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§1 1 b & ic

SR EDBEAFERL (K7 M) HASLFEEOL LT flow (R-DIlT(H)
by t ~E)EBRTE. SOk 5% [ow DELEBOBLIL Poincare HLIEZ D |
Birkhoff%%f%‘ﬁ‘:id’(bk\é. 19384 (= Andronov & Pontrjagin i3flow DEEH
FSEE L. Peixoto 2T flow DEFHEIFRL . TOREEBR. LhLE
KENHE. flow DEMIERTH BIRIC. EXRORRBEETH B = LHFHH -
Tz, Smale REQOFROEEMBAL . Ntz LOBMAZAIHL . &
CEREEEHERELS. N . =

HAFRRS LRI BNERTERETEHEL LTOERNERIE. WHNLLA
bORGKEHENOBACEL > T ZORRRRUEES > TV, TOMATEBAICE W
 CEBTHBEEHEMERRLIC. BE Haie Kk THRSMAREHEEOR&RER
EHT B,

§2 g_g 1%

RENFROMHENEROFRICRENSE2D 1 DICHHRRENFDH 5. B orLSRIE
N ETHFR f,gediff(M) HXHBEE.f & g FEEERTH S LIAMTE b :
N> NDPEELT goh =hof FERIIDEEEWT,

DT ENFRDIOMELACRYEH 5.

(1) f(x) =2x, g(x) = 8x (x€R) 95k, h(x) =x* {TX>T hof(x) = h(2x)
= 8h(x) = goh(x) (x€R) TH5.



(2) f(x) =2, g(x) = —2x (x€R) DL & g DEEIL { DMEDETHS, &
DIENL [ L g REERRTIIZW, |

S (3) f(x) = 2x , g(x) =(1/2)x (x€R) DL & 'lthwx“(x) =0, li_)rn fr(x) = o
(x € R) TH3B., L-T I & g IZMHEERTIIZW,

FREBORERICII2ODE2SHE. TN 1L OFBEREETHE. Miza N

ZrTEREZLALZWET S, DIfI(M) BC' -(IHFBASHRIIHIEHEROES LT

B. NERIEDIIMIIEHLT [ FRBEETHS L DilfMN) QD [ DEE
N(E) DTEELT. $RTD geN(f) I3 { LR THEEEE NS,

BEREEOE2PFBREINLHRIZROL S CHHEN S,
HEMBRASIHLT. SBREMOANSORBLERL . BEIREIC X5 SORBOZEL
FRATHLOLELT. NER s€Diflil(M) HHEDBTIEELE. TOXIUHRRSE
RETaHIcid s ¥MBILTHS. MAICE-T [ 2H-TLHEAARLEL LU
Twd, LirL. < D22 LOEANLBLABAZRFEVICETRIE. HHEHENC
HERBELTWRIE . RONERREOE CFET 2L FET 2 LHRTEE, 20

EENDED2ODHERLEAERTHIUIEALE [ »oENHTR g 2HLIE

T35,

L3 1DDREMIC-EREN DB, MIZTVNI L THEH L. K

Q(f) = {xEMIVU(x D) : 3n>0 ,UN(U) = & )
BETZO-TELBRETHE. CORREERELEE VS, [ ORMALKOKS
P(OIE O(F) IC&2N5, |

HEF [EDIIIM) ¥ LEFTHAE L [ OEF N FFELT, $XTD
geN(f) ICHLTEMER b : o(f) = 0(g) HH>T hof =goh FRNIOEEE
w3, .
MEEETHBI LI - EETHEILEERTS. COTLIXERL NHL,TH
5.

M LEDBorel ERAENL LY m(H) TRT., CORASICHBUEEEAT L. £OHH



CEALT mM) 12287 MERZERICL S, [€Diff(H) 2RKICTS m(H) OxD
L% M) TRTLE M M) BETEZVWASARETHE. JRELS A() it
FRLD wem MISHLT w(0(0) = 1 Th3. #->T [ O¥BIE (1) LICEKE
L0, o TINT—KERRADOUBH,SL -KERIIEETHS.

§3 ExhkozsE
ﬁi&@%%ﬁ%@béﬁﬁﬁ¢é&ﬁﬁtlvtﬁmbautwﬁ:t?%é.&@

D IBWERETII %W,

(4) S?=CU {0} L. f(2) = ze'* (6 = 2¢/3) % 3@EKLTE. ZNLE
f2 = identity THB.83 6 =2x/3 + ¢ ZrBMEKLTHL . g° # identity D26 f
DEBIZNSLLEHICE>TE{LTS.

(5) [ : S:=S? i(2) = 22(2€C) | () = o EHRTHAFEFHETS.
ZOLE lin f7(2) =, lin 1°(2) = 0 (z * 0,e0) THB. COBEIBEEET

5.

—~RICKDERIEC ~ BAFMERISHLT Robin (13], C'-BAFBERICHLT
Robinson [1.4.] GCI;’)'CEEBﬂéfoJ.

EE1. HEF (EDIIM) H Axion A EBBIHERALT LS. [ IIBEEET
b5, | -

KDFEHEIT Smale[8lick s, L LEX [12)ICE > TR LHHAN S LNz,

SER 2. S1%2% f€Diff(N) 5 Axiom A &£ no cycle RUEZALTLLIE. 1 0-FK
ETH5.

EE1, 20RFRILTE. BRAFROREERMBEIIRSICRBELALI EL S,

4



B5E Mane[11I3RDERE3 2 Palis[6] 13 Maie OFEFFIALTEEA 2 HARLA,

i
M

SRS, N¥A TEDiff(N) FIERTTHIUL. (13 Axion A LBRITIER 27T,
EE4. NEFR TeDiff(M) H -FETHIUL. [ iXAxiom A‘c‘:, no cycle &RHf2 A
723 ' ' '

SER3, AIEALTAFTICETE . FALFERTRRESA D, COZEESL
KERBLIV. ‘ ' |

§4 s

BHPUTL N7 RSREM (BRELRZV) ORBHES A 25 [eDilf(H) (oH
LTHRE (f(N)=A) THBETS. TOEE T, M=U T.MH D CELTTELS
HZER E*, EVISESENICHE T, =E*0E¥&h

IDf7e l<cA™ (contracting)

IDfre Il <can (.expa.ndins)
EFART >0, 0K IAFETSLE. FLA Al [ CHLTRBHELATHBL
W3, BIMARBETHEE S [ 13 Anosov BAFHEETHEE WS,
Mosov BIHFRBROMICKNH S .

(8) RZEDFTH (2 1) Ick>THLLNAERY2F—FX THIHEALLEENH
5. COEBROIEHELESIIZER T 246TH5.

RD(1), (i) 2ATHEFEMER {12 Axion A 2HLTENS,

(i) P(D) 12 o) b THEETH S (P(D) = ),

(i) o(f) IRHBETHS.
f A% Anosov THNIT. (i),(1) 2AFTHS [ i Axiomn A TH5B, Axiom A X AT
BARAEROBICKSH S - |




(7) 8:S' > SUI200FHA [(x) = x, [(y) =y (x * y)& LOMAFAHERT
HoT. lin g () = x (x4 2), ling"(2) =y (s #2) EHRL ) = {xy) 1
WU BETHD, SOLE g i3 Axion A BARET, o

(8) g:S'—>SUI(NDER. [:T>T? FE)DFEHRETE. ZNEE g x [:S'xT?
—S'x T2 13 Axiom A &7 L. Anosov TIIZ\, o

BI(7) DERIZ Morse-Smale B FMERE LITN S, [Difl(M)A Norse-Smale TH
Bl 0D HARESPORBETH>T. KEERHE W (x) LFREESHE N (x)
C(xEUE)) DRI TH B E 2 E VS, Horse-SmaleBi S FMERIT Axion A ¥ AT

FRELHTHS. | o

hnosov BUAFHAEENLHE A(M), Axion A BSFHEBDSHKE A (), Horse
“SnaleBUAFHE RO EE (1S) () TRT. Zok s, |

An(H).N (H4S) (M) = &, An(H)-U (H+S) (H) CAx (H)

M) & (S 13 DIfT(N) DRTEHEATHS . AhMIZFEATREW, L
L. AN ORSES (WM IKEZREBALFES) KETS5RIZ o cycle RpFE

(F) Btk I, no eycle RPEEHWLES . FeDiff(M), 0 EF5.
VxeMiHLTES | ’ |
Wox) = {y € B] d(F"(x),f"(y)) =
Wi(x) = {y € Ml d(f"(x), 1" (%))
W) = {y e ] d(P(x), () = 0, n o)
K (x) r

"

3"

0}

™

, N

A

e, n 2 0}

=

1)

{y € Hl d(f-"(x).°(y)) = 0, n —}

ERHETD. 0 € M) THBLT B, +HDSZe>0 ITHLT
Of (K. (£4x)) 1 W () |
s (L (F-2x)) 1 H*(x)

BEDILD, W()IBEEZSE. W (x) BTEEZBETHIEVI, MOBHESER
¥LT., W(E) = iJeEW"(x) (6 = s,u) B, ZDL 3z

He(a(fr)) = M
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DBRDILOP L, {(H°(x) = x € Q(f)HiMd)h‘?J'Cﬁé v

W (x) & W(y) PHEMTHB LI, z eW (x)ﬂH“(y) ra%fp BB Wi TN (x)
+ T (y) = TH PSRDEDE X2V, 274 [ SERMNTHB L. H () NK
()#+¢ %% x,y € A THLT, K (x)NW(y) > 2z B TH(x)+TH*(y) = T.H. %
RRTEEEWS, | | | -

£ € A (M) LZBEBRBFAE 2 27 L. (412 Anosov TZcW Axion A £ AT ERTH - TH
BITEE L>TW3, | | . |
Q(1) A @laLH@@@%%ALﬁféhéké ZDNRR% [0 spectral decom-
position W5 :

(i) a(f) = 24U - - - UQ,,

() £(0.) = 0, (1sisk), |

) [ 0,0, cium&fm (3xo€ 0y, 0 (x) = 0.

ZOBBITHLT W (0, ) AR (2, G)EG LBEAT. - - - 0y ey, M, BHFE
THEE. [ W oyele RAELOLWI. cycle RETLRAVESE I iz no cycle
ﬁ#%botno ﬁﬁﬁmﬁﬁﬁnoude§#%§<, _
' nowdeﬁﬁ%&m)MmmAm%ﬂﬁgﬁﬁﬁﬁé(MMuHM ﬁﬁﬁﬁ%hﬁ?

MmmhﬁﬁﬂﬁgﬁwﬁﬁEﬂanMTﬁf FBESOEICITX @@@lj;%ﬁ#
HBEEETHRHAL TR,

_ -7 T (Ax»noc)‘(H) »

T e ()N BEARDIIMOHT
A “x \ F%aTHS.
[ ’ Y \ '
SN L
! VN L ,' ‘ !
N (H+S)(H) V!

v . ’



§5 FH3 40EHOHR

[EMMPMERETHD L EITIX. { IEBRIELZ A9 &4 Robinson[15]ic Xk »
TRIFASINTWS, E5H(C Q-ﬁﬁf‘&ét%%z(il f 13 no cycle RFEALTIENS
Palis(7] KREATVE., - |

T, EE3 . ARKTERT I LREIHR- TR -

fediff » Q;rii&fa‘f‘ [ 13 Axiom A TH5.

IOZEERETERDIC Nane IHEE L REFORMELAALTND. ©-FETH
PUZ . Pugh closing lemna[11] {2k > T P(D) = 0(f) #FRENB. L>T of) HFR
BRI L BRIV, SREERT S RBIC. WEELE-T. ) BREET
RZVWHIRBEOBHELEEVILERT. TOBFEADIT assynptotic Borel T
FRAXEWRL. COMEEFALTAEL C-FHEFW honoclinic point 41D
9. LiL Smale homoclinic point thearem [9] 0 »T . A-ERTH 5 & & iZhtho
woclinic point RFELLV. ZOZ LD LRBEBHELRMEETHEZ LIBR
ShE. ZORKAE AD PLRE. L0 LEFE L > TRAPORORBEDLS
KEEAOHD. BROCHTS L2, A1) BHREORMESATHESR, HIA
DREICRTBI LIS, |

COEHOBTFELISLELIERLLS. )

fediff(M) » -FEETHIIX. Franks lemma[10] & Kupka-Smale theorem[15]IC X »
T, SAMAMREETHS I LHAREND, JOBRPLROREE

FM) = (DTN |3 u(D) (TDEH) Vs €ull) : Pls) 3 xiTTIAE)
EEETHL. . | |

(RERELRHAAER) C (-FELRSRAETE c FM

BRDID. o> UD OREERROEE» 5B E .,

EHES (Axeno) (M) 12 FM)DHRTHEHETH 5.

din(M) = 2, 3 DL E (Anoc) (M) = T(M) FRDLD. LirLdin(M) 2 4 DHE



HERHRITEHE 55 open question TH5B.
SEESIHYDLSCLTEHShAY. COZEXRDETHIEL LS.

§6 EESOTHADKH

TFRBHELE AL TANALKORSE P() ORESSHET S,
Pu(f) = {x€P(f) | dim(E*(x))=i} (0 £ is dim(M)) (il index & XiFNB).
ZnkE o '
P(E) = Po(f)U - - - UPasmoms (£), Po(DINPL(E) = & (i%5) .
Polf) EParmoms (NIZBHILEATHE., |
Po(f)3 x KHLTINM) = x ) Pamcn (D) 3 x KHLTI(X) = x DEE] x D
KOBEBRENL S CH¥HT5. I | |
N LT
0 U N

XS HESICHLTIIERAR D IO,

Step 1 (Pliss[16])  Pol(f), Pasmems (D) IXHBEADD i = 0, din(N) ICHLT
PUDN (U P(D) =8 THE. ‘ : N

BT Poll), Parmem, (NHFETHWE R ZRBRBETHS. Bic [ FHEANT
BHBEEW PolD), Purmon (NRELETHE, - |

BEAP (NP IRTHBESTHL L 2T, FRRNBEELELZE. o7
O(F) = Po(f) U+~ UPusman (Db REBTH B, T [ FHEEETHIUL. [ 1
Morse-SmaleTh 5 = L AR ENE L | o .

Lir L—RIP. (1) (0<idin(M) B EREATIEZ W, 22 TP (NORBEE R4
DIZRD Step 2 LHET 5. Tt e Lo
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Step 2 (Hafie [4,5]), 3¢ >0, 0 <L, V¥x € Pu(f) (0 <i <din(H):
LK = ELOBFi(x)  (DI-TRR4HH) | o

WD ecn - BDE " jrena) 1< €A™ (n 2 0)
DEIID.

T D% B % homogeneous dominated splitting & W35 . EEICHRBRIIEETHEAI L
HEATED. £>T loglf jecnrl. loglDfjren ] 12 x DEHEMHTHS.
CBES P FEVEHE PDNPD =8, i#i) LTWaERICIE, 2&4
P (DOREFIEBNES RS NS (EHRE2 5RTWE) . [ & FWEE
LTWaIths, SEAP (DOSEEFEHTTI L TEL W, L LB index
i =0 %40 P (1) ORBEIIRTIENTES., DT EIZKRD Step 3,4 HLER
TE5.

Step 3 Pu(f) = ¢ 5. Vue mS(P.(I) (z{pe M, (P, () lu: ergodic}):

Hongfl_s(x;yldu<0 = E, : contracting

" ZFBHIZIY ergodic decomposition theorem& ergodic closing lemma[2]3 £ EE 35,

Step 4 U P.(f)NP,(f) = ¢ = Sloglnflgimldu <0 (V)xe mf\P_‘
P.(f) + ¢ DE % Step 1, 3, 4 25 E X contracting THAIEHNTEINS.
Step 5 E,»% contracting Zr5iX. Fi T expanaing ThH5.

NS 2 . BRTEOBAITIE Step 4, 55 0-FELMAFHEEI Axion A EHLT
ZENBD . BB, din(H) = 2 DL P() = Po(f) UP, (F) UPs(f) TaH»T,Step
L&D Po(f),Po(f) IIHMEAS . Step 4,5 kD P(D) BRHEHFERASNS, din(H)

=3 DBAIITIZ. P () OMEEEZ KD, F0%k [ ¥ [ EBEH» 2T P(f) Ol
BERDZILATES (din(M) = 2 DHAIZTTIC Maie, Liao, Sannami HIEBIL T
W) .
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FEORROERS 1 din(M) 2 4 OBAICHE, ZOEBSE Naié 1 assynptotic
Bore | ERMEE AT LI >TRIBEITVNE . SOBTFIE Step 6 THXB,
dominated splitting TerriH = E:@ Fy (cH LT, BIERF UDP (D HFELT
M(f,U) = AT (U EBLE. KT U) LT doninated splittiing Tuer,uoM = E@F,
AN L. PN CHE, UISHLT Bt = B0, Fi(x) .= Fil) EARTLS
KT&EB. : | |

dominated splitting DFFLEIX N kD section 25K 5 BanachZ Wik ETHELR
FEoTERSRE, Lo LER (1) S5 2 5T WX\, Step 5 OIRDE
ERELES. | -

0<T<1 EFTB, T7<CYr <l ,VE>0: 3= e(r,a) >0 ,3N = N(r,3) >0,
3n, > 0 :

() (e, B5(xa)) o p-string(i.e. 1 IDE ! neexp] <17 L 1 5 ¥2 < n),
(i) d(f™ (x1),xs1) <& (1 27 5k-1),

() (™ () xi) < e |

BNk ICTES. Bic. Fi 2 expanding THWEEET B E .
(¥) 1:1" I nf-'l;(a;i,l > (1sisk . |

EARTESIEET (a, - ) ERB,

TS

xx - P (xe)  * x

Pﬁﬁ/////L e

ZNEE E A contracting THIIE. 0 < n <1 FHEELT

f(HI(x) < W.(fx) (xe P (D)) _
FRITE. COZEPLEANL S CHHTHAMA p € W, U) OFENFENE,
BEOZBIE k= 20BETELBL. *(p) & psendo orbit {x,I(x), -+, (x)),
Xaoo 07(xa) ) BHHEST trace LTWAL k> P s TIDE rednl (N = nyo
n) HRZ B p € PUDAREN, RBIEIZE T, in L5 loghdi~}e sl 52
BEILOHPL. P %2 T2 23ARALTEIIRRREFENSET S, KIC Fildexpanding
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TLiThiEL 6w,

P (1) ORBESTREATL. P.(D) (1 2 1) ORBB/ZHEARZ I LFBERTWS,

RKD2ODBZBE*EZB.

(i) (DN U Ps(D)= ¢, (i) Pi(f)N( U Ps(f))= ¢
it i1
R e
\ ’1 , ——\‘ 7 \ -1—. \\
- T UPL()) \ ) .-~ UPJ(D) !
C\sm N an
o \\Pl(f)\\,.‘__l-" ) . :Pl(f) N Seo-”
7 b ~ s . ‘\‘ . K
|\ Pa:-(u)(f) " , ~..-"

s
h g ~.-

—~

() OBAL F(D FEEMELTOER S, Pall) 4 ¢ OLE Fi(D HRMETHS
S LA Step 4.5 oHRZ B, (i) DHAIL Step 4,5 IFELLW. FIT [ A%
BEEHF\ heteroclinic point 27213 homoclinic point Z#I DM, AE7% C'-F
215 BFEICKD Step 6,7 HH 5. | |

Step 6 ( Mare [3] ) A C 0(f) HREEESEFTE.
« € 0() - A SHLTEAT (0} #HELT b = lin L2 e o) H
N2, ZD p iZHLT w(h) >0 THRERETSE. CDEE, Yu(f)CDifi(M),
YU D A(BIE) :3geu(f), AC3VCU , ’
e =g pvve e =87 o
AL, ELXko (1).(1) OWFASFR) L -
(n 3k >0, 0 < 3so < 3sy < nu
(1) g (fx)) = £2(f%x)) (05 j< si-so)
(2) g *(fox)) ¢ Qws"(v) = ,Qlaf"(V) C WU (A,g)

—11—
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(3) g (f*(x)) € N g (V)=n [-"(V) C H*(A,g)
n»o nyo :

g(f*(x))

W= (h)

g2 (f*~'(x))

W (A)

(n 3k >0, 0< 3s < ne
(1) g*(x) =1(x) (0=sj<s)
(2) 8**'(x) e‘mg'"(V)%n £-"(V) 'C W*(A.g)

nso

12—



...@f‘ﬁli u(A) >0 THBIENFENTHS.
Hx € UND-AD I ICLEHMEDEHD Borel HBAWICL>TL LRI BIEHTE

WEEICIE. KD Step 7 DFEFEEZ B,

Step 7 A x € UD-AF 170 = y(EA) (e — ©) TARTETE. Zok
X V1 >0,VYU 3 x, Vu(f):3g € ulf), 32> 0 .

(D 700 = g1 () (x&U) |

(2) d(f"(x), g7"(x)) < & (0 <n<l),.

(3) 570 € W(y)

BROYDESICTES.

I(1) = {f-"(x)|lvi<e,v € E(f'x)} -

frr(x) -
\/ ,
y

F(f-"(x))

~n

D(k) r——o—; E(f"x)

"] N De(y)

P BHRNEL T ITHLT, x 25 y NOFFBH : Tx,y) ;TN — T,H 5
mininal geodesic ICH>TEHETESH., #:H — [0,1] 43 C-BK. vy € U IZHLT
#y) =0, $(f'x) =1 2ALTETS.

VI 23 v e Tl LT
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0 (v & U):
E(y) = R
Fy)TU ' (x),y)v (v € U)
EBE
[7'(y) = exp s =dve ™t (y) (y € M)
ERBTE. JOLEL N > N BHSEESRTHE.
¢ >0 FFELTHAER |
¢ = f{w € L (k)lfwl<c} — F(f "xx)
FEBENS T
DCk) = { w + ¢(w) |w € E(f-"xx), lwl < ¢}
i oexp ' (M (y) = D(y) LEEEAELD (ZOZEIR y & - (x) F+HEL L
BE5IT e BRATOESS) . HESHOLIEE v EFBLE [ 4 [ OEHT
»s. | | |
Step 6,7 IFX DX 3 KMAIAEL. IOTEERFTE. Pi(D BRBETH-
Rbb. A& AUD OROBARGEEELTEL PN C A THB. A KHLT
spectral decomposition A=A U - - - Uk ZTRETHE. MEORDI. k = 3 B
N =AM UAUALETS. o |
4. MCU, h=nf(U)%BI>87 MEF U BEE
MO (U EBL. TR
¢ + AX-A, C Q(f) -:A
FRD L.

& op € N—MIZ ()M 20 (0= o )ERLT. ROBEFERLNE,
() pese), (i) pdcilp)
(DoBEAT"() 1 n20) OHEAF (") : 120} HBEELT. () —



y( €A ETE S, 4. Borel FEERIE

o
g = lim;—l Sskin)
Jooo i K=t

rEHETH. JOLEG) » (D) FROIO.
()" | loglDf-\eldu >0
(i)’ | loglDf- 'wlde =
() DBEEI w(h U UA) > 0 25RERE, nlhs) > 0 '(I;é): L&k3. Step 6 (2

IoT

f ONEHBE) g HH->T K (hiyg) N WA ,g)+ @ BRI,

p

HRDBEERFLLS . TRTCOBAIT Step 6,7 FHE->TAES C-FBH2BEIL
HTED, '

Step 8 (2(1)-A)-A, HEEETHITRIE, (UD-N-AHFEAEETEN A £ B
g HEELT |
W (As,g) N W (A,g) #+ ¢
BRY LD,

He(hg) N W (heg) # & EZBEH g HHEELT. 5 ¢ FH) ThE,bS. B
Step 8 FHMTET . NELEH & HHELT
We(hz.8") N W'(As,8") += @
HBWiE
W (hevg') 0 W (hevs”) # & |
PRI D, BENICKORDLE 5% 229D cycle RFOWVWIFNHLHRD LD,
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DESLRABBLTROBD L S L RAEEID HT.

(v

' LA L. Smale homoclinic point theorem {CRK3$ 3. .I’JT cycle ﬁ#%ﬁﬁi?%ﬁ*

DES & T , :
me)h<gpuwf=¢
BRDES. DA EBRNIIC DS I T, [ OMSLES g 1ok > TP ()

CHIEWEHRET S, I')‘C 0(g) ITXEHE T’kbfa g Axno- ATHB. BRI,

Axion A A% g L_J:*O'Cﬁfuéﬁé

EESOHHABAD 1 WERKI L.

Maie DWMX[1] ICIIEBAV T ERTH 72D BOEZBEILTWEEHRYHBE. T
Palis DRXI6) ICIIBEHAHLBEHHH 2. L. 2200%Xicd L CEH L7

ZRD.TETHIENTES.,

XIREFROF T LRI & R L. RERFECHT 3 #3UBICSHR
RENTWS. |
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