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In this study, heat conductivity boundary value problems on a star graph are considered, inspired by en-
gineering applications, e.g., heat conduction phenomena in mesh-like structures. Based on the generalized
function method, a unified technique for solving boundary value problems on such graphs is developed.
Generalized solutions to transient and stationary boundary value problems are constructed for different
conditions at the end edges, with the Kirchhoff conditions at the common node. Regular integral repre-
sentations of solutions to boundary value problems are obtained using the properties and symmetry of the
fundamental solution’s Fourier transform. The derived results allow the action of various heat sources to
be simulated, including concentrated ones by using singular generalized functions. The generalized func-
tion method enables a wide variety of boundary value problems to be tackled, including those with local
boundary conditions at the ends of the graph, and various transmission conditions at the common node.
Based on the research, the authors propose an analytical solution method under the action of various heat
sources to solve various boundary value problems on a star thermal graph.

Keywords: star graph, temperature, heat flow, transmission conditions, generalized functions method,
generalized solution, Fourier transform, boundary equations.
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Introduction

As a branch of applied mathematics, graph theory has wide applications in subjects such as eco-
nomics, logistics, sociology, optimal control, and navigation. The properties of graphs are also actively
used to solve boundary value problems (BVPs) on network-like structures, e.g., oil pipelines, gas
pipelines, and electrical networks. The concept of graphs was first introduced by Leonhard Euler in
1736. In his work [1], he pioneered the approach of graph theory to solve the famous problem of the
Königsberg bridges. At the beginning of the 20th century, the Hungarian mathematician Dénes König
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was the first to propose the term “graph” in reference to diagrams containing a discrete set of points
connected by straight lines and began to study their general properties. In 1936, he published the first
book on graph theory [2] that reviewed all related works from 1736 onwards (see also [3]).

Graph Theory (GT) has potential applications in the field of Computer Science (CS) for various
purposes. Unique applications of GT in the field of CS, such as web document clustering, cryptography,
and algorithm execution analysis, among others, are promising applications. Further, the concepts of
GT can be used to simplify and analyze electronic circuits. Recently, graphs have been widely used
in social networks (SN) for many purposes related to modeling and analyzing SN structures, modeling
SN operation, analyzing SN users, and many other related aspects [4–9]. Determining a distributed
parameter of conductance for a neuronal cable model on a tree graph was researched in [10,11].

The development of analytical methods for the mathematical modeling of network-like structures
is based on the solution and analysis of the corresponding direct and inverse problems for equation
systems with parameters that are distributed on a graph. These methods primarily analyze the spectral
completeness and basis properties of the corresponding BVPs’ eigenfunctions in the space of square
integrable functions, in addition to finding conditions for their unique solutions. The field of theory
differential equations on networks is relatively new, with most articles on the subject focused on the
direct problems of spectral theory.

The theory of ordinary differential equations on networks gave rise to research on the theory of
inverse problems on geometric graphs, which can be traced to the articles of V.Yurko [12, 13]. The
spectral problems for Sturm-Liouville operators on star graphs were also considered in [14–16]. A
number of other contributions are devoted to different types of differential equations on graphs. In [17],
discrete Yamabe equations on star graphs were considered, in [18, 19] the fractional boundary value
problem on a graph was studied.

A new class of partial differential equations on graphs of different structures has only begun to be
studied in the last decade. Boundary value problems for the d’Alembert wave equation, their spectral
properties, and the issues of existence and uniqueness of solutions, as well as a number of inverse
problems, were considered in the works [20–24].

The studies of boundary value problems for heat conduction equations on graphs appeared rela-
tively recently. They are largely related to the solution of thermoelasticity problems on graphs for
studying the strength properties of rod structures, widely used in mechanical engineering, robotics,
and construction. Their solutions are based on the solution of systems of equations of spatially one-
dimensional thermoelasticity problems [25–27].

Mathematical modeling of the process of heat propagation in a system of rods on a “tree-like”
graph in the form of a bundle of linear differential operators was carried out by Yu.Martynova [28],
who posed the inverse problem of finding the parameters of boundary conditions for given eigenvalues.
Here we consider boundary value problems for the heat equation on an undirected star graph with an
arbitrary number of links of different lengths, which may have different thermal characteristics. An
analytical solution to the posed boundary value problems is constructed for given boundary conditions
at the ends of the graph and a known total heat flow in its node. The constructed solution allows us to
determine the temperature and heat flows in any link of the graph under periodic and non-stationary
thermal effects. Other authors have not yet constructed such solutions to boundary value problems on
thermal graphs.

We used the generalized function method to solve boundary value problems, leading to a differential
equation solution with a singular right-hand side containing simple and double layers, the densities of
which are determined by the boundary and initial conditions of the solution. The solution is constructed
as the convolution of the Green’s function of the equation with the appropriate right-hand side in
every edge. To determine the unknown boundary values of the solution and its derivatives, connection
equations are constructed boundary functions at the edge ends, employing the asymptotic properties of
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Green’s functions and their derivatives 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. Thus, the proposed method is applicable to a wide range of BVPs, including those on mesh
structures.

1 Statement of the boundary value problem on a heat star graph

We consider a heat star graph which contains N edges (A0, Aj) of the length Lj (j = 1, 2, ..., N)
with a common node A0 (Fig. 1). On each edge Sj =

{
x ∈ R1 : 0 ≤ x ≤ Lj

}
, there is a coordinate

system (x, t) whose origin can be found at the point A0 : x = 0. At Sj , the temperature θj(x, t)
satisfies the following heat conduction equation:

∂θj
∂t
− κj

∂2θj
∂x2

= Fj(x, t), 0 ≤ x ≤ Lj , t ≥ 0. (1)

Here, κj is the heat diffusivity coefficient, Fj(x, t) describes the power of acting heat sources on the
j -edge.

 

Figure 1. Star graph

The initial conditions at t = 0 for the temperature of the graph are as follows:
(Cauchy conditions)

θj(x, 0) = θj0(x), 0 ≤ x ≤ Lj , ∀j, (2)

where θj0(x) ∈ C2(R1). Next, we consider the following boundary value problem (BVP).
Dirichlet problem. Temperature values are known at the ends of the graph:

θj(Lj , 0) = θj2(t), 0 ≤ x ≤ Lj , t ≥ 0. (3)

The following continuity conditions and the Kirchhoff condition are specified in the common node A0

of the graph:
θ1

1(t) = θ2
1(t) = . . . = θN1 (t), x = 0, t ≥ 0, (4)

κ1q
1
1(t) + κ2q

2
1(t) + . . .+ κNq

N
1 (t) = 0. (5)

Here qj1(t) =
∂θj
∂x |x=0, q

j
2(t) =

∂θj
∂x |x=L, the superscript indicates the number of the graph edge and

θj1(t) = θj(0, t), θj2(t) = θj = (Lj , t) designate the temperatures at the ends of the j -th edge, 1 ≤ j ≤ N .
We need to find the solution to the Dirichlet problem on this star graph.
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2 Statement of the boundary value problem on the edge of a graph

To define the connection between the boundary values of temperature and heat flows on each
element of a graph, at first we construct the solution to the boundary value problem (BVP) on the
segment [0, L].

Let’s define θ(x, t), which is the solution of the heat equation:

∂θ

∂t
− κ ∂θ

∂x2
= F (x, t), 0 ≤ x ≤ L, t ≥ 0. (6)

The initial conditions are as follows, where the temperature is known at t = 0:

θ(x, 0) = θ0(x), θ0(x) ∈ C2(R1) {0 ≤ x ≤ L} . (7)

We denote

θ(0, t) = θ1(t), x = 0, t ≥ 0,

θ(L, t) = θ2(t), x = L, t ≥ 0.
(8)

The following matching conditions apply to the initial and boundary conditions:

θ1(t) = θ0(0), θ2(t) = θ0(L).

We can construct the solutions of this BVP using the generalized function method [29].
Boundary conditions can be written for different BVP in a generalized form:{

(α1θ1 + β1Π1(t))|x=0 = G1(t),
(α2θ2 + β2Π2(t))|x=L = G2(t),

(9)

where θj(t), Πj(t) = −k ∂θ∂x |x=xj (j = 1, 2) are the temperature and heat flows at the ends of segment,
known functions Gj(t) ∈ L1(R+), R+ = [0,∞); coefficients (αj , βj) are known arbitrary constants.
By choosing them we can solve different BVPs. For example,

1. Dirichlet problem: α1 = 1, β1 = 0, α2 = 1, β2 = 0;
2. Neumann problem: α1 = 0, β1 = 1, α2 = 0, β2 = 1.

3 Generalized solution to boundary value problems on a graph segment using a generalized function
method

To determine the solution, we consider a BVP in the space of generalized functions of slow growth
S′(R2) =

{
f̂(x, t), (x, t) ∈ R2

}
[29, 30]. To achieve this, we introduce a regular generalized function

(marked with a cap):

θ̂(x, t) =

{
θ(x, t), (x, t) ∈ D−,

0, x /∈ D−.

Here D− = [0, L]× [0,∞), θ(x, t) is the classical solution to the BVP in D−. It can be represented as
θ̂(x, t) = θ(x, t)H(L− x)H(x)H(t), where H(x) is the Heaviside step function:

H(x) =

{
1, x > 0,
0, x < 0.

To construct the equation for θ̂(x, t) in S′(R2), we find the generalized derivatives of θ̂(x, t):

∂θ̂

∂x
=
∂θ

∂x
H−D(x, t)− θ2(t)δ(L− x)H(t) + θ1(t)δ(x)H(t),
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∂2θ̂

∂x2
=
∂2θ

∂x2
H−D(x, t)− q2(t)δ(L− x)H(t) + q1(t)δ(x)H(t) + θ2(t)δ′(L− x)H(t) + θ1(t)H(t)δ′(x),

∂θ̂

∂t
=
∂θ

∂t
H−D(x, t)− θ0(t)H(L− x)δ(t).

HereH−D(x, t) = H−L (x)H(t) is characteristic function of the setD−, H−L (x) = H(L−x)H(x) is charac-
teristic function of [0, L], δ(x) is the singular generalized δ-function, q1(t) = ∂θ

∂x

∣∣
x=0

,

q2(t) = ∂θ
∂x

∣∣
x=L

. Then Eq. (6) has the following form for θ̂(x, t) in S′(R2):

∂θ̂

∂t
− κ∂

2θ̂

∂x2
= F̂ (x, t) + κq2(t)δ(L− x)H(x)H(t)− κq1(t)H(L− x)δ(x)H(t)−

−κθ2(t)δ′(L− x)H(x)H(t)− κθ1(t)δ′(x)H(L− x)H(t) + θ0(x)H−L (x)δ(t),

F̂ (x, t) = F (x, t)H−D(x, t).

(10)

Note that the right side of this equation includes all initial (7), (8) and boundary temperatures (9)
and heat flows θj(t)Πj(t) = κqj(t).

To shorten the formulas, we will use the following notation for partial derivatives: u,x = ∂u
∂x ,

u,t = ∂u
∂t .

According to the theory of generalized functions [30], the solution of Eq. (10) can be represented
as a convolution of the fundamental solution to the heat equation (6) with the right-hand side of this
equation:

θ̂(x, t) = F̂2(x, t) ∗ U(x, t) + κq2(t)H(x)H(t) ∗
t
U(L− x, t)−

−κq1(t)H(L− x)H(t) ∗
t
U(x, t)− κθ2(t)H(t)H(x) ∗

t
U,x(L− x, t)−

−κθ1(t)H(L− x)H(t) ∗
t
U,x(x, t) + θ0(x)H(L− x)H(x) ∗

x
U(x, t),

(11)

where U(x, t) is the Green’s function of Eq. (6) — fundamental solution to the heat equation (6) by
F (x, t) = δ(x)δ(t) which decays at ∞ [30]:

U(x, t) =
1√

2πκt
exp(−x2/4κt)H(t). (12)

If F̂ (x, t) is a regular function, then the formulae shown in (11) can be represented in the following
integral form:

θ̂(x, t) = θ(x, t)H(L− x)H(x)H(t) =

= H(x)

t∫
0

dτ

+∞∫
−∞

U(x− y, t− τ)F (y, τ)dy + κH(x)H(t)

t∫
0

q2(t− τ)U(L− x, τ)dτ−

−κH(L− x)H(t)

t∫
0

U(x− y, t− τ)q1(τ)dτ − κH(x)H(t)

t∫
0

θ2(t− τ)U,x(L− x, τ)dτ−

−κH(L− x)H(t)

t∫
0

U,x(x, t− τ)θ1(τ)dτ +

L∫
0

U(x− y, t)θ0(y)H(L− y)H(y)dy.

(13)

8 Bulletin of the Karaganda University



Boundary Value Problems ...

Comment. This formula determines the temperature inside a segment using known temperatures
and heat flows at its ends. For this reason, it is very useful for engineering applications, as it allows one
to study the influence of boundary temperature, heat flows, and initial conditions on the temperature
of a segment. In practical problems, these can be measured, and this formula gives the heat state of
various rod structures under arbitrary thermal conditions.

To determine unknown boundary functions (heat flows), the resolving boundary equations should
be constructed using the boundary conditions at the ends of the segment.

4 Solution of BVP in Fourier transformation space in time. Resolving system of equations

To find four boundary functions in (13) and construct the resolving system of equations, we use
the Fourier transform in time:

θ̄(x, ω) = F
[
θ̂(x, t)

]
= H(x)H(L− x)

∞∫
0

θ(x, t)eiωtdt,

θ̂(x, t) =
1

2π

∞∫
−∞

θ̄(x, ω)e−iωtdω.

(14)

To define the Fourier transform of the generalized solution (13), we use the property of the Fourier
transform of convolution [30]:

θ̂(x, ω)F̄2(x, ω) ∗
x
Ū(x, ω) + θ0(x)H(L− x)H(x) ∗

x
Ū(x, ω)+

+κq̄2(ω)H(x)Ū(L− x, ω)− κq̄1(ω)H(L− x)Ū(x, ω)−
−κθ̄2(ω)H(x)Ū,x(L− x, ω)− κθ̄1H(L− x)Ū,x(x, ω).

(15)

Here, a variable under the convolution sign
(
∗
x

)
shows convolution over the variable x. The integral

representation of (15) has the following form:

θ̄(x, ω)H(L− x)H(x)H(ω) = H(x)

L∫
0

Ū(x− y, ω)F2(y, ω)dy + κH(x)

L∫
0

Ū(x− y, ω)θ0(y)dy+

+κq̄2(ω)H(x)Ū(L− x, ω)− κq̄1(x)H(L− x)Ū(x, ω)−
−κθ̄2(ω)H(x)Ū,x(L− x, ω)− κθ̄1H(L− x)Ū,x(x, ω),

(16)

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

Ū(x, ω) = −0, 5
sin(k|x|)
κ(k + i0)

, (17)

where k =
√
iωκ−1 = ejπ/4

√
ωκ−1 = (1 + i)

√
ω
2κ . It satisfies the following equation:

d2Ū

dx2
+ iωκ−1Ū = δ(x).

Its derivative has a gap at the point x = 0, and is equal to

∂Ū(x, ω)

∂x
= Ū,x(x, ω) = −sgnx

2κ
cos(κ|x|), sgnx =

{
1, x > 0,
−1, x < 0.
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There are the next symmetry conditions:

Ū(x, ω) = Ū(−x, ω), Ū,x(±0, ω) = ∓ 1

2κ
. (18)

We use these properties (17), (18) to construct the solving system of equations.
To find the unknown boundary functions, we pass in relation (16) to the limits at the ends of a

segment:

lim
ε→0

θ̄(0 + ε, ω) = θ̄1(x) = F̄ (x, ω) ∗
x
Ū(x, ω)|x=0 + θ0(x)H(L− x)H(x) ∗

x
Ū(x, ω)|x=0+

+κq̄2(ω)Ū(L, ω)− κq̄1(ω)Ū(0, ω)− κθ̄2(x)Ūx(L, ω)− κθ̄1Ū,x(+0, ω).

From (18) to follow: −κθ̄1(ω)Ū,x(+0, ω) = 0, 5θ̄1(ω). Next, we factor out the last term on the left side
and obtain the following equation at the left end of the segment:

1

2
θ̄1(ω) = F̄ (x, ω) ∗

x
Ū(x, ω|x=0 + θ0(x)H(L− x)H(x) ∗

x
Ū(x, ω)|x=0+

+κq̄2(x)Ū(L, ω)− κq̄1(ω)Ū(0, ω)− κθ̄2(ω)Ū,x(L, ω).

Similarly, we consider the limit at x = L− ε, ε→ +0, and obtain the second equation on the right
end of the segment. Let us formulate the obtained results.

Theorem 1. The Fourier time transformants of the boundary functions of the boundary value
problems (6)–(9) satisfy the following system of linear algebraic equations:[

0, 5 0
κŪ,x(L, ω) κŪ(L, ω)

] [
θ̄1(ω)
q̄1(ω)

]
+

[
κŪ,x(L, ω) −κŪ(L, ω)

0, 5 0

] [
θ̄2(ω)
q̄2(ω)

]
=

[
Q̄1(0, ω)
Q̄2(L, ω)

]
, (19)

where
Q̄1(0, ω) = F̄ (x, ω) ∗

x
Ū(x, ω)|x=0 + θ0(x)H(L− x)H(x) ∗

x
Ū(x, ω)|x=0,

Q̄2(L, ω) = F̄ (x, ω) ∗
x
Ū(x, ω)|x=L + θ0(x)H(L− x)H(x) ∗

x
Ū(x, ω)|x=L.

The system (19) gives the possibility to determine only two boundary functions at the ends of the
segment if two functions from θ̄1(ω)q̄1(ω)θ̄2(ω)q̄2(ω) are known. If to add two boundary conditions (9)
we have the full system of four linear algebraic equations to determine these boundary functions:

A(ω) ·B(ω) = C(ω), (20)

where

A(ω) =


0, 5 0 κŪ,x(L, ω) −κŪ(L, ω)

κŪ,x(L, ω) κŪ(L, ω) 0, 5 0
α1 β1 0 0
0 0 α2 β2

 ,

B(ω) = (θ̄1(ω), q̄1(ω)θ̄2(ω), q̄2(ω))T ,

C(ω) = (Q̄1(0, ω), Q̄2(L, ω)b̄3(ω), b̄4(ω))T .

The solution of resolving system (20) is

B(ω) = A−1(ω) · C(ω), (21)

where A−1 is the inverse matrix of A(ω).
Substituting (21) into (16) we obtain the temperature transformant at any point x. Performing the

inverse Fourier transform (14), we obtain θ̂(x, t). Thus, the temperature θ(x, t) on the interval [0, L]
has been determined at any time t. We have solved BVPs.
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5 Resolving system of equations on a star thermal graph

Let’s return to the consideration of Dirichlet problem for a star heat graph (Fig. 1) by using the
system (12). On each edge Lj , j = 1, N , we have the following system of linear algebraic equations of
connection of four boundary functions (θ̄j1(ω)q̄j1(ω), θ̄j2(ω)q̄j2(ω)):

(
1 0 − cos(kjLj) k−1

j sin(kjLj)

− cos(kjLj) −k−1
j sin(kjLj) 1 0

)
θ̄j1(ω)

q̄j1(ω)

θ̄j2(ω)

q̄j2(ω)

 =

(
F̄ j1 (ω)

F̄ j2 (ω)

)
,

where j is the number of the corresponding graph edge, and F̄ j1 (ω) = 2Q̄1j(0, ω), F̄ j2 (ω) = 2Q̄2j(L, ω).

Q̄1j(0, ω) = F̄j(x, ω) ∗
x
Ū j(x, ω)|x=0 + θj0(x)H−L (x) ∗

x
Ū j(x, ω)|x=0,

Q̄2j(L, ω) = F̄j(x, ω) ∗
x
Ū j(x, ω)|x=L + θj0(x)H−L (x) ∗

x
Ū j(x, ω)|x=L, Ũ

j(x, ω) = −0, 5
sin(kj |x|)
kj(kj + i0)

.

Consequently, we have 2N equations for defining 4N boundary functions:

B(ω) = (θ̄1
1, q̄

1
1, θ̄

1
2, q̄

1
2, ..., θ̄

N
1 , q̄

N
1 θ̄

N
2 , q̄

N
2 )T .

This graph has N edges with one boundary condition at the end of every edge. Consequently, we
add N boundary conditions at the ends of this graph.

The next N equations contain the condition of continuity (4) and Kirchhoff condition (5) for N
edges in common boundary points x1 = 0 at the node A0. Therefore, the complete resolving system
of 4N equations has been written in the next form.

Theorem 2. The resolving system of boundary value problem equations (1)–(5) on a star heat graph
with N different edges has the following form:

A(ω) ·B(ω) = C(ω), (22)

where

A=



1 0 κ1Ū
1
,x(L1) −κ1Ū1(L1) .. 0 0 0 0

κ1Ū
1
L1

κ1Ū
1(L1) 1 0 .. 0 0 0 0

... ... ... ... .. ... ... ... ...

... ... ... ... .. ... ... ... ...
0 0 0 0 .. 1 0 κN Ū

N
,x (LN ) −κN ŪN (LN )

0 0 0 0 .. κN Ū
N
,x (Ln, ω) κN Ū

N (LN ) 1 0
0 0 1 0 .. 0 0 0 0
0 ... ... ... .. ... ... ... ...
0 0 0 0 .. 0 0 0 0
1 0 0 0 .. 0 0 0 0
1 ... ... ... .. ... ... ... ...
1 ... ... ... .. −1 ... 0 0
0 κ1 0 0 .. 0 κn 0 0


and dimension of the matrix A is 4N × 4N ;

C(ω) =

(
F̄ 1

1 (0, ω)F̄−1
2 (L1, ω), ..., F̄N1 (LN , ω)F̄N2 (LN , ω); θ̄1(L1, ω), ..., θ̄N (LN , ω); 0, ..., 0,

N−1
Ḡ(ω)

)T
.
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Its solution is equal to
B(ω) = A−1(ω) · C(ω),

A−1(ω) is inverse matrix to matrix A(ω).
The first 2N rows of matrix A contain at “diagonal” the resulting system (22) for each edge of this

graph. The other elements of these lines are null (see A(ω)).
The next N lines contain the boundary conditions on the ends of graph (3). Here in the line 2N+j

only the column 4j − 1 contains 1, others are null.
The line (3N + j), j = 1, T . . . , N − 1 in the first column stands 1, and −1 in column (4j + 1),

j = 1, T . . . , N −1 (condition of temperature continuity (4)). In the last line (Kirchhoff condition (5)),
the value κj stands in the column 2 + 4j, j = 0, T . . . , N − 1.

Substituting (θ̄j1, q̄
j
1, θ̄

j
2, q̄

j
2) — the corresponding components of B(ω) for j-edge into (16), we obtain

θ̄j(x, ω) at any point x of this edge:

θ̄(x, ω)H−D(x, t) = H(x)

L̄∫
0

Ū j(x− y, ω)F̄ j(y, ω)dy + κjH(x)

L∫
0

Ū j(x− y, ω)θj0(y)dy+

+κj q̄
j
2(ω)Ū j(Lj − x, ω)− κj q̄j1(ω)H(Lj − x)Ū j(x, ω)−

−κj θ̄j2(ω)Ū j,x(Lj − x, ω)− κj θ̄j1(ω)H(Lj − x)Ū j,x(x, ω), 0 ≤ x ≤ Lj .

Performing the inverse Fourier transform (14), we obtain θ̂(x, t) = θj(x, t)H
−
D(x, t). Thus, the

temperature on the star graph is determined at any time t at any edge.
So BVP for the heat star graph has been solved.

Conclusion

Using the generalized function method, the boundary value problems of thermal conductivity on a
thermal star graph have been solved, 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 edge. The obtained regular integral
representations of generalized solutions make it possible to determine the temperature and heat flows
on each element and at any point of a graph for stationary oscillations with a constant frequency and
in the case of periodic oscillations.

At first, a boundary value problem was solved on one edge of the graph. Using the generalized
function method, a heat equation with a singular right-hand side was obtained. The solution to
the Dirichlet problem was determined through the convolution of the fundamental solution with the
singular right-hand side of the heat equation. Thus, the solution found on the edge was determined
by the initial functions, boundary functions, and their derivatives (the unknown boundary functions).
A resolving system of two linear algebraic equations in the space of the Fourier transform in time
was constructed to determine the unknown boundary functions. After determining all the solutions
on all graph edges and taking the continuity condition and Kirchhoff joint condition into account, we
obtained the solution to the heat equation on the star graph.

The generalized function method presented here makes it possible to solve a wide range of boundary
value problems at the ends of the graph edges and various transmission conditions at its common node
and can be extended to network structures of very different types. This distinguishes this method
from all others that are used to solve similar problems. This algorithm can be recommended and used
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for engineering calculations of heating networks and it will find wide application in the design and
calculation of rod structures in mechanical engineering and construction.

The method of generalized functions presented here allows not only to solve a wide range of problems
with different conditions at the ends of the edges of the graph and the conditions of transmission in
its common node, but can also be extended to network structures of various types. This distinguishes
this method from all others that are used to solve similar problems.
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