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PULSE DEPOSITION METHOD FOR WIRE AND ARC ADDITIVE
MANUFACTURING

Purpose. To reduce the waviness of the side surfaces of wire and arc additive manufactured parts.

Research methods. Two groups of deposited specimens were used. The waviness of the side surfaces was measured
from digital images of the cross sections of the specimens. The images were obtained by optical digital scanning. To
establish a functional relationship between the geometric parameters of the beads and the main deposition parameters,
regression and analysis of variance were performed on the measured data.

Results. It was found that different combinations of the main process parameters resulted in a surface waviness of
1.21 £ 0.23 mm. Based on the results obtained, a pulse deposition method was developed. The implementation of regular
pauses reduced the heat input and the time spent by the material in the molten state, which limited its distribution. The
proposed method resulted in a significantly lower waviness of 0.47+0.08 mm and a significant improvement in the stability
of the resulting surface irregularity.

Scientific novelty. It has been shown for the first time that the waviness of the side surfaces in wire and arc additive
manufacturing does not depend on the main deposition parameters, but is related to the nature of the arc-based deposition
process. The developed method of pulsed deposition limits the time the metal remains in the molten state, which reduces
the waviness of the surfaces by up to 60% and improves the stability of the geometry by three times, reducing the standard

deviation to 0.08 mm.

Practical value. Pulsed deposition improves the predictability of the printed geometry by improving the accuracy
and quality of the side surfaces. This reduces the required machining allowance, speeds up production, and reduces
material waste. In some cases, the predictability of the geometry makes it possible to eliminate post-processing.

Key words: additive manufacturing, 3D printing, WAAM, GMAW, arc welding, waviness, surfaces, heat input,

parameter optimization.

Introduction

Modern manufacturing processes are focused on
enhancing the functionality and service life of components
and tools, which could be achieved using advanced
materials with improved characteristics. Despite their high-
performance properties, such materials are also costly,
making the optimal use of each material a priority in
production. The efficiency of materials can be enhanced by
adopting cutting-edge additive manufacturing
technologies, which allow for the optimization of the ratio
of material used to the weight of the finished product,
thereby reducing waste and increasing the utilization of
material in the final product [1].

The quality of parts produced through additive
manufacturing based on arc welding (WAAM), without
additional mechanical post-processing, often proves to be
unacceptable, as the deviations in the shape of such parts
and the geometry of their surfaces significantly impair the
accuracy of dimensions and mechanical properties, which
must meet the requirements set by designers. At the same
time, the use of mechanical cutting processing resolves the
issue of surface quality and geometric accuracy, but the
removal of excess material added for machining
allowance, as well as the use of cutting tools, leads to
additional material costs and increases production time.
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Eliminating or reducing post-processing can
potentially speed up the production of parts that are not
demanding in terms of surface quality, as well as reduce
their cost. However, the characteristic waviness of surfaces
typical for the WAAM method, which negatively affects
the strength of the parts and their resistance to cracking,
must be considered at the design or production stage [2—4].
Predicting the mechanical characteristics of printed
components is complicated by the unstable unevenness of
the lateral surfaces in the longitudinal and transverse
directions to the layers, which is formed by the peculiarity
of metal transfer and bead formation in the WA AM process
based on GMAW (Gas Metal Automatic Welding).

Optimization of the bead formation process in metal
is a relevant scientific and technical issue, the resolution of
which will ensure high-quality geometry of the surfaces of
the printed parts, improve the efficiency of material use,
and reduce the volume of post-processing.

Analysis of Research and Publications

To ensure acceptable quality of WAAM parts,
especially when used without post-processing, it is
necessary to optimize the unevenness of the lateral surfaces
of the printed parts by controlling the geometric parameters
of each individual layer of the product. The main
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parameters are the width and height of both individual
beads and their combinations. This simplified
characterization allows for planning the growth trajectory
and segmenting 3D models into separate layers.
Unbalanced printing parameters inevitably lead to the
formation of welding defects such as pores and lack of
fusion, as well as deviations in the shape of the printed part.

WAAM based on GMAW is a complex additive
process based on the principles of arc welding with a
consumable electrode in a shielded gas environment.
Accordingly, the main technological parameters of
WAAM can be considered the wire feed speed (WFS) and
the travel speed of the torch (TS). Additionally, some
studies mention the impact of the interpass surface
temperature on the geometric parameters of both individual
beads and the printed objects as a whole [5].

Optimization of technological parameters in WAAM
is the central theme of many studies aimed at improving
productivity, optimizing the geometry of printed parts, and
reducing residual stresses caused by the thermal cycles of
layer-by-layer growth. These studies indicate that among
all technological parameters, the wire feed speed (WFS)
and the travel speed of the torch (TS) are key factors that
affect the geometric parameters of the beads, the stability
of the WAAM process, and the accompanying thermal
cycles [5, 6]. In various studies concerning the quality of
the geometry of printed parts, the effective wall width
(EWW) is often discussed in terms of its relationship with
the main technological parameters of WAAM, namely
WES and TS [6-8].

In the context of WAAM, particularly when growing
thin-walled parts, the effective wall width (EWW) and the
total wall width (TWW) can be considered as one of the
criteria for assessing the optimality of the chosen
technological parameters. The ratio of TWW/EWW can
serve as a criterion for selecting among several
combinations of parameters that provide the same size of
TWW or EWW. A lower ratio indicates less surface
waviness and, therefore, higher material usage efficiency.
With the same EWW achieved by different combinations
of WFS and TS parameters, the least surface waviness will
ensure the smallest TWW/EWW ratio.

Among the main parameters, WFS directly ensures
the delivery of a specific volume of filler material to the
application site per unit of time. Moreover, WFS is directly
related to the magnitude of the welding current, which, in
turn, is directly proportional to the amount of heat input
[9]. WFS must be balanced with TS to ensure a stable arc
burning process and, accordingly, a stable geometry of the
deposited layer. TS, along with WES, provides a certain
volume of filler material per unit length of the trajectory,
which can significantly affect the width of the weld bead
and the overlap of adjacent beads. It is also noted that TS
directly influences the heating rate of the base material, as
this parameter determines the time the heat source remains
on a specific segment of the trajectory. At lower TS values,
the heat input and the width of the beads increase, while at
higher TS, insufficient fusion between layers and unstable
bead shape may occur [7, 8]. Thus, heat input, controlled
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by TS and the magnitude of the welding current, as well as
WEFS, significantly affect the height-to-width ratio of the
bead. With an increase in heat input, the height-to-width
ratio of the bead decreases, while an increase in WFS
causes this ratio to increase. Additionally, as the height of
the bead increases, the wetting angle of the surface by the
applied bead also increases, whereas an increase in the
bead width decreases it. [8—11].

Based on existing research, optimizing WFS and TS
is the most effective method to ensure control over the
geometry of the beads, maintain process stability, and
achieve good surface quality and dimensional accuracy of
WAAM parts. [12—-14].

Objective of the work

In the context of the identified problem, the main
objective of the work is to reduce the waviness of the
lateral surfaces of parts manufactured using the WAAM
method. To achieve this objective, it is necessary to:

e Experimentally determine the dependence of waviness
on the technological parameters WFS and TS;

e Based on the experiment, analyse the bead formation
and identify the main causes of the unstable process of
metal bead formation;

e Develop a method to reduce the waviness of the lateral
surfaces by improving the control of heat input and the
deposition of filler metal.

Materials and Methods

The previously determined range of optimal
technological parameters for WAAM [15] ensures the
stability of individual bead formation in the longitudinal
direction of the deposition trajectory. However, to assess
the suitability of a particular combination of WFS and TS
parameters for use with reduced post-processing, it is
necessary to investigate the lateral surfaces of the walls
formed during multi-layer growth. For this purpose, based
on the previous range, a practical experiment with multi-
layer growth of single-pass walls was planned. Four values
of WFS and TS parameters from the range defined in the
previous section were selected for this. Based on the
selected factors, a full factorial experiment with sixteen
parameter combinations (Table 1) was conducted, which
was used to fabricate sixteen samples

Each sample consisted of ten layers of single-pass
beads, each 85 mm in length. The beads of the first layer
of all samples were deposited on the surface of a metal
plate with the same welding parameters to form the base of
the walls. Subsequent beads were deposited with the
respective welding parameters, changing the deposition
direction every second layer. This growth strategy
eliminated the effect of height accumulation at the
beginning of the wall and height drop at its end. The
contact tip to work distance (CTWD) was maintained at a
constant value of 13 mm. The interpass temperature was
controlled at 100£10°C to eliminate the heat accumulation
effect, which influences the fluidity of the metal [16, 17].
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Table 1 — Design of experiment for determining the
relationship of surface quality with WFS and TS

Sample # WFS, m/min TS, cm/min
1 2 30
2 4 30
3 6 30
4 8 30
5 2 40
6 4 40
7 6 40
8 8 40
9 2 50
10 4 50
11 6 50
12 8 50
13 2 60
14 4 60
15 6 60
16 8 60

The primary filler material chosen for the experiment
was welding wire made of heat-resistant stainless alloy 718
with a diameter of 1.2 mm. This material is popular in the
aerospace engine industry and widely used in power
generation units. Alloy 718 is well-suited for welding, and
thus the WAAM process is not accompanied by defects
such as porosity or cracking. Given the chemical
composition of the material, the growth was performed in
an argon environment with a purity of 99.993%. For the
substrate, low-carbon structural steel sheet was chosen, as
it has sufficient compatibility with alloy 718 to form a
strong metallurgical bond until the growth is completed
and testing is conducted.

For sample growth, a Yaskawa Motoman MA 1440
welding robot equipped with a Fronius TPS500i welding
power source, WF25i and WF60i Robacta Drive wire
feeders, and a Fronius MTB 5001 WR 22° welding torch
was used.

Research Results

Upon completion of sample fabrication, a qualitative
assessment of the material deposition process and the
longitudinal stability of the bead geometry during
multilayer growth was conducted. As expected, sample 4
with the highest WFS/TS ratio lost its shape after the third
deposited layer (Fig. 1). The loss of shape was due to a
significant excess of metal and the amount of heat input,
which, combined with the lowest TS, provided the highest
linear energy among the studied samples. This led to an
increase in the size of the molten metal pool and its
overflow with filler material. The excess material per unit
length of the bead resulted in its spilling, manifesting as a
wide and uneven bead shape. The other samples
demonstrated satisfactory longitudinal stability of bead
shape.

The primary parameter for evaluating the geometry
quality of the printed parts is the waviness of the lateral
surfaces, as defined by ISO 21920-2 (formerly ISO 4287)
[18]. The smallest absolute value of waviness (Wt)
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indicates stability and consistency of the forming process,
ensuring the best possible operational properties and
material usage efficiency.

10 wsg

Figure 1. Cross-sections of samples with continuous beads

To assess the cross-sectional shapes of the printed
samples, surface maps with the initial profile of each
sample were created based on their scanned images
(density of 1200 pixels/inch or 47.244 pixels/mm) using
ImagelJ software. By applying a Gaussian filter according
to ISO 16610-21, the waviness profile was separated from
the roughness component.

The waviness measurements were taken over a
specific evaluation length, which was the full length of the
lateral surface profile of each sample, excluding the first
and last deposited layers. This exclusion is justified by the
fact that the first layer is deposited on a cold substrate,
resulting in a smaller width and greater height compared to
subsequent layers. Therefore, when studying EWW and the
maximum waviness Wt, this could significantly affect the
measurement results. For the same reason, the last layer,
which has a curved shape, was excluded from the
calculations as it could significantly distort the
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measurement results. To simplify the analysis, a profile
length of 2 mm from the substrate and the surface of the
last layer was excluded.

The measurements of TWW and EWW showed a
consistent relationship with WES and TS, similar to what
was previously determined [15]. At the same time, the
waviness Wt measured based on the profiles of the studied
samples was 1.21+0.23 mm. Since WFS and TS
collectively determine the linear energys, it is logical to seek
a connection between the waviness and linear energy. The
Pearson correlation coefficient of 0.68 between the total
waviness and linear energy indicates a strong positive
linear correlation of the variables. However, despite the
correlation coefficient, it is impossible to establish a

significant  functional relationship between these
parameters.
Thus, the experiment with multilayer growth

confirmed the adequacy of the previously determined
range of WFS and TS parameters, beyond which the
stability of bead formation is disrupted, making it
impossible to continue the growth process. Since the
selected combinations of WFS and TS parameters for the
study form walls with a waviness of 1.21+0.23 mm,
considering the absence of a functional relationship
between the waviness and WAAM technological
parameters, the optimality of the latter will be determined
by EWW according to the design of individual parts.

The absence of a functional relationship, along with
qualitative and quantitative analyses of the sample profiles,
indicates that the resulting waviness is caused not so much
by a specific combination of technological parameters but
by the nature of the process itself, which uses an electric
arc as a heat source. The probability of abnormally high
waviness is extremely high, especially when using higher
values of linear energy. The overflow of the molten metal
pool disrupts the stability of the pool shape and the printed
elements, affecting the quality of component formation in
additive manufacturing and the deposition productivity of
WAAM. This is corroborated by other studies, which state
that WAAM has potential issues with morphological
accuracy due to arc metallurgy mechanisms with complex
thermal cycles [19].

Based on the analysis of unsatisfactory combinations
of technological parameters, a pulsed material deposition
method was proposed to improve the control of bead
formation. Pulsed deposition, or material deposition in
portions, can provide lower heat input into the part by
periodically turning off the arc. Dynamic processes in the
molten metal pool can cause disturbances in bead
geometry. Bead formation can be particularly unstable
with critical combinations of the main WAAM process
parameters. Therefore, to limit the flow of molten metal
and shorten the lifespan of the molten metal pool, it was
proposed to use pulsed delivery of both filler material and
energy for melting. Periodic interruptions in the process
help control the size of the molten metal pool and limit the
metal's spread.

The proposed method involves using discrete
portions of metal in the form of deposited points. Each such
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portion of deposited material can be described by its
diameter D and height H. According to a previous
experiment [15], which established the relationship
between bead width and height and WAAM technological
parameters, the size of the point can be determined by WFS
and its deposition time AT (active time) (Fig. 2).

Deposited dots eposition trajectory

Figure 2. Pulsed deposition diagram

Thus, the formation of a continuous bead, consisting
of a chain of individual points, is controlled by the size D
of one point, the torch travel speed TS, and the non-
deposition time PT (passive time) (Fig. 2). Therefore, the
first step in developing the pulsed material deposition
method is to establish the dependence of the sizes of
individual points on the WFS and AT parameters. Based
on the previously determined range of parameters, a 3x3
experiment matrix was constructed to study the size of the
portion (point) (Table 2).

Table 2 — Dot size evaluation experiment
Sample # WFS, m/min
1

AT, s
0.15
0.25
0.35
0.15
0.25
0.35
0.15
0.25
0.35
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WEFS of 3 m/min was not used in this experiment, as
the previous experiment showed a lack of material in three
out of four samples with continuous material deposition. In
pulsed deposition, even less material is added per unit of
time, so the result will be predictably negative for this WFS
with sequential point deposition.

As a result of the full factorial experiment, nine
samples of points were obtained, deposited in five layers
(Fig. 3). To prevent the effect of heat accumulation on the
sample geometry, the interlayer temperature was
maintained at up to 100°C. During the experiment, the
substrate temperature did not exceed 80°C. The average
height of individual points was 1.01£0.16 mm. At the same
time, correlation analysis showed a strong positive
relationship between the point diameter D and WFS. The
Pearson coefficient for this pair of parameters was 0.82. A
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significant correlation also exists between the point
diameter D and the arc time AT, for which the Pearson
coefficient was 0.56. Thus, with the increase of both
technological parameters, the diameter of the point also
increases (Fig. 4). The normality test showed a normal
distribution of the measured D values with a high
probability (p = 0.93). Through regression analysis, the
following dependence was obtained:

VD = 1.1914 + 0.09946 x WFS + 1.348 x AT. (1)

According to the T-test, the WFS parameter has the
most significant positive effect on the change in point
diameter (Table 3). The Fisher criterion for the regression
was 126.75, indicating the significance of the constructed
model. Its adequacy is confirmed by the coefficient of
determination R? of 97 % and a standard error of 0.04 mm.

Figure 3. Multilayer dot samples

D, mm

m3-35 E35-4 @445 B4.5-5 @5-55 @5,5-6

Table 3 - ANOVA and regression analysis of the dot
diameter model

Parameters WES AT
Coeff. 0.09946 1.348
SE Coeff. 0.00755 0.151
T-Value 13.18 8.93
F-Value 173.69 79.81
P-Value 0.000 0.000

To form continuous beads, a methodology for their
combination based on point sizes was developed. For this
purpose, the optimal TS speed was selected based on
previous experiments. Using the selected TS speed and
point diameter D, the passive time PT between points was
calculated. The passive time and TS determine the distance
from the location where the arc of the previous point is
turned off to the location where the arc of the next point is
ignited. This distance should not exceed a certain value;
otherwise, individual points rather than a continuous bead
will be formed. It is assumed that the ignition of the arc for
the deposition of the next point should start when the torch
has traveled a distance equal to the radius of the previous
point (Fig. 5). PT can be calculated using a simple formula:

= ﬁ' (2)

where PT — is the passive time, s; R — is the radius of the
deposited point, mm; 7S — is the travel speed of the torch,
mm/s.

WFS, m/min

06-6.5

Figure 4. Dependence of deposited dot diameter on WFS and arc time
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Figure 5. Dot by dot bead formation by pulse deposition

To investigate the possibility of forming continuous
beads from individual points, the diameter measurement
results were divided into three groups by size +£0.25 mm.
Each group has several parameter combinations that
provide similarly sized points. Heat input analysis shows
that a combination with higher WFS and lower AT
provides less heat input, making it more preferable for
application. Additionally, to study the effect of point
density on surface irregularity, 75 % and 50 % of the
calculated PT were used. Given that three variable
parameters were selected for bead formation, the
experimental design was developed using the Taguchi
method, which, unlike a factorial experiment for testing all
combinations, uses an orthogonal array for efficient
parameter combination testing (Table 4).

Table 4 — Design of experiment for pulse deposition

PT, s D, mm TS, cm/min

t DI 30

t D2 40

t D3 50
0.75t D1 40
0.75t D2 50
0.75t D3 30
0.5t DI 50
0.5t D2 30
0.5t D3 40

Using the selected parameter combinations, nine
samples were printed, each consisting of 14 layers (Fig. 6).
The first layer was deposited with the same regime
parameters to form subsequent layers, so the first layer was
not considered in further analysis. The temperature of the
samples between layers did not exceed 100 °C. The
obtained samples demonstrate significant improvement in
geometric  stability and reduction in waviness.
Measurements showed that the average value of total
waviness Wt for all samples decreased to 0.47 mm with a
standard deviation of 0.08 mm.

Thus, the proposed pulsed material deposition
method reduces waviness from 1.21 mm to 0.47 mm,
which is an average reduction of 61 % compared to the
waviness formed by traditional continuous material
deposition. Additionally, the reduction in the standard error
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from 0.23 mm to 0.08 mm, almost three times, indicates a
substantial improvement in the uniformity of the lateral
surfaces.

Figure 6. Cross-sections of samples with pulse deposited beads

Comparison of samples with continuous and pulsed
material deposition shows that at similar EWW values
(e.g., 5.11 mm for sample #2 with continuous deposition
and 5.37 mm for sample #6 with pulsed deposition), the
TWW/EWW ratio is 1.5 and 1.17, respectively. Thus,
reducing waviness improves material usage efficiency. The
linear energy during the growth of sample #2 was
380 J/mm. In sample #6, the linear energy was reduced to
272 J/mm due to the introduction of periodic energy
delivery interruptions.

Taguchi method analysis established that passive
time PT has the greatest effect on the waviness Wt (Fig. 7).
The travel speed of the torch TS also shows a significant
effect, while the point diameter has almost no impact on
waviness. According to the analysis, the smallest waviness
is achieved with shorter passive time PT and lower TS.
Given that reduced pause time and decreased torch travel
speed provide the highest linear energy for given WFS and
AT, it can be concluded that the unevenness of the lateral
surfaces primarily depends on the size and stability of the
molten metal pool. By limiting the time of the deposited
metal remaining in the molten state, the quality of the
surfaces was improved.
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Figure 7. Main Effects Plot for Mean Values of PT (A), D (B) and WFS (C)

Conclusions

As a result of the experiments conducted, it was
determined that the selected combinations of WFS and TS
parameters from the previously identified range of optimal
parameters provide an average surface waviness of 1.21
mm with a standard deviation of 0.23 mm. Thus, it was
confirmed that the waviness of WAAM part surfaces is
primarily caused by the nature of the arc material
deposition process rather than the main technological
parameters.

Based on the analysis, a method was proposed and
developed to enhance the control of bead formation and
reduce surface irregularities by introducing pulsed material
deposition and energy delivery for melting the filler
material. Deposition with periodic interruptions allowed
for a reduction in heat input and the duration of the material
in the molten state, thereby limiting its spread. The
proposed method provides a waviness of 0.47+0.08 mm,
indicating not only a reduction in waviness but also a
significant improvement in the repeatability or stability of
the formed surface irregularities. At the same time, the
introduction of periodic interruptions reduces the linear
volume of metal, thus decreasing the production process
efficiency.

It was determined that at equal EWW values, the
proposed pulsed material deposition method provides a
lower TWW/EWW ratio compared to traditional
continuous deposition. Reducing this ratio means
improved material utilization efficiency, stability of bead
formation, and predictability of geometric parameters of
both individual beads and printed elements as a whole.
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METOA IMIIYJbCHOI'O HAHECEHHS MATEPIAJTY IIPU
AAUTUBHOMY BUPOBHHUILTBI HA OCHOBI EJEKTPOAYT'OBOT'O
3BAPIOBAHHA

Mounoukos /. €.

acmipanT HamioHanbHOTO yHiBEpCcHTETY «3amopi3bka IOJIITEXHIKa», M. 3allopixKs,

VYxpaina, e-mail: molochkov@zp.edu.ua, ORCID: 0000-0002-9030-5371

Kymukoscesknii P. A.
YHIBEPCUTETY

KaH/I. TEXH. HayK, JIOLEHT, JOLeHT Kadeapu oOpoOku MetaniB THCkoM HanioHansHOro
«3anopi3bpka

MTOJTITEXHIKAY, M. 3anopixoKs, VYkpaiHa,

e-mail: kulikovski@zp.edu.ua, ORCID: 0000-0001-8781-2113

Mema pobomu. 3menwenns xeunacmocmi 6OOKOGUX NOBEPXOHb Oemanel, AKi GUSOMOBIAIOMBCS MEMOOOM
AOUMUBHO20 BUPODHUYMEA HA OCHOBI eeKMPOOY208020 36APIOGAHHSL.

Memoou docnidscenns. Buxopucmano 08i epynu 3pasKis, 6U2OMOBIEHUX MEMOOOM AOUMUBHO20 BUPODHUYMEA HA
OCHOBI  e1eKmMp0o0Y206020 38apIOGAHHA. XEUNACMICMb OOKOBUX TNOBEPXOHL GUMIPIOGANACL HA OCHOSI YUPPOSUX
300pasicenb NONEPeuHUX nepepizié 3paskis. 300pancenHs OMPUMAHO WIAXOM ONMUYHO-YUPDPOBO20 cKaHyans. Jis

BCMAHOGNIEHHA  (DYHKYIOHATLHO2O 38 ’A3KY MIdC 2eOMEeMPUUHUMU NAPAMEMPamMu  8AIUKIE 1

MEexXHOI02TUHUMU

napamempamu npoyecy 8UKOHy8a6cs pezpecitinuii ma OUCnepCiiHull ananizu UMIPAHUX OAHUX.
Ompumani pezynomamu. Busnaueno, wo pisni Komoinayii 0CHOBHUX MeXHONIOINHUX napamempis 3a0e3neuyioms

xeunscmicme nogepxousv 1,21 £0,23 mm. Buxooauu 3 ompumanux pe3yiomamis 6yn0 po3pobieHo memoo iMnyabCHO20
Hanecenusi mamepiany. Bnposeadowenns nepioduunux nepepuganb 003601ULO 3MEHUIUMU MENIO8HECeHHs 1 yac
nepebyeanHs Mamepiany 6 poO3nadAeIeHOMY CIAHI, WO 0OMEINCULO 11020 PO3MIKAHHS. 3anponoHO8aHUl Memoo 3abe3nequs
3HayHo meHuwty xeunsicmicmv 0,47+0,08 mm i 3HauHe NOKpawjeHHs: CMAOLILHOCMI YMBOPIO8AHOI HEPIBHOMIPHOCHI
NOBEPXOHb.

Hayxosa nogusHna. Bnepuie noxasano, wo XeUisACmicms OOKOBUX NOBEPXOHL NPU AOUMUSHOMY SUPOOHUYMGI Ha
OCHOBI eeKmpPo0y208020 36APIOGAHHS HE 3ANeNHCUMb 6I0 OCHOGHUX MEXHONIOSIMHUX NAPAMEMPIE SUPOULY8AHHS, d
nog’si3ana came 3 NPUpoOoio NPoyecy HAHECeHHs PO3NIAAGIEH020 MEemany 6 ybomy memooi. Pospobrenuii memoo
IMRYIbCHO20 HAHECEHHs MAMEPIany 0bMelCcye Hac nepedy8amnHs Memaiy 6 PO3NIAGIEeHOMY CMAHI, YUM O00CA2AEMbCS
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PDAXYHOK 3MeHUeHHs cmanoapmuo2o gioxunerHs 0o 0,08 mm.
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