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Nonlinear diffusion equation
with dynamic boundary conditions
and related topics
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o BIHIERFZHT COIFRMILEAIER

e Cahn—Hilliard BOHRR{L SV ICEMIER RS (GMS)
o (GMS) H5IERILATEANDER

e Fast diffusion A2 & BRIFZIE R

o XEHESERDIERE
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2. BFNRFARHG T TOIMPILARER

o FEIRTIL &mfc 0<T <oo, QCR3 BFMEETEDERIIZTIBSH.

[ Bru— AB(w) =g inQ:=(0,T) x . }

CTC, BIIRREBBPBEPARITST7ETS.
BEREE ¥ = (0,T) x T ETOMBIZHEE LT:

B(u) = gr (Dirichlet);
OyB(u) =gr (Neumann);

OB(u) + B(u) = gr (Robin).
IERFGICEHERMY ZE20E D% Z 2 TIEEH (dynamic) 157 &4 & .
Oru + OpB(u) = gr,
(Aﬁ(u))| + 8,8(u) = gr (Wentzell (Ventcel')):
M
ou + OpB(u) — ArB(u) = gr (generalized Wentzell).

BBEABDOELLIFTEREESLODOMEIFHEI L. IBRLEDRDFRE DEILA.
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o FHAIERFZMHGT TD Stefan [HRE
0<T < oo, QcCR3.

Ou — AB(u) =g In Q,
=ur, Owr+0vB(u) —Arp(ur) =gr onZI,
U(O) = ugQ in Q, Ur(O) = urpo on [.

U

B:R = RIGRTESES N3 EHHIEHAEY o)
ksr if » <O,
B(r) = o) if 0 <r <Y/,
ko(r —£) it r >/, 0 u
ks, ke, E‘iIEEE%&,
g, gr, uQ, ’U,r’o ‘i'ﬂ_-i_ ‘5“7:55?&
[%éi%ﬂlcl, co > 0DBEELT B(r) > c1lr|? —co (Yr € R). J

ZZT, BIRBDRBBEAMAEEKRT 5.
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o FINMNERFHET COZABEARARER
O0<T <00, QCR3. m>1.

Ou— Alu™ lu=g inQ,
u-=ur, Owr+dlul" tu— Arjur|" tur =gr  on I,
u(0) =ug in R, wur(0) =urg onT.

5 e C(R) IFRR %8 ") BEFHE.

B(u)]
B(r) = |r|" " r,
~ 1
() = —— " (rem).
0 u

B B DIRIREEEN.

[%%E%ﬁcl, co > 0DBEELT B(r) > ci|r)2 — e (Vr €R). }
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o FIMHIERZMHET TD Hele-Shaw RB&
0<T< oo, QCR3.

8tu_A€:ga gEﬁ(’U/) in Q)
§ir = &r € Bur), OGur +0§ — Argr =gr on I,
u(0) =ug in 2, wur(0)=urg onT.

5=0F R 2F WBREBEME, 5(0) 3 0. 7
(—o0, 0] if »r=20,
B(r) = 0lg 11(r) = 0 if e (0,1), X
[0, +00) if r=1, 0 1 u
B = Ijp.174d 8 DIRIEEEE, D(5) = [0, 1].

[%%E%ﬂlcl, co > 0DBEELT B(r) > ci|r)2 — e (Vr €R). }
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o FIMMIIERZ U T TD Penrose—Fife BUIERRTZILENATER
0<T < oo, QCRS3.

Ou — AB(u) =g in Q,
=ur, Owr+op(u)—ArB(ur) =gr on I,
u(0) =ug in 2, wur(0)=urg onT.

U

B € C((—1,00)) IZEE%EY BIEM, p)

1
B(r) = _1——|—7“ + 1,

B(r)=—log(1+r)+r ("re(-1,00)). 0 w
B 8 DIEKEIH.

[%%E%[cl, co > ODBEELTB() > c1|r|? — e (Vr € D(B)) I&AK3T l,fat\,\,]
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o FIMMIBERZ MG T THDfast diffusion AIZ=
0<T <00, QCR3 BHOOAMABRERMEE. 0<m< 1.

Ou — AB(u) =g In Q,

u- =ur, OGur+of(u)—Arp(ur) =gr onz,
u(0) =ug in R, wur(0) =urg onT.
B e C(R)IFRER%EY BFEEM. B(u)]
B(r) (=Ir|™tr) =|r|™sgnr,
Q - 1 14+m A4
B(r) ——1_|_m|"“| ("r € R). - -
Bl B DIRIAEEEK.

[%%Eiﬂlcl, co > O0DBELT B(r) > c1|r|? —co (Vr € R) IFRILL AL, }
x: BROAERBZDEBIC DO WTIEEEDRFE TIRE.
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3. Cahn—Hilliard B@OHRENLG L CICERRESFRMF
e GMS(Goldstein—Miranville—Schimperna) €7 L
u, ,LLZQ—)R, ur, LLrZZ—)R,
ou—Ap=0, p=-Au-+F'(uv)—7Ff inQ,
ur =u|, pr =p, Owr +0ppu—Arpr =0 on X,
pr = Opu — Arur + Fr(ur) — fr  on X,
u(0) =ug in 2, wur(0)=urg onT.

Z TC, FFr‘Et BHABEKRT VY.

”<> A Cahn—Hilliard |
model in a domain with non-permeable walls, Physica D, 240 (2011),
k754—766. )

GMS ET LTI EERFRIA AL
— \4
/Q u(t)daf;—l—/l_ur(t)dl_ = /Q uod:c+/l_ur,0dl_ (“t € [0,T]).
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3. Cahn—Hilliard B2EO AL S CICENRIIEFR FHE

’LL,,LLIQ—)R, ur, LLrZZ—)R,

ou—Ap=0, p=-Au-+F'(uv)—7Ff inQ,
ur = Y|, Oy 4 — 0 on X2,
pr = dpur + dyu — Arur + Fr(ur) — fr on X,
u(0) =ug in Q.

T, F,Fri$Z&HPERTVIvI.
f<> The Cahn—Hilliard equation with dy- |
namic boundary conditions, Adv. Differential Equations, 8 (2003),
\83_110' )

/Q u(t)dx = /Q updr (“t € [0,T)).
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3. Cahn—Hilliard B2OARENL L CICEINIREFREHE
e GMS(Goldstein—Miranville—Schimperna) 7L
u, MZQ—)R, ur, ,ur:Z—)R,
ou—Ap=0, p=-Au-+F'(uv)—7Ff inQ,
ur =, MHr = p, Owr +0up—Arpr =0 on X,
pr = dpu — Arur + Fr-(ur) — fr - on X,
u(0) =ug in 2, wur(0)=urg onT.

ZZT, FFr 3ZEHFERT VY vI.

o A Cahn—Hilliard
model in a domain with non-permeable walls, Physica D, 240 (2011),
K754—766. )

GMS EFII TR BEESREFIDIWIL: EFEDtc [0,T]IC/HLT

_ Jou()dx + [rur(t)dr S Jouodx + [ur odl’
2] 4+ [T 2] + ||

m(u(t)) :
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o GMSETFTIVIZHT 2T HMEEFRFHOEEZFIAHL THRERARERD
BAADSARENRRTES. F'=F =8+

(A1) BISBKREREERRTH(0) = 0 &M= #EIE FHERKMLEHRSE TB = 08,
(A2) m: R — RiXLipschitz #E&E#;

(A4) mg € intD(B) T, 5IZB(ug) € LY(Q), Blur o) € L(M);

(A5) f € L?(0,T; HX(2)), fi. = fr € L*(0, T; HY()), ug := (ug,urp) €
H1(Q) x H(), (uo)|- = ur,g a.e. on I

EE 3.1. (A1),(A2),(A4),(A5) DIREDT, BEN—EMICEET S.

s 3
o Equation and dynamic boundary condition of

Cahn—Hilliard type with singular potentials, Nonlinear Anal., 127

(2015), 413—433.
N J

¥ MEBEREFEAICHIG L7 Poincaré—Wirtinger OARER EHREBEEE ODBEK
ZRALEORBARR. u:= (u,pur) € L2(0,T; HL(Q) x HI(IM)), M- = pr,
p=—Au—+ B(u) + n(u) — f,

pr = Ovu — Arur + B(ur) + m(ur) — fr.
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o GMSETFIVICHT 2T MABFRGFHOEEZFIHEL THERERARERD
BiaroRREESERLE. F' =F =8+ .

(A1) BIIBKERERFZTH(0) = 0%/~ BIE FHEHRLUERSETL = 08;
(A2) m: R — RiXLipschitz #E&E#;

(A4) mg € intD(B) T, E5IZB(ug) € L), Blurg) € LI(M);

(A5) f e L?(0,T; HY(2)), fi- = fr € L*(0,T; H'(I)), ug := (ug,ur o) €
HY(Q) x HY(I), (ug)|- =urp a.e.onT.

T 3.1. (A1),(A2),(A4),(AS) DIREDT, BN —BMICEET 3.

a ™
w = u— mgol.

we HY(0,T:VE) NL>®(0,T; Vo) N L2(0,T; W),
pe L?0,T;V), ¢€elL?0,T;H),
. € B(w—+mg) a.e. in Q, & € Br(wr+mg) a.e. on X
H := L2(Q) x L3(I), Ho :={z € H : m(z) = 0},
V= {(z,zr) € HY(Q) x HY(M) : 2r = 2_ a.e. on r}, Vo:=VNnHy,
W = (H2(Q) X H2(r)) NV
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o GMSETFTIVIZHT 2T MABERGFHOEEZFIAEL THRERARERD
BilADSTREEEML. ' =F =3+ .

(A1) BISBKREREERRTH(0) = 0 &M= #EIE FHERKMLEHRSE TB = 08,
(A2) m: R — RiXLipschitz #E&E#;

(A4) mg € intD(B) T, 5IZB(ug) € LY(Q), Blur o) € L(M);

(A5) f € L?(0,T; HX(2)), fi. = fr € L*(0, T; HY()), ug := (ug,urp) €
H1(Q) x H(), (uo)|- = ur,g a.e. on I

EE 3.1. (A1),(A2),(A4),(A5) DIREDT, BEN—EMICEET S.

s 3
o Equation and dynamic boundary condition of

Cahn—Hilliard type with singular potentials, Nonlinear Anal., 127

(2015), 413—433.
N J

¥ MEBEREFEAICHIG L7 Poincaré—Wirtinger OARER EHREBEEE ODBEK
ZRALEORBARR. u:= (u,pur) € L2(0,T; HL(Q) x HI(IM)), M- = pr,
p=—Au—+ B(u) + n(u) — f,

pr = Ovu — Arur + B(ur) + m(ur) — fr.
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4. (GMS) S IR ATERN AN DR
(GMS; 2): V- e (0,1]

-

-

N
Opu- — Ap- =0, p-=—Au 4+ p(u-) +em(u) = f  in Q,
ur- = (u-)|.,  prp-= @), Owr.+0owp —Arpr-=0 on kX,
pr.=copu- —cArur .+ B(ur ) +enur ) — fr  on X,
J

B:R— R, BXERIERAR,

™. R — R,
(¢
— if » <O,
2
14
7r(r):=<§—r if 0<r <Y,
14
—— if r> /.
. 2 r

9

=-Af, gr =0vf - Arfr.

ET

\
£
2
AY/ - 0 J ~,
12 u

2

S

B+em F=B+c¢c7
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4. (GMS) b5 IFREILBI AR A DR

(GMS; 2): V- e (0,1]

4 N
Opu- — Ap- =0, p- = B(u-) —f inQ,
ur- = (u-)|.,  prp-= @), Owr.+0owp —Arpr-=0 on kX,
pr,- = B(ur ) —fr onZx.
\_ J
B R — R, BKERERR, A A
™. R — R,
(/
5 |f r << O, e
/ 14
e ——
7r(r):=<§—r if 0<r<y, O\I “
14
—— if r>Z. ~
\ B+em F.=p+e¢n

g=—-Af, gr=0vf—Arfr.
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4. (GMS) S IR ATERN AN DR
(GMS; 2): V- e (0,1]

;
Opu- — Ap- =0, p- = B(u-) —f inQ,
ur- = (u-)|.,  prp-= @), Owr.+0owp —Arpr-=0 on kX,
. pr,- = B(ur ) —fr onZx.
B R — R, BKERERR, A A
™. R — R,
(/
— if » <O,
2
/ — =
7r(r):=<§—r if 0<r<y, o ¢ u o ! “
14
—— if r>Z. ~
. 2 I} F:=p
g=—-Af, gr=0vf—Arfr.
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H:=L3%(Q), V:= HY(Q), Hr := L%(N), Vr := H(IN),
H:= H x Hr,
V .= {(Z,Zr) eV XVrizr= 2| a.e. on I‘}.
(A6) g € L2(0,T; H), m(g(t)) =0 for a.a. t € (0,7), ug € H.

T 4.1, (A1),(A4),(A6) DIREDT, we HI(0,T; V*)NL>(0,T; H)
HN—EBMIC, FLT, £ L2(0,T; V)DEFEELT

e pB(u) a.e. in Q, &r € Blur), &= {. a.e onkxt,
(W@).2)y. 4 (W @®,2r)y |+ [ V6D - Vade + [ Vrér(®) - Vrzrdr
— /Qg(t)zda: + /I_gr(t)zrdl_ (vz = (z,2r) € V) for a.a. t € (0,T),

ZL 7T, u(0) =ug a.e. in Q&ur(0) =ugr a.e. on N Zi/l=d

-

N
o Convergence of Cahn—Hilliard systems to the Stefan problem
with dynamic boundary conditions, Asymptot. Anal., 99 (2016) 1—
21

N /)
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o EIEMiE Key 1. BHEEH: w = u— mgl.
Key 2. #BIEEE: f = (f, fr).

—Af(t) =g() a.e. in €,
ovf(t) — Arfr(t) =gr(t) a.e. onT.
Key 3. —#kalM & MR 1E:
(w' (t), z>V5,VO +a(p-(),2) =0,

(n-(1),2) ,, = ca(w-(1), 2) + (£ () + 7 (w-(t) +mol) — f(1),2)
£ € B(w-+mg) a.e in Q, fr’ € 5(’wr, + mg) a.e.on X.
N N

(GMS: ) DfRE LTIt e

12

2
£ € L2(0,T; H), AX/ > 0 =
i€ L2(0,T;V). / 2

B+em F:=B+57Ar
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o FEMDE Key 1. BHEH: w .= u— mgl.
Key 2. #BIEEE: f = (f, fr).
—Af(t) =g(t) a.e.in £,
of(t) — Arfr(t) =gr-(t) a.e.onT.
Key 3. —FkaLi & ARERHER1E:

<w’ (1), Z>V5,Vo + a(u (1), z) =0,

(v (®),2),, = (€ @ —F(),2)
¢ € f(w +mg) a.e in Q, fr’ € 5(’wr, + mg) a.e.on X.
N N
(GMS:; o) DfEE L TIX o

g
g

£ € L?(0,T; H), g\f, = S
i€ L2(0,T;V). /
B+em F:=B+¢c7
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o FEMDE Key 1. BHEH: w .= u— mgl.
Key 2. #BIEEE: f = (f, fr).
—Af(t) =g() a.e. in €,
of(t) — Arfr(t) =gr-(t) a.e.onT.
Key 3. —FkaLih & MR 1E:

<w’ (1), Z>V8,Vo + a(u (1), z) =0,

(v (®),2),, = (€@ —F(),2)
¢ €efB(w +mg) ae in@, & € pB(wr +mg) a.e on X
N N

p € L?(0,T; V),
f€L?00,T;V),
w4+ feL?20,T;: V)&V, 0o ¢ 0
£EcL?(0,T:V)%1B%.

eV
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i BAKUEDHDEH 1, co > 0DBEELTEE) > cqlr|2—co (r e R) DS

| B(w @®)de = erfw @F - 2,

AEbh, —HRFHEICFIATE 3D, IhhzFEbd wEQFMA Cahn—Hilliard %
MrLEESELND.

IERFHIEIARENISRIERMEARER 2 HEZFE TIEZ 5 Damlamian O AEDER
ICRT YLD TEEREEBLZEDICELERETH>7: §: VF = [0, 0]

5(2) 1= /Q B(z)dx if B(z) € LYNQ), 6y+3(z) = FB(z) in V*
;

N
o Evolution equations generated
by subdifferentials in the dual space of Hl(Q), Discrete Contin. Dyn.
 Syst., 5 (1999), 269-278.

J
LEEERX TIX RObINEBERFEHTDRIEBME AENICH LT MFHFEFEILE] OF
ECEREHEAENALTWSD, EHEA4 11L& Y, Cahn—Hilliard 2H 5 DEETIE
[F¥ERIER] 2 EE LAVWEICHI S H S.
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o EAFHDEMICDOWVWT
e R
o Neumann problem for a class of nonlinear degen-

erate parabolic equations, Differential Integral Equations, 2 (1990),
253—-273.

& Nonlinear degenerate parabolic equations with
Neumann boundary condition, J. Math. Anal., Appl., 307 (2005),
232244,

o Energy solutions of the Cauchy—Neumann problem for
porous medium equations, pp.1—10 in “Discrete and Continuous Dy-
Knamical Systems, supplement 2009", AIMS, 20009.

Y,
NeumanniE R EHET Tk~ BIEBRILEARERNICT L TER S HAEAE.

o NeumannEREZLMHET TD Cahn—Hilliard 2 H 5 IS ILEN AR A DT

f<> Nonlinear diffusion equations as asymptotic limits of\

Cahn—Hilliard systems, J. Differential Equations, 260 (2016), 6930—
\6959.

J
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5. Fast diffusion A& & BREXE R

Q CR3, BR4EETEFDERI IZ+2ESH.

O0<m< 11 P, q > 11 (a7 b)a (>‘7/'L) S {(07 1)7 (170)}1 UuQ 2 Or ’U,r,o Z 0.

a N

oru — Au" + au™ =P in Q,t >0,
=ur, Owur+ou™ — Arul +buf =pul on ¢ >0,
u(0) =ug in 2, wur(0) =urg onT.

U

-

y,
D—EDFEZICHRELY, Fast diffusion ARREADKFHTH % [HIREFZIER
(finite time extinction)] ICDWTERT 3.

s , , B
o On a class of non-linear degenerate parabolic equa-
tions, Dokl. Akad. Nauk SSSR, 143 (1962), 794—797.

o On solutions of a perturbed fast diffusion equation, Apl.
Mat., 32 (1987), 364—380.

o The Porous Medium Equation. Mathematical
Theory, Oxford Mathematical Monographs, The Clarendon Press,
\Oxford University Press, Oxford, 2007.

J
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QCR3 AREETZOERME+DBSN. 0<m <1, pg>1,

~ (a,b, A\, n) =(1,0,1,0) ~
oru — A"+ u"=uP in Q,t >0,

=ur, Owr—+ou" —Aruf =0 onl,t>0.

U

e (CL, ba)\alu) — (0717170) N
oru — AU =uP  in Q,t >0,

u- =ur, Our+ pu" — Arupt +upr =0 on [,t>0.
N J
4 ((l, ba)\mu) — (170707 1) M

ou—Au""+ 4" =0 in Q,t>0,
u- =ur, Owur+ ou™ — Aru' =ut onT,t>0.
N J
e (a’a b7 )\,,LL) — (07 17 Oa 1) )
oru— AU =0 in Q,t>0,
u- =ur, Our+ u™ — Aruf +uf =ul onT,t>0.
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o ENMIEAZM T T fast diffusion HER

B(r) = |r|™sgnr, v(r) == B~ L(r) = |r|%gnr, a :=1/m,

v.=u", v =, g(r) = rP=1r, gr(r) i= |r|2 1r

e D
ory(v) — Av + av a.e. in 2, t > 0,

V| = vr a.e.onl,t>0,
Oy(vr) + Opv — Arvr + by = a.e.onl,t>0,
v(0) = vg == ug' a.e. in €,
’Ur(O) =vro-= uI’r_n’O a.e. on [.
N J

(%0 Z O, ’Ur,o Z 0.
BEBEDED, pe = Xp+pugEdBL. T, IRIVF—EEZRDLIICHAET 3.

E(z) = ¢1(2) — v2(2),
_1 20+ % [ 1212de + & 2 4 ° 2
v1(z) = 2/Q|Vz| dw+2/Q|z| dw—|—2/|_|v|—z|—| dl_—|—2/|_|z|—| dr,

1
= /\/ apt+1, / aq+1dr).
()= =g (3 [ 17 e e [ e
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o FIMIBERZMET TOD fast diffusion ARER
BEBEDED, po = Xp+ugeEdL. T, IRIVF—EEZRDLIICHAET 3.

E(z) 1= ¢1(z) — v2(2),
_1 20+ % [ 1212de + & 2 4 2 2
v1(z) = 2/Q|Vz| d:c+2/Q|z| d:v—|—2/|_|v|—z|—| dl_—|—2/|_|z|—| dr,

1
f— ap+1 aq+1
(z): o 1 ()\ /Q |z dr + ,u/l_ |z | dl_) .
IO, BREEEWERT VIV YILDRS A%
z20,2r 20,
W=z V\{0}: E(z)<d, U {0},
2¢1(z) > (aps + 1)0o(2)
d = inf{E(z) 2 € V\{0},201(2) = (apsx + 1) (z)}.
EEET D. (LT, (1968), (1968), (1972)),
(1977)), (1981)), (1985)) &HR),
c.f.

v/ () + 01 (v(t)) — doo(v(®) 20 in H.
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A #1 E : d
Y1 = C—2/(C¥p*+1)¢§/(ap*+1)
YoF---- )
W
- dl/
(¢2(v0), ¢1(v0)) e |
do | :
: | ?2
x gl
b= do O 0
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e Fast diffusion AR & BIREFXIE R

I 5.1. (a,b) € {(1,0),(0,1)}, (\,p) =(0,1), 1/5<m <1, THI
qg>1&Ll, vg:=(vo,org) E WNLXZRETS. IDEE, vollkFT
% Toxt € (0,00) B’FFEL, v(t) =0 a.e. in Q, vr(t) =0 a.e. on T TR
TDt > Tt ISR LTRILT D, THIC, mICKET BZEERHC(m) > 0HFF
ELT

0@ yatmmeay TP O] L@ smym ) < COm Te ™7™ (1)

MERTDE € [0, Taxy] I LTHRIIT 2.

i 5.2, (a,b) € {(1,0),(0,D)}, (A, pw) =(1,0), 1/5<m <1, THIC
1l<p<bme&l, vg:= (”UO,fUr,o) EWNL®%ZRETSD. TDEZ, vgll
K1EZET D Toxt € (0,00) BEEL, v(t) =0 a.e. in Q, vr(t) =0 a.e.on
DIRTDt > Tt IS LTHRILT S, 612, (D)DBITARTDE € [0, Text] IS
Xy L TRRILT D.
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o SFAADHER S UITER A
Fast diffusion A2 (O < m < 1) TlE, FEWOOIRYIEWAELETD1DLE
785, EE, BRIFERDT € [0,0) I LT

ANCY 0N
©1(v(1)) + 201 (v(0))
— A/ v P () dx +M/ O‘q+1(t)dl‘ for a.a. t € (0,00)

)
4o t 2
(a+1)/2 "
(ot 1)2/ ; / (7‘)|HdT—|—E(’U(t)) < E(fv(s)) (Vs,t € [0, 0))
NELNZ—AT, vVICIET2RERIEA G TERWL. 22T,
1
r— (1+m)/m (1—|—m)/m
I3 =150 o dx_l_l—l—m./ ar

a—l—l/ Oé—l_ldqj_l_az—l— / +1dl_
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o EIEDHE
Key 1. g(r) = |r|P~1r, gr(r) = |r|7 riCLF D cut of 21T
gm-9r. v R =R

g (1) = rP it |r| < (M + 1)<,
M (4 0)er i ] > (M 4 1),
() = r if |r| < (M + 1),
MYV (M 4 1)29 if |r| > (M + 1),

7<72L, M = 2(|vol o) + |vr olpeo(ry)-
O0<T<oo& L, FEEBEEMLEL, ROAEXLS~(v) e HY(0,T: H) %25
BFEI O DERIMEDER/ADRITS:

4 2
(a +041)2<T(a—|—1)/2 . S(a—l—l)/Q) < (Toz . Sa)(T . S),

7Y — 5% < 2041 max{r, S}(a_l)/2|fr(0‘+1)/2 — 8(a+1)/2| ("r,s > 0).

2L, a=1/m>1.
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o EIRMHE

4 h
Cut off 9dm,> 9r M - R — RICX T 2 fBEIEREOEEE L TE

v E C([o, T]: H) N L°°<O, T:V N LOO(Q)) N L2(0,T; W),

v(v) € H'(0,T; H) N L>®(0,T; V),
or € C([0,7); Hr ) N L>(0,T; Vi N L(T) ) N L2(0, T; Wr),

Y

~(vp) € HY(0,T; Hr) N L>®(0, T; Vi).
N )

0<T <oo&l, BBELEEHEILL, ROFERXNS~(v) € HLY(0,T: H) %23
BEREMo DOERIEDEBSANDLRITS:

Y

2

,’,,O{_SCM| <

max{r, s}(o‘_l)/Q‘r(o‘+l)/2 — S(O‘+1)/2| (vr, s > 0).
1 >
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o EIRMHE

4 N
Cut off gm, 9r .M 'R — RIS T 2MBIBEDEE L TE

vEC’([O,T];H) ﬂL°°<O,T;VﬂLO°(Q)) N ,
plat1)/2 — o, (A+m)/2m o gl 7. 1),

~(v) € HY(0,T; H) N L™(0,T; V),

vr € C([0,T]; Hr) N L (0, T; Vi N L°(M)) N ,
vl(—a+1)/2 = vl(—1+m)/2m = Hl(O,T; Hp),

v(vr) € HY(0,T; H-) N L*°(0, T; Vr).
_ J

0<T<oo&l, BBEEE#ELL, ROFEXLISy(v) € HI(0,T; H) 2%
B D IERIME DB/ AN DRIT S
¥e! 2
(a+1)/2 _ [(a+1)/2\* ~ (o _ g0y (p _
(a-+-1)2(r i ) < (% =sT)(r = s),
r® —s% < 2041 max{r, S}(O‘_l)/Q‘r(o‘_l_l)/Q — 8(a+1)/2| ("r,s > 0).
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o TIEMDH
Key 2. & LTCOEBABDIEANEIE, ArhoHs I & oEMAEIERMED
HOHERICK > TERT 5:

Ory(v)zdz + [ 0 ar + [ Vo-Vzde+a | ved

/Q iv(v) zdx + - iy (vp) zrdl 4+ o VU V2 x+ a o vede
—I—/I_Vrvl—.vrzrdl_—l— b/l_vrzrdl_:/QgM(fy(v))zd:c—l- /rgr,M(y(vr))zrdl_
Vza=1(z,2r) eV fora.a. t€ (0,T). 5Lz D(Q) A SIE2r =0TEHIC

—Av(t) = gM<7<v(t)>> —av(t) — (9,57(1)(15)) in D'(Q).

#B85H, —ATagy(v(v)) — dy(v) —av € L2(0,T; H) THBDT —Av €
L2(0,T; H) T&EHIC

Ory(v(8)) = Av() + av(t) = grr(v(v())) in H,
for a.a. t € (0,7). RIZ, — Dz e VI LT,

/I‘ 8t’y(v|—(t))z|—d|_ + <8,/U(t), z|—> + /I‘ Vivr(t) - Vizpdl 4+ b/l_ vr(t)zrdlr

= /l_gr,M(’y(vr(t)))Zrdr, for a.a. t € (0,7).
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o TIEMDH
Key 2. & LTCOEBABDIEANEIE, ArhoHs I & oEMAEIERMED
HOHERICK > TERT 5:

/ Ory(v) zdx —I-/ V’U-Vzdx—l—a/ vzdr
Y Y Y
[ o)t
Vza=1(z,2r) eV fora.a. t€ (0,T). 5Lz D(Q) A SIE2r =0TEHIC
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o TIEMDH
Key 2. & LTCOEBABDIEANEIE, ArhoHs I & oEMAEIERMED
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Ory(v)zdz + [ 0 ar + [ Vo-Vzde+a | ved
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Ory(v(8)) = Av() + av(t) = grr(v(v())) in H,
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9, —Ave L?(0,T;H) & AR TVWBSOTHEABERMENS
v e L? (o,T; H3/2(§2)).
RIC, 2TV T7VDFMLEEH ML —IAEELS
dyv € L?(0,T; Hr)
IELENBDT, EDBHATHEETAIEL Arvr € L2(0,T; Hr) TE5IC
Oy (vr (1) + Bvo(t) = Arvr(®) +bur (0) = gr m(v(vr (1)) in Hr,

for a.a. t € (0,T7). —Arvr € L2(0,T; Hr) b5 H1S
SNZOTHEANTFAMABUVAVWS EEROEHNENEN>TWSE D

v € L2<O,T; HQ(Q))
FXTEAMELSEDNY, v = (v,vr) D AERNZa.e. Taltd I EXTOMS.

LOSHEN S A Y SHILOHMEORFROBEEEA (R CE2. 22T
Tmax '=sup{d >0 : —Bf%[0,0] THD |
rBWNTHL .
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Key 3. L, WOARLMH, +HbHE,

[vo eWNL®HSIEv() e WNL>® ("t € [0, Tmax)) J
NELNTLNIIL,
¥2 ('U(t)) S L0 201 = (aps + 1) g
71 E=d
%*Uﬁﬁ l./ —C t ‘: 11‘{7? L/ 7‘-&: \:\ Py = C—?/(az7*+1)¢g/(ap*+1)
L°O-F1Hih
(1979),
(1985) (m > 1) nf--of
Z(0<m< 1)ICHIRL & (oa(0), o2(20)) d/,
(1990) DR A~ //,,d,o o
AL (BREL<p<5m) E=dy” e
Tmax = o0
(1 —€1)2¢1 = (ap. + 1)

AN NS
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Key 3. Twge WNL®ALIEv({) e WNL® (Yt € [0,Tmax)) ] DIREDTF
£9, E(v(t)) OBEFARBVEIZT CICOND. RiZey € (0, 1) DEELT

(1 - e1)201 (v(8)) > (aps + Do (v(0) ('t € [0, Tma)).

471 E=d

ffie C—2/(0p*+1)99§/(017*+1)

Jorkri=s y
W /./
// 1
(9‘92(”0), 991(110)) . -%/f !
d() & :
/ : P2
E = dO // O :I;O

(1 —€1)2¢1 = (ap. + 1)@,
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e1 € (0,1))DEELT

(1~ 1)201(0(1)) > (ape + D2 (v()) ('t € [0, Tmax)).
> TEERFOXN,DL

= Z1(0(®)) + 21 (0()) ~ (ap + Dipa(v(1))

I (v())) + 25101 (0(0))

1(v(®) +1Ccp@],,

2FY,1<a< 5L/£%='\T1’Ll'éf, EHC(a) >0DEFEELT
%I(v(t}) < —c(a)1(v®)

for a.a. t € (0,Tmax). €5IC0<2/(a+1) < LICEFRLAHLNSL

B +\ (a+1)/(a—1)
I(fv(t)) < ([](vo)(a—l)/(oH—l) _ Z—I— : ] ) .

'V
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Key 4. REBICWDAEYLZTT.

[vo eWNLX®HESIEv() e WNL® (Yt € [0, Tmax)). }
ERE,
z 2 Oazl_ > 0,
W =<¢zeV\{0}: E(z)<d, U {0},
2p1(2) > (aps + 1)p2(2)

= inf{E(2) : z € V\ {0},201(2) = (ap« + 1p2(2) }.
ICHBDHRT I ILDFES I

po(z) < Copp(z)lePTD/2 (V2 e v)
Hiwmlc I REERNC >0IC&-T
aps — 1 ( 9) >(04p*+1)/(04p*1)

2 apx + 1

ERIBEIND & &, BYALUEEZMMEINICFIRAYT 52 & TAEATE 5.
ZZT, (\p)=((1,0)0FRICiEp/m+1=ap+1<6ZHWVS. O

C_Q/(Oép*—l)7
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6. X&HESERDERRE

7 EIRIRSR M T TOD Stefan D FEHR = 6112, BEFETHE 8 2 HLEUR ICHF D IFRF
LR ARRICH L T, (2011) HAHRIEL
-HRBERFAZEDETIV(GMS) OETIMDEREZBNL (FIE 3.1), O
fRE L THENIT5 2 & THREAOHEEEEZAMALL. (BE 4.1)

A ZOERBIFEFRFMGH & IXERFRT, —MKIC, BREE L ZILFIEICE D IEFILE
FREAICHLT, HIRERARENICSE 2BAEZE A 255 DEBFE L ICETHARSE
HDIRENMENTED I EEBNLE. (1999) T
SNz TFHEEGILE] ICK 5BRFHEDOEMIEZ Cann—Hilliard %A 5 D% TE
WMTEBZEABNLTE.

[/ EENE % FF D EIMIEFR LM T T D fast diffusion ARERICH L T, (1987)
DRz, BFORRZI0HE LBRELERZEAL 2. (EH#E 5.1, 5.2)

0 E(vg) < 0 EDIHZEDRDIBEFIZDWT (concavity method BAE%#17).



Nonlinear diffusion equation with dynamic boundary conditions and related topics al/26

A #1 E : d
Y1 = C—2/(C¥p*+1)¢§/(ap*+1)
YoF---- )
W
- dl/
(¢2(v0), ¢1(v0)) e |
do | :
: | ?2
x gl
b= do O 0



