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Mohdud oblastda geyri-lokal sorhad sortindo Steklov tipli mosolalor aragdiril:b.Bir
sorhad mesolasinds mexsusi adadlar va mexsusi funksiyalar hesablan:b.

Acar sbzlar: Spektral parametr, analtik holl, adodi Usullar, geyri-lokal, moxsusi adadlor

Sorhad sortindo spektral parametr olan geyri-lokal masslalorin analitik
hallini tapmag ¢atin vo ya mimktin olmur. Ona gors bu tip masalalorin effektiv
hollari adadi Gsullarin kémayila olur. Misal Ucilin bu tip mesalalars [1]-[2]-do
baxilmisdir. Son dovrlarde mioyyan oblastda sorhod sortine parametr daxil
olan Steklov tipli moasalalorin moxsusi adodlarinin hesablanmas: [3]-do ve-
rilmisdir. Burada mioyyan oblastda bu tip mosolalari hall etmok Ugln vari-
yasiya integral tonliklarin, kompleks dayisonlorin Usullarindan istifads edilib.

Qeyd olunan is [4]-Un davamidir.Asagidaki mosoloys baxaq:

AU=0 BD (1)
oy =AU, (2)
on |-

ou

—1 =0, 3
anl. (3)

harada D - n 6lclll fozada mohdud oblastdir,sorhod iki hissodon ibaratdir:
oD =TUS;
n - D oblastimin sorhad normalinin ortudur. Gormoak olar ki, (1)-(3) mosolasi
Uclin sonsuz sayda 0<A4 <..<A, <.. moxsus ododlori var va A, > o,
n — oo olduqda.

Variyasiya Usullarindan molumdur ki, (1)-(3) mosolosine asagidaki
funksionalin min-un tapilmasina ekvivalentdir.

F(U): J'uzds (4)
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harada ki, j udx =0 (5)
I

ortoqonalliq sarti 6donilmalidir. (4) funksional1 tgiin variyasiya mosslasini Rits
tsulu ilo holl etmok Ugln koordinatlar funksiyasi sistemi kimi harmonik
polinomlar: segok.

C. =b,,P"(cos@)cosmnR";

S, =b,,R"P,"(cos 8)sinmmn;
2"ml(n—m)!
(m+n)!
Polinomlar Gglin asagidaki rekurent disturlar dogrudur:
Cn =r"cosmnp; CI, =xCo;

m+1

harada ki,b__ =

! mn

Sy =r"sinmp;, SO

m-+1

=XS.;

mo_ 1
™ nem+l

[2n+1)xs™ - (n-m)r?s™, }

cr, = 1 [2n+1xcm - (n-m)r%Cr, }

n+m+1
toromalari Uglin iso
oS" oc)
“=(n-m)S;";; —~=(Mn-m)C),;
6X ( ) n-1 6X ( ) n-1
as:] m m ZmCI:n .
—:lz[nsn —(n—m)xSn_l]— s
oy r r
oSz ymC"
n=—|nS" —(n—m)xS", [+ n.
62 rz[ n ( ) n—1] rz
oc! 'y zmS”"
—2==InC" —(n—-m)xC, |+ o
ay rz[ n ( ) n—l] rz
oc, 'z

= = Zfney —(n-mpep,]-

harada ki, r=4y*+2z%; R®=x*+y*+7°
Moxsusi odadlori asagidaki tonlikdon toyin edok:
det(a; —48;)=0 (6)
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ay Vo fB; konkret formulails toyin olunur.

Qeyd olunan algoritm (4) mosolosinin hallinin S sorhod sartinds Gdomos tigtin
avvalcadan toyin olunan sissem koordinat funksyalarnmin qurulmasina osaslanir.
Demoali, I' sorhad sartini 6doyan Laplastanliyinin hallini do tapmag olar.

Tutaq ki, I'sothini saxlayan hor hansi D oblastinda ikigat kasilmoz
diferensiallanan u(x, y, z) harmonik funksiyasi verilib vo asagidaki sorti 0doyir

a—u:,uu npu X =0, (7
OX
harada ki,  u(xy,z)= w (X, Y, 2) 8)
X
w(0,y, Z)|r: 0, ©)

w(X,Y,2)- X dayisonino gbro Ucgat, y Vo z arqumentlorino goro iso ikigat
kosilmoz diferensiallanan, harmonik funksiyadir. y(x,y,z) funksiyasin vo u

parametrini tapmaq Ucgln asagidaki funksionalinin minumunun tapilmasi
mosalasini alirq

Y v : (Vi)
j(v deD+2yI(V o ,vl//diw [(vy)ydD

K(u)=2 S+T . S+T (20)
(%)

w(X,Y,2z) funksiyasi D oblastinda harmonikdir vo asagidaki sorti odayir:

(0,y,2)[=0 (11)
O e _
'r[ads =0 (12)

Qeyd olunan parametr iso homin funksionalimn minumunun zaruri sartindan
alinir.

KW _g (13)
ou
Buradan cixir ki,
oy
j v L uy |V dDzjVqudDzo (14)
D ax D

4 parametrinin verilmis giymotindo Rits Usulundan istifado etsok,
moselonin axtarilan halli asagidaki com saklinds tapilar:

N
PN =>"a W, (15)
k=1

Burada a, - sabitlordir vo (10) funksionalinin zaruri sartlarindan
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oK (u)

=0, i=12,..,N (16)
oa,
asagidaki cabri tonliklor sistemini alirq
Z(au (,Ll) ﬂ'(ﬂ)ﬂlj )a - O I : _N (17)

J*

harada ki, a; (1) = & + 2P + e,

@) _Iazwi MW 46 2@ — 2( oW,

azvv
. : i —Wds+ | —2Wds |;
I oxon ox ! oxon < OXon

oW. oW, 8W
(3) _ i aW d s;
% ! on Fi J x o

a’,al?, o, B; - ki sayda nogtalords integralin togribi hesablanmasi ligiin

i i &ij
Qaus va duizbucaglilar Usulu vasitasile analoji hesablanir.
(17) sistemini asagidaki kimi yazmaq olar:

(A +24A, + 1A, — 1B =0, (18)
harada A, A, A,B- o, al?,al?,pB;;- emsalarindan ibarst matrisdir, -
verilmis parametrdir 2 - axtarilan parametrdir, x-is ;- danibarst stitundur.

Rits Usulunda biz amsallara he¢ bir mohdudiyyst goymadig. Amma,
demok olar ki, (4) funksionaimn minumumu (10) funksionalinin minumu-
mundan ¢ox deyil. Amma (7) sarti birinci halda togribi, ikinci halda iso dagiq
odonir. Ikinci sort iso hor iki halda togribi 6donir. z2 parametrinin giymotini
tapmaq Ucuin cabri tonliklor sistemins asagidaki tonliyi slave etmok lazimdir.

N M
ZZ( Paa. +,ua(3)aa) 0, (19)
i=1 j=1
hansi ki, (16) sortindon alimir. Mioyyan hesablamalardan sonra i, A arasinda
asagidaki slagoni almag olar.

J'glrj]uds

A=p+———oi, 20
JZ juzds (20)
I

Demoali, agar S sothinds Z—E gismon sifirdan forgli olsa, onda 4 mox-

susi odadi 1 parametrinin giymatinoe yaxin olur. Ona gors (18) matris mosalo-
sindo p=A yazsaq, asagidaki moxsus ododlorin hesablanmasi mosolasinin
hall edilmasine golarik.
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(A +22A, + 2A, - IBJx =0,
Burada (1)-(3) mosolasinin tapilmus tagribi halli T sorhad sortini dogiq 6doys-
cayak.

Demoli, geyd olunan variyasiya Usulunun modifikasiya olunmus
variantindan istifads etmoklo dogiq hollo yaxin olan togribi holli tapmag olar.
Qeyd edok ki, bu modifikasiya olunmus algoritm vasitesilo alinmis moxsus
ododlar vo moxsusi funksiyalar avvalki variantlara nisboton daha dagiqdir, isti-
fado olunan yaddas sahosi, komputerds realizo olunma vaxti daha effektlidir.
Tortib olunan programlar C++ dilinds yazilmigdhir.
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YUCJIEHHBIE METO/bI PEHIEHUE 3AJTIAY C TAPAMETPOM
B KPAEBBIX YCJIOBHUAX

H.C.CYJIEUMAHOB
PE3IOME

WccnenoBanbl kpaeble 3aaa4un Tuna CTEKIOBa B OIpaHWYEHHOH 00JacTH ¢ Helo-
KaJIbHBIMH TPaHUYHBIMU YCIOBHAMH. Ha mpumepe ofHO# TIpaHMYHON 3a1a4d BBIYHUCIISIOTCS
COOCTBCHHBIC 3HAUYCHUS W COOCTBEHHOU (DYHKIIUH.

KnroueBrnle cioBa: CHCKTpaJ'II)HI:Jﬁ napaMeTp, aHAIUTUICCKOC PEIICHNUC HEJIOKAJIbHBIC,
YHUCJICHHBIC MCTO/bI.

THE ANALYTICAL SOLUTION OF TASKS WITH SPECTRAL PARAMETER IN
REGIONAL CONDITIONS BY MEANS OF NUMERICAL METHODS

N.S.SULEYMANOV
SUMMARY

Boundary problems of Steklov type are investigated in a bounded domain with nonlo-
cal boundary conditions. In the example of one boundary value problem the eigenvalues and
eigenfunctions are calculated.

Keywords: analytical solution, spectral parameter, numerical methods, nonlocal,
eigenvalues.
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