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Abstract. We consider boundary value problems of thermal conductivity on a linear thermal graph, which
can be used to study various structures under conditions of thermal heating (cooling). Here, based on the
generalized function method, a unified technique has been developed for solving boundary value problems
of thermal conductivity, typical for engineering applications. Generalized solutions to nonstationary and
stationary boundary value problems of heat conduction on an edge and on a thermal linear graph
are constructed under various boundary conditions at the ends of the graph and generalized Kirchhoff
conditions at its node. Using the properties of the Fourier transformant of the fundamental solution,
regular integral representations of solutions to boundary value problems are obtained in analytical form.
The solutions obtained make it possible to simulate heat sources of various types, including using singular
generalized functions. The method of generalized functions presented here makes it possible to solve a
wide class of boundary value problems with local and connected boundary conditions at the ends of the

edges of the graph and different transmission conditions at its nodes.

Keywords. Thermal conductivity, generalized functions, fundamental and generalized solution, Fourier

transform, resolving boundary equations, linear graph.

1 Introduction

Graph theory has wide applications in subjects such as economics, logistics, sociology, opti-
mal control, and navigation [1-2]. The properties of graphs are also actively used to solve
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boundary value problems (BVPs) on network-like structures, e.g., oil pipelines, gas pipelines,
and electrical networks [3-10]. With the development of mechanical engineering, complex
multi-link rod structures operating under various thermal conditions began to be actively
used. They are widely used in structural mechanics, mechanical engineering, robotics, and
many other fields.

Mathematical modeling of the thermodynamics of rod structures and the creation of
information technologies based on it is one of the more effective and inexpensive methods for
researching and designing such systems. An urgent scientific and technical task is to study the
thermal state of network systems for various purposes under thermal influences, taking into
account their construction and thermal influences, including impact types. This is necessary
to analyze the strength and reliability of such objects, determine safe operating modes, and
prevent disasters.

Here boundary value problems are considered on the linear multilink thermal graph (Fig.
1), which can be used to study various mesh structures under conditions of volume and thermal
heating (cooling).

The novelty of the present work lies in the fact that a generalized function method is used
to solve boundary value problems, leading to a differential equation solution with a singular
right-hand side [11]. The solution is constructed as the convolution of the Green’s function
of the equation with the appropriate right-hand side. To determine the unknown boundary
values of the solution and its derivatives on each segment, resolving boundary equations
are constructed at the ends, employing the asymptotic properties of Green’s function and its
derivative at zero. To construct a closed system of equations, the obtained algebraic equations
for each edge of the graph are supplemented with transmission conditions at the node and
linear boundary conditions at its ends. These conditions can be either locally or not locally
connected.

A resolving system of equations in the space of Fourier transforms over time and Fourier
transforms of temperature on each link of the graph are constructed, which give a solution
to stationary boundary value problems with oscillations with a fixed frequency. The inverse
Fourier transform is used to construct the original. The obtained solutions give analytical
formulas for calculating the temperature of such structures under thermal heating conditions,
and can be used in the design of heating networks, as well as for solving boundary value
problems in environments stratified by thermal graphs.

2 Statement of the boundary value problem on thermal linear graphs
We consider a thermal linear graph which contains N edges (A;_1, A;) of the length L;, where

j=1,2,...,N (Fig. 1). On each edge S; = {:c ER':0<z < Lj} there is its own coordinate
system (x;,t) with the origin at the point A;_1, that is, ; = 0 at A;_; and ; = L; at A;.
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The temperature 6;(z,t) satisfies the heat conduction equation at S;:

08; 9%

ﬁ—ﬂaw:ﬂ(%ﬂ- (1)

Here £; is the thermal diffusivity coefficient on the j-th segment, Fj(x,t) describes the action
of the heat source, 6 (t) and 65(t) are the temperatures at the ends of the j-th edge.

u u u.

Al A A A

A\

Figure 1. Linear graphs

The initial conditions at t = 0 for the temperature of a graph are known:
auchy conditions
Cauchy diti

0;(z,0) = 6¢’(x), 0<x<L; t=0, (2)
0,(0) = 6o, (3)
where 0y’ (z) € C%(R.) for each j. Here we consider the two boundary value problems (BVP),

R ={t€[0,00)}
Dirichlet conditions (BVP1). Temperature values are known at the ends of the graph:

0:(t)

01 (Ovt) = 191 (t)’ t> O, 191 (t) € C(R}r)v
05’ (t) = On

(Lnt) = 92(t),  £>0, 9a(t) € C(RL). (4)
Here and further
0;(t) = 0;(0,1), q;(t) = 0:05(0,1), 63(t) = 0;(Ls,t), ¢;(t) = 0:0;(Ly, 1).

Neumann conditions (BVP 2). The values of the heat flows are known at the ends of the
graph:
k1 g (t) = k1q1(0,t) = xa(t), t>0, xi(t) € C(R}), (5)
knad (t) = kngn (L, t) = x2(t), >0, xa(t) € C(RL).
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The following continuity conditions and generalized Kirchhoff conditions are specified in
the common node Ag of the graph.
Transmaission conditions:

05 (t) = 0]

—_
—~
~
~—
<
I
—_
|
—_
~
Vv
=

0% 1(0),
05 (0) = 92(0),
kiah(t) = kjagl () +Q;(t), j=1,..,N—1, t>0. (7)

Here
_ 99

A . , 0.
o) = 0;0.0), ()= 2|, adt) =
=0

- a8 9
O z=L;

fp is the initial temperature at the common node Ag.

We need to find the solutions of these two BVP on the heat linear graph by known
Q;(t), where j =1,..., N, ¥1(t) and In(t) (Dirichlet problem) or x1(t) and xn(¢) (Neumann
problem).

3 Statement of boundary value problem on a segment of a graph

At first we construct a solution of some boundary value on one graph segment. Let consider
O(z,t) on [0, L], which is the solution of heat equation:

00 020

a—m@:F(x,t). (8)

Initial conditions: the temperature is known at ¢ = O:
0(x,0) =0p(z), Op(z)e C{0<z <L} 9)

Here we consider solutions to BVPs with local and associated boundary conditions.
Local boundary conditions:

{ (@161 + Bl ()], = G1 (1), (10)

(a2l + Boll2(t))] 1, = Ga(t).

where «, §; arbitrary constants, 6;(t), IL;(t) = —k% S (j = 1,2) are the temperature
-

and heat flow at ends of the segment in points: z = 21 =0, z = 29 = L. G,(t) are known
functions which are integrated functions on RY : G;(t) € L1(RL).
Connected boundary conditions:

a101(t) + BiIi(t) + ;01 (t) + Bo,lla(t) = Dj(t), j=1,2. (11)
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Conditions for matching initial and boundary conditions:
01(t) = 0(0,1),  02(t) = 0(L, 1), 0;(t) € C(RY).

It is assumed that all functions defining boundary conditions also belong to Lebesgue
space Li. Relations (11) contain all classical formulations of heat BVPs if we take some
a;j =0, B;; = 0. We find solutions to BVPs using the Generalized Function Method [14].

4 Generalized solution of boundary value problems on an graph segment. Gen-
eralized function method

To determine the solution on the graph, at first, we consider the BVP on the graph segment
by using the general function method. For this, we consider the BVP for the heat equation
on the segment [0, L] in the space S'(R?) = {f(x,t), (x,t) € R?} of generalized functions of
slow growth [15]. To do this, we introduce a regular generalized function (we mark it with a
cap):

5 [ b(z,t), (z,t) € D~

9($,t) - { 07 T ¢ D~ ’

where 6(x,t) is the solution of BVP, D™ = [0, L] x [0, 00). It can be represented in the form

0(x,t) = O(x, ) H(L — x)H(z)H(t).
Here H(x) is the Heaviside step function.
_To construct the equation for 6(z,t) in S’ (R?), we calculate the generalized derivatives
of 6(x,t):

22 = ng (L —x)H(x)H(t) — 02(t)6(L — ) H(t) + 61()0 () H (1),
20 2
% = %H (L —2)H(z)H(t) — qo(t)6(L — ) H (t) + qu(t)6(x) H (t)+

+02(t)0' (L — z)H (t) + 01 (t)H (t)d (z),
90 o0
5 = EH(L —x)H(t) + 0o(z)H (L — x)0(1),
where 0 (x) is a singular generalized J-function, ¢;(t) = % wep J=1,2.
The equation (7) in S'(R?) has the following form for 6(z,t):
00 %0 .
S~ o = Falwt) + ra(6(L — 2)H(E) — nar (4)3(2) H (1)~
— kb (t)8' (L — 2)H (t) — kb1(£)0" (x)H (t) + Oo(x)H(L — z)H (2)5(t). (12)
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Note that the right side of this equation includes all initial and boundary temperatures 6;(¢)
and heat flows IL;(t) = rq;(t) (j=1, 2).

Throughout the paper, we denote the partial derlvatlve by Ugz(x,t).

According to the theory of generalized functions [15], the solution of (12) can be rep-
resented as a convolution of the fundamental solution of the heat equation (8) with the
right-hand side of this equation:

O(x,t) = Fy(x,t) « Uz, t) + kg (t) H () #U(L— 1)~
— kq1(t)H(t ) U(xz,t) — kO2(t)H () *U,x(L —x,t)—
- ,@91( VH(8) % U.a(@,t) + (@) H (L — 2)H(2) Uz, t). (13)

T

Here, U(x,t) is the fundamental solution of the heat equation (1) by F(x,t) = d(z,t) =
d(x)o(t). It decays at oo and has the form [15]:

Uz, t) — 17: exp(—a? /Art) H (L). (14)

27K

We denote F(z,t) = F(x,t)H(z)H(L — 2)H(t). If it is a regular function, then relation
(13) can be represented in the next integral form:

O(x,t)H(L —x)H (z)H(t) =

“+oo
t)/d'r/U(:E—y,t—T)Fg(y,T)dy+I{H($)H(t) @t —7)U(L — z,7)dT—

Os(t — 7)U,p(L — x,7)d7—

O~ o

 RH(L / Ul — y,t — 7)qi (1)dr — rH () H(?)
0

t
—kH(L—xz)H /U,xxt—Tﬁl )dT +
0

U(r —y,t)00(y)H(L — y)H(y)dy. (15)

T —

Formula (15) determines the temperature inside a segment by known temperature and
heat flows at its ends and is very useful for engineering applications. However, for correctly
posed boundary value problems, out of 4 boundary functions on the right side of formula
(15), only 2 are known. To determine two unknown boundary functions, resolving boundary
equations should be constructed using boundary conditions at the ends of the segment.
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5 Solving boundary value problem in Fourier transformation space in time

To construct the resolving system of equations, we use Fourier transformation in time:

O(z,w)=F [é(x,t)] = H(z)H(L — z) /G(x,t)ei”tdt,
0
. (16)

O(z,t) = o

/ 0(z,w)e “dw.
To define the Fourier transform of the generalized solution (11) we use the property of
Fourier transform of convolution [15]:
0(z,w) = Fy(z,w) #U(,w) + 0o(2) H (L — 2) H (x) * U (2, w)+
+ k@e(w)H(2)U(L — z,w) — kg1 (w)H(L — 2)U(z,w)—
— kb (W)H (2)U (L — 2, w) — k01 (w)H (L — 2)U 1 (z,w). (17)

Here, a variable under the sign of convolution (*) shows the convolution is applied only
x

over the variable x. The integral representation of Equation (17) has the form:

O(z,w)H(L — x2)H(x)H(w) =

L
= (@) [ U@ y.) Falyswdy + <H (@) [ Ol = y.)00()dy+
0

Tt~

+ kG (W) H (2)U(L — 2,w) — kqa (W) H
— k(W) H (2)U (L — 2, w

L—2)U(z,w) —
— kb (W)H(L — 2)U ,p(z,w). (18)

~—

Fourier transform of Green’s function of the heat equation is equal to

sin (k |z|)
U =~ 19
where k = Viwr 1 = ™4V wr1 = (1 +1),/2. It satisfies the equation:
d*U -
12 +iwk U = 6(x).
Its derivative has the gap in point x = 0 and equal to
_ _sgnx _ 1, = >0,
Up(z,w) = P cos(k |z|), sgnz = { 1 <o
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There are the following symmetry conditions:

U(z,w) =U(—r,w), U, (+0,w) = :F%' (20)

We use these properties for solving BVP.

6 Resolving equations of boundary value problems

To find unknown boundary functions, we pass in relation (18) to the limit at z — 0+e&, where
€ >0:

01(w) = lim A(0 + ¢, w) = F(z,w) * U(x7w)|;c:0 + 60(x)H (L — :E)H(ZL‘); Uz, w)|

e—0

x:0+

+rG@(W)H(x)U(L —0 —¢,w) — k@1 (w)H(L —2)U0 + &,w)—

—k02(W)H (2)U(L — 0 — g,w) — kb (W)H(L — 2)U (0 + £, w).

Next, we move the last term to the left side and take into account the right limit of U, (x,w)
at zero (20). We obtain the next equation on the left end of the segment:

$01(w) = Fla,w) U(2,)] o + bole) H(L — 2)H(x) = U, )],

* +
+ k@(w)H(2)U(L,w) — k1 (W)U (0,w) — kb2 (w)H (2)U,.(L,w) (21)

Similarly, we consider the limit at x — L — ¢, € > 0.

f2(w) = lim O(L — ¢, w) = F(z,w) * U(w,w)‘gC:L +6p(x)H(L — x)H(x) * U(z,w)|,_,—

e—0 z=L

— k@ (W)U(L — &,w) — k01 (W)U (L — €,w) — k02(w)H (2)U,z(c,w) (22)

We move the last term to the left side, and obtain the second boundary equation:

%ég(w) = F(x,w): U(“T’w)‘sz + Oo(x)H (L — x)H(w)z U(asjw)‘x:L—

— Kq1 (w)U(L,w) — ﬁél(w)U,w(L,w) (23)
We formulate the obtained results in the form of this theorem.

Theorem 1. The Fourier time transformants of boundary functions of boundary value prob-
lems (7)—(10) satisfy the system of linear algebraic equations of the form:
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kU ,o(L,w) kU(L,w) q1(w)
kU ,o(L,w) —kU(L,w) o(w) ] [ Q1(0,w)
+[ 0.5 0 H—z(w)]_[QQ(L,w)]’ 24
where
Q1(0,w) = F(z,w) * U(ac,w)’xzo + 00(x)H(L — x)H (z) * Ulz, w)}xz[)’ (25)
Q2(L,w) = F(z,w) * U(m,w)’x:L + 0o(z)H(L — z)H () * U(x,w)\z:L. (26)

The resulting system (20) makes it possible to solve BVP for any given two boundary
functions of temperature and heat flow at the ends of a segment of four boundary functions.
To solve all temperature BVPs, it is convenient to consider the extended system of equations
in the form of a matrix equation:

A(w) - B(w) = C(w), (27)
where _
0,5 0 kU ,z(L,w) —rU(L,w)
Alw) = kU,p(L,w) wU(L,w) 0,5 0
asi ass as3 as4 ’
aq1 42 a43 a44

B(w) = (01(w), @1 (w), b2 (w), 2(w)) ,
C(w) = (Q1(0,w), Qa2(L,w), b3(w), ba(w)).

The last two equations in the system (27) are determined by boundary conditions at the
ends of the segment, which are known for BVP:

[ asy  as2 } [ 01 (w) ] + [ @33  a34 ] [ 02 (w) } _ [ és(w) ] (28)
a4l Q42 a1(w) a43 Q44 32(w) ba(w) |

By given coeflicients a;; and right-hand side b;(w), we have four equations (27) for definition
of four boundary functions. The solution of Egs (27) has the form:

B(w) = A~Yw) x C(w), (29)

where A~!(w) is the inverse matrix of A(w).

So, all boundary functions are defined; therefore, the Fourier transform (17) for solving
the boundary value problem is constructed. Using the inverse Fourier transform (16), we
obtain the original 6(z,t) on the segment [0, L.

We use the solution (17) and Eqgs (24) for constructing the solution of BVP on the linear
graph.
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7 Algebraic equations for determining unknown boundary functions on a heat
linear graph

We return to the consideration of BVP for the heat equation on a heat linear graph (Fig.
1). On each segment L; of the graph, we have the system of linear algebraic equations for
determining four boundary functions:

N LA
1 ' 0 —cos(k;Lj) , (Jw)” q{(w) _ :1] (w)
—cos(k;L;) — Slr;glzi)L)j) 1 0 03(w) 5w) )7 (30)
B (w)

Biw) = (1+0), /5=, j=1,..N.

Here, j denotes the number of the corresponding graph segment, and Ff (w) = 2@31 (0,w),
FQJ (w) = 2Q§(L, w). So, we have 2N equation for the determination of 4N boundary functions
at every edge: B(w) = (5%,(]%, 02.a,...... LN @y, oy (jév) Also, we have 2 conditions on the
ends of the graph (4) or (5) and 2(N — 1) transmission conditions at the node points of
this graph (6). So we have the full system 4N equations for determination of 4N boundary
functions at every edge.

Theorem 2. Resolving system of equations of Dirichlet boundary value problem (2), (4), (6)
on a heat linear graph with N different segments has the form:

Al(w) x B(w) = C(w), (31)

Resolving system of equations of Neumann boundary value problem (2), (4), (6) on a heat
linear graph with N different segments has the form:

A2(w) x B(w) = C(w), (32)

Here the matrices Al(w), A2(w) have the following dimensions 4N x 4N.
The first 2N lines along the diagonal Al(w), A2(w) contain the connection matrices (30)
of unknown boundary functions of edges. The remaining elements are zero:

A1 (w) 02><4 02><4 02><4
02><4 AQ (w) 02><4 02x4
Ai' == . ’
{ ]} 02><4 . e e e e e 02><4
O2><4 02><4 02><4 AN (w)

i=1,..,2N, j=1,..,4N.
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Here .
1 0 —cos(k;Lj) SII;(J_IZ)L)J)
AJ (w) = sin(k;L;) )
—cos(k;Lj) — (o) 1 0

The next N — 1 rows of the matrices Al(w), A2(w) contain the continuity conditions (6)
at node points

0010 ~-1000 0000
Ay |0000 0 010 0000
i 0000 0 000 0000 [
0000 0 000 1000

i=2N+1,..,3N, j=1,..,4N

The next N — 1 rows of these matrices contain the conditions (7) at node points:

000 kK 0 -k 00 0 0 00
Ay 0000 0 0 0k 0 0 00
i 0000 0 0 00 0 0 00|’

0000 0 0 00 0 —ky 0 0

i=3N—1,.,4N -2, j=1,..,4N.

The last two rows of the matriz are the boundary conditions at the ends of the graph.
For the Dirichlet problem, this is condition (4):

o O

0 0
0 0

o O
o O
]
o O
H,_/

1
{Ai} = { 0
i=4N —1,4N; j=1,..,4N

For the Neumann problem, this is condition (5):

L [0 Kk 00

i=4N —1,4N; j=1,..,4N

o O
o O
o O
o
—

KN

Theorem 4 follows from Theorem 3.
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Theorem 3. The solution to boundary value problems (1)—(6) on the thermal graph has the
form.:

0;(xj,w)H (L — ;) H(x;) =

L; L
:U]/ Fj(y, w)dy + k; H / 5( 9”( Ydy+

0

H(L,

+ Rj@ (W) H ()T (Lj — wj,w) = K@ (w) ' — 2;)Uj (), w)—
— k05 (W) H (2)) U)o (Lj = wjw) = 50 5 (W) H(Lj = 2)Uj,a, (), 0). (33)

Here (8}(w), (), 03(w), () oo BY (), (@), 05 (), @ () = B(w), where B(w) are
the solution of resolving system equations:

for Dirichlet problem: B(w)= Al"}(w) x C(w),

for Neumann problem: B(w) = A27}(w) x C(w).

So we defined the Fourier transformant of the solution of BVPs on the thermal graph.
Then by using the formula of inverse Fourier transformations (16) we calculate the original
solution—-the temperature at every point of the graph. So, both BVPs have been solved.

Conclusion

Using the method of generalized functions, we solved the boundary value problems of
thermal conductivity on the thermal linear graph, which can be used to study various network-
like structures under conditions of thermal heating (cooling). A unified technique has been
developed for solving various boundary value problems typical for practical applications.

The action of heat sources can be modeled by both regular and singular generalized
functions under various boundary conditions at the ends of the graph. The obtained regular
integral representations of generalized solutions make it possible to determine the temperature
and heat flows on each element of the graph, at any point of it, for stationary oscillations
with a constant frequency and in the case of periodic oscillations.

For nonstationary processes, performing the inverse Fourier transform in time, we obtain
the original solution in the original space-time. The construction of the original depends on
the boundary conditions and the type of functions that determine them and should be con-
sidered separately for a specific boundary value problem. The generalized function method
presented here makes it possible to solve a wide class of boundary value problems with local
and connected boundary conditions at the ends of the edges of the graph and various trans-
mission conditions at its nodes and can be extended to network structures of very different
types. It distinguishes this method from all others that are used to solve similar problems.

It should be noted that if we change the transmission condition (6), setting Q;(t) = 0
and qu (t) = qjl 41(1), i.e. introduce the continuity condition of the derivatives with respect to
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x at the nodes of the linear graph, then the solution to this problem for the heat equation
with discontinuous coefficients is also constructed by this method. Only in the rows of the
matrix of the resolving system of equations that contain this transmission condition, should
we put 1 instead of x;. The issues of the correctness of setting such problems for parabolic
equations with discontinuous coefficients on a certain class of functions were considered in
[16], [17], [18].

In [19], a boundary value problem for the heat equation with a piecewise constant thermal
conductivity coefficient with one discontinuity point under homogeneous boundary conditions
with the condition of equality of heat fluxes at the discontinuity point was considered.

The generalized function method presented here makes it possible to solve a wide class
of boundary value problems with local and connected boundary conditions at the ends of the
edges of the graph and various transmission conditions at its node and can be extended to
network structures of very different types. It distinguishes this method from all others that
are used to solve similar problems.

The proposed method applies to a wide range of BVPs, including those on mesh struc-
tures.
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AiinakeeBa H.2K., Anekceena JI.A., [Ipukazunkos . A. 2Kburynsik Tenaey yimia Jupuxiie
xone Heliman ecenrepi ChI3BIKTBIK, KO OYBIHILI XKBLIY IpadTapbl 2KoHe OJIaPIbIH MIeniMIaepi

ZKbUrysibIK KpI3bIPyY (CAJIKBIHIATY ) XKarIaiibIHa OPTYPJI KYPBLIBIMIAP/Ib 3ePTTey YIIH
nafiIaJaHbLIYbl MYMKIH CBI3BIKTBIK, YKBLIYJIBIK, Ipad OOUBIHINA KBLTY ©TKI3TIIMITIKTIH, IIeKa-
paJiblk ecenTepi KapacTbipbuiaabl. MyHIa Kajanblianral (QyHKIUSAIBIK, 9/1iC Heri3iHae wH-
JKEeHEPJIIK KOoJIAaHOa apra ToH YKbLIY OTKISTIIITIKTIH IeKapaJiblK, eCelTepiH eIyl 6ipbl-
Hrait omicremeci o93ipienai. 2Kuekre KoHe KbUIY CHI3BIFBIHBIH I'PAMBIHIA KLY OTKI3TIIITIK-
TiH, CTAI[IOHAPJIbI eMeC »KoHe CTAIlMOHap IEeKapPaJIbIK eCelITePiHiH KAJIIbIJIaHFaH IIeniMaepi
rpadThIH IIETTEePiHIe dPTYPJIi IIeKapasblK, ITapTTapia *KoHe OHBIH TYWIHIHIE YKAJITbLIAHTAH
Kupxrod mraprrapeiaga Kypacteipbliaabl. Herisri memivuin Oypbe TypJIeHIIpyITiCiHIE Ka-
CHEeTTEPIH MaiilajJaHa OTBIPBII, AHAJIUTUKAIBIK, TYPJE IeKaPAJIbIK, €CeITEPIiH IeliMIePiHiH,
TYPaKThl HHTEIPAJIJIBIK OeifHe Iepi ajbiHa bl AJIBIHFAH MENIMIEP 9PTYPJIl TUITEr KBLTY KO3~
JIEpIH MOJIeJIbIeyTe MYMKIHJIK Oepe/ii, COHBIH, IIIH/e CUHTYJISAPJIB XKAJITbLIaHFaH (DYHKIIHS-
Jlapanl naifinaganaabl. MyHIa KeJTIpUIreH KaJlblLIaHralH (PYHKIUIIAP dici rpadThIH meT-
TepiHiH, MeTTepiHeri »KeprijiikTi KoHe OallJIAHBICKAH IIEKAPAJIBIK, MAPTTAPMEH YKOHE OHBIH,
Ty#inaepingeri opTypJii 6epiny KarmaiiapbIMeH IIeKaPaJIbIK eCeITEP/IiH KeH K/IAChIH IIeITyTe
MYMKIHIIK 6epesi.

Tyiiin ce3zep: Kby OTKIZIIITIK, XKaJMbUIAHFAH PYHKIUIAD, IPTesii 2KOHEe KAJIIThLIa-
Mma 1rrenriM, Pypbe TYpIeHIAIpYi, IIeKapablK TeHIeYIeP/Il ey, ChI3bIKTHIK, rpad.

AttnaxeeBa H.2K., Anekceesa JI.A., [Ipukazuukos J.A. Samaua Jlupuxie u Helimana mist
yPaBHEHUSsI TEIIOMPOBOIHOCTH JIMHEHHBIX MHOI'O3BEHHBIX TEILJIOBBIX I'Pa()OB U UX PEIeHHSsI

PaccmarpuBarorcst KpaeBble 3alady TEILJIOMPOBOIHOCTHA Ha JIMTHEHHOM TEIJIOBOM I'pade,
KOTOpBIE MOTYT OBITH HMCIIOJIB30BAHBI JJIsT UCCJIEOBAHUSI PA3JIUNIHBIX KOHCTPYKIUI B yCJIO-
BUSIX TEMJIOBOIO HarpeBa (OXJIaXKJCHUsI). 371eCh HAa OCHOBE MeTO/a ODOOINEHHBIX (yHKIHIT
paspaboTaHa eIuHasi METOJUKa PElIeHUs KPAeBbIX 3aJa49 TEIJIOIPOBOIHOCTH, TUIIMIHAS JIJIsT
MHXKEHEPHBIX MpuiIoxkennii. IlocTpoeHbl 0000IEHHbIE PEIeHnsT HeCTAIMOHAPHBIX U CTaIlio-
HapHBIX KPaeBbIX 3aJia4 TEILJIOIPOBOIHOCTH Ha pedpe U Ha JIMHEHHOM TEeIlJIOBOM Ipade IpH
Pa3INYIHBIX TPAHUYIHBIX YCIOBUAAX HA KOHIAX rpada n 0600mennbix yeaopusx Kupxroda B ero
yaie. Ucnonb3ys cBoiicrBa TpancdopManTsl Pypbe hyHIaMEHTAILHOIO PEIIEHUs, IOy YeHbI
peryJisipHble HHTErpaJibHbIe IIPEICTABIEHUs PEIIIeHNIT KPAEBbIX 38/1a7 B aHATUTHIECKOM BHUJIE.
[Tosry4ueHnHbIe penreHns TO3BOJIAIOT MOJIEINPOBATh HCTOYHUKH TEILIa Pa3INIHbIX THUIIOB, B TOM
9HCJIe C UCIIOJI30BAHUEM CUHTYJISIPHBIX 00001menubix dyukiumii. I[1pencraBiaeHublit 3/1ech Me-
TOJI 00OOINEHHBIX (DYHKIWI TTO3BOJIET Pelrarh IMHPOKUI KJIaCC KPAEBhIX 33189 C JIOKAJIbHBIMU
U CBsI3aHHBIMH I'DAHUTHBIME YCJIOBUSIME Ha KOHIAX pebep rpada u pasjmIHbIMEA YCIOBUSME
[IPOITYCKAaHUs B €r0 y3JIaX.

KuirodyeBble cjioBa: TEIIONPOBOIHOCTH, 0000IIEeHHbIE PYHKINHA, (DyHIAMEHTAJIBLHOE U
obobIenHoe perenne, npeobpazoBanune Pypbe, paspelnrenne rPaHNIHbIX YPaBHEHU A, JIMHeH-
HBII rpad.
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