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L. Kirish. Yigirmanchi asrning o‘rtalaridan boshlab, “aralash tipdagi tenglamalar” deb

ataluvchi va gazlar dinamikasi, suyuqliklar dinamikasi, sirtlarning cheksiz kichik bukilish
nazariyasi, matematik biologiya va boshqa fan tarmoqlarida ko‘plab tatbiglarga ega bo‘lgan
differensial tenglamalar jadal o‘rganilmoqda. Aralash tipdagi tenglamalar nazariyasida dastlab
klassik chegaraviy masalalar, ya’mi soha chegarasming to‘hq yoki ba’zi  qismlarida
funksiyaning qiymati yoki hosilasining (aniq yo‘nalishl)) qiymati yoki ularning ba’z
kombinatsiyasi berilgan masalalar tadqiq qilingan [1-3]. Mana shunday masalalardan bir

Trikomi  -Neyman masalasi  bo‘lib, €Qg- ellipugk sohaning o©o egri chiziqda

u(X’y):¢(le)’(X1y)ego, @ ChlZl(lda U|@:l//1(y), OS ygl/\/i’ Ql_
giperbolik sohaning OA chiziqda u (X, y)‘a =f (X) , 0<Xx S% bilan berilgan shartli masala

[1] 1shda o‘rganilgan. Ushbu maqolada o‘rganilayotgan masala Trikomi-Neyman masalasining
analogi bo‘lib, - elliptik sohaning Eo egri chiziqda U(X, y) = (D(X, y), (X, y) S go ;
ou

OB chiziqda % = l//z(y), 0<y<1/ \/E ; Q- giperbolik sohaning DA chiziqda
OB

1
u (X, y)‘ﬁ =f; ( X) , E < X £1 shartlar bilan berilgan masaladir [4-5].

II. Masalani qo‘yilishi
XOy tekislikda Q- bir boglamli soha, o, = {(X, y) DX+ y2 =1 0<y< X}

chegaralangan egri chiziq, va OB,0D,DA y=x, y=—x, Y=X-1 to’g'ni chiziglar bilan
chegaralangan soha  berilgan  bo’lsin. Bu yerda O (0, 0) , A(l, O) ,

B(l/\/zl/\/g),D(l/Z,—]./Z). Q sohant Yy>0, y<0, y=0 mos ravishda €, ; OA

sohalarga ajratamiz. ;- elliptlk soha , Q- giperbolik soha OA- tip o’zgarish chizig’
deyiladi.

TN® masala: Q sohada Trikomi masalasini qaraylik.
Q sohada

Uy +Signy -u,, +(24/x)u, +signy(28/y)u, =0, (1)

(1) tenglamani shunday U ( X, y) eC (5) regulyar yechimi topilsinki, quyidagi ulash
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. 25 . C
yIl_)r[10(—y) uy(x,y):yll_)Toyzﬂuy(x,y), 0<x<1; 2

va chegaraviy

u(x,y)=e(xy), (xy)eoo; 3)
0
a =y,(y), 0<y<1/2; (4)
én@

1
(%Y = fu(x), 5 <x<l, ()

1 1 1
shartlarni, hamda f,(0)=¢1,0), v,(—=)=¢p(—=,—=) kelishuv shartlarini
2o T2'2

ganoatlantirsin.
Quyidagi belgilashlarni kiritib olamiz

u(x,+0)=u(x,-0)=17(x), 7(x)eC[0,1]nC?*(0,1) (51)
lim (=y)*u, (x,y)=v(x). v(x)eC?*(0.) G)

bu yerda (/)(X, y) W ( y), fl(X) -berilgan funksiyalar f=conste R,0< <1/2.
2
N )masala yechimining yagonaligi. Faraz qilaylik masala yechimi ikkita bo’lsin va ular
ayirnlasini u (X, y) = Ul(X, y) - u2 (X, y) bilan belgllayhk u holda
(p(X, y) =y, ( y) = V(X) =0 bo’ladi. Q, sohada U (X, y) funksiya tenglama yechimi
ekanligidan foydalanib, (Xy)zﬁ u (X, y) funksiyanmi (1) tenglamaga ko’paytirib, divergent
holatga keltirib olamiz.

Sj)j (xy)2ﬂ (uf + uj)dxdy = g {[(xy)Zﬂ uuxl( + [(Xy)zﬂ uuy}y}dxdy.

: - : . ou
Grin-Ostragradiskly  formulasiga asosan (2) shart va u ‘O_— (X, y) =lim 8_ =0,
0 Xx=>Yy on

tengliklarga asosan

jj(xy)zﬂ(uf+u§)dxdy:0 (©6)
Q

bo‘ladi. (6) tenglikdan Qg sohada U(X, y)ECOHSt tenglik hosil bo’ladi. Qo sohada
u(x,y) e C(ﬁo) va u(X, y)|g0 =0 shartlarga asosan U(X,Y)=0 ekanligi kelib chigadi, bu
esa TN masala yechimi yagona ekanligini bildiradi.

Endi masala yechimi mavjudhigini ko’rib o’tamiz.

TN® masala yechimi mavjudligi. Q, sohada TN(Z)masala yechimi ko’riishi

quyidagicha yozib olamiz

153



IJODKOR O‘QITUVCHI JURNALI
5 APREL /2023 YIL / 28 —SON

1
u(x,y) =—[E#v(&)Gy(&,0;%,y)d&E -
0

iINA
~2 | 774ﬂl//2(77)8—anG3(77,77;x, y)d77+j(g;;)zﬂ(p(f,n)%Gg(é,n;x, y)ds.
0

o0
7)

(7) yechim [2] (1) tenglamani € sohada (3) va (4) chegaraviy shartlarni hamda (5.2)
belgilashni ganoatlantiruvchi yechim formulasidir.

Bu yerda S — O, egri chiziq uzunligi, N— ichki normal
Gy (Emxy)=q(Emxy)-(2) " a(Emxy)+
s, (Emxy)—() " gy (emxy),
(& mxy)=k(n,) " F(B.B.2p1-0),
G (&% Y) =Ko (1) P (1- ) P F(1- B.1- B,2- 21— )
=x"+y> x=x/t2 y=yIr

2 .2
rj2 = [x +(-1)’ 5} +[y -(-1)’ 77} i=12;
k =4277T%(B) [ A (28)],
k, =470 (1= B) [ A (2-2B) | 1-w=16&nxy /(K717 ); F(a,b,c;X)- Gaussning
gipergeometrik funksiyasi (]
(7) tenglikdan y =0 chiziqdagi qiymatini hisoblab (51), (5:) belgilashlarga asosan T(X)

va V( X) funksiyalar orasidagi funksional munosabatni olamiz.

1 U2
£(X) =] £V (£)8(£.0:%.0)dE V2 ] 5y (1) = Gy (i 0)dly +
0 0

2 0 .
+[(én) w(é,n)%Gg(é,n,x,O)ds, 0<x<l. (8)
o0
(8) tenglikda X[ X% almashtirish bajarib va X/HIZV(XUZ) =v(X) belgilashni kiritsak

F(X7) = M- 2D (] T 28) D ()] -

U2
2 [ 5"y, ()Gy (7,1, X" ,0)drp +
0

1/2
06y (£m.X%0)

[ o=
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POl -6 - 0 ot ©

tenglik hosil bo’ladi. Bu tenglik € sohada 7(x) va v(X) funksiyalar orasidagi
funksional munosabatdir. Endi € sohada 7(X), v(X) funksiyalar orasida funksional
munosabatni olamiz.

U(X, y) - funksiya €} sohada masalaning yechimi deb faraz qilaylik va (5.1) va (5.2)
belgilashlarni e’tiborga olsak, (V(X)- funksiya X -1 da 1—2/ kichik taritbda yaqinlashadi)

(), masalaning yechim

0(0y) = fe(6)2(0-2)] "o -

1 —_
-, (—xy) " [P (6?) 2(1-2) ] ez (10)
0
ko’rmishda bo’ladi. Bunday masala ko’rinishi o’zgargan Koshi masalasi deyiladi,
bu yerda & :(X+ y)2 —4xyz, y = F(Zﬂ)/rz(ﬂ), Yy = F(l— Zﬁ)/l“z (l—ﬂ);
I ( Z ) - gamma funksiya.

(10) tenglikni (5) shartga bo’ysundiramiz, ya'ni DA chiziqdagi ifodasimi topamiz.

AT () L-x)" DL [ (- %) e (x2)] -

_7/242/3—1F(1_IB) Dflllzxﬂ; (1_ X)—uz V(Xuz)} — fl[(\/;+1)/ 2} , 0<x<1,

(11)
bu yerda D)fi) - integrodifferensial operator ko’rinishi | |
b
_ (fa) [t o1t agar <
Dgo(x)=4¢(x), agar a=0;
n
(—1)”%be‘“(p(x), agar «a >0.

(11) tenglikga (1— x)?* _1F( p ) / F(Z p ) ifodani ko’paytirib,
DDy 0(X) = 0(x),
D% (1-x)* D& (1-x) f(x)=(1-x)"" D2 (%),

tengliklarni e’tiborga olsak,
12 2p-1 -1/2 12
T(X ):73Dxlﬁ [Xﬂ v(x )}L
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+7,(1-x)" Df{(l—x)zﬂl fl[*/;”H, Loxst, (12)

2 2

hosil bo’ladi. (12) tenglik € sohada T(X) va V(X) funksiyalar orasidagi funksional
munosabatdir.
Endi (9) va (12) tengliklarni e’tiborga olsak,

D (0] + 2 r -2 DY V() +
k, 1 -2p 25 25 (
+Ejv(t)[(t )7 = (@) ==t Jdt=(x), 0<x<1, (19)
0
buyerda ys=y3+ 7%, Vo= klr(l—Z,B)/Z,

O (x)= I(577)2'8(0(6,77)%63(5,77;X”Z,O)ds_

o0

1/\/5 a
—~2 [ 7%y (n)==Gy(n.m:x"?,0)dn
0 on
1
7, (1-x)"" di Ja-t? (Ve +1/2)(t-x) 7 dt.
X X
(13) tenghkga D)l(fﬁ operatorni qo’llab, quyidagi tengliklardan foydalansak,

DD (x) = f(x).

DL D (x) = cos(L—2)r f (1) - nd—2A) }(H j”” () g
T

o\1—X t—X
1 1 — \1-2p
DL 2/ jf(t)[(litx)_zth __1 j(“t) 'O 4 0<x<1
0 I'(2p))\1-x 1F &
1 1 1-2p
L2 | [ (1)t +x) 2 dt |=— j(l”j Mg, 0<x<1
0 I'(28)o\1-x t+ X
hosil bo’ladi.
_rjfi-t Hﬂ{ 11 }V t
V() ”f{(l—xj t-x  1-tx (t)at+
7, i 1+t 1‘”[ 1 1 }
—)| ————— |p(t)dt =y, @ , 14
+7z£(1—xj t+X 1+tx p(1)dt=7,®, () (14

buyerda ), = COSﬂﬁ/(1+ sin ﬂﬂ)
@, (x)=20(S+1/2)[(L+sin fz)T (- +1/2)] DL (x),®,(x) e C{%,l}mcz(%,lj
(14) ifodada ba‘zi shakl almashtirishlarni bajarib, &= 2t/ (l+ t ) Y= 2x%/ (1+ X4)

belgilashlarni e’tiborga olsak, quyidagi singuliyar integral tenglama hosil bo’ladi.
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7’71/)1(5)
o(Y)— dé=d,(y), 0O<y<l, (15)
1(Y) ﬂgé—y 2(Y)

bu yerda

2 (Y)=@A—x) A+ x)A+x)v(x),

cbz(y):cbl(x)—iM (.6)& Y2 (£)de.

M (y.€)= (7, / 27) (1+x4)(1+x2)_ (1+t4) {(14)%_1}

L+ tX)(t+ X)L+ [1— £2)V2 | \1+t
Teorema: Agar (p(X, y) = y“goo(x, y), (po(x, y) € C(G_O), a>1;
va(Y)=Ywo(¥),  wi(y)eCloin2],  s5>2; f,(x)=(1-x)" fs(x).

1 1
f (X) eC! [E ,1} NC? (E ,1) , ¥ >0 bo’lsa masala yechimi mavjud va yagona bo’ladi.
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