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Toqdim edilmis isdo xiisusi toromali elliptik tip ikinci tortib operator-diferensial tonlik tigiin
Neyman masoalosinin Hilbert fozasinda korrekt holl olunmasi masalasi todqiq edilmisdir. Qoyulmus
masolonin hall edilmasi {igiin klassik Furye ¢evirmasi iisulundan istifads olunmusdur. Masalonin
halli verilmis tonliys uygun qurulmusg Sobolev tipli fozalarda aparilmisdir.

Operator-tonliklor nazariyyasi kegon asrin ortalarindan baglayaraq inkisaf etmayo baslamisdir.
Bu nozariyyonin osaslart gorkomli riyaziyyatcilar: E.Hille, K.losida, T.Kato, S.Agmon, P.Laks,
Z.1.Xolilov va basqalar1 torafinden islonmisdir. Homin alimlarin aserlorinda geyri-mohdud operator
omsalli diferensial tonliklorin Hilbert vo Banax fozalarinda hallinin varligi, yegansliyi vo hollin
asimptotik xassalori yronilmigdir. Operator-diferensial tonliklar {iglin Kosi va sarhad masalalorinin
halli ilo slagoli elmi arasdirmalar S.Q.Kreyn [1], A.A.Dezin [2], V.1.Qorbaguk, M.L.Qorbaguk [3],
S.Y.Yakubov [4] va digor alimlorin monoqrafiyalarinda sorh olunmusdur.

Bu istigamotdo M.G.Qasimov [5], B.Q.Mazya vo P.A.Plamenevski [6], Y.A.Dubinski [7],
S.S.Mirzayev [8], A.A.Skalikov [9], N.I.Yurguk [10], H.I.Aslanov [11], A.R.Dliyev [12] vo
basqalarinin asarlorini qeyd eds bilarik.

Tutaq ki, H — separabel Hilbert fozasidir, C — iso bu fozada D(C) toyin oblastina malik

olan 6z-6ziino qosma miisbot miioyyon operatordur. C IO(p > 0) operatorunun toyinolunma oblasti
(x, y)Hp = (Cpx,pr) X,y € D(C”), skalyar hasilina nozoron Hilbert fazas: toskil edir. p =0 oldugda
Ho =H,(x, y)Ho =(x,y),, oldugunu qobul edirik.

RMX X = (Xp, Xpy oo X g, X ) X € (—00,00),i =1,2...n =1 x, € R, =(0,0)} isaro edok.

L (R”' H) ilo sanki biitin xeR] ig¢lin qiymatlori H fozasina daxil olan biitin

f(X) = f(X,,..., X, 1, X, ) vektor-funksiyalardan ibarat olan Hilbert fazasmni isaro edok. Bu fozada
elementin normasi

kimi tayin olunur.
D(Rf; H) ilo R} fozasinda sonsuz diferensiallanan vo kompakt dasiyiciya malik, qiymatlari

H, fozasina daxil olan xatti ¢oxlugu isars edak. W22 (Rﬂ; H ) il D(Rf; H ) ¢oxlugunun
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normasina nozoron tamamlanmasini isars edok. Analoji tisulla

w2 (R H )_{vfx [Z|§k +cj X, ) L,(R" H)a;\;(f)eLz(Rf;H)}

n

Hilbert fozasini toyin edok. Bu fozada elementin normasini asagidaki gayda ilo toyin edirik:

B azv n-1 5 2 5 2
Mz (o) —{ . +kZ_l:H§k v(E.x,) L(REH) evie x, ) LZ(R;;H)}

g
V(\)lg,g(Rf; H )= {v(ﬁ, X, ) (&, xn)ewzég(Rf; H ) NEXn)| O}
X, =0

OX,,
Masalonin qoyulusu. H fozasinda asagidaki sorhod masolosino baxagq:

0 Sk ;
L(&Ju = —;ak auEZX) +C2(x)= f(x), xeR" (1)
ou(x) B
oX, %0 =0 @)

Burada (%, X,,...,%,5)€R™™, x=(X,%X.., %, 1,X,)€R", f(x),u(x)—R"—do sanki her yerds toyin
olunmus, qiymatlori H fozasina daxil olan vektor-funksiyalardir, a, >0,k =12,...,n

Torif 1. Ogor f(x)el, (Rf; H) ligiin elo u(x) eW; (RE;H) varsa ki, (1) tenliyini R} —do sanki
har yerds 6dasin, onda u(x) tenliyin requlyar halli adlanir.

Tarif 2. Ogor istonilon f(x)el, (Rf; H) (1) tonliyinin requlyar holli varsa, bu hall (2) sorhod

sortini lim oule, Xp....x,)]

=0 monada 6doyirsa vo
xn—>+0|| OX

Hy

n

[z o) < cONSE- ] o)

qiymatlondirmasi dogru olarsa, onda (1), (2) sarhad masalasi korrekt hall olunan adlanir.
Verilmis (1), (2) sorhad masalasini asagldakl formada yazaq:

L[%)u ( Z—+C UJ— f(X) (3)

ou(xy, xz,...xn)

OX =0 “)

X, =0

n

f(X,... X4, %,) Vektor-funksiyanin x;,X,,...X,; doyisonlorino goro Furye ¢evirmosini
f(&,...&,,,x,) kimi isaro edok:

£ 1 X &+ X
f(ﬁl"'én—lixn):ﬁ J.f(xl' Xp11 X n)e (ut nlgnl)dxl anl
(27) 5 R™

Onda (3), (4) moasalasina Furye ¢evirmasini tatbiq etsok, naticads alariq:

La(g,x,)=-a, gx—i‘ + [ZafékE + CZJO(«; X,)=f(£x,) (5)
n k=1
aU (5 - 'a'fn—li Xn) — 0 (6)
n X,=0
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Burada &=(&,...,&,,)eR"™, x, eR, =(0,0),

~ ~ 1 =&+ . +X

U(f, Xn):u(gli'”ign—lixn): n—1 Ju(xl,...xn_l,xn)e (.. n71"5"71)(:1)(1"'an—l (7)
(271') 5 R

n-1
B(£) =Y a&E +C? isaro edok.

k=1
Istonilon £eR"™ figiin B(é) 0z-0zlino qosma, miisbot-miioyyon operatordur, belo ki,
B(f)z 1oE . Burada z, — C operatorunun spektrinin asagi sorhoddidir. Oz-6ziino qosma, miisbat-

miioyyan operatorlarin kvadrat kokii oldugundan B2 (£) operatoru vardir vo D(B}/2 (5)) =D(C).
ovvalco asagidaki lemmani isbat edok.

Lemma. Istonilon ¢(&)e Hy,, &< (4,....&, ) e R™ iigiin

B(£)e %" p(e) ®)

L(RUH)
borabarsizliyi dogrudur.
3

Isbat1. Ogor ¢(&)e Hg, olarsa, onda aydirndir ki, B4(&)(&) =y(E) eH .

C operatorunun spektral ayrilisindan istifads etsok, alariq

2 2

1 1 1
B(&)e B P gp(&)2 —|B#(&)e =B Eny(g)

L(R,:H) L(R,:H)

1 L w (i 1/2
B2(£)e™™ ™ % y(8), y(8) =I[Zak§£+ﬂ2] x
k=1

Lo(R,:H)

= [e "dx, ld(E,y(&) y(&))=

1/2

YR 12 1 1
e e e ) e
1 1

- folerte)- 5 ek, -5 o e

Buradan

1
4
< _n_

1 3
B(&)e ™ B p(¢) > B4 (&)p(&)

LZ(R-v-;H) H

oldugunu aliriq. Lemma isbat olundu.
Osas natica. Moqalads alinmig asas notico asagidaki teoremdon ibaratdir.

~ 0
Teorem. L, operatoru W5, (Rf; H) fozasini L, (RE;H) fozasina izomorf inikas etdirir.
fsbat1. Ovvolco Kerl, = {0} oldugunu gostorok.

2 A
-a, % + B(&)U(&,%,) =0 tonliyinin W22,§ (Rf H ) fozasinda holli
X

n
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Uo (5: Xy ) = eia%/ZBM(f)X"(D(f)’ @(&) € Hyp

~ 1
soklindadir. Serhad sorting goro % =0 olmalidir. Buradan —a_2B"?(&)p(&) =0 alirig.
1

—a,2BY?(&) operatorunun biitiin & e R giymotlorindo mohdud tors operatoru oldugundan
9(&)=0 vo uy(&,x,)=0 aliriq, yoni Kerl, = {0}.
Indi iso Jml, =L, (Rﬂ; H) oldugunu gostorok.
Qeyd olunmus biitiin &< R"™" ii¢iin
" Xn):{f(g, X,) &e R:_ll,xn >0,
0, £eR"7,x, <0
vektor-funksiyasimni gétiirok. Aydindir ki, f,(£,x,)eL, (RL1 ; H) belos ki,

" fl(é:’ Xn )|L2(R2;H) = “ f(égv an

LRGH)
Asagidaki tonliys baxaq:

_an%+ B()I(E %) = F(£,x,)£€R™ x, €R.. ©)

n
Ogor (9) tonliyina X, € R dayisenino goro Furye cevirmosi totbiq etsok, tonliyin hallini
asagidaki sokildo ala bilorik:

V(g )= [lan? + B e i (10)

Burada f,(£,x,), f,(&,x,) vektor-funksiyasmm x, doyisonine nozoran Furye gevirmosidir.

Istonilon &eR"™ iiciin V(&,x, ) vektor-funksiyasi (9) tenliyini R, oblastinda sanki hor yerdo
odayir.

2
Indi gostorak ki, wix”) el, (Ri1 ; H) B(EV(&,x,)e L, (Rﬂ; H) Planserel teoremino goro
+[BEN (%) (o) =

oX
‘ L(R";H

+HB(§)(an(§2 + B(f))_l fl(‘f’xn)(

n

alariq:

2 2

oV (&, %,) .

ox?

£2lenc? + BO) 6% )

it

L(RoH)

222 +B()"

+

2
<sup
&

~splB@a st +8@) | |t (11)

L(RH)

C operatorunun spektral ayrilisindan istifado edorak istonilon &, vo &eR"™ iigiin aliriq:

-1
n-1
gs[angs Ko +ﬂ2]
k=1

Ssupi

per(c) Ap

< sup
,ue‘r(c

1)1
ané:nz(an":n2 + /JZ) ‘Sg .

Eloca da

HB(é)(anéf + B(é))le = sup (nzl“akr:f + yZJ(angﬁ + niakgkz + ﬂzj <1
k=1 k=1

uez(c)

oldugundan (11) borabarsizliyindon aliriq:
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2

L(RH)

<

oV (&,x,)
ox?

+[BEN ()} o) {HH\ &%)
1 2
S (1+ a_nj” f(£.%, 1|L2<RE;H )

2
Buradan %ﬁfxn) el, (Rf; H ) B(ENV(&,%,)e L, (R;1 ; H) oldugunu aliriq. Ogor

2
n

L,(RMH

V(£ x,) £eR™ x, >0,
Vl(é’x”)z{ 0 EeR™ x <0

funksiyasina baxsaq, onda bu funksiyanin da istonilon EeR™ liclin

2
V) el, (R+n H ) B(EM,(&,%,)el, (RL1 ; H) oldugunu gérorik. Onda iz haqqinda teoremo goro [1]

Xy
alanq:
2 2
3y 2Ek) | < const [PUER] L aep e ) o | <
6Xn =0 ||y aXn LZ(RE;H o
< const 82V(§, Xn) i +||B(§)\/(§ X X|2 <
6X§ LZ(RE;H h Lz(RE;H)

< const| f, (&, x, )|LZ(R2;H) = const” f(e, xnj

LRH)
Belalikls, aliriq ki, (9) tonliyinin szé (RL1 ; H) fozasinda timumi holli

0(E, %, )= V(& %, )+ & B Ongp(&), (&) € Hy

=0 sartindan aliriq ki, %

X,=0 n

D(B% (5)) =D(C) oldugundan B2 (E)p(é)eHy, .

ou(&,x,)

n

=-a,2B"2(&)p(&).

X, =0

soklindadir.

Noticado, ¢(&)= }/ ‘B 2( ) 6(5 0) aliriq.

n
1

Bunu nozoro alsaq, G(&,x,)=V,(&, xn)+e‘a"81/2(5)x{an]/282(5)6\/1(5’0)] oldugunu alariq.

OX

n

B Y2 (ég) avl(g’o)

o © Hj, oldugundan asagidaki miinasibatlori yaza bilorik:
n

HB (B, (j )SHBM(%&)?@‘HO:
4 V(&
o (e)e +(¢) )

=const ) =const Bj/z (5) avggf'o)
Ho no kg
d%(&,%,) ? X 5 .
<cons o +[B(&)a( x, )||L2(RC;H) < consq f(&, xn)( L)
Xn LZ(RE;H 2\Ry;

Beloliklo, Jml:0 =L, (Rf; H) oldugunu aliriq. Digor torafdon
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2

8%(&,%,)

ox2

+

< Const‘
L(RH)

L(RH)

f(&, xnx

Lz(RfiH)

[i(ﬁfE " Cz)]ﬁ(cf, xn){

k=1

oldugunu nazars alsaq, naticods

+§§k2 a(&, x, | )£constﬂf(§, anz

LRH) kL L(RTH

0%0(&,x,)
ox?

L(RIH)

alariq. Sonuncu borabarsizliyi & deyisenine géro R"™ iizro inteqrallasaq, sonda

(&, x, )||W2(RE;H) < const” f(e, an

LZ(RE;H)

oldugunu gorarik.

Sonuncu barabarsizlik I:O operatoru {i¢iin tors operatorun varligr haqqinda Banax teoreminin

sortlori 6donilir. Ona gora do L, :W,2 (Rf; H )—) L, (Rf; H) operatorunun izomorfizm oldugunu aliriq.
Teorem isbhat olundu.

Qeyd edok ki, Hilbert fozasinda bir sinif xi{isusi toromali ikinci tortib operator-diferensial

tonliklorin biitiin fozada holl olunmasi vo korrekt hall olunan olmasi sortlori miollifin [13], [14]
islorinds Oyronilmisdir.
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PE3IOME
O KOPPEKTHOM PA3ZPEIIIMMOCTH 3AJJAYN HEUMAHA
JJIA SJVIMIITUHYECKUX OINIEPATOPHO-JU®PEPEHIIUAJIBHBIX YPABHEHUM
C YACTHBIMMU ITPOU3BOJHBIMUA BTOPOI'O ITOPSJIKA
TI'amamosa P.D.

Knwouesvie cnosa: Onepamoprno-ougghepenyuanvhuvie ypaenenus, 3aoada Heiimana, ypasuenus
QIUNMUYECK020 — muna, npeobpasosanue Dypve, meopema banaxa,
CAMOCONPSNHCEHHDBIL  NOJLONCUMENILHO-ONPEOSIeHHbIL ONepamop, KoppeKmudas
PaspemumMocmy,  2unbbepmoso  NPOCMPAHCMEO,  HOPMA,  CKATAPHOE
npouseedeHue.

B pabore mccnenoBadsl BOMPOCH! KOPPEKTHOHN pa3permmMoCcTH 3a1adan HefimaHa IS SJUTHIITHYECKOTO
orepaTopHo-nuhHEePeHIIMATBHOTO YPAaBHEHUS C YACTHBIMH TPOU3BOIHBIMU BTOPOTO Hopsaka. s pemeHus
JAHHOM 3aJlay¥l IpUMEHsIeTCS MeTo ipeodpa3oBannu Dypee. PemeHue 3a1auu uccieayercs B CeHaIbHO
ITOCTPOEHHOM TIpocTpaHcTBe THIa CoOoJieBa.

SUMMARY
CORRECT SOLVABILITY OF NEUMANN PROBLEM FOR SECOND ORDER
PARTIAL OPERATOR-DIFFERENTIAL EQUATION
Hatamova R.F.

Key words: operator-differential equation, Neumann problem, elliptic type equation, Fourier
transformation, Banachs theorem, self-adjoint operator, positive operator, well-defined
solvability, Hilbert space, norm, scalar product.

In the paper, we study well-defined solvability of Neumann problem for elliptic partial operator-

differential equation of second order. For solving the problem, the Fourier transformation method is used.
The problem solution is studied in specially structured Sobolev type space.
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