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1 EA 22
d>2, Q% Q=T¢= (R/Z)%, 7 EHHRAW S b7 R OHREL L T2, W(s) = (1_;)

g% (x,s) & e > 0 ITHAF T D BEMIBIE . 975, A Tl, LN D Allen-Cahn ifE &% X %:
€0rp° = eAp® — VVSO) + g% (z, %)/ 2W (¢9), (x,t) € Q x (0,00). (1)

ZIT, BRAEKMEQ = T 0k S FEMBRSM, Q S 2 RBERE RO REEO & ik
07— 0on 00 &I (v 1 00 DI E WA 2 W), 0 = [1, /IW() ds £ L, Radon
s & dps = 1 (E'W HCRII A CH W”) de TEDS. £F, (1) CET 2RO EEHNT
%. Ilmanen [1] 1%, Q =R 7D ¢ =0 TH 5 & &, pf OMEFRAY Brakke flow & &3 5 FHx
WARER DR (varifold (2 & 5f#) T2 Z & ZFEH L 7z, Mugnai-Roger [2] 1%, d = 2,3 TQ M
AR, 22D g° DY o IZDARAE Ui DIRE 2R U 723580102, pf DORRERASN IR &SPl R
AR D M (L?-flow) 12725 Z & &R L7z, Mizuno-Tonegawa [3], Kagaya [4] 1%, Q 5345 548
R, D gf=0ThdLZIT, F5N5 Brakke flow 2355V =K T Neumann RG22 2 &
ZRUTz. RHEH T, ¢° ELTHY R DELE 25 Z 2T, (1) ORRMBED & ARBRF IR
FREA RO HRR AR R OREYREO SRR oD Z & 2 RT.

2 FREFEFEHHERAER
Q=T a€(0,1),G(s) = [; /2W(a)da = s — 1s®

w0 = le) = % ([ 6@y - [ Geanya)

ET5. ZDEELUTFAE DD,

EIE 1 (Takasao [5]) Uy C Q %, BiR My = 0Ug »* C kOELE LT 5. 20 & 01ZPURT
5HBEDHI {e;}2, & (1) DIFDE {=}52,, K% Radon HIFEDE {114 }e(0,00) PHFAEL TEA
N RASE

1) po=H¥Y g, 72 pi — py as Radon measures.

HBNe L} (0,00) BIFEL T, ERED T > 01ZDWT A% — X weakly in L?(0,7T).

loc

)
)
) Up=A{x € Q|lim;o00 ¢ (2, t) =1} EEDDE, MERD t > 012DWT |Uy] = |Up|-
)
)

- W N

{1t }eejo,00) 1, generalized velocity vector v € L2 ((0,00); L*(11¢)?) % $5D L?-flow TH 5.
ERED @ € C.( x (0,00); RY) I2DWT

d—1
//{v—h—i—)\dH Lan}«pdutdt:o

DKL D. 22 Tn x,t) 1% reduced boundary 9*U; DA & BALIERRN 2 ML TH S.
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3 THEMERARIADESYIRE
QZEERN™ES AR R OFREE, O,,0_ cCc Q% CH HoBERZ2/HEOHELG L L,
dist (04, 0_) >0 235, Uy CQ %2FES, My =00, \0Q & L, MTFAET 5:

1) A={(y1,y) e RxR" | |y1] < 1, /| < 2} 2 LTH 2% Cl-diffeomorphism ¥ : A —
U(A) CR" BHFIEL T My = {¥(y1,y') [ y1 = 0, |y'| < 1} 222 90N ¥(A) = {¥(y1,Y) |
lyil < L, [y | =1} DD NID. S5 U(AN{y: >0,y | <1}) C Uy KD L D.

2) Oy C Uy, Uy N O = 0, dist (Mp,0+) > 0, 2D My L 9Q on Q2 NIM,. I T
OMy =¥ ({y1 =0,[y'[ =1}).

X 2 (Nik-Takasao [6]) 0 (ZINHT 2 H 2 EDEF {e;}2, &, x [ZDAKIFT 218 5 s h
g% R0 (1) DIEDHE {p=}52,, B Radon FIEDHE {11 }1e(0,00) PHFAEL TEATR ALY 32D

1) po=H¥ g, 72 p — py as Radon measures.

2) ae. t > 0122WT, u 1& rectifiable varifold @ weight measure TH 5. iz, Q =
Q\ (O, UO_) Tl integral TH 5.

3) AER®Dt> 0122V Tspty, N0y = 0. T 51T, Y(w,t) = lim; o0 5 (0% (2, 1) + 1) EBL &,
1 =1a.e. on Ot x[0,00) 2D ¢ =0 a.e. on O_ x [0,00).

4) Q ET {uitic,co) FFEHMRTEHRRADOGEM (Brakke flow) TH Y, & 512 [3, 4] DIEKT
Neumann Bi5 5 % i 72 9.

B3 B B HARERC>01EOWT 20, DL E ¢f(z) =+C ERB LS ITED .

BE ORI S GREE S 23H00085, 23K03180, 24K00531) KU the Austrian Science
Fund (FWF) project F65, ENW Vidi grant VI.Vidi.223.019 ‘Codimension two free boundary
problems’ of the Dutch Research Council NWO DBj§%EZ 726D TH 5.
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goooo [1]DDDDDDDDDDDDDD QCR3DDDDDDDDDDDDDDDLagrange
goooooooooooa X(t,T,{)DDD (tZO: oooo,r>0.0000,8eQ: 000
D)DEUIGI‘DDDDDDDD v
v:[0,00) x Q =R w(t,x):= gX(t,O,f)
ot £=X(0,t,x)
0000D000XOO00000 /(¢) =v(t,2(t)) 0 lowmap 0000000000000 00
00 RO0O0O0 F=F(tr¢), F0,0,¢)=¢°(¢0000000000000:

G0, =0 (o F(1,0,6) = 9°(6) (76> 0, Y€ € 0). (1)
FO Euler 000 f(t,2) := F(£,0,6)|e=x(040y) 0000(1)0 f0000000
g{(t, z)+v(t,x) - Vf(t,z) =0 in (0,00) x £, @)

f(0,)=¢" onQ

0000(1),(2)000000000000000000(R2)00000 f(t,z) = ¢°(X(0,t,2)) 00
00000000000000 vO0000 Navier-Stokes 00000 (2)000000000000
000000 w:[0,00)xQ—=R3O0D000000000000000000O00OOO0O0O

00000000000000000*0¢t=00000 Q00000 Q¥0)0000000
000000000000%(0) € Q, 907(0)NaR =0, Q= (0) :=Q\ QF(0), X(0) := 9Q+(0) OO
000t>00000 QF@F) :=X(0,QF(0) 00000000 *00000000000000
0+00000 %) :=00%(1) = X(¢,0,2(0) 0000000000¢%¢) >0 (VE € QF(0)),
#°(&) <0 (VE€Q(0), o%(¢) =0 (VéEeX(0)DDDD00O Q0000 QF0)00000D
0000000000 ¢>000000000 F(¢,0,§)0000F0 Euler00O fOOOOF,f
000000D000000000000 240 f(t,)00-00000000000000000
000 (2), fO000000000000,0000000000X(#) 0000 (Q-()0000)0
00000000 vt,z) O v(t,z) 000000000 k()0 v(t,z) = -Vftz)|VFiEt )|t
k(t,r)=-V-v(t,r) (x€X(t)0000000000000000000000D00OO00

00000000000000000000000000000|Vf(t,z)|0000000000
0/000000000000|Vf(t,r)|000000000000 »,x000000000000
00(2)00 f0000000000 «(t):=X(0,§) 0000 |VfOOOOODOOO

%IW‘"(?f,fﬁ(lt))l2 = =2(Vo(t,z(t))V f(t,z(t), Vf(t,z(t)  ((,-)000) (3)
OO0O0OReisman [2] 00 (2) 0000000(3)0000000000000000000000:

96 Vo(t,z) = o(t, 2){ Vo(t,x) LA T) Vol D)
E(t,x)—i—v(t,x) V(ﬁ(t, ) ¢(t, )<V (ta )’V¢(t,$)|’|v¢(t7$)’>’

$(0,) =¢° (V¢ #0000D0D0).

(4)
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(4)0 C?00 ¢0000000000000O00DO00000000000¢t>00000 ¢(t,-)
00000 X°#)0 () 00000X?(H) 00000 (400000 x(t)(# X(+,0,6)000)0
000 |Vo(t,z(t)] = Ve (x(0))] (Vt>0)000D00000000000(4) 000000000
000v,¢°00000000000000¢00000000D0000O0DO0OM)0000000
0000000Q0O00000000000000000000000X?@)=%X(¢)000000
00000000000000000000 |Vé(t,2)|000000000000000000

00000000(4)0000000000000000000000000000000000
00000Hamamuki 3]0 0R" 0000000000 Hamilton-Jacobi0OOODOO0O0OO0O0O0O
000(4)0000000000000000000000000000000000000000
0000000: 00000000 0000000000000 (00D00)0000000000
0000000000000 00000000000000000000000-00000000
000000000000001000000000000006Q00000v00000000
0Dv2000000000000000000 (4)00000000000000000060Q0 X-O0
00 (0000 X(¢,0,00)=00) 000000 ¢t>00 %(+)00Q000000000000

000 1 ([1]). To:=Uso({t} x X)) 000 |, 000000 (4)0 C?00 ¢0000
O00000%%() =%() 000 |Vét,z) = |V (C'E)| (V(t,z) €eTy) 000D OD0

To0D0 [V #0000000(4)000 £ 000000000000000000000000

0 (40Q000000000000Z000004Q000000000000000: n(t,,r)
0000 cut-of 00000 nt,z,|Ve) D () 000000000 (DDDDO000 4))000)0
000000000000000000000 ¢(ta) = ¢°(X(0,t,2)) (V(tz) € [0,00) x 8Q) O
0000000000 (0000600 X-000000(2)000000000000000)000

0100000 ¢000000 5(t,z,|V4)=10000000000000¢0 (400000

00O 2 ([1]). [0,00) xQOD0O000 (40 C°0000 ¢0000000000
() =%() 000000000 Te000 |00 d=¢(=000 10 C200)0000

000 100000000000000000000000000000000000000000
0000000000000 24(#) 0000 |Veé(t,2)|00000000000000000¢00
000000000000000000000000000000000000000000000
0000000000000000000 20000000000 Perron00000000000
00000000000000000000000000000000000000000

oooo
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F—DOREFEZEH
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QCR" @S RERE2R/ROERDNEBET5. DecC?(Q) % Q LOEMEBEE, ¢ c C?(Q)
Q EOBEE, o>1%2E/e LT, LFDIERIE Fokker-Planck AFERAD /1A ¥ V@EZE X 5.

O (Y (aD() " + () = TEQ t>0,
f(l',()) = fO(x)v S Qa (NFP)
fV(aD(z)fo "t + ¢(x))-v =0, x € 0N.

ZIT, v i3 00 DINEEBAERAR S PL LT 5. fold Q LOLGA SN EMBEET | follpi o) =1
EAZTHIDOETD. fIEQx[0,00) EORABEKTHZ. ZOMBIE [1] TRIEL 72, #E&RITD
MERETIVICEGEY D 5. ERFFE-HRRIREDHEFZZ DD THIL, ILEGRE D X TH DX
ETHD. AWML, BELE TIOVTHOTIRE &2 REEZEBUTH AR A B O BUL RN O EE 25 &
EZo5ND. I T, KWL TIE (NFP) DD ERMZE 2 £8$ 5.

(NFP) iZ =3 V¥ —HIZFsD. EEE, BRI LVF— F[f]|(t) %

fﬁf]@):::/Q(zxa»fa<x,t>+—f<x,w¢mx>>dx 0

TEDHDH L E, (NFP) DIEfEHIE f & T > 0123 LT, ORI F—H]

T
ﬂmﬂ+AtAWMam%mwwﬁ—me @)

Witz g, 72720, p(z,t) :=aD(z)f* +¢(z) THB. Thkb, F[f](0) <cc THNIE, 5
BRI 2 25 {t;} jen DIFAEL T

tj — o0, / |Vu(x,tj)|2f(x,tj)dx =0 (j— o0) 3)
Q

DD LD. T, (NFP) DD ERMZEHI L LT, 3) TOEHDHZE L SR WIUR

/ \Vu(x,t)]zf(x,t) dr — 0 (t — o0) )
Q

EEETD.

D = D(z) DWEBD & Z1X, ZAERER DIV ILEL % £ D Fokker-Planck X & LT, %<
DIFENRD L. ¢ BEMEED L &, [2,3] DT> b V¥ —iEikEic EhiE @) OEBA —&2—To
PR f 25 LY 7 OV A CTORERZEE IS N T WS, i, D= D(x) 2z OBBE 3L
&, [4,5] CIIAIBILER, 725 (NFP) T fo=! % log f ICE X = iR FIMIBE RS 2 3 L /-
MIED RO R E 2 £ L, @) WERA— X —CIET 27200 +05&M42EH LTV, K
MEETiE a>1, T40bb, ZABEEEMOIMILEIZ S WT @) WHEEA — X —TIURT 5720
D D OF&M% fH (NFP) O fiETH 5 & EITHH L /-,
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EE1.n=1,23&L, HBEEDEHBN > 0DPFIELT, V2> N PO DE TS, ZIZTI
FHAATHTH B, aD(x) 0 (x) > max, g ¢(y) — ¢(x) WY LD L%, f % (NFP) DRHIK
WEHREE TS, ZDEE, HIEDERCL, Co C3 > 0DFIELT, UFAHED LD $RT
DxeQITHLT D(x) > Ch D

/|V(6¥D($) 0 @) + ¢(2) fo(x) do < Cy S)
Q
NI ABVASY Y E &
j/\<7u(x,tﬂ2f(x,t)dx < Cye ™, £>0 ©)
Q
MEYILD., TZTC, Coy C3ldn, N, Q, a, [VD| =) VOlLe) follDAKFT 2.

MM BT BK5E aD(x) f§~ () > max, cq ¢(y) — ¢(x) IXIRO ERFPEE BT 57 L
HbDTHE., ZOWEDH & T, pulZ DWW TORAMHEFIE

inf pu(z,0) < p(z,t) < sup p(z,0) ™
€N z€Q
ERTIEMTES. LEDV-ST fOEMME, AFRMEPEDID. (6) ZFEHT 572012, (2) 256
d

GEUN0 = = [ 1Vate 0P fG.6)do

LB EIERULT, FOtTO2BEAKEZFAET S, Jingel [3] 12X %, T hubv—HEGE
DR FEIMS &, DDz DEKTHZZ L5,

d2

PN 22 [ (V- V209 da+ 20— 1) [ DIV do

—M@—NAD@@WWM—AGNDM(&

LTES. 22T, G(VD)IZ VD IZHFT 258, DITIFLARW. D(x)/Cy > 1 ILERT 3L,
tHRERC, LB LT, G(VD) OFiN % (8) DALDOMDIHTIEITE 5. > T, Gronwall
DEBIZE D, —LF[f](t) 127 2 HEBIREGEN (6) HF 5N 5. WIticBid 2 IKEIE G(VD) I
\Vu]? 2GTHELH LI, TOMS%E (8) DAUNE 2HTIHET 272DIC52 722D TH 5.

HEE  ARWESEIE ISPS BHFE: JP22K03376 DBk A% 72bDTH 5.

ZE
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[5] Epshteyn, Y., Liu, C., and Mizuno, M., preprint, arXiv:2404.05157.

A SO 22 2024 4R 442 30 PRI (2024-09-14/16) Copyright (C) 2024 — 4RI A H ARG Fl 0 2



D3-1-4

[IEZ 5 OS] S B DR (1)

BAINERFZFHFICE D EBZRIRBHADAFEXTTILOHENIEN
AEIcDWT
s B!

TIPS EE S
e-mail : furukawa@sci.u-toyama.ac.jp

1 BE

ARETIET 77V v LADOEBRERIT 2EMAATERRICOVTHENT 5. BRARAFEIT 1V
oV, A=y, ne UEREGA W DOREARTDH 25, SEIOEM I TERIZIEGERR 2R
BT 27012714V 7 L-7 4= UERGEA L ARSI ORI REREG 2T, 2hzs
4 FEERGAE E KR BT OVISBIRILEL, BIEESSRME, B 4 MRS &k 2 RS AfEERT
HH, XKthzohb.

R
Oyv1 — ulﬁivl + ¢(01)0z01 = — 101 ve + f, relt>0,
A+
Opvg — 1/28%1)2 + ¢(01)0zv9 = <m — gi) ve, x€I,t>0,
Bl(e(al);vl) = 07 BQ(G(UI);’Ul) =Y T € 8I7t > 07
31(9(0'1);1)2):0, 32(9(0'1);1)2) =0, xE@I,t>0, (1)
do Sio
ditl =3 j_ ;1 o9 + ¢(01)0(01) 401, t>0,
do Soo o
d7t2 = <Bj—;1 Cj) o2 + c(01)0(01)7+v2, t>0,
c= P(O’l), t >0,

Z ZT By, By \3REFMERHZTH D, XRTERINS.

Bi(0;u) = (1 = 0)y4u —v-u, (2)
BZ(G; u) = Y4 O0pu — (1 - 9)7—830“' (3)

ZIT, v+ BERERER {2 = £1} NO L —2{EHRTH 5. HBE [ = (-1,0) & L, v,
Yoo X ENFNMEE T FORMBEER 0 = {£1} FORME, A, B, R;, S;, C,, C, &IE
DEBTHS. B0 =0(01) 37 4 VX —DIEEINETH D, 0 (0,1] ZificTdbor L,
c=c(o)) >0 0 CHHlT 255, IEMPHEIKEEEMBEMEGR TS X 2. RMEK v, & o 1
AEMERL, v2 & o NI TVT7ERT. WIHEIHBETHH, BEVMEZT LT 2.

IR T IR T STV 2KEE EZ 2. GRYIGECHEBE T A2 71U 71— HNCHE
INDZP, AN 2MEDDH 5. NI 70 7 U TEREINENHEEL, ARWICIEEEL
BV, B, HEEACER ETORMBIIZAZARXAIL, ES DD LR#MT 5. EBE, vi(xt) X
(z,t) BKZ ¢t TO oz TOKFTOWEEMAEERZKRL, 0;(t) BZRZ ¢ ETTHEE T 4 L XIFFE
THAWAHEMBEREZRT. LEedoT, v, DL —RBBTLY o, 23—V, BRI
M7 4 VR =DEAEL T, KELGER»SWEIL, EERR» OFREHIT 2 & 2 28R
B;(0;v) =01%, »2HE 0(01) € (0,1] TERY v1 ENT TV T v DES L (7 1 L2 —N)
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IS X, R D AVK L ISR k) ISR S NS © L CKOIEEDE 4, IWEDTbILS
L RERT 3. W SH 01 AT T )7 0 1%, BIEREERELT oy & op O
UARAL2. SN LR LOBRI L A2 7 ) 732 BB EHEERIRSKD b, HHY
FEHCHIEE T, T, N2 TV 7 OBUEIECIERRS S 5. NI ER O RIS
25 fR5R 5.

2 R

AABETIRZO XS BETL (1) 1M LT, BO—EFENE I &< Db o RiEFHI 8
ERENT B T LT 2O ERDS YR EAR KRBT 5 A TE TV S L R FIT 5. B
RETAZ 7D 7H%RT 2 2 LI k2 HHERMEAOREL BTN L. L2 A~— 7%,
H™ & m Ry £L 7%, BO $ERSEERonT=Me T2, Qr=1x (0,T) £ 53,

FEL T>0LL, O 00 & oj0 LIEDAS f € C([0,T); BO()) %,
f € HLY(Qr) N H H2(Qr)
NC([0,7); H*(I)) N C'(0,T; H' (1))
Vjo0 € H3(I),'Uj’0 >0,
050 > 0

BT DET L. 74X —DIEEME O ZE B > 0L T

1
0=000) =175,

&5 5. :@H#, (’1)1,0,’027070'1,0,0'270) ZHIHAEE T 5 (1) D fif (U17U2701702) ﬁ)ﬁﬁb, R % it
=9

Z (H”j(t)H}zqug(QT) + ij(t)H?{tng(QT) + H”j(t)”%gHg(QT)
Jj=1,2 (4)
+ sup ;)3 + sup (100 (0)lI7 (1)) < C,
0<t<T 0<t<T

MU,

>~ (sup oy(t) + sup #3700 (1)] sup t2 o} (1)) < C. (5)
=12 0<t<T o<t<T 0<t<T

TZT, 6> 0T/ wERY L, C >0 X08E, 41, 0 ITKIFET2ERTH 5.

SR ARIARIIRIE S FFSE (No. 22K13948) OB %2372 DTH .
SE X

[1] K. Furukawa, H. Kitahata, Modeling and Mathematical Analysis of the Clogging Phe-
nomenon in Filtration Filters Installed in Aquaria, preprint, arXiv:2401.11260.
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