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A non-contact method is proposed for measuring the surface temperature of an object
using a standard radiator and standard object having optico-physical properties identical
to those of the monitored object. Placed co-planarly with the monitored object in the field
of view of an optoelectronic system (OES) is a standard object, the temperature of which
is regulated and measured, and a standard radiator, whose normal spectral emissivity and
temperature are known. In addition, the OES has its three fixed points, at which it registers
the normal emissivity of the standard object, monitored object, and standard radiator (SR).
The main distinction of the proposed method from the known ones is that the limits or
tolerances for the nature of reflection and the quantitative parameters of reflection of the
monitored object make no difference. The obtained analytical expression is an equation
of the non-contact method of measuring the surface temperature of the monitored object,
which can be applied for any spectral range of operation of the OES. A metrological
analysis of the proposed method is made using a monochromatic optoelectronic system
working at wavelengths of 0.65, 2.0, 5.0, 14.0, and 50.0 um for the temperature of the
monitored object, 7, equals to 400, 700, and 1000 K. Based on the analysis of the results
the requirement for the implementation of the proposed method of measuring the surface
temperature has been formulated, which says that the choice of an optoelectronic system
for measuring the surface temperature of objects should be preceded by a methodological
and metrological analysis of the optico-physical properties of the monitored object, the
surrounding background, and the OES itself.

Keywords: pyrometry, non-contact/contactless method, measurement, temperature,
mathematical model, monitored object, standard object, standard radiator, methodical and

metrological analysis, monochromatic mode, optoelectronic system, background light.
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BECKOHTAKTHBIVI METO/I ISMEPEHVSI TEMITEPATYPBI
ITOBEPXHOCTWU OB BbEKTA

B.K. butiokoB®,
B.!. Hedenos,
JI.C. CumaukoB

MUPSA — Poccutickuti mexunonocudeckuil ynusepcumem, Mockea 119454, Poccus
@4emop ons nepenucku, e-mail: bitukov@mirea.ru

[Tpenyioxken 6ECKOHTAKTHBIA METOJl H3MEPEHUS TeMIIepaTyphl IOBEPXHOCTH O0BEKTA C UC-
MOJIb30BAHUEM 3TAJOHHOTO H3JIydaTelss M 3TaJOHHOTO 00BEKTa, MMEIOLIETO TOX/ICCTBEHHbIE
C KOHTPOJIUPYEMBIM OOBEKTOM ONTHUKO-(hM3MYECKUE CBOMCTBA. B moje 3peHust onTHUKo-3J1eK-
TpoHHOH cucteMbl (ODC) maHapHO ¢ KOHTPOIUPYEMBIM OOBEKTOM YCTAHOBJIEHBI STAJIOHHBIH
00BEKT, TeMIIepaTypy KOTOPOTO PEryIupyroT U U3MEPSIOT, U STAJIOHHBIH H3IIy4aTesb, HOpMalib-
Hasl CIIeKTpalibHas H3JIydaTesbHast CIOCOOHOCTh KOTOPOTO U TeMIleparypa u3BecTHhL. [Tpuyem
O3C umeer Tpu (PUKCUPOBAHHBIX MOJOKEHHS, MIPU KOTOPBIX OHA PETUCTPUPYET HOPMAJIb-
HO€ U3JIy4YECHHE TATOHHOTO 00BEKTa, KOHTPOIUPYEMOTO OOBEKTa U 3TAJOHHOTO M3IIydaTels.
[IpyHIMNMATBEHOE OTIMYME MPEIOKEHHOTO METOJa OT M3BECTHBIX COCTOMT B TOM, YTO Ha
XapakTep OTPaXKEHMsI U KOJIMUYECTBEHHBIE TapaMeTpbl OTPAXKEHUSI KOHTPOJIUPYEMOI0 00BbEKTa
HE HaKJIa/IbIBAlOTCSl OTPAHUUYEHUS U HE IPUHUMAOTCs JonyuieHus. [lonydyeHo aHanuTuueckoe
BBIpaKEHUE, SBISIONIEECS YPaBHEHUEM OECKOHTAKTHOTO METO/Ia U3MEPEHNUS TEMIIEPATyPhI 110-
BEPXHOCTU KOHTPOJIUPYEMOTO 00bEKTa, U IPUMEHUMO JIJIsl II0OOTO CIIEKTPAIBLHOTO TUara3oHa
pabots OOC. BeInonHeH METPOIOTHYECKH aHaIN3 MTPEJIOKEHHOTO METO/Ia TIPU UCTI0Ib30Ba-
HUU MOHOXpomatudeckoit ODC, paboraromieit Ha JyMHAX BOJIH, paBHBIX 0.65, 2.0, 5.0, 14.0 u
50.0 mxMm; Temmieparypa T koHTpoimupyeMoro oosekra cocrasisiia 400, 700 u 1000 K. Ananus
Pe3yNbTaToB MO3BOIMI c(hopMynHpoBaTh TpeOOBAHUE K PeaTU3aMK MPEATI0KEHHOTO METOIa
M3MEPEHUs TeMIIEPaTypbl TOBEPXHOCTH, COCTOAIIEE B TOM, YTO BBIOOPY ONTHUKO-3JIEKTPOHHOM
CHCTEMBI Ul U3MEPEHUS TEMIIEPATyPbl TOBEPXHOCTH OOBEKTOB JJOJKEH MPEIIIeCTBOBATH Me-
TOAMYECKUH U METPOJIOTHUECKUN aHaIN3 ONTHKO-(PU3MUYECKUX CBOMCTB OOBEKTa KOHTPOJI,
oKpy»aroiero ero ¢ona u camoit O3C.

Knrwoueswvie cnoea: nupomerpusi, 0ECKOHTAKTHBII METOJ, U3MEPEHUE, TeMIleparypa,
MaremMaTu4yecKkasi MoJielb, 00bEKT KOHTPOJISl, 3TAJTOHHBINH 00BEKT, U3JlyyaTelb, METOAUYE-
CKUM M METPOJOTMYECKUU aHaJIM3, MOHOXPOMATHYECKUU PEXKUM, ONTHUKO-IJIEKTPOHHAS
cucrtema, poHOBas 3aCBETKA.

Introduction

ne of the current trends of scientific achievements application in technological processes
Ois using non-contact methods (procedures) and techniques of monitoring the temperature
state of objects at all stages of their life cycle and determining the physical properties of materials
[1-4]. These procedures are associated with the non-contact measurement of temperature, 7, of
the surface of related objects, which is the main information parameter.

Itshouldbenoted thatthe implementation of pyrometric methods of temperature measurement
is far from being a trivial task. It is the multiparameter description of electromagnetic energy
radiated by the object that complicates the building of a physical model of the temperature
measurement procedure and its mathematical description [1, 4, 5].
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The physical complexity of non-contact methods (procedures) of measuring the temperature
of an object is caused by the fact that the intrinsic thermal radiation is characterized not only
by temperature, but also by spectral and temperature dependences of the normal emissivity
&, of the surface of the monitored object, by the state of the surface, and other factors. (Here
and further A is the wavelength of electromagnetic radiation; the index A indicates spectral
dependence of the corresponding parameter, and the index » indicates emissivity propagation
along normal towards the surface of a monitored object).

It is worth noting that there is a wide range of semi-transparent materials often referred
to as partially transparent materials for thermal radiation, which in certain regions of thermal
radiation spectrum have a small absorption coefficient and can pass radiation falling upon them,
or have intrinsic radiation, over long distances. These materials include almost all dielectrics and
semiconductors: oxides, fluorides, chlorides, selenides, tellurides, germanium, silicon, gallium
arsenide, indium antimonide, as well as most of organic substances. Non-contact temperature
measurement of objects made of such materials requires specific methodological and technical
support. So, we will not consider this issue here [6, 7].

The mathematical complexity of non-contact methods of temperature measurement is
explained by the essential nonlinearity of the dependence of the monochromatic radiant flux
density on the wavelength and temperature, which is defined by the Planck radiation law.

A non-contact measurement method

The optoelectronic systems available on the market of instruments and devices are not well
fit to the quantitative measurement of the surface temperature of an object, in terms of both
the optical-physical properties of the material from which the monitored object is made, and
the background light, the optical-physical properties of an OES and the medium between the
monitored object and the OES [8]. Thus, the methodological support of pyrometric and thermal
imaging systems is a topical issue today.

The total thermal radiation of the object, the emissivity of which differs from “one”, consists
of its intrinsic radiation and the radiation reflected by the object, depending on the optico-
physical parameters of the monitored object, the surrounding background and the medium
between the object and the optoelectronic system of temperature measurement.

One of the main factors influencing the metrological parameters of the results of measuring
the surface temperature of the monitored object is its background light [9—15]. It is noteworthy
that the background light sometimes makes it difficult to obtain reliable information [14, 15].

Based on the analysis of physical processes of the non-contact procedure of measuring the
object temperature, 7, several ways of reducing radiation effect of the background light have
been formulated. They are:

1. The surface radiation reflected by the object is reduced. (This can be achieved either by
covering the object with a coating having a reflection coefficient close to “zero” or by choosing
such spectral range of the optoelectronic system, within which the reflection coefficient of the
object is small.)

2. The background radiation is reduced. (This can be achieved when an object is placed in a
chamber, the inner surface of which is coated, for example, by gold, which provides background
radiation not exceeding 0.05 in a wide spectral range.)
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3. The background temperature is lowered. (This can be realized in practice, for example,
by putting the object inside a chamber, the cooling of which can be arranged.)

4. The measuring (reduction, compensation) of the background radiant flux reflected from
the object and its further subtraction from the total radiation flux.

The first three approaches are rather well studied. And the fourth one will be analyzed
here. To this end a method of measuring the surface temperature of a monitored object using a
standard radiator is proposed in [16].

A perfect blackbody model is commonly taken as an SR [17, 18]. As a standard object it is
suggested [16] that an additional object be taken, which has optico-physical and thermophysical
properties identical with the monitored object. Provided the temperature measurement procedure
is geometrically correct, that is, the monitored object, the standard object and the OES are properly
located, the conditions of radiation and reflection of energy of the objects will be the same.

Fig. 1 shows a scheme of non-contact method of measurement of the surface temperature
T of Monitored Object 2, the normal spectral emissivity & 2 of the surface of which is known.

1 2 3

Ean| Is SLHJ' T o | &,
Fintr st Fintr Fintro

¢ Frefl st ‘L Fren J’ F, refl 0

Fig. 1. The scheme of a non-contact method of measuring the surface temperature
of an object using a standard radiator and a standard object.

In the field of view of OES 5, co-planarly with Monitored Object 2, is placed Standard
Object 1, the temperature of which 7 is regulated and measured, as well as Standard Radiator
3 with the known normal spectral emissivity & 2 and temperature 7. The OES has three set
positions 4, 5 and 6, at which it registers the normal emissivity of the standard object, monitored
object and SR.

The total integral radiation flux F, produced by the monitored object is a sum of the intrinsic
radiation flux F_ and the reflected radiation flux F_,, which can be written using the Planck law
as the following expression:

T Em” G

n

l,f(exp(C;/lT)—l)

E=E,+F,;=

intr

dA+F_, (1)

where C, =3.7413-10"° W-m?, and C, = 1.4388 m'K — the first and second Planck constants.
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In order to register radiation flux, an optoelectronic system is used. Usually it is either a
pyrometer or a thermal imaging system with a related radiation receiver and data processing
system.

The output signal of the OES is determined not only by the parameters accounted for in
expression (1), but also by other parameters: K — OES design parameter, A4 — spectral range
(from 4, to 4,) of the OES operation, S, — the volt-watt sensitivity of the OES radiation receiver,
7, — transmissivity of the OES and the medium between the object and the OES [19, 20].

The total integral flux of the standard object E; is also a sum of the intrinsic flux E
and the reflected flux F . i.e.

refl st

+00
Eon” Cl

+F dA+F

: wllst ! A (exp(C, /AT, )-1) et

Tst

E

intr st

2)

Since the monitored object and the standard object have identical optico-physical and
thermophysical properties, the radiation flux reflected by them are equal, that is, F_;=F,q .

When the temperature of the standard object T decreases (it is regulated and measured), a
quantitative structure change of the radiation flux F , occurs. Specifically, the intrinsic radiation flux
decreases compared with the reflected radiation flux. To make the analysis simpler, we can assume
that the reflected characteristics of objects do not depend on their temperature. The temperature of the
standard object 7', is lowered up to the temperature, at which the intrinsic radiation flux, E . , is much
less than the reflected radiation flux F _ _ thatis, E_ <<F

refl st® > ~intr st refl st*

The expression (2) takes the following form:

FE st — Freﬂ st (3)

Then the difference between the flows F, and K , calculated by formulas (1) and (3), forms
the output signal of the OES, AU, which is defined by this formula:

g, C-t,-§
AU =K - ZC Rt R Sy Sy “4)
I) A’ (exp(C,/AT)-1)

(a2

The total radiation flux of the standard radiator, F;, is the sum of the intrinsic radiation flux

E,.+ o and the reflected radiation flux F . As a rule, the spectral normal emissivity £, of the SR

is close to “one” (actually no less than 0.98). This allows to determine the output signal of the
OES, U,, without an essential error, by the following expression:

&, C-7,-S
U =K. 20 G109, dA. (5)
0 (AJ;) A’ (exp(C2 //1]}))—1)

The ratio of the output signals of the OES, AU and U, can be written as follows:
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J‘ £ 7,8,

da
AU:(M)/ls(exp(Cz/ﬂ,T)—l) ()

U, J- £, TS,
A’ (exp(C2 //17}))—1)

(A4)

The obtained expression (6) is an equation for a non-contact method for the determination
of the surface temperature of the monitored object, 7.

In the monochromatic approximation, equation (6) can be used to obtain an analytical
expression for determining the surface temperature of the object under test.

In the monochromatic approximation from equation (6) the analytical expression is derived,
determining the temperature of the monitored object surface.

C
T= — (7
a,
Adn| 14+ 5. € !
g, AU/U,
. . . &, AU .
The proof of correctness of obtained equation (7) is that at —~ = 7 the equality 7=T,
&
Jo 0

is fulfilled, that is, the temperature of the monitored object and the temperature of the standard
radiator are equal. In terms of mathematics, this follows from equation (7). In terms of physics,
it shows that no background light is available and AU is in fact an output signal of the OES,
which is proportional to the intrinsic radiation flux of the monitored object.

Metrological analysis

A metrological analysis of the proposed method has been carried out using the small
perturbations method [19, 20] for the determination of the temperature of an object, implementing
monochromatic OES, with A = 0.65, 2.0, 5.0, 14.0, and 50.0 um for the following parameters:
LA 0.1,0.5, 0.9,

AU 2
and 1.0; U_ =0.1,0.5,0.9, 1.0, and 1.5; the absolute error AA of the wavelength of the OES,

0
A, equals to 0.01 pm for A= 0.65 um; and 0.1 um for the rest of the wavelengths A; the relative

€ . € AU
errors 87,=3%, 6 =5% and 6 —— =2% for the determination of 7|, — and
€l 0 €% U,

the temperature 7 of the monitored object is equal to 400 K, 700 K, 1000 K;

3

respectively.
The selection of the temperature 7 of the standard radiator is better to be made proceeding

AU
from the condition that —— ~1, at which the signals AU and U are commensurable. In this

0
case, the distortions in the receiving and amplifying paths of the OES signals, AU and U,

will be identical. The use of the scale of ratios significantly reduces the systematic errors in
determining the signals AU and U,
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The calculations, for which the results are presented in the table, have been obtained for the

given parameters and the ratio of OES output signals ——=1.
0

The impact of inaccuracy of parameters knowledge on the determination
of the error of temperature

oT,, % oT, %
€, A1.=0.01 5TTO,% o1, %
Jopm | T,K T,K or € co 0, %
€ 4=01, | 8T,=3% 5(5_)75/0 5(AU )~ 29
pum A U,
0.1 384 -1.52 2.88 0.08 -0.03 3.6
0.5 395 -1.52 2.96 0.09 -0.04 3.7
400 0.9 399 -1.52 2.99 0.09 —0.04 37
1.0 400 -1.52 3.00 0.09 —0.04 3.7
0.1 652 ~1.52 2.79 0.14 -0.06 3.5
0.6 200 0.5 685 ~1.52 2.93 0.15 ~0.06 3.6
0.9 698 ~1.52 2.99 0.15 -0.06 37
1.0 700 -1.52 3.00 0.15 -0.06 37
0.1 906 -1.52 271 0.20 -0.08 34
1000 0.5 970 ~1.52 2.91 0.21 -0.09 3.6
0.9 995 -1.52 2.9 0.22 ~0.09 3.7
1.0 1000 -1.52 3.00 0.22 -0.09 37
0.1 355 -4.76 2.65 0.24 -0.10 6.0
400 0.5 385 -4.76 2.89 0.26 ~0.11 6.1
0.9 398 -4.76 2.98 0.27 ~0.11 6.2
1.0 400 -4.76 3.00 0.27 ~0.11 6.2
0.1 572 -4.76 2.44 0.39 -0.16 59
o 00 0.5 656 -4.76 2.81 0.45 -0.18 6.1
0.9 693 -4.76 2.97 0.47 ~0.19 6.2
1.0 700 -4.76 3.00 0.48 -0.19 6.2
0.1 758 -4.76 2.26 0.52 -0.21 5.8
1000 0.5 912 -4.76 273 0.62 -0.25 6.1
0.9 986 -4.76 2.96 0.67 -0.27 6.2
1.0 1000 -4.76 3.00 0.68 -0.27 6.2
0.1 303 ~1.96 2.26 0.52 —0.21 3.4
400 0.5 365 ~1.96 273 0.62 ~0.25 3.8
0.9 394 ~1.96 2.96 0.67 ~0.27 4.0
1.0 400 ~1.96 3.00 0.68 ~0.27 4.0
0.1 450 -1.96 1.94 0.77 ~0.31 3.2
0 00 0.5 600 -1.96 2.58 1.02 ~0.41 3.6
0.9 683 ~1.96 2.93 1.15 -0.46 4.1
1.0 700 ~1.96 3.00 1.18 0.47 42
0.1 561 ~1.96 1.76 0.95 -0.38 3.1
1000 0.5 812 -1.96 2.50 1.35 ~0.54 3.8
0.9 967 ~1.96 291 1.58 -0.63 43
1.0 1000 ~1.96 3.00 1.62 ~0.65 44
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End of the table
oT,, % oT. %
28 4:=001 | 017 % 0T, %
A, pm T,K T,K or € e 0, %
€ 42=01, | 8T,=3% 5(8_)‘“’ 5(AU =20,
pm % U,
0.1 214 -0.71 1.71 1.02 -0.41 2.4
400 0.5 319 -0.71 2.48 1.47 ~0.59 33
0.9 385 -0.71 2.91 1.73 ~0.69 3.9
1.0 400 -0.71 3.00 1.78 -0.71 4.0
0.1 290 -0.71 1.56 1.36 —0.54 2.5
40 00 0.5 504 -0.71 2.43 2.12 —0.84 3.8
0.9 663 —0.7 2.91 2.53 ~1.00 45
1.0 700 -0.71 3.00 2.61 ~1.03 4.6
0.1 349 0.7 1.54 1.59 -0.63 2.7
1000 0.5 674 -0.71 2.46 2.55 -1.01 4.1
0.9 937 -0.71 2.92 3.03 ~1.19 49
1.0 1000 -0.71 3.00 3.12 -1.23 5.0
0.1 118 -0.20 1.56 1.85 -0.73 2.8
400 0.5 254 -0.20 2.51 2.98 ~1.17 45
0.9 371 -0.20 2.93 3.47 -1.37 52
1.0 400 -0.20 3.00 3.56 ~1.40 5.4
0.1 159 -0.20 1.69 2.30 -0.91 33
00 200 0.5 410 -0.20 2.63 3.59 ~1.41 5.1
0.9 643 -0.20 2.95 4.03 ~1.58 5.8
1.0 700 -0.20 3.00 4.10 -1.61 59
0.1 196 -0.20 1.81 2.61 ~1.03 3.7
1000 0.5 563 -0.20 2.70 3.91 ~1.54 55
0.9 913 -0.20 2.96 4.29 ~1.68 6.0
1.0 1000 -0.20 3.00 434 ~1.70 6.11

The calculated results showing the effect of the errors of knowledge of the initial parameters
on the error of determining the temperature T are presented as rather small relative errors 07,
oT 1, 0T, and 6T, The selected values of errors almost comply with those obtained using
modern measuring instruments. Therefore, the results presented in the table can be considered
as evaluation data. Since these functions are almost linear for small variations of arguments, the
obtained results can be used, with appropriate weighting factors, in real measurement conditions.

The total systematic error 6 of determination of the surface temperature of an object with a

i (éT )2 , %, where m

i
i=1

confidence probability of 0.95 is calculated by the formula 8 =1,1-

is the number of varying parameters (m = 4) [21].

While analyzing the obtained results, certain facts have been established.

The relative errors 04 of knowledge of the wavelength 1 of the OES operation are almost
equal to the relative errors 07, of determining the object temperature 7. For example, the relative
errors o/ equaling 1.5, 5.0, 2.0, 0.7, and 0.2% for the wavelength 4 equaling 0.65, 2.0, 5.0, 14.0,
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and 50.0 um give relative errors 67, of determining the object temperature 7 equaling 1.5, 4.8,
2.0, 0.7, and 0.2%, respectively.
The similar case is with the effect of the inaccuracy of knowledge of the standard radiator
temperature 7 on the error of determination of the monitored object temperature 7. Moreover,
&
at 2 = 7, the relative errors 67, u 87, 7, are equal. For the rest modes of determining the
&
o 0
temperature of an object, the difference between the errors of 67, and o7, 7, does not exceed
AU €
several percent. For example, at — =1 and R 0.9, a three-percent relative error in
0 €
determining the temperature 7|, of the standard radiator gives an error of 67 7, equaling ~2.9%,
which does not depend on the level of the measured temperature 7. This means that 67, and
OT;, are nearly equal.

The influence of the inaccuracy of knowledge of the ratio of emissivity

& )
* of the monitored

€
object and the standard radiator on the error in determining the temperature 7 of the monitored
object significantly depends on the wavelengths of the OES operation. For example, at 7= 700 K,
AU 2, . : . € .
—— and = 0.9, a five-percent relative error in the determination of —~ results in 67
U, € o

equaling 0.15, 0.47, 1.15, 2.53 and 4.03% for wavelengths 4 equaling 0.65, 2.0, 5.0, 14.0, and
50.0 um, respectively.

In the implementation of the proposed method of temperature measurement an important
parameter is the ratio ¢ of the registered by the OES intrinsic radiation flux E ., of the monitored

object, the coefficient of reflection of which is R, and the background radiation flux F.qq

reflected by the monitored object, the temperature of which is 7,, and the emission is {;‘; [22].
The expression for g can be written in the following form:

_ cI)intr st
q =
cDreﬂ st
or
I €, = .Ti(.jSl dA
A X exp| —2 |-1
AT,
q = il (8)
4, « Cl Tﬂ 'Sﬂ

For monochromatic mode of the OES, the expression (8) takes this form:
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}2 : C 7,-S, ”
Y A exp G -1 exp 8! -1
A-T, €, A-T, (9)
q = A . . = * :
r R, &, G TlCSi di &R exp[ /IC;, ]—1
A A exp| —2- |-1 st
A-T,

exp[ 8! j -1
g=—a . AT (10)
&, (l—gi ) exp G, 1
A T,
The calculation of the function g=f(T ) made by formula (10) at 7,=300 K is shown in Fig. 2.
q
1,0 4
0.8 4
0,6 4
04
0,2
0 - T T
150 250 350 1w, K

Fig. 2. The dependence of the ratio of the registered by the OES intrinsic radiation flux
of the object and surrounding background radiation flux reflected by it on the temperature
of the standard object 7'

A=065um: 1 - €, =0.9and&, =0.1;2— &, =09and &, =09; &, =0.5and &, =0.1;
3- &, =05and€,=09; €, =0.1and&,=0.1;4— &, =01 and £, = 0.9
A=20pm:5— &, =09and&,=0.1;6- €, =09and&, =09and &, =0.5and&, =0.1;
7- &, =05and&, =09and &; =0.1and&, =0.1:8- &€; =0.1and &, =09
A=50um:9— &, =09and&, =0.1;10~ &, =09and&, =09and £, =0.5and &, =0.1;

- &, =05 and &, =0.9and €, =0.1and&, =0.1;12— &; =0.1and &, =0.9.

At least two conclusions can be made from Fig. 2.
Conclusion One. The less the background radiation, the deeper cooling of the object is
required. For example, at &; = 0.9 and ¢ = 0.05 for 8; equaling 0.1 and 0.9, the object has
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to be cooled to temperatures of 169 K and 194 K, respectively. And at &; =0.1 and g = 0.05
for 8; equaling 0.1 and 0.9, the object has to be cooled to temperatures of 227 K and 274 K,
respectively.

Conclusion Two. The more radiation of the object, the greater the steepness of the curve

S = ﬂ of the function ¢=£(T ). For example, at &, = 0.9 and 8; equaling 0.1 and 0.9,
T st

the steepness of the curve Sis 0.041 1/K and 0.029 1/K, respectively. And at £; = 0.1 and «9;

equaling 0.9, the steepness of curve S'is 0.020 1/K and 0.013 1/K, respectively.

Findings

A mathematical model of the method is proposed for determining the surface temperature
of'an object using a standard radiator and a standard object which has optico-physical properties
identical with the monitored object. The proposed method differs from the known ones in that
the nature of reflection and qualitative parameters of reflection from the monitored object do not
depend on any limits or tolerances.

Applying the small perturbations method, a metrological analysis of the proposed method of
determining the surface temperature for monochromatic optoelectronic systems has been made.

Optoelectronic instrument making has been rapidly developing as a knowledge-intensive
manufacturing area [23-26]. And in order to choose a certain OES to be used for measuring the
surface temperature of objects, a methodological and metrological analysis of the optico-physical
properties of the monitored object, its surrounding background and the OES itself has to be made.

The results presented in this article have been obtained within the framework of the State
Assignment of the Ministry of Science and High Education of Russian Federation (Assignment
No. 8.5577.2017/8.9) for the implementation of the project on the subject “Study of noise
characteristics and pulsations of microcircuits of mobile sources of secondary power supply”.
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CBedenus 06 aBmopax:

Bbumoxko8 Baadumup KcenogponmoBuu, 1okrop TexHHYECKHX Hayk, npodeccop, npodpeccop kadeapbt
TEJIEKOMMYHHKAIMHA U PaTUOTEXHUKH VHCTUTYTa paagoTEXHUIECKUX U TEIEKOMMYHHKAMOHHBIX cructeM O@I'BOY BO
«MHUPDA — Poccuiickuii TexHosorndeckuii yausepcute (119454, Poccusi, Mocksa, ip-t BepHasckoro, . 78).

Hegpedo8 Burcmop MBanoBuu, nokrop TEXHUYECKUX HAyK, Ipodeccop, 3aBeayrolmii Kadenpoit TeaeKoMMyHUKaIMi
U paguoTeXHUKN MIHCTUTYTa pauOTeXHUYECKUX U TeJleKoMMyHUKallMoHHbIX cucteM ®I'BOY BO «MUPOA — Poccuit-
cKuil TexHoIorn4eckuii yausepcure (119454, Poccusi, Mocksa, rip-t BepHasckoro, . 78).

Cumauxob [denuc Cepeeebuy, crapiumii npenogasarens kadeapsl TEICKOMMYHUKALMHA U pagioTexHuky MHCTUTyTA
PafuOTEXHUUECKUX U TeIeKOMMYHHUKanuoHHbIX cucteM OI'BOY BO «MHPDA — Poccuiickuil TexHOIOrHueCKUi
yauBepcureT» (119454, Poccust, Mocksa, np-T Bepnazckoro, 1. 78).
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