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Annotatsiya. Ushbu magolada o ‘zgaruvchan zichlik va go ‘shimcha manba bilan
berilgan chizigsiz reaksiya-diffuziya tipidagi tenglamaning turli yechim xossalari
tadgiq qilingan. Energiya metodi yordamida ushbu tipdagi istalgan parabolik
tenglamaning blow-up holatga kelishi ya 'ni chekli vaqgtda yechimning cheksizga garab
ketishi isbotlangan. Avtomodel tenglamaga keltirilib masalani yechish uchun eng
yaqin boshlang ‘ich yaginlashish-avtomodel yechim va uning noma’lum parametrlari
aniglangan.

Kalit so‘zlar. Reaksiya-diffuziya, energiya metodi, blow-up, chizigsiz tenglama,
avtomodel yechim, Gyolder va Young tengsizliklari.

CBOMCTBA PEILIEHUN HEJIUHEMHBIX ITAPABOJIMUECKHX
YPABHEHWMH, 3AJABAEMbBIX IEPEMEHHOM IIJIOTHOCTBHIO 1
UCTOYHUKOM B MHOI'OMEPHOM ITPOCTPAHCTBE

Annomayun. B smoii cmamve uccnedyromces paziuyHvie C80UCMBA PeuleHus
HeNUHEeUH020 YPABHeHUsl peakyuu-ougysuu, 3a0aHH020 nepemMeHHOU NIOMHOCHbIO U
00noaHUmMenbHuIM ucmouHukom. C nomowpio sHepeemuuecko2o memooa 00Ka3aHo,
ymo 1r000e napabouueckoe ypasHeHue maxko2o muna umeen pexrcum ¢ 060cmperuem
(blow-up) , umo obosnauaem pewenue Gvisaem OECKOHEUHbIM 3A KOHEUHOE BPEMSL.
Bnuorcatiwuum  Hauanvnolm npubausicenuem K peuleHulo 3a0ayu nymem 66e0eHus.
asmomooenu 8 ypagHeHue sA611emcs Ad8moMo0elbHOe peuleHue U e20 Heu38eCmHble
napamempbi.

Knrouesvie cnosa. Peaxyus-ouggysus, snepeemuueckuii memoo, blow-up,
HeluHeliHoe ypasHeHue, asmomooenvbHoe peulenue, Hepasencmea I envoepa u FOnea.
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PROPERTIES OF SOLUTIONS OF NONLINEAR PARABOLIC
EQUATIONS GIVEN BY VARIABLE DENSITY AND SOURCE

Annotation. In this article, various solution properties of the nonlinear reaction-
diffusion equation given by variable density and additional source are investigated.
Using the energy method, it has been proved that any parabolic equation of this type
will blow-up, which the solution will go to infinity at a finite time. The closest initial
approximation to solve the problem by introducing the self-similar equation is the
self-similar solution and its unknown parameters.

Key words. Reaction-diffusion, energy method, blow-up, nonlinear equation, self-
similar solution, Holder and Young inequalities.

KIRISH

Bizga quyidagi tenglama berilgan bo‘lIsin
d _ -2
pr@) 5 =V (P2 um | Vu " Vu) + py (D)uf ®)

Bu yerda u(x, t)-qgidirilayotgan yechim, ya’ni nomalum funksiya, p; = |x|™,i = 1,3
o‘zgaruvchan zichlik, uf- manba yoki yutilish, pz(x)um‘1|Vuk|p_2Vu -ogimni
ifodalaydi. Ushbu tenglama orgali ko‘plab fizik, kimyoviy va biologik jarayonlar
ifodalanib, shulardan eng ko‘p o‘rganilgani diffuziya, filtratsiya, populyatsiya
jarayonlarini ifodalaydi. (1) tenglama ko‘p hollarda reaksiya-diffuziya jarayonini

xarakterlab bu yerda %—diffuziya tezligini ifodalaydi. m, k, p, § -parametrlar oldindan
berilgan bo‘lib, uning son qiymati qaralayotgan tenglama gqanday jarayonni
ifodalashiga bog‘lig.

MAVZUGA OID ADABIYOTLARNING TAHLILI

Ko‘pgina fizik kimyoviy, bioligik jarayonlar chizigsiz parabolik tipdagi tenglamalar
orqali ifodalanganligi tufayli ko‘plab olimlar ushbu jarayonni o‘rgangan. Xususan juda
ko‘p magolalar [1-3] chizigsiz chegaraviy shartlar va Koshi masalasini o‘rganishga
bag‘ishlangan. So‘nggi yillarda O‘zbekistonda M.M.Aripov [4-6], A.S.Matyakubov|[7-
8], A.Xaydarov [9-10] kabilar bunday chizigsiz parabolik tipdagi tenglamalar orgali
ifodalanuvchi turli masalalarning yechim xossalarini tadgiq etishgan.

TADQIQOT METODOLOGIYASI

Ushbu tenglamani quyidagi ko‘rinishda yozsak,
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piuy — paubf = szum‘1|Vuk|p_2Vu + po|k|P2V(um k- D@2 yyp-2yy),
(2)
nomalumning darajasiga garab uning chizigsiz ekanligini ko rishimiz mumkin.
Energiya metodi.
Quyidagi funksiyani garaymiz; E(t) = %fpl ()us(x, ). (x), bu yerda
P.(x) = AsVe ¥l ¢ > 0 (3)

I =[x (x) dx ni garaymiz, bu yerda I -birlik operator. Vi, = Ae¥(—¢) %e‘s =
_e X
€ |.X'| w&'

4
£

I'= [pnthe(x)dx = A" RNe‘f""dx{ =A[ye 1% ekanligidan A =

1
dx —;dy
1

fRN e—lxldx
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PO =35 | pruas podx
R
= f [V (pz(x)um‘1|Vuk|p_2Vu) + p3uﬁ] uS 1y dx
RN
= j V(pz(x)um‘1|Vuk|p_2Vu) uS 1, dx +j p3 uPts~1y dx
RN RN

R

_ x
o2 LU V" | - f v [“ — Du*Vupe — fm“s‘lwg] '
R
kP=2p,um-1+(k-D®-2)|yy|P-2Vudx (4)

D2 (x)um‘1|Vuk|p_2Vu ~uSThY,

= 0 ekanligini hisobga olib quyidagi tengsizlikni

RN
yoza olamiz
Young tengsizligidan foydalanib quyidagini yoza olamiz

1

1
€ [onulVulP~?Vuydx = [ (sut/Jg?) <|Vu|1"2vag?> dx SijlfRMVulpl/)gdx +

P

= [ uPpedx (5)

Bu yerdai = %va 2= ijl. Shunga ko‘ra quyidagi tengsizlik kelib chigadi;

pl
kP2 f p us M2+ U= D®-2) |y [P~1 vy, dx
RN

< kP2 (p)'+1) pyustm=3+(k-1®=2)|yy|P Vyap. dx +
RN
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gPkP~2
p
Gyolders tengsizligidan foydalanib quyidagi tengsizlikni hosil gilamiz

gP P2
E'(t) > f psuB+s =1, dx —
RN

+

f p2u5+m—3+k(p—2)+2—p+p |Vu|p—1 Vul/)sdx
RN

j p2u5+m—1+k(p—1)1/)8dx <
RN

1

_a’ a’ P a’
< (f,\,pguﬁ“ L, dx)p"< 027 ps P"l/)gdx> (fRN,qu p3 P lpsdx)

(6)
no_ B+s-1 _ L+s—1
Bu yerda p” = s+m—1+k(p—2)'q T B+m—k(p-2)
VY, = AsN(—s)li—le‘g = —gli—llpgekanligini hisobga olib

"n_ Q_”
A [ x| T e ¥l dx = ¢, > 0 deb belgilasak quyidagiga ega bolamiz

1 _
p+nz——nykP~?

E'(®) = [npsuf*t* 1podx — Cre—2 . (fow p3uﬁ+s_1l/)ng)%
(7)
_ (BO)"™” L L .
T = tenglamaning Life-Span holatini ifodalaydi, ya’ni ixtiyoriy T < T
3
uchun  E(t) < L tengsizlik o'rinli bo‘ladi. Bu yerda Cs =
()" ~cst P
_ P _ B
plTl(CS—Z) 1 £n1p1—n3 > 0’ P = ¥' q = ,B;-ill’ ﬁ > 1 va CZ _

1

01 o
(Aflxlnlq1 n3me"x|dx>q1 > 0 ga teng

E(t) » oo dat - T . Bu yerdan tenglamaning istalgan parametrlaridan gatiy nazar
blow-up holatga kelishi, ya’ni chekli vagtda yechimning cheksizga intilishini
ko‘rishimiz mumkin.

TAHLIL VA NATIJALAR
Berilgan sohani dekart fazosidan qutb koordinatalar sistemasiga o‘tkazib,
2 2
?’:1(%) = ?:1(% = ,,iz N . (x)) = 1; xossadan foydalanamiz

N N

z(dxz Z & ;3XL) izl_iz(’ﬂz)————

i=1 i=1

Shunda tenglamamiz quyidagi ko‘rinishga keladi
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XULOSA
Ushbu magola orgali (1) ko‘rinishda aniglangan parabolik tipdagi istalgan,
o‘zgaruvchan zichlik va go‘shimcha manba bilan berilgan chizigsiz reaksiya-diffuziya
tenglamaning blow up holatga kelishi isbotlab ko‘rsatilgan. Tadgiqot natijalari orgali
ushbu tipdagi tenglamalar uchun avtomodel tenglama (11) va boshlang‘ich
yaginlashish uchun avtomodel yechim (10) ishlab chigildi va uning global yechim
bo‘lish sharti ko‘rsatildi.
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