YARIM CHEGARALANGAN SILINDRDA BIGARMONIK TENGLAMA
UCHUN QO‘YILGAN ICHKI CHEGARAVIY MASALANING ANIQ YECHIMGA
INTILUVCHI TAQRIBIY YECHIMI REGULYARIZATSIYA USULI YORDAMIDA
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Annotatsiya. Ushbu maqolada yuqori yarim chegaralangan silindrda
bigarmonik tenglama uchun ichki chegaraviy masala qo‘yilib, go‘yilgan masala
yechimining turg‘un emasligini ko‘rsatuvchi misol qurilgan, ya'ni masalaning klassik
ma’noda nokorrekt ekanligi ko‘rsatilgan. So‘ngra bu masalaning shartli korrektlikka
tekshiriigan hamda korrektlik to‘plamining yuqori chegarasi berilgan holda
regulyarizatsiya usuli yordamida masalaning aniqg yechimga intiluvchi taqgribiy
yechimi qurilgan.

Kalit so‘zlar: Nokorrekt masala, shartli korrektlik, regulyarizatsiya usuli,
taqribiy yechim.

Abstract: In this article, an inner boundary value problem for a biharmonic
equation in an upper half-bounded cylinderis set, and an exampleis
constructed showing that the solution of the given problem is not a type, that is, it is
shown that the problem is incorrect in the classical sense. Then, the conditional
correctness of this problem was checked and the upper limit of the correctness set
was given, and an approximate solution of the problem aiming for an exact
solution was built using the regularization method.

Keywords: Incorrect problem, conditional correctness, regularization method,
approximate solution.

AHHOTauusa. B craTbe noctaBneHa BHYTPEHHAA KpaeBas 3ajada ans
OUrapMOHMYECKOrO0 ypaBHEHUS B MNOSYOrpaHUYEHHOM CBepXy UunvHape U
MOCTPOEH MpuMep, NOKa3blBalOLWMA, YTO pelleHMe OaHHOM 3ajayu He SABNseTcs
TUMOM, T. €. NOKa3aHo, YTO 3aJaya HEKOPPEKTHA B KIlaCCMYECKOM CMbicre. 3aTtem
NpoBepsAsiacb YCrNoBHas KOPPEKTHOCTb 3TOW 3ajayvM M 3ajaBanacb BepXHSAS
rpaHuLa MHOXEeCTBa KOPPEKTHOCTU, a TakKe MeToL4OM perynapusaumm cTpounoch
NpUBAMKEHHOE peLleHne 3agadn, CTpeMsLeecs K TOHHOMY peLLEHUIO.
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KnroueBble crnoBa: HeKOppekTHas 3adava, YCNoBHasi KOPPEKTHOCTb, MeToA
perynspusaumm, npuobnmxeHHoe peLleHmne.

Masalaning qo‘yilishi.
D={(r,z);0<r<R,0<z<+w} sohada quyidagi shartlarni ganoatlantiruvchi

u(r,z) funsiya topilsin:

A’u(r,z)=0, (r,z)eD (1)

u(R,z)=Au(R,z)=0,0<z <+ (2)

augz,b): f(r), Au(r,0)=0, 0<r<R, (4)
Iimwzo, limAu(r,z)=0, 0<r<R, (5)

bu yerda 0 <b <+, f(r)-berilgan funksiya, A—Laplas operatori.

2. Masalani nokorrektligi.
Avval (1)-(5) masala korrrekt qo‘yilmaganligini ko‘rsatamiz. Haqigatdan ham

(0)
f(r)= 2R Jo(’um rj bo‘lganda
Vi1 R

M7 p
2R (Z ) r(nO)
Uy, (,2) oI R JO(ﬂTrJ(z—b) (6)

funksiya (1)-(5) masalaning yechimi bo'lishini bevosita tekshirib ko‘rib
ishonch hosil gilish mumkin. Bu erda J,(Xx) nolinchi tartibli Bessel funksiyasi,

29 (m=1,2,....) sonlar Jo(#)=0 tenglamaning ildizlari.

Ixtiyoriy &>0 son uchun shunday N, c>0 sonlar topiladiki, m>N,

O<z<b bo‘lganda
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b) My T
=|f(r)|= (O)rcos o 1

<&,

u,(r,z))>C>0

bo‘ladi. Bundan masalaning yechimi turg‘un emasligi, yana masala korrekt
go'yilmaganligi kelib chigadi.

3. Turg‘unlik baxosi
(2)-(5) korrektlik to‘plami sifatida

0(7,0), 1y <M

tengsizlikni ganoatlantiruvchi funksiyalar to‘plamini olamiz.

(2)-(5) masala yechimining turg‘unligini xarakterlovchi quyidagi teorema o'rinli
bo‘ladi.

Teorema: Agar u(r,z) funksiya

Jlu(r,0)], o <M (7)

ou(r,b) < ®)
ar L, (0,R)
shartlarni bajarsa, u holda

MYb 2
||u(r,z)||L 0.R S|\ ‘C"b|z_b| (©)
2 (0,R) b

tengsizlik orinli bo‘ladi.

Ushbu teoremadan (7) korrektlik to’plamida (1)-(6) masala yechimining
yagonaligi kelib chigadi.
4. Taqribiy yechimni qurish
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n butun sonli parametrga bog'liq bo‘lgan quyidagicha aniglangan B, chiziqli
operatorlar oilasini garaymiz.

7 (0)
B.1()=(-b)Yae * )Jo(”g j (10)
m=1
bu erda

F
a, = REI (i (0))If(r)J L jrdr

bo'lib, a,— f(r) funksiyaning Fure koeffitsentlari.
Agar f(r) va u(r,z) echim L,(0,R) Gilbert fazosining elementlari deb

garalsa, u holda B, operatorlar oilasi regulyarlashtiruvchi operatorlar oilasi bo‘ladi.

Endi bu operatorlar oilasini (1)-(5) masalaning taqribiy echimini qurishga
go‘llanilishini ko‘rib chigamiz.

Faraz qilaylik, bizga (1)-(5) masala shartli korrekt ko‘yilgan va

”u(r’O)”LZ(O,R) <M

tengsizlik orqali korrektlik to‘plami aniglangan bo'lsin.

Aytaylik f(r), 0 bo‘yicha aniglikda berilgan bolsin, ya'ni f(r) o‘rniga fi(r)
element berilgan bo'lib,

[£(r) =150 op) SO (11)

bo'lsin.

(2)-(5) masalaning taqribiy echimi sifatida quyidagi funksiyani olamiz:
n _,L_léoL( 2-b) (4

U, (r,z)=B,f(r)=> a.e O[ 5 j (12)
m=1

Bunda

- P
am = REIZ (i (0))J'f (N1, ( ]rdr

f;(r) funksiyaning Fure koeffitsentlari.

Endi u 5(r,z) va u(r,z) lar orasidagi fargni baholaymiz.

lu(r,z) —u,,(r, Z)||L2(0,R) =B, f,(r)—u(r, Z)“Lz(o,R) -
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=B, f,(r)—u(r,2) + B, f (1)~ B, f (1)

- f (r)]”L o, R)

L(OR)

+B, F () —u(r, )] ory <IBullL 0y 8 +IBa T () —U(r2)[_ o - (13)
bu yerda
o, (0)
u(r,z)=(z-b)> a,e " Y3 [ﬂg j
m=1
(1)-(5) masalaning aniq echimi.
(13)-(14) tengliklardan
2#30)( B
||Bn|||_2(o,R) |Z - b| (14)
® 2‘“(“)( “b)
_ _ 2
B, f (2) —u(r, z)|| o =(z-h) m=Zn‘ilame (15)

Buyerda (11) funksionalni

2 #r(no)

iame o s(%) (16)

shart ostida shartli maksimumga tekshiramiz. Buning uchun

72ﬂr(no) 240

> b © b 2 o
L(an 4 m)=(z-byYa%e " )”{Zame R _(%j Lﬂ[zamz_;}
m=1 m=1 m=1

Lagranj funksiyasini tuzib, bu funksiyaning a, ,A argumentlari bo'yicha xususiy

hosilalarini nolga tenglaymiz.
(0)

L 4 (z-b)%e " =0, m=1.n
oa

Zﬂm) le(m)
-2 (2-b) S _—
i_Zam[(z—b)ze + e j_o, m=n+10

— (0)
o0

2 41t 2
% = Zaﬁle R (Mj =0
oA b
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(0)
M
:Fe " bo‘lganda

Bu tenglikdan (15) funksional a,=0, m=#n+1 a

n+1

shartli maksimumga erishishi kelib chigadi.
Demak,

Hni1 7

M _
1B, f (z) —u(p, z)||L2(0’a) §|Z_b|Fe (17)

(13), (14), (27) munosabatlardan foydalanib,
luCo.z) —u.s(p, Z)”sz,a) <w(n,M,9) (18)

tengsizlikka ega bo‘lamiz.

—@:)(z—b) M —ﬂ’(‘%b
o(n,M,0)=|e 5+Fe |z—b| (19)

Regulyarizatsiya parametri N sifatida n :[n(5)]+1 giymatni olish mumkin. Bu
yerda n(8)=inf w(n,M,5)

Shunday gilib, L,(0,R) da (1) - (5) masala to‘la tekshirildi.

5. Xulosa. Yugori yarim chegaralangan silindrda bigarmonik tenglama uchun
ichki chegaraviy masala qo'yilib, qo‘yilgan masala yechimining turg‘un emasligini
ko‘rsatuvchi misol qurilgan, ya’ni masalaning klassik ma’noda nokorrekt ekanligi
ko‘rsatilgan. So‘ngra bu masalaning shartli korrektlikka tekshirilgan hamda korrektlik
to‘plamining yuqori chegarasi berilgan holda regulyarizatsiya usuli yordamida
masalaning aniq yechimga intiluvchi tagribiy yechimi qurilgan.
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