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Faraz gilaylik, 2 — X va Y o’zgaruvchilar tekisligidagi chekli, bir qiymatli soha bo’lib,
y >0 bo’lganda

ly| uy—u, =0 (m=const>0) (1)

tenglamaning

m+2 m+2

y2 =0, AC :x+
m+2 m+ 2

OC, :x—

xarakteristikalari, Y <0 bo’lganda esa (—y)m U, —U,, =0 tenglamaning

m+2 2 m+2

2 e mre
OC,:x———(-y) 2 =0, AC,:x+ -y) 2 =1
) m+2( y) 2 m+2( y)

xarakteristikalari bilan chegaralangan.
Quyidagi belgilashlarni kiritamiz:

Q,=QN(y>0),0,=0N(y<0),
J={(xy):0<x<l,y=0},28=m/(m+2)

6,(x) = % +i (—X(m; 2) )M , 0,(X) = % —i (—X(m; 2) jmz

bu yerda 6,(X) va 6,(X) lar (1) tenglamaning (X,0) € J nugtadan chiquvchi

xarakteristikalari bilan OC, va OC, xarakteristikalarning kesishish nugtalari koordinatalari.
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(1) tenglamaning C* (Q) NC? (Ql U Qz) sinfga tegishli bo’lib, Q, va Q, sohada bu

tenglamani ganoatlantiruvchi U(X, y) yechimi (1) tenglamaning  sohadagi regulyar
yechimi deyiladi.

Masala. (1) tenglamaning € sohada regulyar bo’lib,

F,, {: gb(x)}u [6,() ]=a;(x)U (x,0)+b;(x) (2)

shartni ganoatlantiruvchi U(X, y) funksiya topilsin. Bu yerda a,b,c—haqigiy sonlar

g(x) =x%,a,(x), a,(x), b, (x), b, (x)—berilgan funksiyalar.

a, b . . . . _ _ |
F L g (X)} —funksiyadan boshqa funksiya bo’yicha olingan integrodifferensial operator [19].

Quyidagi teorema o’rinli bo’ladi.

Teorema. Agar a,(x),a,(x),b,(x),b,(x) € C3(J) va a,(x) # a,(x), -1<y+ <0,
Cc—a—b >0 bo’lsa, u holda masalaning yagona yechimi mavjud bo’ladi.

Isbot. (1) tenglamaning 2, U €, sohadagi
u(x,0) =7(x),u,(x,0) =v(x), (x,0)€J

shartlarni ganoatlantiruvchi yechimi quyidagi ko’rinishda bo’ladi [14].

_T(2p) | 2 mE L o
u(x,y)_rz(ﬂ)l{x+m+2y (2t 1)}[t(1 )] dt+

+—

r*@-p)

va

re-24 ¢, 2 ™ R
y'([v{x+m+2y (2t 1)}[t(1 )] dt,@)

r'(2p) ¢ 2 e a
u(x,y) = rg(g))g{x+ m+2(—y) 2 (Zt—l)}[t(l—t)]ﬂ dt +

r(2-2p8) ¢
Tap

<

{X n L(_y)mgz(m _1)}[t(1—t)]'8 dt.(4)
m+2
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Endi U[é, (X)] ni hisoblaymiz.

Agar (3) yechim formulasidan foydalansak,

u[el(x)]—r(zﬂ)j [ m2 m*2 ot 1)}[t(1 O] Hdt +

T“(8) %
r2-28)[m+2 A2k [x 2 me2
. ﬂ)[ . } !v[i = (@& 1)}[t(1 t)] " dt =
- ?2@‘2 Jroolta-0]" s Te-2) s 2) _ xl-wiv(xt)[t(l_t)]ﬂ i

Agar oxirgi integralda Z = Xt almashtirish bajarsak , u holda

_T@P) o . 2V @22 n
-1 (252 o

Xuddi shunga o’xshash U[#, (X)] ni hisoblab,

125
oo, = e 0y M 2 | EEE g () 0

tenglikni olamiz. Bu yerda I"(z) — Eylerning gamma-funksiyasi.

ufé,(x)] va ufé, (x)] larni ifodalarini (2) chegaraviy shartga qo’yib

r'(2p) Fo{ :| X2/ DA xP 2 (x) — r2-2p) (m+ 2) F0X|:0!,,‘Z}D£(1Xﬂv(x) —
y X? VX

N05) ra-p) \ 4

a,(Xv(x)+b,(x), (x0)ed;

T | yx ra-g \ 4 Vi X

a,(X)v(x)+b(x), (x0)ed

ifodalarni hosil gilamiz.

Bundan esa
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I(2p) m+2\"" T2-2p) _

J b.(x), j=12 (7
205,00+ TR, 00 -8, 000 (04,0, 1120

ifodaga ega bo’lamiz. Bu yerda

J,(x) = FO{ ﬂ} X2P DX (X),
7, X

7(X) = 7(v/X), v(X) =v(/X).
J,(X) = Fox L(T’Xﬂ:| D£<_l X_ﬁ‘j(x),

Ko’rsatish mumkinki,

l,+c,

R 2 R () =2 () ) o

1 X 21

l1+c,+1, ¢, +1, 1+a,+b, +l, a +b +I
O, a1+b1_cl’ 2 21 2 2, 2 2 2’ 2 2 2

2
X
G| 2 S : 2 o
y a—c, b—c 1+a, +1, a+l, 1+b,+l, b,+l,
1 1 2 1 2 1 2 1 2
Isbot. Yuqoridagi formulalardan foydalansak,
W 1-2p+c y # y #—OH-;/, #4—% —%, —g
J :22_ﬁ y Y p-1 G40 J dy =
(%) ng (X) YTXGE L 1T 5s 1 sg . y
—r, —a+y, -=, 0
2 2 2 va
w3p X %H y #—0[4—7, 1_25ﬂ+7! _%! _g
T N p-1_ G| L d
X !y YNGR 1 Tas 1sp . y
s —-a+ty, -, 0
2 2 2
1
l-a+y, 1-p+y, E

x B
_ -—
L00=2""x [y Jy " vyxGx) 2 dy
0

Agar yuqoridagi tengliklarni inobatga olsak,

TP , ., T@-28)(m+2)* =~
'(B) J;(x) ri- ) ( 4 j J,(X) = a2(x)v(x) +b2(x) (8)

1-2
s T2 St s
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ifodalarni hosil gilamiz.

Agar (8) va (9) tengliklarni hadma-had qo’shsak,

_T2p)
2"y 4100 = (@09 + 3200 09+ 619 + 2 ()
?a?JU)(%“”ﬁ(”WWHﬂMm+bu»<m)

(9) tenglikdan (8) tenglikni ayirib,

re-28)(m+2\" ~ .
Zfa—ﬂ)( 2 ) 3,00 = (2,00 = 3, 0O () + b, (x)~b, (x) yoki

l1-a+y, 1-F+y, %
dy =

2-p 3-p
2 12

re-2p)(m+2\"™ L, b7 e ]y
o 220 [y y Tviyxeg| <
0 l-a-p+y,

~ (8002209 V() +B: () ~B2 () (11)

tengliklar kelib chigadi.

(11) tenglikdan ba’zi almashtirishlardan so’ng
v(X)— A j K(x,tv(x)dt = F(x) (12)
0

integral tenglamani hosil gilamiz.

Bu yerda

_ s L(2-2P) (m+2j1_2ﬁ
o Te-p\ 4

2| 0, a+pf-7, 2p1p

K(x,t) =Gy | — 2

a—-y, ﬂ_y!

ez 13
0 Y a,(y)—a,(y) - (13)

NI N

b,(x) —b,(X)

F(xt)=
ey
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hosil bo’lgan (12) tenglama Volterra tipidagi 2-tur integral tenglamadir. Bu tenglama yagona
yechimga ega bo’ladi.

(12) tenglikning har ikki tomoniga

1-2 1-4 -1 2+
G B ﬂ_aﬂ/’ p-1 B o,
d 2 1 640 y 2 2 2 2 ﬂ}/ 2 d
—X I = X~ 2.dy
dx X[1-2p8 1-4p 1
0 ———a+y, +y, ——, 0
2 2 2

operatorni qo’llaymiz.

U holda
1-2p5 1-4p p-1 2+p
B X ] _a+7/1 -
(=B g2 Ly g Y 2 2 22|,
I'(2p) dx 5 X |1 2,8_ -4p3

1
+7, +y, ——, O
AR AN

(@) + 307 + (B0 + o)) | (v 7 2 dy (14)

tenglikni hosil gilamiz. Qaralayotgan yechim esa (14) formula bilan yoziladi.
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