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Erjon Selmani, Supervisor Arian Bisha. (Albania, Tirana, U.P.T)

HOW THE GAS ESCAPE IN A COMBUSTION CHAMBER IS
AFFECTED BY PISTON-RING TOLERANCES.

ABSTRACT:

One of the losses of an engine’s combustion chamber is the gas leakage toward the crankcase
due to imperfect sealing of the rings, commonly known as blow-by it affects the efficiency and
emissions of the engine. The paper introduces the phenomenon through a brief bibliographic
review and describes the equations that rule the ring dynamics, inter-ring pressures and mass
flows. The piston and rings dimensions of a turbodiesel engine are investigated and upon being
solved using Ricardo RINGPAK and Matlab, their impact on the sealing behavior and amount of
blow-by gasses is analysed. According to results, the variation of diameters and heights on the
piston and on the rings do not affect in the same way the sealing behavior of the ring-pack,
regardless of the fact they both alter the inter-ring volumes. The land diameters are more
important than land heights for gas flow accros the ring-pack. Furthermore, the second and third
land are more important than the top land because they affect in a more marked way the amount
of blow-by. On the other hand, the top land diameter seems to be less impactful on the blow-by
values, and the same does the comperssion rings axial widths.

Keywords: internal combustion engines, piston rings, gas escape.
1 INTRODUCTION

Internal combustion engines plays an utmost importance on the
transportation on road, sea and often in air. The power obtained from fuel
combustion is used only partly due to several losses, namely thermodynamic and
mechanic. Piston rings are the mechanical elements interposed between the piston
and the liner to guarantee air tightness, oil distribution and oil scrapping. However,
their tightness is not perfect and part of the intake gas mixture is lost toward the
crankcase, known as blow-by gases. In addition, some trapped gasses may go back
to the combustion chamber during the exhaust stroke and be ejected as unburned
hydrocarbons, also known as blow-back. The amount of gas escape is dependent
on many factors, which may be mechanical, thermodynamic, operational etc. In the
revised literature is given a general overview of the dependence of the gas escape
on some parameters but a deep investigation is missing. In the present paper, the
effect of some of the most important geometrical features of the piston-rings region
has been analysed and their effect on the gas flow has been investigated.

2 RING AXIAL DYNAMICS

Piston rings are curved beams with an end gap that must seal the contact and
guarantee a radial force toward the cylinder liner. This force is an important
element of the sealing capacity of a ring but the gap is the first way of escape for
the high-pressure gas. In [1], a historic review of piston ring technology is given.
The standard solution for the majority of the applications is a three-ring pack,



made by two-compression rings ad one oil-ring [2], however in literature different
solutions have also been proposed [3]. In order to compensate the thermal
expansion in axial direction, ring axial width is smaller than the respective groove
height. This clearance is responsible for an additional way for the gas to escape
when rings are in motion. Eweiss [4] and Englisch [5] are among the first scientific
publications on this topic. They employed the ideal gas law applied to an orifice
and made the assumption of adiabatic gas flow (no heat exchange with surrounding
walls). Furuhama in [6] proved experimentally that the gas temperature in a region
is almost the same to the wall temperature (Isothermal). Namazian and Heywood
in [7] proposed more realistic models of the system, including ring motion, the
effect of the squeezed oil on the grooves and the friction force due to the oil in the
liner wall, according to Figure 1.

Equation 1 describes the mechanical equilibrium of forces, meanwhile
equation 2 gives the ideal gas law combined with the continuity law, the flow was
assumed to be fully laminar, isothermal and compressible.

2
(D) mrﬂ= Fp+Ip+F|:—F5

dt?
mr = mass of the ring
h = ring-groove axial clearance
Fp = Force due to gas pressure
I» = force due to inertia
Fe = Force due to the oil in the ring-liner interface
Fs = Force generated from the squeeze of the oil in the groove.

1 av dpP
@ & (PS+VE)=(

dmin _ dmout)
dt dt

Gas flow

H Piston

Liner _ S
P
i’ ‘
y T'P
e [ T=——s
\ Oil layer

i+1
Figure 1: Ring axial movement

Similar models were also developed by Kuo et.al. [8], Keribar et.al. [9],
Koszalka [10], Tian [11 12]. The most important forces are gas pressure and
inertia, friction remains almost constant and of low magnitude. The most critical
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situation is at high speed and low load, where inter ring pressures are lower and
inertial force are higher. Under this situation the second ring flutters, increasing the
amount of gas escaped in the crankcase. Ring lift is not uniform over its
circumference and seems to lift initially near the gap. Tian in [12] explains in detail
also the phases of the blow back.

2.1 RING RADIAL DYNAMICS

The radial degree of freedom of a piston ring, is imposed by the necessity to
compensate thermal expansion. This motion of the ring gives the so-called
“conformability” to the cylinder bore, i.e. the capacity to adapt to the bore surface.
In Figure 2 are showed forces acting in the radial direction of a ring cross section.
When the inward force overcomes the outward one, the ring face lifts from the
liner and a direct path opens for the gasses, this is called “radial collapse” and
sharply increases the quantity of escaped gas. Equation (3) models this motion of
the ring

d?y
(3) my iz Egasback + Fiension — Fgas — Fpour

y = ring-groove radial clearance

Fas back = FOrce due to gas pressure at the ring back

Frension = FOrce due to the elastic property of the ring

Fqas = Force generated from the gas in the front face of the ring.
Fpoit = Force generated from the oil in the cylinder liner.

Gas flow

. Direct gas !
flow mer Piston
y

! —
0il Fgas — P < —p E ________ S —— 1 R—
pressure ;: R'ﬂm ﬁFgasgroovc _’. = Ring
force Feas :: < :; ‘

\
<+— Oil
‘ layer
Figure 3: Ring radial movement Figure 2: Ring twist angle

Dukes [13], recorded experimentally that collapse occurs when ring lifts
from lower to upper groove flank. Tian in [12] and Rabute et.al. in [14], discovered
that radial collapse is sensitive to operating conditions, to the design of ring cross
section and to the extent of lubricated area on ring face. Lijima et.al [15] and
Przesmitzki et.al. [16] made experiments and observed the radial collapse.
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2.2 RING TWIST

The third degree of freedom is the twist of the ring around its circumference
axis. Figure 3 shows the positive twist angle for a ring section. When twist angle is
accounted, the equation of the moments acting on the ring must include the effect
of asperity of the contact and oil squeeze. References[9], [12], [17-18] addresses
the topic.

Namazian [7] defines the blow by flow as a direct power loss and quantifies
to weigh between 0.5 and 1.2% of the total cylinder charge for a new engine. The
and efficiency loss from blow by were calculated to lay between 2-7%. According
to Min [19] inter ring crevices are accounted to be responsible for nearly 38
percent of the total hydrocarbon emissions meanwhile Rao [20] quantifies power
the effect of the gas leakage on engine performances.

3 SIMULATION

In [21] Selmani et.al developed a similar analysis for the blow by, where the
investigated parameters were the ring gap variation, the ring mass variation and the
static twist variation. In work [22] authors investigated the effect of the cylinder
bore distortion on the sealing capacity of a ring-pack, analyzing separately each
distortion order. In the present work the analysis was extended on the effect of the
piston lands geometry and ring diameters, which affect the inter-ring volumes.

Table 1 summarize the parameters which were investigated and their
magnitude of variation from the original value. In order to understand the impact
of each geometrical feature, each of the changes has been analysed as a study case.
Case 1 considers axially thinner top and second rings by 5 % with respect to the
nominal design, all the remaining parameters of the rings or piston were left
unchanged from the original. In case 2 the top land diameter was reduced by 0.5 %
while in case 3 it was increased by the same amount. In case 4 the second and third
land diameters were reduced by 0.5 % while in case 5 they were increased. In case
6 all the land heights were reduced by 5 % while in case 7 they were increased

Simulations were performed using RINGPAK Solver of “Ricardo and
Matlab®. The investigated engine was a turbodiesel engine of medium size, run at
2000 r.p.m. and at full load condition. The minimum oil film thickness on the
cylinder wall was set to 5.4 micrometers. The piston section together with the
nomenclature is depicted in figure 4.

Table 1: Piston land and Ring geometry variations

Case 1 Axial width ring 1 and 2: - 5 %

Case 2 Land 1 diameter : - 0.5 %

Case 3 Land 1 diameter : + 0.5 %

Case 4 Land 2 and 3 diameter : - 0.5 %
Case 5 Land 2 and 3 diameter : + 0.5 %
Case 6 Land heights : - 5 %

Case 7 Land heights : + 5 %

12
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Figure 4: Cross section of a piston and nomenclature of the geometry.

4 RESULTS

The results are grouped for each simulation case. In Figure 5 are depicted the
results for the “base” condition: 2000 r.p.m at full load, with the nominal design
parameters of the ring and the piston. In this figure are given only the most
relevant results from the simulation, which can allow to discuss about the gas and
ring dynamics and to evaluate the sealing efficiency of the ring-pack. In particluar
are given the ring axial positions, the ring radial positions, the inter-ring gas
pressures, the total flowrates of gas mass and the cumulative blow-by, expressed as
fraction of the base cylinder gas mass at BDC.
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Figure 5 : Results for the base case.

According to Figure 4, at 2000 rpm and full load, the top ring lifts at the end
of the expansion stroke, in correspondence with the second land pressure
surpassing the first land pressure (crossover point). From mid of exhaust to mid of
intake stroke it stays lifted, in contact with groove upper flank. The second ring
stays sit on the lower groove flank meanwhile third ring lifts even during the
expansion stroke, driven by the inertia force. The maximum pressure in land 2 is
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5.82 bar while in the third land is 2.35 bar. Since the minimum oil film thickness is
5.4um, no ne of the rings undergoes to radial collapse.

In the graphs that follow are given the gas flow rates across each land and
the cumulative blow-by. The gas flow rates are calculated from the given
equations, while the cumulated blow-by [kg] is obtained integrating the gas flows
over the cycle time according to formula (4) below.

ft _cycle .

(4) Mprow- by — mgas—flows

After being calculated, the values have been reported to the cylinder mass of
gas when the piston is at the bottom dead center in order to obtain a fraction.

According to the gas flow rates graph, the amount of gas that flows below
the second and third groove is entirely lost in the crankcase as blow-by, the flows
above the second groove exhibit also a flow back to the upper regions. According
to this graph, the positive values means a downward gas flow while the negative
values means an upward gas flow. The integration of these flows allow us to
understand the dynamics of the gas through the piston-ring crevices.

In the following figures the results obtained for each case of the table 1 will
be discussed. Differently from the base case, here will be described only the ring
axial and radial dynamics and the inter-ring gas flows, the cumulated blow-by will
be given at the end of the section in a separated graph in order to make a
comparison of the results. According to theory the gas flows are related to the
inter-ring volumes, hence any change which increases these volumes would
increase the flows and any volume reduction would reduce them.

Figure 6 show the results of case 1, where the axial widths of the top and
second ring are 5 % smaller than the original design. Reducing the axial widths for
the rings is equivalent to an increment of the ring-groove volume, this variation has
also been mirrored in the results because the top ring lifts earlier and stays lifted up
for a longer time. The second ring is stable while the third ring makes an additional
motion by the end of the cycle. An earlier and longer top ring lift allows a higher
amount of gas, which is also responsible for the increased pressure of the second
land in comparison to figure 5. This pressure is responsible for the position of the
top ring due to the increased force applied from beneath the ring. According to the
second graph, all the rings were stable and made contact with the liner in the radial
direction.

Ring axial dynamics,Reduced axial wndths 5% Ring radial dynamics, Reduced axial widths - 5 % Land pressures, Reduced axial widths - 5 %
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Figure 6 : Results for case 1.
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In figure 7 are depicted the results for case 2 simulation, where the top land
was reduced 0.5 % in diameter. This change allows to an increase in volume
between the piston and the liner, but this volume is available for housing more gas
at the combustion chamber level. The ring dynamics is similar to the base case and
the same can be said for the inter-ring pressures. Nonetheless, the third land
pressure is slightly higher than the previous cases.
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Figure 7: Results for case 2

Figure 8 gives the results for case 3, where the top land diameter has been
increased with 0.5 % from nominal value. In this case the top land crevice is
smaller than the base case, nevertheless the second land pressure is similar or even
slightly higher than figure 7. The reason of such a small variation can be attributed
to the top ring motion, which is more stable and lifts later in time. Furthermore,
this variation increases the top land diameter and reduces the piston-liner crevice.
The gas can flow anyway through this small orifice as long as the system is
considered sealed in other parts, therefore there will be a pressure build up above
this land, which will enforce more gas to flow through it.
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Figure 8: Results for case 3

According to the ring dynamics graphs, the axial motion of the top and
second ring is similar to the base case while the third ring is more prone to move in
this direction. The radial motion of all the rings suggests a stable behavior.
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Figure 9: Results for case 4

In figure 9 are provided the results for case 4, where the second and third
land diameters were reduced 0.5 %. As for the top land, this reduction will directly
increase the inter-ring volumes. In this case the top ring experiences a slight lift-up
at approximately 200 deg. crank angle and subsequently a usual lift at the end of
the cycle. The second ring is stable at the bottom of its groove while the third ring
experiences two lifts, both in correspondence of the piston motion reverse. The
radial dynamics is stable for all the rings while the inter-ring pressure graph
indicates a high value of the second and third land pressures. This result is in line
with the expectations because a reduction in diameters in these regions directly
increases the volume and the storage capacity. Hence, an increment in the capacity
IS equivalent to a higher amount of gas flowed.
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Figure 10: Results for case 5

In figure 10 are given the results for case 5, where the second and third land
diameters have been increased by 0.5 %. This variation reduces the piston-liner
gap and consequently there will be a smaller crevice for the gas to flow in these
regions. The rings trend motions in the axial and radial directions are similar to the
base case but the inter-ring pressures are noticeably different and smaller if
compared to the base case and to case 4.

Figure 11 show the results for case 6 where all the land heights have been
reduced by 5 %. In this simulation case the top ring experiences an earlier lift and
this causes a high amount of gas to flow in the second land, confirmed by the high
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pressure value. The third land pressure is high regardless of the second ring
stability which is an indication of the gas flow though the gap, which is common
for all the cases of this work since the second ring didn’t moved during the cycle.
The radial dynamics of all the rings shows a stable behavior for all of them.
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Figure 11: Results for case 6
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Figure 12 gives the results of the simulation for case 7, where all the land
heights were increased by 5 %. Regardless of an augmented volume of the inter-
ring region, the inter-ring pressures are lower than the previous case and more
similar to the base case in terms of maximum values. The ring axial motions
indicates a top ring which experiences a short axial flutter in the region where the
second land pressure is higher than the top land pressure (between 200 and 280
deg. crank angle). This behavior of the top ring goes confirms the theoretical
expectations, because a higher second land pressure pushes the top ring up in its
groove. The radial motion of all the rings is stable for the level of speed and load
used in the simulations.
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Figure 12: Results for case 7
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In order to have a comparison between the different cases, the results
obtained from the different simulations in terms of cumulative blow-by values
have been grouped in one graph and plotted in figure 13. Referring to the figure, it
IS possible to see how the different cases affected the performance of the ring-pack.
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As depicted, cases 4 and 5, which were referred to land 2 and 3 diameter
variations, are responsible for the highest deviation from the base case results. The
other cases showed to have roughly the same impact between them and above all
they worsened the ring-pack effect.

The top land region, which was changed in the same range as the other
lands, didn’t affected the gas flow in the same way. In addition, it responded
differently from the other lands, increasing the gas flow when the diameter
increased.

The reduction of the compression rings axial width, affected the results in an
expectable way, because the variation increased the inter-ring volumes and
consequently more gas could be housed in these regions.

The land heights, which were changed with an order of magnitude higher
than the diameters, affected in the same way in terms of total amount of lost gas in
the crankcase. This result may be an advice to the lowest importance of this
parameter on the phenomenon, but also to increase the understanding of the gas
flow dynamics in the axial and radial direction, which was not the focus of the
work.
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6 CONCLUSION

In the present paper the behaviour of a piston ring-pack was analysed in
terms of sealing efficiency against the gas escape from the combustion chamber to
the crankcase, which are commonly known as blow-by. According to previous
studies piston ring is considered as a curved beam with three degree of freedom,
two translations and one rotation around its central axis. Furthermore, gas flow
between inter-ring crevices is considered as isothermal and compressible, the ideal
gas equation is employed for modeling the gas dynamics. In this work the piston
lands and ring axial widths were variated, within a standard range of variation, in
order to investigate their effect on the tightness of the pack. All the changes were
aimed to variate the inter-ring volumes. According to results, the ring-pack
behaviour is highly sensitive to those volumes. The highest variation was seen
when the second and third land diameters were variated within the range +/- 0.5%
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from the original values, showing the highest deviation from the base case,
increasing the blow-by when diameter was reduced and decreasing the blow-by
when diameter was increased.

The other regions, namely the top land diameter, the compression rings axial
widths and the land heights, all changed the results from the base case but they
performed in almost similar way between them. In addition, all the second set of
parameters showed to worsen the blow-by of the engine. These results indicate that
the piston regions have different impact on the sealing efficiency of the pack.
Among the two main parameters, land diameters and land and ring heights, the
most important in terms of sealing efficiency showed to be the land diameters.
Furthermore, the highest sensitivity was seen when the second and third land
diameters were modified and the lowest when the top land diameter was variated.

The land heights didn't affected the blow-by with the same magnitude as the
land diameters.

Common result for all the cases is the stability of all the rings in the radial
direction, where no radial collapse was obtained from the simulations.

These results can be further extended to other ranges of speed and load of
the engine, in order to understant the behaviour also in other regimes of work.
Nonetheless, they can be used as a guideline when a piston and ring-pack set must
to be modified or designed new.
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THE NANOSTRUCTURE COMPOSITE DIFFUSION COATING
AFTER BORIDING

It is advisable to change the sample surface areas for a large number of parts. For this
purpose a promising technology development with strengthening Boriding backcoat (local
Boriding), which takes place between the interim Boriding of powders and melts. Boriding is
used to increase durability plugs oil pump drive five turbodrill, exhaust, bending and forming
dies, parts, molds and machines for injection molding, heavy duty friction pairs, and so on. The
stability of these parts after Boriding increases in 2 — 10 times.

Materials and Methods

As you know, Boriding is called chemical-thermal treatment, which is a
diffusion saturation of the surface layer of boron steel by heating in an appropriate
environment [1]. The thickness of the diffusion layer is 100 microns. Borovan
layer has high hardness HV 1800-2000 (18000-20000 MPa), durability, corrosion
resistance, cinder resistance (to 800°C) and heat resistance.

In the study, AISI P20, H13 and D2 steels were pack borided at 900 and
950 C for retention times of 2, 4 and 6 h [2]. The hardness of borides that formed
on the surface of AISI P20, AISI H13 and AISI D2 steels were 1897 HV(50 q),
1989 HV(50 g) and 1916 HV(50 q), respectively. On the other hand, the Vickers
hardness values of the untreated steels were 532 HV(50 g), 485 HV(50 g) and 408
HV(50 q), respectively.

In work [3], the EN-GJS-400-15 cast iron was pack-borided in a powder
mixture composed of 5% B,C, 5% NaBF, and 90% SiC at the three temperatures:
900, 950 and 1000°C for 2, 4 and 6 h, respectively. The pack-borided EN-GJS-
400-15 cast iron was characterized by the following experimental techniques:
optical microscopy, XRD analysis and Microhardness Vickers tester. As a
consequence, the boron activation energy was found to be 212.28 kJ mol™ for the
EN-GJS-400-15 cast iron.

In study [4] the behavior of the borided 316L stainless steel and 1018 steel
is evaluated under micro-abrasion wear. The boriding was carried out at 1223 K
over 6 h of exposure time, resulting in a biphase layer composed of FeB/Fe,B
phases. In order to evaluate Fe,B phase with no influence from FeB phase, AlSI
1018 steel samples were borided at 1273 K for over 20 min and then diffusion
annealed at 1273 K over 2 h to obtain a Fe;B mono-phase layer. Wear resistance
of 316L stainless steel increases after boriding.

From the analyzed work, we can draw the following conclusions.

The surface layers covered hard phases type borides, nitrides et al. It is very
difficult to provide high efficiency across a large number of defects that cause
significant stress concentration. In addition, boride surface layer has a small
thickness, which is not enough to abrasion wear. In this regard, there is a need to
use new method of hardening machines, which would give an opportunity to get
hardened layers of increased thickness were quite plastic, in the process of
strengthening economic, and allowed to re-recovery of such parts.

Objective
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Create a new economic method for strengthening steel surfaces of friction
pairs by diffusion Boriding that provides selective strengthening of them (in the
areas of load) and simultaneously is economically feasible to manufacture or
restorate relevant details.

Discussion

It is suggested to apply boride with paste. Technology hardening of paste
(coating) involves the following operations: preparation of coating; chemical
coating; preparation of the surface reinforcing parts to saturation in pastes
(coating); application of coating and drying strengthening; heat and endurance
prepared according to the details given saturation modes; cooling and cleaning
parts of paste.

Before the pouring process, the chemical coating of the Ni-Co-P of different
10 recipes is applied to the parts. The main components of the paste thoroughly
mixed in a special mixer and diluted binder component to the desired consistency.
As a binding material hydrolyzed Ethyl silicate, liquid glass, sulfite-alcohol bard, a
solution of glue BF-2 in acetone, glue, etc are used. The consistency of the paste is
mainly determined by the selected technology application in its detail: spraying,
brush or diving. The thickness of the coating should be at 1.5 — 2.5 mm.

The case of studies to strengthen the samples of boron coating technology
with heating by high frequency current is investigated [5], [6], [7]. Strengthening
steel (0.45%C) carried by drawing on previously cleaned and degreased surface
coating of coating and drying the air. Then Strengthening detail with image coating
IS heated at a temperature of 1150-1200°C by high frequency. The existing
structure is reinforced with a layer of white layers (Fig. 1) and containing borides,
has a thickness of 170 microns and microhardness 9000 MPa.

. Fig. 1. Consolidated borovan

® layer obtained economical way to

: strengthen steel (0.45%C),
magnification *600

Often changing rotation surface and planar surface. This surface friction
pairs "shaft-hub" or "slide-guide".

Strengthening of theresearch sample made of steel (0.45%C) is made by
drawing on previously cleaned and degreased surface coating, comprising (wt.%)
boron carbide-48; cryolite-16; iron oxide—4; sodium fluoride—4; liquid glass-8;
90% solution of glue BF and 10% acetone—20 of coating and drying it on air.

Then the Strengthened detail with the covered coating is set in the rotational
installation centers of microwave and heat at 1150°C during 35 seconds by the high
frequency power 100 kW, frequency 0.066 MHz.
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The finished hardened bushing is fixed in the hole of the hub of a Renewable
detail. If necessary, the finishing processing of the work surface assembled parts si
performed.

Fig. 2. Structure
borides  hardened
layer obtained in
steel (0.45%C),
magnification *600

In the study of the morphology of hardened covering the diffusion of
individual Boriding backcoat with heating by high frequency current was revealed
that coverage is not continuous strengthened across the whale surface. The
structure of the coating was not solid, "spotted”. Borides strengthens the coverage
of about 90-95% of the surface (Fig. 2). This structure of hardened layers speaks
about the selective saturation of backcoat adopted by modes. This may be a slight
blowing of coating during the heating by high frequency, and therefore, lack of
source diffusion element in these places.

This hardened layer structure during conjugate machine parts, work will
realize the random wearing on the work surface — softer the hardness areas.
Formed worn areas will serve as reservoirs for oil and also the reservoirs for
product wear collecting. Such an implementation scheme is similar to wear
composite material, which is currently the most promising.

Boron refers to the elements with a small atomic radius (0,91A), which
contributes the diffusion of boron in to steel. Boron stand elements that have
minimal radius, and that diffuse into the iron by appearance (hydrogen, nitrogen,
carbon) and elements that diffuse slowly — by substitution. Researchers are
inclined to think that the boron solution forms a substitution of a-iron and
appearance solution of y-iron.

The solubility of boron in a-iron and y-iron is low. After saturation of iron
by boron the reaction of diffusion layer zone is seen under microscope (zone
borides). In the system B-Fe reaction diffusion is carried out mainly by diffusion of
boron through the borides layer to the main front of the reaction, that are posted on
the phase boundaries between iron — Fe,B borides and boride Fe,B — boride FeB.
Obviously, boron diffuses through the lattice borides in the form of positive ions.

Microhardness of the hardened layer (Fig. 3), received on steel (0.45%C) is
at least 9000 MPa. The thickness of the diffusion hardened layer is 200 microns.
The roughness is 1,6 - 1,25 microns.
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Fig. 3. Microhardness boron
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These figures of hardened layer obtained by Boriding from coating and
heating by high frequency current are sufficient to strengthen the overwhelming
amount of machine details wearing and as a result their, reliability and durability of
parts, reinforced by this way. The thickness of the resulting hardened layer can be
used to the method of repair sizes significantly which simplifies and reduces the
cost of repeated restoration and repairment.

Conclusions

1. Positive is the use of high frequency settings. This reduces the duration of
boriding to tens of seconds and significantly increases the speed of heating,
providing fine-grained structure of steel of austenite. This structure increases the
penetration of boron diffusion in to the core metal and its strength as a whole.
Accelerating of heating rate and therefore heating exposure time allows to raise the
temperature of heating to 150-200°C without the threat of metal structure change.

2. By adjusting the heating mode, it is possible to get not solid (“spotted")
boron hardened layer that will work well in heavy wear (thickness of 200 microns
and microhardness of at least 9000 MPa).

3. This method of strengthering makes it possible to strengthen when
necessary only the separate working surfaces of details, including the large parts.
The method is economical because the use of microwave heating provides fast
(tens of seconds) heating without requiring special training of details from previous
coating for protection against oxidation. The greatest effect is achieved in
unalloyed carbon steel that gives reduce the cost of parts, significantly improving
their basic characteristies.
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THE EXPERIMENTAL ACTIVITY IS THE BASIS OF THE
COMPETENCE OF MECHANICAL ENGINEERS

Abstract. In work it is found out that professional competence in the projection on
experimental research activities of mechanical engineers should be based (except for social,
personal, general scientific and instrumental competences) on general professional and
specialized professional competencies. Based on the practice study of engineers students of the
mechanical profile training, it has been established that experimental studies in the process of
studying professionally oriented (technical) disciplines of mechanical specialties have a leading
role in forming a set of competencies in the future specialists sufficient for professional activity
in conditions of a real production or training process.

Keywords: experimental research, competence, technical disciplines, mechanical
engineers.

Formulation of the problem. The analysis of the trainees and graduates
activity on the industrial enterprises indicates that they have adequate knowledge
of the modern and innovative technology, labor, economics and management, but
not prepared to actual practice. Thus, there is an urgent need to training of the
mechanical specialists, the formation of future specialists complex competencies
sufficient for professional work in a real production or the educational process.

The analysis of studies and publications that highlight the decision of
the given problem. The issues competences were considered by Wahlgren, B. [1],
Blandul, V. C., & Bradea, A. [2], Zarubinskaya I. B. [3], etc. Meanwhile the basic
element of qualitative training of students majored in mechanics subjects is not
studied and specified enough.

The purpose of this article was theoretically substantiation competence
complex for the professional activity of mechanical engineers.

Description of basic material. From a large number of definitions it
follows that “competence is the ability to adequately select, combine and use
knowledge, skills and other acquisitions in the values and attitudes that allow to
successfully solve a certain category of the work or educational situation, as well
as to achieve an effective professional and personal development” [1, 2 P. 335].

In engineering, as in many others activities, one of the methods of cognition
Is engineering experience. It is used in the design and development work, in the
experimental and experimental stages of the development of new technology and
etc. At the same time, engineering experience is applied limitedly in the process of
technological or operational activities, and it is widely used in experimental studies
conducting.
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Limited application of the experiment in operational activities is due to the
fact that the latter is oriented to servicing, industrial systems repair, as well as
transporting, storing, preparing for the intended use (in particular installation,
testing and commissioning) of production equipment. Operation involves
monitoring the operation of equipment in order to ensure the optimal mode of its
operation, control its operation.

In the professional activity of specialists in the mechanical profile, an
important role is assigned to several areas that determine the subject-activity
complex, which is formed by organizational and managerial and engineering-
technical activities that cover the social and professional spheres of being a
specialist [3].

Organizational and managerial activity of engineering employees provides
systematic and purposeful leadership of the team in the production process.

Engineering and technical activity provides preparation of production, direct
production, as well as maintenance of production facilities in the course of
practical training. Engineering and technical activities have following components:
design, technology, research, operational.

The design component of the specialists' activity of the mechanical profile in
practical terms is guided by the development of new technology, refinement,
modernization of the existing one. Results of the design activities are presented in
the form of technical documentation designed to organize the production and
operation of new equipment or the modernization of the existing one.

Technological component of the specialist's activity of the mechanical
profile ensuring compliance with the design parameters of those production
processes in which future specialists participate in the acquisition of practical
experience and skills in performing technological operations, notes V. V. Borisov
[4, P. 20-21].

Research component of the specialist's activity of the mechanical profile is
directed to obtaining new scientific knowledge, clarifying and generalizing the
already available ones. In the process of such activities, scientific assumptions are
confirmed or disproved, new ways of known problems' solving are searched, etc.,
which, in our opinion, is an important element in the formation of the competence
basis for the future specialist, his readiness for practical activities.

Depending on which methods (theoretical or empirical) prevail in the study,
individual steps that are listed above can become irrelevant and not be included in
the research plan. But practically in any research a special place is given to the
experiment.

Since the experiment is usually a stage in a study in which, using certain
empirical methods, some results are obtained, that are included in the so-called
empirical research cycle, then in the future we can call this stage in the projection
for educational activity experimental research and think of it as about a cyclic
process in which several mental acts (steps) are used, successively replacing each
other and interpolating the researcher closer to the informative result, on the basis
of which it will be possible to formulate conclusions and propose
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recommendations on the possible introduction of the obtained results into
production or intellectual activity.

Experimental studies are studies based on an experiment, which is based on
scientific experience or observing a phenomenon under given conditions and
allows you to monitor its progress, control it, obtain the necessary data and restore
it when the initial conditions are repeated.

"The subject of the technical disciplines study are real objects of practice —
mechanisms, devices, machines, means of their construction, the effectiveness of
their functioning, etc. These disciplines examine large classes of homogeneous
objects (technical devices and machines of a certain class) and look for a
correlation and transformations that make it possible to reduce complex and
cumbersome tasks and calculations to simple ones. At the same time, theoretical
knowledge is not separated from practice one (as in natural sciences), but
combined with it" [5, c. 52].

Experimental research in the professional activity of electrical engineers
begins to form the professional competencies (qualities) of the specialist, active
management of the cognitive process associated with the analysis of the qualitative
and quantitative characteristics of those objects, properties, qualities,
characteristics, magnitudes, etc., are investigated in the experiment. Specificity of
experimental studies in the activity of mechanics is the fact they are carried out for:

- theoretical obtaining of analytic dependence, which uniquely and
exhaustively characterizes the investigation process;

- establishment of the dependence by theoretical means (which leads to an
increase in the scope of the experiment);

— implementation of search activities to establish dependencies, which could
not be obtained theoretically.

It was found out that professional competence in the projection on
experimental research activities of mechanical engineers should be based (except
for social, personal, general scientific and instrumental competences) on general
professional and specialized professional competencies.

Among the general professional competencies that play a significant role in
experimental research are those that are directed to:

- formation of basic ideas about electromechanical devices (objects), their
diversity, understanding of their purpose and principles of work;

- mastering the methods of observation, description, identification, finding
the features of the electromechanical devices (objects) functioning;

- maintenance of actions and operating modes of electromechanical devices
(objects).

Among the specialized professional competencies required for the
experimental and research activity of engineers of the mechanical profile are the
following:

- to analyze, plan and organize experimental studies of mechanical devices
(objects);
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-apply general, technological, analytical and special methods of
experimental research to determine statistical and dynamic characteristics, modes
of operation of mechanical devices (objects);

- use professionally profiled knowledge in the field of mechanics for
statistical processing of experimental data and mathematical modeling of
mechanical phenomena and processes;

- apply the mathematical apparatus in engineering experimentation.

In the process of preparing specialists for conducting experimental research
while mastering the content of technical disciplines, in addition to practical
exercises, they take laboratory work, since they provide the opportunity to directly
simulate situations in which the engineering experiment is the main means of
obtaining information for decision-making, and also provide a source of practical
experience for experimental activities.

Conclusion. Based on the practice study of engineers students of the
mechanical profile training, it has been established that experimental studies in the
process of studying professionally oriented (technical) disciplines of mechanical
specialties have a leading role in forming a set of competencies in the future
specialists sufficient for professional activity in conditions of a real production or
training process.
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Summary: At the Open-pit Mine Veliki Krivelj, electro-motor operative systems are used
for the machinery. In case of network breakdowns and the need for an intervention, it is
necessary to turn off the electricity, which is done manually, while the commands are transmitted
via radio bands. However, accidents happen because of human errors. That is the reason for
development of a mechatronics device that shorten the time needed for the operation and
excludes possibilities for human errors. The system functions remotely, autonomously and via
SMS commands.

key words: electro drive, protection system, high voltage switch, GSM, SMS

1. INTRODUCTION

Today, life is unthinkable without contact with electricity. It is necessary
but, for life, it can also be deadly. For this reason, its use reduces the human
feeling for all risky situations, which it can cause. In order to avoid risky situations,
the basic safety rules, which derive from the manner of its use, must be respected,
as well as all electrical systems and auxiliary devices. They can be classified as
answers to a group of questions [1,2,3]:

e Electrical systems and tools must be designed and constructed for safe and
safe operation;

e All electrical systems and tools must be used safely. Periodic testing must be
in accordance with applicable regulations to guarantee the safety of
electrical equipment;

e Electrical systems and tools should be repaired in a safe manner, allowing
them to be safe and secure for future use.

The danger of electricity depends on the flow of electricity, which occurs
when the worker comes into contact with parts under voltage. The same occurs as a
result of damage to electrical equipment or a malfunction of the circuit. The value
of the current flowing through the human body is defined by the "Law of the
Om’s", which defines the relationship between voltage, current and resistance.
This means that the higher the voltage or the lower the resistance, the higher the
current is. The current can be concurrent, moving in one direction or alternating,
which means that it moves harmonically in both directions along the conductor.
Any increase in voltage or current is potentially a danger to human health and life.
Risks and safe ways of working with electric current are defined by the legal
regulations and special instructions of the equipment supplier [1,2]. On the surface
mine Veliki Krivel] - TRB Bor are also used electric powered machines
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(excavators, drills, pumping plants, etc.), and distribution for their supply is
distributed on the floors of the pit, fig. 1 [4].

Figure 1. Detail of work machine on pit “Veliki Krivelj”

The main power is supplied from the distribution plant (substation), and the
distribution system is shown in Figure 2 [1]. In the excavation, there often occurs a
collapse of the wall material and separation from the power supply due to sudden
atmospheric precipitation. The exclusion, in the distribution plant, must be quickly
realized because of the safety of people, machines and related equipment. Now the
GSM port has been provided, after its intervention, by its restart. In the light of the
above deficiencies, a more reliable and long-lasting control system (switching
on/off) is proposed to eliminate the possible fault of the operator.
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Figure 2. Simplified single-pole scheme of electrical substation and distribution
of electrical power to the mine
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As the excavation of the mine was covered by the signal of the mobile
phone, it was suggested that the same be achieved with SMS messages. All this is
provided by a developed mechatronic device, which can be found in applications
similar to those used in power plants.

2. EXISTING SYSTEM OF PROTECTION OF ELECTRICAL SYSTEM
ON PIT VELIKI KRIVELJ

Machinery and electrical distribution system operators, such as electrical
machines of work machines, are arranged in the floor, i.e. at workplaces of
excavators and drills. Due to the nature of the work, people are dealing with tasks
that are performed at locations remote from the power supply system, i.
substations. In all manipulations in the substation, which is designed to operate
without a permanent crew - the executor (workplace "contractor™), it is necessary
to hire an expert to perform these activities [2,3,4].

In the event of an electrical failure, due to unforeseen circumstances, as
well as in all planned shutdowns (due to interventional operation of the network),
which require dynamics and the process itself, it is necessary to react as quickly as
possible i.e. turn off the power. Electric workers engaged in manipulation
operations in the substation and at angular locations where high-voltage switches
are located (due to labor shortages) are often needed in field work. Time spent on
human development (to automata and substation) affects the reduction of
productivity, slowdown and their efficiency.

In the event of a power failure, due to unforeseen circumstances, as well as
in all planned disconnections (due to network operation), which requires dynamic
and process of production, it is necessary to react quickly, i.e. turn off the power.
Electric workers engaged in manipulation operations in the substation and at
angular locations where high-voltage switches are located (due to labor shortages)
are often needed in field work. The time spent on human development (on
machinery and substations at the corner) affects the reduction of productivity, time
lag and their efficiency. For this reason, the proposed mechatronic system would
improve all this, through timely information, the speed of response and execution
of tasks, but also to eliminate the human impact of error in high voltage
manipulation tasks. Since one shift consists of four electricians, two of which are
deployed for manipulation, such a system would double the number of workers in
the field. The advantages of this system are to protect people from risky operations
(explosions of low voltage high-voltage switches (VNP) due to degradation or lack
of oil), eliminating the possibility of error (due to human factor) when multiple
networks are running at the same time. It is possible to turn on the wrong network
(where people are still engaged) or possibly turn off the wrong statement (to the
mine). Wrong manipulations, when working with high voltage, are accompanied
by accidents that can often be the dead end result. The pictures show the existing
way of GSM communication, i.e. Request for disconnection from the network

31



(Figure 3) and receipt of this information by the emergency electrician, for
separation, flgur 414].

4
Fig. 3. Request from the pit to turn Fig. 4. The receipt of the request
for disconnection of the power

Upon receipt of the information, the duty electrician goes to the main
distribution cabinet (plant) and also excludes the power supply of the drive
machines, figure 5 [4]. The same is turned off by the pushbutton distribution
cabinet and by mechanical, i.e. by disconnecting from the power by pulling the
handle down and fixing it.

Figure 5. Example of disconnection from the power supply in the distribution
cabinet

After turning off access to intervention on angular transformers or on
electric drive systems of machines, see figure 6 [4]. The order of the re-
engagement activity of the system under voltage is now reversed. It begins with the
report that the intervention has been completed and the issuance of a warrant for
the re-entry with the GSM connection as well as the information that it has been
implemented, figures 7 and 8 [1]. All communications are documented by
recording all communication activities.
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Figure 7. Turning’on the power and noting that the system is under voltage

3. MECHANICAL APPROACH TO DESIGN A NEW SOLUTION FOR
A MANUFACTURING MANIPULATED WORKS WITH HIGH
VOLTAGE

Regardless of the type of mechatronic system, the fundamental principle of
the operation of mechatronic systems is shown in figure 8 [5,6]. The process of the
hierarchical method of analyzing the state of any technical system is shown in the
form of six block units, as shown in figure 9 [5,6,7].

Auxiliary Energy | | Humane machine Reference variable
supply (to actuatory interface W

. Electro- 1

! |
|

i | T Interfacing :
! ! mechanlcal; ; i ;
: Mechanical Electrical D/A f Control !
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The properties of mechatronic systems and products are systematized as:

e Functional interaction between mechanical, electronic and IT technology.

e Spatial connection of the subsystem into a functional whole; their
intelligence is connected with the management function of the mechatronic
system.

e Adaptability, convenience with which possible mechatronic products can be
adapted to changing tasks and situations.

e Multi-functionality that relates to microprocessor functions determined by a
built-in computer program.

e |Invisible functions performed by microelectronics, hard to see and
understand forconsumers/users.

e Technological interdependence, associated with available manufacturing
technologies.

PERCEPTION » KNOWLED .| DECISION
A 4
_ REAL «
SENSORS |* ENVIRONMENT  |° AGUUON

Figure 9. Process analysis of behavior/diagnostics of the state of the technical
system

Distribution of mechanical and electronic functions:

= Decentralized electric drives with microcomputer control (such as multi-axis
machining systems, automatic gears, etc.).

» Elastic (lightweight) constructions: damping with electronic/ectronic return
connection (drive of a series of connected technical systems, elastic robots,
modern space constructions, etc.).

= Total linearly linear mechanisms with appropriate feedback (hydraulic and
pneumatic actuators, valves, etc.).

= QOperator adaptations through programmable characteristics (automatic gas
pedal control - for modern hydraulic pump drives, manipulators, etc.).

= Operating Characteristics - A Process of Adjusting Behavior Using the
Management System With backlinks. This allows us to:

= Increases mechanical precision (by introducing a backlink).

= Enable adaptive compensation for friction.

= Model and adaptive control: allows for a wide range of operations (flow,
power and speed control, various propulsion engines, vehicles, aircraft,
various devices, etc.).
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= Execution of extremely demanding control performance due to narrow
(close) set (reference) size with functional constraints (motors, turbines,
production lines for paper production, etc.).

= New features - they would not be possible without the built-in
microtoprocessor and the corresponding ones control algorithms and
sensors: Manage physically immeasurable variables (slipping on the frozen
path, internal stress and temperature of the metal structure, damping
parameters, angle and slip speed of the vehicle, etc.).

Conceptual solution |,
of systemicanalysis

l

Calculation of drive
parameters
(FowvwT.)

Behavior analysis of the
pre-drive system

Inadeguate

COM ponents Inadeqyate solytion

of drive system

Production

Fig. 10 Algorithmic principle of dimensioning of components of mechatronic
systems

4. CHARACTERISTICS OF THE PROPOSED SOLUTION OF A
MECHANICAL SYSTEM FOR MANIPULATING WORKS WITH HIGH
VOLTAGE

The new system solution is an integrated electro-pneumatic functional
control system designed in a functional unit: pneumatic actuator, data acquisition
control system as well as actuator system with controlled operating parameters
(included-off) VNP. As the source of power is used for safety reasons. The
components of the device and its basic control modules are shown in figures 11.
and 12 [1]. The value of the force is obtained by the calculation and the proven
dynamometer of the built-in power supply to the VNP in RTB Bor. Calculation,
checking and selection of the pneumatic cylinder was performed algorithmically
according to figure 10. and the mode of its connection corresponds to the
implemented (existing) mechanical protection system of the VNP (manual
command). The position is controlled by the sensor [8]. The conceptual solution is
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based on the ability to communicate with mobile telephony, thanks to network
coverage on the dump. The wireless via SMS sends all the manipulations in the
substation as well as the identification in the outage from the power supply system.
Communications module with the microcontroller provides information about the
state of the VNP (on-off), the PLC serves to control the electropneumatic divider,
the relay for switching on and off and visual identification of the status user.

Figure 11. Connection of actuator connection with mechanical part VNP

1. Inductive passive proximity sensor (the lever is in the extreme worse
position, the knives are connected to the sinks);

2. Lever of stophead; 3 Cylinder clip;
3. Inductive passive proximity sensor (the lever is in a short range of position,

knife setters are responsible for the syringe)

;-Nmmfmﬁ

Fig. 12. The appeaance of the command and control partof the actuator position
control

Components on the control unit of a mechatronic device:
1. Logic Controller Program (Fatek FB-s 20MAT)
2. Module for mobile communication that is embedded in the development
board (GSM/GPRS SIM900 shield and Arduino Uno)
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3. RLI output of the PLC, from left to right (Push Button, Push Button, Push
Button, Solenoid Push Button (Set), and Relay Signal for Handling
Manipulation (Dollar Signal to Terminal 4.).

Terminal for signaling events in the development system (SMS notification)
Arduin name (sending a signal to the PLC for manipulating the inclusion of
R1 and excluding R2.

6. Terminal for reporting the event signal in the development system (signals
for manipulation of provisions on the PLC).

Light signaling. ; 8. 2/3 electronic valve (installation).

8. 2/3 electropneumatic valve. 10. Enamel.

o b

~

5. CONCLUSION

This is a true basic design saver with a Mechatronic approach with all the
specific properties. The paper focused on the control security systems of the
undefined identification of the desired state of the VPN with the choice of control
algorithms, the design of the actuator system (mechanical system - pneumatic
cylinders) and their synergic integrations. The design and development of the
mechatronic system of the implemented methodology defines the main concept of
management with the specification of the main elements for controlling them. The
proposed mechatronic system is being upgraded to the existing equipment and
apparatus of the distribution plant, so that there is economic justification and
sustainability of the proposed solution. It is not known that similar solutions are
implemented in the next project task is to solve the problem of winding/unwinding
of power cables on electric drive, which can be seen in figure 2.
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CHARACTERIZATION OF SURFACE LAYER OBTAINED BY
BORONIZING OF C45 STEEL

This study deals with characterization of surface layers obtained by pack boronizing C45
steel at 870 < for 6 h. Analysis is performed to assess average thickness, change of volume
share of boride phase and the surface microhardness in the layer cross section. Thickness of
obtained layer varies in range from 76 to 97 um, with average value of 81 xm. As the hardness,
results indicate that cross sectional changes of surface hardness strongly depends not only on
hardnesses of base material and obtained borides, but on their volume share as well.

INTRODUCTION

Tools and the majority of machine parts are commonly exposed to wear
during their use, so surface properties are often most important for their reliable
and long service life. A number of treatments for obtaining acceptable surface
properties are developed within surface engineering. One of the treatments for
improvement of surface properties developed within surface engineering is
boronizing. Boronizing is thermo-diffusion process in which boron atoms at
elevated temperatures diffuse into a metal surface and form intermetallic
compounds with atoms of base metal. Resulting boride layer is extremely hard and
increases abrasive wear resistance, as well as resistance to adhesion wear and
corrosion. As the wear resistance, boride layer is suitable for application at
elevated temperatures since it maintain hardness up to 900 °C. Moreover, above
650 °C oxidation of boride layer occur which causes friction coefficient decrease
[1,2]. With proper selection of boronizing parameters and materials, machine parts
lifetime can be extended 3 - 10 times [3]. Boronizing can be carried out in solid,
liquid or gaseous media, and the most frequently used is pack boronizing.
Boronizing of carbon steels is usually carried out at temperatures 800 - 1050 °C K
and treatment durations 1 - 12 h. Obtained surface layer has saw-tooth
morphology, and may consist of one iron boride phase (Fe,B) or can be dual-
phased (FeB+Fe,B). FeB is harder (1800 — 2100 HV) than Fe,B (1400 — 1600
HV), however it is considered as an undesirable due to its brittleness. Furthermore,
since FeB and Fe,B borides have different coefficients of thermal expansion, crack
formation on FeB / Fe,B interface can often be observed [3-6]. The main objective
of the present study is to investigate boride layer obtained by pack boronizing of
C45 steel, in terms of analysing the thickness, cross sectional changes of volume
share of boride phase and hardness of the obtained layers.

EXPERIMENTAL INVESTIGATIONS
For this study C45 carbon steel is used. Specimens with nominal dimensions
D16x7 mm have been cut, cleaned and ground using 600 grit emery paper. Pack
boronizing is carried out at 870 °C for 6 h.
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The morphology and types of borides formed on the surface of the treated
steels were confirmed by means of optical microscopy. Average boride layers
thicknesses were determined using metallographic line method (shown in Fig. 1 a),
and digital Leica MW software [tv 9, 10]. Change of volume share of boride phase
concerning cross section of the layer is estimated by the line method at every 20
um (as in Fig. 1 b). Volume share of boride phase is calculated as the ratio of the
sum of all line segments that pass through this phase and the total length of the
line. The cross sectional microhardness of boride layers is estimated at every 20
um by means of the Vickers method test load of 0,981N (HVO0,1).
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Fig. 1 Metallographic examinations of boride layer: a) determination of
average thickness; b) determination of volume share of boride phase

RESULTS AND DISCUSSION

Microstructure examinations revealed presence of Fe,B boride. Measured
thicknesses varies in range from 76 to 97 um with average value of 81 pum.
Microstructure of obtained layers is given in Fig. 2. Borides formed on steel
surface are compact, porosity free and have pronounced saw-tooth morphology
that is characteristic for layers obtained on unalloyed or low alloyed steels. Since
carbon practically do not dissolve in iron borides, it will be suppressed under
boride layer causing higher share of pearlite in diffusion zone, so higher hardness
in diffusion zone compared to the hardness of the core can be expected.

Fig. 2 Microstructure of obtained boride layer
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Analysis of volume share of boride phase concerning cross section of the
layer was conducted on micrographs captured with 100:1 magnification and for
additional accuracy digital magnification was used. Results (Fig. 3) represent mean
of 3 measurements for each distance from surface. It can be observed decrease in
volume share with increase of distance from the surface due to saw-tooth
morphology of layer.
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Fig. 3 Cross sectional change of volume share of boride phase

Volume share of boride phase, %

Microhardness of Fe,B varies between 1463 and 1646 HV with average
value of 1549 HV. Cross sectional microhardness is estimated at every 20 um
based on hardness of boride layer, hardness of base material in diffusion zone
(Table 1) and theirs volume share according to expression:

HV=UB'HVB+(1—UB)'HVBM (1)

where is: HV - hardness of surface layer at observed depth, HV; Hg -
hardness Fe,B, HV; Hgy - hardness of base material at observed depth, HV; vg -
volume share of Fe,B at observed depth, %; (1 — vg) - volume share of base
material at observed depth, %.

Table 2 Microhardness of base material in diffusion zone, HV
Distance from |,y |, | 60 | 80 | 100 | 120 | 140 | core

the surface, um
HVem 1020 | 739 | 506 | 340 | 260 | 224 | 215 | 199

Based on measured hardnesses, volume share of phases and equation (1)
cross sectional change of surface layer hardness is calculated and given in Fig. 4.
According to the hardness curve, surface layer can be portioned on three areas.
Area | is part where the boride layer is still compact so the hardness is very high.
Area Il is characterised by pronounced hardness decrease due to significant
decrease of volume share of boride phase due to saw tooth morphology of boride
layer. Additionally, content of supressed carbon also reduces with increasing
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distance from surface, resulting decrease in hardness of diffusion zone. Area Il is
base material.
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Fig. 4 Microhardness of surface layer

CONCLUSION

Boride layers formed on steel surface are compact, porosity free and have
pronounced saw-tooth morphology that is characteristic for boronizing of
unalloyed or steels. Obtained layer consist of Fe,B boride with average thickness
of 86 um. Volume share of boride phase decreases with increase of distance from
the surface due to saw-tooth morphology of layer. Surface hardness considerably
changes with depth, mainly due to decrease volume share of boride phase, but also
due to decrease in hardness of base material in diffusion zone. Based on hardness,
surface layer can be portioned on three areas. Area | corresponds to compact part
of boride layer. Highest hardness values indicates that highest wear resistance can
be expected in this part of layer. Area II I corresponds to “toothed” part of the layer
and it is characterised by pronounced decrease in hardness. Compared to area I,
lower wear resistance can be expected in this part of the layer. Area Ill is base
material with lowest wear resistance.
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WEAR RESISTANCE OF STEEL X210Cr12 IN CONDITIONS BY OIL
LUBRICATION

Abstract: In this paper the influence of hemp seed oil on the lubrication of two materials in
sliding contact as well as the tribological effects of this oil was analyzed. Tribological
examination was performed with help of the method by ball and flat disk on tribometer with
alternating motion (eng. ball on flat). Material selected for the ball is AISI E52100 steel, while
for the disk sample was selected X210Cr12 steel. The examinations were performed for three
different oscillation frequencies: 10, 15 and 20 Hz, whereby for each frequency the loads of 10,
13, 16 and 19 N were changed in duration of 30 minutes for each examination, whereby the final
result was shown by measuring the loss of sample mass. During examination, the oil showed a
very good physico-chemical and tribological properties at higher loads and lower oscillation
frequencies and can therefore be used as a lubricant in industrial applications.

INTRODUCTION

Because of the growing care for the environmental and pollution generated
by the application of commercial mineral oils and very good lubrication properties
that show during examinations in recent years the use of vegetable oils as
lubricants in various industrial areas is becoming increasingly higher. The
advantages of these oils are reflected in low environmental pollution, simple
additive combinations, biodegradability, low production costs, low toxicity, high
point of ignition, low volatility and above all high viscosity [1]. Therefore,
vegetable oils are present a very good alternative to oils obtained from oil refining.
All vegetable oils from a chemical point of view have a triacylglycerol structure
and they are chemically composed of saturated and unsaturated fatty acids. The
aim of this research is to investigate the influence of hemp oil as a lubricant on the
intensity of material wear.

EXPERIMENTAL PART

The procedure of wear examination was performed on tribometer TR-BIO
282 (Ducom instruments) by the method of linear sliding of ball on the disk (eng.
ball on flat). Ball by diameter 10 mm and hardness 60 HRC, was made from steel
for bearings AISI E52100. It was located and attached to the ball carrier and is in
contact with the disk. Disk by diameter 25 mm and thickness 6 mm, was made
from steel X210Cr12, similar mechanical properties as ball (hardness 60 HRC). It
was located to the disk carrier by diameter 50 mm and thickness 6 mm. Between
them the raw hemp oil was applied (without additives), by dosing three drops of oil
with the help of a laboratory pipette. During examination the oscillation frequency
of ball and load was changed to determine the behavior of the oil under different
conditions. The load was changed in the values of 10, 13, 16 and 19 N at ball
oscillation frequencies of 10, 15 and 20 Hz. The length of the path (reciprocating
stroke length) that the ball was crossed during the examination was amounted to 8
mm. The duration of each test process was 30 minutes at room temperature (20
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°C), which was enough to establish a stable state of friction factor. The
temperature sensor (RTD) which was placed on the carrier near to the contact place
of ball and disk, measured the changes of temperature during the entire wear
procedure, and the temperature range was 37 °C to 50 °C. Weighing of samples
during the entire test procedure was performed on the laboratory digital scale with
an accuracy of 0.0001 g. In Figure 1 was shown the tribometer for sliding wear
examination TR-BIO 282 on which was performed the testing procedure of ball
and disk.

Fig. 1 Tribometer TR - BIO 282

The procedure of sliding wear examination with more details was shown
schematic in Figure 2.

LﬁD

BALL CARRIER

HEMP OIL

SLIDING
MOTION

DISK CARRIER

Fig. 2 Schematic representation of the examination procedure [1]
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PHYSICAL - CHEMICAL CHARACTERISTICS OF HEMP OIL

In order to acquainted with the characteristics of the oil which was selected
for examination, in Table 1 was listed the content of fatty acids that make up the
chemical structure of vegetable oils, and in this examination it is hemp oil. It was
noticed that the content of linoleic acid (C18:2) is significantly higher than the
content of other acids contained in hemp oil. Total percentage of unsaturated fatty
acids in hemp seed oil is high 84 % [2]. The content of oil in the grain significantly
varies depending on the type and variety, as well as on treatment method of
breeding hemp. Therefore, in the other data were noticed a small deviations in the
oil composition, so in hemp from Novi Sad the percentage of linoleic acid is 55,5
% [3].

Table 1 The fatty acids content of hemp oil [3, 4]

Content of fatty acids, % Hemp oil
C16:0 6.5 (7.32)
C18:0 2.6 (2.97)

C18:1n9 11.1 (14.55)

C18:1 n7 1.1
C18:2 56.4 (55.5)
C18:3 16.2 (14.35)
C20:1 1.3
C22:1 -

C18H3403 -
Other 4.8

The very essential physical properties of each oil is its kinematic viscosity.
In Table 2 it can be noticed that with the increase of temperature rise in the
temperature range between 40 °C and 100 °C, is coming to rapid decrease of
kinematic viscosity. From that it follows that hemp oil loses lubrication properties
at high temperatures, which leads to increased wear, while at lower temperatures it
shows very good lubrication characteristics, which results in reduced wear of the
triboelements. Therefore, this oil represents a very satisfactory characteristics and
possible application as a lubricant in the area of these temperatures.

Table 2 Value of viscosity and iodine [3, 4]

Properties Hemp oil
Kinematic viscosity on 40 °C, mm®/s 27.4
Kinematic viscosity on 100 °C, mm®/s 6.9
Viscosity index 230

lodine value, g/100g 170 (148)
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It should also be noted that hemp oil has a high viscosity index value as
compared to other vegetable oils, such as rape oil (viscosity index 218) and
significantly higher than commercial mineral oils (mineral chainsaw oil), whose
viscosity index is 95 by ASTM D2270 [5].

RESULTS OF THE EXPERIMENT

The procedure of examination begins by disinfection of ball and disk
samples before the first weighing. After that followed the weighing of samples on
the laboratory digital scale and then setting the samples in their carriers on
tribometer and adjusting the test parameters. After the test process was started, the
results are displayed in program WinDucom which is compatible with tribometer
TR - BIO 282. When the test process was completed, followed by cleaning and
weighing again of both samples with three repetitions, after which as the final
result is taken the mean value of the measurement. The described measurement
process was applied at each change of load and frequency. Samples after
performed examination on tribometer TR - BIO 282 are shown in Figure 3.

Fig. 3 Samples after performed examination

Based on the measurement results, diagrams of the average loss of ball mass
for all three selected test frequencies are created. The average loss of ball mass at
oscillation frequency of 10 Hz was shown in Figure 4. It was noticed that at a
frequency of 10 Hz and a load of 10 N and 16 N there was a more pronounced loss
of mass, while at the largest test load of 19 N there was a slight loss of mass.
Therefore, the loads of 13 N and 19 N at 10 Hz give satisfactory results in relation
to the loads of 10 N and 16 N at 10 Hz, where increased mass losses are noticed.
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Average loss of ball mass at 10 Hz
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Ball 110 N 10 Hz Ball 2 13 N 10 Hz Ball 316 N 10 Hz Ball 4 19 N 10 Hz
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Fig. 4 Loss of ball mass at 10 Hz

The average loss of ball mass at oscillation frequency of 20 Hz was shown
in Figure 5. It was noticed that at the lower loads of 10 N and 13 N the mass loss is
not significant and that is satisfactory, while with increasing of the examination
loads of 16 N and 19 N, there is coming to higher increase of mass loss.

Average loss of ball mass at 15 Hz

4,18
y—
4,17 S

4,16
4,15
4,14

4,13
4,12
4,11

4,1
4,09
4,08

Ball 1 10 N 15 Hz Ball 2 13 N 15 Hz Ball 316 N 15 Hz Ball 4 19 N 15 Hz

@=—=@Start End

Fig. 5 Loss of ball mass at 15 Hz

The average loss of ball mass at the highest test oscillation frequency which
amounted to 20 Hz was shown in Figure 6. Similarly to the frequency of 15 Hz, so
at the frequency of 20 Hz, the increase of wear with an increase of load was
noticed, just unlike of the previous frequency, in this examination the loss of mass
or the ball wear is even more pronounced.
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Average loss of ball mass at 20 Hz
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Fig. 6 Loss of ball mass at 20 Hz

CONCLUSION

The examination of tribological characteristics of hemp seed oil was
performed on tribometer TR - BIO 282 for examination of sliding wear. During the
process as a lubricant was applied the hemp seed oil to the contact surface between
steel ball made of AISI E5210 steel and a disk made of X210Cr12 steel. The oil
showed a very good physical - chemical properties and can therefore be used as a
lubricant in industrial application. The examination was performed for three
different oscillation frequencies of 10 Hz, 15 Hz and 20 Hz at four different loads
of 10 N, 13 N, 16 N and 19 N in duration of 30 minutes for each cycle. Because of
the very high kinematic viscosity value of hemp oil, which is higher than most
other vegetable oils, it can be inferred that this oil can be applied at higher loads
and lower oscillation frequencies, or lower sliding speeds, which was established
by examination. Hemp oil has a fairly high value of ignition point which amounts
240 °C, as well as a boiling point > 300 °C, which is fairly higher values than most
oils, especially mineral and vegetable oils, and hence represents a lower probability
from ignition [2].
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RESEARCH OF INFLUENCE OF THE METHODS OF
PROCEEDING THE WORN-OUT SURFACES OF THE CAST-IRON
ROLLS ON THEIR LONGEVITY

Analyzed microstructure of the superficial layer of the cast-iron rolls on the different
stages: wear, renewal of the worn-out surfaces and microplasma strengthening, with the aim of
providing of their longevity.

The problem and its connection with scientific and practical tasks. For
the last decade the problem of increase of reliability of machines and mechanisms
had an important value in exception. This problem is mostlyactual for such
branches of industry, as machine-building and metallurgical, where equipment
works in the closeworking conditions of high temperatures and loading.

The task of the operating cost cutting on repair of flatting mills can be
solvedfirst of all by the increase of resource of details of responsibility, that wear
out quickly. The increase of longevity of the detail is especially important, if work
of high-performance aggregate depends on it, and its replacement is related to the
outage. For example, on the states of quarto of the cold rolling of taggers tin the
change of working rollers is conducted through each 3-4 hours of their works, thus
on this operation it is needed 10-15 min, during that the state does not work.

Increase of life cycle of cast-iron rollers can be carried out due to
proceeding in worn-our surfaces [1]. The problem consists in complication of
observance of structure of material rollers made — CIIIXH - cast-iron 50 and
CIIXH - 69 at the influence of the temperature [2].

Together with the traditional methods of strengthening, such as heat,
termochemical treatment, the methods of overcoatingspraying with the use of high
temperature sources of heating. It can be related to their number of spraying with
plasma, gas-flame spraying, detonation, ion-plasma, high-frequency and gumboil
hard-facing. For spraying and hard-facing different powder-like and wire materials,
including metallic, ceramic, ceramet, metallopolymeric compositionsare used.
Using such coatings, it is possible in most cases to obtain the increase of longevity
of details that wear out quickly, in 2...8 times. Lately the methods based on the use
of local high temperature sources of heating are widespread, to that it is possible to
take a laser, cathode-ray, plasma and microplasma [3,4].

Such method of continuation of operating properties of cast-iron rollers was
offered after the detailed analysis of these methods [5], as a microplasma
strengthening (Pic.1). Theadvantages of this method are the following - locality of
heating and high concentration of thermal energy in the zone of heating, defence of
metal processed from oxidization, and also relative simplicity and comparatively
low initial cost of apparatus.
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Under strengthening the row of requirements produced to the rollers, for
example: rollers must be calibrated on a mill-roll lathe, the rollers of pre-clean
groups must not have a net shaped roll marks. The state of the central openingsof
the roller were checked up so as a bad central opening results in the "radial
beating™ of a roller body that affects stability of work of plasma arc and quality of
the strengthened layer.

The strengthened layer is formed at the treatment of microplasmaarc with
the successive forming of the circular path for one "pass" from its edges to the
middle, and to the nearby - from the middle to the edges.

The compression of the arc is usually reached by its intensive cooling by the
axial, radial or vertical flux of gas, and also liquid. Wringing out of post of arc
allows stabilizing an anodic spotconsiderably, decreasing its moving on the
processed surface, considerably to promote the closeness of the energy in an
anodic spot.

At treatment by a microplasma arc in the mode of burn-off it is possible to
distinguish zones (Pic.2):

- the first zone is a burn-off, that consists of structure of finely
dividedledeburite, areas from an austenite that was melted, and martensite;

- the second zone is transitional, that consists of finely dividedledeburite that
appears in a place of cementite and round the graphite includings;

- the third zone is tempering on martensite;

- the fourth zone - phase of the partial transducing.

The geometrical sizes of zones depend on the technological parameters of
strengthening and implementation of cast-iron. At strengthening with heating to the
temperatures of tempering from the firmly-liquid state of the surface there being
the last three zones in a structure. Treatment by a microplasma arc that provides
strengthening from the hard state of the surface, stipulates formation of two last
ZOnes.

The results of research of structure of superficial layer of cast-iron roller
showed after the microplasmastrengthening, that a strengthening effect was
reached as a result of growing(to the size of 5 mkm) of pearliticformations against
the outgoing 50.60 mkm, increased closeness of defects of crystalline structure,

formation of finely dividedmartensite and ledeburite (Pic.3).
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Pic6 - Process of | Pic.7-Types of microplasma | Pic. 8 — Structure of
microplasma strengthening of | strengthening strengthened cast-iron

the roller 1-smooth, 2-without burn-off,
3- with burn-off

Calculations show that maximal depth of the fortified layer with a burn-off
and without the burn-off of the surface equals 1,4 and 1,0 mm accordingly. In this
case hardness of the burn-off surface reaches 85-90 HSD, and without a burn-off -
80-85 HSD.

Conclusions and recommendations. The increase of microhardness
correlates with an increase to the parameter of grate of austenite. Industrial
researches of the fortified cast-iron rollers of pre-clean and clean groups of cages
of the finely divided states showed the increase of work on a caliber in 1,3...1,5
times on comparing to the cast-iron rollers of current production. The increase of
work is explained by structural changes that take place after microplasma treatment
of roller materials.

Strengthening of body of rollers of the hot rolling from material of CILIXH
and CIIXH is conducted middling by carbon chromic materials with hardness of
working surface 53-57HRC. This technology allows to increase firmness of rollers
in 4,5 times.

Thus at strengthening of the worn-out surfaces of cast-iron rollers with the
use of high temperature sources of heating their lifetime on the data of the plant
practice rises in average on 27%.

Thus, proceeding in the worn-out surfaces of cast-iron rollers byhard-facing
and microplasma strengthening increases their longevity.
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IMPLEMENTAION OF ROBOTIZATION IN MODERN
MECHANICAL ENGINEERING

Robotization is a part of the integrated automation of production, its main component. In
practice, this process involves using robots and robotic systems in enterprises on an industrial
scale. Automatic lines can be equipped with industrial robots, which presence will be positively
displayed on the functioning of the whole complex of equipment. Also, these mechanisms can be
included in flexible automated production.

In the last decade, robotization has become a global trend, which gives push
to the breakthrough development of enterprises. There is necessity to increase
competitiveness, to create and introduce new technologies. In the context of market
globalization, erasing borders, development of communications, competitiveness
depends on quick reaction and more effectively solve tasks. It becomes necessary
to apply new methods and decision-making tools in real time.

In January 2017, McKinsey Global Institute published the research about
automation in the industry. Almost half of all paid jobs in the world can be fully
automated. If we evaluate this in money, then in the near future each of them will
receive less than about $15 trillion in wages.

Most part of the processes are subject to automation in the manufacturing
industry, food industry, retail industry. Moreover, automation should affect not
only on low-paid and primitive types of labor. Somewhere robots replace people at
unhealthy production. Machines will take part of work away from people, who
have high qualifications and high level of payment. In the US, 51% of professions
soon will be changed because of propagation of machines.

Replacing people with robots will result a lower cost for specialists. This
factor is important for developed countries, which have expensive labor force. In
robotization of production, only one operator is required to carry out the processes.
If robots are used incorrectly, if there are some mistakes in the configuration and if
robotized cells placed irrationally, all this will lead an increase of actual processing
time or an increase of the labor intensity, which will not give the desired savings.
Even today machine operators outwardly differ from traditional workers around
three or five coordinate machines. Increasingly, they have ergonomic joysticks in
their hands, familiar to Nintendo joysticks. New materials and technologies are
introduced, and the role of machines in production will manually increase. To
handle this, the center operator won’t have enough knowledge, for example, in
materials science, machine tooling and complex documentation, which in recent
years has been produced in 3D programs.

At the moment, we can talk about three generations of industrial robotics:

1. Programmable robots, which are related to the first generation. These
machines could operate only within the framework of a given program;
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2. Adaptive robots were the second generation in the robotization of
production. Using sensors, these machines could analyze information from the
environment and, depending on the obtained data, change their behavior during the
operation;

3. Al third-generation robots have «common sensey, they can differ outside
world objects and act independently.

Also, industrial robots can be divided into several groups according to their
occupation:

* performing the operations determined by the manufacturing technology -
assembly, welding, painting, etc.;

 performing shipping and lifting operations, the supply of blanks and
warehousing;

* performing actions of the first two groups.

The main goals of specialists in the robotics industry are: the desire for the
maximum possible autonomy of devices; development of ways to maximize the
security of human interaction and such a robotic mechanism; work in the most
unstructured environment; the easiest management of systems programming.

The achievable effects of robotization in industry are proven and weighty:

* consistently high quality of performance;

 improving the performance and reliability of the equipment;

» work without interruptions and shifts in 24/7 mode;

* minimizing the impact of the human factor.
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PO3POBKA 3AXO/IIB 3BLIBIIEHHS PECYPCY BE3BIJIMOBHOI
POBOTHU BA3OBHUX BY3JIIB I'TIPABJITYHUX ITPECIB

Hiosuwenns pecypcy 6e36i0M06HOI pobomu 06a308ux Gy31i8 2i0pasiiuHUX npecie Ha
OCHOBI  Q0CNIOMNCEHHs X MPUOOMEXHIYHUX 6IACMUBOCMEl, a4 MAKONC po3pooKa 3axo0dis
BHUJICEHHS 3A2ANbHO20 DI6HA IX 3HOWeHHA € 8Kpau eadxciusum. Haiubinbw eusnauanbHumu 3
Gaxmopis 3HOWIeHHS € MUCK CHOJIYYeHHS NOBEPXOHb Mepms ma WEUOKICMb IX 8i0HOCHO20
nepemiwents y 0asz08ux 6y3iax, a Makodc pieeHb nepenacie Mmucky ma Nnoe’sa3aHi 3 HUM
Kagimayitti aeuwa 0Jisi KOpnycie i NIyHacepie CUI08Ux 2i0poyuninopis.

Increasing the fail-safe operating resource of hydraulic presses base units on the basis of
studying of its tribotechnical properties, as well as the development of measures to reduce the
general level of its wear is rather decisive. The most important determinants of wear are
pressure of friction surfaces coupling and the speed of its relative moving in the base units, as
well as the level of pressure drop and related cavitation phenomena for the bodies and plungers
of power cylinders.

VY cydacHux rmpaquHHx Ipecax BIJIMOBH 4€pe3 3HOLIYBAHHS 0a30BHX
€JIEMEHTIB CUCTEM KepYBaHH: Ta iX BUKOHABYUX MEXaHI3MiB MOXKYTb Jocsirati 80-
90% Bin 3aranbHOI KUIBKOCTI BCix BiaMOB [1]. Tlpu poGoOTi cuiioBUX HUTIHAPIB
MpECiB BIAMOBU MOXKYTb HACTYMATH 5K HACJIAOK [2]: 3HOILIEHHS MOBEPXOHb [0
IPAaHUYHOIO CTaHy; 3HaYHOI 3MIHM Koe(illleHTa TepTs Ta p13KOro HOro 30UIbIIEHHS
@K J0 CXOIUIIOBaHHSA a00 3aimaHHs y GPUKHIMHUX 1 aHTUQPUKLIIHHUX Mapax;
KaBITAl[IMHOTO pPYHHYBaHHS; MOXUOOK MOHTAaXY TOHIO. Y 3arajlbHOMY BHUIIAJKY
BIIMOBHM BHACJIIJIOK 3HOILIEHHS BH3HAYAIOThCSI HACTYITHUMHU XapaKTEpUCTHUKAMU
3HOLIYBaHHS [3]: CTAHOM KOHTAKTYIOUMX MOBEPXOHb; HASBHICTIO 3MAlllyBajJbHOTO
Matepialy a0o 1HILIOro CEpPeJOBUINA; HABAHTAXXEHHSIM; PIBHEM IEpenaaiB TUCKIB,;
XapaKTepOM B3a€EMHHX MepeMILIEHb TOIIO.

Meroio naHoi poOOTH € MiABHINCHHS pecypcy Oe3BiAMOBHOI POOOTH
0a3oBHX BY3IiB Fl):[paBJ'IIIIHI/IX IpeciB Ha OCHOBI PO3POOKHM 3aXOMIB 3HUKEHHS
3araJlbHOTO PIBHS 1X 3HOILICHHSI.

JlocnipKeHHSIMU, TPOBEACHUMH aBTOpaM JaHOi poOOTH Ta OMyOJIiKOBAHUMHU
y TomepenHiXx cTartsax [4, 5] BCTaHOBIEHO, MO HAWOLIBII BH3HAYAIBHUMH 3
(bakTOpiB 3HOIIEHHS € HACTYIIHI:

® THUCK CIOJyY€HHS TOBEPXOHb TEepTA Ta IIBUIKICTh iX BIJHOCHOTO
MEePEMIIeHH s, Ul SKHX MiCIs MPHUIpPAlbOBYBaHHS Ta 10 TPaHMYHOrO 3HOCY
MIBUIKICTH 3HOIIICHHS HE 3aJICKHUTh BiJl aacy, TOOTO € TOCTIMHOIO BEJIMYNHOIO;

* piBeHb NepenajiB THCKY Ta IIOB’sI3aHI 3 HUM KaBITallilHI sSBHINA CHIOBHX
T1IPOLUTIHAPIB, B AKUX HMIBUAKICTH 3HOIICHHS 3 YACOM 3MIHIOETHCS 3 MOXKIUBUM
MEPeXO/IOM 3HOCY Y pyI/IHyBaHH}I BHaCJ'III[OK OLHOYAaCHOTr0 PO3BHHCHHS SICKPAaBO
BHUPaXEHUX 30H KaBITALITHOTO P03 ifaHHs Ta TPIIIMH BiJ BTOMJIEHOCTI.

Ilpn  nmocmimkeHHi pecypcy Oe3BinMOBHOI poOOTH 0a30BHX BYy3IiB
TiIpaBliYHUX MPECiB Ta MOCHIAYIOYid po3poOui BIANOBIAHUX 3aXOJiB UL
3MEHIIIEHHS] 3HOUIEHHS CUJIOBUX LMJIHAPIB HEOOXiJHO 0a30Bl1 BY3JIU MAIUHU —
CWIOBI IIWJIIHJIPU Ta €JIEMEHTH CTaHWUHU — PO3IJISAATH HE OKPEMO OAMH BIJ

53



OJIHOTO, a 3aCTOCOBYBAaTM CHCTEMHHUM MIJX1A, SIKUN Hepezl6aqa€ BpaxXyBaHHs iX
B3a€MOJIIi Ta B3a€MHOTO BILIMBY IIJ 4ac HpOMI/ICJIOBOI eKCILTyaTauii. 3a3Ha4cHi
0a30Bi1 €JIEMEHTH T1APABIIYHUX IPECIB B3aEMOIIOB’ s13aH1 M1 CO00I0

® 5K KOHCTPYKTMBHO — po0O0Yl LMIIHAPH BCTAHOBJIEHI Y BEPXHIO HEPYXOMY
HOMEPEYNHY Ta CBOIMHM IUTYH)XXEpaMHU CIUPAIOTHCS HAa PyXOMY IIONEPEYMHH, a
KOJIOHM CBOIMM KIHIISIMH 3aTHCHYTI Yy BEPXHIO HEPyXOMy IMONEPEYHHY Ta
B3a€MOJIIOTH 3 PYXOMOIO MOMEPEUNHOIO 10 HAPSIMHUM;

® Tak 1 PyHKIIOHAIBHO — MiJ Yac HAaBaHTAXXCHHS T1IPaBIIYHOTO Mpeca MpH
peaiizaiii TEXHOJIOTIYHHUX MPOIECIB (POPMO3MIHEHHS 3arOTOBKM 3aMUKaHHS
3yCHJIb, 1110 PO3BUBAIOTHCS, BIAOYBAETHCS caMe HAa CTaHMHI IIpeca, 10 CKIIaIy SIKO1
BXOJISITH BC1 11l 0a30B1 BY3JIH.

3a30p MK IUTYH)KEPOM Ta BHYTPILIHBOIO TMOPOKHUHOIO KOPIYCY pobodoro
LUIHAPa BCTAHOBIIOETECS, BUXOSYM 3 YMOB HOr0O BUIBHOIO IEPEMIIICHHS B
KOpIyCi Ta BIiJICYyTHOCTI TEPETUCKAHHS po6oq01 piAMHU B IIbOMY 3a30pl.
BHYTpIiIlIHs OPOXKHIHA KOPIIYCY CXHIIbHA KaBiTAalIHHO 3HouIyBaTHCS. Kpim Toro
B 3a3HAYCHOMY 3a30pl PO3MILICHO HANPSIMHY BTYIKY, SIKa 3a100irae IepeKocy
IUIyH)XePa MPH MEPeMIIleHHI PyXOMOi MONEPEUMHH. AHTHGPUKITIHI BIaCTUBOCTI
BTYJIKM Ta MOXJIMBICTh MIJBEACHHS N0 HEI CHCTEMHU 3MAallEHHS J03BOJSIOTH
3HaYHO TOJOBXKUTH CTPOK EKCIUTyaTallil TUTyH)XKepa, 0COOIMBO, KOJNU JO CKIIATy
MaTepialy BTYJIKA BXOAUTHh Migb. B I[bOMy BHMagKy OKpiM 3HIKEHHS TEpTS
CTBOPIOIOTBCSI  YMOBM ISl  BHHUKHEHHsS  BUOIPKOBOTO  mepeHocy [2].
ExcruryaTtamiiini  yMOBH  CHOJYYEHHS — «ILTyHXKEp — _HampsIMHA  BTYJIKA)
MOPYLIYIOTBCS, SIK IPABHIIO, 3 IPHYNHY BHHUKHCHHS KOPO3IHHOr0 Ta abpa3sBHOIO
3HOIICHHS. Hepnnzm BHJ| 3HOILICHHS PO3BHBAETHCS BHACJIIJIOK CTapiHHs POOOYMX
piavH, a Ipyruil — BHACIIOK iX HEAOCTaTHBOI (inbTparii. ToMy sKicTh poboUOi
pIAMHU Ma€ BUpIIAJbHE 3HAYEHHS MpU 3arno0iraHHl 3HOIICHHIO Tap TepTs
cwioBuX muiiHApiB. Kpim Toro, pecypc 6€3BiIMOBHOT pOOOTH CUIIOBUX IUIIHAPIB
3aJIEKUTh BIJl 3aCTOCOBAHUX KOHCTPYKILIM TPyOHHMX 3’€HaHb, SIKI CHOJIY4YalOTh
IAJIHIPH 3 JDKEepellaMH BHCOKOTO Ta HU3BKOTO THCKIB. Hu3bka JOBroBiUHICTH I
HAJIAHICT,  TPYOHUX  3’€lHaHb  BHACIIJIOK  MIJIBUIICHOTO  3HOIICHHS
YILIBHIOBAIBHUX CIEMCHTIB, 1X HEeHaliiHOi (iKcalii Ta BUHMKHCHHS BHTOKIB
BHACIIZOK IEpEenajiiB TUCKIB B TPYOOIPOBOAI, KOIMBAIBHHX Ta TiAPOyHapHHX
SBHIL NPU3BOIATE /IO NEPEABIACHUX BIIMOB CHJIOBUX IWiiHApiB. Tomy mpu
KOHCprIOBaHHl TpyOHUX 3’€JHaHb HAMararTbCid 3MEHIIUTH CTYNEeHb iX
KaBITallIHOTO 3HOCY Ta MOJOBKUTH TEPMiH EKCIUTyaTallii.

3araiom peKOMeHJIaLIll 31 30UIBIICHHS pecypcy Oe3BiIMOBHOI pobOTH
CIJIOBUX IIWJIIHJPIB Ta MOB’A3aHUX 3 HUMHU 0a30BUX BY3IIB TiIpaBIIuHUX IPECIB
MOYKHA y3arajJbHHUTH 3a JIOTIOMOTOK0 HMXKUE HaBeJeHOI cxeMu (puc. 1).

BUCHOBKU
Po3pobka 3axodiB MOCTIHHOTO aBTOMAaTUYHOTO KOHTPOJIIO T2 3ano0iraHHs
HaOJMKEHHS pOOOTH TiIpaBIivyHOTO Mpeca 10 aBap11/1Ho1 TPAHUIIl € BUPIIIATBHAM
hakTopom 3abesredeHHs 6e3BIIMOBHOI POOOTH #Oro 0a30BHX BY3IIB IPH YMOBI
pauloHaanoro iX TPOEKTYBaHHS Ta BIJIMOBIIHOCTI MOKA3HUKIB POOOTH 3aJlaHUM
eKCIUTyaTaI[iiHIM XapaKTePUCTUKAM.
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BII/IUB SAJIMIIKOBUX I'PEBIHIIIB HA ITOBEPXHI
MATOYMHHA POBOY0I'0O KOJIECA HA XAPAKTEPUCTHUKHU IOTOKY
B NTIPOTOYHIN YACTHUHI BIJHEHTPOBOI'O KOMIIPECOPA

Poboue roneco € 8ionogioanvHow Oemannto, 6i0 AKOI 3anedcums poboma 6cb0o2o
8I0YEHMP0B0O2O Komnpecopa. Y 368'a3Ky 3 yum, 00 akocmi 0OpoOKU nosepxui pobouoco Koneca
8UCYBAIOMb  GUCOKT  eumocu. Tpaduyitino wopcmkicms — NPOMOYHOI  YACMUHU — KOJleca
8i0Yenmposoco komnpecopa zaoaemocs 6 mexcax Ra 0,8-1,6. ¥V mezax onucano, wo 6 38'a3ky 3
OCMAHHIMU QOCTIONHCEHHAMU 2NIAOKI NOBEPXHI MAMOUYUHU POOOU020 Koleca He 0008'513K080 Dinblu
ehekmueni, Hixc wopcmki nosepxui. Pozensmymo eeomempis  3anumiko8ux 2pediHyis:
83AEMO38'130K  Midic  diamempom Kynvbo8oi ¢hpesu, KpOKOM CmMpouHOi nooaui, 21uOUHOI
@pezepysanns i UCOMOIO 3ATUUKOBUX 2peOinYis, KA 8 C8010 Yepay eusHauae wopcmkicms Ra.
3pobneno 6uUCHOBOK, WO € OOYIIbHUM NPOBEOEHHS eKCNepUMEHMI8 O BU3HAYEHHS 6NJIUBY
30iIbUIeHHS KPOKY CMPOYHOI nooadyi npu o00pobyi mamouyuru (6i0 mpaouyitinoco 00
MAKCUMANBHO MOJNCIUBO20) HA XAPAKMEPUCMUKU HOMOKY 6 NPOMOYHIL YACmuHi Kojaecd
8IOYEHMPOBO20 KOMNpecopa.

The impeller is one of the most important components of the centrifugal compressor. The
machining precision of the impeller has a great impact on the compressor’s aerodynamic
performance; thus, the designing and manufacturing of impellers plays a key role in centrifugal
compressors. That’s why to the quality of the impeller’s hub surface machining high demands
are made. Traditionally, the roughness of the flowing part of the centrifugal compressor wheel is
set within Ra 0,8-1,6. The thesis describes that in connection with the latest research, the smooth
surfaces of the impeller hub are not necessarily more effective than rough surfaces. The
geometry of residual riblets is considered: the relationship between the diameter of the ball-end
mill, the radial depth of cut, the axial depth of cut and the height of the residual riblets, which in
turn determines the roughness Ra. It is concluded that it seems expedient to carry out
experiments to determine the effect of increasing of residual riblets of impeller’s hub surface
from the traditional to the maximum possible on flow characteristics in the flowing part of a
centrifugal compressor.

BiameHTpoBi KOMIOpecopu HIMPOKO BHKOPUCTOBYETHCS B MPOMHUCIOBOCTI:
MeTayprisi, XxiMiyHa 1 HadTOBA MPOMUCIOBICTh, TPAHCIOPTYBAHHS MPUPOTHOTO
razy. PoOoue kosieco € OJAHMM 3 HAMBaXKJIUBIMIMX 1 CKJIAQJHUX Y BUTOTOBIICHHI
KOMITOHEHTIB BIiAIICHTPOBOTO Kommpecopa. To4HICTh 00poOku pobodoro koseca
Ma€ BEJIMKHHA BIUTMB Ha aepoOJWHAMIYHI XapaKTEPUCTHKH KOMIIPECopa; TaKuM
YUHOM, TPOCKTYBAHHS 1 BUTOTOBJICHHS POOOYUX KOJIC Tpa€e KIHYOBY POJb Y
BIJIIIEHTPOBUX KOMIIpEcopax i Ha WOro BUTOTOBJICHHS BUTPAYAEThCs Oarato 4acy
[1]. B cyyacHux ymoBax BHCOKOI KOHKYPCHIIi aKTyaJbHHM € TTHTaHHS
NIJBUIIEHHS  SKOCTI  BUPOOJEHOI MPOAYKIIi Ta CKOPOYEHHS TEPMIHIB
BUTOTOBJICHHS.

Jo sikocTi 00poOKHM MOBEPXHI POOOUOTO KoJieca BIAIIEHTPOBOTO KOMIIPECOpa
npen'siBistoTbes Bucoki Bumoru (Ra 0,8-1,6). OctanHi AOCTIIHKEHHS MMOKA3aJIH,
10 MIKPOCKOIIIYHI 3aJIUIIKOBI TPeOiHIll Ha TOBEPXHI MATOYMHHU POOOUOTO KoJjeca,
pO3TaIloOBaHi B3JIOBX HANPSMKY TOTOKY, 3[aTHI 3a0e3Me4YnTH MEHIIUN B'SI3KHI
OMip MPUKOPAOHHOTO APy MOTOKY HAa MOBEPXHI MAaTOUMHHM, HIXK TJIaJKl TOBEPXHI,
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10 MmiBHIY€E €PEeKTUBHICTh KOMIpecopa B Lijiomy [2-4]. MeToro naHoi poboTu €
JOCITIKEHHST BIUIMBY OCHOBHHUX TapaMeTpiB 3aJUIIKOBUX IPeOIHIIIB Ha MOBEPXHI
MATOYMHU Ha XapakTEPUCTUKA TIOTOKY B TMPOTOYHIM YacTWHI KoJieca
BIJIIIEGHTPOBOTO KOMIIPECOpa.

[3 aHamizy cy4acHUX METOJIB I’ SITHOCKOBOI OOPOOKH MaTOYMHU POOOUYOTO
KOJieCa BIAIIEHTPOBOTO KOMIpecopa 3pOO0JICHO BHCHOBOK, IO BIUIMB (OPMHU,
TNIMOWHY, MHUPUHHU 1 HAMPSMKY 3aJUIIKOBUX TpeOiHIB HA MOBEPXHI MATOYUHU
poboyoro Kojeca BIILIEHTPOBOTO KOMIIPECOpa BHUBYEHI HE IMOBHOIO MIPOIO.
JIOLITEHUM € TIPOBEACHHS OOUNCIIOBATBHOTO €KCIIEPUMEHTY 3 METOI0 BU3HAUYECHHS
Jl1arma3oHy BUCOT 3aIMIIIKOBUX IPEOIHIIIB HA MMOBEPXHI MATOUMHHU POOOYOTro Kojeca
Ipu  SIKOMY XapaKTepUCTUKH TIOTOKY B poOOYOMY KoJieCl BIALIEHTPOBOTO
KOMITIpECOpa MOKPAIIATHCS a00 3aJIMIIAThCS HA TOMY Xk piBHI. [lepenbavaeTscs, mo
JlaHl, OTpPUMaHl B XOJI €KCIIEPUMEHTY, TO3BOJSATh PEKOMEHAYBATU 301JIbIIECHHS
KPOKY CTpPOYHOi Tojadi (B TMOPIBHAHHI 3 TpaauuiitHuM). OTxe, yac oOpoOKH
MaTOYMHHU poOOYOro KoJsieca BIALEHTPOBOTO KOMIIpECOpa 3HaUHO 3MEHIIUTHCS.
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ITPOI'PECUBHI METOJIM AHAJII3Y I OBPOBKM BEJIMKHUX
MACHBIB JAHUX

Posenanymi cyuacni memoou i mooeni oOpoOKU BeIUKUX OAHUX 6 BENUKOMACUUMAOHUX
cucmemax, 8 momy yucii i mexnonoziunux cucmemax. Hasedeno anecopummu 06pooxu oanux, Ha
OCHOBI AKUX MOJICHA AHANI3Y8AMU | NPOSHO3Y8AMU GeauKux macusax oauvux. Ilokazano, wo 8
PAMKAX MOJICIUBOCMEN CUCEM KePYBAHHS 0A3aMu OAHUX Npu GOpMyS8anHi ma cmamucmuyHoi
00pobyi i ei3yanizayii GUHUKAIOMb Ne6HI MpPYOHOWI, AKI noisgearoms 6 HeoOXIOHOoCmI
3abe3neueHHs a0eK8amHoOCmMi MAmMeMamudHux mooeell.

Modern methods and models of processing large data in large-scale
systems, including technological systems are considered. The algorithms of data
processing, on the basis of which it is possible to analyze and predict large data
arrays, are presented. It is shown that within the capabilities of database
management systems, during the formation and statistical processing and
visualization, there are some difficulties that arise from the need to ensure the
adequacy of mathematical models.

AHani3 BeNIMKUX JaHUX MOXXe OyTH OXapaKTepU30BaHMUN 3a TaKUMU
napameTpamu:

1. OGcsr, TOOTO KUIBKICTh TEHEPYIOThCA NaHuX. Big 1bporo mokasHUKa
3aJICKUTh, YA MOXKE TICBHUI MAaCHB JIAaHUX BBAYKATHCS BEIMKUMH JTaHUMH YU Hi.

2. P13HOMaHITTS, TOOTO KaTeropis, 10 AKOi HaJeXaTh BEJTUKI JaHl. 3HAHHS
TaKol MPUHAIEKHOCTI JIO3BOJIAE aHAJITUKaAM HaWO1Ibll €()EeKTUBHO MpaIfoBaTH 3
1H(pOopMaIli€ro.

3. IIBuaKicTh, TOOTO MIBUAKICTh T€HEPYBaHHS a00 OOpPOOKH TaHUX 3 METOIO
3I1MCHEHHS TOCTABJICHUX [UIEH.

4. MiHJIUBICTB, TOOTO HECTAOIBHICT JAaHUX Y Yaci.

5. JlocToBipHICTb, TOOTO SKICTh 310paHMX JaHHMX, BiJ] SKOTO 3aJICKHTh
TOYHICTH aHAJII3Y.

6. CkiamHicTh, TOOTO TPYIOMICTKICTh HPOLECY KOPENslii Ta MmoOyIdoBH
B3a€MO3B'SI3KIB MK JaHUMH.

OO0pobOka BenWKWX JaHUX 3apa3 mnepeadadae, sK MPaBUIIO, BIPOBAKEHHS
CHeIiabHUX TMPOTPAMHUX KOMIUIEKCIB. [li BeIMKMMU JaHUMH PO3YMIETHCS
IIMPOKE PO3MAITTSI MAacCUBIB JAHMX, SKI HE MOXYTh OyTH HAJIEKHUM YHUHOM
o0poOJIeH] TpaauIIMHUMU JOJaTKaMH Yepe3 CBOr0 BEJIMYE3HOro o0csary abdo
ckJagHoro ckiany. CKIagHICTh aHATI3y BEIMKHX JaHUX ToJisirae B crerudim ix
300py, MOHITOPUHTY, TOALTY, 30epiraHHs, mepeaadi, Bizyamizaiii 1 30epexeHHs
KoH(pineHiiHoCcT iHdopMarii. I1in aHam30M BETUKUX JaHUX YacTO PO3YMIEThCS
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3aCTOCYBaHHS MPOTHO3HOT AHANITUKU a00 IHIIUX MEPEIOBUX METOIIB 3 METOIO
BWJIyYCHHS 3 0€3/114il JaHUX MEBHOI KopucHoi iHbopmartii [1,2].

VY Garathox mKepesiax BKa3yeTbCs IO JJig 00’ €KTHBHOI MOOYJAOBH MOJIEI
HeoOx1Ho 3actocyBatu Metoj 20%/80%, ne 20% - 11e 10158 TeCTOBOI MHOXHHU
BiJI BChOTO MAacHBY JaHUX, Ha SKUX OyIyeThCs MareMaTudHa mojaeib, 80% - 1e
JIOJIsl HAaBYAJIbHOI MHOXXMHH, Ha SIKOi 31HCHIOETHCS TOIIYK IapaMeTpiB MOJIEIII.
Ane 1ieli TOKa3HWK BUKIHMKA€E CYMHIBIB, TOMY HEOOXIJIHE TOCHIPKEHHS TOYHOCTI
MOJIEJTi B CYKYITHOCTI 3 3a0€3TeUeHHSIM 11 aIeKBaTHOCTI.

JIITEPATYPA

1. Franks, B. Taming the Big Data Tidal Wave Finding Opportunities in
Huge Data Streams with Advanced Analytics/ Bill Franks,2012. — 45 c.

2. Hadoop and Big Data [DnexktponHsiii pecypc] — Pexxum pocryna :
http://www.cloudera.com/content/cloudera/en/about/hadoop-and-bigdata.html.
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AKTYAJIBHICTb 3ACTOCYBAHHA POBOTOTEXHIKH B
ITPOMHUCIIOBOCTI TA MAILITUHOBY/IYBAHHI

Y emammi npoananizoeano ponv cucmem KOMRN'IOMEPHOI NIOMPUMKU ABMOMAMU3AYIT i
pobomu3ayii MexHoNO2IYHUX NpoYecié 8 CY4acHUX ymoseax. BusHaueno pso npuduH, 3 AKUX
BUHUKAE HEeOOXIOHICMb CMBOPEHHSI HOBUX 3PA3KI8 HAYKOMICMKOL 1 6UCOKOMEXHOI02TUHOT
npoOyKYyii 3 MIHIMANbHUMU SUMPAMAMU HA BCIX emanax OACUMMEBO20 YUKIY HPOOYKMY.
Poszenanymo maxi  axkmyanvui  popmu  iHHOBAYINIHOI  OIAILHOCMI 5K ABMOMAMU3AYI,
pobomuszayis i Komn'tomepusayis.

The article analyzes the role of computer support systems for automation and
robotization of technological processes in modern conditions. A number of reasons have been
identified, from which it is necessary to create new samples of high-tech and high-tech products
with minimal expenses at all stages of the product's life cycle. The following actual forms of
innovation activity such as automation, robotization and computerization are considered.

llocmanoska  npoonemu.  OnHAM 3  HaWBaXIMBIIMX  (aKTOpPiB
iHTeHcu(ikalii BUPOOHUIITBA € 3MEHIICHHS YacTKU pYy4YHOi TMpaii B
TEXHOJIOTIYHUX TpoIlecax, OCOOIUBO HA JOTOMDKHHX OIEparlisix, a TakoX B pasi
BUKOHAHHS IIKIJIMBUX, BOXKUX 1 HeOesmewnux poOit [1]. YV BupimeHHi 1iei
po0IeMu BaXKIMBA POJIb BIABOJAUTHCS poOOTH3AIll BUPOOHUIITBA. Y 3arajibHOMY
BUMAAKy poOOTH3aIlisl € OJHUM 3 HampsMKIB Ta CKJIQJIOBUX €JIEMCHTIB
KOMITJIEKCHOI aBTOMAaTH3aIlii Ta fABJISE COOOI0 BHUKOPUCTAHHS IPOMUCIOBHUX
pOOOTIB 1 iX CUCTEM B MPOMHUCIOBOMY BUPOOHHMIITBI.

Ananiz ocmanuix docnioxcens i nyoaikayiu. [IpomucnoBi podoTu ePeKTUBHO
BKJIFOYAIOTHCS B @BTOMATHYHI JIiHI{, CTAfOTh YaCTUHOIO THYYKHUX aBTOMAaTH30BaHHMX
BUPOOHUIITB, 37aTHI IIBUJIKO 1 0€3 ICTOTHUX BUTpaT NepeOyI0BYyBaTHCS Ha
BUPOOHMIITBO BUPOOIB PI3HUX BHUAIB, MPUCTOCOBYBATHUCS 1O MIHJIMBUX YMOB
BUPOOHUIITBA.

[IpeacraBnsitoun co0O0 HOBUM BHUJ poO0OYOI MAIIMHU, POOOTH MOXKYTh
eKCIUTyaTyBaTUCS 130JbOBAHO a00 IUJIMMHU KOMIUIEKCaMu. ['0JloBHA IIHHICTH
IMPOMHUCIOBUX POOOTIB - 3IaTHICT, JO IIIBHUJIKOTO IIepEHAJaroDKCHHS Ha
BUTOTOBJICHHS HOBOI mpoaykirii. L{s BnacTuBicTs poOOTIB BaxkMBa i 0OpOOHUX
rajry3ei mpoMUCIOBOCTI, Je 0sn3bKk0 50% o0cary BUpOOHUIITBA MPUTIAIA€ HA Mal
Ta cepenHi maptii. B yMoBax TpaauIiiiHOTO BUPOOHUIITBA MPU BUTOTOBJIICHHI
BUPOOIB HEBETUKUMH MAPTIIMH Yac MeXaHI4HOT 0OpoOkM 3aiiMae 5% 3araabHOTO
pobouoro dacy, a pelmira Tpulagae Ha IMIATOTOBKY BepcTrara Ta JeTalei,
HACTPOWKY IHCTPYMEHTY, KpIIJICHHS 1 3HATTA JCTaJed TOINO. 3acTOCYBaHHS
IPOMUCIOBUX pOOOTIB 3MIHIOE 1€ CIIBBIJIHOMIEHHS 1 3HA4YHO MIABUIILYE
npoAYKTUBHICTH 00poOku [2,3]. Kpim Toro, 3acrocyBaHHs pPOOOTIB 3HAYHO
€KOHOMWUTh CHUPOBHHY, MaTepiajid MpU palllOHAJIbHIN opraHizaiii BUPOOHUYOTO
polecy.
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lupoke 3acTocyBaHHS POOOTIB HE TUIBKM B MamMHOOYIyBaHHI, a U B
IHIIMX Tady3sX HapOJHOTO TOCMOAApCTBA TOBOPUTH MPO HOBUM HAIPSIMOK B
TEXHOJIOT1i - POOOTOTEXHOJIOTIS, SIKa MPEACTaBII€ COO0K CYKYHHICTh METOIB
00poOKHU, 3MIHU CTaHy, BJIACTUBOCTEH, (DOpMHU MpeaMeTa mparli 3 BUKOPHUCTAHHIM
MIPOMUCIIOBUX POOOTIB a00 1X KOMILJIEKCIB Ha OCHOBHHUX 1 JOMOMIXHHUX CTaJlsfaX
poliecy BUPOOHHUIITBA TOTOBOI MPOYKIIIi.

Buknao  ocnosnoco  mamepiany. CydacHe  TpakTyBaHHA  TEPMiHY
«MPOMHUCTOBHH poboT» Oyno mpuitHATo XI MiKHApOIHUM CHMIIO31yMOM, IIIO
IpHUCBSYCHU ipomMuciioBuM podoram (Toxkio, 1981) [4].

3 TOYKH 30pYy 1CTOPii pO3BUTKY POOOTOTEXHIKH PO3PI3HIIOTH TPU MOKOIIHHS
MPOMUCIIOBUX POOOTIB:

* poOOTH MEPUIOTO MOKOJIHHA (ITpOorpaMoBaHi poOOTH) XapaKTepU3yHOThCS
THM, II0 BOHM BUKOHYIOTh CYKYIHICTh >KOPCTKO 3amporpaMoBaHux omnepariil. L1
POOOTH «TITYX1», KHIMD 1 «CIIII;

* poOOTH JpYyroro TMOKOJIHHS (aJanTUBHI POOOTH) BUKOPUCTOBYIOTH
CEHCOpHY 1H(OpMaIil0 MPO HABKOJMILIHE CEPEAOBUIIEC, 00 KOPUTYBAaTU CBOIO
MOBEIHKY IIPY BUKOHAHHI BUPOOHUYO] OIepartii;

* pobOTH TPETHOrO TIOKOJIHHA - IHTENEKTyaJdbHI pOOOTH, HaJAlIEHI
«BIOPOBUM TJIY3JI0M», «IIOYYTTSIMU», 3/1aTHI PO3MI3HABATH PI3HOMaHITHI 00'€KTH
30BHIIIHBOTO CBITY, IO BOJIOJIIOTH 3JaTHICTIO JSTH CAMOCTIHHO.

3a piBHEM CKJIaJHOCTI SMOHCHKA acouialisi NPOMHUCIOBUX POOOTIB MOIUISE
iX Ha IIICTh KJIACIB:

* MepUMil KJac - py4yHi ad0 JUCTAaHUINHO KEPOBaHI MaHINMYyJIATOPH, TOOTO
PUCTPOIO, Oe3MmocepeIHHO KEPOBaHi ONEPATOPOM-ITIOINHOIO;

* Ipyruil Kjac - poOOTH 3 MKOPCTKOK MOCIHIAOBHICTIO TMEpPEMIlleHb (TUITY
«B3ATH-TIOKJIACTH»). IX He MOYKHA IMepenporpaMyBaTH Ha BHKOHAHHS HOBOTO
3aBJaHHSA, a TOTPIOHO TMepeHanaro/KyBaTH, SIK TMPOCTI aBTOMAaTH30BaHI
MEXaHI3MU;

* TPETIN KJac - MPOrpaMOBaHI MaHIMYJSTOPH, SIKI HAa BIIMIHY BiJI PYyYHUX
BUKOHYIOTH PsiJl GYHKIIIM B aBTOMATHYHOMY PEKUMI;

* YETBEPTUM KJIac - POOOTH, 3alporpamMoBaHi Ha HaBYAHHS, TOOTO Ti, SKHX
HABYAIOTh BPYYHY, KOJU PyKy poOOTa MPOBOASITH MO BCHOMY IMKIY 3aJIaHO1
poboTtu;

* O'SITUI KJac - poOOTH 3 MPOrPaMHUM YIPAaBIIHHAM. 31 3MIHOIO MPOrpaMu
MOXJIMBA 3M1HA MOCIIJOBHOCTI 11 po0OoTa;

* MIOCTUH KJac - poOOTH, 3[aTHI CIPHIMATH HABKOJMIIHE CEPEIOBHIIIE,
pearyBaTi BUXOJS1YM 3 OTPUMaHOI1 1H(OpMaIlii 3/11iCHIOBATH NIEBHI [Ii.

3a poioM AISTBHOCTI MPOMUCIIOBI pOOOTH MIAPO3ILISAIOTHCS HA TPU TPYIIU:

* OCHOBHI (TEXHOJIOTI4YH1), Kl Oe3mocepeAHbO BUKOHYIOTH TEXHOJOTIYHI
omepaitii (CKJIagaHHs, 3BaproBaHHs, (hapOyBaHHS TOIIO);

* JTOTMOMIXHI (MIIAAOMHO-TPAHCIOPTHI), 3alHATI 3IIACHEHHSIM OIepalii
CKJIaJaHHs, TIEPEMIIICHHS, MT0Aa4l 3aTOTOBOK;

* KOMO1HOBaHi, 10 BUKOHYIOTH Jii pOOOTIB MEPIIMX ABOX TPYII.
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Ha ocHOBI mpomMucinoBux poOOTIB  CTBOPIOIOTHCS  POOOTHU30BaHI
texHosoriuHi kommiekcu (PTK).

Po3zpiznstors Taki pizHoBuaM PTK:

* MaHIMyJAMLiNHI, y SKUX OCHOBHHUM BHUKOHABYMH OpraH 3aKiHYY€ThCS
3aXOIJIEHHSIM 200 Oyab-SKUM 1HCTPYMEHTOM;

* MOOUIBHI (KOJICHI, KPOKYIOUl, TYCEHHYHI), SIKI BUKOPHCTOBYIOTHCS, SIK
MpaBuio, B EKCTPEMAIbHUX YMOBaX poOOTH (B KOCMOCI, MiJi BOJIOIO, B TIOJbOBUX
YMOBaXx);

* iH(poOpMaLIifHO Kepyrodi, SKi MOXYTh HE MAaTH MEXaHIYHO PYyXOMHUX
BUKOHABYMX NPHUCTPOIB. BOHM cTexaTh 3a XOJOM TPOTIKAHHS TEXHOJIOTTYHHX
MpoIeciB, OOPOOAIOTH 1H(POPMAIIIIO, IO HAIXOAUTh 3 OyAb-SIKUX 30BHIINIHIX
JDKepen 1 B pa3l moTpedbu BHOCATH KOPEKTHBH B Mepedir KOHTPOIHOBAHOTO
TEXHOJIOTTYHOTO TPOIIECY.

OO6'ennanns rpynu PTK B oMH TEXHOJOTIYHUMN JIAHIIOKOK BUTOTOBJICHHS
OyIb-IKO1 MPOAYKIli J03BOJISIE CTBOPIOBATH POOOTH30BaHI aBTOMATHYHI JIHIT
(PAJI) [5]. Ha oawiii Takii JIiHIi MOXKYTh IPOBOJUTHCS B aBTOMATHUYHOMY PEKUMI
o0poOKka pi3zaHHsIM, TepMidHa 00pOOKa, 3BAPIOBAHHS.

SIKIo MOpIBHATH BUTpPATH €HEprii poOOTOM 1 JIIOJUHOIO MPU BUKOHAHHI
OJIHI€T 1 Ti€l % poOOTH, TO BUSBUTHCS, IO POOOT CHOKHUBAE E€HEPTii B CTO pa3iB
oubme. Ile € mposiBOM  TEXHOJOTIYHOI  HEE(EKTHMBHOCTI  CYyYaCHUX
pPOOOTOTEXHIYHUX MPUBOIB B MOPIBHSAHHI 3 JIFOJICHKOIO M'30BOK0 TKAHHUHOIO.

B pmanmit wac B mpomHCIOBHX ~— po0OOTax  HAWMOUIBII — HIMPOKO
BUKOPHCTOBYIOTHCS TTHEBMATHUYHI 1 TiJpaBIiuHI TPHUBOJIU, EIECKTPOTPHBOIH.
[lHeBMaTHMUHI TPUBOAM TOPIBHSHO JElIeBl, O€3IIyMH1 1 HaAliHI, iX JIErKo
MOHTYBaTH 1 oOciyroByBath. OpHak BOHM HENPHAATHI i IIBUAKICHOTO
TIEPEMIIIICHHS] MEXaHIYHOT PYKH 1 TOYHOTO KOHTPOJTIO ii moJioxkeHHs [6].

[IpaBunpHe  pO3yMIHHS  CYTHOCTI  aBTOMartu3alii €  HEOOXiJTHOI
nepeyMoBo0 (popMyBaHHST OCHOB TEXHIUHOI IMOJITHKH B 00JIacTi poOoTH3arii
BUPOOHUIITBA. TOMY B KOHKPETHUX BHUPOOHMYMX YMOBaX HEOOXIJTHO KepyBaTHCS
MIEBHUMH MPUHIIUAIIAMH, 110 3a0€3Me4yI0Th €(PEKTUBHICTH POOOTHU3AIL].

[Tepmmii mpUHIKN - MPUHIAIN JTOCSTHEHHS KIHIICBUX PE3yJbTaTIB: KOIITH
poOoTu3aiii MOBMHHI HE TMPOCTO IMITYyBaTH abo 3aMimiaTtd dii JIOJUHHU, a
BUKOHYBAaTH BUPOOHMY1 (YHKIIIT MIBUAIIE 1 Kpaille, JUIIE TOAl BOHU OyayTh MO-
CIPaBXHHOMY €(DEKTUBHUMH.

Hpyruil npyuHIUO - MPUHLUI KOMIUIEKCHOCTI miaxony. Ha »xanab, JOoCHUTH
4acTO poOOTHU3AIliI0 JIOMIOMDKHHMX €JIEMEHTIB BUPOOHMIITBA TMOETHYIOTH 3
B1JICTQJIOI0 TEXHOJIOT1€H0 OCHOBHOT'O BUPOOHUIITRA.

TpeTiit mpuHIUIT - TPUHIUMI HEOOXIIHOCTI: 3aco0u pobOoTH3allli MOBUHHI
3aCTOCOBYBATHUCS HE TaM, Jie iX MOYKHA TIPUCTOCYBATH, a TaM, i 0€3 HUX HEe MOKHA
obiiituca. Ha »xanb, HEpiAKO poOOTH3allil0 HAMararoThCs 3BECTH JO CTBOPCHHSI
TEXHIYHUX 3aCO01B.

YeTBepTHil NPUHLMUI - TPUHLHUII CBOEYACHOCTI: HE MOTPIOHO CTBOPIOBATU
KOHKYPEHIIIO JIIOJMHI TaM, /i€ BOHA CHPAaBISETHCS €(QEKTHUBHINIE, HIX POOOT.
Hanpuknan, npy ycTaHOBII JAeTajeil Ha METaJopi3aJbHOMY BepCTaTi 3amiHa il
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JIOAVHA Ha pyXH poOoTa SKICTb OOpOOKH 1 MPOTYKTUBHICTH JAHOTO MPOIECY HE
30uIBIIyEe. Biapln TOro, Ha Cy4acHOMY piBHI PO3BUTKY POOOTOTEXHIKH pydHa
yCTaHOBKa JieTajeil Baroro 10 4 KI BUKOHYETHCS JIOJUHOI0 B KUJIbKa pasiB
mBUAIe. 3 1HIIONO OOKY, 3aCTOCYBaHHA POOOTIB MpH Olepallisix 3BaprOBaHHS,
bapOyBaHHs, HAHECEHHS TAIbBAHOMIOKPUTTS B JIMBAPHOMY BUPOOHMIITBI JI03BOJISIE
ICTOTHO TIJBUIIYBaTH SKICTh MPOJYKINI, TepIl 3a Bce, B CHIYy cTaduIi3aIi
TEXHOJIOTIYHUX TpoleciB. [IpoyKTUBHICT B IIbOMY BHMAAKY 301JIBIIYETHCS 32
paxyHOK IIBUAKOII, 301IbIIEHHST BAaHTAXKOMIAHOMHOCTI, TOYHOCTI pyxiB. JltonnHa
MOBHICTIO BHWBOJMUTHCS 3 poOOYOi 30HU 1 TO30aBISETHCS BIg Tpami B
HECIIPUATINBOMY CEPETOBHIII.

Buchosxu. TlimBopsum TiACYMKH, CIiJ 3a3HAYUTH, 10 3HAYHMICTh
IIPOMHUCIIOBUX POOOTIB - HE B 3aMiHIl JIFOAUHA HAa MamuHU. [IpoMucioBi pobotu €
JAHKOIO OJJHOTO MEXaHI3MY siKa J03BOJIsi€ 00'€JTHYBaTH PO3PI3HEHE TEXHOJIOTIYHE
YCTaTKyBaHHS, CTBOPIOIOYM THYYKI aBTOMATHU30BaH1 BUPOOHUYI CUCTEMHU MAIIMH 1
amaparis.

Cnucox suxopucmamnux odicepein

1. Watry G. The fourth industrial revolution and robot journalism // Researh &
Development. — URL http: //www.rdmag.com/news/2016/01/fourth-industrialrevolution-and-
robot-journalism.

2. Mypasves A.B. Jlecamv npuuun unéecmuposamv 6 poOOMU3AYUI0 NPoOU3B00Cmad
[Enexmponnuii pecypc] // DeltaSvar. — URL: http: //www.deltasvar.ru/biblioteka/novosti/188-
10-prichin-investirovat-v-robotizacziyu-proizvodstva.

3. Ananumuueckoe ucciedosanue: MUpo8ol pwviHOK pobomomexHuxku [Enekmponnuil
pecypc]. — URL: http:  //robotforum.ru/assets/files/000_News/NAURR-Analiticheskoe-
issledovanie-mirovogo-rinka-robototehniki-%28yanvar-2016%29.pdf

4. Pobomuzayus npouzsoocmea coxkpamum 0onee 5 man paboyux mecm [Enexmponnuti
pecypc]. — URL: http: //lwww.interfax.ru/business/490170.

5. Pamnuxos A. Pabckuit mpyo 6e3 sapniamer [Enexmponnuii pecypc]. — URL: https:
/llenta.ru/articles/2013/12/05/robots.

6. Investment outlook from Bill Gross. — URL: https:
1/17eb94422c7de298ec1b8601¢c126654e9663374c173ae837a562.ssl.cfl.rackcdn.com/Document
s/fumbrella/bill%20gross/Bill%20Gross%20Investment%200utlook_May%202016.pdf.

7. PWC - people and robots: A new collaboration. — URL: http: //www.pwc.
com/us/en/industrial-products/next-manufacturing/robotics-people-and-robots.html.

63



VJIK 681

Bimrak I. B. (Ykpaina, M. Binauiis, BiHHUIIbKUN HalllOHAIBPHUN TEXHIYHUN
YHIBEPCHUTET)

BJJACTUBOCTI HAHOIIOKPUTTIB TA  IIEPCHIEKTHUBHU
BITPOBA/I’KEHH HAHOTEXHOJIT'TA B CYYACHOMY
BUPOBHULTBI

Hocnidoicenno cnocobu 3miyHeHHs NOBEPXOHbL mMa 3€OHAHb, AKI XAPAKMepusyrmuvcs
BUCOKUMU 3HAYEHHAMU MIKPOMEepOoCcmi, aie npu Ybomy € 0ocums Kpuxkumu. OOHUM 3 cnocoois
NIOBUWEHHS MIYHOCMI € HAHECEeHHs HAHONOKPUMMIG 3 po3mipamu 3eper meHue Hixc 100um, saxe
003601110 6 peanizy8amu 8 0OHOMY NOKPUMI KOMNIEKC G1ACMUBOCTEU.

The ways of strengthening surfaces and compounds, which are characterized by high
values of microhardness, but at the same time quite fragile, have been investigated. One of the
ways to increase the strength is the application of nano-coatings with grain sizes less than 100
nm, which would make it possible to implement in one coated complex properties.

OnHuM 3 3HAYYIIMX TEXHOJOTTYHUX JOCATHEHb X XI CT. cTajlo CTBOPEHHS Ta
PO3BUTOK HOBUX TEXHOJIOTIM, TOB’SI3aHUX 3 PI3HOMAHITHUMH 3MIHAMU
BJIACTUBOCTEN MaTepialliB Ha piBHI po3mipiB MeHlie HiK 100 nHanomerpiB (1 HM =
10® M), Mo MPUPIBHIOIOTECS 0 PO3MIPHOCTI MakpoMonekyn. CYKYIHICTh TaKHX
HOBHX TEXHOJIOT1H OTpHMaJja Ha3By HAHOTEXHOJIOTII [ 1-5].

Bnepie Tepmin «Hanotexnosoris» BBiB Hopio Taniryrti y 1974 pomi. Ile
Oyna Ha3Ba BHpPOOIB PO3MIpiB TOPSAAKY HaHoMeTpa. [lomanbliie BHUKOPUCTAHHS
JaHOTO TepMiHy moBsizaHo 3 imeHeM Epika K. [Ipexnepa, sxuii Ha3BaB Tak 00J1acTh
HAYyKH, SIKY BIH JIOCJIIJKYBaB y CBOiH TOKTOPCHKIM qucepTarlii.

O0’eKTaMKM HAHOTEXHOJIOTiH € HaHOOO €KTH Ta HAHOCTPYKTYpH. IX
CTBOPEHHS, KOHTPOJb Ta 3MIHA iX BIJIACTUBOCTEM € OCHOBHUMH Taly3sIMU
BITPOBA[)KCHHSI HAHOTEXHOJIOTIH.

BractuBocTi HaHOOO’€KTIB Ta HAHOCTPYKTYP CYTTEBO BIJIPI3HSIOTHCA Bij
BJIACTUBOCTEN MAaKpOTLI, TOMY BpPaxoOBYIOUM Taki (DAKTOPU MOMIMBO CTBOPEHHS
MPUHIIMIIOBO HOBUX Ta OUTbII €()eKTUBHUX MaTepialiiB Ta MTOKPUTTIB.

OCHOBHHMMH TIepeBaraMu AJisl BIIPOBAKEHHsSI Ta PO3BUTOK HAHOTEXHOJIOTIH €
NPUHIUIHN iX CrierQigHOro moBopKeHHs [2, 6-10]:

- BHCOKA POJIb BUIBHUX IMOBEPXOHb, a TAKOXK MEX 3€peH Ta (a3, 1HIIMX
MOBEPXOHB PO3JILTY B HEOTHOPIIHUX MaTepianax;

- IPOSIB AaTOMHO-MOJICKYJIIPHOT AUCKPETHOCTI OyI0BU PEYOBUHH Ta KBAHTOBI
po3MipHi eeKTH B HAHO00 eMaXx;

- B HaHOJIAINa30H1 3HAXOAATHCS KPHUTHYHI PO3MIPH, SKI TPHU3BOIATH IO
MOsIBU 200 3HUKHEHHSI IEBHUX (P13MUHUX €PEKTiB.

binbmiicte 3’€qHAHbB, SIKI BHKOPUCTOBYIOTBCS B SIKOCTI 3MIIHIOIOYUX
MOKPUTTIB, XapaKTepPU3YIOThCSI BUCOKUMHU 3HAYEHHSMH MIKPOTBEPIOCTI, aje MpHu
IOMY € JOCHTh Kpuxkumu [5, 10-12].

64



MeTtor pobOTH € TOCHIIKEHHS B HANPSMKY OTPUMAaHHS HAHOMOKPHUTTIB 3
po3Mipamu 3epeH MeHlie HiK 100 HM, sike M03BOIWIO O peallizyBaTH B OJHOMY
MOKPUTTI KOMIUIEKC BIACTUBOCTEH.

HaHonokputTss MoOXe posrisaaTvcs SK JBOBUMIpHa CTpykTrypa. B
TPUBHUMIPHIN CTPYKTYP1 BHYTPIIIHS €HEPTisi MOKE 301IbIITYBATUCS TUIBKU IUISIXOM
30UIBIICHHS €HEprii 3B 3Ky Ta YMCIIa 3B S3KiB, CKJIaAy Ta CTPYKTYpU MaTepiaiy.
301IbIICHHST MIITHOCTI B TAKOMY BHUIMAAKY MPHU3BOJIUTH JI0 30LJIBIIEHHS KPUXKOCTI.
Y IBOMIpHOI MOBEPXHEBOi CTPYKTYypW MpU 30UTbIIEHHI eHTpomii (Hampukiaz -
3aKaJIOBaHHs), K OyJl0 BHSBJICHO IIiJl Yac JOCHTIKEHb, IJIACTHYHICTh MOXKE
30umeTyBaTucs [11, 13].

HanocTtpyktypu (MOBEpXHEBI T€XK) MalOTh O1IbII BUCOKY TEIUIOEMHICTh HIXK
3BUYANHI CTPYKTYpHU (3 3€pHAMH MIKPOCTPYKTYPHOTO poO3Mipy). 3BiJIKH,
HAaHOPO3MIpPHI CTPYKTYPH BIAMNOBIAAIOTH OUIBII BHCOKOMY PIBHIO BHYTPIIIHBOI
€HEPrii Ta eHTPOITii CUCTEMH.

OTxe npyu BUKOPUCTAHHI HAHOMIOKPUTTIB MOXKIIUBO JOCSTHYTHU JBa €(PEeKTH:
e(eKT OB’ sI3aHUI 3 HAHOPO3MIPHOIO CTPYKTYPOIO MOKPUTTS Ta €PEKT OB’ A3aHUI
3 MEpPEeX0JIOM BiJl TPUBUMIPHOI CUCTEMHU JO TBOBUMIPHOI, JJIA SIKOT 301JIBIIICHHS
BHYTPIIIHBOI €HEPTil EHTPOIIi HE MIBUIILYIOTh KPUXKICTb.

TexHomorii MOBEPXHEBOTO  HAHOCTPYKTYpyBaHHs  (CTBODIOBAaHHS B
NOBEPXHEBOMY LIapi KOMIIAKTOBAHOI'O MaTepially CTPYKTYpH, III0 MalOTh MacIiTad
MeHiie Hik 100 HM) po3BUBAIOTHCSI OCTAHHIM YacOM JIOCUTh IMIBUKO. MeTonu st
CTBOPCHHS MMOBEPXHEBUX HAHOCTPYKTYP TaKOX IIBUAKO pO3IIUprOrOThes [11, 12-
15].

OG’eMHE HAHOCTPYKTYpPYBaHHS MarepialliB — TEXHOJIOTIYHO CKJIAIHUN
Ipolec, MOB’SA3aHUN 3 BEJIMKUMU BHPOOHMYMMH BUTpaTamu. TOMy pPO3BUTOK
TEXHOJIOT1I TMOBEPXHEBOTO HAHOCTPYKTYpPYBaHHS, sKI Habarato MpocCTilie
peani3yBaTu 1 SKi TOTPEOYIOTh MEHII 3aTpaTd MalOTh NMEPCIEKTUBHE MalOyTHE.
TakuM YMHOM MOKJIMBO 3MIIHEHHS Ta aHTU(QPHUKIIITHA 00pOoOKa MOBEPXOHb, III0
TPYThCSI, MiIBUIIIEHHS] KOPO31MHOI CTIMKOCTI TOIIO.

He BupimieHi Takoxx npoOieMd CTBOPEHHS HAHOCTPYKTYPHUX CTaHIB B
BUpPOOaX BEIUKHX PO3MIPIB ab0 JeTansx CKJIagHOI reoMeTpii, HAaHOCTPYKTYpHI
MaTepiaid He MOXYTh €(EeKTHBHO MpAIlOBaTH MPU BUCOKHX TeMIiepaTypax, ix
HEMOXXJIMBO 3’€JHYBaTH METOJaMH 3BapioBaHHS a00 malku 0e3 3HaYHHUX
3MEHIIICHh MEXaHIYHUX BIIACTUBOCTEH.

JlocmiDKeHHST TOKa3aiM, 110 3HayHe 301IbIIEHHS eKCIUTyaTalliiHuX
BJIACTUBOCTEN KOHCTPYKLIMHUX MaTepiaiiB (yCTaaeHO1 MILIHOCTI, KapOCTIHKOCTI,
3HOCOCTIMKOCT1) MOXe OyTH JOCSITHYTO HUIAXOM (POPMYBaHHS HAHOCTPYKTYpPHHUX
CTaHIB B TOBEPXHEBOMY Iapl KOHCTPYKLIMHUX Ta IHCTPYMEHTAIbHUX MaTepiaiiB.
[Ipy npukIagaHHi 30BHIMIHBOIO  IIMKJIIYHOTO HABAHTAXKEHHSA IUIACTUYHA
nedopmariis 6yz[e PO3TOBCIOKYBATHCS JHIIE B HAaHOKOHCTPYHOBaHOMY IIapi, a
nedeKTH PO3TIKAIOTHCSA MO KIITHHAM HAHOCTPYKTYPH 3 HANpPYraMu Pos3TAry, He
CTBOPIOIOUM HEOE3MEYHOI JIOKami3amii MmIacTHUHO1 z:e(popMaun 1 HE NPOHUKAIOUH
BCEpenrHy Kpuctaity. | 1ie 3HayHO MiJBUIILY€E yCTalleHy MILHICTh MaTepiany [4, 5].
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OO6nacTh 3aCTOCYBaHHS HAHOTEXHOJOTIM JOCTaTHHO MIMpOKa. [lOKpUTTS
MIOBEPXOHb BUCOKOIIBUAKICHUX BY3JiB OOEPTaHHS € MEPCIEKTUBHUM HAIMPSMKOM
JOCITIKEHB 1 PO3BUTKY B MallOyTHEOMY.
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BIIJIMB TEPMOOBPOBKHM HA BMICT KAPBIIIB B
IITAMITIOBUX CTAJIAX

Topisusnohuti  ananiz mamepianié O HANIAAGNEHHS UWMAMROB020 IHCHPYMEHN)
noKazae, wo KOMNWIEKCHO J1e208aHi cmali 6 HauOiibwilt Mipi 3a0080JbHAIOMb BUMOSAM
niosuwennss cmitikocmi. Ha niocmasi pesynsmamie Oocniddcens 0Oyna obpana uiiakosa
cucmema Ha OCHOB8I NEPOBCKIM06020 Konyenmpamy. 3acmocyeanns cmani S8X4I'CB4D
00360/1UMb  3HAYHO  30LILWUMU  MEPMIH  CAYHCOU wmamnie npu ix 0azamopazo8omy
BUKOPUCMAHHI NIO HANAABTICHHS.

TexHi4HO TMEpPCHEeKTUBHUM 1 EKOHOMIYHO OOTPYHTOBAaHUM  IUISXOM
MIJBUIIEHHS TEPMIHY eKCIUTyaTalli Ta 3HWKEHHA BapTOCTI IITAMIIOBOTO
IHCTPYMEHTY € BUTOTOBJICHHA HOro OIMETaJiyHMM, 30KpeMa HaIUlaBIEHUM. Y
bOMY BHUIAJIKy HAOUIbII JOCTYITHO PETYJIIOBAHHS BIACTUBOCTEN HAILJIABJIECHOTO
niapy HUIAXOM 3MIHM CKJaJy HaIUIaBJIEHOrO0 METaly 1 peKHUMIB HOro TEPMIYHOI
00poOku. IloBTOpHE BIJHOBIEHHS 3HOIICHHX MOBEPXOHb JI€TAJ€d CYTTEBO
3MEHIIIYE€ BUTPATH METAy JIJIsl BATOTOBJICHHS Ta PEMOHTY iHCTpyMeHTa [1-3].

Po3poOka HOBOi IITaMMOBOi CTalli, OpraHi3aiis ii BUPOOHUIITBA, Po3poOKa
TEXHOJIOTIYHOTO MPOILIECY KyBaHHS 1 TEPMIUYHOI OOpOOKH BUMarae 3Ha4HO OUIbIIHNX
BUTPAT, HDK PO3pOOKa HAMIABOYHOTO Martepiaiy, 10 3abe3neuye HariaBICHHS
HOBOI mTaMnoBoi crani. KpiM Toro, HamjiaBiaeHHH 1ap MO)XK€ HAaHOCHTHUCSA Ha
OCHOBY 3 KOHCTPYKIIIHHOT CTalli, YMM JOCSTAETHCSI CKOHOMIS JedIiruTHUX
JIETOBAHUX CTaJIEH.

CyuiJibHOMETaJeBl INTAaMIIM, BHUTOTOBJIEHI 3 BHCOKOBYIJICIIEBHX CTalleH,
MaloTh, K IPABUIIO, HU3bKY CTIMKICTh MIPHU €KCIUTyaTallii.

Meroto 1i€i poOOTM € aHajmi3 ICHYIOYMX Ta BHOIp ONTUMaJIbHUX
HAIUTABOYHHMX MaTepiaiiB AJii BUTOTOBJICHHS INTAMIIOBOTO 1HCTPYMEHTY, IIIO
CHPUSIOTH MIJBUILEHHIO HOTO CTIMKOCTI B YMOBAaX XOJOJHOTO IIITAMITyBaHHSI.

OCHOBHMM BHJIOM 3HOCY IITAMIIOBOIO I1HCTPYMEHTY € BTpara po3MipiB
KOHTAKTYIOUUX JIJISTHOK BHACIIIOK CTUPAHHS.

[cToTHE MiABUINEHHS CTIMKOCTI IITAMIOBOTO 1HCTPYMEHTY 3a0e3Medy€eThCst
BUOOPOM CKJIaJy IITAMIIOBOI CTali, ONTUMIZAIIEID PEXKUMIB TEPMIYHOI OOPOOKH 1
MOJIIIICHHSIM YMOB €KCIUTyaTallii ITamiiB.

Crani jy1sl ITaMITiB, SIKI BAKOHYIOThH PO3JIUTBHI ONIeparlii MOKHA MOUTATH Ha
HACTYIIHI ~ TPYNU:  BHCOKOBYTJICIEBl;  BHCOKOXPOMHCTi;  HU3bKOJETOBaHi;
KOMITJIEKCHO JICTOBaHI.

BucokoByrienesi  crtam  3HaWOUIM  HAWOUIbLIE  3aCTOCYBaHHS B
MIPOMUCIIOBOCTI Y 3B'I3KY 3 iX HHU3BKOIO BAPTICTIO, MPOTE IITAMIIU 3 TaKUX CTasIel
MPOSIBIIAIOTh HU3BKY CTIMKICTb.

Bucokoxpomucti cram Ttumy X12 MawTh BHCOKY TBEPHICTh B
3arapToBaHOMY CTaHl, TrapHy MpPOrapTOBYBAaHICTb, HHU3bKE BHUKPHUBJICHHS 1
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BIJICYTHICTb TPILLIUH MPU 3arapTyBaHH1, BACOKY 3HOCOCTIHKICTb.

BucokoxpoMucTi cTam MaroTh psll CYTTEBUX HEAOJIKIB, 10 3HUXKYIOTh iX
eekTUBHE 3acTocyBaHHA. Jl0 IIMX HETOJIKIB BITHOCATHCS BHCOKa KapOigHa
HEOTHOPITHICTh 1 00yMOBJICHA HEIO HU3bKA yJIapHA B'SA3KICTh, BUCOKI TeMIEpaTypu
HarpiBaHHs MiJ] 3arapTyBaHHs, YyTJIMBICTh JO KOJMBaHb Temmeparyp rapty [1, 4,
5].

3a panumu [4-6] criiikicTh mTammiB 13 craieit tumy X12 B 1,1...1,5 pasu
MEPEBUIIY€E CTIHKICTD IITAMITIB, BATOTOBJICHHX 3 ByrieneBux craieit (Y8, V10).

Husbka CTIMKICTP BHCOKOXPOMHCTHX, BYIJICEIEBUX 1 HHM3BKOJIETOBAaHUX
CTaJiell cTaja MPUYUHOI0 TOTO, II0 B CBITI OyB PO3pOOJECHUI Psii KOMILIEKCHO
JIETOBAaHUX CTaJIel JJIsl IHCTPYMEHTY XOJIOJHOTO IITaMITyBaHHS. BmicT Byrieiio B
HUX 3HaxoauThcs B Mexkax 0,5..0,9 %, a xpomy - 2...4 %. Crani 101aTKOBO
JITOBaHI BaHajieM, BoJbppamom abo MoJOEHOM, THUTAHOM 1 I1HIIUMH
enemeHTamu. Lli ctam micng rapTy B Macii HaOyBalOTh BHCOKOI TBEPAOCTI MpPH
HU3bKINA KapO1H1HA HEOTHOPITHOCTI.

Haiibinpm mmpokoro mnomupeHHs HaOylno HaIUIaBJIEHHS LITaAMIIOBOTO
IHCTPYMEHTY MOKPUTUMHU ejiekTpoaamu Mapkamu DH-60M [1, 4]. 1li enexrpoau
J03BOJISIIOTh HAIUIABJISATH BYTJIELIEBY XPOMOMOJIOJAEHOBY CTalb, 110 3a0e3neuye
HiJABUIIECHHS CTIMKOCTI HAIJIaBJIEHOIO IITaMIOBOrO 1HCTPYMEHTY B 2...3 pasu, B
MOPIBHSHHI 3 BUCOKOIO CTIMKICTIO OJJHOTUITHUX IITAMIIIB, BATOTOBJICHUX IMOBHICTIO
3 IHCTPYMEHTAJIBHUX BYTJIELIEBUX cTajiel Tuny Y 8.

Ha mnigBumieHHs CTIMKOCTI INTAaMIIOBOTO IHCTPYMEHTY IS XOJIOJHOTO
HITAaMITyBaHHS ICTOTHO BIUIBAE JeTyBaHHS cTanei aAKTUBHUMU
KapO1JOyTBOPIOIOUMMHU €JIEMEHTaMH BOJIb(PaAMOM 1 BaHAIIEM, L0 YTBOPIOIOTh
TBepAi Kapoiau [2, 3, 5]. Uepes nepiuuTHICTh BOIb(paMy IITAMIIOBI CTall 3 TAKUM
HOro BMICTOM IIUPOKOTO MOMIMPEHHS HE oTpuManu. OnHak s BUKOHAHHS
HAIJIJABOYHMX 3aBjaHb, IPHU SKUX BUTpaTa BoJb(paMy HE 3HAUHA, a MIABUIICHHS
mpare3 aTHOCTI IHCTPYMEHTY ICTOTHE, JIETyBaHHA CTajedl BojJbdpamMoMm €
NEPCIIEKTUBHUM.

Bananiii, 0co61MBO Tipu BEIMKOMY BMICTI, 301JIbIIIYE PO3YMHHICTH 30Ty B
HAIUIaBJICHOMY MeTali, B 3B'SI3KYy 3 UMM 3HMIKY€E MOro miacTH4HICTh [5, 6]. Lle €
OCHOBHOIO TPUYMHOIO, SKa CTPUMY€E 3aCTOCYBaHHS BaHAIII0 MpPHU HAIJIABJICHHI
MTamMnoBoro 1iHCTpymMeHTy. Clijl 3a3HAYUTH IO 1€ HE BCl MOXIUBOCTI
KOMIUIEKCHOTO JIETYBaHHsI BUKOPHUCTaHI. | 11e cTano mepeayMoBOIO 10 MOAATBIINX
JTOCITIIKEHD.

AHani3 3Hocy BUPYOHHUX IITaMIIiB MOKa3aB, [0 XapaKTep 3HOCY 1 CTIHKICTh
THCTPYMEHTY JUIsl KOCUHOK 1 HOIB TUIBHOTUHHUX HOXKMIIb BU3HAYAETHCS, MEPII 3a
BCE, BHUJIOM oOlepalii XOJOAHOTO IITAMITYBaHHS, MaTepiajioM poOOYMX OpraHiB
MITAaMITIB 1 IITAMIOBAaHMUX JE€Tajeid, TOBIIMHOI MaTrepially AeTall, PEeXUMOM
poOOTH MITaMITIB, KOHCTPYKTUBHUMH OCOOJIMBOCTSIMU 1HCTPYMEHTY.

BupyOHi mTamnu 3HOLIYIOTHCSI BHACHIOK: CTUPAHHSA POOOUYUX MOBEPXOHB;
3MHUHAHHS pI3aJIbHUX KpailloK, KPUXKOTO pyHHYBaHHS poOOYMX MOBEpXOHb. Kpim
TOTO, 3a3HAYEHUI 1HCTPYMEHT BUXOJUTH 3 JIaay BHACHIJIOK OCHOBOTO BUTHHY 1
HAJIUIIAHHS METaJly IITaMIIOBAHOI AeTal.
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3 aHamizy BHJY 3HOCY IITAMIIOBOTO 1HCTPYMEHTY BWIUIMBA€E, IO METall
pOOOUYHX MOBEPXOHB IITAMIIIB, K1 BUKOHYIOTh PO3IUIBHI Olepallii, TOBUHEH MaTH
BHUCOKY 3HOCOCTIHKICTb MPH JOCUTh BUCOKIN MIITHOCTI 1 TUTAaCTUYHOCTI.

[TinBumieHa CTIHKICTh 1HCTPYMEHTY MOXKE€ OYTH OTpHUMaHa TIIbKH IpHU
MIEBHOMY ONTUMAJIbBHOMY CKJIaJll KapOi/liB B MeTajl poOo4Yoro mapy, 1o BU3HaYa€e
CKJIaJl HATUTABJICHOTO METAIYy.

Bwmict dasu kapbimy B MeTani BU3HAYaBCA 3a OCajJaMH, OTPUMAHUMHU TPU
CIEKTPOTITUYHOMY PO3YMHEHHI METally HaIIaBJACHHS MICHS  BiIMOBITHOI
TepMiYHO1 00poOKH [5, 6].

Jlnia aHanizy Ha BMICT KapOiaiB Ta iX XIMIUHUHN CKJIaJ BUTOTOBJISUIUCS 3Pa3Ku
niametrpoMm 12 MM 1 gomkuHO 60 MM 3 OaraTomapoBUX HaIUIaBJICHB 1 MPOKATY
cram YS8.

3a IONMOMOroK METO/IB OCHOBHOI'O PO3YMHEHHS OTPUMYBAIU KapOiaHMIA
ocaJ, 0 MICTHTh BCl KapOiau, HasiBHI B CTajl. AHATI3YIOUU IIel ocaj, BU3HAYaIN
KUIBKICTh €JIEMEHTIB, MOB'SI3aHUX B KapOiau (KUIBKICTh KapOiJliB y BaroBHX
BIJICOTKAx) 1 ycepeaHeHul ckiaj ¢azu kapOimy. 3ajaeXHOCTI BMICTY KapOiliB B
CTaJISIX BiJl TEMIIepaTypH BIJITYCKY HaBeJeH1 Ha puc. 1.

o\o 12 | j_
g 8
O
L — = m———
g | | |
g0
0 100 200 300 400 500
TemnepaTtypa Bignycky, °C
y8 7XI2BOM 7X2ICBM
7X3ICM =O=8X4ICB4d X2B2OM

Pucynox 1 — Bwmict kapOilliB B CTalsiX B 3aJ€XHOCTI BiJ TeMIepaTypu
BIJIITYCKY

JlomiHyrounM enemMeHToOM B KapOinmHii ¢asi € 3ami30. Y BCIX JOCHIIHKEHUX
CTaJISIX MICTUTHCS 3HAYHA KUIbKICTh HAUIMIIKOBUX KapOiJliB, sIKI HE PO3UYMHHIINACS
P HArpiBaHHI JIJIs 3arapTyBaHHS.

[Ipu HHU3BKOMY BIANMYCKY HAJJIMIIKOBI KapOiMM CKIATal0Th OCHOBHY
yacTMHY KapOimHoi (a3u 3araptoBaHux crajedd. Hailbuipima  KIJTBKICTh
HAJUTMILIKOBUX KapOiJliB 1 KapO1JiB MPHU BIAMYCKY MICTUThCS B cruiaBax X2B2®dM i
8X4I'CB4®. MoxHa NPUITYCTUTH, IO B 3arapToBaHiid ctaimi X12M micTuThcs
TaKOXX MIABUIIEHUM BMICT KapOiiB BHACTIJOK BHCOKOTO BMICTY B Hiil BYyTJICLIO 1
KapO1I0yTBOPIOIOYMX eJieMeHTIB. lle 0O0yMOBIIIOE BHUCOKY 3HOCOCTIMKICTH IMX
CTajel mpu TEPTI.

3a gpanumu [5, 6] npu poOOTI HaBITh 3 HEBEIUKUMH YIApHUMU
HaBaHTAKEHHSAMHU MiABHUILIEHA 3HOCOCTIMKICTh cTaied 3 12% xpomy mpu Tepti
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MO’KE€ HE peajizyBaTHCs Yepe3 BENUKY KapOigHy HEOJHOPIAHICTh 1 BUKPUIITYBAHHS
po00Y0i KPOMKHU 1THCTPYMEHTY I1I€ 0 HACTaHHS HOPMAJIBLHOTO 3HOCY.

VY cransx X2B2OM 1 §X4I'CB4® crnoctepira€TbCcsi piIBHOMIPHHUI pO3MOALT
KapOiJliB 1o TepeTuHy 3paszka. [Ipu HU3BKOMY BIJIMYCKY 301JIbIIEHHS BMICTY
KapOiJIiB B 3arapToBaHOMY MeTajll BiJOYBa€ThCI B OCHOBHOMY, BHACHIJOK
3B'SI3yBaHHS B KapOi/1 LIEMEHTUTHOTO THUITY.

[Ipu Biamycky ctaimi Y8 CHOCTEpIiraeThcs OUIbII 1HTEHCUBHE 30UIbIICHHS
BMICTy KapOiJiB BHACIIIOK TOTO, IO B MAapTEHCUTI PO3UMHSAETHCS BEIHKA
KUTBKICTh BYTJICIIO, HE TMOB'A3aHOTO B KapOiiuW dYepe3 BIJCYTHICTh JIETYIOUHUX
eneMeHTiB. 3 puc. 1 MokHa 3pOOMTH BHUCHOBOK, IO TMPH OJHINA 1 Ti camiii
TEMIIepaTypi BINMYCKY CTaJlb MICTHTh BEJIHMKY KUTbKICTh KapOimiB. 301IbIICHHS
BMICTY KapOIiJliB IpH BIAMYCKY CTall BHUKJIMKA€E 3HWKEHHS ii TBepuocTi. Lle
OOyMOBJIEHO THM, IIO 31 30UIBIICHHSAM KIIBKOCTI KapOlAiB MpH BIAMYCKY B O-
TBEPAOMY PO3UMHI 3HIKYETbCS BMICT BYIJICLIO, SIKUM YMHUThH MEBHUN BIUIMB Ha
TBEPICTh MAPTEHCUTHOI MATPHIII.

BUCHOBKU

1. TlopiBHsIBHUN aHaTI3 IITAMIIOBUX CTajed ToKas3aB, 110 B HaNHOLIbII
MOBHIM MIp1 33JI0BOJIBHSIIOTH MTOCTaBJICHUM BUMOT'aM KOMIUIEKCHO JIETOBaH1 CTaJIl.

2. Ha migcraBl mpoBEeAEHMX JOCIHIKEHb IOJ0 BIUIMBY CIIBBIIHOIICHHS
ra3oluIaKOyTBOPIOIOYMX KOMIIOHEHTIB MOKPUTTS HA 3aXUCT 30HU 3BAPIOBAHHS BIJl
a30Ty, OCHOBHICTh 3BapIOBaJbHOTO MUIAKY, MEHIIY TOKCHYHICTh Ta30BO1
atMocepu B TIpolleci HamIaBieHHs Oyna oOpaHa cucTeMa Ha OCHOBI
MEPOBCKITOBOI'O KOHIICHTPATY.

3. 3BacrocyBanHs cram 8X4I'CB4® i HaruiaBieHHS IITaMIIOBOTO
IHCTpYMEHTY, 110 BUKOHYE PO3AUIBHI Omepallii, J03BOJUTh 3HAYHO 30UIBIIUTH
TEPMiH CITy»OM IITaMITiB MpH iX 6araropazoBoOMy BUKOPUCTAHHI 1]l HATIJIABJICHHS.
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YK 621.865
I'ymeniok FO.B., Ma3yp A.I'., (Ykpaina, M. Binauis, BHAY)

BITPOBA/UKEHHA POFOTH30BAHOI TEXHIKH B OBJIACTI
MAHIUHOBY/IYBAHHA I BILUIUB HA MAKPOEKOHOMIYHY
CUHTYALIIO B CBITI

B yiii cmammi ocobnusa yeaca axyenmyemvcsi Ha pobomax i ix 6npo8add’CceHHi Y
supobHuymeo. Buseneni naiibinew pooomusosani cghepu supobnuymea. IIpoananizosami yci
nepesacu i HecamueHi acnekmu euxopucmauus "posymuux mawun"”. Ilokaszami yumHuKy, wo
3asadicaroms nposedenHio pobomuzayii 6 Kpaini. Ha ocnosi nposedenozo awnanizy 3pooieHi
BUCHOBKU NPO BNIUE pOOOMU3AYIT HA eKOHOMIYHULU CIMAH KPAiHU.

The article describes the robots and their implementation in production. Most robotic
spheres of production were identified. Moreover, advantages and disadvantages of using robots
in mechanical engineering were analyzed. Factors that interfere with the robotics in the country
were shown. Based on the review, we made conclusions about the impact of using robots on the
economic situation of the country.

Ilocmanoska npobaremu. BupoOHUIITBO (popmye cO00I0 €IUHY CHCTEMY
B3a€EMOIIOB 3aHUX KOMILJIEKCIB, Taiy3e Ta cdep, KOKHA 13 SKUX TepedyBae y
TICHIM 3aJICKHOCTI BiJ 1HINOI. BiAmoBiZIHO 10 IThOTO, JISJIBHICTH B OJIHIN cdepi
3/1aTHA CIPHUSATH IMOKPAIICHHIO €KOHOMIYHOT'O CTaHOBHINA B 1HIIH. BripoBamkeHHs
poOOTH30BaHOT TEXHIKM B  MAIIMHOOYTYyBaHHI JUIsl BHKOHAHHS  PI3HUX
TEXHOJIOTIYHUX TPOLECIB 3 METOK IIJABHUINCHHSA €()EKTUBHOCTI MiSUTBHOCTI.
MamvHoOyaiBHa raigy3b € HalOulblll poOOTH30BaHOK. BHUPOOHUIITBO MaIlVH,
OKpIM BJAacHOi MPUBAaOIMBOCTI Ta 3HAYUMOCTI, POpMye OCHOBY 1Jisi €(DEKTUBHOI
roCroAapchKoi MISIBHOCTI 1HIIUX CEKTOPIB €KOHOMIKH, 32 PaXyHOK 3a0€3MeUeHHS
iXx MammHamu, OOJaJHAHHSIM, IHCTPYMEHTAaMH, OJHHUM CJIOBOM, aKTHBHOIO
YaCTUHO OCHOBHHMX 3aCO01B.

Ananiz ocmamnnix Oocniodcens i nyonixayiti. PoOOTOTEXHIKY SIK HampsM
nocaipkyBamn O. O. I'pud'tok [1], M. B. Jlazaper [4], O. M. Kpusonoc [3].
3HaYHUN BHECOK Yy BHBUYEHHS IIMTaHb, 110 CTOCYIOTbCS OCOOJIMBOCTEH
(GYHKI[IOHYBaHHSI MAlIMHOOYAIBHOI rayry3i YKpaiHu, 311HCHUIN TaKi HAyKOBII, SIK
b.M. Janwnumun, B.M. I'eenp, B.I'. I'epacumuyk, B.J1. Iukans, H.B. KacesiHOBa,
H.B. Benenypa, J[.B. Conoxa, K.B. CotnikoBa, O.B. €nerenko Ta iH1mmi.

Buknao ocnoenoco mamepiany. Ha chOromHIIIHIN J€Hb Take MOHATTS, SK
«po0O0T», BiIOME y BChOMY CBITI, KOXHA JIIOIMHA MOXE JaTH HOMY CBO€pIIHE
BU3HAYCHHS. BignoBigHo «poboT - aBTOMAaTUYHO KEPOBaHU,
nepenporpaMmyBajibHUN, 0araToiIbOBUI MaHIyJIATOP, MPOTPaMOBaHUM 32 TPhOMaA
1 Outbie ocsimu. Bin Moke OyTu a6o 3adiKCOBaHMUM B 3aJIaHOMY MicCIli, a00 MOXKe
MaTl MOXJIUBICTh TIEPECYBAHHS JJII BHUKOHAHHS MPOMHCIOBUX 33Jad IO
aBTOMAaTU3aIi». BignoBigHo, poboTuzaliisi - 1€ PO3BUTOK aBTOMAaTH3aIlli
BUPOOHUIITBA HA OCHOBI 3aCTOCYBaHHS POOOTIB.
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BnpoBamkeHHs: pOOOTOTEXHIKM B MAIIMHOOYAYBaHHS Oepe CBiil MOYaTOK B
cepenuni 20-ro cromtrs. Y 1954 poui Buenmit 3 amepuku Jlxopmxk JleBon
3alaTeHTyBaB METO]l YNPAaBIIHHS BaHTaXKHO-PO3BAHTAXKYBAJbHUX MAaHIMYJIATOPIB
3a JIoroMoror 3MiHHUX nepdokapt [6]. Uepes pik General Motors Oysa nepiioro
KOMIIaHI€10, sIKa BIPOBaIMIa poOOT-MaHIMyJIATOP HAa OJHOMY 31 CBOIX 3aBojiB. Ha
JAHUW MOMEHT poOOOTH BHUKOPHUCTOBYIOTbCSI B OCHOBHOMY B  cdepax
aBTOMOO171e0y TyBaHHS, BUPOOHUIITBI €JICKTPOHIKH 1 MAITMHOOY/TyBaHHI.

Tpoxu miznime, B 1968 pori, migkarounnacs smnoHchka (ipma Kawasaki.
3apa3 fnoHis BBaXaeTbcs MPOBIAHUM BUPOOHMKOM pOOOTIB y BChOMY CBiTi. B
JTaHUI Yac He MOXHA HE TOTOJIUTHCS, 10 MPOMHUCIOBI POOOTH CTaIH HEBIJ €MHOIO
YaCTHHOIO BUPOOHUIITBA HA CEPE/IHIX 1 BEIMKHUX MiANPUEMCTBAX.

[X BUKOPUCTOBYIOTH 1Ji BUKOHAHHS Pi3HMX TEXHOJOTIUHHX IIPOIECIB 3
METOI0 MiJABUIIEHHA €()EKTUBHOCTI MiSUIBHOCTI MiANpPUEMCTBA. Bennkoro
MOIIUPEHHs HaOyIM MPOMUCIOBI pOOOTH B MammHOOyayBaHHI. MammHoOyaiBHA
rajiy3b € Haiouibll poboTu3oBaHOO. lle 00yMOBIIEHO MparHEHHSM I1JBUIIUTH
NPOJTYKTHUBHICTh, OTPUMATH OLJIBII JCIHICBY, ajie IKICHY MPOIyKIIito [5].

Pob6ot pyka-MaHimyisiTop sBisie cOOOI0 MPOTPaMHO KEPOBAHUW MPHUCTPIi,
KU BUKOPUCTOBYETHCS 3 METOK BUKOHAHHS 3aBJaHb, SKi BUKOHYE JIOJACH,
HAIPUKIIAJ, TEPEeMIIICHHs] MAacMBHHMX a00 BENUKOrabapUTHUX BAaHTAXIB, TOYHE
3BaproBaHHs, (papOyBaHHA, copTyBaHHS npoaykuii. IIpouec #oro mpoekTyBaHHS
3IACHIOETHCS BHUXOJASIYM 3 BHUPOOHUYOTO 3aBJAHHS, SKE€ IMOBHHHA BUPILIYHTE
KOHKpETHUM poOoTOM. Ha chOrojHilIHIA A€Hb TUCAYI KOMIIAHIA B YCbOMY CBITI
poOJSATH CTABKM Ha 3aCTOCYBAHHSI MalllMH y BUpOOHUITBI. Hamra kpaina Takox He
€ BUKIIOUEHHSM 1 HaMaraeTrbCs HE BIJICTaBaTH B TMEPEroHaX MPOMHUCIOBOTO
ocHalleHHs. 3apa3 Oy/ib-sIKe KOHKYPEHTOCIIPOMOXKHE 1 e€()eKTUBHE MIAIPUEMCTBO
npocTte 3000B'A3aHE BYACHO MOJIEPHI3YBAaTH BJIACHE BUPOOHUIITBO, BOIPOBAIKYIOUN
IHHOBAIlIfHI ~ TEXHOJIOT1i, MaTh HayKoBo-AochiaHy ©Oazy. Illo6 3pobutu
BUPOOHUIITBO MaKCUMaIbHE €(heKTUBHUM, Cy4aCH1 TEXHOJIOT1I € He3aMIHHUMU.

VY pO3BUHYTHUX KpaiHaX MalIMHOOYIyBaHHS HAJIECKUTH J0 HAWBaKIUBIIIUX
rajry3eid MpOMHUCIIOBOCTI Ta € MPIOPUTETHOIO, OO Ma€ BIUIMB Ha €(EKTHUBHICTH Ta
MIPOYKTUBHICTH BCIX chep eKOHOMIYHOI AisuTbHOCTI Kpainu. [locTiiHul pO3BUTOK
MAaIIMHOOYI1BHOTO KOMILJIEKCY 3a0e3mneuye pEeHTa0ENbHICTD Ta
KOHKYPEHTO3J]aTHICTh TOBApIB Ta MOCIYT Ha PUHKY, 3pOCTaHHS MaTepiaJIbHOTO Ta
IHTEEKTYyaJIbHOT'O PIBHA HACEJEHHS, 10 CHpPHSIE MiJIBUILIEHHIO PIBHS PO3BUTKY
E€KOHOMIKH OKPEMHUX PErioHiB Ta, 30Kkpema, aepxasu [2, c. 163]. Sk Haciigok, B
PO3BUHYTHX KpaiHax BUPOOJSIEThCs Onm3bko 80% MammHOOYIIBHOT MPOIYKIII.
Cepen aOcomoTHUX JifepiB y MamuHoOyaiBHOMY BupoOHUITBI CIIIA, Kurai,
SInonisg, Himeuunna

Cdepu 3actocyBanHs poOOTIB abo, sIK iX I Ha3UBaIOTh, «PO3YMHHUX
MaIluHy, Ay’Ke PI3HOMaHITHI, TaK K 3 KO)KHUM JTHEM CTa€ BCE MEHIIIE TaTy3ei, B
KX HEMOXJIMBE BUKOPUCTAHHS pOOOTHU30BAHOIO TEXHIKH. ICHYIOTH IPOMUCIIOBI,
MeIu4HI, ToOyTOB1, 00MOB1, pOOOTH AJIs 371HCHEHHS Oe3nekn 1 6araTo 1HIIMX, ajie
OCHOBHOIO 0O0JIACTIO 3aCTOCYBaHHSI POOOTIB y CBITI 3aJHUINAETHCS MPOMUCIOBICTD
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(1,6 mmH. mpommciaoBUX POOOTIB, mo craHOBUTH 80% Big ychoro po3mairts
poooTIB).

I e Bce He BMNAAKOBO, B poOOTH3AIlil BUPOOHHUIITBA € YMMAJIO CYTTEBUX
nepeBar mepes JIOACHKOI0 mpariero. Hampukman, HaykoBuil xypHan «World
Roboticsy Buniise 10 mnepeBar BOpOBaIKEHHS POOOTIB Yy BUPOOHHIITBO,
MOCUJIAIOYMCh Ha  TPOBEJAEHI JOCIIDKEHHS  MDKHApoJIHOW  (eaepariieto
poboToTexHiku [8]:

301IbIICHHS TPOYKTUBHOCTI, SIKE TATHE 32 COO0I0 3HIKEHHS CO01BapTOCTI;

o HiBUIICHHSA SKOCTI MPOMyKIii (1€ A03BOIUTH 301IbIIyBaTH abo
3MEHIIIATh 0OCAT BUPOOHUIITBA BiTHOCHO MOMUTY HA Ty UM IHIITY MPOAYKIIIO);

o 3HIDKCHHSI €KCIUTyaTalliiHIX BUTPAT;

o MOJTIMIIIEHHS YMOB TIpaili;

° I1IBUIIICHHS THYYKOCT1 BUPOOHUIITBA;

o 3MEHIIEHHS KUIBKOCTI BIAXOJIB 1 MIiJBUIIEHHS BIJCOTKA BUXOMY
MPUAATHOI TPOJTYKIIii;

° MIJIBUIIICHHS PiBHSA O€3MeKH poO0YOro MICIIs;

o 3MEHIIICHHS TUIMHHOCTI KaJIpiB 1 TPYHOIIIB MPU HaliM1 MEPCOHATY;

o 3HWKEHHSI KamliTaJbHUX BUTpAT (BUPOOHUYI pecypcH, He3aBepIIeHE
BUPOOHHMIITBO);

o 3HM)KEHHSI HEOOX1THUX BUPOOHUYMX TUIONI.

3acTocyBaHHS IPOMHCIOBUX pOOOTIB HAJa€ MOXKJIMBICTh 3MEHIIUTU
HaKJIaaHi ¥  TOpsAMi  BUTpaTH, IO  JO3BOJUTh  CYTTEBO  IABUIIUATH
KOHKYPEHTOCTIPOMOKHICTh ~ MPOAYKINi, IO BHITYCKA€ThCS. I[HTENEKTyalbHUMN
MEXaHI3M 3aBXAU JIONOMOXE MIATPUMATH HE3MIHHO BHUCOKHHW CTYIIHBb SIKOCTI
MPOIYKIi, OCKUIbKM BIH HE YTOMUTBHCS, HE CTAHE HEYBAKHUM BiJ] MOHOTOHHOI 1
ONHOTUIHOI poOoTu. IligBUIEHA TOYHICTH OOpOOKM MPOAYKIi, 37aTHA
3a0€3MeUnTH NPOAYKIIIi, [0 BUITYCKAETHCS, HE3MIHHO BUCOKA SKICTh.

Tak camo BaxkJMBe BILUTMBY poOoTH3auus Hajae Ha piBeHb BBII. Excneptu
CaiTOoBOro 0aHKy BBa)aroTb, IO 3aBIAKH poOoTu3auii rinodansuuii BBIT moxe
30impIuTHCS Ha 20-25%.

Opnak He BapTO 3a0yBaTH 1 PO HETaTHUBHI ACTIEKTH BIIPOBAKEHHS POOOTIB
y BUpoOHUIITBO. Bueni mependadaroTh, mo a0 2025 poky poOoTu3aius TUTBKU B
CIIA ckopotutb 22,7 mitH. Po60ounx miciie a60 16% Bif 3arajgbHOI KiJTBKOCTI.

be3pobiTTsa, 1m0 BHHUMKAE YHACHIIOK PO3BUTKY HAyKOBO-TEXHIYHOIO
porpecy, Ha3WBaIOTh TEXHOJOTIYHUM 0e3pobiTTssM.  CydacHi poOOTH, fKi
BUKOPHUCTOBYIOTHCSI B MAIIMHOOYIyBaHH1, CEPHO3HO 301IbIIYIOTh MOKIUBOCTI JIJIs
3aMIHU PYYHOI Mpalli, OCKUIBKU B TOPIBHSHHI 3 OUTBII CTAPUMHU MOJEISIMU, JUTS iX
po0OoTH MOTPiOHO HAOAraTo MEHIE JIOJCLKOr0 BTpy4YaHHs. buibil Toro, 10noBiab
2015 poxu Bim Citi Research cTBepmkye, 1m0 moOOOBATUCS BTpPaTH MIiCIlh
NOTPIOHO HE TUIBKM HHM3bKOKBaJIi()IKOBAaHUM TMpaliBHUKaM, a W ocobaMm 13
cepeaHbOr0 KBaidikariero [7].

OcHOBHMM criocoOOM MiHIMI3aIlli HaCHIAKIB poOOTH3aIlli JJIsl HaceJIeHHS
BUCTYIA€ OTPUMaHHS CyOCHIIM Big ypsany. Benuki 3BUTbHEHHST 4epe3
BIIPOBAKCHHS POOOTIB Yy BUPOOHUIITBO - II€ BIIEBHEHA TEHJCHINISA, IO POOUTH
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BIUIMB Ha €KOHOMIKY Bc€ OLIbIIMX KpaiH. Mo)kHa BHAUTUTH OCHOBHI IpoOiieMu,
0 0OMEXYIOTh PO3BUTOK pobOoTuzaiii. OCHOBHOIO MPUYMHOIO € BiJIICYTHICTH
MacIITabHOTO PUHKY POOOTIB BITYM3HSHOTO BUPOOHHMIITBA, SKI MOXHa Oyyio O
3aKyMOBYBAaTH 32 JOCTYNHMMHM I[iHAaMU. TakoX CIiJ] 3a3HAYUTH HEJAOCTATHE
JepKaBHE BTpPYYaHHs, HaNpUKIaA, y BUIVIIAI 3HAYHUX I1HBECTHINN 1 PI3HHUX
CTUMYJIIB JJig pobotuzaiii. binmein Toro, B YKpaiHi icHye Opak kBani(ikoBaHI X
KaJIpiB 3 pOOOTOTEXHIKH 1 TaK 3BaHa «BIATIK Mi3KiB)» 32 KOPJIOH.

Bucnogxu. IligBonsgun  MiACYMKH, CJHIA  3a3HAYUTH, IO POOOTH3ALIS
MaIIMHOOYyBaHHS BITMBA€ Ha BUPOOHHUYMHN MOTEHIIAN KpaiHH 1 301IbIIye 00CsT
BBII, ane NPU [LOMY HE MOXKHA 3a0yBaru npo 0e3po0iITTA, 10 AKOi BOHA MOKE
MPU3BECTH 1 CBOEYACHO MIHIMI3yBaTH HAcCHigku. BmpoBamkeHHS poOOTIB B
YkpaiHi e He JOCUTh PO3BHHEHE, MPOTE HEOOX1THO MiATPUMYBATH IIH HAIIPSIMOK
UL OIATPUMKH ~ KOHKYPEHTOCIIPOMOKHOCTI ~ Ha  CBITOBOMY  PHUHKY
MaluHOOyyBaHHS.

[lepeBaru 3acTocyBaHHS POOOTOTEXHIKM OYEBHUIHI: POOOT MaHIMyIATOP
3MaTHUNA 3a0e3rneuyBaTd MaKCHUMaJbHO BHUCOKHM CTYMiHb TOYHOCTI BUKOHAHHS
OyIb-sIKOi omeparlii i, K pe3yJibTar, 30UIbIICHHS SIKOCTI MPOIYKIIii; MOXKIUBICTh
3aCTOCYBaHHS TEXHOJOTIYHOTO BCTATKyBaHHS 365 AHIB y poIl, y TPU 3MIHU;
ONTUMI3AIlld eKCIUTyaTallli BUPOOHWYMX TPUMINICHb, IIBUJKA OKYIHICTB;
BIJICYTHICTh BIUIMBY JIIOJICBKOTO (hakTopa Iijl YaC BUKOHAHHS MOHOTOHHHX POOIT,
K1 BUMararoTh I1BUIIEHOI TOYHOCTI.
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BCTAHOBJIEHHA 3AKOHOMIPHOCTEN YTBOPEHHSI
EKCHEHTPUCUTETY OCI POBOYOI'O OPI'AHY POTOPHOI
MAIINHHU

Poszenanymi npobremu 3abe3neuenns cymiujenHs ocetl eiemMenmise pomopHux Mexamizmis,
a came pomopa ma onop koezanus. Ilpoananizosawni xapaxmephi 0coOIUBOCMI NIOUUNHUKA
KOB3AHHSl, 3 8PAXYBAHHAM cneyuiku 1020 pobomu 8 mexanismi. AHANIMUYHO 8CMAHOBNIOIOMbCS
3a2anvHi 61ACMUBOCMI MACMUILHO20 WAPY, U020 CMAH N0 YaC HABAHMANCEHb HA NIOUUNHUK
KOB3AHHA. 3anponoHo8ano y AKocmi eupiueHHs npooaemu cmabinizayii noa0dceHHs oci 8any 3
8icCi0 MIOWUNHUKA CHeyianbHa @opma 6K1aduua NiOWUNHUKOBOI ONopu, wo Cchpusmume
3MEHWEeHHIO BeUYUHU eKCYeHmpUucumemy, He OONYCKAOUU He2amueHUux seuuy Ha NiOUUNHUK
npU PI3HUX CIMYNEHAX HABAHMAICEHHS.

B  nmanmii  4yac opHi€l0 3  HAWBAXKIMBIMMX  3a37a4  Cy4acCHOIO
MamMHOOYAYBaHHS 3aJUIIAETHCS MPoOJieMa 3MIIIEHHST OC1 00EpTaHHs pOTOpa BiJ
OC1 MIJIIMITHUKA KOB3aHHS, TaK 3BaHUN €KCIEHTPUCUTET, SIKU BUHUKAE MPU PYyCl
POTOPHUX MAIIMH MiJ Ai€r0 auHamiyHux cuil. [lig gac poOOTH MaluH, JAHKU iX
MEXaHI3MIB PYXalTbCid 3 TMPHUCKOPEHHAM, B pe3yjbTaTl 4YOro BUHUKAIOTh
JUHAMIYHI CUJTM (CHJIM 1HEpINii), K1 BUKJIMKAIOTH BEJHKI, YaCOM JYyXe€ CYTTEBI,
HABAHTAKEHHS Ta CTBOPIOIOTH JOJIATKOBI HAMPYXKEHHS y TaKUX KiHEMaTHYHHX
napax, sSiK poTop Ta MiJIIMITHUK KOB3aHHS, a TAKOX 30UIBIIYIOTh TEPTA 1 3HOC iX
enemeHTiB [1]. [lpu mepeHaBaHTaXEHHSAX YW JOCATHEHHI TPAHUYHOTO 3HOIICHHS
MOBEPXOHBb TEPTS MIAIIMITHIKA KOB3aHHS BiJ0YBAa€ThCS 3MIIIEHHS OCI pOTOpa Bij
OCl TIAIIMIIHUKA, 10 CHOPHYMHSE 3OUIBIICHHS AaMIUIITY[ aBTOKOJHBAaHb,
MOPYIIYETHCA PEXUM HOPMAJILHOTO MAILEHHS 1 PIAUHHE TEPTS MEPEeXOAUTh B
rpaHuyHe abo HaBITh cyxe. Lle mpuBOAUTH 10 PI3KOro MIABUILEHHS TEMIIEPATYPH 1
3HUKEHHS B'SI3KOCTI MacTWIA. Y CIOJY4Y€HH1 CTBOPIOIOTHCS CIIPUSTINBI YMOBH JJIS
IHTEHCUBHOT'O PO3BUTKY PI3HUX BH/IB 3HOILIEHHSA, 1 B MEpIIy Yepry 3HOILICHHS
YHACJIJIOK 3aigaHHs [2].

3HauHe 301IBIICHHS 3a30piB NPUBOJUTH A0 MOSIBU YJAPHUX HABAHTAXKEHb,
K1 TAKOXK CIPHUSIOTH 30UIHIIICHHIO IBUIKOCTI 3HOIIEHHIO, 200 HaBITh JIO TOJIOMOK
OKpEeMHX JeTajel 1 BUXOAy MaIlluHu 3 afay [3].

Bxkazani ¢akTopu 3HaYHOIO MipOIO BIUIMBAIOThH HA HAIWHY pOOOTY POTOPHOI
MAaIIMHU, 3MEHIIYIOYM 11 eKCIUTyaTalidHui TepMmiH. TakuM 4YMHOM, BUBYEHHIO
BIUTUBY EKCIIEHTPUCHUTETY Ha MapaMeTpH MalluHU HEOOX1THO MPUIIIUTH 3HAYHY
yBary.

3 aHami3y HAyKOBUX Tpallb BUHUKAE HEOOXITHICTh Y TOCHIKEHH] TUHAMIKU
JeTajeldl poTOpHUX MalllMH, a caMme B 3a0e3leueHH] cTabumi3allii MoJIOKEHHS OcCi
pOTOpa BIHOCHO OC1 OMOPU KOB3aHHS, BPAXOBYIOUHM PI3HOTO POAY HABAaHTAKEHHS
B MEXaHI13M.
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CyTHiCTh BUBYEHHSI IPOOJIEMU MOJIATAE B ACTATLHOMY aHaMi31 MiAIIUITHUKIB
KOB3aHHSI, XapaKTePHUM JIJIl HUX JMHAMIYHHUM IIpoIiecaM, siKl ICTOTHO BILTUBAIOTh
Ha 0COOJIMBOCT1 €KCIEHTPUCUTETY.

[TiImMITHUKY KOB3aHHS € HEBIJ' €MHOIO YaCTUHOIO 0aratbox BEIUKHUX 1 TyKe
BIJINOBIJIAJIbHUX arperaTiB, BOHU HIMPOKO 3aCTOCOBYIOTHCSI B E€HEPreTUYHOMY
oOnajiHaHHI, TOTYXKHUX HAacocax, KOMIIpECopax, eJEeKTpoABUryHaX. Di3uuHi
IpolecH, L0 MPOTIKAIOTh B MIAUIMIHUKAX KOB3aHHS, JOCTATHbO CKJIAIHI 1
3aJIeXaTh BiJl CIIIBBITHOIIEHHS OaraTb0X 30BHINTHIX 1 BHYTPIITHIX YHHHUKIB [4].

B ocHoBHOMy, BCl BHHHKaOul B MpoOIleci eKCIuTyartalii mpoOiieMu CTaHy
T ITUITHUKIB KOB3aHHS MOXKYTh OyTH 00'emHaHi B Tpu rpynu. Lle mpobiemu crany
poOOUYMX TTOBEPXOHB MiIUTUITHUKA, TPOOJIEMHU BEIMYMHU 3a30PY MIXK >KOJIOOHUKOM
poTopa Ta aHTU(QPUKIINHUM BKJIQJMIIEM, a TAKOX MPOOJIEMHU HECY4Oi 3/1aTHOCTI
rapy MacTtuia.

YMOBU CTBOPEHHSI HECYUOT'0 MAaCTHJILHOTO IIapy B MiJAIMIUITHUKY aHAJIOT14HI
TApOJMHAMIYHUM TIpoliecaM, K1 BUHUKAIOTh MK IUIOIIMHOIO 1 MJIACTUHOIO, sKa
NEPEMILY€ETHCS M1 IEIKUM KYTOM JI0 HET.

Konu 3a30p miammnHuka 3aloBHEHM MacTWIOM, a JI0 Bally MpHUKJIaJeHa
cwia P, TO Bam 3MIIIyeTbC 3 LEHTPAIBHOIO IIOJIOKEHHS 1 YTBOPIOE
EKCIIEHTPUCUTET € MIX BajiOM 1 OTBOPOM 1, TUM CaMHUM, KIMHOBHM 3a3op. [lpu
oOepTaHHI Bally MacTWIO, K€ JO HbOrO Mpuiunae, Oyae 3axOoIUIIOBaTUCS B
KJIMHOBUM 3a30p, CTUCKATHCS Yy BY3bKOMY TOpJi 3a30py 1 CTBOPIOBATH MITHOMHY
CHITy, sKa YTPUMYE€ BaJl BIJ KOHTAKTy 3 IMIJANIMITHAKOM. BuU3Ha4YeHHS
TAPOAMHAMIYHOTO THCKY B MAacCJSHOMY IIapl B MIJIIMIHUKY € OJHUM 13 3aBIaHb
riIPOAMHAMIYHOI Teopli 3MalllyBaHHS. Y KJIMHOBOMY MAacTHJIBHOMY 3a30pi
PO3BUBAETHCS TIAPOAMHAMIYHUI TUCK P, SKUW BPIBHOBAXYETHCS HaBAHTAKCHHSIM
P, mo nmie Ha Bai.

Ha puc.l mokazani cxemMu po3MIilIEHHS Bally B MIAIIUIHUKY: HA MOYATKY
rioro po6otu (puc.la) KoM KyToBa MIBUAKICTh By ® I¢ ONHM3bKa 10 HYJMS, 1 B
Mepioj CTajoro pyxy, KOJM KyTOBa IIBHUJKICTH (0 CTa€ OUIbIIE KPUTHUYHOIO
3HAYEHHS, 110 BIIMOBIIA€ IEPEXOY B PEKUM PIAMHHOTO TepTs (puc.10).

a) &)

Puc.1. [lonoxxeHHs Bay B MiAIIUITHUKY:
a — B CTaHi CIOKOI0; O — Mpu 00epTaHH1 31 MIBUIKICTIO
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[Ipu 3miHI KyTOBOI IWIBUAKOCTI LIEHTP BaJly BIAMOBITHO 3MIHIOE CBOE
IIOJIO’KEHHS; TPAEKTOPIsl MOT0 pyXy B MIJIIMIHUKY HAOJIMKEHO JAyra OKPYKHOCTI.
[Ipy ® — oo UUITIHAPUYHI MOBEPXHI Bajly, Kl TPYThCs, 1 MIAUIMIHUKA CTAIOTh
Maiike KOHLIEHTPUYHUMHU, YTBOPIOKOYH MOCTIHHUI 110 KOy KUIBLEBUHN 3a30D, SIKUI
JOpiBHIOE O. MiHIMalIbHUI 3a30p BUHMKA€E B MEPETHHI, IKUW 3MIIIEHUN Ha KyT 3,
II0 PO3TALLOBYETHCS MIXK JIIHIEIO IIEHTPIB Bally 1 MHIAIIMIHUKA 1 JIHIEWO il
HaBaHTaXeHHd P. KpiM 1poro kyra moyio)KeHHS Bajlly B MIAIUUIHUKY IpU
TAPOIMHAMIYHOMY PEKHMMI TIOBHICTIO BH3HAYa€ EKCLUEHTPUCUTET € MIXK
smimeHumu reaTpamu O 1 O1. SIkmo cranicts 3a30py HE MIATPUMYBATH IITYYHUM
IUISIXOM, TO BaJl OMYCTUTHCS MiJl AI€I0 CHIM TSDKIHHS. TyT B IO BKJIIOYA€ETHCS
T1ApOIMHAMIYHHN €(PEeKT, KUl Mosirae B TOMY, 10 BaJl 3aXOIUTIOETHCS 32 PaXyHOK
3MOYYBaHHSI MacTUJIOM 1 HarHiTae Moro B KIMHOBHMM 3a30p, SKUH 3BYXKY€ETbCS Y
HAnpsSMKy pyxy. [Ipu 11boMy BceperHI MAaCTUILHOTO KIMHY BUHUKAE TOJIATKOBUH
TUCK [5].

ToBmmHa KIWHY € HaWOUIBIIO B MiCIl BXoay po0Oo4oi TOBEpXHI
00epTOBOro Bally B HECYy4y 30HY MiIIMITHUKA 1 MiHIMaJIbHAa Ha BUXO/1 3 Hel. Yum
OlsIplIIe HABAaHTA)KEHHS Ha MIJIIMITHUK, TUM TOHIIIE CTaBaTUME LIap MacTUia, IKUi
Hece pajiajibHe HaBaHTaKEHHS.

PoTopu arperati, siki CHMpPalOTbCA Ha MiAUIUIHUKYA KOB3aHHS, PU IEBHUX
YMOBAaX MOXYTb BTPAaTUTH CTIMKICTb 1 MEPEUTH B pPEXKUM aBTOKOJIMBAHb B
pagianbHOMy HanpsMKy. HalOuibinl 4YacTo 11e BiJIOYBAa€TbCS MPU 3HAYHOMY
3MEHIIIEHHI HABaHTA)XEHHS BaJy pOTOpa Ha MiAIIUITHUK, 1[0 MOXE OYTH HACIIIKOM
0araTboX MPUYMH.

TpaekTopis pyxy Bajly B MIJUIMIHUKAX € (PAKTUYHO BCTAHOBJICHOIO, ajie 10CI
HE TIPOMOHYETHCSI CTMOCIO 3MEHIICHHS BEIWYUHU EKCIEHTPUCUTETY, IO CYTTEBO
BIJIMBA€ Ha CTa0LII3alil0 TMOJIOKEHHS OCl Bajy B ONOpax KOB3aHHA. BuHukae
HEOOXIHICTh MOJEPHI3YBaTH MIAIIMIHAK KOYEHHSI, 3MIHIOIOYM KPHUBU3HY HOTO
ormopHoi moBepxHi. Ha puc.2 mpeacraBieHi CXeMH IOMEPEYHOTO Tepepizy
MIIIIUITHIKA TpYU O0EpPTaHHI 3 ONMHMCAHMUMH TPAEKTOPIAMH PYXY: MiIIMITHUK [0
MojepHizalli (puc.2a) Ta MIAMIMIHUK 31 3MIHEHOI KPUBHU3HOI MOro HECydoi
noBepxHi (puc.20).

Puc.2. 3MiHeHHSI KPUBU3HH TPAEKTOPIT pyXy POTOPY:
a — MIAMIUITHYK 10 MOJIEpHI3allii; O — MiANTUITHUK 31 3SMIHEHO KPUBU3HOIO HOTO OMOPHOT
MOBEPXHI
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AHani3 TpaexkTopii pyxy poTopy MO BUXITHUM TOUYKAM y35TO 3 MOSICHEHHS J10
puc.2. KpuBa nokasaHa eKCIEPUMEHTAIBHO Ta IIOTPEOY€ MOAANBLINX JOCITIKCHb.

Puc.3 nae HaM MOXIIMBICTh HAOYHO Oa4MTH 3MIHCHY JIHII0 HAaBaHTAXKCHHS
HHHHHHHHK&I%lanYHOKImﬂHEHHﬂ KPUBHU3HU TIOBEPXHI OTIOPW KOB3aHHS, SIKa B
MOBHIN Mipi MPUBOJIUTH IO 3MEHIICHHS €KCIEHTPUCHUTETY, M0 TaKOX MO3UTHUBHO
MO3HAYAETHCS HA 3HWKEHHS MaCTUIILHUX B1Opaitiii [6].

B iHmmx Bumaakax 3MEHINEHHS YacTOTH BIOpaIii MacTHIHHOTO KIUHY
TOBOPUTH MpO 30UIBLICHHS 3a30piB B MIAIIUIHUKY. 3a30pU B MIIUIMITHUKAX
KOB3aHHS 3aBXKJIHU PETEIbHO KOHTPOJIIOIOTHCS 3 YCiX OOKIB pOTOpa, OCKUIBKH BCI
BOHH, a HC TUIBKM HIDKHS YaCTHHA BKIAIHIIA, B Tii 4K HIIIA Mipi 6epyTh y4acThb B
p060T1 3asop y BEpXHill YaCTHHI MiAUIMIIHAKA TaKOXK IYyXKE BAKIUBHHA I
ctalimizallii MOJIOKEHHS pOTOpa B 3a30pl MIAMIMIHUKA. B npouec1 poboTu
BHACIIZIOK 3HOCY 3a30pH IIOCTYIOBO 3pOCTAalOTh i HACTYNA€ TAKAH MOMEHT, KOIH
Lle MOYMHAE ITO3HAYATHCS Ha CTaHI MEXaHI3MY 1 BUSBISIETHCS B CICKTPI B16paH11
JlocTaTHRO YacTO MPH IIbOMY B MEXaHi3Ml IIOBHHEH OYTH MPHUCYTHIM IIE SKUHCH
OJIMH Ne(EeKT 1HIIOI MPUPOIU BUHUKHEHHS, HaNpUKIIa nucoananc. Takui nedexr
nopyurye BiOpaillii, siki MMOBUHHI TMPUBECTH JO OOKaTyBaHHS POTOpa IO KOy
niqmunHuka. [le moxe Oytu 30ymyiMBa cuiia 1 1HIIOTO MPOSIBY. 3 IIbOTO MOYKHA
3pOOUTH BHCHOBOK, IIO TOBMHHA OyTH 30BHINIHS CHJIA, SiKa B TIeBHI (a3u
oOepTaHHs MABOAUTUME POTOp 1 IPHTHCKYBAaTUME HOTO no(ﬁqHHX,HOBerOHbl
HABITh JI0 BEPXHBOTO BKIAIWINA MiJIIMIHAKA, 200 Ha NCSKHA MOMCHT dHacy
PO3BAHTAKYBATH MIIIIMITHUK KOB3aHHA [7].

[lopanbuioMmy ramOOKOMY BUBUYEHHIO Ta aHali3dy, Ha 0asl JOCBIY HasgBHUX
HAyKOBUX TIpailb, MiJJIsITa€ MUTAHHS BUHUKHEHHS EKCIICHTPUCHUTETY BHACIIIOK
MO>KJIMBOTO BIJIMBY CTaHy IiJIIUITHUKA, 3a30piB B HBOMY, 3MIHU YacCTOTH
MacCTHJIBHOI BiOpalriii.

JIJist 3MEHIIIEHHSI BETWYMHU EKCLIEHTPUCUTETY € MPOMOHYETHCS 3MIHUTH
KPUBH3HY TPAEKTOpIl MEpEeMilleHHs LEHTPY OOepTaHHS pOTOpa, npu 3MiHI
HABAHTA)KCHHS HA MIJMIMITHKK, 33 PAXyHOK 3MiHM KPUBH3HU OIOPHOI MOBEPXHi
MIIIIUITHAIKA Y MICII BUHUKHEHHS! KJIMHOBOTO 3a30py. TakuM YMHOM 3MICTHTBCS
MIOJIO’KEHHST KJIMHOBOTO 3a30pY, 110 3a0e3MeUuTh K «IiAHOM» poTopa, TaK i HOTo
IUIAX 1O HOBIM 3MIIIEHINH TpPAa€eKTOpli, TOMY EKCLEHTPUCUTET AOPIBHIOBATUME
MIHIMQJIBHOMY  3HA4€HHIO. PeryitoBaHHS KPUBHU3HU  OMOPHOI  MOBEPXHI
MIITAITHAKA CIPUATUME CTa01T13a11i1 TOJIOKEHHS OC1 pOTOPY B OMOpax KOB3aHHS.
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OCOBJUBOCTI JOCJLIKEHHA AUHAMIMHUX
BJACTUBOCTEN YCTATKYBAHHA JJIsA BIBPOCTABLII3YIOYOI
OBPOBKH JIETAJIEN

Posenanyma o0eomacosa enexmpomexamiuna cucmema 6iopo36yoxcyseaua 0us 6iopo-
cmabinizyouoi 0opobKku demaneti 3 HACMPOUKOO CUCIEMU KePYBAHHSA HA MAKCUMYM 83AEMOOIT
eNeKmpuYHOi ma mexaniunoi niocucmem 3 peanamenmayieio oemngyiouoi oii. Ompumani ymosu
8UOOPY ONMUMANBbHO20 Koepiyienma peenamenmayii 0isi 3HUNCEHHs. pe30HaHcHo2o niky A4YX ma
30HU OOMeHCEeHHs pe2iameHmayii.

The article present a two mass vibroexciter electromechanical system for stabilizing
large size remaining tensions when control system tuning to maximize interaction between the
electrical and mechanical subsystems with regulation of the damping action. Also obtain
conditions for choosing the optimal rate regulation to reduce the resonance peak of amplitude
frequency response and regulation band limitations.

B yMoBax migBUILIEHHS SIKOCTI Ta 30UIBIIEHHS OOCITY MPOIYKIIii, IO
BUITYCKAETHCSI, IO CYYaCHUX TEXHOJIOTIYHMX MAIWH TPEI'SBISIIOTECS BHUCOKI
BUMOTH, YJAOCKOHAJEHHS TEXHIYHOTO pPIBHS SKUX BUMAarae OuIbIIl JAETaIbHOTO
JOCITIKEHHS iX XapaKTePUCTHK.

OCHOBHUM CTPYKTYpPHHM €JIICMEHTOM CYYacCHUX TEXHOJIOTIYHMX MAIUH €
aBTOMATHU30BaHUN €NEKTpONpuBo. JlMHamMika EJIEeKTPONPHUBOIY MAa€ BaXIIHBE
3HaUYECHHA Yy BUKOHAaHHI (YHKIIA MamuH. [CHye psii MOXIMBUX CIIOCOOIB
ornrrumizanii tuHamiku enekrpomexaniyaux cuctem (EMC) [1; 2; 3], koxeH 3 aKux
JSKUTh B MEXaX BUKOPUCTAHHS TOTO YM IHIIOTO BHUIY EJIEKTPOMEXAHIYHOTO
oOnaHaHHS.

JJist mpOBE/IEHHS TEXHOJIOTTYHHUX Ofeparliii 00poOKH B TaHMI Yac CTBOPEHI 1
EKCIUTyaTYIOThCS aBTOMATHU30BaHI BIOpOKOMIUIEKCH [4], 110 BUKOPHUCTOBYIOTH
peXrUMH BiOpallii Ha pe30HAHCHUX YacTOTaX JeTajel 3 BUCOKUM PIBHEM aMILIITY
JTUHAMIYHUX 3YCHIIb, JIS SKUX € XapaKTepHUM TEPioJudyHa 3MiHAa HaBaHTAKCHHS
Ha Bajdy 3 MOMEHTOM Mc=McpqsinQt. [Ipu mpomy crenudpiyHo 0COOIUBICTIO
npuBOAY BiOp030y/XKyBaya € Maiduil KOeIieHT po3MOAUTy 1IHEPUIMHUX Mac Yy Ta
HAsSBHICTH B TIEpeiayul MPYKHUX MEXaHIYHUX JIAHOK.

Jlist oriHky (PYHKITIOHYBaHHSI CUCTEM aBTOMaTHYHOTO peryntoBanHs (CAP)
3aCTOCOBYIOTh TMOKAa3HUKU SKOCTi. [lOKa3HWMKHM SAKOCTI TOAUIAIOTH HA TIpsiMi
(orpumani mnpu wmonemoBanHi EMC, kopeHeBi) 1 HempsiMi (YacTOTHI Ta
iHTerpaneHi) [5]. be3nocepenHe 3acTOCyBaHHSI MPSIMUX [OKAa3HUKIB SIKOCTI
JO3BOJISIE  OTpUMATH TOYHI  pe3ynbratv, ane s ckiagHoi CAP 3
XapaKTEPUCTUYHUM PIBHSHHSM YETBEPTOTrO, I1’ATOTO Ta BUILOTO MOPSJIKY aHATI3 1
ONTUMI3aIlls TUHAMIKH MPOLIECIB TyKe CKIIaIHI.
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3acTOCyBaHHS YAaCTOTHHMX IMOKA3HHUKIB SIKOCTI € TPOMI3AKUAM ISl CHCTEM
BHUCOKOI'O MOPSIIKY, aj€ 3aCTOCOBYIOUM CIIPOILEHI OI[IHKM Ta BPaxOBYIOUH, IO
YaCTOTHI MOKA3HUKHU € HEMPSMUMHU MOKa3HUKaMHU, MOKHA 3 JIOCTaTHIM CTyIEHEM
TOYHOCTI CTBEP/XKYBAaTU PO MOKA3HUKHU SIKOCTI TI€T UM 1HIIOI CUCTEMHU, TOMY JIJIs
JOCITIKEHbh BUKOPUCTOBYBAJIMCS aMILIITYAHO-9aCTOTHI XapakTepuctuku (AUX).
Kpim TOro, mpu rapMoHIHOMY 30ypeHHs 3aCTOCYBaHHS YAaCTOTHHMX KpPHUTEpIiB
no3BosIsie oiHUTU poOoTy CAP B ychoMy poO0odOMYy Jiana3zoHi 4acToT.

BiamoBimHo 10 Teopii konuBaHb [6] 1 3a TPHHIMIIOM akKajeMika
[nmtiacbkoro [7] KonMMBanbHA CHCTEMa BUCOKOTO MOPSIKY MOXe OyTH MpHUBEICHA
JI0 CHUCTEMH KOJHMBAJIbHUX JIAHOK JPYTroro MOPSAKY 3a YMOBH OJHAKOBOCTI
BJIACHUX dYacToT Iux JjaHok. [lpu mpomy migcuctemu EMC 3HaxomsTees y
B3a€MOJIII 1 MOXIJIMBA peanizalis IeMII(PIPYIOUUX BIIACTUBOCTEN EJIEKTPONPHUBOLY
[8-10]. Jemmdipyrounii eheKT eaeKTPOIPHBOY JT03BOISIE chOpMyBaTH HEOOXITHI
nuHaMivH1 sskocti EMC 171 TOTO 4M 1HIIIOTO KPUTEPIFO.

B pamkax gocmimkeHb pO3IUIAIAaBCs KOMILUIEKC BIOpOCTaOLIi3ipyrodoi
00pOOKM 3BapHUX KOHCTPYKIIiH, 1110 103BOJIsSIE TEHEPYBAaTH MEXaHIYH1 KOJIMBAHHS B
niarma3oHi yactot Big 10 mo 100 I'u, sikuit ckiagaeTbes 3 00poOIFOBaHOI AeTajll Ha
Bi0OpO130JIbOBAHUX OMOpax, BiOpo30ymKyBaua JeOAlaHCHOTO THUITY 3 MPUBOIHUM
JBUTYHOM MOCTIIHOTO CTpyMy TUITY
MITI-900 (nHominansHa motyxHIicTh 900 BT; HOMIHanbHa Harpyra sikops 27 B;
HOMIHAJIBHUI CTpyM sikops 41 A; HOMIHaJIbHAa KUIBKICTh OOEpTIB Baja JBUTYHA
5600 o06/xB). ¥V cknami CAP € omgHoda3zHMil THUPHUCTOPHHUI MEpPETBOPIOBaY,
peryisTop 1 AaT4uk mBuAKoCTI [11].

[Ipy mnpoBeneHHI HAayKOBO-AOCHITHUUBKUX POOIT  €JIEKTPONPUBOIU
nebanaHCHUMX — BIOpO30yMKyBadiB  yJIOCKOHAIIOIOTHCS  IUISIXOM — ONTHUMI3AIli
MEXaHIYHMX M1JICUCTEM Ta BUKOPUCTAHHS HOBHUX CIOCO0iIB KepyBaHHs [2, 12].

Hns ontumizanii EMC B gaHomMy BUNaaKy HEOOX1HO OyJIO BUPIIIUTH JBi
CylepewInBl 3ajadi, a came, OOMEXHTH DPE30HAHCHUHM IMIK MPH PO3IIUPEHHI
yactotHoro naiamazoHy CAP. B pesynbrari gocnimxeHb Oylio 3’siCOBaHO, IO B
poOoYOMy Jiarma3oHi 4acTOT ICHYIOTh PE30HAHCHI MIKM 1 aMIUTITyJa BUMYIICHHX
KOJIMBaHb OyJ€ BHUCOKOIO, IO y poOOYOMY Jdiama3oHi 4YacToT BiOPOOOPOOKH
BUCTYNA€ TPUYMHOK BHUHHUKHEHHS BHUMYIICHUX KOJMBAaHb CTPyMy SKOpS 3
JIOTATKOBUM  TIEPEBAHTAXKEHHSM JIBUTYHA W KEPOBAHOTO BHIPAMIIAY, IO
MPU3BOJUTH 10 BTpATH €Heprii Aii BiOparlii.

Jis  onTumizaiii napameTpiB  BiOpo3OymkyBaua Oyna 3ampoOnoOHOBaHA
METO/JMKA 3HIKEHHS aMIUNTYAH PE30HAHCHOIO IIKY 3T1IHO 3 MPUHIHUIIOM
enexkTpomexaniuHoi cymicHocti [10], sika monsrae B HajaromkeHHi EMC
BIOpO30y/KyBaua Ha MAaKCHUMAaJbHYy B3a€MOJII0 MIJACHUCTEM 3 MOAAJIBIIO0
periiaMeHTalll€l0 BHECEHOro JeMI(ipyBaHHS B €JIEKTPUYHY 1 MEXaHIYHY
MiJICUCTEMHU. 3arpoTrOHOBaHA METOANKa cuHTe3y napameTpiB EMC 3 oOMexeHHsIM
BUMYILIEHUX KOJMBaHb i KoopAuHat, a Kopekuis CAP 3 MeTo0 BHKOPHCTaHHSA
nemMrndipylouux  BJIACTUBOCTEH  €JIEKTPONPUBOAY  J03BOIMIA  €()EKTHUBHOTO
MIEPETBOPUTH EHEPTIIO il BiOpairii B 00poOIroBaHiil merari.
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30kpeMa, He3BaXaloyu Ha Majuil KOEQIIi€EHT PO3MOAUTYy 1HEPIIMHMX Mac,
MO>KJIMBO 3HM)KEHHSI aMIUTITYJTHOTO MIKy MpakTU4HO Ha 50% MO BiJHOIICHHIO 0
CTaTUYHOTO CHUTHATY 3a YMOBU TpaHuuyHoi B3aemojii B EMC 3 Butrpatamu Ha
3HMKEHHS cMyru rponyckanHs CAP Ha 7%.

ExcniepuMeHTanbHl JOCHIDKEHHS W eKCIuTyartalliss BiOpo30y/ KyBadiB B
yMOBaxX BHUPOOHHUIITBA TaKOX CBIIYaTh PO JOIIBHICTH 3aCTOCYBaHHS JAaHOI
Metoauku cuaTesy EMC noaioHoro kiacy [11].

Jlimepamypa

Knwouee B. U Oepanuuenue OuHamuueckux HAcpy3o0K  dlekmponpusooa /
Kniouee B. U. — M.: Duepeus, 1971. — 320 c.

bopyos [O. A. AsmomamusupoanHbvlii 21eKMPONPUOO ¢ YHpy2umu Ccea3amu /
0. A. bopyos, I'. I'. Cokonoeckuti. — CIIb.: Duepeouzoam, 1992. — 228 c.

bypeun, B.U. Ananusz u cummes O08YXMACCOBbIX INEKMPOMEXAHUYECKUX cucmem /
b. U. bypeun — Hogocu6. anexkmpomexu. uncm., Hosocubupck, 1992. — 192 c.

Upviea A.U. Bubpocmabunuzupyrowas o0pabomka Cc6apHuvlX U Jumvlx oOemainei 8
mawunocmpoeruu. Teopus, uccredosanus, mexnonozusi. Kpamamopck: JJI'MA, 2004. —168 c.

becexepcruil B. A. Teopuss ~ cucmem  asmomamuueckoco — pe2yiupoganusi  /
B. A. Becexepckuu, E. I1. I[lonos. — CI10.: Ilpogeccus, 2003 — 752 c.
Mawnoenviuumam, JI. U. Jlexyuu no meopuu Konebanuil /

JI. U. Manoenvwmanm [ noo peo. C. M. Puumosa]. — M.: Hayka, 1972. — 452 c.

Hlununno, B. Il. Aemomamu3uposantulii 6eHMunbHbIL 21ekmponpusod / B. I1. [[lununno
— M.: Duepeus, 1969. — 400 c.

3aoopoorcnuti  H.A.  Paspabomka  cucmem  ynpasieHusi — 31eKMPOMEXAHUYEeCKUX
BUOPOKOMNIIEKCO8 €  aKMusHviM  Oemngpuposanuem konebanui / H.A. 3adopoocnuil,
A.U. Jlpviea // Bubpayuu 6 mexnuxe u mexronoausx. — Bunnuya, 2003. — N5(31). — C. 6-9.

Bew A.H., Bumnux A.B., [puiea A.H., 3adopoocnuii H.A., Cunmes 08yxmaccosoil
INEKMPOMEXAHUYECKOU  CUCmeMbl  MOOAIbHO20  YNpaeieHus  8ubposo3dyoumenem ¢
Odemnguposanuem ynpyeux konrebanuu // Becmnux HayuonanvHuiti mexnuueckuii ynugepcumem
«XIIHy». — Xapvkos. — Buin. 45. —2007. — C.247-250.

3aoopoorcnuti H.A.  B3zaumocseazu u onmumuzayus napamempos 08YXMACCOBbIX
anekmpomexanuueckux cucmem: monoepagus / H. A. 3aoopooxcnuii, M. H. 3a0opoocnss. —
Kpamamopcxk: JJI'MA, 2014. — 216 c.

3aoopooicnuti H.A. Obocnosanue e6vibopa muna 6ubpososdyoumens O0as 6UOPo-
cmabunuzupyiowel. 0opabomku KpynHozabapumuulx ceéapuvix oemanei / H.A. 3adopooicnuil,
A.B. Konom, JI.C. Ilonomapes // Hayxoei npayi /[oHeybkoco HAYIOHATLHO20 MEXHIYHO20
yHigepcumemy. — [oneyx: JJonHTY. — 2011. — Ne 11(186). — C. 164-166.

Kuorxoe A.b. Hosevle memoovl ynpasieHus npoyeccom ubpayuoHHou 00pabomku c
yenvio cHudicenusi ocmamounwvix Hanpsaxcenutl / A.b.2Kuokos, P.H. Ilanenxo // [lpobremu mepms
ma 3nowysanns: Haykoeo- mexniunuil 30ipnux. — K: HAY. — 2008. — Bun. 49. - T. 2 — C. 18 —
24.

81



HAy6orpaii J1.0., Ilaiina M.A., cTtyneHtu, Hayk. kep. Bacuinbuenko K.B.,
Onsaroxk H.O., BuUKnajayl cremiadbHMX DUCHMIUIIH, K.T.H., goi. IluBimma H.IL.
(ITomtexniuamnit kKojemx KpruBopi3bKoro HaIlOHAIBHOTO YHIBEpCcUTETY M. KpuBuit
Pir, Ykpaina)

3ACTOCYBAHHA STEM HIAXOAY Y HAYKOBOMY IIPOLECI
3A PAXYHOK BIIPOBA/’KEHHA ITPOEKTY BHUKOPUCTAHHA
AJIBTEPHATHUBU JIU3EJIBHOMY ITAJIUBY

Merta: CTBOpPEHHS YSIBJICHHS CTYJEHTIB MPO JOUUIbHICTE MeToauku STEM
MiAXO0/Ay 10 HAaBYAHHS.

Inesa: 3HaxXOMKEHHS aNbTEPHATUBU JAM3EIBHOTO TAJIBHOTO, MUISIXOM
BripoBapkeHHss STEM migxoay y po3poOKH CTYIEHTIB.

3aB/aHHsl HAYKOBOi poOOTH:

o O1HUTH BUTIIHICTH BIPOBAIKEHHS BOJHEBOI'O ABUTYHA,
o OuiHUTH pe3yNIbTaTUBHICTD BIIpoBaxkeHHsI STEM y Hall HaBYaJIbHUMA
3aKNazL;
, . .
o 3’scyBaTH IIepeBaru Ta HeJpoIKK BpoBaLkeHHs STEM nigxony;
o Honectu gouiyibHicTh 3actocyBaHHd STEM migxoay y mojaiabmioMy

PO3BUTKY CTY/ICHTIB;

o BnpoBapkeHHs 3MIIIAHOTO HAaBYaHHS Y HAYKOBHI MPOIIEC.

Metoau 10CIiIKEHb:

— [TopiBHSIHHS

— InayxkTuBHUN MeTON

— Amnani3

- Cunres

VY HaykoBIi poOOTI pO3TISTHYJIN MUTAHHS:

v Busnauenns STEM migxomxy

v Bnposamxenns STEM nigxoay y HayKoBHil poiiec

v JlocnimxeHHs: BOAHEBOTO ABUTYHA HAa ocHOBI STEM miaxomy

v' Omuinka pesynpratuBHOCTi STEM migxo[y y Hamomy HaBYaIbHOMY
3aKJIaal.

AkTyaspHICTh poOoTH. [loysirae y CTBOpEHHI IHTEpecy CTYIEHTIB J0
TOYHUX, TEXHIYHUX HAYK Ta TUCIUILIIH, IIO0 JOTOMAara€ TMOKPAIIUTH CBITOTJISII
MOJIOZI.

CytHicTe Hamoi poOoTu moisrae y BrapoBamxkeHHI STEM migxomy y
HayKOBUU Tipormec. 3’sicyBatu edextuBHICTh STEM, BUKOHABIIM HAayKOBUU
npoekT. OCKUIbKM MH HAaBYa€EMOCHh Yy 3aJI3HUYHOMY KOJEMKI, MU BHUPIIIHIN
PO3IUBUTHUCS yC1 MOKIINBI aJIbTEPHATUBYU JAU3EIILHOMY JABUTYHY TEILIOBO3Y.
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OpHiif 3 rpyn creuiaibHOCTI, a caMme “TexHiuHe 0OCIyroByBaHHS, PEMOHT
Ta eKCIUTyaTallis TSATOBOTO pPYyXOMOTO CKJaay’, TPOTATOM THXHS OyJo
(bakyIbTaTUBHO JOCTaBJICHO 2 TouHu. CTyJeHTH 00Upau B I€Hb T JUCIUIUIIHH,
Ha SKUX MOIJIM OLIBII JIETAJIbHO, Ta 00’ €KTUBHO OIIIHIOBATH BapiaHTH, MPOBOIUTH
JOCTIKEHHS 3 PO3paxyHKaMHU.

Takum YMHOM MU BIPOBAIKYEMO 3MIllIAHE HABYAHHS I Yac SKOTO
CTYACHTH MOXYTh 3017bIIyBaTH CBIA CBITOIJIAJ JOCSTAlOYM IMOCTABJICHOT METH.
Buxoasum 3 1mporo, 3a pe3yibTaTaMd TPOEKTY, MH 3MOXXEMO OI[IHUTH
edextuBHIcTh STEM migxoay 10 HaBYaHHS.

BucHoBOK. BceGiyHO BHBUMBIIN MOKITUBOCTI QJIbTEPHATHBH, MH 3'SICyBaJIA
mo STEM miaxiy € mpoAyKTUBHUM, 3JIaTHUM 3alliKaBUTH, [0 POOUTH HOro
J1€BOI0, a00 HaBITh PYUIIAHOIO CHJIOK HABYAJIBLHOIO MPOIECY, 110 Y MOJAIbIIN
MEPCTIIEKTHUBI OE3MOCEPETHPO TMO3UTHUBHO BIUIMHE HA PO3BUTOK IMPOTPECHBHUX
TE€XHOJIOT1M.

CIIMCOK ITOCHUJIAHD.

1.Ocnosnvie npeumywecmea u nedocmamru 6000podnozo monauea [Enexmponnui
pecypc]. — 2017. — Peoxwcum odocmyny do pecypcy: http://www.tesla-tehnika.biz/vodorodnoe-
toplivo-nedostatki.html.

83



VJIK 681.5

E€EOUMEHKO O. B., x.1.H., nou., (Kadeapa OyniBeapHUX Ta JOPOXKHIX
MalluH, Jlep)kaBHUN BHINMK HaBUAJbHHM 3aKkiaj «XapKiBCbKUU HaI[lOHATBHUN
aBTOMOO1JILHO — JIOPOXKHIM YHIBEpCUTET», BYJ. SpocinaBa Myaporo 25, M. Xapkis,
VYkpaina, Ten. +38(057) 7003866, e-mail: admin@khadi.kharkov.ua, e-mail:
khadi.alef@gmail.com)

JOCTIUKEHHSI CHCTEMHM MAIIMHHOIO KOHTPOJIIO
LEICA(IIBEMIIAPIST)

Axmyanvhicme pobomu nousieae 8 CMEOpeHHi I 600CKOHANEHHI 0Y0i8eIbHUX [ OOPOIHCHIX
mawun(BAM). 'V oaniii cmammi posenanymo pobouuii npoyec manozadapumuo2o 6yivoosepa,
OCHAWEHO20 CUCMEMOI0 MAWUHHO20 KOHpouo, a came, cucmemoro Leica PowerGrade. Cuio
BIOMIMUMY, WO MEXHONO02Is a8mMomMamu3z08ano2o Kepysawus BJIM  0oszsonse cnpocmumu i
NPUCKOPUMU PileHHsl 3a80aHb NIOBUWEHH NPOOYKMUBHOCMI poOim I, 3peumoro, iCMOmHO
nioguwumu egexmuenicms excniyamayii semuepitino-mpancnopmuoi mexuiku(3TM). Tomy, y
neputy uepey, 0ana poboma cnpsaMo8ana Ha niosuwjents egpekmusnocmi gyukyionysannus 3TM
ma 30i1bueHHs AKOCMI BUKOHAHHSL pOOim.

The relevance of the work is to create and improve the construction and road machines.
This article describes the workflow of a compact bulldozer equipped with a machine control
system, namely, the Leica PowerGrade system. It should be noted that the technology of
automatic control of earth-moving machines allows us to simplify and accelerate the solution of
the problem of increasing productivity of work and, finally, significantly improve the efficiency
of operation of earth-moving equipment. Therefore, in the first place, this work is aimed at
improving the efficiency of the functioning of earth-moving equipment and increasing the quality
of work.

[IpoGnema. AmnHamiz ¢akTopiB, 10 BHU3HAYAIOTh TEHJEHII PO3BUTKY
JIOPOKHBOT TEXHIKM Yy CBITI, MOKa3aB, II0 OCHOBHUMH HAIpsIMKaMH PO3BUTKY
JOPOKHBOT rajy3i B YkpaiHi noBuHHiI ctatu[l,2]:

- 3a0e3nedyeHHs] HAJIMHOCTI, JOBrOBIYHOCTI 1 $KOCTI TOKPUTTS BITUM3HSHUX
Jiopir;

- PO3LIMPEHHS] HOMEHKJIATYPH 3MIHHUX pOOOYMX OPraHiB.

- po3poOka aBTOMaTU30BAHUX CHCTEM KEPYBaHHS JOPOKHBOIO TEXHIKOIO.

[IpoOnema BupilmieHHS [UX 337a4 (OPMYIIOETHCS SIK  IM1IBUILICHHS
epexktuBHOCTI 3TM mnpu B3aeMofii 13 TPYHTOBUM CEpPEAOBHILEM B YMOBax
0OMEKEHOT0 Yacy Ha IPUHHATTS pimeHHs[6].

Amnani3 my6mikamiil. TUIbKM 3 MOSIBOIO MO3ULIOHYBAHHS B PeajbHOMY 4aci
CTaJI0O MOKJIMBUM HE TUIbKH BHUKOHYBAaTH PO30MBKY AUISTHKMA OYIBHUIITBA ajie i
CTBOPUTH aBTOMAaTH30BaHI CHCTEeMHU KepyBaHHS YycTaTkyBaHHsAM [5]. Hosa
metoauka GPS-3iiomkn - kiHematnka B peanbHoMy baci (RTK) - mo3Bossie
BU3HAYaTH TPUBUMIPHI KOOPAMHATH KPAroOK y pycl 3 TOUHICTIO MEHII JIeMMETpa
Ha JAUISHKaxX po3MipoMm 110 20 kM. IIpu 1bOMy TOYHICTH IUX KOOPAMHAT MOXHA
1no0a4YnTH Bijpa3y B M0, 0e3 HEOOX1IHOCTI HACTYITHUX O0YKCIIeHbB[3,5].
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MeTtor0 po6OTH € MPOBENEHHS €KCIEPUMEHTAIBHUX AOCIIIKEHb POOOUOTOo
nporiecy 3TM Ha mnpuknami Oynprosepy, ocHameHoro cuctemoro GPS -
iHTeHCcHpikallii, Ta 3a JOMOMOTOI OTPUMAHUX EKCIICPUMEHTAIBHUX JTaHUX
3aIIPOIIOHYBATH  pPEKOMEHJAIlli I[0J0 TMIABUIICHHS €(GEeKTUBHOCTI poOOTH
JIOPOKHBOT MAIMHMA, SIKA BHKOPHUCTOBYE CHCTEMY MAIIUHHOTO KOHTPOIIO
pobodoro mporiecy.

[lnan excnepumenty. Ha mnomironi XHAJIY Oyno  mnpoBeneHo
CKCIIEPUMEHTAIbHI  JOCHI/DKEHHS ~ OyJbio3epa,  OCHAIICHOTO  CHCTEMOIO
MAaIIMHHOTO KOHTPOJTIO cBiTOBOTO Jiijiepa hipmu Leica(lllpeiimapis)[4]. KimrouoBum
MomeHTOM B Leica Powergrade € Bukopuctanus Powersnap — €1uHOi JOKCTaHIII].
VY skocTi 00'€ekTa MOCHITKEHHS OOpaHuid TpakTop JIHIMPOBCHKOrO MeXaHOo-
TpakTopHoro 3aBomy JIMT3-160 (IAMT3) (puc 2). JAMT3-160 ocHamenwmii
OJHOLIWJIIHAPOBUM UYOTUPUTAKTHUM Ju3esibHUM ABUTYHOM R1SND moTyxHICTIO
16 k. c.

a) MCP1300 Control panel,
764836

b) MMB1300 Cradle, 764910

¢} External Switch for Dozer,
764849

d) Laser receiver, 760862

e) Power mast/manual mast,
760863/764847

f) MJB1300 Junction box
Dozer, 767437

g) Machine battery

h) Hydraulic valve

i} Cross slope sensor, 767439

j)  Remote junction box,
764856

k) Remote display, 764841

Puc. 3 - CxemMa MOHTaXy yCTaHOBKH Ha OyJbA03€epi

[TopiBHsATBHUYN aHaI3 HaHuX Oynbao3epa 3 1HTEHCU(IKATOPOM 1 6€3 HbOTO
MOKa3aB, IO TMPU BHUKOPUCTAHHI IHTEHCU(]IKATOpa TOYHICTh MPOQITIOBAHHS
3eMJISTHOTO MOJIOTHA CTAHOBUTH Y MeXkax mpuiyctumoro 85 % Ha BigMmiHy Bix 35
% npu TpaguiiiiHoMy OymiBHMITBI. KiIBKICTh «BIIy4e€Hb» HOXa BBy BHILE
abo HK4Ye mpoekTHoro mpodimo 3HauHo Bume - 35 1 4%, 29 1 10 %. Ilpu
dbopMyBaHHI TOPOKHBOTO OJIATY ceperaHe BiaxuieHHs npu MCS Big HE0OXigHOTO
npodimo 0,035 M, a npu Tpagumiinomy — 0,050 M, BeIUYMHM MaKCUMAJIbHUX
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3pi3iB Takox 0,069 1 0,030, mo cyTTeBO HMXKYE TpaAMIiitHUX cucTeM. [lokazHuKu
TOBOPSITH MPO MPAKTUIHO 2-0X KPAaTHY TOUYHICThH TMO3HIIIOHYBaHHS HOXa BiIBaIy
NpU TUTaHyBaHHI 3 1HTeHcHupikaTopoM. Jlomyck Ha pizanHs ctaHoBHB 0,03 M,
nomyck Ha po3mipu Tpanmei - 0,03 m JlaHi eKCepuMEHTY IMOKa3yloTh, IIO
MakcumanbHuil 3pi3 nopiBHIoE 0,069 M, Cepenniit 3pi3 — 0,05 M, mMakcumanbHe
BiAXUJIeHHs Bia 6a30Boi JiHil -0,067 M, Cepenne BIAXWICHHS Bij 0a30BoOi JIiHIT -
0,05 M. IIpu BUKOpHCTaHHI iIHTeHCHU(IKaTOpa JIaHl HACTYMHI: MAKCUMaJIbHUH 3pi3 —
0,030 m; cepenniii 3pi3 — 0,03 M; MakcuManbHE BIAXWUIJIECHHS Bix 0a30BOi JiHIT -
0,039 M; cepenre BiaxuiaeHHS Big 6a30B0i JiHii - 0,035 M.
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Topu3oTanbHa BiaMITKa BUMIpY,M
® - B MEXax JIONYCKy; ¢ - BUIIE
JOMYCKY;

& - HOKYE OMYCKY
Puc. 6 Pizanns Tpaguiiinum
crnocooom

Topu3oTanbHa BiAMITKa BUMIpY,M
® - B MEXax JIONYyCKy; ¢ - BULIE
JOITYCKY;

& - HIOKYE JOIMYCKY
Puc. 5 Pizanns 3 Bukopucranusim GPS
1HTeHCcHU(DiKaTopa

%4 |
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a) TpaJuIliiHa TEXHOJIOTIA PO3po0KH  0) po3poOKa IPYHTY 3 BUKOPUCTAHHSIM
IPYHTY GPS inrencudikaropa

Puc.7 - T'ictorpamu 00poOKM CTAaTUCTUYHUX JaHUX JOCIIKEHb

AHami3 KpamkoBUX MUTTEBUX (HOTOTpaM TIOJOKEHHS BIBaNly J103BOJIMB
BCTAHOBUTH TOYHICTH TMO3UIIIOHYBAaHHA POOOYOro opraHy B mpocTtopi. Puc. 5
MOKA3ye, 0 MPAKTUYHO IO BCIET JOBKHUHI POOOYOI MIISHKH KUTBKICTh «BIYUYEHBY
y CMYTy CyTTe€BO Buile mnpu BukopuctaHHi GPS inteHcudikatopa, TOYHICTH
JIOCTaTHS Ha BCIM AUISHII IUIAaHYBaHHS, Ha BIIMIHY Bijl TPAaJUIIIHOTO CIIOCOOY,
KOJM ONEepaTop 3MYIIEHWH TIOCTIHHO 3MIHIOBATH M «IIIYKaTH» OINTHMAaJbHE
MOJIOKEHHS HOXKa y BIAMOBITHOCTI 70 HeoOxigHoro mpodiato. Ha miacraBi nux
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JaHuX TOOyJAOBaHO 3akoHW posnoniny BenwumH (Puc. 7). YV Bumanmky
BUKOPHUCTAHHS IHTEHCU(IKATOpa 3aKOH PO3MOJIITY BETUYHH HOPMAaJIbHUH, PO3KU
JaHUX y IbOMY BHITQJIKy CYTTEBO MEHIIIE.

BucHoBku

1. BcraHnoBineHa BHUMIpIOBaJIBHO-PETICTPyIOUa amaparypa BijgoOpaxae
pobounii LMK y MOJEpHI30BaHIN cucTemi KepyBaHHs Oyibaozepa ITM3-160:
IPOIEC PO3POOKU TPYHTY, INIAHYBAHHS PUTTS TPAHIIIB 1 T. 1.

2. CyTTeBO 3HUBWIWCSA TOKA3HWKW dacy nukiny mamman (mo 172%) i
1 BUIITUIACS SKICTh 3eMJISTHUX poOiT (10 98%).

3. BusBuiocs, mo aye BaKJIMBAM HEOCIIKEHUM MTapaMeTPOM CUCTEMH €
30Ha «I03a4yTIMBOCTI» cuctemMu kepyBaHHs (deadband). 3onHa mo3aduyTiauBOCTI
KOHTPOJIFOE TOYHUU pyX TiApaBiikd MamuHu. L1 3HaYeHHS He BIANOBIAAIOTH
TEXHIYHIN XapaKTepUCTUIll  JIATYUKIB CHUCTEMH, ii Tpebda po3paxoByBaTH 13
ypaxyBaHHSM TiIpaBIIYHUX [IBUIKOCTEH eleMeHTiB riaponpuBoay. Lli
napamMeTpu He CJiJ IUTyTaTH 13 3arajibHOI0 TNPOJYKTHUBHICTIO MAalIuHU a0o
TOYHICTIO BUKOHAHHS pOOOTH 1 BOHU NMOTPEOYIOTH MOJIAIBIIIOTO JTOCHIIKEHHS.

CIIMCOK ITOCHUIIAHb
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M. Maxaposa, B. M. Jloxuna. M.: @uzmamaum, 2001. - 576 c.
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JOCJILIKEHHA TPAHCIIOPTHOI'O PEXUMY
KOPOTKOBA30OBOI'O KOJICHOI'O HABAHTAXKYBAYA(KBH)

Yepes kopomky 6a3y il yeHmp mac, wo KOHCMPYKMUGHO PO3MAUOB8AHUL OudxdCue 00
3a0HbOI OCI, Y OesIKUX BUNAOKAX MPAHCNOPMHOZ0 PENCUMY, A came, npu NOOOIAHHI HepieHOCmell
pobouoi nosepxni KbH uacmkoeo empauac cmitikicmb. BimuusHsanutl i 3aKopOOHHUL 00CBI0
BUKOPUCTIAHHS MAL02A0APUMHUX MAWUH MAKOJNC CEIOYUMb NPO HEOOCMAMHIO CMIUKICHDb,
0CcOOIUB0 AKWO MO8A Uioe Npo mpancnopmui onepayii. Buacniook yvoeo, excniyamayiina
NPOOYKMUBHICMb OAHO20 KIACY MAULUH 3HAYHO HUJICYE 3A56/1eHOL.

Due to the short base and center of mass, structurally located closer to the rear axle, in
some cases the transport mode, namely, when overcoming the unevenness of the working
surface, the SBL partially loses stability. Domestic and foreign experience in using small-sized
machines also indicates a lack of sustainability, especially when it comes to transport
operations. As a result, the operational performance of this class of machines is significantly
lower than stated.

[IpoGnema. IlocTiiiHo 3pocTarodi o0caru poOIT y OyniBHUUTBI BU3HAYAIOTh
HEOOXIJHICTh BUITYCKY MOPSA 3 MallMHAMU CEPEIHBOTO W  BAXKKOro KJacy
MajiorabapuTHUX MalIuH 0araToIIbOBOTO MPU3HAYEHHS, 110 JO3BOJISIOTh ICTOTHO
3HM3UTU 4YacTKy pydHoi npaimi. KBH 3 GopTroBuM moBOpOTOM 1 Tigpo06'eMHOIO
TPAHCMICIEI0 € HaWOLIbII TPEACTABHUIIBKMUM TI0 YHUCIYy MOJEIeH, 1110
BUITYCKatOThCs, (Outbiie 140) 1 MatoTh IMIMPOKY HOMEHKJIATYPY 3MIHHUX POOOYHX
opraHiB (Ounbmie 70 HaliMeHyBaHb). 3aBASKH YHIBEPCAJIbHOCTI, €KOHOMIYHOCTI,
BHUCOKIl MOOLJTEHOCTI i1 MAHEBPEHOCTI, a TAKOXK MPOCTOTI KEPYBAHHS B CIIOJTYYCHH1
31 MBUAKOI 3MiHOIO poboumx opraHiB, KBH ciyxate BucokoeheKTHBHUM
3aco0oM MexaHizarii py4Hoi mpari. BiTUu3HAHMI 1 3aKOPJOHHHWM JOCBIT
BUKOPUCTAHHS MaJIOrabapUTHUX MAIllMH CBIAYMTH MPO HEAOCTATHIO CTIHMKICTb,
0COOJMBO AKII0O MOBa HJe NpOo TPaHCHOPTHI onepamii. BHacmigok mmoro,
eKCIUTyaTalliiiHa MPOyKTUBHICTh JIAaHOTO KJIacy MaIluH 3HAYHO HIDKYE 3asBIICHOI.
Tomy Bunmkae mnpoOnema minBumeHHs edextuBHocti KBH 3a  paxynox
JOCITIKCHHS TTIOBEIIHKY MAIIIMHY TI1]] YaC BUKOHAHHS TPAHCIIOPTHUX OIepalliil.

AHani3 nyOmikamid. Y HaB4anbHOMY mociOHUMKY A. M. Xomnomoa, B. B.
Huuke # JI. B. Hazapoa Oyma cmpoba OIIHUTH CTIMKICTh HaBaHTaXXyBadyiB 1
3eMJIEPOMHO- TPAHCTIOPTHUX MAIIMH Y PyCl 3 ypaxyBaHHIM Aii iHepUIHHUX cHL.[1]
B omHOMY 3 BUMAAKIB PO3TISAAETHCS TMO3OBXKHS CTIMKICTh MAITUHU (HA MIPUKIIAI]
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Oynbro3epa) mpu ii ranbMmyBaHHI. Bu3HauaBcs rpaHUYHUN KyT HaXWiIy OMOPHOI
MOBEPXHI 3 KOEPIIIEHTOM 3amacy CTIMKOCTI He MeHm 1.2. Y apyromy BHUMaaKy
po3rasigaBcss Oyibpao3ep abo KOJNICHUM HaBaHTaXyBay, IO PYXaeTbes 13
TPAHCIIOPTHOIO IBHJKICTIO HAa 3aKpYTJEHIM MUISHIN JOPOTH W Ha SIKUM JIIOTh
BI/ILICHTPOB1 CHJIM. YpaxXyBaTH 1HEPIIHHI CUJIH, III0 BUHUKAIOTh MPU TrajlbMyBaHHI
CTpLIH, IIO OMYCKA€ThCS, HaBaHTaXyBauda, cnpoOyBamu B. M. Bekcnep, T. U.
Myxa,[2] b. T. becenin. I3 miero metoro B. M. Bekcnep 1 T. 1. Myxa BpaxyBanu
MIJATIUBICTh XOJOBUX KOJIC 1 omopHoi moBepxHi. OmHak 1 B I poOOTI
pO3MIISIHYTa TUIBKHM IUIOCKAa CXeMa Jii 3yCWib Ha HEPYyXOMHM HaBaHTa)yBad.
3naunuii iHTEepec 3 no3uiii criiikocti KbH sBnsitors cob6oro pobotu Hazaposa JI.
B., Pazapronosa JI. B.[3].

Metow poOOTH € TPOBEINEHHS eKcrepuMeHTalbHUX Aociikenr KbH Ha
npukiaaal  mamorabaputHoro  HaBaHTaxyBaua [IMTC 1200, BusiBUTH
HaHEeOC3MeUHININNA PEKUM POOOTH MPU BUKOHAHHI TPAHCHOPTHUX omepaltii[4]. V
SAKOCT1 OKPEMOT'0 BUIAJIKy TPAHCIIOPTHOIO pexuMy 0yio oOpano nononanas KbH
OJUHUYHOI NEPEIIKOAN.

[Inan  ekcnepumenty. Ha  yuOoBo-HaBuasibHIM  BUpOOHMYIM  0asi
XapKiBCBKOTO  HAIlIOHAJIbBHOTO  aBTOMOOLIBHO-OPOKHBOTO  YHIBEPCHUTETY
(XHALLY) 6yno mpoBeneHo ekcriepuMeHTainbHl nociimkenns KBH, ocHamenoro
KOMILJIEKTOM ~BUMIpIoBaibHOiI amapatypu (puc. 1). Ilepen mnpoBeaeHHsIM
eKCIIEPUMEHTAIBHHUX JOCITIKEHb, MOB'A3aHUX 3 MEpei3foM HaBaHTaKyBada yepes
OJIMHOYHY TIEPENIKOIy Oy MPOBEEH] Psijl MATOTOBUMX POOIT, a caMe:

— BUOIP TUIOPO3MIPIB 1 (HOPMU MOI0JIAHOT TIEPEIIKOIN;

— BU3HAYCHHS CHJIOBOTO Pajilyca XOJ0BUX KOJIIC;

— BU3HAYCHHS CEPEIHIX IMBUAKOCTEH pyXy HaBaHTa)KyBada Ha 3aJJaHUX
JUCTAHIISX;

Y xoai BumpoOyBaHb MpU TIOJIOJIAHHI HaBaHTaKyBaye€M OJIMHOYHOI
nepemko i 0ynu 3adikcoBaHi Taki BUTIAIKU SK:

— BTpaTa CTIHKOCTI MaIllMHHU B TI0370BXKHBOMY HAMPSIMKY;

— pyWHYBaHHS ABOCEKIIMHOTO PO3MOAIIBHUKA TAPONPUBOAY pOOOUOTO
BCTAaTKyBaHHS.
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PO3MILLEHHST BUMIPIOBATSHOT ANIAPATYPU HA
HABAHTAKYBAYI
Tensomoct 1 AUM  Axymynstop  MMiacuniosay

MoHTaxHa cxema 3aKpInIeHns AaTymka

TUCKY
1~ [latamk Tucky N/40; 2 - Tpifsmk

Hxepeno ] 7

JKHBIEHHA

12..36 B [} [Re] %
gt

L |
16 smiprosasa

3 = HarwK TACKY;
OaTumk TUCKY AxcernepomeTp  T€H3OMOCT 2 5" uwcboeuii moynb: 3 — ALIT: 4 Aymynsiros 12 B;
5_EBM;

Puc. 1. 3aranpHa cxema po3TanryBaHHS BUMIPIOBAIBHOI anapaTypu Ha
HaBaHTa)XyBadl
[IBUAKICT, 1 MICTKICTh KOBIIa HaBaHTa)KyBaua BapilOBAJIMCA Ha TPHOX
PIBHSIX, MaKCHMaJIbHa IMIBUIKICTh gocsirama 2.2 m/c., a MiHimMaisHa 0,4 m/c. Ha
puc. 2 300pakeHO 3aJIeKHICTh MBUKOCTI W MMPUCKOPEHHS B1J] 4acy MPH MO0JIaHH1
HABAHTAXKYBAa4eM TEPEIIKOIM 3 TOPOXKHIM poOdoyuM OOJaJHAHHAM 1 TpHU
MIHIMAJIbHIH IIBUIKOCTI.
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— IPHCKOPEHHS — OIIAX — IIBHAKICTE

Puc. 2 - 3anexHicTh IPUCKOPSHHS i MIBUAKOCTI BiJl 4acy MPH NEPUIOMY
po0OYOMY TIOJIOKEHHI
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Puc. 3 T'icrorpama gaHux eKCepUMEHTY
a) npu BanTaxomniaioMuocti 400 kr.; 6) mpu Ba"HTaxomigiioMHOCT1 800 KT
B) IIpu BaHTaxomigromMHocTi 1200 Kr.

AHani3 excrnepuMEeHTaIbHUX JaHHUX, 300pakeHuX Ha miarpamax 17 — 19
CBIIYUTH PO T€, IO MPHU 30UIBIIEHH] IIBUAKOCTI 10 2,2 M/C THCK Y TJIPOCHCTEMI
poboYoro o6sIagHAHHS AOCATAE CBO€I KpUTUYHOIL OIiHKH B 14,5 MIla, Hanpyra Ha
METAJIOKOHCTPYKIIT poOodoro obnamHaHHs 3poctae 1o 23 Mlla, nepemimeHHs
IEHTPY Mac HaBaHTakKyBaya NpH HAi3al Ha nepemkoay 3poctrae no 0,04 m. y
BEPTHKAIBHOMY HAIPIMKY.

BucHoBkH
1. AHamTuaHUR orysa ctany nutaHHsa crivikocti KbH mokasye, mo
Tpanuriiina METOAMKAa BHU3HAYeHHS  KoedillieHTa 3amacy  CTIMKOCTI

HABAHTAXKYBAYiB MpPH IOJ0JIAHHI TMEPEHIKOJAU HE MOXKe OyTH BUKOPHCTaHa JJIs
KBH ockiapku 1HEpIiiHI CHIM y [HMX MAaIlMH TIiJl 9aCc BHKOHAHHS pPOOOYMX
orepalliii 3Ha4HO BUII, HIXK Y aHAJIOTTYHUX MAIIIMH KJIACUYHOI KOHCTPYKIIIi.

2. Ilig yac exkcrepuMEHTaIbHUX JOCHIDKEHb OyJI0 BHUSBICHO HAWOUIBII
HeOe3neyHui nepioJl B3a€EMO/Iii HaBaHTa)XKyBaya 3 OMOPHOIO MOBEPXHEIO — 11€ 37131
KBH 3 nepemnikoau mij 4yac mo0JaHHS OCTAaHHBOI 3aJHIMU KOJIECaMHU, MPHU I[bOMY
kyT f gocsrae xputranoi BiaMiTku y 28 (mpu m=0 kr), 26  (mpu M=600 kr), 22
(m=1200 kr);
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ITPOBJIEMATHUKA TA IIMTAHHA PAIIOHAJIBHOI'O
ITPOEKTYBAHHSA EJTEKTPOIIPUBOAIB METAJIYPI'TMHUX MAIIINH

Posenanymo  numanna — payionanvnoeo 00Ky OUHAMIYHUX — HABAHMAICEHL 8
eIeKMpPONpUBOOax MemanypeiiHux MAuiuH, peKoOMeHOO08AHO NpU aHANI3l HABAHMANCEHb HA
Mexaniune ma enekmpuune 0ONAOHAHHA B8PAXO8YEAMU GUMOSU 00 MEXHONI02IYHO20 Npoyecy,
61ACMUBOCMI  eeKMPONPUBody, Ccucmemu YNpasiiHHa ma 00NAOHAHHSA, 3ANPONOHO8AHO NpPU
NPOEKMYBAHHI | MOOEPHI3ayii MemanypeiuHux MAawux epaxosysamu Oemnipyiouull egexm
e1eKmponpugooy.

The problems of rational accounting of dynamic loads in electric drives of metallurgical
machines are considered in the article, it is recommended to take into account the requirements
for the technological process, the properties of the electric drive, the control system and the
equipment when analyzing the loads for mechanical and electrical equipment. It is proposed to
use the damping effect of the electric drive in the design and modernization of metallurgical
machines.

MeranypriiiHi MallMHU NPU BBEJIEHHI B €KCIUIyaTalll0 MalOTh HallKpamiii
TEXHIYHUI CTaH 1 XapaKTEPUCTHKH, K1 MPOTATOM (DYHKIIIOHYBAHHSI MOTIPIIYIOTh-
csi. Crmig akueHTyBaTM yBary Ha TOMY, L0 THUIIOBI PEXUMH HABaHTAKEHHS
METAIyPriiHUX MAIIMH € B OCHOBHOMY HOPMAaJbHUMH POOOUYMUMH PEKHMMaMH, Ha
K1 pOo3paxoBaHi 1 CIIPOEKTOBAaH1 €KCILUTyaTOBaHI arperatd, KpiM TOro, B Ipouect
BUTOTOBJICHHS JI€Tajl 1 BY3JIM MalllMHU MPOXOJATh PETEbHUN KOHTPOJIb. Pa3oM 3
TAM, B TPOIECI eKCIUTyaTallii BCe-Taku BiIOyBalOThbCS BIIMOBH 1 aBapii, MO0
TATHYTH 32 COOOI0 TPUBAJII MPOCTOI 1 BIAUYTHI BTpaTH BUPOOHUIITBA.

MeToro JoCHiIKEHHSI € BU3HAYCHHSI (PAKTUYHUX AMHAMIYHUX HAaBaHTAKEHb
€JIEKTPUYHOIO 1 MEXaHIYHOro OOJIaJHAHHA METaJypriiHuX MAaIlWH, 0 MpH
MPOCKTYBaHHI 1 €KCIUTyaTarlii eJIeKTPONPHUBOAIB BUCTYNAE BAXJIMBOI HAYKOBO-
IPAKTHUYHOIO 3a7a4elo.

Y BaXKHX METANypriiHUX MallWHAX, HANpHUKIad, MPOKATHUX CTaHaX,
OCHOBHI HaBaHTA)KEHHS B TOJIOBHUX €JICKTPOMPHUBOJAX CTBOPIOIOTHCS MOMEHTAMHU
NPYKHUX CUJI MEXaHIYHOI Mepefadi B peKUMax YJapHOTO 3aXOIUICHHS 1 BUKHIY
Mmetainy. JlMHaMiuHI HaBaHTaXXEHHsI KOJIMBAJILHOTO XapakTepy HpPHU3BOAATH [0
PI3KOTO CKOPOYEHHS TEPMIHY CIYy>KOM AeTaliedl MeXaHIYHOi mepenadl Mo 3HOCY 1
BUTPUBAJIOCTI 1 BIIXWJICHHS MPOLIECIB BiJ] 3alPONOHOBAHUX TEXHOJIOTi€0. Tomy,
AK (pakTOp OOMEXKEHHS AMHAMIYHUX HABAHTAXEHb NPOIOHYETHCS BUKOPHUCTAHHS
Ha MPaKTULl AeMIPYI0U0ro eQeKTy eiaexTponpunoay [1].

Jl7is TOJOBHUX €NEKTPONPHUBOJIIB CTaHIB TapsA4y0i MPOKATKU 3 JBUTYHAMU
MOCTIHHOTO CTPYMY 3HIKEHHSI KOJMBAJIBHOCTI MOMEHTIB B MPYXHIA MeXaHIYHIN
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nepenayli Moxe OyTH JOCATHYTO 3a pPaxXyHOK (OPMYBaHHS ONTHUMAIbHOI
KOPCTKOCTI MEXaHIUYHOI XapaKTepUCTHKU eleKTporpuBoay [2]. Metoau
ONTUMI3AIll] EJIEKTPOMEXaHIYHUX CHUCTEM TOJIOBHOTO MPHUBOJY CTaHIB Tapsdoi
MPOKATKMA 3aCHOBAHI Ha MOCUJICHHI €JIEKTPOMEXAHIYHOIO 3B'A3KY, BUKOPUCTAHHI
MPUHIIAITY eJIeKTPOMEXaHI4HO1 cyMmicHOCTI [1, 3] 1 cuHTE31 mapamMeTpiB, 110 CIPHUsIE
MiHIMI3aIil peakiii eJeKTPONPUBOAY Ha JiI0 KOJUBaHb MPY>KHOTO MOMEHTY
MEXaHIYHOI YaCTUHH, SIK 30BHIITHHOTO 30yPEHHS.

JUist  MeTanypriilHMX MallMH 3aCTOCYBaHHS 3HAXOJUTh CHHXPOHHHIMA
CJIEKTPOIIPUBO/ 3 YACTOTHUM PETYJIOBAaHHSM, B SIKOMY pEalli3ye€TbCA CTpaTeris
H1IOPAIKOBAHOTO KEPYBaHHS 3 MIMPOKUM J1alla30HOM PEryJlOBaHHS 1 BUCOKUMU
JUHAMIYHUMHU TOKa3HHKaMu [4], MpoTe B €JIEKTPONPHUBOJAX MPOKATHHUX CTaHIB
3aCTOCYBAaHHS CHHXPOHHUX J[IBUTYHIB OOMEXEHE dYepe3 3pOCTaHHsS JOAATKOBHX
JTWHAMIYHUX HaBaHTaKeHb [5], 110 BUMarae JiHeapu3aiii JMHaMI9YHOT MEXaHIYHO1
XapaKkTepUCTUKHU [6]. EnexTponpuBox B CTATUYHOMY pEXUMI Ma€ aOCOIIOTHO
KOPCTKY MEXaHIYHY XapaKTepUCTUKY, 1 IPH HASIBHOCTI AeMI(pepHOi OOMOTKU B
JUHAMILl CTBOPIOE €(PEKT BHYTPILIHBOIO B'SI3KOTO TEPTS, 110 BHOCUTHCS B MPYKHY
MEXaHlyHy migcuctemy [6], ToMy Ui aHalmi3y MEpeXiTHUX IMPOILECIB
MPOMOHYEThCSI  (pOpMa HOPMYBAHHS Yy BUIVISIAI  y3arajdbHEHUX IMOKA3HUKIB
CJICKTPOMEXaHIYHO1 CyMICHOCTI [7].

[ToniepenHi pe3yabTaTH AOCIIKEHb MOKa3aJM, 1110 MaKCUMaJlbHE 3HAYCHHS
neMIiQipyrodoi Aii eIeKTPONPUBOY 3 CUHXPOHHHUM JABUTYHOM JOCSTAETHCS MPHU
CJIEKTPOMEXaHIYHIA CYMICHOCTI 1 PIBHO3HAYHOCTI MPOIIECIB B MEXaHIYHOi Ta
€JIEKTPOMArHITHOT MiJCUCTEMaX, a TaKOX HE 3aJIeKUTh BiJl (POPMU HOPMYBaHHS
JTUHAMIYHUX MTApaMEeTPiB 1 BU3HAYAETHCS KOS(DIIIIEHTOM PO3MOILTY 1HEPIIMHUX Mac
v 3]

Takum YWHOM, PpO3IIIANAETHCS TMPAKTUYHA MOXIHMBICTH OOMEKEHHS
JUHAMIYHUX HABAHTAKEHb B EJIEKTPONPHUBOAAX 3 CHUHXPOHHHUM JBUTYHOM JIJISI
METaJyprifiHuX MallliH, 10 MOXKe OyTH BpPaxOBaHO IMPHU MPOCKTYBaHHI HOBUX 1
MOJIEpHIi3aIlii AiF0UUX eJIECKTPONPUBO/IIB MPOKATHUX CTaHIB.
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IBanoBa O. P., marictpant, Hayk. Kep. A.T.H., mpod. Kisnosckuit M.B.,
(KpuBopi3pkuii HallloHaILHUM YHIBepcuTeT, M. Kpupuii Pir, Ykpaina)

KOHTPOJIb TA KOPUT'YBAHHS ITAPAMETPIB 3AKPIIIJIEHHS
3AI'OTOBOK

Ilposedeno amaniz memooie CulOBUMIDIOBAHHS 6 KOHCMPYKYISAX MEXHON02IYHO20
OCHAWeHHS, OCHOBHUX (haKmopie, AKI 6NAUBAIOMb HA CUNU 3AMUCKY 8 3AMUCKHUX MeXaHi3max. B
pe3yabmami npoeedeH020 aHalizy 6y10 6U3HAYEHO, WO 3a0ayi IHCMPYMEHMANbHO20 KOHMPOIIO
napamempis 3axKpinieHHs 3a20mo60K Npu ix MexawiuHili oOpobyi 3anobicaioms HeeamusHUM
asuwam 3axpinienus. Ilpu nedocmamnbomy 3aKpinIeHHi 3a20MOBKU MONCIUBUL i1 3pus8 nio 0i€io
cun pi3auHs, i AK HACTIOOK NOWKOONCEHHS 3A20MO6KU, IHCMPYMeHma ma 6epCmamHo20
npucmocysants. Haomipne 3axpinnennsi 3a20mo6ku npusooums 00 HOWKOONCEHHs il
nosepxoHs.. byno euznaueno, wjo Ha cbo2o0OHIWHIN OeHb He ICHYE KOHCMPYKYIT MEeXHONI02TUHO20
OCHAWjeHHs, KA 68 NOGHIl MIpi peanizyeana KOHMpPOb CUNOBUMIPIOGaHHA. Tomy Oane numaHms
nOMpeOye HOBUX MEOPEMUYHUX | eKCNEePUMEHMANbHUX 00CTIONCeHb NPU CIMBOPEHHI NPUHYUNOBO
HOBUX KOHCMPYKYIU 3aMUCKHUX MeXAHI3MI8, AKI 3MONXCYMb peanizyeamu KOHmpoib napamempu
3aKpinjieHHs 3a20MOBOK | He 0ONYCKAMU He2amueHUX 518Ul 3aKPINIeHHs.

3amaya IHCTPYMEHTAILHOTO KOHTPOJIIO TTapaMeTPiB 3aKPIIJIEHHS 3arOTOBOK
pH X MexaH14Hiil 00poOIIl 0/1HA 3 HAWBAXKIIMBIIIUX MUTaHb B MAIIMHOOY/TyBaHHI.
BifcyTHICTh IHCTPYMEHTAIBHOTO KOHTPOJIIO TMapaMeTpiB 3aKpIIJICHHS 3arOTOBOK
npy iX MexaHIYyHIi oOpoOIll MPHBOAWTL A0 HETAaTHMBHUX SIBHIN 3aKpIIUICHHS, a
came: MOXMOKHU 3aKpITUICHHS, TIOMIKO/KEHb MOBEPXHI, 10 SKUX MPHUKJIAJACHI CUIH
3aKPITUICHHS Ta MOXJIMBI TIPYXH1 AedopMaliii 3arOTOBKH.

[Ipu HEenoCcTaTHHOMY 3aKpIIUICHHI 3arOTOBKH MOXJIMBHUH ii 3pWUB Mia JTI€IO
CHJI pi3aHHSA, 1 SK HACHOK TIOMKOKEHHS 3aroTOBKH, IHCTPYMEHTA Ta
BEpPCTATHOTO TMPHUCTOCYBaHHs. HagamipHe 3aKpiluieHHS 3aroTOBKH TPUBOIUTH [0
TMOLIKOJKEHHS 11 IOBEPXOHb.

[Ipu BiICYTHOCTI KOHTPOJIIO MapameTpiB 3aKpiIUIEHHS (OPMOYTBOPEHHS
3arOTOBOK CYIPOBOIKYETHCS Je(eKTaMu KOHCTPYKTHMBHUX €JEMEHTIB, IO
YTBOPIOIOTh HEABHO BHUPAKEHI TEXHOJIOTIUHI 0a3M, M0 BUKIUKAIOTH BHUCOKY
TPYJAOMICTKICTh 1 TIOMWJIKH JOTIOMDKHHUX OTIEpaIliii TEXHOJOTIYHOTOo Oa3yBaHHS
3aroTOBOK B 3aco0ax TEXHOJIOTIYHOTO OCHAIlEeHHsS, 1 SK HacHigoK, Opak
BUTOTOBJIEHHS JIETAJIEH.

Crin 3a3Ha4UTH, MO MPU 3aTUCKY HE MOBUHHO MOPYITYBATHCS TMOJOXKEHHS
3aroTOBKH, TOCSATHYTE O0a3yBaHHsM. Lle 3a10BOIBHSAETHCS palliOHATIEHUM BUOOPOM
HAIMpPSMKY 1 TOUKH MPUKIIAJIaHHS CUJTH 3aTUCKY.

3aTHCK HE TMOBMHEH BUKJIMKATU JAedopmallii 3aroTOBOK ab0 ICyBaHHS
(3MUHaHHS) 1X MOBEPXOHb, 110 3aKPIIUTIOIOTECA B MpucTocyBaHHI. Cuia 3aTHUCKY
MOBUHHA OYTH MIHIMQJIBHO HEOOXITHOIO, ajieé JOCTATHbOK I 3a0e3nedyeHHs
HAJIAHOTO MOJO0KEHHS 3arOTOBKH 11100 HACTAHOBHUX €JEMEHTIB MPUCTOCYBaHb B
mporieci 00poOKH.
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Lle moTpeOye HOBHX TEOPETUYHHX 1 €KCIIEPUMEHTAIBHUX JOCTIIKEHb MpHU
CTBOPEHHI IPHUHIIUIIOBO HOBUX KOHCTPYKIIM 3aTUCKHUX MEXaHI3MiB, SKi 3110H1
KOHTPOJIIOBAaTH TMapaMeTpy 3aKpIIUICHHS 3arOoTOBOK 1 HE JIOMYCKAaTH HETATUBHUX
SIBUIIL 3aKPITUJICHHS.

VY mupoko nommupeHiit mitepatypi [1, 2, 3] npu mpoeKTyBaHHI BEpCTaTHUX
MPUCTOCYBaHb JIOCUTh CKPYMYJIbO3HO aHANI3YIOThCA Aedopmaltii, 0 BUHUKAIOTH B
KOHTAKTl1 3aroTOBKM 3 OMOPHHUMHM €JIeMEHTaMHu 1 MaloTh BIUIUB Ha MOTPIIIHICTH
YCTaHOBKH, aJie MPH I[bOMY BUKOPUCTOBYETHCS CIPOIICHUN MIIX11 10 PO3PaXyHKY
noTpiOHOI CHJIM 3aTHCKY, IO BUKIWKae Il Aedopmariii. Bin BupaxkaeTscs B
PO3TIIS/AL TAaKOT JK CHPOIEHOI CUCTEMH CHJI, IO A1II0Th Ha a0COMIOTHO TBEPAE TiIO
MPOCTOI reoMeTpudHO1 (HOpPMU, 3HAXOKCHHI ITYKAaHUX PEAKIliH, B SKOCTI SIKUX
MOXXYTb OYTH CWJIM 3aTHCKY, 1 BUOOpP1 HalOLIbIIOI 32 BEJIMYMHOK CHIIH 3 OYJb-
SKOTO PIBHSIHHS pIBHOBarv. Tako 30BCIM HE MPOIMOHYIOTHCA METOAM abo 3aco0u
KOHTPOJIIO CUJIU 3aTUCKY 3arOTOBKH.

B cnemianpHii niTepaTypl NpakTUYHO BIJCYTHS CTPYKTYpOBaHa iH(pOpMaIlis
Ipo OCOOJIMBOCTI KOHTPOJIIO MapaMeTpiB 3akpiluieHHsA. TakuM YHMHOM, METOIO
JaHOi poOOTH € aHaii3 Ta BAOCKOHAJIEHHS TEXHOJIOT1 3aKpIIJICHHs 3arOTOBOK, a
camMe - JIOCHIDKEHHS Ta HayKoOBe OOIPYHTYBAHHS HEOOXIJHOCTI KOHTPOIIIO
napameTpiB 3aKpIIJICHHST 3arOTOBOK JUIsl IM1JIBUIIEHHS MPOJYKTUBHOCTI 0OpOOKH,
3a0e3MneueHHs] HEOO0X1THOT SIKOCT1 Ta TOYHOCTI 00pOOIIIOBAaHOT MTOBEPXHI.

ChopmynboBana mera poOOTH O0O0yMOBHUJIA HEOOXIJTHICTH JOCHIIKCHHS
ICHYIOUMX METOAIB 3aKPIIUICHHS 3arOTOBOK 3 aHaJI130M MOXJIMBOCTI iX KOHTPOJIIO.

3aJIe)KHO BIJl JKepena CWIM, HEOOXiMHOi sl 3aTUCKY JeTail, 3aTHUCKHI
MPUCTPOI NOAUIAIOTHCS HA py4H1, MEXaH130BaH1 1 aBBTOMATU30BaHI.

PyuHi 3aTHCKHI NPUCTPOI IMycKae B XiJ Oe3mocepeIHbo poOOUHii 32 paxyHOK
MYCKYJbHOI cuiid. KOHCTpYKIlli 3 pydyHUM 3aTUCKOM € HaWOLIbII HEHaIIMHUMU.
[Tpu BUKOpHUCTAaHHI TAKOTO OCHAILIEHHS CHUJIa 3aTUCKY KOHTPOJIIOETHCS, Y KPaLOMy
BUIAJIKY, 3BUYAWHUM JIuHaMoMeTpoMm. HemomikoMm auHamMoMmerpa € TepTs B
IIapHIpi, SKE MPU3BOJUTHL JO 3pOCTaHHS Bapiallli MOKa3aHb 1 BIAMOBIIHO [0
3HIDKEHHSI TOYHOCTI BUMIPIOBAHHS CUJIH.

MexaHi30BaHi 3aTUCKHI TMPUCTPOI TPAIMIOIOTh BiJl MHEBMATUYHOTO,
TiApaBIivyHOTO 200 1HIIOTO MPUBOY. ABTOMATH30BaHI MPUCTPOI MEPEMIIIAIOTHCS
BIJl pyXOMHUX BY3J1iB BepCTaTa, UIMUH/ENS, CyIopTa ado MaTpoHIB 3 KyJlayKaMH, Ha
K1 JII0Th BIALEHTPOBI CHJIM 00EpTOBMX BaHTaxiB marpoHa. [lpu mpoMmy 3aTuck 1
PO3KPITUJICHHS JIeTalll 311MCHIOIOTHCS 0€3 ydacTi poOITHHKA.

[lHeBMaTHM4HI NPUBOAM B TOPIBHSAHHI 3 TMPUBOJAAMM IHIIMX THUIIB
BIJIPI3HSIIOTECS BHUCOKOIO IIBUAKOMIEIO 1 3a0€3MeuyloTh PEryJIIOBaHHS CHUIOBHX
nmapaMeTpi 3aTHUCKy 3aroTOBKH JIMIIE Ha TMEpIIid JaHIIOTY JIAHI[I CHJIOBOTO
JIAHIIOTa, 3pYy4YH1 B HAMpsIMKy 1 HE BHMArarOTh JIOKJIQJaHHS BEJIHUKUX (PI3MUHHUX
3yCHIIb.

Ha puc.l mokazanmii TOkapHHMH MATPOH 3 OOEPTOBUM ITHEBMOIPHUBOIOM,
SIKHI T03BOJISIE aBTOMATHU3YBAaTH 3aKPIMJICHHS 3aTOTOBKHU.
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Puc. 1. TokapHuii naTpoH 3 MHEBMOIIPUBOIOM

[laTpon 5 moB'A3aHMl 3 THEBMOLMIUHAPOM 2 Tarow 4 3 mydroro 3, sKi
PO3MIILEHI BCEpEANHI INUHAENS BepcTaTa. CTUCHEHE MOBITPS 3 MaricTpaii uyepes3
BOJIOTOBII/IUIIOBAYG 1 KpaH YIpaBJiHHA / MOJAETHCS yepe3 Hepyxomy my(dpty 1 B
nepeaHio abo 3aHI0 TMOPOKHUHU MMHEBMOIMITIHAPA 2, IO 00epTAETHCS pa3oM 3i
mnuHAeneM Beperara. [lepeMillieHHs: MOPIIHS 31 ITOKOM 1 MOB'A3aH1 3 HUM My(Ta
31 Tara 4 myckae B Xij KyJJadyKH IMaTpoHa.

KoHTponb cunM 3aTucky B JaHOMY MEXaHI3MI 3J1HCHIOETHCS MLUISIXOM
BU3HAUYEHHS MapaMeTpiB Ta 00’ €My CTUCHEHOI'O MOBITPA.

INapaBiaiyai npuBoaM OLIBIT  TPYAOMICTKI B eKCIUIyaTallli, I HUX
HEOOX1THO MaTy OUIbII TepMETHUYHI YIIUIBHEHHS, CUCTEMY 300py Ta BiJABEACHHS
BUTOKIB 1 1H.

Ha puc. 2 noka3anuii jonaTeBUi T1IAPOUMIIIHIP, SKUHA BCTAHOBIIOETHCSA Ha
IHOIOMY KIHIIl IIMHHAENS 1 00epTaeThcs pa3oM 3 HHUM. Macio NOJaeTbCs B
JOTIaTeBUN TIAPOUMITIHIAP, 3aKPUTHHA KOXYXOoM 8, uepe3 Hepyxomy My(dry 5,
3MOHTOBaHYy Ha Bally 6 Ha MIAPUKOMIAIMIMIHUKAX, 1 HAIXOAWTH B Kopmyc 1,
NpUBOASIYA B pyXx Jyomnath 4 (Mik kpumkamu 7 1 10 mo ymopy 2, moB's3aHy 3
potopom 3) Porop 3 xopcTko 3'eqHaHM 3 Taikoro 9, sika 00epTaeThCS B KOPIYCi
Ha posmkomiamumaukax 13 1 3mymye TBUHT 11 mepemimaTucs Y3H0BX OcCi
mmuHes, TBUHT 11 yepes Tary 12 3BoauTh a0 pO3BOAUTH KyJIayKy MaTpoOHA AJIs

3aKpITJICHHS 1 3BUIBHEHHS 00POOIIOBAHOT 3arOTOBKH.
o A

8
7
6 N

Puc. 2. JlonateBuii rinponpusiz

KoHTpons cuiam 3aTucKky B JaHOMY MEXaHI3Mi 3JIMCHIOETHCS IUIIXOM
BU3HAYCHHS MapaMeTpiB THCKY, BUTPAT Macia, 0 MOJAETHCS 10 IPUBOTY.

EnexrpoMexaHiuHi OPUBOAM BJAIITOBAaHI 3HAYHO IMPOCTINIE IMHEBMO- 1
TAPONPHUBOIIB 1 OLIBII 3py4YHl B eKcIutyatalii. Jlo ckiiamy enekTpoMexaHIYHOTO
MPUBOAY BXONATHh EJIEKTPOJABUTYH, TEPENaBAIBHUA MEXaHI3M 1 eJIeKTpUuYHa
CUCTEMA YTIPABIIIHHS €JIEKTPOJABUTYHOM.
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Ha puc. 3 moka3zanuii TOkapHU# TaTPOH 3 €JIEKTPOMEXaHIUHUM TPUBOIOM.

Puc. 3. TokapHuii maTpoH 3 eIeKTPOMEXaHIYHUM POBOIOM

[latpon 12 3'eqnanuii 3 €NEKTPOABUTYHOM 7 3a JOMOMOTOI0 YEpB'SYHOI
nepenaui 3 1 Bama 8, Taru, raiiku 10 1 mydrt 4 1 9. na 3atucky neram 14 B
Kynaukax 13 marpona 12 BKIIIOUAETHCS €NEKTPOMATHIT 6, KU 4Yepe3 BaXiIb 5
BBOJUTH B 3aueIUiCHHs 3yOum Myt 4, 3a0e3nedyroud nepenady oOepTaHHS BIJ
CJIEKTPOJIBUTYHA / Yepe3 uepB’siuHy nepenady 3 Ha Baiu 8 3 raiikoro 10. TMaiika 10,
HarBUHYY€TbCA a00 3TBUHUYEThCA 3 pi3bOieHHS Taru 11, 3mymiye Tary (mpu
MEepeMIIIeHH] Y3JI0BX OC1) 3BOAUTH a00 pPO3BOAWTH Kyjauku marpoHa. [lpu
JIOCSITHEHH1 HEOOX1JTHOT CHJIM 3aTUCKY KYJIauKu My(QTH 9 BUXOASTH 13 3aUeIlJICHHS,
CTHCKAIOTh MPYXUHY 2 1 HAaTHCKAlOTh Ha KIHIEBUN BUMHUKau 1, SIKM BUMHKaAE
CJIEKTPOJIBUTYH 7 1 €JIEKTPOMATHIT 6.

KoHTposib cuiM 3aTHUCKy B JIJaHOMY MEXaHI3Ml 31ACHIOETHCS MIISIXOM
BU3HAYECHHS TMOCTIMHOIO CTPyMYy, IO NOJAETbCS [0 MNPUBOJA 1 € JIOCUTh
PUOTUZHUM.

[MpuHIMn nii eJIeKTPOMAarHITHUX 3aTUCKHUX MPHUCTPOIB 3aCHOBAaHWN Ha
BUKOPUCTAHHI MArHITHOTO CWJIOBOTO TMOTOKY €JEKTPOMAarHity, W0 i€ Ha
3aroTOBKY, 110 3HAXOJUTHCS B 30HI MarHiTHUX CHJIOBUX JiHIA. KoHTponb 3ycusuis
3aTHUCKY 3arOTOBKHM BU3HAYAETHCS TIOTYXKHICTIO elleKTpomarHiTy. [lepeBaroro € Tyt
MIBUJKICTh 3aTHCKY 3aroTOBOK 1 MPOCTOTa YIPaBJIiHHS, a HEIOJIKOM - Malia
BEJTMYMHA 3aTUCKHOTO 3yCUIIJISl 1 MOXKIIMBICTh OTPUMAHHS OpaKy MpY BUIMAIKOBOMY
3HSITTS )KUBJICHHSI 3 €JICKTPOMArHITIB.

[Ipoanaini3yBaBIM ICHYIOYl KOHCTPYKIIi TEXHOJOTIYHOTO OCHAIICHHS
MO>KHa 3pOOUTH BHUCHOBOK, IO JJISi SIKICHOTO 1 HAMOUIBII MOBHOTO KOHTPOJIIO
3aTUCKHUX 3YCHJIb HEJOCTAaTHHO KOHTPOJIOBATH JIMILIE BXIAHUNA Mapamerp
CUJI0BOTO JiaHItora. HeoOXi1HO MiABUIIUTH SKICTh 3aKPITVICHHS 3arOTOBOK MPH iX
MEXaHIYHUIl 00poOIll 3a pPaxyHOK CTBOPEHHS 3aTUCKHOTO MPHUCTPOIO 3
MO>KJIUBICTIO THCTPYMEHTAJILHOTO KOHTPOJIIO MapaMeTpPiB 3aKpIIJIEHHS 3arOTOBOK,
1 pO3pOOKHK METO/IIB IX PO3PAXYHKY 1 IPOEKTYBAaHHS.
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BITPOBA/I’KEHHA THHOBAIIMHUX TEXHOJIOI'TiA B
MAIINHOBYAYBAHHS: CUCTEMA FACTORY FLOW

Bin piBHS po3BUTKY MAlIMHOOYAYBaHHS 3aJI€KUTh IPOMUCIIOBUN MOTEHIIIAN
JiepKaBH, 11 KOHKYPEHTOCIIPOMOXHICTh Ha 30BHIIIHIX PUHKAX, PIBEHb COI[IaJIbHOTO
PO3BUTKY Jiep>KaBu. TakuM 4WHOM, BIPOBAHKCHHS 1HHOBAIIMHUAX TMIPOIIECIB caMe B
MalmMHOOYAIBHIN rainy3l € BaKJIMBUM YUHHUKOM PO3BUTKY €KOHOMIKH YKpaiHU B
L1JIOMY.

He3Baxatouu Ha 1CHYIOY1 JOCIIKEHHS MPOOJIeM 1HHOBAIIKHOI JiSIILHOCTI,
HEJOCTaTHbO JOCHIIPKEHUMHU 3alMIIAIOThCSl MHMTAHHA 100 PO3BUTKY Ta
BIIPOBA/KEHHS 1HHOBAIIIMHUX IMPOIIECIB caMe B MalIMHOOY/IiBHIM rainy3i. MeTroro €
OOTpyHTYBaHHS HEOOXIJIHOCTI  BIPOBAKEHHS 1HHOBAlIMHUX TIPOIIECIB B
MaIuHOOYA1BHIN ramy3i.

FactoryFlow - mporpamHuMii TpPOAYKT JJii CTBOPSHHS JeTaabHHX 3D-
IJIaHyBaHb 1EX1B 1 3aBOJI1B, BUPOOHUYMX JIiHIM. Takoxk BiH BUKOPUCTOBYETHCS IS
iMiTaliiHoro MmojentoBanHs. FactoryFlow BxomuTe 10 ckiagy OpOIyKTOBOI
muiika Tecnomatix Big kommaHii Siemens PLM Software.

FactoryFlow - nomatok, 1m0 Hajgae Bci HEOOXiJHI IHCTPYMEHTH IS
CTBOPEHHSI PO3BUHEHMX, JETAIbHUX IJIaHYBaHb. 3aMICTh KPECIICHHS JIIHIN, AYT, K1J1
BIH JI03BOJISIE BUKOPUCTOBYBATH «pO3yMHI1 OO0'€KTW», IO MPEACTABIAIOTH
MPaKTUYHO BCl BHPOOHHMYI PECYpCH, B MIAJIOTOBUX 1 MIJIBICHUX KOHBEEPIB,
aHTPECOJICH 1 KpaHIB JI0 TapH 1 IMEepPCOHaTy. 3a JOTOMOTOI0 IUX O00'€KTIB MOXKHA
«310pat» MoOJelb BUPOOHMIITBA, HE BHUTPAYAIOUYM Yac Ha MPOMAIbOBYBAHHS
€JIEMEHTIB.

Pucynox 1 — Moaens BUpoOHUIITBA, BAKOHAHA B IPOrPAMHOMY IPOIYKTI
FactoryFlow

3a pomoMoror w0pOro mpoaykry 3D Monenmi MOXYTh CTBOPIOBaTHCA
mBuae, HiK 2D kpecneHHs B TpaauuidHUX cuctemax. [Ipum BukopucTaHHi
«pO3yMHHUX 00'€KTiB» po3Mip 30epekeHux (ailiaiB MEHIIe pO3Mipy ABOBHUMIPHUX
KpECJIEeHb, TAKUM YMHOM BUPIIIYIOTHCS MPOOIEMHU, MOB'I3aH1 3 00CITOM JAaHUX, 1110
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30epiratoThCs 1 MPOIYKTUBHICTIO, 3a3BUYail BUHUKAIOTHh MPU MOJIEITIOBAHHI ITLTHX
BupoOHHMITB. FactoryFlow mo3Bonsie miaHyBaJbHMKaM CTBOpOBaTH IMOBHI 3D-
MOJIeNi, IO MICTATh Habarato Oinble 1H(opMmarllli, HK JTBOBUMIPHI KPECICHHS,
10 TOJICTIIYE TIOMIYK MOTCHIIIHHUX MPoOJeM Ha paHHIX CTadisIX MPOCKTYBaHHS.
Mopeni minaHyBaHHS MOXYTh OyTH TepellaHi B CHCTEMHU Bi3yajizallli, aHamizy
MaTepiaJIONOTOKIB 1 IMITAIITHOTO MOJIETIOBAHHS, III0 ICTOTHO 3a0I1IaJKYE Yac.
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Pucynok 2 — I[leperssig iHKEHEPHHUX MPOLIECIB 3 METOK CTBOPEHHS «CYYaCHOI0»
3aBoJly B mporpamMHoMy npoaykTi FactoryFlow

FactoryFlow posmmuproe ¢ynkiionan npoaykrie AutoCAD 1 AutoDesk
Architectural Desktop, momaroun B HUX JOAATKOBI IHCTPYMEHTH 1 0i0mioTEeKH
«po3yMHUX 00'€KTIBY», 1110 MPEACTABISAIOTH 001aHaHHs Ta pecypcu. Koxen 00'exT
Ma€ CBO€ YSIBJIEHHS JUJISi IBOBHUMIPHOIO 1 TPUBUMIPHOTO BiIOOPa’KE€HHSA, a TaKOXK
MICTUTh KJIIOYOBI JlaHI NpO MPOAYKTHBHICTH. Lli nmaHi, pa3oM 3 mapamerpamu
po3ranryBaHHs, MOXYTh OyTu ekcnoproBaHi 3 FactoryFlow B iHCTpyMeHTH
IMITalIHHOTO MoJiemtoBaHHs yepe3 iHTepdeiic SDX. AHanoriuHo, s OLIHKH
MOXXYTb OyTH €KCIOpPTOBaHI 1 BapTicH1 Qaktopu. [IpoaykT no3BoisiE CTBOPIOBATH
BJIACH1 JIETKOBari TmapaMeTpuuHi MoOJeiai OOJaJHaHHS, SKE HE YBIMIUIO A0
010J110TEKU «PO3YMHHUX 00'€KTIBY.

Peanizariiss BOpoOBa/)KEHHSI 1HHOBAIIMHUX TMPOIIECIB BKIIOYAE: AKTHUBHE
BUKOPHUCTAHHS JIIOACHKOTO Ta HAyKOBO-TE€XHIYHOTO TMOTEHIaly, CTBOPEHHS
KOHKYPEHTHOTO CEepeIOBHUIIIa Ta 1H.

Otxe, BOpoBaJKEHHS mporpamHoro mpoaykty FactoryFlow mo3Bossie
npuckoputu podoty Ha 90% B MOPIBHAHHI 3 TPATUIIHHUMU IHCTPYMEHTaAMHU
CTBOpeHHsI 3D-1miaHyBaHb; 3MEHILUTH BUTpaTH 4yacy Ha cTBOpeHHs 3Dmopeneis;
paHille BU3HAUYUTH MPOOJEMHI MICLsl TUIAHYBaHHS; TOBTOPHE BUKOPUCTAHHS
JAHUX; YHUKHYTH JOPOTMX MpoOJieM 3 NeperuiaHyBaHHSM; CKOPOTHUTH PO3MIp
monaenei 1o 95%.

CIIMCOK ITOCHUITAHb
1.Unigraphics buys Engineering Animation. October, 24 2000.: St. Louis Business

Journal. - October, 24 2000.
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ACIIEKTH OHTI/IMI?»_AIIIi EJJEKTPOMEXAHIYHOTI'O
INEPETBOPEHHS EHEPI'II B EJIEKTPOITPUBOJAX
TEXHOJOI'TYHUX MALINUH 3 YPAXYBAHHSAM IIPYKHUX 3B’A3KIB

Poszenanymo numanns onmumizayii napamempie cucmem KepyeanHs e1eKmponpueooamu
MEeXHONO2IYHUX MAWUH 3 YPAXYBAHHAM NPYICHUX 368 SI3Ki8, PEeKOMEHO08AHO NPU NPOEKMYBaHHI i
MOOepHI3ayii MemanypeiuHux MawuH 8paxo8yeamu 0emnipyrouull eghexm eieKmponpugooy.

The problems of optimizing the parameters of the control systems of electric drives of
technological machines with regard to elastic connections are considered in the article, it is
recommended to use the damping effect of the electric drive in the design and modernization of
metallurgical machines.

OcoOMuBICTIO JAMHAMIKM ~ €JIEKTPONPHUBOJIIB TEXHOJIOTIYHMX MAIUH 1
MCXaHI3MIB € B3a€MO3B'SI30K IMPOLECIB CNCKTPHYHOI Ta MEXaHIYHOI YaCTHH
obnanHanms. IIpu B3a€MO3B'I3Ky MPOLECIB B €ICKTPONPUBOIAX MAIINH Peati3allis
TMPOEKTHUX | MOJKIIMBOCTEH KOMIIOHCHTIB Cy4acHOro 00J1aiHaHHs yCKIaJHCHA Yepe3
HEraTUBHUM BIUIMB Ha JIMHAMIKY MPYXHUX MeXaHI4yHUX JiaHok [1]. Ilpu BmuumBi
MPYXKHHX MEXaHIYHMX JIAHOK B CJICKIPONPHBOLAX BiNOYBAETHCS 3POCTAHHS
AMHAMIYHAX HABaHTAXKCHb 1 BIJXWICHHS MCPEXiIHUX MpPOLECIB Bil THX, IO
BHMArae TEXHOJOTIs, 3HAYHO CKOPOUYEThCA TEPMIH CIIYKOM MEXaHIYHOI mepenayi
MO0 3HOCY 1 BUTPHUBAJIOCTI, BUHHUKAIOTH aBapiiiHi PEXUMH 3 PYWHYBAHHIM
€JIEMEHTIB Iiepeiay.

Bupimutu 3aady ~ OOMEXEHHS  JUHAMIYHHX HaBaHTa)XECHb B
CJICKTPONPHBOAAX MOXKIMBO II¢ Ha €Tanax MPOCKTYBAHHS MpPH aHANI3yBaHH
MOXIMBUX BapiaHTIB 3a yMOB TOLIYKy Ta I_IIJ'ICCHpS{MOBaHOFO BUOOPY
ONTHMAIIbHUX CIIBBiIHOLICHb NapaMeTPiB CICKTPHYHOI 1 MEXaHIYHOI YaCTHH
IPUBOJY 3a KPUTEPIEM MAKCHUMAJIBHOTO 3aracaHHs €JEeKTPOMEXaHIYHUX MpPOLECiB
[2, 3].

3riHO 3 aHATI30M KJacy €JIEKTPOMEXaHIYHUX CHUCTEM TOJIOBHHUX MPUBO/IIB
CTaHIB raps4oi TNPOKATKU 3 CHCTEMOIO HiIIHOpSI)IKOBaHOFO peryntoBaHHs [3, 4]
OTpUMaHI JJIsl ABOMACOBOI PO3pPaxyHKOBOI CXEMU nepenaTm byHKuii 3a KEpyHUnM
Ta 36ypIOBaJ'II>HI/IM BruimBamMu. [lpu onrtumizamii mpoueciB eIeKTpoOMeXaHIYHOl
B3a€EMO/IIT pO3IIIAAA€THCS XapakTepucTuaHuil moinom (XI1) cucremu [4]:

T T 1
Q(p) = YM%DL‘ ! S MLpS 4y TyaTe +— P° +¥TwaP + Kpy =0, (1)
12 7 Qi

ne Ty — enexTpoMexaHiyHa cTajia 4acy,
Tc — cTana 4acy KOHTYpY pery/OBaHHs CTPyMY;
Y = (TM1 + TM2)/TM1 — Koe(IIieHT CHIBBIAHOIIEHHS 1HEPIIHHUX Mac
JBUTYHA Ta MEXaHI3MYy BiJIITOBITHO;
Kpip — KoeiIieHT miICUIICHHS PEeTYJISITOpa MBUAKOCTI;
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), — dYacToTa BUIBHUX KOJMBaHb JBOMAacOBOI MEXAHIYHOI YaCTUHU
IPUBOJY.
ITpu BuKOpHUCTaHI y3aralbHeHHX NOKAa3HUKIB €JIEKTPOMEXaHIYHOT B3a€MOJI1
XIT (1) moxe OyTn HagaHWil B HOpMOBaHII/I dopMi Ta 32 YMOB MaKCUMyMY
z[eMn(blpyBaHH;{ B €JIEKTPOMEXaHIYHIN CUCTEMI MPUBOAY MAaTEMaTUYHO MOXeE OyTH
Ipe/ICTaBIICHHU Yy HACTYITHOMY BUTIIsii [ 3]:

Q(p) = (agh® +a;p+1)- (aph® +a;p+1) =0. (2)
Hpencrasnenns XIT 'y dopwmi (2) ¢isudHO 03HaYa€, MO CHEPris MPYKHUX
KOJIMBaHb 13 MEXaHIYHOI YAaCTUHHU EJICKTPONPUBOIY IOBHICTIO BiIIBOAWTHCS [0
CJIICKTPUYHOT YACTHHH Ta PO3CIFOETHCS.
YmoBu npencrasnenus XII (1) y Burasai (2) MoxXyTb OyTH OTpUMaH1 MiCIs
MaTEeMaTUYHUX MEPETBOPEHB Ta MAlOTh HACTYITHUIN BUTJISI;

YTmiTc _ 1

Q122 Q122 ’ 3
T g -1 ©
Kpm T Y

HpH CYMICHOMY pO3IJISI/Ii  JIBOX YyMOB OTPUMAEMO CHIBBITHOIIICHHS
B3a€MO3B 3Ky IapaMeTpiB €JIEKTPUYHOI Ta MEXaHIYHOI YaCTHH €JIEKTPOIPUBOAY
[4]:

Ky = ¥ Tmafd P Te = (4)
2\y-1 2Jy-1- le

Bubip HapaMeTplB CJIEKTPOMEXaHIYHOI CUCTEMHU 3a CHIBBIIHOIICHHSIMU (4)
J03BOJIUTh  peajli3yBaTh TMPOLECH 3 MAaKCUMaJIbHUM JeMIGipyBaHHAM Ta
MIHIMQJIBHMM 4acoM [li TOpyXHUX KojuBaHb (2). CHiBBIJIHOIIEHHS €
YHIBEpCATBHUMHU Ta JO3BOJISIIOTH 3AIMCHUTH BUOIp MapaMeTpiB SIK BapiIOBAHHSIM
3MIHHUX 3 OOKYy €JEeKTPUYHOI YACTUHU EJIEKTPOIPUBOAY, TaK 1 3 OOKY MEXaHI4YHO1
YACTHUHHU.

Takum ymHOM, OnTHUMI3aLis npouecus ePETBOPCHHS eHepru (2) no3zBosisie
KOMIICHCYBATH BILIHB CHJI HPYKHOIO 3B SI3Ky CHJIaMH 1HEpUIHHOTrO Ta OTPHMATH
MakCUMaJbHUM  AeMndipyBaldbHUM epeKT B  CUCTEMI  EJIEKTPONPUBOIIB
TEXHOJIOTTYHUX MAIWH.
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OCOBJIMBOCTI ®OPMYBAHHA KOMIIO3UTY 3 CYMIII
HAHOIIOPOIIIKIB «anma3 — WC» TA HOI'O BUKOPHUCTAHHSI B
PI3BAJIBHOMY IHCTPYMEHTI

B Incmumymi naomeepoux mamepianie im. B. M. baxyns HAH Ykpainu cmeopeno
Hanokomnozum "aimaz-WC", winsaxom cnikamHs 8 ymMo8ax UCOKUX MUCKY ma memnepamypu
AIMA3HUX —~ HAHONOPOWIKIE — OemOHAYIlHO20 ma CMAmu4yHo20 CuHmesy 3  000a6KaAMU
HAHOYACMUHOK 807Ibpamy, AKi 86e0eHi CnocoOOOM nepemiuly8anHs cymiuieti 8 OUCTMUTbOBAHIl
6001. Jlocniooceno ynempasgykogy oOesinmezpayiio aziomepamis mpuoxkcuody 6o1bgpamy ma
ceoumenmayiro yacmunoxk WOs3 6 cnupmoeomy cepedosuwyi 0ns 00CACHEHHS DIGHOMIPHO2O
PO3n00iny ck1adosux npu npuecomysanti cymiuii nopouwky ACMS5 0,1/0 ma WOs3.

Beryn. BukopucranHs anMazHuX HAHOKOMIIO3UTIB HalOLIbII €(pEKTUBHO Ha
YUCTOBUX OIEpalisix npu oOpoOul AeTanel 13 KOJIbOPOBUX METalIB Ta CIUIABIB, a
TAaKOK 13 PI3HUX MOJIMEPHUX KOMIO3uIliiiHuX wMatepiamiBa [1, 2]. Ilpote
BUTOTOBJIEHHS PI3JIBHUX KOMIIO3UTIB 13 CyMIllll HAHOYACTOK ajaMa3y OB’ s3aHE 3
MIEBHUMH TPYAHOIIAMHU, SIKI OyJIM BUKJIMKAHI SIBUIIIAMU arjioMepalilii. 3acToCyBaHHS
aJIMa3HUX HAHOTIOPOIIKIB CTATUYHOI'O CHHTE3Y YacTO OOMEXKYEThCS MPHUCYTHICTIO
arJioMepariB, 10 YTBOPIOIOTHCS B TEXHOJOTIYHOMY MPOIECI BUOKPEMJICHHS 13
MPOJYKTIB CHHTE3Y Ta BUCYIITYBaHHS. Tak, y BOAHIN CycneH3ii MPUCYTHI arperaTu
pO3MIPOM BiJl COTEHb [0 JCKUIBKOX THCAY HaHoMeTpiB. [lomyk wmetosiB
Je31HTerpallii moaiOHUX arJioMepaTiB SBISAETHCS AKTYaJTbHOIO MPOOJIEMOI0, TAKOK
JIOCUTh BaXXJIMBUM € BUPIIICHHS 3a/1aul MiJBUILEHHS CTIMKOCTI PIAKUX CEPEIOBHUIIL
3 aJIMa3HUMHU HAHOYACTUHKAMH JI0 arjioMepallii TBepAnX YaCTHHOK.

Pe3yabTatu nociaimkenb. Hanomarepianu, Hampukiaj, OKCUIU METAJIIB
30KpeMa TPHUOKCUJl BOJb(PpaMy, MarOTh TEHJICHIII0 arjoMepyBaTHUCS MpHU
nepeMillyBaHHl B piIuHI, B TOM 4Yac K CTBOPEHHS HaHOMAaTepialliB BHMarae
e(pEeKTUBHOTO  JUCIEPryBaHHS Ta OTPUMaHHS  PIBHOMIPHOTO  pO3MOALTLY
HAHOYACTUHOK B PIAUHI. YIIBTPa3ByKOBa JE3IHTErpallisl arjoMepariB y BOJHHUX
CYCIICH31X JIO3BOJII€E TIOBHICTIO BHKOPHUCTOBYBATH MOTEHIlIAJl HaHOMAaTEplaiB.
Jlnst  nmesinTerpariii - arjoMepaTriB  TPUOKCHUAY BOJb(dpaMy BUKOPHUCTOBYBAIIU
yIBTPA3BYKOBY BaHHOYKY. Jl0 BHUXIJHOTO TOPOIIKY 1T00ABISIIA CHUPTOBE
cepenoBuilie. B excriepuMeHTi MOENHYBaIUCA PI3HI PEKUMH 1HTEHCHUBHOCTI Ta
TPUBAJIOCTI  yiabTpa3Byky. IloTiM  oTpumaHWii  MOPOIIOK  MijJIaBaJIv
CeAMMEHTAIIIHHUM JIOCIIIKEHHSIM.

Ha puc. 1 HaBeneHO OIIIHKY 3aJIe’)KHOCTI CEPEHBOI0 PO3MIPY OCAKEHUX
gacTiHOK WQOj3 BiJ 4acy ocifiaHHs. 3JMBaHHS PIIUHYU MpoBoauau micis 6, 30, 60,
300, 1440 xB. 3rigHO 3 NPOBEACHUMHU po3paxyHKamu [3], siki 0a3yIOThCA Ha 3aKOHI
Crokca, MiHIMaJIbHUN PO3MIp YACTHHOK, SIKI OCIJIalOTh YIIPOJIOBXK BKa3aHUX
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IHTepBaJiB Yacy CTaHOBUTH, BiAMOBiAHO, 7, 3, 2, 1 1 0,5 MKM, TOOTO, HAMPUKIIA],
MiCas OCa/PKCHHS YIPOJOBXK 24 TOJ. 3alUIIAIOThCS HEOCAPKEHUMH YaCTHHKHU
po3mipom 500 HM 1 MeHIIIe.
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Puc. 1. 3anexHicTh MIHIMaJIBEHOTO PO3MIpY ocaJKeHUX yacTuHOK WO3 Bij yacy

OCiJTaHHS B €THJIOBOMY CITUPTI IIPU KOPOTKOYACHOMY (@) Ta JTIOBrOTpUBAIOMY (6)
0OCaHKEHHI

Ha puc. 2 HaBeneHO €NEeKTPOHHO-MIKPOCKOIIYHE 300pasKeHHS OCaKEHUX
yacTUHOK okcuay WOj micns 24 rof., siKI BUKOPHCTOBYBajlu NMpU (POpMyBaHHI
CyMilIlll HAaHOTTOpOUIKY anMasy 1 WOs.

Dute 12 Now 2013 —
Teme 01951

Puc. 2. EnexTpoHHO-MIKPOCKOIIYHE 300pa’KeHHSI 0CAHPKEHUX YACTUHOK OKCUIY
WOj3 nicns 24 roa. (100000x)

YacTuHKM TpUOKCUAY Bosb(PpaMy, ski Oyau BHIUICHI 13 BHUXITHOTO
MIOPOIIIKY 32 PaxXyHOK JI€3IHTETpallii mij €10 yIbTPa3ByKOBOTO BUIIPOMIHIOBAHHS
Ta CEIUMEHTAIlll B COUPTOBOMY CEPEIOBHIII, SBIAIOTH COOOI0 MONIKPUCTATIYHI
arioMepaTt, M0 YTBOPEHI 3 MOHOKpHCTaliB po3mipom Big 100 mo 500 M.
Cryninb 3B’S3Ky M) MOHOKpPHCTajJaMHU B arjoMeparax 3pOCTa€ 13 3MEHIICHHSM
PO3MipiB YACTHHOK arjomepatis Big 7 10 1 MKm.

[Ticng mAroToBKM cyMilll Oyly CHEYEHI 3arOTOBKU pi3albHUX KOMITO3UTIB
«ammaz-WC» niametpom 7,0, 3aauiM kytoMm 0; 7 Ta 11°, ToBmmuoro 3,18 Ta 3,97 mm.

CTiMKICHI TOCHTIJKEHHSI KOMIO3UTIB «anma3-WC» MpoBOIWIM MPU TOUYIHHI
BTyJNOK 13 TBepaoro cruiay BKI15. TlopiBHSHHS 3acTOCYyBaHHS I1HCTPYMEHTA,

104



3MIUCHIOBATIOCH 13 alMa3HO-TBepaoctuiaBHUMU tuiactuHamu (ATID). Pesymeratn
JOCTi/PKeHb TOKa3alu, 10 TpH I[MBHAKOCTAX pi3aHHa 10 20 M/XB. He
BI/I3HAYAETHCS CYTTEBOI PI3HMIN Yy TIpale3laTHOCTI TakuxX KommosutiB. [lpu
MOAAJIBIIIOMY ITiIBUIIICHHI IIBUIKOCTI Pi3aHHS 1HTEHCUBHICTh 3HOCY IHCTPYMEHTY 3
«anma3z-WC» 3HaYHO HIKYA y OpiBHAHHI 3 iHCTpyMeHTOM 3 ATII (puc. 3).

I, MKM/X6 —
60 - 2
50

40

T T T T T
20 24 28 32 v, M/X86

Puc. 3. 3amexHiCTh MIBUAKOCTI 3HOIIYBAaHHS 1HCTPYMEHTY, OCHAIIEHOTO
koMmno3utoM «anma3z-WC» (1) ta mnactunamu ATII (2) Bifg MIBUAKOCTI pi3aHHS
npu To4iHHI TBepaoro cruiaBy BK15 (S =0,1 mm/06; t=0,2 mm; y = 0°; o = 10 ©)

Sk BuaHO 3 puc. 4, 3HOC IHCTPYMEHTY 3 KOMIOTY «anma3z-WC» npu TodiHHI
tBepaoro cmiaBy BKI15 wmae alpasuBHmii xapakrtep. VY mporeci TOYIHHS
MEePEBAXXHO 3HOIIYEThCA 3aJHA TIOBEpXHS 3 YTBOpPEHHSIM (Qacku 3HOcy 0e3
CYTT€BOTO PYWHYBAaHHSI P13aJIbHOI KPOMKH.

a

Puc. 4. KonrtakTHi AinsHKA mepenHboi (a) Ta 3amHboi (6) TOBEPXOHD

IHCTPYMEHTY 3 KOMITO3UTY «ayimMa3z-WC» micist TouinHs TBepaoro ciaBy BK15
(v =36 m/xB; S = 0,14 MM/00; t = 0,2 MM™)

JlocnipkeHa MEpCHeKTUBHICTh OOpPOOKHM AeTanieil, siki BUTOTOBISIOTHCS 13
CHJIIIIbOBAaHOTO TpadiTy, 30KpeMa BTYJIOK MIANIUMIHUKIB 0 JAU3EIBHUX
TypOOJIBUTYHIB, IJIaCTUHAMU 3 «aiMa3-WCy». 3aroToBku IJig BTYJIOK (30BHILIHIN
niamerp 17,2 mm) BurotoBisitore 3 matepiany CI'TI (SiC — 74,81%, kpemHiii
BibHMN — 17,18%, TBepuicts 70-72 HRC).

JIns TMOpIBHSIBHOT OLIIHKA MPOBOAMWIM 00poOKy TopiiB. Ilicns mn'stu
mpoxoxaiB (N = 800 m/xB.; S; = 0,025 MmM/00; t = 0,25 MM) 3HOC TO 3aAHIN TOBEPXHI
pizanmbaux TiactuH ATII 1 «anmma3-WC» omHoro (hopmMopo3Mipy BUSBHUIH
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npubim3Ho oxgnakoBuM (h, = 0,35 mm). IIpu 00poOui Brynmok miametpom 30 MM
MIJBUIICHHS yncia 06epTiB Bepcrata Bij 350 10 630 06/XB. IpH 1HIIKUX MOCTIHHUX
napamerpax (S;= 0,050 mm/06; t = 0,20 MM,) He TpPHU3BEIO JO ICTOTHOTO
3pOCTaHHS BEJIIMYMHU 3HOCY I1HCTpyMeHTYy 3 «anma3-WOC» (h, =0,40-0,45 mm).
AHani3 OTpUMaHUX pe3yJbTaTiB MOKa3ye, M0 JJIS MiABUIIECHHS MPOIYyKTUBHOCTI
PEKOMEHYEThCS TPOBOJAUTH TOIMEPEIHI0 OOpOOKY CHIIIIOBAaHOTO TrpadiTy Ha
HacTynmHux pexumax: V = 50-60 m/xB.; S = 0,14-0,17 mm/06; t = 0,1-0,25 mm.

Haii6inpn nmepcnekTUBHOIO 00JacTIO 3aCTOCYBAaHHS KOMIIO3HTIB «aiMas-
WC» siBnsieThest 00poOKa BUPOOIB KOJIBOPOBUX METAJIIB Ta CIIABIB.

[Tpu 0OpoOIIi MOPIIHIB ABUTYHIB BHYTPIIIHBOTO 3TOPSHHS 3 aJIIOMIHIEBO-
KpemHieBoro cmiaBy AJI25 B mmpoxomy Aiama3oHi mBUAKOCTel pizanHHs (160—
700 M/xB.) criocTepiraium YTBOPEHHS HApOCTY 1 HAJIMIMAHHS Ha MepelHid MOBEpXHi
IHCTpYMEHTY OOpOOJIIOBAaHOTO MaTepiaidy, W0 TMPU3BOAUIO O 3POCTaHHS
BHUCOTHUX IMapaMeTPiB MIOPCTKOCTI 0OPOOIICHOT TOBEPXHI.

BucnoBku. Po3poOnenuii miaxim 0 Je3iHTerpaiis — arjoMeparib
HaHO4acTUHOK cywmimni mopouiky ACM 0,1/0 ta WOg3, 1o 103BoJisie CyTTEBO
MOKPAIIUTH SKICTh cymimni. OTpuMaHi pe3ysibTaTh CTIMKICHUX JIOCIHIJIKEHb
MOKa3aJid, W0 pI3AIbHUM 1HCTPYMEHT Ha OCHOBI KOMIO3UTY «aiMaz-WCy»
03BOJIsIE €EKTUBHO OOpOOJISATH BUPOOU 13 TBEPAMX CIUIABIB, HEMETaJIIYHHX
MaTepiaiiB, a TaKOXk KOJIbOPOBHX METaNIB 1 CIIaBiB. BukopucTaHHs Kpyrioi
IUTACTUHU J[1aMETPOM 7 MM 32 paxyHOK ii IOBOpOTIB 3a0e3neuye 6—8 mepiofiB
CTIMKOCTI Ha KOXHI{ IJIaCTUHI Ta CTabUIbHY IIOPCTKICTh OOpOOJIEHOI MOBEPXHI B
MOPIBHSHHI 13 p13aJibHUMHU 11actuHamu 13 ATIIL.
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JOCJ/IIKEHHA BUKOPUCTAHHSA CTPYMIB ®YKO,
JJIA HAHECEHHSA HAHOITIOKPUTTA HA JAETAJII
MAHNIMHOBYAYBAHHSA

Pospobneno memoo euxopucmanns cmpymie @yKo 6 YHINONABHOMY 2eHepamopi, oOe
pobouum minom e Ouck 3 mamepiany, KOMpuu NPONOHYEMbCSA HAHOCUMU OJIsl 3MIYHEHHS.
nosepxnego2o wapy oemaini. [ocnioxicenHs 6naugy cmpymy Ha 0emaii muny milo obepmanHs
GopmysanHs HA HUX HAHONOKPUMMS 3 ANIOMIHIIO KOMPUU NICAs NEepeHocy nepemeoproemuvcs 8
OKCUO QNIOMIHIIO 3a OONOMO20I0 DI3ZHOCMI NOMEHYIanié sKA 3 A6NAIOMbCA YV  3MIHHOMY
MASHIMHOM Y RO MIdHC OUCKOM AKULL He MAE 000aMKOBUX 0xcepell enepeii ma 3a20mosKo0 KA
3a0ae yet pyx , wo 3abe3neuye GUCOKY 3HOCOCMIUKICMb demainei ma cmpoKu eKChiyamayii
demani aKa 3MiyHeHa OAHUM MemOOOM.

The method of using Foucault currents in a unipolar generator is developed, where the
working body is a disk of material, which is proposed to be applied to strengthen the surface
layer of the part. Investigation of the influence of current on parts of the type of body of rotation
of forming on them aluminum nanoparticles, which, after transfer, are transformed into
aluminum oxide using the potential difference which appears in the magnetic field in the field
between the disk, which has no additional energy sources and the workpiece which defines the
motion that provides high wear resistance of the parts and the operating life of the parts that is
strengthened by this method.

AKTyaJIbHOIO 33J1auCl0 BUPINIEHHS MPOOJEeMH MiABUINCHHS MIITHOCTI
poOOUYNX IMOBEPXOHb BHUPOOIB, € TpOIeC 3MIIHCHHS HAa OCHOBI HAHECEHHS Ha
po0oUl MOBEPXHI HAHO-TIOKPUTTS CTPYMOM.

Haii0inpm1  epekTuBHUMHU, TOpSAA 3 TPaJAMIINAHO 3aCTOCOBYBAaHUMH
TEXHOJIOTISIMU € TEXHOJIOT1i, CIpSIMOBaHI Ha 3MIIIHEHHSI BUPOOIB B MOEIHAHHI 31
3MEHILIEHHSIM BUTpaT €Heprii, M0 BUTpayaeThCcs Ha ix ¢dopmyBanHs [1]. Anami3
METOJIB 3a0€3MEUeHHs 3aJaHUX BJIACTUBOCTEM IMOBEPXOHb BUPOOIB J03BOJISIE
BUSIBUTH JI€AKI OCOOJIMBOCTI TEHACHINN M€l ramy3i: Jjis 3a0e3MeyueHHs] TEBHUX
BUMOT JIeTAJICH (IOBrOBIYHICTH, 3HOCOCTIMKICTh Ta 1H.) TPEA'ABISIOTHCS JTOCUTH
KOPCTKI BHMOTH JO SIKOCTI 1 (hI3MKO-MEXaHIYHMX BJIACTUBOCTEW BUPOOIB. Y
0araThbO0X BHUNAJKaX CTAa€ HEPAI[lOHAJTHLHUM BUKOPUCTAHHS JOPOTHX MaTepiaiB.
3MIIHEHHS IUISXOM I€MEHTallli, a30TyBaHHs, TepMIYHOI 00pOOKH, 3aCTOCYBaHHS
€JIEKTPOMEXaHIYHOi, 10HHO-TIJIa3MOBOI O0OpOOKH, € e()EeKTUBHUMH, ajie TOCUTh
€HEPro€EMHMMH Ta METAJIOEMHUMHU Tpouecamu [3].

Meta crarTi: 3ampoNOHYBaTH METOJ 3MIIHEHHS poOOYMX TMOBEPXOHB
BHUPOOIB 3a JOTIOMOTOI0 HaBeIeHHsI cTpymy DyKo.
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Enextpomexaniuna oOpoOka [4, 5] 3acHOBaHa Ha MOEAHAHHI TEPMIYHOTO Ta
CWJIOBOT'O BIUIMBY Ha TTOBEPXHIO OOPOOIIIOBAHOI JIeTal, 10 BUKIUKAE MOTIMIICHHS
G13MKO-MEXaHIYHUX 1 TEOMETPUYHHUX XapAKTEPUCTUK MOBEPXHEBOIO MIAPY JeTaneu
1, B pe3yJIbTaTi NMPU3BOAUTH JI0 MiJBHUIICHHS 3HOCOCTIHKOCTI. CyTh MeTony EMO
MoJIATa€ B TOMY, IIO B TIpoIleci 0OpOoOKM Yepe3 Miclle KOHTAaKTy 1HCTPYMEHTa 3
MOBEPXHEI0 00pOOIIIOBAaHOT JeTali MPOXOIUTh CTPYM BEIWKOI CHJIM 1 HU3BKOI
HAlpyTd, BHACIIJIOK YOrO0 BHCTyIawdi TpeOiHIll TOBEPXHEBOTO  Iapy
00po0OIIOBaHOI TOBEPXHI MiAJAIOTHCA CHJIBHOMY HarpiBaHHIO, TiJi THUCKOM
THCTPYMEHTY Ae(OPMYIOThCS 1 3TIaIKYIOThCS, a TOBEPXHEBUM 1IAp 3MILIHIOETHCS .
OcoOnuBICTh €NEKTPOMEXAHIYHOI OOpOOKM TIOB'SI3aHA 3 SIBUIIEM Tapsyoro
Hakieny. Llsg ocoOmuBicTh Oynie TPOSIBISTHCS TUM IHTEHCHUBHIIIE, YUM BUIIE
TeMmrepaTrypa HarpiBy 1 THCKY oOOpoOKH. 3BIJICM BUIUIMBA€E, 110 MPU BUCOKHUX
TEeMIIepaTypax 1 3HAYHUX THUCKaX €JIEKTPOMEXaHIYHOI OOPOOKH MOKHA OUIKYBaTH B
CBITJIIM 30H1 TOBEPXHEBOIO LIAPY MOSBA PO3TATYIOTh 3aJUIIKOBUX HAMPYKEHb.

[Ipobnema HaHECEeHHS HAHOMOKPHUTTS y HAaIll 4Yac JOCUTHh MOMyJspHa W
aKTyaJibHa, JAHUM BUJI TOCIIPKEHb HE € HOBHHOIO, ajie IpobyieMa 3alUIIaEThCs y
€KOHOMIYHOMY IUTaHi, Ta Y BUKOPUCTAHHI eHEPropecypcis.

VY sikocTi ipotoTUny OyB 0OpaH YHIMOJSPHUHN JBUTYH Y SKOMY 3a PaxyHOK
pyXy TpOBIAHMKA 3 SBISIOTHCS TOCHTH BHCOKI CTPYMH . ¥ BHUKOPHCTOBYETHCS
pI3HICTh MOTEHUIATIB JAWCKY MpPU KOHTaKTI 3 OOpOOJIOBAHOI TOBEPXHEIO
3arOTOBKH W BUKOPHCTAHHS 3arOTOBKH K JDKEPETIO EHEeprii.

Ile nmochimKeHHS TMOBUHHO MIJATBEPAUTH MOKIMBOCTI BUKOPHUCTAHHS
3SIBJISIIOYUXCSL CTPYMIB B YHIMOJISIPHOMY T€HEPATOpi, Jie pOOOYUM TLIOM € JIUCK 3
MaTepiaily, KOTpUH MPOMOHY€eThCs HAaHOCUTHU. Lle Takok 103BONUTH 3 €KOHOMUTHU
yac 1 Taka cxema OOJIafHAHHS JO03BOJISE BUKOPUCTAHHS MpUIay W HAHECEHHS
HAHOTIOKPUTTSI 0€3 BUKOPUCTAHHS JTOJaTKOBUX MIPUCTOCYBAHb.

[IpucTtocyBanHs MOTPIOHO TOCTIMHO KOHTAaKTyBaTh 3 OOPOOIIOBAHOIO
MOBEPXHEI0. AJIIOMIHIEBUM POJIMK HE Ma€ MPUBOAY, BIH OTPUMY€E OOEpTaHHS BiJ
CTaJieBOro Baiuka. [[ns mowyaTKy mMepeHeceHHs Marepiaay  HeoOXIJTHO
JOTPUMYBATHUCS TIOJIOKEHHS TOYKM KOHTAKTY BIJIHOCHO OCI OOCpTaHHS JIUCKY SKa
XapaKTEePU3yEThCsl HAMOUTBIIIO  PI3HICTIO TOTEHIUANIB MIDK ILEHTPOM 1
nepedepieto Ha puc. 1.
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(1 — Amrominiesutl ouck obepmarouuiics Ha OCi y MAZHIMHOMY Noai; 2 — HeOOUMO8L Macrimu; 3 —
00pobI06ana 3a20MoeKa)

Pucynok 1 — Cxema ycTaHOBKH

PucyHok 2 — YcranoBka

VY nabopartopii Oys0 MPOBEACHO TOCHIIKEHHS MOMJIMBOCTI BHKOPUCTAHHS
3SIBJISIFOUMXCSL CTPYMIB B YHINOJISIBHOMY T'€HEpaTopi, e poOOYMM TiJIOM € JIUCK 3
MaTtepiany, KOTpUW TMPOMOHYETHCS HAHOCHTH, 3HATI TOKa3aHHS, MOOYJ0BaH1
rpadiku 3aJeKHOCTI.
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Tabmung 1 — HaBeneni ganHi 3 oqHUM Ta JiBoMa MarHitamu ipu N=1500 06\xB

-1,0
-2,0
-3,0
-4,0
-5,0

Cuna ctpymy, A

Toukn ; ;
2 maraita | 1 Marir
5 0,2 0,1
4 2,0 0,2
3 1,6 0,6
2 2,5 1,3
1 1,5 0,8
0 -0,8\+0,5 0,4\0,3
-1 -0,5 -1,8
-2 -1,3 -2,0
-3 -3,0 -3,5
-4 -15 -1,4
-5 -0,5 -0,2

5,0
4,0
3,0
2,0
1,0
0,0

w—) MarHuTa

1 marHut

Pucynok 3 — I'padiku 3anexHocTi cuim ctpyMy Big MmarauTiB (1 ta 2x) 1500 06/xB

Tabmuus 2 — Jlauai npu poOOTI AUCKY 3 OJHUM Ta JBOMA MarHiTaMu TpU

3MIiHHIM 9acTOTI 00EPTiB.

cuna ToKa, A
Touku
1 marHuT 2 MarHuTa
630 00/xB [1000 00/xB| 1600 00/XB 630 00/xB 1000 00/xB (1600 00/XB

-5 -0,1 0,0 -0,1 -0,1 0,0 -0,1
-4 -0,3 -0,5 -0,3 -0,4 -0,1 -0,4
-3 -0,6 -0,3 -0,5 -0,8 -0,2 -0,7
-2 -0,3 -0,8 -0,3 -0,9 -0,4 -1,0
-1 -0,1 -0,1 -0,2 -0,2 -0,1 -0,2
0 0,3\0,1 0,1\0 0,1\-0,1 0,7\0,6 0,3\0,2 0,1\0
1 0,7 0,4 0,2 1,5 0,6 0,4
2 1,0 1,2 0,6 1,8 0,5 0,6
3 0,6 0,3 0,3 0,8 0,4 0,4
4 0,1 0,2 0,1 0,3 0,3 0,2
5 0,0 0,0 0,0 0,1 0,1 0,1

630 1000 1600 630 1000 1600
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CUNa TOKa, A
Touknu
1 MmarHuT 2 marHuTa
630 00/xB |1000 00/xp 1600 00/xB 630 06/xB | 1000 06/xB [1600 06/xH
-5 -0,1 0,0 -0,1 -0,1 0,0 -0,1
-4 -0,3 -0,5 -0,3 -0,4 -0,1 -0,4
-3 -0,6 -0,3 -0,5 -0,8 -0,2 -0,7
-2 -0,3 -0,8 -0,3 -0,9 -0,4 -1,0
-1 -0,1 -0,1 -0,2 -0,2 -0,1 -0,2
0 0,3\0,1 0,1\0 0,1\-0,1 0,7\0,6 0,3\0,2 0,1\0
1 0,7 0,4 0,2 1,5 0,6 04
2 1,0 1,2 0,6 1,8 0,5 0,6
3 0,6 0,3 0,3 0,8 0,4 0,4
4 0,1 0,2 0,1 0,3 0,3 0,2
5 0,0 0,0 0,0 0,1 0,1 01
630 1000 1600 630 1000 1600
2,0
1,5
1,0 N\
0,5 \
0,0 -
2__A__4=F5 6 7 8 9 10 11
-0,5 <>
-1,0
-1,5
-2,0
e 530 06\MWH 1000 o6\m#uH 1600 o6\muH

Pucynok 4 — I'padiku 3aJ1€)KHOCTI CHIIM CTPYMY BiJl YaCTOTH 0OepTaHHA npu | MarHuTi

2,0

1,5

1,0

0,5

0,0

-0,5

-1,0

-1,5

-2,0

e 630 06\MMH

1000 oB6\MUH

1600 oB6\muH

10 11

Pucynok 5 — I'padiku 3a51e)KHOCTI CHIIM CTPYMY BiJl YaCTOTH OOEpTaHHS MPU 2X MarHiTax

111



Ha rpadikax BkazaHO sIK 3MIHIOETBCSI CHJIA 3SIBJIFOYOTOCS CTPYMY BiJI KUTBKOCTI MarHiTiB
Ta YacCTOTH OOEpTaHHA CaMOr0 THUCKY MIDK HHUMH S TAa4KH KOHTAKTy BiIHOCHO ILIEHTPY OCi
o0epTaHHS JUCKY XapaKTepu3yroda HalOUTBIIOW PI3HICTIO MOTEHIIIAIIB MIXK IEHTPOM poO0OY0To
JUCKY JIe TIOJIOKEHHS TOYOK 3aJIeKUTh B pO3MIpy MAarHiTHOrO TOJS W HAaNpyKEHOCTI
MarHiTHOTO TIOJISl OJTHOTO UM JIBOX MArHITIB.

BucHoBok: B monanbsiiioMy moBuHHI OyTH BHKOHAHI JOCTIIKCHHS Y HANPSAMKY OIlIHKH
3HMD)KCHHS 3HOCY IMOBEpPXHI i MeTanorpadidHi JOCIIN 3 MPUBOY HAHECEHOTO IIIapy 3 MaTepiainy
AKTUBHOTO JHJICKY.
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YJIK 621.979:681.587
Kortkosa B.B., Kopuak O.C. (Ykpaina, M. Kpamaropcsk, IJIMA)

SAIIOBITAHHA PIIMHHOMY TOJJIOAYBAHHIO CHJIOBUX
HAJIITHAPIB ABTOMATHU30BAHUX I'IAPOITPECOBUX
KOMIUVIEKCIB

Cmeopenns memoodie 3anobieanHsi pPiOUHHOMY 207100V8AHHIO CULOBUX 2IOPOYUTIHODIE
WISAXOM  AHAI3Y OCHOBHUX NPUYUH BUHUKHEHHS Ub020 A6UWA 6 2i0OpOYUNIHOpax pizHo2o
@DYHKYIOHAILHO20 NPUBHAYEHHS 3 NOCLIOVIOUO0I0 PO3POOKOI BIONOBIOHUX 3AX00i8 11020 YCYHEHHS
€ 6Kpail 8ajdciusum O HAOIUHOI pobomu aemomamu308aHux 2iOponpecosux KOMNIEKCIS.
Onucano memoo 3anobieanus piOUHHOMY 20100Y8AHHIO NIO 4AC ONYCKAHHSA PYXOMOI NOnepeyutu
00 nokosku. Haoano npakmuyni pekomenoayii i3 3anobieants piOuHHOM) 207100Y8AHHIO CUNOBUX
2I0OPOYUNTHOPIE ABMOMAMUZ0BAHUX 2IOPONPECOBUX KOMNIEKCIE.

Creating methods for preventing fluid starvation of power cylinders by means of
analysis of the main causes of this phenomenon in hydraulic cylinders of various functional
purposes with the subsequent development of appropriate measures to eliminate it is rather
decisive for reliable operating of automated hydraulic press complexes. The method of
preventing liquid starvation during the lowering of a moving cross-section to the forging is
described. Practical recommendations of preventing liquid starvation of power hydraulic
cylinders of automated hydraulic press complexes are provided.

B rigpompuBomax ~ oOnagHaHHS =~ aBTOMATH30BAaHUX  KOBAJIbCHKUX
komruiekciB (AKK)  BHKOHAaBYMMHM €  CHJIOBI  TiZPOIMJIIHAPH  PI3HOTO
(yHKL10HAJIBHOTO MPU3HAYECHHS, B SIKUX CKOHUEHTPOBaHI 3HA4H1 00’ €MH poOOYOi
pimuau [1]. Ilig yac mepexigHUX MPOIECIB, IO MAalOTh MICIE B FiI[pOCI/ICTeMaX
obnagHanust AKK mpu posronax Ta raabMyBaHHI PyXOMHX Mac, HEPIAKHMH €
SIBUIIA PIJMHHOTO TONOMYBAHHS CHJIOBHX LWJIHIPIB, SIKi CYMPOBOMKYIOTBCS iX
PO3PIUKEHHSM, BTPATOIO PIBHOMIPHOCTI Ta INIMHHOCTI PyXY IUTYH)KEPIB, IMiACOCOM
MOBITPSA 30BHI, BHYTDIIIHIMK BHUTOKAMH Yy TIO€THAHHI 3 KOJWBAaHHIMH Ta
ripoyaapaMu [2]

Meroto naHoi poOOTH € CTBOPEHHS METOIB 3amoOiraHHs pPiIUHHOMY
rOJIOJYBaHHIO CHJIOBHX TIAPOUMJIHAPIB MUIAXOM aHaIi3y OCHOBHUX MNPUYUH
BUHUKHEHHS I1IbOTO SBHINA B TIAPOMWIIHApPAX Pi3HOTO (PYHKIIOHATHHOTO
MpYU3HAYCHHS 3 nocninyfoqom PO3pOOKOIO BIAMOBITHUX 3aXOiB HOTO YCYHCHHSL.

PoGoui 1mummiHapu MarwTh HAWOUIBIIKMNA 00°€M cepen FlIIpOI_II/IJ'IlH)IplB
oonagHanass AKK. Tomy BoHM B HalOUTBIIiNA Mipl MiAIaIOTHCS plI[I/IHHOMy
TOJI0JyBaHHIO ajlKe 3HAYHWH 00’€M iX BHYTPIIIHIX MOPOXHUH IOTPEOYyE IEsKHit
4ac JUIsl 3aIIOBHCHHS, [0 HE 3aBXKIH MOEJHYETHCS 3 BUMOraMH IIBUIAKOLIII mpecy,
BiJ] SIKOTO OYIKYIOTh MaKCHMaJIbHY KUIbKICTh XO/IB B OJUHUINO Yacy [3].

Haii0inpmr yacTo piguHHE TOJOAyBaHHS pOOOYMX LMIIIHIAPIB BUHUKAE HA
X0/l HAONIMKEHHSI PyXOMOi1 TONepedrMHu 10 TOoKoBKH. [Ipu mpomy et eran
mamuaHOoTO 1Ky AKK 06e3mocepennbo He TOB's3aHuil 3 aedopMyBaHHSIM
3aroTOBKM, TOMY HEOOXiHO HOro 3AlMCHIOBaTH 3a SKOMOTa KOPOTKHM dac,
BEJIMUMHA SIKOTO 3HAXOJIUTHCS B 3aJIEKHOCTI Bl TPUBAJIOCTI 3alIOBHEHHS pOOOUHX
HWJIHAPIB Tpecy pPiAMHOK HHU3BKOIO THCKY, sSKa HaAXOAUTh B HUX BIJ
HAIOBHIOBAJILHO-3JIMBHOIO 0aky. 3armo0iraHHsl piIMHHOMY T'OJIOJIYBaHHIO TIiJ] yac

113



OITYyCKaHHSI pyXOMOi MOMEPEYHHU A0 MOKOBKH 31HCHIOIOTh HACTYITHUM METOJIOM,
KM YMOBHO MO>KHA TIOJIIJINTH Ha JCKLIbKa eTariB [4].

CnoyaTky BH3HAYalOTh BIJMOBIJHI [apaMeTpH  TiIPOJIiHII «poOoUHit
WTHJP — 3MBHUN KJIAlaH — HallOBHIOBAJBHO-3JIMBHUN Oak» Ha 0a3i KpecieHb
PO3BOJOK TPYOOIIPOBO/IIB 3a JOTIOMOTOIO BiATIOBITHIX TEOPETHUHUX 3aJICKHOCTEH.
J1o uX mapameTpiB y TOMY YHCIII HajeKath [5]:

® aKTHBHA IUIONIA POOOYUX ITUIIHAPIB BIAMOBIAHOT CTYIEHI 3YCHUJIb;

® TIPOXIJHUN NEPETHH HANIOBHIOBAIBHO-3MMBHUX KianaHiB (H3K);

® 00’eM Ta TUCK Y HAIIOBHIOBAJIbHO-3JIMBHOMY 0aKYy;

® JIOBXKMHA Ta PO3MIPH TMOMEPEYHOTO TMEPETUHY OCHOBHOTO 3JMBHOTO
TpyOOTIPOBOY;

® BEJIMYMHU KOEQIIIEHTIB MICIIEBUX T1IPaBIIYHUX OMOPIB T'APOIIIHII.

H3K wMakcuManbHO HaOMMXKYIOTh 10 pPOOOYMX LMIIHJAPIB BIJIMOBIAHUX
CTYIICHIB 3YCHJIb Ta 30CEPEKYIOTh OCHOBHY YaCTKy 3arajibHOrO T1paBIiYHOTO
omnopy TiApodiiHii «pobounit nuniaap — H3K — HanoBHIOBaIbHO-3TMBHUN 0ak» Ha
BianoBigHoMy H3K. IloTouHiI 3HAY€HHSA WIBUAKOCTI Ta MEPEMILIEHHS PyXOMOl
NOMEpPEeYrHU  Oe3MEepepBHO  BUMIPIOIOTH  3aC00aMM  KOHTPOJK  CHUCTEMHU
aBToMaTn4HOro KepyBanHs AKK.

[Tpoxigumii neperun f, . H3K Bu3Ha4aroTh 3 ypaxyBaHHSAM JBOX BAXKIMBHUX

(akTOpIB — HIBUAKOCTI OIYCKaHHS PYyXOMOI IIONEPEYMHU 10 IOKOBKH V, Ta
WBUAKOCTI Tedil pobouoi pimuuu V, y npoxigHomy meperuri H3K. Ilepmmit
daxrop (V) Oyne BusHauatu wsuakonito pobotn AKK, a nmpyrwit (V) -
BIICYTHICTh KaBiTaliiHux sBunl. OOuaBa ¢akTopu y CYKYNHOCTI JaayTh
MOJKJIMBICTb BU3HAYUTH HeoOXigHui mpoxiguuil neperun . H3K nmaa

3ano0iraHHs PiAUHHOMY TOJIOJYBAaHHIO POOOUYUX IUJIIHJIPIB HA X011 HAOIM>KEHHS
pyXoMoOi monepeurnHu 10 mokoBku. Ha pucynkax 1 1 2 mokasani KpuBi 3aJI€KHOCTI
BenMunHM npoxigHoro neperuny f,.. H3K Big 3ycwmns nmpeca P, nns pizHux

sHauenb V,, (puc. 1) ta vV, (puc. 2).
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Puc. 1. I'padik 3amexxkHocti BenuuumHu mpoxigHoro mnepetuHy H3K Bix
3yCWIIIS TiIPaBIIYHOTO MPECYy NpPH PI3HUX 3HAYCHHSAX IIBUAKOCTI OITyCKaHHS
PYXOMOI TOTIEPEYNHHU 10 TTIOKOBKH
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Puc. 2. I'padix 3anexxHocti BenuuuHu mnpoxigHoro mneperuny H3K Bix
3yCWJUIA TIAPaBIIYHOIO MPECy MPU PI3HUX 3HAYEHHSX MIBUIKOCTI Tedli poOouoi
piauHu y npoxigHomy neperuni H3K

Takox  nns  3a0e3leueHHs  BIJACYTHOCTI  PIIMHHOTO  TOJIOYBaHHSA
HAMOBHIOBAJILHO-3JIMBHUM OaK TOBUHEH BMIIyBaTH AOCTAaTHI JJisl 31ACHEHHS
MAIIMHHOTO NUKIY 00’ €MH PIIUHHM HU3BKOTO TUCKY — 3arajibHuil 00’eM W, 00’em

pIAMHU JUId 3allOBHEHHS 3BOPOTHMX LmmHApiB W, , pe3epBHUN 00’eM ais
3aII0BHCHHS LWIIH/PIB TOMOMDKHHUX MexaHi3MiB W, , a Takox 00’€M IOBITPSHOL
nopoxxHUHA W, Ul CTBOPEHHS THEBMOCHUCTEMOIO HEOOXIJHOTO THCKY PIIUHH U

nemrdyBaHHs KOMMBAIbHUX siBUII. Ha pHCyHKy 3 TOKa3aHi KpHBI 3aJI€KHOCTI
BENTUYMH 00 €MIB PIIMHU HU3BKOTO THUCKY Y HAIOBHIOBAJILHO-3JTMBHOMY Oarli BiJl
3ycuiuid npeca B, .

Ws, |

M3 ,

[l S SRR VS R SNV, B SN [ ]
|
=
=2

/
7 .
// -
// -""--.::" -
= S Py _Jaf P ‘
0 -P-.-- N o
30 50 70 90 110 130  Pn, MH

Puc. 3. I'padik 3anexHOCTI BEIMYUH OO0 €MIB PIAMHU HHU3BKOTO THCKY Y
HAIOBHIOBAJILHO-3JIMBHOMY Oalll Bijl 3yCHILIS Mpeca
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JIyist 3amoGiraHHs pITUHHOMY TOJIOyBAaHHIO CHUJIOBHUX IMUTIHIIPIB B CHCTEMI
aBToMatnuHoro kepyBanHs AKK mporpaMHoO 1oB’3y10Th HACTYMHI JaTYUKHU:

® THUCKY pOOOYMX IMJIIH/PIB,;

® THUCKY PIAVMHHU y HATOBHIOBAJIBLHO-3JIMBHOMY Oarii;

® DIBHS PIIMHU Y HATIOBHIOBAJIBHO-3TUBHOMY Oalli.

3 mUMH K JaTYMKaMd B MEXKax CHCTEMH AaBTOMATHYHOTO KEpyBaHHS
MPOTPAMHO TIOB’SI3YIOTh 3aCO0M PETYJIIOBaHHS 1 KOHTPOJIO 3JIMBHOTO KialaHa
3BOPOTHHUX MWIHAPIB. Y  BIANOBIAHOCTI JO 3aKJaJ€HOTO B  CHCTEMY
aBTOMAaTHUYHOTO KEPYBaHHS aJIrOPUTMY TOCTIHHO KOHTPOJIOIOTh IOKAa3HUKHU
3a3HAYCHMX JIATYMUKIB Ta MOPIBHIOIOTh MOTOYHHUU THCK y POOOYMX IWJIIHIpaxX 3
pPO3paxyHKOBHM, BHU3HAUYCHHM Yy JIaHHMH MOMEHT 4acy 3 ypaxyBaHHSM 3MIHHOTO
TiAPaBIIYHOTO OMNOPY 3JMBHOrO KJIallaHa 3BOPOTHUX ITWIIHAPIB. Y BHUIAJKY
3MEHIIIEHO1 BEIMYMHU THUCKY y POOOYMX IMJIIHJpPAX, CUCTEMOI aBTOMATHYHOTO
KepyBaHHS [il0OTh Ha 3aCO0M PETYNIOBAHHS 1 KOHTPOJIIO 3JIMBHOTO KjamaHa
3BOPOTHUX UWIIHAPIB, 3MIHIOIOUM HOTO OMIp Ta 4ac BIAKPUTTS. TakuM 4MHOM
YCYBalOTh MOXJIMBICTh BUHUKHEHHSI PIUHHOTO T'OJIOJTyBaHHS CUJIOBUX IUJIIHJPIB
AKK.

BUCHOBKHU

PinuHHE TOM0MYBaHHS BUHUKAE BHACIIIOK HEBIAMOBIIHOCTI KOMIIOHYBaHHS
CUCTEMHU KEpPYBaHHS CHJIOBMMHU IIWIIHAPAMU PEXKHUMaM pPOOOTH BHUKOHABYUX
mexaHi3miB AKK. J{nst 3ano0iranHs pilMHHOMY TOJ0yBaHHIO CHJIOBUX ITMJIIHIPIB
B CHUCTEMY aBTOMAaTUYHOTO KEPYyBaHHS MPECOM 3aKJIaJat0Th po3po0IeHuil B poOOTI
aNITOPUTM, BIJMOBIAHO 10 SIKOTO IMOCTIMHO KOHTPOJIOIOTH IMOKA3HUKH JaTYUKIB
CUCTEMHU KEpyBaHHS Ta MOPIBHIOIOTh MOTOYHUN THCK y pOOOYUX IMHIIIHIApaxX 3
pPO3pPaxXyHKOBHM, BH3HAYCHUM Yy JaHWH MOMEHT 4acy 3 ypaxyBaHHSIM 3MIHHOTO
TiIPaBIIYHOTO OMOPY 3JIMBHOTO KJAalaHa 3BOPOTHUX IUIIHAPIB.
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CYYACHA . TEXHOJIOI'TA OCAI’KEHHA
HAHOKOMIIO3UIIIMHOI'O IMTOKPUTTA 13 ®OYHKIIOHAJIBHO-
I'PAAYIOBAHOIO CTPYKTYPOIO (OI'VISAN)

YV pobomi onucano cyyacuuii memoo CMEOPeHHSA (OYHKYIOHANbHO-2PAOYUOBAHO20
saxucnoeo nokpumms Ni-Cr/Al,O3. Hasedeno mexnonociuni napamempu eieKmpoocaoiceHms,
002080pEeHO MEXAHIYHI 81ACMUBOCINT MPUMAHUX 3DA3KIE.

The paper shows a modern method for the creation of a functionally graded protective
coating of Ni-Cr / Al203. The technological parameters of electrodeposition, mechanical
properties of suspended samples are discussed.

Cporogni yCHIIIHO MPOJOBXKYIOTb PO3BUBATUCS TEXHOJIOTII OCAKEHHS
raJIbBaHIYHUX HAHOMOKPUTTIB, Kl CIYTYIOTh 3aXHCTOM BiJl (hI3UKO-XIMIYHHX
pyWHYIOUMX BIUTMBIB Ha JETaJl MalluH. Y XOJ1 MiHIaTIOpU3allii 3aXUCHUX IJTiBOK
CTal0 MOXJIMBUM CTBOPEHHsS TE€TEpOTEHHUX HAHOMOKPHUTTIB. Hampukmarn,
koM103uTHOTO TOKpUTTS CryOs/Al,O3, 1m0 Oys10 yTBOpeHE Ha HEeprKaBitodid cTasi
321L mmsxom enektpoocakeHHs Al,Oz K TepMeTu3yrouoro mapy MOKPUTTS
Cr,03[1], TBepmoro nokputtst CrN 31 BcTaBkoro mapy Al,Oz nuisixom ocamkeHHs
[2]. OpuriHaabHUM pilIEHHSM OYyJI0 CTBOPEHHS HAHOKOMIIO3UTHOTO MOKPHUTTS 3
¢dyHKIioHATBEHO-TpaayiioBaHor0 cTpykTyporo Ni-Cr/Al,Oz y pobori [3]. Lle#t Tum
OCAJIPKEHHS 3yMOBITIO€ MMOCTYMNOBY 3MIHY BIACTUBOCTEH 1 3HUKYE IIBHUJIKICTh 3HOCY
Ha 39% MOPIBHAHO 3 MOHOIIAPOBUMU TTOKPUTTSIM.

BHKOPHCTOBYBAIHCS MPSIMOKYTHI cTanesi 3paskd po3mipom 8x2x0,1 cm’,
K1l MEXaHIYHO MOJIipyBaJii A0 mopcTkocTi Hux4e 0,4 mxwm. [licnsa mpomuBaHHS
MIJITOTOBJICH] 3pa3Ky 3HEKUPIOBAIM B eTaHoI 1 3aHyproBaiu y 20% po3uun HCI
npotsrom 30 c. Jlami 3pa3ku mMpoOMUBAIK Yy JIC10HI30BaHIN BOJII TiJ] YIBTPa3BYKOM.
Banna gns  enektpoocamkeHHss Oyna  cynbgparHoro. [HmI  mapamerpu
CIEKTPOOCaKeHHsT TipeAcTaBieHl B [3]. HeoOximne mnepeminryBaHHs st
JUCIIEPTYBaHHS HAHOYACTHMHOK 3JIIMCHIOBAJIOCS MArHITHOIO MIIIAJKOK, SKa
obepranmacas mnpu 200 06/xB mpoTIroM 24 TOAWH 10  €IEKTPOOCAIKCHHSI.
besnocepennbo  mepen  MPOIECOM  OCAKEHHsSI  CYCIICH31I0  0O0pOOJISIOTH
yIbTpa3ByKoBuUM 30HI0M mpotarom 30 xB. [lin dac enekTpoocaIkeHHs
nepeMilllyBaHHsl peaji3yBaii MarHiTHOWO Mimankorw mpu 150 06/xB. KucinoTHo-
JY>)KHUR OajaHc po3uuHy peryitoBaiu 3a gonomororo NaOH a6o H,SO4 mig vac
€JIEKTPOOCAXKEHHSI.
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Y pob6otri [3] OCHOBHOIO METOI0 OyJ0 CTBOPEHHS TPaJIEHTHOTO
KOMIO3UTHOTO TOKPUTTS 3 BUKOPHUCTAHHSAM IMITYJIbCHOTO €JIEKTPOOCAKEHHS 3
OPSIMOKYTHUM IMITYJIbCOM KBaJpaTHOi (OpMU. YMOBHU OCAIKEHHS DPETYJIIOBAIU
JUTsl YTBOPEHHS IIapiB Mo 5 MKM nipu pododomy 1ukdii 30-80% 1 yactoti 25-2000 1.
Opnak, BUSBHWJIOCS, IO YacTOTa IMITYyJIbCIB HE MaJla BHUPAXEHOrO BIUIMBY Ha
XIMIYHMIA CKJIaJ TOKPHUTTIB, TOMY [UIsl Tpaji€eHTHOro po3mnoaury Bmicty Cr i
gacTUHOK Al,O3 BHKOPHCTOBYBAJIOCS MOCTYNOBE MIABHUILEHHS POOOYOro IUKITY
(45% no 80%) npu MOCTINHIN YacTOTI.

VY pesynbrati GyHKIIOHATBHO-TPAAIEHTHE MOKPUTTS CKIIafanocs 3 8 mapis,
AK1 1moctynoBo 30umbmryBasiu BMICT Cr Big 3% 1o 78%, a BMICT 3aXOIUICHHX
gacTuHOK Al,O3 30imbmryBanocs 3 9% mo 18%. JlomaBanas HaHOYACTHHOK A0 Ni-
Cr-matpurli 3HKYBaJIO KITbKICTh MIKPOTPIIIIMH TOPIBHAHO 31 CIIJIaBOM. TBepAICTb
0 BChOMY IMOKPUTTIO MiJHIMAajacs IMOCTYHNOBO JO 30BHIIIHBOTO mapy. Bono
MOKa3aJi0 Kpaimly 3HOCOCTIMKICTh Ta KOPO3iHY CTIMKICTh TMOPIBHAHO 3
MOHOIIAPOBUMHU Ta CIUIABHUMH TOKPUTTSAMH, TaK, M0 MIBHAKICTH 3HOCY Ta
TYCTUHA CTpyMy Kopo3ii 3meHmmdca Ha 39% 1 99% sianosigHo. OcHOBHa
IPUYMHA TIJBUIIEHHS 3HOCOCTIMKOCTI Oyjla BHUCOKa TBEPAICTh Ha MOBEPXHI 3
MEHIIIOI0 KITBKICTIO MikpoTpimuH. [llapyBara MikpocTpykTypa 1 BOyHoOBaHi
HAHOYACTMHKM B MaTpULl MOXYTh pO3LIMpIOBaTH ab0 OJOKyBaTH MLUISIX
KOPO31MHUX BUAIB 1, TAKUM YMHOM, IT1JIBUIIYBAaTH KOPO31MHY CTIMKICTH [3].
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Kypatnik T.B. (Vkpaina, wm. [lonraBa, Komynansauii 3aknan I[lonTaBcbka
rimHasii «310poB’s» Nel4 ITonraBchkoi Mickkoi paau [TontaBchkoi 001acTi)

STEAM OCBITA JsK ]%I/IBHA‘IAJII)HI/II‘/'I BEKTOP PO3BHUTKY
HAYKOBO-AOCIIIHUIBbKOI AIAJBHOCTI YYHIBCBKOI MOJIOAI
B OCEPEJAKY MAH

Ilepeopicnmayis oceéimu na maxy, wio 8i0N0GI0A€ 3anuUmam MaudymHb020, [PYHMYEMbCSL
HA MINCNPeOMEeMHUX 3HAHHAX Md 6MIHHAX, Nepeoddavac 3acmocy8aHHs KOMNEMeHMHOCmel y
BUCOKOMEXHONO02TYHOMY, WBUOKOSMIHHOMY Ma NONIKYIbMYPHOMY CYCRIIbCMBL € 20108HUM
BEKMOPOM Yi1020 psdy ocsimuix cucmem. Ha oymky cneyianicmis, 3a3naueni yini peanizyomscs
wisixom enposaoxcenns max 36anoi STEAM-oceimu. ¥V womy ocoonusicme STEAM-oceimu i siki
MOJICIUBOCIE  3ANPOBAONCEHHS MAKOI cucmemu y HABYANLHO-BUXOBHUL NpoYyec CYYaACHUX
OCBIMHIX 3aK1A0I8, 30KpemMa HAYKOB0-00CIIOHUYLKOI OIANbHOCMI YUHIBCHbKOI MON00I 8 0cepedKax
MAH npedcmasneno y oawitl cmammi.

OnHuM 3 aKTyallbHUX HAaNpsIMiB MOJIEpHI3allli Ta 1HHOBAIITHOTO PO3BUTKY
ocBiTu BHUcTynae STEAM-opieHTOBaHMI MiaXidg g0 HaBYaHHS, SKUH CIpHsE
oMy sipu3allii 1HKEHEPHO-TEXHOJIOTTYHUX Mpodeciit cepesl MOJIOA, IMiABUIICHHIO
noiH(GOPMOBAHOCTI MPO MOMJIIMBOCTI iX Kap’€pu B 1HKEHEPHO-TEXHIYHIN cdepi,
dbopMyBaHHIO CTIMKOT MOTHBAIl Yy BUBYEHH! NUCIUIUIIH, HA SKUX IPYHTYETHCS
STEAM-ocgiTa.

Axponim STEAM (Bix anrn. Science — npupoanuui Hayku, Technology —
TexHoorii, Engineering — imkeHepis, mnpoekTyBaHHs, au3aitH, Mathematics —
MaTeMaTrKa) BU3HAYa€ XapaKTEepHI PUCHU BIANOBIIHOI AUIAKTUKUA, CYTHICTh SIKOT
BUSIBIISIETHCS Y MOEJHAHHI MDKJIUCIUIUTIHAPHUX MPAKTUK OPIEHTOBAHUX ITIJIXO/1B
JI0 BUBYCHHS TPHUPOAHUYO-MATEeMaTUIHUX JucHuILIiH. Bomnowac, y STEM
AKTUBHO BKJIIOYAETHCS CYKYMHICTh TBOPYHMX, MHUCTEIBKUX JUCIUIUIIH, IO
00’€eHaHI 3araTbHUM TepMiHOM ArtS (mo3HaueHHs BiAMOBIIHOTO migxony — STEM
and Arts). Akryaneaumu Hanpsmamu STEM and Arts € mpoMmuciIoBHi aM3aiiH,
apxIiTEeKTypa, IHAyCTpiaabHa ecTeTrKa Tomo. OCTaHHIM YacoM, Y €BPOMEHCHKOMY
HAyKOBOMY JHCKYCl HAroJONIyeTbCS HA  BAXJIMBOCTI  BCIX  JIUCIMILIIH,
BUKOPUCTaHHI MbKAucuuIutiHapaux migxomie STEAM (mitepa A — All - Bci) i
MOETHAHHI TPUPOJHUYO-HAYKOBUX 3 IHITUMU HABYAIBHUMH JUCIUTUIIHAMU, K1
BUBYAKOTHCS y 1IKOJII [2].

Hampuknan, 3a KOpJIOHOM MY3WKAaHTIB HAaBYalOTh HE TUIBKH MY3HKYBaTH,
aJie 1 BAKOPUCTOBYBATH KOMITFOTEPHI MPOTPaMH TSl CTBOPEHHS MYy3UYHUX TBOPIB.

Yomy STEAM-ocBiTa Tak akryansHa? CTpiMKa €BOJIIOLISI TEXHOJIOTIH Befe
JI0 TOTO, [0 He3a0apoM HaHOUIBIIT MOMYISPHUMH Ta TIEPCIICKTUBHUMH Ha TIIAHETI
daxiBisiMu cTaHyTh nporpamictu, IT-daxiBii, iHXeHepH, NpodecioHann B ramtysi
BHUCOKUX TEXHOJIOTIH 1 T.n. Y BigAaJeHOMy MailOyTHbOMY 3'SBISTHCS Mpodecii,
Ipo SIKi 3apa3 HaBITh YSIBUTH Ba)XKO, BC1 BOHU OyAyTh MOB'SI3aHI 3 TEXHOJOTIEO 1
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BUCOKO TEXHOJIOTIYHIUM BHUPOOHUIITBOM Ha CTUKY 3 TMPUPOJHUYUMHU HAyKaMHU.
Oco0nuBo OyayTh 3aTpeOyBaHi (paxiBili 010- Ta HAHO-TEXHOJIOT1H.

Bixe 3apa3 BimuyBaeThcsi Hectaua cremiamctiB cpep STEAM. 3rigHo
nociipkeHb opranizamii Change the Equation, y Cronyuenux IllaTtax Ha ogHOro
NOTEHI[IITHOrO MpaliBHUKAa B CepeAHbOMY Mpumanae 1,7 BIAKPUTHX BaKaHCIH y
rainy3sx STEAM. Ilpu 11poMy KOHKYpEHIIIS B 1HIIMX Tally3dX CKJIaJae MpUOIU3HO
4,1 xaHaUIaTa HA OJHY MO3UIIIIO.

STEM: Non-STEM:
1.7 jobs for every 4.1 unemployed
1 unemployed person people for every 1 job
Jo8 JOB JOB

|
T i

Source: Change the Equation, Vital Signs

bropo cratuctuku pobouoi cuim Crnomyuyenux lllTariB cTBepmxye, mo y
2018 poky mnomut Ha cnemiaiictiB cpep STEAM po3nominvBcs HACTYIMHUM

IIJIAXOM:
W Komn'toTepHi TexHonorii - M TpaamuiiHa iHxeHepin MpPUPOAHWYI HAY KK
Bionoria Ta cymicHi Hayky W MaTemaTuka
T e AN -~
e
7%
4%
ll
0% 10% 20% 30% 40% 50% 60% 70% 80%

[Tpu oMy Taki TeHIEHIIIT CTIOCTEPITatOTHCS U B IHIINX PO3BUHEHUX KpaiHax,
Takux sK BenukoOputanis Ta HiMmeuunHa, 1€ TakoX BIJYYyTHA HeJOCTaya
CIICLIANICTIB 3a TAaKWUMM HalpsMaMmH, SK MaTeMaThKa, IPUPOJHHUYl HAyKH,

KOMIT’ FOTEpHI HAyKH Ta TeXHOoJIori1 [4].
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IToctae nmutanHs - sk miAroryBatu Takux (axiBuiB? HapuaHHs - 1€ HE
MIPOCTO Tepeada 3HaHb BiJl YUUTENS JI0 YUHIB, 1I€ CIIOCIO PO3IIUPEHHS CBIIOMOCTI
1 3MIHU PEaTbHOCTI.

Y STEAM-0cBITI aKTUBHO pO3BHBAETHCS KPEATUBHUN HAMPAMOK, IO
BKJIFOYA€ TBOPYI Ta XYyJI0KHI JUCHUILTIHA (TPOMUCIIOBUNA TU3aiH, apXiTEKTypa Ta
1HAyCTpiajibHA €CTeTHKa 1 T.1.). ToMy 1m0 Maii0yTHe, 3aCHOBaHE BHUKJIIOYHO Ha
HayIll, HaBPsII YU KOTOCh Topanye. Aje MalOyTHE, SIKE BTUTIOE CHHTE3 HAYKH 1
MUCTEITBA, XBUJIIOE€ HAC Bxke 3apa3. CaMme TOMY BKe ChOTOAHI MOTPIOHO JyMaTH,
SK BUXOBATH KpalllUX MPeICTaBHUKIB MalOyTHHOTO.

Ha nymky amepukaHCbKMX BUEHHUX CIpoOa aKTUBI3YyBaTHU OCBITY TUIBKH B
HANpSIMKy HayKu Oe3 TMapajellbHOTO PO3BUTKY ArtS-ITHCIUILUTIH MOXKE TMPU3BECTU
JI0 TOTO, 10 MOJIOZIE MOKOJIIHHA 1M030yA€ThCSl HABUYOK KPEATUBHOCTI.

Y mwrari Maccauycerc, HamnpuKIal, TNPUAHATO 3aKOHOJABCTBO, SKE
3000B's13y€ TMPOBOAUTH PEUTHHI IIKLI HE TUIBKK 32 PIBHEM BUKOHAHHS YYHSIMU
CTaHJIAPTHUX TECTIB, aJie TAKOX 1 110 TOMY, HACKIIbKM HAaBYAJIbHUUN IUIAH KOXKHOI
IIKOJIM CIPHUSiE TOCWJIEHHIO KPEAaTHBHOCTI Yy4HIB. Tak 3BaHUM «IHAEKC
KpPEaTUBHOCTI».

Ocsaira B rany3i STEAM € 0CHOBOIO MiITOTOBKU CHIBPOOITHUKIB B 001acCTi
BUCOKMX TexHojorid. Tomy Oararo kpaiH, Taki sk Ascrpanis, Kwurai,
BenukoOpuranisi, I3painb, Kopes, Cinranyp, CIIA npoBoasTs nep:kaBHi
nporpamu B rainy3i STEAM-ocBiTH.

3HaUYHUX €KOHOMIUHUX ycmixiB gocaruyB Cinramyp. CiHramypcbka cuctema
OCBITH HE3MIHHO TMEpCleKTUBHA. [IpUWHATTSIM JTBOMOBHOCTI 3 aHTJIHCHKOIO
MOBOIO (B JOIMOBHEHHS J0 PIIHOT MOBHU), 30CEPEIKEHICTIO HAa Haylll, TEXHOJIOTII,
imkenepii Ta marematuii (STEAM) - Cidramyp nependoauuB 0arato 3 KIFOYOBUX
CTpaTerii B raiay3l OCBITH, NPUUHATHUX cydacHuMU nomitTukamu. e B 2002 poi
Oyna 3amymena inHimiatuBa «llepetBopennss Cinranypy», HallJieHa Ha
MIEPETBOPEHHS IILOTO MiCTa-/Iep>KaBU Ha CBITOBUH IIEHTP KPEAaTUBHOCTI, IHHOBAITI
Ta nu3aiiny. Ypsaa Cidranypy pedopMye CUCTEMY OCBITH Tak, 1100 CTUMYJIOBATH
KpeaTuBHi sIKOCTI MoJioai. OJIUH 13 NMIISAXIB 1BOTO - BIPOBAHKCHHS MOJIOAMX, TO-
HOBOMY MHUCJSYMX TAJaHOBUTHX JIIOAEM B PI3HI JEp’KaBHI CTPYKTYpH,
BIJINIOBITaIbHI 32 EKOHOMIYHY TOJTITUKY [3].

STEAM-ocBiTa — 11€ KaTeropis, ska BU3HAYa€ BIAMOBIAHUHN MeaaroriyHui
nporiec (TEXHOJOr110) (GOpMyBaHHS 1 PO3BUTKY PO3YMOBO-II3HABAIBHUX 1 TBOPUYHX

SKOCTE€H MOJIOJl, pIBEHb SKHX BH3HAYa€ KOHKYPEHTHY CIIPOMOXHICTh Ha
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Cy4yaCHOMY PHHKY IMpall: 3aTHICTb 1 TOTOBHICTh J0 PO3B’S3aHHS KOMILIEKCHHX
3aja4 (1Mpo6JieM), KPUTUYHOTO MHUCIICHHS, TBOPYOCTI, KOTHITUBHOI THYYKOCTI,
CIIBIpAIll, yNpaBIiHHA, 371MCHEHHS I1HHOBaIIHOI nisuibHOCTI. STEAM-ocBiTa
IPYHTYETBCS Ha MDK- TPaHIUCHMIUTIHAPHUX IMAX0JaxX y MOOYya0Bl HaBUAJIbHHUX
IIpOrpaM Pi3HOTO PiBHS, OKPEMUX NUIAKTHYHUX CIEMEHTIB, 0 JOCIIKEHHS SBHII
1 IPOIIECiB HABKOJIMIITHHOTO CBITY, BUPIIIIEHHS MPOOJIEMHO OPIEHTOBAHUX 3aBAAHb.

Buxopuctannuss mnposigHoro mnpuniuny STEAM-ocBiTM — iHTerparii
JTIO3BOJIAE€ 3IMCHIOBATH MOJEPHI3AII0 METOJOJIOTIYHUX 3acajl, 3MICTy, 00CsATy
HAaBYAJBHOTO  MaTepialy MPEIMETIB MNPUPOJHUUYO-MATEMATUYHOTO  IHMKIY,
TEXHOJIOT13aI[il0  TpoIecy  HaByaHHA Ta  (QOpMyBaHHA  HaBYAJIbHHX
KOMIIETEHTHOCTEN $KICHO HOBOro piBHA. Lle Takox chpuse OIpII SKICHIN
MIATOTOBLI MOJO/1 O YCHIIIHOTO IMpaleBiIalliTyBaHHs Ta MOJaIbIIOl OCBITH, SKa
BUMArae pi3HUX 1 OUTbII TEXHIYHO CKJIAJHUX HABHUYOK, 30KPEMA 13 3aCTOCYBAHHIM
MaTeMaTHYHUX 3HAHb 1 HAYKOBUX MOHATb.

['onoBna meta STEAM-ocBiTH TIOJNISITaEe y peanizallii AepKaBHOI MOJITUKH 3
ypaxyBaHHSIM HOBUX BHUMOI 3akoHy YkpaiHnu «lIpo ocBiTy» 1010 MOCHJIEHHS
PO3BUTKY HAYKOBO-TEXHIYHOT'O HAMPSAMY B HABYAIbHO-METOJUYHIN JISTILHOCTI Ha
BCIX OCBITHIX PIBHSX; CTBOPEHHI HAyKOBO-METOIWYHOI Oa3u MJis IMiJABUIICHHS
TBOPYOIO MOTEHLIAy MOJIOAI Ta MpodeciiHOi KOMIETEHTHOCTI HayKOBO-
neJaroriyHuX MpaliBHUKIB.

OcHOBHI KJTFOYOB1 KOMITETEHTHOCTI KoHIiemniii «HoBoi ykpaiHChKOT IIKOI,
a came: CIUIKyBaHHS JEpXaBHOK Ta I1HO3EMHUMH MOBaMH, MaTeMaTHyHa
IPaMOTHICTh, KOMIIETEHTHOCTI B MPUPOJHUYUX HAayKaX 1 TEXHOJOTIAX,
1H(popMaIIiHO-IIM(PpPOBA TPaMOTHICTb, YMIHHS HAaBYATHCS BIIPOJOBXK KUTTH,
COLllaJIbHI " TPOMaJISTHCHKI KOMIIETEHTHOCTI, M1PUEMITUBICTD,
3arajbHOKYJIbTYpPHA, €KOJIOTIYHAa TPaMOTHICTh 1 3JI0POBE >KUTTSA, TapMOHINHO
BXOAATh B cucreMy STEAM-0cBITH, CTBOpPIOIOYM OCHOBY JJI YCHIIIHOI
camopeasizaliii 0COOMCTOCTI 1 5K (axiBIid, 1 IK TpoMajstHuHA [2].

STEAM TtexHoJOTii BUMAararTh BiJl YYHIB HaBUK KPUTHYHOTO MHCIICHHS,
BMIHHS TPAIIOBAaTH K Y KOMaH/IlI Tak 1 camMocCTiiHO. Peamizaliis Takoro maxomy
BIIOYBAEThCS ~ YE€pe3  MPOEKTHO-TEXHOJIOTIYHY Ta  HAayKOBO-AOCIIIHUIBKY
JUATBHICTh Y4HIB. TeXHOJOrli € caMe THUM HaBYAJIbHUM NPEAMETOM, SKUAU
SKHaWKpaIie AEMOHCTPY€E 1HTErpallito 3HaHb Ta BMiHb YYHIB 3 PI3HUX MPEIMETIB.
Bukonyroun poOOTy Hajq KOXXHMM HaBUYaJIbHUM TMPOEKTOM YYHSIM TOTPiOHO

CaMOCTIHHO CHpPOEKTYyBaTH MalOyTHiN BHUpPIO, IpU [IbOMY BUKOPHUCTATH 3HAHHS 3
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MaTeMaTukH, (i3uku, XiMii, IHPOpMAIlIHHUX TEXHOJOT1M, MUCTEIITBa, O10JIOTIi 3a
JUIsL CTBOPEHHS (PYHKIIOHAJIBHOIO, IIKABOTO Ta HOBOTO BHUPOOY. Y Takomy
BUMAJKY YYHI BOAYArOTh JIIEBUH 3B’ SI30K TEOPIi 3 MPAKTUKOIO KUTTS.

Onniero 3 Halle)eKTUBHIMIMX (OPM HAYKOBO-TOCIIIHOL JiSJIBHOCTI YUHIB €
Mana akagemis Hayk (MAH), sika cnipusie po3BUTKY MOCIITHUIIBKUX 3110HOCTEH
IOHNX HAyKOBIIB, (POPMYBAaHHIO HABWYOK BEJEHHS HAYKOBOTO JOCIIKCHHS,
aHaJli3y OTPUMaHUX Pe3yibTaTiB, iX 0()OPMIICHHS, pO3BUBA€E BMIHHS MPE3CHTYBATH
BJIaCHI 3/100yTKH, (HOPMYIOUHM HABUKHM KOHKYPEHTOCIPOMOXKHOCTI, BMIiHHS
BIJICTOIOBATH BJIacHI norsian. Y mexax MAH crapiokiacHUKY TPOXOAATh Mepi
€Tany CTAaHOBJICHHS SIK HAYKOBIII.

[IpiopuTeTHUM BEKTOPOM OpraHi3alli HayKOBO-JOCIIHMIIBKOI IISIIBHOCTI
IOHHX HAayKoOBLIB TmoBMHHa ctathu STEAM-ocBita, 30pi€eHTOBaHa Ha
BUHAXIHULTBO Ta IHHOBAaTHUKY. STEAM TexHOIOTIi CTBOPIOIOTH ONTHMAbHY
HAyKOBY IUIaTQOPMY JJI YUHIBCHKUX JOCII/KEHb, aJI)KE€ JTI03BOJISIIOTh IHTETPYBaTH
3HAHHS PI3HUX JUCIUIUIIH, TPOBOAUTH PI3HOMAHITHI JOCIHIIM, T€HEPYBATH HOBI
171€1, CTBOPIOBATH Cy4acHI BUHAXO/IH.

VY4H1 HaMIOro HaBYAJIBLHOTO 3aKJIA/ly € MOCTIMHUMH YYaCHUKaMU KOHKYpPCY-
3axucty MAH Ta HeonHOpa3oBO CTaBajiM MEPEMOXKISIMU Ha pPI3HUX eTamax,
30kpemMa y cekiisnx «TexHikay, «MucteurBo3HaBcTBO» ( Ti CEKuii, Je Y4HI
NpalolTh 3 YUYUTENIeM TEXHOJOTIM sSIK HayKOBUM KepiBHUKOM). KoxHa
JOCITIIKyBaHa po0OOTa € YHIKAIBbHOIO Ta HAYKOBO-3HAYUMOI0, aJ)K€ YUH1 0OMparoTh
aKTyasbHi 1ikaBi Temu. [Ipiopurer Haga€THCS PO3TISAAY TUX MHUTAHb, K1 3HAXO/b
BIJICOJIOCOK Yy BJIACHI TBOPYOCTI Y4HIB( HampHKiIaa, pPO3poOKa yCTaHOBOK [IJIst
BUPOOITKY TeIJIa YU BHUIOTOBJICHHA peyell 13 HenoTrpedy, SK HOBUU HampsMm
nu3aiiHy). Takox 3HauyHa yBara Y4YHIB MPUAUISIETHCS BHMBYEHHIO 0a30BOTO
npeaMeTa 3a JIJs pe3yIbTaTUBHOTO HAMKMCAaHHSA KOHTPOJIBHOI POOOTH Ha KOHKYpCI
(y cekiii «TexHiKa» — MaTeMaTHhKa, «MHUCTEITBO3HABCTBO» — YKpaiHChKa MOBA).
Jlnst edexTuBHOI  opraHizaiii  HAyKOBO-JIOCTIIHMIIBKOT  JISUTBHOCTI MU
BuKkopuctoByemo STEAM texHosorii, $Ki J03BOJSIOTH 3 PI3HUX CTOPIH
MPOaHAJI3yBaTH MPOOJIEMY JOCIHIKEHHS, IHTETPYIOYH HEOOXI1/IHI 3HAHHS YYHIB 3
pI3HUX mpeaMeTiB. Jluie 3a yMOBM TBOPUOi CHIBIpALl YCIX YYaCHUKIB HAYKOBO-
JOCTITHUIIBKOT JSJTIBHOCTI JIOCATA€ThCS BUCOKUM pe3yibTaT Ta MepemMora y
KoHKypci MAH.

Ha >xanp, Ha CHOTOAHINIHIA J€Hb TOCTPO IMOCTA€ MpoOieMa BiACYTHOCTI

STEAM - naGoparopiii y O1IbIIOCTI HABYAIBHHUX 3aKiIaJiB YKpainu. BiqnosimgHo
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1€ TaJIbMYy€ MPOIeC MOBHOIIHHOTO BIpoBakeHHs STEAM-ocBiTH y HaBYaIbHO-
BUXOBHHI MPOIIEC HABYANBHUX 3aKiaiB. [IpoTe, Ha ChOro/HI iCHYE MOKIUBICTH
JUISL 3aKJa1B OCBITH OpaTH y4acTh y PI3HOMaHITHMX MDKHApOJIHUX HaBUYAJIbHHUX
NpoeKTax, KOHKypcaX, YyMOBOIO SKHX € 4YacTKOBe 3a0e3leueHHs YYHIB
HEOOX1THUMHU 00JIaTHAHHSM JIJIS1 TOCI1IKCHb.

OnHe 3 OCHOBHUX 3aBJaHb Cy4YacHOI INKOJW — CTBOPUTH YMOBH IS

PI3HOOIYHOTO PO3BUTKY MIAPOCTAIOYOrO MOKONIHHS, 3a0€3MeUnTH aKTUBI3AIlIO 1

peduiekcii, aHaTITUKO-CHHTETHYHUX YMIHb Ta HABHYOK 3 ypaxXyBaHHSIM
MOKJIMBOCTEN KOXKHOI JTUTHHU. CydacHI METOAM HaBYaHHS 3a0€3M€UyI0Th aKTUBHY
B3a€MOJIII0 YYHIB 1 BUMTENS B HaB4YalbHOMY mporeci. BnpoBamkenus STEAM -
OCBITU € BaroMUM BEKTOpPOM po3BUTKY HOBOI yKpaiHChKOI IIKOJIU Ta

MalOyTHBHOTO MiIPOCTAKOYOTO MOKOJIHHS B LILJIOMY.

CIIMCOK BUKOPUCTAHUX JIZKEPEJI
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JOCJIZKEHHA METOAY 3SMIHHEHHSA POBOYUX ITOBEPXOHDb
BUPOBIB 3 BUKOPUCTAHHAM EJIEKTPOMAT'HITHOI'O
BUTJIA/KYBAHHSA

Y cmammi npeocmaeneno meopemuune OOTPYHMYBAHHA HOB020 MemMOOY 3MiyHEHHS
pobouUX  NoBepxoHb  BUPOOI6  Npu  3MIYHIOBANLHIU ~ 00poOYi 3 BUKOPUCTAHHAM
eNIeKMPOMASHIMHO20 8UNAOIICYBAYA, CHPAMOBAHUX HA NIOGUWYEHHS CIMIUKOCMI Ma NOIINUWEHHS IX
excniyamayitiHux eracmugocmetl. J{ociiodceHo ma 0O62pYHMOBAHO nepesacu 3acmocy8aHHs.
NPONOHOBAHO20 MemoOy. Buxnadenwi 6 cmammi nioxoou 0036015A10Mb NIOBUWUMU  YAC
BUKOPUCMAHHSL, MA NIOSUWUMU MIYHICIb POOOYUX NOBEPXOHb Oemaiell, CRPUSIOYU 301IbUUEHHIO
BUPOOHUYMEBA, 3MEHUIEHHs. 3ampam 4Ydacy HA DeMOHM md eKCHIAyamayllo 0OpoOIeHHbIX ma
smiynenux Oemanet. Taxumyunom nidsuwOembcs NPoOyKMusHIicmy  peanizayii  npoyecy
8UPOOHUYMEA.

The article presents the theoretical justification of the new method of strengthening the
working surfaces of products with firming treatment using electromagnetic viigadzhuvacha,
aimed at improving stability and improving their operational properties. Investigated and
justified the benefits of applying the proposed method. The approaches outlined in the article
allow to increase the time of use, and to increase the strength of the working surfaces of parts,
contributing to an increase in production, reducing the time spent on repair and operation of
crushed and hardened parts. Thus, the productivity of the production process is increased.

BurnamkyBanss, sBisi€e co00H0 METOA OOpPOOHO-3MIIHIOIUOI 00pOOKH
JeTajeid TIOBEPXHEBUM 3MIMICHHSIM JeCcioKallli, sSKuid Toisrae Baeopmarii
0oOpoOIOBaHOI TMOBEPXHI KOB3aIOUMM 1O HIM 1HAEHTOpOM. B pesynbrari
NPUKIAJAAHHSAM THCKY BIOYBalOTbCS 3MINHEHHS TIOBEPXHEBHUX IIApiB 1
YTBOPECHHSICIIPUSITIMBOTO 3 TMO3MINT 3HOCOCTIMKOCTI MiKpopenbedy TMOBEPXHI,
30KpEeMasriaKeHOro MpogiIio MOPCTKOCTI MOBepXHi [1].

[Tpu BUrnamKyBaHHI BUCOTHI MapaMeTPpH MIOPCTKOCTI 00poOIeHO0T TOBEPXHI
Bill poOOYOi TMoAadi IHCTPYMEHTY, M0 3HUXKYE MPOAYKTUBHICTH MPOIECY
BUTJIQ/DKYBaHHA. TakuM YWHOM, TIpH OOpOOIll KIACUMYHUMH BUTJIAJDKYyBAUSIMU
3aBKIU UIYKAIOThCS KOMIIPOMICHI YMOBHM BHIJIQJDKYBaHHS, 1100 3a0e3meuuTu
3aJlaHl 3HAYEHHS MIKPOTBEPIOCTI MOBEPXHEBOrO IIAPY, 3aJUIIKOBUX HAMPYKEHb
CTHCKY 1 BHCOTHHX MapaMeTpPiB MIOPCTKOCTI BUIIIAHKCHOIO MoBepxHi.[1-3].

BrivB enekTpoMarHiTHUX IOJIIB Ha TMOBEpXHIO Marepuiany. OCHOBHUMHU

BJIACTUBOCTAMHU (I3UYHUX MexXaHi3MiB MarHiTomactiyHoro edekry (MIIE) 1
e()eKTH MarHiTHOTO BIUIUBY Ha CTPYKTYPY HEMAarHiTHHX KPUCTaJIB 1 KIHETHKH X
nedopmMmalrii B MarHiTHe TOJIe B SKHX: IOKa3aHO BILUIMB IONEPEIHBOI MarHiTHOI
OOpOOKM Ha 3MEHIIEHHS PO3YMHHOCTI JY>KHO-TAQJOWIHUX KPHUCTANiB 1 3MiHa iXx
MIKpPOTBEP/IOCTI; BHSBICHO BIUTUB IMOMEPEIHBOI TEPMOMArHITHOI OOpOoOKH Ha
TUMYAacOBY €BOJIOIII0 CTaH iX MNPUMECHOUCTPYKTYpH, JETEKTYeMOro 3a
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JIOTIOMOTOI0 MEX1 TeKy4YOCTi; BCTAHOBJIEHO, 1[0 MArHiTHE MOJIE€ 3MIHIOE XapakKTep
KpUBHX Jedopmariidi i 3MCHIIYye MEXY IUIMHHOCTI KpPHUCTaiB, BCTAHOBJICHHIA
HIUOKHIA TOpir e(exTy MO MAarHiTHOMY TIOJIt0, TEBHUM YHHOM 3aJ€XHUTh BIJ
MIBUJIKOCTI JedopMaliii Ta BEJIMYMHM MAarHiTHOI 1HAYKINi; ITOKa3aHO, IO B
3aJIeKHOCTI BiJl TUIy JOMIIIKK TOB'SI3aHUIA 3 HE Oap'ep sl JAUCIOKAIIHOTO
PYXy B MarHiTHOMY IOJIi MOXe€, SIK 3MEHIITYBaTHCh, TaK 1 I IBUIITYBaTHCE.[4,5].

Ha pucynky 2 300pakeHe cxema eJIeKTPOMAarHiTHOTO BBITJIa[)KyBaya.

#45

215

65 o5

38

PucyHok 2 — Po3MipbI €51eKTpOMardiTHOro BUIJIaIKyBada

Kinekicts BuTkiBn = 880

Hiamerp MigHoigpotyd = 0,8 MM
LonerHoid JHOBHMOp

Lmepxerb

Jomomka

PucyHok 4 - 300pakeH CKjaJl eJIeKTPOMAarHiTHOTO BUIJIaKyBava

[Ipy BUBYEHHI MAar”HiTHUX BJIACTUBOCTEH HAWOUIbII Ba)XJIWBE 3HAYCHHS
MarTh BUMIPIOBaHHS JIBOX THUMIB. [lepmmii 3 HuUX -BumiproBaHHs cuiH, 10 J1€ HA
3pa30k Mo0JIM3y MarHiTy; TaKk BU3HAYA€ThCS HaMarHideHiCcTh 3paska. /o apyroro
BITHOCSTHCSI BUMIPIOBaHHS «PE30HAHCHUX» YacTOT, TMOB'SI3aHUX 3 HaMarHi4eHHX
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pedyoBMHU. B MarHiTHOMy MOJi MPELecCylOTh KPUXITHI aToMU (K 3BUYAWHUN
JI3UTa Mij BILIMBOM KPYTHOT'O MOMEHTY, CTBOPIOBAHOTO CHUJIOIO Baru) 3 4acTOTOIO,
gKa Moke OyTtu BuMipssHa. KpiM TOoro, Ha BUIBHI 3apsDKEHI YacCTHUHKH, SIKI
pyXaroThCs i MPSIMUM KyTOM JIO JIIHIM MarHiTHOI 1HAYKINi, Jl€ cujia, K 1 Ha
CJIEKTPUYHUI CTPYM B MPOBIIHUKY. BoHA 3MyIlye 4acTKy pyxaTtucs 1o Kpyrosiid
opOiTi, pajiyc sIKOT Ta€THCSI BUPA30M

R =mv/eB,

e M - Maca 4aCTUHKH, V - T MBHIKICTh, € - 11 3apsn, a B - mar"iTHa 1HIYKITIS
noJis. YacToTa Takoro KpyroBOTro pyxy JOPiBHIOE

1 eB
f=gm—

2t m’

ne f BUMIproeTbes B repliax, € - B KyJloHax, m - B Kijorpamax, B - B Tecmax. Ls
4acTOTa XapaKTEepPU3y€e pyX 3apsIKEHUX YaCTUHOK B PEYOBHHI, 1110 3HAXOJIUTHCS B
MarHiTHoMmy mnoii. O6uaBa TUNU pyXiB (MpEIecito 1 pyx MO KPYroBux opoOiTax)
MOKHA TOPYIIUTH 3MIHHUMH TIOJSIMH 3 PE30HAHCHHUMH YacTOTaMU, PIBHUMHU
«IPUPOJTHUM» YaCTOTaM, XapaKTEPHUM JJIsl JAHOTO Martepiany.[6]

Pucynok 5 — 300pakeHui HarpsIMOK JIIHIA MarHiTHOTO MOJIs

3a75K CTBOPECHHOMY MarHITHOMY TIOJIIO YTBOPIOEThCS BiOpalris sika
cripusie 301IbIIEHHI0 0OPOOITFOBAHOT TIOBEPXHI, a TAKOXK 3MIHIOE JIECIIOKAII0 3epeH
1110 YTBOPIOE HAHO-TIOBEPXHIO HA JIETaI.
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BucHoBku

[MpencraBnenuii B poOOTI mpHCTpIi JO3BOIISIC BTIUTH palioHaTbHAN BHOIp
00poOKHM POOOYMX IOBEPXOHb JeTaJeld MAaIWH, 3TIIHO 3 HAasIBHUM IapKOM
TEXHOJOTYHOTO OOJaJHAaHHS JAHOTO BUPOOHUITBA. TakoK BUKOPHCTAHHS aHOTO
IPUCTPOI0 OOpOOKM pPOOOYMX TOBEPXOHb JeTajleld MallHH TPU3BOJUTH 10
I IBUIIEHHS SIK TPOAYKTHBHOCTI 00pOOKHM TaK IiX sSIKOCTI, sika 3a0e3mneuye 0BTy Ta
SKICHY eKCILTyaTaIllio IeTalei MalivH.
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AJIUTUBHI TEXHOJIOI'TI TA NMEPCIHEKTUBHA ix
3ACTOCYBAHHS B MAIIMHOBY AIBHINA IPOMHUCJIOBOCTI

Oouiero 3 obnacmell cyuacHo2o uUpOOHUYMBA Oemanei MAWlUH, KA MA€e HAuOLb
WEUOKULl po36umox € aoumueni mexnoao2ii abo 3D-Opyk. Bnposadiicenns aoumueHux
MeXHON02IU 00360/IA10Mb 3HAYHO NPUCKOPUIU BUKOHAHHA HAYKOBUX MA KOHCMPYKMOPCLKUX
PO3POOOK MawuHoOyOieHUx nionpuemcms. Y cmammi npusedeHo 02110 OCHOBHUX 6UOI8
aoumugHux mexuono2iu. [lpeocmaeneni ix nepesazu ma HedOiKu.

One of the areas of modern production of machine parts that has the most rapid
development is additive technology or 3D-printing. The introduction of additive technologies can
significantly accelerate the implementation of scientific and design developments in machine-
building enterprises. The article is offered the overview of main types of additive technologies.
The advantages and disadvantages are presented.

Opniero 3 oOnacTel cydyacHOrO BUPOOHMIITBA J€Tajed MAIlUH, sIKa Mae
HaWOUIbII IIBUJIKUM PO3BUTOK € aAuUTUBHI TexHousorii ab6o 3D-apyk.
BrnpoBajpkeHHS aIWTUBHUX TEXHOJOTIM JI03BOJISIIOTH 3HAYHO MPUCKOPUTH
BUKOHAHHS HAYKOBMX Ta KOHCTPYKTOPCBKHX pPO3pOOOK MAIIMHOOYIIBHUX
HIAIPUEMCTB. Y CTaTTI MPUBEACHO OIS OCHOBHHMX BH/IIB aAUTUBHUX TEXHOJOTIH.
[IpencrapieHi ix nmepeBaru Ta HEJIOMIKH.

OgHuM 3 TEpPCHEeKTUBHUX HAMPSIMKIB PO3BUTKY MAIIMHOOY/YBaHHS €
BIPOBAIPKCHHS TPOMUCIIOBUX aJUTUBHUX TEXHOJOT1. ["'0JIOBHOIO BIIMIHHICTIO BiJl
TPaIUIIMHUX CIOCOOIB OTPUMAaHHs JeTajedl Ta BUPOOIB € HE 3HIMaHHS IIapy
Matepiany, a oro goaaBaHHs. OueBHIHI NIEpeBaru aAUTUBHUX TEXHOJOTIA — 1€
OTPUMAaHHS JeTaje CKIaJHOI TE€OMETPHUYHOI (OPMH TIpU JOCTATHHO BEIUKIH
IIBUKOCTI BUKOHAHHS TPOIECY. A KOJHM IIBUAKICTh BHTOTOBJICHHS MPOMYKIIil
CKOPOYYETHCS B IECATKHU Pa3iB 1 JOKOPIHHO 3MIHIOIOTHCS BUTPATH, 1€ 3MIHIOE BCIO
€KOHOMIKY MalIMHOOY/1yBaHHS.

Mertoro gaHoi poOOTH € aHali3 OCHOBHUX BHIB aIUTHBHHUX TEXHOJIOTIH Ta
MEPCTIEKTUBH 1X 3aCTOCYBaHHS JUIsl IPOMHUCIOBOTO BUPOOHUIITBA.

[lepmum Ta HAWOUIBII PO3MOBCIOKEHUM BUKOPUCTAHHSIM TEXHOJIOTIi
MIBUJKOTO TMPOTOTUITYBaHHA OyJO Ha eram BUKOHAHHS HAYKOBO-JOCHITHOI
poOOTH, KOJM BAXKIWUBO IIBUIKO OTPUMATH MOJEIb BUPOOYy 3 METOIO
BIJIMIPAIIOBAaHHS TEOMETPii JeTami, OIIHKH EPrOHOMIYHUX SKOCTEH, TEPEeBIPKU
CKJIaJaHHs Ta pallOHAIBHOCTI KOMIOHYBaJbHUX pimenb [1, 2]. VY
MaIMHOOYA1BHIM MPOMHUCIOBOCTI 11€ MOXYTh OyTH JOCTaTHBO BEJIUKI MOJENI, SK1
NpU3HAYCHH] [JI  eKCIUTyaTallliHUX BUIPOOYBaHb, HANPUKIAJ Tiapo- ado
aepoJMHAMIYHUX BHUPOOIB ab0 Mojeni KOPIYCHUX JIeTaliel TpuiajiiB,
paaiocTaHIli, MeIUYHOI a00 MOOYTOBOI TEXHIKH, SIKI OyIYIOThCS JJIsSI MEPEBIPKU
(GYHKIIIOHATBHOCTI ~ pealbHUX  BHUpOOiB. Benwka  KUIBKICTh  IPOTOTHUITIB
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PO3POOISIETHCS, K MONTYKOBI TU3aMHEPCHhKI MOEHTI 3 PI3HUMH OCOOJIMBOCTSIMHU B
KoH(pirypaiii. OCHOBHMM HaIpSIMKOM 3aCTOCYBaHHSI aJUTUBHUX TEXHOJIOTIN €
CTBOPEHHS JeTajel HaJACKIaaHOT reoMeTpli y IBUAKUN TEPMiH, 10 € HaHOLIbIIT
aKTyaJIbHOIO TEMOIO JIJISl CYYaCHUX JOCIIIKEHbD.

AnutuBHi TexHojorii (AM — Additive Manufacturing) npumyckawoTh
BUTOTOBJICHHA (PI3UYHOT0 00'€KTa METOAOM IMOIIAPOBOTO HAHECEHHS MaTepiaiy, Ha
BIIMIHY BIJ TpPaAMIIAHUX METOJIB (OpMYBaHHS J€Talli, SKI BHUTOTOBJISIOTHCS
IUIIXOM BUJAJICHHS MaTepialy 3 MAacHMBY 3arOTOBKU. BOHM BKUBaOTbCs MOpsT 31
cioBocrionydeHassM  Rapid  Prototyping (abo RP-texHosorii) - mBHIKe
IPOTOTUITYBaHHS, ajlieé MalOTh OUIBII 3arajJibHe 3HAYEHHS Ta TOYHIIIE BioOpaxae
CydacHU# cTaH [2].

AM-TexHoNOTi B AKOCTI TEXHOJIOTIM «IIBUAKOIO MPOTOTUIIYBAHHS»
3aCTOCOBYIOTh HAa IIOYATKOBIM CTaaii KOHCTPYKTOPCBKHX pPO3pOOOK - s
BIJITBOPEHHSI T€OMETPUUYHOTO 00pa3y BupoOy. Ha miit cranii 3a3Bu4ail HEXTYIOTh
SKICTIO MOBEPXHI, MIITHOCTIO Ta 1HIIMMH BJIACTHBOCTSIMHU MaTepiany. Martepianu
JUTSL MOJICITIOBaHHSI OOMPAIOTh 32 KPUTEPIEM JIOCTYIMHOCTI, Ta 3 METOIO Bi3yaui3allli,
a iHoAl /Ui (YHKIIOHAJBLHUX BUIIPOOYyBaHb MpOTOTHIIB. B sikocTi o0nanHaHHS
BUKOPHUCTOBYIOTh Heqopori 3D-npuHTepn Takux BHUPOOHHMKIB, sik Envisiontec [4],
Stratasys [5], 3D Systems [6]. Taki npuHTEpH 3HAXOIATH 3aCTOCYBAaHHS B OCBITI,
IHXKEHEPHUX Ta apXITEeKTYpHUX OIOpPO, MOJIETLHUX MaWCTEpHSX, MEAUIUHI, TIPU
BUKOHAHHI HAYKOBO-JO0CIITHUIIBKUX POOIT B JIaOOpaTOpisiX.

BenukorabaputHi Mozeni A0 SIKMX BUCYBAalOTh BHUCOKI BUMOIHM IO SKOCTI
MOBEPXHI Ta MIITHOCTI KOHCTPYKIIi1 BUTOTOBJISIFOTH 32 OMOMOTO0 AM-TexHoJIor1i
(SLA, SLS) 1 na npodeciitnux MammHax 3Ha4HOi BapTocTi. [licis 3aBepiieHHs
noOyJ0BH MOJIETb Ma€ CTYMIHYACTY MOBEPXHIO, & BUCOTA CXOJMHKHU BIJANOBIIA€
KpOKy 1o0y0Bu. AM-TeXHOJOr1i 10 AKuX BigHOCATH TexHosorii FDM, SLA, SLS
abo Poly-Jet mependavaroTh MOOYI0BY MOJIEN1 MOIIAPOBO, BIAMOBIIHO CTBOPEHUM
nepe1 MoYaTkoM Mo0y/I0BU «IIepeTHHAM» Ta 3a0€3MeUyI0Th IEBHHUM PIBEHb SIKOCTI
MOBEPXHI MOJEJi, OCHOBHUM KPHUTEPIEM SIKMX € 4YHUCTOTa MoBepxHi [4]. SkicTh
MOBEPXHI MPOTOTHUITY 3aJIEKUTH BIJ] OpiEHTAIIT MOJIEl Ha poOoUiil maTdopmi i
yac mpouecy. [lpu mpoToTWmmyBaHHI TUIONIMHHOI AETalli MOMIJIHMBO JIOCSTHYTHU
HU3BKOT MIOPCTKOCTI TOPU3OHTAIBHOI TUIOMIMHU TP il TOPU3OHTAIHBHOMY
po3TaIryBaHHi, ajie 1mo0 30UTBIIUTH SKICTh OIYHUX MOBEPXOHB JETah HEOOX1THO
30pIEHTYBATH MiJl KyTOM JO IUJIOIIMHU TaTgopmu [4].

Po3risiHeMo OCHOBHI TEXHOJOTIi, SIKi BUKOPUCTOBYIOTHCS B IIPOMHUCIIOBOCTI
JUTSI BAKOHAHHS MTPOIIECIB IIBUAKOTO TPOTOTUITYBaHHS.

Texnomoris crepeomitorpadii  (Stereo Lithography Apparatus (SLA)
3aCHOBAaHA HA MOUIAPOBOMY TBEPAIHHI P1IKOTO (POTOUYTIMBOTO MONIMEPY MiJ] A1€L0
yibTpadioIeTOBOTO  JIA3€PHOTO  BUIPOMIHIOBAHHS, 10  HAMNPaBJISETHCA
CKaHYyBaJIbHOIO cucTemoto [4, 7].

3a3HaueHa TEXHOJIOTi BUKOPHCTOBYETbCA B  OUIBLIOCTI  raiy3ei
MaIIMHOOYAYBaHHS Ji1 OTPUMAaHHs MPOTOTUIIIB 3 METOI0 MEPEeBIPKH JeTanei
KOHCTPYKLIi Ha CKJIaJaHHS, MaicTep-MOJeNel id MOJAajbIIOro BUTOTOBJICHHS
CIJIIKOHOBUX (OpPM 1 JHUTTA B HHUX MOJIMEPHUX CMOJ, @ TaKOX IOBEIIPHUX
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MaicTep-moseneil. st BUTOTOBIIEHHS MPOTOTHILY 3aCTOCOBYIOTHCA MaTepiaiu,
0 JO3BOJIAIOTH OTPUMYBATH BUPOOM 3 PpI3HUMHU  (HI3UKO-MEXaHIYHUMU
BJIACTUBOCTSIMU, TEMIIEPATYPHOIO CTIMKICTIO, TMPO30pICTIO. SIKICTh TOBEpPXHI
3aJIeKUTh BiJl TOBIIMHM IIAPY.

[IpoToTun cTBOPIOETHCS HA MIIATHOPMI, sIKa IEPEMIIIAETHCS B HAMIPSIMKY OCI
moOyI0BM MOJIeJIl Y BaHHI 3 PIAKUM IoJiMepoM. BUnpomiHiOBaHHS KepyEThCS 3a
MIpOTrpaMor0 NEepeTUHy, KUK OymyeTbes. Ha 3acBiueHHMX OUISHKax BiI0OYyBa€ThCs
nommMepuzarisi  ¢otomomimepy. I[loTiM TmigcTaBa OMYCKAEThCS 1 3aTMBAETHCS
HACTYITHUM IIapOM TOJIIMEpYy, KU 3acBiUyeThcs. ToOBIIMHA MIapy 1 MOBEPXHIO
KaTMOPYIOTCsl CHeliadbHuM CKpeOKoM-pakeneM. [licisi HaHeCeHHS BCIX ImapiB,
OTpUMaHa MOJENb BUTATYETbCS 3 BaHHH, JOOTBEPKAACTCSA, 3aUUILAETHCS 1
BUKOPHUCTOBYETHCS 3a IPU3HAYEHHSIM [7].

Jo mnepeBar texHousorii Stereo Lithography Apparatus (SLA) moxnHa
BIJIHECTH MOXMUIMBICTh OTPUMAaHHS TOYHUX Ta JpiOHMX €JIEeMEHTIB 1 JeTajeH,
BHUCOKY aBTOMaTH3aIlito mpoiiecy. Jlo HefomiKiB - TpuBayinii yac moctoopooku (16 1
Ounble ToauH), nedopmariis GopmMu MOBEpXHI MICIS YCaIKH IMOJIMEPY, XIMIUHA
TOKCHUYHICTh Ta BapTICTh MOJIMEPiB, HEOOXITHICTh B CICHMIAIBHUX MIATPHUMKAX Ta
MEePeropojKax, 3a4yUCTKa IMOBEPXHI IICIS BUTOTOBJICHHS, >KOPCTKI BHUMOTH [0
MPUMIIICHHS Ta BUCOKA BapTICTh J1azepy [4, 5].

[TomapoBa 3amuBka ekcTpydipyemum posmiaBom (Fused Deposition
Modeling (FDM) [7]. TexHooriss OCHOBaHAa Ha IIOIIAPOBOMY YKJIaJaHHI, SKE
BUJABJIIOETHCSI 4epe3 COMIO poOouYoi TOJNIOBKM EKCTpyAepa, Harpitoi o
HAIIBPIJKOr0 CTaHy MOJIMEPHOI HUTI BIANOBIIHO 10 TEOMETPIi MOJEN1 AeTall, IKa
po3pobnena B CAD cucrtemi. CneniagbHe NporpaMHe 3a0e3MeyYeHHs OpIEHTYE
MOJieJIb Ta po30MBae ii Ha TOPU3OHTAIbHI Iapu. Takl Mozem BIAPI3ZHAIOTHCA
MIIHICTIO, TOYHICTIO BUTOTOBJICHHS, MIJAATIMBICTIO B 0OpOOIl, IO J03BOJIsIE
BUKOHYBAaTH 3 HUMHU TaKl OMepailii K CKJICIOBaHHS, (pe3epyBaHHs, MUTIQyBaHHS,
pPO3CBEpJIIOBAHHSA, Hapi3aHHS Pi3bOM, 3aTsAryBaHHS OOJTaMu, HaHECECHHS
MeTajeBUX MOKPUTTIB. IligTpuMKa, sika BHKOPHUCTOBYETHCS I Yac MPOLECY
moOyIoBH JACTall JISTKO BIAJAUIIETBCA BIJ MoOjell ab0 BUMHUBAETHCS BOIHUM
pPO3YMHOM B yJIBTPa3BYKOBOi BaHHI (i1 BOJOPO3YMHHOI MIATPUMKHA —
WaterWorks™) [4]. Takuii Tvm maTpUMKH T03BOJISIE MOZEIIOBATH TOHKOCTIHHI
JeTaixl Ta BUPOOM 31 CKIQJHUMH BHYTPIIIHIMHU TOPOKHHUHAMH, SIKI BUKOHYIOTHCS 3
BHCOKOIO TOYHICTIO.

Texnonoris FDM BukoHyeThCS B CHEliaIbHO PO3POOJICHUX AJii pOOOTH B
KOHCTPYKTOPCBKUX BiJinax Ta odicax kommaniero Stratasys Inc. 3D mpunTepi
Dimension. Biapi3HsA€TbCA TEXHOJOTIE BUKOPUCTAHHSAM €KOJOTIYHO YHCTHX
MOJICTIOIOYMX MaTepiajliB Ta JOCTAaTHbOI OE3MEKOI [JIs JIIOJUHU, TOMY HE
BUMAraloTh CHelialbHUX JabopaTopiii 1 0cOOIMBUX YMOB eKCILTyaTarii [5].

Jo nmepeBaru Texnosorii FDM MoxHa BilHECTH JieTKe MepeHaaaroKeHHs 3
MaTepialy Ha MaTepial, BHCOKY MPOAYKTHUBHICTh, KOMIAKTHICTh Ta MOPIBHIHO
HU3BKY BapTICTh BUTPAT, HE TOKCHYHICTh MaTepiajiiB, OJTHOYACHE BUTOTOBJICHHS
JEKUTBKOX JeTaliel, BIJCYTHICTh OOOB’S3KOBOI oOfeparlii CreriaabHol 00poOKH
JeTalll Micis BHUTOTOBIEHHS, HU3bKY a00 MOBHY BIACYTHICTh ycaaku. Aue
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pO3TIIIHYTa TEXHOJIOTIS Ma€ JMesKl HENONIKH, Cepell SIKUX HAsBHICTH IIBIB MIX
mapamMy, Maja 3CyBHa MIIHICTh MOOYJOBaHUX BHUPOOIB, BHCOKa IIOPCTKICTH
MOBEPXHI CTBOPIOBAHOI MOJIENl, KOJMBAaHHSA TEMIIEpaTypu MijJ 4Yac MpOIECy, IO
NPUBOJIUTH J0 PO3TPICKYBAaHHS MOJIEIT, JA€sSKE OIUIABJICHHS MOMNEepeIHhOro Kparto [8].

Texnounoris nazepuoro cmikands (Selective Laser Sintering (SLS)) —
nependavyae CroikaHHSA ApIOHOJUCIIEPCHUX YACTMHOK BUTPATHOIO MaTepiany
(mynpa, sika MOMEPeHbO PO3IrpiTa A0 TeMIepaTypu, OJU3bKOI 10 TeMIepaTypu
IUTABJICHHS) TiJ BIUIMBOM Jaszepy [3, 7]. B skocTi marepially BUKOPHUCTOBYIOTh
MoJIIMEpH, BICK, HEHMJIOH, KepaMika, pi3Hi CleliadbHl IUIACTHUKU (B TOMY YHCII
CKJIOHAMOBHEH1), MICOK 1 MeTajeBy myapy. HalOuibpm po3moBCIOIKEHE
3aCTOCYBaHHA I€] TEXHOJOTIT — Jisi MOOYyIoBH (PYHKIIOHATBHHUX MPOTOTHUIIIB
IUTACTUKOBUX JAETalled, MIIAaHUX (GOpPM 1 CTPUXKHIB JJII METAIyprii, MOAENIEH s
JUTTS 10 BHIUIABIIIOBAaHUX MOJENAX Ta MeTaleBl JeTtam adbo QparMeHTH
dbopMOTBOpUMX €JeMEHTIB Tipec-hopM [7].

[IpoMiHb na3zepa, pyX SIKOTO KEPYEThCS 3a JIOIIOMOTOIO MPOTpaMH, CIIKA€e
MOPOIIOK B MICISX, Ji€ MOBUHHI OyTu cTiHku mojeni. [lnardgopma omyckaerbes
IiCJIsl BUKOHAHHS YE€PrOBOTO LIapy, a 3 KapTPUAXKY BUILISETHCS HACTYIIHA MOPIIsS
BUTPATHOTO MaTepiaiy, KUl pO3pIBHIOETHCS MPOKATHUM BaJIMKOM. B TexHoorii
SLS He mepenbaveHi MiATPUMKH, TaK SK CaM IMOPOIIOK MIATPUMYE MOJIEIb, SIKY
OyaytoTb. Ilopomiok MoOKHa BHKOPUCTOBYBAaTHM IOBTOPHO. /[l yHHMKHEHHS
OKHUCJIEHHS IPU HarpiBaHHI MOPOUIKIB B KAMEPY MOXJIMBA M10/1a4ya a3oTy.

Jlo mepeBar TexHosorii SLS Mo)Ha BiHECTH Te, IO TOTOBUH BUPIO Mae
BJJACTUBOCTI MOHOJIITHOIO MaTepiajly, OpH BUTOTOBJIEHI BUKOPUCTOBYIOTh
HEJIOpOTi 1 HETOKCHYHI MaTepialid, BIACYTHI MIATPUMKH, IJISI MOJEI XapaKTepHe
HU3BKUN piBeHb JedopMartii. Aje Ieski HeAOMKN TeXHoNorii SLS 3HIKYIOTh SIKICTh
Yyepe3 BUCOKY IIOPCTKICTh MOBEPXOHb, MOPUCTICTh, 3MIHHY IIUTBHICTD [7].

BMUCHOBKU

3D-obnagHaHHA [ae 1HXKEHepaM MOXKIIUBICTh PO3POOIATH BHpPOOU 3i
CKJIQIHOI0 CTPYKTYpPOIO Ta HECTaHJApTHUMHU elieMeHTaMHu. CTBOpPEHHS JESKHUX
KOHCTPYKIIIH B OLIBIIOCTI BUIAIKIB MOXJIMBE TUTBKH 32 JOTIOMOTOI0 aIUTHBHUX
TEXHOJIOT1M. AHaI3 CydyacHUX po3po0OK B raiy3l aJIUTUBHUX TEXHOJOIH MOKa3aB
aKTyaJbHICTh  I[LOTO  HANPSAMKY  JIOCHIDKEHHS  JJI1  MaIlluHOOYIBHOTO
BUPOOHMIITBA, TPU TOMY IO KUIbKICTh YYACHUKIB LIOTO PUHKY HEBeIuKa. MoxHa
OIAKPECTUTH  OAHO3HAYHY HEOoOXiAHICTh mpucyTHocTi 3D-o0nagHaHHa B
7a00paTopisiX TEXHIYHUX YHIBEPCUTETIB 3 METOIO SIKICHOI MIATOTOBKH MalOyTHiX
1HXXEHEPIB.
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ManakoB O.l., Becenosceka H.P., BinHunpkuii HalioHaaIpHUM arpapHui
YHIBEPCUTET

®YHKIIOHAJIBHE MOJEJIIOBAHHA INPOLECY
TEXHOJIOI'TYHHOI HNIAI'OTOBKN BUPOBHUITBA JIsA ITPOEKTIB
CTBOPEHHS HOBOI TEXHIKH

IIpoananizosano eumocu cmanoapmié 00 MEXHOIO02IYHO20 3abe3neyeHHsi CMBOPEHHs
npooykyii. 3 memoro peanizayii ¢hyukyitl ingpopmayitinoi cucmemu NpoamHatizo8ano gaxmopu,
Wo 6nIUBarOMb Ha 00cA2 i CMPYKMYPY MEXHOI0IYHUX OOKYMEHMI8, GU3HAUEeHULl iX OCHOBHUUL |
OONOMINCHULL CKILAO.

Ilocmanoexka npobnemu 6 3azanvbHomy euenndi. OcoOIUBOCTIMU Cy4aCHHUX
PUHKOBHX YMOB € T€, II0 BHU3HAYAJIbHUM BHUJOM MAISUTBHOCTI MPOMHUCIOBHUX
MiIPUEMCTB CTalOTh MPOEKTH MO PO3pOoO0Ill 1 CTBOPEHHIO HOBOI TEXHIKH.
Peanizariiss mogiOHMX MPOEKTIB — cepiio3Ha mpobdiieMa, sika moTpedye opraHizarlii
HENEPEpPUBHOTO MPOIECY MIATOTOBKM HOBUX BHPOOIB, 10 XapaKTEPU3YHOThCS
TE€XHOJIOTIYHOIO HOBHU3HOKO (200 MOAMQIKAIEID ICHYIOYUX TEXHOJIOTTYHHUX
MPUHIUIIIB), SIKA BTUIIOE HAYKOB1 BIAKPUTTS Ta BUHaxoau [1].

[linroToBKa MPOEKTy — TEXHIYHA IIJATOTOBKA BHUPOOHUIITBA 00'€IHYE
KOMIUIEKC HAyKOBHUX, MPOEKTHO-KOHCTPYKTOPCHKHX, TEXHOJIOTTYHUX 1 BUPOOHUUO-
rocrofapCcbKUX PoOIT MO CTBOPEHHIO 1 OCBOEHHIO HOBUX BUPOOIB 1 BIPOBAIHKEHHS
HOBHUX TeXHOJoTik. Bci Buau poOIT 3 TEXHIYHOI MIATOTOBKHM BUPOOHMIITBA
IPOXOJIATh B3a€EMO3AJICKHI €Tanmy KOHCTPYKTOPCHKOT MiATOTOBKM BUPOOHMIITBA,
TeXHOJOoT1yHO1 miarotoBku BupoOHuiTBa (TIIB) 1 opranizarmiiiHoi MmiArOTOBKU
BUpoOHUIITBA. B pesynbTaTi GOpMyeThCS KOMIUIEKT JOKYMEHTIB, 110 BU3HAYa€
B3a€EMOBITHOIIEHHSI PI3HUX CIYKO 1 BUPOOHUYMX MIPO3ALTIB, IO € (hakTopom,
AKuW  3a0e3neuye 3poCTaHHS e()EKTUBHOCTI BUPOOHUIITBA 1 TMIJBUIIEHHSA
BUpoOHMYOT mpari [1, 2].

[IpoekTHa AisSIBHICTH Tepemdayae, MO TPU CTBOPEHHI HOBOI TEXHIKU
HEOOXITHO pO3pOOJATH IHAMBIAYaIbHI TEXHOJOLIYHI pIMIEHHS 3 METOI0
ONTUMAJILHOTO 3a0e3MeYeHHs] TEXHOJOTIYHOI TOTOBHOCTI BHUPOOHHMIITBA [0
BUTOTOBJICHHS BUPOOIB BIAMOBIIHO JO BUMOT 3aMOBHUKA a00 PUHKY JIaHOTO KJ1acy
TexHIkd. OHAaK HaBITh Y camMiil (PYyHKIIOHAIbHINA BUPOOHUYIN CUCTEMI € ICTOTHUI
HEJIOJIIK - 1HEPIIHHICTh 1 BIICYTHICTh Opi€HTAallli HA HOBY MPOYKIIiIO0, KOJU KOXXEH
OCBOEHMI 3pa3oK, 110 MPOMIIOB TEXHOJOTIYHY MIATOTOBKY CTaBIIATh B CepiiiHe
(macoBe) BupoOHUITBO [1, 2, 3].

[IpoekTn CTBOpEHHSI HOBOI TEXHIKM OpPIEHTOBaHI Ha BUPOOW, YHIKaIbHI 3a
KOHCTPYKLI€0 a00 1HIIMM BaXJIMBUM O3HAKaMM, BHMKOHYIOTBCS B paMKax
MapKETHUHIOBOI CTpaTerii MmiAMPUEMCTB MpH 301IbIIEeHHI (30€peKeHH1) A0l PUHKY.
Mo>HBICTh aBTOMAaTH3allli MPOIECIB CTBOPEHHS JOKYMEHTAIlll Mpu peajizamii
TaKUX TMPOEKTIB NPAKTUYHO TMOBHICTIO BHUPIIIyE MPOOJIEMH PYTUHHOCTI,
TPYAOMICTKOCTI 1 PECYPCOEMHOCTI ii PO3POOKH, TO3BOJISIE CKOPOTUTH TPHUBAJICTH
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€TamiB TPOCKTYBaHHS 1 TEXHOJIOTIYHOI MIATOTOBKM BHPOOHMIITBA, 3MEHIIUTH
TepMIHM  peamizaiii npoekTy. Haibunpmr  akTyalbHUMH €  TEXHOJOTI]
aBTOMAaTH30BaHOT PO3POOKH JOKYMEHTAIlii Ha OCHOBI KOHIIEMIIiT €JMHOTO JKepena
[4, 5], imest sSIKUX TSl POEKTIB CTBOPEHHS HOBOT TEXHIKH ITpe/ICTaBlIeHa Ha puc. 1.

BUMOrK 3aM0BHUES (DUHEY), Bumorn MikHapoaumx,
nporHo3 cTifikocTi abyTy, TODC:F;E:&;%’:;HW LEpHABHUX, TANy3eBHX
Baxin OLiHKN MOXNMBOCTI Koonepaui Ha Bipio cTaHaapTie, HeobxigHnx AnA
i cneyianizayii BHPoTHMLYTE CTEOPEHHA HOBOT TEXHIKM

CTEOPEHHA, PEATYESHHA,

s0epekeHns, BI10TPAKEHHA EAuHe ,D,)Kepeﬂo
NPOSKTHIX AOKYMEHTIS (EauHa Da3a JaHux npoekTy
CTBOPEHHA HOBOT TEXHIKM)

CTE0PESHHA, PEAATYBAHHA,

sbepesennr Gas gannx onwcis
KOHCTPYKTOPCEED-TEXHONOMUHIY
pillgke

ki c ¥NpEENIHHA GE30K A3HAX NakeTHa (swGipkosa)
h YHRL L TEOPEHHA. PEAAIYEAHHA NpOEKTY, yNPABAIHHA NPaEEMA nyGnikayia gokymesTaull 3
iH(popMALIAHCT s0epeweHHA 633 AaHIX Nporpam XOpHCTYEAYIE £AauHOT G231 A3HWK NpoEKTY
CMCTEMM CTBOPEHHA ANA SETOMATHI0BAHOTD
AOKyMeHTaLji TEXHOAGIIYHOMD 0BNAAHARHA
ANA NPOEKTIE HOBOT ¥npaeni NpoesToM CTEOP IMNCPT {2KcNOPT) AOKYMEHTIS 3
TEXHIKKM < OOKYMEHTALT 3 TEXHIMHOT 35EPEKEHHAM CTDYETYDM i
TECREHHA, PERATYEAKHR, niaroToBKN BUPOGHRYTEE 3MicTy poaginis
3DepekenHn, i
ACKYMEHTALT, PErMaMEHTY 40T
Opranisauifti piwensa ¥NpaaniHHA 0gHOpasoE0l " "
o3paxoeaHoi wa Garate kopucTyEaYi MATRHMMIA 0AROACHD]
e podoTou .
CTEOPEHHA, PEAAIYEAHHA, 30EpeKEHHH 2 GIBNIOTERDID DOKYMEHTIE pofoTh GaraTeox KOPUCTYEAMIE

5a3 AAHX TEXHONOTIHHUK 0K MEHTIS
EvroToENeHHA Bupobie, sacobie ocHa-
WEHHA

CTEOPEHHA, DEAATYEEHHA,
30EDEWENHA, Bin0GpaRERHR NNaKis
[Mporpam) BignpaymnEatia

HOBNX TEXHONOTI4YHKX NPOLECIE

<5

thanotal poseAtaul rexuonoriw Outuea resonorivmu |
OF Aoty 4 e opraHizaliiH1x pilleHb,
i Ha Bupid i 3acoGn oprafizauiiimx [ p————
Buodn TEXHONOMYHOTO OCHALEHHA pieHb

Puc. 1. Konyenyisn eounoco 0xcepena 015 npoekmis cmeopeHHs HO80I mexHiKu

Po3pobka mnoniOHux 1HQOpMAIIHHUX CHUCTEM TOB'i3aHa 3 TEBHUMU
TPYJIHOIIAMH, OJHIEIO 3 SIKUX € BIJICYTHICTh €JMHOIO MIJIX0y /10 OMHUCY MPOLECIB
TE€XHOJIOT1YHOT M1JITOTOBKYA BUPOOHUIITBA.

Tomy MeTor0 CTaTTi € po3poOKa MOJIeIl MPOLIECY TEXHOJIOTTYHOT MiATOTOBKH
BUPOOHMIITBA, BUKOPHCTAHHS SIKOT B paMKaxX €IUHOI 1H(QOPMAIIHHOI CUCTEMU
JT03BOJIUTH €(PEKTUBHO PeaTi3yBaTH MIPOCKTH CTBOPEHHS HOBOT TEXHIKH.

Ocnosnuti mamepian. Crangapt ISO/IEC 12207 B KUTTEBOMY K1
iHopMmaIiiHOi cUCTeM  pPO3JAUIAE€ eTamd TPOCKTYBaHHS Ta  HaNMCaHHS
OpOrpaMHOTO  KOAY, WIO JIO3BOJSIE Ha TMOYATKOBUX CTaliiX pO3POOKHU
IpoaHaNi3yBaTu MpeaMeTHy chepy, chopMyBaTH KOHIENTYaIbHY MOJEIb CUCTEMHU
3 ONMKMCOM OCHOBHHMX BUKOHYBaHMX QYHKIIH [5, 6]. IIpu npomy 3a ocHOBY OepyTh
Mozielli O13HeC-TIPOIIECiB, IKI BAKOHYIOTHCSI TPH CTBOPEHHI HOBO1 TEXHIKH.

[Iporec CTBOpEHHSI TEXHIYHOI JTOKYMEHTAIlli Ha OCHOBI KOHIIEMIIIi €IMHOTO
JUKEpesia OMUCYEThCS TEOPETUKO-MHOKUHHUM MOJAAHHAM BUY [4]:

TD=(X,S,YJ)Y),
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ne X={X1,Xp,...,Xn} — 0€3J1i4 BUXITHUX JaHHUX, HCOOX1THUX JJI PO3POOJICHHS
TEXHIYHOI JJOKYMEHTAIlii;

S={s1,5,....Sm} — Oe3did4 BUMOr, PErJIaMEHTYIOTh IIPOILIEC pa3-HUIITBA
TEeXHIYHOI JJOKYMEHTAaIlll 1 BU3HAvae ii CTaH;

Y={y1, Y2 ,..., Yk} — 0Oe3i4 IOKYMEHTIB, OJCP)KYBaHMX HA BHUXOJI IPH
peaizaliii nmporecy po3po0Ku TEXHIYHOI TOKYMEHTAIlIT,

@e=X*xS—S — (QyHKIis nepexoAiB, B pe3yJabTaTi peanizaiii  SAKOi
31CTaBISIETHCS 1 3aTBEPDKYETHCS TEXHIYHE 3aBIaHHS Ha PO3POOKY;

y=X*xS—Y — ¢yHkuia BuxoiB, chopMoBaHa B MpoIieci TpaHchopMmarlii
BUXITHUX JaHUX Y BHUXIJIHAA KOMIUIEKT JOKYMEHTIB 3 YpaxXyBaHHSM BHMOT
TEXHIYHOTO 3aBJaHHSI.

Otxe, 1H(poOpMaLiiiHa cUCTEMa MMOBUHHA PEali30BYBATH (DYHKIIIIO BUXO/IIB,
JUTSI BU3HAYCHHS SIKOT CKOPUCTAEMOCS METOAOM (YHKITIOHATFHOTO MOICITIOBAHHS
IDEF 0 [5, 6], 110 103BOJIsIE HAOYHO YSBUTH MPEAMETHY 00JIaCTh 1 JTOCTIIKYBaTH
1H(dopmartiiiHi motoku. Po3riasiueMo ocobiuBocTi hopMmyBaHHS (PYHKIIIT BUXOAY Ha
npukiaai TTIB.

TIIB cnpsimoBaHa Ha po3poOKy 1 peanmizallilo 3axojiB, 10 3a0e3MeuyoTh
TEXHOJIOT1YHY TOTOBHICTh BUpoOHuITBa. Binmosimno nqo 'OCT P 50995.3.1-96
npu nipoeaeHHl TIIB po3poOHMKHM 1 BUpOOHUKM HAa OCHOBI BUMOT HOPMAaTHUBHOT
JIOKyMEHTAIlli MepeTBOPSTh BUMOTU 3aMOBHHMKA (PUHKY) Ha OCHOBI MPOEKTHOI
JOKyMEHTalli 3 ypaxyBaHHSAM oOcAry BHUIIYCKY 1 HasBHUX MarepiajiB
(KOMIUIEKTYIOUMX) B KOHCTPYKTOPCBHKY 1 TEXHOJOTIYHY JOKYMEHTAIll0, IO
3a0e3reuye BUTOTOBJICHHS JeTalied 1 CKIaJadbHUX OAUHUIL. DyHKI[IOHATbHA

MOJIeJIb LbOTO Mpoliecy y BUIIIAA1I KoHTekcTHOI aiarpamu IDEF 0 npencraBinena Ha
puc. 2 [6].
Bumoru CPIIIT, ECKJ, ECT/I, cucTeM SKOCTi

PexoMeHallii raTy3eBHX CTaHAAPTiB

TPHBAIICTD IPOEKTY

Jpecypcm NIPOEKTY
BHMOTH 32MOEHHK2
(PuHKY)
IpOeKTHA KOHCTPYKTOPCHEA KOMILTEKT KOHCTPYKTOPCHKOI T2
JOKYMEHTAI1q TEXHOIOT19HOI JOKYMEHTANL{ L
O%'eMH BHPOOHHIITE, : o

AP — - ' TEXHOIOI'1YHa TEeXHOJIOT14H] 1
NIPOTHOZH CTIHKOCT! ] >
30yTy Ha BHP1O I AroTOBKA OpraHizaliH] PINeHHT

~
BiZoMICTh MaTepiamie i BHPOOHHITBa KoMIITeKT JOKyMeHTauii Ha
KOMILTEKTYEIOTHX 32CO0H TEXHOIOTTIHOTO =
OLHKH MOIHEOCT] OCHAIIeHHA
Eoomepamd A0 ONIHKH TEXHOTOTITHHX 1 o
cHEmamEang OpTaHi3aIHHAX PIeHs =
BHPOOHHITEA
Tpospo6ﬂnm{

BHPOOHHKH JOCTIAHHX 3pasKiB,
ONHHHYHHX (CepiHHHX) BHPOOIB

Puc. 2. 3acanvua ¢pynkyionanorna mooens npoyecy TIIB
[Ipu 1mpOMY HEOOXITHO Mam'siTaTH, MO OOCAT POOIT 1 JOKyMEHTaIli, M0
ctBoproeThcsi mpu  TIIB, 3amexuts Bin cranli po3poOKH KOHCTPYKTOPCHKOT
nokyMenrarttii (KJI). Ilpu nboMy 17151 yHIKQIbHUX NMPOEKTIB BUPOOIB HOBOI TEXHIKH
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HE 3aBXIHM TEXHOJIOTIYHA JOKYMEHTAIlisl Oy7ie TPOXOJAUTH BCl CTafii po3pOOKH, 110
MoTpiOHO MaTH Ha yBasi, ¢popMyrodu 0a3u JaHMWX, 3a3HaueHl B (YHKIIOHAIBHIN
monem TIIB.

Bucnosku. TakuMm 4dYWMHOM, B paMKax KOHIICMINI €IUHOTO JKepena
po3poOiiecHa (yHKIIIOHAJIbHA MOJI€NIb TPOIECY TEXHOJOTIYHOI IMiATOTOBKH
BUPOOHMIITBA. i BUKOPHCTaHHA B SKOCTI eleMeHTa iH(OpPMAaliiiHOI cHCTeMH
JTI03BOJIUTH:

- TOTYyBaTH KOHCTPYKTOPCHKY, TEXHOJOTIYHY, TIUIAHOBO-EKOHOMIUHY
JOKYMEHTAIIIO JUIS IPOEKTIB B TPAHUYHO CTUCII TEPMIHH;

- 3a0e3nmeynT TEXHOJIOT1YHY TOTOBHICTH BUPOOHMIITBA TUTA
BUIIEPEKAIOYOT0 3aMyCKy YHI()IKOBAHUX 1 3aTIO3MUEHUX BY3JiB HOBOI TEXHIKH;

- NpuiMaTh TEXHIYHO 1 EKOHOMIYHO OOIPYHTOBaHI pIMIEHHS MpHU
3aKJIIOYEHH1 JOrOBOpPIB, 3@ YYacTIO MIANPUEMCTBA B TEHAEPAX, B AEpP:KaBHHUX
nmporpamax, pu CTBOPEHHI Ta BIPOBAXKEHHI 1HHOBAIITHIX BUPOOIB.

[lepcriekTHBOIO TOAQIBIIMX JOCHIKEHb € Jeramizaris eramiB  TIIB
pO3pOOKOI0  MPOrpaMHOr0  Kojay  1H(OpPMAIIMHOI  CUCTEMH  CTBOPEHHSA
JTIOKYMEHTAITi.
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MynTsiny B.1., yuenuus 10-A kiacy, BacunbeBa 1.I'., Hayk. kep. BUMTEND
Ximil BuIoi kareropii, K.1.H., gon. [ueinmga H.I.( K3OIL I-1II crynenis Ne 17 m.
Kpusuii Pir, Ykpaina)

JOCJLIKEHHA PIBHS EKOJIOT'TYHOI KYJIBTYPU
IIKOJIAPIB

Ha >xanp, OUTBIIICT JIOAEH BBaXkae, MO CAIIHHS JEpPEB, CIOPYIKECHHA
OYUCHHX CTOpyA 1 ToMmy moaiOHe € ekonoriero. Hi. Ile nume misi, BYUMHOK, (axT.
HeoOximHicTh cucTeMH [ii TOB'sI3aHa 3 THM, 110 KOKHA 3 HUX OKPEMO J0JIa€ 9d
3a0upae m0Ch B OJHOMY MICIIi, a 1€ CIIPUYMHSAE 3BOPOTHINA MPOIEC Yy IHIIOMY.
ToOto kKokHa nisg nependayae mpotupito. Jlii, HE Y3roJKeHi MiX co00w, He
NPUBEAEHI /O TIE€BHOI CHUCTEMH, HE MOXYTb OyTH 30aiaHcoBaHi. Biarak
30epeKeHHs JTOBKULIS MEPEeTBOPUIIOCS Ha MPOTPECYIoUy XpOHIUHY XBOpoOy. Take
CTaBJICHHS JI0 IPUPOJIU 3PEIITO0 CTPIMKO BEE JIFOJCTBO IO CAMO3HUIIICHHS.

O06'ext gocmimxenns: Yuni 6-10 knacis K31 Nel7.

[Ipenmet mocaimkeHHs: PiIBeHh €KOJOTIUYHOT CBIAOMOCTI TUTHHH.

Mera: JlaTu OLIIHKY PiBHSI €KOJIOTTYHOI CB1JIOMOCTI YYHIB PI13HOTO BIKY.

3aBmanns: 1) [IpoBecTu aHKeTyBaHHS YUHIB.

2) IlopiBHATH pe3ybTaTH AHKETYBaHHS yUHIB.

Metoau nociiikeHHs . AHaI3, TOPIBHAHHS, CTATUCTUYHA 00poOKa TaHUX.

Po6ora ckitanaroThes 3 TEOPETUYHOTO Ta MPAKTUYHOTO PO3/LIIB.

VY TeopeTHYHOMY PO3/ILII OMTUCYETHCS:

- 3a0pyaHeHHs aTMocdepH.

- 3a0pyaHEeHHs riipocdepHu.

- KkJacudikamis 1 LUIsIXu 3a0pyIHEHHS IPYHTY.

- BHCHOBKH

Hpyruil po3min - BU3HAYEHHS PIBHS E€KOJOTIYHOI CBIAOMOCTI IIKOJISPIB
[IUISIXOM OIIIHKY PE3yJIbTAaTiB aHKETYBaHH.

J1Jist BU3HaUeHHS P1BHA €KOJIOT1YHOT CBIIOMOCTI YYHIB 5 3alpONOHYBaJia Taki
MUTAHHS:

1. [Ilo Take exomoris?

2. SAxuii piBeHb 3a0pyAHEHHS HAMIOro Micta 3a 10 6anpHOIO ITKaI00?

3. Ski HEeOJIKK B CTaH1 HABKOJIMIIIHHOTO CEPEJOBUIIA HAIIIOTO MicTa?

4. Uu 3a5eXuTh CTaH HABKOJIMIIIHHOTO CEPEOBHINA HAIOTO MicTa Bijl
Hac camux?

5. SAxuM YMHOM BH MOJXKETE TMOJINIIMTH CTaH HaBKOJHUIITHBOTO
cepenouiia B Kpusomy Po3i?

6. Sk BU BBaXkKa€eTe 4M MOKHA MTUTH BOJY 3 HAIIOTO TPyOOINpoBOaY?

1. Uum 3a0pyIHIOIOTH BOJAHUM MPOCTIP?

8.  SIk MOXHa YHUKHYTH 3a0pyIHEHHS BOIU?

9. Sk 3anmo0irtu 3a0pyAHEHHIO TPYHTY MOOYTOBUMH CKUIAHHSIMH i
Biixomamu?
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AHKeTyBaHHS TIpoBeieHO y 6-A kiaci (20 yuniB), 7-A (17 yuniB), 8-A (15
yuHiB), 9-A (18 yuniB) Ta 10-A (29 yuHiB)

BucnoBku: S BBaxkaro, mo 10 kimac HaWOUIbII JOCBIAYEHHH Yy Tramys3i
exosorii. Cyasuu 3 aHali3y aHKETyBaHHS 3HAHHS Y JITel HaOyBarOThCA 3 BIKOM.

Yyni 6-9 kiaciB notpeOylOTh J0JATKOBOI 1HQOpMaIii 3 EKOJOTIYHUX
NUTaHb, PO T€ SK 3amo0irTd 3abpyIHEHHIO TPYHTY Ta BOJU. binmblna wacThHa
YYHIB caMe Ha I1l TUTaHHS He 3MOorJja AaTH IPaBUJIbHOI BIATOBIII.

JlocmimKeHHsT TTOKa3alio, 10 y4YHI BBaXKAIOTh, IO BiJl HUX HE 3aJICKHThH
MOJIMIICHHS €KOJOrii Hamoro Micta. Tpeba iM JOBECTH, IO YMCTOTa HAIIOTO
MICTa 3aJICKUTh 1 BiJl HUX TaKOXK.

CIIMCOK ITOCHUJIAHD.

Exonociuna 6esnexa VYkpainu;, y sanumauHax ma eionogioax / M.I. Xunvro, B.IL
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YK 621.224
Ounekcenko F0.1O., Muponos K.A. (Ykpaina, m. Xapkis, HTY «XIII»)

AHAJI3 HIOTOKY PIAUHU B }IPOTO‘IHIFI YACTHHI
BUCOKOHAIIPHOI PAJIAJIBHO-OCBOBOI I'TIPOTYPBIHHA PO500

Ilpeocmasneni Oesiki pe3yibmamu po3PAXYHKOB8020 OOCIHIONCEHHSI NPOCMOPOBOI meuii
8's13K01 piOUHU 8 BUCOKOHANIPHIU padiaivbHo-ocbositi ciopomypoini PO5S00 (ha onmumanvHomy
peocumi). Ananiz empam euepeii 8 NPOMOUHIll YACMUHI padiaibHO-0Cb080I 2iopomypoOiHu 6y8
nposeoeHull 3 BUKOPUCMAHHAM Npocpam OJisi PO3PAXYHKY meuii piouHu 6 O0B0BUMIDHIU |
MPUSUMIpHIL nocmanosyi. bynu posenanymi numaunsa ni08UWEHHS eHepeemUYHUX NOKA3HUKIG
CHPOEKmMOBAHOI UCOKOHANIPHOI padianbHO-0Cb080I 2i0pomypoOinuU.

Bemyn

3aranpHOMPUMHATHN TIAX1A U1  BJOCKOHAJICHHS MPOTOYHMX YaCTHUH
riApoTypOiH mossirae B GOpMyBaHHI TeOMETPil TiIPOTypOIHH HIISXOM BHECEHHS
3MIH JO T[OYaTKOBOI'O BapiaHTa, OTPUMAHOIO B pe3yJibTaTi HAOIMKEHOTO
po3B'si3aHHA OOepHEHOi 3ajayi, a00, B MPUUHATTI B AKOCTI aHaynora. [lopiBHSHHS
MPOCKTHUX BaplaHTIB MPOBOJUTHCSA HA OCHOBI TIONMEPETHBOI OIIHKH  iX
KIHEMaTUYHHUX 1 €HEPreTUYHUX XapaKTepuCTUK. [Iomyk onTUManbHOTO BapiaHTy
HAI3BUYAIHO YCKJIAJHIOE TPOIEC BIOCKOHAJICHHS MPOTOYHOI YACTUHH, OCKUTHKU
TaKUI MiJIX11 BUMarae nepedopy 3Ha4HOI KUIbKOCTI TEOMETPUYHUX NapaMeTpiB Ta
ix komOiHamii. CkIagHICTh BUPIIIEHHS MOCTABJICHOIO 3aBAaHHS O0yMOBJIEHA, SIK
CKJIQJIHOIO MPOCTOPOBOIO TE€OMETPIEIO JIOMATEBOT CUCTEMU PoOOYOTO KoJjeca, Tak 1
pPI3HMM CTYNE€HEM BIUIMBY pOOOYMX OpraHiB Ha (OPMYBAHHS EHEPreTUYHHX
XapakTepucTuk [ 1, 2].

BiacyTHiCTh BAOCKOHATICHOT METOAMKH Y3TOJKCHHS €JIEMEHTIB IMPOTOYHOI
YacTHUHHU B TIpolieci ii (popMyBaHHsS Ha OCHOBI PIBHSHHS TPsIMOi 3ajadi 1CTOTHO
YCKJIQJHIOE TIPOIIEC BJOCKOHAJIEHHS TMPOTOYHOI YACTHHH, 30UIbIIye o0OCAT
HAYKOBO-JIOCTITHUX 1 TPOSKTHUX POOIT.

[Ipu mpoexTyBaHHI MPOTOYHOI YACTHHH TIAPOTYPOIHUM BHKOPUCTOBYIOTH
pPO3pPaxyHKOBI Ta EKCIEPUMEHTAIbHI METOAM IOCHiKeHHs. OCTaHHIM 4YacoMm 3
METOI0 CKOpPOYEHHS 00cCsATy (hI3MYHOTO EKCIIEPUMEHTY BeliMKa yBara craja
OPUAUIATACS YHUCEIbHOMY €KCIepuMeHTy. Lle 103BoJisie CKOpOTUTH TEpPMIHU 1
BapTICTh MPOEKTHUX POOIT, 110 MPHU3BOJAUTH JI0 BCEOIYHOTO BIPOBAIKCHHS B
1HKEHEPHY PAKTUKY aBTOMAaTU30BAHUX CUCTEM MPOEKTYBAHHS T1IPOTYpOiH.

Ananiz ocmauuix 0ocniodceHsb i nyoaikayiti

Jlist 3a0e3nedeHHs] BUCOKMX EHEproKaBiTAI[IHHUX MOKAa3HUKIB MPOTOYHOI
YaCTUHM T1IpOTYpOIHH HEOOX1THO MPOBOJUTH BCEOIYHUH T1APOAMHAMIYHUIA aHAII3
€JIEMEHTIB MPOTOYHOI YaCTUHU 3 BUKOPUCTAHHSM CYYacCHUX MAKETIB MPUKIATHAX
nporpam CFD. Jlani makeTu J03BOJISIIOTH PO3paxyBaTH B'SI3KMM TPUBUMIPHUMN
TypOYJICHTHHI MOTIK B TOPOKHUHI TiAPOTYpOiHH OYIb-sIKOi CKIamHoCTi [3-7].

[lopsn 3 pO3BUTKOM METOAIB MOJEIIOBAHHS pPOOOYOro MpoLecy, IIo
BUKOPHUCTOBYIOTh PE3yJbTaTH BHPIIICHHS 3aBJaHHS TPUBUMIPHOTO B'I3KOTO
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MOTOKY, 3HaXOJSATh UIMPOKE 3aCTOCYBaHHS METOJIM PO3PAXyHKY EHEPreTUYHHX
XapaKTEPUCTHUK, 1110 0a3yIOThCS HA CIIPOILIEHUX MOJIEISAX Teuii.

3acTocyBaHHS CIPOIIEHUX MOJIENIeH Ja€ MOKIIUBICTh HA MOYaTKOBUX eTarax
MPOEKTYBaHHS (B MpoOIECl MPOEKTyBaHHA MPOTOYHOI YACTUHHU) pO3paxyBaTu
napamMeTpu ONTHUMAIbHOTO PEXUMY, BUSHAUUTH KIHEMATHYHI MapaMeTpu MOTOKY
Ha BXO/JIl 1 BUXO/I1 3 poOOYOro KoJjieca, BEIUYMHU BTPAT €HEPrii Ha IbOMY PEXKHMI,
a TAaKOXK y3TOJUTH €JIEMEHTH MPOTOYHOI YaCTHUHM Mk coboro [1, 8].

Ili momenit poOOUYOro MPOIECY 3HAXOASATh 3aCTOCYBAaHHS INPHU BUPIIICHHI
3aja4 BUOOpY Ta ONMTHUMI3allil OCHOBHUX MapaMeTpiB riapotyp0inu [1, 2].

Bonu He BMMararoTh MPOBEIEHHS PO3PAaXyHKIB OOTIKaHHSA 1 TOMY MOXYTb
OyTH BUKOPHUCTaHI Ha MOYATKOBUX €Tarax MPOEKTyBaHHS MPH BiJICYyTHOCTI MOBHOI
1H(pOopMaIlli PO TEOMETPIIO JIONATEBUX CUCTEM.

Memooonozis docniodxcenns

MopentoBaHHs TOTOKY B TIAPOMAIIMHI MOKHA 3J1MCHIOBATU TIPU PI3HUX
HaOmmkeHHaX. OpuH 3 HAHOUIBII MOMMPEHUX 1 €(PEeKTUBHUX MIAXOJIB -
CTalllOHapHA IUKJIIYHA IOCTAHOBKA, B K1 MPUHMAEThCS JOIMYILIEHHS, 1110 TEYis B
yCiX MIDKJIONATKOBUX KaHajaX HaIlpsIMHOIO amapaTy 1 MDKJIONATeBHUX KaHaiax
poOouoro koseca oaHakoBa [3]. ¥ 1pOMYy BHINAJIKy PO3paXyHOK IPOBOAMUTHCA
TITBKM B OJHOMY 3 KaHaJIB amapary 1 KoJjieca, a Ha OIYHMX MeXKaX KaHajiB
CTAaBJIATbCS YMOBHU NEPIOAMYHOCTI MOTOKY. [Insi mepenaui mapaMeTpiB MOTOKY 3
00epTOBUX CErMEHTIB B HEPYXOMi 1 HABHNAKHU IX 3HAYEHHS YCEPEOHIOIOTHCS B
OKPY>)KHOMY HampsiMKy. Takuil miaxig CyTTEBO EKOHOMHUTH OOYHMCIIOBAJIbHI
pecypcu, IpoTe HE Ja€ MOXIMBOCTI BpPaxOBYBaTH OKPYKHY HEPIBHOMIPHICTh
MOTOKY 1 MTOB'A3aH1 3 HEIO HECTALIIOHAPHI €(DEeKTH.

B po6ouomMy koseci TiapoTypOiHU TOJIOBHY pOJb BIJITpaEe mpolec nepenadi
piIMHOI0 poboUOMY KoJjecy oOepTaibHOro MOMEHTY [3]. JlaHuil mporec JTOCUTH
TOYHO OMHCYETHCA CTAllIOHAPHOT MOJIEIUTIO HEB'SI3KOT PiJIMHHU.

Ha BTpatu eHeprii B BiICMOKTYIOUiii TpyOl 3HAYHHI BIIMB MarOTh B'SI3K1
BIACTUBOCTI piauHu. [lpm neskux pexumax poOOTH TIAPOTYpOIHM B KOHYCI
BIJICMOKTYIOUOT TpPyOM 3a poOOOYMM KOJECOM YTBOPIOETHCS BUXPOBUM JIKTYT,
nperecis SKOro OKa3yloTh HEraTUBHUN BIUIMB Ha poOOTY BCi€l riapoTypOinu. Jis
aJIeKBaTHOTO OMHCY TedYil B BIJICMOKTYIOUii TpyOi HEOOXIAHO 3aCTOCOBYBaTH
edeKTUBHY MOJIeb TypOyIeHTHoc T [3, 9].

Pezynomamu

VY crarTi HaBOAATHCA PE3YNbTaTH PO3PAXYHKOBOTO MAOCTIIKEHHS Tedii
pIIMHU B CHipalibHIA Kamepi, a TakokK B 00JIaCTI PEHIITOK CTaTopa 1 HAMPSIMHOIO
amapary BHCOKOHAIIPHOI pa/iialibHO-0CboBOiI TiapoTypOinu POS500, siki orpumMano
3a gonomororo CFX-TASCflow [10-12] i nqBoBuMipHOi Mojei po3poOieHoi Ha
kadeapi rigpomamnd HTY «XII».

YucenpHe MOJEIIOBAHHS MMPOCTOPOBOTO IMOTOKY B MPOTOYHIN YacTHHI
rigporypOinu  OyJ0 TPOBEAEHO [UIsi BHU3HAUYEHHA 3MIHHM EHEPreTUYHUX
XapaKTepUCTHK, ToMy Oyna oOpaHa k - € Mmonenb TypOyJIeHTHOCTI, JaHA MOJEIb €
HaOLIBII BIAIIOI0 MOJIEIUTIO TYypOYJIIEHTHOCTI meprioro piBHs 3amukanHs [8-10].
Jns onucy TypOYJEHTHHX BEJIMYMH B HIA BHUKOPUCTOBYETHCS CHCTEMa JBOX
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HEMHIMHUX AU(PY3HUX PIBHSAHB - U1 MacOBOI IIUIFHOCTI TypOyeHTHOI eHeprii k 1
IIBUJIKOCTI AMCHUTIAL] TYpOYyJIeHTHOI €Heprii €.

Po3paxyHku 1Moka3yroTh, 10 TOOIU3Y TBEPJUX CTIHOK BiIOYBA€THCS JOCUTD
pi3ka 3MiHa napametpiB k 1 €. JJ11 HaJIE)KHOTO BUPIMIEHHS ITUX 3MIH JOBOJAUTHCS
BUKOPUCTOBYBATH JIOCUTh TyCTy PO3PaxXyHKOBY CITKY. 3aMmiCTh I[bOTO YacTO
BUKOPHUCTOBYIOTh MiJXid, IPH SKOMY y CTIHKH BUIUISIETHCS HEBEIWKa 00JIacTh, B
K1 HE BHUKOHYETHhCS YHCEJIbHE DIIICHHS pPIBHSAHb, a 3aMICTh ILIOTO IITyKaHI
napamMeTpu PO3PaxXOBYIOThCSA 3a anreOpaiunumM (opmysamu, MO OMUCYE THUITOBI
MPUCTIHKOBI LIAPH.

B pe3ynbrati po3paxyHky Oyiu BU3HAYCHI PO3MOIiT MBUAKOCTEH 1 THCKIB B
PI3HUX eNeMEHTax T1IpOTypOiHH, IPHU PI3HUX BIAKPUTTIX HAIPSIMHOTO amapary.

UucenpHe MOJENIOBaHHA Teuli B MPOTOYHIN YacTuHI TiapoTypOiHu PO500
MPOBOAMIIOCS IS PO3PAaXyHKOBOI 00JIacTi, IO BKIIIOYAE MDKJIONATEBUN KaHA,
YTBOPEHUI KOJIOHAMM CTaTOpa, JIOMATKaMM HAIpsIMHOIO amnapary, JOMaTIMU
poboUoro Kojeca 1 BIICMOKTYIOUOIO TPyOOIO I MOACHI 3 JAlaMeTpoM poOOUYoro
koJieca D1 = 500 mMm.

OTpumaHi J1aHi TOKa3ylOTh, IO T€OMETPIsl JIOMATEBOI CUCTEMH POOOYOTO
KoJieca B paiioH1 BXIJHOI KPOMKHU HE Y3roJDKEHa 3 KyTOM IOTOKY 3a HalpsIMHUM
arlapaToM, 1110 O3Haya€ HasBHICTh YAApHUX BTpaT Ha BXIJHUI KpoMIl poOOUYOro
KoJieca, TOMY B MOJAJbIIUX PoOOTax OyayTh pO3IVISIHYTI NMUTAHHS, MOB'S3aHI 3
MOAM(IKALIEI0 BXIAHOTO €IEMEHTa JIoMaTi pod0o4yoro KoJeca.

Tuck 6e3nepepBHO 3MEHIIYETHCS Y3J0BXK MEPUAIOHATIBHOIO HAMPAMKY BiJl
BXOJy B CTATOp A0 BUXOIY 3 pobodoro koseca. THCK cTae HEraTUBHUM Ha BUXO/I 3
po0oYOro KoJjieca 4epe3 BIUIMB BIICMOKTYHOYOI TpYOHU.

Po3ramryBanHs diHIN TOKY B BIACMOKTYIOUIM TpyOl MOKa3ye, M0 MIBUIKICTb
3HWKY€ETHCS BiJl BXOAY J0 BUXOJY, 32 PaXyHOK UOTO BiOyBa€ThCS MEPETBOPEHHS
KIHETUYHOI €HEepTii B €HEPrii0 THCKY. ICHye mocTynoBe MajiHHS TUCKY BiJl BXOIY
JI0 BUXOJY 3 BCMOKTYIOYOi TpyOH 1 HaIMipHOT CTOPOHH JIoTaTi pob0ovyoro KoJieca.

OtpumaHi  po3paxyHKOBI  JaHl  BIANOBIIAIOTh  BIJIOMUM  paHille
eKCIEPUMEHTAJIbHUM PEKOMEHJAlIIM TMpO TO3UTUBHUN BIUIMB  HEBEIUKOI
3aKpYTKH MOTOKY Ha BXOJ B BIICMOKTYIOUY TpyOy Ha BeJIMYMHY BTpaT B HiH [7] 1
PO ONTUMAJIBHUN, 3 TOYKM 30py MiHIMI3alii 1HAYKTHBHUX BTpaT, XapakTep
pPO3MOMUTY TaHTEHIIATBHOI CKJIAJIOBOT MIBHAKOCTI 3 3pOCTaHHSAM ii 3HA4Y€Hb B
nepudepiitHiii 00nacTi.

Pe3ynbTaTi po3paxyHKy BTpaT €HEprii Ha ONTUMAIbHOMY PEXHUMI (PEXKUM
makcumymy KKJI) B mpoTOYHIN YacTWHI BHCOKOHAIMIPHOI pajiajJbHO-O0CHOBOI
riapoTyp6iau PO500:

- MpU JBOBUMIpPHIN MOJenl po3paxyHKy CyMapHi BTpaTH €HEprii CKIajiu
5,23 %;

- TIPU TPUBHUMIPHIN MOJENl po3paxyHKy CyMapHi BTpaTH €HEpPTii CKiIaiu
5,13 %;

- HaWOUIBLIl BTpaTH €HEprii mpu 000X IOCTAHOBKAaX MPHUIATAIOTh Ha
HANpSIMHUN amapart, npu ABoBUMIpHIA Moaenm 3,02 %, a mpu TpuBUMIpHINA MOZeNl

2,5 %;
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- cmipajgbHa Kamepa Ta cTatop npu JBoBuMipHii mozem 0,6 %, a mpu
TpuBHMIpHIKA Mojeni 0,77 %;

- poOoyYe KoJIecO Ta BIACMOKTYIOUa TpyOa mpu 1BoBuUMIpHIM Moaemi 1,61 %,
a Ipu TpUBUMIpHIM moxaemni 1,86 %.

Bucnosku

1. Jlnst ckopodeHHsT o0csary (pi3sMYHOro eKCIEepUMEHTY HEOOXITHO Oiblie
OPUALIATYA YBAard YUCEIbHOMY €KCIepuMeHTY. Lle 103BOIUTh CKOPOTUTH TEPMIHH 1
BapTICTh MPOCKTHUX poOIT. UKCenbHUN EKCIEPUMEHT Ja€ MOXIJIMBICTh HAOYHO
NPECTAaBUTH KapTUHY Ta XapakTep Tedil B MPOTOYHII YaCTHHI.

2. HaBesneHo pe3ynbTaTH PO3paxyHKy ONTHMAIBHOTO PEKUMY T1IpOTypOiHU
3a JIONOMOTOI0 JBOBHUMIPHOI 1 TPHBUMIPHOI MOJIeIei Tedii, oTpuMaHi gaHi go0pe
Y3TOJKYIOTHCS OJMH 3 OJTHUM.

3. JIsig moJINIIEHHS €eHEPreTUYHUX MOKa3HUKIB BUCOKOHAIMIPHOI pajilajJbHO-
OChOBO1 T1APOTYpOIHM HEOOXIJHO OLIBII JETANhbHO BHUBUMUTH BIUTMB T'€OMETPIil
HAIPSIMHOTO anapary Ha (OpMyBaHHS BTpAT B IiIpoTypOiHi.

Cnucok BUKOPUCTAHUX JHKEPET

1. Konviues B.A. Kunemamuueckue Xxapaxmepucmuku nomoka 6 JONACHMHbIX
eiopomawunax : yueb. nocooue. Kuee : UCHO, 1995. 272 c.

2. Konviues B.A., Tvinvsanosa HU.HU., Muponos K.A. Moodenuposanue snepeemuieckux
Xapaxkmepucmuk 2uopomypour Ha HAYAIbHOM dmane npoekmuposanusi. Bocmouno-egponeticxkuti
arcypran nepedosvix mexnonoeuti. 2010. Ne 1/6 (43). C. 27-38.

3. Chung T.J. Computational fluid dynamics. Cambridge university press, 2002. 1012 c.

4. Minkowycz W.J., Sparrow E.M., Murthy J.Y. Handbook of Numerical Heat Transfer [2
ed.]. Wiley, 2006. 984 c.

5. Paul G. Tucker. Computation of Unsteady Internal Flows - Fundamental Methods with
Case Studies. Springer, 2001. 376 c.

6. Muponos K.A., Onexcenxo FO.FO. Ilpumenenue CFD npu npoexmuposanuu
anemenmos npomoynou uyacmu euopomypoun. Bicnux HTY «XIl». 36. nayk. npaye. Cepis:
Tiopaeniuni mawunu ma 2iopoacpecamu. 2016. Ne 20 (1192). C. 116-121.

7. Pacuem u npoexmupogaHue npomoyHol 4acmu peakxmueHvlx 2UOpOmypoOuUH Ha OCHOGe
YUCTIEHH020 MOOeNUPOBanus paboyezo npoyecca : yueb. nocooue / bapaum B.B., Muponos K. A.,
Bnracenko A.B., Axoenesa JIL.K. Xapvkos: HTY “XITH”, 2008. 216 c.

8. Xapaxmepucmuxu npocmpancmeenno2o mypoyieHmHo2o NOmoKa u nNomepu SHepeuu 8
anemMenmax npomoyHou uacmu euopomypounst PO500 / II.H. Cyxopebpviii u op. Ilpo6n.
mawunocmpoenusi. 2004. Ne 3, m. 7. C.13-20.

9. ANSYS. Ansys 16.0 Release Documentation, Theory and Modelling Guide; ANSYS
Inc.: Canonsburg, PA, USA, 2015.

10. Jost, D.; Skerlavaj, A.; Morgut, M.; Meznar, P.; Nobile, E. Numerical simulation of
flow in a high head Francis turbine with prediction of efficiency, rotor stator interaction and
vortex structures in the draft tube. J. Phys. Conf. Ser. 2015.

11. Pacuem u ananus 6ananca nomepv 3Hep2uu 8 8blCOKOHANOPHOU PAOUATIbHO-0CEBOU
euopasnuveckou mypoure / B.A. Konviueé u 0p. Cxiono-€6ponelicokutl J4CypHal nepeoosux
mexnonoeiu. 2005. Ne 1/2 (13). C. 95-106.

12.  Pacuem eudpoounHamuueckux XapakmepucmuKk HANpaeialwWux annapamos
auopomypounvl. yuebn. nocoodue. / B.A. Konviues u op. Xapvxos, HTY « XITH»,2002. 268 c.

143


http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_1?%5Fencoding=UTF8&search-type=ss&index=books&field-author=W.%20J.%20%20Minkowycz
http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_2?%5Fencoding=UTF8&search-type=ss&index=books&field-author=E.%20M.%20%20Sparrow
http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_3?%5Fencoding=UTF8&search-type=ss&index=books&field-author=J.%20Y.%20Murthy
http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_1?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Paul%20G.%20Tucker

YK 621.91.01

IlepeBo3nuk K.P., nayk. xep. ®ponos B.K. (Vkpaina, m. Kuis, KIII im.
Iropst Cikopcbkoro)

JOCJIIIKEHHA BIVIMBY KOPCTKOCTI KOHCOJIBHHUX
IHCTPYMEHTIB HA TOYHICTH OBPOBJIEHHA TIJIMBOKHUX
OTBOPIB

Konconvne «xpinnenwns incmpymenma npu posmouy8aHHi ma winighy8aHHi 2nubOKux
0MBOPI8 3MEHULYE HCOPCMKICMb MeXHON02iuH0i 00podasiowoi cucmemu (TOC), wo npuzeooums
00 3HUJICEHHs MOYHOCMI 00pobNI06aHux nosepxonv. Hapasi éiocymmui cucmemti 00CniodiceHHs
BNIUBY CMAMUYHOI MA OUHAMIYHOI HCOPCMKOCMI KOHCOJbHUX IHCMPYMEHmMI6 HA MOYHICHb
o0bpobosanux omeopis. Memorw 0anoi pobomu € BU3HAYEHHS 6NAUBY CUl, WO Oilomb HA
IHCMPYMEeHmManbHy ONPAasKy ma npu3eo0ams 00 3MEHWEHHs, MOYHOCMI npu 06poO.IeHHT 2IUOOKUX
0meopis.

Homenkiarypa neraneil 3 mIHOOKMMH OTBOPaMH, /10 AKUX BUCYBAKOTHCS
BICOKI BUMOTH 10 TOYHOCTi Ta SIKOCTI, IIOCTIHHO PO3MIMPIOETHCS. OCOOIHMBICTIO
00pOOICHHS MIMOOKHX OTBOPIB € HEAOCTATHSI KOPCTKICTH IHCTPYMEHTA, BHACIIIOK
YOro BHWHHKAIOTh HOTO TPYXKHI JiHIHHI aedopmarii, sKi 3MEHIIYIOTh SKICTh
00poOieHHs. 31 30UIbIICHHSIM JOBXKUHUA OTBOPY TPYIHOIII 3a0€3MEYeHHS] BUCOKO1
MPOAYKTHUBHOCTI Ta HEOOX1THOT TOYHOCTI MOBEPXHI Pi3KO 3pOCTAIOTH [1].

VY BiIOMUX JOCHII)KEHHSX MUTaHHS 3a0€3MEYEeHHS] TOYHOCTI OOpOOJICHHS
ITMOOKUX OTBOPIB LIUIIXOM BPaxyBaHHs Ta KOMIICHCALI] €ICMEHTapPHHX MOXHOOK
npu HasaromkenHi TOC po3nisaHyTe HEJOCTATHEO.

TounicTe OTBOpIB NP PO3TOYYBAHHI Ta NUTIQYBAaHHI 3HAYHOI MIPOIO
3aJIeKUTh Bil TOYHOCTI MO3UI[IOHYBAHHS BEPIIMHU Pi3aibHOro abo abpasMBHOIO
IHCTpYMEHTa BiTHOCHO 00poOroBaHOi MmoBepxHi. HeToyHICTh MO3MITIOHYBaHHS
MO>KE€ BUHUKATH TiJ BIUTMBOM JAMHAMIYHMX Ta CTaTUYHUX HaBaHTaxxeHb Ha TOC.
Cunu pi3aHHS BIUIMBAIOTh HA TOYHICTH OTBOPIB 6e3nocepez[Hbo mij  4ac
00po0JIeHHS. OI[HaK e 10 TMoYaTKy 06p06neHH;1 B)XKe 3 SBIIIETHCS ITOXHMOKA,
oOyMOBJICHa HAasBHICTIO CTaTUYHHUX (Bara 1HCprMeHTa Ta I1HCTPYMEHTaJIbHOI
ONpPaBKH) Ta JMHAMIYHUX HABAHT@XCHb (CHIM IHEpIii, IO BUHUKAIOTH Hepe3
HAsSBHICTh JIHIMHMX JaedopMalliid, CHPUYMHECHUX Barorw IHCTPYMEHTa Ta
IHCTPYMEHTAJILHO1 OTIPABKH ).

VY Bigomiit JiTepatypi 3 TEXHOJOT1H MamMHOOYyAyBaHHA [2, 3] AOCIHIIKEHO
BIUIUB pajiajgbHOI CKJIQJ0BOi CHJIM pi3aHHS HA TOYHICTh OOPOOJIEHHS TIMOOKHUX
OTBopiB OnHak npo BIUIMB Baru iHCprMeHTanLHo'l' OTIPaBKH, Barv iIHCTPyMEHTA Ta
BIZJICHTPOBOI CHIIH 1Hepu11 Ha JKOPCTKICTh OMPAaBKH Ta TOYHICTh OOpPOOIIFOBAaHUX
OTBOpIB iH(OpMaIlii HEe 3HANICHO.

Meroto paHoi poOOTH € BHU3HAYECHHS BIUIMBY CHWJI, IO [IIOTh Ha
IHCTpYMEHTAJIbHYy OINpaBKy Ta TMPHU3BOJAATH O 3MCHIIECHHS TOYHOCTI IIPH
00poOIeHH] TINOOKUX OTBOplB pO3pO0ICHHS MGTOI[lB T1IBUIIEHHS TOYHOCTI npH
pO3TOYYBaHHI Ta BHYTPIIHBOMY UUTIQYBaHHI, SKI MOJATalOTh y KOMIIEHCAIl]
€JIEMEHTapHUX MOXUOOK, 110 BUHUKAIOTh MiJ] BIULIMBOM CTaTUYHHUX Ta JUHAMIYHUX
HABAaHTAXKCHb.
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Ha touHnicTh O6pO6J'IIOBaHI/IX OTBOpIB BIUIMBAIOTh: Bara 1HCTpyYMEHTa (),
cuia 1Hepu11 Qiy, WO i€ Ha THCTPYMEHT, Bara IHCTPYMEHTAJIbHOI OMPAaBKH ¢, Ta
CHIIA IHEPLT gjy, 1O Jii€ Ha IHCTPYMEHTaJIbHY ONpaBKy (puc. 1).

X

Iy BRESS
; g-0,+4, Up*ly | ¥
N
1 1 1 1 1 1 i 1 i 1 i 1
/

— —

Puc. 1. CxemaTnuHe mpeACTaBIIEHHS MHWJIIHAPUYHOI OMPaBKU Yy BUTIISIL
KOHCOJIbHOT Oasku

Makcumanbna  miHiiHAa  gedopmaiis  IHCTPYMEHTalIbHOI — ONpaBKA 3
1HCprMeHT0M CIOpUYMHEHA MAISIMH Bard 1HCTPYMEHTa Ta BIJALEHTPOBUX CHII
1Hepuii, 00YUCIIIOETHCS 32 cpopMyJIOIO

QO 1 2 . L3 1

Yo =G \L T @ 3y (1)
ne Q, — Bara iHctpymeHTta, H; w =m-n/30 — KyroBa HIBUIKICTbH
obepraHHs, paj./c.; n — yacTtoTta oOepraHHs, 00./xB.; L — BWIIT pi3ajJbHOTO

IHCTpYMEHTa (JOBXKMHA OMpaBKH), M; I — MOMEHT 1HEpIIii ONEePEeYHOTo Mepepizy,
M (1151 kpyritoro nepepisy [ = m - D*/64); D — niametp ompasku, M; E — MOIyIIb
MPY>KHOCTI MaTepiaﬂy OIpPaBKH (mn1s1 neroanux craieit E = 2,1 - 10> MIla).

HasBricTe miHiliHOT Aedopmalrii, 10 BUHUKAE TIi7 BILTABOM Baru OTIPABKH,
00yMOBIIIOE€ HAsBHICTH BIILEHTPOBHX CHII iHEpLii. Y CBOIO 4epry, CUIH 1Hepu11
BUKJIMKAIOTh JOJATKOBY nedopmaliio omnpaBky. BenwunHa BIAIEHTPOBOI CHIIA
iHepIii g, KA Jli€ Ha ONpaBKy, Oyie 3MiHIoBaTHCA 110 JoBxkuHi (puc. 1). Ii moxkHa
NPEACTaBUTH SIK (DYHKIIIIO BIJl 3MIHHOI Y, /i€ Y — BeIU4MHa Jaedopmalli onpaBKy,
sKa y CBOIO UepTy 3aJICKUTh BIJT X.

[HTeHCHBHICTh PO3MOJIIICHOT0 HABAHTAXKCHHS BiJ Bard OMPAaBKH CTAaHOBUTH
o =m-D?-p-g/4, H/™M, a BiIUEHTPOBI CHUIM iHEpLii, IO AIIOTH HA OIPAaBKY,
gy =17 D?-p-w?-y(x)/4, H/™M (g — npuckopeHns BinbHOro maminas, H/kr;
p — I'yCTHHA MaTepiaily OnpaBku, Kr/m3).

Jnst Bu3HaYeHHs JiHIHHUX gedopmaniii y, — 3amdimieMo audepeHiiine
PIBHSIHHSL BUTHYTOI OC1 O6asiku 4-ro MOpsAKY 3 BpaxyBaHHSIM BJIACHOI Baru OankH 1
BIILICHTPOBUX CHJI 1HEPIIIi:

Ely" (x) = qo + i (y(x)) )
Woro 3aransuuii PO3B’SI30K MA€ BUTIISIL
y(x) = Cy -sinkx + C, - coskx + C;-e* + C, - e™** _k%’ 3)

ne Cy,C,, C5,C, — MOCTINHI KOEQIIEHTH, 1O 3 SBISIOTHCS B XOJI PO3B’S3aHHS
nudepenIiiHOro piBHAHHA HpPHM BBEACHHI MOYATKOBHX YMOB, k =m-D%:p-
w?/(4-E-1) 1a b=m-D?>-p-g/(4-E-I) — koediuicHTn, BBeAcHI A
3pYYHOCTI 3HAXO/XKEHHS PO3B’S3KY.

3a piBasgHHAMH (1) Ta (3) mpoBeneH! pPO3paxyHKH Yy MPOTPaMHOMY
3abesneueHdi Mathcad, pesynbratu sSKMX Jjs1 OmpaBKd J0BXKHHOKO L = 300 MM
MPE/ICTABIICHI HA pUC. 2.

145



BcraHoBII€HO, 1110 TIPY HU3BKUX YaCTOTaX OOEPTAaHHS IITTUHACIS HAHOUTBIITHIA
BITMB Ha TOYHICTh Ma€ pajiaibHa CKJIa0Ba CHIM pizaHHS. Bara ONpPABKH Ta CHJIa
HepIIii, sika /i€ Ha OTPaBKY, TIPU3BOISTH 10 3MCHILICHHS! TOYHOCTI, OJHAK ii BIJTUB
Jeno MeHImui. BB cuit iHepIlii Ta Baru iHCTpyMEeHTa Ha TOYHICTh HAWMEHIII.
IIpy 36imbIICHHI YaCTOTH OOEPTaHHS IIMMHICSA 10 BETHYMH, XapAKTCPHHUX UL
BHYTPIIIHBEOIO mmtbyBaHHﬂ 3HaYHO 3OITBIIYEThCS YacTKa jaedopmarii i
BIJTUBOM CHJI 1HEPIIiH.
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Puc. 2. 3anexHicTs niHIHOI nedopMaliii onpaBKu Yor I JI€I0 BJIACHOIL
Baru Ta CWJI 1HEpIIii BiJl YaCTOTH 0OepTaHHS IIMUHICIIS N

3anporoHOBaHO  MPAKTUYHY  peai3allil0  pe3ylbTaTiB  BUKOHAHUX
TEOPETUUHUX JIOCIIIIPKECHb.

Ilpu  TpaauiiifiHOMy  pO3MIPHOMY  HAIaroO/pKCHHI ~ TOPH3OHTANIbHO-
PO3TOYYBaNbHOTO BEPCTATa, KO BEPIINHY IHCTPYMEHTA BCTAHOBIIOKOTH y TOMI,
O  BiIMOBiZa€ pobodOMy HAJIArOJUKYBAIILHOMY posMipy 1 TIpH  IBOMY
KOHTPOJTIOIOTH CITIBBICHICTh PO3TOYYBAJbHOI OMPAaBKH 1 OOPOOIIOBAHOTO OTBOPY,
MOKHa OTpPHMATH IIOXHOKY, sIka B JEIKHUX BHUIAJKaX TIEPEBHINYE BEIHUYUHY
JIOTYCKY Ha MPOCTOPOBE pO3TalllyBaHHA oci [4, cTop. 268]. 3anpornoHoBaHo cmocid
HaJIarOJDKEHHSI KOHCOJIBHOTO 1HCTPYMEHTAa Ha TOPH30HTAIBHO-PO3TOUYBATHLHOMY
BepcTaTi [5], mpu SKOMY pO3TOYYyBaJbHY OINPaBKy | BCTaHOBIIOIOTH BIJHOCHO
00poOII0OBAaHOTO OTBOPY 3aroTOBKH 2 Tak, 100 Bich mmuHES 3 Oyna BUIIE oci

OTBOPY Ha BEJIMYMHY KOMIEHCAIT Vyonn (PHC. 3).

2
7 Yeon

N

3
<
—
—______J_____ i

Puc. 3. Cxema 00Opo0iieHHSI OTBOPY Ha TOPHU30HTAIBHO-PO3TOYYBAILHOMY
BepcTarTi

3anponoHOBaHO  TAaKOXK  KOHCTPYKLIIO  BHYTPINIHBO-LIUTI(YBaIBHOTO
BepcTata [6], y sKoMy JiHINHHI aedopmarlii, MO BUHUKAIOTH MiJ BIUIUBOM
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pajliabHOl  CKJIAMO0BOI cuinM pisanHs P, Ta Barum nuiigysanabHOi ompaBku G,
JaCTKOBO B3a€EMOKOMITCHCYIOTBHCSI 4epe3 Pi3HOCTIPSMOBAHICTh BEKTOPIB IIUX CHII

(puc. 4).

Neup.
L A ~ & £ S, L
Py N uwmidy.
- 1 -—:\ ‘:,_ . Snoan
Snonep. 1 . ———i—p—
b ‘ .-'r .\
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- .; N
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A

Puc. 4. Cxema cun, ski Ail0Th Ha UHUTI(QYBaNbHUN IIMUHAETL IPH
BHYTPIIIHbOMY ILTI(PYBaHH1

BMUCHOBKU

3a pesynbTaTaMu JOCIIIPKEHb BCTAHOBJEHO BIUIMB CHJI, IO MJIIOTh Ha
IHCTPyMCHTAIIPHY ~ONPABKYy Ta MPH3BOAATH JO 3MCHIICHHA TOYHOCTI IIpU
posrouyBaHHI Ta ouTipyBaHHI TIMOOKMX OTBOPIB; 3alPONOHOBAHO  CIOCIO
HAJIaro/DKCHHs IOPH30HTAILHO-PO3TOUYBANIbHOTO Ta KOHCprKuuo BHYTPIIIHBO-
nuTipyBanbHOTO  BEPCTATiB, sKi MONAraloTh y KOMIICHCALi eIeMEHTapPHHX
NOXMOOK, 10 BUHUKAIOTH M1l BIUIMBOM CTaTUYHMX Ta JTMHAMIYHUX HaBaHTa)KEHb.
[InaHyrOThCS MOJAMBII JOCHIJKEHHSI CTIMKOCTI 1HCTPYMEHTaJIbHUX OIPABOK 1
BUIIAJIKIB BTPATH CTIMKOCTI 3 BUKOPUCTAHHAM TE€OP1l MEXAHIKM CTPHUKHIB.
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KOMII'IOTEPHA TEXHOJIOI'TA ABTOMATU3AIII
YIIPABJIIHHA CUCTEMOIO NIIOTOBKU BOAU HA ATII

Y cmammi pozenanymo npoyecu po3pooku Komn 1omepHoi mexHono2ii nio2omoeku 600u
051 A8MOMPAHCNOPMHO20 NIONPUEMCIEA, A MAKONC BUKOPUCMAHHA Memoody NpUUHAMms
piuens 8 ymosax Heuimkoi inghopmayii.

The article deals with processes of development of computer technology of water training
for motor transport enterprise, as well as the use of decision-making method in conditions of
fuzzy information.

Ha nanwmii yac aBrotpancnoptae mianpuemMctBo (ATII) € gocuth BeauKum
CIOKUBA4Ye€M BOJU. Y 3B 53Ky 3 IIUM BHUHUKAE HEOOXIIHICTH Yy MIATOTOBIIl BOAU
6e31mocepeIHbO HA  TIIOPUEMCTBI. ABTOTPaHCIIOPTHE 1 TIPUEMCTBO
BUKOPHUCTOBYE: TEXHIUHY BOAY Ha BUPOOHUY1 OTPEOU Taki SIK MUTTSI aBTOMOOLIIB,
MUWKY TIUIOr 1 TOJHB TEPUTOPii, TMOXKEKOTacCiHHS; TUTHY BOJY IS
rOCIOAapChKO-TIMTHUX Ta AYIIOBUX MOTPEO; JUCTWIHOBAHY BOJy Ha TEXHIYHE
00CITyrOBYBaHHS Ta peMOHT [1].

AHaJli3 OCTaHHIX JOCTI/KEHb MOKa3aB, 1[0 Ha JaHWW 4Yac 3arponoOHOBaHI
CHUCTEMH BOJIOOYHCTKH BPaxOBYIOTh JIMIIIE MATOTOBKY MUTHOI Boau. JlaHa poGoTa
nepeadayae po3poOKy CUCTEMH MIATOTOBKM BOJH, IO JAO3BOJIUTH OTPUMATH BOIY
TEXHIYHOTO MPU3HAYCHHS, IUTHY, a TAKOXK JUCTHUIHOBAHY BOAY.

Metoo po0OOoTH € miABUIIEHHS €(GEeKTUBHOCTI MIATOTOBKHM BOJIU ISt
aBTOTPAHCIIOPTHOTO  MIANPUEMCTBA 3a PaAXYHOK PO3POOKH  KOMIT FOTEPHOT
TEXHOJIOT1i, 10 peanizyeTrhes B mporpamHoMy naketi SCADA Trace Mode.

3 MeTor aBTOMAaTH3allii TPOLEeCYy 3HE3apaKEeHHS BOAHM, HEOOX1IHO
BpaxOBYBaTH, III0 TPUUHATTA pIlIEHHS BUOOpPY 3aco0iB  aBTOMAaTH3aIlil
BIIOYBA€THCS 3 ypaxXyBaHHSAM HEUITKOI MepBUHHOI 1H(pOpMaIIii.

JIJ1st OIIHKY SIKOCTI TATOTOBJICHOI BOJY BUKOPUCTOBYIOTHCS TaKl KPUTEPIi:

—  SKICTh BOJM, IO MOCTYyMAE 10 OAKTEPHUIINIHOT YCTAHOBKY;

— pIBEHb CBITJIOBOTO IMOTOKY JaMIIU, BiJl SKOTO 3aJICKUTh PIBEHb OMOPY
OaxTepiit;

— 3aTpeOyBaHICTh B BO/II;

— 4ac nepeOyBaHHS BOJIM B yCTAHOBII.

Jlnst aBTOMaTH3aIli npoliecy BOAOMIATOTOBKH, HEOOX1HO MTPOBE3TH 3MIHH B
CTPYKTYpPY CHCTEMU YMPABIIHHA YCTAaHOBKOIO, BBIBIIM OJIOK HEUYITKOTO
ynpagiiaHs (pucyHok 1.1) [2].
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Biok HewiTKOTO perytoBaHHS

baza npasui

HEYITKHX 4
PO IyKIIiit
1 \I/
2 : 3 5
L i HeuiTkuii S L Bakrepununmna —>
? Dazzudikanis N BHBIT Hedazzudikaris yoraHosKa [

JlaT4uk BUMiprOBaHHS
inTencuBHoCcTI YD
BHUIPOMIHIOBAaHHS

1 — axicTh Boau; 2 — 3aTpeOyBaHICTh B BOA1; 3 — yac nepedyBaHHs BOAM B YCTaHOBIII; 4 — BOAA; 5
— OYHMIIEHA BOJIA; 6 — IHTEHCUBHICTh Y @ BUIPOMIHIOBAHHSI.
Pucynox 1.1 — CTpykTypa CUCTEMHU HEUITKOTO YIPABIIHHS MPOIIECOM
aBTOMaTI/I?)aHi.l. 3HC3apaXCHHA BOAU

B sikocT1 BX1IHUX JIHTBICTUYHUX 3MIHHUX OyJIO BUKOPHUCTAHO:

a) SKICTh BOJH, IO MOCTYIAE JO OAKTCPHUIMIHOI YCTAHOBKU: ( — <«SIKICTh
BOJNY;

b) piBeHb CBITJIOBOrO IMOTOKY JIAMITH, BiJl SKOTO 3aJIC)KHTh PIiBEHb OMOPY
OakTepiil: 1 — «IHTEeHCUBHICTh Y ® BUNPOMIHIOBAHHS»;

C) 3aTpeOyBaHICTh B BOJI: N — «3aTPeOYBaHICTh B BOJIIY.

B saxocTi BuUXigHOT JIHTBICTUYHOI 3MIHHOI OyJ0 BHKOPUCTAHO 4Yac
nepeOyBaHHS BOJM B YCTAHOBIIL: S — «4ac epeOyBaHHs Boawm» [3].

Ha pucynky 1.2 mpuBegeHa MoOENIb HEYITKOTO YIPABIIHHS MPOIECOM
3He3apa)keHHs BOJHM Ha OCHOBI aroputMy Mamuasi 3a qomomororo MATLAB [4].

Pucynox 1.2 — Pezynbratr poOOTH MOI€I1 HEYITKOTO YIPaBIIIHHS MPOIIECOM
3HE3apaKCHHs BOJIU
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Ha ocHOBI po3po0neHOi Mojeni HEUYITKOro YIpPABIIHHA Ta OTPUMaHHX
pe3yabTariB Oyja0 00paHO BIAMOBIAHUN yiIbTpadioseTOBU 3HE3apakyBad, IO
HEOOX1THUH JJI1 OUMILIEHHS BOJIU O CTaHy MUTHOI.

JIist migBUIEeHHST €PEeKTUBHOCTI MIATOTOBKU BOJU JUIsl aBTOTPAHCIIOPTHOTO
MIMPUEMCTBA HEOOXITHO PO3POOUTH KOMIT FOTEPHY TEXHOJIOTII0 3a JOIMOMOTOIO
nporpamHoro maketa SCADA Trace Mode. lle n03BoiauTh aBTOMaTH3yBaTH
MPOIIEC MMiITOTOBKU BOJIH.

SCADA Trace Mode — me crieniani3oBaHuii KOMIUIEKC PIllICHb JJISl BEPXHIX
piBHiB ACYTII. fIBnsie co0or0 €auHMI MOTY>KHUN amapatr CHCTEM pO3pOOKH, B
KU BXOJIUTH OLbINE JECATKA PI3HUX PEIAKTOPIB MPOEKTIB I BEPXHIX PIBHIB
ACY [5].

Ha pucynky 1.3 HaBeneHa KOMIT IOTEpHA TEXHOJIOTiS MIATOTOBKHA BOJU IS
aBTOTPAHCTIIOPTHOTO MiANIPUEMCTBA.

10

1 — momaya Boam Ha owucHI copyau; 2, 8, 11, 16, 19, 23 — xnanan; 3, 9, 17, 24 — Hacoc; 4 —
JaTYUK THCKY BOAM; 5 — (UIbTp 3HE3ami3eHHs; 6 — QUIBTP MOM SKIIEHHS; 7 — KOHTPOJIbHHUM
¢bubTp; 10, 18, 25 — natuuk BuTpaTt Boau; 12 — ynpTpadioneToBuii 3He3apaxysau; 13, 21 —
JIaT4uK piBHSA BOJY; 14 — eMHICTH A 30epiraHHs MUTHOI BOAU; 15 — MaTYMK XiMIYHOTO CKIIaTy
BoaH; 20 — TUCTUTIATOP; 22 — EMHICTD JIJIsl 30€piraHHs TUCTUIIHOBAHOI BOIH.

Pucynok 1.3 — KoM 1oTepHa TEXHOJIOT1s TATOTOBKU BOJIU

[Mpunmun  aii. Heouwmiena Boma MOJAEThCS HAa OYHUCHI CIOPYIU 3a
JIOTIOMOTOI0 KjlamaHa 2 Ta Hacoca 3. PiBeHb THCKY BOAM KOHTPOJIOE AAT4uK 4.
Bona wagxoauts a0 010Ky (inbTpailii, e MPOXOAUTh MEXAHIYHY OYHUCTKY, IO
BKJItOUa€ B ceOe: PuIpTp 3HE3ami3eHHs S5, QUIBTP MOM SIKIIEHHS 6 Ta KOHTPOJIbHUNA
¢biaeTp 7. BindineTpoBana Boia po3NOALUIAETHCSA B TPU 30HU:

— 30Hy MOjAadi TeXHIYHOI BoAM. TexHIYHA BOJA MOMAETHCS CIOKMBAUYy 3a
JOTIOMOT'OF0 KjlarnaHa 8 Ta Hacoca 9. Butpary Boay koHTporoe natauk — 10.
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— 30HYy MIATOTOBKH 1 MOJa4l MATHOI Boau. Boma 3a momomororo kiamaHa
11 nmoctynae B ynbTpadiosieToBuil 3He3apaxysau 12. OuuliieHa Boja HaJx0uTh B
EMHICTB I 30epiraHHs MUTHOI Boau 14. PiBeHb BOJIM KOHTPOJIOE AaT4yuk 13.
XIMIYHUM CKJIaJ] BOJU KOHTPOIIOE AaTuuK 15. [IuTHA BoJja MOAAETHCS CIOKUBAUY
3a JI0MOMOTO10 KianaHa 16 ta Hacoca 17. Butpary Boau KOHTPOJIIO€ naTYuK 18.

— 30HY MIJTOTOBKH 1 MOJa4i JUCTHIHOBaHOI BoaW. Boma HaaXoauTh 10
muctuistopa 20 3a gonomororo kinanada 19. OuuineHa Boja MOCTyNae B €MHICTD
Juis 30epiraHHsl IUCTHIIbOBAaHOI BoAM 22. PiBeHb BOAM KOHTPOJIOE MaT4uK 21.
Bona nogaeThes crokuBady 3a AOIMOMOTO0 KjamaHa 23 ta Hacoca 24. Butpary
BOJY KOHTPOJIIOE JaTYHK 25.

BucHoBku
Takum ynHOM, OYyJIO 3aITPOMIOHOBAHO KOMIT FOTEPHY TEXHOJIOTIIO IMATOTOBKH
BOJAW JUIi ABTOTPAHCIIOPTHOTO IIJANPUEMCTBA, 10 Oyira po3pobsieHa B
nporpamuomy makeri SCADA Trace Mode. 3aBasku BIOpOBaIKEHHIO daHOI
TEXHOJIOTii MIATOTOBKM BOIWM MOKHA OTPHUMATH TIiATOTOBJICHY IS B)KHBAHHS
MUTHY BOJY, BOAY TEXHIYHOTO MPHU3HAYEHHS Ta SKICHY IWCTUILOBAHY BOIY, a
TaKO)K CKOPOTUTH BHTPATH Ha BOJAOMIOCTAYAHHS.
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Ileuenka B.JI., nayu. xkep. KoBanesckuii C.B. (Ykpaina, M. KpamaTopchk,
JlonbackKka jeprkaBHa MallIMHOOY 1IBHA aKaeMisl)

AHAJII3 TEXHOJIOT'TYHUX ITPOLHECIB CKJIAJJTAHHSA
I'PYITIOBUX BOJITOBUX 3’€E/THAHb BEJIMKOI'ABAPUTHHUX
PEAYKTOPIB

Y cmammi naoan aumaniz mexmonociuHUX Npoyecié CKIAOAHHS 2PYNOsUxX OOIMOBUX
3'eonans pedykmopis. OcHO8HA y6aza NpUOINAECMbCA eheKMmMUSHOCMI 3ACMOCYBAHHA AHANIZY
3a605Ku  GIOpoOdiacHOCMUYi HA OCHOGI AKYCMUYHUX CUSHANIE BUHUKAIOYUX Npu 30Y0diceHi
PE30HAHCHUX 4aACMOM KOHCPYKYILL.

The article gives an analysis of the technological processes of the assembly of group bolt
connections of reducers. The main attention is paid to the efficiency of the analysis using
vibration diagnostics based on the acoustic signals arising from the excited resonance
frequencies of structures.

3abe3neyeHHs BUCOKOI HAAIMHOCTI TpaHCMicli poOOYOoro opraHy BHUpPOOY,
JIOBrOBIYHOCTI, CTaOUIBHOI ~ Tepenadl  KPYTHOTO  MOMEHTY,  HEOOXIiJIHICTb
3a0€3MeUYNTH AKICTh MEXaHI3MIB - BaXKJIMB1 XapaKTEPUCTUKU OyIb K0T MAIIIMHH.

Big 11p0r0 3a1€KUTh Tpare3aaTHICTh MAIIMHY 1 SIKICTh pOOOTH BUKOHABYOTO
MexaHizMy [1]. Ogaum 3 peamizaiiii Takux MaIluH € PEayKTOP.

3a0e3nedeHHsT SIKOCTI PEAyKTOpa IUKTYEThCS TEXHIYHMMU BHMOTaMHU 3a
KpPECJEHHSX, 11l BUMOTH 3a0€3MeUylThCSd KOHTPOJEM pEIyKTOpiB Ha eTamax
BUTOTOBJICHHS Ta BUIIPOOyBaHHS [2].

Haiikparie ysiBIeHHS PO SIKICTh PEIyKTOpa J03BOJIAE 3pOOUTH KOMITJIEKCHA
OLIHKA Mpale3IaTHOCTI PEIyKTOpa BUKOHYyEMa IIiJi HaBaHTaXeHHsSM abo 0e3
TaKOro Ha OCHOBI BIOPO/I1IarHOCTHUKH.

Peectpanisi ocobGnamBocTeld poOOTH penyKTOpa BUKOHYETHhCS 3a JaHUMU
BIOpaliiHUX CUTHAIB, sIKI OyAyTh OTpHMaH1 Bxe 310paHoro peaykropa. I me
JI03BOJISIE KOHCTaTyBaTW (akT BIANOBILAATH HEOOXiMHUM mapamerpam. llpu
HAsSIBHOCTI BIIXUJICHh BUPIO MOXke OyTH HAIpaBJICHO Ha JOOIPAIFOBAHHS.

OcHoBHA 1/1€s1 3aMPONMOHOBAHOI POOOTH TOJIATAE B TOMY MI00 copMyBaTu
HEOOX1H1 JIarHOCTUYHI MapaMeTpy B XOJ1 CKIaJaHHS Ha BCIX eTanax CKIaJaHHsS
BKJTFOYArOYM 301pKy MPECOBUX 1 OONTOBUX 3'eMHaHb. Lle Moxke OyTH JOCSATHYTO Ha
OCHOBI aHaJlI3y aKyCTMYHUX CUTHAJIIB BUHUKAIOUUX TPHU 30YIKEHI PE30HAHCHUX
4acTOT KOHCTPYKIIii [3].

Pe3oHaHCHI KOJIMBaHHS MIPOMOHYETHCS] BUKJIMKATH Ha BUPIO ITUPOKO-
J1ara30HHUM CIIEKTPOM CHUTHANIB PIBHOI aMILTITYIH.

152



B
il
U

J

i

il

o ﬁ. o

ic

L)
f

3

(1-konmponw 6onimosux 3’ €Onamb, 2-KOHMPOIb NPUISILAHHS NIOWUH 8ePXHbOI | HUNCHBOI, 3-
KOHMPOIb NOCAOOK NIOWUNHUKIB)

Pucynok 1. - KoHTposb napamerpis.

B pesynbTaTi (IKCYIOTHCS aMJIITYTHO - YACTOTHI XapaKTePUCTUKH BUPOOY 3
BHUJIJICHHSM €JIEMEHTIB CIIEKTpa BiJIITOBIIAI0YOT0 32 I1i MapaMeTpH.

30kpeMa TMpu KOHTPOJ OONTOBUX 3'€AHAHb TOBUHHI OyTH 3abe3rnedeHi
OJIHAKOBI YaCcTOTHI Jlala3oHd BIATYKY TapamMeTpiB OOJATOBUX 3'€HAHBD,
pPEeKOMEHJI0OBaHI YacTOTHI Jlala30HM MapaMmMeTpiB  IMOCAIO0K  IiIIUITHHKIB,
napameTpiB MPUIISTaHHS TIJIOIKH.

Jliig Toro 100 Taka po6oTta Oyina BUKOHaHA MOBUHHI OyTH c(hOopMOBaHi 1H-
dbopmartiitHi 6a3u aMIUTITYTHO -  YaCTOTHUX XapaKTEPUCTUK  OKPEMO  B3SITHX
00NTOBUX 3'€THAaHb, TaK HaTPUKIIA]] SK 11€ 3p00JICHO B
po6oti KoBanescbkoro C. B.  AKyCTHYeCKHMI  KOHTPOJIb  YCWIIMS  3aTSKKU
MHOT'00OJITOBBIX COSIMHEHHI HAa OCHOBE HelpoceTeBoro aHanmsa [4].

®dopmyBaHHA Takoi 1H(PopMaIiiiHOT 0a3u Moke OyTH BUKOHAHHIO HA OCHOBI
3aCTOCYBaHHS nporpamHoro 3a0esmeuenHss  \Wawetools 3 mporpamuuM
remepatopoM curHamiB tumy White 1 anamizatopa crekrpa wactot Analisist.
Analisist - anHamizaTop CHEKTPY YacTOT J03BOJsiE OHHM(PYBATH AaMILIITYIHO-
YaCTOTHY XapaKTEPUCTHKY KOXHOTO 00'€KTa.

PoGotu 3 miarHOCTHKM BeAyThbcs B Jiaboparopii mpoOiem, po3polieHa
METOJIMKa 1 BXK€ BUMIPOOYBaHA Ha PI3HUX OO'KTax Isl CTBOPEHHS MaTeMaTHUYHHUX
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Mozenelt mux o0'kTiB. B ganmii wac mpoBoauthes 30ip iHGoOpMaIiooHo# 6a3u mif
KOHKPETH1 MOJIEJI PEIYKTOPIB.

OCKUIbKH aMIUTITYIHO - YaCTOTHI XapaKTEepUCTUKU BUPOOY, 1110 30UpaeThcs
MOBUHHI 3a0€3MEYUTH aMILIITYJHO - YaCTOTHI XapaKTEePUCTHUKUA BUPOOYy B MOMEHT
BUTMIPOOYBAaHHs, TO HACTYIIHUM €TallOM BCTAaHOBIICHHS B3a€EMO3B'SI3KY MiX
310paHM BHUPOOOM 1 HOTO aMIUTITYJHO - YaCTOTHUMH XapaKTEPUCTUKAMU TPHU
BUTIpoOyBaHHi. l{e MOBHHHO OyTH BUKOHAHO 3 METOIO MPOTHO3YBAHHSI.

AYX ckinamaHHA
PEAYKTOPIB

[ndopmarriitna 6aza AUX
CKJIaJIaHHS

AUYX penykropa Inpopmariitna 6aza AUX
pu BUIIPOOYBaHH1 BUINIPOOYBaHHS

J

CTBOpEHHS MPOTHO3HOI MOJIETI1 /171l BCTAHOBJIICHHS €KCILTYaTaIllifHOTO pecypcy
BUpOOY

BMCHOBOK
Ha ocHOBi aHami3y naBox 1H(popmamiiHux 0a3 3alIaHOBaHO
chopMyBaTH HOBY MaTeMaTHU4YHY MOJIENb 1110 J03BOJISE€ TPOTHO3YBATH 1
YIPaBIATH PECYpPCOM BUPOOY Ha €Talll Moro CKJIaIaHHs.
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IlooopueB A.I'. wmarictp, Hayk. Kep. K.T.H., jom. IlikimeHsax A.B.,
(KpuBopi3pkuii HallloHaILHUM YHIBepcuTeT, M. Kpupuii Pir, Ykpaina)

YIIPABJIIHHA KUTTEBUM HUKJIOM BUPOBY HA
MAIIMHOBY AIBHUX HNIANNPUEMCTBAX KPUBOPIXKXKA IJIAXOM
BITPOBAJ/IZKEHHS TEAMCENTER PLM

YV cmammi euxnadeno nioxio Moxciugoeo niosuwjenHs —eghekmugHocmi pobomu
BUPOOHUYMBA 3A PAXYHOK 8NPOBAONCEHHS CYUACHUX KOMN TOmepHUX mexnHono2itl, wo 6i0nosioas
Ou c8IiMosUM MeHOeHYIAM PO36UMK)Y NPOMUCIOBOCMI Ma OY8 3ACHO8AHUU HA MAKCUMAIbHO-
ehekmueHoMy BUKOPUCMAHHI KAOpi8, MamepiaibHoi 6asu, npocpamHozo 3a0e3neyeHHs, niouy
BH3 i nionpuemcmsa.

Ha OGarateox mianpueMctBax KpuBopixks BIACYTHE 3a0€3ME€UEHHS €IMHOTO
JUKEepelia 3HaHb MPO BUPIO, TOMY IMpPH ICHYIOYIM CHCTEM1 YIpPaBIIHHSA XKUTTEBUM
IUKJIOM BHUPOOYy HE MPEICTABISAETHCS MOMKJIUBUM MiABUINEHHS €(PEKTUBHOCTI
poOotu mignpueMctB. CucrteMa yNnpaBIiHHS JaHUMH, SIKa BUKOPHUCTOBYETHCS Ha
OIANPUEMCTBAX HE 3abe3leuye HAOYHOCTI, 110 HEoOXiJAHA, SK JOCBITYEHUM
IHKEeHepaM, Tak 1 MojoauM ¢axiBIsgM. BiACyTHICTh KOHTPOJIIO HaJ KUTTEBUM
LUKJIOM BUPOOY, MPU3BOAUTH 10 JOJATKOBUX BUTpAT.

JUis BUpIIEHHS LUX MOpoOJieM AOUIIBHUM € BUKOPHUCTAHHS CYy4YacHHX
CUCTEM  YIpPaBIiHHSA  JKUTTEBUM  IHMKJIOM  BUpoOOy  Ta  TMIATOTOBKA
BUCOKOKBaNi(iKOBaHMX (axiBIIB 13 3HAHHAM [UX cucteM. lloTyxHum
1HCTpyMeHTOM Ha puHKy PLM cucteM Buctynmae mnporpaMHuil HOpOIYKT
Teamcenter PLM Bix Siemens PLM Software 6i3Hec-miapo3ainy genapTameHTy
Digital Factory Himenpkoro koHuepHy Siemens AG - OZHOro 3 MPOBILAHHMX
MOCTAYaJIbHUKIB MPOTPAMHHUX 3aCO0IB 1 MOCIYT 3 YINPaBIIHHSA KUTTEBUM ILUKIOM
BupoOu (PLM) 1 ynpaBniHHA TexHOJOTTYHUMH Tiporiecamu (MOM).

Cucrema J103BOJISICE:

- Opra”i3oByBaTH  €(EKTUBHE  BHUKOPUCTaHHS  MEpPEAOBUX  CHUCTEM
MPOCKTYBaHHS Yy TMpoIecl po3poOKH, TUM CaMuM, JONOMara€ TeperTH Bijl
BuKopucTanHa 3D moxeneit, sik BuXigHuX maHuX it opopmireHHs 2D KpeclieHb,
1o BukopuctanHs 3D mozeneit B SIKOCTI OCHOBHOTO JIOKYMEHTY, SIKMM MICTUTbH yCl
nani npo Bupi6. Ile nmpuBOAUTH MO CYTTEBOTO MIABUINCHHS €(QEKTUBHOCTI
sukopucranus CAD/CAM/CAE cucteM mignpHeMCTBA, IO MPU3BOAUTH 0
CKOPOYEHHSI TEPMIHIB BiJ] MOYATKy PO3POOKU A0 BUTOTOBJIEHHS MEPIIUX 3Pa3KiB B
2-3 pasu.

- opmyBaTH Ta BUKOPHCTOBYBAaTHU 3arajbHy 0a3zy AaHMX Opo BUPIO Ta
MPOLIECH, K1 TPU3BOJATH 10 MIABUIIECHHS SKOCTI KOHCTPYKTOPCHKOT JOKYMEHTAIli
Ta CKOPOUYEHHIO KUIBKOCTI 3MIH 3aBASKA BUKOPHUCTAHHIO 3arajbHUX 0a3 JaHHUX Ta
oOMexXyBayiB MaTepialliB, CTaHAAPTHUX Ta TMOKYIMHHUX BHUPOOIB, a TaKOXK
TEXHOJIOTIYHUX MOBIIHUKIB. CKOpOUYEHHSI TEPMIHIB IIJITOTOBKM BHUPOOHHUIITBA 3a
paxyHOK MOcCTiiiHOro oOmiHy iHopMalieo 3 koprnopatuBHoro ERP cuctemoro
HIANPUEMCTBA JAHUMH PO CKJIAJ BHUPOOY Ta IPYrHMX KOHCTPYKTOPCHKUX JaHHX,
HEOOX1MHUX JJI1 3aKymoK Ta IulaHyBaHHS BUpOOHUITBA. CKOpPOYEHHS dacy
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nonryKy iH(opmarii Ta 9uciia MoMUJIOK, 3B’ S3aHUX 3 BUKOPUCTAHHSIM 3aCTapilInx
JAHUX.

- OpPraHi3oBYBaTH CIUIbHY Y3TO/PKEHY pOOOTY KOHCTPYKTOPIB HaJA €JUHUM
CJIEKTPOHHUM MakeTOM BUPOOY, 1110 Be/ie K 3HAUHOMY CKOPOYEHHIO KIJIbKOCTI 3MiH
KOHCTPYKIIIH Ha Mi3HIX CTaAIsAX MPOEKTYBaHHS BUPOOY Ta MpU HOTO BUTOTOBJICHHI
32 paXyHOK CKOPOUYEHHSI KIJIbKOCTI KOHCTPYKTOPCHKHUX MTOMUJIOK.

- OpPraHi3oByBaTH MapayelibHy poOOTy HaJ BUPOOOM KOHCTPYKTOPCHKUX Ta
TEXHOJOTTYHUX CITYyXkO, 110 JO3BOJISIE CKOPOTUTH TEPMIHU BIANPAIIOBAHHS BUPOOY
Ha TEXHOJIOT1YHICTb, 3aBJIIKH JOCTYMHOCTI €IEKTPOHHOTO MaKeTy TE€XHOJIOTTYHUM
ciy:k0aM Ha paHHIX CTajisfiX TMPOEKTyBaHHA BHpPOOy, aKTyalbHICTh Ta
OJTHO3HAYHICTH 1H(OpMAIlii, 3 IKOIO MPALIOIOTh TEXHOJIOTIYHI CITyKOH.

- HaJlaBaTH JOCTYN JO0 JAAHHWX YCIM YYacHHKaM IMPOEKTYy He3aJeKHO BiJ iX
reorpa1yHOro MOJIOKEHHSI POOUTH IX B3a€MOJII0 OUIbII €PEKTUBHOI, CKOPOUYE
yac Ha MPOEKTYBaHHA BUPOOY Ta MIJBUIIYE AKICTh MPOITYKIIIi.

- (popmanizyBatu nporecu podotu 3 3D MoaensaMH, CTBOPUTH TEPEAYMOBU
10 npucBoeHHd 3D Mozeni cTtaTycy MEPBUHHOIO JOKYMEHTY, MPH I[bOMY 3HAYHO
CKOPOUYYIOTBCSL TEPMIHM TEXHOJIOTIYHOI MIJTOTOBKA BUTOTOBJICHHS 3aBJSKH
BUKOpHcTaHHIO 3D Mozene s po3poOKH Mporpam YNpaBiHHA JUIsl BEPCTATIB 3
UIIK Ta mpu npoeKkTyBaHHI OCHACTKH.

Cucrema Teamcenter BUKOHYe€ MDKIUCHUIUTIHAPHE YIPABIIHHS MPOLIECAMU
MPOEKTYBAaHHS Ta YHCEIHHOTO MOJICIIOBAHHS 3a paXyHOK IHTerpaiii 3 cucreMaMu
MCAD, ECAD Tta iHmmM#u poOOYMMH TIpOIlECAMH BUTOTOBIICHHS BHPOOIB.
[HTEerpanis pi3HOMaHITHUX 3ac00iB aBTOMATHU3allll MPOEKTYBAaHHS 3 CHUCTEMOIO
Teamcenter 3a0e3neuye MOMXJIMBICTb CTBOPEHHS €JIMHOI CHUCTEMHU YIPaBIIHHSA
BUTOTOBJICHHSM Ta YUCENbHUM MoOJEToBaHHSAM. CHCTeMa IHTErpyeTbcs Ta Mae
MO>KJIMBICTh IMIIOPTY/EKCIIOPTY 3:

- CAD/CAM nanum#, siKi CTBOPIOIOTHCS B PI3HUX CHUCTEMaxX MPOEKTYBAHHS:
NX, Solid Edge, Catia, Creo (Pro E), Solid Works, Inventor, AutoCAD, Ta iHIIHX;

- 3 Oynp-skumu CAE nmanumu, siki CTBOprOoThea y cucteMax NX Advanced
Simulation (NX Nastran), Femap, Ansys, MSC Nastran, Abaqus Ta iHIINX;

- 3a0e3meuyeThcs JOCTYN 10 AaHuX Teamcenter i3 gomatky Microsoft —
Word, Excel, Power Point u Outlook. Hampuxman, mpomemypu y3rojKeHHs
MOXXYTh BUKOHYBaTtHCh B Outlook, a odopmiieHHs 3BITIB, 3aCHOBaHMX Ha 3MICTI
BHUpoOy B Excel;

- 3 CIeliami30BaHUMH J0JaTKaMHt MO0 CTBOPEHHIO TEXHIYHOI JTOKyMEHTalii -
Cortona 3D, XMetal Author, ARBORTEXT Ta iHmmmu;

- 3a0e3ne4yeThCsl 30epiraHHs Ta yIpaBIiHHS €IEKTPOHHUMU JTaHUMHU Y OY/Ib-
AKuXx opmarax.

Teamcenter cnyXuTb HE TUIBKU 3arajbHUM JHKEPEJIOM 3HAHHS MPO BHPIO,
KpIM 1LBOT0 HajJa€ HIMPOKUN HAOIp IHCTPYMEHTIB JOCTYMY K IIMM 3HaHHSM.
3acHOBaHEe Ha TpyMax, poJsIX Ta MEPCOHAIBHUX AAHUX PO3MEXKYBaHHS AOCTYILY
JI03BOJISIE OPTaHI3yBaTH MapajeiabHy POoOOTY HaJ OJHUM BHPOOOM YCIX YYACHUKIB
NPOEKTy, Ta 3a0e3MeUnTH BUKOHAHHS BUMOT NO KOHQIICHIIMHOCTI Ta 3aXHCTy
1H(pOopMarlii.
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Teamcenter BOJIOJIIE PO3BUHEHOIO CHCTEMOIO EJIEKTPOHHOTO
JIOKYMEHTO000poTy (0i3HeC mpoliecamMu) IM0OYJI0BaHOTO II0 ACHUHXPOHHIN
apXITEKTypil, 10 JO3BOJISE MPOBOJUTH OAHOYACHI Y3TOKEHHS OlIbIIOT YaCTHHU
naHuX 0e3 3HUKCHHS IIPOYKTUBHOCTI CHCTEMHU.

[Tincucrema ynpapiinHs 0i13HecC MporiecaMu y Teamcenter 1o3BoJise:

-rpadiuHO OMUCYBaTH TMPOLEAYpM BUKOHAHHS Oi3HEC TIPOIECIB Ta
MapuIpyTiB  TMPOXOJKEHHS OO ’€KTIB  KOHCTPYKTOPCHKO-TEXHOJIOTTYHOT
M ATOTOBKH HiI[HpI/ICMCTBa'

- BUKOPHCTaHH: JIOTiKM YMOBHHX IEPEXO/IiB, MOXKIMBOCTI TapaeibHoi Ta
TOCITAOBHOI MapIIPYTH3ALii Ta IHIIMX MOKIHBOCTEL;

- ONMCYBAaTH CKIA[HI TPOLECH, SKi CKIAJAIOTBCA 3 MIA-NPOLECB 3
HEOOMEKEHUM PIBHEM BKJIAJCHOCTI;

- IeJIeTyBaTU 3a/layl 1HIIMM KOPUCTyBayaM, a y BUMAJKY BIJCYTHOCTI 3
OyJIb-IKUX MPUYMH Ha pOOOYOMY MICTI, JIeJIETyBaTH MMOBHOBA)XCHHS HA MEBHUMN
nepioJ yacys;

- KOHTPOJIFOBATH TEPMIHU MPOXOKEHHS CTaAll Mpouecy;

- IPUBJIACHIOBATH PI3HI CTaTyCcH 00’€KTam B 3aJI€KHOCTI BiJ MPU3HAYEHD
poLecy;

-30eperTé  BCIO iCTOpiO  [iif, BUKOHAHHX yYaCHUKaMH IIpolecy 3
MOJKIIMBICTIO OTPHUMAHHS HEOOXiIHHUX 3BITIB;

-3a0€3MEeUNTH 1HTETpallilo 3 30BHIIIHBOIO EJIEKTPOHHOK CKPUHBKOIO Ta

IIOYTOBHUMHU KHIGHTaMI/I

—(— 2z

Issue nol rejected

w o
Pucynox 1 — Orusin iporiecy y3ro/pKEHHs Pi3HUX eTariB BUPOOHUIITBA

BinMiHHOIO 0COONMBICTIO CHCTEMH € HasBHICTb MOAYJs Maintenance,
Repair & Overhaul (Teamcenter MRO) sikuii npu3zHaueHuUM AJig yOpaBiIiHHS
JaHUMH Ha eTalll eKCIulyaTallii, BAMpoOyBaIbHUX, POOIT 3 JOCBIAYEHUM 3pa3KOM
BUTOTOBIICHOTO KOHKPETHOTO €K3EMILISPY BUPOOY Ta 3abesriedye 1aHUMH CepBICHI
1IPO3/ILIIH, po3paxyHI<OB1 Bi)l)IiJ'II/I ta 1HmN. Teamcenter MRO niKBi)]ye
iH(opMAaLIHHII PO3PHB MK CTCMiaTiCTAMH MiAPO3/ALIIB JIOTICTHKA Ta TEXHIYHOTO
OOCITyroBYBaHHs 3 OAHiel CTOPOHHM, Ta MAPO3MIMIB KOHCTPYKTOPCHKO-
TEXHOJIOTTYHOT MATOTOBKHU 3 1HIION.

OpHi€0 3 TOJOBHUX 3a7ad CUCTEMHOI 1HXKEHepii € 3ale3meueHHs ycix
YYaCHHUKIB MPOEKTY 3arajbHUM ‘“MIKAMCLUIIIIHAPHOIO MOBOK~ 3a0e3neuyroun
B3a€MOJII0 MDK yYaCHMUKAaMHU MAapKETUHTY, JU3aiHEpiB, KOHCTPYKTOPIB,
€JIEKTPUKIB, IPOTPAMICTIB Ta 1HIIHX.
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Jlns  peamizamii OpUHIUINB K1 3akiaaeHHl y miaxoal “CucremHoi
imkenepii” Teamcenter Bosogie  BiAMOBIIHUM  gomaTtkomM —  CucTeMHe
MPOEKTYBaHHSI.

JHlomatok y moBHi# mipi peamizye miaxing RFL5SP (Requlrements Functional
Logical PhySICaI) — BUMOTH, (DyHKITIOHAJIbHa MOJEIIb, JOTiYHA MOJIEh, (hi3MIHUN
3pa3ok Ta BianoBigHuMu BuMoramu IEEE 1220, ISO 15288, EIA 632 ta INCOSE
B 00nacti CUCTEeMHOT 1HXeHepii.

Honarok “CucreMHe IPOEKTYBaHHS JTO3BOJISIE BECTH OaraTopiBHEBUIA OMHC
BUpOOy Ha PIBHI CHCTEM 3 BHKOPUCTAaHHS (YHKIIOHAJIBLHOIO, JIOTIYHOTO
MOJICTIIOBAaHHS Y TIOCTIMHIN 3B’S13111 3 BUMOTaMu JI0 BUPOOY Ta HOTO KOMIIOHEHTaM,
3a0e3Meuyoun €MHY Ta y3TOJKEHY cepeily ONUCaHHs Mall0yTHHOTO BUPOOY.

J10 OCHOBHUX (PYHKIIIH BITHOCSTHCSI:

- 6yz[yBaHH;1 GyHKIIIOHATBHUX Ta JIOTIYHUX cxeM 3acobamu MS Visio, a
TaKOXK apXiTeKTyPHHM MOJCIIOBAIBHUKOM y CEpeli TOHKOIO KIL€HTa - Active
Workspace Client 3 aBToMaT30BaHUM OyyBaHHSIM BIANOBIIHOI CTPYKTYPH;

- BU3HA4YCHHS 1HTEpQeiciB MK (DYHKIIOHATBLHUM, JIOTIYHUMH CXEMaMH Ta
€JIEMEHTaMHU KOHCTPYKTOPCBHKO1 pO3pOOKHU;

- BU3HAYEHHS [TPOCTEKYBAHOCTI 3B’ 13Ky MK BUMOTaMH, (DyHKIIIOHAJIbHUMH,
JIOTTYHMMH CXEMaMH Ta CICMEHTAMU KOHCTPYKTOPCHKOI p03pO6KI/I

- IHTEerpaiiss 3 CHUCTEeMaMM TOBEIIHKOBOTO MojentoBanHs (AMESIM,
Simulink, Ta 1HIIMX)

Teamcenter muUpoKO BUKOPUCTOBYETHCA HA MIANMPUEMCTBAX HACTYMHUX
rajxy3eil MpOMHCIIOBOCTI, TaKUX SIK aBiaOyJyBaHHS Ta OOOPOHHA MPOMHMCIIOBICTb,
CyIHOOYTyBaHHS, aBTOMOO1IE0Yy TyBaHHS, MATUHOOYAYBaHHS Ta €HEPreTHKA.

JIng  Ttoro mo0 3a0e3meunTH  MANPHEMCTBA  MAaIIMHOOYMYBaHHS
BUCOKOKBaTI(IKOBaHUMHU  (DaxiBLsMU, 13 3HAHHIM MepeIoBUX  CHCTEM  Ta
TEXHOJIOTI ~ KOMIUIEKCHOI ~ KOHCTPYKTOPCBKO-TCXHOJOTIYHOI  MIATOTOBKH  Ta
YIPaBIiHHS BHPOOHMITBOM, a BHITYCKHHKIB IH)XCHEPIB-MEXaHIKIB POOOYMMHU
MICI_IHMI/I HE0OX11HO, 11100 HaBYaIbHI MJIAHU MiATOTOBKH 6aKanaBplB CIELIAJIICTIB,
MaricTpiB MalIMHOOYMIBHOTO HamNpsIMKy OyiIM Y3TO/PKeHI 3 MiANPHEMCTBAMU
periony, cepen skux: AMKP, BAT “IliBHiuHMil TripHUYO-30arauyBagIbHUM
koMOiHat”, BAT “IliBnenHuii ripuuyo-30arauyBanbHuii komOiHat’, OOO HIIII
“Anamant”, TIAT “EnmsBopti”, IIAT “T'impocmia” Ta mepembayany BUBYCHHS
texgoysorii 3D - MopmemroBaHHS JeTajled 1 CKIQJadbHUX OIWHHUIL 3
BukopuctanHsaM cydyacHux CAD/CAM/CAE, PDM ta PLM- texHoOT1H.

BucnoBok. Bukopucranus cydacaux CAD/CAM/CAE, PDM ta PLM-
TEXHOJIOT1l y HABYAIbHOMY MpPOLECi NPH MiATOTOBII iHXCHEPIB-MEXaHIKIB Ta
CHIBIIpaIlsi 3 MiANPUEMCTBAMU Y HAMNPSIMKY BIPOBADKEHHS WX TEXHOJOTIH Ta
ampo0Oailii OTpUMaHUX CTYJCHTaMH 3HAHb Ha PEaTbHUX BUPOOHUYUX MOTYKHOCTSIX
COpUSTUME OpraHizaiii e()EeKTUBHUX BUPOOHUYMX, TEXHOJOTIYHUX MPAKTUK IS
CTYJICHTIB, 1110 OPIEHTOBAHI Ha BUKOHAHHS PEAIbHUX POOIT 1 paHHIO CHeIliai3alliio
CTYJI€HTIB, BUKOHAHH1 KypCOBHX IMPOEKTIB Ta BUITYCKHUX MAariCTepChbKuxX pooOiT 3a
pealibHOI0 BUPOOHHUOIO TEMATUKOIO.

CIIMCOK ITOCHUJIAHD.

1.http://www.csoft.ru/catalog/soft/teamcenter/teamcenter-11.html
2.https://sapr.ru/article/24140
3.https://ideal-pIlm.ru/uEditor/files/4/345/Teamcenterul11ulRusulBrochure.pdf

158


http://www.csoft.ru/catalog/soft/teamcenter/teamcenter-11.html
https://sapr.ru/article/24140
https://ideal-plm.ru/uEditor/files/4/345/Teamcenterul11ulRusulBrochure.pdf

YK 514.18; 621.869
Paryain B.M. (Ykpaina, m. Xapkis, XHAZLY)

AOCHIKEHHSI HABAHTAJKEHHSI MEXAHI3MY HNIJABICKH
TAT'OBOI PAMHU ABTOI'PEU/JIEPA 3 BUKOPUCTAHHAM
KOMIT'IOTEPHOI'O MOJAEJIIOBAHH

Y pobomi poszensidoaemvcsi 00Ha 3 aKMYAibHUX HAYKOBO-NPAKMUYHUX NpoOLem
NO8 SI3aHUX 3 NIOBUWEHHAM eheKmUBHOCmi pobomu Mexauizmy niosicKu mse080i pamu
asmoepetioepis.  Bupiwenus O0anoeo numauHs —00CACAEMbCA  WIAXOM — NEPEPO3NOOINY
HABAHMAIICEHOCMI 3d PAXYHOK MOOEPHI3ayii Mexanizmy niogicku pooo4o20 001a0HaKH:, a came
KIHeMamuKuy pyxy 6UKOHABYUX 2I0OPOYUNTIHOPIE NIOIOMY-ONYCKAHHA mA2080i pamu. Modentogans
pobomu  Mmexamizmy asmozcpetioepa SUKOHYEMbCA 3d OO0NOMO2010 CYHACHO20 NPOSPAMHO20
naxemy Autodesk Inventor.

The paper deals with one of the current scientific and practical problems associated with
improving the efficiency of the motor graders traction frame suspension mechanism. The
solution to this issue is achieved by redistributing the load due to the modernization of the
suspension mechanism of the working equipment, namely the movement kinematics of the
hydraulic cylinders lifting and lowering traction frame. The operation of the motor grader
mechanism is performed by using the modern software Autodesk Inventor.

Opniero 3 3eMJICPUHHO-TPAHCIIOPTHUX  MAIKMH,  AKI  HaWOUIbII
BUKOPUCTOBYIOTHCS Y JIOPOKHbOMY OYIIBHUIITBI, € aBTOorpeiaep. Ha #oro mosro
BIJIBOJISITHCA TUTAHYBaJIbHI, TPO(UIIFOI0Y1 Ta 1HIITT pOOOTH MO 3BEICHHIO 3€MJISTHOTO
MIOJIOTHA Ta 0OCIIYyTOBYBaHHIO JAOPIT.

VY 3B'SI3Ky 3 BEJIMKOK KUIBKICTIO 3aBJaHb, MOKIAJACHUX Ha JaHy MallUHYy
3pOCTalOTh MEXaHI4HI [ii, 1 SK HaCHIJOK, HE€ KOHTPOJIbOBAHMW MEPEepPO3MOAILI
JMHAMIYHOTO HABaHTAXXEHHS Ha POOOYMIA OpraH, a caMme, Ha MEXaHI3M MiJBICKU
TsroBoi pamu (MIITP), mo npuBoauTh 10 3HMWKEHHS €(EKTUBHOCTI €KCIUTyaTauli
MaIIHHY.

Y ocHOBY OUIBIIOCTI JOCHITHULIBKAX METOAUK TMOKJIaJACHI IIJIOCKI
pPO3pPaxyHKOBI CXEMH, IO MPOMOHYIOTh MPUKIAICHHS 30BHINIHIX HABAHTA)KEHb
TUIBKA B IUIOIIMHI TOJOBXHIX OCel BHKOHABUMX TIAPOIWIIHIAPIB. Bxazani
3ayBa)KCHHsI 3allepedyl0oTh ICHYIOY1 CKJIaHOII B aHaui31 HaBaHTaxeHocTi MIITP.

3 JOCBiMy eKCIUTyaTallii aBTOTperIepiB 1 JITepaTypHUX TAHUX BiIOMO, IO
Bix 20 10 60 % Buxo/iB 3 aay BukoHaBumXx rigpouuiinapis MIITP BinOyBaeTncs
13-32 aCHMETPUYHOTO BUKOHAHHS JIaHOT KOHCTPYKIII, SIKE BUKJIMKAE HEPIBHOMIPHE
HABAHTAXKEHHSA 110 OOpTax MalllMHM, 1 O0araTOKpaTHE MEepEeBUILECHHS 3yCUIIb B OJIHIN
MOPOKHUHI TIAPOUMIIIHIPA MO BIAHOMICHHIO 0 APYroi IbOr0 K T1APOLUIIIHIpa
[1-3].

EdexTuBHa 1 npoaykTrBHA poOOTa poboUoro oOJaJHAHHS aBTOrpeiaepa i
MaIllMHU B IIJIOMY, 1CTOTHO 3aJI€KHUTh BiJI MOXKJIMBOCTI KOHTPOJIIO HAmpsAMy Aii,
MPUKIIAZACHHS 1 pO3MO1TY 30BHIIIHHOTO 3yCHIIJIS HA CKIIAHY IPOCTOPOBY CUCTEMY
MIITP. Kotpe nie uepe3 rpeiaepHuil BiaBaJ, SKUA Mae 3MOTry 3ailiMaTu
PI3HOMAaHITHI MOJIOKEHHS B IPOCTOP1 BITHOCHO MAIlIMHU 1 poO0YO0i TOBEPXHI.
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Mertoto maHoi poOOTH € AOCTITKEHHS HaBAaHTAXEHHS MEXaHI3MY TMiBICKH
TATOBOi paMM aBTOrpeljepa mpu 3MiHI reomerpli KoHCTpykiii MIITP 1
KIHEMATUKHW PYXY T1APOIUIIIH/PIB MAHOMY-0ITyCKaHHS JAaHOTO MEXaHI3MY.

ExcniepuMenTanbH1 AOCHIPKEHHST Ha MPUKIIAAl aBTOTpeigepa CepeaHboro
kiacy [I3k-251 [4] Ta aHani3 BIUIMBY HaBAaHTA)KEHHS BUKOHABYMX T1APOIMIIIH/IPIB
MIITP nanoi mamwuuau [5, 6, Ta 1HINI| TPUBEIU 0 BUCHOBKY MPO JOILIBHICTH
3MIHU MICIIS KPITUICHHS IITOKA T1APOLUIIIHIPY BUHECEHHS TATOBO1 pamMu yoOik [7].

Jlns BupimeHHs 1i€i mpoOieMu HalpalioHANbHINIE BHUKOPUCTATH METO/]
TPUBHUMIPHOTO KOMII'FOTEPHOTO MOJICTIOBaHHSA. B SKOCTI MpOTrpaMHOTO MPOAYKTY
OyB BuKOpHcTaHui porpamuuii maket Autodesk Inventor (pucynoxk 1).

3riTHO 3 METOAMKOIO TPUBUMIPHOTO MOJEITIOBAHHS 3MIHIOBAIN TTOJIOXKEHHS
TOYKHU KPITUICHHS IITOKY TiAPOMFIIHIPY BHHECCHHS TATOBOI paMH 10 MOMECHTY,
1o 3abe3neuye npane3gatHicte MIITP Ta, sik HacaiAOK, aBTOrpeiiiepa B LIJIOMY.
Jlana omepamis HeoOXigHa JJIi OTPUMaHHSA TIOYATKOBUX JAaHUX IS
MaTEMaTUYHOTO MOJICJIIOBAHHSI PO3pPaxyHKIB 3YCWJIb Y TPbOX BHUKOHABYMX
TIIPOIMITIHAPAX MOJIEPHI30BAHOTO MEXaHI3My, a caM€ BH3HAYCHHS KYTIB
BCTAHOBJICHHSI TSATOBOi paMH BIIHOCHO BIATMOBIHMX OCEH, a TaKOX KOOpPJMHAT
TOYKHU KPIIUICHHSI ITOKY TiAPONUIIHIPY BUHECEHHS TATOBOI pamu y Oik [5].

3ycuiisi 'y TPbOX TIAPOUMIIHApPAX BIJ OJUHUYHOTO HABAHTAXKEHHS
PO3KJIAJEHOr0 MO BIAMOBIAHUM OCAM B 3aJI€KHOCTI BiJi KyTiB BCTAHOBJICHHS
TsiroBoi pamu (o = 0 pazg, B = - 0,0917 pan, vy = 0 paa) Ta KOOpAUHAT KPIMJICHHS
mToky rigpouumiaapy (Rs) (x = -2,383 m, y =-0,08 M, z=- 0,017 M) HaBeneHi
y Tabmuui 1.

Tabnuus 1. JlaHi 0AHOTO 3 BIpTyalbHHUX JTOCIIIKEHb

Hasanraxenns, kH Cxema HpI/I’-IEJ?:;:HH;I Sycniis y FlIfPOHHHIHIIpl, xkH
IIOYaTKOBOI'O mpaBoOMy JIBOMY BHUHOCY

Px | Py | Pz MONOXKEHHs HABARTWICHIEL ) (R)) (R2) (Ra)

Ha B1ABaJl

-1 0,8157 | 0,8309 | 05163
-1 A -1,0994 | 0,5753 | -1,6517
-1 04971 | -2,5128 | 2,0157
-1 0,2793 | 0,2935 | 0,5056
-1 —— C 0,2793 | 0,2935 | 0,5056
-1 04773 | -1,040 | 0,5628
-1 0 ( -0,2545 | -0,241 | 0,4952
-1 S E -1,0994 | 0,5753 | -1,652

-1 04575 | 0,4326 | -0,89
-1 U -0,7884 | -0,7748 | 0,4849
-1 U0 G -1,0994 | 0,5753 | -1,6517
-1 0,4378 | 1,9054 | -2,3431
-1 -1,3223 | -1,309 | 0,4746
-1 J -1,0994 | 0,5753 | -1,6517
-1 0,4180 | 3,3781 | -3,7961
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Pucynok 1. KinemaTuka pyxXy npu 3MilieHi TOYKA KPITUICHHS IITOKY
TAPOLUMIIHAPY BUHECEHHS TAroBoi pamu: a — 300 mm; 6 — 800 Mm

Po3rasiHyTii MeTo KOMIT IOTEPHOTO MOJENIOBAHHS JI03BOJISIE 3 BHCOKOIO
TOYHICTIO 1 MaJMMH BUTpaTaMU 4acy BUKOHYBAaTH KIHEMATUYHUW Ta CHIJIOBUN
aHaJi3 rJIpONpPUBOAY MEXaHI3MY ITIJIBICKH TATOBOI paMH aBTOIPEHIEPIB.

BukopucroByroun MOJEpHI30BaHUN MeXaHI3M IMJABICKHM TITOBOi paMu
Ma€eMO 3MOTY 3MIHIOBaTH KOOPJIMHATU TOYKH KPIIJIEHHS IITOKY T1IPOUUIIHIPY
BUHOCY TSTOBOI paMu, II0 Y CBOIO 4Yepry J03BOJIE€ 3MEHIIUTH HEPIBHOMIPHICTD
HABaHTA)XCHHS MK MPOTHJIKHUMH 0OpTaMy MAaIlMHU B a0COJIIOTHOMY 3HA4YCHHI Y
1,2...2,2 pasu pH KyTi 3axBaTy rpeiiaeproro Bigsamy 90°.

3MiHa KOOPJAWHAT TOYKM KPIIUICHHS INTOKY TAPOLMIIHAPY BUHOCY TITOBOI
pamMu He BIUIMBAE Ha (PyHKIIOHAIbHI BJIAaCTUBOCTI aBTOrpeiaepa.

3aBIIAKK pPO3pOOJICHOMY MEXaHI3MY 3’ SIBUJIACA 3MOTra pEKOMEHyBaTH OLIbIII
YiTKI TOJIO)KCHHS BHUKOHABYMX TIAPOIMIIHAPIB ISl 3MEHILICHHS IIOJIOMOK Ta
301IbIIIEHHS €(DEeKTUBHOCTI pOOOTH aBTOrpeiaepa.
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VJIK 364

PomkoBa B. O., ctynentka, Hectopyk H. A., x. nen. H, mou.(Ykpaina, m.
baxmyt, I'TM JIBH3 «JIAITY»)

HNCUXOJIOTTYHA IIIATPUMKA KAJPOBOI'O TA HAYKOBOI'O
INOTEHIIAJTY BUPHOBHHUIITB HA 3ACAJAX I'EIITAJIBT-TEPAIIII

B pobomi npesenmosano nosuyionyeamms 2cewimanb-mepanii, AK OONOMO2U NpPU
ACUXONI02TUHUX NPOONEeMAX KAOPOB8O20 MA HAYKOB020 nomenyiany eupooHuyme. 30ilicHeHO
00TPYHMYBAHHS NOJIONCEHL WOOO MOICIUBO20 NIOBUWEHHS NPOOYKMUBHOCMI Npayi YNpasiiHyie
ma ix nione2nux npu GUPIUIeHHI NeBHUX NCUXOJIOLIYHUX NpoOIeM ma 8UPOOHUYUX CUMYayil Ha
3acadax eeutmanbm-mepanii.

AKTyaJdbHicTh. Ha 1aHMii MOMEHT TelTalbT-Tepamisi € OJHHM 3
HaWUMOMYJISPHIIIMX 1 LIIKABUX HAIIPSMKIB B IcUxoTeparii. BiH BIIOMUI HE TIJIbKU B
VkpaiHi, aje 1 B IHIOMX KpaiHax. 3acCHOBHUKOM Tepamii OyB HIMELbKUN
ncuxoaHaniTuk Openepik [lepn3. Came cI0BO remraibT HIMEIBKOTO MOXOMKEHHS
(gestalt) i o3nagae cTpykrypy, oOpa3, TOOTO remITaabT-Iie MUTiICHUH o0pa3.besmiu
BUCHMX JIOBOJSATH, IO JIIOJU CHOPUIMAIOTh CBIT UUIICHUMHU CTPYKTypamu
(remrranbramu). OTKe, AIOJUHA 0AUUTh HE OKPEMO SKICh €JIEMEHTH, a KapTUHY B
migoMy. besnmid TCUXOJOTiB, MO0 JOCHIKYIOTH TPOOJIEMH Y CYCHUIBCTBI,
3BEPTAIOTHCS caMe J0 TeIITabT-TICUXOJIOT1i, I[00 BUPIIIUTH iX.

AHaJi3 octaHHiX aocailkeHb i myOJikamii. Ha nmanuii MoMeHT Oe3miu
TICUXOTEPAIeBTiB 1 ICHXOJOTiB AHATI3yIOTh HANpSAM TIelTambT-Tepamii. Koro
BUBYAIOTh SK TEIITAIBT-TEPANeBTH,TaK 1 3BHYalHI Oakaroui jroam. barato xTo
IJTYTA€E MOHSTTS TeIITAIBT-TICUXOJIOTIIO 1 FeIITalbT-TEPAIio.

['emTanbT-ICUXOJIOTIE — HAMpsSM B TICUXOJIOTiI, KWW BWHUK Ha IOYATKY
1920-x pp. B Himeuuwuni; po3moBigaB mpo Te, IIO aHali3 YaCTHH HE MOXeE
3a0€3MeUYnTH pPO3YMIHHSA LUIOTO. 3aCHOBHUKOM HAampsIMKy OYB HIMEUbKUI
nicuxogior Makc Beptreiimep.

['emrranpT-TEpamnisi—ie OAUH 3 HAMPSMKIB B ICHXOTeparii, 10 BUHUK B
cepeanHi MUHYJIOro cTomiTTs. CeHc Tepartii: JouHa 1 BCe HaBKOJUIITHE — €IMHE
rie. HaiBiqoMimmmM 3aCHOBHUKOM TeIITaIbT-Tepaii € @piapix [lepms.

['emrransT-Teparisi, 3BU4aitHO, TIOB'A3aHa 3 TEIITANIBT-TICHXOJIOTIEI0,alIe HE €
onHakoBUMU TepMminamu. Hampukian, Mepi XeHii, remTanbT MCUX0JIOT 1 ICTOPUK,
JOCITIJKyBaia B3a€MUHM MDK [emTansT mcuxosoriero 1 ['emranpT-Tepamiero i
MpUIILIIa 10 HACTYMHOTO BUCHOBKY: «Te mo Ilepn3 3poOuB MoxkHa onucatu K —
B3STH KIJIbKa TEpMiHIB 3 [emTasbT TCHUXOJOTii, PO3TATHYTH iX 3HAYECHHS [0
HEBII3HAHHSA, MEpeMilaTh iX 3 4YacTO HESICHUMHU 1 HECYMICHUMHU MOHSTTAMHU 3
MIMOMHHUX HaIpsAMIB TCUXOJIOT1I, €K3UCTEHIami3My, 1 MIpKyBaHb 3JI0POBOTO
TIIy3dy, 1 Ha3BaTH ycio Lo cymim IemrramsT-Tepamiero. Moro po6ora He Mae
HISKOTO CYTTEBOTO 3B'SI3KY 3 HAYKOBOIO Te€IUTAIbT ICHXOJIOTIE. SKIIO
CKOPHCTATHUCS MOTO BJIACHOK MOBOIO, Ileps3 3pobuB "miock cBoe", mo O 1e He
O3HAYaJIo, 1110 He Ma€ BiAHOCUHHU 10 ['emTanbt neuxosorii» [1].
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To6To, remranpT-TEpamisi — 1€ METOJA MPAKTUYHOI TICHXOJIOTIi, SIKUH
CIpSIMOBaHUM Ha YCBIJIOMJICHHS 1 aHaji3 MaIllEHTaMU BChHOTO HEBHUCIIOBIEHOTO, 3
METOI0 T1030aBJICHHS BiJ IpoOjieM 1 rapMoOHi3allii OCOOMCTOCTI Ha 3acajaax
relTalbT-Teparii.

Ak kazaB Kmaynio Hapanxo: "['emtanbT-Teparis... e OUIbIe Teparis, Hixk
Teopis, OUIbIIIe MUCTEIITBO, HIXK TIcuXoJioriyHa cuctema [2]. ['emransT TpeHIHTH 1
KypcH TeIITalbT-Tepamii MOXHa IPOBOJUTH CaMOCTIHHO,0€3 MPUCYTHOCTI
relTaibT-TePaneBTa, A HOTO € 037114 METO UK.

MeTo10 €TATTi € TMO3UIIIOHYBaHHS TeINTANIbT-TEpamii, sIK AOMOMOTH MpU
MICUXOJIOTTYHUX MPOoOIeMax KaJpoBOT0 Ta HAyKOBOTO MOTEHIIIaTy BUPOOHUIITB.

Bukiaa ocHoBHoro marepiany. OcCHOBHA CyTh Teparii — II€ JOTOMOTa
JIIOJIMHI PO3BUHYTH ii CAMOCBIAOMICTb, YCBIJIOMUTH 1 3aBEPIUIUTH TEIITAIBTH, SIKI ii
TypOy10Th. ['emransT-Tepanisi akleHTye yBary JIIOJIMHM HAa JaHUA 4dac, TOOTO B
JlaHy XBWJIMHY B JaHOMY MICIIi, BOHA JIOTIOMAarae Maii€HTOBl HABUUTUCS KUTHU «TYT
1 3apa3», yCBIJOMJIIOBATH BJAcHI MOYYTTSA, YCBIJIOMIIIOBAaTH MPUYMHU TOSBH Ta
HACIIIJIKM, K1 MOXKYTh OyTH. Teparris 1ornomarae JIFOAUHI TEePEKUTH SKICh CKIIaIHI
i TypOytoui MOMeHTH. TOX, JIJIsl MOYAaTKy 3HaXOJUThCS SKACh CKIIaJHA CUTYaIlis, a
MI3HIIIE MTYKAIOThCS MPUYUHHU ii osiBU. HacTymTHUM KpOKOM CTBOPIOETHCS 1151 cama
CKJIaJiHA CHUTYaIllis, MAllIEHT BYUTHCS CIPABIIATUCS 3 HEIO BXKE 3HAIOYW NMPUYUHHO-
HACJIIKOBI 3B'SI3KH, TOOTO MPUYNHU BUHUKHEHHS.

['onoBHa MeTa remranpT-Tepamii — JOCATHEHHA OUIbII  TOBHOTO
YCBIJIOMJICHHSI ce0€: CBOiX MOYYTTIB, MOTPeO, OakaHb, TUIECHUX MPOIECIB, CBOEI
PO3YMOBOI [IISUIBHOCTI, @ TaKOX, HACKUIBKH MOXJIMBO, MOBHOTO YCBIJIOMJICHHS
30BHIIIHBOTO CBITY, 1 B TMEpILy Yepry — CBITY MIKOCOOUCTICHUX BIJIHOCHH.
['emrranbpT-Teparist He MparHe 0 HeraiHoi 3MiHM MOBEAIHKH 1 IIBUJIKOTO YCYHEHHS
CUMIITOMIB. YCYHEHHsI CHUMITOMIB a00 3MiHa TOBEAIHKH, JOCATHYTa 0e€3
JIOCTaTHHOTO YCBIJIOMJICHHS, HE Ja€ CTIMKUX PE3yNbTaTiB ab0 MPU3BOAUTH 0
BUHUKHEHHSI HOBUX MpoOieM Ha wmicii crapux [3, c. 21]. TemrransT-Teparnis
JIOTIOMAara€e BUPIMIMTH Taki TpoOJeMH SIK: JENpecis, HENPUUHATTI ceOe,CBOTO
MUHYJIOTO, CBOiX TIPOOJIEM.

BuaingroTs JeKlIbKa OCHOBHUX 3aBIaHb:

1. PoGora 3 emormisMu. OnOTUMaNEHO TPALMIOBATA 3  TPYIOBOIO
NCUXOTepari€o, mo0 BIAKPUBATHCS CHUIKYBAHHIO, HABYUTHCS YCBIIOMIIIOBATH
CTIpaB)KHI TOYYTTA, AEMOHCTPYBATH X OTOUYIOUUM.

2. YMIHHA BIAPI3HUTA MUHYJE BiJ ChOTrOJieHHs. Po3yMirouMm 3Ha4YeHHS
KO>KHO1 )KUTTEBOI 00CTaBUHU, BXKJIMBO 1HIUBIYyAJIHHO 3 HEIO MPAIFOBATH.

3. Anamniz. J{nsg B1acHOT CB1IOMOCTI HEOOX1THO BIAOKPEMIIIOBATH 1 TOBHICTIO
BIJIMNYCKAaTU HEraTUBHI €MOIlii, MpaloBaTh HaJA 3'SICYBaHHAM MPUYUH iX
BUHHUKHEHHS.

4. Ypara go Tina. KimieHt npeacrasisie BiacHi npoOieMu, MPUPIBHIOE iX 10
CBOIX BHYTPIIIHIX BIAYYTTIB. B pe3ynbpTaTi MOTipIIy€eThCS 3arajbHe CaMOMOYyTTH,
noTpiOeH aHami3.

Bueni moBenu, mio icHye KUTbKa YMOB, 3aBASKH SIKHM Teparmis Oyze
IPOXOJUTH O1IbII YCIIIIHO.
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[To-nepiie, Tpeba BXXKUBATH 3aMMEHHHK «S» 1 BIAMOBHUTHCS BiJl «MW», «BIH,
«BOHA», «BOHI.

[To-apyre, BiIMOBUTHUCS BiJ JIECTIB «HE MOXKY» 1 «HE XOUy» Ha KOPHUCThb
«TIOBUHEH» 1 «TIOTPEOYIO».

[To-TpeTe, MPONMOHYIOTH BIAMOBUTHUCS BiJ MUTaHHA "doMy" 1 3aMIHUTH HOTO
Ha NMUATaHHS "K'

A OCTaHHBOIO YMOBOIO € 3aMiHa MUTAJILHUX (OPMYJIIOBaHb Ha CTBEPAHI [3,
c. 23].

o crocyeThcsi TemTaabT-TepaneBTa, TO 1€ JIOJUHA, 3aBAaHHAM SIKOi €
JOTIOMOTa KJIIE€HTY Yy BHpIIMIEHHI WOro mpobiieM. BiH HE TUIBKM JomoMarae BaMm
¢dboxycyBaTUCS HA CHOTOJICHHI, ajie i PO3YMITH NIPUYUHHI HE3aKPUTHX TeIITANbTIB B
MUHYJIOMY, TOOTO TpUMaTU OAHOYACHO JBa yacy B OayaHci. BiH momomarae Bam
aHaJi3yBaTH CBOi €MOIIli, TOYYTTsI, BAMHKU 1 IPUUMATH BIJMOBIIAbHICT 32 HUX.
OTxe, SKIIO JIFOJUHA YCBIAOMIIIOE, 10 BOHA poOuja HE TaK, TO 3MOYKE 3MIHUTH
ChOTOJICHHS 4M Mail0yTHe. Ha nymKy remTtanb-TepaneBTiB «JIIKA Bil MUHYJIOTO
3HAaXOJAThCS B TENEPIIIHbOMY yaci". SIKIIo 0 uHa KUBE MUHYJIUM 4acoM abo X
HABIAKU MalOYTHIM,TO JIFOJIMHA HE KUBE MOBHOI[IHHUM >KUTTSM, BOHA HE >KHBE
«TyT 1 3apa3». TepameBT HE PO3MOBiJa€ MalLl€HTY B YoMy Oyjia HOro moMumika,a
HIJIITOBXYE 0 YCBIAOMJICHHSI CBO€I MPOOJIEMHU, aJK€ YCBIIOMJICHHS 1I€ MEPIINi
nusix o yemixy. IlcuxorepaneBr Tersna Maprtunenko kaszana: "HemoximBo
BUPIIUTHU MpoOJeMy Ha TOMY X PiBHI CBIJIOMOCTI, HA SKOMY BOHa BHHHKIA. Lle
B1JIOM€ EHHIITEHHIBCbKE BUCIOBIIOBAHHS YOMYCh 3aBXK/U 3a0yBa€ThCs KIIIEHTaMU
Ha npuiiomi y nicuxoreparnenta' [4].

3a cTaTUCTUKOIO, 0araTo MpooJieM MOB'A3aH1 3 TUTUHCTBOM. MOKIIUBO, Oyiu
KOH(UIIKTHI cUTyalii a0 B3aJluIIWIKCS HENpUEMHI crnoraaud. | sk MU BXKe
pO3yMI€EMO, i€l HE3aUMHEHHI remTanbT 1 nepeHicces Ha Haile MailOyTHe. Takox,
relITalbT-TEPANleBTH BBAXKAIOTh, 1110 MPOIEC Tepamii MOBUHEH TPUBATHU JO IBOX
POKIB, JIOBIIIE BXK€ HE € HOPMOIO, a camMa PO3MOBa MarlieHTa 1 KJIE€HTa TMOBHUHHA
TpuBatu 0JU3bK0 50-60 XBUIIMH.

[Ilog0 OCBITHBO-HABUYAIBHOI MOJIITUKH, TO BOHA BCE OLIBIIE OPIEHTYETHCS HA
po6oTY 3 JTHOACHKUM YMHHUKOM, MTOBEAIHKY MepcoHany opraHizauii. Lle akTyanizye
POJIb TICUXOJIOTIYHUX ACHEKTiB €(PEeKTUBHOCTI HaBUaHHSA. ToMy OCOOIMBY yBary
OPUAUIAIOTh MDKOCOOHCTICHMM 1 TPYHmOBUM MpoOjieMaM; HaBYaHHIO CIIOCO0IB
BUKOHAHHS TOB'SI3aHMX 3 I1HHOBAIISIMU 3aBJaHb 1 MPONLEAYpP; KOPUTYBAHHIO
YCTAaHOBOK 1 MOBEJAIHKOBUX CTEPEOTHIIIB CIIBPOOITHUKIB; BUBUCHHIO BIUIMBY 3MIH
B Opraizaiii Ha HOPMH 1 LIHHOCTI TMEPCOHANy, L0 3yMOBIIOE€ MOAM(DIKAIIIIO
YCTAaHOBOK TOBENIHKH, CTUMYJIIOE IIJIBUILIEHHS MPOIYKTUBHOCTI Mpalli, SKOCTI
BUKOHAHHS 3aBJIaHb.

EdexkTuBHICT HaBYaHHS YIpPaBIIHCHKUX KaJApiB 3a0e3MeuyloTh Taki
TICUXOJIOT1YH1, 30KpeMa i COIaIbHO-TICUXOJIOT14H1, YAHHUKU:

1. Po3B's3aHHs y mpoleci HaBYaHHS peajbHUX NPAKTUYHUX MpooIIeM,
3aCBOEHHS 3 I[I€I0 METOI0 HOBUX METOMAIB 1 3aco0iB poOOTH. 3a TaKMX YMOB
HaBYaHHS (PYHKIIIOHY€E B €AHOCTI 3 TBOPYUM PO3B'SI3aHHIM MPOOIIEM.
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2. CtaBlieHHS 10 HaBYaHHS SK JO OJHOTO 3 BHIIB JOCIITHUIILKOI pOOOTH.
Ile cTBOprOE J0/IaTKOBY MOTHUBAIIIIO Ta MiABHUIINYE SKICTh 3aCBOEHHS HOBHX 17€H 1
HOBOTO Marepiainy. 3aBIsSKH I[bOMY BiJOyBa€TbCS TO€JHAHHS HAaBYAHHS U
JTOCITIIKEHHS.

3. OpienTanis HaBYaHHS Ha PO3BUTOK JIOJWHHM, 3MiHY 1i MOIJISAIB,
YCTaHOBOK, IIIHHOCTEH, HOPM, YMIHHS JIATH BIAMOBIIHO 3 HAOYTHMH 3HAHHIMU.

4. IHTEeHCHBHE 3arauOJIeHHS B IPOOJIeMy, BiJIBOJIIKAHHS BiJl IOTOYHUX CIIPaB
3aBJISIKY TVIMOOKIM KOHIIEHTpAIlii Ha MaTepiai.

5. [TobynoBa HaBYAIBHOI POOOTH BiJ CKIAHOTO JI0 TIPOCTOTO, a HE HABMAKH.

6. Bxitouenns y po6oty HagMipHux 00'eMiB iH(opmaii.

7. OpieHTallis Ha 1HTEHCUBHMM PO3BUTOK OCOOMCTOCTI MiJ Yac TPYMOBUX
3aHSITh, TOIIIO.

BucnoBku. ['emranpT-Tepamiss MOXE JONOMOITH YNPABIIHISAM Ta IX
M1JUIETIUM BUPIIIUTH Oe3miu rpolJieM, aje B Meplly 4Yepry JoJuHa MOBHHHA
IBOTO XOTITU. Teparnis MOXKe JOTOMOITH JIFOJIMHI IPUUTH IO YCBIOMIJICHHSI ce0e,
CBOiX €Mollii, TOMUIOK. BoHa MO)Xe HABYMUTH >KUTH B TapMOHIi 3 co0Ow0 Ta
OTOYYIOUUM CEPEJOBHIIEM 1 CIIPUAMATH MUHYJIE SK JOCBIJ, a HE NCUXOJOTIYHY
npobimemy. Ha panuii MOMEHT, TeIITAIBT-TEpamis € OJHUM 3 HaWBIJIOMIIIMX
HaIpSMKIB B MCUXOTEpaIii,Tak ik BOHa Mae 0e3:114 3aco0iB, 3a JOIMIOMOTOI0 SIKUX
MOXKHa JOMOMOITH KaJpOBOMY Ta HAyKOBOMY TMOTEHIIAly BHUPOOHUIITB Y
BUPILIEHH] MEBHUX ICHUXOJIOTTYHUX MPOOIeM, BUPOOHMYMX CUTyallid, OO0 MPsSMO
MPOMOPIIAHO BIUIMHE Ha ONTUMI3ALII0 TPOIYKTUBHOCTI Mpalll NepCcoHamy.
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JOCJIIIKEHHAA  EHEPI'O3BEPEKEHHSA B CYYACHHX
TPAKTOPAX 3A TOITIOMOI'O OB’EMHOI'O I'TAPOITPUBO/JIA

Posenanymi  pecynamopu  pezynosanns pob6ouoeo 06’emy Hacocie ma 2i0pomMomopis
00 ’emMHuUx 2i0ponpueodie OOpPmM0oB02o X00y Ma HABICHO2O 0OJIAOHAHHA MPAKMOPIB, 8 AKUX 3d
00nOMO2010  3ac00i6  eneKmpo2iopoasmomMamurku  00CAAEMbCA  ABMOMAMU3AYIs i
eHep2030epPedCeH sl Ha PEHCUMAX MPAHCHOPMHO20 X00Y MAd MEXHOI02IUHUX ONEPaAYIsX.

CydacHl [JOCSATHEHHS B TpPAHCMICIIX Ta MPUBOJAX  TEXHOJOTTYHOTO
oOnaJiHaHHS TPAKTOPIB BHUMArarOTh PETEIBHOIO BMBUYEHHS Ta 3aCTOCYBaHHS iX B
CTBOPEHHX Ha 0a3l TpakToOpiB OY/IBEIbHO-AOPOKHIX Ta MiIHOMHO-TPAHCIIOPTHHUX
MamuHax. Hampukian, 3 MeToro yHiBepcami3amii riJpocUCTEM B B 00’ €MHHX
rigponpuBoaax (OI'Tl) 3HallluM 3acTOCyBaHHS Taki T1IPOPO3NOAUIBHUKI, SIKI
MOXXYTh BHKOHYBAaTH 3 IMEPCHAJAIITYBAHHSAM pEXKUMH pOOOTH  HABICHOTO
o0alHaHHS CLIILCKOTOCIOJapbCKOro TpakTopa abo HaBaHTa)KyBada Yd MPUBOJIIB
MOCTOSTHHOI YaCTOTH OOEPTaHHS I'IpOMOTOpA.

BiTui3HsiHa HayKOBO-TEXHIUHA JIiTepaTypa HEAOCTAaTHbO MPHUIALIAE YyBary
CY4aCHUM JIOCATHEHHSM B OITI, 30Kkpema OCHalIEHHUX CHCTEMaMH
CJIEKTPOTIAPOABTOMATUKA Ta CHCTEMaMH €HEPro30epekeHHs  TpPaHCMICiil Ta
3ac00iB yMpaBIiHHS HABICHUMU TMPUCTPOSMU. TakoX HEOOXIJHO  BHUBYATU
JMHAMIYHI HaBaHTAXEHHS T1JIPONPHUBOIIB, XapaKTep SIKUX CYTTEBO BIUIMBAE Ha
pecypc TiApONpPUCTPOIB — HACOCIB Ta TAPOMOTOPIB, B MEPIILY YEPry.

TakuM YMHOM, METOI JaHOi POOOTH € aHajl3 Cy4acHUX JIOCSATHEHb B
€HEPro30epeKeHH1 T1APONMPHUBOJIB TPAKTOPIB Ta CHpoOa BUSBUTH MOKIIUBICTH
IPOBEICHHS JTUHAMIYHOIO aHaii3y poOOTH T1IPONPUBO/IIB.

3miHa poOoYoro o00’emMy TiapOMalIMH 3a0e3Meuy€eThCsl 3a JIOMOMOIOK0
pPEeryJaTOpiB PI3HOTO NPUHIMIY JAii, [0 BIUIMBAIOTh HAa PEryJibOBaHUN OpraH
Hacoca abo TipoMoTopa (HAMPUKIAA, MOXWIHA AUCK B aKClaJIbHOMIOPIIHEBUX
rizpomammHax). HoMmeHkiatypa perynaropiB AOCTaTHHO IIUPOKA, JO3BOJIIOUU
3aJI0BOJIbHUTH BHMOTaM MpakTU4HO Oyab-skoro tumy OI'TI [1]. PerymroBanHs
pobodoro 06’eMy TiapOMaIIMH A03BOJIAE: 1) 3a0€3MeunuT HEOOXIIHY IMIBUAKICTH
TiIPOJABUTYHA 3 ICTOTHO OUIBIII HU3LKMMH BTpaTaMU MOTY>KHOCTI B TIOPIBHSHHI 3
JIPOCETBFHUM  CIIOCOOOM  PETYJIIOBaHHS IIBHJKOCTI, 2) PO3IIUPUTH BEPXHIH
Jl1arma3oH 4acTOTH O0epPTaHHS T1IPOMOTOpa 3 PeryIb0OBaHUM poOourM 00’ eMoM Oe3
MIJBUIIICHHS BCTAHOBJIIOBAHOI TOTY>KHOCTI Hacoca 1 TPUBOJHOTO JBUTYHA;
3) amantyBaTH pOOOTY Hacoca JI0 PeKUMY 3a0e3MeUCHHS TOCTIHHOCTI MOTYKHOCTI
Ha BHXIJHOMY Bajly TiIpo]iKOBaHOI MaIlUHU; 4) 3a0e3MeUnuT  PEXKUM
eHeprozoepexxeHns: npu podoti OI'Il 3 apocenbHHM crocoOOM perysrOBaHHS
MIBUIKOCTI.

OCHOBHI TUIIU PETYIATOPIB: 3 TIAPO- 1 ENEKTPOTIAPABIIYHUM YIPABIIHHSM,
sKe 3A1MCHIOE OmepaTrop MalIMHM (Taki PEeryJisaTOpU HOCSITh HAa3BYy — CTEXKHOTO
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TUIy; aBTOMAaTUYH1 PEryJSITOPH MOCTIMHOCTI TUCKY; KOMOIHOBaHI MOCTIHHOCTI
TUCKY Ta PETYJIIOBAHHS BUTPATH; PETYISATOPH MOCTIHHOCTI MOTY>KHOCTI.

BamexxHocTi  BuTpatd pobouoi pimuun (PP) mHacoca Q, 3 perymstopom
CT€KHOTO THUIYy BiJl MOJIOKEHHS PETryIIOBAIILHOTO OopraHy X: KyTa Haxuiy @
PYYKH TIEPEMIIICHHS TPHBOAY CTEKHOTO 30JI0THHKA, THCKY KepyBaHHS
PEaYKLIHHUM T1APOKIanaHOM py Ha BXOJ1 B TAPOIMIIAP 3MIHUA KyTa IMOXHIJIOTO
TUCKY, a00 3Ha4YeHHA cTpyMy | Ha IpoOmOpHIHHUX eleKTpOMarHiTax He3aae:KHO

BiJl KOHCTPYKTHUBHUX BIJIMIHHOCTEM pErylATOpiB iX XapaKTEPUCTUKH HOCATH
OJMU3BKUI 10 MHIHHOTO XapaKTep

Qui = 10_3VpH,i ‘n, = f|.0_3VpH ;c;a ‘N, /X8, (1)

3
ne VpH — MaKCHMaJIbHE 3HAa4eHHsS po60yoro o0’eMy Hacoca, CM™,

V

pH,i
a..b — soma kepyBanmeHOi MyckymbHOI 260 eneKTpHYHOI 1ii HA CTEXKHHUIA
30JI0THUK 200 THUCKY Ha T1IpOLMIIIHIP PEryJsTopa Hacoca,
X — KepyBaJlbHa Jis B Jiana3oHi Big & 10 b (miamazon Big 0 no £+ a €
30HOI0 HEYYTJIUBOCTI),

3
— IOTOYHE 3HAaYEHHS poOo4oro 00’eMy Hacoca, cM”,

-1
N, —4acToTa 00EpPTaHHA HACOCa, XB

TakuMm 4uMHOM, IJI PErynisTopa 3 TIAPABIIYHUM KEPYBaHHSM 3HAYEHHSMU
a..b e tuck Py, CTBOPIOBAHUU Yy MOPOKHUHAX CHJIOBOTO TIIPOLMIIIHIpA, AJIS

PETYIIATOPA 3 eNEKTPOTIAPABITiYHEM KepyBaHHAM 3HadeHHsMU a...0 e enexrpruni
curnamu (ctpymy | a6o manpyru U ) s nii Ha nponopuiiiauii enexTpoMarsit
PEAYKIIIHHOTO KiamnaHa, JUisl peryjsTopa 3 MyCKYJIbHUM KEPYBaHHSIM 3HAYCHHSIMU
a..b e Bizxumenmss Tarm KepyBamHA (0. 3HAueHHS THCKY KepyBaHHS,

€JIEKTPUYHOIO CUTHATY a00 KyTa BIIAXWJICHHS TATH HaBOASTHCS MOCTaYaIbHUKAMU
T1ApOMAIIIVH, JTO3BOJIAIOUU CIIOXKHBAYy niaiopaTu BIJIMOBIAHY 3a
XapaKTEepUCTHUKAMU  amaparypy KepyBaHHS a00 KIHEMAaTHKy MEXaHI3My
MYCKYJIBHOTO KepyBaHHs. YacToTa 0oO0epTaHHs TiIpoMOTOpa MPONOopLiiHa Moaayi
PP, minBeneHoi Big Hacoca

V., Vou (x—2)
Myi = Ny~ N Mon = My — NorMon» XB 2)
N VpM oH'lo VpM (b—a) ou'lo

. ) . 3
e VpM — pobounii 06’eM rigpomoTopa (IOCTIHE 3HAYSHHS ), CM ",

Noug 1 Moy — 00 emumii KKJ[ Hacoca (xoedilieHT BUTpaTH) 1 riZxpomMoTopa,
BIJIIIOBIIHO.
IIpu excTpeManbHHX 3HaueHHAX X=a i X=D oxepxyemo HymboBy i
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MaKCUMaJIbHY YaCTOTH 00€pTaHHSA T1ApOoMOTOpa

M,MaKC

JIns BU3HAYCHHS THUCKY PEIyKyBaHHS Ha BXOJl B CHJIOBHM TiIPOLMTIHJIP
a00 3HAYCHHS €JICKTPUYHOTO CUTHAITY OJCPKUMO TaKy 3aJI€KHICTh

VpM Myi (b—a)

VpH "Ny *Non * Nowm

X=a+

(4)

TakuM 4MHOM, MOKJIMBE MOIEpPEAHE BU3HAUYCHHS KEPYIOUOTO CUTHATY s
roro monanpmioro 3apaaHHs npu podoti OI'Tl (6e3mocepenHpo THCKY abo
€JIEKTPUYHOIO CUTHAlTy, (OPMOBAHOTO €JEKTPOHHUM OJOKOM KepyBaHHS
MPOTOPIIHUM EJIEKTPOMATHITOM).

B Vxkpaini mianpuemctBo «l'iapocuna» (M. KpomiBHuIBKHIT) BUpOOIISE
akcianpHonopirHeBi OI'TI (I'CT) 13 3aMkHeHUM JaHIoroM nupkyssmi PP 1 3
0e3cTymniHdacTuM peryistopoM tuny EP 3a qonomororo peayKuiitHuX KiianaHis.

Perynarop «moCTIMHOCTI THCKY» SIKHAWNOBHINIE BIANOBIIa€ BUMOTaM
€HEPro30epeKeHHs, OCKUIbKM aBTOMATUYHO MIHIMI3y€ 3aTpadyyBaHy HacOCOM
MNOTYXHICTh y TIepio/ ay3 poOOTH TEXHOJOTIYHOIO YCTAaTKyBaHHS 1 CTaB IIMPOKO
3actocoByBaTucs B JipocesbHUX OI'Tl. 3HM)KEHHS BTpaT MOTY>KHOCTI SIK pe3yJIbTaT
e(EeKTUBHOCTI €HEPro30epeKeHHs] NpPH BUKOPUCTOBYBAHHI PETyJIsATOpa THITY
«MOCTIMHOCTI TUCKY» BHU3HAYaAIOTh 32 (POPMYJIIOIO

AP = £ QMaKC _ QMiH . KBT
60

: ()

MNmakc Numin

ne Q, e — TEOPETHYHA MOa4Ya HAcoca 3 MIOCTIHHUM po6ounM 06’ €MOM, JI/XB,

2
Qi — TEOpeTHYHa Mojada Hacoca 3 PErylboBaHMM poOouMM 00’€MOM Ha
PEXHUMI CIIPaIlbOBYBAHHS PETYJIATOPA, JI/XB,

Nuaxe — 3aranbauii KK Hacoca 3 nocTiiHuM po6o4nm 00’ eMom,

Nuig — 3aransauii KK/I Hacoca Ha pesxuMi CIpalboByBaHHS PETyIATOpa,
P — TuCk HarHiTaHHsS Hacoca (IPUIMAEMO MOCTIMHUM ISl PETyJIbOBAHOTO 1

HEperyIboBaHoro pexumin), Mlla.

Hnst anamizy nuHamiuaux xapaktepuctuk OI'TI, mo sgxux BITHOCSTH
3aJIEKHOCTI BUTpPATH HAcoca, THCKY 1 YacTOTH OOepTaHHS TiApoMOTOopa Ha
MyCKOBOMY a00 TaJbMIiBHOMY pPEXKHMaX, BHKOPHUCTOBYEThCS MaTEMaTUYHE
MOJICTIOBaHHSI 3a JIOTIOMOTOK TIAaKeTy OOYHuCIoBabHUX OnokiB VisSim [2].
Matematnuni mozeni ayg OI'TI 3BOPOTHO-MOCTYNANBHOTO 1 00€pPTaIbHOTO PyXY
ctBopeHi A.T.H. Jlypee 3.4. [3], y TomMy uucii 3 ypaxyBaHHSM THUMYaCOBUX
IHTEpBAJIIB IIPU MYCKY 1 3yMHUHII TIIPOJABUTYHA, 1 3 BBEJICHHSIM B JaHl MOENI
XapaKTEPUCTUK MEPETUBHOIO KJamaHy 1 peryystopa BUTPATH MPHU APOCEIbHOMY
peryntoBaHH1 MBHUAKOCTI. Pesynbratu pospaxynkiB ans OI'TI 3 rigpomoTtopom

169



MpUBECHI Ha OCITWIOrpaMax (pUCYHOK 1), 1o MOKa3yrTh HA TE, MO 3HWKCHHS
yacy BUXOJly Ha MaKCHUMaJIbHY BUTpaTy Hacoca J03BOJISIE 3MEHIIIUTH PUBKU TUCKY
3 73 nmo 51 MIla. Take iCTOTHE 3HHU)KEHHS KOJIMBAHb TUCKY € BITYYTHHUM 3 TOUKH
30py 3HMKEHHS JUHAMIYHMX HaBaHTa)XEHb 1 MMIBUIIIEHHS JOBIOBIYHOCTI Hacoca 1
rigpomoropa OI'TI. Crnin 3a3HauuTH, M0 HAUOUIBII 3pDYYHUM CIIOCOOOM KOHTPOJIIO
yacy BUXOJly Ha MakCHUMaJlbHy BUTpaTy Hacoca 1 XapakTepy KOJUBaHb THUCKY
BUSIBIISIFOTHCS 3QJIKHOCTI 3MiHM BUTOKIB QyT Hacoca abo riipoMoTopa BiJl Yacy
podoru OI'Tl. Ha pucynkax 4iTko (DiKCyeThCS 4Yac BHUXOAY HAa MaKCHMAaJbHY
BUTpATy Hacoca 3a JOMOMOTOI0 KOHTPOIIIO 4acy crabumizarii BuTOKiB QyT: Ha
pexumi (a) 6mm3eko 0,24 ¢, Ha pexumi (0) 6mmswsko 0,01 c.

zemrap |y £pt (2 (B 5| pacmr] 2o | = (8%
p. MIIa 80— NI
» 40 » 60 p. Mlla
20 ¥
‘[> |:| | | -[> |:| |
0 1 2 3 0 05 1
Time (sec) Time (sec)
a §

Pucynok 1 - XapaktepucTuku TUCKY (BepxHiil Tpadik) 1 BUTOKIB B HacOC1 (HUKHIN
rpadik) mpu pi3HOMY Yaci BUXOy HacOca Ha MAaKCUMAaJIbHY BUTPATy

BucHoBkH
1. TlpencraBneni marepianu AalOTh MIACTaBU  JUIsl OUIIIL HIMPOKOTO
3aCTOCYBaHHS TIPOMPHUBO/IB 3 MAIIMHHUM PEryJbOBAaHHHAM IIBUIKOTI poOOYOTO
oprasy, ik OJTHOTO 3 JIMCHUX (PaKTOpPIB €HEPro30epeKeHHS.
2. Caia 3a3HaYUTH HA MOJANbIIEe BUKOPUCTAHHS JJI pO3paxyKiB JAMHAMIKA
T'iJIPONPUBO/IA 32 JIOIIOMOTOFO MaKeTa MPHUKIATHUX TporpaM VisSim.

Cnucok nocusiaHb

1. Aepynin I'A. Ocnosu 006’emnoco 2ioponpusooa i 2i0pONHeEMOABMOMAMUKIL:
(nasuanvHutl nocionux) / (I"A. Aepynin, LI Kupuuenxo, I.1. Mopos), nio peo. I'. A. AepyHina. —
X.: XHANTY, 2009. — 424 c.

2. Knunauée H. B. Mooenuposanue cucmem 6 npoepamme VisSim: Cnpasounas cucmema.
— Online sepcus 1.0. — Yensbunck, 2001. — ¢paiinos 214, un. (apxus Offline sepcuu —
vsmhlpru.chm).

3. Pacuem, npoexmuposanue u 3KCHIYAmMayusi 00beMHO20 2UOPONpusood: yuebHoe
nocooue / (3. JI. Qunxenvwmeun, O. M. Hxno, B. I'. Heban, 3. A. Jlypve, U. A. Yexmacosa). —
Kues.: HTYY «KIIH», 2006. — 216 c.

170


http://model.exponenta.ru/help/vissim.htm
http://model.exponenta.ru/vsmhlpru.zip
http://model.exponenta.ru/vsmhlpru.zip

YK 621.7.013: 617.3

CuBoxonb M. JI., x.1.H. 3anora O.0., 1.1.H, npod. 3anora B.O.
(Yxpaina, m. Cymu, Cym/J1Y)

TEXHOJIOI'TYHI OCOBJIMBOCTI BHUI'OTOBJIEHHSA BHUPOBIB
OPTOIIEANYHOI'O NIPU3HAYEHHA (CYIIIHATOPIB)

Ilokazano, wo 011 epekmusHo20 BUKOPUCINAHHS [HHOPMAYIUHUX —THHOBAYIIHUX
MeXHONI02IL NpU NPOEeKMYBAHHI MA BUCOMOBIEHHI OPMONEOUUHUX BUPODI8 PAYIOHANLHOW €
micHa 83aemo0is iHJiceHepie ma nikapie — opmonedis. B pobomi npedcmasneni pesyrbmamu
docniddceHb npoyecie  00pobnenus Ha @pezepromy eepcmami 3 HIIK cyninamopis i3
KOMRO3UMHUX Mamepianie 3 uacmomamu obepmanns wnunoens 0o 20000 06/xeé i nooawamu (8 —
10)-1 0*vm/xe.

The close cooperation between engineers and orthopaedists is rational for the effective
use of innovative CAD/CAM technologies in the design and manufacturing of orthopaedic goods.
This article represents the results of researching of the machining of orthotics from the

composite materials on the CNC milling machines with spindle speeds of up to 20,000 rpm and
feedings (8-10) - 10°mm/min.

CydacHl TeHJEHIII PO3BUTKY €KOHOMIKM B IUJIOMY Ta, 30Kpema,
BUPOOHUIITBA BUPOOIB, 0OCOOIMBO COLIATILHOTO MPU3HAYECHHS, BEIYTh 10 TOTO, IO
BCE YACTIIIE BUKOPUCTOBYETHCS MYIbTHAUCIUIUTIHAPHUNA MIAXI O PO3POOKH,
KOHCTPYIOBAaHHS Ta BUTOTOBJICHHSI HOBUX BHUPOOiB. MoBa ii/ie HE TIJIBKU MPO BXKE
3BUYHE 00’ €/IHaHHS 3HAHb, HAIPHUKJIA, B IH)KCHEPHIM Ta EKOHOMIYHIN Tamy3sXx, a i
OUTBIII PO3TANYKEHUX, HAMPUKIAJA, MEAUYHUX. PO3BUTOK CydaCHUX TEXHOJIOT1H
NPOEKTYBaHHS Ta BHPOOHHUIITBA «IIAIMITOBXYE» MEIULMHY JO PO3POOKH
HOBITHBOTO OOJaJHAHHS, YCTaTKyBaHHA Ta BUPOOIB JJIS MOJIMILEHHS CTaHy Ta
KUTTA JroguHu. Y CyMCbKOMY JI€pKaBHOMY YHIBEPCHUTETI, y 3B S3Ky 3
OJIHOYACHOK HASBHICTIO Yy HboMy MeauuHoro iHctutyty (MI CymlVY) 1
(bakynabTeTy TEXHIYHMX cucteM Ta eHeproedektuBHuX TexHoisorii (TeCET),
TOOTO 1H)XEHEPHOT0, pO3pOOJIEHO Ta BIPOBAIKEHO MPOEKT CTBOPEHHS HA Kadeapi
«Texnomnorii mMamuHOOynyBaHHS, BepcrariB Ta 1HCTpyMmeHTIB» (TMBI) Ha 6asi
nentpy Delcam-CymJlY menuko-iHxkeHepHoi sadoparopii. ['o0BHOIO yMOBOIO
JUTsl BIPOBAKEHHSI TAKOTO MPOEKTY 3 METOK YCHINTHOI MPAaKTUYHOI peaizariii
CY4YacCHHX MiAXO/IB Y MEAUYHOMY Ta 1H)KEHEPHOMY HaIpsiMax € MOKJIUBICTh TICHOT
B3a€MO/IIi 1H)KEHEPIB-MEXaHIKIB Ta MEAUKIB SIK Y HAyKOBOMY HaIpsIMKYy, Tak 1 B
MPaKTUYHOI peamizaiii OTPUMaHMX PE3yJbTaTiB TaKoi B3aEMOJIl MUISTXOM
BUTOTOBJICHHS MEIMYHUX BUPOOIB, III0 MOKYTh HE TITLKH MOJIMIINTH CTaH JIIOJIEH,
a HaBITh 1 YCHIIIHO JiKyBaTu iX. Hampukiaa, ogHUMHM 13 3a7]a4 TaKOTO MPOEKTY, €
CTBOPEHHS CYYacCHOTO BHCOKOTEXHOJIOTIYHOIO BHUPOOHUIITBA IMIUIAHTATIB 1
MpOTE3iB  Cyryo0iB, KIHIIIBOK Ta IHIIMX YacTUH Tila, 1HAMBIIYyaJIbHOTO
OpPTOMEAMYHOTO B3YTTS Ta IHAMBIAYaJbHUX OPTONEAUMYHHUX YCTIUIOK, 3yOHHX
MPOTE3IB Ta IMIJIAHTATIB 3 BUKOPHUCTAHHSAM 1HHOBAI[IMHUX MaTepialiB 1 TEXHOJIOT1H
MPOEKTYBaHHS, BUPOOHUIITBA Ta Cy4aCHOIO 00JIaTHAHHS.
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Bukopuctanuss cy4acHMX 1HHOBAI[IfHMX TEXHOJOTIH, NpUTaMaHHHUX
MEXaHO0OpOOIIOBAIBHIN Tray3i (CydacHl IHCTpYMEHTaIbHI MaTepiaiu, MBUAKICHE
Ta HAAMBHUAKICHE pi3aHHS, TaHTCHIIMHE pi3aHHS TOIIO), HAIIPUKJIIAJ, B OpTOMEIli
JIO3BOJIAE HE TUIBKH 3HWXKYBAaTH COOIBApPTICTh OPTONEIUYHOI MPOAYKIli, a M
3abe3reuyBaTl IUISIXOM TICHOI B3a€EMOJIT 1H)KEHEPIB Ta JiKapiB- OpPTONEIiB ii
KOHKYPEHTOCTIPOMOXKHICTh, @ TaKOXX BECTH OUIbII €(PEeKTHBHY IIIJITOTOBKY SK
MPaKTUYHUX TIPAIIBHUKIB Yy MeAu4HIA cdepl, Tak 1 BHCOKOKBaTI(hiKOBaHHX
1H)KEHEpHUX KaJpiB.

OcTtaHHiM YacoM IS BUTOTOBJIICHHA PI3HUX BHUPOOIB MEAMYHOTO
NpU3HAYEHHS, ¥ T.4. B OpTONe/ii, Ha0yBa€e PO3MOBCIOKCHHSI BUKOPUCTAHHS IS
HUX TUIACTUYHHUX MaTepialiiB Ha OCHOBI eTwieBiHUTaneraty. Pasom 3 TuMm, Ha
TENEepIlHIA Yyac BUTOTOBJIEHHSI MEIUYHUX BUPOOIB OPTONEIUYHOTO MPU3HAYEHHS
HalJacTIIle BHUKOHYETHCSA 3 BHKOPHUCTAHHAM TaKHX METOJIB SK JIUTTA,
TepMO(OPMYBaHHS, IIITAMITyBaHHs, SKi 3HAYHO 301JBIIYIOTh BAapTICTh TaKUX
BUPOOIB 1 Yy 3B’S3Ky 3 HEOOXIJIHICTIO BHUTOTOBJIEHHS J0JIaTKOBOTO OCHAIICHHS
(opM, mITaMITIB TOIIO) y’KE YACTO POOJIATH iX B Cy4aCHMX PUHKOBHX yMOBaX He
KOHKYpEHTOCIpOMOXHUMH. KpiM TOro, take MeauuHe OCHAILLEHHS MOXe OyTH
EKOHOMIYHO e()EeKTHUBHUM, SIK MPaBUJIO, y OaraTocepiiHOMYy Ta MacOBOMY BHJIax
BUPOOHMIITBA, Y TOU YacC, K Y MEJAMYHIN MPAKTHULIl TaKi BUPOOW HEPITKO MOBUHHI
MaTy 1HAUBITyaIbHUM xapakTep. Came TOMY OJHHUM 13 3aJOBUIBHUX BapiaHTIB
BUTOTOBJICHHS TaKUX BUPOOIB HA 1IEH Yac BCE IIE 3aATHUIIAETHCA 00POOKa pi3aHHSM.
Pa3zom 3 Tum, aHami3 jgiTepaTypu TOKa3aB, 110 Ha ILEM Yac Maibke MOBHICTIO
BIJICYTHI peKOMeHAAIll II0JI0 BUOOPY pi3adbHUX IHCTPYMEHTIB, PEXKUMIB pI3aHHS
Ta cTparerii 0OpoOKM JaHOTO TUITY MaTepialiiB, a 0COOJIUBO 3a YMOBHU 00OpOOJICHHS
KOMIO3UTHUX  HEMETAiYHUX  MaTepiaiiB, sKi  MPEACTaBIAIOTH  COOOIO
OaraTomrapoBUMil €TUJIEHBIHUIALETAT, 1110 HA PI3HUX AUISHKAX Mae€ pi3HI TBEPAICTb
Ta MUIbHICTh. OpTONEeINYHI BUPOOU 3 IIMX MaTEepialliB MOXKYTh CYTTEBO BILTUBATU
HAa YCyYHEHHS TmpoOJeM 31 CTaHOM 30pOB’S JIIOJUHHU, OCOOJUBO JTUTHHH,
MOB’SI3aHUX 3 OINOPHO-PYXOBHM araparoMm, sIKi € OJHHMU 3 HaWOUIBIIUX Y
CydyacHOMY CycHuibCTBI. [IpruyoMy BUHHI B IIbOMY HE CTUIBKH XapaKTEpHI IS
TENEePIIIHFOTO Yacy ManopyXOMi yMOBH noOyTy Ta mpari ynLTpauHBiniSOBaHo'l’
JIOJIMHU, CKITBKH CBiJIOME 4YH HECBIJIOME TOPYIIEHHS 3aKOHIB O10JIOT1YHOI
MEXaHIKH, SKUM TIIKOPSEThCS KOXHA KICTOYKAa 1 KOXKHA 3B’si3Ka JIFOJCHKOT
CKEJIETHO-M S30BOi CHCTEMH - OIMOPHO-PYXOBOTO amapary. AHalli3 IMOKa3aB, IO
0COOJIMBO YacTO CTPaXKJAlOTh CTOMM JIIOJUHU (B mepiry udepry (1 HailyacTiuie) y
BUTJISIAI TIOCKOCTOMOCTI), sIKI € (yHAaMeHTOM s 1€l cuctemu. llepmmmu
CUMIITOMaMH TUIOCKOCTOMIOCTI MOXYTh OyTH HAOpsSKH 1 MiJABUIIEHA BTOMa HIT,
0COOJMBO B KIHIIl AHSA. 3 4acOM BHHMKAIOTh OOJIbOBI BIAYYTTS B IiJOIIBaX, a
TaKOXX TOMUIKOBOCTONMHHUX 1 OUIBIN BenuWKUX cyriobax Hir. Hezabapom BoHU
MOXYTh CTaTH HACTIIBKM IHTEHCUBHHMH, 1[0 XOJUTH CTa€ MPAKTUIHO
HEMOXXJIUBUM. YHHUKHYTH IIMX HEMPUEMHUX TPOSBIB JO3BOJISIIOTH OPTOIMEINYHI
YCTUIKM 3 BIAMOBIIHOIO MIATPUMKOIO Ui CKjiemiHHsS. OTpUMaHuUW Ha ChOTOJHI
METUYHHUI OCBIJ] MOKA3ye€, M0 MIJISTXOM BUKOPUCTAHHS OPTONEANYHHUX YCTIJIOK, Y
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T. Y. CYyNIHATOpiB, SKI € iXHIMH CKJIQJIOBUMH, MOXXHAa HE TIJIbKH CYTTEBO
MOKpAIIaTH CTaH XBOPOTO, ajle i BIIIIKYBATH 1[I0 XBOPOOY.

B Vkpaini icHye nocuth 6arato BUpOOHHKIB, sIKi MPpodeciitHO 3aiiMaroThCs
OpTONEIWYHUMHM BHUpOOaAMH, B TOMY 4YHCIlI 1 Cy[OiHatopamu, ajie sKi
BUKOPUCTOBYIOTh MPHU 1IbOMY BITHOCHO 3acCTapisii TEXHOJIOTIT iX BUTOTOBJICHHS, 110
MPOSIBIISIETHCS Y TIJIBUIICHINA TPYAOMICTKOCTI, Y 3B 3Ky 3 HEOOX1THICTIO 3HAYHOTO
00’eMy pydHOi TIpalli, sKa B CBOIO 4epry Hece 3a co0oro pi3Hy 3a (opmoro Ta
po3MipamMu MOXUOKy. OCHOBHMMH BHMOTaMHU JI0 JAHOTO BHPOOY CTaBJISATHCS
CTaJIICTh PO3MIpiB, (OPMH Ta BHCOKI MapaMeTpu IMIOPCTKOCTI (BIAHOCHO Maja
IIIOPCTKICThH) TIOBEPXHI.

Y CyMmcbkoMy JAep:KaBHOMY YHIBEPCUTETI y cTBOpeHiil Ha kadempi TMBI
MEANKO-IHKEHEepHIA nabopatopii, aka € ckiagoBow ueHtpy DELCAM, mns
BUDIIICHHS TIOCTaBJICHUX 3a7ad  3alpOMOHOBAHO IMPOLIEC  BUTOTOBJICHHS
CYIMIHATOPIB TIIBKU 3a JOTIOMOTOIO MPOIlecy MeXaHI4HOi 00poOku (Pppe3epyBaHHs
BIJIHOCHO CKJIQJIHOTO peiibe)y) Ha Cy4aCHOMY BHMCOKOIIBHUJKICHOMY BepCTaTi 3
UIIK 6e3 BuKOpHCTaHHS Y Oynb-akid (Gopmi pydHOi mpaili 3 METOIO JOBEJICHHS
BUPOOY 70 MOTPIOHUX MapaMETPIB HOTO SAKOCTI.

B sxocti mporpamHoro 3abe3nedyeHHss MNpU [bOMY BHUKOPUCTOBYETHCS
nporpamMHi cepenonuina OrthoModel Ta ArtCam.

OcHOBHOIO TPOOJEMOIO, 3 AKOI 3ITKHYJHMCS B TPOIECT BIPOBAKEHHS
pO3p00JIEHOI TEXHOJIOT1i OOPOOKK CTajo OTpUMAaHHS 3aJlaHOi SIKOCTI MOBEPXHI 3a
napameTpoM ii HIOPCTKOCTI, 10 TOTPeOyBaIO MPOBEACHHS Py €KCIIEPUMEHTIB.

Ilim dYac mpoBeAeHHS EKCIIEPUMEHTIB, IOJ0 OTPUMAHHS BHCOKHUX
MOKA3HUKIB IIOPCTKOCTI, EKCIIEPUMEHTAIIBHO 0YyJI0 00paHO Tpu criocodbu oOpoOKu
MOBEPXOHB (BUAU Tpa€eKTOPii), Taki sk «Pactpy, «Knacuana» ta «3D 3mimeHHS»
(puc. 1). Inst K0KHOTO CrOCOOY MPOBOAMIIOCH MO TPU €KCIIEPUMEHTH, B KOKHOMY
3 SKUX TMpU O0OpOOIll 3alaBaiUCh PI3HI HANMPAMKU PYyXy pi3aHHA (3yCTPIYHUH,
MOMYTHIM Ta B 00U/IBa HATIPSIMHU).

a O 8

Pucynox 1 —) mpaexkmopii 06pooKu noeepioub: a) pacmp, 6) maculma,)e) 3D smiwenns

[Ipouiec 00poOkM TBepAOCIIaBHUMH TopueBUMH ¢pesamu D16 MM 3
JIOBXKMHOK pi3aiibHOi yacTUHU 40 MM BUKOHYBaBCS B JIBl CTajli. 4YOpHOBa Ta
yuctoBa. YopHoBa cTaaisi OOpOOKM BHKOPHCTOBYBAJACh JUIsl 3MEHILIEHHS
NPUIYCKYy Ha YUCTOBY OOpOOKYy, 1 BHUKOHYBaJaChb 3 HACTYIHUMH pPEKUMAMHU
pi3aHHs:

- rimbuHa pizanns t = 1,5 mwv;

- MBUAKICTE Togadl Vs= Sy, = 8 M/XB;

- yacTota ooepranus mmuHaens = 14000 06/xB;
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- MIBUIKICTH pi3aHHs V=7 M/XB.

OcCKUIbKM Y JTaHOMY BHUIAJKy YOpPHOBa 0OpoOKa BHKOHYBaJla MiJATOTOBUY
byHKII10, 11 TOKAa3HUKH SKOCTI Ta Yyacy He (iKCyBanCs.

CTOCOBHO YHCTOBOI 0OPOOKH, Oy BCTAHOBJICHI HACTYITHI PEKUMHU PI3aHHS:

- rimmbuHa pizanns t = 0,4 mvm;

- MIBUAKICTE ITogadl Vs= Sy, = 10 M/XB;

- gacToTa o0epTanns mmuHAes N=18000 06/xB;

- MIBUIKICTH pi3adHsa V= 9 M/XB.

B pe3ynbTraTi npoBeeHUX AOCTIIIB OTPUMAHO HACTYIHI PE3yJIbTaTH.

B ycix Tppox Bumaakax, mpH 3aCTOCYBaHH1 0/ipa3y 000X HampsIMKIB pi3aHHS
BiIOyBaJOCh piBHOMIpHE 3pi3yBaHHsS (PIBHOMIpHUN peibed) BOJIOKOH, YOTO HE
OyJ10 MOMITHO MPU 0OPOIl OKPEMO 3YCTPIYHUM Ta MOMYTHUM (pe3epyBaHHSIM.

Halikpalili MoKa3HUKH MIOPCTKOCTI OyJI0 OTPUMAHO MPpU 00poOLIl KIACHYHUM
crocoboMm (pesepyBaHHs, J€ TaKOX CIOCTEpIraBCSd PIBHOMIPHHUI penbed
o0poOroBaHoOi MOBepXHi. PacTp mokaszaB cepeiHiil pe3yabTaT, 3yMOBJICHUHN JEII0
HUKYUM TTOKA3HUKOM IIOPCTKOCTI, @ HIXK B MOMNEpeAHbOMY BUMNaAKy. Hairipiuit
pe3yJbTaT OTPUMAHO Ipu 00poOIti 3D 3MiIEHHSIM.

[Ilog0 €KOHOMIYHUX TOKA3HHMKIB HEJIOJIKOM KIACHYHOTO CIOCO0y € yac
oopoku ( T,=9:59 xB ), mo B 2,5 pa3u gosiie, Hix 3D 3mimenns (T,=3:46 xB) Ta
Mmaiixke B 3,5 paszu, Hix pactp (T,=3:02 xB).

BUCHOBKHN

1. BukopucTtanHs opTONeInYHUX BUPOOIB BUTOTOBJIICHUX 32 CYYaCHUMU
CAD/CAM TeXHONOTIIMUA 103BOJISIE CYTTEBO BUPIIUTH MPOOJIEMH HIT T4 OMOPHO-
PYXOBOTO amapary, K y JOPOCIIUX, TaK 1 y JiTel, THM CaMHM MaKCUMaJIbHO TOYHO
BUPILIUTH MPOOJIEMY KOXKHOTO MallleHTa OKPEMO.

2. Buxopucranns cydyacHux CAD/CAM TexHOJIOT1d pU BUTOTOBJIEHHI
BUPOOIB OPTOMEIUYHOTO NPU3HAYCHHS JO3BOJIAE CYTTEBO IMIJIBUIIUTU SIKICTh
BUPOOIB (YCTIJIOK, CYIIHATOPIB) 3a PaxXyHOK CYTTEBOTO YCYHEHHS JIOACHKOTO
(cy0’exTUBHOTO0) (haKTOPy Ta CKOPOTHTH TEPMIHU iX BUTOTOBJIICHHSI.

3. [Tporpamui npoayktu dipmu AUTODESK y cBoemy ckiani MarTh
MOBHUW  CHEKTp MPOTrpamMHOrO  pIllIEeHHS JJIi  BUTOTOBJIEHHS  BHPOOIB
OpPTOTIEAMYHOTO MPU3HAYEHHS, 10 TO3BOJISIE TIPOBOIUTH BECh ITUKJI BUTOTOBJICHHSI,
HAMPUKJIAJ, I1HAWBIAYadTbHUX OPTOMEAMYHHMX YCTIJIOK BIJI CKaHyBaHHS CTOIH
Maii€eHTa 3a JOMOMOIOK NPEIU3IHOTO CKaHyBaHHS, HaBITh 0€3 BUKOPHUCTAHHS
dbopm™ U1 BIIOUTKIB CTOMH, 10 OOPOOKHM JaHUX YCTIIOK HAa BUCOKOIIBUJIKICHOMY
MexaHIYHOMY 0OJiaiHaHHI1 3a J1YeH1 XBUJIUHHU.

4, [IpoBeneHi  JOCHIDKEHHS  IMOKa3ajld, 1[I0 ONTHUMalbHUM (32
KpUTEpISIMU 4Yacy OOpOOKHM Ta SKOCTI IMOBEpXHI) € 00poOKa CyIiHATOpIB 3a
TpaekTopiero «Pactpy» 3 o0oMa HanpsIMKaMu pi3aHHS.
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Cuaiok JI.M., nayk. kep. KoBanescekuit C.B. (Ykpaina, M. Kpamatopcek,

AJIMA)

AHAJII3 METOJAIB BHUITPOBYBAHHA SKOCTI CKJIIAJAHHSA
BEJIMKOT'ABAPUTHUX KOHIYHUX PEAYKTOPIB

YV cmammi  poszensinymi  ocHoHI  memoou  8unpoOY8aHHs — AKOCMI  CKIAOAHHSL
BENUKO2AOAPUMHUX KOHIYHUX PeOYKMOopis. A makoxc MONICIUBICIMb GUKOPUCTNAHH 8iOpayii 05
BUNPOOYBAHHA MA BU3HAYUEHHA MICYs MA BeIUYUHU NIAMU KOHMAKMY HA 3y0uacmiu nepeoaui.

The article deals with the basic methods of testing the quality of assembly of large-sized
conical reducers. As well as the possibility of using vibration to test and determine the location
and magnitude of contact spot on gear transmission.

3 MeTO BCTAHOBJICHHS HECYy4Oi 3JaTHOCTI Mepejaady pi3HUX THUMIB 1,
30KpeMa, peIyKTOPIB 1 BapiaTOpiB iX BUMPOOOBYIOTh. BUMpOOyBaHHS CKIIaJIEHUX
BUPOOIB — 3aKJIIOYHA KOHTPOJbHA OMeparlisi SIKOCTI iX BUTOTOBJICHHS. MalmHu
BUNIPOOYIOTHh B YMOBax, HAOJMKEHUX JI0 €KCILTyaTalliiHUX.

KoHTposb SIKOCTI CKJIaJlaHHS MalllMH, KPIM KOHTPOJIIO MPaBUIHHOCTI
BUKOHAHHS Pi3HMUX 3'€HAHb 1 SKOCTI BUKOHAHHS Pi3HUX BHIIB CKJIAIaIbHUX POOIT
1 perymoBaHHS (BIAMOBIIHO JIO0 BHUMOI KpECIE€Hb 1 TEXHIYHUX YMOB 1
BCTAHOBJICHUM TEXHOJIOTIYHUM TPOIIECOM CKJIQJaHHA), Tepeadadae MepeBipKy
310paHuX MallWH Ha BIAMNOBIIHICTh TEXHIYHUM YMOBAM.

Po3pi3HstoTh BUNPOOYBaHHS BUPOOHMYI 1 AocHigHULBKI. I[IpoBoasuu
BUPOOHMYI BUTIPOOYBAHHS, MEPECTIAYIOTh IBI METH - TIEPEBIPKY 1 OIIHKY SKOCTI
BUTOTOBJICHHS 1 CKJIAQJaHHS PEIyKTOpIB 1 06KaTKy miJ] HaBaHTAXEHHSIM
(nmpupoboTky mnepenad) musg migsumeHHs KKJ[ 1 moBrosiuHocTi. 3aBmaHHS
JOCIIITHUX BUMPOOYBAaHb — 3'SICYBaHHS BIUIMBY KOHCTPYKTHUBHUX, TEOMETPUUHUX,
eKcIUTyaTamiiiHux (QaktopiB Ha Hecydy 3natHicth 1 KKJ[ mepemau 1 BuOip
HaWOUIBII ONTUMATTBHUX KOHCTPYKTUBHUX PIIICHb.

Takox yci Bugu BUNPOOYBaHb MOXKHA 3BECTH [JI0 NPUAMATbHUX,
KOHTPOJILHUM 1 CTICTI1aJTbHUM.

PenykTtopu, mo miagarOThCd BUMPOOYBAHHSM, MOBHHHI MEpPEBIpATUCA 1
npuitmatucss BTK BignoBigHO 10 poOOYMX KpecHeHb 1 TEXHIYHUX YMOB; MOKYITHI
BUPOOM TOBUHHI MiAJaBaTUCS BXIJHOMY KOHTPOJIIO Ha BIJAMOBIJHICTh iX
CTaHJapTaM a00 TEXHIYHOI JIOKYMEHTAIIli MiAMPUEMCTBA-BUTOTOBIIIOBAYA.

[Tin yac nmpuiiManbHUX BUNIPOOYBaHb BUSBIISIIOTH (DaKTHUUHI €KCIUTyaTallliHi
XapaKTEPUCTUKH, & TAKOXK MPABWIBHICTH POOOTH PI3HUX MEXaHI3MIB 1 MPUCTPOIB
By3Jla. SIKIIO B KOHCTPYKII0 BUPOOYy ab0 B TEXHOJIOTII0 HOTr0 BHUTOTOBJICHHS
BHOCSITh 3MIHM, 1[0 BIUIMBAIOTh Ha KIHIIEBI MapaMeTpu PEAyKTOpa, TO B IIUIAX
OIIHKK €(EeKTUBHOCTI Ta JONUIBHOCTI MHMX 3MIH 3a OKPEMHMH PO3AiIaMHu
porpamMu MPUHUMaNTbHUX BUIPOOYBaHb 1 3 ypaxXyBaHHSM XapaKTepy BHECEHHX
3MiH MIPOBOSATH TUIIOB1 BUITPOOYBAHHS MPOTYKITIi.
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OcCHOBHMIT ~ KOHTPOJIb ~ SIKOCTI  CKJaJaHHi BeAyTh cami  30upaui
(caMOKOHTpOJIb). BidbIIICTh Omepalliii, KOHTPOJbOBAaHUX BHUKOHABIIEM IIPU
BUKOHAHHI, HE MMOTpe0ye JI0JJaTKOBOI MEPEBIPKH.

Ilepen mpoBefeHHAM TMONEPEIHIX BUMPOOYBaHb HAa OCHOBHI JieTall
JOCIIITHUX 3pa3KiB PEAyKTOPIB MOBUHHI OyTH CKJIAJEHI MACIOPTH KOHTPOJIBHOT
NEepeBIpKA, B 5Kl BHOCSATh pPE3yJbTaTH KOHTPOJIO PO3MIPIB 1 B3AEMHOTO
po3TallyBaHHS OCHOBHHMX IIOCAJIOYHUX TIOBEPXOHb Ta EJIEMEHTIB 3y04yacToro
3aYETUICHHS.

KoHTponbHUM BUTIPOOYBaHHSM IMMiAJAI0OTh BUPOOH, y SKUX paHimme Oyiu
BHSBJICHI Ie(PEKTH.

CremianibHi BUTIPOOYBAaHHS BUKOHYIOTH [IJII BHUBYCHHS 3HOCY, TEPEBIPKU
0€3B1IIMOBHOCTI POOOTH OKPEMHX MPHUCTPOIB, BCTAHOBJICHHS MPUIAATHOCTI HOBUX
MapoK MaTepiaiiB IJisl BIANOBIIaJbHUX JI€TaJeH.

CxJ1aiaHHsI MalllMHU 3aKIHYY€ThCSI BATTPOOYBaHHSIMU.

BunpoOyBaHHSIMU Ha XOJIOCTOMY XOJY TMEPEBIPSAIOTH MPABMWIBHICTH POOOTH
OpraHiB yNpaBIiHHS, a TaKoX JOTPUMAHHA HOPM pOOOTH MIAIIMITHUKIB 1
3y04acTux KoJjic. [1]

[licns ycTaHOBKM B MAIIMHHOMY T[PUMIIIEHHI TIAHENl YMpaBIiHHS
MIJKII0YaI0Th CICKTPOABUTYH JIEOIIKM 10 Mepexi 1 OOKaTylTh MpHUBIA Ha
XO0JIOCTOMY XOJly J0 MiABICKM KaOiHu 1 mpotuBaru. OOKaTKy Tpeba 31HiCHIOBATH
P HOPMAJIBHOMY YHCJI1 00€pTIB €IEKTPOJBUTYHA OE3MEPEPBHO MO 2 TOJUHU IS
KOXKHOTO HamNpsSIMKy oOepTaHHSI.

[lin yac OOKaTKM PEIyKTOPIB BiIOYBAETHCS KOPUCHUU MPOIEC B3AEMHOL
NIAPOOITKH KOHTAKTYIOUMX IMOBEPXOHb, IO MPU3BOAUTH 10 3O0LIBIICHHS IJIOLL
(aKTUYHOTO KOHTAaKTY.

BinOyBaeTbcss KOPUCHUM MpOLEC B3a€EMHOI MPUPOOOTKH KOHTAKTYHOUMX
MOBEPXOHb, 1110 TPU3BOAUTH 0 301TIBIIECHHS IO (PaKTHYHOTO KOHTAKTY.

[Ticnst mepeBipku MpuisTaHHS 3y0iB MO TUISIMI KOHTaKTy 3 BUIPOOYBAHOTO
peayKTOpa 3JIMBAIOTh BIJANpPAIlbOBaHE MACIO, PETEIbHO MPOMHUBAIOTH PEAYKTOP
racoM 3a JIOMOMOTOIO CIEIlaJbHOI HACOCHOI YCTaHOBKH, 3allpaBISIOTh CBIKUM
MAacJIOM 1 BII9yBarOTh ITiI HABAHTAKCHHSIM.

BunpoOyBaHHSs 111 HABAaHTAXXKEHHSIM 3aCTOCOBYIOTH JIJIsi BUSIBJICHHS SIKOCTI
poOOTH By3/1a B BUPOOHUYNX YMOBax. [1]

CreHnnu, mpu3HAYeHi JUIsl BUIPOOYBaHHS PEOYKTOPIB, B 3aJICKHOCTI BiJ
METOJly CTBOPEHHS HaBAaHTAXKEHb Ha 3yOuacTi mepeaadi, IUIAThCS Ha JIBa BUAM: 3
PO3IMKHEHUM 1 3 3aMKHYTHUM CHUJIOBUM ITOTOKOM.

Y creHpax TepHIOro BHAY JUIA HABaHTAKCHHS JIeTajeH peayKTopa
BUKOPHCTOBYETHCS TIPOIIEC TAIbMYBAaHHS BUXIAHOTO (BEJACHOTO) Baly pPEayKTOpA.
JI71st 1bOTO 3aCTOCOBYIOTHCS MEXaHIYHI, T1ApaBIiyHi, (EeppONOPOIIKOBI, MATHITHI
Ta 1HII BUIU TaJIbM 200 €JIeKTPHYHI TeHepaTOPH.

Henmonik creHaiB 3 po3IMKHEHHM CHJIOBHM IIOTOKOM IIOJISTa€ B TOMY, IO
Ipy  HABAaHTAXEHHI JeTaJield BiAOYyBAa€ThCS BTpaTa EJICKTPOCHEPrii, 110
M1BOAUTHCS 0 E€JICKTPOJIBUTYHA CTCHITY.
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VY cTeHaiB 13 3aMKHYTHUM CHJIOBHUM IIOTOKOM JETalli HABAHTAXKYIOTHCA 3a
paxyHOK Harpyxateys (3a3BU4yall TPOPCIOHIB KpYYEHHS), HI0 BKJIIOYAIOTHCA B
CUCTEMY JBOX OJIHAKOBHMX BUIIPOOOBYBAaHUX PEAYKTOPIB, BHACIIJIOK YOrO BTPATH
CJICKTPOEHEPT1i 3BeICH] 1O MIHIMyMY.

VY nouatkoBuil nepioj; BUMIPOOYBaHb PEAYKTOP HABAHTAXKYETHCS MOMEHTOM
KPYUYEHHsI MPU 4Kciiax 00epTiB, ckinanoBux 20-25% HomiHambHUX 3HaveHb. [licns
pobotn B 1boMy pexkumi mpoTsarom 30-40 XB 1 mpH BIACYTHOCTI IOPYIICHb
PEAYKTOP HABAaHTAXYETHCI MOMEHTOM KPY4YEHHS TIpH 4YHCIaxX oOOepTiB, IO
cTtaHoBIATh 50% iX HOMIHAJIBPHHMX 3Ha4YeHb. I1O0CTYIOBO HaBaHTa)KCHHS 1 YHCIIO
0o0epTiB JOBOAATHCA O HOMIHAIBHHMX 3HA4YeHb. TpPHUBAIICTh OOKATKH IIiJ
HaBaHTaKEeHHAM Binm 3 mo 12 rox. Ilpm BumpoOyBaHHI TiJi HaBaHTAXKCHHSIM
MIEPEBIPSIIOTHCS Tl K MapaMeTpH, 1110 1 TPU BUMPOOYBAHHI BXOJIOCTY. [2]

Takox 3acTOCOBYIOTh BHUIPOOYBaHHS Ha TOTYXHICTh. Jlig 1bOro 3a
JIOTIOMOT'OI0  CTICIIAIbHUX TaJIbMIBHUX MPUCTPOIB MOBIAOMIISEIOTh MaKCUMaJbHI
CWJIM 1 MOMEHTH CHJI, IK1 MOKYTh BUHHKHYTH MPHU €KCIUTyaTallii MamuHu. [1]

Takox icHye MeTol BIOpOKOHTpOJIt0. BiH momsirae y ToMy, IO 3aMUCYIOTh
XapaKTEepPUCTUKU CUTHAIIB BIOpallli €eTaJOHHOTO peayKTopa Ta TOro, IO
KOHTPOJIIOIOTh Ta TMOPIBHIOIOTh 3HAa4YeHHS. BUKOPUCTOBYIOTH pi3HUIIO (a3
MaKCHMAaJIbHUX 3HaueHb BiOpalii Ha 3yOIsIX TakoX IS BU3HAUYCHHS MICIS
PO3TalllyBaHHS Ta BEIUYUHM TUIIMUA KOHTAKTY. [4]

BMCHOBKHA
VY crarTi npeacTtaBieHa 3araibHa Kiacuikaiisi METOAIB BUIPOOYBaHHS
SKOCTI CKJIQJIaHHSI PEAYKTOPIB Ta OMUCAHHS iX MPOBEICHHS. Y SKOCTI CYyMIIICHHS
KOHTPOJIIO YChOTO PEAYKTOpa Ta IUIAMM KOHTAKTy KOHIYHOi 3y04acToi mapu
3alpONOHOBAHO METOJ TMOPIBHAHHS BIOpALliil €TAJIOHHOTO Ta KOHTPOJIHOBAHOTO

PEMYKTOPIB.
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COIIAJIBHO-IICUXOJOTTYHU CYIIPOBIJ]
IHAUBIJIA B CYHACHUX YMOBAX

YV cmammi 30iticheno ananiz coyianbHO-NCUXONI02IYHO20 CYNPOBOOY IHOUBIOA, 30Kpemda
BILICLKOBOCTIYHCO0BYS, 8 CYUACHUX YMOBAX HCUMMEODISILHOCTI, PO32NAHYMO 3A60AHHS, MEemOooU,
acnekmu pobomi 3 Cim'amMu Y4acHuKie 6ouosux Oiil, pekomeHoayii oo peabirimayii.

AKTYaJIbHICTb Ta TMOCTAHOBKA mpodJjemu. CTpax, KpPOBOIPOJIUTTS,
CMEPTh, CUPITCTBO — II€ JIaJIEKO HE MOBHHI CMHCOK, SIKUHA 00’ €IHyE OJHE CJIOBO,
OJlHa MOJis — BiiHA. 3a BeCh Yac ICHYBAaHHS HaIlloi IJIaHETH Ta Hamoro Bceecsity,
yac, KOJM BCl MpoOsieMd Ta KOH(MIIIKTH BUPIIIYBAIM MUPHHUM IUIIXOM, HE OyB
nosrorpuBaiuM. Taki BiliHu, sik Cemupiuna BiitHa (1756—1763), Ilepmia cBiToBa
(1914-1918), Idpyra cBiToBa BiitHH 3a0paiu 3 COOOI0 ACCATKHA MiIBHOHIB JIOACH,
3QJIMIIKUBIIN, MOpPE KpOBi, 3JIHMJHI, Ta Ha JIEKIJIbKa POKIB 3YMUHWIA PO3BUTOK
Kpaid. Ha >xanb, BCl ypoKH, sIKI HaJla€ HaM 1CTOpisi, TPOXOASATh MOB3 ByXa JIJIEPIB 1
TOMY CyYacCHUM CBIT CTOiITh Ha moOpo3l TpeThoi cBITOBOi BitHU. HabOpanu
MacmTabiB Taki KOHMIIKTH 5K, ['pomangHcbka BiitHa y JIiBii, BiitHa y Comani Ta
[enTpanbHoadpukaHchkiil pecnyOminil, koHGIIKT Mix [lanectunoro 1 I3painem.
Llei ciMcok HE 3yNUHSAETHCS, a JUIIEC JTOMOBHIOETHCS.

AHaJi3 ocTaHHIX AocaimkeHb i myoOJaikamii. I[lutanHs comiam3arii,
amarnraifiii ocoOMcTOCTI B cydacHHX yMmoBax mpocimimkyBaaun Caiitc K. [4],
[Terocenik @., Apmumenko I'. [1], Kicapuyk 3., Owmenbuenko 5., Jlaszoc T,
JlutBunenko JI., Ilapenko JI. [2] Ta Oarato iHIIMX HAyKOBI[IB PI3HUX KpaiH.
OpnHak, BBaXKaTH 1€ MUTAHHS OCTATOYHO JIOCHIPKEHUM ¥ BUPIIICHUM HE MOXKHA,
OCKUIbKH COIllyM 3MIHIOEThCS, a 3 IUM TMOTpedye U 3MIH COIIAJIbHO-
MICUXOJIOTTYHUM CYNPOBIJ IHAMBIIA B Cy9YaCHUX YMOBAX KUTTEIISIIbHOCTI.

MeTo10 €TATTi € aHa3 COLIAIBHO-TICUXOJOTIYHOTO CYNPOBOAY 1HAMBIIA,
30KpeMa BIMCLKOBOCITY>KOOBIIS, B CYJaCHUX YMOBAX KUTTEAISTTLHOCTI.

Bukiax ocHoBHOro marepiany. Hamia kpaiHa  3HaXOOUTBCA y JyXke
BaXKoMy cTaHi. Ha Tepuropii Ykpainu, a came Ha cXoAi, NpPOXOAsATh OOMOBI Aii.
VYkpaiHna BiJICTOIOE CBOIO TEPUTOPIAJIbHY LUIICHICTh, Ta HE3AJICKHICTh, alle SIKUM
YUHOM, YCIM HaM BiJoMO. 3a BCl pOKM OOMOBHX JiH, SIKI IPOXOIWIN B YKpaiHi 3
2014 poky, HacenenHs Ykpaiau 3 45 245 900 muH. 0c¢i® 3MEHITUIOCH 10 42 MIIH.
263, 9 tuc. oci6 (manni 3a 2018pik). 3a migpaxyakamu OOH na 30 Bepecus 2016
POKYy, *KepTBaMH KOHQIIKTY Ha cxomai ctaiau 31 805 oci6: 3 Hux 9 574 Tuc. BOUTO 1
22 231 tuc. mocTpaxaanux (3MIHIOEThCs). Takoxk B YKpaiHi KIIBKICTh OCI0, SKI
nepeixanu abo BTekau 3 Kpainu Ha ymcromnan 2016 poky Hamiuye 1,5 muH. 0ci0
(3MiHIOETBCs). CropaBkHIO 1Py peabHUX BTpaT, MU HE JI3HAEMOCS
HaWOJIMKIMM yacoM, a0 K B3araji He Ji3HaeMocs, 00 ii 1yKe BaKKO BUpPaxyBaTH.
HapaxoByeThcsi BeslMKa KUIBKICTh BTpaT 3 OOKY MHUPHOIO HACEJICHHs, Ta BCE K
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HANOUTBIIYy HOUIIY IOHECIM Ta HECYTh BIHCHKOBOCIYKOOBI. Bonu 1 Hamami
3aJIMIIAIOTHCS 3aXMINATH HAIll CYBEPEHITET.

Biiina TpuBae Bxke Maifke IMIOCTUH PiK, BIMCHKOBI 3HAXOATHCSA Y MOCTIMHIN
Hanpy3i. Ha iX camomouyTTs, sik MopajibHe Tak 1 (pi3M4HE BIUIMBAIOTH 30pOIHI
CyTHYKU. Bakko ysSBUTH, IO BiAYyBa€ JIOJMHA, SKa HAIUIIOE 30pPOI0 Ha I1HIIY
JIOJIMHY Ta HaTUCKae Ha Kypok. He kokeH, BIICbKOBUM 11€ UM Hi, MOKE€ BUTPUMATHU
take. Jliama3zoH BIJIMBY (hakTOPiB BIMHM HA JIIOJIUHY HaJ3BUYaliHO mupokuid. [Ipu
1IbOMYy HabaraTo OiIBIIMIA MacImITad MarOTh MOM'SKIIEHI 1 BIIICTPOUYEHI HACIIIKU
BifHM, 1[0  BIUIMBaIOTh HE  TIIbKM Ha  TcuXo(di3udHe  370pOB'S
BIICHKOBOCITYKOOBIIIB, ajleé 1 Ha iX TCHXOJIOTIYHY BPIBHOBa)XEHICTb, CBITOIJIAL,
CTaOUTbHICTH IIHHICHUX OpiEHTAITIH.

B ychomy cCBITI, y dYac, KOJM B KpaiHl MNpoxoJsATh OOWHOBI Aii,
BIMICBKOBOCITYKOOBIISIM HAIA€THCSl TICUXOJIOTTYHA JIOTIOMOTa, 3 HUMHU MPAIlOI0Th
TICUXOJIOTH, SIKI HE Jal0Th IM 3aHYPUTHCS y CIIOTaJH >KaXJIMBUX POKIB 3 TOJOBOIO.
[Is nmomomora HamaeThcss y IeHTpax peaOumrtamii. B Vkpaini wi uedTtpu
posramoBani y Kuesi (xminika MEJIEKC), Binauimi (peaOumiTamiiHuii IEHTp
«Cxoam»), Kuromupi («Oasuc xxuttsa»), [Ipukapmarri i i1. [3].

3 mo3uilii pizHUX AediHIIIA peadlTiTalii0 MOXKHA TIYMAYUTH SK KOMIUIEKC
MEIUYHUX, TIEIaroTiYHuX, MCUXOJIOTIYHUX Ta THIIMX BUJIB 3aX0JIiB, CIIPSIMOBAHUX
HAa MAaKCHUMAaJbHO MOJXKJIMBE BIJHOBJICHHS a00 KOMIIGHCAIII0 TMOpPYIIeHUX abo
MOBHICTIO BTPAUY€HHUX, B PE3YyJIbTaTI XBOPOOU a00 TpaBMH, HOPMAIbHUX MCUXIUHUX
1 ¢p131070r14HUX QYHKUINA (TOTPEO) JIFOACHKOTO OpraHi3My, Horo npare3aaTHOCTI.

OCHOBHUMU METOJIaMU peaduIiTallil €:

- JIKyBajJbHI Ta ICHUXOJIOTIYHI 3aXOJH, CHPSIMOBAHI HAa MOMNEPEIKEHHS
po3BUTKY mnaTtosioriunux npoueci micis [ITCP, mo npu3Boadarh 10 MOPYLIEHHS
COLIIAJIBHUX 3B'3KIB, MPOQECIiHOI Ta OCOOMCTICHOI AE3IHTErparlii, aJKoroaizmy,
HapKOMaHli, CyiluaiB, 1 CKIagaeTbcsi 3 (HapMakoJIOriyHOi, TPYMoBOI Ta
1HJIMBIAyaJIbHOT Tepalrii.

- TPYNOB1 3aHSATTS, TPEHIHTW CIPSMOBaHI Ha YCYHEHHS HEBPO3iB 3
MOPYIICHHSIM TPYAHOIIIB B MiIXXOCOOMCTICHOMY CIIJIKYBaHHI Ta COIlaJdbHO1
aganTtanii. Ile cmiapHa AiSIBHICTH MAIIEHTIB B JIKYBAIBHUX IISAX, SKa aKTHUBI3YE
MO/I0JIaHHST HEKOHCTPYKTUBHOI (hiKcarlii Ha XBOPOOJIMBOMY CTaHi, PO3IIMPIOE KOJIO
1HTEpeciB 1 chepy KOHTAKTIB, PO3BUBAE KOMYHIKATUBHI HABUYKH.

OCHOBHUMHU 3aBJJaHHSMU COIIaJIbHO-TICUXO0JIOTTYHOT peadbimiTalli €:

- OILlIHKa MCcUXO0(1310J0TIYHOTO CTaHy MOTEPMUINX, BU3HAYEHHS SKOCTI 1
CTYTEHS IICUXOEMOIIIMHOTO PO3JIaay;

- BU3HAYECHHS ONTHUMAJIbHHUX IUISAXIB 1 METOMIB TCHUXOJOTIYHOTO BIUIMBY,
CIPSIMOBaHUX Ha BITHOBJICHHS ONTUMAaJILHOI Mparie3aTHOCTI;

- BUBUCHHA JMHAMIKU MCUXIYHUX MOPYIIEHb y MPOLECI JIKYBaHHS; OLIHKA
(G13UYHOI, CEHCOPHOI Ta IHTEJNEKTYallbHOI NpAare3JaTHOCTI, 3ICTaBICHHSA iX 3
HOMIHAJTPHUMHU TIOKa3HUKaMH TPOGEeCciiHOl Mpane3IaTHOCTI Ta BiTHOBJICHHS
BTPAYCHUX MCUXIYHUX (YHKIIIH; KOPEKIIisl ICUXOCOMAaTUYHOTO CTaTyCy METOJdaMHu
MICUXOTEPANIEBTUYHUX, IICUXO0(1310JI0TIYHUX 1 TCX0(apMaKOJIOTIYHUX BILUIUBIB;

- KOPEKIIis CAaMOCB1IOMOCTI, CAMOOIIIHKHY 1 CAMOIIOYYTTS.
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Han3Bu4aitHO BaXKITMBI JIJIs1 TICKXOCOITIATBHOT aanTailii BINCHbKOBUX € iXHI
CTOCYHKHU B CiM'i. JIaHMI IyHKT € OJHUM 3 T'OJIOBHHUX, aJI)KE€ TepOiB, SIKI BiJAaIH
CBOi JKUTTS 1 370pOB'ss HE MOXxHa 3a0yBaTu. Bin OoHoBUX Aifi CTpaxaaroTh HE
JUIe BIMCHKOBI, SIK1 3aXUINAIOTh KOPJIOHH, aje U Ti, XTO iX yekae BaoMa. Yacto
OyBae Tak, 10 y 3aruOJux OIMIIB 3aIUINAIOThCS CIM'T 3 MaJICHBKMMH JITHbMU a00
CaMOTHi 0aThKH. IM HEOOXimHi SK MOpaJibHa MATPUMKA 1 JTOMOMOTa IICHUXOJIOTIB,
Tak 1 (piHaHCOBa a00 Oy/b-sKa 1HIIA JOTIOMOTa.

['oBopstan po poOOTYy 3 CIM'SIMH YYaCHHUKIB OOMOBHX Aiii, BUAUISAIOTH J1Ba
ACTIEKTH:

1) poGOTy 3 HUMH SIK 3 OJTHUM 3 HAHOUIBII BKIMBUX 1 3HAYMMHUX YNHHUKIB
ncuxopeadimiTarii 1 ICUX0JI0T1YHOT TOTIOMOTH;

2) HamaHHS Oe€3MOCEpPEeaHBOI TMCHUXOJOTIYHOI JOMOMOTH CaMUM 4YJieHaM
CiMEH.

OnHuM 3 OCHOBHUX HAIPSIMKIB B paMKax pealOumiTallii € pobora 3 cim'ssMu
BIMCBKOBOCIIYKOOBIIIB TE€pe]l iX TOBEPHEHHSM, BIJABIIYBaHHS KOHCYJIbTAIlIN
MICUXOJIOTa. AKTYaJIbHUMH € HACTYITHI PEKOMEHIAINi:

1. HeoOximHO yBa)kHO BHUCIIYXOBYBATH PO3IOBIJII CBO€i OJM3BKOI JIFOJAUHU
po Te, 0 HOMY TOBEIOCS MepexuTH. Jyke BaxIMBO JaTU HOMY BUTOBOPUTHCS B
KoM(opTHiKt 00cTaHOBI, Jie¢ Oyne MopaibHa MIATPUMKA OJM3BKOI 1 KOXaHOI
JIFOJTUHHU.

2. IlposBnsT yBary 1 TepIiHHSA A0 TMpoOsieM OJU3bKOI JIOJWHM, SKI
HEMHHY4Y€ BHMHHUKAIOTh TIICIsg OOMOBOrO CTpecy, 10 WMOro MCUXOJOTIYHOTO
auckoM(@opTy, A0  NIABUILEHOI  JPaTIBIUMBOCTI, MOXJIMBOTO  TPUBAJIOTO
JETPECUBHOTO CTaHy. l{e THMYacoBe SBUIIE, TOMTOMOXKITh HOMY 3 HUM BITOPATHCS.

3. Heo0xiaHO BpaxoByBaTH, IO 3@ Yac PO3TYKH BH BCl JCIIO 3MIHUIKCS, HE
Juiie B eMoliiHomMy ceHcl. HeoOxiqHo sikuiich yac, o0 3HOBY 3BUKHYTH OJUH A0
OJTHOTO.

4. Ocob6iuBy yBary, MOTpiOHO MNPUIIIATH MOIiTAM. BaxnuBo, mob mpu
BIJIHOBJICHHI BIJJTHOCHH 3 YOJIOBIKOM, BOHU HE 3aJUINAIMCS 0e3 HaJeKHOI yBaru 1
TypOoTH. ToMy 1110, came y TUTSUUi 11epioja, GOPMYETHCS EMOIIHHICTh Ta TICUXIKa
JUTHHH. BOHNM HE MOBWHHI MepeXWBaTH emolnii BiHU. Ile Moxke mpu3BecTH 10
HEMUHYYHUX 3MiH.

5. CTBOpITh CHPUATIANBY IHTUMHY OOCTAaHOBKY, JaiiTe 3pO3YyMITH MapTHEDPY,
110 BU MaeTe noTpedy B HbOMY 1 10 MifieTe WOMY Ha3ycTpiy, 10 MOCTpaKIaduil
HE OJIMH 1y HHOTO € MIATPUMKA.

6. He 3aoxouyiite BuBaHHS ankorofito. Ajnkoroyib Ha ¢oni I[ITCP e
HEOE3MeYHOI0 CyMINII0. Takuil COr03 MOKe MPU3BECTH 10 CEPHO3HUX HACIIIKIB.

[loBuHHI OyTH AaKTUBHI pO3NUTYBaHHA, JOOpPO3WWIMBI ¥  YBaXkHI
BHUCITyXOBYBaHHS HAaWOIJIbII HETIPUEMHUX MEPEKUBAHD - TIPH 1[bOMY 3MEHIITYETHCS
adeKTHBHA  HAMpyra,  CTPYKTYPYIOTbCS  TEPEKUBAHHSA,  AKTUBI3YETHCS
IIJIECTIPSIMOBAaHA MisUTbHICTh MOCTPAXKIATUX.

B pe3ynbTaTi Takoi AiSTTBHOCTI TOCATAETHCS 3MiHA CTABJICHHS JI0 CUTYAIIil 5K
70 ONIHIET 3 MOXJIMBHX, SKa BXK€ cTajacsi 1 T BXKE ii MEepexHB; pelaKcarlis;
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MiABUIICHHA TIOPOTYy YYTJIMBOCTI JO TICHXOT€HHOro (hakTopy; eMolliifHa
MIATPUMKA; TAKTUJIBHUNA KOHTAKT 3 TIOTEPILIUM.

JIrosiM, HEBaXXJIMBO, BIHCBKOBOCTYKOOBIISIM ab0 iX poauHaM, HEOOXI1JTHO
00OB'SI3KOBO BIJIBIIyBaTH TICHUXOJIOTa, Xo4a O JEeKUIbKa pa3iB, OCKUIBKHA IS
YCHIIIHOI COLIaIbHO-TICUXOJIOTIYHOI peabimitariii, y 30H1 0oMoBuX AiH, (axiBiem
3aCTOCOBYIOTBCS PI3HI METOAM 1 TEXHIKM TICUXOJUHAMIYHOI, ITOBEIIHKOBOI,
KOTHITUBHOI, TIITHOCYT€CTUBHOI Tepamii, remraibT-Teparii, HeWpoJIIHIBICTUYHOTO
porpamMyBaHHs, TPAHCAKTHOTO aHAII3Y, TICUXOAPAaMH Ta 1HIII METOIUKH.

[Tpu uboMy 111 METO/IM OPIEHTOBAHI Ha!

1. YcBimomiieHHS 1 OCMHCIEHHS THUX TOiH, SIKI MOCIYXKUIU TPUYUHOIO
aKTyaJIbHOTO TICHXIYHOTO CTaHy.

2. PenaryBaHHs niepeXUBaHb, MOB'S3aHUX 31 CIIOrajaMu Mpo Mol 00ioBo1
TISIIBHOCTI, K1 BHKIHKa0Th [ITCP.

3. IlpuitHATTS TOrO, IIO CTAJOCS SIK HEBIT'€MHOI YaCTUHU >KUTTEBOTO
JIOCBIJTY.

4. AkTyam3aiiio TOBEIIHKH, HEOOXIAHOI I IOJ0JaHHS HETaTUBHUX
HaC1IKIB OOHOBOTr0 CTpecy 1 peaganTarlii 40 YMOB, 10 3MIHUJIUCS, SIK BHYTPIIIHIX
TaK 1 30BHIIIHIX YMOB XUTTEISUTBHOCTI.

BucnoBku. CoriaabHO-IICUXO0JIOTTYHA peadiiiTallis y4aCHUKIB OOMOBUX JTii
€ OJHHUM 13 MPIOPUTETHUX HAMPSIMKIB pOOOTH IIEHTPIB peabimiTailii B YKpaiHi.
[Icuxosoriuna peaOuTiTaliss BIMCHKOBOCTYKOOBIIB € BaXJIMBUM CKJIQJOBUM
€JIEMEHTOM IICHMXOJIOTIYHOI POOOTH B Cy4YaCHUX YyMOBax BIMCHKOBOI CIY>KOH.
[IoBHICTIO YHUKHYTH TIICUXOTPaBM cepell BIMChKOBOCITYXOOBIIB B 00OBII
0OCTaHOBIII HEMOXJIMBO, OJHAK 3a JIOMOMOTOK) CBOEYACHOTO  HAaJIaHHS
MICUXOJIOTIYHOT JOMOMOTH Ta 3MIMCHEHHS peadumTaliiHuX 3aXoJliB, MOXHa
3HU3UTH BIJICOTOK TICUXOJIOTTYHUX TPaBM; JOTOMOTTH JIFOAWHI COLIAII3yBATUCS B
CYy4aCHUX YMOBAX KUTTEIISIIBHOCTI.
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JOCJIIIZKEHHA HNPOLHECY HABEJIEHHSA ITEPEXPECOI'O
BIIVIUBY HA ITAPAJIEJIBHUX TTPOBIJTHUKAX

Y cmammi npedcmaeneno OocniodxcenHs 6usn8y HABEOEHHS eNeKMPUUHO20 CHPYMY Y
napanenrbHux NposiOHUKAX, 3A6805KU NPOXOONCEHHIO BUCOKOUACMOMHO20 YUPDPOBO2O CUSHANLY Y
00HOMY 3 HUX. Buxopucmano meopilo 36’3Ky MacHIMHO20 ma eNeKmpUyHo20 NOi8, 3aKOH
Amnepa-Maxceena ma @hizuunozo asuwja nepexpecro2o Ha8eoeH s y NPOGIOHUKAX.

The article presents the research of the manifestation of electric current in parallel
conductors due to the passage of a high-frequency digital signal in one of them. The theory of
the connection of magnetic and electric fields, law of Ampere-Maxwell and the physical
phenomenon of cross-guidance in conductors was used.

[lepexpecHuii BB (200 siBUIIE "MepeTikaHHsa" CUTHATY 3 OJJHOTO KaHaly B
IHIIUHN, €JIeKTPUYHI HABEJEHHS, BUKIUKAHI MPOXOJDKEHHSM CHUTHAIY B CYCIJTHIX
MPOBOJIAX) XapaKTEPU3YETHCS, IMEPII 3a BCE, JKEPEIIOM CUTHATY (SIKUM MOXKE
CIIY)KUTH Oy/b-SIKMM KOMIUIEKCHUHM oOmip) 1 mpuiiMadeM, 3a3BUYail MarOTh OLIBIIT
BUCOKE 3HAUEHHA KOMIUJIEKCHOTO OIMOpy , abo TOTeHIaJl BIPTYaJbHOI,
"mnaBarouoi” 3emii. [1,2,3,4,5]

MeTot0 CTaTTi € TOCHIHKEHHS MPOIIECCY HABEICHHS IMEPEXPECHOTO BIUIUBY Y
napajielbHUX TMPOBITHUKAX Ta BHU3HAUYEHHS  YacTOT 3HAYCHHS CTPyMy ¥

IPOBIAHUKOBI-TIpHiIMaYi.
Cxema pob0U0i yCTaHOBKHU YcraHoBKa CKIaJa€ThCS:
ey 1)  reHepaTop BUCOKHX 4acTOT

2) 2 IpOTH , 3 BUXOJAMH JIJIst
nigkmoueHHs( po3’eM 3.5 MM,

JOBKMHA KO>KHOTO IpoTy 1o 1,3 M )

3)  AmnanoroBo-unpoBuil mpuitmMay
yactoT(ALII)

AITIT

Pucynox 1- cxema yCcTaHOBKHM AOCTIAY

JlocmiKeHHS! TPYHTY€EThCSL Ha BIACTUBOCTSX Ta B3a€MO/IIT €JIEKTPUYHOTO Ta
MAarHiTHOTO TOJIB , a TAKOX CTPyMY 3MIiHIOBAaHOi YacTOTH,a caMe L B3aEMOJIs €
0COOJIMBICTIO AOCHIKEHHS. BUKOPHCTOBYETHCSI ~ HIMPOKOCMYTOBHH TEHEPATOP
4acTOT 31 3MIHHOIO YaCTOTOIO CHTHANY, 3aBISKU SKOMY (DOPMYETHCS 3MIHIOBAHE
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MarHiTHe ToJjie y MpOBIIHUKOBI-TiepenaBayi. 3a gomomororo ALl mpoeaeno
aHaJi3 BEJNMYMHU IHAYKIIHHOTO CTPyMy IMpOBiTHHKA-TpUiiMaya, HaBEIEHOTO
B3a€MOJIIEI0 CHUTHATy MepegaBada Ta BJIACHOTO OINOpY Marepialy MpOBiIHHUKA-
npuiiMada. TakuM YHHOM MaeEMO BIUIMB  XapaKTEPUCTUK  IPOBiTHHKA-
npuiiMaya(Big KoH(irypamii oro ¢opmu 10 (I3UYHMX BIACTUBOCTEH ) Ha
BUXIJIHUN CUTHAT .3a OTPUMAHUMHU PE3YIIb-
-TaTaMd BCTAHOBJICHA 3aJIeKHICTh MDK 4YacTOTOI0 Ta CHIIOI0 CTPyMy ¥
MIPOBITHUKOBI.

VY tabnumi 1 HaBeneH1 pe3ysabTaTH JOCHIIKEHHS Ta HA PUCYHKY 2 HAOYHO
NOKa3aHa 3aJIeKHICTh BETMUMHU CUJIM CTPYMY BiJ YaCTOTH KOJIMBaHb MPOBiAHUKA.

Tabmuus 1 -Jlanai as moOyaoBu rpadika

Crpym,MA 301 | 473 |645 | 860
Yacrora,kl 11 7 11 15 20

3anexHiCTb CTPyMmy Bif, 4acToTH

N
]
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N
o
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=
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=
o

301

YacrtoTa, Kl'y,

0 100 200 300 400 500 600 700 800 900 1000
Ctpym, mA

PucyHok 2- rpadik 3a1e:KHOCT1 CTpyMy BiJ YaCTOTH.

Posrnspatoun Buie HaBeAeHU Tpadik 3aj]ekHOCTI CTPYMY BiJ YacTOTH
CUTHAJTy, Ma€EMO MOXJIMBICTh CKa3aTH ,II0 BEJIMYMHA CTPYMY Y HPOBITHUKOBI-
npuiiMadl JTIHIAHO 3aJIeKUTh BiJ 3HAYEHHS YacTOTH MepedaBada. ToOTO MaeMo
nepeTBopeHHs onHiei AUX 3MiHHOT 4acTOTH (BXiIHUN CUTHAI 3 TepeaBada) Ha
iHakmry AUX niH1AHOT YacTOTH(BUXIHUIN CUTHAI 3 IpUiiMaya).
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BUCHOBKHM
[IpoBeneHe MOCHTIKEHHS BUSBISE MOXIUBICTH CTBOPEHHS CTPyMy ¥y
napajebHUX MPOBITHUKAX YMOBHO HE3B'S3aHMX MiK C0O00I0 3a JIOIOMOTOIO
MIEPEXPECHOTO BIUIMBY IMAPOKOCMYTOBOTO 3MIHHOTO MArHiTHOTO TIOJIA Ta J1a€
MOJKJIMBICTh y TMOJATIBIIOMY BHBYCHHI MPOIECY BU3HAYATH XapaKTCPUCTHUKH
Martepiajly IpoBiJHUKA-TIpUiiMaya.
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VJIK 364

Tumuenxo H. B., crynentka, Hecropyk H. A., x.men.H., gom. (YkpaiHa,
M. baxmyt, I'TIM JIBH3 «JIITY»)

YIIPABJIHHA TA POJIb COHOIAJIBHO-IICUXOJIOTTYHOI'O
KIIMATY B KOJIEKTHUBI

B pobomi npezenmosano ocobaueocmi coyianbHO-NCUXON02IYHO20 KAIMAMY 8 KOJIeKMuUsi
ma wasaxu tio2o noainwenHs. Ilpoananizoeano easxiciusicme 1020 3HAYEHHs, OCKIIbKU ye 0a€
3Mo02y 00Cnioumu CcmaH NOKA3HUKA, AK YUHHUKA NIOBUWEHHS edeKmusHoCmi CoyianbHo-
eKOHOMIUHOT disnbHocmi. 3 ’4c08aHO, WO 8iH MAE 3HAYEHHS ) 3a0e3neyeHHi 8UCOKOepeKmueHoi
ma npoOyKmueHoi cnienpayi 4ienié mpyoo8o20 KOAeKMUgy, 6NIUBAE HA NIOBUUYEHHS
3a0080J1eHOCMI COYIANbHO-MPYO0BUMU BIOHOCUHAMU, WO 8 CB0I0 Uepay 0aE 3MO02y 00CASMU GUCO-
KOI' AKoCmi mpy008020 HCUmmsi, COYiaibH020 000poOYmy ma 31a200U.

AKTYaJIbHICTh Ta MOCTAHOBKA NpodJjemMu. HailO11bll 4acTOI MPUYHHOIO
panToBOro MaJiHHS BUPOOHUYUX 1 KOMEPLINHUX MOKA3HUKIB (IpM € MOTipIIECHHS
COLIIAJIBHO-TICUXOJIOTIYHOTO KJIIMaTy Oprasizauii B LUJIOMYy a00 B OKpeMHUX il
nigpo3ainax. HalyacTime pi3ka 3MiHA COLIQIBHO-TICUXOJOTIYHOTO  KJIIIMATy
MOB'A3aHO 31 3MIHOK KepiBHUUTBA. HOBUI KEpIBHUK NPUXOAUTH 31 CBOIM
PO3YMIHHSIM  «IPAaBWJIbHUX» BIJHOCMH B KOJIEKTHUBI 1 aKTUBHO IIOYMHAE
BIIPOBAPKYBATH iX B KUTTA. Hacminku dacto OyBalOTh CyMHI: CTapi TpaauIlii,
mpaBuiia, HalpaboBaHi BIJIHOCUHU PYHHYIOTHCA, a HOBI — HE MIPHKUBAIOTHCS. K
MIJICYMOK — 3HIDKCHHS 3aIlIKaBJICHOCTI B pe3yJbTaTaxX MIsJIBHOCTI, ITiJIBUIICHHS
IJIMHHOCTI KaApiB, 3HKCHHS MOTHBAIIIi CITIBPOOITHHKIB.

AHaJIi3 oCTaHHIX AociaigxkeHb i myoOaikamiid. [lutanHs pomi comiaibHO-
MICUXOJIOTIYHOTO KJIiMaTy B KojekTuBi nociimxkyBanmu [lapuria b. /1., Illakypos
P. X., Konomiacekuit H. JI., O6030B M. M., lllokiu I'. B., ITmaronos IO. I1., Pean
A A.

MeTo10 CTATTI € Mpe3eHTalllsl aHaJi3y CYTHOCTI COIIAIbHO-TICUXOJIOTTYHOTO
KJIIMAaTy B KOJEKTHUBI, OCOOJMBOCTI HOro (QopMyBaHHS Ta MLUIAXH HOTO
MOJTIIIIICHHS.

Buxian ocHoBHOro marepiajy. YcmiliHe ymnpaBJiiHHS OpraHi3ali€io Ta
JUSTBHICTIO 11 epcoHally nepeadayae 0013HAHICTh HE JIMILE 3 JAUIOBUM, a i mo3a
JUJIOBUM CHIKyBaHHAM. [ICHXONOTIYHMI KTiMaT B OpTaHi3allli MoXe TiJCHUITI0BATH
YU 3HIKYBATH MPEIMETHY JISUTBHICTD JIIOJIEH TaK caMo, SIK 1 MpoQeciiiHi 3aBIaHHS
oprasizaiiii iCTOTHO BIUIMBAIOTh Ha MCUXOJOTIYHUH KiaiMaT. CamMe TOMYy OJHUM 13
YUHHUKIB YCIIIIHOCTI JISUTBHOCTI TPYNH YK OpraHi3aiii € CTaH MI>KOCOOUCTICHHUX
BIIHOCWH, Ha OJHOMY IIOJIOCI SIKOTO € TO3UTHBHUN (TOOTO CIHPUSTINBUN)
NCUXOJIOTIYHUN KJIIMaT, Ha I1HIIOMY — KOH(QIIIKTHA CHUTYyallis, sIKka JE30pPIEHTYE
IpyIly, HOTIPIIYE AiISUTBHICTh OpraHizarlii.

ComianbHO-TICUXOJIOTIYHUM  KJIIMAaT — 1€ SAKICHMM OIK CTOCYHKIB, IIIO
BUSIBJISIETBCSL Y BUIJISIAI CYKYIMHOCTI TCHUXOJIOTIYHHUX YMOB, IO CHPUSIIOTH a0o0

185



NEPELIKOKAIOTh MPOIYKTUBHIN CHUIbHINA JISIBHOCTI Ta PO3BUTKY OCOOMCTOCTI B
rpymi [1].

YacTo BHUKOPHUCTOBYIOTH CHHOHIMIYHI TMOHSATTS «IICHUXOJIOTTYHUHN KIIIMaT,
«MOPATBHO-TICUXOJIOTTYHUN KIIIMATY, «IICUXOJIOTTYHA aTMochepay TOUIO.

Tak, Ilapurin b.Jl. 3a3Hayae, 10 COIAIbLHO-TICUXOJIOTIYHUNA KJIIMaT —
"OUH 13 BUPIMIAIBHUX YMHHHUKIB YCIIIIHOI MISUTBHOCTI JIIOJUHHM B YCIX cdepax
KUTTS cycrinbera” [2].

Bupizasitorb  Taki  OCHOBHI  (pakTOopu  (GopMyBaHHS  COLIaJIbHO-
TICUXOJIOTIYHOTO KIIIMATy:

- (baKkTOpu MaKpOCEepEIOBHIIA;

- (bakTOpu MIKpOCEpEIOBHUIIIA.

['oBopsium  mpo  (akTopum MaKpOCEpeIOBHINA, MO0 BIUIMBAIOTH HA
MICUXOJIOTIYHUNA KJIIMAT 330BHI, HEOOXIHO TaKOX BpPaxOBYBaTH Te, IO >KOJHA
rpyna HE MOXe€ ICHyBaTH, a THUM OUIbIlIeé PO3BUBATUCA 130JIbOBAHO BIJ
HABKOJIMITHBOTO CBITY.

Jlo Takux (paxTopiB HAJIEKATH:

- COITIaJIbHO-TICUXOJIOTTYHI TEHEHIIIT HAyKOBO-TEXHIYHOTO IIPOTPeECy;

- OCOOJIMBOCTI CYCHIJIBHO-€KOHOMIYHOI (opMallli Ha KOHKPETHOMY
eTari po3BUTKY CYCIUIbCTBA;

- 0COOJIMBOCTI JIISITBHOCTI OpraHiB yIpaBIiHHS, BUIIUX 32 PIBHEM;

- COLIIAJIBHO-TICUXOJIOTIYHI OCOOJMBOCTI TEPUTOPIANIBHOIO paioHy, B
AKOMY (DYHKIIIOHY€ OpraHizaiisi, TOIIO.

3HayHO OUIbIIE BIUIMBAIOTH Ha  COINAJbHO-TICUXOJIOTIYHUNA  KJIIMat
KOJIEKTUBY (hakTOpHu MikpocepenoBuia. OCHOBHI 3 HUX TaKi:

— OCOOJMBOCTI  MaTepiaJbHO-€KOHOMIYHMX,  TEXHOJOTIYHHUX  Ta
OpraHi3aliifHO-yIpaBIIHCHKUX YMOB Ipalll B KOJEKTUBI Ta CTYIIHb 33JI0BOJICHHS
Jroqed MU (hakTopaMu;

- ocoOmmBoCcTI  PopManIbHOI  CTPYKTypU B  KOJEKTHBI Ta 1l
CIIBBITHOIIICHHS 3 HE(OPMAILHOIO;

- CTWJIb KEPIBHUIITBA KEPIBHUKA KOJICKTUBY;

- pPiBEHb TICUXOJOTIYHOI KyJIBTYPH KEpPIBHUKA Ta CIIBPOOITHUKIB TOIIO
[1].

OTxe, OCHOBHUMH (pakTOpamu, IO BIUIMBAIOTh HAa CTaH COIIaJbHO-
MICUXOJIOTIYHOTO KIIIMATy B KOJIEKTHUBI €:

— 3MICT TIpalll Ta CTYI1Hb 33JI0BOJICHHS JII0JIe poOO0TOI0;

— YMOBH TIpalli Ta MoOYTy, 3a10BOJIEHICTh HUMU;

— CTYIiHb 3aJI0BOJICHHS XapaKTepOM MIKOCOOMCTICHUX CTOCYHKIB 3i
CHiBpOOITHUKAMU;

— CTWJIb KEPIBHUIITBA,

- OCOOMCTICTh K€pPIBHHUKA Ta HOT0 3370BOJIEHICTh CIIBPOOITHUKAMHU.

VYxpaincekuit nicuxonor Komomincekuit H. JI. [3, ¢.53] po3pobuB cxemy
(puc. 1 3amoBosieHICTh OCOOMCTOCTI TIpariero Ta ii OCHOBHI JKepena), 1e BpaxyBaB
OCHOBHI UYWHHUKH, IO 3yMOBIIIOIOTH 3aJIOBOJICHICTh JIIOJICH BHKOHYBAHOIO
po0OTOr0, @ TAKOK B3aEMHUI BIUIMB PI3HUX KOMIIOHEHTIB. Taka cxema IikaBa JJis
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KepiBHUKA, 00 Aomomarae 3ano0iraTi KOH(IIKTHOCTI B KOJIEKTHBI Ta MOJIIIIIYBaTH
Horo emoliitHy arMocdepy.

3annst 3rypTOBaHOCTI Ta TapMOHI3allii KOJEKTUBY, KEPIBHUKY HEOOX1JTHO
BOJIOMITH TaKUMHU OCOOWCTICHUMH XapaKTePUCTHKaMH, SK: BU3HAYCHICTb,
YCBIJIOMJICHICTb, IIIJIECIIPSIMOBAHICTh, BHOIPKOBICTh, TaKTOBHICTh, JMIEBICTD,
BUMOTJIMBICTh, KDUTUYHICTh, BIJIITOBIIAJIbHICTb.

Piseuy — !  Bnamuii endip
npodecinmn MOMHOW daxy
smbuHocTer ‘
Hackineku wikagni
IMICT poBOTH
Bianosiguuil ’ +
oo Yenimnicrs
piBeHs >
. poSorn
KOMNETEHTHOCT]
+ 3A10BOJICHHSA
Cnpaseumea cnerema crmBpoGiTHIKA
CTHMVITIOBAHHA npaueso

1

08 exTHBHA OLIHKA

poGorn
(?T'ml’ Boawii ao6ip
; SR 5
KePIBHNUTBA KARpIB
VCTAHOBOIO
Posznomn
obos'A3KIE

Puc. 1 3agoBosieHicTh 0COOMCTOCTI TpAIICIo Ta i OCHOBHI JKepena

Jlo6pOo3nuNUBUMH Ta KOM(POPTHUMH CTOCYHKH JIIOJIEH B KOJIEKTUB1 OyAyTh
TOJI1, KOJIM MO0 YIEHU CTABUTUMYThHCS 3 TOBArok0 Ta CUMIIATIEID OJUH JI0 OJJHOTO.
Ile ayxe Baxmusuii ¢akrop. 060308 M. M., Illokin I'. B. [4] cucremaTu3yBau
OCHOBHI YMHHUKH, SIKI BUBHAYAIOTHh XapaKTep MIKOCOOUCTICHUX CTOCYHKIB (pucC. 2
UWHHUKY 1715 BU3HAUCHHS XapaKTepy MIXKOCOOHMCTICHUX CTOCYHKIB).

3 MeToro (hopMyBaHHSI Ta MOJIMIIEHHS COLIATBHO-TICUXOJOTTYHOTO KJIiMaTy
B KojJekTuBl ((pipmu, migmpuemcTBa) OakaHO MaTH B IUTaTI OpraHizari
KBaM(piKOBAHY JIOJUHY, TOOTO MPAKTHUYHOIO TCUXOJIOTa, SKUH 3a JOMOMOIOIO
PI3HUX METOAMK 3MOKE TMOJIMNIIUTH 3arajibHy eMOliiHy aTMocdepy KOJEKTHUBY,
JIOIOMOTTH  CIIBPOOITHUKAM TapMOHINHO CIIBICHYBaTH MPOTATOM poOOYOro
IPOILECY Ta HABYATH YJICHIB KOJIEKTHBY 1 KEPIBHUKIB BUCOKIN KYJIbTYpi B3a€MOJIT
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Ta crnikyBaHHS. HailOinbim epekTUBHUMH METO/aMU JTOCSITHEHHS CIIPUSTIUBOTO

COITIaJIbHO-TICUXOJIOTIYHOTO  KJIIMaTy € TPEHIHrd Ta TakKi

ix dopmu,

MOBEIIHKOBUM TPEHIHT, TPEHIHT YyTIMWBOCT1, pPOJILOBUN TPEHIHT, B1JICOTPEHIHT.

MixocobneTicHa npusabauBicTh
(BIACMHA CHMMATIA, NPUTATANHA)

K

30ir yeranoBok | AgexpaTee cnpuil- | 30ir oCHOBHNIX T4 MosnmuBuuil | YMOBK
(Y TOMY 9NChi | HATTA NOSHTNBHNX | pO3sOIKHICTD Jpyro- | JOH CTOLYHKIB, |cmBpo-
IHTepeciB) Ta ) Her ATHBHHX PAIMKX AKocTet | “npuemua” nose- | Gitunu-
A"-konuenuin | ocobuctichnx puc | v “A"-KoHuemwiAx | MHKA (HWOro TBA
Poabisuicrs ye- | Heanexsarue enpnii- | Posdikuicrs ocnoe- | Herarnenuii gon | Ymosu
TAHOBOK (Y TO- | HATTA MOIMTUBHIK 1 | Hux 1300r Apyro- CTOCYHKIB. cynep-
MY QHCTT IHTEpe- | HerarneHnX ocoluc- | pamHUX aKoCTel “HenplieMHa" | HIUTBA
ciB) Ta " A"-KoH- TICHHX pIiC y “A"-KoHUempAX NOBETIHKA
uenuii (HIOTO

MizocoSucricHa npnsadnneicts
(BracMHa anTHNATIA)

Puc. 2 YunHUKH 7151 BUBHAUCHHS XapaKTePy MI>KOCOOMCTICHUX CTOCYHKIB

BucHoBok. AHami3 JOCHIDKEHHS COIIaTbHO-TICUXOJIOTTYHOTO KIIIMATy Ha
MIJMPUEMCTBAX Ma€ BaXXJIMBE 3HAYCHHS, OCKUIBKH J1a€ 3MOTY JOCIHIJUTH CTaH
IIHOTO MOKAa3HUKA SIK YNHHUKA TBUIIEHHS €(EKTUBHOCTI COIIaTbHO-EKOHOMIYHOT
nisnpHOCTI. BiH  Mae 3HaueHHs y 3a0e3NeueHHI BHCOKOE(EKTUBHOI Ta
MPOJIYKTUBHOI CIIBOpALll YJIEHIB TPYAOBOIO KOJIEKTUBY, BIUIMBAE HA MIABUIICHHS
3a2JI0BOJICHOCTI COIIaIbHO-TPYIOBUMH BITHOCHHAMH, 110 B CBOIO YEPTry JIa€ 3MOTY
JOCSIT'TA BUCOKOI SIKOCT1 TPYAOBOTO KHUTTS, COLIAIBHOTO JOOPOOYTY Ta 37aro/u.
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Xoma SA.A., Hayk. kepiB. I.T.H., npod. Koanescbkuit C.B.(Ykpaina, m.
Kpamatopcrk, IJIMA)

JOCIIZKEHHA TTOBEPXHEBOI'O 3MIINHEHHA POBOYMX
ITOBEPXOHb EJIEKTPOMAI'HITHUM BUIJIA’KIBATEJIEM

YV cmammi npeocmasneni pezyrbmamu npogedeHoi eKcnepumeHmanibHoi pooomu no
yacmomam — cmpymie 8  eleKmpomacHimHomy — euenaxcieamene. Ilpeocmaeneni  AKiCHI
Xapaxkmepucmukuy, OMmpuMaHi 8 X00i eKCnepumMenmy i ONUCano HOBUL NPUCMPIl NIACMUYHO20
3MIYHEHHS NOBEPXOHb.

The article presents the results of the experimental work on the frequency of currents in
an electromagnetic flux. The qualitative characteristics obtained during the experiment and the
new device of plastic strengthening of surfaces are described.

Ha cporoguimHiii geHs icHye Oararo weromiB IIIIJI - BummamkyBaHHS,
BiOpoBUITIAXKiBaHIe, ApoOecTpyliHas 00poOKa, HaKaTKu cHepruHUM, IWITHAPUYHUM 1
KpyroBum poiukoM 1 iHmm. [Iponecu IIITJ] mMaroTh psig MO3UTUBHUX PHUCIB, CEpPEN SIKUX
MOYKHA BIJI3HAYUTH 3a0€3ME€UYEeHHsI J0CTAaTHHOI >KOPCTKOCTI, BUMOIHM JI0 IIOPCTKOCTI,
TBEPAOCTI TOBEPXHI, 30UIBIIYIOTh 3HOCOCTIMKICTH JeTaled MaliuH 1 CTIHKICTh 10
KOpPO31MHOTrO pyWHYBaHHS, 3HUXKYE COOIBApTICTh MPOAYKIi (EKOHOMIisl MaTepiaibHUX
pecypciB 1 eneproButpar) [1, 2].

3actocyBaHHSI MaTepialliB BUCOKOI SIKOCTI 3HUKY€E 3HOC JI0 MIHIMYMY 1 TOJIETIITy€E
JOTJISII, TIPOTE BUTOTOBJIICHHS JIETali MOBHICTIO 3 MOAIOHOTO Marepiany HE BBaXKA€ThCS
E€KOHOMIYHO €(EKTUBHUM, TaK K MPU3BOAUTH 0 3aBUIICHUX BUTPAT HA BUPOOHUIITBO i
PEMOHT. A OCKIJBKH CIIYKOOB1 XapaKTEPUCTUKH JieTajied B OCHOBHOMY BHU3HAYAIOTHCA
BJIACTHBOCTSAMH i1X TIOBEPXHI, TO aKTyaJIlbHUM € CTBOPEHHS HOBHUX 1 BIOCKOHAJCHHS
ICHYIOUHMX TE€XHOJIOT1H OBEPXHEBOTO MOJIM(DIKyBaHHS KOHCTPYKLIHHUX MaTepianis [3].

[IponioHy€eTbCcS  €MEKTPOMATHITHUM  BUTJIAXKIBATENb, SKUM  BIJIPIZHIETHCS
KOHCTPYKIII€I0 BiJ 1HIIMX I1HCTPYMEHTIB Takoro Tumy. lle BHKINKae TMOsSBY B
HAKJIENAHOTO II1api J0JIaTKOBI HAMPYTHU 3pi3y, AKi COPHUSIOTH MiJBUIIEHHIO 3AJIUITKOBUX
CTUCKAIOUMX HANPYKCHb Ha TIOBEpXHI JeTam. BenudyuHy IMX HampyXeHb MOXHa
peryjIIoBaTH NUISXOM 3MiHM KyTa CXpCIIyBaHHS OCCH, MPHYOMY II€ MOXIJIUBO
3MIMCHIOBATH B oOmepaTHBHOMY pexuMi. lLle Oyae chopuard NiABHINEHHIO SIKOCTI
YKPITUICHUX TIOBEPXOHB .

Teopernuni Ta eKCIIepUMEHTAIBHI JOCIIDKEHHS MMoKa3aliu, 110
NepeMarHuIUBAHHE T0JeM BHCOKOT Hapr)KeHOCTl cnpusic 30UTBIICHHIO TBEPAOCTI,
MiJBUIICHAS MIIHOCTI 1 JOBTOBIYHOCTI OOpOOJIOBAaHMX 3aroTOBOK. 3alIeXKHICTh
MEXaHIYHUX BJIACTUBOCTEH BiJl PEKMMIB MarHIiTHO-IMIYJbCHOT OOpPOOKH TOSICHIOETHCS
3MIHOIO CTPYKTYpH MeTalliB. Tak sik 1eeKTH KPUCTAIIYHOI CTPYKTYpH pOOISATh 3HAUHUN
BILJTUB HA BJIIACTMBOCTI METaJIiB, HEOOX1THO PO3TIITHYTH MOBEAIHKY JUCIOKAIINA i A1€0
MarHiTHoro noyist. Kpucraniuni epexTd BUKIMKAIOTh MPYXKHI CIIOTBOPEHHS CTPYKTYPH,
BHACIIIJIOK YOTO 3'SIBJSIOTHCS BHYTPIIIHI IPY>KHI HATIPYTH .

byna Bukopuctana mojenb, mpu AKii MOCTiIHHINA Oyne MBUAKICTh JUCIIOKAIl, a
3MIHOIO 3arajibHa €Hepris. SIKIo 70 KOXKHOI 3 €JIEMEHTIB BUTJIAXIBaTes NPUKIAJEeHA
CuJia, fKa JOPIBHIOE 32 BEJIMUYMHOIO 1 MPOTUJIEKHA 33 HAMPSIMKOM HOro B3aeMOJIl TO iX
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MIBUJIKICT 3alUIINTHCS HE3MIHHOIO, a 3arajbHa €Hepris 3MiHuTucsa. B pesymbrarti
TEOPETUYHHUX JOCHIDKYBAIN: OTPUMAaHI 3aJI€KHOCTI, 1110 BU3HAYAIOTh 3HAUEHHS €Heprii
JUIsT KpaoBUX 1 TBHHTOBUX Juciokamii. [l 3ameXHOCTI 3acTOCOBYIOThCS ISt
BHU3HAUYEHHS €(EKTUBHOCTI BIUIMBY €HEPrii MarHiTHOIO MOJS Ha 3MIHY BJIACTUBOCTEH
MeTaniB mpu nepemaranuuBanuu [4]. KomOiHyroum 3'eqHaHHS MK CO0OI0 BHXOJIB
KOTYIIIOK MOKHa OTPUMYBATH CTPYMH Pi3HOI YACTOTH.

Bbyno mpoBeneHO ekcliepuMEHTalbHE AOCTIKEHHS, IS SKUX TPUIHATI Taki
rabapuTHI po3Mipu 3pa3Kka: IacTiHa crajgeBa 36 X § x 150 mm,40 x 85 MM, akTHBHa
obmoTtka 3 rabaputramu 100 mm x 50 mm mae 220 BITKIB..

Meta eKCnepUMEHTaJbHUX JOCIIKEHb - 3a(IKCyBaTH BIUIMB YacTOTU CTPyMY
AaKTHBHOI OOMOTKH Ha HaBEJEHUI CTpyM, KUl MaB o1 pizHi AUX.

B pesynbpTaTi ekcrnepuMeHTalIbHUX JOCHiKeHb oTpumani AYX mpucrtporo,
3pa3KH SIKUX HaJlaHi Ha puc. 1

8 8
6 6
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2 -
2
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0 . . . ) 10000 20000 30000
10000 20000 30000
_2 4

Pucynok 1 — AUX HaBezieHOTo CTpyMy B BUTJIaKiBaTelne

Hapeneni mani cBiguaTh Tpo Te, M0 OOEPTOBHUH pPyX 3arOTOBKH MOXKE
CYNpOBOJIKYBATH Mpoliec (HOpMyBaHHS CTPYKTYpPOBAHOI Ha MIKPOpIBHI MOBEPXHI, 1110
00po0bIeTHCS.

BucHoBok

B pesynapTaTi mpoBeAeHOI EKCIMEPUMEHTANIbHOI POOOTH MOKHA 3pOOUTH
BHCHOBOK,, III0 B €JICKTPOMATHITHUI BUIJIAXKYBAaTellb Ma€ BHUCOKOUYACTOTHY CKJIAJIOBY,
sKa MOxe GOpMyBaTH HAHO-CTPYKTYpPOBaHY poOOUY MOBEPXHIO.
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Yepuumona /I.C., nayk. kep. Omiitnuk C.1O. (Ykpaina, m. Kpamaropchk,

AJIMA)

AHAJII3 CYYACHUX METOAIB OBPOBKHM IUJIIHAPUYHUX
YEPB’AYHUX ITIOBEPXOHb BAJIIB

B cmammi pozenanymi ocHogHi Memoou 00pobKu ueps'sauHux nogepxoms, ix nepesazu ma
Heooniku. I[lpueedeni 3aecanvui Xapakmepucmuku Memoois, WO CMOCYIOMbCsa HAPI3AHHS
yuninopuuHux yepg sikie. Ilocmasnene 3a60ants wooo po3pooKU Memooié Ni08UWEHHS AKOCHI
8U2OMOBIIEHHSL YepP8 IUHUX NOBEPXOHb 8 YMOBAX BUPOOHUYMEA.

In the article is considered the basic methods of machining worm surfaces, their
advantages and disadvantages. The general characteristics of the methods that related to the
cutting of cylindrical worm shafts are presented. The task of developing methods for improving
the quality of manufacturing worm surfaces in production conditions is set.

ExcrutyaTamiiini BUMOTM /10 YEpB’SIMHOI Tiepefadl IepeadadaroTh BHUCOKY
TOYHICTh CKJIQJaHHSA BIIMNOBIIHUX MEXaHI3MIB, a II¢ 3aKjIaJa€ BHUCOKI BHMOTH O
T€OMETPUYHOI TOYHOCTI MOBEPXOHb TEPTA Ta iX MILHOCTI. BUTOTOBIEHHS CKIIQJIHUX
BUCOKOTOYHHUX E€JIEMEHTIB € MPOOJIEMOIO JIJIsl POMHUCIIOBOCTI Y€pe3 3HaYHY KUIBKICTb
BUPOOHMYMX TOXHOOK: TMOXMOKM KIHEMAaTUYHOI CXEMH, T'€OMETPUYHOI TOYHOCTI
BEpCTaTy, PI3aAJIbHOIO IHCTPYMEHTY, MPHUCTOCYBaHb, TEeMIEpaTypHUX Jedopmarii,
BIUTUBY 3aJIMIIKOBUX HANpYyT, 3HOCY IHCTPYMEHTY, OXUOKH HaJallTyBaHHs BepCTary,
BCTAHOBJICHHS 3arOTOBKU. TOMY €(eKTUBHICTh TEXHOJIOT1l BUTOTOBJICHHS Y€pB’ TYHOTO
BaJTy 3HAYHO BILJIMBA€E HA COOIBAPTICTh BUPOOA BIILJIOMY.

Meroto poOOTH € BHKOHAHHS aHaji3y Cy4YyaCHUX METOMIB OOpOOKH
YepB’SIYHUX TTOBEPXOHb Ta BUSBJICHHS X HEIOIIKIB.

EnemenTamu mapu 4epB’suHOI mepeavl € 4epB's;taHe KOJIeco i 4epB'sK, BicCi
SAKUX TEpEeXperyroThes M KyroM 90° (B mesKux MexaHI3MaX BaKKMX BEpCTaTiB
3aCTOCOBYIOTh Iepefadl 3 BICAMM, IO MEpexXpeuryroTbes mig kytom 45°) [1].
Yepp'sku OyBaroTh r1000iAHI Ta WWIIHAPUYHI. [lepeTuH BUTKIB LUIIHIPUYHOTO
YepB'sKa OChOBOIO TUIOLIMHOIO MPEJCTABIISIE COO0I0 PEiKyY 3 MPAMOTIHIMHUME a00
KPUBOJIHIMHUMHA OOKOBUMU CTOpOHaMH. OChOBUI MEPETHH TJI000ITHOTO YepB'sKa
Mae (GopMy KpyroBoi NpsSMOOIYHOT pelkW. 3HAYHUM BIUIUB HAa TEXHOJIOTIIO
BUTOTOBJICHHS BHUTKIB YEpB'SKIB Ma€ iX KOHCTpPyKUis. B MammHoOyyBaHHI
BUKOPUCTOBYIOTH TPH PI3HOBUAM 1X KOHCTPYKITIi.

HaiiOinpIie  po3MOBCIODKEHHS U1 HEBIAMOBIAAIGHUX TIepefad OTPHMaB
TBUHTOBUH, a00 apXWMEIB YEpB'SK, KU TMPEACTaBIsIe€ COO0K 3BUYAWHHI TBHHT 3
TpanemiifaTbHO0 pi3b0ot0. Yeps'suna mapa 3 TakuM depB'skoM mae Hu3bkuid KK/ i
MIBUJIKO 3HONIYETHCS, TOMY 1i JIONIJIBHO 3aCTOCOBYBAaTH B HEBIAMOBIIAJIBHUX,
TUXOXIJIHUX ¥ HU3BKO HABAaHTAKCHUX Tiepenadax abo y TEXHOJOril mnepenadadaTv
orepaittii 3mitHeHHs [2]. Ile onuH pi3HOBU MWJITHAPHUYHOTO YEPB'SIKa - €BOJIbBEHTHHM
YyepB'sK - 1€ WIHAPUYHE 3y0yare KoJeco 3 €BOJILBEHTHOI IBUHTOBOIO MOBEPXHEIO.
UepB's;uHl mapyu 3 €BOJBBEHTHUMU YEpB'SIKAMU DPALIOHATBHO BHUKOPUCTOBYBATH B
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BIAMOBIAATPHUX Tepeiayax Mpu BEMUKUX HABAaHTAKEHHAX ¢ IIBUIKOCTSX, aje
BUTOTOBJICHHSI TaKHMX Iepeaad MoTpedye 3aCTOCYBaHHS CIELIAIbHOIO OOJaHaHHS U
CKJIaJTHUX METOJIIB 00poOKHU. TpeTiM pi3HOBUIOM IIMIITHAPUIHOTO YEPB'sIKa € YSPB'SIK 3
MPSIMOTIHIMHUM TTPOdITIEM, 1110 3HAXOAUTHCS B IUIONIMHI, TEPICHAUKYIISIPHIN 10 JTiHIHA
BIIQJWH - KOHBOMMIOTHUM duepB'siK. Lli depB’sku OuTbIl MpOCTi B 0OpOOI, HIK
€BOJIBBEHT] 1 3a0e3MedyloTh JOCTATHIO TOYHICTh 3a4€IUICHHS YepB'SYHOI Iepenadi,
MaroTh Bucokuii KKJI i 3HOCOCTIHKICTE [2; 3].

PosrnsHemMo OCHOBHI METOAM  Hapi3aHHS YEPB'SYHUX IOBEPXOHb.
Tpamumiitnum BugoM 0OpOOKHM YEpB'sIKIB € Hapi3aHHS X Ha TOKaApHOMY BepCTaTi
pislieM 3 TOpAMOMiHIMHMM mpodinem. s oTpuMaHHS NPaBUIBLHOTO MPOdiIE0
BUTKIB MPO(DiIb pi3lid MOBUHEH MAaTH KOHTYp 3alaJMHU MK 3y0'sMu uepB'sika B
NIEBHOMY HOr0 MEPETHHI Ta MOEAHYBATHCS MPHU HApI3yBaHHI 3 IUJIOLIMHOIO IIOTO
nepeTuny (auB. puc. 1).

Puc. 1. Hapizanns deps'ska pizlieM 3 OpsIMOJIHIHHUM podiiaem

[Ilo6 oTpumaTu apxuMeniB YepB'sK, Mpodiiab pi3ld 3 MNPIMOTIHIHHUMU
KpailkaMu MOBHMHEH OyTH MO€JIHAHUN 3 IUIOUIMHOIO, 10 MPOXOAUTHh Yepe3 BICh
yepB'sska. OpHak 31 30UIBIIEHHSAM KyTa MIIHOMY BHUTKA Hapi3yBaHHsS 4YepB'ska
OJIHAM PI3LEM CTA€ CKPYTHUM BHACIIJOK 3MIHU PO3MIPY KyTa, IO MIPU3BOJUTH JI0
BUXOJY 3 JIaJly pI3aJIbHOTO IHCTPYMEHTY YE€pe3 BUKPULIYBAHHS Pi3ajbHOI KpaKH.
Tomy apxiMenoBi YEpB'AKM MPU BEIMKOMY KyTl MIIHAOMY BHTKIB 3aMIHIOIOTh
€BOJIbBEHTHUMH 200 KOHBOJIOTHUMH [3].

[Topsin 3 UMM BUKOPUCTOBYETHCA CHOCIO Hapi3aHHS 000X CTOpiH 3y0'iB
JIBOCTOPOHHIM pi31ieM (ZIUB. puc. 2, a; puc. 3, a) U1t YOPHOBOI 0OPOOKH, Ta CIIOCIO
PO3AUTHPHOTO Hapi3yBaHHS KOXKHOI CTOPOHHU 3y0a OJHOCTOPOHHIMH Pi3IsIMU (ITUB.
puc. 2, 0) nmns uuctoBoi 0OpoOku. EBONBBEHTHWI dYepB'sSK Hapi3alOTh JBOMA
pisisiMu, Tpoimi pizadbHUX KPaHOK SIKUX TOEIHYIOTHCS 3 JBOMA IJIOIIMHAMH,
pPO3TAIIOBAaHUMH JIOTUYHO JO TOBEPXHI OCHOBHOTO IHWJIHApPAa 3 JBOX CTOPIH.
Bimomo, 1m0 31 30UIbIIEHHAM JiaMeTpa OCHOBHOTO IWJIIHIpPA, YCTaHOBKA PIi3IIiB
BUILE 1 HUXKYE LIEHTPY BUKIIMKAE MEBHI TPYJIHOI BHACIIAOK 3MiH KYTIB Pi3aHHA,
TOMY NpPU Hapi3aHHI €BOJBBEHTHUX YEPB'sIKIB 3aCTOCOBYIOTh MPOMUIbHI Pi3Li, SKi
BIJIOBIJIHI KOHTYPY HOPMAaJIbHOTO MEPETUHY 3alaJMHU YepB'AKa 3 YCTaHOBKOIO
TJIOIIMHY TIPOo(1TF0 HOPMAaIBHO 110 ii Bicl (AUB. puC. 2, B).

KonBosmoTHu# 4epB'sik Hapi3yeThCsl pi3lieM, BCTAHOBJICHUM CBOIM TpodiieM B
TUTOIIMHI, TIapajiesibHIN BICl YepB'ska, BUIlle a00 HWKYE ii HA MEeBHY BUCOTY abo Tij
HAXWUJIOM JI0 Hel, 3 CyMIIIEHHSIM BiC1 CUMeTpii MpouTo pi3ld 3 BICCIO YEpB'sKa, aje
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HAaBITh MIPU HAPI13yBaHHI TAKOTO YEpPB'sSIKa HEMHUHYY1 3aBajii a00 CIIOTBOPEHHS MPOLITIO
BUTKa O1JI1 OCHOBH Ta Ha BEPILMHI Yepe3 Pi3HI KYyTH MIHOMY BUTKA HAa BHYTPIIIIHBOMY
1 30BHIIIHBOMY diaMeTpax. KOHBOMIIOTHI dYepB'sikd, KOTpPl MarOTh MPSMOJIHIMHUIN
pobounii mpodib 00pOOISIIOTE 1BOMA pi3LsiMU (IUB. puc.2, T). CHUTbHUM HEIOJIIKOM
TPOLIECIB HAPi3yBaHHS YEPB'SIKIB PI3IIMH € YTBOPEHHS >KOPCTKOI 3IMBHOI CTPYXKKH,
110 YCKJIAJJHIOE aBTOMATH3AIIit0 TPoIIecy, 0coOMMBO Ha BepcTarax 3 UITK.

z)

Puc. 2. Cnocobu HapizyBaHHs 3y0'iB uepB'sika [4]

Jisi HapisyBaHHS 4YCPB'SKIB MOXHA TaKOX BHKOPHCTOBYBATH ¢pe3u Ha
¢pesepHux 1 pi3bOOppe3epHUX BEpCTaTaX, a TaKoK 4eps ''yHl (Ppe3u Ha
3ybodpesepaux Bepcratax. OOpoOKkoi0 uepB'styHOI0 (Dpe30r0 3 MPSAMOJIHIMHUMU
pI3AUIBHUMH  KpaiikamMud 3y0a BHUTOTOBJISIIOTH €BOJBBEHTHI 4YepB'sku. s
Hapi3yBaHH;1 apXiIMEJOBHX 1 KOHBOIIOTHHX YEPB'SKIB 3aCTOCOBYIOTH criemianbHi
4epB'suHi (Qpesn 3 KPUBOMIHIMHUM TpodineM pisadbHHMX Kpaiiok. Takuii crocio
OOpOOKH Ma€ BHCOKY NPOIAYKTHBHICTh, ajl¢ BHMAarac HasBHICTb CKJIaJIHOTO
IHCTPYMEHTY, a TaKoX IiJl Yac OOpoOKH 3’SBISIOTBbCS JedekTu mnpodisito
MOBEPXOHb BUTKIB 4eps’ 'siKa (OFpaHIOBaHHH npod o), 1mo 00yMOBIIIOE 00POOKY
dpe3oro Ha momnepeanboi omneparii [5]. [lonepenno 00poOKy MOKHA BUKOHYBATH
najableBUMHU (ppe3amu (IUB. puc. 3, B) Ha BepcTaTax JUisl (hpe3epyBaHHs YEPB'AKIB 1
pi3p0. PizanmbHi KpOMKH Takux (pe3 BHUKOHaHI IO CIipaii, IpHU iX 3aTOYyBaHHI
BaXXKO 30epertu BHCOKY TOYHICTh. HapizyBaHHSI 4YepB'AKIB JTUCKOBOIO (bpesofo -
OLIBII  MPOIYKTHBHHIA  CIIOCIO 06po61<1/1 ame Ipu  IbOMYy Hpodilh uepB'sika
H1JIPI3y€eThCs, Yepe3 PI3HULIFO KYTIB MIHOMY BUTKA OUISt OCHOBH 1 BEPLIMHU (IUB. pUC.
3,1) 5]

YucToBl mepexoaud BUKOHYIOTb METOAOM UUI(YBaHHS BUTKIB (IS
3arapTOBaHUX YEPB'AKIB) Ha pi3pOONUTIPYyBATBHUX BEpPCTaTax OJHOHUTKOBUM
nutipyBalbHUM  KPYrOM, BCTAaHOBJEHHUM IIiJI KyTOM IMiJAMOMY TBUHTOBOI JIiHIT
yepB'ska (nuB. puc. 3, a). [Ipu Takiit 006poO1i y yeps'ska MoxkHa Oyje BUKOHATH
HEOOXITHUN pajlyc Ha TONIBII Ta HUKII BHUTKA, 1€ 3a0€3MEeUUTh TUIABHICTH
3QUeIUICHHS W 30UIBIIUTH JOBrOBIYHICTH Horo poOotu. Ilicis mnpoGHOTO
nutigpyBanHs Ha BepcTaTi 3 UIIK € MOXIUBICTh KOperyBaTu KyT i hopmy podiiro
YepB'sKiB 3aBASKA BBOAY OKPEMHX TOYKOBHUX KOpEryBaHb, IIe 3abe3nedye
OTpUMaHHA HEO0OXiHOT (GOpMH W TMOJIOKEHHS IUISIMH KOHTaKTy B YEpB'sUHIN
nepeaayi.

Meron  BUXpOBOro HapidyBaHHsi 3yO0'iB  He3arapTOBaHMX YEpB'AKiB
3I1ACHIOETBCS 33 JOMOMOTOK0 Pi3LEBOL BHXPOBOL TOJIBKM II0 00EpTa€eThCs, sKa
BCTAHOBJICHA TiJ KyTOM I'III[I/IOMy TBUHTOBOI JiHIT (muB. puc. 3, m). [omisi
HaJaloTh OCBOBY IIOZa4y BIJHOCHO 3arOTOBKH, a 00pOOKa BILII/ICH}OETBCH Ha
CrelianbHUX TOKapHHMX Bepcrarax. Merox TodiHHs 3y0'iB 4eps'ska HOBOSKOM
(muB. puc. 3,e) BUKOHYIOTh Ha 3yOO(pe3epHOMY BepcTaTi 3 BEPTUKAIBHO
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PO3MIIIIEHOI0 BICCIO 3aroTOBKH. I[Jm Kpallloro BUJAJEHHS CTPYXKKH JIOBOSIK
BCTAHOBJIIOBATH plBaHBHI/IMI/I KpaI/IKaMI/I BHM3. lleil MeToJ 3acTOCOBYIOTH IS
BHUT'OTOBJICHHS YEPB'SKIB 3 KYTOM ITiiiioMy BUTKa MeHi 25° [5].

Puc. 3. Cxemu MeTo/1iB 00p0oOKHU YepB'sTUHUX 3Y0'iB [4]

Jlig momnepenHboi 0OpOOKH TakokK BUKOPUCTOBYIOTH METOJ HAKOUYyBaHHS
IpiOHOMOAYIBHUX 3y0'iB 4UEpB'SKIB JBOMA POJUKAMH, SKUH € MPOAYKTHBHUM
METO/IOM, Ta METO/]I rapsiu0ro HaKOUyBaHHs 3y0'iB UEpB'sKIB IBOMA POJIMKAMH, 1110
3aCTOCOBYETHCS IIPHU TTonepeaHii 00pooiti [4].

BUCHOBKU

Ha migcrasi oruisiiy MoskeMo 3pOOUTH BUCHOBKH, IO TEXHOJIOT1S] BUKOHAHHS
YEepB’SIYHOI TOBEpPXHI JOCTATHBO CKJIAJHA Ta HE MA€ 1A€aJIbHOrO pIIIEHHS.
KinbKiCTh MATCHTIB Ta HAYKOBUX JOCIIUKEHb OOMExkeHa abo 3acTapina, a cyqaCHi
Bepcratu 3 UIIK He 3axau naroTh oqleBaHy TOYHICTD, IO HpI/IBOI[I/ITI) J10 3HAYHO1
YaCTKH JOBOJOYHHX POOIT NP BUKOHAHHI NPODITIO YepB’sKa HA BUPOOHHIITBI.
JlocitipKeHH s POLECiB HaPI3aHHs YePB’IYHUX HPODiTiB € aKTyanbHOI HayKOBOIO
TEMATHKOIO Ta BUMAra€ KOMIUICKCHMX IiJXOAIB MM BHPIIICHHI IPOONEMH, IO
BKIIIOYAIOTh K JOCATHCHHS TEOMETPUYHOI TOYHOCTI HPO(imo, 3MilHCHHS
KOHTaKTHUX MOBEPXOHb, CYy4YaCHUX METOMIB BIJICTE)KEHHS Ta KOHTPOJIO TOYHOCTI
0OpOOKH 3 BUKOPUCTAHHSM LITYYHOTO IHTEIEKTY.
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VJIK 621.9.04

Hladeabchkuii MLA., Hayk. kep. Onumyk C.I'. (Vkpaina, M. KpamaTtopcek,
AIMA)

AHAJII3 METO/IB OGPOBKH I''TOBOIJHUX YEPB'SIKIB

B cmammi npeocmasnenuii ananiz memoodig 00poOKku 2n000ioHux uepg'sikis, ma 0y8
BUOPAH ONMUMANLHUL 8apianm iX 0OPOOKU OJIs1 CYYACHO20 MAUUHOOYOYBAHHSL.

Y cyyacHOMy MamuHOOYAyBaHHI 3HaxOJATh IIMPOKE 3aCTOCYBaHHS
I000iMHI 1 4YepB'ss'YHI Hapy 3 TBUHTOBOK IOBEPXHEIO JIiHIMYaToro (piaiie
HenHiivyaToro) npoduto. Halibinbimoro nomupeHHss HaOynu 1100011H1 YepB'sT4Hi
nepeaayl 3 NpAMOIIHIAHUM (JTIHIHYaTUM) TpodiieM BUTKIB YEpB'sKa.

[lepegaui 3 rnoGoigHuM mnpoduieM (HENIHIMYaTol) CIOJIY4YeHOI Napu
(uepB'sika 1 KoJieca) 31aTHI 3a0€3MEUNTH MiABUILIECHHS 3/IaTHOCTI HABAHTAXKECHHS Y
nBa pazu, KK/ 1o 30% 1 1oBroeiuHocTi B 2-3 pa3u B MOPIBHAHHI 3 MepeaavyaMu 3
IPSMOJTIHIMHUM (JIIHIYaTUM) TIpodisieM BUTKIB YepB'sika [2].

OpHak B JaHWM yac Taki Iepefadl 3aCTOCOBYIOTHCS PIAKO 4epe3 HU3BbKY
OPOAYKTUBHICTh MPOLECY HApI3aHHA TBUHTOBOI INOBEPXHI 1 BHCOKY BapTICTh
3aCTOCOBYBAHOT'O TEXHOJIOTIYHOIO OCHAILEHHS (PLKY4oro IHCTPYMEHTY Ta
oOnajiHaHH:A), a Psii MUTaHb TEXHOJOT1i Hapi3aHHS TBUHTOBUX MMOBEPXOHb BUMArae
MOJIaJIBIIIOTO TEOPETUYHOTO Ta MPAKTUYHOTO TOOTPAIFOBAHHS.

Hetam 3 ria000iAHOI TOBEPXHEIO 3HAXOASATh UIMPOKE 3aCTOCYBaHHS B
KOHCTPYKIISIX YEPB'SYHUX MPHUBOJIB, IO MpaltoioTh B yMoBax Kpaitnboi [liBHOUI,
B MPUCTPOSX JUIsl CKJIaZaHHS BHUpPOOIB MaIMHOOYAIBHOTO BHpPOOHMIITBA, B
oOJiaJlHaHH1 JJis1 BUTOTOBJICHHS JI€TaJIe CKJIATHOTO MPOGUII0 3 KOMITO3UIIIHHUX
MaTtepiaiaiB METOJIOM Trapsyoro MpecyBaHHS, /1€ B IIHEKOBUX EKCTPY310HHHX
MPUCTPOSX 3aCTOCOBYIOTH IJIOOOTIHI Mepeaadi, a TaKoX JeTall 3 MITIHIPUIHUMHI
IBUHTOBUMH TIOBEPXHSMHM JIHIAHOTO 1 HenmiHiMuatux mpodims. Takoxx momiOH1
JeTanal  3aCTOCOBYIOTbCS B XIMIYHIM,  HadTOra3zoBii  MPOMHUCIOBOCTI,
CyaHOOYyIyBaHHI Ta IHIIUX Tally3sSX MAallInHOOYy1yBaHHS [4].

OCHOBHUM HENOJIKOM OOpPOOKM € KOHCTPYKTHBHE BHKOHAHHS PIXKY4YOTO
THCTPYMEHTY JUId Hapi3aHHS TBUHTOBOI TMOBEPXHi, OCOOIMBO II€ XapakKTEpHO IS
BUTOTOBJICHHSI YEPB'AKIB BEJMKOTA0APUTHHUX Tiepenad (it TiI000iMHOM mepenadi 3
MDKIEHTPOBOO BifiIcTaHHIO 1250 MM giameTp 1HCTpyMeHTa JopiBHIOE 2072 MM), IO
BUMArae CHeriajJbHOro TEXHOJIOTTYHOIO OCHAIEHHS. TaKoX Mpoliec Hapi3aHHs TaKol
MOBEPXHI BIJPI3HIETHCS JY>KE€ HU3BbKOIO MPOIYKTHUBHICTIO, HA YOPHOBOMY Hapi3aHHI
HMIBUAKICTh pi3aHHs V cTaHOBUTH 8...15 M/XB, Ha uncToBOMY - 1...1,5 M/XB, moaya S -
0,05 ... 0,3 MM Ha 00epT iHCTpyMeHTY [3].

[Tpu HapizaHHI TIOOOITHMX YepB'SAKIB 1 IOB'SI3aHUX 3 HUM KOJIC MAalOTh
BpPaxoBYBaTHUCSI T€OMETPUYHI NPUHLUIN POOOUMX MOBEPXOHB CIIOJIYYEHUX Tap, a
TAaKO’X YMOBH iX 3aderuieHHs npu po6oTi. Tomy mpu po3podiii KOHCTPYKTOPCHKO-
TEXHOJOTIYHUX PIIIEHb 1 CTBOPEHHI TEXHOJIOTTYHOTO OCHAILEHHS MPOLECY
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Hapi3aHHs T[JIOOOITHMX TBHHTOBUX IIOBEPXOHb HEOOXITHO BpaxoBYBaTH BH
BUPOOJISIOUOT MMOBEPXHI MPU Hapi3aHHI TBUHTOBUX IMOBEPXOHb YEPB'AKA 1 METOI
Hapi3aHHA MOB'SI3aHUX Nap. 3a HMUMU O3HAKAMU CTOCOBHO TIJI00OITHMX TBUHTOBUX
MMOBEPXOHb PO3PI3HSIIOTH JIBa BUIU INIO00ITHUX YepB'sKkiB (puc. 1).

Buau rino6oinHux 4epB'siKiB 3 ypaxyBaHHSM BUPOOJIAIOUOT

MOBEPXHi
|
[lepmmii Bua: Hpyruii BUA:
rI0001THI YEPB'IKH rJI0001THI YePB'SIKH, TBUHTOBA
3 TBUHTOBOIO TTOBEPXHEIO, MIOBEPXHS SKUX YTBOPCHA
YTBOPEHOT IPSAMOJIIHIHHOIO BUPOOJISIOUOIO ITOBEPXHEIO
PLKYYOK KPOMKOIO IHCTPYMEHTA 1IHCTPYMEHTY

Puc. 1. Buau rnmo0oigHux yepB'skiB

Yeps'sku neporo Buay (puc. 2) [5], sk npaBuiio, 3HaXOAATh 3aCTOCYBaHHS
B Moau(ikoBaHMX mepenadax. biuHa mMOBEpXHSA BHUTKIB MOJU(DIKOBAHOTO
JI000IMHOTO YEpB'siKa Ma€ 3aKOHOMIpHE BIAXWJIEHHS MO JIIHII BUTKIB B TUIO Ha iX
kiHIsX. [Ipyu npoMy crocobu moaudikaiiii BUTKIB TJI0O0ITHOTO YEPB'SIKA MOXKYTh
OyTH KOPEKIIMHUMU 1 O€3KOPEKIIHHUMHU.

O - sicb koneca; D, - diamemp npo@inbHoi OKpysCHOCMI; W1 - KYIM0O8A WBUOKICMb,
obepmannsn npamoi b-b wooo eici xoneca, w; - Kymosa weuoKicms obepmanis
ueps'sika; Ry - padiyc yenmpoiou, A - misxcocbosa 8i0cmans

Puc. 2. Cxema yTBOpeHHHS BUTKIB TJI000iTHOTO YepB'siKa MEPILIOrO BULY
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[MpencraBnena Ha puc. 2 [1] cxema peani3yeTbcs B 3aJ€KHOCTI BiJ| THITY
BUPOOHMIITBA PI3HUMHU 32 KOHCTPYKIIIEI PLKYYUMHU 1HCTpyMeHTaMu. OCHOBHUMU
METOJaMU OOpOOKH BBa)KalOThCA: TPhOXpisieBi ronoBku (puc. 3) [1] 3 aBOoMa
npodUTIOIOYUMH  PI3ISAMH 1 TPETIM pi3lieM Il OOpOOKM BEpIIMH BHUTKIB.
[HCTpyMEHTH Takoi KOHCTPYKIi 3HaXOASATh HAHOUIBIIE 3acCTOCYBaHHA B
OJIMHUYHOMY 1 JpiOHOcepiiiHoro BUpoOHHUIITBA. KpiM TOro, y BHUPOOHHUIITBI
BUKOPHUCTOBYIOTH OaraTtopi3iieBl rosioBkd (puc. 4) [1] 13 3acTtocyBaHHSIM
pamiasbHOI Togadi 1 OararopismeBi TonoBku (puc. 5) [1], mo mpaIoTs 3a
METOJI0M KPYTOBOT'O MPOTSTYBAaHHS.

Huxde npencrasieni caMi cxemMu 00poOKH TII000iTHIX YepB'aKiB.

T

SO
of WV 1y

(O}

1 - nisuii pizeyv;, 2 - npasuil pizeyv, 3 - 3a0uiti pizeyv; D, - Odiamemp
npoginbHOi OKpYICHOCIE, (1 - KYMO8a WUOKICMb 00epmAanHs uep8'saKa, w; -
KYmMo8a ueuoKicms 00epmanHs mpboxpizyesoi 20106Ku

Puc. 3. Cxema TpbOXpe311iB€BOi IOJIOBKHU JJIsl HApi3aHUsI BUTKIB TJI0001THOTO
YyepB'sKa

1 - 3acomosxa 2nob6oionoco ueps'sika,; 2 - incmpymenm; A - Mixcocvosa
siocmanw; Bl - obepmanns 3a20moexu en060ionozo ueps'axa, B2 - obepmanns
incmpymenumy; 111 - padianena nooaua incmpymenmy

Puc. 4. Cxema GaraTopi3rieBOi TOJIOBKH JJI Hapi3aHHs TI0001THOTO
4yepB'sika MpHu paalaibHOI 01adl IHCTPYMEHTY
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1 - 3aeomoska enoboionoeco uepg'axa; 2 - incmpymenm; A - mMixcocvo6a 8i0cmamy;
B1 - obepmanns 3a2omosku 2nob6oionoeo uepg'axa, B2 - obepmanus incmpymenmy
Puc. 5. Cxema Oaratopi3iieBoi TOJOBKH JJI Hapi3aHHsI TJ1000iTHOTO YyepB'sKka 3a
METOJ0OM KPYTOBOT'O MPOTSTYBAaHHS

BUCHOBKHU

OnnuM 3 e(DeKTUBHUX HUISIXIB YCYHEHHS HEIOJIIKIB 0OpOOKM MOXe OyTH
3aCTOCYBaHHSI TEXHOJIOTii POTAIITHOTO TOYIHHS MPUMYCOBUM OOEpTaHHSIM
0aratoyie30BUM 1HCTPYMEHTOM 3 €BOJIbBBEHTHUM Mpo(diieM pIKydoro eieMeHTa
[5]. Po3po0ka 1 3acToCyBaHHS TEXHOJIOTIi pOTAIIFHOTO TOYIHHS 1aCTh MOXKJIUBICTh
BUKOHATH Hapi3aHHs TJIOOOIMHOTO 4YepB'sika 3 YBITHYTUM MpodilieM MO0 METOdy
oOKaTku 3 MpO(UIIOBAHHIM IO METOAY OTHHAHHS, IO JO3BOJIMUTH 3a0€3MCUUTH
30UTBIIIEHHST TIPOJYKTUBHOCTI 1 SIKOCTI OOpOOKM TBUHTOBOI TMOBEPXHI UYEPB'sKa,
CIIPOCTUTH TEXHOJIOTII0 Hapi3aHHs 3y0IB CHOJY4EHOTO KoJieca 3 OIYKJIUM
npodiseM 1 TUM CaMUM TEXHOJIOTIYHO 3a0€3MEeUUTU MOXKJIUBICTh BUTOTOBJICHHS
1000iNHOM mMepefadl 3 BUXIJIHUM BUKOHABUYMM KOJIECOM, BUKOPHCTOBYBAaHHUM B
BUPOOAX CHEN1aJbHOr0 NPU3HAYECHHS.
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METAJIOT'PA®IYHI JOCTIIAKEHHSA IIOBEPXHEBOI'O HIAPY
AETAJIEX 3EMJUIEPUMHO-TPACHIIOPTHUX MANIIMH 3 IOHHO-
INJIASMOBUM ITOKPUTTAM

Hagedeno memoouxy i pezynomamu memanozpagpiunux 1adOOpamopHux O00CaioHCceHb
HOOICI8, KT 6ucomosiero 3i cmani 651, 3 ionno-nnazmosum noxkpummsm TIN-CroN ma 6e3 nvozo.
Bemanosneno, wo niosuwenns snococmiiikocmi nokpumms TIN-CN, npu onmumansnomy
3HAUeHHI MOBWUHU 4 MKM, 00YMOBIEHO HAABHICMIO MUMAHY, A KOPO3IOHOCMIUKOCHI — XPOM).
Bemanosneno, wo noxpumms TIN-CroN npu moewuni 8 mxm siowaposyemvcsi 6HACHIOOK
8i0HOCHO enukoi moswunu. Ilokpumms moswunoro 1 mkm Henaodiiine 05t pobomu ppacmenmie
HOJ#CI6 agmoepetioepa 8 abpa3usHoMy cepedo8UW) Yepe3 PYUHYBAHHSA NOBEPXHeBOI NIIGKUL.

The methodology and results of metallographic laboratory research of knives made of
steel 65G with ion-plasma coating TiN-Cr,N and without it are given. It has been established
that increasing the wear resistance of the TiN-CroN coating, with an optimum thickness of 4 um,
is due to the presence of titanium, and corrosion resistance is chromium. It was established that
TiN-Cr,N coating at a thickness of 8 um is exfoliated due to a relatively large thickness. Coating
with a thickness of 1 um is unreliable for the work of fragments of knives of the motor grader in
abrasive medium due to the destruction of the surface film.

Beryn. Cepen mmpoko MOMIMPEHUX B MPAKTHIN MAIIMHOOYTYBaHHS METOJIIB
MOBEPXHEBOiI OOpOOKM JeTalel MallMH He MOYKHA Ha3BaTH TakKi, SIKI CIPHUSIOTH
3HAYHOMY [IiJIBUIIEHHIO JIOBTOBIYHOCTI PUKYYHX €JIEMEHTIB 3eMJIEpPHUITHO-
TpancnoptHux MamuH (3TM), 30kpema, HOXIB aBTorpeiaepiB. Lle mos's3ano 3
SBHO BUPaXXCHUMH HEJOJIIKaMU, K1 B OUIBIIINA Mipi 3HWXKYIOTh YIapHY B'SI3KICTb
Marepially, HE3HaAYHO MiABUIIYIOYU HOTO 3HOCOCTINKICTb.

VY 1ol ke yac, aHadi3 JOCBiAYy poOOTH pI3HUX Tally3ed MalIMHOOYIyBaHHS
MOKa3aB ICTOTHE MIABUIICHHS EKCIUTyaTallMHUX XapaKTepUCTUK MarepiaiiB
poOoYMX TMOBEPXOHb 3a PaXyHOK HAHECCHHs HAa HUX TUIa3MOBHUX 3HOCOCTIMKHX
MmatepianiB [1, 2]. OCHOBHUMU METOJIaMH HAHECEHHSI TaKUX MOKPHUTTIB € XIMIUHE
OCaQ/KCHHSI 3 Ta30BOI'0 CEPEOBHUINA 1 KOHJIEHCAIllsl TBEPAOi PEYOBMHU B yMOBAxX
iorHOr0 O0oMOapayBanHsi (KIb) [2]. Haii0Oinein parioHaJIBHUM METOIOM € caMme
KIb, ocHOBHOIO TIEepeBaror0 SKOTO € MOXKIJIHUBICTh PETYJIIOBAaHHS TeMIIepaTypu
npoiecy (~ 300-800 °C).

Sx mokazamu pe3yabTaTH JlabOopaTOpHMX BUNPOOyBaHb [3], 3acTOCyBaHHS
10HHO-TU1a3MOBOTO TTOKPUTTS TiN-CroN ToBmuHO0O 4 MkM MeToioM KIb He Tibku
JI03BOJISIE TABUIIIUTH 3HOCOCTIMKICTD PIKYUYUX €JIEMEHTIB aBTOTpeUepiB 31 cTali
65I°, maibke B 2 pasu, aje 1 30epertd reoMeTpuuHy (Gopmy HOXa, a TaKOXK
3HAYEHHA YJapHOi B'SI3KOCTI MaTepially, 3 SKOTO BIH BUTOTOBJIeHUH. e BaxkiauBo
MpU eKCIUTyaTallii aBTOTpeiiepiB, poOOUl OpraHM SKHUX IMPalloTh B YMOBaXx
MOCTIAHO AII0YOTO AMHAMIYHOIO 1 3HAKO3MIHHOT'O HaBaHTa)X€HHs. ToMy Ha Halll
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NOTJISIA, JAOLUIBHO Oyno © JOCHIAUTH MPUYMHU 30UIBIIEHHS 3HOCOCTIHKOCTI
PDKYYHX €JIEMEHTIB aBTOTpEnIepiB.

Meta i nmocraHoBka 3agaui. MeTow 1€l poOOTH € BHU3HAYEHHS TPUYUH
MIJIBUIIICHHS 3HOCOCTIMKOCTI HOXIB aBTOTPEHUIEPIB 3a JIONMOMOTOI0 IPOBEACHHS
MeTaorpadpiyHuX J0CIIKEHb.

Buxaan marepianiB  gocaigkeHnsi.  MertanmorpadgiuHi  JOCHIKEHHS
MPOBOAWIIM 3a jomoMororo Mikpockornna MUM-8 npu 36inemensit 500, 1000 3
nonansmuM dotorpadyBaHHsaM 300pakeHHs. [Ipu oMy mMetanorpadiuni nutidu
Oynu oTpuMaHi B pe3yibTaTi NUTIPyBaHHS 3 BUKOPHCTAHHSIM aJIMa3HOI TACTH.
PazoMm 3 TuM A BUSIBIIEHHS MIKpOCTPYKTYypH cTainu 651" 3acTocOByBasid XiMIUHE
TpaBieHHs 1utidiB y 3% cnupTOBOMY PO34MHI a30THOI KMCIIOTH (HITaJb).

B pesynbpraTi MeramorpadiuHuX AOCIIDKEHb HaMU OyJIO BCTAHOBJIEHO, IO
nokputts TiN-Cr,N mae Haiikpamry aare3iro mpu TOBIIMHI Bif 2 10 5 MIKpOH, B
IHIIOMY BUIAJKy Ma€ MicIle MOPYIICHHS LUIICHOCTI MOBEPXHEBOro Imapy. Sk
BUJTHO 3 PUC. la, MpU TOBIIMHI TOKPUTTS MOHAJ 5 MIKPOH B IPOIIEC 3HOLTYBaHHS
CIIOCTEPITa€ETHCS HOTO BIIIApYBAHHS.

a — BimmapyBaHHst MOKPUTTS TIN-CryN ToBIIMHOO 8§ MKM;
0 — pyiinyBanHs OKpUTTs TIN-CraN ToBmmHO©O 1 MKM
Pucynok 1 — Bigmapysanus mokpurts TiN-CryN

B pesynbraTi npoBeaeHUx 1a00paTOpHUX BUNPOOYBaHb (PparMeHTIB HOXKa
asrorpeiepa 3 mokputTsm TIN-Cr,N ToBmuHO0O 1 MIKpOH crioctepiranocst Horo
pyWHYBaHHS IPOTATOM MEPIIUX KUTHBKOX TOJAUH poOoTH (puc. 10).

e —
R
a 0
a — 3 mokpuTTIM TIN-Cr,N ToBIIMHOIO 4 MKM;
6 — micis TepMooOpoOKH 1 UTiPyBaHHS 6€3 MOKPUTTS
Pucynok 2 — [1oBepxHs ¢pparmenTa HOxa 31 ctaii 650

Kpim toro, sik Bumno 3 puc. 2, mokpurts TIN-CroN Mosxe 3HauHO 3rimagutu
HEPIBHOCTI MOBEPXHI, sIKI MOKYTh OyTH KOHIIEHTPAaTOpaMU HaNpyKEeHb.
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Ha uux Qororpadisix MOKpUTTS BUIIIALAE y BUIIIAI CBITJIOI CMYTH, sIKa Mae
YITKy MEXY 31 CTaJUIl0 1 MpH 1boMy He TpyiTbes HiTanem (3% HNO;3). 3a
MOKPUTTSIM Ma€ MicClie TIEpeXiiHa 30Ha, sIKa BIJIPI3HAETHCS THUM, 110 BOHA BITHOCHO
n00pe TPYIThCS HiTaJeM 1 Ma€ TOBIIMHY 4-5 MIKPOH.

[Ipu oMy B pe3yibTaTi MPOBEACHHS MIKpPOPEHTTC€HOCTIEKTPAILHOTO aHATi3y
OyJI0 BCTaHOBJICHO, IO TEpeBakaroya YacTHHA THUTAHY 3HAXOIUTHCS camMe B
caMOMy MOKpPHTTi. JIutie gesika HOTO YaCTHHA PO3TaIIOBYEThCS B TIEPEXiTHIN 30HI

(puc. 3).

x 1000
Pucynok 3 — Posnosin tTutany B camomy mokputti TIN-CryN i
nepexiaHii 30H1

Meroa SIKICHOTO PEHTTE€HIBCHKOIO aHali3y, SIKMH MPOBOAMBCS 3a JOMOMOIOIO
yctaHoBkM YPC 50, 103BOJIMB MPOCTEKUTH PO3MOJAUT XIMIYHHUX E€JIEMEHTIB B
nokputti cuctemu TIN-Cr,N, mepexifHii 30HI 1 MaTpHili, a TaKOX BHUSIBUTH
BKIIIOUEHHST pi3HOTO poay. [Ipum mpoMy cyTh MeTOMy ToJisirajia B HACTYITHOMY:
IIyYOK EJIEKTPOHIB MPHU B3aEMO/IIT 3 aTOMaMU, pO3TAIIOBAHUMH Ha MOBEPXHI 3pa3ka
(mylacTUHU), TEHEepyBaB  PEHTICHIBCbKE  BUMpOMiHIOBaHHS. [lpu  1bomy
BUMIPIOBAHHS JOBXKHUHM XBWJIl 1 1HTEHCHBHOCTI BHUITPOMIHIOBAHHS JIO3BOJIHIIO
BU3HAYNTH HASBHICTh THUX YW 1HIIUX EJIEMEHTIB. Y CBOIO Yepry IHTCHCHUBHICTH
BUINIPOMIHIOBaHHSl XapaKTEPU3YEThCS YHCIOM IMITYJbCIB, 10 BUHUKAIOTH 3a
MEBHUM BIIP130K Yacy MEPEMIIICHHS 3pa3Ka.

PesynbraTti BUMiproBaHb y Mipy TIEpPEMIIICHHS Ha 3a7aHy BiJICTaHb 3pa3KiB 3a
JIOTIOMOTOI0 MUKPO30HAY APYKYBalIHMCS Ha CIHELIaJbHOMY MPUCTPOI. 3aJeXHICTh
IHTEHCUBHOCTI BHUIPOMIHIOBAHHS BIJ] KOOPAMHAT MICILs pO3TallyBaHHS TOYOK
¢ikcyBanaca Ha JIia@parMoBOi mamepi, Mo JA03BOJUIN B MOJATBIIOMY BU3HAUUTH
KOHIICHTpAIIiI0 €JIEMEHTIB 3 ToOX1OKot0 710 2%.

CkaHyBaHHs €JIEKTPOHHOTO Tydyka Ha TIOBEPXHI TIJIACTUHU JIO3BOJIUIIO
OTpUMATH JaHl moBepxHeBoro mapy. OaHak, 300pa’keHHs, AKi BURIUIM 32 paXyHOK
B1JIOOpa)KEHHS B €JEKTPOHAX, SIBJISIIOTH COOOIO SIKICHY XapaKTEPUCTUKY XIMIYHOTO
CKJaay MOKPUTTSA, aje Takli BIIOMOCTI 3yMOBIIOIOTH BU3HAYEHHS B3a€MO3B'SI3KY
KOHIIEHTpAIlli HOKPUTTS 1 MIKPOCTPYKTYPH IIOBEPXHEBOTO II1apYy.

Pesynpratu ckaHyBaHHA B Tpoleci (a30BOr0 PEHTICHIBCHKOTO aHami3y
HaBeJIeHO y TaoI. 1.
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Tabnuis 1 — 3nadenns napameTpiB (Ha30BOr0 pEHTT€HIBCHKOTO aHaATI3y

Ne 0° ] dox TaOnauuHi1 3HaYEHHS
JiHIT e TiN | o-Fe Ti Cr;N Cr
1 10,6 ci | 4,06
2 12,38 C 3,46
3 1325 | cn | 3,29 | 2,58 2,64
4 17,61
5 18,20 C 2,42 2,39
6 1884 | cn | 2,36 | 2,20 | 1,89
7 22,29 | cp | 1,94 1,77
8 2558 | cn | 1,69 156 | 152 | 150 | 142
9 3242 | cn | 141 1,29
10 3855 | cin | 1,26 1,28
11 39,67 | cn | 1,20 1,20 1,25

HeoOximHO BiJI3HAUMUTH, 10 HA PEHTTEHOTpaMi MOXKHA BHJILIUTH JiHII, SK1
xapakTepu3yroThcst Takumu ¢azamu: TiN, a-Ti, o-Fe. Busnauenns nassaocti Cr,N
JOCUTh CcyO'ekTBHUI Tiporiec. Lle moB's3aHO 3 TUM, 110 JIIHIT TaKOTO 3'€THAHHSA
3a3BUYal 301ral0ThCs 3 JIHIAMHU 1HIIMX 3'€IHaHb. Y HAILIOMY BUIIAJKY XpOM HE OyB
BUSIBJICHUM, aje 1€ HE TOBOPUTH MPO HOro MOBHY BIACYTHICTh. Jlanuii ¢axt
MOSICHIOETHCSI TUM, IO MPEACTABICHUI METOI MOXe OyTH HEIOCTaTHbO UyTIUBUI
TUTSI BUSIBIICHHST XPOMY.

BucnoBku. 1. Pe3yiabTaTd PEHTTE€HIBCBKHUX 1 MIKPOPEHTI€HOCIEKTPAIBLHOTO
JOCTIKEeHb TIOKa3aJIH, 10 MiaBUIICHHS 3HOCOCTIHKOCTI MOKpUTTS TIN-CroN, mpu
BCTAHOBJICHOMY ONTHUMAJIbHOMY 3HAUY€HHI TOBUIMHU 4 MKM, OOyMOBIJICHO
HAsSBHICTIO THUTaHy, a KOPO3IOHOCTIHKOCTI - XpoMy. OOuaBa e€leMEeHTU
3HAXO/ATHCS B CAMOMY MOKPHUTTI 1 pIBHOMIPHO PO3MOIICH] IO HOTO CTPYKTYpI. 2.
[Toxputtst TiN-Cr,N TOBImIMHOIO 8 MKM CXWJIbHE JIO BiJIIIAPOBYBAaHHS BHACIIIOK
BEeNUKOi TOBIIMHH. [lOKpUTTS TOBIIMHOWO | MKM MajgoHAAIMHO MJiE POOOTH
dbparmMeHTiB HOXIB aBTOrpeizepa B alOpa3uBi yepe3 pyWHYBaHHS MOBEPXHEBOT
TUTIBKH.
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AHAJII3 HABAHTAXEHOCTI TEJECKOIIYHOI CTPLIU
KPAHOBO-MAHINYJSATOPHOI YCTAHOBKHU

s oyinku HABAHMAINCEHOCMI eleMeHmMi8 KOHCMPYKYIL 2i0pOMAaHINyIsamopa po3poodieno
MPUBUMIDH)Y MEEPOOMINILHY MOOeb | NPOBEOEHO KOMN TomepHe MOOento8anHs npoyecie pobomu
3 eukopucmannam npoepamu Autodesk Inventor Professional. Ob6epynmosono eubip euody
nonepeyHoco nepepiszy Cexyilli meniecKOniuHoi cmpiiu ma HA8eOeHo pe3yibmamu aHalizy ix
HAanpys*HceHo-0eqhopmo8aHo2o Cmamy.

Beryn. 3pocratoun o0'eMu  Ta PO3LIMPEHHS CIEKTPY BaHTaXIB, IO
NEPEBO3ATHCSI MAllMHAMHU JIECHOTO KOMIUIEKCa HEMHUHYY€ CTaBJIATh Iepen
NEepeBI3HUKAMU TMHUTAHHS PO HEOOXIJIHICTh HASBHOCTI B TMapKy aBTOMOOLIIB,
OCHaIlleHuX KpaHoMm-MaHinyiastopom (KMY) [1]. KMVY ceoromni 3 ycmixom
BUKOHYIOTh HE TUIbKA HaBaHTa)XyBaJIbHO-PO3BAHTAXYBAJIbHI ormeparii, ane 1
IIUPOKO  BUKOPHUCTOBYIOTbCSI B  MOHTOKHHMX TEXHOJIOTISIX, JI€ TOTPIOHI
MaHEBPEHICTh, OCOOJMBA TOYHICTh BHUKOHAHHSA poOOYMX pyXiB, IUIABHICTh
NepeMilieHHs] 1 CTaOUIbHICTh TMOJIOKEHHS  BaHTaXy. 3POCTAHHIO  CBOEl
nonynsipHocti  KMY  Garato B YoMy  3000B'si3aHI  KOHCTPYKLISIM
BUKOpPUCTOBYBaHUX cTpii. Came cTpiia BU3HAYA€ MOXKIJIMBOCTI MAHIMyJIATOPA SIK 3
MOTJISITY BaHTAXXOIAMOMHOCTI, TaK 1 BA3BHAUYCHHS MEX1 poO0Y01 30HHU.

AHaniz nyOaikamiii. KoHCTpykuisi CTpuUlM TNOBMHHA  33J0BOJIBHSTH
HACTYITHUM HaWBKJIUBIIIKUM BUMoraM [2]: ¢hopma cekiiii ToBUHHA OyTH MpUIaTHA
JUTsl EKOHOMIYHO BHITPAB/IAHOTO BUPOOHUIITBA CTPLT; JJII 3MEHIIIEHHS KOHTAKTHHUX
CHJI MDDK OKPEMHUMH TEJIECKOMIYHUMH CEKI[ISIMA BOHHM MOBUHHI OYTH CHPOEKTOBaHI
Takoi ¢opMu, MO0 B 30HAX KOHTAKTY BUHUKAIM MIHIMAJbHI JIOAATKOBI 3yCHUJIIS;
MDK CEKIISIMH TOBHMHHI OyTH Tiepen0adyeHi HEBENMKi 3a30pH Jyisl 3a0e3medeHHs
O14HOI CTIMKOCTI 1 Majoro KyTa 3aKpy4yBaHHs; JUJISi 3HUIXKEHHS Macu MOXJIHBE
BUKOPUCTAHHS BHUCOKOMIIIHUX CTajied 3 JpiOHO3EPHHUCTOI CTpyKTypor. [lpu
IIbOMY BHCOKa 3/IaTHICTh HABaHTAXXEHHsI IUX CTaJlel MoOke OyTH peaizoBaHa
TIJIBKH 32 BIJICYTHOCTI MOXJIMBOCTI MOSIBU PUCKY ""BUITy4dyBaHHS" (MICLIEBOI BTpATU
CTIIKOCTi) B TOHKHX CTIHKax MOMEpPEYHOro mepeTuHy crpimu. [lpu mepesipi
MICIIEBOT CTIMKOCTI TIOBHHHI BPaxOBYBAaTHCS SK MOAOBXKHI 3yCHIIIS B CTPLMI, TaK i
3yCHIIJIS, IO JIOTh B HampsMi ymomepek crpimu. Jlyis 3a0e3nedeHHs] MIlHOCTI i
HEJIOMYIIEHHS MPOTHHIB, SIK 1[€ MOKE TPAMMUTUCS NPHU TpaTyacTiii OyA0Bi CTPLIH,
Ha MAHUITYJATOPHBIX YCTAaHOBKAX, CTPUIM BUTOTOBJISIIOTHCS KOpOOYacTHUMH. Y
KoHCTpYKIlisix KMY cborogHi MoxHa 3yCTPITH BEJIHMKY KIJIBKICTh PI3HOBHIIB
nepeTuHiB cTpiid. Tpeba BiA3HAUWTH, IO JUIS IPHUHIUAIIOBOTO IOJIIIICHHS
eKCIUTyaTal[lfHUX TOKAa3HUKIB KOHCTPYKTOPH MINUIM MO LUIAXY 30UIbIIEHHS
KUTBKOCTI TpaHeld B mepeTuHi Kopoba. JlochimkeHHS B 00JacTi CTpUl KpaHiB
MoKa3aju, U0 YUM Oiblle rpaHed B mpodiii, TUM e(EeKTUBHINIE PO3MOALIAETHCS
Hampyra mno mneperruHy. Ha pucynky 1 mnokaszaHi Jeski MEpeTUHH, IO
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BUKOPHUCTOBYIOTBCSl ISl CEKIIM CTPUIOBHX KpPaHIB 1 KPaHOBO-MaHIMYJISITOPHHUX
ycranoBok [3]. KoskeH 3 mpejcraBiieHux mpodijiiB Mae CBOI MepeBaru i HeJOJIKH.
Hanpuxman, nepetuH 1, He AUBISIYMCH HA HOTO MPOCTOTY, A0 TEHEPINTHHOTO Yacy
IIMPOKO BHUKOPHUCTOBYETHCS aMEPUKAHCBHKOIO (QipMoro Manitex Ha KpaHax
BaHTaxomiaioMHIcTIO 10 45 T. KopoGuaTuii mpodiias 3acTOCOBYIOTh BUPOOHHUKHU
KopoTtkoOazoBux kpaHiB Terex, Grove, Tadano, Kato Ha Mogemsx

BaHTaXOIM1THOMHICTIO 10 80 T.

Puc. 1. Pi3HOBU IEPETHHIB TEIECKOMIYHUX CEKIIM CTPIIOBUX KPaHIB 1 KPaHOBO-
MaHIIMyJISITOPHUX YCTAaHOBOK.

)

Puc. 2.11lecturpannuii (rekcaroHaqbHUN) TPO(Ib CTPIIM KPaHiB-MaHIMyJISITOPIB.

[ecturpannuii npodiie crpiim (puc. 2) OyB BHepiie po3poOJeHUi 1
MpeCTaBICHUM MOKYMISAM IIBEACHhKOK KommaHiero Hiab. 3aBasku cBoiit dopmi 1
BEJIMKIM ONOpHIM TMOBEpPXHI CTpiia BIAMIHHO TPUMAaE HAaBaHTAXKEHHS, Mae
30UIBIIIEHUI TEPMIH CIIY>KOM, BUTIIHE CMiBBIAHOIICHHS BJIACHOI MacH 1 MII[HOCTI.
Tenep ycmig 3a Hiab rekcaroHanbHMII TEpEeTHH 3aCTOCOBYEThCS OaraTbma
BUPOOHMKAMU KpPaHIB-MaHIMYJISTOPIB.

[Ipodini NPSAMOKYTHOTO TEPETHHY CHOTOJIHI 3aCTOCOBYIOTHCA TIJIBbKA B
MaHINyJAsATOpaX HEBENIMKOI BaHTaXomigoMHocTi. [IpaMOKyTHHII mepeTuH B
OKpEMHUX BHUIAJKaX 3aMIHIOETHCS TpanelieBUAHUM. [HOMI MIUPOKUM BUKOHYETHCS
HIOKHIM Tosic mepeTuHy (mepetuH 3 puc. 1), 1 cekuii 3 TakumMu TpopiIIIMU
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YTBOPIOIOTH MACHBHI 1 BIIHOCHO KOPOTKI TENECKOMIYHI CTPUIH. Y 1HIIOMY BapiaHTi
4-rpaHHOTO TPOGUIIO0 MTUPOKUM POOJIATH BEPXHIM MOSC TIEPETUHY, 1 TOBUIUHY II€T
MOJIMIT ICTOTHO MiACKITIOIOTH (TIepeTuH 2 puc. 1). BBaxkaeTbcs, mo Takuit mpodiinb
3HAYHO 3HIDKY€E HEOE3MEKy BUKPHUBIICHHS MTPH HABAHTAXKEHHI, 1[0 BUTHHAE.

Mera paborbl. [y OLIHKM HAaBaHTa)XEHOCTI €JEMEHTIB KOHCTPYKIIil
FiI[pOMaHiHYJIHTOpa pO3pOOMMO TPUBHUMIPHY TBEPIOTIILHY MOJeab (puc. 3) i
IPOBEJIEMO KOMII'TOTEPHE MOJICITIOBAHHS MPOIECiB POOOTH 3 BUKOPUCTAHHSIM
CUCTeMHU TiOpUIHOTO (TBEpAOTUIFHOTO 1 TOBEPXHEBOTO) MapaMeTPHUYHOTO
MOJICTIOBaHHS 3a joroMororo nporpamu Autodesk Inventor [4-5].

OcHoBHa 4acTmHa. Po3paxyHkKoBa cxema CTpimu (puc. 3) BiJIIOBIIAOTH
BaHTAXXHIM XapaKTEPUCTUKHU: pOOOTa YETBEPTOIO CEKIII€I0 TEIECKOIMIYHOI CTPLIU 3
Baroro BaHTaKy —Q,,, .., =910 kr.

10300

¥
[JCTpm—1693 KT v
QBaHTa)Ky =910 kr

Puc. 3. Po3paxyHkoBa cxema CTpiId KpaHOBO-MaHIMyJIATOPHOI YCTAaHOBKH.

B nporieci MmojienntoBaHHs, 33/1al0YUCh MTapaMeTpaMH MaTeplany 1 HaKJialarouu
oOMekeHHs Ha (DYyHKIIIOHYBaHHS CUCTEMH, BU3HAYAEMO 3HAYEHHSI MAaKCUMaJIbHOTO
PIBHSI HANPYTU B KOHCTPYKUIi TEXHOJOTIYHOrO yCTaTKyBaHHs. OTpUMaHi €mopu
JIO3BOJIAIOTh  Bi3yalli3yBaTW PO3MOJLT HABAaHTAXKEHb, BHU3HAUaTH HEOE3MEUHi
nepetuHu (puc. 4).

Tun: Hanpasere no Miazecy
EamHiada: MPa

139,1 Make 111,3 835 55,6 27,3 0 M
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T CMelLeHe

EarHmMua: mm
15,72 Makc 12,57 9,43 6,29 3,14 0 MK

6)
Puc. 4. Enropu po3noiieHHsT eKBiBAJICHTHUX HaIpyXeHb 1o Misecy (a),
nepemimieHHs (0) CTpUIn KpaHOBO-MaHIMYJIATOPHOI YCTaHOBKH.

126,6 Makc 101,3 76 50,7 2,4 0,1 M+

W3ne! 35100
ZnemeHTEl: 17230

Twn: HanpaseHie no Masecy
EpmHiaua: MPa

Puc. 5. CkiHue€HHO-eJIeMEHTHA MO/IEIh Ta PO3IMO/IICHHS €KBIBAJICHTHUX
Harpy»keHb 1o Mizecy pykosari KMYVY.
[IpoBeneni MOCHIKEHHST 1 OTpUMaHl pe3yiabTaTu (puc. 5-7) T03BONSIOTH
CyIUTH TIPO PIBHI HAMPYrd B OKPEMHUX €JEMEHTaX KOHCTPYKIli KpaHOBO-
MaHIMyJISITOPHOT YCTAaHOBKH.

139,1 Maxc 1113 83,5 55,7 27,8 0 M

¥3ne143300

InemeHTe 21279
Tin: HanpaskeHwe no Mazecy
Eqmriua: MPa

kl\mu:.: 139,1 MPa

T NS VAVAY
."‘ i 4'.‘-"4“ =

Lo

Puc. 6. CkiHU€HHO-eJIeMEHTHA MO/IJIb Ta PO3MOIIJIEHHS €KBiBaJIEHTHUX
Harpy>keHb 10 Mi3ecy OCHOBHOT CEKIIii TelecKomiuHoi cTpiau KMYVY.
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15,72 Makc 15,07 14,43 13,78 13,14 12,49 MyH

Yane 43300
JInemeHTEl 21279
THn: CMeLLeHe
EgpHmda; mm

[+
Ny
i,

Puc. 7. CkiHUE€HHO-EJIEeMEHTHA MOJIEN b Ta PO3MOAUICHHS MePEMIIEHb KIHIIEBO1
BHUCYBHOI CEKIIii TesiecKomuHoi cTpuin KMY

Po3poOneHi  TpuUBHUMIpHI ~ MapaMETpU4HI  MOJENl  TEXHOJOTTYHOTO
YCTaTKyBaHHA  TIAPOMAHIMYJSITOpa  JO3BOJISIIOT  ONEPaTHMBHO  BHOCHTHU
KOPEKTHUBH J0 KOHCTPYKI[IM, ONpallbOBYBAaTH Pi3HI KOMIIOHYBaJIbHI 1 KIHEMAaTUYH1
CXEMH, BH3HAa4YaTH HEOOXIJHI JOJATKOBI MapamMeTpu (NMEpeMIlIeHHs €JIEMEHTIB
KOHCTPYKIIi, po3mojiyl KoedimieHTa 3amacy MIIHOCTI, YaCTOTHUM 1 TEepMIYHUI
aHai3u, BUMTpoOyBaHHS Ha yJapHE HABAHTAXKEHHS, BTOMA 1 TaK Jiai).

BucHoBKkH. 3aCTOCYBaHHS TPUBUMIPHOTO MOJICIIOBAHHS IIPU KOHCTPYIOBaHHI
1 PO3paxyHKy TEXHOJOTIYHOTO YCTAaTKyBaHHS JIICOBHUX MAIlIMH 3HAYHO CKOPOUYE
yac Ha TPOEKTYBAHHS 1 PO3paXyHKH, 110 y CBOIO UEPry IiJIBUIIYE €KOHOMIYHUN
e(heKT KOHCTPYKTOPCBHKHUX pOOIT, Bele /0 3HWKCHHS KIHIEBOI IIiHU BHUPOOY,
J03BOJISIE BI3yalli3yBaTH OO'€KTH, B HAWKOPOTILI TEPMIHU ONpPAIlbOBYBATH BEIUKY
KUIBKICTh BapiaHTIB TEXHIYHUX PILIEHb.
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