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AHHOTAIIUA

Maskyp uwoa Oownanauy OepunieaHiapu MaKkacUMIAHean 2unepooIuK
meHenama Y4yH myepu 6a meckapu macanaiap ypeunean. Tyepu macana yuyH
monunear Gopmynaoar Gotoaranud meckapu Macaian eYUMUHUHS MA8XCYOIUucU 8a
sfeonanueu ucoomnamean. Macana eyumunu mMasxicyoaueu UHmMespal meH2iamanap
yeyau ounam, sieonanueu — sca I ponyonna remmacuea acocianeud ucoomianeaH.

Kanum cyznap: Jlanambep popmynacu, Kowu macanacu, abconrom éa mekuc
akunnautysyu, Ipouyonna nemmacu, OUPICUHCIU MeH2IAMA MYepu 6d mecKapu
macana.

KHNUPHIII

3aMOHaBHI MaTeMaTHKa1a Oapyua Macasiaiap IIapTiId PaBUIIIa KOPPEKT (TYFpH)
Ba HOKOPPEKT Kyiuiran Oymnaau. bupunum mapra Teckapu Ba HOKOPPEKT KYHMIraH
Macananap XX aCpHHHT OMPUHYMU SpMUAA Maia0 Oyiau. MacalaHMHT KOPPEKTIIUTH
Ba HOKOPPEKTWINTY TYIIyHYaJIApUHU KUpUTraH JK.Anamap HOKOPPEKT macaianap
¢u3MK MabHOra 73ra S3MACIWTUHU, SBHU OUpOp KYJUIAaHWIAIUraH MacajaHu
TaBCU(DJIOBUYM TEHIJIaMa HOKOppeKT Oyiica, Oy Macama cyHbuid (HOpean) Eku
MaTeMaTHK KUXaTJaH eTapiuda TaBcudaanmarad 6yiaau ned xynoca Oepras.

SINOH ONMMIIApUMHUHT  WIUIApUAa TUMEepOONMK TypJaru TeHrJIamaaap Ba
n3oTponuk Jlame TeHrinamanap CHCTEMACH Y4YyH TECKapyd Macajajap ypraHujiraH

2176


http://sjifactor.com/passport.php?id=22323
https://t.me/openidea_uz
mailto:yuldashevashukrona@gmail.com

Innovative Development in Educational Activities ISSN: 2181-3523 VOLUME 2 | ISSUE 20 | 2023

Scientific Journal Impact Factor (SJIF): 5.938 http://sjifactor.com/passport.php?id=22323

o0ynmu6, Oy mnutapna Kapneman Gaxonanuiapuaad doiiganann0, Teckapyu Macaiaiap
€UMMUHUHT Tho0an JIummun KYpuHUIIMIATH TYpFyHJIUKIapu Oaxomjamiapu
VpHatwiran. [lapaGonuk Ba rumepOONMK TEeHrJIamalap Y4YyH TeCKapu Macajayiap
CYMMUHUHT SITOHAJIUTH Ba TypryHiuru omnan B.M. McakoB mryrysutanras.

AJJABUETJAP TAXJIUJIA BA METOJ10JIOTUSI

®dusuka Ba TreopU3MKAHMHI MYXUM MacajaJapuHU eyuljga OollIaHFUY
OepwiIranyiapu TaKaCHUMJIAHTaH THUMEPOOIMK TEHIIaMa y4yH TYFpH Ba TeCKapu
Macananap Karra axamusaTra sra. byHga OoLUTaHFUY MIAPTIM Macalla €UMMHUHUHT
ATOHANUTH KOoePPUIIMEHTIapU aHATUTHK Oynmaran xoiutapaa 1938  iiunnga
T.Kapneman Tomonugan ypranuwirad. Keiimnyanuk Oy ityHanum M.M.JlaBpeHTheEB,
JL.HupenrGepr, JI.X&pmannep Ba Oolnkanap TOMOHHIAH PUBOXIAHTUPWITAaH. by
COXaJla BaTAHMMU3 OJIMMJIAPUHMHT OJrad HaTvxkanapu MmyxuM. A.K. YpuHOB Ba yHUHT
LIOTHPJUIapu TYFpU Ba TECBKApu Macaiajap Oyiinya OJraH HaTIDKajdapud Xxamja
. SIpmyxamenoB TOMOHHMAAH y Ty3raH Kapneman ¢yHkuusicu acocuja Oup KaHda
KOPPEKT OYyJIMaraH Macayiajap €4uMH PEryIsipu3anuscy (TAaKpUOWA €9MMH ) TOTIHIITaH.
A.XaigapoBHUHT UIIUTApUAA TUTIEPOONIHK Typaaru Audepennna TeHraamManap yuyH
KapiaemMaH Oaxoylanuiapu KypwiraH Ba Oy Oaxonanuiapgad — (oiigananu6
HorunepOonuk Komm Macanacu ydyH TYFpU Ba TeCKapu Macajajap €YUMUHHHT
AroHanuru Ba ['€nnep Typlaru TypryHJIMK Oaxojaunuiapu Tonwirad. I'unepOonmk
TEHIJIaMallap YYyH TYFpH Ba Tecukapu Macanaiap [5-12] unniapna ypranuiras.

HATHUXAJIAP

Top Tebpanum TeHrnamacu yayH Ko macanacu Oepunran OyJICuH.

Lst—z—aa—;ju(x,t)z F(x,t), xeR, t>0, (1)
u(x,0)=e(x), u(x,0)=w(x), xeR, ()

oy epma F(Xt), @(X),w(X) - Oepwiran ¢QyHuusaap. By MacamaHuHr edynMu
Janam6ep dhopmynacu aed atanamau [1, 2]:

X+t

06D = STp(x =) + px+0]+2 [ w(d +

t X+(t—7)
+=[dr [ Fande ©)
2O x—(t-7)

OHnu Kyhnaaru Koy Macanacuiu Kapaimus
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o° &
— —— [u(X,t) +g(X)u(x,t) = f(x,t), xeR, t>0 4
[6’[2 axzj()Q()() (x,t), xe (4)
u(x,0)=o(x), u(x,0)=w(x), xeR, (5)
oy epma T (X,t), q(x), @(X), w(X) - 6epuiran GpyHKIMsIIAp,
u=u(x,t) - Homabaym QyHKITHSL.
(4)-(5) macananu U(X,t) HoOMabaymra HECOATaH YM3HUKJIM HHTErPasl TEHTIaMara
KEJITUPUII MyMKHH:
o° 0
——— [u= f (X, 1) —q(X)u(x,t) = F(x,t
(atz asz (x,1) —a(x)u(x,t) = F(x,1)

(3) Hamambep dopmymnacuman QorigaaaHaMuU3:
X+t

a6t = Tp(x -0 +plx +0]+ - [ w(E)de+

t X+(t-7)

+%jdr [ TfEn-a@u(E e

0 x—(t-7)
Hemak (4)-(5) MacaaCHHHUHT €4UMHU KyHHIard HHTErpajl TeHIIaMara KeJau:
1
U =uy(x )= [ aQu(gds, xDeAx ) (©)
A(x,t)

Oy epna

X+t

(061) = Lp(x-0) + (x4 D]+ [ p(£)de+

+% [ fenede

A(Xx,t)
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(4) tenrnamanu (Xy,t,) HyKTamas YTyBu4M XapakTepHCTHKAIapu Ba X YKU OMIIaH
yerapananran coxacu A(Xy,1,) 6unan Geprunaiinuk.

(6) Tenrnama (4), (5) macanara tenr Ky Bay A(X,,t,) na srona ednmra sra.

byHu ncbotnan yuyH KeTMa-KeT sIKUHJIAIIMIIIIAP yCyuaaH ¢oigaianaMus.
Eunmuan ymoy

u(x =Y u, (x.1) ™)

KaTop KypuHHMIIIa m3naiimms, Oy epna U (X,t), N>1 kyiimmaru Gpopmyna opkanu

TOoIInJI1aan

() ==7 [ 6@, Ddedr, (XD <At n>1

A(xt)
(7) KaTopHM abCOMIOT Ba TEKHC SKUHIANIYBYM OKAHIMIU KypcaTamus. Arap
t, >0, X, €R ynna
9,0, F gyuryusnap ywby q(x) e c[xg—15,% + 1],
@(X) € CZ[Xo —ty X+t ] w(X) ecTxy —ty, X, +1], 9
f. e c(A(X,,t,)) wapmea 6asxcapunca
U, (x,t) € C®(A(X,,t,)) 6ymamu. VYV  xomma (8) ¢opmynaga Gapua

u, (X,t) € (A(X,,t,)) xenu6 umkamu. Kyiiumaru 6enrunaniapHi KAPUTaMK3

U (t)= max u (x,t)|, 0<t<t
n ( ) Xo+(t—ty )SX<X,—(t—1,) | n( ) | 0

ull,= max |D%u(x,t)|, k=0,12
lul=35,, mox |D"u0x0)

. o )
D :W, a=(a1,a2), aj=0,1,2, j=l,2

VY xonna (8) man Kyiugaru 6axoJanuiap Keaud YuKaan
t
U, ®<iqll, j(t—T)Un_l(T) dr, n>1 0<t<t,
0

By 6axonamau ketMa-keT N =1,2,... map yuyH Kymiad, Kyiinaarura sra 6yiamus:

U, <dlqll)" (;r:)!

||u0||01 nZl (10)
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n=1: ul(t)suqno](t—r)uo(r)drs

t
el 1o llp [ €=2) dz =l -l1ug lly =

n=2: U,() <llally [(t-7)Uy(z)dz <

4

1 t
<(lallo)?11Ug Il Ef(t—r) 2dz =(1qlp)* 11 Uo Il 3
0

2n

U,®=<(lql)" ﬁ 1 Il

By Tenrcuznukaan
(lally to)"
u.(x,t <U. <|u AU A
0, (DU, g o = o2
Kenno YuKaau.

(all t)

Connu  Karop ZW skunnanryBun. [y cababmu BeliepmTpace
=0 n)t

Teopemacura acocan (7) karop A(Xy,1,) 1a abcomor Ba Tekuc AKMANAITYBYH 61811

Ba A(Xy,1,) coxama (6) Tenrnama y3mykcus euuMHuu 6epaau. By eunm srona, qyHKK

ux) =5 [[ (& ndédr (1)

A(Xxt)

OMpKUHCIN TeHTIaMa (pakaT TPUBUAI €UHM dTa.

XakukarnaH ymoy

Ut)=  max  |u(xt)]
Xo—(ty—t)<X<Xy +(ty—1)

oenrunam kupurcak (11) man Kyiduga TEHICU3IMK XOCHI OYIanu:
t

U(t)sllqlloj‘(t—r)U(r)dr, 0<t<t,.
0
I'ponyosia nemmacu [3] ra acocan Oy tenrcusukau eunmu dakar U (1) =0

6ynamn. |U(x,t)|<U (t) man Uu(X,t) =0, (X,t) € A(X,,t,) xenubd unkanm.
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I'ponyoana gemmacu. Ajfraiimuk U (X) ¢ynkuus [Xy, X, +h] opamukna

HOMaH(pUH Ba y3ITyKCU3 XaM/Jia

U(x)sA+BjU(t)dt, A>0, B>0
Xo

TCHI'CU3JIMKHH KaHOATIIAHTUPCHUH, Y XO0JIAa

U(x) < Ae®C7) xe[x,,%, +h]

bu3 (6) TeHrnamaHu siroHa y3JIyKCH3 €UUII MaBXKYUIUTH KYpcaTAuK. DHAN Oy euull

A(X,,t,) coxama MKKMHYM TapTHOIAHTaH y3IIyKCU3 XOCHIIACH 3Ta SKAHIIUTHY Ba Oy cOXa

{(4),(5)} macanaam eunmu OYIWIIMHHM Kypcaramu3. ByHWHT ydyH (6) TEHTJIMTHHU
Kyihugaruya €3u0 ojlaMus.

X+t t—|x=¢|
u(x,t)=u0(x,t)—§ | Q(é){ | U(é,r)dr}dé (12)

X 0

(x,1) € A(X,,t,).

X+t
x—t

UyHnku

t—{x—¢]

v(x,t,&) = j u(é,r)dr,

X+t

06D =U (30~ [ V(L. )dS

| B |
o j f(x,t)dt = f(x, B(X))-'(X) - f (X, (X)) &'(x) +
a(X)
B(x)
+ [ £t
B a(x) _
o 1

u, = auo —E{q(x+t)v(x,t, X+t)(X+1); —q(X —t)v(x,t,x —t) x

X+t

x(x=) + | q(ﬁ)vt(x,t;g)dg}%uo—%{0—0+

X-t

0

+ Q(é)U(é‘,t—IX—él)d§}=%uo—% [ a@ut-1x=¢hde  @3)
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t—|Xx—x—| 0
V(X,t, X +1) = j u(&, r)dr = Iu(cf,r)dr =0
t—|X—x+t|

v(X,t,x—t) = j u(g,r)dr=ju(§,r)dr=o

0

ékm 7=(t—|Xx=<))-s  anmamrupum  Gaxkapunutap  dz = (t—|x—<&|)-ds,

s=7/(t—|x=¢&]), 7=0, s=0, r=t—|x-&+s=1,

VOGE) = (t= I x=£ D[ (&, (t=| x~ ¢ Ds)ds

Xyau mryHra yximab x 6yinya xocusia Xucoo0ianau.

u, = %uo —l{q(x+t)v(x,t, X+t)(x+t). —q(x —t)v(x,t,x —t)! +

X+t

IQ(é)V (Xté‘)dé‘}——uo——{Q(é)U(ét | x=¢&l)sin(—x)d & (14)

Xt

at—lx—él 0
&V(X,t,§)=& J u(tdr =u(E - lx=¢D ZE-1x=¢ D =

—u(E—| x—Esign(E —x), —§|x—cf|=sign(s—x>-

U, Uy € C(A(Xg, k)
82

utt 6‘:2

Uy ——{q(x+t)u(x+t O)(x+1t); —q(x—t)u(x—t,0)(x —t); +

o ix- §|)d§} © Ak DU+, 0)+

X+t

FA(x-u(x- t(»]—Hq(é)u (Et-Ix-¢Dde

Mynnait kumuo,
o 1
Uy, = Euo ——[a(x+t)u(x+1,0) +q(x —t)u(x —t,0)] -

X+'[

= j Q&) (£t x—-¢ D¢ (15)
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_ ai;t U, —%[q(x+t)u(x+t,0)—q(x—t)u(x—t,O)]—

X+t

_% [ a@)u, & t=Ix=¢Dsign(g - x)d¢ (16)

Uy

2
U, =%uO —%[q(x+t)u(x+t,0)+q(x—t)u(x—t,0)]+

X+t

+9(0U(D - [ AU (&t x—& ds 7)

X—t

u, =§u0—§{—f QAU - x+ e+

x-t

X

+ q(g‘)U(f,HX—é)df}

o’u, 1
u, = v —E{—q(x)u(x,t)+q(x—t)u(x—t,0)+

+q(x +t)u(x+t,0) —q(x)u(x,t) + I q(é)u (& t—x+&)dE+

«| q(é)ut(ﬁ,wx—ﬁ)dg}: Tl 4 qOouct) -

OX?
X

—%[q(x+t)u(x+t,0)+q(x—t)u(x—t,0)]—

-2 [ a(@u (& t-1x-¢d.

Y16y TeHIITHKIApHUA XUCOOTa ONraH X0J1/1a azlio — quzo = f(x,t)
Uy — Uy ==q(X) u(x,t) + f(x,1)
(15)-(17) dopmynanapaan U, U, U, €C(A(Xy,ty)), serm U €’ C(A(X,,t,)) kemu6
KA.
DHJIM TeCKapH MacajlaHu Kapab YMKamus.

Teckapu macana. Kyiiugaru maprioapau kanoarnantupysun U(X,t) Ba q(Xx)
(GYHKIMATAPHU TOIKHL:
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1) [%—%}u(x t) +g(x)u(x,t) = f(x,t), (18)
2) Bouutanruy maprtiap
u(%,0)=p(x), U (x0)=p(x), (19)
3) derapaBuii maptiIap
U(Xo’t) = fl(t)’ Ux(Xo’t) = fz (t). (20)

oy epma f(X,t), (X), w(x), f,(X) Ba f,(t) - Gepunran pynxumsmap.
Bynma ((X) vHm mawsnym 1e6 dapas Kwimb, TYFpM MacalaHW Kyiumaard

TEeHTJIMKJIapuIaH (horgamanamMmus.

u(x) =ty (x 0 — 7 [[ AEUEDNdEdr, (DAl ), (2D

e A(Xt) 1%
Uy ==z l% —5 [Q(X+t)U(X+t0) q(x—t)u(x— tO)]——IQ(f)U (&t=|x=&NdS
(22)
U = 8‘3@ ~ A +OU(X+1,0) - g(x - Du(x~ t0>]—iqu(§)u (&= X Dsign (E-x)d&
(23)

(22) Ba (23) man xamza (20) mapaan Kydugara sra 0yjgamu3

U 0%, 8) = (1) = — o uo(XO’t)_E[Q(Xo +OU(X +1,0) = q (%, —Hu(x, —t,0)] -

-2 j Q&) (€,t-| x=&)d¢ (24)

82

o Yoo 1) ——[Q(Xo U (X +1,0) g%, —tu(x, —t,0)] -

xo+t
_—jq(g)u (&= x=E&sign(E —x,)dé, te[0t]  (25)

X,—t

U, (X, t) = f,(t) =

(24), (25) dopmynacu Ba (19) maptaan doigananud X = X, Ba X < X, jap ydyH
q(X) Hu Tomamus

(23) renrmamanap X, +t =Y anmamrupum 6axapamus t =Yy —X;.
o°  0°

£ (t)+ £(t) = (& -

]uo(xo,t)—qm+t)u(xo+t,0)—
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oty
- [ a@u @ tx-9dE x+t=y. t=y-x
X
0<t<ty, =X, SYy< X+t

0? 0?
f1”(y - Xo) + fz'(y - Xo) - (?"'Mjuo (X,t)

X=X¥Y=Yo=%o

-q(y)u(y,0) - [a(@)u (&, y-&)d&
Xo

1 " , o* o
CI()/)=@ _fl (y—Xo)—fz(Y—Xo)+{[¥+ y jUO(X,t):|X_XO -~

Y
—jq(é)ut(é,y—é)dé}, XSYSX+l (26)
X

0<t<ty =X, St4+ X, <X, +t, = X, Sy <X, +1,
DOHnu (24) Tenrnamanapas (25) TeHrnamanapHu aiupanmMus,

(1) - £(t) = (5 axﬁtJuo(xo,n—q(xo—t)u(xo—t,c»—

—IQ(f)Ut(f,t—XoJré)di, X —t=Y, %—y=t
Xo—t
o> 0°

£'(%—=y)—f,(x,—y) = [6’[2 ot

j o (X, % = ¥Y)—a(y)u(y,0) -

fa@uee-yae

1, 0’ 0 ~
q(y)—(o(y) (Y =%)+ f,(y - X°)+Kat2+axat] o(X t)l
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Xy
~[a@u & y-9ds %ty <y<x (27)

0<t<t,, X, —t=y=X—-t,<y<X,

(26) Ba (27) TeHrnukIapHA OupiamTUpud E3amMu3 (¥ HU X Ta aIMAIITHPHIII)

= Ja@nelx- Dz

S|gn(x

q(x) = Qo (X) +

Xe[X,—1,, X+t ]

S|gn(x

40 = 6, (0 + 3920 =) | Jaemtix-cps o

Xe[x, —t,, x0+t0],

Oy epna
Go(¥) = ﬁ{—n"q K=, )= £2(0 X=X, DSign(x—%,) +
0? . 0?
+{(¥+ sign(x —x,) axatjuo(x,t)}x_xo (29)

t=|X—Xo|
Dumu A(X,,t,) coxana U,U,,0 dyukuusra (6), (13). (28) uKkuTa TYp YM3HKCH3

WHTErpaj TEHrjamMajnap cucrteMacu Kapaiimus (6), (13) Ba (28) TeHriamanap
CHCTEMAacH OTiepaTop TeHIIaMa KYypUHHIIIA €310 o1aMu3

q=A0J, (30)
6y epma = (0,0, ;) - Bexrop dynKims
ql(xit) = U(X’t), d, (X’t) =U, (X’t)’
G5 (X, 1) =05 (X, 1) =q(x,1)
A=(AALA)

Ad =g (X, t)—— || au(®)ay(& 7)dede
A(xt)

X+t

Ad= 20,0 2| @ tx-ag

V

(31)

S|gn(x

AQ =0, (X) +

) | J (600 -
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Kyiinga Oepuiranay KUpUTaMus3:

1all(to) =max = max g, (xt)].

0, (1) = (uo(x 0, Su, (), qo(x)j

Ba C(A(X,,h)), 0<h<t, ¢apas xyiimmaru TeHrcusMKIapHU KaHOATIAHTHPYBYH

M (h) ¢yHKIHS TYIIIAMHHN KapaiMus:

a0 =G Il (h) <l g, 1] (t) (32)

XVYJIOCA
Etapmuua xuuuk N map yuyn A omepatop M (h) tymmammu y3ura cuxu®

axcnantupanu. Xakukaran g € M (h) yayn || T || (h) <2]|q, || (h).

_ h> _h
IAT -3, [l () <41l II° (t) max(7, h,;j

[IyHuHT yuyH

h<h® — mi min(«, 1)
- 1/2||q0||(t 4|Iqo||(t)
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