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KIRISH

Mavzuning dolzarbligi. Xususiy hosilali differensial tenglamalar nazariyasining muhim
bo’limlaridan biri, aralash tipdagi tenglamalar o’tgan asrning 50-yillaridan boshlab, tez
rivojlanib bordi. Mazkur yo’nalish bo’yicha birinchi fundamental tadqiqotlar F.Trikomi[1]
tomonidan olib borildi va muhim natijalarga erishildi. Keyin esa aralash tipdagi tenglamalar
nazariyasini rivojlanishida F.1.Frankl [2], 1.N.Vekua[3] tomonidan Trikomi masalasining va
unga bog’liq boshqa masalalarning muhim tadbiqlarini anigladi. A.V.Bitsadze birinchi marta
aralash tipdagi tenglama uchun Trikomi masalasi va boshga chegaraviy masalalar uchun
ekstremum prinsipini ta’rifladi. Ekstremum prinsipidan bu masalalar yechimining yagonaligi
bevosita kelib chigadi. Yana K.I.Babenko, T.Sh.Kalmenov, A.M.Naxushev, M.S.Salohiddinov
va boshga olimlar tomonidan aralash tipdagi tenglamalar uchun yangi chegaraviy masalalar

go’yildi va tadqiq etildi.

Ma’lumki, M.S.Salohiddinov, A.Xasanov, B.Islomov, S.X.Akbarovalarning ishlarida
ikkita buzilish chizig’iga ega va turli tartibli aralash tipdagi tenglamalar uchun, local va nolokal

chegaraviy masalalar tadgiq etilgan[4-8].

Magistrlik dissertatsiyasi kirish gismi, ikkita bob, xulosa va foydalanilgan adabiyotlar

ro’yxatidan iborat.

Ishning magsadi . Ikkita buzilish chizig’iga ega va turli tartibli aralash elliptik-giperbolik
tipdagi tenglama uchun Trikomi masalalarini qo’yish, bu masalalar yechimini mavjudligini va

yagonaligini isbotlash.

Tadgiqot usuli. Trikomi masalalari yechimining yagonaligi energiya integrali usulida hamda
A.V.Bitsadze ekstremum prinsipining analogi, yechimning mavjudligi esa integral tenglamalar

nazariyasi yordamida isbot etiladi.
IImiy yangiliklar. Dissertatsiyada olingan natijalar quyidagicha:

Ushbu

m

'u_ +x'u, =0 (1)

XX yy

signy \y

ko’rinishdagi aralash elliptik-giperbolik tipdagi tenglama uchun chekli o sohada Trikomining

local va nolocal masalalari qo’yildi, bu yerda m,,n = const (i=12) va y>0 dai=1,

y <0 da i=2 bo’lib, n < m <m,. Trikomi masalalari uchun A.V. Bitsadzening ekstremum

prinsipi analogi keltirildi.



2) Trikomi masalalari yechimining yagonaligi energiya integrali usuli yordamida, bundan
tashgari ekstremum prinsipini qo’llagan holda isbotl etildi. Bunda matematik analiz kursida
keltirilgan Grin formulasidan keng foydalanildi.

3) Buziluvchan elliptic va giperbolik tipdagi tenglamalar uchun chegaraviy masalalar

o’rganildi va bu masalalar yechimlari ko’rinishi aniglandi.

4) Interal tenglamalar nazariyasini qo’llagan holda, (1) aralash elliptic-giperbolik tipdagi

tenglama uchun Trikomi masalalari yechimining mavjudligi isbotlandi.

Amaliy va nazariy ahamiyati. Magistrlik ishi mavzusi aralash tipdagi tenglamalar
nazariyasidagi muhim mavzulardan biri bo’lib, unda mazkur nazariya bo’yicha nazariy jihatdan
katta ahamiyatga ega bo’lgan yangi natijalar olindi. Bu masalalar fizik, mexanik, texnik,
biologic va boshga jarayonlarni o’rganish bilan uzviy bog’langan bo’lib, ularni aralash tipdagi
tenglamalar va bunday tenglamalarga keltiriladigan amaliy masalalarni yechishda qo’llanilishi

mumkin.

Ishning aprobatsiyasi. Dissertatsiyada olingan natijalar fizika-matematika fakulteti,
Matematika kafedrasining fizika-matematika fanlari doktori G’.Mo’minov rahbarligidagi ilmiy
seminarlarda, 2011 yil 8-9 noyabrda da Andijon davlat universitetida o’tkazilgan

Respublika ilmiy anjumanda ma’ruza qilingan.
E’lon gilingan ishlari. Dissertatsiyaning asosiy natijalari [ 21],[22] ishlarda e’lon gilingan.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya kirish qismi, ikkita bob, xulosa va

foydalanilgan adabiyotlar ro’yhatidan tuzilgan.
Ishning umumiy xajmi 64 betdan iborat. Adabiyotlar ro’yhati bo’yicha 22 ta.

Dissertatsiyaning mazmuni. Magistrlik ishining kirish gismi dissertatsiya mavzusiga oid
adabiyotlarning gisqacha mazmuni yoritilgan va mavzunining dolzarbligi hamda olingan asosiy

natijalarning gisgacha bayoni keltirilgan.

I-bob uchta paragrafdan iborat bo’lib, 1.1-§ da matematik analiz kursidan ma’lum bo’lgan,

gamma va beta funksiyalar hagida ma’lumot berilgan.

1.2-§ da esa gipergeometrik funksiya va uning xossalari keltirilgan. Bundan tashqgari mazkur

paragrafda umumlashgan kasr tartibli integral operatorga ta’rif berilgan. Quyidagi



a,b
—
pRye-1 ,x‘c_ ) k—1
e )ff(t)(x £ F(a,b,c, — )kt dt
a,b
—
k_ R’ c—1 ‘\. ‘\ k—1
e )ff(t)(t ) F(a b, c; )kt dt

ko’rinishdagi ifodalar ¢ (¢ > 0) tartibli, f (x) funksiyadan olingan integral deb ataladi [4], bu

yerda a,b,c —const, k = 0, F (a b,c; = - ) —Gaussning gipergeometrik funksiyasi.

1.3-§ da giperbo’lik tipdagi tenglamalar uchun qo’yilgan chegaraviy
masalalar yechimining yagonaligini isbotlashda energiya integrali usuli
qo’llanilishi keltirilgan.

1.4-§da esa xususiy hosilali differensial tenglamalar nazariyasining muhim bo’limlaridan,

aralash tipdagi differensial tenglamalar haqida ma’lumot berilgan.

[1-bob ikkita buzilish chizig’iga ega va turli tartibli aralash tipdagi tenglama uchun

chegaraviy masalalarni o’rganishga bag’ishlangan bo’lib, u uchta paragrafdan tuzilgan.

2.1-§.da

m.

i n .
Uy +xUu, =0, m n=const (i=12) (@D

signy \y

tenglama uchun Trikomi tipidagi TC va T masalalar qo’yilgan, bu yerdan <m, <m, ni=1

da y>0,i=2daesa y<0O.

D-soha, x > 0,y > 0da oxirlari 4(h,0),4,(0,h,) nugtalarda bo’lgan, ¢ Jordan

chizig’i bilan, 04 ; kesma va (1) tenglamaning x > 0,y < 0 da ushbu



1 1 1 1
OC:—Xq——(—y)pz=O,AC;—xq+—(—y)p2:]_
q P, q P,

xarakteristikalari bilan chegaralangan, bu yerda,

i

1

h=q%h =p,»n,20=n+2,2p, =m +2,2p,=m, +2 .
D; va D, - D sohaning elliptic va giperbo’lik gqismlari bo’lsin.

Ta'rif. (1) tenglamaning D sohadagi regulyar yechimi deb, quyidagi shartlarni

ganoatlantiruvchi u(x, y) funksiyani ataymiz:

1) u(x,y) e (D) C (D) € *(D,|J D,)bo’lib, U, (X,0) x> 0 va x - h da

(n+2)/(m, + 2) dan Kichik tartibda cheksizlikka intiladi;
2) u(x,y) (1) tenglamani D va D, sohalarda ganoatlantiradi.
TC masala. Ushbu shartlarni ganoatlantiruvchi w(x, y) funksiyani aniglang:
1) u(x,y) (1) tenglamaning D sohada regulyar yechimi;

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

u(x,y)/, =e,(s),seo, (@)
U(X,y¥)/gn =, (y)0<y<h, (3)
a+pf—-1 a+p

d l—a—f ! 2a-1
| %o jer |GPOTT ulB()] =

r

x24
= a(X)uy, (x,0)+b(x),0 < x < h, (4)
buyerda o, (x,y). ¢,(y), a(x),b(x)- berilgan yetarlicha silliq funksiyalar bo’lib,
@o(D) = @1(hy), @1 (y) € C[0,h;1 N C*(0, hy), ®)

©o(5) = @q(x,v) funksiya esa



Po(x,¥) = xy@o(x,y), @o(x,y) € C(5), (6)

ko’rinishga ega va

1-a+ 8
(x*D)72 a(x) +y >0, (7)
yoKki
1—a+f
(x*D) 7z a(x) +y =0, 8)

y-berilgan son, 2a = n/(n+ 2),28 =m,/(m, + 2), Fy,.[ |-kasr tartibli

umumlashgan integral operator,

1/
x1y /4 . x9N\ /P
0 (x) = (L?) - l(g%) I — (1) tenglamani (x, 0) dan chiquvchi xarakteristikalarining

oc xarakteristika bilan kesishish nugtasining affiksi.

T masala.(1) tenglamaning D sohada regulyar va (2), (3),

Ulge = @2(x), 0 < x < hy 4)

chegaraviy shartlarni ganoatlantiruvchi u(x, y) yechimi topilsin, bu yerda ¢, (x)-berilgan

1/

funksiya, h; = (g) ;q.

Shuni ta’kidlash kerakki, a(x) = 0 da TC masaladan T masala kelib chigadi.

2.2-§.da TC va T masalalar yechimning yagonaligi isbotlangan. T masala yechimining

yagonaligi energiya integrali usulida ko’rsatilgan.

Matematik analiz kursidan bizga ma’lum bo’lgan Grin formulasini T masala yechimining

yagonaligini isbotlashda qo’llaymiz.
(D) -soha, biror bo’lakli silliq (L) kontur bilan chegaralangan bo’lsin.

Faraz gilamiz, (D) -sohada P(x,y) va Q(x,y) funksiyalar berilgan bo’lib, bu

ap a o .
funksiyalar o’zlarining E B—Q hosilalari bilan uzluksiz. U holda ushbu
4 X



aQ P B
jf(D] (E B 3) dxdy = f(L] Pdx + Qdy )

tenglik o’rinli. Bu ifoda Grin formulasi deyiladi.

Bir jinsli chegaraviy shartli T masalani qaraymiz , ya’ni chegaraviy shartlar

u(x,y)/, =0, seo, (2)
u(x,y)/OA1=O, 0<y<h, (3”)
Ulpc=0, 0<x < hsg 4

ko’rinishda bo’ladi.

Belgilash kiritamiz:
u(x,0) = t(x), Uy, (x,0) = v(x);
D, sohaning chegarasini d D,-orqgali belgilaymiz: dD, = O0C U CA U AO.
D, sohada (1) tenglamani garaymiz:
—(=¥)™2Uyy + XUy, = 0. (10)
Bu tenglikni har ikki tomonini @ ga ko’paytiramiz va uni D, soha bo’yicha integrallaymiz. U
holda
[yt (3) ™ + 2™, Jdxdy = 0 i
hosil bo’ladi.
(10) tenglikning chap tomonida ba’zi almashtirishlarni bajaramiz.
u[—=(=y)"2 1y + XUy, ] =

= —(—y) M2, — (—y)™M2ud + (—y)"ul + xMuwny,, + x"ul —xMul =



d m d n m 2 N, 2
=3 [(—y)™2uu,] + 3y [xMuuy, | + (=) "2ug — 2",

Endi buni (11) ga qo’yamiz

0= J] [~ ()20 + X"y Jdxdy =
(D2)

= J] [(=0)"2uf — x™ug|dxdy —

(D)

- a . a "
— ( J] a [(—}J‘) zuur] — @_}? [x uu},] dxdy,
D,

u holda (9) Grin formulasiga ko’ra, quyidagini olamiz

J] [x™uZ — (—y)™2ul]dxdy + f x"uu,dx + (—y)"uu, dy = 0,

(D) oD,
yoKki
q c
J] [x™ug — (—y)™2ug]dxdy + J’ u(x™uydx + (—y)"2u,dy) +
(D) o
) 0

+f u(x™u,dx + (=y)"udy) + f u(x"uydx + (—=y) 2w dy) = 0.
C A

(12)
1) 4°) shartga asosan, yuqoridagi tenglikdagi OC bo’yicha integral nolga teng bo’ladi:

c

fu(x“u},dx + (—y)™2udy) = 0;
0

2)



o h

f u(x™uydx + (—y)"2udy) = — f x"u(x, 0)uy, (x,0)dx =
y 0

h

= —J’xnr(x]'v(x]dx.

0
Shunday qilib, (12) dan

A

J] [x”uf, — (—y)™2uZ]dxdy + f u(x”uydx + (—y)"2u,dy) —
(D2) c
h
—fx“r(x)v(x)dx =0,
0
yoki
h
fx”r(x)v(x)dx =
0
" A
= J] [x”uf, — (—y]m2u%]dxdy + f u(x”uydx + (—y)™m2 u_\:dy)
(D2) c

(13)

Bu yerda isbot gilish mumkinki,

f;i u(x"uydx + (—y)m2u,dy) =

C i 1 ’8
=p, a f u? x972 (pi)pz (qx‘?)_q((l + E) xq — q) dx = 0
2
y:

(14)



ﬂ [x"uf — (=y)™ut]dxdy = 2729720 q2%p, 2P X

(D)

12 1+28
+272a 2B g2ap 26 [ (1;?1) f)_(;(_; )L,) u|pyodz =0 (15)
tengsizliklar o’rinli.
Endi (13) dan (14) va (18) tengsizliklarga ko’ra, shuni hulosa qilamizki,
(16)

f;x”r(x)v(x)dx = 0.
D, elliptik sohada (1) tenglamani garaymiz va xuddi yuqgoridagidek, bu sohada (9) Grin

formulasini qo’llab, ushbu munosabatni olamiz
17

fél xt(xX)v(x)dx =

=
=
—_ [

= — J] [x™ud + y"ul]dxdy
(D1)

(16) va (17) tengsizliklardan
J [x™uf + y™ui]dxdy = 0,

(D1)
bundan esa D; elliptik sohada ut,, = 0, u,, = 0 = u(x,y) = const ekanini, (2°)-(4’) bir

jinsli chegaraviy shartlarga ko’ra esa 1(x,y) = 0 deb hulosa gilamiz. D, giperbo’lik sohada



(1) tenglama uchun qo’yilgan Koshi masalasi yechimini yagonaligiga ko’ra, D, sohada ham

u(x,y) = 0 ekaniga ishonch hosil gilamiz.

Demak, D = D; U OA U D, sohada u(x,y) = 0, ya’ni (1) tenglama uchun (2°)-(4") no’l
chegaraviy shartli masala fagat no’l yechimga ega. U holda shuni hulosa gilamizki, (1) tenglama

uchun T masala yagona yechimga ega.
TC masala uchun esa A.V.Bitsadzening quyidagi ekstremum prinsipidan

foydalanilgan:

Ekstremum prinsipi. Agar b(x) = 0 bo’lsa, u holda D_1 yopig sohada TC masalaning
u(x,y) yechimi, o’zining ekstremal qiymatlarini fagat o v OA | da gabul giladi.
Quyidagi teorema o’rinli:
Teopema. Agar (5)-(8) shartlar bajarilsa, u holda TC masala yagona yechimga ega.

2.3-§.TC va T masalalar yechimning mavjudligi integral tenglamalar nazariyasini
qo’llagan holda isbot etilgan. Bu masalalarning D, sohadagi yechimi, (1) elliptic tipdagi

tenglama uchun ND masalaning

u(x,y) = —J'x"v(x)G(x,O;xo, y,)dx +

0

"G
F 1Y 0 (Y - [0,(9)A, (G Ids
) ox |, i

=0

ko’rinishdagi, bu yerda y(x) = w, (x,0) G (X, Y%, Y,)
- Grin funksiyasi va D, sohadagi yechimi esa, (1) giperbolik tipdagi tenglama uchun ushbu
u(x,0) = 1(x), uy,(x,0) = v(x)

boshlang’ich shartli Koshi masalasining quyidagi



-84 B

Irix“(zz—1)+i(_y)”21 x
£ . ]

I'2a)( 1 b
u(x,y)=— [—(—V)ZJ
' (a) | p,

0

er p _]%Zl
x[z(1-2)]" L—x‘*(2z—1)+(—y)2J F(BL- B aip)dz -
a J
——r(l_za)q2”[i(—y)”z]_r£xq 12“} ix“(Zz—1)+i(—y)pjﬂ
r‘a-a) P, Lq J Jq P, J
(DR
x[z(1-2)]"v LTX (2z-1)+(-y) J F(Bl-pB1—a;p)dz.

J

ko’rinishdagi yechimi sifatida aniglanadi.



I-Bob. Asosiy tushunchalar

Ushbu bobda matematik analiz kursidan ma’lum bo’lgan, gamma va beta funksiyalar
haqgida ma’lumot berilgan. Maxsus funksiyalar nazariyasidagi gipergeometrik funksiya va uning
xossalari, yana umumlashgan kasr tartibli integrodifferensial opertatorlar tushunchasi keltirilgan.
Giperbolik tipdagi tenglamalar uchun yagonalik teoremasi energiya integrali yordamida
isbotlangan hamda aralash tipdagi tenglamalar tushunchasi yoritilgan.

1.1-§. Gamma va Beta funksiyalar
Quyidagi
1

B(a,b)=[t""(1-1)""dt (a>0 b>0)

0

integral Beta funksiya yoki birinchi tur Eyler integrali deyiladi. U ikki ozgaruvchili
a va b parametrlarning funksiyasini ifodalaydi.

Beta funksiya quyidagi xossalarga ega:

1Y Beta funksiya a va b ga nisbatan simmetrik, ya’ni
B(a,b) = B(b,a).

29, Quyidagi formulalar o’rinli

a—1
a>1 da B(a,b) = a+b_lB(a — 1, b),
b>1 da B(a,b) = ——B(a,b— 1)
GO = P\ '

Agar ava b lar mos ravishda m va n natural sonlardan iborat bo’lsa, u holda

(n—1)!(m—-1)!

B(m,n) = (m+n—1)!

39 Beta funksiya quyidagicha ham ifodalanadi:

+a ta—l
B(ﬂ,b) = J’ mdf
0



Xususan,

+w

ta-1 . 11
B(a,1—a)= | —dt =sin—, B (—,—) =T
1+t amn 2 2
0
bo’ladi.
Ushbu
r(a)s= fe"ta’ldt (a > 0)

integral, Lejandr tomonidan Eylerning ikkinchi tur integrali deb nomlangan
va u I (“Gamma”) funksiyani aniqlaydi.

I' funksiyaning sodda xossalarini keltiramiz:

19, I'(a) funksiya, barcha a = 0 giymatlarda, uzluksiz va barcha tartibdagi hosilalarga

ega.
2% I'(a) funksiyauchun I'(a + 1) = al'(a) formula o’rinli.
Bu formula yordamida
IMNa+n)=(a+n—-—1)(a+n—-2)..(a+ al(a)
tenglikni olish mumkin. Bundan esa I(n + 1) = n!.

3°. @ » +0dava a — +=dahamI(a) = e

+ao,

4% Beta va Gamma funksiyalar orasida quyidagicha bog’lanish mavjud

I'(a)I'(b)
B(a,b) = ———.
(@2 = Farp
59, Quyidagi formula o’rinli
Ha)[(a—1) =

sinam



a = %da, bu yerdan

6°. Ushbu Lejandr formulasi o’rinli

I"(a)f(a —I—%) S L

~ p2a-1

I(2a).

1.2-§. Gipergeometrik funksiya. Umumlashgan kasr tartibli integral operator
1.Quyidagi[11-13]
z1-2)w"(z2)+[c-(a+b+1)z]w'(z) -abw(z) =0

ikkinchi tartibli oddiy differensial tenglamaning z = 0 maxsus nuqgta atrofidagi yechimi, bizga

ma’lumki,

" (a)k(b)k k
= F ,b, ; = -_—
w(2) (a c;2) k§:0 ©), k! z

2| <1c#0,-1-2,..

ko’rinishda bo’ladi va u gipergeometrik qator yoki Gaussning gipergeometrik funksiyasi

deyiladi. Bu yerda a,b,c — parametrlar, hagiqiy yoki kompleks sonlar.

F (a,b,c;z) — funksiya Eylerning gipergeometrik integrali yordamida quyidagicha
ifodalanadi:
I'(c)

F(a,b,c;z) = jtb*l(l—t)
r'(b)I (c - b)

c-b-1

(1-zt) "dt

0

0 < Reb < Rec, ‘arg(l—z)‘<7r.

F (a,b,c;z) — funksiya quyidagi xossalarga ega.

1°, Gipergeometrik funksiyaning analitik davomi.

Me){c—a—b)

Fa,b,¢;1) = Ir(c)M(e—b)

, Re(c—a—-b) »0vac+0,—-1,-2,..



F(a,b,c;z) = (1 — z)_bF(c —a,b,c;i), larg (1 —z)| = m,
Fla,b,c;z) = (1—2)*PF(c —a,c—b,c;2),|larg (1 —2)| < 7,

F(a,b,c;z)= Az *F(a,a-c+l,a+b+1-cl-z ")+
1

+ A2 (1-2) " "F(c-al-a,c+l-a-bl-z")
A I'(c)'(¢c—a-h) A_F(C)F(a+b—c)
Y or(e-a)(c-b)’ ' I'(a)I (b)
c-a-b=#0,+1,%2,..; ‘arg Z‘<7z, larg(1-2)| < 7 ;

F(al-a+¢c,c;—z) = (1+Z)Cfl(\/1+—z+\/;)2_za_zcx

X F(c+a—1,c—£,2c—1,4\/z(1+ z)(\/1+ z +\/;)72)
2

2%, Ba’zi elementar munosabatlar.

d ab
—F(a,b,c;z) =— F(a+ 1,b+1,c+ 1;2),
dz c

d
e [z%F(a, b,c;2)] = az® 1 F(a+ 1,b,c; 2),
z

d
o [z¢71F(a,b,c;2)] = (c — 1)z %2 F(a,b,c — 1;2),

d a(c—b) B
—[(1 - 2)%(a,b,c;2)]=————(1—-2)*"1F(a+1,b,c+ 1;2).
dz c

F(a,b,b;z) = (1—2z)7% |arg (1 — z)| < m.

39, Gipergeometrik funksiya quyidagi tengsizliklarni ganoatlantiradi[2]:



agarc —a —b > 0,0 =z = 1bo’lsa, F(a,b,c;z) = Cy;
agarc —a—b < 0,0<z<1 bo’lsa, F(a,b,c;2) = Cr(1—2)7%7P;

agarc —a — b = 0bo’lsa, F(a,b,c;z) = C3(1+ |In (1— 2)|),buyerdaCy,Cy, Cs -

ixtiyoriy o’zgarmaslar.

Quyidagi funksiyalar[13]

Fo(a, B8 7.7 % y)= % (@ nsalB)alB Do s

m,n=0 (7)m(7/')nm!n!

Gorna gipergeometrik funksiyasi,

Fla BBy ixy) = Y (@), (8), (), (7)), Xy

m,n=0 (7//)m+nm!n!

Appel gipergeometrik funksiyasi deyiladi.
Bu funksiyalarni F -Gauss gipergeometrik funksiyasi orgali ifodalash mumkin, masalan

~ (@) (B
- Y

Fo(a BB 7 7% y) =3 F(a+k f.7:%).

o KN(r'),
2. Quyidagi
a,b
Fox c X —t ]f(Y)
J—
kye—1 , N ke
- e )ff(t)(x £ F(a,b,c, —~ )kt dt
a, b
Fyq c X" t]f(ﬂ
T—
k _ ykye-1 A Y
- )ff(t)(t ) F(a b, c; )kt dt



ko’rinishdagi ifodalar f (x) funksiyadan olingan umumlashgan ¢ (¢ > 0) Kasr tartibli

integral deb ataladi [4], bu yerda f (x) x — x, da

k
X =X,

f(x)=0( kOJ,IO>max( 0,a+b-c)-1,

X —t*

a,b,c —const,k =0, F (a, b,c; )—Gaussning gipergeometrik funksiyasi,

x*
1.3-§.Giperbolik tipdagi tenglamalar uchun yagonalik teoremasi

Teorema. Quyidagi[17],[18]

pug=(Kuy)x+f(x,t),0<x<1,t>0 1)
tor tebranish tenglamasining
u(x,0)=p(x),  u(x,0)=y(x) )
boshlang’ich va
u(0.)=pu(t),  u@)= p(t) ©)

chegaraviy shartlarini ganoatlantiruvchi yagona yechim mavjud. Bu yerda u(x,t) funksiya 2-
tartibgacha hosilalari 0<x<1, £>0 sohada uzliksiz va p(x)>0, k(x)>0 uzluksiz funksiyalar.

Bu teoremani isbot gilishdan avval tor tebranishi energiyasi £ = K + U, bu yerda K —
kinetik energiya, U — potensial energiya, ifodasini topamiz. u, tezlik bilan xarakatlanuvchi dx

tor elementi,ushbu

1, 1 2
Emt? ZEp(x)dx(uf)

Kinetic energiyaga ega. Butun torning kinetic energiyasi:
_ 1 2
K= Ejo p () [ue(x, t)]%dx.

t = tgdau(x, ty) = uy(x) ko’rinishga ega tor tebranishining potensial energiyasi, tor
muvozanat holatidan ¢y (x)holatga o’tishi uchun, bajarilgan ishga teng. w(x, t) funksiya

torning t momentdagi holati bo’lib,



u(x,0) =0, ulx, ty) = ug(x).

dx element teng ta’sir etuvchi taranglik kuch Tu,., dx ta’sirida dt vaqtda w,(x, t)dt

yo’Ini bosib o’tadi. Bunda bajarilgan ish quyidagiga teng

[ [
f Tf}u.\:.\: utdx dt = T(}u.\:utu} - J’TDU...: u.\:tdx dt =
0 0

1d 5 l
0

t bo’yicha 0 dan £y gacha integrallab,quyidagini olamiz:

to
1d 5 l
f _EEJ. To(uy ) dx + Tou, ey ¢ dt =
0 0
l o
_ _E T 2 4 to T Ldt =
> o(uy)“dx|y + o Uy Ue|odt
2 0
1 : !
= 2| Dol )P dx + | Towaelbe
2 0

Bu tenglikning oxirgi qo’shiluvchilari ma’nosi quyidagicha. Ty, |,._g taranglikning
torning x=0 oxiridagi kattaligi;
fo

f T(} U Uy | .L’=U'dt
0



integral bajarilgan ishni ifodalaydi. x=I ga mos qo’shiluvchi xuddi shunday ma’noga ega. Agar
torning oxirlari maxkamlangan bo’lsa, u holda torning oxirlarida bajarilgan ish nolga teng

(bunda u(0,t) = 0, u.(0,t) = 0). Ravshanki, bu holda u = 0 muvozanat holatdan g (x)

holatga o’tishda bajarilgan ish torni bu holatga o’tish usuliga bog’liq emas va torni £ = £

momentdagi potensial energiyasining teskari ishora bilan olinganiga teng

[\.'.lll—‘L

l
J’ Tolu D(x)
0

Shunday qilib, torning to 'la energiyasi quyidagiga teng

B =2 [ To(w)? + p(0 (w)?] dx
0

Teorema isboti: (1)-(3)masalaning 2 ta yechimi u; (x, t), us(x,t), mavjud bo’lsin deb

faras gilamiz va quyidagi ayirmani garaymiz
V(x, t) =u(x, t) — u(x,t),
u holda bu funksiya
pVe=(KVy) x (4)
tenglamani va bir jinsli qo’shimcha shartlarni qanoatlantiradi.
V(x,00=0, Vi (x,0=0
V(0,t)=0, V(1,t)=0. (5)
V(x,t)=0 ekanini isbotlaymiz .
Quyidagi funksiyani garaymiz :

E(t) = %f;{k V2 + p V2} dx ©)

va ko’rsatamizki, u t ga bog’liq emas, ya’ni isbot qilamizki,
1) E(t)=const; 2)E(t)=0.

E(t) funksiyaning fizik ma’nosi ko’rinib turibdiki, u torning t momentdagi to’la energiyasi.



(6) dan
dE(t) 1 (I

tenglikni olamiz, chunki 2-tartibli hosilalar uzliksiz. Bo’laklab integrallasak ,

Jo k VoV dx=[KVV 16 - [ Ve (K V) dx )

V,(0.0=0, V;(L)=0 bo’lganiuchun, [ k VVyedt=-[ V,(k V) dx bo'ladi.

Bu yerdan

dE(t) _ 1
d(t ) =[, VelpVer — (kV;) . ]dx=0, E(t)=con st. (8)

Boshlang’ich shartlarga asosan ,

E(t)=con st:E(O):% f(;' [k 1{1.2 +th2} ¢ —dx=0, 9)

chunki

V(x,0)=0, V. (x, 0)=0.

(9) formuladan, k,p>0 bo’lgani uchun, V,.(x,t)=0, V;(x,t)=0 ni hosil gilamiz. Bundan

V(x,t)=con st . Boshlangich shartga ko’ra, V(x,0)=con st = 0 . Demak , V(x,t)=0.

Shunday qilib , agar teorema shartlarini ganoatlantiruchi 2 ta 1, va U, funksiyalar

mavjud bo’lsa, u holda

Uq (x, t) =Us (X,t).

Ikkinchi chegaraviy masala uchun,
V=u; — Uy
funksiya quyidagi
V:(0,1)=0, V. (1,)=0



shartni ganoatlantiradi. (9) formuladagi isbotni davomi o’zgarmaydi.

3- chegaraviy masala uchun isbot bir qacha o’zgarishlarga ega.

V=u,; — u, funksiya uchun

tht:(kH«:).\:
1’1— (U, t) — h1V(O,t):O ) hl =0
V. (I, t) — h,V(0,)=0, hy, =0 (10)
(10) dan quyidagini o’rniga qo’yamiz:
(ki{}Vt)BZ-khEV(I,t)Vt(E, t) — khyV(0,6)V.(0,t)=

k 0
=— E(hzvz(z, t) + +hV2(0,1)) —

—;{hz [V2(L,t) — VZ(L,0)] + hy[V2(0,t) — VZ(0,0)]3,

bu yerdan, tenglama va boshlang’ich shartlardan
_k 2 2
EM®)=- |h,V=(1,8) + hyV0,0)<0

kelib chigadi.
E@®>0 bo’lganiuchun E(t)=0. Ravshanki, V(x,t)=0.

Shunday qilib , 3-chegaraviy masala uchun yagonalik teoremasi isbotlandi.

1.4-§. Aralash tipdagi differensial tenglamalar
1. Quyidagi [11],[19]
A(x,y)u  +2B(x, y)uXy + C (x, y)uyy + F (x, y,u,ux,uy) =0 (11)

ko’rinishdagi ikkinchi tartibli ikki o’zgaruvchili kvazichiziqli differensial tenglamani qaraymiz,

buyerda A(x,y), B(x,y),C(x,y) koeffitsiyentlar biror D yopiqg sohada aniglangan,



uzluksiz haqiqiy funksiyalar bo’lib, A* + B* + c? = 0, F -berilgan funksiya, u = u(x, y) -
noma’lum funksiya.

Agar p sohada (11) tenglamani elliptik (giperbolik) tipga tegishli bo’lib, ya’ni
B~ AC <0 (B®-AC > 0), D sohaning butun chegarasida yoki bu chegaraning biror
gismida B® - AC = 0 bo’lsa, u holda (11) tenglamani buziluvchan elliptik (buziluvchan

giperbolik) tenglama deyiladi. D soha chegarasining bu gismi esa (1.1) tenglama uchun

buzilish chizig’i YoKi parabolik chizig’i deyiladi.
y B - AC =0 parabolik chiziq nuqtalarida ikkita hol bo’lishi mumkin:yoki

Ady * — 2Bdxdy + Cdx * = 0, (12)
yoKki
Ady * — 2Bdxdy + Cdx * = 0. (13)

Ta'rif. Agar (12) shart bajarilsa, u holda (11) tenglama birinchi tur buziluvchan elliptik
(giperbolik) tenglama deb ataladi. Agar (13) bajarilsa - ikkinchi tur buziluvchan elliptik
(giperbolik) tenglama deb ataladi.

Endi regulyar yechim tushunchasini keltiramiz.

Ta'rif. (11) tenglamaning o sohadagi regulyar yechimi deb, bu tenglamani b sohaning

barcha nugtalarida ganoatlantiruvchi u(x, y) e C*(D) funksiyani ataymiz.

Agar tenglama garalayotgan sohaning bir gismida elliptik, boshga gismida giperbolik tipga
tegishli bo’lsa, u holda u aralash tipdagi tenglama deyiladi. Bu qismlar o’tish chizig’i (yoki sirti)

bilan ajratiladi va bunda tenglama parabolik buziladi yoki aniglanmaydi.

Ta'rif. Agar B* — AC ifoda D sohada ishorasini 0’zgartirsa, u holda (11) tenglama

aralash tipdagi tenglama deyiladi.

B” - AC = 0 tenglama bilan aniglanadigan » chizig (11) tenglamaning parabolik
chizig’i yoki bu tenglama tipining buzilish chizig’i deyiladi. Bu yerda ikki hol bo’lishi

mumkin:



1) y :B® - AC =0 parabolik chiziq (11) tenglamaning xarakteristik yo nalishlari bilan

hech gayerda urinmaydi, ya’ni » da
Ady - 2Bdxdy + Cdx 2% 0;

2) 7 :B® - AC =0 parabolik chizigning har bir nugtasida urinma (11) tenglamaning

xarakteristik yo’nalishlari bilan ustma-ust tushadi, ya’ni » da
Ady * — 2Bdxdy + Cdx ° = 0.

Ta'rif. Agar (11) tenglama uchun 1) - shart bajarilsa, u holda u birinchi tur aralash
tipdagi tenglama deyiladi, 2)- shart bajarilganda esa — ikkinchi tur aralash tipdagi tenglama

deyiladi.

Misollar. 1) yu +u,_ =0

Yy

tenglama birinchi tur aralash elliptik-giperbolik tipdagi tenglamadir. B? —AC = v, y=0-

bu tenglamaning buzilish chizig’i.

2) Ushbu u,, + yu =0 tenglama ikkinchi tur aralash elliptik-giperbolik tipdagi

yy

tenglama bo’lib, uning buzilish chizig’i B 2 _AC = v, y=0.

3) Quyidagi

tenglama 1-tur aralash elliptik-giperbolik tipdagi tenglama. x = 0,y = 0 chiziglar esa buzilish

chiziglari.

I1-Bob. Ikkita buzilish chizig’iga ega va turli tartibli aralash tipdagi tenglama uchun

chegaraviy masalalar

Mazkur bobda

m.

'U_+xU._ =0

XX yy

signy |y



ko’rinishdagi ikkita buzilish chizig’iga ega va turli tartibli aralash tipdagi tenglama uchun

chegaraviy masalalar tadgiq etilgan.

2.1-§. TC va T masalalarning qo’yilishi

Quyidagi

signy |y|m‘uXX +x"u, =0, m,,n = const (i =1,2) 1)

tenglamani garaymiz, buyerda n<m, <m, mi=1da y>0,i=2daesa y<O0.

(1) tenglama y > 0 da B~ AC = -x"y™ < 0 bo’lgani uchun, u elliptik tipga

tegishli, y <0 daesaB”- AC = x"(-y)"™ > 0 va tenglama giperbo’lik tipga tegishli.
D-soha, x > 0,y > 0da oxirlari 4(h,0),4,(0,h,) nuqtalarda bo’lgan, ¢ Jordan

chizig’i bilan, 04 ; kesma va (1) tenglamaning x < 0,y > 0 da ushbu

1 1 1 1
Sxt o (=) =0, AC:—x" + —(-y) =1

ocC .
q P, q P,

xarakteristikalari bilan chegaraslangan, bu yerda,

1
1

h=q",h, =p,n,20=n+2,2p, =m +2,2p,=m, +2 ,

D; va D, - D sohaning elliptic va giperbo’lik gqismlari bo’lsin.

.(0,h)

@] A(h,0) X

v




Ta'rif. (1) tenglamaning D sohadagi regulyar yechimi deb, quyidagi shartlarni

ganoatlantiruvchi u(x, y) funksiyani ataymiz:

1) u(x,y) e C (D) C (D) € *(D,|J D,) bo’lib, u, (x.0) x> 0 va x> h da

(n+2)/(m, + 2) dan kichik tartibda cheksizlikka intiladi;
2) u(x,y) (1) tenglamani D; va D, sohalarda ganoatlantiradi.
TC masala. Ushbu shartlarni ganoatlantiruvchi w(x, y) funksiyani aniglang:
1) u(x,v) (1)tenglamaning D sohada regulyar yechimi;

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

u(x,y)/, = ¢,(s)seo, )
u(x,y) /o, =¢,(y)0<y<h, 3

a+f—-1a+f

d l—cr—,ﬁ’ 2 ! 2 2a—1
2 2q\—5— _
T OO Fo| Zae_jan G277 ul6(0] =
¥ xzq
= a(x)u, (x,00+b(x),0 < x < h, 4)

buyerda o, (x,y). ¢,(y), a(x),b(x)- berilgan yetarlicha sillig funksiyalar bo’lib,
@o(D) = @1 (hy), 91 (y) € C[0,hy] N C*(0, hy), (5)
©o(s) = @q(x,y) funksiya esa
Po(x,y) = xy@o(x,¥), @o(x,y) € C(a), (6)

ko’rinishga ega va

1—a+f

(x* )2 a(x)+y >0, )

yoki



1-a+ 8

(x*) 2 a(x)+y =0, )

y-berilganson, 2a = n/(n+ 2),28 = m,/(m, +2), Fy,[ ]-umumlashgan kasr

tartibli integral operator,

1y 1y

o0 = ()" (25)"

- (1) tenglamaning (x, 0) dan chiquvchi xarakteristikalarining oc xarakteristika bilan

kesishish nugtasining affiksi.

T masala.(1) tenglamaning D sohada regulyar va (2), (3),
Uloe = @2(x), 0 < x < hy

chegaraviy shartlarni ganoatlantiruvchi w(x,y) yechimi topilsin, bu yerda ¢, (x)-berilgan

1/

funksiya, hy = (g) ;q.

Shuni ta’kidlash kerakki,
alx) =10

da TC masaladan T masala kelib chigadi.

2.2-§. Yechimning yagonaligi
TC va T masalalar yechimning yagonaligi isbotlaymiz.
1.T masala yechimining yagonaligi energiya integrali usulida ko’rsatamiz.

Matematik analiz kursidan bizga ma’lum bo’lgan Grin formulasini T masala yechimining

yagonaligini isbotlashda qo’llaymiz.
(D) -soha, biror bo’lakli silliq (L) kontur bilan chegaralangan bo’lsin.

Faraz gilamiz, (D) -sohada P(x,y) va Q(x,Vy) funksiyalar berilgan bo’lib, bu

ar 9 S .
funksiyalar o’zlarining 3y a—Q hosilalari bilan uzluksiz. U holda ushbu
J X



aQ ap B
ﬂ(D] (H — 5) dxdy = f(LJ Pdx + Qdy

tenglik o’rinli. Bu ifoda Grin formulasi deyiladi.

Endi bir jinsli T masalani qaraymiz , ya’ni chegaraviy shartlar
u(x,y)/, =0, seo,
u(x,y)/OAl =0, 0<y<h,

u|OC:0, 0= x =< hg

ko’rinishda bo’ladi.

Belgilash kiritamiz:
u(x,0) = t(x), u},(x, 0) = v(x);
D, sohaning chegarasini d D,-orqgali belgilaymiz: dD, = OC U CA U AO.
D, sohada (1) tenglamani garaymiz:
—(=)) ™y + X1y, = 0.
Bu tenglikni har ikki tomonini @ ga ko’paytiramiz:
u[ ()M U+ x™y] = 0
D5 soha bo’yicha integrallaymiz, u holda
[l = (=) "1t + X" ]y = 0

hosil bo’ladi.

(10) tenglikning chap tomonida ba’zi almashtirishlarni bajaramiz.

u[_(_}")mzu.\:.\: + xnurr1 =

2

9)

2%

(37

)

(10)

(11)

= —(—y) M2, — (—y)™M2ud + (—y)"ul + xMuwny,, + x"ul —xMul =



d m d n m 2 N, 2
=3 [(—y)™2uu,] + 3y [xMuuy, | + (=) "2ug — 2",

Endi buni (11) ga qo’yamiz

0= J] [~ ()20 + X"y Jdxdy =
(D2)

= J] [(=0)"2uf — x™ug|dxdy —
(D)

- a . a "
— ( J] a [(—}J‘) zuur] — @_}? [x uu},] dxdy,
D,

u holda (9) Grin formulasiga ko’ra, quyidagini olamiz

J] [x™uZ — (—y)™2ul]dxdy + f x"uu,dx + (—y)"uu, dy = 0,

(D) oD,
yoKki
q c
J] [x™ug — (—y)™2ug]dxdy + J’ u(x™uydx + (—y)"2u,dy) +
(D) o
) 0

+f u(x™u,dx + (=y)"udy) + f u(x"uydx + (—=y) 2w dy) = 0.
C A

(12)
1) 4°) shartga asosan, yuqoridagi tenglikdagi OC bo’yicha integral nolga teng bo’ladi:

c

fu(x“u},dx + (—y)™2udy) = 0;
0

2)



o h

f u(x™uydx + (—y)"2udy) = — f x"u(x, 0)uy, (x,0)dx =
y 0

h

= —J’xnr(x]'v(x]dx.

0

Shunday qilib, (12) dan

A

J] [x”uf, — (—y)™2uZ]dxdy + f u(x”uydx + (—y)"2u,dy) —
(D2) c
h
—fx“r(x)v(x)dx =0,
0
yoki
h
fx”r(x)v(x)dx =
0
‘ y
= J] [x”uf, — (—y)™2uZ]dxdy + f u(x”uydx + (—y)"2u,dy)
(D2) c

(13)

(10) tenglamaning

1 q 1 p
AC . —x + —(-y)* =1
q P,

xarakteristikasi tenglamasidan

i a _ i P2 q-1 p,-1
x =1- (=y) 7" = x"dx = (—y)" dy
q P,



tenglikni olamiz. Bunga asosan, 2qg = n + 2,n = 2(q — 1); 2p, = my + 2,

m, = 2(p, — 1) ekanini hisobga olib,

A
I, = fu(x“u},dx + (—y)™udy) =
C

A
= J’xq_l(—}r)pflu(urdx + uy,dy) =
C

A
1
=2 [ i miaae)
C

yoki bu oxirgi integralni bo’laklab integrallab, quyidagiga ega bo’lamiz

A
1
I = _if u?((q — Dx?2(=y)PHdx — (p, — Dx? H(=y)P72dy).
C
Bu yerda
n+2 2q q 1-2« m,+2 2p,; [

1
=Py = m ekanini hisobga olsak,

tengsizlikni hosil gilamiz.

(13) tenglikdagi

L= || g - ymeudlaxdy
(D3)



integralni garaymiz va bunda ushbu

q p 2 ’ q p 2
(15)

xarakteristik koordinatalar sistemasiga o’tamiz, u holda D, soha I' uchburchak sohaga o’tadi va

I, = —21_2“_2ﬁq2“p225ﬂ‘(f; + f)za(f; - ;‘)zﬁufu;?d;" dn.
T

(16)

(10) tenglamani (15) xarakteristik koordinatalar sistemasida yozsak,

(24 a
u. -+ + A u. + — A up =0
= \n+é n-<¢) = \n+é n-¢

ko’rinishdagi tenglamaga ega bo’lamiz. Bu tenglikdan, quyidagini olish mumkin

(f? + f)za(f? — f)zﬁufuj? =
1 2o P 2_ _ 2
:_g(f?+f) (f?—;‘)z’g plox¢) —aln—2) u? —

(«ln-)=B(n+2)) °

19 ((”?f)m("?f)w 2 ) (17)

200\ p(n+é)-a(n-2)" ¢

Endi (17) ni (16) tenglikka qo’yamiz:

]2 — 2—23—25q2ap22ﬁX

- V2 _ ok 2
Xﬂ(f?+f)2a(f?—f)2ﬁ B(n+&) —aln b)zuzc_,dgdr?Jr
: (a(n-2)=p(n+2)) °



f“-

2-.’(
—2a-28 ,2a.,, 28 (? f) ) )
+272am2f glay, ff d;y(g( —E) (_;;r'_") E dzdn  yoki

=
[

]2 — 2—23—25q2ap22ﬁX

(D RO L GEL MR
r (a‘(f?—;‘)—ﬁ(f;r+;~’)) z

1+2a 1428
1 _l-.
1 99 e

2~2a~-2f ,2a, 2B 2‘, ~ >
+ q P2 ﬁ(l-l— )—ﬂ'(l— ) u;|f?—1 =

0

(18)
Endi (13) dan (14) va (18) tengsizliklarga ko’ra, shuni hulosa qilamizki,
!
fol x*t(x)v(x)dx = 0 (19)

D, elliptik sohada (1) tenglamani garaymiz va xuddi yuqoridagidek, bu sohada (9) Grin

formulasini go’llab, ushbu munosabatni olamiz

f;lxnr(x)v(x)dx = — ff(D ][x”u}% +y™ul]dxdy = 0. (20)
1

(19) va (20) tengsizliklardan

J] [x”uf, +y™ul]dxdy =0,

(D1)
bundan esa D; elliptik sohada u,, = 0,1, = 0 = u(x,y) = const ekanini, (2)-(4’) bir
jinsli chegaraviy shartlarga ko’ra esa (X, y) = 0 deb hulosa gilamiz. D, giperbo’lik sohada
(1) tenglama uchun qo’yilgan Koshi masalasi yechimini yagonaligiga ko’ra, D, sohada ham

u(x,y) = 0 ekaniga ishonch hosil gilamiz.



Demak, D = D; U OA U D, sohada u(x,y) = 0, ya’ni (1) tenglama uchun (2°)-(4") no’l
chegaraviy shartli masala fagat no’lyechimga ega. U holda shuni hulosa gilamizki, (1) tenglama

uchun T masala yagona yechimga ega.

2.TC masala yechimining yagonaligini isbotlashda  A.V.Bitsadzening ekstremum

prinsipidan foydalanamiz. (7) shart bajarilsin, u holda quyidagi ekstremum prinsipi o’rinli.
Ekstremum prinsipi. Agar b(x) = 0 bo’lsa, u holda D, yopiq sohada TC masalaning
u(x,y) yechimi, 0’zining ekstremal qiymatlarini fagat o © OA | da gabul giladi.

Quyidagi teorema o’rinli:
Teopema. Agar (5)-(8) shartlar bajarilsa, u holda TC masala yagona yechimga ega.

Ekstremum prinsipidan bevosita teoremaning isboti, ya’ni TC masala yechimining

yagonaligi kelib chigadi.
D sohada (1) giperbolik tipdagi tenglama uchun
u(x,0) =t(x), Uy, (x,0) = v(x);

boshlang’ich shartli Koshi masalasining yechimi[15],[16]

J

rQa)( 1 iy 1 77
[04
u(x,y)=— {—(—y)pz} j —x'2z-1)+ —(-y)"| x
I (a)p, oLq P, J
a-1 erz q pw%zl
x[z(1-2)]" 7 == x"2z-1)+(-y)"™ F(B1-p,a;p)dz -
L |

(21)
N It R O
Fz(l—a) (-y) JL XJ IL X (2z-1)+ (-vy) J X

rl-2a) M[ 1
_—q
P, 0 q P,

F(Bl1-pBl-a;p)dz.

g
J

x[z(1- z)]avjr&xq(Zz -1) + (—y)pz—|
ik |

ko’rinishda bo’ladi.



(21) ni (4) shartga qo’yamiz, u holda D5 sohada T(x) va v(x) funksiyalar orasidagi

funksional munosabatni olamiz:

(2™ a0 +v) v =

28 —1
N L 5, 1728 a+p, ) 5, 201
= k@P)TT o (PN Foe| g e [T () -
ST
11—+ 8
—(x?9)7 2 b(x), 0<x <h, (22)
_ a—pT(2F)
buyerda k = 2 o
(8) shart bajarilganda, (22) munosabatdan
1-20
N B pon 2B
T(x) = Fox 20— 2q| (D7 b()
1-— Z'S’XT

tenglikni olamiz. Ko’rinib turibdiki, TC masala (8) shart bajarilganda Dirixle masalasiga
ekvivalent ravishda keltiriladi.

2.3-§.Yechimning mavjudligi

TC masaladan a@(x) = 0 bo’lganda, T masala kelib chigadi. Shu sababli, biz mazkur

paragrafda fagat TC masalani garaymiz.

TC yechimning mavjudligini integral tenglamalar nazariyasini qo’llagan holda
isbotlaymiz. Bu masalaning D)4 sohadagi yechimi,

YUy + x"Muyy, =0 (1)

elliptic tipdagi tenglama uchun (2), (3) va wu,(x,0) = v(x) , 0<x<h, shartli ND masalaning

h hy

" n 0G
U(x,y) = =[xV(X)G (x,0;x,, y)dx + [y —| 0,(y)dy - [¢,(s)A,[G]ds,
0 0 ox x=0 o

(23)



ko’rinishdagi yechimi sifatida aniglanadi, bu yerda G (X, y;X,,Y,)- (1’) tenglama uchun

ND masalaning Grin funksiyasi [4]:

G (X, ¥iXy, Yo) = G(X, YiXg ¥y) = (R " a(x, y:;,;) (24)

ko’rinishida bo’ladi, bu yerda

q Py
2 1 2q 1 2p, o Xy Tk Yo
Ry = —X%x, +—vy"' Xg = —F Y, = ~.
q Py R, R,
a(x,Y;X,, Y,) esa(l’)tenglamaning
d
(X, ¥i %o, ¥o)| _, =0, a—ﬂl(x,y;xo,yo)L:0 =0
X

shartlarni ganoatlantiruvchi, fundamental yechimi bo’lib, u quyidagi ko’rinishga ega:

q(x, yi Xy, ¥o) = kxxo(rz)iaiﬂlile(l_ a+ pl-a,pi2-2a,2p,0,,0,). (25)

Endi (1) tenglamani D, sohada garaymiz

m2 n _
- (-vy) uXX+Xuyy—0, Xx>0,y<0

(1)

v

) Ah,0) x

(1°’) giperbolik tipdagi tenglama uchun

u(x,0) =t(x),uy,(x,0) = v(x)

boshlang’ich shartli Koshi masalasining yechimi



-5 B

jri><“(2z—1)+i(—y)"z1 x
Lq P, J

Ir'2a)( 1 o
u(x,y)=—, [—(—y)zJ
r'“(a) p,

0

Y R
x[z(1-2)] L_X (22—1)+(—y)p2J F(B1l-p.a;,p)dz -
q J
= 1—20{1 B
rd-2a) (1 o) 1, 1, 1 o |
. —(=y)7 || —x I —x (2z-1)+—(-y) | x
r(l-a) P, Lq J o[q P2 J

w%zl

—2x“(2z -1) + (—y)sz
J

©

N
—~

'_\

I

N
N
I_l
_J%

1

: F(B1-fA-aip)dz  (26)

ko’rishdagi yechimi sifatida aniglandi.

TC masalaning (2),(3) chegaraviy shartlari bir jinsli, ya’ni ¢,(s) = 0,¢,(y) = 0 bo’lsin

deb faraz gilamiz. (23) da y = 0 debolib, z(x) va v(x) orasidagi | oraligda, D sohaning

elliptik gismidan olingan, funksional munosabatni hosil gilamiz

7(Xx) =

h

(27)

Bu yerda quyidagi(1.1-paragraf )



F(a,b,c;z) = Az "F(a,a-c+l,a+b+1-cl—-z ")+

c-a-b 1

+ Az (- z) F(c-al-a,c+l-a-bl-2")

7F(c)1"(c—a—b) 7F(c)1"(a+b—c)
I'(c-a)l(c-b) ' r(a)r (b)
c—a-b=0,+1,+2,.; ‘arg Z‘ <7z, ‘arg(l— Z)‘< 7T,

c-a-b

F(a,b,c;z) = (1- 2) F(c-a,c—-b,c;z), ‘arg(l—z)‘< T

F(al-a+c,c;-z)=(1+ Z)C7l(\/1+_2+ \/;)z-za_u )

x F(c+a—1,c—£,20—1,4\/z(1+ sz +2) )
2

formulalarni ketma-ket qo’llaymiz va (27) ifodani

1-24,]
2

a - B,

—kx e V(t)F(a+ﬂ1,1+2ﬂl 1 2ﬂl;x_t\dt+
o X
+k—It 2 \7(t)(1—xt)’“’lFfa—ﬁ1,1_2ﬁ1,1—2,31;1—xﬂdt+

( 1+2p, w
a + B, A+28,;1—xt |dt,0<x<1
. \ 2 )

(28)

ko’rinishga keltiramiz. Bu yerda



7(x) = r[(qzx)ﬁq}, V(x) = v[(qzx)%“} ,

o 2%/78 [i] ‘ra- 28T (B,) = 2 M3 [i]wl r(B)T(-B)T (a + B,)
z », repg) = {», r@p)r-p)
Endi (1°) giperbolik tipdagi tenglama uchun Koshi masalasi yechimining (26) ifodasi
asosida,
o1 (c—a c+a-1 w
F(al-a,c;z)=(1-2z) "F , ,c;4z(1-2)
L2 2 J
formulani qo’llab,
[B,—a a+ f,-1]
2-a-3p, | ) | a+p,-2 B,-a
ufo 1 = 7, () 2 Foxﬂzl 2 _ g2 I< DI CORT AL CED R
X —
R |
[_1 - a - ﬂz a — ﬁ2—|
| ) ) a-p,-1
B,-1 2
. I x 29 _ ¢ [(x q) LoV
Ll_ ﬂzv qu J
(29)
tenglikni olamiz, bu yerda
1-24,
_ F(Zﬂz) a-p, F(Z_zﬁz) p1 a+3p,-2
yp= T2 , Vo= | — 2 :
rpg,) ra-p,) (L«
Endi (29) ni (4) shartga olib borib qo’yamiz, u holda
713,00 = 7,3, (x) = a()v (x) + b(x) (30)

munosabatni hosil gilamiz, bu yerda



f[a+pB-1 a+pB]

1-a-p | 1+a-38
0= —(x ¢ B C 2t
q |ﬂ XZq_th |
[T X ]
(31)
[p-a a+p-1]
| 2 2 | 2 a+f-2
XFOXI THT :( ) 2 or(x)
X —
B .
] x* ]
[a+p -1 a+p]
1-a-p | ) ) 5 | a+p-1
J,(0) = —-(x"") * F,| [(x*) 7 x
q |ﬂ XZq_th |
7 |
(32)
[1-a-p a-p]
oy L e
x F | b o 1(x*") 2 v(x)
1—,b’;X -t |
] x ]
(31)da x ni x%q gavat ni t%“ ga almashtiramiz:
% 1 d x a+fy-2 1%
Jl(x “j: —— [t r[t qul(a)dt, (33)
r(g)dx
bu yerda
lta-pf, o
K(c)=0c 2 jz“’”Zfl(az)fz(z)dz, (34)

0

a+ B, a+ﬁ2—1,ﬁ2;1_zw,

f,(z) = (z—l)f“lFf ,
L2 2 )



(a+ﬂ2—1,a+ﬂ2,ﬁ2;1_2\
2 2 )

f(z)=@-2)"""F
(34) integralni hisoblash uchun Mellin almashtirishini qo’llaymiz. Ya’ni [16]
x“[679,(x£)9,(6)dé & g, (s+a)g, L-a+f~5)
0

formulaga ko’ra, (34) ifodadan

O LA P LT
\ 2 ) 2

—

(35)
ni hosil gilamiz.
Ushbu [16]

- [l+a-c—-sl+b-c-s]
(x-1), F(a,b,cil-x) <« I'(c)I" ,
Ll—s,1+a+b—c—s J

Re ¢ > 0, Re s <1+ Re( a-c), 1+ Re(b-2c),

- [s,s+c—a-b ]
1-x), F(a,b,cil1-x) <« I'(c)I" ,
{s+c—a,s+c—bJ
Re ¢ > 0, Res>0 Re(a+b-c),

bu yerda

Fral,az ----- a,1  r(a)r(a,).r(a,)
Lb b, b J_ r)r,).reo,)’

formulalar asosan,



[ l+a-p, 2-a - pf,
=S - s, -s

K, (s) = I'*(p)r] 2 2
|ZI.—0(+ﬁ'27S a+ﬁ2

L 2 2

,Re s<0 (36)

hosil bo’ladi. Buni quyidagi

x“g(x) o g (s+a),

o1 1 [1-a'-b'-sl+a-c—-sl+b-c—-5s]
(x-1), F,(a,a’,b,b’,c;l-x1-—) < I'(c)

X Ll—a'—s,l—b’—s,1+a+b—c—s J’
Re ¢c > 0, Re s <1-Re(a'+h'), 1+Re(a-c), 1+ Re(b-c)
munosabatlar bilan solishtirib,
K, (s) & K,(o) = LAV (6 -1, "
r(2p,)

a + a + l-a + l-a + 1
( bo &+ Py b ﬂz,Zﬂz:l—o,l——W
L 2 2 2 2 o)

x F,

munosabatni olamiz.

(33) integralni quyidagicha yozib olamiz:



a+f,-2

Jl(x%qj—lim t 4 t 2 r(t%qul(o)dt—

£ 0 Fz(ﬂ) dx

0

|' a+p,-2 1 x—¢ a+p,-2 1 ,
- 21 lm | (x - ¢) 2 Tr(x-g)A”Klf M [t ¢ f(/“j—Kl(a)axdt I
ri,) 0| i ix-e) ) d
Endi d—Kl(O') ni hisoblaymiz. Buning uchun
O
d .
LI A-9g7(s-1 (38)
X
formulani qo’llaymiz, u holda
d {1_s,u+1_s,u+l_s]
—K,(0) & Q-9)K, (s-1) = Q=) (p)T] ? ? |
do |1-a + B, a+ B, |
—+1-5s,—+1-51+1-5s
L 2 2 ]
Shunday qilib,
d r’ — ) 28, -1
—K, (o) = LB (c -1)."" ZF(a + B, -1, i 25, —1;1—0),
do rpg,-1) \ J

Ushbu



a+p,

d 1-2p, x—-¢ 2a-1

x % —x 2 J't 2 r[tﬁqj(x—t)zﬂz1F(a+ﬂz,2ﬂ2_l,2/32;x_t\dt=
28, -1 dx ) L 2 )

1-a-38, 20 -1 L
= L x 2 (x-g)°? rr(x—g)Angﬁle(a+ﬂz,
28, -1 i J K

1-a-38, x-¢ 2a-1

+x 2 J't 2 r(t%q](x—t)zﬂz2F(a+/5’2—1,2ﬁ2_1,2,8 —1;X_th
0 K 2 X )

ayniyatga ko’ra, (37) dan ¢ — 0 da limitga o’tib, J,(x) ni aniglaymiz:

I 28,11

7a+ﬂ2 1-24, |a+ﬂ21 2 | 2a -1

L) =) —= (") R, 2 _ I(x“) 7 (x) (39)
X —
28,, -
L x° J
Shunga o’xshash, J,(x) ni ham hosil gilamiz:
a-f,-1
3,00 = (x") 2 v(x) (40)

Endi (39) va (40) ni (30) ga qo’ysak, a(x)v(x) + b(x)

l-a+p,

(x*") 2 a(x)+7, |v(x) =

20 | 2a-1 1-a+p,

I(x*%) 2 z(x) - (x"") 2 b(x)




[ 28, -1
1-2a 124, |a+ﬂ2:2—| 2a-1
V)= hg Tt —x 2 F| x 2 F(x)+ f(x)
7, dx |2ﬂ X —t | '
L 7" x ]
0<x<1, (41)
bu yerda
b , l1-a+p,
T T (@) ° (42)

(x*") 2 a(x)+y,

I-hol. My = m, bo’lsin. U holda (28) va (41) munosabatlardan 7 (x) ni yo’qotib,

quyidagini olamiz

~ 1 ~ ~ ~ ~ ~
V(X)+ ———[R, (V) + R,(V)]+ KR (V) = k,R, (V) = k,R, (V) = f(x) (43)
2sin 73
bu yerda
[ 28 —1] [ 1-2p1
1-2 1-28 |0! + B, 5 | 2p-1 |a - B, 5 | 2a-1
R, (v)=x 2 —x * F_| Ix * F_|I [x * v(x),
dx |2/3 X —t | |l 25 X—t |
L7 % ] ] Cx
[ 2p -1] [ 1-241]
1-2a 1-2p5 |0!+ﬁ, 5 | 281 |a—ﬂ, 5 | 2a-1
R,(V)=x 2 —x ? F_| Ix 2 F, | Ix 2 v(x),
dx |2,B X —t | 1|1—2ﬂ X—t |
L7 % ] ] Cx



r 28 -1
1-2a d 1-2/ |a+ 2 | ,ﬂl 2(17_1 1+2ﬂ X —t
R,(v) =x *» —x * F_| [x 2 J't 2 V(t)F(a+ﬁ, 1+28; Wdt,
dx |2,B x -t | g \ x )
L7« ]
[ 2p -1
e P w
R,(v)=x ? —x 2 F_| [x 2 It 2 y)(1-xt) "Fla-p, A-2p8:1-xt |dt
dx |2ﬁ X —t | 5 L 2 )
L7 x ]
[ 2p 1]
1-2a 1-24 ‘Cf + B, | 2a¢-11 2a-1
R, (V)=x * —x 2 F_| 2 [x 2 jt 2 V(t)F(a+,8,1+2'B,1+2,B;1—xt)dt,
dx PYR-=i 0 \ )
L7 x ]
. 27 r'a-p) . 1
4 r@-2p8) o2r@-2p)sin g
Hisoblash mumkinki [5],
R, (V) =V(x),
1-25 p
- - k. .(t v (t K, . G
Rz(v)zcos;z(l—zﬂ)v(x)+—3j(—\ i V()dt+—“j(ﬂ V()dt,
Ty \x) t—x ry\t) t—x
5 1-2p
1 —a o~ 1 ~
- t t) 2 t
R3(v)=—k5jfﬂ QI +ksj(—\ V()dt,
Lt ) t— X s\ x ) t— X
Kr@a-2p8) x) ' kK.I'(1-28) " (t %t‘””’l\ﬂt)
R,(V) = —— (—) \7(t)dt+3—j(— —"dt,
7 s\t 1-— xt z Y, 1-— xt
. bea 2
- X L tY 2z ot
Rs(v):—ksj(—w v (t)dt +k5J'(—) v (t)dt
s\t 1- xt s\ x ) 1- xt
cos 73 sin 7 (l—a — ) " _cos;zﬁsin (f - a)

bu yerda k, =

4 )
COS mx COS mx



rl+ 2ﬂ)F(£+aWF(£—aW
. 2 )2 )

5

2 1 .
IT'la+pB)Tl-—a+ p)I (*+ﬂw
\ 2 )

R,, R, ,R;,R, R, larning bu ifodalarini (43) ga qo’yib, ba’zi almashtirishlardan so’ng,

ushbu singulyar integral tenglamani olamiz

p(Z)+ﬂjMdn+jK(Z,n)p(n)dn= fo(z)0<z<1, (44)
o=z 0

bu yerda
p(z) = x'7 @+ x*)V(x),

A= ———EEEZZ1———- |<(Z’n) _ |<0(Z'n) - KO(Z,Z)

7z(l+sin7zf)’)1 n -z

1 - —a+ -a
Ko(z,ry)=—Z[ks(l—xt—t”+ﬂ+xt“+ﬁ Nk, Q- xt -t et ],
1-t

1-2p
f,(z) = kyx 2 (1—x")f(x),

k, .k, k,-ma’lum o’zgarmas sonlar.

Shunday qilib, biz TC masalaga ekvivalent bo’lgan (44) singulyar integral tenglamani hosil
gildik. Bu tenglamaing h(o) sinfda, ya'ni z — 0 da chegaralangan funksiyalarsinfida,

indeksi nolga teng [5]. Karleman-Veksa usuli [20] yordamida (44) tenglamani Fredgolm 2-tur
integral tenglamasiga olib kelish mumkin, bu oxirgi tenglamaning yechimga ega ekani Trikomi
masalasi yechimining yagonaligidan bevosita kelib chigadi.

[I-hol. m, < m, bo’lsin. Bu holda ham (28), (43) dan 7 (x) ni yo’qotamiz, ya’ni
V(x)=A4,P(V)+ A,P,(V) + A,P,(V) + 4,P, (V) + AP, (V) + f(x) (45)

bu yerda



ra+ﬁ 2p, 1] ra_ﬁ 1-2p,
1-2a 1-24, | 2 ) | 24,-1 | 10 ) | 20:-1~
P(V)=x 2 d—x 2 FOXI : Ix 2 FDXI t Ix 2 v (x),
X X — X —
28, 1-2p8,,
L7 x ] ] Yox ]
[ 2p,-1] [ 1-2p,1
1-2a 1-28, |0!+ﬂ2, 2 | 24, -1 |a—ﬂ1, ) 1| 2a -1
P,(V) =x 2 d—x 2 FOXI t :X 2 FXII . IX 2 v(x),
X X — X —
28,, 1-24,,
L7« ] ] Yoxo ]
r 2p, 1]
1-2a 1-24, |0! + ,82, | 1426, 1 2a-1
~ 2 ( 1+ 2p, X — W
P,(V) =x ? d—x 2 F, | L [x 2 Jt 2 V()F|a + B, 1+ 28 dt
X - X
|2ﬂ2¥ | 0
] X ]
{—a+ﬁ 2/3271—{
1-2a 1-2p5, 2 20-11 2a-1
2 — - _ 1-2
P(V)=x 2 —x 2 F_| [x 2t 2 v()1-x) ““F(a—ﬁl,—ﬂl,l—zﬁl;l—xﬂdt
dx | X —t | 5 L )
PR
. |ra+ 2ﬂ2—ﬂ|
1-2a -28, 2 20-11 2a-1
P _ 2 _ 2 2 2 2 ( 2ﬂl . W
L(V) = X X Fo | x J’t VIOF| a + B,, 1+ 28,;1— xt |dt
dx | X =t | 5 L
PR

A, (i= 1,5) - berilgan o’zgarmaslar.

Endi P, P,, P,, P,, P, ifodalarni hisoblaymiz.



1-2p, s 2p,-1

~ x ? d . 28, -1 X -t
P,(V) = —x o Jre W*U”“F(“*’ﬂzl P22 25, ot »
r-2p,)r(2p,) dx , L 2 X )
t 2a-1
. 1-2 t—s)._
xjs 2 (t-s) zﬂlF(a - B, i 1-28; WV(S)ds =
. \ 2 )
1-2a
X 2 d 1-28, x 2a-1 X 2p,-1

28,-1 28,
X

= —x 2 J‘s 2 V(s)dsjt 2 (x=t)7 (t-5s)
r@-2p,)r(2p,) d ) S

xF(a+ﬂ2,2'B2_ 2,32;X_tWF(a—,311 ﬂll—Zﬂlt_S\dt:
N 2 X N t )
x [ 20;71 1-24, x 2f,-1
- ! f\7(s)|(i) LN Jt 7 =0 (=) x
r(1-2p,)r@2p,);, |L\x) dx 5

) 1-28, x 2p,-1

P,(V) = X —x ? [t (x—t)zﬂz_lF(a+ﬂ2,2ﬂ2_1,2ﬂ2;x_t\dtx
r@a-28,)r@2p,) d ! L

1 2a-1

x[s V(s)(s—t)’”lF(a - /31,1_ 25, 1- Zﬂl;t_—s)ds
0 \ 2 t

O’ng tomonda turgan ichki integralni quyidagicha yozib olamiz:

u holda



1-24, (x 2a-1 s 2f,-1

X 2 d e

P,(V) = —x ? {[s ?V(s)ds [t ? (x —t) (s - 1) x
L% 0

r-24,)r(2p,) d

xF(a+ﬂ2,2ﬂ2_l,2ﬂ2;x_t\F(a—ﬂl,ﬂ,l—wl;t_s)du
\ 2 x )\ 2 t )

1 2a-1 X 2f,-1

+J‘S 2 V(S)dSJ‘t 2 (X—t)zﬂfl(s—t)fzﬂlx

xFfa+ﬁ2,2ﬁ2_l,2ﬂ2;x_t\F(a—ﬁl,l_zﬂl,l—wl;t_ﬂdtl
\ 2 x )\ 2 t ) )
yoki
1 TS R =V Ve
P,(V) = jﬂs)'f—ﬁ —x [t (=0T s )
F(172ﬂ2)1"(2ﬂ1)l0 Ika) dx ?
xF(a+ﬂ2,2ﬂ2_ 28, X_WF(a— o — 'Bll—Z,b’lt_—\dtwt
2 X ) )
v [Ty ez
+I‘7(S)|(_W —x ? [t 7 (x - )" (s —t) " x
g | x ) dx f
L
xF(a+,BZ 26, -1 Z;X_WF(a— ll_zﬂll—zﬂl t_—ﬂdt
2 x ) )



) 1-28, s 1+28, B B
P3(\7)=X—d—x Pt (x—t)wz_lF(a+ﬂ2,2'B2 1,2,82;)( t)dtx
ra1-2p,) dx . L 2 X )
x[s V(S)F(a +ﬂ1,1+2ﬂ1 1+ Zﬂl;t_—swds =
" \ t )
1 |— el 1-2p, x  1+28,
:;ﬁ(s)'(ﬂ LI [t ° (x =) x
ra-2," |L\x) dx )
xF(a+,BZ,2'BZ_ 28, X_WF(OH 11+2ﬂ11 28, _SWdtTds
L 2 x ) ) J
1 [ 2e 1 1-24, x 2a-1
P,(v) = [v s)Miw L [t (x —t)*7 27 (1 —st) * x
ra-2,1 lka) dx )

1 [ q 20;71 1-28, x 2a-1
Py (V) = [v S)W-W —x ? ft? (x-n)T
ra-24," |ka) dx )
xF(a+ﬂ2 2ﬂ2_12,82;x_qF(a+ ) ﬂ1,1+2/31;1—st\dt1ds
x )\ J
Demak,
X X 1
P(V) = IV(s)Kn(x,s)ds , P(V) = [Ko (X, )V (s)ds + [V(S)K,, (x,8)ds

0 0 X
P,(V) = [V(s)Ky(x,s)ds P,(V) = [V(s)K, (x,5)ds ,

0 0



P, (V) = [¥(s)Ky (x,5)ds |

0

bu yerda
2a -1
l S T 12ﬁ2x Zﬁz
K, (x,8) = - It 2 (x-t) (s -t) P x
ra-28,)r2p,)\x) dx
(46)
2 -1 -t 1-2 t -
XF(a+ﬁ2, A ,252;X WF(a—/fl, 'Bl,l—Zﬁl; S)dt
\ 2 x ) 2 t )
2e 1 1- Zﬁzs 26,1
K, (X,s) = ! b a4 It 2 (x-0) (s —t) P x
ra-2p,)r@p,)\ x) dx
(47)
xF(a+ﬁ2,2ﬂ2_1,2ﬁ2;x_qF(a—ﬂl,l_zﬂl,l—zﬂl;t_—ﬂdt
\ 2 x ) U 2 t )
- 12525 26,1
K, (x,s) = ! Al a4 It 2 (x=t) (s —t)y P x
ra-28,)r@2p,)\ x) dx
(48)
XF(O(-FﬂZ 25, - 2, X_WF(a— o — 'Bll—Zﬂl_—Wdt
2 X ) )
2a -t 12/52x 12,
1 2 d
A p—— jt SCE
ra-25,)\x) dx
(49)

xF(a+ﬁ2,2ﬁ2_1,2/32;x_qpfa+/;1,1+2ﬂ1,1+2ﬂ1;t_—ﬂdt
\ 2 x )\ 2 t )



20 -1

1 s) 2 d

1-28, x 2a-1

K,(x,s) = ———| = —x * ft? (x -t)?72 7@ -st)
ra-25,)\x) dx 5
(50)
28, -1 - 1-2
XF(a+ﬂ2, a ,2/5'2;)( WF(a—ﬂl, ﬁl,l—zﬂl;l—stht
\ 2 x )\ 2 )
H g 1 2a
KSl(x,s)z; hd d—x 2 J't 2 (x - t)? t x
raqa-25,)Ux) dx ,
(51)
x F(a + ﬁz,zﬁz _1,2,82; X_t)F(a + ,6’1,1+ 25, 1+ 281 stwdt
2 X L 2 )
Shunday qilib, (46)-(51) ga ko’ra, (43) tenglama
1
v (x) + jV(s)K(x,s)ds = f(x) (52)
0
ko’rinishga keladi. Bu yerda
K(x,s) = K (x,s)+ K,(X,s) (53)

[K,(x,8)+ K, (x,s),agar 0 < s < x

K,(x,s) =

[Kzz(x,s),agarx <s<1

K,(x,s) = K, (x,8)+ K, (x,8)+ K, (X,5s)

K (x,s) yadroni baholaymiz. (46) tenglikni 0’ng tomonida turgan integralda

t = s + (x — s)z almashtirish bajaramiz, u holda



2a -1

1-2p,1

2 24,1
K, (X,s) = klfi\ —x 2 J[s+(x—s)z]f[(x—s)—(x—s)z]zﬂrl(x—s)kwlz’wi><
Lx) dx .
( 2p, -1 X — S w 1-28, (x —s)z
xFla+ g, ———2p,; 1-1z2)|F|a -4, 1-2p;————|dz =
\ 2 X ) s+ (x—5)z
ot 1-243, M 1 2p,-1
= kl(iw —x 2 s 2 (x=9)" 2 7= )
L x) dx .
( 28, -1 X—s W [ 1-2p, (x —s)z
xFla+p,, 2B, —— A -2)|F|a - B, 1-2p,———— |dz
N X ) s+ (Xx—5)z
Bu yerdan ushbu (1.1-paragraf)
(C,,agarc —a-b>00<7z<1,
|
F(a,b,c,z)<{C,(1-2)" "",agarc —a-b<00<z<l,

|
|
LC3(1+ |In(1— z)|),agarc -—a-b=0

baholarga asosan,

d
—F(a,b,c,z) = F(a+1,b+1c+1;z)
dz

tenglikni hisobga olib, quyidagini olamiz:

2a-1
T, 2p 1+28, 1-28,

s) 2 — , ,
|Kn(x,s)|§{;} s 2 |Cx ? (x =) pcox 2 (x-s)h

-1
2

1-2p, s 2 1-2p, —|
+C.x ? (x—s)w?*wl(—w +C,x °? (x—3)2”2’2ﬂ1|:
]

X
a+pf,-1
1 —a- _ S _2p. -
=C s X (x - 5)* 2ﬂ1+C2(—) (x — )22ty
x )
3
s B, ; s a+f,-1
+c3(—w (x - s)""" “’1+04f—w (x —s)* /2,
L x x)



Xuddi shunga o’xshash K, , K, K, , K, K larni yugoridan baholaymiz. Ushbu

[11]

d -1 c-2
—[2"'F(a,b,c,2)]= (c—1)2° °F (a,b,c - 1;2)
dz

formulaga asosan, (54) ga asosan,

2a -1 1

31 1-28, —a-— 1'|
S 2 3B,—-— —=B, —( S 2 py-2p+—
‘KZl(X,S)‘S(—] | C,x 2g2 +C,x 2 (_w S 2 | =
Lx) x) |
po-28-= S-p
=Cls“_ﬁz_2ﬂlx3ﬁz_“_l+czs B VE I (55)
a—-f,-2p; 2B,-2p8,-—
— C (_W X252’2ﬂ1’1 C (_\] -2p,+1
- 1 2
\x) \x)
2a -1 ) )
(Sw 2 |— (SW_ . 2p,-2p SW_ 8 25 72ﬂ—1—|
‘Kzz(x,s)‘s — |C,| — x4 CL — X (56)
CYRNIRYY Lx) |

Xuddi yuqoridagidek, ko’rsatish mumkinki, K, (x,s) yadro ham kuchsiz maxsuslikka

ega bo’ladi.

Demak, (52) tenglamaning K (x,s) yadrosi kuchsiz maxsuslikka ega, chunki
my << my yoki —1 << 235, — 28, — 1 < 0, va (52) Fredgolm ikkinchi tur integral

tenglamasi C 2 (0,h) sinfda yotuvchi yagona yechimga ega bo’lib, bu yechim x — 0 da

n+2
N, +2

dan kichik tartibda cheksizlikka intilishi va x — 0 da chegaralangan bo’lishi mumkin.

(52) integral tenglamani yechib, v(x) funksiyani topamiz va (27) munosabatdan 7(x)

funksiyani aniglaymiz, bunda T(x) € C[0, h] N C2(0,R) bo’ladi.

TC masalaning D, sohadagi yechimi, (1) elliptic tipdagi tenglama uchun ND masalaning



u(x,y) = —jx”v(x)G(x,O;xO, y,)dx +

0

v 0G
F 1Y 0 (Y - [0,(9)A, (G ds
o oX |, i

ko’rinishdagi, bu yerda y(x) = (x,0) - G (X, ¥: X%y, Y,)

- Grin funksiyasi va D, sohadagi yechimi esa, (1) giperbolik tipdagi tenglama uchun ushbu
u(x,0) = 1(x), uy(x,0) = v(x)

boshlang’ich shartli Koshi masalasining quyidagi

-84 B

Irixq(22—1)+i(—y)p2—| x
L o, ]

I'2a)( 1 b
u(x,y)=—, —((y)
I

d
J

x[z(1- z)]“rjr&xwzz—m (—y)‘“1 F(B1-pB.a;p)dz -
e J

_ 124 4 B
L] R Iix‘*(22—1)+i(—y)”zT x
PN J

rl-2a) _,,
—) 1
p, q p,

- Fz(l—a)

0

w%zl

x [z(1- z)]avjr&xq(22—1)+ (-y)"™ F(Bl-pl-—a;p)dz.
1 |

ko’rinishdagi yechimi sifatida aniqlanadi.



XULOSA

Mazkur ishda aralash tipdagi elliptic-giperbolik tenglama uchun Trikomi tipidagi
chegaraviy masalalar o’rganilgan bo’lib, u kirish qismi, ikkita bob, xulosa va foydalanilgan

adabiyotlar ro’yxatidan tashkil topgan.

I-bobda matematik analiz kursidan ma’lum bo’lgan, gamma va beta funksiyalar haqida,
maxsus funksiyalar nazariyasi bo’yicha ba’zi ma’lumotlar keltirilgan hamda umumlashgan kasr
tartibli integral operatorga ta’rif berilgan. Bundan tashqari, matematik fizika tenglamalaridan
bizga ma’lum bo’lgan, giperbo’lik tipdagi tenglamalar uchun qo’yilgan chegaraviy masalalar
yechimining yagonaligini isbotlashda energiya integrali usuli qo’llanilishi va aralash tipdagi

tenglamalar tushunchasi yoritilgan.

[1-bob ikkita buzilish chizig’iga ega va turli tartibli aralash tipdagi tenglama uchun
chegaraviy masalalarni o’rganishga bag’ishlangan bo’lib, unda Trikomi tipidagi TC va T
masalalar yechimning mavjudligi va yagonaligi isbotlangan. Yechimining yagonaligi energiya
integrali usulida va A.V.Bitsadzening ekstremum prinsipi yordamida, yechimning mavjudligi esa

integral tenglamalar nazariyasini qo’llagan holda ko’rsatilgan.

Magistrlik dissertatsiyasida olingan natijalar, aralash tipdagi tenglamalar nazariyasidagi
yangi muhim masalalarni hal etishda va bunday tenglamalarga keltiriladigan amaliy masalalarni

yechishda qo’llanilishi mumkin.
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