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AHEETFIREN B

B#ES : Keonhee Lee #4% (#EE L FHAE)
5 B RE 108 11 A 21 H
i B PR PTOARIE R

BEBERTTE, CEBTEEAM T AR,

HEHHER
grER AR o EN/IRH
R o iR : F=ma| HWHRIL o EFH R
. e
e ODE # PDE : o B THHE
NSE, RDE, %%

AN ./ N
NN NN
® 6O © ® 0 O

RHEE SR, 8178 (dynamical system) FJEZRUT T,

& BHRMERFEHEZERM (phase space) X #EREEAIRIFER R B EIRTRHE; X "TLUEHR
B, PR, HE SR BREBERESE,

REGENRHATR G, BIHORMAT2ER « BEREDRR. EEE IR (B3R
(flow)), REEVEA (group action) E1/1%H,
B R E M RS, s HREEFEEMS SE ODE KRS S PDE, F&E
R™ _EH#5 TR
1 = X1(2)

x, = Xp(x),
z(0) =x9 € R"
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B EGE 2 HEMARTERE (exact solution) MK G, BMERIKEIRTER, BHEE MR
HEEAME, JEEEFERIITRA (long time behavior) kxR,

191#E5K, Poincaré 510#1 754k, FEMEIE T 2HERYRHERRRO I T, (7] SR Al 7
HIEMEE N REN, BRAES X P8, 55 EERRE A —:

Va e R, A z:R - R HE 2(0) =z, 4—\
H KR WA E, AR AI2E (A) BB E S —ERE: ‘ -

¢ R"XR — Rn? (b(x(]?t) = 'TO(t)7

Hr xo(t) BEE xo BME—#, WHERE ¢ : R" x R — R™ 2&#
TEH, R

(1) ¢(z,0) =2,V z e R", H. Poincaré
(2) ¢(¢(x,5),t) = Pz, s +1), V s,t €R. (1854.4~1912.7)

HME o BAEME (A) FrF# (induce) B R™ LAVE) 1R, K8 BB LER, TR
HFRBE 22 IR B 7T R

B RMAE R S E A EDEE BB, WEYE. AP, L8 TR, &% BE%,
BELEMEERRE ODE FHENVERMERSE IR 188 1980 FAHIH, BIRIBTT A
MAMERZE] PDE ##rHERHMERE S /120 BFHERAERERLE NIRRT KRR,
SRR RR A B 0 R

R Qe R FHRMSE

(9tu—Au:f(x,u), Q< (O7OO>7
(B) § u=0, i 00 x (0, 00),
u(z,0) =0, 7 Q,
Heftug € L2(Q). BHREWGEZ HIZANREAR S, BHERIFIWNETRS (asymptotic
behavior) BEERE. Tff15 & T YIRAME:
o HEM (well-posedness)
— RN
— FRRME—1E
— MRS KREIAIAE
o FERIIERIME (regularity)

f&&x PDE (B) BA@EENE, 7RE,

v
i




R EERRE /IR 7

— YV ug € L*(Q), PDE (B) ZEME—RIRBIE u(t) 5 u(0) = ug
— %f% (weak solution) BB HIIG(E,
AI7# PDE (B) FrERI#E S B — R E:

S LA(Q) x [0,00) — LA(Q),  S(ug,t) = ult),

Hrp u(t) 288 w(0) = uo ¥ PDE (B) HIME—f#E, HfIRIE

(1) S HHERB B R EE,

(2) S(t)o S(s) =S(t+s), Vitsel00),

(3) 5(0) =d,

H# S % PDE (B) FiF#M L*(w) LAMIRIES) 1R 8B hRit, mIaEH
Banach Z2fHR SRR HEED 1% BMTA:

NRMOHSRES: HHEEH X ENERRE—EEE TIIMEERBES ¢ : X xR = X
— ¢ BEE,

— (z,0) =z, VzeX,

— o(o(z,8),t) =p(x,s+1), Vs, teR.

MEE {(x,t),t € R} 2 ¢ Ml v € X B#LE (orbit).

TE2ER. BERAE

BORGEROEERE, Rl TIEETH ¢ WIENENTS
R . RS,

ST . RE R,

IR . TS,

_ HEE  BER B,
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— WA - METEIIE,
— PRS2 BN ER R A,

HRAEEE R MOAE, MIERE. BOHREREARE. HER. ZEIT. R
FitE. BUEDT. HiETER,

It (differentiable) 8)7)3R 4R

B 71 R MRIEERY REMT R 7] F 2 SR
1960 FX Steve Smale $#HHHF—HE =X, g H
Mo PRBER B ARG, 12 H W] 0@ /1 R B o fth
HREE - EMESE, BB TH—EHE [ R —
R, FEFERR [ 05 f 8 [ fo B, A p
oS (the derivative map) F ‘,; .

Dé, - TM — TM Steve Smale (1930.7.5~)
1966 FEEH LR
TIREN IR 0 M x R — M, Hf M £ C™ FiF.

TE: B M B CC W, B X(M) B M _FHFTE C ARMSSE CL R TFIERN
Zef, BIFESE X € XV (M) RS SRS ¢ 588 o M xR — M B#E
TR C s

92 (2,0) = X(é(z,1)), V (2,t) € M x R.

FES X FrAEmIE RN, %R M ERRIHE R, TR X

Dynamics on (M, X;)

Oy
Dynamics on (TM, DX;)

S. Smale T RUIRE TM ERBEISRM, RTE M EREHRT. MRS, URESH
EERNEiM%E (hyperbolicity) &56EHHEEZ,
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UIRERE NENEM (hyperbolicity, HYP)

EE: B—EAZBREE (invariant set) A C M BHAES X € X1(M) BEiE, #5HM
TR EE S (continuous splitting) f77E:

Vpe A T,M = By o BHX(p), b (X(2)) R X(p) FRA—HE,
DX, £ B> RYGER (contractive), /RN, FEFEH 0 <A <1 k C >0 EF

VoueE, [[DX(v)] <Ceoll, t>0,
DX; # B BIERK (expansive), 7RI, FHEFEH 0 <A <1 &k C >0
VveE, |[DX_(v)|]|<Ce M|, t>0.
fBl—: LpIREEEEE (Hyperbolic toral automorphism) 8 A = (a;;) € GLn(Z) B

det A = +1, HE A BEFEAE 1 (modulus 1) WEHE, Bl A FEEEBERE (toral
automorphism) Ly : T" — T It n #EERE T # L, HEdhE.

o~
d c
—_— il Va
a b - :
D a v J d f(D)

BI—: Smale BIFE (horseshoe)! 45 f : [0,1] x [0,1] — [0,1] x [0, 1] BEE ML
(horseshoe diffeomorphism), B4 A = N,z f"(D), 8l A ¥ f 2=,

FEH IR ROR EE AT R AL, L 2B R E SR AR,

UGt - g o BT, 7 y-B5 1 DRB TS, MEFTR, HIE S T S B
Contraction and
expansion

|_ Folding
@

H

()

h ]

0 AN1=X1
Hy
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LM NEIE (dynamics beyond hyperbohmty, BHYP)

B SR ED BT H BT IR SR . M —
AIRAEAYIZ Jacob Palis, 12 Steve Smale FJ2 4
1999 % 2002 FHEEEEEEHE (IMU) £/, HiE
FAEE Instituto Nacional de Matematica Pura
e Aplicada (IMPA), 5—zEI# A Arthur Avila o
ffiZ& J. Palis & De Melo, 7 2014 FEEEFHILHE, Arthur Avila (1979.6.20~)

BRI RN ER LRSS E
B A S B A R &

e 2010 ICM 9 Lindenstrauss : &/ M i & 8w
e 2014 ICM Hy
— Arthur Avila : FEREH IR

— Mirzakhani : 2 S i HAYE) /12 K %2
e 2018 ICM HJ Venkatesh : iBEMH. FrmE%H,

J. Palis 8V1818

By Sy

BHYP

very complicated

\

HFEREES D C BHYP #15V ¢ € D,
— RFFFAEMHEY? (homoclinic tangency)
— REFEEHE cycle’ (hetero dimensional cycle),

g - BARR i AR ERE R AR EREN LIRSS R, MNRZELTREAN (transverse), Iz [FEH
¥l

SR - MEETE indices KIS EE# (saddle) MR cycle.
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JRHESHZ

C. A. Morales (IMPA) 1 2013 F#ZHFH#EEHE (expansive measure) KR,
it B B DA B B B SRR R B BN 0 R, SRR E R HER M (expansiveness). BRHE
M* (shadowing property). FEEREEM (topological stability). FEREEEM (structural
stability). $[EIEFHS (chain recurrence) KEIEM (transiveness) F%,

TR (expansive flow) BIERE
Bowen & Walters FUER (1972): il ¢ AR, HHMEE Ve >0, 30 > 0 5
[5(7) C ¢colr), VzeX,

Hrit T9(z) = {y € X | d(((bt(x),gzﬁc(t)(y))) <4 Vie R}, i c: R — R SE@KE
c(0) = 0,

Ruggiero BIES (1994): Mt ¢ 2 R-AJHERH, & BWE 30 > 0 5

I'Y(z) C ¢r(z), VzelX

AIETEEREA (measure expansive flow) BIEE

Carasco-Olivera & Morales BIEE (2014): % M(X) B X EMFTE Borel B2 HIE AT
HHIES, B . BMER ¢ 2RETERY, HEEMEE 30 > 0, HEMEFEHENE
B0 pe M(X), TR u(dr(z)) =0, Vo € X, BE u(l5(z) =0,Vr € X,

AR WHRRY = WEW RN,

EE B (X, d) BRBEREZMN, B f X — X BRK. B (yn) C X B f # 5-##8158 (5-pseudo-orbit), % HMER
d(f(yn),yn+1) <6,V n € Z, T f BIRHLME, ZHEMER Ve > 0,36 >0, FHRER f W S-HEIEREENE (z,) C X
B d(zn,yn) <€,V n€Z

SiREE B (X, d) BEBERZEM, B c X BHERNE, HEMEE Ve, T > 0, BERMAEL © BEMIH -8k, EEFERD T
HIREZ Te 5RE 2.
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u(5(z)) =0

MEVFTEEL (singularities): HEF R RESBIIH (isolated), AL, EEBIHRFP
b, WER R B AT R
TN A — AR PR M, BESWAE I EER T e & JE IR =7 28,
IERIAIEZRY (measure expanding) MAVER: HIER ¢ ZERHENR, HHMER 30 >0
Ve M(X),

W(T9a)\x(@)) =0, Ve X.
BRAEAE (invariant measure expanding) BV HFHE u € M(X, ), &HMES
peM(X) H p B3R ¢ GRS TR ¢ BHERERASEER, B HWEE 36 > 0
5 Ve M(X, ),

W\ de(@) =0, Vi€ X.
AR TEENE = BRUERN = FERTVEHER.
Bl (FWERED A TREH): BFE n e N, & A, = {an,an} B R FEITHEEF R
5 HFEn£LmE, A,NA, =0, B Hausdorff EET A, — {0}, &

X = ( J{=n.....n} x An> @ x {0}) | J{oe}.

neZ

Al X B3 R2 U {oo} B2,

«(2,a20)
«(2,a21)
« e(n,ano)
« e(n,ant)
n 2 2 n

X = ( J{=n....n} x An> @ x {0}) | J{oe}-
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# [ X = X BTEOGTEEHSS (shift map)

MM(Q,GQO)
[ e, (2, a21)
——

| —
N _ A=

_——_— o~

DT T T S <+ o e(n,ano)
T S i S e N co v o(n,an1)
-n -2 2 n

FIEEHR - [EIE f A9RRZETRS (suspension flow) ¢ REREER. HRE f FEERN, AT
o NRIERM,

R BRTEAEHNATESIFMIINST RE
Bl: 4 ¢ BERE S? LRI
O(x,y,2) = (vz,y2, —2* — y?),
BISHER 2 € S2\{p, ¢}, FREES
Sing(¢) = {p.q}, w(z)={q}, H alz) ={p}.
BEEE : (£5 o- TRAE 1 € M(S?) #E supp(p) = {p, ¢} Hilt,
M(S?,0) = {6, + (1 = N)d,; A e [0,1]}
Hrh 0, BAI p BHY Dirac #E. MHER 1 e M(X, ¢), HfIEH
1(T\¢r(r)) =0, =€ S2

RBEHT ¢ R 2 H B A Fito

SRk : B X BERZM, £ X — X BEEEN, r X > RY MRS 0. SEWEM X, = {(2,£),0 <t < r(z),7 €
X}/(@,r(x)) ~ (f(x),0). LR (X, f) REBEE T0 : (v,5) — (2, + 1) BHHERI (semiflow) fr: Xp — Xro
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T HABI AR 7R

HMEEIRME £/, BB ER N ERIEREL, R T H 2RI R R s 4E)
TR RS, HIEREH AR A REE T (global attractor) BUEMFE (inertial mani-
fold), 26T AR AR HE B 11 R R BB 2 RENE TR,

[E1E T E B
Smale RVEEDREER (1967): 3% f —2E# C™ WK LHWAE A WA HEMK (Axion A diffeo-
morphism), ZREN, JEHEEELET (nonwandering set) Q(f) EEfhiEH Q(f) = {f HEHAZ},
AR f SR Q(f) = BRBE QU---UQ,, Ebh Q1 <i<n, BHEAHNRE
£ B fHEABELEEE Q, 1<i<n

B E [ RAR A BOREE, B f RTERNEE Q(f) BERYHE.
RIMGEIRE LA IR, i L, ROVEI T R

Akoi BVEIR (1983): % f: X — X RAHRMELE Q(f) BERHM, BIFE f B3R

Komuro B (1984): # ¢ : X x R — X EAEENEZE Q(¢) BERUMY, AIEE ¢ 1

MR,

EMEEENFEWEREL, BB, 7T A#EESE CR(¢) KEUIEESESE Q(¢). FE L,
BME

Sing (¢) C {oHIHMAEL} C Q(¢) C CR(9).
FETFIE (Lee-Nguyen): £l ¢ RERTEHERHE CR(¢) BRHE, AIETE ¢ B35S
%o
RE: E ¢ BUERNEE CR(¢) BIREME, BIEE ¢ BIRD .
R HIERERYE +CR(¢) WEREME A Lo,
Bl: 4 Sy = {0,1}%, H 0 : 3y — 3y BAITCEEBE, $EE n € N, BECEHS n #3E
HAZE p,,, SUHEHBER Oy(pn)e &

E= U Oa(pn)

ne”
BHEHERBIBAKFHEE S NF=0,9X=%UF,

TR B (X, 3, p) BHEEM. 8 c X WHBIEESY (nonwandering point), #HEMEESHTEES © WHES U KT
BIEBY N, £ n > N 5 pu(f*(U),U) > 0.
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X=XUF
O Q o)
P1 P2 Ps3 Pn
F
qzo QZO q;() Q:Lo
TE X FTHWEE D 5
4
dO(x7y) %x7y6227
1
D= " + do(, 0% (pn)) Hx € X YE Qui,
1 1 e
— 4 —+do(0"(pa), 0" (pm))  H T € Gury Y E s,
\

T:EJH:FEZT B2 (X D) BEBHH f: X — X REK. FIRE f iR, f 1%
SRR B R AR ELRTERHERY, (EANEAE f AL O

EEBE T EEE, BE TR,
MW 1 E ¢ E CR(Y) HRIEETHEEN, AIEE X RT3,
2 # ¢ T CR(¢) FREMEEREEIER B ATIRENY, i ¢ (FRILE CR(6) HEBSHN

V p € Sing(¢), Je>0, HH B(p,e) NCR(p) = {p}.
|t ¢ £ Q(¢) FBERTBHER A £ X FRERTEHER,

Bl #EZn e N, 4 S, BR2 ELL(0,1/n) BEL. RS 1/nWH, B4 X =2, S
& ¢ B e T IIEEFRITR:

Sing(¢) = {0}, H w(z) = a(x) = {0}, Vz e X\{0}.
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Hl ¢ £ Q(¢) LRERAEHERN, BE X ETRHE

BRI, (B : 4 2, = (0,1/n), Vn € N, 11
AlYS > 0, 3K n € N FHB 0 € I'Y(z,), A

S1

S0 (D5 (2)\br(2n)) > 0, Erf 6y 2 ¢-THH Dirac H

&)

EIE IR TSR

b

T M BE#C REWRY, Bw

XH(M) ={M E C' a&H}, B C'-RkE,
XL(M) ={X € X'(M) : Sing(X) = 0},
X, B X € X' L.

BB X, B Cl- BEHERHE (Cl-stably measure expanding), & HWEEFEAE X €
XN(M) #9 C'- B U(X) HEHTE Y € U(X) HEIRBIEN Vo

FE2: X € X(M) WHAR X, B C- BEELFSOIRNE EEEE X B O BE.

TIE3: O M, X e X\ (M) RS X, FEMEENE, #EES X 5 O B,

BRI

1. (with J. Oh), Weak measure expansive flows, J. of Differential Equations, 260 (1016),
1078-1090.

2. (with C. A. Morales) Topological stability and expansive measures, J. of Differential
Equations, 262 (2017), 3467-3487.

3. (with Morales and Nguyen) Various expansive measures for flows, J. of Differential
Equations, 265 (2018), 2280-2295.

4. (with C. A. Morales and B. Martin), J. of Differential Equations, 267 (2019), 2053-
2082.

5. (with N. Nguyen) Spectral decomposition and Q-stability of flows with expanding mea-

sures, preprint.
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