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GENERAL CHARACTERISTICS OF THE WORK

Rationale and development degree of the topic:

The dissertation work has been devoted to studying some
spectral properties of the system of the root (eigen and a associated)
functions of third order matrix coeffcient ordinary differential
operators.

It is known that spectral theory of ordinary differential
equations begins with classic works of Sh. Sturm, C. Liouville and
then afterwards with the works of V.A.Steklov, D.Ya.Tamarkin,
D.Birkhoof, M.L.Rasulov and other famous mathematicians, where
the problems of convergence of asymptotics and spectral expansions
of eigen values of various boundary value problems were studied.

The study of the following issues in researching spectral
theory of differential operators are the most important ones: the
basicity of the system of eigen and associated functions of the
studied differential operator in these or other spaces; absolute and
uniform convergence of spectral expansion of functions included or
not included into the domain of definition of the differential operator;
equiconvergence of spectral expansion of functions from this or other
spaces by the eigen and associated functions of the differential
operator with trigonometric Fourier series of this function, etc..

It is clear from the study of not self-associated boundary
value problems that the system of eigen functions of such operators,
in general, not only does not form a basicity in L, and it may not be
complete in the L, class. Therefore, such systems must be completed
with associated functions. In these problems the system of eigen and
associated functions (root functions) in general, is not orthogonal in
the L, space and neither its closeness nor minimality does not
provide its basicity in this space. So, the study of not self-associated
problems requires new approaches. In this direction, the
completeness of the system of eigen and associated functions in L,

structured specially for a wide class of boundary value problems was
proved by M.V.Keldysh.



The study of the completeness for a wide class of boundary
value problems was continued by many mathematicions. The basicity
of the system of eigen and associated functions of strong regular
boundary value problems in L, has been shown by V.P.Mikhailov

and G.M.Keselman. The block (basicity or parenthetical) basicity of
the system of eigen and associated functions of regular problems was
indicated in A.A.Shkalikov’s work.

The first important results for regular eguiconvergence of
regular boundary condition ordinary differential equations were
obtained by D.Ya.Tamarkin. Afterwards, the similar result for
summable coefficient differential operators was obtained by
M.Stone. D.Ya.Tamarkin’s  equiconvergence theorem  was
generalized by A.P.Khromov for integral operators generalizing the
properties of the Green's function of a differential operator with
regular boundary conditions kernel. The above results are based on
the resolvent method, and equiconvergence obtained in these works
is a block eguiconvergence (parenthetical equiconvergence).

Another method for studying spectral properties of
differential operators was suggested by academician V.A.Il’in.
V.A.Il’in has clarifed that when the total sum of associated functions
is infinite, unlike completeness properties of the system of eigen and
associated functions, the basicity and equiconvergence properties are
strongly dependent on the choice of associated functions, and are not
only determined by the special form of the boundary condition.

These properties are strongly influenced by the values of the
coefficients of the differential operator, i.e. a negligible change by
retaining these coefficients in its class can cause this property to
appear or to disappear. In this condition the basicity and
equiconvergence conditions can not be expressed by the terms of
boundary conditions. For this reason, V.A.Il’in suggested to
determine the eigen and associated functions of a differential
operator as a regular solution of a spectral parameter differnetial
equation without bounding with specific boundary conditions. This
approach enables to consider any boundary conditions (both local
and non-local), the system of functions not bounded by any boundary
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condition and also the systems obtained from the combination of
subsets of the systems of eigen and associated functions of two
various boundary value problems.

In his works V.A. 1I’in has considered a systen of eigen and
associated functions of an ordinary differential operator and proved
regular convergence and basicity, unconditional basicity theorems in
a compact within certain natural conditions.

These studies were continued in V.A.Il’'in followers in
different directions. These issues were studied in the works of
V.V.Tikhomirov, Sh.A.Alimov, l.Yo, |.S.Lomov, V.B.Kerimov,
V.D.Budayeyv, V.1.Komornik, N.Lajetic, V.M.Kurbanov,
L.V.Krichkov and others.

Recent years, the dependence of the rate of convergence and
equiconvergence on different characteristics is studied intersively
and in this direction important results have been obtained in the
works of V.M.Kurbanov and A.T.Garayeva, V.M.Kurbanov and
R.A.Safarov, I.S.Lomov, A.S.Markov. These problems for second
and fourth order matrix coefficient differential equations were
studied in the works of V.M.Kurbanov and A.T.Garayeva,
A.T.Garayeva, V.M.Kurbanov and Y.l.Huseynova.

Thus, the study of these or other issues for odd order
differential equations, in the special case for a third order matrix
coefficient operator by the II’in method is of great mathemtical
interest.

Object and subject of the study. Studying regular
convergence of spectral expansion by the root functions of a third
order matrix coefficient differential operator and componentwise
regular equiconvergence rate.

Research goals and objectives. Investigation of absolute and
regular summation of spectral expansions the root functions of the
differential operator with matrix coefficients of the third order and
the speed of regular equiconvergence on the component.

Research methods. In the dissertation work the methods of
spectral theory of differential operators, functional analysis and
harmonic analysis were used.



The main theses to be defended.
o The results of absolute convergence and regular convergence
rate of spectral expansion by the eigen functions of third arder
summable matrix coefficient ordinary differetial operator.
o The results of absolute and uniform convergence of
biorthogonal expansion of vector-functions from the class W,.,(G)

by the root vector-functions of a third order smooth matrix
coefficient differential operator.
o The results of study of influence of biorthogonal expansion of
integral continuity modulus of the coefficient of the first order
derivative on componentwise regular equicionvergence rate on a
compact of ordinary trigonometric Fourier series.
o The result of the study of componentwise equiconvergence
rate of vector-functions on a compact from Sobolev, Nikolsky, Besov
functional spaces.

Scientific novelty of the research. The following main
results were obtained:
e Absolute and regular convergence of a vector-function from the

class f(x)eW. (G), G=(01), by the eigen vector-functions of a
third order matrix coefficient differental operator was studied and the
residue of this expansion was estimated in the metrics C(@).

e Absolute and regular convergence of a vector-function from the
class ngm(G), p >1, by the eigen vector-functions of a third order

matrix coefficient differental operator was studied, sufficient
conditions for the expansion were found and regular convergence
conditions on the segment G = [0,1] were estimated.

e Theorems on regular componentwise equiconvergence on a
compact of spectral expansion of a vector-function from the class

Ly (G), p=1, by the root vector-functions of third order summable
matrix ~ coefficient  differential  operator  were  proved.



Equiconvergence rate for the functions from the functional spaces
HY 1 (G), By m(G), Wi, (G) was estimated.

® A theorem on absolute and regular convergence of biorthogonal
expansion of a vector-function from the class W;m(G), G=(0)), by

the root vector-functions of a third order smooth matrix coefficient
differential operator was proved and regular convergence rate on the
segment G =[0,1] was estimated.

Theoretical and practical importance of the research.

The results obtained in the dissertation work are of theoretical
character. The obtained results can be used in spectral theory of
differential operators, in substantiating the Fourier method when
solving mathematical physics problems and in theory of
approximation of functions

Approbation and application. The main results of the work
were reported in the VII Azerbaijan-Turkey-Ukraine International
conference MADEA-7 (Baku, 2015), in the Republican conference
“Functional analysis and its applications” devoted to 100-th
anniversary of the honored scientist prof. A.Sh.Habibzade (Baku,
2016), in the International conference “Theoretical and applied
problems of mathematics” (Sumgayit 2017), in the International
conference ‘“Mathematical advances and applications” ICOMAA
(Istanbul, Turkey 2018), in the International conference devoted to
the 60-th anniversary of IMM of ANAS (Baku 2019), in the
Scientific seminar of the department of “Functional analysis” of
IMM (prof. H.l.Aslanov), in the Proceedings of the International
conference “Modern problems of theory of boundary value
problems’ of Voronej Spring Mathematical School, Pontryagin
readings XXXIII devoted to Y.l.Sapronov’s 75 years, (Voronej
2022), “Modern problems of mathematics and mechanics”
Proceedings of the International scientific conference devoted to the
110-the anniversary of academician Ibrahim Ibrahimov (Baku,
2022).

Author’s personal contribution. The obtained results and
suggestions belong to the author.



Author’s publications. Complete topic of the author was
published in her 12 scientific papers the list of publications is at the
end of the thesis.

The name of the organization where the work was
executed. The dissertation work has been executed in the department
of “Functional analysis” of Institute of Mathematics and Mechanics
of the Ministry of Science and Education of the Republic of
Azerbaijan.

The total volume of the dissertation work indicating
separately the volume of each structural unit. The total volume of
the dissertation work—187922 signs (title page—378 signs, contents—
2000 signs, introduction—43544 signs, chapter 1 —76000 signs,
chapter 11 —-64000 signs, conclusion—2000 signs). The list of the used
references consists of 81 titles.

THE CONTENT OF THE DiSSERTATION

The dissertation work consists of introduction, 2 chapters,
conclusions and a list of references.

Each chapter was separated into sections.

In chapter | of the work, on the interval G=(0,1) the

absolute and regular convergence of spectral expansion of
absolutely continuous vector-functions by eigen-functions of a
matrix coefficient differential operator

Ly =p® +U; (@ +U,(p® + U ()
in the interval G =(0,1) is studied.

Sufficient conditions for absolute and regular convergence of
orthogonal expansion of a vector-function from the class

W, (G), p>1, is obtained in the segment G =[0,1], and regular

convergence conditions are estimated.
In section 1.1 we consider the differential operator L, study
absolute and regular convergence of the expansion of absolutely
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continuous vector-function by the vector-functions of the considered
operator in the case, U,(x)=0, and estimate the residue of this

expansion.
Let us consider on the interval G = (0,1) the operator

Ly =y U, + U (x)w
Here U, () = (u GO, =23, ()€ L,(G).

In the segment G =[0,1] by D(G) we denote the class of m -

component vector-functions with absolutely continuous second order
derivatives (D(G) =W;,(G)).

Under the eigen-function corresponding to the eigen-value A
of the operator L we understand any identically non-zero function

v (x)= W) w2o(X) () €D(G),  satisfying  almost
everywhere the equation Ly (X)+ Ay =0o0n G.
Assume that L7(G), p>1 isan m component space of vector-

functions f (x) = (f,(x), f,(X),...,f,(X))" . The norm in this space is
determined by the equality

: YRV
fpm{if(x)“dx}%){i(i f/(X)Zjédx} ,

in the space case for p=oo,
||, =vraisup|/f(x).
' xeG

If the function f(x) is absolutely continuous in G and
f'(x) e L7 (G), we say that the function f(x) is contained in the

class Wéym(G), p=>1.1In Wp:)L,m(G) the norm is determined by the
following equality

Pty = Flom * 1 lpm:
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Assume that {i, (x)}c_, is a complete orthonormal system
from the space LE”(G) consisting of the eigen-functions of the
operator L.

{/Ik }le is an appropriate system of eigen values

(Reﬂk :O). Let us introduce the spectral parameter g4 :
J=ia)B, ma 2o,
He =3 ,. i%
(i4 )3, ImA <O,
Introduce the special sum of the orthogonal expansion of the
function f(x)eW,,(G) by the system {, (X},

o, (x,f)= X fuwi(x), v >0,
Hgsv

here we introduce the difference
1

fi :(f’l//k):£< f(x).w (x) >dx,

< f Zf/ X)‘/’kz(x)
v (X) = (Wi (%) w2 (), Wi (X ))T R,(x, f)=f(x)-o,(x f)

The main results of this section are in the following theorem.
Theorem 1. Assume that f(x)eW.,(G) the system

{wi (x)f_, is regularly bounded and the conditions
< )P (x)>[i|<C(f)y 0<a <2287, (1)

Zzn‘ Y (F107)< o0 @)
n=
are satisfied. Then the expansion of the vector function f(x) by the

system {1//k(x)}f:1 converges absolutely and regularly in the
interval G =[0,1] and the estimation
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R,( f <consts C(f)ve™+ in‘ N A
ciod] 2 1 ’ 1

n=|v
3
S (TN o TH e TN SC
is valid. Here a)lym(g,é) is an integral continuity modulus of the
function

f’ f'

9(x)= (9,00 92(x)-.-. g ()" € LT(G),
[a)p,m(f,5)=a)p(f,5)— sup{lj’h|f(x+h)— f(x)pdx}%].

0<h<s | o

V.|, = i Hurijul, r=2,3;const is independent of the function f ().
ij=L

We get the following corollaries from theorem 1.
Corollary 1. If the system {y, (x)};_, is regularly bounded,
then
f(X)eW!,(G) f(O)=f@)=0and f(x)eH{,(G)0<a<l,
(H{ (G) is a Nikolski class of m component vector-functions).
Then the estimation
R F)po < constv |7,
is valid, here
190150 =9 +8UP S @1 1(9.5) -
>0

Corollary 2. If the system {y, (x)} is regularly bounded,
f(x)er%m(G), f(0)=f(1)=0 and for certain SB>0 the
estimation
a)l’m(f ',5): 0] (In‘(“ﬁ) 5‘1), S — 40, is satisfied. Then

[RC F oy =07 V), v oo
In section 1.2 we study absolute and regular convergence of
11



orthogonal expansion of the function from the class
Wélm(G), 1< p <o by the eigen-functions of the operator L.

Theorem 2. Assume that
Uy(x)=0,U (x)eLy(G) r=23; f(x)eW;,(G), p>1,and
the condition
< FOO 00> [ <Ci(fug
is satisfied. Here the constant C,(f) is dependent on the function

f(x).

Then spectral expansion of the function f(x) by the system

wkHw’m, O<a<2 21, 4

{'//k(x)}le converges absolutely and regularly in the interval
G =[0,1] and for the residue R,(x, f) the estimation

R g <const] GOV 2 v, o

r=2

3
-1 ’ 2—-
B | @
e .11 N
is satisfied. Here = min >ql p+q =L vx>2
q
m
const f(x) is independent of the function U, | ;= 3. |uy, -
ij=
Corollary 3. If in theorem 2 the vector-function f(x)
satisfies the relation f(0)= f(1)=0 the condition (4) will be a

priori satisfied and the estimation
R ey < constv | o V225

is valid. If C;(f)=00r 0<a <2- 4 then the estimation

HRV(" f )HC[O,I] = O(V_ﬂ), V — 400 ,

is valid. Here the symbol “0 ” is dependent on the function f(x).
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Theorem 3. Assume that
Uy(x)ey(G), U (x)eLy(G), r=23; f(x)eW,,(G) and
condition (4) is satisfied.

Then the spectral expansion of the vector-function f(x) by

the system {y, (x)};., converges absolutely and regularly in the

k=1
2,m) +

interval G =[0,1], and the estimation
R Do <const] G0 20 |

e ivz"llUrlll } V22, ©)

is valid. Here the const isr;ndependent of f(x).

Corollary 4. If in theorem 3 C;(f)=0 or the condition
0<a< % is satisfied, then the estimation

f!

U, f

+|

‘Z,m

1

IR,( ]|c[o,1] = o(v_z} V —> +0,

is valid. Here the symbol “o ” is dependent on the function f ().
Theorem 4. Assume that the condition
Ui(x)ely(G) Ui (x)ely(G), r=23;  f(x)eW,,(G), 1<p<2
(4) is satisfied and the system {://k (x)}f:1 is regularly bounded.
Then the spectral expansion of the vector-function f(x) by the
system {y, (x)}_, converges absolutely and regularly in the interval
G =[01] the estimation:

1
||Rv(" fmc[o,l] < Const{ Cy(fv* 2 +v Z‘Ul*f ‘Z,m "
1 3
R [ NS I VA A RO
r=
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1s valid. Here p~t+q' =1, constis independent of f(x).
Corollary 5. if in theorem 4 C,(f) =0 or the condition

0<a<2-q! issatisfied, then

1
IR, (- f]|c[0,1]o[v q], V — 4o,

Here the symbol <o is dependent on the function f(x).

Note that similar results for the Schrodinger operator were
obtained in the papers of N.L.Lajetich, in the case m =1 in the works
of V.M.Kurbanov and R.A.Safarov, for arbitrary m in the papers of
V.M.Kurbanov and A.Garayeva, in the case m=1 for second order
operators in the papers of V.M.Kurbanov and E.B.Akhundova, for
fourth order operators in the works of V.M.Kurbanov and
Y.l.Hiuseynova.

In section 1.3 we consider the matrix coefficient operator L

U, (x) :(uéij(x));szl, =13, here u;(x)e L(G), (=23

uy; (x) € Ly (G).

We study absolute and regular convergence of spectral
expansion of the vector function f(x) erl,m (G) by the eigen vector
functions of the considered operator and estimate regular
convergence rate of this expansion.

The main results of this section are in the following theorem
Theorem 5. Assume that U, (x) € L, (G),

U, (X) e 4(G), r=23, the system f(x) W ,(G), {wy ()}, i
regularly bounded in the interval G =[o0,1] condition (1) and

in‘laﬁ,m(f’,n‘l)< o, in‘la)llm(ul*f,n‘l)< o, (8)
n=2

n=2
are satisfied.
Then the spectral expansion of the vector-function f(x) by the
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system {y, (x)}i, converges absolutely and regularly in the interval
G =[04] and the estimation

R f o, < const {C( fFve?+ ﬁ+ o Hl){ n;%n‘lwl,m s f.nt)+

) [l

3
L 2 ol v22 ©

is valid. Here the matrix U is the conjugation of the matrix U ;
const is independent of the function f(x).

Similar results for second order operators were obtained in
the works of A.Garayeva, V.M.Kurbanov and A.Garayeva.
Estimation (9) was proved for the operator L in the case m=1 in the
papers of V.M.Kurbanov and E.B.Akhundov.

Chapter 11 of the dissertation work considers third order
matrix coefficient ordinary differential equations in the interval
G =(0,). Componentwise regular convergence rate of biorthogonal
expansion of the considered operator by eigen and associated vector-
functions and trigonometric expansion in a compact is studied,
absolute and regular convergence of biorthogonal expansion of a

vector-function from the class W, ,(G), G=(0,1), by the eigen and

adjoined vector-functions is researched and regular convergence rate

of this expansion in G is estimated.
In section 2.1 we consider a matrix coefficient ordinary
differential operator

Ly =p®+U, 009 +U; 0y, (G)=(01)
here U, (x) = (u“j (x))rjzl, 0=23; ug(x)e L (G).

Componentwise regular equiconvergence of biorthogonal
expansion of the considered operator by eigen and associated vector-
functions with trigonometric expansion is studied.
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Biorthogonal expansion of the operator L by the root vector-
functions and trigonometric expansion of ordinary trigonometric
expansion in the compact K cG the dependence of regular
eguiconvergence rate of continuity modulus of the coefficient
U,(x) on the row elements are studied.

Componentwise regular equiconvergence on a compact for a
Schrodinger operator was studied by V.A.Il’in. For arbitrary order
differential operator on a compact, componentwise equiconvergence

rate in metrics Ly}, 1< p<oo, was studied by V.M.Kurbanov (in the
case 1< p<oo it was studied in the works of by I.S.Lomov and

A.S.Markov, A.S.Markov).
Assume that the function (t) is a non-decreasing continuous

function determined in the interval [0,c0) and satisfies the conditions

1) »(0)=0, o()>0, t>0; Z)@ is not increasing.

By H{,(G), p>1, we denote a set of functions from the
space LT(G) and satisfying the condition w, (f,8) <C(f )w(5),
here the function «,(f,5) is a continuity modulus of the function

f(x) ie LN(G)

1-h b
w,(f,8) =0, (f,0)= sup{j |[f(x+h)— f(x)pdx} ,

0<h<s | 0
C(f) is a constant dependent on f(x). In H{(G) the norm is
determined by the following equality

11 =16l o5 ) )

Bg‘ﬂ’m(G), O<a<l 1<0<w, denotes the Besov class.
The norm in this space is denoted by the equality
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p,6,m

LY —— U
a1 | 1 € o000t -0

Note that BY, (G)=H~ (G) is a Nikolsky class (a)(t) :t"‘)

o0

Assume that the system {, ()},

i () = Wi (), Vi (¥, riem(X))| satisfies the conditions A,
(V.A.Il’in conditions) :
1) for any fixed p=>1 the system {y,(x)} is closed and minimal in

L7 (G)
2) Each w,(x) component of the vector-function w,(x) and

including its derivatives up to the second order are absolutely
continuous in the segment G, each vector-function v, (x) satisfies

almost everywhere the equation
Ly + 4wy = 0w

for a certain complex number 4, in the interval G, here 6, equals
either 0 (in this case , (x) is an eigen vector-function), or 1 (in this
case A, =4 is not required and () is said to be an adjoined
vector-function) 6, =0,
3) 4 = (mk)é, if ImA, <0

(—izk)é, if Im2, >0,
here the numbers

1
(reico)m =r3"“"? _gr<o<rm, p =Rey >0,  satisfiey  the
inequalities
Imy |<C, VkeN (10)
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31<C,, V20 (11)

r<p<r+l

4) For arbitrary K <G there exists such a constant C,(K) that the
inequalities

Wil J g < ColK), K =1,2.,
are satisfied. Here the system {¢, } is an orthogonal conjugation of
v (aelf(@), p™+a™ =1; g=o0if p=1),
Ho.mk =Himge):
For p>1 fixed in conditions A, we form the v -th order

special sum of biorthogonal expansion of arbitrary function
f(x)e L7(G) by the system {y, (x)}:

o,(x, F)= T (f.a ) wi(x), v>0,

PKSV
here
1 1 m -
(f.0)=fy =< F(X), @ (x)>dx=] _zlf,-(x)cok,-(x)dx,
0 0 J=

P () = (P (%), P2 (¥, P (X)) -

It is clear that the j-th component of the special sum
o, (x, f) is determined by the equality

ol(x )= X fy (), j=1m, ie.

PR =V

o, (%, ) =(o (% 1),02(x, T),...0m(x, ) .
By S, (x, f;) we denote the v —th order special sum of trigonometric
Fourier series of the function f;(x), j =1m,.
We introduce some denotations :

AR =] o f )-8 )] e T=Lm
C=(f.9)]e

18
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w(f.vi2,y)=v" > pi|f,

o(f.ny)=Yi7a(f,it) =0,
i=1

O, (f,v)=v £+ max | f ],
prvi2

, y=0,

Qu(f;v)=v 1, \p+ max | fy],

27k2v /2
here the numbers fjk are Fourier coefficients of the function f (x)

by the trigonometric system normalized in L (G);
D(v,U,)=inf {0 (Uy )y (F,vi2,0)+

n>2
e, (1, vr2, 1o ),

here
(U,,6)= X a(uy1,6) U] = mex

I<l<m 1<l<m

uZ"'HLAG) !
T(f ) =ylfvi2a-r)+ o (f,v),
T(f,v,0) :1//(f ,v/2,1)+CDp(f V),
T(tv.n=vHolf.vi2i-rtfva(t )]
pp(f) = v [f] () = wl(fj,v*1)+v*1”fjup;

A(v):igl{ Qlj(Uz,n‘l(d{f,[%}OJHH”M |an+

n>2

VAN n2(1—a1)(q>( f ,B}l—a_lj + (1—a‘1)_1H f meJ},

T,(v)= inf 0 (UZ, nfl)ln VU, In n}.

Definition 1. If for arbitrary compact K =G the condition
lim Al (f,K)=0 is satisfied, we say that the j-th component of

biorthogonal expansion of the vector-function f(x) by the system
19



{wi ()}r, in arbitrary compact K =G regularly equiconverge with

trigonometric Fourier expansion corresponding to the component
f;(x) of the vector-function f(x) .

The main results of this section are in the theorems on
componentwise regular equiconvergence.
Theorem 6. Assume that all the elements of the j-th row of

the matrix function U,(x) are contained in the space L,(G), r>1; ;
G =(01) and the system {y, (x)}, satisfies the conditions A, for
certain fixed p>1. Then the j-th components of biorthogonal
expansion of arbitrary vector-function f(x)e L} (G) regularly

equiconverge with trigonometric Fourier series corresponding to the
component f;(x) of the vector-function f(x) in arbitrary compact

K < G, and the estimation
AL(FK) < CIRU,], T(F,v.r)+[Ugl, T(Fv,00)+

+@,(f,v)+Q,(f;,1)] for r>1; (13)
AL(F,K) <C(K)DU, ) +|Us, T(F v, 00) +
+®,(f,1)+Q,(f;,v)]  for r=1; (14)

are satisfied, here the constant C(K) is independent of the
function f (x) and v.

Theorem 7. Assume that the conditions of theorem 6 are
satisfied and the estimations

f, Sconst{a)l(f ,pk_1)+ pk_1||f||lym}, o =1
are satisfied for biorthogonal coefficients f, of the vector-function
f(x)eL™(G)
Then for r>1 the estimations
AL(FK) < CK) U, T £ v, 1)+ U] TuFvo0)+

+¢p(flv)+‘//p(fj’v)}' (15)
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for r =1 the estimations
AL(f,K) <C(K) p*AW) + U], Tu(Fvo0)+

+@,(F,v)+y, (1)}, (16)
are valid, here the constant C(K) is independent of f(x) or v.

The last section of the dissertation considers a third order
complex valued matrix coefficient ordinary differential operator

Ll//=l//(3)+U1(X)t//(2)+U2(X)l//(l)+U3(X)‘//
Here U,(x) eW>'(G), ¢=13 u,;(x)eW"(G).

Under certain conditions absolute and regular convergence of
biorthogonal expansion of the vector-function f(x) from the class

Wim(G),G =(O,1) by the system of eigen and associated vector-
functions is studied and regular convergence rate of this expansionin

in the segment G is estimated.

At the end, | would like to express my deep gratitude to my
supervisor V.M.Kurbanov for the problem statement and his valuable
advices.
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Conclusions
The dissertation work has been devoted to studying some
spectral properties of the system of the root (eigen and a associated)
functions of third order matrix coeffcient ordinary differential
operators.
o Absolute and regular convergence of biorthogonal expansion

of vector-function from the class f(x)eW.,(G), G=(01), by eigen
vector-functions of third order matrix coefficient differential operator
was proved and the residue of this expansion in the metrics C((_S)
was estimated.

o Absolute and regular convergence of spectral expansion of a
vector-function from the class Wéym(G), p>1, by the eigen vector-
functions of a third order matrix coefficient differential operator was
studied, sufficient conditions for this expansion were found and
regular convergence rate in the interval G =[0,1] was estimated.

o Theorems on componentwise equiconvergence on a compact
of a vector-function from the class L”F](G), p>1, by the root eigen-
functions of a third order summable matrix coefficient differential

operator with trigonometric series were proved. Componentwise
regular equiconvergence rate for functions from the functional spaces

HY L (G). BS ym(G), WL, (G) was estimated.

o A theorem on absolute and regular convergence of
biorthogonal expansion of a vector-function from the class
W, (G), G=(01), by the root vector-functions of a third order
smooth matrix coefficient differential operator was proved and
regular convergence rate on the segment G= [0,1] was estimated.
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