010.03.076
Singh, N., Kaur, J., Thakur, P. (2022). Analysis of thermal stresses in
different materials: A systematic review. AIP Conference Proceed-
ings. https://doi.org/10.1063/5.0095799

Prihod’ko, E. V., Togobitskaya, D. N., Hamhot’ko, A. F, Stepanen-
ko, D. A. (2013). Prognozirovanie fiziko-himicheskih svoystv oksid-
nyh sistem. Dnepropetrovsk: Porogi, 344.

Timoshenko, S. (1976). Strength of Materials. Part 2. Advanced
Theory and Problems. Melbourne (Florida): Krieger Publishing
Company, 588.

Guo, Y., Wen, S.-R., Sun, J.-Y.,, He, X.-T. (2022). Theoretical Study
on Thermal Stresses of Metal Bars with Different Moduli in Tension
and Compression. Metals, 12 (2), 347. https://doi.org/10.3390/
met12020347

Bathe, K.-J. (2016). Finite element Procedures. Prentice Hall, 1043.


https://doi.org/10.1016/j.wear.2015.12.009
https://doi.org/10.1016/j.wear.2015.12.009
https://doi.org/10.33313/380/241
https://doi.org/10.18280/ijht.400236
https://doi.org/10.1016/j.proeng.2010.03.076
https://doi.org/10.1063/5.0095799
https://doi.org/10.3390/met12020347
https://doi.org/10.3390/met12020347
https://doi.org/10.1016/0020-7225(81)90157-9
https://doi.org/10.1016/0924-0136(95)02065-9
https://doi.org/10.1016/0924-0136(95)02065-9
https://doi.org/10.3390/pr11020531
https://doi.org/10.3390/pr11020531
https://www.metaljournal.com.ua/mgp-02-2009/
https://journals.uran.ua/vestnikpgtu_tech/article/view/31526
https://journals.uran.ua/vestnikpgtu_tech/article/view/31526
https://doi.org/10.1002/srin.201500203
https://doi.org/10.1002/srin.201500203

DOI: 10.15587/1729-4061.2024.296620
BUABJIEHHA BININBY CKJIA/TOBUX TUITY CEH/IBIY HA HABAHTAYKEHICTb KPUIIIKM JIIOKA
YHIBEPCAJIbHOI'O HAITIBBATI'OHA (c. 6-13)

A. O. JloBcbka, B. II. Hepy6aupkuid, O. A. Iliaxriii, C. C. Mamin

OG’€KTOM TOCTIKEHHS € MPOIeCH BUHUKHEHHST, CIIPUIAHATTST Ta MEPEPO3IO/IITY HABAHTAKEHb B yIOCKOHAJIEHINH KOHCTPYKIIIT KPUIIKK
JIIOKA YHIBEPCAJbHOTO HaIliBBATOHA.

J1J151 3MEHIIIeHHST HaBaHTAKEHOCTI KPUIIKY JII0KA HAIIIBBArOHA, a BI/IIIOBIHO 1 IIOKpallleHHs MIIHOCTI, 3aIIPOIIOHOBAHO YJIOCKOHAJIEHHS 11
KOHCTPYKIIii IMJISTXOM BIIPOBA/IKEHHS CeHBIY-CKIa0BuX. [IpoBeieo Bu3nauenns TOBIIMHN JINCTIB, SIKi yTBOPIOIOTH OJIOTHO KPUIITKX JIIOKA.
JlocaikeHo AUHAMIYHY HABAHTAKEHICTh KPUIITKU JIIOKA Y BEPTUKAIbHIN NIomuHi. BectanoBsieHo, 110 MPUCKOPEHHS, SIKi TiI0Th Ha KPUIITKY
JIIOKA 3 YPaxyBaHHSIM 3alPOIIOHOBAHOTO YAOCKOHATEHHs, Maiike Ha 20 % HYDKYI 32 Ti, 1110 II0Th HAa THIIOBY KOHCTPYKILi0. BusHayeHo ocHO-
BHI ITOKa3HUKK MII[HOCTi KPUIIKH JIIOKA TIPU eKCIUTyaTalliiHuX PesKuMax ii HaBaHTakeHHs. Pe3yssratu MpoBeIeHOro PO3PaxyHKy IMOKa3aJIu,
1110 MAKCUMAJIbHI HANIPY’KEHHsI B KPUIIIL JI0Ka Ha 22 % HipKYe 3a gormyctuMi. TAKOXK B paMKax JOCIiKEHHsT BU3HAYEHO OCHOBHI OKA3HUKN
JIMHAMIKY HalliBBarota, 06J1a/IHaHOTO 3aPOMOHOBAHOIO KOHCTPYKIIE KPUIIOK JIIOKIB. Xi/[ pyXy HalliBBaroHa 32 YMOBH TIePEMIllleHHsT Y TO-
POKHBOMY CTaHi OIIHIOEThCA AK “1oOpuit”. IIpu 1boMy MaKCHMaJbHI MPUCKOPEHHS B IEHTPI Mac HeCydol KOHCTPYKINT HarmiBBaroHa CKJasm
4,6 m/c2 a Koe(illieHT BEPTUKAIBHOI AMHAMIKN — 6113bK0 0,6.

Oco6MBICTIO PE3YIIbTaTIB, OTPUMAHUX B PAMKAX JAHOTO JOCTIJIKEHHSI, € Te, 110 3aPOIIOHOBAHE YIOCKOHATIEHHSI KPUIIKY JIOKA CIPHSIE
MTOKPAIIEHHIO ii MIITHOCTI MIJIIXOM 3MEHIIEHHS AMHAMIYHOI HABAaHTAKEHOCTI, @ He OCUJIEHHST KOHCTPYKITI.

Cdepoio TTpaKTUYHOrO0 BUKOPUCTAHHS OTPUMAHUX PE3YJIBTATIB € MAMIMHOOYAIBHA TaIy3b, 30KPEMa, 3aTI3HITIHITH TPAHCIIOPT. YMOBaMU
IIPAaKTUYHOTO BUKOPUCTAHHS Pe3YJIbTaTiB JOCJI/UKEHHS € 3aCTOCYBAHHS CHEPrONOIJIMHAJIBHOTO MaTepialy B CKJIQ/IOBUX THILY CEHBiY, 10
YTBOPIOIOTH KPHUIIKY JITOKA.

[TpoBeneHi nociijzKeHHs CIPUATUMYTh (DOPMYBAHHIO PEKOMEH/AILII 1I[010 CTBOPEHHS CKJIA/IOBUX KOHCTPYKIN Cy4aCHUX BaHTa)KHUX
BAroHiB, 3MEHIIIEHHIO BUTPAT Ha IX YTPUMAHHS B €KCIUIyaTallii, a TAKOXK ITiIBUIIEHHIO PEHTA0eIbHOCT] 3a/IIBHIYHIX [IEPEBE3CHb.

KmouoBi ciroBa: 3a1i3HUYHIIT TPAHCTIOPT, KPHIIIKA JTIOKA HAIiBBAroHa, MiIIHICTh KPUIIKH JIOKA, HABAHTAKEHICTh HAIiBBArOHAa.
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BU3HAYEHHS BILTUBY MIITHOCTI HA PO3TSAT HA IIMPUHY TPIIUHI BUCOKOMIITHOI
3AJII30BETOHHOI BAJIKU 3 IOJIITPOIILJIEHOBIM BOJIOKHOM 3 BIIXO/IIB MEJJUYHUX MACOK
(c. 14-21)

Diana Ningrum, Agoes Soehardjono, Hendro Suseno, Ari Wibowo

Tpitunu B 6eTOHHUX KOHCTPYKILSAX Yepe3 caabKiCTh Ha PO3TIT MOKHA YCYHYTH 3a I0IOMOroio (hiGpobeTory, B TOMY YHCTi BiIXOAIB Me-
JIAYHOI MACKU SIK JOGABKH /10 BACOKOMIIIHUX GeTOHHMX cymimreit. e Joc/iisKeH s BILIMBY HOJIIIPOIIIEHOBOTO BOJIOKHA 3 BIIXOAIB MEANYHOI
MACKH Ha MEXaHIuHi XapaKTePUCTUKHM, OBEAIHKY [IPU BUTMHI Ta UPKUHY TPiliHK Ganok i3 BucokoMiiuoro saiizoberony (3B5). Ha nouarxo-
BOMY €Talli I0C/HKYBaJI BAACTUBOCTI OETOHHUX CKIaJ0BUX Martepiaiis. [Iporec Bunpobysatis 6a3yBaBcst Ha IIPOEKTYBaHHI BUCOKOMIIHOT
GeTOHHOI CyMilli 3 BUKOPUCTAHHSM TabJIUIli PO3paxyHKy cymiii 3a MeTogoM AfiturHa. MilHICTh Ha CTUCK 1 MIITHICTD HA PO3PUB BUIIPOOOBY-
Bautit ipu BMicti Bostokow (0 %, 0,15 %, 0,20 % 1 0,25 %). IIporeaypy TPUTOYKOBOTO BUMPOGYBAHHS Ha 3THH MpoBoA/N Yepe3 28 amis na RC
Gaskax 1200x100x150 (mm). Bukopucranst JiHiiHOTO 3MIHHOTO AKM(DEPEHIIaIbHOTO [epeTBOPIOBAYa, TEH30JaTYNKIB Ta IHIIMX BUMIPIOBaIb-
HUX IIPUCTPOIB MiATPUMAIIO OTPUMAHHS HEOOXIJHUX JaHNX. Pe3y IbraTu MoKasasu, o MilHiCTh Ha PO3PUB J0CATIIAa ONITHMAIBHOTO 3HAYEHHST
66,19 MIIa nipu Bmicti Bosokta 0,24 %. [TosimporisieHoBe BOJOKHO 3 BinxXoIiB MeaimaHoi Macky B 36 Garkax mpoieMOHCTPYBAJIO MO3UTHBHITH
BIUIMB Ha 3MEHIIECHHS IMMPUHU TPIIMHU P 30LIbIIEHHI MIITHOCTI Ha po3puB. BmicT kaiTkoBMHE y Bignpanposaniii macii 0,15 %, 0,20 % i
0,25 % naB cTabinpHi Ta Kparii pe3yasraTi mopiBisino 3 0 % BmictoM (6e3 KTITKOBUHN ). 3aBISIKI BUCOKOMY HANpPYyKeHHIO cTai (fs) i BUCOKii
nedbopMariii BiH IPOIIOHYE MOTEHIHAN /st TTOKPAIIEHHS] MEXaHIYHUX BJIACTUBOCTEl BUCOKOMIIHOTO GETOHY, THM CAMUM 3MEHIIYIOUH ITUPUHY
TPilKH, SKi BUHUKAIOTD. 1le moKpalrye MinHicTh 6eToHy Ha po3puB. Biumis Mexi MiltHOCTI Ha PO3PUB Ha MMPHUHY TpimuHu (W) GaloK i3
AX00M DOPMYITH: W,y =3,74/tf 13, w0,,=0,187/tf*0?? nokasye, 1Mo eKkcriepUMeHTAIbHi Pe3YIBTaTH MAIOTh 3HAYHUI BILTUB Ha 3MEHIICHHSI
MIUPYHA TPIIMHM, SIKa BUHUKAE B BUCOKOMIIHI KB Gamku, THM caMUM MOKPAILYI09n AKICTh GETOHY.

KiouoBi cioBa: MillHiCTh Ha PO3PHB, MIMPUHA TPIIMHU, BUCOKOMIIHICTD, 3a/1i300eTOHHa GaiKa, BiAXOAN MEANYHOI MACKH, MOJIIPOITi-
JICHOBE BOJIOKHO.
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MNOBYAYBAHHA OAHOPIAHUX PIIIEHDb 3AJJAYI KPYUYEHHA JJIA PAAIAJIbHO-HEOAHOPITHOTO
TPAHCBEPCAJIbBHO-I3OTPOIIHOI'O HIJIIHAPA (c. 22-29)

H. K. Axmenos

MeTomoM acCMMITOTHYHOTO iHTETPYBAHHS PIiBHSIHB TEOPii MPYKHOCTI JOCTIKEHO 3a7ady KPy4YeHHs IS PaliajbHO-HeOTHOPIIHOTO
TPaHCBEPCAIBHO-130TPOITHOTO UTiHAPa Masiol ToBIuHN. [TepeabadaeTbes, Mo GivHa YacTUHA IUJIH/PA BijbHA BiJl HANIPYKEHb, a HA TOPIAX



[UIH/APA 3a/[aHi TPAHUYHI YMOBH, 1[0 3ATUIIAIOTH IIUJIHAP B PiBHOBa3i. BBaKa€ThCsl, 1110 MOAYJII IPYKHOCTI € MOBIIbHUME (e3IIepepBHUMU
dynkmismu 3minnoi no paziycy muminapa. ChopmyapoBaHa KpaiioBa 3a/1aua 3BOJUTHCS J0 CHEKTPATbHOI 3a/a4i, 10 MiCTUTh MaJInii Tmapa-
METp, 110 XapaKTepU3y€e TOHKOCTIHHICTD 1utinApa. [To6yoBani oHOPiAHI pilierHs, ToOTO BCSAKI pillleHHs PIBHAHHS PiBHOBArH, 110 3a/10-
BOJIBHSIIOTH YMOBI Bi/[CYTHOCT] HalpyskeHb Ha GiYHMX MOBepXHsX. [lokazaHo, mo pilleHHs 3a7a4i KPYYEHHST CKIATAETHCS 3 TIPOHIKAIOYOTO
pillleH s Ta pileHHs XapakTepy rpaHUYHOrO Iapy, aHaJIoriYHOTro Kpaitoomy edekty Cen-Benana B Teopii Heopnopianux mint. [Iponnkaiode
pillleHHs] BU3HAYAE BHYTPIIIHII HAIIPY’KeHO-e(hOPMOBAHUIT CTaH PajliaibHO-HEOHOPiHOTO IntiHapa. Hanpyskenuii ctas, 1110 BUBHAYAETHCS
TIPOHUKAIOYNM PIllIeHHsAM, eKBiBaJIEHTHHI KPYTHIM MOMEHTaM HaIpy’KeHb, 10 AII0Th y MOMepedHoMY Hepepisi, mepleHInKyISpHOMY oci
muninapa. Pimenns, mo MaioTh Xapakrep TPaHUYHOTO Iapy, JoKaaizoBaHi Ol TOPIIB MUIIHAPa 1 IPY BUIAJIEHH] Bifl TOPI[B eKCIOHEHILi-
aJIbHO 3MEHNIYI0Thes. Lli pilteHHs BiACYTHI y IPUKIaAHNX Teopisx 06omoHkn. [106y10BaHO acuMITOTHYHI (GOPMYJIN /7T IePEMIIeHHs Ta
HaIpPY>KeHb, 110 /I03BOJIAIOTh PO3PAXyBaTH TPUBUMIPHUIT HAPy>KeHO-1e(hOPMOBAHUII CTAH PajlialbHO-HEOAHOPITHOTO TPaHCBEPCATbHO-130-
TPOITHOTO IUJIIHAPA MOl TOBIIUHU. Ha 0CHOBI OTPMMAHKMX ACUMITOTHYHIX PO3KJIA/IB MOKHA OIIHUTH 00JIACTI 3aCTOCYBaHHSI PUKJIAIHUX
Teopiii i mobyyBaTH yTOUHEHY TIPUKJIAIHY TE€OPIto st PaiaibHO-HEO[HOPIHUX IUJTHAPHIHUX 000JTOHOK.
KmouoBi cioBa: 3a/1aua Kpy4eHHs, MOJIYJIi IPYKHOCTI, IIPOHIKAIOYE PillleHHs, T]PAHUYHUIT Map, KPYTHUI MOMEHT.
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BUABJIEHHA BININBY KOHCTPYKTHUBHUX TAPAMETPIB O/THOKAMEPHOTO ITIPOCTATUYHOTI' O
MIJIIITUITHUKA TTAJITMUBHOTO HACOCY HA iIOTO OCHOBHI XAPATEPUCTHKH (c. 30-36)

B. I. Hasin

OG6’€KTOM JIOCIIPKEHHSI € TiIPOCTATHYHI TIPOIECH B OTIOPAX PIAAMHHOTO TePTst MATMBHUX aBialliiHUX HACOCIB MIECTEPHOTO THILY.

BupimyBasiach mpobiemMa BIUIMBY KOHCTPYKTHBHHX apaMeTPiB OJHOKAMEPHOTO TiJIPOCTATUYHOTO MiAIIMITHUKA HA WOTO OCHOBHI Xa-
PaKTEPUCTUKN. B SKOCTI OCHOBHUX XapaKTEPUCTUK PO3IJISAANICS HECyda 3AaTHICTh i BuTpara po6ouoi pigunu. [Ipu BU3HAYEHH]I OCHOBHUX
XapaKTePUCTHK OJHOKAMEPHOTO TiIPOCTATHYHOTO MiAITUITHUKA BUPIITYBANCS CILTBHO piBHsIHIS Peiirobca ta 6amancy utpar. OTprmana
€II0pa PO3MOAINY THCKIB 110 POOOUiii TOBEPXHI MiAMITHUKA BUKOPUCTOBYBAJIACS [/l BUSHAUCHHST OCHOBHUX XaPaKTEPUCTHK.

JlocmipKyBaBest BIUIMB 3a30DY, AiaMeTPy JKUKJIepa i MMPHHN KaMep Ha HeCydy 3/aTHICTh Ta BUTPATy poOOUOi PIMHN OXHOKAMEPHOTO
Ti/IPOCTaTUYHOTO T IITHITHIKA.

BcTaHOoBIIEHO, 110 31 301IBIIEHHSM 3a30Py HECy4a 3[aTHICTh OHOKAMEPHOTO ITiIIINITHIKA 3MEHIIYEThCS, @ BATpaTa poOodoi pisnHu 361/1b-
myetbest. 31 361TbITEHHSIM AiaMeTpa JKIKJIepa Hecyda 3AaTHICTD TAITIITHIKA 3pocTa€e. 301TbINeHHS ITMPUHA KaMep PU3BOAUTH [0 3POCTAHHS
HeCydoi 3/IaTHOCTI Ta BUTpATU poOoUoi piguHu depes miammnuuk. [pu 36iabienti 3azopy 3 0,0125 mm 10 0,0425 MM Hecyua 37aTHICTD Mi/-
NIMITHAKA 3HIKY€EThest B 1,156 pasu. Burparta pobodoi pignnn dyepes migmuniuk 3poctae B 1,4 pasu. 3i 301/bIIIeHHSAM JiaMeTpa JKUKJIEpa 3
1,5 MM 10 3 MM HecyYa 31aTHICTD MiIMITHUKA TPOXU 3pocTae npubnsno B 1,02 pasu. 36ibleH s ITMPUHI KaMep 3 4 MM 10 8 MM MiBUIILy€E
Hecydy 37aTHICTb B 1,29 pasu i 36inburye Butpaty pobodoi pigunu B 1,4 pasu.

OrpuMani pe3yJbraTi MOKa3yloTh, MO OTHOKAMEPHUH TiAPOCTATHYHUN MiANMIHIK MOXKe 3a6e3MeunTn HeoOXifHy HeCydy 3[aTHICTh
miA60pOM KOHCTPYKTUBHUX TtapameTpis. HaBeeHi MaTeMaTiuHi 3a/IeKHOCTI MOSKYTh OYTU BUKOPHCTaHI IJIst TPAKTUYHUX PO3PAXYHKIB OHO-
KaMepHUX Ti[POCTATUIHUX ITiAITHITHUKIB.

KmoyoBi ciioBa: olHOKaMepHUIT MiANIMITHIK, {iaMeTp >KUKJIEepa, MNPUHA KaMep, Hecyda 3/[aTHICTb, BUTPaTa MacTUIIA.
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BU3HAYEHHS BEPTUKAJIBHUX KOJMBAHD TPAKTOPA 3 IIEPEJIHIM ILJIYTOM BE3 OIIOPHOTO
KOJIECA (c. 37-47)

B. T. Hagukro, I. A. Tony6, B. M. Kiopues, H. M. ITuBenkosa, I'. A. Ilerpog, d. /1. Apom

OO0’€KTOM IOCIIKEHHS € TPAKTOP 3 TEPEAHIM TIyToM 6e3 omopHoro koseca. OAHNM i3 COCOOIB YHUKHEHHSI 3aCTOCYBAaHHS 6aIacTy €
BUKODPHCTAHHSI TUIYTIB 3 TIEPEIHBOI0 HABICKOIO, SIKI MPAIIOIOTH B PEKIMI «IIITOBXaHHS». SIK IPABUJIO, TaKi TIJIyTM OCHAIEH] Xoua 6 OHIM OIT0-
pHUM Kosecom. HasgBHICT OCTAHHBOTO YCKIAAHIOE KOHCTPYKIIIIO TLTyTa i, 6€3yMOBHO, BILIMBAE HA CTYTIiHb BEPTUKATBHOTO HABAHTAKEHHS Ha
KepoBaHi Kosreca MOGITbHOTO 3ac00y.

3a 7101moMoroio po3pobJeHOT MaTeMaTHYHOI MOJeJI Ta BiAMOBIIHUX aMIUHTY/HUX i (Ga30BUX YACTOTHUX XapPAKTEPUCTUK JOCIIIKEHO
JANHAMIKY BEPTUKAIBHIX KOJIUBAHb MEPEIHBOI OCI TPAKTOPA 3 PPOHTATPHIM HAUYITHAM IIYTOM Oe3 OIIOpPHOTO KoJseca. B sikocTi 36ypioBas-
HOTO BIUIMBY PO3IVIIHYTO BEPTHKAIbHI KOJMBAHHS CYMapHOI CHJIM, IO AIIOTh HA TPAKTOp 3 GOKY IuIyra. 3a pe3ysbraTaMu MOJETIOBAHHS
301JIbIIEHHST BEPTUKAIBLHOTO HABAHTAKEHHST MEPEeHbOI oci TpakTopa Ha 600 kr 06ymMoBaOE OakaHe 3MEHIIEHHs 3HAYECHHS aMILTITYIH Ta
36isbIeHHs a3y 30BHIIIHIX 30ypeHb AuHaMiuHOi crcTeMu. YuM BUIIA YacTOTa KOJIUBaHb 30yPEHHsl, TUM OiIbII TPUHHATHUMHU CTAIOTH Iii
XapaKTepUCTUKU. BcTanoBIeHO, 1110 /711 TOKPALeHHs PeaKlil JOCIiKyBaHOI AMHAMIYHOI cCUCTeMU Ha 36ypeﬁﬁa HEeOOXiIHO 3MEHIUTH Koedi-
IIE€HT JKOPCTKOCTI IITMH MepeIHix Kosic. Ha mpakTuiii 1me 7ocAaraeThes MIISIXOM PEryIIOBAHHS TUCKY MOBITPS B MIMHAX. AMILIITYZTHO-4YaCTOTHI
XapaKTEPUCTUKU CUCTEMU Maiike He 3MIHIOIOThCs TIpH 30ibinenHi Koedinienta geMiiyBaHHs IUH TEPeAHiX KOJiC TpaKTopa B JianasoHi
Bix 1 10 3 kH-c/M, Tozii K Ha30BO-YaCTOTHI XapaKTEPUCTUKH TTOKPATyoThcst. OCOOIMBO 1€ IOMITHO Ha 4aCTOTaX KOJMBaHb 30yPIOBATBLHOTO
BIUIKBY B miamazoni 0—10 ¢l

Pesynbratt MOKYTh OyTH TOKJIaJIeHi B OCHOBY OLIHKM eheKTUBHOCTI poOOTH TPAKTOPIB 3 MEPEeHIM MmIyromM Ge3 OMOPHOTO KoJieca Ha
IpyHTOO6POOHUX onepaltisix. Taka eekTUBHICTH MOKe OYTH JOCATHYTA 32 YMOBH MPAKTUYHOI peasisailil 3alipoIIOHOBaHNX Y AaHiil poboTi
PeKOMeHalLiii 10710 BUGOPY KOHCTPYKTHBHUX MAPAMETPIB IIMH MEePEIHIX KOJIC TPAKTOpa.

KiouoBi ciioBa: opuuii arperar, nepejiii Hapicnuii Mmexanism, «push-pully, pporranbauii myr, KoedimienT KOPCTKOCTI 1HH, Koedii-
€HTA JieMII(DyBaHHS IITHH.
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BHU3HAYEHH OCOBJINBOCTEN KOHTAKTHOI BBAEMO/II IBOPAJHOTO CKJIOOYMCHUKA 3
KPUBOJIIHIMHOIO IIOBEPXHEIO CKJIA (c. 48-59)

K. E. Tonenxko, O. B. [Tuxa, ¥O. I. Boitummun, O. 3. Top6aii, M. O. [Tuxa, B. O. lutuniok

Cepert KpUTepiiB OIIHKY BU3HAYEHHsT (heKTUBHOCTI OUKIIEHHST BIKOH aBTOMOOGIJIBHOTO TPAHCTIOPTY BaKJIMBUM € PO3IO/II THCKY TYMOBOI
MIITKU CKJIOOYUCHKKA 0 MOBEPXHi ckia. [Ipobiema moJsrae y BiCyTHOCTI HOpMyBaHHs faHoro nokasiuka IIpasunamu United Nations
Economic Commission for Europe (UNECE) mmozo ceprudikarii ckioouncnnkis. HeoxHopianicTs po3mozisry THCKY 3BHYATHOTO CKIOOUNC-
HUKa, AKUH BUCTYNae 06’ €KTOM JIOC/II/KEHb, I0aTKOBO 00YMOBJIEHA PYXJIUBICTIO JAaHOK HOTO MeXaHi3My 1 IJIaCTUYHICTIO TYMOBOI IITKK pa-
30M 3 Jie30M. Besmmunna tueky He mae cranosutu Oisbire 30—-50 lla (33.4 xITa 3adikcoBaHo /s BUTIAAKY 3HEPYXOMJIEHOTO CKIOOYMCHUKA),
a 30BHIIITHE HOPMAJTbHE HABAaHTAKEHHS Ha Kapkac moBuHHO 36epiratncs B Meskax 20...30 H. ITix gieto maBantakewnns 24 H me30 ckimoouyncHmka
3nedopmysasocs va 1.48 mm (3rinno R43 ne mosxe nepesumtysatu 1.5 Mmm). Ilogasbiine HaBaHTKEHHST KapKaca CKIOOYMCHUKA BUKJIMKAE
TracTnyHi gedopMmartii IBOX THITB: JIOKaIbHI # r106anbHi (BTpaTa hopmu rymMoBoi mitkm). JIokanbHi TOBHI mepemitentst 3poca 10 1.82 M,
a Gopma Jiesa HaByJ1a «IIOCIYEHOTO» XapaKTepy, M0 CIPUYUHSIE TOSIBY TOHKUX CTPYMEHIB 6pyay. [06aibHi — NpU3BeJH 10 BUTHHY T'YMOBOI
MIITKY 3 YTBOPEHHSIM 3a30PY MiXK HEIO Ta CKJIOM (5.7 MM) i CIIPHYMHUJIN MTOSIBY CJITIOT 30HI. Bysn gocipkeHi Mojiesi MaTeMaTHyHOTO po-
THO3YBaHHsI TIOBEIIHKI TIOMAPOBUX feopMaIliil 3BIIAHOTO CKIOOYICHIKA. [[0/aTKOBO PO3pO6IEHO MOIEND TBOPSIIAHOTO JI€3a 3 OKPEMUMU
IITKAMH, [0 3a6e311et1y101‘b posmapasieieHHs OTOKIB BO/IM Ta MOSICHIOTb 3POCTaHHs eDeKTUBHOCTI iforo KoHcTpy«Kiii. [iapoannamivsi Tec-
TH nokasanu y 1.58 pasu GiJibliny pe3yJIbTaTUBHICTD TOPIBHAHO 3 KJIAaCHYHUM OJHOPSIHUM JIE30M: TIBUKICTb TIOTOKY BOjM cTanoBuia 15.61
mpotu 9.86 M/c. Po3po6Ka € mpeiMETOM MATEHTY Ta MOKJIUBOTO POGOYOTO MPOTOTHILY.

KiiouoBi ciioBa: po3nojtijieHuii THCK, MTacTuyHi gedopmaliii, HarpyKeHo-aeopMoBanuii ctan, AeMIdyBanHs, TiApoAnHaMika, 06’ eéMHa
BUTPATa, TYPOYIEHTHICTD.
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AHAJIITUYHUI ONUC HAJIAIITYBAHHS BAJIKIB JIJI1 BATOTOBJIEHHS JIETAJIEN I3 TIPYKHOTO
JINCTOBOTO MATEPIAJIY (c. 60-65)

C. ®@. ITnnnnaka, B. 1. Xponoct, T. M. Bouina, T. A. Kpecan, C. I1. Bopopaaii

OO0’ eKTOM JOCII/KEHHS € TTPOIeC 3rMHAHHST JINCTOBOTO MaTepiasty i3 BpaXyBaHHSIM HOT0 IPYsKUHEeHHs. [Ipu BUTOTOBJIEHH] JINCTOBUX JleTaeit
3TMHAHHSM 13 aOCOJIIOTHO TIPYKHOTO JIMcTa #oro opMa TMOBHICTIO BiZTHOBJIIOETHCS MHCIsT TIPUTIMHEHHS eopMarltil Ha BiAMIHY Bil TIPY’KHOTO
smcra. Tak, IPU BUTOTOBJIEHH] MUIHAPUYHUX [€Tajell MPOTATYBAHHIM MK TPhOMa BAJIKAMU OTPUMAHUII pajiiyc IUIIHAPUYHOL AeTam Oyne
OIJIBIIMM Bijl PO3paxyHKoBOro. Take sSBHIIE OI[HIOETHCsT KOEMIIIEHTOM TIPY;KMHEHHST — BIZIHONIEHHSIM PO3PaXyHKOBOTrO Pajiiyca 0 OTPUMAHOTO
TIiCJIS1 YaCTKOBOTO PO3THHAHHS.

ITpu BUTOTOBJIEHH] KOHIYHIX JeTasiell Takuil miaxin He Moxe OyTH 3aCTOCOBaHMi, 60 BeJIMUMHA Pajlilyca € 3MIHHOW. Y CTaTTi 3aCTOCOBAHO TEO-
Ppito 3rUHAHHS TIOBEPXOHB 13 mudepentrianbHoi reomeTpii. Kpusmna Jiinii Ha ToBepxHi Ma€ [Bi CKIAI0BI — HOPMAJIBbHY i reoziesnuny. [lpn srumanmi
II0BEPXHi 3MIHIOETLCSI HOPMaJIbHA CKJIAJI0BA, a Ie0/le3YHa 3a/IUIIAEThCST He3MIHHOI0. Besnunia HopMasIbHOI CKIaZ0BOL 3a/IeKUTD BiJl KyTa MK
TBIpHOIO KOHYyca i fioro Biccro. Tax, 711 KoHyca 3 ocHoBOIO paziyca R i kyrom 20° nopmanbia kpusuHa ctaHoBUTS 0,94/R, a reomesnuna — 0,34/R.
JUist A HAPUYHKX JIeTasieil Teo/ie3nyHa KPUBKHA MOTIEPEeYHOTO Tiepepidy (KoJia) OPIiBHIOE HYJIO, OTKe i BpaXoByBarTH ii He HOTPIOHO.

3a3Bnyail HaJAMTYBAHHS BAJIKiB HA BUTOTOBJIEHHS KOHIYHUX JIeTAJeH 3/IHCHIOEThCS eKCIIePUMEHTAIbHIM NIUISIXOM. BiMiHHICTB 3arporio-
HOBAHOTO Mi/IXO/Y TIOJISATAE B YCYHEHH] i€l pobieMu 3aB/IsIKI PO3KJIAAHHIO KPUBUHI OCHOBU KOHYCa Ha [IBi CkJiazioBi. Lle mo3Boisie po3paxy-
BaTU IlapaMeTPpU HaJIAIITyBaHHsI BAJIKIB 1 TUM CaMO CKOPOTUTH Yac IX HayaroxkeHHs. Po3paxoBaHo napaMeTpu BaJIKiB Ta X B3a€MHE PO3MILIeHHS
JUISI BUTOTOBJIEHHSI KOHIYHUX JleTasteil MoTpiOHOTO po3Mipy i3 BpaxyBaHHsM ix mpyskutentst. Chepa 3acTOCyBaHHS OTPHMAHNX PE3YIBTATIB — BH-
TOTOBJICHHS JIeTasleil 3rMHAHHAM TIJIOCKHX 3aTOTOBOK i3 METAJIEBOTO JINCTA.

KmouoBi cioBa: HopMaslbHa KPUBUHA, Fe0/Ie3MYHA KPUBIHA, JINCTOBA JleTallb, PO3PAXYHOK 3arOTOBKH, KOHIYHI BAJIKHU.
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BU3HAYEHHA SAKOHOMIPHOCTEN ACUMETPIYHOI BBAEMO/II INTACTUYHOI'O CEPEJOBHIIA 3
IMPOTHUCIIPSIMOBAHOIO TEYIEIO METAJLY (c. 66—82)

B. B. Yurupuncokuii, A. b. Haiiza6exos, C. M. Jlexknes, O. I'. Haymenko, C. JI. Kyspmun

Amnanitiano BUpIlleHa MI0CKa 3a/[a4a Teopii MPOKATKU 3 BUKOPUCTAHHIM METOLy aprymenT QyHKIiil koMiiekcHoi aminmoi. [Tokasano
PO3B’si3aHHs 33/1a4i 3 MOIJISI/Ly aCUMETPii, IPOTUCIIPSIMOBAHOI Teuil MeTasLy, B3aEMO/Iil 30H B ocepeiky Jeopmartii. 3arnpornoHoBana hizndyna
MOJIeJTb I03BOJISIE BUSHAYNTH BILIMB Pi3HUX (aKTOPIB Ha cuitoBi Ta AedopMaltiiiii mapaMeTpi mpoiecy, oXxapakTepusyBaTi 0cOOJMBOCTI T1Iac-
THYHOT (POPMO3MIHU B €IMHOMY OcepeaKy nehopMyBaHHs 3 G0KY 30H BiJICTABAHHS Ta BUIEPEKEHHS.

Edextn mractimanoro aedopMyBaHHS JOBOJATD, O B3a€MOJIS 30H 3 TIPOTHCIIPAMOBAHOI Tediclo MeTamy Moxke OyTh (hakTopoM 3MiH B
ocepeziky o6Tucky. IIpoananizoBaHo HalpyKeHUI cTaH IPOMIKHUX CXeM HaBaHTakeHHs. [[oBefeHo, Mo CTIlKICTh mpoltecy nmpokaTku (Bij-
CYTHICTh TIPOOYKCOBKHM) BU3HAYAEThCsT hakropamu: opma ocepesky aedopmartii, KOHTAKTHE TEPTsl, KyT 3aXOIJICHHsI, YMOBU peasiisaiil 3a-
XOTLITIOI0YO0I0 37ATHICTIO BaJIKiB.

BukopucranHs MaTeMaTHUHOI MOJIeJi Ipoliecy /I03BOJISIE JIeTa/IbHillle PO3IJISTHYTH TI€PEeX0/N B ocepeiky jedopMaliii 3 HAOUHUM HO-
JAHHSAM €Mop KOHTAaKTHUX HaNlPy’KeHb. 3’ABJAETHCS HAOUYHA MOKINBICTD OI[IHKH 3aXOTIITIOI0Y0] 3/[aTHOCTI BAJIKIB 110 ermopax HOPMaTbHUX Ta
JNOTHYHUX HAIIPY>KEHb BiJl JIOKAJIbHUX aPaMeTPiB IIPOILeCy.




[TokasaHo, 110 B3aEMO/ist 30H 3 IPOTUIEKHIM MEePeOiroM METaIy € aHAJIOTOM JIil 3aIHOTO PO3TSTYBAILHOTO HAIIPY/KEHHS 3a BCiMa mapa-
MeTpaMU BIJIUBY Ha Tpotiec (hopmosmini. IIpoBesieni 1ocmi ke S TiATBEPIKYIOTH 3aTaTbHOTIPUIHATI TOTOKEHHS Teopil MPOKATKH, ajie BU-
ABJIAIOTH ePeKTH IJIACTIYHOTO Jie(hOPMyBaHHS B YMOBAaX Pi3HOTO HAIIPYKEHOTO CTAHy 32 PaXyHOK Pi3HUX PeKIMiB HaBaHTaKeHHs. Busiiiena
30HA JIOCSIKHOCTI JIIMITOBAHOTO ocepesiky aedopMaltii.

PesyubraTt poOOTH [03BOJISAIOTH BUSBUTH eDEKTH MIaCTUYHOI AehopMaliil 3 3HUSKEHHIM 3arajlbHOTO 3yCHJUIS B IIPOIecax, AKi 3HaX0-
JSATHCS B 30HAX JOCSKHOCTI JIIMITHOTO OcepeiKy 0OTHCKY B yMOBaX 3POCTaHHI KIHEMATUYHOTO HABAHTAKEHHSI TIPU 3MiHI KyTiB 3aXOIJIEHHS B
meskax 0,077...0,168.

KmouoBi ciioBa: acuMeTpisi HABaHTAKEHHs, IIPOTHCIPSIMOBAHA Tevis MeTally, IIJI0CKa 3371a4a, epeKT! IJIaCTHYHOTO /le(hOPMYyBaHHS.
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MATEMATHUYHE MOJIEJTIOBAHHS TEUII PO3IJIABY B KOHY CHO-KIJIBIIEBOMY KAHAJII MATPUIII
EKCTPYAEPA (c. 83-98)

Abdymanap Ospanov, Aigul Timurbekova, Dulat Zhalelov

OcobmBicTio po6oTH € Po3po6Ka MATEMATHIHOI MOJIE Tedil pO3IIaBy B KOHYCHO-KIJTbIIEBOMY KaHaJi MaTPHIL eKCTPY/IEPa, IKa T03B0-
JIATD THAIGPATH ONTHMATEHY TeOMETPUYHY (HOPMY KiTbIIEBOTO KaHAIY, a TAKOK KYTOBY IIBHUAKICTH 06epTaHHs ITHEKa ekcTpyaepa. O6’ekToMm
JIOCTI/KEHHST € KOHYCHO-KIJIbIIeBUI KaHAJI MAaTPUILIl eKCTpyAepa.

Jlsist BUpITIEHHsT TPUBUMIPHOI 3a/1a4i TypOYJIE€HTHOTO i JIJAMiHAPHOTO HeCTallioHApHOTO PyXy OyB BUKOPUCTAHUI TIPOTPAMHHN KOMILIEKC
FlowVision, mo a03BoJisgte Bupimysatu audepeniiaibii piBHAHHA B YaCTUHHUX ITOXIHUX METOJAOM CKiHueHHUX 00'emiB. [IpaBuibHuil Bu-
6ip reoMeTpuaHOT (HOPMHU KiJIBIIEBOTO 3a30PY [O3BOJIUB 3MIHITH MOJIEKYJISIPHY CTPYKTYPY MPOIYKTY 32 PaXyHOK CTBOPEHHS MAKCUMATbHOTO
3HaYeHHs THCKY. ONTHIMATbHO TiAibpaHa KyToBa IBUAKICTD OOEPTAHHS ITHEKA eKCTPy/epa I03BOJMIA 3AIHCHUTH TIHO0KE PO3ILIABIEHHS
IIPO/LYKTY 32 PaXyHOK IIEPETBOPEHHS MEXaHIUHOI eHepril ITHeKa B TEIJIOBY eHEepTilo.

B nporieci mpoextyBantst (hoOpMOYTBOPEHHS KOHYCHO-KIJIBIIEBOTO KaHamy Gy oOpani Tpu 06J1acTi 3MiHN TeOMETPIl IITaMIia, Ha MesKax
1epexo/ly sSIKUX CHoCTepiraaucs KpaitHi Touku. BijgxuieHHs Mix aHali30BaHUMU Ta eKCIIEPUMEHTAJIbHUMU 3HAYEHHAMU IIBU/IKOCTI Ta TUCKY
Oysiu BusiJieHi B Mexax 9—12 % ta 17-22 % BianosigHo.

Ha ocHoBi anazi3y oTprMaHMX pe3yJIbTaTiB MOJIEJIIOBAHHS PYXy PO3ILIABY IPOAYKTY B KOHYCHO-KIiJIbIIEBOMY KaHaJli MaTPUIli eKcTpy/iepa
GyJiu BUSIBJIEHI ONTUMaIbHA TeOMETpUYHA (HOPMa KiJIbIIEBOTO 3a30PY | PEKOMEHIOBaHA KYTOBA MIBUKICTh 0GEPTAHHS IITHEKA eKCTPY/Iepa.

3amporoHoBaHa MaTeMaTHIHa MOJIETDb JISITJIA B OCHOBY PO3pOOJIEHOI KOHCTPYKII IECTH30HHOTO eKcTpyepa. B excerpymepi 6ymu 06-
rpyHTOBaHi i migibpani reoMeTpUYHi XapaKTePUCTUKY IITHEKa (3MIHHUIT KPOK BUTKIB), sIKi 3a6e311€4yI0Th MAKCUMAIbHUIT eheKT Po3citoBaHH,
TOOTO aBTOTEHHUI PesKIM POGOTH.

KiouoBi caoBa: MatemaTudta Mojesb, FlowVision, KoMGikopM, KOHYCHO-KIJIbIIEBHIT KaHal, MATPHILA €KCTPYyAepa.
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BU3HAYEHHA TEPMOHAIIPYKEHOI'O CTAHY YAII AJ1A IIEPEBE3EHHSA PITKOTO LIIJIAKY HA
ABTOMOBIIIBHOMY XOAY (c. 99-106)

B. B. IloBoporwiii, I. B. Illep6una, C. B. 3xanesuy, H. K. /Ipsiuenxo, T. B. Kimcrauy, JI. I. Conounenko, P. B. Ycenko

O6’exTOM fOCTiIKEeHHsT Oy 00paHi IITAaKOBI Yallli, SIK BaKJIMBI CKJIJ0BI JOMEHHUX, CTAJICTIIABUJIBHUX i (DEPOCTIIIABHUX TIE€XIB METAIyp-
riiaux mignpuemcrs. OCHOBHOIO TIPO6IEMOIO eKCITyaTaitii Gy/Ib-AKHX IIJJAKOBO3IB € X 0OMeKeHa JOBrOBIYHICTD 1 yacTi pyiHHyBaHHS IIIAKO-
BUX yanl. [IpuurHO©0 UX mpobseM € 3MiHM B IIpolieci exerryaraiii (hopMu yait, o NPOsBAAITHCS B YTBOPEHHI MiCIlb 3BYKEHHS B PaiioHi
OMOPHOTO KBS — JIJIS Yalll Ha 3aJi3HUYHOMY XOJii, PyWHYBaHHs OMOPHUX Iard — /IS MIAKOBO3IB Ha aBTOMOOIIBHOMY XO/1i, b0 TPIInH y
crinkax. BuiieBkasani edekTu 3’ IBJISIIOTHCS BHACIZIOK IUKJIIYHUX TEIIOBUX BIUIUBIB PiIKOTO IIJIAKY HA YaIILy.

I'pyHTYyI04HCh Ha pe3yJIbTaTaX KOMIT I0TEPHOTO MOJIEIIOBAHHs BCTAHOBJIEHO, 110 OCHOBHY POJIb [0 pyiHALT OMOPHKX Hard MIaKOBUX Yail
Ha aBTOMOOLIBHOMY XO7ii 3IICHIOITH caMe TeMIiepaTypHi nepemiiierst. TemepaTypHi Hapy/KeHHs, 1110 BUHUKAIOTh B Yallli, JOKai3y0ThCs
B 30Hi po3ranryBaHHs j3epkada aky (200-250 MITa prst crani 2571, 280-350 MITa st crani 30XMUJT).

OTpumanHi pe3ynbTaTi aloTh MiJICTABH JIA BJOCKOHATIEHHS MPe/CTAaBICHOI MIJIAKOBOI Yallli B HAIPSMKY 3MEHIIEeHHS TeMIepaTypHIX
HAIPY’KEHb B i1 CTIHKAX Ta KOHCTPYKILiil OMOPHUX Tard.

Otpumani pesysbTaTi MOSCHIOIOTLCS THM, IO ITPU HePiBHOMiIPHOMY HarpiBaHHi MPY/KHUX TiJ 3’BIAIOTHCA TeMIIepaTypHi HapysKeHH,
SIKi TIPU TIeBHUX KOHMITYpAIisiX TeMIIepaTypHUX HABAHTAKEHHSIX MPU3BO/SATD 10 PYUHYBAHHS KOHCTPYKITiTL.

PesyuibraTit OTPUMAHUX JIOCJIi/IPKEHb PEKOMEH/IyE€ThCsI BHKOPHUCTOBYBATH HA MiJITPUEMCTBAX 110 KOHCTPYIOBAHHIO Ta BUTOTOBJIEHHIO TI1JIa-
KOBUIX 4all B SIKOCTI iHhopMaliii moo Jokamisaiii HeGe3nedHux Miclib KOHCTpYyKItii. Takox mpejcraBiena indopmaltist 6yie KOpucHa st
MeTayprilHuX MiANPUEMCTB 3a/JIs IeTaIbHOI TEXHIYHOT AIarHOCTUKY Yalll B X HeOE3IeUHIX MICIIsIX.

KiiouoBi ciioBa: 1iakoBa yaiia, miak [0MeHHOTO BUPOOHUIITBA, TEMIIEPATYPHI HAITPYKEHHST, TEMIIEPATYPHE TI0JIE YallIi.



