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The methodical and physical bases of the use of active thermography as a high-performance non-destructive
method of control and defectoscopy of materials during thermovision monitoring of technological equipment at
NPP objects are considered. The data of experimental research confirm the efficiency of the use of thermal and
low-frequency electromagnetic activators in the thermographic defectoscopy. The features of the application of
dynamic thermography and the influence of external activation sources on the thermal appearance of structural
inhomogeneities and defects in materials are investigated. It is shown that the application of special methods of
processing thermal images that take into account the amplitude-frequency and morphological features of
thermoanomalies, allows to control the thermal display of energy-absorbing structures and defects, provide the
possibility of their identification against the background of false thermoanomalies.

PACS: 65.90.+I

INTRODUCTION

One of the most important conditions that ensure the
reliability and safety of existing NPPs is the use of non-
destructive testing techniques for detecting defective
zones during the operation of power units, accounting
for aging of materials during the operation of equipment
and pipelines of the NPP, improvement and
optimization of control systems for mechanical
properties and defects in materials equipment and
pipelines. Taking into account the magnitude of these
objects, this problem can be solved with the use of

thermal monitoring — a high-performance non-
destructive method of control based on infrared
radiometry. The application of thermal imaging

monitoring of technical equipment without their
withdrawal from exploitation, the detection of defects in
materials at an early stage of their development
significantly increases the reliability and safety of the
operation of nuclear power facilities.

1. METHODOLOGY AND PHYSICAL BASES

The technology of remote infrared radiometry based
on the registration of the infrared radiation from the
surface of the control objects and the subsequent
analysis of their thermal images (thermal cards,
thermograms) are the basis of the thermal imaging
control and defectoscopy technique. The spatio-
temporal distribution of temperature on the surface of
physical objects reflects their structure, is an
information field, by means of which hidden defects and
defect-forming zones are detected, a classification of
defects is carried out [1-3]. The presence of a defect in
such a diagnosis is reflected by the magnitude of the
abnormal change in the radiation temperature and the
nature of its distribution on the background of a defect-
free temperature level, formed by inhomogeneities of
the radiation ability of the surface £(A4, T') of the object
of control and the fluctuations of the radiation
temperature of the noise components of the external

obstacles. The necessary condition for the thermal
display of a defective structure is the violation of the
thermodynamic equilibrium of the object with the
environment under the influence of external sources of
thermal activation or the influence of natural or man-
made perturbing factors. At the same time, on the
surface of the control object there is an excessive
temperature field that carries information about the
structural features of the material. Real energy
equipment is characterized by unsystematic thermal
processes and a change in the time boundary conditions
of heat exchange, which plays a decisive role.
Temperature anomalies caused by heat exchange
processes in the field of hidden defects and energy
absorbing (defective) structures affect the formation of
the thermal regime, which is reflected on the
temperature field and the field of infrared radiation of
the object of control. Information about the
thermophysical state of an object with sufficient
accuracy can be obtained by means of thermographic
measurements using remote infrared radiometric
methods. The application of the thermographic method
of defectoscopy and diagnostics on the basis of the
analysis of the temperature field dynamics allows to
determine the structural irreversible changes and
damage to the material of structures through fatigue or
critical loads, the change of optimized parameters of the
working equipment, to identify defects at an early stage
of their development.

1.1. ACTIVATION OF DEFECTS
STRUCTURES IN TERMOGRAPHY

In order to activate the thermal manifestation of
defective structures/defects in materials, the external
energy influence sufficient to transfer the sample into a
thermodynamic state, which provides the necessary
level of temperature contrast of thermal imaging of
structural inhomogeneities, is used. Identity defects are
manifested through the temperature response to the
thermal effects that the subject of the study is exposed
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to. Due to the difference in the thermophysical
properties of the main material and third-party
inclusions (defects)  during  thermal  activation,
temperature fields are created that reflect the structure
and condition of the object of the study. Informative
parameters of the temperature field (amplitude,
temperature gradient, spatial characteristics of the
distribution of thermoanomalies) reflect the features of
the internal structure of matter, in particular, the
presence of structural inhomogeneities and defects. This
allows us to detect irrelevance (cracks, porosity,
extraneous inclusion) of materials, changes in their
structure and physical and chemical properties. External
energy effects may be thermal activation that provides
direct heating/cooling of the sample, as well as acoustic
or electromagnetic (induction) activations based on the
use of the thermophysical effects of transforming the
energy of waves into heat when interacting with the
environment of the control object. In these cases, the
defects themselves are sources of active thermoforming
(generators of thermal energy), which finds its reflection
on the thermal image of the object of control. An
important advantage of the methods of thermographic
control based on induction activation is the possibility
of defectoscopy of metal structures containing welded
compounds and many types of various defects that arose
both during the manufacturing stage and the operation
of the control object. Induction thermography allows to
change the electromagnetic parameters in the local
zones of ferromagnetic materials to control macro- and
microstructural changes in physical and mechanical
properties under the influence of various critical loads
and disturbance factors (plastic deformation of
structural materials, which leads to accumulation of
micro- and macrostructural injuries, changes in the
location of dislocations, occurrence of damages and
macrodefects of fatigue, imperfect defects and crack-
like external and internal defects).

1.2. FORMATION AND REGISTRATION OF
INFORMATION FIELDS OF IR-RADIATION

In general, the temperature field of an object's
surface is represented by the temperature function T(x,,
X2, X3, T; Y1, ..., Ws), Where X, Xp, Xg — are spatial
coordinates, T — time, vy, ..., ys — parameters of the
thermophysical processes, materials and structures of
the object of control, which influence the formation of
the temperature field. Thermal imaging in the form of a

set of thermograms (T, N, Ny, K) is formed by temporal

and spatial sampling of the temperature field of the
control object. In the problems of active thermal control
[4] the informative physical field is the field of the heat
flux vector Q(q;,t), as well as the Fourier equation of the
scalar temperature field T(q;,7):

Q=-AVT , 1)
where ¢; — generalized coordinate; t — is the time; A —
coefficient of thermal conductivity, W/(m-K). The
process of propagation of heat in solids proceeds in
space and in time, it is associated with the formation of
stationary T = f (X, y, z) and non-stationary temperature
fields T = f (x, v, z, 1) [5, 6]. At the same time, the
vectors of the gradients of temperature and heat flow

form a picture of the spatial distribution and directions
of the transition of thermal energy. The heat flux density
g = —A dT/dn (where n — is normal to the isothermal
surface) through the isothermal surface F separation is
proportional to the gradient temperature grad T =
dT/dn. The amount of heat transmitted, according to the
Fourier law, is equal to
dQ = —AdT/dndF dt = q dF dr. (2
Detection of thermal phenomena of defects in real
conditions is carried out against the backdrop of
fluctuations of the radiation barrier, temperature noise
due to the fluctuation of the absorption coefficient and
the influence of the heat transfer conditions by
convection (determined by the values of the coefficient
of convection) heat transfer and the coefficient of
radiation (affects the value of temperature differences
over the defect) [7, 8]. The value of the emission factor
¢ can vary within (0.3...0.98). On a homogeneous
surface of the radiation, the fluctuation value ¢ is from
0.001 to 0.01 units, which o corresponds to the
fluctuation of the recorded radiation temperature in the
range of 0.05...0.3 K, respectively, with the background
temperature 77 = 300 K. The spread € on the surface of
the inhomogeneous object can vary by 30...50% (with
possible values 0 <g<1). For this reason, the more
heated polished metal surfaces (£<0.2) will be
visualized as more “cold” relative to those having a
lowered temperature of rough (oxidized) areas or paint
coatings with £ > 0.8. For values £ < 0.9, it is necessary
to take into account the obstacles caused by the
irradiation of the object of control by more heated
adjacent bodies (having higher values of T, ¢).

2. CHOICE OF THE THERMAL
ACTIVATION MODE

In order to solve the practical problems of
thermographic defectoscopy, an orderly mode of
thermal activation is used in many cases to provide the
most accurate manifestation of thermoanomalies due to
thermophysical inhomogeneities of the controlled
medium, and the research object asymptotically passes
to the equilibrium thermodynamic state. The mode of
heating (or cooling) of the body by a constant heat flux
(g. = const) is quasi-stationary, and its temperature,
starting at some point in time, varies according to the
law of the straight line. Under the action of a constant
heat flux after the end of a certain time segment (t > 1),
the temperature field on the surface of the body is
described by the simplified function T = T, + b 1, where
T, is the initial body temperature; b is the heating rate,
K/s [4,9]. The monotonic mode (smooth heating or
cooling of bodies in a wide range of temperature
variations with a weakly variable velocity field inside
the sample) is a generalization of a quasi-stationary
thermal regime and is used, as a rule, in cases with
varying thermophysical properties of substances:
A=Mt); a=af(t); cp=cp(t) and the heating rate
(cooling) b=b(x,t) [10,11]. Particular attention
deserves induction thermography, based on the
activation of ferromagnetic materials by low-frequency
electromagnetic  fields. Irreversible processes of
transformation of electromagnetic energy into heat on
structural inhomogeneities and defects in magnetically



ordered solids (losses on hysteresis, dynamic losses)
reflect the state of the structure and continuity of the
material, its physical properties. The small value of the
energy of the activating effect leads to the rapid
dissipation of the thermal energy, which time is
commensurate with the time of the temperature
manifestation on the surface. This reservation is
especially justifiable for metals [11]. It should be borne
in mind that when thermal imaging thermography the
information field of infrared radiation is formed by the
thermal fields of the object of research as a result of the
direct transformation of electromagnetic energy into
heat in defective structures, and the influence of
defective structures on the redistribution of heat flows
that are created by surface vortical currents.

3. PRACTICE OF APPLICATION
OF DYNAMICS TERMOGRAPHY

The advantage of dynamic thermography in
comparison with stationary methods is a higher level of
thermal display of defects, which slightly affect the
stationary temperature distribution during transients. In
this case, the ability to predict and detect defects in
materials and structures at an early stage of their
development is provided. The method is based on the
correlation analysis of the temperature field dynamics
obtained with a certain time step. Areas of discrepancies
in geometric parameters of consistently taken thermal
images are identification signs of the output of an object
from a normal state or the existence of a hidden defect.
Significant temperature differences near defects in
transient processes are limited by the time of their
existence, which imposes certain requirements on the
speed and temperature sensitivity of hardware
thermographic control. As experience of carrying out
experimental research shows, thermographic control on
the basis of thermal monitoring monitoring ensures the
possibility of defectoscopy of technological equipment
and metal structures of NPPs: welded joints (the
intensity of corrosion wear of welded joints and the
presence of cracks in the parietal zone, non-porous,
etc.), to control in local zones of ferromagnetic
materials macro- and microstructural changes of
physical-mechanical properties under the influence of
different loads and disturbing factors. The experience of
using our experimental samples of low-frequency
electromagnetic  activators  during  thermographic
defectoscopy of products from ferromagnetic materials
confirms the possibility of registration of parameters,
thermal display of defective structures and their
identification, depending on thermal and physical
parameters of density and elasticity of materials. Earlier
[12, 13], we have considered the physical and technical
foundations of thermographic defectoscopy of
ferromagnetic materials at low frequency (50 Hz)
inductive and acoustic [14] activation, the basic
schemes of electromagnetic activators are given, the
technical  characteristics of the  experimental
electrophysical equipment, some results of experimental
studies by thermal imaging means of control of
thermographic  characteristics and  characteristics
thermal display of structural inhomogeneities and
defects in materials that arise during the operation of the

NPP equipment. In the analysis of thermal images of
pipeline fragments of the NPP technical water supply
system (Zaporizka NPP), it was discovered that even
under protective anti-corrosive paint and varnish
coatings, corrosion and erosion damage/defects and also
the detachment and swelling of the coatings are
particularly clearly manifested. The amplitude of the
thermal display of such defects reaches 0.4...3 °C,

(Fig. 1).

c

Fig. 1. Thermal image of external pipelines of spray
pools (a) and fragments of combination (b, c) of
underground pipelines VF10 and VF20 from
underground wells by means of thermal imaging
control. The temperature of technical water in the
pipelines (b, ¢) is 33 and 42 °C, respectively

At the same time, complexity arises when
identifying  defects (fistulas, cracks, third-party
inclusions), located directly on the weld. Because of the
heterogeneity of the surface of the radiation and the
thickness of the weld, its thermal display on the thermal
image (map of the radiation temperature distribution) of
the control object is displayed in the form of a
homogeneous amplitude and morphological features of
the structure of the image of the thermoanomal zone
located along the weld.

3.1. ANALYSIS OF THE RESULTS OF
EXPERIMENTAL STUDIES
In order to increase the effectiveness of detecting
defects in the welds of pipe joints in real production
conditions, we have considered the possibility of using a



dynamic thermal imaging thermography, in which
activation is carried out by blowing the object of control
with hot air (thermal activation). The effectiveness of
detecting a defect such as “through fusion on a weld”
with this activation method is demonstrated on the
structural element of the pipeline (Fig. 2). Under the
condition of the quasi-stationary thermal state of the
sample (before the start of thermal activation, t;=0), the
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thermoanomaly AT, defect/fistula D1 (see Fig. 2,3,

point 3 on the weld) on the thermal image of the weld
(see Fig. 2,b,c) is practically not identified due to the
presence on the surface of a large number of
thermoanomal zones with amplitudes of
thermoanomalies with respect to the background
temperature from 0.1...0.2 to 2...15°C due to the
fluctuation of the radiation coefficient &.
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Fig. 2. Thermal display of a defect (fistula) in a welded joint of a pipe connection at the thermal activation of the
sample (material — steel St.30, diameter of the pipe — 70 mm, wall thickness — 3 mm, through fistula, diameter
1 mm); a — a picture of a sample: 1, 2 —a control point on a weld joint with an unbreakable layer of paint and
varnish coating, 3 — the control point on the hidden defect D1, 4 — a control point on the weld area without paint
and varnish coating; b — thermal image of the sample in the zone of activation; ¢, d, e — thermal image and
thermogram of the sample fragment through the control of the weld seam at the beginning of activation (t; = 0),
for 37 s (t; =37 s) and for 70 s (t, = 70 s) respectively; f — dynamics of change in the radiation temperature at the
control points 1, 2, 3, and 4 in the process of thermal activation of the sample



On the photographic and thermal images of the
sample (see Fig. 2,a,b), on the line L along the weld, the
points of control allocated to the zones with the
undamaged layer of paint and varnish coating (points 1,
2, the amplitude of the thermoanomalies less than
+0.1°C, the defect D1 (point 3, +1.5 °C) and weld
seam zone (point 4) without paint coating — 14 °C. The
temperature jump, which is due to the difference in
radiation coefficients at the edge of the paint coating
and the pure metal, varies from 10 °C (the temperature
of the sample is + 57 °C) to 17 °C. In Fig. 2 (at control
points 1, 2, 3, and 4,d,e shows the thermal imaging of
the activation zone of the sample and for 37 s (t;= 37 s)
and for 70 s (ts=70 s), and in Fig 2,f — dynamics of
change of radiation temperature AT, — 1, AT, - 2,

AT, -3, AT, — 4 respectively) in the process of

thermal activation. It is evident that in the process of
thermal activation, the greatest change in the radiation
temperature is observed on the defect D1: at 37 s —
30 °C, at 70 s — 37°C. At selected control points 1, 2, 4
the dynamics of temperature growth is much less (1 - 7,
14 °C; 2 — 8, 16 °C; 4 — 3.5°C). The analysis of the
thermal characteristics of the type of defect under
consideration during thermal activation of the sample
shows that the identification signs of such defects
against the background of false thermoanomalies are
abnormally high values of the amplitude (up to 37 °C)
and the temperature gradient VT, (over 30 °C/mm)

within the thermoanomaly, as well as nonlinear the
nature of the change in the amplitude of the
thermoanomal in the heating process. The smallest
change in the amplitude of the thermoanomalies is
observed in the sections of the weld with a broken paint
and coating coating on which pure metal is observed
(e<0.5).

Investigation ~ of  the  features of  the
thermomanifestation of a defect-free weld (Fig. 3)
protected by multilayer paint and varnish coating was
carried out by activating the specimen with hot air
(thermal activation) and low-frequency (50 Hz)
electromagnetic field (induction activation). In Fig. 4
shows the thermal imaging and thermogram LT of the
distribution of the radiation temperature along the line L
of the weld at different stages of the experiment: a,, a —
thermal image and thermogram L; along the line L in
the beginning and for 290 s of thermal activation of the
sample; ¢,, ¢ — thermal images and thermograms along
the line of the opening L in the beginning and for 93 s of
inductive activation of the sample. On thermograms,
blue shows the distribution of the radiation temperature
along the weld, taking into account the filtration of
“high-frequency noise” (red color), which arise at the
level of sensitivity of the microbolometer matrix of the
infrared receiver of the thermal imager.

Dynamic indicators of sample temperature rise
during activation:

— when heated by air, the temperature rise rate is
0.014 °C/s (from 20.4 to 24.5 °C);

— at induction heating, the temperature rise rate is
0.008 °C/s (from 24.2 to 24.9 °C).

As it is seen (Fig. 4, thermogram Ly on the thermal
images a,, ¢,), at the moment of activation of the

sample, the main effect on the temperature distribution
along the weld seam through the section L changes the
“relief” of the weld seam applied to it by paint and
varnish coating (see Fig. 3) that change the radiating
ability (g) of the sample surface. At the same time, the
change in the amplitude of the radiation temperature
relative to the background temperature (for the thermal
image a, is 20.1 °C, for ¢y — 24.3 °C) does not exceed
0.1 °C. At the moment of maximum activation (See Fig.
4,a,c), the change in the radiation temperature amplitude
on the “relief” of the weld relative to the background
temperature (for a — 24.5 °C, for ¢ — 24.7 °C), taking
into account the heterogeneity of the sample's warming
by activators, reaches 0.3 °C.

Fig. 3. Image of a fragment of a real product made on
ferromagnetic steel (St. 30 — sheet steel (1) with a
thickness of 4 mm and a pipe (2) — a diameter of 34 mm,
a thickness of 4 mm, connected by a weld seam along
the line L), located in the working zone thermal and
induction activators. The traces of corrosion and weld
on the surface of the product are hidden under a
continuous multilayer paint and varnish coating
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Fig. 4. Thermal manifestation of the weld in the working
zone of activators along the line L for thermal and
inductive activation of the sample (product) from the
ferromagnetic material (St. 30). a,, a — thermo-image
and thermogram Ly along the line L in the beginning
and for 290 s of thermal activation of the sample;
¢, ¢ —thermo-image and thermogram L along the line
L in the beginning and for 93 s of induction activation

The  character of the  distribution  of
thermoanomalities on the thermograms along the line L
of the separation for both methods of activation
coincides in zones |-V of the thermo-images of the
sample with a sufficient degree of correlation for
analysis.

The analysis of data from experimental studies
shows that regardless of the method of activation
(thermal or induction activation), the nature of the
thermoforming of structural inhomogeneities on the



thermoforming of a sample from a ferromagnetic
material is practically identical and is determined by the
thermodynamics of the process — the rate of heating of
the sample, which depends on the energy power of the
activator. Even at an insignificant rate (at the level of
0.008...0.014 °C/s) the temperature changes of the
sample during the activation process, a significant
increase (in 3 to 5 times) of the amplitude of thermal
(structural) (relief) inhomogeneities of the weld is
ensured.

CONCLUSIONS

1. The main condition for the use of thermal thermo-
thermal monitoring of pipelines on nuclear-energy
complex objects is the consideration of the objectively
existing connection of the parameters of the external
influence with the response to these effects of the
characteristics of the material, which changes its
parameters depending on the amplitude and frequency
characteristics of the influence .

2. Significant  potential ~ for  increasing the
informativeness of thermographic methods involves the
use of various physical mechanisms for activating the
temperature field in the vicinity of the defective zone, in
particular by selective heating of defective zones (with
size 1 mm and more which situated on the near surface
deep comparable with 1/3 of pipe walls) by the action of
thermal or electromagnetic fields, using vibration of
process equipment, transients during start-up or stop of
equipment, cyclic and thermoelastic load as an
activation source. In this case, the formation of
information fields of IR radiation of objects of control
occurs depending on the parameters of the activating
fields, the properties of the material of the objects of
study, their geometric sizes and the impact of the
environment.

3. ldentification of defects on the basis of dynamic
thermography can be carried out according to the
analysis of thermal images of objects of control, the
interval of shooting time which can vary from minutes
and hours to days, weeks, months. Particular attention
should be paid to the analysis of the physical nature and
description of background characteristics and their
dependence on the thermal influence of external sources
of activation. In many cases, the amplitude of the
temperature of the false anomalies significantly exceeds
the anomaly of latent defects, which requires application
of thermal analysis of special processing methods that
take into account temperature gradients and structural
(morphological) features of thermoanomalies due to
defective structures.

4. Effective  differentiation of surface thermal
anomalies into real and false, which in amplitude can
significantly exceed the thermal defect detection, allows
dynamic thermography. The analysis of the dynamics of
thermal processes forming the temperature field in the
defect area on the basis of the use of the normalized
coefficient of thermal defect Koy [11] takes into

account the dynamics of change of the radiation and
thermodynamic temperature at any point on the thermal
image of the surface of the sample, which allows to

identify the thermal defect detection against the
background of false thermoanomalies.

5.Data of experimental researches confirm
efficiency of use of thermal and low frequency
electromagnetic activators in induction thermographic
defectoscopy of ferromagnetic materials at activation
time 10...100 s. In a large part of the thermal images
analyzed in the studies, in a sufficiently explicit form it
is possible to trace the reflection of the thermal
appearance  of  hidden  defects and  false
thermoanomalies, as well as the level of background
radiation fluctuations. It allows to control the dynamics
of thermal display of energy-absorbing structures, to
identify the location of defects.

6. It should be taken into account that welded joints
are more corrosion-resistant than the main material. The
intensity of corrosion can be quite significant. The most
dangerous is the development of corrosion cracking, in
which there are rapidly developing superficial cracks.
The effectiveness of detecting such cracks and localized
corrosion, which is also rapidly evolving, can be greatly
enhanced by the integration of visual and thermal
imaging controls, which provide an overview of
controlled surfaces in the visible (reflected reflection
radiation) and infrared (own radiation of the surface of
the object of control) spectra radiation. When
thermovision control, surface cracks are clearly clearly
manifested even in the background of areas with surface
corrosion damage.
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MMPUMEHEHUE AKTUBHOM TEPMOTI'PA®UH ITPU TEILJIOBU3HOHHOMN
JAE®EKTOCKOIINU TEXHOJOTI'MYECKOI'O OBOPYJAOBAHUS HA OBBEKTAX
AAEPHO-DHEPTETUYECKOI'O KOMIIVIEKCA

H.U. bazanees, B.B. /Tumeunenxo

PaccmoTpeHsl  MeTommdeckne W (PU3WYECKHE OCHOBHI NPHUMEHEHHS aKTUBHOW TepMorpaguu  Kak
BBICOKOTIPOM3BOJUTENIFHOTO ~ HEpa3pylIAoIero MeToJa KOHTPOJsl W JNe(eKTOCKONMMU MaTepualioB  IpHU
TEIUIOBM3MOHHOM MOHUTOPHHIE€ TEXHOJOTMYeckoro oOopynoBaHuss Ha oObektax ADC. JlaHHBIE »3Kclie-
PUMEHTAJIBHBIX I/ICCHC[[OB&HI/IFI TOATBCPIKAAIOT 3(1)(1)3KTI/IBHOCTB HCIIOJIB30BAaHUs TCIUIOBBIX W HU3KOYACTOTHBIX
ANIEKTPOMAarHUTHBIX ~ aKTHBAaTOPOB B  TepMmorpaduyeckoil nedekrockonuu. MccnenoBaHel  0COOEHHOCTH
TEPMOMPOSIBJICHUSI CTPYKTYPHBIX HEOJHOPOAHOCTEH M JIe)eKTOB B MarepuaiaX B AMHAMHUYECKOW TepMorpadud.
[TokazaHo, 4TO MPUMEHEHHE CHEUUATIBHBIX METOJJOB 00pabOTKH TEPMOHM300paKEHUH, YUUTHIBAIOIINX aAMILTUTYIHO-
YaCTOTHBIE M MOPQOJIOTHYECKHEe OCOOCHHOCTH TEPMOAHOMANWH, MO3BOJISIET KOHTPOIHUPOBATH TEPMOIIPOSBICHUE
SHEPTrOMOTIIONMAIOIINAX CTPYKTYp U Ie()eKTOB U 00eCTIeYMBacT BOSMOXKHOCTh WX MACHTH(PHUKAINN HA (DOHE JIOKHBIX
TEPMOAHOMAJIHH.

3ACTOCYBAHHS AKTUBHOI TEPMOTI'PA®II ITPY TENJIOBI3IMHIN JE®EKTOCKOIIIL
TEXHOJIOI'TYHOI'O OBJIAJTHAHHSI HA OB’EKTAX
SITEPHO-EHEPTETUYHOI'O KOMILIEKCY

M.I1. bazanees, B.B. /lumeéunenxo

Posrnsiayro MetomuuHi i ()i3MYHI OCHOBH 3aCTOCYBaHHS aKTHBHOI TepMmorpadii sSK BHCOKOMPOIYKTHBHOTO
HEepYHHIBHOTO METO/Y KOHTPOJIIO i JedekTocKoril MaTepiaiiB MpH TEIUIOBI31HHOMY MOHITOPHHIY TEXHOJIOTIYHOTO
ycrarkyBanHsi Ha o0’ekrax AEC. J[laHi ekcnepuMeHTaIbHHX JOCTI/DKEHb IJATBEP/UKYIOTh €(QEeKTUBHICTh
BUKOPHCTAHHSI TEIJIOBMX 1 HMU3bKOYACTOTHUX €JEKTPOMArHiTHHUX aKTHBATOPIB y TepMmorpadiyniii nedekrockorii.
JociimkeHo 0co0JIMBOCTI 3acTOCYBaHHs JTUHAMIuHOT Tepmorpadii i BIUIMBY 30BHIIIHIX JDKepes akTHBalii Ha
TEPMOTIPOSIBJICHHS. CTPYKTYPHUX HEOAHOpiAHOCTEeH 1 aedekriB y Matepianax. Iloka3aHo, IO 3aCTOCYBaHHS
CHemiaJbHAX METOIIB OOpOOKHM TepMO300pakeHb, $Ki BpPaXOBYIOTh AaMILIITYAHO-YaCTOTHI 1 MOpPQOIOTiuHI
0COOJIMBOCTI TepMOAHOMANIH, JI03BOJIIE KOHTPOJIIOBAaTH TEPMOIPOSBICHHS CHEPrONOTIMHAIOUUX CTPYKTYp i
nedeKTiB Ta 3a0e3rmedye MOKIIMBICTD 1X 1AeHTH(IKAIT Ha (OHI XHOHUX TepMOaHOMAITiH.



