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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, nhamely 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

1) mr%= Fp + Ip + Fr — Fs
mr = mass of the ring
h = ring-groove axial clearance
Fp = Force due to gas pressure
Ip = force due to inertia
Fr = Force due to the oil in the ring-liner interface
Fs = Force generated from the squeeze of the oil in the groove.

1 av dP\ _ dmin  dMoyt
) RT(Pdt+th)_(dt dt )
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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 — Egas — Fpoir

y = ring-groove radial clearance

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

Frension = Force due to the elastic property of the ring

Fgas = Force generated from the gas in the front face of the ring.
Fooit = Force generated from the oil in the cylinder liner.
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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 widthring 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 %
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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.
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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 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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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 0),
1989 HV(50 a) and 1916 HV(50 a), 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 a), 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%C0C),
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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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, ¢. 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;

o 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 Krivelj - TRB Bor are also used electric powered machines

29


mailto:milutinzivkovicts@gmail.com;%20%20dasicp58@gmail.com
mailto:zanatjevremovic@gmail.com;%20thepera81@gmail.com

(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 “VlikiKrivelj” .

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
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(Figure 3) and receipt of this information by the emergency electrician, for
separation, figure 4 [4].
i‘l‘; ". B, 2

;':,.

Iy

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. Trning’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 E—

Lo ————. L il

I nergy supply

Imrmrm T F;T—.'_!—.'_:‘._r.'_-.':.':-'_-.':.'-.':-':-':.':.':.'r ''''' l ______ |
| . v

: i Electro- 1 . i !
! ' mechanical nterfacing | !
! ) | 1 . | !
: Mechanical Electrical D/A f Control !
| system | 1| system oD system | !
; » Sensor > ! :
! |
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The properties of mechatronic systems and products are systematized as:
Functional interaction between mechanical, electronic and IT technology.
Spatial connection of the subsystem into a functional whole; their
intelligence is connected with the management function of the mechatronic
system.

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

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

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

Technological interdependence, associated with available manufacturing
technologies.

PERCEPTION » KNOWLED .| DECISION
\ 4
) REAL .
SENSORS [* ENVIRONMENT | ACTION

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.).

Operator 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

35



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 a'nd 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).

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

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

oA

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 zm. 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,
liguid 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
@16x7 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).

/=1,36 mm
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part of layer
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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 um.
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. icrotructre’ 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.

100 ry
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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 || 40 | 60 | 80 | 100 | 120 | 140 | core

the surface, um
HVgm 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)

C18:1 n9 11.1 (14.55)

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

C1gH3403 -
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

4,18
4,175
w1 \
4,165 —
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Ball 1 10 N 10 Hz Ball 2 13 N 10 Hz Ball 316 N 10 Hz Ball 4 19 N 10 Hz

@=—=4Start End

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
p—
4,17 ¢

4,16
4,15
4,14

4,13
4,12
4,11

4,1
4,09
4,08

Ball 110 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 — CILIXH - 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 CIIIXH
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 35LJIBIIEHHSI PECYPCY BE3BIJIMOBHOI
POBOTHU BA3OBUX BY3JIIB I'Il IPABJIIYHUX ITPECIB

Iiosuwenns pecypcy 6e36i0mo6Hoi pobomu 0a308ux 8y31i6 2i0pasiiyHux npecie Ha
OCHO8I  Q0CNIOJNCeHHsT X MPUOOMEXHIYHUX BAACMUBOCMEN, d MAKONC pO3poOKA 3axo0is
SHUICEHHS 3A2ANbHO20 DIBHA IX 3HOWEHHA € eKkpall eadxcausum. Haibinvw eusnauanrbHumu 3
Gaxmopie 3HOUIeHHs € MUCK CHOJYYEeHHS NOBEPXOHb mepms ma WEUOKICMb iX 8i0HOCHO20
nepemiwjeHus y 0a3068ux BY31aX, a4 MAKOMC pi6eHb nepenaodié MUcKy ma No8 s3aHi 3 HUM
Kasimayivti aeuwa Oisi KOPNycie i NayHICEPI8 CUNLOBUX IOPOYUTIHOPIS.

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 cydacHHX TiApaBIIYHUX TPEcax BIIMOBH 4epe3 3HOMIYBAaHHA 0a30BUX
€JIEMEHTIB CUCTEM KepyBaHHA Ta X BUKOHABYMX MEXaHI3MIB MOXYTh jocsraTu 80-
90% Bix 3aranbHOi KiTbKOCTI BCiX BiaAMOB [1]. Tlpu poOoTi cuioBUX HUITIHAPIB
IpeciB BIIMOBM MOXYTh HACTyMHaTH K HACHIZOK [2]: 3HOIIEHHS MOBEPXOHb 10
IPAaHUYHOTrO CTaHy; 3HAYHOI 3MIHM KOe(iIlieHTa TEPTS Ta PI3KOro HOro 301UIbIICHHS
aX /10 CXOIUTIOBaHHA a00 3ailaHHs y (QPUKUIAHUX 1 aHTUPPUKIIAHUX Mapax;
KaBiTaI[IHHOTO pyHHYBaHHS; MOXMOOK MOHTaXY TOIIO. Y 3arajbHOMY BHIIQJIKY
BIIMOBM BHACJIIJIOK 3HOIIEHHS BWU3HAYAIOTHCS HACTYITHUMH XapaKTCPUCTUKAMHU
3HOUIYBaHHS [3]: CTAHOM KOHTaKTYIOUMX IOBEPXOHb; HASBHICTIO 3MalllyBajJbHOI'O
Martepiany abo 1HIIOTO CEpe/IOBUINA; HABAHTAXKEHHSIM; PIBHEM IEpENaaiB TUCKIB;
XapaKTEPOM B3aEMHUX MEPEMIIIIEHB TOIIIO.

Meroto naHoi poOOTH € MiABUINGHHS pPecypcy Oe3BiAMOBHOI poboTH
0a30BMX BY3/IB TiAPABIIYHUX MPECIB HA OCHOBI PO3POOKM 3aXOMIB 3HIDKCHH
3arajJbHOTO PIBHS 1X 3HOIICHHS.

JlocnimKeHHsIMU, TTPOBEICHUMH aBTOPaM JaHOi poOOTH Ta OIMyOIIKOBAHUMHU
y MOIEepeaHiX cTarTsax [4, 5] BCTaHOBJEHO, IO HAWOLILII BHU3HAYAJIBLHUMHU 3
(akTOpiB 3HOIICHHS € HACTYITHI:

® THUCK CHOJY4YeHHS IIOBEPXOHb TEPTSA Ta MIBUAKICTh iX BIIHOCHOTO
MEPEMIMIeHHS, ISl SKHX ICIs HPHIPAIbOBYBAHHS Ta 1O TPAHHYHOIO 3HOCY
MIBUAKICTH 3HOIIEHHS HE 3aJICKUTh B uacy, TOOTO € MOCTIHHOIO BETUYNHOIO;

* piBEHb MepenajiB THCKY Ta IIOB’S3aHi 3 HUM KaBITALIHHI SBHINA CHIOBHX
TIAPOIMIIHAPIB, B SKUX IIBUIKICTh 3HOIICHHS 3 4aCOM 3MIHIOETHCS 3 MOMIJIMBUM
NepPexXoI0M 3HOCY Yy PYWHYBaHHsS BHACTIZOK OJHOYACHOTO PO3BUHEHHS SCKPAaBO
BUPAKEHUX 30H KaBITAIlIHHOTO pO3’ilaHHs Ta TPIIIMH BiJ] BTOMJIEHOCTI.

Ipu I[OCJIiI[}KGHHi pecypcey 663B1I[MOBH01 p060TH 0a30BHX BY3JIB
TiIpaBIiYHUX IPECiB Ta MOCHIYIOYil pPO3pOOLI BIANOBIHHUX 3aXONIB Ui
3MEHILICHHSI 3HOIIEHHS CUJIOBUX LMJIIHAPIB HEOOXiTHO 0a30B1 BY3JIU MAIWHU —
CWIOBI IWIIHIPU Ta E€JIEMEHTH CTAaHWUHU — PO3IJISAATH HE OKPEMO OJHMH BIJ
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OJTHOTO, a 3aCTOCOBYBAaTHM CHCTEMHHUH MIAX1J, SKUU Iependavyae BpaxyBaHHS iX
B3a€MOJIIi Ta B3a€EMHOr'0 BIUIMBY I/l Yac MPOMHMCIOBOI €KCIUTyartalii. 3a3HaveHi
0a30B1 €JIEMEHTH TIpaBIIYHUX MIPECIB B3aEMOIIOB A3aH1 MK COOO0I0

® K KOHCTPYKTUBHO — PoOOYl IIWIIHAPH BCTAHOBJICHI Y BEPXHIO HEPYXOMY
NOMEPEYMHY Ta CBOIMU IUTYH)XXEpaMH CHUPAIOTHCA HA PYXOMY IOINEPEUYHHH, a
KOJIOHM CBOIMHM KIHIIMH 3aTHUCHYTI Yy BEPXHIO HEPYXOMY I[ONEPEYMHY Ta
B3a€EMOJIIOTH 3 PYXOMOIO [TONEPEUNHOIO 110 HAIPSIMHUM;

e Tak 1 (yHKUIOHAIBHO — MiJl YaC HaBaHTaXEHHsI TAPABIIYHOIO Ipeca Mpu
peamizauii TEXHOJOTIYHUX TMpoLeciB (POPMO3MIHEHHS 3aroTOBKH 3aMHKaHHS
3yCUJIb, III0 PO3BUBAIOTHCS, BIIOYBAETHCS caMe HA CTaHUHI Mpeca, 10 CKIaay KOl
BXOJIATH BCi 111 0a30B1 BY3JIH.

3a30p MK IUIYHXXEPOM Ta BHYTPILIHBOIO TOPOKHMHOIO KOPITYCY poboyoro
WITIHAPA BCTAHOBIIOETHCS, BUXOISYM 3 YMOB HOro BUIBHOIO IEPEMILICHHS B
KOpITyCl Ta BIJCYTHOCTI TNEpETUCKAHHS po6oq01 pIAMHM B IOMY 3a30pl.
BHYTpIilIHs OPOXKHIHA KOPIIYCY CXHIIbHA KaBiTAalIiHO 3HouTyBaTHCs. KpiM TOro
B 3a3HAYCHOMY 3a30pi PO3MIICHO HANPSMHY BTYIKY, SIKa 3amo0irae mepekocy
IUTYH)Kepa MpU NEepeMILIeHH] pyXoMoi MonepedrnHu. AHTUPPUKIIIHI BIaCTUBOCTI
BTYIKH Ta MOXIMBICTb IJBEACHHS O HEl CHCTEMH 3MAIICHHS JO3BOISIOTH
3HAYHO MOJOBXHTH CTPOK CKCILTyaTauil ILUTyH)Xepa, 0COOIMBO, KOIH IO CKIamy
MaTepiaidy BTYJIKHM BXOAWTh Miib. B 11bOMYy BHIIQJKy OKpIM 3HHUYKEHHS TEPTS
CTBOPIOIOTBCSI ~ YMOBM  JIJIsl  BHHUKHEHHS  BUOIPKOBOTO  mepeHocy [2].
ExcrnyaramiiiHi  yMOBHM ~ CHOJYYEHHS  «IUIYHXEp — HampsiMHa  BTYJIKa»
NOPYIIYIOThCS, SIK MPABUIIO, 3 MPUYMHU BUHUKHEHHS KOPO31MHOro Ta abpa3suBHOIO
3HoueHHs. [lepmnii BUJ 3HOIIEHHS PO3BUBAETHCS BHACHINIOK CTApiHHA POOOYMX
piAWH, a Ipyrui — BHACHIAOK iX HenocTaTHhOi (uibTpamii. Tomy sSKiCTh poOoUOi
pioMHM Mae BHpIIATbHE 3HAYCHHS IPH 3alO0IraHHI 3HOLICHHIO Map TEpPTs
CHIIOBHX LIWIIHAPIB. KpiM TOro, pecypc 6e3BiaMOBHOT pO6OTI/I CUJIOBHUX IIWJIIHJIPIB
3aNeKUTh BlJl 3aCTOCOBAHMX KOHCTPYKIIM TpyOHUX 3’€qHaHb, SKi CTIONYYat0Th
IITIHAPH 3 JKepeIaMu BHCOKOI'O Ta HU3BKOTO TUCKiB. Hu3bka JOBroBiUHICTD i
Haz[iﬁHiCTL TpyOHUX  3’€aHAHB BHaCJ'IiI[OK IMIBUAIIEHOTO0  3HOIIEHHS
YIIUTBHIOBATBHUX €IEMCHTIB, X HeHaliiiHOI (ikcalii Ta BHHHKHCHHS BHTOKIB
BHACJIIJIOK MEpenajiiB THCKIB B TPyOONpOBOJI, KOJUBAJIbHHUX Ta TIAPOYIapHUX
SBMIL TPU3BOJIATH 1O MNEpEeIBYACHUX BIJIMOB CHJIOBUX LWIiHApIB. ToMy mnpu
KOHCpr}OBaHHi TpYOHMX 3’€JHAaHb HAMAararTbCi 3MEHIIUTH CTYNEeHb iX
KaBITALlIHHOr0 3HOCY Ta OJOBKUTU TEPMiH CKCILIyaTawlii.

3aranom peKOMeH,ZIaHII 31 30UTBIICHHS pecypcy Oe3BiAMOBHOI pPOOOTH
CWJIOBHMX LIWIIHJPIB Ta MOB’SI3aHUX 3 HUMU 0Aa30BUX BY3JIB T'iJIpaBIiYHUX MPECIB
MOYKHA y3arajbHHUTH 3a JIOIIOMOI'0I0 HH)KUYE HaBeJeHOI cxeMu (puc. 1).

BUCHOBKHU
Po3pobka 3axoniB MOCTIHHOrO aBTOMATHYHOIO KOHTPOJIO Ta 3amo0iraHHs
HaOJVOKCHHS POOOTH TiIPaBIIiYHOTO Tpeca J10 aBap1HH01 TPAHHUL € BUPILIAIBHAM
(baKTopOM 3a0e3neYeHHs 663B1I[MOBH01 p06OTI/I foro 0a30BUX BY3JiB MPHU YMOBI
paHIOHaHBHOPO iX MPOEKTYBAaHHS Ta BIAMOBIAHOCTI MOKAa3HUKIB POOOTH 3aJaHUM
eKCIUTyaTaIlitHIM XapaKTePUCTUKAM.
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BIIJIMB SAJIMIIKOBHUX I'PEBIHIIIB HA IHOBEPXHI
MATO4YUHHU POBOYOI'O KOJIECA HA XAPAKTEPUCTHUKH ITOTOKY
B ITPOTOYHIN YACTHUHI BITHEHTPOBOI'O KOMIIPECOPA

Poboue roneco € sionosioanvnoro Oemannio, 8i0 AKOI 3anexicumvs pooOmMa Bcbo2o
8i0Yenmpo8o20 Komnpecopa. Y 368'a3ky 3 yum, 0o akocmi 06poOKU NOGEPXHi pobou02o Koneca
sucysaroms  8UCOKi  eumocu. Tpaouyitino  wWopcmKicms — NPOMOYHOI  YACMUHU — Kojdeca
8ioyenmpogo2o komnpecopa 3aoacmocs ¢ mexcax Ra 0,8-1,6. V mezax onucano, wo 6 368'a3xy 3
OCMAHHIMU OOCHIONCEHHAMU 2NA0KI NOBEPXHI MAMOYUHU POOOU020 Koleca He 0008 13K060 Oinbiu
epexmugHi, Hixc wopcmKi nosepxHi. Pozenanymo ceomempia  3aMUWKOSUX  2peDiHYi8:
83AE€MO36'A30K  Midc diamempom Kyab0o8oi @pe3u, KpPOKOM CMPOYHOI nooaui, 2iubuHow
ppe3epyeanns i 6ucomoio 3anUWKosUx epedbinyie, AKa 6 ceoro uepey eusHavac wopcmkicms Ra.
3pobneno 6uCHOBOK, WO € OOYLIbHUM NPOBEOEHHS eKCHepUMEeHmMI8 Ol GU3HAYEHHS 6NJIUBY
30LIbUWEHHS. KPOKY CMpouHoi nooayi npu o00pobyi mamouunu (8i0 mpaouyiiHo2o 0o
MAKCUMATIBHO  MOMCIUBO20) HA XAPAKMEPUCMUKU NOMOKY 6 HNPOMOYHIlL YACMUHI Ko.lecd
8I0YEeHMpPOBO20 KOMNPeCopd.

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.

BinneHTpoBl KoMmpecopu MIHMPOKO BUKOPUCTOBYETHCS B MPOMHUCIOBOCTI:
METaNypris, XiMiuHa 1 HaQTOBa MPOMMCIOBICTh, TPAHCIIOPTYBAHHS MPUPOIHOTO
razy. PobGoue koieco € ONHMM 3 HaWBAXKIWBIMIUX 1 CKJIAIHUX Y BUTOTOBJICHHI
KOMITOHEHTIB BIAIIEHTPOBOTO KomIpecopa. TouHicTh 00poOKM poOodoro Kojeca
Ma€ BENWKWW BIUIMB Ha aepOJWHAMIUHI XapaKTEPUCTHKH KOMIIPECOpa; TaKHM
YUHOM, TMPOEKTYBAaHHSA 1 BUTOTOBJIEHHS POOOYMX KOJIC T'pa€ KIIOYOBY POJb Y
BIZIIICHTPOBUX KOMIIpECOpax i Ha HOro BUTOTOBIIEHHS BUTPAYa€ThCs Oarato dacy
[1]. B cydacHmXx yMoBax BHCOKOi KOHKYPEHIII aKTyaJlbHUM € IIUTaHHS
MiJBUIICHHS  SKOCTI  BUPOOJEHOI TMPOAYKII Ta CKOpOYEHHS TEPMIiHIB
BUTOTOBJICHHS.

Jlo sikocTi 00poOKH MOBEPXHI POOOYOro Kojieca BiILIEHTPOBOIO KOMIIpecopa
npen'sBisoThesa Bucoki Bumoru (Ra 0,8-1,6). OcraHHi AOCTIIKEHHS TTOKa3ajH,
10 MIKPOCKOMIYHI 3aJIMIIKOBI I'peOIHLI Ha MOBEPXHI MATOYMHU poOOYOro Koseca,
pO3TAIIOBaHI B3JI0BK HAMPSMKY IMOTOKY, 3/1aTHI 3a0€3MEYUTH MEHINUN B'S3KUM
OIip MPUKOPAOHHOIO IIapy MOTOKY HAa MOBEPXHI MAaTOYMHU, HIXK I1aJIK1 TOBEPXHI,
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10 MiJABUINYE eEeKTUBHICTh KOMIIpecopa B 1iomy [2-4]. MeTroto gaHoi poOoTH €
JOCTI/KEHHS BIUIMBY OCHOBHHX IMapaMeTPiB 3aJMIIKOBUX TPEOIHIIIB HA MOBEPXHI
MaTOYMHM HA XapaKTEpUCTUKH TIOTOKY B TMPOTOYHIA YaCTHHI KoJjeca
BIJILICHTPOBOI'O0 KOMIIpECopa.

I3 anamizy cy4acHMX METOJIB II’ITHOCHOBOI OOPOOKHM MAaTOUYMHU POOOYOro
KOJIECAa BIILIEHTPOBOIO KOMIIpecopa 3po0JeHO BHCHOBOK, IO BIUIMB (OpMH,
NIMOWHY, IIMPUHU 1 HANpPSIMKY 3aJIMIIKOBUX TpeOiHLIB Ha MOBEPXHI MAaTOYMHU
pobOodoro Kosieca BiJIEHTPOBOIO KOMIIpECOpa BHBUYEHI HE TMOBHOK MIPOIO.
JIOLITBHUM € TIPOBENEHHS OOYUCITIOBAIBHOTO EKCIIEPUMEHTY 3 METOI0 BU3HAYCHHS
Jllana3oHy BUCOT 3aJUIIKOBUX TPEOIHIIIB HA TTOBEPXHI MATOYMHHU pOOOUYOTo Kojeca
OpU  SIKOMY XapaKTepUCTUKH TOTOKY B poOOYOMY KOJE€Cl BiILIEHTPOBOTO
KOMITpecopa MOKpaIaThes abo 3amuiaThCcsi Ha ToMy K piBHI. [lepenbadaerbes, 1m0
JaHl, OTpUMaHi B XOZl EKCIEPUMEHTY, JO3BOJISITh PEKOMEH]yBaTH 30LIbIICHHS
KPOKY CTpOoYHOI mopadi (B MOPIBHAHHI 3 TpamumiianMm). OTxe, dac o0poOKu
MaTOYMHHU poOOYOro Kojieca BIALEHTPOBOrO KOMIIpECOPa 3HAYHO 3MEHIINUTHCS.
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INPOI'PECUBHI METOIMN AHAJII3Y I OBPOBKH BEJIMKUX
MACHBIB JTAHUX

Poszenanymi cyuacni memoou i mooeni 06poOKU GeIUKUX OAHUX 8 BETUKOMACUUMAOHUX
cucmemax, 8 momy yucii i mexnono2iunux cucmemax. Haseoeno ancopummu obpobku oanux, na
OCHOBI SIKUX MOJICHA AHANI3Y8AMU [ NPOSHO3Y8AMU 6eIUKUX macueax oanux. Iloxazano, wo 6
PAMKAX MONCIUBOCMEU CUCMEM KePY8aHHs 0a3amu OaHux npu GopmysanHi ma cmamucmudtoi
00pobyi 1 ei3yanizayii GUHUKAIOMb Ne6Hi MPYOHOW, SKI Nnoasgeaiomsv 6 HeoOXiOHOoCmI
3a6e3neyents a0eKkeamHoCcmi MamemMamuyHux Mooeneu.

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.

AHaJli3 BENUKUX JaHUX MOXKe OYTH OxXapaKTepU30BAaHMM 3a TaKUMH
napaMeTpaMu:

1. OGcsar, TOOTO KUIBKICTh TEHEPYIOThCS MaHMX. Bil IbOr0 MOKa3HHUKA
3JICKUTh, YA MOXKE TICBHUH MacUB JJAHUX BBAYKATUCS BETUKHMHM JIAHWMH YU Hi.

2. PizHoMaHITTS, TOOTO KaTeropis, 10 SKOI HajJeKaTh BEIMKI JIaHl. 3HAHHS
Takoi MPUHAJIEKHOCTI J03BOJISE aHATITUKAM HaWOUIBIN €(EeKTUBHO MpaIfoBaTH 3
1H(OopMalli€ro.

3. IIBuaKicTh, TOOTO MIBUAKICTH T€HEPYBAHHS a00 OOPOOKH TaHUX 3 METOIO
3I1MCHEHHS ITOCTABJIEHUX LIJIEH.

4. MiHIuBICTh, TOOTO HECTAOUTHHICTH JAaHUX Y YaCl.

5. JlocToBipHICTh, TOOTO AKICTH 310paHUX JaHUX, BiJ SKOIO 3aJICKUTh
TOYHICTh aHaji3y.

6. CxmanmHicTh, TOOTO TPYAOMICTKICTH TPOIECY KOpENsAIii Ta MoOyI0BU
B3a€MO3B'I3KIB MK JJTaHUMU.

O6poOka BeMHMKHX JaHHUX 3apa3 mnepeadadae, sIK IPaBUIO, BIIPOBAKCHHS
CIICHIAJIbBHUX TMPOrpaMHUX KOMIUIEKCIB. Ilii BENMKUMH JaHUMHU PO3YMIETHCS
IIUPOKE PO3MAITTS MACHBIB JaHUX, SIKI HE MOXYTh OyTH HaJIEKHUM YHHOM
00poOJIeH! TpaAMWIIMHUMU JOJAaTKaMH Yepe3 CBOT0 BEIUYE3HOTO o0cAry abo
ckimagHoro ckiaany. CKIagHICTh aHaANI3y BEIHUKUX JaHUX IOJIArae B cremudim ix
300py, MOHITOPHHTY, TOAUTY, 30epiraHHs, mepemadi, Bizyamizamii 1 30epeKeHHs
koH(pigeHiHOCTI 1HGOopMartii. [1i aHami30M BETUKUX JTaHUX YacTO PO3YMIETHCS
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3aCTOCYBaHHS MPOTHO3HOT AHAIITHKK a00 I1HIIMX TEPEIOBUX METOIIB 3 METOIO
BUJTyYCHHS 3 0€3J1i4i JaHUX MeBHOI KopucHOT iHhopmartii [1,2].

VY Garathox mKepenax BKA3yeThCS IO Il 00 €KTHUBHOI MOOYTOBU MO
HeoOx1aHO 3actocyBaTu Meto 20%/80%, ae 20% - 11e 107 TeCTOBOI MHOKUHU
BiJl BChOTO MAacHBY JaHUX, Ha SKUX OyAyeTbcs MareMarhudHa mojenb, 80% - 1e
JI0JIsI HAaBUYaJbHOI MHOXXMHH, Ha SIKO1 3/1MCHIOETHCS TMOILIYK MapameTpiB MOJIEII.
Ane 1ei OKa3HWK BUKIWKAE CyMHIBIB, TOMY HEOOXITHE TOCIIKEHHS TOYHOCTI
MOJIEJ B CYKYITHOCTI 3 3a0€3MeUCeHHSIM 11 aJIeKBaTHOCTI.

JUITEPATYPA

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 [DOnexktponnslii pecypc] — Pexxum mocrtyna :
http://www.cloudera.com/content/cloudera/en/about/hadoop-and-bigdata.htmi.
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AKTYAJIBHICTb 3ACTOCYBAHHA POBOTOTEXHIKH B
ITPOMHUCIIOBOCTI TA MAILITHHOBY/IYBAHHI

Y ecmammi npoananizosano ponv cucmem xKomn'tomeproi niompumku agmomamusayii i
pobomuzayii MexHoNO2IYHUX NpPOYecié 8 CYUACHUX ymoeax. Buswauenmo pso npuuun, 3 AKux
BUHUKAE HEOOXIOHICMb CMBOPEHHST HOBUX 3DPA3KI8 HAYKOMICMKOL [ BUCOKOMEXHONIO02IYHOT
NPOOYKYIi 3 MIHIMANbHUMU GUMPAMAMU HA 6CIX emanax HCUMMmMEBO20 UYUKIY HPOOYKMY.
Poszenanymo maxi  axkmyanvui  opmu  iHHOBaYIUHOI  OisIbHOCMI AK — AGMOMAMU3AYIA,
pobomuzayisn 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.

llocmanoeéxa  npobaemu.  OpaHuM 3 HAWBaXIMBILIMX  (PAKTOPIB
iHTeHcu(ikaiii BUPOOHUIITBA € 3MEHIICHHS YacTKM pYYHOI Tmpaii B
TEXHOJIOTTYHUX TpoIecax, 0COOJUBO Ha JIOMOMDKHUX OIEpallisix, a TAKOX B pasl
BUKOHAHHS IIKIJJIMBUX, BAXKWUX 1 HeOesnmewHux poOit [1]. V BupimeHHi i€l
poOJIeMH BaXKJIMBa POJIb BIABOJUTHLCSA poOOTH3allli BUPOOHUIITBA. Y 3arajJbHOMY
BUMAJKY poOOoTH3allisli € OJHMM 3 HamnpsAMKIB Ta CKJIaJ0BUX €JIEMEHTIB
KOMIUIEKCHOI aBTOMAaTHu3allii Ta fABJISE COOOK BUKOPUCTAHHS IPOMUCIOBHUX
pPOOOTIB 1 iX CUCTEM B IPOMHUCIOBOMY BUPOOHUIITBI.

Ananiz ocmanuix oocnioxcens i nyonixayiu. [TpoMmucnoBi poOoTH epEeKTUBHO
BKJIFOUAIOTHCSl B aBTOMATHYHI JIiHII, CTal0Th YACTUHOIO THYYKHX aBTOMATH30BaHUX
BUPOOHUIITB, 37aTHI IIBUJAKO 1 0€3 ICTOTHUX BUTpaT mepeOyqoBYyBaTHCS Ha
BUPOOHHUIITBO BUPOOIB PI3HUX BHJIB, MPUCTOCOBYBATHUCA JO MIHJIMBUX YyMOB
BUPOOHUIITBA.

[IpencraBnsitoun co0OK0 HOBHM BUA poOOYOi MamMHU, POOOTH MOXKYTh
eKCIUTyaTyBaTHUCS 130b0BaHO a00 MLUIMMU KOMIUIEKcaMu. ['0JloBHA IIHHICTb
MPOMUCIIOBUX POOOTIB - 3JaTHICTh JO MIBUAKOrO0 T[EpEeHANIaro/KeHHsS Ha
BUTOTOBJICHHSI HOBOI Mpoaykiii. [{s BmacTuBicTh poOOTIB BakiiuBa Jisi 00OpOOHUX
rajy3ei mpoMUCIOBOCTI, Je 6J13bK0 50% o0cAry BUpOOHUIITBA MPUIIAIa€ HA MaJl
Ta cepenaHi maptii. B yMoBax TpaauIiiHOro BHpPOOHWIITBA MPW BUTOTOBJICHHI
BUPOOIB HEBEIMKHUMHU MAPTIIMH Yac MEXaHIYHOT 00poOKM 3aiiMae 5% 3araibHOTO
pobouoro dacy, a peimra Tpunajac Ha MIITOTOBKY BEpCTaTa Ta JeTallei,
HACTPOWKY I1HCTPYMEHTY, KpPIIUICHHS 1 3HSTTS JeTajedl Tomlo. 3acTOCYBaHHS
MPOMHCITOBHUX poOOTIiB 3MiHIOE TII€ CITIBBITHOIICHHS 1 3HAYHO ITiIBUIILYE
NPOAYKTUBHICTE 00poOku [2,3]. Kpim Toro, 3actocyBaHHs pOOOTIB 3HAYHO
€KOHOMUTh CHUPOBHHY, Marepiajyd MpU palllOHAIBHINA oOpraxizailii BHPOOHUYOTO
IPOIIECY.
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[upoke 3acTocyBaHHS POOOTIB HE TUIBKM B MalmIMHOOYAYyBaHHI, a W B
IHIINX Tady3sX HApOAHOTO TOCMOAAPCTBA TOBOPHUTH MPO HOBUW HAMPSIMOK B
TEXHOJIOT1i - pOOOTOTEXHOJOrIA, SKa MPEACTaBIs€ COO0OK CYKYMHICTH METOJIB
00poOKH, 3MIHU CTaHy, BIACTUBOCTEW, (hOpMHU IpeaMeTa mpaui 3 BUKOPUCTAHHIM
IIPOMHCIIOBUX POOOTIB 200 iX KOMIUIEKCIB Ha OCHOBHHX 1 JOTOMDKHHX CTaIisIx
poLecy BUPOOHHUIITBA TOTOBOI IPOIYKILII.

Buknao  ocmosnoco  mamepiany. CydacHe  TpakTyBaHHS  TEPMIHY
«IIPOMHUCIIOBHI poboT» Oyno mpuitHaTo XI MiKHApOJHUM CHUMIIO31yMOM, IO
NpUCBSYEHUH nipomuciioBuM podotam (Tokio, 1981) [4].

3 TOYKH 30Dy 1CTOPIi PO3BUTKY POOOTOTEXHIKU PO3PI3HIIOTH TPU MOKOIIHHS
IPOMHUCTIOBUX pPOOOTIB:

* pOOOTH TIEPIIOTO MOKOMIHHS (IIpOrpaMoBaHi poOOTH) XapaKTEPU3YIOThCS
THM, 110 BOHU BUKOHYIOTh CYKYITHICTh >KOPCTKO 3amporpamoBaHux omnepariil. L
POOOTH «IITYX1», «HIMD) 1 «CIIID;

* poboTH Jpyroro TMOKOMIHHS (aJanTUBHI POOOTH) BUKOPUCTOBYIOTH
CEHCOpHY 1H(OpMAIlII0 PO HABKOJMUIIHE CEPEAOBUIIE, 00 KOPUTYBATH CBOIO
MOBEIIHKY IIPU BUKOHAHHI BUPOOHHUYOT OIepaltii;

* pOOOTHM TPETHOTO TIOKOJIHHSA - IHTEJNEKTyalbHI pPOOOTH, HaAUICHI
«3I0POBUM TJIY3/10M», «IOUYTTIMU», 3[IaTHI PO3IMI3HABATH PI3HOMAHITHI 00'€KTH
30BHIIITHBOTO CBITY, 110 BOJOIFOTH 3AaTHICTIO JISITH CAMOCTIHHO.

3a piBHEM CKJIaAHOCTI SAMOHCHhKa acoluialis MPOMUCIOBUX POOOTIB MOIUISIE
iX Ha ICTH KJIACIB:

* MEpIIUiA KiIac - py4Hi a00 JUCTAHIIIHHO KEpOBaHI MaHIMYIATOPH, TOOTO
IPUCTPOIO, OE3MocepeTHHO KEPOBaHi ONEPATOPOM-JTFOTUHOIO;

* Ipyruil kjac - poOOTH 3 KOPCTKOIO MOCIIJOBHICTIO MEpEeMillleHb (TUIY
«B3ATU-TIOKJIACTH»). IX HE MOXHA MNepenporpaMyBaTd Ha BHKOHAHHS HOBOTO
3aBAaHHSA, a TOTPIOHO TepeHaNaroJ)KyBaTH, SIK TMPOCTI aBTOMATHU30BaHI
MEXaHI3MHU;

* TPETil KJIac - MporpaMoOBaHl MaHIMYJISATOPH, SIKI HA BIAMIHY Bl PYYHHX
BUKOHYIOTH PsiJi GYHKIIIH B aBTOMATHUYHOMY PEKUMI;

* YeTBEPTUH Kjac - poOOTH, 3amporpaMoBaHi Ha HaBYAHHS, TOOTO Ti, SIKUX
HABYAIOTh BPYYHY, KOJIM PYKy poOOTa MPOBOMATH MO BCbOMY IMKIY 3a7aHOI
pobortu;

* M'ATUN KJac - poOOTH 3 MPOrPaMHUM YMPABIIHHAM. 31 3MIHOIO MPOTPaMHU
MO>KJIMBA 3MiHa MOCTIAOBHOCTI A1l po0OOTa;

* IIOCTUH Kiac - poOOTH, 3[aTHI CHOpUMATH HABKOJIMIIHE CEPEIOBUIIIC,
pearyBaTy BHXO/SIYH 3 OTPUMaHOi iH(GOpMaIIii 3iHCHIOBATH TIEBHI ii.

3a posIoM AiSTILHOCTI MIPOMUCIIOBI POOOTH MIIPO3ALISIOTHECS HA TPU TPYIIH:

* OCHOBHI (TEXHOJOTIYHI), fIKI 0€3MOCepeIHbO BUKOHYIOTH TEXHOJOTTYHI
omeparlii (CKJ1aJiaHHs1, 3BaproBaHHs, (hapOyBaHHS TOIIO);

* JIONOMDXHI (IMiAHOMHO-TPAHCIIOPTHI), 3alHATI 3IACHEHHSM oneparii
CKJIaJIaHHSI, TICPEMIIIICHHS, 1T0a4il 3ar0TOBOK;

* KOMO1HOBaHI, 1110 BUKOHYIOTH JI1i pOOOTIB MEPIITUX JIBOX T'PYIL.
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Ha ocHOBI mpoMucioBux  poOOTIB  CTBOPIOIOTHCS  POOOTH30BaHI
texHosorigHi komruiekcu (PTK).

PospizusroTs Taki pizHoBuan PTK:

* MaHINYJSALIMHI, Y SKUX OCHOBHUU BHKOHABYMM OpraH 3akKiHYYEThCS
3aXOIUICHHSIM 200 Oy/b-SKHUM 1HCTPYMEHTOM;

* MOOUIbHI (KOJICHI, KPOKYIOUYl, TYCEHUYHI1), SIKI BUKOPUCTOBYIOTBCS, SIK
NIPAaBWIO, B EKCTPEMATBHUX YMOBax poOOTH (B KOCMOCI, IiJT BOJOIO, B TIOJHOBUX
YMOBax);

* iH(popMalIHO Kepyroul, SKI MOXYTb HE MaTH MEXaHIYHO PYXOMHUX
BUKOHABUMX MPUCTPOiB. BOoHM cTexaTh 3a XOIOM MPOTIKAHHS TEXHOJIOTTYHHX
poLEeciB, OOpOOJSIIOTH 1HQOpPMALII0, MO0 HAAXOAUTH 3 OyAb-SKUX 30BHIIIHIX
JoKepen 1 B pasl MmoTpeOM BHOCSITh KOPEKTHBU B TMEpedIr KOHTPOJIHLOBAHOTO
TEXHOJIOTTYHOT' O TIPOIIECY.

OOG'eqnanns rpynu PTK B oauH TEXHONOTTYHHMM JaHIIOKOK BUTOTOBJICHHS
OyIb-IKO1 TMPOAYKIli J03BOJISE CTBOPIOBATH POOOTH30BaHI aBTOMATHYHI JIHII
(PAJI) [5]. Ha omniii Takiii JiHIT MOXKYTh TIPOBOJMTHUCS B aBTOMATHYHOMY PEXHMI
0o0poOKa pizaHHSIM, TepMidHA 00pOOKa, 3BapIOBAHHS.

SKi10 TOpIBHATH BUTpATH €HEprii poOOTOM 1 JIOJUHOK NPU BUKOHAHHI
OJIHI€T 1 Ti€l )X pOOOTH, TO BUSIBUTHCS, IO pOOOT CIOKHUBAE E€HEPrii B CTO pa3iB
oubme. Ile € mposiIBOM — TEXHOJOTIYHOT  HEE(EKTHUBHOCTI  CyYaCHHUX
POOOTOTEXHIYHUX NMPUBOAIB B MOPIBHSAHHI 3 JIFOJACHKOK M'SI30BOI0 TKAHUHOIO.

B nmammii wac B mpoMHCIOBHX — po0OOoTax ~ HAWOUIBII  IIHUPOKO
BUKOPHUCTOBYIOTHCSI IMHEBMATHYHI 1 TIAPABIIYHI TNPHUBOAH, E€JIEKTPOIPUBOIH.
[lHeBMaTH4HI OPUBOAM TOPIBHSHO Je€lIeBl, Oe3myMHl 1 HaAliHI, iX JIErko
MOHTYBaTH 1 oOcayroByBatd. OJHAaK BOHH HENPHAATHI [JIs IIBUIKICHOTO
TIepEMIIIEHHS] MEXaHIYHOI PYKH 1 TOYHOTO KOHTPOJTIO 11 TONOKEHHs [6].

[IpaBunbHEe  pO3yMiHHS ~ CYTHOCTI ~ aBTOMaru3alii €  HEOOXITHOIO
nepeayMoBor (popMyBaHHS OCHOB TEXHIYHOI MOJITHKH B 00JiacTi poOoTH3alii
BUpOOHULITBA. TOMY B KOHKPETHUX BHUPOOHHYMX YMOBaX HEOOXITHO KEpyBaTHUCS
MEeBHUMH MIPUHITUMIIAMH, 10 3a0€3Me4yI0Th €EKTUBHICTh pOOOTH3AIII].

[Tepmmii MPUHIKAT - TMPUHIIAIT JOCATHCHHS KIHIICBUX PE3YyJIbTATiB: KOIITH
poborm3aliii MOBHHHI HE MPOCTO IMITyBaTH a00 3amimiaTd il JIIOJAWHH, a
BUKOHYBATH BHUPOOHWYI (PYHKIIIT IMIBHJIIE 1 Kpallle, JUIIe TOAl BOHU OYIyTh IO-
CIPaBXHHOMY €(DEKTUBHUMU.

Jpyruii TpUHITUMIT - TPUHIAI KOMIUIEKCHOCTI mijaxony. Ha xamb, mocuTh
4acTo pPOOOTH3aLII0 JIOMOMIXKHUX €JIEMEHTIB BUPOOHUITBA MOEAHYIOTH 3
BIJICTAJIOIO TEXHOJIOT1€}0 OCHOBHOT'O BHPOOHUIITBA.

Tperiii npuHIUIT - NPUHIMI HEOOXITHOCTI: 3aco0u poboTuzallli MOBUHHI
3aCTOCOBYBATHUCS HE TaM, JIe iX MOYKHA MPUCTOCYBATH, a TaM, Je 0€3 HUX HEe MOXKHA
obiiitucs. Ha »kanmb, Hepiako poOOTH3allil0 HamMararoThCs 3BECTH JO CTBOPCHHS
TEXHIYHHX 3aCO01B.

YerBepTHii MPUHIIUI - MPUHIAI CBOEYACHOCTI: HE MOTPIOHO CTBOPIOBATH
KOHKYPCHIIIIO JIFOJMHI TaM, JI€¢ BOHA CHPABISEThCA e(EKTUBHIIIE, HIK POOOT.
Hamnpuknazn, npu ycTaHOBLI A€Tajled HA METAJIOpPi3aJIbHOMY BEpCTaTi 3aMiHa Iid
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JIOJJMHU Ha PpyXH poOOTa SKICTh 0OpOOKHM 1 MPOAYKTUBHICTH JAHOT'O MPOLECY HE
30uThIITy€e. BimbIn TOro, Ha Cyd4acHOMY piBHI PO3BHUTKY POOOTOTEXHIKM pydHA
yCTAaHOBKAa JeTajiel Barol J0 4 KI BUKOHYETbCS JIIOJAMHOIO B KUIbKa pa3iB
mBUAIIE. 3 IHIIOTO OOKY, 3aCTOCYBaHHS POOOTIB IpH OMeEparisix 3BapIOBaHHS,
dbapOyBaHHS, HAHECEHHS TAIbBAHOIIOKPUTTS B JIMBAPHOMY BUPOOHHUIITBI JTO3BOJISIE
ICTOTHO MIiJBMINYBAaTH SKICTh MPOJYKLIi, Hepur 3a BCe, B CHIYy cTadum3amii
TEXHOJOTIYHUX TporeciB. [[pOAYKTUBHICTh B IOMY BHUIAIKY 30UTBIIYETHCS 3a
PaxyHOK IIBUIKO11, 30UIBIIIEHHS BAHTAXKOIMITHOMHOCTI, TOYHOCT1 pyXiB. JlronuHa
MOBHICTIO BHUBOJAMUTBCA 3 poOOYOi 30HM 1 TMO30aBISETHCS BIJ TMpali B
HECTIPUSTIMBOMY CEPEIOBHIIIL.

Bucnosku. TlimBoasuun MIACYMKH, CIIJ 3a3HAYUTH, M0 3HAYUMICTh
IPOMHUCITIOBUX POOOTIB - HE B 3aMiHi JIIOJIMHA Ha MamuHu. [IpoMucioBi pobotu €
JIAHKOIO OJHOTO MEXaHI3My fKa J03BOJIsiE 00'€JHYBaTH PO3PI3HEHE TEXHOJIOT1uHE
yCTaTKyBaHHS, CTBOPIOIOYM THYYKI aBTOMATU30BaHI BUPOOHUYI CUCTEMHU MAIIUH 1
amaparis.
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VJIK 681

Bimrak I. B. (Ykpaina, M. Binnuns, BiHHUITbKUI HallIOHAIBHUN TEXHIYHUN
YHIBEPCUTET)

BJJACTUBOCTI HAHOHNOKPUTTIB TA  NEPCIEKTHUBU
BITPOBA/I’KEHHA HAHOTEXHOJITTA B CYHYACHOMY
BUPOBHUITBI

Jocniooicenno cnocobu 3miyHeHHs NOBEPXOHb MaA 3€0HAHbL, AKI XAPAKMEPU3YIOmbCsl
BUCOKUMU 3HAYEHHAMU MIKPOMBEpOOCHi, ane npu ybomy € oocums kpuxkumu. OOHum 3 cnocoois
ni0BUWEHHS MIYHOCMI € HAHEeCEeHHsI HAHONOKPUMMIG 3 posmipamu 3eper meHuie Hixe 100Hm, ske
0036011UN0 6 peanizysamu 8 00OHOMY NOKPUMI KOMNIEKC GACMUBOCME.

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.

OmHUM 3 3HAYYITUX TEXHOJOTTYHUX MOCATHEHb X XI CT. CTano CTBOpeHHS Ta
PO3BUTOK HOBHMX TEXHOJOTIM, TIOB’SI3aHUX 3 PI3SHOMAHITHUMHU 3MiHAMH
BJIACTUBOCTEH MaTepiasiiB Ha piBHI po3mipiB MeHIie Hix 100 HanometpiB (1 HM =
10° M), mo IPUPIBHIOIOTHCS X0 PO3MIpHOCTI MakpoMonekyi. CyKYIHICTb TakhxX
HOBHUX TEXHOJIOTIH OTpHMaia Ha3By HAHOTEXHOJOTII [ 1-5].

Bnepme tepmin «HaHotexHosoris» BBiB Hopio Taniryri y 1974 pomi. Ile
Oyna Ha3zBa BUPOOIB pO3MIpIB MOPsAAKY HaHoMmeTpa. [lojanbiiie BUKOpUCTaHHS
JaHOTO TepMiHy noBs3aHo 3 iMmeHeM Epika K. [Ipeknepa, sskuil Ha3BaB Tak 00JacTh
HAyKH, SKY BIH JIOCITKYBaB y CBOIN JTJOKTOPCHKIN AUCEpTaIli.

O0’eKTaMM HAHOTEXHOIOTIH € HaHOOO €KTM Ta HAHOCTPYKTYpH. IX
CTBOpPEHHS, KOHTPOJb Ta 3MiHAa iX BIJIACTUBOCTEH € OCHOBHUMH Taly3sIMU
BITPOBA/I)KEHHSI HAHOTEXHOJIOT1H.

BnacTuBOCTI HAaHOOO’€KTIB Ta HAHOCTPYKTYP CYTTEBO BIAPI3HAIOTHCSA BIJ
BJIACTUBOCTEN MAaKpOTI, TOMY BPaXOBYIOUH Taki ()aKTOPHU MOXKIMBO CTBOPEHHS
OPHUHIIMIIOBO HOBUX Ta OUTbII €(pEKTUBHUX MaTepiaiiB Ta HOKPUTTIB.

OCHOBHHUMH TiepeBaraMu AJisl BIIPOBAKEHHSI Ta PO3BUTOK HAHOTEXHOJIOTIH €
NPUHIMIN 1X cnerudigHoro noBomkeHHs [2, 6-10]:

- BHCOKa POJIb BUIBHUX IOBEPXOHb, @ TAKOXK MEX 3€peH Ta (a3, 1HIIUX
MIOBEPXOHb PO3JITY B HEOJHOPITHUX MaTepianax;

- POSIB AaTOMHO-MOJIEKYJIAPHOI JUCKPETHOCTI Oy/10BU PEUOBHHM Ta KBAHTOBI
pO3MipHi epeKTH B HAHO00 eMax;

- B HaHOJIana30Hl 3HAXOAATHCS KPUTHYHI PO3MIPH, SKI TPHU3BOJATH 10
NOsIBM 200 3HUKHEHHS MEeBHUX (DI3UYHUX €PEKTIB.

butbmricTs  3’€qHaHb, SAKI BHKOPUCTOBYIOTBCS B SKOCTI 3MIITHIOIOUHX
HNOKPUTTIB, XapaKTePU3YIOThCSI BUCOKMMH 3HAUEHHSIMU MIKPOTBEPAOCTI, ajle IpH
IIbOMY € JOCHTh KpuXKkumH [5, 10-12].
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Mertoto poOOTH € AOCTIKEHHSI B HANPSMKY OTPUMAaHHS HaHOIMOKPHTTIB 3
po3mipamu 3epeH MmeHmie HiK 100 HM, sike 703BONIIIIO O peani3yBaTH B OJHOMY
MOKPUTTI1 KOMIUIEKC BJIACTUBOCTEH.

HaHomokputTst MoOXe po3riismaThucs sSK JBOBUMIpHAa CTpyKTypa. B
TPUBUMIPHIN CTPYKTYpi BHYTPILITHS €HEPrisi MOXe 30UTbITYBATUCS TUTBKHU HUISIXOM
30UIBIIICHHS] €HEPrii 3B 3Ky Ta YMCIia 3B’S3KIB, CKJIaay Ta CTPYKTYpU MaTepiaiy.
301IbIIEHHST MIITHOCTI B TAKOMY BUMAAKY MPHU3BOAUTH A0 30UTbIIEHHS KPUXKOCTI.
Y naBOMIpHOI TOBEPXHEBOI CTPYKTYPH MpH 30UIbIIEHHI €HTpomii (Hampukiam -
3aKaJIfOBaHHS), SIK OyJIO BHSBIEHO IiJ Yac JOCIHIJK€Hb, MIACTUYHICTH MOXKE
30utbmryBatucs [11, 13].

HanoctpykTypu (oBepxHEBi T€XK) MalOTh OUTbII BUCOKY TEIUIOEMHICTD HiXK
3BUYAMHI CTPYKTypu (3 3€pHaMH MIKPOCTPYKTYPHOTO pO3Mipy). 3BIJIKH,
HAHOPO3MIPHI CTPYKTYPH BIANOBIJAIOTh OUIBIII BHCOKOMY PIBHIO BHYTPIIIHBOI
€HEeprii Ta EHTPOITli CUCTEMH.

OTxe nMpu BUKOPUCTAaHHI HAHOTIOKPUTTIB MOXKJIMBO JOCATHYTH JiBa €(DEeKTH:
eeKT MOB’sI3aHUI 3 HAHOPO3MIPHOIO CTPYKTYPOIO TIOKPUTTS Ta €PEKT MOB’ I3aHUI
3 MEpPEexX00M BiJl TPUBUMIPHOI CHCTEMHU A0 ABOBUMIPHOI, 7S SKOI 30UIbIICHHS
BHYTPIIITHBOI €HEPrii eHTPOMii HE MiABUIIYIOTh KPUXKICTh.

Texnomorii  MOBEpPXHEBOTO  HAHOCTPYKTYpyBaHHs  (CTBOPIOBaHHA B
MOBEPXHEBOMY IIapi KOMIIAKTOBAHOTO MaTepialy CTPYKTYpH, 110 MAIOTh MacIuTad
MeHIe Hixk 100 HM) pO3BUBAIOTLCA OCTaHHIM YacoOM JIOCUTh MIBUAKO. MeToau Juis
CTBOPEHHS TTOBEPXHEBUX HAHOCTPYKTYP TAKOX INBHIKO po3IupioroThbes [11, 12-
15].

OOG’eMHE HAHOCTPYKTYpPYBaHHSI MarepiajiB — TEXHOJOTIYHO CKJIaJHUN
npoIec, MOB’SI3aHUM 3 BEIMKUMH BUPOOHMYMMHU BHUTpPAaTaMH. TOMYy pPO3BHUTOK
TEXHOJIOT1A TOBEPXHEBOI'0 HAHOCTPYKTYpPYBaHHs, $KI HabaraTo MpOCTILIE
peai3yBaTu 1 AKi MOTPEOYIOTh MEHII 3aTpaTd MalOTh NMEPCTIEKTUBHE MalOyTHE.
TakuM 4MHOM MOKJIMBO 3MII[HEHHS Ta aHTUPHKLIHA 00poOKa MOBEPXOHbB, 110
TPYThC, MIJABUILEHHS KOPO31MHOT CTIHKOCTI TOLIO.

He Bupimeni Takox mnpoOJeMu CTBOPEHHS HAHOCTPYKTYPHHX CTaHIB B
BUpOOax BEIUKUX PO3MIpIB ab0 JeTansiX CKJIAJHOI IeOMEeTpii, HaHOCTPYKTYPHI
MaTepiaii HEe MOXYTh €(PEKTHBHO MpAIfOBATH TPH BHCOKHX TEMIIepaTypax, ix
HEMOXJIMBO 3 €JHYBaTH METOJaMHU 3BaploBaHHsA a0o maiiku 0e3 3HayHuX
3MEHIIECHh MEXaHIYHUX BIACTUBOCTEN.

JlocHmiJDKeHHST TOoKazaik, 10 3Ha4YHe 30UIbIIEHHS eKCIUTyaTariiHuX
BJIACTUBOCTEN KOHCTPYKUIMHUX MaTepiaiiB (yCTajJeHOi MILIHOCTI, >KapOCTIHKOCTI,
3HOCOCTIHKOCTI) MOXe OyTH JOCSATHYTO NIISXOM (HhOpMYBaHHS HAHOCTPYKTYPHHUX
CTaHIB B MOBEPXHEBOMY IIapi KOHCTPYKIIMHUX Ta IHCTPYMEHTAJIbHUX MaTepialliB.
[Ipy nmpukiaagaHHl 30BHIMIHBOIO IUKIIYHOTO HABAHTAXKEHHS  IUIACTHYHA
nedopmaiiisi Oyze po3MOBCIOKYBATHUCS JIUIIIE B HAHOKOHCTPYHOBaHOMY Iiapi, a
neeKTH PO3TIKAIOTHCS MO KIITHHAM HAHOCTPYKTYpU 3 HAlpyraMu po3Try, HE
CTBOPIOIOYM HEOE3MEUHOI JIOKai3amii mIacTU4HOoiI nedopmallii 1 He TPOHUKAIYH
BCEpEIMHY KpucTamy. | 11e 3HayHO MiIBUILYE yCTaJeHy MIIHICTh MaTepiany [4, 5].
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OO0yacTh 3acTOCyBaHHS HAHOTEXHOJIOTIM JOCTAaTHHO IUpoKa. IToKpuTTS
MIOBEPXOHb BHCOKOIIBHJIKICHUX BY3JiB OOEpPTaHHS € MEPCIEKTUBHUM HAMPSIMKOM
JTOCJIIJDKEHB 1 PO3BUTKY B MaOyTHHOMY.
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IaiiBoponchkuii O.0. (ct. rp. 3B-18-1m), Tonyo A.M., Kymuii I'.M.
(Yxpaina, M. Kpamaropcek, JJJIMA)

BIIJIMB TEPMOOBPOBKM HA BMICT KAPBIIIB B
IHITAMIIOBUX CTAJIAX

Topisnanenuti  ananiz mamepianié Ons HANIAAGIEHHS WMAMNOBO2O [HCMPYMEHMY
noKazas, wo KOMNIIEKCHO J1e208aHi Ccmani 6 HauOiibwitl MIpi 3a00801bHANMb BUMO2AM
niosuwenus cmitikocmi. Ha niocmasi pesynemamis 0ocniodcenb 0yaa o0b6pama uiiakosa
cucmema Ha OCHOGI NeposcKimoeoeo «Kowyenwmpamy. 3acmocyeanus cmani SX4I'CB4D
00360UMb  3HAYHO 30LILWUMU  MePMIH  CAYdHcOU wmamnie npu ix bazamopazoeomy
BUKOPUCTNAHHT NIO HANIAGNEHHSL.

TexHIYHO TIEPCIIEKTUBHUM 1 €KOHOMIYHO OOTPYHTOBAaHHM  IIJISIXOM
OiABUIIEHHS TEpPMIHY €KCIUlyaTalii Ta 3HW)KEHHS BapTOCTI LITaMIIOBOTO
IHCTPYMEHTY € BUT'OTOBJICHHA HOTo OIMETaliyHUM, 30KpeMa HAIIaBICHUM. Y
[IbOMY BHIIQJKy HAWOUIBIN JOCTYIHO PETYJIOBaHHS BIACTHBOCTEH HAIUIABICHOTO
Iapy MIISTXOM 3MIHM CKJIaJly HAIUIABJICHOTO METally 1 PEeKUMIB HOro TepMidyHOT
00poOku. IloBTOpHE BIJTHOBJIEHHS 3HOIIEHUX TMOBEPXOHb JE€Taliel CYTTEBO
3MEHIIIY€ BUTPATH METAIY JIJIsl BATOTOBJICHHS Ta PEMOHTY iHCTpyMeHTa [1-3].

Po3poOka HOBOI ImITamMmoBoi cTaii, opraHizaiis ii BUpOOHHUIITBA, PO3pOOKa
TEXHOJIOT1YHOTO MPOIECY KYBaHHS 1 TEPMIUYHOI OOPOOKH BUMArae 3Ha4HO OLTBIINX
BUTpPAT, HDK pO3poOKa HAIJIAaBOUYHOTO MaTepiaiy, 10 3a0e3leuye HarlaBiICHHS
HOBOI mITaMroBoi crani. KpiM Toro, HamjiaBieHHH HIap MOXKE€ HAHOCHUTHUCS Ha
OCHOBY 3 KOHCTPYKIIIHOT CTajll, YUM JOCSITAEThCA EKOHOMISI Je(ilIUTHUX
JIETOBAHUX CTaJIEH.

CyuuipHOMeETaNIeBl IITaMIIM, BUTOTOBJIEHI 3 BUCOKOBYIJICLIEBHX CTalei,
MaloTh, SIK TIPABUIIO, HU3bKY CTIAKICTh MIPH €KCILTyaTaIlli.

Meroro 1i€i pobOTHM € aHami3 ICHYIOUMX Ta BHUOIp ONTHUMAaJIbHUX
HAIUIABOYHUX MaTepialliB JUIsi BUTCOTOBJIEHHS IIITAMIIOBOTO 1HCTPYMEHTY, IO
CIPUSIIOTH MIBUIIEHHIO HOTO CTIHKOCTI B YMOBAX XOJIOHOTO IIITAMITyBaHHS.

OCHOBHUM BHJIOM 3HOCY IITaMIIOBOI'O IHCTPYMEHTY € BTpaTa po3MipiB
KOHTaKTYIOUYHX JUITHOK BHACIIIOK CTHPAHHSI.

IcToTHE MiABUIIEHHS CTIMKOCTI IITAMIOBOTIO 1HCTPYMEHTY 3a0e3Meuy€eThCs
BUOOpPOM CKJIaAy ITAMIIOBOI CTaJll, ONTUMI3aLI€l0 PEKUMIB TEPMIYHOI OOPOOKH 1
MOJIIMIIICHHSAM YMOB €KCILTyaTallli mTaMITiB.

Crani 418l ITaMIIiB, SIKI BUKOHYIOTh pPO3/IUIbHI Oonepaliii MOYKHa MOAUTUTH Ha
HACTYMHI  TPYNU:  BUCOKOBYTJICIIEBl;  BHCOKOXPOMHMCTI;  HHU3BKOJIETOBaHI;
KOMILJIEKCHO JIETOBaHI.

BucokoByrineneBi  cTtani  3HAWIIM  HAWOUIbIIE  3aCTOCYBaHHS B
IIPOMHUCIIOBOCTI Y 3B'A3KY 3 X HHU3BKOIO BAPTICTIO, MPOTE IITAMIIH 3 TaKUX CTajeH
NPOSBIIAIOTh HU3bKY CTIMKICTb.

Bucokoxpomucti crami  Tunmy X12 MaooTh BHCOKY TBEpIICTh B
3arapToBaHOMY CTaHl, TrapHy MpOrapTOBYBAHICTb, HHM3bKE BHUKPUBJIEHHS 1
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BIJICYTHICTh TPILLMH IIPH 3arapTyBaHHI, BUCOKY 3HOCOCTIHKICTD.

BucokoxpoMucTi ctani MamTh psiA CYTTEBUX HEIOJIKIB, IIO 3HMXKYIOTH iX
edeKTUBHE 3acTocyBaHHA. Jlo IIMX HEOJIKIB BIJHOCATHCS BHCOKA KapOigHa
HEOJITHOPIIHICTh 1 00yMOBJIEHA HEIO HU3bKAa YAapHA B'SI3KICTh, BUCOKI TEMIIEPATYPH
HarpiBaHHS TiJ 3arapTyBaHHs, YyTJIMBICTh JO KOJWBaHb Temrepatyp rapty [1, 4,
5].

3a manumu [4-6] cTidikicTh mTammiB 13 ctane tumy X12 B 1,1...1,5 pasu
MePEBHUIIYE CTIMKICTh IITAMITIB, BUTOTOBJIECHUX 3 ByruiernieBux crajuei (Y8, V10).

Husbka CTIAKICTP BUCOKOXPOMHUCTHX, BYIVIELIEBUX 1 HHU3bKOJETOBAaHUX
CTaJiell cTajla MPUYMHOIO TOTO, IO B CBITI OyB pO3pOOJIEHUN PAJl KOMIUIEKCHO
JIETOBaHMX CTaJieil JIsl IHCTPYMEHTY XOJIOAHOTO IITaMITyBaHHS. BmicT Byrielo B
HUX 3HaxoauThcss B Mexax 0,5...0,9 %, a xpomy - 2..4 %. Crani J104aTKOBO
JeroBaHl BaHagleMm, BoibdppamMoM abo MOJIOAEHOM, THUTAHOM 1 1HIIMMU
enemeHtamu. Ll1 ctam micisg rapry B Macil Ha0yBarOTh BHCOKOI TBEPIOCTI IpPH
HU3bK1H KapOiaH1! HEOTHOP1THOCTI.

HaiiGinpm 1mMpoKOoro mMoOmMpPEeHHS HaOylno HalIaBIE€HHS [ITaMIIOBOTIO
IHCTPYMEHTY MOKpPUTUMU enekTponamu Mapkamu DH-60M [1, 4]. i enextpoau
JO3BOJIAIOTh HAIUIABIIATH BYTJIELEBY XPOMOMOIIOIEHOBY CTajb, 10 3abe3nedye
HiABUIIEHHS CTIMKOCTI HAIJIaBJIEHOT'O IITAMIIOBOIO 1HCTPYMEHTY B 2...3 pasu, B
MOPIBHSHHI 3 BUCOKOIO CTIMKICTIO OJTHOTUITHUX IITAMIIIB, BUTOTOBJICHUX MOBHICTIO
3 IHCTPYMEHTAJIbHUX BYTJICLIEBUX cTajed Ty VY 8.

Ha migBumieHHsT CTIAKOCTI INITaMIIOBOTO I1HCTPYMEHTY ISl XOJOIHOTO
HITAMITYBaHHSI ICTOTHO BILJTUBAE JIeTyBaHHSI cTaneu aKTUBHUMU
KapO110yTBOPIOIOYMMHU €JIEMEHTaMH BOJIbpPAMOM 1 BaHaAl€M, IO YTBOPIOIOTH
TBepAl Kapoinu [2, 3, 5]. Uepes nediruTHICTS BobppaMy IMITAMIIOBI CTalll 3 TAKUM
foro BMICTOM WIMPOKOTO TOIIUPEHHS He oTpuManu. OgHaK JUisi BUKOHAHHS
HATUTABOYHUX 3aBJaHb, NPU SIKUX BHUTpaTa BOJIb(paMy HE 3HAYHA, a IMiIBHUIICHHS
Npare3laTHOCTI 1HCTPYMEHTY ICTOTHE, JIETyBaHHS cCTajeil BOIbPpaMoM €
NEPCIEKTUBHUM.

Bananiii, oco61MBO npu BEITUKOMY BMICTi, 30UIBIITYE PO3UYMHHICTh a30Ty B
HAIJIaBJICHOMY METall, B 3B'I3KYy 3 UMM 3HMXKY€ HOro IJIaCTUYHICTh [D, 6]. Lle €
OCHOBHOIO TIPUYMHOIO, SIKa CTPUMYE 3aCTOCYBAHHsS BaHAJII0 TPHW HAIUIABJICHHI
MTAaMIIOBOTO 1HCTpyMeHTYy. Ciia 3a3Ha4uTH IO 1€ HE BCl MOMJIMBOCTI
KOMIUIEKCHOT'O JIETYBaHHS BUKOPHCTaHI. | 11e cTano nmepeayMoBOO 0 MOJAbIINX
JOCHI/IKEHb.

AHani3 3Hocy BUpPYOHHUX IITaMITiB MOKa3aB, L0 XapaKTep 3HOCY 1 CTIHKICTb
THCTPYMEHTY I KOCUHOK 1 HOXIB TJIbHOTHHHUX HOXKHIIb BU3HAYAETHCS, MEPII 32
BCE, BUJOM oOIllepalii XOJOJHOI0 IITaMITyBaHHS, MaTepiaJoM poOOYUX OpraHiB
MITAaMITIIB 1 IITaMIOBaHUX JETajleil, TOBIIMHOK MaTepialy Jerali, pPeXKHUMOM
poOOTH IITaMIiB, KOHCTPYKTUBHUMH OCOOJTMBOCTSIMH 1HCTPYMEHTY.

BupyOHi mTamMnu 3HOIIYIOThCSI BHACTIAOK: CTUPAHHS pOOOUYMX MOBEPXOHb;
3MUHAHHS PI3AIbBHUX KPallOK, KPUXKOT0 pYHHYBaHHA POOOUYMX MOBEPXOHb. Kpim
TOr0, 3a3HAYEHUI IHCTPYMEHT BUXOJUTH 3 JIaJy BHACIIJOK OCHOBOTO BUTHHY 1
HAJIMTIAHHS METaly IITaMIIOBAHO1 AeTall.
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3 aHajizy BWJIY 3HOCY IITAMIIOBOT'O 1HCTPYMEHTY BHWIUIMBA€E, IO METall
pOOOYHX MOBEPXOHb IITAMIIIB, sIKIi BUKOHYIOTh PO3JIUIbHI Oonepallii, TOBUHEH MaTu
BHUCOKY 3HOCOCTIHKICTB IIPH JOCUThH BUCOKIH MIIIHOCTI 1 TNIACTUYHOCTI.

[linBuIeHa CTIMKICTh 1HCTPYMEHTY MOXE OyTH OTpUMMaHa TUIbKU TpHU
MEBHOMY ONTUMAJIBHOMY CKJIaJl KapOiiB B MeTail poO0OYoro mapy, o BU3HAYAE
CKJIaJl HAIUTaBIIEHOTO METay.

BwmicT ¢a3m kapOiqy B MeTani BU3HAYaBCS 3a OCaJaMH, OTPUMAHUMHU TIPH
EICKTPOJITUYHOMY PO3YMHEHHI METally HaIUIaBJIEHHS IICIs  BiAMOBIAHOT
TepMi4HOT 00poOKH [5, 6].

Jlyist aHanizy Ha BMICT KapOi/iB Ta X XIMIYHUN CKJIAJ] BUTOTOBIISTUCS 3pa3Ku
niameTpoM 12 MM 1 noBxkuHOIO 60 MM 3 OararoliapoBUX HarlIaBJIeHb 1 MPOKATY
cram Y8.

3a JIOMOMOrOI0 METOJIIB OCHOBHOTO PO3UYMHEHHSI OTPUMYBAIM KapOiJIHUN
ocaJl, Mo MICTHTh BCi KapOiau, HasBHI B CTaIl. AHANMI3YIOUYH [IeH 0cajl, BU3HAYAIH
KUTBKICTh €JIEMEHTIB, TMOB'S3aHUX B KapOiau (KUIBKICTH KapOiiB y BaroBHUX
BIJICOTKAaX) 1 ycepenHeHHi ckiaa Qa3 kapOiay. 3aneXHOCTI BMICTY KapOiliB B
CTaJIAX BiJ TEMIIEpaTypH BiAMyCKYy HaBeeHi Ha puc. 1.

o\o 12 | j_
o
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©
5 4 — = | —1
g | | |
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Temnepartypa Bianycky, °C
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Pucynok 1 — BwmicTt kap0iaiB B CTasIX B 3aJIeKHOCTI BijJ TeMIlepaTypu
BIJITYCKY

JloMiHylOUMM eeMEHTOM B KapOigHii ¢a3i € 3ami30. Y BCiX AOCHIIKEHUX
CTaJISIX MICTUTHCS 3HAYHA KUIBKICTh HAJUTUIIKOBUX KapOiJliB, sIKi HE PO3ZUMHHIIMCS
IpU HarpiBaHHI JIs 3arapTyBaHHS.

[Ipy HHU3BKOMY BIANMYCKY HAUIMIIKOBI KapOimu CKIAJal0Th OCHOBHY
yacTUHY KapOimHoi ¢asu 3araproBaHux crajed. Haiibinpma  KiUIbKICTb
HAJIMIIKOBHUX KapO1iaiB 1 KapOiAiB MpH BIAMMYCKY MICTUThCS B ciuiaBax X2B2®dM i
8X4I'CB4®. MoxHa MPUITYCTUTH, MO B 3arapToBaHii ctam X12M Mictutbes
TaKOX MiIBUIIEHUN BMICT KapOiaiB BHACHIOK BUCOKOTO BMICTY B Hiil BYTJICIIO 1
KapO110yTBOPIOIOUMX eneMeHTiB. Lle o0ymMOBIIO€ BHUCOKY 3HOCOCTIMKICTH IMX
cTajei mpu TepTi.

3a manmumu [5, 6] mpm poOOTI HaABITh 3 HEBEIUKUMH YIApPHUMHU
HAaBAaHTAXXCHHSIMU IIJIBUINIEHA 3HOCOCTINKICTh cTasied 3 12% Xpomy mpu TepTi
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MOJKE HE peani3yBaTUCs 4yepe3 BEIUKY KapOilHy HEOJHOPIIHICTh 1 BUKPUILITYBAHHS
po00Y0i KPOMKHM THCTPYMEHTY Il 10 HACTAaHHS HOPMAJIBLHOTO 3HOCY.

VY cramx X2B2OM 1 8X4T'CB4®d cnocrepiraerbcsi piBHOMIPHUN PO3MOLIT
KapOiAiB 1o mnepeTuHy 3paska. llpu HHU3BKOMY BIANYCKY 30UIBIIEHHS BMICTY
KapOiiB B 3arapToBaHOMY MeTalli BiIOYBa€ThCSI B OCHOBHOMY, BHACIIJOK
3B'I3yBaHHS B KapOiaH LIEMEHTUTHOTO THITY.

[Tpu Bigmycky crtani Y8 cmocTepiraeTbcsi OUIbII IHTEHCUBHE 30UIBIICHHS
BMICTY KapOiJliB BHACIIJOK TOro, IO B MApTCHCUTI PO3UYMHSETHCS BEJIHUKa
KUIBKICTh BYTJIEL}0, HE MOB'I3aHOrO B KapOiaM uepe3 BIACYTHICTh JIETYIOUUX
eneMeHTiB. 3 puc. 1 MokHa 3pOOWTH BHUCHOBOK, IO MPU OAHINA 1 TIA camiii
TEeMIepaTypl BIAMYCKY CTallb MICTUTh BEIUKY KUIbKICTh KapOiAiB. 30LIbIICHHS
BMICTY KapOiJiB TpU BIAMYCKy CTajl BUKIWKAE 3HWKEHHsA i1 TBepaocti. lle
00yYMOBJICHO THM, 110 31 30UIBIICHHSIM KUIBKOCTI KapOiMiB MpPH BIAMYCKY B O-
TBEPJIOMY PO3YHHI 3HIKYETHCS BMICT BYIJICLIO, SIKUWA YWHUTH TEBHHUM BIUIMB Ha
TBEPAICTh MAPTEHCUTHOI MaTPHIII.

BMUCHOBKHU

1. TlopiBHsUTBHHMI aHai3 IITAMIOBUX CTaJed TOKa3aB, IO B HANOUIBII
MOBHIM Mipi 33JI0BOJIBHSIOTH ITOCTABJICHMM BUMOTaM KOMIUIEKCHO JIETOBaHI CTaIl.

2. Ha migcraBi mpoBeAeHUX JOCHIDKEHB IOJI0 BIUIMBY CIHiBBIIHOIICHHS
ra3oluIakoyTBOPIOIOYMX KOMIIOHEHTIB MOKPUTTS HA 3aXUCT 30HU 3BApIOBAHHS BIJ
a30Ty, OCHOBHICTh 3BaplOBAJbHOTO IIUIAKy, MEHIIY TOKCHYHICTh Ta30BOl
atMocepu B TIpoIleCl HarulaBieHHs Oyna oOpaHa cuUCTeMa Ha OCHOBI
MEPOBCKITOBOTO KOHIIEHTPATY.

3. 3acrocyBanHs cranmi 8X4I'CB4d s HamiaBJICHHS MITAMIIOBOTO
IHCTPYMEHTY, IO BUKOHYE PO3JIUIbHI oOmeparlii, A03BOJIUTH 3HAYHO 30UIBIIMTH
TEPMIH CJIYOH LITAMIIIB MPHU iX OaraTopa3oBOMY BUKOPUCTAHHI M1J] HATUIABICHHS.
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YK 621.865
I'ymenok FO.B., Ma3yp A.I'., (Ykpaina, m. Binauis, BHAY)

BITPOBA/I’KEHHA POBFOTH30BAHOI TEXHIKH B OBJIACTI
MAHNIMHOBY/IYBAHHA I BIUNITHB HA MAKPOEKOHOMIYHY
CUTYALIIO B CBITI

B yiti cmammi ocobnusa yeaca axyewmyemvcsi Ha pobomax i iX 6npo8aoddceHHi y
8upobHUYmMeo. Buseneni natibinouw pobomusosawni cepu eupoonuymea. Ilpoananizosani yci
nepegacu i He2amueHi acnekmu eukopucmanus "pozymuux mawun". Iloxazami yunnuxu, wo
3aeadicaroms nposedenHio pobomusayii 6 Kpaini. Ha ocnosi npogedeno2o ananizy 3pooineHi
BUCHOBKU NPO 6NIUE POOOMU3AYTI HA eKOHOMIYHUL CMAH 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.

Ilocmanosxa npobremu. BupoOdHUITBO (popMye cO00H0 €IUHY CHCTEMY
B3a€EMOIIOB I3aHMX KOMIUICKCIB, Tary3eld Ta cdep, KOKHaA i3 SKHX mepedyBae y
TICHIM 3aJIe’KHOCTI BiJ] 1HIIOI. BiAMOBIIHO A0 1BOTO, JAISIBHICTH B OJIHIN cdepi
3/1aTHA CTIPUSTH MOKPAIICHHIO EKOHOMIYHOTO CTAaHOBHIIA B 1HIIINA. BripoBaiykeHHs
poOOTH30BaHOI TEXHIKM B MAIIMHOOYAYBaHHI JUIsl BHKOHAHHS  PIZHUX
TEXHOJIOTIYHUX TMPOIECIB 3 METOK MIABUIICHHS €(PEKTUBHOCTI JISJIHOCTI.
MamnHoOyniBHa rajgy3b € HaWOuIbll pPoOOTH30BaHOK. BHUPOOHUIITBO MaIlMH,
OKpIM BJIaCHOi MPUBAOIMBOCTI Ta 3HAYUMOCTI, PopMye OCHOBY njisi €hEeKTUBHOI
rOCTOIAPCHKOT NISUTBHOCT1 1HIIIMX CEKTOPIB €KOHOMIKH, 32 PaXyHOK 3a0e3rneueHHs
ix MamwmHamu, OOJaJHAHHIM, I1HCTPYMEHTAMH, OJHHUM CJIOBOM, AaKTHBHOIO
YaCTUHOK OCHOBHUX 3aC001B.

Ananiz ocmamnnix oocniodxcenv i nyonikayiti. PoOOTOTEXHIKY SK HampsiM
nocmimkyBamm O. O. I'pud'ok [1], M. B. Jlazapes [4], O. M. Kpusonoc [3].
3HauyHUA BHECOK Yy BHUBUYEHHA I[HUTaHb, W0 CTOCYIOTBCS OCOOJIMBOCTEM
(yHKIIOHYBaHHS MAalIMHOOYAIBHOT raiy3l YKpaiHu, 3J1HCHUIN TaKl HAyKOBIII, SIK
b.M. lanmnumun, B.M. I'eeus, B.I'. I'epacumuyk, B.JI. Jlukans, H.B. KacbsiHOBa,
H.B. Beuenypa, 1.B. Conoxa, K.B. Cotnikoa, O.B. €nerenko Ta iHmii.

Buknao ocnosnoco mamepiany. Ha cbOTOAHIIHIN N€Hb TaKe TOHSTTS, SK
«po0O0T», BiOME y BChOMY CBITi, KOKHA JIIOJIMHA MOYE JaTH MOMY CBOEpIIHE
BH3HAYECHHS. BinnmoBimHO  «pobOOT - aBTOMAarWuyHO  KEpOBaHUM,
nepenporpaMmyBajIbHui, 0araToiIbOBUI MaHIMYJIATOP, IPOTPAMOBaHUM 32 TPhOMA
1 Outbiie ocsiMu. Bin Moke OyTu a60 3adikCOBaHUM B 33JJaHOMY MicCIli, a00 MOXKeE
MaTH MOXJIMBICTh TIEPECYBAaHHS [JIi BHKOHAHHS TPOMHCIOBUX 3a7ad IO
aBTOMAaTH3aIl». BignoBigHo, poGoruzaliis - 1€ PO3BUTOK aBTOMaTH3aIlii
BUPOOHUIITBA HA OCHOB1 3aCTOCYBaHHS POOOTIB.
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BrpoBampkeHHs: poOOTOTEXHIKM B MallMHOOYAyBaHHSI Oepe CBii MMOYaTOK B
cepenuni 20-ro cromitra. Y 1954 pomi Buenmit 3 amepuku Jlxopmxk JleBon
3aMaTeHTyBaB METO]l YIPABIIHHS BaHTAXXHO-PO3BAHTAXKYBAJIBHUX MAHIMYJIATOPIB
3a goromoror 3MiHHEX nepdokapt [6]. Uepes pik General Motors Oyia mepimoro
KOMIIaHI€10, SIKa BIPOBAMIA pOOOT-MaHIMyJISITOP HA OJHOMY 31 CBOiX 3aBoiiB. Ha
JaHWi MOMEHT poOOOTH BUKOPHCTOBYIOTBCS B OCHOBHOMY B  cdepax
aBTOMOO11e0y/TyBaHHS, BUPOOHUIITBI €IEKTPOHIKU 1 MAIIMHOO Y TyBaHHI.

Tpoxu mi3nime, B 1968 pomi, migkmoumiacs smoHcbka ¢ipma Kawasaki.
3apa3 SnoHis BBa)Ka€ThCsA MPOBIIHUM BUPOOHUKOM pOOOTIB y BChOMY CBITI. B
JAaHWW 9ac HEe MOYKHA HE TOTOJAUTHCS, 10 IPOMHKCIIOBI pOOOTH CTaIM HEBiJ'€EMHOIO
YaCTUHOIO BUPOOHUIITBA HA CEPEAHIX 1 BEJIMKUX MIJMPUEMCTBAX.

[X BMKOPHCTOBYIOTH UISi BHUKOHAHHS Pi3HHX TEXHOJOTTYHMX IIPOIECIB 3
METOI0 TIiJBUIICHHS e(EKTUBHOCTI JISUIBHOCTI MANPUEMCTBA. Benukoro
MOUTUPEHHST HAOyJIM MPOMHCIOBI poOOTH B MamMHOOyAyBaHHI. MammHOOy/iBHA
rajxy3b € Halouibi poboTtu3oBaHOw0. lle 00yMOBIEHO MparHEHHSM TMiABUIIUTH
NPOIYKTUBHICTh, OTPUMATH OUTBII JICHICBY, ajie SKICHY MPOIYKIIiO [5].

PoboT pyka-maHinmynsTop siBisie cOOOK MPOrpaMHO KEPOBAHUU MPHUCTPIH,
KU BUKOPUCTOBYETHCS 3 METOI0 BHMKOHAHHS 3aB/IaHb, SKI BHKOHYE JIOJIEH,
HAIPUKJIAJl, MEPEMIIEHHS MAaCHUBHUX a00 BEJIMKOrabapUTHUX BaHTAXIB, TOYHE
3BaproBaHHA, (papOyBaHHA, copTyBaHHsS mpoaykiii. [Iporec #oro mpoekTyBaHHS
3M1MCHIOETHCS BUXOMASIYM 3 BHUPOOHMYOrO 3aBAaHHs, SIKE MOBMHHA BUPILIYHTE
KOHKpPETHUM poOoToM. Ha choroaHimHii JeHb THCAYl KOMIIaHIH B YChOMY CBITI
pOOJISATH CTABKU HA 3aCTOCYBAaHHS MalllMH y BUpOOHUITBI. Hama kpaina Takox He
€ BHKIIOUEHHSM 1 HaMaraerbCsd HE BIJCTaBaTH B IEPEroHaxX MPOMHUCIOBOTO
OCHAIIIEHHA. 3apa3 Oy/b-sKe KOHKYPEHTOCIIPOMOXKHE 1 e(eKTUBHE MiATPUEMCTBO
npocTe 3000B'13aHE BYACHO MOJEPHI3yBaTH BJaCHE BUPOOHMIITBO, BIPOBAKYIOUH
IHHOBAIlIHI ~ TEXHOJOTii, MaTh HayKoBO-mochiaHy ©6a3y. Illo6 3pobutn
BUPOOHHUIITBO MaKCUMaJIbHE €PEKTUBHUM, Cy4acH1 TEXHOJIOT1i € HE3aMIHHUMH.

Y po3BUHYTHX KpaiHaX MamIMHOOYTyBaHHS HAJISKUTh 0 HAWBAKIMBIIIAX
rajxy3eil IpOMHUCIOBOCTI Ta € MPIOPUTETHOIO, OO Mae BIUIMB Ha €(PEKTHUBHICTH Ta
IPOAYKTUBHICTh BCIX cpep €KOHOMIUHOI AisUIbHOCTI KpaiHu. [TocTiiiHui po3BUTOK
MAaITMHOOY1IBHOTO KOMILIEKCY 3abe3neuye peHTa0EbHICTD Ta
KOHKYPEHTO3JaTHICTh TOBAPIB Ta MOCIYT Ha PUHKY, 3pOCTAHHS MaTepiaJIbHOTO Ta
IHTENEKTYaJIbHOTO PIBHSI HACENEHHS, IO CIPHUSE IiJBUIIEHHIO PIBHS PO3BUTKY
E€KOHOMIKHM OKPEMHX PETiOHIB Ta, 30Kpema, AepxkaBu [2, c¢. 163]. Ak Hacmigok, B
PO3BUHYTHX KpaiHax BUPOOJse€Thcsi On3bko 80% MammHOOYIIBHOI MPOAYKIIIi.
Cepen abcomoTHHX JifepiB y MamuHOOyaiBHOMY BupoOHunTBI CIIA, Kurai,
SInonist, Himeuunna

Cdepu 3actocyBanHsi poOOTIB a0, AK iX 1€ HA3UBAIOTh, «PO3YMHUX
MaIIuH», AyXe PI3HOMAaHITHI, TaK K 3 KOKHUM JHEM CTa€ BCE MEHIIE Tally3ei, B
SAKUX HEMOXKJIMBE BUKOPUCTAHHA POOOTH30BAHOIO TEXHIKU. [CHYIOTH IPOMMCIIOBI,
MeJUYH1, TOOYTOBI, 00HOB1, POOOTH JJIs 3MIMCHEHHS O€3IeKH 1 6araTo 1HIIUX, aje
OCHOBHOIO 00JIACTIO 3aCTOCYBaHHS POOOTIB y CBITI 3aJIUIIAETHCS MPOMUCIIOBICTh
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(1,6 miH. mpoMucioBux poOoTiB, 1o ctaHoBUTH 80% BiJ yChOro poO3MAiTTs
poOOTIB).

I ue Bce He BUNAAKOBO, B poOOTH3AIl BUPOOHUIITBA € YUMAIO CYTTEBHUX
nepeBar mnepeia JIOAChKOW mparero. Hampukinan, HaykoBuit xypHan «World
Robotics» Buminse 10 mnepeBar BHOPOBaKEHHS pPOOOTIB y BUPOOHUIITBO,
MOCWJIAIOYMCh HA  TPOBEAEHI JOCHIDKEHHS  MDKHaApOJHOK  (denepalliero
poboTtoTexHiku [8]:

301IbIICHHS TPOTYKTUBHOCTI, SIK€ TATHE 32 COO0I0 3HMKEHHS COO1BapTOCTI;

° MIJBUILICHHS SKOCT1 MPOAYKII (1€ JO3BOJIMTH 30LIbIIYBaTH a00
3MEHIIaTh 00CAT BUPOOHMIITBA BITHOCHO IMOIUTY HA TY YH 1HITY MPOAYKIIIIO);

o 3HIDKEHHSI €KCIUTyaTalliiiHUX BUTPAT;

o MOJIIIIEHHS! YMOB Tpalli;

° 1JIBUILIEHHS THYYKOCT1 BUPOOHUIITBA;

o 3MEHIIICHHSI KITbKOCTI BIAXOMIB 1 IMJBHUINCHHS BIJCOTKA BUXOIY
MPUAATHOT POTYKIIIT;

o HiABUIIEHHS PiBHS 0€3MeKU poO0UYOro MicIs;

o 3MEHIICHHS TIIMHHOCTI KaJpiB 1 TPYAHOILIB MIPU HAaMI IEPCOHATY;

o 3HIDKCHHS KaIiTaTbHUX BUTpAT (BUPOOHWYI peCcypcHu, He3aBepIleHE
BUPOOHUIITBO);

o 3HMKEHHS HEOOX1THUX BUPOOHUYUX ILIOLLL.

3acTocyBaHHA IPOMHCIIOBUX pOOOTIB HAJa€ MOXJIMBICTh 3MEHIIUTH
HaKJagHi ¥  mpsAMi  BHUTpaTH, IO  JIO3BOJUTh  CYTTEBO  IiABUIIUTH
KOHKYPEHTOCTIPOMOKHICTh ~ MPOMAYKIIl, 10 BHUITYCKAETHCA. [HTENEKTyaIbHHM
MEXaHI3M 3aBXAU JIOIIOMOXKE IMIJATPUMATH HE3MIHHO BHCOKHH CTYMiHb SKOCTI
OPOAYKIIi, OCKUIBKM BIH HE YTOMHUTBCS, HE CTAHE HEYBaXHUM BiJl MOHOTOHHOI i
onHOTUIHOI pob6oru. [ligBuieHa TOYHICTH OOpOOKM TPOAYKINi, 37aTHA
3a0€3MeUnTH MPOAYKIIIi, 1[0 BUITYCKAETHCS, HE3MIHHO BUCOKA SKICTD.

Tak camo BaknuBe BIUIMBY poOoTu3anus Hajae Ha piBeHb BBII. Exkcneptu
CeiToBOro 0aHKy BBaXaloTh, 110 3aBIsSKU poOoruzalii rimodanpHuit BBII moxe
30uTpIIUTHCS Ha 20-25%.

Opnak He BapTO 3a0yBaTH 1 MPO HEraTUBHI ACMIEKTH BIPOBAKEHHS POOOTIB
y BUpoOHUITBO. Bueni nepeadauaroTs, mo a0 2025 poky poOoTH3anus TUIbKU B
CIIA ckopotuts 22,7 miH. Po6ounx miciis a60 16% Bij 3arajgbHOI KUTBKOCTI.

be3po0iTTs, 1m0 BHUHHMKAE YHACTITOK PO3BUTKY HAYKOBO-TEXHIYHOI'O
Oporpecy, Ha3WBalOTh TEXHOJOTTYHUM 0e3poditTsiM.  CyvacHi poboTu, sKi
BUKOPUCTOBYIOTHCS B MAITMHOOY/IYBaHH1, CEPHO3HO 30UTBIIYIOTh MOXKIUBOCTI IS
3aMIHM PYYHOI Mpailli, OCKUIbKY B TOPIBHSHHI 3 OLIBII CTApUMHU MOJEISAMH, JUIS 1X
poOoTu moTpiOHO HAbaraTo MEHIIE JTIOACHLKOr0 BTpy4YaHHs. bimbt Toro, 70moBinb
2015 pokm Bim Citi Research ctBepmxkye, 110 moOoOrOBaTHCS BTpPaTH MICIb
NOTPIOHO HE TUIBKM HHU3BKOKBaNI(IKOBAaHMM MpalliBHUKaM, a W ocobam 13
cepenHboro KBamdikariiero [7].

OCHOBHHMM crHIOCOOOM MiHIMIi3allii HACTIAKIB pOOOTH3AIl JJIsI HACEJICHHS
BUCTyNAa€ OTPUMAHHS CYOCUAIM BIA ypAany. Benuki 3BUIBHEHHS 4epes
BIIPOBA/KCHHsI POOOTIB Yy BUPOOHMIITBO - II€ BIEBHEHA TEHJICHIIIS, IO POOUTH
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BIUIUB Ha €KOHOMIKY BC€ OUTBIIMX KpaiH. MoHa BUILIUTH OCHOBHI IpoOJieMH,
mo OOMEXYIOTh pPO3BHTOK pobOoru3arii. OCHOBHOI TPHUYUHOIO € BiJICYTHICTh
MacIITaOHOTO PUHKY POOOTIB BITYM3HSIHOTO BHPOOHUIITBA, SIKI MOXHaA Oyio O
3aKyMOBYBAaTH 3a JOCTYIHUMHU IiHaMd. TakoX CHiJ 3a3HAaYUTH HEIOCTATHE
Jiep>)KaBHE BTPYYaHHS, HAMPUKIAA, Yy BUIJISAl 3HAYHUX I1HBECTUINM 1 PI3HUX
CTUMYJIB Ui poboTu3anii. binem Toro, B YkpaiHi icHye Opak kBajiikoBaH1 X
KaJIpiB 3 pOOOTOTEXHIKH 1 TaK 3BaHA «BIJITIK Mi3KiB)» 32 KOPJOH.

Bucnosku. IligBoasun  WIACYMKH, CIiJ  3a3HAYUTH, 10 poOOTH3aIsA
MaIIMHOOY1yBaHHS BIUIMBA€ Ha BUPOOHMUYMI MOTEHIIIA)I KpaiHU 1 30UIbIIYyE 00CAT
BBII, ane npu oMy He MOKHa 3a0yBaTu Mpo 0e3poOITTS, MO SKOI BOHA MOXKE
OPU3BECTH 1 CBOEYACHO MIHIMI3YBaTH HacHiAkd. BrpoBamkeHHs poOOTIB B
VYkpaiHi e He JOCUTh PO3BHHEHE, MPOTE HEOOX1THO MIATPUMYBATH II€H HATIPSIMOK
JUIST  MATPUMKH ~ KOHKYPEHTOCIIPOMOXHOCTI ~ Ha  CBITOBOMY  PHUHKY
MaIIMHOO Y 1yBaHHS.

[lepeBarn 3actocyBaHHS POOOTOTEXHIKM OYEBHJIHI: POOOT MAaHIMYJISATOP
3MaTHUM 3a0e3rneyyBaTd MaKCHMajbHO BHCOKHH CTYIMHb TOYHOCTI BHKOHAHHS
Oyab-sKoi omeparii i, sk pe3yapTaT, 30UIbIIEHHS SKOCTI MPOAYKIIii; MOKIHUBICTb
3aCTOCYBaHHSI TEXHOJIOTIYHOTO BCTAaTKyBaHHS 365 AHIB y poIli, Y TpU 3MIHU;
ONTHMi3alid eKCIulyaTauili BUPOOHMYMX MPUMILIEHb; I[IBHUJKA OKYIIHICTD;
BIJICYTHICTh BIUIMBY JIFOJICBKOTO (haKTOpa IMiJl YaC BUKOHAHHSI MOHOTOHHHX DPOOIT,
sIK1 BUMAraroTh I1JIBUILEHO] TOYHOCTI.
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(KpuBopi3pkuii HalliOHaIbHUN yHIBEpcUTeT, M. KpuBuii Pir, Ykpaina)

BCTAHOBJIEHHA 3AKOHOMIPHOCTEN YTBOPEHHA
EKCHEHTPUCHUTETY OCI POBOYOI'0O OPIrAHY POTOPHOI
MAIIUHHU

Posznanymi npobremu 3abe3neuenus cymiweHns oceti eieMeHmie pomopHux MexaHizmis,
a came pomopa ma onop Koszauusa. Ilpoananizoeani xapaxmepui ocoOIUBOCMI NIOWUNHUKA
KOB3AaHMHA, 3 8PAXYEAHHAM cneyudixu tio2o pobomu 6 mexanizmi. AHATITMUYHO 6CIMAHOBII0IOMbCS
3a2anbHi 61ACMUBOCII MACMULLHO20 WAPY, U020 CMAH N0 4ac HABAHMANICEHb HA NIOWUNHUK
KOB3aHMA. 3anponoHo8aHo y AKOCMI GupiuleHHsA npobiemu cmaobinizayii nosodceHHs oci eany 3
gicclo NIOWUNHUKA CheyianbHa @Gopma 6KIaouwa niOWUNHUKO80i ONOpu, Wo Chnpusmume
3MEHWEHHIO GeNUYUHU eKCYEeHMPUCUmenty, He OONyCKalouu He2amueHux A6uuy Ha NiOWUNHUK
npu PI3HUX CIMYNEHAX HABAHMANCCHHSL.

B  pmaHmii  wac OmHIEID 3  HAWBAXIMBINIMX  33Jad  CY4acHOTO
MalMHOOYTyBaHHS 3aJIMIIAETHCS MTpobieMa 3MilleHHS 0ci 00epTaHHS PoTOopa Bijl
OC1 MiMUITHAKA KOB3aHHS, TaK 3BAaHUN €KCIICHTPHUCHUTET, IKUH BUHUKAE MPHU PYCI
POTOPHMX MAIIWH IMiJ Ai€r0 JuHamidyHux cuil. [1ix gac poboTu MamuH, JaHKU X
MEXaHI3MIB pyXalTbCAd 3 MPUCKOPEHHSAM, B pe3yJbTaTl 4YOro BUHHUKAIOTh
TUHAMIYHI cuiu (CWid 1HepIii), sSKi BUKJIHUKAIOTh BEJHKI, YaCOM YK€ CYTTEBI,
HAaBAaHTAXXEHHS Ta CTBOPIOIOTH JIOJATKOBI HAMPYKCHHS y TAaKUX KIHEMAaTHYHUX
napax, ik poTop Ta MiAIIUITHUK KOB3aHHA, a TAaKOX 30UTBIIYIOTh TEPTS 1 3HOC iX
enemeHTiB [1]. [lpu nmepeHaBaHTa)KEHHSIX YU JOCATHEHHI TPAHUYHOTO 3HOIICHHS
NOBEPXOHb TEPTS MIAIIMITHUKA KOB3aHHS BiIOYBA€ThCS 3MIIIEHHS OCl pOTOpa BIJ
oCcl TIOIIMIHUKA, 10 CHOPUYMHSE 3O0UIBIICHHS AaMIUITYJd AaBTOKOJHBAHb,
MOPYIIYETHCSA PEKUM HOPMAJIBHOTO MAIEHHS 1 PiAMHHE TEPTS IMEepPEeXOIuTh B
rpaHu4He a00 HaBiTh cyxe. Lle mpuBOAUTH 10 PI3KOro MiABUIICHHS TeMIepaTypH 1
3HIDKEHHS B'SI3KOCT1 MacTHiIa. Y CIOMYy4YE€HHI CTBOPIOIOTHCS CIIPUSITIMBI YMOBH JIJIst
IHTEHCUBHOI'O PO3BUTKY PI3HUX BH/IB 3HOILIEHHS, 1 B MEpLIy Yepry 3HOILICHHS
YHACTIAOK 3aimaHHs [2].

3HauHe 30UIBIICHHS 3a30piB NPHUBOJUTH 1O MOSIBU yJApHUX HABAHTAXKEHb,
AK1 TAKOX CIPUSIOTH 30UIBIIEHHIO IIBUAKOCTI 3HOLUIEHHIO, a00 HaBITh J0 MMOJIOMOK
OKpEMUX JeTajeil 1 BUX0ay MaIlIuHM 3 Jaay [3].

Bkazani ¢pakTopu 3Ha4YHOIO MIPOIO BILIMBAIOTh HAa HAJ1lHY poOOTY pOTOPHOI
MAaIlIMHU, 3MEHIIYIOYM i1 eKCIuTyaTaliiHui TepMiH. TakuM YWHOM, BHUBYEHHIO
BIUTUBY €KCIIEHTPUCHUTETY Ha MapaMeTpu MAaIIMHU HEOOX1IHO MPUIAUIUTH 3HAUYHY
yBary.

3 aHai3y HAyKOBUX Mpallb BUHUKAE HEOOX1IHICTh Y JOCTIIHKEHHI TUHAMIKU
JeTajgell poTOpHUX MAallWH, a caMe B 3a0e3medyeHHI cTaOuTi3allii MoJ0XKEHHS OCl
pOTOpa BIIHOCHO OCi OMOPY KOB3aHHS, BPAXOBYIOUH PI3HOTO POAY HaBAaHTAKEHHS
B MEXaHI3MI.
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CyTHICTh BUBYEHHS MPOOJIEMU MOJISITA€ B ACTATILHOMY aHai31 MiAIIUITHUKIB
KOB3aHHS, XapaKTePHUM [JIs1 HUX JUHAMIYHHUM IPOIlecaMm, SIKi iCTOTHO BITUBAIOTh
Ha 0COOJIMBOCTI €KCIICHTPUCUTETY.

[TifMIUITHUKYA KOB3aHHS € HEBIJI'€MHOIO YACTUHOIO 0aratboX BEJIMKHUX 1 TYXKE
BIJIMIOBIJAIBHUX arperariB, BOHU IIMPOKO 3aCTOCOBYIOTHCS B EHEPTETUYHOMY
o0jajHaHHI, TOTYXHUX HAcocax, KOMIIpECopax, eJIeKTpoABUTyHaX. Di3uuHi
IPOIECH, IO MPOTIKAIOTh B INAMIMITHUKAX KOB3aHHS, JOCTaTHHO CKIAQJHI 1
3aJIeKaTh B1J] CITIBBIHOIIEHHS 0araThbOX 30BHIIIHIX 1 BHYTPIIIHIX YHHHHKIB [4].

B ocHoBHOMY, BCl BHHMKarO4l B Mpoleci eKcIulyartauii npoOjJeMu CTaHy
MIAIIUITHAKIB KOB3aHHSI MOXKYTh OyTH 00'eiHaHi B Tpu rpynu. Lle mpobiemu crany
poOOYMX MOBEPXOHb MIJUIMITHUKA, MPOOJIEMH BETUUYUHH 3a30PY MIXK >KOJIOOHUKOM
poTopa Ta aHTU(PPUKIIIHHUM BKJIATUIIEM, a TaKOX MPOOJIEMU HECYdOi 37]aTHOCTI
Iapy mMacTHia.

YMOBH CTBOpEHHS HECYHOro MAaCTHIILHOTO Mapy B HII[HII/IHHI/IKy aHaJIOTIvH1
TAPOAMHAMIYHUM TpoIiecaM, SIKi BUHHKAIOTh MDK IUIOIIMHOIO 1 IIACTHUHOIO, SIKa
MEePEMIIYETHCS i ISTKAM KYyTOM JI0 Hel.

Konm 3a30p migmmnHuka 3alOBHEHWN MAacTHIIOM, a O Bajy MpHUKIafcHA
cwia P, TO Bam 3MilyeThcs 3 IEHTPAJBHOTO TMOJIOKEHHS 1 YTBOPIOE
EKCLIEHTPUCUTET € MIX BaJlOM 1 OTBOPOM 1, TUM CaMHM, KJIMHOBHH 3a3op. Ilpu
o0epTaHH1 Bally MacTWIO, SIK€ JIO HbOr'O MpUiIUmaEe, Oyle 3axXOIUIIOBAaTHCS B
KJIMHOBUM 3a30p, CTUCKATUCS y BY3bKOMY TOpJII 3a30py 1 CTBOPIOBATHU MiAHOMHY
CWIy, sIKa YTPUMYE Bal BIJ KOHTAKTYy 3 MIJIIUITHUKOM. Bu3HadYeHHS
TAPOJMHAMIYHOTO THCKY B MACJISSHOMY Iapi B MIAIIMIHUKY € OJHUM 13 3aBJaHb
TIAPOAMHAMIYHOI TeOpli 3MalllyBaHHS. Y KJIMHOBOMY MAacTWJIBHOMY 3a30pl
PO3BUBAETHCS T1APOAMHAMIYHHUI TUCK P, SIKUH BPIBHOBAXXYETHCS HABAHTAXKEHHSIM
P, mo gie Ha Bam.

Ha puc.l moka3zani cxemMu pO3MIILIEHHS Baly B MIAMIMIHUKY: HA MOYaTKY
roro pobotu (puc.la) kol KyToBa MIBUAKICTh Baly ® IIie OJM3bKa 10 HYJS, 1 B
nepiol CTajloro pyxy, KOJIW KyTOBa IIBHUIKICTH (O CTa€ OUIbIIE KPUTUYHOTO
3HAYEHHS, 10 BIATIOBIIAE TIEPEXO0IY B PEXKUM piAUHHOTO TepTs (puc.10).

a) - &)

Puc.1. [TonoxxenHs Bagy B NiAMIUAIHUKY:
a — B CTaHl CIIOKOI0; O — Ipy 00epTaHHI1 31 IBUAKICTIO
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[Ipu 3MiHI KYyTOBOi HIBMAKOCTI WLEHTP Baly BIJAMOBIIHO 3MIHIOE CBOE
HOJIOKEHHS; TPAEKTOPIsl HOTO PyXy B HII[HII/IHHI/IKy HAOJIMKEHO Ayra OKpPYKHOCTI.
[Ipu ® — oo HUIIHAPUYHI MOBEPXHI Bally, sIKI TPYThCS, 1 MIJUIMITHUKA CTalOTh
Mailke KOHIEHTPUYHUMH, YTBOPIOIOYHX MOCTIHHMIN MO KOy KITBIIEBUH 3a30D, KU
JOpiBHIOE 0. MiHIMaIbHUY 3a30p BUHUKAE B MEPETUHI, KU 3MIIIEHUN HA KYT J3,
10 PO3TALIOBYETbCS MDK JIHIEI LEHTPIB Baldy 1 MNAMIMAINHMAKA 1 JIHIEWO di1
HaBaHTaxeHH P. KpiM 1poro Kkyra mONOXKEHHS Bajdy B MIJUIMIHUKY MpH
TApOAMHAMIYHOMY PEXKHUMI TIOBHICTIO BH3HAaua€ EKCIEHTPUCUTET € MIK
3mimennmu nentpamu O 1 O1. Skiio cranicTs 3a30py HE MIATPUMYBATH IITYYHUM
IUIIXOM, TO Bajl OMYCTUTHCA MMM €0 CHIW TSOKIHHA. TyT B A0 BKJIIOYAETHCS
TAPOAMHAMIYHUKI ePeKT, KU MoJsrae B TOMY, 1110 BaJl 3aXOIUTIOETHCS 33 PAXYHOK
3MOYYBaHHS MAaCTHJIOM 1 HarHiTa€ Horo B KIMHOBHM 3a30p, SKUW 3BYKYETHCS Y
HanpsIMKY pyxy. [Ipu 1iboMy BcepenHi MaCTUILHOTO KIIMHY BUHUKAE JIOJIATKOBU
THUCK [5].

ToBmrHa KIMHY € HAWUOUIBIIOW B MiCIi BXOMYy pOOOYOi TMOBEpPXHI
00epTOBOro Bajly B HECYUy 30HY HiIIMIHUKA 1 MiHIMaJIbHA HA BUXO/1 3 Hei. Yum
OlnplIIe HABAaHTAXKEHHS Ha MIJIIMITHUK, TUM TOHIIE CTaBaTUME IIap MAacTHia, IKUN
Hece pajliajJbHe HaBaHTAXKEHHS.

PoTopu arperaris, siki CIUPAIOThCS HA MIJUIMIHUKA KOB3aHHS, IPU MEBHUX
yMOBaX MOXYTh BTPAaTUTHU CTIAKICTh 1 TEPEUTH B PEXKUM aBTOKOJMBAaHb B
pamianrbHOMYy HanpsiMKy. HalOiunpin 4Yacto 11e BIAOYBA€ThCS MPU 3HAYHOMY
3MCHIIICHHI HaBaHTAXCHHS BaJy POTOpa HA MIAMIUITHUK, 1[0 MOXE OYTH HACTIIKOM
0aratbox MpUYHUH.

Tpaektopis pyxy Bajly B HIJIIMITHUKAX € (AKTUYHO BCTAHOBJIEHOIO, ajle J0C1
HE TPOMNOHYETHCA CNOCIO 3MEHIIEHHS BETUYMHU EKCIICHTPUCHUTETY, 1110 CYTTEBO
BIUIMBA€E Ha CTaOLII3allll0 MOJOXKEHHS OCl Baly B ONOpax KOB3aHHSA. BuHukae
HEOOXITHICTh MOJIEPHI3YBATH MiIMIUITHUK KOUYEHHS, 3MIHIOIOYA KPUBHU3HY HOTO
ormopHoi moBepxHi. Ha pwuc.2 mpeacraBieHi CXeMH MOMEPEYHOrO Mepepizy
OiAIIMITHAKA TPU OO0EpTaHHI 3 OMHUCAHMMH TPAEKTOPIAIMH PYXY: HIAMIMIHHUK [0
MojziepHizamii (puc.2a) Ta MAMMITHUK 31 3MIHEHOIO KPUBHU3HOKO MOr0 HECy4ol
noBepxHi (puc.20).

Puc.2. 3MIHCHHS KPHBHU3HH TPAEKTOPII pyXy poTopy:
a— HlI[IJ_II/IHHI/IK a0 MO[[CleSaI_Ill 0-— HII[H_II/IHHI/IK 31 3MIHEHOIO KPHUBU3HOIO Horo OHOpHOl
HOBerHl
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AHaJi3 TpaekTopii pyxy poTopy MO BUXITHUM TOUKaM y35TO 3 OSICHEHHS 110
puc.2. KpuBa nokazaHa eKCliepuMEHTaJIbHO Ta MOTPeOye MOJANBIINX AOCTIIKEHb.

Puc.3 nae HaM MOXXIMBICTH HAOYHO OQuUTHU 3MiHeHy JIIHIIO HaBAHTAKEHHS
nunanHHKa:xipaxyHOK:muHeHHﬂ KPUBU3HU TOBEPXHI OMOpPH KOB3aHHS, SIKa B
MOBHIM Mipi MPUBOAUTH 10 3MEHIIECHHS €KCIICHTPUCHUTETY, M0 TaKOXX MO3UTHUBHO
IIO3HAYAETHCS Ha 3HIKCHHS MAaCTHJIBHUX BiOpartii [6].

B iHmmx Bumamkax 3MEHIIEHHS YacTOTH BiOpalii MacTHWJIBHOTO KIMHY
TOBOPUTH MPO 30UTBIIEHHS 3a30piB B MIANIUIHUKY. 3a30pH B IMIIITUITHUKAX
KOB3aHHS 3aBXKIU PETEIHHO KOHTPOJIOIOTHCSA 3 yCiX OOKIB pOTOpa, OCKUIBKH BCl
BOHH, a HE TUTbKH HIDKHS YaCTHHA BKJIA/INILIA, B Til 9¥ 1HIIH Mipi OepyTh y4acThb B
poGoti. 3a3op y BepxHi YaCTHHI MAUIMIHAKA TAaKOX IyKE BaXIMBHIL I
CcTallli3alii MOMOKEHHS POTOpa B 3a30pi MiAWKMIHMKA. B npoue01 pobotu
BHACIII/IOK 3HOCY 3a30pH IOCTYIIOBO 3POCTAlOTh I HACTYNA€ TAKMH MOMCHT, KOJIH
Lle [OYNHAE MO3HAYATUCS HA CTaHI MEXaHI3My i BHSBISETBCSA B CIICKTPI B16paH11
JlocTaTHRO YaCTO MPHU IIOMY B MEXaHi3Mi MOBUHEH OyTH MPUCYTHIM e SKUUCH
OMH JICYEKT IHIIO NPUPOIYM BUHUKHEHHS, HAPUKIaA aucbananc. Takuii qedext
mopyirye BIOpaiii, sKi MOBHHHI NPUBECTH JO OOKAaTyBaHHsS POTOpa IO KOIY
nigmunauka. [le Mmoxke Oytu 30yanmmBa cuia i iHIIOTO MPOSBY. 3 IBOTO MOYKHA
3poOMTH BHUCHOBOK, II0 NMOBMHHA OYTHM 30BHILNIHS CWJIa, SiKa B TEBHI (a3u
O6epTaHHHIHHBOﬂHTHM€ pOTOp i NPHUTHCKYBaTUME Horo,uothHHX,HOBerOHbl
HABITh JI0 BEPXHPOIO BKIAJHIIA MiIIMIHAKA, a0 Ha JCSIKMA MOMEHT dYacy
PO3BaHTaXyBaTH MIAIIMITHUK KOB3aHHA [7].

[Tonanpmomy rnuOOKOMY BHBUEHHIO Ta aHamidy, Ha 06a3i JOCBiy HasBHUX
HAyYKOBUX TIpallb, MiJISTa€ MUTAHHS BUHUKHEHHS EKCIICHTPUCHUTETY BHACIIOK
MOKJIMBOTO BIUIMBY CTaHy HIAIIWIHUKA, 3a30piB B HHOMY, 3MIHHM 4YacTOTH
MaCTHJIBHOI BiOpartii.

JUiss 3MEHIICHHsS] BEIWYMHHU EKCIEHTPUCUTETY € IPOIMOHYETHCS 3MIHUTH
KPUBU3HY TPAEKTOPii MEPEeMIlCHHs LEHTPYy OOCpTaHHs poTopa, npu 3MiHI
HABAHTA)XCHHS HA MIIUIMIIHIK, 33 PaXYHOK 3MiHM KPHBH3HH OIIOPHOI IIOBEPXHi
MiAINIMITHAKA Y MICII BUHUKHEHHSI KJIMHOBOT'O 3a30py. TakuM YHMHOM 3MICTHTHCS
MIOJIO’KEHHST KIIMHOBOTO 3a30pY, IO 3a0€3MeYHTh K «IIiIHOM» poTopa, TaK i Horo
NUISIX [0 HOBIM 3MIIIEHIN TPaeKTOpii, TOMY EKCIEHTPHUCHUTET JIOPIBHIOBATHUME
MIHIMaJbHOMY  3HAa4€HHIO. PerymioBaHHS  KpPMBU3HM  OINOPHOI  MOBEPXHI
MIITUITHAKA CIIPUSTUME CTa01T13a11i1 TTOJIOKEHHS 0C1 POTOPY B OMOpaxX KOB3aHHS.
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YAK 621.791.052:621.01

Hep:xxkanoBebkuil Bb.1., YeGoraproB €.B., Piboxkenko M.B., 3amopoxxHs
.M. (M. Kpamatopcek, JI/IMA)

OCOBJIMBOCTI JOCJJIIKEHHS JTUHAMIUHUX
BJACTUBOCTEH YCTATKYBAHHSI JJIS1 BIBPOCTABLII3YIOUOI
OBPOBKHU JIETAJIENA

Poszenanyma osomacosa enekmpomexauniuna cucmema 8iopo30yodcysaua 0ns 8iopo-
cmabinizyouoi 06pobku demareti 3 HACMPOUKOK CUCTNEMU KePYBAHHS HA MAKCUMYM 83AEMOOTT
eleKmMpU4HOi ma Mexauniunoi niocucmem 3 pezramenmayicto oemn@yroyoi 0ii. Ompumani ymosu
8UOOPY ONMUMANLHO20 Koeiyienma peaiamenmayii 0isi SHUMNCeHHs. pe30HaHcHo20 niky A4X ma
30HU 0OMeMHCeH s pe2lamMenmayii.

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 miAgBUINEHHS SKOCTI Ta 30UIBIICHHS OOCITY NPOMYKINi, IO
BUITYCKAETHCA, O CY4YaCHUX TEXHOJOTTYHMX MAIIUH NPE. aBISIOTHECI BHCOKI
BUMOTH, YJOCKOHAJEHHSI TEXHIYHOIO PIBHS SIKUX BUMAarae OUIbII JETAIBHOTO
JOCTIHKEHHS X XapaKTEePUCTHK.

OCHOBHUM CTPYKTYpHUM €JIEMEHTOM CYYaCHHX TEXHOJIOT1YHHX MAIllUH €
ABTOMATU30BaHUN €JIEKTPONpPUBOJ. JluHamMika EIEeKTPONPHUBONY Ma€ BaXKIMBE
3HAUYEHHA Y BUKOHAaHHI (QYHKUIA MamuH. [CHye psa MOXIMBUX CIOCOOIB
ontuMizaili tuHamiku enexkrpomexaniyHux cucrem (EMC) [1; 2; 3], koxkeH 3 IKux
JSKUTh B MEXKax BUKOPUCTAaHHS TOTO YW I1HIIOTO BUAY EJIEKTPOMEXAaHIYHOTO
oO0J1aTHAHHS.

JJist mpoBeIeHHST TEXHOJIOTTYHHX omepariiii 00poOKHu B TaHMIA Yac CTBOPEHI 1
EKCIUTyaTyIOThCsl aBTOMAaTU30BaHI BIOpOKOMIUIEKCH [4], 10 BUKOPHUCTOBYIOTH
pexxumu BiOparllii Ha pe30HAHCHUX YaCTOTaxX JIeTajei 3 BUCOKUM PIBHEM aMILTITY/T
JTUHAMIYHUX 3YCHIIb, IJISl SIKUX € XapaKTepHUM TEepiouyHa 3MiHA HABAaHTAKEHHS
Ha Bajly 3 MOMEHTOM Mc=Mcpm,sinQt. [lpu mpomy crenudiyHo 0COOIUBICTIO
npuBOY B1OpO30y/KyBaua € Maiuii Koe(IilieHT pO3MOAUTY IHEPUIMHUX Mac y Ta
HasSBHICTD B Tepeiadil MPY>KHUX MEXaHIYHUX JIAHOK.

JIst ouiHKK (PYHKIIOHYBAaHHSI CUCTEM aBTOMaTU4yHOTro peryntoBanHs (CAP)
3aCTOCOBYIOTh ITOKa3HUKH SKOCTi. [lOKa3HWUKHM SKOCTI MOIUISIOTH Ha MpsMi
(otpumani npu wmoxemoBaHHi EMC, kopeneBi) 1 HempsiMi (4acTOTHI Ta
iHTerpaneHi) [5]. besmocepemHe 3acTocyBaHHS TPSIMUX TMOKAa3HUKIB SKOCTI
J03BOJIIE ~ OTpUMATH TOYHI pe3ynbrath, aine g ckiaagaoi CAP 3
XapaKTEPUCTUYHUM PIBHSHHSIM YETBEPTOTO, IT’ATOTO Ta BUIIOTO MOPSAKY aHaTi3 1
ONITHMI3allis TUHAMIKHU TIPOIIECIB TyKe CKIaIHI.
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3acTOCyBaHHS YaCTOTHUX TMOKA3HUKIB SKOCTI € TPOMI3JKUM JJII CUCTEM
BHCOKOTO TOPSJIKY, aJ€ 3aCTOCOBYIOYM CIPOIIEHI OIIHKKA Ta BPaxXxOBYIOYH, IO
YaCTOTHI MOKA3HUKHU € HEMPSIMUMHU MOKa3HUKAMHU, MOXKHA 3 JIOCTaTHIM CTYIEHEM
TOYHOCTI CTBEPJ’KYBAaTH MPO MOKA3HHUKHU SIKOCTI Ti€l YW 1HIIOI CUCTEMU, TOMY JJIs
JIOCITI/KEHb BUKOPUCTOBYBAIHCS aMILIITYTHO-4acTOTHI xapakTtepuctuku (AYX).
Kpim TOro, mpu rapMoHiiHOMY 30ypeHHS 3aCTOCYBaHHS YaCTOTHHMX KPHUTEpIiB
no3Boiste oiHuTU podoty CAP B ychoMy poOOUOMY JTiara3oHi 4acToT.

BianoBigHo g0 Teopii KoiauBaHb [6] 1 3a MPUHIIMIIOM aKajeMika
[mutiHChKOTO [7] KOJMBANIbHA CHCTEMa BHCOKOTO MOPSAIKY MOKe OyTH IpUBEIEHA
JI0 CHCTEMH KOJMBAJIbHUX JIAHOK JPYroro TMOPSAJIKY 3a YMOBHU OJHAKOBOCTI
BJACHUX 4YacTOoT uux JiaHoK. Ilpu upomy mincucremu EMC 3Haxomstees y
B3a€EMOJIIT 1 MOXKJIMBA peaitizallisi 1eMI]ipyrounx BIACTUBOCTEH €IEKTPONPUBOIY
[8-10]. demndipyrounii eheKT eISKTPOIPHBOIY A03BOIISIE chopMyBaTH HEOOXITHI
nuHamiuHi sitkocTi EMC jy1st TOro 4u iHIIIOTO KPUTEPIIO.

B pamkax gochmipkeHb pO3TIIAAABCS KOMIDIEKC BIOpOCTaOUTI3Ipyr0d0i
00pOoOKHM 3BapHUX KOHCTPYKIIIH, 110 JO3BOJISIE€ TEHEPYBATU MEXAaHIYHI KOJMBAHHS B
nianma3oni yactoT Bix 10 mo 100 ['m, skwii ckimamaeThes 3 00poOIFOBaHOT JeTam Ha
B10OpO130JIbOBAHKUX OIOpax, BIOPo30ymKyBaua J1e0aJlaHCHOTO THUIY 3 MPUBOJIHUM
JIBUTYHOM MOCTIHOTO CTPyMy THUITY
MITI-900 (nHominansHa moTyxHIcTh 900 Bt; HOMIHanbHa Hampyra skops 27 B;
HOMIHAJNIBbHUI CTpyM sikopst 41 A; HOMIHAJIbHAa KUIbKICTh OOEpTIB Baja JABUTYHA
5600 o6/xB). Y cxmani CAP € omHodasHMII THUPUCTOPHHUI TMEpPETBOPIOBAY,
peryaarop 1 gaT4uk mBuakocTi [11].

[Ipy npoBeneHHI HAYKOBO-AOCIHIAHUIBKUX  POOIT  €IEKTPOIPUBOAU
nebanaHCcHUMX BiOpO30YKYyBadiB  yIOCKOHAIIOIOTHCS —IUIAXOM  ONTUMI3AI]
MEXaHIYHUX MIJICUCTEM Ta BUKOPUCTAHHS HOBUX CIIOCO0OIB KepyBaHHs [2, 12].

Jlist ontumizanii EMC B manomy BUNAAKy HEOOXiTHO OyJi0 BUPIIIUTH B
CymepewinBl 3ajadi, a came, OOMEXHUTH pPE3OHAHCHUHM IIK MpU PO3UIMPEHHI
yactoTHoro mianazony CAP. B pe3ynbraTi mociigkeHb Oyno 3’sicOBaHO, IO B
poOoYOMYy Jiara3oHl 4acTOT ICHYIOTh PE30HAHCHI MIKM 1 aMIUTITyJa BUMYIICHHX
KOJIMBaHb OyJe BHUCOKOIO, IO y poOoYoMy Jiana3oHi 4acTOT BiOPOOOPOOKHU
BUCTYNAa€ TMPUYUHOI BUHUKHEHHS BHUMYIIEHUX KOJIMBaHb CTPyMy SIKOpS 3
JOJIATKOBUM  TIEPEBAHTAXKEHHSM JIBUTYHA W KEPOBAaHOTO BUIPSAMIIAY, UIO
NPU3BOJIUTH J0 BTPATH eHeprii aii BiOparrii.

Jis  ontumizamii mapameTpiB  BiOpo3OymkyBaua Oylia 3anpoOnOHOBaHA
METOJIMKA 3HWKEHHS aMIUIITyld PE30HAHCHOrO iKY 3TIJHO 3 MIPUHIMIIOM
enekTpoMexaHigyHoi cymicHocTi [10], sxka momsrae B HamaromkenHi EMC
BIOpO30y/)KyBaya Ha MAaKCUMaJIbHY B3a€EMOJII0 IMJICUCTEM 3 MOAAIBIIOK
pEerjaMeHTall€l0 BHECEHOro JAeMI(IpyBaHHA B €IEKTPUYHY 1 MEXaHIYHY
MiZICUCTEMU. 3aIlpoloHOBaHa MeToAuKa cuHTe3y napamerpiB EMC 3 oOMekeHHIM
BUMYIIEHUX KOJIMBaHb il KoopAuHaT, a kopekiiss CAP 3 MeToro BHUKOpPUCTaHHS
neMnipyrounx  BIACTUBOCTEH  €IEKTPONPUBONY  J03BONTWIA  €(HEKTHBHOTO
NIePETBOPUTH eHEPTito Jii BiOparlii B 00po0roBaHii gerali.
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30KkpeMa, He3BaXaloyu Ha Maluil KoedilieHT po3MOAUTYy IHEpLIMHHMX Mac,
MO>KJIMBO 3HIDKEHHS aMIUTITYIHOTO MIKy MpakTU4HO Ha 50% Mo BIJHOILIEHHIO 10
CTaTUYHOI'O0 CUTHANy 3a YMOBHM rpaHuyHoi B3aemonii B EMC 3 Burparamu Ha
3HWKEHHS cMyru nponyckanHs CAP Ha 7%.

ExcriepuMenTanbHl JOCHIDKEHHS W eKCIUTyartariss BiOpo30ymKyBadiB B
yMOBaxX BHUPOOHHUITBA TAKOX CBIIYAaThb NP0 JOLUIBHICTH 3aCTOCYBaHHS JIaHOI
metonuku cuaTe3y EMC noni6noro kmacy [11].
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Omsarok H.O., BHKIajgadi cremiajlbHUX AUCHMILIH, K.T.H., jgon. [lusinga H.I.
(ITomitexHiunmit Konemx KpuBopizbKoro HamioHAIBHOTO YHIBEpCcHUTETY M. KpuBuii
Pir, Ykpaina)

3ACTOCYBAHHS STEM IIIAXOAY ¥ HAYKOBOMY HNPOLECI
3A PAXYHOK BIIPOBA/’KEHHSA IITPOEKTY BHUKOPUCTAHHA
AJIBTEPHATHUBU IN3EJIBHOMY IIAJ/IUBY

Mera: CTBOpEHHS YSIBI€HHS CTYIEHTIB MPO NONUIbHICTH, MeTonukn STEM
HiAXOAY O HABYAHHSL.

Ines: 3HaXOMKEHHS aJbTEPHATUBU JAM3EIBHOTO TMaJbHOTO, MLUISIXOM
BripoBakeHHss STEM minxony y po3poOKH CTYAECHTIB.

3aBaaHHs HAyKOBOI poOOTH:

° OLIHATH BUT1IHICTh BIPOBAHKEHHS BOJIHEBOT'O JIBUTYHA;

. OuiHUTH pe3yNbTATUBHICTH BrpoBakeHHs] STEM y Hain HaBYanbHUM
3aKian;

o 3’scyBatu nepeBaru Ta Henoniku BripoBapkeHds STEM miaxony;

o Honectu pouiibHicTh 3actocyBanHd STEM minxony y mojaibiioMy

PO3BUTKY CTY/ICHTIB;

o BnpoBapkeHHs 3MIIIaHOIO HABYaHHS Y HAYKOBHI MPOILIEC.

MeTonu n0CiiIKEHb:

— [TopiBHSIHHS

— [HayKTUBHUI METOT

— Amnani3

- Cunres

VY HaykoBiil poOOTI pO3IIISHYIM NUTAHHS:

v' Busnauenns STEM migxony

v Bnposamxkenns STEM niaxony y HayKoBui npolec

4 JlocmikeHHS BOAHEBOro IBUTyHa Ha ocHoB1 STEM minxony

v" Orminka pesynsraruBHocTi STEM migxony y HalioMy HaBYaIbHOMY
3aKiIail.

AxTtyanpHICTh poOotu. Ilonsirae y CTBOpeHHI IHTEpeCy CTYIEHTIB [0
TOYHUX, TEXHIYHUX HAyK Ta JUCLHUILIIH, IO JOTIOMAra€ TMOKPAIIUTH CBITOTJIS
MOJIOI].

CytHicTh Hamoi pobotu mnonsrae y BrnpoBakeHHi STEM migxomy y
HaykoBHil Tmiporec. 3’sicyBaTh edekTuBHICTH STEM, BUKOHaBIIM HAayKOBUU
npoekT. OCKUIbKM MU HaBYa€EMOCh Yy 3aJI3HUYHOMY KOJEKi, MU BUPIIINIU
PO3AUBUTHUCS YC1 MOKJIUBI aIbTEPHATUBY AU3EITHHOMY ABUTYHY TEIUIOBO3Y.
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OpHilt 3 Tpyn creuianbHOCTI, a came “TexHiuHe 00CIyroByBaHHS, PEMOHT
Ta eKCIUTyaTalis TATOBOI'O PyXOMOrO CKiIaxy’, TPOTIroM THXHS —Oylo
(daKyIbTaTUBHO JOCTaBieHO 2 roauan. CTyJIeHTH 00Mpain B JeHb Ti AUCIUILIIHHY,
Ha SIKMX MOIJIA OUIbII JI€TaJbHO, Ta 00’ €KTUBHO OL[IHIOBATH BAPIaHTH, MPOBOAUTH
JOCHIJIKEHHS 3 PO3paxyHKaMU.

TakuM YMHOM MM BHOPOBAKYEMO 3MIllIaHE HABUYaHHS MiJ dYac SIKOTO
CTYICHTH MOXKYTh 30UIBIIYBATH CBIiM CBITOTJISAM JOCSTAl0YH TOCTABJICHOI METH.
Buxonsum 3 1poro, 3a pe3yiapTaTaMd IPOEKTY, MM 3MOXEMO OLIHUTH
epextuBHicTh STEM migxoay a0 HaBYaHHS.

BucHoBok. BcebOiuHO BUBUMBIIM MOKIJIMBOCTI ajJbTEPHATUBU, MU 3'sICyBalld
mo STEM migxin € mpoayKTHUBHUM, 3[JaTHUM 3allIKaBUTH, L0 POOUTH HOro
Ji€BOIO, a00 HaBITHh PYHIIAHOI CHUJIOK HABYAJIBLHOTO MPOILECY, M0 Y MOJAJbIIH
NEPCIEKTHUBl 0e3MocepeIHbO MO3UTHBHO BIUIMHE HA PO3BUTOK IPOrPECUBHUX
TEXHOJIOT1H.

CIIMCOK ITOCHUJIAHD.

1.0cnosuvie npeumywecmea u medocmamxu 6000poonozo monauea [Enexmponnuil
pecypc]. — 2017. — Peowcum oocmyny 0o pecypcy: http:/lwww.tesla-tehnika.biz/vodorodnoe-
toplivo-nedostatki.html.
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E€EOPUMEHKO O. B., x.1.H., gou., (Kadenpa OyniBenpbHUX Ta JOPOKHIX
MaiuH, [lepkaBHUIl BUIIMM HaBUalbHUM 3akiaj «XapKiBCbKUW HAI[lOHAJIbHUN
aBTOMOOITFHO — JOPOXKHIM YHIBEPCHUTET», BYI. SIpocnaBa Mymaporo 25, M. Xapkis,
VYkpaina, Ten. +38(057) 7003866, e-mail: admin@khadi.kharkov.ua, e-mail:
khadi.alef@gmail.com)

JOCJIPKEHHSI CHUCTEMHU MAIIMHHOI'O KOHTPOJIIO
LEICA(IIBEMIIAPIS)

AxmyanvHicme pobomu noisieac 8 CmMEopeHHi i 600CKOHANEHHI 0Y0i8ebHUX | OOPONCHIX
mawun(BAM). 'V Oaniii cmammi po3zenanymo pobouuil npoyec manoeabapumuozo 6ynvoosepa,
OCHAWEHO20 CUCMEMOI0 MAWUHHO20 KOHpomo, a came, cucmemoio Leica PowerGrade. Crio
GIOMImMUMUY, WO MEXHON02iA aemomamu3osano2o kepysanus BJ/IM  0do3zeonse cmpocmumu i
npucKkopumu piwieHHs 3a80aHb NiOBUWEHH NPOOYKMUBHOCMI pobim i, 3pewmoro, iCmomHo
nioguwumu egpekmugHicmes excniayamayii 3emaepiino-mpancnopmuoi mexuiku(3TM). Tomy, y
nepuiy uepey, 0ana poboma cnpsamosana Ha niosuujenHs epexmusnocmi ynkyionysanns 3TM
ma 3011bUWeHHs AKOCMI BUKOHAHHS 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.

[Ipobnema. Amnamiz (aktopiB, 110 BHU3HAYAIOTh TEHJEHII PO3BUTKY
JIOPO’KHBOI TEXHIKM Yy CBITI, MOKa3aB, IO OCHOBHUMHU HANPSIMKAMH PO3BUTKY
JOPOXKHBOI rany3i B YKpaini moBunHi ctaTu[l,2]:

- 3a0e3ne4yeHHs HaJIMHOCTI, JOBIOBIYHOCTI 1 SIKOCTI MOKPHUTTS BITUHM3HSHUX
JI0pIr;

- PO3IIMPEHHS HOMEHKJIATYPH 3MIHHUX POOOYMX OpraHiB.

- po3poOKa aBTOMaTH30BaHUX CUCTEM KEPYBaHHS JOPOKHBOIO TEXHIKOIO.

[IpoGnema BupilmieHHS LHUX 3a7a4 (OPMYIIOETHCS AK  IMIJBUILEHHA
epexktuBHOocTi 3TM mnpu B3aeMoAii 13 TPYHTOBUM CEPEAOBHMILEM B YMOBax
0OMEKEHOI0 Yacy Ha MPUIHATTS piteHHs[6].

Amnaini3 nyomikaiiid. TiIbKM 3 TOSBOIO MO3UIIIOHYBAHHS B PEAJIbHOMY Yaci
CTaJI0 MOKJIMBUM HE TUTbKM BUKOHYBAaTH PO30MBKY AUISTHKM OY/IBHHIITBA aje i
CTBOPUTH aBTOMATHU30BaHI CHUCTEMH KepyBaHHA YycTaTkyBaHHsM [5]. Hona
meroauka GPS-3iioMkm - kiHematwka B peanbHOMy dYaci (RTK) - mo3Boise
BHU3HAYATU TPUBHUMIpPHI KOOPJAMHATH KPAMOK Yy PYyCl 3 TOYHICTIO MEHII JIeUMETpa
Ha JIUIIHKax po3MmipoMm 10 20 kM. IIpu nbOMy TOYHICTH IUX KOOPAMHAT MOXKHA
no0aYMTH BiJpa3y B IMOJIi, 0€3 HEOOXITHOCTI HACTYITHUX 00UncieHb|[3,5].
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Mertoro poOOTH € TIPOBEJACHHS €KCIIEPUMEHTAIBHUX JOCIIKEHh POO0UYOro
nporecy 3TM Ha mnpuxmani Oynbao3epy, ocHameHoro cucremoro GPS -
iHTeHcu(ikalii, Ta 3a JOMOMOIOI0 OTPUMAHUX EKCIEPUMEHTAIbHUX JaHUX
3aMpONOHYBATH PEKOMEHMAAIIl IOJ0 MMABHUIICHHS e()EKTUBHOCTI poOOTH
JIOPO’KHBOI ~MAIlIMHHU, $Ka BHKOPHUCTOBYE CHCTEMY MAIIUHHOTO KOHTPOJIO
poboUoro mporiecy.

[lnan  excnepumenty. Ha momironi XHAJY 0Oyno mnpoBeneHo
eKCTIEPUMEHTAIbHI  JIOCHIUKEHHS  OynbJo3epa,  OCHAIIEHOTO  CHCTEMOIO
MAaIIMHHOTO KOHTPOJTIO cBiToBOro sinepa ¢pipmu Leica(lllsetinapis)[4]. KitouoBum
momeHTOoM B Leica Powergrade € Bukopuctanus Powersnap — e1MHOi JOKCTaHITII.
VY skocti o0'ekTa nocHimKeHHs oOpaHuii TpakTop JIHIIPOBCHKOrO MeEXaHO-
TpakTopHoro 3asoxy JAMT3-160 (JAMT3) (puc 2). AMT3-160 ocHamenuii
OJTHOLIWJIIH/IPOBUM UYOTHPUTAKTHUM Ju3elibHUM JABUTYHOM R15ND moTyxHiCTIO
16 . 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

kﬁj TJfk I Remote junction bos,
k) Remote display, 764841
Puc. 3 - CxeMa MOHTaXXy yCTaHOBKH Ha OyJb103€pi

[TopiBHANBHUH aHaI3 AaHUX Oynba03epa 3 IHTEHCU(IKATOPOM 1 6€3 HhOTO
MOKa3aB, IO TMPH BUKOPUCTAHHI I1HTEHCHU(DIKATOpAa TOUYHICTh MNPOQIITIOBAHHS
3eMJIIHOTO TMOJIOTHA CTAHOBUThH Yy MEXax NpumycTumoro 85 % Ha BIAMIHY BiJ 35
% npu TpaguiiiHoMy OymiBHUITBI. KiIbKICTh «BIY4E€HB)» HOXKA BiIBATY BHUIIE
a00 HWKYe MpoekTHOro mpodurto 3HadyHo Bulie - 35 1 4%, 29 1 10 %. Ilpu
¢dbopMyBaHHI TOPOKHBOTO OATY cepenHe BimxuiueHHs npu MCS Big HE0OXiTHOTO
npodimo 0,035 M, a nmpu TpamumiiHomy — 0,050 M, BEeIWYMHH MaKCHUMaJIbHUX
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3pi3iB Takoxk 0,069 1 0,030, mo cyTTeEBO HIKUE TpaaAUIiiHUX cucTeM. [lokazHuku
TOBOPSATH MPO MPAKTUYHO 2-0X KPAaTHY TOYHICTH MO3MIIIOHYBaHHS HOXa BiBaIY
npu TUTaHyBaHHI 3 iHTeHcudikaropom. Jlomyck Ha pizaHHs ctaHOBUB 0,03 M,
normyck Ha po3mipu TpaHmei - 0,03 m J[aHi eKCepUMEHTY MOKa3ylTh, IIO0
MakcuManbHui 3pi3 nopiBHIoE 0,069 M, Cepenniii 3pi3 — 0,05 M, MakcuManbHe
BiIXWJIEHHS BiJ 0a30Boi jiHii -0,067 M, Cepeane BiAXWICHHS Bija 0a30BOi JHIT -
0,05 m. I1pu BukopucTanHi iHTeHCU(DIKATOPa JaH1 HACTYMHI: MAKCUMAIBHUM 3pi3 —
0,030 m; cepenniit 3piz — 0,03 M; MakcuMalibHE BIAXHJICHHS BiJ 0a30BOi JIiHII -
0,039 wm; cepenne BiaxuieHHs Bia 0a30B0i giHii - 0,035 m.
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Topu3oTanbHa BiaMITKa BUMIpY,M
® - B MeXax JIONYCKY; ¢ - BUIIE
JIOITYCKY;,

& - HIOKYE JOMYCKY
Puc. 6 Pizanns tpaguiiitHum
CrIocoOoM

Topu3oTanbHa BiAMITKa BUMIpY,M
® - B MEXax JIOMYCKy; ¢ - BUIIE
JOIYCKY;
® - HIOKYE JOMYCKY
Puc. 5 Pizanns 3 Bukopuctanusim GPS
1HTEeHCHU(DIKaTOpa

%4 |

STk AT RSt M NEPELEPLES AIRFEFLEEREN ™
a) TpaauLiiHA TEXHOJIOTiA po3poOku  0) po3poOKa IpyHTY 3 BUKOPUCTAHHSIM
IPYHTY GPS inTencudikaropa

Puc.7 - T'ictorpamu 0OpoOKH CTAaTUCTUYHUX JAHUX JTOCTIIHKEHb

AHami3 KpanmkoBUX MHUTTEBUX (HOTOrpamM TMOJIOKEHHS BIJBaNy J03BOJIUB
BCTAaHOBUTH TOYHICTh TO3UIIIOHYBaHHS pPOOOYOro opraHy B mpoctopi. Puc. 5
MOKAa3Yye, 110 MPAKTUYHO T10 BCIi€T TOBKUHI POO0UOT TIISHKH KIIBKICTh «BIYYEHBY
y CMyry cyTreBo Buile npu BukopucTaHHi GPS iHTeHcudikaTopa, TOYHICTBH
JOCTaTHS Ha BCIM JUISHIN IUIAaHYBAaHHS, Ha BIAMIHY BiJ TPaauIiHOrO crioco0y,
KOJM OIepaTtop 3MYIIEHUNA TOCTIHHO 3MIHIOBAaTH M «IIIyKaTW» ONTUMAaJbHE
MOJIOKEHHSI HOXKA y BIAMOBIMHOCTI 10 HeoOximHoro mpodimo. Ha migcraBi mmx
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JAHUX TMOO0Yy/I0BaHO 3akoHW posnoalny BenuuuH (Puc. 7). Y Bumaaky
BUKOPHUCTAHHS 1HTeHCHU(]IKATOpa 3aKOH PO3MOAUTY BEIUYMH HOPMATBHUHN, PO3KHU]I
JAHUX Y I[bOMY BHUIMAJIKy CYTTEBO MEHIIIE.

BucHoBku

1. BcranoBieHna BUMIPIOBAJIIBHO-PETICTPyIOYa amapaTypa BijgoOpaxae
poOoumii MUK y MOIEpHI30BaHIi cuctemi kepyBaHHs Oymbmozepa JITM3-160:
polLec po3poOKU TPYHTY, MJIAHYBAHHS PUTTS TPAHILIB 1 T.[I.

2. CyTT€BO 3HU3WIKCS TMOKa3HUKH Yacy LUKy MammHu (1o 172%) 1
1IBUIIMAIIACS SKICTh 3eMIITHUX poOiT (110 98%).

3. BusBuiocs, o ayke BayKIIMBUM HEIOCTIHKCHUM MapaMeTPOM CHCTEMHU €
30Ha «I03aYyTJIMBOCTI» cucTeMu KepyBaHHS (deadband). 3onHa mo3a4yTAMBOCTI
KOHTPOJIFOE TOYHHUM PyX TiApaBiaiku MamuHU. 1[I 3Ha4YeHHS HE BIJMOBIIAIOTH
TEXHIYHIA XapaKTEepPUCTHUIl  JAaT4YMKIB CUCTEMH, ii Tpeba po3paxoByBaTu 13
ypaxXyBaHHSIM TIpaBIiYHUAX IIBHJKOCTEH eleMeHTiB rigporpuBody. Lli
napaMeTpd He CIiJ IUTyTaTH 13 3arajibHOI0 MPOAYKTUBHICTIO MallMHU a0o
TOYHICTIO BUKOHAHHS pOOOTH ¥ BOHM NOTPEOYIOTh MOJANBIIOTO TOCITIIKESHHS.
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JAOCJLIKEHHA TPAHCIIOPTHOI'O PEXKUMY
KOPOTKOBA30BOI'O KOJICHOI'O HABAHTAKYBAYA(KBH)

Yepesz kopomky 6a3y U yewmp mac, wjo0 KOHCMPYKMUBHO PO3MAWOSAHUU Oaudxcye 00
3A0HbOI OCI, Y 0eAKUX BUNAOKAX MPAHCHOPIMHO20 PEANCUMY, A came, NPU NOOOIAHHI HepigHoCmell
pobouoi nosepxni KbH uacmxoeo empauae cmitikicmo. BimuusHsanutl i 3aKopOoOHHULL 00C8i0
BUKOPUCTNAHHS MAN02A0APUMHUX MAWUH MAKONC CEI0YUMb NPO HeOOCMAmMHIO CMIlKICMb,
0CcObUBO AKWO MO8a Ui0e Npo mMpaHcnopmui onepayii. Buacnioox yvoeo, excniyamayitina
NPOOYKMUBHICNb OAHO20 KAACY MAWUH 3HAYHO HUMCHE 3AS18]IEHOI.

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.

[IpoGaema. IlocTiitHO 3pocTarodi o0cAru poOIT y OyIIBHUIITBI BU3HAYAIOTh
HEOOXIHICTh BHUIYCKY TMOPSA 3 MallMHAMH CEPEAHbOr0 W  BaXKKOr0 KIacy
MajorabapuTHUX MaIIMH 0araToIiIbOBOr0 MPU3HAYEHHS, 1110 JO3BOJISIIOTH 1ICTOTHO
3HM3UTU 4acTKy pydHoi npaui. KBH 3 0oproBUM mOBOPOTOM 1 Tip000'€MHOMO
TPAHCMICIEI0 € HAWOUIbII MPEACTaBHUIBKUM IO YHUCIYy MOJENeH, 1o
BUITYCKatOThCs, (Outbiie 140) 1 MaloTh IIMPOKY HOMEHKJIATypy 3MIHHUX pPOOOUYHX
opraiB (6inpmie 70 HaliMeHyBaHb). 3aBISKH YHIBEPCaTbHOCTI, €KOHOMIYHOCTI,
BUCOKiM MOOUTHHOCTI i MAaHEBPEHOCTI, a TAKOX MPOCTOTI KEPYBAHHA B CIIOIYYCHHI
31 MIBUAKOKW 3MIHOIO pobounx opraHiB, KBH cnyxaTe BucokoehekTHBHUM
3aco00M MexaHizalii py4yHoi mnpari. BiTYM3HSAHMIA 1 3aKOPAOHHUN JOCBIT
BUKOPUCTAHHS MaJIOrabapuTHUX MAIWH CBIJYATH MPO HEAOCTATHIO CTIHKICTH,
0COOJIMBO AKIIO MOBa K€ MNpO TPAaHCHOPTHI omepanii. BHacmigok 1poro,
eKCIUTyaTaliiiHa NpOIyKTUBHICTh JIAHOTO KJIacy MalluH 3HAYHO HIDKYE 3asBIICHOI.
Tomy BuHukae mnpoOneMa miaBuiieHHs edektuBHocTi KBH 3a  paxyHok
JOCIIKEHHS TIOBETIHKY MAITUHU T1]] 9YaC BUKOHAHHS TPAHCIIOPTHHUX OTIEPAIliii.

AHaniz nyOnikamiil. Y HaBuanpHOMy mnociOHMKy A. M. Xonomosa, B. B.
Huuke it JI. B. Hazapoa Oyna cnpoOa OLIHUTH CTIMKICTh HABaHTa)XyBauiB 1
3eMJIEPOMHO- TPAHCIIOPTHUX MAIIUH y PYCl 3 ypaxyBaHHIM Jii iHEpHIHHUX cHil.[1]
B omHOMY 3 BUNAKIB pO3TIISAAETHCS MO3OBXKHS CTIHKICTh MAITUHU (HA MPUKIIAI]

88


http://admin@khadi.kharkov.ua/
mailto:khadi.alef@gmail.com

Oynbao3epa) mpu ii raibMyBaHHI. Bu3HauaBcsi TpaHWYHUN KyT HaxXuily OMNOPHOI
MOBEPXHI 3 KOEQIIIEHTOM 3amacy CTIHKOCTI He MeHm 1.2. YV npyromy BUNAAKY
posrnanaBcs Oynpao3ep abo KOJICHUM HaBaHTaXyBad, IO PyXaeTbca 13
TPAHCIOPTHOIO IIBUJKICTIO Ha 3aKpYIVIEHIM IUISHLI JOPOTM W Ha SKUM IIOTh
BIJILIEHTPOB] CWJIM. YpaxyBaTH 1HEpPUIWHI CWIH, 10 BUHUKAIOTh MPU TajibMyBaHH1
CTpiIM, IO ONMYyCKa€ThCs, HaBaHTaXyBada, crnpoOyBanu B. M. Bekcnep, T. U.
Myxa,[2] b. T. becenin. I3 mieto metoro B. M. Bekcnep 1 T. 1. Myxa BpaxyBanu
HiJJaTIUBICTh XOJOBUX KOJIC 1 OmopHoi moBepxHi. OnHak 1 B Il poOOTI
pO3TJSTHYTa TUIBKM TUIOCKAa cXeMa il 3yCHib Ha HEPYXOMHI HaBaHTAKyBad.
3nauHuil iHTEepec 3 no3uii crifikocti KbH sBisitors coboro podboru Hazapora JI.
B., Pazapronoga JI. B.[3].

Mertoro poOOTH € TpoBeAeHHs eKkcnepuMeHTanbHux nociixenb KbH Ha
npukiaal  MainorabapuTHoro — HaBaHTaxyBadya [IMTC 1200, BusBuTH
HaHEOE3MEeYHIINN PEXKXUM pOOOTH NMPH BUKOHAHHI TPAHCIOPTHUX oneparrii[4]. V
SIKOCT1 OKPEMOTO BHUITAJIKy TPAHCIIOPTHOTO pexumMy 0yno obpano nomonanas KbH
OJVMHUYHOI IEPELIKOIU.

[lnan  excmepumenty. Ha  y4OoBo-HaBYanbHI  BUpOOHM4YIN  0a3i
XapKiBCbKOI0  HAIIOHAJBHOTO  ABTOMOOUIBHO-OPOXKHHOTO  YHIBEPCHUTETY
(XHALY) 6yno npoBeneno ekcrnepumentanbHi aociuimxernass KbH, ocHamenoro
KOMIUIEKTOM BHUMIpIOBaJIbHOI amapatypu (puc. 1). Ilepen mnpoBeaeHHSIM
EKCIIEpUMEHTAJIbHUX JIOCHIIKEeHb, MOB'SA3aHUX 3 MEPEi3JOM HaBaHTa)KyBaya 4epes
OJIMHOYHY TIePeIKo1y Oy MpoBeeH] Psijl MArOTOBYUX POOIT, a came:

= BUOIp TUIOPO3MIPIB 1 (HOPMH MOJOJIAHOI EPELIKOIN;

- BU3HAYEHHS CHJIOBOI'O pajilyca XOJI0BUX KOJIIC;

— BU3HAYCHHSI CEPE/IHIX IBHUIKOCTEH pyXy HaBaHTa)XyBaua Ha 3a/aHUX
JIUCTAHIIIAX;

Y xomi BumpoOyBaHh MpW TIOJMOJAHHI HABAHTAXKYyBauyeM OJWHOYHOI
nepemnkoau 0ynu 3adiKCOBaH1 TaKi BUMAIKH SIK:

— BTpaTa CTIMKOCTI MalllMHU B TI03/I0BKHbOMY HAIPSIMKY;

— pPYWHYBaHHSI IBOCEKIIIHHOTO PO3MOIUIFHUKA TIAPONPUBOILY pOOOUOTO
BCTaTKyBaHHS.
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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
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L |
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Darunk Tucky Axcenepometp  T€H3OMOCT 2 23 3 R Al_u'lm%y 195 6:
5-EBM;
Puc. 1. 3aranbpHa cxema po3TailyBaHHsS BUMIPIOBAJILHOI alapaTypu Ha

HaBaHTa)XyBadl
[IIBUAKICT, 1 MICTKICTHh KOBIIIa HaBaHTa)KyBaua BapilOBAIKMCS Ha TPbhOX
pIBHSX, MaKCHUMallbHa MIBUAKICTH jaocsrana 2.2 m/c., a miHiMaisHa 0,4 m/c. Ha
puc. 2 300pakeHO 3aJIeKHICTh MIBUAKOCTI i MPUCKOPEHHS BiJl 9acy MpH MOI0JIaHH1
HaBaHTa)XyBadeM TMEPEIIKOAN 3 TMOPOXKHIM pPOOOYMM OONaAHAHHIM 1 TIpU
MiHIMaJTbHIN 111131/1le<0ch.4

|
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— IPHCKOPEHHS — OIIAX — IIBHAKICTE

Puc. 2 - 3anexxHicTh NPUCKOPEHHS 1 MIBUAKOCTI BiJl 9acy MpH MEePIIOMY
po0oOYOMY TOJIOKEHHI

W MBHAKICTS W THCK §HAaBAHT. W TpPHCKOPEHHA W MBHAKICTD § THCK ¥ HaBaHT. M TIPHCKODEHHA

a) 0)
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- Wlinyy)

9 10

BIBHAKICTE W THCK HABaHT M TIPHCKODEHHA
B)
Puc. 3 I'icrorpama 1anux eKCIEpUMEHTY
a) npu BanTaxxonigiomuocti 400 kr.; 0) mpu BaHTaxomiaioMHuocti 800 kr;
B) ipu BaHTaxkonigiomHocti 1200 kr.

AHani3 eKCIepUMEHTAIIbHUX JaHuX, 300pakeHux Ha miarpamax 17 — 19
CBIIUUTH MPO T€, IO TPH 30UIBIIEHHI MIBUIKOCTI 10 2,2 M/C TUCK Yy T1APOCUCTEMI
pobodoro obyagHaHHS 1OCATAE CBOET KpUTUYHOI oiHKY B 14,5 MIla, nanpyra Ha
METaJIOKOHCTPYKIIi pobodoro obmamgHaHHs 3poctae g0 23 MIla, nepemimieHHs
IEHTPY Mac HaBaHTa)XyBadya MNpH HAI3[l Ha mnepemkoay 3poctae g0 0,04 m. y
BEPTUKAJILHOMY HaIPSMKY.

Bucuosknu
1. AHanitTnuHuil ornsan crany nutanns ctiiikocti KbH mokasye, mo
Tpanuiiiina METOAMKAa BHU3HAYCHHsS  Koe(illieHTa 3amacy  CTIMKOCTI

HABaHTAXXyBadiB NpPH IMOAOJAHHI MEPEIIKOAN HE MOXKE OyTH BUKOPHCTAHA IS
KBH ockiapku 1HEpIiHHI CHIM y IIMX MAaIlMH IIiJ] 9aC BHKOHAHHS pPOOOYMX
orepaliid 3Ha4HO BUII1, HIK Y aHAJIOTTYHUX MAlIWH KJIACUYHOI KOHCTPYKIIII.

2. Ilix 4ac eKkCHepuMEHTAIbHUX JOCTIKEHb OyJ0 BHSBIECHO HAMOUIBII
HeOe3MeuHui nmepio] B3aEMO/Il HaBaHTaXyBaya 3 OIMOPHOIO MOBEPXHEIO — 1ie 3’1371
KBH 3 nepemikoau miji yac moJl0JdaHHs OCTAHHbOI 3aJIHIMU KOJI€CaMHU, MPU LbOMY
Kyt f mocsrae kpurnunoi BiamiTkr y 28 (mpu m=0 kr), 26" (mpu M=600 xr), 22’
(m=1200 xr);
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INPOBJIEMATHKA TA IIUTAHHSA PALOIOHAJIBHOI'O
INPOEKTYBAHHS EJIEKTPOITPUBOAIB METAJIYPI'TUHUX MAIIINMH

Poszenanymo  numanna  payionanvHoco  00MIKY — OUHAMIYHUX — HABAHMAICEHbL 8
eeKmMpoOnpuUBoOax MemanypeiiHux Mawut, pPeKoMeHOO08AHO NpU aHANI3l HABAHMAINCEHb HA
Mexauiune ma ejlekmpuuHe 00NAOHAHHA 8pPAX08Y8AMU GUMOSU 00 MEXHONO2IUHO20 Npoyecy,
871ACMUBOCMI  €IeKMPONPUBody, CUcmemu YNpasiiHHi ma O001AOHAHHS, 3aNPONOHOBAHO NpU
NPOEKMYBaHHI | MOOepHI3ayii MemaniypeiuHux MAawun epaxogyeamu Oemn@ipyouull egexm
eNeKmponpuBooy.

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 MallliHA MPU BBEAEHHI B €KCIUTyaTallil0 MalTh HaWKpaliii
TEXHIYHUN CTaH 1 XapaKTEPUCTUKH, SIKI MPOTATOM (YHKI[IOHYBAHHS MOTIPIITYIOTh-
csa. Crig akneHTyBaTH yBary Ha TOMY, IO THIOBI PEXUMH HaBaHTaKEHHS
METATYPTIHHUX MAIllMH € B OCHOBHOMY HOPMAJIBHHMH POOOYHMH PEKHMaMH, Ha
AK1 pO3paxoBaHi 1 CIIPOEKTOBAaH1 €KCIUTyaTOBaHI arperatd, KpiM TOro, B MpOLECI
BUTOTOBJICHHS JI€TaJl 1 BY3JIM MAIIMHU NPOXOJATh PETEIbHUNA KOHTPOIb. Pa3zom 3
TUM, B TIPOIlECl EKCIUTyartallii Bce-Taku BiOYBAarOThCA BIAMOBH 1 aBapii, IO
TATHYTH 32 COOOI0 TPHUBAJIL MPOCTOI 1 BIAYYTHI BTPATH BUPOOHUIITBA.

Mertoro noCaiKEeHHs € BU3HAYCHHSI (PaKTUUHUX TUHAMIYHUX HaBaHTAKCHb
CJIEKTPUYHOTO 1 MEXAaHIYHOro O0OJIafHAHHS METATYPrifHUX MalluH, M0 TpH
NPOEKTYBAaHHI 1 EKCIUTyaTallii eIeKTPONPUBOJIIB BHUCTYIMA€ BAXKIUBOIO HAYKOBO-
NPaKTUYHOIO 337a4elO.

Y BaXKUX METANYPridiHUX MalllMHAX, HAMPHUKIAJ, MPOKATHUX CTaHax,
OCHOBHI HaBaHTa)XCHHS B TOJIOBHUX EJIEKTPONPHUBOAX CTBOPIOIOTHCS MOMEHTaAMU
NPYXXHUX CHJ MEXaHIYHOI Tepeaadi B peKMMax YAapHOTO 3aXOIUICHHS 1 BUKHUIY
MeTany. JluHaMiuHI HaBaHTaXEHHS KOJWBAJIBLHOTO XapakTepy NPHU3BOASATH [0
PI3KOr0 CKOpPOYECHHSI TEPMIHY CIIY>KOU AeTalell MexXaHI4HOi mepenayl mo 3HOCY 1
BUTPUBAJIOCTI 1 BIIXWUJIEHHS MPOIIECIB Bij 3alpOIOHOBAHUX TEXHOJOTi€r. Tomy,
K (GaKkTop OOMEXKEHHS AUHAMIYHUX HABAHTAXKECHb MPOTIOHYETHCS BUKOPUCTAHHS
Ha mpakTUIll gemndyrodoro epekTy enekrpornpusony [1].

JIJisi TOJIOBHUX €JIEKTPONPHUBO/IB CTaHIB TapA40i MPOKATKU 3 JABUTYHAMHU
MOCTIMHOT'O CTPYMY 3HUKEHHSI KOJMBAJIHLHOCTI MOMEHTIB B MPYKHIM MeEXaHIUHIH
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nepenadi Moxe OyTH JOCATHYTO 3a paxyHOK (OpMyBaHHS ONTHUMAIbHOT
KOPCTKOCTI MEXaHIYHOI XapaKTEPUCTHKU eJeKTporpuBoay [2]. Mertonu
ONTHUMI3allli EIeKTPOMEXaHIYHMX CHCTEM TOJOBHOTO MPHUBOAY CTaHIB Tapsyoi
IPOKATKM 3aCHOBAaH1 HA IMOCWJICHHI €JIEKTPOMEXAHIYHOrO 3B'SI3KY, BUKOPUCTaHHI
MPUHIMITY €JIeKTPOMEXaHIuHOi CyMicHOCTI [1, 3] 1 cUHTE31 mapaMeTpiB, IO CIPUSIE
MIHIMI3aIll peakiii eJIeKTPONPHUBOAY Ha IO KOJHMBAaHb IPYKHOTO MOMEHTY
MEXaHIYHOI YaCTHUHH, K 30BHIIIHHOTO 30ypCHHSI.

JUIs  MeTanypriiHMX MalllMH 3acTOCYBaHHS 3HAXOAUTh CHHXPOHHHM
ENIEKTPONIPUBO/I 3 YAaCTOTHUM PETYITIOBAHHIM, B SKOMY pEali3yeThCs CTpaTeris
HiATOPSAIKOBAHOT'O KEPYBAHHSA 3 IUPOKUM J11alIa30HOM PETYITIOBaHHS 1 BUCOKUMU
JUHAMIYHUMHU TIOKa3HUKaMu [4], mpoTe B €IeKTPONPUBOJAX IMPOKATHUX CTaHIB
3aCTOCYBAaHHS CHHXPOHHHUX JIBUTYHIB OOMEXKEHE uYepe3 3pOCTaHHS JIOJaTKOBUX
JUHAMIYHMX HAaBaHTaXEHb [5], 1110 BUMarae JiiHeapu3allii JUHAMIYHOI MEeXaHIYHO1
xapaktepuctuku [6]. EnexkTponpuBoj B CTaTUYHOMY DPEXKHUMI Ma€ aOCOIIOTHO
KOPCTKY MEXaHIYHY XapaKTEePUCTHUKY, 1 TPHU HASBHOCTI JeMIepHOi OOMOTKH B
JUHAMILI CTBOPIOE €(PEKT BHYTPILIHBOIO B'SI3KOr0 TEPTSL, 110 BHOCUTHCS B MPYKHY
MEXaHIuYHy migcucteMmy [6], ToMy Ui aHaAmI3y TNEpeXiIHUX IMpPOIECiB
NPOINOHY€EThCS  (popMa HOPMYBaHHS Yy BUTJIAMI y3araJibHEHUX IMOKa3HUKIB
€JIEKTPOMEXaHIYHOI CyMiCHOCTI [7].

[Tomepenni pe3ynbTaTh AOCTIIKEHb MOKA3aJIH, [0 MAaKCUMalbHE 3HAYCHHS
nemngipyrodoi Mii eIeKTPONPUBOY 3 CUHXPOHHHUM JBUTYHOM JIOCATA€THCA TMPHU
€JIEKTPOMEXaHIYHIA CYMICHOCTI 1 PIBHO3HAYHOCTI MPOIIECIB B MEXAHIYHOI Ta
€JIEKTPOMArHiTHOI MiACUCTEMAaX, a TAKOXK HE 3aJIEKUTh Bl (OPMU HOPMYBAHHS
JUHAMIYHUX MMapaMeTpPiB 1 BU3HAYAETHCS KOEPILIEHTOM PO3MOALTY IHEPUIHHUX Mac
v [3].

TakuM dYWHOM, PO3TIATAETHCA TPAKTUYHA MOXKIHUBICTE OOMEKECHHS
JUHAMIYHUX HABAaHTAXXEHb B CJICKTPONPHUBONAX 3 CHHXPOHHHUM JBUTYHOM [IJIS
METANYPrilHMX MAallliH, 10 MOXK€ OyTH BpPaxOBaHO NPH MPOEKTYBAHHI HOBHX 1
MOJIEpHI3aIllil AIF0UNX eIEeKTPONPUBOIIB MPOKATHUX CTaHIB.

Jlureparypa
1. Knrwoues B. U. Ocpanuyenue OuHamuueckux Hazpy3ox 31eKmponpusooa /
Kniwouee B. . — M.: Duepeus, 1971. — 320 c.
2. bopyos 0. A. AemomamuzuposaHublil I1eKmMpOnpuUBoo ¢ Ynpyeumu cesa3amu /
10. A. bopyos, I'. I'. Cokonosckuiti. — CIIb.: uepeouzoam, 1992. — 228 c.
3. 3aoopoocnuti HA. Bzaumoceszu u onmumuzayus napamempos 08YXMACCOBbIX

anekmpomexanudeckux cucmem: monoepagpusi / H. A. 3aoopoxcuuii, H. H. 3adopooicuss. —
Kpamamopck: JII'MA, 2014. — 216 c.

4. Enexmpomexaniuni cucmemu asmomamuiHo20 Kepy8aHHs ma eneKmponpusoou:
Hagy. nociOHuK [0ns suw. Hasy. 3aki.] / 3a pedaxyicro npogecopie M.I'. Ilonosuua ma

O.10. Jlosuncwkozo. — K.: «JIubiovy, 2005. — 679 c.

5. Junamuxa u npounocmsv npokamuozo o0bopyoosanus / [Heanuenxo @. K.,
Honyxun I1. U., Tounkun M. A., [lonyxun B. I1.]. — M.: Memannypeus, 1970. —

93



486 c.

6. Yunuxun M. I'. Teopusi aemomamuzupo8aHHo2o 31eKmponpusooa : yued. nocooue
[on5 8y308] / Yunukun M. I'., Knoues B. U., Canonep A. C. — M.: Duepeus, 1979. — 616 c.
7. 3aoopoorcna .M. Onmumizayiss OUHAMIYHUX DeHCUMIE NPUBOOIE MEMALYPIUHUX

Mawiun 3 MIHIMI3ayiero enaugy npyicuux koausaus / 1. M. 3adopooicns // Enekmpomexaniuni ma
eHepeemuyHi cucmemu, Memoou Mooen08anus ma onmumizayii. 30ipnux naykosux npayv XI
MHTK. — Kpemenuyx, KpHY,2013. — C. 51-52.

94



VJIK 681.5.08

IBanoBa O. P., marictpanr, Hayk. Kep. A.T.H., mpod. KisnoBckuit M.B.,
(KpuBopi3pkuii HalliOHaIbHUN yHIBEpcUTeT, M. KpuBuii Pir, Ykpaina)

KOHTPOJIb TA KOPUT'YBAHHSA ITAPAMETPIB 3AKPIIIVIEHHSA
3AI'OTOBOK

IIpogedeno amaniz memooié CUNOBUMIPIOBAHHS 8 KOHCMPYKYIAX MEXHOL02IUHO20
OCHAWeHHs, OCHOBHUX (PaKmMopis, AKI BNAUBAIOMb HA CUNU 3AMUCKY 8 3AMUCKHUX MexaHizmax. B
pe3yibmami nposedeH020 aHanizy 0yi0 UHAYEHO, WO 3a0adi IHCMPYMEHMAIbHO20 KOHMPOTIO
napamempis 3aKpinieHHs 3a20mMo680K NpuU iX MexauiuHiti oOpobyi 3anobicaiomv He2amueHUM
asuwam 3axpinienns. Ilpu nedocmamnbomy 3aKpinjieHHi 3a20MOBKU MOXCIUSULL iT 3pu8 nio Oieto
cun pisamHs, [ AK HACTIOOK NOWKOOMNCEHHsS 3A20MO6KU, IHCMpPYMeHma ma 6epCmamHo2o
npucmocyeanusi. Haomipne 3axpinieHHsi 3a20mo6Kku npusooums 00 HNOUKOONCEHHs iT
nogepxoHsv.. byno eusnaueno, wo Ha CbO2OOHIWHIU OeHb He ICHYE KOHCMPYKYIL MeXHOI02IYHO20
OCHAWeHHs, KA 8 NOGHIl Mipi peali3yeana KOHMpOb cuiogumipiosantus. Tomy oane numanus
nompeoye HOBUX MeOPEeMUYHUX | eKCHePUMEHMANbHUX 00CTIONCeHb NPU CIMBOPEHHI NPUHYUNOBO
HOBUX KOHCMPYKYIU 3aMUCKHUX MEXAHIZMIB, AKI 3MOJNCYMb peaizyeamu KOHmMpoib napamempu
3aKpIneHHs 3a20MOBOK I He OONYCKAMU He2amueHUX s18Ull 3aKPINIeHHs.

3amaya IHCTPYMEHTAIBHOTO KOHTPOJIO MapaMeTPiB 3aKPITNICHHS 3ar0TOBOK
pH iX MeXaH14Hiil 00poOlLl 0/1HA 3 HAWBAXKJIMBILIKX MUTAHb B MAIIMHOOYyBaHHI.
BificyTHICTh IHCTPYMEHTAJIBHOI'O KOHTPOJIIO MapaMeTpiB 3aKpIIJIEHHS 3ar0TOBOK
npy iX MeXaHIyHIi oO0poOIll MPUBOAWTH A0 HETAaTMBHUX SIBUII 3aKpIiIUICHHS, a
came: MOXUOKHU 3aKpIIUIEHHS], TOIIKO/KEHb MOBEPXHI, 10 AKUX NPUKIAJACHI CHIH
3aKpITUICHHS Ta MOXJIMBI TIPYXH1 AedopMallii 3aroTOBKH.

[Ipyn HemocTaTHROMY 3aKpIIJICHHI 3arOTOBKHM MOYJIMBHUH ii 3pHB Tia JTi€r0
CWJI pi3aHHS, 1 SAK HACHIOK TIOMIKOJKEHHSI 3aroTOBKH, I1HCTPyMEHTa Ta
BEpPCTAaTHOrO MPHUCTOCYBaHHA. HaamipHe 3akpilyieHHS 3aroTOBKH MPUBOIUTH [0
ITOLIKO/KEHHS 11 TIOBEPXOHb.

[Ipu BiACYTHOCTI KOHTPOJIIO TapaMmeTpiB 3akpirieHHS (OpMOYTBOPEHHS
3arOTOBOK CYNPOBO/KYETHCA JAePeKTaMH KOHCTPYKTUBHUX €JIEMEHTIB, IO
YTBOPIOIOTH HESBHO BHUPAXEHI TEXHOJOTiYHI 0a3u, IO BUKIUKAIOTh BHCOKY
TPYIOMICTKICTh 1 NMOMMJIKH JOMOMIXHHUX OIEepalliii TEXHOJOTTYHOro Oa3yBaHHS
3arOTOBOK B 3aco0ax TEXHOJIOTIYHOTO OCHAIIEHHS, 1 SK HacaigoK, Opak
BUT'OTOBJICHHS JIETAJIEN.

Cnin 3a3Ha4YUTH, 10 IPU 3aTUCKY HE MOBMHHO MOPYIIYBATHUCS MOJOXKEHHS
3aroTOBKH, JOCSITHYTe Oa3yBaHHIM. Lle 3a10BONbHAETHCS palliOHATEHUM BHOOPOM
HANPSIMKY 1 TOYKH MPUKIIAJAHHS CUJIH 3aTUCKY.

3aTUCK HE MOBMHEH BUKJIMKAaTU JedopMallii 3aroTOBOK a00 ICyBaHHSA
(3MUHAHHS) 1X TMOBEPXOHB, IO 3aKPIIUIIOIOTHCS B MpUCTOCYBaHHI. Cuiia 3aTHCKY
NOBMHHA OYyTH MIHIMaIbHO HEOOXiJHOIO, aje JOCTaTHLOW [JIsi 3a0e3MEeUeHHS
HaA1MHOTO MOJIOKEHHSI 3arOTOBKU IIOJ0 HACTAHOBHUX €JIEMEHTIB MPUCTOCYBaHb B
npoiieci 00poOKH.
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[le moTpeOye HOBUX TEOPETUYHMX 1 EKCIIEPHUMEHTAJIbHUX JIOCHTIIKEHb MPH
CTBOPCHHI TMPHUHITUIIOBO HOBUX KOHCTPYKIIIA 3aTUCKHUX MEXaHI3MiB, fKi 3710HI
KOHTPOJIOBATH MAapaMETPH 3aKpIMUICHHS 3aroTOBOK 1 HE JIOMYCKaTH HEraTUBHUX
SBUILL 3aKPITIJICHHS.

VY mupoko nommpeHiit girepatypi [1, 2, 3] npu mpoeKkTyBaHHI BepCTaTHUX
MPUCTOCYBAHD JIOCUTH CKPYTIYJTHO3HO aHam3y10TLc;[ aedopmMartii, 10 BUHUKAIOTD B
KOHTaKT1 3arOTOBKHM 3 OMOPHUMH €JIEMEHTaMU 1 MalOTh BIUIMB HA MOTPILIHICTH
YCTaHOBKH, aJie MPU IbOMY BUKOPUCTOBYETHCS CIPOIIEHUM MIAXIJT 10 PO3PaXyHKY
NOTPIOHOI CWJIM 3aTUCKY, IO BHKJIMKae 11 Aedopmariii. BiH Bupaxaerbcs B
PO3IJIAl TaKOi K CHPOIIEHOI CUCTEMH CHJI, 110 JiI0Th Ha aOCOIIOTHO TBEPJE TLIO
IPOCTOT TeOMETPUYHOI (POPMH, 3HAXOJKEHHI LIYKAaHUX PEaKIliil, B SIKOCTI SKUX
MOXKYTh OYTH CWJIM 3aTHCKY, 1 BUOOpI HAWOUIBIIOI 32 BEIUYUHOIO CHIIA 3 Oy/Ib-
SIKOTO PIBHSHHS piBHOBAaru. Takok 30BCIM HE MPOMOHYIOTHCS MeToau abo 3acodu
KOHTPOJTIO CHJIH 3aTUCKY 3arOTOBKH.

B cnemianpHii miTeparypi MpakTHYHO BIACYTHS CTPYKTypOBaHa iH(OpMaIris
Ipo OCOOJIMBOCTI KOHTPOJIO MapaMeTpiB 3akpilyieHHs. TakuM 4YMHOM, METOHO
naHoi poOOTH € aHali3 Ta BIOCKOHAJCHHS TEXHOJOTi 3aKpIIUICHHS 3arOTOBOK, a
caM€ - JOCJIIDKCHHS Ta HayKoBe OOTPYHTYBaHHS HEOOXIIHOCTI KOHTPOJIIO
napaMmeTpiB 3aKpIIUIEHHS 3arOTOBOK ISl MiJIBUILEHHS MPOJYKTHUBHOCTI 0OpOOKH,
3a0e3neueHHs] HEOOX1THOI SIKOCTI Ta TOYHOCTI 00pOOIII0OBaHOT MOBEPXHI.

CdopmynroBaHa Mera poOOTH OOYMOBWIA HEOOXIAHICTH JOCIIKCHHS
ICHYFOUMX METO/IB 3aKPITUICHHS 3aTOTOBOK 3 aHAJII30M MOKJIMBOCTI iX KOHTPOJIIO.

3anexHo BiJ JDKepena CWIM, HEOOX1AHOI Ui 3aTHUCKY JAeTail, 3aTUCKHI
IPHUCTPOI NOAUISIOTHCS HA PYYHi, MEXaHI30BaH1 1 aBTOMAaTU30BaHI.

Py4Hi 3aTUCKHI PUCTPOI IMyCcKae B XiJ Oe3mocepeHb0 poOoUHii 32 paxyHOK
MYCKYJIbHOI cuiid. KOHCTpyKIIii 3 pydHUM 3aTUCKOM € HalOUIbII HEHATIMHUMHU.
[Ipn BUKOpUCTAaHHI TAKOT'O OCHAILIEHHS CHJIa 3aTUCKY KOHTPOJIIOETHCS, Y KPalOMy
BUTIQ/IKy, 3BHYAMHMM JIWHAMOMETpOoM. HemomikoM nuHamMoMmerpa € TepTS B
HIApHIpl, SIKE MPU3BOAUTH JO 3pOCTaHHS Bapialli MOKa3aHb 1 BIANOBIAHO 0
3HIDKEHHS TOYHOCTI BUMIPIOBAHHS CHJTH.

MexaHi30BaHI 3aTUCKHI MPUCTPOi MPALIOIOTH BiJl MHEBMaTUYHOIO,
TiApaBIivHOTO 200 1HIIOTO MPUBOAY. ABTOMATHU30BaHI MPUCTPOI MEPEMIIIAIOTHCS
BiJl pyXOMUX BY3J1B BepcTara, IIMUHICIN, CyIopTa abo MaTpoHIB 3 KyJlauKamH, Ha
AK1 J1I0Th BIALIGHTPOBI cHJM 00e€pTOBUX BaHTaXiB marpoHa. [Ipu mpoMy 3aTHCK 1
PO3KpIIJICHHS JeTalll 31MCHIOIOTHCS 0€3 y4acTi poOITHUKA.

[lHeBMaTHyYHI NPUBOAM B TOPIBHSHHI 3 TMPUBOJAMM IHIIUX THUIIB
BIZIPI3HSIOTHCS BHCOKOIO IIBUIKOAIEI0 1 3a0€3MeUylOTh PETyNIOBaHHS CUIOBUX
napaMmeTrpi 3aTUCKY 3aroTOBKM JIMINIE Ha TMEpUIi JIAHIIOTY JaHIl CHUJIOBOTO
JIAHIIOTA, 3pYy4YHl B HANPSIMKY 1 HE BHMArarOTh JIOKJIAJaHHS BEJIUKUX (PIZMUHHUX
3yCHUJIb.

Ha puc.l nokazanuii TokapHHil maTpoH 3 0OEPTOBUM IMHEBMOIIPUBOIOM,
AKHUM 103BOJISIE aBTOMATU3YBATH 3aKPIIJICHHS 3aTOTOBKHU.
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Puc. 1. ToxkapHuii MaTpoH 3 MTHEBMOIIPUBOIOM

[Tarpon 5 moB's3aHuii 3 THEBMOLMJIMHIAPOM 2 Tsrowo 4 3 mydroro 3, sKi
pO3MILIEH] BCEpeIMHI MNUHAeNs BepcTaTa. CTUCHEHE MOBITPS 3 Marictpaii uyepes
BOJIOTOBIIJIUTIOBAYO 1 KpaH YIpaBIiHHS / TOJAEThCA uepe3 Hepyxomy mydty 1 B
nepeaHio ado 3aJHI0 MOPOKHUHHU IMHEBMOIWJIIHIApA 2, 10 00epTaEThCsl pa3oM 31
HIMUHAENeM BepcTaTa. [lepemilieHHs MOpIHs 31 IITOKOM 1 TOB'sI3aH1 3 HUM My(Ta
3 1 Tsra 4 myckae B XiJ] KyJJadyKu MMaTpoHa.

KoHTponbs cunm 3aTucky B JaHOMY MEXaHI3M1 3IACHIOETHCS IIISIXOM
BU3HAYCHHS IMapaMeTpiB Ta 00’ €My CTHCHEHOT'O MOBITPSI.

[ppaBniyHi npuBOAM OUIBII TPYAOMICTKI B eKCIUTyaTauii, ajig HHUX
HEOOX1THO MaTH OUIbII TepMETUYHI YIIUIbHEHHS, CUCTEMY 300py Ta BiIBEACHHS
BUTOKIB 1 1H.

Ha puc. 2 nokazanuii nonareBuil TiApOUMIIHAD, SIKHA BCTAHOBIIIOETHCS Ha
IHIIOMY KIHIIl IIMHHAENS 1 00epTaeTbhcs pa3oM 3 HUM. Maclio TONa€eThCs B
JIOTIATEBUM TIIPOLUMIIHADP, 3aKpUTHUH KOXKyXoMm 8, yepe3 HepyxoMmy MydTy O,
3MOHTOBaHy Ha BaJy 6 Ha MIAPUKOMIAIIMITHUKAX, 1 HAaIXOAWTh B Kopmyc 1,
NpUBOASYM B pyX Jjomath 4 (MbK kpumikamu / 1 10 mo ymopy 2, moB's3aHy 3
potopom 3) Porop 3 kopcTko 3'€emHaHUI 3 TaWKOIO 9, sika 00epTAETHCS B KOPITYCi
Ha ponukonimmunHukax 13 1 3Mymye rBUHT 11 mepemimatvcs y3H0BXK OCI
mnuHaenst, rBUHT 11 depes ary 12 3Boauth ab0 po3BOAUTH KyJIauKu NAaTPOHA JUIs

3aKpiMyIeHHS 1 3BUIbHEHHSI 00pOOII0BAHOT 3aTOTOBKHU.
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Puc. 2. JlonareBuii riaponpuBig

KouTpons cunm 3aTucKy B JaHOMY MeEXaHI3M1 3JIIACHIOETHCS MHUISAXOM
BU3HAYCHHSI MapaMeTPiB TUCKY, BUTPAT MAaclia, 110 MOAAETHCS A0 IPUBOTY.

EnextpomexaHiuyHi NPUBOAM BJAINTOBAaHI 3HAYHO IIPOCTIIIE ITHEBMO- 1
TAPONPUBOJIIB 1 OUIBII 3py4HI B eKkciuryaramii. o ckiagy enekTpoMeXaHIYHOTo
NPUBOJIY BXOJSATh €JIEKTPOJBUTYH, TEpElaBaAIbHUIA MEXaHI3M 1 eleKTpUuyHa
CUCTEMa YTMPaBIIHHS €JEKTPOIBUTYHOM.
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Ha puc. 3 noka3zanuii TOkapHUH TATPOH 3 €IEKTPOMEXAHIUHUM MPUBOIOM.

Puc. 3. TokapHuii naTpoH 3 €JIEKTPOMEXAHIYHUM MIPOBOJIOM

[Tatpon 12 3'eqnanuii 3 €NEKTPOABUTYHOM / 3a JOMOMOTOI YepB'SYHOL
nepenayl 3 1 Bana 8, taru, raviku 10 1 mydt 4 1 9. Jlng 3atucky nerani 14 B
Kymaukax 13 marpoHa 12 BKIIIOYA€THCS €MEKTPOMATHIT 6, SKUil depe3 Baxiib 5
BBOJIUTh B 3aueIUieHHs 3youm mMydTH 4, 3abe3reuyroun rnepeaadyy oOepTaHHS Bij
EIIEKTPOJBUTYHA 7 Yepe3 4epB’ sTUHy mepenady 3 Ha Ban 8 3 raiikoro 10. TMaiika 10,
HarBUHYYEThCA a00 3rBUHYYETbCS 3 Pi3bOJeHHs Tiaru 11, 3mymye tary (mpu
NEepeMIllleHH] Y3[0BX OCl) 3BOAMTH a00 pPO3BOAMTH Kyinauku mnarpoHa. [lpu
JOCATHEHHI HEOOX1THOT CHIIM 3aTUCKY KyJauyku My(TH 9 BUXOIATH 13 3aUCIUICHHS,
CTUCKAIOTh MPYKHUHY 2 1 HATUCKAIOTh Ha KIHIIEBUH BUMHKA4 1, SIKMI BUMHKaE
€JIIEKTPOJBUTYH 7 1 €JIEKTPOMArHIT 6.

KonTpons cwim 3aTHCKy B JaHOMY MEXaHI3Mi 3IHCHIOETHCS HUISTXOM
BU3HAYEHHsS TMOCTIHOTO CTpyMy, IO TIOJA€ThCS 10 TpPHUBOJAA 1 € JOCHUTH
IPUOTU3HIM.

[MpuHuun a1i eJeKTpOMarHiTHUX 3aTUCKHMX IPUCTPOIB 3aCHOBaHUU Ha
BUKOPUCTaHHI MAarHiTHOTO CHJIOBOI'O TOTOKY €JEKTPOMAarHity, Io Ji€ Ha
3aroTOBKY, IO 3HAXOJUTHCS B 30HI MarHITHUX CUJIOBUX JiHINA. KOHTpOIb 3ycuimis
3aTHUCKY 3arOTOBKHM BM3HAYAE€THCS MOTYKHICTIO eflekTpoMarHiTy. [lepeBaroro € Tyt
MIBUJIKICTh 3aTHCKY 3aroTOBOK 1 MPOCTOTa YMpaBIiHHS, a HEIOJIKOM - Mala
BEJIMYHMHA 3aTUCKHOTO 3YCHJUISI 1 MOXKITUBICTh OTPUMAaHHS OpaKy MPH BUITAIKOBOMY
3HSTTS KUBJICHHS 3 €JIEKTPOMATHITIB.

[IpoananizyBaBmIM ICHYIHOYl KOHCTPYKIII TEXHOJOTIYHOTO OCHAIIEHHS
MOKHA 3pOOUTH BHCHOBOK, IO JJISI SIKICHOTO 1 HAaWOUIBII MMOBHOIO KOHTPOJIIO
3aTHCKHUX 3YCWJIb HEJIOCTaTHbO KOHTPOJIOBATH JIMINE BXIJHUM TapaMerp
CUJIOBOTO JlaHIora. HeoOX1HO MiABUIIUTH SKICTh 3aKPITUICHHS 3arOTOBOK MPH iX
MeXaHIYHUI 00poOIll 3a paxyHOK CTBOPEHHS 3aTUCKHOTO MPHUCTPOIO 3
MOSKITUBICTIO THCTPYMEHTAJIBLHOTO KOHTPOIIO MapamMeTpiB 3aKPIMJIEHHs 3ar0TOBOK,
1 pO3pOOKHM METOJIIB iX PO3PAXyHKY 1 IPOEKTYBAHHS.
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BITPOBA/’KEHHA THHOBAIIMHUX TEXHOJIOT'TH B
MAIIUMHOBYAYBAHHSA: CUCTEMA FACTORY FLOW

Bix piBHS pO3BUTKY MalIMHOOYyBaHHS 3aJI€KUTh MPOMUCIOBHI MOTEHIIAI
Jiep>KaBH, 11 KOHKYPEHTOCIIPOMOIKHICTh Ha 30BHIIIHIX PUHKAX, PIBEHb COI1aJIbHOTO
PO3BUTKY JiepkaBU. TaKUM YMHOM, BIIPOBAJKEHHS 1HHOBAIITHUX MPOIIECIB came B
MaIIUHOOYAIBHIN raiy3i € BaXJIMBUM YMHHUKOM PO3BUTKY €KOHOMIKHM YKpaiHU B
1JIOMY.

He3Baxkatouu Ha iCHYIOY1 AOCITIIKEHHS MPoOJieM 1HHOBAIIMHOI AisSUTBHOCTI,
HEIOCTaTHbO JOCHI/DKEHUMH 3aJMINAIOThCS TMHUTAaHHSA W00 PO3BUTKY Ta
BIIPOBAPKEHHSI IHHOBAI[IMHUX MPOIIECIB caMe B MAITMHOOY/IBHIN ramy3i. MeToro €
OOTpYHTYBaHHS HEOOXIMHOCTI BIPOBA/PKCHHS I1HHOBAIIWHUX TIPOIECIB B
MaIMHOO Y IIBHIN ray3i.

FactoryFlow - mnporpamMHuii TpPOAYKT /sl CTBOPEHHs jeranbHuX 3D-
TUTAHYBaHb 1[EXIB 1 3aBO[IB, BUPOOHUYMX JIiHINA. TakoX BiH BUKOPUCTOBYETHCS IS
iMiTariiitnoro monentoBands. FactoryFlow BxomuTe 10 ckiagy NOpoOayKTOBOT
niHikn Tecnomatix Bix kommanii Siemens PLM Software.

FactoryFlow - pomarok, mio Hajgae BCi HEOOXiOHI IHCTPYMEHTH IS
CTBOPEHHSI PO3BUHEHUX, JETAIBHUX IJIaHyBaHb. 3aMICTh KPECIICHHS JIIHIM, YT, KU
BiH JI0O3BOJISIE BUKOPHCTOBYBATH «PO3YMHI O0'€KTH», IO MPEICTABISIOThH
OPAKTUYHO BCl BUPOOHMYI PECYpCH, BiA MIAJOrOBUX 1 MIJBICHUX KOHBEEPIB,
aHTpECOJIeH 1 KpaHiB J0 Tapu 1 MepcoHaTy. 3a JIOMOMOTOI0 IUX O0'€KTIB MOXKHA
«310patu» MOJelb BHPOOHMIITBA, HE BUTPAYAIOUM YaCc Ha MPOMAJIbOBYBAHHS
€JIEMEHTIB.

Pucynok 1 — Monens BUpoOHHUIITBA, BAKOHAHA B IPOIrPAMHOMY HPOIYKTI
FactoryFlow

3a gomomorow mporo mnpoAykry 3D Mozpeni MOXYThb CTBOPHOBATHUCS
mBuAme, Hik 2D kpecneHHs B TpaauuidHux cucremax. [Ipu BHUKOpUCTaHHI
«po3yMHUX 00'€KTIB» po3Mip 30epexeHux (aiiiB MEHIIE Po3Mipy JABOBUMIPHUX
KpECJIeHb, TAKUM YUHOM BUPILIYIOTHCS TPOOIEMH, TOB's13aH1 3 00CATOM JaHUX, 110
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30epiraloThCs 1 MPOJAYKTUBHICTIO, 3a3BUYall BUHUKAIOTH MPU MOJCIIOBAHHI IUIUX
BupoOHuNTB. FactoryFlow no3Bonsie miaHyBalbHHKam CTBOpIOBATH MOBHI 3D-
MOJIeN, IO MICTATh Habarato Ouibine iH(opMaIlii, HIXX JBOBHUMIPHI KPECICHHS,
IO MOJIETIIYE MOWIYK MOTEHLIMHUX MPOoOJEeM Ha pPaHHIX CTAaIgX NPOEKTYBaHHS.
Mopneni nnaHyBaHHS MOXYTh OyTH TepeAaHl B CHCTEMH Bi3yalisailii, aHami3y
MaTepiajJoNnOTOKIB 1 IMITALITHOTO MOJIEIIOBAHHS, 1[0 ICTOTHO 3a0IAJ[XKY€E Yac.
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Pucynok 2 — [lepermsin iHKEHEpHUX MPOLIECIB 3 METOK CTBOPEHHSI «Cy4aCHOTO»
3aBojly B mporpamHoMy nipoaykTi FactoryFlow

FactoryFlow posmupioe ¢ynkmionan mnponykrie AutoCAD 1 AutoDesk
Architectural Desktop, gogar0du B HHMX JOJATKOBI IHCTPYMEHTH 1 Oi0JIOTEKH
«pO3yMHUX 00'€KTIBY», 10 MPEACTABISIIOTH 00JIafHaHHA Ta pecypcu. KoxeH 00'ekT
Ma€ CBOE YSBJICHHS JJISI IBOBUMIPHOTO 1 TPUBHUMIPHOT'O BiZOOpa)K€HHsI, a TaKOXK
MICTUTh KJIIOYOBI JaHl Mpo MpoayKTuBHICTh. Ll1 nmaHi, pa3oM 3 mapamerpamu
po3TanryBaHHs, MOXyTh OyTu ekcnoproBaHi 3 FactoryFlow B iHCTpyMeHTH
IMITalIHHOTO MoJetoBaHHS yepe3 iHTepdeiic SDX. AHanoOriyHo, s OLIHKH
MOXXYTh OyTH eKCTiopTOBaHi 1 BapTicHI (pakTopu. [IpoayKT m03BOISIE CTBOPIOBATH
BJIACHI JIETKOBari mapaMeTpuyHi MoOeNl oO0JajHaHHA, SKE He YBIMIUIO 0
010J110TEKN «PO3YMHHUX O0'€KTIB.

Peamizariis BIpoBa/pKEHHS 1HHOBAIIMHMX TMIPOIECIB BKIIIOYAE: AKTUBHE
BUKOPUCTAHHS JIIOJCHKOTO Ta HAaYKOBO-TEXHIYHOTO ITOTEHINiaTy, CTBOPEHHS
KOHKYPEHTHOT'O CepeIOBUIIA Ta iH.

Otxe, BHOpoBajKeHHs1 mporpamHoro npoaykry FactoryFlow no3Bomse
npuckoputu podotry Ha 90% B TOpIBHSAHHI 3 TPATUIIMHUMH 1HCTPYMEHTaMHU
cTBOpeHHs 3D-I1aHyBaHb; 3MEHIIUTH BUTPATU 4Yacy Ha CTBOpeHHs 3Dmopenei;
paHille BU3HAYUTU MPOOJEMHI MicClsl TUIAHYBaHHS; IMOBTOPHE BHUKOPUCTaHHS
JaHUX;, YHUKHYTH JOPOTHX MpoOJeM 3 TeperylaHyBaHHSM, CKOPOTHTH PO3MIp
Mozeneit 1o 95%.

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

Journal. - October, 24 2000.
2.FactoryCAD. 3D-nuanysanns niniil, yexis, 3a600ie. : Texuiuni mamepianu.
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YAK 621.791.052:621.01

I3maiinoB M.M., Cipotiok B. A., Tynracosa K.B., 3anopoxHniit M.O.
(M. Kpamatopcek, J/IMA)

ACIIEKTH OHTI/IMIS-AI_IIi EJEKTPOMEXAHIYHOI'O
IHEPETBOPEHHS EHEPI'II B EJIEKTPOITPUBOJAX
TEXHOJIOI'TYHUX MAIINH 3 YPAXYBAHHAM IIPYXHUX 3B’SA3KIB

Posenanymo numanus onmumizayii napamempis cucmem Kepy8anHs eieKmponpusooamu
MEXHONO2IUHUX MAUUH 3 YPAXYBAHHAM NPYICHUX 368 S3KI8, PEKOMEHOO0BAHO NPU NPOEKMYBAHHI |
MOOepHIZayii MemanypeiHux MauuH 8paxo8ysamu 0eMn@ipyouutl 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.

OcCoONMBICTIO JAWHAMIKUA ~ €JIEKTPONPHUBOAIB TEXHOJOTIYHUX MAIIUH 1
MCXaHI3MIB € B33a€MO3B'S30K MPOLECIB CICKTPUYHOI Ta MEXaHIYHOI 4YacTUH
obmazHaHHst. 1Ipy B3a€MO3B'I3Ky HPOLECIB B GIEKTPONPUBOAAX MALIMH peasti3ariis
MPOCKTHHX MOXIINBOCTEH KOMIIOHCHTIB Cy4aCHOr0o 00/1a{HaHHs yCKIIaIHeHA Yepes
HETaTMBHUH BIUIMB Ha JUHAMIKy MPYXKHHX MexaHIYHUX JaHoK [1]. Ilpm BrutuBi
MPYXKHUX MEXaHIYHMX JIAHOK B EICKTPOIPHUBOLAX BINOYBAETHCS 3POCTaHHS
JMHAMIYHUX HABaHTKCHb 1 BIIXWICHHS MEPEXIAHUX IPOLECIB BiJ THX, IO
BUMAara€e TEXHOJIOTisl, 3HAYHO CKOPOUYETHCS TEPMIH CITYy>)KOM MeXaHI9HOI mepeaadi
0 3HOCY 1 BUTPHUBAJIOCTI, BUHHUKAIOTH aBapiiiHI PEKUMU 3 PYHHYBAHHAM
€JIEMEHTIB TIepe/iad.

Bupimmru 3a7auy OOMEXKEHHS IUHAMIYHUX HaBaHTaXE€Hb B
CJICKTPONPHBOAAX MOX/IMBO 1€ HA €Tarax NPOCKTYBAHHS MPH aHAII3YBaHHS
MOXIIMBHX BapiaHTIB 3a yMOB IOLIYKy Ta HlHGCHpHMOBaHOFO BUOODY
ONTUMAJIBHAX CHIBBIHOMICH MApaMeTPiB ENEKTPUYHOI 1 MEXaHIYHOI YacTHH
PUBOJIY 32 KPUTEPIEM MAKCHUMAJILHOI'O 3aracaHHs €JIeKTPOMEXaHIYHUX MPOLIECIB
[2, 3].

3riIHO 3 aHATI30M KJacy €JIEKTPOMEXaHIYHMX CUCTEM TOJIOBHHUX INPHUBOJIIB
CTaHIB rapﬂqo'l' NPOKATKU 3 CHCTEMOIO HiI[HOpSI)IKOBaHOFO perymtoBaHHs [3, 4]
OTpPUMaHI JIJIsl IBOMACOBOI pO3PaxyHKOBOI CXEMHU nepez[aTHl byHKIIT 3a KEPYHOIHM
Ta 36yp}OBaJ'IBHI/IM BIiMBaMu. [Ipy omTummizamii mpOIECiB eIeKTPOMEXaHITHOT
B3a€MOJIIT pO3TJIsiAaeThes XapakrepucTuunuii mominom (XIT) cucremu [4]:

T T, 1
Q(py=Yle poy Yva ps o T4 T 02 4 4Ty + Koy =0, (1)
12 QlZ 912

ne Ty — enekTpoMexaHidHa cTaja Jacy,
Tc — cTana yacy KOHTYPY pPeryIrOBaHHS CIpyMy;
Yy = (TMI + TMZ)/TMI — KOeQIIIEHT CIIBBIIHOIIEHHS 1HEPIIMHUX Mac
JBUTYHA Ta MEXaHI3MY BiJIITOBIHO;
Kppp — koedimienT miacuaeHHs peryisiTopa HBUIKOCTI;
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Q;, — 4YacToTa BUIBHMX KOJIMBaHb JBOMAcOBOi MEXaHIYHOI YaCTUHHU
OPUBOJY.
[Ipu BUKOpUCTaH1 y3arailbHeHUX MOKA3HUKIB €JIEKTPOMEXAHIYHOI B3a€MOI11
XIT (1) moxe OyTM HamaHwii B HOpMOBaHII/I dopmi Ta 32 YyMOB MAaKCUMyMy
z[eMn(blpyBaHHﬂ B €JIEKTPOMEXAHIYHIN CUCTEM] MPUBOAY MaTEMAaTUYHO MOKE OyTH
NpEeACTaBICHNN Y HACTYITHOMY BUTIIsiI [ 3]:

Q(P) = (aop” +a;p +1) - (agP” +a;p +1) =0. 0)
[Ipencrasnenns XII y ¢opmi (2) di3uduHO 03HAYaE, MO €HEPris MPYKHUX
KOJMBaHb 13 MEXaHIYHOI YAaCTUHHU EJEKTPONPUBOY IOBHICTIO BIJIBOJUTHCS [0
€JIEKTPUYHOI YACTHHH Ta PO3CIIOETHCS.
YmoBu nipeactasienss XII (1) y Bursiai (2) MOxXyTh OyTH OTpUMAaHI MICIHs
MaTeMaTUYHUX MEPETBOPEHb Ta MAIOTh HACTYIHUN BUTJISAL:

YTmiTe _ 1
QL  Qp 3)
vy—-1
Ml _ g4l =
KpmTe Y

HpI/I CYMICHOMY pO3IJIsiAl  JIBOX YMOB OTPUMAEMO CHIBBI1IHOLIEHHS
B3a€MO3B 513Ky MapaMeTpiB €IEKTPUYHOI Ta MEXaHIYHOI YaCTHH EJIEKTPOIPUBOIY

[4]:

Koy = itz - 1 4)

’ CcC — .
2.y -1 24y -1-Q,,

Bubip mapamerpiB eaeKTpOMEXaHIYHOI CUCTEMH 3a CIIBBIIHOIICHHAMU (4)
J03BOJIUTH  peajizyBaTH TPOIECH 3 MaKCHMalbHUM JAeMIQipyBaHHSIM Ta
MIHIMAaJBHUM 4YacoM Jii MOpyXHUX KoiuBaHb (2). CHiBBIAHOLIEHHS €
YHIBEPCAIBHUMHU Ta J03BOJIAIOTH 3[IMCHUTH BHOIp MapameTpiB SK BapilOBAHHIM
3MIHHUX 3 OOKY €JEeKTPUYHOI YACTUHU EJIEKTPOIPUBOAY, TaK 1 3 OOKY MEXaHIYHOI
YaCTHUHHU.

TakuM 4MHOM, ONTHUMI3alls MPOLECIB MEPETBOPEHHS €Heprii (2) 103BosE
KOMIICHCYBaTH BIUIMB CHJI MPY>KHOTO 3B’SI3Ky CHJIaMH 1HEPIIITHOTO Ta OTPUMATH
MaKCUMaNbHUA  AeMndipyBalbHUA  €PEeKT B  CHCTEMI  EIEKTPONPHUBO/IIB
TEXHOJIOTTYHUX MalIUH.
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YK 621.923.4

K.T.H., Kiumenko C. AH., k.T.H., Haiinenko A. I'., Kypensax T.O., Uymak
T.O.
(Yxpaina, m. Kuis, IHM im. B. M. bakyns HAH VYkpainn)

OCOBJIMBOCTI ®OPMYBAHHSA KOMIIO3UTY 3 CYMIII
HAHOIIOPOUIKIB «amma3 — WC» TA MOIrO BUKOPUCTAHHS B
PIBAJIBHOMY IHCTPYMEHTI

B Incmumymi naomeepoux mamepianieé im. B. M. bakynrs HAH Yxpainu cmeopeno
nHanokomnosum "aimaz-WC", winsixom cnikanusa 8 ymMo8ax GUCOKUX MUCKY ma MemMnepamypu
AIMA3HUX ~ HAHONOPOWKIE — 0eMOHAYiliHO20 ma CMAmMuYyHo20 Cunmesy 3  000asKkamu
HAHOYACMUHOK BONbpamy, sAKi 88e0eHi CnoCcoOOM nepemiuly8anHs cymiueli 8 OUCMUIbOBAHIU
800i. [locniodiceHo yiempasze8ykogy Oe3iHmezspayilo a2iomepamis mpuoxcudy oavgpamy ma
ceoumenmayito yacmunok WOs3 6 cnupmoeomy cepedosuwi 01 O0CACHEHHS PIBHOMIPHO2O
PO3n00JiNY CK1a008ux npu npueomysanti cymiui nopowky ACMS5 0,1/0 ma WOs3.

Beryn. BukopuctanHs aiMa3HUX HAHOKOMITIO3UTIB HAWOLIbIT ePEKTUBHO Ha
YHCTOBUX OMNEpalisx mpu oOpoOii aeTaneit 13 KOJIbOPOBUX METajiB Ta CIUIABIB, a
TAKOX 13 PI3HUX MOJIMEPHUX KOMIO3MIiHKUX MatepianiB [1, 2]. Ilpore
BUTOTOBJICHHS PI3aJIbHUX KOMIIO3MTIB 13 CyMIllll HAHOYACTOK ajMa3y IOB’s3aHE 3
NEBHUMH TPYIHOILAMH, SIK1 OyJIM BUKIIMKaHI SBULIAMH arjoMepaiiii. 3acToCyBaHHs
aJIMa3HUX HAHOIOPOIIKIB CTATUYHOTO CHHTE3Y YacTO OOMEXKYETHCS MPUCYTHICTIO
arjioMepariB, M0 YTBOPIOKOTHCA B TEXHOJOTIYHOMY MPOLIECI BUOKPEMIIEHHS 13
NPOAYKTIB CUHTE3Y Ta BUCYIIIYBaHHs. Tak, y BOJIHIM CycrHeH31i MPUCYTHI arperatu
pO3MIPOM BIJl COTEHb JI0 JEKUIbKOX THUCAY HaHoMeTpiB. llomyk wmerozis
Jie31HTerparii moIi0HUX arjioMepariB SBISETHCA AKTYaJTbHOIO MPOOIEMOI0, TaKOXK
JIOCUTh BAXJIMBUM € BUPIIICHHS 3aJ]1aul MiABUIIECHHS CTIMKOCTI PIIKUX CEPEOBUIIL
3 aTMa3HUMHU HAHOYACTUHKAMH JI0 arjioMepallii TBepAUX YaCTUHOK.

Pe3yabTatu nociaimkenb. Hanomarepianu, Hampukiag, OKCHUIM METalliB
30KpeMa TPHUOKCUJ BOJb(paMy, MarOTh TEHJICHIII0 arjoMepyBaTUCA MpHU
nepeMilllyBaHHI B PiAWHI, B TOH Yac SK CTBOPEHHS HAaHOMAaTEpialiB BUMAarae
epeKTUBHOTO JUCHEPryBaHHS Ta OTPUMAaHHS PIBHOMIPHOTO  PO3MOALTY
HAaHOYACTUHOK B PiAMHI. YIIbTpa3ByKoBa JI€31HTErpauis arjioMepaTiB y BOJHUX
CYCIEH315IX JI03BOJII€E TOBHICTIO BUKOPHMCTOBYBATHU MOTEHIIa]l HaHOMAaTeplaliB.
Jnst  nesiHTerpamii - arjiomepariB - TPUOKCHAY BOJIbpaMy BHKOPHUCTOBYBAIU
yIABTPa3BYKOBY BaHHOYKY. JlOo BHXIHOrO TMOpPOMIKY J00aBIsSIM CHUPTOBE
cepenoBuile. B exkcneprMeHTI MOEIHYBalUCS PI3HI PEKUMHU IHTEHCHBHOCTI Ta
TPUBAJIOCTI  ynbTpa3BykKy. lloTiM  OoTpuMaHWii  TOpPOIIOK  MiAJaBad
CEeIUMEHTALIMHUM TOCIIKEHHSIM.

Ha puc. 1 HaBeneHO OLIHKY 3aJI€XKHOCTI CEPEIHBOrO0 PO3MIPY OCATKEHUX
gacTuHOK WOQO3 Bi yacy ocimaHHs. 37UBaHHS piiuHM mpoBoauiu micis 6, 30, 60,
300, 1440 xB. 3rigHo 3 NPOBEACHUMHU po3paxyHKamu [ 3], ki 0a3yrOThCS Ha 3aKOHI
Crokca, MIHIMAJIbHMA pPO3MIP YAaCTHHOK, $KI OCIIal0Th YIPOJOBXK BKa3aHUX
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IHTEpBaJIIB 4acy CTaHOBHUTH, BiAMOBIAHO, 7, 3, 2, 1 1 0,5 MKM, TOOTO, HANIPUKJIIA],
MICIsT OCAKEHHSI YIPOAOBX 24 TOA. 3alUIIAIOTHCS HEOCAKEHUMHU YaCTUHKHU
po3mipoM 500 HM 1 MeHTIIE.
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Puc. 1. 3anexHicTh MiHIMAIBHOIO pO3MIpy ocakKeHUuX yacTuHOK WO3 B yacy

OCiJJaHHS B €THJIOBOMY CIIHPTI MPU KOPOTKOYACHOMY (@) Ta TOBroTpuBaiomy (0)
0OCaKEHHI

Ha puc. 2 HaBeneHO eneKTpOHHO-MIKPOCKOMIUHE 300paKEHHS OCaKEHUX
gacTUHOK okcuny WOj micas 24 rofn., skl BUKOPUCTOBYBAJIM NpU (popMyBaHHI
CyMiIlll HAaHOTIOPOIIKY anMasy 1 WOs.

Dute 12 Now 2013 —
Teme 01951

Puc. 2. EnekTpoHHO-MIKPOCKOMIYHE 300paKeHHS OCAI)KEHUX YACTUHOK OKCHUTY
WO; micas 24 roa. (100000x)

YacTuHKM TpHUOKCHAY Bolb(pamy, sKi Oyau BHUIUIEHI 13 BHXIJHOTO
MOPOIIKY 3a PaxXyHOK JE31HTErpallii mija i€l yIbTPa3ByKOBOIO BUIIPOMIHIOBAHHS
Ta CEAUMEHTAIllll B CIUPTOBOMY CEPEAOBHII, SIBISIOTH COOOI MOJIKPUCTAIYHI
arioMepatu, MO0 YTBOPEHI 3 MOHOKpHCTaliB po3Mipom Big 100 mo 500 HM.
CryniHp 3B’SI3Ky MIX MOHOKpPHCTajJaMHU B arjoMeparax 3pOoCTa€ 13 3MEHILIEHHAM
PO3MipiB YaCTHHOK arjoMepariB Big 7 10 1 MKM.

[Ticas miaroToBKHM Cymiill Oyl CIIEYEHI 3arOTOBKHM Pi3ajlbHUX KOMITO3UTIB
«ammaz-WC» niamerpom 7,0, 3aaniM kytom 0; 7 Ta 11°, ToBuuHo 3,18 Ta 3,97 MMm.

CTiiKiCHI TOCHIKEHHS KOMMIO3UTIB «anma3-WC» MpoBOIUIN TIPU TOUiHHI
BTYNOK 13 TBepaoro cruiapy BK15. TlopiBHSHHS 3acTocyBaHHS 1HCTPYMEHTA,
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31MCHIOBAJIOCH 13 alMa3Ho-TBepAociiaBHUMH 1actTuHaMu (ATII). Pesynbratu
JOCTIDKEHh TMOKa3aJid, 10 TPH IMBUAKOCTAX pizaHHs g0 20 M/XB. HE
BIJI3HAYAETHCA CYTTEBOI PI3HHUI Yy MpaNe3JaTHOCTI TaKWX KOMMo3uTiB. I[lpu
MOJIAJIbIIOMY IMIJIBUILEHHI IIBUKOCTI PI3aHHS IHTEHCUBHICTh 3HOCY IHCTPYMEHTY 3
«anma3-WC» 3HaYHO HIKYA y MOpiBHAHHI 3 iHCTpyMeHTOoM 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. 3anexHIiCTh MBHIKOCTI 3HONIYBaHHS 1HCTPYMEHTY, OCHAIICHOTO
KoMm1o3uToM «anmaz-WC» (1) ta mnactunamu ATII (2) Bif MIBUAKOCTI pi3aHHS
npu TouinHi TBepaoro cmiay BK15 (S =0,1 mm/00; t=0,2 mm; v = 0°; o = 10 °)

Sk BUIHO 3 pucC. 4, 3HOC IHCTPYMEHTY 3 KOMIIOTY «ayiMa3-WC» npu TOUiHHI
TBepaoro craBy BKI15 wae aOpasuBHuid Xxapakrtep. Y mporeci TOYiHHS
INEPEBAKHO 3HOLIYETHbCS 3a7HS MOBEPXHS 3 YTBOPEHHSAM (Qacku 3Hocy 0e3
CYTTEBOTO PYWHYBaHHS Pi3aIbHOT KPOMKH.

a

Puc. 4. KoHTakTHI AUISHKA TepeaHboi (a) Ta 3aaHboi (6) MOBEPXOHBb

THCTPYMEHTY 3 KOMIO3UTY «anma3-WC» micis TouinHs TBepaoro ciwiaBy BK15
(v =36 m/xB; S = 0,14 Mmm/00; t = 0,2 Mmm)

JlocniJpkeHa MEepCeKTUBHICTh OOPOOKHM JIeTaliel, SIKI BUTOTOBJISIOTHCS 13
CWIIBHOBAHOTO TpadiTy, 30KpeMa BTYJIOK MIAIIUIHUKIB 10 JHA3EIBHHUX
TypOOABUTYHIB, TIaCTUHAMH 3 «anMa3z-WC». 3aroToBKH JJIs1 BTYJIOK (30BHIIIHIN
niametp 17,2 mm) BurortoBisitoTh 3 matepiany CITI (SiC — 74,81%, xpemHii
BinbHUM — 17,18%, TBepaicth 70—72 HRC).

JUiss TOpIBHSUIBHOI OILIIHKK MpoBoAWIM 00poOKy TopuiB. Ilicns n'atu
npoxofis (N = 800 m/xB.; S; = 0,025 mMm/006; t = 0,25 MM) 3HOC 10 3a]IHII TOBEPXHI1
pizanbHux TwiactuH ATII 1 «anma3-WC» ogHoro (GopmMopo3Mipy BHUSBHIH
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npubau3no oxnakoBuM (h, = 0,35 mm). IIpu 0OpoOui BTynok miamerpom 30 MM
IiBHIIEHHS Yucia 006epTiB Bepcerara Bij 350 10 630 06/XB. IpH 1HIITHUX MOCTIHHAX
napamerpax (S, = 0,050 mm/06; t = 0,20 MM,) He TPHU3BEIO JO ICTOTHOTO
3pOCTaHHS BEIMYMHU 3HOCY I1HCTpyMeHTy 3 «amma3-WC» (h, =0,40-0,45 mm).
AHami3 OTpUMaHUX Pe3yibTaTiB MOKa3ye, IO IS MiABUINCHHS MPOAYKTUBHOCTI
PEKOMEHYEThCSI MPOBOJUTU TOMEPEIHIO OOpOOKY CHIIILIBOBAHOrO TIpadiTy Ha
HacTynmHux pexxumax: V = 50-60 m/x8.; S = 0,14-0,17 mm/06; t = 0,1-0,25 mm.

Hait0inpim mepcrneKTUBHOW 00JIAaCTIO 3aCTOCYBaHHS KOMIIO3HTIB «ajaMas-
WC» saBaseTbess 00poOka BUPOOIB KOJbOPOBUX METAJIB Ta CIUIABIB.

[Ipu 00poOI11i MOPITHIB ABUTYHIB BHYTPIIIHBOT'O 3TOPSHHSA 3 aIOMIHIEBO-
KpeMHieBoro criaBy AJI25 B mmumpokoMy AianmazoHi mBUAKocTed pizanHs (160—
700 m/xB.) criocTepiraiay YTBOPEHHS HAPOCTY 1 HAJIUNAHHS HA TIEPEIHINA MOBEPXHI
THCTPYMEHTY OOpOOJIIOBAaHOTO MaTepialy, [0 TMPU3BOAUIO JO 3pOCTaHHS
BHUCOTHHUX MapaMeTpPiB LIOPCTKOCTI 00pOOJIEHOI MOBEPXHI.

BucnoBku. Po3pobnennii miaxig g0  AE3IHTErpaiis — arjiomepartiB
HaHOYacTUHOK cymimi nopomky ACM 0,1/0 tTa WOg3, 1o A03BoJi€ CYTTEBO
HNOKPAIIUTH SKICTh cymimi. OTpuMaHi pe3ylbTaTd CTIAKICHUX JIOCHIKEHb
MoKa3zajiu, W0 pi3ajJbHUNA IHCTPYMEHT HAa OCHOBI KOMIO3HUTY «aama3z-WC»
J03BOJIsIE  €PEKTUBHO OOpOOISATH BUPOOU 13 TBEPAMX CIUIABIB, HEMETaJIIYHUX
MaTepialliB, a TaKoX KOJhOPOBUX METANliB 1 CIUIaBiB. BukopuctanHs Kpyrioi
IUTACTHUHM J1aMETpOM 7 MM 3a paxyHOK ii MOBOpOTIB 3abe3neuye 6—8 mepioaiB
CTIWKOCTI Ha KOXHIN TUIACTHHI Ta CTAaOUIbHY IIOPCTKICTh OOPOOJICHOI MOBEPXHI B
MOPIBHSAHHI 13 pi3anbHUMH 1acTuHamu 13 ATII.
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JOCJIIKEHHA BUKOPUCTAHHA CTPYMIB ®YKO,
JJISA HAHECEHHA HAHOIIOKPUTTSA HA AETAJII
MAININMHOBYAYBAHHA

Pospobneno memoo euxopucmanmns cmpymie DPyKo 6 YHINOIAGHOMY 2eHepamopi, oOe
pobouum minom e Ouck 3 mamepiary, KOMpuili NPONOHYEMbCS HAHOCUMU Ol 3MIYHEHHs
nosepxmnesozo wapy demadi. [locnioxcenns 6naugy cmpymy Ha oemaii muny mino obepmanHs
GPopMyBanHs HA HUX HAHONOKPUMMS 3 QIIOMIHIIO KOMPUL NiCis NePeHOCy NepemsoproeEmvCs 8
OKCUO QNIOMIHIIO 3a OONOMO20I0 DPIZHOCMI NOMeEHYIanie sAKaA 3 A6IAI0MmbCs Y 3MIHHOMY
MACHIMHOM Y NOJL MIXHC OUCKOM AKUL He MAE 000amKOBUX Odcepell eHepaii ma 3a20mosKoio AKd
3a0ae yeu pyx , wo 3abesneuyc SUCOKY 3HOCOCMIUKICMb demanell ma CMpoKU eKcniyamayii
oemani sKa 3MiYHeHa OGHUM 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 33/1au€l0 BUPIIMIEHHS MPOOJEeMU MIABUIIECHHS MIIHOCTI
poOoUYnX MOBEPXOHb BHUPOOIB, € TpOIeC 3MIIHEHHS Ha OCHOBI HAHECEHHS Ha
po0oUi MOBEPXHI HAHO-TIOKPUTTS CTPYMOM.

HaiiGinpmr  epexTuBHUMH, TOpSA 3 TPAAMIIHHO 3aCTOCOBYBAHUMH
TEXHOJIOTISIMM € TE€XHOJIOT1i, CIPsSMOBaHI Ha 3MIIHEHHS BUPOOIB B MOEIHAHHI 31
3MEHIICHHSIM BUTpAT €HEprii, Mo BUTpavdaeTbcsa Ha iX GopmyBanHg [1]. Anami3
METOJIIB 3a0e3MeyeHHs] 3aJaHuX BJIACTUBOCTEH IOBEPXOHb BUPOOIB O3BOJISIE
BUSIBUTU J€KI OCOOJMBOCTI TEHJECHINMN IIi€l ramys3i: s 3a0e3MeUeHHs MEeBHUX
BUMOT' JieTajiel (JJOBrOBIYHICTh, 3HOCOCTIMKICTH Ta 1H.) MPE.'SBISIOTHCA JOCUTH
KOPCTKI BHUMOTH IO SKOCTI 1 (DI3MKO-MEXaHIYHUX BJIACTUBOCTEH BHUPOOIB. Y
0araTbOX BUMAJKaX CTa€ HEpalllOHATHLHUM BUKOPUCTAHHS JTOPOTHX MaTepiaiiB.
3MIIHEHHS [UISAXOM ILI€MEHTallli, a30TyBaHHS, TEPMIYHOI 0OpOOKH, 3aCTOCYBaHHS
€JIEKTPOMEXaHIYHOI, 10HHO-TUIa3MOBOI OOpOOKHM, € €()EKTUBHUMH, alleé JOCHUTH
€HEPrOEMHUMU Ta METAJIOEMHUMHM Tpouecamu [3].

Mera craTTi: 3amponoOHyBaTH METOJA 3MIIHEHHS pOOOYMX MOBEPXOHb
BHUPOOIB 3a JOMIOMOTOI0 HaBENIEHHS CTpyMy DyKo.
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Enextpomexaniuna oopoOka [4, 5] 3acHOBaHa Ha MOEJIHAHHI TEPMIYHOTO Ta
CWJIOBOT'O BIUIMBY Ha TIOBEPXHIO OOPOOTIOBAHOI JE€TaI, 10 BUKJIMKAE MOJIMIICHHS
(b13UKO-MEXaHIYHUX 1 TEOMETPUYHUX XapaKTEPUCTUK MOBEPXHEBOIO 1IAPY JeTanei
1, B pe3yibTaTl NPU3BOAUTH 0 MiABUIIEHHS 3HOCOCTIHKOCTI. CyTrh MeToqy EMO
MoJIsira€ B TOMY, IIIO B Mpolieci oOpoOKK yepe3 MiCIle KOHTAKTy 1HCTpyMEHTa 3
MOBEPXHEI0 O00pOOJIIOBAHOI JAeTanl MPOXOAUTh CTPYM BEIMKOI CHJIM 1 HHU3bKOI
HampyTH, BHACIIJOK YOr0 BUCTyHaloul TpeOiHIll TMOBEPXHEBOrO  IMapy
00poOJIFOBaHOI MOBEPXHI MIAJAIOThCA CHUJIBHOMY HArpiBaHHIO, IIiJI THCKOM
THCTPYMEHTY Ae(OPMYIOTHCS 1 3T1a/)KYIOThCS, a IOBEPXHEBUI LIAp 3MILIHIOETHCS .
Oco0MMBICTh  €IIEKTpOMEXaHIYHOT OOpOOKM TMOB'i3aHa 3  SBHUIIEM Tapsdoro
Hakieny. Lls ocoOnuBicTe Oyne MNpOSBISTHCS THM IHTEHCHBHIIIE, YMM BHUIIE
TeMIepaTypa HarpiBy 1 THCKy OOpOOKHW. 3BiJiCM BUILUIMBA€E, IO MPU BUCOKHUX
TeMIlepaTypax 1 3HaUHUX THUCKax eJeKTPOMEXaHIuHOi 0OPOOKH MOKHA OUIKYBaTH B
CBITJIIH 30HI TOBEPXHEBOTO MIAPY MOSBA PO3TATYIOTH 3aJUIIKOBUX HAMPY>KEHb.

[IpobGnema HaHECEHHS HAHOMOKPUTTA y HAIll Yac JOCUTh MOMYyJspHa W
aKTyalbHa, JaHWI BUJ JOCHIIKEHh HE € HOBUHOIO, ajie MpobiemMa 3aauIIaeThes y
€KOHOMIYHOMY IIJIaHI, Ta Y BUKOPUCTAHHI eHepropecypcis.

VY sikocTi mpoToTUNy OyB 0OpaH YHIMOJSPHUA BUTYH Y SKOMY 33 PaXxyHOK
pyXy MpOBiAHMKA 3 SBISIOTHCA JIOCUTh BUCOKI CTPYMH . W BHKOPHUCTOBYETHCS
PI3HICTH TIOTEHIIAJIIB JWCKY TIPU KOHTaKTi 3 0OpOOJIFOBAHOK ITOBEPXHEIO
3aroTOBKH 1 BUKOPHUCTAHHS 3arOTOBKH SIK JIKEPEIO €HEprii.

Ile nmocmimKeHHS TOBMHHO IMIATBEPAUTH MOMJIMBOCTI BHKOPUCTAHHS
3SBJSIIOYUXCSL CTPYMIB B YHINOJSIPHOMY T'€HEPATOpi, A€ poOOYUM TUIOM € JIUCK 3
MmaTepiany, KOTpUl MPOMOHYEThCS HAHOCUTH. Lle Takox M03BOJIUTH 3 €KOHOMHUTH
yac 1 Taka cxema OOJIaJHAHHS J03BOJII€ BUKOPUCTAHHS NpUiady W HaHECEHHS
HAHOMOKPHUTTS 0€3 BUKOPHUCTAHHS JOJATKOBUX MPUCTOCYBAaHb.

[IpuctocyBanHss MOTPIOHO TOCTIMHO KOHTAaKTyBaTU 3 OOPOOIIOBAHOIO
NOBEPXHEI0. AJIIOMIHIEBUN POJIMK HE Ma€ NPUBONY, BIH OTPUMY€E OOEpTaHHA Bij
crajgeBoro Bamwka. JlIg TodaTKy TIepeHeceHHs ~ maTepialy  HeoOXiTHO
JOTPUMYBATHUCS TTOJOKEHHSI TOYKH KOHTAKTY BITHOCHO OCi 0OOEpTaHHS TUCKY sKa
XapaKTEPU3y€ThCsl HAWOLIBINOI  PI3HICTIO TMOTEHIATMB MDK IEHTPOM 1
nepedepiero Ha puc. 1.
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VY E

2

(1 — Amominiesuit ouck obepmarouuiics Ha 0ci y MasHimHoMy noi; 2 — HeOOUMO8E MazHimu; 3 —
00pob.II06aAHA 3a20MOBKA)

Pucynok 1 — Cxema ycTaHOBKH

Pucynok 2 — YcranoBka

VY nabGoparopii Oys0 MPOBEACHO MOCHIIKEHHS MOXXJIUBOCTI BUKOPUCTAHHS
3SIBJISIIOYUXCSI CTPYMIB B YHINOJISIBHOMY T'€HEpaTopl, ¢ poOOYHM TIIOM € JHCK 3
MaTepially, KOTpHUH TMPOTMOHYEThCS HAHOCUTH, 3HATI TOKAa3aHHSA, MOOYIOBaHI
rpadiky 3aJIeKHOCTI.
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Tabauns 1 — HaBeneni nanHi 3 ogHuM Ta aBoMa Marairamu npu N=1500 00\xB

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

Cuna ctpymy, A

Touknu . .
2 margdita | 1 margir
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 -1,5 -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 cuiu cTpyMy Big marautis (1 Ta 2x) 1500 006/xB

Tabmuus 2 — Jlanai npu poOOTI IUCKY 3 OJHUM Ta ABOMAa Mar”iTaMu IpHu

3MIHHIA 4aCcTOT1 00EPTIB.

CMNa ToKa, A
Toukn
1 maruuTt 2 MarHuTa
630 00/xB 1000 006/xB| 1600 00/XB 630 00/xB 1000 006/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 3aJ1eKHOCTI CHIJIM CTPYMY BiJl 4aCTOTH 0OepTaHHs pu | 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 3a51€:)KHOCTI CHITM CTPYMY BiJI 4aCTOTH 0O€pTaHHS MPHU 2X Mar”iTax
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Ha rpagikax Bka3aHO sIK 3MIHIOE€TBHCSI CHJIA 35BIIOUOTOCsS CTPYMY BiJl KUIBKOCTI MarHiTiB
Ta 4YacTOTH OOEpTaHHA CaMOro THUCKY MK HUMHU s TauykKd KOHTAKTy BIJJHOCHO IICHTPY OCi
oOepTaHHS JUCKY XapaKTepU3yrodya HAOUIBIIOK PI3HICTIO MOTEHIIIATIB MK IEHTPOM pOOOYIOTO
TUCKY Ji€ TOJOXKEHHS TOUYOK 3aJie)KUTh BIJ] pO3MIpy MAarHiTHOTO TOJS W HAMpYXEHOCTI
MarHiTHOTO MOJIsS OJTHOTO UM ABOX MAarHiTiB.

BucHoBok: B moganbsimioMy moBuHHI OyTH BHKOHaHI JOCTIIKCHHS Yy HANPSMKY OI[IHKH
3HIDKEHHS 3HOCY TIOBEPXHIi i MeTanorpadivHi JOCTi U 3 IPUBOAY HAHECEHOTO IIapy 3 MaTepiainy
AKTUBHOTO JIUJICKY.
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YJIK 621.979:681.587
Kotkosa B.B., Kopuak O.C. (Ykpaina, M. Kpamaropcsk, IJIMA)

3AIIOBITAHHA PIIMHHOMY TOJOAYBAHHIO CHJIOBHUX
UJIIH/IPIB ABTOMATHU30BAHUX I'' APOITPECOBUX
KOMIIIEKCIB

Cmeopennsa memoodie 3anobicanHs pPIiOUHHOMY 20100YBAHHIO CUNOBUX 2I0POYUNIHOPI8
WIAXOM  AHANI3Y OCHOBHUX NPUYUH BUHUKHEHHS Yb02O ABUWA 6 2I0pOYUNIHOpAX pi3HO20
@DYHKYIOHAILHO20 NPUSHAYEHHS 3 NOCTIOVIOU0H0 PO3POOKOI0 8i0N0BIOHUX 3AX00i8 11020 YCYHEeHHs.
€ 6Kpaul 6ax)ciusum OJisi HAOIUHOI pobomu asmomamu308anux 2i0ponpecosux KOMNIEKCis.
Onucano memoo 3anobicants piOUHHOMY 20100Y8AHHIO NI0 YAC ONYCKAHHS PYXOMOI nonepeyunu
00 noxoexu. Hadano npaxmuuni pekomenoayii i3 3anobicants piOuHHOM) 20100Y8AHHIO CULOBUX
2I0pOYUNTHOPIE ABMOMAMUZ0B8AHUX 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 ~— aBTOMATH30BaHUX  KOBaJIbCHKHUX
komiuiekciB (AKK)  BHKOHaBYMMH €  CHJIOBI  TIAPONWIIHAPH  PI3HOTO
(YHKI10HAIBHOTO MPU3HAYEHHS, B SIKUX CKOHIIEHTPOBAHI 3Ha4Hi 00’eMH poO0ov0i
pinuau [1]. Ilig yac mepexigHUX MPOIECiB, IO MAOTh MICIE B rigpocucTemMax
O6J'IaI[HaHH$I AKK npu posronax ta FaJIBMYBaHHl pyXoMuX Mac, HEPIAKUMU €
SIBUIIA PIIMHHONO TONOYBAHHS CHJIOBHX LWIIHAPIB, SKi CYNPOBOIXKYIOTBCS iX
PO3PLIKCHHSM, BTPATO0 PIBHOMIPHOCTI Ta IUIMHHOCTI PyXY IUTYHKEPIB, MACOCOM
MOBITPSL 30BHI, BHYTPIIIHIMA BHTOKaMH Yy TIOEJHAHHI 3 KOJMBAaHHSAMHU Ta
ripoynapamu [2].

Metoro gaHoi poOOTH € CTBOPEHHS METOMAIB 3amoOiraHHS PIAMHHOMY
TOJIOYBAHHIO CHJIOBHX TiAPOLMIIHAPIB IUIIXOM aHali3y OCHOBHHX MPHYUH
BHHMKHCHHS I(bOTO SIBHIIA B TiAPOLMIIHAPAX —pPI3HOro Q)yHKmOHanLHoro
MPU3HAYCHHS 3 [OCITIAYI0YO00 PO3POOKOIO BiAIOBIAHHX 3aX0/IiB fOr0 YCYHEHHS.

Poboui mutiHApH MalOTh HAHOLMbUIMIT 00’eM cepes TifPOLMIIHAPIB
obonanHanHs AKK. ToMy BoHM B HalOUIbIIIM MIpl MIAAAIOTHCS me/IHHOMy
TOJIO/[YBAaHHIO aJDKe 3HAYHHIL 00°€M iX BHYTDILIHIX IOPOXHHH MOTPEOye NeAKUi
4ac JUIS 3aMOBHEHHS, 1[0 HE 3aBXK/IH MOEJHYETHCS 3 BUMOraMH IIBHIAKOMIT mpecy,
BiJI SIKOT'O OYIKYHOTh MAaKCUMAIIbHY KUTBKICTh XOJIiB B OJJUHHMIIO Yacy [3].

Haii6Ginpm yacTo piAMHHE TOJIOAYBaHHS pOOOYMX LMIIHIAPIB BUHUKAE HA
X0l HAOJMKEHHA PyXOMOi MONEpEeYrMHU 10 NOKOBKH. [lpm mpomy uel eran
mamHHoro mukiay AKK Oe3nocepeaHbo He moB'si3aHuil 3 AedOpMYBaHHIM
3aroTOBKHM, TOMY HEOOXIZHO MOro 3iifiCHIOBaTH 3a SKOMOIra KOPOTKUH dac,
BEJIMYHMHA SKOT0 3HAXOAUTHCS B 3aJIEKHOCTI B1J] TPUBAJIOCTI 3alIOBHEHHS pOOOYUX
IWTHAPIB TIpeCy PIANHOK HU3BKOTO THUCKY, sIKa HAAXOAWTh B HHUX BIJ
HaINOBHIOBAJIBHO-3IMBHOr0 0aKy. 3amo0iraHHs piIMHHOMY T'OJIOJYBaHHIO IiJ] 4yac
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OIlyCKaHHS PyXOMOi IMONEPEYNHH JI0 MOKOBKH 3/1HCHIOIOTh HACTYIIHUM METOJIOM,
SIKMM YMOBHO MOJKHA TOJIUTUTH Ha JCKiIbKa eramiB [4].

Croyarky BH3HAYalOTh BIANOBIJHI MapamMeTpu TIAPOIiHIT «poOoUHit
WIIHAP — 3JMBHUN KJIalaH — HalOBHIOBAJIbHO-3IMBHUN 0ak» Ha 0a3l KpecieHb
PO3BOJIOK TPYOONPOBO/IIB 32 JOMOMOTOO BIJMOBIIHUX TEOPETUUHUX 3aJIEKHOCTEH.
J1o X mapaMeTpiB y TOMY YHCIIi HaIexaTh [5]:

e AKTHBHA IUIOIIA pOOOYMX LIMJIIHIPIB BIAMOBIIHOI CTYIIEHI 3yCHUJIb;

® [IPOXIJHUHI NEPETUH HAMOBHIOBAIbHO-3MMBHUX KinanaHiB (H3K);

e 00’€M Ta TUCK y HallOBHIOBAJIbHO-3JIUBHOMY 0aKy;

® JIOBXHMHA Ta PO3MIPU MOMNEPEYHOTO MEPETHHY OCHOBHOI'O 3JIMBHOTO
TpyOOIIpOBOAY;

® BCTMYMHM KOCDILIEHTIB MICIEBUX TMIJIPABIIYHHX OIOPIB TiAPOIHi.

H3K wmakcumanbHO HaOIMKYIOTh 10 poOOYUX IWJIIHIPIB BII[HOBII[HI/IX
CTYIICHIB 3YCUJIb Ta 30CEPEKYIOTh OCHOBHY YAaCTKY 3arajJibHOro TiJpaBiIiqHOrO
ornopy Tiapodinii «podounit numiHap — H3K — HanoBHIOBaIbHO-3TUBHUN 0ak» Ha
BignoBigHoMy H3K. [loTouHi 3HayeHHs MIBHJIKOCTI Ta MEPEMILIEHHS PyXOMOl
NoMepeynHy  Oe3NepepBHO  BUMIPIOIOTH  3aco0aMU  KOHTPOJIIO ~ CUCTEMH
apToMatn4HOro kepysanus AKK.

ITpoxiguuii neperun f, . H3K Bu3HauaroTh 3 ypaxyBaHHAM JBOX BaXIIUBUX

(pakTOpiB — IMIBUJKOCTI OIYCKAaHHS PYXOMOi IONEPEYnHH [0 MOKOBKU V,, Ta
MIBUAKOCTI Tedli pobodoi pimmuu V, y mpoxigHomy meperuni H3K. Tlepmmit
daxrop (Vi) Oyne BusHadatn weuakonito poborn AKK, a mpyruit (V) -
BIJICYTHICTh KaBiTaliiHux sBuml. OOugsa (akTopu y CYKYIHOCTI daayTh
MOXJIMBICTb BU3HAUUTU HeoOXiguui npoxiguuii neperus f,,. H3K s

3arno0iraHHs PiAMHHOMY T'OJIOJIYBaHHIO POOOYMX LMJIIHAPIB HA XOJ1 HAOJIMKEHHS
pyXoMoi TornepeunHu 10 MoKoBKU. Ha pucynkax 1 1 2 moka3aHi KpuBi 3aJI€KHOCTI
BennuuHM TpoxigHoro meperuny f,.. H3K Big 3ycwmns mpeca B, ansg pizHux

sHauenb V,, (puc. 1) ta V, (puc. 2).
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Puc. 1. I'padik 3anexxHocTi BenuuuHu mpoxigHoro mneperuny H3K Bix
3YCHJUIS TIAPABIIYHOTO TPECy MPU PI3HUX 3HAYCHHAX MIBUIKOCTI OMyCKaHHS
PYXOMOi TIOTIEPEUHHHU A0 TTIOKOBKH
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Puc. 2. I'padix 3amexnHocti BenuumHu mpoxigHoro mneperuny H3K Big
3YCHJUIA TIIPaBIIYHOIO MPECy MPU PI3HUX 3HAYEHHSX HIBUIKOCTI Tedil poOouoi
piauHu y npoxigHomy neperuHi H3K

Takox g 3abe3meyeHHs  BIJACYTHOCTI  PIAWHHOTO — TOJIOJTYBaHHS
HAIMTOBHIOBAIHPHO-3JIUBHUI OaK TOBWHEH BMIN[yBaTH JOCTaTHI ISl 31ACHEHHS
MAaIIMHHOIO HUKIY 00’€MH PIAMHU HU3BKOIO THUCKY — 3araiubHuil 00’eM W, 00’eM

piIMHU I 3alOBHEHHs 3BOPOTHHMX IwumiHApiB W, , pe3epBHUIl 00°eM 1Id
3alIOBHEHHSI ITWIIHAPIB TIOMMOMDKHUX MEXaHI3MiB W6p, a TaKoXK 00’€M TOBITPSIHOL

nopoxxHUHU W, Ul CTBOPEHHS ITHEBMOCUCTEMOI HEOOXIAHOIO THCKY PIIMHU U

nemnyBaHHA KOJIMBaJIbHUX sBUII. Ha pucyHky 3 moka3zaHi KpUBI 3aJ€KHOCTI
BEIUYHMH 00’€MIB PIIMHA HU3BKOIO TUCKY Yy HAIlOBHIOBAJIbHO-3JIMBHOMY Oalll B[
3ycuiuig npeca P, .

Ws, |
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Puc. 3. I'padik 3ayie’kHOCTI BEeNUYMH OO0’ €MIB PITUHM HU3BKOTO THCKY Y
HAIMTOBHIOBAJIbHO-3JIMBHOMY Oalli BiJl 3yCWLIA Mpeca
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Jliist 3amo6iraHHs piAMHHOMY TOJIOJIYBAaHHIO CHJIOBHMX LIMJIIHJPIB B CUCTEMI
aBTomMatnyHoro kepyBaHus AKK mporpaMHo moB’si3yl0Th HACTYITHI JATYUKU:

® THCKY POOOYHUX IWIIIHJIPIB;

® THUCKY PIIMHYU Y HalIOBHIOBAJILHO-3JIMBHOMY Oalli;

® DIBHS PIAMHY Y HAITOBHIOBAJILHO-3JIMBHOMY Oarli.

3 UMMH K JaTYMKaMd B MeEXaxX CHCTEMHM aBTOMAaTHMYHOTO KepyBaHHS
IPOrpaMHO MOB’A3YIOTh 3aCOOM PEryJIIOBaHHS 1 KOHTPOJIO 3JMBHOIO KiamaHa
3BOPOTHUX [WIHAPIB. Y  BIAMNOBIIHOCTI /10 3aKJIAJIEHOTO B  CHUCTEMY
aBTOMAaTUYHOI'0 KEPYBaHHS aJrOPUTMY IOCTIMHO KOHTPOJIOIOTh ITOKa3HUKH
3a3HAYEHUX JATYMKIB Ta MOPIBHIOIOTH MOTOYHHUA THCK Yy POOOYMX LMIIHApAX 3
PO3paxyHKOBHUM, BU3HAYEHUM Y JaHUI MOMEHT 4Yacy 3 ypaxXyBaHHSIM 3MIHHOI'O
TAPaBIIYHOTO OIMOPY 3JMBHOIO KIJAMaHa 3BOPOTHUX LMJIIHAPIB. Y BHUIAIKY
3MEHIICHOI BEMYMHHU THCKY Y pOOOYMX HUIIHIpPaX, CUCTEMOIO aBTOMATUYHOTO
KEpYBaHHS [IIOTh Ha 3acO0M pEryjiroBaHHS 1 KOHTPOJIO 3JIMBHOIO KJlaraHa
3BOPOTHUX IWIIHIPIB, 3MIHIOIOYM WOTO OMip Ta 4Yac BiAKpUTTA. Takum ymHOM
YCYBalOTh MOXKJIMBICTh BUHMKHCHHS PIAMHHOTO T'OJIOAYBAaHHS CHJIOBUX ITHWIIHAPIB

AKK.

BMCHOBKU

PinvHHE TON0yBaHHA BUHUKA€E BHACIIJOK HEBIANOBIIHOCTI KOMIIOHYBAHHS
CUCTEMHU KEpPYBaHHA CHJIOBUMHU LWIIHAPAMU pEeXUMaM pPOOOTH BUKOHABUUX
mexanizMmiB AKK. J{ns 3ano0iranHst piAMHHOMY T'OJIOAYBAHHIO CUJIOBUX LMJIIHAPIB
B CUCTEMY aBTOMaTUYHOI'0 K€PYBaHHs MPECOM 3aKJIaJIal0Th pO3pOOJIEHHI B POOOTI
QJITOPUTM, BIANOBIAHO 10 SKOTO IMOCTIMHO KOHTPOJIOIOTH IMOKA3HUKM JaTUMKIB
CUCTEMHU KEpyBaHHS Ta MOPIBHIOIOTh MOTOYHHM THCK y poOOYMX LMIIIHApaxX 3
PO3paxyHKOBHUM, BH3HAQYEHUM Y JAaHUN MOMEHT 4Yacy 3 ypaxXyBaHHSIM 3MIHHOI'O
TIPaBIIYHOTO OMOPY 3JIMBHOIO KJIallaHa 3BOPOTHUX LIMIIIHJIPIB.
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CYUYACHA TEXHOJIOT'ISI OCAJIKEHHS
HAHOKOMMO3UIIIMHOTO TIOKPUTTA 13 ®YHKIIOHAJBLHO-
I'PAJYIOBAHOIO CTPYKTYPOIO (OTJISI]I)

Y pobomi onucano cyuacuuii memoo cmeopenHs QYHKYIOHANbHO-2PA0VI08AHO20
saxucnoeo nokpumms Ni-Cr/Al,Os. Hasedeno mexnonociuni napamempu eneKmpoocaoiceHHs,
0062080pEHO MEXAHIUHI 8IACMUBOCMT 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.

ChorosHi ycCHIITHO TPOJOBXKYIOTh PO3BUBATUCSA TEXHOJOTII OCaJKCHHS
rajbBaHIYHUX HAHOIOKPUTTIB, SKI CIYI'YIOTh 3aXHCTOM BiJ (hI3UKO-XIMIYHUX
pYWHYIOUHX BIUIMBIB Ha JIeTajll MamuH. Y X0/l MIHIaTIOpH3aIlli 3aXUCHUX TUTIBOK
CTaJ0 MOXJIMBHM CTBOPEHHS TETEPOTCHHHMX HAHOMOKpWUTTiB. Hampukian,
KoMro3uTHOro MOKpUTTs Cr,O3/Al,03, 1110 O0yi10 yTBOpEeHE Ha Hep KaBilOUiil craji
321L numsixom enektpoocakeHHs Al,Oz sIK repMeTH3yrdoro mapy HOKPUTTS
Cr,03[1], TBepaoro mokputrts CrN 31 BctaBkoro 1mapy Al,O3 nuisixom ocapkeHHs
[2]. OpuriHanbHUM pIlIEHHSM OYyJ0 CTBOPEHHS HAHOKOMIIO3UTHOTO MOKPUTTS 3
¢dyHKIIOHATBHO-TpaaylioBaHo cTpykTypoio Ni-Cr/Al,Oz y podoti [3]. Lle# tun
0CaJ[PKEHHS 3yMOBIIIO€ IMOCTYTOBY 3MIHY BJIACTUBOCTEH 1 3HUKYE MIBUAKICTH 3HOCY
Ha 39% MOPIBHSHO 3 MOHOIIIAPOBUMU MOKPUTTSIM.

BukopuctoByBaiucss NpsIMOKYTH1 CTalleBl 3pa3ku po3Mipom 8x2x0,1 oM’
K1l MEXaHIYHO MoJipyBaid A0 mopctkocTi Hux4e 0,4 mxm. Ilicis mpomMuBaHHS
MiATOTOBJICH] 3pa3Ku 3HEKUPIOBAIM B €TaHoul 1 3anyproBanu y 20% po3unn HCI
npotsirom 30 c¢. Jlami 3pa3ku MpoOMUBAIK Yy JI€10HI30BaHIN BOJI MiJ] YIHTPA3BYKOM.
Banna gns  enektpoocaipkeHHs  Oyna  cyiabparHor. [Hm  mapamerpu
eIEKTPOOCADKeHHST TipeacTaBieHi B [3]. HeoOxigHe mnepemimnryBaHHS IS
JUCTIEPTYBAHHS HAHOYACTHMHOK 3JIIMCHIOBAJIOCS MArHITHOIO MIIIAJKOK0, fKa
obepramacas mnpu 200 06/XB  mpoTAroM 24 TOOAWH 10  €IEKTPOOCAIHKCHHSI.
besnocepennbo  mepen  MpoIECcOM  OCAKEHHS  CYCHEH3il0  0OpoOJIsroTh
yIbTpa3BykoBuM 30HA0M mpotsiroM 30 xB. Ilim dYac enekTpoocaIKeHHs
nepeMIlTyBaHHs peani3yBaJii MarHiTHOK0 Mimankorw npu 150 06/xB. KucioorHo-
AyXHHUI OanaHc po3dyuHy peryntoBanu 3a nonoMmororo NaOH a6o H,SO, mig vac
€IIeKTPOOCAIKEHHSI.
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Y  poGori [3] OCHOBHOWO METOK OyJI0 CTBOPEHHS TIPaJi€HTHOIO
KOMITO3UTHOTO TOKPUTTS 3 BUKOPUCTAHHSM IMITYJIBCHOTO €JIEKTPOOCAIKEHHS 3
NPSIMOKYTHUM IMITYJIBCOM KBaJIpaTHOI (popMU. YMOBH OCaKEHHS PETyJIOBAIH
JUTsl YTBOPEHHS IIapIB MO 5 MKM pu podouomy tukil 30-80% 1 wacrori 25-2001 1.
OpnHak, BHSBHIOCS, IO YacTOTa IMMYJIbCIB HE Majia BUPaKEHOTO BIUTUBY Ha
XIMIYHUH CKJIaJ TOKPUTTIB, TOMY JJIA Tpaai€eHTHOro posnonainy Bmicty Cr i
gacTUHOK Al,O3 BHKOPHCTOBYBAIOCS IMOCTYIOBE MiJBUIEHHS POOOYOro IUKITY
(45% no 80%) npu MoOCTIMHIN YacTOTI.

VY pe3ynbTaTi GYyHKIIOHATBHO-TPAIIEHTHE MOKPUTTS CKJIaganocs 3 8 mapis,
K1 mocTyrnoBo 30umbiryBanm BMicT Cr Big 3% 1o 78%, a BMICT 3aXOIUICHHX
gacTuHOK Al,O3 36impmryBanocs 3 9% no 18%. JlomaBaHHsS HaHOYACTHHOK 110 Ni-
Cr-matpuIli 3HWKYBaJIO KIIBKICTh MIKPOTPILIUH MOPIBHAHO 31 CIIaBOM. TBepAICTh
0 BCbOMY MOKPUTTIO MiJHIMAJIACA MOCTYIOBO JI0 30BHIIIHBOrO Mapy. BoHo
MOKa3ajg0 Kpaimly 3HOCOCTIMKICTh Ta KOPO3IMHY CTIMKICTh IOPIBHIHO 3
MOHOIIAPOBUMH Ta CIUVIABHUMH TOKPUTTSAMH, TaK, IO IMIBHIKICTb 3HOCY Ta
ryCTUHA CTpyMy Kopo3sii 3MmeHmmiuca Ha 39% 1 99% BianosinHo. OcHOBHa
NpUYMHA MIABUIICHHS 3HOCOCTIMKOCTI OyJia BHCOKa TBEPIICTh Ha IIOBEPXHI 3
MEHIIOK KUIbKICTIO MikpoTrpimuH. IllapyBata wmikpocTpykrypa 1 BOymoBaHi
HAHOYACTMHKM B MATpPUIIl MOXYTh pO3IMIMPIOBaTH a00 OJIOKyBaTH MUIAX
KOPO31HUX BU/IB 1, TAKUM YMHOM, IMIJBUIYBAaTH KOPO31iHY CTIMKICTS [3].
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STEAM OCBITA SK B.I/BHA‘IAJII)HI/Iﬁ BEKTOP PO3BUTKY
HAYKOBO-AOCJIIIHUIBKOI AIAJBHOCTI YYHIBCBKOI MOJIOII
B OCEPEJIKY MAH

Ilepeopicnmayis oceéimu na maxy, wo 8i0N0GIOA€E 3anumam MatbymuHb020, IPYHMYEMbCS
HA MIdCNpeOMemHUX 3HAHHAX MA BMIHHAX, Nepeddavac 3acmocyB8aHHs KOMNEmeHmHocmeu y
BUCOKOMEXHONO02TYHOMY, WBUOKOIMIHHOMY mMA NOJNIKYIbMYPHOMY CYCRIIbCMBI € 20J108HUM
8EKMOPOM YiNI020 psdy oceimuix cucmem. Ha oymky cneyianicmie, 3asnaveni yini peanizyiomscs
wisixom enposaodxcenns max 36anoi STEAM-oceimu. Y womy ocobnusicme STEAM-oceimu i sixi
MOJCIUBOCINE  3ANPOBAOICEHH MAKOL cucmemu )y HABYAILHO-BUXOBHUL NpoOYec CY4aCHUX
OCBIMHIX 3aK1A0I8, 30KpemMd HaAYKOB0-00CIIOHUYbKOI OiANbHOCII YUHIBCLKOI MOI0OI 8 0CepeoKax
MAH npedcmagneno y oauiii cmammi.

OnHuM 3 aKTyaJbHUX HaIpsMIB MOJEpHI3alli Ta IHHOBALIMHOTO PO3BUTKY
ocBitn BucTynmae STEAM-opieHTOBaHMI MigXil A0 HAaBYaHHA, SKUWH CHpUsE
nonyJspu3aliii 1HXeHEePHO-TEXHOJIOTTUHUX Mpodeciii cepen Moo/, MiABUIISHHIO
N01IH(OPMOBAHOCTI MPO MOXKJIIMBOCTI iX Kap’€pu B 1HXXEHEPHO-TEXHIUHIN cdepl,
dbopMyBaHHIO CTIMKOI MOTHBAILli y BUBYEHHI TUCHUIUIIH, Ha SKUX TPYHTYETHCS
STEAM-ocaiTa.

AxkponiMm STEAM (Bixg auri. Science — mpupoguudi Hayku, Technology —
TexHousorii, Engineering — imkeHepiss, MOpoeKkTyBaHHs, Au3aiin, Mathematics —
MaTeMaTHKa) BH3HAYA€ XapaKTepHI PUCH BIAMOBIAHOI JUIAKTUKH, CYTHICTH SIKOi
BUSIBJISIETHCS Y TOEAHAHHI MDKIUCHIUILTIHAPHUX TPAKTHK OPI€EHTOBAHUX IT1XOIIB
70 BHWBYCHHS NPHUPOJTHHYO-MATEMATUIHUX JUCHUIUIH. Bomnowac, y STEM
AKTUBHO BKJIIOYAETHCS CYKYIHICTh TBOPYHMX, MHCTEIBKUAX JUCIUIUTIH, IO
00’emHaH1 3arajJbHUM TepMiHoM ArtS (mo3HadeHHs BiAMoBigHOTO miaxony — STEM
and Arts). AkryanpHumu HanpsimamMu STEM and Arts € mpoMuUCIIOBHI JU3akiH,
apXiTeKTypa, 1HAyCTpiaJibHa ecTeThKa Tomo. OCTaHHIM YacoM, Y €BPOICHCHKOMY
HAYKOBOMY JIMCKYCl HAarojIOIIye€ThbCsl HAa  BAXJIMBOCTI  BCIX  JUCIUILIIH,
BHUKOpHUCTaHHI Mikaucuumuiinapaux migxomiB STEAM (imitepa A — All - Bci) 1
MO€THAHHI MPUPOJAHUYO-HAYKOBUX 3 IHIIUMHU HABYAIBHUMM JAUCHUIUTIHAMH, SKI
BUBYAIOTKLCS y TIKOIII [2].

Hampuknazn, 3a KOpJIoHOM MYy3WKaHTIB HaBYAIOTh HE TIJBKH MY3UKYBaTH,
aJie 1 BAKOPUCTOBYBATH KOMITFOTEPHI MMPOTPaMu JJISI CTBOPEHHS My3UIHUX TBOPIB.

Yomy STEAM-ocBita Tak aktyanpHa? CTpiMKa €BOJIOLIA TEXHOIOTIH Bene
JI0 TOT0, 1110 He3a0apoM HaNOUIbII MOMYJISIPHUMH Ta MEPCIEKTUBHUMU Ha IJIaHET]
¢daxiBusgMH cTaHyTh nporpamicTty, IT-(haxiBii, iHXeHepH, TpodecioHanu B rarysi
BHUCOKHUX TEXHOJOTiH 1 T.A. Y BiIJAICHOMY MaiOyTHHOMY 3'ABISTHCS Mpodecii,
npo SIK1 3apa3 HaBITh YSIBUTH Ba)XKO, BC1 BOHU OYIyTh MOB'I3aHI 3 TEXHOJIOTIEIO 1
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BHUCOKO TEXHOJIOTIYHUM BHPOOHHUIITBOM Ha CTUKY 3 MPUPOAHMYUMHU HAyKaMHU.
OcobnuBo OymyTh 3aTpeOyBaHi (paxiBii 610- Ta HAHO-TEXHOJIOT1H.

Bxe 3apa3 BiguyBaeTbcs Hectaya cremianictiB cpep STEAM. 3rigHo
nocaipkenb opradizaiii Change the Equation, y Cnonyuenux Illatax Ha ogHOro
MOTEHIIITHOTO TIpaIliBHUKA B CEPeAHbOMY TMpuragae 1,7 BIIKPUTHX BaKaHCIH y
rany3sx STEAM. Tlpu npoMy KOHKYpEHII B 1HIIMX Tally3siX CKJajae NpUOIU3HO
4,1 kannuIaTa HA OJTHY TO3UILIIO.

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 craructuku pobouoi cwim Cnomydenux LIrtaTiB cTBEepmxKye, 10 y
2018 poky mnomutr Ha cnemiaiictiB cpep STEAM po3noaiivuBcss HAacTyIHUM

HIJIAXOM:
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%

[Ipu yoMy Taki TEHAEHIIi CIIOCTEPIratoThCA M B IHIIUX PO3BUHEHUX KpaiHax,
Takux K BenukoOpuranis Ta HiMeuumHa, A€ TakoX BiJ4yTHa HeIOCTadya
CIICIIAJIICTIB 3a TaKUMU HampsMaMmH, SK MaTeMaTuKa, NPHUPOJHUYI HAYyKH,

KOMII'FOTepHI HayKH Ta TeXHOJIOT11 [4].
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[locTae mutaHHg - AK TATOTYyBaTH Takux ¢axiBuiB? HaBuyanHs - 1e He
IIPOCTO Tepeiava 3HaHb BIJl YIUTENS JI0 YUHIB, 11€ CIIOCIO PO3IIMPEHHS CBIJOMOCTI
1 3MIHM PEaTbHOCTI.

Y STEAM-0cBiTI aKTUBHO pO3BHUBAETHCS KPEATHBHUN HANPSAMOK, WO
BKJIIOYA€ TBOPYI Ta XYJ0XKHI TUCHUIUIIHU (IPOMHUCTIOBUM AW3alH, apXITEKTypa Ta
IHIyCTpiayibHA €CTeTUKa 1 T.A.). ToMy 110 MailOyTHE, 3aCHOBaHE BHUKIIOYHO Ha
HayIll, HaBPSJl YU KOTOCh Topaaye. Ajle MallOyTHE, sIKe BTUTIOE CUHTE3 HAYKH 1
MUCTEIITBA, XBUJIIOE HAC Bxke 3apa3. Came TOMy BXKe ChOT'OJHI MOTPIOHO JAyMaTH,
SK BUXOBATH KpAILlUX MPEICTABHUKIB MaliOyTHBOTO.

Ha nymky amepMKaHCHKMX BUEHHX CIpo0a aKTHUBI3yBaTH OCBITY TUIbKU B
HanpsIMKy Hayku 0e3 MmapajeabHOro pPO3BUTKY Arts-TUCIUIUIIH MOXE MPU3BECTU
710 TOTO, 1110 MOJIO/I€ MOKOJIHHS M030y1€ThCsI HABUYOK KPEATUBHOCTI.

Y mwrari Maccauycerc, Halpukiaj, TMPUUHATO 3aKOHOJABCTBO, SIKE
3000B's13y€ MPOBOJUTH PEUTUHT WIKLT HE TUIBKKA 32 PIBHEM BUKOHAHHS YYHSIMHU
CTaHJAPTHUX TECTIB, aje TaKOX 1 MO0 TOMY, HACKUIbKM HAaBYAIBHUU TIJIaH KOXKHOI
MIKOJIM  CIIpHUsi€ TOCHJICHHIO KpPEaTMBHOCTI yuHIB. Tak 3BaHUN «IHHAEKC
KPEaTUBHOCTY.

Ocsira B rany3i STEAM € 0CHOBOIO MiJATOTOBKHM CHIBPOOITHUKIB B 00J1aCTi
BUCOKUX TexHonorid. Tomy Oarato kpaiH, Taki sk ABctpamis, Kwurai,
BenukoOpuranis, I3paine, Kopes, Cinranyp, CIIA npoBoxasts Jep:kaBHi
nporpamu B rainy3i STEAM-ocBiTu.

3HauYHUX €KOHOMIYHHUX ycIixiB gocsarHyB Cinramyp. CiHramypcbka cuctema
OCBITH HE3MIHHO TMEpPCIEKTHBHA. [IpUWHATTSIM JBOMOBHOCTI 3 aHTJIIHCHKOIO
MOBOIO (B JIOIOBHEHHS JI0 PIIHOI MOBH), 30CEPEKECHICTIO HA Haylll, TEXHOJIOTII,
imkenepii Ta marematuii (STEAM) - Cinranyp nepen0auuB 0arato 3 KIHOYOBUX
CTpaTeriii B raiays3i OCBITH, MPUHUHATUX cydyacHHUMU momitukamu. Llle B 2002 porri
Oyna 3anymiena idimiatuBa «lleperBopenns Cinramypy», HalieHa Ha
NEPETBOPEHHS IILOI'0 MiCTa-Jep>KaBU Ha CBITOBUU LIEHTP KPEAaTHUBHOCTI, IHHOBAIIIH
Ta auzainy. Ypsaa Cinranypy pedopmye CUCTEMY OCBITH Tak, 100 CTUMYIIIOBATH
KpeaTuBH1 AKOCTI Mono/i. OIMH 13 NUISXIB 1IOTO - BIPOBAKEHHS MOJIOAUX, ITO-
HOBOMY MUCISIYMX TAJIAHOBUTHUX JIIOJEH B PI3HI JCpXKaBHI CTPYKTYpH,
BIJINIOB1IaJTbHI 32 EKOHOMIYHY TOTITHKY [3].

STEAM-ocBiTa — 11€ KaTeropis, sika BU3HAYa€ BIJMOBIIHUI MeIaroriaHuil
npoiiec (TEXHOJOT10) PopMyBaHHS 1 pO3BUTKY PO3yMOBO-TII3HABAIBLHUX 1 TBOPUUX

SKOCTEH MOJO/I, pPIBEHb SKUX BHU3HAYA€ KOHKYPEHTHY CIIPOMOXKHICTH Ha
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Cy4aCHOMY PHHKY IIpalli: 3/IaTHICTh 1 TOTOBHICTh JIO PO3B’S3aHHS KOMILIEKCHHX
3a7a4 (mpobJsieM), KPUTUYHOTO MHCIICHHS, TBOPYOCTI, KOTHITMBHOI THYYKOCTI,
CIIBMpAIli, yMmpaBiiHHA, 3AIHCHEHHS 1HHOBaIiiHOI mismibHOCTI. STEAM-ocBiTa
IPYHTYETbCS Ha MDK- TPaHAUCUUIUTIHAPHHUX NIAX0Aax y NoOyA0B1 HaBYAJIbHHUX
mporpam pi3HOrO PiBHS, OKPEMUX AUAAKTUYHUX €IEMEHTIB, 40 JIOCTIKEHHS SIBUIIT
1 TIPOIIECiB HABKOJIUIITHLOT'O CBITY, BUPIIIIEHHS MPOOJIEMHO OPIEHTOBAHUX 3aB/aHb.

Buxopucranus mnpoBigHoro mnpuHnuny STEAM-ocBitm — iHTerpaiii
J03BOJIA€ 3JIIMCHIOBATH MOJIEPHIZALIID METOJMOJIOITYHUX 3acajl, 3MICTY, 00Csry
HaBYAJIBHOIO  MaTepialy TMPEIMETIB  MPUPOJIHUYO-MATEMATUIHOTO  IIHKITY,
TEXHOJIOTI3aIlll0  Mpolecy  HaB4YaHHI  Ta  (OpMyBaHHS  HAaBYAIBHUX
KOMIIETEHTHOCTE SKICHO HOBOro piBHA. Lle Takox crpusie OUIbIN SIKICHIM
OiATOTOBII MOJIOAI A0 YCHIIIHOTO MpaleBlalliTyBaHHs Ta MOJAIbIIOI OCBITH, SKa
BUMAarae pi3HMX 1 OUTbII TEXHIYHO CKJIAJHUX HABUYOK, 30KpeMa 13 3aCTOCYBaHHSAM
MaTEeMaTUYHUX 3HaHb 1 HAYKOBUX MOHSTb.

['onoBHa mera STEAM-ocBiTH TIONIATaE y peamizaiii 1ep>KaBHOT MOTITUKA 3
ypaxyBaHHSIM HOBHX BUMOT 3akoHY Ykpainu «IIpo ocCBiTy» Mmoo MOCHICHHS
PO3BUTKY HAayKOBO-T€XHIYHOI'0 HANpPsIMy B HaBYAJIbHO-METOAMYHIN AiSTILHOCTI Ha
BCIX OCBITHIX PIBHSIX; CTBOPEHHI HAyKOBO-METOAWYHOI Oa3u MJId ITiABUIICHHS
TBOPUOTO TMOTEHIIay MOJIOAI Ta MNpodeciiHOol KOMIIETEHTHOCTI HAayKOBO-
NeAaroriyHux NpamiBHUKIB.

OCHOBHI KJIFOYOB1 KOMIIETEHTHOCT1 KoHIenIlii «HOBOi ykpaiHChKOT KON,
a caMe: CHUIKYBaHHA JIEPKAaBHOIO Ta I1HO3EMHUMH MOBaMH, MaTeMaTH4YHa
IPaMOTHICTh, KOMIIETEHTHOCTI B TPUPOJHMYMX HAyKaX 1 TEXHOJOTIfX,
iHpopMariiHO-In(poBa TPAMOTHICTh, YMIHHS HABYATHCS BIPOJOBXK OKUTTH,
colianabHI | IPOMAJISTHCHKI KOMIICTCHTHOCTI, H1IPUEMITUBICT,
3arajJbHOKYJIbTYpPHa, €KOJIOT1YHAa T'PAMOTHICTH 1 3J0POBE JKUTTSA, TapMOHIAHO
BXOJATb B cucremy STEAM-ocBiTH, CTBOpIOIOYM OCHOBY JJisi YCIIIIHOT
camopealtizaii 0coOMcTOoCTi 1 K (haxiBIl, 1 sIK TpoMajssHuHa [2].

STEAM TexHomorii BUMararoTh BiJl YYHIB HaBUK KPUTHUYHOTO MHCIICHHS,
BMIHHS TIpAIffOBaTH SK y KOMaHl Tak 1 camocTiiiHo. Peasizaliisi Takoro miaxoay
BIIOYBA€ThCSI ~ 4Yepe3  NPOCKTHO-TEXHOJOTIYHY Ta  HAYKOBO-JOCTIIHHUIIBKY
TisTbHICTH y4HIB. TexHomorii € camMe THM HaBYaJbHUM TIPEIMETOM, SKUH
SKHAWKpaIlle JeMOHCTPY€E IHTErpalilo 3HaHb Ta BMiHb YUYHIB 3 PI3HUX NPEIMETIB.
Bukonyroun poOOTy HaJg KOXXHUM HAaBYAJIBHUM TMPOEKTOM YYHSM IOTPIOHO

CaMOCTIMHO CIIPOEKTYBaTH MaWOyTHIN BHpPIO, MPU MHOMY BUKOPUCTATH 3HAHHS 3
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MaTeMaTuku, (i3uKH, XiMii, 1HQOpMALIHHUX TEXHOJIOT1M, MUCTEITBA, O10JI0T1i 3a
JUIS. CTBOPEHHS (YHKIIIOHAJIBHOTO, I[IKABOIO Ta HOBOTO BHPOOYy. Y TaKoMy
BUIAJIKY y4HI BOAYaIOTh JII€BUIA 3B’ 30K T€OPii 3 MPAKTUKOIO JKUTTS.

OpHiero 3 HaileQeKTUBHIMIKMX (OPM HAYKOBO-IOCHTIIHOIL A1SUIBHOCTI YYHIB €
Mana akanemis Hayk (MAH), sxa crnpusie po3BUTKY JOCHIIHULIBKUX 3A10HOCTEN
IOHUX HAyKOBIIB, (POPMYBaHHIO HABUYOK BEACHHS HAYKOBOTO JOCIIIHKCHHS,
aHaIi3y OTPUMAaHUX PE3YNbTATIB, iX OQPOPMIICHHS, PO3BUBAE BMIHHS MPE3EHTYBATH
BJIACHI 3M00yTKH, (OPMYIOUYM HABUKH KOHKYPEHTOCTIPOMOXKHOCTI, BMIHHS
BIJICTOIOBATHU BJIAacHI norisiau. Y mexxax MAH crapiiokiiacHUKM NpOXOoaTh Mepiii
eTany CTaHOBJICHHS SIK HAYKOBIII.

[IpiopuTeTHUM BEKTOPOM OpraHizalii HayKOBO-JIOCIIHHUIILKOI HisSIILHOCTI
IOHUX HayKOBIIB ToBMHHa ctatu STEAM-ocBiTa, 30pi€HTOBaHa Ha
BUHAXIAHUITBO Ta iHHOBAaTHUKY. STEAM TexHODOr1i CTBOPIOIOTH ONTUMAJIbHY
HAYKOBY MIIaT(GOpMY Il YUHIBCHKUX JIOCHTIIKEHb, aJlKe JO3BOJISIOTh IHTETPYBAaTH
3HAHHS PI3HUX AUCIUIUTIH, TPOBOJUTH PIZHOMAHITHI JIOCHIIHA, T€HEPYBaTH HOBI
171€1, CTBOPIOBATH Cy4acH1 BUHAXOMIHU.

VY4HI HAIIOro HABYAJILHOTO 3aKJIay € IMOCTIMHUMH YYaCHHUKAMHU KOHKYPCY-
3axucty MAH Tta HeonHOpa3oBO cCTaBajiu MEPEMOXKISAMH Ha PI3HUX eTamnax,
30kpemMa y cekmisx «TexHika», «MwucreurBo3HaBcTBO» ( Ti CekIii, ae y4HI
OpaloTh 3 YUYUTENEeM TEXHOJOrM SIK HayKoBUM KepiBHUKOM). KoxkHa
JIOCJIIJIPKYBaHa po0O0Ta € YHIKaJIbHOIO Ta HAYKOBO-3HAYMMOIO, /1K€ YUH1 00MPaIOTh
aKTyaJbHI MiKaBi TeMu. [IpiopuTeT Haga€eThCs PO3TISAAY THX MMUTAaHb, K1 3HAXO/b
BIJITOJIOCOK Yy BJIACHIM TBOPYOCTI y4YHIB( HAmMpUKIaJ, po3poOKa YCTAaHOBOK IS
BUPOOITKY TeIJla YW BUTOTOBJICHHS pedeil 13 HemoTpedy, SK HOBUU HAIPsIM
nu3aiiny). Takok 3HayHa yBara Y4YHIB MPUAUIAETHCS BUBYEHHIO 0a30BOTO
npeiMeTa 3a JJisi Pe3yJbTaTUBHOIO HAIKMCAaHHS KOHTPOJIbHOI pOOOTH Ha KOHKYpCI
(y cekmii «TexHIKa» — MaTeMaTHKa, «MHUCTEITBO3HABCTBO» — yKpaiHChKa MOBA).
Jnst  edpexTuBHOI  opraHizarii  HAyKOBO-IOCTIMHHUIIBKOT  MISUTBHOCTI MU
BUKOpucTOByeMO STEAM TexHosorii, $ki J03BOJIAIOTE 3 PIZHUX CTOPIH
IIpOaHaII3yBaTH MPOOJIEMY AOCIIKEHHS, IHTErPYIOUX HEOOXiH1 3HaHHS YYHIB 3
pi3HHMX mpeaMeTiB. Jlumne 3a yMOBH TBOPYOI CIIBMpalll YCiX YYaCHHKIB HAyKOBO-
JOCTITHULIBKOI JISTBHOCTI JOCATAETHCSI BUCOKHM pe3ylbTaT Ta IepeMora y
koHKypci MAH.

Ha >xanb, Ha CHOTOAHINIHIA JIEHb TOCTPO IOCTa€e IpodjeMa BiJACYTHOCTI
STEAM - nmaGoparopiii y OUTBIIOCTI HAaBYAIBHUX 3aKJaiB YKpaiHu. BinmoBigHO
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1[e TaJbMYy€E TMPOIEC MOBHOIIIHHOTO BHpoBakeHHsS STEAM-0ocBiTH y HaBYalIbHO-
BUXOBHHUH Mpollec HaBYaIbHUX 3akiafiB. [Ipore, Ha ChbOro/iHI ICHYE MOXKIIUBICTh
JUTSL 3aKJIaJiB OCBITH OpaTé y4acTh y PI3HOMAaHITHUX MIXXHApOJHUX HAaBYAIBHUX
NpOeKTaX, KOHKypcaX, yMOBOI SKHX € YacTKOBE 3a0e3MeUeHHs YYHIB
HEOOX1AHUMU O0JaJHAHHAM I JOCIIIKEHD.

OnHe 3 OCHOBHUX 3aBJaHb CY4YaCHOI IIKOJW — CTBOPUTH YMOBU LIS
PI3HOOIYHOTO PO3BUTKY MIIPOCTAIOUOr0 TMOKOJIHHSA, 3a0€3MEeYNTH aKTHBI3AIIO 1

pedrekcii, aHaIITUKO-CUHTETUYHUX YMiHb Ta HaBUYOK 3 ypaxyBaHHSIM
MO’KJIMBOCTEN KOKHOI AUTUHU. CydacHl METO/IM HaBYaHHs 3a0€311€4yI0Th aKTUBHY
B3a€EMOJIII0 YUYHIB 1 BUUTENs B HaBuUajdbHOMY mpoiieci. BnpoBamkenns STEAM -
OCBITM € BaroMUM BEKTOpPOM pO3BUTKY HOBOI yKpaiHChKOI IIKOIM  Ta

MaHOYTHBOIO MiJIPOCTAIOYOr0 MOKOIIHHS B LIJIOMY.

CIIMCOK BUKOPUCTAHMUX J/KEPEJI

1 Bamypa FO. STEAM — Opatieep po3sumky 6 YuHie KIOYOB8UX KOMNEMeHMHOCmel i
HABUYOK MatlbymHs02o0. /[En. pecypc] / Peowcum oocmyny:
https://naurok.com.ua/webinar/steam-drayver-rozvitku-v-uchniv-klyuchovih-kompetentnostey-i-
navichok-maybutnogo

2 Memoouuni pexomenoayii w000 enposadicentnsi STEM-oceimu y 3aeanbnooceimuix ma
NO3AUIKIIbHUX HasuyanvHux 3axnadax Ykpainu na 2017/2018 nasuanvuuii pix //Jlucm IM30 Ne
21.1/10-1470 sio 13.07.17 poxy

3 STEM-ocsima / [En. pecypc] // Pestcum oocmyny: Ihttps://imzo.gov.ua/stem-osvita

4 5 numanv npo STEM-oceimy: wo 6ono maxe i uomy 3mintoe oonro Hawux oimeu / [En.
pecypc] // Pexcum oocmyny: http://hobbytech.com.ua

5 STEM-océima. / [En. pecypc] // Pexcum oocmyny: http://iteach.com.ua/news/mass-
media/?pid=2621
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JOCJITZKEHHA METOAY SMIDNHEHHSA POBOYUX ITOBEPXOHDb
BUPOBIB 3 BUKOPUCTAHHSAM EJIEKTPOMATHITHOI'O
BUI'VIAJVKYBAHHA

Y cmammi npedcmasneno meopemuune 0OIPYHMYBAHHA HOB020 MemOOy 3MiyHEHHs
pobouux  noeepxoHv  6Upobie  nMpu  3MIYHIOBANbHIU ~ 00poOYI 3 GUKOPUCTNAHHAM
eNIeKMPOMASHIMHO20 BUNAONCYBAYUA, CAPIMOBAHUX HA NIOBUWYEHHSL CIMIUKOCMI MA NONINUWEHHS IX
excnayamayitiHux eracmugocmei. Jlocnioxceno ma 00SpYHMOBAHO nepesazu 3acmocy8aHMs
nponoHosano2o memody. Buxnadenwi 6 cmammi nioxoou 003601A10Mb NIOSUWUMU  YAC
BUKOPUCMAHHSL, MA NIOSUWUMU MIYHICIb POOOYUX NOBEPXOHL Oemdaliell, CHPUsYU 301TbUEeHHIO
BUPOOHUYMEA, 3MEHUWEHHS 3ampam 4Ydacy HA PeMOHm ma eKChiyamayilo oopobieHHblx ma
smiynenux Oemaneti. Taxumyunom niOGuUWOemMbCs NPOOYKMuUGHICMb  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.

BurnamxyBaHHs, sBisie co000 METOJ OOpOOHO-3MIIHIOIYOI 00poOKHU
JeTajiell MOBEPXHEBUM 3MIMICHHSAM JIeCIoKamli, sKuid TmoJsrae BaedopMartii
0o0poOIIOBaHOI TOBEPXHI KOB3alOUMM 1O HIM 1HAEeHTOpoM. B  pe3ynbrari
OPUKJIAJaHHSIM THUCKY BIJOYBAalOTbCS 3MII[HEHHS [OBEPXHEBHUX IIApIB 1
YTBOPEHHACTIPUATIUBOIO 3 TO3HUII 3HOCOCTIMKOCTI MIKpOpenbe]y MOBEPXHI,
30KpEeMa3riaaKEeHOro MPoQiIr0 MOPCTKOCTI MOBEpxHi [1].

[Ipu BUTIAKYBaHHI BUCOTHI MapaMeTPH MIOPCTKOCTI 00pOOIICHOT TTOBEPXHI
Bil poOouoi TMojayi IHCTPYMEHTY, W0 3HIKYE MPOAYKTHUBHICTh MPOIECY
BUTJIAJDKYBaHHS. TakuM YHHOM, TpU OOPOOIll KIIACHYHUMHU BUTJIAKYBAUsIMU
3aBXKIM IIYKAIOTHCA KOMIIPOMICHI YMOBHW BUTIJIQPKyBaHHs, 100 3a0e3MeyuTH
3a/laHl 3HAY€HHsI MIKPOTBEPJOCTI MOBEPXHEBOI0 IIAPy, 3IMIIKOBUX HAIMPYKEHb
CTHCKY 1 BUCOTHHX TTapaMeTPiB MOPCTKOCTI BUTJIAKEHOO mMoBepxHi.[ 1-3].

BIuIMB €1eKTpOMAarHiTHUX IOJIIB Ha MOBEpXHIO Marepuiany. OCHOBHUMH

BJIACTUBOCTSMHU (I3UYHHUX MeXaHi3MiB MarHitomactiunoro edekry (MIIE) i
e(peKTH MArHiTHOIO BILIMBY Ha CTPYKTYPY HEMArHITHMX KPHUCTATIB 1 KIHETHKH X
nedopmaliii B Mar"iTHe Moje B SIKMX: MOKa3aHO BIUIMB IOINEPEIHbOI MarHiTHO1
00pOOKM Ha 3MEHIICHHS PO3YMHHOCTI JY>KHO-TAJIOWIHUX KPUCTATIB 1 3MiHA iX
MIKPOTBEPJIOCTI; BHUSBICHO BIUIMB TMOINEPEIHBOI TEPMOMArHiTHOI 0OpOOKHM Ha
TUMYAacOBY €BOJIOIII0 CTaH iX MPUMECHOHUCTPYKTYpH, JE€TEKTyeMOro 3a
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JIOTIOMOT'0I0 MEX1 TEKYy4OCTi; BCTAHOBJICHO, 1110 MAarHiTHE IOJe 3MIHIOE XapaKTep
KpUBHX JedopMamiidi i 3MEHIIye MeXY IUIMHHOCTI KPHUCTaliB; BCTAHOBIICHUIA
HUKHIM TOpIr €eKTy MO MAar”HiTHOMY IIOJI0, MEBHUM YHMHOM 3aJIeKUTh BIJl
MIBUAKOCTI AedopMmariii Ta BEIMYMHU MArHITHOI I1HAYKIIi; MOKa3aHo, IO B
3aJIOKHOCTI BiJl THUITy JOMIIIKH TOB'I3aHUI 3 HEHO Oap'ep Ui IUCIOKALIHHOTO
PYXY B MarHiTHOMY TOJIi MOXKE, SIK 3MEHIIYBAaTUCh, TAK 1 MIJBUIYBATUCK.[4,5].

Ha pucynky 2 300pakeHe cxeMa eJIeKTPOMarHiTHOrO BhITIa[)KyBaya.

#45

215

65 o5

38

Pucynok 2 — Po3miphl e1eKTpOMarHiTHOrO BUIIIaKyBaya

Kinpkicts BuTKIBN = 880

Hiamerp migaoiapotyd = 0,8 MM
LonerHoid JHOBHMOp

Lmepxerb

Jomomka

PucyHnok 4 - 300paxeH cKiIajl eneKTpOMarHiTHOrO BUTIIA/KyBada

[Ipn BuBYEHHI MarHiTHUX BJIACTHUBOCTEH HAWOUIBI BaXKIMBE 3HAUYCHHS
MarTh BUMIPIOBAHHS IBOX THITIB. [lepmmii 3 HuX -BuMiproBaHHS CHIIH, IO JTI€ Ha
3pa30K MOOJM3Yy MarHiTy; Tak BU3HAYa€ThCs HaMarHi4eHICTh 3paska. [[o apyroro
BITHOCATHCS BHMIPIOBaHHS «PE30HAHCHUX» YacTOT, MOB'SI3aHUX 3 HaMarHidyeHUX
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pedyoBHHHU. B MarHiTHOMy mOJII MNPELECcCYIOTh KPUXITHI aTOMH (K 3BUYAWHUN
J3Ura Mij BILIABOM KPYTHOTO MOMEHTY, CTBOPIOBAHOT'O CHJIOIO BarM) 3 4acToTOIO,
dKka Moke Oyt BumipsiHa. KpiM Toro, Ha BUIbHI 3aps/KEHI YacCTUHKH, SKI
pyXawThesl MiJ OpPSIMUM KYTOM IO JIiHIM Mar”iTHOI IHIYKIIi, Jl€ cujia, K 1 Ha
eJIEKTPUYHUN CTPYM B IPOBIIHUKY. BOHa 3Myllye 4acTKy pyxaTucs 1o Kpyrosiii
opOITIi, pajilyc sIKOT JA€THCSI BUPA30M

R =mv/eB,

Je M - Maca 4aCTUHKH, V - 11 MBUAKICTh, € - ii 3apsa, a B - marHiTHa 1HAYKITIS
noJist. YacToTa TaKOro KPyroBOTO PyXy JOPIBHIOE

1 eB
fegor—

2T m’

ne f BUMIpIoeThCsl B repuax, € - B KyJioHaX, m - B Kutorpamax, B - B Tecnax. L{a
4acTOTa XapaKTepPHU3y€e PyX 3apsHKEHUX YaCTUHOK B PEYOBHHI, IO 3HAXOAUTHCS B
Mar"iTHoMmy momi. O6unBa Tumu pyxiB (Tpereciro 1 pyX Mo KpyroBux opOiTax)
MOKHA TOPYIIUTH 3MIHHHUMH TOJSIMH 3 PE30HAHCHUMH YacTOTaMH, DPIBHHUMH
«IIPUPOAHUMY YaCTOTAM, XapaKTEPHHUM JJIsl TaHOTO MaTepiany.[6]

Pucynok 5 — 300pakeHu# HAITPSAMOK JIIHIA MarHiTHOTO TOJIs

3aJ5Ku CTBOPEHHOMY MarHITHOMY TIOJIFO YTBOPIOEThCS BiOpaltis sika
crpusie 301IbIIEHHIO0 00pO0TFOBaHOT ITOBEPXHI, @ TAKOXK 3MIHIOE JECIIOKAIIII0 3epeH
III0 YTBOPIOE HAHO-TIOBEPXHIO HA JETaI.
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BucHoOBKH

[IpencrasiaeHuii B poOOTI MIPHUCTPIi 103BOJISIC BTIIUTH palllOHAIbHUN BHOIp
00poOKHM POOOYMX ITOBEPXOHb JeTaleld MAaIHWH, 3TIIHO 3 HAasIBHUM IapKOM
TEXHOJIOTYHOTO O0JaJHAHHS JAaHOrO BUPOOHUITBA. TakoX BUKOPHCTAHHS JTaHOTO
OPUCTPOI0 O0OpOOKM pPOOOYMX TMOBEPXOHb JeTaled MalllhuH TPU3BOJIUTH [0
I IBUIIICHHS K MPOAYKTUBHOCTI 00pOOKH TaK IiX SKOCTI, sika 3a0e3medye TOBry Ta
SKICHY eKCIUTyaTalllio JeTajieii MaliuH.
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AJIUTUBHI TEXHOJIOI'TI TA NEPCHEKTHUBU IX
3ACTOCYBAHHS B MAIIIMHOBY IIBHIM TPOMUCJIOBOCTI

Oomiclo 3 obracmeil CyyacHo2o uUpOOHUYMEA Oemasell MAUWUH, KA MA€E HAUOLIbUL
WEUOKUUL Ppo36UMOK € aoumusHi mexHoao2ii abo 3D-Opyx. Bnposadicenns aoumusHux
MEeXHON02ill 00360JIA10Mb 3HAYHO NPUCKOPUMU BUKOHAHHA HAYKOBUX MA KOHCMPYKMOPCbKUX
PO3POOOK MAWUHOOYOIBHUX NIONpuemcme. Y cmammi npueeoeno 02150 OCHOBHUX 6UOI8
aoumusHux mexuonociu. [lpedocmaeneni ix nepesacu ma HeOOIKU.

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.

OpHiero 3 obnacTtel CydyacHOr0O BUPOOHMIITBA J€Taleld MallWH, sKa Mae
HAWOLIBII  IIBUJIKUN PO3BUTOK € aAUTUBHI TexHojorii abo 3D-mpyk.
BrpoBajkeHHsT aIUTHBHUX TEXHOJOTIH JO3BOJIAIOTH 3HAYHO TMPUCKOPUTHU
BUKOHAHHS HAyKOBUX Ta KOHCTPYKTOPCBKHMX pO3POOOK MAIIMHOOYIIBHUX
HiANPUEMCTB. Y CTaTTl HPUBEIEHO OrJIs[ OCHOBHUX BH/IIB aAUTUBHUX TEXHOJOTIH.
[IpencrapiieHi iX mepeBaru Ta HEIOJIKH.

OgHuM 3 TEPCHEeKTUBHUX HANPSIMKIB PO3BUTKY MAIIUHOOYIYBAHHA €
BIIPOBAPKEHHSI IPOMHUCIIOBUX aIUTUBHUX TEXHOJIOT1H. ['0JTOBHOIO BIIMIHHICTIO BiJT
TPAJAMIIIHHUX CIOCOOIB OTPUMAHHS JAeTalied Ta BUPOOIB € HE 3HIMAHHS IMapy
MaTepiainy, a oro gonaBaHHs. O4yeBHUIHI MEpeBaru aJUTHUBHUX TEXHOJOTIH — 1€
OTPUMaHHS JeTaJed CKJIaJHOI TEOMETPHUYHOI (OPMHU TPHU JOCTATHHO BEITUKIH
IIBUJIKOCTI BHUKOHAHHS MPOIECY. A KOJM IMIBUAKICTH BHUTOTOBJICHHS MPOTYKIIT
CKOPOYY€EThCS B IECATKH Pa3iB 1 JOKOPIHHO 3MIHIOIOTHCS BUTPATH, 11€ 3MIHIOE BCIO
€KOHOMIKY MaITMHOOY/TyBaHHSI.

Mertoro maHoi poOOTH € aHali3 OCHOBHMX BUJIB QJIMTUBHUX TEXHOJOTIM Ta
MEPCIICKTUBH X 3aCTOCYBaHHS IS IPOMHUCIIOBOT'O BUPOOHUIITBA.

[lepmM Ta HAWUOUIBII PO3MOBCIOJKEHUM BHKOPUCTAHHSIM TEXHOJOTI]
MIBUAKOTO MPOTOTUIYBaHHS OyJI0 Ha eTanl BUKOHAHHS HayKOBO-IOCIHITHOT
po0OTH, KOJIM BaXIWUBO MIBUAKO OTPUMATH MOJAEIb BUPOOY 3 METOIO
BIJIMPALIFOBAHHS TEOMETPIi JeTaii, OIMIHKK EpProHOMIYHUX SKOCTEH, INepeBIpKHU
CKJIaJaHHs Ta pallOHAIBHOCTI KOMIOHYBaJIbHMX pimens [1, 2]. VY
MaIMHOO Y IIBHIA MPOMHUCIOBOCTI I1€ MOXYTh OYTH JOCTaTHHO BEIWKI MOJIEI, SKi
OpU3HAYEHH] JUIsl eKCIUTyaTallifiHuX BUOPOOyBaHb, HAMpUKIA] Tiapo- abdo
aepoAuHaMigyHUX BUpPOOIB ab0 Momeni KOPIYyCHUX JIeTaledl  MpUIaiB,
paaiocTaHIlii, MeIUYHOI 200 TMOOYTOBOI TEXHIKH, SKI OYIYIOTHCS IS MEPEBIpKU
(YHKIIOHANBHOCTI ~ peajbHUX  BHpPOOIB. Benmka  KUIBKICTH  MPOTOTHIIIB

129



PO3pOOIISIETHCS, K MOITYKOBI JU3aMHEPCHhKI MOJIENI 3 PISHUMU OCOOJMBOCTSMH B
koH(irypamii. OCHOBHUM HAIMpPsIMKOM 3aCTOCYBaHHS AIUTHBHUX TEXHOJOTIH €
CTBOPEHHSI JeTallell HaJCKJIaJHOI TeOMEeTpil y IBUIKUI TEPMiH, 10 € HAWOLIbII
aKTyaJbHOIO TEMOIO IS CY4aCHUX JOCIIIKEHb.

AnutuBHi Texnonorii (AM — Additive Manufacturing) npumyckaoTh
BUTOTOBJIEHHS (PI3UUHOT0 00'€KTa METO/IOM IMOIIAPOBOTO HAHECEHHS MaTepianly, Ha
BIIMIHY BIJ] TPamuIliiHUX METOMIB (POopMyBaHHS AeTalli, SKI BUTOTOBIISIIOTHCS
IUIIXOM BUJAJIEHHS MaTepiaiay 3 MacUBY 3aroTOBKH. BOHU BXKMBArOThCS MOpS] 31
cinoBocnionydeHHsmM  Rapid  Prototyping (abo RP-texHomorii) - mBHIKe
NPOTOTHUITYBaHHS, ajie MaloTh OUIBIN 3arajbHe 3HAYEHHS Ta TOYHIIIE BiloOpa)kae
Cy4acHHUM cTaH [2].

AM-texHomnorii B SKOCTI TEXHOJOTIH «IIBHUAKOTO TMPOTOTHUITYBAHHS
3aCTOCOBYIOTh HA TIOYATKOBIM CTaali KOHCTPYKTOPCHKHUX PpPO3pOOOK - s
BIITBOPEHHS TeoMeTpuuHOro oOpa3y BupoOy. Ha 1iit ctaxii 3a3Bu4aii HEXTYIOTh
SKICTIO TIOBEPXHI, MIITHOCTIO Ta IHIIMMH BJIACTHUBOCTSIMHU MaTepiamy. Matepianu
JUIS MOJICJTFOBaHHSI OOMPaIOTh 32 KPUTEPIEM JIOCTYITHOCTI, Ta 3 METOO Bi3zyasizailii,
a iHOMI JUIsl (YHKI[IOHAJBbHUX BUMPOOYBaHb MPOTOTHIIB. B skocTi oOnagHaHHS
BUKOPHCTOBYIOTh Hepopori 3D-nmpuHTepu Takux BUpOOHHMKIB, ik Envisiontec [4],
Stratasys [5], 3D Systems [6]. Taki npuHTEpH 3HAXOAATH 3aCTOCYBAaHHS B OCBITI,
IHKEHEPHHUX Ta apXITEKTYpHUX OIOPO, MOJEIbHUX MAaNCTEPHIX, MEAMIIHMHI, TIPH
BUKOHAHHI HAYKOBO-IOCIITHUIIBKUX POOIT B J1abopaTopisiX.

BenukorabapuTHi Mozeni 10 SKUX BHCYBalOThb BHUCOKI BUMOTH IO SIKOCTI
MOBEPXHI Ta MIITHOCTI KOHCTPYKII1 BUTOTOBIISIFOTH 3a JJOMOMOT00 AM-TexXHOoJIOr1i
(SLA, SLS) 1 Ha npodeciiiHMX MamrHax 3HayHOI BapTocTi. [licisa 3aBepieHHs
noOyI0BU MOJIeTIb MAa€ CTYMIHYACTy TMOBEPXHIO, a BUCOTA CXOJWHKH BIIIOBIIA€E
KpoKy oOyaoBu. AM-TexHonorii 10 SKUX BigHOCATh TexHojorii FDM, SLA, SLS
a6o Poly-Jet mepenbadaroTh MOOYIOBY MOJIET MOIIAPOBO, BIAMOBIAHO CTBOPCHUM
nepes movYaTkoM NoOya0BU «IIepEeTUHAM» Ta 3a0e3Medyr0Th IEBHUM PIBEHb SKOCT1
NOBEPXHI MOJIEl, OCHOBHHM KpPHUTEpIEM SIKMX € YUCTOTa MoBepxHi [4]. fkicTh
MOBEPXHI MPOTOTHUITY 3aJICKUTh Bl Opi€HTAIlll MOl HA poOoUil TuiaTgopmi mif
gac mporiecy. [Ipu MpOTOTHUITYBaHHI IUIOMIMHHOI JI€Tadli MOMJIHUBO JOCSITHYTH
HU3BbKOI MIOPCTKOCTI TOPU3OHTAJIBHOI IUIOMMWHU TPH 1i TOPU3OHTAILHOMY
po3TalllyBaHHi, aje 1mo0 30UIBIINUTH SKICTh OIYHUX MOBEPXOHb JACTalh HEOOXITHO
30piEHTYBATH MiJ KyTOM 0 IUIOMKHU Tuiatdopmu [4].

Po3sristHeMo OCHOBHI TEXHOJIOT11, 5IKi BAKOPUCTOBYIOTHCSI B MPOMUCIIOBOCTI
JUTSI BUKOHAHHS TIPOIIECIB MBHUIKOTO POTOTHITYBAHHSI.

Texunomoriss crepeonitorpadii  (Stereo Lithography Apparatus (SLA)
3aCHOBaHa Ha MOIIAPOBOMY TBEPIIHHI P1IKOTO (HOTOUYTIUBOTO MOMIMEPY I I1€F0
yIbTPa(ioNeTOBOTO  JA3€pHOrO  BUIPOMIHIOBAHHS, 10  HAMpPaBISIETHCSA
CKaHYBJIbHOIO CUCTEMOIO [4, 7].

3a3HayeHa TEXHOJOriss BHUKOPUCTOBYEThCS B OUIBLIOCTI  Tally3eu
MaIIMHOOYIYBaHHS [JI1 OTPUMAaHHS TPOTOTHINIB 3 METOI0 TEPEBIPKH JeTayei
KOHCTPYKIIT Ha CKJIaJaHHs, MailCTep-MOJeNe sl MOJajbIIor0 BUTOTOBJICHHS
CHJIIKOHOBUX (OPM 1 JHUTTA B HHUX MOJIMEPHUX CMOJ, a TaKOX IOBEITIPHUX

130



MamcTep-mozenei. JJis BUTOTOBJICHHS MPOTOTHUITY 3aCTOCOBYIOTHCS MaTepialiu,
0 JI0O3BOJISIIOTH  OTPUMYBAaTH BUPOOM 3 pI3HUMH  (DI3UKO-MEXaHIYHUMU
BJIACTUBOCTSIMHU, TEMIIEPATYPHOIO CTIWKICTIO, MPO30PICTIO. SKICTh TOBEpXHIi
3aJICKUTH BiJl TOBIIMHM IIAPY.

[IpoTroTun cTBOPrOETHCS HA TIAT(HOPMI, KA MIEPEMIIIAETHCS B HAMIPSMKY OCi
noOyZ0BH MOJIENl y BaHHI 3 PIIKUM MOJIIMEPOM. BUIPOMiIHIOBaHHS KEPYEThCS 3a
IPOrpaMol0 MEepPeTuHy, Skuii Oymyerbes. Ha 3acBiueHWX NUISHKAX BiOyBaeThCS
nosimepu3zamis  dortononaiMepy. IloTiM mijicTaBa OMYCKA€EThCS 1 3aJTUBAETHCS
HACTYNHHUM IIApOM IMOJIMEPY, SKUH 3acBlUyeThbcd. TOBIIMHA IIapy 1 MOBEPXHIO
KamuOpyIoTCa CHeljalbHUM CKpeOkoM-pakeneM. [licns HaHeceHHs BCIX IIapiB,
OTpUMaHa MOJCIIb BWTATYETHCS 3 BaHHHU, JOOTBEP)KIACTCS, 3aYUIIAETBCSA 1
BUKOPHUCTOBYETHCS 3a MPU3HAYEHHSIM [7].

Jlo mepeBar texHosorii Stereo Lithography Apparatus (SLA) MoxxHa
BIJIHECT MOJIMBICTb OTPUMAHHSI TOYHUX Ta APIOHUX €JIIEMEHTIB 1 JeTajeH,
BHCOKY aBTOMAaTH3allii0 Tporiecy. Jlo HemomikiB - TpuBaiuii 4ac moctoopodku (16 1
Ounblie roAauH), nedopmanis GopMu MOBEPXHI MICIS YCAAKH MOJIMEpY, XIMIYHA
TOKCHYHICTh Ta BapTICTh MOJIMEPiB, HEOOXITHICTh B CHEIIATbHUX MIATPUMKAX Ta
NEeperopoaKax, 3a4uCTKa MOBEPXHI IMics BUTOTOBIICHHS, YXOPCTKI BHUMOTH IO
NPUMIILIEHHS Ta BUCOKA BapTICTh Jazepy [4, 5].

[TomapoBa 3anuBKa ekcTpyaipyemuMm posmiaBom (Fused Deposition
Modeling (FDM) [7]. TexHonoriss ocHOBaHa Ha IIOIIAPOBOMY YKJIaJaHHI, fKe
BUJABIIOETHCS  4Ye€pe3 COMIo poOo4Yoi TOJNIOBKM EKCTpyJepa, Harpitoi o
HAITIBP1IKOTO CTaHy MOJIIMEPHOI HUTI BIATIOBITHO IO T€OMETPii MOAeNi AeTall, sKa
po3pobnena B CAD cucrtemi. CneunianbHe MporpamHe 3a0e3MedYeHHs] OpIEHTYE
MOJIeTTb Ta po30MBa€ i HAa TOPU3OHTANBHI IMapu. Taki MOAENl BIAPI3HAIOTHCS
MIILHICTIO, TOYHICTIO BUTOTOBJICHHS, MIAJATJIMBICTIO B 0OpOOIl, 110 J03BOJISE
BUKOHYBAaTH 3 HUMHU TaKi omepailii K CKJICIOBaHHS, (ppe3epyBaHHs, NuTiQyBaHHS,
pPO3CBEPIIIOBAHHSI, Hapi3aHHs pi3b0OU, 3aTAryBaHHS OOJITaMH, HaHECEHHS
MeTaneBux NOKpUTTIB. IligTpuMka, sfKa BUKOPHUCTOBYETHCSA MiJ 4Yac MpOLECY
noOyI0BU JeTalll JIETKO BIIAUIAETHCSA BIJ MOJENl a00 BUMHUBAETHCSA BOJHHM
pPO3YMHOM B VYJIBTPA3BYKOBOI BaHHI (i1 BOJOPO3YMHHOI MIATPUMKH —
WaterWorks™) [4]. Takuii THO HiATPUMKHU J03BOJISE€ MOICIIOBATH TOHKOCTIHHI
JeTaai Ta BUPOOM 31 CKJIQJHUMM BHYTPIMIHIMUA TOPOKHUHAMU, SIKI BUKOHYIOTBCS 3
BHCOKOFO TOYHICTIO.

Texnonoriss FDM BUKOHYETBCSI B CHEIIIbHO PO3pOOJICHUX JIJIsi pOOOTH B
KOHCTPYKTOPChKHUX Bijutax Ta odicax kommaHiero Stratasys Inc. 3D npunTepiB
Dimension. Biapi3HS€TbCA TEXHOJNOTISI BUKOPUCTAHHSM EKOJOTIYHO YHCTHX
MOJIETIIOIOUYMX MaTepialliB Ta JIOCTATHHOIO OE€3MEeKO IJsi JIIOJAUHHU, TOMY HE
BHMAararoTh CIIeLIAJIbHUX JIA00paTopiil 1 0COOIMBUX YMOB €KCILTyarTamii [5].

Jlo mepeBaru TexHosorii FDM MoskHa BiTHECTH JIETKe MepeHaIaroKeHHs 3
MaTepially Ha maTepiall, BUCOKY NPOAYKTHUBHICTb, KOMIIAKTHICTH Ta MOPIBHSIHO
HU3bKY BapTICTh BUTPAT, HE TOKCHUYHICTh MaTepiaiiB, OJJHOYACHE BUTOTOBIICHHS
JEKUIBKOX JIeTaliei, BIJICYTHICTH OOOB’S3KOBOi orepallii cremiaibHoi 00poOKHU
JeTajll TICAs BUTOTOBJIIEHHS, HHU3bKY a00 MOBHY BIJACYTHICTh Yycaaku. Auie
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pO3IJISTHYTa TEXHOJIOT1S Ma€ JesiKi HEJOIIKH, Cepell SKUX HAasBHICTh IIBIB MIX
miapamM, Maja 3CyBHa MIIHICTh NOOYJOBaHMX BHUPOOIB, BHCOKAa IIOPCTKICTh
IOBEPXHI CTBOPIOBAHOI MOJIENI, KOJMBAHHS TEMIEpaTypu IiJ Yac MPOLECy, IO
NPUBOJUTH /10 PO3TPICKYBaHHS MOAEJI, I€SKE OIUIABJIECHHS MONEPEAHBOr0 Kparo [ 8].

Texuonoris nasepnoro cmikanus (Selective Laser Sintering (SLS)) —
nependavyae CHikaHHS JAPIOHOAMCIEPCHUX YAaCTHMHOK BHUTPATHOTO MaTepiaily
(mynpa, sika TOTEPENHbO PO3IrpiTa J0 TeMIepaTypu, ONHM3BKOI 10 TemrepaTypu
IJIaBJCHHS) M7 BIUTMBOM Jazepy [3, 7]. B sikocTi mMarepiany BUKOPHUCTOBYIOTH
NOJIIMEPH, BICK, HEWJIOH, KepaMiKa, pI3HI CleliajibHl MJACTUKU (B TOMY YHCII
CKJIOHATMOBHEH1), MICOK 1 MeTaleBy myApy. Haif0ineimm po3moBCrOKeHE
3aCTOCYBaHHS II1€i TEXHOJOTli — s NMoOyAOBH (PYHKIIOHATIBHUX MPOTOTHUIIIB
IUTACTUKOBHUX JICTAJICH, MIMaHux (GopM 1 CTPHIKHIB JIJI METAIYprii, MOAEIeH I
JUTTS 1O BUIUIABIIOBAaHUX MOJENIAX Ta MeTaneBl jaerani abo ¢QparmeHTn
dopmMoTBOpUKX enemMeHTiB npec-dopM [7].

[TpomiHb na3epa, pyx SKOrO KEpyeTbCs 3a JOIOMOIOI0 IPOrpaMu, CIIKae
NOPOILOK B MICISX, JI€ NMOBUHHI OyTH cTiHKM Mozeni. [lnardopma omyckaerbes
micJis BUKOHAHHS YEproBOro IMIapy, a 3 KapTPHUIKY BUIUISETHCS HACTYITHA MOPIIis
BUTPATHOIO MaTepiaiy, KU pO3piBHIOETHCS MPOKATHUM BaMKOM. B TexHonorii
SLS He mepenbaueHi MATPUMKH, TaK K CaM TOPOIIOK MiIATPUMYE MOAEIb, SKY
Oyaytotb. llopomok MokHa BHMKOPUCTOBYBAaTHM IOBTOPHO. Jlis1 yHHUKHEHHS
OKHUCJICHHS IIPU HarpiBaHHI MOPOIIKIB B KaMepy MOXJIMBA T10jlaya a3oTy.

Jlo mepeBar texHosorii SLS MoxHa BigHECTH Te, IO TOTOBUM BUPIO Mae
BJIACTUBOCTI MOHOJITHOIO Marepiajlly, NpH BHUIOTOBJIEHI BUKOPHUCTOBYIOTbH
HEZ0POrl 1 HETOKCUYHI MaTeplajiu, BIICYTHI MIATPUMKH, IJI1 MOJEN XapakTepHe
HU3LKUN PIBeHb Aedopmartii. Ajie aesKi HeTOMIKH TeXHONIOr1i SLS 3HMKYITh SKICTh
Yyepe3 BUCOKY IIOPCTKICTh MOBEPXOHb, MIOPUCTICTh, 3MIHHY LIUIBHICTS [7].

BUCHOBKHU

3D-o0nagHaHHg Ja€  1H)XXKEHEpaM MOJKIIUBICTH PO3POOJIATH BUPOOH 31
CKJIQJIHOIO CTPYKTYpOIO Ta HEeCTaHAapTHUMHU ejeMeHTaMu. CTBOpPEHHS AESIKUX
KOHCTPYKI[iH B OUIBIIOCTI BUMAJKIB MOKIIMBE TITBKH 32 JOIOMOTOIO0 aIUTHBHUX
TEXHOJIOT1A. AHali3 cydacHUX PO3pOOOK B Taily3l aAUTUBHUX TEXHOJOT1A MOKa3aB
aKTyaJIbHICTh ~ IIbOI'O  HANpsIMKy  JOCHIIKEHHS  JJI1  MaIlluHOOY/IBHOTO
BUPOOHUIITBA, TIPU TOMY IO KUIbKICTh YYaCHHUKIB I[LOTO PUHKY HEBeNIHKa. MoXHA
MiAKPECIUTH OAHO3HAYHY HEOOXITHICTh TpHUCYTHOCTI 3D-o0nagHaHHS B
1a00paTopisix TEXHIYHUX YHIBEPCUTETIB 3 METOI SIKICHOI MIATOTOBKH MalOyTHIX
1HXKEHEPIB.
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VIIK 65.011.56

ManakoB O.l., BecenoBcbka H.P., BiHHULIbKMI HaIliOHAIBHUN arpapHUi
YHIBEPCUTET

®YHKHIOHAJIBHE MOJAEJTIOBAHHASA HHPOLECY
TEXHOJIOI'TYHOI IMIAI'OTOBKU BUPOBHUMITBA JIsA IIPOEKTIB
CTBOPEHHSI HOBOI TEXHIKHU

IIpoananizosano eumocu cmanoapmie 00 MEXHONOIYHO20 3a0e3NeYeHHsl CHBOPEHHS.
npooykyii. 3 memoro peanizayii ¢yukyiu iHghopmayilinoi cucmemu npoananizo8ano Gaxkmopu,
Wo 6NIUBAIOMb HA 00CA2 | CMPYKMYPY MEXHON02IUHUX OOKYMEHMI8, GU3HAYEeHUL iX OCHOBHUU |
OONOMINCHUL CKAO.

Ilocmanosxka npooremu 6 3aeanvromy euensdi. OcoOIUBOCTIMU Cy4aCHUX
PUHKOBHUX YMOB € T€, IO BH3HAYAJIBHUM BHJIOM JISTIBHOCTI TNPOMHCIOBHX
HIIPUEMCTB  CTalOTh MPOEKTH 110 PO3poOIll 1 CTBOPEHHIO HOBOI TEXHIKH.
Peanizamis nmoaiOHUX MPOEKTIB — cepiio3Ha npodieMa, sika nmorpedye opraHizaiii
HEMEPEepUBHOI0 TPOIECY MIATOTOBKM HOBUX BHPOOIB, IO XapaKTEPU3YIOTHCS
TEXHOJOTIYHOI0 HOBHM3HOIO (200 Moaudikali€lo ICHYIOUYMX TEXHOJIOTTYHUX
MPUHITUIIB), KA BTUIIOE HAYKOB1 BIAKPUTTS Ta BUHaxoau [1].

[linroToBKa NPOEKTYy — TEXHIYHA IIJArOTOBKA BHUPOOHHIITBA 00'€IHYE
KOMILJIEKC HAYKOBUX, IPOEKTHO-KOHCTPYKTOPCHKUX, TEXHOJIOTTYHUX 1 BUPOOHUYO-
rOCIOAAPCHKUX POOIT MO CTBOPEHHIO 1 OCBOEHHIO HOBUX BUPOOIB 1 BIIPOBAKCHHS
HOBUX TexXHOJOrid. Bci BUauM poOIT 3 TEXHIYHOI MIATOTOBKM BHUPOOHUIITBA
MPOXOASATh B3aEMO3AJIEKHI €Talyd KOHCTPYKTOPCHKOI MIATOTOBKM BHPOOHHUIITBA,
TEXHOJOr1YyHOi miaArotroBku BupoOHuuTBa (TIIB) 1 opranizauiifHOi MIArOTOBKH
BUpOOHMLTBA. B pe3ynbpTaTi (GOpMYEThCS KOMIUIEKT JAOKYMEHTIB, 1[0 BU3HAYa€
B3a€MOBIIHOIIEHHST PI3HUX CIY>KO 1 BUPOOHMYMX MIAPO3JAUIIB, IO € (HaKTOpOM,
AKUi 3a0e3nedyye 3pocTaHHd e€(EeKTHMBHOCTI BHUPOOHMITBA 1 MIABUIICHHS
BUpOOHMYOI mpari [ 1, 2].

[IpoexTHa AisIBHICTH Tiepeadavae, MO TMPH CTBOPEHHI HOBOI TEXHIKHU
HEOOXIHO pO3pOoONATH IHAMBIAYadbHI TEXHOJOTIYHI PIIMIEHHS 3 METOI0
ONTUMAJIBLHOTO 3a0e3MeUYeHHsI TEXHOJOTIYHOI TOTOBHOCTI BHPOOHHIITBA JO
BUTOTOBJICHHSI BUPOOIB BIIMOBIAHO O BUMOTI 3aMOBHHKA a00 pUHKY JAHOTO KJIacy
TexHikd. OJHAK HaBITh y camiil (QyHKIIOHATBHINA BUPOOHUYIN CUCTEMI € ICTOTHHI
HEJIOJIIK - IHEPIINHICTD 1 BIICYTHICTh Opi€HTAIlli HA HOBY MPOAYKIIII0, KOJIH KOXKEH
OCBOEHUU 3pa3oK, 110 MPOMIIOB TEXHOJOTIYHY MIATOTOBKY CTaBIIATH B CEpliiHE
(macoBe) BupooHuITBO [ 1, 2, 3].

[IpoekTu CTBOPEHHS HOBOI TEXHIKM OpPIEHTOBaHI HAa BUPOOHU, YHIKaJIbHI 32
KOHCTPYKITIEI0 a00 I1HIIUM BaXJIMBHUM O3HAKaMH, BHUKOHYIOTHCSI B pPaMKax
MapKETHHIOBOI CTpaTerii MiANMPUEMCTB NP 301IbIIIEHH] (30EpEeKEeHH1) 0J11 PUHKY.
MOXJIMBICTh aBTOMATH3allli MPOLIECIB CTBOPEHHS JTOKYMEHTAlll Mpu peaii3amii
TaKMX TMPOEKTIB TMPaKTUYHO TMOBHICTIO BHUPINIyE MPOOJEeMU PYTUHHOCTI,
TPYJAOMICTKOCTI 1 PECYPCOEMHOCTI ii pO3pOOKH, TO3BOJISIE CKOPOTUTH TPUBAIICTh
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€TariB MPOEKTYBAaHHS 1 TEXHOJOTIYHOI IMiJTOTOBKM BUPOOHHUIITBA, 3MEHIIUTH
TepMiHM  peamizamii mnpoekTy. HailOimpmn  akTyadbHUMH €  TEXHOJOTIi
aBTOMAaTHU30BaHOI PO3pOOKH JOKYMEHTALlll HA OCHOB1 KOHIENIII1 €AMHOTO JKepena
[4, 5], ineq aKuX 171 IPOEKTIB CTBOPEHHS HOBOI TEXHIKM MIPEICTABIIEHA 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

=5

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
HOBIX TEXHONOTHHUX NPOYECIS

<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. Konyenyis eounoco 0xcepena ons npoekmis CmeopeHHs HO80I mexHIiKu

Po3poOka momiOHMX iH(OpMAIIHHUX CHCTEM TIOB's3aHAa 3 TIEBHUMH
TPYIHOIIAMH, OJHIEIO 3 SIKUX € BIACYTHICTh €UHOTO IIIXO0IY JO OMHUCY MPOIECiB
TEXHOJIOTTYHOT M1JArOTOBKY BUPOOHUIITBA.

Tomy mMeTor0 cTaTTi € po3podKa MOJIENIl MPOIECY TEXHOJIOTTYHOT MiArOTOBKH
BUPOOHHUIITBA, BUKOPUCTAHHA $KOI B paMKax €IMHOI 1H(OpMAIiiHOI CHCTEMHU
J03BOJINTH €(PEKTUBHO pealli3yBaTH MPOEKTH CTBOPEHHS HOBOT TEXHIKH.

Ocnosnuti mamepian. Crangapt ISO/IEC 12207 B XKUTTEBOMY ITHKII
iH(popMaIliiHOT CUCTEM  pO3JUIS€ €Talnud MPOEKTYBaHHA Ta  HalKUCAHHS
NpPOrpaMHOr0  KOAy, IO JIO3BOJIIE Ha TIOYATKOBUX CTaisAX PO3POOKHU
poaHaIi3yBaTu npeaMeTHy cdepy, chopMyBaTy KOHLIENITYalbHY MOJEIb CUCTEMHU
3 OMUCOM OCHOBHUX BHUKOHYBaHUX (QYyHKIH [5, 6]. [Ipu mpboMy 3a OCHOBY OepyTh
Moj1eli O13HeC-TIPOIECiB, sIKI BUKOHYIOTHCS IIPH CTBOPEHHI HOBOT TEXHIKH.

[Ipoliec cTBOpEHHS TEXHIYHOI JOKYMEHTAllll HA OCHOB1 KOHUEILII €IMHOTO
JUKEpeIia OMUCYEThCSI TEOPETUKO-MHOXKUHHUM MOJAHHSIM BULY [4]:

TD=(X,S,Y,jy),
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ne X={x1,Xp,...,Xn} — 0€311i4 BUXITHUX JAHHUX, HCOOXITHUX JIJIs1 PO3POOICHHS
TEXHIYHOI JJOKyMEHTAIII;

S={s1,5,,....Sm} — Oe€37ai4 BHUMOr, PErIaMEHTYIOTh IIPOLEC pa3-HUIITBA
TEXHIYHOI JJOKyMEHTaIlil 1 BU3HAYAE ii CTaH;

Y={y1, Y2 ,..., Yk} — Oe3miu JOKYMEHTIB, OJICP)KYBaHUX Ha BHXOJI IpPH
peaizarliii nmporecy po3poOoKu TEXHIYHOI JJOKYMEHTAIlli;

¢=XxS—S — (¢ynkmis mnepexomiB, B pe3yabTaTi peamizaii  AKOi
31CTaBIISIETHCS 1 3aTBEPIKYETHCS TEXHIUHE 3aBJJaHHS HA PO3POOKY;

y=XxS—Y — ¢QyHkuis BuUX0IIB, cpopMOBaHa B Mpoleci TpaHchopmarii
BUXIIHUX JaHUX Yy BUXIJHUH KOMIUIEKT JIOKYMEHTIB 3 ypaxyBaHHSM BHUMOT
TEXHIYHOT'O 3aBJaHHS.

Otxe, iH(MOpMaIliiiHa crucTeMa MOBUHHA Peai3oBYBaTH (DYHKIIIO BUXOJIIB,
JUTSl BU3HAYEHHSI SIKOI CKOPHCTAEMOCS METOJIOM (PYHKI[IOHAJIIBHOTO MOJIEITIOBaHHS
IDEF 0 [5, 6], mo0 103BOJIsS€ HAOYHO YSIBUTH MPEIMETHY 00JIACTh 1 JOCIIHKYBATH
iH(popMmartiitHi moToku. Po3risitaemo ocobnuBocti popMyBanHs (HYHKIT BUXOTY Ha
npukiani TIIB.

TIIB cmpsimoBaHa Ha po3poOKy 1 pealizalliio 3axo[iB, 10 3a0€3MeUy0Th
TEXHOJIOT1YHY TOTOBHICTh BUpoOHUIITBA. Binmosigno o 'OCT P 50995.3.1-96
npu nposeneHHi TIIB po3poOHuKH 1 BUPOOHMKM HAa OCHOBI BUMOI HOPMAaTHUBHOI
JIOKYMEHTAIlll TepeTBOPSITh BUMOTM 3aMOBHUKA (PUHKY) Ha OCHOBI MPOEKTHOI
JOKYMEHTAaIlll 3 ypaxyBaHHAM OOCSTY BHIYCKY 1 HasBHUX MaTepialiB
(KOMIUIEKTYIOUHMX) B KOHCTPYKTOPCHKY 1 TEXHOJIOTIYHY JOKYMEHTAIlII0, IO
3a0e3meuye BUTOTOBJIEHHS JeTalel 1 CKIaJalbHUX OJWHUIb. DyHKIIOHAIbHA

MOJIENb LbOT'O MPOLIECY Y BUTIIAII KOHTeKCTHOI niarpamu IDEF 0 npeacraBneHa 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. 3aeanvna ¢pynkyionanvna mooens npoyecy TIIB
[Ipy nboMy HEOOXiAHO mMmam'siTaTd, MO OO0cAT POOIT 1 JOKyMeHTalii, 110
ctBoproeTbesi mpu  TIIB, 3anexuts Bix cTafli po3poOKHM KOHCTPYKTOPCBHKOI
nokymentarii (K/1). I[Ipu ipomy nsist yHIKaJIbHHUX MPOEKTIB BUPOOIB HOBOI TEXHIKU
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HE 3aBXKJM TEXHOJIOTIYHA JIOKYMEHTaIlls Oy/ie MPOXOJUTH BC1 CTail po3poOKH, 1110
noTpiOHO MaTtu Ha yBasi, Gpopmyroun 0a3u JaHUX, 3a3Hau€Hl B (PYHKIIIOHAIbHIHI
moxeni TIIB.

Buchosxu. Takum 4YwHOM, B paMKax KOHIICMII €IWHOTO JKepena
po3pobiieHa (PyHKIIOHAJIbHA MOJIeJIb IPOIECY TEXHOJOTIYHOI  IIJATOTOBKHU
BUPOOHULITBA. [i BMKOPHCTaHHS B SKOCTI eleMeHTa iH(opMaliiiHOi cucTeMu
JT03BOJINTD:

- TOTyBaTH KOHCTPYKTOPCBHKY, TEXHOJIOTIUYHY, IUIAHOBO-EKOHOMIUHY
JOKYMEHTAIIII0 JJIsl POEKTIB B TPAHUYHO CTUCI] TEPMIHH;

- 3a0e31euynTr TEXHOJIOTTYHY TOTOBHICTH BUPOOHUIITBA VIS
BUIIEPE/KAOYOr0 3aMyCKy YHI(IKOBAaHUX 1 3aIT03NYCHUX BY3JIiB HOBOI TEXHIKH;

- NpuidMaTd TEXHIYHO 1 EKOHOMIYHO OOTPYHTOBaHI pIIIEHHS TMPHU
3aKJIFOUYCHHI JIOTOBOPIB, 3a Y4YacTO MIANPUEMCTBA B TEHJIEpax, B JEp KaBHUX
nporpamax, Ipy CTBOPEHHI Ta BIIPOBA/)KEHH1 IHHOBALIIHUX BUPOOIB.

[lepcriekTHBOIO TOMANBIIMX JOCHIIKEHb € paertanizaris eramiB  TIIB
po3poOKOI0  TporpamMHOro  koay  iHGOpMaIiiHOI  CUCTEeMU  CTBOPEHHS
JIOKyMEHTAITi1.
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Mynrsany B.I., yuennus 10-A knacy, BacunbeBa LI'., Hayk. kep. BUMTEND
Ximii BuImIoi kareropii, k.1.H., gom. [usiama H.I.( K3OL I-III cryneniB Ne 17 m.
Kpuswii Pir, Ykpaina)

JOCJIIKEHHSA PIBHA EKOJIOTTYHOI KYJIbBTYPU
HIKOJISAPIB

Ha xanb, OUTbIIICTH JIIOJIEM BBaXkae€, IO CaAiHHSA JEPEB, CHOPYIKCHHS
OYMCHHUX cropyA 1 ToMy noaiOHe € exonorieto. Hi. Lle nume nis, BYUNHOK, (PaxT.
HeoOxigHicTh cucTemMu Aii MOB's3aHa 3 THM, IO KOXKHA 3 HUX OKPEMO JIOJA€ UM
3a0upae MOCh B OJHOMY MICIll, a 1€ CIPUYUHSIE 3BOPOTHIN MpOLEC y 1HIIOMY.
ToOTo koxHa i mepemdavae mpotufdito. [lii, He y3romxeHi MK co00r0, He
NPUBEJICHI JI0O TIEBHOI CHCTEMH, HE MOXYTh OyTu 30amaHcoBaHi. Binrak
30epekeHHs TOBKULIS MEepeTBOPUIIOCS Ha MPOTpecyrouy XpoHIYHy XBopoOy. Take
CTaBJICHHS JI0 IPUPOIH 3PEIITOI0 CTPIMKO BEJIE JTFOACTBO /10 CAMO3HUIIICHHS.

O0'ext nocmimkenasd: Yuni 6-10 kmacis K311 Nel7.

[Ipenmer mocmimkenHs: PiBeHb €KOJIOTIIHOT CBIIOMOCTI JUTHHH.

Mera: /laTtu OIIHKY PiBHS €KOJIOTTYHOI CBITOMOCT] YYHIB PI3HOTO BIKY.

3aBaanHs: 1) [IpoBecTu aHKETyBaHHS Y4HIB.

2) [lopiBHATH pe3yNbTATH AHKETYBaHHS yUHIB.

Metoau nociiKeHHs: AHaji3, MOPIBHSAHHSA, CTATUCTUYHA OOpOOKa JaHUX.

Pobora ckiamatoThCsi 3 TCOPETUIHOTO Ta MPAKTUYHOTO PO3ILTIB.

VY TeopeTUUHOMY P03/l OMUCYETHCS:

- 3a0pynHeHHs aTMocdepH.

- 3a0pyHeHHs rigpocdepu.

- kjacugikamis 1 LUIsIXyd 3a0pyIHEHHS IPYHTY.

- BHUCHOBKH

Hpyruil po3ain - BHU3HAYEHHS PIBHS EKOJIOTIYHOI CB1JIOMOCTI MIKOJISIPIB
[UIIXOM OLIHKH Pe3yJIbTaTIB AHKETYBaHHS.

J1Jist BU3HAYEHHS PiBHS €KOJOTTYHOI CBIJOMOCTI YYHIB 5 3aIPOINOHYBajia Taki
TUTaHHS:

1. [I{o Take exomnorig?

2. SAxwuii piBeHb 3a0pyAHEHHS Hamoro micra 3a 10 6aabHOMO KO ?

3. SIxi HeZIOJTIKY B CTaH1 HABKOJIUITHHOTO CEPEIOBUIIA HAMOTO MicTa?

4, Uu 3a5eXuTh CTaH HABKOJMIIHHOTO CEPEIOBHUINA HAIIOTO MICTa Bij
Hac caMux?

5. SMxuM 4UYHHOM BH MOXETE TMOJINIIATA CTaH HABKOJIUITHBOTO
cepenosuiia B Kpusomy Po3i?

6. Sk BU BBa)XKa€eTe YM MOKHA MUTH BOAY 3 HAIIOTO TPyOOIPOBOTY?

7. Yum 3a0pyaHIOIOTE BOJHUN MPOCTIP?

8. Sk MO’XKHA YHUKHYTHU 3a0pyIHEHHS BOU?

9. Sx 3amo0irtu 3a0pyAHEHHIO TPYHTY MNOOYTOBUMHU CKUIAHHIMHU U
BlaxoxaMu?
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AHKeTyBaHHS TIpoBesieHO y 6-A kiaci (20 yuniB), 7-A (17 yuniB), 8-A (15
yuHiB), 9-A (18 yunis) Ta 10-A (29 yuHiB)

BucnoBku: A BBaxkar, mo 10 kmac HaWOLIBIN JOCBIMUEHUH Yy Tairys3i
exosorii. Cyasiuu 3 aHalli3y aHKETYBaHHS 3HAHHS Y 1iTell Ha0yBarOThCS 3 BIKOM.

Yynai 6-9 knaciB moTpeOyroTh J0AATKOBOI 1H(OpMaIi 3 EeKOJIOTTIYHUX
NUTaHb, PO T€ SK 3am00IrTH 3a0pyAHEHHIO I'PYHTY Ta BoAW. buibina yacTuHa
YUYHIB came Ha I1i MUTaHHS HEe 3MOTJIa JaTH MPABIIBHOI BiITOBIII.

JlocnipkeHHsT ToKasaio, 10 y4YHI BBaXaroTh, 10 BIJ] HUX HE 3aJEKHUTh
MOJIIMIIEHHSI €KOJIOTii Hamoro micta. Tpeba iM JOBECTH, 110 YUCTOTA HAIIOTO
MICTa 3aJIEKUTH 1 BT HUX TaKOX.

CIIMCOK ITOCHUJIAHbD.
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Exonociuna cumyayis y micmi Kpusuit Pie - O¢hiyitinuii caiim Kpusopizvkoi micokoi paou
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YK 621.224
Ounexcenko FO.1O., Muponos K.A. (Vkpaina, m. Xapkis, HTY «XIII»)

AHAJII3 TIOTOKY PIIMHU B MPOTOYHIM YACTHHI
BUCOKOHAIIIPHOI PAJIAJIBHO-OCHOBOI I'IZIPOTYPBIHU PO500

Ilpeocmasneni Oesiki pesynibmamu po3pPaxyHK08020 OOCIHIOHNCEHHS NPOCMOPOB8Oi meuii
8's13K01" piOUHU 8 BUCOKOHANIPHIll padianbHo-0cbositl ciopomypoini PO5S00 (na onmumanvromy
peocumi). Ananiz empam euepeii 8 NPOMOUHIl YACMUHI padianbHO-0Cb080I 2iopomypdinu 6)8
nposedeHUll 3 BUKOPUCMAHHAM NpoOcpam Ol PO3PAXYHKY meuii piouHu 6 O0BOBUMIDHIU |
mpusumipnitl. nocmanosyi. byau pozensnymi numanus nio8uueHHs eHepeemudHuUx NOKA3HUKIG
CNPOEKMOBAHOI BUCOKOHANIPHOT PpAdianibHO-0Cb0B0I 2IOpOmypoOitu.

Bemyn

3aralbHONPUMHATANA MIAX1A JUI1  BJOCKOHAJEHHS MPOTOYHUX YACTUH
riapoTypOiH mojsirae B (GOpMyBaHHI reoOMeTpii TiapoTypOiHH HUISIXOM BHECEHHS
3MIH JO TOYaTKOBOIO BapiaHTa, OTPUMAHOrO0 B pe3yibTaTi HAOIMKEHOTO
po3B'si3aHHS 00epHEHOI 3a7ayi, abo, B MPUUHATTI B AKOCT1 aHanora. [lopiBHSIHHS
OPOEKTHUX BaplaHTIB MPOBOJUTHCA HAa OCHOBI MONEPEAHBOI OIIHKH  iX
KIHEeMATHYHHUX 1 €HEPTeTHYHUX XapaKTepUCTHK. [lomyk onTUManbHOrO BapiaHTy
Ha/I3BUYAHO YCKJIQJHIOE TPOIEC BIOCKOHAJIECHHS MPOTOYHOI YACTHHH, OCKUIBKH
TaKWK MiX11 BUMarae rnepedopy 3Ha4HOI KIJTbKOCTI TEOMETPUYHHX MapaMeTpiB Ta
ix xomOiHamii. CKIagHICTh BUPIIIEHHS MOCTABJICHOI'O 3aBAaHHS OOYMOBJICHA, SIK
CKJIaJIHOIO MPOCTOPOBOIO T'€OMETPIEI0 JIONMATEBOI CUCTEMU POOOYOro KoJjeca, Tak 1
PI3HMM CTYINIEHEM BIUTUBY pPOOOYMX OpraHiB Ha (OPMYBaHHS EHEPrEeTUUHHUX
XapakTepucTuK [1, 2].

BizncyTHICTS BIIOCKOHATIEHOI METOJWKH Y3TO/KCHHSI €JIEMEHTIB TPOTOYHOI
YacTUHMU B Tpolieci ii (popMyBaHHS Ha OCHOBI PIBHSHHSI MPsMOI 3ajayl iICTOTHO
YCKJIQJHIOE TIPOLIEC BJOCKOHAJEHHS MPOTOYHOI YACTUHH, 30UIblllye oOCAr
HAYKOBO-JTOCJIITHUX 1 IPOEKTHHUX POOIT.

[Ipu mpoekTyBaHHI MPOTOYHOI YACTHHHU TiIPOTYpPOIHM BHUKOPHUCTOBYIOTH
PO3pPaxyHKOBI Ta €KCIIEpUMEHTAJIbHI METOAU JochipkeHHs. OcTaHHIM YacoMm 3
METOI0 CKOpPOYEHHS 00csry (I3MYHOrO EKCIIEpUMEHTY BeJihKa yBara craja
OPUIUIATUCA YHUCETbHOMY eKcrepuMeHTy. Lle 1o3Bossie CKOpOTHTH TepMiHHU 1
BapTICTh MPOEKTHUX POOIT, M0 MPU3BOAUTH IO BCEOIYHOT'O BIPOBAHKCHHS B
1HKEHEPHY PAKTUKY aBTOMATHU30BAHUX CUCTEM MPOEKTYBaHHS TAPOTYPOIH.

Ananiz ocmanuix 0ocniodcens i nyonikayitl

Jist 3a0e3nedeHHs BUCOKHMX EHEpProKaBITAlIMHUX MOKA3HUKIB MPOTOYHOI
YaCTUHHM T'1JIpOoTypOIHH HEOOX1THO MPOBOJUTH BCEOIYHUH T1APOAUHAMIYHHUIA aHAII3
€JIEMEHTIB MPOTOYHOI YACTUHU 3 BUKOPUCTAHHSIM CY4YaCHHUX IMaKETIB MPUKIIATHUX
nporpam CFD. JlaHi makeTu JO3BOJISIIOTH PO3paxyBaTH B'SI3KUM TPUBHMIPHHIA
TypOyJIEHTHHI MOTIK B MOPOXKHKHI TAPOTYpOiHN OYab-IKOi CKIaaHoCTi [3-7].

[Topsim 3 pPO3BUTKOM METOMAIB MOJIETIOBAHHSI pPOOOYOro MpoIecy, Mo
BUKOPHUCTOBYIOTh pPE3yJbTaTH BHUPIMICHHS 3aBJAaHHS TPHUBHUMIPHOTO B'SI3KOTO
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MOTOKY, 3HaXOMSTh IIMPOKE 3aCTOCYBAaHHS METOAHM PO3PAXYHKY CHEPTreTHUHUX
XapaKTEPUCTUK, 10 0a3yIOTHCS HA CIIPOIIEHUX MOJEISIX TEUii.

3acToCcyBaHHs CIPOIIEHUX MOJINIeN Ja€ MOKJIUBICTh HA MOYATKOBUX €Tanax
OPOEKTYBaHHS (B MpoOIECi MPOEKTYBaHHSA MPOTOYHOI YAacCTUHHU) pO3paxyBaTu
napaMeTpu ONTUMAJIbHOIO PEKHUMY, BU3HAUUTH KIHEMATHUHI MapaMeTpH MOTOKY
Ha BXO/I1 1 BUXO1 3 poOOYOro KoJjieca, BEIMUYUHU BTPAT €HEPrii HA bOMY PEXHUMI,
a TAaKOXK Y3TOJIUTH €JIEMEHTH POTOYHOI YACTHHH M1k co0oro [1, §].

Ili Momenm poOOYOro MpoIEeCy 3HAXOIATh 3aCTOCYBaHHSI IPU BUPIIICHHI
3a/1a4 BUOOpY Ta ONTUMI3allll OCHOBHHUX NapaMeTpiB riapotypOinu [ 1, 2].

Bonu He BUMararoTh NpOBEJIEHHS PO3PAXyHKIB OOTIKAHHSA 1 TOMY MOXYTh
OyTH BUKOPHUCTaHI Ha MOYATKOBUX €Tanax MpPOEKTYyBaHHS MpPHU BIJICYTHOCTI TOBHOI
iH(pOpMAaIlii IPO TEOMETPIIO JIONATEBUX CUCTEM.

Memooonoeia docnioxcenns

MopnentoBaHHs NOTOKY B TAPOMAlIMHI MOKHA 3/1MCHIOBATH NPHU PI3HUX
HaOmwkeHHAX. OaumH 3 HAWOUIBII MOMUPEHUX 1 e(PEeKTHBHUX MIAXOJIIB -
CTalllOHapHa IUKJIIYHA MOCTAHOBKA, B SKIA MPUUMAETHCS JOIMYIIEHHS, 1110 Te4is B
yCiX MDKJIOMATKOBUX KaHalax HaIMpsIMHOIO amapaTy 1 MDKJIONAaTeBUX KaHajax
poOodoro koseca ogHakoBa [3]. YV 1bOMYy BUNAAKY PO3PAaXyHOK MPOBOJUTHCS
TUIBKM B OAHOMY 3 KaHaJIB amapaTy 1 Kojeca, a Ha OIYHHMX MeEXax KaHaJIB
CTaBJISITHCA YMOBHU IEPIOAMYHOCTI MOTOKY. J[7si mepemadi mapameTpiB MOTOKY 3
00epTOBUX CErMEHTIB B HEPYXOM1 1 HaBMAKH iX 3HAYEHHSA YCEPEIHIOIOTHCS B
OKpY)KHOMY HampsiMKy. Takuil miaxig CyTTEBO EKOHOMHTH OOYHMCITIOBANIbHI
pecypcu, TpoTe HE J1a€ MOKIMBOCTI BPaXOBYBAaTH OKPY)XKHY HEPIBHOMIPHICTh
NOTOKY 1 ITOB'13aH1 3 HEIO HEeCTallOHApH1 e()EeKTH.

B poGodomy koieci TiapoTypOiHU TOJIOBHY POJb BIIIrpae mpolec nepenadi
piauHOI0 pobouoMy Kojecy oOepTaibHOro MoMeHTy [3]. JlaHuii mpoiiec TOCUTH
TOYHO OMHUCYETHCS CTALIOHAPHOT MOJICIUTIO HEB'A3KO1 PIIUHH.

Ha Brpatu eneprii B BIICMOKTYIOYiH TpyOl 3HAUYHUM BIUIMB MalOTh B'A3Ki
BJIACTUBOCTI piavHU. Ilpu aeskux pexumax poOOTH TiIPOTYpOIHM B KOHYCI
BIJICMOKTYIOUOI TpyOM 3a poOOYMM KOJECOM YTBOPIOETHCS BUXPOBUH JIKTYT,
npelecis SKOro OKa3yloTh HEraTUBHUM BIUIMB Ha pOOOTY BCl€i riipotypOinu. s
aJICKBaTHOTO OMHUCY Tedil B BIJICMOKTYIOYil TpyOi HEOOXiTHO 3aCTOCOBYBATH
e(eKTUBHY MOJIeb TypOyneHTHOCTI [3, 9].

Pesynomamu

VY crarTi HABOAATBHCS PE3YJIbTAaTH PO3PAXyHKOBOI'O JIOCHIIKEHHS Teuli
pIAMHYU B CIipajibHIA Kamepi, a TaKOXK B 00JACTI PEIIITOK CTaTopa 1 HaNpsIMHOTO
amapary BHCOKOHAIIPHOI paialibHO-0ChoBOI TiapoTypOinu POS500, sxi otpumano
3a gormomororo CFX-TASCflow [10-12] i aBoBuMipHOiI Mojeai po3po0sIeHOi Ha
kadenpi rigpomamnd HTY «XI1D».

UYucenbHe MOJIEITIOBAHHS MPOCTOPOBOI'O TMOTOKY B TPOTOYHIM YaCTHHI
riApoTypO6iHu  OyJn0 MpPOBENEHO Ui BU3HAYEHHS 3MIHM  E€HEPreTUYHHX
XapaKTEpUCTUK, TOMY Oyna obpana k - € Mmoznens TypOyJIE€HTHOCTI, JJaHA MOJIENb €
HAMOLIBII BAAIO MOACIUIIO TypOYJICHTHOCTI mepuioro piBHs 3amukanus [8-10].
Jns omucy TypOYJIEHTHMX BEIHYMH B HIA BHUKOPUCTOBYETHCS CHCTEMa JIBOX

141



HEMHINHUX TU(QY3HUX PIBHSIHB - JUIsl MACOBOI IIUIBHOCTI TypOyJIeHTHOI eHeprii k 1
MIBUJIKOCTI AUCHTIAIIT TypOyIeHTHOT eHeprii €.

Po3paxyHku 1MoKa3yrTh, 110 MOOIN3Y TBEPAUX CTIHOK BiIOYBAETHCS TOCUTH
pizka 3miHa napamerpiB k 1 €. Iyl HAJIEKHOTO BUPIMIEHHS LIUX 3MiH JOBOJUTHCS
BUKOPHUCTOBYBATH JOCHUTh TYCTYy PO3PaxyHKOBY CITKYy. 3aMiCThb IIbOI'O YacTo
BUKOPUCTOBYIOTh MIJX1/, MPU SKOMY Y CTIHKM BHJIIUISETHCA HEBENHMKA 00JIaCTh, B
AKIil HE BHUKOHYETHCS YHCEIbHE PIINICHHS PIBHAHb, a 3aMICTh LIbOTO IIyKaHI
napamMeTpu pO3paxoBYIOThCS 3a alreOpaiuHuM (opMmysamu, IO OMUCYE THUIIOBI
OPHUCTIHKOBI LIAPH.

B pe3ynbTati po3paxyHky Oyiid BU3HAY€H1 PO3IMOALI MIBUAKOCTEH 1 TUCKIB B
PI3HUX eleMeHTaxX TiAPOTYpOIHHU, IPU PI3HUX BIIKPUTTAX HANIPSIMHOTO anapary.

UuncenbHe MOJACNIOBAHHS TeYil B MPOTOUYHINW 4YacTuHI rigpotypOiaum PO500
POBOJWIIOCA ISl PO3PaXyHKOBOI OOJACTi, 110 BKJIIOYAE MDKIONATEBUN KaHal,
YTBOPEHU KOJOHAMHU CTaTopa, JOMaTKaMHd HANpSIMHOIO amapary, JOmaTsSIMu
poboyoro koseca 1 BIACMOKTYIOUYOIO TPYOOIO JJIT MOJEI 3 JgiaMeTpoM poOodoro
koneca D1 = 500 mMm.

OTpuMaHi JaHi MOKa3yloTh, 110 TE€OMETPIis JOMATEeBOI CUCTEMHU POOOUOro
KoJieca B paiioH1 BXIJHOT KPOMKHM HE Y3roJlKE€Ha 3 KyTOM IOTOKY 3a HANpSIMHHUM
anaparoM, 10 O3HAaya€ HasBHICTh yJAPHUX BTPAT Ha BXIJHUUA KPOMI poOOYOro
KoJieca, TOMY B MOAQIBIIUX poOOTax OyayTh PO3TJISAHYTI NMHUTAHHS, MOB'S3aHl 3
MoauGIKaIlI€0 BX1THOTO €JIeMEHTa JIoNaTi podouoro kKojeca.

Tuck 6e3nepepBHO 3MEHIIYETHCS Y3/I0BX MEPUIIOHATIBLHOTO HANPSMKY Bij
BXOJly B CTaTOp A0 BUXOAY 3 poO0ovoro koneca. TUCK CTa€ HEraTUBHUM Ha BUXO/II 3
po0o4Oro Kojeca 4epe3 BIUIMB BIICMOKTYIOYOI TPYOH.

PoszramryBanus JiHIM TOKY B BIACMOKTYIOUIH TpyOl MOKa3ye, M0 MBUAKICTD
3HMJKYETBCS BIJl BXOY 10 BUXOAY, 32 PaXyHOK 4YOro BiJOYBA€TbCs MEPETBOPEHHS
KIHETUYHOI €HEeprii B €Heprito TUCKY. ICHye MoCcTymnmoBe maaiHHS THUCKY BiJ BXOIY
JI0 BUXO/Y 3 BCMOKTYIOUOi TpyOH 1 HAlipHOi CTOPOHHU JIOMAaTi po00voro Kojeca.

OTpuMaHi  pO3paxyHKOBI  JaHI  BIAMNOBIAAIOTH  BIJOMHUM  paHilie
eKCIIEPUMEHTAIbHUM PEKOMEHJalIIM NpO TMO3UTUBHUNA BIUIMB HEBEJUKOI
3aKpPYTKH MOTOKY Ha BXOJ1 B BIICMOKTYIOUY TpyOy Ha BEIMYMHY BTpaT B Hii [7] 1
PO ONTUMAJIBHUHN, 3 TOYKHU 30py MiHIMIZaIli IHIYKTUBHUX BTpPAT, XapakTep
PO3MOATYy TaHTCHINAIBHOT CKJIA0BOI IIBUIKOCTI 3 3pPOCTaHHSAM ii 3HA4YeHb B
nepudepiitHiit obnacTi.

Pe3ynbratu po3paxyHKy BTpaT €HEprii Ha ONTUMAaJIbHOMY PEXHUMI (PEXKUM
makcumyMy KKJI) B mpoTouHiil 4YacTHHI BHCOKOHAIIPHOI pajiajibHO-O0ChOBOI
rigpotyp6iau PO500:

- MPU JBOBHUMIPHIA MOJEIl PO3paxyHKy CyMapHI BTpAaTH €HEPTii CKJaau
5,23 %;

- MpU TPUBHUMIPHIA MOJENl PO3paxXyHKy CYMapHI BTpaTH €HEPTii CKJaau
5,13 %j;

- HaWOIBII BTpAaTH €HEPrii mpu 000X TOCTAaHOBKAX MPHUIAJAIOTh Ha
HANpSIMHUH amapart, npu ABoBUMIpHIiN mozeni 3,02 %, a mpu TpUBUMIpHINA Moeml
2,5 %:;
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- crmipajlbHa KaMmepa Ta cTrarop npu ABoBuMipHid moaeni 0,6 %, a npu
TpuBHMIipHiK Mmozaeni 0,77 %,

- poOoye KoJieco Ta BIACMOKTYIOYa Tpyba mpu 1BoBuMipHik Mozaeni 1,61 %,
a pu TpuBUMIpHIA Mozemi 1,86 %.
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1. Jlnst ckopodeHHs 00cAry (Pi3UUHOr0 EKCHEPUMEHTY HEOOX1AHO Oiblie
OPUIUISTH YBaru YUCEIbHOMY €KCIIepUMEHTY. Lle 103BONUTh CKOPOTUTH TEPMIHH 1
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Cnucok BUKOPHUCTaHUX JKEepel

1. Konviues B.A. Kunemamuueckue xapaxmepucmuxu nomoxka 6 JONACHHbIX
eiopomawunax : yueob. nocooue. Kues : UCHO, 1995. 272 c.

2. Konviuee B.A., Tvinvanosa HU.HU., Muponos K.A. Moodenuposanue snepeemuueckux
Xapaxkmepucmux 2uopomypOouH Ha HAYaIbHOM dmane npoekmuposanust. Bocmouno-esponetickuti
arcypran nepedoswvix mexroaozuti. 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 KA., Onexcenxko FO.JO. I[lpumenenue CFD npu npoexmuposanuu
anemMeHmo8 npomounou uacmu euopomypour. Bicnuxk HTY «XIIIy». 36. nayx. npayv. Cepis:
Tiopasniuni mawunu ma ciopoaepecamu. 2016. Ne 20 (1192). C. 116-121.

7. Pacuem u npoexmupogarue npomoyHou 4acmu peaKxmusHvlx 2UuOpomypouUH Ha OCHO8e
YUCTIEHHO20 MOOeNUpPoB8anus paboyeeo npoyecca : yued. nocooue / bapnum B.B., Muponos K.A.,
Bracenko A.B., Axosnesa JI.K. Xapvros: HTY “XIIH”, 2008. 216 c.

8. Xapaxmepucmuku npocmpancmeenno2o mypoyieHm1uo2o NOmoKka u nomepu SHepeuu 8
aeMeHmax npomoynou uacmu euopomypounst PO500 / II.H. Cyxopebpuviii u op. Ilpoon.
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 b6ananca nomepv 3HepuU 8 8blCOKOHANOPHOU PAOUATbHO-0CEBOU
euopasnuueckou mypoune / B.A. Konviues u Op. Cxiono-€eponeiicbkuti i#CypHal nepeoosux
mexnoaoeiu. 2005. Ne 1/2 (13). C. 95-106.

12.  Pacuem eudpoouHamuyeckux Xapakmepucmux HANpasisowux annapamos
2uopomypounvwl. yueon. nocooue. / B.A. Konviuee u op. Xapvxos, HTY « XIIH»,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

IlepeBo3uuk K.P., nayk. kep. ®pono B.K. (Vkpaina, m. Kuis, KIII im.
Irops Cikopcbkoro)

JAOCIIIZKEHHA BIUIMBY KOPCTKOCTI KOHCOJIBHUX
IHCTPYMEHTIB HA TOYHICTb OBPOBJIEHHA TIJIMBOKHX
OTBOPIB

Konconvue «xpinnennsi incmpymenma npu po3mouy8aHui mda WiQhy8anHi 2nubOKux
0mMB0pI6 3MEHULYE HCOPCMKICMb MeXHON02IuHOi 0bpobdsiouoi cucmemu (TOC), wo npuzeooums
00 3HUMNCEHHs MOYHOCMI 00poOII06aHux nogepxous. Hapa3zi 6iocymui cucmemui 00CaioNCeHHs
8NIUBY CMAMUYHOI Ma OUHAMIYHOI HCOPCMKOCMI KOHCONLHUX [HCMPYMEHMI8 HA MOYHICMb
0bpobatosanux omeopis. Memoio 0OaHoi pobomu € BUBHAYUEHHs BNAUBY CUNL, WO Oilomb HA
IHCMPYMeHmMAanbHy ONPAGK)y ma NPu3800ams 00 3MEHWEHHS MOYHOCME NPU 00POOIeHHT 2IUOOKUX
0meopis.

Howmenkmarypa neraneii 3 mIMOOKHMH OTBOPAMH, /10 SIKMX BHCYBAIOTBCA
BHCOKi BHMOTU II0 TOYHOCTI Ta SKOCTi, IHOCTIHO PO3IIMPIOETHCS. OCOOMHUBICTIO
00poO0JIeHHS TIIMOOKUX OTBOPIB € HEJIOCTaTHS HKOPCTKICTh 1HCprMeHTa BHaCJII,[[OK
YOoro BUHHUKAIOTH HOro MpyXHI JiHIAHI AedopMallii, K 3MEHIIYIOTh SKICTh
00poOsieHHs1. 31 30UIBIICHHSIM JOBXKUHU OTBOPY TPYIHOI 3a0€3MeUeHHsT BUCOKOT
MPOAYKTUBHOCTI Ta HEOOX1THOI TOYHOCTI MOBEPXHI PI3KO 3pOCTaroTh [1].

Y BIZOMUX JOCHII)KCHHAX THTAHHS 3a0€3MeYeHHs] TOYHOCTI OOpOOIICHHS
ITHOOKMX OTBOPIB LIISXOM BPaxyBaHHs Ta KOMIICHCAIIl elCMCHTAPHHUX ITOXHOOK
npu HanaromkeHHi TOC po3misiHyTe HETOCTATHBO.

TouHicTh OTBOpIB NP PO3TOYYBAaHHI Ta LUTIQYBAaHHI 3HAYHOI MIpOIO
3aJICKUTD BIJ| TOYHOCTI MO3HLIOHYBAHHS BEPLIMHH Pi3albHOro abo abpasHBHOrO
IHCTpyMEHTa BiTHOCHO 00poOIIOBaHOT MOBepxHi. HeTouHicTh MO3HUIIIOHYBaHHS
MO’KE€ BUHUKATH TiJl BIUIMBOM JMHAMIYHHMX Ta CTaTMYHUX HaBaHTaxxeHb Ha TOC.
Cunu  pi3aHHS BIUIMBalOTh HA TOYHICTh OTBOPIB O€3MOCEpEHbO Mia  4Yac
00pobnenns. OIHaK wie O MOYaTKy OOpOONCHHS BXKE 3°sBISETBCS IOXUOKa,
O0OyMOBJICHa HAsBHICTIO CTaTUYHHUX (Bara 1HCprMeHTa Ta I1HCTPYMEHTaIbHOI
OIpaBKH) Ta JMHAMIYHUX HABAHT@XCHb (CHIM iHEpUil, IO BHHHKAIOTH HYepes
HAsBHICTh JHIAHUX Jaedopmaliiif, CHOPUYMHEHUX Barol I1HCTPYMEHTAa Ta
THCTPYMEHTAJILHOT OTPABKH ).

VY Bigomiil jiTepaTypi 3 TEXHOJIOTIM MamMHOOYyBaHHS [2, 3] HOCTIKEHO
BIUIMB PaJiajIbHOI CKJIAJIOBOI CWJIM Pi3aHHS Ha TOYHICTH 06p06neHH;I TIIHOOKHUX
oTBOpiB. ONHAK PO BILIUB Bark IHCTPYMEHTAIBHOI ONPABKH, BAard iHCTPYMEHTA T
BI/IICHTPOBOI CHIIH 1Hepu11 Ha JKOPCTKICTh ONPABKU Ta TOYHICTH OOpPOOJIIOBAaHUX
OTBOPIB 1H(OpMaIlii HE 3HAIICHO.

Meroto paHoi poOOTHM € BHU3HAYEHHS BIUIMBY CHJI, IO JIIOTh Ha
IHCTpYMEHTaIbHy OMNpPaBKy Ta TNPU3BOIATH JO 3MEHIICHHS TOYHOCTI MpHU
00po0JIeHH] TIIMOOKUX OTBOPIB; PO3POOJICHHSI METO/IIB MIABUIIEHHS] TOYHOCTI TIPU
pO3TOUYBaHHI Ta BHYTPIIIHbOMY HUTI(QYBaHHI, SIKI MOJSTAIOTh y KOMIEHCAIll
€IIEMEHTAPHUX MOXUOOK, 1[0 BUHUKAIOTH I11]] BIUIMBOM CTATUYHHUX Ta JTUHAMIYHUX
HaBaHTAKEHb.
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Ha TounicTe 00poOIIOBaHMX OTBOPIB BIUIMBAIOTH: Bara 1HCTpyYMEHTa (),
cwia iHepmii Q;y, IO i€ HA IHCTPYMEHT, Bara iIHCTPYMEHTAIBHOI ONPaBKU ¢, Ta
cuia iHepIi gy, 110 /i€ Ha IHCTPYMEHTAJIBHY OIpaBKy (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. CxemaTuuHe NpeACTABICHHS LHJIIHIPUYHOI ONPaBKH Y BUTIISII
KOHCOJIbHOI OaJIK1

MakcumanbHa — diHiHA — AedopMaiis IHCTPYMCHTanbHOI — ONpPAaBKH 3
1HCprMeHT0M CIOpUYMHEHA MAISIMM Bard I1HCTPYMEHTa Ta BIJUEHTPOBUX CHII
1HepLli, 00YUCITIOETHCS 32 (POPMYIIOHO:

Q L3 2 L3
Yo = ;EI (1+a) E) (1)
ne Qo — Bara iHctpymeHta, H; w =m-n/30 — xyroBa UIBUIKICTH
o6epTaHH51 pan./c.; n — yacTtota oOepTaHHs, 00./XB.; L — BHIIT piBaJ'IBHOFO

1HCprMeHTa (oBKMHA OMpaBKu), M; | — MOMEHT 1Hepu11 MOTIEPEYHOr0 Tepepisy,
M (ns KpyrJjioro nepepizy [ = 1 - D4/64) D — nmiametp omnpaBku, M; E — MOIyJIh
PYKHOCTI MaTeplaﬂy _OTPaBKH (nns neroBaHux craneit E = 2,1 - 105 MIIa).

HasBHicTh miHIMHOI nedopMallii, 10 BUHUKAE M1 BIUIUBOM Baru OIpaBKH,
00yMOBIIIOE€ HAsBHICTH BIJUCHTPOBHX CHII iHEpLii. Y CBOIO 4epry, CHIA 1Hepu11
BUKJIMKAIOTh JI0AATKOBY JedopMallito oInpaBKU. BennunHa BIAIEHTPOBOI CHUIIU
iHepuii g, AKa Jie Ha onpaBKy, Oyjie 3MiHIOBaTUCA 1o AoBX)uHi (puc. 1). Ii MoxHa
NPEICTaBUTH K (PYHKLIIO BlJ 3MIHHOI Y, /1€ Y — BEeIMYHMHA Jedopmalii OnpaBKH,
SKa y CBOIO Uepry 3aJeKUTh BIJ X.

[HTEHCHUBHICTD PO3MOIICHOIO0 HABAHTAXKCHHS BiJI Bard ONMPaBKU CTAHOBUTH
qo =m*D?-p-g/4, H/™M, a BiALEHTPOBI CWIM iHEpLii, O IiIOTH HAa OMPABKY,
Giw =17 D?-p-w?-y(x)/4, H™ (g — npuckopeHHs BinbHOro maminus, H/kr;
p — TyCTHHA MaTepiaiy onpaBkH, Kr/m>).

Jns BusHaueHHs JiHIMHMX aedopmanin Yy, ~ 3anumieMo audepeHmiine
PIBHAHHSI BUTHYTOi OC1 Oasiku 4-T0 MOPSAKY 3 BpaXyBaHHSM BJIacHOi Baru Oajiku 1
BIJILICHTPOBUX CHJI IHEPIIIi:

EIyIV(x) = qo + qu(y(x)) (2)
Voro 3araibHuil po3B’s30K Ma€e BULIS
Y(x) = Cl -sinkx + CZ -cos kx + C3 . pkx + C4 .o kx _%’ (3)

ne Ci,C,, C3,C, — TIOCTIHHI KOCQIIEHTH, IO 3 SBISIOTHCA B XOJII PO3B’SI3aHHS
nudepeHIiiiHOro piBHSHHA TpPHU BBEJEHHI MOYAaTKOBUX yMOB, k =m-D%:p-
w?/(4-E-1) 1a b=m-D?*-p-g/(4-E-I) — xoediuicHTn, BBedeHI I
3pYYHOCTI 3HaXOJIPKEHHS PO3B’SI3KY.

3a piBasHHAMH (1) Ta (3) mpoBedeHI PO3PAXyHKH Yy TMPOTPAMHOMY
3abe3neueHHi Mathcad, pesynbratu skux aas ompaBku JoBxkuHOK L = 300 MM
NpeCTaBJICHI Ha puc. 2.
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BcraHoBneHo, 1110 TPY HU3bKUX YacTOTaxX OOepTaHHS MIMUHAEN HAHOUTbIIni
BIUIMB Ha TOYHICTh MA€ pajiajibHa CKJIaI0Ba CWIM pi3aHHs. Bara ONPABKH Ta CHJIA
1HepIIli, sIKa Jli€ Ha OMpPaBKYy, TPU3BOATE 110 3MEHILCHH TOYHOCTI, OJIHAK i1 BIUIUB
nenio MeHmui. BriuB cun iHepiiii Ta Barv 1IHCTPYMEHTa HA TOYHICTh HAalMEHIII.
Ipu 30inpIICHHI YaCTOTH OOCGPTaHHS MIMHMHACHS N0 BETHYHMH, XapakTePHHUX Ui
BHYTPIIIHBOrO mmq)yBaHHﬂ 3HaYHO 30UIBIIYETHCA dYacTka nedopmariii mifg
BIJTUBOM CHJI 1HEPITIH.
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Puc. 2. 3anexHicth niHIAHOT AedopMaliii onpaBKu Y0or M €0 BJIACHOI
Barv Ta CWJI 1HEPIli BiJ 4aCTOTU 0OEpTaHHS IITUHICTS N

3anporoHOBaHO  NPAKTUYHY  pealli3allilo  pe3ylbrariB  BUKOHAHUX
TEOPETHUYHUX TOCII)KECHb.

Ilpn  TpaguiifiHOMy  PO3MIPHOMY  HAJarO/DKCHHI ~ TOPH3OHTANIbHO-
PO3TO4YYBAILHOTO BEPCTATa, KOIM BEPIINHY IHCTPYMCHTA BCTAHOBIIIOKOTH Y TOYLL,
o BIAMOBiZaE pobosoMy HAJIArOJUKYBAIILHOMY posmipy 1 mpu LBOMY
KOHTPOJIIOIOTH CITIBBICHICTh PO3TOYYBaJIbHOI OMpPaBKU 1 0OpOOIIOBAHOTO OTBODPY,
MO)KHA OTPUMATH TIOXMOKY, SIKa B JESKHX BHITQJIKaX IEPEBUIIYE BEIUYUHY
JIOMYCKY Ha MPOCTOPOBE po3TallyBaHHs oci [4, cTop. 268]. 3ampornoHoBaHo crocio
HAJIaroJKEHHs] KOHCOJBHOTO 1HCTPYMEHTa Ha TOPU30HTAIBHO-PO3TOYYBAIHHOMY
BepcTari [5], mpu SKOMY pO3TOUYBaJbHY OINPaBKy | BCTAaHOBIIOIOTH BIIHOCHO
00p00JIFOBAaHOT'O OTBOPY 3aroTOBKHM 2 Tak, 00 BIiCh mIMUHAENAS 3 Oysa BHIIE OCi
OTBOPY Ha BEJIMYUHY KOMIEHCAUIT Viouny (PHC. 3).
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N

3
<
—
—______J_____ i

Puc. 3. Cxema oOpoOseHHS OTBOPY Ha TOPU3OHTAIBHO-PO3TOUYBAJIHLHOMY
BepCTaTi

3anponoHOBAaHO  TaKOXX  KOHCTPYKIIIO  BHYTPINIHbO-TLII(QYBAIBHOTO
Bepcrarta [6], y SKOMY IiHIilHI JedopMallii, MO0 BUHUKAIOTH ]I BILTUBOM
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pamianbHOi CKIagoBOi CcuimM pisanHsa P, Ta Barum mutidysanbHOi onpaBku G,
JaCTKOBO B3a€EMOKOMITCHCYIOTBCSI Yepe3 Pi3HOCIPSIMOBAHICTh BEKTOPIB ITUX CHII

(puc. 4).
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Puc. 4. Cxema cun, ski Ail0Th Ha UHUTI(QYBaJIbHUN IINUHACID NpPH
BHYTPIIIHHOMY LUTIQyBaHHI

BMCHOBKU

3a pesynbTaTaMH JOCITIDKCHb BCTAHOBICHO BIUIMB CHI, IO JHIOTH Ha
IHCTpyMCHTAIbHY ONPaBKy Ta MPU3BOLSTE N0 3MCHIICHHS TOYHOCTI IIPH
posTodyBaHHI Ta MUT(QyBaHHI TIMOOKHMX OTBOPIB; 3aIPOINOHOBAHO CIOCIO
HAJIATOJKCHHS TOPH30HTAJIbHO-PO3TOUYBAIILHOIO Ta KOHCprKImo BHYTPIIIHbO-
nutipyBaIbHOTO BEPCTATiB, SKi MOMATAlOTh y KOMIICHCALi eIEeMEHTapHHX
HOXUOOK, 10 BUHUKAIOTH 1]l BIUIMBOM CTaTUYHUX Ta JUHAMIYHHUX HABAaHTAKEHb.
[InanyroThCs MOJABII JOCHIJKEHHSI CTIMKOCTI 1HCTPYMEHTAJbHUX OINPABOK 1
BUIIAJIKIB BTPATH CTIMKOCT1 3 BUKOPUCTAHHSM TE€OPii MEXaHIKU CTPUXKHIB.
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YK 658.512
IMerpenko FO.A., Muxaiinosa A.l. (Vkpaina, m. Xapkis, XHAJLY)

KOMITI'IOTEPHA TEXHOJIOI'TA ABTOMATHM3AII
YHPABJIIHHA CUCTEMOIO IIAI'OTOBKU BOAU HA ATII

Y emammi poszensanymo npoyecu po3pobku Komn tomepHoi mexHoni02ii nio2comoexku 800u
0l A8MOMPAHCNOPMHO20 NIONPUEMCMBA, A MAKONC BUKOPUCMAHHA Memooy HNPUUHAMMSA
piuensb 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 manwmii yac aBroTpancnoptHe mianpuemMctBo (ATII) € mocuth BenuKuM
CIO’KMBaueM BOJU. Y 3B’A3KY 3 IIUM BHHHMKA€ HEOOXITHICTH Yy MIATOTOBIIl BOJU
oe3nmocepenHbO ~ HA  MIJIPHEMCTBI. ABTOTpAaHCIIOPTHE  MIAIPUEMCTBO
BUKOPUCTOBYE: TEXHIYHY BOJY Ha BUPOOHUY1 TOTPEOH Taki K MUTTSI aBTOMOO1ITIB,
MUHKY TUIOr 1 T[OJHMB TEPUTOPIi, TMOXKEKOraciHHSA; NUTHY BOAY I
rOCIOAAPChKO-MIUTHUX Ta AYIIOBUX NOTPeO; AUCTWIHOBAHY BOJY Ha TEXHIYHE
00CITyroByBaHHS Ta peMOHT [1].

AHa3 OCTaHHIX JOCHIIKEHb IMOKa3aB, IO HAa JaHWUK Yac 3alpOrOHOBaHI
CUCTEMU BOJIOOYHUCTKH BPaxOBYIOTh JIMIIIE MIATOTOBKY MUTHOI Boau. JlaHa poGoTa
nependayae po3poOKy CUCTEMH IMIATOTOBKU BOJHM, IO JIO3BOJUTH OTPUMATH BOIY
TEXHIYHOT'O NMPU3HAYCHHS, ITUTHY, & TAKOX JUCTHIHOBAHY BOMY.

Metoro po0GOTH € MiJABUINEHHS €(QEKTUBHOCTI MIATOTOBKU BOJIW JJIst
ABTOTPAHCIIOPTHOT'O MIAMPHUEMCTBA 3a PaxyHOK pO3POOKH KOMIT IOTEPHOT
TEXHOJIOT1i, 0 peanizyerbes B mporpamHomMy nakeri SCADA Trace Mode.

3 MeTOow aBTOMAaTH3allll MpoIecy 3HE3apaKeHHS BOJU, HEOOXITHO
BpaxoByBaTH, 10 NPUUHATTA pilieHHsS BHOOpPY 3aco0iB  aBTOMaTH3aIlil
BIIOYBA€ETHCS 3 ypaxyBaHHSAM HEUITKOI NEPBUHHOI 1HPOpMAIIii.

J171s1 OLIIHKH SIKOCTI ITiATOTOBJICHOT BOJM BUKOPHUCTOBYIOTHCS TaKi KpUTEPIi:

— SIKICTh BOJIHM, IIIO TTOCTYTAE 10 OAKTEPHUIIMIHOI YCTAHOBKH,

— pIBEHb CBITJIOBOrO TMOTOKY JaMIIH, Bij SIKOTO 3aJICKUTh PIBEHb OMOPY
OaxTepiit;

— 3arpeOyBaHICTh B BOJII;

— yac nepe0yBaHHS BOJU B YCTAHOBIII.

Jls1 aBTOMaTHU3allil MpoLecy BOAOIMIATOTOBKH, HEOOX1THO TPOBE3TH 3MIHU B
CTPYKTYPY CHCTEMH YNpPaBIIHHS YyCTAaHOBKOIO, BBIBIIM OJIOK HEYITKOTO
yrpasiiHHs (pucyHok 1.1) [2].
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B1ox HEwiTKOTO peryItoBaHHS

baza npasun

HEYITKHX 4
TIPOTYK LI
l |/
2 : 3 5
L i Heuitkwmit S L Bakrepunumna —>
? Dazzudikamnis N J— Jedazzudixamis yetaroska  —

JlaTunk BUMiprOBaHHs
inTencuBHOCTI Y @
BUIIPOMIHIOBaHHS

1 — sxicTh Boau; 2 — 3aTpeOyBaHICTh B BO/II; 3 — yac nepeOyBaHHs BOJIM B YCTaHOBII; 4 — Boa; 5
— OYMIICHA BOJA; 6 — IHTEHCUBHICTh Y ® BHUIIPOMiIHIOBAHHS.
Pucynok 1.1 — CTtpykTypa cCUCTEMH HEHITKOrO YIPaBIIHHS MPOLIECOM
aBTOMaTH3allli 3He3apakeHHs BOJIU

B sxocTi BX1THUX JIHTBICTUYHHUX 3MIHHUX OYJIO BUKOPUCTAHO:

a) SKICTb BOJAM, IO TMOCTYIA€E 1O OAKTEPUIMIHOI YCTAHOBKU: ( — «SKICTh
BOJIH;

b) piBeHb CBITJIOBOrO MOTOKY JIAMIIH, BiJl SIKOTO 3aJIC)KUTh PIBEHb OMOPY
OakTepiil: 1 — «IHTEeHCUBHICTh Y ® BUNPOMIHIOBAHHS;

C) 3aTpeOyBaHICTh B BOJI: N — «3aTPeOyBaHICTh B BOJIN.

B sKkocTi BHMXIJIHOI JIHIBICTUYHOI 3MIHHOI OyJl1O0 BHUKOPUCTaHO Yac
nepeOyBaHHS BOAM B YCTAHOBIIN: S — «Jac nepe0yBaHHs Boam» [3].

Ha pucynky 1.2 npuBeaeHa MoOjeNlb HEYITKOTO YIPABIIHHS MPOIECOM
3HE3apaKCHHsI BOJM Ha OCHOBI aaroputMy MamuaHni 3a gonomororo MATLAB [4].

Pucynok 1.2 — PesynpTar pob60TH MOJIE/1 HEUITKOTO YIPABIIHHS MPOIECOM
3HE3apaKCHHS BOJU
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Ha ocHOBI po3po0sieHOT MOJeNi HEYITKOro YINpaBiIiHHA Ta OTPUMaHHUX
pe3ynbTaTiB Oyno oOpaHO BIAMOBITHUN YIbTPadioNeTOBUN 3HE3apa)KyBad, IO
HEOOX1HUH /I OUMILEHHS BOJU J0 CTaHy MUTHOI.

Jlns migBuiieHHsT €(peKTUBHOCTI MIATOTOBKU BOJU JJISI aBTOTPAHCIIOPTHOTO
HiANPUEMCTBA HEOOXITHO PO3POOUTH KOMIT IOTEPHY TEXHOJIOTIIO0 32 JIOTIOMOTOI0
nporpamHoro makera SCADA Trace Mode. Ile no3Bonuth aBTOMAaTHU3yBaTH
MIPOIIEC MiATOTOBKH BOJIH.

SCADA Trace Mode — 1ie crieriaaizoBaHHi KOMIUICKC PIllIEHb I BEPXHIX
piBHiB ACYTIIL. fBnsie co000 €IMHUI MOTYXHHI amapar CUCTEM PO3POOKH, B
SAKUW BXOAUTH OLIBINE JECATKA PI3HUX PENAKTOPIB MPOEKTIB JJisi BEPXHIX PIBHIB
ACY [5].

Ha pucynky 1.3 HaBegeHa KOMIT IOT€pHA TEXHOJIOTIS MIATOTOBKUA BOIHU IS
aBTOTPAHCIIOPTHOIO MiANPUEMCTBA.

10

1 — momaua Bonu Ha ouucHi ciopyau; 2, 8, 11, 16, 19, 23 — xnaman; 3, 9, 17, 24 — Hacoc; 4 —
JaTYUK TUCKY BOJU; 5 — (QUIBTP 3HE3aNI3€HHA; 6 — (QUIBTP MOM’SKIICHHS; 7 — KOHTPOJIbHUI
¢inbTp; 10, 18, 25 — natuuk ButpaTH Boau; 12 — ynbTpadioneToBuil 3He3apaxyBay; 13, 21 —
JTATYUK PiBHS BOAU; 14 — eMHICTB 1715 30epiraHHs MUTHOI BOAX; 15 — AaTYMK XIMIYHOTO CKJIATy
Boau; 20 — qucTunATOp; 22 — EMHICTD JIst 30€piraHHs JUCTHIIHOBAHOI BOIH.

Pucynok 1.3 — KoM toTepHa TEXHOJIOT1S TIATOTOBKH BOJIU

[Mpunuun naii. HeouummieHa Boja TOJAaeTbcs Ha OYMCHI CIOPYAM 32
JIOTIOMOT' OO0 KJ1armaHa 2 Ta Hacoca 3. PiBeHb THCKY BOAM KOHTPOJIIOE NATYUK 4.
Bona magxomute 10 OnoKy GimbTpalii, e TPOXOAUTh MEXaHIYHY OYHCTKY, IO
BKJIFOYA€ B ceOe: PUIbTp 3HE3ali3eHHS 5, QUIBTP MOM SIKIIIEHHS 6 Ta KOHTPOJIbHUMN
¢ubTp 7. BindiuieTpoBaHa Boia po3NOAUISAETHCA B TPU 30HU:

— 30HY Mojayl TeXHIYHOI Boau. TexHIYHa BoJa MOJAETHCS CHOXKUBAUY 3a
JIOTIOMOT OO0 KJ1anaHa 8 Ta Hacoca 9. Butpary Boay KoHTpotoe nqatuuk — 10.
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— 30HY HIATOTOBKH 1 Mojayi MUTHOI Bojau. Boga 3a JormoMoror KiamaHa
11 nmoctynae B yabTpadioneroBuii 3He3apaxysad 12. OunineHa BoJa HaIXOIUTh B
€MHICTh JJ1s1 30epiraHHs TUTHOI Boau 14. PiBeHb BOAM KOHTPOJOE AaT4yuk 13.
XiMIYHUH cKi1aa BOAW KOHTpoutoe natuuk 15. [IuTHa Bojla MOJA€ThCs CIIOKUBAUY
3a JIONOMOroro kianana 16 ta Hacoca 17. ButpaTy Boiu KOHTPOJIIO€E JaTyuK 18.

— 30HY HIATOTOBKHM 1 TMOjayi JUCTUIBbOBAHOI BOaW. Boma HamxomuTth 10
muctuisitopa 20 3a qonoMororo kianada 19. OuuineHa Bojia IOCTyNae B €EMHICTh
U1 30epiraHHs AUCTHILOBaHOI Bojau 22. PiBeHb BoauM KOHTpoONiOoe AaTduk 21.
Bona nmomaerscst cnokuBauy 3a JI0MOMOTror kiamaHa 23 ta Hacoca 24. Butpary
BOAY KOHTPOJIIO€ TaTuuK 25.

BucnoBku
Taxum ynHOM, OYJ10 3aITPOIIOHOBAHO KOMIT IOTEPHY TEXHOJIOTIIO MiITOTOBKU
BOAM JUIsl aBTOTPAHCIIOPTHOIO MIANPHEMCTBA, M0 Oymna po3poOieHa B
nporpamHoMmy makeri SCADA Trace Mode. 3aBasku BHpOBaKEHHIO JTaHOT
TEXHOJIOT1i MiITOTOBKM BOJAM MOKHA OTPUMATH IMIJITOTOBJIEHY JJisi BXKUBAHHS
NUTHY BOMY, BOAY TEXHIYHOTO MPU3HAYCHHS Ta SKICHY AWCTUIHOBAaHY BOJY, a
TaKOX CKOPOTUTH BUTPATH HA BOJIOMIOCTAYaHHS.

[Tepernik mocwuianb
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VJIK 621.757

Ileuenka B.JI., nayu. xep. KoBanesckuii C.B. (Ykpaina, M. Kpamaropchk,
JlonbOackka JiepkaBHa MAlIMHOOY/TIBHA aKaJaeMis)

AHAJII3 TEXHOJIOI'TYHUX ITPOLECIB CKJIAJIAHHA
I'PYINIOBUX BOJITOBUX 3’€EJHAHDb BEJIUKOI'ABAPUTHUX
PEAYKTOPIB

Y cmammi nadan ananiz mexwonociuHuUX npoyecié CKIAOAHHA 2PYNOBUX OOIMOBUX
3'eonans pedyxkmopis. OchosHa yeaza Npuoilaemvcs egeKmueHocmi 3aCmoCy8anHHs AHATIZY
3a804KU  8IOpodiacHOCMUYI HA OCHOBI AKYCMUYHUX CUCHANIE BUHUKAIOYUX NpU 30)0JiceHi
PE30OHAHCHUX 4aCmOm KOHCMPYKYILL.

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.

3abe3nedyeHHs] BUCOKOI HaAIMHOCTI TpaHCMicli poOoYoro opraHy BHUpPOOY,
JIOBTOBIYHOCTI, CTaOUIBHOT ~ mepefadyl  KPyTHOTO  MOMEHTY,  HEOOXITHICTh
3a0€3MeUnTH AKICTh MEXaHI3MIB - BaXJIMB1 XapaKTEPUCTUKH OyAb SIKOT MAIIMHHU.

Bix nporo 3anexuTh npane3/laTHICTh MAIIUHHU 1 AKICTh POOOTH BUKOHABYOI'O
MmexaHizmy [1]. Ogaum 3 peanizailiii Takux MaIivH € PeayKTop.

3a0e3neueHHs SIKOCTI PEayKTOpa IUKTYEThCS TEXHIYHUMHM BHMOTaMU 3a
KpPECJICHHSIX, 1[Il BUMOTH 3a0€3MeYyloThCS KOHTPOJIEM pPEIyKTOpPIB Ha eTamax
BUT'OTOBJICHHS Ta BUIIPOOYBaHHs [2].

Haiikpaiue ysiBIeHHS PO AKICTh PeIyKTOpa J03BOJIsE 3pOOUTH KOMIUIEKCHA
OIlIHKA Tpale3aTHOCTI pPEeIyKTopa BHUKOHYEMa ITii HaBaHTaX€HHsIM abo 0e3
TaKOIro Ha OCHOB1 BIOPO/1arHOCTHUKH.

Peectpariisi ocobnmuBocTeld poOOTH PEIYKTOpa BUKOHYETHCS 32 JTaHUMH
BIOpalliiHUX CUTHAJIB, sIKI OyayTh OTpUMaHi Bxe 310paHoro penykropa. I 1e
J03BOJISIE KOHCTAaTyBaTW (DakT BIANOBINATH HEOOXigHMM mapamerpam. llpu
HAsIBHOCTI1 BIJXUJICHb BUPIO MOXKe OyTH HAIlpaBJI€HO Ha JOOIMpPAIFOBAHHS.

OcHoOBHa 1/1€d 3alpPONOHOBAHOI pOOOTH MOJSAraE B TOMY 1100 cpopmyBaTu
HEOOX1H1 IIarHOCTUYHI IMapaMeTpu B XO1 CKJIaJaHHsS Ha BCIX €Tanax CKJIaJaHHS
BKJTFOYAIOUM 301pKy MpecoBUX 1 00NTOBUX 3'eqHaHb. I{e Moke OyTH JOCATHYTO Ha
OCHOBI1 aHaJi3y aKyCTUYHUX CHUTHAJiB BHHHUKAIOUWX TpU 30YIKEHI pPEe30HAHCHHUX
4acTOT KOHCTPYKIiit [3].

Pe3oHaHCHI KOJIMBaHHS NPOMOHYETHCS BUKJIMKATH HAa BUPIO HIMPOKO-
Jlana30HHUM CIIEKTPOM CUTHAJIIB PIBHOI aMILTITY/IH.
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KOHMPOJIb NOCAOOK NIOWUNHUKIB)

Pucynok 1. - KonTposnb mapamerpis.

B pesynbTaTi QikCyroThCS aMIITYTHO - YACTOTHI XapaKTEPUCTUKHA BUPOOY 3
BUJIIJICHHSIM €JIEMEHTIB CIIEKTpa B1JIMOBIAI0UOTr0 32 111 TapaMeTpH.

3okpemMa MpU KOHTPOJl OONTOBUX 3'€JHaHb MOBUHHI OyTH 3a0e3mnedeHi
OJTHAKOBl YaCTOTHI [Iala30HU BIATYKY TMapamMeTpiB OONTOBUX 3'€JHAHb,
PEeKOMEHJI0OBaH1I YacTOTHI JIlala30HM MMapaMeTpiB  TMOCAAOK  ITiIIUITHHUKIB,
napameTpiB MPUJISATaHHS TUIONTHH.

Jlst Toro mo6 Taka po6oTa Oyia BUKOHAHA MOBUHHI OyTH chOpMOBaHI 1H-
dopmarriiti 6a3u aMILTITYJHO -  YaCTOTHHX XapaKTEPUCTUK  OKPEMO  B3SITHUX
00TOBHUX 3'€JHAHB, TAK HaMpUKJIIaI SIK 11€ 3pO0JICHO B
poOoti KoBanescbkoro C. B.  AKyCcTMYEeCKMH  KOHTpOJIb  YCHUJIUSL  3aTSKKU
MHOT'00OJITOBBIX COSAMHECHHI HA OCHOBE HEMpoceTeBoro ananmsa [4].

dopmyBaHHs Takoi 1H(opMalliitHoT 0a3u Moke OyTH BUKOHAHHIO HA OCHOBI
3aCTOCYBaHHS TmporpamHoro 3a0esmeueHns  \Wawetools 3 mporpamHuM
reneparopoMm curHamie tumy White 1 anamizatopa cmekrpa uactot Analisist.
Analisist - amnamizaTop CHEKTpy YacTOT J03BOJIsIE OHU(PYBATH AMILTITYIHO-
YaCTOTHY XapaKTEPUCTUKY KOKHOTO 00'€KTA.

PoGotu 3 niarHOCTHKM BeAyThCS B Jiabopatopli mpoOseM, po3polbrieHa
METO/IMKA 1 B)KE BUMPOOyBaHA Ha Pi3HUX OO'KTaxX JIsi CTBOPCHHS MaTEMaTHYHHX
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mojienelt mux o0'kTiB. B ganuil yac npoBoautbes 30ip iHGOpMaIiooHOM 6a3u i
KOHKPETHI MOJIEITI PEAYKTOPIB.

OCKUIBKH aMIUTITYJTHO - YACTOTHI XapaKTepUCTUKHU BUPOOY, 110 30UpaeThCs
NOBUHHI 320€3MEeYNTH aMIUTITYITHO - YAaCTOTHI XapaKTePUCTUKU BUPOOY B MOMEHT
BUIIPOOYBAaHHSA, TO HACTYIIHUM €TalOM BCTAHOBJIEHHS B3a€MO3B'SI3KY MIXK
310paHuM BHUPOOOM 1 HOro amIuIITYJIHO - YACTOTHUMHU XapaKTEPUCTUKAMHU MpHU
BUNIPpOoOyBaHHI. L{e mMOBUHHO OyTH BUKOHAHO 3 METOIO IMTPOrHO3YBaHHS.

AYX ckimamaHHsg
PEAYKTOPIB

[npopmamiitna 6aza AUX
CKJIaJaHHs

AUX penykropa [apopmarmiitaa 6aza AUX
IpHU BUIPOOYBaHHI1 BUNIPOOYBaHHS

J

CTBOpEHHS MPOrHO3HOI MOJIEN1 /1711 BCTAHOBJIEHHS €KCILTyaTaIlliifHOr O pecypey
BUPOOY

BUCHOBOK
Ha ocHOBi aHamizy nBox iHQopmaiiiHux 0a3 3aljIaHOBaHO
chopMyBaTH HOBY MaTeMaTUYHY MOJICNIb IIIO JIO3BOJISIE IPOTHO3YBATH 1
YIPABJISATH PECYPCOM BUPOOY Ha €Tarll Horo CKIagaHHs.
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MIHCHAPOOHOT HayKko8oi KoH(epenyii / 3a 3ae. ped. C. B. Kosanescvkoco. — Kpamamopcok:

JUIMA, 2016. — C. 79-83.
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IloGopueB A.I'. marictp, Hayk. Kep. K.T.H., joi. IlikiieHak A.B.,
(KpuBopi3bkuii HalioHaTBLHUN yHIBEpcUTET, M. KpuBuii Pir, Ykpaina)

YIIPABJIITHHA KUTTEBUM HUKJIOM BUPOBY HA
MAIIWHOBYAIBHUX IMIAITPUEMCTBAX KPUBOPIAKKA HIJIAXOM
BITPOBAJ/IZKEHHS TEAMCENTER PLM

Y cmammi euxnadeno nioxio Mmooxciugoeo nidguwjeHHs egekmusHocmi  pobomu
BUPOOHUYMEA 3a PAXYHOK BNPOBAONCEHHS CYYACHUX KOMN TomepHUx mexnonoaitl, wo 6ionosioas
Ou c8IMosUM MeHOeHYIAM PO36UMKY NPOMUCIOBOCMI ma 0)8 3ACHOBAHUN HA MAKCUMATbHO-
ehekmueHoMy GUKOPUCMAHHI KaOpis, mMamepianvbHoi 6asu, npocpamuo2o 3abe3nedeHHs, niouy
BH3 i nionpuemcmaa.

Ha 6arateox mianpueMctBax KpuBOpixoks BIICYTHE 3a0€3MIE€UCHHS €IMHOTO
JUKepella 3HaHb MO BUPIO, TOMY MPH ICHYIOYIA CHCTEMi YHpPaBIIHHS JKUTTEBUM
IUKJIOM BHUPOOY HE MPEJCTABISIETHCS MOMJIMBUAM MiABUIIEHHS €()EKTUBHOCTI
pobotu mignpueMctB. CucTeMa yIpaBIiHHS JaHUMH, sIKa BUKOPHUCTOBYETHCS Ha
HiAMPUEMCTBAX HE 3a0e3redye HAOYHOCTI, 10 HEOOXiJHa, SK JOCBITYECHUM
ImKeHepaM, Tak 1 MojonuM (paxiBIsgM. BigcyTHICTH KOHTPONIO HaJ >KATTEBUM
IUKIJIOM BUPOOY, MPU3BOJUTH 0 JOJATKOBUX BUTpPAT.

JUis BUpIIIEHHS LMX MpoOJIEeM JOLUIBHUM € BHKOPHUCTAHHS Cy4acHHUX
CUCTEM  YIpaBIiHHSA  JKUTTEBUM  IHMKJIOM  BHpPOOYy Ta  MiJrOTOBKA
BUCOKOKBaM(pikoBaHUX  (axiBLUIB 13 3HAaHHAM LHUX cucTeM. [loTyXHUM
IHCTpyMEeHTOM Ha puHKy PLM cucrem BucTynmae mnporpaMHUNA TPOIYKT
Teamcenter PLM Bixg Siemens PLM Software 6i3Hec-miapo3ainy aenapTaMeHTy
Digital Factory Himenpkoro koHuepHy Siemens AG - 0OZHOro 3 NPOBIAHHUX
MOCTAaYaJIbHUKIB MPOTPaAMHUX 3aCO0IB 1 MOCIYT 3 YIPaBIIHHS KUTTEBUM ITUKIOM
BupoOu (PLM) 1 ynpaBiiHHS TexHOJOrYHUMH Tipouiecamu (MOM).

Cucrema 103BOJISIE:

- OpraHizoByBaT  €(eKTUBHE  BUKOPUCTaHHS  IEPEJOBUX  CHUCTEM
MPOCKTYBAaHHS Yy TIPOIeCi pO3pOOKH, THUM CaMHUM, JOMOMarae TepedTHu Bij
BUKOpHcTaHHs 3D monenel, K BUXIIHUX JaHuX 111 odopmieHHs 2D kpecneHs,
1o Bukopuctanus 3D mMoneneit B IKOCTI OCHOBHOT'O JOKYMEHTY, SIKHH MICTUTh YC1
naHi mpo Bupi6. lle TPUBOAUTH 10 CYTTEBOrO IMMABUIIEHHS €(QEKTHBHOCTI
Bukopuctanus CAD/CAM/CAE cucteM miANpUEMCTBA, IO MPU3BOAMTH JI0
CKOPOYEHHS TEPMIHIB BiJ MOYATKy PO3POOKH O BUTOTOBJIEHHS NEPIINUX 3pa3KiB B
2-3 pasm.

- opMyBaTH Ta BUKOPUCTOBYBATH 3arajbHy 0a3y JaHUX Npo BUPIO Ta
MIPOIIECH, K1 IPU3BOAATH JIO ITIIBUIICHHS SKOCTI KOHCTPYKTOPCHKOI TOKYMEHTAITi1
Ta CKOPOUYEHHIO KITIBKOCTI 3MIH 3aBJSIKA BUKOPUCTAHHIO 3arajbHUX 0a3 JaHUX Ta
oOMeXyBayiB MaTepialliB, CTaHAAPTHUX Ta MOKYINHHUX BHUPOOIB, a TaKOX
TEXHOJIOTTYHUX JOBITHUKIB. CKOpOUYEHHSI TEPMIHIB MiATOTOBKHM BUPOOHMIITBA 3a
paxyHOK MOCTiiHOro oOMiHY iH(popmalniero 3 koprnopatuBHoo ERP cucremoro
TiANPUEMCTBA JAHUMU TIPO CKJIaJ BUPOOY Ta JAPYTUX KOHCTPYKTOPCHKUX JAHUX,
HEOOXITHUX JJIA 3aKyloK Ta IUIaHyBaHHS BHUPOOHHUITBA. CKOpPOYEHHS Yacy
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nomyky iHndopmariii Ta 9rciia TOMHJIOK, 3B’ SI3aHUX 3 BUKOPHUCTAHHSIM 3aCTapiiux
JTaHUX.

- OpPraHi3oBYBaTH CIUIbHY Y3TOMKEHY POOOTY KOHCTPYKTOPIB HaJ €IUHUM
€JIEKTPOHHUM MaKeTOM BUPOOY, 110 BeJle K 3HAUHOMY CKOPOUEHHIO KUTBKOCT1 3MiH
KOHCTPYKIIIM Ha MI3HIX CTaligX MPOEKTYBaHHS BUPOOY Ta IpHU HOTr0 BUTOTOBIICHHI
3a paXyHOK CKOPOUYEHHS KiJTbKOCTI KOHCTPYKTOPCHKUX MOMUIIOK.

- Opra”i3oByBaTH MHapajieibHy poOOTYy HajJ BUPOOOM KOHCTPYKTOPCHKHX Ta
TEXHOJIOTTYHUX CIYXO, 110 J03BOJISIE€ CKOPOTUTH TEPMIHM BIAMPAIFOBAHHS BUPOOY
HA TEXHOJIOT'TYHICTb, 3aBJSKH JOCTYIHOCTI €IEKTPOHHOI0 MAaKeTy TEXHOJIOTTYHUM
cryx0aM Ha paHHIX CTajigX WPOEKTYBaHHS BHPOOY, AakKTyaJbHICTh Ta
OJIHO3HAYHICTh 1H(OpMaIlli, 3 SKOIO MPALIOIOTh TEXHOJIOTTUHI CITYKOH.

- HaJlaBaTH JOCTYIl /IO JaHHWX yCIM y4JaCHUKaM IPOEKTY HE3AJIEKHO BIJ iX
reorpaiuHOr0 TMOJIOKEHHSI POOUTH iX B3a€EMOJIIIO OLIBII €PEKTHBHOIO, CKOPOUYE
Yyac Ha MPOEKTYBaHHS BUPOOY Ta MIJBULLYE SKICTh IPOLYKIIII.

- popmanizyBaru mnporecu podotu 3 3D MoaensMu, CTBOPUTH TEPEAYMOBU
10 npucBoeHHs1 3D Mojeni cTtaTycy NEpBUHHOIO JOKYMEHTY, MpPU LIbOMY 3HAYHO
CKOPOYYIOTBCSL TEPMIHU TEXHOJOTIYHOI MIATOTOBKM BHUTOTOBJICHHS 3aBISKH
BUKOpucTaHHO 3D Mojenel 11t po3poOKH Mporpam YIpaBlIiHHS JJIsI BEPCTATIB 3
UIIK Ta npu NpoeKTyBaHHI OCHACTKH.

Cucrema Teamcenter BUKOHy€e MDKIUCIUIDIIHAPHE YNPABIIHHSA MPOIecaMu
NPOEKTYBaHHs Ta YHCETHLHOTO MOJETIOBAHHA 3a PaXyHOK IHTErpallii 3 cucTeMaMmu
MCAD, ECAD ta iHmmM#u poOOYMMH MpOIIECAMH BHUTOTOBIICHHS BHPOOIB.
[HTerpamis pi3HOMaHITHUX 3aco0lB aBTOMAaTH3allli MPOEKTYBaHHS 3 CHCTEMOIO
Teamcenter 3abe3nedye MOXJIMBICTh CTBOPEHHS €JUHOI CUCTEMHU YIPABIIHHS
BUTOTOBJICHHSIM Ta YHUCETLHUM MopemtoBaHHSM. CHCTeMa IHTETPYEThCA Ta Mae
MO>KJIMBICTh IMIOPTY/EKCIIOPTY 3:

- CAD/CAM nanumu, siKi CTBOPIOIOTHCSA B PI3HHX CHCTEMaX MPOEKTYBAHHS:
NX, Solid Edge, Catia, Creo (Pro E), Solid Works, Inventor, AutoCAD, Ta iHIIuX;

- 3 Oynp-skumu CAE nanumu, siki cTBOprOOThCA y cuctemMax NX Advanced
Simulation (NX Nastran), Femap, Ansys, MSC Nastran, Abaqus Ta iHIIIHX;

- 3abe3meuyeThcsi NOCTyn 10 JaHux Teamcenter 13 gomarky Microsoft —
Word, Excel, Power Point u Outlook. Hampuknan, mpouemypu y3romKeHHS
MOXYTh BHKOHYBaTuCh B Outlook, a odopmiieHHS 3BITIB, 3aCHOBAaHUX Ha 3MICT1
BupoOy B Excel;

- 3 CIeliaJi30BaHUMH JI0AaTKaMH 10 CTBOPEHHIO TEXHIYHOI JOKYMEHTAIlli -
Cortona 3D, XMetal Author, ARBORTEXT ra iHmmmu;

- 3a0e3meuyeThes 30epirants Ta YIpaBiIiHHS €IeKTPOHHUMH JaHUMHU y OyIb-
SKUX hopmaTax.

Teamcenter ciyuTh HE TUIBKM 3arajbHUM JIPKEPEJIOM 3HAHHS MpO BUPIO,
KpIM IIbOTO HAJa€ HIMPOKWNA HAOIp IHCTPYMEHTIB JOCTYyNy K IIUM 3HaHHSIM.
3acHOBaHE Ha TPyMax, poOJiSX Ta MEPCOHAIBHUX JAHUX PO3MEXKYBaHHS JOCTYILY
JI03BOJISIE OPTaHI3yBaTH MapajelibHy poOOTY HaJ OJHUM BUPOOOM YCIX YJaCHHUKIB
MPOEKTY, Ta 3a0€3MEUUTH BUKOHAHHS BHUMOT 1O KOHQIICHIIIHHOCTI Ta 3aXHUCTY
iHpOopMarii.
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Teamcenter BOJIOJII€ PO3BUHEHOIO CHCTEMOIO eIIEKTPOHHOT O
JTOoKyMeHTooOopoTy (0i3Hec mporecamu) TMOOYJOBAaHOTO IO ACUHXPOHHIN
apXITEKTypi, IO JO3BOJISIE MPOBOJUTH OJHOYACHI Y3TOKEHHS OLIBIIOI YacTHHU
JaHUX 0€3 3HUKEHHS MPOTYKTUBHOCTI CUCTEMH.

[Tincucrema ynpapiinHs 013HEC MpoliecaMu y Teamcenter 103Boise:

-rpadiyHO ONUCYBaTW TMpPOLEAYPH BHUKOHAHHS Oi3HEC TMpPOIECIB Ta
MapHIpyTiB MPOXO/KEHHS 00’€KTIB KOHCTPYKTOPCHKO-TEXHOJIOTTYHOT
MiATOTOBKY MiIPUEMCTBA;

- BUKOPUCTaHHsI JIOTIKM YMOBHHX IEPEXOJiB, MOXKIMBOCTI MapalebHOi Ta
MOCII{0BHOI MapLIPYTH3aLlii Ta IHIIMX MOKJIHBOCTEH;

- OMMCYBAaTH CKIaJHI MPOLECH, SKi CKIAJAIOTBCS 3 MiA-TIPOLECIB 3
HEOOMEKEHUM pIBHEM BKJIAJCHOCTI;

- IeJIeTyBaTl 3ajJladyi 1HIIMM KOPUCTyBayaM, a y BHUMAJKY BIJCYTHOCTI 3
OyIb-IKUX TMPUYUH HA POOOYOMY MICTI, JIeJIEryBaTH MOBHOBAYKEHHS HA TIEBHUM
nepiof yacys;

- KOHTPOJTIOBATH TEPMIHU MPOXOHKEHHS CTaIii MPOIIECy;

- MPUBJIACHIOBATH PI3HI CTaTycH 00’€KTaMm B 3aJIeKHOCTI BiJl MPU3HAYEHb
npolecy;

-30eperTd  BCIO iCTOpI0  [ii, BHKOHAHMX yYaCHHUKAMH IIPOLECY 3
MOXJIMBICTIO OTPUMAHHS HEOOXi/THNX 3BITIB;

-3a0€3MEYUTH IHTErPAIlif0 3 30BHINIHBOI EIIEKTPOHHOK CKPHHBKOIO Ta

IIOYTOBUMU KJI1€HTaMH
B0

g

g
Pucynok 1 — Orusizn npouiecy y3ro/pKeHHs pi3HUX €TariB BUPOOHULITBA

BiamiHHOIO OCOOJIMBICTIO CHUCTEMHM € HasBHICTh MOAyisi Maintenance,
Repair & Overhaul (Teamcenter MRO) sxuii nmpuzHayeHUN A1 YHPABIIHHS
JlaHUMH Ha CTalli eKCIUTyaTai, BUMPOOyBaIbHHX, POOIT 3 JOCBIAYCHUM 3PA3KOM
BHTOTOBJICHOTI0 KOHKPETHOTO €K3EMILIPY BUPOOY Ta 3abe3Iiedye NaHIMH CepBICHI
i APO3IUTH, po3paxyHI<OBl BII[ILIJ'II/I ta 1iHmi. Teamcenter MRO J'IlI(BlI[ye
iH(pOpMAILliHHiT PO3PUB MK CHEIiaTiCTaMK MAPO3ALIIB JOTiICTHKY Ta TEXHITHOTO
06cnerByBaHH$[ 3 OnHi€l CTOPOHH,  Ta MAPO3IIIIB  KOHCTPYKTOPCHKO-
TEXHOJIOTTYHOI MATOTOBKY 3 1HIIIOI.

OnHie0 3 TOJNOBHUX 3ajJad CHUCTEMHOI 1HXKEHepii € 3a0e3leueHHs YCiX
YYaCHUKIB TPOEKTY 3arajJilbHUM ‘‘MUKIMCHUIUTIHAPHOI MOBOIO™ 3a0e3Meuyrdu
B3aEMOJII0 MK YYaCHUKAMH MAapKETUHTY, JHW3alHEpiB, KOHCTPYKTOPIB,
€JICKTPHUKIB, MPOTPaMICTIB Ta IHIIIUX.
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Jlns  peanmizamii ONpUHIMINB K1 3akiageHHl y miaxoxi “CucremHoi
iHxkeHepii®  Teamcenter Bojojaie  BIANOBIAHUM  JoAaTkoM — CucTemHe
IIPOCKTYBaHHSI.

Jlonarok y moBHiN Mipi peanizye miaxig RFLSP (Requ1rements Functional
Logical PhySICaI) — BUMOTH, (DYHKITIOHaJIbHa MOJEIb, JIOTiYHA MOJIEh, (iI3UIHAN
3pa3ok Ta BigmoBigHuMHu BuMoramu IEEE 1220, ISO 15288, EIA 632 ta INCOSE
B obOnacti CHCTeMHOI iHKeHepii.

Honatok “CucteMHe MpOeKTyBaHHS J03BOJISIE BECTH 0araTOpiBHEBUMN OIMKUC
BUpOOy Ha pIBHI CHCTEM 3 BHKOPUCTAHHS (YHKIIOHAJIHHOTO, JOTIYHOTO
MOJIETTIOBaHHS Y TOCTIHIN 3B’S3111 3 BUMOTAMH JI0 BUPOOY Ta Or0 KOMIIOHEHTaM,
3a0€e3Meuyoun €INHY Ta y3TO/DKEHY cepely OMMCaHHS MalOyTHbHOTO BUPOOY.

J1o ocHOBHUX (PYHKIII BITHOCSITHCS:

- OynyBaHHS (QYHKI[IOHANBHUX Ta JIONYHUX cXeM 3acobamu MS Visio, a
TAKOXK APXITEKTYPHUM MOJICITIOBAIHIKOM Y CEpejll TOHKOro KIi€HTa - Active
Workspace Client 3 aBTOMaTn30BaHUM OYyyBaHHSIM BiNOBIIHOI CTPYKTYPH;

- BU3HA4YCHHS 1HTEep(dEiciB MK (PYHKIIIOHATILHUM, JIOTIYHUMU CXEMaMH Ta
€JIEeMEHTaMH KOHCTPYKTOPCHKOI PO3POOKH;

- BU3HAYEHHS MIPOCTEKYBAHOCTI 3B’ SI3KY MK BUMOTramMu, ()yHKI10HATbHUMH,
JIONIYHIMH CXEMaMU Ta eIeMEHTaMU KOHCTPYKTOPChKOT po3po6KH

- IHTEerpaiisi 3 CHUCTeMaMu TOBEIIHKOBOro mojentoBanus (AMESIM,
Simulink, Ta iHmMX)

Teamcenter IIUPOKO BHKOPUCTOBYETBCS HA IMIANPHEMCTBAX HACTYIHHX
rajy3eii MpOMHUCIIOBOCTI, TAKUX SK aBiaOymyBaHHsS Ta 00OpOHHA MPOMHUCIIOBICTH,
CyIHOOYyBaHHS, aBTOMOO1UIE0y/TyBaHHS, MalTHHOOYIyBaHHS Ta CHEPreTHKA.

Jis  Toro 100  3a0e3meyuTH  MIANPUEMCTBA  MAIIMHOOYTyBaHHS
BI/ICOKOKBEU'II(blKOBaHI/IMH daxiBUsAMH, 13 3HAHHSIM NMEPEelOBUX  CHCTEM  Ta
TEXHOJIOTIH  KOMIUIEKCHOI ~KOHCTPYKTOPCHKO-TEXHOJOTIYHOI  IIATOTOBKH Ta
YIpaBIiHHS BUPOOHMITBOM, a BHITyCKHHKIB IH)KCHEPIB-MEXaHIKiB pobounMu
MICLIIMH HEOOX1HO, 11100 HaBYAIbHI IUIAHH MiJTOTOBKH OaKalaBpiB, CICLIaTiCTiB,
MAaricTpiB MAalIMHOOYIIBHOTO HAMPAMKY OyJIM Y3TrOIKEHI 3 MiANPUEMCTBAMHU
periony, cepen skux: AMKP, BAT “IliBHiuHuii ripHU4YO-30arauyBajbHUMI
koMOinat”, BAT “IliBgenHuii ripaudo-3oaradyBaibauii kom6iHat”, OOO HIIII
“Anamant”, AT “EnbBopti”, TIAT ‘Tmpocnna” Ta nepe):[6aqam/1 BUBYECHHS
TexHojorii 3D - MojmemtoBaHHS JeTalied 1 CKJIaJallbHUX OJWHHIB 3
BukopuctanHsaM cydacHux CAD/CAM/CAE, PDM ta PLM- TeXHOJOT1H.

BucnoBok. Bukopucranns cydacuux CAD/CAM/CAE, PDM ta PLM-
TEXHOJOTil y HaBYalbHOMY MpOLECI MPU IMiArOTOBLI 1H>1<eHeplB-MexaH1K1B Ta
CHiBIIpaIld 3 MiJMPUEMCTBAMU y HANPSIMKY BIPOBAPKCHHS WX TEXHOJIOTIH Ta
ampo0arrii OTpuMaHUX CTYJEHTaMHU 3HaHb HA PEATHbHUX BUPOOHUYHX MOTYKHOCTSIX
cupusiTUME opraHizarii e(peKTUBHUX BUPOOHUYMX, TEXHOJOTIUHUX MPAKTHK IS
CTYJICHTIB, 110 OPIEHTOBAH1 Ha BUKOHAHHS PEATbHUX POOIT 1 paHHIO CTIEIiaTi3alliio
CTYJICHTIB, BUKOHaHHI KYpPCOBHX IMPOEKTIB Ta BUITYCKHUX MAariCTEPChbKUX POOIT 3a
pPEATbHOIO BUPOOHUYOI0 TEMATHKOIO.

CIIMCOK ITOCHUJIAHD.

1.http://www.csoft.ru/catalog/soft/teamcenter/teamcenter-11.html
2.https://sapr.ru/article/24140
3.https://ideal-plm.ru/uEditor/files/4/345/Teamcenterul11ulRusulBrochure.pdf
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YK 514.18; 621.869
Paryain B.M. (Ykpaina, m. Xapkis, XHAJLY)

JOCIIAKEHHSA HABAHTAXEHHSA MEXAHI3MY IIABICKHA
TSArOBOI PAMUA ABTOI'PEMJIEPA 3 BUKOPUCTAHHAM
KOMIT'IOTEPHOI'O MOAEJIFOBAHHA

Y pobomi pozensidoaemvcsi o0nHa 3 aKmMyanbHux HAyKoO80-NPAKMUYHUX NpoOIem
no8’s3aHux 3 NiOBUWEHHAM eheKmusHocmi pobomu Mexamizmy RiO8ICKU MsA2080i pamu
asmoepeiidepie.  BupiuwenHs 0aHo20 NUMAHHA  O0OCA2AEMbCA  ULIAXOM — Nepepo3nooiny
HABAHMAICEHOCMI 34 PAXYHOK MOOEPHI3ayii Mexauizmy niogicku pobo4o2o 001a0HAHHS, a came
KIHeMamuKu pyxy 6UKOHAGHUUX IOPOYUTIHOPIE NIOUOMY-0NYCKaAHHA ma2oeoi pamu. Modenosanns
pobomu Mmexauizmy asmozpeuoepa BUKOHYEMbCA 3a O00NOMO20I0 CYYACHO20 NPOZPAMHO20
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 3eMJIEPUUHO-TPAHCIIOPTHUX  MAIlWH,  SKI  HAWOLIBII
BUKOPUCTOBYIOTBCS Y TIOPOKHbOMY OyIIBHUIITBI, € aBTorpeiinep. Ha ioro momto
BIJIBOSTHCS TUIAHYBaJIbHI, POMLTIOI0Y1 Ta 1HII POOOTH MO 3BEEHHIO 3EMIITHOTO
MOJIOTHA Ta 0OCIIYTOBYBaHHIO JIOPIT.

VY 3BSI3Ky 3 BETUKOI KUIBKICTIO 3aB/aHb, MOKJIAJCHUX HA JaHy MAaIIWHY
3pOCTAalOTh MEXaHIuHl [ii, 1 K HaCIiJ0K, HE KOHTPOJIbOBAHUM TEPEPO3MOILI
JUHAMIYHOIO HAaBaHTAXEHHS Ha pOOOYMIA OpraH, a came, Ha MEXaHI3M MiJBICKU
TsiroBoi pamu (MIITP), mo mpuBOauTh 10 3HWKEHHS €(EKTUBHOCTI eKCILTyaTarlii
MaIiHH.

Y OCHOBY OUIBIIOCTI JOCHIMHHUIIBKUX METOAWK TMOKJIAACHI TUIOCKI
PO3PAaxXyHKOBI CXE€MHM, IO MPOMOHYIOTh MPUKIIAJECHHS 30BHINIHIX HABAHTAXKEHb
TUIBKM B IUIOLIMHI TOJOBXKHIX OCEH BHUKOHABUYMX TiAPONWIIHIApIB. Bkazani
3ayBa)KE€HHS 3allepeuyrOTh ICHYIOU1 CKJIQJHOIII B aHal131 HaBaHTaxkeHocTi MITTP.

3 J0CBimy eKcIulyaTallii aBTOrperaepiB 1 JITepaTypHUX JaHUX BiIOMO, IO
Bix 20 m0 60 % BuxomaiB 3 nany BUKoHaBuMX TriapormitiaapisB MIITP BinOyBaeTbces
13-32 aCUMETPUYHOT0 BUKOHAHHS JAHOT KOHCTPYKIIIi, IKE BUKJIMKAE HEPIBHOMIpHE
HABaHTAXXEHHS 110 OOpTax MAaIllMHHU, 1 OaraToKpaTHE MEPEBULIEHHS 3yCUIIb B OAHIN
MOPOXKHUHI T1IPOIIIIIHAPA MO BIJHOMIEHHIO 0 JAPYroi MbOro K TiAPOLMIIHIPA
[1-3].

EdexruBHa 1 mponyktuBHa poboTa podoyoro oOiiagHaHHA aBTOTpelaepa i
MallMHA B IIIJIOMY, ICTOTHO 3JIEKHUTh BiJI MOXKJIMBOCTI KOHTPOJIIO HANpsAMY ii,
MPUKJIAJICHHS 1 pO3MO/IUTY 30BHIITHBOI0 3yCWILIS Ha CKJIAHY IPOCTOPOBY CUCTEMY
MIITP. Kotpe nie uyepe3 TpeWaepHHIl BiJBaj, SKAA Mae 3MOTy 3aiiMaTu
PI3HOMaHITHI MMOJOKEHHS B MPOCTOP1 BITHOCHO MAILIMHU 1 pOO0OYOi MOBEPXHI.
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Mertoro naHoi poOOTH € JOCIIIKEHHS HaBAaHTKCHHS MEXaHI3MY MiJABICKU
TATOBOI pamMu aBTOrpelaepa mpu 3MiHI TeoMeTpii KoHCTpykmii MIITP 1
KIHEMATHKHU PYXY T1IPOIMIIHAPIB MiIHOMY-0ITyCKaHHS JaHOTO MEXaHI3MY.

ExcnepumeHTanbHi JOCHIKEHHST Ha TMPUKIIA/l aBTOrpeijiepa CepeaHboro
knacy JI3kx-251 [4] Ta aHami3 BIUIMBY HaBaHTa)KCHHS BUKOHABYUX T1APOIMIIHAPIB
MIITP nanoi mamwmuu [5, 6, Ta iHINI]| TPUBEIX 0 BUCHOBKY NPO JOULUIBHICThH
3MIHM MICIIS KPITJIEHHS IITOKA TIIPOIUIIHAPY BUHECEHHS TATOBO1 paMu YOIk [7].

Jlns BupimieHHs 11i€i mpoOjieMr HalpalliOHAJIbHIIIE BUKOPUCTATH METOJT
TPUBUMIPHOTO KOMM'IOTEPHOTO MOJENIOBAHHA. B SKOCTI TPOrpaMHOro MPOIYKTY
OyB BUKOpHUCTaHU# nporpamuuii maker Autodesk Inventor (pucynox 1).

3T1IHO 3 METOAMKOIO TPUBHUMIPHOT'O MOJICIIFOBAHHS 3MiHIOBAJIHU TOJOKCHHS
TOYKHM KPITUICHHS IITOKY TiIPOIMIIHAPY BUHECEHHS TSITOBOI paMH 10 MOMEHTY,
o 3a6esneuye npanesaaraicte MIITP Ta, sik Hachigok, aBTorpenaepa B MiIOMY.
Jlana omepariss HeoOXimHA JUIsi  OTPUMaHHS  IMOYATKOBUX  JIAHWUX IS
MaTEMaTUYHOTO MOJICTIOBAaHHS PO3PAXyHKIB 3YCWJIb y TPbOX BHUKOHABYHMX
TIAPOIMIIHAPAX MOJEPHI30BAHOIO MEXaHI3My, a caM€ BH3HAYEeHHS KYTIB
BCTAHOBJICHHS TSTOBOI paMH BiTHOCHO BIJIIMOBITHUX OCEH, a TAKOX KOOPIAWMHAT
TOYKH KPIIJICHHS TOKY T1APOLMIIHAPY BUHECEHHS TATOBOI pamu y Oik [5].

3ycunis y TPbOX TIAPOUMIIHApPAxX BiJI OJAUHUYHOIO HABAHTAXKCHHS
PO3KJIaJICHOTO MO BIAMOBIIHUM OCSM B 3aJ€KHOCTI BiJl KYTiB BCTAHOBJICHHS
TsaroBoi pamu (o = 0 paxa, B = - 0,0917 pan, y = 0 pax) Ta KOOpAUHAT KPITICHHS
mToky rigpormtiaapy (Rs) (X = - 2,383 m, y =- 0,08 M, z=- 0,017 m) HaBeneHi
y Tabaui 1.

Tabnuusg 1. Jlani 0qHOTO 3 BipTyaJbHHUX JTOCIIPKEHb

Hasanraxenss, kH Cxema HpﬂizgngHﬂ Sycniis y FlIfPOHHHIHIlpl, kH
IIO04YaTKOBOI'O mpaBoMy J1IBOMY BUHOCY

Px | Py | Pz MOJOKeHHS HaBaHTKCHHA (Ry) (R,) (Rs)

Ha B1aBaJl

1 08157 | 08309 | 05163
-1 A -1,0994 | 05753 | -1,6517
-1 04971 | -2,5128 | 2,0157
-1 02793 | 0,2935 | 0,5056
-1 — C 02793 | 0,2935 | 0,5056
-1 04773 | -1,040 | 0,5628
-1 0 ( -0,2545 | -0,241 | 0,4952
-1 L E -1,0994 | 05753 | -1,652

-1 110 04575 | 04326 | -0,89
-1 -0,7884 | -0,7748 | 0,4849
-1 U 0 G -1,0994 | 05753 | -1,6517
-1 04378 | 1,9054 | -2,3431
-1 -1,3223 | -1,309 | 0,4746
-1 J -1,0994 | 05753 | -1,6517
-1 04180 | 3,3781 | -3,7961
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Pucynok 1. KinemaTuka pyxy npu 3MilIeH1 TOUYKH KPITUIEHHS IITOKY
TAPOITIHAPY BUHECEHHS TsAT0BOI pamu: a — 300 mm; 6 — 800 Mmm

Po3rnsiHyTHii METOA KOMII'FOTEPHOTO MOJENIOBAHHS JO3BOJISIE 3 BUCOKOIO
TOYHICTIO 1 MaJUMHU BUTpAaTaMH 4Yacy BHKOHYBAaTH KIHEMATWUYHHUI Ta CHIIOBUH
aHaJi3 T1IAPONPUBOJLY MEXAHI3MY MiABICKH TSITOBOT paMH aBTOTPEIepiB.

BukopucToByl0OYM MOJEPHI30BaHUI MEXaHI3M MiBICKM TATOBOI paMu
MA€EMO 3MOT'y 3MIHIOBATH KOOPJIWHATH TOYKU KPIIUICHHS IMITOKY TIAPOIWIIHAPY
BUHOCY TSTOBOi pamu, L0 y CBOI YEpry J03BOJISIE€ 3MEHIIMTH HEPIBHOMIPHICTh
HABAaHTAXXEHHS MK MPOTUIICKHUMHU OOPTaMU MAlllMHU B a0COJIFOTHOMY 3HAY€HHI Y
1,2...2,2 pasu mpu KyTi 3axBary rpeiineproro Bigsany 90°.

3MiHa KOOpJAMHAT TOYKHU KPIIUIEHHS IITOKY TAPOUMIIHAPY BUHOCY TITOBOI
pamMu He BIUTMBAE Ha (PYHKITIOHAIBHI BIACTUBOCTI aBTOTpenepa.

3aBasKU po3po0IECHOMY MEXaHI3MY 3’ sIBUJIACS 3MOra peKOMEH1yBaTH OUIbLI
YITKI TOJIO)KEHHS BUKOHABYMX TIAPOLUMIIHAPIB JUIsl 3MEHIIEHHS IIOJOMOK Ta
30UThIIIEHHS €(hEKTUBHOCT1 pOOOTH aBTOTrpenepa.

1. Pacynun B.H. Xapaxmepuvle pazno8uoHocmu pa3pyuleHutl MemaiioKOHCMpYKYyuu u
aeMeHmo8 2uoponpugoda asemoepetioepos // Becmuux XHAJY: c6. nayy. mp. / Xapok. nay.
asmomo0.-0op. yn-m. Xapvros, 2007. Buin. 38. C. 273-275.

2. banosnes B.U., Xmapa JI.A. [logviuienue npouzeoo0umenbHOCmuy MAUUH OJis 3eMISIHbLX
pabom: IIpouzeoocms. uzoanue. M.: Tpaucnopm, 1992. — 136 c.

3. Kanyeun B.E. Ilosviwenue sghgpexmusnocmu asmoepeuoepa co8epuieHcmeo8aHuem
yempoticmea nooseca paboue2o opeana. ouc. ... kano. mexu. Hayk: 05.05.04 /Omck.: CubAJ/H,
1985. - 247 c.

4. Illeeuenxo B.A., Pacynun B.H., Ilasnouenko E.C. DxcnepumenmanvHoe onpeoeieHue
Ha2cpy30K, Oelicmeyrouwux 6 2uoponpugoode asmoepetioepa Lllesuenxo, // Becmnux XHAIY: co.
Hayu. mp. / Xapok. Hay. asmomo6.-0op. yu-m. Xapwvkos, 2012. Buin. 57. C. 180-184.

5. IHleguenxko B.0., Pozengpenvo B.H., Paeynin B.M. Jlocriodicenns enaugy
HABAHMAMNCEHHS 2IOPONPUBOO)Y VNPABIIHHA OCHOBHUM BI08AIOM aA8mozcpeldepa cepeoHbo2o
kaacy // 36ipuux naykosux npaye [lonmHTY. Cepis: canyzese mauunooyoysants, 6y0ieHUymao.
Ionmasa, 2014. Bun. 1 (40). C. 27-31.

6. lllesuenko B.A. Pacynun B.H., Haepyscennocmo 2udponpusooa ynpasienus 0CHOBHbIM
omesanom asmoepetioepa // Ilpobremu po3eumky 00pOHCHbO-MPAHCHOPMHO20 | OYOi8eIbHO2O
KOMNIIEKCI8Y. Mamepianu MidCHApoOHOI HAYyKo8o-npakmuyHoi kougepenyii, Kiposoepao, 2013.
—C. 151-156.

7. Ilamenm Yxpainu na xopuchy mooenv Nel04145, MIIK EO2F 3/76, EO02F 3/84.
Ipucmpini ona kepyeanus pobouum obraouanuam aemoepeiidepa / Pazynin B.M., Illeguenko
B.O., ®amees P.B.; 3aa6nux ma nameHmosiacHux XapKiecbKuil HAYiOHAIbHUL A8MOMOOLIbHO-
oopooichiul ynisepcumem. — Ne u 2015 07491, 3aae. 27.07.2015; nyon. 12.01.2016, bronr. Nel.

162



VJIK 364

PomkoBa B. O., ctynentka, Hectropyk H. A., k. men. H, nou.(Ykpaina, m.
baxmyt, I'lIM IBH3 «/I1ITY»)

INCUXOJOITYHA IIATPUMKA KAJPOBOI'O TA HAYKOBOI'O
IHOTEHIIAJTY BUPHOBHHUITB HA 3ACAJAX 'EHITAJIBT-TEPAIIII

B pobomi npezenmosano no3uyionysawHs 2ewmanb-mepanii, AK O00NOMO2U NPU
NCUXONI02TYHUX NpOOIeMax Kaopooeo mda HAYKO8020 nomeHyiany eupooHuyme. 30iliCHeHO
0OTPYHMYBAHHS NONONHCEHD U000 MONCIUBO20 NIOBUWEHHS NPOOYKIMUBHOCMI Npayi YNpasiiHyie
ma ix nione2nux npu SUpPIiUleHHi NeGHUX NCUXONOIYHUX NpobiemM ma UPOOHUYUX cumyayit Ha
3acadax eeuimanbm-mepanii.

AxkryaabHicTb. Ha pgaHuii MOMEHT rewmTanbT-Tepamis € OJHUM 3
HAUTOMYJISIPHIIIKX 1 [IKaBUX HAMPSMKIB B IcuxoTteparii. Bin Biomuii He TiIJIbKA B
VYkpaini, ame 1 B I1HIIMX KpaiHaX. 3acCHOBHHUKOM Tepamii OyB HIMEUbKUN
ncuxoananituk Openepik [lepn3. Came c10BO remTanbT HIMEIBKOTO TTOXOKCHHS
(gestalt) i o3navae cTpykTypy, 00pa3, TOOTO TremTajabT-1e UTCHUN 00pa3.be3iy
BUCHUX JIOBOASTH, IO JIOJU COPUMMAIOTh CBIT IUIICHUMH CTPYKTypamu
(remrranbramu). OTKe, JTIOAMHA 0AYNUTh HE OKPEMO SIKICh €IIEMEHTH, a KapTHUHY B
miomy. besniu ncuXoioriB, 1O JOCADKYIOTH TpoOJieMH Yy CYCIHUIBCTBI,
3BEPTAIOTHCS CaMe J0 IellITaabT-IICUXOJOr1i, 1100 BUPIIIUTH iX.

AHai3 ocTaHHiX mocjimkeHb i myOJaikamiii. Ha nganuii MoMeHT 0Ge3niu
TICHXOTEpareBTiB i ICHXOJOTiB AHATI3yIOTh HANpSAM TelTanbT-Tepamii. Koro
BUBYAIOTh SK TeIITaJbT-TEpPaIlleBTH,TaK 1 3BUYaiiHI Oakaroui Jroau. barato XxTo
TUTYTa€ TIOHSTTS TeITANbT-TICHXOJIOTIIO 1 TeIITAIbT-TEPAITIFO.

['emTanbT-ICUXONOTiS — HampsiM B TICUXOJIOT1i, KWW BUHUK Ha IMOYATKY
1920-x pp. B HimewuwmHi; po3moBiaB Mmpo Te, IO aHAII3 YacTHH HE MOXKeE
3a0€3MeUYnT PO3YMIHHSA LUIOr0. 3aCHOBHHKOM HAampsIMKy OYB HIMEUbKUH
nicuxosior Makc Beprreimep.

['emtanpT-Tepamnis—iie OJWH 3 HANpSMKIB B ICHUXOTEparii, 110 BUHUK B
cepenrHi MUHYJIOTO CTomiTTsA. CeHc Teparrii: JIFoArHA 1 BCe HABKOJUIITHE — €IUHE
e, HaliBigoMimmm 3aCHOBHUKOM remTtanbT-Teparii € Opiapix [epis.

['emrranbT-TEparisi, 3BMYaifHO, MOB'sI3aHA 3 TEIITAIBT-IICUXOJIOTIEI0,a]I€ HE €
olHakoBUMH TepMminamu. Hampukinan, Mepi XeHii, remranbT MCUX0JIor 1 ICTOPUK,
JOCJIJDKyBaJia B3aeMUHM MK ['emranpT mcuxosoriero 1 ['emranbr-Tepamiero i
pUAIIIa 10 HACTYMHOTO BUCHOBKY: «Te mio [lepn3 3poOuB MoXxHa onucatu K —
B3STH KUIbKa TepMiHIB 3 [emranbT NCUXOJ0rii, pO3TSATHYTH iX 3HAYEHHS 0
HEBITI3HAHHS, NEPEeMIlIaTH iX 3 YacTO HEACHUMH 1 HECYMICHHUMH MOHATTSIMH 3
MIMOMHHUX HAIMpsAMIB TICUXOJIOTil, €K3MCTEHIaIi3My, 1 MIPKyBaHb 3J0pPOBOTO
TIy3ly, i Ha3BaTH ycio o cymim I'emTansT-Tepamiero. Moro poGora He Mmae
HISIKOTO CYTTEBOTO 3B'SI3KYy 3 HAYKOBOIO TeMITAIBT IICUXOJIOTIE€r0. SIKIIo
CKOPHCTATHCS MOro BIAcHOW MOBOIo, [lepn3 3pobuB "mock cBoe", mo O 1e He
03Hayajo, 10 He Ma€ BiIHOCUHM 10 ['emranbT ncuxomorii» [1].
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ToOTo, remranpT-TEpamis — I[€ METOJ NPAKTHUYHOI TICUXOJIOTIi, SKUi
CIpsIMOBaHUYN Ha YCBIIOMJICHHS 1 aHaJi3 MaIliEHTaMHd BCHOTO HEBUCIIOBIICHOTO, 3
METOI0 TI030aBJICHHS Bia TpoOjieM 1 TapMoHi3alii OCOOMCTOCTI Ha 3acajax
relTagbT-Teparii.

Ak ka3zaB Knaynio Hapauxo: "I'emtansT-Teparis... 11e OuUIbIIe Tepamis, HixX
Teopis, OUIbIIE MUCTEITBO, HIXK MICUXOJI0riuHa cuctema" [2]. ['emtanbT TpeHIHTH 1
KypcH TeITajlbT-Tepamii MOXXHAa TPOBOAWTH CaMOCTIIHO,0€3 TPHCYTHOCTI
remTaibT-TepaneBTa, JUisl [bOro € 0e3J14 METOIUK.

MeTo10 CcTATTi € TO3WIIIOHYBAaHHS TEIITANbT-TEpallii, SK JOTIOMOTH TIPH
TICUXOJIOTIYHUX MPoOIeMax KaapoBOro Ta HAYKOBOTO MOTEHIIIaTy BUPOOHUIITB.

Buknan ocHoBHOro marepiany. OcHOBHa CyTh Teparii — L€ JOMOMOra
JIFOJTMHI PO3BUHYTH ii CAMOCBIIOMICTbh, YCBIJIOMUTH 1 3aBEPIITUTH TEIITAIBTH, K ii
TypOytoTh. ['emranpT-Teparisi akleHTye yBary JIOJUHU Ha JaHUW 4ac, TOOTO B
JJaHy XBUJIMHY B JAaHOMY MICIIi, BOHA JOMIOMAarae maii€HTOB1 HABYUTHUCS KUTH «TYT
1 3apa3», yCBIJOMJIIOBATH BJIACHI IMOYYTTS, YCBIJIOMJIIOBATH MPUYMHH TOSBU Ta
HACJIJIKH,SIKI MOXKYTh OyTH. Teparmis Jqoromarae Jr0IUHI MEPEKUTH AKICh CKIaaH1
i1 TypOyroui MomeHTH. TOX, ISl TOYaTKy 3HAXOAUTHCS SIKACh CKIIaJHA CUTYaIlls, a
Mi3HIIIE NTYKAIOThCS MPUYUHU 1i TOsiBU. HacTymHUM KPOKOM CTBOPIOETHCS 1151 cama
CKJIaJ{Ha CUTYAIlis, MAIlIEHT BUUTHCS CIIPABJISTUCS 3 HEIO BXKE 3HAIOYM NMPUIHMHHO-
HACJIIKOBI 3B'SI3KH, TOOTO MPUYMHN BUHUKHCHHS.

['onoBHa MeTa remITagpT-TEpamii — JIOCATHEHHS OUIbII  MOBHOIO
YCBIZIOMJICHHSI ce0€: CBOiX MOYYTTIiB, MOTPeO, OaxkaHb, TIIECHUX MPOIIECIB, CBOET
PO3yMOBOi JIISIIBHOCTI, @ TaKOX, HACKUIBKH MOKJIMBO, TTOBHOTO YCBIJOMIICHHS
30BHIIIHBOIO CBITY, 1 B IMEpILy 4YEpPry — CBITY MIDKOCOOWCTICHHX BIJHOCHH.
['emrransT-Teparisi He MparHe 10 HeraitHoi 3M1HU MTOBEIHKH 1 IIBUJIKOTO YCYHEHHS
CUMIITOMIB. YCYHEHHSI CHUMINTOMIB a00 3MiHAa TMOBEAIHKH, JOCATHYTa 0e€3
JIOCTaTHBOT'O YCBIJIOMJICHHSI, HE JIa€ CTIMKWX pPE3yJbTaTiB a00 MPU3BOAWTH 0
BUHUKHEHHS HOBHMX IpoOjemM Ha micui crapux [3, c. 21]. emrranbr-Tepanis
JoTIOMara€e BUPIMIATA Taki MpoOJIeMH SIK: JAENpecis, HENPUUHATTA cede,CBOro
MUHYJIOTO, CBOIX MPOOJIEM.

Buaiisiors neKiJIbKa OCHOBHUX 3aBJIaHb:

1. PobGora 3 emomissMa. OnNTUMaabHO TMPALOBAaTH 3  T'PYIOBOO
NICUXO0Teparnieto, Mo0 BIAKPUBATHCS CIUJIKYBAaHHIO, HABUYMTHUCS YCBIJIOMIIIOBATH
CIPaBXHI OYYTTSI, IEMOHCTPYBATH 1X OTOUYIOUHM.

2. YMiHHS BIIPI3HUTH MHHYJI€ BiJI ChOTOJeHHS. Po3ymitoun 3HAYCHHS
KOXHO1 ’KUTTEBOI 0OCTAaBUHU, BAXJIMBO 1HJMBIIYaJbHO 3 HEIO MPaIIOBATH.

3. Anamiz. /{5 BIIacHO1 CB1IOMOCTI HEOOX1THO BiJOKPEMITFOBATH 1 IIOBHICTIO
BIJIMTYCKAaTH HEraTHBHI €MOIlii, TMpalooBaTH HaJa 3'SICYBaHHAM NPUYHUH iX
BUHUKHEHHS.

4. Ypara go Tina. KimeHnt npencrasisie BiacH1 mpoOieMu, MPUPIBHIOE iX 10
CBOIX BHYTPIIIHIX BIIYYTTIB. B pe3ynbTaTi Noripmyerbes 3arajibHe CaMONOYyTTS,
noTpiOeH aHami3.

Bueni npoBenu, 1mo iCHye KidbKa yMOB, 3aBASKH SKUM Teparmis Oyne
OPOXOAUTH OLIBII YCIIIITHO.
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[To-nepuie, Tpeba BKUBATH 3aMMEHHUK «S1» 1 BIIMOBUTHCS BIJ| «MU», «BIH,
«BOHA», «BOHM.

[To-napyre, BIAMOBHUTHUCS BiJ HIECTIB «HE MOXKY» 1 «HE XO0YYy» Ha KOPHUCTh
«MOBUHEHY 1 «TIOTPEOYION.

[To-TpeTe, MPOMOHYIOTH BIIMOBUTHCS BiJ MUTAaHHA "doMy" 1 3aMIHUTH HOTO
Ha NMUTaHHS "SK".

A OCTaHHBHOIO YMOBOIO € 3aMiHa MUTATLHUX (POPMYIIFOBAaHb HA CTBEPAHI |3,
c. 23].

[Ilo cTocyeThCs TemTaabT-TEpareBTa, TO II€ JIFOJWHA, 3aBIAHHSIM SKOI €
JIOTIOMOTa KIJIIEHTY y BHUpIIIEHHI Horo mpoOsieM. BiH He TiIBKHM J0MOMarae Bam
(dokycyBaTHCs Ha ChOTO/ICHHI, ajie i PO3yMITH MPUUUHHA HE3AKPUTHUX TeITANbTIB B
MUHYJIOMY, TOOTO TpUMaTH OJHOYACHO JBa 4yacy B OanaHci. BiH momomarae Bam
aHaJi3yBaTH CBOI €MOIIli, TOYYTTs, BUMHKU 1 TPUHAMATH BIAMOBIIAIBHICTh 32 HUX.
OTxe, SKIIO JIOJUHA YCBIAOMIIIOE, III0 BOHA poOuja HE TakK, TO 3MOXKE 3MIHUTH
ChOTOICHHS 4M MaiiOyTHe. Ha mymKy TemTanb-TepaneBTiB «IKUA BiJ MHUHYJIOTO
3HaXOJATHCS B TEHEPIMIHBLOMY Yaci". SKIo JroaruHa )KHUBE MUHYJIMM 4acoM ado K
HABIAKW MalOyTHIM,TO JIIOJIMHA HE JKWBE MOBHOIIHHUM JXUTTSM, BOHA HE JKUBE
«TyT 1 3apa3». TepamneBT He pO3MOBIJAE MAILIEHTY B 4OMYy Oyja MOro moMHIIKa,a
HIITOBXYE /10 YCBIJIOMJICHHSI CBO€1 POOJIEMHU, /1K€ YCBIJJOMJICHHS 1€ MepIIuid
nuiax a0 ycmixy. I[lcuxorepaneBr Tersna Maprtunenko kazana: "Hemoxinuso
BUPIIIMTH MPOOJIEMY Ha TOMY  PiBHI CBIJOMOCTI, Ha SIKOMY BOHa BHUHUKIA. Lle
BiJJOME EHHINTEHHIBCHKE BUCIOBIIOBAHHSI YOMYCh 3aBXIU 3a0yBAETHCS KITIEHTAMHU
Ha npuiioMi y nicuxoreparnesta" [4].

3a cTaTHCTHKOIO, 0araTo nmpoOaeM NoB'sA3aHl 3 AUTUHCTBOM. MOXIHBO, Oyiu
KOH(IIKTHI cuTyamii abo 3ajJuIIWIMCi HEnpueMHi croragu. | sk Mu Bxke
pO3yMieMO, L€l HE3aUMHEHHWM remTanbT 1 IepeHiccd Ha Hamle MaiOyTHe. Takox,
reIITaabT-TEPANEBTH BBAXKAIOTh, IO MPOIEC Teparii MOBUHEH TPUBATH IO JBOX
POKIB, JIOBIIIE BKE€ HE € HOPMOIO, @ cama pO3MOBa Malli€eHTa 1 KJI1€HTAa MOBUHHA
TpuBaTH 0J113bKO 50-60 XBUIHH.

[I{o10 OCBITHRO-HABYAIBHOI MOJTITUKH, TO BOHA BCE OUIBIIIE OPIEHTYETHCS HA
po0OTY 3 JIFOACKKUM YHHHUKOM, TTOBEIIHKY MepcoHany opranizailii. [le aktyanizye
POJIb TICUXOJIOTIYHUX aCTeKTiB €()EeKTUBHOCTI HaBYaHHA. ToMy OCOOJMBY yBary
OPUAULIIOTh MIDKOCOOMCTICHMM 1 TPYHOBHUM TpoOjeMaM; HaBYaHHIO CIIOCOOIB
BUKOHAHHS TIOB'S3aHUX 3 IHHOBAIlIIMH 3aBAaHb 1 MPOLEAYP; KOPHUTYBAHHIO
YCTAaHOBOK 1 MOBEIIHKOBUX CTEPEOTHIIB CIIBPOOITHUKIB; BUBUCHHIO BIUIMBY 3MIH
B OpraHizaiii Ha HOPMH 1 IIHHOCTI MEpPCOHaTy, II0 3yMOBJIOE MOJIUPIKAIIIIO
YCTAaHOBOK TOBEJIHKH, CTUMYIIIOE TIBUIIEHHS MPOAYKTUBHOCTI Tparli, sIKOCTI
BUKOHAHHS 3aBJaHb.

EdexkTuBHICTP HaBYaHHA YIPaBIIHCBKUX KaJpiB 3a0€3MeuyloTh TaKl
TICUXOJIOT1YH1, 30KpeMa ¥ COoIlaTbHO-TICUXOJIOT1YH1, YAHHUKH:

1. Po3B's3aHHA y Tmporleci HaBYaHHS peajbHUX MPAKTUYHUX MpoOIIeM,
3aCBOEHHS 3 IIIEI0 METOI0 HOBUX METOAIB 1 3ac00iB poboTHU. 3a TakuX yMOB
HaBYaHHS (YHKIIIOHYE B €THOCT1 3 TBOPYHMM PO3B'SI3aHHIM ITPOOJIEM.
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2. CraBneHHs 10 HaBYaHHS K JI0 OJHOTO 3 BHUJIB JOCIIIHUIIBKOI pOOOTH.
Ile cTBOprOE MOJATKOBY MOTHBAIIIIO Ta MiABUIINYE SKICTh 3aCBOEHHS HOBHX 171eH 1
HOBOTO MaTtepiany. 3aBASKA I[IbOMY BiIOYBa€ThCsS TMOEAHAHHS HaBYaHHA W
JOCJIIKEHHS.

3. OpieHTallis HaBYaHHA HAa PO3BUTOK JIIOJAWHHM, 3MIHY 11 TOTJISIIB,
YCTaHOBOK, LIIHHOCTEN, HOPM, YMIHHS AISTH BIANOBIAHO 3 HAOYTUMHU 3HAHHAMM.

4. InTeHcuBHE 3ariu0IeHHS B MPoOJIeMy, BIIBOIKAHHS BiJl IOTOYHHUX CIIPaB
3aBJISIKU TJIMOOKIM KOHIIGHTpallii Ha MaTepiai.

5. [ToGynoBa HaBYaILHOT POOOTH BiJl CKJIAJHOTO J0 MPOCTOr0, 8 HE HAaBMAKH.

6. Bxomtouenns y po0oTy HaaMipHUX 00'eMiB iH(pOpMaITii.

7. OpieHTalliss Ha IHTEHCUBHHUI PO3BUTOK OCOOMCTOCTI MiJl Yac TPYyNOBUX
3aHSThH, TOIIIO.

BucnoBku. ['emranpT-Teparniss MOXK€ JONOMOITH YNPABIIHISAM Ta iX
HiJUIErJIUM BUPIIIUTU 03114 mpoOsieM, aje B Mepuly 4Yepry JIloJuHa MOBUHHA
IILOTO XOTITH. Teparmis MOKe JOMOMOTTH JIOJUHI PUUTH 0 YCBIIOMJICHHS ce0e,
CBOiX €MoIlii, TOMUIOK. BoHa MOXXe€ HaBYMUTH >KUTH B TapMOHIi 3 co0OK0 Ta
OTOYYIOYMM CEPENOBUIIEM 1 CIIPUMMATH MHUHYJE SK JTOCBiA, a HE MCUXOJOTTYHY
npobiaemy. Ha maHuii MOMEHT, TeIITAIbT-TEpamis € OJHUM 3 HaAWBIIOMIIIMX
HAIpPSIMKIB B MCUXOTEpaIii,TaKk K BOHA Mae 0e3Jiiu 3ac001B, 3a JOIMOMOIOK SIKUX
MOKHa JIOTIOMOTTH KaJpOBOMY Ta HAyKOBOMY TMOTEHIAly BUPOOHUITB Y
BUPIIIEHH] MEBHUX ICHUXOJIOTTYHUX MpOoOJieM, BUPOOHUYUX CHUTYaLli, IO IPSIMO
MPOIOPIIIIHO BIUTMHE HA ONTHUMI3aII0 IPOYKTUBHOCTI TIpaIli mepCcoHay.
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JOCIIAZKEHHA  EHEPI'O3BEPEXEHHS B CYUYACHHX
TPAKTOPAX 3A 1O0ITIOMOI'O OB’EMHOI'O I'IAPOITPUBO/JIA

Posenanymi  pecynamopu  pezynosanma pobouoz2o 06’emy Hacocie ma 2i0pomomopie
00 ’eMHUX 2I0ponpusodie 6OpMo6020 X000y MA HABICHO20 0ONAOHAHHS MPAKMOPIB, 8 AKUX 3d
00nomMo2010  3aco0i6  eneKmpociopoasmomMamuky  00CA2AEMbCA  ABMOMAMU3AYIsL i
eHep2030ePedCeH sl Ha PENCUMAX MPAHCNOPMHO20 X00Y MA MEXHOIO02IUHUX ONEPAYISX.

CydacHi JOCSITHEHHS B TPAHCMICISIX Ta MPUBOAAX  TEXHOJOTIYHOTO
o0JaJiHaHHS TPAKTOPIB BHUMArarOTh PETEIBHOIO BUBUEHHS Ta 3aCTOCYBaHHS iX B
CTBOpPEHUX Ha 0a3i TpakTOpiB OyAiBEIbLHO-IOPOXKHIX Ta MAHOMHO-TPAHCTIOPTHUX
MamuHax. Hampukian, 3 MeTor yHiBepcamizallii TiJpocUCTeM B B 00’ €MHHX
rigponpuBonax (OI'TI) 3HalIM 3acTOCYBaHHS Taki TiIPOPO3MOAUIBHHKI, SK1
MOXYTh BHUKOHYBaTH 3 TIEPCHANAMITYBAaHHSAM pPEKAMH POOOTH  HaBICHOTO
o0JaiHaHHS CLILCKOTOCTIOAAPhCKOTO TpaKTOpa a00 HaBaHTa)XKyBada 4H MPUBO/IIB
MIOCTOSTHHOI YaCTOTH 0OepTaHHs T1[pOMOTOpA.

Bitui3HAHa HayKOBO-TEXHIYHA JIITEpaTypa HEJOCTATHBO MPUAUILE yBary
Cy4aCHUM JTOCSITHEHHSIM B OITI, 30kpema oOcCHameHUX CHCTEMaMu
€JIEKTPOTAPOABTOMATUKA  Ta CHUCTEMAMH EHEpro30epeKeHHs  TpaHCMICil Ta
3ac00iB yMpaBlIiHHS HABICHUMHU MPUCTPOSMU. TakoX HEOOXiTHO  BHUBYATHU
JMHAMIYHI HaBaHTA)XCHHS TiIPOIPHUBOIIB, XapaKTep SKUX CYTTEBO BIUIMBAE Ha
pecypc TiApONPUCTPOIB — HACOCIB Ta TIIPOMOTOPIB, B MIEPIITY YEPTy.

TakuM YyuMHOM, METOIO [aHOi POOOTH € aHaji3 Cy4acHUX [OCSTHEHb B
€Hepro30epeKeHH1 TIAPONMPHUBOJIIB TPAKTOPIB Ta CHpoOa BUSBUTH MOXKIIUBICTH
NPOBEICHHA JIUHAMIYHOTO aHaJi3y poOOTH TiIpOTPUBO/IIB.

3miHa pobodoro o00’e€My TiApoMamIMH 3a0e3MevyeTbCs 3a JI0MOMOTOI0
pEeryJaTopiB PI3HOTO NPUHIUITY Jii, 110 BIUIMBAIOTh HAa PEryJibOBaHUN OpraH
Hacoca abo TrigpoMoTopa (HANpUKIIAA, MOXWIMHA JHUCK B aKCialbHOMOPIITHEBUX
rizpomamnHax). HomeHkiaTtypa peryaaropiB JOCTaTHbO WIMPOKA, JO3BOJISIOUYU
3aJJ0BOJILHUTH BHMOTaM MNpakTU4YHO Oyab-skoro Tumy OI'TI [1]. PerymroBanHs
pobouoro 00’eMy TiApOMaIIUH JT03BOJIAE: 1) 3a0e3meunT HEOOX1AHY MIBUAKICTD
TIAPOABUTYHA 3 ICTOTHO OUTBII HU3BLKMMH BTpaTaMH MOTY>KHOCTI B TIOPIBHSHHI 3
JIPOCEIbHUM  CIIOCOOOM  PEryjioBaHHS MIBUIKOCTI; 2) PO3IIMPUTH BEPXHIN
Jlara3oH 4acToTU 00epTaHHs TPOMOTOpa 3 PEryJIbOBaHUM poOOUYUM 00’ eMOM Oe3
IiBUIIICHHS BCTAHOBJIIOBAHOI TOTYXXHOCTI Hacoca 1 MPHUBOJHOIO JBUTYHA;
3) agantyBaTH poOOTY Hacoca JI0 PKUMY 3a0€3MEUSHHS MOCTIHHOCTI MOTYHOCTI
HAa BHXITHOMY Baly TiApodikoBaHOT MAaIIUHY; 4) 3a0€3neUnuTu PEKUM
eneprozoepexkennss npu poboti OI'Tl 3 nmpocenbHUM c€rmOCOOOM peEryirOBaHHS
IIBUIKOCTI.

OCHOBHI TUIIN PETYJATOPIB: 3 TAPO- 1 €AESKTPOTIAPABIIYHUM YIIPABIIHHSAM,
AK€ 3J1ACHIOE OlepaTop MalluHU (Taki PeryjasiTopd HOCATh Ha3BY — CTEXKHOIO
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TUITy; aBTOMATUYHI PEryJaTOpPH MOCTIHHOCTI TUCKY; KOMOIHOBaHI1 MOCTIHHOCTI
TUCKY Ta PETYJIOBAHHS BUTPATH; PETYISITOPH MOCTIHHOCTI MOTY>KHOCTI.

3anexHocti BuTpatd pobouoi pimuuu (PP) macoca Q, 3 perymstopom
CTEXHOTO THUILy BiJl MOJIOKEHHSI PErylIOBAJbHOIO OpraHy X: KyTa Haxwiy @
PYYKH TIEPEMIIIEHHS TPHUBOJY CTEXKHOTO 30JO0THHUKA, THUCKY KEpyBaHHs
PEAYKIIIHHUM T1IPOKJIATIaHOM Py Ha BXO/ll B TIAPOIMIIIP 3MIHA KyTa TOXUIJIOTO
JMCKY, ab0 3HaYeHHs CTpyMy | Ha MpomOpIiiHUX eIEeKTPOMAarHiTax HE3aJIeKHO

BiJl KOHCTPYKTHUBHUX BIIMIHHOCTEH PETYJISATOPIB iX XapaKTEPUCTUKU HOCSTH
OJIM3BKUIA JT0 JIIHIMHOTO XapaKTep

u»> JU/XB, (1)

_ _ X—d
er=ﬂ)“@mrnH=10&%mB——~n

3
e VpH — MaKCHUMaJIbHE 3Ha4eHHs pobodoro 00’emMy Hacoca, CM",

VpH,i

a..b — 3oma kepyBampHOI MycKynpHOI 260 eneKTpHYHOI il Ha CTEXKHMIA
30JI0THUK a00 TUCKY Ha T1IPOIMIIHIP PETYNISITOpa Hacoca,

X — kepyBaJlbHa Jis B jiama3oHi Big a 10 b (mama3oH Bija Omo+ ae
30HOI0 HEUYTIUBOCTI),

n

3
— MIOTOYHE 3HAYE€HHs1 po00YOro 00’eMy Hacoca, CM",

-1
g — dacrora O6epTaHHﬂ HacocCa, XB

TakuM yuHOM, JJIsi perynaropa 3 TiAPaBIIYHUM KEpPyBaHHSM 3HAUYCHHIMU
a..b e tuck Py, cTBOpIOBaHMI y MOPOXKHMHAX CHJIOBOIO TApOIMITIHAPA, IS

PETryIaTOpa 3 eNeKTPOTiApaBIiuHAM KepyBaHHIM 3HaueHHAMH a...0 e enextpuuni
curdamu (ctpymy | a6o manpyru U) mns nii Ha nponopuiiinuii enekTpoMarsiT
PEAYKIIIHHOTO KiIamaHa, JUisl PEryisaTopa 3 MyCKYJIbHAM KEpYBaHHIM 3HAYCHHIMU
a..0D ¢ Bizxumemns tTarm kepyBamHA (9. 3HaueHHS THCKY KepyBaHHS,

EICKTPUYHOTO CHUTHAITY a00 KyTa BIAXWIICHHS TATH HABOAATHCS ITOCTadaIbHUKAMU
T1ApOMAIIIHH, JIO3BOJISTIOYU CIIOKUBAYY nigiopaTu BIJIMOBIAHY 3a
XapaKTEepUCTUKAMU  amapaTypy KepyBaHHS a00 KIHEMaTWKy MeEXaHi3My
MYCKYJIBHOTO KepyBaHHs. YacTora o0epTaHHS TiApOMOTOpa MPOMopIiiiiHa mogaqi
PP, migBeaeHoi Big Hacoca

Vi Vou (X—a)
Myi = Ny~ NogMow = Ny 2 NonMow» XB 2)
i VpM on'lo VpM (b—a) ou'lo

. : . 3
ne VpM — pobounii 00’eM rigpomMoTopa (MOCTIHE 3HAYEHHS ), CM ",

Nog ! Moy — 00 emumii KKJI Hacoca (xoedilieHT BUTpaTH) 1 TiIpoOMOTOpA,
BIJIIIOBIIHO.
[Ipu excTpeManbHUX 3HadeHHsX X=4a i X=D onmepxyemo HymboBy i
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MaKCHUMaJIbHY 4YaCTOTH 00€pTaHHs T1IpOMOTOpa
Nyi=0 mpu X=a i Ny yaee =Ny Vo Mo Moy /VpM mpu X=D0b. (3)

JUiss BU3HAYEHHS THUCKY PEAyKYBaHHS HAa BXOJl B CHJIOBHUH TAPOLMIIHIAP
a00 3HA4YEeHHs €JIEKTPUYHOTO CUTHAILY OAEPKUMO TaKy 3aJ1€KHICTh

VpM ) nM,i ) (b - a)

VpH "Ny Non * Nowm

X=a+

(4)

Takum 4MHOM, MOXKJIUBE TONEPEIHE BU3HAYEHHS KEPYIOUOro CUTHAITY IS
foro mopanmemoro 3aBaaHHs mpu podotri OI'Tl (6e3nmocepenHbo THCKY abo
CNIEKTPUYHOIO CHUTHady, (OPMOBAHOTO E€JIEKTPOHHUM OJOKOM KEpyBaHHS
MPOTIOPIIMHUM €JIEKTPOMArHiTOM).

B Vkpaini mianpuemctBo «['igpocunay» (M. KpomiBHUIIBKUI) BUpOOIIsie
akcianmpHonopiiHeBi OI'TI (I'CT) i3 3aMkHeHUM mnaHIforoM nupkyssmii PP 1 3
0e3cTyniH4acTUM peryiasaropom tuny EP 3a nonoMororo peaykiiiHuX KialaHiB.

Peryastop «mocTiiHOCTI THCKY» SKHAMIOBHIIIE BiAMOBIIa€ BUMOTaM
€HEpro30epeKeHHsI, OCKUIbKM aBTOMATHMYHO MIHIMI3YyE 3aTpadyyBaHy HacOCOM
HNOTYXHICTh Y TIepiojl may3 poOOTH TEXHOJOIYHOrO YCTATKYBaHHS 1 CTaB IIMPOKO
3actocoByBatucs B apocenbHux OI'TI. 3HnmKeHHs BTpaT NOTY>KHOCTI SIK pe3yJbTaT
e(eKTUBHOCTI €HEpro30epekeHHs] NpPU BUKOPUCTOBYBAHHI pPEryjsiTopa THUITY
«MOCTIMHOCTI TUCKY» BHU3HAYAIOTh 32 (OPMYIIOIO

AP = 6_% QMaKC o QMiH , kBT, (5)

Muakc Nuin

ne Q, e — TEOPETUYHA MOfIa4a HAacoca 3 MOCTIHHIM pobounM 06’ eMOM, JI/XB,

b
Q,y — TeOperHyHa IoJada HAcoca 3 PEry/IbOBaHUM POOOYMM 00’€MOM Ha
PEXHUMI CIIpaIlbOBYBAHHSI PETYJIATOPA, JI/XB,

Nuaxe — 3aransauii KK Hacoca 3 mocTiiHMM pobounM 00’ eMoM,

Ny — 3arapamid KKJI Hacoca Ha pesxuMi cipaliboByBaHHS PETyIATOpa,
P — Tuck HarHiTaHHA Hacoca (IpPUIUMAEMO MOCTIMHUM JJISI PETryJIbOBAHOTO 1

HEperyJboBaHOTO pexxumiB), Mlla.

Hns  anamizy auHaMiyHux xapaktepuctuk OITI, no sKuX BIAHOCSATH
3QJIEKHOCTI BUTpaTH HAcoca, TUCKY 1 YacTOTH OOEpTaHHS TiApoMoTOopa Ha
NyCKOBOMY a00 TaJlbMIBHOMY pEXKHMax, BUKOPUCTOBYETHCS MaTeMaTUYHE
MOJICJIIOBAHHS 3a JIOMOMOTOI0 MakeTy oOuucioBalbHUX Oj0kiB VisSim [2].
Marematuuni moneni s OI'TI 3BOpOTHO-MOCTYNATBHOTO 1 00EPTaIBLHOTO PYXY
ctBopeHi I.T.H. Jlyppe 3.4. [3], y ToMy 4YHCli 3 ypaxyBaHHSIM THUMYacOBHUX
IHTEpBaIIB NPHU MYCKY 1 3yNHUHI TiIPOJBUIYHA, 1 3 BBEACHHSAM B JlaHl MOJAEII
XapaKTEPUCTUK MEPETUBHOIO KJamaHy 1 pPeryisropa BUTPATH MPHU JAPOCEIbHOMY
peryitoBaHHl IBUAKOCTI. PesynapraTt pospaxyskiB ans OI'Tl 3 rimpomoropom
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NPHUBEICHI Ha ocHuIorpaMax (PUCYHOK 1), 10 TOKa3yroTh Ha Te, IO 3HIKCHHS
4acy BUXOJy HaA MAaKCHUMaJIbHY BUTpaTy Hacoca J03BOJISIE 3MEHIIIUTA PUBKHA TUCKY
3 73 o 51 MIla. Take iCTOTHE 3HU)KEHHS KOJIUBAaHb TUCKY € BITYYTHUM 3 TOUKH
30py 3HWKEHHS JUHAMIYHMX HaBaHTaXKEHb 1 MiABUIIECHHS JOBrOBIYHOCTI Hacoca 1
rigpomoropa OI'TI. Crnin 3a3Ha4UTH, 0 HAUOLIBIT 3pYYHUM CIIOCOOOM KOHTPOIIIO
Jacy BUXOJly Ha MaKCHUMaJbHy BUTpaTy Hacoca i XapakTepy KOJIWUBaHb THUCKY
BUSIBIITFOTHCS 3aJISKHOCTI 3MiHM BUTOKIB QyT Hacoca abo TiapomoTopa Bia dacy
poboru OITI. Ha pucyHkax 4YiTKO (IKCYEThCS Yac BUXOAY Ha MaKCHMAJIbHY
BUTpaTy Hacoca 3a JOMOMOTOI0 KOHTPOJ Yacy cralimizamii BUTOkiB QyT: Ha
pexumi (a) 6iusbko 0,24 ¢, Ha peskumi (0) 6mmsbko 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 0

Pucynok 1 - XapakTepucTUKU TUCKY (BepXHil Ipadik) 1 BUTOKIB B HACOCI (HUAKHIN
rpadik) mpu pi3HOMY Yaci BUXOy Hacoca Ha MaKCUMAaJIbHY BUTPATy

BucHoBku
1. IlpeacraBneni matepiadd JalOTh MMJACTaBA  JUIS OUIINIL IIMPOKOTO
3aCTOCYBaHHS TIPONPHUBO/IB 3 MAIIMHHUM PEryJbOBAaHHHSAM HIBUIKOTI poOOYOro
oprasy, sIK OJTHOTO 3 JIHCHUX (PaKTOpIB €HEPro30epeIKEeHHS.
2. Cain 3a3HaYUTH HA MOJANbIIIE BUKOPUCTAHHS JJisl pO3paxyKiB JAMHAMIKU
TiIpONpPUBO/IA 32 JONOMOTOFO MMaKeTa MPUKIATHUX TporpaM VisSim.
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CuBokonb M. JI., k.1.H. 3anora O.0., 1.1.H, npod. 3asora B.O.
(Ykpaina, m. Cymu, Cym/1V)

TEXHOJIOT'TYHI OCOBJIMBOCTI BUTI'OTOBJIEHHS BUPOBIB
OPTOIIEAUYHOI' O ITPU3HAYEHHS (CYIIIHATOPIB)

Ilokazano, wo 011 eghekmusHo20 BUKOPUCMAHHA THDOPMAYIUHUX —IHHOBAYIUHUX
MEeXHON02I NpUu NPOEKMYBAHHI MA BUCOMOBIEHHI OPMONEOUUHUX BUPOODI6 PAYIOHAILHONW €
micHa 63aemo0is iHJiceHepie ma nikapie — opmonedis. B pobomi npedcmasneHi pe3yromamu
oocniddiceHb npoyecie  00pobaenns Ha Gpezepnomy eepcmami 3 UIIK cyninamopis i3
KOMNO3UMHUX Mamepianie 3 uacmomamu obepmanus wnunoens 0o 20000 o6/xeé i nooauamu (8 —

10)-10%um/xs.

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.

CydacHi TeHJEHIi pO3BUTKY €KOHOMIKM B IIJIOMY Ta, 30KpeMa,
BUPOOHUIITBA BUPOOIB, OCOOJIMBO COIIaILHOIO MPU3HAYEHHS, BEYTh JI0 TOrO, 110
BCE YaCTIIIE€ BHUKOPUCTOBYETHCS MYJbTHIAUCHMIUIIHADHUN MIAX1A A0 pO3pOOKH,
KOHCTPYIOBaHHSI Ta BUT'OTOBJIEHHS HOBUX BHUPOOiB. MoOBa iijie HE TUIBKU PO BKE
3BUYHE 00’ €/IHAHHA 3HaHb, HAIIPUKJIAJ, B IH)KEHEPHIM Ta eKOHOMIYHIN rany3sx, a i
OUTBIII PO3TaNyKEHUX, HANPUKIAJA, MEAUYHUX. PO3BUTOK CydacHUX TEXHOJIOTI
NPOCKTYBaHHS Ta BHUPOOHUIITBA «IIAIITOBXYE» MEIUIMHY JI0 PO3POOKH
HOBITHBOTI'O OOJIaJJHAHHS, YCTaTKyBaHHS Ta BUPOOIB IS MOJIMIIEHHS CTaHy Ta
KUTTS oauHu. Y CyMCbKOMY JIep)KaBHOMY VYHIBEPCUTETI, y 3B SI3Ky 3
OJTHOYACHOI0 HAsBHICTIO Yy HboMy MeauuHoro iHctutyry (MI CymIY) 1
bakynpTeTy TeXxHIUHMX cucteM Ta eHeproedextuBHux TexHomorid (TeCET),
TOOTO 1HKEHEPHOr' 0, pO3pO0JIEHO Ta BIPOBAKEHO MPOEKT CTBOPEHHA Ha Kadeapi
«Texnonorii mamuHoOyayBaHHs, BepcTaTiB Ta iHcTpymeHtiB» (TMBI) Ha 06asi
neutpy Delcam-Cym/lY wmemauko-imxeHepHoi jabopartopii. ['0J0BHOIO yMOBOIO
JUISL BIIPOBAXKEHHSI TAKOI'0 MPOEKTY 3 METOI YCHIMIHOI NPAKTUYHOI peastizalii
Cy4acCHUX MIAXOAIB y MEIUYHOMY Ta IHKEHEPHOMY HaIPsIMax € MOXJIMBICTh TICHOT
B3a€EMOJII1 1HXKEHEPIB-MeXaHIKIB Ta MEIUKIB K y HaAYKOBOMY HamNpsIMKy, Tak 1 B
NPAKTUYHOI peamizaiii OTPUMAHHUX pe3yJbTaTIB TaKOi B3aEMOIl ILIIXOM
BUT'OTOBJICHHSI METUYHUX BUPOOIB, 110 MOXKYTh HE TUIHKU MONIMIIATYA CTaH JIOJEH,
a HaBITh 1 YCIIIIHO JIKyBaTu iX. Hanpuknan, ogHUMU 13 3324 TaKOr'0 MPOEKTY, €
CTBOPEHHS CYYacHOTO BHCOKOTEXHOJIOTIYHOTO BHPOOHHUIITBA IMIUIAHTATIB 1
npoTe3iB  Cyryio0iB, KIHIIBOK Ta IHIIMX YacTUH TUIA, 1HAUBIIYaJIbHOTO
OpPTONEIUYHOTO B3yTTA Ta IHIWBIAYyaJbHUX OPTOMEIUYHUX YCTUIOK, 3yOHHX
MPOTE31B Ta IMIJIAHTATIB 3 BUKOPUCTAHHSM 1HHOBAIIMHUX MaTepiajiB 1 TEXHOJIOT1H
NPOEKTYBaHHs, BAPOOHHUIITBA Ta CY4aCHOTO O0JIaTHAHHS.
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BukopucrtaHHd CydacHHMX IHHOBAIIMHMX TEXHOJIOTIM, MpHTaMaHHUX
MEXaHOOOPOOITIOBANIbHIN ray3i (CydacHl IHCTPyMEHTaJIbHI MaTepiaiu, MBUIKICHE
Ta HAJIIBHUIKICHE Pi3aHHs, TAaHTEHIIMHE Pi3aHHS TOIO0), HAMPUKIad, B OpTONEAil
J03BOJIIE HE TUIBKA 3HWKYBAaTH CcOOIBapTICTh OPTONEAMYHOI MPOAYKLii, a M
3a0e3medyBaT MIISXOM TICHOT B3a€MOJIIi 1HXEHEPIB Ta JIKapiB- OPTOMEIIB ii
KOHKYPEHTOCIIPOMOKHICTb, @ TaKOXX BECTH OUIbLI €()EeKTUBHY MIATOTOBKY SK
NPAKTUYHUX TIPAIIBHUKIB y MeEAWYHIA cdepi, Tak 1 BUCOKOKBaTi(PiKOBAHUX
1HKEHEPHUX KaJIpiB.

OcTaHHIM yYacoM JUisi BUIOTOBJEHHS pI3HUX BHUPOOIB  MEIMYHOIO
NpU3HAYEHHS, ¥ T.4. B OpTOMNE/li, Ha0yBae pO3MOBCIOIKEHHS BUKOPUCTAHHS JJIs
HUX IUIACTUYHMX MaTepiajiB Ha OCHOBI eTWIEBIHUIanerary. Pasom 3 Tum, Ha
TENepIlIHIi Yac BUTOTOBJICHHS MEIUYHUX BUPOOIB OPTONECIUYHOTO MPU3HAUCHHS
HalyacTilie BUKOHYETbCS 3 BUKOPUCTAHHSM TaKUX METOJIB SIK JIUTT,
TepMopOpMyBaHHS, IMTAMITyBaHHS, SIKi 3HAYHO 301JIBIIYIOTH BapTICTh TaKUX
BUPOOIB 1 y 3B’A3Ky 3 HEOOXITHICTIO BHUTOTOBJICHHS JIOJaTKOBOT'O OCHAIIICHHS
(opM, mTAMITIB TOIIO) AY’KE YACTO POOJIATH X B CyYaCHUX PUHKOBHX YMOBAaX He
KOHKYpPEHTOCTIPOMOKHUMH. KpiM TOro, Take MeAMYHE OCHAIICHHS MOXe OyTH
€KOHOMIYHO e(EeKTUBHUM, SIK MpaBUJIO, y OaraTocepiiHOMYy Ta MacOBOMY BHJIax
BUPOOHUIITBA, Y TOH 4ac, IK y MEIUYHINA MPAaKTULI TaKl BUpOOU HEPIAKO MOBHHHI
MaTH 1HAMBIAyalbHUM xapakTep. Came TOMY OJIHHMM 13 3aJOBUILHUX BapiaHTIB
BUTOTOBJICHHS TAKWX BUPOOIB Ha 1€l Yac BCE 1€ 3AIMIIAETHCS 00pOOKa pi3aHHSM.
Pasom 3 TmM, aHami3 JiTepaTypw MOKa3zaB, MO0 HA IIeH Yac MaiKe IMOBHICTIO
BIJICYTHI peKOMeHJaIlli moa0 BUOOPY pi3aIbHUX 1HCTPYMEHTIB, PEKUMIB pi3aHHSI
Ta cTparerii 00OpoOKH TaHOTO TUITY MaTepialiB, a 0OCOOIMBO 32 YMOBHU 00pOOICHHS
KOMITO3UTHUX  HEMETATIYHMX  MarepiaiiB, SKi  MPEACTaBISAIOThH  COOOIO
OaraTomapoBuil €TUIEHBIHIIALETAT, 10 HA PI3HUX AUISHKAX Mae€ pi3HI TBEPAICTb
Ta MUTbHICTE. OpTONEeANYHI BUPOOH 3 IUX MaTepiaiB MOXKYTh CyTTEBO BIUITMBATH
Ha YCYHEHHS TpoOJieM 31 CTaHOM 3J0pOB’S JIOJUHH, OCOOJWBO JWTHHH,
NOB’SI3aHUX 3 OIOPHO-PYXOBHUM amapaToMm, Kl € OJHUMHU 3 HaWOUIpIINX Yy
CydyacHOMY cycmnuibcTBi. [IpuyoMy BUHHI B IIbOMY HE CTIUIBKH XapaKTEpH1 IS
TENEepilIHbOr0 Yacy MaJopyXoMmi YMOBU MOOYTY Ta Mpaill yJIbTPalUBLII30BaHOT
JIOJUHU, CKUIBKA CBIJJOME YM HECBIIOME TOPYIICHHS 3aKOHIB O10JIOTTYHOI
MEXaHIKH, SKUM TIIKOPSIEThCS KOXKHA KICTOYKA 1 KOXKHA 3B’si3Ka JIIOACHKOI
CKEJIETHO-M S30BOi CHUCTEMH - OINOPHO-PYXOBOrO amapary. AHali3 MoKasaB, IO
0COOJIMBO YacTO CTPaXKJAIOTh CTOMH JIIOJWHU (B mepiry depry (1 Haifuacriime) y
BUIJISI/II IJIOCKOCTOIOCTI), AKl1 € ¢yHaamMeHToM Juisl 1i€i cucremu. [lepmmmu
CUMITOMaMH IUIOCKOCTOMOCTI MOXKYTh OyTH HAOpsKH 1 MiJBUIIEHAa BTOMAa HIT,
0COOJMBO B KIHIIl AHSA. 3 4acOM BHMHHMKAIOTh OOJIbOBI BIAYYTTS B MiJOIIBaX, a
TaKOX TOMLUIKOBOCTONMHHUX 1 OUIbIN BeIUMKUX cyriobax Hir. Hezabapom BoHU
MOXYTh CTaTHM HACTUIBKM 1HTEHCUBHUMHM, IO XOJMTH CTa€ MPAKTHUYHO
HEMOXXJIMBUM. YHHKHYTH IMX HEMPUEMHUX TPOSBIB JO3BOJISIOTH OPTOIEAMYHI
YCTUIKU 3 BIAMOBIIHOIO MIATPUMKOIO Ui CKJieniHHA. OTpuMaHWil Ha ChOTOAHI
MEAUYHHUMA JOCBIJ MOKA3ye, 110 NUISTXOM BUKOPUCTAHHS OPTOMEIMYHUX YCTUIOK, Y
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T. 4. CYMHATOpIB, SIKI € iXHIMH CKJIaJOBUMHU, MOXXHA HE TILIbKH CYTTEBO
MIOKpAINaTh CTaH XBOPOTO, aJie i BUJIIKYBATH IO XBOPOOY.

B VYkpaini icHye nocuTh 6arato BUPOOHHMKIB, SIKi MPO¢eCiifHO 3aliMaroThCs
OpTONENNWYHUMH BHUpOOaMH, B TOMY YHCIl 1 CyIIHaTOpamu, ajne sKi
NPOSBIIAETHCS Y MIABUILEHIN TPYJOMICTKOCTI, Y 3B 43Ky 3 HEOOX1AHICTIO 3HAYHOTO
00’eMy pyd4HOI mparli, sSKa B CBOIO 4epry Hece 3a co0o0r0 pi3Hy 3a (OpMOI Ta
po3mipamMu MOXxuMOKy. OCHOBHMMHM BHUMOTaMHU JI0 JIaHOTO BUPOOY CTaBISATHCS
CTaNiCTh PO3MipiB, (OPMH Ta BUCOKI MapaMeTpu LIOPCTKOCTI (BIIHOCHO Maja
IIOPCTKICTh) TMTOBEPXHI.

Y CyMmchKOMY JiepKaBHOMY YHIBEPCHUTETI y CTBOpeHii Ha kadeapi TMBI
MEINKO-1HKEeHEepHi mabopatopii, sika € ckiamoBoto nentpy DELCAM, nns
BUPIIICHHS  TOCTaBIIEHUX  3aJa4  3alpONOHOBAHO IMPOILIEC  BHUTOTOBJICHHS
CYIIHATOPIB TUTHKH 3a JIOMIOMOTOI0 MPOIlecy MeXaHI4HOi 00poOKu (ppe3epyBaHHS
BITHOCHO CKJIAJHOTO peibedy) Ha Cy4aCHOMY BHCOKOIIBHAKICHOMY BEpCTaTi 3
UIIK 6e3 BUKOpUCTaHHS Yy Oyab-sikid (opMi pydHOI Mpaii 3 METOI JOBEIEHHS
BUPOOY 70 MOTPIOHUX MapaMeTpiB HOro SKOCTI.

B sxocti mporpamHoro 3a0e3medyeHHs NpU LbOMY BUKOPUCTOBYETHCS
nporpamui cepeaonuiia OrthoModel Ta ArtCam.

OcHOBHOIO TIPOOJEMOI0, 3 SIKOIO 3ITKHYJIWCA B TPOIECI BIPOBAKEHHS
pO3p00JIeHOT TEXHOJIOTT 0OOpOOKH CTajo OTPUMAHHS 3aJlaHOi SKOCT1 MOBEPXHI 3a
mapaMeTpoM ii MOPCTKOCTI, 110 TOTPEOyBaJIO IPOBEICHHS PSTY €KCIIEPUMEHTIB.

[lin dYac mpoBeAeHHS EKCIEPUMEHTIB, WI0JI0 OTPUMAHHA BHCOKHX
MOKa3HUKIB MIOPCTKOCTI, EKCIIEPUMEHTAIILHO OYyJI0 00paHo TpU crocoOu 0OpoOKu
MOBEPXOHb (BUAM TPAEKTOPiil), Taki Kk «Pactpy, «Knacuuna» ta «3D 3MimeHHs»
(puc. 1). Jnst koxkHOTO crioco0y MpOBOAUIOCH IO TPU €KCHEPUMEHTH, B KOKHOMY
3 SKHX TpU O0OpoOIl 3amaBaiCh Pi3HI HAMPSMKU PyXy pi3aHHA (3yCTPIYHUM,
NOMYTHINA Ta B 00M/IBa HAPSAMH).

a) 0) 8)

Pucynok 1 — mpaexmopii 06pobxu nosepxounsv: a) pacmp, 6) kracuuna, 8) 3D 3miwenus

[Ipouiec 0O6poOKHM TBepAOCIUIaBHUMH TopieBumMu ¢pesamu D16 MM 3
JOBXKMHOIO pi3anbHOI yacTuHU 40 MM BUKOHYBaBCs B JIBI CTafli: YOpPHOBa Ta
guctoBa. YopHOBa cTamisi OOpOOKM BHKOPHUCTOBYBAJACh JUIsI 3MEHIIICHHS
IPUIYCKY Ha YUCTOBY OOpPOOKY, 1 BHKOHYBajgach 3 HACTYIHUMH pPEXKHUMaMHU
pi3aHHS:

- rimbuHa pizanag t = 1,5 mw;

- MIBUJIKICTH TTojadl Vg= Sy, = 8 M/XB;

- yacToTa odepranus mmuHaens N= 14000 06/xB;
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- HMIBUAKICTD pi3aHHs V=7 M/XB.

OCKiIbKM Y JTaHOMY BHUIQJIKy YOpPHOBa OO0poOKa BHKOHYBaja MiATOTOBYY
byHKII110, i1 MOKa3HUKHU SKOCTI Ta 4acy He (iKCyBaIuCH.

CTOCOBHO YMCTOBOI OOPOOKH, Oy BCTAHOBJIEHI HACTYIIHI PEXUMU PI3aHHA:

- riubuHa pizanas t = 0,4 Mm;

- MIBUJKICTH TTojadl Vs= Sy, = 10 M/XB;

- gacToTa odepranHs mmuHaers N=18000 06/xB;

- MIBUJKICTB pizaHHs V=9 M/XB.

B pe3ynbTaTi NpoBEAEHUX I0CTIIIB OTPUMAHO HACTYIIHI PE3YIbTaTH.

B ycix TppoX BuUnaakax, mpH 3acCTOCYBaHHI Ojpa3y 000X HAMPSIMKIB pi3aHHS
BIIOYBAJIOCh PIBHOMIpHE 3pi3yBaHHsA (pPIBHOMIpHHI penbed) BOJIOKOH, HYOTO HE
OyJ10 OMITHO TIPU OOPOITI OKPEMO 3yCTPIYHUM Ta MOMYTHUM (hpe3epyBaHHSIM.

Haiixpari moka3HHUKHU IMOPCTKOCTI OyJI0 OTpUMaHO TIPU 00pOoOIIi KIIACHYHUM
criocobom  (pe3epyBaHHSA, € TaKOX CIOCTEPITaBCS PIBHOMIPHHN penbed
0o0poOmoBaHoi moBepxHi. PacTp mokazaB cepenHiil pe3yabTaT, 3yMOBICHUHN JIEIIO0
HIOKYUM MOKa3HUKOM IIOPCTKOCTI, a HIXK B MONEpeIHbOMY BUMAKy. Haiiripiimii
pe3ynbTaT oTpuMaHo npu 00poOiri 3D 3mieHHs M.

[I{ogo €KOHOMIYHUX MOKA3HHUKIB HEIOIIKOM KIIACUYHOIO CHOCO0Yy € 4ac
oopoku ( T,=9:59 xB ), mo B 2,5 pasu gosmre, Hix 3D 3mimenns (T,=3:46 xB) Ta
maiixke B 3,5 pa3u, Hix pactp (T,=3:02 xB).

BUCHOBKHM

1.  BuxopucraHHs OpPTONEAUYHUX BHUPOOIB BUTOTOBJIECHUX 34 CY4aCHUMU
CAD/CAM TeXHOJOT1sIMU JT03BOJISIE CYTTEBO BUPIIIUTH MPOOJIEMHU HIT Ta OMOPHO-
PYXOBOTrO anapary, sik y A0pOCiuX, TaK 1 y JiTe, TUM CaMUM MaKCUMaJIbHO TOYHO
BUPIIIUTH MPOOIEMY KOXKHOTO MaIliEHTa OKPEMO.

2. Buxopucrannsa cydyacaux CAD/CAM TexHOJOrid npyu BUTOTOBJIEHHI
BUPOOIB OPTOINEIUYHOTO TPU3HAYCHHS JIO3BOJISIE CYTTEBO IIJBUIIUTH SKICTh
BUpOOIB (YCTUIOK, CYIIHATOpPIB) 3a PAaXyHOK CYTTEBOI'O YCYHEHHS JIIOJICBKOTO
(cy0’eKTUBHOT0) (paKTOPY Ta CKOPOTUTH TEPMIHU X BUTOTOBIICHHS.

3. [Iporpamui npoayktu ¢ipmu AUTODESK y cBoemMy cknaai MarTh
NOBHUM  CHEKTp NPOrpPaMHOrO  pIIIEHHS JUIsl  BUTOTOBJEHHS  BHUPOOIB
OPTOIEINYHOT O IPU3HAYEHHS, 1110 J03BOJISIE MPOBOJUTH BECh IIUKJI BUTOTOBJICHHS,
HANPUKIIAJ, 1HIMUBIAYadbHUX OPTOMEAMYHUX YCTUIOK BIJ CKaHyBaHHS CTOIH
Haifi€HTa 3a JOMOMOrOI0 MPENU31MHOr0 CKaHyBaHHS, HaBiThb 0€3 BUKOPUCTAHHS
dbopM 111 BIIOUTKIB CTOIH, 10 OOpOOKH JaHUX YCTUIOK Ha BHCOKOIIIBHUIKICHOMY
MEXaHIYHOMY OOJIaJiHaHH] 32 J14€H] XBUJIMHHU.

4, [IpoBemeni  AOCHIDKEHHS  IOKa3alM, IO ONTHMaJIbHUM (32
KpUTEpIIMU Yacy OOpOOKM Ta SKOCTI IOBEpXHI) € 00poOka CyIiHATOpIB 3a
TpaekTopiero «Pactp» 3 000Ma HanpsIMKaMu pi3aHHS.
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YK 621.83.061.2

Cugok /JI.M., nayk. kep. Koanescrkuii C.B. (Ykpaina, m. Kpamatopchk,

AJIMA)

AHAJII3 METOAIB BUITPOBYBAHHSA AKOCTI CKJIAJAHHSA
BEJIMKOT'ABAPUTHUX KOHIYHUX PEAYKTOPIB

Y cmammi  posensmymi  ocnosmi  memoou  8unpoOysanHs  AKOCMI  CKIAOAHHS
BENUKO2AOAPUMHUX KOHIYHUX PeOYKMOpIs. A maKodc MONCIUBICIb UKOPUCMAHHS 810payii OJis
8UNPOOYBAHHA MA BUSHAYEHHS MICYs MA 8eIUYUHU NISMU KOHMAKMY HA 3y0uacmii nepeoau.

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 METOI BCTAHOBJICHHS HECY4YOi 3JaTHOCTI TMepenad pi3HUX THIIB 1,
30KpeMa, PeayKTOpIB 1 BapiaTOpiB ix BUMPOOOBYIOTh. BUnpoOyBaHHS CKJIaJACHHUX
BUPOOIB — 3aKJIOYHA KOHTPOJIbHA OMepallisl SAKOCTI iX BUTOTOBJICHHsS. MalimHu
BUNPOOYIOTh B YMOBaX, HAOJMKEHHUX JI0 €KCIUTyaTalllifHUX.

KoHTponbk SKOCTI CKJIagaHHS MaIldH, KpiM KOHTPOJIO MPaBWIHHOCTI
BUKOHAHHS PI3HUX 3'€IHAHD 1 SIKOCTI BUKOHAHHS PI3HUX BUIIB CKIAJAIBHUX POOIT
1 perymioBaHHS (BIAMOBIIHO JO BHUMOT KpPECICHb 1 TEXHIYHUX YMOB 1
BCTAHOBJICHUM TEXHOJIOTTYHUM TPOIECOM CKIIAJaHHs), Tependayae MepeBipKy
310paHMX MalllMH Ha BIJIMOBIIHICTh TEXHIYHUM YMOBAM.

Po3pizusitoTs  BUNpoOyBaHHS BUPOOHMYl 1 JOCHiAHMIBKL. [IpoBomsun
BUPOOHUY1 BUITPOOYBAHHS, MEPECIIIYIOTh JIBI METH - MEPEBIPKY 1 OLIHKY SIKOCTI
BUTOTOBJICHHS 1 CKJAQJaHHA pPEAyKTOpPIB 1 OOKAaTKy TIiJl HaBaHTAKECHHIM
(mpupobotky mnepemad) s miaBuiieHHs KK 1 goBroeiyHocTi. 3aBaaHHS
JOCIITHUX BUMPOOYBaHb — 3'SICyBaHHS BIUIMBY KOHCTPYKTHBHUX, T€OMETPUYHHX,
eKkcruryaramiiiaux (akropiB Ha Hecyuy 3xatHicTh 1 KKJ[ mepemau 1 Bubip
HANOUIbII ONTUMAIbHUX KOHCTPYKTUBHUX PIIICHb.

Takoxx yci Buam BUNpoOyBaHb MOXKHAa 3BECTH [0 NPUNMAIIBHHX,
KOHTPOJIBHUM 1 CHIEIIaTbHUM.

Penykropu, mo migmaroThCs BHIIPOOYBAaHHSM, ITOBHHHI IIEPEBIpATHCS 1
npuitmaTtucss BTK BiamoBinHO 10 poOounx KpeciaeHb 1 TEXHIYHUX YMOB; MOKYITHI
BUpOOM TIOBMHHI IIIJIIaBaTUCS BXIJHOMY KOHTPOJIO Ha BIAMOBIAHICTE iX
cTaHAapTaM a00 TEeXHIYHOI JOKYMEHTAITlT i ITPHEMCTBA-BUTOTOBIIIOBAYA.

[Tig gac mpuiiMaIbHUX BUIPOOYBaHb BHUABIAIOTH (DaKTUUYHI CKCILTyaTallliH1
XapaKTepUCTUKH, a TAKOX MPAaBUIBHICTh POOOTH PI3HUX MEXaHI3MIB 1 MPUCTPOIB
By3ja. SIKIIO B KOHCTPYKIIIO BUPOOYy ab0 B TEXHOJOTII0 HOro BHUTOTOBJICHHS
BHOCATH 3MIHM, [0 BIUIMBAIOTh Ha KIHIIEBI MapameTpu PEIyKTopa, TO B ILIAX
OIIHKM €(EKTUBHOCTI Ta JOIUIBHOCTI HHMX 3MIH 3a OKPEMHUMH PO3IiIaMHU
nporpamMu NpUMUMalIbHUX BUMNPOOYBaHb 1 3 ypaxXyBaHHSAM XapakTepy BHECEHUX
3MiH IPOBOASTH THIIOBI BUMTPOOYBAHHS MPOTYKITii.
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OCHOBHUH  KOHTpOJb  SIKOCTI  CKJaJaHHS BEAyTh caMmi  30upaul
(camMmOKOHTpOJIB). bBidbImicTh  oOmepariid, KOHTPOJbOBAHUX BHKOHABIIEM IIPH
BUKOHaHHI, HE MOTPEOYE T0AaTKOBOI IMMEPEBIPKH.

Ilepen mnpoBedeHHSM TMOMEPEAHIX BUMNPOOYBaHb HAa OCHOBHI JeTail
JOCTITHUX 3pa3KiB PEIYyKTOPIB MOBHHHI OyTH CKJIaJ€HI MacCIOPTH KOHTPOJILHOT
NEPEeBIpKH, B SAKI BHOCATH pPE3yJbTaTH KOHTPOJIIO PO3MIPIB 1 B3aEMHOTO
pO3TaIlyBaHHs OCHOBHHMX ITOCaJOYHUX TIOBEPXOHh Ta EIEMEHTIB 3y04acToro
3auerIeHHS.

KouTponbHuM BUINPOOYBaHHSAM MiAJal0OTh BUPOOM, y SKMX paHilie Oynau
BHSBIICHI JS(DEKTH.

CreuianbHi BUIPOOYBaHHS BUKOHYIOTH JUUIsi BUBYEHHSI 3HOCY, TEPEBIPKU
0€3BiIMOBHOCTI pOOOTH OKPEMUX TMPHUCTPOIB, BCTAHOBIICHHS MPHUIATHOCTI HOBUX
MapoK MaTepiajliB IS BIAMOBIIATbHUX JeTajeH.

CxkraiadHsi MalllMHU 3aKIHYYETHCSI BUTIPOOYBaHHSIMU.

BunpoOyBaHHsIMHU Ha XOJOCTOMY XOHIY MEPEBIPSIOTH MPABHIBHICTH POOOTH
OpraHiB yHpaBlIiHHS, a TaKOX JOTPUMAHHA HOPM pOOOTH MIAUIMIHUKIB 1
3youacTux Komic. [1]

[Tlicns ycTaHOBKM B MAIIMHHOMY MPHUMIIICHHI ITaHEIl yIpaBIIIHHS
MIJKJIIOYAI0Th EJIEKTPOJBUTYH JIEOIIKM JO Mepexi 1 OOKaTylTh MpHUBIA Ha
XO0JIOCTOMY XOJy JIO IMiJABICKM KaOiHu 1 mpoTtuBaru. OOKaTtky Tpeba 3aiiCHIOBATH
IpY HOPMAJILHOMY YHCIII 0O0€PTIB €JIEKTPOABUTYHA O€3MEepPEePBHO MO 2 TOAUHU IS
KOXKHOT'O HaNPSIMKY 00epTaHHS.

[Tlim yac oOkaTKM PEAYKTOPIB BiOYBAETHCS KOPHCHUN MpOIlEC B3aEMHOI
iAPOOITKA KOHTAaKTYIOUHMX IMOBEPXOHb, IO MPU3BOAUTH 0 30UIBILICHHS IUIOLI
(aKTUYHOTO KOHTAKTY.

BinOyBaeThcss KOpPUCHHMM MpolLEC B3a€EMHOI MPUPOOOTKHM KOHTAKTYHOUMX
MOBEPXOHb, 1110 TPU3BOAUTH /10 301IBIIICHHS TUTONT (PaKTUIHOTO KOHTAKTY.

[Ticns mepeBipku mpuiisraHds 3y0iB MO IUISIMI KOHTAKTY 3 BUIIPOOYBAHOTO
penyKTopa 37IMBaIOTh BIJIINpaIlbOBAaHE MAaCIO, PETEIHLHO MPOMHUBAIOTH PEAYKTOP
racoM 3a JIOMOMOTOIO CIIeIIajJbHOT HACOCHOI YCTaHOBKHU, 3alpaBIsIOTh CBIKUM
MacjioM 1 BIIYYBAIOTh 1] HABAHTAKECHHSIM.

BunpoOyBaHHS 1M1 HABaHTAXKCHHSAM 3aCTOCOBYIOTH JIJIsSI BHUSBJICHHS SIKOCTI
poboTH By3/1a B BUPOOHUYUX yMOBax. [1]

Crenam, TpU3HAYCHI IS BUOPOOYBAaHHS PEIYKTOPIB, B 3aJCKHOCTI Bif
METOAYy CTBOPCHHS HaBaHTa)XCHb Ha 3y0YacTi mepesadi, TUIAThCS Ha JBa BUJM: 3
PO3IMKHEHHM 1 3 3aMKHYTUM CHUJIOBUM ITOTOKOM.

Y crTeHmax mepmioro BHIY IS HABAaHTAKEHHs JIeTajedl peayKTopa
BUKOPUCTOBYETHCSI MIPOLIEC TaJIbMyBaHHS BUXIIHOTO (BEIEHOI0) Baly peAyKTOpa.
JI1st 1bOro 3aCTOCOBYIOTHCSI MEXaHI4YHI, T1JIpaBiidHi, ()eppOornopoUIKOBl, MarHiTHI
Ta 1HII BHIM TaJIbM a00 eJISKTPUYHI F'eHepaTOpPH.

Henonik creHaiB 3 po3IMKHEHUM CHJIOBUM MOTOKOM TIOJISITA€ B TOMY, IO
Ipyd  HaBaHTaXEHHI JIeTAJIe BIAOyBaeThbCsl BTpaTa €IEKTPOCHEPrii, IIo
MiABOJAUTHCS /10 €IIEKTPOJBUTYHA CTEHITY.

176



Y CTeHmIB 13 3aMKHYTHM CHJIOBUM ITOTOKOM JI€Tajli HaBAaHTaXYIOThCS 3a
paxyHOK Harpyxarens (3a3BU4ail TPOPCIOHIB KPYYCHHs), IO BKIIFOYAIOTHCS B
CUCTEMY JBOX OJHAKOBHMX BHUIIPOOOBYBaHUX PEIYKTOPIB, BHACIIJIOK YOro BTPATH
€JIEKTPOEHEPT1i 3Be/ICH1 A0 MIHIMYMY.

VY mouaTkoBHi mepioa BUPOOYBaHb PENYKTOP HABAHTAXYETHCS MOMEHTOM
KpY4EHHS TIpU 4Kciiax 00epTiB, ckiIanoBux 20-25% HoMiHaIbHUX 3Ha4YeHb. [licis
podotu B 1poMmy pexumi mporsarom 30-40 XB 1 mpW BiICYTHOCTI MOPYIIEHb
PEAYKTOP HaBaHTAXY€TbCI MOMEHTOM KpPYY€HHS NpH 4Yuciaax oOepTiB, IO
cta”HoBATh 50% iX HOMIHAJIBHUX 3HAa4Y€Hb. [IOCTYIIOBO HaBaHTaXKEHHS 1 YHCIIO
00epTiB JOBOASATHCS JO HOMIHAJbHMX 3HA4YCHb. [pHBAICTh OOKATKH T[T
HaBaHTaxeHHsM Big 3 1o 12 rox. Ilpu BumpoOyBaHHI TiJi HABAHTAXKEHHSIM
IIEPEBIPSIOTHCS T1 K MapaMETPpH, IO 1 IPH BUIIPOOYBaHHI BXOJIOCTY. [2]

Takox 3acTOCOBYIOTH BHUMIpPOOYBaHHS Ha NOTYXHICTh. g 1poro 3a
JIOTIOMOT'0I0  CHEIIAIbHUX TaJbMIBHUX MPHUCTPOIB MOBIIOMIISEIOTH MaKCHUMAaJbHI1
CWJIM 1 MOMEHTH CWJI, SIKI MOXKYTh BUHUKHYTH TPU eKCIUTyaTallii MamuHu. [1]

Takox icHye meToa BiIOpOKOHTpoJt0. BiH momsrae y ToMmy, 110 3alUCYIOTh
XapaKTEPUCTUKU CUTHAIIB BiOpamii eTaJOHHOTO peayKTopa Ta TOro, IIo
KOHTPOJIOIOTh Ta TMOPIBHIOIOTH 3HAYEHHS. BUKOPUCTOBYIOTH pi3HUIO a3
MaKCUMaJbHMX 3HA4YeHb BIOpallii Ha 3yOLsIX TaKOX JiS BU3HAYCHHS MICIS
pO3TallyBaHHs Ta BEJIMYMHHU TUIIMA KOHTAKTY. [4]

BUCHOBKHM
VY crarTi npeacraBieHa 3arajibHa Kiacuikaiiisi METOAIB BUIPOOYBAHHS
SIKOCT1 CKJIaJaHHS PEAYKTOPIB Ta OMMCAHHS iX IMPOBEACHHS. Y SKOCTI CYMIIICHHS
KOHTPOJIO YChOTO pPEAyKTOpa Ta IUIIMH KOHTAaKTy KOHIYHOI 3yO4acToi mapu
3alpONOHOBAHO METOJ MOPIBHAHHS BIOpalliii €TaJOHHOTO Ta KOHTPOJIHOBAHOI'O
PEIMYKTOPIB.
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VJIK 364

Copokina A. O., crynentka, Hecropyk H. A., k.men.H, mou. (Ykpaina,
M. baxmyt, I'TIM JIBH3 «/IAITY »)

COIIAJBHO-TICUXOJIOTTYHUI CYITPOBIJI
IHANBIJIA B CYHACHHUX YMOBAX

Y cmammi 30iticneno auaniz coyianbHoO-nCUxono2iuHo20 Cynposoody iHOU8iod, 30Kpema
BILICbKOBOCTYHCOOBYSL, 8 CYUACHUX YMOBAX HCUMMEOIANLHOCII, PO32NAHYMO 3A60AHHS, Memoou,
acnekmu pobomi 3 cim'samu y4acHuxie 6ouosux Oill, pekomeHoayii ujoo0o peabinimayii.

AKTYaJIbHICTb Ta IMOCTaHOBKA mnpoluaemu. Crpax, KpOBOIIPOJIHTTS,
CMEpPTh, CUPITCTBO — II€ JIaJIeKO HE MOBHUI CIHCOK, SIKMi 00’ €THYyE OJIHE CJIOBO,
OJIHa TIO/Iisl — BiifHA. 3a BeCh Yac ICHYBaHHs HAIOi IJIaHETH Ta Hamoro Beecity,
yac, KOJM BCl MpoOJieMH Ta KOH(IIIKTH BHUPIIIYBAJIM MUPHUM LUISIXOM, HE OyB
nosrorpuBaiuM. Taki Biiiau, sik Cemupiuna BiiiHa (1756-1763), Ilepma cBiToBa
(1914-1918), Jlpyra cBiToBa BiiiHK 3a0panu 3 COOOI JECATKH MUIBHOHIB JIIOJEH,
3QIMIIMBIIKN, MOpPE KpOBi, 3JIHIHI, Ta Ha JEKiIbKa POKIB 3YIMUHWIH PO3BUTOK
Kpain. Ha >xanb, BCl ypokH, Kl HaJla€ HaM 1CTOPIs, IPOXOASTh IMOB3 ByXa JIiJIepiB 1
TOMY CyYacHHH CBIT CTOiTh Ha 1opo3i Tperboi cBiTOBOI BikiHH. HabOpamu
MacimTabiB Taki KoHGIIKTU 5K, ['poMansHcbka BiviHa y JliBii, BitiHa y Comami Ta
[entpanbHoadpukaHchKi pecryOmimi, KoHMIIKT Mix [lanectunoro 1 I3painem.
[lelt cnucok He 3YyNMUHAETHCS, a JIUIIE JOIMTOBHIOETHCS.

AHami3 ocTraHHiX gocaigkeHb i myOaikaniii. Ilurtanss comiamizaii,
ajanrariii ocoOMcTOCTI B CydacHMX ymoBax nociuimkyBanu Caiitc K. [4],
ITetocenik ., ABmuenko I'. [1], Kicapuyk 3., Omenpuenko ., Jlazoc I.,
JlutBunenko JI., Ilapenko JI. [2] Ta Oarato iHIIMX HAYKOBIIIB Pi3HHX KpaiH.
OnHak, BBaXaTH 1€ MMUTAHHS OCTATOYHO JOCIIIKEHUM W BUPIMICHUM HE MOXHA,
OCKUIBKH COIllyM 3MIHIOEThCS, a 3 IIMM TMOTpedye W 3MiH COIlllaJibHO-
MICUXOJIOTTYHUN CYMPOBI 1HANUBIZA B CY9aCHUX YMOBaX KUTTEIISIIBHOCTI.

MeTo10 cTATTi € aHaANI3 COLIAIBHO-TICUXOJIOTIYHOTO CYMPOBOAY 1HAWBINA,
30KpeMa BIChKOBOCIYKOOBIIS, B CYYACHUX YMOBAX >KUTTEAISTILHOCTI.

Buxkiaax ocHoBHoro marepiany. Hama kpaiHa 3HaXoOuTbesl Yy Hdyxe
Bakkomy ctaHi. Ha Teputopii YkpaiHnu, a came Ha cxo/l, MNPOXoAsiTh OOMOBI1 Aii.
VKkpaiHa BIZICTOIOE CBOIO TE€PUTOpPIAJIbHY IUTICHICTh, Ta HE3aJEKHICTh, ajie SKUM
YUHOM, YCIM HaM BiJIOMO. 3a BC1 pOKM OOMOBHX JiH, K1 IPOXOAWIN B YKpaiHi 3
2014 poky, HaceneHHs1 YKpainu 3 45 245 900 miH. oci06 3MEHIIMWIOCh 10 42 MIH.
263, 9 Tuc. oci6 (manni 3a 2018pik). 3a migpaxynkamu OOH nHa 30 Bepecus 2016
POKYy, *KepTBaMH KOHQUIIKTY Ha cxoi ctainu 31 805 oci6: 3 Hux 9 574 tuc. BOUTO 1
22 231 Tuc. moctpaxaanux (3MiHIOETbCs). Takox B YkpaiHi KUIbKICTH 0Ci0, sKi
nepeixanu abo BTEKJIM 3 Kpainu Ha jucronan 2016 poky Hamiuye 1,5 MiaH. 0ci0
(3MiHIO€ThCsI).  CrpaBxHIO 1HGPYy peadbHUX BTpaT, MU HE JII3HAEMOCS
HaHOIMKIMM 9acoMm, a0o K B3araji He Ji3HaeMocs, 00 1i qyKe BaKKO BUpaxyBaTH.
HapaxoByeThcsi BelMKa KUTBKICTh BTpaT 3 OOKY MHUPHOI'O HAaCEJICHHS, Ta BCE XK
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HAWOUIbIy HOIIY TOHECIM Ta HECYyTh BIMCHKOBOCHYXOOBLI. BoHu 1 Hagam
3QJIAIIAIOTHCS 3aXUINATH HAIl CYBEPEHITET.

Biitna TpuBae Bxke MaiiKe IIOCTHH PiK, BINCHKOBI 3HAXOATHCS Y TOCTIHHIN
Hanpy3i. Ha iX camomouyTTs, Sk MopalbHE Tak 1 (i3WYHE BIUIMBAIOTH 30pOMHI
CyTHYKH. BaXKo yABUTH, IO BITYYyBa€ JIIOAMHA, SKa HAILIIOE 30pOI0 Ha 1HIIY
JIOJIMHY Ta HaTUCKa€ Ha Kypok. He KoxeH, BIICLKOBUH 11€ YU Hi, MOKE€ BUTPUMATHU
take. Jliama3oH BIumBY (haKTOpiB BIHM Ha JIIOAWHY HaA3BHUYalHO mupokuit. [Ipu
IIbOMY HabaraTo OLIBIINKA MaciTad MarOTh MOM'SKIIEHI 1 BIACTPOYEHI HACIIIKU
BIMHH, I[0  BIUIMBAIOTh  HE  TUIBKK HA  TNCUXO(I3UYHE  3JI0pPOB's
BIICBKOBOCITY>KOOBIIIB, ajie¢ 1 Ha iX MCHXOJIOTIYHY BPIBHOBa)KEHICTb, CBITOTJISI,
CTa0LIBHICTD IIHHICHUX Opi€HTAIIH.

B ychomy cBIiTI, y dYac, KOAM B KpaiHi MNpPOXOoAsLTh OOHOBI i,
BICHKOBOCITY>KOOBIISIM HAJIa€ThCS MCUXOJIOTIYHA JIOMOMOTra, 3 HUMH IPAIIOIOTh
TICUXOJIOTH, SIKI HE JIAal0Th IM 3aHYPUTHCS y CIIOTaIA KAXJIUBUX POKIB 3 TOJIOBOIO.
s nmomomora HamaeTbCs y IMeHTpax peaOumitamii. B VYkpaini mi 1eHrpu
po3tamoBadi y Kuesi (xiainika MEJIEKC), Binaumi (peabumiTamiiHUi IEHTp
«Cxomn»), Kuromupi («Oazuc xutTs»), [Ipukapnarri i iH. [3].

3 no3uIii pizHUX AediHiii peabiaiTalio MOXKHA TIIYMAUUTH SK KOMILIEKC
MEJIMYHUX, MEeIarOriyHuX, MCUXOJIOTIYHUX Ta IHIIUX BUIB 3aXO0/(1B, CIIPSIMOBAHUX
HAa MaKCHMMaJbHO MOJKJIMBE BIJIHOBJICHHS a00 KOMIICHCAIlII0 TOpyIIeHux abo
MOBHICTIO BTPAu€HUX, B PE3ybTaTi XBOpoOH ab0 TpaBMU, HOPMAIbHUX MCUXIYHUX
1 pizionmorivHuX GyHKINIH (TOTPed) JIFOICHKOTO OPTaHi3My, HOT0 Mpare31aTHOCTI.

OCHOBHMMH MeTOZaMHU peadiIiTarii €:

- JIKyBaJlbHI Ta IICHXOJIOTIYHI 3aXOJM, CHPSIMOBAaHI Ha IMOMEPEIHKEHHS
po3BUTKY maTtosioriunux mporeciB micisg [ITCP, mo npu3Boaars 10 MOpyIieHHs
CoIllaIbHUX 3B'A3KIB, MpodeciiiHoi Ta 0COOUCTICHOI Je31HTerpailii, aJkorojizmy,
HapKOMaHii, CyinuaiB, 1 CKIaZaeTbcs 3 (HapMakoJIOridyHOI, TPyHmoOBOI Ta
IHAUBITyaJIbHOI Tepaii.

- TPYIOBI 3aHATTSA, TPEHIHTH CIPSMOBAaHI HAa YCYHEHHS HEBPO3IB 3
MOPYIICHHSIM TPYAHOIIIB B MDKOCOOHCTICHOMY CIIJIKYBaHHI Ta COIIAJIbHOI
anantanii. Ile cniipHa AiSIBHICTH MAIIEHTIB B JIKYBAIBHUX IUISX, sIKA aKTUBI3YE
0JI0JIaHHS HEKOHCTPYKTUBHOI (hiKcallii Ha XBOPOOIMBOMY CTaHi, pO3IIMPIOE KOJIO
1HTEepeciB 1 chepy KOHTAKTIB, PO3BUBAE€ KOMYHIKATHBHI HABUYKH.

OCHOBHHMH 3aBJIaHHSIMH COI1aJIbHO-IICUXOJIOTIYHOT peadiIiTarii €:

- OIlHKa MCcux0(1310J0TTYHOTO CTaHy MOTEPIUINX, BU3HAYEHHS SKOCTI 1
CTYIEHS MCUXOEMOILIIHOTO pOo3JIaay;

- BU3HAYEHHS ONTHUMAIBHUX NUISXIB 1 METOJIB TCHUXOJIOTIYHOTO BILUIWBY,
CIpPSIMOBaHUX HA BIIHOBJIEHHS ONTUMAJIbHOI MPaLe3AaTHOCTI;

- BUBYEHHS JMHAMIKHU MCUXIYHUX MOPYIIEHb Y MPOIIEC JIKYBaHHSA; OI[IHKA
(GI3UYHOI, CEHCOPHOI Ta IHTEIEKTyaJdbHOI mNpale3JaTHOCTI, 3ICTaBICHHA IX 3
HOMIHQJIBHUMHM TIOKa3HUKaMU MpoQeciiHol mnpame3gaTHOCTI Ta BIJHOBIICHHS
BTpAYCHUX TICUXIYHUX (PYHKIIIH; KOPEKIIis IMCUXOCOMAaTHYHOI'O CTaTyCy METOAaMHU
MICUXOTEPANIEBTUYHHUX, TICUXO0(1310JIOTTIHUX 1 ICUX0(PapMaKOJIOTTYHUX BILIUBIB;

- KOPEKIIisl CaMOCBIJJOMOCTI, CAMOOLIIHKH 1 CAMOTIOYYTTS.
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Han3suuaiiHo BaXXJIMBI JUIS IICUXOCOLIAJIbHOI aganTaliil BIHCEKOBUX € TXHI
CTOCYHKH B CiM'i. JlaHWI TyHKT € OJHHUM 3 TOJIOBHUX, aJKE T€POiB, AKI BiIJaIH
CBOi XUTTS 1 370pOB'ss HE MOXHa 3a0yBaTu. Bin 0oloBUX Aifl CTpaXKaaroTh HE
JMILIE BIMCHKOBI, AKI 3aXMIIAIOTh KOPAOHHM, aje i Ti, XTO iX yekae Baoma. Yacto
OyBae Tak, IO y 3aruOJIMX OIWIlIB 3aIUIIAIOTHCS CIM'T 3 MaJICHBKUMU JITbMH a00
caMOTHI 0aThKU. IM HEOOXimHI K MOpaJibHa MIATPUMKA 1 JJOMOMOTra TMCUXOJIOTIB,
Tak 1 (piHaHCOBA 200 Oy/Ib-sIKa 1HIIIA JOTIOMOTa.

I'oBopsiun mipo pobOOTY 3 CIM'SIMH yYacHHKIB OOMOBHMX AiH, BUIAUISIOTH JBa
ACTIEKTH:

1) po6OTy 3 HUMU SIK 3 OJJHUM 3 HaMOLIBII BAKIUBUX 1 3HAUMMUX YNHHUKIB
ncuxopeaduTiTarlii 1 ICUXOJIOTTIYHOT JOTIOMOTH;

2) HamaHHS Oe€3MOoCcepenHbOi TCHUXOJIOTIYHOT JOMOMOTH CaMHUM YJIeHaM
cimen.

OnHuM 3 OCHOBHMX HampsIMKIB B pamkax peaoOumranii € podoTa 3 ciM'ssMu
BIICBKOBOCITY>)KOOBIIIB T€ped iX TMOBEPHEHHSM, BIJABIIYBAaHHA KOHCYJbTAIIlH
ncuxosiora. AKTyallbHUMH € HacTyIHI peKOMEHAAIli:

1. HeoOximHO yBa)KHO BHCIYXOBYBaTH PO3MOBiNiI CBOET OJU3BKOI JIFOJUHU
po Te, 1110 HOMY JoBeNocs nepexuTu. Jyxe BaxXJIMBO JaTH HOMY BUTOBOPUTHCS B
KOMQOpTHii1 o0cTaHOBIl, J¢ OyAe MopajibHa MIATPUMKA OJU3BKOI 1 KOXaHOT
JFOJTUHU.

2. IlposiBnsiTM yBary 1 TepHiHHS A0 NpoOsieM ONM3bKOI JIOAUHU, SKI
HEMHHYYE BUHHUKAIOTh Ticisg OOHOBOro cTpecy, 10 HOro MCUXOJOTTYHOTO
auckoMdopTy, 0 MIABUINEHOI  JPATIBIMBOCTI, MOXJIHMBOTO  TPHUBAJIOTO
JENPECUBHOTO cTaHy. [le THMYacoBe sIBUIIE, TOTTOMOXITh HOMY 3 HM BITOPATHCH.

3. HeoOxi1HO BpaxoByBaTH, IO 3a YaC PO3JIYKH BH BCI JICHIO 3MIHWINCS, HE
JuIIe B eMoliitHoMy ceHci. Heo0xiaHo AKuiick yac, o0 3HOBY 3BUKHYTH OJIMH J10
OJTHOTO.

4. OcobnuBy yBary, MOTpiOHO MNPUIAUIATH IITAM. BaxnuBo, 1mo0 npu
BIJIHOBJICHH1 BIJIHOCHH 3 YOJIOBIKOM, BOHHM HE 3aJIMIIAJIUCS 0€3 HAJIEXKHOI yBaru i
Typ6otu. Tomy 110, came y nuTauuit nepiona, GopMyeThCsi EMOIIINHICTh Ta MCUXIKA
nuTHHA. BOHU He MOBWHHI MEpPeXUBATH eMollii BiHU. [le Moke mpuszBecTH N0
HEMUHYYHX 3MiH.

5. CTBOPITH CIPUATIUBY IHTUMHY OOCTaHOBKY, JalTe 3pO3yMITH MapTHEDPY,
10 BU MaeTe moTpedy B HbOMY 1 IO MiieTe oMYy Ha3ycTpid, IO MOCTPaXaaauil
HE OJIMH 1 y HbOTO € MIATPUMKA.

6. He 3aoxouyiite BxuBaHHs ankoromto. Auskoronb Ha ¢oni [ITCP €
HEOE3MEeYHOI0 CyMImto. Takuii COr03 MOKE MTPU3BECTH JI0 CEPUO3HUX HACIIIKIB.

[ToBuHHI OYyTHM AaKTHBHI PO3MUTYBaHHSA, JOOPO3UWIMBI W  YBaXHIl
BUCITYXOBYBaHHS HAHOUIBIII HEMTPUEMHUX MEPEKUBAHB - MPU ITbOMY 3MEHIIYETHCS
adeKTHBHA  Hampyra,  CTPYKTYPYIOTbCS  TEPEKHUBAHHSA,  AKTUBI3YETHCS
[ilecnpsIMOBaHa AisUIbHICTh MOCTPaXKIATUX.

B pe3ynbrari Takoi JisUIBHOCTI IOCATAETHCS 3MiHA CTABJICHHS J0 CUTYAIIil sSIK
JI0 OJHIET 3 MOXJIMBMX, SKa BXE€ CTajacs 1 TH BXKE il MEPEeXHB; peakcallis;
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HiABUIICHHS TIOPOTY YYTJIIMBOCTI JI0 TICMXOIeHHOro (pakTopy; eMmorliiiHa
MiATPUMKA; TAKTUJILHANA KOHTAKT 3 TIOTEPIILINM.

JlronsiM, HEBaXXJIMBO, BIMCBKOBOCTYXKOOBIISIM 200 iX pojuHaM, HEOOX1JTHO
00OOB'SI3KOBO BIJIBIIYBATH IICUXOJIOTa, Xoua O MdEKUIbKa pasiB, OCKUIbKU IS
YCHINIHOI COIIaTbHO-TICUXOJIOTTYHOT peaburiTalii, y 30H1 00MoBUX iid, QaxiBIiiemMm
3aCTOCOBYIOTBCSI PI3HI METOJM 1 TEXHIKM ICUXOJWHAMIYHOI, TOBEIIHKOBOI,
KOTHITUBHOI, TIMHOCYT'E€CTUBHOI Teparii, TemTaabT-Teparnii, HeWpOJiHIBICTHYHOTO
IPOrpaMyBaHHs, TPAHCAKTHOI'O aHaJ3y, ICUXOpaMH Ta 1HIIII METOAUKH.

[Ipu oMy 111 METOIM OPIEHTOBAHI Ha:

1. YcBigoMieHHsS 1 OCMHCIEHHS THX MOJiH, K1 MOCIYXWIH TPUYUHOIO
aKTYaJIbHOT'O TICUXIYHOTO CTaHY.

2. PenaryBaHHs mepeXUBaHb, TOB'SI3aHUX 31 CIIOraaMu PO Ioail 00ioBoi
IIsIIbHOCTI, 1K1 BUKiInuKkaroTh ITTCP.

3. IlpuifHATTS TOrO, IO CTANOCS SIK HEBIA'€MHOI YAaCTUHH >KUTTEBOTO
JOCBITTY.

4. AKTyaizalilo TOBEIIHKH, HEOOXIMHOi ISl TOAOJIaHHS HETaTUBHUX
HacIiaKiB 00MOBOro cTpecy 1 peaganTarllii 10 yMOB, IO 3MIHIIUCS, SIK BHYTPILIHIX
TaK 1 30BHIINIHIX YMOB KUTTEISUIBHOCTI.

BucnoBku. CorianbHO-IICUXO0JIOTIYHA peaduTiTalisd yYaCHUKIB OOMOBUX 1id
€ OJHHUM 13 TPIOPUTETHUX HAMPSIMKIB poOOTH IIEHTPIB peaburiTaiii B YKpaiHi.
[Icuxonoriuna peaburiTalis BiMCHKOBOCIYXOOBIIB € BaXJIUBUM CKJIAJ0BUM
€JIEMEHTOM TICHXOJIOT1YHOI POOOTH B Cy4acCHMX YMOBaxX BIHCHKOBOI CIIyXOH.
[ToBHICTIO YHUKHYTH TICHXOTpPaBM cepell BINCHKOBOCIYKOOBIIIB B 00HOBIH
OOCTaHOBIII HEMOXJIMBO, OJHAK 3a JOIOMOTOK) CBOEYACHOTO  HaJTaHHS
NICUXOJIOTTYHOT JOTOMOTM Ta 3IIMCHEHHS peadunTamifHuX 3aXxoJliB, MO)KHA
3HU3UTH BIJICOTOK TICUXOJIOTTYHUX TPaBM; JOTMOMOITHU JIFOAWHI COLIaNi3yBaTUCS B
Cy4acHHX yMOBaX >KUTTE€HISUIBHOCTI.
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JOCJIIZKEHHSA TITPOLHECY HABEJIEHHS IEPEXPECOI'O
BIIVYIMBY HA ITAPAJIEJIBHUX ITPOBIJHUKAX

Y ecmammi npeocmaeneno OocniodxcenHs 6uUA8y HABEOEHHS e€NeKMPUYHO20 CHPYMY Y
napanenbHux NposiOHUKAX, 3A605KU NPOXOONCEHHIO BUCOKOUACTOMHO20 YUDPOBO2O CUSHATLY Y
00HOMY 3 Hux. Bukopucmano meopilo 36 ’a3Ky MacHimHO20 Ma eNeKmpuidHo2o NOJi8, 3aKOH
Amnepa-Maxkceena ma ¢hizuuno2o s8uwa nepexpecnoco HageoeHHs! y NPOBIOHUKAX.

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.

[TepexpecHuii BIuB (a0 sBHILE "TIEpeTIKaHHA" CUTHALY 3 OJJHOTO KaHaly B
IHIIWH, €IEeKTPUYHI HaBEJAEHHS, BUKJIMKAHI MPOXOUKEHHSIM CHUTHAlIy B CYCLIHIX
IPOBOJIaX) XapaKTEPU3YEThCs, MEPILI 3a BCE, JDKEPEIOM CHUTHANY (SIKUM MOXe
CIIYUTH OyAb-SKMI KOMIUIEKCHUHM Omip) 1 mpuilMaueM, 3a3BUYail MarOTh OUIbII
BUCOKE 3HA4Y€HHS KOMIUIEKCHOTO Omopy , abo TOTeHIial BipTyalbHOI,
"mraBarouoi” 3emi. [1,2,3,4,5]

Mertoto CTaTTi € JOCTiIKEHHS IPOIECCY HaBEACHHS MEPEXPECHOTO BILTUBY Y
napajelbHUX TMPOBIHUKAX Ta BU3HAYEHHS  YacTOT 3HAYEHHSI CTPyMy Yy

POB1IHUKOBI-TIpUIMaYi.
Cxema po0O0u0i yCTaHOBKHU VY cTaHOBKA CKIIAJIA€ThCSL:
V= 1)  reHepaTop BUCOKHX YaCTOT

2) 2 IpOTH , 3 BUXOAAMH JIJIsI
migkiToueHHsa( po3’eM 3.5 MM,
JIOBKMHA KOXKHOT'O JIpOTy 1Mo 1,3 M )

3)  AHanoroBo-uudpoBuil npuitMay
gactoT(ALII)

AITIT

Pucynok 1- cxema ycTaHOBKHU AOCHITY

JlociKeHHs TPYHTYETHCSI Ha BIACTUBOCTAX Ta B3a€EMOJIIT €JIEKTPUYHOTO Ta
Mar”iTHOrO IMOJIB , @ TAKOXX CTPYMY 3MIHIOBAHOI YacCTOTH,a caMe Il B3aEMOJIS €
OCOOJIMBICTIO JOCHIPKEHHS. BUKOpUCTOBYETBbCSI ~ IIMPOKOCMYTOBHI T€HEPATOP
YacTOT 31 3MIHHOIO YaCTOTOIO CUTHAIY, 3aBISKH SIKOMY (DOPMYETHCS 3MiHIOBAHE
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Mar”iTHe IoJie y MNpOBIIHUKOBI-niepenaBayl. 3a pomnomororo ALl mposeneno
aHalli3 BETUYMHU I1HAYKLUIMHOTO CTPyMy TMpPOBIAHUKA-TIpUiiMada, HaBEICHOTO
B3a€MOJII€I0 CUTHAITy TiepefaBada Ta BIACHOTO OMNOPY MaTepially MpOBiIHHUKA-
npuiiMada. TakuM dYHMHOM MaeMO BIUIMB XapaKTEPUCTUK  MPOBITHUKA-
npuitMaya(Bin kKoHQiryparii #oro dopmu 10 GI3UYHUX BIACTUBOCTEH ) Ha
BUXIIHUN CUTHAN .32 OTPUMaHUMU PE3yIIb-
-TaTaMU BCTAHOBJICHAa 3aJIeKHICTh MDK 4YacTOTOI Ta CHJIOK CTPyMy ¥y
IIPOBITHUKOBI.

Y Tabmumi 1 HaBeneHI pe3ynbTaTH IOCIIHKEHHS Ta HA PUCYHKY 2 HAOYHO
NOKa3aHa 3aJIeKHICTh BEJIMYMHU CHJIM CTPYMY B/l YaCTOTH KOJIMBaHb IIPOBITHHUKA.

Tabmums 1 -/lanHi 1715 moOymoBH rpadika

Ctpym,MA 301 | 473 |645 | 860
YactoTa, kI 11 7 11 15 20

3anexHiCTb CTPyMy Bif, 4acToTH

N
(6]

860

N
o

645

=
(6]

473

=
o

301

Yacrtora, Kl'y

0 100 200 300 400 500 600 700 800 900 1000
Ctpym, mA

PucyHok 2- rpadik 3aJ1€KHOCT1 CTPyMY BijJ 4aCTOTH.

Posrnsmaroun Buiie HaBegeHuM Tpadik 3aJeKHOCTI CTPyMY BIJ 4aCTOTH
CUTHAJly, MAa€MO MOXJIMBICTb CKa3aTH ,lI0 BEJIWYMHA CTPYMY Y HIPOBIIHHUKOBI-
npuiiMadi JIHIAHO 3aJeXUTh Bl 3HAYEHHS 4YacTOTH TepenaBada. ToOTO mMaemo
nepeTBopeHHs oaHiel AUX 3MiHHOT 4yacTOTH (BXIAHUN CUTHAI 3 IepeaBava) Ha
iHakmry AUX miHI#HOT 9acTOTH(BUXTHUA CUTHAT 3 TIpUiiMaya).
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BMCHOBKHA
[IpoBeneHe MOCHIPKEHHS BHSIBISIE MOXIIUBICTh CTBOPEHHS CTPyMy ¥y
napajelibHUX IPOBIJIHUKAX YMOBHO HE3B'A3aHUX MK COOOI0 3a JOIOMOIOK0
[EPEXPECHOr0 BIUIMBY MIMPOKOCMYTOBOTO 3MIHHOIO MArHITHOIO IOJISI Ta Ja€
MOKJIMBICTh y MOJAJbIIOMY BHBYEHHI IPOLIECY BHU3HAYATH XapaKTEPUCTHKHU
MaTepialy IpOBiIHUKa-TIpUiiMaya.
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VJIK 364

Tumuyenxko H. B., cryaentka, Hectopyk H. A., kx.mea.H., nou. (Ykpaina,
M. baxmyt, I'TIM JIBH3 «/IAITY »)

YIOPABJIHHA TA POJIb COHIAJIBHO-ICUXOJIOI'TYHOI'O
KJIIMATY B KOJIEKTHUBI

B pobomi npezenmosano ocobiusocmi coyianrbHO-NCUXON02TUHO20 KAIMAMY 8 KOAeKMUBI
ma wasaxu 1o2o noninuwienHs. l1Ipoananizogano 6adciugicmo 1020 3HAYEHHS, OCKLIbKU ye 0ae
3mMo2y Oocnioumu cmau NOKA3SHUKA, SAK YUHHUKA NIOBUUWEHHS epeKmUeHoCcmi coyianbHo-
eKOHOMIYHOTL OistibHocmi. 3’51c08aHO, WO 6iH MAE 3HAYEHHS ) 300e3NneYeHHl 8UCOKOeHEKMUEHOT
ma npoOyKmueHoi cnienpayi uniewie mpyoo8020 KOINeKMuUgy, 6nIueace Ha NiOBULEHHS
3a00801€HOCMI COYIATLHO-MPYO0BUMU BIOHOCUHAMU, U0 8 CBOI0 Yep2y 0a€ 3MO2Y 00CACMU BUCO-
KOi' AIKOCMI Mpy008020 HCUMMS, COYIATbHO20 000POOYMY Ma 31A200U.

AKTyaJbHICTh Ta MOCTAHOBKA NMpoOJemMu. HallOuIbll yacTOI0 MPUYUHOIO
panToOBOrO MaJiHHSI BUPOOHUYUX 1 KOMEPIIHHUX MOKA3HUKIB (DIpM € MOTipIIeHHS
COITIaJIbHO-TICUXOJIOTTYHOT0 KJIIMATy oOpraHizaimii B IMUIOMy a00 B OKpeMHX il
migpo3ninax. Haifuacrime pi3ka 3MiHA COMIAJBHO-TICUXOJOTIYHOTO KJIIMaTy
MOB'SI3aHO 31 3MIHOIO KepiBHHUITBA. HOBUII KepiBHUK MNPUXOIUTH 31 CBOIM
PO3YMIHHSIM  «IIPAaBWJIBHUX» BIJHOCMH B KOJIEKTUBI 1 aKTUBHO TOYHUHAE
BIIPOBA/KYBAaTU iX B JKUTTA. Hacminku dacto OyBaloTh CyMHI: CTapl TpajuIlii,
IpaBWIIa, HAIpallbOBaHi BiTHOCMHU PYHHYIOTBHCS, @ HOBI — HE NPWKUBAIOThCS. SIK
MIJICYMOK — 3HIKEHHS 3allIKaBIICHOCTI B pe3yJbTaTraxX MJisSJIbHOCTI, MIJBUILCHHS
IJIMHHOCTI1 KaApiB, 3HUKEHHS MOTHBAIIi CIIIBPOOITHUKIB.

AHaJi3 ocTaHHiX aochaimxenb i myoaikamiid. [lutanus poni couianbHO-
TICUXOJIOTIYHOTO KJIIMaTty B KojekTuBi gociimkyBasm Ilapurin b. J1., IllakypoB
P. X., Konomiacekuit H. JI., O6030B M. M., lllokiu I'. B., I[Inaronos 0. I1., Pean
A.A.

MeTo1o cTaTTi € mpe3eHTaIlisl aHali3y CyTHOCTI COIIaIbHO-TICHXOJIOTTYHOTO
KJIIMary B KOJEKTUBI, OCOOJMBOCTI HOro QopMyBaHHA Ta ULUISIXH HOro
TOJTITIIICHHS.

Buxiaaax ocHoBHOro marepiaay. YcHiliHe YyNpaBiIiHHSA OpraHizaii€ro Ta
TISUTBHICTIO 11 IepcoHally mependadae o0i3HAHICTh HE JIUINE 3 AUIOBUM, a W mo3a
JUJIOBUM CHUIKYBaHHAM. [IcHMXOMOr1YHMM KIiMaT B OpraHi3aliii MoXXe M1JCUTI0OBaTH
Y 3HWKYBATU MPEAMETHY AISUIBHICTB JIIOJEH Tak camo, sk 1 mpodeciiiHi 3aBJaHHs
opratizailii iCTOTHO BIUTMBAIOTh Ha MCHXOJOTIYHHUMA KiaiMar. CaMe TOMY OJHHM 13
YUHHUKIB YCIIIIHOCTI IIsUIbHOCTI TPYIIU YK OpraHi3ailii € CTaH MDKOCOOMCTICHUX
BITHOCHH, HA OJHOMY TIOJIFOCI SIKOTO € TIO3UTHBHUN (TOOTO CHPUSTIMBUN)
NICUXOJIOTIYHUN KJIIMaT, Ha 1HIIOMY — KOH(IIKTHa CHUTyarllis, siKka JIe30pIEHTYE
rpyny, NOripuIye AisJbHICTh OpraHi3alii.

CoriabHO-TICUXOJIOTIYHUM  KJIIMaT — 1Ii¢ SKICHUM OIK CTOCYHKIB, IO
BUSIBIIIETBCSI Y BUTJISII CYKYITHOCTI TICMXOJIOTIYHUX YMOB, IO CIPHUSAIOTH a0o
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MEePENIKOHKAI0Th MPOJYKTUBHIN CHUIBHIA IISUIBHOCTI Ta PO3BUTKY OCOOHMCTOCTI B
rpymi [1].

YacTo BUKOPHUCTOBYIOTH CHHOHIMIYHI TIOHATTS «IICUXOJOTTUHHHN KIIMaT»,
«MOpPaJTBLHO-TICUXOJIOTTYHUM KITIMaT», «IICUXOJI0T14Ha aTMocdepay TOIO.

Tak, Ilapuria b. J[. 3a3Hayae, 1m0 COMIATbHO-TICUXOJOTTYHUN KiIiMaT —
"OIMH 13 BHpIIAJIBHUX YMHHMKIB YCHIIIHOI AISUIBHOCTI JIIOJAMHM B yCiX cdepax
XKHUTTS cycriiberBa” [2].

Bupizusaiore  Taki  OocHOBHI  ¢aktopu  ¢GOpMyBaHHS  COIIaJIbHO-
MICUXOJIOTTYHOTO KIIIMATY:

- dbakTOpu MaKpoCepeI0BUIIIA;

- dbakTOpy MIKpOCEPEIOBHIIIA.

['oBopsun  mpo  (akTopu MakpocepenoBHIa, IO BIUIMBAIOTH Ha
NICUXOJIOTIYHUN KJIIMAT 330BHI, HEOOX1JIHO TAaKOX BPaxOBYyBaTU Te€, IO >KOIHA
rpyna HE MOX€ ICHYBaTH, a THUM OUIbLIE pO3BUBATUCSA 130JbOBAHO BIJ
HABKOJIMIITHHOTO CBITY.

Jlo Takux (hakTopiB HaJIEKaTh:

- COIAJIbHO-TICUXOJIOTIYH1 TEHACHITIT HAYyKOBO-TEXHIYHOTO TIPOTPECY;

- O0COOJIMBOCTI CYCHUIBHO-€KOHOMIYHOI (opMarlii Ha KOHKPETHOMY
eTarni po3BUTKY CYCILIbCTBA;

- 0COOJIMBOCTI JIISITLHOCTI OPTaHiB YIPABIIHHS, BUIIUX 32 PIBHEM;

~ COLIIAJIBHO-TICUXOJIOTIYHI OCOOJIMBOCTI TEPUTOPIAIBHOIO paloHy, B
KoMy (DYHKITIOHY€E OpraHi3allis, TOIIO.

3HayHO OUIbIIE BIUIMBAIOTh HAa  COLUAJIBHO-NICUXOJIONIYHMM  KJIIMaT
KOJIEKTUBY (hakTOpH MikpocepenoBuiia. OCHOBHI 3 HUX TaKi:

- OCOOJIMBOCTI ~ MaTepialbHO-€KOHOMIUYHUX,  TEXHOJIOTITYHHX  Ta
OpraHi3aliifHO-yIpaBIIHCHKUX YMOB Ipalll B KOJEKTUBI Ta CTYIIHb 3aJI0BOJICHHS
Troael muMu (hakTopamu;

- ocoOnMBOCTI  (popManbHOI  CTPYKTYpU B  KOJEKTHBI Ta  ii
CIIBBIJTHOIIEHHS 3 HE()OPMAILHOIO;

- CTWJIb KEPIBHUIITBA KEPIBHUKA KOJIEKTHUBY;

~ pPIBEHb MCUXOJOTIYHOI KYJIbTYPU KEpPIBHUKA Ta CHIBPOOITHUKIB TOIIO
[1].

OTxe, OCHOBHMMHU (akTOpaMu, MO0 BIUIMBAIOTh HA CTaH COIUAIBHO-
MICHXOJIOTTYHOTO KJIIMATy B KOJIEKTHUBI €:

— 3MICT Tpalli Ta CTyMiHb 33JJ0BOJICHHS JIFOJIel pOOOTOIO;

- YMOBH TIpalli Ta Mo0yTy, 3aJJ0BOJICHICTh HUMH,

— CTYMiHb 3a/JI0BOJICHHS XapaKTE€pPOM MIKOCOOUCTICHUX CTOCYHKIB 31
CHiBpOOITHUKAMU;

- CTHJIb KEPIBHUIITBA,

— 0COOHUCTICTh KepIBHUKA Ta HOTO 3a/I0BOJICHICTh CIIBPOOITHUKAMU.

Vkpaincekuii nicuxonor Konmomincbkuit H. JI. [3, ¢.53] po3pobuB cxemy
(puc. 1 3agoBoJeHICTh OCOOMCTOCTI MPAIICIO Ta Ti OCHOBHI JKEpena), /1e BpaxyBaB
OCHOBHI YWHHHKH, W10 3yYMOBJIOIOTH 3aJ0BOJICHICTh JIIOJIed BUKOHYBAaHOIO
pobOTOI0, @ TAaKOXK B3a€EMHHUI BIUIMB PI3HMX KOMITOHEHTIB. Taka cxema IikaBa s
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KepiBHMKA, 00 Joromarae 3ano0iraTu KOH(MIIKTHOCTI B KOJIEKTHUBI Ta MOJIIIIYBaTH
fioro emorriitHy atmocdepy.

3aas 3rypTOBaHOCTI Ta TapMOHI3allll KOJEKTHBY, KEPIBHUKY HEOOX1THO
BOJIOAITH TaKUMH OCOOHMCTICHUMHU XapaKTEPUCTUKAMH, SK: BHU3HAYECHICTD,
YCBIJIOMJIEHICTD, I[LJICCIIPSMOBAHICTh, BHOIPKOBICTh, TAKTOBHICTb, II€BICTb,
BUMOTJIUBICTh, KpUTUYHICTb, BIJMIOBIAIbHICTD.

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 Mpalero Ta ii OCHOBHI JKEpea

Jo6po3nuuBUMH Ta KOMMOPTHUMHU CTOCYHKH JIHOJ€H B KOJEKTUBI OyIyTh
TOJI1, KOJIM MOTO YWIEHH CTABUTUMYTHCS 3 TIOBArol0 Ta CUMIIATIEI0 OJUH IO OJTHOTO.
Lle ayxe BaxauBuii ¢akrop. 060308 M. M., Illokin I'. B. [4] cucremaTtusysaiu
OCHOBH1 UNHHHUKH, 5IKI BU3HAYAIOTh XapaKTeP MI>KOCOOUCTICHUX CTOCYHKIB (pHC. 2
YHMHHHUKY 71 BU3HAYCHHS XapaKTepy Mi>KOCOOUCTICHUX CTOCYHKIB).

3 meToro ¢hopMyBaHHS Ta MOJIMIIEHHS COIIaJbHO-TICHXOJOTTYHOr0 KIIIMaTy
B KoiekTuBl ((ipmm, migmpuemcTBa) OakaHO MaTH B IITaTi OpraHizamii
KBaII(PIKOBAaHY JIOAMHY, TOOTO MPAKTUYHOTO IICUXOJIOra, KU 3a JOIMOMOTOIO
PI3HUX METOAMK 3MOXKE MOJIMIIUTH 3arajbHy €MOIINHY atMoc(epy KOJIEKTHUBY,
JIOTIOMOTTH ~ CIIBPOOITHUKAaM TapMOHIMHO CITIBICHYBAaTH IIPOTATOM poOOUYOTo
IpOLIECYy Ta HaBYATH WICHIB KOJIEKTUBY 1 KEPIBHUKIB BUCOKIM KYJIbTYpl B3a€MOI1
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Ta crnuikyBaHHs. HailOuibn epekTHBHUMH METOAaMH JOCSITHEHHS CIPUSATIUBOTO

COIIIaIbHO-TICUXOJIOTIYHOr0  KJIiMaTy € TPEHIHrH Ta Taki

ix dopmu,

MOBEIIHKOBUM TPEHIHT, TPEHIHT YYTJIUBOCTI, POJIbOBUI TPEHIHT, BIICOTPEHIHT.

MixocobneTicHa npusabauBicTh
(BIACMHA CHMMATIA, NPUTATANHA)

SAK

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 | ocobucrichnx pue | v “AT-KoHUSmOAX | MHKA IHWOTO TBA
Poabisuicrs ye- | Heanexsarue enpnii- | Posdikuicrs ocnoe- | Herarnenuii gon | Ymosu
TAHOBOK (Y TO- | HATTA MOIMTUBHIK 1 | Hux 1300r Apyro- CTOCYHKIB. cynep-
MY YHCTI IHTEpe- | HETATHRHIX 0co0HC- | PATHUX GKOCTeR “Henmplnemua” | HIUTBA
ciB) Ta " A"-KoH- TICHHX pIiC y “A"-KoHUempAX NOBETIHKA
uenuii (HIOTO

MizocoSucricHa npnsadnneicts
(BracMHa anTHNATIA)

Puc. 2 YunHUKY 1719 BUSHAYEHHS XapakTepy MIKOCOOMCTICHUX CTOCYHKIB

BucHoBok. AHami3 JOCHIIKEHHS COILIAIBHO-TICUXOJOTYHOI0 KJIIMaTy Ha
MIJIMPUEMCTBAX Ma€ BaXKJIIMBE 3HAYCHHS, OCKUIBKH JIa€ 3MOTY IOCIIAUTH CTaH
IILOT'O MOKA3HUKA K YMHHUKA MMIJIBUIICHHS €()eKTUBHOCTI COIialbHO-€KOHOMIYHOI
IismbHOCTI. BiH Mae 3HadueHHs y 3a0e3medeHHI BHUCOKOC(PEKTHMBHOI Ta
MPOJIYKTUBHOI CITIBIIPAlll YJEHIB TPYJIOBOI'O0 KOJICKTUBY, BIUTUBAE HA II1JIBUILICHHS
3aJI0BOJICHOCTI COIIAJIbHO-TPYAOBUMHU BITHOCHHAMHU, 1[0 B CBOIO YEPTy JA€ 3MOTY
JOCSITTH BUCOKOI SIKOCT1 TPYJIOBOTO KHUTTS, COLIIATLHOTO JOOPOOYTY Ta 371aro/iu.
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YK 629.4.027.23

Xona S.A., Hayk. kepiB. A.T.H., npod. KomaneBcrkuii C.B.(Ykpaina, M.
Kpamaropcsk, 1JIMA)

JOCIHIIKEHHA TTOBEPXHEBOI'O 3MIIHEHHSA POBOYUX
IHOBEPXOHDb EJIEKTPOMATI' HITHUM BUIJIA’KIBATEJIEM

Y cmammi npedocmasneni pezynromamu nposedenoi excnepumeHmanivHoi pobomu no
yacmomam — cmpymie 8  eleKmpomacHimHomy — euenaxcieamene. Illpedcmaesneni  AKicHi
Xapaxkmepucmuky, OMmpuMaHi 8 Xo0i eKcnepumenmy i ONUCaHo HOBUL NPUCMPIll NAACMUYHO20
SMIYHEHHS NOBEPXOHD.

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 cporoguimuiii ngeHs icHye Oarato wMertomiB IIIIJ[ - BurmamxyBaHHS,
BiOpoBHUTIIaXiBaHie, apobecTpyiiHas 00poOKa, HaKaTku C(HEepUIHUM, MITIHAPUIHUM 1
KpyroBuM posukoM i iHmm. [Iponecu TIITJ] mMaroTh psig MO3UTUBHUX PHUCIB, CEpell SIKUX
MOXKHA Bi/JI3HAUUTH 3a0e3MeYeHHs] JOCTAaTHBOI MKOPCTKOCTI, BUMOTIM JO LIOPCTKOCTI,
TBEPAOCTI TMOBEpPXHi, 30IIBIIYIOTh 3HOCOCTIHKICTh JeTanei MalhH 1 CTIMKICTh M0
KOpPO31MHOr0 pyHHYBaHHS, 3HUXKYE COOIBAapTICTh MPOAYKIT (€KOHOMIiS MaTepialibHUX
pecypciB i eneprosutpar) [1, 2].

3acTocyBaHHSI MaTepiajiB BUCOKOI SIKOCTI 3HMKYE 3HOC JI0 MIHIMYMY 1 MOJIETIIy€
JOTJISI/T, TIPOTE€ BUTOTOBJICHHS JETalli TIOBHICTIO 3 MOAIOHOTO MaTepially He BBa)KA€ThCS
€KOHOMIYHO €(eKTUBHUM, TaK SIK MPU3BOAUTH 10 3aBHUILEHUX BUTPAT Ha BUPOOHUIITBO 1
PEMOHT. A OCKUIBKH CITY>)KOOBI XapaKTEPUCTHKH JETajJeii B OCHOBHOMY BH3HAYAIOTHCS
BJIACTUBOCTAMHM iX TIOBEpXHI, TO aKTyaJlbHUM € CTBOPEHHS HOBUX 1 BJIOCKOHAJICHHS
ICHYIOUMX TEXHOJIOT1 MOBEPXHEBOr0 MOAU(IKYBAHHS KOHCTPYKIIHHUX MaTepiaiiB [3].

[IporioHyeTbCS ~ €IEKTPOMArHiTHUN  BUTJAXIBaTeNb, SKHH  BIAPI3HAETHCS
KOHCTPYKLI€I0 BiJ 1HIIMX I1HCTPYMEHTIB Takoro tumy. lle BukiIMKae TmOsSBY B
HAKJIENIAHOTO II1api JOJATKOBI HAMPYTU 3pi3y, SKI COPHUSIOTH IMiJBUIIEHHIO 3aJIUIITKOBUX
CTUCKAlOUMX HaIpyXXeHb Ha IMOBEpPXHI JeTali. BeauunHy LUX HamnpyKeHb MOXXHa
pEerymoBaTd NUISXOM 3MIHM KyTa CXpEIIyBaHHS OCEH, MNPUUOMY II€ MOXKIHBO
3M1MCHIOBATH B ONepaTUBHOMY pexumi. lle Oyme chpuaru MiABUIICHHIO SKOCTI
YKPIMJICHUX TTOBEPXOHb .

TeopeTtnuni Ta eKCIIEpUMEHTANIbHI1 JOCTIIKEeHHS MoKa3au, 10
NepeMarHnYMBaHUE II0JEM BHMCOKOI HANpPYKEHOCTI CHpHUsi€ 30UIbIIEHHIO TBEPAOCTI,
MIJBHUINCHHS MIIHOCTI 1 JIOBFOBIYHOCTI OOpOOJIOBAHMX 3arOoTOBOK. 3aJIeKHICTh
MEXaHIYHUX BJIACTUBOCTEH BiJ PEXHMIB MarHiTHO-IMITYJIbCHOI OOPOOKH TMOSICHIOETHCS
3MIHOIO CTPYKTYpH MeTamiB. Tak sk neeKT KPUCTATIUHOT CTPYKTYpH pOOISATh 3HAUHHUN
BIUIMB Ha BJIACTHUBOCTI METaJiB, HEOOX1THO PO3TJSHYTH MOBEAIHKY AUCIOKAIIM M1 €10
MariTHoro noisi. Kpucraniuai eekTu BUKIMKAIOTh MPY)KHI CIIOTBOPEHHS CTPYKTYPH,
BHACIIIJIOK YOTO 3'ABJISIIOTHCS BHYTPIIIHI IPYXKHI HAMIPYTH .

byna BukopuctaHa Mozelb, NpU SIKIM MOCTIMHIN Oyne IBHAKICTh IUCIOKAIl, a
3MIHOIO 3arajbHa €Hepris. SIKIo 10 KOXKHOI 3 €JIeMEHTIB BUIIaXiBaTeslsl NpPUKIIaJeHa
CHIIa, sIKa JOPIBHIOE 32 BEIMYMHOIO 1 MPOTHIIC)KHA 32 HAMPSIMKOM HOTO B3a€MOJIl TO iX
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HIBUIKICTh 3aJMIIUTBCS HE3MIHHOIO, a 3arajibHa eHepris 3MmiHuTHci. B pesynbraTti
TEOPETUYHUX JOCTKYBAJIM: OTPUMAaHI 3aJIe)KHOCTI, 1110 BU3HAYAIOTh 3HAUEHHS E€Heprii
JUIST KpaloBUX 1 TBHUHTOBMX Juciokamiil. [l 3ameXHOCTI 3acTOCOBYIOThCS ISt
BU3HAUCHHSA €(EeKTUBHOCTI BIUIMBY €HEprii MarHiTHOTO MOJs Ha 3MiHY BIIACTUBOCTEH
MeTaniB npu nepemarauuuBanuu [4]. KomOiHyrouwm 3'eqHaHHS MK COOOIO BHMXOJIB
KOTYIIOK MOKHA OTPUMYBATH CTPYMHU Pi3HOI YACTOTH.

Byno mpoBeneHO ekcliepuMEHTaIbHE MOCIIDKCHHS, JUIsl SKUX TPUHHATI Taki
rabapuTHi po3Mipu 3pa3ka: miactiHa craieBa 36 X 8§ x 150 mm,40 x 85 MM, aKTUBHA
oOMoTka 3 rabaputamu 100 mm % 50 mm mae 220 BITKIB..

Meta ekcnepuMEHTAIbHUX JOCIIKEHb - 3a(piKCyBaTH BIUIMB YacTOTU CTPyMY
aKTUBHOI 0OMOTKHU Ha HaBEJEHUI CTpyM, KUl MaB Ou pizHi AUX.

B pe3ynbTaTi ekcnepuMEHTalbHUX JOCHiKeHb oTpuMani AYX mnpuctporo,
3pa3KH AKUX HajlaHl Ha puc. 1
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Pucynok 1 — AUX HaBegeHOro cTpyMy B BUIJIaXKiBaTele

HaBenmeni mgani cBiguaTh Tpo Te, IO OOEPTOBHM pPyX 3aroTOBKH MOXKE
CYMPOBOKYBATH Tpoliec (popMyBaHHS CTPYKTYpOBaHOI Ha MIKpPOPIBHI MOBEPXHi, IO
00poOIIsIETHCS.

BucHoBok

B pesynapTaTi mpoOBENEHOI EKCIMEPUMEHTAIbHOI POOOTH MOXHA 3pOOUTH
BHUCHOBOK,, III0 B €JEKTPOMArHiTHUI BUTIJIA)KyBaTelh Ma€ BUCOKOYACTOTHY CKJIA/IOBY,
siKa MOYKe (POpMYBaTH HAHO-CTPYKTYPOBAaHY POOOUY IMTOBEPXHIO.
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AJIMA)

AHAJII3 CYYACHHUX METOAIB OBPOBKH HUJIIHAPUYHUX
YEPB’AAYHUX ITOBEPXOHD BAJIIB

B cmammi pozenamymi ocHo8HI Memoou 00pobKu ueps'ssuHux nosepxomus, ix nepesacu ma
neooniku. Ilpusedeni 3acanvhi XxXapakmepucmuku Memoois, WO CMOCYIOMbC HAPI3aHHS
yuninopuunux ueps sikie. Ilocmasnene 3a860aHHs W00 PO3POOKU MeMmOOi8 NiOBUUEHHSL AKOCMI
BUCOMOBIIEHHS Yep8 TUHUX NOBEPXOHb 8 YMOBAX 8UPOOHUYMEA.

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.

ExcrmyaTaiiiiHi BUMOrM [0 4Y€pB’SYHOI Mepefadl IepeadadyaloTh BUCOKY
TOYHICTb CKJIQJAHHS BIANOBIOHMX MEXaHI3MIB, a II€ 3aK/JIaJac BUCOKI BUMOTH [0
re€OMETPUYHOI TOYHOCTI MOBEPXOHb TEPTSA Ta iX MIIHOCTI. BUrOTOBICHHS CKIIAJIHUX
BUCOKOTOYHHUX €JIEMEHTIB € MPOOJIEMOIO [T IPOMHUCIOBOCT] Yepe3 3HauUHy KUIBKICTb
BUPOOHUYMX TOXHUOOK: TOXMOKM KIHEMAaTHYHOI CXEMH, T'€OMETPUYHOI TOYHOCTI
BEPCTaTy, PI3AJIbHOIO I1HCTPYMEHTY, MPHUCTOCYBaHb, TEMIEpPATypHUX Aeopmarii,
BIUIMBY 3QJIMIIKOBUX HAIIPYT, 3HOCY ITHCTPYMEHTY, MIOXUOKH HAJIAIITYBAaHHS BEPCTaTYy,
BCTAQHOBJICHHSI 3arOTOBKH. TOMY €(heKTHBHICTh TEXHOJIOT1i BUTOTOBJICHHSI Y€PB’ TIHOTO
BaJTy 3HAQUHO BIUIMBA€E Ha COOIBAPTICTh BUPOOA BIILIOMY.

Meroro po0OTHM € BHUKOHAHHS aHATI3y Cy4YacHUX METOAIB 0O0poOKHu
YepB’SYHUX TTOBEPXOHB Ta BUSABIICHHS iX HEIOJIKIB.

Enementamu napu depB’sigyHOI Mepeadi € 4epB'suHe KOJIECO M YepB'siK, Bici
SKUX MepexpeiyoTbes mig kKyroM 90° (B meskux MexaHi3Max BaKKMX BEpCTaTiB
3aCTOCOBYIOTh Iepefadi 3 BICAMM, IO IepexpelyroTbes mig kyrom 45°) [1].
UYepn'sku OyBaroTh TJI000iMHI Ta IUIIHApUYHI. [lepeTHH BUTKIB HIUIIHAPUYHOTO
YepB'sska OChOBOIO TUIOIIMHOIO MPEJICTABISE COOOI0 PEiKyY 3 MPSAMOIHIMHUMEU a00
KPUBOMIHIHHUMU OOKOBHMH cTOpoHaMu. OChOBUY MEPETHH TII000ITHOTO YepB'saKa
Mae (opMy KpyroBoi NpsiMOOIYHOI peiku. 3HAYHUN BIUIMB Ha TEXHOJOTIIO
BUTOTOBJICHHSI BHUTKIB YEpB'AKIB Ma€ iX KOHCTpyKUis. B MammHOOyagyBaHHI
BUKOPHUCTOBYIOTh TPH PI3HOBUJIU iX KOHCTPYKIIIi.

HaiiOutblie  po3noBCIOJDKEHHST Ul HEBIANOBLAAIBHUX MEpeAady OTPUMAB
TBHUHTOBUM, a00 apXWMEIIB YEpB'SK, SIKMM TMPEACTABISIE COOOI 3BUYAWHUN T'BUHT 3
TpareliinaipHo pi3sdoro. Ueps'suHa mapa 3 TakuM uepB'sskoM Mae Hu3bkuil KK i
IIBUJKO 3HOIIYETHCS, TOMY 1i JONUIGHO 3aCTOCOBYBAaTH B HEBIAMOBIIATHHUX,
TUXOXIIHUX W HM3bKO HABaHTAXEHUX Teperadyax ado y TEXHOJOril mependayaru
onepaii 3mitHeHHs [2]. Llle oauH pi3HOBUA LHMITIHAPUYHOTO YEPB'sKa - €BOJIbBEHTHHUM
YepB'sK - 1€ HWIHIPUYHE 3y0daTe KOJECO 3 €BOJIBBEHTHOIO TBUHTOBOIO TTOBEPXHEIO.
UYeps'suHi Mmapyu 3 €BOJIBBCHTHUMH YEPB'SKAMU PaIliOHALHO BHUKOPHUCTOBYBAaTH B
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BIMIOBIAAIbHUX Tiepefayax NpU BEIUKUX HABAHTAXKEHHSIX ¢ IIBUIKOCTSX, aie
BUT'OTOBJICHHS TaKWX IMepeaad MoTpedye 3aCTOCYBaHHs CHELaTbHOrO OOJagHaHHS i
CKJIaTHUX METO/IB 00poOKHU. TpeTiM pi3HOBUIOM IIWITIHAPUIHOTO YEPB'sIKaA € YEPB'SIK 3
OPSMOJIHIMHUM TpodijieM, 10 3HAXOAUTHCS B IUIOMIMHI, EPIEHIUKYISAPHINA A0 JTiHINA
BIIAJIMH - KOHBOMIOTHMU uepB'sk. [li depB’sku OuIbIl mpocTi B 0OpoOIN, HIXK
€BOJIbBEHTI M 3a0e3MeuyroTh JAOCTaTHIO TOYHICTh 3a4€IUICHHS 4YepB'IYHOI INepenadi,
MmaroTh Bucokuii KK/ # 3HOCOCTIHKICTS [2; 3].

PosristHemMo  OCHOBHI  METOAM  Hapi3aHHS  YEpPB'TYHUX  [MOBEPXOHb.
TpaguuiiHuM BUIOM OOpOOKHM YEpB'AKIB € Hapi3aHHS X HA TOKapHOMY BepCTaTi
pi3lieM 3 MOpAMOJIHIHHUM mpodineMm. [ oTpuMaHHS MPaBUILHOTO MPOdLUIIO
BUTKIB NMPOQLIb Pi3ls MOBUHEH MaTH KOHTYp 3alaJdHUA MK 3y0'ssMU 4epB'daka B
MEBHOMY HOTO MEpPEeTHHI Ta MOEIHYBATUCA MPH HAPI3yBaHHI 3 TUIONIMHOIO IHOTO
nepeTuHy (auB. puc. 1).

Puc. 1. Hapizanns depB'dka pi3ueM 3 NpAMOIIHIHHAM podiiem

[Ilo6 oTpumartu apxuMmeAiB 4YepB'siK, Npodiib pi3lsd 3 MPAMOIIHIMHUMU
KpailkaMu MOBUHEH OYyTH IMO€IHAHUN 3 IUIOMIMHOIO, IO MPOXOAMTH 4Yepe3 BiCh
yepB'ska. OpHak 31 30UTbLIEHHSIM KyTa MIOHOMY BUTKA Hapi3yBaHHS uepB'ska
OJTHUM Pi3I[eM CTa€ CKPYTHUM BHACIIJIOK 3MIHU PO3MIpY KYTa, IO MPU3BOIUTH J10
BUXOJY 3 JIaJly PI3aJIbHOT'O IHCTPYMEHTY 4Yepe3 BUKPHUIITYBAHHS Pi3ajibHOI KpaKH.
Tomy apxiMenoBI YepB'SKM MPU BEIUKOMY KyTl MHIANOMY BHUTKIB 3aMIHIOIOTH
€BOJIbBEHTHUMH 200 KOHBOJTIOTHUMU [3].

[lopsin 3 1IUM BUKOPHUCTOBYETHCA CHOCIO HapizaHHs 000X CTOpiH 3Yy0'iB
JIBOCTOPOHHIM pi3lieM (IUB. puc. 2, a; puc. 3, a) i1 YOPHOBOI 0OpOOKH, Ta CIocio
PO3ILILHOIO Hapi3yBaHHS KOXKHOI CTOPOHU 3y0a OJHOCTOPOHHIMHU Pi3LSMH (IUB.
puc. 2, 0) nna umctoBoi 0OpoOkH. EBONBBEHTHMI 4epB'sSK Hapi3alOTh BOMA
pizisiMu, Tpoisi pizadbHUX KPAHOK SIKUX TMOEIHYIOTHCS 3 JBOMA IJIONIMHAMH,
pPO3TAlIOBAHUMH JIOTUYHO 1O TOBEPXHI OCHOBHOI'O LMJIHApa 3 ABOX CTOpIH.
Bimomo, 1m0 31 30UIbIIEHHSM diaMeTpa OCHOBHOTO IMJIIHApPA, YCTaHOBKA Pi3IIiB
BUIIIC 1 HIDKYE IICHTPY BUKJIMKAE MEBHI TPYIHOII BHACIIAOK 3MiH KYyTiB pi3aHHS,
TOMY IpU Hapi3aHHI €BOJIBBEHTHUX YEPB'SKIB 3aCTOCOBYIOTHh MPOQLIbHI Pi3Li, K1
BIJITIOBIJIHI KOHTYPY HOPMAJBHOTO TMEPETHHY 3alaJuHU YepB'sika 3 YCTaHOBKOIO
IUIOLIMHYU TPOo(UTI0 HOPMAJIBHO 10 ii BiCl (IUB. puc. 2, B).

KoHBomrOTHHT YepB'ssk HAPI3YETHCS Pi3IeM, BCTAHOBICHUM CBOIM TpodisieM B
TUTOIIMHI, TIapalebHIM BICl YepB'sKka, BUIlle a00 HWKYE il HA TIEBHY BHUCOTY a0 T
HAXWIOM JI0 HEl, 3 CYMIIIIEHHAM BicC1 CUMETpii Moo Pi3Ild 3 BICCIO YEpB'sKa, alie
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HaBITh NIPU Hapi3yBaHHI TaKOro YEPB'sika HEMHHYU1 3aBaJIM A00 CIIOTBOPEHHS MPOQUTIO
BUTKa OUTSI OCHOBHU Ta Ha BEPILUHI Yepe3 Pi3HI KyTH MiAHOMY BUTKA Ha BHYTPIIIHHOMY
1 30BHIMIHROMY jJiaMeTpax. KOHBOMOTHI 4YepB'SKH, KOTPlI MArOTh MPSMOJIHINHUIMA
pobounii mpoitb 0OPOOIISIOTE TBOMA Pi3IsIMH (TuB. puc.2, T). CITBHUM HETOIIKOM
NPOIIECIB HAPI3YBaHHS YEPB'AKIB PI3ISAMU € YTBOPEHHS >KOPCTKOI 3JTMBHOI CTPYXKKH,
110 YCKJIaJJHIOE aBTOMATH3AIli0 Tpoliecy, 0co0IMBO Ha BepcTarax 3 UITK.

z)

Puc. 2. Cnoco6u HapizyBaHHs 3y0'iB uepB'sika [4]

JUist Hapi3yBaHHS YEPB'SIKIB MOXHA TaKOX BIKOPHCTOBYBATH bpe3u Ha
bpesepHux 1 pizsOOPpe3epHUX BepCcTaTax, a TaKOX 4eps ''yHl  Ppe3m Ha
3yoodpesepanx Bepcrarax. OOpoOKor 4epB'TIHOIO (PE30i0 3 MPSIMOIIHIHHUMU
pi3aJlbHUMH  KpailkamMu 3y0a BUTOTOBJISIIOTH €BOJBBEHTHI d4epB'sku. s
HapiBYBaHHH apXiMeIOBUX 1 KOHBOJIOTHUX qepB'ﬂKiB 3aCTOCOBYIOTh crerianbHi
4epB's4Hi (Ppesn 3 KPUBOMIHIHHUM mpodineM pisanbHuX Kpaifok. Takwmii croci6
O0pOOKM Ma€ BHCOKY TNPOAYKTHBHICTb, ajle¢ BHUMAarac HasBHICTh CKIaJIHOTO
IHCTpYMEHTY, a TaKOoX IIiJi 4Yac OOpoOKH 3 ABISAIOTHCS JeDEeKTH MpOoduIo
MIOBEPXOHb BUTKIB UEpB'sIKa (orpaHIOBaHH;I npodIt0), 0 00YMOBIIIOE 0OPOOKY
¢dpe3oro Ha monepenHboi oneparlii [5]. [lonepenHio oOpoOKy MOXKHA BUKOHYBATH
nanblieBUMU (ppe3amu (IuB. puc. 3, B) Ha BepcTarax Jyuisl ppe3epyBaHHs YEPB'AKIB 1
pi3b0. PizanbHi KpOMKHM Takux (pe3 BUKOHAHI MO CHipali, MpU iX 3aTOYyBaHHI
BaXKO 30epertu BHCOKY TOYHICTh. HapizyBaHHSI 4epB'AKIB TUCKOBOIO q)pe3010 -
OLIBII TPOAYKTHBHUIL CIIOCIO o6po61<H ae Tpu  IbOMY Mpoduib UYepB'aka
HiapI3y€eThCsl, Yepe3 PI3HUIIIO KYTiB MiIAOMY BUTKA OUIsi OCHOBH 1 BEPIIHMHU (IHB. PUC.
3,7)[5].

YucToBi mepexoAw BUKOHYIOTH METOJOM HUTIPYBaHHS BHUTKIB (A
3arapToBaHMX YEpB'AKIB) Ha pi3bOOLUTIYBANIbHUX BepcTaTax OJHOHUTKOBUM
nutiyBalbHUM KPYroM, BCTAHOBJIEHWM i KyTOM TiJHOMY TBHHTOBOI JIiHii
yepB'ska (quB. puc. 3, a). [Ipu Takiit oOpoOIll y 4epB'sika MoxkHa Oy/ne BUKOHATH
HEOOXIIHMI pajlyc Ha TONIBII Ta HDKI[l BHUTKa, II¢ 3a0€3MEeYUTh ILUIABHICTH
3aUerUieHHsT W 30UIBIIMTH JOBTOBIYHICTH #oro pobotu. Ilicis mnpoOGHOTO
nutipyBanns Ha Bepctati 3 UIIK € MoxnuBicTh KOperyBaTH KyT il popmy mpodisito
YepB'sKiB 3aBASKM BBOAY OKPEMHX TOYKOBHUX KOpEryBaHb, II¢ 3a0e3ledye
OTpUMaHHS HEOoOXigHOT ¢dopMU W TONOKEHHS IUIIMHU KOHTAKTy B YEpB'SUHIN
nepeaayi.

Meton BUXpOBOTrO Hapi3yBaHHs 3y0'iB He3arapTOBaHHUX YEpPB'AKIB
31MCHIOETHCS 3@ JIOMOMOT'OK0 PI3IIEBOi BUXPOBOi T'OJIIBKHU IO OOEPTAETHCS, SIKa
BCTAHOBJIEHA MiJ KYTOM HiAHOMY T'BUHTOBOI JiHIl (OuB. puc. 3, n). [omBui
HAJal0Th OChOBY I10/Iadyy BIJHOCHO 3aroTOBKH, a 06p061<a 3IIACHIOETHECI Ha
CrelialbHAX TOKAPHHUX BepcTaTax. Merox To4iHHS 3y0'iB 4epB'sika TOBOSKOM
(muB. puc. 3,e) BHUKOHYIOTH Ha 3yOo(dpe3epHOMY BepcTaTi 3 BEPTUKAIBHO
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PO3MIILIEHOK BICCIO 3aroTOBKU. JlJIs Kpamoro BHJIAJIEHHS CTPYKKH JIOBOSIK
BCTAHOBJIIOBATH pI3aJIbHUMU Kpailikamu BHU3. lleli MeTon 3acToCOBYIOTH ISt
BUTOTOBJICHHS YEPB'SKIB 3 KYTOM Ti1iioMy BUTKa MeHI 25° [5].

Puc. 3. Cxemu MeTo1iB 00p0oOKHU uepB'ssuHuX 3y0'iB [4]

Jlis nonepenHb0i 0OpOOKHM TaK0oX BHUKOPHCTOBYIOTh METOJl HAKOUYBaHHS
npiOHOMONYNbHUX 3YyO0'iB uUepB'AKiB JBOMAa POJUKAMHU, KU € MNPOAYKTUBHUM
METOJIOM, T4 METOJ Trapsiu0ro HAKO4YyBaHHA 3y0'iB UepB'AKIB IBOMa POJMKAMH, L0
3aCTOCOBYETHCS IIPU NonepeiHiil 00pooii [4].

BHUCHOBKU

Ha miacraBi orsisiiy MokeMO 3pOOMTH BUCHOBKH, 10 TEXHOJIOT'1s] BUKOHAHHS
YepB’sYHOI MOBEPXHI JOCTAaTHBO CKJIAaJHA Ta HE Ma€ 1J€aJbHOrO pIIIECHHS.
KiIbKICTh MTATCHTIB Ta HAYKOBHX JOCIIPKEHb OOMEeXeHa abo 3acTapiia, a cyqaCHi
Bepctatu 3 UIIK He 3211 1ar0Th oqleBaHy TOYHICTD, IO HpI/IBOI[I/ITI) J10 3HAYHO1
YaCTKH JOBOJOYHHX POOIT IPH BUKOHAHHI NPOQUII0 YepB’sika HA BUPOOHHUTBI.
JlocItiKeHH s IPOLIECiB HAPI3aHHS YePB’TYHUX IPOITIB € AKTYaTBHOI0 HayKOBOIO
TEMaTUKOI0 Ta BUMAara€ KOMIUIEKCHUX MIAXOAIB MPU BUPINICHHI MPOOIEMH, 1110
BKJIIOYAIOTh SIK JOCSATHEHHS TE€OMETPUYHOI TOYHOCTI MNpOQLI0, 3MIIHEHHS
KOHTaKTHHUX MOBEPXOHb, CYYaCHUX METOJIB BIJICTEKEHHS Ta KOHTPOJIIO TOYHOCTI
00pOOKH 3 BUKOPUCTAHHAM IITYYHOTO 1HTEIIEKTY.
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AIMA)

AHAJII3 METO/IIB OBPOBKU I'JIOBOITHUX YEPB'SIKIB

B cmammi npedcmaenenuti ananiz memooie 006poOKu 2n000ioHux uepg'sikie, ma 06y8
BUOPAH ONMUMATLHULL 8apianm iX 0O6poOKU 01 CYYACHO20 MAUUHOOYOYBAHHSL.

Y cydyacHOMy MalIMHOOYAYBaHHI 3HAXOMASITh IIMPOKE 3aCTOCYBAHHS
rI000iTHI 1 4YepB'suHI Mapu 3 TBUHTOBOIO TIOBEPXHEIO JiHIAYATOrO (piamie
HenmiHiiyaroro) npoduno. Halibinbmoro nomupenHs HaOynu 1i1000i1H1 YepB'siuHi
nepenayi 3 NPSMOMIHIMHUM (JTiHIHYaTUM) TTpo(isieM BUTKIB YepB'sKa.

[lepemaui 3 rnoboigHUM mpodigeM (HETIHIHYATOI) CHOJYYeHOI MapH
(uepB'ska 1 Kojeca) 31aTHI 3a0€3MeUUTH MIABUIIEHHS 3JJaTHOCTI HABAHTAXKCHHS Y
nBa pasu, KK/ n1o 30% 1 gqoBrosiuHocTi B 2-3 pa3u B MOPIBHAHHI 3 TlepeaadaMu 3
OPSIMOJIIHIMHUM (JIIHIAYATUM) Hpoq)ineM BUTKIB 4epB'ska [2].

Opnak B JaHM{ yac Taki mepeaadi 3aCTOCOBYIOTHCS PIAKO Yepe3 HHU3BKY
NPOAYKTUBHICTh MPOLIECY HAapi3aHHS TBUHTOBOI MOBEPXHI 1 BHCOKY BapTICTh
3aCTOCOBYBAHOTO TEXHOJOTIYHOTO OCHAIIEHHS (PpLKYdoro I1HCTPYMEHTY Ta
oOJaJiHaHH), a Psii MUTaHb TEXHOJOT1i Hapi3aHHS TBUHTOBUX IMOBEPXOHb BUMArae
MOJJAJTBIIIOTO TEOPETUIHOIO Ta MPAKTUYHOTO JOONPAIFOBAaHHS.

Jletani 3 r71000iTHOIO TOBEPXHEIO 3HAXOATh IIMPOKE 3aCTOCYBAaHHS B
KOHCTPYKIISIX YEpB'STYHUX MPUBO/IIB, IO MpalooTh B ymMoBax Kpaiinpoi [1iBHOU,
B MPUCTPOSAX I CKJIaJaHHS BHUPOOIB MAIIMHOOYIIBHOTO BUPOOHHMIITBA, B
oOJyaJiHaHHI Ui BUTOTOBJICHHS JETaJied CKIIAJHOTO MPOQUII0 3 KOMIO3UIIHHUX
MaTepiajliB METOAOM TIapsdyoro NpPeCyBaHHs, 1€ B IIHEKOBUX EKCTPY310HHUX
IMPHUCTPOSX 3aCTOCOBYIOTH TJIOOOIIHI Tepemadi, a TAaKOXK JeTall 3 MIIIHIPUIHIMH
TBUHTOBUMH TOBEPXHSAMHM JIIHIMHOTO 1 HemiHIA4YaTuX mnpodimiB. Takox MoaioH1
JeTajll  3aCTOCOBYIOTBCA B XIMIYHIM,  HaTOra3oBlii  MPOMHUCIOBOCTI,
CyIHOOYyBaHHI Ta 1HIIMX TaTy3sX MalTuHOOYAyBaHHS [4].

OCHOBHUM HEIIOJIIKOM OOpOOKM € KOHCTPYKTHMBHE BHMKOHAHHS PIXY4YOro
IHCTPYMEHTY JJIsi Hapi3aHHS TBHUHTOBOI MOBEPXHI, OCOOJHMBO II€ XapaKTEPHO IS
BUTOTOBJICHHS YE€pPB'SIKIB BEJIMKOrabapuUTHUX Tiepenad (i II000iTHOM mepenayl 3
MDKIIEHTPOBOIO BijicTanHio 1250 MM giameTp iHCTpyMeHTa AopiBHIOE 2072 MM), 110
BHMArae CIemiaIbHOro TEXHOIOTTYHOrO OCHAIIEHH. Tako MpoIiec Hapi3aHHS TaKoi
MOBEPXHI BIAPIZHIETHCS 1YK€ HU3bKOIO MPOAYKTUBHICTIO, HA YOPHOBOMY Hapi3aHHI
MIBHUJIKICTH pi3aHHs V CTaHOBUTH 8...15 M/xB, Ha urictoBoMy - 1...1,5 M/xB, mojaua S -
0,05 ... 0,3 MM Ha 00epr iHCTpyMeHTY [3].

[Tpu HapizaHHI TI00O0ITHMX YEPB'SIKIB 1 MOB'I3aHUX 3 HUM KOJIC MarOTh
BPaxOBYBAaTUCS TE€OMETPUYHI MPHUHIIUIN POOOUYUX MOBEPXOHb CIOIYUYEHHUX Map, a
TaKOXX YMOBH iX 3aderuieHHs mpu poOoTi. Tomy npu po3poOiii KOHCTPYKTOPCHKO-
TEXHOJOTIYHUX PIIIEHh 1 CTBOPEHHI TEXHOJOTIYHOTO OCHAIIEHHS TMPOIECY
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Hapi3aHHs TJIOOOIIHMX TBHUHTOBHX TIOBEPXOHb HEOOXITHO BpPaxOBYBATH BUJ
BUPOOJISIOU0T TTOBEPXHI MPU Hapi3aHHI TBUHTOBUX TOBEPXOHb YEPB'SIKA 1 METOJ
Hapi3aHHA MOB'A3aHUX Map. 3a MUMU O3HAKaMU CTOCOBHO TVIOOOINHMX T'BUHTOBUX
NOBEPXOHb PO3PI3HAIOTH JIBA BUIH INIO0OITHUX YepB'skiB (puc. 1).

Bunu rno6oinaux 4epB'sikiB 3 ypaxyBaHHSIM BUPOOJISIIOUOT

NOBEPXHI1
|
[Tepmmii BU: Hpyruit Bun:
rJI0001IH] YepB'IKH rJI0001AHI YepPB'IKH, TBUHTOBA
3 TBHHTOBOIO TTOBEPXHEIO, MOBEPXHS SKUX YTBOpPEHA
YTBOPEHOT MPSIMOJITHIHHOIO BUPOOJISIIOUOIO TIOBEPXHEIO
PLKYYOI0 KPOMKOIO 1IHCTPYMEHTA IHCTPYMEHTY

Puc. 1. Buau rmo6oinHux 4epB'sikiB

UYeps'sku nepuioro Buay (puc. 2) [5], sk mpaBWiIo, 3HaXOATh 3aCTOCYBaHHS
B MoaudiKoBaHMX Tmepefavyax. bidHa TMOBEpXHS BUTKIB MOAM(IKOBAHOTO
rI000ITHOTO YepB'sska Ma€ 3aKOHOMIPHE BIIXMUJICHHSI 1O JIIHII BUTKIB B TUIO Ha iX
kiHsx. [Ipu npomy cnocobu monudikaliii BUTKIB TJI000ITHOTO YEpPB'siIKa MOKYTh
OyTH KOPEKIIMHUMH 1 0€3KOPEKIIHHUMH.

O - gicb koneca; D, - diamemp npoghinbHoi OKpys#cHOCMI, (1 - KYMOBA WBUOKICD,
obepmanns npamoi b-b wooo eici xoneca;, w; - Kymosa weuoKicms 0bepmanms
ueps'axa, Ry - padiyc yeumpoiou, A - midcocbosa 6i0cmanb

Puc. 2. Cxema yTBOpEHHHS BUTKIB TJI000iTHOTO YepB'siKa MEPIIOro BUY

196



[Tpencrasiena Ha puc. 2 [1] cxema peani3yeTbCsl B 3aJ€KHOCTI BiJ THITY
BUPOOHUIITBA PI3HUMHU 32 KOHCTPYKIIEIO PIKYYUMHU 1HCTpyMeHTaMH. OCHOBHUMHU
METOJaMH OOpOOKH BBa)KarOThCS: TPhOXpi3lieBi rojoBku (puc. 3) [1] 3 mBoma
npoPUIIOIOYMMHU  PI3UAMH 1 TpeTiM pi3ueM sl OoOpOOKM BEpIIMH BUTKIB.
[HCTpyMEHTH Takoi KOHCTPYKIII 3HAXOAsSTh HAWOLIBIIE 3aCTOCYBaHHS B
OJIMHUYHOMY 1 JpiOHOcepiiiHOoro BupoOHMITBA. KpiM TOro, y BHUPOOHHMUTBI
BUKOPUCTOBYIOTh OaratopismeBi ronoBku (puc. 4) [1] 13 3acTocyBaHHAM
pamianpHOi Togadi 1 OarartopiziieBi ronoBku (puc. 5) [1], mo mnpamwooTh 3a
METOJIOM KPYTOBOT'O MPOTATYBAHHS.

Hwx4ye npencrasieHi cami cxeMu 00poOKH 1000 THUX YEePB'SIKIB.

T

SO
of WV 1y

(O}

1 - nisuii pizeyvb; 2 - npasuii pizeyv, 3 - 3a0miu pizeyvp, D, - Oiamemp
npo@inbHOi OKpYHCHOCMI, (1 - KYmMo8a WEUOKICmb 00epmanHs Yepe'sika, w; -
KYmMo8a weuoKicms 00epmanHs mpboxpizyeoi 20106Ku

Puc. 3. Cxema TpbOXpe31iBEBOI I'OJIOBKHU I Hapi3aHUs BUTKIB IJI000ITHOIO
YyepB'sKa

1 - 3acomoexa enoboionozo uepg'aka; 2 - incmpymenm,; A - Midcocbo8a
giocmansv, Bl - obepmanns 3a2omosexu e10060ionoco ueps'axa;, B2 - obepmanns
incmpymenmy, I11 - padianena nooava incmpymenmy

Puc. 4. Cxema Garatopi3iieBoi roJ0BKH JJIs Hapi3aHHA II1000iTHOTO
YepB'siKa MPpHU palialibHOI 0/1a4i IHCTPYMEHTY
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1 - 3aeomoska 2nob6oionoeo uepg'axa, 2 - incmpymenm; A - migxcocvo8a 8i0cmams,
B1 - obepmanns 3acomosxu en060ionoco ueps'saxa, B2 - obepmanHs incmpymenmy
Puc. 5. Cxema Garatopi3iieBoi roJI0BKH JJIsI Hapi3aHHS rI1000iTHOr0 YepB'sKka 3a
METOJIOM KPYTrOBOTO MTPOTATYBAHHS

BUCHOBKU

OnnuMm 3 e(deKTUBHUX NUISXIB YCYHEHHsI HEHOJIKIB OOpOOKM MOXe OyTu
3aCTOCYBaHHSI TEXHOJOIIi pPOTAlIMHOIO TOYIHHS [PUMYCOBUM OOEPTAHHIM
0aratoyie30BUM 1HCTPYMEHTOM 3 €BOJBBEHTHUM NpO(dUIEeM piKydOoro eineMeHTa
[5]. Po3poOka i 3acToCyBaHHS TEXHOJIOTIT pOTAIIHHOTO TOYIHHS JACTh MOKJIUBICTh
BUKOHATH Hapi3aHHs TJI00O0IJHOTO 4YepB'AKa 3 YBITHYTUM NpOQLIeM MO METOLY
OOKaTKu 3 MPOQUIIOBAHHIM [0 METOAY OTMHAHHS, 10 JO3BOJHUTH 3a0€3MEUUTH
30UTbLIEHHS! MPOJYKTUBHOCTI 1 SIKOCTI OOpOOKM TBHHTOBOI IMOBEPXHI 4YEpB'sKa,
CIIPOCTUTH TEXHOJOTiI0 Hapi3aHHS 3yO0iB CHOJY4eHOrO0 KoJieca 3 OMYKIUM
npodijieM 1 TUM CaMUM TEXHOJOTTYHO 3a0e3MeYUTH MOXKJIUBICTH BUTOTOBJICHHS
ro00TAHON Tepenavl 3 BHXIIHUM BUKOHABYMM KOJIECOM, BUKOPHUCTOBYBAHHUM B
BHUPOOAaxX CHeIiaIbHOTO MPU3HAYCHHS.
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METAJIOI'PA®IYHI JOCHIIZKEHHA INIOBEPXHEBOI'O LIAPY
AETAJIEN 3EMJUIEPUMHO-TPACHIIOPTHUX MANIMH 3 IOHHO-
IVIASMOBUM HHOKPUTTAM

Hageoeno memoouxy i pezyromamu memanocpagiunux 1ad0pamopHux 00CaiOHCeHb
HOoICI8, AKI 6ucomoenero 3i cmani 651, 3 ionno-naazmosum noxkpummsm TIN-CroN ma 6e3 nvozo.
Bcmanosneno, wo niosuwenns snococmivkocmi nokpumms TIN-CroN, npu onmumansrnomy
3HAYeHHI MOBWUHU 4 MKM, 00YMOBIEHO HAABHICMIO MUMAHY, A KOPO3IOHOCMIUKOCMI — XPOM).
Bcemanoeneno, wo noxpumms TIN-CroN npu moswuni 8 mxm siowaposyemvcs 6Haciiook
8i0HOCHO 6enuKkoi mosuwunu. Tlokpumms moswurnoio 1 Mxm Henaodiline 051 pobomu hpasmenmis
HOCI8 asmozcpetioepa 6 abpa3ueHOM) Cepeoosunty uepe3 pyuHy8aHHs No8ePXHEeoi NII6KU.

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-Cr,N 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 myMpoko MONIMPEHMX B MPAKTHII MAIIWHOOYIYyBaHHS METOJIB
MOBEPXHEBOI OOpOOKM JeTajnell MalldH He MOKHAa Ha3BaTH TakKi, SIKI CIPUSIOTH
3HAYHOMY [IJIBUIEHHIO JOBIOBIYHOCTI PULKYYMX €JIEMEHTIB 3eMJIEpPHUITHO-
tpancnopTHux mamuH (3TM), 3okpema, HoxiB aBTOorpeiaepiB. Lle mos'sizano 3
SBHO BUPaXKCHUMH HEJOJIIKAMH, 5IKi B OUIbIIINA Mipi 3HWXKYIOTh YIapHY B'SI3KICTb
MaTepiary, He3HAYHO ITiIBUIYIOYN HOTO 3HOCOCTIMKICTb.

VY ToM xe 4Yac, aHadi3 JOCBiNY poOOTH Pi3HUX Tally3ed MamuHOOYyBaHHS
NOKa3aB ICTOTHE IMIJBUILEHHS €KCIUTyaTalliHUX XapaKTEpUCTHUK MaTepialliB
poOOUYMX TMOBEPXOHb 3a PaXyHOK HAHECEHHS Ha HUX IUIa3MOBUX 3HOCOCTIMKHX
marepiaiiB [1, 2]. OCHOBHUMHU METOJaMU HAaHECEHHsI TaKMX MOKPUTTIB € XIMIYHE
OCa/DKEHHS 3 Ta30BOT0 CEPEAOBHUINA 1 KOHJIEHCAIliS TBEPJ0i PEYOBHHH B YMOBAX
iorHoro 6omOapayBanns (KIB) [2]. Haitbunpm parfioHaIbHUIM METOJIOM € came
KIb, oCHOBHOIO MepeBarol0 SKOro € MOXKIHUBICTh PETryJIIOBaHHSA TeMIEpaTypu
npoiiecy (~ 300-800 °C).

Sk mokazanu pe3yabTaTH Ja0OpaTOPHUX BUIPOOYBaHb [3], 3acTOCyBaHHS
10HHO-TTa3MOBOT0 MOKPUTTS TiN-CroN ToBmuHO0 4 MKkM MetoioM KIb He Timbku
JT03BOJISIE TMABUIIUTH 3HOCOCTIMKICTh PIKYUHUX €JIEMEHTIB aBTOrperepiB 31 crali
650", maibke B 2 pasu, aie 1 30epertd reoMeTpuyHy (opMmy HOXKa, a TaKOX
3HAYCHHS YJapHOI B'SI3KOCTI Marepially, 3 SIKOro BiH BUTOTOBIeHUM. Lle BaxkanuBO
Opv eKCIUlyaTalli aBTorpenzepiB, podoyl OpraHv SKuUX MNPaliOlTh B yMOBaX
NOCTIMHO I1F0YOr0 JUHAMIYHOIO 1 3HAKO3MIHHOI'O HaBaHTa)Xe€HHsA. ToMy Ha Hall
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MOTJISAM, JOIIBHO Oyso O JOCHIAWTH NPUYMHU 3O0UTBIICHHS 3HOCOCTIMKOCTI
PIKYUYUX €JIEMEHTIB aBTOTPEHIEPIB.

Meta i mocraHoBka 3ajadi. Merorw 1i€i poOOTH € BU3HAYCHHS TPUYUH
MiJBUILIEHHS 3HOCOCTIMKOCTI HOXKIB aBTOTPEWIepIB 3a JOMOMOTOI MPOBEIACHHS
MeTanorpaiqHuX JOCIT1HKEHb.

Buxiaax wmarepianiB  gocaimkenHsi.  Meranorpadiudi  JOCHIKEHHS
POBOJWIM 3a JONMOMOrorw Mikpockona MUM-8 mpu 36imemenni 500, 1000 3
nopanbmumM ¢otorpadyBaHHsIM 300pakeHHs. [Ipu nbomy Meranorpadiuni nuridu
Oynu OTpuUMaHi B pe3yibTari HUIiyBaHHA 3 BUKOPUCTAHHSAM ajMa3HOi MacTH.
Pazom 3 TUM s BUSIBJICHHSI MIKPOCTPYKTYpH cTtaiu 651" 3acTocoByBasiM XiMIYHE
TpaBieHHs 1uu1idiB y 3% cnupTOBOMY PO3UMHI a30THOI KMCIOTH (HITAJb).

B pesynbpraTi MeramorpadiuyHUX JOCTIKEHh HaMU OYyJI0 BCTAHOBJIEHO, IO
nokputTsa TiN-Cr,N Mae Halikpaiy ajaresiro mpu TOBIIHMHI Bil 2 70 5 MIKPOH, B
IHIIOMY BHUNAJAKy Ma€ MiCIl€ MOPYIICHHS IUTICHOCTI TMOBEPXHEBOro Imapy. Sk
BUJTHO 3 pHUC. la, MpU TOBUIMHI MOKPUTTS MOHAA 5 MIKPOH B TPOILIECI 3HOITYBaHHS
CIOCTEPIra€EThCS HOro BIAIAPYBAaHHS.

a — BigmrapyBanas MOKpUTTs TIN-CryN ToBmmHO0O 8§ MKM;
0 — pyitayBanus mokputTs TIN-Cr,N ToBImHO0 1 MKM
Pucynok 1 — Bigmapysauns mokputtst TiN-CroN

B pe3ynbpTari npoBeneHux jgabopaTOpHUX BUNPOOYBaHb (parMeHTIB HOXKa
aBrorpeiaepa 3 mokputtsaM TIN-Cr,N ToBmumHO0O 1 MIiKpOH crioctepiraiocst Horo
pYMHYBaHHSI IPOTATOM IEPIIUX KITBKOX FOJAWH poOOoTH (puc. 10).

———
U o
a 0
a — 3 mokpuTTsAM TIN-Cr,N ToBIIMHOIO 4 MKM;
0 — micas TepMooOpoOKH 1 nuTihyBaHHS 0€3 MOKPUTTS
Pucynok 2 — [loBepxHs pparmenTa Hoxka 31 ctaji 651

Kpim Toro, sx Bunao 3 puc. 2, nokpurta TIN-CroN Moxe 3HAYHO 3riIaguTv
2 b
HEPIBHOCTI MOBEPXHI, IKI MOXKYTh OyTH KOHIIEHTPATOPAMH HANPYKEHb.
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Ha mux ¢otorpadisx mOKpUTTS BUTISAAE Y BUIJISAL CBITJIOI CMYTH, SIKa Mae
YITKy MEXy 31 CTajulio 1 mpu upoMmy He Tpyitbes Hitamem (3% HNOj;). 3a
MOKPHUTTSAM Ma€ MiCIIe TIEpeXiJIHa 30Ha, sika BIIPI3HAETHCA THUM, 110 BOHA BIJIHOCHO
no0pe TpyIiThCs HITaJeM 1 Ma€e TOBIUUHY 4-5 MIKpPOH.

[Ipu nboMy B pe3ysbTaTi MPOBEACHHS MIKPOPEHTTEHOCTIEKTPAIHHOTO aHAJI3y
OyJl0 BCTaHOBIJICHO, IO TepeBa)kaloya YacTHHA THUTAHY 3HAaXOIUThCS came B
caMoMy TOKpHTTI. JIuie mesika oro 4acTUHa PO3TAIIOBYETHCS B MEPEXiaHIN 30HI

(puc. 3).

x 1000
Pucynok 3 — Po3nonin turany B camomy mokputti TIN-CroN i
nepexigHii 30Hi

MeTton SIKICHOTO PEHTTEHIBCHKOTO aHami3y, KMl MPOBOJIUBCS 3a JOTIOMOI'OO
yctaHoBkKH YPC 50, 103BOJMB MPOCTEKUTH PO3MOJLT XIMIYHUX €JIEMEHTIB B
nokputti cucremMu TIN-Cr,N, mepeximHid 30HI 1 MaTpHWil, a TaKOX BHUSIBUTH
BKJIFOUYCHHSI pi3HOTO poay. Ilpu 1boMy CyTh METOAY IOJIsTajla B HACTYITHOMY:
My4OK €JIEKTPOHIB MPU B3aEMOII 3 ATOMAaMU, PO3TAIIIOBAHUMH Ha MOBEPXHI 3pa3ka
(TutacTUHM), TEHEpPyBaB  PEHTICHIBCBKE  BUIIPOMiHIOBaHHA. Ilpm  mpomy
BUMIPIOBaHHSl JIOBXKMHU XBWJII 1 1HTEHCUBHOCTI BHUIIPOMIHIOBAHHSA JO3BOJIUJIO
BU3HAYUTH HASBHICTh THUX UM I1HIIUX EJIEMEHTIB. Y CBOIO 4Yepry IHTECHCHUBHICTh
BUIIPOMIHIOBAHHS XapaKTEPU3YEThCS YHCIOM IMIYJbCIB, 10 BUHUKAIOTH 3a
MEBHUI BIJIPI30K Yacy MepeMillieHHs 3pa3Ka.

Pe3ynbraTu BUMiprOBaHb y Mipy INepeMillleHHs] Ha 3a/JaHy BiJCTaHb 3pa3KiB 3a
JIOTIOMOT'OF0 MHKPO30HIY APYKYBAJIMCA Ha CICIIaIbHOMY TPHUCTPOI. 3aJIe)KHICTh
IHTCGHCHBHOCTI BHUIIPOMIHIOBaHHS BiJ] KOOPAWHAT MICIS PO3TAllyBaHHSI TOYOK
dbikcyBanacs Ha aia¢parMoBoi marepi, 10 JO3BOJIMIA B TOJAIBIIIOMY BU3HAUYUTH
KOHIIEHTPAIIIIO €JIEMEHTIB 3 MOXHOKO0I0 10 2%.

CkaHyBaHHS €IEKTPOHHOTO IIy4Ka HAa TIOBEPXHI TUIACTHHHU JO3BOJIHIIO
OTpUMAaTH AaH1 NoBepxHeBOro mapy. OaHak, 300pakeHHs, AKi BUWIUIA 33 PAXyHOK
BiTOOpaXEHHS B €IIEKTPOHAX, SBIISIFOTH COOOI0 SKICHY XapaKTEPUCTUKY XIMIYHOTO
CKJIaJly TOKPHTTSI, ajie TaKl BIAOMOCTI 3yMOBIIIOIOTh BHU3HAUEHHS B3a€MO3B'S3KY
KOHUEHTPAL[Il HOKPUTTS 1 MIKPOCTPYKTYPH IIOBEPXHEBOTO IIAPY.

PesynpTat ckaHyBaHHS B Tipolieci (pa30BOro PEHTIEHIBCHKOTO aHaJi3y
HaBeJIeHO y TaouI. 1.
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Tabnuus 1 — 3HaueHHst mapaMeTpiB PazoBOro peHTTeHIBCHbKOI0 aHAI3Y

Ne g0 ] dox TaOnuuH1 3HaYEHHS
JTiHIT oKe TIN | o-Fe Ti Cr;N Cr

1 10,6 cnt | 4,06

2 12,38 C 3,46

3 13,25 | cn | 3,29 | 2,58 2,64

4 17,61

5 18,20 C 2,42 2,39

6 18,84 | cn | 2,36 | 2,20 | 1,89

7 22,29 | cp | 1,94 1,77

8 2558 | cn | 1,69 156 | 1,52 | 150 | 1,42
9 3242 | cn | 1,41 1,29

10 3855 | cn | 1,26 1,28
11 39,67 | cn | 1,20 1,20 1,25

Heo0xigHO BiA3HAYMTH, 10 HAa PEHTTEHOrpaMi MOXKHA BUILIUTH JIiHII, SKi
xapaktepusyroThes Takumu dazamu: TiN, a-Ti, a-Fe. Buznauenns nassuocti Cr,N
JOCUTh CyO'ekTHUBHUH Tporec. Ile moB'si3aHo 3 TUM, 110 JIHIT TaKoro 3'€THaHHS
3a3BMYai 301ral0ThCs 3 JIHIAMU 1HIIMX 3'€/IHaHb. Y HAIllIOMY BUIAAKY XpOM He OYyB
BUSBIICHUI, aJieé II€¢ HE TOBOPHUTH IMPO HOro MOBHY BiACYTHICTh. JlaHuii ¢akt
MOSICHIOETHCS TUM, IO MPEACTABICHUNA METOJI MOXKE OYTH HEIOCTATHHO UYTIHUBUM
TUTSI BUSIBIICHHST XPOMY.

BucnoBku. 1. Pe3ynbTaT PEHTTEHIBCHKUX 1 MIKPOPEHTTEHOCIEKTPATBLHOTO
JOCITI/DKeHb TMOKa3ajH, M0 MiABHIEHHS 3HOCOCTIHKOCTI MOKpUTTs TIN-Cr,N, mpu
BCTAHOBJICHOMY ONTHUMAQJIbHOMY 3HAY€HHI TOBIIMHM 4 MKM, OOYMOBIICHO
HasBHICTIO THUTaHy, a KOpPO310HOCTIMKOCTI - Xpomy. OOuaBa eneMeHTU
3HAXOAATHCS B CAMOMY HOKPHTTI 1 pIBHOMIPHO PO3MOALIEH] IO HOro CTPYKTYpI. 2.
[Tokputtst TiN-Cr,N TOBIIMHOIO 8 MKM CXWIbHE JI0 BIIIIAPOBYBAaHHS BHACIIOK
BEIUKOI TOBIIMHU. [IOKPUTTA TOBIIMHOW 1 MKM MaJlOHaIIHHO I POOOTH
¢dbparMeHTiB HOXIB aBTorpeiiiepa B aOpa3uBi yepe3 pyWHYBaHHS MOBEPXHEBOI
TUTIBKH.
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AHAJII3 HABAHTAXKEHOCTI TEJECKOIIIYHOI CTPLIA
KPAHOBO-MAHINYJIATOPHOI YCTAHOBKHU

s oyinKku HABAHMAICEHOCMI eJleMenmi8 KOHCMPYKYIl 2i0poMaHinyisamopa po3poodieno
MPUBUMIDHY MEEPOOMINILHY MOOeb [ NPOBEOEeHO KOMN'TomepHe MOOe08aH s npoyecie pobomu
3 eukopucmannsm npoepamu Autodesk Inventor Professional. Oé6epynmosono eubip e6udy
nonepeuHo2o nepepizy cexyiil menecKoniuHoi Cmpiiu ma HABeOoeHO pe3yibmamiu aHalisy ix
HAanpyceHo-0epopmosano2o cmamy.

Beryn. 3pocraroun  00'eMu  Ta pO3MIMPEHHS] CHEKTPY BaHTaXiB, IO
NEPeBO3ATHCS MalIMHAMH JIECHOTO KOMILJIEKCa HEMHUHYYE CTaBIATH MeEpen
NEPEeBI3HUKAMU THUTAHHA TPO HEOOXITHICTh HASBHOCTI B TapKy aBTOMOOLTIB,
OCHaIIeHUX KpaHoM-MmaHinyastopom (KMY) [1]. KMVY ceorogni 3 ycmixom
BUKOHYIOTh HE TUIBKM HAaBAHTAXKYyBaJbHO-PO3BaHTAXXKYBaJIbHI oOllepauli, aie 1
IIUPOKO  BHKOPUCTOBYIOTHCS B  MOHTOXKHHMX TEXHOJIOTIAX, Ji€ TMOTPiOHI
MaHEBPEHICTh, OCOOJMBAa TOYHICTh BHKOHAHHS POOOYMX PYXIB, IUIABHICTb
NepeMileHHsT 1 CTaOUTbHICTh TOJIOKEHHS  BAaHTaXy. 3POCTAHHIO  CBOET
nonynsprHocti  KMVY  Garato B YoMy  3000B'i3aHI  KOHCTPYKIIISIM
BUKOPUCTOBYBaHUX cTpul. CaMme CTpiia BU3HAYa€ MOKIMBOCTI MaHIyJIATOpa SIK 3
TIOTJISITY BAHTXKOIIIMOMHOCTI, TaK 1 BU3HAYCHHS MeX1 poO0v0i 30HHU.

AHaniz nyoOuaikamid. KoHCTpyKIis CTpUIM TOBMHHA  3aJ0BOJIBHATH
HACTYIMTHUM HaWBKJIMBIIIUM BUMoOraM [2]: hoopma cekilii moBUHHA OyTH MpUIaTHA
TSI eKOHOMIYHO BUIPABIaHOTO BUPOOHHUIITBA CTPLIT; IJIsl 3SMEHIIICHHSI KOHTAKTHUX
CWJI MK OKPEMHUMH TEJIECKONIYHUMU CEKLISIMU BOHU MOBUHHI OyTH CIIPOEKTOBAHI
Takoi GopMu, 00 B 30HaX KOHTAKTy BUHUKAJIW MIHIMAIbHI JOMATKOBI1 3yCHILIS;
MDK CEKIiSIMA NMOBUHHI OyTH mnepedadeHi HEBEIWKI 3a30pu AJis 3a0e3leueHHs
O19HOI CTIMKOCTI 1 Majoro KyTa 3aKpy4yBaHHS; Uil 3HWKEHHS Macu MOXKJIHBE
BUKOPUCTAHHS BHUCOKOMIIHUX CTajell 3 ApiOHO3epHUCTOI CTPYKTyporo. I[lpwu
IIbOMY BHCOKAa 3JaTHICTh HABAHTAXKCHHS ITMX CTaJIed MOXKe OyTH peaizoBaHa
TUJIBKH 32 BIZICYTHOCTI MOXKJIMBOCTI MOSIBU PUCKY "BUITydyBaHHA" (MICII€BOI BTpaTH
CTIHKOCTI) B TOHKHX CTiHKax IOIMEPEYHOr0 MepeTuHy cTtpimm. [lpu nepeBlpul
MICIIEBOI CTIHKOCTI TTOBMHHI BPAaXOBYBATHCS SIK MOJOBXKHI 3yCHJUISL B CTPLJI, TaK 1
3yCWIIIA, 110 Ji0Th B HampsiMi ynomepek crpiau. s 3a0e3nedeHHs] MIITHOCTI 1
HEJIOMYIICHHS MPOTUHIB, SIK 1I€ MOXKE TPANMUTHUCS MPU TpaTyacTiii OymoBi CTpLIH,
HAa MaHUMYJIATOPHBIX YCTAaHOBKAaX, CTPUIM BUTOTOBJISIIOTHCA KopoOuyacTuMu. Y
KOHCTpYKIisix KMV chorogHi MokHa 3yCTpITH BENUKY KUIBKICTH PI3HOBH/IIB
nepeTuHiB cTpir. Tpeba BiA3HAYWTH, IO JUIS MPHHIIUIIOBOTO TOJIIMIICHHS
eKCIUTyaTallliHUX [MOKa3HWKIB KOHCTPYKTOPH MIIUIM 1O HUIAXY 301IbIICHHS
KUIBKOCTI TpaHel B mepeThHl kopoda. JlochimkeHHs B 00JacTi CTPUI KpaHIB
MOKa3aJu, 0 YUM OuTbIe TpaHed B Mpodiii, TUM €PEKTHUBHIIIE PO3MOAUIIETHCS
Hampyra Mo nepetnHy. Ha pucynky 1 mokazani [Aeski MEpeTHHH, IO
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BUKOPUCTOBYIOTBCS JJI CEKI[IM CTPLIOBHX KpaHIB 1 KPaHOBO-MAHINMYJISATOPHHUX
ycraHoBoK [3]. KoxkeH 3 mpejcraBieHuX NpodiTiB Mae CBOi IiepeBard i HEAOTIKH.
Hamnpuknaz, nepetun 1, He AUBISYUCH Ha HOTO MPOCTOTY, 0 TEMEPIITHHOTO Yacy
IIMPOKO BHKOPHUCTOBYETHCS aMEpPUKAHCBKOK (ipmMoro Manitex Ha KpaHax
BaHTaxxomiaiioMHicTIO 10 45 T. Kopobuatuii mpodisib 3aCTOCOBYIOTh BUPOOHUKH
KopoTkoOazoBux kpaniB Terex, Grove, Tadano, Kato Ha wmoxensix

BAaHTAXOIT IIHOMHICTIO 10 80 T.

Puc. 1. Pi3HOBU IepeTHHIB TEIECKOMIYHUX CEKI[iH CTPIJIOBUX KPaHIB 1 KPaHOBO-
MaHIMyJISITOPHUX YCTaHOBOK.

N

TN

Puc. 2.1llecturpanuuii (rexcaroHaibHUN) PO LTH CTPLIM KpaHiB-MaHIMyIATOPIB.

[Hecturpannuii npodine crpinu (puc. 2) OyB Bhepiie po3poOieHui 1
MIPEICTABICHUN MMOKYIIISIM IIBEIChKO0 KoMmaHiero Hiab. 3aBmsku cBoiit dhopmi 1
BEJIMKIA OMNOpHIM MOBEpPXHI CTpUIa BIAMIHHO TpHUMa€e HABaHTAKEHHS, Mae
30UIBIIIEHUI TEPMIH CIyKOM, BUTIJHE CIIBBIHOILICHHS BJIACHOI MacHu 1 MII[HOCTI.
Tenep ycmig 3a Hiab rekcaroHanbHHMII TEpEeTUH 3aCTOCOBYEThCS OaraTbma
BUPOOHUKAMU KpaHiB-MaHIMYJISATOPIB.

[Ipodiai TPAMOKYTHOT'O TIEPETHHY CHOT'OJHI 3aCTOCOBYIOTHCS TIIBKH B
MaHIMyJISITOpaX HEBEIUKOI BaHTAKOMIAMOMHOCTI. [IpsMOKYTHMII TiepeTHUH B
OKpEeMHX BUMAJKAX 3aMIHIOETHCS TpameIieBUIHAM. [HOMI MHUPOKUM BUKOHYETHCS
HIWKHIN mosc mnepetuny (mepetud 3 pwuc. 1), 1 cekmii 3 TakuMu TpODUIIMH
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YTBOPIOIOTh MAaCHUBHI 1 BIJIHOCHO KOPOTKI TEJIECKOMIYHI CTPUIH. Y 1HIIOMY BapiaHTi
4-rpaHHOTO TIPOQUITIO MUPOKUM POOJISITH BEPXHIH MOSC TIEPETUHY, 1 TOBIIUHY ITIET
TIOJIMIII ICTOTHO MiJICWIIOIOTH (TIepeTuH 2 puc. 1). BBaxaeTscs, mo Takuii mpodiib
3HAYHO 3HIKY€E HEOE3MEeKy BUKPHUBICHHS MTPU HABAHTAKEHHI, 1110 BUTHHAE.

Meta paboTbl. [l OIIHKKM HABAaHTAXEHOCTI E€JIEMEHTIB KOHCTPYKII1
TIPOMAHINYJISTOpa PO3POOMMO TPUBUMIPHY TBEPAOTUIBHY MoOjaenb (puc. 3) 1
IIPOBEIEMO KOMII'FOTEPHE MOJICITIOBAHHS TMPOIECIB pPOOOTH 3 BHUKOPHUCTAHHSAM
CUCTeMH TIOpUAHOTO (TBEPAOTUIBHOIO 1 TIOBEPXHEBOIO) TMapaMeTPUIHOIO
MOJICITIOBaHHS 3a gonomororo nporpamu Autodesk Inventor [4-5].

OcHoBHa uacTHHa. Po3paxyHkoBa cxema crpinu (puc. 3) BiANMOBIAAIOTH
BaHTAXHIM XapaKTEpPUCTUKHU: poOOTa YETBEPTOIO CEKI[IEID TEIECKOMIYHOI CTPLIN 3

Baroro BaHTaKY — Q. =910 KT .

10300

¥
[JCTpm—1693 KT v
QBaHTa)Ky =910 kr

Puc. 3. Po3paxyHkoBa cxema CTpiId KPaHOBO-MaHIMYJSTOPHOI YCTAHOBKH.

B mporieci monentoBaHHs, 3aJal09MCh MTapaMeTpaMu MaTepialy 1 HaKJIaJadu
oOMeXeHHs Ha (yHKI[IOHYBaHHSI CHCTEMH, BU3HAYA€EMO 3HAUEHHSI MaKCHUMAaJLHOTO
pIBHSA HaINpyru B KOHCTPYKLIi TEXHOJOIIYHOrO yCTaTKyBaHHs. OTpuUMaHI1 €mopu
JIO3BOJIAIOTh  Bi3yalli3yBaTH pPO3MOJIJI HABaHTa)KE€Hb, BU3HAYaTH HeOE3MeuH1
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

0)
Puc. 4. Enropu po3noiieHHs1 eKBiBaJICHTHUX HaIpy»eHb 1o Misecy (a),
nepeminieHHs (0) CTpUTH 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. CxiHueHHO-eIeMEeHTHa MOJIEJIb Ta PO3MO/IIJICHHS €KBIBaJIEHTHUX
HanpyxeHb 1o Mizecy pykosari KMYV.
[IpoBeneni AOCTHIKEHHS 1 OTpUMaHI pe3yabTaTd (puUC. S5-7) TO3BONSIOTH
CyIUTH TPO PIBHI HANPYrd B OKPEMHX e€JIeMEHTaX KOHCTPYKIIi KpaHOBO-
MaHIMyJISTOPHOI YCTaHOBKH.

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

I RIS
ANy

Lo

Puc. 6. CkiHueHHO-€JIeMEHTHa MOJIeTTb Ta PO3MO/IUICHHS EKBIBAJICHTHUX
Harpy>keHb 110 Mi3ecy OCHOBHOI CEKIIii TeecKomniuyHoi ctpian KMV,
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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. CkiHueHHO-€JIeMEeHTHA MOJIEJIb Ta PO3MOAUICHHS NEPEMIIeHb KiHIIEBOT
BHUCYBHOI CeKIIii TeseckomniuyHoi ctpiiu KMY

Po3pobOneni  TpuBHMIpHI ~ MapaMeTpPUYHI  MOJEIl  TEXHOJOTIYHOTO
yCTaTKyBaHHS  TIJPOMAHIMYISITOpa  JIO3BOJISIIOTH ~ ONEPATUBHO  BHOCUTHU
KOPEKTUBH J0 KOHCTPYKIIii, OMpanboByBaTH Pi3HI KOMIIOHYBaJbHI 1 KIHEMaTUYHI
CXeMH, BHM3HA4YaTH HEOOXIJHI JOJATKOBl1 MapamMeTpu (MepeMilleHHsI EJIEMEHTIB
KOHCTPYKIIii, po3mojail KoedilieHTa 3amacy MIIHOCTI, YaCTOTHUM 1 TepMIYHUIN
aHai3u, BUMIPOOYBaHHS HA yIapHE HABAHTAKCHHS, BTOMA 1 TaK JIaji).

BucHoBKH. 3aCTOCYBaHHS TPUBUMIPHOT'O MOJICITIOBaHHSI IPU KOHCTPYIOBAaHHI
1 PO3paxyHKy TEXHOJIOIIYHOIO YCTAaTKYBAHHS JIICOBHMX MalllMH 3HAYHO CKOPOYYE
yac Ha MPOEKTYBAHHS 1 PO3pPaxyHKH, 110 Y CBOIO UEPry IiJIBUIYE EKOHOMIYHUN
e(eKT KOHCTPYKTOPCBHKHUX pOOIT, BEIE /0 3HUXKEHHS KIHIEBOI I[iIHU BHUPOOY,
JI03BOJISIE€ Bi3yasi3yBaTu O0'€KTH, B HAMKOPOTII TEPMIHU OMPAIbOBYBATH BEIHKY
KUIBbKICTh BapiaHTIB TEXHIYHUX PIlICHb.
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