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Annotatsiya: Ushbu magolada giperbolik tipdagi tenglamalar uchun bitta yarim
tekislikda joylashgan va turli xarakteristik chiziglar oilasiga mansub ikkita
xarakteristikalardagi noma’lum funksiyaning qiymatlarini bog'lovchi nolokal shartli
chegaraviy masala tadgiq etilgan.

AHHOTanuA: B 1aHHOW CTaThe UCCIEAYETCS HEJIOKaJIbHAs KpaeBas 3ajaada Jjis
ypaBHEHUH rUMepOOITMUECKOro TUIIA, CBA3BIBAIOIIAS 3HAUCHUSI HEU3BECTHON (DYHKIIMH
B ABYX XApPaKTCPHUCTHYCCKHUX JIMHHUAX, PACIIOJIOKCHHLIX B O)Z[HOI>’I IMOJIYILIOCKOCTH H
MPUHAICKAIIUX Pa3HbIM CEMENCTBAM XapaKTEPUCTUUECKUX JIMHUU.

Abstract: In this article, a nonlocal conditional boundary value problem with
nonlocal condition connecting the values of the unknown function in two characteristic
lines located in one half-plane and belonging to different families of characteristic lines
for hyperbolic type equations has been studied.

Kalit so'zlar: nolokal shartli chegaraviy masala, giperbolik tipdagi tenglama,
xarakteristik chiziglar oilasi, Koshi masalasi.

KuaroueBble cjoBa: HEJIOKaJIbHAsA KpacBasi 3ajayda, YPaBHCHHC
runepOOoIMYECKOro TUIa, CEMENCTBO XapaKTepUCTUYECKHUX JUHUH, 3aa4a Koy,

Key words: nonlocal boundary value problem, equation of hyperbolic type,
family of characteristic lines, Cauchy problem.

Ushbu maqolada

oU 2 o°U
a =
ot? x>

0 (1)
tenglama uchun quyidagi AC,: x+at=0 BC,: x—at=1, AC,: x—at=0,

BC, : x+at =1 xarakteristikalar bilan chegaralangan D sohada bitta yarim tekislikda

joylashgan va turli xarakteristik chiziglar oilasiga mansub ikkita xarakteristikalardagi
noma’lum funksiyaning giymatlarini bog lovchi nolokal shartli chegaraviy masala
tadqiq etilgan. [1] da giperbolik tipdagi tenglamalar uchun nolokal shartli chegaraviy
masalalar, [2], [3] da esa tipi va tartibi buziladigan giperbolik tipdagi tenglamalar
uchun xarakteristik to rtburchakda chegaraviy masalalar tadqiq etilgan.
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Masalaning qo'yilishi: Quyidagi shartlarni ganoatlantiruvchi U (X,y)
funksiya topilsin:

1) U(x,y)eC(D)nC?*(D,uD,),
2) Ixtiyoriy xe(0,1) uchun IimOUy(x,y) limit mavjud va
y—+

IimOUy(x, y)= IimOUy(x,O) ,0< X <1 ulash shartini ganoatlantirsin;
y—— y—>+

3) D,va D, sohalarda (1) tenglamani ganoatlantirsin;

) a,()U(0y) +B()U(B0,) =d,(x), 0<x<1, 2)
a,(x)U (6,,) +b,(x)U (6,) =d,(x), 0<x<], (3)

chegaraviy shartlarni ganoatlantirsin, bu yerda a;(x), b;(x),

d;(x) eC[0,1]nC>(0,1)—berilgan  funksiyalar ~ bo’lib, a; (x)+b7 (x) =0,

X, i X . X+1 . il-x) .
o[ 50 Xia, (X ey X a2

Ushbu masalaning yechimini

x+at

j v(z)dz (4)

x—at

(X —at) + r(x +at) +i

U(x,t)= 5

ko'rinishda qidiramiz, bu yerda z(x)vav(x) funksiyalar hozirgi noma’lum
funksiyalar bo’lib,

U(x,0)=7(x),0<x<1

U, (x,0)=v(x), 0<x<1

va bu funksiyalar z(x) € C[0,1]~C?(0,1), v(x) € C*(0,1) xossalarga ega bo'lishi
kerak.

(4) dagi r(x)vav(x) funksiyalarni (2), (3) chegaraviy shartlarni
ganoatlantiradigan qilib aniglaymiz. Buning uchun (4) ni (2), (3) shartlarga qoyib
Dj(j :1,2) sohalarda olingan AB dagi z(x) va v(x) o rtasidagi asosiy funksional

munosabatlarni topamiz:

P()7(x) = 2d,(x) —a,(x)z(0) =0, ()7 (1) +
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+¥Ev(z)dz—¥:{v(z)dz, 0<x<1 (5)
P,(x)7(x) = 2d,(x) —a,(x)7(0) —b, (x)z(1) -
_%T(X)Iv(z)dz+¥i‘v(z)dz, 0<x<1 (6)

Bu yerda, P,(x)=a;(x)+b;(x), j=12.

Shunday qilib, qo'yilgan masalaning yechimini topish (5) va (6) tenglamalar
sistemasini yechishga teng kuchli ekanligini ko rishimiz mumkin.

Agar, ushbu sistemadan talab etilgan xossalarga ega bo’lgan z(x) va v(x)
funksiyalarni  bir giymatli topadigan bo’lsak, u holda masalaning D;(j=12)
sohadagi yagona yechimi (4) formula bilan aniglanadi.

Ushbu masala yechimining yagonaligi [4], [5] da o rganilgan bo"lib, masala
yechimining mavjudligi hagidagi teorema o rinli.

Teorema. Agar quyidagi
1) a,(x)=0,d,() =0, j=1,2
2) b;(x)=0,d,(0)=0, j=1,2
3) a,(x)=0, b (x)=0,d,(1) =0,d,(0) =0, j =k, j,k=12;
4) a,(x)=0,3,(x) £0,b, () £0,d, () =0,d,(0) =0, j £k, j,k=12;
5  b(X)=0,a,(x)£0,a,(x)£0,b (x)£0,d,(1)=0,d,(0)=0, j=k, jk=12

0.4 (0 =0 ike12 E00 B
6) 3, ()£0.,b,()£0,d;(1) =0,d;(0) =0, j k=12 2,00 b,(Q)

shartlardan biri o'rinli bo’lsa, u holda go'yilgan masalaning yagona yechimi
mavjud bo’ladi.

Isbot. Ushbu teoremani umumiy hol bo"lgan 6-hol uchun isbotlaymiz.
Aytaylik,  a,(x)£0, b,(x)£0,d,(0)=0,d,() =0,j=12  bo’lsin. d,(0)=0,
d;())=0 va 2,(0) b@) .2 ©) bd) bo’lganda (2), (3) shartlardan 7(0)=0 va

a,(0) a,(1) Db, (0) a()
7() =0 ekanligi kelib chigadi.
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Agar (5) tenglikning har ikki tomonini b,(x) ga, (6) tenglikni esa, b(x) ga

ko' paytirib, qo'shib yuborsak, 21(X) . Bi(X) p5jganda
a,(x)  b,(x)

[R()b, (X) + B (), (x) | 7(X) = 2o, (X)dly (x) — by (X)d,(x) ) +

+ a1(X)b2(X) —az(x)bl(x) -ljsv(Z)dZ, 0<x<1 : (7)
a a 0

Agar (5) tenglikning har ikki tomonini a,(x) ga, (6) tenglikni esa, a(X) ga

ko paytirib qo shib yuborsak, 3, (x) + b, (x) bo lganda
a,(x)  b,(x)

[P.(x)a,(x) + P, (x)a,(x)]- 7(x) = 2(a,(x)d,(x) —a,(x)d,(x) ) +

0000 =0980) Lf 107 <<t ®)
a as

munosabatlarga ega bo‘lamiz.

(7), (8) ni mos ravishda

X

~ vz =a-0,00 -7 ~a-k, (¥ ©)
~ vz =a-a,09- 7 ~a- k(9 (10)
ko rinishda yozib olishimiz mumkin.
- yerda, 0,0 = RLOOR00 + P00 (9
a,(x)b, (X) —a, ()b, (x)
k (X) — Z(dl(x)bZ(X) + dZ(X)bl(X)) q (X) _ |31(x)a2(x) + Pz(x)al(x)
1 a, (X)b,(X) -3, (x)by(x) 2 8, (0b, (0 —a,(0b,(x)
~2(d,(03,(x) +d,(9a,())
k,(X) =

a, (X)b, (x) —a, (x)b,(x)

(9) va (10) ni har ikki tomonidan x bo’yicha differensiallab, 7(0)=0,k (0)=0 va
7(1)=0,k, (1) =0 ekanligini inobatga olsak,
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év(x) =,(x) -7 () +0,(9) - 7() —K,(%) | (11)

1 . : .
~5 V0 =6(0)-7 () +0,(0-7(x) ~k,(x) (12)
ko‘rinishda yoziladi.
Ushbu tengliklarni bir-biriga qo‘shib yuborsak, natijada quyidagi

(0,00 + 0, (0] 7 () +[ 0,(x) + (%) |- 2(0) =K, (x) + K (%)

[(ql(x) +0, (X)) ‘ T(X)J = kll(x) + klz(x)
munosabatga ega bo‘lamiz.
Agar, oxirgi tenglikni har ikki tomonini X bo‘yicha integrallasak,

() +k, () +C
0, (X) +d, ()

7(X) =

ekanligi kelib chigadi. Agar 7(0)=7(1)=0 ekanligini e’tiborga olsak, C =0
bo'lib, oxirgi tenglikdagi  k(x), k,(x), ¢,(x), q,(x) lami o'rniga qo'yib,
soddalshtirganimizdan keyin

_ d, (x) 4 d,(X) (13)
R(X)  R(X)

7(X)

tenglikni hosil gilamiz.

(13) ni (11) yoki (12) ga qoysak,

d,(x)  d,(x) |
= —k
v(X) a{ql(x)[ P.(X) + P, (X)j 1(X)}
ga teng bo'ladi. Natijada, a;(x)£0, b;(x)£0,d;(0)=0,d,(1) =0, j=1,2 bo'lganda
go yilgan masalaning yechimini

1{d1(x—at) JOo(x—at) di(x+at) dz(x+at)}+

U(X,t)=5 P(x—at) P,(x—at) P(x+at) P,(x+at)

1 d(x—at) d,(x-at)) B B
+E{ql(x—at)[a(x_at)+ Pz(x—at)j k, (X at)}
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—l{ql(m at)Ldl(X+ at) | dy(x+ at)}_ s at)}
2 R (x+at) P,(x+at)

ko rinishda aniglanadi.

Shunday qilib, teoremadagi 6) shart bajarilganda, masala yechimining
mavjudligi isbotlandi. 1)-5)- xollar ham yuqoridagi kabi isbotlanadi.
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