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MATHEMATICS

UO*‘K 517. 956.6

BUZILISHGA EGA YUKLANGAN PARABOLOK - GIPERBOLIK TIPIDAGI TENGLAMA
UCHUN XARAKTERISTIKALARDA TRIKOMI SHARTLARI BERILGAN MASALA

Jurayev Furgat Muhitdinovich,
Buxoro davlat universiteti differensial tenglamalar kafedrasi katta o ‘gituvchisi
fim1980@mail.ru

Annotatsiya. S0 ‘nggi yillarda buzilishga ega bo ‘lgan giperbolik, parabolik, giperbolik-parabolik va
elliptik-parabolik tipdagi tenglamalar uchun chegaraviy masalalarni o ‘rganish jadal ravishda ishlab chiqildi
va takomillashtirildi. Ma ‘lumki, ikkinchi tartibli aralash tipdagi buzilishga ega bo‘lgan yuklangan
tenglamalar uchun chegaraviy masalalar ilgari o ‘rganilmagan. Bu birinchi navbatda umumiy yechimning
ifodalanmaganligi bilan bog ‘lig, boshga tomondan bunday masalalar siljish bilan kam o ‘rganilgan integral
tenglamalarga keltiriladi. Shunga asoslanib, ushbu ish buziladigan yuklangan parabolik-giperbolik tipdagi
tenglama uchun Trikomi masalasini go ‘yish va o ‘rganishga bag ‘ishlangan.

Kalit so‘zlar: chegaraviy masala, parabolik-giperbolik tipdagi yuklangan tenglama, buzilish chizig ‘i
bilan yuklangan tenglama umumiy yechimning tasviri, energiya integral usuli, ekstremum prinsipi, integral
tenglama.

XAPAKTEPUCTHUYECKASA 3AJAYA C YCJIOBUSMU TPUKOMMU JJI151
BBIPOXKJAIOIETOCA HATPYKEHHOI'O YPABHEHMUSA ITAPABOJIO-
I'MIEPBOJIMYECKOI'O TUITA

AnHomayua. B nocieonue 200bi uzyuenvi Kpaegvle 3a0auu 08 GbIPOHCOAOUUXCS YPABHEHUL
2UnepoonUYecKo2o, napadoIUdecKo2o, 2unepooI0-napadoIUdecKo2o U ANIUNMUKO-CUNEPOOIUYECKO20 MUNO
UHMEHCUBHO PA36UBANOCL U YMOUHeHbl mak. M3zeecmno, umo Kpaegvlie 3a0auu ONsl bIPOHCOAIOUE20C
HA2PYIHCEHHO20 YPABHEHUS CMEUWLAHHO20 MUNA 8MOpo20 NOpAOKA pamee He u3yueHnsl. IMo CA3aH0, npexcoe
8ceeo, ¢ omcymcemeauem npedcmasieHus ooue2o peuleHus: 0k MaKux ypasHerull; ¢ Opyeoil CMmopoHbl, maxue
3a0ayu c600AMCA K MALOUZYYEHHBIM UHMESPATbHBIM YPAGHEHUAM CO CO8U20M. Hcxo0s u3 smoeo,nacmosawas
paboma nocesawena NOCMAHOBKe U ucciedosanuio 3adaud Tpuxomu, 0N HASPYIHCEHHO2O YPAGHEHUs
napabono-2unepbooIULecK020 Mmund, 8bpoHCOAWE20Css 6HYMpU 001ACHU.

Kniouesvie cnoesa: kpaesvle 3a0aud, HacpyIlCceHHOe YpasHeHUe NApabolo-cunepOoOIUYecKoeo mund,
HA2PYIHCEHHOEe YPABHEHUE C BbIPOACOEHUEM, NpeOcmasiernue ooue2o peuenus, Memoo UHmezpaios SHepeul,
NPUHYUN IKCMPeMYMA, UHMESPAalbHOe YPAGHEHUe.

CHARACTERISTIC PROBLEM WITH TRICOME CONDITIONS FOR A DEGENERATE
LOADED EQUATION OF PARABOLO-HYPERBOLIC TYPE

Abstrakt. In recent years boundary value problems for degenerate equations of hyperbolic, parabolic,
hyperbolic-parabolic and elliptic-hyperbolic types are studied intensively developed and refined. This is due,
first of all, to the lack of representation of the general solution for such equations; on the other hand, such
problems are reduced to little-studied integral equations with a shift. Based on this, the present work is devoted
to the formulation and study of Tricomi boundary value problems for a loaded parabolic-hyperbolic type
equation that degenerates inside the domain.

Keywords: boundary value problems, loaded equation of parabolic-hyperbolic type, loaded equation
with degeneration, general solution representation, method of energy integral, extremum principle, integral
equation.

Kirish. Yuklangan gismda kerakli funksiyaning izi yoki hosilasi mavjud bo‘lgan ikkinchi va uchinchi
tartibli aralash tipdagi buzilishga ega bo‘lmagan yuklangan tenglamalar uchun chegaraviy masalalar
V.M.Kaziyev [1], N.N.Lanin [2], V.A.Yeleyev [3], B.Islomov va D.M.Kuryazov [4, 5], B.Islomov va
U.L.Boltayeva [6] ishlarida o‘rganilgan. Parabolik-giperbolik tipdagi yuklangan tenglama uchun Trikomi
masalasining uch o‘lchamli analogi B. Islomov va Y.Aliqulov [7] ishlarida o‘rganilgan.
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Bizga ma‘lumki, buzilishga ega bo‘lgan yuklangan ikkinchi tartibli parabolik-giperbolik tipdagi
tenglama uchun Trikomi tipidagi chegaraviy masalalar o‘rganilmagan.
Ushbu magolada biz buzilishga ega bo‘lgan yuklangan parabolik-giperbolik tipdagi tenglama uchun
Trikomi tipidagi chegaraviy masalani o‘rganamiz.
T masalaning qo‘yilishi. Ushbu

. uXX—xpuy—Mu(x,O), X>0, y>0, "
- m
u, —(=y) uyy+y2u(x,0), X>0, y<0,

tenglamani ko‘rib chigamiz. Bunda m, P, g, u, — ixtiyoriy haqiqiy sonlar bo‘lib,
m<0, p>0, 14 >0, 2, <0. 2)
Q- y=0, x=1, x=0, y=h to‘gri chiziglarning mos ravishda AB, BB,, AA,, AB, kesmalari
ilan chegaralangan soha, agar X>0, y >0 bo‘lsa;
Q, — Ox o‘qining AB kesmasi va (1) tenglamaning A(0,0) va B(l,O) nugtalaridan chiquvchi

1 (2-m)7*™
C E_(Tj nuqtada kesishuvchi ikkita

2- 2-

2 m m
NV =0 . N =1
AC: X 2—m( y) 2 ,BC.X+2_m( y) 2

xarakteristikalari bilan chegaralangan xarakteristik uchburchak soha, agar x>0, y <0 bo‘lsa.

(Chizma 1)
Quyidagi belgilashlarni kiritamiz:

I:{(x,y):0<x<1, y:O}, Q=0,UQ,Ul, Zﬂ:—l bo‘lib,

2-m
1
0< ﬂ < E . (3)
A y
A, (0, i h/B, (L, h)
u Q, u
AQ.0) 1,89
X
QZ
u
C
1-chizma.

(1) tenglama uchun € sohada quyidagi masalani qo‘yamiz.
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T masala. Quyidagi xossalarga ega bo‘lgan u(x, y) funksiya topilsin:

1) u(x,y)ec(ﬁ)ﬂcl(Q), u, (x,0) funksiya x—>0 da 1-24 dan kichik tartibda maxsuslikga
ega bo‘ladi , X —1 da esa chegaralangan;
2) u(x,y)eCg} (€)NC?*(Q,) bo‘lib, Q, va Q, sohalarda (1) tenglamani ganoatlantiradi;

3) u(x,y) quyidagi chegaraviy shartlarni ganoatlantiradi

u|A,A0 :(pl(y), U|BBO :(/’2(Y)a 0<y<h, (4)
1
ul,. =w(x), OSXSE, (5)
bu yerda (Dl(y), goz(y), l//(X)— berilgan funksiyalar bo‘lib, ¢,(0) =y(0)=0,
a.(y), ¢, (y)eC[o,n]NCt(0,h), (6)
a1 l~e3(nl
v(x)eC [o,z}nc (o,zj. )

1. (1) Tenglama uchun 7 masalani o‘rganish.
Agar masalaning 1) - 2) shartlari bajarilsa, u holda (1) tenglamaning har ganday klassik yechimi
quyidagi ko‘rinishda ifodalanishi mumkin [4], [8]:

u(x,y)=ov(xy)+a(x), (8)
bunda
u(xy), x>0,y>0,
ol y)_{uz(x, y), x>0,y<0, 3
o, (x), (x0)el,
a)(X)z _ (82)
®,(x), (x,0)el,
bu yerda v;(X,Y) va v, (X,Y)
Lo =0y, - xpuly =0, p>0,y>0, 9)
Luy =0y, =(-Y) 1y, =0, m<0, y<0, (10)
tenglamalarning klassik yechimlari, @, (X) va @,(X) esa mos ravishda
@ (X) = ey (X) =141 (%.0), (x0)el, (1)
@l (X)+ p1y0, (X) =—1,0,(X,0), (x,0)el, (12)

tenglamalarning ixtiyoriy ikki marta uzluksiz differensiallanuvchi yechimlaridir.
ax+b funksiya mos ravishda (9) va (10) tenglamalarning yechimi bo'lganligini e tiborga olgan holda,

umumiylikka ziyon yetkazmagan holda @ (X) va @, (X) funksiyalarning ushbu shartni qanoatlantirsin:

ay(l) = ¢(1)=0, (13)
®,(0) = @,(0)=0. (132)
(12), (134) va (11), (13,) Koshi masalasining yechimini mos ravishda quyidagi
wl(x):ﬁjrl(t)shﬁ(t—x)dt, >0, (x0)el, (141)
X
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X
)=y~ 2'[2'2 t)shy—, (x=t)dt, s, <0, (x,0)el, (14,)
0

ko‘rinishda topamiz, bunda

X -X

7,(X)=0,(x40), 7,(x)=0,(x,-0), shx ==
(1), (4), (5), (131), (132) e'tiborga olib,(8) ko‘ra T masalani

Lo, (x,y), x>0,y>0,
0=Lv= wxy). x>0.y> (15)
Lo,(x,y), x>0, y<0,
tenglama uchun ushbu
Ul(x’ y)‘AAO =¢1(y), Ul(X’ y)‘BBO Z(DZ(y)’ OS yS hl (16)
1
0,(%Y) . =¥ (X) = (x), OsxsE. (17)

chegaraviy shartlarni ganotlantiruvchi 7° masalaga keltiramiz.
Funksional munosabatlar. (10) tenglama uchun €, sohada

0,(%0)=7,(x), (x0)el, 0,,(%0)=1,(x), (x0)el (18)

boshlang‘ich shartl bilan berilgan Koshi masalasining yechimini quyidagi
1

2 2-m p-1 /-1
uz(x,y):;/l.[r x+ﬁ(—y) 2 (2t-1) [t/ (1-t)" dt+
) _
4 1-2p8 1 2 2-m —ﬁ
korinishda aniglaymiz[9], bunda agar 7, (x) € C(T)NC?(1), v,(x)eC?(1) sinfga tegishli bo‘lib,
v,(X) funksiya | oraligning oxirida 1-2/ dan kichik tartibda maxsuslikga ega bo‘lsa, u holda
v, (%, y)eC(Q,)NCHQ, UINCH(
F(Zﬂ
Nn=—; '
r“(p)
(17) ni (19) ga qo‘yib,

Q, ) sinfga tegishli bo‘ladi, bu yerda

1 4 Y'r(-28) . 0m
72_5(2—;11) rap) P w2

1

1
X X R -
V/(Ej -, (E) =77, () (L=t) " dt =) o, () U (1-1) 7 ot
0 0
topamiz.
Bunda Xt =z almashtirish bajarib, so'ngra kasr tartibli integro-differensial operatorni [9] xossalarini
hisobga olib, ushbu tenglikka ega bo‘lamiz:

W(;) wz(zj £ 12ﬂr(ﬂ)D6>{gxﬂfl (X)-7I(1- ,3) Lty (). (20)

(20) tenglikning ikkala tomoniga Dé;ﬂ operatorni qo‘llab, quyidagi
18 5L B, ()= ¢
Dy, Dby X 7va (x)=x"v(x),
1-f 128 ~y—F 51 A28
Dy X Dy X5, (%)= XD, 7, (X)

formulalar [9] yordamida €2, sohadan | oraligda

vz(x):m{nr(ﬂ)qﬁfﬂ 7,(x)+ ¥’ D5 P o (2] x"Dg P (2)} (1)
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ko'rinishdagi TZ(X) va V2(X) funksiyalar orasidagi birinchi funksional bog lanishni topamiz.
Endi [10, 40-47-betlar] ishdagi natijalarni va T masalaning 1) va 2) shartlarni e'tiborga olgan holda
D1 sohada (9) tenglamadan Y — +0 limitga o'tib, so'ngra

0,(x0)=7,(x), (x0)el, vy (x+0)=v1(x), (x0)el (22)
belgilashlarni hisobga olib, J oraliqda ushbu
7/(x)= xpvl(x) . 7(0)=0, 7,(1)=¢,(0). (23)

(23) masalani yechib Q, sohani | oraliqda

rl(x):iG(x,t)tpvl(t)dHg(x), (24)

ko'rinishdagi 7, (X) va v;(X) funksiyalar orasidagi ikkinchi funksional bog’lanishni olamiz,
bunda

o (0= ot 2
9(x) =, (0)+xp,(0). (26)

4. T masala yechimining yagonaligi. T masala yechishning yagonaligini isbotlash uchun dastlab (9)
va (10) tenglamalar uchun 7 masala yechishning yagonaligini isbotlaymiz.

(9) va (10) tenglamalar uchun 7 masala yechimining yagonaligini isbotlash uchun quyidagi lemma
muhim rol o‘ynaydi.
1-lemma. Agar (2), (3), Pp+2B>1 shartlar bajarilsa va ¢ (y)=e,(y)=0, vye[01],

w(x)=0, ¥x€[0,1] bo‘lsa, u holda
7;(x)=0,(j=1,2), vxel, (7)
bu yerda 7;(X) (j=12)- (18) va (22) dan aniglanadi.
1- lemma isboti. Bu lemmani energiya integrali usuli yordamida isbotlaymiz. L)Z(X, y) Qz va ng
sohalardagi ikki marta uzluksiz differensiallanuvchi bir jinsli 7" masalaning yechimi bo‘lsin, bu yerda €2, —
chegarasi 0Q2,, =AC,UCB UT, ga'tiy Q, sohada yotgan soha, & — yetarlicha kichik musbat son. U holda,

quyidagi ayniyatni 5. Soha bo‘yicha integrallab

0=xP (_y)—m ) (UZXX _(_y)m UZyy) :%(Xp(_y)_mUZUZX)_%(XpUZUZy)_

_Xp[(_y)_m U%x _UZZy]_ pxp—l(_y)—m Ul2x (28)
so"ngra ushbu [11]:
0Q oP
J‘J[& - 5) dxdy :a_[) Pdx +Qdy (29)

Grin formulasini qo‘llab, quyidagiga
-m - -m 2 2
| XY o, by XPu0,dx= [ XP| (=) 0B~ |dxdy +

AC,UCB,UT, 9,
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+p |f XP(=y) ™" v,0, dxdy.

Qe

ega bo‘lamiz.
Oxirgi tenglikdan & — 0 limitga o‘tib, 7 masalaning 1) shartini va (18) ni inobatga olib, [10, 5-bob,

96-97-betlar] ishga 0 xshash natijani olamiz:
m

}XpT :—J‘xp 2 v,do, — '[Xp(—y)_fuzduz—
CB
jj XP|( [ 02 —uzy}dxdy —p[[XPE(=y) ™" vy, dxdy. (30)
07

(30) tenghkmng o‘ng tomonini hisoblash uchun xarakteristik koordinatalarga o‘tamiz:
2-m 2-m
E=xt—2 ()2, n=x-—-2—(y)2. 31)
2-m 2-m

Bundan

2
E+7 2-m 2m o [2-m i
X:—, =— —— — e 2 = — - .
o Y= (6= (-y) 5 (&-n)
Bunday holda, 2, soha tomonlari 7=0, £ =1 va 7=¢ chiziglarda yotgan AC,, C,B, va BA

kesmalardan iborat bo’lgan A, uchburchak sohga o‘tadi, (10) tenglama esa quyidagi
i 08

Ve T F 2, (32)

o)

kanonik ko rinishga keladi.
Agar l//(X) =0 bo‘lsa,u holda (17) ga ko'ra, (29), (31), (32) va 1 lemmaning shartlarini e'tiborga olib,

(30) tenglikning 0‘ng tomonidagi integrallarni quyidagicha topamiz:

[0y o, [ (S50 [0 smen)=

22
e (2 o)
+p+72ﬂ@p (Z_ijw i £ oy (£,0)de, (33)
oo S e
A W
+@ [24”1] ﬂi (L)’ A=) v} (Ln)dn, 4
([ XP[(=y) o~ 3, ey =2 I(éwyj {2 2om, n)}Zﬂuzéuz,ldgdn_
Qy )
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U( j 5+n) (&) v, 40 =

{ |G (E-nf” g e B g -n k)
[<5+n> (€ uzuzﬁé(éw)"<f—n>2ﬂ-1uz}}dfdn—
-(%) 2 wlp-e s e-ny zendetn-

= (ol -3 (—J (b1 )i
—@ p(sz ﬂﬂi (L+7)(L=n)"" V3 (L) dn +
()= Pi (Len) (L) vh(L)dy -

_(EJp 2_ij ! p( p_l)[ﬂ(5+’7)p_2(5—’7)2%2(5’77)(15(177, (35)

ol ey wnay=-[3] (5 oy e ens -]
23 Een i e-n i acans
(S [5) oo on it miozan-

2 4

:(%jpﬂ[z mj ['1[§D+2/31 2 I(l""?) t1-n)? z(ln)dn}

0

@ (Zij P(p-Bfjie +n)P 7 (E-n) oy (Em)dgdn. e

(33) - (36) ni (30) ga qo‘yib (2), (3) va p+24>1 ni e’tiborga olib, quyidagi tenglik hosil gilamiz:
1
j‘X'Oz'Z(x)V2 (x)dx=0. (37)
0
T masalaning 1) shartidan, shuningdek, a)(x) uzluksizligidan va (8), (81), (82), (18), (22) larnini
inobatga olgan holda ushbu ulash shartlariga ega bo‘lamiz:

7,(x)=0,(%~0)=0,(X,+0)=7,(x), (X,O)el_, (38)
V,(x)=0,, (X -0)=0,, (X+0)=v,(x), (x0)l. (39)
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T masalaning shartlariga ko‘ra, agar (9) tenglamada Y — 0 limitga o‘tib, (38) va (39) ni inobatga
olib, [10, 39-48 betlar] va [12, 110-bet] kabi quyidagi tenglikni olamiz:

(X)X (x)=0. (40)
U holda (40) dan 1- lemma sharti asosida 7,(0)=17;(1)=0 ekanligini inobatga olib

1 1
jxprl(x)vl(x)dxz—jrlrz(x)dxﬁ0 (41)
topamiz. (38) va (39) ni hlsobga olgan holda (37) va (41) n| taggoslab,
j Pz (x)v,(x)dx=0  yoki IT’Z(x)dX 0,

0
bundan 7,(0)=r,(1)=0 ko'ra, quyidagi xulosaga kelamlz.

Z'J-(X)EO,(j=l,2),VX€|_. (42)
1- lemma isbotlandi.
(42) ga ko‘ra (141) va (14,) dan foydalanib, quyidagini olamiz:

o,(x)=0,(j=12), vxel. (43)
(82) ga ko‘ra (43) dan ushbu munosabatni olamiz:
o(x)=0, Vxel. (44)

1-teorema. Agar 1- lemma shartlari va (44) shart bajarilsa, u holda Q sohada7" masala nolga teng
bo‘lmagan yechimga ega bo"Imaydi.

1-teoremani isbotlash. Parabolik tenglamalar uchun maksimum prinsipi [13], [14] ga ko‘ra .f_ll sohada
(9) tenglama uchun qo'yilgan7* masala (16) va Ul(X,-I-O):O, (X,O)el_ bir jinsli shartlarda nolga teng
bo‘lmagan yechimga ega emas, ya‘ni .5_21 da ul(x,y)EO. (43) ni hisobga olgan holda .§_22 sohada (10)

tenglama uchun (18) bir jinsli shartli Koshi masalasi yechimining yagonaligidan [9] .5_22 da UZ(X, y)EO. ni
olamiz.
Bu yerdan va (8:) dan
v(x,y)=0, (x,y)eQ. (45)
ega bo‘lamiz.
(45) dan (9) va (10) tenglamalar uchun 7" masala yechimi yagona ekanligi kelib chigadi.
1- teorema isbotlandi.
2- teorema. Agar 1- teorema shartlari bajarilsa, u holda .Q2 sohada 7' masala nolga teng bo‘lmagan
yechimga ega bo‘lishi mumkin emas.
2- teoremani isbotlash. (44), (45) ga ko‘ra (8) dan quyidagini hosil gilamiz:
u(x,y)=0, (x,y)eQ (46)
Bu esa (1) tenglama uchun 7' masala yechimining yagonaligini isbotlaydi.
2- teorema isbotlandi.

5. T masala yechimining mavjudligi. T masala yechimining mavjudligi integral tenglamalar usuli
yordamida isbotlanadi. 7 masala yechimining mavjudligini isbotlash uchun eng avval (9) va (10) tenglama

uchun 7" masala yechimi mavjudligini isbotlaymiz.

3- teorema. Agar (2), (3), (6) va (7) shartlar bajarilsa, u holda Q sohada 7" masalaning yechimi
mavjud.

3- teoremani isbotlash. (21) va (24) munosabatlardan T(X) yo‘qotib, (14,) va (38) va (39) ulash (ya'ni
v(X)=w(X)=v,(x), 7(x)=7,(X)=1,(X)), shartlarini inobatga olib, ushbu
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(x) = 12/3 )i+ rO(B) 12
(%) (1 ﬂJ’t t)Dy, /G (x,t)dt TTAB) ﬂ)D g(x)+

1 X
+_—%)xﬂjtpv(t)dtD(1);ﬂjsh i (%je(%,tjdu
0

ZyZF(l—ﬂ

—uz D1 ﬁISh\/TZ(X t) ( j (xlﬁ ﬁ)Dl '81//( ]

ifodani topamiz. Bundan esa V(X) ga nisbatan ikkinchi turdagi Fredgolm integral tenglamasini
olamiz:

272

+i+< ~0(x), (x0)<!. )
e (00 =K1K, 1) )
K, (x)- FE’” o), “)
Kz(x,t)=%xﬂ“’f’1 g fshﬁ( JG( j , (50)

e R e o o 5 o[-
i ﬁ)xﬂaéf (Zj—f(x>+fz<x>—f3<x>- 1

Endi (47) integral tenglamaning yadrosini va 0‘ng tomonini tekshiramiz. Ushbu lemma o‘rinli.
2- lemma. Agar (2), (3), (6) va (7) shartlar bajarilsa, u holda (47) integral tenglamaning yadrosi va
o'ng tomoni

K(xt)e((0,1]x[0,1]), @(x)eC?(0,1) (52)
sinfga tegishli bo’ladi va quyidagi
[K(xt)| <CtPx,  |op(x)| < Cx™, (53)

baho lar o'rinli bo’ladi
2- lemma isboti. Kasir tartibli integro-differensial operatorining xossalari, gamma, beta funksiyalari va

G(X,t) funksiyalari xossalariga ko‘ra (25) dan quyidagini topamiz:

p 1
K (xt) < yzr?lli(ﬁﬁ))ﬁ(zm : {Zﬂxzﬁ -1£(1— )" [G(xst)|ds +
i }g

1
+X2ﬂJS Zﬂl
0
7/1F(ﬁ)tp 251 B 251 y 1 ) ™
}/J(l—ﬂ)r(zﬂ){ZﬂX 01.([(1 s)" ds+x CZ£5(1 s) s <
7.0 (1-B)T(28)

bahoni olamiz. Bundan

0G(xs,t)
axs

2ﬂx2ﬁ71QB(1, 2,3) + xzpCZB(Z, Zﬂ)} <cit py2hL (54)
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K, (x. ) <ct?x™ . (55)
Endi Kz(x,t) ni baholaymiz. Xuddi yuqoridagi kabi (50) dan

PRV 1
K, (xt)= YL MI de I \/_[XV“ W] (mgg,tjdgz

2. T(-AT(B) & (1w

e ) wdw (XW(l 9)j (XWS tjd@
27,I (L ﬂ)r(ﬂ)I I J_ 2

_,u2X2/1+1tp 1 wadw 1 d [Xw(l_lg)j (leg J
—| shy- G ,t]dg
+ZyZF(l—ﬁ)F(ﬂ)J(;(l_w)l"ﬂde{s e 2 2 t

yoki
— 28P (1 1 1 1—
K, ()= 16X ( +ﬂ)j dei,ﬂISh _ﬂz(xw( 9)}G(Xwg,tjd8—
2r,T (1= B)T(B) 5 (1-w) " 2 2
2+t p 1 1 _
X I Wi dw Ta-9)eh _ﬂZ[XW(l g)jG{XW‘g,tjdm
47,0 (1= B)T(B)5(1-w) g 2 2
yzxz/”tp '1[ WdW
472 0
1 XW 1—9) d XWI
xggsh,/—yz( . jaxwg{G( : ,tﬂdg (56)
olamiz.
Gamma, beta, giperbolik va G(x,t) funksiyalarning xossalaridan foydalanib , (56) dan ushbu
K, (x,t)|<ct’. (57)

bahoga ega bo‘lamiz.
(55) va (57) ga ko‘ra 0<x<1 ni hisobga olgan holda, (48) dan quyidagi bahoni olamiz:
K (xt)] <[K, ()] +[K, (x,1)] S it ) +¢,tPx? <CtPx*, (58)
Endi (47) integral tenglamaning o‘ng tomonini baholaymiz. (2), (3), (6), (7) va (26) ni inobatga olib,
kasir tartibli integro-differensial operatorining, gamma va beta funksiyalarnig xossasini hisobga olgan holda
(51) dan

1F(ﬂ) d f 241 _
_yzr(f_ﬂ) (zﬂ)d—l(x—t) g(t)dt—{

= nr(p) ixzﬂ.lf(l—s)zﬁ_lg(xs)ds: re(p
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. 7 (B)X* [ 9,(0)-0,(0) ]}

_ o\28-1
yzF(l—,B)F(Z,B) !s(l )" ds.

Bundan, ushbu
X <7/1F Zﬂl‘% 0)‘
271F(ﬁ)xzﬁ‘<”2(o)_9”1(0)‘
y.L(1- B)T(25)
- c5;/11“(,8)x2ﬂ‘18(1, 2/3) s 2c,y, I (ﬂ)xzﬁB(Z,Zﬂ)
~ T(1-B)T(28) nL(1-B)(28)

bahoni olamiz. Oxirgi bahodan quyidagi xulosa kelib chigadi
|£,(x) <c, X (59)

Gamma, beta va giperbolik funksiyalarning xossalaridan foydalanib, (56) dan (26) ni hisobga olgan
holda ushbu bahoni topamiz.

|, ()| <cpx?. (60)

(2), (3), (7), kasir tartibli integro-differensial operatorining xossasi [9] ga ko‘ra (51) dan f3(x)
funksiyaning ko'rinishini quyidagicha yozib olamiz:

= o4 3)- T ol r(3)-
:nr(l—;’)r(ﬂ)Xﬂii(x_t)ﬁ_lw(_jdt:{tzxz}:
s w3 e

ﬁXZﬂ—l 1 X7 28

e L A e v A G

Bu yerdan, quyidagi bahoni olamiz:

C X ¢
Ol

. 8ﬂxzf“B(l,ﬁ)+ c,x”B(2, )

1
J'(l— z)ﬁ'l zdz<
0

PI(-A)T(A) 2T (- A)T(F) o
Bunda 0<x<1 ni hisobga olib (61) dan
|1, (0)] <o (62)
bahoni topamiz.
(59), (60) va (62) ga asosan (51) dan 0<x <1 ni hisobga olib ushbu bahoni olamiz:
D (x)] <[ £, (%) +| F, ()| +] f (¥)| <& + ) 4+, X <C X, (63)

(2), (3), (6), (7) ga asosan (63) ni e’tiborga olib, ®(X)e C2(1) xulosaga kelamiz va ®(x) funksiya
X—0 da 1-2/ dan kichik tartibda maxsuslikga ega bo’ladi , X —1 da esa chegaralangan;
2- lemma isbotlandi.
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(2), (3), (53) ga ko‘ra (47) tenglama ikkinchi turdagi Fredgolm integral tenglamasidir. Fredgolmning
integral tenglamalar nazariyasiga ko‘ra [15] va T~ masala yechishning yagonaligidan (47) integral tenglama
CZ(I) sinfda yagona yechilishi mumkin degan xulosaga kelamiz va v(x) funksiya x >0 da 1-24 dan

kichik tartibda maxsuslikga ega bo‘ladi , X —1 da esa chegaralangan va uning yechimi quyidagi formula
bilan topiladi:

v(x):(D(x)—iK*(x,t)(D(t)dt, (x,0)el, (64)

orgali topiladi, bu yerda K (x,t)— K(x,t) yadroning rezolventasi.
(64) ni (24) ga qo‘yib, v(X)=v;(X)=v,(x), 7(X)=7,(X)=7,(X) ni ¢’tiborga olib, 7(X) funksiyani
topamiz:

r(x)=

vau 7(x)eC(T)NC?(I) sinfga tegishlibo'ladi.

Binobarin, (47) ikkinchi turdagi Fredgolm integral tenglamasiga ekvivalentligi sababli T~ masala bir
giymatli yechiladi.

Shunday gilib, T~ masalaning yechimini €, sohada (9) tenglama uchun birinchi chegaraviy masala

Ot—+

(x,t)tptb(t)dt—jtpe(x,t)dth*(t, z)®(z)dz +g(x), (x,0)el (65)
0 0

yechimi sifatida [16], €2, sohada esa (10) tenglama uchun Koshi masalasining yechimi sifatida qurish

mumkin( (19) garang).
3- teorema isbotlandi.

(65) ni (14;) (j=12) ga qo‘yib (8) ni hisobga olib, @, (x) funksiyani topamiz.
U holda €, sohada T masalaning yechimi quyidagi shaklda bo‘ladi

u(xy)=v(xy)+a (x), (66)
bunda Ul(X, y)— (9) tenglama uchun birinchi chegaraviy masala yechimi [18], 2, sohada esa ushbu
u,(X,Y)=0,(X,y)+a(X), (67)

ko‘rinishda bo‘ladi. Bu yerda Uz(x,y)— (10) tenglama uchun Koshi masalasining yechimi ( (19)
garang), @, (X) esa (14;) (j=12) dan aniglanadi.
Oxirgi xulosadan (1) tenglama uchun go'yilgan T masala yechimining mavjudligi kelib chigadi.
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