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Abstract. The paper considers mathematical methods of correction of thermographic
images (thermograms) in the form of temperature distribution on the surface of the
object under study, obtained using a thermal imager. The thermogram reproduces
the image of the heat-generating structures located inside the object under study.
This image is transmitted with distortions, since the sources are usually removed from
its surface and the temperature distribution on the surface of the object transmits
the image as blurred due to the processes of thermal conductivity and heat exchange.
In this paper, the continuation of the temperature function as a harmonic function
from the surface deep into the object under study in order to obtain a temperature
distribution function near sources is considered as a correction principle. This
distribution is considered as an adjusted thermogram. The continuation is carried out
on the basis of solving the Cauchy problem for the Laplace equation — an ill-posed
problem. The solution is constructed using the Tikhonov regularization method. The
main part of the constructed approximate solution is presented as a Fourier series by
the eigenfunctions of the Laplace operator. Discretization of the problem leads to
discrete Fourier series. A modification of the Hamming method for summing Fourier
series and calculating their coefficients is proposed.

Key words and phrases: thermogram, ill-posed problem, Cauchy problem for the
Laplace equation, Tikhonov regularization method, discrete Fourier series

1. Introduction

Thermal imaging methods are widely used in medicine as a means of early
diagnostics [1-4]. Visualization (thermogram) of the temperature distribution
on the surface of the patient’s body contains information about sources of
heat inside the body associated with the functioning of internal organs. In
particular, it contains information about temperature anomalies associated
with pathologies of internal organs. The image on the thermogram, as a rule,
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is distorted due to the process of thermal conductivity, heat exchange and
the relative remoteness of heat sources from the surface of the body.

Within the framework of the chosen mathematical model, it is possible to
correct the image on the thermogram in order to increase the effectiveness
of diagnostics. Since the evolution of the temperature distribution in the
patient’s body is relatively slow, it makes it possible to use stationary models,
in particular, models of harmonic temperature distribution. As an adjusted
thermogram, we will consider the temperature distribution near the sources
obtained by the continuation of the harmonic function from the boundary
(similar to the continuation of gravitational fields in geophysics problems [5]).

In [6], based on the method [7], one of the possible solutions to such
a problem is proposed. The problem, as ill-posed, is solved using the Tikhonov
regularization method [8]. When forming computational algorithms, discrete
Fourier series [9, 10] are used, the coefficients of which are calculated from
functions depending on the coefficient number [11]. To sum up such series,
a modification of the Hamming method [9] is proposed here.

2. Mathematical model and inverse problem

As a mathematical model, we consider a homogeneous heat-conducting
body in the form of a rectangular cylinder

D(F,00) = {(z,y,2): 0<z <1, 0<y<l, Flz,y) <z<oo} CR? (1)

limited by the surface

S={(r,y,2): 0<a <, 0<y <, z=F(x,y)}. (2)

We'll assume that we also know that
a) < F(z,y) <ay, < H, (z,y)€ll, (3)
O={(z,y): 0<z <, 0<y<I,}. (4)

The domain D(F, 0o) contains heat sources with a time-independent density
function p, creating a stationary (harmonic) temperature distribution in the
body. We associate the density function of heat sources with the anomalies
under study. We assume that on side faces I' of the cylindrical domain
D(F,00) a temperature equal to zero is maintained, and on the surface S of
the form (2) there is convective heat exchange with the external environment
of temperature U, described by Newton’s law, according to which the density
of the heat flux at the point of the surface S it is directly proportional to the
temperature difference inside and outside.

It should be borne in mind from a physical point of view that despite the
fact that the density of sources does not depend on time, the heat released
by them is diverted across the boundary, the overall temperature distribution
does not change over time, although the distribution gradient corresponds to
stationary heat flows.

In the domain D(F',00) of the form (1), the temperature distribution is
the solution of a mixed boundary value problem for the Laplace equation
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Au(M) =p(M), M e D(F,),

ou
8_71‘5 - h(UO - u)‘g? (5)
U|F - O,

u is bounded at z — oo.

We assume that the function p is such that the solution of the problem (5)

exists in C?(D(F,0))((C*(D(F,00)). In particular, the solution of the
problem (5) allows us to find u|g, i.e. the temperature distribution « on the
surface of S, which we will call a thermogram.

Now let the thermogram be obtained as a result of measurements and
the density of p is unknown. Let us now set the inverse problem. We
set the problem of continuation of the temperature distribution from the
surface towards the sources in order to obtain an adjusted thermogram as
the temperature distribution u|,_; on the plane z = H, closer to the density
carrier than the surface S. The plane z = H is related to the surface S by the
condition (3).

We assume that the carrier of the function p is located in the domain
z > H, then the solution of the problem (5) in the domain

D(F,H)={(z,y,2): 0<z<l,,0<y<ly, Flz,y) <z<H} (6)

satisfies the Laplace equation. The set of side faces of the domain D(F, H) is
denoted by I'j.

Inverse problem. Let the function be given within the framework of the
model (5)
f= ulSv (7)

and the density of p is unknown. It is required to find u|,_j. It is required
to find ul,_g-.

Since the value of H sufficiently arbitrarily defines the plane between the
support of p and the surface S, then in fact the inverse problem consists
in obtaining a solution u in the domain D(F, H) (6) of the boundary value

problem
Au(M)=0, MeD(F,H),

u’S = fa
ou| (8)
Fnl. = MU= 9|

We assume that the function fin (7), (8) is taken from the set of solutions
to the direct problem (5), so the solution to the inverse problem exists in

C*(D(F,H))CY(D(F, H)).
Note that in the problem (8) on the surface S of the form (2), Cauchy

conditions are set, that is, the boundary values f of the desired function v and
the values of its normal derivative are set, so the problem (8) has a unique
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solution. The boundary z = H of the domain D(F', H) is free and, thus, the
problem (8) is unstable with respect to errors in the data, i.e. ill-posed.

The function u|,_j will be considered as an adjusted thermogram. Since
the plane z = H is located closer to the support of density p, it should be
expected that the corrected thermogram more accurately conveys information
about the distribution of heat sources than the original thermogram.

3. Approximate solution of the inverse problem.

Let the function fin the problem (8) be given with an error, that is, instead
of f, the function f? is given, so that

1£° = fllp,am < 6.

In [6], an approximate solution of the ill-posed problem (8) is constructed

in the form
' ul (M) =02 (M) + ®° (M), M€ D(F,H) (9)

«

where function (integral over a rectangle II of the form (4)))

) = [ [0, = pyp) e, P s (o . p)-

- f5($P7 yp)(ny, Vpo(M, P))|PGS} dzpdyp (10)

is calculated using the problem (8) data, the Dirichlet problem source function

2 S eiknm|ZM7ZP‘
w(M,P) = g X

TNy, . TMYy . TRTp . TMYp

l T l

z Yy €z Yy

X sin

in the cylinder
D*® ={(z,y,2): 0 <z <l,,0<y<l,, —00<z<oo}CR
the normal to the surface S of the form (2)

n; = grad (F(l’,y) o Z) = meF_ka ny = |n1|'

The function v%, which is an approximation to the density potential p [12]
was obtained in [6] using the Tikhonov regularization method [5]

< & (a)exp{k,,,(zyy—0a)} . mnax ™my
1 — nm nm\~“M : M _: M 11
g (M) § Eml L+ aexp(2k, (H—a)} sin L sin L (11)
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where o > 0,

& (a) — Fourier coefficients of the function ®°(M) of the form (10)

~ 4

®0 (a) = N /@5(a:,y,a) sin 7Tlnx sin 71'Tydxdy, a<a. (12)
'y

i

z Yy

For the Fourier coefficients Cfflm (a) in [11] the expression

is obtained, where
~ 4
(I)(ls,nm = l_/ f5 $ y))
zly
11
_knm(F(m y)_a)
x & nq(x,y)sin T in ™Y dzxdy, (14)
2k,m l, l,
3 (@) =
4 _knm(F(xvy)_a>
= —/f‘;(x,y)ﬂne F(x,y) cos e sin mydxdy—i—
L.l 21,k L, l,
I
4 7knm(F($7y)7a)
+— / fo(z, y>7rme F/(x,y)sin LG meda:dy—l—
L, 2l kym y l, L,
I
(z,y)e Fnm(F(@y)=a) gin 7rlnac sin ;nyda:dy. (15)
x y

Thus, the Fourier coefficients ® (a) are calculated as the sum of formally
calculated Fourier coefficients in accordance with (12) over orthogonal systems

0o 0o
. TThx . TMmY m™Tmx . Tmy
Sin sSin y COS sin y
L l L l
Y n,m=1 Y n,m=1 1
o0 (16)
. TThX ™my
sin ] COS I s
z Y n,m=1

of functions depending, apart from the arguments z and ¥y, on the number
nm of the Fourier coefficients.
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4. Formation of an approximate solution based
on discrete Fourier series

When discretizing the [13] problem (8) and performing numerical calcula-
tions using the formulas (11), (13), (14), (15) it is natural to pass to calculating
the values of the approximate solution of the problem (8) on the grid of the
values of the arguments x and y

il, J,
W = (Jfl,y]) : Ii:F, 7':0717"‘7Nm? yj:ﬁ’ j:0,1,...7Ny . (17)
T Y

In this case, there is no need to use infinite Fourier series. One can pass to
discrete Fourier series [9, 10], in this case two-dimensional.

The discrete Fourier series has an interpolation property, that is, the discrete
Fourier series (by definition, representing a finite sum) with coefficients
calculated by the corresponding formulas coincides on the grid with the values
of the function. For example, if on the grid

l
:z'N, i=0,1,...,N, (18)
the grid function f = (fy, f1,---» fn_1, fn) is given (when expanding into
a discrete Fourier series in terms of sines, we assume that f, = f; = 0). Then
the function f can be represented by a discrete Fourier series in terms of

sines [10]

fizzbksianmi:Zkainﬁ_m i=0,1,...N, (19)

where the coefficients b, are calculated by the formula (equivalent to the
trapezoid formula for the corresponding integral in the theory of Fourier
series):
b QNif'”ki k=1,...,N—1 (20)
= — S sin — =1,..,N—1.
k N - A N
In other words, if the discrete series coefficients are calculated in accordance
with the formula (20), then the discrete series (19) is exactly equal to the
values of the function f;, i =0,1,..., V.
Applying discrete Fourier series to the approximate solution (9) on the
grid (17) for each fixed 2, ay, < 2 < H, will lead to the formula for v :

N,—1N —1 ~
L&~ @0 (a)explk,,, (z—a)} . mni . wmj
1 _ nm nm . .
(va), @) ==2>_ > 1+ aexp{2k, (H—a)} N, N,

1 x Yy
0,..,N., 7=0,..,N,.

T Y

2 (21)

m=1
1

3

In this case, the integrals in calculating 9 (a) by the formulas (13), (15),
(14) it is natural to replace with formulas corresponding to the calculation of
the coeflicients of the discrete Fourier series of the form
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N,—1N,—1 i
=5 ™mi ., Tmj
Pnml@) = 37 N < il N, N T
4 N””_l gl ni mj
™mi o, T
~ (n,m) cosmsm N, +

,1N71

™mi  Tmj
NN Z Zp”nmsmN cos N, (22)

(n=12,...,N, —1,m=1,2,...,N, — 1) on the grid w of the form (17). To
simplify the notation of integrands in integrals corresponding to systems (16),
the notation f, g, p is introduced. A feature of calculating the coefficients
of a discrete series in this case is that the functions f, g, p, in addition to
the arguments z; and y;, depend on the indices n and m of the Fourier

coefficients.

5. Summation of a discrete Fourier series and
calculation of its coefficients by the Hamming method

Here we give some modification of the Hamming method [9] and its proof,
related to the representation of a function as a discrete Fourier series in terms
of sines or cosines on the interval [0, [].

We now assume that the coefficients of the discrete series of some grid
function w

B .
wi:Zbksinﬂ—NZ, i=0,1,....N (23)

are calculated formally in accordance with (20), where the values of the
function f formally depend on the number £ of the coefficient b, i.e.

ki ki
Zf smu Zf simu k=1,..,N—1 (24)

while maintaining the condition

fo(k) = fn(k) = 0. (25)

Let us show that the idea of Hamming algorithm [9] for calculating coeffi-
cients by, of a discrete Fourier series (23) is also applicable to this situation,
that is, to calculating the sum (24).

We fix the number k of the Fourier coefficient. Let us denote for brevity
t, = mk/N and consider the recurrent formulas

UO - 0,
Uy = fn(k), (26)
Um = (2 COStk) Um—l o Um—2 + fN—m+1 <k>7 m = 27 37 ;N'
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Our task is to show that the Fourier coefficients b, of the form (24) of the
function w of the form (23) can be calculated by the formula

2 & ki 2
b, = N;fl(k) sin — = NUNsmtk, (27)
where Uy is calculated by recurrent formulas (26).

For simplicity of notation, the dependence of U,, on k is not indicated.
Note also that the recurrent formulas (26) use the values fy(k),..., f;(k), the
value f,(k) is not used when forming Uy.

Algorithm (26), (27) obviously allows to avoid calculation of sines in (24)
with argument 7ki/N when changing indices i and k.

Let us represent the function f(k) as a sum of functions f¥(k), each of
which is a vector with zero coordinates, except for the coordinate with number
i equal to f;(k), that generally speaking, not equal to zero:

N .
k)= fO(k),
FOk) = (£ (), ..., ¥ () = (0,0,...,0, £,(K),0, ... ,0).

(28)

Note that if the upper and lower indices do not coincide, the coordinate of
the function f*)(k) is equal to zero. Note also that when the grid function is
represented by a sine series, due to (25) f(k) = f™V) (k) = (0,0, ...,0).

We apply the recursive formulas (26) to each function f¥(k), i =
0,1,2,..., N (for a fixed k), denoting result as U®:
rUSO) —0,
0 0
U = £y (k).
\Ufg) = 2C05tszT(r?)_1 - UT(Y?)—Q + fz(\?lm+1(k)= m=2,3,...,N,

A\

(U(()l) =0,
FU = 3 (),
080 = 2cost,0, — U, 4 F0, 0B, m=28,. N,

Uy =0,
Uﬁfb) = QCostkU,(fg,l - U,(,ZL),Q + f](\7;>—m+1<k)7 m=2,3,...,N,
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UM =0,
N N
U = 37 k).

m—1 m—

Summing up the corresponding parts of all equalities, due to the linearity

of the recursive formulas, we obtain

-

N .
Uy’ =0,

S
o

3 (k).

I
.MZ

Uy’

N—m+1

M=1[M=
i

Il
o

A N N N
U,g,fb) = 2cost, ZUﬁ?fl — Z vai),g +
i=0 i=0 i—0

- 7

(2

Considering (28) for the sum f*)(k) and taking the notation

N .
Suw =U,, m=0,..,N,
=0

FO k), m=23,..

N.

Y

(29)

we obtain the recurrent formulas (26). Thus, to prove the formula (27), it

suffices to calculate U}é) forallt=0,...,N.

Let us calculate U x), singling out the cases i = 0, 1, N separately. Applying

the recurrent formulas (26) to f*) (k) for i = 0,1 gives

Applying the recurrent formulas (26) to f¥) (k) for i = N gives

oM =0=v",
o = 100 = fah) = i,

U7(7,LN) = (2 COS tk)Véﬁ)l - Vé—fﬁé? m = 27 3’ ’N'

/UO(O) _ 0, /Uél) _ 0’

Uy = 3 (k) =0, vy = 1y (k) =0,
J U = (k) =0, JUs = ) =o.

v, = fO%k) =0, UNLy = 5 (k) =0 = V5",
Uy =k =0=v" oy =A%) = filk) = VY.

(30)

(31)

Note that for all values of m = 2,3,..., N in (31) the value f](\,]\i)mﬂ(k) =0,

since the upper index is not equal to the lower one.
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Applying the recurrent formulas (26) to f)(k) for i = 2,...,N — 1 gives

/U(gz) _ 0’
< U](\Zflz - fJ(\t')f(Nfz‘)Jrl(k) - fz(i)l(k) =0= VO(Z)7 (32)

Un‘ie = I )= 170 = 1.k = i,

\lei+m— (2costk)V —Vm 0y M =2,3,..,1
Here we took into account that f](\if)—(N—i—&-m)—Q—l(k) = Z-(i)l_m(k) =0,m=
2,3, ...,1, because the upper and lower indices do not match.

In the formulas (30), (31), (32) we introduced the notation

U o =V i=0,..,N, m=0,1,2,...,i. (33)
It is easy to see that quantities Véf) are calculated using the same formulas
(26), “skipping” the first N —i — 1 zeros for ULY. The introduction of the

quantity VT(ni) allows us to obtain an explicit formula for it:

Vn@ _ fl(k‘) sin mt;,

% =01, 4, (34)
sint,
for each i = 0,1, ..., V.

Let us prove it using the method of induction for m. As follows from (30),
(32), this equality holds for m = 0,1. Let’s prove it for m = 0,1,...,7. Let
equality (34) hold for m — 2 and m — 1. Let’s prove for m.

Vi = (2 cost, ) 753) =
£ k) [2costksm(m_ Dty sin(n.z—Q)tk} _
sinty, sinty,
sinmt, + sin(m — 2)t,, — sin(m — 2)t sinmt
= i | =2 S| _ T
sinty, sin ty,

Note that from (33), in particular, U ) — v and from the formula (34)

(3
for m = i we obtain o
sin vy,

(35)

sint,,

Summing according to (29) with m = NV, and using (24), we obtain

S S ) 1 & I N
Uy = UV — v\ = , it, = b
N ; ; ’ sint,, ;Jg( sin Fsint, 2

From here we obtain the formula (27).
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Let us now proceed to calculating the coefficients of the discrete Fourier
series of the grid function w in cosine expansion. On the same grid (18)
consider the discrete Fourier series in cosines expansion [10]

ki :
+Zakcosﬂ—l—%v(—l)l, i=0,1,...,N, (36)

whose coefficients a;, are calculated on the basis of the grid function f de-
pending on the number k by the formula

= ( +Zf ThE 2B 1>)' (37)

We introduce the grid function

Fo) = (P52 1,09 00, 1. 25, (39)

that differs from f in that the current and last coordinates are divided in half.
Replacing fin (26) with f, we get formulas (33), (34).

Note that the recurrent formulas (30) for ¢ = 0 imply U](\(,)) =0,U ](\(,))_1 =0.
For i =1,2,..., N from (33), (34) we obtain

~.sin(i — 1)t

sint,,

Consider the following construction (summation starts from i = 1, since
Ugo _ g _ 0):
N —Un1 =Y

N
cost Uy —Un_; +f0 = costhU Z @ L+ folk) =
i—1

[cost, U —UN ] + Folk).

I
.MZ

Il
_

(3

Replacing U 5\?) and U ](\Z,)_l according to formulas (35) and (39), we obtain

N
costyUy — Uy 1 + foB) = 3 Jeost, V! — VI ] + fo(k) =
i—1
N .. ..
~ cost, sinit, —sin(t — 1)t ~
:Zfi(k) b i ( ) k+f0(k):
o sin ty,

N costy sin it — costy sin it + sint, cos ity
=> fi(k)

— sin ty,
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~ ~

= Zfz(k’) cosity + fo(k) = fo(k) + (k) cosiity, + f(k) cos Nt =

[ =1
Sn(k)
2

N N—-1
=1

P

_ Jolk + Y fi(k)cosit, +

=1

(—D)*.

\)

From here according to (37) we obtain a formula for the coefficients of the
discrete Fourier series in the cosine expansion

fo(k)
2

2 ~ 2
w =5 {cos t, Uy —Un_1 + fo(k:)} =N [COS tUn—Unq + , (40)

moreover, the quantities Uy and Uy _; are calculated by the formulas (26),

in which the grid function f is replaced by f, which is related to f by the
formula (38).

Note that the formulas (26), (27) can also be used to sum the Fourier series
(23), since the formulas (24) and (23) differ only by a factor. Note that when
summing the series (23), we, of course, do not obtain f(k), but we obtain
some function w. Accordingly, the formulas (26), (40) can also be used to
sum the Fourier series (36), since the formulas (37) and (36) differ only by
the multiplier.

The formulas (26), (27), (40) can be used for two-dimensional discrete
Fourier series both for calculating the coefficients and for summing the Fourier
series (21). In this case, the formulas (26), (27) for each fixed pair nm are
applied sequentially over each index ¢ and j corresponding to the variables x
and y.

The formulas (26), (40) for calculating the coefficients of the discrete
Fourier series in cosine expansion, of course, are also valid in the case when
fo = fxy =0, which corresponds to the formulas (22).

6. Conclusion and discussion

Formulas (21), (22), (26), (27), (40) as a solution to the problem (8) can
be used for mathematical processing of thermograms taken with a thermal
imager in medicine [4] in order to correct the image on the thermogram. Note
that taking into account the influence of blood flow leads to the need to use
the metaharmonic equation [14], [15] in problem (8).

The thermogram, with one or another certainty, conveys an image of the
structure of heat sources inside the body. However, within the framework of
the task (8), the image on the thermogram can be refined. In this case, we
consider the function f° as the original thermogram, and the function v2|,_
as the corrected thermogram. Since the function v%|,_,; is the temperature
distribution on a plane closer to the investigated heat sources than the original
surface S, we can expect a more accurate reproduction of the source image
on the calculated thermogram v |,_ .

The results of calculations performed on a model example show the effec-
tiveness of the proposed method and algorithm based on the formulas (9),
(10), (11), (13) that can be used for processing thermal images.
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Note that the method of summation of discrete Fourier series, described in
Section 5, can be used to solve other problems, the solutions of which can
be obtained in the form of Fourier series in terms of eigenfunctions of the
Laplace operator in a rectangle.
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06 omHoOIT MoauduKaum MeToga XeMMHUHra
CYMMUPOBaAHUS JUCKPETHBIX psaAa0B Pypbe
M €€ IpUMeHEeHUe JIJisi pellleHns 3aJa4i KOPPeKIuu
TepMorpadniecKnx n300parkeHui

E. B. JlaneeB, O6aunga Baaxx

Poccutickuti yrusepcumem dpyosrcovl. Hapodos,
ya. Muxayzo-Maxaas, d. 6, Mockea, 117198, Poccus

AnHoranus. B pabore paccMaTpuBalOTCA MaTeMaTHIECKUe METOIbI KOPPEKIIUU Tep-
MorpaduIecKux n300parkenuii (TepMorpamm), moJIy YeHHbBIX C TIOMOIIIBIO TEIIOBU30DA,
B BUJIE PACIIPEIETICHIS TEMIIEpATyPhl Ha, TOBEPXHOCTHU UCCJIEyEMOTO 00beKTa. TepMo-
rpaMMa BOCIPOU3BOIUT N300PAKEHNE TEILJIOBBIIC/IAIONINX CTPYKTYP, PACIIOIOKEHHBIX
BHYTPH HCCJIEAYEMOTO 00beKTa. JTO N300parKeHne mepeiaéTcs ¢ NCKAKEHUSIME, TaK
KaK MCTOYHUKM, KAK IPABUJIO, YIAJEHBI OT €r0 MOBEPXHOCTH U PACIIPEJIEJIEHIE TEM-
IepaTyphbl HA MOBEPXHOCTH 00BHEKTA MEPEIaéT M300parkKeHne KaK pa3MbITOe 33 CUET
IIPOIIECCOB TEILJIOIPOBOIHOCTU M TeIlIonepeHoca. B pabore B KadecTBe MPUHITAIIA
KOPPEKIMH PacCMaTPUBAECTCS MPOMOJIKeHNE (PYHKINKA TEeMIEPaTyPhbl KaK rapMOHUYE-
CKOM (DYHKIIUU C TIOBEPXHOCTHU BIVIYOb MCCJIEYEMOTrO OOBEKTA, C IEIBIO TOJIY IeHUST
QYHKINK paclpeeeHusl TeMIePaTypbl BOJIU3M UCTOYHUKOB. Takoe pacrpeeieHue
paccMaTpUBaeTCs KaK CKOPPEKTUpOBaHHas TepMorpaMmma. Ilpomgomkerne pyHKIun
TEeMIIEPATYPBI OCYIIECTBIISIETCS Ha OCHOBE PereHus 3aa9u Komm i1 ypaBHEHUs
Jlammaca — HEKOPPEKTHO ITOCTaBJIeHHON 3aa4u. [locTpoeHne peleHnst TPOBOIUTCSI
C WCIIOJIb30BAHUEM MeTOj1a peryiaspusanun 1uxonoBa. OCHOBHAsS YaCTh ITOCTPOEH-
HOI'O IPpUOJIMKEHHOIO PEIIeHHs MIPeACcTaBIeHa B Bue psiaa Pypbe 10 cOOCTBEHHBIM
dbyuknusam oneparopa Jlamnaca. Juckperusamusa 3a1a4u IPUBOAUT K JTUCKPETHBIM
pamam Pypoe. Iasa cymmupoBanus psagoB Pypbe u BIYUCIEHUA KOIPDPUITMEHTOB
B paboTe mpejioXKena MOTUMPUKAIIAA METOIa XEeMMUHTA.

KuaroueBbie ciioBa: TepMorpamMma, HEKOPPEKTHad 3ajada, 3amada Komm s
ypaBHeHHud Jlannaca, MeTon peryaspusanuu THXOHOBa, MUCKPETHBIN panx Pypbe



