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Abstract

The reaction diffusion equation solves practical problems in the fields of physics, chemistry, biol-
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ogy, infectious disease, and nuclear science by establishing mathematical models. The reaction
diffusion equation can appropriately describe many natural phenomena, such as diffusion of con-
centration and density, and combustion of chemical agents. The reaction diffusion equation is a
type of nonlinear equation, whose nonlinear terms may come from boundary conditions, diffusion
terms, reaction terms, or different forms of coupling between the three. All of these nonlinear
terms can affect the explosive solution. In addition, it has been found that both the global exis-
tence and explosive property of the solution are affected by the weighted terms. This article con-
siders the blow up problem of a class of divergent reaction diffusion equations with weighted
functions and time-dependent coefficients. The difficulty lies in finding the effects of position
weighted and time weighted terms and boundary sources on the blow up solution. The conditions

for the global existence of positive solutions to nonlinear functions u(x,t) are given. By using

differential inequality techniques and constructing appropriate auxiliary functions, the upper and
lower bounds of the blow up time are obtained, respectively.

Keywords

Weighted Function, Reaction Diffusion Equation, Bound of Blasting Time

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

MEAERI T &I R Ak (t) IWTTESHE 7 ARZ 2E 10T, Calis TR 2 HE R . Payne [1] [2] [3]
WHFE T — 2 BA I 1A AH 5% R B L AT RE WAL )@, 73 53)4E Dirichlet. Neumann I Robin =
AT, PRI AR EOR, BEFT 7 Bl i ROAT 9 (BRI AR 8 BB AR A AE PR OS2, il T
FRAB A A IS R AR (] B 1R 5o Marras [4]75 18 T — KAt _EAFAE S AR 7 B ARLAEANIL 57 2% 1 b #R A7
FEMRARBUN RN Y HOTRE, SIN R IR AE, AEARAEAT BRI (5] A RRAR, TR 1B (1 7R
Juntang [5]7£ Marras [T, BT T BA S REONARRIRL A AR OB 8O e, AKEERL
DAGERBOR, 132 1AL PRI [ AR BA) Z5 1R MR [R] ) _E R 5. Zhang [6]75 58 1 #£ 2 425 8] 7 1Y
—ZREA AEFF K Neumann 1 4 54 I AR 2R 1 R BB 75 R, ST 1 A 2R M BRI A 4 J A7 TE R BT 2% AF
JFas T 2 4 1) g TR B R 5

XFF IR R K a(x) 1325 1 FE N AN EE SGE ST, WS TS W SSCR . Song [71RFST 12K
AR R TR BRI 5, 453 7 iZEEAE B A R X8 Qe R (n > 3) L AR
I IR AR R At T, FL2, AERELSR IR SR AR N T AT B BR AN (5] (RS A fE . Ma A Fang [8] [9]
WEFE T — R BAIIRLAR 5 WS P AR ek S R S g™ BT R AR R BB A, 1) PR B B R BRI T 1)
T NSRBI, BT T 2 17 R A SR A AE AN BRI ZDR B ) 2% 1, JRAE v 4 23 ) R 48t BB (1]
LT 5.

I E a(x) e C?(Q)NCO(Q) i F oML —:

A:a(x)>0,xe;a(x)=0,xedQ
A,:a(x)2c>0,xeQ
A:a(x)=0,xeQ

A,:0<c <a(x)<c, xeQ

DOI: 10.12677/aam.2023.1210420 4265 A H ik


https://doi.org/10.12677/aam.2023.1210420
http://creativecommons.org/licenses/by/4.0/

EFF AR

Hrb e AH AL
ARSCH R T W B A IR BOR 5 i R U R SO R B O

n

u = (a;(x)u, )Xj +k (t)a(x) f(u), (xt)eQx(0t)

I, )=

JiN

iau() “k(g(u),  (xt)eaax(0t) (11)
u(x,0)=uy(x)>0, xeQ
P QR R, (n23) PIHRRTX S, Rk, (a;(x) R MTRIERIER, k(1) Fk, (1) &

—AMEEFR R, WRR R A, CRIBRB R, B =400 .

FEH—, BAVGH T HIUE u(x) & RAEER AR T 5 0F. £ 2, (ECRIEARTES IR )%
BRI SAE T, AN TR ¢ (g ESGTE. 38 =, 8 o =LIRERIE O, BAMGTT T 2485
[ AR B TR € (9T

2. BB EENY
FE L QeR (n23) R MEREEKE, W5 kN, W T,g Fa REK (t).k, (t) 2L

G
<-as’, s>0 <-pst, s>0
f 1
(ﬂ{zq s<0 g(”{>a 5<0
m, >k, (t)>0,m, >k, (t)>0

supa(x)=L<+ow

x>0

Hepg, >0, p>q, 20<p+1, m,m,>0, L>0. MWLM u(x,t) FIEMHAKAELER, X
THARt>0, #A u(xt)fFrE.

FIE 1: QeR, (n>2) 2 —MHFREIBXEL, BEIEn-1ANET A DY, S TERAEfUSE Cl i
#Hh(w), A

[ p(w ds<—jh dx+—fh w)|Vw|dx

Hrp p, = rxglg(xv) , di= Dlaé|x|

PERA: HeR (L) u FFEQ BBy, 15

juudx 1d | u’dx

= Qu.'_n (3 (x)u, )Xj dx+Kk, (t) [ uva(x) f (u)dx 1.2)

SR (1) =S [ w8531 2
(t)[ uids—| Zau Uy, Uy, dx— ak, (t) [ a(x)uP*dx (1.3)

DOI: 10.12677/aam.2023.1210420 4266 IR Esid


https://doi.org/10.12677/aam.2023.1210420

EEF R

T (1, (1)), e ATRIERSERE, FTOE(E0>0,

> ay (X1, 200 ¥ = (oo, € R

i,j=1

R EE
o' (1)< Bk, (t)J'muq*lds —~ ¢9L)|Vu|2 dx — ark, (t)jga(x)u Pdx (1.4)
f 5 FE 1 %0
I u®ds slj uq*ldx+w_[ u®|Vu|dx (1.5)
o Po? Lo °

H (L)AL 4)%%@?%
()< Nkt _[ utdx — ak, ( t)j X)u?*dx MJ‘QU”VUMX—HJJVUF(,{X (1.6)
Po Po

(q+1)dpk,

AT PG AR 7 =
20,0

u? Vudxgi Vuzdx+z uzqu
a 2t

1.7
_—,B(q+1 W .[ |Vu| dx —ﬂ(flzlgdkz Iﬂuzqu
0
Q7R (L6)15
¢'(t) s%kzjmuq”dx +07% [ uPdx—ak, (1) [ a(x)u®dx
0
2
:J'Q[nﬁkz EZ —akiz(x)]up*ldx+_[g[912uTl——aklz(X)jup”dx (1.8)
0

ngm, aml | ey u’ ale +1
Sjﬂ(p—oup > ] dx+f (9 P — ) ju” dx
R o(t) o5, W ERAFEXGE o' (1) <0, ZRFEK, PrOFIIRE— 48 o(t) thEH 7.

3. ERME
BB 2: WQeR (n=2) AKX, S RE kK (1) Fk, (t) AAETEAEBIRG AL, JE ST R 2L
<§f(§)2 F(f) £9(&)2yG(&), vE>0, y>2,
j f(s)ds, G(&)= j ( )ds
kl(t)>0'1>0 k,(t) =0,
k/(t)>0,k; (t)>0
7k, FAMRZ 6(0)>0
1

0(t):=k,(t)[ G(u)ds —Ejﬂ_zn: 3y (X)u, U, dx+k, (t) [ a(x)F (u)dx

i,j=1

DOI: 10.12677/aam.2023.1210420 4267 IR Esid


https://doi.org/10.12677/aam.2023.1210420

EFF AR

I (L) AR R B u (X, t) TERFTRT € <T WHRBE, HA T =20(0)/7 (7 -2)6(0)
WER: B 2ent(1.1)3k u H7E Q Ry

Iﬂuutdx:——f udx
_ LQ%( s (X)uy, )v,ds - jﬂii_ a, (x)u,u, dx-+ k(1) [ a(x)uf (u)dx (21)
—ky (1) ], ug (u)ds— jﬂ{ji a, (x)u, U, -k, (1), a(x)uf (u)dx
E L p(t) =—j udx , JFHIEEL 1 AP AFRIEI2.1) 2 A

?'(t) =k, (t)J'ang (u)ds —J'Q.Zn:: a; (x)u, u, dx+ kl(t)jﬂa(x)uf (u)dx

; 22)
> 7k, (t J G(u)ds+yk, ( )J a(x) F(u)dx—%ngzaij(x)uxiuxjdx
ij=1
2 EURK, EXO(t)
—k (t)jme(u)ds_%jgiai,.(x)uxiuxjdHkl(t)jna(x)F(u)dx (23)
ij=1
H1(2.2) F1(2.3) 1
¢'(t)270(t) (24)
Ak (t)>0Fik; (t)>0, w4
(t).[mg u)u,ds +kj I G(u)ds— J'an:a” X) Uy Uy 0X
+k1(t)fﬂa() (u)udx+k;( Qa )F (u)dx
>k, (t)[ g (u)uds—| Zau X)u, U, X+ K, (t) [ a(x) f (u)udx
i i,j=1 (25)
= [, > u (3 (Nu, ). dx+k (t)[ a(x) f (u)udx
i,j=1 % Q
= Ju| Su(a;(xu, ), +k1(t)a(x)f(u)}dx
> [ ufdx>0
fE8:0(0)>0, WX T vte(0,t")#if 0(t)>0
Hi o(t) =—j u?dx , Hi(2.5)F1 Holder A% = T] %01
(¢ (1)) <[ u?dx[_uldx<2¢(t)e'(t) (2.6)
K (2.4) N (2.6)FT A
P00 (10() e

win R o ) g

DOI: 10.12677/aam.2023.1210420 4268 A H ik


https://doi.org/10.12677/aam.2023.1210420

EEF R

(e@)¢i(qj'=¢*?”[¢(ga(ty-g.'a)ea)jzo 28)
%(2.8)7E (0,) B4 T3
0(t)p * (t)=6(0)p 2 (0):=H (2.9)
Horb H R
1 (2.9) AT 41
o(t)=Hp? (1) (2.10)
4 (2.10) RN (2.4) 7T 501
0'(t)270(t)2 7He (1) (212)
A
0 (t)g/(t)2H (212)
TS e
o(t)= L — (2.13)
[¢“”m)_7;2qu’2
limep(t)=+o0 (2.14)
. 20(0
MﬁtﬂE;G%%%ﬂo
5 B 2 .
4. NEG

51# 2 [6]: B QeR"(n>3) &> n-1IEAT5 A ERA A RBIXE, B w(x)2 Qe Li—4
e CH e, WX TAERE R o 21, A FAIAERRAL:

1

1+ 5
gj;w[l*znlz}ydx <(1+2d)"x { 220 E[WUdX + %(H piojgj;wal [V dx:l 2

Hot py=min(x-v)>0, d:=max

XedQd

FEBE 3: B I REK, (1) Ak, (t) & — ARSI e e, AR SOT B E f A g WAL T SR

yﬁ@)sf@)sl;7%,ﬁ@):%ﬁf(§M§

d

yG(s)< kzg(s)s;zshz"j, G_(S)=%I;g(§)d§

Vvs>0
supk, (t) =M, < +oo,5upk, (t)=M, <+
t>0 t>0

supa(x)=L <+

x>0

DOI: 10.12677/aam.2023.1210420 4269 IR Esid


https://doi.org/10.12677/aam.2023.1210420

EFF AR

K a>0, >0, y>2, M, M, L2FE MARE a(x)H L A~A) M u(xt) 76 BRI Z0 t % A4 %

W, HA

© d 77
t 2 J.(p(O) 224 224 °
Cn+Cy % +Cp?

B2 2 T K1 (1) % [, P AEA BRI € A2
% p(t) SRFIEFAR AR, 51

¢'(t) =, uudx =k, (t)] ug(u)ds—[_ > a;(x)u,u, dx-+k,(t)[ a(x)f (u)udx (3.1)
i,j=1
HEEE 3 &m0
o (t) < ALk, ()] u” 7 ax—0[_|Vuf dx+ uk, (1) u” 77 ds (3.2)
H 5] 2 A
+—1 1 2n—1+1 d +L
I~ u s SLI u Z"de+(T>j u e |Vu|dx (3.3)
oQ pO Q 2” ,Do Q
FH ] 7 AN 2
1 L1
j u Zn’de:j u 72 udx
Q Q
l 2+n% 1
SEIQU 2 3dx+EJ'Qu2dx (3.4)
1, 205
ZEJ.QU 2 3dX+(p(t)
T vuldx e L[ o e D[ vufd 35
fLu ul X_Z—TIQU x+§jg| uf” dx (3.5)
#(3.3)~(35)fL N (3.2)75
2" 4 1)dzuk, (t
go’(t)_ﬂnkz(t)go(t)+Jj u 2 dx+ ( 21 il )—49 I |Vu|2dx (3.6)
Po 2" py
2" 1) d wk, (t
Hr =/1Lk1(t)+'unk2(t)+( nj ke (1)
2p, 2" 1p,
FH 51 B A0
L 1
J' u 2”’3dx:f u(1 2"’2]2dx
Q Q
+—
. d 2n—2
<(+2d) uzdx+(1+—j ulvu dx]
o2 | e 102 i
-1
n- d 3 2 % -z
<(@+2d)| L +[1+—] uZdx)? ([ [Vul” dx ]
2 [ Lo 1oL o [ ol o
DOI: 10.12677/aam.2023.1210420 4270 N et


https://doi.org/10.12677/aam.2023.1210420

EEF R

-1
3l N d .12 AN
=(1+2d) 3(—(p(t)+[1+p—oJ22(p2 (IQ|VU|ZdX) j

Po 37)
, . n 1+2n%2 1 d 1+2n172 N2 N2, ) 2”;7214 '
<(1+2d)" 272 [—j @ 2“+[1+—] 227 g (_[ [Vul dx) 2
Po Po e
224 2124 224 2”’f+1 24 24
1) o1 (J'Q|Vu|2dx) on-1 — on-1 (J‘Q|Vu|zdx) on-1 £ on-1 @ on-1
n-2_;
=[] vuf ax) 7T | o T g (3.8)
n-2 n-2 a4 224 N2y
= 2 n j—lgj.nwu'z dx + 22"—1 15 znizilgazn?zil
#(3.7)F1(3.8)fR N\ (3.6)1%
I 224 5
@' (t)<Cip+Chp ° +C3¢72"'2*1+C4IQ|VU| dx (3.9)
/\q:l
C1 — lunMZ
Po
e l+2n%2
C,=J,(1+2d)"" 227 [LJ
Po
w1l n-2
1 -2 217%4 9n-2 _q 2"y
C,=J,(1+ Zd)n_322"_2 (1+i] S 2 1 18 272
2
Po
Y7 2 ono2 2 +1)dzuM
n- e H
C,=J,(1+2d) 3{1+1] PR njlg+( 2 L0
Po 2 27 py
2" +1)duM
oo 3, = aLM, + 2M N H) :
2p, 27 1P,
C, M T e M= kZIWE, Wk e 2%/, MATLMSEIIER 7, H15C, =0,
, —_— 210
¢'(t)<Cip+C,p +Cyp .—F(w(t)) (3.10)
’ , t
[rodn | 7t g (3.11)
°OT(n)) T(p)
X (3.11)7E[0,t] #s 15
®_dn
t> [ = 3.12
WO () (312
imo(1)=o

JUES)

DOI: 10.12677/aam.2023.1210420 4271 IR Esid


https://doi.org/10.12677/aam.2023.1210420

EFF AR

w_e dp e dn
tZL«O) )_L;m) (3.13)

r 224 224
(v Cn+Cpm 7 +Cp? "

€ B 3 HEEE .

5. &hig

ARSI T — FEEAT IR R B35 I 2R B0 A BRI 3 B R (R el I, 308 T A 3 3 1Y

R BN AN E R, 454 Cauchy ANZEUFT Holder AAER, 193 1 IRUEME 42 RAAE I E M 5%
RO RAI 18] F) LR Sl it

EemE
LTEHE T =PI E BB (95 : LIKMZ20220832).

S Hk

[1] Payne, L.E. and Philippin, G.A. (2012) Blow-Up Phenomena in Parabolic Problems with Time-Dependent Coefficients
under Neumann Boundary Conditions. Proceedings of the Royal Society of Edinburgh Section A: Mathematics, 142,
625-631. https://doi.org/10.1017/S0308210511000485

[2] Payne, L.E. and Philippin, G.A. (2013) Blow-Up Phenomena in Parabolic Problems with Time Dependent Coefficients
under Dirichlet Boundary Conditions. Proceedings of the American Mathematical Society, 141, 2309-2318.
https://doi.org/10.1090/S0002-9939-2013-11493-0

[3] Payne, L.E. and Philippin, G.A. (2012) Blow-Up in a Class of Non-Linear Parabolic Problems with Time-Dependent
Coefficients under Robin Type Boundary Conditions. Applicable Analysis, 91, 2245-2256.
https://doi.org/10.1080/00036811.2011.598865

[4] Marras, M. and Piro, V.S. (2014) Reaction-Diffusion Problems under Non-Local Boundary Conditions with Blow-Up
Solutions. Journal of Inequalities and Applications, 2014, Article No. 167.
https://doi.org/10.1186/1029-242X-2014-167

[5] Ding, J. and Kou, W. (2018) Blow-Up Solutions for Reaction Diffusion Equations with Nonlocal Boundary Conditions.
Journal of Mathematical Analysis and Applications, 470, 1-15. https://doi.org/10.1016/j.jmaa.2018.09.021

[6] Zhang, J. and Li, F. (2019) Global Existence and Blow-Up Phenomena for Divergence Form Parabolic Equation with
Time-Dependent Coefficient in Multidimensional Space. Zeitschrift fir angewandte Mathematik und Physik, 70, Ar-
ticle No. 150. https://doi.org/10.1007/s00033-019-1195-y

[7] Song, X. and Lv, X. (2014) Bounds for the Blowup Time and Blowup Rate Estimates for a Type of Parabolic Equa-
tions with Weighted Source. Applied Mathematics and Computation, 236, 78-92.
https://doi.org/10.1016/j.amc.2014.03.023

[8] Ma, L. and Fang, Z.B. (2016) Blow-Up Analysis for a Reaction-Diffusion Equation with Weighted Nonlocal Inner
Absorptions under Nonlinear Boundary Flux. Nonlinear Analysis: Real World Applications, 32, 338-354.
https://doi.org/10.1016/j.nonrwa.2016.05.005

[9] Ma, L. and Fang, Z.B. (2017) Blow-Up Phenomena for a Semilinear Parabolic Equation with Weighted Inner Absorp-

tion under Nonlinear Boundary Flux. Mathematical Methods in the Applied Sciences, 40, 115-128.
https://doi.org/10.1002/mma.3971

DOI: 10.12677/aam.2023.1210420 4272 AR A

il


https://doi.org/10.12677/aam.2023.1210420
https://doi.org/10.1017/S0308210511000485
https://doi.org/10.1090/S0002-9939-2013-11493-0
https://doi.org/10.1080/00036811.2011.598865
https://doi.org/10.1186/1029-242X-2014-167
https://doi.org/10.1016/j.jmaa.2018.09.021
https://doi.org/10.1007/s00033-019-1195-y
https://doi.org/10.1016/j.amc.2014.03.023
https://doi.org/10.1016/j.nonrwa.2016.05.005
https://doi.org/10.1002/mma.3971

	具有加权函数的发散型反应扩散方程的爆破分析
	摘  要
	关键词
	Blow-Up Analysis of Divergent Reaction Diffusion Equations with Weighted Functions
	Abstract
	Keywords
	1. 引言
	2. 解的整体存在性
	3. 上界估计
	4. 下届估计
	5. 结论
	基金项目
	参考文献

