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METHODS OF COMPENSATION OF MICROBOLOMETER MATRICES
SELF-HEATING IN THE PROCESSING OF THERMAL IMAGES

Abstract. The sources of noise and artifacts arising during thermal imaging and the methods for thermal images
filtering, including methods specific for processing of images generated by infrared sensors, are considered. In particular,
distortions caused by the process of microbolometrer matrices self-heating due to internal and external heating sources and
the methods for compensating such distortions are studied. The purpose of the study is to create a mathematical model of
a bolometric matrix self-heating based on heat transfer equations and to develop an algorithm for suppressing of distortions
introduced into thermal images by self-heating. The exponential models describing the propagation of heat in the
microbolometer matrix are proposed and it is shown that the coefficients of the models after logarithming can be
determined by the least squares method. For real thermal images, the coefficients of the model are determined, and
situations are considered when the base temperature of the object is known and when it is necessary to restore it, and
modifications of the exponential model in the form of an exponent from a complete and incomplete square are proposed.
Computer simulation of the proposed distortion compensation algorithm has been carried out, a set of thermal images
before and after processing has been presented, and a quantitative estimation of the degree of noise suppression caused by
heating of bolometric arrays has been obtained. Based on the results of the work, it was determined that the exponential
model provides a sufficient degree of closeness of the experimental and theoretically predicted temperature data, and the
degree of difference between the data and the model was estimated. Recommendations are developed for the application of
the proposed methods at known and unknown base temperature of the matrix. Proposals have been developed for further
improving the mathematical model, including the situation of temperature changes over time, and for improving the
efficiency of self-heating noise suppression algorithms.
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Introduction

The emergence of commercial thermal cameras
(thermal imagers), which are characterized by low price
and size parameters, has greatly expanded the
possibilities of remote non-contact temperature
measurement in cases where it is necessary to monitor
and control the thermal condition of objects with heat
fluxes. The process of heat energy transfer, evolution or
absorption of heat in the object leads to the fact that its
temperature changes relative to the environment. The
main parameter that carries information about the mode
of operation of the object and defects in thermal
monitoring is the temperature distribution over the
surface of the object.

Thermal imaging are widely used in power
engineering, construction and industry, as well as in the
military. To register the state and monitor objects
distributed over a large area (large industrial facilities
and networks, agriculture and forestry) methods of
automated monitoring using unmanned aerial vehicles
(UAVs) are used [1]. In the process of automatic
monitoring of power transmission lines, thermal
imagers are usually installed on robotic platforms
together with visible range cameras [2], and they allow
to identify potential problems on insulators or power
lines. In [3], it is noted that it is difficult to accurately
measure the temperature of small objects, such as power
line elements, even from a short distance.

Modern thermal imagers, as a rule, are made on
the basis of special matrix temperature sensors -
bolometers, while commercial bolometers are usually
made uncooled to reduce the cost and size of equipment.
The paper [4] shows the theoretical possibility of using
thermal imagers with uncooled bolometric matrices for
non-contact measurement of the temperature of power
line wires and presents a method for determining the
state of conductors by thermogram.

The mentioned papers emphasize that the methods
of using thermal imagers for thermal monitoring of
industrial infrastructure facilities are insufficiently
developed and need further improvement.

Thus, the development of algorithms to reduce the
influence of unfavorable external factors, to increase the
accuracy of measurements and the reliability of
identifying objects in thermal images is relevant.

Overview of noise and interference sources
in thermal images and existing methods
of their filtering

A significant number of works by domestic and
foreign scientists are devoted to the analysis of sources
of noise, interference and artifacts on thermal images
and methods of reducing these interferences. Thus, in
[5] possible noises arising at the analysis of thermal
images is analyzed. It is shown that, depending on the
type of sensors used and the experimental conditions, all
the main types of noise such as Gaussian, Poisson, salt
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and pepper, speckle noise are possible. In these cases,
the measurement process is affected by weather
conditions and interference on thermograms, which are
caused both by the properties of the materials of objects
and by the peculiarity of the functioning of thermal
imagers (self-heating, low resolution, various defects).

In [6], the issues of using thermal imaging
equipment to detect and control fires at industrial
enterprises are considered. The factors that complicate
the process of automated detection of objects are
indicated: noisiness of useful signals not only by
additive white Gaussian noise, but also by specific
multiplicative noise, insufficient image contrast in
comparison with visible range devices, high inertia of
microbolometer sensors causes the effect of distortion
of the shape of the object called "rolling shutter" [7].

To suppress noise, it is proposed in [6] to use the
adaptive Kalman filtering and the adaptive median
filtering. Thermal image processing, however, failed to
overcome their traditional disadvantages: sensitivity to
rounding errors for the Kalman filter, cutting corners on
graphic objects, and insufficient suppression of white
Gaussian and fluctuation noise for the median filter.
Linear filtering of biomedical images in the infrared
range, proposed in [8] to suppress additive noise and
highlight objects, can cause loss of sharpness and
blurring.

It is proposed in [9-12] to jointly solve the problem
of filtering impulse interference and increasing the
image contrast. In [9] the concept called Background
Thermal Compensation by Filtering, BTCF s
introduced, in [10] - the method of fast noise
suppression. These technologies are implemented by
dynamically selecting the size of the filtering window
and decimation of the filtered sequence.

In [11, 12], together with median filtering, it is
expected to use histogram equalization to increase the
contrast of thermal images. At the same time, in [12],
the histograms are equalized after an additive wavelet
transformation in each subband separately, which
allows to increase the contrast and to simplify the
procedure of Sobel edge detection.

The disadvantages of the methods developed in [9-
12] are typical for traditional median filtering - the
complexity of adapting the degree of noise suppression
to the level of noise in individual areas of the image and
significant computational complexity, which makes it
difficult to implement the developed algorithms in real
time.

Thus, the insufficient performance of widely used
microcontrollers required the authors of articles [13, 14]
to construct a module for processing thermal images
based on field-programmable gate arrays (FPGA)
ALTERA. The module proposed in [13] provides two-
dimensional FIR and median filtering, dynamic range
expansion and pixel operations, the module described in
[14] also implements affine transformations and
provides thermal image processing at a rate of 12 to 46
frames per second. FPGA implementation of the
proposed modules, however, complicates the dynamic
correction of the algorithm during operation.

[15-16] consider the problem that does not arise
when processing images in the visible part of the
spectrum - uneven heating of microbolometric matrices
caused by both external heat sources and heat fluxes
emitted by elements of thermal imaging equipment.
This phenomenon, called self-heating in [15-16], leads
to distortions in thermal images - areas of abnormal
brightness, usually at the edges and corners.

In order to reduce this problem in [15] it is
proposed to construct a polynomial model of matrix
heating, in [16] a model of heat distribution taking into
account the substrate temperature is proposed. The
values predicted on the basis of the constructed models
can be used to correct the thermal iimage. A similar
method of self-heating compensation distributed in
lenses and infrared detectors is given in [17]. In [18] a
model is proposed taking into account the electrical
parameters of the microbolometric matrix. However, the
results of the experiment presented in [15-18]
demonstrate that the constructed models do not provide
sufficient accuracy.

The aim of the article is to construct mathematical
models of self-heating of the bolometer matrix in
different conditions, to develop methods of correction of
thermal images taking into account additionally
introduced heat and to experimentally study the
proposed algorithms.

Construction of a mathematical model
of the self-healing process

Analysis of thermal images shows that the source
of self-heating is primarily the corners of the matrix,
that is, we assume that there is an instantaneous point
source of heat. As shown in [19], in this case, as a result
of solving the equation of thermal conductivity, we can
obtain expressions for the value of the temperature for
any point of a rectangular plate:

2
TR)=—2 o -2 i1y, @
% dat

- (4rat)

where T — is the temperature of the studied point of the
object y with coordinates x, y; To — is temperature of the
object at the initial moment of time; R — is the distance
from the studied point of the object y A to the point of
heat input O. If we assume that the origin of coordinates

is at the point of heat input, R :«/xz + y2 ; t—is the
time since the moment of heat input, with, s.; ¢ — is the
specific volume heat capacity, J/(m*K); Q — the
introduced amount of heat, J; o — is the coefficient of
thermal conductivity, m?/s.
We fix a moment of time t and enter the
coefficients
A = - Q 3 ) ﬂ‘ = _ﬁ'
C-(4TCO(t)A “

Then the dependence of the temperature at some
point of the plate from the distance of this point to the
corner (origin of coordinates) will look like:
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T(R) = A-exp(—,mz)ﬂ0 - exp(/lR2 +,u)+T0, @)

where = InA.

Using the obtained equation, we can try to
determine the coefficients of the model (1) by the values
of temperature at individual points, to calculate the
excess values of temperature introduced due to self-
heating and to compensate them.

Determining the required coefficients by the least
squares method can be difficult, and logarithmizing the
sum in (2) is impossible. The most successful option
may be to determine the base temperature To, for
example, by periodically measuring the temperature in
the center of the thermal image (point C) in the absence
of an object.

Then the temperature dependence takes form

T'(R)=T(R)-T, =exp(ﬂ.R2+y). 3)
After logarithmization (3) takes the form
O(R) =InT'(R) = AR? + . 4)

Using the least squares method, we can find the
unknown coefficients 4 and g in (3), obtain the probable
distribution of excess heat entering the matrix as a result
of self-heating, compensate it and reduce the level of
interference and artifacts in thermal images.

Figure 1 shows a thermal image of a uniformly
heated plate (temperature is displayed in arbitrary units
in the range from 0 to 1). In the absence of interference,
self-heating and other artifacts, the image should be
uniform, but the above mentioned factors lead to the
appearance of warmer (lighter in the image) areas at the
edges of the plate.

0.8

0.2

0

Fig. 1. Thermal image of a uniformly heated plate

To construct the model we take as the points of
heat input O the corners of the plate and draw from
each of the plate corners the rays towards the plate
center, point C. Temperature values measured at points

along the ray OC form the temperature dependence
from the distance from the plate corner in Fig.2). At the
same time, in order to suppress impulse noise that
complicate further processing, the thermal image is
subjected to median filtration [6].

Experimental research
of the developed method

By measuring the temperature at point C of the
plate and subtracting it from all values of the
temperature on the OC ray, we obtain a data set suitable
for constructing a model. According to the expressions
(2) - (4), we logarithm the sequence of samples and
reconstruct the unknown coefficients of the polynomial
model (4) by the least squares method.

For the considered upper left corner of the thermal
image in Fig. 1 the temperature in the center of the plate
will be To = 0,2631, the coefficients of the model (4):

=-1,6807-10"°, u=-2.5293.
Thus, according to (2), the temperature
dependence takes the form:

T(R) =exp(AR? + 1)+ Ty = exp(u) -exp( AR? | +
e )
+Ty =0,0797 -exp(~1,6807-10~° - R?) +0, 2631.

The dependence made according to the formula (5)
is shown by a dash-dotted line in Fig. 2.

—data | |
-= model (2)
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Fig. 2. Experimental and theoretical (2) dependences
of temperature on the distance to the corner of the plate

In this case, the input excess heat will be

T'(R)=T(R)-Ty = exp(}LR2 +y) -

5 o (6)
=o,0797-exp(—1,6807-1o— R )

Rays can be drawn in a similar way and and
models can be constructed for the other three corners of
the thermal image matrix.

By calculating similarly (6) for each of the corners
and a quarter of the adjacent image, the amount of
additional heating, we subtract the values obtained from
the temperature distribution matrix that forms the
thermal image. The processed image, on which the
distortions due to self-heating are partially
compensated, is shown in Fig. 3.
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Fig. 3. Thermal image of a uniformly heated plate
after processing

Comparing Fig. 1 and 3, it can be seen that the
distortions due to self-heating, which look like the
lighter areas adjacent to the corners, in Fig.3 are
significantly weakened.

The degree of suppression of distortions can be
quantified. In the absence of interference and artifacts,
the entire surface of the plate must have the same
temperature, that is, the temperature values at all points
of the image must coincide with the temperature in the
center of the matrix To. Then the relative mean square
error will be defined as:

- B8l fuwn) @
i=1j=1

where N, M — are the height and width of the image,
respectively, ajj — is relative value of temperature at the
point of the image.

For the analyzed image, the values of the relative
error will be: before processing €:=0,023, after
processing £,=0,016.

Thus, the degree of interference suppression will
be equal ki=&1/e,=1,4375.

If it is possible to measure the base temperature in
the center of the image, the described technique can be
used to process thermal images containing objects that
differ sharply in temperature from the background.

An example of such an image is shown in Fig. 4.
Obviously, it is difficult to determine the base
temperature. In this case, as in Fig. 1, in the corners and
edges of the image we can see the results of self-
heating, which are manifested as lighter areas.

Since the measurements were made under the
same conditions, the models (5) and (6) obtained above
and the coefficients can be used in this case as well. As
in the previous case, we calculate by formula (6) and the
values of the introduced heating by similar to it, and
compensate the distortions introduced due to self-
heating. The results of processing are shown in Fig. 5.

T FE I N GG T AT 1

0.8

0.6

/

0
Fig. 4. Thermal image containing a contrast object

1

0.8

F 104

0.2

Fig. 5. Processed image containing a contrast object

The figure shows that, as in the case of a uniformly
heated plate, the distortions introduced due to self-
heating are weakened.

However, it is not always possible to determine the
base temperature To.

In such cases, it is appropriate to modify the heat
distribution model.

We choose as a model the ratio

T(R)=exp ( AR*+R+p). (8)

As in the previous case, we logarithm (8) and
obtain a polynomial dependence

O(R) =InT(R) = AR? + VR + 1, (9)

for finding the coefficients of which we can use the least
squares method. Then it is still possible to get a picture
of the distribution of excess heat and compensate its
effect on the thermal image.
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As the basic value of temperature, the point in
which function (8) takes the minimum value, that is,

size can be chosen T (-v/(24)).

If it is difficult to construct model (8) in any of the
corners and the results predicted by the model deviate
significantly from the initial data (for example, the
lower right corner in Fig. 4), the model coefficients can
be taken from another corner where the best compliance
is provided.

According to the proposed algorithm, the image in
Fig. 4 was proccessed. Construction of the model (8) of
heat distribution in a rectangular plate for one of the
corners is shown in Fig. 6.

0.35

—data
i| === model (8)] |

0 20 40 60 80
R (pixel)

Fig. 6. Experimental and theoretical (8) dependences
of temperature on the distance to the corner of the plate

After logarithmization of the data and application
of the least squares method, the coefficients of the
model are determined:

A=3,471-10"% v=-0,0016; x= -1,0484.

T, =T (‘ﬁj ~T(230,478) = 0,3003,

For each of the corners, the coefficients of the
model (8) are calculated and the distortions introduced
due to self-heating are compensated. The results of
processing are shown in Fig. 7.

Visual analysis shows that image distortion caused
by heat is largely eliminated, although not as in Fig. 5.

a —original
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To assess the distortions introduced due to self-
heating and the degree of their suppression, it is
appropriate to analyze the temperature distribution
along a single row or column of the image. The
smoothed curves corresponding to the change in
temperature along the twentieth row and the tenth
column of the image (highlighted in Fig. 4) are shown
in Fig. 8. The figure shows that the temperature rise
towards the edges of the image, which is clearly visible
on the initial curves and caused by self self-heating, are
largely suppressed after processing.

- 10.6

0

Fig. 7. The image processed according to (8)

Visual analysis shows that image distortion caused
by heat is largely eliminated, although not as in Fig. 5.

To assess the distortions introduced due to self-
heating and the degree of their suppression, it is
appropriate to analyze the temperature distribution
along a single row or column of the image. The
smoothed curves corresponding to the change in
temperature along the twentieth row and the tenth
column of the image (highlighted in Fig. 4) are shown
in Fig. 8.
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Fig. 8. Temperature distribution along the twentieth row (a) and the tenth column (b)
of the image before and after processing
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The figure shows that the temperature rises
towards the edges of the image, which is clearly visible
on the initial curves and caused by self-heating, are
largely suppressed after processing.

Conclusions

1. The process of self-heating of the
microbolometric matrix can cause distortions in thermal
images, which complicate the analysis and detection of
objects in the images.

2. Exponential mathematical models quite
accurately describe the process of self-heating of the
microbolometer matrix.

3. The use of constructed models allows to
compensate the distortions caused by the effect of self-
heating on thermal images and to reduce the
interference level by 44%. In this case, the efficiency of
the method increases if it is possible to determine the
base temperature in the center of the image.

4. 1t is possible to refine the model by taking
into account the input of excess heat not only from
the corners but also from the edges of the
microbolometric matrix. In addition, it would be
relevant to study the dynamics of the behavior of the
model coefficients over time in order to predict and
compensate distortions.
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MeToau komMneHcauii caMoOHArpiBy Mikpo0oJ0MeTpHYHUX MATPULb
npu o0podui TenoBiziliHUX 300paKkeHb

A. O. 3yes, A. B. Ipamiko, /1. O. JlyHin

AnoTtanisa. Po3raHyTo mKepena mrymiB Ta apredakTiB, 0 BHHUKAIOTH MPH MOOYAOBI TEIDIOBI3iHHUX 300pa)keHb Ta
Meroqu ix ¢uUIBTpamii, y TOMy 4YHCII MeToad, crenudiuai s oOpoOKu 300paxkeHb, MmO (OPMYIOTHCS JATYHKAMH
iH(ppayepBOHOTrO0  BUIPOMIHIOBaHHA. 30KpeMa, IOCII/UKEHO CIOTBOPEHHS, CHPUYMHEHI IPOLECOM  CaMOHAarpiBy
MIKpOOOJIOMETPHYHIX MaTpHIlh, 00yMOBIEHOT0 BHYTPINIHIMH Ta 30BHIIIHIMH JPKepeIaMH HarpiBaHHS Ta METOAW KOMIICHCAMil
TaKUX CIIOTBOpPEHb. MeTo10 KOCTiIzKeHHs € TT00yZI0Ba MaTeMaTHYHOI MOZENi caMOHAarpiBy 00OJIOMETpUYHOI MaTpHUIli Ha OCHOBI
pIBHSIHB TeIUIONepenadi Ta po3poOKa alropuTMy HPHIYIISHHS CIOTBOPEHb, IO BHOCATHCS CAMOHArpiBOM Y TEIUIOBI3iiiHI
300paXkeHHs. 3alpOIOHOBAHO EKCIIOHEHIIaJbHI MOJENI, IO OMUCYIOTh PO3MOBCIO/KEHHS TeIla B MIiKpOOOIOMETpHUYHIMN
MaTpHli, MOKa3aHO, L0 Koe(illieHTH Monened micis JorapupMyBaHHS MOXKYTh OyTH BH3HAYEHI METOIOM HalMEHIINX
kBagpaTiB. s pealbHHX TEIUIOBI3IHHUX 300pakeHh BH3HAYEHO KOCQIMI€HTH MOJETi, MPHUYOMY PO3TIISHYTI CHUTYAaIlii, KOJH
0a3oBa Temmeparypa 00'eKTa BioMa i KoM HEOOXiIHO il BiTHOBJICHHS, a TAKOXK 3aIPOITOHOBaHI MoAM(IKaIil eKCIOHSHIIHHOT
MOZEINi y BUIIISAMI €KCIIOHEHTH BiJ] IIOBHOTO Ta HENOBHOTO KBajpaTa. [IpoBeieHo KOMII'IOTepHE MOJICITIOBAHHS 3alIPOIIOHOBAHOTO
ITOPUTMY KOMIIEHCALil CIOTBOPEHb, IPEICTABICHO HA0Ip TEIUIOBI3IHMX 300pakeHb IO Ta MICIs OOpOOKHM Ta OTPUMAHO
KUIbKICHY OLIHKY CTYIEHS IpPUAYIICHHS IEPelKo]], 00yMOBICHHX HArpiBaHHAM OOJOMETPUYHMX MATpHUIb. 32 pe3yJbTaTaMH
PoOOTH BH3HAYEHO, 110 SKCIOHEHIlIaIbHa MOJETb 3a0e3Meuye JOCTaTHIO Mipy ONU3BKOCTI €KCIIEPUMEHTAIBHHUX Ta TEOPETUYIHO
nepeadadeHUK TeMIEepaTypHUX NaHUX Ta OLIHEHO Mipy po30LKHOCTEH MK JaHUMH Ta MOAEIUIIO. Po3pobieHo pekomeHmarii
[I0/I0 3aCTOCYBAHHS 3aIPOIIOHOBAHMX METO/IB 3a BiIOMO1 Ta HEBitoMoi 6a30Boi Temneparypu Matpulli. BupobieHo npomo3umii
II0/I0 TOJAJIBIIOr0 YTOYHEHHSI MaTeMaTHYHOI MOJIENI, Y TOMY YHCJIi B CHTYyallii 3MiHH TeMIIEpaTypu 3a 4acoM, Ta ITiJBHIICHHS
e(eKTUBHOCTI aTOPUTMIB IPHUIYLICHHS MEPEIIKO/, CIPUYHHEHHX CAMOHATPIBAHHSM.

KuamouoBi caoBa: Ttemnosizopu; oOpoOka 300paxkeHb;, MIKpOOOJOMETpHYHA MATpPHIlA, CaMOHArpiB; MaTeMaTH4Ha
MOJIeNTb; MeZiaHHa (iNbTpalis; MeTO HaiMEHIINX KBaIPAaTiB.

MeToabI KOMIEHCAUH CAMOHATPeBA MHKPO00JI0MeTPHYECKHX MATPHUIL
npu 00pabdoTKe TeNJIOBU3HOHHBIX H300pPaKeHUN

A. A. 3yes, A. B. UBamko, . A. Jlyaun

AHHOTanmmus. PaccMOTpeHBI HCTOYHHMKM IIYMOB M apTe(akToOB, BO3HHUKAIOIIUX IPH MOCTPOCHHH TEIUIOBU3HMOHHBIX
M300pakeHU ¥ METOABI UX (UIBTPALMH, B TOM YHCIIE METOJbI, creludHIHbIe I 00paboTKK H300pakeHni, (HOPMHUPYEMBIX
JAaTYMKaMHd HMHQPAKPACHOrO H3Iy4eHWs. B YacTHOCTH, HCCIEIOBaHBl HCKAKECHHs, BbI3BaHHBIC IPOLIECCOM CaMOHArpeBa
MHKPOOOJIOMETPUUECKUX MATPHILI, 00YCIOBICHHOIO BHYTPEHHIUMH U BHEUIHUMH HCTOYHUKAMH HAarpeBa U METOJbI KOMIICHCAIIMU
TakuxX HcKaxeHWi. Ileabl0 MccieqoBaHMsl SBISETCS MMOCTPOCHHE MAaTeMaTHYECKOW MOJENH CaMOHarpeBa 0OJIOMETPUYECKON
MaTpHIbI Ha OCHOBE YpaBHEHHH TeIUIoNepeaaut U pa3paboTKa alropuTMa MoJaBlIeHUs HCKaKEHHH, BHOCHMBIX CaMOHArpeBOM B
TEIJIOBM3MOHHbIE W300paxkeHus. I[IpeaiokeHbl HSKCIIOHEHIMANbHBIE MOJENH, OIHUCHIBAIOIINE pPAaclpoCTpaHEHHEe TeIla B
MHKPOOOJIOMETPHUYECKOH MaTpHIle, IOKa3aHO, 4YTO KOI(PQHIMEHTH MOJeNied Iocie JIorapu(MHUPOBAaHHS MOTYT OBITH
OIpe/IeNICHbl METOJJOM HaMMEHBIINX KBaapaToB. J{JIs peanbHbIX TEIMIOBH3HOHHBIX H300pa)keHHH ompeneiaeHbl KodpdUIneHTh
MOJIe/IM, TPHUYEM pAaCCMOTPEHbl CHTYyalMy, Korja Oa3oBas TeMmeparypa OObeKTa W3BECTHA M KOrJa HEOOXOIMMO ee
BOCCTaHOBJICHHE, @ TAaKKEe MPEATONKEHb MOIU(GHUKALNKM SKCIOHEHIHATPHOW MOJENH B BHJE OSKCIIOHEHTa OT MOJIHOTO WU
HEMOJIHOTO KBajpaTa. [IpoBEeEHO KOMIBIOTEPHOE MOJCIMPOBAHHE IMPETOKEHHOTO AIrOPUTMA KOMIICHCAIMH HCKaKeHUH,
Hpe/cTaBleH HabOp TEIUIOBU3HOHHBIX M300pakeHHH 10 M mocie o0pabOTKH M IMONy4YeHa KOJMHYECTBEHHAs OLCHKA CTENCHH
MOJIABJICHUS MTOMEX, OOYCJIOBJICHHBIX HarpeBaHHEM OOJOMETPHYCCKUX Marpuil. ITo pe3yiabTaraMm paGoThI ONpPEIEICHO, YTO
OKCIIOHCHIMANbHAs MOJeTb OOECIeunBaeT JOCTATOYHYIO CTEHEHb OJIM30CTH OJKCIHEPUMEHTAIBHBIX M TCOPETHYECKH
NpE/ICKa3aHHbIX TEMIIEPaTypHBIX IaHHBIX M OLCHEHa CTEIeHb PACXOXICHUH MEXIy INaHHBIMH M Mopenblo. PaspaboraHsl
pPEKOMEHAMK [0 IPHMEHEHHIO NPEJIOKEHHBIX METOJOB IPH W3BECTHOM M HEM3BECTHON 0a30BOM TemIepaType MaTpHIIbL.
BripaGoTanbl NpeayoKeHus MO AAIbHEHIIEMY YTOYHEHHIO MAaTeMaTHYeCKOW MOJENH, B TOM YHCJIE B CHTYallMd H3MEHEHHS
TEMIIEpaTypbl 110 BPEMEHH, U MOBBILICHHIO 3)()EKTHBHOCTH aJIrOPUTMOB I1OJABJICHHS IOMEX, BEI3BAHHBIX CAMOHATPEBAHUEM.

KiamoueBble cJIOBAa: TCIUIOBU30PH;, 00paboTKa H300pakeHHUM; MeAuaHHas (GUIbTPAIUs; MHKPOOOIOMETPpUYCCKAs
MaTpHIla, CAMOHATPEB; MaTEMATHUECKasi MOJICIb; METOJl HAMMEHBIIINX KBAIPATOB.
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