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A PROBLEM WITH BITSADZE-SAMARSKII TYPE CONDITION FOR PARABOLIC-
HYPERBOLIC EQUATION WITN THREE LINES OF TYPE CHANGING

Annotation. This work establishes the unique solvability of a boundary-value problem of Bitsadze—
Samarskii type for a second-order parabolic-hyperbolic equation with three lines of type change, in which
derivatives of the unknown function along the same characteristic direction are involved. In the formulation
of the problem, the values on the boundary of the domain are related to the values at interior points of the
domain or on characteristic lines.

The uniqueness of the solution is proved by means of energy integral methods. The existence of the
solution is justified by reducing the problem to a system of integral equations of Volterra type and proving
the solvability of the resulting system.

Keywords: Parabolic-hyperbolic equation, nonlocal problem, Bitsadze-Samarskiy condition, three
lines of type change, integral equations, uniqueness and existence of solution.

1. Kirish. A 'V Bitsadze va A.A Samarskiy [1] magolasida elliptik tenglamalar uchun chizigli chega-
ravily masalalami umumlashtirishdi va ular bu masalani "Bitsadze-Samarskiy masalasi" deb nomladi. Ushbu
magoladan so‘ng, bu masalaga doir bir necha turli formulalardagi ko‘plab tenglamalar uchun bir qator tad-
gigotlar paydo bo‘ldi [2].

Ushbu maqolada parabolik-giperbolik tipdagi uchta o‘zgarish chizigli tenglama uchun Bitsadze-
Samarskiy tipidagi shartlar bilan bog‘liq masala o‘rganiladi. Biz [3-7]da bir va ikki tipi o°zgarish chizigli
parabolik-giperbolik tenglamalar uchun turli xil lokal va nolokal chegaraviy masalalar o‘rganilgan. Shuning-
dek, tipining o°‘zgarish chizig‘i uchta bo‘lgan parabolik-giperbolik tenglama uchun bir xil xarakteristik yo-
‘nalishdagi funksiya hosilalari qatnashgan Bitsadze-Samarskiy shartiga o‘xshash shartli masalaning bir qiy-
matli yechilishi isbotlangan.

Quyidagi tenglamani

Lu=0 e

Q) sohada qaraymiz.

Bu verda, Q - AB,AAy, BB, kesmalar va Q;, (i = 0,3) sohalar birlashmasidan iborat: Q, =
{(x,y):0<x<1,0<y<1},04, Qy, Q3 — uchlari, mos ravishda, A, B, C; A, Ay, D; va B, By, E bo‘lgan

- 1 1 11 31
xarakteristik uchburchaklar, bunda A(0,0). 4(0,1), B(1,0). Bo(1,1). C (5,-3). D (=3.3). E (3.3).
Lu funksiya esa quyidagi ko‘rinishga ega:
Ly = { Uyx — Uy, (x, }’) S ‘Q‘OJ
Uyx — Uyy, (x, y) €N; (i=13),
Masala B. berilgan (1) tenglamani, () sohada

[ux - uy] Hl(t) + U (t) [ux - uy] 61*(t) =9 (t): (2)
[ux - uy] Hz(t) + Uz (t) [ux - uy] 62*(t) = @2 (t), (3)
[z +uy|63(6) + s (O] + 11,]657() = @3(8) . )

u(4) =0,uu(B) =0. 5)
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shartlarni gqanoatlantiruvchi muntazam yechimini topish.

Bu yerda 6,(t), 0,(t), 05(t) u 8,°(¢t), 0,7 (t), 05" (t)lar, mos ravishda (x,0) € AB, (0,v) € AA,,
(1,y) € BBy nuqgtalardan chiquvchi, AC, AD, BE [AN, AK, BM] harakteristik to‘g‘ri chiziglar bilan ke-
sishish nuqtalari affikslari; AN: y = —y1(x), AK: x = —y,(y), BM: x = —y3(y), p; (t) va @;(t) esa beril-
gan funksiyalar bo‘lib, i — 1, 2 va 3 qiymatlarni gabul giladi.

v:(®), (i = 1,3) egri chiziglarga nisbatan quyidagi talablar bajarilsin:

e ular gat’iy ravishda xarakteristik uchburchaklar ichida joylashgan;

e y; (), (i = 1,3) ikki marta uzluksiz differensiallanuvchi;

et +y;(t), (i =1,3) monoton o‘suvchi;

¢y1(0)=0vay,(0) =0,y3(0)=L4L4+y () =L L+y. (L) =11 —y:(3) =2,
0<y/@<1@=13).

B masalaning () sohadagi muntazam yechimi deganda

W =C'(Q) nCZy(Q) N C3HQ), (i =1,3)

sinfga tegishli bo‘lgan va (1) tenglamani qanoatlantiruvchi funksiya.

Teorema. Agar y; (t) # —1va y; (t), ¢;(¢) € €1[0,1] (i = 1, 3) bo‘lsa, u holda B masalaning mun-
tazam yechimi mavjud bo‘ladi.

Quyidagi belgilashlarni kiritamiz:

u(£0,y) = 125 (1), ux (£0,5) = v,*();
u(1£0,y) = 135®), ux (1 £ 0,y) = v3*(¥);
u(x, +0) = 1,3 (), uy,(x, £0) = v ().
Isbot. Isbot gilish uchun, birinchi navbatta, Dalamber formulasidan foydalanib [ 1], €; sohalardan

olingan va AB, AA(y , BBy kesmalaridagi Tii (v, vii (t) funksiyalar orasidagi asosiy funksional munosabat-
larni topib olamiz.
(14 sohada (1) tenglama uchun Koshi masalasining yechimi quyidagi ko‘rinishda ifodalanadi:

ulx,y) = %[TI "x+y)+ri’(x—y)+ f;f; v;(t)dt] (6)

(6) dan foydalanib, (2) shartni ganoatlantiramiz, AB kesmadagi 71 (x) va vy (x) orasidagi funksional
munosabat o°‘rinli boladi:

(1 +m @) = 1+ @)@ - @, 0<x < 1. ()
Xuddi shuningdek, AAg va BBy kesmalaridagi funksional munosabatlarga ega bo‘lamiz:

(L+1LMvi ) =L+ 1LM)7'() — 9,0 <y < 1. (3)

(L+ps@)vi®) = (1 +u3(0N)73' ) — 93,0 <y < 1. ©)

Yechimning yagonaligi funksiya integrallari yordamida isbotlanadi. Odatdagidek, bir jinsli masalani
ko‘rib chiqib, bu masalaning faqat trivial yechimga ega ckanligini isbotlaymiz. Buning uchun Q, sohadagi (1)
tenglamani u(x, y) funksiyasiga ko‘paytirib, shu soha bo‘yicha integrallaymiz. Grin formulasidan [8] foyda-
lanib, quyidagini hosil gilamiz:

1 1 1
|| e ydxdy + [ 20wt rdy - [ w5 ws 0y +
Qo 0

0
1 1

+%f u2(x, dx —%f[rf’(x)]zdx =0 (10)

0 0

Endi esa 7{ (x) = 0, [} 15 (7)v3 (»)dy < 0 va f, 3 (¥)v§ (¥)dy = 0 lami isbotlab, almashtirish-
lardan so‘ng (10)dan, Qq da u(x, y) = 0 tenglik o°rinli bo‘ladi. So‘ngra, Koshi masalasi uchun olingan teng-
liklardan foydalanib, Q; (i = ?)da u(x, y) = 0 ekanligini aniglaymiz. Bulardan esa garalayotgan masala-
ning yechimining yagonaligi kelib chigadi.

Masala yechimining mavjudligi integral tenglamalar usuli bilan isbotlanadi. Buning uchun (7)-(9)
funksional munosabatlardan va ()4 sohadagi (1) tenglama uchun birinchi chegaraviy masala yechimi

1 y
u(x,y) = [ 77 (x)G(x, y;%,0)x, + [ 7 ()G, (x,3:0,, )ebv, -
0 0
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y

[ 77 ()G, (x.y:Ly)dy,. 1)
0
bu yerda

1 * (x=x1+2n)? (x+x142n)?
GOx, Y%y, yy) = —— 2 [e ) —e A3
2y —y1) 2=,
issiglik o‘tkazuvchanlik tenglamasi uchun birinchi chegaraviy masalaning Grin funksivyasidir.
Dastlab Tli (x), 1/1i (x) funksiyalarini topamiz. Buning uchun Q4 sohada y — 0 da limitga o°tib, (1)
dan quyidagini olamiz

[t (0] = v{ () (12)
(7)ni (12)ga qo‘yib, 77 (x)ga nisbatan ikkinchi tartibli oddiy differensial tenglamani hosil gilamiz:
" Y ?1 (X)
o) g o T 13
R e )

(13) tenglamaning yechimi, 7 (0) = 0 va 7} (1) = 0 sharti bilan, quyidagi ko‘rinishda ifodalanadi
x 1
(el —e*] e —1 et 1]

+(x) = dt :
o () 1+ 100 T ST m® at 14
(7) funksional munosabatdan foydalanib,
x 1
H[1—ext e*—1 Hlet~t -1
vE) = — 210 ]dt n 210! ]dt— ¢1(x) (15)
5 14+ @) e—1 2 1+ (@) 14 p(x)

ni topamiz.
Tii(t), vii(t) (i = 2,3) funksiyalarini topish uchun (11) ni bir marta x bo‘yicha differensiallaymiz:

1 y
u,(x, )= [ 7 (x)G, (%, y:%,0)dbx, + [ 73 (1), (x,9:0. 3, )by, -
0 0

y
_J‘T;(yl)lex('x’y;l’yl)dyI'
0

Quyidagi belgilashni kiritamiz

1 i (x—x; +2n)? (x+x,+2n)?
N(x, v; xljyl) P 2 [e 4y-y1) +e 40-y) |,
2yr(y —y1) &=,
lex(x» ViX, Y1) = Ny, (%, y; %1, Y1) va G (X, ¥, %1, 1) = —Ny, (%, y; %1, 1)
bo‘lgani uchun, kiritilgan belgilashlarni hisobga olgan holda, qo‘shiluvchi integrallarni bo‘laklab in-
tegrallaganda, quyidagi tengliklarga ega bo‘lamiz:

1 y
V(1) = [ ()N, y:x,.0)dx, - [ 75 (3)N(0, 20,3y, +
0 0
A
2 GONO, ;L )y,
1 ' y
V;(y) = J.T1+ '(xl)N(lsy;xlso)dxl _J.T; '(yl)N(lay;O:yl)dyl +
0 0
Yy
[z GON Ly, )y,
0

So‘ngra, oxirgi ikkita tenglikdan (8) va (9)dan foydalanib, vii(t) (i = 2,3)ni chiqarib tashlab,
Tii(t), (i = 2,3)ga nisbatan quyidagi integral tenglamasini hosil qilamiz:
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y y

7 ')+ [ 7 DN, 3;,0,3)dy, — [ 7, 0N, y;1L, 3 )y, = F (),
0 0
y y

7, ')+ [ ODONA ;L y)dy, = [ 23 ()N, y;0,3)dy, = ().
0 0

Bu verda
1

N g . ?,(y)
F(y)= j 7N,y %, 0)d + = = o

e . 0, ()
Fy(y)= j )Ny, O+

Xulosa. Integral tenglamalaring nazarivasiga ko‘ra [9], yuqorida keltirilgan Volterra tipidagi inte-
gral tenglamalar sistemasi bir giymatli va qo‘shimcha shartlarsiz yechimga ega bo‘ladi.

Keyin masalaning yechimini ) soha ichida (11) formula orgali, qolgan sohalarda esa Dalamber formu-
lasi yordamida Koshi masalasining yechimi sifatida topamiz. Teorema to‘liq isbotlandi.
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MONOKRISTALL KREMNIYDA RUX VA SELEN ATOMLARINI DIFFUZION LEGIRLASH
ORQALI SizZnSe BINAR NANOKLASTERLARNI HOSIL QILISH VA ULARNING
ELEKTROFIZIK XOSSALARI

Annotatsiya. Ushbu maqolada monokristall kremniy (Si) panjarasida rux (Zn) va selen (Se) kirishma
atomlarini ikki bosgichli past haroratli diffuzion texnologiya yordamida kiritish asosida Si’ZnSe tuzilishi-
dagi nanoo ‘Ichamdagi binar birikmali elementar yacheykalarni shakllantirish natijalari bayon etilgan.
Tajribalar KEF-100 (Np=4-10" sm™) va KDB-0,5 markali monokristall kremniyda T—1150°C haroratda,
t=1+4 soat davomida gaz fazasidan diffuziva usulida amalga oshirilgan. Skanerlovchi elektron mikroskop
(SEM JSM-IT 200), rentgenfazaviy tahlil (XRD PANalytical Empyrean), Raman spektrometri va UV-1900i
Shimadzu spektrofotometri yordamida olingan kremniy namunalarining element tarkibi va optik xossalari
o ‘rganildi.

Kalit so‘zlar: kremniy, diffuzion legirlash, ZnSe binar birikma, nanoklaster, taqiqlangan soha keng-
ligi, fotoelektrik xossalar, infraqizil fotodetektor.
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