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Abstract. An instrumental module for external circular grinding has been developed, using methods of intermittent processing with
replaceable abrasive bars with a combined supply of coolant through the pores of the bars and through the channels between them,

with its activation in special cavitation nozzles.

The goal of this study is to develop a method for circular external inter-mittent grinding and a tool module that ensures stable operation

of the wheel and efficient supply of cutting fluid to the cutting zone.

The tool module of the assembling grinding wheel has been developed, which provides the effect of intermittent grinding with the supply

of cutting fluid through the abrasive bars and the gap between them.

Keywords: tool module, intermittent grinding, hydrodynamic cavitation, assembling grinding wheel, cutting fluid, mathematical
model, abrasive sticks, machining operations, cylindrical grinder, control systems, adaptive control.

Introduction

The quality of the surface layer of machine parts
that determine their performance characteristics in most
cases is formed during grinding. This process is charac-
terized by high thermal stress and a high probability of
occurrence of defects in the surface layers of the ground
parts in the form of burns and microcracks, which re-
duce their operational properties. One of the ways to re-
duce the thermal stress of the grinding process and im-
prove the quality of the ground parts is the use of ra-
tional processing schemes and the use of effective com-
positions of cutting fluids, their activation, and supply
to the cutting zone. To implement these conditions, we
have developed a tool module for circular external
grinding, using intermittent processing methods, which
supplies cutting fluid to the cutting zone, and its activa-
tion in cavitation nozzles.
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During the cutting process, the cutting fluid pro-
vides a lubricating, cooling, washing, dispersing, and
damping action. One of the important requirements for the
cutting fluid is to reduce the heat stress of the cutting pro-
cess, reduce power loads and reduce friction, which leads
to an increase in the quality of the processed surface of the
part while maintaining the specified processing accuracy
and increasing the durability of the cutting tool. For this
purpose, various methods of delivering cutting fluid to the
contact surfaces and activating it in the cutting zone are
used.

At present, the processes of grinding with wheels
having an intermittent surface are becoming more and
more widespread.

It is known that the process of intermittent grinding
in comparison with continuous provides a decrease in the
maximum temperature by about 30-40%, which is con-
firmed by theoretical calculations performed in [1-4].

The analysis of these studies with intermittent grind-
ing showed that in the phase of the absence of contact of
the wheel with the treated surface, its cooling is mainly
provided by the thermal conductivity of this surface. In this
case, the high intensity of heat outflow from the surface to
the part is due to a large temperature gradient after contact
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with the wheel in the direction normal to the surface to be
treated. Additional heat outflow from the heated surface is
provided by convective heat exchange with the environ-
ment (air or cutting fluid).

However, the cooling effect of the cutting fluid has
an insufficient effect over the heat extraction in the phase
of the absence of contact of the wheel with the part. This is
due not only to a lower intensity of heat transfer by con-
vective heat transfer compared to thermal conductivity but
also to the fact that the penetration of the cutting fluid into
the space between the protrusions of the discontinuous sur-
face of the wheel is difficult. The flow of cutting fluid into
space between the protrusions of the wheel is slowed by
the flow of air carried away by the wheel rotating at high
speed. To ensure an intensive supply of cutting fluid to the
space between the cutting protrusions of the wheel, at-
tempts are made to supply cutting fluid through the wheel.
This is achieved, for example, by filling the cutting fluid
through the body of the assembled abrasive segments of the
wheel into the spaces between the protrusions.

Besides, an increase in efficiency is possible when
the cutting fluid is fed directly into the contact area of the
protrusion of the wheel with the part through the pores of
the wheel.

In intermittent grinding, the contact of the wheel
with the workpiece is periodically interrupted, which
leads to a decrease in the thermal saturation of the surface
layers of the processed material. This allows improving
the quality of processing while increasing the grinding
performance. Moreover, the effect of interrupting the
contact of the wheel with the workpiece is in some cases
higher than that of optimizing the conditions of conven-
tional grinding [5].

Long term researches, as well as the practice of using
cutting fluid during grinding, convincingly prove that the
effect of cutting fluid is most pronounced only if it pene-
trates directly into the interaction zone of the newly formed
surfaces on the workpiece, wheel, and chip [6].

Analysis of the mechanisms of the lubricating, wet-
ting and penetrating, cooling, washing, cutting, and plasti-
cizing action of the cutting fluid, allows us to conclude that
to increase the efficiency of the cutting fluid, it is necessary
to increase its pressure and flow rate in the contact zones
of the abrasive grains and the metal of the workpiece.

Under the influence of high temperatures and pres-
sures in the cutting zone, there is an adhesive setting of the
abrasive with the processed material, mutual diffusion of
chemical elements, an increase in the friction work of the
bundle and abrasive grains from the processed workpiece
and, as a result, softening and destruction of abrasive
grains, as well as the formation of a surface layer of the part
with unfavorable performance characteristics. An im-
portant point to ensure the efficiency of the cutting process
is the activation of the cutting fluid.

A simulation was performed of the temperature in
the cutting zone during round external intermittent grinding,

taking into account the supply of cutting fluid when it is
actively ingested or absent between the abrasive bars.

Figure 1 shows graphs comparing the grinding pro-
cess using continuous and intermittent cutting. And also
without the use of cooling, as well as with water-based lig-
uid pressure jet cooling.
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Fig. 1. Comparison of the heating temperature of
the workpiece surface

The results of the computer experiment showed that
under normal conditions, the cooling effect of the cutting
fluid allows a slight (up to about 10 %) decrease in the
maximum temperature during intermittent circular external
grinding. By intensifying the cutting fluid supply through
the wheel or the body of the assembling wheel, it is possi-
ble to predict the possibility of reducing the maximum tem-
perature of the ground surface both due to the cooling ef-
fect of the cutting fluid, and due to its complex physico-
chemical effects.

In the works of E.S. Kiselev [8], to intensify the pro-
cesses occurring in the cutting zone, the application of ul-
trasonic vibrations is used when the cutting fluid is fed
through the nozzles installed at the ends of the grinding
wheel. This changes the mechanism of penetration of the
cutting fluid into the grinding and straightening zones: the
liquid is ejected from the pores of the wheel directly into
the zone of its contact with the workpiece. At the same
time, it is noted that the functional actions of the cutting
fluid usually are enhanced and have a significant impact on
the performance and quality of the surface layer of the pro-
cessed parts.

It is important that the cutting fluid cavitation in the
cutting zone can radically change the conditions for form-
ing new surfaces. The author claims that the superimposi-
tion of vibrations accelerates the movement of cutting fluid
through the network of capillary channels to the zones of
contact interaction of the tool with the workpiece material.
Acoustic spraying of cutting fluid using the energy of an
ultrasonic field allows you to create air-liquid aerosols, the
size of liquid droplets in which are commensurate with the
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size of the cross-sections formed during the cutting of ca-
pillaries.

The process of intermittent grinding is associated
with the occurrence of vibrations that is associated with the
impact on the part of the protrusions of the grinding wheel.

In the works of several authors, methods of analyti-
cal solution of problems that determine the area of stable
operation of the wheel are proposed. However, there is no
quantitative analysis of the magnitude of the resulting fluc-
tuations in the grinding depth as a result of the variable stiff-
ness of the contact of the wheel with the treated surface.

Such an analysis is of great practical importance
since the fluctuations of the system significantly affect the
roughness of the treated surface. It is needed to perform an
analysis and find solutions for the selected processing
scheme. At the same time, in each specific usage case of
intermittent grinding, the fluctuation amplitudes will be
different due to the changing rigidity of the machine system.

Considering the above provisions, it is advisable to
use a scheme that combines an intermittent grinding method
and an effective cutting fluid supply with its activation.

The goal of this study

Is to develop a method for circular external intermit-
tent grinding and a tool module that ensures stable opera-
tion of the wheel and efficient supply of cutting fluid to the
cutting zone, for this purpose, a special tool module with
replaceable abrasive bars has been created, through the
pores of which the cutting fluid enters the cutting zone.
Through separate channels, the cutting fluid is fed between
the bars, providing cooling of the part. Through separate
channels, the cutting fluid is fed between the bars, provid-
ing cooling of the part. All coolant supply channels are
equipped with nozzles that use flow cavitators to activate
the coolant.

Methods for achieving the goal

The proposed system uses the principle of intermit-
tent grinding with the supply of cutting fluid through the
radial channels of the cassette of the assembling grinding
wheel [9]. The cutting fluid supply is carried out in the gaps
between the bars and through the pores of the abrasive bars.
At the outlet of the channels, nozzles are installed that en-
sure the activation of the coolant due to hydrodynamic cav-
itation.

To calculate the parameters of the grinding module,
a special program for determining the geometric parame-
ters of the tool was developed. The scheme for the calcula-
tion is shown in Figure 3.

When working with this program, you can change
the input parameters and receive changes of other dimen-
sions associated with the module whose parameters were
changed.

An example of the calculation is shown in Figure 4.
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When analyzing the dynamics of grinding, a rigid
scheme of circular external grinding was considered, in
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which the cutting depth is set, and the derivatives are the
forces and deformations in the technological system.

With a rigid grinding scheme, the wheel is fed to a
certain depth %, by the feed mechanism. Taking into ac-

count the elastic deformations of the machine under the ac-
tion of the radial component of the cutting force P,, the

inertia of the moving masses of the machine, and the damp-
ing force, the actual grinding depth 4, will differ by the

amount of displacement of the wheel and the workpiece
relative to each other.

The functional scheme of the intermittent grinding
process in a closed technological system is determined de-
pending on the adopted discrete machine model. Since
these studies consider the change in the grinding depth with
a high-frequency impact of the intermittent surface of the
wheel, we can narrow to a two-mass machine model con-
sisting of the masses of m, the workpiece and m, the wheel
on the spindle. The mass of the grinding implement is con-
ditionally assumed to be infinite, i.e. we believe that it will
not react with radial movements to the force effects of an
intermittent wheel due to its high inertia.

The input signal to the system is the grinding depth
h,,, which takes some actual value /,_, when the surface of

the workpiece comes into contact with the protrusion, and
zero — when the depression approaches. The radial compo-
nent of the cutting force P, that occurs during grinding
leads to deformations of the grinding wheel x, and work-
piece x, systems. The total deformation in the contact area
of the wheel and the workpiece x; leads to a change in the

actual grinding depth.
Taking the direction of the coordinates x, and x, in

opposite directions, leading to a decrease in the grinding
depth, we get that the sum x, =x, +x, will be the total

change in the grinding depth due to the displacement of the
wheel and the workpiece. By subtracting this offset, x,

from A, , we get the actual grinding depth /4, , which deter-
mines the value P} .

The patterns described above can be represented in
the form of a functional scheme of intermittent
grinding (Fig. 5).
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Fig. 5. Functional diagram of the intermittent
grinding process

A characteristic feature of intermittent grinding is
that as the wheel wears out, its macro profile self-forms.
On the protrusions, frontal surfaces are formed, located at
a certain angle of attack to the cutting plane [7].

In this study, we use a simplification, which comes
down to the fact that the input signal does not take into ac-
count the wear on the front surface of the protrusions. Nei-
ther does it take into account the increase in the grinding
depth when the front edge of the protrusion contacts with
the workpiece and the decrease when the rear edge of the
protrusion stops to contact.

During the grinding process, depending on the
grinding depth, the radial component P, of the grinding

force occurs. According to [10] P, is calculated by the fol-

lowing empirical formula:

_ : yo.gh
P,=2,5:C, V-0’57V B, 1)

where V,, — the speed of rotation of the workpiece, m/s; & —
depth, mm; S — feed, m/min; V, — the speed of rotation of
the wheel, m/s; B — the height of the circle, mm.
The mathematical model of the input signal in the Vis-
Sim package with the source data is shown in Figure 6.
Linearizing the dependence (1) by decomposing it
into a Taylor series and omitting higher-order terms

oP,
3§ :(Py)o"_[a_hyl'Ah

Where (Py )0 —is the value Py under the conditions

of grinding in the equilibrium;

oP,
(8_;) — the derivative P, of 4 in the equilibrium.
0

Substitute P, from (1) and get:

-1 z
AP,=P,—(P,) =2,5-C, -V -y-h""-57x

xV*-BP . Ah=C-Ah Q)
where C=2,5'Cp’I/,f°y'hy_l-Sz~I/r“-BB

The value C - is the coefficient of proportionality
between the grinding depth and the radial component of the
cutting force. Dimension of C , H/mm.

Similar to the rigidity of an elastic system with the
same dimension, the coefficient C — is called the rigidity
of the grinding process or the rigidity of the contact of the
wheel with the treated surface.

The elastic system of the circular grinding machine
is a parallel connection of the elastic systems of the grind-
ing wheel and the workpiece. The equation describing the
movement of the grinding wheel in the radial direction, i.e.,
the coordinate x, is the equality of the forces acting on the

circle in the radial direction.
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If the positive direction of the coordinate x, is di-
rected from the workpiece to the wheel, then the cutting
force P, will be negative, and the other forces of inertia
m, -X%,, damping A, X, and elastic connection of the
wheel with the spindle head c, - x, must be negative, i.e. in
the opposite direction of the axis x, :

Similarly, can be obtained the differential equation of the
movement of the workpiece in the radial direction, direct-
ing the coordinates of such movement x; from the wheel

to the workpiece:

m g+ x e x =P, 4)

The solution of equations (3) and (4) in the VisSim package

is performed by the method of reducing the derivative. The

mathematical model of the solution is shown in Figure 7.
Deviation of the grinding depth x, due to the move-

ment of the wheel x, and the workpiece x, under the ac-
tion of force P, :

X, =X, T X,
This deviation x; is subtracted from %, and the ac-

tual grinding depth A, multiplied by the coefficient C is
converted to the force P, .
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Fig. 7. Mathematical model

The calculations of the intermittent grinding process
in a closed technological system are performed using the
selected mathematical model and with displaying of the sig-
nals x,, x, ,x; and & on the Plot plotter (Figure 8).

The developed mathematical model of intermittent
grinding in a closed technological system allows to analyze
the design features of the wheel and choose rational cutting
modes;

The use of this methodology allows to determine the
magnitude of the amplitude of the actual depth of cut for
specific processing conditions and select the parameters of
the wheel.
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Fig. 9. Module with cooling and cutting fluid activation elements

For effective cooling of the grinding zone, the cut-
ting fluid is supplied both through the bars and in the gaps
between the bars. At the same time, nozzles are installed at
the outlet of the channels to create cavitation in the flow.

The threshold values of the flow intensity at which
cavitation occurs are very specific for grinding. Therefore,
to determine the minimum required power in real grinding
conditions, appropriate studies were conducted [16].

The increase in the velocity of the cutting fluid
movement through the pore space of the wheel and the cor-
responding increase in its flow rate through the processed

area is the result of the action of shock waves from the clos-
ing cavitation cavities localized in the cross-section of the
pore channels. Optimization of the design parameters of
the nozzles, the hydrodynamic parameters of the flow, the
vibration frequency spectrum, and the range of sound pres-
sure amplitudes should ensure effective cavitation of the
liquid.

It follows from the above that in order to improve
the productivity and quality of grinding, along with other
methods, it is necessary to implement a comprehensive ap-
proach to the use of cutting fluid, including the choice of a
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rational composition and ensuring its effective use during
grinding. This allows you to reduce the power loads and
heat stress of the process.

The task may be solved with the help of a tool mod-
ule (Fig. 9), which includes a body mounted on the spindle
head of the machine, a assembling grinding wheel mounted
on the spindle, two separate systems for supplying cutting
fluid under the abrasive bars and in the gap between the
bars, as well as a system with elastic elements for cleaning
the grinding wheel. This module can be installed on vari-
ous circular grinding machines and used for processing any
materials and alloys.

The assembling grinding wheel (Figure 10) consists
of a disk (cassette) 1 with channels 2 and 3 or supplying
cutting fluid, mounted on the spindle of machine 4 and
fixed to it using a bolt 5 [9]. On the edge of the disc, the
abrasive segments 7 are fixated with the help of pressure
elements 6. The pressure elements 6 contain holes with
cavitators fixed in them 8. Cavitators 9 are installed under
the abrasive segments in channels 3. The pressure elements
6 are fixated with the help of the left 10 and right 11 covers
of the grinding wheel. For balancing the grinding wheel in
the assembled form, weights 12 are provided.

The assembling wheel is located in a body and is
closed by the left 13 and right 14 covers of the protective
casing. The left cover is fixated with screws 15 on the
flange 16 of the grinding head. The use of a replaceable
landing sleeve allows the installation of the body on ma-
chines that have landing elements of a similar design.

On the inner part of the protective casing, elastic pet-
als 17 are fixated using a ring 18 and screws 19 and 20. The
cutting fluid inlet bushings 24 and 25 are attached to the
left cover of the protective casing through the glass 21 with
the help of bolts 22 and 23. Insulation of the cutting fluid
supply channels is performed using cuffs 30 and 31, in-
stalled in cups 21 and 27, respectively.

The cutting fluid supply to the cutting zone is carried
out through two separate systems of channels, one of which
provides the cutting fluid supply to the abrasive segments,
and the second-between them.

To the cavity between the abrasive bars, the cutting
fluid is fed through sleeve 25. The sleeve with the impeller
26 provides preliminary acceleration of the emulsion. After
that, the cutting fluid enters channel 2 of disk 1, where it is
additionally accelerated due to the kinetic energy during
the rotation of the grinding wheel and is directed to its edge
between the abrasive segments 7. Herewith, nozzles 8 are
installed at the outlets from the channels which, due to the
cavitation effect, provide its fine mixing, intensification of
chemical and physical processes occurring in the cutting
fluid and the cutting zone. Passing through the cavitation
section, the cutting fluid enters the space between the seg-
ments before contacting it with the workpiece.

Under the abrasive segment, the cutting fluid supply
is performed as follows. Through the inlet sleeve 24, the
liquid enters sleeve 27. Then, through the holes in cover 30

and gasket 31, it enters channel 3 of disk 1, where it is ad-
ditionally accelerated by kinetic energy when the grinding
wheel rotates and is directed to its edge under the abrasive
segment 7. Herewith, nozzles 9 are installed at the outlet of
the channels, which ensure the activation of the cutting
fluid in the flow. The cutting fluid enters the working surface
of the segment through the pores in the abrasive material.

View A
(without cover)

Fig. 10. Assembling grinding wheel module

An add-on to the SolidWorks 2009 COSMOS soft-
ware was used to test the strength of the segments. This ad-
dition allows you to simulate the load on the segment of
forces that occur during the grinding process.

During the simulation, the conditions for fixing the seg-
ment in the body with inserts were taken into account. The
coordinates of the anchoring points and the places of the im-
pact of forces on the bars were set, as shown in Figure 11.

Fig. 11. Placement of fixators
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As a result of the simulation, diagrams of stresses,
displacements, deformations, and the safety margin were
obtained. Figure 12 shows the simulation results.

It was found that for this design, the maximum speed
of rotation is 135 m/s. at this speed, a segment break may
occur.

Figure 13 shows the body of the assembling wheel 1
with the coolant supply channels between the bars 2 and
under. bars 3.

To clean the working surface, elastic elements 17 are
installed in covers 13 and 14, which, under the influence of
the flow, make mechanical vibrations that create the effect
of acoustic cavitation of the cutting fluid.

Fig. 13. Assembling wheel channels
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Fig. 14. Installment of the wheel cleaning petals

The combined cutting fluid supply system used in
the module ensures that it is delivered to the working sur-
face of the abrasive segments. This ensures the process of
fine mixing of the cutting fluid, intensifies the chemical
and physical processes occurring in the cutting fluid and
the cutting zone, actively cleans the surface of the abrasive
segment from salting, increases the cooling, lubricating,
wetting, and other effects, which generally leads to an in-
crease in productivity, processing quality and durability of
the cutting tool [13].

Also, the circles of this design allow, if necessary, to
adjust the cutting fluid flow through the channels, discon-
nect them, connect them separately, connect both without
stopping the processing process. The pumps installed in
each of the channels allow, in addition to the centrifugal
effects, the use of cutting fluid flow control in terms of flow
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rate and pressure. Figure 15 shows the installation of cavi-
tators in the body of the assembling wheel.

Figure 16 shows a general view of the assembling
grinding wheel module.

Fig. 15. Installation of cavitators in the assem-
bling wheel body

Fig. 16. Installment of the elements in the cassette

The versatility of the proposed design lies in the fact
that the replaceable bushings on the spindle and body allow
you to install this module on several similar grinding ma-
chines.

This design allows you to significantly improve the
dynamic performance of the machine. The cassette is sub-
jected to careful static and dynamic balancing before the
abrasive bars are installed. After installing the bars, addi-
tional balancing is performed with the help of weights in-
stalled in a circular groove. Due to the small volume and
weight of the abrasive bars, the fluctuations caused by the
unevenness of the abrasive material, its different densities,
and wear are insignificant.

In production conditions, two (or more) cassettes are
used. While one assembly wheel is on the machine, the op-
erator reloads the second cassette.

The cassette design allows you to adjust the cutting
fluid supply to the cutting area and in the gap between the
bars, which can be used to rationalize the cutting fluid sup-
ply in the cycle (by changing pressures and volumes), as
well as flexibly used in automated and adaptive systems, for
example, when tracking changes in the cutting coefficient.

Conclusions

The tool module of the assembling grinding wheel
has been developed, which provides the effect of intermit-
tent grinding with the supply of cutting fluid through the
abrasive bars and the gap between them. Its design makes
it possible to improve the penetration of cutting fluid into
the contact zone of the grinding wheel with the workpiece,
which leads to a reduction in the heat intensity of the pro-
cess and an improvement in the surface quality with an in-
crease in processing productivity.
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Po3poOka iHCTPYyMEHTAJBLHOI0 MOAYJIsl /15l 30BHIIIHBOI0 NMEPioIMYHOr0
uutigyBaHHS

A. ®ecenko, ®@. €pcrokona, O. HaGoka

Anomauia. Po3pobneno incmpymeHmanoHuil MoOyab 015l 306HIUHBLO2O KPY208020 WNI(YEAHHSA, WO BUKOPUCTIOBYE MeMOOU nepepus-
yacmoi 0opodKuU 31 SMIHHUMU AOPASUSHUMU NPYMKAMU 3 KOMOIHOBAHOI NOOAYelo MENIoHOCIs Yepe3 nopu OPYCKie i uepe3 KaHaau Mixc
HUMU 3 1020 AKMUBAYIEIO 8 CREeYIANbHUX KABIMAYIUHUX HACAOKAX.

Mema. Ilonszae 6 po3pobyi cnocoby Kpy208020 306HIUHBOLO NEPEPUBHACNO20 WNIQYBAHHA MA THCMPYMEHMATLHO20 MOOYIS, WO
3abesneyye cmabinbHy pobomy Kpyea ma e(ekmueny nooauy piscyuoi piouru 6 30Hy pi3anHsl.

Bucnogok. Pospobneno incmpymenmanbhuii MOOyib MOHMANCHO20 WAIY6aTbHO20 Kpyea, Wo 3abe3neuye epekm nepepueuacmozo
winihysanns 3 nodauero pixcyuoi piounu uepes abpasueni 6pycku ma 3azop mixc numu. Hozo xoncmpyryis 0ozsonse noxpawumu
NPOHUKHEHHA PIdCYUOl PIOUHU 8 30HY KOHMAKMY WAIQYE8ANbHO20 KpY2a i3 3a20MOBKO0I0, WO NPU3E00UMb 00 3HUNCEHHS MenioiHmeH-
cugHocmi npoyecy ma NOKpawenHs AKOCmi No8epxui npu nioguweHHi nPOOYKMUHOCMi 06pooKuU.

Knrouosi cnosa: mooynv incmpymenmy, nepioouune uinighy8ants, 2iopoouHamivia Kagimayis, CKIa0aHHs wiighyeanvHo2o Kpyea, pi-
Jicya piOUHA, MAMeMamuira Mooeib, adpa3ueHi Natuyku, onepayii Mexaniynoi 06pooKu, YUNTHOPUYHA WNIQY8aATbHA MAUUNA, CUC-
memu YnpaeninHs, a0anmuere YnpaeiiHHsl.

Pa3padoTka HHCTPYMEHTAJIBLHOI0 MOXYJISI AJISi BHEIIHEr0 MPEePbIBUCTOIO
¢ oBaHUA

A. ®ecenko, ®. EBcrokoBa, E. Haooka

Annomayusn. Paspaboman uncmpymenmanbHulii MOOYIb Ol HAPYIHCHO20 KPY206020 WAUPOBAHUS, UCHONLIVIOWUL MEmMOObl Npepbl-
6UCMOU 00pabOMKU CMEHHLIMU AOPA3USHBIMU CHEPICHAMU ¢ KomOunuposannoti nodaueii COK uepes nopwi cmepaicheli u no kananiam
MedHCOy HUMU, ¢ aKmusayueli e2o 6 CHeyualbHbIX KagUMAayUOHHbIX CONNAX.

Leny. Cocmoum 6 paspabomke cnocoba Kpy208020 HAPYICHO20 NPEPLIBUCHIO20 WAUDOBAHUS U UHCIPYMEHMATILHO20 MOOYIA, 0bec-
neuusarouezo CmaduIbHy0 pabomy Kpyea u 3phexmusHyio nooawy pexcyweil H#CUOKoCmu 6 301y Pe3Ki.

Bo1600. Paspaboman uncmpymeHmanbhulii MOOY.Ib MOHMANCHO20 WIUPOBANbHO20 Kpyed, 0b6ecneyusaiowuil d¢pgexm npepuleucmozo
winughosanus ¢ nodayell pexcywjel HUOKocmu yepes abpasusrvie 6pyCcKu u 3a3op mexcoy Humu. Eeo koncmpykyus nozeonsem yuyu-
WUmMb NPOHUKHOBEHUE pedcyuyeli HCUOKOCHU 8 30HY KOHMAKMA WAUPOBANbHO20 Kpy2d C 3A20MOGKOlL, YO NPUBOOUM K CHUICCHUIO
MenIouHMeHCUSHOCMU NPOYeccd U YIYHUeHUI0 Kayecmea no8epxXHOCU npu NoGbIUEHUY NPOU3B00UMETbHOCMU 00pabOmKU.

Kniouesvie cnosa: uncmpymenmanshviil MOOYIb, NpepbleUcmoe uaudosanue, cuOpoOUHaAMUYECKds Kagumayusi, cOOpKa wau@osasb-
HO20 Kpy2d, CMA30UHO-0XIAHCOAIOWAS HCUOKOCTb, MAMEMATNUYECKAs MOOelb, ADPA3UGHbIE CMEPICHU, Onepayul 06pabomKu, YuiuH-
Opuyeckull WIUGOBATbHBLL CIMAHOK, CUCHIeMbl YIPABIEHUs, A0anmusHoe YnpagieHue.
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