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FAZODA ISSIQLIK TARQALISH TENGLAMASI UCHUN QO'YILGAN
KOSHI MASALASI YECHIMINI ASIMPTOTIKASI

Jo'raqulov Abdulla Joraqul o’g’li,

Umirov Boboyor Baxtiyor o’g’li

Annotatsiya:
fazoda issiglik targalish tenglamasi uchun go'yilgan Koshi masalasi yechimining beshta
hadgacha asimptotik yechim olingan.

Kalit so’zlar: Issiglik targalish tenglamasi, karrali Laplas integrali.

Kirish: Issiglik targalish tenglamasi uchun qo'yilgan Koshi masalasi yechimining
asimptotikasi hagida umumiy kurslarda yoritilmaganligi, yechimning boshlang'ich shartni
ganoatlanitirishini ko'rsatishdagi qiyinchiliklarni e'tborga olib, Karrali Laplas integrali
asimptotik yoyilmasining tadbigiga asoslangan holda yugoridagi muommolarni yechish usuli
keltiriladi.

Asosiy gism
[R? fazosda issiglik targalish tenglamasi tenglamasi uchun qo'yilgan Koshi masalasi

quyidagicha aniglanadi [3]:

Ou(Xy, X, t) _ 612[62u(x1,2x2,t) N ézu(xl,zxz,t)] B
ot OX; 0X,
U(Xl’xz’t)L:Jro =y (X, X;) (2)
(2) shartni ganoatlantiruvchi (1) tenglamaning yechimi ushbu
U0 X ) = jj w(&. & )e Mg ds, €)

(r =| (X11X2)_(§11§2) |)
formula bilan aniglanadi.

Teorema:Faraz gilaylik w(x,,x,) funksiya C5°(R?) sinfga tegishli bo'lsin. U holda (2) shartni
ganoatlantiruvchi (1) tenglamani yechimi uchun t — 0 da
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o’y oy a‘( o'y o'y o'y
Xy, 1) = , a’| —— t+— 2 t?
U0a X 1) =y 00, %,) + (axf N ox? P ox; N OX2OX32 N ox; N
6 6 6 6 6 8 8 8
La(o V3 641//2 43 821//4 L9 v s, 2 (0 W(X18,X2)+46 l//(ﬁxl,ﬁz)+
OX; OX; OX, OX OX;  OX, 24 OX, OX, OX,

8 8 10 (410 10
+68 l//(4X1-)22) +45 W(Xl Xz) o° '//(Xlg X5) 44 a (o l//(xllo’ X;) +58 l//gxlv)z(z) "
OX, OX, ox,20x,° OX, 120 ox, OX, OX,

10 10 10 10
+10a ‘//gxly):z) +108 ‘//Exl’):z)+56 ‘//gxl’);2)+a l//(xllc;XZ) '[5+O(t6)
OX, OX, OX; OX, OX, " OX, 0oX,

asimptotik tenglik o'rinli.

Isbot: Yuqoridagi (3) tenglikning o'ng tomonini quyidagi ko'rinishda yozib olamiz:
_((X1—§1)2+(X2—§2)2)
&)e st d&dS, (4)

va bu integralda quyidagicha almashtirish olamiz:

{ —¢& =2ay,
2 _éz - Zayz

Bunday almashtirish natijasida (4) integral quyidagi ko'rinishga keladi:

%_L[yx(xl —2ay,,x,—2ay,)e ' dy,dy,
Agar yugoridagi integralda t =% belgilash olsak, u holda quyidagiga ega bo'lamiz.
%ﬂ w(x —2ay,, x, — 2ay,)e """ iy, dy, @)
[4] adabiyothagi quyidagi teorema keltirilgan.
Teorema: Faraz qgilaylik, f funksiya quyidagi
[[e 0579 £ (x, %) [ dxdx, <+

shartni ganoatlantirib, koordinatalar boshining biror atrofida 2m marta uzluksiz xususiy
hosilalarga ega bo'lsin. U holda 2 — +w da

ﬂ e A0 £ (., X, )dx O, = (Za A4 O(l))
RZ

asimptotik tenglik o'rinli.
Bunda a; koeffitsiyent quyidagicha aniglanadi:
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L 9% £(0,0) A |
e ()
L (2i)!
(7) integral uchun yugoridagi teoremadan foydalanib quyidagiga ega bo'lamiz.
2 [[w(x ~2ay,, x, 2ay,)e oy, ay, = (miai‘l O(l)], (2= +o0) (8)
T R2

bunda a; koeffisiyent quyidagicha aniglanadi:

S0P (X1, %,) o (-_- 1} ( 1]
JZ(;ayz(lj)ayzzj CZiFI J+2FJ+2

(2i)!
Yugoridagi formuladan foydalanib a; koeffitsiyentlar uchun quyidagilarni hisoblaymiz.

g = Mw(x.x),

:1 MF[1+EJF(EJ+—82W(X1’XZ)]“[£)F(1+EJ =
2\ o 2) \2 oy, 2 2
_ azﬁ{azw(xl, X)) , O'w(x, xz)J

ox,” X,

4 4
a, SRR ALY W(Xﬂ’ XZ)F(2+EJF[EJ —6 v (x XZ)C F(l+ 1} (1+1j+
4 oy, 2 2 oy, >ey,° 2 2
84l//(xl Xz)l—(ljl—‘(2+lj: a’z( o' v (%, X;) +2a4l//(xl’x2) +a4l//(X1,X2)
oy," 2 2 2 ox,* X, °0x,° X"

ol oy, 2 2)" oyt 2) 72

—ae‘/’(xl Xz)cg‘r(u 1)r[2+ 1) L v %,) Xz)r[ljr(:ﬂlﬂz
oy, oy," 2 2 oy,° 2 2

:an{aﬁw(xl,xz>+3asw(x %) | g0 (K xa) | aﬁw(xl,xz)}

a =

6 ox,° ox,*ox,” ox,2ox," ox,°

8l oy, 2 2 8yl 8y2 2 2

68'//()( Xz) Cgr[2+ijr[2+lj Mcgr[l+ljr[3+ij+
oy,'oy," 2 2)  oyley,” 2 2

as,/,(x X,) [ jr[4+lj) _ asr {aal//(xl, X, ) +4@8,/,(x1, X,) "
2

oy,° 2 24 ox® Ox,°0x,°
+6681//(X X3) 488W(X X2) 881//(X1,X2)
ox, ox,* Ox,20x,° ox,°
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10 10
as = i LXEO’XZ)F(S + ljr[lj + MCIZO [4 + ljr(l—i_ lj +
10 oy, 2)\2)" ayley, 2 2

L3 w(x, XZ)CNF(3+1) (2+3j 0 (x,, Xz)cwr(2+1j (3+£j+
a)’1 aY2 2 2 8y1 8)/2 2 2

10 10 10
8 W(X1’X2)Cfor(1+1jr(4+lj+a W(Xilc; X,) a ‘z( 0 l//(xllo’ 2)
oy, 70y, 2) 2Ty )0 o

10 10 10 10 10
OX, OX, OX, OX, OX; OX, OX, OX, OX,

Yugorida topilgan koeffitsiyentlarni (8) yoyilmaga olib borib go'ysak va

t = 2 ekanligidan (3) tenglik qo'yidagi ko'rinishga kelad
Oy dy) al(dy , dv v
U(X,, Xy, t) =@ (X, X,) +a’ t+ 2 +2 N (2 4
(X, X, 1) =y (X, X,) {axf ale 2 | oxt  “axdox? T oxt

6 6 6 6 8 8
L& 0 V.3 84w2+3 82w4+6t/6/ R 6W(X18'X2) 3y (X, X,) ,
6\ Ox OX 'OX;  OX OX, OX, 24 OX, 0%, 6x2

+6881//()(1’)(2) 488‘//()(1’)(2) 8!//(X1,X2)] n (amW(Xl’Xz) 5810V/(X1’X2)
120

ox,ox,* X, 0, X, ox° oxox,’

o (X1’X ) OGlOV/(Xl,XZ) +5810 w (X, %, )+610 (Xl'XZ)
ox, ox,* ox,"ox,’ X, "0, X,

teorema isbhotlandi.

+10

]tf’ +0(t%)
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