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XULASO

Isdo R, = (O,+00) yarmoxunda besinci tortib kosilon omsalh bir sado operator — diferensial tonlik titiin
goyulmus bir sorhod masolosinin requlyar halli vo requlyar hall olunanlig1 anlayglar1 verilmis vo homin
masolonin  requlyar hall olunanlhig1 haqda teorem isbat olunmusdur.

Acar sozldr: normal operator, hilbert fazasi, operator-diferensial tanlik, requlyar hall, requlyar

hall olunanhq, sarhad masalasi

Separabel H hilbert fozasinda

d;tls(t)+p(t)A5u(t)= f(t), teR, =(0,+x) (1)
operator — diferensial tonliyinin
u(0)=u"(0)=u"(©) =0 @

sorhod sortini 6doyon hollinin tapilmasi mosalosine baxaq, burada f(t), u(t) R,-dasanki hor yerds

toyin olunmus, qiymotlori iso H fozasmdan olan vektor — funksiyalardir, toromolor timumilosmis

funksiyalar monada basa disiiliir [1] vo A operatoru ilo p(t) omsah asagidaki kimi toyin olunur:
1) A tamam kosimoz A~ torsino malik vo spektri S, = {/1 tlarga|<e; O0<ex< %} bucagq

sektorunda yerloson normal operatordur ;
2) p(t)Z{

a®, te(01)
B, te[Lw)

, burada >0, >0vo a=p.


mailto:elisebzeliyev@ndu.edu.az

Hilbert fozasinda normal operatorlarm spektral nozoriyyosindon molumdur ki, 1) sortini
odoyan A operatorunu A=UC soklindo gostrmok olar, harada ki, U unitar, C iso miisbot miioyyon
Vo 0zl — 6ziino qogma operatordur.

y 20 olmagla H, io A operatorunun dogurdugu hilbert fozalarmm skalasmi isars edok, yoni
H, =D(A") vo H,-da skalyar hasil (x,y), =(A"x A’y) kimi toyin olunub. Hesab edocoyik ki,
Ho=H wo (X, y)o :(x, y)H .

Asagidaki kimi toyin olunan vo LZ(R+;H), WS (R,;H), W;S(R,;H;012) ib isaro olunan
hibbert fozalarma baxaq [1] :

” bl
L,(R,;H) =1 f:|f LZWH)=(j||f(t)||2Ho|t] < oo
0

2 d°u

W2 (RH) |l g8

2
L(R,iH) +HA5U iZ(R”H)};

W2(R,;H;0;2;3) = {u:u eW2(R, ;H),u(0)=u"(0)=u"(0) =0}

t5

5(p - du s .
WS (R,;H)=1u .d—,A ueL,(R;H)u

Molumdur [1] ki, W, (R, ; H;0;2;3) hilbert fazas1t WS (R,;H) fozasmmn tam alt fozasidir.
Torif 1. Ogor ueW, (R,;H) vektor — funksiyas: (1) tonliyini R, - dasanki hor yerds ve (2)
sorhad sortlorini iso

timu()l,, = timjuc), =timfu(ol,, =0
monada 6doyirso, onda ona (1) — (2) sarhod masalosinin requlyar halli deyilir.
Torif 2. Ogor istonilbn f €L, (R+; H) Ucln (1) — (2) sorhad masalosinin

[l 0y < cOMSY £

L(R.H)

barabarsizliyini 6doyan requlyar halli varsa, onda ona requlyar hoall olunan sorhod masalasi deyilir.
Teorem : ©gor A operatoru 1) sortini vo p(t) odadi funksiyasi iso 2) sortini 6doyirse, onda (1)

—(2) sorhad masalosi requlyar holl olunandur.

Isbati : Funksiyann Furye g¢evirmosini totbiq etsok alariq ki, istonilon f € LZ(R+; H) ucan



Vo
1 5 a5 i(t—s
uz(t)zzﬁj; E°E + BA uf (s)e ‘fds]

funksiyalar1 R, - da sanki hor yerdos uygun olaraq

d®u
dt®

+a’A’u = f(t)

Vo

d°u
dt®

+ A% = f(t)

operator-diferensial tonliklorini doyirlor. Géstorak ki, U, (t),u,(t)eW;(R,;H).
Askardrr ki, ul(t),uz(t) vektor — funksiyalarmin Furye ¢evirmalori uygun olaraq
up (£)=(iEE+a® A% ) £7(&)
Vo
A ‘g5 5A5) L £
U (§)=(ig"E+ p°A°) 1)
soklindodir, harada ki, f"(£) f(t) vektor — funksiyasmin Furye gevirmosidir.

Planserel teoremino goro alariq ki,

2

d°u,

i A @)

LZ(R+;H).

+ HA5

=leu @,

” 1||W2RH) ‘ L(R,:H) L(R,;H)

L,(R;H)
A :|ﬂ|ei‘/’ tstlii yaziligin1 nazors alsaq, A operatorunun spektral ayriisindan alnr ki, istonilon

&eR, dcin



A(iEE + )| = sup

(e +a®2°)"| < sup

Ius(iégs +a5u565i(p)_l‘ _

leo‘(A) u>0
lp|<e
= Supl®(i&° + a® u® (cos5e + isin 5¢))_1‘ = Sup;15|i(§5 +a® u® sin 5¢)+ a®p’ cosSp | =
u>0 u>0

lo|<e lol<e

= SupyS[aloylo cos® 5¢ + (55 +a°u’ sin 5(0)2 }% <
u>0
lol<e

1
< Sugoyf’(g-’lo —2&%a° 11° sin5g + o' 1'® sin® 5¢ + o' 1™ cos? 5¢)_5 <
o>
lo|<e

1
. - : -~ 1
< Sup;f’(é‘lo _églo _alolulo sin? 5¢)+0{10u10) A _ Supus(alo,ulo _alOlulo sin? 5(/)) 2 < —
u>0 w>0 (04 00858

|ol<e lo|<e

alariq. Bu sonuncu boraborsizliyi nozors alsaq

HASU? (GZ)HLZ(R+;H) =~ (i§5E ra A )_1 : A(d L(R.:H) .
. - N 1
< A5(|§5E+a5A5)1 AL (f:)( LZ(R+;H)Sa5 COSSg”f(tX L(R.H)

olar ki, buda A°u;(£)eL,(R,;H) oldugunu gdstorir.
Indi gostorak ki, &l (&) e L(R;H).

<

L,(R,;H)

£ (i E+a®A®)”

§5(i§5E+a5A5)‘1fA(§)(

Hézsu{\(é:X‘Lz(R+;H) -

®)
Sup
£

55(i§5E+a5A5)’1H.

N = e LU0 N

oldugundan  [&° (i EE+a’A° )_1 H normasm qiymotlondirok. A  operatorunun spektral ayrihgindan

istonilon & e R, iigiin alariq:



<

£5(ig® +a5/15)’1‘= sup|&*(i° + a%[4]° (cos5p + isin5p)) | <

Qea(A)

£5(i°E + oA )1H _ Sup

Aeo(A)

<Su §S(i§5 +a°u°(cos5¢ + isin5gp))7l‘ = Sup§5‘a5y5 cos5¢p + i(afs +a’u’ sin5go}71 <
= e

< Supfs(alo,ulo C0s? 5 + & — 2E50° 1% 5inBg + ™ 1 sin? 5(/,)‘% -
>0
pl<e

= Sup§5(§1° + oy —28%° u° sin5go)7}/2 < Sup§5(§1° N T )7% (1-sin5¢p) 72 <(L-sin5s) .
mgﬁ rjp‘i)a
Bu sonuncunu (3)-do nazors alsaq
1
u; <———— [t
Hg ul (é:x‘Lz(R,f;H) (1_S|n58)% || ( l
olar ki, bu da &°u; (f)e L2(R+; H) oldugunu gostarir.

LZ(R+;H)

Biitiin bunlar1 nazors aldiqda ul(t) EWZS(R+; H) alirg.
Anoloji qayda ilo isbat olunur ki, u,(t)eW;(R,;H).
ul(t) vektor — funksiyasmin (0,1] yarmmintervalma sximasmi l//l(t) ib, uz(t) vektor —

funksiyasmmn ~ iso [Loo) yarmintervalma silmasmi  y,(t) i isaro etsok, agkardr ki,

w,(t)eWS (01t H), w,(t)eW ([Loo)H) olar. izlor haqda teoremo  goro  [1]
(i) - (i 19 i-04
v (O)EHS_i_;_H%_i,(yi‘ MeH, |, i=12; j=04.

01 (t) —y, (t)+ ea/ll(t—l)A(pl n ea/tztA(pz n ea/l3tA(p3 n eoaL,tA(p4 n eals(t—l)Aq)S’ te (0’1)

U(t)=

0,(t) =y, (t)+e”2 0 g, +eP Py, 1008 tefl,o0)

vektor — funksiyasini quraq, burada
2(k +1 . 2(k+1 —
ik=cos%+lsm%, k=15, ododlri A°=-1 tonliyinin kokloridir, ¢, - lar iso
(k =1_8) HV hibert fozasmdan olan vo hollk molum olmayan vektorlardr ki, onlar1
2

u(t)eW, (R,;H;0;2,3) sortindon  toyin edocoyk. Bunun iigiin 69(0)=0(i =0,2,3) Vo



o) =6"(1) (j = ﬂ) sortlorindon istifado edocayik. Bu sartlordon ¢, (k :173) vektorlarma nozoron

asagidaki tonliklor sistemini almig olariq:

—-al A —alsA
o :

Pt @, + @y + o, +e g =y, (0)

o’ e+ 0 Ay, + Ay + &t Mg, + at dge gy = =AMy, (0)

QR g+ @R, i, at K, + e gy =~ Ay (0)

o +e g, +e Pyt s =0 — 0 — g =y, () -y, (1)

aie, + aﬂzeMZA MSA(DS +ta l4eahA(04 ta Asps + B Lps — B, + Bl =

al, A a3 ar A

Ao, +e
@, +ale
- AW -1 )

a’ o +a’Lae” g, + a5 o, + a’ e o, + a’ Aps — BRI 0s — B A0, — PP Aeps =
- A0 -v )

R+ 18" g, + a2 oy + P 56, + P Ks + BP0 — BP0, + B Aips =
= A3y (-, )

a' Lo +a' 256" g, + ot e o, + ot e o, + a Aeps — B os — B Asp, — B Ay =
= Ay @ -y )

tonliklor sistemini A operatorundan asih

AO(A)é = l;

Bu

kimi matris tonliyi soklindo yazaq, burada ¢ = ((pl,go2 VD3, P4y P, Py Prs (pg), v =(~y, (O),—Afll//ll (0),

— Ay, 0w, ) -y, D), A (v, ) - v, D), A7 (v, Q) —w, ), A (v, D) — v, 1),
A vy D) -w' @)

sokkiz olgiilii slitun matrislordirlor, A,(A) iso sokkiz olgiili kvadrat matrisdir vo

g A E E E g s 0 0

a’e Mt a?LE a’2E a’E  a’Ale 0 0

a*le ™ a*AE a’A3E a*E  a’Ale s 0 0
E eale eaASA ea/L,A E _E _E
A, (A) = alyA aAzA alyA

alE al,e al.e al,e alE -pLE - BAE
a?PE a’2et a’Aeh a’Aet a®NE - PPAE - B°AE - BPACE
a*2PE e aPle” Pt QPAE -pPPE -pPAE BPAE

| o' HE a'e”t atae™t at2e™t a'AlE -BME -BME - BIAE]




soklindodir. Gostarak ki, AO(A) operator matrisi H®-do torslonondir. Bunun iigiin AO(A) operator

matrisindo A operatorunun yerino A kompleks doyisonini yazib AO(/l)- nm istonibn A €S, U¢ln

torslonan oldugunu goéstormoliyik. Askardir ki, |/1| — o olmagla AeS, olsa

0 1 1 1 0 0 0

0 a2 a’2 a2 0 0 0

0 &L a2 o’ 0 0 0 0

1 0 0 0 1 -1 -1 -1

detA,(4)= w0 0 0w L g pa +0(4)

5

K00 0 &R R -PE A

CE 00 0 &R BE B PR

@000 p PR R

olar, burada |/1| — o0 oldugda |O(/1X — Oolur. Vandermond determinantmin hesablanmasi tisulunu
totbiq etsok aliriq ki, |/I| — o vo AeS§, oldugda detAO(/l);tO olur.

Indi gostorok ki, istenilon A €S, Uglin detAo(/i);t 0. Dogrudan da, ogor belo deyilso, onda elo
ueS, (Reu>0) var ki detA,(#)=0. Bu iso o demokdir ki, eb sifirdan forqli
E=(X,, Xy, X310 Xy, Xg Xg, X5, Xg )€ C® VeKtoru var Ki, A(u)é =0 olur, burada C kompleks oadodlor
meydamdir. Onda askardrr ki, homin g € S, adadlorinin hor biri ti¢iin

d > x(t)
dat®

x(0)=x (0)=x (0)=0

+ p(t)p°x(t) =0 (4)

®)

sarhad moasoalosinin holli

e@nl Uy ety ety yeruty pe@sultly  te(01]

x(t)=

ePulity | gty o Maut0y tefl o)

soklindo axtarmahdir. Gostorak ki, X(t)EO olur.
Dogrudanda, (4)—don



Sy dx() |y
0=|p 2 +p 2 ptX(t
Hp e . e

5
Hp 1°X )( +2Reﬁ5(d Xs(t),x(t)J
dt L)

alariq ki, X(0) = x (0) = x (0) =0 sortini nozoro alib hissa - hisso inteqrallamadan sonra

(%ﬁ”,fx(t)j :-:f’(xa), "T“)j()

LZ (R+)

2 H x|

L(R,) (6)

olar.Onda
d°x(t) Tdx() s —s 7 d®x(t) 5T d°x(t)
2Re u , X(t =2Re , t)|dt= , x(t) (dt t), dt=
YRR >jw+) [ ) M R ) PR Ok
0 5 . 5
usf(x , ]dt—u I( ) Xs(t)jdt:(ﬂs —ﬂS)I[X(t),d—Xs(t)]dt:
0 dt 0 dt
5
:2|lu|5isin5¢)j(p%x(t),p% d XS( )]dt2—2|,u|5 sinsgoHp%x(t) s X0
0 dt L(R,) dt LR
alariq ki, bunu (6)-da nozors alsaq
5
dt L2 (Ry) k(R
—2|,u|58in5(pHp%X(t) y d° Xs(t)
Ly (R, ) dt LR
d°x()|’
> (1—sin5g) |,u| Hp x(t) p_% X§)
L(R,) dt LR

olar. 0<e< % oldugundan, axirmnci barabarsizlikdon aliriq ki, R, - da sanki hor yerdos X(t): 0 olur.
Buradan iso £=0,yoni X, =X, =..=X, =Xz =0 oldugu alnur.
Bebliklo, biz aldiq ki, A, (,u)f =0 matris tonlyi yalniz sifir hollino malikdir. Buna goro do

AO(,u) matrisi Re x> u, >0 olan istonilon g €S, igilin torslonondir. Onda askardr ki, istonilon



AeS, ugln |detA0 (ﬂ] >0,>0. 4e O'(A)C S, oldugda A operatorunun spektral ayriismdan alariq
ki, A,(A) operator matrisi H® fozasinda torslonandir. Onda biz H% hibbert fozasmdan olan ¢, (i :1,_8)
vektorlarmi yuxarida aldigimiz tonlklor  sisteminin holli kimi  birqiymotli  olaraq tapa bilorik.
Py <H,, (=18) oldugundan u(t)eWS(R,;H;0;2;3) olar.

2

A,(A) operator matrisi torslonon oldugundan

d°u
dt®
u(0)=u'(0)=u"(0)=0

+p(t)A*u=0

5

sorhod mosalosi yalniz sifr hollino malikdir. Odur ki, P- =%+ p(t)A® - operatoru W, (R, ;H;0;2;3)

hilbert fozasmi LZ(R+ : H) hilbert fozasi iizorino garsihgl birgiymetli inikas etdirir.

Istonilonu e W, (R, ; H ) iigiin

2
2(
LZ(R+;H)

d°u d°u

dt®

IA

+ p(t)A%u

2
+H'D A5 Ly(R,H) ]S

RH)

[Poul,

L (R, H)

d°u 2 5 d°u 10 510 Y/ A5, |2
< t)A’u < 2| ll—— ’ A <
[ dt5 2 (R, H)"‘maXP (X‘ LR H)} [ dt® LZ(R+;H)+maX(Ot 4 M y Lz(R+:H)J
5 112
< const| |91 e »
dt L(RH) 2(R.

oldugundan P, :W, (R+; H ;0;2;3) L (R+; H) operatoru mohduddur .
5
de®

fozasmi LZ(R+;H) hilbert fozasi lizorino biyektiv inikas etdirir. Onda, tors operator haqda Banax

Beblikl alrq ki, Py-=——+ p(t)A®- operatoru mohduddur vo W, (R,;H;0;2;3) hilbert

teoremino goro

Pt L(R,;H)—>W2(R,;H;0;2,3)
tors operatoru var voo L,(R,,H) iizorindo mohduddur, yani

v < const|f|

WZS(R+;H) Lz R H



olur. Onda, torifa gora, (1) — (2) sarhod mosalosi requlyar hall olunandir. T.i.0.
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PE3IOME
PET'YJISPHOE PEIII EHUE OTHOM KPAEBOM 3AJTAYY TOCTABJEHHOI'O 115
MPOCTOI'O OITIEPATOPHO-JUPDPEPEHIIUAJTBHOTI'O YPABHEHUSA IATOI'O
HOPAAKA
Ao0yabga3z MamenoB
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ABSTRACT

SOLUTION OF ONE BOUNDARY VALUE PROBLEM GIVEN FOR OPERATOR-
DIFFERENTIAL EQUATIONS OF THE FIFTH ORDERWITH A CONTINUOUS
COEFFICIENT

Abulfez Mammadov

In this work the definition of reqular solution and reqular solvability of boundary problem for one
ordinary operator-differential equation of fifth order with a continuous coefficient in R, = (0, ) has been

given and the reqular solvability of that problem has been proved.
Key words: normal operator, Hilbert space, operator-differential equation, reqular solution,

reqular solvability, boundary problem






