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TOM TAT
Trong bdi nghién ciru ndy, chiing t6i xdy dung cdc diéu kién cho tinh triét tiéu ciia nghiém tai
thoi diém xdc dinh cia phwong trinh khuéch tn, u =Au"+ aJQu P(y,t)dy , 0<m<1, a,p>0 trong
mién bi chan Q < RYVSi N >2 Vdi diéu kién bién hon hop u(x):O,XGFl;Z—z:O,Xer,trong do
I,,T, la hai phdan hoach khac rong ciia 6Q VA n la vecto phdp tuyén bén ngoai bién. Cu thé hon,
bai nghién ciu chi ra rang néu p >mthi mei nghiém c6 ham nguon nho sé triét tiéu va néu p<m
hodac p = mva au >1, nghiém cuc dai Ciia phuwong trinh sé duong trong Q@ V6&i moi t >0, trong do

u= _[Q(p(x)dx voi ) la nghiém duwong  cua  phuwong  trinh elliptic
-Ap(x)=1xeQ;p(x)=0,xe Fl;a(g—flx)= 0,xel,.

Tir khoa: phwong trinh khuéch tan nhanh; ngudn Nonlocal; triét tiéu tai thoi diém xac dinh
1. Giéithiéu

Cho o la mién tron bi chan trong R", n>2 va r,,I, la phén hoach cua bién tron 0Q,

trong do I, khéc rdng, dong va u, e L (Q) la ham khong am. Chiing t6i xét phuong trinh

u =Au" +u+anup(y,t)dy XeQ,t>0,

z(x,t):o ,Xel'[,t>0, (1.1)
u

%(x,t)zo ,xel,,t>0,

u(x,0)=u,(x) XeQ

v6i 0<m<1va a,p>0,ddngthoi n 1a vecto phap tuyén ngodi bién Q.
Diéu chlng t6i quan tAm ¢ day la tinh triét tiéu cua nghiém khong am tai thoi diém
hitu han cho phuong trinh (1.1), tirc ton tai T >0 hiru han sao cho nghiém la khong tam
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thuong voi0 <t <T, nhung u(x,t)=0 v&i moi (x,t) e Qx(T,), khi do T duogc goi la
thoi diém triét tiéu.

Tinh triét tiéu trong phwong trinh khuéch tan trén bién Dirichlet lan dau duoc ching
minh boi (Sabinina, 1962), ké tir 6, dd c6 hang loat cac két qua vé hudng nghién cau nay
(Friedman & Herrero, 1987; Kalashnikov, 1974; Herrero & Velazquez, 1992). C6 thé Iy vi
duy, tinh triét tiéu cua phuong trinh

u =Au™ +au® Xe,t>0,
u(x,t)=0 ,XeoQ,t >0, (1.2)
u(x,0)=uy(x) XeQ

da duoc khao sat thong qua nhiéu bai nghién ctu (Borelli & Ughi, 1994; Ferreira & Vazquez,
2001; Leoni, 1996; Peletier & Junning, 1990; Peletier & Junning, 1991; Li & Wu, 2005).
Nhitng két qua mai nhat vé tinh triét tiéu ciia phuong trinh (1.2) véi 0<m<1 va a,p>0
duoc gisi thiéu trong (Li & Wu, 2005). Bai nghién ciru ndy chirarang néu p > m thi nghiém
duy nhat véi dir liéu dau nho s@ triét tiéu tai thoi diém hiru han, néu p <m thi nghiém cuc
dai luon duong trong Q Véi moi t>0. Vi truong hop p =m thi gié tri riéng dau tién cua
—A trong Q doéng vai tro quan trong.

Ngoai ra, tinh triét tiéu trong phuong trinh khuéch tan trén bién Neumann ciing duoc
khao sat théng qua hang loat nghién ctru (Alan & Mark, 2008; Chengyuan et al., 2014; Yves
& Andrey, 2007)). C6 thé Iy vi dy, tinh triét tiéu cua phuong trinh

ut—div(|Vu|p72Vu)=|u|q—Judx XeQ,t>0,
Q
Ny t)=0 X €d0,t>0, (1.3)
on
u(x,0)=u,(x) XeQ,

da dugc chi ra boi Chengyuan va cong su (2014). Phuong trinh (1.3) véi p =2 thuong dugc
sir dung dé mo ta hién tugng bing nd dan sb va trong khoa hoc sinh hoc (Budd & Dold,
1993; Hu & Yin, 1995). Néu 1< p <2 thi phuong trinh xuét hién trong Ii thuyét cua chat
I6ng phi Newton (Alikakos & Evans, 1983).

Véi nhitng diéu kién bién khéac nhau s& cd nhiing ki thuat hay phuong phap nghién ciru
khac nhau. Do d6 ¢ bai nghién ctru nay, nhu dé cap ¢ trén ching ti s& dua ra mot vai két
qua cho bai toan (1.1) trén bién hén hop gitra hai bién Dirichlet va bién Neumann.

2. Noi dung nghién cau

Chuing t6i s& xay dung khéi niém v& nghiém dia phuong cho bai toan, tirc véi do chinh xac nho

bét ki chung t6i dua ra nghiém gan dung. Trudc tién, ching tdi s& dat 1op cac ham thir khdng &m

og

=0;,
Nlr,01)

F :{6:560(@)ﬂCz'l(QT),a:t,Afe U(Q):620.8] o) =05

trong d6 Q; =Qx(0,T).
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2.1. Dinh nghia va ki hi¢u
Dinh nghia 2.1. Ham u e L (Q; ) duoc goi la nghiém dudi (nghiém trén) cua bai toan (1.1)
trén Q, néu thoa cac diéu kién:

(i) u(x,0)<(=)uy(x) trén Q;

(i) u(x,t)<(=)0 trén T, x(0,T);

(iii)g—u(x,t)s(z)o trén T, x(0,T);

n
(iv)Véimoi te(0,T) vamoi e F taco

ju(x,t)é(x,t)dxg(z)iuo(x)f(x,o)dx

+j”{ufs +u"‘A§+aJ'up (y,s)dyg(X,S)} dxds.

Ham u dugc goi 12 nghiém dia phuong cua (1.1) néu né vira 1a nghiém dudi va nghiém
trénveimot T > 0.
Dinh nghia 2.2. (Tinh tri¢t tiéu cia nghiém) Cho ham khéng &m u(x,t). Nghiém u(x,t)
duogc cho c6 tinh triét tiu néu ton tai thoi diém xac dinh T >0 sao cho u(x,t) khong la
nghiém tdm thuong v6i 0<t<T nhung u(x,t)=0 véi moi t>T . Khinay T dugc goi la
thoi diém triét tiéu.
2.2. Nguyén li so sanh

Trudc tién ching toi can gidi thiéu dén nguyén Ii so sénh.
Ménh dé 2.3. (Nguyén li so sanh) Cho u va v lan Iuot Ia nghiém dudi va nghiém trén khong am va
bi chan cua (L1.1), gia sirton tai 5 >0 saocho v §. Khi d6 néu u(x,0)<v(x,0) thi u <v trén Q; .
Chikng minh. Gia sir u(x,0)<v(x,0).

Khi nay tir diéu kién (iii) cia nghiém dudi u va nghiém trén v, ta co

g[(u—v)(x,t).f(x,t)dxsi[uo(x)—vo(x)jg(x,o)dx

+j)'g[[(u —V)& +(um —vm)Agj] dxds

+_([z[a([[up(y,s)—vp(y,s)]dyf(x,t)dxds.
bit d)(x,t):_l[m[eu +(1-o)v]" " do va F(x,t):jp[6u+(1—6)v]p_ld6. Taco
(U—v)®(xt)=u"—-v" va (u-v)F(x,t)=uf —v", khido

E[(u—v)(x,t)é(x,t)dxsE[[uo(x)—vo(x)]g(x,o)dx

+.t”(u —v)[gs +DAE+a|Q F]dxds.
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Do m<1 nén @(xt)=|m[ou—(1- ev] d6?<jm[1 Hv] do=v"t<smt,

O ey

Tuong tw véi p<1thi F(xt)<s"™.

Mat khac voi p>1, do u,v bi chan trén Q; nén F(x,t) bi chan. Vay @(x,t) va
F(x,t) la cac ham khong am bi chan trén Q; . Do do ta co thé chon ham & tuong tu trong
(Anderson, 1991, pp.118-123) dé c¢6 dugc u <v. [ ]

Tir day bang phuong phap chinh quy héa tiéu chuan, ching t6i xay dung nghiém dia
phuong cta phuong trinh (1.1). Cu thé ching t6i xay dung nghiém cua phuong trinh (1.1)
tir nghiém cua phuong trinh chinh quy dudi day.

2.3. Swtén tgi nghiém va tinh duy nhdt ciza nghigm véi cdc diéu kién dac bigt
Dinh Ii 2.4. (Anderson, 1991) Cho Q la mién bi chan trong R", n>2 va I',,T, la phan

hoach cta bién tron 0Q va u, e L (Q) 1a ham khong am. Ta xét phuong trinh

u, =Au" +af (y,t)dy  ,xeQ,0<t<T,
u(x,t):% Xxel,,0<t<T,
(2.1)
8—u(x,t):O xel,,0<t<T,
on
a(%,0) =ty (X) + xeQ,

véi 0<m<1, a,p>0 va v 1avecto phap tuyén ngoai bién oQ.
Khi d6 v6i T >0 da nho sé ton tai nghiém dia phuong U, cua phuong trinh (2.1) trén

- . R T T o L. , 1
Q; v&imoi keN va |u, | bichan doc 1ap véi k. Hon nita, véi k <1 taco I—Su, <u,.

M¢énh dé 2.5. (Su ton tai nghiém dia phuong ctia phuong trinh) Cho {u.},., 1acac nghiem
cua (2.1), dat U (x,t) = lim u, . Khi do U (x,t) la nghiém cuc dai cua (1.1). Hon nira, néu v

la nghiém dudi cua (1.1) thi v<U.
Chiing minh. Do ddy (u,),_, giam nén U (x,t) la nghi¢m cua phuong trinh (1.1). Gia st u
la nghiém cua phuong trinh (1.1), khi do ta c6

I(u —u, )€ (xt)dx :':[i[(u —U, )<, +(um —uL“)Ag] dxds

Q g l{ T (3.)-uf (3.9)]dve (x, s)}dxds

+%i_|'6§ds ds——jg x,0)d
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Ma %30 trén T, x(0,t) va &£(x,0)>0 voi moi xeQ nén

on
£(”‘“ ii[u U )& +(um - )Ag}dxds
+i£{ai )] dy& (x, s)}dxds.
bat q)k(x’t):j‘m[eu_( ] do va F (xt) =.[p[9u (1-6)u ] do , khi
do ta co

.[(u —u)(x,t)E(x,t)dx < j;([(u ~u, )[ & + D A& +a|Q|F, Jdxds.

o
Dé chimg minh @, (x,t) va F (x,t) 1a ham khong 4m va bi chin. Dan dén ta c6 thé
chon ham & twong ty trong (Anderson, 1991, pp.118-123,) dé c6 dugc U < U, . Do d6 U (x,t)
la nghiém cuc dai cua (1.1). Néu v chi 1a dudi nghiém cua (1.1), 14p luan trén ciing chi ra
v <u, véi moi k, dan dén v <U . Ta hoan thanh chiing minh. n
Tiép theo ta s& xay dung tinh duy nhat nghiém cuaa bai toan (1.1) cho mot vai truong

hop dic biét. Trudc do, ching t6i s& gidi thiéu nghiém dwong duy nhit cia phuwong trinh
eliptic qua bo dé dudi day.

Bé d@é 2.6. Cho Q la mién tron bi chan trong R", n> 2, c6 bién tron 0Q thuoc C* va T, T,
la phan hoach cuia bién tron 0Q, trong &6 T, khac rdng va dong. Khi d6 phuong trinh eliptic

-Ap =1 ,XeQ,
@(x)=0 xely, (2.2)

0
a—f(x)=o xel,,

t6n tai nghiém dwong duy nhat ¢ trong C?.
Chirng minh. Sy ton tai nghiém duy nhit ¢ da duoc ching minh trong (M.Lieberman, 1986),
ta s& chung minh ¢ s& la nghiém duong. Lay & > 0, tir (M. Lieberman, 1986) phuong trinh

-Ap, =1+¢ ,xeQ,
@, (x)=0 ,xel,

0
%(x):g, xel,.
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c6 nghiém. Ta thiy A, <0 véi moi x € Q, khi d6 néu ¢, dat gié tri nho nht trong phan
trong cia Q tai X, khi d6 Ag, (x,)> 0, diéu ndy mau thuan, do d6 ¢, khong dat gia tri nho
nhat trong phan trong cua Q.

a% (x)>0 trén ', nén gia tri nho nhat ciing khong ton tai trén T, .
Vay gia tri nho nhat cia nghiém ¢, s& dat trén I, tac gia tri nho nhat cia ¢, (x) 1a

0 hay ¢, (x)>0.Cho £ -0 tacé ¢, = ¢ >0. Ta hoan thanh chang minh. ]
Trong bai nghién ctru nay ching t6i sé ki hiéu M =sup . ¢(x) va u= ng X ) dx

Ménh dé 2.7. Néu p=m va au <1, vdi u dugc liy nhu trong (2.2), khi d6 nghiém khong
am u caa (1.1) 1a duy nhat. Hon nita, néu v 1a nghiém dudi cua (1.1) thi v<u.
Cheng minh. Cho u la nghiém tuy y caa (1.1) va u, la nghiém cua (2.1). Khi d6 ta co

i(uk—u)f(x,t)dx il[ u)é, + ug —u )Ag}dxds
+':|)'£{aj[ukp(y,S)—uP(y,s)]dyg(x,s)}dxds
%ij%ds ds+= jg (x,0)d

Chon ham thir & 1a nghiém duong ¢(x) cua phuong trinh (2.2), khi nay do p=m va
au<ltaco

j(uk —u)f(x,t)dx:(ay—l)i'i(u,i“ —um)dxds+%£§(x,0)dx

o)

Cho k — o, khi do ta ¢
[(u-u)¢(xt)dx=<o.

Q
Ma ta d chirng minh trong Ménh @ 2.5 rang U >u nén u=U . Vay u la nghiém duy nhat
cta (1.1). Bong thoi theo Ménh @ 2.5, néu v 1a nghiém duéi thi v<u. Ta hoan thanh
chung minh. [ ]
3.  Kaétluan

Bay gid, chung t6i s& gidi thiéu mot sd didu kién dé nghiém phuong trinh (1.1) triét
tiéu hodc khong triét tiéu tai thoi diém xac dinh. Trong bai nghién ctru, ching t6i s& chu yéu
xdy dung cac nghiém trén, nghiém duéi sau d6 sir dung nguyén 1i so sanh dé chimg minh sy
tri¢t ti€u hodc khong tri¢t ti€u tai thoi diém xac dinh.
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Dinh Ii 3.1. Gia sit p<m hoic p=m va au>1. Khi d6 véi moi ham dir kién ban dau
khéng &m u,, nghiém cuc dai U (X,t) ctia phuong trinh (1.1) s€ khong triét tiéu.
Chitng minh. Ta s& chimg minh bang cach xay dung mot nghiém dudi phu hop va ap dung
nguyén li so sanh cho cac nghiém dudi.
bat v(x,t)=g(t) o" (x),trong d6 ¢(x) 1a nghiém duong duy nhat ctia phuong trinh (2.2).
V6i p<m,tachon g(t) la nghiém cua phwong trinh phuong trinh vi phan

g'(t)=M [ +aj x)dx-g° }
9(0)=0,
g(t)>0, t>0.
v(x,t)=g(t)-¢" (x)=g(t)-0=0 xel,,t>0,
Khi do, ta c6 %(x,t):g(t).a—f(x):g(t)-ozo Xel, t>0,
v(x,0)=g(O)wpﬁ(x)=O~¢ﬁ(x)=0£uo(x), XeQ,

ddng thoi do M =sup__ ¢(x) va %>1 nén o <M™, khi do ta c6
v (x)=g'(t)o" (x)<g'()M*
:M*[ +aj x)dx-g® }
:Agpgmaj[g(t)(ﬁ(x)] dx
Q

=AV" +aIv"(x,t)dx.
Q

E\H

Dan dén, v(x,t) la nghiém dudi (6 day hiéu theo nghia ting diém) ctua phwong trinh (1.1).
V6i p=mva ag>1,tachon g(t) la nghiém cta phuong trinh phuong trinh vi phan
(1) =M (au-1)" (1),
9(0)=0,
g(t)>0, t>0.
Twong ty v6i truong hop P <M ta ciing thu duge v(x,t) 1a nghiém dudi cta phuong
trinh (1.1).
Ap dung Ménh dé 2.3 v&i nghiém cuc dai U (,t) va nghiém duéi v(x,t), taco dugc
U(x,t)ZV(x,t):g(t)(p%(x)>0 XeQ,t>0.
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Do d6 khong ton tai thoi diém triét tiéu T, tirc nghiém cuc dai U (X,t) khong co tinh triét

tiéu. Ta hoan thanh ching minh. ]

Dinh 1i 3.2. Gia st p > m. Khi d6 moi nghiém cta phuong trinh (1.1) sé triét tiéu tai thoi

gian xac dinh vai dir liéu ban dau du nho.

Cherng minh. PAu tién ta s& nhan u°™ véi s>1 tly y cho hai vé cua ding thuc dau tién cua

(1.1) va ly tich phan trén Q, khi d6
1d usdx+—4m (s=1) H u"?
sdty, (m+s-1)

Truwong hop 1. p <1, Theo bat dang thac Holder vai moi k <5, ta co

" dx = a_fu pdx‘[uS . (3.2)

k

1 17% s 1 17% s
jukdxs[jllzdx] U(u")k dx] :[Illtdx] Uusdxj =|Q|1_§ ||u||:
Q Q Q Q

Q
Khi d6 véi (3.2) bat dang thic trén trg thanh
” ” 4m(s- 1)
s dt (m+s— 1)

k
B

m+s-]
2

p+s-1

+S
"

(3.3)

S

—aju"dxj'us Tdx<a

<m<1, ldy s=m+1 khi d6 (3.3) tr& thanh

Vi N-2
N+2
1+m

LSl
Theo bét ding thirc Holder ta c6

"l (3.4)

1+m *

_m_

1 (N-2)asm) (N-2)(1m) Tem
1 2Nm 2Nm 2Nm n N2
”u”m < J.]-W dx I(u1+m )(N—Z)(1+m) dx _ |Q o (YL
1+m — 2N "
Q N-2

Q

Mt khac, theo bat dang thuc Sobolev ta suy ra
Jull, <[5 Ju], < 7[Qf [vun],. hay 1@

_m _N-2

Trm 2N ”U”

+m~ 2N m 1m 2N

1+m

trong d6 7 >0 1a hang sb. Tu: day, bién d6i dang thuc (3.4) ta co

1 | qem oz

u Q N 1+m
Lo

bat J (t Iu1+mdx khi d6 (3.5) c6 thé viét lai thanh

2m p+m . (35)

1+m

< a|Q|2'% u

1+m

N-2_2m
N lem a|Q

LJ'(t)s_M(t)[y TR ()

1+m
Ta chon u, du nho sao cho

N-2_2m

2|QN iem a|Q “T Ef(o)>0

khi do ta co
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1 m
3'(t) <—c, I (1),
Lo ()<-ad™ (1)
trong d6 ¢, =7 2|Q" ** —a|Qf * J% (0). Do 12”‘ <1 nén J(t) sé trigt tidu tai thoi
+m

diém xéc dinh, dan dén u(x,t) ciing triét tiéu tai thoi diém x4c dinh.

v&0<m<N_

,tachon s = %(1— m)>1, khi d6 theo bt ding thirc Sobolev ta co

N-2

N
ST R

Tir day, ta dat J(t jude khi d6 (3.3) tr& thanh

m+s-1

Ju L S‘VU%H
2

< ;/HVUWTH

hay 7 |u
2

EJ(QS_JWF(Q{yQJTKEZQ__ﬂQ

s (m+s—1)2

Ta chon u, du nho sao cho

4m S— 1 2_ PSl
—————alQ" > 0.
(m+s 1
Dan dén
%axos_%awlay
4 —1 _ pts- p-m —
trong do c, =y/"ZL)2—a|Q|2 *J+ (0).Do m+S 1<1 nén J(t) sé triét tiéu tai
(m+s-1) S

thoi diém xéc dinh, dan dén u(x,t) ciing triét tidu tai thoi diém xac dinh.
Truong hep 2. p>1, lay v(x,t)= ko™ Vi @ 1a nghiém duong duy nhat cua (2.2) va do

p>m nénnéu k >0 di nho sao cho 02—k”‘+akpj'(p%dx,khi do ta co

Q

v(x,0)=kgp" > 0=V, XeQ,

v(x,t):kgo%>0 Xxel,t>0,

ov kqf_l op

Z(x.t = r,,t

P (xt)= ~ an(x) 0 Xxel,,t>0,

v(xt)>0> km+akpf¢ dx =Av" +ajv yt dy ,XeQ,t>0,
Q

Dén dén v(x,t) la nghiém trén cta phuong trinh (1.1). Néu u, (x) < kg™ =V, (x) voi
moi X € Q thi theo nguyén li so sanh (Ménh dé 2.3) thi
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u(xt)<v(xt)=keo <kM™, t>0.

Tir day cung véi bat dang thie Holder, (3.2) tré thanh

4m(s 1 misd
1ij.ustJr(—H vu'?
sdty, (m+s-1)

dx aju pdx'[u “dx
<ak"'M?* 1J.udxj.us’ldx (3.5)
Q Q
<ak"'Mm p‘1|Q|J.usdx.
Q

Véi N -

; <m<1, ldy s=m+1 khi do6 (3.5) tr& thanh

Li Lrm p-1 p-1 1+m

Do aelVhen <ak” MO Jul;, (3.6)
mat khac theo bt dang thirc Sobolev ta suy ra

Jull,, <l Ju" o <7|Q1mm w oy <

trong d6 y >0 1a hiang s6. Tir day, bién doi (3.6) ta co
1+m dt

1+m N-2_2m 2m

+y 2 j0 T ull, < ake M ol Jul (3.7)

1+m *

1+m

bat J(t Iu1+mdx khi d6 (3.7) c6 thé viét lai thanh
1

N-2_2m
N 1

—J'tS—Jﬁt[*Q 5 _akPiM P *t}.
3 () <=3 (o) 2 -a (v
Ta chon u, du nho sao cho
y 2| T —akPiM 0|35 (0) >0,
khi d@6 ta co
1 .

J'(t)<—¢, 3 (1),

1+m

T _akPIM P 0|35 (0). Do 1-m
1+m
thoi diém xéc dinh, dan dén u(x,t) ciing triét tidu tai thoi diém xac dinh.

trong d6 ¢, =y |Q

<1nén J(t) & triét tieu tai

Vi 0<m<NT_2 ,tachon s=

m+s-1 % N m+s-1
ol =] (o) | <o
S A
Q

Tu day, ta dat J (t Iusdx khi d6 (3.5) tr¢ thanh

%(1— m)>1, khi d6 theo bat dang thirc Sobolev ta c6

u

< 7/HVUWT$1

hay 77 ul*" < |vu™|
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Ly 2= ()] 220 w0 (1) |
s (m+s-1)
Ta chon u, du nho sao cho
2 —4m(s_1)2 —akPM "] (0)> 0,
(m+s-1)
khi d6 ta co
(1) 503" (1)
4 -1 Ln —
trong d6 ¢, = y*ZM—ak PIMPQ|J (0). Do M+S=1 1 nen 3 (t) striéttiéu
(m+s-1) S

tai thoi diém x4c dinh, dan dén u(x,t) ciing triét tiéu tai thoi diém xdc dinh.

Nhan xét 3.3. Tir Dinh Ii 3.1, ta thidy néu p<m hoic p=m va au>1, nghiém cuc dai
U (x,t) s& luén duong véi moi t >0, tirc anh huéng cua tap ngudn “manh hon” va s6 hang
khuéch tan khong du lam triét tiéu ham ngudn. Tuy nhién néu p > m, tic tap ngudn nonlocal

kha yéu, theo Binh Ii 3.2, anh huéng sé hang khuéch tan du dé cac nghiém khong &m cua
phuong trinh (1.1) triét tiéu tai thoi gian xac dinh véi dit liéu ban dau du nho.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT
In this article, the authors established conditions for the extinction of solutions, in finite time,

of the fast diffusion equation ul:Aum+a‘[Qup(y,t)dy, 0<m<1l, a,p>0 a bounded domain

0

Q< RYwith N>2 with mixed boundary conditions U(X)=O,X€rl;a—u=0,xer2, where T,,T,is
n

partition of Q and n is an outward vector. More precisely speaking, it is shown that if p>m, any
solution with small initial data vanishes in finite time, and if p<m or p=m and ax>1, the
maximal solution is positive in ¢ for all t>0, where y:jﬂ¢(x)dx and ¢ is the unique positive

0
solution of the elliptic problem-Ag(x)=1x € Q;p(x)=0,x e 13% =0,xeT,.

Keywords: Fast diffusion equation; nonlocal source; Extinction in finite time
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