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INVESTIGATION OF THE EFFECT OF AREAL ROUGHNESS
MEASUREMENT LENGTH ON FACE MILLED
SURFACE TOPOGRAPHIES

Abstract. Surface roughness is of great importance in the manufacturing industry, as it affects
surfaces’ tribological properties (wear, friction, lubrication, etc.), corrosion resistance, fatigue strength
and appearance. Areal roughness measurement, which provides a more comprehensive
characterization of surfaces, is becoming increasingly popular, but systematic studies are still lacking,
so measurements are often analyzed differently. In this paper, the effect of the measurement length is
analyzed in the main measurement direction on areal roughness of face milled surface topographies,
which were measured with a confocal chromatic sensor.
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1 INTRODUCTION

One of the main quality factors of the machined surfaces of the parts is the
surface roughness, as it influences their tribological properties (wear, friction,
lubrication, etc.), their corrosion resistance, fatigue strength and their appearance.
Two methods have been developed to investigate this, profile analysis and areal
roughness analysis. The latter, which was later developed, is becoming more
widespread in the scientific community as well as in industry, as 3D surfaces in terms
of shape or functionality contain much more data thanks to the main and lateral
directional measurement, and the surfaces cannot be characterized as distinctly by
traditional 2D profile roughness parameters [1]. This is used for a wide variety of
machining methods, some of which are briefly described, focusing on the method of
measurement.

Roughness tests are often performed on experimentally machined surfaces
worldwide. Eifler et al. [2] studied the roughness of micro-milled surfaces. The
surfaces were compared in the measured areas with a F-operator to separate the
shape and with an L-filter to filter out the waviness, and the resulting 600600 pm?
roughness topographies were analyzed with the S, and Sy parameter values. They
found that the distance of the milling marks and the tilt angle of the milled surface
had a significant effect on the roughness. During ultraprecision turning, Karpat [3]
analyzed side surfaces created with a diamond tool. The outliers of the
measurement results were filtered out and the topographies were leveled. The
roughness was then separated from the waviness with the 8 pum cut-off length of a
Gaussian filter to obtain 144x108 um? areas for analysis. The effects of cutting
edge angles, feed rate, and depth of cut were compared on roughness with
parameters S;, Sq, and S,. It was found that the tool with the 30° chamfer formed
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the surface with the lowest average roughness of 1 nm with a small depth of cut
and feed. Zak [4] compared the textures of surfaces machined to nearly the same
average roughness by several methods (hard turning, grinding, burnishing),
developing a new approach to characterize surface topographies by area-scale
fractal analysis. An area of 2.4x2.4 mm? was measured on each surface and the
method of filtration was not mentioned. The surfaces and the effects of machining
methods were characterized with the help of several roughness parameters: S,, S,
Ssk, Sku, 8 Well as Smr, Sme, Sxp, and with functional volume indices (Vmp, Vime, Ve,
Vw). He found that the surface made with combined machining (turning and
grinding) is better than the hard-turned surface in a functional point of view (load
bearing, force sealing), while the grinded surface has a better ability to preserve
fluid.

Many researcher groups study the topography of formed surfaces in SLM metal
additive manufacturing. In Wiist et al. [S] 1x1 mm? areas were measured and an S-
filter and an L-filter were used in the evaluation. The values of the obtained S, index
were compared with the surfaces machined by the hybrid additive method, where the
feed rate increased, the depth of cut decreased the roughness. In another article,
Cabanettes et al. [6] compared different machining strategies, characterizing the
topographies at several levels (shape, waviness, roughness). A measurement area of
3.22x1.90 mm? was examined on the machined surfaces, the shape error was
eliminated with a polynomial filter of order 2 to evaluate the topographies, and no
other filter was applied. The surfaces were characterized by the values of the
roughness parameters S, Sz, Sal, St, Saq and Sar. Charles et al. [7] analyzed the effects
of different machining parameters on roughness. For this, 4x4 mm? areas were
measured, and no filtering was mentioned on the topographies during evaluation.
Surfaces have frequently been characterized by the average roughness S, which is
becoming increasingly popular (including in additive machining).

The brief literature review above shows that the investigations of the settings
of roughness measurement (size of the measured area, the filtering of topographies)
on surfaces machined by different methods are carried out in various ways, and
information is obtained from different selections of roughness indices for
characterization and comparison. Based on the reviewed literature, it means that
there is no unified method of areal roughness measurement, and thus the surfaces
produced in different ways cannot actually be compared.

This article is a continuation of a previous study [8] and its aim is to analyze
the effects of roughness measurement settings on the values of areal roughness
parameters in order to select unified measurement conditions for later studies. In
this paper, | examine whether and to what extent the roughness values are affected
by varying the measurement length as a function of the feed rate which creates the
periodicity. This is due to the fact that few researchers have addressed this, despite
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the relatively large number of roughness analyses. In our research group, for
example, previous investigations have been carried out on several features of face
milled surfaces [9], analyzed changes in theoretical roughness [10], or the effect of
the feed rate on roughness [11,12].

2 EXPERIMENTAL CONDITIONS

The experiments were performed on a Perfectlet MCV-M8 vertical milling
machine on two C45 grade workpieces on which 50 mm long flat surfaces were
produced by symmetrical face milling under dry conditions. Specimens were machined
with a single Sandvik R215.44-15T308M-WL (grade GC4030) coated carbide insert in
a Sandvik R252.44-080027-15M milling head on the machine, with the following
cutting data set: constant cutting speed (vc=300 m/min) and depth of cut (ap=0.8 mm),
variable feed rates (f;=0.1 / 0.3 mm/rev.). Due to the perpendicular position of the tool
axis and the machined surface, double milling marks formed on the surfaces.

It was previously found that among cutting data the feed rate has the greatest
influence on roughness [11], which is why we examine the roughness for the
measurement length at several feeds. The reason for choosing the above values is that
ISO 4288:1998 specifies different measurement and cut-off lengths for these feed rate
values for surfaces with a periodic profile. The values selected accordingly are also
recommended in ISO 25178-3:2012. Thus, this investigation is performed on several
workpieces representing different standard cut-off lengths.
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Figure 1 — Measuring places on the topographies

The instrument used for the measurement was an AltiSurf 520 type 3D surface
roughness measuring device with a confocal chromatic sensor (CL2). Three
measurement distances were recorded at the same distance, of which the middle area
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(B) was aligned to the milling symmetry plane (Fig. 1). It is necessary to examine
several areas on the surfaces at the same time because all parts of functional surfaces
are connected to their counterpart at once, where roughness plays an important role. In
addition, due to kinematic conditions, face milling is characterized by a variety of
roughness impressions, so that roughness differs on different parts of the surface [12].
The measured topographies were uniformly 4 mm wide (perpendicular to the feed
direction), and the length was varied (in the feed direction) determined on basis of the
feed. These are characterized by the value p, which shows the feed per tooth in the
measurement length.

Table 1 — Roughness values measured on specimen of f,=0.1 mm/rev

p[l |3 4 5 7 9 10 [15 |20 [25 |30
length[mm] [0.3 [04 |05 [07 [09 |1 15 |2 25 |3
A |0.436 |0.438 {0.440 [0.443 [0.442 [0.445 |0.445 |0.445 |0.448 |0.448
0.417 [0.423 |0.427 |0.430 {0.430 | 0.434 [0.433 [0.433 |0.434 |0.434
0.356 |0.363 |0.363 |0.361 {0.360 |0.361 [0.361 [0.359 [0.361 |0.360
0.516 |0.519 |0.521 |0.523 {0.523 [0.525 [0.526 [0.525 [0.529 [0.528
0.483 [0.491 |0.496 |0.497 {0.497 [0.501 [0.500 [0.500 |0.502 [0.502
0.432 |0.441 |0.440 [0.438 |0.437 [0.439 |0.439 [0.437 {0.439 [0.438
2.886 |2.916 |3.000 [2.995 |2.984 [3.087 [3.198 |3.259 |3.294 [3.272
2.336 |2.505 |2.518 |2.556 |2.656 |2.599 [2.634 [2.646 |2.645 |2.664
2.142 |2.343 |2.332 | 2.342 | 2.381 [2.450 [2.420 |2.406 |2.437[2.579
0.518 |0.518 |0.521 [0.510 |0.514 [0.509 |0.507 |0.504 {0.495 [0.497
0.440 |0.456 |0.481 |0.462 {0.452 [0.450 [0.455 [0.453 |0.457 [0.457
0.583 |0.584 |0.582 |0.583 {0.587 |0.584 [0.586 [0.585 |0.585 |0.585
2.194 |2.202 |2.204 |2.181 |2.186 |2.188 [2.185 [2.172 [2.167 [2.170
1.991 [2.021 |2.027 [2.005 |{1.983 [1.980 [1.985 |1.968 |1.991 |1.986
2.211 |2.243 |2.241 |2.235 {2.236 [2.233 [2.231 [2.226 |2.234[2.233

Sa [pm]

Sq [um]

Sz [um]

Ssk [']

Sku [']

OlTI>|O|TI>|O|TI>|O|TI>|O|®

In 1ISO 4288:1998, for surfaces with a periodic profile, the measurement lengths
were determined so that the profile contained 10-25 times the mean width of the profile
elements (Rsm) [13]. This range, if a long enough surface is available for the
measurement, proves to be sufficient in most cases so that there is neither too little nor
too many outliers (due to machining errors) relative to the total measurement length,
which would skew the results. Based on this, | chose values which are multipiles of the
feed; between p=3-30 for this study.
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The evaluation was carried out with AltiMap Premium software, where after
leveling the topographies and eliminating the outliers, 1 set the cut-off lengths
according to the above-mentioned standard (at 0.25 and 0.8 mm, respectively).

3 RESULTS AND DISCUSSION

Tables 1 and 2 show the measurement results on the surfaces of the two
specimens for the most commonly used 3D roughness parameters [14], arranged
according to the three measurement places and the different measurement lengths.
Each measurement was repeated three times, the reported values being the
arithmetic means of the three results. The relative differences of the results by
parameter and measurement location are shown in diagrams in Figure 2 for the two
workpieces.

The diagrams show similar characteristics. The most important finding is that
with the increase of the measurement length, the difference in the values is
noticeable initially, after that the measured values show little deviation. This means
that any value of p can be set, as the measurement length hardly affects the
measured values.

Table 2 — Roughness values measured on specimen of f,=0.3 mm/rev.

p[-] 3 4 5 7 9 10 15 20 25 |30
length[mm] | 0.9 1.2 15 2.1 2.7 3 4.5 6 75 |9
1.858 [1.859 [1.860 |1.861 |1.861 |1.859 |1.856 |1.854 |1.854|1.854
2.238 [2.244 [2.245 [2.244 |2.249 |2.241 |2.248 |2.249 |2.250|2.251
1.059 [1.060 |1.060 |1.064 |1.064 |1.064 |1.066 |1.068 |1.068|1.069
2.131 [2.131 [2.132 [2.134 |2.134 |2.129 |2.128 |2.126 |2.126|2.125
2.546 |2.553 [2.553 [2.552 |2.559 |2.548 | 2.558 | 2.558 |2.560|2.562
1410|1411 11410 (1413|1413 1141414151416 |1.416|1.417
8.060 |8.001 |8.021 |7.981 |8.171 |8.200 |8.161 |8.177 |8.185|8.265
9.047 |9.037 |8.985 |8.895 |[8.965 [8.999 [9.034 [8.986 [8.940|9.171
7.391 |7.385 [7.379 |7.514 |7.642 |7.679 |7.612 |7.642 |7.633|7.689
0.557 [0.554 [0.554 [0.553 | 0.551 [0.547 |0.545 [0.544 |0.544]0.545
0.458 [ 0.452 [ 0.446 |0.440 | 0.438 |0.421 [0.436 |0.436 |0.437|0.440
1.311 {1.308 [1.308 |1.298 [1.298 |1.295 |1.289 |1.280 [1.277|1.279
1.999 [1.997 [1.996 |1.996 |1.993 |1.987 |1.990 |1.988 |1.988|1.989
1.866 |1.861 |1.855 |1.852 |1.849 |1.834 |1.847 |1.844 |1.842|1.845
4.235 [4.220 |4.216 [4.193 |4.191 [4.182 |4.170 |4.147 |4.140(4.141

Sa [um]

Sq [um]

Sz [um]

Ssk [']

Sku [']

O®|>OW>|OE> 0| > 0w >

The values of the arithmetic mean roughness S, and the root-mean-square
average roughness Sy show the same characteristic on a workpiece and at a
measuring place. With increasing p, in most cases the values first increase (p<12.5)
and then remain nearly the same. Although with a larger deviation, the same can be
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stated for the maximum height parameter S,. The values of the dimensionless
skewness Sg and kurtosis Sy initially decrease, and then at p<15 they are
unaffected by the length.

In Tables 3 and 4, the deviations of the values are reported according to the
indicated p-p interval, the signed S; roughness parameter, and the shown
measurement location, using the following difference (1) and percentage (2)
formulas:

Differences of values = max(5;) — min(S;) 1)

max(5;)—min{5;) [UIE] (2)

Since the values stabilized in most cases with increasing p in Figure 2, the
ranges in the tables were aligned to the largest 30% length examined. This is
because the longer the length, in theory the better the irregularities are distributed
on the topographies, the values are more averaged, which is generally expected for
the parameters S, and Sq.

Tables 3 and 4 show decreasing values in each case (one parameter, one
measurement place) together with the narrowing of the ranges. This makes it clear that
the longer measurement length (in the examined range) results in a smaller deviation in
value, i.e., the measurement results have lower error values in the narrower intervals.

Percentage value differences = :
average(5;)

Table 3 — Differences in roughness values for f;=0.1 mm/rev

PP 3-30 10-30 15-30 20-30 25-30
interval
S A [0.012 |2.67% [0.006 |1.34% |0.004 |0.82% |0.003 [0.72% |0.001 |0.15%
4 1B |0.018 [4.23% |0.003 |0.75% |0.002 | 0.55% |0.002 |0.47% |0.001 |0.16%
[bm] C |0.007 [2.05% |0.002 |0.54% |0.002 |0.53% |0.002 |0.53% |0.001 |0.21%
s A [0.012 |2.36% [0.006 |1.17% |0.003 |0.65% |0.003 [0.61% |0.001 |0.10%
9 |B|0.020 [3.92% [0.003 |0.67% |0.003 |0.54% |0.003 |0.54% |0.001 |0.13%
[pm] C |0.009 [2.08% |0.002 [0.51% |0.002 |0.51% |0.002 |0.51% |0.001 [0.21%
S A [0.457 |14.66% [0.290 |8.97% |0.145 |4.42% |0.084 |2.54% |0.024 |0.74%
[ 1:1] B [0.331 |12.79% |0.070 [2.67% |0.033 |[1.26% |0.023 | 0.85% [0.023 |0.85%
K C |0.437 [18.23% |0.182 |7.40% |0.172 |7.00% [0.172 |6.96% |0.142 |5.64%
A |0.026 |5.07% |0.017 |3.43% [0.012 |2.39% |0.009 |1.71% |0.002 |0.41%
Ssk [-]| B [ 0.041 |[8.96% [0.011 |2.47% |0.008 |1.83% |0.008 [1.83% |0.003 |0.68%
C |0.004 [0.77% |0.003 |0.44% |0.002 |0.39% |0.001 |0.15% |0.001 |0.15%
A 0.043 1.98% |0.027 {1.24% [0.023 |1.07% [0.011 |0.49% |0.003 [0.14%
Sku[-]|B |0.064 |3.20% [0.028 |1.43% [0.028 |1.43% [0.028 |1.43% |0.008 | 0.43%
C|0.032 [1.45% |0.012 |0.52% |0.012 |0.52% |0.012 |0.52% |0.001 |0.05%
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Table 4 — Differences in roughness values for fz=0.3 mm/rev

P-p 3-30 10-30 15-30 20-30 25-30

interval
0.008 [ 0.45% |0.007 [0.37% |0.002 |0.11% |0.001 |0.03% |0.000 |0.01%

Sa [pm] 0.013 |0.56% |0.010 |0.43% |0.006 |0.27% |0.004 |0.19% | 0.004 [0.19%

0.010 | 0.95% |0.005 |0.45% |0.003 |0.25% |0.001 |0.10% | 0.001 |0.07%

0.010 | 0.48% |0.008 |0.36% |0.003 |0.13% |0.001 |0.03% | 0.000 |0.02%

Sq [Hm] 0.016 | 0.64% |0.014 |0.56% |0.010 | 0.37% |0.006 |0.24% | 0.006 |0.24%

0.007 [0.50% |0.003 |0.22% |0.001 | 0.09% |0.001 |0.04% |0.001 | 0.04%

0.284 [3.49% [0.130 |1.59% |0.104 |1.26% |0.088 |1.07% | 0.085 [1.03%

Sz [um] 0.297 |3.30% |0.247 [2.75% |0.231 |2.56% |0.231 |2.56% | 0.231 |2.56%

0.311 |4.10% |0.089 |1.16% |0.078 | 1.02% |0.056 |0.73% | 0.056 |0.73%

0.014 |2.46% |0.007 [1.31% |0.002 |0.31% |0.001 |0.25% | 0.000 |0.08%

Ssk [-] 0.037 |8.42% | 0.019 |4.44% |0.015 |3.39% |0.012 |2.69% | 0.008 |1.91%

0.034 |2.63% | 0.021 |1.60% |0.012 |0.93% |0.003 |0.24% | 0.002 | 0.14%

0.012 | 0.61% |0.005 |0.26% |0.003 |0.16% |0.002 |0.08% | 0.000 |0.03%

Sku [-] 0.032 |1.71% |0.014 [0.77% |0.010 | 0.52% |0.007 |0.40% | 0.007 |0.37%

O|T>O|T|> 0@ >0 > 0= >

0.095 |2.28% | 0.045 |1.09% |0.031 |0.75% |0.008 |0.19% | 0.002 | 0.05%

The increase of the feed rate globally does not affect the deviation values.
However, the magnitudes of the percentage deviations are usually smaller, as can
be expected from the basis of the larger roughness values (S, Sq, S;). In the case of
Ssk and Sy, they do not necessarily decrease.

As for the roughness values, the differences are the greatest for the S; index.
These are quite large over the entire study range; 0.25-0.5 um and with it, even
19% is possible, but by increasing the length, even in the case of p>10 S; remains
below 0.3 um and 9%.

In terms of S, Sq indices, deviations of less than 1% can already be achieved
for p>15. In the same way, they remain below 7% for S;, 3.5% for Sg, and 1.5%
for Sk.. These magnitudes of the difference are small, and also, in the three
intervals designated between p=15-30, the decrease of the values in the table
analyzed by row is not significant. It can also be seen to what extent the change of
the measurement length influences the values of the examined roughness
parameters; these are in descending order: Sz, Ssk, Sku, Sq, Sa.

For the measurement locations, the following relations can be seen to each
roughness index. For S,, the deviation is maximal in place B, and these values in
the side places are smaller and are close to each other. In the case of the Sq index,
the differences are always minimal, at 0.2-2.1% at location C, the deviations at A
and B are very similar. For the Sq and Sy parameters, the smaller differences are
found at the lateral measurement places, the maximal values for the kurtosis are in
the middle place at the lower feed, and on the exit side at the higher feed rate. The
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ratio of the values of S; varies between measurement sites for the p-p ranges, here
any regularity cannot be identified. Thus, if the five examined parameters are
considered together, the relationship between the measurement locations varies
regardless of the feed, so the deviation is not regular.
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Figure 2 — Relative differences in roughness values by parameter
and measurement location
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4  CONCLUSIONS

In the present article, we examined the effect of the measurement length on
the values of areal roughness parameters at symmetrically face milled surfaces at
two feed rates. In doing so, the measurement length was set as a multiple of the
feed per tooth and denoted by p. The analysis was performed based on the values
of five roughness parameters.

We found that at low p values the roughness parameter values changed
significantly, while at p>15 they are almost the same. Above p>15 on both
specimens the differences are maximum 1% for S, and Sq, 7% for S;, 3.5% for S«
and 1.5% for Si,. Based on this, when measuring areal roughness a value of at least
15 times p is recommended.

Among the examined roughness parameters, the values of S, showed the
largest differences, reaching up to 20% in the whole study range, however, the
ratio was reduced to 9% even in the case of p>10. The increase of the feed rate
generally resulted in a slight change in the deviations. The degree of influence of
the measurement length on the areal roughness parameters was found to be (in
descending order): S, Ssk, Sku, Sq, @and finally Sa.
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Amntan Hags, Mimkonem, YropmuHa

JOCJII)KEHHSA BIIVIUBY JOBKMHU BUMIPIOBAHHSI
IMOPCTKOCTI HA TOIIOT' PA®II TIOBEPXHI
HICJIA TOPOEBOI'O ®PE3EPYBAHHS

AHoTtauis. O2ns0 nimepamypu ROKA3YE, WO OOCHONCEHHS 3MIH Y HANAULMYBAHHIX GUMIDIOBAHHS
wopcmrocmi (po3mip eumipiosanoi obracmi, ginbmpayis monocpagiil) Ha nogepxHsax, 06pobeHUX
PDI3HUMU  MemOoOaMu, GUKOHYIOMbCS DISHUMU cnocobamu, I inghopmayiss Ons Xapakmepucmury i
NOPIGHAHHS CKIAOAEMbCsl 3 PI3HUX HAOOPI6 NOKA3HUKIe wopcmkocmi. Le o3nauae, wo e icnye €0unoo
MemoOy BGUMIDIOBAHHS WOPCMKOCMI NOBEPXHI, | MOMY NOBEPXHI, OMPUMAHI DPIZHUMU Chocobamu,
axmuuno He moxcymv Oymu cnigcmagneni. YV yili cmammi 00CHiONCYEMbCSA CMYNiHb GNIUSY 3MIHU
Q0BIHCUHU BUMIDIOBAHHSL HA 3HAYEHHS WOPCIMKOCMI 8 3ANIeHCHOCMI 8I0 8eIUYUHU WBUOKOCE NOOAYl, KA
cmeoproe nepioouynicme. Lle noe'azano 3 mum, wo He 6ci OOCNIOHUKU 38epMANUCS 00 YbOZO,
He36axcaloyu  HA  BIOHOCHO — 8elUKy — KiIbKicmb — auanisie  wopcmkocmi. [[na — docuiodxcers
gukopucmogyeagcsi npunad ons 3D eumipiosanns wiopcmxocmi noeepxui muny AltiSurf 520 3
KoHokambHum xpomamuunum damyukom (CL2). Tpu Oinsnku Oyau 3anucaui Ha OOHIlU [ mill dice
8iOCMaHi, 3 AKUX cepedHs obaacmv 6y1a GUPIGHAHA NO NIOWUHI cumempii (pesepysanns. Basiciueo
6Y710 00HOUACHO QOCTIONCYBAMU KILKA OLIAHOK HA NOBEPXHSIX, MOMY WO 6CI YACMUHU (DYHKYIOHAIbHUX
Nn0BEpPXOHb 0OHOYACHO 3'€OHAHI 31 c80iMU ananozamu, de wopcmkicmy idiepae saxciugy pons. Oyinka
npoeoounacs 3a OONOMo200 Npozpamuozo sabesneuenna AltiMap Premium, Oe nicis 6upieHIO8aHH:A
monozcpaghii ma euknoueHHs 6UKUOI8 OYIU GCMAHOGIEH] GIOPI3KU A0BICUHU BIONOGIOHO 00 cmandapmy
onsa 08ox weuoxkocmeu nooavi. Ilpu ybomy 006dcuna eumipiosanns Oyia 6CmanogieHa K Kpamua
nooaui na 3y6 i nosmavena 6yxeoio p. Ananiz npoeoouscs Ha OCHOGI 3HAYEHb N'AMU Napamempis
wopcmrocmi. Buseneno, wo npu HU3bKUX 3HAYEHHAX P, 3HAYEHHs NAPAMEmpIe WopCmKOCmi iCMOmHoO
3MIHIIOMbCA, A npu p=15 6oHU npakmuuno He 6idpisHAOmMbCA. Buwe p>15 ona docnioxcysanux 3pasxie
pisHuya cmanosumo maxcumym 1% onsa Sa i Sq, 7% ona S, 3,5% ona Ss i 1,5% ona Sw. Buxooauu 3
Y6020, NPU BUMIPIOBAHHI UWIOPCMKOCMI NOBEPXHI PEKOMEHOYEMbCsL 3HaYeHHs He menute p > 15. Cepeo
00CnidCeHUX NApamempie wopcmxocmi 3navenns S; NOKA3an0 HaAubibwi IOMIHHOCHI, 00CA2AI0YU
20% y 6cvbomy docmiodncysanomy 0ianasomi, npome ye Cniggionoulenns smenwunocs 0o 9% nagimo 6
pasi p=10. 30invwenns weuokocmi noodayi 3a36utail NPU3OOUN0 00 HeBeaUKOi 3MIHU GIOXUTEHb.
Cmyninb 6nauey 008 CUHU BUMIPIOBAHHS HA NAPAMEMPU WOPCIMKOCMI NOBEPXHI 6UABUNACS (6 NOPAOKY
yoyeanns): S;, Ssk, Sk, Sq i, Hapewtmi, Sa.

KurouoBi ciioBa: wopcmxicms npo@into; wopcmxicms NO8epXHI, O08HCUHA BUMIPIOBAHHSL.

69



