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General characteristics of the work

Relevance of the theme.

The study of di�erential equations whose coe�cients are unbounded
operators in Hilbert or Banach spaces, suitable not only because they contain
many partial di�erential equations, but also we are able to look from a uni�ed
point of view of both on the ordinary di�erential operators and the partial
di�erential operators.

In the dissertation we consider a mixed problem for a degenerate
di�erential-operator equation of fourth order

Lu ≡ D2
t (t

αD2
tu) +Au = f, (1)

where t ∈ (0, b), 0 ≤ α ≤ 4, Dt ≡ d/dt, H is a separable Hilbert space, f ∈
L2((0, b),H) with the norm

‖u‖2L2((0,b),H) ≡
∫ b

0

‖u(t)‖2H dt <∞,

the operator A has complete system of eigenfunctions {ϕk}k∈N, which form a
Riesz basis inH, i.e. any x ∈ H has the unique representation x =

∑∞
k=1 xk(t)ϕk,

and c1
∑∞
k=1 |xk|

2 ≤ ‖x‖2 ≤ c2
∑∞
k=1 |xk|

2 for some constants c1, c2 > 0.
The most important class of operator equations (1) are degenerate elliptic

fourth-order equations. Degenerate elliptic equations encountered in solving
of many important problems of applied character as the theory of small
deformations surfaces of rotation, the membrane theory of shells, the bending of
plates of variable thickness with a sharp edge (see, for instance, the article of G.
Jaiani in [8]). Particularly, important are these equations in the gas dynamics.
Start of numerous studies put the work of F. Tricomi [27], devoted to the second-
order equation with non-characteristic degeneration. Fundamental role in the
theory of degenerate elliptic equations was played the article of M.V. Keldysh
[9], where was �rst studied the �rst boundary value problem for the second-order
elliptic equation with characteristic degeneration. The next stage was the work
of Bicadze [1], where was �rst formulated a weight problem. By G. Fichera
[5] was created a uni�ed theory of second-order equations with nonnegative
characteristic form. S.G. Mikhlin [15], L.D. Kudryavtsev [11], [12] and others
have investigated degenerate elliptic equations (both second and higher order)
by variational methods. Fourth order elliptic equations degenerating on the
boundary of domain, for which we can not apply variational methods, were �rst
considered by V.K. Zakharov [30], [31]. He extended the results of M.I. Vishik
[28] on the fourth-order equation on the plane, provided that the coe�cient of the
third-order derivative with respect to the y ful�ll to some condition near the line
of degeneracy y = 0. It turned out that for the fourth-order degenerate equation
also the �lower terms" have in�uence for the statement of the boundary value
problem. A similar fact has been studied by other methods by Narchaev [17],
[18] and by G. Jaiani [7]. E.V. Makhover in [13], [14] obtained the conditions for
the discreteness and non-discreteness of the spectrum for the degenerate elliptic
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operator of fourth order. Degenerate di�erential equations in abstract spaces
have been studied by V.P. Glushko and S.G. Krein in [6], by A.A. Dezin [2],
by E. Poulsen [19] and other authors. Note also the book of K. Mynbayev and
M. Otelbaev [16] about weighted functional spaces and degenerate di�erential
equations.

This work is a direct continuation of [2], [22], [25] and is based on the study
of one-dimensional di�erential equation (1), i.e. in the case when the operatorA is
the multiplication operator by the constant number a. Note that this approach
were applied in the book of A.A. Dezin [3], by V.K. Romanko [20], by V.V.
Kornienko [10]. This approach makes it possible completely to study a number
of phenomena, which were not fully explored. At the same time it is easy to trace
the connection between ordinary di�erential equations and operator equations.

It is important to note that the operator A : H → H in general is an
unbounded operator.

Note that the operator equation (1) contains, in addition to elliptic
equations, wide class of degenerate partial di�erential equations both classical
and nonclassical types.

We are interested in the nature of the boundary conditions with respect to
t (at t = 0, b) being connected to the equation (1) and ensuring a unique solution
for any right-hand sides f ∈ L2((0, b),H).

The aim of the thesis:

• to prove that the one-dimensional operator Bu ≡ (tαu′′)′′ + u is positive
and self-adjoint, inverse operator B−1 is bounded for 0 ≤ α ≤ 4 and
compact for 0 ≤ α < 4

• to prove the same result for the one-dimensional operator Su ≡ (tαu′′)′′

and show that the spectrum of the operator S for α = 4 is purely continuous
and coincides with the ray σc(S) = [ 9

16
,+∞)

• to describe the domain of de�nition of the one-dimensional non-self-adjoint
operator Mu ≡ (tαu′′)′′ + pu′′′ and give a su�cient condition for the
solvability of the corresponding equation

• to give su�cient conditions for the uniquely solvability of the mixed
problem for the di�erential-operator equation

• to give the description of the spectrum of the mixed problem for the
di�erential-operator equation when the operator A is self-adjoint

Scienti�c innovation. All results are new.
Practical and theoretical value. The results of the work have

theoretical character. The results of the thesis can be used in the study of The
results of the thesis can be used in the study of the mixed problem for the
degenerate elliptic equations.

Approbation of the results. The obtained results were presented
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• at the research seminar of the chair of Di�erential equations of the Yerevan
State University

• at the International Conference Harmonic Analysis and Approximations,
V, 10-17 September, Armenia, 2011

• at the International Conference on Di�erential Equations and Dynamical
Systems, 11-13 July, Iran, 2012

• at the 43th Annual Iranian Mathematics Conference, University of Tabriz,
27-30 August, Iran, 2012

The main results of the thesis

The thesis consists of an introduction, three chapters and a bibliography.
Chapter 1 consists of three sections and is devoted to the one-dimensional

case.
In Section 1.1 we de�ne the weighted Sobolev space Ẇ 2

α(0, b), α ≥ 0 as the
completion of Ċ2[0, b] in the norm

‖u‖2Ẇ2
α(0,b) =

∫ b

0

tα |u′′(t)|2 dt, (2)

where Ċ2[0, b] is the set of twice continuously di�erentiable functions u(t) de�ned
on [0, b] and satisfying the conditions

u(0) = u′(0) = u(b) = u′(b) = 0. (3)

Proposition 1.1. For every u ∈ Ẇ 2
α(0, b) close to t = 0 we have following

estimates

|u(t)|2 ≤ C1t
3−α‖u‖2Ẇ2

α(0,b), for α 6= 1, 3,

|u′(t)|2 ≤ C2t
1−α‖u‖2Ẇ2

α(0,b), for α 6= 1.

(4)

For α = 3 the factor t3−α should be replaced by | ln t|; for α = 1 the factor t1−α

by | ln t| and the factor t3−α by t2| ln t|.
Denote by W 2

α(0, b) the completion of C2[0, b] in the norm

‖u‖2W2
α(0,b) =

∫ b

0

(
tα |u′′(t)|2 + |u(t)|2

)
dt. (5)

Proposition 1.2. For every u ∈W 2
α(0, b) we have

|u(t)|2 ≤ (C1 + C2t
3−α)‖u‖2W2

α(0,b), for α 6= 1, 3,

|u′(t)|2 ≤ (C3 + C4t
1−α)‖u‖2W2

α(0,b), for α 6= 1.

(6)
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For α = 3 the factor t3−α should be replaced by | ln t|; for α = 1 the factor t1−α

by | ln t| and the factor t3−α by t2| ln t| (see [25]).

Proposition 1.3. For every 0 ≤ α ≤ 4 we have a continuous embedding

W 2
α(0, b) ↪→ L2(0, b), (7)

which for 0 ≤ α < 4 is compact (see [4], [22]).
Denote by W 2

α(0) the completion of the linear manifold

{u ∈ C2[0, b], u(0) = u′(0) = 0}

in the norm (5). From the de�nition of the space W 2
α(0) it follows that the

functions u ∈ W 2
α(0) close to t = 0 have the same estimates as the functions

u ∈ Ẇ 2
α(0, b), but the conditions u(b) = u′(b) = 0 in general fail.
Denote by W 2

α(b) the completion of the linear manifold

{u ∈ C2[0, b], u(b) = u′(b) = 0}

in the norm (2). For the functions u ∈ W 2
α(b) near to t = 0 we have the

inequalities (6) and u(b) = u′(b) = 0.
In Section 1.2 we consider the one-dimensional equation (1) in the space

W 2
α(0)

Lu ≡ (tαu′′)′′ + au = f, (8)

where t ∈ (0, b), 0 ≤ α ≤ 4, f ∈ L2(0, b) and a = const.
De�nition 1.4. The function u ∈W 2

α(0) is called a generalized solution of
the mixed problem for the equation (8) in the space W 2

α(0) if for every v ∈W 2
α(0)

we have (see [21])
(tαu′′, v′′) + a(u, v) = (f, v). (9)

First we consider the following particular case of the equation (8) for a = 1

Bu ≡ (tαu′′)′′ + u = f, f ∈ L2(0, b). (10)

Proposition 1.5. The generalized solution of the mixed problem for the
equation (10) in the space W 2

α(0) exists and is unique for every f ∈ L2(0, b).
De�nition 1.6.We say that the function u ∈W 2

α(0) belongs to the domain
of de�nition D(B) of the operator B, if there exists a function f ∈ L2(0, b), such
that for every v ∈W 2

α(0) and a = 1 holds the equality (9). In this case we write
Bu = f .

As a result we get an operator B : L2(0, b)→ L2(0, b) in L2(0, b) with dense
domain of de�nition D(B) ⊂W 2

α(0).
Theorem 1.7. The operator B : L2(0, b) → L2(0, b) is for 0 ≤ α ≤ 4

positive and self-adjoint. For 0 ≤ α ≤ 4 exists the inverse operator
B−1 : L2(0, b)→ L2(0, b), which is bounded. Moreover, for 0 ≤ α < 4 the inverse
operator B−1 is compact.
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Consequently the operator B : L2(0, b) → L2(0, b) for 0 ≤ α < 4 has a
discrete spectrum, and its eigenfunction system is complete in L2(0, b). Note
that the spectrum of the operator B for α = 4 is non-discrete.

Now we can consider general equation (8) regarding the number −a as a
spectral parameter for the operator B.

Consider the generalized solution of the equation (8) in the space W 2
α(b).

The function u ∈ W 2
α(b) is called a generalized solution of the mixed

problem for the equation (8) if for every v ∈ W 2
α(b) holds the equality (9) (see

[21]).
As above we begin from regarding of the particular case of the equation

(8) now for a = 0
Su ≡ (tαu′′)′′ = f, f ∈ L2(0, b). (11)

Proposition 1.8. The generalized solution of the mixed problem for the
equation (11) in the space W 2

α(b) exists and is unique for every f ∈ L2(0, b).
De�nition 1.9.We say that the function u ∈W 2

α(b) belongs to the domain
of de�nition D(S) of the operator S, if there exists a function f ∈ L2(0, b), such
that holds the equality (9) for a = 0. In this case we write Su = f .

Theorem 1.10. The operator S : L2(0, b) → L2(0, b) is for 0 ≤ α ≤ 4
positive and self-adjoint. The inverse operator S−1 : L2(0, b) → L2(0, b) is
bounded for 0 ≤ α ≤ 4 and is compact for 0 ≤ α < 4.

Theorem 1.11. The spectrum of the operator S : L2(0, b) → L2(0, b) for
α = 4 is purely continuous and coincides with the ray σc(S) = [ 9

16
,+∞).

After the description of the spectrum σ(S) we can pass to the general
equation (9), regarding the number −a as spectral parameter for operator S.

In Section 1.3 we observe non-self-adjoint equation in the space W 2
α(0)

(tαu′′)′′ + pu′′′ + au = f, (12)

where t ∈ [0, b], 0 ≤ α ≤ 4, p, a = const, p > 0 and f ∈ L2(0, b).
Let ψh(t) ≡ 0 for 0 ≤ t ≤ h and

ψh(t) =

{
h−3(t− h)2(5h− 2t), h < t ≤ 2h,
1, 2h < t ≤ b.

Denote uh(t) = u(t)ψh(t).
Proposition 1.12. For every function u ∈ W 2

α(0) and α 6= 1, α 6= 3 the
norm
‖uh − u‖W2

α(0) tends to zero when h→ 0.

De�nition 1.13. The function u ∈ W 2
α(0) is called a generalized solution

of the mixed problem for the equation (12) if for every v ∈ W 2
α(0) holds the

equality (see [21], [22], [28])

(tαu′′, v′′h)− p(u′′, v′h) + a(u, vh) = (f, vh). (13)

Now consider a particular case of the equation (12) for a = 0

Mu ≡ (tαu′′)′′ + pu′′′ = f. (14)
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Theorem 1.14. The generalized solution of the mixed problem for the
equation (14) in the space W 2

α(0) exists and is unique for every f ∈ L2(0, b),

0 ≤ α < 1. For 1 < α < 3 the generalized solution exists if
∫ b
0
tf(t) dt = 0 and is

unique up to an arbitrary function C2t.
In Chapter 2, which consists from two subsections, we concentrate on

operator equations.
In Section 2.1 we investigate so-called Π-operators. Let

L(−iD)u ≡
∑
|α|≤m

aαD
αu

be the di�erential operation with constant coe�cients de�ned on the set P∞

of smooth functions in V = (0, 2π)n that are periodic in each variable, where
α = (α1, α2, . . . , αn) is a multi-index and Dα = Dα1

1 Dα2
2 . . . Dαn

n , Dk ≡
1
i

∂
∂xk

, k = 1, 2, . . . , n. To every di�erential operation L(−iD) we can associate

a polynomial A(s), s ∈ Zn with constant coe�cients such that

A(−iD)eis·x = A(s)eis·x, s · x = s1x1 + s2x2 + . . .+ snxn.

We de�ne the corresponding operator A : L2(V ) → L2(V ) to be the closure in
L2(V ) of the di�erential operation A(−iD) �rst de�ned on P∞.

Let S = Zn. The set of exponentials {eis·x, s ∈ S} forms an orthogonal basis
in L2(V ). Observe that eis·x, s ∈ S are the eigenfunctions for each Π-operator A
corresponding to the eigenvalues A(s), s ∈ S. Denote the set of eigenvalues by

{A(s), s ∈ S} def= A(S).
Proposition 2.1. The spectrum of each Π-operator A : L2(V )→ L2(V ) is

the closure A(S) in the complex plane Z of the set A(S), which forms the point
spectrum σp(A). The set σc(A) = σ(A)\σp(A) is the continuous spectrum of the
operator A.

In Section 2.2 we consider the operator equation (1).
Since the system of the eigenfunctions {ϕk}∞k=1 forms a Riesz basis in H

we can write

u(t) =

∞∑
k=1

uk(t)ϕk, f(t) =

∞∑
k=1

fk(t)ϕk. (15)

Therefore, the operator equation (1) can be decomposed into an in�nite chain
of degenerate ordinary di�erential equations (see [2], [3])

Lkuk ≡ (tαu′′k)′′ + akuk = fk, k ∈ N, (16)

where fk ∈ L2(0, b), k ∈ N. Let D(Lk), k ∈ N denote the domains of de�nition
for the one-dimensional operators Lk, k ∈ N. First we de�ne the operator L on
the �nite sums

um =
∑

uk(t)ϕk, uk ∈ D(Lk), Lkuk = fk, (17)

by the equality

Lum ≡
∑

Lkuk(t)ϕk =
∑

fk(t)ϕk ≡ fm.

8



De�nition 2.2. The function u ∈ L2((0, b),H) is called the generalized
solution of the equation (1), if there is some sequence of �nite sums (17), such
that are valid the equalities

lim
m→∞

‖u− um‖L2((0,b),H) = 0, lim
m→∞

‖f − fm‖L2((0,b),H) = 0.

Theorem 2.3. The operator equation (1) is uniquely solvable for every
f ∈ L2((0, b),H) if and only if the equations (16) are uniquely solvable for every
fk ∈ L2(0, b) and uniformly with respect to k ∈ N we have

‖uk‖L2(0,b) ≤ c‖fk‖L2(0,b). (18)

It follows from the inequalities (18) that for 0 ≤ α ≤ 4 the inverse operator
L−1 is bounded. In contrast to the one-dimensional case (see Theorem 1.10) the
operator L−1 for 0 ≤ α < 4 will be compact only in the case, when the space H

is �nite-dimensional.

Theorem 2.4. Let holds the conditions

ρ(1− ak;σ(B)) > ε, k ∈ N, (19)

where ε > 0, ρ is the distance in the complex plane C. Then the generalized
solution of the equation (1) exists and is unique.

Theorem 2.5. Let hold the conditions

ρ(−ak;σ(S)) > ε, k ∈ N. (20)

Then the generalized solution of the equation (1) exists and is unique.
When the operator A is self-adjoint we can give the following description

of the spectrum of of the operator L (depending on the spacesW 2
α(0) andW 2

α(b)
respectively)

Theorem 2.6. The spectrum σ(L) of the operator L coincides with the
direct sum σ(B) and σ(A− IH) (σ(S) and σ(A)), i.e.

σ(L) = σ(B) + σ(A− IH) ≡ {λ1 + λ2 − 1 : λ1 ∈ σ(B), λ2 ∈ σ(A)},(
σ(L) = σ(S) + σ(A) ≡ {λ1 + λ2 : λ1 ∈ σ(S), λ2 ∈ σ(A)}

)
.

In Chapter 3 we propose a Sinc-Galerkin method solving the boundary
value problem for the ordinary di�erential equation of the fourth order. In Section
3.2 we approximate solution of the equation (8) by an expansion

uN (x) =

N∑
−N

ωkS(k, h)(x) ◦ φ(x), (21)

where S(k, h)(x) = sinc
(
x−kh
h

)
= sin(π(x−kh)/h)

π(x−kh)/h is the kth Sinc function with
step size h and ◦ means composition of the functions. The unknown coe�cients

9



ωk, k = −N,−N + 1, . . . , N in (21) are determined using Galerkin method. We
prove that the convergent rate is O(exp(−c N

logN
)) for some c > 0.
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ԱՄՓՈՓՈՒՄ 
ԷՍՄԱՅԻԼ ՅՈՒՍԵՖԻ 

Խառը խնդիրը չորրորդ կարգի վերասերվող դիֆերենցիալ-
օպերատորային հավասարումների համար 

   Ատենախոսությունը նվիրված է խառը խնդրի ուսումնասիրությանը 
չորրորդ կարգի վերասերվող դիֆերենցիալ-օպերատորային 
հավասարումների մի դասի համար: Այդ դասը բավական լայն է և իր 
մեջ ներառում է ինչպես դասական,  այնպես էլ ոչ դասական մասնակի 
ածանցյալներով դիֆերենցիալ հավասարումներ:  Միաժամանակ 
հնարավորություն է ստեղծվում նայել սովորական և մասնակի 
ածանցյալներով դիֆերենցիալ հավասարումներին վրա միասնական 
տեսանկյունից:   
   Ներկայացվող ատենախոսության  մեջ  դիտարկվել է խառը խնդիրը 
չորրորդ կարգի վերասերվող դիֆերենցիալ-օպերատորային 
հավասարման  համար 
𝐿𝐿𝐿𝐿 ≡ (𝑡𝑡𝛼𝛼𝑢𝑢′′ )′′ + 𝐴𝐴𝐴𝐴 = 𝑓𝑓(𝑡𝑡), 𝑡𝑡 ∈ (0, 𝑏𝑏),𝛼𝛼 ≥ 0,𝑓𝑓 ∈ 𝐿𝐿2((0, 𝑏𝑏),ℋ),               (1)                                                                                                      

որտեղ  𝐴𝐴:ℋ → ℋ գծային օպերատորը (ընդհանրապես ասած` 
անսահմանափակ) գործում է որևէ ℋ սեպարաբել հիլբերտյան 
տարածության  մեջ: Ենթադրվում է, որ  ℋ-ում գոյություն ունի  Րիսի 
բազիս` {𝜑𝜑𝑘𝑘}𝑘𝑘=1

∞ , այնպիսին որ 𝜑𝜑𝑘𝑘 ,𝑘𝑘 ∈ ℕ ֆունկցիաները հանդիսանում 
են 𝐴𝐴 օպերատորի համար սեփական ֆունկցիաներ  𝐴𝐴𝜑𝜑𝑘𝑘 = 𝑎𝑎𝑘𝑘𝜑𝜑𝑘𝑘 ,𝑘𝑘 ∈ ℕ:  
   Ատենախոսության մեջ նախ դիտարկվում է միաչափ դեպքը, այսինքն 
երբ 𝐴𝐴 օպերատորը 𝑎𝑎  թվով բազմապատկման օպերատոր է` 𝐴𝐴𝐴𝐴 =
𝑎𝑎𝑎𝑎,   𝑎𝑎 ∈ ℂ: Այնուհետև օգտվելով   

𝑢𝑢(𝑡𝑡) = ∑ 𝑢𝑢𝑘𝑘(𝑡𝑡)𝜑𝜑𝑘𝑘∞
𝑘𝑘=1 ,       𝑓𝑓(𝑡𝑡) = ∑ 𝑓𝑓𝑘𝑘(𝑡𝑡)𝜑𝜑𝑘𝑘∞

𝑘𝑘=1  

ներկայացումներից  (1)  դիֆերենցիալ-օպերատորային հավասարումը 
բերվում է սովորական դիֆերենցիալ հավասարումների հետևյալ 
անվերջ շղթային        
  𝐿𝐿𝑘𝑘𝑢𝑢𝑘𝑘 ≡ (𝑡𝑡𝛼𝛼𝑢𝑢𝑘𝑘′′ )′′ + 𝑎𝑎𝑘𝑘𝑢𝑢𝑘𝑘 = 𝑓𝑓𝑘𝑘(𝑡𝑡), 𝑡𝑡 ∈ (0, 𝑏𝑏),𝛼𝛼 ≥ 0,𝑓𝑓𝑘𝑘 ∈ 𝐿𝐿2(0,𝑏𝑏),𝑘𝑘 ∈ ℕ:    (2)   

    

   Նախ սահմանվում են (2) տեսքի սովորական դիֆերենցիալ 
հավասարման համար խառը խնդրի ընդհանրացված լուծումները 
Սոբոլևի  𝑊𝑊𝛼𝛼

2(0) և 𝑊𝑊𝛼𝛼
2(𝑏𝑏) կշռային տարածություններում: Այնուհետև 

սահմանվում է (1) դիֆերենցիալ-օպերատորային հավասարման 
համար համապատասխան խառը խնդրի ընդհանրացված լուծումը: 
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Ստացվել են հետևյալ հիմնական արդյունքները. 

●  Ցույց է տրվել, որ միաչափ   𝐵𝐵𝐵𝐵 ≡ (𝑡𝑡𝛼𝛼𝑢𝑢′′ )′′ + 𝑢𝑢, 𝐷𝐷(𝐵𝐵) ⊂ 𝑊𝑊𝛼𝛼
2(0)  

օպերատորը դրական է և ինքնահամալուծ, երբ  0 ≤ 𝛼𝛼 ≤ 4, իսկ 
հակադարձ օպերատորը  𝐵𝐵−1: 𝐿𝐿2(0,𝑏𝑏) → 𝐿𝐿2(0,𝑏𝑏) գոյություն ունի ու 
անընդհատ է 0 ≤ 𝛼𝛼 ≤ 4 :  0 ≤ 𝛼𝛼 < 4     դեպքում դեպքում ապացուցվել է 
հակադարձ օպերատորի  կոմպակտությունը::  

 

●  Նույնը ցույց է տրվել միաչափ      𝑆𝑆𝑆𝑆 ≡ (𝑡𝑡𝛼𝛼𝑢𝑢′′ )′′ ,   𝐷𝐷(𝑆𝑆) ⊂ 𝑊𝑊𝛼𝛼
2(𝑏𝑏)      

օպերատորի համար, իսկ 𝛼𝛼 = 4  դեպքում  ցույց է տրվել, որ  𝑆𝑆  
օպերատորի սպեկտրը համընկնում է անընդհատ սպեկտրի հետ և  
σ𝑐𝑐(𝑆𝑆) = [ 9

16
, +∞): 

 

●  Միաչափ      𝑀𝑀𝑢𝑢 ≡ (𝑡𝑡𝛼𝛼𝑢𝑢′′ )′′ + 𝑝𝑝𝑢𝑢′′′ ,   𝐷𝐷(𝑀𝑀) ⊂ 𝑊𝑊𝛼𝛼
2(0)     ոչ   ինքնահա-

մալուծ   օպերատորի   համար հետազոտվել է որոշման տիրույթը և 
ստացվել է բավարար պայման համապատասխան հավասարման 
լուծելիության  համար:  

 

●  Ստացվել են բավարար պայմաններ, որոնց տեղի ունենալու 
դեպքում խառը խնդիրը դիֆերենցիալ-օպերատորային հավասարման 
համար միարժեք լուծելի է:  
 

●    𝐴𝐴  օպերատորի ինքնահամալուծ լինելու դեպքում ցույց է տրվել, որ  

𝐿𝐿: 𝐿𝐿2�(0,𝑏𝑏),ℋ�  → 𝐿𝐿2�(0, 𝑏𝑏),ℋ� 

օպերատորի սպեկտրը համընկնում է  𝜎𝜎(𝐿𝐿) = 𝜎𝜎(𝐴𝐴 − 𝐼𝐼ℋ) + 𝜎𝜎(𝐵𝐵), 
𝐴𝐴 − 𝐼𝐼ℋ:ℋ → ℋ   և  𝐵𝐵: 𝐿𝐿2(0, 𝑏𝑏) → 𝐿𝐿2(0,𝑏𝑏)   (𝑊𝑊𝛼𝛼

2(0)  դեպքի համար)  ու 
 𝜎𝜎(𝐿𝐿) = 𝜎𝜎(𝐴𝐴) + 𝜎𝜎(𝑆𝑆) ,    𝑆𝑆: 𝐿𝐿2(0, 𝑏𝑏) → 𝐿𝐿2(0,𝑏𝑏)  (𝑊𝑊𝛼𝛼

2(𝑏𝑏)  դեպքի համար)  
սպեկտրների ուղիղ գումարի փակման հետ, որտեղ  𝐼𝐼ℋ -ը միավոր 
օպերատորն է  ℋ  տարածության մեջ: 
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ЗАКЛЮЧЕНИЕ 

ЕСМАЙИЛ ЮСЕФИ 

Смешанная задача для вырождающихся дифференциально-
операторных  уравнений четвертого порядка 

   Диссертация посвящена к исследованию смешанной задачи для одного 
класса вырождающихся дифференциально-операторных  уравнений 
четвертого порядка. Это довольно широкий класс, который содержит как 
классические, так и неклассические дифференциальные уравнения в 
частных производных.  
   В представленной диссертации рассматривается смешанная задача для 
вырождающегося дифференциально-операторного  уравнения  четвертого 
порядка 

ݑܮ ؠ ሺݐఈݑᇱᇱሻᇱᇱ ൅ ݑܣ ൌ ݂ሺݐሻ,     ݐ א ሺ0, ܾሻ,      ߙ ൒ 0,    ݂ א ,ଶሺሺ0ܮ ܾሻ, ࣢ሻ,   (1) 

где  ܣ: ࣢ ՜ ࣢ является линейным оператором (вообще говоря 
неограниченный), действующим в некотором сепарабельном гильбертовом 
пространстве ࣢. Предполагается, что  в  ࣢  существует базис 
Рисса  ሼ߮௞ሽ௞ୀଵ

∞ , такой что функции  ߮௞, ݇ א Գ являются собственными 
функциями  ߮ܣ௞ ൌ ܽ௞߮௞, ݇ א Գ для оператора ܣ. 
   В диссертационной работе сперва изучается одномерный случай, т.е. 
случай, когда  ܣ  является оператором умножения   ݑܣ ൌ ܽ   ,ݑܽ א ԧ на 
число ܽ. Затем используя представления 

ሻݐሺݑ ൌ ∑ ሻ߮௞ݐ௞ሺݑ
ஶ
௞ୀଵ ,       ݂ሺݐሻ ൌ ∑ ௞݂ሺݐሻ߮௞

ஶ
௞ୀଵ  

дифференциально-операторное   уравнение  (1)  приводится  к  
бесконечной  цепочке  обыкновенных  диффeренциальных уравнений 
       
௞ݑ௞ܮ  ؠ ሺݐఈݑ௞

ᇱᇱሻᇱᇱ ൅ ܽ௞ݑ௞ ൌ ௞݂ሺݐሻ, ݐ א ሺ0, ܾሻ, ߙ ൒ 0, ௞݂ א ,ଶሺ0ܮ ܾሻ,  ݇ א Գ. (2)                    

   Вначале  для обыкновенного дифференциального уравнения вида (2) 
определяются обобщенные решения смешанной задачи в весовых 
пространствах Соболева  ఈܹ

ଶሺ0ሻ и ఈܹ
ଶሺܾሻ. Затем определяется 

соответствующее обобщенное решение смешанной задачи для 
дифференциально-операторного уравнения (1). 
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