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Masalonin qoyulusu. H — Separabel Hilbert fozasinda agsagidaki sorhad masolasine baxagq:

Mu= 3U L sy S A ) T R -

u=——+Au+Y Aur + > Tu™ =1(t) (1)
dt j-0 k=1
u(0)=u’'(0)=0, u@=u'@-=0 (2

Burada u(t) vo f(t) [0,] parcasinda sanki hor yerds toyin olunmus, giymotlori H Hilbert
fozasina daxil olan vektor-funksiyalardir. A—06z-6ziino qosma, miisbat-miioyyan operator,

A (] = ﬁ) vo T, (k = @) operatorlar1 H fazasinda tosir edon A operatoruna tabe olan vo miioyyan

alava sartlari 6dayan xatti operatorlardir. A; =0 (J = ﬁ) T, = O(k = @) oldugda baxilan masolonin

requlyar hall olunmasi masalasi [9],[10] islorindo miiallif torofindon dyronilmisdir. Ty, = O(k = @)

oldugda baxilan masolonin requlyar holl olunmasi masolasi [11] isindo arasdirtlmisdir. Homin

masalonin hollinds araliq tdromo operatorlarinin normast {igiin alinmis qiymatlondirmolordon
istifado olunmugdur. Qeyd edok ki, operator-diferensial tonliklorin holl olunmasi masalslorineg
[1] - [8] mogalalarinds miixtalif operator-diferensial tonliklor ti¢iin baxilmigdir.

Toqdim olunan maqgalods (1) tonliyinin biitiin amsallarinin sifir operatordan forqli oldugu
hallarda Fredholm manada hall olunmas1 masalasi tadqiq edilmisdir. Tonliyin emsallar: tizorina bazi
sortlor qgoymagla asagidaki teorem isbat edilmisdir.

Isas naticalar.

Teorem. Forz edak ki, (1) tonliyinin omsallar1 asagida gostorilon sortlori 6doyir:

1) A operatoru 6z-6ziino qosma, miisbot-miioyyon vo tamam kosilmoz A tors operatoruna
malik operatordur;

2) Bj=A Al ()= O_,3) operatorlart H fozasinda tosir edon mohdud operatorlardir;

3) K,=T, A_m(m = @) operatorlart H fazasinda tosir edon tamam kasilmoaz operatorlardir;
3
4) h=3"cBs| <1 cobri sorti ddonilir.
i=0
Burada c; (i = E’:) ododlori A operatoruna uygun araliq téromo operatorlarinin normalari ilo

04
toyin olunan sabit ododlordir [11]. Onda M operatoru Wz([O,l]; H) fozasii L,([01];H) fozasina

inikas etdiron Fredholm tipli operatordur, yoni (1), (2) sorhod maosslosi Fredholm monada hall
olunandir.
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Isbat1. Torifo goro (1), (2) mosalosinin Fredholm monada holl oluna bilon olmasim

gostormak tiglin M operatorunun dimker M =codimM <oo sortini 6domasini isbat etmok
lazimdir.

04
Bu mogsadlo W 2([0,1]; H ) fozasinda asagidaki operatorlar toyin edok:

Lu Zu A“u+ZA3 u,

Ku = ZT3_ku(k).
k=0
Onda Mu = Lu + Ku olar.

04
[11] isindo isbat olunmus teorem 1-o gbra, L operatoru Wz([O,l]; H) fozasidan L,([01];H)

fozasina tosir edon vo mohdud L™ tors operatoruna malik olan operatordur. Gostorok ki, teoremin 3)

04
sorti Odondikdo K :Wz([O,l]; H ) - L, ([0,1]; H) operatoru tamam kosilmoz operatordur. Bu
maoqsadls istonilon & > 0 {i¢iin

||Ku||L2 ([013:H) = ‘9”u| v ‘2‘([0,1];H) + 77(g)||u|||_2 ([o13:H) (3)
borabarsizliyindon istifade edocoyik.

Istonilon u eV?/g([O,l];H) tiglin ||u| 04

$onn) =C (c— sabit adaddir) vo Al operatoru

04
tamam kosilmoz olmasindan Wz([O,l]; H)—> LZ([O,l]; H) daxilolmasmin kompakt oldugu alinir.

Onda elo U eV(\)/g([O,l]; H) ardicilign vo {unp }C {u,} Un,

04 <cC alt ardicillig1 vardir ki, o
2((0.13H)

L,([01];H) fozasinda yigilan olar. Onda p,q> N, iigiin |u

— < ¢, olar, burada o6
"o Ml oam) T '
kifayat qador kigik adoddir.

(3) borabarsizliyindon istifads etsok alariq:

Ku, —ku < Lv +
H i "allL, (fo,a3;H) 93 ([0.1:H)

Sg[ unp 04 Ng k./g([o,l];H)j_Fn(g).é‘l

+u
W2 ([0,1];H)

Ogor n,,n, oo sortindo limito kegsok, buradan {kuf>, ardiciligindan L,([01];H)
fozasinda yigilan altardicilliq ayirmagin miimkiin oldugunu alariq. Ona goéro do teoremin
dogrulugunu almaq ti¢iin (3) barabarsizliyini gostormak lazimdir.

Bu mogsadlo ovvalca istonilon j =1,4 iiciin

< <

Up, = Uy

MallL, (foag;H)

jdlu
A—
N

= 5”“”\/\/2 (o:H) T 77(5)”u”L2([o,1];H)
L2([01:H)
oldugunu gostorak.
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Kj (] = 1,_4) operatorlar1 tamam kasilmaz operatorlar oldugundan istonilon & >0 adadi {iglin

K; =Q; +R; ayrilisin yaza bilorik. Burada Q; sonlu dlgiilii operatorlar, R; isd HR JH < g sortini
S

ddayon operatorlardir. Bu halda Q;(x) = >"(X,¢ Jpi, X, € H yaza bilerik.
i-1

Istonilon j=1,4 iigl"m asagidaki bsrabarsizliyi ala bilarik:
dlu dlu

AT
dt) dt)

R;A*! _HR H < g,const|uf

2([0.1;H)
Lo ([041:H) Lo ([041:H)
Teoremin sortlorine goro A= A*> E vo A tamam kesilmoz operator oldugu iigiin
istonilon x € H vektorunu

AX = Zk:ﬂ«(XJk)k

soklindo gostors bilorik; burada Al, = A4, , yoni |, vektorlar1 A operatorunun moxsusi vektorlari,
A odadlori iso uygun moxsusi ododlordir. |||k|| =1,(,,1,)=0, n=m oldugda.

Bu halda istonilon ¢, € H vektorunu
N

b= Z(%lk)lk +(e)

k=1

n
soklindo gostormok olar. Burada Z”&, (5)||<gi. Noticoado araliq téromo operatorlarinin
i=1

qiymatlondirilmasi hagqinda molum olan naticolorden istifado edorok asagidakilari ala bilarik ([11]
isino bax')

z i 4 “.a(e)w
=1

4—j de

<|A :
dt’

Y17 @ Nl < cxconstulgs

Lo ([0.11:H) Ly([oa;H) =t

Digor torofdon alariq:

zz@“dﬂwy

<

=1k Lo([04;H)

=1 k

%Z(dt, A ij(p.

L2([0.11H)
455 < cons 08

i _
[12] monografiyasindan malumdur ki, ZT?(J = 1,3) asagidaki borabarsizliklor dogrudur:

dtJ

Lo ([01]:H)

dlu o

dtd < elul P30 T 77(‘91|u|||_2([o‘1];H)’ (=03
L2([0.1:H)

Beloliklo, asagidaki naticoyo golirik:

zz(“d“J@

1k dtj’k

< ¢ful Vaoam) t 77(‘c")”u"Lz([O,ll:H)'
Lo([0.:H)

04
Burada iso istonilon U e W 2([0,1]; H) va istonilon & > 0 odadi ligiin

”KU”LZ([o,l];H) < gnu”v%([o,l];H) + 77(5]|u|||_2 ([0.41;H)’ J
oldugu alinir.
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03
W>([01;H)— L,([01];H) daxilolmasimin kompakt olmasma osason buradan K

operatorunun kompakt operator oldugunu aliriq.

L operatorunu L:(E+ KLfl)L kimi gdstormok olar. L operatoru mohdud L7 ters

operatoruna malik oldugundan (E+ KL‘l) operatorunu, Lz([O,l];H) fozasinda Fredholm tipli

operator oldugunu aliriq. L operatoru izomorfizm oldugundan M operatorunun da Fredholm tipli
operator oldugunu aliriq. Teorem isbat olundu.

10.
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PE3IOME
®PEAI'OJBMOBAS PASPEIIIMMOCTDb HEKOTOPBIX KPAEBBIX 3AJIAY
JIJISI ONEPATOPHO-/IU®PEPEHIIUAJIBHBIX YPABHEHUI YETBEPTOI'O ITOPSIJIKA
HA KOHEYHOM OTPE3KE
Dueazner I'M.

Knrouesvle cnosa: Onepamop, onepamopHo-ouppepenyuanvhvie ypasHeHuUs, Kpaegvle VCI08US.,
CAMOCONPSICEHHBIL  ONepamop,  GHOIHE  HEeNpepuleHblll  Onepamop,
¢pedzonvmosasn pazpeuumocme.

B mpencraBneHHON cTaThe TOKa3bIBaeTCS TeopeMa O (PPEAroJIbMOBOM Pa3pelIMMOCTH HEKOTOPBIX

KpaeBbIX 3aJad Uil OINepaTOpHO-IU(QepeHINAIBHOIO YPaBHEHHsT YETBEPTOro MOpPsAKa Ha KOHEYHOM
orpe3ke. s 3TOM LieaM HCIOJB3YIOTCS paHee IOJMYUYEeHHBbIE Pe3ylbTaThl O PEryJISIPHOM pa3peliuMOCTH
KpaeBodM  3ajauyd s omeparopHO-Au((epeHIHaIbHOr0  ypaBHEHHsl  YETBEPTOro  IOpsIKa
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C CaMOCONPSHKCHHBIMU  TIOJOXKHUTENBHO-ONPEJACTICHHBIMA KO3 QHUIIMEHTaMlT Ha KOHEYHOM OTpe3Ke.
B nokazatenscTBE TeOpeMBI BAXKHYIO pOJIb HIPAOT OIEHKH HOPMBI OIEPAaTOPOB ITPOMEKYTOUHBIX
MTPOU3BOHBIX, PAHEE TIOJIYYCHHBIC aBTOPOM B JPYTUX paboTax.

SUMMARY
ON FREDHOLM SOLVABILITY OF ONE BOUNDARY VALUE
PROBLEM FOR FOURTH ORDER OPERATOR-DIFFERENTIAL
EQUATION IN FINITE SEGMENT
Eyvazli G.M.

Key words: operator, operator-differential equation, boundary problem, self-adjoint operator,

completely continuous operator, operators of intermediate derivatives.

In the paper we prove a theorem on Fredholm solvability of some boundary value problem for a
fourth order operator-differential equation on a finite segment. To this end, we use the earlier obtained
results on regular solvability of a boundary value problem for a fourth order operator-differential equation
with self-adjoint positive-definite coefficients on a finite segment. The estimates of the norms on
intermediate derivatives operators obtained earlier by the author in other paper play an important role in
proving the theorem.
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