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ISIN UMUMI XARAKTERISTIKASI

Movzunun aktualhi@i. Diferensial-operator tonliklor noazoriyyesi
adi diferensial tonliklorin vo xiisusi toromoli diferensial tonliklorin
tadqiginds miiasir vo mithiim metodlardan biridir. Bu nozasriyyanin ssaslari
S.Agmon, L.Nirenberq, S.Q.Kreyn, X.Tanabe, T.Kato, A.Pazi,
Q.O.Fattorini, J.A.Qoldsteyn, R.S.Fillips, Z.I.Xolilov vo digor gérkomli
riyaziyyatgilar torafindon qoyulmusdur. Diferensial-operator tonliklor
nazariyyasi metodu bu giin do 6z aktualligini itirmemisdir. Bu saho iizra
yazilmis miiasir monografiyalar arasinda S.Q.Kreynin, V.I.Qorbaguk vo
M.L.Qorbagukun,  A.Y.Sklyarin,  A.A.Dezinin, S.Yaqubov  vo
Y.Yaqubovun va basqgalarmnin kitablarin1 goéstormok olar.

Elliptik diferensial-operator tonliklor {iglin sorhoad masaloler
yuxarida sadalanan monoqrafiyalardan basqga bir ¢ox islords, masalon, S.Q.

Kreynin, P.E.Sobolevskinin, V.A.Trenoqinin, Q.i.Laptevin,
Y.i.Dubinskinin, M.L.Qorbagukun, S.Y.Yaqubovun, M.Q.Qasimovun,
S.S.Mirzayevin, A.Q.Kostyugenkonun, M.Bayramoglunun,

V.B.Sahmurovun, H.I.Aslanovun, B.O.0liyevin, A.R.Oliyevin,
1.V.Bliyevin, N.M. Aslanovanin va digorlarinin islorinds baxilmisdir.

Spektral parametrli xiisusi toromalari elliptik diferensial tonliklorin
Fredholmluq xassoalori va bu tonliklor {i¢iin izomorfizm haqqinda teorem
S.Agmon, S.Agmon vo L.Nirenberg, M.S.Aqranovi¢ vo M.L.Visik va
basqalarinin iglorinds tadqiq olunmusdur. Bu islorde spektral parametrli
elliptik diferensial-operator tonliklor iiglin sorhoad masalalorinin tadqiqi
ideyasinin asasi qoyulmusdur.

L.A.Kotko va S.Q.Kreynin iginds ikinci tortib miintozom elliptik
diferensial ifads iiciin kifayst qoder hamar sorhadi olan mohdud oblastda
spektral mosolo qoyulmus ve mosalonin kdk funksiyalar sisteminin
miioyyan fozada tamlig1 (dolulugu) tadqiq edilmisdir. Bu mosalonin xiisusi
cohati ondan ibaratdir ki, baxilan serhad masslssinds eyni bir spektral
parametr hom tonlikdo, hom ds sorhad sortindo istirak edir vo spektral
parametrin tortibi eyni olub vahido borabardir.

A.N.Kojevnikovun isindo kifayst qoder hamar sorhodli mohdud
oblastda Laplas tonliyi {i¢lin sorhad sortlorinin birinds spektral parametr
istirak edon spektral masoloys baxilir vo isbat olunur ki, baxilan serhad
masalasinin spektri diskret olub, sifira vo +oo-a yi8ilan iki seriya moxsusi
giymatlordon ibarstdir. Biitiin bu sadalanan islor ikinci tortib elliptik
diferensial operator tonliklor liglin eyni bir spektral parametr hom tonlikds,
hom da sarhad sortlorinds istirak edan hal {i¢ilin, hamginin sorhad sartinds



spektral parametrdon slave mahdud operator istirak edon hal tiglin sorhod
masalalorini aragdirmagi diqts edir.

Ikinci tortib elliptik diferensial-operator tonliklor iigiin sorhod
sartlorinds spektral parametr istirak edon sorhod masslslorinin tadqigine
hasr edilmis islor miigayisads ¢ox azdir. Bu tip sorhad masalalori miiayyon
aspektlordon V.I.Qorbaguk voM.A.Ribakin; M.A.Ribakin; M.Denche;
B.O.Oliyevin; B.A.Aliev and Ya.Yakubov; A.Aibeche, A.Favini and
Mezoued; M.Bayramoglu vo N.M.Aslanovanin va basqalarinin iglorinds
tadqiq olunub.

Beloliklo, ikinci tortib elliptik diferensial-operator tonliklor iigiin
eyni bir spektral parametr hom tonlikde, hom do sorhad sortlorinds istirak
edon halda sorhad masalalorinin hall olunmasi vo onlarin bazi spektral
xassolorinin todqiqi diferensial-operator tonliklor nozoriyyesinin aktual
masalalorindon biridir.

Tadqim olunan dissertasiya isi H Hilbert fozasinda ikinci tortib
elliptik diferensial-operator tonliklor liclin eyni bir spektral parametr hom
tonlikdo, hom do sorhod sortlorindo istirak edon hal f{g¢iin sarhod
masalalorinin hallinin, hamginin bazi spektral xassalorinin tadqigine hasr
edilmigdir. Homginin, sorhad sortlorinden birinde spektral parametrdon
olava xotti mohdud operator istirak edon hal {i¢iin do ikinci tortib elliptik
diferensial-operator tonliklarin hallolunmasi arasdirtlmigdir.

Isin mogsadi.
1. Hilbert fazasinda sonlu parcada ikinci tartib elliptik diferensial-operator
tonlik ti¢lin eyni spektral parametr tonlikde kvadratik, serhad sertlorindo isa
xotti istirak etdikds, sarhad masalalorinin hall olunmasini, hamginin sarhad
sortlori hom ayrilan, hom do ayrilmayan oldugu hallarda moxsusi
qiymatlorin asimptotik paylanmasinin tadqiq olunmasi.
2. Hilbert fozasinda sonlu pargada eyni bir spektral parametr tonliyin
Ozlino vo sorhod sortlorinds xotti daxil olduqda ikinci tortib elliptik
diferensial-operator tonlik T{iclin sorhad sortlorinin birinde spektral
parametrdon olave xotti mohdud operator istirak edon bir sorhad
masalasinin holl olunmasinin tadqiqi.
3. Alinmus abstrakt naticolorin xiisusi toramali elliptik tonliklors tatbiqi.
Elmi yenilik. Dissertasiyada asagidaki asas naticalor alinmigdir:
. Abstrakt Redce sorhod mosolasinin koersitiv hall olunmasini tomin
edon kafi sortlor tapilmig, homginin uygun bircins sorhad masolasinin
maxsusi giymatlorinin haqiqiliyi isbat edilmis, moxsusi giymatlor ii¢iin
asimptotik diisturlar alimmigdir.



. Eyni spektral parametr tonlikde kvadratik, serhad sortlorindos iso xatti
istirak etdikda ikinci tartib elliptik diferensial-operator tonlik {igiin sarhad
sartlorinin ayrilan vo ayrilmayan oldugu hallar {iglin ayri-ayriliqda serhad
masalalarinin koersitiv hall olunmasini tomin edon kafi sort tapilmigdir.
Homginin uygun bircins sorhad masalolorinin maxsusi qiymsatlorinin
haqiqiliyi isbat edilmis, moxsusi qiymatlor {igiin asimptotik diisturlar
almmugdir.

. Tonlikds vo sorhod sortlorinds spektral parametr olan ikinci tortib
spektral parametrli, elliptik diferensial-operator tonlik {iglin, sorhad
sartlorinin birinds spektral parametrdon slave homin sortin bas hissasinda
xotti mohdud operator istirak etdikds bir sorhad masslasiningeyri-koersitiv
hallolmas1 miiayyon edilmisdir.

. Alinmig abstrakt natica ikinci tortib xiisusi téromali elliptik tonliklor

ﬁgﬁn[O,l]X[O,l] kvadratinda uygun sorhod mosalolorine totbiq

edilmisdir.

Tadgiqat iisullar. Isds 6zii-6ziino qosma vo pozitiv operatorlar
nazariyyasindan, Hilbert fazasinda xatti operatorlar nozariyyssindon, xatti
operatorlarin yarimqruplar nazeriyyasindon, abstrakt fozalarda Furye
cevirmasi metodundan, Banax fozalarmda xatti operatorlarin interpolyasiya
nazoriyyasindon, elliptik diferensial-operatorlar noazeriyyssindon istifads
olunmusdur.

Nozari va praktiki shomiyyati. Dissertasiyada alinmis naticalor
osason nozeri xarakter dasiyir. Buna baxmayaraq, abstrakt operatorlar
vasitasils isbat olunmus tokliflor eyni spektral operator tonlikdo kvadratik,
sarhad sortlarinds iso xatti istirak etdiyi halda, homginin sarhad sortlorinin
birindo spektral operatordan slave mohdud operator istirak edon xiisusi
toromoli elliptik  tonliklorin  diizbucaqlida hsllolmasi  vo moxsusi
giymatlorinin asimptotikas1 masalolorinin tadqiqinds istifads oluna bilar.

Isin aprobasiyasi. Dissertasiya isinin osas miiddealar1 AMEA
RMi-nin «Diferensial tonliklor» (rohber prof. A.B.Oliyev) vo «Funksional
analiz» (rohbor prof. H.I.Aslanov) s6balarinin seminarlarinda vo ADPU-nin
«Riyazi analiz» kafedrasinin (rohbar prof. V.M.Qurbanov) seminarlarinda,
Heydar Oliyevin anadan olmasinin 90 illiyine hasr edilmis «Riyaziyyatin
vo informatikanin aktual problemlori» mdvzusunda kecirilon Beynslxalq
konfransda (Baki, 2013), Dagistan Dovlst Universitetinin «Funksional-
diferensial tonliklor vo onlarin totbiglori» movzusunda professorlar
R.Q.Oliyevin va A.R.Ofandiyevin 80 illiyino hasr edilmis altinc
Beynolxalq elmi konfransinda (Mahacgkala, 2013), akademik Mirabbas



Qasmmovun 75 illiyina hosr edilmis «Diferensial operatorlarm spektral
nazoriyyasi» Beynoslxalq konfransinda (Baki, 2014), «Riyazi analiz,
diferensial tonliklor vo onlarin totbiglori» Beynslxalq konfransinda
(MADEA 7) (Baki, 2015), “International Workshop on non — harmonic
analysis and differential operators” Beynolxalq konfransinda (Baki, 2016),
Dagistan Dovlat Universitetinin «Funksional-diferensial tonliklor vo onlarin
tatbiqi» mdvzusunda professor Q.A.Maqomedovun 80 illiyina hasr edilmig
yeddinci beynolxalq elmi konfransda (Mahackala, 2015) moruzs vo
miizakira edilmisdir.

Nosr. Dissertasiya isinin asas miiddoalar1 aftoreferatin sonunda
siyahisi verilon 11 elmi igds 6z oksini tapmusdir.

Isin hacmi va strukturu. Dissertasiya isi giris, ii¢ fosil vo 70 adda
adabiyyat siyahisidan ibarat olmagla 122 sahifads sorh edilmisdir.

ISIN MOZMUNU

Dissertasiya iginin mozmununu saorh etmozdon avval bazi komokgi
faktlar1 vo dissertasiya movzusu ilo bagli anlayiglari daxil edak.

Tutaq ki, E; vo E iki Banax fozasidir. B(El,E ) ilo E;-don E-

yoadi operator normasi ilo tasir edon biitiin xotti mohdud operatorlarin
Banax fozasini isara edok. Xiisusi halda, B (E JE ) =B (E )

Tutaq ki, E; vo E,Banax fozalaridir. u# € E19 ve Ez olmagla

(u,v) soklinda biitiin vektorlarin £, —i—EZ coxlugu koordinatlarina goro adi

xatti amallarlo va

(), =l + oL,

normasi ilo Banax fozasi olub, £, vo E,Banax fazalarinin diiz comi adlanur.
Torif 0.1. Ogar H Hilbert fozasinda xatti qapali A operatorunun

D(A) tayin oblasti H-da six olarsa va hor hansi @ e [O,E), tigtin
|arg ,u| < @ bucagindan gotiiriilmiis (1 = 0 daxil olmagla) biitiin nogtalor

-1
tictin (A + ﬂ] ) operatoru varsa va bu p1— lor iigiin qgiymatlondirmasi

odanilarsa, onda A-ya H-da giiclii pozitiv operator deyilir, burada
I — H-da vahid operatordur, c=const>0. ¢ = 0 oldugda A pozitiv operator

adlanir.



Hilbert fozasinda tesir edon 0zii-6ziina qosma, miisbat miioyyan
operator giiclii pozitiv operatorlara on sado misaldir.

. .. 1
Tutaq ki, 4 — H-da giiclii pozitiv operatordur. A tors operatoru
H- da mahdud oldugundan

(47)={usue n(a7),

T e

Hilbert fozasi olub, normast A" operatorunun qrafiki normasina
ekvivalentdir.

Tutaq ki, 4 — H Hilbert fozasinda giiclii pozitiv operatordur. Onda
aydindir ki, —A4 operatoru 7> 0 oldugda e analitik yarimgrupunun

toradici operatorudur vo bu yarimqrup eksponensial azalir, yani elo iki
c>0, o, > 0 odadlori var ki,
H ~t4

‘ <ce ", 0<t< 4.
B(H)

Torif 0.2. Tutaq ki, A — H-da giiclii pozitiv operatordur. Onda

H(A") vo H Hilbert fozalarinin (H (A'l )’ H ) interpolyasiya fazalari
0.p

s —l+np|| 4n -4 |P
(H(A”),H)gﬂp = {u:ueH, uH(H(A,,)H)H = '([t A"e qut<oo},
5P

0e(0]1), p>1, neN
barabarliklori ilo tayin olunur.

Butalda (H(4" ) H ), , = H(4"),(H(4" ) H ), = H
isaro edok. Lp ((0,1);H), < p<ooilo giiclii dlgiilon vo p —doracodon

comlonon x — u (x) : [0,1] — H vektor funksiyalarin
1/p

1
bl oy =| [l G| <o
0

normast ilo toyin olunan Banax fozasmi L,((0,1);H) (1<p<owo) ilo (p=2
olduqda Hilbert fozasini),

Hu(zn)

HMHW;"((O,I);H(A"),H) = HAnuHLP((O,l);H) "

normast ils toyin olunan Banax fozasini iso

L,((0.1):H)



W ((0.0)s 1 (4"),H )i={u s a"u,u®) e L ((0.1);H )}
ilo isara edok.
Molumdur ki, agor u € Wp” ((0,1);H(A”),H) olarsa, onda

u(/)(.)e (H (A”),H)j+1/p L j=0,(n-1)
Sobelev fazalarinin interpolyasi;a fozasmi
B;,q (0,1) = (W;‘) (0,1) ,WI‘;‘ (0,1))9,(1 il isars edok, burada0 <5, —

tam odadlordir, 0 <@ <1,1<g <o, 1< p <0 vo
s = (l - Q)SO + O5,. Xiisusi halda, 0<s tam adod deyilss, onda

Wy (0.1):= B, (0.1):= (W, (0.1),w,"(0,1))

Homginin W;:‘; (Q) = sz ((0,1);W; (O,l),Lq (O,l)) isaro  edok,

0.,p

burada0 </, s tam adadlordir,
l<p<owo,1<g<o, Q= [O,l]x [0,1]. Ogor p =g vo [=solarsa,
ondaWp’f";7 (Q ) = W{f (Q ) Nohayat,

— /%0 _ . .
Lp’q (Q) = W;))’q (Q) = Lp ((0,1), Lq (O,l)) isaro edok.
Dissertasiya isi girigdon, 10 paraqrafi 6ziinds birlagdiron {i¢ fasildon
ibaratdir.

Birinci foslin birinci paraqrafinda H separabel Hilbert fozasinda
asagidaki sarhod masalasi dyranilir

L(l,D)u = Z,zu(x)—u”(x)+Au(x) =f(x), xe(O,l), 0.1)
L (A)u=au'(1)+Au(1)= £,

(0.2)
burada A - spektral parametr; o 20 - kompleks miistovinin sag
hissasindon gotiiriilmiis har hansi kompleks adad; A — H-da xatti 6zii-0ziina
gosma, miisbot miioyyan operatordur; ) := i

dx

(0.1), (0.2) mosaloesinin holl olunmasi Ugiin kafi sort tapilmig



(eslinds izomorfizm haqqinda teorem isbat olunmusdur), (0.1),(0.2)
mosolosinin Lp ((O,l);H ), 1< p<oo fozasinda halli Gigiin miioyyon

giymotlondirms (# vo A-ya nozeran) alinmisdir.
Teorem 0.1. Tutaq ki, asagidaki sortlor odonilir:
1. A-H- da 6zii-6ziina qosma miisbat miiayyan operator;

2 =0 olub |arg) s% bucagindan gétirilmiiy miisyyon kompleks
odaddir.

Onda  L(A):u—>L(A)u:=(L(A,D)u, L;(A)u, Lu)  operatoru
larg 4| < ¢ <% bucagindan gétiiriilmils kifayot gador béyiik ||-lar iiciin
w2 ((0,1);H (A4),H )-dan

L,(01);,H)+(H(4).H)y , +(H(4).H),, , fozasina

izomorfizm yaradir va h-min bu giymoatlorinda (0.1), (0.2) masalasinin halli
tictin asagidak qiymatlandirma dogrudur:

W H”H H((0.1):H Ly((0.1):H +HAuH H((0.1):H )<

sc V“H‘fHLp((O,l);H) + Z(kaH(H(A),H)G +M‘2(1_9k)ukaHj
k=1 ks P

burada 0, :%4_ 2L, pe (1,00)’m1 =1, my=0-
p

Birinci foslin kinci paraqrafinda asagidaki sorhod masslasinin
maxsusi qiymatlarinin asimptotikasi tadqiq olunur:

u"(x)+Au(x)=2,2u(x), xe(O,l), (0.3)
u'(1)+ Au(1)=0, 00
u(0)= 0.

Teorem 0.2. Tutaq ki, A — H separabel Hilbert fozasinda dzii-oziina
qosma, miisbat miiayyon operator, A'iso H-da tamam kosilmoz
operatordur. Onda

1.(0.3), (0.4) sarhad masalasinin maxsusi qiymoatlori haqiqidir;



2. (0.3), (0.4) sarhad moasalasinin ti¢ seriya maxsusi qiymoatlori

vardir: lg) ~— k (2) ~N My TV 1(3) ~ =Y + 5n,

burada, p, = (A) — A operatorunun  moxsusi  qiymoatloridir;
2_2
y,~n’n? 8, ~n'n" (n— o).

Birinci faslin liglincii paraqrafinda H separabel Hilbert fozasinda
asagidaki sarhad masalasinin hall olunmasi todqiq olunur:

L(A,D)u = 2*u(x) —u"(x) + Au(x) = f(x), xe(0,]), (0.5
L(A)u=ou'(1)+Au(l)= f,
Ly (A)u=Bu'(0)—u(0)= f,

Teorem 0.3. Tutaq ki, asagidaki sortlor odonilir:
1. A — H separabel Hilbert fozasinda 6zii-6ziina qosma, miisbat-miiayyon

operatordur (A A > }/21, y # 0);

(0.6)

2. q#0, B=00lub |arga|£%, |argﬂ|£% sortlorini odayan miiayyan

kompleks adadlardir.
Onda L(l):u—)L(l)u:z(L(l,D)u, Ll(l)u, Lz(/"t)u)

operatoru |arg/l| <@ <% bucagindan olan kifayat gadar boyiik | ﬂl-lar
tigtin Wp2 ((0’1);1—[ (A ),[—[ )fazaszndan
L, ((0,1);H)%(H(A),H)%+L7p +(H(4)H)i 1 . PE (1,00) fozastna

2p 2 2p
izomorfizm yaradir va h-min bu giymoatlorinda (0.5), (0.6) masalasinin halli
tictin asagidaki giymatlondirma dogrudur:

A

14

+ (U

* HAMHLP((O,I);H) <

HL (0,1),H)

Ly ((0,1):H)

<c||Allf HLP((O,I) +Z el 1 AT,

10



Birinci foslin dordiindii paraqrafinda asagidaki sarhad masalalorinin
maxsusi qiymatlorinin asimptotikasi tadqiq olunur:

—u"(x)+Au(x)=lzu(x), xe(O,l), 0.7)
u'(1)+ Au(1)=0, 08)
u'(0) - 2u(0) =0, '

Birinci faslin besinci paraqrafinda asagidaki sorhod mosolasinin
hall olunmasi varhigr aragdirilir:

L(A,Du = Pu(x) —u"(x) + Au(x) = f(x), xe(0,]), (0.9
L(A)u=au'(0)+Au(l)= f,
Ly(A)u:=pu'(1)+ Au(0) = f,.

Teorem 0.4. Tutaq ki, asagidaki sortlor odonilir:

1. A — H-da xatti 6z-0ziina qogma, miisbat-miiayyan operatordur;
2. q,p —miiayyan miisbat adadlordir.

Onda L(l):u—)L(l)u:z(L(l,D)u, Ll(l)u, Lz(/"t)u)

(0.10)

operatoru |arg/l| <@ <% bucagindan olan kifayat gadar boyiik | ﬂl-lar

tigtin Wp2 ((0’1);1—[ (A ),[—[ )fazaszndan
L,(O1);H)+(H(A)H)L 2 +(H(AH), 1 pe(ln)
2 2p 2 2p

fozasina izomorfizm yaradir va A-min bu giymatlorinda (0.9), (0.10)
masalasinin halli ii¢tin asagidaki qiymatlondirma dogrudur:

2]l T oy T HAMHLP((O,I);H) <

”n

u

HL (0,1),H)

<< [AllA1L, o +Z AR . i VP

22p

burada ¢ > 0 miioyyan sabitdir vo A — dan asili deyildir.
Birinci foslin altinci paraqrafinda H separabel Hilbert fozasinda
asagidaki sarhod masalslorinin asimptotikasi todqiq olunur:

—u"(x)+Au(x)=lzu(x), xe(O,l), (0.11)

11



u'(0)— Au(1)=0,

u'(1)+ 2u(0) = 0.

Teorem 0.5. Tutaq ki, A — H-da 6z-6ziina gosma, miisbat miiayyaon
operator, A'iso H-da tamam kasilmaz operatordur. Onda

1. (0.11), (0.12) sorhad masalasinin maxsusi qiymatlori haqiqidir;
2. (0.11), (0.12) sarhad masalasinin dord seriya maxsusi giymoatlori

(0.12)

vardir:
1 2 26
A~ [ ,/ o =7 A= v,
Burada p;, = 1, (A) operatorunun  maxsusi  qiymatloridir;

¥y, ~nm, 8, ~n'm’,n—0.

Toqdim edilmis dissertasiyanin ikinci faslinde H Hilbert fozasinda
ikinci tortib elliptik diferensial-operator tonlik {i¢lin tonliyin &ziine vo
sorhad sortlorina spektral parametr daxil olan sorhad masslasinin hall
olunmasi1 sorhad sortlorindon birinin bas hissasine spektral parametrdon
olava xatti mohdud operator daxil olan hal ii¢lin tadqiq edilir.

Ikinci faslin birinci paraqrafinda H-da asagidaki sarhad masalasinin
hall olunmasi aragdirilir:

L(2,Du = Au(x)—u"(x) + Au(x) =0, xe(0,1), (0.13)
Ny Ny
L1o(/1)" =ou'(1) + ABu(0) + 71j“(x1j )"‘ > sz“'<x2j ): fis
= =
N3 Ny
Lyou = Pu'(0)+ Zy3ju(x3j)+ Zy4ju'(x4j)= fre (0.14)
=l =

burada A— kompleks parametr; 4 — H-da xatti giiclii pozitiv operator; B—H-
da xotti mohdud operator; o, 8 N miioyyan kompleks adadlar, bels ki,

a#0,8#0; x, ;€ (0,1); N, - miloyyon  natural  ododlor;
D::i.
dx

Teorem 0.6. Tutaq ki, asagidaki sortlor odonilir:
1. A — H-da giiclii pozitiv operatordur;
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2. B xotti operatoru H-dan H-a vo H(A)-danH(A)-ya mohdud tasir
edir;
3. a, B,y (il har hansi kompleks adadlor olub

a#0,5#0.x, 6(0,1).

Onda fle(H(A),H);le,p, fze(H(A),H);p,p, pe(l,o),

lictin va |arg ﬂ,| <@ <7 bucagindan gotiiriilmiis kifayat gadar boyiik | }4-
lar iigiin  (0.13), (0.14) moasalosinin Wp2 ((0’1);1—[ (A),[—[) fozasina

daxil olan yegana halli var va bu hall iiciin asagidaki  koersitiv
qiymoatlondirma dogrudur:

M’H‘MHLP((O,I);H) "

],

Ly ((0,1);H) Ly, ((0,1);H) <

<cZ Ay 2 lAl, |

22p

burada ¢ >Qolub, M-dan asili olmayan har hansi sabitdir.
Ikinci foslin ikinci paraqrafinda H separabel Hilbert fozasinda
asagidaki sarhad masslasinin hoall olunmasi tadqiq olunur:

L(A,Du = Au(x)—u"(x) + Au(x) = f(x), xe(0,]), (0.15)
N N
L(A)u = o' (1) + ABu(0) + Z_I;ylju(xlj )+ ijzju'(xzj )= fis

N3 Ny
’ ’
Lyu = Bu'(0)+ Zy3ju<x3j)+ D Vas (x4j)=f2. (0.16)
J=1 Jj=1
Teorem 0.7. Tutaq ki, teorem 0.7-nin sortlori 6donilir.

Onda, f € L, ((0,1);[—[(/11/2)), fi € (ILI(A),I'-I)l_k+ (I

5

pE (1,00), k=12 va |a1‘g i| <@ <7 bucagindan gotiiriilmiis kifayat
gadar  boyiik | ﬂl-lar tictin (0.15), (0.16) moasalasinin yegana

ue sz ((O,l);H(A),H) halli var va bu hall iiciin asagidaki koersitiv

olmayan giymatlondirma dogrudur:
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|}“|||””Lp((o,1);H(A”2D +||u”||Lp((0,1);H) +||Au||Lp((0,1);H) <

2 LA
= c[V“mf”Lp((O,l);H(Al/z)j +k§ ||fk||(H(A),H)1_]2‘+21p’p +[4]2 720 ”fk"HH

burada ¢ >0 olub —\-danasili olmayan hor hansi sabitdir.

Dissertasiyanin tigiincii fosli birinci vo ikinci fasillordo alinmig
abstrakt noticolorin xiisusi toromoli elliptik tonliklor {iglin sorhad
masalalorinin hall olunmasinin tatbiqins hasr edilmisdir.

Ugiincii foslin birinci paraqrafinda ikinci tortib elliptik diferensial

tonlik tiglin parametrli sorhod mosalasinin [O,I]X[O,l] kvadratinda hall

olunmas1 tadqiq olunur:

L(ﬂ'anaDy)u = lzu(xay)_Diu(xay)_

(0.17)

- D, (a(y)D, ulx,y))= £(x, ),

L(Au=aDu(l,y)+ u(l,y) = £(»), y[0,1]
Lu=u(0,y)=f,(»). yelo]] 018)
u(x,O)zu(x,l)zO, xe[O,l], (0.19)

burada D, ;:i’ D :Zi.
Ox Y oy

Teorem 0.8. Tutaq ki, asagidaki sortlor ddonilir:
1 a(-)eC'0,1], y€[0,1] iigin a(y)>0;

2) aa#0- olub |argi|£% bucagindan gotiiriilmiis har hansi

kompleks adaddir.
Onda L(A):u—>L(A)u=(L(4D,,D, )u,L (A)u, Lu)

T
operatoru |arg/l| <p< 5 bucagindan gotiiriilmiis kifayat gadar béyiik

|1|-lar lictin W;,z((O,l);Wf(O,l),LZ(0,1)),1<p<00 fozasindan

14



1 oL
L, ((O,l);Lz(O,l))+B;,pp’* (0,1)+B;p1’,*(0,1) fazasina  izomorfizm
yaradir, burada

L

B2,pp (031)7 1< p < 2:

1
Bzypp,*((),l) = W; ((O,l); j; (min {x,l — x})_l‘u(x)‘zdx < oo) p=2,

-

B, 7 ((0,1u(0)=u(1)=0), p>2,

B, :(01):=B, 7 (0.0%u(0) = u(h) = 0),

va A-min bu giymatlorinds (0.17)—(0.19) masalasinin halli iiciin asagidak
qiymoatlondirma dogrudur:

2
4 ”u('x’ymLp((O,l);LZ(Oal)) i

2
Dxu(x, y)”Lp ((0.1):L2(0,1))

+[p, (aly )D,u(x.y )M (O1:101) = C[|/1|||f (. )"Lp((o,l);Lz(o,l)) *

Lp

1 1 1
Aoy H O, g0 A 21600 +

b b
A PO g+ POy |

Ugiincii foslin birinci paraqrafinda homginin ikinci tortib elliptik
diferensial tonlik t¢lin parametrli sorhod mosslosinin [O,I]X[O,l].

kvadratinda holl olunmas1 tadqiq olunur:

L(A, D, Dy)u = Pu(x,y)—Dulx,y)-

(0.20)
- D, (a(y)D,u(x, )= f(x.»)

15



L(Au=aDu(l,y)+ 2u(l,y)= £i(»), yelol]
Ly(AJu = BDu(0,y) = 2u(0,y)= f,(»), yelod]  ©2D
u(x,O)zu(x,l)zO, xe[O,l], (0.22)
burada D, := i, D, = i
Ox Yoy
Teorem 0.9. Tutaq ki, asagidaki sortlor odonilir:
1) a() e C'10,1], y €[0]1] iigin a(y)>0;

a#0,p#0 —|arga| < %, |argﬂ| < %bucag“mdan gotiiriilmiis  hor

hanst kompleks adadlordir.
Onda  L(A):u—L(A)u:=(L(4,D,,D,)u,L (A)u, L,(A)u)

operatoru |arg /l| <p< % bucagindan olan kifayat qador boyiik | 1|-lar

iigiin w7 ((0,0)3775 (0,1), L, (0,1)), 1< p <0 fozasindan
Sl St
L,((0,1);L,(0,1))+B, 2. (0,1)+B, /

2. (0,1) fozasina izomorfizmdir

va A-min bu giymoatlarinds (0.20)—(0.22) masalasinin halli iiciin asagidak
giymoatlondirma dogrudur:
Df u(x, y)” +

2
ZNZES) Y L ((01)22(0.)

+[p, la(y)D,ulx,y )M (0.kLa0) =

Lp

< C[V‘H‘f(x’yX‘Lp((o,l);Lz(o,l)) +Hf1 (y)HBi;/p(O,l) +

_1
+ Hfz (y)HBill?/p(O,l) + V"l prl (y)ﬂLz(O,l) + Hfz (yX‘Lz(OJ)]-

Ugiincii faslin ikinci paragrafinda elliptik diferensial tonliklor {igiin
parametrli sorhod masolesinin [O, 1] X [0, 1] kvadratinda serhod sortlorinin
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birinds spektral parametrdon alava xatti mohdud operator daxil olan halda
geyri-koersitiv hall olunmasi tadqiq olunur:

L(A)u = Au(x,y) — D u(x,y) —
- D, a)D,ulx.y))= £ (x.)

L (M)u=aD u(l,y)+ A b(y)u(0,y)+ Jl‘b(t, u(0,8)dt |+
0

(0.23)

N Ny
+ 271j“(x1j ,y)+ 272/'Dx”(x2j ay)"’ (Tl”)(y) =L (),
j=1

j=1
yelol] (0.24)
N3 Ny
Lyu = BD u(0,y)+ Zliju(ijﬂy)_i_ 274ij”(x4j’y)+
Jj= Jj=

+(Lu)y) = £,(»), yelo1]

Lu=u(x,0)=0, xe[0,1],
Lu=u(x,1)=0, xe[0,1],
burada A - kompleks parametr; ¢, ﬂ,yki - har hansi kompleksnie adadlar;

Xy, € (0,1); a (y),b (y) ,b (x, y) - hor hansi kosilmoz funksiyalardir.

Teorem 0.10. Tutaq ki, asagidak: sartlor odonilir:
1. a,pB, Yy  -her  hansi  kompleks  adadlordir,  belo ki,

a#0, B#0;x, (0,1); a(y)eC'[0,1], y €[0]] figiin
a(y)>0;

2. b(y)eC?[0,1], b(0)=b(1)=0; b(x,y)eC**(Q) - -
da kosilmoz funksiyalar fozasidir, belo ki, bu funksiyalar Q-da
Gb(x,y) azb(x,y)

b

oy oy’

(0.25)

kasilmaz toromalarina malikdirlor vo x E[O, 1]
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iictin b(x,O) = b(x,l) =0.
Onda

b

0,1 .
feW i (QLu=0,v=34), pe(l»), f B, .(0)),
1
2~
fr € BZ,pI,)* (0,1) Vo |argﬂ,| <@ <7 bucagindan gotiriilmiis kifayat
gadar boyiik | A | -lar tictin (0.23)-(0.25) masalasinin

szz2 (Q; Lu=0,v= 3,4) Sfozasinda yegana halli var va bii hall

tictin asagidaki koersitiv olmayan giymatlondirma dogrudur:

i, 0+l 2300 =l .0
2 L k1
+ kzz‘;(”fk‘ BZ,pp (0,1) + ‘1‘2 2p kaHLz(O,l)] .
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HAPTTHOJIb KAMAHJAP kb1361 KYPBAHOBA

HNCCIIEAOBAHUE KPAEBBIX 3AJAY JIA
QJIVIMIITUHYECKOT'OAUPPEPEHIIUAJIBHO-
OIIEPATOPHOI'O YPABHEHUSA BTOPOT'O NOPAKA C
OIIEPATOPOM U CO CHEKTPAJIbBHBIM TAPAMETPOM
B 'PAHUYHBIX YCJIOBUSX
AHHOTAIUA

HucceprannonHas pabora HOCBSLIEHA HCCIIEA0BAHUIO
pa3pelIMMOCTH, a TaKX€ HEKOTOPBIX CIIEKTPAJIbHBIX CBOMCTB KpPaeBbIX
3a1a4d sl DIUTMITHYECKUX TUQQepeHnnaibHO-0MepaTOPHBIX YpaBHEHHH
BTOPOrO TIOpsAAKa B THIbOepToBOM mpoctpanctBe [, B ciywae, xorma,
OJMH U TOT € CIEKTPAIbHBIM IapaMerp BXOAUT U B ypaBHEHHE, U B
KpaeBble YCHOBMS. B nuccepranuu MONMy4deHbl CIENYHOLIME OCHOBHBIE
pe3yJIbTaTHI:

Haiineno nocraTounoe ycnoBue, obecrieunBaroiee KO3pIUUTHBHYIO
paspemmMocTh aOCTpakTHBIX KpaeBhIX 3agad Pemke, Takke JOKa3aHO
BEIIECTBEHHOCTh COOCTBEHHBIX 3HAYEHHH COOTBETCTBYIOIIMX OJHOPOIHBIX
KpaeBbIX 3ajla4, MOJYyYeHbl aCHMITOTHYECKHE (POPMYIIBI TSI COOCTBEHHBIX
3HaueHudl;  Haiimensl  jocraToyHble — YCIIOBHS,  O0OECIEUMBAOIIUC
KODPLUTUBHYK pa3pelIMMOCTh KpPaeBbIX 3a1ad Uil 3JUIMITHYECKOrO
nuddepeHIHaIBPHO — OMEepaTOpHOro YpaBHEHHs] BTOPOTO MOpsAKa, B
Clly4ae, KOrja OJMH M TOT K€ CIIEKTPAJIBHBIA IIapaMeTp ydacTBYET B
YPaBHEHHE KBAJPAaTUUHO, @ B KPAEBBIX YCIIOBUSX JIMHEHHO /i€ KpacBbIE
YCIIOBUSL pa3lElICHHbIE M HE pa3JelICHHbIE, 10 OTIAENbHOCTU. M3ydeHo
TaKKe  aCUMITOTHYECKOE  TOBEICHHE  COOCTBEHHBIX  3HAYCHHH
COOTBETCTBYIOIIUX OJTHOPOJHBIX KpaeBbIX 3ajad, HIOJIy4EHBI
acHMIITOTHYECKHE (POpMYIBl JUIi COOCTBEHHBIX 3HA4YCHUH; YCTaHOBIEHA
HEKOAPLUTUBHOCTb  Pa3pelIMMOCTH  OAHOW  KpaeBOWM  3ajadd  Juist
AIIUNTHYECKUX AU depeHnrantbHo — ONepaTopHbIX YpaBHEHHH BTOPOTO
HOpSJIKA CO CIEKTPAJIBHOM IapaMeTpOM B YPaBHEHMM U B TPaHUYHBIX
YCIOBUSAX B Cilydae, KOrja B OJHOM M3 TI'PAHUYHBIX YCIOBHH ITOMHMO
CHEKTPAJIBHOIO IapaMerpa IPUCYTCTBYET WM JIMHEWHBIA OIpPaHUYEHHBIN
OTepaTop B IIABHOM YacTH JaHHOTO ycloBus; [lomydeHHbIi aOcTpaKTHBIN
pe3ysIbTaT MNPUMEHEH K COOTBETCTBYIOLUIMM KpaeBbIM 3ajadaM JUis
JJUIMIITUYECKUX YPABHEHHH B YACTHBIX IPOU3BOAHBIX BTOPOrO IOPSIKA B

KBaapaTe[O,l] X [0,1].
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NARGUL KAMANDAR kizi KURBANOVA

STUDYING BOUNDARY VALUE PROBLEMS FOR SECOND
ORDER ELLIPTIC DIFFERENTIAL-OPERATOR EQUATION
WITH AN OPERATOR AND SPECTRAL PARAMETER IN THE
BOUNDARY CONDITIONS

SUMMARY

In the dissertation work, in Hilbert space H , in infinite segment,
coercive solvability of boundary value problems is studied for second order
elliptic differential-operator equations in the case when one and the same
special parameter participates quadratically in the equation, linearly in
boundary conditions, moreover the boundary conditions may be separated
or non-separable each taken separately. Asymptotic behavior of eigen
values of appropriate homogeneous boundary value problems was also
studied and asymptotic formulas for eigen values in separate cases were
obtained.

Furthermore, in the dissertation work it is proved that in Hilbert
space in the finite segment, the coercive solvability of boundary values for
second order elliptic differential-operator equations with a spectral
parameter is of the same order in the equation and in the boundary
conditions in addition of a spectral parameter there is a linear bounded
operator in the principal part of the given condition the obtained abstract
results admit do study non-coercive solvability of a new class of boundary
value problems for elliptic partial differential equations of second order in
non-smooth domains.

The theme of the dissertation work in argent and may useful when
studying diffraction problems in electrodynamics.
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