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OVERVIEW OF MATERIALS AND COATINGS EMISSION
COEFFICIENT CONTROL METHODS

Abstract. The emissivity of a coating and materials determines the intensity of radiation heat
exchange on the surface of the object under study. Therefore experimental determination
is important to ensure the necessary thermal protection characteristics of structures. The
article considers methods of emissivity control, which are currently regulated by the main
standards ASTM E408-13, 1ISO 9050:2003, C835-06, C1371-15. The methods of exper-
imental determination of the emissivity can be divided into two large groups: optical and
thermal. Spectrometric is the most widespread optical method. The technique of spectro-
metric research in determining the curve of specular reflection, measured in a wide range
of wavelengths at an angle of incidence of the radiation close to normal. Based on the ob-
tained results, the average value of the normal and hemispherical emissivity of the surface is
calculated. Among the thermal methods of experimental determination of the emissivity the
following have become widespread: radiation, calorimetric, regular mode method, and the
method of continuous heating at a constant rate. The stationary systems with a wide range
of research temperatures and portable express devices for control at temperatures close to
room temperature are used to measure the emissivity. In stationary systems for measuring
the emissivity, which apply thermal methods, heat fluxes between the object under investi-
gation and some emitter, as well as the temperature of the structure elements, are usually
determined. But these methods cannot be used in the control of products. Therefore, it is
promising to develop a method for measuring the emissivity which will non-destructive and
in same do not require additional standard samples for comparations.

Keywords: express control; emissivity; emissometers; spectrophotometers; reflectometers.

1. Introduction

The issue of measuring the emissivity is rele-
vant for many spheres of the national economy. It
is known that about 40% of all extracted organic
fuel is spent on heating residential and industrial
buildings [1]. At the same time, more than 60% of
thermal energy losses occur through the enclosing
structures, which are determined by the conditions
of heat exchange with the surrounding environment.
The emissivity of a coating or material largely de-
termines the intensity of radiation heat exchange
on the surface of the object under study, therefore
its experimental determination is important to en-
sure the necessary thermal protection characteris-
tics of structures. The problem of creating advanced
heat-saving technologies and materials with a given
emission coefficient and means of measuring this
parameter is relevant all over the world.

© 0. DEKUSHA, S. KOVTUN, Z. BUROVA, 2022

When creating modern energy-efficient windows
and double-glazed windows low-emission glass is
used. Which ensures a decrease in the radiation com-
ponent of heat exchange and accordingly an increase
in heat transfer resistance compared to ordinary trans-
lucent structures. For space vehicles on the contrary
the shell should contribute to the dispersion in space
of the heat released in the on-board equipment, but
have a low coefficient of absorption of solar radiation.
When implementing technology for the production of
energy-efficient glass and shells for space vehicles, as
well as for determining the characteristics of products
surfaces it is relevant to carry out express control of
the emissivity [2—6].

Known modern methods of determining the emis-
sivity use either complex and expensive spectro-
metric equipment, or calorimetric methods which
in order to reduce the convective component of heat
exchange involve vacuuming the chamber with the
samples under study. For the most part devices for ex-
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press control have a relatively narrow spectral range
and a limited directional pattern.

Therefore, the purpose of the work is to deter-
mine, on the basis of the conducted analysis ways
of developing the method of measuring the emission
coefficient which would allow conducting research
of structures and materials in a non-destructive way
without the use of additional control samples.

2. Methods and devices for controlling the
emissivity of materials and coatings

2.1. Classification of the methods

The radiation of gray bodies corresponds to the
Stefan-Boltzmann law [7, 8], which establishes the
dependence of the density of integral hemispherical
radiation on temperature:

q=¢0c TH(W/m?), (D

where: g — density of integrated hemispherical radi-
ation; s = 5.67 x 10 (W/m?-K*) Stefan-Boltzmann
constant; € — emissivity.

For real bodies, the emissivity is a complex func-
tion that depends on the nature of the emitting body;, its
temperature, the state of the surface, and for metals —
on the degree of oxidation of this surface. For pure
metals with a polished surface, the emissivity has low
values. At temperatures up to 100 °C, the value of
the emission coefficient of the polished metal surface
does not exceed 0.1. With the appearance of oxide
films on the surface of the metal, the emissivity in-
creases sharply and can take values greater than 0.5.

Several methods of experimental determination of
the emissivity are known. They can be divided into
two large groups: optical and thermal.

Among the optical methods, the most widespread
is the spectrometric. The technique of spectrometric
research in determining the spectral curve of specular
reflection, measured in a wide range of wavelengths
at an angle of incidence of the radiation beam close
to normal. Based on the obtained results, the aver-
age value of the normal and hemispherical emissivity
of the surface is calculated. To implement the spec-
trometric method of measurements, rather complex
and expensive equipment is required, and the result
is obtained by calculations using empirical correction
factors. Thus, this method of measurement is indirect.

Among the thermal methods of experimental
determination of the emissivity, the following have
become widespread: radiation, calorimetric, regular
mode method, and the method of continuous heating
at a constant rate. In all methods, heat transfer due to
convection and thermal conductivity of the air should
be very small compared to radiation.

The radiation method is a relative method [7]. It
is based on a comparison of the radiation of the in-

vestigated body with the radiation of a completely
black or other reference body with a known radia-
tion coefficient. For example, a receiving device is
used, in which a differential thermocouple is placed.
One of the junctions of the thermocouple receives
radiation from the test body, and the other - from
the surface of the reference body. Based on the mea-
surement result of the thermocouple U-signal, the
emissivity is determined.

The calorimetric method is based on the direct
measurement of the radiation flow from the body un-
der study [7]. This method is absolute. The emissivity
is determined based on the Stefan-Boltzmann law.

The method of the regular thermal regime is based
on the laws of the regular thermal regime for a body
whose heat exchange is only radiative [7]. For such
a case, the emissivity is proportional to the cooling
rate, which is determined by the usual method for the
regular regime.

In the method of heating at a constant rate [7], a
sample of the studied material of a simple geomet-
ric shape (for example, a cylinder) is placed inside
a massive cylindrical block, which serves to create
a uniform temperature field around the sample. Heat
exchange between the sample and the block is carried
out only due to thermal radiation. The massive block
is heated so that the heating rate of the sample is con-
stant. The emission coefficient is found from the heat
balance equation for the sample, based on the value
of the sample’s heating rate, its heat capacity, and the
emissivity of the massive block.

2.2 Standards in the field of determining the emis-
Sivity

The ASTM E408-13 standard [9] defines methods
for measuring the total normal emissivity of surfaces
using control and measuring devices.

The standard gives the definition: Total normal ra-
diation (¢, ) is defined as the ratio of the normal radi-
ation of the sample to the radiation of the black body
at the same temperature. The equation relating € to
wavelength and spectrally dependent normal radia-
tion [g (V)] is:

ey = | L,(AT)ey(2)dA/ [ L,(A.T)dA. )

0 0
where: L, (4,7) = c," 13 (e/*T —1)' — Planck’s black-
body radiation function; ¢, = 3.7415 x 10" W - m?;
c, = 1.4388 x 100(;2 m - K; T — absolute temperature;

A — wavelength; j L, (A,T)dA=0T".

The E408—1% standard considers in gener-
al terms three different methods of making these
measurements. The first method measures the radi-
ant energy reflected from the sample (test method
A), the second method measures the radiant energy
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emitted from the surface of the sample (test method
B), and the third method measures the near-normal
spectral reflectance (that is, the energy of radiation
reflected from the sample as a function of wave-
length) and converts this to a total near-normal
emission factor (test method C).

Test method A is best described as a reflection
method. When the surface is irradiated, the flux is
either reflected, transmitted, or absorbed. The ex-
pression p + 7 + a = I is valid, where p is the reflec-
tivity, T is the transmission coefficient, and a is the
absorption. For opaque surfaces, the transmission
coefficient is zero (t = 0), and the expression reduces
to p + a = I. Kirchhoff’s law states that for the same
angles and spectral ranges, o = €. This allows you to
determine from the value of the normal reflectivity
the value of the normal emission coefficient for a
given temperature, or &, = 1 — p_. At the same time,
the spectral range should be the blackbody range at
this temperature.

The use of test method A imposes two import-
ant requirements on the instruments. The first — the
optical system must measure the reflection coeffi-
cient in the full hemisphere. The second is that the
spectral characteristic of the device should match
well with the blackbody radiation at this tempera-
ture, which is usually 300 K, but in principle other
temperatures are possible. The standard provides
general requirements for instrumentation of mea-
surements, and one example of such measurements
is discussed in detail in [10].

Method B [9, 11] assumes that the surface under
investigation is placed opposite the hole on the por-
table sensitive element. Radiant energy emitted and
reflected from the sample passes through the appro-
priate transmission vacuum window and illuminates
the thermal battery. The output signal of the thermal
battery is amplified and fed to the appropriate mea-
suring device. The indicators of the device are rela-
tive and it must be calibrated using standard samples
with a known emission factor.

Method C is based on Fourier transform spectros-
copy (FTIR).

Fourier-transform spectroscopy — a set of meth-
ods of measuring spectra of various nature, in which
the spectrum is calculated not by signal intensity,
as, for example, in prism spectroscopes, but by re-
sponse in the time) or spatial domain (for optical
spectroscopy).

Measurements according to method C can be
carried out using emissometers/reflectometers
based on FTIR, which determine the reflection
spectrum with high resolution (p (1)) or (g (1)),
in a short period of time. For opaque samples, the
total near-normal emissivity can be expressed as:

[ L,(2.7)py (2)d2
1_0

&y = =1-py. ©)

[ 1,(2.1)da
0

There are many FTIR tools for determining p (A)
and g (1) for a large number of wavelength values
of A. Accordingly, there are various methods for ap-
proximating the above integrals. The most important
feature of any instrument is the ability to collect re-
flectance or radiance in the entire hemisphere above
the sample. Some means and methods of their appli-
cation are considered in [12—14].

The standard considers the procedure for imple-
menting each of the methods, the limitations that ex-
ist during measurements, and the main information
that must be indicated in the report.

ISO 9050:2003 [15] standard is used for testing
window and low-emission glass. The measurement
method corresponds to method A of the standard con-
sidered above [9].

The essence of the method is to determine the
specular reflection curve measured in the wavelength
range of 5 um — 50 um at an angle of incidence of the
radiation beam close to normal, and to calculate the
normal emissivity of the surface ¢ .

Tests are carried out on glass samples of the ac-
cepted batch that do not have defects in appearance.
Glass samples for testing are made in accordance
with the requirements of the operating instructions
for the measuring equipment.

For measurements, a spectrophotometer with a
wavelength range of 5 p — 50 um and with an attach-
ment for measuring specular reflection at an angle of
incidence of light <20°, with an error of no more than
1% is used.

The test is carried out in accordance with the in-
structions for use of the spectrophotometer, measur-
ing at room temperature (20 = 5)°C the light reflec-
tion coefficient R, from the side of the sample with a
low-emission soft coating.

The normal reflection R is determined by cal-
culating the mathematical average of 30 values
of the reflection coefficient R, according to the

formula:
30
> & (4)

! 30
where R, — coefficient of light reflection; A, — wave-
length.

If the used spectrophotometer has a wavelength
range of up to 25 um, then the value obtained at a
wavelength of 25 um is equated to the values of the

R : (4)
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spectral reflectance coefficient at a wavelength of
more than 25 pm. At the same time, the approxima-
tion must be specified in the test report.

The normal emissivity ¢ is determined by the
formula:

gn = 1 - Rn’ (5)
where R is the normal reflection.
The emission coefficient € is determined by mul-

tiplying the normal emissivity € by the coefficient A
specified in Table 1.

Table 1. Indicators for determining the emissivity

Normal emissivity € Coefficient A
0.01 1.30
0.02 1.26
0.03 1.22
0.05 1.18
0.1 1.14
0.2 1.10
0.3 1.06
0.4 1.03
0.5 1.00
0.6 0.98
0.7 0.96
0.8 0.95
0.89 0.94

Intermediate values of coefficient A are obtained
by linear interpolation.

It is allowed to use other measuring devices that
ensure the determination of the emission coefficient
within the limits of the values, with a measurement
error of no more than 2%, certified and verified in the
prescribed manner.

As follows from the given spectrometric meth-
od of measurements, its implementation requires
rather complex and expensive equipment, and the
result is obtained by calculations using empirical
correction factors. Thus, this method of measure-
ment is indirect.

Standard C835-06 [16] defines a test method for
determining the full hemispherical emissivity of
surfaces up to 1400 °C. The specified calorimetric
test method covers the determination of the total
hemispherical emission of metal and graphite sur-
faces and coated metal surfaces up to approximate-
ly 1400 °C. The upper temperature of use is limited
only by the characteristics of the sample and the
design limits of the test equipment. The measure-
ments described in this test method are performed
in a vacuum environment.

In general, the device should consist of the fol-
lowing equipment: bell jar, power supply and mul-
timeter for voltage and current measurement, ther-
mocouples and voltmeter or other indicators, vacu-
um system and sample holders. The test scheme is
shown in Fig. 1. Means for electrically heating the
sample shall be provided and instruments necessary
to measure the input electrical power applied to the
sample and the temperatures of the sample and the
surrounding surface. The bell jar should have a black
coating to absorb sample radiation, and the area of
its inner surface should be significantly larger than
the surface area of the sample.

During the tests, the bell jar is vacuumed, an elec-
tric current is passed through the sample, heating it to
a given temperature. After establishing a stationary
thermal regime, determine the power dissipated from
the surface of the sample and the temperature of the
sample and the bell jar.

Based on the assumption that the test sample
is a small emitting body that is surrounded by a
large absorbing surface, the total hemispherical

SPECIMEN ||
| /BELLJAR
THERMOCOUPLES AND ||
VOLTAGE TAPS _ BASEPLATE
L P/
e———1 POWER [ VACUUM |—
&—— SUPPLY AAN PUMPING
CURRENT SYSTEM
RESISTOR

Fig. 1. Test scheme for C835 [16]
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emission coefficient of the sample can be calcu-
lated as follows:

3=—Q 6
O'A](Tl“—T;), ()

where O — the heat generated in the sample; 4, — sur-
face area of the sample; 7', and T, — temperature of the
surfaces of the sample and the bell jar.

The standard also specifies the requirements for
the equipment, the sample, the test conditions, and
the content of the report, the factors that can affect the
accuracy of the measurements, and the uncertainty
assessment method are specified.

The standard contains references to the original
studies on which this document is based and refer-
ence literature on heat transfer [17-25].

Standard C1371-15 [26] contains a test method
for determining the emissivity of materials using por-
table emissometers at near room temperature. The
test method covers the method of determining the
radiation of opaque and highly thermally conductive
materials using a portable differential thermoelectric
emissometer.

The test method given in C1371-15 [26] uses
a differential thermocouple emissometer to mea-
sure total hemispherical emission. The thermal
batteries of the detector are heated to ensure the
necessary temperature difference between the de-
tector and the examined surface. The differential
thermal battery consists of one thermal battery
covered with a black coating and a second battery

HIGH EMITTANCE
DETECTOR ELEMENTS

CABLE

EMISSOMETER
MEASURING

covered with a reflective coating. The device is
calibrated using two standard samples, one with a
high emissivity and the other with a low emissiv-
ity, placed on the flat surface of the radiator (heat
sink), as shown in Fig. 2.

The diameter of the measuring head of the emis-
someter is about 50 mm, and the detector elements
are buried about 3 mm into the measuring head.

A sample of the material under examination is
placed on a radiator, and its emissivity is determined
quantitatively by comparison with standard sam-
ples. Calibrations should be performed repeatedly
during the test.

The manufacturer of the emissometer must supply
two sets of standards, each set consisting of a pol-
ished stainless steel (emissivity of about 0.06) and a
black standard (emissivity of about 0.9). The charac-
teristics of the reference samples shall be traceable
to measurements made using an absolute test method
(eg test method C835). It is recommended that one
set be used as working standards and the other set be
used for periodic checks of the emission factor of the
working standards.

The sample of the surface to be tested shall be
carefully selected in such a way as to preserve the
condition of the surface in situ. A sample slightly
larger than the external dimensions of the measuring
head of the emissometer is carefully cut out of the
sample. The thermal resistance of the sample should
not exceed 0.00091 m? - K/W.

During measurements, the device is turned on and
the head is heated to a temperature 40—-60 K high-

(b)

LOW EMITTANCE
DETECTOR ELEMENTS

HEAT SINK

Fig. 2. Schematic representation of the thermal part of the emissometer [26] (a) — the measuring head
of the emissometer on the standard with a high emissivity during calibration, the radiator and the cable
of the reading device are also shown; (b) is a bottom view of the measuring head of the emissometer,
showing the elements of the coated thermocouples having high and low emissivity
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er than the ambient temperature. The head is placed
over the «black» sample mounted on the heatsink,
and after 90 seconds the output signal voltage V,_ is
measured. The head is then placed over the «light»
sample mounted on the heatsink, and after 90 seconds
the output voltage V, is measured. The relationship
between the measured values is valid:

V = glow x ghi / I/hi' (7)

low

The head is placed over the tested sample and af-
ter the signal stabilizes, the V__ value is measured.
The emissivity of the tested sample is determined by
formula (8):

e =V

spec spec

X & | V. (®)

The standard specifies the requirements for the
equipment, the sample, the test conditions and the
content of the report, as well as the factors that can
affect the accuracy of the measurements. It is indicat-
ed that the measurement error is usually £0.02.

In the appendix to the standard, the question of the
influence of factors affecting the accuracy of deter-
mining the hemispherical measurement coefficient is
considered. It was noted that the angle of exposure of
thermal batteries is about 168—169° (approximately
+84° from the normal), that is, less than a full hemi-
sphere. On the other hand, different materials have
significantly different radiation patterns.

2.2 Portable control devices

Portable devices are used, as a rule, to control
characteristics at the temperature of the surrounding
environment, that is, close to room temperature.

In Fig. 3-5 presents the appearance of some por-
table devices, as well as their main technical charac-
teristics and advantages are given (according to the
manufacturers).

Devices & Services Co. model AE1 emissometer
is a specialized device for determining the emission

Fig. 3. Emissometer model AE1 of the firm
Devices & Services Co. (D&S) [27]

coefficient [27]. The device complies with the C1371-
15 standard discussed above.

The main characteristics and advantages of the
AE1 model emissometer:

— reproducibility (+/— 0.01 emissivity unit);

— it is easy to measure: (detector part of the
device is heated electrically so that the sample does
not need to be heated. No need to measure the tem-
perature);

— fast measurements (after an initial warm-up
period of approximately 30 minutes, emissivity read-
ings can be taken every half minute);

— low cost (devices for comparative measure-
ments cost much more);

— additional adapters (these make measure-
ments in small areas available and special adapt-
ers for samples with irregular surface geome-
tries).

Portable electronic emissometer/reflectometer
TESA 2000 from AZ Technology (USA) [28] is
compact, light, durable and ergonomic, designed
to facilitate use in the field or in the laboratory
to determine the integral emission coefficient at
ambient temperatures. The device can be used in
autonomous mode using battery power. The main
technical characteristics of the device are listed in
Table 2.

The principle of operation of the device is based
on the measurement of the radiation falling on the test
sample and reflected by the surface of the test sample.
The radiation reflected from the test sample is collect-
ed by a mirror ellipsoid and directed to the radiation
receiver. At the same time, the surface under investi-
gation is irradiated by a source of thermal radiation
with an emissivity close to the emissivity of a black
body at a temperature of 340 K. The angle of inci-
dence of radiation on the sample under investigation
is 12° to its normal.

Fig. 4. Portable electronic
emissometer/reflectometer TESA 2000
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Table 2. Main technical characteristics of the TESA 2000.

Wavelength

from <3um to >35um

Accuracy of measurements
(for specular and diffuse samples)

+ 1% of full scale for gray samples
+ 3% of the full scale for non-gray samples

Reproducibility

+ 0.5% of full scale or better

Sample temperature

environment temperature

Measured quantity

- infrared reflection
- normal emissivity (300 K)
- hemispherical emissivity (300 K)

Measuring range (reflection)

0.00 to 1.00

Fig. 5. Manual emissometer/reflectometer
ET-100 [29]

Manual emissometer/reflectometer ET-100 of
Surface Optics Corporation (USA) [29] measures
the directional reflectivity in six bands in the ther-
mal infrared spectrum at two sectors of incidence
angles — 20° and 60°. Based on these values, the
directional and integral hemispherical emissivity is
calculated.

The features of the device are the implementation
of reflection measurement in the infrared spectral
range and the calculation of the directional emissiv-
ity. The measurement is carried out in two sectors of
incidence angles: a sector of 20° near the normal to
the surface and a sector close to 60°, the measurement
time is approximately 10 seconds.

2.3 Stationary control systems

Stationary laboratory systems, as a rule, provide
measurements in a wide temperature range while
evacuating the working chamber to reduce the con-
ductive-convective component of heat exchange. An
example of such an installation, intended for measur-
ing thermoradiation characteristics, is given in [30].
A photo of the working chamber of the installation is
shown in Fig. 6.

H‘:dmg - Casing
libe
& tube

|
Thermal \ 7 Vagcuum

insilator :
y Measuring
Radiator L / chamber
hester \ Radiator
temperature
Adbathor sensar ()

{calibration) y
heater i
\.\ _._-"'"_ Radiator
&

Thermal :I:m‘:r

resistor ——f=Ll BOTOET
\“- lemperature

Exchangeable | | sensor (1,

thermal shunt i
L Stabilization

. heater

Insulation insert

Charcoal Bottom

* 1r.hcnl temperature

o sensor (Ty)

Pressure-stabilized LHe bath  Thermal contact to LHe

b)

Fig. 6. Measuring chamber of the emissometer [30]: a) open chamber with the absorber part removed,
b) diagram of the installation used to measure the emissivity
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A cryogenic method for measuring integral
hemispherical emission and absorption coeffi-
cients of various materials at temperatures from
320 K to 20 K is presented. When measuring the
absorption, the temperature of the test sample is
approximately 5 K-35 K. Using a thermal resis-
tance (thermometer), the radiation heat flow be-
tween two flat parallel surfaces in the form of
discs with a diameter of 40 mm, which are placed
in a vacuum, is determined. The test sample and a
reference disc with a surface having known char-
acteristics are immersed in a bath cooled by lig-
uid helium (LHe). The heat flow is measured by
the substitution method, using the thermal power
from an electric heater to calibrate the sensor.

Much attention is paid to the assessment of the
uncertainty of measurements that occurs when
using this method. The capabilities of the device
are demonstrated by measuring the absorption
and emission coefficients of a sample of pure alu-
minum. Fig. 7 shows reference samples and their
characteristics.

The expanded uncertainty (k = 2) of the emissiv-
ity measurement € = 0.0041 measured at =30 K for
pure aluminum is less than 11%, and for values of the
emissivity £> 0.0053 measured at temperatures above
60 K, the uncertainty is lower 7%. The method was
developed primarily for the study of materials with a
low value of the emissivity coefficient, such as pure

metals, but the high emissivity of the reference sam-
ple also allows the study of non-metallic materials
with reasonable accuracy.

The Sun LabTek company (India) proposed a
computerized device for measuring the emissivity
[31]. The appearance of the device is shown in
Fig. 8. The experimental unit is based on a metal
sample heated by a concentrated light beam. The
light beam is generated by a continuously ad-
justable halogen lamp and a parabolic reflector.
The reflector concentrates the radiation to a fo-
cal point. The sample is placed on a thermocouple
located at the focal point. The thermal radiation
emitted by the sample is measured by a thermo-
couple. In order to be able to measure radiation at
different distances, the thermal battery is installed
on a movable carriage.

Microprocessor devices are located in a protect-
ed housing. The device is equipped with software to
operate the system and to collect data and training
software. With explanatory texts and illustrations, the
educational software greatly helps to understand the
theoretical principles.

3. Conclusions

Determination of the emissivity is relevant for
all cases of research, calculation and modeling of
radiative heat exchange, in particular when deter-
mining the properties of energy-efficient glass and

100
Wttt
80 4
7{}: — \f’-gromxed reference sample
] - ----Epoxy reference sample
60+ i -
o ;
<50+
o 404
30
20
10
0 T 7 T T T T T T e
0 50 100 150 200 250 300
T/K
a) b)

Fig. 7. Reference samples. Temperature dependence of their emission coefficient (a) and photograph (b)
of the epoxy sample (upper picture) and the corrugated sample with V-shaped grooves [30]
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Fig. 8. Computerized device for measuring the emissivity «LabTek», India [31]

windows, covering elements of space technology,
when conducting pyrometric and thermal imaging
measurements. Both stationary installations with
a wide range of research temperatures and por-
table express devices for control at temperatures
close to room temperature are used to measure the
emission coefficient.

In stationary systems for measuring the emis-
sivity, which apply thermal methods, heat fluxes
between the object under investigation and some
emitter, as well as the temperature of the struc-
ture elements, are usually determined. But these
methods cannot be used in the control of finished
products.

Portable devices are used for control, but a sig-
nificant disadvantage is the limited temperature
range in which the measurement is performed and
the need to have two standard samples, one with
a high and the other with a low radiation coef-
ficient. A sample of the material under study is
placed on a surface, and its radiation is quantified
by comparing it with the radiation of standards.
For reflectometers the main disadvantage is the
indirect measurements which required the calcu-
lations of the emissivity from the reflection coef-
ficient.

Therefore, it is promising to develop a method for
measuring the emissivity which will non-destructive
and in same do not require additional standard
samples for comparations.
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Anoranin. Koeghiyicnm emicii nokpumms yu mamepiaiy 3HAYHOIO MIpOH 8U3HAUAE
iHmencuHicms padiayilino2o menioo0oMIiHy HA NOBePXHI 00CI0NCY8aAH020 00 ekma,
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momy 1020 excnepumMenmanbhe GU3HAUEeHHSA eaxcauge OJisi 3abe3neyents neobxio-
HUX MeNnI03aXUCHUX XAPAKMePUCMUK KOHCMPYKYiu. Y cmammi posensoaiomuvcs
Memoou KOHMPORO Koepiyicumy emicii, AKi pe2iaMeHmymsbCcsi 0CHOGHUMU CIMAH-
oapmamu ASTM E408-13, ISO 9050:2003, C835-06, C1371-15. Memoou excne-
PUMEHMANIbHO20 GU3HAYUECHHS Koepiyienmy emicii ModcHa po30itumu Ha 08I 6eaUKi
epynu: onmuuni ma mennosi. Hailbinvw sioomum ma po3nogciodxicenHum OnmuyHUM
Memooom € cnekmpomempuunull. Memoouka cnexmpomempuyno2o 00CHIONCeHHS
nonseae y 8UBHAYEHHI CNeKMPALbHOI KpUBoi 03epKaibHo20 8i00ummsi, UMIPAHOTL y
WUpoxomy 0ianazoni 00GNHCUH X6ULb NPU KYMI NAOIHH GUNPOMIHEHHS, OIUZLKOMY
00 HOPMANLHO20. 3a OMPUMAHUMU PE3YTbMAMAMU 0O0UUCTIOIOMb CePeOHE 3HAYEHH S
HOpMaANbHOI ma Haniecghepuunoi eunpominiosanrvroi 30amuocmi nogepxui. Ceped
Menaio8ux memooié eKCnepuMeHmalbHo20 GU3HA4YeHHs Koeiyienma emicii po3no-
8CI00JICeH s HaOYaUu: padiayiunull, KaropumMempuyrull, Memoo pe2yiapHozo peldcu-
MY, MEmMOO HenepeperHo20 Haz2pigy 31 cmano weuokicmio. s eumiprosans Koegi-
yienmy emicii 3acmocogyrms K CMAYiOHAPHI YCMAHOBKU 3 WUPOKUM OIANA30HOM
memnepamypu 00CHIONCEHb, MAK I NEPEeHOCHI eKcnpec-npuaadu 0Jisi npo8edeHHs
KOHmMpONI0 3a memnepamypu, 6au3okoi 00 KimHamuoi. Y cmayionaprux cucmemax
0151 6UMIPIOBAHHA Koepiyienmy emicii, AKI 3aCMOCO8YIOMb MENL08i Memoou, 3a-
36UYAll BUHAUAIOMb MENL08] NOMOKU MINC OOCAIONCYBAHUM 00 €EKMOM Mma OesaKum
BUNPOMIHIOBAYEM, A MAKONC MeMnepamypu elemMenmie cmpykmypu. Ane yi memoou
He MOXCYymb Oymu 6UKOPUCMAHT NPU KOHMPOJE 20moeux upodis. Tomy nepcnexmug-
HUM € PO3pOOKA Memoody BUMIPIOBAHHA KOepiyicHma UNPOMIHIO8aAHHA, AKUU OyOe
HepyUHIBHUM [ NPU YbOMY He nompebdysamume 000AMKOBUX CHMAHOAPMHUX 3DA3KIE
07151 NOPIGHAHD.

Kuaw4oBi cjioBa: eKCIpec-KOHTPOJIb, KOSQII[iEHT eMicii, eMicoMeTpH, CIIeKTPOodo-
TOMETPH, PePICKTOMETPH.
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