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THE RALATIONSHIP BETWHEEN THE PARAMETERS
OF ROUGHNESS AND FEATURES OF SURFACE
FORMATION WITH A SPECIAL MICROPROFILE

Abstract. This article shows the regularities of the formation of the relationship between the
parameters of the roughness of the treated surface under the conditions of processing with a tool made
of superhard materials. Features of formation of the ratio of height parameters of roughness Rax/Ra for
conditions of diamond-abrasive processing are shown. In general, in relation to Rya/Ra we have a kind
of "roughness arc", when first for a normal untreated rough source surface it is close to 4, then
abrasive-diamond treatment of this surface raises this ratio to 6 and then to 8, but further methods of
abrasive finishing and polishing reduce the ratio to 6 and then chemical-mechanical polishing to a
high-quality surface returns this ratio to values close to 4. This means that if the initial cost of grinding
the original surface affects the increase in the ratio, then the subsequent cost of finishing and polishing
work reduces the value of the ratio Rna/Ra to the original. The peculiarities of obtaining a treated
surface with a special microprofile, which is a flat protrusions with recesses (a kind of "pockets") for
placing oil to increase the service life of such a surface.

Keywords: parameters of the roughness; the ratio of height parameters of roughness Rmax/Ra; special
microprofile.

INTRODUCTION

An arithmetical average deviation from the mean line R, is a surface roughness
parameter most widely accepted and used in scientific and technical publications.
We point out that at one time GOST 2789-73 "Roughness of the surface.
Parameters, characteristics and designations” indicated that the roughness
parameters (one or more) are selected from the following nomenclature: Ra —
arithmetic mean deviation of the profile; R; is the height of the profile irregularities
at 10 points; Rmax is the highest profile height; Sy is the average step of inequalities;
S — the average step of the local protrusions of the profile; t, is the relative
reference length of the profile, where p is the value of the cross-sectional level of
the profile. Generalized data on the influence of various machining methods and
modes using tools of superhard materials (SHM) on these parameters have not
been adequately presented in the literature. Therefore, it is not clear which criteria
should be used when deciding upon the machining processes in order to achieve
the required Ra value. Furthermore, the experience in commercial operation of
products suggests [1] that for various applications more than one surface roughness
parameter of contacting surfaces should be monitored:

© V. Lavrinenko, V. Solod, 2022

99



ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 96

— Ra and the relative reference length of the profile irregularities t, for the
parts that operate under the conditions of sliding and rolling frictions and
for low-wear parts,

— Raand t, for the parts prone to contact stresses,

—  Rafor press-fit joints,

— maximum height of irregularities Rmax, maximum peak height R, and
mean spacing of the profile irregularities Sy for the parts subjected to
variable loads,

— Raand t;, for the parts that form tight joints.

In this case, it is also stated that the parameter R is preferred. Thus, using this
parameter, in [2] the classification of methods of abrasive processing (roughness) —
grinding (when R, is from 100.000 A4 to 1.000 A4 or from 10 um to 0.1 pum), lapping
(when Ry is from 1.000 4 to 100 A or from 0.1 um to 0.01 um), polishing (when R,
is from 100 4 to 1 4 or from 0.01 pum to 0.0001 um).

THE PURPOSE OF RESEARCH

Note that there are such persistent misconceptions that the above parameters
seem to exist independently and it is possible to obtain any desired value of one
parameter and any desired value of another, or, for example, you can act on one
parameter, and others will not change. The consequence of such misleading
judgments is that researchers separately study the influence of processing regimes
and conditions on specific roughness parameters, which introduces a system error,
because in fact for the same processing conditions all roughness parameters are
interconnected and affect only one parameter is impossible, because others will
change. Therefore, the purpose of this article was to identify the features of the
relationship between the roughness parameters and to establish how this may affect
the achievement of a special microprofile of the treated surface.

RESEARCH DATA

We will illustrate this with a number of existing relationships between the
parameters cited in the literature. Note that roughness is a statistical process, so
such relationships are largely correlated. In [1], it was shown that the magnitude of
the relationship or relationship between the parameters R, and Ra can vary. The
magnitude of this ratio depends on the profile of the roughness combs. Thus, for
the triangular profile R/Ra = 4. For convex and concave profiles, this ratio is larger
and can reach up to 8 depending on the degree of convexity and concavity. Thus,
the more the profile of the combs differs from the triangular one, the greater the
R./Ra ratio. Therefore, this ratio can be called as the coefficient of profile shape or
the coefficient of completeness of the profile. It is known that the parameter R,
cannot carry information about the shape of the comb. The parameter R, contains
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such information in an implicit form and only the ratio R./Ra gives a numerical
characteristic [1]. For specific processing conditions in a number of works the
values of such relation are shown. Thus, to calculate the height characteristics of
the roughness of the workpiece, you can use the following relations: Rmax = kR,
where k=1.25 for irregular and k=1.15 for regular roughness. In this case, R,~4Ra
for the rough surface and R,25R, for the surface in the range Ra = 1.25-0.02 pm.
For conditions of processing by diamond-abrasive wheels: R, = 5Ra. For turning
with cutters: R; = 5Ra [1].

Let us now consider the correlation between Ra and Rmax. Thus, for the
conditions of diamond abrasive tool processing — Rmax=(8-10)Ra [3]. For grinding
conditions of coarse-grained CBN (160/125) steels 40X (HRC 53) and SHX15
(HRC 60) — Rmax=(6.472+0.225)R,. For EDM conditions: Rmax = 5.40625R, [1].

Additionally, we pay attention to the correlation between the parameters:
altitude R, and Rmax and step Sm. In [3] it was shown that for most methods of
machining at an average height of microroughnesses the step of roughness S, does
not exceed 40Rmax (grinding, planing, milling, boring of steel and cast iron parts),
and for inequalities with a smaller height, their step values can reach 300Rnax. For
the conditions of EDM: Sy=14,1R, [1].

As we can see, the analysis of the literature refutes the constant misleading
judgments about the independence of the roughness parameters. But there are other
misleading judgments: about the constancy of the ratio Rma/Ra or that the step of
microroughness Sy increases with increasing parameter Ra. Let's look at these
misleading judgments in more detail below.

The first misleading judgment is that the Rmax/Ra ratio is constant and equal to
5 [4]. The theory of calculation of roughness parameters at grinding is based on
this value of the relation. It would be possible to agree with this judgment, because
the number 5 is quite decent, which we will show later, but why it is a constant, it
is unclear. The identity of the slice thickness and the Rmax parameter is even more
unclear.

The second misleading judgment is that the Rmad/Ra ratio is not constant and
can vary in a wide range: very wide from 1.36 to 109.6 [5], or moderate from 1.42
to 18 [6]. The authors of [5] also indicated that the practice of abrasive treatment
has shown that the ratio Rmax/Ra during grinding mainly takes the value 4...6. This
somehow explains the figure above in the first sentence — 5, as the average
between 4 and 6. But a little further in [5], its authors point out that in the case of
abrasive polishing, the Rmax/Ra ratio can take the value 30. Let's understand - why
such ranges and what it means.

Let's start with work [5]. It performs a theoretical analysis of the nature of the
change in the ratio Rmax/Ra for different conditions of abrasive treatment, and the
grains are modeled in the form of a cone and a sphere. The authors assumed that
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the parameter Rmax physically determines the slice thickness a, by a single grain.
Further, the authors argue that during the transition from the cutting process to the
process of grain friction with the processed material, the ratio of the height
parameters of roughness Rmax/Ra Can vary widely — from 56 to 14. It follows that
the process of abrasive polishing can take place under these conditions at Ryax/Ra =
30, and, accordingly, Rmax/R = 0.07, where R is the radius of the abrasive grain, pm.
When grinding, as we mentioned above, the ratio Rna/Ra takes smaller values
(4...6), which corresponds to the values of Rma/R >0,6. It is in these conditions,
according to the authors [5], is a steady cutting process. That is, the lower the
Rmax/Ra ratio, the better the high-performance material removal. And when the
transition from the cutting process to the process of friction of the grain with the
processed material, the ratio Rnax/Ra can take quite large values. Note that the
assumptions of this work are certainly interesting and have a right to life. We will
analyze them in more detail below. However, the results of theoretical studies of
the ratio Rmax/Ra from 1.36 to 109.6 are surprising.

Now let's deal with the work [6]. Here, too, we are faced with a fairly wide
range of Rmax/Ra ratios from 1.42 to 18. But it should be noted that when the
authors of [6] present the results of experimental studies of roughness, they are
quite conscious and logical. Thus, with fine diamond grinding of glass, the ratio
Rmax/Ra is 7.2...8.5. When polishing stone with bound abrasive Rnax/Ra is 4.2...18.
When polishing glass K8 Rmax/Ra = 7.8...15.0. But when we encounter in this work
with modeling in the framework of the physical-statistical model, the results of
calculations of the ratio Rmax/Ra are surprising. Thus, for monocrystalline silicon
carbide, this ratio is 1.5+0.1. For the polishing of single-crystal sapphire the
Rmax/Ra ratio was 1.8...2.0 [6].

What is the conclusion from the above? Let's pay attention to Rmax. This is the
highest altitude parameter. It is usually greater than R,. In turn, R, is greater than Ra.
How big? It is known: R,[J4R, for a rough surface and R;[J5R, for a polished
surface. Can Rmax and R, match? They can. However, Rmax can never be less than
4R, for polished and polished surfaces, and in fact for all finishing surfaces. That is,
the lower value of the ratio Rmax/Ra = 4. And what is the upper value? In order to
answer this question, we need to return to the conclusions of the work [5]. The
authors of this work accepted that the parameter Rmax physically determines the
slice thickness a; by a single grain. Let's deal with this. If we accept the above
statement, then when grinding, according to the authors [5] the value of Rma/R
>0.6, where R is the radius of the abrasive grain, um. Let's see if this is so. To do
this, take from work [1] table. 8.2 and slightly refine it (Table 1).
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Table 1 — Influence of the concentration of AC4 diamonds with MA coating in circles on the
BC-E polymer bond on the roughness indices during electrochemical grinding of TH20
alloy with a productivity of 525 mm?3/min

Roughness indicators

Characteristics of the wheel | Ra, um Rmax, um Rmax/Ra R, um | Rmax/R
100/80-100 0,36 2,75 7,64 45 0,061
(100/80—-100)+(50/40-25) 0,63 2,99 4,75 40 0,075
100/80-150 0,40 3,29 8,23 45 0,073

As you can see, the ratio Rmax/R when grinding from table. 1 are significantly
lower than 0.6, and the ratio Rmax/Ra correspond to those characteristic of grinding.
So what determines the value of the ratio Rmax/Ra When polishing up to 30 [5], or
up to 18 [6]? Determines not a; [5], but scratches that occur during polishing on the
treated surface. And these scratches occur due to the fact that, as we pointed out
above, abrasive grains are not homogeneous. Any grain size has only 75... 80% of
the main fraction, and up to 10% are grains of higher grain size. Similarly, the
strength of SHM grains is not the same, because this indicator is subject to the
logarithmically normal distribution law [1], and therefore the grain sample
necessarily contains grains of higher grain size and greater strength, and therefore
they cause scratches when polishing. In order to get rid of this, it is necessary to
either further classify the powders of SHM grains, or to carry out the polishing
process in several stages with a decrease in the grain size of the polishing paste.

Let us return to our Rma/Ra ratio. And what do the authors themselves
suggest? Let's deal with this.

According to our data, this connection is generally reduced to simple
relationships. For example, for the sintered and untreated surface of hard alloys,
this dependence is close to the form Rmax[14Ra. At blade processing of steels (40X,
SHX15, X12M) with cutters from Hexanite-P the ratio corresponds more to the
form of Rynax/Ral16.

For abrasive treatment the most characteristic in this case will be the ratio
close to the form of Rma/RalJ8. This is typical both for the processing of tool
materials: high-speed steels, tool ceramics, hard alloys (tungsten and tungsten), and
for the processing of stainless steels, titanium alloys and joint processing of
hardened and not Hardened steel (steel 10 + 9HF). And can there be other variants
of this relation for abrasive processing? We found that they can. The ratio Rmax/Ra
[16 is characteristic for abrasive processing of high-speed steels by circles of
electrocorundum and diamond processing of magnetohard alloys, when a rougher
surface is formed or its contribution to the height parameters are introduced by
porosity. In general, it would probably be more correct to assume that for abrasive
treatment (in a sufficiently wide range) the ratio Rmax/Ra is closer to the form
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Rmax/Ra[16-8, and larger values are also characteristic of pure abrasive treatment
methods. But when proving ceramics and coatings, the ratio is close to the form
Rmax/Ra[110. In the latter case, the porosity of these materials contributes to the
relative increase in the value of Rmax, because it already matters when proving it.
The above allowed us to formulate the following position: the rougher the surface,
the smaller the ratio between Rmax/Ra, and the more perfect the surface obtained by
proving, polishing or other finishing methods, the greater the ratio. That is, for
example, the sintered surface and the surface after abrasive treatment with
conventional abrasives have the ratio Rmax/Ra in the range (4-6). Processing with
grinding wheels with SHM, when the surface has a lower roughness than after the
above methods, and in fine grinding is mainly characterized by the ratio Rma/Ra
008. In the case of finishing operations on porous materials, when the values of Ra
are small, this ratio Rmax/Ra is already close to 10. Just in this case, the defects of
the treated surface in the form of pores or scratches and is the reason for the
increase in the value of this ratio.

Meanwhile, a number of further studies have shown that this conclusion is
incomplete, as it reflects only the first part of this trend. It turns out that if we need
to get an even more perfect surface after grinding, for example, polishing to obtain
values of roughness values up to 5-10 nm, ie the cost of the process of obtaining
the surface increases, the value of the ratio Rmax/Ra begins to decrease and reaches
the situation when the above ratio becomes close to the form Rma/Ral14. That is,
we have a kind of return to the original data in relation.

We will demonstrate the above on the example of forming a polished and
polished surface of lithium tetraborate single crystal, a new promising material for
functional electronics, the processing of which is very expensive, as it requires a
final roughness for parameter R, within 1 nm [1]. After cutting the single crystal,
its grinding was performed with a free abrasive with a decrease in the grain size of
the abrasive and it would be logical to assume that the ratio Rmax/Ra, based on the
above, will be within 6 (actually obtained: from 5.25 up to 6.25). Further polishing
of lithium tetraborate single crystals was performed on resin polishers using two
AFM diamond micropowders with a grain size of 2/1 to 1/0 and chromium oxide.
This increases the cost of the process, but can significantly reduce the roughness of
the treated surface of single crystals. For example, the roughness of the polished
surfaces of single crystals after treatment with AFM 1/0 micropowder corresponds
to Ra in the range from 3.5 nm to 6.5 nm. Subsequent use of chromium oxide
during polishing can further reduce the roughness. Analysis of the polished surface
by atomic force microscopy showed that in the lithium tetraborate single crystal in
the plane (100) the microrelief has Rmax, R; and Ra, which are 5.26 nm, 4.82 nm and
1.24 nm, respectively, and the ratio Rmax/Ra is 4.25. The above, just indicates that
the more expensive the process of obtaining a high quality surface, the ratio
Rmax/Ra decreases to — 4.
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In general, in relation to Rmax/Ra We have a kind of "roughness arc", when first
for a normal untreated rough source surface it is close to 4, then abrasive-diamond
treatment of this surface raises this ratio to 6 and then to 8, but further methods of
abrasive finishing and polishing reduce the ratio to 6 and then chemical-
mechanical polishing to a high-quality surface returns this ratio to values close to 4.
This means that if the initial cost of grinding the original surface affects the
increase in the ratio, then the subsequent cost of finishing and polishing work
reduces the value of the ratio to the original — Rna/Ra =4.

Thus, the research showed that there is a possibility under certain conditions to
fundamentally change the distribution of micro-irregularities on the treated surface,
which will increase the fullness of its profile and form a surface with a kind of "oil
pockets".

At one time in [7] it was shown that one of the ways to increase the technical
and operational performance of the internal combustion engine is the formation on
the surfaces of the cylinders of such an engine special microprofile, which is a flat
alternating protrusions with recesses (peculiar "pockets") to accommodate the oil
(Fig. 1). This increases the oil capacity and the bearing area of the treated surface.
As a result, running-in time is reduced, lubrication costs are reduced, cylinder wear
is increased and engine life is increased. It is established that the planar apex of
such a surface is 50-66 % at the level of the profile cross section p=1-2 um from
the line of the maximum protrusion, the depth of the lines for oil placement is 2.5—
10 um. Surfaces of this type can be obtained by blunting the protrusions of the
microprofile after pre-honing, as well as rolling the final treated surface.
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The question arises, is it possible to obtain approximately the same surface
immediately in the grinding process without any additional refinement ? That is, is
it possible to make a wheel at once to obtain a treated surface with "pockets” ?
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Our research has shown that this is possible, but for this we need to use a
mixture of abrasives in the working layer. Thus, in [8] we once paid attention to
the features of the tool with SHM, when the working layer of the wheel combines
two or three grinding powders of different abrasives (diamonds and CBN), namely,
additionally introduced into the working layer grinding powder compacts based on
cubonite micropowders.

Figure 2 — General view of metallized grinding powders of compacts
with grain size KM 400/315 from cubonite micropowders

These compacts have certain abrasive properties [8]. However, it should be
noted that, probably due to the somewhat unusual (layered) wear of the grains of
compacts, it is possible to form the original heterogeneous, unusual for the
tradition. These wheels with SHM, the profile of micro-irregularities of the treated
surface with the presence of peculiar "pockets" on the treated surface. However,
attention was drawn to the fact that the above pure compacts are to some extent
relatively "soft" and it was suggested that such compacts should be made more
rigid due to their metallization (Fig. 2).

As the use of a mixture of grinding powders gives a certain effect, at the last
stage for comparison the operational indicators of wheels were studied, when they
use a mixture of KM compacts of different grain size and standard diamond grains

106



ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 96

of corresponding grain sizes. The surface roughness was investigated when using
wheels with a mixture in the ratio of 50 to 50 grains from compacts with a grain
size of KM 400/315 and the corresponding diamond grains of the AC32 brand.
Thus, there is a situation that now only 50% of compacts are in the working layer,
and the other 50% are diamonds, which on high-speed steel have a wear
mechanism close to compacts, because on them Wear planes are also formed, and
this is observed by the nature of micro-irregularities of the treated surface (Fig. 3).
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Figure 3 — The profile of microroughnesses of the processed surface in a wheel
with a mix of grinding powders of the KM 400/315 compact
and AC32 400/315 diamond

SUMMARY

Our research has shown that the ratio of roughness Rmax/Ra is important to
assess the distribution of the processing material in the rough layer, and thus to
assess the possibility of forming a specific rough layer.

It is established that the simultaneous use of compacts and diamond grains in
grain wheels may not improve the situation both in terms of wear resistance of the
wheels and the quality of the treated surface, as it is impossible to achieve
productive conditions for processing of high-speed steel. At the same time, it was
found that with such a mixture in wheels it is possible to achieve a reduction in the
roughness of the treated surface and the specific profile of micro-irregularities,
when the so-called "oil pockets" are formed. That is, from the above it is clear that
there is a real opportunity to implement in one wheels the conditions for obtaining
a specific profile of micro-irregularities during grinding, when the so-called "oil
pockets" are formed without any additional technological means.
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Banepiii JlaBpinenko, KuiB, YkpaiHa,
Bononumup Comnon, Kam’ssHCbKe, YKpaiHa

CHIBBIJHOIIEHHA MI'’K HAPAMETPAMHU IIOPCTKOCTI
I OCOBJIMBOCTI ®OPMYBAHHA ITIOBEPXHI
I3 CIIEHIAJIBHUM MIKPOITPO®UJIEM

AHoTanis. Buxiadeni ocodausocmi 36 ’a3Ky Midic OCHOBHUMU BUCOMHUMU NAPAMEMPAMU WOPCIKOCI
Rmax ma R, a makooc midc Kpokosum Sm ma eucommum napamempamu Ra npu mopyegomy
winighysanni kpyeamu 3 HTM. [lo6ymye makuii 0ocums cmiikuil Migh, wo 6Kazani euuje napamempu sk
ou nezanedicno icHylomvb cami no cobi i MoxcIuso ompumamu 6yob-sKe HeobXione 3HAYeHHs 00HO20
napamempa i 6yOv-sKe Oadcane 3HAYEHHS [HWO20, aDO, HANPUKIAD, MOJCHA NOOIAMU HA OOUH
napamemp, a inwi ne 3minamocs. Hacniokom makoeo mipy € me, o 00CHionuKu okpemo 8uguaoms
BNIIUE PedHCUMIB | YMOE 0OPOOKU HA KOHKPEMHI Napamempu wopcmKoCmi, YuM GHOCUMbCA CUCTIEMHA
noXubKa, OCKiNbKU HACNPpagoi 0Nl 0OOHAKOGUX YMO8 00pOOKU 6Ci napamempu wopcmKocmi nog a3ami
MidHe cobor0 | enausamu mitbKu Ha 00UH NApamemp € HeMoXCIUsUM, 60 3minamocsa i inwi. Tomy memoro
Odanoi’ pobomu 6yn0 noxazamu SAK 3MIHIOEMbCSA  CNIGGIOHOWIEHHS MIJIC OCHOGHUMU GUCOMHUMU
noxasHukamu wopcmrocmi Ruax ma R, i sk ye moowce 0o3601umu docsaemu ymos Qopmyeanns nogepxHi
i3 cneyianbHum Mmikponpoginem npu aimasuii obpodyi. Ilokazano, wjo 6KA3aHUll 36 A30K MIXC
BKA3AHUMU NAPAMEMPAMU WOPCMKOCMI 8 YIIOMY 3600umbcs. 00 npocmux gionowens. Hanpuknao, ons
cneuenoi | HeobpobneHoi nosepxHi meepoux cniaegie make gioHowenns oausoke 00 6u2nsioy RmalRa [1 4.
Ipu neszogiit 06pobyi cmaneil pisysmu 3 Iexcanimy-P gionowenns RmalR, 6o1ce € ~ 6. B yinomy,
1LMO8IpHO Oinbuwt 8ipHUM OYI0 Ou 68adxcamu, wjo 0 abpasusHoi obpobKu (8 docmamubo WUPOKILl
obnacmi) gionowentss RmalR, € 6inbws 61uzokum 00 6uenady RmadRa ~ (6-8), npuuomy 6invwi snauenns
€ XapakmepHumu i O YUCMOBUX Memodis abpasusHoi obpooku. A ocb npu 008edeHHi Kepamiku i
noxkpummie ye @ionoutenns 3pocmae 0o ~ 10. B ocmannvomy 6unaoxy ceiii enecok y 6iOHOCHe
niosUWeHHs 3HayeHHs: Rmax enocums nopucmicme OaHux mamepianis, OCKilbKu npu 008e0eHHi 60HA
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soice mae 3nauenns. Haseoene suwye 00360110 nam copmynosamu make HONOINCEHHS: YUM OLIbuL
2py60I0 € NOGepXHsl, MUM BOHA MAE MeHule GIOHOUeHHS M RyalRa, a uum 6inbur dosepuienoio €
NOBEPXHS, OMPUMAHA O008EOCHHIM, NONIPYBAHHAM A0O0 [HWUMU QIHIWHUMU Memodamu, mMuM ye
gionowenns ¢ oinvwum. Tobmo, Hanpukiad, cneuena nOBEPXHs i NOGEPXHsL NICIs AOPA3UEHOI 0OPOOKU
36uuQUHUMU abpazueamu Mae ioHoutenHs ¢ 0ianaszoni RmaulRa =~ (4-6). O6pobra winighysansrumu
kpyeamu 3 HTM, konu nogepxus Mae MeHuty wiopCcmKicnmb, aHidic niciis HAGeOeHUX uuje Memoois, i npu
MOHKOMY WITIQYY8AHHI NEPeBadlICHO XapaKmepu3yemvcs 3p0CMAnHAM 6i0HOweHHa 00 ~ 8. V eunaoky
008000YHUX Oonepayilli Ha NOPUCIMUX Mamepianax, Koau 3navenHs Ra ¢ nesenuxumu, ye 6i0HOWEHHS €
6oice Onusvkum 00 RmadRa =~ 10. Ax pasz 6 yvomy eunadky deghexmu camoi obpobnenoi noeepxui y
8201 NOP A60 NOOPSINUH | € NPUHUHOK NIOBUWEHHS BeTUYUHU OAH020 8IOHOUeHHs. Midc mum, HU3Ka
nOOANbUIUX QOCTIONCEHb 3ACBIOUUNA, WO MAKUL BUCHOBOK € HENOBHUM, OCKIIbKU 6i00UBAE MITbKU
neputy yacmumy ékazanoi mendenyii. Busensicmvcs, wjo akwo Ham HeoOXiono ompumamu we 6inbu
dogepuieny No8epxHIO Nicia Waipy8anHs, HANPUKIAO0, NONIPYBAHHAM 3 OMPUMAHHAM 3HAYEHHS GeIUUUH
wopcmrocmi 00 5—10 um, mobmo eumpamu Ha nPoOyec OMPUMAHHS NOGEPXHI 3POCMAIOMb, MO 6e-
auuuna 6ioHowenHs RyadR, nouunae suuswcamucs i docseae miel cumyayii, Komu ekasame suiye
GiOHOWeHHs: cmae Oauzbkum K 6u2iisidy RmaxdRa =~ 4. Toomo y nac 6iobysaemvcs céoepiona «oyea
BIOHOWEHHS! BUCOMHUX napamempigy. HasedeHi 00CniodNcenHs 003601UNU BUABUMU YMOBU (DOPMYBAHHS
cneyianbHo20 MIKponpogina obpobosanoi nosepxui npu aimazwomy witipyeanti. Tak, oOHouacHe
3ACMOCY8aHHS 8 KPY2ax 3epeH KOMRAKMIG i AIMA3HUX 3ePeH CUmyayiio Modice He NOMNULEamu siK 3
MOYKU 30pY 3HOCOCMIUKOCMI Kpy2ie mak i sSKocmi 00po6IeHOl NOBepXHi, OCKIbKU € HEMOICIUBUM
docsiemu  ymM08 NpOOYKMUBHOI Oe3npunaibHoi 00poOKu weuokopisanhoi cmani. Pazom 3 mum,
BUABIEHO, WO caMme NpU MAKI CYMIWI 6 Kpyeax i € MOMCIUSUM O0CAIMU SHUNCEHHS WOPCMKOCMI
00pobenol nosepxui i Mmo2o cneyuiuno2o npoino MIKpoHepisHOCmell, KOAU YMBOPIOIMbC MaK
368aHi ,, macasani KuuwieHi”. Tob6mo 86CMAHOBIEHO, WO € PealbHA MOICTUBICMb Pedanizy8amu 8 0OHOMY
KpYy3i yMOGU OMPUMAHHS NpU Wipyeanni cneyudiunoeo cneyugiunozo npoino mikponepigHocme,
KOJIU YMBOPIOWMbCS MAK 36AHI ,, MACTSAHI KueHi” 6e3 0Y0b-aKux 000AmKo8UX MEXHOIO0IYHUX 3aCO0I8.
Kuio4oBi ciioBa: napamempu wopcmxocmi; cnie8ioHOUeHHs. Midic 6UcCOmMHUMU napamempamu RmadRa;
cneyiansHutl MiKponpoin.
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