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In order to maintain the competitive advantage of the me-
dium short take-off and landing transport aircraft, the task must be
solved of ensuring take-off and landing on the ground runways with
a length of 600-800 m when installing a turbojet engine.

When the engines are installed on the pylons under the wing,
this is achieved by using a «forced» turn of the jet of engines when
the flaps are released at an angle of 60°. We have found the mutual lo-
cation of the wing and the engine on its stagger, based on the position
relative to the construction plane of the wing and the angle of in-
stallation. A reciprocal arrangement has been determined, making it
possible to maximize the lift force owing to the turn of the jet stream.
It has been shown that this achieves the continuous flow around the
sections of the flaps when they are deflected at a 60-degree angle.

We have analyzed the temperature effect of the jet stream on the
mechanization and the aircraft wing at the stages of take-off and landing
at different positions of engines under the wing, at different flight speeds
and angles of attack. The effect of mechanization on the distribution
of jet stream speeds and temperatures has been analyzed. It is shown
that decreasing the distance between the engine nozzle and the lower
surface of the wing leads to an increase in the angle of the jet stream
deviation. We have identified those tail section zones of the flap, which
require special execution to operate at temperatures above 400 °C.

The impact of the jet stream on aircraft’s drag in the cruising
configuration has been analyzed, as well as the scheme of engine ar-
rangement on the aircraft’s electrically dependent systems. We have
shown the absence of the impact of the jet stream on the aircraft’s
drag in the cruising configuration, the reduction of fuel consumption
at cruising modes, as well as the favorable impact exerted on the
electrically dependent systems due to the significant reduction of
gas-dynamic losses along the power plant tract.

Ways to modernize the transport aircraft type of An-70 have
been proposed to ensure its superiority in its class.

Keywords: transport aircraft, turbojet twin-contour engine, jet
stream turn, short takeoff.

References

1. Flying in 2050? Available at: http://www.academie-air-espace.com/
upload/doc/ressources/CP-2050-VOLUME2.pdf

2. Grebenikov, A. G. (2006). Metodologiya integrirovannogo proek-
tirovaniya i modelirovaniya sbornyh samoletnyh konstruktsiy.
Kharkiv: Nats. aerokosm. un-t «KhAI», 532.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Zhitomirskiy, G. 1. (2005). Konstruktsiya samoletov. Moscow: Ma-
shinostroenie, 406.

. Petersson, O., Daoud, F. (2012). Multidisciplinary optimization of

aircraft structures with respect to static and dynamic aeroelastic
requirements. Deutscher Luft- und Raumfahrtkongress. Berlin, 1-7.

. Gagnon, H., Zingg, D. W. (2014). High-fidelity Aerodynamic

Shape Optimization of Unconventional Aircraft through Axial De-
formation. 52nd Aerospace Sciences Meeting. doi: https://doi.org/
10.2514/6.2014-0908

. Loginov, V. V. (2009). Kompleksniy podhod po formirovaniyu teh-

nicheskogo oblika silovoy ustanovki, integriruemoy v planer, pri
sinteze letatel'nogo apparata. Intehrovani tekhnolohiyi ta enerhoz-
berezhennia, 2, 88—-99.

. Pezhman, M. (2013). Effects of engine placement and morphing on

nonlinear aeroelastic behavior of flying wing aircraft. Atlanta: Geor-
gia Institute of Technology, 133.

. Vasil’ev, V. I, Lavruhin, G. N, Lazarev, V. V., Noskov, G. P, Talyzin, V. A.

(2014). Eksperimental’'noe issledovanie harakteristik integral’noy
silovoy ustanovki samoleta tipa <«letayushchee krylo». Uchenye
zapiski TSAGL, 45 (3), 45-52.

. Lyu, Z.,, Martins, J. R. R. A. (2015). Aerodynamic Shape Optimi-

zation of an Adaptive Morphing Trailing-Edge Wing. Journal of
Aircraft, 52 (6), 1951-1970. doi: https://doi.org/10.2514,/1.c033116
Zlenko, N. A., Kursakov, I. A. (2015). Optimizatsiya geometrii uzla
podveski motogondoly pod krylom passazhirskogo samoleta na
osnovanii chislennyh raschetov s ispol’zovaniem uravneniy RANS.
Uchenye zapiski TSAGI, 46 (5), 21-38.

Wilhelm, R. (2005). An inverse design method for engine nacelles and
wings. Aerospace Science and Technology, 9 (1), 19-29. doi: https://
doi.org/10.1016/j.ast.2004.09.002

Babulin, A. A. (2005). Primenenie programmnogo kompleksa «Sprut»
dlya issledovaniya voprosov mestnoy aerodinamiki passazhirsko-
go samoleta. Materialy XVI shkoly-seminara «Aerodinamika leta-
tel'nyh apparatov». Zhukovskiy: TSAGI, 14-15.

Anisimov, K. S., Kazhan, E. V., Kursakov, I. A., Lysenkov, A. V.,
Savel'ev, A. A. (2016). Chislennoe issledovanie vneshney aerodi-
namiki dvigatelya v ramkah metodiki mnogodistsiplinarnoy op-
timizatsii. Materialy XXVII nauch.-tehn. konf. po aerodinamike.
Zhukovskiy: TSAGI, 33—-34.

Fomin, V. M., Hozyaenko, N. N., Shipovskiy, G. N. (2005). Osoben-
nosti obtekaniya komponovki regional'nogo samoleta s dvigatelyami
na fyuzelyazhe. Materialy XVI shkoly-seminara «Aerodinamika
letatel’'nyh apparatov». Zhukovskiy: TSAGI, 101-103.

Bragin, N. N., Gubanova, M. A., Gurevich, B. 1., Karas’, O. V,
Kovalev, V. E., Skomorohov, S. 1., Chernavskih, Yu. N. (2009).
Aerodinamicheskoe proektirovanie i opredelenie harakteristik grazh-
danskogo samoleta s upravlyaemym vektorom tyagi. Materialy
XX shkoly-seminara «Aerodinamika letatel'nyh apparatovs. Zhu-
kovskiy: TSAGI, 34-35.

Petrov, A. B., Tret'yakov, V. E (2015). Vliyanie struy reaktivnyh
dvigateley bol’shoy stepeni dvuhkonturnosti na aerodinamicheskie
harakteristiki mehanizirovannogo kryla. Uchenye zapiski TSAGI,
46 (7), 1-10.

Gubanov, A. A, Gusev, D. Yu. (2014). Issledovaniya integral'noy
komponovki letatel'nogo apparata s pryamotochnym dvigatelem.
Uchenye zapiski TSAGI, 45 (3), 12—19.

Kornushenko, A. V., Chernyshova, S. M., Yastrebov, Yu. G., Bytsko, N. S.
(2010). Issledovaniya vliyaniya modifikatsii elementov modeli region-
al’'nogo samoleta na aerodinamicheskie harakteristiki modeli. Materialy
XXI nauch.-tehn. konf. po acrodinamike. Zhukovskiy: TSAGI, 101-102.



19. Gorbunov, V. G., Zhelannikov, A. 1., Dets, D. O., Setukha, A. V.
(2012). Flow over aircraft simulation by using the discrete singulari-
ty method. Nauchniy vestnik MGTU GA, 177, 10-13.

20. Gu, X., Ciampa, P. D., Nagel, B. (2016). High fidelity aerodynamic
optimization in distributed overall aircraft design. 17th AIAA/
ISSMO Multidisciplinary Analysis and Optimization Conference.
doi: https://doi.org/10.2514,/6.2016-3508

21. Bragin, N. N, Bolsunovskiy, A. L., Buzoverya, N. P, Gubanova, M. A,
Skomorohov, S. 1., Hozyainova, G. V. (2013). Issledovaniya po
sovershenstvovaniyu aerodinamiki vzletno-posadochnoy meha-
nizatsii kryla passazhirskogo samoleta. Uchenye zapiski TSAGI,
44 (4), 1-14.

22. Bui, T. T. (2016). Analysis of Low-Speed Stall Aerodynamics of
a Swept Wing with Seamless Flaps. 34th ATAA Applied Aerodyna-
mics Conference. doi: https://doi.org/10.2514,/6.2016-3720

23. Balabueyv, P. V,, Bychkov, S. A., Grebenikov, A. G., Zheldochenko, V. N.,
Kobylyanskiy, A. A., Myalitsa, A. K. et. al. (2003). Osnovy obshchego
proektirovaniya samoletov s gazoturbinnymi dvigatelyami. Ch. 1.
Kharkiv: «KhAl», 454.

24. Braddon, D., Lawrence, P. (1998). The Strategic Case for A400M.
Aerospace Research Group, Faculty of Economics and Social Sci-
ence. UWE Bristol, BS16 1QY.

25. Epifanov, S. V,, Pehterev, V. D., Ryzhenko, A. 1., Tsukanov, R. Yu.,
Shmyrev, V. E (2011). Proektirovanie sistem silovyh ustanovok
samoletov. Kharkiv: «<KhAlI», 511.

26. Kiva, D. S., Grebenikov, A. G. (2014). Nauchnye osnovy inte-
grirovannogo proektirovaniya samoletov transportnoy kategorii.
Ch. 1, 2. Kharkiv: Nats. aerokosm. un-t im. N. E. Zhukovsko-
go «KhAI», 439, 376.

27. Lyubimov, D. A. (2013). Investigation of the effect of a pylon and
a wing with flaps on the flow within an exhaust jet of a double-
flow turbojet engine by a simulation method for large eddies.
High Temperature, 51 (1), 111-127. doi: https://doi.org/10.1134/
s0018151x12050100

DOI: 10.15587,/1729-4061.2020.209108
DEVELOPMENT OF A TECHNIQUE FOR THE
GEOMETRICAL MODELING OF CONJUGATED
SURFACES WHEN DETERMINING THE
GEOMETRICAL PARAMETERS OF AN ENGAGEMENT
SURFACE CONTACT IN KINEMATIC PAIRS (p. 17-22)

Nelli Ismailova
Military Academy, Odessa, Ukraine
ORCID: http://orcid.org/0000-0003-0181-4420

Valentyn Bogach
National University «Odessa Maritime Academy», Odessa, Ukraine
ORCID: http://orcid.org/0000-0002-0822-0003

Borys Lebedev
Military Academy, Odessa, Ukraine
ORCID: http://orcid.org/0000-0003-0135-1921

This paper reports a technique for constructing a geometric
shape of the surface of contact between the interacting conjugated
machine elements using computer technology. A subprogram has
been developed in the MATLAB software package.

The comprehensive solution to such problems is a certain scien-
tific challenge and is of great importance when designing the kine-
matic pairs in mechanical engineering. The main systemic drawback
in the construction of complex mechanisms is that the design process
does not take into consideration the geometric characteristics of the
contact spatial engagement surface in the screw kinematic pairs. As
a result, during the manufacture of a kinematic pair, conventionally

designed structural elements demonstrate defects that shorten their
lifespan. Solving the set task could reduce the time to design tooth-
ing, cutting tools, would ensure the required estimation and graphic
accuracy, as well as improve the efficiency of the manufacture of parts.

The study of existing procedures for designing screw conjugated
surfaces has made it possible to note their unsatisfactory compliance
with modern design requirements. Therefore, the manufacture of
a kinematic pair that provides for technological accuracy implies the
assignment of the curvilinear shapes for a contact spatial engagement
surface under the predefined conditions.

The proposed geometric technique for determining the shape
of a contact spatial surface of the kinematic pairs of toothing and
cutting tools could make it possible to design and manufacture com-
ponents and mechanisms with the required accuracy.

Keywords: kinematic method, geometric shape, cutting tool,
conjugated surfaces, contact spatial surface, contact shape, toothing,
geometric parameters, screw design, circular design.
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The presented results of scientific research are aimed at increas-
ing the efficiency of trenching for laying the utility lines using new
less energy-consuming technologies of excavating the soil with the
working equipment of multi-scraper excavators.

The proposed method of determining the efficient operating
modes for excavators when digging a trench is based on the idea
of cutting the soil with the blades at a critical depth level, which
guarantees consumption of minimum specific energy and maximum
efficiency of the machine. This becomes possible if the operation of
such blades is provided with the absolute values and the ratio of the
speeds of cutting and submitting the working body into the face.

To determine the efficient modes of multi-scraper excavators and
the size of their edge side blades, the conditions of their effective un-
loading were identified and the patterns of changing the soil move-
ment over the surface of unloading scrapers depending on the time of
unloading were determined. For the same purpose, the dependences
of the blocked cutting speed on the trench width were determined
and the technical performance of the excavator was specified on the
basis of determining the soil bearing capacity for one group of blades.
It is found that the time of unloading the soil from the scrapers very
slightly depends on their angular velocity within its change in the
unloading zone. On this basis, the maximum angular speed of the
scrapers is determined. The identified indicators are related to the
width of the edge side blades performing asymmetric locked cutting,
whose dimensions were determined by calculations.

The obtained efficient operating modes of scraper trench excava-
tors and the size of their edge side blades allow developing practical

recommendations for improving the working equipment of excava-
tors of this type.

Keywords: trench digging, trench excavator, scraper excavator,
scraper, blade, critical depth, soil cutting.
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The influence of the side walls of a vibratory sieve on the motion
of a loose mixture flow has been investigated. The regularities have
been established of the flow motion parameters on the walls’ height,
the resistance of their surfaces, the length and distance between
them. The condition has been defined for the occurrence, degree,
character, as well as the region of the side walls’ influence on the
mixture motion over the entire area of a sieve.

Increasing the height of the walls, the length and resistance of
their surfaces increases the surface density and reduces the longi-
tudinal velocity of a mixture near the near-wall region, causing the
occurrence of the transverse velocity component and the uneven
distribution of the specific load of the sieve. For the wall’s steady
parameters, there is a threshold of distance between them, at which
the near-wall regions of uneven loading begin to interact with each
other, thereby enhancing their influence on the flow. There occur
the under-loaded and over-loaded sites in the sieve that differ in the
magnitude of deviations and area. The uneven loading area reaches
83 % of the sieve area while the magnitude of deviations in the spe-
cific loading is 26 %.

A condition of the influence exerted by the side walls on a flow
is exceeding the minimum values of the parameters: a wall height,
h>4-10"3 m; the resistance of a wall surface, C,>2 kg/m?s; a wall
length, [>0.5 m. The side walls’ influence leads to the formation of

a near-wall region of the sieve’s under-loaded and over-loaded sites,
whose deviations and area are the same. The magnitude of the wall’s
region of influence increases in proportion to the sieve length and
acquires the shape of a rectangular triangle.

To reduce the influence of the side walls, it is necessary to reduce
the resistance of their surfaces, the sieve length, and to increase its
width, to avoid the threshold distance between the walls and a simul-
taneous growth of their parameters. The patterns in the side walls’
influence underlie the improvement of vibratory-sieve separators
and the substantiation of their operation modes.

Keywords: influence of side walls, mixture flow motion, dis-
tance between walls, specific loading of sieve.
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The influence of the content of crushed material in the in-
tra-chamber grinding fill on the efficiency of the self-oscillatory
grinding process in the tumbling mill was assessed.

A dynamic effect of a significant decrease in self-oscillatory
action of the two-fraction fill of the rotary chamber with an increase
in the content of fine fraction was revealed by the method of visual
analysis of motion patterns. A decrease in values of the following
inertial fill parameters was established: maximum dilatancy vy, the
relative amplitude of self-oscillations g, and a maximum share of
the active part Kygmmax With an increase in the degree of filling the
gaps between particles of the coarse fraction kg A decrease in the
generalized complex degree of dynamic activation K, was also estab-
lished. The effect is due to the strengthening of the cohesive proper-
ties of the incoherent coarse fraction under the influence of the fine
fraction. There was a decrease in by 29 % for V. by 7 % for ygy,
2.9 times for K/ummax and 4.2 times for K, with an increase in Kg
from 0 to 1 at the degree of filling the chamber with the fill k;,=0.45.

Technological effect of a significant decrease in specific energy
intensity and an increase in productivity of the innovative self-os-
cillatory grinding process in comparison with characteristics of the
conventional steady-state process at a decrease in the content of
crushed material in the fill was established.

A process of milling cement clinker with grinding bodies at rela-
tive size of 0.026 and x;,=0.45 was considered. A decrease in specific
energy intensity by 27 % at Kusg=1, by 38 % at Ku,=0.5625 and by
44 % at Kupe=0 was found. An increase in relative productivity by
7 % at Kppgr=1, by 26 % at Kyupe=0.5625 and by 39 % at Kyue-=0.125
was established.

The established effects will make it possible to forecast rational
parameters of the self-oscillatory grinding process in a tumbling mill
at the variation of the content of the crushed material in the fill.

Keywords: tumbling mill, content of crushed material in intra-
chamber fill, self-oscillations, energy intensity of grinding.
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Three-dimensional geometrical modeling of the processes of al-
lowance removal and shaping of support necks and cams of camshafts
when milling with crossed axes of the tool and part is proposed. Sin-
gle-setup milling of camshafts, which are widely used in automotive,
tractor, shipbuilding and other industries, is carried out by a cutter
with crossed axes of it and the part. The rotation angle of the cutter
is selected from the condition of providing the required roughness
of the treated surface and is regulated by the feed. At the same time,
high processing productivity is provided by an increase in camshaft
speed. A method of milling support necks and cams is developed,
where the processing is carried out by a cutter, the height of which is
less than the lengths of the processed surfaces. When processing the
passage, the main allowance is removed by the end face of the quad-
rangular roughing carbide plate, and the finishing is carried out by
the unloaded periphery of the cermet finishing plate. This allowance
distribution increases the productivity and accuracy of processing,
and the ability to rotate the roughing plate saves material and reduc-
es the cost of processing. In the process of milling the curved surface
of the camshaft cam, the depth of cut along the machined profile is
always greater than the value of the removed allowance. This causes
a decrease in the accuracy and productivity of processing. In order
to eliminate this problem, it is proposed to stabilize the depth of cut
and feed along the contour with uneven rotation of the part. The uni-
formity of the depth of cut and feed along the curved contour of the
cam is achieved by simultaneous vertical and transverse movements
of the cutter and uneven rotation of the camshaft. When milling the
curved surface of the cam, the center of which does not coincide with
the camshaft center, there is an uneven rotation of the latter and
synchronous vertical and transverse movement of the cutter. When
machining the cam section, the center of which coincides with the
camshaft center, the cutter is given only rotation.



Keywords: camshaft milling, crossed axes, camshaft cams, sup-
port necks.
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The simulation of the process of combined radial reverse extru-
sion of hollow parts with a flange has established two fundamentally
different, in terms of the components of the kinematic modules,
calculation schemes CDZ-1.i and CDZ-2,j, taking into consideration
the possible shape of the boundary of the section of a metal flow in-
side a workpiece. The comparison of the dependences of the optimal
relative rate of metal outflow in the opposite direction for different
schemes indicates significant differences in the resulting values in
the course of the deformation process. The relevance of this study is
due to making it easier to evaluate the use of the combined extrusion
process to produce hollow parts with a flange while maintaining the
required dimensions compared to simple deformation schemes. We
have identified the lack of detailed studies into the technologies
for the introduction of combined extrusion schemes, as well as the
absence of technological recommendations for determining the force
regime and the shape formation of a semi-finished article.

The process of the combined extrusion of hollow parts with
a flange was investigated, thereby selecting different types based on
the nature of the metal flow depending on the geometric ratios of
the deformation process. We have obtained experimental data on the
gradual shape formation of a semi-finished product in the process
of deformation at different geometric ratios. The limits of using
estimation schemes of the process have been defined to obtain data
on the increments in a semi-finished product, including in terms of
predicting the formation of a shrinkage cavity in the bottom part.
It is recommended that a condition of selecting the appropriate
scheme should be the condition for a minimum value of the reduced
pressure of deformation p;<p;. The resulting recommendations make
it easier to predict the shape formation and the force mode of extru-
sion (a deviation from experimentally obtained data can be reduced
to 10 %), which would contribute to evaluating the rationality of
the combined extrusion processes while ensuring the required di-
mensions of a part.

Keywords: energy method, combined extrusion, parts with a
flange, shape formation, deformation process.
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This paper proposes a radial-shear mill (RSM) of a new design,

which allows by rolling or rolling and pressing operations obtaining
high-quality rods and wires. In addition, it proposes the method of com-
puter calculation of the energy-power parameters of bar extrusion



at the RSM of the new design. Mathematical dependences and cal-
culation algorithm were described, which allow calculating energy-
power parameters of the combined bar manufacturing process at
a given level of technological parameters. Based on the results of
analytical studies and computer modeling, the energy-power para-
meters were defined and analyzed, in addition, the laws of their chan-
ges were determined. It is shown that, regardless of the alloy grade
or type, when rolling billets on a new RSM with smooth rolls, the
strain force is larger in magnitude compared to rolling in helical rolls.
Tt was found that, in comparison with rolling of bars in smooth and
helical rolls, their processing by a combined rolling-pressing process
leads to an increase in the deformation force of alloys M1 and D16 by
1.1-1.15and 1.15—-1.3 times, respectively. It is shown that during the
deformation of the rods on the new RSM, by controlling the paths
of the metal flow in the deformation zone, intensive grinding of the
metal structure can be achieved. It was found that when pressing the
bars on the new RSM, the temperature of the workpiece increases
up to 420 °C, which leads to a sharp decrease in the force required
for deformation. The nature of the temperature distribution of the
pressed metal in the deformation zone was determined. The adequa-
cy of the models was proved by comparing calculated values of the
power parameters of extrusion, obtained by engineering technique
and numerical simulation.

Keywords: electric motor power, smooth roll, rolling force,
rolling moment, radial shear mill, bar, power parameters, helical roll.
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The article describes a study of the dynamics of interacting
between loosening roller spikes and particles of raw cotton as well
as the conditions for the raw cotton particles’ bundling. The process
of movement of raw cotton particles was considered on the mesh
surface of a fine impurity cleaner; a search was made for ways to
intensify the process and to increase its stability.

The conditions for imparting a rotational motion to the flyer
were determined when the flyer was connected with the supplied
layer of raw cotton. Turning the flyer against the axis will twist the
fibre bundle that binds the particle to the rest of the cotton mass, and
this is a prerequisite for the fibre to bundle. The value of the twist
angle will depend on both the frictional force and the time of the
force action, which together determine the energy spent on twisting.

By piecewise linearization of the P(¢) curve, the processes of
shock loading and unloading of the flyer during interaction with the
spike are described in good agreement with the experimental oscil-
lograms of the process.

The eccentric interaction of the spike with a particle of raw
cotton was considered. The relationship of this interaction with the
formation of soft defects in the fibre — bundles — was proven experi-
mentally and theoretically. Tt is recommended to install spike rollers
having a flat front face in the system of raw cotton pre-cleaning. The
use of spikes of this shape of the front edge ensures a steady reduction
in the number of bundles in the raw cotton fibre, which increases the
quality of the fibre and reduces the amount of defects and impurities.

As aresult of the experimental and theoretical studies, data have
been obtained to make it possible to organise the efficient operation
of cleaning machines in the cotton ginning industry.

Keywords: fine impurity cleaner, feed rollers, spike rollers, blade,
number of bundles.
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An experimentally determined list of the required and sufficient
technological operations to produce semi-hard book covers has been
proposed, with the calculated contour and structural design, which
implies strict tolerances in the deviations from a rectangular planar
geometry.

It has been proven that the main features in the modeling and
manufacturing of covers affect the conditions for ensuring tolerances,
as well as stable circulation quantity. They imply that the edges and
flaps as the additional structural elements of the covers form, after
folding and gluing to the main part, a double composite structure.

Due to this, there are no laps in the joints of edges and flaps,
so the plane of the inner part of the covers acquires a flat shape,
without defective contours. Therefore, one can argue that the
parallel deviation of the outer contours of semi-hard covers from
a rectangular design will not exceed the ranges for bookbinding
divided into groups based on quality indicators.



It should be particularly noted that the conditions for providing
tolerances, circularity stability, as well as the composite structure
of semi-hard covers, are influenced by the roller-roll mechanisms,
which perform their rotary pressing and high-speed coordinated
transportation during manufacturing.

The current study into the effect exerted by the plastic defor-
mation has established the mechanisms of the process of improving
a cylindrical surface of the rotary-pressing rollers. It has been proven
that they imply the formation of a completely regular microrelief of
the hexagonal type with a concave shape and a partly regular micro-
relief, in the form of the flat-parallel slotted recesses arranged at an
angle to the central axis of the rollers. As well as the application of
technology of the ionic nitriding of the obtained microrelief in the
plasma of the helicon discharge.

The final stage of strengthening a near-surface layer of the rollers
with ionic nitriding in the plasma of the helicon discharge captures
the maximum level of the increased durability of the near-surface
layer. It fluctuates in the range of the ratio of the plane onto which
a regular microrelief is partially applied to the general plane of the
roller’s surface.

Keywords: composite structure, strengthening treatment, cy-
lindrical surfaces, slotted recesses, microrelief.
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This study has confirmed the possibilities of using logging
waste for the production of wood-composite material. The raw ma-
terial for its manufacturing is the wood weaving made by flattening
branches. An experimental study into the physical, mechanical,
and technological properties of the wood-composite material made
from the poplar branches has made it possible to determine its
rational structure and the type of a binder. It has been established
that ensuring the flat shape of the material requires that it should
be formed of three mutually perpendicular layers. It is advisable
to use urea formaldehyde resin as a binder for plates that are not
exposed to the impact and static loads and are used indoors. When
the material is to be applied under conditions of elevated loads and
in places with high humidity, phenol-formaldehyde resin should
be used. The rational pressing schedule parameters have been de-
fined: temperature, =180 °C; pressure, p=8 MPa; holding time,
T=7 min., at which one can achieve a minimum deformation of
plates after pressing. It has been proven that under these schedule
parameters the holding time for the new wood-composite material
to achieve the shape stabilization is also minimal; it is seven days.
Tt has been determined that the new wood-composite material
possesses the physical and mechanical properties similar to those of
the OSB panels.

Keywords: wood-composite materials, logging waste, poplar
branches, pressing schedule, shape stabilization time.
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V. Kudryavtsev, B. Strigun, V. Shmyrov, V. Loginov

Jlnst 36epeskeH s KOHKYPEHTOCIIPOMOKHUX [IEPEBAT CEPEIHBOIO TPAHCIIOPTHOTO JIiTaKa KOPOTKOTO 3JIETY Ta MOCAIKU HEOOXIIHO BUPIIII-
TH 337124y 3a0€3TEeUEHHS 3JIeTY Ta TTOCAAKN HAa TPYHTOBI 3JIITHO-MOCAKOBI cMyTn 10BKNHOI0 600—800 MeTpiB 1pn ycTaHOBIEHHI TypOOpeaK-
THUBHUX JBUTYHIB.

VY pasi posralryBaHHs JABUTYHIB Ha HiJIOHAX I/l KPUJIOM Iie JIOCATAETLCS 32 PAXyHOK 3aCTOCYBAHHS «CUJIOBOTO» IIOBOPOTY PEAKTUBHOIO
CTPYMEHIO /IBUTYHIB TIPM BUITyCKAaHHI 3aKPUJIKIB Ha KyT 60°. BukoHaHo mMomnyk B3aEMHOTO PO3TAITyBAHHS KPUJa Ta IBUTYHA 1O HOTO BUCOTI,
110 TIOJIOKEHHIO BiIHOCHO GY/IiBeJIbHOI MIONIMHI KPIJIa Ta KyTa YCTAaHOBJIEHHsI. BU3HAYEHO B3aEMHE PO3TAIlyBaHHSI, SIKE [03BOJISIE MAKCH-
MAJTBHO 30LIBIIUTH MHOMHY CHUJTY 3aBSIKI TIOBOPOTY PEAKTUBHOTO CTPyMeH:0. [T0Ka3aHo, 110 IIPH IbOMY J0CATACThCS Ge3BiApUBHE 00TIKaH-
HsI CEKIIii 3aKPUJIKY ITPH HOTO BiAXWIeHHI Ha KyT 60°.

BukonaHo aHasi3 TeMIIepaTypHOIO BILIMBY PEAKTHUBHOIO CTPYMCHIO HAa MEXaHi3allilo Ta KPUJIO JiTaka Ha eTalax 3J1eTy Ta [10CAJAKU IIPU
Ppi3HOMY TTOJIOKEHHI ABUTYHIB TTi/] KPUJIOM, Ha PI3HUX NIBIIKOCTSX MOJIBOTY Ta KyTax aTaku. [IpoamasizoBano BI/IMB MexaHi3aiiii Ha pO3MozIiI
LIBU/JIKOCTEI Ta TEMIIEpaTyp PeaKTHBHOTO cTpyMeHio. [lokasaHo, 110 3MEHIIeHHS BiZICTaHi MiX COIUIOM IBUTYHA Ta HIKHBOIO IOBEPXHEIO
Kpuiia TpuBejie 110 301blIeHHsT KyTa BiXUJICHHSI PEaKTHBHOTO CTPYMEHIO. BU3HAUECHO 30HM XBOCTOBOI JIAHKH 3aKPUJIKA, SIKi MOTPEOYIOTH
CIeIiaIbHOTO BUKOHAHHS I/l pOOOTH TIpK TeMiepaTypax nonaz 400 °C.

[IpoBe/ieHO aHAJIi3 BILUIMBY PEAKTUBHOIO CTPYMEHIO Ha JIOGOBUIT OITip JiTaka y KpeiicepchbKoi KoHdirypaitil, a TaKoK cXeMU PO3MilleHHSsT
JBUTYHA Ha eJIEKTPO3aJIeKHi cucteMu Jlitaka. [TokazaHo BiZICyTHICTD BIUIMBY PEAaKTHBHOTO CTPYMEHIO Ha JIOOOBH OIIp JiTaka B KpeiHcepehKii
KoHdirypartii, 3HIDKEHHIO BUTPAT I1aJ1Ba HA KPEHCePChKUX PEXKIMaX, a TAKOXK CHPUSTIMBUI BIINB Ha €JIEKTPO3AJIEKHI CUCTEMH 3aBJISAKN
3HAYHOMY 3HIKEHHIO Fa30/IMHAMIYHIX BTPAT 110 TPAKTY CUJIOBOI YCTAHOBKH.

3arnpornoHoBaHo CIIOCOOM peajiizallii MojIepHiallii TpaHCmopTHOro Jitaka Ty AH-70 3 MeToI0 3abe3nedenHst Horo repeBar y CBOEMY KJaci.

K040Bi coBa: TpaHCIiopTHUiL 1iTak, TypOOPEaKTUBHUIT IBUTYH, IOBOPOT PEAKTUBHOTO CTPYMEHIO, KOPOTKUH 3JICT.
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DEVELOPMENT OF A TECHNIQUE FOR THE GEOMETRICAL MODELING OF CONJUGATED SURFACES
WHEN DETERMINING THE GEOMETRICAL PARAMETERS OF AN ENGAGEMENT SURFACE CONTACT IN
KINEMATIC PAIRS (p. 17-22)

N. Ismailova, V. Bogach, B. Lebediev

Bukiazaetbest croci6 modyosu reoMeTpudHoi GopMu MOBEPXHI KOHTAKTY B3AEMOJIIIOUUX CIIPS/KEHUX €JIEMEHTIB MAIIUH i3 3aCTOCYBaH-
HSIM KOMITTOTEpPHUX TexHosoriil. Pospobiena mignmporpama B cucremi MATLAB.

KoMIuiekcHe pillleHHs] TAKUX 3aBJlaHb € MEBHO HAYKOBOKO MPOOIEMOI0 i Ma€ BeJIMKe 3HAYEHHS TIPU [TPOEKTYBAHHI KiHEMATHYHUX TIap
B MamuHoOyAyBanHi. OCHOBHUM CHCTEMHUM HEIOJIKOM CTBOPEHHS CKJIAIHUX MEXaHI3MiB € Te, 10 HPH ITPOEKTYBaHHI HE BPAXOBYIOTHCS
TEOMETPHYHI XapaKTePUCTUKKM KOHTAKTHOI ITPOCTOPOBOI MOBEPXHi 3aueTlyieHHs B TBUHTOBUX KiHeMaTHYHUX IapaX. Braciigok mporo mpm
BUTOTOBJICHHI KIHEMaTUYHOI Napy B TPA/IUIIITHO CIIPOEKTOBAHNX KOHCTPYKTUBHUX €JIeMEHTaX BUHUKAIOTD JIe)eKTH, M0 CKOPOUYIOTh TePMiH
ix pynkuionyBanus. Pimens nmocrasieHol 3a1a4i J03BOJIUTH CKOPOTUTH TEPMiH IIPOEKTYBAHHS 3y0UacToro 3a4erieHHs i pisajibHOTO iHCTPY-
MEHTY, 1110 3a6e31eunTb HeoOXiAHY PO3PAXYHKOBO-TpadiuHy TOUHICTD, Ta €hEKTHBHO CIPISIE BUTOTOBJIECHHIO JeTaleil.

BuB4enHs Ail0YMX METOAUK IIPOEKTYBAHHS IBUHTOBUX CIIPSDKEHMX MOBEPXOHD JIO3BOJMJIO BIIMITUTH iX HE3a/I0BLIbHY BiATIOBIZHICTH
Cy4aCHNM KOHCTPYKTHBHIM BUMOTaM. ToMy /11 BUTOTOBJICHHS KiHeMaTUYHOI TBUHTOBO] TTApH 3 TEXHOJIOTIYHOIO TOYHICTIO 3a1a10ThCsI KPUBO-
JIiHIMHI (JOPMHU KOHTAKTHOI IPOCTOPOBOI ITIOBEPXHI 3aUeIlVICHHS 3 Hallepe/l 3aIaHUMU YMOBaMU.

3anpornoHOBaHuil TeOMeTpUYHMIi crocid BU3HaueHHs (GOPMKU KOHTAKTHOI TIPOCTOPOBOI MOBEPXHi KiHEMATHYHUX Iap 3y04acToro 3ave-
IJIEHHST 1 Pi3aJIbHOTO IHCTPYMEHTY JI03BOJIMTD TIPOEKTYBATH 1 BUTOTOBJISTU 3 HEOOXIIHOO TOUHICTIO €Tl | MEXaHI3MU.

Komo4oBi ciioBa: KiHeMaTUYHNI METO/T, FeOMETPUYHA MO/IeJIb, Pi3abHUI IHCTPYMEHT, 3B's13aHi MOBEPXHI, KOHTAKTHA IIPOCTOPOBA MTOBEPX-
s, popMa KOHTAKTY, 3yOUacTe 3aUeryieHHsl, FeOMETPIYHI TTapaMeTpH TBUHTOBE MPOEKTYBAHHST, KPYTOBE TPOEKTYBAHHSI.
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DETERMINING EFFICIENT OPERATING MODES AND SIZES OF BLADES FOR MULTI-SCRAPER TRENCH
EXCAVATORS (p. 23-28)

S. Kravets, V. Suponyev, A. Goponov, S. Kovalevskyi, A. Koval

Hasezeni pe3yisraTi HayKOBUX JOCJIIPKEHb HaIllJIeH] Ha MiABUIIIEHHS IPOLYKTUBHOCTI CTBOPEHHS TPAHIIEH /11 TPOKJIa/laH s 1HKeHep-
HIX KOMYHIKaIIiif 32 paXyHOK BIKOPUCTAHHST HOBIX MEHII €HEPTOEMHIX TEXHOJIOTiH PO3POOKHM IPYHTY poOOUnM 0bIaIHaHHIM 6araTocKkped-
KOBHUX €KCKaBaTOPIB.

B 0cHOBI 3aIIPOIIOHOBAHOTO METO/LY BU3HAUYCHHS e(heKTUBHUX PEKUMIB POOOTH €KCKaBATOPIB ITPU KOMAHHI TPAHIICT TIOKJIA/ICHO YSIBJICHHSI
PO pi3aHus TPYHTY Pi3lsAMU Ha PIBHI KPUTUYHOI IIMOMHI, sIKa rapaHTy€ CHOKUBAHHI MiHIMAJbHOI MUTOMOI eHeprii Ta MaKCHMaJbHy T1PO-



AyKTHBHICTH MammHu. [le crae MOKIMBIM, SIKIO pobOTa TakuX PisiiB Oyze 3abe3nevyena aGCOMOTHUMY 3HAYEHHSIME Ta CITiBBIAHONIIEHHIM
HIBU/IKOCTEH pisanst Ta mojadi poboyoro oprany B 3abiii.

Jlst Bu3HauernHst eeKTUBHUX PEKMMIB CKPEOKOBUX €KCKaBaTOPIB Ta PO3MIpIB HOTO KpaiiHix OOKOBUX PisIiB OyJ0 BCTAaHOBJIEHO YMOBU
110ro epeKTUBHOrO PO3BAHTAKEHHS T4 BU3HAUCHO 3aKOHOMIPHOCTI 3MIiHM NISXY I€PEMillleHHs IPYHTY MO IOBEPXHi PO3BAHTAKYBAJIbHUX
CKPEOKIB BiJl Yacy PO3BAHTAKCHHSL. 3 I[€I0 K MU0 OYJI0 BUSHAYCHO 3aJICKHOCTI MIBUAKOCTI GJIOKOBAHOTO Pi3aHHs Bi/l IIMPUHK TPAHIIET Ta
BCTAHOBJIEHO TEXHIYHY TPOYKTUBHICTh €KCKaBATOPA Ha OCHOBI BU3HAYEHHS BUHOCHOI 3/IATHOCTI TPYHTY OJIHI€IO IPyTIOio pi3iiiB. Beramosie-
HO, 1[0 YaC PO3BAHTAIKEHHSI IPYHTY i3 CKPEOKIB MPAKTHYHO HE 3aJICKUTH Bijl IX KyTOBOI MIBUIKOCTI B MeKax i 3MiHU B 30Hi PO3BAHTAKEHHSI.
Ha 11iit ocHoBi Bu3HayeHa MakcHMaibHa KyTOBa MBU/KICTH CKpeOKiB. BusnayeHi mokasHUKM MOB’si3aHi 3 MUPUHOIO KPailHix GOKOBUX PI3IIiB,
1110 3IIHCHIOIOTH acuMeTpUYHe GJI0KOBAHE Pi3aHHst, PO3MIPU SIKUX 6YJIO BCTAHOBJIEHO PO3PAXyHKAMHU.

Ortpumani ehekTUBHI pesKUMHI POGOTH CKPEOKOBUX TPAHIIEHHUX €KCKABATOPIB Ta PO3MIPH iX KpaiiHiX GIYHNX Pi3IiB A03BOJISIOTH PO3PO-
OGUTH MPAKTIYHI PEKOMEH/AIT 110 BIOCKOHAIEHHIO POOOYOTO 06IAHAHHS €KCKAaBATOPIB IAHOTO THITY.

KiouoBi cioBa: konamms Tpamiiei, TpaHIeHHUA eKcKaBaTop, CKpeOKOBUI eKCKaBaToOp, CKpeOOK, pisellb, KpUTHYHA IaMOKWHa, pisa-
HHSA TPYHTY.
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M. Piven, A. Spolnik, T. Sychova, A. Piven

[locmimpkeHo BILB GOKOBUX CTIHOK BiGpopelieTa Ha PyX MOTOKY CUITKOI cyMilri. BeTaHOBIIeHI 3aKOHOMIPHOCTI TapaMeTpiB PyXy MOTOKY
Bi/I BUCOTH CTiHOK, OTIOPY iX TTOBEPXOHb, IOBXKUHN Ta BificTani Mixk HUMN. Biusnadena yMoBa BUHUKHEHHS, CTYIIHb, XapaKTep Ta 30Ha BIJIUBY
GOKOBHMX CTIHOK Ha PyX cyMili Ha BCiil rurori perera.

301IbIICHHST BUCOTH CTIHOK, OBXKUHK Ta OIOPY iX MOBEPXOHDb 301JIbIIYE MOBEPXHEBY IIIIBHICTD Ta 3MEHIIYE TTO3/I0BKHIO HIBUAKICTH
cyMmiri GiJist TPUCTIHKOBOT 30HM, BUKJIMKAE TTOSIBY TIONEPEYHOT CKIAI0BOT HIBUAKOCTI Ta HEPIBHOMIPHUI PO3MOALT MUTOMOTO 3aBaHTAKEHHS
peutera. /[y cTanux napaMeTpiB CTIHKM icHye rpaHUuYHe 3HAYCHHS BIJICTAHI MK HUMU, IPU SKOMY IIPUCTIHKOBI J1ISSHKU HEPiBHOMIDHOIO
3aBaHTAKEHHsI TOYMHAIOTH B3AEMOJIISATH MisK COO0I0, MOCUITIOI0YN CBiil BIUIMB Ha MOTIK. YTBOPIOIOTHCS Pi3Hi 32 BEMYMHOIO BiIXMJIEHD i T1JI0-
L1 [TiJISTHKY HeIOBaHTaKeHH s 1 epeBaHTaken st perera. [1ioma HepiBHoMipHoro 3aBantaskeHHs jocsrae 83 % IUIOII pelieTa, a BeJTnynHa
Bi/IXIJICHD THTOMOTO 3aBaHTAKCHHS 26 %.

VMOBOIO BUHHKHEHHS BITHBY 60KOBUX CTiHOK Ha MOTIK € TlepeBHIIeH s MiHiMa bHIX 3HaueHb MapaMeTpiB: BUCOTH cTiHKH 2>4-1073 w;
onopy mosepxHi crinku C,>2 Kr/m2-c; 0BKUHN cTinkn [>0,5 M. Brimms 60KOBUX CTIHOK TPUBOAUTD JI0 YTBOPEHH GiJist TIPUCTIHKOBOT 30H1
JIJISTHOK HeI0BAaHTAKEHHS Ta epeBaHTaKeHH: peleTa, SIKi OJJHAKOBI 32 BeJIMYNHOIO Bi/[XMJIEHD Ta TJI0IIei0. Bearnynna 3001 BIJIMBY CTIHKN
30LIBIIYETHCS 3 IOBKIHOK pelieTa Ta Mae (popMy MPSIMOKYTHOTO TPUKYTHHKA.

JL71st 3SMEHIIEeHHST BIUTBY GOKOBHX CTIHOK HEOOXIZHO 3MEHIITYBATH OIIip iXHIX OBEPXOHB, IOBKIHY pelieTa Ta 301IbIIyBaTH HOTO INPHHY,
YHUKATH MPaHUYHOI BiJICTaHi Mi’K CTIHKaMU Ta OJJHOYAaCHOTO 301IbIIEeH s IXHIX ITapaMeTpiB. 3aKOHOMIPHOCTI BILIMBY OOKOBUX CTIHOK € OCHO-
BOIO YJIOCKOHAJIEHHsI BIOPOPEIIETHIX CENapaTopiB Ta OOIPYHTYBAHHS PEKUMIB X po6OTH.

KiiouoBi cioBa: BB 6OKOBUX CTIHOK, PYX TIOTOKY CYMillli, BIZACTaHb MiJK CTIHKAMMU, TIMTOME 3aBaHTAKEHHST PeleTa.
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ESTABLISHING THE EFFECT OF DECREASED POWER INTENSITY OF SELF-OSCILLATORY GRINDING
IN A TUMBLING MILL WHEN THE CRUSHED MATERIAL CONTENT IN THE INTRA-CHAMBER FILL IS
REDUCED (p. 39-48)

K. Deineka, Yu. Naumenko

OriiHeno BIUTHB BMICTY MOAPIOHIOBAHOTO MaTepiaTy y BHYTPIITHPOKAMEPHOMY MOJIOIBHOMY 3aBaHTAKeHHI Ha eheKTUBHICTD aBTOKOJIIB-
HOTO TIpotiecy To/pibHenHs B GapabaHHOMY MJIMHI.

MeTo0M Bi3yaslbHOTO aHaJIi3y KapTUH PyXy BCTAHOBJIEHO JMHAMIUHMIT eDeKT CyTTEBOrO 3HMKEHHS aBTOKOIMBHOI i Bodpakiiiinoro
3aBaHTaKEeHHsI 006ePTOBOI KaMepH 3i 30iabIIeHHsAM BMicTy 1pidHoi (hpakiiii. BusiBieno criiajanis 3HadeHb iHepIifHUX MapaMeTpiB 3aBaHTa-
JKEHHS: MAKCUMAJIbHOI JIMJIATAHCIT Vpay, BIITHOCHOTO PO3MaxXy aBTOKOJIMBAHD gy Ta MAKCUMAJILHOI YaCTKU aKTUBHOI YACTUHU K/gm max, 1IPU
3POCTaHHi CTyIeHs 3alOBHEHH HPOMDKKIB MiXk yacTunkamu Kpynuoi ¢pakiii gactunkamu Apionoi Gpakiii Ky Beranosieno takox
CHaJlaHHs y3araJlbHEHOr0 KOMILJIEKCHOTO cTyrneHs auHaMmiyHoi aktusBalii K,. IIposs edexry 3yMOBII€HO NOCHJIEHHSIM 3B’SI3HUX BJIACTHBOC-
Tell He3B’sI3HOI KPyMHOI (pakiii mis BrTiBoM apiGHOT (paxilii. BIsABIEHO 3HIDKEHHS Vpax HA 29 %, Wry — HA 7 %, Kfammax — ¥ 2,9 pasu ta
K, —y 4,2 pasu, 3i 301bUICHHAM Kypg Bizt 0 10 1 1Ipu cTyIICH] 3aII0BHEHHSA KaMePH 3aBAHTaKEHHAM Kp=0,45.

BceraHoBiIeHO TeXHOJIOTTYHIIT eheKT CYTTEBOTO ClIa/[aHHs IIMTOMOI eHEPrOEMHOCTI Ta 3POCTAHHS IPOJYKTUBHOCTI IHHOBAIIITHOTO aBTO-
KOJIMBHOTO TIPOIIECY TTOAPIOHEHHS, MOPIBHIHO i3 XapaKTePUCTHKAMK TPAMIIITHOIO YCTAJIEHOTO MIPOIECY, 31 3MEHIIEHHSIM BMICTY TT0APiOHIO-
BAHOTO Marepialy y 3aBaHTAKCHHI.

DByJ10 posIJIstHyTO MpOIiec MOMeJIy HEMEHTHOTO KIiHKepa MOJIOJIbHUMHU TiIamu i3 BiHOCHNM po3mipom 0,026 mpu kj,=0,45. BusiieHo
3HIDKEHHS TUTOMOI eHeproeMuocTi Ha 27 % TIPH Kppg-=1, Ha 38 % 1PH Kpper=0,5625 Ta Ha 44 % 1PN Kypg=0. Beranosmeno mifBuImeHHs
BiAHOCHOT HPOYKTUBHOCTI Ha 7 % 1PU Kyppgr=1, Ha 26 % 1PU K6-=0,5625 Ta na 39 % 1pu Kypg=0,125.

Beranositeni edekTi 103BOISIOTH IPOTHO3YBATH PAIlliOHATbHI TTAPAMETPH aBTOKOJIMBHOTO TPOTIECY MOAPIOHEHHS B 6apabanHOMy MIIHIHI
[pu Bapiatiil BMicTy MoApiGHIOBAHOrO MaTepiany y 3aBaHTasKeHHI

KimouoBi ciioBa: GapaGaHHMIT MIIMH, BMICT NOAPIGHIOBAHOTO MaTepialy y BHYTPIIIHbOKAMEPHOMY 3aBaHTasKEHHI, aBTOKOJIMBAHHST, EHEPTO-
E€MHICTD NOAPIGHEHHSI
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DEVELOPMENT OF THE SINGLE-SETUP MILLING PROCESS MODEL OF THE SHAFT SUPPORT NECKS
AND CAMS (p. 48-54)

V. Kalchenko, V. Kalchenko, N. Sira, O. Kalchenko, D. Kalchenko, V. Vynnyk, V. Morochko

3arponoHOBaHO TPUBHUMIpPHE IeOMETPUYHE MOJIEJIOBAHHS IPOIECIB 3HSTTS MPHUIYCKY Ta (hOPMOYTBOPEHHS OMOPHUX IMIMHOK Ta
KyJIauKiB PO3MOIIbHUX BaJiB mpu dpesepyBaHHi 3i cXpeleHnMn ocsiMu iHcTpyMenTa Ta gerari. (DpesepyBanist po3NOMiTbHIX BaJiB,
SKi MHUPOKO BUKOPUCTOBYIOThCS B aBTOMOGiIeOyayBaHHi, TPaKTOPOOyAyBaHHi, cyIHOOYAyBaHHI Ta {HIIUX Taay3sX MPOMUCIOBOCTI,
3IHCHIOETBCS 32 OJIMH YCTAaHOB (hPe30io 3i cXpemeHuMu ocsIME i Ta getasti. Besnunna kyTa moBopoTy (Gpe3n BUOHMPAETHCS i3 YMOBU
3abesrnevyeHHs HeOOXIHOI MMOPCTKOCTI 06pO6IEHOT MOBEPXHI i PerymioeThest mogadero. [Ipu 1bOMY BHCOKa IPOAYKTUBHICTH 06p06-
K1 3a0e31euy€eThes 30ibIIEHHSM YacTOTH OOEpPTaHHST PO3MOALIBHOTO Bamy. Po3pobaeHo cnoci6 ¢dpesepyBaHHS ONOPHUX NIMHOK Ta
KyJaukiB, se 06pobKka BemeThest Gpe3oio, BUCOTA SIKOT MEHIIA TOBKHUH 06pOGIIOBAHNX TTOBEPXOHb. [Ipi 06pobi Ha MPOXis OCHOBHUN
MPUILYCK 3HIMAETHCS TOPIIEM YOTUPUTPAHHOI YOPHOBOI TBEPAOCIIIABHOI IJIACTUHKH, & YUCTOBA 00POOKa 31IHCHIOETHCST PO3BAHTAKEHOWO
nepudepieio YMCTOBOI MIACTUHKY 13 MeTajokepaMiku. Takuil po3moziay MPUIYCKY MiABUINYE MPOAYKTUBHICTD Ta TOYHICTH 0OpPOOKH,
a MOJKJIMBICTD TOBOPOTY YOPHOBOI IJIACTUHKY 3a0e31euy€e eKOHOMII0 Marepiaiy i 3Hukye cobiBapricTs 06pobku. B mporieci dhpesepysan-
HSI KPUBOJIIHIIHOT MOBEPXHI KyJlauKa PO3IOLIBHOTO Bady IMOMHA BPi3aHHS B3A0BK 00p0OAIOBAaHOrO Podinio 3asxan Giabiue Beau-
YUHI MPUIYCKY, 110 3HiMaeThest. 1le cTae IPUUYMHOIO 3HMKEHHST TOYHOCTI Ta TTPOLYKTHBHOCTI 06POOKH. 3 METOIO0 BUKJTIOUEHHS BKa3aHOl
npobaeMy IPOMOHY€EThCs1 cTabinizyBaTu IMOUHY pisaHHs 1 Moauy B3/0BXK KOHTYDY IIPH HEPIBHOMIpHOMY obepTaHHi getasi. PiBHOMIp-
HIiCTh TTMOUHI Pi3aHHS Ta MOJadi B3J0BK KPUBOIIHIIHOTO KOHTYPY KyJTauKa A0CSATAETHCS OAHOYACHIM BEPTHKATBHIIM i TTOTIEPETHIIM ITe-
pemitentsaMu Gpesn Ta HepiBHOMIPHUM OGEpTaHHAM PO3MOALILHOrO Basty. [Ipu dpesepyBanii KpUBOMIHIIHOT MOBEPXHI Kyauka, EHTP
AKOI He 30ira€ThCst 3 IMEHTPOM PO3IOLIBHOTO Basly, 3AIHCHIOEThCS HEPIBHOMIpHE 0OEPTaHHS OCTAHHBOTO Ta CUHXPOHHI BEPTUKAJIbHE
i monepeune nepeminieHus ¢hpesu. [Ipu 06podIl ATAHKN Kyjlauka, IEHTP sKOi 30iracThesl 3 MEHTPOM PO3IMOAIIBHOTO Basy, (Ghpesi Haxa-
€ThCS JIUIIE 0OePTAHHSI.

KomouoBi ciioBa: hpesepyBaHHs PO3TO/IIBHIX BAJIB, CXPEIIEH] OCi, KyJTa4Ki PO3MOAITBHNAX BaJliB, ONOPHI ITHIAKI.
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PREDICTING THE SHAPE FORMATION OF HOLLOW PARTS WITH A FLANGE IN THE PROCESS OF
COMBINED RADIAL-REVERSE EXTRUSION (p. 55-62)

N. Hrudkina, L. Aliieva, O. Markov, I. Marchenko, A. Shapoval, P. Abhari, M. Kordenko

TIpu MozenoBaHHs MPoIleCy KOMOIHOBAHOTO PajialibHO-3BOPOTHOTO BUABJIIOBAHHS MOPOKHUCTUX JAeTajell 3 duiaHmeM BuIijie-
HO JIBI MPHUHIMIIOBO Pi3Hi 32 HAOOPOM CKJIAIOBUX KiHEMAaTHYHUX MOJYJiB podpaxynkosi cxemu CDZ-1.i ta CDZ-2j i3 ypaxyBanHsm
MOKJIIBOI (hopMU MeKi PO3TMOozily Tewii Metany Bcepenuui 3arotoBku. CIiBCTaBJIEHHS 3aJI€KHOCTENH ONTUMAJbHOI BiJIHOCHOI MIBUJ-
KOCTI BUTIKQHHS MeTally Yy 3BOPOTHOMY HAIPSIMKY JJIs1 PI3HMX CXeM BKa3y€ Ha ICTOTHI BiZIMIHHOCTI OTPpUMaHUX 3HAa4YeHb 32 XOIOM
nporiecy aedopMyBaHHs. AKTYadbHICTh HOCTIIPKEHHS TPYHTOBAHO Ha 3a6e3IeYeHHi CIPOIEHHs OMiHKI BUKOPHUCTAHHS MPOIECY KOM-
6IHOBAHOrO BUAABJIIOBAHHS JIJI OTPUMAHHS MOPOKHUCTUX JeTaseil 3 (uaHmeM i3 A0TPUMaHHAM HEOOXiAHUX PO3MIPIB y MOPIBHAHHI
3 BUKOPUCTAHHSM TIPOCTUX cXeM je(hopMyBaHHs. BUSBIEHO HEOCTATHIO BUBYECHICTh TEXHOJIOTIH BIPOBAKEHHST KOMOITHOBAHUX CXEM
BUJIABJIOBAHHS Ta OPaK TEXHOJOTIYHMX PEKOMEH/AIiil 070 BU3HAYEHHSI CUJIOBOTO PeXuMy Ta (HOPMOYTBOpeHHsT HamiBhabpuKary.
[IpoBeaeHO MOCTIKEHHST TIPOIlecy KOMOIHOBAHOTO BUAABJIIOBAHHS ITOPOKHUCTUX JeTaiell 3 (JIaHIeM i3 BiIOKPEMJIEHHSAM Pi3HUX
THUIIB 32 XapakTepoM Teuii MeTaxy B 3aJeKHOCTI BiJl TEOMETPUYHMX CIIiBBifiHOIIEHDb Ipoiecy AedopmyBanus. OTpuMaHO eKciie-
pUMEHTaIbHI JaHi MOA0 MoeTanHoro (Gopmosminenusa HamiBpabpukaty B mpoieci aeGopMyBaHHA 3a PI3HUX TEOMETPUYHUX CIIiB-
BiJIHOTIEHb. BusHaueHO Meki BHKOPHCTAHHS PO3PAXyHKOBMX CXEM TIPOIECY JUJisi OTPUMAHHS JaHUX MO0 TPUPOCTIB HamiBhabpu-
Kary, B TOMY YHCJi 3 TOYKM 30py HPOrHO3YBAHHS yTATHEHHs B AOHIH yacTuri. YMOBOIO BHOOPY BIJIOBIAHOI CXeMU CJIiJl BBasKaTh
YMOBY MiHiMaJbHOTO 3HAYEHHS BEJMYMHM TIPUBEIEHOTO THCKY AedopMyBaHHA p;<p;. OTpnMaHi pekOMeHMalii CIponyioTh MPOTHO3Y-
BaHHA (DOPMOYTBOPEHHS Ta CUJIOBOTO PEKMMY BU/IABIIOBAHHS (Bi/IXUJICHHS Bi/l €KCIIEPUMEHTAIbHO OTPUMAHUX JIAHUX B/IAETHCS 3HU3UTH
1o 10 %), o cupusgTuMe ONiHII PalioHaJbHOCTI BUKOPUCTAHHA TPOIECiB KOMOIHOBAHOTO BUAABIIOBAHHS i3 3a0e31edeHHAM HeoOXi1-
HIX PO3MIpiB meTati.

KiiouoBi cioBa: eHepreTuuHuii MeTo1, KOMOiHOBaHe BUIAB/IIOBAHHS, AeTasli 3 duiarieM, GopMOyTBOPEHHs, NPoILec AehOpMyBaHHs.
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IDENTIFICATION OF REGULARITIES OF CHANGES IN ENERGY-POWER PARAMETERS DEPENDING
ON THE DESIGN OF THE ROLLER NODE OF A NEW RADIAL-SHEAR MILL BY COMPUTER
SIMULATION (p. 63-71)

S. Mashekov, A. Nurtazayev, A. Mashekova, Y. Nugman, U. Angarbekov

ABTopaMu 3anpornonoBanuil pamianbHo-3cyBhuii cran (P3C) HOBOI KOHCTPYKILI, 110 [03BOJISIE TPOKATKOIO ab0 IPOKATKOIO-IIPECY-
BaHHSM OTPUMYBATH IIPYTKU i JPOTH BUCOKOI sIKOCTi. BHUKiIazieHO MeTOAMKY KOMII'IOTEPHOTO MOJIETIOBAHHS €HEPrOCHJIOBUX IapaMeTpiB
npecyBanns npyTkiB Ha P3C noBoi koncrpykiii. HaBemeno maremMatnymi 3a7esKHOCTI Ta aITOPUTM PO3PAXYHKY, 10 [O3BOJISIIOTH TPOBECTH
PO3PaxyHOK €HEProCcUJIOBHX IapaMeTPiB CyMIIIEHOTO IIPOIleCy BUTOTOBJIEHHs INPYTKIB IPH 33JlaHOMY PiBHI TEXHOJIOTIYHUX IIapaMeTpiB.
Ha mizgcrasi pesysbsTatiB anamiTHYHUX AOCIKEHD i KOMITIOTEPHOTO MOJIEIIOBAHHSA TTPOaHaTi30BaHO €HePrOCUJIOBI ITapaMeTpH i BCTAaHOB-
JIEHO 3aKOHOMIPHOCTI iX 3MiHM TIPM OTPUMAHHI JOBrOMIpHUX HamiBhaOpUKaTiB KPYrJOro MOMEPeYHoro Iepepisy 3 KOJbOPOBUX MeTaliB



3 BUKOPUCTAHHSIM HOBOTO CIIOCOOY CyMileHoT TPOKaTKH i ipecyBanHst. [lokasaHo, 110 He 3aJIeKHO Bijl MAPKH CIUIABY MPH MTPOKATIII 3aTOTOBOK
na Hosomy P3C 3 rajaxnmy Bajgkamu 3ycusuist gedopmalii 3a Beandnuolo Oliblie, B IOPIBHSAHHI 3 IPOKATKOIO B IBUHTOIOAIOHIX BaJIKaX.
Bcranosireno, 1o, B MOPiBHSHHI 3 TIPOKATKOIO MIPYTKIB B IVIAIKMX 1 TBUHTOTIOAIOHNX BaTKaX, 06poOKa IX MOEHAHIIM TTPOIECOM TTPOKATKa-TIpe-
CyBaHHsI PU3BOJUTH JI0 MiBUIIEHHs 3ycuiuist gecopmyBanHs ciiasis M1 i J[16, signosigno, y 1,1-1,15 i 1,15-1,3 pasu. IlokasaHo, 1o
npu sedopmartii npyTkiB Ha HoBoMy P3C, 3a paxyHOK yIpaBJIiHHS TPAEKTOPIsAMHU Tedil MeTasly B ocepeziky jedopmartii, MOKHA JJOMOTTHCS
IHTEHCUBHOTO TOAPIOHEHHS CTPYKTYpH MeTajy. BeraHoBsieHo, 1o Ipy TpecyBaHHi npyTkiB Ha HoBoMy P3C BiaOyBaeThes MiABUIIEHHS
TeMmrepaTypu 3arotoBku 1o 420 °C, 110 IPU3BOAUTH 0 PI3KOT0 3HMKEHHS 3yCUILIs, HeoOXiaHoro /i aedopmaitii. AjexBaTHicTb Moeen
JloBe/ieHa TTOPIBHAHHAM PO3PaXyHKOBUX 3HaYeHb CHUIOBHUX MapaMeTpiB MpPecyBaHHs, OTPUMAHNX iHKeHEePHOI METOAMKOIO i KOMITTOTepHUM
MOJIETIOBAHHSIM.

Kii040Bi cj10Ba: NOTYIKHICTD €JIEKTPOJBUTYHA, TIAZIKUIT BAJIOK, 3yCUJLIS TPOKATKH, MOMEHT IIPOKATKH, PA/liallbHO-3CYBHMUII CTaH, IPYTOK,
€HEProCUJIOBI apaMeTpH, FBUHTONOAIOHUI BaJIOK.
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A STUDY OF FIBRE BUNDLES’ FORMATION REGULARITIES DURING THE IMPACT INTERACTION OF
SPIKES WITH RAW COTTON PARTICLES (p. 72-79)

F. Veliev

BuBueHO AMHAMIKY B3a€MOIl KiJKIB PO3MyIIyBaJbHOro OapabaHa 3 YaCTHHKaMU OABOBHU-CHPIIO W YMOBHU JUKIYTYBAHHSI YACTUHOK
6aBoBHI-cupINo. [IpoBeIeHo MOCTIKEHHS MPOIECY PYXY YaCTHHOK GAaBOBHU-CHPITIO 3 CITYACTOIO MOBEPXHEIO OYHITyBavYa APIGHOTO CMITTSI;
BMKOHAHO IIOIIYK HIIAXIB iHTeHcudikalii nporecy it nijiBUIEHHS HOTO CTiiKOCTI.

BusHaueHO yMOBM ISl MOMAHHS JIETIOUII OGEPTATBHOTO PyXy, SKIIO JIETIOUKA TIOB’sA3aHa 3 apOM OaBOBHU-CHPITO, MO MOAAETHCA.
[ToBOPOT JIETIOUKH IIO/I0 OCi CIPUYMHUTD CKPYYyBaHHSI SKMYTKa BOJIOKOH, sIKi 3B’SI3YIOTh YACTKY 3 PENITO0 Macu GaBOBHI, a Ife — TIepeyMoBa
JIO JUKTYTYBaHHsI BOJIOKHA. BesmmunHa KyTa 3akpydyBaHHst Oy/ie 3aJIe)KaT SIK Bijl CHJIM TEPTsI, Tak i Biji yacy /il CUiiu, 10 B KOMIIJIEKC] BU3HAYAE
€Heprilo, IKa BUTPAYaeThCs Ha CKPYUyBaHHSI.

Meroziom cermeHTHOI JliHeapu3attii kpusoi P(¢) onmcaHo rnpolecu y[apHOro HaBaHTaKEHHS il PO3BAHTAKCHHS JICTIOUKH ITi/[ 4ac B3aEMO/Ii1
3 KIJIKOM, $IKi 06p€ Y3TOUKYIOThCS 3 eKCIIEPUMEHTAILHIME OCIIUIOTPAMaMH TIPOTIECY.

PO3rJIstHYTO MO3aIeHTPOBY B3a€MOJIII0 KilKa 3 YacTKOK GaBOBHU-CHPINO. EXCIEPUMEHTANBHO ii TEOPETHYHO TMOKA3aHO 3B'SI30K TAKOI
B3a€MOJIil 3 YTBOPEHHSIM MSIKUX BaJ y BOJIOKHI — JDKTYTHKIB. PeKOMEHOBAaHO B CHCTeMi IIONEPEIHBOTO OUYMIICHHS OaBOBHU-CHUPIIO
BCTAHOBJIIOBATH GapabaHy 3 KiJKaMu, 110 MaloTh IJIAcKy (opMy Mepeanboi rpari. 3acTocyBaHHs KUJIKIB i3 Takoi (hOpMOIO TepeaHbol
rpaHi 3a6e3ueqye crilike 3HIKEHHS KiMBbKOCTI JUKIYTUKIB y BOJIOKHI 6aBOBHU-CUPILIO, 1110 MIJIBUIILYE SIKICTb BOJIOKHA I 3HIDKEHHS CYMU Bajl
i 3aCcMiYeHoCTi.

YV pesysbrari eKClepUMeHTaNbHUX 1 TeOPEeTHYHHUX IOCTiZKEHb OTPUMAHO JaHi, K M03BOJISIOTH OpraHizyBaTh edekTHBHY poOOTY
OYUCHUX MAIIMH Y GAaBOBHOOYMCHIN [IPOMUCIOBOCTI.

KiiouoBi caoBa: ouniyBay ApiGHOTO CMITTsI, KUBUJIbHI BAJIMKH, KITKOBI BAJIMKH, JIOTIATh, KIJIBKICTD KTy THKIB,
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DEFINING TECHNOLOGICAL FEATURES IN THE MANUFACTURE OF SEMI-HARD BOOK
COVERS (p. 80-90)

O. Paliukh, P. Kyrychok, R. Trishchuk, M. Korobka, E. Dziadyk

3anporoHOBAHH €KCIIEPUMEHTATILHO BU3HAYEHUIT TTEPesTiK HeOOXITHUX 1 IOCTATHIX TEXHOJIOTTYHUX OTIEPAIliil BUTOTOBJICHHS HAIIBKOP-
CTKIX KHIDKKOBHUX OOKJTAIMIHOK, 3 PO3PAX0BAHOIO KOHTYPHOIO 1 CTPYKTYPHOIO MOOYI0BOIO, 10 MepeabadaioTh JKOPCTKI Oy CKH Bi/IXIIEHHS
BiJI IPSIMOKYTHOI IJIOIIIMHHOT TeOMeTpii.

JToBeIeHO, IO OCHOBHI 0COGINBOCTI MOJETIOBAHHS | BUTOTOBJIEHHS OOK/TQ[IMHOK BILIMBAIOTH HA YMOBH 3a0€3II€UeHHsT TOIYCKIB i cTabib-
HY THPasKHY KiJIbKicTh. BOHUM MOJSATAIOTH Y TOMY, 1110 KPalKH i KJanaHu, ik 0aTKOBI KOHCTPYKTUBHI €JIeMEHTH 0OKIaIMHOK, THC/Is 3arnHaH-
H 1 IPUKJICIOBAHHS 10 OCHOBHOI YaCTUHU, CTBOPIOIOTH MO/[BIIHY KOMIIO3UTHY CTPYKTYPY.

3aBIAKU [[HOMY, B MICIIAX CTHKIB KPailoK 1 KJIaraHiB, BIACYTHI HAITYCKH, TOMY TUIOIMHA BHYTPINIHBOI YaCTHHU OOKJIQJANHOK MA€E TIJIac-
Ky opmy, 6e3 nedexTHUX KOHTYPiB. TOMy MOKIMBO CTBEpP/UKYBATH, 110 MAPAJIEIbHICTD BiIXMACHH 30BHIIIHIX KOHTYPIB HAIliBKOPCTKUX
OOKJIQ/IMHOK, BiJI TIPSIMOKYTHOT 1100Y/I0BH, He Oyie NMepeBUIyBaTH [HAla3oHn /sl KHUKKOBUX ONpPaB, MOAIIEHNX Ha TPYNU 34 SKICHUMU
MTOKa3HUKAMHU.

Oco6UBO CJIiJI BII3HAYUTH, 110 HA YMOBHU 3a0€3IE€UEHHS JIOMYCKIB, TUPAKHOI CTATOCTI i KOMIIO3UTHOI CTPYKTYPHOCTI HAIIBKOPCTKUX
06KJIAINHOK, BIINBAIOTH POJIMKO-BATKOBI MEXaHi3MH, 10 3/iICHIOOTH iX 00epTaIbie MPeCYBAHHS 1 IMBUAKICHE KOOPAMHOBAHE TPAHCIIOPTY-
BaHH B ITPOIIECi BUTOTOBJICHHSI.

[TpoBeseHNMNU TOCI/PKEHHSIMI BIIUBY ILJTACTUYHOTO /Ie(hOPMYBAHHST BCTAHOBJIEHO MEXAHI3MU MPOIIECY BIOCKOHAJIEHHS ITUJTiHAPHIHOT
MOBEPXHI 06ePTATbHO-TIPECYBAIBHIX POJIUKIB. [[0BEIEHO, [0 BOHM TIOJSITAIOTH B YyTBOPEHH] MOBHICTIO PETYJISIPHOTO MiKPOPETbedy rexcaro-
HAJIBHOTO THUIY BBIrHYTOI (hOPMU Ta YACTKOBO PEryJSPHOrO MiKPOpebedy, y BUIIIAL IIOCKO-TIAPATENbHUX NITIIOBUX 3arnOIH, HaHeCe-
HUX TIiJT KyTOM /IO IIeHTPAJILHOI OCi POJMKIB. A TaK0X, B 3aCTOCYBAaHHI TEXHOJIOTIi iOHHOTO a30TyBaHHS OTPUMAHOTO MiKpopeabedy B TIa3Mi
TeJIIKOHHOTO PO3PSILY.

3aBepIiaibHUil eTar 3MIIIHEHHS IPH [TOBEPXHEBOTO APy POJIHUKIB IOHHUM a30TYyBAHHSIM B I1JIa3Mi TeTiIKOHHOTO Po3psiay (hikcye Makcu-
MaJIbHIIT PiBEHD T /IBUIIIEHHST 3HOCOCTIHKOCTI TIPU TIOBEPXHEBOTO Tapy. BiH KomBaeThest B iama3oni BiIHONMIEHHST TIJTOIUHY, Ha SIKY HaHece-
HUI YaCTKOBO PETyJISIPHUI MIKpOpesbed, 10 3arajabHOI IJIOMIMHN TOBEPXHI POJIMKA.

Kii04oBi ci0Ba: KOMIO3UTHA CTPYKTYPa, 3MIIHIOBAIbHA 00POOKa, NI HAPUYHI TIOBEPXHI, MIJIIOBI 3arMOUHI, MIKPOPETbEd.
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DESIGNING A NEW WOOD-COMPOSITE MATERIAL MADE FROM LOGGING WASTE (p. 91-97)

O. Pinchevska, Yu. Lakyda, O. Baranova, M. Biletskyi, V. Holovach, R. Oliinyk, A. Yeroshenko

[IpoBeseHIMN JIOCTI/PKEHHSIMU JIOBE/IEHO MOKJIMBOCTI BUKOPUCTOBYBAHHS JIICOCIYHUX BiZIXOJIB /LT BUTOTOBJIEHHS JIePEBUHO-KOMIIO-
suniitnoro marepiaxy. CHpOBUHOIO /Uit HOTO BUPOGHMIITBA € IEPEBHE TIETUBO, IKE BUTOTOBJISIOTH IJIIXOM PO3/IABJIIOBAHHSA TiJIOK. EKcrie-
PUMEHTATbHI TOCH/UKEHHS (Pi3MYHIX, MEXaHIYHNX Ta TEXHOJOTIYHUX BIACTUBOCTEI /lepeBIHO-KOMIIO3UIIIITHOTO MaTepiaty 3 TiJIOK TOTOJI
JI03BOJIMJIA BUSHAYMTH HOTO PAIliOHAJIbHY CTPYKTYPY Ta BHJ B'sKy4oro. BeTaHOBJIEHO, 110 st 3abe3eveHHst mackoi hopmu Marepiany
Bin nosuHen GyTn chOpMOBAHUIA 3 TPHOX B3AEMHO MEPIEHAMKYIAPHUX MApiB. Y AKOCTI BSIKYYOro JAONIIBHO BUKOPUCTOBYBATH Kapba-
MiztoopMaIIbIETiIHY CMOJLY /ISl IUINT SKi He HeCyThb y/apHHUX Ta CTAaTMYHUX HABAHTAKEHb i BUKOPHCTOBYIOTHCS B CEpPEMHI IPUMIIIEHb.
Y pasi npusHaueHHS MaTepiady /s BUKOPUCTAHHS B YMOBaX 3 II/[BUIICHUMH HABAHTAKCHHSMU Ta y MICIFIX 3 IMiZIBUICHOIO BOJIOTICTIO,
CJIi/1 BUKOPHCTOBYBATH (heHoIbopMaIbIerifHy cMory. Busnadeno mapaMeTpn parioHaTbHOTO PesKUMY IpecyBanist: Temmepatypa t=180 °C;
tuck p=38 MIla; yac BUTprMKM T=7 XB., 32 SIKIX MOXKHA JIOCSATHYTH MiHIMaJIbHOTO JiehOpPMyBaHHS IUINT MicJist npecyBanHs. [loBe/ieHo, 1o 3a
X PEKUMHIX TTAPAMETPIB Yac BUTPIMKH JITIsT IOCSTHEHHS popMocTabimizanii HOBOTO /IePeBUHO-KOMIIO3HUIIHOTO MaTepiany € TaKoK MiHi-
MaJIBHUM 1 CTaHOBUTH ciM Ai6. BusHaueno, 1o HOBUIA IepeBUHO-KOMIO3UIIHHUI MaTepian BOJOAIE CX0KUMU (DIBUIHUMU Ta MEXaHiYHUMU
BiactuBocTsiMu 3 wmtamu OSB. e 103Bosiste cTBEp/KYBATH PO Bi/IIIOBIIHICTH 3aIIPOIIOHOBAHOTO MaTepialy Ha OCHOBI JIICOCIYHUX BiZIXO/IB
Y SIKOCTI IEPEBHOTO KOMIIOHEHTY BUMOTaM, 1110 BrcyBaioThest 10 it OSB i 6ytu ix ansrepratuBoio. OTxKe, € MiIcTaBl CTBEPKYBATH PO
MOJKJIMBICTD CIIPSIMOBAHOTO BUKOPHMCTAHHS TiJIOK /UL BUTOTOBJICHHS JIePEeBHHO-KOMIIO3UIIITHOTO Marepiasy, 110 CHPUSATHME OKPAIIEHHIO
€KOJIOTIYHOTO CTaHy JOBKIJIJISA Ta BUKOPUCTAHHIO JTICOCIYHNX BiIXOIIB.

Kii0uoBi cioBa: 1epeBUHO-KOMITO3UILHHI MaTepiajiu, JicoCiumi BiAXOAH, MiJIst TOMOJI, PEeKUM TIpecyBamHsl, yac (hopmocTabimizairii.



