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Abstract. We examine a boundary value problem for a differential equation with a piecewise-constant

argument of generalized type. An interval [0, T ] is divided into N parts, the values of the solution at the

interior points of the subintervals are treated as additional parameters, and the boundary value problem

for a differential equation with piecewise-constant argument of generalized type is transformed to an

equivalent initial value problems with parameters for differential-algebraic equations on subintervals.

Differential part of this problem consists of the Cauchy problems for ordinary differential equations on

the subintervals. Algebraic part of this problem consists of the algebraic equations with respect to the

parameters composed by boundary and continuity conditions at the interior points of the partition. The

coefficients and the right-hand sides of this system are determined by solving the Cauchy problems for

ordinary differential equations on the subintervals. We demonstrate that the solvability of the boundary

value problems is equivalent to the solvability of the composed systems. We propose methods for solving

boundary value problems based on the construction and solution of these systems.

Keywords. Differential equations with piecewise-constant argument of generalized type, two-point

boundary value problem, parametrization method, differential-algebraic equations, solvability criteria.

1 Introduction

On the interval [0, T ], we consider the boundary value problem for a differential equation
with a piecewise-constant argument of generalized type in the following form:

ẋ = a(t)x(t) + a0(t)x(γ(t)) + f(t), (1)

bx(0) + cx(T ) = d1, (2)
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16 Anar T. Assanova

where x(t) is an unknown function, the functions a(t), a0(t), and f(t) are continuous on
[0, T ]; γ(t) = ζj if t ∈ [θj , θj+1), j = 0, N − 1; θj ≤ ζj ≤ θj+1 for all j = 0, 1, ..., N − 1;
0 = θ0 < θ1 < ... < θN−1 < θN = T , b, c and ds are constants; ∥x∥ = max

i=1,n
|xi|.

A function x(t) is a solution to problem (1), (2) if:

(i) x(t) is continuous on [0, T ];

(ii) the derivative ẋ(t) exists at each point t ∈ [0, T ] with the possible exception of the
points θj , j = 0, N − 1, where the one-sided derivatives exist; (iii) equation (1) is satisfied
for x(t) on each interval (θj , θj+1), j = 0, N − 1, and it holds for the right derivative of x(t)
at the points θj , j = 0, N − 1;

(iv) boundary condition (2) are satisfied for x(t) at the points t = 0, t = T .

The concept of differential equations with piecewise-constant argument of generalized
type (DEPCAG) has been introduced in the works [1–3].

Over the past few decades, there has been significant research into applying these equa-
tions to various problems, exploring examples and their diverse applications.

In addition to exploring different properties of differential equations with piecewise-
constant argument, several authors have delved into questions regarding the solvability and
construction of solutions for boundary value problems associated with these equations on
finite intervals. Special emphasis has been placed on periodic and multipoint boundary value
problems for differential equations with piecewise-constant argument, given their broad utility
in natural sciences and engineering [4–15].

The objective of this paper is to establish a constructive approach for the exploration
and solution of the boundary value problem, encompassing the development of an algorithm
capable of solving problems (1), (2).

To this end, we use the Dzhumabaev’s parametrization method [16].

The paper is organized as follows.

The time interval [0, T ] is partitioned into N subintervals based on the partition ∆N :
θ0 = 0 < θ1 < θ2 < ... < θN = T . We introduce additional parameters as a value of
desired function at the internal points of the partition. The boundary value problem for
differential equation with piecewise-constant argument of generalized type is transformed to
an equivalent initial value problems with parameters for differential-algebraic equations on
subintervals. Differential part of this problem contains of the Cauchy problems for ordinary
differential equations on the subintervals. Algebraic part of this problem contains of the
algebraic equations with respect to parameters composed by boundary and continuity condi-
tions at interior points of the partition. The coefficients and right-hand sides of this system
are determined by solving the Cauchy problems for ordinary differential equations on the
subintervals. We demonstrate that the solvability of boundary value problems is equivalent
to the solvability of the composed systems. We propose methods for solving boundary value
problems based on the construction and solution of these systems.
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Solution of the boundary value problem for DEPCAG 17

2 Scheme of the parametrization method and reduction to an equivalent prob-
lem

Denote by ∆N a partition of the interval [0, T ):

[0, T ) =
N⋃
r=1

[θr−1, θr) by lines t = θj , j = 1, N − 1.

Let
C([0, T ],R) be the space of continuous functions x : [0, T ] → R with norm ∥x∥1 = max

t∈[0,T ]
|x(t)|;

C([0, T ],∆N ,RN ) be the space of functions systems x[t] = (x1(t), x2(t), . . . , xN (t))′, where
xr : [θr−1, θr) → R are continuous and have finite left-hand side limits lim

t→θr−0
xr(t) for all

r = 1, N with norm ∥x[·]∥2 = max
r=1,N

sup
t∈[θr−1,θr)

|xr(t)|.

Denote by xr(t) a restriction of function x(t) on r-th interval [θr−1, θr), i.e.

xr(t) = x(t) for t ∈ [θr−1, θr), r = 1, N.

Then the function system x[t] = (x1(t), x2(t), . . . , xN (t))′ belongs to C([0, T ],∆N ,RN ),
and its elements xr(t), r = 1, N, satisfy the following system of differential equations with
piecewise-constant argument of generalized type

dxr
dt

= a(t)xr(t) + a0(t)xr(ζr−1) + f(t), t ∈ [θr−1, θr), r = 1, N, (3)

bx1(0) + c lim
t→T−0

xN (t) = d, (4)

lim
t→θp−0

xp(t) = xp+1(θp), p = 1, N − 1, (5)

where conditions (5) are the continuity conditions on internal points of the interval [0, T ].
In (3) we take into account that γ(t) = ζj if t ∈ [θj , θj+1), j = 0, N − 1.
A function system x[t] = (x1(t), x2(t), ..., xN (t)) is called a solution to problem (3)–(5),

if it belongs to C([0, T ],∆N ,RN ) and the functions x̃r(t), r = 1, N, satisfy equations (3),
boundary condition (4) and the continuity conditions (5).

We introduce additional parameters λr = xr(ζr−1) for all r = 1, N . Making the
substitution xr(t) = ur(t)−λr on the every r-th interval [θr−1, θr), we obtain the initial value
problem for differential-algebraic equations with parameters

dur
dt

= a(t)(ur(t) + λr) + a0(t)λr + f(t), t ∈ [θr−1, θr), r = 1, N, (6)

ur(ζr−1) = 0, r = 1, N, (7)

bλ1 + bu1(0) + cλN + c lim
t→T−0

uN (t) = d, (8)
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λp + lim
t→θp−0

up(t) = up+1(θp), p = 1, N − 1. (9)

Problems (6), (7) are the initial value problems for differential equations with parameters on
the intervals [θr−1, θr), r = 1, N . The boundary conditions (8) and continuity conditions (9)
together form a system of algebraic equations with respect to the parameters λr, r = 1, N .

For any fixed λr ∈ R and r, the initial value problem (6), (7) has a unique solution ur(t),
and the function system u[t] = (u1(t), u2(t), . . . , uN (t)) belongs to C([0, T ],∆N ,RN ).

A pair {u[t], λ} with elements u[t] = (u1(t), u2(t), ..., uN (t)), λ = (λ1, λ2, ..., λN ) is called
a solution to the initial value problems with parameters (6)–(9), if it satisfies differential
equations (6), initial conditions (7), boundary condition (8) and continuity conditions (9).

If a function system x̃[t] = (x̃1(t), x̃2(t), ..., x̃N (t)) belongs to C([0, T ],∆N ,RN ), and the
functions x̃r(t), r = 1, N, satisfy equations (3), boundary condition (4) and the continuity
conditions (5), then the pair {ũ[t], λ̃} with the elements

ũ[t] = (ũ1(t), ũ2(t), . . . , ũN (t)), λ̃ = (λ̃1, λ̃2, . . . , λ̃N ),

where ũr(t) = x̃r(t)− λ̃r, λ̃r = x̃r(ζr−1), r = 1, N , is a solution to the initial value problems
with parameters (6)–(9). Conversely, if a function system {u∗[t], λ∗} with elements

u∗[t] = (u∗1(t), u
∗
2(t), . . . , u

∗
N (t)), λ∗ = (λ∗

1, λ
∗
2, . . . , λ

∗
N )

is a solution to problems (6)–(9), then the function system x∗[t] = (x∗1(t), x
∗
2(t), . . . , x

∗
N (t))

with x∗r(t) = λ∗
r + u∗r(t), r = 1, N, belongs to C([0, T ],∆N ,R), and the functions x∗r(t),

r = 1, N, satisfy equations (3), boundary condition (4) and the continuity conditions (5).
Let

Ar(t) = e

t∫
θr−1

a(τ)dτ

, t ∈ [θr−1, θr], r = 1, N.

The function Ar(t) is a solution of the differential equation

dur
dt

= a(t)ur(t), t ∈ [θr−1, θr], r = 1, N.

We write down the solutions to the initial value problems with parameters (6), (7) in the
form:

ur(t) = Ar(t)

t∫
ζr−1

A−1
r (τ)[a(τ) + a0(τ)]dτλr +Ar(t)

t∫
ζr−1

A−1
r (τ)f(τ)dτ, (10)

where t ∈ [θr−1, θr), r = 1, N.

The solution (10) allows us to compose system of linear algebraic equations with respect
to parameters λr ∈ R2, r = 1, N .
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For this we substitute the suitable expressions of solution (10) into the boundary condition
(8) and continuity conditions (9). We obtain

b

[
1+A1(θ0)

θ0∫
ζ0

A−1
1 (τ)[a(τ) + a0(τ)]dτ

]
λ1 + c

[
1+AN (T )

T∫
ζN−1

A−1
N (τ)[a(τ) + a0(τ)]dτ

]
λN =

= d− bA1(θ0)

θ0∫
ζ0

A−1
1 (τ)f(τ)dτ −AN (T )

T∫
ζN−1

A−1
N (τ)f(τ)dτ, (11)

[
1+Ap(θp)

θp∫
ζp−1

A−1
p (τ)[a(τ)+a0(τ)]dτ

]
λp−

[
1+Ap+1(θp)

θp∫
ζp

A−1
p+1(τ)[a(τ)+a0(τ)]dτ

]
λp+1 =

= −Ap(θp)

θp∫
ζp−1

A−1
p (τ)f(τ)dτ +Ap+1(θp)

θp∫
ζp

A−1
p+1(τ)f(τ)dτ, p = 1, N − 1. (12)

Denote by Q∗(∆N ) the N ×N matrix corresponding to the left-hand side of system (11),
(12) and write the system as

Q∗(∆N )λ = −F∗(∆N ), λ ∈ RN , (13)

where

F∗(∆N ) =

(
−d+ bA1(θ0)

θ0∫
ζ0

A−1
1 (τ)f(τ)dτ +AN (T )

T∫
ζN−1

A−1
N (τ)f(τ)dτ,

A1(θ1)

θ1∫
ζ0

A−1
1 (τ)f(τ)dτ +A2(θ1)

θ1∫
ζ1

A−1
2 (τ)f(τ)dτ, ...,

AN−1(θN−1)

θN−1∫
ζN−2

A−1
N−1(τ)f(τ)dτ −AN (θN−1)

θN−1∫
ζN−1

A−1
N (τ)f(τ)dτ

)
∈ RN .

The statement provided below is accurate.
Lemma 1. If x∗(t) is a solution to problem (1), (2) and λ∗

r = x∗(ζr−1), r = 1, N ,
then the vector λ∗ = (λ∗

1, λ
∗
2, . . . , λ

∗
N ) ∈ RN is a solution to system (13). Conversely, if

λ̃ = (λ̃1, λ̃2, . . . , λ̃N ) ∈ RN is a solution to system (13) and ũ[t] = (ũ1(t), ũ2(t), . . . , ũN (t) is
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the solution to initial value problems (6), (7) for the parameter λ̃ ∈ RN , then the function x̃(t)
given by the equalities x̃(t) = λ̃r+ur(t), t ∈ [θr−1, θr), r = 1, N, and x̃(T ) = λ̃N+ lim

t→T−0
uN (t),

is a solution to problem (1), (2).

3 The main results

Definition 1. The boundary value problem (1), (2) is called uniquely solvable if for any
pair (f(t), d), with f(t) ∈ C([0, T ],R) and d ∈ R, it has a unique solution.

Lemma 1 and well known theorems of linear algebra imply the following two assertions.

Theorem 1. The boundary value problem (1), (2) is solvable if and only if the vector
F∗(∆N ) is orthogonal to the kernel of the transposed matrix (Q∗(∆N ))

′
, i.e. iff the equality

(F∗(∆N ), η) = 0

is valid for all η ∈ Ker(Q∗(∆N ))
′
, where (·, ·) is the inner product in RN .

Theorem 2. The boundary value problem (1), (2) is uniquely solvable if and only if
N ×N matrix Q∗(∆N ) is invertible.

As evident from Theorem 2, the key condition for the unique solvability of problem (1),
(2) is the invertibility of the N × N matrix Q∗(∆N ). The matrix Q∗(∆N ) has a special
structure. This allows obtaining conditions for the invertibility of the matrix Q∗(∆N ) in
terms of the non-vanishing of a certain expression.

We introduce the notations:

qr(t) = 1 +Ar(t)

t∫
ζr−1

A−1
r (τ)[a(τ) + a0(τ)]dτ, t ∈ [θr−1, θr], r = 1, N,

dp = −Ap(θp)

θp∫
ζp−1

A−1
p (τ)f(τ)dτ +Ap+1(θp)

θp∫
ζp

A−1
p+1(τ)f(τ)dτ, p = 1, N − 1,

dN = d− bA1(θ0)

θ0∫
ζ0

A−1
1 (τ)f(τ)dτ −AN (T )

T∫
ζN−1

A−1
N (τ)f(τ)dτ.

Consider system of algebraic equations (13) in the following form:

bq1(θ0)λ1 + cqN (θN )λN = dN , (141)

q1(θ1)λ1 − q2(θ1)λ2 = d1, (142)
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q2(θ2)λ2 − q3(θ2)λ3 = d2, (143)

qr(θr)λr − qr+1(θr)λr+1 = dr, r = 1, N − 1, (14r)

qN−1(θN−1)λN−1 − qN (θN−1)λN = dN−1. (14N )

Assume that qN−1(θN−1) ̸= 0 and from equation (14N ) we represent λN−1 by λN :

λN−1 =
qN (θN−1)

qN−1(θN−1)
λN +

1

qN−1(θN−1)
dN−1. (151)

Next, we consider the previous equation (14N−1) and substitute the found expression for
λN−1 into:

qN−2(θN−2)λN−2 = qN−1(θN−2)λN−1 + dN−2 =

= qN−1(θN−2) ·
qN (θN−1)

qN−1(θN−1)
λN + qN−1(θN−2) ·

1

qN−1(θN−1)
dN−1 + dN−2, (16)

Assume that qN−2(θN−2) ̸= 0 and from equation (16) we represent λN−2 by λN :

λN−2 =
qN−1(θN−2)

qN−2(θN−2)
· qN (θN−1)

qN−1(θN−1)
λN+

+
qN−1(θN−2)

qN−2(θN−2)
· 1

qN−1(θN−1)
dN−1 +

1

qN−2(θN−2)
dN−2. (152)

Further, we consider the equation (14N−2) and substitute the found expression for λN−2 into:

qN−3(θN−3)λN−3 = qN−2(θN−3)λN−2 + dN−3 =

= qN−2(θN−3) ·
qN−1(θN−2)

qN−2(θN−2)
· qN (θN−1)

qN−1(θN−1)
λN+

+qN−2(θN−3) ·
qN−1(θN−2)

qN−2(θN−2)
· 1

qN−1(θN−1)
dN−1 + qN−2(θN−3) ·

1

qN−2(θN−2)
dN−2 + dN−3,

from here, assuming that qN−3(θN−3) ̸= 0 we represent λN−3 by λN :

λN−3 =
qN−2(θN−3)

qN−3(θN−3)
· qN−1(θN−2)

qN−2(θN−2)
· qN (θN−1)

qN−1(θN−1)
λN+

+
qN−2(θN−3)

qN−3(θN−3)
· qN−1(θN−2)

qN−2(θN−2)
· 1

qN−1(θN−1)
dN−1 +

qN−2(θN−3)

qN−3(θN−3)
· 1

qN−2(θN−2)
dN−2+

+
1

qN−3(θN−3)
dN−3. (153)
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And so on, we obtain the following expression for λr:

qr(θr)λr = qr+1(θr)λr+1 + dr = qr+1(θr) ·
r+1∏

i=N−1

qi+1(θi)

qi(θi)
λN+

+qr+1(θr)

{ r+1∏
s=N−2

qs+1(θs)

qs(θs)
· 1

qN−1(θN−1)
dN−1 +

r+1∏
s=N−3

qs+1(θs)

qs(θs)
· 1

qN−2(θN−2)
dN−2+

+ · · ·+
r+1∏

s=r+1

qs+1(θs)

qs(θs)
· 1

qr+2(θr+2)
dr+2 +

1

qr+1(θr+1)
dr+1

}
+ dr, r = 1, N − 1.

Assume that qr(θr) ̸= 0 and we represent λr by λN :

λr =
qr+1(θr)

qr(θr)
·

r+1∏
i=N−1

qi+1(θi)

qi(θi)
λN+

+
qr+1(θr)

qr(θr)

{ r+1∏
s=N−2

qs+1(θs)

qs(θs)
· 1

qN−1(θN−1)
dN−1 +

r+1∏
s=N−3

qs+1(θs)

qs(θs)
· 1

qN−2(θN−2)
dN−2+

+ · · ·+
r+1∏

s=r+1

qs+1(θs)

qs(θs)
· 1

qr+2(θr+2)
dr+2 +

1

qr+1(θr+1)
dr+1

}
+

1

qr(θr)
dr, r = 1, N − 1.

From here, we obtain

λr =

r∏
i=N−1

qi+1(θi)

qi(θi)
λN +

r∏
s=N−2

qs+1(θs)

qs(θs)
· 1

qN−1(θN−1)
dN−1+

+

r∏
s=N−3

qs+1(θs)

qs(θs)
· 1

qN−2(θN−2)
dN−2 + · · ·+

r∏
s=r+1

qs+1(θs)

qs(θs)
· 1

qr+2(θr+2)
dr+2+

+

r∏
s=r

qs+1(θs)

qs(θs)
· 1

qr+1(θr+1)
dr+1 +

1

qr(θr)
dr, r = 1, N − 1. (15r)

From expression (15r), we have the representation for λ1 by λN :

λ1 =
1∏

i=N−1

qi+1(θi)

qi(θi)
λN +

1∏
s=N−2

qs+1(θs)

qs(θs)
· 1

qN−1(θN−1)
dN−1+

+

1∏
s=N−3

qs+1(θs)

qs(θs)
· 1

qN−2(θN−2)
dN−2 + · · ·+

1∏
s=2

qs+1(θs)

qs(θs)
· 1

q3(θ3)
d3+
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+
1∏

s=1

qs+1(θs)

qs(θs)
· 1

q2(θ2)
d2 +

1

q1(θ1)
d1. (15N−1)

Substituting the found expression for λ1 into equation (141), we obtain{
bq1(θ0)

1∏
i=N−1

qi+1(θi)

qi(θi)
+ cqN (θN )

}
λN = dN − bq1(θ0)

{ 1∏
s=N−2

qs+1(θs)

qs(θs)
· 1

qN−1(θN−1)
dN−1+

+

1∏
s=N−3

qs+1(θs)

qs(θs)
· 1

qN−2(θN−2)
dN−2 + · · ·+

1∏
s=2

qs+1(θs)

qs(θs)
· 1

q3(θ3)
d3+

+
1∏

s=1

qs+1(θs)

qs(θs)
· 1

q2(θ2)
d2 +

1

q1(θ1)
d1

}
. (17)

Assume that bq1(θ0)
1∏

i=N−1

qi+1(θi)
qi(θi)

+ cqN (θN ) ̸= 0.

Then, from (17) we will have an explicit expression for the parameter λN :

λN =
1

bq1(θ0)
1∏

i=N−1

qi+1(θi)
qi(θi)

+ cqN (θN )

dN−

− bq1(θ0)

bq1(θ0)
1∏

i=N−1

qi+1(θi)
qi(θi)

+ cqN (θN )

{ 1∏
s=N−2

qs+1(θs)

qs(θs)
· 1

qN−1(θN−1)
dN−1+

+

1∏
s=N−3

qs+1(θs)

qs(θs)
· 1

qN−2(θN−2)
dN−2 + · · ·+

1∏
s=2

qs+1(θs)

qs(θs)
· 1

q3(θ3)
d3+

+

1∏
s=1

qs+1(θs)

qs(θs)
· 1

q2(θ2)
d2 +

1

q1(θ1)
d1

}
. (15N )

Thus, the following statements are valid.

Lemma 2. The N ×N matrix Q∗(∆N ) is invertible if only if the following expressions
are non-zero:

bq1(θ0)
1∏

i=N−1

qi+1(θi)

qi(θi)
+ cqN (θN ) ̸= 0, qr(θr) ̸= 0 for all r = 1, N − 1,
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where

qr(t) = 1 +Ar(t)

t∫
ζr−1

A−1
r (τ)[a(τ) + a0(τ)]dτ, t ∈ [θr−1, θr], r = 1, N,

Ar(t) = e

t∫
θr−1

a(τ)dτ

, t ∈ [θr−1, θr], r = 1, N.

Lemma 3. Let

bq1(θ0)
1∏

i=N−1

qi+1(θi)

qi(θi)
+ cqN (θN ) ̸= 0, qr(θr) ̸= 0 for all r = 1, N − 1.

Then the system of algebraic equations has a unique solution λ∗ and its components λ∗
r are

explicitly determined in the following form:

λr =

r∏
i=N−1

qi+1(θi)

qi(θi)
λN +

r∏
s=N−2

qs+1(θs)

qs(θs)
· 1

qN−1(θN−1)
dN−1+

+
r∏

s=N−3

qs+1(θs)

qs(θs)
· 1

qN−2(θN−2)
dN−2 + · · ·+

r∏
s=r+1

qs+1(θs)

qs(θs)
· 1

qr+2(θr+2)
dr+2+

+
r∏

s=r

qs+1(θs)

qs(θs)
· 1

qr+1(θr+1)
dr+1 +

1

qr(θr)
dr, r = 1, N − 1,

λN =
1

bq1(θ0)
1∏

i=N−1

qi+1(θi)
qi(θi)

+ cqN (θN )

dN−

− bq1(θ0)

bq1(θ0)
1∏

i=N−1

qi+1(θi)
qi(θi)

+ cqN (θN )

{ 1∏
s=N−2

qs+1(θs)

qs(θs)
· 1

qN−1(θN−1)
dN−1+

+

1∏
s=N−3

qs+1(θs)

qs(θs)
· 1

qN−2(θN−2)
dN−2 + · · ·+

1∏
s=2

qs+1(θs)

qs(θs)
· 1

q3(θ3)
d3+

+
1∏

s=1

qs+1(θs)

qs(θs)
· 1

q2(θ2)
d2 +

1

q1(θ1)
d1

}
.
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Conclusion. In the present article, the conditions for the unique solvability of boundary
value problem for differential equation with piecewise constant argument of generalized type
(1), (2) are established. For solving this problem is applied Dzhumabaev’s parametrization
method. We are shown that solvability of the problem (1), (2) is equivalent to solvability of
a system of algebraic equations with respect to parameters. Conditions for the existence of a
unique solution to the system of algebraic equations are determined, and explicit expressions
for the parameters are found. An analytical solution to the considered problem is constructed.
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Àñàíîâà À.Ò.ÆÀËÏÛËÀÍ�ÀÍ Ò�ÐÄÅÃI Á�ËIÊÒI-Ò�ÐÀ�ÒÛÀÐÃÓÌÅÍÒI ÁÀÐ
ÄÈÔÔÅÐÅÍÖÈÀËÄÛ� ÒÅ�ÄÅÓ �ØIÍ ØÅÒÒIÊ ÅÑÅÏÒI� ØÅØIÌI

Æàëïûëàí¡àí ò³ðäåãi á°ëiêòi-ò´ðà©òû àðãóìåíòi áàð äèôôåðåíöèàëäû© òå­äåó ³øií
øåòòiê åñåï ©àðàñòûðûëàäû. [0, T ] àðàëû¡û N á°ëiêêå á°ëiíåäi, øåøiìíi­ iøêi àðàëû-
©òàðäû­ iøêi í³êòåëåðiíäåãi ìºíäåði ©îñûìøà ïàðàìåòðëåð ðåòiíäå ©àðàñòûðûëàäû.
Æàëïûëàí¡àí ò³ðäåãi á°ëiêòi-ò´ðà©òû àðãóìåíòi áàð äèôôåðåíöèàëäû© òå­äåó ³øií
øåòòiê åñåï iøêi àðàëû©òàðäà¡û äèôôåðåíöèàëäû©-àëãåáðàëû© òå­äåóëåð ³øií áàñòà-
ï©û ìàíäåði æºíå ïàðàìåòðëåði áàð ïàðà-ïàð åñåïêå ò³ðëåíäiðiëåäi. Åñåïòi­ äèôôåðåí-
öèàëäû© á°ëiãi iøêi àðàëû©òàðäà¡û ñûçû©òû äèôôåðåíöèàëäû© òå­äåóëåð ³øií Êîøè
åñåïòåðiíåí ò´ðàäû. Åñåïòi­ àëãåáðàëû© á°ëiãi øåòòiê øàðòòàí æºíå á°ëiêòåóäi­ iøêi
í³êòåëåðiíäåãi ³çiëiññiçäiê øàðòòàðûíàí úê´ðûë¡àí ïàðàìåòðëåðãå ©àòûñòû àëãåáðàëû©
òå­äåóëåðäi ©àìòèäû. Îñû æ³éåíi­ êîýôôèöèåíòòåði ìåí î­ æà©òàðû iøêi àðàëû©òàðäà
ñûçû©òû æºé äèôôåðåíöèàëäû© òå­äåóëåð ³øií Êîøè åñåïòåðií øåøó àð©ûëû òàáû-
ëàäû. Øåòòiê åñåïòåðäi­ øåøiëiìäiëiãi ©´ðàñòûðûë¡àí àëãåáðàëû© òå­äåóëåð æ³éåñiíi­
øåøiëiìäiëiãiíå ïàðà-ïàð åêåíi ê°ðñåòiëäi. Îñû æ³éåëåðäi ©´ðó¡à æºíå øåøóãå íåãiçäåë-
ãåí øåòòiê åñåïòåðäi øåøóäi­ ºäiñòåði ´ñûíûëàäû.

Êiëòòiê ñ°çäåð. Æàëïûëàí¡àí ò³ðäåãi á°ëiêòi-ò´ðà©òû àðãóìåíòi áàð äèôôåðåíöè-
àëäû© òå­äåóëåð, øåòòiê åñåï, ïàðàìåòðëåó ºäiñi, äèôôåðåíöèàëäû©-àëãåáðàëû© òå­äå-
óëåð, øåøiëiìäiëiê êðèòåðèéëåði.
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Àñàíîâà À.Ò. ÐÅØÅÍÈÅ ÊÐÀÅÂÎÉ ÇÀÄÀ×È ÄËß ÄÈÔÔÅÐÅÍÖÈÀËÜÍÎÃÎ
ÓÐÀÂÍÅÍÈß Ñ ÊÓÑÎ×ÍÎ-ÏÎÑÒÎßÍÍÛÌ ÀÐÃÓÌÅÍÒÎÌ ÎÁÎÁÙÅÍÍÎÃÎ ÒÈ-
ÏÀ

Ìû ðàññìàòðèâàåì êðàåâóþ çàäà÷ó äëÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ ñ êóñî÷íî-
ïîñòîÿííûì àðãóìåíòîì îáîáùåííîãî òèïà. Èíòåðâàë [0, T ] ðàçáèâàåòñÿ íà N ÷àñòåé,
çíà÷åíèÿ ðåøåíèÿ âî âíóòðåííèõ òî÷êàõ ïîäèíòåðâàëîâ ðàññìàòðèâàþòñÿ êàê äîïîë-
íèòåëüíûå ïàðàìåòðû. Êðàåâàÿ çàäà÷à äëÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ ñ êóñî÷íî-
ïîñòîÿííûì àðãóìåíòîì îáîáùåííîãî òèïà ïðåîáðàçóåòñÿ â ýêâèâàëåíòíóþ çàäà÷ó ñ íà-
÷àëüíûìè çíà÷åíèÿìè è ïàðàìåòðàìè äëÿ äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèõ óðàâíåíèé
íà ïîäèíòåðâàëàõ. Äèôôåðåíöèàëüíàÿ ÷àñòü ýòîé çàäà÷è ñîñòîèò èç çàäà÷ Êîøè äëÿ
îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé íà ïîäèíòåðâàëàõ. Àëãåáðàè÷åñêàÿ ÷àñòü
ýòîé çàäà÷è ñîäåðæèò àëãåáðàè÷åñêèå óðàâíåíèÿ îòíîñèòåëüíî ïàðàìåòðîâ, ñîñòàâëåí-
íûå èç êðàåâîãî óñëîâèÿ è óñëîâèé íåïðåðûâíîñòè íà âíóòðåííèõ òî÷êàõ ðàçáèåíèÿ.
Êîýôôèöèåíòû è ïðàâûå ÷àñòè ýòîé ñèñòåìû îïðåäåëÿþòñÿ ðåøåíèÿìè çàäà÷ Êîøè äëÿ
îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé íà ïîäèíòåðâàëàõ. Ìû äåìîíñòðèðóåì,
÷òî ðàçðåøèìîñòü êðàåâîé çàäà÷è ýêâèâàëåíòíà ðàçðåøèìîñòè ñîñòàâëåííîé ñèñòåìû
àëãåáðàè÷åñêèõ óðàâíåíèé. Ìû ïðåäëàãàåì ìåòîä ðåøåíèÿ êðàåâîé çàäà÷è íà îñíîâå
ïîñòðîåíèÿ è ðåøåíèÿ ýòèõ ñèñòåì.

Êëþ÷åâûå ñëîâà. Äèôôåðåíöèàëüíûå óðàâíåíèÿ ñ êóñî÷íî-ïîñòîÿííûì àðãóìåí-
òîì îáîáùåííîãî òèïà, êðàåâàÿ çàäà÷à, ìåòîä ïàðàìåòðèçàöèè, äèôôåðåíöèàëüíî-
àëãåáðàè÷åñêèå óðàâíåíèÿ, êðèòåðèè ðàçðåøèìîñòè.
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