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YJK 621.375.821

FORMATION OF A JOINT BETWEEN DEPOSITED AND BASE
METALS DURING LASER CLADDING OF A NICKEL-BASED
POWDER ONTO A COPPER-BASED ALLOY

OOPMYBAHHA 3’€JHAHHA MK HAITJTABJIEHUM TA
OCHOBHHUM METAJIOM I1PU JTIASEPHOMY HAIUIABJIEHHI
HIKEJIEBOI'O TIOPOLIKY HA MIJTHUI CITJIAB

F. Bourahima'?, T. Baudin?, M. Rege', V. Ji%, F. Brisset?, A. Zavdoveev’, A.L. Helbert?

'Etablissements Chpolansky, 3 Rue Angiboust, 91 462 Marcoussis. E-mail: fazati.bourahima@chpolansky.fr
2ICMMO, SP2M, Université Paris-Saclay, UMR CNRS 8182, bat.410, 91405 ORSAY, France
3E.O. Paton Electric Welding Institute of the NAS of Ukraine. 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: office@paton.kiev.ua

Laser cladding is an alternative method to other cladding techniques such as Plasma Transfer Arc (PTA) or blowtorch for surface
treatment in the glass industry. It aims to produce dense, high-quality coatings on a non-planar surface without affecting its
thermal and mechanical properties. In this study, Ni-based coatings were coated onto Cu-Ni-Al substrate using a 3 JET nozzle
technique. During laser cladding, good metallurgical bonding is necessary to ensure the further surfacing process technique.
A microstructural analysis was conducted, and the mechanical properties were then evaluated with microhardness analysis to
link process parameters to coating bonding quality. A calculation of the power attenuation attempts to explain the impact of
the powder distribution on the bonding. This work revealed that a chemical dilution zone exists between coating and substrate
and is necessary for perfect metallurgical bonding. The heterogeneous bonding, observed through the section, along the curved
interface coating/substrate, has been linked to the Gaussian distribution of the powder that attenuates the input power. The
attenuated power was measured all along the interface. 35 Ref., 2 Tabl., 10 Fig.

JlazepHe HaIIIaBIEHHS € aJIFTEPHATHBHIM METOJIOM HAIUIABICHHS JIO TAKUX, SIK IIA3MOBO-IyroBe abo rnasHHs. BoHo cnipsiMoBaHO
Ha OTPUMAHHS IUTHHUX BUCOKOSIKICHUX HAIUIABIICHh Ha HEIIOCKUX MOBEPXHSX Oe3 BIUIMBY Ha iX MEXaHiYHI BIACTUBOCTI. Y Ib0-
My JOCII/UKEHHI HaIIaBJIeHHsS MaTtepiary Ha ocHOBI Ni Oynu HaHeceHi Ha minkiaaaky Cu-Ni-Al 3a nomomororo 3-cTpyMeHeBOro
comura. [1ig gac ma3epHOro HaIUIABICHHS HEOOXiTHE XOpoIlle MeTalypriiiHe 34eIuIeHHs AU 3a0e3eUeHH s TOAABIIO] TEXHIKI
npoliecy HaruIaBleHHs. byo mpoBeneHo MiKpOCTPYKTypHHMI aHali3, a TAKOXK OIIHEHO MEXaHIYHI BIACTUBOCTI 3a JOIIOMOTOIO
aHaJII3y MIKpPOTBEPOCTI, 00 3B’SI3aTH MapaMeTpH HPOLECy 3 SKICTIO 3YEIUICHHS ITOKPUTTS. Po3paxyHOK ocableHHs MOTYKHOCTI
JIa€ 3MOT'y TIOSICHUTH BILUTHB PO3IIOALTLY NMOPOIIKY Ha 34eruieHHs. L[ poGora mokasasa, o Mixk HaIuTaBJIeHHSM 1 ITiIKIIaIKOIO iCHy€e
30Ha XIMIYHOTO PO3YMHEHHS, sIKa HEOOX1THA TSI 1/IealTbHOTO METATYPTiifHOTO 3’ €THaHHSI. [ eTeporeHHe 34eIUIeHHS, O CIOCTEPi-
Ta€eThCs Yepe3 JUITHKY, B3JOBK BUTHYTOI IIOBEPXHI PO3IUTY MOKPUTTS/MiAKIaAKa, TOB’13aHe 3 ['aycCOBUM pO3MO/IIIIOM OPOIIKY,
SIKUH TIOCTIA0IOE BXITHY TOTY HicTh. OctabieHy MoTyKHICTh BUMIPIOBAJIX 0 BCbOMY iHTepdeiicy. bibmiorp. 35, Tabm. 2, puc. 10.

Keywords: laser cladding, power attenuation, powder distribution, dilution zone
Knouosi crosa: nazephe nHaniasienns, ocaadients NOMysICHOCH, po3nooil NOPOUIKY, 30HA PO3YUHEHHS]

Introduction. During glass bottle production, vis- try are Plasma Transferred Arc (PTA) [2] and blow-

cous glass is poured into Cupro—Nickel-Aluminum
(Cu—Ni—-Al) molds at temperatures ranging from 700
to 1200 °C. Cu—Ni—Al or cast-iron glass molds must
absorb the high glass temperature to cool it homoge-
neously, playing the role of thermal exchangers [1].
However, during this process, corrosion or abrasion
can appear on the molds’ sensitive parts (neck ring
and match). Also, thermal fatigue can be observed
during the molding cycle. Therefore, it is important
to modify the mold surface properties before the pro-
duction to extend its lifespan. In order to do that, Ni-
based or Co-based powder is cladded on those parts.
The most famous cladding methods for glass indus-

torch [1]. But with these techniques, a high Heat Af-
fected Zone (HAZ) is present. It corresponds to a zone
belonging to the substrate that has not reached its fu-
sion temperature but underwent a change in its struc-
ture due to the process. To avoid that, a pre-heating is
operated with those techniques. In mold industry, the
aim is to limit this Affected Zone to prevent changes
in the substrate thermal properties. To be able to do
that, laser cladding is operated instead of former tech-
niques without mold pre-heating.

Laser cladding is an innovative surfacing tech-
nique, developed in the 90’s [3,4]. It is used to obtain
well-bonded high-quality materials, free of pores and

Bourahima F. — https://orcid.org/0000-0003-2459-7799, Baudin T. — https://orcid.org/0000-0002-6765-360X,

Ji V. — https://orcid.org/0000-0003-1979-7323, Brisset F. — https://orcid.org/0000-0003-0952-2748,

Helbert A.L.— https://orcid.org/0000-0003-1679-9569, 3aBnoBees A.B. — https://orcid.org/0000-0003-2811-0765
© F. Bourahima, T. Baudin, M. Regel, V. Ji, F. Brisset, A. Zavdoveev, A.L. Helbert, 2022
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cracks without affecting the substrate thermal proper-
ties (so, a low HAZ).

Some researchers have investigated the impact of la-
ser cladding on the substrate microstructural change. In
most of the studies, the HAZ is observed during laser
cladding on cast iron substrates with the appearance of
metastable phases like martensite or ledeburite [5, 6].

Balu et al. [7] have operated laser cladding with
two kinds of Ni-based powder on Cu substrate with
and without pre-heating. They observed that the grain
size in the HAZ is high distanced from the interface.
It has also been seen that this size increases at low
laser scanning speed. Hardness is lower in the HAZ
than distanced from the interface. They found that a
substrate pre-heating leads to a better bonding due to
a larger melting pool and HAZ.

Despite the limited HAZ, laser cladding often in-
duces an area of local chemical dilution between the
powder and the substrate. Authors explained that dilu-
tion is obtained at the interface when a fusion between
the substrate and the coating occur [7-9]. This dilution,
dependent on the input laser power [10], has to be re-
stricted in order to avoid a large HAZ but seems nec-
essary to ensure good metallurgical bonding. Many re-
searches have observed that according to the powder
nature, a high power attenuation can appear [11, 12].
There are two ways of describing the dilution (rate)
[13]: in geometrical terms, it in calculating the ra-
tio between the melted area (including the HAZ) and
the coating area. The second is in metallurgical terms,
which consists in measuring the depth of the chemical
mixture between the coating and the substrate. Liu et
al. [14] present a dilution rate by using the geometrical
method during laser cladding of magnesium alloys. Ac-
cording to them, a very low dilution rate prevents from
good metallurgical bonding. Using the same definition
of the dilution rate, Luo et al. [15] present the same ob-
servation during laser cladding of NiCrBSi. Balu et al.
[7] used the metallurgical method to measure the dilu-
tion rate during laser cladding of Ni-based powder on a
Cu substrate. They found that a high dilution can lead
to a high HAZ. Pereira et al. [16] observed that during
laser cladding of NiCoCrBSi on stainless steel, a very
low dilution zone (metallurgical method) at about 2 um
is enough to obtain a perfect bonding without affecting

the substrate mechanical properties (no cracking behav-
ior observed). Many authors [17, 18] presented an EDS
analysis to measure the dilution between two materials
and its components’ chemical evolution.

The main challenge in laser cladding on a cop-
per-based substrate is to obtain good bonding despite
the low absorptivity of the substrate [19]. Zhang et al.
[20] explained that it was impossible to obtain bonding
without preheating, so they pre-heated the substrate to
300 °C. It appears that a compromise must be found to
respect both the restricted HAZ and the dilution zone
needed to guarantee the cohesion between the coating
and the substrate. We should bear in mind that this co-
hesion is crucial to allow further machining of the re-
paired mold. Moreover, the coating has to be free of
cracks and pores to retain a perfect glass surface.

The aim of this study is to obtain a perfect bond-
ing with a limited or non-existent HAZ after cladding
of nickel-based material on a Cu—Ni—Al substrate. The
novelty in this process is the laser cladding performed
without preheating on a curved surface. Also, the high
thermal conductivity of the copper-based material is
challenging because it can prevent from obtaining the
perfect bonding. This can be achieved by identifying
the relationship between the dilution zone (existence
and thickness) and the bonding quality with regards
to the laser process parameters. A microstructural and
chemical analysis of the coating/substrate interface
will be conducted. Also, microhardness measurements
will be presented. The influence of the Gaussian dis-
tribution of Ni powder on the laser power attenuation,
and thus on the bonding, will be discussed.

Materials and experimental techniques. Laser
cladding consists in melting an injected powder with a
very thin surface layer on the substrate by a laser beam
to produce a metallurgical bonding. During this study,
a 4KW Nd: YAG laser with a wavelength of 1030 nm
was used. An optical fiber with a diameter of 600 um
was used for guiding the beam. Ni powder was inject-
ed coaxially into the laser beam [21]. A cross-section
of the Cu—Ni—Al mold of the bottle ring is shown in
Fig. 1a after cladding. Fig. 1b describes the typical
cross-section that has been metallurgically studied.

During the process, the interaction distance, fs, be-
tween the laser and the powder is considered (fig. 2).

Studied cross section

Curved-cladding |

Fig. 1. Half of the mold ring after Ni-laser cladding (@); studied cross section (b)
Puc. 1. ITonoBuHa Kinbipst Gopmu micis HaraeieHHs Ni-nazepoM (a) i nonepeynuii nepepis (b)
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At the focal plane (position B), the powder flow
follows a Gaussian distribution. This has been proved
by many research studies [22—24]. In the present study,
the Gaussian distribution has been centered at the mid-
point of the mold curved surfaces of the samples.

The chemical compositions of the powder and the
substrate are listed in tabl. 1.

The process parameters used during this study
are presented in tabl. 2. These samples are extracted
using Taguchi design of experiment. Only samples
with a partial or perfect bonding have been selected.

To be characterized, samples were mechani-
cally polished using SiC papers and then diamond
polished to 1 um for Optical Microscopy (OM),
Scanning Electron Microscopy (SEM) and Energy
Dispersive Spectroscopy (EDS) analyses. To operate
Electron Backscatter Diffraction (EBSD), an extra
OPS polishing was done. Vickers hardness tests were
performed on the cross-section, along a line perpen-
dicular to the coating surface with a 10-gf load for
15 seconds. The measurements were taken from ei-
ther side of the interface for all the 6 samples.

Results and discussion. Microstructure features
and associated chemical and mechanical properties.
Fig. 3 describes the three different kinds of bonding
behavior that can be observed after laser cladding of
Ni-based powder on a Cu—Ni—Al substrate: perfect
bonding (Fig. 3a), partial bonding (Fig. 3b) where
the bonding is partially present at the interface and
no bonding (Fig. 3¢c). A bonding is considered partial
when 15 % bonding default is observed in the coat-
ing/substrate interface.

Table. 1. Chemical compositions of the substrate and powder
Taou. 1: XiMiuauii CKIax NiAI0KKH Ta NOPOLIKY

i
Powder CoaXIa{ nozzle

.

Laser

.

fs

X

I

Fig. 2. Powder distribution according to the focal position fs [19]
Puc. 2. Po3noais mopoIiiky BimMOBIAHO 10 (HOKYCHOTO MOJOXKEH-
Hs fs [19]

Fig. 4 shows the SEM-BSE (Back-Scattered Elec-
trons) analysis of the CNC 5 and CNC 6 samples
(see tabl. 2). Fig. 4a shows that CNC 5 presents per-
fect bonding (case of fig. 3c) whereas fig. 4b shows
a sample (CNC 6) with a discontinuous bonding
(fig. 3b). Indeed, in the curved center, there is a lack
of bonding. No analyses have been performed on
samples with no bonding (fig. 3a) since the clad is
easily separated from the substrate.

For both samples, the substrate is composed of
a dendritic matrix. No heat affected zone (HAZ)
seems to be present in the substrate because no
microstructure modification is noticeable close to
the interface. Concerning the Ni deposit, elongat-
ed grains are observed along solidification direction
for both cases. Small grains can be seen in the coat-
ing close to the interface and at the extreme surface.

1
Subistrate
1

Ex=0

Elements (wt. %) Fe Mn Al Ni Zn Pb Sn Si Cu B Cr C
Cu-Ni-Al <1 0.5 8.5 15 8 <0.1 0.15 1 Bal — - —
Ni powder 1 0.1 — Bal — — — 2.5 — 1.7 0.3 0.5
Table 2. Process parameters
Ta6.. 2 : [lapameTpu npouecy
Sample Power (W) Speed (mm/s) Powder Feeding Rate (g/min) Spot diameter (mm)
CNC 1 2400 6.5 26.5 4
CNC2 2600 10 24.5 3
CNC 3 2800 6.5 32.5 3
CNC 4 2800 8.5 24.5 4
CNC 5 3200 8.5 28.5 3
CNC 6 3200 10 30.5 4

pum

600 pm

Fig. 3. Three kinds of bonding behavior: @ — no bonding; b — partial bonding; ¢ — perfect bonding
Puc. 3. Tpu Tunu 3’€HaHHS: a — BIACYTHICTb 3’ €IHAHHSI; b — YaCTKOBE 3’ €HAHHSI; ¢ — i7ealIbHE 3’ €THAHHS
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EWT = 20,006V WD =453 mm BSE-R 2.90e-004 Pa. :n-\

Good
bonding

WO = 129mm NTS 850

e

Fig. 4. Typical microstructure of the cross-section of the samples a—CNC 5 with good bonding; b — CNC 6 with partial bonding ob-

tained by SEM-BSE

Puc. 4. TunoBa MikpocTpyKTypa morepedHoro nepepisy 3paskiB: a — CNC 5 3 xopoumm 3’eanannsam; b — CNC 6 3 yacTKoBuUM 3’ €1~

HaHHAM, OTpUMaHui 3a jonomororo SEM-BSE

Fig. 5 shows an EBSD analysis of the microstruc-
ture and texture around the interface (black squares in
4a and b) for both samples (perfect or partial bond-
ing) in order to observe the differences according to
the bonding quality.

It can be observed that microstructure is very similar
in both cases (fig. Sa and 5b).The solidification features
are in accordance with the literature [25-28]. A nuclea-
tion phase, characterized by small equiaxed grains, is ev-
idenced at the interface, then a columnar growth directed
mainly parallel to the <001> direction of the dendrites
is observed (fig. 5a). So, the bonding quality does not
change the solidification behavior during laser cladding.

A SEM-EDS analysis is presented (fig. 6) to ob-
serve the chemical impact of the laser cladding at the
interface nucleatlon/substrate

In the fig. 6a and b, deconstruct dendrites from the
substrate are observed in a mixed zone at the coating/
substrate interface delimited by white lines. Also, the
fig. 6¢ clearly shows a local chemical mixture where
copper seems to be replaced by nickel over a thin lay-
er of the substrate. This can be the consequence of
a local fusion of the substrate and correspond to the
dilution zone that has been reported in the literature
[17,26]. Apart from this area, there are no discernible
chemical changes in the substrate or the Ni coating.
So, no HAZ can be chemically observed in this study.

A measurement of the dilution zone thickness was
made by chemical analysis from the coating to the
substrate (fig. 7).

A diminution of the Ni element from the coating
to the substrate can be observed. At the same time,

Fig. 5. Crystallographic axes parallel to the solldlﬁcatlon dlrectlon (black arrows) a-— EBSD- analys1s of the black square area in

fig. 4a; b —in Fig. 4b

Puc. 5. Kpucranorpadiuni oci, mapaneiabHi HApIMKy 3aTBepaiHHs (40opHi cTpiiku): a — Ananiz EBSD obnacti yopHoro kBajapara Ha

pucyHky 4a; b — Ha pucyHky 4b

100 pm

100 pm

Fig. 6. EDS maps of the principal chemical elements composing the deposit and the substrate of sample CNC6: a — Al; b — Cu; ¢ — Ni
Puc. 6. Kaptt EDS 0CHOBHHX XIMIYHHX €JIEMEHTIB, 110 CKJIaa0Th HAIUIABJICHHS Ta Miakaaaky 3paska CNC6: a — Al; b — Cu; ¢ — Ni
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Clly Dilution

Zone

80 4 Y ,(ﬁ;.,“
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Coating
40 4

Composition (wt %)

20 4

0 50 100 150
Position (um)

Fig. 7. Chemical composition of the dilution zone from the coat-

ing to the substrate (sample CNC 6)

Puc. 7. XimiuHuit ckiaan 30HA PO3UMHEHHS BiJl MOKPUTTS JIO i/

kianku (3pasok CNC 6)

the Cu composition progressively increases. Overall,
Ni is at around 96 % in the coating, then decreases
down to 40 % close to the interface and stays below
10 % in the substrate matrix except inside the den-
drites where the Ni increases to 39 %. The dendrites
also present a higher level of Al (the high concentra-
tion of Ni and Al inside the dendrites is in accordance
with fig. 6). The dilution zone exhibits a chemical
mixture over about 35 um for this sample.

Fig. 8. Shows the hardness measurements through
the interface for four typical features of the micro-
structure: the columnar zone of the coating, the nucle-
ation zone, the dilution zone, and the substrate.

It can be observed from Fig. 8 that the micro-hard-
ness of the dilution zone increased to 618 HV. The
similar results was observed by Pan et al. [27] when
cladding Fe-based powder on a stainless steel sub-
strate in their dilution zone. This high hardness in
the dilution zone could be explained by the forma-
tion of an eutectic of Ni-Ni,B due to the low ratio
of Si/B (1.3) in this area as described by Hemmatie

800

700
600

500

Dureté HV 0,01

400
300
200

0 I I

100
Columnar zone  Equiaxed grains

Substrate

DZ |

Fig. 8. Hardness measurements corresponding to the characteristic
features encountered from the coating to the substrate (red points)
Puc. 8. BumiproBaHHst TBEpIOCTi, 1110 Bi/IIOBIIAIOTH XapaKTEPHUM 03-
HaKaM, 1110 3yCTPIYalOThCSI Bijl HOKPHTTS JIO ITiUI0KKH (UEPBOHI TOUKH)
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et al. [28]. Indeed, they mention that this compound
is of high hardness. In the coating and the substrate,
the values are not higher than 317 HV. This hardness
does not indicate the presence of the HAZ in the sub-
strate. No increase of the hardness is noticed in the
nucleation area despite the presence of small grains.
In fact, the Hall and Petch law which describes that
the hardness is higher when the grain size is lower
[29]. But this couldn’t be verified is the present work.

Since the dilution zone can be quantified using
the EDS analysis it could be interesting to observe its
evolution along the curved interface in order to cor-
roborate its existence/thickness with the metallurgical
bonding quality.

Dilution zone thickness along the curved inter-
face. To state if the discontinuous bonding along the
interface in the studied section is linked to the chem-
ical dilution presence or thickness, a protocol of sys-
tematic DZ quantification has been implemented
across the section of all samples and is presented in
Figure 9. Five lines separated from each other by an
angle of 22.5° along which the chemical composition
have been measured from the coating to the substrate
within 400 pm, and where the DZ depth has been de-
termined. This method allows to plot the DZ evolu-
tion along the curved interface (fig. 9).

Fig. 9 reveals that the DZ evolution is the same
across the section for all the samples studied. On the
zones a and e (the edges), the DZ depth is maximum
(from 25 to 175 um according to the cladding parame-
ters). It decreases at lower levels (b and d zones) to be-
tween 3 and 21 pm. Then at the center of the curve (c
zone) this DZ is minimum (zero in the case of no bond-
ing). Moreover, for all the studied samples, the bond-
ing is lower at the center of the curved section. There-
fore, it is possible to draw a direct connection between
DZ depth and bonding quality. Indeed, the deeper the
DZ, the better the bonding will be. The discontinuous
bonding is well highlighted by the DZ evolution along
the curve of the cross-section. It is important to under-

80 -
i
70—
ECNC |
| d CNC2
WCNC3
BCNCH
ECNCS
BCNC 6
a b s
jm} Il

Zone a Zoneb  Zonec Zoned Zone e
Fig. 9. Measurement of the DZ depth over the entire cross-section
and DZ depth along the five red lines for all the samples
Puc. 9. BumiproBaHHs [MTUOHHK 30HA PO3UMHEHHS 110 BCBOMY T10-
[IepPEYHOMY TIepepisy Ta IIMOUHHU 30HH PO3YMHEHHS Y3/I0BK I1°sI-
TH YEePBOHUX JIIHIN JUIs BCIX 3pa3KiB
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stand what phenomenon leads systematically to a weak-
er chemical dilution at the section curve center during
laser cladding, as a function of process parameters.

Power attenuation. It is well known in the la-
ser cladding process that powder particles contribute
to attenuate the incident laser power. Obviously for
full consideration it is necessary to calculate the to-
tal heat balance of laser surfacing using filler powder,
the total amount of heat released by the laser is spent
on heating and melting the filler powder, heating the
base metal before melting and maintaining the weld
pool in a liquid state (the useful part of the heat), as
well as radiation into the surrounding space (includ-
ing as a result of reflection from powder particles, de-
pending on its reflectivity) and heat removal to the
base metal (heat loss). The thermal efficiency of the
laser surfacing process and the parameters of its re-
gime depend on these indicators: laser power, the
amount of powder supplied per unit time, its granu-
lometric composition, etc. [30, 31]. This is complex
calculation and for simplification of the description in
current research we have considered only the effect of
the powder particles (i.e. filler powder). Tabernero et
al. [32] have described the impact of a shadow of par-
ticles during the interaction of the laser and the pow-
der while cladding is in progress. They have assessed
the attenuation undergone by the beam and character-
ized the density of energy that reaches the surface of
the substrate. They were able to perform this calcula-
tion with a computational fluid dynamics (CFD) mod-
el, which has been experimentally validated. More-
over, the present authors used the calculation of the
attenuated power to determine the minimum power
necessary to ensure an accurate clad/substrate bond-
ing [26]. Nevertheless, the local attenuation due to
the Gaussian powder distribution has not been studied
along the curve section.

El Cheikh et al. [23] have discovered that at the focal
position, fs, presented in fig. 2, a Gaussian distribution
of powder can be observed. Qi et al. [33] have proposed
an equation of the powder distribution NV (x, ) depend-

2800
2600 7
2400
2200
2000
1800
1600
1400
1200

1000 1 1 1 1 1 1 1
=20 -15 -1.0 05 0 05 1.0 15

Powder stream diameter (mm)
Fig. 10. Distribution of the power attenuation on the substrate
(x =0 is the focal point) for an input laser power of 2800 W
Puc. 10. Po3nonin 3aracanHs MOTYXXHOCTI Ha miakuaami (x = 0 —
(hokycHa TouKa) sl BX1THOT OTYKHOCTI Ja3epa 2800 Br

Attenuated power (W)

2.0
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ing on the radial distance x and the axial distance z in
the case of a coaxial nozzle as shown:

N(x,z)szax (Z)exp(—Zx2 /Rz) (1)

With N [m™] the peak concentration at the
center of powder flow (x=0), x[mm] the radial dis-
tance and R[mm] the powder stream.

To understand how the power is impacted, the
Beer Lambert Law can be applied [33, 34]:

P!(x,z)=P,(x)exp(—oSNz) 2)

With PZ'[W] the power attenuated by the powder
flow, P [ W] the initial input power during laser cladding,
S [mm?] the particle section and a a factor which con-
siders phenomena like the scattering effect, plasma gen-
eration... o was obtained from an experiment of the at-
tenuated power during laser cladding. A power meter is
placed under an optically neutral glass to protect it from
the powder injected. During the test, an air flow was in-
jected horizontally in order to deflect the projected pow-
der. As an example, for an incident measured power of
1916 W, the measured attenuated power was 1498 W for
a PFR of 28.5 g/min. This led to adjusting the o coef-
ficient at a value of 6 (this result is in accordance with
literature [32]). If a is equal to 1, the attenuation is only
due to particle shadow. The present value of 6 indicates
that other phenomena (scattering effect, plasma genera-
tion...) also contribute to the power attenuation.

By inputting the powder distribution on each po-
sition of x it is possible to observe the power attenu-
ation on the radial distance for an incident power of
2800W as an example (Fig. 10).

Fig. 10 indicates that, at the center of the powder
flow (the focal point fs, Fig. 2), the power is attenuat-
ed from 2800 to 1200W. At the center of the powder
flow (x=0), 57% of the power is lost due to the powder
flow (absorbed or reflected). So, only 43% is available
for the fusion. Moreover, given that the absorptivity of
Cu-based materials is about 0.06, only 72W remains to
reach the substrate (and probably melt it). Since the fo-
cal plane of the powder flow corresponds to the center
of the mold curved surface, it can be assumed that this
shadow effect explains the lack of dilution DZ observed
at this position. Therefore, this phenomenon may be at
the origin of the absence of bonding for some cladding
conditions with too weak incident laser power.

A link between power attenuation, dilution and
HAZ. No HAZ was observed here when laser clad-
ding on a Cu-based substrate. But the heterogeneous
dilution in the mold’s curved section can lead to a
lack of bonding at the curved center and induce the
coating fall out during machining [1]. In the mean-
time, on the edges (according to the input laser pow-
er), less powder generates more power available for
the interface fusion. According to the substrate com-
position, a high HAZ can be generated and induces a
cracking behavior due to the high hardness as it was
observed in previous researches conducted by the au-
thors during laser cladding on cast iron [35].
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Conclusion. Ni-based powder was deposited by la-
ser cladding on a Cu-based substrate with a curved sur-
face. The cladding process parameters were widely ex-
plored in order to verify the bonding quality of the clad
to the substrate. Three kinds of metallurgical bonding
have been noted: lack of bonding, partial bonding or
perfect bonding. In addition, a constant lack of bond-
ing is observed in the center of the substrate curved
surface. Moreover, the chemical dilution depth be-
tween Ni and Cu was measured at the interface clad/
substrate depending on process parameters. It appears
that the dilution depth is also lower at the same loca-
tion of the curved surface. This could be explained by
the Gaussian distribution of the powder flow around
this point. Indeed, at the curved center the powder den-
sity is at maximum, so the input laser power is signifi-
cantly attenuated. Less energy is then available for the
substrate to melt and to ensure a perfect metallurgical
bonding. The attenuated power evolution moving away
from this central point would explain the discontinu-
ous bonding along the interface in the cross-section. As
it was mentioned above, a compromise was found in
the present work to ensure a minimal dilution (DZ) in
the curved center without affecting the based material
properties (limit the HAZ). This optimization can cor-
respond for example to a laser power of 3200 W with a
PFR of 28.5 g/min and a scanning speed of 8.5 mm/s.
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Hapiiinna o penaxuii 22.03.2022

TEXHONNOrA ENEKTPOLUNIAKOBOIO 3BAPIOBAHHA

(cnocib enekTpr4HOro 3BaptoBaHHS MeTaniB BENMKNX nepeTMHua)

Cepepn, npioputeTHMX po3pobok MaToHIBCLKOI LUKOMM CBITOBOrO PiBHSA Chif Bid-
3HaYUTM CTBOPEHHS EeMeKTPOLUNaKoBoro 3saptoBaHHs (ELLU3) — Hosoro cnocoby -
3BaplOBaHHS, LLO 3anoyaTKkyBaB HU3KY ereKTPOLLIakoBUX TexHornorin. Llen crno- F
cib 3BaptoBaHHs Gepe moyatok 3 igei €.0. [NaToHa NoBHICTI0O MexaHidyBaTu Bu-
TOTOBINEHHSI BEMUKOrabapuTHMX KOHCTPYKLN i3 3aCTOCyBaHHSIM aBTOMAaTWUYHOIO
3BaptoBaHHA nig dortocom. Y 1947 p. nig kepiBHuuTBoM €.0. MaToHa novanucs
[OCHiMKEHHs1 uporo crocoby. Y 1949 p. Bnepuie B cBiTi B IE3 iM. €.0. MNaToHa
ctBopeHo (B.€. MatoH, 3. BonoLukeBnY) enekTpoLuiakoBe 3BaptoBaHHSA — MPO- &
LlEC ENIEKTPMYHOrO 3BaptoBaHHs MeTaniB. B IHCTUTYTI Gynn rpyHTOBHO BUBYEHI
0COBMMBOCTI 3BaptOBaHHS TOBCTOrO METarly, CTBOPEHi 3BaproBaribHi i eNeKTpUYHI
anapartu, po3pobseHi NPUMHLIMNM aBTOMaTUYHOIO PErynoBaHHS ENEKTPOLLIAKOBO-
ro mpouecy. PospobneHi b.€. [NaToHOM NpYHUMNM aBTOMAaTUYHOIO perynoBaHHA
npouecy ELU3 cranu 6a3ot0 4ns NPOeKTYBaHHS creLianbHUX JKepen KUBMNeHHS
anapartiB ans ELL3 [1-3]. - - -

1. SnekTpowwnakoasa cBapka. / MNoa pea. B.E. MatoHa. — AH YCCP. UH-T anektpocBapku um. E.O. MatoHa. — K. M.:
Mawrus, 1956. — 168 c.

2. TexHomnorus aneKkTpPUYeckom CBapku MeTansnoB M cnnasoB nnaeneHnem / MNoa pea. B.E. MatoHa. — M.: Mawuu-
HOCTpOeHue, 1974. — 768 c.

3. BonowukeBuy I.3. CBapka BepT1KarnbHbIX LBOB METOAOM NPUHYAUTENBHOMO chopMmnpoBaHus // C6.TpyaoB Mo cBapke,
nocesileHHbix E.O. MatoHy. — Knes: N3a-8o AH YCCP, 1951. — C.371-395.

)

p
NITAKOYI POBOTU30OBAHI KOHTAKTHI YIIbTPA3BYKOBI TOBLUMHOMIPH
ANnA TEXHIYHUX OBCTEXEHbD B NMNOJIbOBUX YMOBAX

JliTatoui poboTn3oBaHi CUCTEMM, TaKOX BiAOMi SK APOHM, 3abesnevytoTb MOXIMBICTb 360py
[aHuX Ars Kora 3acTocyBaHb i 00cdriB, Aki 40Ci OynvM HEMOXNMBMMWU. BUKOHaHHS MOMbOBMX
0ob6CcTexXeHb NPOMMUCIOBUX 06’EKTIB 3 BUKOPUCTAHHAM MiTalo4oi poGOTN30BaHOT CUCTEMU KOHTP-
Onto, 34aTHOI 3a6e3nevnTi isNYHUIA KOHTaKT 3 KOHCTPYKLie abo 06’ekToM nif Yac BUKOHAH-
HSl Mpoueayp HEPYWMHIBHOTO KOHTPOSO abo 0BCTEeXeHb TEXHIYHOMO CTaHy, € Ge3neyHilLnM, HiX
PO3MILLEHHSI NMOAEN Ha BUCOTI, | 4O3BONSAE 3i6paTy GinbLue gaHuX 3a MeHLMIN Yac. Lli noBiTpsiHi
po60TM30BaHI CUCTEMU € YHIBEPCATNIbHUMM, PO3LLUMPIOBAHMM Ta THYYKMMW, L0 Aa€ 3MOTy 3Ainc-
HIOBaTK 6e3neyHiLui, WBuALI Ta SKICHILLI BUMIpIOBaHHS. Y LbOMY AECATUPIYYi i B nogansLiomy
OYiKYETBCS €CMOHEHLianbHe 3pOCTaHHA POBOTU30BAHNX CUCTEM KOHTPOIHO, OCKINbKM BITACHUKM
aKTUBIB i MocTavanbHUKX MOCHYT YCBIOMITIOTL X EKOHOMIYHY peHTabenbHICTb Bknagy B po3-
LUMPEHHS IHOPMaLiHNX PecypCiB, a TakoX y nigBuLeHHs 6e3nekn. OauH 3 nepumnx Bunag- &
KIB BUKOPUCTAHHS LIMX MOBITPAHNX POBOTOTEXHIYHUX CUCTEM OO3BOMSB BUMIPOBATU TOBLUMHY
CTiHKM (TOYHIiLLE, TOBLUMHY MigKMaaky) 3a OMOMOrOK NMOPTATUBHOMO ENEKTPOHHOTO YIbTPa3By-
KOBOIO BMMIpIOBaNibHOrO MpPMUCTPOD. BnbpaHi Ta BNpoBagKeHi HANeXHUM YMHOM, Ui CUCTEMM
MO3NTVBHO BNMMNBAKOTL Ha Be3neky, Yac, aHaniTvKy, AOCTynN Ta BapTiCTb. BumipioBaHHA HapatoTb ||
BiIOMOCTI, SiKi € OCHOBOI HalUMX NporHosiB. Lli noBiTpsiHi po6oTr3oBaHi cucteMun ans BUMIpO- ¢

BaHHS TOBLUMHW [O3BOMATbL KOMMAHIAM YAOCKOHAMNoBaTh NPoLec BUMIPHOBaHHS TOBLUMHK i |
30vpaTy gaHi, SK1X paHile He icHyBaro, TakumM YMHOM [JOMOBHIOYM 3HAHHS. CUCTEMU TaKoX
3aatHi NigBULLMT eDEKTUBHICTL POOOTHM, BKIHOYAOUM MOBHICTIO KOHTPOMbOBaHI MPOTOKONM Ta
iHbopmalLito Ans umdpoBisallii nnaHiB BNPOBafXXEHHS!, JO3BONANYM 30CEpeanTUC Ha 3ararnbHii KapTuHi ONns nnaHy-
BaHHs Ta BignosiaHoro 6togpkety. Kpim Toro, BOHM fonomaratoTb AOCArTY 3Ha4YHOT eKOHOMIT BUTpaT, 0cobnmBo KOy BOHM
3anobiratoTb BUBEOEHHIO aKTVBY 3 eKcrinyaTaLii abo cnpusioTb CKOPILLOMY NOBEPHEHHIO aKTUBY B eKcryaTauito. Haperu-
Ti, BOHW € EMeraHTHNM pilleHHAM Lodo 6esneku, ke 3axuLLae NpauiBHYKIB Big HEGEe3Mekn Ta MOTEHLINHO PATYE XUTTS.

A

)
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MVY3EMHUN KOMITJIEKC
IHCTUTYTY EJIEKTPO3BAPIOBAHHY im. €.0. IATOHA

My3zeitnnii komruieke 1E3 im. €.0. [1atona, cTBo-
penumii Hakazom aupekiii Ne 445 gin 11.12.1984 p. i
HiMUCaHUuN TUPEKTOpOoM akajaemikom bopucom [la-
TOHOM, € JJOTIYHUM HACJIAKOM ITaTOHIBCHKOTO CTHIIIO
MpOTIaryBaHHs 3HAHb 1 JIOCSTHEHb YKPaiHCHKOI HAYKH.

Icropist ekcrio3utii My3eto rovanacst OLTBII K CTO
pokiB Tomy. Ha mouarky XX cropiuusi BU3HAUHUN
Y4eHUH MOCTOOYIIBHUK 1 TIeJIaror, a 3 xoBTHs 1906
110 yk0BTeHb 1907 pp. NeKaH iHKEHEPHOTO BiUIUICHHS
KIII €sren Ockaposuu Ilaron, ctBoproe B KuiBcbko-
MY TOJIITEXHIYHOMY THCTUTYTI €KCIIO3HIIII0 TUTIOBHX
BY3JIIB I'PaT4aCTHX KOHCTPYKIIIH JIepeB’ STHUX MOCTIB,
KaOiHeT MojieNell 1HKEHePHHUX CIIOPY/IXKeHb 1 BHACITI-
JIOK IIbOTO MPHU3HAYAETHCS 3aBiyBadeM 1HKCHEPHUM
MY3€€M THCTUTYTY. Maiike MiBBIKY MOCILIb, BXKE Mpa-
[IOIOYH TUPEKTOPOM [HCTHTYTY €leKTpO3BapIOBaHHS,
BiH OpraHizye My3eii 3BaproBaibHOT TeXHIKH. B 000x
BHITQJIKaX CKCIIOHATH 1 CYITyTHS iH(GOpMAITis T03BOJISI-
JI1 MOJIOJTUM IHXKeHepaM He TUTbKH 3aKpIMUTH OTPH-
MaHi ITiJT 9ac HaBYaHHS y BHUIIIHN IIKOJI1 HAYKOBO-TEX-
HIYHI 3HaHHS, ajie i yCHmiHO BUKOPUCTOBYBATH iX y
MPOEKTYBaHHI MIPUHIIUTIOBO HOBHX CIIOPY/ 1 MAIITHH.

CrOromHIMHIA My3eHHAN KOMIIJIEKC pO3TaIlo-
BaHUHN y I’ATH 3aJIlaX 3arajbHOIO0 TJIOIIEI0 Maike
350 m?, 3Hax0oaUThCs Y [0I0BHOMY KOPITYCI O BYJIHUII
B. AaTonosuua, 69.

[TouaTok ekcro3uiii TpajauIiHHuA. Y HEeHTpalb-
HOMY 3aJli MeMopiaJIbHOTO My3er0 €Brena OckapoBH-
ya [laToHa B IOKyMEHTAJLHUX Marepianax rmokasaHi
POKH 10oro HaBuaHHS B KOpOIiBCHKOMY CaKCOHCHKOMY
BUIIOMY TeXHIYHOMY yumnuiii M. pesnena (1888—
1894 pp.) Jlani ekcrio3uilisi po3MOBiIa€e PO HEOPIH-
HapHUU nUIAX cxojkeHHA €. [laTona Ha BepmmHy
HAYKOBO-BHUKJIQIallbKOi MalicTepHOCTI y cdepi Bu-
moi ocBiTu. Tak, Hanpukian, Bxe B 1891 p. ifomy,
CTYAICHTY 3-TO KypCy, IOpydYalid 3aMiHy 3aXBOPIIUX
npodecopis. 3 1894 p. BiH — acucTeHT Kadeapu Moc-
ToOynyBaHHs npodecopa Binbrensma dpenkeds.
Hampukinui 1896 p., micist 31a4i ek3aMeHiB 3 12-Tu
MIPEIMETIB, 10 CKJIAATH PI3HHUITIO MiXK KypcoM Jlpes-
JICHCHKOT BUIIOT MIKOJM M [HCTUTYTY iHXKEHEpIB MIIs-
xiB crionyueHHst y [lerepOyp3i, a TaKoX MiJIrOTOBKA
I’ SITH TIPOCKTIB, IO TAaf0Th IPABO HA OACPIKAHHS PO-
CIHCBKOTO TUTUIOMA, OJCP KABIIN 3a3HAYCHUH TUTLIOM,
BUITYCKHHUK JIpe3/IeHCHKOTO IHCTHTYTY CTa€ MM03aliTar-
HUM BuKiIanadeM llerepOyp3bKoro iHCTUTYTY IIJISXiB
CrIoNy4deHHs, a 3 BepecHa 1897 p. Bukianadem Moc-
KOBCBKOTO iHXKeHepHoro yuwimiia. [licias ycnimmoro
3axucty muceprtarii B 1901 p. €.0. [1aton nmpodecop
kagenpu MocTiB MOCKOBCHKOTO YUHIIHIIA 1HKECHEPIB
HUISAXIB croiy4eHHs; 3 1904 p. — opnuHapHMii ipode-
cop kadenpu MocTiB imkeHepHoro gaxynsrery KIII;
3 1906 — nexan nporo QaxynsreTy. Ha mpots3i Bcko-

54

TO XUTTS OisUTbHICTE €BreHis OckapoBuua [larona
1oB’A3aHa 3 KUTBCHKUM MO TEXHIYHUM 1HCTUTYTOM.

[TapanenspHO 3 BimoOpaxeHHAM HAYKOBOI 1 BUKJIA-
nmarbpkoi AisutbHOCTI I1aToHa, B €KCIO3UIIT My3€10
MpeICTaBIeHEe HOTO CTAHOBJICHHS SIK MMPAKTHKA.

VY 1894 p. imxenep TexHiuHOTO Bimimy Jpes-
JEHCHKOTO 3aJII3HUYHOTO By3J1a, MOJOAMH (haxiBenb
€.0. [laToH 3ailiCHIOE PEKOHCTPYKITiF0 TOJTOBHOTO 3a-
J3HAYHOTO BOK3aiy, 3 1895 muminHo mparroe Ha Moc-
ToOymiBHOMY 3aBoli «I yTexopHy-cxroTTe» B Obeprc-
xay3eHi, ay 1896 p. mo cyMiCHUIITBY 1HKEHEPOM IS
MEPEeBIPKU PO3PAXyHKIB MO0 MOCTAX CIYKOW MIJIAXY
MukosaiBChbKOI 3aIi3HULI.

HactymHi 12 pokiB Big3Ha4YeHI MPaKTUIHOIO
pearizamieo MacmTaOHUX 1HXXCHEPHUX 3aJTyMiB
€.0. Ilarona: y 1897 p. moOymoBaHHI MUIIXOMPO-
Bim Ha MoCKOBCHKO-SpocmaBchKiii 3ami3uutli; 1904 —
CIIOPYIKEHO KiJTbKa MOCTIB Uepe3 Pikh Ha TEPUTOPii
Pocii. OcobmuBo Bigzaaunmo 1908—1910 pp., xomu
Oy CTIPOEKTOBAHI 1 CIOPY/DKCHI apKOBUN MICT HaJl
[TerpoBcrkoto aneeto y Kuesi i MyXpaHChKHUI MiCT
gepe3 piky Kypy y Tidumici.

Ha mouatky Ilepmroi cBitoBoi BiitaN €.0. [1aton
OpTaHi3ye MOCTOBY cekIlito KuiBChKoTro BifiCHKO-
BO-IIPOMHUCIIOBOTO KOMITETY, CTBOPIOE TIPOEKTH Pi3-
HHX MOCTIB JJIST BIHCHKOBOTO BiJJOMCTBA, KOHCTPYKITIi
pO30ipHIX MOCTIB, BiIIIPaIIbOBYE MPOTPECHUBHI METO-
TN ICTTUTY MOCTIB.

Po3min OyniBHUITBA KIIETAHUX MOCTIB 3aKiHUY-
€ThCS (poTOMATEpialaMu 1 MakeTOM MOCTa iM. €. borr
gepe3 p. Auainpo y Kuesi.

HacrymHi excro3uitii BiIKpUBarOTh HOBY CTOPIHKY
KUTTS 1 TBopuocTi €.0. [laToHa — TOTTUTIMBOTO J0-
CJTITHWKA, BUJATHOTO BUSHOTO, OpTaHi3aTopa i KepiB-
HHKa, TBOPIIS HOBOI TEXHIKH 1 TEXHOJIOTIi 3BapIOBaH-
HS, BU3HAYHOTO MOcTOoOymiBHUKA. [lepion 3 1899 mo
1928 pp. 3HaMeHy€eThes myosTikartiero 61t 90 mpars 3
MocToOymyBanHs, a 3 1929 mo 1953 — 61 150 poOit
y HOBIi#l 111 HEOTO cepi 3BaproBanHs. Jlo pedi, Oara-
TO MIPUMIPHHKIB BHIAHUX HAYKOBHX PO3pOOOK 30epira-
FOTHCSI Ha TTOJIUIIAX KHIKKOBHX ITad) HAIIIOTO MYy3€IO.

VY 1929 p. €sreniit [laton oOupaeTbes HiiCHIM
qIeHOM Bceeykpaincrskoi akamemii Hayk (BYAH). Oco-
OJIMBO CIIiJ 3a3HAYUTH TOU (PaKT, I0 HOro TBOPUICTH
Bigkpuia 6e3J1id HEBIIOMHX paHIIIe MUISXiB iHTCH-
CHUBHOTO PO3BUTKY HOBHX HAIIPSIMKIB y CBITOBIii 3Ba-
PIOBIBHIN HAYIII.

Jaui excrio3uIii My3er0 po3KpHUBalOTh TEMY aBTO-
MaTH3allii mporecy 3BaproBaHHs, €Talld CTBOPECHHS 1
3aCTOCYBaHHS B HAPOTHOMY TOCIIOAAPCTBI HOBOI IIPO-
TPECUBHOI TEXHOJIOTI{ — 3BaprOBaHHS i (IIFOCOM, 32
sKy B 6epes3Hi 1941 p. Ilaton ogepkaB CraiiHCHKY
npemiro, a y 1943 p. 3a 3aciyru nepes 0aThbKiBIIH-
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Hoto €.0. [TaToHOBI mpuUCymKy€eTHCS 3BaHHS [epost
couianicTnyHoi npaini. Toro sk poKy Bpy4a€eTbcs psij
YPAIOBHUX HArOpoja HOTO CHiBPOOITHUKAM.

Ha cnemianpHOMY CTEHII TIPOITIOCTPOBAHA 3HA-
MEHHa TO[lif B JKHUTTi IHCTUTYTY — noBepHeHHs [E3
Ha "outi 3 [laronom y KuiB y uepBHi 1944 p.

diHabHA EKCIIO3UILIS IICHTPATBHOTO 32Ty MYy3€l0
€.0. Ilarona mpucBsiueHa po3po01Ii, MPOCKTYBAHHIO
1 CIIOPYIKEHHIO HAaWOIIBIIOTO B Ti POKH (AOBXKHHA
1542 M) cyminpHO3BapHOTO MOCTa yepe3 p. JArimpo B
Kuesi. ¥ 1995 p. Acomiamis 3BaproBaipHEKIB CIIIA
BHU3HAJIa KHIBCHKUH CYIIUIBHO3BApHUN MicT iMm. €.0.
[TaToHa Halikpalor KaiTaabHOI CIIOPYIOI0 cepe-
IuHA XX CT., ToOyI0BaHy 3a OPUTIHAIBHOIO TEXHO-
JIOTi€10, 110 HE MaJia aHAJIOTIB B CBITOBIM MPaKTHIII.
BinnoBijgHuii AUIIOM 30€pIraeThest 1 EKCIIOHYETHCS B
HalIOMy My3ei.

CTeHa0BI EKCITO3HIIIT Ta eKCIIOHATH JAPYTOi 3aJTH
My3ero — Me0ui 1 ocobucti pedi akagemika €.0. Ila-
TOHA — 30epiraTh arMocdepy KabiHeTy AMPEKTOpa
THCTUTYTY, e IPUCYTHIH IyX TBOPUOCTI Ta LiecHpsi-
MOBaHOCTI KepiBHMKa BU3HAHOTO B KpaiHi Ta 3a ii Me-
YKaMHU JIOCITITHUIIBKOTO IIEHTPY. ATMOC(epa KabiHeTy
CyBOpa, aCKeTHYHA 1 BiJoOpaXkae peasibHi YMOBH PO-
0O0TH HAYKOBIIS TOTO Yacy.

Tperiii 3a1 My3ero MpeJCTaBIISE Bi/IBi{yBadyaM I1e-
pEeHEeCeHHH 13 KUTIOBOTO (POHYy AOMAIIHIN KaOiHEeT
BUEHOTO, [0 BKIIFOYAE HOro MUCHMOBHUI CTL, 0101i-
OTEKY 1 KyTO4OK BiAmMounHKY. OpuTriHaibHi CBITIMHU
JIAI0Th YSIBY PO CTYACHTCHKI POKH, POJUHY, IIiTEH.
CrpumaHno, CIoKiifHO ane i 3aTUIITHO.

HactymHi 3a1m My3eifHOTO KOMIIJIEKCY TIPHCBSI-
4eHi ictopii [HCTUTYTY enekTpo3BaploBaHHs, IO 3
1945 p. HocuTh iM’s akanemika €.0. [latona. ¥ ro-
JIOBHIN €KCIO3UIIiT BiOOpa)XeHUI MTOYATOK [isThb-
HOCTi IHCTUTYTY, LII0 B TOM Yac po3TalIOBaHHUI B
HeBeJIMKOMY OynuHKY Ha Byil. Koponenka, 94. Came
TaM 3HaXOJHJIaCh €KCIIEPUMEHTaIbHA MalCTepHS
HEBEJIMKOI TPyNH HaTXHEHHHUX €HTY31acTiB, MO0 3a-
HMaucsl KOMIUIEKCHUMH AOCIIKEHHSIMHU 3BapHUX
KOHCTPYKLIiH, METaIypri€io mpouecy 3BaploBaH-
Hsl, METQJIO3HABCTBOM 3BapHUX 3’ €qHaHb, (PI3UKOIO
IyroBoro po3psay. ¥ 1935 p. iHCTHTYT Hapaxo-
ByBaB y 3-X Bifginax i maicrepHsx 10 HaykoBHX
cniBpoOITHUKIB 1 23 (axiBIiB 3BapIOBaHHS Ta Cy-
MDKHHX Tpodecii.

B my3ei npepcTaBiieHi eTanu po3BUTKY HAHOUTBITT
BHU3HAYHOTO Y CBITI LIGHTPY 3BaploBajibHOI Hayku. B
eKCIIO3MLIi BioOpaXkeHe HAapOILyBaHHS TEMITy iHTEH-
cudikamii 1oCHiIKEeHb 1 BOPOBaIKECHHs PO3POOOK,
MPOAMKTOBAHE BUMOTAMH JI0 TOTOYACHOTO iCTOPHY-
HOTO eTaIry po3BUTKY NpomuciioBocTi: y 1931 p. op-
raHi30BaHi mepii BCEyKpaiHChKi KypcH 3 eNeKTpo3Ba-
proBarss pu BYAH, 3 1931 o 1937 pp. po3po0ieni
1 BUIpoOyBaHi TpH pi3HI MOJETi aBTOMAaTHYHUX 3Ba-
pIOBaJbHUX ToJiBOK, Y 1939—1940 pp. — moOynosa-
HUH Nepmnii 3saproBanbHui TpakTop. Toxi sk BUrO-
TOBJISIIOTHCSL CEPiHHI TOMIBKH JUIsl 3BapIOBAHHS ITiJl
¢urocom, a B rpynHi 1940 p. y BiANOBIAHOCTI 10 TO-
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Jlomamniii kadiner €.0. [Tatona

craHoBHu ypsay CPCP aBanisates 3aBoJIiB BITPOBaIKY-
I0Th aBTOMaTHYHUHI BapiaHT IbOTO BHY 3BapIOBaH-
H. B My3eiiHiil ekcro3uii AeMOHCTPYIOTBCS 3pa3Ku
1 MoJieJli 3rajlaHoi TexXHIKU: 18 OMHUIL HATYPHUX
3pa3KiB 1 MakeTiB 3BaprOBajbHOTO O0NaJHAHHS, B
TOMY YHMCIIi IEPIINHA YHIBEpCAIBHUH MiKPOCKOIL, TIPH-
n6anuii inctutyToM y 1938 p.

VY i HenpocTi poku akaaeMik [laToH npoknanae
HOBI IIUISIXU TIPOTIaryBaHHs 1 MPAKTUYHOTO 3aTy4CH-
HSl yBaru TpoMaJIChbKOCTi JI0 HOBITHIX JIOCSITHEHb 3Ba-
PIOBaJIbHOI TEXHIKH 1 TEXHOJIOTIH: 30KpeMa BiH CTBO-
pIO€ TIEpEeCYBHUI BaroH-1a00paTopiro, Mo KypcyBas 3
KOMaHII010 (DaxiBIIiB-IHCTPYKTOPIB Ta 3BAPIOBATLHUM
00TaTHAHHSIM TIO yCiil BeTMUEe3Hii Tomi KpaiHi.

l'omoBHa excrno3winis My3ero icTopii iIHCTUTYTY 3a-
BEPIIYETHCS MaTepiajJaMu PO HAWOIIBII BHIATHUX
YYEHHX, sKi nmpoinum HaykoBy mkory €.0. Ilarona
1 CKJIaJIM OCHOBY HaWOLIBIIOTO HAYKOBO-TEXHIYHOTO
KOMIIJICKCY, 110 BUPIC 3 HEBEIUKOTO KOJICKTHBY CaMO-
BiJIaHUX copaTHUKIB €Brenis OckapoBUYa MMOYaTKy
1940-x pokiB.

TemaruuHi eKCO3UILii, SK Pi3HOBUU TOJIOBHOI,
noOyoBaHi Ha MakeTax i HATypHUX 3pa3Kax ycTar-
KyBaHHsI, UTIOCTPYIOTh (yHIaMEHTaIbHUNH BHECOK
MaTOHIBIIB y PO3BHUTOK OyAiBHHIITBA razoHagro-
MPOBO/IIB, PYXOMOTO CKJIaay 3alli3HUIlb, 00NaHaH-
HSl JUISL ByT1JIbHOI MPOMUCIIOBOCTI, CIEIIaIbHOT TeX-
HIKH, HaIliBaBTOMATIB IS 3BapOBaHHS Mg (QIIOCOM,
BIPOBAKEHHS IPUHITUIIOBO HOBOT TEXHOJIOTI] CeK-
IiHHOT 300pKHU 1 3BapIOBaHHS KOPMYCIiB PIYKOBUX
Ta MOPCHKUX CyaeH. He TUThbKHM M psIIOBOTO Bij-
BiflyBaua My3ero, a i juisg QaxiBIiB BENUKUH iHTE-
pec ABJISIIOTh MIKPOIIJIA3MOBE 3BAPIOBAHHS TOHKO-
JUCTOBUX KOHCTPYKIii ToBmmHOIO 0,1...1,0 MM,
BUTOTOBJICHHSI 3BaPHUX JINCTOBUX KOHCTPYKLIN MeTO-
JIOM pPYJIOHYBaHHSI.

Excno3unii My3ero inecnpsiMoOBaHO KOPETIOIOTh-
csl 3 XpoHoJoriero HaykoBoi pismbHOcTI IE3, mo op-
TaHIYHO BiIOUTO B MOOYIOBI TEMAaTHYHOTO 1 TEMATH-
KO-€KCIO3HIIIHHOTO TUIaHiB. [Ipukia oM € ekcro3uirii
«3BapHi MOCTH 1 3BapHi KOHCTPYKILIi», «3BaproOBaHHS
HaWOLIBIINX JIOMEHHUX TIeueil», «3BaproBaHHS 00-
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CBAPHBIE
MOCTBI

Crenan My3ero

CcagHUX TPYO HaJ yCTSAM IINap», a TAKOXK 3aKITIOTHA
eKCITo3uIlis 4-oro 3amy mMy3eto « CyliTbHO3BapHA Te-
neBiziiiHa Bexka B M. KueBi».

Jaumi mpeacTaBneHe aBTOMaTHIHE 3BAPIOBAHHS TH-
TaHa mig ¢urrocoM. TYT po3KpHUBAETHCS METO, 32 J0-
TTOMOTOFO SIKOTO CITIBPOOITHUKAM 1HCTUTYTY BIAJIOCS
CIIPOCTYBaTH TIOMHJIKOBE yABJICHHS TOMINTHROI HAYKH,
10 TUTAaH 1 HOTO CIIaBH MOKHA BApPHUTH JIUIIIE B CE-
PEIOBHIIII apPTOHY.

Benukwuii po3mis MpUCBSIICHUH PSAY TEXHOOTIH,
CTBOPECHUX HA OCHOBI BIIKPUTTS KOHTAKTHOTO 3Ba-
pIOBaHHS OILIABICHHSM: 3BapIOBAHHIO KiJIBIIEBUX
3aroTiBeNlb y MamnHOOYTyBaHHI, 3BApIOBAHHIO Ma-
TICTpaJIbHUX TPyOOTIPOBOIIB i PEHKOBUX IIUISIXiB, 3BA-
PIOBAaHHIO KOHCTPYKIIiH 3 YHI(IKOBAaHUX €IIEMCHTIB.
Okpemo mpeacTaBieHe qudy3iiiHe 3BaproBaHHS Me-
TaJICBUX 1 HEMETAJECBUX MarepialliB, HAIUIABICHHS i
130TepMiYHE HAITHITIOBAHHS.

CreniaasHAA pO3Aia PO3IOBigae MPo MpaKTHI-
HUW BHECOK ITaTOHIBIIIB B JTOCIIPKEHHS KOCMOCY, 3
MiKPECICHHSAM YHIKaIbHOCTI BITYM3HIHUX KOCMIid-
HUX TexHouorii. TyT npencrasieHi: ycraHoBKa «Byi-
KaH», [0 J03BoMiIa KocMoHaBTaM KybacoBy B. ta
[Howniny I'. Ha xopabmi «Co103-6» 16 xoBTHSI 1969 p.

V¥

Mixkpockon ¢ipmu BYIII 1938 p.
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yreplie BUKOHATH €KCIIEPUMEHTH IO 3BaprOBaHHIO
B KocMoci; yctaHoBKa «McnapuTensy, 3aBIsSKH SKii
BIIEpIIIE 32 JIOIIOMOTO0 3BaPIOBAJIBHOTO MPOLIECY Bla-
JIOCSI HAHECTH 3aXHMCHI TIOKPUTTS Ha BUPOOH B YMO-
BaX KOCMIYHOTO Bakyymy; ycranoBka YPI, Ha skiii C.
CaBuipka 25 nmunas 1984 p. BukoHasna 3BaproBaHHS Y
BIZIKPUTOMY KOCMOCI.

[Ipencrasiene obnagHaHHS cHCTEM «3apHHLAY 1
«Apaxkcy, 10 3a0e3MeUnIN eKEeKTyBaHHSI B KOCMiy-
HUH TPOCTIp MyYKiB €NEKTPOHIB i B HAYKOBHUX IIJISIX
BUKJIMKAJIM IITyYHE MiBHIYHE MOJSIPHE CAHUBO.

BusHauHMiT BHECOK KOJICKTUBY 1HCTUTYTY B 3MIill-
HEHHs1 000POHHOI MPOMKCIIOBOCTI KpaiHu B poku Jpy-
roi CBITOBOI BiiHH YBIYHEHHH Y CTICIiaTbHOMY MEMOPi-
aJTi, po3TalIoBaHOMY il BIIKPUTUM HEOOM Ha TEPUTOPIl
03€JICHEHOI pekpeaitii. bijisi BCTaHOBIEHOIO Ha MOCTa-
MeHTi TaHka T-34 po3sraioBaHa MeMoOpiaJibHa JIOIIKA,
Ha sIKiii BUKapOoBaHi iMeHa criBpoOiTHuKiB 1E3, 1o y
BOEHHI POKH 3BapIOBaIM TaHKK Y M. Hyokwiit Tarin.

Bripoiossk Ok, HIX CTOJIITHBOT iCTOPIT 3BaprO-
BaHHS MOKa3a10 cebe sIK He3aMiHHA, 3aBKAH cydac-
Ha, MEePCIEKTUBHA 1 THyYKa TEXHOJIOTisi CTBOPEHHS
HEpo3’€MHUX 3’€JIHaHb, SIKa OPTaHIYHO BITUCYBAIACh
y KOKeH HOBHI eTar HayKOBO-TEXHIYHOTO IPOrpecy.

Cgoro uacy iH(popMarliitHi MaTepiaiau, eKCIIOHATH,
¢dororpadii, 6i6ioTeKy BHJAHUX Mpallb, 3pa3ku 3Ba-
PIOBaJILHOTO OOJIaTHAHHS 30Mpaiiu, 30epiraan, KOH-
CepBYBaJH JUIs My3€t0 3 (paxoBicTio 1 JIFOOOB’I0 TaKi
HAyKOBIIi 1 copaTHUKU QyHAaropa [HCTUTYTY enek-
Tpo3BaproBanHs: K.T.H. Cobst OcTpoBChbKa, K.T.H. Jlist
I'yrmaHn, x.1.H. Tamapa Cnynpka, Banentiuna Yoens,
Bopuc €deros, k.ex.H. Beceponon Tpoiubkuii.

ChOro/IHi yac CTaBUTh HOBI BUMOTH 1 3aBiaHHs1. My-
3ell motpedye CyTTEBHUX 3MiH 1 BIOCKOHAICHHS, TOKPa-
[EHHS TEXHIYHOTO OOnagHaHHs 1 30UIbIIEHHS IHO-
BUX MY3eHHHX eKCIIo3uIIii. KoHue HeoOXiTHO CTBOPUTH
CKCITO3UIIIMHUI (DOHJT BUIATHUX yUCHUX THCTUTYTY. J{0
MIPUKITaTy, MEMOpiaIbHUH KYyTOUOK KabiHeTy Bomomu-
Mupa €BreHoBrya [laroHa TepUTOpialIbHO 130JILOBAHHI
BiJl My3€10, IPAKTUYHO HE BiJ[BIy€ThCSl Oararo pokis,
a BIJITaK MOBIJIBHO 3racae, sik KaKyTh My3eiHukH. Jlo-
LUTLHO OyJ10 O 3HAHTH MICIIE 1 PO3MICTHTH LI KyTOYOK
nam’siti B [0JI0BHOMY KOpITyCi.

Bcei 1i nuTadHsa Ta 0araro iHIIMX BXOAATH 10 Ha-
IIMX TUTaHIB Y MallOyTHbOMY. [0JIOBHOIO METOIO MY-
3€10 3aBK/au 0yI10, € 1 Oy/1e 3aliKaBIeHH MOJIOII, J10-
JIydeHHs 11 10 BCiX BH/IIB 3BapIOBAILHUX TEXHOJIOTIH
Ta BUPOOHUIITBA, BiJ| MPAKTUYHOTO 3BAPIOBAHHS JIO
HAyKOBHX JIOCIIIPKEHb Ta JIOCATHEHb.

Hapaszi my3eitHnii KOMIUIEKC [HCTUTYTY eeKkTpo3-
BaproBaHHs iM. €.0. IlaToHa akTHBHO cipmsie 30epe-
KCHHIO, 3MIIHEHHIO 1 MOMYJISIpU3aIlii BITYU3HIHUX
TpaJguliii HayKOBO-TEXHIYHOI TBOPUYOCTi, chopmo-
BaHUX BCECBITHHO BiJIOMUMHU 3aCHOBHHKAMH 3BapiO-
BaJILHOTO BUPOOHHMIITBA TA HAYKH YKpaTHH.

IcTopiro TBOPSATH MHOMH, a Hayka (hopMy€e MaliOyTHE.

Omnera CeniBepcToBa,
3aBigyBauka My3ero [E3 im. €.0. [larona m. Kuis
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FRONIUS iWAVE: IHHOBAIIMHUM ITPOJIVKT «3 B 1»,
TOTOBHICTH JO BUPIIIEHHS BY/[b-SIKNX 3AJAY

Cepist iHTENEKTyaJbHUX YAOCKOHAJIEHHUX MPHU-
ctpoiB iWave Bim kommanii Fronius BcTaHOBIIO€
HOBIi CTaHIIAPTH SKOCTi, THYYKOCTi T4 MOXJTHBOCTEH
migkiroueHHs. xepeno xupinenas TIG mo3Bose
CTBOPIOBATH i/IeaJIbHI 3BapHi IBU NMPU BUKOPHUCTAH-
Hi OyZIb-SIKHX 3BapIOBalIbHUX MatepiainiB. Kpim Toro,
3aBASKH Psiy iHHOBAI[IMHUX (PYHKIIIH BiH 3a0e3re-
qy€ MOXKJIMBICTh BUKOHAHHS KUIBKOX ITPOLIECIB OHO-
yacHo. CrieniainbHa MOAYJIbHA KOHCTPYKLiSE CHCTEMHU
MpU3HAYEHA JUUIsl BAKOHAHHS Oy/b-sIKUX BUMOT SIK 3a-
pas, Tak i B MaiilOyTHbOMY.

Komnawnis Fronius cTBopuia cepito iWave, 1100
rapaHTyBaTd HaiiBUILy siKicTh 3BaptoBanHs TIG, a
TaKoXX O€3/I0TaHHI pe3yNbTaTH POOOTH 3 BUKOPHUC-
TaHHSAM pI3HUX MaTepianiB. [HHOBamiiiHa QyHKIIA
CycleTIG npusnauena mis 3a0e3medeHHsT MaKCH-
MaJIbHOTO KOHTPOJIIO 3BaproBajbHOI Ayru Ta Lije-
CHPSIMOBAHOTO TEIIOBOTO BIUUBY. Cepel KITF040BUX
0COONMBOCTEH TaKOXK MOXKHA BiI3HAYUTH YIOCKOHA-
JICHUH KOHTPOJIb HAaJ 3allaJCHHSIM Ta MAaKCUMAaJbHY
MIPOCTOTY BUKOPHUCTAHHS 3aBISKH IHTYITUBHO 3pO-
3yMUIOMYy KepyBaHHIO. iWave — 1ie izeanbHuil BUdip
B YMOBaX, KOJIU HEOOXiJJTHO YHUKATH YTBOPEHHS MOp
1 KOJIbOPIB MIHJINBOCTi, HAPUKJIaJ, IPH 3BapIOBaH-
Hi CyIMH BUCOKOTO THCKY, TpyO abo mpH BUKOHAHHI
BKpail CyBOpUX BHUMOT Y rajly3i MEANYHHUX TEXHOJO-
rilf, a Tako)Xk BUPOOHUITBA MTPOAYKTIB XapuyBaHHS.
Cepis npuCTpOiB Terep AOCTYIHA B KaTEropii MOTYX-
"ocri Big 190 no 500 A.

iWave — 11e oeiHaHHs MepenoBoro nocBiay 3BaproBanus TIG,
MaKCUMaJIbHOTO KOHTPOJIIO Ta HEIepeBepIIeHOT TOYHOCTI 3aBs-
xu ynkuii Fronius CycleTIG
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VYHiBepcanbHe pillenss 3 pynkuiero Multiprocess
PRO

MOXJIMBICTh OJJTHOYACHOI'O BUKOHAHHS KIJIBKOX
MPOILIECIB € JTy’KEe BAKIIUBOIO, SIKIIIO MOBCSIKACHHA EKC-
IJIyarailis BUMarae MmocTifHOTO MepeMHUKaHHS MiX
PI3HUMU 3aBAaHHSAMHU. 3aBISKU HOBITHIM TEXHOJIO-
rii TIG cepis npuctpoiB iWave i1€aIbHO TIAXOAUTD
JUTSL 3BAPIOBAaHHS CTPYIKHEBUM €JIEKTPOJIOM HABITh
32 YMOBU BUKOPUCTAHHS €JIEKTPOIiB 3 LETIOI03HIM
nokputTsaM. Omist Multiprocess PRO BinkpuBae xo-
pUCTyBaueBi HEOOMEKEHHI JOCTYT /IO BCIiX MPOIIECiB
MIG/MAG y kareropisix notyxHocTi Big 300 A. Sk
pe3yabTar, yHiBepcaibHa 0araroyHKIIiOHaJIbHA CH-
creMma 1Wave 103BoJIs€ JOCATTH HAHBHUIIOT SIKOCTI T
Yac BUKOHAHHS Oy/Ib-SIKHX TPOIIECiB 3BApIOBAHHSI.

’'nyukicTs, aganTaniss mii BUMOru KJi€HTa
Ta MOXKJIMBICTh BUKOPUCTAHHA JJIs1 MalOyTHIX
3aBJaHb.

iWave — raydka cucrema, sika aJanTy€eThCs MiJ
BUMOTH KIIIEHTA Ta HAJa€ KOPUCTyBauaM MOKJIH-
BICTh BHOpPATH 13 MIUPOKOTO aCOPTHUMEHTY MOJYJIb-
HUX 3BapIOBATBHUX MMAaKETIB Ti QPyHKIIT, sIKi IM cIipaB-
Ii moTpi6Hi. [HII QyHKIIT MOXHA 0/IaBaTH B Mipy
notpedu. Bukopucrtanas iWave He 00OMEXKYy€EThCS
cranmaptHuM 3BaproBanHaM TIG a6o MIG/MAG:
crucTeMa 37aTHa BUKOHYBATH BECh Jiama3oH (PyHK-
it Fronius micist MoziepHizarii 3BaploBaibHUX MaKe-
tiB Cold Metal Transfer (CMT), Pulse Multi Control
(PMC) ta Low Spatter Control (LSC).

3apmsiku GyHKiii Multiprocess PRO BrcokokIIacHe JKepero jKu-
BieHHA TIG nepeTBOproeThCS Ha KOMIUIEKCHY CUCTEMY JUIsl 3Ba-
proBanust MIG/MAG, siky MOXKHA MOJICpHI3yBaTH, JOMOBHUBIIN
cra"japTry nporpamy nakeramu CMT, PMC ta LSC
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MosknBocti iWave npakTHaHO Oe3MeXHI: HANpUKIIa[, Y PEeKHUMI
3BapIOBaHHS CTPIDKHEBUM €JICKTPOJIOM MO>KHA BUKOPHCTOBYBATH
@JICKTPOJIH 3 IETIOIIO3HUM TTOKPUTTSIM

MonynbpHa KOHCTPYKIIiSI CHCTEMH JIO3BOJISIE KOPUCTYBaYaM ajarl-
TyBatH npuctpoi iWave mij cBoi iHIUBITyaIbHI MOTPeOH
[Mpucrpoi iWave miaATpUMYIOTh OCHOBHI CTaHIAPTH
3B’sI3Ky Ta roToBi 10 BUKIHKIB [HaycTpii 4.0. Cyuac-
Hi pimeHHs s 6€3pOTOBOTO ITiIKIIOUEHHS PO3IIH-
PIOIOTH MOXJIMBOCTI poOOTH Ta rapaHTYIOTh OE3IEeKY,
JTO3BOJISTIOYM BHKOPHCTATH BECH IMOTEHITIA PUCTPOIO.
[epudepiitai mpucTpoi, Taki K MyJIBT TUCTAHIIHHOTO
KepyBaHHS 200 BUCOKOTEXHOJIOTIYHUN 3BaPIOBATEHUIMA
monoM Vizor Connect, MOKHA TTiIKITFOYUTH 32 JIOTI0-
Mororo 6e3apoToBoi TexHodorii Bluetooth. Wi-Fi 3a6e3-
nevye 3B 530K 3 IHIIMMH NPUCTPOSIMU B MEXKaX OJHi€T
Mepexi, 1110 HaJa€e 3BapIOBAILHUKY BCi repeBaru ug-

IaTYiTHBHO 3pO3yMiNa AMHAMIYHA KOHIIETILIS YIPABIIHHS 3 JI0IOMO-
roro rpagigHoro inrepdeiicy 3adesnedye KOprCTyBadyaM Oe3mocepes-
Hilf JOCTYT 10 HEOOXITHUX HAJAIITYBaHb OUTbII HiX Ha 30 MOBax

POBHUX MOXJIMBOCTEH, TAKHX SK HEHTpPaIbHE YIPaBIiH-
HSl KOpHCTYBa4aMH, Niepeada JaHuX Y PEKUMI peatb-
HOTO Yacy Ta MUTTEBE BCTAHOBJICHHS OHOBJICHb.

Kommanis Fronius gokiajia MaKCUMyM 3yCHJIb
IUIL CTBOpPEHHS cucTeMu iWave, 00’ €THaBIINA TeX-
HOJIOT1I0 €KOHOMI{ pecypciB 3 MIIIHOIO Ta HaAiiHOIO
KOHCTpyKUi€to. [le nepiuie npeacrasieHe Ha PUHKY
moxeperno xxuBieHds TIG 3 miarpumkoro QyHKITT Bi-
noOpakeHHs Ta ananizy Real Energy (y xJlx). Kpim
TOTO, (PYHKIIiS KOMIIEHCAIlil Koe(illieHTa MOTY>KHOCTI
(PFC) 3abe3neuye eekTUBHE €HEPrOCIIOKUBAHHS, &
3HAUEHHS MOTYKHOCTI Ha XOJIOCTOMY XO/y HIiKOJH HE
nigaiMarorecs suie 50 Br.

[Tepm Hix 3BaproBaibHa cucTtema Fronius Hamiii-
Jie Y BUPOOHHUIITBO, BOHA TPOXOAUTH HU3KY 000B’ 13-
KOBHX BHIPOOYBaHb Ha HABAHTAKCHHS Ta MIIHICTb.
Taki BUNIpOOyBaHHS BUXOAATH 32 MEX1 CTAHIAPTHUX
BHMOT, ajie¢ caMe€ 3aBIsIKH HUM crCcTeMH Fronius Bigo-
Mi CBO€IO TIOBTOBiuHICTIO. J[0 TOTO X, 3pydHa B 00-
CIYyTOBYBaHHI KOHCTPYKIIiSI MAaKCUMAJLHO CITPOIIYE
TMIpoIIeC 3aMiHA OCHOBHUX KOMIIOHCHTIB.

Fronius International — ascmpiticoka Komnauis 3 20106HuUM ogicom 6 micmi Ilemmernbax i 6i00ieHHAMU 8
micmax Benwe, Tanvxatim, lmaiinxayc i 3ammneom. Komnauis, wimam saxoi nanivye 5660 cnispobimuuxie no
BCLOMY CBIMY, NPAYIOE @ 2ATTY35X 36APIOBANLHOCO 0ONAOHANHS, (POMOBONLIMAIKU A CUCMEM OISl 3aPAOANCAH-
Hs akymynssmoprux oamapeil. bnusvko 92 % npooykyii KoMnaunii nocmaiacmscs Ha eKcnopm 3a 00NOMO2010
36 midxcHapoOHux OouipHix xomnawuiu Fronius, a maxosc mepedci mopeosux napmuepis i npedcmagHuKie y
Oinvw Hisie 60 kpainax. Komnanis Fronius npononye iHHOBAYilHI npOOYyKmMu ma NOCiyeu, a makoxic 60100ie
1321 yunnumu nameumamu, wo pooums ii ceimosum 1i0epom iHHOBAYIL.
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[Ticns 4-piunoi nepepsu uepe3 Covid HaifOiIb-
1l B cBiTi Toprosi sipmMapku International Trade Fair
Wire and Cable i Tube, International Tube and Pipe
Trade Fair 3HOBY mpOXOAUTHUMYTH CHIIBHO B TOPro-
BeJIbHO-BUCTaBKOBOMY IIeHTpi Jrocenbaopda 3 20 o
24 gyepBHs 2022 p.

Y4yacHUKH MarOTh BUCOKI OYiKyBaHHS Ta BIIEB-
HeHi, mo y Jocenbaopdi BOHU 3MOXKYTh TPOBECTH
II’SITh JHIB, HAIIOBHEHUX TEXHOJIOMTYHMMHM 1HHOBAIII-
SIMU, TIOCITIJIKYBATHCS 3 €KCIIEPTaMHU 3 YChOTO CBITY, &
TAKOX 3HOBY B3STH Y4acTb y 3aX0JaxX TOPrOBOIO sIp-
MapKy y BUTBHHH 9ac. CIIpUSHHS CIIUTKyBaHHIO Ta 00-
MiHY iJIeIMA Ma€ Ty’Ke BelMKe 3Ha4YeHHs, 0COOIMBO
B HAIl yac.

OcKinpKH BIITKY TaHJEMIs ifie Ha CTajl, a MPaBH-
na B’i34y Ta BUi3my y Oararbox KpaiHaxX MOM’ sKIIIY-
IOThCSI, SIK YYaCHUKH, TaK 1 BiBiAyBadi 3 yCbOro cBi-
Ty 3MOXYTb npuixatu y Jrocenbaopd Ha BUCTaBKOBI
3axonu. I'irieHiuHi yMOBH 1O BCili TEPUTOPIT ApMapKy
Ta y NmaBiibiiOHaX 3a0e3MeueHO BEJIMKOI KiJIbKICTIO
JI03aTOPIB JIC3UH(IKYIOUNX 3aC00iB 1 MOCTIHHO IU-
PKYJISIIEr0 TOBITPsi. BTiM, peKOMEHy€ThCS HOCUTH
MacKH Ta JIOTPUMYBATHCs AUCTaHMil B 1,5 M mij yac
CHIKYBaHHS.

Boxe monasn 35 pokiB KITIOYOBI TpaBIli ramxy3i BH-
pOOHUIITBA IPOTY, Kabemto, TpyOd 30MparoThes pa3oM
y Hroceasaopdi, modu mpoaeMoHCTpyBaTH HOBITHE
oOJTaTHaHHS, YCTAaHOBKH, TTPOMYKINIO Ta MOCIYTH, 3y-
CTPITHCS 3 MKHAPOJAHUMH KIIIEHTaMH Ta YKJIACTH Mi-
JIOB1 yro/u.
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[TPOBIJIHI CBITOBI BUCTABKU
WIRE 2022 I TUBE 2022 Y JIIOCEJIBJOP®I:
OUIKYBAHI TOJIOBHI ITOJIII TAJTY3I B UEPBHI &

Tube

Diisseldorf
“

Hapasi na Wire 2022 Bxe 3apeectpyBaiucst 1000
KoMMaHii 3 47 kpaiH, aKi OyAyTh po3TalloBaHi Ha
53210 m? BucTaBKoBOi iomii. Ha mpoBigHii Mixk-
HapOHIN BUCTaBII KaOeJbHOI raixy3i mpeacTaBIeHO
MaIIMHY JJIsI BUPOOHUIITBA Ta 03/100JICHHS KaOeliB,
TEXHOJIOT14HI 1HCTPYMEHTH Ta JOMOMiXKHE BUPOO-
HUYE yCTAaTKyBaHHS, a TAKOXK MaTepiaid, CreliaabHi
JpoTtu Ta kabemi. Kpim Toro, Ha BUCTaBIll IpEACTaB-
JIeHO 1HHOBAIii B Taiy3i TEXHOJIOTIH BUMIPIOBAHHS
Ta YMpaBJIiHHS, a TAKOXK Y TEXHIIll I BUTIPOOYBaHb
1 criemiani3oBaHUX Tary3sax. Takox BIepIie OyayTh
MIPE3EHTOBaHI TOTOBI BUPOOH 3 TPAIUIIIMHUX CETMCH-
TiB TE€XHOJOTii BUTOTOBIICHHS KPIIJIEHb 1 MPYKHH.
Takum 9uHOM, TakKi TOTOBiI BUPOOH, SIK TEXHIYHI TIpy-
JKUHH, TBUHTH, TPOCH, JIFOBEPCH TOIIIO, TAKOK OyITyTh
npejcTaBiieHi Ha BucTasili Wire 2022,




IHOOPMALIA

MixHapoaHa BUCTaBKa JIpOTy pPO3TALIOBaHA y BU-
CTaBKOBHUX 3anax 3 9 mo 14 i3 cexTopamu IpoTy, Ka-
0ero, BUPOOIB 3 APOTY Ta TEXHOJIOT1 BUPOOHUIITBA,
KpIMJICHHS Ta BUTOTOBJICHHS NMPYKUH, a TAKOX TO-
ToBoOi nponykuii. [laBineiion 13 Oyne npucBsueHUN
BUHHSATKOBO TEXHOJIOT1SIM BUTOTOBIICHHS KPETIEXKY Ta
OpYXHH 1 rOTOBI# mpoaykuii 3 HuX. Jani y 3ami 15
OyJlle BCTAaHOBJICHO BEJIMKE Ta SHEPTroMicTKe 00aji-
HaHHS JJIs1 3BapIOBAHHS CITOK, & TAKOXK MPEACTaBICH]
MOB’s13aH1 3 HUMH TEXHOJIOTIi.

YV 2022 p. o4iKy€ThCS TPAMUIIIHHO BETUKA KiJTb-
KicTh yuacHUKIB 3 Itamii, Typeuunnu, Icnanii, bemsrii,
®panmii, ABctpii, Hinepmanmis, IlBeiimapii, Bemwkoi
Bbpuranii, Llsemii, [Tompmi, Himeaunan, CIIA, Kana-
mu, [liBnernoi Kopei, TaiiBanto, [amii, Anonii Ta KHP.

Ha 6inpm ik 40000 M? BUCTaBKOBOT ILIOLII MiX-
HapoaHa BHUCTaBKa TpyO 1 TpyOHOI mpoxykuii Tube
NpEACTABISE NOBHUM CHEKTP MOCIYT Biag BUPOO-
HUIITBA Ta 03JI00JICHHS TPYO 110 mepepoOKu Tpyo i
TopriBii TpyOamu. ExcrioHaTu BapitoloThes BiJl CH-
poBuHH, TpyO Ta oOnagHAHHS I iX BUPOOHUIITBA,
BXKMBAHOTO OOJIATHAHHS A0 TEXHOJOTIYHUX 1HCTPY-

MEHTIB, JOINOMIKHOIO OOjagHaHHI Ta TEXHOJIOT1H
BUMIPIOBaHHS Ta KOHTPOJIIO, & TAKOXK TEXHIKH JUIsl BH-
npoOyBanb. Tpybomnposonu ta texuonorii OCTG, a
TakoXk Mpod1isii Ta 00 HAHHS JIOTIOBHIOKOTH aCOPTH-
MeHT. Ha manuit MoMeHT 3apeecTpyBasiocs 735 ydac-
HUKIB 3 44 KkpaiH.

Ha Tube naiibinpmumu KpaiHaMH-y4acHUISIMA
Takox OymayTs Itamisa, Typeuunna, Benwnka bpuranis,
Hinepnanau, ®panmis, ABcrpis, Bewmapis, [Tomb-
ma, Icrmanis, Yexis, Himeuunna, CILIA, Iaais, ITis-
nerna Kopes, TatiBanb i KHP.

BucraBka Ne 1 1st TpyOHOT IPOMHUCIIOBOCTI BIIep-
uie Oyae po3TalioBaHa B HOBOMY 3alli 1, a Takox y
cyciaHix 3anax 3 i 4 3 cekropam BUpOOHHUITBA TPYO,
CYIIyTHBOTO yCTaTKyBaHHA 1 Toprisii Tpybamu. [lo-
pAn 3 UMM 3a0M Oyae BUKOHYBAaTHCh 3TMHAHHS Ta
(hopMyBaHHSI 3arOTOBOK B 3aj1ax 5 i 6, a Takox 00po0-
ka TpyO B 3amax 6 1 7a. Y 3ami 7a Oyzae po3TanioBaHo
BEJIMKE TIPOMUCIIOBE 00JIaTHAHHSI.

IIpem’epa mapmipyTiB ecoMetal mix yac BUCTABKH

CriiiKi, eKOJIOT14HI, eHeproeeKTHBHI Ta IHHOBAIIIH-
Hi — came TaK OUTBIIICTh KOMITaHI-BUPOOHUKIB X0y Th
«Omumarm» Ha myomuti. [Ipore nuIIx 10 HOTO YacTo
JIOBTHI, OCOOIMBO B PECYPCOEMHUX TEXHOJOTIUHHUX
KOMIIaHIsSIX IPOTOBOI, KaOEITLHOI Ta TPYOHOI TIPOMHUCITO-
BOCTi. YacTo KoMITaHisM TIOTPiOHI pOKH, 100 3arpoBa-
JIATH BEMOTH KIIIMaTHYHOI €()eKTUBHOCTI, CTIHKOCTI Ta
€KOHOMIT pecypciB y BJIacHI BAPOOHMYI OTeparii.

BucraBkoBuii nentp rocenbaopda npeacraButh
CBOIO KOoMIIaHit0 ecoMetals Ha POBITHUX CBITOBUX
BucraBkax Wire and Tube: 3 20 mo 24 yepBHS 15
BiIBiJTyBauiB M[OJHS OyIyTh MPOBOJUTUCS OC3KOIII-
TOBHI ekckypcii. Lli Tak 3Bani Mapuipytu ecoMetals
MPUBE/YTh BiJIBIIyBa4iB JI0 CTEH/IIB YYaCHHUKIB, SKi
BITPOBAUKYIOTH CTalle BAPOOHUIITBO.

3ycTpiu excnepTiB, npucBsdYeHa «3eJieHil
Tpancgopmaniin

Y nonexinok, 20 uepBHs, mia Ha3Bo0 «MeTanyp-
TrifiHa raixy3b BIpoBakye 3eneny TpanchopMalriro»
BiOyneThes Hapaaa excrepTiB. 3 14% 4-rogunna
nporpamMa OyJie CKIIalaTucs 3 BOCBMH JICKIIIN eKcIiep-
TiB y HOBOMY 3aji 1, mepmuii moBepx, kKiMmHata 15.
[Ipiimaroun Bukimku 3eneHoi Tpancdopmariii, ekc-
MepTH MDKHAPOIHUX KOMITaHIH OTIOBITATUMYThH TIPO
3axXOILTIOI0YI TTPOIECH TpaHc(opMarlii y CBOiX BUPOO-
HUYHX IIeXaxX 1 JOCHTiTHUIBKUX JabopaTopisx.
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KaneHgap kBiTHA*

01 kBiTHA 1939 poky
Byno cnyweHo Ha Bogy «Tipniuy» (Him. Tirpitz) — gpyrun niHkop Tvny «bicmapk», Wo BxoaMB A0 cknagy
KpircmapiHe (HimeuuunHa). Y 6o1oBux Aisix npakTu4HO He BpaB yyacTi, npoTe CBOE NpUCyTHICTIo B HopBerii
3arpoxyBaB apkTniHuM koHBosiM CPCP i ckoByBaB 3Ha4Hi cunv 6putaHcekoro ¢noty. Lien niHkop Biapis-
HSIBCA BENUKUM 0OCSIroM 3acToCyBaHHSA 3BaptoBaHHs nig vac voro byaisHuuTBa. MNpubnusHo Ha 90-95%
Kopnyc kopabns 6yB 3BapHuM. Lle 403BONMMO CYyTTEBO 3MEHLINTU Bary Kopabns B NOPIBHAHHI 3 knenaHum
BapiaHTOM Ta CTBOPUTM BinbLU NOTY>KHUIA GPOHBOBUIA 3aXUCT.

e

lp of

02 kBiTHA 1924 poky
Hapopauecs Yontep lMepci Kparicnep (1875-1940) — amepukaHcbkuini aBTomobinebyaiBHuMK, npommnco-
Belb, 3aCHOBHMK kopnopauii Chrysler. NparHy4n ckopoTuTn TpyaoBMUTpaTK Ta CTaHAapTU3yBaTu aBTo-
Mobini, komnaHist Chrysler novyana po3rnsigaTv MOXIMBICTb 3aCTOCYBaHHSA po6OTM30BaHOIO 3BaptoBaH-
HS | 3peLuTolo 3ynuHMNacs Ha 3BaptoBanbHoMy poboTi Bif Lincoln Electric/Fanuc. B nigcymky Chrysler
BAANOCA CKOPOTUTU Yac BUrOTOBIIEHHS OAHOTO Waci Ha 75% MNOPIBHSAHO 3 PYYHUM 3BaplOBaHHAM.

lp gf

03 kBiTHA 1984 poky
Y 1984 p. Pakew LLlapma y cknagi MikHapogHOro KOCMIYHOrO ekinaxxy Ha podpobneHomy IE3 im. €.0. MNatoHa
npvnagy Ans HaHeceHHs NokpuTTiB «Mcnaputens-M» nposiB ekcnepnMeHT «NepeoxonomkeHHs». Pakeww LLap-
Ma — NepLUMI iHAINCbKNA KOCMOHABT i 138-11 YOMOBIK Yy CBITi, KU 34INCHUB NOMIT Y KOCMOC. Y XOAi eKCNEPUMEHTY
nposoaunacsa nnaska i Kpuctanisauisi chepuyHUX BUMMBKIB, LLO BiflbHO MEPEMILLYIOTECA B HEBAroMocCTi i Ba-
KyyMi. Lli ekcnepyMeHTV Manu BaXKnuBe 3Ha4YeHHs1 Ans PO3BUTKY 3BapOBarbHNX TEXHOIONN 3@ YMOB KOCMOCY.

lp gf

04 kBiTHA 1973 poKy
Bin6ynocs odiuiiiHe BiakpuTTst CBITOBOrO TOProBoro LeHTpy y Hbto-Vlopky. [ins GyaisHuLTBa KOMANEKCy i3 cemu
6ynisenb 6yno BukopuctaHo 139500 Kr HannaefeHOro Metany. ApXITEKTYPHOK AOMIHAHTOK KOMM-
nleKkcy, aBTopoM skoi ctaB MiHop Simacaki, 6ynu aBi Bexi, koxxHa no 110 nosepxiB - lNiBHiYHA
(3aBBULWEKM 417 M) Ta MNiBaeHHa (3aBBuWwKN 415 M). MpoekT ByaiBesb € CTPYKTYPHOK CUCTEMOD
«Tpyba-kapkac», sika BUKOPUCTOBYBasnacs B Bexax-bnusHiokax. MNpuHuun «tpyba-kapkac» 6ys
HOBUM MigX0A0M, IKWI A03BOMMB 36iNbLLMTU NPOCTIP KOPUCHUX MJIOLW, Ha BiAMIHY Big TpaguuiiHoro
amsanHy. [1Bi Bexi 6yrno 3pynHoBaHo 11 BepecHsi nig Yyac TEPOPUCTUYHOIT aTaku ABOMA LMBINbHUMU fliTakamu

lp gf

05 kBiTHA 2012 poKy
Komnanisi Lincoln Electric 3anateHTye 3BaptoBanbHun npouec STT (Surface Tension Transfer — nepeHe-
CEHHS 3a paxyHOK CWn MoBepxHeBOro HatsAry). Lle oguH 3 pisHoBMAIB NpoLiecy nepeHeceHHst KOPOTKUMM
3aMVIKaHHAMW, MPY AKOMY PO3MIaBfieHVin MeTan NepeHoCUTbCS 3a paxyHOK CUIM MOBEPXHEBOrO HaTAry 3Ba-
proBanbHOI BaHHW, Sika BTArye piaKy Kpanmw Ha KiHui gpoTy. Takum YmHom, STT 3abesnevye Ginblu BUCOKY
SKICTb N YaC BMKOHaHHSA LUBIB Y BCiX MPOCTOPOBUX MOMOXEHHSX. Lle gocAraetbca 3a paxyHOK HU3bKOTO
TENnoBKNagaHHs, HE3HA4YHOro OKUCIIEHHS MeTary LUBA i KpaLoro NponsiaBreHHst HaBiTb 3@ HU3bKOT AKOCTI
36MpaHHs Mif 3BaploBaHHS.

lp ol

06 kBiTHA 1890 poKy
Hapoameca AHToH epman epapa (EHTOHI) Pokkep (1890-1939) — HigepnaHACbKMI aBiakOHCTPYKTOp. Y
1913 p. ®okkep 3acHyBaB nobnuay LsepiHa (HimewunHa) aBiauiriHui 3aBoa. Mig Yac MNepLuoi cBiToBOI BilHU
EHTOHI ®okkep novaB BMKOPVCTOBYBATU 3BaptoBaHHS Y BUPOOHMLTBI (OHO3ENsKIB HIMELIbKMX BUHULLYBaYiB.
CBill nepLumin NoniT yaockoHaneHui nitak ®okkep 3aiicHnB HaBecHi 1914 p., a Yepes pik BiH y>ke BUMYycKaB-
Cs1 CEepINHO i LIMPOKO 3acTocoByBaBcst HA poHTax. Y 1920-x pokax EHTOHI Pokkep nepeixas no CLUA, pe
3acHyBaB BigaineHHs cBoei dipmu. Komnanis ®okkepa ctana ogHUM i3 NpOBiAHMX BUPOBHUKIB LMBINIbHUX
niTakiB y cBiTi. ¥ 1926 p. Ha ogHomy 3 niTakiB Pokkepa Byrno 3aiicHeHo nepeniT yepes [iBHIYHMIA Nontoc.

lp ol

ch

07 kBiTHA 1947 poKy
Momep eHpi Popp (1863-1947) — ameprKaHCbKWA MPOMMUCIIOBELLb, BITACHMK 3aBOAIB 3 BUPOOHMLITBA aBTOMOGINIB
no BcboMy CBiTY, aBTop 161 nateHTy B CLUA. 'eHpi ®opa opraHizyBaB mMacoBe BUPOOHWLTBO aBTOMOGINIB Ha
KOHBEEPI, OPIEHTYBABCS HAa 3aCTOCYBaHHSA KOHTAKTHOTO, yroBOrO Ta ra30BOro 3BaptoBaHHA 3aMiCTb KOBaNbCbKOrO
3BapoBaHHs1 Ta knenku. KoHCTpyKLii Wwaci, Ky30BiB, BUXIONHMX Tpy6, GakiB Ta iHLLMX By3niB i AeTanen Bigpasy
NpoeKTyBanu 3 ypaxyBaHHSM TEXHOIOTMYHMX MOXIMBOCTEN 3BaptoBaHHS. Laci y Burmsiai pamHOI KOHCTPYKLi
CrovaTKy 3BaptoBanu 3a 4OMNOMOTOH0 aLEeTUNEHOKVCHEBOrO MoslyM’sl, NMOTiM Ayroto enekTpoaa, Lo niaBuUTbCS.
3Ha4yHa YacTMHa 3'€AHaHb Npunajana Ha KOHTAKTHE CTMKOBE, LLIOBHE Ta TOYKOBE 3BaproBaHHS.

* Marepian nigrotoBneHo komnaxieto TOB «CTI/1 BOPK» (M. KpmBwui Pir) 3a yyacTio pegakuii >xypHany.
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o L1
08 kBiTHA 1919 poky

Hapogugcs FO.M. lNotanbcekuin (1919-2002) — Bigomuii BYeHUIA, NpeacTaBHUK MaToHIBCbKOI LWKonu. PesynsraTtu
HaykoBux npaup KO.H. MoTanbcbkoro 403BONUAM CTBOPUTU MaTtepianu Ans 3BaptoBaHHsI Pi3HOPIAHMX CTanew,
SKi 1 0OCi 3HAX04ATb LUMPOKE 3aCTOCYBaHHS. 3 X BUKOPUCTaHHSAM peanisyeTbCs MPUHLIMIOBO HOBA TEXHOIOrSA
3BaptloBaHHA, a came 6e3 nigirpisy Ta TepMoobpobku Tpy6 ANst HAapTOXIMIYHOI Ta eneKTPoeHepPreTMYHOI Npo-
mucnoocrTi. Y KHP 3aBasku gonomosi KO.H. Motanbcbkoro Bxe Ao kiHus 1959 p. enekTpoLurakoBe 3BaptoBaHHs
3aCTOCOBYBasnyM MpY BUrOTOBIEHHI KyBamnbHMX LUTAMMIB, MAPOBKX KOTIIB, NPOKATHOrO Ta iHLIOrO obrnagHaHHs.
HO.H. MNoTanbebkuin aBTop 2 MoHorpadii, noHaa 130 cTaTel Ta aBTOPCLKMX CBIOOUTB.

g of
I

09 kBiTHA 1939 poky

Hapoauecs b.B. JaHunsueHko, npeactaBHUK MaToHIBCHKOI LLKOMM — OAMH 3 PO3POBHUKIB TEXHOMOTT IyroBOro Ha-
MMaBneHHs MCTIB MOPOLLKOBUMY CTpiukamu. iM 0coBMCTO i B CriBaBTOPCTBI po3pobrieHa Ta AoBeaeHa 10 MPOMIC-
10BOro BUPOBHMLITBA cepisi MaTepianis Ansi HanmaBneHHs crneLianbHUX cTanei Ta crnaeiB, HAHECEHHS 3aXMCHUX
TEPMOMOKPUTTIB, CTBOPEHO HM3KY TEXHOIOTI HANMaBMeHHs PisHOMaHITHUX NpomucoBux aetanen. b.B. JaHunb-
YeHKo aBTop Ta cniBaBTop 6rm3bko 130 HaykoBMX NpaLib Ta noHaz 40 aBTOPChKYIX CBIOOLTB.

]

10 kBiTHA 1870 pOKYy

Hapoguscs Makc Ynibpix LLoon (1870-1956) — TBopeLb MeETOAY TEPMIYHOMO HANUMEHHs MeTany (MeTanisadii).
Llen npouec € cnopigHeHUM A0 3BaploBaHHS. 3BaploBaHHSA 3'€4HYE MeTarneBi eNemMeHTH, a ra3oTepmivHe Ha-
MUIEHHS 3axuLLae NMOBEPXHi Bif KOpO3ii, 3HOLYBaHHSA Towo. lMeplua yctaHoBka LLloona nepeHocuna pigkui
CBMHeLb 3a JOMOMOrot BoasHoi napu. Y 1913 p. Ynbpix LWoon ygockoHanve i 3anateHTyBaB KOHCTPYKLiO
rasononyMm’siHoro po3nunioBaya, Ae martepian Ans po3nuneHHs nogaeascs B NOMYM’st ra3oBOro NanbHUKa y
BUIMAAI OpOTy. 3aBAAKN 3HAYHOMY BHECKY Y MOYATKOBUI PO3BUTOK TEXHOSOTIN, METOAN HAaHECEHHS ra3oTep-
MIYHUX MOKPUTTIB LUMSXOM PO3MNUIIEHHA Ha3Bamnu LLOOMNYBaHHAM.

NG|

11 kBiTHA 1951 poKy

Hapogwecs Binbsim [>koH AGepracT MonogLmii — aMeprkaHCbKni iHXeHep-MeTanypr, iHXeHep-MexaHik, cnewj-
anicT 3i 3BapoBaHHA TEPTSAM Ta 3BaptOBaHHA TEPTAM 3 NepemillyBaHHAM. [paLioloyy B aepoKOCMiYHiv KoMMaHil
Lockheed Martin, ABepracT cTtaB Benukum chaxiBLeM y Takux rany3six, sik TepmiyHa obpobka meTanis, 3Bapto-
BaHHS, HEPYVIHIBHUI KOHTPOIb, 3aCTOCOBYHOYM CBOI 3HAHHS y BUPOOHMLTBI Ta BUNPOOYBaHHAX aepOKOCMIYHMX
Martepianis. TexHonoris 3BaptoBaHHA TEPTSM, Po3pobneHa BYEHUM, BUKOPUCTOBYBAnNacs npu BUrOTOBINEHH na-
nmBHUX BakiB KOCMiYHKX Kopabnis Space Shuttle i3 BucokomiLHoro antomMiHieBoro cnnasy 2219 Ta Ayxe nerkoro
antomiHieBo-nitieoro cnna.y AA2195, ki He Mornn ByTy 3BapeHi 3BUYaHNMKN METOAAMM 3BaptoBaHHS.

]

12 kBiTHA 1962 pokKy

Momep AHTyaH (Hota BepkoBud) MeB3Hep (1884-1962) — pociicbkuii Ta ppaHLy3bKUA XYOOXKHMK, CKyIb-
nTop. ¥ 1911 p. npwuixas go Mapwxy, Ae nosHaviommscs 3 A.lN. Apxunerkom Ta A. MoginbsHi. PossrBatoumn
inel KOHCTPYKTMBI3MY, AiNLLIOB KiHeTUYHOro MucTeuTBa. CTyais MNeB3Hepa byna Ha okonuui Mapwxy. BiH 6yB
OLHWM i3 MepLUNX XYOOXKHUKIB, SIKMA CKOPUCTABCS NasifibHOK NAMMOK NMpU CTBOPEHHI CKyNbnTypu, 3Bapto-
BaHHSM MiJHOT KaTaHK1 Ha CKynbNTYpHii popMi, BUPOOMB HMU3KY METOZIB, siKi MOXXHa BUKOPUCTOBYBATU Npu
3BapIOBaHHI B MPOLECi CTBOPEHHSA CKYNbNTYPHUX POpM.

B

13 kBiTHA 1961 poky

Hapoguecst A.M. Beitniw (1911-1997) — npeacraBHuk [NaToHIBCbKOT LKoONM. 3a A0ro akTMBHOK y4acTio po3po-
GneHi BUCOKOMPOAYKTUBHI eneKTpoau i3 3aniaHUM nopoLLKoM y nokputTi mapkn AHO-1. Kpim Toro, 1oro po3po6-
K1 Bynu BUKOPYCTaHi B TEXHOMOTiSIX MPOMWCIIOBOMO BUPOBHWLITBA €MEKTPOAIB Ta 3aCTOCyBaHHS ix Ha BaroHoby-
AiBHKX 3aBofax HwkHeoro Tariny Ta KpemeHruyka, Hn3bkoBofHeBi enektpoan AHIM-6IT ta AHO-31.

B

14 kBiTHA 1929 poky

Y Kuesi akapemik €.0. NaToH 3acHyBaB 3BaptoBarnbHy nabopatopito. Matoun 3HauHuiA ocBia, BiH po3pobus
KOMMIIEKCHY MporpamMy OOCHiMKEHb Y HANPsSIMKy CTBOPEHHS! MaTepianiB Ta 0brnagHaHHs1, NePCNeKTUBHUX CMOCO-
6iB Ta TexHONOri 3BaptOBaHHsI BiANOBIAanbHKX iHxeHepHux cnopyad. Y 1930 p. €.0. MNaToH opraHisyeas Enek-
TPO3BaproBarbHWN KOMITET — (POMaZICbKy OpraHi3aLlito, OCHOBHUM 3aBAaHHSM koI Byna koopauHauis poliT niag-
MPYEMCTB Ta YCTaHOB, LU0 3aiMatoTbCs 3BaptoBanbHUM BUPOOHMLITBOM.

]

15 kBiTHA 1939 poky

Hapoguecs J1.0. CemenoB (1939-2013) — npeacTtaBHuk MaToHiBCbKOI Wkonu. 3a oro 6e3nocepenHbo
y4acTioO BUKOHAHO KOMMIIEKC HAayKOBO-AOCMIAHMX | TEXHOMONYHNX POBIT B 06NacTi KOHTaKTHOroO CTMKOBOMO
3BaploBaHHSA antomiHieBux crnasiB. CTBOpEHO Ta yChilHO BMpOBa[KeHO Ha MNiAnpUEMCTBax MiHICTEPCTB
aBsiaLiiHOI MPOMMCIOBOCTI, 0OOPOHHOI MPOMUCIIOBOCTI Ta 3aranbHOro MaluMHOOYAYBaHHSA KOMMLLHBLOIO
CPCP TexHonorii Ta obnagHaHHsa Ans 3BaptoBaHHS CUIMOBUX eNEMEHTIB (LUMaHroyTiB Ta 06uyanok) kopmny-
ciB niTanbHWX anaparis. 3aiMaBcsa pPo3pobKOK TEXHOSOTIT 3BaptoBaHHSA HOBWX BY31iB Ta AeTanen Kopnycis
paKkeToHOCIB «3eHiT», «LInknoH-4».

& &
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16 kBiTHA 1889 poKy
3anponoHoBaHO MPUHLMMNOBO HOBE B3aEMHE PO3TalllyBaHHSA €NekTPOAiB, BUPODY, O 3BaplOETLCS, i AYTU.
MeHepxep komnaHii «AMepukaH enekTpuk» Y.A. KoddiH 3anateHTyBaB pOnNUKOBUIN METanNeBuIn enekTpos,
IO MepeMilLlaeTbCsl Haf NoBepxHeto BMpoby Ha i3onboBaHil Big HbOro kapetui. [yra 36ymKyBanacs mix
PONMKOBMM ENeKTPOAOM, Lo obepTaBcst (MO3UTUMBHUIA NOTeHUian), i BUpobom, Niaknio4YeHUM 40 HeraTuB-
Horo noTteHujany. Taky x kapeTky Y.A. KoddiH BMKOprCTOBYBaB Ars KPIMNEHHs ABOKYTHUX €MEKTPOoaiB, Lo
po3milytoTbes no obmasa 6oku Big oci LwBa.

lp of

17 kBiTHA 2014 poky
Komnatieto TeraDiode, pa3om i3 MIT Lincoln Laboratory, aHoHcOoBaHuWi iHHOBaLiHWI nasep TeraBlade —
nepLUni AiogHnn nasep 3 NOTYXKHICTIO, AOCTaTHLO ANs pidaHHs MeTany. TeraBlade — ue 4-kinosaTHum nasep,
KM BUMPOMIHIOE Kiflbka OKPeMUX NMas3epHUX NPOMEHIB, sIKi (POKYCYIOTbCSl B OQUH, MiABULLYIOYN MOTYXHICTb
niogHoro nasepa. TakuM YMHOM, Lien nasep 30aTHU 3A4IMCHIOBATY pi3aHHS Ta 3BaplOBaHHs CTaneBux NUCTIB
TOBLUMHOIO niBTOpa caHTUMeTpu. BiH y 100 pasiB sickpasilumii 3a iCHytoYi | MOXe BUKOPUCTOBYBaTUCA AN 3Ba-
plOBaHHS Ta pi3aHHA MeTany B NPOMUCIIOBOCTI, @ B MabyTHbOMY i SIK BiliCbKOBUIA Nnasep y cuctemax MNPO.

lp of

18 kBiTHA 1934 poky
BigkpuTinn ny6niui npogemoHcTpyBanu asTomobine Citroén Traction Avant — oauH i3 nepLumx y cBiTi cepin-
HVX NepefAHbO NPUBOAHUX aBTOMOGINIB i3 LinbHO3BapHNM Ky30BOM. BiH MaB 3HayHy nepeBary B mMaci, Lo
no3Hayurnocsi Ha BUTpaTi nanuea. Tak, aBToMOGinb mir po3smaTtu WBKUAKICTL 100 kKM/rofl, CNoXuBaun npu
ubomy Beboro 10 11 Ha 100 km. IHHOBaAUNHMIA Ky30B HagaB aBTOMOGIMIO NidHaBaHy, LLO BUAINSAETLCA cepes,
iHLUMX HWU3bKOK MOCAAKOM, a AOBrUii TepMiH BUPOBHMLTBA NpMU3BIB 40 TOro, Wo y 1934 p. Mmoaenb cnpuiiMa-
nacs ctunbHoto, a y 1955 — cunbHo 3acTapinoi.

lp ol

19 kBiTHA 1892 poKy
3apeecTpoBaHuii 0avH i3 nateHTiB MeHpi loBapaa. Ha ocHOBI psay naTeHTiB KOHCTPYKTOP CTBOPMB NepLuy
cTauioHapHy 3BaptoBaribHy YCTaHOBKY Ta BNpoBaguB ii Ha 3aBogax dipmu «Lloid & Lloid» y BipmiHremi y
1887 p. BoHa cknapganacs 3 4oTvpbox AnHamo-matumH (500 A, 150 B), wo npveoamnucs B Aito NapoBoo ma-
wuHoto, 1800 «akymynaTopiB BeHapgocy» Ta 6banacTHux peocTaTiB. [JeLo ni3Hille HOBAaTOPCbKY, Ha Ti
yacu, ifer BUKIIOYMTY i3 3BaplOBarnbHOIoO NaHutora akymynatopHy 6atapeto 3anponoHysas M.I. Cros’s-
HOB ANS BUFOTOBIEHHS ABOX MOTYXHUX AMHAMO-MaLUMH nocTiiHoro cTpymy (300 i 1000 A).

lp of

20 kBiTHA 1926 poKy
Hapoamecsa B.A. Caenko (1938-2015) — npencTtaBHMK [NaTOHIBCHKOI LLKOMKW, BiAOMUWIA crieuianicT y ranysi
enekTpomeTanyprii, 30Kpema, enekTpoLLIakoBMX TEXHOMONIN NPy Nepennasi, NUTTI, 3BaptoBaHHi cTanen Ta
CnnasiB, BUrOTOBINEHHI YHiKanbHUX BUpOGiB Ans GaraTtbox ranysert npomucnosocTi. B. A. CaeHko aBTop Ta
cniBaBTop 6nm3bko 320 HaykoBUx Npaub Ta 6nmnsbko 300 aBTOPCHKMX CBIQOLTB Ta NaTeHTIB.

lp of

21 kBiTHA 1958 poKy

Mig Yac npoBefeHHs Bptoccenbebkoi BcecBiTHLOI BUCTaBkM 1958 p. 6yno OronoweHo npo CTBOPEHHS
€MeKTPOLLIIaKoBOro 3BaptoBaHHs. MeToq enekTpolunakoBoro 3BaptoBaHHsi (ELL3) 6yno po3pobneHo cnis-
pobiTHMKamu [HCTUTYTY enekTpo3sBaptoBaHHs iM. €.0. MaTtoHa Ha noyatky 1950-x pokis. ELL3 € ogHum 3
pi3HOBMAiB 3BaptoBaHHS NnaBfieHHsiM. BOHO 3acHOBaHO Ha BUAINEHHI Tenna npy NPOXO4XeHHI eNeKTpUYHOro
CTPyMy Yepes piaKkuii LWnak, 3a paxyHOK 4Yoro po3nnaBnsaTbCs KPOMKY AeTanei, Wo 3BapotoTbes, | npucaa-
KOBWI MeTar, a TakoxX NigTPUMYETLCA BUCOKa TemnepaTypa poannasy. Liev BuA 3BaptoBaHHS BigkpuBas Be-
TVKI MOXITMBOCTI Y BUPOBHMLTBI BaXKKOrO MeTanypriiHoro, KoBanbCbKO-MPECOBOro Ta iHLWOro 06nagHaHHs.

lp ol

22 kBiTHA 1966 poKy
Y KanbkyTTi 3acHOBaHO |HOINCbKUIA IHCTUTYT 3BaploBaHHA. 3aBAsKM CBOIM Pi3HOMaHITHMM 3axodaM Ta
nporpamam, [HCTUTYT BM3HaHWI MPOBIOHMM, MOB’'A3aHMM i3 3BaploBaHHAM Y KpaiHi, 3 Ginbl Hixx 5000
iHOMBIAyanbHUX Ta KOPNOPATUBHMX YNeHiB. Ak YneH MixkHapogHOro iHCTUTYTY 3BaplOBaHHs, BiH Jonomarae
[OOHECTU [0 CBITOBOI CMiNIbHOTU BAXXMUBICTb Ta JOCATHEHHS iHAIMCLKOT 3BaptoBasibHOI MPOMMUCITOBOCTI.

lp ol

H

23 kBiTHA 1854 poKky
Hapoauecs Makc Kapn EpHct Jioggir MnaHk (1858-1947) — Himeubknii 4i3nK-TEOPETUK, OCHOBOMOSOXHUK
KkBaHTOBOI ¢hiznku. Jlaypeat Hobeniscbkoi npemii 3 diznkmn (1918), nporsarom 6araTbox pokiB OAWH i3 KepiB-
HWKIB HiMeLbKOi Hayku. HaykoBi npaui MNnaHka npucBsiYeHi TepMoanHaMiLi, Teopii TENMOBOrO BUNPOMIiHIO-
BaHHS, KBaHTOBOI Teopii, cnewianbHOi Teopii BiAHOCHOCTI, onTuui. BiH cdhopmynioBaB Apyruii noyaTok Tep-
MOAMHaMIKM SIK MPUHLMMNY 3POCTaHHSA eHTPONii i BUKOPUCTAB MOr0 Ha BUPILLEHHS Pi3HWX 3aBAaHb (i3NYHOI
ximii. MnaHK oTpumaB 3akOH po3noainy eHeprii y cnekTpi abcontoTHO YopHoro Tina (dpopmyna MNnaHka) Ta
06r'pyHTYBaB Liel 3aKOH, 3anpoBaamMBLLMN YSIBIIEHHS PO KBAHTW eHeprii Ta KBaHT Ajl.
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Bupaetben 3 1948 p.
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24 kBiTHA 2014 poKy

CkynbnTop nig nceegoHimoM TEJN BCTaHOBMB OfHY 3 OCTaHHiX CBOiX CKynbnTyp «JobuTnca csoboam».
TEJN — Le nceBOOHIM Cy4acHOro 4aTCbKOro CKynbATopa, KM po3noyas CBOK TBOPYY PODBOTY SIK BynMYHUN
Xy[AoXHWK y 2007 p. BukoHytoum cBoi poboTu 3 MeTany Ta BUKOPUCTOBYHOYM 3BaptOBaHHS, BiH OTpMMaB nomy-
NSAPHICTb 3aBOSKN HECAHKLLIOHOBAHUM PO3MILLEHHSAM CKYNbATYp. Xy4oXHMK 6€3 403BONY BNagu npuBapoe
4Y 3aKpiNMe Nam aTHYK NaHuloramv Tam, Ae oMy 3amaHeTbes. [MisHile ckynbnTypy novanu nosepraTtu
CBOI MicLSl K NaM’ATHUKN apXiTeKTypu. Y CBOIX poboTax CKynbMTOp KOPUCTYETLCS 3BapPHOBAHHSAM, Pi3KOt0,
HannasNeHHSAM Ta iHWKWMK MeToaaMu 06pobkm MeTany. CboroaHi moro poboTun Yacto BUCTaBNSA-
IOTbCS Ha NPECTMXKHUX BMUCTaBKax.

25 kBiTHA 1990 poky

LWattn «Discovery» (STS-31) BuBiB Ha opbiTy KocMi4yHWIA Teneckon «Xab6n». Baxnusy ponb y OyaiBHULTBI
LibOro Teneckona 3irpano nasepHe 3BaploBaHHS, sike BUKOPMUCTOBYBANOCS NPU BUrOTOBIIEHHI cneLianbHUX
nerkux nopuctunx asepkan. Kocmiynuii Teneckon imeHi E. Xabbna — oauH i3 HanycniwHiWwmx opbitanbHUX
KOCMIYHMX anapariB HayKoBOro npusHadeHHs. BiH gonomarae gocnigxysatv COHAYHY cucTemy, aaneki ra-
NaKTUKN, TYMAHHOCTI Ta iHLLi KOCMi4Hi 06’eKTH, SKi HEMOXINMBO BUBYaTK 3 3emni.

]

26 kBiTHA 1986 poky

Binbynacs katactpoda Ha YopHOOWMbCLKIn aTOMHIN eneKkTpocTaHLii — HanbinbLua y cBoeMy popi aBapisi
B aTOMHIil eHepreTuLi, sika 3abpana XUTTa COTeHb NoAewN | CpoBOKyBana 3HayHi 3MiHM €KOHOMIYHOTO Ta
MONITUYHOTrO XUTTA cycninbcTBa. 3rigHo 3 BaratbMa NonepemKeHHAMU, OOHUM i3 HeOONIKIB Y KOHCTPYKLi
CTaHUjii Bynun HesikiCHO BUKOHaHI 3BaptoBarnbHi poboTH, siki BHECIM CBili BHECOK y Tparefito. B gaHuii yac npu
NpoBeAEHHI 3BaptoBaribHUX PobiT Ans «Cyxoro» 36epiraHHs BianpaLboBaHOMO SAEPHOro Nanuea B CXOBULL
LLUIMPOKO BUKOPUCTOBYETHCA aBTOMAaTUYHe 3BapioBaHHS eNekTpoAoM, Lo He NNaBuUTbCH, 3 Nodadvero «raps-
Yoi» Npucagkn B AUCTaHLINHOMY YNpaBniHHiI.

]

27 kBiTHA 1967 poKy

Bigkpunacs BcecBiTHs BucTaBka 1967 p., cumBonom sikoi ctana MoHpeanbcbka biocdepa. MobyaosaHa sik
naBinbMOH aMepUKaHCbKOI ekcrno3uLii MixkHapoaHoi BUcTaBkm Expo-67, 6iocdepa ctana ogHuM i3 cumBonis
micta MoHpeanb. KOHCTpyKLis Mae BUrnaA BENUKOI Kyni, Lo ckragaeTbesi 3 6e3nivi 4acTuH, 3'egHaHnX Mix
coboto 3BaptoBaHHsIM. KoxkHa 3 HUX BUrMsAae sik cneljarnbHe MOMekynsipHe 3'eHaHHs!, WO Hanexutb Ao
0Cco6NMBOro Kracy npoanoTponHux oopM BCiM BiZoMoro Byrneuto. Y TpaeHi 1976 p. nig yac peMOHTHUX
3BaptoBarnbHUX pobiT kynon Gioccepu cnanaxHys, ane, Ha LiacTsi, obinwnocs 6e3 xepTs.

NG|

28 kBiTHA 1934 poKy

Hapogvecs B.l. Kasumos, Bigomuin cnewianicT y ranysi KOHTaKTHOroO CTUKOBOTO 3BaploBaHHs TpyO pisHOro
NpU3HavYeHHst — NpeacTaBHUK NaToHIBCbKOI WKonuW. 3a Moro y4acTio po3pobrieHo Ta BNPOBagKeHO yHikarb-
HWIA 3BaptoBanbHU Kommnnekc «[iBHi4-1». KOHTaKkTHe CTUKOBE 3BaploBaHHS, sike 34INCHI0ETLCS «[TiBHIYY,
oavH 3 HebaraTbox cnocobis, L0 [O3BONSAOTL NMOEAHATM NPaAKTUYHO BCi BiAOMi MeTanu Ta crnnasu, 3abes-
neyylo4m BMCOKY CTabinMbHICTb Ta SiKiCTb 3'edHaHb. [na 3BaproBaHHSA rasonposoiB Aiamerpom 1420 mMm
nepeBaxHO Y NOMbOBMX YMOBAX, y TOMY YiCAi B eKcTpeManbHux ymosax KpanHboi MNiBHOYI, LUMPOKO BUKO-
pVCTOBYBaBCS 3BaptoBasibHU KoMnnekc «IMiBHiY-1».

NG|

29 kBiTHA 1897 poky

Cep [Oxo3ed OxoH TomcoH (1856-1940) — aHrniicbkuid chisnk, naypeat HobGeniscbkoi npemii (1906) 3a
3acnyrv B o6nacTi TEOPETUYHKX 1 eKCriepuMeHTarnbHUX AochiAxXeHb NPOBIAHOCTI ENEKTPYKM B rasax, cepen,
AKX HaNBaXXNUBILLA — BIAKPUTTS enekTpoHa (29 kBiTHs 1897 p.), i3oToniB i BUHaxoay Mac-cnekTpoMerpa.

]

30 kBiTHA 1941 poKy

3aknageHo kopabenb SS Patrick Henry — nepwwi i3 cepii «J1ibepTi», nobyaoBaHoi Ansi TpaHCNOPTHOIO
dnoty CLUA. BiH 6yB cnywieHuii Ha Bogy 27 BepecHst 1941 p. 3aBasiku 3amiHi knenaHoi KOHCTPYKUii Ta
TEXHONOorii KNenku Ha 3BaploBarnbHy KOHCTPYKLito Byno 3aowamkeHo 500 Tvc. T cTani, a umkn cnopyam
ckopoTuBest Ao 50 AHiB. 3a paxyHok uboro Ao 1943 p. 6yno nobynosaHo 6nusbko 500 cypis, a Bcboro 6yno
nobynosaHo 2710 kopabnis AaHoi cepii.

]
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