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Abstract. The geometry of the tool and the workpiece plays a decisive role in the formation of the
topography of a machined surface. Depending on the kinematic conditions of the machining process, they
influence both the magnitude of surface roughness and the irregularity of the topography. This paper
presents an investigation of the variation in topographical inhomogeneity resulting from changes in the
tool diameter used in face milling. The results showed that increasing the diameter — while keeping all
other parameters constant — significantly increased the values of amplitude and functional roughness
parameters measured on the surface at the same measurement position. The decreasing trend of the
values with increasing distance from the path of the tool axis was consistent, and its magnitude gradually
diminished at measurement locations taken at greater distances. However, when the distance was
expressed as a proportion of the tool diameter, the values exhibited similar degrees of variation.
Keywords: face milling; surface roughness; distribution of roughness; tool diameter.

1. Introduction

The components of mechanical engineering products are manufactured with
the required accuracy and surface quality so that they can meet the specified structural,
functional, and other performance requirements throughout their intended service life
[1]. One of the most common ways to achieve this is through machining. During the
process, the tool penetrates the material of the workpiece and, while removing chips,
generates new surface(s) [2]. The cutting edge(s) leave an imprint on the surface, the
characteristics of which are fundamentally determined by the relative motions of the
tool and the workpiece, the tool edge geometry, and the feed rate [3].

Face milling is most commonly applied for producing planar surfaces due to
its high productivity and the good dimensional accuracy and surface quality achievable
on the machined surface (e.g., IT8 dimensional accuracy [4] and R, = 0.8 um surface
roughness [5]). For this reason, many researchers investigate the influence of
machining parameters on surface quality. In the following, the influence of several
factors on the surface roughness are presented.

The influence of cutting parameters (e.g., cutting speed, feed, depth of cut) on
surface roughness has been widely investigated [6]. The roughness can be decreased
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with decreasing feed values. In most cases, it has the highest influence on the surface
roughness, followed by the cutting speed and the depth of cut [7]. However, it was
reported in a study where aluminum workpieces were milled, that the feed rate had less
significant effect than the the axial depth of cut [8]. A decrease of 50% in R, parameter
value was achieved with the increase of the cutting speed but only to a certain extent;
in the study [8] the further increase of the spindle speed from 4000 rpm — i.e., the
increase of the cutting speed — deteriorated the roughness. The nose radius of the tool
is an important factor in the reduce of roughness; an increase in the radius from 0.4
mm to 1.2 mm caused a 62% decrease in the R, value measured on the machined Ti-
alloy [9]. Tool edge angles also affect the resultant roughness values on the machined
surface; the roughness can be significantly decreased with an increase in the helix
angle — thus a decrease in the shock load and vibrations — and minimally with the
decrease of the radial rake angle [8,10]. Moreover, other characteristics of the milling
tool, e.g., tool edge preparation, rounding [11], and run-out [12] also have an impact
on the surface roughness [6]. However, another geometric attribute of the milling cutter
—namely its diameter — may also influence the measured surface roughness values, an
aspect that has been little studied so far.

In industry, larger-diameter milling tools are commonly used, as they allow
for higher material removal rates, shorter machining times, and more efficient machine
utilization [13]. However, an increase in surface roughness can also be expected, as
observed in steel workpieces [14], influenced by factors exerting opposing effects.
Although larger-diameter tools provide greater stiffness, the increased cutting forces,
deflections, vibrations, and thermal loads associated with them may adversely affect
the characteristics of the surface topography [15].

Due to the tool-workpiece kinematic relationships in face milling, the
roughness characteristics can vary significantly across different regions of the surface,
resulting in an inhomogeneous topography [16,17]. This may influence the functional
properties of the surface (and their variability). The origin of such variations in
roughness lies in the changes in the geometry of the cutting marks (their height, width,
shape, etc.) on profiles measured at different locations and in different directions on
the surface, as illustrated in Figure 1.
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Figure 1 — Change in surface roughness with measurement direction in face milling [18]

The aim of the investigation is to experimentally determine how increasing
the diameter of the milling tool affects the surface roughness and topographical
inhomogeneity of a face-milled surface under identical cutting conditions.

2. Experimental conditions

For the investigation, machining experiments were carried out on a PerfectJet
MCV-M8 vertical milling center. Three types of tools from Tungaloy’s T2845 PM
milling head series were used (050.05Z4, 063.05Z5W, and 100.05Z8). These tools share
the same insert seat design and use the same mounted insert (OFEX 05T3AE, KH100
grade, xr = 43°, yo = 25°, 00 = 7°, r. = 0.4 mm), but differ in their nominal diameters: Dy
=50 mm (M50) Dy = 63 mm (M63), and D = 100 mm (M100). On three C45 steel
workpieces, surfaces measuring 50 mm in length and 100 mm in width were prepared
and machined under dry conditions. The set width of cut was equal to the tool diameter
(ae = Dy); 50 mm for the surface machined with the M50 tool, 63 mm for the one
machined with the M63 tool, and 100 mm for the surface produced with the M100 tool.
The additional cutting parameters were: v = 300 m/min, a, = 0,4 mm, f, = 0.4 mm/rev.
The tool axis was positioned in the symmetry plane of the surfaces to be machined,
perpendicular to them. During machining, the workpiece feed motion under the milling
head continued from the start of cutting until the centers of the tool and the surface
coincided, after which the tool was retracted from the cut. In this way, single milling
marks were produced on the surfaces; however, unmachined areas remained within the
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width of cut, and double-cut surface regions were also formed during the back-cutting
motion of the tool edge (Figure 2).

Roughness measurements on the machined surfaces were carried out using a
CL2 confocal chromatic probe on an AltiSurf 520 three-dimensional surface topography
measuring device. For examining roughness variations on the surfaces, several
measurement points (marked with Roman numbers) were selected such that each of 5
defined measurement planes parallel to the feed direction, labeled U, S, and D (Fig. 2).
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Figure 2 — Surfaces machined with tools of different diameters, along with the selected
measurement planes and locations

The central plane corresponds to the path of the tool axis, which coincides with the
symmetry plane of the surface. The others are positioned parallel to it, offset by 10
mm from one another on the up-milled (U planes) and down-milled (D planes) sides.
Their number was determined according to the width of the milled surface (Figure
2). In the figure, the points indicate the centers of the measured profiles. The
measurements were evaluated using AltiMap Premium v6.2 software. During
measurement and evaluation, the requirements of the 1SO 4287 standard were
applied and followed. At each measurement location, profile measurements were
taken in the feed direction with an evaluation length of 4 mm and a section length of
0.8 mm. No measurements were taken at positions that did not fall on the single cut
region (i.e., those lying in unmachined or twice-machined areas, as shown in Figure
2).

3. Results and discussion
After measuring surface roughness at the designated measurement locations

on the investigated surfaces (Figure 2), the roughness parameter values were evaluated.
First, the roughness profiles measured at an identical location (S-1V) on each surface
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are shown in Figure 3. Second, the values of the most commonly used and examined
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Figure 3 — Roughness profile curves recorded at position S-1V on surfaces machined with
tools of different diameters

roughness indicators — R, (arithmetical mean roughness) and R, (maximum height of
the profile) — are presented and analyzed. In addition, based on our previous
investigations, the values of the R, (maximum profile peak height) and Rk (reduced
core roughness depth) parameters — which express topographical inhomogeneity with
the highest degree — are also provided and studied. These values are organized by
measurement planes, locations, and parameter type in Tables 1-2. The tables also
include the range of values measured within the planes and on the surface, the latter
expressed as a ratio relative to the arithmetic mean of the values measured on the
topography. The distribution of roughness values on each surface is illustrated using
contour map diagrams in Figure 4. Due to the large differences observed when changing
the tool diameter, the diagrams present values expressed as ratios relative to the mean,
indicated with an overline above the index.

Table 1 — Measured Ra and R, values and their variations on the studied surfaces

Ra [um] R; [um]
& | I | 1| IV | V | Range Plane | I || 1v | V | Range
E 0.12| 0.11) 0.11 0.01 D2 0.48] 0.49]| 0.51 0.03
0.22] 0.21| 0.22| 0.23| 0.25 0.04 D1 1.04| 0.99| 1.05| 1.08| 1.02 0.09
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0.27| 0.26| 0.26| 0.30| 0.27 0.04 S 1.33| 1.18| 1.23| 1.48| 1.35 0.30
0.22]| 0.22| 0.21| 0.22| 0.21 0.01 U1 1.20] 1.12| 1.06| 1.07| 1.04 0.16
0.10| 0.12| 0.11 0.02 U2 0.47| 0.56| 0.51 0.09

101%| Surface 104%

o | Il [ 111 | IV | V | Range | Plane | I | 1| IV | V | Range
§ 0.83| 0.88| 0.89| 0.91| 0.89 0.08 D2 3.71| 3.95| 3.94| 3.87| 3.89 0.24
= 1.12| 111} 1.11] 1.11] 1.12 0.01 D1 5.23| 5.22| 5.24| 5.03| 5.25 0.22
‘S | 1.24]| 1.25| 1.25| 1.22| 1.22 0.03 S 5.86| 5.98| 5.97| 5.83| 5.82 0.16
8 [112/111)111]1.11) 1.14 0.03 U1 5.37| 5.42| 5.13| 5.23| 5.20 0.29
§ 0.86| 0.87| 0.89| 0.88| 0.83 0.06 U2 3.86| 3.89| 3.81| 3.81| 3.81 0.08
40%| Surface 47%

| Il [ 111 |1V ] V | Range | Plane | I |11 ]IV | V | Range

1.17] 1.15| 1.19] 1.17| 1.20 0.05 D4 4.76| 4.63| 4.75| 4.98| 4.81 0.35

= 1.83| 1.77| 1.78| 1.75| 1.82 0.08 D3 7.12| 6.85| 7.06| 6.77| 7.12 0.35
g 2.19( 2.20| 2.20| 2.20| 2.20 0.01 D2 8.51| 8.75| 8.78| 8.63| 8.70 0.27
= | 242| 2.45]| 2.41| 2.47| 2.36 0.11 D1 9.61| 9.82| 9.60| 9.76] 9.29 0.53
‘g 2.45| 2.44| 2.41| 2.41| 2.41 0.04 S 9.64| 9.59| 9.43| 9.43| 9.37 0.27
T | 2.44| 245| 2.42| 2.41| 2.40 0.05 U1 9.46| 9.44| 9.59| 9.39| 9.45 0.20
= | 2.22]| 2.20| 2.22| 2.22| 2.18 0.04 U2 8.88| 8.81| 8.93| 8.83| 8.98 0.17
= [ 1.83] 1.85| 1.81] 1.79] 1.79 0.06 U3 7.38| 7.27| 7.18| 7.15| 7.18 0.23
1.20| 1.20| 1.22| 1.18| 1.21 0.04 U4 5.03| 5.03| 5.02| 4.82| 4.96 0.21
67%| Surface 67%

First, the effect of tool diameter on surface roughness is presented. The
measured roughness values increased significantly with increasing diameter. This is
easily compared in the symmetry plane (S), where the theoretical topographies of the
investigated surfaces show identical cutting mark characteristics due to the same tool-
workpiece motions, tool edge position, and feed value. At the measurement locations in
this plane, increasing the diameter from @50 mm to #63 mm resulted in a 3.8-5.1-fold
increase in amplitude parameters and a 4.5-6.2-fold increase in Rk. Further increasing
the tool size to 100 mm led to an additional 1.6-2-fold increase, nearly the same extent
for the analyzed parameters. This effect is likely due to the improved rotational stability
associated with the larger diameter, resulting in more regular shape of the tool marks and
more favorable shearing of the workpiece material. At the same time, for the smallest-
diameter milling tool, the noisy and poorly defined tool marks observed on the
topography indicate that the smaller rotating mass — and consequently the weaker
gyroscopic stabilizing effect — amplifies vibrations in the machine—tool-workpiece
system (Figure 3). The mechanism of this effect requires further investigation.

Table 2 — Measured Rp and Rk values and their variations on the studied surfaces

Rp [pm] Rk [um]
[nJm[iv] Vv [Range | Plane I JuJm|iv] Vv |Range
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0.28| 0.29| 0.30 0.02 D2 0.32| 0.29] 0.28 0.04

0.62| 0.58| 0.65| 0.67| 0.64 0.09 D1 0.69| 0.59| 0.65| 0.66| 0.65 0.10
0.74| 0.69| 0.72| 0.90| 0.76 0.21 S 0.62| 0.72| 0.64| 0.84| 0.88 0.26
0.72| 0.70| 0.63| 0.63| 0.59 0.13 Ul 0.59| 0.53| 0.57| 0.69| 0.72 0.19
0.30{ 0.34| 0.33 0.04 u2 0.26| 0.29] 0.26 0.03

108%| Surface 110%

o || I IV | V | Range Plane | I | 1v |V | Range
g 2.01| 2.18| 2.07| 2.10{ 2.10 0.17 D2 2.72| 2.90| 2.96| 3.25| 3.06 0.53
< | 2.97] 2.94]| 2.91| 2.85| 2.93 0.12 D1 3.70| 3.76| 3.67| 3.76| 3.85 0.18
'S | 3.43] 3.53] 3.52| 3.45] 3.46 0.10 S 3.86| 3.99] 3.95| 3.76| 3.85 0.23
S [ 3.03) 3.14| 2.81) 2.97| 2.81 0.33 Ul 3.55| 3.61| 3.70| 3.62| 3.92 0.37
E 2.05| 2.02| 1.97] 1.97| 1.99 0.08 u2 2.80| 2.67| 2.91| 2.86| 2.52 0.39
58%| Surface 43%

| Il [ 11l | IV | V | Range | Plane | I 1| 1v | V | Range
2.84| 2.72| 2.83| 3.04| 2.79 0.32 D4 3.00| 2.98| 2.84| 2.96| 3.09 0.25

g | 4.15| 4.09] 4.22| 3.96| 4.21 0.26 D3 5.12| 4.64| 4.65| 4.69| 4.97 0.48
E 5.04| 5.35| 5.31] 5.19| 5.27 0.31 D2 5.66| 5.65| 5.83| 5.71| 5.49 0.34
= | 5.73]| 6.00] 5.76| 5.89] 5.59 0.41 D1 6.67| 6.24| 6.43| 6.46| 5.96 0.71
‘g 5.78| 5.74| 5.64| 5.61| 5.64 0.17 S 6.68| 6.59| 6.29| 6.25| 6.18 0.50
5 | 5.76| 5.72| 5.89| 5.70| 5.71 0.19 Ul 5.99| 5.74| 5.90| 6.24| 6.22 0.50
= | 5.51| 5.41| 5.53| 5.40| 5.58 0.18 u2 5.62| 5.63| 5.42| 5.60| 5.72 0.30
= [ 4.58] 4.46] 4.50| 4.38] 4.47 0.20 u3 4.67| 4.64| 4.32) 4.77| 4.59 0.45
3.09| 3.09| 3.15] 2.95| 3.01 0.20 U4 2.93| 3.02| 2.96| 2.89| 3.08 0.19
70%| Surface 76%

Next, the variations in roughness values measured in the workpieces’
symmetry plane (Figure 2, S plane) are analyzed. On the surfaces machined with the
M63 and M100 tools, the values are nearly identical, differing by only 2—8%. In
contrast, on the surface machined with the M50 tool, the differences are more
pronounced: 15-28% for amplitude parameters and up to 35% for the functional
parameter, due to the previously mentioned differences in rotational stability and
vibrations (Tables 1-2). Within this plane, the values change randomly.
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Figure 4 — Distribution of measured values on the investigated surfaces

In the following section, the variations in roughness values measured in the U
and D planes — parallel to the S symmetry plane on the workpieces (Figure 2) — are
analyzed. It can be observed that increasing the tool diameter reduced the differences
in these planes for the investigated parameters (Tables 1-2). While the deviations on
the surface machined with the M50 tool were mostly significant (5-28% for amplitude
parameters, 11-35% for Ry), they were minor on the surface milled with the larger
M63 tool (1-11% for R,, R,, and Rp; below 18% for R), and generally negligible on
the surface cut with the M100 tool (ranging from 0.5-11%). The values within the
planes — regardless of tool diameter — varies randomly. No trend was observed in the
changes between the deviations determined in adjacent planes.

Next, the deviations and relative distributions of roughness values measured
at the selected locations on the workpieces are evaluated as a function of tool diameter.
The maximum differences in values determined on the investigated areas of the
surfaces — the inhomogeneity of the topographies — were considerable but decreased
with increasing tool diameter. On the surface machined with the M50 tool, deviations
of 101-110% were reduced to 67—76% when the diameter was increased to @100 mm.
Among the roughness parameters studied, the largest differences were observed for
the Rk values.
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Considering the distribution of roughness values on the topographies, it is
identical that, for all tool diameters, the maximum values occur in the symmetry plane
(Figure 4). The locations of the minimum values typically varied among the outer
measurement planes farthest from the S plane, with negligible differences. On the
surfaces, the values decreased with distance from the symmetry plane, by nearly the
same degree on both the up- and the down-milled surface regions. Thus, the change in
cutting movement direction has a negligible effect on the differences in values
measured within the planes.

The changes in surface roughness values were further analyzed from two
perspectives. For this purpose, the arithmetic mean of the measured values in the
measurement planes was illustrated in Figure 5. First, considering a uniform-width
area on the topographies (a 40 mm wide band between the U2 and D2 planes),
increasing the tool diameter gradually reduced the deviations measured on the surface;
machining with the M50 tool caused 101-110% variation, which was

~—1,25 ~A=@50 | —1.25 S . —A= (50
5 Si'fmmctry — o063 ;‘ ]):E;ne Iy —» 063
5 | plane e | "'I-.,._. -m-0100 | 5 1 P o - ~m-0100
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0.25  Up-milled Down-milled 025 Up-milled Down-milled
0 surface region surface region 0 surface region surface region
45 30 -15 0 15 30 45 60 40 -20 0 20 40 60
Distance from symmetry plane [mm] Angle of tool rotation [°]
a b,

Figure 5 — Ratio of the mean of Ra values measured in planes to the mean value in the
symmetry plane on surfaces milled with cutters of different diameters as a function of the
distance from the symmetry plane (a) and the rotation angle of the tool marks from it (b)

decreased to 4-19% when using the @100 mm diameter milling cutter. At the same
time, in adjacent planes shifted by the same distance, the measured values decreased
less with increasing tool diameter (i.e., in Figure 5a, the curves corresponding to larger
diameters are less steep). This behavior can be explained as follows: for two selected
measurement planes of identical width, on a surface machined with a larger-diameter
tool, the span angle of the tool marks becomes smaller (Figure 2), so their height and
radial width — the values of roughness parameters — differ less. On the other hand,
when the ratio of the tool diameter to the distance of a parallel measurement plane from
the symmetry plane remains constant (where the intersection angles of the tool marks
are the same), the values are typically similar, differing by less than 20% (Figure 5b).
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4, Conclusions

In this study, the effect of the cutter diameter on the roughness of face-
milled surfaces, topographical inhomogeneity were investigated with the amplitude
Ra, Rz, Rp and the functional Rk parameters. Three cutters of different nominal
diameters (950 mm, @63 mm, @100 mm), each equipped with the same type of
insert, were analyzed. The main findings are summarized below.

o It was found that increasing the cutter diameter led to a significant increase
in roughness values at identical measurement positions. Increasing the
diameter from @50 mm to @#63 mm resulted in a 3.8-6.2-fold increase in
roughness in the workpiece symmetry plane, while a further increase to
@100 mm caused an additional 1.6—2-fold increase.

. With increasing milling head diameter, the differences in roughness values
measured in planes parallel to the feed direction decreased. While the range
on the surface machined with the smallest tool was 15-28% for amplitude
parameters and 11-35% for the functional parameter, the use of larger
cutters reduced these differences to a similarly small extent, 1-11%.

. The range of values measured on the examined surfaces — the topographical
inhomogeneity — decreased from 101-110% to 67-76% as the cutter
diameter increased from @50 mm to @100 mm.

. It was observed that at points located at equal distances from the workpiece
symmetry plane (in any direction), roughness values decreased
progressively less with increasing milling tool diameter. For a distance of
20 mm, differences gradually reduced from 6-38% to 1-14%. However,
when the distance from the symmetry plane was expressed relative to the
cutter diameter, roughness values changed to a similar extent compared to
the central plane, with a maximum difference of 20%.

o Among the analyzed roughness parameters, the functional R¢ values
exhibited the largest changes with increasing tool diameter.
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Amntan Hags, Mimkonem, YropmuHa

BILJIMB 3MIHHM JIAMETPA ®PE3EPHOI T'OJIOBKH HA
HEO/JHOPITHICTH OBPOBJIEHOI IIOBEPXHI

AHoTauist. [eomempis iHCmpymenmy ma 3a20MmoO6KuU 6idicpac SUPIUANbHY pONb Y (POpMYSaHHi
monocpaghii 0bpobnenoi nosepxmi. 3anexncno 6i0 KiHemMamuuHux YmMo08 npoyecy 00poOKu, GoHU
BNIUBAIOMb K HA 6ETUYUHY WOPCMKOCMI NOBEPXHI, MAK | HA HepisHicmb monozpadii. Y yiti cmammi
PO32NA0AEMbCA 00CNIONCEHHA 8apiayii HeoOHopionocmi monoepaii, wo uHuUKamev yepes 3MiHU
diamempa iHCMpYMeHnma, wo BUKOPUCTOBYEMbCA 05 (pesepysanns. Pesynomamu noxaszanu, ujo
30inbents oiamempa — npu 30epedicenti 6Cix IHUWUX NApaMempie HeIMiHHUMU — 3HAYHO NIOGUULYE
SHAYEHHST NApaMempie amniimyou ma QyHKYioHANbHOI WOPCMKOCHI, GUMIDSHUX HA NOGEPXHI 8 mill
camiii nozuyii eumipiosanns. Tendenmyis 00 3MmeHwIeHHs 3Ha4eHb 13 30LIbUWEHHAM GIOcmani 610
mpaexkmopii oci incmpymenmy 0yia cmadiibHOW0, a i 6eIUdUHA NOCMYNOB0 3MEHULYBANAC HA MICYAX
BUMIPIOBAHHS, 3pOONEHUX HA Oinbuwiux sidcmanax. OOHAK, KOIU BIOCMAHbL 8UPAXCANACS K NPONOPYis
olamempa IHCMpPYMeHma, 3HayeHHs MAu cXoxci cmyneni eapiayii. Byno ecmanosneno, wo 30invuenns
diamempa pesu npu3B0OUIO 00 3HAUHO20 30INbUIEHHS 3HAYEeHb WOPCIMKOCMI 8 0OHAKOBUX NOLOHCEHHSX
sumipioganna. 30invwenns diamempa 3 D50 mm 0o D63 mm npusseno 0o 36inbUleHHA WOPCIMKOCHI
nrowunu cumempii 3acomosxu y 3,8-6,2 pasu, a nooamvue 30invwenns 00 G100 mm — dodamroge
s0invwennss y 1,6-2 pasu. 3i 30inbwennam Oiamempa ¢hpesepHoi 20108KU pisHUYS 6 3HAYEHHAX
WOPCMKOCHI, GUMIPAHUX Y NIOWUHAX, NAPANETbHUX HANPAMKY nooayi, 3menutyéanacs. Xoua dianazon
nogepxui, 06podaenoi natimenwum incmpymenmom, cmanosus 15-28% ons napamempie amnainmyou i
11-35% ona ¢ynxyionansrnozo napamempa, GUKOpUCMAHHSA DINLILUX Pi3Yi6 3MEHULY8AN0 Yi GIOMINHOCTI
00 nodioHo Hegenuroi mipu — 1-11%. [Jianason 3nauens, BUMIPAHUX HA OOCHIONHCYBAHUX NOBEPXHAX —
monozpaghiuna neoonopionicme — smenwugcs 3 101-110% oo 67-76% y mipy 36invwenns diamempa
@pesu 3 950 mm 0o D100 mm. Byno nomiueno, wjo 6 mouxkax, posmauto8anux Ha 0OHAKOBUX GIOCHAHAX
6i0 niowuHu cumempii 3a20mosKu (y 6y0b-KOMy HANPAMKY), 3HAYEHHA WOPCMKOCHI NOCMYN0GO
3menuiyeanucsi 3i 36inbuiennam oiamempa ¢hpesepnoco incmpymenma. Ha eiocmani 20 mm piznuys
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nocmynogo smenuysanacs 3 6-38% 0o 1-14%. Oouax, xoau GiOCMAaHb 6i0 NIOWUHU CcUMempii
sUpadicanacs 6IiOHOCHO odiamempa pPI3ANIbHOSO THCMPYMEHMY, 3HAYEHHS WOPCMKOCMI 3MIHIOBANUCS
NOPIGHAHO 3 YEHMPATIbHOI NIOWUHOI0, 3 MakcumanvHolo pisnuyeio 20%. Ceped npoananizosanux
napamempié wopcmKocmi QYHKYioHanvhi 3HaveHHs Ry nokazanu Haubinowii 3minu npu 30L16UWeHH]
diamempa iHcmpymeHma.

KaiouoBi ciioBa: mopyege gpesepysanns; wopcmkicms nogepxii; po3noodin wopcmkocmi; oiamemp
IHCmMpyMeHmy.
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