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Abstract. Background This paper examines a method for correcting thermographic images used in medical
diagnostics. Mathematical processing of thermograms is performed within the framework of a mathematical model
of a homogeneous, heat-conducting, semi-infinite cylinder of rectangular cross-section bounded by a general
surface and containing time-independent heat sources. We assume that the density function of the source
distribution corresponds to a body of constant thickness. Homogeneous conditions of the first kind are specified
on the lateral faces of the cylinder, corresponding to zero temperature. Convective heat exchange with the external
environment at zero temperature occurs on the surface bounding the cylindrical region. Taking blood flow into
account leads to the stationary temperature distribution satisfying the inhomogeneous metaharmonic equation.
Purpose Within the framework of the chosen model, the inverse problem of reconstructing the unknown density of
heat sources from a given temperature distribution function on the surface bounding the cylinder (thermogram) is
posed. This inverse problem is formulated as an ill-posed mixed problem for the metaharmonic equation with
Cauchy data on the surface bounding the cylindrical region. The desired function is the right-hand side of the
metaharmonic equation. Methods In this paper, the inverse problem using Green’s formulas is reduced to an
integral equation of the first kind, corresponding to the inverse potential problem for bodies of constant thickness.
An approximate solution to the problem, robust to errors in the thermogram and, consequently, in the Cauchy data,
is obtained using Tikhonov’s regularization method. Results The approximate solution is constructed as a double
Fourier series with a regularization factor. Convergence of the approximate solution to the problem is proven when
the regularization parameter is matched to the error in the Cauchy data. Conclusions The approximate solution to
the problem can be viewed as a corrected thermogram. Explicit formulas obtained for the approximate solution
can be used to construct efficient computational algorithms.

Key words and phrases: thermogram, ill-posed problem, inverse problem, inverse potential problem, Cauchy
problem for the metaharmonic equation, first-kind integral equation, Tikhonov regularization method
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1. Introduction

Digital technologies have penetrated into all branches of human activity, and one of the actual problems
is to improve the quality and informativeness of the presentation of research results, in particular the
quality of images obtained based on measurement data, by their mathematical (digital) processing.
This applies, for example, to images obtained using thermal imaging methods with the help of a thermal
imager, which records thermal electromagnetic radiation from the surface of the object under study
in the infrared range. In particular, in medicine, thermal imaging has become an effective tool for
early diagnosis [1-4]. The image on the thermogram, which is a map of the temperature distribution
on the surface of the patient’s body, makes it possible to assess functional anomalies in the state
of their internal organs. At the same time, the image on the thermogram is sometimes somewhat
distorted due to thermal conductivity and heat exchange processes. In the works [5, 6], a method
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for correcting the image on a thermogram based on harmonic continuation (similar to problems in
geophysics [7]) is proposed. In this paper, within the framework of the chosen mathematical model,
the image of the density distribution function of the temperature field sources is considered as the
corrected thermogram. It is proposed to obtain this function as the result of solving the corresponding
inverse problem of the metaharmonic potential. The inverse potential problem is constructed based
on the inverse problem for a certain mixed boundary value problem for the metaharmonic equation.
The metaharmonic equation allows one to take into account heat transfer due to blood flow [8, 9].
The inverse problem under consideration is ill-posed, since small errors in the initial data (the initial
thermogram) may correspond to significant errors in the solution of the inverse problem. To construct
a stable approximate solution, the Tikhonov regularization method is used [10].

2. Problem statement

Let’s consider a physical and then a mathematical model, within which we will set up an inverse
problem.

The physical model is a homogeneous heat-conducting body in the form of a cylinder of rectangular
cross-section, bounded by the surface S and containing heat sources with a density function that
does not depend on time, creating a stationary temperature distribution in the body. We associate
the density function of heat sources with the object under study. We assume that the lateral faces
of the cylinder are maintained at zero temperature, and that there is convective heat exchange with
a zero-temperature medium on the surface S, described by Newton’s law, according to which the heat
flux density at a point on the surface is directly proportional to the temperature difference between
the inside and the outside of the body. A metaharmonic equation is used to account for blood flow.

Let us move on to the mathematical model. In an infinite cylinder with a rectangular cross-section

D® ={(x,y,2) : 0<x<L,0<y<l, —00 <z <o0}CR?
consider a cylindrical region
D(F, ) ={(x,y,2) : 0<x<l,0<y<l, F(x,y) <z < oo},
bounded by a surface
S={xy.2): 0<x<l,0<y<l,z=F(xy) <H}. 1)

Let I' be the set of side faces of the domain D(F, o0). In the domain D(F, =), consider the following
mixed boundary value problem for the metaharmonic equation

Au(M) = p(M), M € D(F, ),

g_lfi‘s = hlo = u)‘s’ 2
ulr =0,

u is bounded when z — oo.

Problem (2) corresponds to a steady-state temperature distribution created by heat sources with
a distribution function p, on the surface S there is a third boundary condition corresponding to
convective heat exchange with a medium at temperature U, = 0 with a coefficient h, and the boundary
I has a zero temperature.

We assume that the function p is such that the solution of problem (2) exists in

C2(D(F, ) [ | C'(D(F, o))

In particular, the solution of problem (2) allows us to find the temperature distribution u|s on the
surface S, which we call a thermogram.
Now let’s set the inverse problem.
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Inverse problem Let the function p be unknown in the model (2), but let the function

f=uls, @)

be given. We need to find the p function.

We note that the density recovery is associated with the same difficulties as the solution of the
inverse potential problem [11], for which significant restrictions on the classes of uniqueness are
known. Here we will consider density functions for bodies of constant thickness

p(x,y,2) = 7(x,)0(z — H)6(H + s — 2), )

belonging to the Sretensky uniqueness class [12]. In this case, we assume that the depth H and the
thickness s are known, and the function 7(x, y) is the unknown quantity in the inverse problem.
In the model (2), the inverse problem is reduced to the following problem for the functions u and p:

Au(M) — Ku(M) = p(M), M € D(F, o),

®)

We assume that the function f in (3), (5) is taken from the set of solutions of the problem (2) for the
densities (4), so the solution of the inverse problem with respect to the function t exists in L,.

We note that in the problem (5), the Cauchy conditions are specified on the surface S of the form
(1), i.e., the boundary values f of the unknown function u and the values of its normal derivative are
given, therefore problem (5) has a unique solution [13] with respect to u. As will be shown below, the
problem with respect to 7 is reduced to an inverse potential problem for the densities (4) belonging to
Sretensky’s uniqueness class. Problem (5), as a Cauchy problem for an elliptic equation, is not stable
with respect to errors in the function f, i.e., it is ill-posed. Methods for regularizing Cauchy problems
for elliptic equations are relevant even for simple domains [14, 15].

We will consider the function 7(x, y) as an adjusted thermogram.

Let’s construct an explicit representation of the exact solution to problem (5).

3. Exact solution to the inverse problem

We construct the exact solution of the problem (5) following the scheme of [16-18]. Let us consider
the source function ¢(M, P) of the following Dirichlet problem for the metaharmonic equation in the
cylinder D*:

App(M, P) — K2o(M,P) = —=83p, M,P € D™,
Plup=01, =0, Ply,=o,, =0,
-0 when |zp| — .

The ¢ function has the form

o(M,P) = + W(M, P),

exp(—kryp)
4rr
where ryp is the distance between points M and P, and W(M, P) is the metaharmonic function of P.
The source function can be obtained by the reflection method as a sum of point source functions
with a period of 2, on x and 2[, on y.

exp{_krl,nm} _ eXP{—krz,nm} _ eXp{_kr3,nm} + exp{_kr4,nm})

rl,nm rZ,nm r3,nm r4,nm

PP = Y,

n,m=—co
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where
m = [Gon = %p + 2Ln)? + (ag — Yp + 2L, m)* + (2y — zp)]Y2,
Tomm = [Oon + xp + 2L0)? + (Vag — Yp + 2L, m)* + (2p — zp)?]M2,
Tamm = [Oonr = Xp + 2Ln)? + (Vag + Yp + 2L,m)* + (2y — zp)]M2,
Tanm = [(tar + Xp + 2L,n)* + Vg +¥p + 2lym)2 + (2 — 2p)*1Y2,

so that ry g9 = ryp.
Let M € D(—oo0, F), where

D(—00,F) ={(x,y,2) : 0<x<l,0<y<l, —o0 <z <F(x,y)}
Applying the second Green formula in the domain D(F, o) to the function u(P) — the solution of
the problem (5) and the function (M, P), we obtain
[¢(M, P)Au(P) — u(P)App(M, P)]dvp =
D(F,00)
- [a—u(P)ga(M P) - u(P)-2 (M P)|dop, M € D(~c0,F)
an ’ anp v P ’
AD(F,00)

or, for the metaharmonic operator

[e(M, P)(A — k2)u(P) — u(P)(4p — kDp(M, P)]dvp =
D(F,)
f g—z(P)co(M, P) - u(P)s—Z;(M, p)]dgp, M € D(=co, F).
8D(F,0)

Since @(M, P) is a metaharmonic function of P, and the function u satisfies the inhomogeneous
metaharmonic equation: (4, — k2)u(P) = p(P), we obtain

f o(M, P)o(P)dvp = f [%(P)¢(M,P)—u(P):T(p(M,P)]dop, M € D(~c0,F).
D(F,00) OD(F,00) !

Given the homogeneous boundary conditions for ¢ and u on the lateral faces I" of the cylindrical
domain D(F, o0), we obtain

#(M, P)o(P)dvp = / [~ @0a.P) - fP)5E (L. P)Jdop, MeD-0.F). @

D(F,) S

Let us introduce the notation

O(M) = / [ — hf(P)p(M, P) — f(P)sTi(M, p)]dap, M € D(~o0, F). @)
S

The function @ is calculated from the known function f and can be considered as a known function.
Then (6) can be written as

@(M, P)p(P)dvy = ®(M), M € D(—c0,F). ®)

D(F,00)
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Given that according to (4) p(x,y,2) = o(x,y)6(z — H)6(H + s — z), we can write the potential in (8) as

Ly l H+s

®(M, P)p(P)dvp = dxp dypt(xp,yp) | dzpp(M,P), M € D(—c0,F).
J [ ] |

D(F,0)
Leta < r(n11)1 F(x,y) and the point M is located on the rectangle
%y
(@) ={(x,y,2) : 0<x<l,0<y<l,z=a}l 9)

Using the representation for the source function ¢ when zp > a

e —knm(2zp—a)
o(M,P) = 2z Z ¢ i sin koo sin TmYm sin Tnxp sin nmyp,
Ll 2L kum L, L L L
we obtain
lx ly
o1, Py = [ vy [ dypcCunypKOMLD). M EM € N@, (10)
D(F,00) 0 0
where ©
K(M,P) = an Z K, sin TN i ZTOM 5 TP Gy TP (11)
lxl}/ n,m=1 lx ly lx ZLV
sinh 2 2 2 1/2
Ko = exp] — kyn(H + 5 — )} ——2, knm=n(”—2+m—2+k2> . (12)
2 knm X ly
Then, from (10) and (8), we obtain an integral equation of the first kind
/ K(M, P)t(P)dxpdyp = (M), M € II(a). (13)

II(H)

From equation (13), taking into account the expansion (11), when z,; = a, we obtain a relation
between the Fourier coefficients of the unique solution 7 and the Fourier coefficients of the right-hand
side

TumKnm = (i)nm(a)v (14)
where &,,,(a) are the Fourier coefficients of the function ®(M)|yrerr(s):

X sin mdxdy.
L L

= 4 .
D,,.(a) = T f D(x,y,a)sin
X
yH(a)

Let us note that formula (14) characterizes the decrease of the Fourier coefficients &,,,(a) with
increasing n and m if the function f is such that it ensures the existence of a solution to the problem
(5) and, consequently, of the function 7. Expressing the Fourier coefficients 7,,, from (14), we obtain

o
(x,y) = Z &, ()KL sin Y sin T (15)

n,m=1 lx lJ/

The series (15) converges in L, if the solution of problem (5) with respect to 7 exists for the given
function f.

Formula (15), where the function @ is of the form (7), gives an explicit expression for solving the
inverse problem.
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4. Approximate solution to the problem

Let the function f in problem (5) be given with an error, that is, instead of the function f, the function
f?° is given, such that
If® = fllycs) < 8-

We construct an approximate solution of the ill-posed problem (5) that converges to the exact solution
when § — 0. The function @ of the form (7) in this case can be obtained approximately:

00 = [ [P0 )~ B 52 01.P)dor. (6
N

Applying the Cauchy-Bunyakovsky inequality to the difference of the functions (16) and (7) for M & II(
a),a < r(mr)l F(x,y), we obtain an estimate for the right-hand side of the integral equation (13)
x’y

1/2

[#50) = 2ODlenco < b max ([ 0P U ~Fliort
S

O 2 1/2
+ max ([ [S200Pf o) 1 i <8 @)

S

As an approximate solution to equation (13), we will consider the extremal of the Tikhonov
functional [10] with a zero-order stabilizer

M w] = HKW — @ ’

+ aflwl? , a>0, a8)
L) L))

where I1(a) and II(H) are the domains of the form (9).
The extremal can be obtained as a solution of the Euler equation for the functional (18)

K*Kw + aw = K*®%(a),
which in the Fourier coefficients of the function w has the form
K2 Wy + aWyy = Ky 30 (a),
where K, has the form (12) and
mnx . 7y

sin dxdy
L L

B3,(a) = / 5(x,y,a)sin

4
L1,

II(a)

— Fourier coefficients of the function ®(M)|c 11(a)-
Solving the equation for the Fourier coefficients of the extremal, we find the approximation w3 to
the function 7 in the domain D(—oco, H):

® 55 1
D, K . .
wix.y) = > L)_nzm sin ”l"x sin ”Zﬂ (19)
n,m=1 1+ oK x V

We note that the terms of the series (19) differ from the terms of the series (15) by the regularizing
factor (1 + aK;;2})™!, which ensures the convergence of the series.

Theorem 1. Let the solution of problem (5) exist. Then for any a = a(8) > 0 such that a(§) — 0 and
8/A/a(8) — 0as & — 0, the function wg( 5) of the form (19) converges as § — 0 to the exact solution T in L.
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Proof. Let us estimate the difference
Iwg —7ll < W = well + W — 7ll, (20)

where w,, is a function of the form (19) with an exact function f

w (M) — i @nm(a)K;n%L sin TTNX sin Ty m
¢ n,m=1 1+OCK{,% lx ly .

Let us estimate the difference w§ — w,, in (20) using the estimate (17)

i <1+aK ) |820(@) = Bun(@)

< Crmax[ =5 I9%@) - 2@l < = (2)

\/ﬁ

1/2

[Wq(M) = we(M)|| = <

Let us estimate the difference w, — 7 in (20)

4 o5 (_Km ¥
< Ll n,mZ:1<1+“K'7ﬂZl) Ik

1/2
IWe — 7l

s -2
o 2 ()
—2 nm
XY n,m=1

1+ aKum

Since the series depending on the parameter « is majorized by a convergent numerical series with
coefficients 72, a limit transition in « is possible, and thus

Wo —7| =0 mpu a—0. (22)
From (20), (21), and (22), and the conditions of the theorem, it follows that

IS —7l—0 mpu &—o.

5. Results and Discussion

The proven theorem allows us to consider the series (19) as an explicit formula for calculating an
approximate solution to problem (5), robust to an error in specifying the thermogram f. Note that
for a flat surface S, calculating the integral (16) is significantly simplified. When specifying a non-flat
surface S approximately, the results of works [19, 20] on calculating the normal to an approximately
specified surface can be used to perform calculations using formula (16).

Conclusion

A stable solution to the inverse problem (5) can be used for mathematical processing of thermograms,
particularly in medicine [1], for the purpose of thermal image correction. A thermogram obtained
with a thermal imager conveys with varying accuracy the structure of heat sources within the body.
Refinement of the thermogram image can be performed within the framework of problem (5). In this
case, the function f is compared to the original thermogram, and the function 7 can be considered
as the result of thermogram processing. Since the function 7 represents the intensity distribution of
heat sources on the rectangle IT(H), one can expect a more accurate reproduction of their image in
the calculated thermogram 7 compared to the original thermogram f.

Author Contributions: Conceptualization, Evgeniy B. Laneev and Aigul M. Gaipova; methodology, Evgeniy B. Laneev and Aigul M.
Gaipova; software, Evgeniy B. Laneev and Aigul M. Gaipova; validation, Evgeniy B. Laneev and Aigul M. Gaipova; formal analysis,
Evgeniy B. Laneev and Aigul M. Gaipova; investigation, Evgeniy B. Laneev and Aigul M. Gaipova; resources, Evgeniy B. Laneev and
Aigul M. Gaipova; data curation, Evgeniy B. Laneev and Aigul M. Gaipova; writing—original draft preparation, Evgeniy B. Laneev
and Aigul M. Gaipova; writing—review and editing, Evgeniy B. Laneev and Aigul M. Gaipova; visualization, Evgeniy B. Laneev and
Aigul M. Gaipova; supervision, Evgeniy B. Laneev and Aigul M. Gaipova; project administration, Evgeniy B. Laneev and Aigul M.
Gaipova; funding acquisition, Evgeniy B. Laneev and Aigul M. Gaipova. All authors have read and agreed to the published version
of the manuscript.



376

Modeling and Simulation DCME&EACS. 2026, 34 (3), 369-378

Funding: This research received no external funding.

Data Availability Statement: Data sharing is not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

Declaration on Generative Al: The author has not employed any generative Al tools.

References

(4]
(5]

(6]

(71

(8]
&)

(10]
(11]
(12]

(13]

(14]

(15]

(16]

(17]

G. R. Ivanitskii, “Thermovision in medicine,” Russian, Vestnik RAN, vol. 76, no. 1, pp. 44-53, 2006.
E. F. ]. Ring, “Progress in the measurement of human body temperature,” IEEE Engineering in
Medicine and Biology Magazine, vol. 17, no. 4, pp. 19-24, 1998. DOI: 10.1109/51.687959

E. Y. K. Ng and N. M. Sudarshan, “Numerical computation as a tool to aid thermographic
interpretation,” Journal of Medical Engineering and Technology, vol. 25, no. 2, pp. 53-60, 2001. DOI:
10.1080/03091900110043621

B. F. Jones and P. Plassmann, “Digital infrared thermal imaging of human skin,” IEEE Eng. in
Med. Biol. Mag., vol. 21, no. 6, pp. 41-48, 2002. DOI: 10.1109/memb.2002.1175137

E. B. Laneev, N. Y. Chernikova, and O. Baaj, “Application of the minimum principle of a Tikhonov
smoothing functional in the problem of processing thermographic data,” Advances in Systems
Science and Applications, vol. 21, no. 1, pp. 139-149, 2021. DOI: 10.25728/assa.2021.21.1.1055

E. B. Laneev and A. V. Klimishin, “On an approximate solution to an ill-posed mixed boundary
value problem for the Laplace equation in a cylindrical domain with homogeneous conditions
of the second kind on the lateral surface of the cylinder,” Russian, Russian Universities Reports.
Mathematics, vol. 29, no. 146, pp. 164-175, 2024. DOI: 10.20310/2686-9667-2024-29-146-164-175
A. N. Tikhonov, V. B. Glasko, O. K. Litvinenko, and V. R. Melihov, “On the continuation of the
potential towards disturbing masses based on the regularization method,” Russian, Vestnik RAN,
no. 1, pp. 30-48, 1968.

H. Pennes, “Analysis of tissue and arterial blood temperature in theresting human forearm,” J.
Appl. Physiol., no. 1, pp. 93-122, 1948.

J. Agnelli, A. Barrea, and C. Turner, “Tumor location and parameter estimation by
thermography,” Mathematical and Computer Modelling, vol. 53, pp. 1527-1534, 2011. DOI: 10.
1016/j.mcm.2010.04.003

A. N. Tihonov and V. Y. Arsenin, Methods for solving ill-posed problems, Russian. Moscow: Nauka,
1979.

A. 1. Prilepko, “Inverse problems of potential theory.,” Math. Notes, vol. 14, no. 5, pp. 990-996,
1973. DOI: 10.1007/BF01462264

L. N. Sretenskiy, “On the uniqueness of determining the shape of an attractive body by the values
of its external potential,” Russian, Dokladi RAN, vol. 99, no. 1, pp. 21-22, 1954.

E. M. Landis, “Some problems of the qualitative theory of second order elliptic equations (case
of several independent variables),” Russian Math. Surveys, vol. 18, no. 1, pp. 1-62, 1963. DOI:
10.1070/RM1963v018n01ABEH004124

S. B. Sorokin, “An Efficient Direct Method for Numerically Solving the Cauchy Problem for
Laplace’s Equation,” Num. Anal. Appl., vol. 12, no. 1, pp. 87-103, 2019. DOI: 10.15372/SJNM20190107
M. Joachimiak, “Choice of the regularization parameter for the Cauchy problem for the Laplace
equation,” International Journal of Numerical Methods for Heat and Fluid Flow, vol. 30, no. 10,
Pp. 4475-4492, 2020. DOI: 10.1108/HFF-10-2019-0730

E. Laneev, “Construction of a Carleman function based on the Tikhonov regularization method
in an ill-posed problem for the Laplace equation,” Differential Equations, vol. 54, no. 4, pp. 476-
485, 2018. DOI: 10.1134/S0012266118040055

E. Laneev and C. N.Yu., “Minimum Principle for the Tikhonov Functional in the Problem of
Stable Continuation of a Potential Field from a Surface,” Differential Equations, vol. 59, no. 6,
PP. 752-762, 2023. DOI: 10.1134/S001226612306006X


https://doi.org/10.1109/51.687959
https://doi.org/10.1080/03091900110043621
https://doi.org/10.1109/memb.2002.1175137
https://doi.org/10.25728/assa.2021.21.1.1055
https://doi.org/10.20310/2686-9667-2024-29-146-164-175
https://doi.org/10.1016/j.mcm.2010.04.003
https://doi.org/10.1016/j.mcm.2010.04.003
https://doi.org/10.1007/BF01462264
https://doi.org/10.1070/RM1963v018n01ABEH004124
https://doi.org/10.15372/SJNM20190107
https://doi.org/10.1108/HFF-10-2019-0730
https://doi.org/10.1134/S0012266118040055
https://doi.org/10.1134/S001226612306006X

E. B. Laneev, A. M. Gaipova The inverse thermography problem as the inverse potential problem 377

[18] E.Laneev and E. Ponomarenko, “On a linear inverse potential problem with approximate data
on the potential field on an approximately given surface,” Eurasian Mathematical Journal, vol. 14,
no. 1, pp. 57-70, 2023. DOI: 10.32523/2077-9879-2023-14-1-55-70

[19] O. Baaj, N.Y. Chernikova, and E. Laneev, “Correction of Thermographic Images Based on the
Minimization Method of Tikhonov Functional,” Yugoslav Journal of Operations Research, vol. 32,
no. 3, pp. 407-424, 2022. pOI: 10.2298/YJOR211015026B

[20] E.B. Laneev and A. V. Klimishin, “On the stable approximate solution of the ill-posed boundary
value problem for the Laplace equation with homogeneous conditions of the second kind on
the edges at inaccurate data on the approximated boundary,” Discrete and Continuous Models and
Applied Computational Science, vol. 1, no. 33, pp. 57-73, 2025. DOI: 10.22363/2658-4670-2023-31-3-
228-241

Information about the authors

Laneev, Evgeniy B.—Doctor of Physical and Mathematical Sciences, Professor of the Mathematical Institute named af-
ter S. M. Nikolsky of RUDN University (e-mail: elaneev@yandex.ru, ORCID: 0000-0002-4255-9393, ResearcherID: G-7887-2016,
Scopus Author ID: 24366681900)

Gaipova, Aigul M.—Post-Graduate student of the Mathematical Institute named after S. M. Nikolsky of RUDN University (e-mail:
1032169239@rudn.ru, ORCID: 0009-0008-1345-6265)

RUSSIAN METADATA

VJIK 519.872, 519.217
PACS 07.05.Tp, 02.60.Pn, 02.70.Bf
DOI: 10.22363/2658-4670-2026-34-3-369-378 EDN: RRILKX

O6paTHas 3apgaya Tepmorpadum Kak o6paTHas 3agaya noTeHunana gna Ten
NOCTOSIHHOM TOJILMHbBI

E. B. JlaneeB, A. M. l'aumnosa

Poccuiickuil yrugepcumem opysxc6uL Hapodos, ya. Mukayxo-Makaas, 0. 6, Mockea, 117198, Poccuiickas ®edepayus

AHHoTaums. IIpednoculaku B paGoTe pacCMaTpPUBAETCs METO/, KOPPEKIMH TepMorpadhruyecKux n306paxkeHu, uc-
I0JIb3yeMBIX B MEAULIMHCKON ANArHOCTUKe. MaremaTdeckas 06paboTKa TepMOrpaMM [IPOU3BOLUTCS B PAMKAX
MaTeMaTHU4eCKOH MOJEeNIY OHOPOLHOIO TEIIONPOBOASIINETO II0Ly0eCKOHEUHOTO IUINHAPA IPSIMOYTOIBHOIO
CedyeHUs], OTPAaHMYEHHOTO IIOBEPXHOCTHIO OOIIETO BU/IA M COEPIKAIIEro UCTOYHUKY TEIlIa, He 3aBUCSLINE OT Bpe-
MeHU. MBI cunTaeM, 9T0 QYHKINS IUIOTHOCTY PACIIpefeeHNsI ICTOYHUKOB COOTBETCTBYET TeLy IIOCTOSHHOM
TosuuHbL. Ha G0KOBBIX IPaHIX IMINH/APA 3a/laHbl OZIHOPOAHbIE YCIOBUS IIEPBOTO POZAA, YTO COOTBETCTBYET HyJle-
BOU TeMmmepaType. Ha [MoBepXHOCTH, OrPaHUYNBAOIEHN IIVUINHAPUIECKYIO 001aCTh IMEeT MECTO KOHBEKTUBHBII
TEIUIO0OMEH CO BHEIIHE! Cpefoil HyleBOM TeMIIEpPaTypHL. YdeT KPOBOTOKA IPUBOAUT K TOMY, YTO CTAllKIOHAPHOE
pacrpezieieHue TEMIIEPATYPHI YIOBIETBOPSET HEOJHOPOAHOMY METArapMOHUIECKOMY ypaBHeHU. Lleav B pam-
Kax BHIOpaHHO MOZlesIY ITOCTaB/lIeHa obpaTHas 3aZiada BOCCTAHOBIEHNUST HEM3BECTHOM IIOTHOCTH UCTOYHUKOB
TerIa 110 3a/IaHHO QYHKIMU pacipeeeHNs TeMIIepaTyphl Ha IOBEePXHOCTH, OTPaHUYUBAIOLIeH IMINHAD (Tep-
MorpaMmme). DTa obparHas 3aza4a GOopMyAUPYeTCs KAaK HEKOPPEKTHO [IOCTABJIEHHAs CMeLlaHHas 3aa4da JJist
MeTaI‘apOMOHI/I‘IeCKOI‘O ypaBHeHI/IH C JaHHBIMU KOH_II/I Ha HOBerHOCTI/I, OI‘paHI/I‘-II/IBaIOH_[eI‘/,I L[I/IJII/IHZ[pI/I‘-IeCKyIO 06-
nactb. UckoMas QyHKIVS — IIpaBasi 4aCTh MeTarapMOHUYECKOro ypaBHeHUs1. Memodet B paboTe oOparHas 3ajaqa
¢ ucrnosnp3oBanreM bopmys I'puHa CBeZleHa K MHTErpaJbHOMY YPaBHEHMUIO IEPBOTO POJA, COOTBETBETCTBYIIE-
My 00paTHOI! 3a1a4e MOTEHIIMaa AJIs TeJl IOCTOSTHHOM TOMIIUHEL IIprGImKeHHOE pellleHe I0CTaBIeHHOH
3aiauyl, yCTOMYMBOE 10 OTHOIIEHHIO K IIOIPEIIHOCTH B TEPMOrpaMMe U, CIeL0BaTeabHO, B JaHHBIX Koy, moiy-
YeHO Ha OCHOBe MeToja peryispusanuu TuxoHosa. Pesysvmamut IIpubamskeHHOe pellleHre IOCTPOEHO B BU/E
IOBOMHOTO psaga Pyphe ¢ PeryisapusupyoIUM MHOXUTeNEeM. JJ0Ka3aHa CXOAUMOCTD IPUGIVKEHHOTO PEIIeHs
[IOCTaBJIeHHOH 3aJja4y IIPY COTIACOBAaHUY [IapaMeTpa PeryIspu3alily C MOTPEIIHOCTHIO B AaHHBIX Ko, Bblgo-
Ovl TIpUOIMKEHHOE PElLIeHre 3aa4l MOXKET PACCMATPUBATCS B KAYeCTBE CKOPPEKTUPOBAHHON TEPMOTPAMMEBL.
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fIBHBIE POPMYIIBL, IOTyIeHHBIE AJIS IPHUOIMKEHHOTO PEIIeH s, MOT'YT ObITh MCIIOIb30BAHBI [JIsI IIOCTPOEHUS
3G GdeKTUBHBIX BHIUUCIUTENIbHBIX aJITOPUTMOB.
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TuxoHOBa



