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HAYKOBO-TEXHIYHUM PO30IN

A PERSPECTIVE OF THE NEEDS AND OPPORTUNITIES FOR
COUPLING MATERIALS SCIENCE AND NONDESTRUCTIVE
EVALUATION FOR METALS-BASED ADDITIVE
MANUFACTURING
3ATPEBYBAHICTD I IEPCIIEKTUBY ITOCIHAHHS
MATEPIAJIO3HABCTBA TA HEPYUHIBHOI OLIIHKU
MATEPIAJIIB 1J11 AIMTUBHOI'O BUPOBHUILITBA
METAJIOTIPOIYKIIIT

M.J. Quintana*t, Y. Ji*1, P.C. Collins*t1§

* Department of Materials Science and Engineering, lowa State University, Ames, IA 50011, USA
T The Center for Advanced Nonferrous Structural Alloys, a joint NSF I/UCRC between lowa State University
and the Colorado School of Mines
T The Center for Nondestructive Evaluation, a graduated NSF I/UCRC
§ Ames Laboratory, Ames, 1A 50011, USA; pcollins@iastate.edu

This paper presents a perspective of the needs and opportunities associated with the multidisciplinary problem of nondestructive
evaluation (NDE) of additive manufacturing (AM). Recognizing the multidisciplinary nature of the problem, as well as the need to
bridge knowledge between the different communities, the paper is structured to provide brief backgrounds and details relevant to
both communities, as well as present an assessment of the state of the art. This paper, in some respects, is meant to be a primer of the
different landscapes, as well as a catalyst for making future connections. At the end, it will be clear that there is much more work to
be done, but that the work that is ongoing is exciting, and the potential to exploit NDE techniques for metals-based AM is very high.

V wiii cTarTi MpeAcTaBICHO MEPCIIEKTHBRH, ITOB’S3aHi i3 33/I0BOJICHHSM MOTPEO Ta MOXKIMBOCTSIMH, IO MOKYTh OyTH JTOCSTHYTI
Ha OCHOBI 3aCTOCYBaHHsI MUKAUCIMILUTIHAPHOTO TiXOMy B rairy3i HepyiiHiBHOTO oniHoBaHHs (NDE) aquTHBHOTO BUpOOHUIITBA
(AM). BusHaroun MDKANCIUILTIHAPHUHA XapaKTep MUTaHHS, a TAKOK HEOOXITHICTh B3a€MOOOMIHY 3HAHHIMH MiXK IUMH pi3-
HHMH CIIUIBHOTaMH, CTaTTsl CTPYKTYypOBaHa TaKMM YMHOM, 1100 HaJaTH CTHCIIHI OIUC OCHOB Ta HOJAPOOUIIb, 10 CTOCYIOTHCS
000X CIIJIBHOT, @ TAKOXK HPEACTABUTH OLIHKY Cy4acHOro crany. LIs ctarTs y IEeBHOMY PO3yMiHHI MOXE CIIPUAMATHCS Y SKOCTI
CIUTBHOT OCHOBH TS Pi3HHUX 00JIACTEH, a TAaKOXK KaTalizaropa JJisi CTBOPEHHS MallOyTHIX 3B’S3KiB. 3PEUITOI0 CTaHE 3pO3yMLIIO,
1110 TToTepey e 6araro poboTH, ajie podoTa, siKa TPUBAE, € 3aXOILTIOIOUOI0, 1 TIOTEHIIaN i BUKOpUcTaHHS MeToiB NDE s
AM MeTanoBupo0OiB ayKe BUCOKHH.

Keywords: additive manufacturing, nondestructive evaluation, materials state, measurement techniques, materials physics
Kniouosi crosa: aoumuene supobHuymeo, HepyuHieHa OYiHKA, CMAaH Mamepianie, GUMIPIOSAIbHA MEXHIKA, (i3uKa mamepianie

Introduction

Increasingly, there is an awareness that the par-
adigm-changing nature of additive manufacturing
(AM) requires a reassessment of both materials sci-
ence and nondestructive evaluation (NDE). Tradition-
ally, these technical specialties/disciplines are sepa-
rated, as their role in the development, manufacture,
and use of parts and components in advanced techni-
cal systems, such as vehicles, aircraft, defense, and
energy systems, is notably different. However, it is
also becoming clear that there is a significant oppor-
tunity if these traditionally separate subject matter ex-
perts can collaborate in the area of AM.

The causes associated with why these technical ex-
perts are separated is worth a brief discussion. First,
there is the typical role that these experts play in any or-
ganization. A materials scientist plays important roles in
the development and optimization of new materials, of-
ten long before those materials are qualified and become
part of the design and manufacturing ecosystem. A ma-

ISSN 0235-3474. TexH. giarHOCTUKa Ta HEPYWHIBHUM KOHTpOnb, 2023, Ne3

terials engineer may then be highly involved in certain
aspects of the manufacturing ecosystem, providing sub-
ject matter expertise related to process controls and de-
structive testing to assure specific metrics of quality (for
example, mechanical testing or microscopy). The NDE
experts often receive a handoff of parts and components,
and then apply their skill sets to ensure that the quality
of parts is known to an acceptable degree of uncertain-
ty, monitoring parts over their lifetime in service. In cer-
tain organizations, the NDE experts can play a role in
the design of the parts if philosophies such as design for
inspectability are part of the organization’s culture. Sec-
ond, there are the types of data these different subject
matter experts typically manage. For the materials scien-
tist or engineer, the spatial domain dominates the char-
acterization techniques, enabling the direct observation
of grains, texture, precipitates, and defects. For the NDE
expert, the tools invariably rely upon measurements
involving time, and are thus in the frequency domain,
which can be converted into the spatial domain using
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various techniques. Lastly, the NDE experts are trained
to use statistics (that is, probability of detection) to pur-
sue rare events and are, by their occupation, risk averse.
Conversely, the research of many materials scientists is
primarily focused on the initial stages of new materials
development, where it is not uncommon to imagine in
an almost unbridled sense the possibilities of the new
materials under study.

AM is, without question, a new manufacturing
paradigm. In its most unconstrained, futuristic sense

(see Figure 1), AM is capable of producing net or
near-net shapes:

e whose features span across length scales (Zhou
et al. 2015; Riveiro et al. 2019; Kumar and Maji
2020; Marini and Corney 2020);

e whose topology may be topologically optimized
or, emergently, generatively designed (Meng et al.
2020; Liu et al. 2018);

e whose local materials state?, and thus properties/
performance, may be controlled spatially by tuning

Figure 1. Wide variety of applications of AM techniques: (a) additively manufactured bridge using the wire arc additive manufacturing
(WAAM) technique; (b) hydraulic hand 3D printed by Oak Ridge National Laboratory that houses electric motors and hydraulic
components inside; (c) 3D-printed metallic “space fabric” designed and manufactured by NASA,; and (d) AM meso-structures in a
turbine blade. (Figure 1a is reprinted with permission from Feucht et al. [2020]; Figure 1b is reused from Love et al. [2013] under
Creative Commons Attribution License (CC BY); Figure 1c is reused from Good and Landau [2017] under Creative Commons
Attribution License (CC BY); and Figure 1d is reprinted courtesy of The University of Sheffield.)

1 Materials state includes, but is not limited to: composition, solute distributions, microstructure (phases, their size, distribution, and
correlations), crystallographic texture, and the presence of defect structures (e.g., dislocations, porosity, interfaces, cracks), across
all length scales. This definition follows from materials state awareness (MSA), which is defined as “digitally enabled reliable
nondestructive quantitative materials/damage characterization regardless of scale” (Buynak et al. 2008). The materials state is what a
manufacturing process produces (or what evolves during service) and is also what governs the performance of the material (Buynak et
al. 2008; Jacobs 2014; Aldrin and Lindgren 2018).
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the process, post process, and/or composition spaces
(Tammas-Williams and Todd 2017; Li et al. 2020); and

e where the local materials state may be both de-
signed and measured during component manufacture,
providing a digital record/twin that can be used to
both verify/validate the process space and predict the
properties/performance of the part during service.

To ensure that the material is of a sufficient quali-
ty with respect to the design metrics (such as dimen-
sions, properties, and performance), it is necessary to
develop and bring to bear new advanced metrology
and evaluation tools during the manufacturing pro-
cess. Among the most promising techniques are those
that are based upon conventional NDE approaches,
yet their applicability requires a direct connection
with the materials state.

Within AM, there are new physics that operate,
which scientists and engineers (and companies/or-
ganizations) need to understand. For example, as
most AM techniques are fusionbased processes, the
composition of the as-deposited material may be dif-
ferent than the composition of the starting powder or
wire, through either the preferential loss of some vol-
atile elements or the gettering of other elements from
the surrounding atmosphere (Carroll et al. 2015; Sato
and Kuwana 1995; Semiatin et al. 2004). And, while
much is known about the dynamic nature of the AM
process, other research is leading to new insights into
the formation and evolution of defects (Kenney et al.
2021; Quintana et al. 2021), the importance of fluid
dynamics (Tammas-Williams et al. 2015; Hojjatzadeh
et al. 2019) on the molten pool and presence of any
keyhole, and the competition between molecular flow
of gas and the vaporization of elemental species and
their combined effect on the proximal powder (Yod-
er et al. 2021; Ahsan and Ladani 2020). These new
physics are being discovered in sophisticated exper-
imental facilities, including high-energy beam lines,
where both high spatial and temporal data can be ob-
tained (micrometer and microsecond). The state-of-
the-art measurements are beginning to be correlated
with some NDE approaches, as these are promising
methods to correlate the physical mechanisms associ-
ated with AM with signals that can be measured dur-
ing the AM process.

It is clear that for both the realization of many of
the promises of AM as well as the determination of
different physical domains that the NDE approach
has an important role to play. This paper consists of
two primary components. First, it provides a brief
review of some of what is known about the compo-
sition—process—materials state—performance rela-
tionships in AM. Elements of this first section will in-
clude some aspects of NDE techniques, as relevant.
New connections between aspects of the materials
state and NDE techniques will be presented. Second,
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it provides a review of the applicability of different
NDE techniques for both ex situ and in situ assess-
ments of the materials state, and by extension, initial
metrics of the quality of the as-manufactured materi-
als and components.

A Review of Additive Manufacturing

Jim Williams, an internationally renowned expert
on titanium, physical metallurgy, and microstruc-
ture-property relationships, as well as a former dean
at both Carnegie Mellon University and Ohio State
University, once provided the most pithy yet useful
definition of AM: “It is the opposite of subtractive
manufacturing.” In addition to its brevity, this “defi-
nition” is useful for two reasons. First, it is implicit-
ly broad, as it does not invoke any of the prototyp-
ical details that are typically invoked yet constrict
our perspective, such as the heat source (such as la-
ser), geometries of the material that is added (such
as molten pool), or incoming material type (such as
powder). Second, it implies a capability that is impor-
tant for the NDE community: the addition of volumes
of material means that those volumes can be probed
in a manner paralleling (following) the AM technique
itself, providing a highly detailed perspective of the
materials state.

The intellectual property history of AM can
most clearly be understood based upon this defini-
tion. From a certain perspective, civilization’s earli-
est methods of manufacturing involved AM, as ex-
emplified by coil pots, which permitted individuals
to make clay pottery prior to the advent of the pot-
ter’s wheel. However, from a modern perspective,
the earliesttechnical basis for metal-based AM is
found in a 1920 patent by Ralph Baker (1920), who
patented a method to produce decorative articles us-
ing electric arc welding to deposit beads of material
onto previously deposited beads of the same metal.
While this method was cited in other welding tech-
niques in the 1960s, the next notable patent came
in 1979 from Brown et al. (1979) while working at
the United Technologies Corp. on a US Navy-fund-
ed project. In 1979, the inventors disclosed a process
for the subsequent deposition of metallic layers that
would be capable of producing bulk, rapidly solidi-
fied metals. In their work, they termed this technique
“LAYERGLAZE,” and in their patent, they includ-
ed the possibilities of multiple heat sources (includ-
ing both electron beams and lasers) and of multiple
material forms (including both powder and wire).
While this was not pursued fully at the time, there
is a direct connection between this patent and San-
dia National Laboratories’ work on a directed ener-
gy deposition system with a powder-blown delivery
system and a laser energy source known as Laser En-
gineered Net Shaping (LENS™), which resulted in
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the first commercial company for metals-based AM,
Optomec, and the first commercial sale in 1998 to
Ohio State University. Other key technology patents
in the 1980s that have benefited the AM community
are rooted in polymeric materials, including the work
of Hideo Kodama in 1981 (Kodama 1998), Charles
Hull’s work in stereolithography in 1984 (Hull 1984),
and Charles Hull’s first 3D printer in 1987 (3D Sys-
tems 2021). In the earliest days of metals-based AM
using LENS systems, there were simultaneous ef-
forts to understand the processing-property space,
including the first appearance of metrics that com-
bined key “feed and speed” parameters into energy
density terms (Yin and Felicelli 2010; Hofmeister et
al. 2001); understand the composition—microstruc-
ture—property space, including the use of elemen-
tal blends (Schwender et al. 2001; AlMangour et al.
2017); and produce the initial work into producing
compositionally graded structures (Zhang and Ban-
dyopadhyay 2019; Bandyopadhyay and Heer 2018;
Obielodan and Stucker 2013; Balla et al. 2009). In-
dustries and agencies began to fund work to develop
the first processing—structure—property databases and
began to place AM metallic parts into service (Col-
lins et al. 2014, 2016). Within the past decade, there
have been sustained efforts in developing and inte-
grating computational tools to predict the geometry
(including distortion and residual stress), microstruc-
ture, properties, and performance of AM parts (Smith
et al. 2016a; King et al. 2015). The level of sophisti-
cation and availability of machines is now sufficient-
ly robust that in 2019, it was even shown that it was
possible to 3D print and “fly” a certain superhero suit
(ANI3DP 2021).

It is difficult to bound the variations of AM sys-
tems. The scale of the systems ranges from aerosol
jet-like processes, which have submicrometer res-
olution and are used to manufacture functional de-
vices, to large-area AM, which produces parts with
dimensions of multiple meters (Lim et al. 2012; Wil-
liams et al. 2016). While most metals-relevant AM
systems involve fusion (pools of liquid metal), there
are other innovative AM techniques that are solid
state (such as the MELDprocess [Yoder et al. 2021;
Griffiths et al. 2019, 2021]) and rely upon friction-
al or ultrasonic methods of joining. The heat sources
for fusion-based techniques include lasers, electron
beams, plasma sources, and, most recently, resist-
ance-based techniques (such as Joule heating [Huang
et al. 2014; Batista et al. 2020]). The incoming mate-
rial to be added is prototypically wire or powder, but
can also include thin sheet or ribbon (Kobryn et al.
2022; Hascoet et al. 2014). The atmospheres can be
equally varied, ranging from vacuum to inert shield
gas to deposition in controlled atmosphere glove
boxes. This variability has an impact on the compo-
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sition of the as-deposited materials in fusion-based
systems. AM systems can be additive only, or hybrid
involving the recursive operation of both additive
and subtractive (machining), or other techniques,
such as laser peening for local control of the residual
stress (Hackkel et al. 2018; Madireddy et al. 2019).
Systems can be equipped to deliver material from
a single feed source or from multiple feed sources
to enable the spatial control of the composition in a
preprogrammed manner (Kelly et al. 2021; Schwartz
and Boydston 2019). The as-deposited structures can
be free form or supported using lattice structures
such as in powder beds (Collins et al. 2016; Davis et
al. 2009; Zalameda et al. 2013; Vaissier et al. 2019;
Hussein et al. 2013). Similarly, the architectures can
be designed to be fully dense, lattices, or with vari-
ations of controlled internal cavities (Juechter et al.
2018; Wang et al. 2018; Tao 2016; Gardan and Sch-
neider 2015). Figure 1 provides a broad overview of
the types of structures, systems, and processes that
exist. Considering these capabilities in aggregate,
and imagining future systems where the “material ef-
fectors” are selectable to achieve a particular materi-
als state with a particular function in a particular lo-
cation (a logical fusion of concepts found in AM and
metamorphic manufacturing [Xie et al. 2016; Daehn
and Taub 2018; Feucht et al. 2020; Love et al. 2013;
Good and Landau 2017]), one can begin to conceive
of new materials and desirable topologies across a
range of length scales.

In general, the types of physical processes of fu-
sion-based AM techniques involve:

e the transfer of energy from the heat source into
the material, which includes consideration of the
material’s reflectivity to the particular energy wave-
length and adjusted for particular configurations that
correspond to the efficiency and redundancy of ener-
gy-impingement events;

e the heat-transfer mechanisms within the part,
including radiation, conduction, and convection
(Raghavan et al. 2013; Gutowski et al. 2017);

e the heat-transfer mechanisms associated with
the material’s thermodynamics, including phase
transformations and any attending enthalpy of mixing
of different species (Kumara et al. 2020; Zhang et al.
2019b; Kenel et al. 2017);

e the fluid dynamics of the liquid, including Ma-
rangoni convection, buoyancy, gravity, and oth-
er complex melt-pool dynamics (Hojjatzadeh et al.
2019; Gan et al. 2017; Khairallah et al. 2016);

e possible secondary processes in proximity to
the molten pool, including capillarity, wetting, sinter-
ing, and thermal grooving (Blank et al. 2019; Mullins
1957, 1958);

e dynamics mediated by the liquid/vapor inter-
face, including volatilization or gettering of elemental
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species, and the gas dynamics, including kinetic mo-
tion of molecules (Sato and Kuwana 1995; Semiatin
et al. 2004; Collins et al. 2014);

e physical processes at the liquid/solid interface,
including melting and solidification;

® solid-state phase transformations; and

e the current evolution (and retention) of elas-
tic-plastic deformation processes induced by either
phase transformations, phase evolution, or transients
in thermal gradients.

These processes are further complicated by the
motion of the heat source, inducing so-called thermal
gyrations into the part whose magnitude and frequen-
cy are functions of the part geometry and the build
scan strategies (G-code). Each of these is sufficient-
ly complex so as to merit their own treatment, and as
such lies beyond the scope of this paper. However, an
understanding of such broad categorizations is help-
ful to understand the types of measurements that will
be useful in understanding key metrics of the materi-
als state that influence the properties and performance
of the material. Table 1 provides correlations between
these general types of physical processes and a hier-
archy of materials state parameters that govern the
properties and performance of materials. For some
materials, these correlations have been quantified,
and the most important factors have been determined.

Important Materials State Factors

From the perspective of failure in most metal-
lic systems (assuming a reasonable level of ductili-
ty), the principal aim is to understand the presence
of defects and damage and their evolution during ser-
vice. Thus, concepts such as fatigue and fracture go
hand in hand with materials state awareness and any

attempt to link NDE methods with AM, whether ex
situ or in situ. In AM materials, the dominant macro-
scopic defects include porosity, lack of fusion (LOF),
cracking/tearing, and balling.

After the macroscopic defects are considered, two
other variables demand our attention. The first varia-
ble, residual stress, can couple with defects, leading to
unexpected failure. Explicitly, it is necessary to state
that residual stress is the gradient in the local densi-
ty of dislocations, which are the atomic-scaled line
defects responsible for an alloy’s ductility, and which
can lead to considerable strengthening of the materi-
al. Thus, a material can have a low average dislocation
density but a high residual stress (large gradients), a
high dislocation density but a low residual stress (small
gradients), or other permutations. The second variable
involves grains, their size, and any preferential crystal-
lographic orientation, also known as texture. Texture is
increasingly recognized as having an important role on
the properties and performance of materials. Texture
is very common in AM materials, owing to the steep
thermal gradients and rapid solidification (Quintana et
al. 2020; Saville et al. 2021; Kamath et al. 2021; Kun-
ze et al. 2015; Dinda et al. 2012; Song et al. 2014),
though it can be controlled through processing. The
presence of periodic texture has been linked with some
challenges in inspectability.

The final two broad categories, materials compo-
sition (both average and local) and the “rest” of the
microstructure (typically phases, their size and distri-
bution) are critically important to setting the baseline
mechanical properties of engineering alloys (such as
strength, ductility, and fracture toughness). At a min-
imum, there are local compositional fluctuations in
AM components (Kenney et al. 2021; Collins 2004;

Table 1. Materials state variables linked to different physical processes related to AM

Materials state variables

Physical process Composition

Average Local

Phases (size,
fraction)

Grain size/ Defects (pores, cracks,

texture lack of fusion, balling) | Residual stress

Heat input X X

X

Macroscopic heat transfer X

X

Materials thermodynamics X

Fluid dynamics within the
molten pool

Fluid processes adjacent to
the molten pool

Liquid/vapor interface
processes

Liquid/solid interface
processes

Solid-state phase
transformations

Elastic and plastic
deformation, gradients

Thermomechanical
gyrations

Euclidean deposition (i.e.,
G-code) effects
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Hayes et al. 2017), which can lead to variations in the
clastic stiffness tensor (Cij), and thus should be rele-
vant for the NDE community.

These five categories of variables are described
briefly in the following sections. Interestingly, there
is a coupling between these variables that provides
potential strategies to better identify them using NDE
techniques. Some examples of coupling between var-
iables will be introduced.

Defects

There are at least five types of macroscopic de-
fects associated with a volumetric variation of some
sort: spherical porosity, LOF porosity, balling, crack-
ing or hot tearing, and fish scaling (Zhou et al. 2015;
Tammas-Williams et al. 2015; Pogson et al. 2004; So-
chalski-Kolbus et al. 2015). Figure 2 provides exam-
ples of these four types of macroscopic defects.

Often and erroneously, spherical porosity (Fig-
ure 2a) is assumed to indicate an existing gas pore.
The correct interpretation is that the pore formed
when it consisted of a gaseous species inside the
pore. However, there are two sources for such gas.
The first source is gaseous elements, such as argon,
that are contained in some powder particles prior
to deposition or that are captured by liquid dynam-
ics from the surroundingatmosphere. These elemen-
tal species will remain in the pores and are unlikely
to be healed permanently through other post-deposi-
tion processing steps (Kenney et al. 2021; Collins et
al. 2016; Collins 2004; Zhang et al. 2019a; Chlebus
et al. 2015). The second source is alloying elements
that are vaporized and create a keyhole (Kenney et
al. 2021; Hojjatzadeh et al. 2019; Collins et al. 2016;
Petrov et al. 1998; King et al. 2014). These elements
have surface Rayleigh instabilities whose dynamics
can result in spherical pockets of vapors of the con-
stituent metal elements that behave as a gas, result-
ing in spherical pores, and which then condense on
the surface of the pore, leading to a pore that is un-
der vacuum. The thermophysical properties, includ-
ing density, of these two types of spherical pores will
differ. There is emerging work that is using high-en-
ergy X-rays to image experiments that emulate pow-
der bed systems to study the origins of these defects
(Menasche et al. 2021; Xavier et al. 2020; Jop et al.
2020), whileother work is studying the importance of
Marangoni convection on the capture and retention of
these particles in molten pools with an extended tail
(Hojjatzadeh et al. 2019; Gan et al. 2017; Khairallah
et al. 2016). Such work is in alignment with evidence
that raster scan powder bed strategies are more likely
to contain these spherical pores that arise from alloy
constituent vaporization, while spot-scan strategies
are less likely.

LOF defects (Figure 2b) are features caused by
partial melting of the material by insufficient heat and
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can be classified by poor overlap within layers, in-
adequate wetting, or shallow melt pools that do not
interact with previous layers (Polonsky et al. 2020;
Calta 2019; Martin et al. 2019; Cunningham et al.
2019). Scanning strategies play an important role in
the creation of this type of defect. LOF defects are
common in linear raster strategies, especially in those
locations when the heat source reduces speed to make
turns, making the zones near the edges particularly
common places to observe these defects (Zhou et al.
2015). This points to the need to better understand—
and potentially measure—signals of the depth of pen-
etration of the molten pool, as opposed to the current
method, which is commonly a preprogrammed func-
tion related to power and acceleration/deceleration
speeds. Such information would better represent the
process physics. The formation of LOF defects can
also be responsible for “turbulence events” that hin-
der fluid flow and can promote even more heteroge-
neities in chemistry. Furthermore, the local cooling
rates can be related to the shape of LOF defects or be
identified as the cause of their formation (Kenney et
al. 2021; Bayat et al. 2019; Wolff et al. 2017). NDE
techniques, such as X-ray computed tomography, can
be very powerful tools to first determine if LOF de-
fects are present in the part and also their location
and approximate sizes, depending upon the resolution
of the technique, the depth of penetration, and other
shape factors.

Excessive heat can form other defects such as
those associated with the “balling phenomenon” (Fig-
ure 2¢) in which liquid droplets of metal are ejected
from the melt pool, cool rapidly, and then land on the
melt pool (potentially becoming incorporated) or oth-
er regions of the part (Khairallah et al. 2016; Gunen-
thiram et al. 2018; Haghdadi et al. 2021). These drop-
lets once they cool and if they are captured, may
effectively modify the local properties (topological,
mechanical, chemical, texture, thermal, etc.) and in-
fluence subsequent layers.

Cracking (Figure 2d) is a dynamic process where
the rates of heat transfer and the concurrent stresses
and strains due to thermal expansion/contraction, or
phase transformations, compete with the ability of the
material to accommodate the strains, typically defined
by the ductility of the material. The problems asso-
ciated with cracking are well known in the welding
community and are often associated with concepts
such as the “brittle range” (the temperature range
that a material will still have strength but without any
measurable ductility) and the nil ductility tempera-
ture. Such cracking problems exist for AM materials
for two reasons. First, AM is effectively a spatially
controlled welding process, with the same physics, al-
though with different degrees of severity. Second, the
3D nature of the builds often results in thermal cool-
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ing differentials, where the base plates are at a colder
temperature and result in higher heat extraction rates
and degrees of thermal cycling for the first layers of
a build, which reduces as the builds get to be larger/
taller, and further removed from a “cold” substrate
relative to the molten pool. In addition to these con-
ventionally understood cracks, differences in the local
material’s state and porosity levels (whether intention-
al or not) will result in changes in heat flow and will
lead to gradients in stresses and strains that can lead to
local cracking, even in otherwise ductile material.

The final defect discussed in this review is the
so-called “fish scaling” (Figures 2e and 2f). This de-
fect is observed in the planes parallel to the build di-
rection and are a result of variations in solute con-
centrations or chemical variations in the melt pool,
or variations in precipitate formation and morpholo-
gy (Sochalski-Kolbus et al. 2015; Tang et al. 2015;
Brandl et al. 2012). This is typically a result of solid-
ification processes, such as solute rejection in colum-
nar and/or dendritic solidification, and/or solute trap-
ping for fast-moving solid-liquid interfaces. During
destructive metallographic analysis, this fish scaling
can be used to distinguish individual melt pools. This
defect is also a discontinuity in properties such as the
local elastic stiffness tensor (Cij), density, composition,
and other aspects of the material’s state. The ability to
measure these using any NDE method will be limited
in many respects, as the wavelength of the measure-
ment devices is much larger than these local variations.

Texture

In polycrystalline materials, texture is a phenome-
non where there is a preferential bias in how the crys-

R T <
Welding direction

tal structures (that is, atomic planes and directions)
of each individual grain are arranged. Crystallograph-
ic texture has long been known to exist in traditional
manufacturing processes, including deformation pro-
cesses, casting/solidification, and welding. For those
crystallographic textures whose origins are due to
solidification, the literature is full of data and mod-
els that show a preferential growth of grains where
certain crystallographic directions are parallel to
the maximum thermal gradients, effectively balanc-
ing both the growth rates of the crystals and the heat
transfer. Classically, solidification models and data
show the [001] grain growth is parallel to the max-
imum thermal gradient for cubic alloys, though it
can be influenced by anisotropy parameters and oth-
er crystallographic variables related to grain growth,
which can even occur in the [110] direction (Chalm-
ers 1964; Morris and Winegard 1969; Ferry 2006; Liu
et al. 2013; Boettinger et al. 2000; Henry 1943; Hen-
ry and Rappaz 2000).

In AM, the process parameters such as melt-pool
size, scanning strategy, and layer height influence the
maximum thermal gradient, and thus are mainly re-
sponsible for texture and grain morphology, which
can result in equiaxed grains (Figure 3a) or elongat-
ed columnar grains (Figure 3b) (Haghdadi et al. 2021).
The [001] growth can have deviations up to ~10° to
20° from the build direction as a result of the spatial-
ly varying heat source that modifies the thermal gra-
dient, and this texture persists with subsequent layers
(Quintana et al. 2020; Saville et al. 2021; Kamath et
al. 2021; Stephenson et al. 2020; Haghdadi et al. 2020;
Shao et al. 2020; DeMott et al. 2021; Kumar et al.

Figure 2. Defects commonly observed in AM: (a) spherical porosity (indicated by arrows); (b) lack of fusion caused by insufficient energy
input to melt the stock material; (c) balling; (d) hot tearing caused by excessive energy input, creating ejecta of material and thermal
stresses; and (e) and (f) fish scaling, at two different magnifications. (Figure 2a is reused from Tammas-Williams et al. [2015] under
Creative Commons Attribution License (CC BY); Figure 2c is reprinted with permission from Zhou et al. [2015]; Figure 2d is reprinted
with permission from Pogson et al. [2004]; and Figures 2e and 2f are reprinted with permission from Sochalski-Kolbus et al. [2015]).
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2021). Texture in AM parts has been reported for al-
loys such as titanium-based (Bermingham et al. 2015;
Vilaro et al. 2011; Wu et al. 2002; Qiu et al. 2015),
nickel-based (Kunze et al. 2015; Dinda et al. 2012;
Bi et al. 2014), and aluminum-based high-entropy al-
loys (Joseph et al. 2015; Sun et al. 2014), among oth-
ers (Song et al. 2014; Zecevic et al. 2015). As texture
is directly related to heat flow, the presence of defects
such as spherical pores or LOF (Kenney et al. 2021)
can modify the heat vector and the orientation of the
columnar grain growth and in some cases, the colum-
nar grains can stop at the “floors” of these defects. This
local disruption is an example of a correlated micro-
structural feature that may help to identify defects—
even those that are subsurface—in AM components.

Residual Stress

During AM processing, parts can experience cy-
clic expansion/ contraction during the thermal gy-
rations of heating/cooling, which can result in inho-
mogeneous and anisotropic stresses that can result
in permanent microscopic domains of plastic defor-
mation. This is known as residual stress. To be spe-
cific, residual stress refers to gradients in the dislo-
cation densities (which accommodate stresses and
lead to strains). Suchresidual stresses can lead to dis-
tortions, cracking, and failure (Cottam et al. 2014).
Within AM deposited parts, residual stresses can vary
within a layer. They have been reported to be differ-
ent at the bottom of a layer to the top (Denlinger et
al. 2014, 2015; Michaleris 2014; Mercelis and Kruth
2006), and have been reported to reach magnitudes
such as ~400 to 800 MPa in nickel-based superalloys
(Denlinger et al. 2014; Vilaro et al. 2012) or as low as
~25 MPa for aluminum alloys (Brice and Hofmeister
2013). Not surprisingly, given the gradient nature of
the local stress/strain states and the typical balanc-
ing of stress states, these stresses can be either com-
pressive or tensile in nature, depending upon location
(Denlinger et al. 2015; Brice and Hofmeister 2013).
Roberts et al. (2009) reported that residual stresses
are directly related to thermal gradients in the melt
pool, and thus can be controlled by thermal gradients
by modifying the printing parameters and scanning

Building direction
Building direction

strategy. Such residual stresses would be potentially
suitable for nonlinear NDE techniques post deposi-
tion, although it may be possible to use image-based
techniques and machine learning to predict the local
residual stress of a component.

Compositional Variations

In AM, compositional variations can be induced
either intentionally (such as through controlled
modification of the incoming material feed) or un-
intentionally (such as through volatility of an ele-
mental species in the presence of a vacuum and ex-
posed to significant superheats). In addition to these
macroscopic changes in composition of the local
melt pool or its surface, the complex fluid flow can
convey the different compositional domains (of-
ten at flow rates of 0.1 to 1.0 m/s). In addition, for
powder bed processes, it has recently been shown
that the fluid dynamics are coupled with the con-
vective forces within the molten pool, which can
have a considerable influence on the local compo-
sition of the solidified material. These fluid dynam-
ics are a function of thermal gradients in the liquid
pools and are thus a function of the scan strategies
(for example, raster or spot scan strategies). Of the
competing fluid-flow mechanisms, Marangoni con-
vection has been shown to be the dominant factor
in raster melt pools, as it is driven by temperature
gradients. Hojjatzadeh et al. (2019) defined three
distinct regions in the raster melt pool: circulation,
transition, and laser interaction. In comparison, spot
melting melt pools would have only laser interac-
tion regions. This difference explains why gas bub-
bles more easily escape the melt pool in spot melt-
ing strategies and can remain entrapped (and form
pores) in raster strategies (Kenney et al. 2021; Quin-
tana et al. 2021). In addition, this coupled effect be-
tween defects (gas pores) and compositional fields
has been recently confirmed (Kenney et al. 2021),
providing another possibility to relate two defects
that may be interpretable using different measure-
ment modalities.

Fluid flow, in combination with preferential el-
emental vaporization, is also responsible for a phe-

Figure 3. Texture in AM alloys: (a) inverse pole figure (IPF) plots of 316L stainless steel using 150 W laser power; (b) IPF plots of
316L stainless steel using 1000 W laser power; and (c) columnar growth and banding in a Ti-6Al-4V tensile coupon. (Figure 3a is
reprinted with permission from Laleh et al. [2019]; Figure 3b is reprinted with permission from Niendorf et al. [2013]; and Figure 3¢

is reprinted with permission from Carroll et al. [2015].)
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nomenon known as banding (Figure 3c) and can be
observed in optical microscopy (usually as light and
dark bands perpendicular to thebuild direction) and
energy dispersive spectroscopy (capturing bands
and chemical turbulent signatures in the presence of
defects).

Phases

Structural, multicomponent engineering alloys
often rely on second phases (or phase transforma-
tions) for strengthening purposes. Such alloys include
v — v nickel-based superalloys, precipitate hardened
steels, precipitate hardened aluminum alloys, and o
+ B and B titanium alloys. While in traditional man-
ufacturing processes, materials experience a specific
sequence of temperature excursions to optimize the
phase transformations sequence and evolution of the
second phase precipitates, the nature of AM forces
the alloys to experience an externally governed num-
ber of thermal cycles (through the slicing algorithm)
of a rather extensive range of possible temperatures,
ranging from remelting to “optimal phase transforma-
tion windows” to lower temperature heating/coarsen-
ing, all of which influence crystallographic texture,
grain size, formation—dissolution—formation of pre-
cipitates, phase fraction, and formation of nonequilib-
rium phases, including noncrystalline phases in some
cases. Traditional phase transformation models are
not fully valid for AM systems and require modifi-
cation to incorporate these thermal cycles and their
influence in the already printed layers. Composition-
al variations and banding can also be related to dif-
ferent phases in different locations within a layer, as
different chemistry can be related to different regions
in a phase diagram. The presence of certain phases,
morphologies, phase distributions, or phase fractions
can be achieved in some cases only by post-deposi-
tion heat treatments. This domain is, on the one hand,
perceived as the most difficult to couple with NDE
modalities because it is the least mature, and due to
the size/ scale of the precipitates. However, it may be
that indirect methods can be used to assess phase for-
mation, as the precipitation of one phase will change
the crystal chemistry of the parent phase, resulting in
changes in the local elastic stiffness tensor, a property
that is determinable using NDE techniques.

A Review of the Application of NDE Techniques
for Additive Manufacturing

NDE is a collection of qualitative and quantita-
tive testing methods that are used to evaluate certain
characteristics of the subject under test without per-
manent damage or alteration. NDE can provide criti-
cal information regarding certain material properties,
which plays an important part of providing confi-
dence for qualification and better quality control of
the material being used or produced. NDE can also
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be used on a routine basis to continuously monitor
mission-critical (high-value) parts and systems over
their lifespans. Rigorously speaking, nondestructive
evaluation (NDE), nondestructive testing (NDT), and
nondestructive inspection (NDI) do not correspond to
the exact same concept, but it has become an accept-
able practice to use these three terms interchangea-
bly. NDE techniques rely on electromagnetic radia-
tion, electromagnetic wave, electromagnetic diffusion
process, mechanical wave, visible and invisible light,
or a combination of those physical phenomena (for
example, laser induced phased array [LIPA] and elec-
tromagnetic acoustic transducer [EMAT]) to indirect-
ly or directly examine samples. It is worth noting that
NDE is much more than just “detecting cracks,” as it
is very common to use NDE techniques to evaluate
the properties of perfectly working subjects at the mi-
cro-, meso-, and macroscale. Based on specific phys-
ical processes and principles, NDE techniques can
be broadly divided into six modalities: visual testing
(VT), ultrasonic testing (UT), acoustic emission test-
ing (AE), electromagnetic testing (ET), radiographic
testing (RT), and thermal/infrared testing (IR).

Each of these modalities has different strengths
and weaknesses, and their performance is bounded by
their respective physical basis. In the potential appli-
cation of NDE techniques in AM, there are two res-
olutions to consider: spatial resolution and temporal
resolution. This paper considers only the first, given
its immediate translatability and greater disparity be-
tween the materials science and engineering/additive
manufacturing (MSE/AM) processing needs (micro-
to mesoscale) and NDE possibilities. Interestingly,
the temporal resolution is far more likely to have a
match between the MSE/AM needs and NDE pos-
sibilities. Considering spatial resolution, for VT and
UT (both wave propagation methods), the Rayleigh
criteria determines their resolution limit due to dif-
fraction limits. For VT, expected resolution will be
no better than ~0.2 pm for optimized optics, and this
number is 0.2 mm for UT in most cases. There are in-
trinsic tradeoffs between metrics. For example, there
is a tradeoff between resolution and depth of focus
for VT, and there is a tradeoff between spatial and
temporal resolution for UT. For ET, RT, and IR, the
resolution limit of these modalities is mainly empiri-
cally determined by the equipment, mechanical setup,
and testing samples. For ET methods, spatial resolu-
tion is no better than 0.2 mm; for IR, this number is
20 um (Ida and Meyendorf 2019).

Since the quality of AM parts is very sensitive to
process windows and complex and competing phys-
ics, there is an obvious need for NDE on AM. It is
imperative to include NDE in the AM process loop
(whether in situ or ex situ) so that feedback informa-
tion from NDE techniques can not only improve the

39



HAYKOBO-TEXHIYHWUW PO3IN

process but also play an important role in the over-
all quality assurance paradigm. Table 2 (Taheri et al.
2017) summarizes the matureness of NDE techniques
on AM in 2017 and their evolution in the following
four years.

Given that there have been significant efforts
extended on the general subject of AM NDE, the
remaining section of this paper will cover the latest
developments regarding NDE application on AM,
and the reasons why the information in Table 2 was
updated.

Visual Testing

VT techniques include, but are not limited to, con-
tour mapping, fringe projection (structured light), la-
ser profilometry, digital image correlation, and opti-
cal imaging and tomography. These techniques are
mainly used to evaluate geometric accuracy, surface
roughness, and residual stress (Sharratt 2015), al-
though there are ongoing efforts to correlate these
types of data with other volumetric defects deter-
mined following completion of the depositions.
One way to determine residual stresses by compar-

ing the build before and after removal from the sub-
strate is by using a coordinate measurement machine
(CMM) or other type of high-accuracy 3D scanning
technology (Denlinger et al. 2014). Recent progress
in computer vision may also provide another way of
measuring residual stress by Eulerian video magni-
fication (Wu et al. 2012), which is relatively low in
cost because it is camera based. VT (camera based)
techniques are useful for in situ AM process moni-
toring due to their low cost, ease of use, and numer-
ous software support packages (such as computer vi-
sion and machine learning). The basic application of
camera-based techniques in AM process monitoring
is flaw detection. LOF defects can be identified from
optical data by correlating multiple images with dif-
ferent lighting conditions and from multiple layers
(Abdelrahman et al. 2017).

With the help of supervised machine learning, it
is also possible to extend the detection capability of
cameras beyond LOF defects (Gobert et al. 2018), al-
though it remains difficult to differentiate LOF, po-
rosity, cracks, and inclusions. Mechanical properties

Table 2. Comparison of potential and capabilities for application of NDE methods for defect detection and materials evaluation
for finished AM parts, and the changes to these techniques in the last four years

NDE method Proposity Crack Microstruc_:tural Geometr_ical Mechan!cal Electromagnetic Residual
anomalies anomalies properties properties stress
2017 | 2021 | 2017 | 2021 | 2017 \ 2021 | 2017 \ 2021 | 2017 | 2021 | 2017 \ 2021 | 2017 | 2021
Visual C B! C B! A A N B2 N N B34
Ultrasonic A A A B A N B
Electromagnetic B A D B N A C
Radiography A A C A N N A
Thermal/infrared | D \ B® B D B N N N
Note: A = applicable; B = possible/needs development for use in AM; C = low probability of successful application to AM; D = not
applicable to AM; N = not applicable
1Gobert et al. 2018; 2 Lu et al. 2019; : Sharratt 2015; Wu et al. 2012; s McNeil et al. 2020

Figure 4. High-speed imaging of melt track progression and powder movement under the influenceof hot vapor Bernoulli effect (reused
from Matthews et al. [2016] under Creative Commons Attribution License [CC BY]).
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such as density and ultimate and yield strengths can
also be inferred by optical images captured during in
situ monitoring of the selective laser melting (SLM)
process (Lu et al. 2019).

Besides measuring material properties, optical
imaging can also provide new insight into the phys-
ical phenomena that occur during the AM process.
High-speed imaging with microsecond resolution
can help in establishing new understandings of the
competition between the volatilization of elemen-
tal species and the surrounding gas flow to regulate
the dynamics of powder motion in powder bed sys-
tems away from the molten pool (Matthews et al.
2016), as shown in Figure 4. Research has demon-
strated that by including spatters as the process sig-
nature driver, a significant increase in the capability
to detect under-melting and over-melting conditions
is possible (Repossini et al. 2017).

Ultrasonic Testing

UT is widely used for materials characterization
and can be used to evaluate material characteristics
such as grain size and the presence and quantity of
inclusions and porosity, along with material prop-
erties such as elastic modulus and (directly or indi-
rectly) the material’s hardness, strength, and fracture
toughness (Nanekar and Shah 2003). Wave speed, at-
tenuation, backscatter amplitude, and critical angles
are commonly used metrics in UT. In the context of
AM, porosity can be correlated with ultrasonic wave
speeds, and the resolution limit of such a method is
~0.5% (Slotwinski et al. 2014). This presents certain
difficulties for the materials scientist, where accu-
rate measurement of porosity fractions below 0.5%
may be desired. Laser ultrasound is a noncontact UT
technique that induces a laser-induced thermal stress
that is sufficient to generate ultrasonic waves with-
in a sample. Laser ultrasonic methods are suitable
to perform in situ or in the online inspection of parts
with very complex geometry in a high-temperature

LIPA at 3 MHz with XCT overlay
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Figure 5. Normalized TFM image using shear—shear wave

arrival (reused from Pieris et al. [2020] under Creative Commons
Attribution License [CC BY]).
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environment (Levesque et al. 2016). Recent progress
in laser induced phased arrays (LIPA) (Pieris et al.
2020) has demonstrated that LIPA is a viable remote,
nondestructive, UT technique capable of being imple-
mented as part of an online inspection of AM as seen
in Figure 5. It is worth noting that the LIPA system
described by Pieris et al. (2020) had some difficul-
ty sizing the defects, but that the positional accuracy
was quite good. This issue of sizing may be improved
by either optimizing the shear wave frequency or
through more sophisticated data processing, perhaps
through models that can handle multiple modalities.

Spatially resolved acoustic spectroscopy (SRAS)
is an acoustic technique that uses surface acoustic
waves to map the grain structure of a material (Smith
et al. 2014), including local crystallographic orienta-
tion and texture. The use of surface acoustic waves
has been correlated with build quality of SLM parts
(Smith et al. 2016b). In some respects, SRAS results
provide a high spatial assessment of the material’s
state, and thus can serve as so-called ground truth
when other (cheaper) NDE methods are used and,
potentially, fused. Figure 6 provides an example of
SRAS grain size and orientation measurement.

Acoustic Emission Testing

Acoustic emission testing (AE) is an NDE meth-
od that measures the elastic energy released in the
form of acoustic waves in materials that undergo some
type of change (such as plastic deformation, crack-
ing, or rupture) (Ida and Meyendorf 2019). Passive
monitoring of acoustic signatures has been performed
for a directed energy process, showing variations in
acoustic emission signatures that correlate with var-
ying process parameters. Because the technique is
passive, little modification is required for integration
with AM systems, while exhibiting good sensitivity

ms’
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Figure 6. Image of TiLG685 showing the internal structure within
the large grains. The crystallites are clearly visible, and spatial
resolution is about 50 pm (reused from Smith et al. [2014] under
Creative Commons Attribution License [CC BY]).
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to crack-like events (Koester et al. 2018). One of the
exciting demonstrations of the application of UT to
AM involves the assessment of a type of hybrid AM,
where the material state has been tuned through the
nonuniform application of a secondary peening pro-
cess (Sotelo et al. 2021). This work shows that UT can
be used to spatially assess differences in the material
state, providing a promising pathway for future efforts
where the composition and material state may change
within a single unitized structure. The attenuation map
shown in Figures 7a and 7b suggests that the micro-
structure of these samples is mostly homogeneous, de-
spite the known heterogeneity introduced by the AM
process, and Figure 7c exhibits a pronounced cyclic
behavior, which is primarily attributed to microstruc-
tural changes imparted by the hybrid process.

Electromagnetic Testing

From low frequency to high frequency, this family
of NDE techniques comprises alternative current po-
tential drop (ACPD), eddy current testing (ECT), and
microwave and millimeter wave techniques as well
as Terahertz measurement technology. ECT is argua-
bly the most promising technique of these four candi-
dates for metal powder—based AM processes because
it offers a noncontact and high-speed way to inspect
surface and near-surface features of samples under
test. Due to the skin effect that depends on the work-
ing frequency and the material’s electrical properties,
it is very difficult for ECT to probe deep features (for
example, 20 mm deep cracks) for ferromagnetic ma-
terials. However, such depth measurements are pos-
sible for nonferromagnetic materials if a special coil
design is used (Janousek et al. 2005). Traditional coil-
based ECT systems have been proven applicable for
surface and nearsurface (depth = 1.2 mm, minimum
length = 0.2 mm, material = Ti64) cracks in an AM
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Figure 7. Attenuation, oo (Np/m), maps for: (a) wrought; (b)
AM; and (c) hybrid AM samples. Note the differences in scale
(reprinted with permission from Sotelo et al. [2021]).
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manufacturing environment (Du et al. 2018). Ad-
vancement in magnetometer technology has helped to
improve the performance of ECT in terms of mini-
mum detectable defect size. A heterodyne ECT sys-
tem based on a magnetoresistive sensor has been
shown to be able to detect surface defects in the order
of 100 um (Ehlers et al. 2020), as seen in Figure 8.

Eddy current in array form (ECA) has recently
been used for AM process monitoring due to its su-
perior performance compared to its single-channel
counterparts. ECA techniques can detect disconti-
nuities, surface irregularities, and undesirable met-
allurgical phase transformations in magnetic and
nonmagnetic conductive materials additively manu-
factured using laser powder bed fusion (Todorov et
al. 2018).

Electromagnetic techniques in general are sensi-
tive to bulk electrical properties of the samples under
testing, which, based upon current work, makes them
unsuitable for evaluating microstructural anomalies
as well as mechanical properties.

Radiographic Testing

X-ray imaging (2D) and X-ray computed tomog-
raphy (CT) (3D) are very powerful tools for detecting
internal defects embedded inside of the sample for
both in situ and ex situ scenarios. The output results
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Figure 8. Heterodyne ECT system based on a magnetoresistive
sensor: (a) CAD drawing of desired defect geometry (depth 200
um); (b) microscopic picture of artificial surface defects; and (c)
ET data of artificial surface defects (reused from Ehlers et al.
[2020] under Creative Commons Attribution License [CC BY]).
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Figure 9. Illlustration of the experimental geometry for laser turn point experiments: (a—c) illustration of the laser turnaround point
studied here; (d—f) time difference X-ray images of a turnaround in Ti-6Al-4V performed at a laser power of 200 W and set scan speed
of 1000 mm/s; (d) laser scanning from the left to right with spatter and powder above a melt depression due to vapor recoil below;
(e) laser entering the turn point region and the vapor depression digs deep into the substrate; (f) laser moving right to left after the
turnaround. Keyhole voids at the turnaround location are highlighted in red. (Figure is reused from Calta et al. [2019] under Creative

Commons Attribution License [CC BY].)

are usually intuitive visualizations of the inspected
volume, making data interpretation a relatively easy
task compared with other modalities.

With its high spatial resolution, micro CT has
been demonstrated to be able to detect low volume
fractions of porosity (du Plessis et al. 2015), LOF,
and inclusions, making micro CT an ideal tool for de-
veloping AM process improvements and ensuring the
quality of certain high-value components.

The combination of the resolution and penetration
depth of X-ray imaging makes it an ideal technique to
image and scientifically study the subsurface physical
phenomena associated with the dynamic behavior of
the laser powder bed fusion process. Subsurface melt-
pool dynamics, including keyhole dynamics and col-
lapse, vapor bubble formation and motion, and the
effect of laser turnaround parameters on the depth of
the molten pool and associated generated defects can
all be observed using imaging using X-rays (or oth-
er high-energy particle techniques, such as neutron
or protons), which permits some fundamental studies
to be conducted that are otherwise exceptionally dif-
ficult, if not impossible, for surface-sensitive process
monitoring tools (Calta et al. 2019). Figure 9 demon-
strates the possibility of using in situ X-ray imaging
to observe the dynamics of pore formation at the laser
turnpoint, which is helpful for designing an effective
mitigation strategy.

Similar work has been done by Hojjatzadeh et al.
(2019), where direct observation and quantification of
melt-pool variation during the laser powder bed fu-
sion AM process under constant input energy density
is done by in situ high-speed, high-energy X-ray im-
aging. The results, shown in Figure 10, are important
for understanding the laser powder bed fusion AM
process and guiding the development of better met-
rics for processing parameter design.
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Thermal/Infrared Testing (IR)

IR is an imaging technique that uses the thermal
radiation of an object to determine its characteris-
tics (Ida and Meyendorf 2019). Compared with oth-
er NDE methods such as UT and RT, IR is fast and
can be used to inspect large areas simultaneously (in
other words, scanning is not required). The measured
surface radiation can reveal the existence of disconti-

Transition

Figure 10. Single-pulse X-ray images showing pore motion
within melt pools: (a—d) pore dynamics during the laser powder
bed fusion process; and (e-h) pore dynamics during melting of a
bare substrate. Pores follow circular patterns during circulation
(10a and 10e); they present irregular movement during transition
(toward the surface and escaping) (10c and 10g); or circulating
in the melt pool (10b and 10f). They move toward the depression
zone and escape the melt pool during the laser interaction (10d
and 10h). The dotted arrows (10b, 10c, 10d, 10g, and 10h) show
the future trajectories of the pores, while the solid arrows (10a,
10e, and 10f) indicate the history of the trajectories. The dashed
line indicates the boundaries of the melt pool and the depression
zone in 10d and 10h. (Figure reused from Hojjatzadeh et al.
[2019] under Creative Commons Attribution License [CC BY].)
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Figure 11. X-ray computed tomography (XCT) is used as an ex situ characterization technique to provide the cross comparison with
data acquired by in situ techniques such as thermal/infrared testing (IR) and optical imaging: (a) ex situ XCT data for layer 309; (b)
in situ optical images from the same location showing contrast, which is related to surface irregularities; (c—f) in situ IR frames from
the same layer within the defect location shown in Figure 11a, captured when the laser completes the raster. (Figure reprinted with
permission from McNeil et al. [2020].)
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Figure 12. High-speed thermal images collected by the melt pool monitoring camera at LLNL (reused from Calta et al. [2019] under
Creative Commons Attribution License [CC BY]).

nuities that affect heat conduction in metal AM parts geometry and location of the discontinuities (Man-
since surface temperature and its distribution depend dache 2019). Analyzing layer-by-layer thermal imag-
on the thermal diffusion of the material as well as the es in terms of the spatial and temporal variations of
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thermal signatures (for example, peak intensity, de-
cay, and number of gyrations) can be used as a sur-
rogate for defect formation tendency during laser
powder bed fusion processing (McNeil et al. 2020).
Further, Figure 11 demonstrated that the in situ con-
clusions can be crossverified by ex situ X-ray CT
(XCT) measurement results (McNeil et al. 2020).

If high-speed thermal cameras are used, it is pos-
sible to closely observe the behavior of the melt pool
in a time-based series, which could provide invalua-
ble information that helps to understand the AM pro-
cess. Recent research (Calta et al. 2019) demonstrates
that high-speed camera images can be used to resolve
thermal emission from spatter events, fluctuations in
the melt pool itself, the vapor plume, and the solidi-
fied track as it cools, as seen in Figure 12.

Conclusions

This paper has given an overview of both the ma-
terials science aspects of AM, as well as the prospects
of NDE techniques to provide key information re-
garding the process. The fundamental physics asso-
ciated with AM are complex, and the relevant length
scales range from nanometers to centimeters, while
the time scales range from sub-microsecond to many
seconds. Relevant velocities include not only the ob-
vious “travel speeds” of the AM process, but also the
velocity of the solid-liquid interface and the convec-
tive flow within the liquid state. Each of these pa-
rameters is associated with details of the process and
phase transformations that govern the materials state,
including deposited composition, grain structure, tex-
ture, defects, and residual stress. While it will be im-
possible to directly measure all of these parameters,
there is the prospect that some multilength scale pro-
cesses will have measurable signatures that can be
probed using NDE techniques. A variety of methods
and techniques, ranging from visual, ultrasonic, and
radiographic (wave-based methods) to electromag-
netic and thermographic (diffusion based) have been
presented, and have all been shown to offer some
benefit, whether it is to understand process variations

-

or make discrete measurements of the materials state.
This field remains active.
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XIII EBPOITEMCBHKA KOH®EPEHIIIA
3 HEPYMHIBHOI'O KOHTPOJIIO

3 3 mo 7 mumHA 2023 poky y JlicaboHi BimOymach
XIII €ppomneiickka Kondepeniis 3 HepyiiHiBHOTO
Kontpomro (ECNDT 2023). L Tpaaumiifaa momis 3i-
Opana excnepTiB, IOCHITHUAKIB, TPEICTABHUKIB MPO-
MHUCJIOBOCTI Ta aKaJeMiqYHOTO CepEOBHINA 3 YChOTO
CBIiTY, 1100 OOMIHSITHCSI 3HAHHIMU, TOJITUTUCS 1H-
caliTamu Ta OOTOBOPUTH OCTaHHI JOCSTHEHHS Y ce-
pi HepyiiniBHOTO KOoHTpOMO (HK). Kondepenuito Bia-
Biganu monaxa 1200 ¢axiBuiB 3 pi3HUX KpaiH i Oijble
580 nmomoginauiB. YuacHuku KoH(pepeHIil moganu
358 wmarepiamniB, 3 sikux 332 BiniOpaHo Anst ycHO-
r'o MPEACTABICHHS Ta 26 B SIKOCTI CTCHJIOBUX J[OTIO-
BiJiel 1 Mpe3CHTAallii Ha 8-MU TapajieIbHUX CEKIIisX.
VY pamkax koHpEpeHIiT TpaguIiiHO IPOXOIUIa BU-
cTaBKa cyJacHHX npuiaiB i cucteM HK, y sxiit B34-
71 ygacTh 135 miampuemcTs.

[Ticns ypouncToro BigKpuTTA KoH(pEpeHIIii Ha-
cTaja 4epra IUICHapHUX Ipe3eHTalii. MaOyTh Hali-
nikapimor Oyna monosigs Moxamena ExpkapMoTi
(Mohamed Mohy Elkarmoty) 3 Kaipcbkoro yHiBep-
CUTETY, B SIKii MOJAHO PE3yNbTaTU J10CIiKESHHS
BHYTPIIIHBOI CTpYKTypH Benukoi mipaminu pi3Hu-
mu mMetogamu HK. BukopucroByBaiuce, 30Kpema,
Myorpadis (3acTocyBaHHS SiIEpPHO-EMYIbCiHHOT
IJTiBKM), reopanap, yIbTpa3BykoBa ToMorpadis ta
eJICKTpUYHA pPe3uCcTUBHA Tomorpadis. JocmimkeH-
Hsl BAKOHYBAJIOCh TPYNOI0 (axiBIiB i3 Oararbox Kpa-
iH, cepena AKX Oyl0 MPUEMHO 3HAUTH YKPATHCHKY
nocnigauio Onery IlomoBud. Y pe3ynbrari KOMII-
JIGKCHUX JTOCIIKCHb BUSBICHO MBI HEBIIOMI paHi-

LlepeMoHist BIZKpUTTS
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e aHOMaJlii: BeMMKHUI TOPOKHUCTUH MPOCTIp HAX
Benukoro ranepeero Ta aHOMallilo Ha MiBHIYHOMY
¢dacani mipaminu. JociiKeHHS JEMOHCTPY€E MOXK-
JUBOCTI Ta OOMEXKEHHS KOKHOTO 3 BUKOPUCTAHUX
MmetoniB HK ta ix BanHMBICTh IS aHANI3Y CTPYKTY-
pu mipamizau.

Homnogigs Tensmo Cantoca (Telmo G. Santos) 3i
IIxomu Haykm i TexHoOTIH JlicaboHCHKOTO yHIBEp-
cutety NOVA cTocyBanach OCTaHHIX ITOCSTHCHD B
HK, cepen sixux BapTo BimMiTuTH Oionmoriunnii HK
(bio-inspired NDT) 3 BukopuctanasM OakTepiaib-
HuX KimitHH. JJonoBigs Tensmo CaHTOCA MOSICHIOBAJA
LIHHICTh afanTariii pisHUX (Qi3UIHUX SBUII TS CTBO-
penns inHOBauiil y cdepi HK, noennanus konnenuii
YHCIIOBOTO MOJICJIIOBAHHS Ta €KCIICPUMEHTIB.

TenaeHuii i nepceKTUBHI HAIPSIMKH PO3BUTKY
HK Gymu posrsnyTi Moxannecom Bpanowm (Johannes
Vrana). ABTOp 3BepHYB yBary Ha NMpakTHUYHUN J10C-
BiJl 3aCTOCYBaHHS IHHOBAI[iHHUX TEXHOJIOTIN 1 METO-
vk HK, 30kpema B cdepi nudposoi Tpanchopmartii
1 IITYYHOTO 1HTENEKTY, Ta MiAKPECIUB BaXKIUBICTh
BIIPOBADKEHHS TAKUX PIllICHb 3 METOK MOKpaIeH-
HS ¢(heKTUBHOCTI Ta SKOCTI IaTrHOCTUKHN MaTepiariB
i konctpykiii. [isuime Moxannec Bpana mposis
npe3eHTarlito AoBiganKka « HepyiHiBHI MeTOIM OIli-
aroBauHA 4.0» (Non Destructive Evaluation 4.0), mmo
HEIIOaBHO BUHIIOB 3 ApyKy. Ilig wac nHamoro 3Ha-
HOMCTBA OTPUMAHO ITPOMO3HUIII0 HiATOTYBATH PO3.IiNI
710 HACTYIHOTO BUJAHHS LbOTO AOBITHHUKA. 3a3HAUH-
MO, 110 Ha I1iil KOH(EpEeHIlii TeXHOIIOTii MalilOyTHBOTO,

BucraBkkoBa 3ama
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CriBronoBu cexmii «XapakTepu3yBaHHs MarepianiB» Valentyn
Uchanin ta Christophe Reboud

siki MoxkHa BigHectu 10 HK 4.0, Buepiie po3risiza-
JIUCh HAa OKPEMIl CeKIIii.

[Inenapni mpe3enTarnii 3a1aau TOH KOHpepeHil i
CIIOHYKAaJIM YIaCHUKIB 10 aKTUBHUX MHCKyciil. KoH-
(hepeHIrisa cTBOpHIIa TIATGOPMY IS IPEIACTABHUKIB
MIPOMHKCIIOBOCTI, TIIO0 TOIUTHTHCS CBOIMH OCTaHHIMU
HaIpaIoBaHHIMH Ta 10cBifoM y ramy3i HK. OcHoB-
Hi OpPiEHTUPH MPOBITHUX KOMITaHii 30CepeKeH] Ha
aBToMarm3arlii i mopraruBHocTi mpuctpoiB HK, kom-
MAaKTHOCTI Ta YHIBEPCAJIBHOCTI pillleHb AJIS CIPO-
IICHHS BUI3HUX POOIT 3 JIarHOCTUKH Ta ONTHMI3allii
Yyacy Ha BUKOHaHHS KOHTpouto. Takoxk BapTo BiI3Ha-
YUTH, 1[0 OCHOBHHN aKIEHT HAyKOBHX JOCIIiJKCHb
y JIIOMOBi/IsIX OYB 30CEPE/KCHHI Ha aBTOMAaTU3aIlii
MpOIECiB HEPYHHIBHOTO KOHTPOJIIO, pOOOTH3AIIIO
JIIarHOCTHUKY Ta 3aCTOCYBAaHHS €JIEMEHTIB IITYy4YHO-
ro IHTEJIEKTY JUIsl aHAII3y Pe3yJbTaTiB i MPUIHHATTS
pilIeHs.

VY pamikax koHpepeHmii BigOyaucs 3acigaHHS
Mixuapognoi Axagemii HK (Academia International
Research Day), €Bponeiicrkuit ®opym HaIioHAIb-
HUX aBianidHuX pan 3 HK, komiteTiB 3i cTanmapruza-
uii y ramy3i HK, a takox 3acimanus CiToBoro i €B-
poretickkux komiteriB HK.

3acinanas Mixuaponuoi Axanemii HK Bigkpus
if mpesuaent Ilerep Tpammyc (Peter Trampus), sskuit
TakoX 3poOMB OKpEMY JOMOBiAb HIOJO MEPCIeK-
TUB AKajJeMmii. AJjie HallliKaBilIO0, HA HAIly TYMKY,
Oyna menapHa gomnoBias «NDE and Deep Leaning:
Fashion Trend or the Future» Pomana Maesa (Roman
Maev) 3 Binazopcekoro yHiepcutery (University
of Windsor) (Kanana). ¥ sKocTi sickpaBoro npukJia-
Ny 3aCTOCYBAaHHS IITYYHOTO 1HTEJICKTY Ha MPaKTH-
Il aBTOP MPEACTABUB TEXHOJOTIIO YIIBTPa3BYKOBOTO
MOHITOPUHTY TMPOIECY TOYKOBOTO 3BaproBaHHA. TyT
iKaBoIo Oyia cama KITI0uoBa ifiest po3poOIeHOi Tex-
HOJIOT11, KOJIM yIBTPa3BYKOBHH JaBad4 BMOHTOBY€ETHCS
Oe3mocepeIHHO B 3BaprOBalIbHY ToJIOBKY. He MeHmn
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Unenn Mixnapoanoi Akanemii HK (3miBa Hampaso - Yoshikazu
Ohara, Telmo Santos, Peter Trampus, Valentyn Uchanin, Shant
Kenderian, Reza Zoughi, Serge Dos Santos, Michele Carboni,
Uwe Zscherpel, Elena Jasiuniene, Dr. Sajeesh Kumar Babu)
e(DeKTUBHUM € BUKOPUCTAHHS IITYYHOTO 1HTEIEKTY,
30KpeMa HEHPOHHHUX MEpeXk, JUIs aHalli3y BEJIHKOTO
MacHBY JIaHHX, SIKi HAAXOJATh HEMEPEPBHO TIiJ| Yac
peautizanii mpoueciB TOYKOBOTO 3BaproBaHHs. Lli po3-
POOKH 3aXUINEHO, 30KpeMa, aMepUKAHChKUMU TTaTeH-
Tamu Ne 7516022 ta Ne 9296062, siki € y BiTbHOMY
JOCTYTI.

MixnapoaHa Akanemis HK Buciyxana Hu3Ky J10-
MOBiJIeH, TPUCBIYCHUX MOKPAILICHHIO OCBITH B ra-
ny31 HK. Ha cexmii «International Forum on NDT
Education at Universities» cBiif JOCBIJ] IPeICTaBHIH
npeAcTaBHUKH MiKHapOIHOTO yHiBepcuTeTy Jlpes-
nena (Dresden International University, Himeaun-
Ha), YHiBepcuteTy Caapnanmay (Saarland University,
Himeuunna), YuiBepcurery Jle Mana (Le Mans
University, ®panrisi), HarrionansHOTO iHCTHTYTY Ha-

Yyacauku koHpepenuii 3 Ykpainu: M.JI. Kozakesuu, B.I1. Mi-

menko, T.M. Jlynenko, B.M. Yuanis, 10.10. Jlucenko
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YKOBHUX JIOCTiDKeHb B perioHi Bax ge Jlyapa (INSA
Centre Val de Loire, ®pantiis), YaiBepcurety LI3iH-
xya (Tsinghua University, Kurait), JlocnigHUIIBKOTO
LIEHTPY HEpyHHIBHOTO KOHTpOItO0 Benukoi bpuranii
(United Kingdom Research Centre for NDE, Benn-
ka bpuranis), Yuisepcutety Lltary AiioBa (IOWA
State University, CLLIA), HaionansHOro iHCTUTYTY
HaykoBuX gociipkeHb (INSA, @panuis), [Haidcbko-
ro incturyty Texnoioriit (II'T, [nais). Byno o6roso-
PEHO JIOCBIJ CTBOPEHHS Ta PO3BUTKY MIKHAPOIHHUX
MaricTepchbKux ocBiTHiIX mporpam 3 HK, posrus-
HYTO CTparerii po3BUTKY IpOrpaM HaBUYAHHS B Pi3-
HHUX KpaiHax, AiSJIbHOCTI OpraHizaiiii i po3BUTKY
naBuanHs 3 HK Ha yHIBepcuTeTCHKOMY piBHI. 3ara-
oM OyII0 BU3HAHO, IO iCHYIOYi OCBITHI MpOTpamMu
€ HeOCTATHIMH IS TTIOKPUTTS MOTPpeOH B IKICHUX 1
KOMIIETEHTHHX KaApax JUIsl Cy4acHOI IPOMHCIOBOC-
Ti Ta TEXHIYHOTO CEKTOpy. BpaxoBytoun nocTiiHu
HayKOBO-TEXHIYHUM MPOTPEC i PO3BUTOK CYCIHiJb-
cTBa, BaxunBicte HK 3pocTae, ockinbku 11e — HEOO-
XiZiHa cKiIaoBa 4acTHHa 3a0e3neueHHs Oe3MeKH Ta
HaJTiMHOCTI MaTepiajiB, KOHCTPYKIiH, TEXHIKH Ta
HIPUCTPOIB.

Ha BucraBui oOnagHaHHs Oyjau mpejcTaBiie-
Hi CydYacHi 3aco0u, MPUCTPOT Ta METOAMKH KOHTP-
omo. [IpoBigni komnanii y ramysi HK (Rohmann,
Olympus, Evident, ETherNDE, Tpac, Eddyfi
Technologies, Karl Deutsch) mpencraBuim Haitno-
Billi po3poOKH, HaTal0YN yJaCHUKAM MOXKIIHBICTH
03HAHOMHTHCS 3 IHHOBAIIIMHUMH PIIICHHSIMH Ta B3s-
TH y4acTh B IHTEPAKTUBHHX JIEMOHCTpAIisiX. YKpai-
Hy Ha BHCTaBIIi IpencTapisiia rpymna ¢axismis [TAT
Acomiaris «OKO» (Oko NDT Group) Ha vomi 3 Jly-
ueHko T.M. BucraBka cTBoproBaja TakoX YMOBH JJIs
00roBOpEHHS MOXKJIIMBOI criBIpali. 30Kpema, Taka
MOKJIMBICTh 0OrOBOpIOBajach HaMH 3 IPEJCTaBHU-
kamu ¢ipmu EXTENDE, sika Mae cyTTeBi fOCATHEH-
HA 3 MojaearoBaHHs 3agad HK. ﬁmnoca, 30KpeMma,
PO MOJIETIOBaHHS 3a Jjonomororo nporpamu CIVA
BUXPOCTPYMOBHUX TEPETBOPIOBaYiB MOABIHHOTO JIU-
(depeHIioBaHHS Ta IMITYJILCHOTO BapiaHTy BUXPO-
CTPYMOBOTO METO/Y.

HayxoB1iB Ykpainu Ha koH(pepeHmii mpeacTras-
JISTH aBTOPH IIHOTO MaTepiany YuaHid B.M. (Dizuxo-
MexaHigaui iHCTUTYT iM. ['B. Kapnienka HAH Ykpainm)
ta Jlucenko 10.}1O. (KuiBchKkulf OMITEXHITHOTO iH-
cTuTyT imMeHi Irops CikopchKoro), sIKi 3aBISIKH ITiJT-
TpuMIi koJer 3 Iramii i bonrapii 3HalinuM pecypcu
JUTSL y4acTi B KOH(epeHIlii He3BaXxaroun Ha BiChKO-
BUH cTaH i iHaHCOBI peanii. Ykpaincbke ToBapucTBO
HK Ta TexniunOi niarnoctuku oiuifHO mpeacTas-
nsB Kazakesuu M.JL. IlpoTsirom yciel koHpepenmii
HAyKOBILI BiJ YKpaiHH JE€MOHCTpPYBaJIH BHCOKY aK-
THBHICTh, HAMAralo4Yluch KOMIIECHCYBAaTH HEUHCIICH-
HICTB HAIIOI JeJierari.
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VYuanin B.M. Buctynmus 3 gomnoBimgmio «Eddy
Current False Indications in Austenitic Steel and
Titanium Alloys Heat Exchanger Tubes Activated
by Stress» (cniBaropu Ix. Hapnoni, J{. Hapnoni ta
M. ®eponbpai). [omosine Oyino 3aciiyxaHo Ha CEKIIii
«Materials Characterization», ne Yuauiga B.M. Bu-
KOHYBAaB 3a CYMICHHUIITBOM (DYHKIIIFO I'OJIOBYKOUOTO
Ta Mojieparopa. Y poOOTi Mi>KHAPOJHOT'O KOJICKTH-
By IIPOBEJICHO aHaJli3 XMOHUX 1HUKALT IM1]1 4aC BH-
XPOCTPYMOBOTO KOHTPOJIIO TPYO TETIOOOMIHHHUKIB 13
AyCTEHITHOI CTaJli Ta THTAHOBUX CILJIaBiB, SKi TIOB’sI-
3aHi 3 MarHiTHUMH BKJIIIOYEHHSMU pizHOTO TUMY. [To-
Ka3aHo, 1110 10JaTKOBUM JKEPEJIOM TaKUX BKIIIOUEHb
€ MapTEHCUTHI IEPETBOPEHHS, IKi MOXKYTh MaTH Mic-
LI B QyCTEHITHUX CTAJIAX 1 AEIKHX TUTAHOBHUX CIUIA-
Bax. Taki MapTeHCHUTHI BKIFOYCHHS MalOTh MarHiTHI
BIIACTUBOCTI Ha BiMiHYy BijJl MaTepiaiy B CTaHi 1O-
cTayaHHs. 3alpoOIOHOBAHO METOAMYHI NPOLEAYPH,
SKi O3BOJISITH PO3Mi3HABATH CUTHAIN BiJl pealbHUX
nedexTiB i CUTHAMIB, MOB’SI3aHUX 3 JAOIMYCTHMUMU
Mar”HiTHUMH BKJIoueHHsMH. Kpim Toro, mpeacras-
JICHO OPHTIHAJIbHY TEXHOJIOTIIO BUSBICHHS TPIILUH B
TpyOKax CKJIagHOi (POPMH, KOJTH MapTEHCHTHI BKIIIO-
YeHHS B TUTACTUYHI 30H1 BEPIIMHM TPILIMHM € O3Ha-
KOO JIeeKTy Ta MOXKYTh OyTH BUSBICHI 3 BUCOKOIO
CEJIEKTHBHICTIO HAa OCHOBI TAPMOHIYHOTO aHAJi3y BH-
XpOCTPYMOBOTO CHTHAITY.

JIncenko 10.}YO. npencrasmima momoBinb «Analysis
of formation processes of informative features in
eddy current probes with pulsed excitation mode»
(cmiBaBTropu Kyn 10.B., Yuanin B.M. i lIporacos
A.T'), y sIKiif Ha OCHOBI MOJICITIOBaHHS PO3IJISHYTO
yMOBH (POPMYBaHHSI OCUWISILIIIHOTO PEKUMY 1IMITYIIb-
CHOT'O BUXPOCTPYMOBOT'O KOHTPOJIIO T MOKJIMBICTb
BUJIIJICHHS 3 OTPUMAHUX CHTHATIB iHpOpManidiHUX
O3HaK, MOB’S3aHUX 3 PI3HUMH XapaKTEPUCTUKAMHU
00’€KTa KOHTPOJIIO.

Kazakesuu M.JI. nmpencraBuB gomnoBiap «Creation
and Non-Destructive Control of Electric Heating
Elements of the Aircraft Icing Prevention System»
(ciBaBTOpu Cemenens O.1., Kazakesuu B.M., Kon-
npatiok A.C., Hupsa O.0., lllectakoB O.0. ta KyT-
ko [.A.), y AKi¥f pO3IJISTHYB MUTAHHS CTBOPECHHS CJIEK-
TPUYHHUX HArpiBaJIbHUX CJIEMECHTIB JJIS 3aIT00IraHHs
oO0ITeIeHiHHS aBiallifHIX KOHCTPYKIIIK Ta 0COOIUBOC-
1i ix HK.

Kondepentis B JlicaboHi nmpogeMoHCTpyBaia oc-
tanHi gocsaraeHHs HK i TeHneHmii #oro po3BUTKYy,
cnpusiia oOMiHy 3HaHHSIMU Ta (GOpPMYBaHHIO HOBUX
TBOPYMX MPOEKTIB, METOIO AKHX € 3a0€3IeUeHHs BU-
COKOI SIKOCTI IPOAYKLIT Y PI3HUX Tamy3sX MPOMHUCIIO-
BOCTI Ta MiJBUIIICHHS HAJIIHHOCTI €KCIUTyaTailii Kpu-
TUYHUX 00’ €KTIB Cy4acHOT TEXHIKH.

Hactynna XIV €sporneiicbka koHpepenmis 3 HK
BinOyneTbest y Bepowni B 2026 porii.

Marepian niarorysaiu B.M. Yuanin, 10.10. JIucenko
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JlepkaBHUM MOMITEXHIYHUNA My3el iMeHi bopu-
ca [larona ([AIIM) npu HarionanpHOMY TeXHIYHOMY
yHiBepcuTeTi Yikpainn «KuiBChbkuil MOMITEXHIYHUH
incTuTyT iMeHi Iropst Cikopebkoro» (KIII) — enquamit
3araJbHOTEXHIYHUN My3el B YKpaiHi.

My3ei HayKOBO-TEXHIYHOTO MPOodinto 3’ IBUIUCH
B Ykpaini Hanpukinui XIX cromitra (Ilemaroriunuii
Mmy3eil y Kuesi, My3eii B yniBepcureti CB. Bononu-
Mmupa Ta iH.). Y 1902 p. Oyno crBopeHo [HxeHepHuit
my3eit npu KIII.

VY 1981 p. B IlepedcnaB-XMenbHUIILKOMY JI€p-
KABHOMY 1CTOPUKO-KYJIETYPHOMY 3allOBIIHUKY OyI0
CTBOpeHO My3eil BUIaTHOTO BITUM3HSHOTO BUHAXI/I-
Huka M.M. benapnoca, B sskoMy ofuH 3 6-TH 3aiB
— 3an «Icropis 3BaproBaHHs» miomeo 100 m? — Ha-
[TOBHEHO NEPEBAKHO OOJIAAHAHHSAM 1 3pa3KaMu Mpo-
nykuii, orpumanumu Bin 1E3. Cronm 3a cipusitHHSM
MiHICTpa MOHTaXHUX 1 creliadbHuX OymiBEIbHUX
po6it B.3. BopucoBchkoro 0yiio nmepeHeceHo KOH-
ctpykuii [lapkoBoro mocty 3 IlerpoBebkoi anei (mo-
OynoBanoro y Kuesi 3a npoekrom €.0. [larona y
1912 p.). 3 1982 p. cekilis maM’sTOK HayKH 1 TeX-
Hiku (kepiBHUK O.M. KopHieHko) YKpaiHCBKOTO TO-
BapUCTBa OXOPOHHM IMaM’SITOK iCTOPii Ta KyIbTypH
(YTOIIIK) moyana po3MililyBaTH MpUjIajn Ta 3pa3-
KM TeXHIKH B KPA€3HABYMX MICHKUX 1 pallOHHUX My-
3eaX, B My3eax Icropii [pyroi cBiToBoi BifiHH (y
Kwuesi), IcTopii Ykpainu. B My3ei ictopii Kuepa y

JTEP)KABHUU IMOJITEXHIYHUU MY3EU
imeni BOPUCA TTIATOHA

(o 25-pivust 3acHyBaHHSI)

1982-83 pp. cniBpobitHukamu 1E3 Oyio opopmireno
OKpeMHuii 3a11 HayKu rwiomero 40 M2,

VY 1991 p. cexnis YTOIIIK 3a pimennsam Jlepxas-
HOTO KOMITEeTy YKpaiHU 3 TUTaHb HAyKH 1 TEXHOJOTIH
oTpuMaia TpaHT y KOHKypci «Po30ynoBa Ykpainu»
1 BUKOHasa npoekT «Po3poOka KoHIenuii i TeMaTH-
KO-EKCIIO3ULiHHOro Tany My3ero HayKu 1 TeXHIKH
VYkpainu». [nest Ta maTepianu 3i CTBOpEHHS KOMILIEK-
Cy HayKOBO-TEXHIYHMX MYy3eiB YKpaiHu Oynau cxBa-
JIeHi JepkaBHOIO KoMmiciero. [Ipe3naeHt Akamemii
Hayk Ykpainu (tenep HarionanbHa akajaemist HayK
VYkpainun) b.€. [TatoH po3risiHyB KOHIIEIIIIIO Ta IMiJI-
TpPUMaB MPONO3HIIit0 cTBopUTH LleHTp mam’siTko3Ha-
BcrBa (LIT) AH VYkpainu 1 YTOIIIK ansg po3BUTKY
MY3€€3HaBCTBa, HAYKOBOI'O CYIPOBOLY Ta KE€PiBHU-
IITBa CTBOPECHHSM KOMIUJIEKCY, 3MiHCHEHHS TOCHTII-
JKeHb y TaTy3i TaM’ ITKO3HABCTBA T4 OXOPOHH KYIIb-
TypHOi criagmuHu Ykpainu. o mpomno3umiro Oyio
3arBepkeHo 23 TpaBHs 1991 poky CHIIBHOIO TMO-
cranoBoro Ne 151 Akanemii Hayk Ykpainu i Ykpain-
CHKOTO TOBAapUCTBAa OXOPOHM HaM’ATOK icTopii Ta
kynsTypu. Ha Bumory YTOIIIK IloctanoBoro Paan
Minictpis YPCP Ne 176 Big 9 nunus 1990 p. nusap-
HoMy Kpuiy 1moctoro kopmycy KIII, ne me 36epera-
cs Barpanka 1905 p., Oysno Hanmano craryc «llam’st-
Ka ictopii Ykpainu». 3a oOjgaqHaHHIM el My3eil
OyB equHUM B YKpaiHi i gpyrum B €Bpori (micis
VYroputunan). [Ipore pobora 3 nepeTBOpEeHHs HOro Ha
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MTOBHOIIHHUH My3€il He TIoYrHaNacs, BiBiyBaviB HE
npuiMaIy.

HIT migroryBaB HEOOXiTHI TOKYMEHTH Ta 3BEp-
HyBcst g0 [Ipesunenta Ykpainu 3 mpono3uuieo npo
CTBOPEHH:I KOMIUIEKCY My3eiB y ckiaai [lepesicniBeh-
KOT'O 3aIIOBiIHUKA 1 ray3eBUX My3€iB y BiINOBIIHUX
perionax Ykpaiuu. Bognouac akagemik I.C. Iluca-
peHko y TpaBHi 1993 p. Hagcuiae aucta npo HeoO-
XIJTHICTh 3acHyBaHHs HarlioHaJbHOTO MOJITeXHIU-
Horo my3eto Ykpainu. Hi HAHY, Hi micbka Bnasia He
3MOTJIM 3HAUTH MPUMILIEHHS 1] Takuil My3el. [Toku
BHUPIIIYBaJIOCh MUTAHHS, MIHICTP OCBITH Ta HayKH
VYxkpainu M.3. 3rypoBcekuii (3 kBiTHS 1992 p.— pek-
top KIII) mpomonye HagaTH i eKCTIO3HUIIII0 MY3€I0
moctuit yabosuii kopmryc KIII, e Bxe 6yB JluBap-
Huid myseil. Ilonoxenns npo JIIM mpu HTVYY
«KIII» 6ymo 3aTBepmkene 29 ciuns 1996 p. CtBo-
peHHs My3ero Oyiio 3a0e3neueHo HeoOXiHuM (hiHaH-
cyBaHHsM. Bigkpurrtsa JIIIM Oyno 3amiaHoBaHO Ha
csTkyBanHs 100-piyus KIII.

Hdupextopom i HaykoBuM KepiBHUKOM JIIM 3a
nponosuuiero b.€. [larona Oyno npu3zHayeHo JOLEH-
Ta 3BaproBajibHOro gaxynsrera KIII €.0. Kopiienka.
[Ie cTyeHTOM BiH I[IKAaBUBCS ICTOPI€IO0 TEXHIKU. A Y
1980-x pokax, okpiM poOOTH Ha Kadeapi 3BaproBaH-
Hsl, YUTaB JIEKIiT Ha Kadepi icTopii HAyKH 1 TEXHIKH
(mexanm: unen-kopecrnouaeHT AH YPCP I''.B. Cawm-
COHOB, 3 1982 p — k.T.H. O.M. Kopnienko) y KuiBch-
KOMY YHIBEpCHUTETI HAyKOBO-TEXHIYHOTO IPOTPECY.
€.0. Koprrerko 3 iHIMIaTHBOO, YBAKHO TIOCTaBUBCS
1o pobotu B mysei. b.€. IlaronH, o3HalioMHuBIIHCH 13
TEMaTHUKO-EKCITO3HUIIHHNM TIIaHOM, BHIC Yy TIEpeITiK
OCHOBHHUX HaIIpsIMiB HayKOBO-TE€XHIYHOI'O Mporpe-
cy 1 cBoi mpono3uuii. 3rifHO 3 Cy4YaCHUMH BHMOTa-
MU MY3€€3HaBCTBa, BIANOBIIHO 10 mpomno3uliil b.€.
[latona ta nanparoBanusamu L1 Oyio cTBopeHO Me-
TOJIOJIOTIYHY OCHOBY, PO3pOOJICHO KOHIIETIIIIOS PO-
3BUTKY MY3€H0 1 IMOJOXKEHHS Ipo My3eil. Jlonosink
€.0. Kopriienka 0yio 3aciiyXaHO Ta CXBAJICHO Ha 3a-
ciganni BueHol paau HTYY «KIII» 4 rpyaus 1995 p.
Migpo3ainu KIII 30008’s13amu B34TH y4acTh y 30u-
paHHi My3eliHux excnonariB. b.€. Ilaron po3smops-
JTUBCST 3a0€3IEUNTH SKCTIOHATaMH YCTAaHOBH aKaJeMii.
B IE3 3actymauk gupekxropa akageMik JI.M. JloGa-
HOB KEpPYBaB CTBOPECHHSIM PO3IUTIB 3BApIOBAHHS Ta
€JIEKTPOMETATYPTii.

JepxaBHUI MOMITEXHIYHUN My3ei Halligye ciMm
posainiB 3 icropii KIII Ta TpuHAAUATH HATpPSAM-
KIB TEXHIKH, a caMe: aBiallis 1 KOCMOHABTHKA, €JIEK-
TPOHIKa, €JIEKTPO3BApIOBAHHSI, EHEPreTHKa, 1HPOp-
MaTHKa, KOPUCHI KOMAJWHH, MAalIMHOOYAyBaHHS,
MeTalyprisi, npuiaago0y yBaHHs, TPOMUCIIOBI TeX-
HOJIOT11, pafioTexHiKa, TeJICKOMYHIKallii, TPaHCIIOPT.
Icropii KIII mpucBsiyeni ekcro3uii ABox 3amiB. Tyt
po3MilIeHi Marepiaiy 3 MPOEKTYBaHHS Ta MEPIINX
OyziBeNIbHUX POOIT, «reHeanoriune apeso K1y,
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B excro3unii npo BUIaTHUX BYCHUX, SIKI BUH-
nuck i npamroanu B KIII, 30kpema 3MicTOBHO TO-
Ka3aHa JisUIBHICTh akajemika €BreHa OckapoBuua
[Tarona. BiH 3akiHUMB iHXeHEPHO-OyAiBeNIbHUN (a-
KynsTeT CakCOHCBHKOT KOpPOJIiBChKOi akagemii ([pes-
nen, Himeuunna) (1894 p.) i Canxr-IleTepOyp3bkuii
IHCTUTYT 1HXEHepiB NUIIXiB crionydeHHs (1896 p.).
€.0. I[laton y Tomy x 1896 p. mouaB BUKJIaJallb-
Ky AISUTBHICTH Y PIAHOMY 1HCTHUTYTI Ta OJJHOYACHO
MpaIoBaTH y TEXHIYHOMY BiJIIiII Ka3eHHUX 3alli3-
HUIb, Jie¢ MPOEKTYE MOCTH Ta METAJEeBI MEPEKPHUT-
4. Vloro opuriHanbHi MPOEKTH OTPUMAIN BUCOKY
OIIIHKY CTIEITialicTiB i 3aMOBHHUKIB. 3 BecHH 1989 p.
€.0. Ilaron npamroe B MOCKOBCHKOMY 1HKEHEPHOMY
yUIrIUIIi nUisxiB crionydersas. Y 1904 p. mpodecop
€.0. Ilaron 6yB 3anpommenwnii g0 KIII, xe y 1905 p.
ouonnB Kadenpy moctiB. Uepes pik BiH OyB oOpa-
HUI IeKaHOM 1HXXEHEPHO-OyIiBeIbHOTO (DaKyIbTETY.
Oco0yuBO ¢ BiA3HAYUTH TUTIAHY PoOOTY €BreHa
Ocxkaposuya 3i crBopensst y KIII inxenepHoro my-
3€10, Jie Oynu 3i0paHi MPOEKTH MOCTIB, IIHHI €KCIIO-
HaTW i JOKyMEHTH, (OTOMOPTPETH BUJATHUX YUCHHUX
ta imkenepiB. B KIII €.0. [laron BUKOHAB BEJIUKY
po0OTY 3 peoprasizailii HaB4aJIbHOTO MPOIIECY, BJIO-
CKOHAJICHHSI HABYAIBbHUX TIPOTpaM i TUIaHIB, CTBOPEH-
Ha naboparopiii i kabineTy moctiB. €.0. IlaTon 3a-
Jy4aB JI0 TBOPUOi pOOOTH 3 MPOEKTYBAHHS PEalbHUX
CTIIOpPYZ CBOIX CTYHEHTIB. Psit ior0 yUHIB CTan Bimo-
MHMH BUCHUMH Ta iHXKCHEpaMH, KepIBHUKAMHU TIPO-
MmucnoBocTi. €.0. I1aToH BBaXKa€eTbCs 3aCHOBHUKOM
IIKOJIM MOCTOOYayBaHHS B YkpaiHi. Y 1929 p. aka-
nemik €.0. [laton opranisye B cucreMi Beeykpain-
cekoi akagemii Hayk (BYAH) kadenpy inxeHnepHux
CTIOpYJ, eNEKTPO3BapIOBAILHY J1a00PaTOPIilO Ta eJeK-
TpO3BapIOBaJILHUN KOMITET, Ha 0a3i sikux y 1934 p.
ctBopuB y ckinani BYAH [HcTuTyT enexrposBapio-
BaHHS — [EPILIUI B CBITI crieliaai3oBaHUil HAyKOBHUH
3aKiaja Takoro npo¢inro. A B 1935 p. BiH 3acHOBYE B
KIII 3BaproBasibHUI (haKyIbTET.

Benukuii 3a)1 My3€r0 pO3MIIICHO ITiJ CKICITIHHSIM
konumHix Mexaniunux Maiicrepens KIII. OcHoBHa
171esT eKCTIO3UITIT — SIKOMOTA ITUPIIE TIPEICTABUTH TEX-
HOocdepy Ykpainu B ii cydacHOMY CTaHi Ta iCTOpHY-
HOMY Tiepepisi. Y My3ei Mo)KHA 3HAHTH BiAMOBiaI Ha
MMATaHHS: KOJIM BUHUKIIU TIEPIITi TEXHIYHI MPUCTPOI Ta
KOPUCHI MallluHU, XTO OyB iX TBOPLSMHM, Cy4aCHHUH
CTaH TEXHIKH.

B onniii 3 HalOIIBIIMX €KCIIO3UIIIH MpeIcTaBIie-
HO iCTOpIiIO Ta TOCATHEHHS HAyKH PO 3BapIOBaHHS Ta
3BaproBajibHe BUpoOHHLTBO. Cepen ekcrionaris 1E3
€ Tpalli BYCHUX, aBTOPCHKi CBIJIOITBA HA BUHAXO/IH,
mamM’siTHI MeJiajli, 3pa3Ku JieTajiel Ta By3JIiB, BUKO-
HaHUX y PI3HUN COCIO 3BapIOBaHHsI, HATUIABIICHHS,
nasiHHs. J{yroBe 3BaprOBaHHS MPEICTABICHO 3BapIO-
BaJIbHUM TPAKTOPOM 1 YCTAaHOBKOIO JUISI MiKpOILIa3-
MOBOTO 3BapIOBaHHS, KOHTAKTHE 3BapIOBaHHS — Ma-
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OcHOBHa €KCIO3HIis 3aiiMae yacTuHy mocrtoro kopnycy KITI
(xoprtyc 6A), eKCIO3HIIis BiUIiTy aBiariii Ta KOCMOHABTHKHU PO3Ta-
roBaa B Oy/IiBJIi aBiallilHuX MaiicTepeHs mopyu (kopiyc 6B)

KETOM BHYTPINTHROTYOHOI 3BaprOBallbHOI MalluHU
K-700, po3pobmnenoi misi OyAiBHANTBA MaricTpaib-
HUX TpyOompoBoxniB. [IpuBeprae yBary myOns ama-
pary «Bynkany», Ha skoMy 1969 p. Bmepiie y cBiTi
kocMoHaBTOM B.M. KyGacoBum npoBeneHo excriepu-
MEHTH 31 3BaplOBaHHs B KOCMIYHHX YMOBaxX Ha OopTy
KOCMIYHOTO KOpaliIst, MAaKeT BUMTAPHHUKA AJISI PEMOHTY
KOCMIYHUX KOHCTPYKLiH, Ha sikomy y 1979 p. Bnepie
B CBIiTi mpamroBaiu kocMoHaBTu B.B. Promin i B.O.
JIsixoB. Y po3aini «EnekrpoMeTranypris» € Hiouuii
MakeT Midi JUIs eIeKTPOILIAKOBOTO MeperiaBy. B ex-
CTIO3HUIIIT My3€l0 MPEACTaBICHO PO3POOKHU H 1HIIHX
inctutytiB HAHY, 30kpema [HCTHTYTY MeXaHIKH,
IacTuTyTy mpobnem minuocti. IE3 paszom 3 [HCTH-
TYTOM 3B’SI3KY Ta YIPaBIiHHS JEMOHCTPYE CKIIQJHY
napaboiuHy aHTEeHY, SIKa MOYKE BCTaHOBIIOBATHCS Y
Ba)KKOJIOCTYITHHX MICISIX Ta MOXKE 3aCTOCOBYBATHCS
y MOO1TBHUX 3ac00ax 3B’sI3KY.

Y AIIM npencraBieHO MaKeTH CYIEH, MOOYI0-
BaHUX Ha Bep(sx Ykpainu. Y posaini «KopucHi xo-
MMaTMHW» € KOJIEKIIisl JIEKOPATHBHOTO 1 KOIITOBHOTO
KaMiHHS, MaKeTH TOp¢ho30MpalbHUX arperarTiB, TU-
3enbHa MammHa MTK-13 mist 3BaproBaHHS apMaTypu
1 MaImmHa T TTHOOKOTO JpeHyBaHHs. bararo ekcrio-
HATIB MIPEJICTABICHO B 1HIIUX BIIIOBIIHUX PO3/ijgax
OCHOBHOTO 3ajly, y TOMY YHUCIIi € (hparMeHT Jepen’s-
HOTO BOAOTOHY, III0 EKCITyaTyBaBCs Ha KUIBCHKOMY
[omoni y XVII crt., nepma B Kuesi Tenedonna cran-
uist (1886 p.), onun 3 nepmux panionpuiiMadiz M.O.
Bonu-bpyeBuua, nepuii Tenesizop Ta MartiTooH,
eJIeKTpOHHO-00umncIoBanbHI MamuHu C.0O. Jlebenera
ta B.M. I'mymkosa, minanep O.K. AHTOHOBa, eyek-
TPOHHHUHA MiKPOCKOII, MOJICIh XMEITbLHUIIPKOT aTOM-
HOI cTaHIii, mepmuii y cBiTi m’e30aBuryH (1963 p.),
aBiagBuryHu «Motop Ciuby, KIICTPOH BUITYCKHHIII
KIII 3.M. Ilaciunuk, akymyssitopu JJHInponeTpoBch-
KOTO aKyMYJISITOPHOTO 3aBOJY, XapKiBChKHUH eJeK-
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Haiibinpima i3 3ayiB My3ero 3aliMae IPUMIIIEHHS MEXaHIYHAX
MaiicTepeHb, B sIKiif 330BHI 1 YaCTKOBO BCEepEIHHI 30eperincs erne-
MEHTH IIPOMHUCIIOBOI apXiTeKTypH KiHis 19 — modarky 20 cTOMITh

TPOMOO1Ib Ha aKyMYJISITOPHOMY JKMBJICHHI Ta Oara-
To iHIIOro. B okpeMoMy 3aji eKCIIOHY€ETbCS KOJIEKLIis
cTpinenpkoi 30poi. [Topyd i3 TOIIOBHUM KOPIYCOM €
MaBUTFHOH aBiamiifHOT Ta pakeTHOI TexHiku. Ha mpu-
JNeTNid A0 My3€l0 TepUTOpii pO3MIMIEHO MapOTAT
1954 p. Bunycky, Tank T-34, rapmara, TBUHTOKPHIL.

3 inimiatuBu npe3uaeHTa HamionansHo1 akameMii
Hayk Ykpainu b.€. [latona na 06a3i /ep:xaBHOTO
MOJIITEXHIYHOTO MYy3ero 3 25 xoBTHs 2001 p. po3no-
4aTo LMKJ HAyKOBUX YUTaHb «BuaaTHi KOHCTPYKTO-
pu Ykpainu». HaykoBi yuTaHHs IpOBOISTECS 3 Me-
TOIO0 30€peXEeHHS ICTOPUYHOI MaM’sITi PO BU3HAYHI
BITYM3HIHI 3M00YTKH HAyKOBO-TEXHIYHOI Ta 1HXKe-
HEPHO-KOHCTPYKTOPCHKOT JYMKH, CTBOPEHHSI LiJIic-
HOT ICTOPUYHOI KaPTHHH PO3BUTKY HAYKH 1 TEXHIKH
B YKpaiHi, 03HaHOMJICHHSI TPOMaJChKOCTI 3 BHUIAT-
HUMU BITYM3HAHUMH TIEPIIONPOXiTHUKAMHU B PI3HUX
rajxy3six HayKH Ta TEXHIKH, BUXOBAHHSI CTYICHTCh-
KOT MOJIO/II Ha TMPUKIIaJaX BUCOKUX JIOCSATHEHbB I0-
MepeHiX MOKOJiHb iHXeHepiB i HaykoBuiB. [lepuri
HaykoBi unTaHHs Oynu npucssiueni M.M. benapno-
cy, €.0. Ilatony, J{.K. Jlopenuy (koHCTpyKTOpY Ba-
TOHiB, MEPLIOMY, XTO BIPOBAJIUB aBTOMaTHYHE 3Ba-
PIOBaHHS i (QIFOCOM), KOHCTpYKTOpaM TaHka T-34
Ta icTopii oro 3BaploBaHHs, 3aCHOBHUKY METaIyp-
rittnoi mkomu KIII B.I1. bxeBchkOMY, KOHCTpYKTOpaM
eJeKTpOoTpaHcmopTy, JiTakiB O.K. AHTOHOBY 1 TBHU-
HTokpuiiB L.I. Cikopcbkomy. UnTaHHS TPOBOISATHCS
IIOKBapTAJIBHO, IX MaTepiaii BUIAIOTHCS.

Mys3seill neperBOopuUBCs HAa BU3HAHUN HAyKOBUU
LEHTP 3 AOCTIIKEeHb y Taiy3i icTopii TeXHIKH Ta
TEXHIYHOTO MY3€€3HaBCTBA. Y My3el IPOXOASTH K-
ckypcii anst Bcix Oakarouux. YUHI MK Ta Mpo-
(heciltHO-TEeXHIYHUX YUYUIIUII, CTYIEHTChKa MOJOIb
OTPUMYIOTh HANIAIHY iH(pOPMAIIiIO TIPO pi3HI Tamy3i
TeXHIKH. Y My3el BiIOyBarOThCSI BUCTABKH, JESAKi pa-
30M i3 3aKOPIOHHUMHU MY3€SIMH.

https://kpi.ua/museum
O.M. KopHienko

51




IHOOPMAUIA

MDKHAPOJHUU ITIPOMUCIIOBUI ®OPYM 2023

3 30 tpaBHs no 1 uepsHs 2023 p. Ha TepuUTOpil
MiXHapoJHOrO BUCTAaBKOBOTO LIEHTPY BinOyBcst XXI
Mixxnapoguuii npomuciosuid popym (MIID)— naii-
OinbIIMI 1HIYCTpiabHUH 3axia B YKpaiHi, IprcBsUe-
HUH MaIIMHOOYAyBaHHIO. Y paMKax (opyMy MporIun
BuctaBku: MetanooOpobOka, YkpBropTex, YkpJlut-
B0, YKkp3BaproBanus, ['inpasnika, [lneBmaruka, [Tix-
IIWITHUKK, ABTOMaTHU3allis 1 podororexHika, [ligiiom-
HO-TPAHCTIOPTHE, CKJIAAChKe 00JIamHAHHS, 3Pa3Ku,
CTaHAAPTH, €TAJIOHU, IpHiIaay, besneka BUpOOHHUIITBA.
Kpim toro, omrogacHo 3 Mi>kKHapOAHUM TIPOMHUCIIO-
BUM (popyMoMm mpounum MiXKHApOIHI CIeIiali3oBaHi
BructaBku: PLAST EXPO UA (cupoBuHa, TEXHOIOTI{
1 o0yaiHaHHS [T TIepepOOKH TIOTIMEPIB Ta KaydyKy);
ADDIT EXPO 3D (texnonorii, 001agHaHHs Ta MaTepi-
any 1 aquTHBHOTO BUpoOHMLTBa Ta 3D npyky). Llpo-
T'0 POKY BUCTAaBKOBI 3aX0/TH, IO 00’ €THATN YYaCHHKIB
Ta BiJBigyBauiB 3 yciei Ykpainu min naxom MBI, cra-
JI CUMBOJIOM HENIEPEMOKHOCTI, HEIIOXUTHOCTI, Pillly-
YOCTi Ta HE3JIaMHOCT] YKpaiHIIiB Ta HAILIKX MapTHEPIB.

BucTaBku — 1€ BayKIMBUMA «IHCTPYMEHT» BiJIHOB-
JICHHS Ta PO3BUTKY Oi3HECY, OCOOJIMBO CHOTOJTHI, KOJIU
PYHHYIOTBCSI IPOMUCIIOBI JIAHIIIOTH, 1110 HAJAIITOBY-
BauCch pokamu. [linTpumyBaTH eKOHOMIKY YKpaiHu,
3abe3reuyBarH JIAIM poOOTy Ta MOTUBYBATH JI0 PO3-
BHUTKY 1, 0€3MepeyHo, CIJIbHO NPAIOBATH Ha IEPEMOTY
— OCB 110 Ba)KJIMBO y MPOBE/ICHHI BUCTABOK CaMe 3a-
pas. I1ix gac Bittan 3CY 3axuUmaroTh Hac Ha Mol 60O,
a Oi3HecH Ta MANPUEMCTBA 3aXUIIAI0Th EKOHOMIKY

— JIpYTy HaBaXJIHMBIIIY CKJIAJIOBY JJIsI MIATPUMKH Ta
po3BUTKY YKpainu. L{i BUCTaBKU HE TUILKH CTBOPIOIOTH
MOJKJIMBOCTI JJ1s1 Oi3HECY, aJie € 1 CIPaBXHIM J0Ka30M
HAaIIO1 37JaTHOCTI JI0 CITIBIIpAIli Ta 00’ €THAHHS Y BaXKi
yacu. Uepes crinbHI 3ycriuis (axiBIliB Ta Oi3HECMEHIB
Ha BUCTaBKOBHX MalIaHUMKAX MH PyXaeMOCs BIEpEN
JIO TIEpeMor B ycixX 00sIX Ha BCiX ()pOHTAX.

3aranbHa mjoula, Ha sIKid PO3MICTUIMCH BUCTAB-
KOBI 3ax0,1u, ckiana nmonay 7000 M?; 3arajibHa Kijib-
KICTh CITEIL[1ajIICTIB, sIK1 BiJIB1JaJId BUCTAaBKOBI 3aX0/I1
— 8837 4ou.; 3aranpHa KiTbKICTh YIaCHUKIB KOMII-
JIEKCY TEXHIYHUX BUCTaBKOBHX 3ax0JiB — 147 xom-
naHiii. byna npencraBnena npoaykiis 3 26 Kpaid — 3
ABgctpii, bonrapii, Benukoi bpuranii, I'peuii, I'py3ii,
Hamnii, [3painro, Icnanii, Itamii, Kurato, Hizepmanmis,
Himewunnw, [lisnennoi Kopei, [Tonbmii, Cep6ii, Cno-
BauuynnHH, CIIIA, TaiiBanto, Typeuunnu, OinnsHmii,
Opanmii, Yexii, [Isetinapii, Anownii, Ykpainu. ['eo-
rpadis koMnaHiil yqacHukis: 95,24 % — y4acHUKH 3
VYxpainu; 4,76 % — yyacHuKkH 3 iHmMX kpaid. [lo Bugy
JUSUTLHOCTI KOMMaHil yyacHukiB 77,72 % — immopte-
pH, ucTpu6’ roTopH, nunepu; 22,28 % — BUPOOHUKH.

MiKHapOIHUI TPOMHUCITOBUI (HOpYyM — II€ 3aBXK-
I OYiKyBaHa Ta BU3HAYHA IOJis, 10 IPUBEPTAE yBa-
Ty TIPOBITHUX TPOMHUCIOBHX KOMITaHIM Ta €KCIEPTIB.
Llporo poxy, He3Bakatouu Ha BiiiHy, [IpomucioBomy
(opyMy Bianocs 3i0paTH MPOBITHIX TPABIlB YKpaiH-
CHKOT'0 MAIIMHOOYiBHOTO PUHKY, IO TPEICTaBUIH
iHHOBaUiliHe 00JaJHAHHS Ta TEXHOJIOTI] YKPaiHCHKUX
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T —

Ta iHO3eMHUX BUPOOHUKIB. ChorosHi MII®D naB 3po3y-
MITH HE JIMIIE YKPaTHIIM, a TAKOXK HAIIUM 3aKOp/I0H-
HUM IapTHEPaMm, IO MU HE MPOCTO MPAIFOEMO, a T0-
KpallyeMo, pO3BUBAEMO, MOJICPHIZYEMO Ta aJIANITyEMO
TEXHOJIOTI] iJl yMOBH BOEHHOTO 4acy. PazoM mu cuna,
siKa 3/IaTHA YCIIIIHO B3a€MOJIISTH, JOCATATH YrOJ Ta
JIOJIATH BHKIIMKH cydacHOCTi. OCOOIMBO MMPUEMHO, 110
Ha MII® Oynu mignucani yroay npo mpojax cydac-
HOT'O O0JIQ/IHAHHS, SIKE MPSIMO 3 BHCTABKH IOTXAJIO 710
CBOIX HOBHX BJIACHUKIB. A yYaCHHKH 1 BiIBiJlyBaui 1o-
BEPHYJIHCH JIOJIOMY 3 HOBUMH 11€SIMU, TAPTHEPAMH,
3aMOBJICHHSIMH Ta BIPOIO, 1110 BCe Oyie 100pe.

Ha BucraBmi Ykp3BaproBaHHs Oyna mpejcTanie-
Ha TPOAYKILiSl YKPATHCHKUX KOMITAHI BUPOOHHUKIB Ta
nocravyalibHUKIB 3BaproBanbHOro odnagHanus (TOB
«ITaton Iarepuemna», TOB «®poniyc Ykpainay,
TOB «YepBona XBunsa», O1O «3oaT», TOB «Apa-
Mmicy, TOB «Tpiaxa JIta i Ko») Ta BUpOOHUKIB 3Ba-
proBaibHEX enekTpoliB Ta apoTiB (IIpAT «Ininpo-
metn3, TOB «Cymu Enexrpomy», TOB «Benteky).

Sk 1 Ha GaraThOX MOMEPEIHIX 3axoaax MixHa-
POJHOIO BUCTABKOBOIO IeHTPY mij yac MII®D Oyio
MPEJICTABICHO BUJAABHUIITBO [HCTHTYTY eNeKTpo3Ba-
proBanHs iM. €.0. [Tarona HAH Ykpaiau. Ha crenmai
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POEHHK
[POTY

BHJIAaBHUIITBA BiJ[BiyBadi MaJld MOXJINBICTh O3HAKO-
MHTHCH 3 OCTAaHHIMH PO3pOOKaMH BCECBITHBO Bimo-
MOTO [HCTUTYTY B ramy3i 3BaproBaHHS, CTEIialbHOL
MeTanyprii, HepyHHIBHOTO KOHTPOJIIO Ta OTPUMATH
CTeIiaTbHO BHJIaHI /0 BUCTABKH BUITYCKH JKYpHAIIiB
«ABTomMaTtnuHe 3BaproBaHHM» NeS5, «TexHiuna mia-
THOCTHKA Ta HepyiHiIBHUN KOHTPOJb» Nel, «CyuacHa
enekTpomeranypris» Nel, 2023.

MII® BUCIOBITIOE BASYHICTD BCIM yYaCHUKaM, Bifl-
BimyBauam Ta 3CY. OO’ €fHaHHS 3yCHIIb 1AJI0 HElepe-
BEPIICHHI Pe3yJbTaT — MPOBEJIEHHS Y BiHCHKOBHMA
yac Mi>KHapOTHOTO TIPOMHUCIIOBOTO (POPYyMy Ta BUCTa-
Bok PLAST EXPO UA ta ADDIT EXPO 3D. Lli 3axo-
11 0€3yMOBHO JIaJTd TIOIITOBX JI0 PO3BUTKY Oi3HEC-ce-
peloBuIa, HaJaroKeHHS 3pYWHOBAHUX BiHHOIO
KOHTAKTIB Ta CTaJIM PYIIIHHOIO CHIIOO JI0 TTIOIATBIIIOTO
3pocTaHHA yKpaiHChKOi ekoHOMiKH. MII®D msxye Bcim
MPUYETHAM, BUCJIOBIIIOE BEIUYE3HY [10BAry Ta 3aKiH-
Ka€ HE 3yNUHATHUCS 1 MPOJOBKYBAaTH NPAIIOBATH Ha
KOPHCTH HAIIOl JiepaBy 1 Hamry ciiibHy [lepemory.
Mu Bce MOKEMO, TOMY 1110 MU pa3om!

3a mamepianamu
https://www.iec-expo.com.ua
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[TAM’ATI B.B. IAHACIOKA

Jlupexiris Ta KoinekTuB [H-
CTUTYTY €JIEKTPO3BAPIOBAHHS
iMm. €.0. Ilarona HAH VYkpa-
{HH, 3 BEIMKAM CYMOM CITOBI-
IA0Th, 110 17 JHUIHS I[LOTO
poky Ha 98-My pOIIi MIIOB i3
JKUTTS BUJIATHUNA yYEHU B ra-
Ty3i Teopii MIITHOCTI MaTepi-
aJiB 1 KOHCTPYKIIifA, OMUH 13
3aCHOBHHKIB JIbBIBCHKOI Hay-
KOBO{ IITKOJTM MEXaHiKiB-MaTe-
piayio3HaBiB, moHag 40 pokiB
0e33MiHHMA TupekTop Pi3nKO-MEXaHIIHOTO 1HCTH-
tyTy imM. I.B. Kapnenka HAH VYkpainu, 3aciayxenunit
IlisTd HayKW 1 TeXHIKH YKpainw, naypear JlepxaBHUX
mpemiit YPCP i CPCP y ramysi Hayku 1 TEXHIKH, TIpe-
miii HAH VYkpainu im. O.M. [{uanuka, €.0. [TaTonHa i
I'B. Kapnenka, @wrien Pagu €Bporieiicbkoro ToBaprcTBa
3 TIPOOJIeM IIITICHOCTI KOHCTPYKIIiH, Bille-TTPE3UICHT
Panmn Mi>kHapomHOTO KOHTPECY 3 MPoOIeM MEXaHIKA
pYHWHYBaHHS MaTepiajiiB, WwieH €BpOIeHChKoi akaaeMii
HayK, HarOpoOJ>KEHUH opJieHaMu KHsi3s1 SIpociaBa My-
nporo V crymens, «3a 3acayru» 111, II ta I cryneHis,
JIOKTOp TEXHIYHHUX Hayk, mpodecop, akamemik HAH
Vkpainu Bononumup BacuiiboBuy [Tanaciok.

Bononumup BacunboBud HapoauBcs 27 JHOTOrO
1926 p. y ceni Kpacue na Xonmmmuni (auHi [lonbmra).
[Ticns 3akingenns y 1951 porti JIbBIBCHKOTO AeprKaB-
HOTO yHiBepcHUTeTy iM. IBana ®paHka mo4aB mpairo-
BaTd B [HCTUTYTI MallMHO3HABCTBA Ta ABTOMATHKHU
AH YPCP (3 1964 p. ®i3uko-MexaHIYHHNA THCTUTYT
AH YPCP). IlpoiimoB nuisx BiJi MOJIOIIIOTO HAYKO-
BOTO CITIBPOOITHHKA /IO TUPEKTOPA IHCTUTYTY.

HayxoBa nistmpaicTs B.B. Ilanactoka Oyma mpu-
CBAYEHA JIOCII/HKSHHIM 3 MPOOJIeM HaIpyKeHO-JIe-
(hopMOBaHHX CTaHIB i TPAHUYHOT PIBHOBATH MPYK-
HO-TUTACTHYHHX Tl 3 TPIIIMHAMH, TEOPil MPYKHUX
TiJ1, Pi3UKO-XIMIYHOT MEXaHIKHA MaTepiaiB i BOTHEBO-
rO Marepiaio3HaBCTBA, 110 OYyJIH MOKIAEHI B OCHOBY
TEOopii KPUXKOTO PYHHYBaHHS Ta MIiITHOCTI MaTepiaiB,
siKa 3HaAMIIIIA [MUPOKE BU3SHAHHS U CIpUsiia PO3BUT-
Ky METOJIIB OL[IHFOBAHHSI JIOBTOBIYHOCTI MaTepiais i
KOHCTpYKIIii. Moro opurinambHi mpatti 3poOusu Baro-
MUH BHECOK Y (DOpMYyBaHHS Ta YTBEP/UKEHHS (i3HKO-
XIMIYHOI MEeXaHIKH pyHHYBaHHS MaTepiaiiB K HOBOTO
HanpsAMy B HayIli IPO MaTepiayy Ta iX Mil[HICTb.

Bucoky omiHKy BUeHHX Ta CHEIaICTIB OTpUMAIN
pesynbrat pobit Bonognmupa BacunsoBuya 3 BH-
3HAYEHHS 3AJTUIIIKOBOTO PECYPCy HANBAKIMBININX Ha-
POAHOTOCTIONAPCHKUX 00’ €KTIB, PO3POOICHHS METO/IIB
MABUINEHHS MIITHOCTI, IKOCTI Ta TOYHOCTI BUTOTOB-
JIeHHSI BUPOOIB y MMPOMHCIOBOCTI, CyTHOOYTyBaHHI,
€HEepreTHYHOMY MaIInHOOYTyBaHHi, Oy/iBHHIITBI.

OCHOBHI HayKOBi pe3y/bTaTd BYEHOTO BUCBITICHO
y oHax 600 my6mikarisix, Ta B 19 MoHOrpadisx, cepen
sikux nieprna B CxinHii €Bponi MoHOTpadis 3 mpodiem
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MEXaHIKH TPaHWYHOI PiBHOBAaru TBEPAUX JehOopMiB-
HUXTLI 3 TpimuHaMu. 111 nparii, a Takox ioro movec-
Ha Jiekiist Ha 8- MixkHapoaHil koH(DepeHIii 3 mexa-
Hiku pyliHyBaHHs B KueBi Ta iHIIN HAyKOBi pe3yabTaru
CTa/IM BATOMUM BHECKOM Y PO3BHTOK Ta YTBEPIKCHHS
MeXaHiKu pyHHYBaHHs MaTeplamB SIK HaNPAMKY B Ha-
yui npo MaTeplaJ'II/I Ta LUTICHICTb KOHCprKum Oco-
OnmBe MicLe y Horo JisUTbHOCTI 1OCiae KepiBHULITBO
CTBOPEHHSIM CHLUUKIONECINYHOIO BUIAHHS — JBaHA-
LATUTOMHOTO JTOBiTHUKa-MOHOTpadii «MexaHika pyii-
HyBaHHS 1 MiITHICTh MarepianiBy (1988-2009 pp.) Ta
Horo cuHTE3yroua MOHOTpadis, omyOlikoBaHa aHIITiH-
chKoI0 MoBOO y 2002 pori mig Ha3Boro «Strength and
Fracture of Solids with Cracks».

[lig xepiBannTBOM B.B. IlaHactoka BHKOHAHO
KOMIUIEKC €KCIEePUMEHTAJIbHUX AOCIIKEHb KiHe-
THUKHU POCTY BTOMHUX TpiH_II/IH i r[o6yz[0BaH0 0a30Bi
aiarpamu KOpO31HHOl Tle_II/IHOCTII/IKOCTI/I JUTSL KOp-
MyCHUX CTaJeH, allOMiHIEBUX CILJIABIB, MaTeplaJnB
eHepreTnyHoro oonagHannasg. B.B. [1anaciok 3i cBoi-
MH YYHSIMU PO3pOOJISB €NEeKTPOMarHiTHI METOU Ta
3ac00u HEpYHHIBHOTO KOHTPOIIO (pi3mKo-MeXaHid-
HUX, CNEKTPO(i3UUHUX Ta TEOMETPUUYHUX XapaKTe-
pHUCTHK MaTepiaiB 1 BUpoOiB. Y Oiiblll KOPOTKOXBU-
JIOBOMY BHITAJIKY, KOJTH TU(DPAKIIIHI SBHUIA CTAIOTh
JIOMIHAHTHHMH 1 32 TIEBHUX YMOB MOXXIIUBI BUCOKO-
MOOpOTHI pEe30HAHCH, BUSHUMH IIiJ] KEPiBHUIITBOM
B.B. ITanactoka Oyno 3ampornoHOBaHO €(QEeKTUBHI
YHUCIIOBI METOIH PO3paxyHKy I[I/I(bpal"OBaHI/IX eJIeK-
TpoMarHiTHux noxiB. Ha it ocHOBi cTBOpeHO HOBI
CII0CO0H 1 3aCO0H EIEKTPOMArHiTHOI'O KOHTPOJIIO.

OuomoBanuit B.B. [lanactokom npotsarom Oara-
THOX POKiB KOJIEKTUB  3pOOMB 3HAUHUN BHECOK y
BUKOHAHHS TaKUX BaXJIMBUX Mporpam, sik «Enep-
ris-bypan», «larepkocmoc» ta «PECYPCy. 3a iHi-
uiatusu B.B. Ilanacioka B iHCTUTYTi CTBOPEHO YHi-
KalbHUH pagiodi3NIHNN KOMIUIEKC JUISI 1IarHOCTUKA
KOCMIYHOTO IPOCTOPY B JIeKaMeTPOBOMY JiamnasoHi,
SIKMH BXOIUTH Y 3arajlbHOAKaIeMiuyHy CUCTEMY paji-
ointeppepometpiB «YPAH».

B.B. Ilanaciok OpaB akTUBHY y4acTb Y HayKOBO-
opraHi3ainiifHiil 1 rpoMajackekiil misnpHOCTI HAH
VYkpainu, micta JIbBoBa Ta Ykpainu, OyB cepen THX,
XTO CIIPUYMHHUBCS 10 BIAHOBIEHHS MisiibHOCTI Hay-
KoBoOro ToBapuctsa imeHi llleBuenka y JIbBOBI.

Benuky yBary BueHHI MPHUIITISB BUXOBAaHHIO BU-
cokokBatiikoBaHux cremniainicti. Cepen oro y4His
noHaza 60 TOKTOpiB Ta KAHAWAATIB HayK.

Bononnmup Bacunsouu [lanactok HazaBxu 3a-
JUIIUTHCS NPUKIAJ0M BiAJAaHOCTI HayLi, TBOPUOI Li-
JIeCIPSIMOBAHOCTI, BEJIMKOI Mpale3JaTHOCTI Ta CiIy-
XKIHHS Ha OJaro YKpaiHu.

IE3 im. €.0. [larona HAH Ykpaiau
Penkoneris xxypHaiy
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HoBuHM YKkpaiHCbKOro ToBapucTBa HePYMHIBHOIO KOHTPOIIO Ta TEXHIYHOI AiarHOCTUKMN

(777
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HOBUWHU YKPATHCbKOIO TOBAPUCTBA
HEPYWUHIBHOIO KOHTPOIIO TA TEXHIYHOI AIAFTHOCTUKU
yneHa €Bponencbkoi Peaepadii 3 HEPYWHIBHOroO KOHTPOJHO

yneHa MixxHapogHOro KOMiTeTy 3 HepyWHIBHOIO KOHTPOJIO

7§ Furopess Frderation foe
LI Son-istructive Trssing

ICNDT
The

M Cinpambasio for NIF

OLIHKA AKOCTI bPOHEIIIACTHUH 3A JOIIOMOI'OIO
PEHTIEH-TEJEBI3IMHOT'O KOHTPOIJIIO

B.O. Tpoiubkuii, C.P. MuxaiisioB

Bimomi BUmaiku monrkokeHHsT OpPOHETIIHT ITi]] 9ac
00110BHX J1il1, 1110 CYMPOBOKYIOTHCS IOPAHEHHSIM Oili-
LB Yepe3 HesKICHI 3aXHCHi IacTuHh. EdexTuBHiCTh
3ac00iB 3aXUCTy NOTPEOYIOTh PEHTICHIBCHKOTO KOHTP-
oo ix sikocti. Kpim criBpoOithukiB 1E3 im. €.0. Ila-
TOHa y BUMPOOyBaHHX Opanu yyacts Kupuno beoko
ta [rop MoJioian — iHIIIaTOPH KYPHATICTCHKOTO PO3-
CliTyBaHHS. PEHTTeHOKOHTPOIb OPOHEILTUT MPOBO-
JIUBCSI 33 JOTIOMOT'O0 PEHTICH-TEIICBI31IMHOT CUCTEMHU
PTB-4. Ils mopratuBHa peHTTeH-TeNeBI3iiiHAa cUCTe-
Ma 3aBXIH JI0 Mocayr MiHicTepcTBa 000poHH YKpa-
THU (CYIITBHICTh, BATOHUCHHS METay, 3alIOBHCHHS
00’eMiB BHOYXOBHX PEYOBHH Ta iH.).

Cucrema PTB-4 no3Boiisie 3a3upHYTH BCEpEIU-
HY OpOHEIIUT, BU3HAYHUTH HIiITBHICTh BUKOPHCTA-
HOTO Marepiaiy, pealbHy Tuionry OpoHi. Ha MoHiTO-
pi komn 'torepa PTB-4 BigoOpaxkyeTbes iHpopmaris,
SIKy HEMOKJIMBO OTPHMATH 1HIINM IUISIXOM, KPiM KOH-
TPOJILHOTO 00CTpiTy. PeHTreH-TeneBi3iiiHOro KOHTPOIO
(PTK) 3a3nanu 23 kepamivHi Ta MeTaliqHi OpOHEIUIN-
TH aMEPHKAHCHKHX, 13paibChbKHUX, YKPaiHCHKUX, MOJTb-
CbKUX, HIMEI[bKAX Ta KUTAHCHKUX BUPOOHUKIB. Pe-

HaiiGinpmn moKkyo9rii BUTISA] Majia TUIacTHHA,
SIKy TIpYHIC OiMH 3 OiiniB. BoHa ckimananacs 3 A1BOX
gactuH. Te, 1m0 BUAHO y HEHTPI (puC. 2) — KyCOK Me-
Tany (mepeBipeHo MarHiToM). ®aKTUIHO KOpHCHA
IJI0IIA 3aXUCTY CKjaia juire 1,7 nM?, Tozi K Bara
OpOHEITUTH BiPi3HSAJIACH Bl HOPMH TiNbKH Ha 10
r. CKIlaaeThest BpaKeHHsI, [0 METal TUBHOI (hopMH
y LEHTP1 MPOCTO JJIsl Bard, a HABKOJIO HHOTO pUXJia
Maca 0e3 OyIb-SKOTO 3aXHUCTY.

YacTo BUPOOHHUKH OTOJIONIYIOTEH OLIBIIANA pO3MIp,
a peanpHa TTomIa 3axucty MeHmma Ha 10...25 %. Taxi
TUTATH OYyJIO BUSBIIEHO SIK Y KUTAHCHKUX, TaK 1y THIITNX
3paszkax. ¥ MiHictepcTBi 000poHM YKpaiHH HEMae mpo-
Lelyp NepeBipKH (PaKTHYHUX 3aXUCHUX PO3MIpIB TUTUT.

[lnuTn nmuime BiACTPiNOIOTHCA Yy JabopaTopi-
sIX 3 BifiIcTaHl He Onmmx4de 7 cM J0 Kparo, TOOTO Bij-
CTPINIOETHCS TUIBKU IIeHTpaibHa yacTuHa. [lo me-
puMeTpy 5...6 cM Bif Kparo IIIUTH HisIK Ta HIKUM He
KOHTPOJIFOETHCSI. Y 1[Il 30HI HISKHUX MEPEBIPOK HE
nependadeHo!

HacrtynHoto npo6iemoto, siky Oyllo BHSIBICHO, €
BEJIMKI 3230pW MK KepaMiYHUMHU IIJIACTHHAMU JIesi-

3yJBTaTH Oyl HEOWiKyBaHUMH Ta HABITh MIOKYIOYNMH.

3asnaueHa (axtugHa mioma muT (PII) 1 kopwuc-
Ha TI0mIa 3axucHoro enemeHnty (3E), mo 3amasHi
BcepenuHi. Lli mapameTpu y pi3sHUX BUPOOHHKIB CyT-
TEBO BiAPI3HAIOTHCA. UnM TeMHiIIe 300paxeHHs, TUM
IIUTBHICTH cepenoBuia Buiie. KpiMm Toro, Ha 3HIMKax
BHUJHO CTHUKYBaJIbHI 3a30PU €JIEMEHTIB ILJIUT, TPillu-
HU, TyCTOTH Ta BUPOOHWYMI OpaKk.
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Puc. 2. 3oBHimHi#i BUmIAL (JTiBOPYY) OPOHETIIACTHHH Ta 11 peHT-
TeH-TeNeBi3iliHe nndpoBe 300pakeHHs (TIpaBopyY)
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2 o
Puc. 3. TIpukiaay peHTIeH-TeNeBI3iHIX 300paykeHb OPOHEIIACTHH 13 3MEHILCHOK MOPIBHSHO 3 OTOJIOIICHOIO ILIOIICI0 3aXHCTY, /1€
BUpOOHUKaMH €: a, ¢ — Kuraii, 6 — I3pains, e, 0 — Ykpaina

2 i)

Puc. 4. Pentren-reneBiziiiHi 300pa)keHHs] OPOHEIIIACTHH, SIKi BIANOBIIAIOTH 3aMOBIICHUM IIapameTpawm, Jie BupooHukamu €: a — CIIIA,
6 — Ionbia, 6 — Ykpaina, ¢ — Himeuunna, 0 — [3pains

KHX TUTHT Ta IX HeaKypaTHe CKIIeloBaHHs. Busiieni
Ha PEHTIC¢HI 3a30pH B JACSKUX MICIIX CATATH 3 MM,
1o € 3abararo i Kyii kaniopy 5,45 M. Taki ctukn
KyJIs TIpO0’° € HABUJIIT, SIKIIO TYIH TMOTpanuTh. J[o Toro
K, caMi TUTACTUHH, TIPU TOTPAIUISHHI KyJi y IIEHTP
MOXYTh Yepe3 3MIIIeHHs eIeMEeHTIB CTBOPIOBATH
KpuTH4HI panu. Taki mpoOieMu Oyiio BUSBICHO Y BH-

Puc. 5. Pentren-renesisiiini 300paxkeHHs pyiiHyBaHb OpOHeIuIac- POOHMKIB KepaMiky; iX TeK 100pe BUIHO Ha PEHTIE-
THH ITiCIISI KOHTPOJIBHOTO BIACTPLTY: @ — HabipHa IUIaCTHHA 3 Y0- HIBCBKHX 300PaKCHHSX.

TUPUKYTHHX CETMEHTIB, 6 — Ha0ipHa MJIACTHHA 3 IIECTUKYTHHX
CerMeHTax

EVIDENT

\ I} - \ ) .. v \ = b
e SPERY B
Ministry of Science and ICT @ I\ﬁetmp’olnan City,
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MOHITOPUHT CTAHY 3PYUHOBAHUX CIIOPY]I, OIITHKA
IIKOJIN TA TOIIYKY MOCTPAXAAJIUX IIJI PYIHAMU

B.O. Tpoiubkuii

B Vkpaini € Benanka KiTbKiCTh BaXKOJOCTYITHHX
BIAMOBIMaTEHUX 00’ €KTIB, M0 MOTPEOYIOTH PETYIISIpP-
HOTO MOHITOPHHTY, OIliHKa peaabHOTO (Pi3HIHOTO
CTaHy SIKHX Mae€ BEJIHMKE 3HAUEHHs s Oe3leKH Ha-
BKOJIMILIHBOTO CEPEAOBUILA (HAPHUKIIAA, MaricTpaib-
Hi TpyOoOnpoBoay, aBialliiiHa TeXHiKa, MOPCHKUH,
3aJ1i3HHYHHUI Ta aBTOTPAHCIIOPT, TypOiHU TomIO). IX
MOHITOPHHT NMOTPiOCH A7 3arm00iraHHs KpUTHIHUX
HACJII/IKIB.

Tak caMo BKpail BaXKJIMBUM € JIIKBiJIaIlish HACIIi]I-
KiB HaJ3BUYANHUX CUTYyallil, 110 BUHUKAIOTh B OC-
tanHi poku. Lli curyanii He TiAbKH 3aBIAIOTH Be-
JINYE3HUX 30UTKIB JEpiKaBi, a ¥ MPU3BOIAATH 0
yuciieHHoT 3arubeni sroneit. [Ipukaaaom mboro €
OCTaHHI Mojii BiffHN, YCYHEHHS HACIIJKIB SKOI 1MO-
TpeOye OnepaTUBHOTO 3aTyUYCHHS BEIUKOT KUTBKOCTI
(haxiBmiB Ta BigmoBigHOTO OONamHaHHSA. Bix Toro,
HACKIJIbKU LIBUJKO Ta ONEPATUBHO HAJaBaTUMEThCS
JIOTIOMOTa 0co0aM, sIKi 3a3HaJIM BIUTHBY HEOE3MEUHUX
(hakTopiB HAA3BUYAHHUX CUTYallild, HACKITEKH CBOE-
4acHO Ta MpodeciiiHO CIPaIIOIOTh aBapiHHO-PITY-
BaJIbHI MIAPO3ALIN TIiJ] 4ac JikBigamii OomOapyBaH-
Hsl, TPUPOAHUX KaTacTpod, 3eMJIETPYyCiB Ta IHIIUX
CTHXIHHHX JIMX, 3aJIEKHUTD 30POB’S 1 JKUTTS JIOACH.
Tomy pospobnenuii B [E3 im. €.0. [1aTona npuna
MpU3HAYCHUH AJIs 301HCHEHHS OITYKOBO-PATYBAaIb-
HUX poOIT 32 JOMOMOTOI0 PI3HOMAaHITHOTO YCTaTKYy-
BaHHsI, IarHOCTHYHUX NPUCTPOiB. BoHn BuKOpHCTO-

BYIOThCSI B TUX MICIISIX, J0 SIKMX JIFOJIMHI JICTaTUCh
BKpail BayKKO — Mpu 0OBajiax Oy/iBesb, TEXHOTEHHUX
KaracTpodax.

Pyxomuii mpunaa anasi MOHITOPUHTY CTaHy 3pyH-
HOBaHMX cropyl, (ikcaiii 06’eMy MOIIKOIKEHb Ta
MOIITYKY TOCTPa)XIalluX MICTUTh PYXOMY ILIaTdop-
My, o0NlaIHaHy HapsSMHUMH Kosecamu. Ha mumatdop-
Mi BCTAHOBJICHO MOHITOPHHTOBI 3aCO0M — TOIITYKO-
Bi, Te()EKTOCKOITIUHI, OIIHIOBAIBHI Ta TPaHCIISIIiHI,
10 MaloTh THYYKI KpituieHHs 10 maTdopmu. Kome-
ca BCTAHOBJIEH] 3 MOXKITUBICTIO BUTHHOTO TIepECyBaH-
HS CTaJIEBOIO CMYTOIO TEJIEeCKOMIYHOI mTanry. [lnar-
(hopMa ocHallleHa IIMPOKO3aXBaTHUMH TIPUCTPOSMHU.
VY 3aie)xHOCTI BiJ IiJel AOCHIJKeHHS TPUCTPid
MOXke OyTH 00JlaTHaHHH BifeokaMeporo, Mikpodo-
HOM, JIa3€pHUM BHMIpIOBaueM BiJCTaHi Ta JiHIHHUX
PO3MipiB, OCBITIIFOBaYEM, TEIUIOBI31IMHUM, MarHiTo-
METPHUYHUM, OC3KOHTAKTHUM YJIBTPA3BYKOBUM, €JICK-
TPOMAarHiTHO-aKyCTHYHHM TIEpETBOPIOBAYaMH, ra3oa-
HaJIi3aTopoM 1 pajialliiHUM J03UMETPOM, 3ac00aMu
TpaHcAii iHpopMmartii.

Pyxoma mutardopma 3 mpHCTpOSIME Ma€ MOXKITHU-
BiCTh MEpECyBaHHS HaIl Ta BCEPEIMHI JOCIIIKY-
BaHOTO 00’€KTa, 3MIHCHEHHS MIUPOKOMACIITa0HO-
r0 MOHITOPHHTY CTYIICHIO pyHHYBaHb i BHSIBICHHS
noctpaxknanmux (Ilatent Ykpainum 3a 3asaBkoro No
202302286).

1

4 /
a1 5
) 7/

IMpunan Ui MOHITOPUHTY CTaHy 3pYHHOBAHHX CIOPY/ JUIsl O-
HIYKY HOCTpaKAaiuX 3 IIarhOopMoI0 Ta ABOMA MOABOECHUMH
MarHiTHUMH KOJIECaMH Ha CTaJbHIA cMy3i (KyTOUYKY) Ha Tpocax
(moty3kax): 1 — ctanbHa cmyra; 2 — Tpoc (1ler, MOTy3Ka); 3 —
KpIiMJIeHHd Tpoca; 4 — TuiaTgopma 3 MpuiIagaMu; 5 — MoJBOEHE
MarHiTHE KOJIECO; 6 — Ja3epHuil BUMipIoBad; / — TEIUIOBi30p; &
— ocBiTiroBay; 9 — ra3oBuii aHanizarop; /() — 30BHIIIHI maiOH
MAarHiTHHAX Koiic; 11 — eTeKTponBUTYH

ISSN 0235-3474. TexH. giarHOCTUKa Ta HEPYWHIBHUM KOHTpOnb, 2023, Ne3

palll
.

12

My PR
—~—
(%)

=

IMomrykoBHH MpHIan 3 JOCTIIHUMU MPUCTPOSIMH Ha TEJICCKO-
MiYHIA mITaH3i 1715 30BHIOTHHOTO Ta BHYTPIIIHBOTO 0OCTEXKEH-
Hs1 3aBaJiB MOMIKOIKEHUX CIIOpyA: 12 — TeJecKomiyHa mTaHra 3
OCBIT/IIOBaYEM, BiJI€OKaMEpOI0, TEIUIOBI30pOM Ta iH.; 13 — micie
omeparopa; 14 — aBTomiIiioMHIK
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3SMEHIIEHHS YPAXKEHB BOMOBHMX JIPOHIB 3 IMITALIIEIO
IX YPAXKEHHS

B.O. Tpoiubkuii

TuxoxigHi JHiTadpHI anmapaTd 4acTo TUHYTH MPH
npoxomkenHi 3081 [1T10 npoTHBHUKA Ta HE JloCsTa-
10Th 1111, [TpoXomKeHHsI i€l 30HU IS APOHIB — Haki-
CKJIaJIHIIIA 3a/ia4a.

B IE3 im. €.0. [Tatona po3po06ieHo alropuT™ BH-
pimeHHs i€l 3amadi. [Ipu mepmmx o3HaKaxX ITOJIO-
BaHHS JIPOH (pHUC. 2) TOBUHECH MIEPEXOIUTH Y PEIKUM
Xa0THYHOTO, JIA0IpUHTOBOTO pyXy (puc. 1). YV Takuit
PEKUM TOJIBOTY IPOH MEPEXOANTH 0€3 KOMaH/ 3 3eM-
i Big minora. lle poOuTh aBTOMaTHYHO OJIOK 3aXHCTY
OOpPTOBOTO KOMIT IOTEpa, AKUH CIHiAKYye 3a iHhopmMa-
Li€lo, 10 TOCTyNae 3 BileoKaMep, OOPTOBUX ONTO-
CJICKTPOHHUX JaTYMKIB Ha Horo ¢rozemnski. [lepe-
XiJ Ha XaOTHYHUH TaOipUHTOBUN PYX MOYMHAETHCS
3 BUCTPily YEPBOHO-)KOBTOrO miponarpona. [louu-
HAIOThCSI TOPU30HTANIBHI Ta BEPTHUKAIBHI PyXH, KOTpi
CYNPOBO/IKYIOTHCS IUMOBHM 3aXHCTOM, IO IMITy€
YpaXXeHHS 1 yCKIIaIHIOE MOTalaHHs PAaKeTH B POH.
JumoBa mramka, MPUCKOPEHHS Ta YePBOHUN KOJIip

e l—

Puc. 2. Ilporn MJX D16 Pro, ocHameHuii BenukuM HabOpom
JIATYMKIB, BiZIeOKaMeporo, OOPTOBHM KOMIT FOTEPOM Ta iH.

BiJI MipomaTpoHy JAe30pieHTye crpinka. «llomamanus
y IPOH BUKJIMKA€E 3a10BOJIECHHS cTpinka. [lpu npomy
BiH CTa€ PO3CIabICHUM 1 HAMAraeThes Mo0aYnTH Mic-
e NMaJiHHA IpoHa, TOOTO € Yac MPUCKOPUTH Ta 3Mi-
HUTH HampsMoK ioro pyxy. CTpinok mobadynuts Koce
Ma/iHHS Yepe3 BUKIIOUCHHS YaCTUHH €JICKTPO/IBUTY-
HIiB JIPOHY, SIKHI TPOJIOBXKYE CBIM MIJISX HA HU3bKIH
Bucorti. [Ticns iMitarii nomnaganus (MagiHHS MO KOCOT
3 TUMOBUM 1 Y€PBOHHUM MIPOTEXHIYHUM CJIiI0M) APOH
TTOIOBXKYE PYyX XaOTUYIHO 10 3aaHOi 1111 (puc. 1).

Ha pwuc. 3 mokazano 0510K-cXeMy B3a€MOi1 BY3JIiB
JIpOHa, a Ha pUC. 4 — AJITOPUTM HOTO KEpPyBaHHS.

CTpiJIOK cIriocTepirae 3a «IaaiHHSIM» Ta BTpadae
Yac JUIA TOBTOPHUX MOCTPIJIiB, SIKi MOTJIN O OyTH
3A1MCHEH] SIK 13 3€MJIl, TaK 1 OJATKOBOIO JITaJIbHO-
ro anapary cuctemu [1I10. Ananoriunuii coci6 3a-
XHUCTY [li€ 1 y BUNAJKy aTaKH 3 1HIIOTO JiTaJIbHOTO
anapary. Peanizanis 3anponoHOBaHOTO aJTOPUTMY
JOTIOMOXKE HE TIIbKM BUKOHYBaTH 00MOB1 3aBHaHHS
3a miniero [1I10, a i moBepTaTH ApoHU Ha Oa3y iH-
LIMM [UISIXOM, JIe HEMa€ CTPiIKa, KOOPJUHATH SIKOTO
3adikcoBani apoHoM ([laTteHT Ykpainu 3a 3asiBKOIO
2023 00931).

[IupoxosaxpaTna
BiJeokamepa, ornTo-
€EKTPOHHI JaTYHKH, [€— AKyMyATOp
B34 00pobKH
Bineoindopmanii

lrarui By3nn apoHa
Ta eNeMEeHTH Ais
BHKOHaHHs 60i0BOrO
3aBAAHHS

. '

Ananizarop > Boprosuii MexaHizmu ans
H_porpama TOP KoM’ KOTep 3anycKy
Dikcarop uacy, HIpOMaTpoHa,

UJBHZ[KOCTi, BHCOTH ¢ > JAAMOBUX LIAINOK
l I'eneparop \
BUMAAKOBUX
Brok ofuncnenus uucen Panio-
KOOPAMHAT KomyTarop KOMaHAHU K
crpinka T » | HA3eMHKiT Y HKT
* Ll
Bumukaui +
CNEKTPOABUTYHIB

Puc. 3. briok-cxema B3aeMofii By3IIiB ApoHa

; ImiTauis .
Bineoxavepa, BraoueHHa nonajgaHHs Swina Crabinizamis
ONTONATYHK _ : HHA, HampAMKy Ta o
dikcy1oTh OIIOKY 3aXHCTy flocrputy 36isblUEHHS i ;
O3HAKH i Ta indopmauii —p| uepBoHoro |—p || simmosnennsa >
Ans oneparopa niponarpona LBRAKOCTL TOPU30HTAIb-
TIOMOBaHHA ¥ pyxy o o
Ha JIPOH MOJNLOTY Ta AUMOBOI OCT1 PYXy
2 3 wawku 4 5
Moyatok Xaotuunuit ]
Obmcnenns Busnauenus XA0THYHOLO MONbOT 3 Lline monboty
KOOp/MHAT - Ta [OBEPEHEHHS
CTDiIKA T2 PO3MIpIB Ta HONBOTY 3 ypaxyBaHHsAM TOBEPS
P : HANPAMKY ypaxysanHaM PYXy AHMOBOT Ha Oasy IHWAM
| nepenasa ix ’ PYXy AMMOBOT > > XMaph Ta P mapupyrom,
Ha pajti oko- - HAMPAMKY !
o XMapH Biago- KOMaHT 3a pilUeHHAM
MaHIHuH PyXy Xmaph orneparopa
Kamepoto : reneparopa parop
NYHKT Ta pilleHHs o
oneparopa BUMAAKOBIX QIBOT
6 7 9 uucen m

Puc. 4. Anroput™m KepyBaHHS IPOHOM
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[TPOITIO3NLIA IJIA YAOCKOHAJIEHHSA ITOBITPAHOI'O
MMOIIYKY MIHHUMX ITOJIIB 3 BUKOPUCTAHHSAM 3MOMKH 3
BE3IIUIOTHUX JIITAJIBHUX AITAPATIB (BIIJIA)

B.O. Tpoiubkuii

Opuriraneai nporosumii B [E3 im. €.0. Ilarona
3alpOIIOHOBAHI 33Ul BEJCHHS MOBITPSHOI PO3BiAKH
MICITb PO3TaIIyBaHHs MiH, 30KpeMa Ha BEJTUKUX Cillb-
CBKOTOCIIOJAPChKUX YTiAJsX, 33 JOMOMOIOI0 IIOHAM-
MEHIIE OJHOTO OE3MiJIOTHOTO JiTalIbHOTO amapary
(npoHa), IKU MiCTUTh CUCTEMY BiJIEOCIIOCTEPEIKCH-
Hsl, TETUIOBI30p, MOPTAaTUBHI mpuiagy ¢ikcanii MiH,
0JI0K 3B’5I13Ky 3 ITyHKTOM KEepYBaHHS MOJIBOTOM Ta €M-
HICTb 3 MO3HAYaIBHOIO (apOoro. OTpuMaHy po3Biy-
BaJIbHY 1H(OpMaIlito mepeaaTh 3 0OpTy JpoHA Ha
xomanaHui yHKT (ITarent Yipainn UA 148677U 3a
3asBkoro 2023 00932).

Ha nmepmomy erami moBiTpsAHOI PO3BiAKHA BUSIB-
JISIOTH 3arajbHi MOPIBHAIBHI KapTUHU ONMTUYHUX 1
TEIUIOBUX aHOMAJIiH IMOBEPXHI 3eMJIi B MICIIX WMO-
BipHUX 3aKmaok MiH. [lepmmii eran — mpomit Ha Be-
JIUKiH BUCOTI HaJ 30HOIO PO3BIJKU Ta MOPIBHSIbHE
nokagpose (ororpadyBaHHS 3 LIMPOKUM OXBATOM
TonorpagivyHoOi KapTHHHU MiCLIEBOCTi. Y pa3i BUSBJICH-
HSl aHOMAaJii TemjoBoi KapTHHU 1 Tomorpadii ciiais
BiJI BIpOTiAHOI NisNIbHOCTI MiHYBaJbHUKIB 3/[iHCHIO-
I0Th YT eTall po3BiJKU Ta KaJpoBe TEMJIOBi3il-
HE Ta ONTUYHE AUCKpeTHE (oTorpadyBaHHs UX 30H
Ha HU3BKINM BUCOTI 3 BUIIIOK PO3IBHOIO 3/IaTHICTIO
MpUIaiB Ta y 30UIbIIEHUX MaclTadax.

[Ticas bOro 3a JOMOMOTOK MPOrPaMHKX OJIOKIB
KOMIT I0Te€pa MOPIBHIOIOTH ONTHYHI Ta TEIJIOBI31M-
HI KaJIpH, BIA3HATI HA PI3HUX BUCOTAX 1 MiJ pi3HUMHU
paKypcamu, Ta poOiaTh OCTaTOUHUH BUCHOBOK LIOAO
MicI 3aknagands MiH. L1 MicIs MO3HAYar0Th JIFOMi-
HECIIEHTHOIO (hap0o10, Y AKY JONAI0Th PEUOBUHY, SKa
BIJUISIKY€ TBapHH. Y pa3i HEBINEBHEHOCTI B pe3yJbTa-
Tax oTpuMaHoi iH(hopmarlii nepen hikcariero Koopiam-
HaT BUSIBJICHOTO MicLisl HMOBIpHOTO 3aK/IalaHHs MiH 3
KOMaH/IHOTO MYHKTY 3J1HCHIOIOTH HOTO BUBYECHHS Ha

Puc. 1. IomrykoBuii 1poH 3 61okoM kepyBaHHs (1), iHIYKTOpOM
(2), Bimeokameporo i TertoBizopoM (3), hapOoBinmiTankom (4);
TeNecKOmYHUM 1ryrnoM (5) Hajx MiHOTO (6)
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HAsBHICTh METaJly 3a I0IIOMOrol0 OOPTOBOTO MOpTa-
THUBHOTO TEIUIOBI30pa, IHAYKTOpa, pajaapa, nrymna. Ko-
MaH/ay Ha (hiKcalilo KOOpAMHAT 1 PO3MITKH (apOoro
Jae Kepyrouuii onepatop. Po3MinyBaHHS poOIsTh
carepu 3a KOOpJAWHaTaMHu Bif npoHy. JloTpuMaHHsS
0e3IMeYHOCT] Ta BUCOKOI PEe3yIbTaTUBHOCTI MOIIYKY
3HAYHO BaXKJIMBIIIE 32 BUTpaTu. L[ MeTomuka 103B0-
JIST€ 3HAXOAUTH MIHHI TTOJISI Ta KOOPJIUHATH OKPEMHX
MiH, YTOYHIOE€ KOHTYP METaly i TPYHTOM 3a JIOTIO-
MOTOIO THITOWTEpa Ta MIyTa.

Puc. 2. HamiBaBTOMaTHYHMIA TOMIYK MiH

Puc. 4. KBanpakonrep (apoH) Hag MiHOO (1) 3 THIYKTOPOM i TiH-
no¥repom (2), TeneckoniyHuM 1rynom (3), papOoBiAMITHUKOM

(4)
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HABYAJILHUH ITOCIBHUK
«MOHITOPUHI CTAHY KOHCTPYKLUII (BBEJIEHHS B ITPODECIO)»

Buoasnuymeo HB® «Iumepcepsicy, popma A4, 962 konvoposux inlocmpayitl

[lepura yacTiHA KHUTH PUCBSYEHA OCHOBAM Jie-
(bexTocKorii, BOHA IiKaBa MOYNHAIOYUM (DaxiBIsIM, a
IHII — SABIAOTH COOOI0 HaBUAJIbHI IJIAKATH Ta OPHU-
riHaNbpHI CTATTI, 3aI03WYCHI 3 MPOBIIHUX Mpodeciii-
Hux xypHaniB CLUA, Anrmii, Himequnnu Ta iHmmx
KpaiH.

[IpencrasneHo Garato MarepianiB 32 HOBUMH TeX-
nHonorismu HK. B ocranHi poku mouaB mupoko 3a-
CTOCOBYBAaTHCS PyXOMHI PEHTIECH-TEICBI3IMHNN KOH-
tpoib (PTK). dedekrockomictn YkpaiHu HaBIMINCS
BUTOTOBJISITH HEAOPOTi, TOPTATUBHI, JUCTAHIIIHHO
kepoBani PTK-niepeTBOproBadi, 3a TOIMOMOTOIO SIKHX

MOYKJTUBO BUKOHYBATH MOHITOPUHT TEXHIYHOTO CTaHy
Oy/b-SKUX 00’ €KTIB, BUTOTOBJICHUX 3 OY/Ib-SIKUX Ma-
tepiaini. [Topratueai PTK-neperBoproBaui MOXKyTh
OyTH cTBOpEHI Ha OCHOBI MiHiaTIOpHUX [133-MaTpulp
a00 Ha OCHOBI (DIFOOPOCKOIMIYHUX €KPaHIB Ta OMTO-
€JIEKTPOHIKH BUCOKOI PO3AUIBHOI 34aTHOCTI, SIKa BU-
KOPHUCTOBYETHCS B acTpoHoMmii. OOuaBa pimeHHS
nmo3BoyATh BuKoHyBatn HK y peanpHOMY "aci 6e3 3a-
TpatHux MatepianiB. Taki PTK-texHomorii 3 gacom
3MeHIarh 3acTocyBaHHs Y 3K i MOBHICTIO BUTICHATH
TUTiIBKOBY pafiorpadiro. Y KHHU31 ONMHCaHi OpUTiHAIb-
Hi pillIEHHsI 3 MATHITHOTO, KaIJIIPHOTO Ta iHIIUX Me-
TOJIIB HEPYHHIBHOTO KOHTPOITIO.

ABTOp AUATBCS OararopiuHuM JOCBigoM [HCTH-
TyTy enekrpo3BaproBanHs imM. €.0. [larona, iHmmMX
opranizauiiit HAH Ykpainu, aBTOpiB AomoBigeil Ha
HAyKOBHX KOH(EpEeHLisX YKpaiHCHKOro TOBAPUCTBA
HEPYWHIBHOTO KOHTPOJIIO Ta TEXHIYHOT A1arHOCTHKH.

VY KHU31 TpeJCcTaBlieHI OCHOBU HEPYyHHIBHOTO
KOHTPOJIFO SIKOCTI METaJIOKOHCTPYKI[il, ra30- Ta Ha-
(TOTPOBOIIB, €IEMEHTIB 3aJI3HUYHOTO TPAHCIIOPTY,
nponykilii MamuHOOYAyBaHHS, MTOCYANH BHCOKOTO
THCKY, KOMITO3UIIIHHUX MaTepialiB, a Takok 120 Tex-
HOJIOT1# Ta HaBYAJLHUX IIAKaTiB 3 MOHITOPHHTY CTa-
HY KOHCTPYKIIiH.

[lix xepiBarnTBOM TIpod. B.O.Tpoimpkoro, 3aBia-
yBaua Bigniny IE3 im. €.0. [laroHa, BuKOHaHO YnMa-
JI0 pOOIT 3 OIIHKH SKOCTI PI3HUX CIOPYI, po3podiie-
HO 0aratro METOJIUK pajliallifHUX Ta IHITUX METOMIB
OLIIHKM CTaHy Marepiais.

Tputimaiomocs 3a16xu Ha 3amosnents Knueu: ndt@paton.kiev.ua, larimart@ukr.net, usndt@ukr.net
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IE3 im. €.0. Ilarora HAH VYkpainu (Bigain Ne4) BukoHye
poOOTH 3 MOHITOPHHTY TEXHIYHOTO CTaHy 00’ €KTiB (MeTa-
JIOKOHCTPYKIIiHi, TPyOOIPOBO/iB, OPOHEKHIIETIB, Pe3epPBY-
apiB U1t 30epiraHHs MajuBa, IPOKaTy Ta 3arOTOBOK JJIS
BUTOTOBJICHHS JIeTajei BiliCHbKOBOI TEXHIKH) i3 3aCTOCY-
BaHHSM YyJbTPa3BYKOBOTO, MarHiTOMOPOILIKOBOIO, PEHT-
TeH-TeJIeBI31i{HOr0, KamiJIIPHOTO METO/AIB KOHTPOJIIO Ta
HaJla€ OCIYTH 3 PEMOHTY 3BapHHX 3’ €/IHaHb, 1€(EKTOCKO-
Mi4HO{ Ta 3BApHOI TEXHIKH Pi3HOTO MPU3HAYCHHSI.

E-mail: ndt@paton.kiev.ua, usndt@ukr.net
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HoBuHM YKkpaiHCbKOro ToBapucTBa HePYMHIBHOIO KOHTPOIIO Ta TEXHIYHOI AiarHOCTUKMN

We'll be at the

H#ECNDT

4 munaa 2023 poky B
pamkax XIII €spomneii-
" CBbKOI KOH(epeHIii 3 He-
py#HiBHOTO KOHTpOItO B JlicaboHi BigOynmocs 3acinaH-
Ha ['enepanbHOi acamOirei €Bporrelicbkoi dheaepartii 3
HepyiHiBHOTO KOHTpOio (EFNDT). Bymo moBinomite-
HO, 110 pociiicbke ToBaprcTBo HKTJI Oyio BimcTopo-
HeHo Big ydacti B 3aciganasx EFNDT i mo3z6aBnene
[IpaBa roJiocy y 3B’s3Ky 13 3allpOBaPKEHUMHU 1110710 PD
€BpONCHCHKUMHE CaHKIlisiMu. HarnepenoaHi 3acinanus
Oyiio otpumano enekTponnuii uct Big POHKTI mpo
BiaMOBY BijT wieHcTBa B EFNDT.

[pesunent EFNDT Fermin Gomez (IToptyra-
nist) mpeactaBuB 3BiT Paam aupexropiB ®enepariii,
MOB1IOMHUB IIPO BifCcTaBKy Biue-npe3uaenta EFNDT
Anekcanapa Mymiina (P®), Pavel Mazal (Yexis), 3a-
KiHYeHHs ToBHOBakeHb Peter Trampus (Yropumuna),
a TAKOXK 3aMpOINOHYBaB CTBOPUTH HOBUI GOpyM IH-
BUTLHOTO OYy/IiBHHIITBA Ta KOHCTPYKITIH.

BinOymacs muckycis momo poOodux rpyn i HOBO-
ro Craryty opranizamii, web-caliTy i e1eKTpOHHOI
razetn EFNDT, yronu mpo cmiBmparo 3 ¢iHaHco-
BuX nuTaHb 3 TIC — Mi>KHapOIHOIO acoIiaIli€ero, o
MpeACTaBIA€ HEe3aNeKHI KOMIaHil 3 BUIPOOyBaHb,
NepeBipKy Ta cepTudikarii.

Peter Trampus migOuUB MiJICYMKH BHKOHAaH-
Hs €Bponelicbkoro nmpoekty RIMA (Robotics for
Inspection and Maintenance), cipsMOBaHOTO Ha
CTBOpEHHSI MepexXi LEeHTPIB HHPPOBUX IHHOBALIH i
rajqy3eBHX acolialiil AJsl MATPUMKH BIPOBAKEHHS
POOOTOTEXHIKH Ta JJOIIOMOTH MAJIMM 1 CEPETHIM KOM-

[T3]2ECNDT
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TEHEPAJIbHA ACAMBJIESI €BPOIENCHKOT
®EJIEPAIIIT 3 HK B JIICABOHI

TIaHisIM, PO3POOKH HOBUX PIIICHB IS PI3HUX TaTy3eit
TIPOMHUCITOBOCTI.

Etienne Martin (®panr1tisi) po3moBiB Ipo B3aEMO-
Bignocuan EFNDT 3 ENIQ (European network for
inspection and qualification).

Rene Klieber (6yxrantep EFNDT, IlIBeiinapis) i
Casper Wassink (aynurop EFNDT, Hinepnanan) mo-
sscHuny nutanss oromkety EFNDT na 2023 pik.

Thomas Wenzel (Himeuunna), Bento Alves (ITop-
tyranis) 1 David Gilbert (Benuka Bputanis) B3sau
ydacTb B 0OrOBOpEHHI UTaHHs cepTudikamii mepco-
HaJy, 3a3Ha4MBIIN, 30KpeMa, 10 CUCTEMH cepTudi-
karii Toapucts 3 HK ixHixX kpaiH Bxke mepeinum Ha
BHITYCK ITUPpoBUX cepTudikariB 3 QR-komom, 3aBms-
KU SKOMY KOXeH cepThdiKaT MOXXHA MEePEBIpUTH 3a
KiJTbKa CEeKyH]I.

BinOymwcst Bubopu npe3uacHTa, Bille-Tpe3nuaeHTa
ta uneHiB Panu mupexropis EFNDT. Hmkue naBene-
HO CITMCOK 0OpaHuX wWwieHiB Paan nupekTopis:

[Ipesuaent: Fermin Gomez (Icmanis)

Bine-nipesugent: Ezio Tuberosa (Itasmist)

Unenu: Bento Ottone Alves (IToptyranis), Gerald
Idinger (ABctpis), Thomas Wenzel (Himeuuu-
Ha), David Gilbert (Benuka bpuranis), Peter Fisch
(WIBeiinapist), Tomasz Chady (ITonsma), Frederic
Schaditzki (®paniist).

B ocranniit nens kondepenuii BinOynucs ['ene-
panbHa acamOnes EFNDT 3 3aranpHux nmuTaHb Ta
cuinbuuii ceminap EFNDT-ICNDT 3a temoro «Has-
YyaHHs, KBaJiikaiis Ta cepTudikailisi — HOBa pe-
nakiis cragmapty 9712». [loctnpunTr qomoBigen

- - —
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koH(epeHUii MoxHa HalWTH B 1i apxiBi. Odiuiiina
myOJTiKalis TOTOBiIeH 3aIUlaHOBaHa B CEPITHI IIbOTO
POKY.

BaxxnuBoro mogi€ro MixkHapoaHOI 3ycTpiui OyB
JleHb HAyKOBHX JOCIIIKeHb Mi>XKHAPOIHOT akaaeMii
HK (ANDTI). Ykpaincbke ToBapuctBo HKT/] Oyno
y BuTOKiB 3acHyBanHs AKOTI, mouecaum 4ieHom
K01 y cBill yac Oyno oOpano akagemika b.€. I1ato-
Ha. Y xoxi 3aciganus pirounit [Ipesunent Axanemii
[TiTep Tpammyc MOTIOBIB MPO MEPCTIEKTHBU PO3BUT-
Ky AKkazmeMii, a eKkc-Tipe3uieHT Ta 3acHOBHUK ANDTI
Joxysenmne HapmoHi po3moBiB MpoO MOXIMBOCTI 3a-
Jy4eHHs 3aKOHIB KBAaHTOBOI (Pi3WIKH JJIsT PO3BHTKY
e eKTOCKOITi].

Hiiicauii unen Axanewmii Jlesin ['in6epr (bpu-
tancbkuil [nctutyT HK) 3anpononysas interposa-
ny IIporpamy miarorosku 3 NDT, sixy mingrpumas [li-
Tep Tpamityc y AONOBiZI 100 CTBOPEHHS Kypcy PO
BHIIY OCBITY, IKMH 0()OPMIJICHO y BUIJISAL MIIOTHO-
ro nipoekty «NDT, Imxenepis minicHocti». Bin mpo-
MOHY€E BKIIIOYMTH KBamidikamito «NDT» no nepemni-
Ky CIleliaJlbHOCTEH BUIIOT OCBITH, IPOTIaryBaTH Ta
BBXKaTH OJJHUM 3 TpiopuTeTiB AisutbHOCTI ANDTI.
Lle BaxxiuBa mpodhecis, sika CripsiMOBaHa Ha pO3po0-
Ky MarepiamiB, MmeTofiB i Texnomnoriii HK Ta ominky
Mpare3aaTHOCTi KOHCTPYKITiH Ha 0a3i Marepiao3HaB-
CTBa, MEXaHIKM PyHHYBaHHS Ta iHIIWX HayK, IO Ta-
paHTyIOTh Oe3reKy B iHIyCTpil.

HeoOxigHo 3a3HaunTH, MO pOOOTH YKpaiHCHKHUX
BYCHHUX 3 HAYKOBOT'O MOTEHLIATy HE YCTYNAIOTh Kpa-
UM pe3yJIbTaTaM 1HO3eMHUX JIOCHIKEHb, SKi Oyi0
MPOAEMOHCTPOBAHO MiJ yac koHdepenuii. Tak, Ha-
MIPUKJIAJ], OJ{HA 3 He0araThboX PoOiIT 31 CTBOPEHHS €KO-
JIOTIYHO 0€3MEYHNX BOJHUX TEXHOJIOTIH ISl MOBEPX-
nesux metoaiB HK (PT & MPI) nosroproe Te, 1o
Bxke 20 pokiB TomMy Oyio po3poOiieHo, BIpOBaIKe-

ISSN 0235-3474
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M.JI. KazakeBuu (Bine-npesunent Y THKT/I), B.M. Vuaniu, (3a-
cTUIHUK roj. penakropa xxypHaixy TIHK), Cepx noc Canroc
(Bime-npe3unent Mixknapoanoi akanemii HK)

HO TO cepiitHo Burorosisiock B JIIT «KOJIOPAH»
HAH VYkpaini. A mopTaTuBHi CKaHyI04i peHTI€HOTe-
TIeBi3iiiHI cucTeMH, siKi Oyio po3poOiieHo B [HcTuTyTi
enekrpo3BaproBadus imM. €.0. [Tarona HAHY, 3arpe-
Oysani y €Bpomi Ta CIIIA, ane qorenep BUKOPUCTO-
BYIOTBCS TUTBKU B YKpaiHi.

OmanM 3 opranizatopiB €Bporneiicbkoi Kondepen-
ii B Jlicaboni OyB IlopTyranbcbkuii iIHCTUTYT SIKOCTI
(Instituto Portugues da Qualidade — IPQ). CymicHo 3
Li€f0 OpraHi3alielo B [HCTUTYTI elNeKTpo3BapIOBaH-
Ha iM. €.0. ITatona HAH VYkpainu Oyno peasnizosa-
HO KiJIbKa HayKOBO-TE€XHIUYHUX mporpam. IIpamiooTs
B [lopryranii # ¢axisui, HaB4yeHi Ta arecToBaHi y Ku-
eBi. Pazom i3 [lopTyraiabChKuM iHCTUTYTOM SIKOCTI
TOTYBaJHMCs MPOEKTU CINUIBHUX POOIT, OAMH 13 SIKUX
CTOCYBaBCsI HEPYHHIBHOTO KOHTPOJTIO SIKOCT1 3BapHUX
3’enHaHb 11 YopHOOMITBCHKOTO YKpUTTA. CrioiBae-
MOCH Ha MOJANBIINN PO3BUTOK CIIBIIPAIli 3 €BPOTIEH-
CHKUMH KOJIETaMH.

Ha 3aBepiienHst 3acijaHHst #0ro ydacHukaMm Oyiia
TIpecTaBlIeHA BiCONPE3CHTAIlis, TPUCBSIUCHA Ha-
CTyHIHIN €Bponelicbkil kKoH(pepentii 3 HK, ska Bin-
Oynetbes B 2026 porti y Beponi (Itamis).

Kaszaxesuu M.JI.
siye-npezudenm YTHKT]]
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HoBuHM YKkpaiHCbKOro ToBapucTBa HePYMHIBHOIO KOHTPOIIO Ta TEXHIYHOI AiarHOCTUKMN

KAJIEHIAP KOH®EPEHLIIN I BACTABOK 3 HKT/I

World Conference for Inspection and Maintenance Robotics 2023

10—11 >x0oBTHS CIIA, . e . Global 1&M robotics
(BcecaiTHs koH(epeHLis 3 IHCIEKIIii Ta TEXHIYHOTO 00CIYyTOBY- .
2023 XBIOCTOH . community
BaHHS POOOTOTEXHIKH)
1011 >xoBTHS CILIA, ASNT 2023: The Annual Conference American Society for
2023 XbIOCTOH (ITopiuna koHdepeHtis AMepukaHcbkoro ToBapuctsa 3 HK) NDT

5-8 nucromana

[TiBnenna Kopes,

14" International Symposium on NDT in Aerospace
(AeroNDT2023)

Pusan National

2023 bycan (XTV mixnapoanuii cumnosiym 3 HK B aepokocmidHiii rasmys3i) University
rd 1
14-16 mucronana UYexis, . . 53" Defektoskopie /NDE for Safety Czech Society for
2023 Tpebiu (I{opiuHa MixkHapoaHaKoH(MepeHLis i BUcTaBka YeChKOro ToBa- NDT
puctsa 3 HK)
28-30 nucronana Itanis, ART23 Italian Society for
2023 Bpemma (HepyitHiBHUIT KOHTPOIB y chepi KYIbTypHOI CIIaIIIHHH ) NDT
. 33" Annual Conference & Exhibition on Non-Destructive Evalu- . .
79 rpymin Tupis, ation (NDE 2023) (I1lopiuHa koH(}epeHIisl Ta BUCTAaBKA 3 OLIIHKK Indian Society for
2023 Tyse prt PEHIL h NDT
HepyHHIBHUMH METOJIAMH)
23-26 KBiTHA Himeyunna, 36™ Control — Trade Fair for Quality Assurance P.E. Schall GmbH &
2024 ryTrapr (Toproswii sipmMapoK i3 3a0e3MeYeHHsI SIKOCTI) Co. KG

27-31 TpaBHs

[MiBnenna Kopes,

20" World Conference on Non-Destructive Testing (20"
WCNDT)

Korean Society for
NDT

2024 Trxon (XX Bceecsitns koHdepenuis 3 HK)
th 1 1
10-13 uepsns Himewunna, 11" European Workshop on Structural Health Monitoring German Society for
(EWSHM 2024)
2024 Iorcoam N N . . s NDT
(€BponeichKuii ceMiHap 3 MOHITOPUHTY CTPYKTYPHOTO 310POB’s)
11-13 yepBHs Kanana, NDT in Canada 2024 Canadian Institute for
2024 OtraBa (Ilopiuna xoudepenuis Kanancekoro incrutyty HK) NDE
. " .\ . Chinese Society for
15—18 sx0BTHA Kuraii, The 3 World Congress on Condition Monitoring - WCCM 2023 .
. L . ; NDT and China SEI
2024 [lexin (III BeecBiTHilt KOHIpeC 3 MOHITOPUHTY TEXHIYHOTO CTaHy) .
Institute
11-14 nucronana CLIA, ASNT 2024 — The Annual Conference American Society for
2024 Jlac Berac (Ilopiuna koH(pepeHIliss AMepuKaHchKoro ToBapuctsa 3 HK) NDT
9-12 uepnns Kanaza, Pan-American Conference for Nondestructive Testing (VIII Canadian Institute for
. PANNDT)
2025 OmnTapio . o . NDE
(ITanameprkancbka KoH(EpeHIis 3 HepyHHIBHOTO KOHTPOITIO)
69 >x0BTHs CIIA, ASNT 2025 — The Annual Conference American Society for
2025 Jlac Berac (ILlopiuna xoH}epeHwis AMepuKaHchbkoro ToBapuctaa 3 HK) NDT
17" Asia Pacific Conference for Non-Destructive Testing
11-14 tpaBHs CIIA, (APCNDT 2026) American Society for
2026 T"aBai (XVII Asiarceko-TuxookeaHcbka KOH(EPEHIIis 3 HepYHHIBHOTO NDT
KOHTPOJIIO)
15-19 uepBHs Iramnis, The 14" European Conference on Non-Destructive Testing (14" Italian Society for
2026 Bepona ECNDT) (XIV €sporeiicbka kordepenmis 3 HK) NDT
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HoBuHM YKpaiHCBLKOro ToBapMcTBa HepPyMHIBHOIO KOHTPOJIO Ta TEXHIYHOI AiarHOCTUKM

LleHTp cepTudikauii npn YKpalHCbKOMY TOBapUCTBI
HEepPYMHIBHOrO KOHTPOIIO Ta TEXHIYHOT AiarHOCTUKK

ATecTauiHNN LEHTP HEPYWNHIBHOIO KOHTPOJSTHO
npu IHCTUTYTI enekTpoaBaptoBaHHs iM. €.0. [NaToHa

SAMNPOWYIOTb CNELUIANICTIB

Lo npauoloTb B chepi HEPYUHIBHOrO KOHTPOIO
NpPoWTM NiAroToBKY, aTtecTtauito Ta cepTudcikauito
3 pi3HNX MeToAiB HEePYNHIBHOIrO KOHTPOIO:

peHTreHorpacdivHoro (RT) marHitHoro (MT)
ynbTpassykosoro (UT) kaninspHoro (PT)
aKkyctuko-emicinHoro (AT) KOHTpont repmeTnyHocTi (LT)
Tennosoro (TT) BidyanbHoro (VT)
BibpogiarHocTuyHoro (VA) BuxpocTtpymoBoro (ET)

Mwu 3giicHI0OEMO NiArOTOBKY, aTecTaLito Ta cepTudikaLito crneuianicTis, WO NpaLloTb B ranysi HepymnHis-
HOro KOHTpOsto, Ha 1, 2 i 3 piBHI KBanigikauii y BiANOBIAHOCTI 4O BUMOT HaLiOHANbHMX Ta MiXKHapOLHUX
cTaHgapTis:

= [NCTY EN ISO 9712 «HepyiiHiBHUI kOHTpOnb. KBanidikauisa Ta ceptudikauia nepcoHany HK»,

=  SNT-TC-1A "Personnel Qualification and Certification in Nondestructive Testing",

= HIMAOIM 0.00-1.63-13 "MNpaBnna cepTudikadii paxisuiB 3 HEPYNHIBHOrO KOHTPOSO"

B 12 BUPOOGHMUMX CeKTopax:
cekmopu 3a murom rpodyKuil: NINTBO, MOKOBKM, 3BapHi BUpobu, Tpybu Ta TpybonpoBoam, npokar.
rpoMuCIo8i cekmopu: BUPOOHNLITBO Ta 0OpPOONEHHs MeTaniB, KOHTPONb Nepes BBEAEHHSM Ta B Mpo-
ueci ekcnnyarauii, 3anisHM4YHUA TpaHCNopT Ta obnagHaHHA Ans HbOro, aBiakocMivYHa NPOAYKLUis, Npo-
AyKuist cygHobyayBaHHS, obragHaHHA A4ns aTOMHOT eHepreTukn, 6ypose obnagHaHHs.

Bu orpumacre ceprudikat komnereHTHOCTI (paxiBus Big LlenTpy ceprudikaunii
YKpaiHCHbKOr0 TOBApHCTBA HEPYHHIBHOI0 KOHTPOJII0 TA TEXHIYHOI JiarHOCTHKH

Tpu xkpoxu a0 ceprudikary:
1. Ha canti www.usndt.com.ua B po3gini «CepTtucdikauis—®dopmMm» 3HangiTe, 3anoBHITb i HaZiWMiTh Ha
e-mail: usndt@ukr.net i acnk@ukr.net popmun «3asBka Ha cepTudikauito» Ta «OcoboBa kapTa daxiBus»;
2. Mun nigrotyemMo NpOEeKT OOroBopy MpPO HafaHHs nocnyr 3 NiAroToBkM (3a HeoOXigHOCTI), aTtecTauii i
cepTudikauii;
3. Micna nignucanHa goroBopy 3 60Ky 3aMOBHMKa MU NOroAMMO 3 Bamu TepMiHM NiAroTOBKW, EK3aMEHIB,
a TaKOX iHLUi MMTaHHS CTOCOBHO cepTudikauii.

M. KuiB, Byn. Kasumumpa Maneswuua, 23 (kopnyc 6 IE3 im. €.0. NaToHa)
M. Knie-38, 03038, a.c. 20 (ansa nuctyBaHHSA)
Ten. (044) 205-22-49, 200-81-40; e-mail: usndt@ukr.net, acnk@ukr.net
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