JOURNAL OF INTERNATIONAL SCIENTIFIC RESEARCH
Volume 3, Issue 2, July, 2025 Online 1SSN: 3030-3508
https://spaceknowladge.com

UCHINCHI TARTIBLI XUSUSIY HOSILALI DIFFERENSIAL TENGLAMA
UCHUN NOKORREKT MASALA

Murodova Sh.1
O zbekiston Milliy universiteti, Amaliy matematika va intellektual
texnologiyalar fakulteti talabasi
e-mail: shahzodamurodova05@gmail.com

MAQOLA 7. ANNOTATSIYA:
MALUMOTI -y Y,
MAQOLA TARIXI: Ushbu! ishda tuzilmali turdagi uchinchi tartibli

Received:05.09.2025 xususiy "h,oSiIalil.‘ff*"\d.iﬁerensial tenglama uchun
Revised: 06.09.2025  hoshlang jéh-chiegaraviy masala shartli korrektlikka
Accepted:07.09.2025 ‘rganilgﬁn, M&sala"yechimi vagonaligi va shartli
turg ‘unliéi ;‘haqidagl; teoremalar isbot gqilingan.
Korrektlik ll‘-_:o""plamda masalaning regulyarlashgan

KALIT SO’ZLAR: .\ /
yechimi qurilgan.

tuzilmali turdagi
tenglama, nokorrekt > W 4
masala, yagonalik, N
shartli turg ‘unlik, ¥ A\
regulyarlashgan yechim. . W \'

y

KIRISH ) W/

zilmali_turdagi differensial tenglama uchun

Ushbu ishda uchinchi tartibli tu
boshlang‘ich-chegaraviy masala shartli korrektlikka o ‘rganilgan.
Masalaningqo‘yilishi: @={0<x<7,0<t<T} sohada

%(uu ruy)= f(xt) 1)

tenglamaniva
u(x,0)=¢(x), U (x,0)=w(x), us(x,0)
boshlang’ich,
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u(0,t)=u(r,t)=0, u,(0,t)=u,(7,t)=0 (3)

chegaraviy shartlarni ganoatlantiruvchi u(xt) funksiyani topish masalasini

garaymiz.
YECHIM QURISH
(1)-(3) masalanitadqiqqilish uchun
Uy +U, =V(X,1)
belgilash kiritamiz. Natijada, v(x,t) funksiyaga nisbatan
v = f(xt)
v(x,0)=h(x)+¢"(x)
masalagakelamiz. Bu yerdan

t

j;vrdr=J- f (X,T)dr,

(=m0 1 regse - P

bo‘lishianiglanadi.

Skalyar ko‘paytma (f(x),g(x))=?f(x)g(x)dx bo‘lsin, u holda norma
a0

el =T f2(x)dx shaklda aniglanadi.’

(4) tenglikdan

1/2

ol [leebioe] ©)

tengsizlik kelib chigadi. ,
u(x,t) funksiyaga nisbatan esa quyidagi masalaga kelamiz:

v Ox O] <[h(x)]+

Uy + Uy, =V(X,1) (6)
u(%0)=p(x), 4 (x0) =y (x) ™
u(0,t)=u(r,t)=0 8)

(6)-(8) masala yechimini u(xt)=0(xt)+0(xt) shakldagidiramiz, buyerda a(x,t):
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a(x,0)=¢(x), G, (x0)=y(x)
a(ot)=a(zt)=0
bir jinsli tenglamaga mos masalaning yechimi, a(x,t) funksiyaesa
U, +0, = f(x1)

a(x,0)=0, 4, (x,0)=0

a(0,t)=0(zt)=0

bir jinslimas tenglamaga mos masalaning yéchimi bo’lsin.

Bir jinsli tenglamaga mos masalant yechishuchun Furye usulidan foydalanamiz,
ya’'niyechimni U(x,t)= X (x)-T (t) ko’rinishdagidiramiz va

X, (x)=sin(nx), T, (t)=Ach(nt)+Bsh(nt), VneN.

Bir jinsli tenglamaga mos masala ycchimi quyidagi ko’rinishga ega bo’ladi:

T(xt)= Z.01[4"n‘3h(”t)+%sh(nt)jsin(nx) £

buyerda ¢, :g]ago(x)sin(nx)dx, b =£Tr//(x)sin(nx)dx.
Endi bll’jInS|ImaS tenglamaga mos masalanlyechamlz vayechimni
a(xt)= nlr]J.sh n(t-7))v, ()drsm(h x) .

shakldaifodalash mumkin.
Demak, (1)-(3) masala yechimi ko’sinishi quyidagicha bo’ladi:

0

0(10) =3 (o) + 2 ah(o0) 2 o (1) fin(r) ©)

n=1

buyerda v, (t) :ij(h(x)ﬂo”(xﬁj‘ f (x,r)drjsin(nx)dx .

0 0

YAGONALIK VA SHARTLITURG‘UNLIK TEOREMALARI
1-lemma. (1) tenglamaning u(0,t)=u(z,t)=0 shartlarni ganoatlantiruvchi

yechimi uchun
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t z =) /14 r(®
”uzdxdfsd(t)(Tjuz(x,O)dxw] Ujuzdxdtw] , (10)
00 0 00

2T+l (1—6_2t )T —(1—6_2T )t

tengsizlik  o‘rinli, te(0,T), bu yerda d(t)=e ? 1e?l ’

=(21%+1) ”v (x,t)dxdt + ||, a:Z]E(Tuf(x,O)—Tuf(x,O)+u(x,0)ut(x,0))dx

e

rt) =

Lemmanmg isboti [8] adabiyotdakeltirilgan.
(5) tengsizlikni hisobga olib, (10)tengsizlikka asosan

- e 4 r(t)
Jjuzdxdr<d(t)(Tju (X, 0)dx+71) | Ujudedtwlj (11)
\o00
tengsizlik o‘rinli bo‘ladi, bu yerda = »
:3(2T2+1)](||h of +[o (x ||2+tj||.f %) ||2df]dt+|a|.

(1)-(3) masalaning korrektlik to “plami s1fat1da
M = { (xt):fu(xT)<m, m<oo}

to‘plamni Kiritamiz. [
1-teorema. Faraz qilamiz, (1)-(3) masalayechlml mavjud va u(x,t)eM bo’lsin. U

holda (1)-(3) masalayechimi yagona.: i
Isbot. Aytaylik, u,(x,t) va u,(xt) funkSIyaIar (1)-(3) masala yechimi bo’lsin.
u(xt)=u (xt)-u,(xt) belgilash kiritamiz. Uholda u(x,t) funksiya
a(utﬁuxx):o
tenglamani,
u(x,0)=0, u,(x,0)=0, u,(x,0)=0
boshlang’ich,
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u(0,t)=u(zt)=0, u,(0,t)=u,(z,1t)=0
chegaraviy shartlarni ganoatlantiradi.
Bundan ko’rinadiki, » =0 va (11) tengsizlikka asosan u(x,t)=0 kelib chigadi.

Demak u, (x,t)=u,(xt), ya’ni(1)-(3) masalayechimiyagona ekan.

2-teorema. Faraz gilamiz, (1)-(3) masala yechimi mavjud va u,u,eM hamda
o (x)-0.(x)
U holda,

<50 G- (0] <. [w(9-v, ()<, max|f (x)- £, (xt)] <& bo'lsin.

j.”u _ug”z dr < a(t)(ng +7e )1_r(t) (4Tm2 S )k(t)
0

tengsizlik o’rinli, bu yerda, u, (x.t) 5 (1)2(3) mé;Salaning o, (X), w,(x), h(x), f,(xt)
boshlang’ich berilganlarga mos yechimibo‘lsin . =((2T3+T)(t+2) +4T +2) 2

Isboti. U (x,t)=u(xt)-u,(xt) belgilash"lkir_ita'miz. Unda U (xt) funksiya
0

SO0 = 1 ()1 (x)
tenglamani va |
U (x,0)=¢(x)=¢. (x), U, (x.0) =y (%)~ (x) U (%0) =h(x)-h, (x),
U(0.t)=U (z,t)=0 o
shartlari ganoatlantiradi. ‘
Ushbu masalauchun u, +U =V bo’lsm Uholda

V= f(xt)-f(xt),

V(x,0)=h(x)=h (x)+¢"(x)-9," (X),

hamda

u,+U, =V

U (%,0)=¢(x)-¢,(x),

U (%,0) =y (x) =y, (%),

U(0,t)=U(z,1t)=0

masalalargakelamiz. (5) tengsizlikka ko’ra,
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-0 (0] f(ﬂ\f (x,0)~ T, (6 7)f dfj co(tr2).

M (xt)|<[h(x)-n

Endi, (11) bahoga asosan
a=2TI(¢'<x>—<o;<x>)2 dx—ZTI (v ()=, (x)) MI (0(x)=0. () (v (x) =y (x))dx

bundan
|a|£2(2T +1)52

y=(21? +1)]”\/ (x b dx+lef <7, bu yerday, =((21°+T)(t+2)" +47 +2) ¢’
Yana .

TIHU Xt \zdtzjﬂ\u X t)-u, (xt \|2dts4mé.

Demak, U =u-u, ekanllglnllnobatgaollb (11)tengS|z||kdan
j||u 0 dr<a(t)(Tet+7, )" (ami s .

talab gilingan tengsizlik kelib chigadi. |

REGULYARLASHGANYECHIM QUR.‘ISH

1-hol. Faraz gilamiz ¢(x)=0, 'y (x)=0, "#(xt)=0, h(x)#0 bo‘lsin. U holda

v(x,t)=h(x) va
u(x4) = 3 2% (eh(nt)-sin ).
(1)-3) m_asalanmg regulyarlashgan yechlml S|fat|da
0 ()= 32 % (ch(nt)~1)sin ()
funksiyalar ketma-ketligini olamiz, bu yerda N - regulyarlashtirish parametri.
Faraz gilamiz |h(x)-h,(x)|<e va u(x,tyeM bo‘lsin. h, (x) taqribiy berilganga mos

regulyarlashgan yechim sifatida

ug (xt)= ZN:%(ch(nt)—l)sin(nx)

n=1
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funksiyalar ketma-ketligini olamiz.
Ma’lumki,

Oxirgi tengsizlikning o ‘ng tarafidagi ikkinchi qo‘shiluvchini baholaymiz:
2

T -25 0L (s

2 n

HuN .y

bu yerda h, =£Th(x)sin(nx)dx, h. :Ejhg(x)sin(nx)dx. Bundan va ch(nt)—-1<sh(nt)
% AL
tengsizliknie’tibor olib

N _h YV £
"< ZZ:Msh2 (nt) < sh’(Nt)e*

<sh(Nt)e.

Endi |u—u,]| ifodani baholaymiz:

v, =2 3 B en(nn)-1)” §—An 2

n=N+1

Ma’lumki Hu x, T HSm shartdan

Ju(x T =5 320 (en(om) -2 <mt S a3)

n—l
kelib chigadi. (13) shart ostida (12) qatornl baholash uchun shartli ekstremum
Lagranjusuliniqo‘llaymizva ¥,

(N +1) 2
h, = ch((N+1)T)—1\/;’ "=

0, n= N+1,

bo‘lishini aniqlaymiz. Natijada (12) gator uchun

juu ”{ ch((N +1)t)—1jm

ch((N+1)T)-1

baho o‘rinli. Demak
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[ch((N +1)t)-1

—ul < Ch((N+1)_|_)_1]m+sh(Nt)g

tengsizlik o‘rinli bo‘ladi. Bundan

inf Ch((N+l)t)_l m+sh(Nt)e

Nl eh((N+1)T)-1

orgali regulyarlashtirishparametri N aniglanadi.

2-hol. Faraz gilamiz ¢(x)=0, w(x)=0, h(x)=0, f(xt)="f(x), u(x,t)eM Vva
| (x)-f,(x)|<e& bo‘lsin. Uholda v(x,t)=f(x)t,

u(x,t):i%(sh(nt)—nt)sin(nx)

n=1

shakldaifodalanadi. Bu holda ham 1-ho|ga 6;.XShab hisoblar bajirilganda

sh((N +2)t)—(N +1t .
(Sh((N +DT)—(N+DT jm(Sh('\"ﬁ) Nt)e

natija kelib chigadi.

&

Ju-ug|<
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