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N REHIBEFE AT LB R A —— IRCLRISZAMER . B = KB E U KA
I AR B, FEFRI R AR T, DA Ry SR A i 4 T £
fr. AR SHEEE B RTFIECERIEY fE8 TORM P28 F s AT 5 R A
ALY S, AT 2 A S A g AT 1T AR A ST e ke — s T RBUAR e ok 3R sl
IR BR R AL FRAL A RARI . AR, X B R SE .

BT IR, BOALE T — PRI, FAENEERFARK Poincaré KK T by
FE CRESZHHINAEY - — D EEAFAAE T R A 22 [y JLAeT ESe 2 1diih
P AR 2 TE] —— SIAATE R, FEANIRTER AT R8T AR R 5 r ey vl aE
AR 2 S AR O R B iXFPOTIEX AR AREIR R ZE B, (HARER 2 —28,
R R R E R EBEREIEWER LT, Poincaré JLBA T, XPrAA R
Hamilton R4, “KIEa” HHZLETE Poisson B T RRER.

WE% Poincaré EMEMMTINERIGIN, BT RGN TR ER RN LAY TRk e SR 5L
MRS RI A S W SRR L. Birkhoff § TARTCEE X Fhas AL MBI AL, 7E 1927 48
MR KB IREY H, M — B i (o] LRy REAE AR 30 1 RGORIT AR Z 3 1%
PERR. FmlHL, AR A —MBIEnE FEE T AR EIH Poincaré A45L.

RAWAEER 7 ST TP RT A R IIhal ) R M e, e+, i
EEFHINN ARG, HIRZE W — RSOy R B 0], DR 2, AR TR,
FE P, AT Lebesgue XY IRZE M. 0 fhah 1 RETHIBT 585 v ik [ 2
e, M. RN da. Bok. B BRI E AR SIE VIR RIE—E.

5NN REB R AR ENEL TEER, XHERREE AN T
—J7H, IS RGE U B AR — MR RGE (B AN TIFEEREE, RAFE
AL ) B— AR REA HARINRR. TEXWERR A E A X A
&, fln, Eh— BoME, BEGE GREESE, MR HAMESESE, X HH
R T HELHEM Y, FEEREERNHEUBNRRE, (H2E4 8 IR A A ] 6
TEA—FE, MHRBRAEEZL. FEABF, RITH T EERERISAELIE,
WIR I E N IEA S E0e TN

iz ] 8157 b 1) 4 DA K R i iy DR BF R 8 1 R4, Rl Aok it 98 AR i
AR 2 H B E B R 3 1 REARTET Gottschalk . Furstenberg 88 A TAE.
i,  Gottschalk JERA T, KBE &= A1 H A — A U JUF A B0 24 BACS XA S B A
2 5 CAEfr&BI AT IR 864 syndetic #);  Furstenberg iEH] T — AN REEA IR &
1924 HACS AR E =S &3] 55— AR B R AR A 580 thick (I5F5E. Akin 7EAR{]
pIEER BACRE T LR AR, B TR (R —& &M 2, MR R,
R, RHFILHE Glasner,Weiss, AFAEH S AN —209 &,

AR R B S AEFR Bl R G — IR RIS TP AR A PR, 140 proximal X, distal
XA, XSFIE R R AR T REMER/RME, B, — MR RGN FEE

i
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SR HAUY H R proximal E R NXT AL, BN distal 1924 HAVSH proximal SE&R K
XALZ. wiIr, AREIEHEE A Kolmogorov REEMIFATIXNTL., Blanchard 5 A JRERL
THRIME. MRS, e, XMERIER AR Flam, XA AL
THRKRERHE T HFEE, RIS AERESER. fE, RS X245 &
[Huang-Ye2006]  Jgi 2 [Dou cic. 2006a]  Joi it [Ye-Zhang] 4 i Al 4 785 430 JEL PR HE T 3] T R 3 T%

iﬁ: [Glasner-Weiss2004]

TERINN N RE T HAEETFZMFHILE, Ha0 [Gottschalk-Hedlund1955], [Ellis1969],
[Bronstein1979], [Veech1977], [Furstenbergl981], [Woudel982], [Auslander1988], [Vries1993],
[Akin1997], [Weiss2000b] 1 [Glasner1976, Glasner2003]. Ax45 A [F]F _FiRHEEH I H 72T,
HONFBEL R FUT AR w0 5N RGN Z R A A,
R4 | I R £ 5 R GERY 3 1 22 M UK A I LA I sh A 2 R R R At 5 2 R BOR
HHE. A5, AFEEE T BILIVFRIMIA RS B RENITACR. B 1 B
RN =AM S, RATREE AR — LA 7% (A0 Elis B VA, DR
SRAFRTNEN 11 R G0 5 HABREE I SCRI SRR, A M AXMER B Furstenberg AIHAEYRAY L
R A AN, HARk Wolf R EZ TAEZ —: /) distal JLAILEH E B Szemerédi &
PR 3t g PRV UE A AE A A i 1 R A 4.

AAFILSTE. FEHE— ZFEPRNS BRI RGN I F S f) — AR &
FoE B, fEM R, RATBRIA - HESRAELE. SHRNEIITTREZHS HAS
W X B AR S, DMEFEE SRR, SEHEARSKEE. i, RIAAT
WZBEU RN S E R R, 535h, BATESANN BT 301 RG0S
it ZEHEE EH, FFEHENSHERW van der Waerden &M Szemerédi & R
HIERA, HRMABLZh ) R ETEA SRR RN .

L=, ORI 2R LA RS FEELRL. distal RERK
AHCHET™. HrpIATMNILFEEEZ R EHET T BB THE, 4 E SPVHESURAM
BAERZMMERR. 55, RITEMREEELRFPFRBRITE T & Fh distal K, L
N I RERIRBOT L — Elis BB A TEEER. &5, RITEWHTES
FIRR /N distal PR Furstenberg £5#) 23, PAMFEH distal RESGHEFIELEREM KR,
FEG | H — B /N 2548 <2 PR A RS

SEIE RSG5 LR, B2, RINREHAFE T RIS, B RRAR IR
5N REEFRMEKRR. RIFRATEEE SR G 2REGE SRES, JFEIT
WENHEAER. FEAES, RIDOBHEHACTFEN N RF LA EBEI:  Weiss-
Akin-Glasner ¥, )5, TEBRMEEFIEEET, OIS T XHH MR,

T R=AFE T, BRI FBHRIN 1 RZEME TSP RELS. HEE
BRI, BRI HEA S DL AR, FEX—F, ROTBAEATHE T Pinsker
o fRELL K Kolmogorov RGTFEIIL. XL )& 2 PR PE 0 iy FEAS 4 4

EEREF, BNG BB R R. H5E, RA12HRMAEEIHEHFH Kolo-



WIS R G MR i W

mogorov REL. TiJE, AL I Glasner Fl Weiss falt 5¢ T HY Jar s 22 o i B A 31k P
[Glasner-Weiss2004] 5 S5 (AR VTN BER ER AR, 28 8 T Z AR 4 R 4.

FEERFITRFIRRIER SV, BEFNTIEM T Kushnirenko 2, BRI
FEA BT Y HOCEXHMERTRFS, HFFImAZE. R0 RIIER TN %4
e, ZEHFIEZE ARG fEXE, RATHRER TN XH5EinR
HIAERME. fJE, ROTRFFIRRERA, 255X RS, Z5aM/ Mgty 3
3 BHRFS null REEER. B TFAEX —ZFHHATHE] Koopman-Von Neumann EH 18 T
YRR, FrRATEAS TR g XA e BE R HE .

A TR R, BAOTERE T EZN =T BHeEE R RM 2K, AR IR
X =AM I ARG EE . 7258\ 8, RITHREE RS RNE. Hi, ]
FINU PR B R ek X2 B Al AL, Bomd /L, _YAL, UURL BYRBZIE. R
JE RN U KB Z w4 (12 R T7E ) MAE#E R SR BT .
wJa, Bl BRI DX m T AR RS,

FREGRA. BRENE BEARRBESHER, FHAEAEM FIEM] T TE
BRA B, RIFEATHEA MG A Z AR, MBI T Stk
INRRALHI ARGV, e, RIS BER/DNREF AR AEZ E e T R
I

TERJE—E, OTHSRM. N =25 HHRLE, #E it B WITia s, A
IR RRE R PR BN A LR, RMER 238 CE AR, 1975 4, Li 5 Yorke
RET CABIZZSIRIEY B3CE, R RGINT GBI XA i [L-Yorkel97],
ZIEARGUIRH B R T B CXNRMERER, Al TIFZSRIEAR & . BATRET
W Li 5 Yorke JR1H, Devaney {B{#, IEMULIEGHEZ AR, UEH Devaney &
T, IEMLLLRIR S IEARZL S Li 5 Yorke R

AR B R GTT BB S B, WRBEXE RS T R SR I BRI
HRCE TAREE NS, ABAR T H TN RGN e — A s AR
BRI RS, ROSATREANR B M, HAEEN LZRTEE%E, B
AR AAREE, JoIRMEIEEER]. Y, 3 REERE RS, Flanigoy
SRS, Hamilton KRG, MEVLIA RS, o sy e e bl REARA hich 2l
s DRI Ellis ERERIRESEMAEARTRIHEE. 55, Wb REHgry
T, W51, AZREER, WELERER (POTP), —4EZiJ1 R4, HAR ( residual ) 4, HLE
SEfr, Wi, SEIURERR, MRS, —BAEEIE A SF E R N AR oA A
AR L. FR, BT MIEERE LR T, BATEICERAN — A
FEVEZETAE. A% S AT AEA QT Y FE IS R B R A A 28,

AR —. RIS RGBS A A AR, B TR A F
WIRE. R FAKBGE Ellis RS, AJDABbE SR =%, BRNEMENERN T NAE,
ASFEIXT 2 FAFREE. N T AR Ee A3, 7E0 3 18 2 5 R
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AR, BITHAN, Z, R, CrRlam BR%, B, 28, BERES. id 2, M
Z- RARTCER AR e, Ry & R OyARUSEEAMIARE LR k.

FATLL 0248, I A, B ARG X T8, EXEL B\A N {rec X :zcBag A},
M /& R PRZEER AAB = (A\ B)U (B\ A). it A FFMEDy A MTHEE A, RITiCERNH
A |A| B CardA.

B X AEINERE, AR X T4 AMEAEICH A d(A), A HEEILH Al
int(A). WR 4RI XHEE, XFrecX fle>0 2 B(r)=B(z,e) ={yc X :d(y,z) < ¢}
T4 A WEARHAMS diamA REKR.

WA X Vier A—IEHTNETE], o T ORISR, ICXRZE R [, X, T
HI1=NBHEHR 12, X H o [Lie Xo — X RanF X, B85 MRMER « #F
X=X, MABEHAL [, Xi W [Lie, X B X7 R, XHAFMZEE X, Hn RO 2]
WHX"=XxXx---xX,neN,
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WT: X — X FBS, neN RI[ETMW =T xT x - xT. XERE n, TfiTE X
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F—E HINSHREEL

— IS, WM RGN H RN ER TN A ] AR B e . R
PN B — LRI RER B, @, BoME. RetEU AR ERR
JEYESE. WRAIER] Birkhoff [M1 & BB AL ERIHE] —— ZE Birkhoff M, FHAE
HWH, FERIEM van der Waerden EHE. FAIMERE R, AR 2 H AR IR
Ly BTSN T E R RIK.

§1.1 EAMZ

W X BB Hausdorft 22[0], G H#AFME, DR ¢: G x X — X #HLLHWE:
L XEE v e X H ¢le,z) =z, H e iy G WHANLTT,
2. MMER x € X F g1, 92 € G, ¢(g1,9(g2, %)) = d(g192, ) JEIL,
IBLFNTHEIR (X, G, 0) A—N $IENHRSE. B RITEEREH (X,6) id—MhTMa)
HNERG. GBI TN g G, 0(g,) : X = X, x— ¢(g,x) AR, HITMHET, FHH
BATEE (g, 2) FICH gz 2 X HMEERN, RITKRRSE (X,6) A FAERE

WR G =R OySERONEE, FOBAR (X, R) A—A 51 Wk G = Z MEEONEE, 4
PR (X, Z) H— BRBENDRS

WT: X — X F—PFER, BITTUEX ¢ : Zx X - X 1§ ¢(n,2) = T"(x).
T2 (X,Z,9) BRA—TEHINRE. k2, MR (X, Z,¢) A—PNEHINNTHRGE, B4
T:X - X, 2— ¢(l,z) F—MEBRHEIMER v € X & neZ ATE o(n,z) =T"(x). IEH
e, JAT—HRERE (X, T) RREE RS

WRAE_EHT s PR AR O ROImE R 2 SR G, B4Rk (X, Zy, ¢) H—
N EERHBIARG. KU PE, RATTUEH— 2B E5@3 1 R0 Dl —1 1%
SEWURT ARG, TEAT T, XERRATTHEA EEX L.

W (X,G) ABHRGE. Xtz e X, 5K orb(z,G) = {gz: g€ G} K = BHIE. X Ay X
P58, AR gA={gz:xec A} C AVgeG K AN AZE MR ACX HAWAZL
&, NPRHRERRHITE A BRI —NEIN RS, BZH (X,G) B FRE, iLH (A,G,¢).
MER € X, G0 orb(x, G) HHPIAREEL, HW (orb(x,G), G) & (X, G) HI— N T R4.
XRE—AEFMER SRR ITE. W] (X,G) # (Y, G) ARG, & EN]
1 ’IRRGE N (X x Y, G), Ht g(z,y) = (97,9y), Y9 € G. fLBEZDNRGEWFR RS AL
e X.

WARAEE X —FE, T RER— D R R R G R RS, T
— DB RMEIEE: AT ) RGE “«—FER 2 FE— AR, A RINE
BRI, IRARATA R ENTE—MER; mAaEREc, WAETR AR, R4l
HENR—FER. TR RS, ROTAEWT E X
EMX 1.1.1 & (X1,G, 1) #o (Xo, G, o) ARG A%, o RELE-NDELEFHSH -
X1 — Xo BAERTEAX B
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F—F eitF N &G Kkak §1.1 K AHBL

XlLXl

I
X, 2 X,
TR, m(gx) = g(rz) Vg € GVx € Xy, AMARMAA (X1,G,01) A (X2,G,2) B—A §-
3, AAA (Xo, G, d0) R (X1, G, ) 89—A BIF. AR 7 A=A BEFRS KARA F3E
BB kR 1w AFE, KA (X1.G.61) (X2, G ) ) HEEHY.
TERINSI I R G H, PRGN, BITMANENDR “— K~ TR,
FRIEAZ BRI SRR — N EE L.

TEAFF, AR R, AT 2. ERTHRSE. JRRN, RATFrea#hTh
HARGRIEEXT (X, T), Hh X HEERZE T X — X LU, T Inh
REE, BT LA LAy Rt SO SRy 22 5]

X x e X, # orb(x,T) = {z,Tx,T?z,---} Kz BIELE & A K X T4, mE
T(A) C A, PR A Ky IERTE 8l REE MR T'AC A, IR AN BAREE; 1R
T(A) = A, WFR A K BATE. R A C X HHAMAESE, W (A T|a) BEA—F)
NERGE, WZH (X, T) B FRE ARRITLERBEEILN (AT). EE zc X, L
orb(z, T) HHMIAALE, #HM (orb(x,T),T) & (X, T) BI—MTREK.

LERATEFIBMWAFERHE RS (X, T) M (Y, S) B, FFBS 7 X - Y JUhe
moT = Sor BJEEENST. TH NS H E 7B SE Rtk

W (X, T) ARG AT X x X % R A X Ef—PkR. R
RN X x X WHT4, B R N BXFR MR (T xT)(R) C R, MKEKRZ R AR
THY). & R C X x X N X EHWAZHENRR. X o ¢ X HE « FIENFNE
[zlr = {y € X : (z,y) € R}. FrARIXEFEMRILN T — M2 X/R = {[z]z : z € X},
AR X/R WFRAMNREHSS, N X/R HEERZE. A T BRMIES T X/R _ERy#E
ZEWUS Tr : [2]lr — [Ta]g, AT (X/R,Tr) NEHARS. W 7 X — X/R GRIBRGE, T
m: (X, T) — (X/R,Tr) HHAFBEH Ry = {(z,y) € X x X :7(2) = 7(y)} = R.

Rz, ¥ (X,T) — (Y,8) HHAFHE, #d «~ EATATE X X _ER—HIA
ARSI FR s

R ={(z,y) e X x X :7(x) =7(y)}.

W, (X/Rr, Tr,) HIMEHIT (v, S). B, FEFHRIPIEIEA B T RGO I X5 &

XF, ®iTH

G 1.1.2 % (X, T) ABHN 4%, N (X,T) 9B F 4% ——*EF X LR EGF
FINEBER], MR T X — X FH#LER, A T N2, THX) — N2 THX) KR

JEHRNESER, Ebr E—NRGILFIAER S 2 EIREE H R BE N2, T/(X) L,
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F—F eitF N &G Kkak §1.2 45

PrARRMIEH ARG (X, T) & SCH BB T S5
FEEBAR S AR RRRE RN — MR hE BT & &7 X - X
DIELETEH) H LS. &
)? = {(:El,:Eg,...) c HX : T:Ei+1 =y, 1> 1}.
=1
TENTBUIE] T2, X (BORBWRIN) M 74, X Rz, mRRMNEX T: X - X
75

T($1,$2,. . ) = (Tﬂj‘l,l‘l,ﬂj‘Q,. . )

Mo T HFEE. BRAED ne N, [ n MREEEE p, 0 X — X AR, B
Hopr B (X, T) B (X, T) By TFB.

HRY 7T (X, 7) RAHRS, BRFET (X.7) JLFAR ISR, fEF21HE
T, ROV e RXT T REENN, REEDH B RY 70— Ak ]
T SRR AR A 2818, B — R4 8 Y 45

3 BE 11
LR — A FENIEARZH Y HICS ERANEN AR, — DAL RN IEANER, HA—E

NUAZER, BRAE T N HGH — B IEAZENE AR T8 (Bl X) A—E AR,
BrRaAR T J9ists 4 T ONFRCET, £ A MRS HOCY B IEARZ S XN A4,

§1.2 Rk

B S Mt R B SR X 9 TENE IS B AR, AR Rl DA E S
LR A RN T OR. WX TFIR, ORI 5E45 Fi el =R )R,
EX 1.2.1 &% (X, T) A ) 4%, vc€X.
1. %R Tx =z, AALS v € X #RA Rohm;
2. doREHLEINSNNENEF T =0 R, AALE 2 X AA BEISE, AL T'e =2
RN B RE n fRA 2 8 EER.
KA Fix(X,T) A7 4% (X, T) 915504, A Per(X,T) kwA% (X,T) 493
Bk
TE T E X, RZ I EASTIRRE, RITEFSERZRILS. #
B B Fix(X,T), Per(X, T) HH:E K Fix(T) fil Per(T).
Bz AL n AR EABIA, WA {2, Ta, - T}, T) BI—AE N ARG, X2
—REF RSN RGE, HHED SRR E /Y.
Xt e e X, ATEN « B9 w WERE w(z,T) 24 orb(z, T) B 2RARFR R4, B

w(z,T)={y € X : In; —» 400 s.t. Tz — y} = ﬂ U {Tkx}.
n>0k>n




AN 4 &R F4W
F—F eitF N &G Kkak §1.2 fhig M

WR U, VX, #TEX BENELE Y-
NUV)={n€Zs:UNT "V #£0}.

EX 1.2.2 RF# A 4% (X,T) R T H EHB R X 9EEANETHE UV &
H NUV)#0D. kR AEESE rc X HBR ob(z,T) = X, LKA (X, T) A BEEH,
ARz A—A R, X $94h%iE 5924 Transy .
FiC 1.2.3 (1) i 5 A ER TR GBS, R T:

#X={0u{l:n=12-} (RR&GHEERI), @ T:X - X XA T(0) =
0,7(3) = 737- TR Tranp(X) = {1}, 12 (X, T) TR da4bthi# 9.

Hg: I -1, EF I1=1001],9(x) =1—|2z—1| AtkEmkst. N Per(g) = IFEFFTF 1992],
A X =Per(9) & f=glper(y)- TR (X, f) AHELZTA 1584

(2) HpiE: 4o X BAREE, N e briE; 4 X RET—NBITEH, T2
A rag—ag g Buk g, RATLT LTI NARE fe BB 49 BLE, TERIERR X A
Ty d _ME, NEERESAE. OTALL AN A% (X, T) H&RINLEBEK
XAREZY, TR ANFHN 450 EAHERE s FE, AleXFre LEANRE
B, WA S

(3) FEZEZEFENGR, R T AEEY, AL T HHSH, HH ob(,T)=X 2 HMRS
w@,T)=X. & Fit A Zy 92RARTFELRGES. Hir, (X,T) A4 AR
LHEFEETHE UV,NUV) € Finr R .

PAEFA S AR AR ) — SO S5/ iy«
FIH 1.2.4 & (X, 1) AN 4%, MR THEAFH:
1 (X,T) A5 49,
2. MHEANREFE U, U, T"U #AE;
3 deR U ABRTUCU IETFE, N U AREY.
4. R E ARTERY, BLARHK E=X, AA& E ARLLEES.
EEH. (1) = (2) RRARHY;
(2)= B) & U AL T'U cU MHE=TFE. W U, T-'U=U. FREHZKMN (2) A
U .
B)= M@ &XxU=X\E NT'UcCU TRHHK U NZENH U WA Fit, 5
T E=X 83 F O,
@)= )& UV KX BEEFE 2 E=X\UZT7U. T2 B HTAFEN,
Bl UZ, T-'U AFAER). WA VnUZ T'U # 0. XFEFTE n € Zy 15 VNT U # 0,
Bl (X, T) feisk. O
Wr:X Y R (XT3 (YV,S) EFBE, =8 B 248 X A2
m(A) =Y MHAEEHAZE L A RAITH:
T 1.25 A r: X =Y A (X,T) 2 (V,S) ¢y B Faes, N
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1. 4R (X, T) H4E# 45, A Transy A X 9HE Gs T4%.
2. 4w R T Ay, AL S LRAEEE, H Transy C 7 '(Transg). 4wX 7 & A
8, NF 5=
EBH. (1) &% {U:32, A X iy—4%, 42F

Transy = ﬂ(U T-"U;).
i=1 n=0
B4 (X, T) WtgiEE, FTUXEED e N, Upl, T 9 X W% IFSE. i Baire @2,
Transy N X BIBHHE Gs £E.

(2) BIEAR ZhE, ARG, W« AR/ H y € Transs, TRMEE « €
7 Yy) B w(orb(z,T)) =Y. B = B9/ ME, FANTEEHE orb(z, T) = X, B 2 € Transy. O

GRS R ERATE RN — MR E A
EX 1.2.6 v € X #RA—N BER RAEFLEFF) ni — oo &IF Tz — x, TFH o €
w(z,T). VA Rec(T) 2= g 5 di& 4.

—NEBENFERE, Rz ARER, A (orb(e,T),T) HEHERG; X&KL
(X, T), ®ATAH Transy C Rec(T). THZFAH Birkhoff @M ULBIXTZ) 1 RS, [BIE & EE
FFAEH.

EIE 1.2.7 (Birkhoff) NN A GHH AE F 5.

L NZIERYJE, BMEXRE— MR R A fr e, DIERTIERIAE TR E Zom 55T
REMRREICRIINE. B v LHAE N Zorn 5IH4 H—MEH, BOTPHET — T4 H
— AN EEHIE R (, Weiss [Weiss2000b]).

B, Per(T) C Rec(T). W3R = R K » FAHE, B4 (o, Tz,..., T 2}, T)
HEE RS, AREE BB RGNV, RIENE FSRE (S .

Wk > 2 AERKHIE A={0,1....,k - 1}. 3% A FIEEN FE. WT A EHEE
b, T

Y = HA: {(xl,xg,...) 1T € A,i S N}
=1
BORRAD. W = ARFTERZ N, —MHIANERS

d(o.y) = , MR =y,
L mBR ey Hi=minfiia; £y).

XT3y — Sy FEMEDN 2= (21,20,...) €5y
T(ZE1,$2,$3,. . ) = (:E2,1‘3,. . )

G0 T BELERIWES, PR (B, T) BT O %58 SEEMZ S R Y O 5 fdR
ZEHIEAZE TS, B2k (V.1) N FHB. 50 Per(T) 7£ By FHE.
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A BelUp, A" FRA— R E8E—A 18, Hir A" = {(z1, 20, ,20) tzi € A1 <
i < n} Koo A& BRIE B AE x e Sp WS 0 NMLEL W BREAELE 5 > i 1R
B = (zj, Tit1,-- -, z;). W B,C HWAA, B4 BC Frm—MHRIA (by,. .., bp,c1,..., Cm)s
HAt B = (b1,...,bn) HC = (c1,...,cn). AFERNR, FA15H1E B... B (n ) M BB...
H B™ Fl B, X—ANA B = (by,....by), FEE {zx € Syt 21 = b1, ..., 20 = by} FRH—A
. 0m [B]. BAERINMA - MR(HEZEN LR
Wl 1.28 zeX, ARG BB HMRIEEN 2 POEAL 2 FHILAR F L.

T ZE— A EAR BT
5] 1.2.9 & A, = (1), 45 = (101),..., Aps1 = A0 A, M 2 = lim, o A H—AN3EE H1
BEE g B

XFEIE G, FATA I AR
FIE 1.210 & 7: X - Y H (X,T) 3 (V,S) 49 B -Fakgd, 0l
1. T(Rec(T)) = Rec(T).
2. Rec(T™) = Rec(T).
3. m(Rec(T)) = Rec(S5).
WEBH. 1. HIRG WAL T(Rec(T)) C Rec(T). BAEK = € Rec(T), MAFFEFFH| n — +oo
i The — o BT X BE, AR—BE, &ilk 772 -y TR T =2 H
Triy =Ttz — y, JREl y € Rec(T) H. T(y) = z. XFEHLAE Rec(T) C T(Rec(T)).
2. MRIEEXFEGBAE Rec(T") C Ree(T). WABUAEW © € Rec(T), MALFFEFS
ni — +oo G e — oo AR—RMERNTTLMRK n = kin+5,0 < j <n-1 F
J& @ € orb(T9z,T"), FEM orb(w,T") C orb(TVa, T). H TV fERIFMAE SRR, HEES
x € orb(Tiz, T"), A 1H

orb(x, T™) C orb(T9x,T™) C ... C orb(T("=Vig, T™) C orb(T™x, T").

FJ& & € orb(Tine, T, A = € Rec(T"). XFERA Rec(T) C Rec(T™).

3. m(Rec(T)) C Rec(S) 2B H). BAEK y € Rec(S) H B=w(y,S). M A =7"'B &
FEZEHALTHE, i ANHLE 1(A) = B A WHAZE TR, B Zom 5[, 777E
A ANUFRATHR/ANTT. BWH n(A) =B, FrMFE « € A flifg n(z) = y. R AR
B, BATH w(@,T) = A, BHA = € Ree(T). XHEFRNTHSEA 1AL, O

— NN RERN BLEBN WRIMER n e N, RE (X, T") AERE. 5%
BARGAL A TEEBHEE), — AR 2 gy E . — &S RATE:
EIE 1.2.11 & (X, T) ABEGH N AG%RE neN. ALLLE ke NEF kn LA S

X=XoUXjU...UXg_1,

EP B i£ )R X £ X (X, T) HAEEGE T(X) = X1 (mod k-
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WEBA. % 2 € Transy, WIHEH 1.2.10,772 H T WEEE, HFPF o0<j<n-1 &
Yj = orb(T7x, T™), W (Y5, T") NAZHHI H T(Y;) = Yii1(mod n)- Bk AL j # 0 Ml Yo =]
B d/ N EREL. SERIE kln HM4 0<i<j<k-1BY;#Y,. TRX;=Y,0<j<k-1,
RIS B O
MP—ABMARE (X, T), Bee X R UCX, %A UM BRHEE K

Nz, U)={ne€Zs Tz cU}.

MERE 1.2.10 ATERNWR « ARE A, BLABWE T"(neN ) FEE A, HIA WL E
B R B E R R EIHAREER. HZE EE SRR, 'EME—MEE:
EMX 1.2.12 ACN A IP & RAGH L EELSF P p1,po,... 847

A={pi +...+pi, 01 <...<iy keN}

AR A AW prpe,... 2R, A FS{pi}) . tEE {ACN:A@a—"NIPE LA
Fip . ACNARA IP* £ 48 A HALAT IP FAAXIET .

TWEERNE, 75 1P 809 LPRADFHRAER pi WEFH.
T 1.2.13 & (X, T) AN 4 %. 4Rk x9 € Rec(T), ABAXMEA § > 0, N(xo, Bs(xg)) &
ST/ IPE. RZ, R RCNA—NIPE, AL AEEE A% (X,T) #2 29 € Transy
1#4F RU{0} D N(zo, Bi(x0)).
WEBR. 1% 29 € Rec(T) 2 6 > 0. B p1 Wi &

d(TP o, x0) < 0. (1.2.1)
W6y >0 15 0, <6 Hiff 2
d(z,0) < 6 = d(TP x, 20) < 0. (1.2.2)
XFIE o2 B po (7%
d(TP2z, 20) < ba. (1.2.3)
BT (1.2.1), (1.2.2) M (1.2.3) KATHA
A(T™ w0, o) < 6 (1.2.4)

(1.2.4) XXMITE m=pi, +...+pi,1 <in <...<ip<n, k€ NEEL. RATFHE 61 <6
1%15‘_-5 d(flf,l'o) < 5n+17 %B/A\

d(T™z,x0) <9 (1.2.5)
SEFA 3 m Rr, TR poys 7

d(Tp"+1x0,x0) < 6n+17 (1.2.6)
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B4 (1.2.4) BEEXTEU m+ poi1 K psy BITERUROL. XAERATZER T SR, FFH

A
GYILEL p1,pa, ... HEHT TP BBEEAE N (20, Bs(0)) .

K2, B RCNAH p,p2, ... EHW IP £, WUIR Hy, Hy, ... i N B AR T4,
B0 =Y ien, Pis IAH ph, vy, .. R TP B0 R B4, FATAILIEIR H, 15

Phy1 > DL+ Do+ D

BHE, KU, BT LA EBEEIR pot > pr+ 2+ + o
RATE {0, 1Y% s LA o (73

(o) 1, MR n=05HneR,
To)n =
0, MR n>03HndR.

WATERN: H o=y B, & dy) =0 % oy Hi=min{j:z; #y;} B, &
d(z,y) = 77 Wz HEER T HER A, FHEX n>0F:

d(T"azo,xo) <l& (Tnxo)o =1& (xo)n =1<n€eR.

HibL, FOTZER T HAEH. O
EM 1.2.14 & X Aed=H, FAHZ, 69F%&%k A9 {0 MR FWETF re X G2H
F—limz, =2) ZI§3 o 9EFAR U A {i:2;, €U € F .

&, BATFIEH— e, #—PRRINNFERE 2, FERE.
FIE 1.2.15 & (X, T) AN 4%, A4 (X, T) AE—EF b zo B AL P —limT"(x) =
xg, Vo € X.

FUERERE 1.2.15 FRATTE —LEL.
TN 1.2.16 & F A Z, 89T %%, &AMk F L Ramsey f, &R Fec F L F =
FLUF, NIbFH F e F R Fr e F .

THEHMEENAGEE TN A ERNER, EE=, W (R 3.3.18, EH 4.1.8 )
R NT2% B — 3 REETTIERIER.
EIE 1.2.17 (Hindman K 32 ) Fyp, £-H Ramsey .

M7 WFEFURnelZ, BNEX F-F={fi—fo>1: fi,fac F}, F+n =
{f+n:feF} X F—n={f-n>1:f€F}
5|3 1.2.18 & (X, T) AN 4%, € X A FEFyp. R K HHR {T"(z):ne F} CK
t#RE, AL KNRec(T) # 0.
WEBA. & F = F & Ky = {T"(x) :n€ Fi}. B my € N (B —my) N Fy € Fp (GFE
TR m1 BAETENE ). XHMEE n e (FL —my) N FL, BOTHE T7(2), 7™ (2) € K. T
KiNnT ™K, #£0. %

T1
KinT~T™K; = U Kl,i,
=1
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HA Ky, iR diam(Kq ;) < % R4 (1<i<nr). &
Cl,i = {’I’L € (F1 — ml) NF Tn($) S Kl,i}-

W (Fy —my) N B =L, Crie TRMEEH 1.2.17, F74E i 15 C14y € Fip.
L By =Ch K Ky =Ky, WA Ky C Ky, diam(K>) < 3 H T™ K, C K.
HEY LEmbhe, RIS —FNEE F, € A, MAKE K, fBMEE » > 2 F
K, C Ky, diam(K,) < 2 H ™K, € K1 50 N0, K, FIGESE, B v TBAxt
EBSER j, 4 k> jBE
ij—l-...—l-mk(y) c Kj-

XEWE y HEEFH ye Ki CK. O
EIE 1.2.15 BYIEER: WAELER oo RN TR 2 € X F IP* —1im T (z) = zo BOL. IR
x € Rec(T), U,V 535N « F1 zo RIRRIE, W N(2,U) € Fp (P 1.2.13) H N(z,V) i IP*
. TR N@U)NN(z,V)#0. i1 U,V BHEEERA = = o

xRz, % xo AME—IRIR S H © € X. WRAFAE zo BIRNIK U 1% N(2,U) A&
IP* &8, ML IP & F 15 {T"(z) :n € F} C X\U. ¥ K = {T"(z) : n € F}, |RFE5I
P 1.2.18 FNTH K NRec(T) # 0, X5 xo HME—RIEIE KT JE. IEHE.

3 B 1.2
LOGEH]: iR (X, T) e RS, MAEL X HARE, Ea X HATHE.
2. IEWT: 1R R HARY TN N R L.

3. Mg Lo I Hrf I = [0,1g(x) = 1 — [2 — 1| RICEBLS. EW.  Perlg) = LOZR: B0
B b 1992))

4. BAERF 1.2.9 Ktk

5. IEHI AR 1.2.8.

6. Z5HiER 1.2.11 A TE4HIERA.

7. % (X, T) WIE$ RS, = e Transy H U K o {488, IEH N(U,U) = N(2,U) — N(,U).

8. MEHI: —4 IP B —4 IP" RN TR T4H.

§1.3  #R/vig

FEAT PIATRITE —SREFIRAZ IR RS PP R
EX 1.3.1 3 2% (X,T) A&A B ABECTREECGEMTATETL. #RXRTAL
(Y, T) ARG, BARNAKRTFEY A X 6 BIE. R A8 05 EEMDETF,
AL2HARE A=A DR
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TE ) TH A SR 2T R TR EEH R — AR E T et/ MR, B & 5E 2R 0.
W (X,G) HANNRG, RE (X,G) IR/ PIZIEERAENIEEAZL 4. FHEE
MR/ NERB/N S, THEATFZEHE WneEsE 1.3.2,1.3.3 & 1.35 ) M—BEER RS
AR, HEHFRIEZ .
Gi0, WERPAST-5 My F My BN, IRABEE My = Ms, 8035 My n My = 0.
FIE 1.3.2 & (X,T) AN 4%, WX THAFH
1. (X,T) A8,
2. M1EAT x € X, orb(z, T) A EF Y,
S MNENEEAEU, FEARTE ACZy 87 U, s T"U = X.
JEEA. (1) = (2) BAR.
(2)= )& E=X\UZ, T7'U, W E AWAZR. TE2HKiK £=0. RIE X HWE
P, WA (3) ML
)= (1)K EAHEZEHAZFE MU=X\ENFEET'UCU. SR E #X,
Mo U#£0. HiRE, FEARSE ACZ fF1F U, T "U=X. T2 U =X, F/F ! NI
E =X, JRR (X, T) At/ O
G0, BN R B R, TR T A E B SEPR R45 T Birkhoff [0S & B —
ANIER.
EIE 1.3.3 NI ARG AEMIE.
MEBA. 3% (X, T) HENAH RS, (U2, b X M—4 ok & Xo=X. Xi=1,2,...,
RUX,T7"U; D Ximq, WA X = X A X = X0 \ U2y U,
W X # 0 AR W Xoo = Mgy Xio W Xoo WHIEZAAZR. T EIEA
MR UNXo 20 Ui H UpZg T "(Ui N Xoo) D Xoo MRAIFEH 132X AR/NE. O
ENER—/ DN TERER, R « HEE A, U BHAS, R4 N@,U) ZE&ET—1
IP 8. XD ROX—FRERBY I A, FATTE AR & Y [] 52 Ik ] S S RRAR A 4R o
THEHEMTESES, FE EWpmsiant. XFU o HERGEE o, BEMEEEHEE
BT F5 Ly RO X — S HTHE
EMX 1.3.4 £45 A={a; <ay<...}) CZy #AH syndetic B ZA5¢ LK A KGR 3k, B
B N>OEFHEZFE i cNF a1 —a; < N. 244k syndetic & H F..
£48 ACZ, #ARA thick i) RABCELS THEETKGEKER, THHALEFI n —
A AD U2 {nini +1,...,n; +i}. 24k thick B A F.
R(X,T) AN 4%, £ P8 ve X ARAN JLEEHR R84 o 9E&40K U,
N(z,U) € Fs. RAARIL-FRAR S EEH AP(T).
e 4 NEEE
EE 135 Ha: X -V AA% (X,T) 3 (V,S) 49 B Taes. N
1. %2R 2 € AP(T), A4 orb(x,T) H X #5414,
2. 4R M C X AWML, A4 M C AP(T).
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3. de R (X,T) AM A A%, A4 (Y,S) &AM,
4. 4o R (X, T) AMAKG, AL o AFFE, A X GEFEEHFE U, 7(U) AEZY

P3P,

JEBA. 1. & 2 € AP(T) & A=orb(z,T). W15R A REMW/NE, NI EHE 1.3.3 FEEMR/NE
ACAH A #A G o A B x Fl A BRI, U, V. ] N(z,U) & syndetic Y.
BT T #%E N Ay A%, N(z,V) A thick f. X# N(z,U)NN(z,V) #0, FJE.

2. W M HR/NEE, v e MIFH U Hy o 2RI AR N (2, U) A& syndetic Y, IS AFF1E
{ni} HBIMER i e N T, TV ¢ U AR, W I Tz =y MIXFEA
JEN, AT lim Tritie = Ty, FRMER j € Zy H Ty ¢ U, FTA M = orb(y, T) € M\U,
g !

3R (X, T) /M. ¥ Yy Y RAERAAE T B ol (Y1) RAEZAAEE
1, FrPAEAeZEE. T& Vi =7(X) =Y. JRB, (V,S) A/

4. WU,V N X WAEZETTHEE, HIBE V cU. BIEEH 132, FHEERE BCZ, ff
7LEs Unen TV =X. TRH Unen a(T~"V) =Y, §} Unen S™x(V) =Y. H#E Baire 2 ¥E,
fETE n € B {5 S"aV WEBIE=. 1EA— MBS, HES H CRIE ~(U)(D «V)
1P ER AR 22 Y. O

H EEBAE, BN ESILFE AR —EE, FERIEF SR XS
TN SRE AP(T) R TR
T 136 Br:X—Y HA% (X,T) 2l (V,9) 9B Fukst. N

1. T(AP(T)) = AP(T).
2. AP(T") = AP(T), ¥n € N.
3. TAP(T) = AP(S).

SEBR. 1. BB W T(AP(T)) C AP(T). ik = € AP(T), M EH 1.35 A = orb(z,T) K
Whwy. BHHR T A— A RS, U v € AETR T(y) = = TEHER 1.3.5 155
y € AP(T).
2. MRPEEHE 1.2.11 FIEHE 1.3.5 Bl A 153)4515.
3. BEG W nAP(T) C AP(S). Blik y € AP(S) H A= orb(y, T). W A MH/NE. H
T B =n"A RIEEAAER, FEWRNE C B G 7(C) = A, TRETE » € C {{i1]
m(y) = . IRPEEH 1.3.5,2 € AP(T). O
5l 1.3.7 T @ &AL B IUAF T
e &K ST AFFH LGELRE, o ALK KX T:S" - S H 2 =2 s 2mil0+a)
Vee St M&% (X,T) A6,
TR T EER: FEFEE 2= ¢ S, orb(2,T) = {207 .y c 7, ).
B H {na—[nal:ne€Zy} £ 0,1 PR, Frvlorb(z,T) & S AR (L []485%
BRI ).
o & Ny = {0,1}N, £ {0,1} RHFKIEIH Iy BEMREGI. A 2 = (21,20,...) &
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Yy = (y17y27-'-) € 22} l\'\
x+y=(c1,c2,...),

AP o+ <18c=a4+y, MB o+ >208 co=o+y —2 B3 132 T
AR b T OB R AR A A X
EXT:¥—Y A

T(xl,azg, .. ) = (a;l,azg, .. ) + (1,0,0, .. )

PTiF85 2 4 (50, T) ARA —A~ JOFEALEE. T @ARANHLH € A1 49,
RIFE, REEFEE orb(0,7) = {400 : A € U;,{0,1}}, ¥ 0=(0,0,...), 3
XKW PAAAEE © € Dy, orb(x, T) AFAE4.

o LI AAGTF AR PTIB 49 Kroneker 4%. X G ARKEEXBEHRE g9 G. AT H
G = go TEIE#H, B T(9) = gog, Vg € G. &AT—HAR (G, T) 4 Kroneker ZR%%.
KMEZE=ZFF AN (G.T) AFEELG.

TEREMNER G GHEASRZILF BB, & g ARZG—ANILFEBRE, @
V AREAMG—AARIK. 3R Trgy € Vg, ALAENT g€ G A

T"g = gig = gog19; 9 € Va9, g = V.

TR g ALFRAIMG. LEIR (G, T) Athd ey, AACAHRG.
o TEHRILEAEFT AL THEILFAR LG —F75k. & A={0,1,....k—1},wo,...,wx_1
HkREENENEET A FHATE.
R ¢ U AT = U AT BR 6(1) = wi A2 ¢lay,...,an) = da1) ... $(an). B K
Mo, IZABRS ¢ TWLIEARE] X, B BRHHLA, o AR EERLEAILFEAME. —
FEERAFR ¢ A —A B, Mb g Z AWM 4 Gkl BIRRS
—AF 2 2650 F 32 T8 49 Morse FE5I. 3% wo = 01 W& wy = 10, F2

0— 01 — 0110 — 01101001 — 0110100110010110 — ...,

W Morse F-3#:  (0110100110010110...), & & —AJL-F B A1 %..
o B (Zp,T) AE#, AMA v ey ALFRARE R AR EEAN ¢ T HANGRBINL
x WL E A syndetic 4.
EX 1.3.8 # 7 4% (X,T) #4&A
o — /P REG RABC ABE G HF A Per(T) £ X FAAE,
o —/M RY RABCAFZHEGH B AP(T) £ X FHARE.
WRIEE S, BT P RGE M R 2% (5, T) A—1 P ARG AETiRk/IMEAE
M RGA M 2458, T P &g, ROEL—MHEIBIFF & = FHIF 1.2.9 PEyE
BRI X =orb(z,T), MRS (X,T) AEEKIFHRE —NHE—RR/NE {(0,0,..)}. F
Lk, Wik oy A X WJLFREAS, AR ni — oo 15 Tz — y. T2 y THIE
HRAY 03, XFEWRE (0,0,...) € orb(y, 7). TREB/MERH v=(0,0,...).
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EX 1.3.9 £4 AC Z, # A piecewise syndetic B £ 15 H —A syndetic o5 —I~
thick 248 X. WWPTA piecewise syndetic & H Fps.
— K 4L ACZ, #A thickly syndetic B £ 3541 & n € N H & —A syndetic &
{st<sh<. . }44FAD UjZi{s), st +1,..., 87 +n}. AR thickly syndetic = A Fis.
a0, ﬁfﬁ Fos BHIEMT 7o BMHZZIEZ. THMEHMEH T EMNSHHRTHIEK
#.
T 1.3.10 & (X,7T) H15% 4% B 2 € Transy. N
1. (X,T) A M 4% S BREX ¢ 69EEARR U, N(2,U) € Fps.
2. % KA (X,T) ¢# 1%, A (X, T) VA K ALE—#IE L AREAF K GEEAR
3% U, N(z,U) € Fis.
WEBH. (1) @R (X, 7) A M ARG, WG = BRI U, N(2,U) € Fps. Jimljﬂi(f
BA/DNR y e U, N(y,U) N syndetic #, FHHAFLEFF ni — +oo 15 Ti(z) —
THEAMRER « @IERERIE UN(2,U) € Fps. B e > 0 {f13 B(z) C U. ?%ﬁﬁ
pGN&{m;'-:i€N1<j<i}CN(:1:BE/2( ))1%?%7711'1<...<m§ﬂm§-+1—m§-§p,
VI<j<i—1 %y R {T ()} BHRRA. WS y € Boz) B N(y, Bo(x)) N syndetic
M. & M hy T THERETHRDNE, RIS M0 B(x) £ 0. %k b, i
M B(w) = 0, ATV O M BRIP4 Ui © Be(o) i U0V = 0. B N(y, V) K
thick 9, FTLA N(y,Us) FEEN syndetic 1, T
WIE MU #0 LAk (X, T) Byttt (X,T) 9 M #R2
(2) fRi% (X, T) AME—R/E K. SHEE K AR U, L U; c U 4 K 2R, HH
SIS T (z) € Uy, A T/ (2) € U, V1 < k <. FAXEEA i,N (2, U;) i syndetic #, P
Ph N(z,U) € Fis.
Rz, WHE T HERNME K 5 K 0K =0, IBaXT K ENAET U 4R
V,N(x,V) A thick B. FJ& N(z,U) C N\ N(x,V) AA[GEH syndetic FJ, FJF ! O
eyt 1.3.3 WM, FMTH:
FI 1.3.11 # N=B1U...UBy, N &% j#4% Bj € Fps.
WEH. e A={1,....q}, EX we A" Ky

2 X =orb(w,T), T AW W (X, T) MRS, MIEEH 1.3.3 78 X 77
TEM /N € MRBE j 18 € FHBL, R4 j BRI AL BB —A syndetic £, BIHEEEAR
T lLHT €€ X, AFFE {mi} (8153 Tmiw REAEEHEE ¢ XEWEFIEFS] ni — +oo fHiFF

(T w) =&, (T™w)2 =&, , (T™W)n, = &n,-

J::‘cﬁif\iﬁﬂ ] T:E (wmi—i—la v 7wmi+ni) EF'UI‘ETJEEZ:jCﬂ: l Hj})l‘d :‘FIEI"‘: Bj S fps- 0
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RUTALHREE, ROTATLIE X SE2BIVE, BIXMER n e N, (X, T7) AR/
[ _b ) FeRRess e e sy, hmENLER A, & TR/ IMETEEAUT By 70 iy 40
e 2L [Yel1992].

Birkhoff B @ FEIFRNTEN NN REHMAEE H, IPMFELBEEENGE B8
EX 1.3.12 TH% AcCzZ, A OEE RBHEANHN AL (X, T), & {n} C AT
ni — 400 Y& e X #1F Thiz — z.

T2 Birkhoff EHEULHH Z, HEIFLE. B THKEH 1.3.13, HATATLAFEZ]EA thick
RABE . A ANHEE, FEESHAGEE T RARBIE YIS, M HWS syndetic
RN ELKRTE—R. FIEEN—DZIER:

FI 1.3.13 £4 A AR EE B AREHEA syndetic £ S, AN(S—S) #£0.

. (=) & A AHEEH S e F. 4 Sy ={0,1}0+ H T AHBBS. EX ze ¥y K-
T, =1 %HNY nesS & X=ob(z,T). Y N XWRNEHU={ycY :y =1}
HI T S 4 syndetic #y, U # 0. &5 NO,U) c S-S, FEhp L, & neNUU), N
UNT-™U) # 0, JREN, fFAE y e U {#18 T7(y) e U. XFERGHE m € Z, {§18 2, =1 H
Tan =1, Bl nesS—S.

FA Y AN, RIEERE 132 fFF7E N 15 Y = Uy T7'U. XEEXEA y e Y,
FETE i < N 1R Ti(y) e U. B A AEIELE, IEHFTE aec A Ky eY {15 dTy,y)
FA/NH TUTy), Ty € U, it i < N fiff Ty € U. XFEIRE AN N(U,U) # 0, 4811
AN(S—S)#0.

(<)Y AWNE, URY IHR diam(U) < e WIEZEFFE, Hfre> 0 XMyweU, H
T N(U,U) = N(yo,U) — N(yo,U) F N(yo,U) A syndetic #], FATH ANNU,U) #0. F
TFIE ac A I 20 € U {18 d(T%20,20) < €. &

B.={y Y : fffEa € A fF1Rd(T"y,y) < €}.

H TN EZITE U FAFE y € UN Be, Brld Be MHEIT4R.

A

7 o0
=1 B..
n=1
WD XY WHETFEH D FENEIE AWNTFECREER. HAIENREHER/DT
£, il A HREE4. O

S RENBAEFEVRR. & ¢ AL Z ATRRE, FHHAE Z f9hE H
AAE, B (i,5) 4 G W38, BLXFEEA n € Z,(i+n,j+n) IRREND. 5 WLXHF
A B —MER4E D C N T, HA D BURFra AR |i ), (.5) NERd. —4U
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D NEEEEMERCH G(D). — RIS 2980T G YT R RLA P S 15 AH <0 A T
REBEAR (A FAHEEN TR AARREE). B G 1 RE8 gk L)y
KEREFTHROBIE. HE, % DB/NNY, GD) HHEREWI TR, 7
| D={1<dy <dy<..} N BRI SIS inf; dj11/d; > 1.Katznelson WERA T @SR D
FERIR), R4 G(D) BAAREEE. BEHE—PA, —MEEAARIL GRS HAL
W D R [A] 4 [Katznelson2001]

BERNTA— T ARG 3 s LA 45 1) 8 BRAG SRAS T .
T 1.3.14 & (X,7T) A58 LM N 4%, N X\ Transy A X A EFTE.
JEER. WV o X WAEZE IR, BN Transy %5, FA7E « € V N Transy. T o FAEHR/D
&, ITUAETEIF&R U 13 U c V H N(x,U) R4 syndetic #. T RAFLETH ni — +oo i
B Ti(x) e U BTV (2) U, Y5 =1,2,... i RIEEWE, Ak T() —y. TlRyeU
H Ty, T%,... ¢ U. XA y e X \ Transy. B V BFEENME, X\ Transy i X (% T
4. O

YE B Ul B, OB FEXENERER/DRSE (X, 1), EWE X =
Transy U Per(T), JRED, @A HERIE AR, Ehs LEFETEEBRER/DNRS, BEW
E518 SRR AR LR, T8 F2: W, [Downarowicz-Ye2002].

L EWIR/N RS HARY T AN R L.

2. SERCERE 1.3.5 (4) BIEM].  [{R7R: IEWIAR T X — X b, 02 A FHE=mE, N T(A)
WHIEZHNH. [Kolyada etc.2001]]

3. g HiflT 1.3.7 (2) B TRAIUERT.

4. PWHIRR/NRSG (X, T), BAVEEFE 1.2.11 HATLIESR X, N X; =0. R &0 [Yel992]]
5 EHl: MR ANB#0,YB € F (B€F), M AK thick # (syndetic f).

JERR: WS ANB#0, VB € Fps (B € Fio), M A€ Fis (A€ Fps ).

IEH] Fps BA Ramsey 1.

IIEERE 1.3.2 & 1.3.3 X —fBEAE R L.

Fint—Fint = {F—F : F € Fine} PEAHA EE. IEHEMELE RN EEE. AR X syndetic 5 S
RIRRE F = {n1 <ng <...}, HR S+n1,S+ng,... FHEHUHPFTE i <jHB (S+n)N(S+n;) #
0.

10. B (X, T) ABARE, S € Fos M WRFTE v € X 1% {T'(2) 1 i € S} C K, A K ¢
TEMN . R 2 [Blokh2002]]

11. % ST = R/Z RFHEALE, o LK 8€[0,1) 5 o HELHETRN. X we {0,1}2 K

w(n) = 1y g(na),Vn € Z. & X =orb(w, T), Hrr T AFERBELG. EH: (X, T) IR/NRS. X
Fh AL PR N Sturmian R4

© ®w N o
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12. Toeplitz 3l w € {1,2,--- I} BXH: MEE n € Z, FEp > 1 FHEMNEE k € Z WL
win+ kp) = w(n). Toeplitz R & X4 Toeplitz FFITEHBUS FHIBUEII,. JEF. Tocplits
RGN

§1.4 EEM

EX—, A H—REEBREEREMIIEERRS — RS RS
EX 1.4.1 & (X, T) A= (Y, S) AW 4%, FRECNA BARKH RIERMEL L (X x
Y, T x S) Hf5ih by,

FHBFREG T'xS : X xY - X xY ®HEHENAH T x S(z,y) = (Tx,Sy),
V(z,y) € X xY. Zy WF5 AN BIREKEY 246 2\ A FARE. RITH Fo kKRR 2
EHRREH LA LS.

EX 1.4.2 1. A %K A BREMN ABCHIARITED, I (X xX,TxT)H

1535 495

2. =N AGARA BRIBEEH RAGHENEZFE U A= V.NU,V) AR TRERH.

& XA, BRIBEMRELNSIREH, MRS ZELAEERN (L BB
eAFiEry). BIE LA TR b e fRmIESRer, FHRIMNSEIFZHIRAT
JERIB A AAETRESYE, RATZIADTHER:

EMX 1.4.3 Zy 89—ANFH% FARA-A BF RIBCHR:
1. 0¢F;
2. 4R FLcF B FCE, LMK F e F;
3. M1EE R, e F, iNF, e F.

TH P EHEEIRN “ Furstenberg AHZET 37, XEMFRIB SN —PEZETR. X
Tz, WFER F, BITH (7] RR-Es {ACZy 1 Fe FIER ADF).

FIE 144 —AFN 4% (X, T) AHRGG L ARG [F] HRTF, ¥ F={NUV):
UV AX&EETE)
JEBA. iR [(F) AUEF, RAXt X FMEEIEZSHE U, U2, Vi, Vo B

N(Ul x Uy, V1 X Vg) = N(Ul,Vl) ﬂN(UQ,Vg) € [f]

Fimli, N(Ux Us, Vi x V) # 0. FtPA (X, T) 9557R & 1.
Rz, W (X,T) AHREGH, H NU,V), NU, V) € [F|. IR GHEX, FIE
m e NU,U)NNVL, V). IR A=UNT ™0y, B=ViNT "V, SEZE ke N(A,B), B

ANT*B=(UNT ™RL)NT*VinT™V,) = (U NT V) NnT ™ (U N T~ *V3).

XEWE U1NT V1 £0 H UynT ¥, # 0. T N(A,B) C N(Uy, Vi) N N(Us, V3). O
THE R LSRG RE GEE F AR EUVIMHERK.
EIE 1.4.5 & (X,T) A 4%, NXTE&AFH
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1. (X,T) A5584%;
2. 1EEAETHE UV, NUU)NNUV)£D
3 AMEFEIRTHE UV, NUU)NNV,U) #0
4. HEFIETFE U AV, NU,V) H thick #).
WA, (1)=(2). HiE (A5,
(2)=03). & U, VI X HIEZHE, BAFEneZ B Vi=VNT"U #0. Ti&

N(U,U)NN(V,U) > N(T™"U,T~"U) " N(V;,U) > N(V1,Vi) N N(V1,U) # 0.

(3)=(1). & Uy,U,Us,Us A X WHEBTEE, WA ni,ne € Zy §1F E = U N
T™Uy # 0 F=T"™UsNT™E # (. [FfEH, FFE ns € Z, il FNT™F #£0 )&
UNT™F #0. % n=ny+ns, WEH

T~ (T UyNUs) D T~ MUy nT™"U, N T ™Us DT "ENF DT ™FNF # 0.
F& T "UnUs # 0. 5H5h
T"Uy NU DT~ MU, n T U, NU, =T "ENUy DT ™FNU, # 0.

Bl N(Us, U2) N N(Us, Ur) # 0.
()= ( ). B U, VR X AESTFE. HEM 144, SMEE NeNF

NUV)NNU,T'V)n...nNWU,TNV) # 0.

FrLA N(U,V) A thick f#.
D=2). U, VHXPESFER me NU, V), Bea W =UnT"™V £0. HF
N(W,W) N thick ], FIEn € Z, HfE WNT "W £ 0 T WnT-—mW £§. TJ&

UNT"U>WNT "W 40, UNT"V =UnNT- "7y > WnT-=mWw +£ (.

B, NUU)NNUV)#0. O
5] 1.4.6 T @KL B —RIREGH) T
o & (51 T) ALEA, NCAHRREY.
o Xz AP 1.2.9 P F & Hik X =orb(z,T). TEHWA (X,T) HIRRLE. )&
B FFARIK [A,], Bz $9 M, JFHEA m >0, A,0MA, BILAE = F. T N(A],[A]) =
N(z,[An]) = N(z,[An]) ARTRARG. BA (X, T) A%E AL, IR TEMIEZF
B UV EEneNEF C=UNT ™"V #0. &% NUV) = NT"UT"V) D
N(T"C,C) > n+ N(C,C). 18k TF(x) € C #F BB j #4F TF([Aj]) c C. TRAKA
N(U,V) D n+ N([A;],[4)]), &E%RF 4 %A TRRAE Y.
o % {an :n € N} H—A> thick &, X Ay = (1), Ay = Aj0@A, ..., Ay = A0 A,
Az =1lim AL VA X =orb(x,T). B HIiE (X,T) A55RAE. RANELTRER a,
AT % R A TR A4,
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BRE 147 K2z AY, PHRE S HE X =orb(x,T), A
1 (X,T) AFHREGHEEREHIAAE ¢ PYETRHNBFALIRKEIR, F LR R
TRAEZT KK,
2. (X,T) ARRASGH EMRSBBIA ¢ FEATRHAE LR E I, HF L4 E &
AR TRAEY.
JIEBR. EYE~TE. O
EMX 1.4.8 1. =N 42 %44 HIMBHE LB EEIETFE UV, NU,V) € F.
2. —ANHN AGARKN FTEE RBCH A TEERI AL
8. —AFN A GARKN IR B R CH AR TEERIME ] 4 4.
L 1.4.9 HATHRA 2R AMIBT ), MEITRFHT KA LN T Y.
JEEA. BEEE 145, AR (X, T) AFREH, BAXt X MIEEIEZTE UV.NU,V) H
thick . FREFIEFR S RFE AR IHY BT
HEARCS Y B & R AFFIE IR N R G AR ANEDTR. K (X, T) I/, U,V
X WIESEHE. BLAFEEncZ, /R VIi=UnNT "V £0. & xcVy, IEH 1.35
N(x, V1) A syndetic B, FJ&

NUV)=NT""U,T"V)D NT"V;,Vi) Dn+ NWV1,Vi) =n+ (N(z,Vi) — N(z,11)).

A syndetic HJ. O

N FIR A SRIBESHEZ HA R EEAIRAHE: mild IRA. BJ&H Glasner!Glanser2004]
FEESC, Wy 7 Huane-Ye2004b] (H 5 Py B0 AR ) 58 A5 IR
EX 1.4.10 =/ ) A% A0 mild iBEH) RABCH R 5EFTIEE 4 4.

HE X, P mild IR EGRERFMAZGEN A mild IBEH). LB E mild BE &4
TR FIRGZEBER, ROTES 8 Bady b BRI R HX S F L. Rige
145, — NI RFE ARG Y HACYXHMEBRIEZFHE UV, N(U,V) K thick #Y. %
FRNL WTHRIE, BXF-F={F-F:FeF} MR ACL, BTEE (Fp—Fp)*
RARBEEEAT Ay — Fp HIOMHZE. X mild IREGHANTE:

T 1.4.11 & (X, 7)) A5 A 4%. N (X, T) A mild R4 4 BEREHEFEIET T4
UV, NUYV) € (Fip — Fip)"

WA, & (X, T) 4 mild IR G/, BIXMEEBBR RS (Y,5), (X xY,T x S) i h1&#R.
I (X, T) HESIREH. TIEXMER IP 74 F UK X fHMEBIEZEIFEE UL, Uz, N(U,Uz) N
(F—F)#0 8L HEM 1213 [FEFHRRGE (V,9), F#d ye Y, UK y MARIE vV i
3 N(y,V)CF. 1T (X,T) A mild IRGH], (X xY,T xS) FEi#ER. T=& NU,U2)N
NV, V)=NU, x V,Uy x V) # 0. ;1T

N(V,V):N(y,V)—N(y,V)QF—F,

LAVHE NU,, U2) N (F - F) # 0.
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kz, REX X FEBEFANEZTFE U, U, ¥H NULUs) € (Fp — Fp)*. & (Y, 5)
WE—RIERS, Hix U, U, i X fEEIESTEN Vi, Ve B Y (EEWIEZS 4. NH
EXEH

N(Ul X Vl,UQ X ‘/2) = {n € Z+ : (T X S)_n(UQ X ‘/2) M (Ul X Vl) 75 (Z)}

HT (Y, 9) AR, F71E k€ Z: 15 V =5"en Vi g X JEETFE. XHEHA:

N(Uy x V1,Us x Va)
= {(n€Zy:(Tx8)"(Uzx Vo) (Up x V1) # 0}
k+{meZ,: (T""RUu,nty) x ("M, n ) £ 0}
k+{me€Zy: (T™T UynUp) x (S"™V NV) # 0}
= k+NU,T*U,) NNV, V).

V)

U

HEH 1213, NV,V)BETFE F-F), ZF FHIP FE BT (X,T) N (Fp — Fp)*
&3, FATE NULTFU)NNWV, V) £ 0. FJ& NUL x Vi, Uz x Vo) £ 0. AN Up,Us 5
Vi, Vo RAEEER, A (X x Y, T x S) Af&idey, 7RE) (X, T) K mild IEG 7. O

XMF&EMRSERNTHE, RINSEREMETTHIEART. HTERE F e Fy — Fip
LA, BTRL 2N € (Fp — Fip)*. T& (Fp — Fip)* TICALN thick 1. VEAZ,
THIEAIEH: B8 F € (Fp — Fip)* #J& syndetic Y.

3 & 14

LEWT: S9IRA (A, mild BG, WIBE) RANARY ELNFHRS FHNE, mild RS,
HRIEA)-

2. JEBA MR 1.4.7.
3. WEH]: — B RGO REERN Y BACY B 5T ARG A
4. E] Fy A Fi HUET. [ A Hindman 523 |
[@RE: (Fip — Fip)* G AT ?
5. 3EH: R (X, T) KEREW, MAXMESn e NT" : X — X T TM : X" — X" RHFHREH.
6. IEHISE L) P ARG AR
T8 (X, T) ABARE. WRIMEBRZFHL UV, NU,V) € FsnFy, IA NU,V) € Fis.

8. IEHI: (X, T) HY B4 G EHAKLGEE M R4
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§1.5 HeEARTHE

FERTEILY A, FAIF5E T2, S MERREME, i@ TSR JLFRIAA
MEE SIS, EMEWTEE XA

Per(T) C AP(T) C Rec(T).

TEX—T, RITENA—EEN o R, EIFGEFHEREE.
EMX 1.5.1 % (X,T) AN £%. A AD) =Uexw(@, T), AR AT) A (X, T) 4 w #H
TR,

HEXGW, = eRec(T) HHANY v € w(z,T). FEEERRZ N w WIRAALHE
. fln, 4 = (10100100010000...) € B9, T MEEFEBLET. T y = (100000...) € w(z,T)
HEAZEE A, o WRAEFITHER:

I 1.5.2 & (X, T) AN 4%, ze€X. N
1. w(z,T) AEZTHAE;
2. Tw(x,T) =w(x,T). F& TANT)=AT). HI, FHEA i>0F4 neN, TwTiz,T") =
w(TiJ’_l:E,T");
3. MFEAneNHRE vz, T) = Uy w(Tiz, T, FREMEA ne N A AT = MT);
4. Rec(T) C A(T).
JEER. 1. B X WEME, o ) FEZW. Xy e X\ w(T), 78 y BB U 515
Unorb(e, T) AR, TR v BB U E15 U C X \w(z,T). WERE w(z,T) K
4.

2. GRE, EEEL.

3. 50 U?z_olw(Tix,T") Cw(z,T). T y€wx,T). IBLTFHE ni — +oo f§i15 Thiz —
y. NR—BeE, W ni=kin+r, K O0<r<n-1. TR ycw(T s, T") C U?:_ol w(Tiz, Tm).

4. Zhilk. O

WERNEENE, —&mE A7) JFEHERMR. TEEESFRITFEE X
— MR FEE AT EATEA v e X B w IRFRER.

T 1.5.3 % (X,T) AN 4%, z€ X. R BEL—ABIE pecwT) &5 pH
w(x,T) I8, AL w,T) ARBM. LE, 220X wx,T) HATRE, ABLELHE
FA .

MEEH. B2 p WO n. MRIEEH 1.5.2 (3), 7F1E @ fHifF p € w(T'2, T"). 2y =T'(2x) K
g=T". Flkpecwly,g) N gWIANTE, HH wly,g) BIGLE. TE w(y.9) = {p}.

B w(y, g) # {p}. 2 U A p WFFBEIHL U (w(y,g) \ {p}) = 0. WFLE n; — 400
1% gmy c U H g™ty ¢ U. BHH p H wly,g) MILE, ¢y — p. H g BIEZEE,
g ity —p. BR gty ¢ U, TJE

TR wly,9) = {p}. EUH {p} = w(T"2,T"), \TT w(z,T) = orb(p, T) HFAR#HL. O
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EN 1.5.4 % (X, T) AN 4 %. —A8 v e X HA JEEEE ZA84 2 6912 F40% U,
BENeNEFUNT U A0 4R o RRAEHFH S, AR H BoHm. 2ok X 3
B EEEA N QT).

BT SEA I TR
miﬂ 1.5.5 & (X,T) 7’7zf17) A%, N

Q(T) A 14,

2. NT) Cc QT), X5 QT) HIE= 6y,
3. T(QUT)) C Q).

WEBA. 1. B X\ QT) FFFER, Frid Q(T) AL

2. WaoeX KyewTT). WEEFS ni — +oo {Hif Tz — y. Xy BEFELL
W U, 774 n; > n; 18 Tz, Tz € U. FHEUNT- U £ 0, 4k v € Q(T). Bl
AT) ( ). B Q(T) AL, Broh A(T) c Q(T).

3. 2w e QT) HU A Tx MRS B T BYEBELLYE, fE7E « (RN V R TV c U. BN
e QUT), FEEn e NFBR VATV £0. TR UNT"U > TVNT TV > T(VNT"V) # 0.

O

TEIEHAET(QUT)) = UT) — AL BIMERAZBHA—BA AL, B Q(T") =
UT) — % AFR L, EARH]FA] 20, [Coven-Niteckil981] il [Huang-Ye2001a].

4 QT) = X i, FEATA:
T 1.5.6 % (X, T) A=A 4%. %R QT) =X, A Rec(T) A X 89— AR G
%.
JEBH. XHMEE e >0, &

Ac={z € X : fF1E n > 1 {§18 d(T"x,z) < €}.

G A ABESEE. B A=NZ, AL, W Ree(T) = A HER Gs 5. O

W (X, T) ARG, 2 () =QT), 0(T) = UT o, m1)), - HWH, R 3 H
JEHRTFEL, 2 Q(T) = UTla, ,(1); TR B ARIRIFEL 2 (1) = NacpQa(T). BT X
HEBOEEZME, FE—DAEBUFE 7 115 Q0 (1) = Q7). ROTRRA BV &/
BT AR (X, T) /Y OZRE, T Q(T) % (X,7) By Bl HEH 1.5.6, REEHY A 03E
Br B2 Rec(T). AN, BB FETE «, AT —ANREE (X, 1), HHORE

ﬁ T [Kato-Park1999]

3 B 1.5
LB T:00,1] — [0,1] ARG WEH {0} U [5,1] AREH [0, 1] FAEE—RH w RIREE. [
WERAFAE « {18 w(2, T) = {0} U [3,1], AEZBHA T T w(z,T) EHHFIE. ]
2. ME—RE (X, T) 15 TQT) # UT). $&m: W [Block-Coppel1992] ]
3. ME—ANRG (X, T) HEMER n e NIHH QT £ QT).[FRR: 20 [Block-Coppel1992].]
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4. MEANTROFR T, MR RS (X, T) (4% X AIH (X, T) BIRER 7. [##7R: 2 [Kato-Park1999].]
5. MERS (X, T) WijE: F1E z € X (815 w(z, T) HATH{HARARH.

§1.6 ZERIETFIHEE5 van der Waerden FIE

Birkhoff [B] & & B URFRAT, 40 5R T 4R E =S [HF] B S A IEZBU, T Rec(T) # 0.
TRBEAMEEE: MR X MEBFEZNE, T1,.... 0 KX L1 ADAREEyELE B
g, MARBHFIE—NIFI] i — +oo LKA = € X {fifF T} — 2, V1 < j < 1 HOL?
XA EREE €1, Fustenberg 5 ATE R HBT4EGEM T X A48, FHH
BHESH TEAD van der Waerden &M — M EIEN. fEATH, RINTFEIIH
[Petersen1983] A At HIEBH.

EIE1.6.1 & X ARKAEZTH, Ti,....,T1 A X BIAFGT BbGEEwks. LA
B3 n, — oo V& ze X #1% T]mx -z, V1<j5<I.

HUERAEHE 1.6.1, ATFEM FHESR. BIERRNTIALTE L.

EM 1.6.2 % (X,T) R—ANFN 4%, £+ T RAT#EH. (X,T)HFA FFHEN 21844
X LE T X#%BIEEE G 4413 (X,G) AWM. —ANHFE ACX & (X, T) FH ¥
M RIEHAE X L5 T XHBGFIIER G35 GA=A B (A,G) AHA4,

5|3 1.6.3 (Bowen) & (X,T) AN 4%, T Ti#EH AC X AHAGFETE. BETE
T e>0, Al yc AR neNEF AT z,y) <e. ALMNHERZ >0, FHL2zc AKX neEN
B AT z,2) < e. (% A TbA T FEW. )

JEER. ESEIRATER @ AR T AL R: MMEE e>0fyc A, fFfExc A K neN
13 d(T"z,y) < e

H A WIFFHE, FERE G 15 (A,G) B/, Xt e>o0, NS, FFE 01,....0, € GIE
%

min d(g;z,y) < % Ve,ye A: (1.6.1)

Hi b, HER/DNT s WAEMREBANFHE V, B A NN, {91V 9e G H AWTFTHE
o, TRAARTFEE
{97;V5:92;Vis - 905 Vi}-

MIAAERE 2,y € A, TE4E j 1§15 y € V; HXTIE j 4778 i {15 2 € g} V;. T d(gijo,y) < 5,
XEUER T (1.6.1).
EFEAr /N 6 > 0 iR —H d(2,2') < 6, B d(giz, gia’) < 5, Vi (R g ATEE (1.6.1)
HECE AR IER). MBI, FE7E 20,0 € A K ng € N 1] d(T0x0, yo) < 0.
FRMEE i A

€
d(T"° gizo, giyo) = d(g:T" x0, givo) < 3
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(1.6.1) RVFRNTI @ #1715 d(giyo,y) < 5, T=Z

mind(T™ g;xg,y) < €,V y € A.
(2

XEIE T, MEE ye A, FE v € A K ne NG d(T"z,y) <e.
HEEES e A B LGB 21 € A Jenq €N fifif5

d(Tnlzl,Zo) < (1.6.2)

N

[FIFEE 22 € A, np € N ] e < § {45 d(T2 2, 21) < €2, FoHT e F4/IMETS (1.6.2) 24 21 K
T2z BANRMBEGL. B, d(T™F229,20) < §.
ARZE BT EHA. R 20,2120 € A, niung,..onp €N, Roeo,...,6 € (0,5) BZ
e AR
AT zj,2j-1) <€, j=1,2,...,r, (1.6.3)
B < § T/ IMERR (1.6.3) 24 2 B EMHTIEE /N T 60 BB, B 2040 € A
Fonpa € NEAR d(T 4 2040, 20) < 1. XFERATA, 24 i< B

™

d(T"j+"j*1+'“+""zj,zi) < —.

[\

oA BRAE, A G5 B 0 < Hodenz) < g Bn o= gt B
d(T"zj, 2;) < e. YEEE. 0
I3 1.6.4 BIZFA L, WAL rcALETHERTHE.

B, SHEE n=1,2,...,%

E,={zecA: irlif d(T*z,z) >

S

}.
R AREAE THEEN, Fa

(e
n=1

THEFNEAGANMHE B, B B X T A) B8, XS Baire 2HF/E.
UIRAFAE n 15 B # 0, AW T (A, G) /A A = GE,. EME FTE g1, gm €
G A5
A=g'ESU...Ug'ES.

n

Bo > 05 dz,2)) <6 & dlgiw,gr’) < i i=12- m TIAWFWRE 2 €
9; BN, M4 infd(Trz,z) > 6. XEEFWMPFLE b H15 d(Trz,2) < 6, WLIER
jef{1,2,--- m} & d(Tkgjx,gjx) < %, BEXFEA y € B0 F d(Thy,y) < %

FIAER © € A IERA o BN 1, HAVREIMNER v € AF infy d(Th2,2) > 6. X
5513 1.6.3 FJF. O
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EIE 1.6.1 BYIERA: K T, ..., T, WEEEZENE X _ERscHFEIR, RAOTEIFERA v c X 0K
FEXEE € > 0 fFHE n e NS d(Tha,2) <e, Vi=1,...,1

JATHBEE. 24 1 =18F, B2y Birkhoff M &, Rk LA RIMER 1 -1 M35Hk
EiNSEZ A

WG oAl T, T EREEE, AR (X,G) 9oy (A5 R A 7 R/ -1
EE) 2ACX AMALRKE T =T x...xT.. GWHILE g £ X' ER{ERN:
g(x1,...,1) = (gz1,...,g97), Bl g XWVTF g x ... x g. ZWXEBHES T 358, H (A,G)
(BS (X,G) [FH) IR/, #EW A HRSE (X, T) f55HEE.

T HE AR UERTE 7| B A R JREIIRIE: XEE e > 0, FA1E 2%,y € A e neN
45 d(T"a*,y*) <e. & Ry =TT, ' Vi=1,...,1—- 1. HIEAMNEE, FLE 2 € X X ny — +o0
ffifg Rlme —» 2, Vi=1,...,1—1. & e>0,%

v = (z,x,...,x) M "= T ", T ", ..., T, """ ).

i
ATz y*) = d(T{"™ xTy™ ... x Tz, y")
= d((Ty T " T e ), (22, )
= d(R{"x,...,R'™x,x),(z,2,...1))
Bm 58 R EAUNT e

XEERATR T AN G 1.6.4 155 f71E (v,2,..2) EANTE T =Ty x...xT} |
EIE R, HRIRER.

A T2 FIARER 7R ARt R — R AR O
FE 165 R X ARKREEZN, Th,.... T A X EX%GEZ ARG, BLAEL X
B3 ni — +oo B AT

T;“x —x,Vl1<j <L

B, 4 0=Xx R

(Siw)(nl ..... Niyeeesny) T’iw(nl ..... Ny * (164)
B X MRS, HEVIE, ER e X, M neNik

n _ mqmi+ngpnz+n ni+n . .
)y = TP TR Ty > .
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XF Wt FEHREEEEEE . XEREES] W, X > —n @ (n,..om) TR
(1.6.4). BLw™ 76 Q FERPR A, B X . T2 X FEsf. FFHSEE S0 5 57 1
AT B A,

TRNAEH 1.61 T X KRR S1,..., S, BITATRIFENT Si,...,9 EE
B A T AR (1.6.4),7 ENDERA X AHMT T, T MEEEE L. EE. O

BAERA T2 EFE 1.6.5 FER:
EIE 1.6.6 (van der Waerden £ 3) %2R N= B, U...UB;, LK £ j #F B, &5 T4
TRGF EL7).
JEBH. AR—BtE, W BNB;=0,i#j. WA={1,....1}, 5, =AVH T:% - 3, h¥#K
B, 2 SO w e Xy 15

w, =1 2 HNY neB,.
WX =obwT). BEk>1,4 T =T, i=1,... .k BFEMH 1.65 RIEFH e X
Feon>1{f75
d(T]'z,z) < 1L,Yi=1,...,k.

T o, Tw, T, .. TFra FEARRR 1 b—3, TR
T] = Tp4+l = T2n4+1 = -+ = Tkn+1-
K = e X, FrlAfETE m 15

Wm+1 = Wm4n+1 = - - - = Wm+kn+1-

TRAFIE Jji 13 By, HE T KN b+ 1 (FEEHI.
W B,....B J& NWHRE D, wEfE j 5 B B3 EERMNFEELS]. O
3J & 1.6
1. JEW]: AT syndetic 25 WS ERKIFELS.

2. % (X, T) ARG, U cC X RIESFE. EH: MEE ke N, f£7E © € U e n € N 1§
Tz, T*z,... . T""z cU.

3. B G={T,.... i} AR TREBERIIME X Lol E¥: a2 s 1.6.5 ;%

.

4. JEHZHE van der Waerden EHE: MR N™ = C (... UCr HERHI >, IBLFFAER j € {1,2,...,r},
MAEE N (LR AERSE F, F7E a e N L b e Nf#if§ bF +a C Cj.

5. B Fuaw NESERRFERIIN 2 WTEEME. IEY Fraw BA Ramsey .



WA R G MR %26 5T
F—F eitF N &G Kkak §1.7 it

§1.7 Eid

AREREFE N TS [Furstenbergl1981], [Weiss2000b] PA S 25 3¢, I 7R, Steelfield .
Blokh ., Banks. Snoha. Kolyada & Trofimchuk %8 A Fir i CE. Hp, &8 1.2.11 3
H [Banks1997]. EFH 1.2.13, 1.2.15 fil 1.3.11 € H [Furstenbergl981]. X} F ¥ 1.2.15 AL
BH, FN1Z1H 7T Blokh F1 Steelfield [Blokh2002] fhpazdis =3 1.3.3 BUIERISEH Weiss
[Weiss2000b]. XfFEH 1.3.5, 20, Gottshalk [Gottschalk1944], Snoha, Kolyada F Trofim-
chuk [Kolyada etc.2001]. ¥ 1.3.10 3k H B SCMIF 4 [Huang-Ye2005]. X 1.3.13 5| H
[Weiss2000b]. ZEPE 1.3.14 5| H [Kinoshital958]. EFE 1.4.5 SRYELT Petersen [Petersen1970]
F1 Furstenberg [Furstenbergl1967]. E¥H 1.4.11 A2, Glasner [Glanser2004] 5 2 SCHIH- [ 7R
[Huang-Ye2004b]. /5, 1.6 TAJIEFRIET [Petersen1983] }% [Furstenbergl981].

HETFER R T MR I R W EFE RSB — A E N T EfTey, W
[Gottschalk-Hedlund1955, Ellis1969, Glasner1976, Bronstein1979, Auslander1988, Vries1993] 5§
. R R ZAZ TG R HINa) 1 RE A2 Gottshalk il Hedlund [Gottschalk-Hedlund1955],
EXAZEFINT HFZEHAESHES. WRBERR TR —RER TN
T RGP H A S MLE,  [Glasner1976, Auslander1988, Vries1993] # BB F AT T4
B kT kAMEBE. REWEUSASZEEWELNE TSN [Akin1993, Akin1997,
sREHSE 1092) SFFEAE. HAEE [Akinl993, Akinl997] MU EEHEAT TR Z5
MBI, IR TARIBE R TTE, A AZ LAY CE [Kolyada-Snohal997]. XfF
B R 2RI F e AR A, RIS CERICEE R [Furstenberg1981]. A RAZ WL
T JRIGH SCE, U1 [Furstenberg-Weiss1979, Furstenbergl981b] 4. T XN EF it JLAFE
I LAE, 7PAZ:IL [Bergelson1996, Bergelson-Leibman1996, McCutcheon1999] 4.



FTE whivE

TEATT, TAINH ARG CH 2R R e R ERA S 54, RITER
dSRER N R GGl De R R, TCHOR BN L K 45 e LA AR DU,

§2.1 EAMZ

I /I R G SRR MR E SR T 2 18] EAR A e vEE e, ik D B T ST 2
BRI AR A e e, M TN RS, MR —KBEERT, ER
A Borel o RBHIAZME. TRILHHHTNI T R 58 B WA Ay — AR F
g X HE I EE RN RTINS I RGN — N EATERA RN 1. JEmE 1T L
B, WA RETHF SRR De AU Ok R IR B D7 A R S
Wi, ERAVFLZL5E HE R AEIICINENIERN, T3 S M IE.

MEE TR RIT, HANTATLUE BIE Nl I R G Sk B X A3 1 R G H &
3, ENTAERS I AEEE U Ligid B gEe. (HRIEABE AR J7 %
L, EfEERRARE. fTERLERT, RALSZA A EENLE, Bl 5
TS, 8 5e RIS e IRt E A EE IR I T

WX A—PES. X H—1 oR& 2 X W—DFER B, EWE: (1) X e B;
2 wWR BeB, M X\ BeB; 3) WHR B, eB, vn>1, MU, B, €B.

FANPRHEXT (X, B) Fry—A TTR=(E.(X, B) LA —4 BRRWEE Z457H 2 N 51510
MR 1 B — RY (1) u(0) =0 (2) u(UpZy Be) = 202 w(Br), Hit {Ba}iz, N B H
HAMIRHTE;  (3) p(X) < oo, R w(X) = 1, ARNTHIR=J04 (X, B, ) H—4 ]
HE=s 8],

MEREE FEAERIN PR —F, RITETZE P eARmETES. X —1
TERIE ¢ By FRE RIEEWE THRM: (D) 0cep, 2 WR ABecp, M ANB ey,
(3) Gk A € o, W X\ A NERA ¢ P TIIE. X WTEE AKRI— REZHE
WRETAEME: 1)0cA QWHRABcANMANBeA 3)WFEAcA N X\AcA
FILANER, — A2 B R ATin CRTZCRTin ) 3k 6 SE ek 50AT DA ME— 1 54 31 g 2
ABCE S ARE & T — MR wT AT i = £ S B Bk BORT DA ME — /9 SR 3 B A2
1 o RECE.

TERN A, SR AR A A o B B(A) H—Fh B IR ZIE. R4 X /Y
— MR M R —A B 2N M FREfTE BEicEac... IR DR D ...
WFERIVEA Uns, En M N2y Fo B7E M R i AR B ASE R 320 5 B E3E, BT A
X WA FERE T AR — N RIEZE, SRR A S B RIARZE. HE, WE A
K X ERIREL, R4 B(A) BIShH A BRI, 4, R (X, B, p) AR
A R—MAER B IREL Bl B(A) = B, IRAXMAER ¢ > 0 LUK B € B, F#E A € A ffifs
H(AAB) < e.

27
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EMX 2.1.1 & (X1,B1, 1) & (Xo, Bo, po) AMEZ .
(a) B3 T : X1 — Xo A Ty RAGCHR T-Y(Bs) C By, Bpx1E&E By € By A
T-YBy) € B;.
(b) T T: X, — Xo ARA RMEY ZAR T AT R BLAEE By € By A (T H(Br)) =
pi2(Bz).
(c) B T: X1 — Xo #ARA TR £48 T ARH, T A T AR,
H TR FEZEHEER 77, FrAZHAF 0 T AT (X1, Br, py) = (X2, Ba, p2) HITE
R, B T:X - X N (X,B,p) ERRIIBLEG I, RATWAR T R 0 SFR v A
T AER.
T DT A AR AL . SR — PR AT IBN NIRRT, BT IR fe A
S AT R G “—FEny”, BIREIMRT. 25 el 8l B 7E R 3 7 XX iy
M. BUAERNTERE B REEFRA “—FERT”.
TN 2.1.2 % (X1,B1, pu1) #o (Xo,Bo, pug) AMAMMEZE, T1:X, — X o Th: Xo — Xo
APRRE e, RAVAR (X2, Bo, p2) A (X1, Bi, ) 49 BF, RFEAR (X1,B1, 1) A (Xa, By, p2)
0T REAELE M, € B 5 (M) = LTM; € M; (i = 1,2) AR A AR E
¢: My — My #H R ¢Ti(z) = Tag(x), Vo € M.
do R ¢ A—ANTERME K, ALAKNKAR TIEBWTFD.

Wt S R m: (X, 8,1, T) — (Y, D,v,8) AT 5, 4 D' ={r"'D:DeD} A
BWF o REHT-1(D)cD. xz, R DR BWHKLE T-'Dc DT o %, R4
m=id: (X,B,u) — (X,D,pu) HRWAES, KW (X, D,u,T) K (X,B,u,T) HIEF.

e X 2.1.1 FHE —MEHEE AR FIE— A Z 0, THMT[HEEE
HH R
38 2.1.3 & (X1, B1, 1) A2 (Xo,Bo,po) AWEZE, T:X, — Xo AT, @ AR
By #9FRE. de RAFEHEA Ay € oo, KATVHA T71(A2) € By B (T (A2)) = pa(Az), A
20T APRN 6.

JEBA. % Co={B € By : T7Y(B) € By, ;1 (T7'B) = pa(B)}. FilE Co = Ba. BIA 2 € C2 FEH.
H o2 ERHIRE Al2) FHITTHERR 02 HITHITEEHE, FrARNTE A(p2) C Co. 5
W Co HEYHSE, WIE A(pe) BB o RECHH A(po) LAY BRI G, KNG ELS

. O

W (X1, By, Th) B (Xy, Ba, po, To) APMRIMARSE. & By x Bo HH {B1 x By :
Bi € B;, i = 1,2y Bl o fREL FE {Bix By : Bi e By, i = 1,2} EEX p1 x pg H
p1 X p2(Br X Ba) = p1(Bi)pz(B2), BRI A HARHIESR A By x By EAT—MEE. B3
2.1.3, BATHWIUE (X1 x Xo, By x Ba, iy x puo, Ty x To) PoA—MRMRGE, PR NP FE
1) FIRFRLG. [FHFLIE MEEZ T REMTFRRSE.
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MBAFAE (B}, C B MABMIERE € > 0 DU B € B, 4465 By 478 u(BABy) < «
TR LFRBEARZE] (X, B, ) A ST, 7EA B T BRI (X, B, ) A5
JE. AN TAE R AN,  Hilbert 251 L2(X, B, 1) NAT4MA.

SHE BRI (X, B, ), #5752 XHIEAY Banach 2[4

DP(u) = P(X, B, ) = {f : X — C: f "[WIE / FPdu < 00}

(p > 1). XEZ[] AR AL EE v 2= e ] A — 2R BB T H. % LO(X, B, u) K (X, B, p)
EEERREENES ERINTERFNZRZEN L, WARBASEEREEIJLEL
AAEEE) FHHLL LY (X, B, p) 38 LO(X, B, p) SEAEBREL 414

EX 2.1.4 &K (X1, B1, 1) B (X2, Bo,po) AMEZE, T:X, — Xo AFKNkSH. F%
FF Ur: LY(Xy, By, p2) — LO(X1, By, pn) RXA (Urf)(x) = f(Tz), f e L(Xy,Ba, p2), © €
X;.

G0 Ur REYER H. UrLY(Xs, Ba, o) C LY (X1, B, ). T3 EH UrLh(Xs, Ba, po) C
L (X1, By, 158 Ur WERIRFRA T /Y 3E3EIR, R OTSHE B B AES — PR 1 &
REHEFS LA EEZEE.

T RMIPRR L H 3 AL L.
T 2.1.5 (ARSI R) R fL< fo<... AMEZTH (X,B,u) L—3]i# 3§ %L E T RFH
. 4R {[ fadu}t B, A limy—oo fr H48& ae., TRHFAA [(im f,)dp = lim [ fodu. 4=
RAS frdp} ARFE), ALARA limy oo fro £—NERE LR, BA lim, oo frn 7T
R,
T8 2.1.6 (Fatou 3132) & {fn} AMEZTR (X,B,u) L—3] T W L85 LT Fak—4
ST AR K AZH]. 2o R liminf, oo [ fodp < 0o, W liminf,, . fr, AT AR E [liminf, . fodp <
liminfnqooffnd,u.
T 2.1.7 (BHKELE) 2R g: X > R ATRGELHZKS] {f.} BR |fal < g ae.
(n>1) AR limy, oo frn = f a.e., AVA f RTARGGH B lim [ fodu = [ fdp.

B (X, B) Fu[=EE],  p 5 mJg (X, B) EAYPIMEERIBEE. FROTPR p AHXE T m J2
X ELERY JEFE—H m(B) =0, M u(B) =0. itZH u < m.
EI8 2.1.8 (Radon-Nikodym 32 ) & p,m AT R EE (X,B) EAMRERN L. W u<m
BHAMREH A feLl(m) BT F>0,[fdn=1H u(B)= [, fdn, VB € B. ZA&HEK f £
g —& (JUFRLWZEXT ), A p AT m 49 Radon-Nikodym F 4.

HYHIFELEA XL ) —MESRERE. (X, B) EFMERNE om0y B
B9 GCA p Lm) ZIEFFAE B € B 15 u(B) =0 H m(B) = 1. ATHW T & X-
T8 2.1.9 (Lebesque H M 32) & p,m A (X, B) EAABERZE, WAEAEpc[0,1] VA
B F R 1, o RAF p=ppr + (L= pluz B <m, pp Lo Job 8 p RBRB 1, 2 R
o — R H.
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3 & 21

L ¥ (X, B, p) HHEHE=EME. 0 B R BAF, i Be B F R B FENE, HWEGEE,
i SESCH @(BAF) = u(B). iEW] (X, B, 1) AR, (X,B,0) #A (X, B, u) %%

2. BT (X,B,n) — (X, B, p) AFERRMAER. LW Ur HEFET

§2.2 wBHABHER

FER—BERNOCLEFINWMR T X - X AERENNRE, U NWLE T (U)CU
MEHEE I, R4 U fE X fis, FR1, U Wi <k, FRAKENERD RS, 5
INBh 1 RS AR PEAR X Y AT 4.

B (X, B, 1, T) A—MRIMARGE, SEBEWL n(A)u(B) >0/ A, B e B, TlTE X

N(A,B)={n€Zs:un(ANT"B)>0}.

FEN 2.2.1 % (X, B, T) ABA &%, M T % @B 0% LR S AHEEHL T-1B — B
% BeBsoA uw(B)=0 % u(B) =1 & =.

TR BAZ B VE—FE, W EERBAE RGN —FA A B, TR, AT
ENRZENZE -
EIE 2.2.2 % (X,B,pu,T) AN A%, WATHAFH:
1. T A& 4y
2. BPA B 4# R n(T"'BAB) =0, WK w(B) =0 & w(B) =1;
3. MAEFEHBL p(A) >08 AcBH p( S, T "A) =11
4. AEEHZ p(Au(B)>04% A, BcBH N(A, B)#0.
WA, (1) = (2). & B € B w(T7'BAB) = 0. THRITHESES B € B 5
T~YBw) = Beo H (BABL) = 0. 3HMEE n >0, T T-"BAB c U}y T-tVBAT'B =
Uiy T-4(BAT'B), FflA u(T~"BAB) =0
% Boo = Mo UiZ, T7°B. H EMETHE, w(BAUZ,T'B) < 332, w(T~'BAB) =0,
Vn > 0. BAXMEN n e NA (U2, T'B)AB MEH 0, BNTH w(BLAB) = 0, T2
1(Boo) = w(B). A T7H(Bs) = Boo YA RIIVE, FATH 1(Bs) = 0 5L 1, KT u(B) =0
N
2) = (3). WA€BHE wA >0 2 A =2, T A HHI T4 c A &
p(T7rA) = p(Ar), FrBL p(T71A1AA) = 0. H (2), BATFE] p(A) = 0 5L 1. By
n(A) >0, FrPA p(Ay) = 1.
3) = (4). W p(A)uB) > 0. H (3), ATH p(Up, T"A) =1, T9& 0 < u(B) =
w(BAUZ, T7"A) = w(UpZ (BN T A)). INITTAFFEHRE n > 1 45 n(BNT-"A) > 0.

YHA Zy #4955 {pn} Fe pUose , T7PA) =1 TRENS L CHRA, L [Kuang-Ye2005]
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(4)= (). ®BeBHiRE T 'B=B. 1% 0< wB) <1, 4 0=puBn(X\B))
wWT"BN(X\B),Vn>1 X5 (4) FJE.

O
Wit 2.2.3 R T A&, BLAEEHL u(A)uB) > 048 A, B c B, N(A,B) #
syndetic %9.
EB. 2 u(B) > 0, i1 T MBHHERITA p(UZ T7'B) = 1 Bk 88 w(UL, 77'B) >
1— 4D XEREEAN L€ 2o F wAn UL, T7°B) > 0, IREIRHEEA | € 2y, 1775
jel+1,1+k 1 n(ANT7B) > 0. I\l N(A, B) & syndetic FJ. O

EE—=d, ROBEW TR RS (X, T) IR/, IRAIHEZIESTE U, 7F
TEAMRE ACZy 15 Upen T"U = X. K08, BOTHR—MRMRSE (X,B,4,T) Ky £
W/ AR R w(B) >0/ B e B, FFEARSE A C Zy 15 w(U,ca T "B) = 1.
AIIE, MR/ PRI 22 8 388 55 20 A 0 B A RN (D~ 2.7).

EEFRNMNEEE X THTF Ur, HEIRATATLL B R e RHEE 5 FFIE R 5L
EMX 2.2.4 & (X,B,u,T) A 4%, RANAREEK \ A T ¢94ie4h, wRECAHHET Ur
CGRFEAE, B A AIERBEK fe L2(p) 13 Upf = M. ixANRE f AR A4 E-TFA/EE )
EFESZARIE &

T T B s B H e 7 AT LA R RRAE BB ESOR 21
T 2.2.5 & (X,B,u,T) AR 4 4%, U‘IVATQ;’@ﬁ%%‘%
1. T A& 4y,
2. %o R feL?(u) HR Upf=f, AL fAFA ae.
WA (1) = (2). Rk T sEPIE H. f € L2(n). AW f SHER (M TZEBRS, Fi]
TU%;&jﬁ'ﬁJﬁiﬂﬂL ). M hkeZKkn>0%

X(kom) = {w s k/2" < f(o) < (k+1)/2') = £ (/2" (k+ 1)/2").

HATH
T X (k,n)AX (k,n) C{x: foT(x)# f(z)},

HRTIT (T X (k, m)AX () = 0. ARFEREE 2.2.2 BEAT (X (k) = 0 3K 1.

A 1, Upey X(hon) = X HHZHE, FRIAEME A ky (55 0(X () = 1,
AY = (V2 Xbayn), W (V) =1 B £ 76 Y ERWH B 7 RHAE ac.

(2) = (1) B BeB R TB=B. [l Urlp = 1p, RITH 15 HHAH ac. 7580,
u(B) =0 3K 1. BFLA T A3 . O

MIEEH 225 RiTH:
51226 1. % S* AFZFEM C L EERE, T:5' >S5 AR resa ks & oA
B(S') EHLFEALE Lebsgue M, W (SY,B(SY),u,T) Hi& 7 45.
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WEBA. ESGIEM] p h T AR, 42k B 5T ERIXE], IRABBA w(B) =T 'B).
g St KRR B AR IR R 2.1.3 u AR,
BT ONTE a € ST FHIBERE, [ e L) W Urf = [ & f(2) = S0l oo be2™ AH
Fourier ZHL. N f(az) = D00 bpa™2", TR by(a” — 1) =0, Vn € Z. R n £ 0, 4
=0, 48T f AHERE. RIEERE 2.2.5, T H#EDTH). O

IEMNIFEER], WHRGR—R AuE” RN F0TH R BETHR
M ARG oo T T RGN, L LW, RIS 2.7, e
AN TRIRE.

izl Radon-Nikodym EHE, ATATLAE XALFHIE. ¥ (X, B,m) AR,

CH BT o OB RATIEE X £EHIE 51 E(IC) : LY(X,B,m) — LY(X,C,m). 4
R =0 BLE(SIC) =0; R f e LNX,B,m) HERZEREHE o = [y fdm > 0,
M pp(C) =a™t [ fdm EXT (X,C,m) ER—AHERMBEE, FHH pp AT m KXt
HEEEH). Eia Radon-Nikodym EH, fFIEREL E(f|C) € LY(X,C,m) g E(f|C) > 0 H.
JeE(flC)dm = [, fdm, ¥C' € C. FH E(fIC) KME—H ae. R f AR THEE
B, Wo A% B EE S A ERS B2 X E(FIC). 3T f MEEREAEHE, HE
I G B AN Y. XRE, WMAEE f e LY(X,B,m), Fl13RE T HE——A ¢ w1l
BREE(fIC) W [LE(fIC)dm = [, fdm, V¥ C € C.

WIS —NEENLIL S Birkhoff 7E 1931 EBFIH. X — MR R 5
(X,B,u, ), W Ve A L () el T A8 s B P - 25 81T Br = {B e B:T7'B =
B}.

TFEIE 2.2.7 (Birkhoff & % 72) % (X, B,u,T) AHRM 4%, feL'(n). N L300 f(Ti(x)
JUF RS T &g f*=E(f|Br). LA S T @Geyettk, f= [ fdu.

. | Anf(2) = 2 205 f(Ti (). X ¢ € LY (), &

k—1

anS:maX{ZgboTj:lSk‘ﬁn},

=0
WE G W,  Ang < Mg, &
A=A(p) ={x € X : sup M, ¢(z) = oo} € Br.

MNTAERE v A5 F
limsup A, ¢(x) <0

n—~o0

EE Moo AR5, HH

M,o(Tx) = max{z_: H(Tiz):2<k<n+1}
j=1
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My i16(x) = Mnp(Tz) = ¢(x) — min{0, My ¢(Tz)} = ¢(x).
X, Mpg(Tx) 5 Myyi¢(x) FER — k HEREDE, WIRENHEZE A ¢(2); 83
Mp1¢(x) = ¢(x) > ¢(x) + Mnd(Tx),

[ FLALY M, o(Tx) < 0 B
FRAEES A b, FI] Myyio(x) — Muo(Ta) BIRET o, FLHT Lebesgue Bblics s
Pt
0< /A (Mys16 — Mod)dp < /A (Mys16— My o T)dpt — /A o

Wfel'(w He>0HE, B o=f—f—e HHR A= A9) € Br, NTE [, fdp =
S frdp, T2

/ by = / f— = du = —en(A) <0,
KHE [, by = 0. AT j(A(6)) = 0. BTLA

limsup A,é(x) < 0,Vz € X a.e..

BT [0 T AZH, Ad=Anf - " —e FATH

limsup A, f(z) < f* +e.

n—~o0

B, X —f R RS
liminf A, f(2) > f* —c.

ERERNTTER T MR, O
TR ER R 2.2.7 PHEL.
EIHE 2.2.8 % (X,B,n,T) H&h 4%, f.gel?(n), A4
—Z/f )90 T @)du(a) — [ £@)dn(z) [ g(a)du(a),
WL 229 T A s B AR EMN1EE A BB A

lim — T AN B) = w(A)u(B).
nl_{gonZu N u(A)u(B)

WEEA. W T MBI, 4 f =14, B 2.2.7, BATEE] LS00 14(TH(2) — w(A) ae..
T b 1p B LY (T (2)) 1 — p(A)1p. Bifihlicsioe A5 5]

lim — T=AN B) = w(A)u(B).
nl_{gonZu N u(A)u(B)
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K2, % T'E=E, EecB. 4 A=B=E, H&MHIH X050 WE) — w(E)? T2
W(E) = p(B)?. KPR w(B) =0 2K 1. Brih T i, 0

W (X, B, 1, T) AR RSE, FeB. Xt aoeX, —MNEHRMNMBEZ: HHE orb(z,T) ¥
AR NSRS E? BB, T'(z) € E BHAMNY 15T (2) =1, TR 2, Te,..., T" 'z
e E A RURET Y0 16T (x). BOPHIRIN L Y00 16T (x), WSRILHT T S8 i,
MA@ EBRE £ 205 16T (z) — p(E) ae.

MRAFE R 2.2.7, FATAT LAIERA:

EIE 2.2.10 ( Von Neumann ¢§ LP & i 32) & (X,B, 1, T) A%KMA L%, 1<p<oco. 4=
R felP(p), MAHFE fFeLP(n) B f*oT = f*ae H

II—Zf T'(x (@)[lp = 0.

> EE 2.2

1 % G HEBIRINEE, EWELE B(G) L —AENERME 1 WRE u@=E) = uE), Vo € G,
VE € B(G) GXAMENRN Haar ME). FEHE: G LM T(x) = ax Kk Fi Y% A4
{am}> FE G . H T RBHK, W G NAcHE.

2. W k> 2 NECEMER, (po,....pe1) HIEBEMERE, B p >0 H Y pi=1. 130 (v,2",0)
MRS, Y = {0,1,...,k—1}, 2¥ K Y WREEFEA i BOUE p. & (X,B,m) =
[1°.(,2Y,0) LT H X L##. RATRRSE T K WA (po, ..., pe_1) 588, iEHE M.

3. HEHA R 2.2.8, I FLUE 59 B 5.

4. A HERE 2.2.10 HIEH.

§2.3 MEREM

RIMMELEREIRL AN &R, FHIMEREIEN ARG P0E R 5L
SR AR — L b Dy R SR TR, R X R R GOR A O R 2R B0
TrEErEAR.

EM 2.3.1 & (X,B,u,T) H—NHA 4 4%
142 R (X x X,BxB,ux u,TxT) A& Jég, LA T A (NE) 5586
24eR A 1eE A BeB A
lim p(ANT™"B) = u(A)u(B),

2R T A (WE) BiEE
ME X G WoRiR G A &5k G, MRS A EEIE. EX ESR A0, 117 %
—HEE. WS N L TS, BX
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d(s) = hmsup—|Sﬂ {0,1,...,n—1}]
K
d(S) = 11m1nf—|5ﬂ {0,1,...,n—1}|.

n—oo

ZHESRBRZ R S H) EBE M NEE. R d(S) = d(S) = d, WAEATHE S BA BEd
e Fa N Zy PEERN 1 HTFEEEARNES.
5|¥E 2.3.2 % {an} HARAFRF7), WLTFHh:

1. limpy oo 2 3705, ! ai| = 0.

2#&N%$%F%J&ﬁm%ﬂ%:o

3. limy, o0 = ) ]ailz =0.

T Y AR T —FR R — MR R G . 55TR AR R IR A BT,

EIE 2.3.3 & (X,B,u,T) AEMA %, ¢ AER BGFRE 0

1. T ARG IR ENEE A Beyp

n—1

lim 1 Z wW(ANT™B) = pu(A)u(B).

n—oo 1 4

2. T ARSI ERELENEE A By

n—1

tim 3" [(ANTB) ~ u(A)u(B)| = 0.

n—oo N, 4

8. T ARREGHEAMAMNMET A Beyp

Jim p(ANT™"B) = p(A)p(B).
MAERNTH
EIE 2.3.4 % (X,B,u,T) AHM A%, NTF 54850
1T HEBRA, B T xT Hik .
2. X1+& A BeB

n—1

Jm =S a(ANTB) — p(A)u(B)| = o
=0
3. M1 A, BeB, £ JE Fa 8% limyes W(ANT"B) = p(A)u(B).
. (1) = (2) & T HHREH, RITWIAXMER A, B e B,
limy, oo £ S (AN T B) — p(A)u(B)]> = 0 L. HHEL 2.2.9, BATH

n—1

LS WANTB) — u(A)u(B).
=0
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JEH
n—1 n—1
%ZM(A NTTBY = S (ux (A x A)N (T x T) (B x B)
=0 =0
= (ux p)(Ax A)(ux p)(B x B)
= (Au(B).
X
n—1
IS {WANTB) — w(A)(B))?
=0
n—1
= % > {wANT'B)? = 2u(ANT " B)u(A)u(B) + (A)*u(B)*}
i=0

— 2u(A)’u(B)? — 2u(A)*u(B)* = 0.
TR 5 2.3.2 (2) B
(2) = (3) H15IH 2.3.2 P A L.
(3) = (1) XIEMEE A, B,C,D € B, FEHEN 1 WWESG )1, )2 C Ly 15

lim p(ANT™"B) = p(A)u(B) >0

neJy
hrf]l w(CNT™™D) = p(C)u(D) > 0.
neJs
TR
nel}?r}uz(u X{(AxC)N(TxT)™(Bx D)} = nel}%JQ W ANT"B)u(CNT™"D)

= wA)u(B)u(C)u(D)
= (ux p)(AxC)(ux p)(Bx D).

HEIFE 2.3.2, &f1H
n—1

Tim =S () (A % O) 1 (T % T) (B x D)} — (1 x p)(A x O)(p x 1) (B x D) =0,
=0

PN R A B < B fIERE, BATH
n—1

Jim =3 e (AL T X T) B = (¢ (A e x (Bl =0
=0

MAER A1, By € Bx BISAL. HFIEE 2.3.3 XEWE T x T HEFTH. O
PRI R GEPR T BB IEHY JE 48 B TR AR S8 ik P .
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TIE 2.3.5 B& (X,B,u,T) ARM A%, AL T HBRLGEARE THLARXTHEEE
ViEY N

JEBR. [XFHE S B RIR (X, 8,1, T) HIGREWE (Y. D,v,S) I, fEhEs
2.2.8 — RN, FWAEE f,9€ LX(X, p)

1n—1
=Y A fl@)g(Tz)du(x) — | fdp | gdu}* — 0,
HZ;/ g Iz / u/gu
HMAER f,9€ L*(Y,v)
1n—1
~ f(@)g(Trax)dv(z) — | fdv | gdv
i [ s frafs

HIE X x Y HEFGH, BIOFEEWIMESR f e LAX x Yu x v) HE
LS f(Ta, Shy) FRST [ f,y)du(x)dv(y). HRBM fy) = g(x)h(y) HIREK
MR GAEZ N L2(X x Y, u x v) FHE, BIUCEETMNEE 01,00 € L2(X,p) F
hi,hy € L2(Y, V),

%z;é [ @ aiu) - [ mwhas i) — [ade [ g [ [ b

FATATLASEXT g1 FHERHERASE S, REMTEE [gidv =0 8 g1 45 HIEH, BJa%it—
BAF ORI L. SRR VRN R) Rk B 45 1535 1 09 ~T AAh . O

TWEERRR, X THIMEINRSE, RUTEH 2.3.5 WEHEIHFAIEH, FHI, 771
WINHRE RAHABAL T EERIMEERSE (ZIF 4 F).

THERATTIRSSR A R0 7 H AR,
EM 2.3.6 AV ETE (X,B,pu) EEMAL T A EHELE 51 H T —8944s
15, WEE— 64 An 2 BOR T LS &K

IR A RS, ®KITH
TH 2.3.7 4o R (X,B,p,T) ATHEARM A%, N T HFREGLARSG T H&453%.
XA EHAEA RN TSR LEP ST,

EH—, HO1E X TH mild BE, IFRE—DREAHF mild BEH24 HAH
BH (Fp— Fp)* 1518/, 7255 8 B, WATRHE —MR/DRGE AT mild 1BE #7245 HAL
BER F AR, R T, EATE X
EM 2.3.8 % (X,B,u,T) AFEM4A %, & T A (ME)mild iREH 25*1E& A, BeB
%

IP* —limu(ANT"B) = u(A)u(B).
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HATPRAM e KL f O WIMERY BASTFAEFS ne > 1 % T f — f (FE L*(X)
F). ATLAIERE, — MR RSN mild REH S HACEELE LX) FEAIEF ENIE
PR gy [Forstenberl9S1 e PREFESE 8 T2 B IX A2 BEAHHFI AR

3 B 23
1. JEHIFIHE 2.3.2 FE B 2.3.3.
2. MR BB AR BN To = ax AT RE DR A Y.
3. MEHIRGA (po, ... pe—1) FERSBRAT R HRIE A HY.

4. SERLERE 2.3.5 BTEHA.

§2.4 IR

MNP MRIUERZE X, B TERN o RECGZME, Bl 2 RIT 84 M6
o B BX). MF—MBNRE (X, 1), — A ERMHEZAESE: £ B(X) LRSS
TE—DAAMEE ? IR, HRABATH AT LUK Dy BV i 77952 21313 1 R 48+
SRR, HFRREEN. BATHAEX T H e XA R L

B M(X) R B(X) LemBRENENES. G0, £6 MX) HnE K OX) K
X 3| C EeELBNES, BB ||f]] = maxeex{|f(z)] 1z € X}.

5|3 2.4.1 & (X,T) A# N 4%, N p=veMX) BHMREL [ fdu= [ fdv,Vfe C(X).
—AB(X) L@ mERE p ATREE B EANRLG [ fdu= [foTdu, Vf e C(X).

TEM(X) EFTRIE L—A55 * TadMER pn — p B HALY [ fdpn — [ fdu,Vf € C(X).
b, FERXNMAINT M(X) B — M EBE R, AZEE, FAOTFET A & 2
EIHE 2.4.2 (Riesz 2w~ ®) % X ARKEZZRH, J:CX)— C AkgeyedTH
J)=1. A2LEE pe M(X) #E7F J(f) = [y fdu, Vf € C(X).

e Riesz TR @ FEMIGI2E 2.4.1, ATEE] p — J, W M(X) B O(X) EMIEIEL
PRGN, It H 5 WX AW RS, X M(X) AT C(X)* #HyEAL
R — M8, T2 MX) AT C(X)* 155 * HidE TSk —MaTh B
H 2R R85 * HID).

IAEFRATAT AR A :
T8 2.4.3 (Krylov-Bogolioubov X 32) A& & ) 44 (X, T), 44 B(X) L& TR AE.

(
W MR » € X, & 6, AMELEFIES {«} EAME, B 6.(B) =1, 24 = € B i,
0:(B) =0, % o & BE. & pn=250"  6rig, W 1 A pn 78 M(X) FRIBRIR A, BITEAE



W R G MR %39 T
$% ®mitia §2.4 B A&

{n} 15 pn, — p. T

[ tin= [ gotdnl = tim | [ faun, ~ [ 10 Tdun|

n;—1
= lim yi/Z(foTi“—foTi)dax\
=0

Jj—00 nj
. 1 _
= lim I—/(fOT"J — f)ddy|
J—00 ’I’Lj

2
tim 20711,

j—00 n;

FTRA o ANAE I O
L M(X,T) C M(X) A2k T A% Borel BERMBE, T M(X,T) C M(X,T) A2k
0 7
EIE 2.4.4 % (X, T) AN 4%, N
1. M(X,T) A M(X) 49 £&F %,
2. M(X,T) AME;
oA MX,T) 89358 B BRE T A (X,B(X),n) L&l E.
WA, 1. 3 {pn}®  M(X,T) FRYFFFIE. pin — p. A

/fonu:T}Lngo/fonun:Jinolo/fdun:/fdu,VfeC(X).

IA

TR pe M(X,T).

2. Gyik.

3. (X, B,u,T) AR H Ac B T1A=A, 0<pu(A) < 1. WENE 1 &
w I

1 (B) = (BN A)/u(A), p'(B)=p(B\A)/uX\A).

A = p(A)p' + p(XN\ A" AR LE M, FFEET o # 0", p AR

B p KEITHE g = o + (1 — ), o 0 < a < 1 p > ap’ BWRE 1/ HXTF 4
BT ESER. HRPE Radon-Nikodym X, fEIEME—RY f e LY(X,B,p) f#15

i (4) = /A fdu.
A E={reX fx)>1}) RF={reX:f(x) <1} AABH uE) = u(F) = 0. X
F@) = 1, e ARED, = o, AT 0 3 .

HF M(X,T) HEME, 3 Choquet FnEH, HANTFTUH M(X,T) Fy#JoC
KRR MX,T) FTE. IR, SMER 1 e MX.T), FFEE—PMHE—K M(X,T) Eiy
Borel MU 7 {#15 7(M°(X,T)) =1, HXIMEE f e C(X) H

Jrwant = [ ([ 5@ ) drm)
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AR 1= ey m dr(m), ELBRZ O o 10 SEBTHR.

3% Birkhoff i [y PEHY J5 5, FNTH LT E X-
EM 2.4.5 & (X,T) AN 44K pe M(X,T). B ze€X #HA p — generic | £145
MEE feC(X) A

n—1

LS pria) — / fdu.

n -
=0

THEEFURE, R T AEE), BAMFETE “IRE” BY generic 5.
EIE 2.4.6 & (X,T) AN A% HE pe MY(X,T). NAEEY € BX) #F pY) =1
FELY 8H5A B AL generic 8.
WA, I C(X) Ry P34 {fi}i°. 48 Birkhoff P&, 18 X, € B(X) 15
u(Xy)=1H

S T du, Vo € X
22l (@) = [ S, vz € X
BY =M, X, W p(y)=1H
n—1
%;fk(Ti(w)) — /fkdu, Vz € Y,Vk > 1.

XALER f € O(X), I {fi}7° EATR AT A5 552 O

MEHE 2.4.4 ATE IR T3 ARG, MO(X,T) # 0. FHEBANHE— TR
EX 2.4.7 & (X, T) A=A &%, KMNA&K (X,T) A B—&H 4248 M (X, T) R
—AE.

T T R M — 3k T P — S ] 1«
T 2.4.8 & (X,T) AN 4%, MR TFHAFH:
1. XFAS f e C(X), 2300 F(T(x) — B ELE) — AN 58 2K
2. MAEE f e C(X), L300 F(TH(x)) B BB —ANF 8% 2K,
3. Hlpne MX,T) #BFMNHEE feOX) K veX, LY f(TH) — [ fdu;
4. T AE—i& 164,
JEEA. (1) = (2). B4R,

(2) = 3). X k:C(X)— C {5
n—1

k(f) = lim% > (T ().
=0

BT 120 AT @) < Il B0k WESEAWH T, JEH k1) = 1 IEX £ >0
A k(f) > 0. XFEHLH Riesz s EHAFLE Borel #EZMEL p 15 k(f) = [ fdp. BT
k(foT)=k(f), TR [foT du= [ fdu. FrUIMRHEERE 2.4.1 H pe M(X,T).
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(3) = (4). B veMX,T). BATH

n—1

Y ST~ we X,

1=0

Hrp = [ fdp. Xt v Rz, RIEEFIESUE BmE
/fdl/:/f*dyzf*:/fd,u, feCX).

TRREEI 241 904 v =p IR, T HME—E .

(4) = (1). R Lo f(Ti () —Bol ST — N E, IBAMHEL A [ fdu, Hf
{u} = M(X,T). B (1) FEOL, IATFTE g € C(X), € > 0 FEXHER N € N 771
n>N Kz, e X {5

n—1

> o)~ [odul > e

i=0
R

1 n—1
Hn = E Zg 6Timn
1=

24100 € M(X,T). BN | [ gdpioo — [ gdp| > € TP poo # . X5 T HIME—RTTVET G .
O

EX 2.4.9 & (X,T) AN 4%, pe M(X,T).u ¢ X LA

supp(p) = {z € X : 2 z 4§ HA4T3% U, p(U) > 0}.

— AN BE ) SR TR
EIE 2.4.10 & (X,T) Ade3t& N A%, pe M(X,T).
1. supp(p) HIEZTH AT &,
2. kR p A&, AL (supp(p),T) A5k 64,
8. JeR T A BE—& 4, AL (supp(p),T) A4,
JEBA. 1. 400 supp(p) WEE, Madh X WEM X fOMIENZ. T2 supp(p) FE=. BN
X\ supp(p) AFFEE, FrLh supp(u) HALE. TNHEULHH supp(p) A T AR, W’ « € supp(p)
KU Te BB B T RELefy, FrUfETE « MR V fif% V c T7'U. XA
p(U) = u(T~1U) > (V) > 0.
2. R p KT, W (supp(p), B(supp(p)), 1, T) W AETTH]. R U,V 4 supp(p)
AEZ T, W wU)u(V) > 0. BB, FFE n > 0 % p(UnT V) > 0, IRE],
N(U,V) # 0.
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3. Y C supp(p) HIEBHAMALFE. BIEEH 243, FFE v € MY, T) 15
supp(v) C Y. R (X, T) AME—BITH, v=p XY =supp(p). FrLA (supp(p), T) FAK/]S
. O

Wr:X =Y R (X,T)F (Y,S) BHEFBES. X pe MX,T), BATE S mp HHE
mu(B) = u(r~1B), VB € B(Y) W E. FATH
EE 2411 B n: XY AN A% (X, T) 3 (Y,5) 4 B Taest.

1. %2R pe M(X,T), W mu e M(Y,S).

2. R veM(Y,S), ALELE pe M(X,T) 4% mu=r.

8. HeR ve MY,S), ALK/ L pe MYX,T) #fF mu=v.
iEBH. 1. GiE.

2. Bv e MY,S). BATATUEE = ¥ OF) BRA C(X), BIHE f € OY) By fo
me C(X). T& v UM CX) MHFZNE {for: fe C(Y) EMEERT J, ]I

J(fom)= [y fdv. BW J,(1) =1 E_ [|J,]] = 1. #2¥% Hahn-Banach ¥, J, FJAP 7 H
C(X) ERZMST 7, HIGE ||| =1, J(fom) = Ju(form) = [, fdv,Vf € OY). Rk,

J(1) =1. FiE J MIEFRF

XM felX), f>20,%a=|fllot+1. W Ja-f)=a-J(f)>a—|Iflle>1(FHN
[T(OI < I flloo). TSI, |T(a— I <la—fllo < a (BH f>0). TREIA a>|J(a—f)=
J(a—f)=a—J(f), \TiT J(f) >0

H Riesz FRmEH, FATE 1 € M(X) 18 J(9) = [y gdi/, Vg € C(X). FehlH, SHER

fec(y)
/fdﬂu_/fomlu— (fom)=J,(fom) = /fdz/

WEWRE 7 =v.
B, = LM T, BA p Sk {w) S F ORI TR A, BITELE (k) 75
=m0 iy W p€ M(X,T). BIXHER f e OY)

/Y fdmp

/fowduzlimiZ/fowdTiu’
- j&ngok—Z/fowT’ Ydu!' (x —]lglolok—Z/foS’ﬂxdu ()
= lim — S'(y)dv(y) = lim — ) ( d
a3 [ s st £ 5 [ o= | so
FAVEE] mp=v.

3. Bl v e MY(X,T). Gk K = 7~'(v) A M(X,T) IE=H M. TR
IMCFIERAWI S : K fns oy MX,T) #fsl. S0 K §9 5 sl o/ FTLASRR
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o= pp 4+ 1 —pue, HF 0 < p <1, pr,pe € MX,T) BVHFE—NAE K J1. Tl
v=prp+ (1 —p)mpg, H mpn = mps = v, FJE ! O

iz e 2.4.3, FATS3] Birkhoff [8] 5 & HHT 75— MIEHH:
FIE 2.4.12 & (X, T) AN 4%, pec MX,T). LAILFHASEHE T 4= F 5.
MR, I X Ry ATECE: (Bo)oe,, XHMEE ne Nig

B! =B, \ G T77B,.
j=1
EARRE SR TRA B, BAITE w(B,) =0. EhpL, XMEFE AeBX), & A =
ANUZ TVA MRS A W2 ANT A =0,Yn > 1. T2 w(A’) = 0. Frlh u(B;) =0, 4k
1 Uy Br) = 0. T2 p(Rec(T)) = (X \UpZy By) = 1. O

3 B 24
1. 32 fi 4 ff 2 PRIE I E 2 2.4.11 (3).
2. IEFAG|HE 2.4.1.

3. B (X, T) AARGE. Xt pe M(X,T), L G(u) A2tk generic RIS, IEH: MR 1 # po €
ME(X,T), 4 G(ui) NG (u2) = 0.

4. B (X, B, T) Ny, B4 H—RAEH 1.2.11 W— A aBigieR, HIERI5EE.

5. WX NEBERZEH o, p € M(X), n > 1. IEW]: DUF RN HI:

1) i — 1 TEFF * HFN T HOL

i) X X MENAFE F, limsup, . pn(F) < p(F);

i) X X (BN TT4 U, liminf, oo pn(U) > p(U);

iv) MENHL 1(04) =08 A€ BH pn(A) — u(A).

~ o~ o~ o~

§2.5 Poincaré 35l

ST AN RS (X, T),Birkhoff W& B UL, X UARES. STHRIRLE,

KATH:

T8 2.5.1 (Poincaré & g X 32) & (X,B,u, T) AKRMAL%. 2R AcB#HR u(A) >0, A

24 5 n e NRF p(ANT"A) > 0.

JEBR. XFTFEH] AT 'AT2A,..., R AT AT 2A,... AR (mod 0), 4

p(USy T™mA) = co. TRAFAE i < j 18 w(T7ANTIA) > 0. JRE] w(ANT-U=94) > 0.
O

Birkhoff [W] 57 ¢ ¥l j5 & B A1 T RIE 4, X BIRATEMIHE X Poincaré J551:
TN 2.5.2 Z, 8§—/AF%& S #xA Poincaré FFl ZARMEZRM L% (X, B, 1, T) AE
EEHR W(A)>08 AcB, FRLO0<neS #IF u(ANTA) > 0.
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3:7?3 Poincaré @E%Iﬁﬂ‘uii@j@ Zy j@ Poincaré J?ﬁ'] -&L Aint = Fint — Finfs /HE
B S e A R EE. SBREMT Poincaré [HF @ FATIERH, FOTFTUABMERZE N
Poincaré JF4. BT & thick & T —PMEANZEE, TAEA thick £ 2 Poincaré [F
3. RZ|E Poincaré [¥5, FATFE T HMIE L.
WS HZy fT5%. SH E3¥ Banach BE & XN
BD*(S) = limsup 50 I‘,
Il—too ]
Hrr 1 BUl 2, FrA+ X, H ¥ Banach BE RMUEXZ. i€ Fouwa H Zy FEE
HAIE b2 Banach % B PRI S S
T8 2.5.3 (Furstenberg 23X S JRN]) &% F(Z,) A 7y 9LHRARTEGESL, N
(1) %2R E C Zy #% R BD*(E) > 0, AAAHZBLEEMN L% (X, A uT) A Ac A3
w(A) = BD*(E). #— %, & ac F(Z,) £AVA
BD*((\(E —m) > u( () (T A)).

neo neo

(2) % (X, A,u,T) AR A%, Ac ABR wA) >0 BLELE ECL, %13 d(E) > u(A)
H
{oe F(Zy): (V(E-n)#0} C{ae F(Zy):pu([)T"4) >0}

WEA. (1) ] X = {0, 1} T: X - X HEBYSS:  Te(n) =z(n+1). ]2, HXEFH I,

|E NI

n

é\gzlEeX&A:{xeX'x( ) =1}

1
lim |1 | D 1a(T) = = lim T > " 1p(i) = BD*(E).

e 1€ln i€ln
B pn = g7 30 Opiee AR—HE, HATEL o ST 0 CEWIFID). ik p HAZE
1€1n
Rz, I H

lim

n—oo

= BD*(E).

u(A) = lim ]I | ZlA T€) D*(E).

n—oo ZEI
FRMERE o = {ni,ne, - ,ni} € F(Zy), BATEE
u(T "lAnT "2AN---NTTA)

= lim |I | ZlT "1 ANT "2 AN---NT ™ ”kA(T 5)
i€ln
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(2) X o € F(Zy), 4 o= oo T"A B N HFHEGZNER B, (15745 65T
EHTEABMEIE, u(N)=0. 4 B= A\ N. BEE L, RISEWE: W aer,
(oo T"B) = 0 24 HALY (e T8 = 0.

B fo= L5 1y WIRHERE v € X 0 4 fo < 1 TR Fatou 5134

i=1

/lim sup frdp > lim Sup/fnd,u.

n—oo n—oo

TRAFE v € X fif3

d({n:z € T""B}) = limsup f,(r) > lim sup/ % Zn: lp—igdp = p(B) = p(A).

n—00 n—o00 :
=1

S E={n:xeT "B} MX acFZy), MFE ke N(E—n), 4 Treec N TB. HHET

neo neo

WS, ATE w(N(TA) > 0. O

nea
TR AT AT LAE A

EIE 2.5.4 RC Zy A Poincaré 3% BAX B X 1EF E € Foupa, RN (E—E) # 0.

JEBA. ¥ R 4 Poincaré J¥31. X E € Foupa, BB 2.5.3 FFERM RS (X, A, 1, T) UK

Ac Af§fR p(A) = BD*(E) >0 } BD*(EN(E —n)) > u(ANT™"A),¥n € N. K NTFTE

n € RIEE u(ANT"A) >0, fiTH EN(E—n)#0,Blne E-E. TJE#A RN(E—E) # 0.
RZABEMER E € Foua, BATH RN (E - E) # 0. & (X, A, n,T) HRIERSL,

Ae AW n(A) > 0. RIEEE 2.5.3, F1E E C Zy f§15 d(E) > w(A), HLEN(E—n)#0

HE W(ANT"A) >0 HBRIZFEn e RN (E—-E), T2 n(AnT™A) > 0. FflA R K

Poincaré J¥%1. O
REFE 2.5.4 B — P EARHEL Y

L 2.5.5 AT Poincaré F-3 AR g &, LAMEZE S € Founa,S — S A syndetic 4.

JEBA. AK syndetic 25 H IE _E2F Banach %, FrIME{T Poincaré HBIEEE. 1% S € Foupa-

HERM 254, S — S 5/EE Poincaré [FFHAHACIEZS. KA thick 454 Poincaré JF41, FrLA

S — S 58 thick B£MHZZIEZ. MM S — S 4 syndetic. O
FEFBHE, FEIERE R Poincaré [751] (&0, [Kriz1987]).

3J & 25

L X FRIAS S H— DT E R 2.4.12 W, FHENRSE.

2. JEH: GRIMER o € (0,21) F limy—oo = > op_y €% = 0 5L, B4 {si} A Poincaré F51.
[#R: &0 [Weiss2000b].]

3. JEHH: 1P &4 Poincaré J¥41.
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§2.6 E &%

X —1, ®RITWHE B R4E.
EX 2.6.1 & (X,T) AshH 4%. &I (X, T) A—/AE RE I8 AHEEGF LA
A= NRERME p e M(X,T) 43 supp(p) = X.

BZ—T, M REGRIGENEEYER/DREME. B LAEE M RS8N
E R4 =, RMGBHT M RENZE. X E RSG5, RITH
T 2.6.2 % (X, T) AB# 4%, xcTransy. W (X,T) A E 4% % ARE ¢ ¢916%&
4R3% U, N(z,U) A& £t Banach ‘B K.
WEBA. & (X,T) N E RE. X = WAEEARSE U, B o AR E o F15
uw(U) > 0. 12 Birkhoff i@ @ H T 1y (FHX T ), MAVEEELE v € U 45 N(y,U) H
EEE. Fi&, BHR o< Transy, Z 0L N(z,U) EFIE I Banach % JE.

AR « FAEEAREL UN(2,U) B IE | Banach . FH « € Transy, FA1H
T X WAEEIEZEIEL VA BD*(N(z,V)) > 0.

VAV 8 X —HRINE. 2 U = d(V). XTFEA j, B BD*(N(x,Uj)) > 0,
XA k€ NFRAE ar(f) < be(d) (675

1

kliffoom”ﬂx,Uj)ﬂ{ak(j)aak(j)+1,"' k(7)1 >0 H kli)lfw(bk(j)—ak(j)) = +00.
b (j)—1 )
2 m(i) = 550 JZ( ' Opig BAJ p = T pug, (5) 9 {pe(5) 127 AE5S * HRHD TR
i=ak(j

BRAL B/ o (X, T) B9AZEMIEE B

1 (U;) > limsup pg, (5)(U))

i——400

— - 5o (U,
msup ey 2 OralU)

_ limsup ‘N(.’I',U]) N {akz(j)7ak7,(«]) + L o 7bkz(j) - 1}‘ > 0.
00 br, () — ar, (7)
B =315 u /2, W pe M(X,T) H supp(n) = X. By (X, T) RfEiER, Bl (X,7)
N E RE. O

W S CZy,S W Banach B R 1 BAEXEE o < 1, 7A7E N #5424 W 1| > N
HIXTEI B I B |S N I| > all]. id Z+ BJ2RT Banach %E R 1 LGN Foar. X F—
MEEFIFE E RS, KATA:

FIE 2.6.3 & (X,T) A% 4%, =z Transp. N (X,T) 72 E 4% % AREH LA
FIRETHE A#X EFH AGEZAR UN (@, U) € Fpar-

WEEA. BBk (X, T) A2 E R 2 A=U,cmoxr suvp(p) HE U 8 A HIBE. F 0
A RRARAER. AIWE A+ X, Lhrl, MR A=X, BLFHFHE X HEHEE T4 (o)
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1% 2; € supp(pi), FHeHt i € M(X,T). & =372 /2", Ml p € M(X, T) H. supp(p) = X,
FIE ! TR A#X. FHEHBATEN N(z,U) BT Banach %4 1.
HMFATE Nz, X\ U) BAIE L Banach 2. MBS 2.6.2 WIFH, 27 u <
M(X,T) 13 w(X\U) > 0. X5 A WEBCFE, I N(z,U) € Fipar.
RZBAAERAREFE A+ X HEMER AT U, N(2,U) € Fpar. BN A # X,
GWaog A BUASS U ¢ U, HR 2 B V 5 UnV =0. B, N, V)#L
Banach ZF N 0. TJ& (X,T) NE E RZ. O

R —F, ROTE Ty B S8, BAERNTE 5 —F 8BRS,
EM 2.64 —NM44%RBAXE®EE E A%, LKA B EL 4.
HT M ZELHE RS, (EERY RS VT 8.

RO LIET, R4 REVHIMT . ROTFEES: RS = BRy 5K -
B > TR BTRUNRGE RN B RE, RITUHIE

I8 2.6.5 T E 4% Aiaihig 4.
JEBH. W (X, T) WEERGEH UV HIESHE. Bk /B UnT+ v £ 0, Hik Uy =
UNT= V. FJ& N(U,V) D k+ N(Uy, Up). TRAVFHEHXMEE S U,N(U,U) A syndetic
f.

FATUEH N(U,U) 5AEE thick AHAZEIA]. 4% Poincaré B E EH, N(U,U) 5EE
A FIOCAHZE. BAMERE thick BHEE T —1 Awe T4EE5, FrLL N(U,U) 24 syndetic .
JEEE. O

3J & 26
LR (X, T) R ad ey 24 BACY B85 A TAR A 4 SCH i BE i 218 2R 4.
2. B (X, T) HEWARGE, pe MX,T) RA2IHE. EW:  p BER generic FONEH . T2

IMF u KB, FLRH p(Transy) = 1 [R5 BB« K generic § HL A = orb(z, T). Myt
fHER 20 foTia — [ fdu 2433 u(A) = 1)

3. Mt —A B RYE (X.T) W HHALHEEWE (X \ Transy) = 1. [{R: Hoit— 1 FANE0%
TR R 4. |

§2.7 ZERIEFIEK Szemerédi FIE

X — 1 R EA TR P i — 287 5 SR B A L. Bl anFe PR 28
Lebesque Z3[H], #753#%. Rohlin & T REY T AR e B, FRA> o e 21
FABTELL LA BRI R SR Furstenberg-Zimmer 54 @S5, /EHMH, RITZH
Furstenberg-Zimmer £544 @ #FEH Z H B E @8, FFHIEAA S FE AR Szemerédi
TEHE.
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T 2.7.1 ( Szemerédi £32) &% S A Z, A EL Banach FREHTE, W S &4L7T
CFI LR E ST -3

Z WHITHAERIH V. D. Waerden & HU2 e B — M ERMER. EHE—ERITZHA
M ZEEEZ EHAH T V. D. Waerden EFEATIER, HALTR {142 F i 7 12 B9 J7 3 0E B
Szemerédi EFHH 2.

Lebesgue F[g]

T 12 Ay — S B BT U T AR B B AR BN A R GERIM 8 2 X
FEAREL T X FRAENE. T S5 R A S Rl B — A A i
FHE 272 B X AZETHAEETH, B(X) HE Borelo R&EFEL m A B(X) L#HR
m({z}) =0, Vo € X #mERE. 2 ([0,1],B([0,1]),]) HH KX 8] L& Borel o X H) 5k 4
M E R, £ | A Lebsgue ME. N (X,B(X),m) 5 ([0,1],B([0,1]),1) AR 4. 4=E
e (X, Bn(X),m) H (X,B(X),m) 8§ 72&k, AL (X,Bn(X),m) BT ([0,1],£,1), £+
L AW Lebesque T M EM 49 o RE (A Bi([0,1]) 89 T &A4L).

WERTE b PR SR, 8 m SHEAT I  SFMA XA S 288, IR AZ5 R K
A FFTE X BEZAEA R {2}, ENTEAIEN I HIE (X, B(X),m) [T 22 A%
£ {yn}° 5 ((0,5], B([0, s]), 1) BITE3TFF, HA {yn} BWE {m(z,)} T s =1- 302 m(zn).

TR S — A B 2R F M AR s, ERCE FESUFE N ER, EENH EARE
FeA . X FhITiERL S0z A EEACEL

W (X, B,m) WEFE=E]. 7E B Lg LFEMRFR: K AM B AFENH (A~ B) %4H
1224 m(AAB) = 0. 4 B HHSM AN, ILALERN B IR, 3. #NEFFE S ki 5
TF, BEAAR o B BIE m BFRH B LAWE m K m(B)=m(B) (H+ B
& B FHERI M), BXF (B,m) Bl MIERE

Wt BT, IR (X1, Bi,ma) 5 (Xa, Ba,ma) 4 “SEUTHY” ZA8 B NTH5-FH I
BERECHFIAHY.
FEN 2.7.3 & (X1, B1,m1) A (Xo,Bo,mo) AMBE R, # (Bi,m) b5 (Ba,mz) HAafLdg
AR AR ERIE A B MG ZIGH LG ©: By — By, WAL, THHA T X
RIEF AR m(B(B)) = ma(B), VB € By. MABE R A A A FEEEH R A5 TA1490 &
RE A B4

—fRud, EHEIFEASS, (AN T ZFH 2% .
T 2.74 & X1, Xo AZEZETHWEEZR, & B(X1),B(Xy) AT Borel o K&
my,ma HFA B(X1), B(Xy) LégmERE. 4 & B(Xy) — Bi(X1) ACATM E KL 49
B, A2f4 M € B(X1), My € B(Xa) #HRE mi(M;) = mo(Ms) = 1. Bl A=A
AR M & : My — My 413 0(B) = o~ (BN M) , VB € B(Xa). 4R U H F —AMm

243 Green Fil TaolCGreen-Tao2000] sepn 1 somrasfo & TUERK M SEARZBL. I Erdos fiff: MR {pn} C N
W 0 1/pn = oo, T4 {pn} A TR KMIIRIEH — M RFHER. X2 Tao £ 2006 4 Fields %493
BT
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(X1,B(X1),m1) Bl (X2,B(X2),m2) % ® 49F44, NI
mi({z € X1 : ¢(x) # ¥(z)}) = 0.

AN B 251X T ORI [F] SR AL (BENTHRINA#RES (AL RATdiny)). —K
Hi, TEHE P IR AR &3 ZE 226448 Lebesgue 23 [H]:
TN 2.7.5 —/MBEF ] (X,B,m) A Lebesgue T[8] RIS CR AT ESTHE (THA
) {wn}® 5 ((0,s], £([0,8]),0) 89 AR, EF yo BMAERE p, d L([0,5]) A [0,s](s =
1 -5 pn) £ Lebesque 7T M S 40 & 49 o K2, | A Lebesgue M & .

R

T #1132 ] Radon-Nikodym EHEE X T4&MAE. & (X,B,m) MEHRZER, C
H BHF o B BB N E(|C) : LY(X,B,m) — LY(X,C,m).
AT & AR R R, (BN TEERE, RIS BAHEN S —
P X7k, & ¢ (X, B,p) — (Y, D,v) A—MEBG, FATTLOKE (Y, D,v) LRI
BRECEN [ — foo = [0 #&IH (X,B,p) LRIATIIBRE. WS £ — £, RATEAE
L2(Y) RPN L2(Y)? C LA(X). W3Rig P N L2 (X) 2] L2(Y)? MIEsC# s, TR
2%t f e LA(X) AT L E(fIY) N

E(f]Y) € L*(Y), E(f|Y)? = Pf.

FTIE 276 £ L2(X) LRXHEMHLEZET [ - E(f]Y) TWRiEds3 LY(X) LEFHRT

(i) f— E(f]Y) AM LX) B LY(Y) 6% HEF.

(ii) =R f >0, A4 E(f|Y) > 0.

(iii) %2R f e L2(Y), 4 E(fOY) = f. LE EQ]Y) = 1.
(iv) =R g e L>(Y), A4 E(g?fIY) = g(E(f]Y)).

(v) [ fdu= [E(f]Y)dv

R 1 R AEXR

— AN o AX T 55— EE v R 2 TR TR B — M.
EMX 2.7.7 —4BETRE (X,B,m) A&A EENK £4%8 X ARKEETHHE Bd X L
Borel & £ Ak, —AMRM A% (X,B,m,T) A IENIEY & A5 F = R (X,B,m) AEN] 4.
W (X, B,p) HIENEERZN, ¢ (X,B,p) — (V,D,v) HHENF— MR
(Y, D,v) (A AENA) fRMBLR. BrmEIE M(X) b X B2 R 5EE.
EIE 2.7.8 FAAY Bl M(X) 69T RIS, vy — py, HA:
(i) B fe LNX,B,p), FITVA: HILFHA yeY, fe LYX,B,u), # B E(f]Y)(y) =
ffdﬂy'
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(i) [{[ fduy}dv(y) = [ fdu, Vf € LY(X, B, p).
AT 1= [ pydv(y) 18 1 BXFF v BIFRD R

WIEN 2R [8] (Xq, By, ) F (Xo, Ba, po) B RZ2ME] (Y, D,v) BT 7

¢1 : (X17Bl7:u1) - (Y7D7V)7 ¢2 : (X27827,u2) - (Y7D7V)'

FATRE & CEANTHXT T F—EF (v, D, v) B
E‘E-',SL 2.7.9 X1 X X2 _J‘—éﬁ(ﬁ']/i H1 XY U2 /’){)‘Lﬁ

11 Xy pa(A) = / 1y X iy (A)di(y),

EF A€ B x B pi = [pigdv(y) A i AARTFTET (Y,D,v) 4950 M. #BETIHE
(X1 X Xo,B1 X Bo,pn Xy po) ARAZE (X1,B1, 1) #= (Xa, Ba, o) H¥F (Y, D,v) BIFR, 2
H X1 Xy Xo.
KflHth, BOENZRA] (X5, By, pa) (1 < i < n) ¥ R2EME] (V,D,v) BT 7 éi - (Xi, Biy ) —
(Y, D,v), ATKEZE] (X5, Bi, ) (1 <i <n) 8BXFF (Y, D,v) BIFR 11 Xy p2 Xy -+ Xy pin €
XA

P Xy p2 Xy - Xy pin(A) = /Ml,y X 2y X oo X gy (A)dr(y),

H Ae By x By x -+ X By, i = [ priydv(y) A p FXTEF (Y, D,v) FIRD 5.
Rohlin FIE

® (Y, D,v,T) HRMRS, (2,C,0) WEEEE. MENyeY, B o(Ty) EXT
(Z,C,0) 052 T T 2548y — PRI B Sft -

(1) o(Ty)(2) Y x Z B Z g a] BRE;

(2) o(TH,y) = o(T", T/ (y))o (17, y).

A (B o B #ER ZHE (Y x Z,D x C,v x 0,T) , it T(y, 2) = (Ty, o (T, y)2).

EATH:
EIB 2.7.10 (Rohlin X 32) % (X,B,u,T) HEN W& FHEN 4%, (V,D,v,T) AELEF.
ML (X,B,1,T) BT (Y,D,v,T) §—A8H48. 4o R u= [ pydv(y) A p 95050, A
LHIFA yeV, RE B L ke NEF py Ak ABLGFoHFME, RE py HiEL:
8, BAEE v X A p,({z}) =0.

¥ o) i
TEREHE 244 J5TH, RATELHdL#F e EXERINAI—AERE

XA

W ¢ (X,B,p) — (V,D,v) AW MERZE B RMBGT, A {07 (v):ye YT A
X W=y Rz, W &N X BElae. BARNATUEX Y ={C: C € &} LB
m: X =Y. @X BCY HuRy2E HAY «'B e B, FFHX TR B C v & XPMBE
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v(B) = p(n~Y(B)). IL&MFME B CY N D, F WIS (Y, D,v) I, 3+ Hifst
B 0 BN (X, B, 1) BT

W (X, B, 1) NHERZS, ¢ A B HITHAER X B4, DL B(E) it ¢ IR
(/N o B R (X, B, ) H Lebesgue 2, € 4 B #T o ¥, IBATE X 19
H4y € fF15 B(¢) = C (mod 0).

B (X, B, T) H—AMEMRGE, ¢ ={C:T7C =C}. WATELE X BFHI4 ¢ {#ifs
B(€) = C (mod 0). FFHIMEAN C €& TC CC. TR EWET (X,B,p) AT, BLE; w7
XA F R . ATRAIERH, XHMEE C € & Bt Tlo X T pe BBITH. XFR
N (X,B,u,T) # BHHE LHMEN fe LY(X,B,p)

[ san=[([ sau)avts)

FRUNR GRS TEIE

WAL 7 MR, HF e N & X = (X,B,4,1) ARMRLE, Y =(V,D,»T)
HERFTF, M ¢ (X, B,u,T) — (YV,D,v,T) AAH AT B
EX 2711 RAL X AY 45T T el &) BAHT T REBHLEAT RETFTEEAD
T IRETEE o THR (BEIZRUNENEXLT). RAX Y &N (rel T).
EM 2712 ARAZL X AY N T Tel @ FERET T RAE X xy X Y AY AAxT
THEHT R, wH X =Y 5584 (re. T). %2R ¢ ATHEAT cT H55R4%,
AR X AY AT a5 £.
53 2.7.18 wR AL X A Y AT T el @WHBREF A, MNHEMSneN 4% X xy
X xy Xy X(miR)®LAY H@*T T HHFRET L. WwRER Y HAxT T Ak 4y,
M X xy X Xy -+ xy X(nR)AAXT T Ak 49,
EM 2714 FRX AY & B X RIEALABRIKER FCLAX) B HEE fer
E0>0, BEABRAMNTEK g1,92,..., 95 € L*(X) BN Sel, RF X minj<j<x||Sf—
gilly <& Az, JF |[flly A f & L(X,B,puy) T e5#E.

T RATFRIBZE 2B Furstenberg-Zimmer EH (7EJ5H K TS HBIX AR ). &K
5 X = (X,B,u,T) AHEF 10 : X — Xo, a € A1) /IR 248 B AL {7, (Ba) : € A}
A
T8 2.7.15 ( Furstenberg-Zimmer 32 ) & X = (X,B,u,T) AT o6& 4%, L+
I OAATA S B BEE AL B ) RAAEE A <y A X BEF X
e X — X R
(0) Xo HFIAL, @ X, =X,
(i) =R £ <&, N A LR WE, : Xe — Xe 45 me = 7157751.
(iii) HHEA & <, Xepw — Xe AKRRYG, B9 T ARANSTEHGEM D =T x Dy, L F

Xey1 —» Xe T I AR AR, 1 Xeyr — Xe AT L, AFRET L.
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(iv) %2R € <n AMMEAE, N X HBF {Xeo, & <&} MR,

BT=28, KMNTREEGRE—T X=X, - X;ym=0+1) TRAHRLEY
FILAREY AHARY L.
RMASZZEL R FIE

PRI R Z H B HA T H R
EIE 2.7.16 & 1, Ts,...,T; ABEZE (X,B,u) L ZT X HGRMEH, AcBi#H
X u(A)>0. A4

N
S 1 -n -n -n
l}\rfriglof N E_l p(IT"ANT,y"AN...nT;"A) > 0. (2.7.1)

IEPIEBE 2.7.16 AYEA BBE . JeXt (X, B,u,T) N (Y, D,v,T) BET RMBR G
FERFAAER, @R (Y, D,v,T) W (2.7.1), B4 (X,B,u,T) WHER (2.7.1); K5 %M
EHHE 4. R E R 2.7.16, BATA
EIH 2.7.17 B T, Th,... . T ABEZE (X, B,pu) o940 ZT X B RMEH, AcBi#
Rp(A)>0. AL L n>1 43

w(IT7"ANTy"AN...N T "A) > 0.
PAETRA T EFE 2.7.17 SRIFB 2 2.7.1.
32 2.7.1 ¥R K X = {0,1}2+.B NH Borel ¢ 0E. T : X — X NEEF, H
T(w)(n) =w(n+1), ¥n > 0.
S AHEAIE L Banach B T4, S MUFFTERR%EL 1o h X Fr. FRAFTE >0
DI R X [E15] {B,} W2 |S N Bal/|Bn| >0 >0, Vn. X X FWE 1, K
1
= — Opit.
% ‘Bn’ ZEEB:n T'1g
W A i FIRRFR A, W T =p 2 A={w:w(0) =1}, M A JEEFXARNES. EITH
14(THg) =1 <= T1g(0) =1 <=ic S.

BT 1n(A) =[S0 B,|/|Bnl > 6, BrlA w(A) >6 > 0. BHER 2.7.17 T 1,72%,...,T" (1 e N)

FFE AcCX, AT MMEE 1L FIEn=n) > 1 15
wWTANT2AN...nT"A) > 0.

TRX—NIE o MEHTHRE T (w) € AT (w) € A,..., T"(w) € A. BN AGJFEE, L

X w B — MR, TSN ¢ FKEAETE 1s TR THHaF. HIFEE

ae N Tl e A, VI<i<Il Flin+taeS V1<i<l XFEERITLTER T EMIE

HH.
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L —MEHRG (X, B, 0, T) BA BEELE 16 L2(n) FAAER T FAERBAUR A — D IES . -
T BA RS Y HACY B TR RSB R 1 a4k e .

2. W ¢ (X,B,p) — (YV,D,v) AW IENBEZRZ[E] LR RNAESRE 1= [ wydv(y) B p AHX v @5
figt. AERIXTLVFITR ye Y, py(o7'(y) = 1.

3. TEBAMIEE pa %, po ATRAH T 52 H -
/ F1® fa dpy X, i = / E(fi[Y)E(f2]Y) dv

Her f1 e L2(Xy), fo € L2 (X2), H f1 ® fa(z1,22) = fi(z1) falz2).

4. EWIHMER f1 € L2(X0), f2 € L*(Xa),
E(f1 ® foY) = E(f1]Y)E(f2[Y)
FHH e xy pp FXTT (Y, D, v) 8RR
(11 Xy pia)y = iy X By,

HAo X0, Xo B8 Y 37, H i = [ iydv(y) AT w RS, i=1,2.

5. 1B AR (X, B, pu, T) RN, MABIE TFMMEABRR. [#&5R: "W a=inf{u(A):
A e BHu(A) > 0}. 3EBH o > 0 HiZFHE XS H45R. |

§2.8 Fic

AREE FEIRYE A [Walters1982] 1 [Furstenbergl1981] ;X A% 3. B FH 2.5.4 5| H [Weiss2000b].
EFE 2.2.7 UIERATR B [Glasner2003] By AL HE 77 =K.

F TN HENRZIEENFTHIZE, 10 [Denker etc.1976, Glasner2003, Halmos1953,
Rudolph1990, Walters1982, Petersen1983] 4545, H:AH [Walters1982, Furstenberg1981, Petersen1983,
Glasner2003] SE#AAH2 Z AR IR RT3 1 R S8, B XMW A 3CH & T 277 2RIk
2. I A ZEH [Furstenberg1981, Weiss2000b] 55, 11, 7] 2 ILZE A SCEE [Glasner-Weiss2004].

J=TFk 77 Ramsey #Hi8, H Furstenberg JEI14CE [Furstenbergl977] IR —EH &3 11
ARG MG — N7 3, 220, [Bergelson1996, Bergelson-Leibman1996, Bergelson-McCutcheon2000,
Furstenbergl1981, Furstenbergl977, Furstenberg-Katznelson1978, Furstenberg-Katznelson1985,
Furstenberg-Katznelson1991, Furstenberg etc.1982, McCutcheon1999] 4.

KT ZHW I, — MERMHERIE Host Fl Kra {9 TAE. A HER] T [Host-Kra2005] ,

WR (X, B, 1, T) ARMERGE, k>1 HBEEUK fi, o, fr HAEFEE, BaXTF

N-1

= 2 AT L (T) - il TM2) (2.8.1)

n=0
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FE L2 () Hesk. 5351 Ziegler MSZAYZE H T 3X AN & FRAY N R AR RR [Zicelor2005] - 2317 Taol Too)

1 N-—1
& 2 NI fo(T3) - fiu( T ) (2.8.2)
n=0

7 L2(n) s, WTTRURIER T 2 T I5 8 (72 12(0) B30T, A B Tao MIE
BRI A PR 7 P2 (finitary ergodic theory), %A H 2# 1 B H R EIRATR. HIME
fR—fEHRRIERX (2.8.2) BEREZ AWCSRY 2 H i Iy B e i — > B2 R

REEAE THEERIWFEAREEZ Tao 4k 2006 4F Fields H) FETIEZ —. &KiL
Tao il Ziegler XS 73X — LA [Too-Zicsler]  fi IERR T4 Py, ..., P HEERERH £
HAFFH Pi(0) = ... = Pu(0) = 0, IRAXTAEEWN € > 0 FFETTR SN ER 2, m 15
1<m<a*FHH o+ Pi(m),...,z+ P.(m) ¥ HEE.

4G 5% Khintchine EFRFHE] L [Bergelson etc 2005], /5 =L E Poincaré J¥41) )L
Y& W, [Frantzikinakis etc 2006].



F=EF FEELMED Elis FEHIER

DN RGEH, BATRAREES TEFELERG R distal RS FEFE T RAE
WIREEELERS, AHTEMETZE. EE W, RITEARR THEBURS LS
FEELERI S R UKL S EHELE RER — B EAER. EHE distal RGELAKE—
REFELRGN, Ellis BRAELNAE THRKMIER. Fr2fEXT distal REETTIRHT,
BATESE =TT AN Ellis FEFISAY — B HA MR, HAEN Y HRITEH T H—2H
FEF A Hindman EH. FELMT, RATZH Elis RHALUSHIR T distal , JLF distal F
e distal REE, TAER LT HEAIHE distal RFELRESEEESERRWGZRER. 755
ANTRATA H Furstenberg ST/ distal Ji A 454 2 PR A UERA H- 081 BLA B4/ N R G 245
R, fENAEMNLIR, BERATSIVEEEELHT T EHRANTIE.

§3.1 ZREELY

EX TR R FEIELR LS. EAES, RITEERETTRE (X,T), B4t T
SR
EX 3.1.1 4% (X, T) A4 FEEEN 28Ik (T neZ,} AFRELY, T
MAEE €>0, 0> 0E/F % d(rg,xe) <8 B d(Tm, T ws) < €,Yn € Zy AR .

WRA dr(x,y) = sup,eg, d(T"2, T"y), JEH RNV (X, T) N3 EESRIIE,
dr 5 d 3N, FEHEN T AZR, W dr(Tz,Ty) = dr(v,y), Ve, y € X. BEMED, %%
PEEESE R G AR P AAN R 5 B I TR) A FE A s PR e R AR 22 BE, TRBIE TRV BE 2

“OFAT” 1. BTLATRATA B A O S BE I S i 1] B 5 — i 3l AR
Bl3.1.2 1. % ST ARA, T AR L&z, N (S,T) A FRELLY.
2. A EAER A F R E .

TR EEE ] F R AR T EN R —ERPARE. RE (X,T) Ry —B
JLFEIEARY JBF8 X TR € > 0, F71E syndetic 82 A {HEIMEE v € X,;n € A, d(z,T"x) < €
oL EEE, BAH OX,X) R X 3] X Ay ELET.

EIE 3.1.3 2% (X, T) AFREELGHARECA—KILF A I,

WEA. W (X, T) HEEEELER. MEE € > 0, A Ascoli EHE {T":n € Zy} £ C(X, X)
(R —BEhh) FAMEXT RN, TRAEEAR « W {T"}_,. TRH, XMEE n e 2y, F71E
1<j <k

sup d(T"z, T?x) < e.
zeX

B TR, B {n € L : supex d(T"e,x) < <) KL k IR syndetic 4, Wil
(X, T) A—EJLF A B

Rz, & (X,T) A—BUJLFEE. MMEE e > 0, F#7E syndetic £ A FHEMEE
re€X,neA da,Trz) < § WAL & AREN L BO >0 FEMERRER dz,y) <5 )
z,y, ATz, T'y) < §,Vi=1,2,--- ,k.

55
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THEXH R d(x,y) < 6 B =,y,d(T"x, T™y) < €,Yn € Zy .. SHEE n € Zy, T#1E
acARie[lkl i n=a+i T&

d(T"z, T"y) < d(T°(T'z), Tiz) + d(T'z, T'y) + d(Ty, T%(T'y)) < % + g + g — .

FTUA (X, T) 5 BEIELER. O
MRIMEEER R, FEEERGHY T — MRS L iess. b 7 X
M, BROTELTIA L.
EX 3.1.4 & (X, T) A ) 4%, 12 C(X) AWK G AL LN KGES. MRIERJHK f €
C(X) AT % YR £AGH 4 N e CHRIT f(Tx) =Af(x). SBEAR XN Afa T f 49 4F
fEfE.
&80 3.1.5 % (X, T) A 4%, N
(1) 4 feC(X) AN ARMAEGIERFIEZHE, N (N=1H|fl=c c AFE;
(2) 4= f,g AR —HIEAEGAFIEHEK, N f=cg, LT c HFEK;
(3) F C(X) F, A8 T 7 B 4 A2 AR 69 442 & 3k H b o 3% 49
(4) T 69 ARS5 FEALTG Ak, ST 89— AT £ T #F.
JIEBR. BEYE~TE. O
EX 3.1.6 & (X, T) AN 4%, R K FIMNEEIE RABZ ARG HIEHBEKAT CX).
HETE AL, 1 (X, T) HEHRIEFOEEZE RS, MR ECOMREE (M )02,
BEMETERA {fu)oy © C(X) 47 span{f,} = C(X) H. fo o T = A\ufo. XMF—"HHTME G,
HA1H G FF M G B ' WIrFELERSHES. G PRTERN G 1Y BT
I8 3.1.7 (Halmos-von Neumann) % (X,T) AT 4%, WA T F4:
(1) T AR F B ik 4245,
(2) T+ B A5 X LR S@F T AR 2T AFIEY,;
(3) T 364h 3540 T K B X BB L a) — A1 i 4%,
(4) T #ol~ LA 45 3 3 3k
(5) T 153 BLA 4m 3l & 3%,
iEEH. (1) < (2) : S,
(2) = (3): W p WEIERER. & oo WEHE, B X = orb(x). & XiEH:

% : orb(zg) x orb(zg) — orb(xg), T™xg * T™xg — T ™.
5]

p(T"xg x T xg, TPxo * Tx0)

p(T 7, TP

p(T" 2o, TP M 2g) + p(TP T wg, TP 30)
= p(T"xo, TPz0) + p(T" x0, T20).

IN
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FITRA « h—BOEZER), TRAIDM—P TN «: X x X - X.

T, B p(T 20, T ™xo) = p(T" T ", T T~ x0) = p(T™xo, T"x0), FrLABL
B T — T~ "o, orb(zo) — orb(xo) A—BOELEH], TRAMUME—T 73 X - X b,

AR, BATWHA T (X, +) AHIME. BN {T"20 :n € Z} 1E X P, T (X, ) 4
AR, BN T(TMxg) = Txg * T2, ¥n € Z, FTLA Ta = T+ x,Ve € X. XU (X, T) K
T TERE (X, *) By T fE%%.

(3) = (4) : & X AR, H To = ax. M X (EMFIEN X BIFFEREC (B b
R feX M4 f(Tx) = flax) = f(a)f(x)). & A FHIAFAERELLA R RS, W
ACCO(X). T AEHERE MLz E I Ho s, FrLRYE Stone-Weierstrass
EHA A= C(X).

(4) = (5): BAR.

(5) = (2) : HETHESHT, FETERTEOMRAIEE (M )oe, RERMETERA {f.)02, € C(X)
BT U1l = 1, spantfa) = OO0 B fuoT = Mafor R pleg) = 5 I
X ERyOhER. BT span{f.} = C(X), Frlh {fu}p2, 78 X B, TR p(z,y) = 0 4 &
x =y, IR p A

B (] =1, BrRAFRATTA

,o(Tx,Ty) — Z ‘)‘nfn(x) — )‘nfn(y)‘ — ,o(x,y).
n=1

2')’L
T2 (X,p) HEEEER.
Wdh X MEGRER, T (X4 5 (X,p) Fr. AMITFIEHERB id
(X,d) — (X, p) ZEERIH].
MR ¢ > 0, BUN e N 4% X0 vy o0 < 5 BT f %88, BFrUFTE 6 > 0 fff
& d(z,y) < 0= |falz) — fuly)] < §,V1 <n < N. FRERBITKA dz,y) <= pla,y) <
SN sEr + S <e FTRid HELE. 0

3 B 31
L. AR5 B IESE R A0 B 000 R 55 BE R L1
2. W (X, T) AFEEHELER, NXMEE neN, (X, T") W hFEESM.

3. A Ascoli EHHEEIEMNFEELERE N —BULLHEAMAR. Ra: BIEXMEE ¢ > 0 UELE
PR 21,22, -+, 2, € X, TF7E syndetic & A {15 d(z;, T™x;),i = 1,2, ,n;m € Al]

4. ERAMmRR 3.1.5.

§3.2 JLFFEELSVERUX
SFEGESER N — A H AR LR RELE.
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FEN 3.2.1 & (X,T) Ah N 4%, b v X A SEEEGH RIEHEE c>05/£L6>0
AFHEEH R d(z,y) <6 8 y R d(Trz, T'y) < e,Vn > 0. 4%4H JLEEEESED
RAGC At H G L E A —ANFREL S

MRRGEAN JERFEELER, Bah=mEE, RENFEESEN. £ X L
AT E OBy BE 1

dr(z,y) = sup d(T"z, T"y).
neZ,
X o HEEEELE R E N TXMER € > 0 77418 0 > 0 (ERAMERENE d(z,y) <0 Wy, A
dr(z,y) <e ZW, (X,T) FHEEEZENYEMNY 45 dr HEUH.

M SEREELE R E X, FNTR] UBRIERITE S B 2L BT A “—80 iz 3h#
H, FrURPMERENIZAE —BRERAIER. € Q@ T)={yc X : 3z, — z K np — o0
15 Treay, — y), BATH
WA 3.22 % (X, T) AW N 4%. wRoc X AFREESS, N

(1) w(z,T) =Qz,T);

(2) R x AAEFHFHE, NCAHE G 9

(3) ke R G AR BAGATR B, W C XA S
JEBA. (1) HSE, FW w(@,T) € Q7). Ak y € Q=,T), B4 Jo, — « K nyp — oo ff
13 Thay —y. B v e X HEEELR, FTUMEER ¢ > 0, 718 6 > 0 1% d(z,y) <
5 WA AT, Thy) < §.n € Zy. Bk 1 dwm) < 6 B dT().y) < 5 0
d(T™y, T x) < §, NI d(T™x,y) < e. Frlhy € w(z,T).

(2) H (1) BI1R.

(3) W U Oy = W, ZEH € > 0 {45 B(z,3¢) C U. By v € X HHEEHELA,
FFAFEAE 6 > 0§15 d(z,y) < 0 S d(T"x, T™y) < e,Yn € Z,. BHR/PNE 2 € B(z,0), N
N(z,B(z,¢€)) A syndetic ftJ. X Gk N(z,B(z,¢)) C N(x,U) LR k € N(2,B(z,¢)), A1
H dx,TrFz) < d(x,2) +d(z,TF2) + d(T*2, T*z) < 3¢), TJ& = FHk/HI. O

RIEME 3.2.2, MATAMEIEIJLFEEIEZR M KRG AM/NFE RSN (BE1E]
).

GILPFFEEESEN L — M SR “WEBURIE". BREBRINMAZXIMEE. HE
e >0, T BRNTER = 4 Lyapunov ¢ RIRER X « (HEERR U, FER y € U
Feon > 07 d(Tre, T"y) > ¢ T BRHNTE © "FIRE BAEFTE ¢ > 0 FHF T 72 = &4
Lyapunov e NRER]. WRAG AL TRER, —BiN S HARRIEFE—D ¢ >0l
R S e ARRER). EXF T RS, XERGHIRIER, B, W RS
ARRER, WAFE— e > 0 (FBITA SR « M. X EBUERR € L. Bk
i,
EX 3.2.3 NN 4% (X, T) LA WHEBURME —RIGAL >0 RFHEE >0 e X
FAVAREE R E] y € B(x,0) fe n € N HR d(T"z, T"y) > e.
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RITEED M RRBE 2 ZVEBURY, BRIV FEEESR. X2
Y Auslander-Yorke 3@ #. EARNAEH 2L ERELZHANES: X keN, &

1
—,\V/TL c Z+}

Gy, = {v € X FFE o WA U SRR y € UF d(T"2, T"y) < £

W Gy, HFEE, H TGy C Gy ¥EE NG, ﬂ G HEWRFEEEL L.

T8 3.2.4 ( Auslander-Yorke —4 3 ) & (X, T) Hiait R 4%, R (X, T) A
JLFFRESY, NFRELSREHELEDE, RMAMEY Gs K. HA14, #0
P FREGLGAFREELEY.

R (X, T) BAFEEGE, Wb AMEKEY. LEL, MDA ERTRFELE
84y, A AEHEA.

WEBA. ¥ (X, T) AJLFEEESR. B Gy WEX, Nz, Gk # 0 R ES: F 4.
WA G AAEZIFRILL R TGy C Gy, ATRIEERMNA G AFER. T& Nl Gk
HMFAHY ( residual ).

LR = € Transy, %X nx € Zy 18 Tz € G, TR 2 € TG, C Gy, #1M
Transy C (oo, Gk RZW © € Nie; Gk H EAEA w(x,T) = Q(z,T). HF X 158, Fr
PLQ,T)=X. T/2 wT) =X, Bl z € Transy.

HRGEEAMEN ], TE 1L B L. O

1986 4F DevaneyPevaneyl989] DIy (E SRR A% O T —2RE BAYIR M.
FEN 3.2.5 #4 % (X,T) A Devaney Bl 2R CH R LT =4
1. (X,T) 215449,
2. T &R E & X TR,
3. (X, T) BA G A M.
5 b, BEWEAIHFAAEMILE. Banks . Glasner Fl Weiss 4 AUEFI T (1) +(2) =

( Ep{gﬁﬂﬁ}:—lﬂﬁ’q Sﬁ%msllzﬁﬂ;q%%ﬂﬁ%ﬂﬁ@@,@ [Banks etc.1992, Glasner-Weiss1993]. $:g
| Glasner il Weiss JEB T S impy 258 AT B L r A/ D S E R JE MBI R B A

(B B (Glasner-Weiss1993, Akin etc.1996] "] T ¢ i THHIE I T R B0 AY 2536, T [Huang-Ye2002b].
thel 3.2.6 (1) L-f Banach %% (N(U,V) LA £ _LF Banach B R GHE % 4%) 4L
FREZLEAMNDFRELY.

(2) JUFF B &80 1adbi& 1 2 AWM F R E LR,
WBA. & (X, T) HILFEREEZR, WHEEILFFEEBELER v MWMEE >0, 2 U =

B(zo,€). HEXIFTE 6 > 0, FfEXHERE 2,y € B(xo,0) H d(T"z, T"y) < §,Yn € Z;. TJ&

A N(xo,U) D N(B(wo,6), B(xg,9)).

R (X, T) A#wINELE, W N(z,U) 4 syndetic ). BT e £, Brd zo Iik/»
. B xo HAEE R, FrRARGN/D (EHE 1.3.5).
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WMARFRG N L Banach £y, WKMUF Lmotr, EHR o > o fHE
N (@0, B(x0,6))) 2 N(B(zo,01), B(wo,01)). TRH

N(l‘o,U) D) N(B(l‘o,é),B(iL‘o,é)) D) N(B($0,51),B(l‘0,51)) — N(B(l‘o,él),B($0,51)),

FJ& N(x9,U) A syndetic ) (#ER 2.5.5), 4K1M zo /D . O
I 3.2.7 MG B AL (Bl M A%, P A% ) A EH8EY.
JEBA. {XFEUER E RGHRTNETTH, Bl syndetic (23809, @R 2.6.5. FHEIENTHRMLS
—PFiE:.

WUV X HESFE, oo X BFEXHEMAENE. 2 W =U,e, T"U,
p(W)=a>0. BT X £, FFAO=WNV #0 K uO)=>b>0.

BN € NER p(U,cn T7°U) > a— 5. BT p IABME, SMER jeZ, B

pr(J 770) = u(|J T0) >0 L.
n<N n<N

TR T 7 Uy T"U) NV # 0. X N(V,U) HLA N HEER] syndetic £, 7RAI (X, T)
SR T

O

SEFE 3.1.3 YL L R A AN S S BB EEE, BATR UL LF%E

HEERGEWERLARE. B REANNBRIEAHES:
EMN 328 & neN HRA%L (X.T7) A n NI RAERARAL (X", TM) 6554 EHE
B g% AR (X, T) A BRI RAEEE 8 R n, A%A n R4 A& (X, 1) A FItE
By RASH £ ni — co BAF T BB TRE RS id; Mfk (X, T) A —ENIMER £ 45
Bl g — oo BAF T — B Tl Blak 4 id.

XIUMEESEAR—FER, NIPEEARE—ZRER BT & X ={re?:0<0 <
2mr=1-2"n=12-Br=1} % 2| =1-2" K, BN Tz =ze?o; % 2| =1
B, @Y Tz=z Bon =28 GIIE (X, T) ARPEEARE—BWIER. F5EE, FER
/NP & — BRI B 1, (HX PR 1 HL BRI M, 2D [Glasner-Maon1989).

WX AHE T =R*/Z*T: X — X, (z,y) = (z+a,y+z), KA o HICHE. FTLASIE
R/ NFRMER (BIETED, (HREARARRIMER. BWAEEFH {n,} F15 T B S
ST ERIBES id. R4 T7(x,y) = (¢ + na,y + nz + [n(n — 1)/2)a), ME = F gz — 0.
DOBARTRERY, ATLA (X, T) Rk/ g NI HEEASE R E R R4

TN X B X EefEgm eSS OWX,X), R LRUZR:

D(f,g) = Sup d(f(z),g(z)).

W E X, (X, T) A—ZNIHER S HACYXHER ¢ > 0 77 n e N§i15 D(T",id) <.
3R 3.2.9 &% (X, T) A 1 RN 4% (BENSARD G L), N T HHHLEA
REENRRE G F TR T .
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$=% ¥E#%4%ME5 Elis ¥%#2% 83.2 LFF A& L5 mEHE
JEBH. B3 {7 M. O
5|3 3.2.10 & (X, T) A 2 WM &h ) 4%, NI

(1) T # B %,

(2) EEre X A wx, T Cwlx,T);

(3) Aa* T REE dr, T HF3E4.

WEBH. (1) EI5CHTIHE 3.2.9 J1 T J9fis. Bt T'(x) = T(y), BT T 29 2 WIYERY, 777E ni — +oo
fEfF (T x T)"(z,y) — (z,y). BN T(z) =T(y), Brek (T x T)"(z,y) C A FTRHMA ==y,
JRB[ T Sy BLAp

(2) Wz e X, Ml wz,T) FIERNZRLILGIE 329 SIEERAAER. BT =<
w(z, T), Ffh Tz € T w(z,T) C w(z,T), #M w(z, T7!) Cw(z,T).

(3) B @,y € X, FF1E ny — +oo (17 (TMiz, T™y) — (2,y). TRHM dr(Tz, Ty) >
d(z,y). XHT dr(z,y) = sup{d(z,y),dr(Tz, Ty)}, FFLABRNTA dr(2,y) = dr(T2,Ty). O
T 3.2.11 & (X,T) A—HKWHe 4%, N

()T TRHFAEETFALL LBA—BERMY, FEEneN 424 (X7, TW) fo (X,T7)
R — B W4T

(2)T AREH L A% (X, T~ 1) A —FKRMEe. TR L, JoR T —id, AL T —
id;

(3)MEFE e X A wx,T)=w(x,T™Y), TA& Transy = Transp1;

(4) B¥ dp Fe dp &2 X E—3, FBAAXTEATT A F3EE.

. () EETE.  (2) MEIE 3200 A1 T NFAM. EESMFKE DTid) -
D(T~",id),Vn € Z, TN A L.

(3) M52 3.2.10 19 (2) LNTH w(z, T7") Cw(e,T). BT T W H—BWER, FrLA
FIFER w,T) C w(z, T71.

(4) HTIBE 3.2.10 B9 (3),T AHM T dr HEFEEM. T2 T MXT dr W255EER. Xt
fEE k€ Zy, BOVE dr(z,y) = dp(T 2, T™ry). TR

dT($ay) = Sup dT(T_k$aT_ky) > sup d(T_k$aT_ky) = dT*1 ($ay)
keZ4 keZ4

IRB dr > dp—1. R T —3WIPER, [FEEEE] dr > dr. O
THEENTULFFE RS RS N —BNIER, FEmEA ey rg . HA154E

S — N EBEN, RIETES U5 R SRR — S S a8 A (R B 4 1 5 — A

WERA.

@ 3.2.12 R (X, T) ALFFREL A%, N (X, 1) A—KRIMH 4 4.

WEBR. W 20 X WMISFEHELEE. B € > 0, fF1E 0 > 0 {45 d(T"zo, T"y) < § XA

neZy flye Bxo,d) oL, B (X, T) {53, TEIEEHEA 21 € Blxo,d). ¥ k € Z, Wi

T*zy € B(zo,0), WX AN neZ, H

d(Tn+k$1, Tn.%'l) < d(Tn(Tkxl), T"xo) + d(T"g}o, T"a;l) < €.
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$=% FHp&4n5 Ellis ¥#2% §3.2 LFFE &G 5w EHE

B R a1 AEER, BATH d(TFz,2) < e M 2 € X oL BUEEEUFS ¢ — 0, i b
TH H T FRATREHR ] B REUF S ks 145 TF —Bol st T X By ER B O
5|3 3.2.13 % (X,T) A5k 4% H o € Transy. % €,0 > 0, LT &4 F0

(1) %2R y € X HR d(x,y) <6, W d(TFz, Try) < e,Vk € Zy;

(2) k=R neZy HR dz, T"z) <&, N d(Trz, T z) < €,Vk € Zy;

(3) 4R ne€Zy HR dx, Tz) < 5§, W d(y, T"y) < e,Vy € X.

R ()= )5 6) = @) SiE FEEN @)= ()5 2 = 1),

() = (3 H (2dly. T") < ¢ HPH y = Tho oL RIEELEHE, ERGRAFTE
y€w(x,T)=X I,

(2) = (1) BUE k€ Zy. B (2), ML d(o,y) < 6 1) y = T 47 d(Tha, Thy) < e @ F
SHERME d(a,y) <0 B y FFEERE d(o, Tre) <0 By Tro BRIR, RIGELEANE
d(T*x, TFy) <e. O
EIE 3.2.14 & (X,T) At5# 4% B x € Transy. WA T 454

1 (X.T) HILF 5 R ik 54,

2. x AFRELL S

3 XHEF >0, FH0>048F 4R icZ, H dTiz,x) <6, ABAKA ATz, Tiz) <
e,VjEly.

4ﬁ%%ﬂ{mcz+%&£&Wm=L%zﬁcaJ3?ﬁﬁ£&WMﬂd&i

5. % d A dp & Transy LF$ 46359

B (X.T) ALFFREBG 4%, M T & (X.dr) LAFEMH A (Transy, dr) H

&G, WHARATEGEL (X, T LAILFFRELY, B Transy = Transp &
dpr =dp-1.
EER. 55 1 B 4 MRS B 3213 R, (1) = (5) o EIE, LT
(5) = (3). RHER e > 0, ] T d,dr 76 Transy LA, FE4E 0 > 0 BBRABIE d(z,y) < 0
#] y € Transy B dr(z,y) < €, JRED d(T*z, TFy) < e,Vk € Z,. $plHh, By = T2 W2
d(Trz,z) < 0, A d(T"z, T ) < e,Vk € Z,.

MRIESE 4 5%, ILPFEELERG N —BWIER. FATEIEM (Transy, dr) NS84 H)

(BEH20080), TR T eI4sem & 3.2.11 Bif5. O

i 3.2.15 —fim s, —KRELRRILFFELEGALBTAGHRA. WK 53487
— 43— KR EGHT, KPR AUFFRELY, — LA mAKEYN. & T WK 5
FIRRARRE R BN, PTLEARF LRI [Akin etc.1996]. BILE ZHAEEG LA, R
Wi LT A5 AL 49 — BRI 69 3398 & 4 4 [Glosner-Maon159]

J &/ 3.2
L JEH: —MEERGEWME A LA TRER, WEE— e > 0 FHEIASEE « AMaER.
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2. B (X, T) ABIARE, »eX. NPT
v LR

(z,2) K (X x X, T x T) {3 FEELR;
w((z,2), T xT)=Q((z,z), T x T);

Q((z,2), T x T) C A.

1
2
3

(
(
(
(4

)
)
)
)

3. W (X, T) BILFEEESEN IR W (X, dr) H5EEHIFFH Transy X T dr ZHE.
4 R EHEY]: UR (X, T) AJLPFSEEESN P R, W (X, T) NHRE L.

5. ML 3.2.2 89 (3) IEMT: MR (X, T) AJLPHEEESN M RE, W (X, T) I/ NEEZESE
H.

6. BINRYE (X, T) ey HOLURT Vo € X HMAL Q2 T) = X,

7. % X CHME T=R*/Z*T: X — X, (z,y) — (z + o,y + z), ot o HTFE. EH: (X, 7) &
/NG NI EY

8. IEHIF[HE 3.2.9.
9. JFHAEHE 3.2.11 5 (1).

§3.3 Ellis 3¢

TEA/PNTEANI AR S RGN — DA I TR —Ellis 2EFERIR.  Ellis 2B
P HE S EH Ellis 25709 [Ellis1960, Ellis1969], £ Ellis . Furstenberg . Veech . Auslander
1 Glasner ¢ A2 5T Ellis R C 2K BB AIET HAN—EML 0T Ellis R
SRR ZE [Auslander1988, Ellis1969, Glasner1976, Veech1977, Vries1993]).

IR ) Bllis 2BREA & L, BTN R4 BEHEREN 2. (HE, EX—
BAEREE (BB, Wit eR .

B(X,T) ABARGE. RATFR XX ={fIf: X — X FEHBG, FRT XX 3R
. BrERM Uz, 2o, - s ai Ur, - Up) = {f € XX f(ay) € Uy, -+, f(xr) € Uy (Ferp
U, U, -+, Uy A X MAEZEFTE) MEGTHES T XX BRI, i Tychonoff &2, 7£
PR T XX HEEK Hausdorft Z=[H]. Xt f,9 € XX, H fg(x) = f(g(x)) FTRARE L B
B fg: X - X EEEEBHT XX ARHEHME: XEERN foe XX B f— ff FiE
SEWURT; GISR fo o X — X NBBLEMUR, WIBS f — fof BELLBUR. Feuld, XT T s
BRI f — Tf & XX LRESE B, AOTET, RAOTERCHBL A T XX - XX X
BT AR (XX, 7)) M — B RS, BEERERE X BREEZN, —BELT
XY WA RN, B, XX MRS MBS (0 [Kelley1955]) 3755 7 .

BRNNAZG (X, T), WG ={T":nelZ} RATBRMTTUE ¢ Wl XX 74
A E(X,T) H G1E XX HyAfE, AR EX,T) A (X, T) 1) BEEHEGEKRZLH
Ellis 38), —Rticzh &X). FF
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@l 3.3.1 £(X,T) A XX &9 R Hausdorff THFEL (E(X,T),T) AN 4% (XX, T) #
T4%.
WA, BT G={T":neZ } 7 T ERI T AAZER, FrUHME X, T) B2 TERAT
AR TR (EX,T),T) ASIHRG (XX, T) BT 54
W p,q € EX,T), WFLEM T C G f#1§ T — q. FJ& pT™ — pq. FH pT €
E(X,T) (AW TP C G A% TP — p. B T BELE, Frbh im; TA T — pT* € £(X,T).)
IR &(X,T) AL, Frld pge E(X,T). NI E(X,T)* = E(X, T)E(X,T) CEX,T). T
E(X,T) A XX BY'E Hausdorff 15, O
MRS (EX,T),T) —PRFEBHRGS, B id &SR

orb(id,T) ={T" :ne€ Z+} = E(X,T).

—RIMTE (X, T) AN teidny.
@l 3.3.2 &% (X, T) AN 4%, I AETESL. R (X1, T) ARRZR, AL (E(X),T)
5 (XN, T 2 B444.
JIEEA. BRI O
LR — MR EATE T H & U TR 3R
@ 3.33 X (X,T) AN 44K ve X, N £(X,T)z = orb(z,T)
JEBA. ¥ y € orb(z, T), WIAFAE {n;} C Z {5 Triz — y. REHEW T — ¢ € (X, T). F
BB RWEE X T — o, BAZERY To B, BTy = &x € E(X, T)e. TRENHZ
orb(z, T) C (X, T)z. X ZZAIFTIE. O
&I 3.3.4 & (X, T), (V,8) Ahh 4%, n:(X,T)— (V,S) AR -Fued. NAEAEE—
—EBBA 6: E(X,T) — EY,S) BFMEE v X,pec E(X,T) A n(px) = d(p)n(z).
WEBH. K o {T" :neZy} - {S":neZy}, TV S*, Hft {T" :n e Z, },{S" :n € Z}
SAABON XXM YY BRI TR o h—BOEZR, INIMATRLEZY KB £(X,T)
F| £(Y, S) WSS, FRATTHCX A A ¢, TULEH BRI ETK.
BT 7 e n(1T72) = S™(n(x)) = ¢(T™)w(x), Vn € Zy, TATH n(pxr) = é(p)7(z),Vz €
X,p € EX,T). FHhH 7(pgr) = ¢(p)m(qzr) = d(p)¢(9)n(z) K m(pgx) = ¢(pg)m(x) H
o(p)p(q)m(z) = ¢p(pg)m(z). BH = Fiist, BT o(pq) = ¢(p)o(q). BGH {T":neZy} 1E
E(X,T) HHEHM ¢ ME—. O
—BAEAZETIRENEL T, RITETHEITSHE o, W EHEK (X, T) BT EIEH
1E (v, 8) L.

FEARSEE 2 1, BATIOR L 4L RER PR R R, 7E 5 N — AT o
MR G, B EN—FE, ue EFOy JBEFT B8 o* = v TATH 1d(E) i8
E el mEcaiigs. RIS TR LRy £ r 23R8 (BIEE), Ak ELC L
(RE C R). WIR—FEREA LA SO A, WHkzh B8 X+ E A8 L,
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RAFAE B R AP T2 TG L, BATHAR L~ E 7y NEERE. Free R
HIEE 5 )RR
EX 3.3.5 —EA EwRFERUT LM, WAL A Ellis 8 .

i) B R-F##

ii) B A %2 Hausdorff = 9],

i) FEZ peE, M R, E— E,q— qp A& 549,

W (X, T) NE ARG, 5 W LR EERE (X, T) H Ellis . 53— LY Ellis
HREA BTy REPR B H(X, T), B X {T"} 4 XX IR ik, RED H(X, T) =
N {T":n>m}.

m=1
& 3.3.6 & (X, T) AN 4%, W H(X,T) # Ellis ¥E## 0 (H(X,T),T) Ash ) 4 4%.
ez e X, N H(X,T)z =w(z,T).

T ~FE 4P Ellis-Namakura ¥ .
I8 3.3.7 (Ellis-Namakura £ 32) %2R E H Ellis ¥#, Wit E PLHERFA.
. £ A={NCE:N#0),N=N,N-NCN}. Z#H&EH AFEZHWERE Zom T2y
M. TRARYE Zorn 51, AT RKAXNEFTAEM/NDIT M e A

B ow e M. EW M D Muw = Ry(M) € AT M MgHUMG, FIRE Mo = M. TR
O = R=Vw) M = {g € M« quw = w) 0. X Ro ¥5E,  R=\(w) B FFELEA
Qe A HZEQC M, i M MB/MERE Q=M. T&weM=Q, XtFEHHEE] v? = w.
i, Id(E) A O

Ellis-Namakura &P 3 BIXF Ellis 268 B, HRSFTHR G [d(E) 25 AT LIE 1d(E)
HEINYF BIE R, FERRER) <k WR w=v WEX v <pu. TR v <ru Hu<guv,
HEAFATFR w Ml v PR, IEH w~po FFER), BRATATAESCEF <0 A v<pu
2 HALY vu = v, RIFRMUE LFM KRR ~0. FEIC v e 1d(E) bR DB BHETEEF
<r TAWND, BIIE ve Id(E) 15 v <g u, PBLALEH v <gv. FHFEE X BRFET.
5|32 3.3.8 (1) &% L A Ellis ¥7 E #) 2324 0 uc [d(E). MALELE Lu PEREFL v £
Fo<pu B ov<pu.

(2) —AFRFAAMNGLERELCEEEEM D ERAP.
WEBA. (1) HOEERER Lu 5822348, ZE 58, H Ellis-Namakura 2, 77 w € Lu
NEETC. B v=uw, WF vculu C Lu X v? = uvwuw = vww = uww = v. FINLIFE S
EHERIMINEF vu=v Zw=uv, flv<gu Hv<pu

(2) & v AWM L A/NEREAR. B (1) 7E Lu PAREFERSETT v 15 v <g u.
BT w AR/, HEXFANTE v <po. T w=vue Lu. WA Lu BLEN/NEHAE (L
A1), AR ATER/LL.

Rz, & L /NP H we Id(L), FIE u /. S ve EAE—IHE v<ru iy
FHIC. B (vu)(vu) = vou = vu, vu WIE L BIFREEIC. BN L /D, #1TE Lvu) = L.
FRAETE p € L 15 pou = v. HILEATE vu = (wv)u = u(vu) = p(vu)(vu) = pvu = u, Bf
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u <pv. RIERDIIE S, uw AR O
HEi® 3.3.9 R L A Ellis ¥ E 49 £ B L uec ldL). A LAELE L PHRIEFL v EF
v<gpu B v<pu.
JEER. i& H & E FYEE/NATRRE, IR 3.3.8(1) FE7E Hu FIEFESIT v [fif3 v <gu H
v<pu BT HBD, BFPL Hu #/>. FmH5FE 3.3.8(2), v/, MH. v € Hu C EL C L.
O
FIE 3.3.10 & E A Ellis ¥# H ¢ € Id(E). MALAHLEM I ERKXRFA u fo v £1F
u<pc<pu.
JEEA. HEHE 3.3.9 FATEMR/NVRESETT u 5 v <g e MIMTATUWIABLAIRR. &K {a} N
Id(E) F R ¢ <r ¢ IRFTE. W {a} IM, HARGEK ¢ —r e B WIXEER 6, W0
ci <r cj, BIE cjei = ¢, #M re; =¢. WH={q€ E: XTH ¢ H qe =c}. HE, &
113 H HAEZEH 7268, T2 H Ellis-Namakura E¥ H 615 TH%F5T s. HFUAREZKX
¢ <r ¢ <r s. WNTTARYE Zorn 5[ BAETER KFEFTT o Hi15 c <r v O

THEENEIF LR, RITX £(X,T) By BARE IR B %) -
R0 3.3.11 & (X, T) AN 4%. W EX,T) T FHE T H EX,T) ¢y LF =A% H
RECH (EX,T),T) 6T 4%; I AEXT) @M ERBBEERBCA (EX,T),T)
RNTF A%, BRI, E(X,T) 49400 LR kL.
WA 8 E=E(X,T). T K (E,T) FF4%, W1 RXAME TICI. A4

EI={T"neZ JIC{T" neZ, JHCT=1.

FrRh I AZEERAE. 0 1 2 (E,T) M/, WIe AR, & K C 1 hIE=HE. &
peKqgel, MWqgel=obpT)={T":necZip. WM {T"} C {T":n c Z;} #17
Tep —q. Ak T — &M g=¢peEK C K. P I C K. #MEA I =K. Bl
I At/ NEERAE.

Wy E(X,T) (AEMBEE, WEHWER (EX,T),T)) MRS N I /N
B, MEEpel, HEPCEICT J E(Ep) C Ep, ATH Ep=1. W € BIE X (R, #ELE),
IR/, NI T =Ep={T":ncZ.}p. G5 ERAERE T K (€,T) PR/ RS O
HEIR 3.3.12 % F A E(X,T) ¥y A4 (F04, FAH (EXT),T) QIETHRET
£), N F Lo k.
Wl 3.3.13 & (X, T) AN &A%, m 1A EX,T) 9E—BCeGH I 2324, N

(1) % 2 € X, [z A%,

(2) % o e X,z A B S ARE AL ue ldI) #IF ue = .
JEBA. (1) & n: (E(X,T),T) — (X,T), p— pz, WERFZ, M Iz K I WFESEEREH
WM.

(2) & AR/DNA, W Tz HEE = WR/NE. BT eecle, F={pel:pr=ua}#0.
NG W F HAEE. B Ellis-Namakura E¥, 7F F BURZ5C u, WE ur = .
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R2Z, WHAE ue IdI) H15 vz =z, W z € Tx. T Iz B/NE, FrPA o /). O

W (X, T) A1 &S, dR X BEE. 85X (2,y) € X x X A proximal §Y 245
lim inf d(T"z, T"y) = 0. BT 2 proximal XAIEFICH P(X,T).
el 3.3.14 & (X,T) AN 4%, z,y€ X, MIVAT F4:

1. x, y A prozimal 49;

2. BHEA pcEX,T) BF pr = py;

3 B E(X,T) B9 XA L3248 T £ IF3M14EE p e [pr = py A&
JEBH. (1) = (2 HEXHFE (i} CZy K 2 € X 18 Thix — 2 H Ty — 2. RIiikm
{Ty s, BT —pe&(X,T). TRMA pr=2=py.

(2) = (1) BAEFE p € E(X,T) 15 2z = pr = py. WM {T" }oep 1 T — p. HELL
R E L, FATETFS {ni} C {na} 15 Tz wpr =2 H Ty s py=2. TRz 5y H
proximal FJ.

2= B) 2 F={pec&(X,T):px=py}. H (2),F #0. XGHW F HHWEHRE, H
Heit 3.3.12 41 F W&/ NEFEAE 1.7 Rk,

(3) = (2) WA, O
&8 3.3.15 & (X, 1) AN 4%, N

(1) %2R v € X B ue ldE(X)), W z,ux A provimal 49;

(2)(Auslander-Ellis) 4= & = € X, W AL HEH & F F L4008 o 45 2,2 A proxi-
mal 49;

(3) 4= R (X, T) AM GG, N 2,y A prozimal 49 % BAXE H AW ERE T & uc
Id(I) 4% y = ux;

. (1) BAR.

(2) /I A E(X,T) Bt/ NEFRE. B v e Id(I), W] 2’ = vz € Tz B FK.

(3) & x,y A proximal §J, ABLAMRIEAME 3.3.14, FEFE—PR/NEFRE T FEMMEE
pelff pr=py WHRX HPNH, W Ty IR/DKAE Ty =X. NTy e Iy. T2
F={pel:py=y} HAEZFHE FUFTE v e d() 5 vy =y TRA y=vy=ve. O
& 3.3.16 & (X, T) AN 4%, N

(1) MEMrc X, CHARE S L AREAEERFA u /% 2 = uz;

(2)% x ARG &, NELNEFHEFHELEE x provimal 9H By, LITHE (z,v)
A X x X, TxT) &= g 8.

JEEA. (1) @« HEIE A, WFE pe & Mg pr=o. TR F={pec&:pr =z} HIEZEH
TRl TRHEPHFERST u L « = w. RZBA.

(2) HT = ARE A, FEREFT v 15 v = o FUR/DNFFT v 15 v <ru. &

y = vz, N

u(z,y) = (uz,uwvz) = (z,vx) = (z,y),

v(z,y) = (vr,vy) = (y,9).
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O

e, FATIERZE 4 H) Hindman & BOREE RA /N

—MEE SN PR B FERSE (X, 1), A 2,y € X 43 2 proximal FAR/N
y, HAFTE v WARIK U 45 N(z,U) C S.

FIE 3.3.17 AP ELELT A IP £.

JEBR. &% (X, T) ST RE, =€ Xye X R/DIFH 2,y K proximal #]. XK U Hy
PIRREETS S 2 N(2,U). THERMTEAHE L v BB (U, )02, UK pi € Z, 15
FS({pi}2)) € S. BB —TWIE:

Br s Xy BAEERRE V, F1E n € Zy 45 T2, Ty c V.

BT F W AL 3.3.15 fAAE E(X,T) BIMR/INREETT u 15 ue = uwy = y. WM {T"}aep
A5 T — u. HEFTE ao € D, a > ag, TMx, Ty € V. FijllHh, 718 n e Z, 15
Tz, Ty € V.

AU =U, WG HTE p 15 TP e, TPy e Uy, 2 Uy =UiNTPUL, G0 U Hy 1
BRI, WABET AL po A5 TP22, TPy € Us, & Us = Us N T P2U,. JAG0HE, FRATHEF] ¢
FIRBIE {Un o2, AR pi € Zy W78 Upgr C Up TP Upyy C Uy H TPz, TPry € Uy. T H S
iE FS({pi}2)) € S.

L <dg < e <y, N

Tpi1+l7i2+‘“+pinx c Tpi1+Pi2+“'+pin,1 UZ C Tpi1+pi2+m+pin72 UZ ) C...c TP UZ.Z - Uil cu
n — n— fh— _ —_ —_

FR piy +pin + -+ i, €5, JE FS{pi}2,) € S. FrA S 8 T —A 1P 4. .
IAEFRATFT LUIIER] Hindman & #:

T 3.3.18 (Hindman £32) * 7, SRR, AP LAL—GAEAN IPE.

B, ¥ Z, = BiUBsU---UB,, B8 3.3.17 M ULFHEMAEAE B; A€ b, %k
nfFEREQ={1,2,- n}r, Mwe QB ow(j) =w(i+1). FEHRX n>0F E(n) =i
MEL 0 € B WM 7 € 05 & proximal. Bn(0) = j, WU = fw € Q:w(0) = j}
n BRI, TR S={n:0"¢cU} HFOHE. BT o"¢ e U B HALY o"¢(0) = j L HAY
£(n) =7 B HALY n e By, frbh S C B;. T B; hhi. O

3 & 33
L. JEHIfE 3.3.2.
2. IEHIfmE 3.3.6.
3. #% I 4 Ellis 8 E ft/NEHEAR, MISHER p € EIP 5 4M/NEFEAE.

4. WSTBUARBL T /N BEARRY G54, 1% 1 8 Ellis 28 E fB/NEHAR, U
(2) MR u e Id(I),p e I, B pu=p;
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(3) W w e Id(I),p € I FHR up=u, W p € Id(I);

(4) & w e Id(I), W ul HLh u K ELLTTHIHEE

(5) MALE p e I, FFFEME— v € Id(I) 515 up = p;

(6) K u,veldl) Hpeul,K WHEErcl R rp=v5 pr=uRL;

(1) I= Uueld(l) ul;

(8) Wi u,v € Id(I) H u # v, W ul Nvl = (.

5. XEEBEN L H AR, BRIV B 1 % Blis B B SR NERE. MR pc £f qrel
W gp=rp, M qg=r[Rw: K s=pge EI CI N gs=qpq=rpg=rs. W veldl)FE
vs=s. W a s TEFE ol i, Bl sa=v. FJE q=qu=qgsa=rsa=rv=r]

6. & I, 1> A Ellis %8 F fR/NERE. R v € Id(h), RAGFEEM—R u € 1d(1o) #15
uy ~g us. (B BT Elhuy C Iuy X Iuy € EL C Iy, o] Luy & I WFHEE. {Hlh I

Bt /ME, BATE Lur = L. FrAFEE w € L 18 wur = wi. 218 5 JERAME—MED &%
ug € Id(I3). FEIE u1 ~pg us.]

7.8 (X,T) AEFIRG, N proximal RRNFM KR Y HOCY LR E(X,T) PRE T H——
AN AEERAR.

8. & (X,T) AFH RS, WHE proximal KR P(X,T) AWK, MLAERNFMRER.
9. ARG (X, T) HFNIHER Y HALY id e H(X,T).
10. # 7 (X, T) — (Y, 5) HHEFEE. IEAMERE v € Rec(S), F1E z € 7 1 (y) 15 © € Rec(T).

§3.4 distality BY#ES

XF—RG, HARAERP RS I R E 12 A VS I RA R BOR
BRI, BATNPRKIZREE — SRR, JENE T —FELE, XSFMHR
. —FRENTRETR, 15— E N7V 2 IR SO (E R i X B 2 RE e
BRERE R — 2R, T BAERC e LR 2 LT it

EMX 341 &% (X, T) AN 4%, dAX LHEE. &4 (z,y) € X x X #&A proximal
i 2 45 lﬁglfg d(T"z, Ty) = 0; X he B2 #H 2 nEI—ir—loo d(T"z, T"y) = 0, NARZ A Bk (as-
ymptotic) §. 2R z #£y, A (z,y) KA BB KNV 24K prozvimal 2 Fo il 7 69 &
oA A P(X,T) #= Asym(X,T).

B (z,y) € X2 %0 R A& provimal 45, AL LMARA distal BY. S XAk A Li-Yorke
Xt A8 ©H provimal 2T Z #1i8¢; WX A 38/ Li-Yorke X £A5 © A4 prozimal 4%
FHA X2 PehE g 5. KRATBE DK distal 2. Li-Yorke VAR 3% Li-Yorke 344kieH
D(X,T). LY(X,T) % sLY(X,T).

—A & Yoo RE A B4 prozimal *F (Li-Yorke ¥, 5% Li-Yorke 2}), 3 ARZ A distal B3
(JLF distal §9, ¥ distal f9).
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XA TEA T LA BN 0 F Ll v R A
X x X =PX,T)UDX,T) % P(X,T) = Asym(X,T) U LY (X, T).

S W, —A Li-Yorke XT@°A Li-Yorke Xf. HIE X, — distal RGN K JLF- distal B, 1M
—AN L distal B RS~ 2F distal |#Y.

5l 3.4.2 1. Auslander-Floyd % %A distal &, 12 H Li-Yorke *t [Auslander1988]
2. Morse #.1> % 4. A JU-F distal {2 7~% distal 5.
3. Sturmian %% (JL3 A 1.3) & IL-F distal 2% distal 49.
FAEX —T FEZIH distal , JLF distal FI distal R5E, FHEHL BN RF.
KT distal RGERYFE—BHEIR, ROPEAET —T70HE.

WA, ={(z,y) € X x X :d(z,y) < +}, BATE LT HE:
5|38 3.4.3 & Ay, = N5 (T xT)"Ay, R
1. Asym(X, T) = ﬂﬁ.o:ﬂuzoﬂ Akm),
2. P(X7 T)= mﬁ.o:1(UZO:1 (T x T)_kAn)}
FIC 3.4.4 2 FEEA A, AFE, PX,T) H G; £.
WEX,T) HRFE (X.T) LR, 18 J = Id(E(X,T)) A E(X,T) HekmFET,
M Jo A2EB/NEETHES. X ACX* Ml reX, % Alx) ={ye X : (z,y) € A}. &
g}
W 3.4.5 & (X, T) A 4%, & v X KA

Jox C Jx C P(z).

Jo R (X, T) AHFE4G (X P 2ARMAE), U Pz) = Jz = Joz.
JIEEA. Hﬂ ml 3.3.15 515 O
R oz PR distal R ORAE P(z) = {z}. MRRG (X, T) B KR distal 1, AR
é}ﬁjﬁ] distal . R4 (X, T) 8K g distal B J&38 RAE P HAE distal . distal f1 5 distal
ARGEARAF I L, RITHSTEEEIZE.
Wl 3.4.6 & (X, T) AN 4%, z€X. ¥UTFTEH (1) = (2) = (3):
(1) x A distal 3.,

(2) Jx = {x};
(8) Jox = {x};
H B8y,  distal BAMEY. ke R (X, T) HFE49, WL E=Z&AFY.
JEBA. HifE 3.4.5 Sk O

EIHE 3.4.7 & (X, T) AN 4%, zcX. MR THAFH
(1) x A distal 49
(2) x # IP* B £ ¢4,
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(3) MAEZRFAL uA uz =15

(4) MEFZAG (V,5) UBAFHEEIE S yeY, (z,9) A (X xY,TxS) ¢§= £ %.
MEBA. Wi 3.4.6,(1) 5 (3) FFr. THE (3) = (4). W (V,9) ABMARE, MyeY A
BIE . 8 3.3.16 FIERFHFT v 1% uw =y HEMF B)ur = 2. TERNEE
u(z,y) = (ux,uy) = (z,y), T (2, y) FFRFZZ 1 [ .

(4) = (2): MMEE IP & F, FERSE (V.9), MIER y ¢ Y PLEERARE V {15
N(y,V) CF. Xt o fHERARR U, BN (z,y) (X xY,T x S) WEIE &, Frid

N(z,U)NN(y,V) = N((x,y),U x V) # 0.

TH Nz, U)NF #0, bk N(z,U) K IP* £5. JRED, o J& IP* A& .

(2) = (1): @R = ANZ distal 1, ATE « IPEABEPFER /DR v # = #1715 2,y
A proximal {. HRBEL U,V 3B = M y. By N(2, V) 05, e 3317 BER
P & XHEM (2), N(@,U) AP &, Frlh N(z,U)NN(z,V) #0. X5UNV =0
FIE. FrLh z & distal #. O

EIE 3.4.8 B (X, T) AF) A%k, AT =R ERMELFH

1. (X, T) A distal % %,

2. RARTR (X x X, T xT) F—A 5 A&,

3. (E(X,T),T) AMA 4 %.

B (1) = (3) B (X, 1) Wy distal REE, I C E(X,T) AR/NEFE. B u e I HRFFTT.
NIFHER = € X, (z,ux) 24 proximal Xf. (X,T) A distal RE, = =uxr. NIf u=id. 3
MM EX,T)=EX,T)u=1. FHI, (EX,T),T)=T)RRNRE.

3) = (2 &K (EXD),T) IWPRLE. MEE (2,9 € X x X & 7
E(X,T) — orb((z,y),T x T) W& 7(p) = (pr,py),¥p € EX,T), W = JHAFBH. Hit
(orb((z,y), T xT),T x T) F/NZRG, Bl (z,y) IR/

(@) = (1) BRFRER (X x X,T x T) GBS LR o £y, 0
(orb((z,y), T xT), T x T) RHk/NREE. orb((x,y), T x T) N Ax # orb((z,y),T x T) H.
orb((z,y), T xT)NAx K X x X WAZTE, LA orb((z,y), T xT)NAx = 0. I
(z,y) A distal X. O

THERNZE L distal 52 distal 2248, AJLUE HX =R REMAHEMZ L.
T 3.4.9 X (X,T) AN 4%, RTZHERELFH:

1. (X,T) AIL-F distal % %;

2. RARZR] (X x X, T xT) FEHEAEG w MIRE AMA Y,

3. (H(X,T),T) A,
JEER. (1) = (3) ¥ (X, T) AJLF distal By, BT (H(X,T),T) A1 25, FrdHdoE
EW/NE T C HX,T). & uel HEFEDT MIMMEE v € X, (z,ur) K proximal ).
A (X, T) FILF distal §, FrRAVENTAEEE, B pr = puz,Vp € H(X,T). XFERITHE
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3| pr = puz MEE 2z € X or. F&, p=pue HX,T)I cI. I\ HX,T)=1I 8
(H(X,T),T) FtRk/N.

(3) = (2) % (H(X,T),T) AR/PNERSG. FER (r,y) € X x X. & 7 H(X,T) —
w((x,y), T xT) W2 n(p) = (pr,py),Vp € H(X,T), W = JHEFBLG (& 3.3.6). HI
(W((z,y), T xT) AWM/NERG, Bl (z,y) AR/DA.

(2) = (1) & (z,y) A4 proximal #], W w((z,y), TxT)NAx # 0. BT w((z,y),TxT) %
DN, w((z,y), T xT) C Ax. JRER (z,y) i, BHESEAN Li-Yorke Xf. T (X, T)
A JLF distal B. O
T 3.4.10 & (X,T) AN 4%, AT EZH&WRELFN:

1. (X,T) A distal %%

2. /AT (X x X, T xT) FHEANE G &AM 4G,

3. H(X,T) FHENRF LA,

EEA. (1) = (3) & (X, 7) M distal 5. 4 we H(X,T) WHEET. W51 3.3.8, F7EH
INFEEITLve HX,T) iR vu=w=v. TEMEE 2 X

u(uz, vr) = (vz, wr) = (uz, vz),

v(uz,vz) = (vuz,v’z) = (vz,vz).

IR, (uz,vr) AR Li-Yorke Xf. HF (X, T) A distal #), FFPh ur = ve. T 2 £E,
u=v. JLHAH v AR/

(3) = (2) RiX (H(X,T),T) HARETHAWR/D. IMEF (2,y) € X x X GIRERME
B, WHFERSFIC uve HX,T) 15 ulz,y) = (z,y). BHIRB, o AWR/DEY, ZEWT (2,y)
WA/

(2) = (1) W X2 AR SRS, a0 (z,y) € X2 MR Li-Yorke %f, B-HEH proximal
#, FTUE w((r,y), T xT)NAx # 0. XHT (v,y) W&, w((z,y),T xT) B/, FFLU
w((z,y), TxT)CAx. TRr=y BHHENX, (X,T) ¥ distal #. d
HEI® 3.4.11 & (X, 1) AN 4%, N

(1) =R (X, T) A distal 45, AL (X, T) HA 5 A4,

(2) %2R (X, T) AILF distal &5, A (X, T) PHEA B w HILE A,

(3) =R (X,T) A¥ distal ¥, AL (X,T) FHEAE 5 A,

PR 3.4.12 AT F distal 4% (kMR JL-F distal 448 ) AMAE.

3 = 34
1. W sLY(X,T) C LY (X, T).
2. & P AR distal . JLF distal F12¢ distal 22—, N
(1) &% (X, T) EAHE P, NEEERFUKLTFREWEAER P.
(2) &4 (X, T) BAMR P, MEAEE MR R U LUK R R BEA MR P.
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3. B (X, T) HEISRG. NLT%H

1) (X,T) & distal #J;

2) MPTEEEE n > 1, (X, TM) Jy distal 1

3) FEAERH n > 1 5 (X, T™) K distal #;
4) XEFERER n > 1, (X, TM) Ky,

5) FEAERES n > 2 8758 (X7, T) Ky,

6) 4% HBE £(X, T) KB,

4. AEA distal 2G5 55 RI#EA.

(1)
(2)
3)
(4)
()
(6)

§3.5 distality S55EELE

TFEE—RATTIR T distal FBES S —2ZH, 7EX — RN E HIRAMHR dis-
tal RGLHHFRLIELLRGE.  distal XDHPFZEH Gottschalk AR, {HREX MG E
H Hilbert 7EiXEI 25 WIERE— MDA EIBHEE . e XRNBEGHER B FEEZ RS
— e distal Y. —MEHEA distal JEFEEZENG] TR B AEEERE. K D H
i AL A, AR _EBARAAR (1,0). BX T : D — D/T(r,0) = (r,0 +7r). N
(D,T) A distal PEAESEREELLN). (HREZ— MR/ distal (HAZEEEZ R 6]+
BRI, FRESE MRS T —MEE, WM RER distal REWHFEE
Zif). {HJEJGE3R FurstenberglfurstenberslO63] Iroee e ANREARL 1T HLA+ /3 A SR 404 T —
TG, 45 T AR/ distal REERIEEMEEE. BARRINTRE — 1+

WX ={z=(&,& &) € CV: 6] =1, Vn € N} HRRYERE, T X, =
{z= (&8, &) &Gl =1, VI <i<n}nZ4EBFE. EX T:X — X,(61,&, - ,6n,-+) —
(€96, 61&0, + na1&n, ) AR T 0 X — X, (61,805, 6n) = (€961, &6, -+ &nln),
o T B TCEAEEL

BEGWIE (X, T) 5 (X, Th)n > 2 FIER/D distal (HAZFEELNRLE. X n>2,
Wl Xy — Xy, (60,8, ,6n) — (E1.&2, -+ 1) W (Xno1, Thor) M (X0, Th) BIAR
K distal FF-, B a2, ARKSFEELEY 7. XHERNEE] X B45H1H:

7rn+2

{pt} — X, ﬁ)@ ﬁxg,.--’f”;_*lxn’fz_ﬂxnﬂ S X
XFER — DS I ZHREY,  Furstenberg UERH] T AL/ distal REEHTEA X
BI—ANEEH. BOTEET — WA R, TERNTTIE distal R0 EFFE#
ZE R R HA — 220 DA R TR K distal 155 REELEH FAATEER 458
FI 3.5.1 & (X, T) AN 4 4%.
(a) VATF &4 FH
(1) (X,T) A distal 49
(2) E(X,T) HENRFAA X LéjleRlakst;
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(3) HAEAMNVREFL u P X Leyle Rkt
(4) E(X.T) A #.

3R (X,T) A distal 49, A2CTiE, #H EX,T)=EX, T, TR A
distal 49.

(b) AT &4 AFH:

(1) (X, T) %Kik 449,
(2){T":icZy} £ CX,X) PHERE;
(3) E(X,T) AR B FEA ARG A, Bdh C(X,X) H5%eib5d XX 554 —%.

do R (X, T) AFREEGW, MACH distal B9 ELTiF . it E(X,T) = (X, T

HAF 2R F R &S,
JEER. (a) W u N E(X,T) MASETT, LA u(r) = u(u(x)), Ve e X. TJ& o 7E w(X) £
YER ATERA. Brd—H o ABREEGHS, IRATMENE X EREFRBUR d. B X
X O distal FHSREYL E(X, T) PEANITTRE X EERERS, TRERIAE 4= (1) =
(2) = (3). Tk 3) = (4). & id AW/PNFESFTT, WA £(X,T) =£E(X,T)id H1 E(X,T) H
WA, T2 (E(X,T),T) AM/DNRGE. XFEMEE pec E(X,T), FFIE ¢ € E(X,T) {E
5 qp=1id. XHE EX,T) PMEE TR ALY, H1ENEE.

W (X, T) A distal {9, WIXHMERE ne Zy, TR T € E(X,T) AHIT. FulF, T 7
WIHH EX,T7Y) CEX,T). B EX, T~ HATTRNIU, Frehdie X 771 O distal
M. MRS (X, 77 AT EArA (X, T) C X, T7), FREX,T)=EX,T7).

(b) MR Ascoli EHE, (1) 5 (2) 0. (3) = (2) BEBARH, Tk (2) = (3). W Ar A
{T":neZy} 78 OX, X) HHIAE, HRIEEANRN. XFEEZEMAEBY j: 0(X, X) —
XX AE A ERRRGIAER XX fiyFEIE. BT j(Ar) B, 8, M j(Ar) = E(X,T).
TFRE X, T) COX,X) FAWMNRIMER E—8. B TEEEERS N distal #, FrLA
H (a),£(X,T) AREFFHEANTTE AR L. O
AiE 3.5.2 FRE Fllis it T (X,7) AFEELGBHEMNE E(X,T) AdF) AEE &Y
B AL IIANGE WAL BIR DN 5, X IR AL E, BXARG AT LI [Bllis1969,
Auslander1988]

B (X, T) NEAIRGE, PREERTRSE (X/S,T) Jy distal (FFEEELE ) #95/M HIAZE
FMRFR S A X BY distal (FEEL) FHXFR, ILZH Sq (Seq)-
& 3.5.3 %1 (X, T)— (V.T) AY £, MR TFHAEFHN:

(1) (Y, T) A distal 49 ( 3F B iE4:49);

(2) Sa € Ry (Seq € Rx).
JEBR. BRI O
T 3.5.4 % n: (X, T)— (V,T) AY¥ £, MRTFTHAEHN:

(1) (Y,T) A distal 45

(2) P(X) C Rx.

&
%
g@\‘
§
Pt
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TRAP, Sy RIFE#HKR L P(X) @ TR EFN £ 4.
WA, (1) = (2): ﬁ%&ﬂ]ﬁwm(P(X)) C P(Y). BN (Y, T) J distal B, A P(Y) = Ay.

TREBA P(X) C (rxm) ' (Ay) = R
(2) = (1): ZHE (Y, T) O distal 1, FATERA £(Y, T) (EERSEIC v A EFRBUT. B o
MN EX,T) HIFFEIC, MIMER z € X,(v,uz) € P(X). TR

un(z) = w(uzx) = 7(x).

BB K NS, Bl w=idy. BrRAERE 3.5.1, (Y, T) & distal . O

XJ‘#FL%E R AR, BATEARMME L, (EEXRHEREMER 2. BB
TENHF proximal J& R PIHEHE .
& X &R proximal X% K-

(TxT) "Ax.

1
k

||C8

n=ny
G (2,y) € Q(X,T) BHMGIMER € >0, 2 BIIK U My (R V, FFE 2 €U,y €V
Fen € Ly {7 (TxT)"(2',y') € Ae. —RITE, QX,T) FHAH. MARAMEAEEI LR,

BIARMREMRR. HAE (X, T) /M, QX T) MM oe R, XAFEMIAHIIEH

H WM, RATEAESLES H—MUE AR, XA BRI THE, BT
s ) e S| [Auslander1988, Auslander-Guerin1997, McMahon1978, Veech1977, Vries1993].

Petersen(Petersentd70] JERRT —ANF 1 KRG8 (X, T) N AFHRA Y HAUCSFHE X /AR
EHE U,V FBAFEEncZ, FINHERE UNT U £0, UnT"V 40 (ZWEH 1.4.5).
% Pt R &, RITRESHIREGX —HEE.

EX 3.5.5 &% (X,T) AN 4%, (v1,22) € X x X\ Ax. %R ;i = 1,2 GEEIET
FARR U, RAVA N(U,U) NN(Uy, Uz) # 0, RIFR (21, 22) A BHGREXT. KATA WM(X,T)
R (X, T) &R 55R4A4.

FIL 3.5.6 1. RN H I, AGAHFHRAGEAME WMX,T) =X x X\ Ax.

2. WM(X,T) —f& REF AR, Flde: & (X, T) AILFFREELG A%, o Atk
BRE p ATHNE. A p BJEAARR Uy, RAVA N(U,U) =Z,, B3k (p,z1) € WM(X,T).
2R BT T AILFFEELEG, PTV (1,p) ¢ WM(X,T). BB E3 4% 4% WM(X,T)
R — A A AR
@R 3.5.7 R (X, T) ATHMHA A%, N WM(X,T) C Q(X,T7Y).

JEBR. K (z1,22) € WM(X,T), T ARE. WX 2,0 = 1,2 BHEEFFRBE U;, HATH
N(U.,,U;) N N(U1,Us) # 0. FAMFE n € Zy 15 U1NnT "0, # 0, Uy nT Uy # 0.
XULBHTATE o) € Uy, b € Uy & T "2, T "ahy € Uy, NI (21,22) € Q(X, T H\ Ax. O

W (X, T) AEINRSGE, 1,00 € X @ L(wy, v2) H X W FREEHRNELZTEN S

A wg UK 2,0 =1,2,3 NI U, FFEE 2,y € Us, n € Zy {8 Tz € Uy, Ty € Us. 5
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W L(z1,20) A T AERIHFE. @R T RHFRLE (21,20) € Q(X, T, W L(xy, z2) AHE
T AR AT BRRITEWN T H AW

B 3.5.8 % (X.T) AN 4%, =1 #x€X. N (x1,22) € WM(X,T) BHAR L z, €
L(z1,x2).

T 3.5.9 & (X,T) AT#F M 4%, N

WM(X,T) = Q(X, T \ Ax = Q(X,T)\ Ax

WBA. B, AT Q(X,T) = QX,T7Y). & (z1,22) € Q(X,T71). MIXt e > 0, F1E
x € B(a1,¢€),y € B(xa,e) Ml n € NG d(T"2, T "y) < § BATATLMEE (v,y) N T xT HY
B & &, IBATFE m € NG d(Te, T ") < S, d(T™y, T™"y) < £. NI d(T™x, T™y) < e.
VLA (21,20) € Q(X,T). FIL QX,T7") C QX,T). Bl (X, T7") WAM/NRSE, KM
PLEBHE R Q(X,T) c Q(X,T71).

W (21,22) € WM(X,T), B 3.5.7 H1 (21,22) € QX, T\ Ax. & (x1,22) €
QIX, TN\ Ax, WFFTE z € L(z1,22). T (X, T) AR/INREG, X = L(z1,z2). FilH,
x1 € L(z1,22). #E (21, 220) € WM(X, T). O
ST 3.5.10 —ABAT, B T ARAE, WM(X,T) = Q(X, T )\ Ax &LH# T — R .
Blde: H X = {2octU{zi i €Z}, ¥ i # 2y, i RXRHFT: X - X #HF 200 AT
NEE T(r;) =241,1 €2Z. HIQX, T =X xX. 124 R i £ j, N (v5,7;) ¢ WM(X,T).
HEID 3.5.11 & (X, T) AWM 4%. R QX T)=XxX, N (X,T) 5L 4%.
. ] (X, 7) 8 (X, T) fART . W (X,7) ARG H QX T) = X x X. i@
3.5.9 F WM(X,T) = X x X\ Ag. 3XBE, XA (X, 1) AFIRARSE. HI (X.7)

ARG RE. -
XT3 R 7 F T 2o ISt
5|3 3.5.12 & (X,T) AN A %. N (X,T) FAEREGLAGEAREALE v € X,

v —x AR n; € Ly B4F Thix — o, Tz, — 2, o' # 2.
W, “ =7 Bk (X, 7) RRFEEERY, IRAHFE > 0 HRMNED e N KATRE
BE] d(zi,y;) < 2, n; € Zy W d(T™ 2, TMy;) > 2e. ANEHWE lim z; = @ = lim y,; (DB AT]
BHEAF). WRATH d(Ta, T ) > e, ot 2 = 2z B yi. DERZESBOLFFIRANTA
Rk Tz — o, Tz, — 2", BIR o' # 2.
“ =7 XEH B O
—fBRUE R proximal XFABEARIER, (HXT5[HE 3.5.12 HRFIRIY R B A2
THAER. X R ATT UL B A B 7E.
iR 35.13 1 FEEZLALNATLAAAFRELELE A4,
2. % (X,T) AT#EMsH N 4%. N (X,T) @&4 QX,T) 4R DHGREYF
BEATBEFOORT A% (V,S) A (X, T) ORKRFELELERT, TRH Seq AAELE
QX, T ¥R I HAEFN£4.
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WEBA. 1. & (X, T) HFEEELERR, «: (X,T) — (V,T) HEFBRS. AR (Y, T) A5EE
BEERG, WHIHE 3512 HFEyeY, yi—y YL n e Zy 15 Ty — o/, Ty — ¢
Hy #y" Baie X WHE r(e) =y AWK i —a, Tz — 2’ PR Ta; — o (WELETE
HFA). B w(2) =y, n(a)) =y M w(2") =" ¥EM o' # 2" XYL (X, T) A RSEREE
2L/, TIE.

2. BERNMAEGE BN —NA[HMSh I RSE (Z,R), (Z,R) WEEELRYS HALY
Q(Z,R7") = Az, FTURMMIFT W (V,9) HFEEELRSE. WK r: (X, T) — (V,5) AH
TG, A (Y, S) NAFEELRS, WRLT 1 fihe, RIVMEFEE yeY, vi—y
Ph R ni € Zy 115 S™y — o/, S™y — " Hy' # " B e X WR n(x) = yi. AIHK
r; — x, Ty — o' fl Tz, — 2 (EREETFF)). W] (x) =y, 7(2") = il ©(a") = ¢".
BR A" H (¢, 2") e QX,T7Y). 7 B XH y = 7n(2)) = n(2") =y, T)E. O
Fig 3.5.14 AT R® 3.5152), RAGIENARZRNE “—NARAFREEL LA S HAR
B e 8y Ellis F3 A B RER” i —F L (£ I [Ellis1969, Auslander1988]). &A1694E 75 4
WIZF T 5132 3.5.12, AT B T _LEIiX AR )6 4k

FIF B2 3.5.12 TR THEUEAH
EI 3.5.15 % (X, T) AN 4 %. N

1 (X,T) AFRELG B AMRE WMX,T) =0;
2. (X,T) M& 4 WM(X,T) 89 MMM TEGEFN LA BSYR T 4% (V.5 A

(X, T) 89 K F R ELRT.

JEBR. 1. WOTAFULHHAR WM(X,T) = 0 | (X, T) HEREZEN. Rk (X,T) AA
RN, WET[HE 3512 FIFFTE v € X, o — o YK n; € Zy AR Te — o,
TVix; — 2" o #2". ZW x e L(2/,2"). o 1F x WEERAF, o € L(2/,2"). XYL
(/,2") e WM(X,T), FJ&. X5 T 1 #IIER.

2. W X - Y FEFBG R (Y, T) AASFEEZSER. WH5E 3.5.12 MFTE
yeY,yi—yn € Z fFR/ Ty — o, Ty — y" Hy #y" Wai € X R n(z:) = yi-
AW 2 — x, TV — o DL Thie; — o (WBERBIF). W 7(z) =y, n(2’) =y H
m(2") =y". B o £ " BT 1 THE, BITHE (,2") e WM(X,T). B 7 1€ LA
Yy =n() =n(") =y, FHE. X (V,T) HEEBELRL. O

MEE T X aZ550w, — N HRR B R AR iR 58 B 22 A 12 - Ly, IR0k
SRR 25K 2
T 3.5.16 —/ M DALAPBREGLAERACEAEFAGFREELR T,
TATRAER LTSS XA BRAYIEH.

3 & 35

L 288 ZEAN W BT, F7E distal (EARARFEEZENRR. K’ (X, T) A1 RS, ik
Hl: SR T Misst, ISR ESE 4 distal.
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2. WA HE LT (D, T),(X,T) VLI (X, Tn),n > 2 K distal {HAESEEIESN.
3. IEMIHTRR 3.5.3.
4. MR T AFEKH (v1,22) € Q(X, T, W Lz, 22) HIEEH T AR T45.
5. % E NIRRT RANES
(1) 4ndk € T/ ey B R & MEE & CEEE (X, T): (X', T) € &'} Btk
INFEE N, B N e & B4 & FFEAEME—H “TTH ERR” (Xo,T), Bl, XMEE € itk Xo 1
¥
(2) 2R & W R T A&
(i) FIRGTE €
(il) EBZA € FMEHRRRNLE € F;
(iii) & EBITRENTFRANMIE E
ML FAEBHN T RS (X, T), FF7E “Dhe kK € BT, IRB1, FEE—MR/NARZEN KR
R {78 (X/R,T) € €.
(3) :2 1 (1)(2) s AX SR IESNEY distal #7407

§3.6 Furstenberg #f/)v distal FEVEMTEIE KR/ RE— SR EE

TN 1 &S (X, T) MEsHAErE, ITEPMAITH TR, —MENR RSN
2RTRS (R REM2EAANE ) HHFEERSE (X.T) Z2HEFNTNHT
RYMEHIRE. B— MR H B ARG IrG R+ RS R, H—MorE
o BN BRI RS ERRE Zat i [T f e TR+ R, TEMER
“AHSrEIT WD REM R B ANEE. AEMNE, RN RFETREAESR
IR e 2, B sca — i BA — Ve “Ar e, TERINABARIERE
TR, HA WA A B R ERREE T REUSNTFRGE. HA
W NRGERFRERINN N RE TG A o EEAHAL. BAX —RIRTh 3 R H b
ARG T HAR/N RS, (HRZMEIAR /N RS X — 45 A & A R A BE
SIHTIERE, MR HULRRHER A B — IR RS A5 T . BITE, MU REM R E
ZoAANT N, A A2 M, [Auslander1988, Ellis1969, Glasner1976, Veech1977, Vries1993).

AT H, RATE FPHIEZE 2/ Furstenberg H)/)N distal RGELEMEH. R
25 MR BN/ DR G R S50 2 PR TR L R e — S E R G S e B A S i
ARG AR E AT A 2y — My BEE A, (B0 THREEN, RIS Z /EH
PGS, AT Z AER BB, — AR/ NBRE S mEs, BT RART LdEad B 89 s e o [F]
s HB—NEAEBEMEEE, TR RGBS e B IR R 7 LR X AT
&, FrRARRATFE Z FERX M.

EABNRGEEARZETFRGE, TRIEWR/D RS 4 B it S ok 8.5 0
HEZ. FrUERATIRZHED, RI1ES HEFHT M e L.
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W (X, T) B &G, Hf T AERE. JATHHE 2N 43 2, EH T proximal |
distal FIHTHEEHES. XM RRAEZ /LR Z FERMEN. i, &XF o,y 354
proximal J&48 liminf d(T"x, T™y) = 0. H AWM RIS E L.

In|—o0

BRELRSE (X,T),Y,S),%r: X —-Y YR 7:X —Y PN proximal (FHV AT,
distal) &80 7 (x1) = m(x2) W] 21 5 xo 24 proximal § (FHN AT A distal 1), ¥ 78K EE
HEHY BAEXER € > 0, FF7E 0 > 0 RN E 7(21) = m(w2) J d(w1, w2) < 6 B @1, 22 B
S d(T™(21), T™(x2)) < €,Yn € Z. SGEBEEY WAy FEY T 78 « HHh JLF—XF—
B BAEFTEPER Gs £ Xo C X [EIRMER 2 € Xo #A n'n(x) = {z}. T FWKH BGEE
B RIS ARG T RGE (Re, T x T) AFRIMERR), HH Ry = {(z1,22) : 7(21) = 7(2)}.
T Zo AR T & T 780 & & 58428 R Y.

THEHFENNHERBRREGE. & n H—DFE DS N <n, (X\,T) AR K
{660 <B<n} AR o0 Xs— Xo, HIFR ¢l o) = od,Va <<y <.

Xy
q O\
X0 "y,
X = {iin{XA A<t ={(zx)rn € H Xy : @2 (x5) = 20,V < B < n}. (3.6.1)
A<n
ISR or 0 X — X, VA <. TRATT B H:
(X,T)
P
(ﬁﬁ
(X, T) — =, (Xa,7)

{631(U) : UAXAHTFEE, N < 0} AR X f—43IME. B0 X AEE o w, H
(X,T) HEARG. B (X,T) N {68 :a < B <n} i BEBR.
WRBR RFEW — DN ENEILEF SN R, K X =X, T {Rahay B Xy WY
AR EM KRR, B {Ratay WA
1. R, = Ax;
2. W v < A <n, M R, D Ry;
3. WA X AWIRFELL R4 Ry =, R
BERE, WA X\ = X/Ry, T 6o : X — Xa,a < 8 <0 NESH. IBARGE M, WH (X, T)
BRI {00 - a < B < n} WEHRIR RS
B FGEIRATIEM Furstenberg AR/ distal R EHE. FATEHLFEMERN —2F, 5
SMET R E A TE R ST . BAR T W EBEAY TR BT Zy B TR, (EEHE X distal
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R (X, 1), T %oRFE B 3.5.1), BrAr& e rl AT ECH Z fEH, EREERH
YEH.

EIE 3.6.1 [Furstenberg1963] — MR A distal 492 ERACAHFRELY L 69iFE R
Mk, Bp . fede T &

Tn—1 Tn+4+1

{pt} — Xo <& X1 &= Xo - 0 Xy 7 Xy €8 o e— X <5 X,

HF {pt} A8F AL, MENS T AFEELET L.

I3 3.6.2 % (X,T) A distal 4%. A2 tE e X, it n: (X, T) — X,p — pzx

AT, R E(X,T) A Ellis F#.

JEBA. K G, ={p e E(X,T) : px =z}, W G, HBE E(X, T) AFREE RPN ¢ - E(X,T) —

E(X,T)/Gy AT FIHNRGT ¢ : E(X,T)/Ge — X, [pla, — pr HFEIE, L 7=doq A

FHAT. O
AIERANIE L X T R proximal 5¢&, MAERKNTE LERIFHIMEEE. & R C X xX

AR BEN KR, & XHMNTF R #RHE proximal EHRH:

Q(R) =

DL

U (T x T)"AiNR.
k=1n=1
G0 (z,y) € QR) B HALY (x,y) € R HIWEE ¢ > 0, = BIRFEL U 1y ;9RBEL V, 7R
P eU,y eV kneZ, §15 (2/,y) € RUK (T xT)"(2',y) € Ac. ZIL Q(R) KR H.
AR AHRE—RE, B R HAMATZHEN KR, QR) WA—EHNFMRER.
Axt, X distal 778, AT AL
EIE 3.6.3 & (X, T) A distal K, RA X L—NHGTREGFNEA. N QR) &
R TREGFN X 4.
JEER. BT Q(R) AAZZBE, FrAIMUTFIEREENE. K (2,9), (v, 2) € Q(R), K
ITEM (z,2) € Q(R) BIW[. & UW 53518 «, 2 BRI 2 O={pec&(X,T):pze W}, NI
O X EX,T)MHEH de 0. IV =0y, NMHFI3 3.6.2, V iy BIFFBEL

XEE e >0, HT (z,y) € Q(R), FFAE v1 € U,yy € Vyny € Zy 8158 (z1,11) € R H

1

A(T™ xy, T yy) < e (3.6.2)

BT X O distal B, FrPL X x X HPER). TR N = orb(T x T, (z1,11)) ARDE. FHH
N /N, FFAE s e N5 {(T x T)*(T x T)" (z1,y1)) : 1 <k < s} £ N # ¢ #. 7RE[,
MEE ¢ € E(X,T), FETE k € {1,2,--- , s} 15

d(Trexy, T x1) < € H d(TF¢y, TV yp) < e. (3.6.3)
o> 0 HARAIR o, y') <0, W

d(T*z' TFy') < e,V1 < k < s. (3.6.4)
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Bid 7 E(X, T) HRRE O {15 O’z CU, Oy CV, T E(X,T) — X HFFH), O'21,0'n
TR w0 ZRB8. HVIMEN, FEp cEXT) Ry =py, 2 2=pz WaeW
H (y1,21) = m(y,2) € QR). TRFTE y2 € O'y1,22 € Wong € Nffif§ (y2,22) € R H
d(T"2yy, T™225) < 6. B (3.6.4), MEE ke {1,2,---,s},

d(T*Fm2gy TFM225) < e, (3.6.5)

HHK vo € Oyr, FFE p2 € EX,T) 15 v = porn. 2 22 = parq € O'zy C U, NI
(x27y2) S N *Eﬁ%' (363)7 T%T:E kO S {1727 e 78}7 {ﬁ’f’%‘:

d(TFT™xy T 2) < € H d(THT™2yy, T yy) < . (3.6.6)

i (3.6.2),(3.6.6),(3.6.5), F( 1155

d(TkoFm2, TROTN220) < 4e.

TN T (22,92), (Y2, 22) € R, BATH (22, 22) € R. XFERNTHA (2, 2) € Q(R). O
5|3 3.6.4 % (X,T) AWMV 4%, R,SHEELGHAANAHAREFNEALL SCR ALH
FEARF GRS n: X/S - X/RAFRELGHENRE S D Q(R).
JIEBR. BEYE~TE. O
TRENTHE
5|3 3.6.5 & (X,T) A#)s distal 4%, RALELALRTEEFNX4. A4 n: X/Q(R) —
X/RAFEEGEYT L.
W (X, T) AR distal RS, XEDFE N, HATEHME X X _ERHFAZEN LR
Qx. BER Q=Q(X xX), R4 E5[3 Xo=X/Q0 A X MR KEEELEHNT. WNE
BOMMER v < XA RIMNEZE G Q. 1R X HFTFE, BIFFAE ¢ il A =¢+1, B4
FEX Q= Qey1 = Q(Qe); TR X HMIRFEL, H4axEX Qr= N Qu

p<A

FRX < X, BATE Qi C Q. HTFEN Q) W, TRAFFEFEL O H15F Qo1 = Qo
X FEEN N> 0, FATH Q= Qo XA >0, Xy = X/Qx, HIX mx : Xop1 = X/Qas1 —
X\ = X/Q\ NHEMEHAESHIFEDS. W« MEEESEY 7T, XHERNTER]:

TTn—1

{pt} — Xg &% X7 & Xp oo X, I Xy e Xy S X

WRFATREW I X = Xo, ALATANTEE] T FrEpshie. MARNTFEIEN Q) = Ax.
2 Ay ={(2y) 1dz,y) <1/n}n =123 FELEH

Qo = Qo1 = () U@ x T)5(A1/n N Qp).
n=1k=1
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FRAG n,kfj (1 % T) (A1 0 Qo) H Qo HITEIFA. th Baire 28 A U (T %

= n=1k=1

T) (A N Qo) TE Qo FHE. TRENTA

D 8
|

= VU@ =) 40000 Q) € (YT % Ty HAyya) = PICT) = Bx = A

k=1

XFEFNTHAFE] T Furstenberg 4544 2 2.

BUAELERA B — T distal 2544 BERUE A A A R . X THRVDS distal RREE (X, T),
B TRk proximal XHR Qo = Q(X,T) HEMRKER, Frll Xo=X/Qo N X KRFFREIELE
BT, T ¢o: X — Xo A distal J75. B AR distal §78, Q(tﬁo) Q(Rg,) T3 RZEH
%, FIRALE ¢o FHEASRESY 7S mo, B Xo & X, <2 X, Hidt X1 = X/Q(do). [
FERY, HFIES ¢ 750 dlstal M Q(o1) VAT IR, #ETT AT AARSE G N S5 BB 4L
AT m: Xo &% Xp & X & X MRKIEE XA, dTFSEyEER, 24
TR PR NY 7, e RATESR] T PridsRa 4.

— PN ERMBEE: M TEEIR/DNRS (X, T), #llz M FEEr k24 i LG 2
EWAARUNEHEHE? HREMTR/NRSE (X,T), BATATLHEM JHFE proximal 3¢ £
Qo= Q(X,T) HEMRER, Il Xo=X/Qo N X tRREFEBELEF, M do: X — Xo H
—AY 7. FXHE, OB EESTEEZ KK, H2EET Z2ETRIEME? XFF
distal 4%, BLIF ¢o Ky distal F7758, T Q(do) HFEITRR, FOTELFTLLERETE do FHEA
—MNEEEELEE T HEXN T RN RS, oo WA EMTRIRYER, T Q(d0) HA—
ERNFNRER, NMA—ERHAFEIEZER 7. 2002, ROTATLIRMEMY 4T
—A PR e RIS proximal & FR NN IC R, TR LAEA SR ELE R T
Z e EHATRIAER <D (2 AT NGRS . ant AW L Rk Rl DAAR- 3
AR NR B — DS e 2. BRI (HA proximal §778 ¢, KX o, BUERT E
HPFR <D (15 n, BRI A IEZERE T pur)

EHE 3.66 % (X.T) WREEMNZ 4%, ALAHETEEK n BT XHBE #HRA

PI3%):
¢1 d)qul
0 1 Ty Ty+1 Too
Yo = {pt} Z i = Y Z,,+1— Yojr1--0 = Yp=Ys
pP1 Y1 Pr+1 V1

EFPAEAv<n pp AFRELY, ¢, B by A prozimal 49, ¥ moo A FFIRAEE). AR
MR v, XY, 1, FH X\, Y\, 1\ <v F6h5 IR,

W/ Z 258 (X, T) BFA F=4& proximal [E]FE 5 f*#& PI EHEERA PLET (Y. T)
I4EH, EIER LRSSt (A% MR proximal LA EEEZLY 7EH]. #F (X, 1)



WIS R G MR %83 T
=% FE#&unl Elis ¥#2% 83.7 LY FR#&EGHE AR

4 proximal [E]§E 5 PI Zf57E PI Bt ne AN, BIBEN™H PI RSEH proximal A
¥

TE BT S, proximal oA JUF—XF—FRATELR 2] F=4& HPI R4 f1 HPI &%
BE . TEEEEN, RO HPI 24058 AL B, WRTE PI & L BTA proximal
P A ERI, WBRA T3 XA, Furstenberg EHRHLEUL: R/NRGEA distal By 24 HAX
LB .

M EE AR I, BriE PIAI HPT RG0S A M A B as i 0y R 48, (B2 an Rk i
& X EHR—NRG IR H PLEL HPURE T WERy 3. 2z nyE&, BRI T +a0F
FH ) ) 531) s 2R
T 3.6.7 (Woudel985] 35 (X T) HH#> Z 4%. N

(1) X A PIRSEERE X x X PV S AFGHET 4 %A

(2) X ) HPI A EAR A EFEHRRIESH m Y - X,i=1,2 AFF4 BT FEG%
HAETHI) BHE AL Y CX x X AHIE.

e RN EZER L e B RmAT. BENamER distal REAJLTF B 5
48 (i 4.2.6) 4R, TEXERNTHA 4 HUErH 1.
T2 3.6.8 (Veech-Ellis) [Veech1970, Ellis1973] — g v, A 8. distal 49 % BAL B C A Al k.
EIE 3.6.9 (Veech) [Veech1965] —Agg v AIL-F B FTH R ARECAHAFELELS 444 ILF
—H—F .

5| & 3.6
1. jEBH Furstenberg EFRH Fob—24: ({7 I Ji K distal RSE.
2. IEEAS|HE 3.6.4.

§3.7 JIFEEESRSRER

FERX—1, BAOPHENRARITCILFEEELSE RS, MERZN X, T CX, X)
TR GEFONIREG S, BrLi ey RN, AT FARTTAR T e —4
b T, 2 SR E BT

ev: C(X,X)x X = X, ev(f,z) = f(x).

G WEAELR. MBER » € X, BT ev, : O(X, X) — X, evg(f) = flz) H—BELH.
T 371 & (X,T) ALFFRELGALE v € Transy. & Ap A {I" :n € Zy} J&
C(X,X) oM &. A4 A A CX, X) —AX BT, HAEBFTH{T":necl} &
Ap PR, BAERRS & Ar EATRAIBRS ev, : (Ar, D) — (Transy, dp) A F SERR 4, 7P

D(g1,92) = dr(g17, 927), Y91, g2 € Ar. (3.7.1)
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B, HMbF Centr ={g € C(X, X) : goT =Tog} K C(X, X) MATHE, HEET
Ap. ¥ g1,92 € Centp, BT {T'x :i € Z.} 76 X TH%, |ATH
dr (g1, gax) = isélzli{d(T"(glw), T'(ga))} = isélgi{d(gl (T'z), 92(T"x))} = D(g1,92)-

FJ& A FPIsCHT2EREE (3.7.1) 0L

ARG R LSRR LER, WSR v € Transy, ABATFHE {in} C Z fF18 T2 — o1 (FE
X ). BT 3.2.14 ) (5) 41, BB {72} £ Transy FAER T dp BT 1. B (3.7.1) {77}
K Ap ) Cauchy 31, 4 Ar HTEAZN C(X, X) MHATE, FIE g€ Ar (15 T 1€
KT g. BIH ev, BLE, FrPA gr =21 R, BN (Transy,dr) 5845, FTPA ev, ¥ A BR
F] Transy. T& evy A Ar 3| Transy )25 FE LS

¥ L5 HE] 21 = g € Transy b BT ev,(Ar) = Transy, TRFIE § € Ar H15
g(z1) = =. JRAR,

evz(gg9) = g(x1) = x = ev,(id).

H (3.7.1) BAVBH] gg = id. Frlh Ar K ERIRARAIHE, JFHIER 8 {1 i c 2} fEH
HHHE .
BEHT
D(g1,92) = D(g1g2"",id) = D(g2 " g1,id) = D(g5 ", 97 ")
W FEEER, FFM Ar AR O
TG (T, g) BRA BAAERE 248 A N—DIRT T A B SCEI p HEER, N p(hgy, hgo) =
p(g1,92) ) BIFAENEE, JFH g e T B UMTERT8E {¢" :n e Z} TE T %, HEXRIAT
W s HtE. BN Z TR EdaTh, W (Z,1) MERAERE. & e N T WBALT, a4
BAAERE (T, 9) %0 BIREY BIEFTE {in} C 2o (15 i — 00 H g% —e
Wl ARG (X, TRBRERABELER (T,9) BMER BIEHFEN T 3] C(X, X) #LL[F
A, JREHE g Wy T. 5 WL [EZS A ME—/Y, JFH T A8, MR — D REGEREEM
REAEEWEREARFNEN, BABEI —BNIEN. kZ, BER—RSE (X, T) H—HHN
YR, B4 (Ar,T) A—RIEEAR, JFHESOESUS (X, T) BBEMA (Ar, T) By
YEA.
I 3.7.2 & (0,g) A—NEAH. —ANTEREZTELA (X, T) f83EMWA (D,g) 9/ER 2 A
AR E AT {in} CZy
g% —e=T% —id, (3.7.2)

JEER. WEMEAR, MIERAE. & (3.7.2) BSL, BT D(T,id) = D(id, T~") BrA T~ il
T id. XEEH ¢ — TP EXT — AR TEE {¢¢:i e 2} 3] O(X, X) RZS. B (3.7.2)
XANFIZSTE e AESE, SR —BEELERT. (BAE e BELE, FFUSHER e > 0FFEd >0
75 p(g",e) < 6 Aif D(T™,id) < e. (HEXMTAER p(¢'.¢%) <5, p(g"7,e) = p(g',¢°) < 6,
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FFA D(T", T7) = D(T"7,id) < e. IREIBRE A —BOEZER. ) BN {¢9" - n € Z} 7 T FHH%
H C(X,X) AE&n, X AMRZESFUY 78 k. O

W (X, T) A—NIVPEEESE RS, EH 3.7.1 Yl T 78 Transy EAIRRHIFIIET Ar
H T PR, WURIE (Ar, T) WA H T P ENEB RS, R4 L (X, 7)
HEERRG (Ar,T) —PMEARGE. XE—NRGE (X, T) AF—TRLE (V.5 &
ft B4, X ARWIFHAE D (V.9 B (X, T) (—PFZE b E15 b Y — h(Y) 4HFE
IEH W(Y) 15 X FFHE.

Rz, R T,g) A—NEEHHEARE, AT EREHERRITREW® B — L FEE
BEEM RGN EN R, THRIE—DE N —BRENZETIHEX RS 5T T W
FEERNAER], Frd g 7E T LR RAER A&,
5|38 3.7.3 & (Xo,do) AR EZE, Ty AR L5 FIEMRS. A A

(1) Ty f2 Xo LAMAEY, TFERMEE ye X, Rz w(y,Tp) = Xo.

(2) % di A Xo £F =15 dy A FNeGEEH L Ty AA*T dy HRAFIEE, A
2Zody 5 dy A—FKFHE.

JIEER. B4 h ). O
Rl 3.7.4 & (Xo,do) AR ZZTH, Ty AR LABEFIERMH. 2R h: (X0, To) — (X, T)
H—BEGEG T, A (X, T) ANLFFRELEY. —F A h(Xo) C Transy, L+ F
T 1 (Xo,do) ZAHIRE

JEBA. A To 78 Xo EARVINTH h(Xo) 78 X FHH%, Ll h(Xo) C Transy IFH (X, T) K
A, BUE y e Xo, Wz = h(y), THRNMUEHEH 3.2.14 1 (3) AL

XTFAER € >0, B h —BOEZEHFETE 0 > 0 15 do(y1,v2) < eo ZBE d(hyr, hys) < e
BT ht: h(Xo) — Xo 7 = REIEZE, FrRAFEAE 6 > 0 {15 d(x, han) = d(hy, hyr) < 6 B4
do(y, 1) < 0. B4 T'x = T'(hy) = h(Tgy), FrA—E. d(z,T'z) < 6, BATHH do(y, Toy) < eo.
BT To HFEER, BrA do(Tiy, Toy) < €0, Vi, HET d(T72, T ) < €,9j.

XHRIEERE 3.2.14 1) (3),(X,T) AJLFEEIEZRIH. dr A5 d FFHTBIAE Transy
bRoEAMER. WH T AHXNTF de HEER.

H5[3E 3.7.3 B (2),h : (Xo,do) — (W(Xo), dr) A—3[FEMHY. Fr2AniR (Xo, do) 5645,
W4 (h(Xo), dr) WRETEHEH. BN h(Xo) TE Transy FHH%E, FrRAAR do 5845, HOTHA
h(Xo) = Transy {7 O
EIE 3.7.5 ko R (Xo,do) AREZR, HH Ty AR Lk Fieakft, Aokt —KE
LR b (X, To) — (X, T), £F (X,T) AIL-FFEELY.

WEBA. AW do KL 1 BF (B min{do, 1} B do). 3 I = [0,1], FEW ] JF31 22 M) 17
b ER _—

Zglil i
FEWERT 12 B, & T AHE BB, IR T(a) = a1, Vi € Z. RYERH
BB dp(a,b) = sup{|a; — b;| : i € Z}.

d(a,b) = sup{

1€ L}
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B xE yOGXo,%)‘(h:XO—»IZj@
h(y)i = do(Thy, yo) = do(y, Ty "(0)), Vi € Z.

H=MARERXE |hy1)i — )il < do(y1,v2), V91,92 € Xo,i € Z. F3—J7TH, HATHFF
{in} C Z4 15 T (y2) — vo, TRE |h(y1)i, — h(y2)i,| — do(y1,y2). XFERATHUE T
dr(hy1, hy2) = do(y1,y2)-

T b R Xo B 17 i —BOELRA. & X 2 h(Xo) £ IZ FHLERE. BN
hTo =Th, FTPA X HAZRIFFE b (X, To) — (X, T) AFrERA R, RIEme 3.74, B
R IUF55 RS O
#iL 3.7.6 & (I,g) ACMMF AL AR, FHAMLEBRIMAN g AR 44%. A
Bh—FEZEGEWR A T,g) — (X,T), £9 (X,T) HIL-FF KLY,

W (X, T) TEAPA (T, 9) 9%, FELFET - T,9) 2 (Ar,T) B .

BB ET, T %N Ap EA-MNERGG TR, dd Ap TRAA T E)—ANR. =R
D AR&4, Aatd@mik (T,9) 8l (Ar,T) 49 F & HF .
JEER. TE R ARG BT A A SR 4510 H CAb IR, O
B 3.7.7 % (X, T) ANNFFEELG L%, (Ar,T) AEAE CX,X) PRy AR, %
(X1,T1) BT RHEAYH (A, T) 9ER G 4%, T h:(X1,Th) — (X,T) AR Z&, ALARE
FAILF—*—4, H

h™(Transy) = Transy, C {z € X1 : b~ (h(z)) = {z}}.

FH (X, 1) WRILFFREESY, - h 55T —ARELEH (A, Th) BIREH (A, T)
9 B 44).

YEER. % 2 A Ty BMEIE A, W A FFEISH, o= h(zy) € Transy. W h(zg) = o, KN
x1 € Transy,, FTPASELE ix — +oo 15 Tli’“xl — xy. TRWE The — 2. RIEEF 3.2.14 1Y
(4), 76 Ar 1 T — idx. B2y (X0, Ty) AJ3EM N (Ar,T) BVER], FrRidr 3.7.2 FATHAH
11" — idx,. NI Tz — x1, BREEA 21 = 22. TJ& b1 (Transy) = Transp, C {z € X :
ht(h(x)) = {=}}. TEH b HILP—R—H.

Hefe EHRIMEL53 (X0, T) W2 3.2.14 &0 (1), Frll (X1, 1) RILPFEEE
ey, AT T — T FAMRE] (Ar, Th) B (Ar, T) WEZEREIZS, JFHHEANFES
Ar — C(X1, Xh), BFES (X1,Th) FTRAEME (A7, T) BIFEA. O
IS 3.7.8 (Akin-Glasner) & (X, T) A—K R 69153 4%, (Ar,T) AEA B g5 4 B¢
MLEE—ANILFFREELEG LA (X1, T1), CTREMNH (Ar, T) 891ER, FHLAELF
Zh:(X1,Th) = (X, T) 1 FCHEFT —ARELEEE (A, Th) BILA B (A, T) 49 B 4.
MEEH. H#Ew 376 EEJLPFREES RS (X, 1), EXNVABRERN (Ar,T) (M8 L
PF, BIEERBHELT). TR (X xX,TxT) \JREEHS (Ar,T) BFEH. BT (X,7)
H—BWIER, FTLh (Ar, T) ARIERRAER, TR (X x X, T xT) A—BNIHERG. B
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(x,) € Transy x Transg, W X1 = w(T x T)(x,i)), MDA TxTHE X, ERREH. F2
(X1, Th) A ER RS, HH (2,7) € Transyy. 5 WRIS AR BOEBNTE (X1, T1) b
AR MBS A (X1, Th) — (X, T) UK b (X1, Th) — (X, T) REZ. BrARaEaE 3.7.7,
h ILF—X—m H (X1, Ty) RILFEEEZR. BRI (An,T) B (Ar, T) #[FEZS
IR (X1, T1) B (A, T) FER%H. O
IR 3.7.9 T A A dE-FALAY, — B RIM G550 4 4 S [Clasner-Maon1989] - rz s 4 71,
FRELY, IRE LR FFRELGRATAAT - EAILTFFREELEY.

MLV HT, WOTEE T —THE=EES BRFRMIR. B X R EREE, 2X
NEMEEATEREE. X A B e 2¥, I Hausdoff B Y

d(A, B) = inf{e : B.(A) 2 BHB.(B) 2 A},

Hf B (A) ={zec X dxz A <e. FEWERT 2¥ AHEEFEREZTE. ®ix: X 252
{2}, BEA—MRABLG.
Xt 2% M .
V) = J{AeH},

BN X B—MHTE.
W g X1 — Xo KBEZEHLG,, MBS A — g(A) B T — MBI g, 0 2% — 2% 41
R g S, BAHT g(97'B) = B, g WRENES. FTLLEH (BRI «: C(X1, X2) —
C(2%,2%2) RHAEERy, Al
D(g1,92) = D(g1x, gox)-

XHEEMBEERRS (X,7), OVEINFROBZMASE 2 T). MR (X,T) /JRIE
g BAERE (D, 9) BIPER, MBABHRE T — C(X, X) HFZE «: C(X, X) — C(2%,2Y) 1y
HE1RE (T,9) 72 2%, T.) ErgEH.

MR (X, T), & H 22X AT AT R 0¢ HH VH) =X, IRAERAFK
(H,T.) A (X,T) # thEF. MmELE ix(X) = {{z} 2 e X} EXT—15 (X,7T) [
AT T {X} PR AR HEF

WR b (X1, 1) — (Xo,To) AT TS, T4 he: (29, T1,) — (272, 1) WY 7T, AR
Hy N (X1,Th) AEF, IBAG W h(Hy) WA (Xo, Tn) W OHE .

FIE 3.7.10 & h: (X1, T1) — (Xo, 1) AR Fukg, P (Xo, 1) Tit., AAALE 2N &
—ANHAREFE HRE—AINLF——F L h: (HT.) — (Xo, Do) RFEE Ac H
A

0+ ACh ' (h(A)) (3.7.3)

AP FTH HG—NDAR Gy TR, %2R h ARG, A4 VH) =X, TRHA
(X1, Ty) 89— AP B F.
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YEER. B°A hoBEZE, FTRA Rt Xo — 2% g BRRIELER). BT b MG, FrRAXHER
y € Xo,h™H(y) # 0. XN To AL, FrRARMERIUE h~'o Ty = Tioh™ JAL, BEFHIH,
™t C Xy x 250 3 Ty x Ty, ANAEHY.

FoA h=t O BAEEZER), FrRL iR R Do R Xo M Gs £, BN T Al
W, D= T5(Do) MEWEN Gs &£. 2

1EL

Xo = {(y,h"(y)) :y € D} C Xy x 2%1,

Wopr: Xo — Xo AES, W pr AJLFE—XF—/, JH D C {2 :p7(pi(2) = {=}}.

Wopo: Xo — 250 NE ARG, & H=p(Xo). TH{(1.A) eXox2:0£AC
Wiy} A h AT, TREEET Xo. BT po NEG, L p B X, B H
AT & h=pio(py!) : H — Xo. BNEELAES AR T 373, 4 A FEPFER Gs
[ pa(D) HHF IS5

WG, BT DR T AR, h™' R T x T AR, B X, IR EHR H HAAE
B, A& VH) A X0 ANEFHEBE B Xo. TRAUE b AR/, B4 V(H) =X,
H 7 AT O
EX 3.711 =AM P ARA BEE RAEC AR ToH, LF—H—F L URREMRT
15 3108 3%

FHE 3712 R P ARTHERGEAMN. & (X, T) ALFFRELG AL, (Ar,T)
AR A CX, X) PHEER. ALAXTHAFN:

(1) (X,T)e P*, % (X,T) B THEZTEAWR P 44K,

(2) AT T VRIEAN A (A, T) $91ER G AR ERAER P ARH TR

(3) EATE R MR P BT EN A (A, T) AER 69 % %4 -F FL4Y.

WEEH. (2) = (1) : BAR.

(1) = 3): & (X1, 11) W2 P BHAEMA (Ar, T) BFEH. TIE (X1,T1) “FJL.
H ()X x X1,T x T1) FfFidRy, HFEAEMS (Ar,T) ®IER. RAEmE 3.7.7, £5f
m (X x X1, T xTh) — (X, T) AJLF—X—@), F& (X1,T) B FILE.

(3) = (2) « HATHSIER. W (X0, Ty) MESER) HA &M (Ar, T) ERIBIRESE. &
(Xo, To) Wi & P, {HJ& (X1 x Xo, Ty x To) AN@AZ#f. FATRHE— (X1, T1) AEFIL
0 DA B R P, B AR AR F R R (A, T) BIVER, BrEd (3) RECAL.

IR (X1 x Xo, Ty x To) AN2AGHA, FTRAETE X1 x Xo B — MU EFREIEZTHE UL x U
MEMAANEFE X 5T AT x T 78 X' ERIRRHIBY. K ¢ X' - X1 Hh: X' — X
RHBGEWURTE X' ERRRE]. BT a(X) HAREREHAE Uy, B (X, Tr) 1518 (B HE
W P) F1 h Y FE.

& B e 3.7.10 ARG X WHARETE, H b (BT — (X2, To) KX
JUPF—X—P 78 BT P @EAER, Uk (0, 7)) WEAMWR P. & H = q.(H), WEHN
2% AR T, TIEERNIE T FAMER Ac H A+ 0, FrliXHERE B € H,B # 0.
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FHEyecU HE A=ny) e H, TR ADU x{y} H B=q(4) 2 Ui. X V(H)H
X1 B U AAZEFE. BT (X0,T) 7%, B V(H) = Xy, JRE0 B B OhEEF. BN
(H,Tv.) K (H',T)) BFUK P @A vER, BEBEAER P.
w&E, BITATUH H dEFLRIR. BUEAEXMER A € H AL q(A) = X, 3%
x9 € Transy,, fF1E A € H' {18 h(A) = zo. WIETSIFE 3.7.3, BATH A C hay), B
AC Xy x {xo}. HERNTREL, A = X1 x{xa}. K x0 A T BEH A, FTLAAE AByS
INKT Ty x Ty AR FEE Xo x Xo 5. FAH ACX, Ml X' & X1 x Xo, TJF !
]
#ig 3.7.13 & (I9) A—NELGEEHE, (X,1) A—MEF (Ar,T) 5 (T,9) R4y
(a) AT &&#AAFN, FLEALRRTEGAGELEE T,9) :
(1) AT IR A (D, g) 46 R9AL 4 %64 FL4Y,
(2) BATTVR3EAY A (T, 9) 4ER 89 2 R BALA 505
(3) &% (X, T) A ¥ #h;
(4) AT T VAIEAT A (T, g) VER 491538 2 LA & 349,
(b) AT &&AFH, HELHFER (a) 4% —HRXT @A
(1) AT T VR3EAY A (T, g) 1F R 49 H TR & A -F FLAY;
(2) AT (T, g) B)A TRAE 69 & 42 B 25 A -F LAY,
(8) AEAT T VRIEAY A (T, g) 1ER 89 2 G B EATH &
(4) %% (X, T) A oAk ey,
(5) AEATT vAIEAY Fy (T, g) 1F R 691538 4 A T A1RH 4.
JEBH. & mEr SN e BUAERR R, TEEEH BIE. R (o) MEAERRETEMEH
GlasnerlGlasner1998] 7] -
HIR 3.7.14 A AT HELRRITREM L 4.
. RO USRS SR G R a0 T IL (&), Frlldi#e 3.7.13 A4, O

3 & 3.7
1. #*MEB[3E 3.7.3.
2. #MIEHER 3.7.6.
3. 3EH] *: O(Xy, X)) — C(2%1,2%2) HEEHE K.
4. AEARTEIEAET LA 53R & BLLF 5SS S0 R 4.

§3.8 Fic

X TR ESAEE distal BYBFSE, BFA AT RBRY S Ellis i — R3] TE [Ellis1953,
Ellis1957, Ellis1958, Ellis1960, Ellis-Gottschalk1960, Ellis1969]. fEMdfEA Ellis B IR AEFHTH
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ARG TR A GINTREB T, LT Ellis FREHIE. AR B HE HF gL S
distal BEZR & Furstenberg 7E 1963 4E[) T 4 [Furstenbergl963] gy &6 T P8 A /N distal £
g S2br BRI LRGN A T35 LY AR, XWRTR/MLHE —
B, BRHIRRESIR T A THR/DNRGEH EF—R I [Ellis1969, Ellis1973, Ellis1978,
Ellis etc.1975, Glasner1976, Glasner2000, McMahon1976, Veech1977, Woudel1982, Vries1993],
XL B B IR B 1 R G B R TR B 47

KT ILFFEEESE, TR BUR AR IR X T A E SRR AT 0 B . X7
T A3 8 EEIH )T Auslander, Akin, Berg, Glasner fl Weiss % A TAE, Z W, [Akin etc.1996,
Akin etc.1998, Akin-Glasner2001, Auslander-Yorke1980, Glasner-Weiss1993] 2. JLF distal F
& SE Blanchard %8 AFE [Blanchard etc.2002] FH$EH Y, T3 distal B Akin Z87E [Akin etc.]
P

AT L EEEEA AT E BB T [Akin etc.1996, Akin-Glasner2001] &5 3¢
THE distal PERIZIE BB T [Akin ete.]. XTF Ellis 2ERERY YA A AZ: IL B i 52 31 59 3C
mk, FAIFE AL EE [Huang etc.2003]). 557577 H Furstenberg B 2514 E P,
FATFEX HL 45 Hi fJ2: H1 Bronstein 25 H A fRiALIERA.

HE—18 S, HiF Glasner, Megrelishvili fil Uspenskij 45 H T Ellis 280 &L
TP W BEG Ay (Glasner cte] XA S i b5 JUF-55 BE R SE R YIAH G,



FOE KE5HIFX

EH—HHE_EH, RITELEM T F2EEN 2, WTFRARMKR. EAEPR
ITE Je R G 4 A QM — 2 2 0F His B B 53 RG i clk, RFZHEXSEA
SAERATIRSE. RS —, WG LR TR —SEAM S E5/S. E58 77, ROTEA
Wik TIEES N RGP N, EH=", RITZHRA A% 1 — 2 B8
PEUERA. FESBDUTT, FATGINRE AR FRG S, BN —EZE. 7Ex
JE— W HANTTHEHRIR & L@, EX—WRINEE TIREERN — P EEER:  Weiss-
Akin-Glasner 5|FH.

§4.1 Furstenberg %

W (X,T) HE RS EMHERINICEES (X, T7) MR Y4 BT X E
EAE=T4 U,V BIERALE N(U, V) ATCRREE; (X, T) ARG 2 HAEX X RS
EZ=ETFEE U,V BIERAEE N(U, V) K thick £; (X, T) HRRIBGH 2 HACEXT X fER
EZTFE UV BIERHEE NU, V) AERRE. BEITTUELRX (NO,V): U,V A
X MAEZEHE } X— 2, TFERARE R LU B S @ LAES — M Z . A4t
TEZIE S EI R, ROTEBIXMERRE A o DEIAEERRE U, BfE4 N(z,U)
5 1P RFVIM . W SEhR X AN E S N (2, U) AR T BIE SRy 2R, 6]
W EH R syndetic FBBF, B LR EESBCA TR, — &, X TFHRIITRS
&, WRETTHENEREESSES. AERGZINAMEKR, BX S T HR%EW
HEERARCRF B, MEX 2, R T 2 cEENER.

TERHIME & A - ] ATB IR B — e dh $1 7 5B B A I8 A0 58 . B A R R A O
SRR R BRI 375 VA TR At Gottschalk il Hedlund (1955) 5] A f GottclHoatundiogs]
ZIEAWZEE TR X — BET T AE X, ERIERIIRZEIERETRE
Furstenberg X HAVEHFH. AL HZE/E [Furstenberg1981] HURfxX — AT T IR A
TSR0 R, i TR TN ) R 558 PR i B R ZIAE AN & 08 5 Ramsey
PR Z A, XAV B SR BT IZ T GOE B 520, TEs JL 42 Furstenberg [
TBFEE TR IR IX —BIEAE S M R UHGEAT T & A B HFSE [Akin1997, Bergelson1996,
Bergelson-McCutcheon2000, Hindman1979]. 4¢3, Akin ZE¥RIN I RAEX —VERE T,
FESEFF (Akin1007) S REEREAARIE T Purstenberg A5 188 THEAFFATARY
2 AR — e, FIGHE S RACHE. RTLA TR A B
Akin B3R,

B T RATEA SRR ZAEO T Rip X B E iz I ARS8, BIRNTER R 2., Br
IS T EMER TR NE 2, ERFRE, TR 2, o8 — RV R G i,
PN BIHeR 2R MR, AR, RAITE S A — SRS SR, K505
PIE—HH AR BN ERR, RERITENT A, FRMETF. EXWHR

91
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MEEARRG W FARM B I REWNE, RSN RGN RZMIE T — BRI

W PN Ly MR TEMRIIES. MR PT&E F BASEW Y, B A c B
H e FNW F e F, IRAFRATELAR F K Furstenberg f& SNEER RN I& B F N K
iR wRER P METSE, ERRIEREXAA P dmstfem bk, FAEEYS HAY
0gP HZieF.

—NEIR F AURI G WSS, MR R 8F, Bl L, B e FIUIF FAinF €
F. A P T4 A B Al — AN

A ={FeP:JAec Ast. AC F}.

G (A R E ARRDNER. IR (A HIET, BAENIE A N BTE
R F oy, WER XHE

kF={FeP:FNF #0XFrEHF e FIRSL)
WA, HAEF F REFIRN kF WRNETR. AYEIEH:
kF={FeP:Z,.\F¢gF)}.

P R KMETFIEANE Z, (A ESTEMBMIER P, ERXHMERE kP i/ NI ET
EAZL Y TEABRRNEERN 7 RBZRE F BXHMER, (B2l TATES R TIHE
A FHEEE, TS kF BEENE L.
MR 4.1.1 & F, F, HE%, 0

(1) k(kF) = F;

(2) FL C Fo = kFs C kFi;

(3) kU, Fo) = No BFas (N, Fo) = U, kFa-
JEBA. HERAAME, TEIEH BiE. O

WA E R NE BB AR ={AnNEK:Fchkchhl HEXHL
FIUFR CF-FuFi-Fo=F-Fi; A CF = Fi - F C Fo - F %5
B 4.1.2 & F, Fi, F Ak, N

(1) Fi - Fo HEGBERE F, C kF. —f&%, RINA: F-FH CF 2AK%
Fi1-kF CkFs.

(2) FREFTHERE F=F -F. B4 F RIET, N FCF kF =kF.

(3) %o F AEF 2%, N k(F-kF) A@E FOEF THIRT, LXIEBTAHARX A
Fi-FCF &R 71 P RK %
JEER. (1) ERMEAR Zy e 7 Fo, TR F1-Fo AEBIMENY 0 ¢ 7 - Fo. BIF, XHE
B FReR RMMEE R, e R, i Ny #0 5L, HK EXMERE XS E¥MAE 7 -7 HE
B4 HALY 7y C kFy 4 HALY Fo C kFL.
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mE F - FCF N
(Fi kF) Fo= (F1- Fa) kF C F-kF.

T& (F-kF) - F RER, B ECIEGSRHA 71 kF CkF. RZWK Fi-kF C kFo, B B
BUESIRBAE (F1 - Fo) - kF HEM, M EHH—K LG RRE F1- Fo Ck(kF) = F.

2 BXREER F - FCFEMT F-F=F WF REF, WF-F=F 1) FM
WARR| F C kF IS F-kF C kF.

(3) & F=k(F -kF), | F-kF=kF. B (1),F-FC F.

Wik A R A FCF M - FkFCFRF X (1) BAVER £ - F CF.BFU
FICF -FCF RHY4 7 =Fuf, HF FCF. LA F HIET.

HT FUKF CF-kF, Ftbh k(F - kF) Ck(FUEF)=kFNF. O

2 Fint N Ly HRETRTERABAE , AT WERIREIR kFn = Fo AEEH
FRARBAREIR. R F 30y Y BRI T NENFFEWNL F - kF C Fue. B 4.1.2-(1)
M, EXFENT Fo-FCF BN, Fur M Fo R, FFH F 0WH 2 HAXE k7 K
Wiy —NRYR F e AR

Fa SFeg- F=FCF-kF C Fu (411)

WR FRHEFHWRE Fu CF, MW Foe- FCF-FCF M, W F AR

icZ, Bl g 7y -7, B g(G)=i+j XNFeP, 8L g4F)={j€Z,:
i+jeF} Wik F A EFBATE, MENEGN icZ, B ¢'(F) CF; R F h BAF
BATH, MR i e Zy, g/(F) C F; Wik F  FBATH, RGN icZ, F
FeFeg(F)eF.

PR F 4 thick §& BIEXER F ¢ F XABRE 1,42, ,ix € Zy BATH ¢7(F) N
g 2(F)N---Ng ™ (F) e F. MK F, LATgEE L —N5 F HICH thick & 77

TF = {F € F : XME—HMRSEir iz, - i € ZAHg ™ (F)Ng (F)N---N g~ (F) € F}.

B rF W E TR F AR thick R, B XA, R F N thick B2 HAG 77 = 7.

R kF RUET, B4R F R S F3HE. XTI B BN EEEAE T EAR Ramsey
Wl 4.1.3 3%k F ARTHBLEBRACH Ramsey e, Bde FLUFR ¢ F, NI FL € F
B e F .

JEBA. & F oRIETRHME. R ¢ F H B ¢ F, N Ff € kF H Fy € kF. TR FENFs € kF,
LA (FLU By € kF, 4k LU Fy & F.

RZ, MEE FI,F, € kF, HENEH FC ¢ F }x Fs ¢ F. bl Feu FS ¢ F, Rl

(FLNF) ¢ F. )Nf FL N Fy € kF. O
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BT AR — R EEMMER, ERH TSR FRIE Ramsey BLIR A HFFIR
HITEH.

PET AT A — L EH B AR,

BRENH k5 7 WAL Fop H A5G — 288 WK

(1) HHGZ kFinr = For, WAEE XAVHERFIAARREHNRIE. G0 Fur FHKH
FOFRAARTR, T For i/ D EF AR

(2) HEXTIT G, Bh FAE mFue PY S BEAS THEERKMXEEL, TREIXHE
B n e N, fF1E an € F {15 [an, an+n] C F. FrLL F 24 thick #, Bl 7Fy = F. M4 F' 1E
HOXHE b Fioe 24 BOCEFEE R N AAXMER i € Zy BOL {i,i+1,-- i+ NINF # 0,
N #R F #EIEE. BrRL F' i syndetic B, Bl k7 Finr = F.

(3) TkTFint FHICHR A replete B 5%, thickly syndetic BY. F € 7kt Fine 24 HOCY I LR
EEC N {n: [n,n+ N] C F} & syndetic fJ. HIMBE krkrFne FICHHA KB 5 piecewise
syndetic BY. F € krk7Fine 24 HACS B AT thick 1A syndetic 2R3, HITE,
ANE Fis = 7h7Fine, Fps = kTkT Fins.

UERERH kS v BAETFIN Fue HRFrREMERN AR, EIEETBAL
0, H Fo 5 Fis HUET (TERTE).

FH—REBEESHEEAR, BARMNEZ—8E L. K’ AR Z, KZHFE EN
£ Banach BE & X H: BD*(A) = limsup|_ A‘?‘I Hrp 1/ 7, 58 7 WX Ja) B,
|| #REEHEE. Ba AW EBE E R d(4) = limsupy_, A0OL VUL
AR Z T, MRS d(A) = limsupy o, HHAete T F s ¢ T Banach
BE BD.(A) Ml FBE d(A). iR d(A) = d(A), IBLPR AKH BEdA).

M 414 R EFAZ, RZTE. N

(1) BD.(E) < d(E) < d(E) < BD*(E);

(2) BD*(E U F) < BD*(E) + BD*(F); 4»% ENF =0, 0] BD,(EUF) > BD,(E) +
BD.(F). ¥ BD* BD, %4 d,d %#15% .

(3) d(E) =1~ d(E°); BD*(E) =1~ BD(E).

JEBA. BRI O

FATE Far = {A:d(A) =1} = {A:d(A) =1} K Fiar = {A: BD.(A) = 1}, ENTHIE
+. JFHREITE

Fiy = kFar = {A: A°¢ Fay} = {A: d(A°) < 1} = {A: d(A) > 0}.
[FIBEARE] Fiigy = kFnar = {A: BD*(A) > 0}. BAMELIL Fouva = Fiyar K Foua = Fiy- B5E
HE F.={A: BD*(A) =1}.

WECZ,,, I E-FE={a—b:a>babcE}, ®ZHNEBEE K A &£ X
F, Bl ORI ZELR N AF) = [{F - F: F e FY|, FRCHIER A(F) = k(AF)). L



WA N R G MR %95 TT
FwF HBEHIX §4.1 Furstenberg

A(Fihar) = AFq1 )i A(F) = A(Fps); A(F) = {Z+} F. 3 F = Fue B, EATEWKILT F,
WWHN Aj, TR AL FITERHN A &
B 4.1.5 B4 thick B A IP &, mAENIPEOLTENEZE. MdEAN A &4 1P
£, WEA IP* £ 4 syndetic 4.
WEBA. & Sy thick &, FATEIEMNEIE XFF] {pn} C S 15 FS({pa}52,) € S.

BHREER pre S. BT S 4 thick, FIERERT pr XA, FEHCIX A B py
15 p1+po WAEKK A B . RIEXRATEZRBUETF pr,p2, - o 43 FS({pi}iy) €S T
S M thick ], FFATFEERERT p1+po+- - +pn BIXIEBE. B pnar I BER /MR
AL WIBECA pr4po+--+pn +Pn+1 HER X E B, FATHE Diy +Dip + -+ Dip FPny1, V1 <
iy <y <--- <ip <n FERKEEH. FREA FS{p}2) € 5. HIWEAELT {pa)oz,
7% FS({pn}nz1) € S.

WF=FS{pn}) NIP £, & s,=p1+p2+-+pu W s,—s,€FVn>m, I8
B, FaET—PEE O

PLEERRAEEE FEE 4 B R R, B

FoGFp G A HA'GFL G Fe

TRV 1P AR 7 RIS

it G A N2 EFRFEARMES, W (G,0) HERE X o,8 € G, WK max{i:
i€a} <minfi:ie 8}, MFNTE L a < 8. MEAMZEHTFI {02, C G, X

FU((anb) = (Ui 0 € 6)
i€
PRZ A IP 3.
Xt {pntnia PR aeG, & pa= Zieapi' | FS({pn}nZ1) = {Patacs-
S| 41.6 X F AIPE. & meN, AL F & IPT% F #44F F CmN.
JEBR. & F = FS({pa}o2y). B AEE m MREIREAR, FrUARINIAY ¥ py = a(mod m).
W {on )2, € G HEAMZEH—NFFH], HHEAN o HEH m DUBEHABMES. X
F' = FS({pa, oz1) HPRE TP F4E. O
EE 417 K G=CLUCU---UC,, N Ak C; 84T —A IP 3%,
JEBA. XF a = {l1,la,-- , i} € F, B ¢la) =271 427t oo o=l N ¢ T G 5
N §——XF5, #MEE T H2 N=¢(C1) U(C)U---¢(C,). MRHE Hindman EH, FF1E
1<j<rfiifg ¢(C)) HET—MIP £ Q.

BREER MHMEL: WEE o2, Q1 T, w) =yt +y € Qi =
1,2, t} W& T —IP & THRMFFGEEE P . HRER e G m =2m >
P(ar). B oo 17 ¢(a2) € Q(d(ar))NmaN, Ul asnen =0, az € ¢7H(Q) C C; A a1Uas € C;

(HHF a1naz =0, FTPA ¢lar Uasz) = (o) + ¢las) € Q. MM a1 Uas € C)). IHEIHY,
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B ar, a2 01 BREBGE. B oy 15 d(on) FTRABE 2 BYRBRUCHAERR, S5
an AT on, 00+ 1. HFHBATTRIEDR ¢(an) € QFU{ai}7))), HEMEBIER
1<ip<ig< - <ig<n—1F dla;, Uaj, U a;, Uay) = ¢, Ui, Ui, ) + d(a) € Q.
XEEFRNBEIASFS {ant, B4 FU({an}py) € C;. O
FHE 418 B QAHIPE, L Q=CUC U ---UC, NIEAE C; BEAET—A IP £.

JEBA. % Q = {patacg, M Q = C1UCLU---UC, 138 G W5 G = DIUD,U---UD,, Hrft
Di={a:po € Ci}. HEM 4.1.7, F77E D; & T — IP 3 FU({an}52y). W FS({pa, }521)
HEETE C; HHy IP 48, O

AR X AR DA e 4.1.3, FATH
Rl 4.1.9 & F HIRT.

A WRIEF, ERIERKH T Ramsey EIE : % A WIRES, NIXMEESE
0ok B AT AR k Juts, A RUIEETCIR T4 B (E15 B” 78 A" 3L T AR .
A 4.1.10 A* HEF.

B, FAULTFIER] A BA Ramsey YERI AL, 3% {s;}32, MBHAIH S = {si—s;:1<j <
i<ool. B S=85US &

Pr={(i,j) : 85 —s; € S}, 1 = 1,2.

TR P, P REISES P={(i,j): 1 <j <i<oo} W—HI. M Ramsey BB, FF7E
{in}py WARFTE (im,in), m < n BERE Py H, BERTE P . T {si 102 — {si oo &
EAE S 5 S, . Bl A B Ramsey . O

5| B 4.1
L& F, Fu, Fo REFE, N
(1) 77 F =1F;
(2) Fi € Fo = 7F1 C7F;

(3) (Tfl) . (sz) = T((Tfl) . (7'.7:2)> Q 7'(.7:1 fz) jl:ﬁtﬂ% .7:1, .7:2 j@ thick fﬁé, |)-1|J .7:1 ~f2 ‘@,
A thick #J.

2 W F BT,
(1) F AMEBAZR Y HALY F 4 thick [
(2) 7F 5 thrkrF ¥WHhIET, H 7F C rhrkrF. ##—10H

ThTkThTF = TETF.
(3) AR F BN T HAZE, ME thick 89, HME (2) F F C rhrkF. HINEMIL:
ThTkF - TkF = TEF

ThkTkF = k(TkF - kTkF).
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IF
H
o=
$§‘x~

3. EM Fis v Far 5 Fooar AT

4. WU Fing, Fer, Fo, Foo Fis, Fps HH k5 7 BTN Fioe HEFTREMER TR, [185R: IE
B 7 Fint = ThrkT Fint.]

5. MAR—MEFERTRAXNLEF IR, WKz h @&EF. 1 Zom 33, BMETFRIER
AN IR T .

W F RIET, WEH LTSN

(1) F Hi#igT

(2) F = kF;

(3) F HUETFRH1E;

) MEBFCZy, BLAFeF, BLFeF.

6. WHIXTF: F G FpGA.
7. UEHIPER 4.1.4
8. JEFHEH 4.1.7 5 Hindman EXH - EZMH.

§4.2 —EEIESHHORE

E—TRMELNA TREABS SR, BUE 7 E T AR, EX—5H
MAEIESCE TP 45 R B TR 53 I R E VIR R, HPiF24eRIE
ZAEF—BEMH _ERB IS, (HEN T ERITERS HE5e 8.

56/ syndetic 48, RN GHR/IMEF VIS, BATEBHHREIR Gottschalk-
Hedlund /@ (FEHE 1.3.5) :

EI 4.2.1 & (X, T) HA&%. NE veX AN NG EREH v 69EFARK UN(z,U)
A syndetic 4.

G G 2 [ RE VIR TP 4. Hindman EHHEH: 7, B Ramsey
P, BIXHE— TP BRYARA T, LA H—HoTlhh 1P £ (S EH 4.1.8). RAEESL
XA E B ERR LS TR S22 H Auslander-Ellis €3 (B 3.3.15): 31 RGEHEAT A
A BIE P R E] — MR RS Z proximal.

@l 4.2.2 Hindman X254 T Auslander-Ellis < 32.
WEBA. Auslander-Ellis 2 ¥EZH & Hindman & FXPNESCl E R 3.3.16 IR E 2453, 1m0
Hindman EFZE % Auslander-Ellis FJIEBIZ WA 3 F5 EFH 4.3.4 fYIERA. O

P RHHFFIC (BECH idempotent) FYIAHIR, X Furstenberg S NRFEIA N
IP 22/ %¢H. Furstenberg 8 (EF 1.2.13) :

T8 4.2.3 (Furstenberg) & (X, T) AN 4 %. 4R v X AT G 5, ALM v HEFEARK
UN(@U)={necZ, :T'z2cU} HIPE. RZ, =» RAH IP &, rvlfﬂiﬁ;— # 4% (X,T),
HiF 6 re X VB x 49— AAFK U %1% N(2,U) CR.
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FNPRE 7 PRITTEARY 1P & AR —A A« BRI RSRIEE Dy 1P 48, 84 1P”
o syndetic BT = AW/ FHEERNBEHEES. BHZ—PEFEN distal K2
FEMFEREH A B S 5H proximal.

EIR 4.2.4 (Furstenberg) % (X, T) AN A%, z€X. Nz AP BFZHBHERIEECH
distal %..
B 2 W 3.4.7. 0

PR A BIEARMBES LB & (X, T) A RS, e X Ry JLF

B5PR BHEHMEEFS n C Z, lzn%“v Triz — o', MAA T~ — a.
FIE 4.2.5 & (X,T) ATEHN 4 reX. N o AABHHBERECHILFE
JEBA. % 2 AJLFESFR, TIEESh A* RIS, BPZEUEXT « MAERNE Vv D RERF
G| {ni}y C Z, FEHE k > j {47 Tz e V. AOTAGTR T WESH T — o/ MEFAER
JLFBESFH, A T — o B R T’ e V. XFH T — o/, Fr2ABCE 7840 K
WA T (Tx) € V.

RzZ, B ok A FER. & T — 2 H T2 — 2" MRz #2", MFEESE
EATHARE Vi Ml Vo. HHF Nz, Vi) I A B, B {ne—n; k> MK AL, IFH
BEIR A Bl () BT {0} g, BR T — o' H T’ — 2", frll BRA
T — o' B T "%a' — 2. 7578 j (1% T "a € Voo XBEHN T — o, FrRABL k > j 765%
KAEH 775 (Tx) € Vo BRYE {nf} BIREH T e € Vi, X5 VinVe = 0 FJF. FrlA
x =", IRl = R JLTH SFHY. -
Fig 4.2.6 LFAETHR —LEFEZGHNFERR. R DA AFARGILFET
&, 22 JLFEESFRYEE. Veech it TXE AL BAFEFFHEM: — AP AL
7@JL—T‘ TS BEAR G AN F RE LA G ILTF 2 —F & [Veeehl965],

Purstenbers 7 & o % regular ) BASHEAEARASMEE o 73 o % 9 generic 4,
HEX @ WAEEASE U A p(U) > olfvrstenbersl96l] 3bp I AR, e RAT e & AR
-

TR 4.2.7 % (X,T) A4 %. Nz X H regular b % BAXE A o 891 FA4ARK U,N(2,U)
HEEFREE.
JEBA. &y ). -

THEFH W] Furstenberg XTI EF (HA (I1) WEPE 2.5.3) -

EHE 428 WG HZ, 2hAREGES. N
I 1. 3% E CZ, # piecewise syndetic T4, WHELEM L% (X, T) RRIE=TFE U #4455

{aeG: (TT"U#0}C{aeg: [)(E—n)#0}

neo neoa
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2. MBI A G (X, T), £ 4 syndetic F& F 1513
{a€gG: ﬂ —n)#0} C{aeg: mT”U;é@}

nea nEa
11 1 4R ECZ, B BD'E) >0, MAEAEGRME% (X, ApT) & A c A %3
w(A) = BD*(E) B3 +& a € G M=

BD*((J(E—=n)) = p([ (T "A)).
2. % (X, A, p,T) AN 4%, Ac AR uwA)>0. NAEEECZ, #1F dE) > uA)
A
{oeG: (V(E-n)#0} C{acG:u(()(T"A4) >0}

Furstenberg {ERH T A ZERIE E M & (X, A u,T) HA[EHEM RS, Ae A H
u(A) >0, MXHER k € N F74E n € N f§if5

WANT"ANT 2"AN---AT*) > 0.

(Z W, [Furstenbergl1961, Furstenberg1981, Furstenberg-Katznelson1978, Furstenberg etc.1982])
TR G LAY Furstenberg Xt W 8 PRELIS-2 3 41 Szemerédi FEFIE . fE{f1E_I= Banach
FERAE TEERNAAREES]. LENFRIMNEES EHHEMNEE.  Fursten-
berg KT Szemerédi & FRATEEDTIEIIFR] T 31 /1 R — D5 Fi 7. #J7 Ramsey 3

2. BIEXEIIC A E W ZIRZIA T XEE, BOGBRAEEZ AT LIS L [Bergelson1996,
Bergelson—McCutcheon2000, Bergelson-Leibman1996, Furstenberg1981, Furstenberg-Katznelson1991,

McCutcheon1999] 4.

FAIPR A &y van der Waerden £ BT H S T EERKOFAAREES]. HKilidek
van der Waerden 28 Foaqw. T4 Szemerédi EFEHLE VL EE IE I Banach % F 44 van der
Waerden £, 7RE[ Fouba € Fodw-

Ja FATEMZPA 5 8] ARG AR,

EM 4.29 (1) &4 RAA (M) BIEE 248, HEEFHN AL (X 1), & >0, H
freX BEAncREF AT x,z)<e 2HREEEIRH Rr. FME, RADFZHE L HAR
BB AL (X, T) VA X WHEZIESHFE U, AAERE REF UNT U £0.

(2) 24 R #A Poincaré FF3l| X MELBIEE 2AHEERMN A% (X, A uT) vA
BREMAEZEHR u(A)>08 Ac A FA nc REF n(ANT"A) > 0. £4% Poincaré 53
WA Ry

RIEEFE 1.3.13 LEH 254 F:
A 4.2.10 (1) RE Ry R HEAREMEZFHRR BD*(E)>08 E m= RN (E—E) #0.

(2) RERr HHMEAMMEE Fos £ E A= RN (E—E) #£0.
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HRAERT 975, BRI : R = A" (Fpuna)i R = A" (Fp). B THR/MELH E
R4, Frlh Poincaré FFL N EIZ L. Kriz 18 1987 FHIEH] | #7178 B B H(HAJZ Poincaré
J?‘ﬁljﬂ(]rfﬁ[]%’ %EI] RM ; RT[Katznolson2001, Wciss2000b]'

wBEEATHMNEN EEARB R, EMEWETRR HA Fe HH2EFOEHR
FITER) -

fcfcfdwg-ﬁbdlCﬂsgﬂcfcencf‘lpCACRM A(fpubd)gRT:A*(fps)gﬁnf'

]:Cng(]:ps)QA(]:pubd)gA*gﬁzgfccn*gfsgfpsgfpubdgfvdng:inf-

3 B 4.2
1. SERURETE 4.2.8-(1) fYTEHI.
2. WA RIGITFIMEE LR
3. EHA Ry 5 R ¥9F Ramsey TE.
4. JERALL N4~ Poincaré J¥51:
(1) 1E 2 Banach ZEH 1 4,
(2) aN
(3) E— E, i E N TR
(4) IP £,
5. ¥ F, @ X pF = {A: (3F € F)(VN € N)(Jay € N)s.t.ay + (FN[1,N]) C A}, #F pF FILEN
S FE G p(Fs) = Fps; /BOE LB EREKIE L Bananch HEE. &% F C Zy, iEH:
(1) F H43Bt TP 4By 24 ALY IHEM B I RS (X, T) F v € X 76 TFa A [ 5 4.
(2) F € Fps B4 HACYSHEMBI RS (X, T) Je v € X 16 TFx FAHEH/DNE.
(3) F RIE_E Banach % B4 BACYMEMBI RS (X, T) K = € X 18 TFax HIELE
regular £, BI7E TFx RIETEARRT THAASMBE 1 1 generic & y, B R v € suppp.
6. & X MEBEEZMN, {zalacg W X FH G FFH. WREXTF IP 3F F, R 1P — lim oo =2 P
fo: MT WA U, FELcGHBERHE o> aecl H azaelU.
IEH: X TAEE X G FF {zatacg UBMEB IP KR F, FFHEIP FHRF CF hre X ff
BIp— Jim o =2 B, FFIERA LR 48l Hindman & HEM.

7.8 Y R, WO ¢ FHIEXT —A4 IP RE ZHEMER o = {ir, iz, ir} € F, &A1
B Yo = YirVis - Yir.- 1P RGEFTV AR —FME. ZI0, R anp =0, F vaus = Yayp-
MR {Totacg A C(X, X) I IP REE, WINEHEEHER {Tatacg NEME X 1M IP REE. #I
i, XFFAET IP 5 {nataeg, To = T" HLE LT —4 IP RE.

B {Todaeg H2SH X L# TP RE0 EW: 757E 2,y € X K TP 3F F {#4% IP—limacr Tox = y,
FH IP - limaer Toy = v.
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8. W AR Z F&EE, R BSEMNG 50 Z EFHERH S, LEHEBHSTaE AdT.

IERT: IR A N TEBARAR, BT RHSIENR Y Y& syndetic BEET A H
TR, MR ANTERTHHEFTCERYER, BB R ENRK Y BHAYFA piecewise
syndetic BEHET A HFILE.

9. & AR Z TR, KN BEENN M EZEGE LEENESHAET AFRET. E:

(1) o7 BE L DU i 7 B0 A 0 43 LE DU .

(2) ik A B TPBAZHHEFCERSAER, e hEEENSY 0SS NEFEL
Banach % EHHEGEET AHITE.

(3) & AT R: FeAYHAY F RHFEIP LHTH. IEBXDEEH A H 2 ENER
REEIENR. (85 2 E=U,(k+3"22) X F = (~EUE)". iEH d(F) > 2/3 BAREE
AT A H15E. )

10. IEWT: R OFEIESEY HOCYIMEEART D Z = Ui, Ci, FIER2 T C; % RN (C; - C;) # 0.
11 3E#]:  (a) R AEIEEY HAUUEEGHE A= {(¢,a+7):a € Z,r € R} HHSTIENIH.

(b) R % Poincaré #8124 HAUY AR A= {(a,a+7): a € Z,r € R} HHFEENH.

12, (PDEEARER) % S 8 N WHOEME m > 1 BEFEE. Raxt zm fEE IP R
85 {Vo}acg, FEAE TP 3 FO PIJ IP RS {hotacrn C N f#18 R 4+ v, € S™VFD, Hr
S =8xSx--xS UK K" =(hh,-- h)eN™

miRk
§4.3 —LEFEMEMINA

AT, Rl122il% B —MEESRMEHEIEN. P aREXMEA AR
HUE AR BN AR5 H proximal 4518, XL PR (TIERTTH ] Ellis 25T
RE&%EH. ROIEA R EAMEEN TR, —rEEd TIERREAER, 55—
7 TH A X AR RE X B BE A IR Z i B
BIFE 4.3.1 % (X,T) AN 4%. & z € Rec(T) B {V;}22, H z §—mATK, ALH L
FA-IP £ 4 FS(pi¥e2,) #4%F FS({pi}2,) C Vi, &4~ n e N & .

JEBH. SR 1.2.13 JERAZEML, IEEER H k. O

N7, TEFM2ze X, EX T (x)={T!(x): i€ F}

5138 4.3.2 & (X, T) ANNAL4%R Q = FS({pi}2,). ¥EF v X, HAE yec TN
Rec(T) VA {pn,}321 C {pi}i2y A y AR U, A% j 2175 FS({pn,}2;) C
N(y,U) B (z,y) € P(X,T).

IEBA. ¥ Ky =T%x, Py = Q VLK pn, € {pi}32,. W4

PN (Pl _pm) 2 FS({pi}i¢n1)’

TR

Kin T_p"1K1 2 TP10(P1—pn1)x_
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A KiNTPaKy =L K, B K WERWH diamK,; < 5. FREREITAE
Pin(Py—pn) =J{ne PN (PL—pn,): T"z € K1}
i=1

P8 Hindman &2, 77E j 5 R={ne PN (P —pn,) : T"x € K1} PN (P — pn,)
K IP T4, & K=K ;. W K, C Ky, diamK, < 3, TPm K, C Ky H TPz C K.

T, JOTES] {pn,} S {p}, PEPADOP D - UNETHE K DKy D - i1
diamK; < %, pn; € Py, T"Kj1 C Kj H TPz C K. &y € (2, Ki. ASWIEEWER
. O
A 4.3.3 & (X,T) AN 4%. 4R 2 € Rec(T), ML 1EFE 2 € X HFhE ycorb(z)
#73F (z,9) A X x X 9= F 5.
JEBA. B {Vi}o2, A 2 BIRRIEE, 9 31 4.3.1 fFFERE TP 868 FS({pi}2,) 8115 FS({pi}2,,) C
Vo SMEE n e N oL & y A5 4.3.2 FRRIEIE . IBAXT 2,y FAEE LR
UV, ®1TH

N((z,y),U x V)= N(2,U) N N(y,V) # 0.

O
EIE 4.3.4 (Auslander-Ellis) & (X,T) AN 4%. NN EF ze X FAEEMIDE ye

orb(z) 4 4% (z,y) A prozimal 4.
MEBA. %6 orb(z) HAETER/NES Y, WLERE 1.3.3.

BAPHLE] 4 thick BE A {5 T4\ T2 CY ROL. TRUE A FHCE 1P 74
Q, B5I 4.3.2 TEFER y € T N R(X) {§i15 (v,y) € PX,T). HTF y € TRz \T9 C Y, y
TR/, EFERROTEL S T FATH IR

BVe={re X :dzY) < b W (Voo Y @48 £ 6, > 0 fi5Y
d(x',2") < 6, BtE d(T'', T'2") < %,i =0,1,---,n—1 . FHAY Corb(x), FrLAHFFES
in H1F d(Tn2,Y) < 6,. FRY HARBE, Frlh dTh e, Y) <1 =01, ,n-1 &
A= U (i +3¥5. i EW R, Rl T\ T4 C Y. .
Fid 4.3.5 L@ Auslander-Ellis < 32 ¢x 0 A 3] T Hindman £ 32, W32 3.3.16 441 9
R T Ellis FR£32%.

1. JEEAS|HE 4.3.1.

§4.4 HEESEESKESH

EX 4.41 &k F C Fur, 4% (X,T) A F (BB $9RIEH X 9EFFTHAEK U K
V.NU,V) e F ms. # (X,T) A FiBE 49£&8 (X x X, TxT)H F 15 49.
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W F B Fine B, FARBR A, W FIREGECAFIRE M F B Ay B, FAE
#E FIREGRR—ME, HARES.

WIR F C Fne, REE (X, T) FRA F ) BIEHERE X fIESHE U ML NU,V) €
F. BAVEH AT @R A G| F 18k
DR 442 % F AR, FTHIAT kR, BLEA%L (X, T) A FAESEGLLRET AE
HEHEA F Pkl
WEBA. BT F MEMHTBALR, B F C Fe. TE, MR (X, 7) K F LR, B
2ZERNEHER. HEX, BN FHORBRA.

Rz, MR UV R X HAEBFE, BAHGENE, FFEic Z B W =UnT~'V £0.
LA

N(U,V) D NW,W) +i.

TRH (X, T) N F OB KL F M TBAZE, F NUV)eF, R (X, T) 2 F &%

. O

—REEWNREERGOVTERB AR . — RS (X, 1) 58 #hEbEh

B9 JEAE B0 syndetic fREERY, B 7, fREERY, f7ich TE #y. MR 3.2.7 BIERH, &TH

E R4 (NI M R5E) RFHIMEIR. BT syndetic J&R5 thick BREAXHMERR, BrLMEff
il R G555 1R & R IR G NG RT.

TG H—BARIR & Z 2/, RIVCERE T HRAHNAETZE (2 e
1.4.5 ):
EIE 4.4.3 & (X, T) AN 4%, NRTHAFH

(1) (X,T) #5584, B (X x X, TxT) %:ai

(2) % X 6942 FEEFE UV A NUU)NNU,V) € Finr.

(3) 2 X 9 Z T E U, U, V1, Vo, HAIEZEFE UV 44F NU, V) C N(UL VAN
N(Us, Va).

(4) {NUWU,V H X = FE} £ R—DET.

(5) (X,T) A F, % 4y.

B b, AT AMERSBE IR A0 25 -
EIE 4.4.4 % (X, T) AN 4, F Ak, WRATHAFH.

(1) (X,T) h F R,

(2) (X,T) A 7F t5i 49.

(3) (X,T) A F 4538 A5 RA .

(4) BEFBAEGET F CF 43 (X, T) A F i b,
. (1) = (3): B

(3) = (4): 1 LR (4), Bt {NUV)IU, VA X dEZEFFFE} EMmIETEI A k.

(4) = (1): & F HIETF, TJ& NU x U, Vi x Vo) = N(Uy, Vi) N N(Us, Vo) € F'. iXFE
(X x X, T xT) R F 1giEny, #M (X, 7) K FIRE
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(4) = (2): FBAZIIEFH thick B, A F =1F c rF.

(2)= @) HFrFCF, (X,T) FALEM. H 7F C 7Fu, TRHEM 4.4.3-(5),(X,T)
HEFIRA . O
Wit 4.4.5 & (X, T) AN A% F A#k. 2R (X,T) A F b, NEE neN,
(X, TM) H F bty LA, BBREAGZATOIEEY.

BRoR. SIRAAN, —MEEMRSEN nildBE.  XT mild BERITES =58
4 WELTFEAThe S, RIMUEXBE R —T bE’J~ﬁ'ﬁﬁﬁ BiE, — MRS (X, T)
A mild AR B E/ AL TAEME#R RS HEX, mild BGREHAXLTHEHE, T
ELREIREH. B NBIBEA Fo 5, FTUBALTHEHERSE, THELHN mild
RAEW. XF mild BETENTR, [RG M, RATKEAES/NES HEMEEF, BT
Z: LN FEIL 4.5.6.

BT R 1.4.11 4 T mild B4 8] & B i) 45
T 4.4.6 & (X,T) AN 4%. N (X, T) A mild R4 2 HAE (X,T) A AY(Fp) 5
i 4.

THEENZAEY B R BREWEZ AL, 55, RITEMCENTE L. AT
PRERGE (X, T) A 880 248, ERAXTHAER/DNRS; T @8 EREsHAXTe
K E RG%. HAWRDNRG N E RS, LRy 8RS A HHY.

EIE 4.4.7 & (X, T) AFHN 4 %. ML THAFH

1 (X,T) ART K AL,

2. 2 X 92T FE UV, NU,V) € A (Fupbd);

3. A X $EAETFE UV, NU,V) H Poincaré 5-3.
JEEA. PR 2.5.4 BUAnE 4.2.10, FATH 2. F1 3. 47

BUIE 2. 20 1. R X gy EERT RS T4 U,V B IE E2 Banach B4 S C Z+
A NUV)N(S = 8) # 0 ML B NU, V) HERE, X (X, T) HEERS.
(Y,W) R E RZE, U,ViAY WESHFE. BRK v BV PEEEER, IBAFHFTE noeN
15 y e Vi H Wn(y) € Ur. BEIAFTE v BIFFRBIE Q € Vi T2 W™ (Q) C Ur. XuiH]
N(Vi,U1) D N(Q,Q) +no, N(Q,Q) = N(y,Q) — N(y,Q). HEH 2.62,N(y,Q) NIE EF
Banach % F4E.

XFEHRIH NU,T(V)) N N@Q,Q) # 0, B (ng + N(U, T~ (V))) N (no +
N(Q,Q)) # 0. HEEZF] NU,T ™ (V)) C N(U,V) —no, HATH NU, V)N NU, W) # 0.
T N(U x U,V x Vi) = N(U,V) NN (U, V1) # 0, Bl (X, T) ABY R

BAEUER 1. 20 2. R (X, 7)) MEY RS R (Y, W) A E RS, RATE

N(U x B,V x B)=N({U,V)NN(B,B) #0, Xt U,V 2 X WIEZHE, BAHY W L
P& M4 @ IE B2 Banach B S C Zy, RATEX z e X = {0, 1}V ffiff =, =1 4 H
XY ie S, FAME = FrA S 7E {0, 11N WHE/RREL. & Y1 N o TEFH o TIHLE A,
A1) ={y e Y :y(0) = 1}. BIERIEEHE 2.5.3, FE7E o A 1 2 1(AQ1) > 0. B
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Pior e BEAAFAEE DT BE v 45 v(A(L) > 0. &Y v B3, B =Y NAQL). EE
2 BoAY BIT&. BATE

S—S>{nez,:vie™(B)NB)>0}>N(®B,B).

(Y,W) B E RZ%, NU,V)NN(B,B)#0, #M NUV)N(S—S)#0. O

KT 4.4.7, P EUR SR B B[R] 5675 40 %) .

EIE 4.4.8 & (X, T) AN 4 %. N T&AFH
1 (X, T) Ay 4%
2. 3 X $9&ETFE U V,NU,V) € A (Fps) = A*(F);
3 A X EAMNIESHE UV, NU,V) AT Z &.

WEBH. HER 1.3.13 BUAnT 4.2.10, FA1H0 2. 0 3. ZE4y.

BUE 2. Zi0R 1. R X pyEEXTIEE S UV fIEA syndetic £ S € Z. H
N(U,V)N(S—8) #0 oL B (Y, W) AtR/DRSGE. HER 135 AR yeY M1 Q Ny W)
B, W N(y,Q) 2 syndetic £&. FILRMIT @ 4.4.7 IERAR S, X X gy&ExEE
DI UV MY WX AEETE UL,V BOTE NU x ULV x Vi) # 0 5L, Bl (X, T) A
THRSE.

BE, RATEW 1. 20K 2. &% (X, 7) HVBERS. BLamE v, W) F/NRS,
MFEATH N(U x B,V x B) = N(U,V)NN(B,B) # 0, ¥ U,V X fE=EH45%, B A
Y BIEEFLE. & S C Zy K syndetic £, FFH o HETE {0, 1}V WHREE. 2 Y Ko
PUEAEFRIRDE, B={ycY :y(0)=1}. SN syndetic X —FHLATH B = H
N(B,B) c S—S. [H (Y,W) Atk/N&REE, N(U,V)NN(B,B) # 0, FM N(U,V)N(S—S) # 0.

O

3J B 44
1. FAEEESREGENERER, ER PR, LR —F AR SRR TR R
2. & (X, T) A AR, 25, 7) MMHNMBESERSE, Fh fulljE LT EMR:
(a) (X,T) K FiREH;
(b) 2%,T) K F RAH;
(c) 2%,T) HF F 1&idki.
3. W C Zy, WMEMENEEELERSE V,p,T) Ml ¢ > 0 FIE yo € Y Ml n € W\ {0} f#75
p(T™(yo),yo) < € AL, WIFR W C Z, Ky #AX T e EE F31.
REHA BT BHE 2 STERNEEELRAT AL, |’ (X.T) B3RS, EHU
TG
(a) (X,T) KT AR
(b) N(U,V)N(S—S)#0X X WEXMEZFE UV MGENEEBRX S = Ny, B) L, Hf
(Y, 8) AM/NEEBELRG, y eV, BA yo KA
(c) Xt X WEMARZIF4E UV, N(U,V) AR T HEREE: 0 15 & 751

2X
2X
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£ 1967 4F- FurstenberglFurstenberel967) F 3 b ANK B R FYAE SRR JT e 5 T3l 71
REPIINTHANRGE A2 S RGER 3 RO BAHEIR K. M
J& PelegPeleelo2] 5] \ w55 (& “33A3cHE” . BUIETCIRAER DT ER i R AEH T ah 1 &R
é}EEP, Z:ﬁ_%%’%z:ﬁﬂg’%l\fﬂ Bé__}é,f%%”*&jt E@ﬁ%%g}ﬂ [Auslander1988, Glasner2003, Rudolph1990] .
EAE E—WELN—B B FFIF9E T 585 ASSHES R EE LR SR, MEX
— W RATEE MR R IG AN, EETRXMEMER. RITEES LZERAHEA
M, FFTEAR 45 I ASEVE 5 A SRR R &,

RN RGN BARE 2 ENMRMAZAEEN. WRE (X,1) 5 (Y,9) 55
AZFATHICZ R (X, T) A (Y, g). & F AHEIE, IBABHMERE X, B FEEEH
G5 kF AZIBH RGNS

W P RN, BRITA (X, T) € PRILRSA (X, T) AR P, IREIRITHH P
RREAWR P WA R2G 2. ®ITE PA AS5FEREER P REFHAKH F
giefk. HERBRITAEUTHER (BIETBE):

MR 4.5.1 & P AR T ESMGER, N

(1) P, C Py = P§* C P{;

(2) (P*)* D> P;

(3) P* = ((P*)M)*

PSR Py & Py BR 0 BARHER 24802 Pt = P H P = P TR
P R TAEBYERERT, A P 5 P U AN AR, —&mE, EZIE P IS
R—MEGHEE, EAHWRENE P =Py P. TEHRNTE PR F fZEk
FRBIX L. FRATIN Weiss-Akin-Glasner & HIFIRFANTHI 2. XD EHE Sl Weiss
BHSIREMIESN, 1 Akin & Glasner 25 H FE:
T8 4.5.2 (Weiss-Akin-Glasner X 32) &% F HEW, FATEY thick 3. W—N317) 4
GAKF AH R ERBCHAXTIA F A6 4%,

JEBH KT T 1 3 Weiss-Akin-Glasner 5|#H:
T8 4.5.3 (Weiss-Akin-Glasner 3132) & F H B, “FATLE thick L&k Ac F. N
GhAELX FEEGLG% (X, T) B X OF-FE U B NUU)=AU{0}).
WER. HG, ROTFIN—BRFS. PIRA—MARESR, PAHZ, —PMHARFEH e P.
PRIP| =max{t:t € Pt+1 K PHKE; B v(P)={t1 —ta:t1 > ta,t1,t2 € Pt N P
RS ESE. AR, (P) H—AE. ARLR P 5 {01} FFSR—DNREDN |P| AR
(zow1 - xyp—1) FFMZ: =1 keP. ZFWME P HIIETLHRFF = € {0, 1}2+
i, A « 17 ZaERRREERIE +(P), F BAERBIAT T, XA FFRES R AL
H.
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P45 QMH, o NIETER, &N
PaQ =PU{t+a+|P|:tcQ}. (4.5.1)

Zpl

Y(PaQ) =y(P)Uy(Q)U{a+ta+ (IP| —t1) : t1 € Pta € Q}. (4.5.2)

H PaQ MM T7E P JEHILE o 4 0, EhE Q BEIR. WE o =0, N PQ = PaQ.
Bg 2y »Zyg()=i+i FREMA =L itjc Al MAPRACL, &
X
=g (A) ={s€Zy:s+teAVteP} (4.5.3)
teP
H T F 4 thick By, W3R A e F, BAMERZIA P KoL 9P (A) € F.
REWAE, SHA P.Q ik AC 7. HW=:

Y(P)Uy(Q) C AHa € g"P(A) = »(PaQ) C A. (4.5.4)

KRR, 4 P=QHu, BiTA: +(P)C ALK aecg PP(A) HHE y(PaP) C A.
MAEBRNFFEWE (X, 7). % AeF Hog A UIFRITEAANEN By C By C - C
B, C-- Uk Z, W FEFH] A" D A' D ... HEK ~(B,) C A.
B4 By = {0},A0 = g_V(BOBO)(A) _1( ) = {a ci=0,1,---}. & B = Boongo =
{0,a0+1}, M ~(By) = {ad+1} C A RIRCEEXIT BoC B C--- C B, HA v(B;) C 4,
i=1,2,---,n QX n>0 %

A" = gV BaBu)(4) = o} :i=0,1,2,---} (4.5.5)
WAL IR AR R o) HBEIFHES. & X Bhyy H:

Bpy1 = (BaaBn)Bj_ (Bn104 ™ By1) By - - 85 (Baais o Ba) i (Brev,_1 B1) 33 (Boay, Bo)
(4.5.6)
TSR o5, 61, O 1S
Y(Bnt1) C A. (4.5.7)

BERRIX i =0,1,--- ,nal,_, € A" URAGRIEK ~+(Bi) C A, % 4.54 FH v(Bial,_;B;) C
A, THEIFGEESE 82 =0,1--- ,n—1. & Cy = BoadBy,D; = B!, _Biji =1,2,--- ,n. B
By € g P10 (A), &L CL = D1BgCo. MIH (4.5.4) H v(C1) € A T RFATEANE X
Cy, BB & X C; f#i15 ~(C;) C A, IBAIREL g7 € g Pin1C)(A), FE X Cip1 = Di1 7C.
FIFEHT (4.5.4) A

¥(Ciy1) C A. (4.5.8)

HRIGENTE By R E XREIR C,.
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WLZE (4.5.6), 1%

|By| — o0, — o0. (4.5.9)
1€ = € {0,1Y% APrAH B, #y3F, IRBI
;=1 XM n,ic B,. (4.5.10)

GIRFENT, ie B, X i < [By| WA n BOL. 7E {0,135 318 SOFE (WA
P& ):

U(By) = {y: Vi< |Bp|,y; =14 i€ By} (4.5.11)
HATRRT B WA EEEY. F0E

U(By) 2 U(B1) 2 U(B2) 2

%%F'ﬁrf( By) = {a}, JEH. {U(By) in=0,1,2, -} H o H—LHARIE.

/\ X = orb(g,z), HHA g WIRATE X (9 76 {0, 1}7+ LAERBRI G ZRB B BT
By, MY « PRREH I, Xl « JEE A, WRE T =g|x, Ba (X,T) F—
AL o g flid ki p AR 1% AR 2

HNIiE, _Fﬁﬁéﬂ‘]fm% X WP U(B,) N X iCH U(By). #ATH

N(U(Bn), U(Bn)) = {tl —tlg:t; >ty € N($, U(Bn))} (4.5.12)

XIEETY g~ (U(Bn) NU(By) # 0 24 HAUSAFIE o 17 ¢2(x) € g7 (U(Bn)) NU(Bn).
1E = W, 6 By MR BE, FHEEIMTNEENERL. B (4.5.6),8,07 B, £
Bpyivr FHBL, TR of +[Buli=0,1,--- 2§« H B, 5 B, WHEHFEAL HRE (4.5.7) XF

g!Brl(A™) U {0} C€ N(U(B,),U(By,)) € AU{0}. (4.5.13)
FeHn=08F, BER A =g~ (A) f 0 A BATH ¢ =g' (g7 (A) = A. H (4.5.13) Bl
N(U(Bo),U(By)) = AU {0}. (4.5.14)

B4 (X, T) ey H F 9 FRAZR, TREIEY (X,T) K F ZiEi, [LF
B F Ao EE. BT g|Bn|(An) — ngn|—’Y(Ban)(A) c F U F i, WBPE (4.5.13)
WA N(U(Bn),U(Bn)) € F. T9& (X,T) Iy F LRy, My F 2. O

Weiss- Akin-Glasner EIERJIEER: WAMXFTIEHM (X, T) AN kF 15k, WIFTE F 1%
AL (Y,6) iR (X, T) 5 (Y, G) A ATHAIH.

BT (X, T) AK kF 128, FEIEZEHE U C X [ Ne(UU) ¢ kF. bl A =
Z, \ Np(U,U) € F. FJEH Weiss-Akin-Glasner 5|FfEIE F R ZRE (V,G) KT T4
V CY TG Na(V,V) = AU{0}. T Nrxg(UxV,UxV) = Np(U,U)NNG(V,V) = {0} & Fins.
W (X.T) 5 (V.g) RHBRZ. O
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W WM NFHIRERGeWT TE hihitEl R ek, Al Weiss-Akin-Glasner

EHEATA:
WM* =TE.

A 4.5.4 & P AN FHR, N

(1) WA My P RAF P =P

(2) 4= P* C P, Ul P> C WM.
WEBA. JGIE (2). W (X,T) € PN (X.T) AR THARMER P RS LHA
(X,T) A (X,T). FFRA (2) BOL..

PR P W2 P =P~ MFNTH P c WM. B Weiss-Akin-Glasner & FH

WM>P=P*">WM*=TE,

{EAFFEAR LA S BEE LN R G, BR TE (HA WM . XA LR, O

Wl 4.5.5 A% (X,1) ABEGLERACENARRSALANB IR, 2H AT
TR A% 2R A AT — R ATRREE.
WEBH. B —/NBiH Weiss-Akin-Glasner EFHRIE. J§— i H EFH 4.4.6 % Weiss-Akin-
Glasner 5|3 575 O
Fit 4.5.6 R IE L@ @R E. Weiss-Akin-Glasner 532, 52 Ve L&A1 L2484 35050 mald
WA AT R, FRAZN.

el 4.5.5 YLBA (P)* O P —fAREIEES. T4 H— D R HE R Z 1
JiR.
EIE 4.5.7 | —NARABRENBINEN A AL LRACH Fis 5849,

2. Fou foilh = (Futhit)”;

3. (Fosthih) = Fi thik.
WA 1. HE X Fis BB REAFREWHINEL RS, H—HH, ¥ (X,T) NHIRE
MFRINET RS, HEH 444 BN Fi BT

2. AN Fis HEBAZRY thick #&, XFEH Weiss-Akin-Glasner EFH 2. K.

3. BATH P 3R Fos R IR G RGHAMER P, Y Weiss-Akin-Glasner &
HBENTH

PAC (BIRETE) = MBI C P

XUHIR (X, T) € P*, B4 (X, T) FEIMELHH (X x X, T x T) RfFide). #Em
(X, T) ARG HHRIMET RS, B Fo R0 O

5| B 4.5
L JEHIESR 4.5.1.
2. R4 H Weiss-Akin-Glasner EFERIHEZH N FH.
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3. RIEH] mild {5 THR. SIRG Z M.
§4.6 Fid

TRETITIEAE BN J1 RGN B IR T [Gottschalk-Hedlund1955]. RGN AR T L)
LEH [Furstenbergl981, Akin1997], Hif#& 45 T XL B AR BE, ErIEHIIA
AN, TS 2 DR RG-SR EFR. ITFRIRN T IETE S ) R eI Ao R 2,
A PAZ: 0, [Glanser2004, Glasner-Weiss2004, Huang-Ye2002b, Huang-Ye2004b, Huang etc.2004c,
Huang etc.2005, Shao-Ye2004] 5.

F— W R TIRA S 5 EAE T AP F 2 E [Akin1997], Tk T F IEFIEAIE
FHSE N A BUH [Furstenbergl981]. 58 AL G H 3 —2 0158 7] A2 I, [Furstenberg1981,
Glasner1980] 5. HE="THHNAERFH. BT H, RTRESRSERSWE—LITE
" PAZ: W, [Akin1997, Glanser2004, Huang etc.2004c, Huang-Ye2002b]. &8 F.75 H Weiss-Akin-
Glasner EFRAJIERAG| H [Akin-Glasner2001], {9,7] 2 I, [Weiss2000a]. 3T X B 28 0]
PAZ: W, [Huang-Ye2002b, Shao-Ye2004].



ELE A

] g == ] _E AR M 22 B Kolmogorov 78 1958 £E45 HiHY), ZJ& Adler S8 ATEHHFHEE
] ESINTHIMERE L. EZEHATNIEEIN— M EEZNILTEAZR, HE2]) 2.
AT, AR EEY IR Ein, Bk, EAENSE—. /DT RITRS
I BE IR AT AR T MR Y 8 SOFRFR B TR A Y, H=/ N ROTPRA B EE Pinsker o X,
BAER Pinsker A5 EFI/NTERATETIADNEE Kolmogorov R4¢, ARJFHFFRH:
FEA & PEFFIERH Rohlin-Sinai 2 #H.

§5.1 3G

AN, BATEABRININ N RGEF N EENAZR — HIME. BREH Adler,
Konheim Fl McAndrew!Adler ete-1965] Ze 1965 £ 25| N, J53K DinaburyPinaburglo7l] fy
Bowen(BowentOT i B 7 S BRI SR BUAR 25 T — BT S & L. HIMBEERR TN 1 R 2
PRI AL EEM A, BT RN RENE IR

WX AL, RITEWAESFER U,V SRFR X MBS BUVAXH
PR, UMY B UVY @ CAHBrAEEIN UnV iHEZEREE MR X iR, H
U cURMV eV BUMBITTUE XARMER th . Us o -« Un BI ULV -V,
EX 511 % X A—ZHRE, T:X X AH, UAXHFE, KN

T-'U={T"'U:Ucuj.

ERTUA X FEE. —RKRB, IANEREK ma (n > m) KATTUREX
Up, = NG TU, 2EAEF 1 > 1

Urt=uvruv...vr-"y.

WUV N X BFENER, DRGNSV eV, BRITBHRIIES Ueu #iF VU, N
WY hu i) g, 5k V- U B U < V. R, R Y R ICERY R U PR,
WFR VU B FEBE BRILE V- u.

EMX 5.1.2 keR U HEZTELS X HELE, RNA NU) kU A TEETEA R
FAFENKGTREEGALEZNEEK. BURFARTEET, KINYE NU) = +oo.
WY X REEERERKL U X SRR, NU) AR oy ERl,
ST S U TRATE HU) =log N(U).
G513 % X A—TES, UV AHXGANEE. N
1. HU) > 0.
2. kR V-uU, N HV)>HU).
8. HUVV)<HU)+ H(V).
4o EERH T X — X, &RNVAF HU) > HT'U); d s T ABHHE, HU) =
H(T~U).

111
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JEBA. HE X (1), (2) F1 (4) EBHEROLH. T (3), 24 H(U) = +oo B H(V) = +oo A,
BB, HRIK (U, Unveot T {1, Vv } 2353008 U fl v B &t
KM B W {UNV; 1 <i<NU),1<j < NOV)Y R UNY BTEE, i
NUV V) < NUND). O
SIEE5.14 % X A—FTES, T:X — X Ankst, U A X 89FE. NIER A3
an = H(Z/{(’f_l) BART M, B apmin < @ + ap,Ym,n > 1. 3dmAE lim, %H(Z/{g_l)
HAELET infoo DHUY), RAVEZMIEARA U A25T T ¢ HERE, 24 he(T.U).

B (X, T) AND LGB U A X FFEHE, REF XL h(T,U) #HA U 48
T T 65 FRIME, 24 hiop (T, U).
JEBA. Xt m,n > 1, BIBIFE 5.3 BMER (3) A1 (4) RATHE

Aman = H\ETT-U)
< H(\V}Z T~U)+ H(T ‘"(V?l?)l T-U))

< an+am

XY {an} HKFTIEHERFS. K a = inf>) %2 EE 0> 1, XD m € NFELE by € 2y
Fl v € 0,1, 0= 1} {15 m = k7. R {0} QR AP AT 22 < Boetorn ggp
m — +oo 15 limsup,, ., 2= < %. WIEN ¢ PEENE, FATH limsup,, ., 2= <infys %
T AH S 7 T AR X B BROL AT . XS T 51 PR . O
MFHE 5.1.3 F1 5.1.4, OTAMESFZ

S 5.1.5 X X A—ITELEF T X - X Akt NA X GEZFRANEE UV, &N
3

1. HU) > ho(T,U) > 0.

2. %2R V= U, N he(T,V) > he(T, U).

3. he(T,UN V) < he(T,U) + he(T, V).

4o he(TU) > he(T,T7U); S5 T ABHHE, h(TU) = h(T,T-U).
EX 5.1.6 A3 4% (X, T), RANVA €4 A F5M X 9AKFELE. A

hiop(T) = sup hiop(T,U),
Uecs

AN hiop (T) ARA A% (X, T) 4 $IMNE (FZRZ R £ZX LT B I hiop(T) A +oo
). b B, ARIFTE X RNETHELIEA heop(T, X).
Wl 5.1.7 1. %R (Y, T) A (X, T) 89F &%, N hiop(T, X) > hiop(T,Y).

2. 4R m: (X, T)— (V,S) ABFoeH, W hwop(T) > hiop(S).

3. 3R (X, T) ATE ALK, N hiop(T) = hiop(T 7).
JEBA. HHE X 5.1.6 FI5IFE 5.1.3, (1) ZHHBAEOIHL.  (2) SRE FLATHFE: MEE v ey,
hiop(T, 771 U)) = hiop(S,U). BJE, (2) ZHEE (3). O
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FEIC 5.1.8 W& 5.1.7 M (2), R 7 (X, T) — (Y,5) Adedh2EH, N hiop(T) =
hiop(S). XILABA % Lty teat LK £,

— R, REMBIMERME LA G AN, BN T —SERAERITNAEE
w5
$151.9 4% T =id: X — X AHeRlskst, WM X 2FEGFEE U= {U,....U} &
MA T7U =U XK i€ Zy Rz, BFE BB U =U" n >k ZHELP

HUF ™ =HUF™), n >k Bt
hiop(T,U) = lim H(ug = lim H(Z/l(’f Hh=o.

n—oo N n—oo N

Wil U GETHE, RNFE] b (T) =0.

T TR FAT— AR X R U B 5 TR T SR 0 A
3 5.1.10 & (X, T) ABRFEE d 89N 4%, +=R {U}2, A X FHR dianl,) =
sup{diam(U) : U € Up,} — 0 89T & £ 57, N im0 htop (T Un) = hiop(T).
WEA. WV X PHE—FFE R, 0 4 VI Lebesgue ¥ (AR X &N ER/DTHFT
SHTHRAGFEV e VAET A). NXHLE dam,) <d W nTig, ITE U, =V, ##
1ii] liminf hiop (T Un) > hiop(T, V). FRH V BEEE, FATER %I_T}_il_gf hiop (T, Up) > hiop(T).

HHT Eiﬂ?hmsuphmp(TuKhmp( ) R BRI, SE IR AL O

n—-+o0o

5|3 5.1.11 & (X, T) AN 4%, * X 89BANFREZ U A neN, KAA
htop(T, ng‘) — htop(T,Z/{).
JEER. EEF|

n 1 1o ke
hiop(T,U) < huop(T,U5) = Nim - H(Ug)o™") = Nim - H@Ug™ )

_..oon+k 1 ntk—1

= kkl-}_loo 3 —+ kH(Z/{ ) htop (T7 u)a
B[ FAHE. =
AL 5.1.12 B (X, T) ATHEHN) 2%, o X GEANFRE U A necNRMNA

hiop (T, U",)) = hiop (T, U).
Rl 5.1.13 (Abramov £ 32) &% (X, T) AN 4% H m e N, 1
htop (T™) = m hiop(T).
JEBH. EIEXEA U € C%, FATAMESZ]

k-1
LH(V T ) = lim AH@UE™ ) = mhiop (T,U).

1=0

htOp(Tm’ Uén_l) =

=1l
k—o00
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htop (T™) = SUPyecy hoop (T, Ug" ™) = M SUbyecy, htop (T, U) = m hiop(T).

ARG — S AL E I RIIE. O
Fi 5.1.14 B (X, T) ATEHNAGLE m e Z o, RAVA hiop(T™) = |m|hiop(T).
Bl 5.1.15 4% Q = {1,--- L} Fo (Q,0) AL L #5L2E#. & (Vo) B F44
(X,0), BMEXCHEAREHR jl={r e X 12 =4}, 1 <j< LA X GEKIS
U={j]:1<j <L}y & u,=NU"), W u, = CardUf™).

T T4 (X, 0), hop(o, X) = nli)liloo%logun. HARHE X =Q 8, RNA

htop(0) = log L.
JEER. BABHFH] {Ug— oo, Wi SR 5.1.10 By5cfd, HBLAI G 5.1.10 ATH

htOp(Uv X) = nll}}_loo htOp (07 uOn_l) = htOp (07 Z/{)

_ N 1 k—1 — 1 1
= Jim FlosNQG™) = im Hlog

WX =Qif, w=LF FERERIEE] hoplo,Q) = kETw % log L* = log L. O
IR AT AR EME R SN E L, XS 2R R 5 XM UERAITEZS
Gt HERIME. 2 (X, T7) A RS, dA X ESHRIMEAEEREM K ne NE, Xf
z,x' e X FfiTE X
dp(z,2) = max d(T%z, TF).

0<k<n-—1
N d, w8 X E5HIMEZREE.
EX 5.1.16 & (X, T) ALAKEE d 57 4 %.
1. X n>14e>0 KRARARE ACX A= (n,e) RBE, &R A FPHEERIT
Rl g8 2,y 3F do(r,y) > e Ry RAA st(n,e,T) &7 (X, T) BAR FALEANK
4 (n,e) 5B F L ENEK;
2. % n>14e >0, KAVRATRE AC X A=A (n,¢) IRKE, &R X ¢91E&F 8 o
By AT do(x,y) < e; &ATA sp(n, e, T) ko (X, T) EARTAENEKY (n, 6
Tk SR 4 L E A
BT 200 X Z2RE, sr(n,e,T) M sp(n, e, T) ¥IHHRREL HAERKANTE X

sr(e, T) = limsup % logsr(n, e, T),

n—-4o0o

sp(e,T) = limsup % logsp(n,e,T).

n—-+o0o

G e — 0+ B, sr(e,T) Fl sp(e, T) 2T e BLYH EFF. RHARFR

sr(d, T) = lim sr(e,T) F sp(d,T) = sl—i>%l+ sp(e, T)TF7E.

e—0+
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5|3 5.1.17 & H4 n e N.
1. sp(n,e,T) <sr(n,e,T) < sp(n
2. sp(e,T) <sr(e,T) <sp(5,T);
3. sp(d, T) =sr(d,T).
JEEH. T (1) = (2) = (3) BB, RITHFIEH (1). BA X —1MEERET
BN (n,e) TEEWA (n,e) KL, Frh sp(n,e,T) <sr(n,e,T). fHH, WHR AR
BEEHRPITENEN (n,§) SKHELUK E REE (n,¢) /7B, WX « € EFFTER
p(z) € AR do(z,0(2) < 5. B EWAEE (n,0) BB, o A——F. XULH Al > |E],
T se(n,e, T) < sp(n,§,T). O

AT i R0 A S e 4 8 S i AR FT 4 S PR MR A S50 S
Wl 5.1.18 & (X,T) AN 4%. W hop(T) = sp(d, T) = sr(d,T). 453, sp(d,T) =
st(d, T) NRMTAARE £ d 49 I.

JEBA. BHERATEE—1 ¢ > 0 Fl n e N. & U HEA Lebesque $( 2¢ YHFEZ LUK E 4
BABPITRENEN (n,¢) 5KEEE; Bl [E| =sp(n,e,T). A\ sp(n,e, T) & CHI
n—1
U N 77B(172) = X.
zeFE =0
REMBED 2 € EM 1 < i < n, B(T'x) WEEHR U WREDTRS, B
N(ViZ, T~U) < sp(n,eT).

BV A X MR dam(V) < e WFER. K A AEARZITENN (n) 75
&, Bl Al = si(n,e, 7). HEBE V) T7V BN TEFELSEH A P44, BTl
st(n, e, T) < N(\VI) T~V).

H A BT

NV T=U) < sp(n,e,T) < se(n, e, T) < N(ViZg T7V), Bt
LNV T U) < Ls (n e,T) < fsr(n,e, T) < IN(VIZ, T-V).

ik n — oo RATHAFE
hiop (T, U) < sp(e,T) < sr(e,T) < hiop(T, V).

RIELE e\ 0, [FIIFESK diam(U) N\, 0GXHE V WHiE diam(V) \ 0), FIHFIH 5.1.10 4%

htop(T') = sp(d,T") = sr(d,T"). O
M= (5.1.1) AR FRAR T 40T e

HiL 5.1.19 &

7§7T);

(5.1.1)

sr(e, T) = liminf, % logsr(n, e, T),

sp(e, T) = liminf, . % logsp(n,e,T).
. TR sr(d, T) = li%1+g(e,T) Ao sp(d,T) = 1i%1+@(e,T) A, B

htop (T') = sp(d, T) = sr(d, T).
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D 5.1.20 F—ANEEFTH X (R—R B ) Le)—sEgmkit T A EHKTE K, &
T R E e 2 XAa* T K 49463008 h(T, K). T AN C MR E TR, FH L X
BB T, X) = hiop(T) (B JL [Walters1982]).

3 & 5.1
1o X N8BS, T X — X WS, U N X ERES. IEW: XL e NG he(T,U) > $ho(THU).
2. ¥ (X,0) HHAH L F5LEH (Q,0) FRGH hiop(o, X) = log L, HEH X = Q.
3T :T— TR T(2) =z, Hrf T AR FHA LB EAM o € R, M hiop(T) = 0.
4. B (X, T) M1 (Y, S) AW SRS, WEY:

htop(T X S, X x Y) = htop(T,X) =+ htop(87 Y)

5. % (X, T) AEhJ1&RS. RiZ X =X1UXoU---UX,, HH X1, Xy, , X,, A X —HEH M
PRIAE, E:  hwop(T, X) = maxi<i<p heop(T]x,, Xi).

6. ¥ (X,T) ABIARGEH UT) AHAEGRE. EW: hiop(T, X) = heop(Tlacr), AUT)).-

§5.2 BN

1958 @ Kolmogorov[Kolmogorov1958] ﬁ%‘ % Shannon/Shannon1948] fﬁﬁi’m\qu:ﬁﬁ %ﬁé’]ﬁ*&ﬁi
RPN T MBS, MEMEERENRMEALE, BT RINRSMWE
BLRREE. K (X, B,u) AMERE]. HAME B PHCRRA X 1Y TTAE, W2 U X 1)
TE A RN Y HAY AcB. H X MARNE A TIEM B X 8, &
IIARHN X 0y BFRETMES>. BAUIHIUEL, o = {A1, Ay, -+ An} & X BYAHFRATINH 43,
MR A eB ANA =0 ER1<i#j<nEH UL, 4 =X.

XX B—MNERRFH S o = {A1, Ao, -+ A}, AT o 1 SRR & X

I(a)(x) =) —1a,(x)log u(A;),

J=1

Forf 1a; (o) 9 Ay BIFFIERR XL 2E—2, BATHEEEL ¢ 2 [0,1] — [0, +00),

—tlogt, t>0
o(t) = :
0, t=0

RATANER HRE ¢ P BIERE S pi= 18 p > 0 ¢ € (0,1, &
018 6(CF, pit) > S8 pid(ts), e Bpior 24 HAUS X FIG R pi £ 0 ) ¢ A% IAr
AR

é\

Hy(o) =Y o(u( —p(A;) log p(4;).

J=1 Jj=1
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FATPREL H,u(o) BRI o 89 18, 2R Hyu(a) € [0, +00).
b, XF B SRR T o B F, "IEI D o #XT F 8 REEERRE A &K
8 7350l 2 X

I7(a)(x) =371 —1a;(2)log E(La,|F)(x) H
H,(a|F) =[x I]: )(x)dp(x)
- E] 1fX 1A] $) IOgE(1A3|f)d:u(x)v

TEX B E (14| F) WeRE 1a, AHXTT F BURCEE AL
BT

E(I7(e)|F) =371 —E(la,|F)log E(1a,|F) = 371 (E(L4,]F)),

5]
Hy(a|F) = [(I7(a) = [x E(I” (a)|F)dp(z)
=251 fx 1A3!f))du( )

BN = {0,X} B BMTILT o A%, B 1V(0) = I(a) H Hu(0) = Hu(alN). %
F=BW, MFEEH AcBRATH B(lF) = L, T 17(a) =0 H Hy(alF) = 0.

% X BRI 6, A1 F(5) Fomi 6 R o ¥ 4 X @5 0,6,
o C F(9), BT 6 4 o 89 M4E, 3EH 0= a 5 o < 5. X B MFIAT o B AL 5,
RN 71 v F %7 B WARMES 7,5 QRN o R85 H7ERL, RIREHE
Fi B £ER FB), fl avF EER Fla) Vv F.

HF X BHRTIEL o = (A1, s, A} R B = {By, Bo, - , B} RSB

(5.2.1)

P(a) = S0, Sy —Lagn, (x) log M85, (5.2.2)

X BAERRATIE > o F1 8 ) 32av B X {ANB:Aca,Bef}, B av i ik

X WARAIFH > IHE Favp) = Fla) v F(B). B (5.2.2), X X @AFRAHDT o
B~ B G Rk

DNavp)=1"(a)+ I*V(B) (5.2.3)

AN BAH Eid a5 (5.2.3) —/BeAL.

Wl 5.2.1 & (X, B,p) ABMEZTE, o8 X GHRTRINHOURE F H BET oK
. WA p-ae. 2 F I7(aVP)(z) =17 (a)(z) + IV (B)(z) &R =.
MEBH. HISCEATUMIRT B € 8, fE08 LY(X, o v F, u) BRELIT &

E(lpnalF)(@) o -
E(1pla V F)(z A%:alA WﬁE_L. (5.2.4)
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NWHE, A €a, FeF, BILRE Lanr 5 (5.24) WALTARE, HRORITE

]E F(x
Sy Lanr(@) - (X pca La( >—f§£;@?§¢>du = [ L () o S ()
,,7-— E /.7'—
= [ E( uw%%#v = [ E(Ly|F) (@) - B(Sg524) | F) (@) dpu()
= [y 1p(z)E(1pnar|F)(x = [y E(1lp- 1BmA/|7:)() ()

= [x 1r(2) - 1pna(z )dﬂ fA’mF 1p(x)dp(z) = [ynpE(Bla v F)(z)du(z)
= Jx Lanr(z) - (1B|04V7'")( )dp(z).

A F EAERRY, WIS SCRNTRAT (5.2.4). BUETEF (5.2.4) PIBOSEEI#F

log(E(1la v F)(@)) = 3 La(x) (log(E(1 pral F)(z)) — log(E(La|F)()))
Aca
ES)l:
F(avp)(z)==> Y lang(x)logE(lans|F)(z)
Aca Bep
:_221A z)log(E(14|F)(x ZlB ) log(E(1pla vV F)(x))
Aea Bep Bep
:—ZlA ) log(E(14|F)(x ZlB ) log(E(1pla vV F)(z))
Aca Bep
= I7(a)(z) + 17 (B) (),
BRI T AR ED, .

A b A TR AT BTN 53 o @ 260 B AT DA P

@ 5.2.2 & (X,B,p) ABEZTE. F X GGARME o, 8 UE BT o K& F,F, Fo,
KA

1. %R o= {A1,As,- - A}, W Hy(o|F) <loghk BFFR =% BARE E(14]F) =+ A
A~ i€ {1,2,-- k). HFBe Hy(a) < logh BFFR=BHEMRE p4) = 1 x&ﬁ/.\
ie{1,2,---,k};
H,(aV B|F) = H,(a|F) + H,(BlaV F). A3 H,(aV B) = H,(a)+ Hu(Bla);
Hy(a|F) =0 =B BERE o A F TR, HF5# H,(a|f) =0 R=HHRE o< 0;
Fi C Fo = Hy(a|F) > Hu(aF);
a = 3= Hy(a|F) < Hy(B|F). H413k Hy(a) < Hu(B);
Hy(aV BIF) < Hy(a|F) + Hy(BIF). #A3e Hy(aV B) < Hy(a) + Hu(B);
% T:(X,B) — (X,B) ATRakst, N H (T 'a|T'F) = Hrp(o|F); 4R (X,B,1,T)
AR A %%, N H, (T a|T7'F) = H,(a|F).

NS G o e
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. () BAEH T o R [0.00) EFeREM IR F
k
Hy(alF) = / Z¢<E<1Aj\f>>du<x>
/mfjl E(14, 7)) du()
= k

= / log kdu(x) = log k.
b's

HAS WAL HAY E(a, | F) = @A e {1,2,- k) EBIER T (1)

(ii) B 5.2.1 FXt p-ae. x A 17 (aV B)(z) = I7 (a)(x) + I°VF(B)(z) WAL, X R
PR BIAR Hy(a Vv BIF) = Hu(olF) + Hu(Bla v F). XEIEH T (2). BAEH (2) &ATME
£ (5) # (6).

(iii) XF (3), HER] o Ky F WMHTYS HALY 17 () =0, HAK (5.2.1) A5

(v) B oo ={A1, Ay, -, A} T

k

k
HlalF) =3 / B(E(La |1F1) (@) du(z) = 3 /X H(E(E(L,|F2))|F1) () da ()

i=1

> Z/ E(14,|F))|F1)(2))du(z) (Jensen ANFER)

iX?JI‘:iEED%T (4).
i) (7) SBRE TRAT 5 XFa[MR%e £, ATE E(f o TIT'F)(x) = E(f|F)(Tz) XF

p-a.e. v € X L. ]

R 5.2.3 & (X,B, 1, T) AR & %A o, A X 49K IRTRF] 5. WL THFK
SFH

1. aX=T B w(ANB) =pu(A)u(B) * Aca #= Be§, ifid a L, B);

2. Hy(aV B) = Hy(o) + Hyu(B);

3. Hu(a|B) = Hy(a).
WEBA. i 5.2.2 (2), AIH (2) FM T (3). ATIEM (1) T (3). BBk (1) AL
SE, Bl oL, 8 HHAHER Aca, Bef, w(AnB) = u(A)u(B), #Ei

(AnB)
w(B)

> —lanp()log u(A) = I(a) ().

A€a,BeS

Pla)e)= Y ~Llinp(z)log™

A€a,BeS

BHRULA Hyu(alB) = Hy(a).
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Rz, BB Hu(alf) = Hu(o). (EH (5.2.2), X eREL o(t) = —tlogt HATH

0= o(uA)->_ > B AQ)B)). (5.2.5)
Aca A€a Bep
B o PR, XA A € o RIVE
> S umo ) (5:26)
Beg

BT MLYS BALY 982 = u(A) 3 B € 8, u(B) > 0 BOL.
ﬂjﬁﬁ%&52®$ﬂ@26%X¢A€ﬁ%WW%§U

_ w(AN B)

—Bzeﬁu(B)cb( )
FEET (5.2.6) AEXor &M, Xt B e B, u(B) "B) _ (A, SCRIE
a L, B 0

W (X, B, 1, T) HBREMARG, o K X BFRATMG 2. A, xfEfE

m,mn (n>m) g
\/ T 0 I o= = \/ T "a,
n=1

H VIS T e TR BHAE {T"a:n > 1} R/ T o 1REL
@ 5.2.4 % (X,B,u,T) A%KMA L. 2 X $9ARTRE D o 53] Hy(af™') KT 7
ERAF), BERAIE m, oo s Hy(of ) AAELF T infoen LHu(af ™).
JEER. 3 a, BOREIIIMER B TRA T AZER

antm = H,(aVTlav...vT-(Fm=lq)
<H (avTlav.-vT~ Vo) + H(T " (aVvT 'av.-vT~mDa))  (52.7)

= Qp + Q.

PAESE T 51HE 5.1.4 W AYERA limy— oo 2Hy(af ") = infpen 2 Hy (). O
EMX 5.2.5 & (X,B,u,T) AR A%, 2 X GAFRTRE S o, KRINVA hy(T,0) ZFw#i
PR limy, o yoo 2 H, (™) BAR hy(T, ) A B4 o 38T T 894
TEHRA T BP0 A2 IR —Martingale YUSE P Martingale 2 (2
& [Glasner2003, §14.3])
IR 5.2.6 (Martingale W& E32) & (X,B,p) AMEZTR, fcLP(X,B,pu),l<p<occ.
1 Je R {F 300, A Bi#3eT o RELHR F, /F, N limp— 400 E(f|F) = E(f|F) £
LP(p) Fo p-a.e. & X T BB A% 5
2. %o R AF 02, A B#HBYT o RELFHR F, \\F, N lim,— o0 E(f|F) = E(fIF) £
LP () Ao p-a.e. X BB A%
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EIE 5.2.7 (Martingale £32) & (X,B,u) ABEZRE, oA X &K RTRE 5
LR AFN, A BERGTF o RELBRR F, / F, W Pr(a) — F(a) & L) #o
pra.e. X T RIM &£, 3 Hy(a|lF,) \ Hu(o|F);
2 R AFNL, H BEANTF o RELAR F, \ F, Al IP(a) — I7(a) & L) 4
[-a.e. X TR &= 3% H (a\}“)/H (alF).
WA 5.2.8 & (X,B,u,T) AR A %. 2 X 69ARTRH 5 o, h,(T,a) = H,(ala™). &
A3 h, (T, o) < Hy(a).
. T lim Hy(o VI T'0) = Hy(olo™) (BREH 527 19 (1), KATH

hu(Th ) = lim 1H,(avTlav. - vT~-(""Dq)
= nh_{{)lo %(Hu(a) + Hy(a|T ) + - + Hy(a v;zz—ll T=iq))
= lim Hy(a| V5 Ta)
= Hy(ala™).
O
EX 5.2.9 & (X,B,u,T) AKM A& %. KAAR h,(T) = sup, hy (T, o) A BEE (X, B, u,T)
BN, P o Big X 89 A TR )5
B 5.2.10 % 70 (X, B,u,T) — (Y,D,v,S) ABFukst. YV 69HRT RS o, KIE
HAE h(S,a) = h,(T, 7 a). AL X 5.2.9 &A% h,(T) > h,(5). KA, 2 1A
B PR, Ry, (T) = hy(S). ST R BRI BRI AT E.
WRZER MBS (LS1FE 5.1.10), T —HF 5 THER 7 k-
M. FHAERE 5.2.11 P K Kolmogorov-Sinai 1&FEZA 3 A1 T—Fh 5 T AE 69 5000 B R i 7
7%
T 5.2.11 & (X, B, 1, T) AN A%, R X GABETRH 55 {0,)22, HE o <
ag < B Flay) /B, N
hy(T) = lim h,(T, o).

WEBA. X X AR IR AT > 8 A n e N,
hu(T,8) < hu(T, BV an) = nlgnoo %Hu(\/?lf)l T (BV an))
= lim L (Hu(Vi' T ) + Hu(Vi T61 Vi T aw))

< lim L (H(Vi T an) + X705 Hu(T BT o)) (5.2.8)
= lim 5 (Hu(ViZ' T o) +mH,(Blan)) (R 5.2.1 (7))

= hH(T7 Oén) + H#(ﬁ|an)v
£ L AZEXF L n — oo FHFH Martingale EHHK 11551
hu(T,3) < lim h,(T, o) + Hu(B1B) = hm hy (T, o).

n—~o0



I N A% M %122 W
AT B §5.2 WA K

I8 5.2.12 (Kolmogorov-Sinai X 32) & (X,B,u,T) AW 4 %. %= RA LT RH 5 o #H
RNX T =8B (kebty a #k A E£HRF), N h,(T) = h, (T, a).
JEBH. BESEXT ke N ATH

_ . 1 Cm . 1 _
hu(T057") = lim —H,((ag™)g™") = lim —Hy(ag™ ™)
. k+n 1
= lim —_—
n—+too n k-4+n

RUT AKX (5.2.8), X X BEANFRAMEH 2 8 A ne N EITH
h(T, 3) < hy (T, 0 ™) + Hy(Blog ™) = hy(T, ) + Hyu(Blog ™).

e EXF% n — +oo, FIH Martingale B@IIANTH hu(T, 8) < hu(T,a)+H,(B|B) = hy(T, ).
wiE, B8 RERN, h(T)=hu (T, «). 0
FFIT 5.2.13 SHRM AL (X, B,u,T) TER, £MNHR V° T = B AT
Fo o ARA ERF. i, KRATRHETRIER: e RATRT R H D o HTHERMN A%
(X,B,11,T) 82 RT, W hy(T) = hy(T, ). ZAVE S A b BA £ R T 690 4 % L0 &
W— AT, 5 EE, 1970 F W. Krieger/Kricoer1970] 3z 8] 7 A~ LA A7 PRI 49 &
TPk % AR e T

Bl 5.2.14 & Q= {1,2,--- ,LY*(L > 2), (Q,0) ARAE L 5054 HEHE m<nife
F w = (wo, w1, ,Wn_m) € {1,2,--- , L}"H1=m KAT2

Hu(angrn_l) = hu(T, a).

KA [w]r, A Q AETBE, Flde: 01 ={r € Q:20=0,21 =1}. Q L=/ 0 R
% Borel BERE p ZHCHE Q GHAENE LAGIAE p([w]?) E—d 8y, F Lakst
[wlpn, — p([wly,) # R

a) 0 < p([wlh) < 1;0) w(Q) =15 ¢) plfwlf) = iy w((wili) & d) p(wlp,) = p(wlpth).

RZ, BR—ANHR a)—d) §9ukst [w]? — p(w]?) L2 LT Q L—4 o IE Borel
R E p A, RITA M(Q,0) 2= Q L o RE Borel E R F AWK, A B(Q) 2
Q) 49 Borel o0 RE. XHEA pec M(Q,0), (Q,B(Q),u,0) AR 4%, 4oty 2 %A FF
BRES X FHEB, (1,2, L} HRAK L %Y KRETE.

X —AERE D = (p,pe ), e >01<i<LA Sl p=1380k
B4t w((w)) = Pun Pt Puwn X T =40 EF P 49 Bernoulli JE pZ, % u T
FARMBE L. AV Ao G RR 4 % (Q,B(Q), 1,0) #&H Bernoulli REE, 2% B(p) =
B(p1,p2, - ,pL). L TFERAVTHE p=Bp1, - ,pr) 490 EIH.

Ha={[{:1<i<L} W aA Quo) 9ATRTRHHHE V2 T a=B(R). &
Fal™V L, T fertieE neN A, ARG 5.2.3 KK

L
o1 n—
ho(Tya) = lim —H,(af™") = H,(a) = —ij log p;.
i=1
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®J6, WIET 5.2.13, hy(o) = hu(o,a) = — 37 pjlogp;.
O/ 5.2.15 MM A% (X, B, 1, T) Fe&A~ m e N, RAVE b, (T™) = mh,(T).
JEB. EAext X BATIH S o, BATAMERAG

k-1
h(T™, ot = kli_)n()lo%HH('\/o T=mag—t) = kh_)ngo %Hu(algm_l) =mh, (T, a).
1=

Pl 8 SCEBRATTRT A
hu(T™) = sup, hy(T™, o) = msup, by (T, @) = mh,,(T).
ot o Bkt X A B A R FTI ] 2 O

FIC 5.2.16 BN AL (X, B,p,T) TEE, KMNTREPS X GENTRAEHS o H
hu(T,0) = hy(T7H o) =, A meZ A h,(T™) = |mlh,(T) & =x.
FTIE 5.2.17 & (X,B, 1, T) #= (Y,D,v,S) AEAER 4 %. N

hyusco(T % S) = hu(T) + o (S).

EBA. 20l X ALY A BR AT o P50 {an oz, T {Badol, BER Flaw) /B H
F(Bn) / D. W {an x Bptpy A X x Y @A R AT EH 70 F5 B 2 Fan < Ba) / BxD.
FIAEH 5.2.11, &K1H

huxy (T x S) = lim hyy (T % S, 0 % Bp)

n—oo

= lim lim LH,., (V7T % S) oy, x B)

n—oo m—oo
= lim lim 5 (H,(ViZy' T ) + Hu(ViZg' S776)

= Tim (hu(T,an) + b (S, B.))
= hu(T) + h,(S).

3 B 5.2
L JEHI AR (5.2.3).
2. W (X, B, 1, T) ARMARL o, a 2 X WARFTIHS. JEH:  SH,(ap) RT n BIFBIE. B
hu(T, ) = lim & H,(ag).
3. 8 (X, B,u,T) ARMALG. R o K X WARAME S, W 2.(T,0) < |al,, HF |af, =
Card{A4 € a: u(A) > 0}.
4. JEREIC 5.2.16.

5. W (X, B, u, T) HRMARLG. WRAETEARATMEH T o W2 o =B (WH o FR4 BERF), N
h,(T) = 0.

6. T NETFHHELMEFE T LA TCHEGE%, A\~ T LAY Lebesgue MME. UEH: 7y (T) = 0.
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§5.3 Pinsker o X%

UTHAN A EERD:  Pinsker o I —MRIRLH Pinsker o L]

IAHRZ ARG REEME BRI T o REL Pinsker o [REERTHI BT U — AN
B/ TR
BE (X, B, 1, T) AR AL, = {A € B:h,(T,{A, A}) = 0}, e IRV

DL T REATH RS PL(T) TiEH PH-
FIE 5.3.1 & (X,B,u,T) A4 %. N
P.(T) A B #-F o 1R

2. AT ME S o C P(T) BHAE h,(T,a) =Hy(ala™) =0 BHMRE aCa;

3. T7'P,(T) = P,(T)( mod p);

4. % k>1, Py(T) = P,(TF). %2R T X&TiE ey, N P,(T)=P,(T").
A, 1. BAR 0, X € Pu(T). % A,B € P,(T). ] (A = A, A° € P,(T). IEEF| {4, A} v
{B,B} = {AUB,(AUB)}, #fTH

hu(T,{AU B, (AU B)°}) < h,(T,{A, A°} v {B, B°})

<
< hy(T,{A, A°}) + h,(T,{B, B}) = 0.

It AU B e P,(T).
W Aie Pu(T), i eN, BlfE, X keNRITA

k k
hu(T{UZ1 Ai, (U1 40)}) < \/{AuAf )+ Hu({UiZ1 4i, (U 1Ai)c}\\/{AnAE})
k
gZhM(T7{Ai7AZ¢})+H({U IAH lA }’\/{Alv z

=1 =1

k
= H,({UiZ, 4, (U2, 4i)°} \/{Ai,Af}).

FE LR AZEXF L k — +oo FFFIA Martingale EF B A 1H

I (T U Ai,y (U2 40)) < Hu({UR2 Ai, (U2 A4\ {44, A5} = 0.
1=1

B U2, A; € Pu(T). 28 ERFIRFRATHAN Pu(T) i B M3+ o AREL

2. W o= {Ay, Ay, - A} TEREF] VE_ {45, A5} = o= {4 A5 BATE o C BU(T) 4
HAYY b, (T,a) = Hy(ala™) =0 l:'ﬁﬂ_fl”:‘[ aCa .

3. Xt AeB,

hM(Tv {A7 Ac}) = hM(T7 T_l{A7 AC}) = hM(T7 {T_1A7 (T_l(A))C})a
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B85 T'P(T) C PT). RZ, B Ae P(T) Ml a={A, At Ml aca . H ac P(T),
BATE T cT7'P(T) CT-VP(T) C -+ C T7IP(T) XA i e NJ§AL. [ Pu(T) K
BHF o REL T'PT) WA BT o REL BEES o HBHEEHA T a,ieN
HE/MIT o B, o cTIP(T). XELUWH Acaca CcTIP(T). H A BIEE
#, P.T)C T 'P,(T).
4. % X BERARATIH S o fl ke N, HREATE h(TF of ") = khy(T, o) (B W
R 5.2.15 BIUERH). HEMBATAMERG 1hu(T, @) < h (T, a) < khy(T,a). BB o C P,(T)
Y HANY o C P(TF). I P.(T) = Pu(T"). BJEHEIC 5.2.16, |f1H P.(T) = P.(T71).
O
AR o & P #- N (X, B, 1, T) ] Pinsker o & 24 (X, B, 1, T) HF]3H Lebsegue
REgwt, B P, AIU#E (X, B,uT) WATFRE = (X,B,u,T) — (Z,Z,v,9) B P, =
771 Z)), FATFR Lebesgue R4 (Z, Z,v,5) K (X,B,u,T) #] Pinsker [&F.
EX 5.3.2 = MR AL (X,B,p,T) A A SELERBRLE, &R P.(T)={0, X} EFHT
(X,B, 1, T) 6984 F-F LR T 2 %A E05.
W= {A, A, A} B (X, B, w, T) WAL G, GHRMEA i e N A p(A) < 1,
WIFR o A MEIEFLEVEIS. ROTAMEE H
Rl 5.3.3 (X,B,u,T) AR 4% %. WIVAT MR FH
1. (X, By, T) A RAEE 4 %,
2. X WEA-E WAL F ARG R AE-F LAY )9 F B
3. X 89EAR B AE-F AL A R3] 59 A EF.
513 5.3.4 & (X,B,u,T) ATERM ALK, o 8,7 A X GHRTRAF . 0
1 4R B=a R a=p, AL lim, et H, (V1) TalB7) = Hy(ala™);
2. %= R a2 B, AVA limy oo Hy(a|3~ VT "y7) = Hy(a|37).
A, (). BRI B <o M T (B VVi T'e) /o, B Hy(a|T (B~ VvV T'a)) —
H(olo™). [EFEEH
Hu(\/?:_()l Tialﬁ_) = Hu(alﬁ_) + Hu(TO‘|Oé VBT) A+ Hu(T"_loz| \/?:_o2 Tiov B)
= H,(a|37)+ Hy(a|T HaV 7))+
+H, (o T~ D (IS Tl v 87)) (H#8 5.2.2 (6)),
B LH, (Vi T'el37) — Hu(ala™).
(i) HK, R o < 4. W—J5H

n—1 n—1
CH,(\ Thalp) < TH,(\/ Tlala”) — Hy(olo™) (H ().
i=0 i=0

A7,

1 n—1 ' 1 n—1 ' 1 n—1 ' n—1 '
~H,(\/ T'a|87) = —H,(\/ T'8167) = —H,(\/ T'3] \/ T'av 57).
1=0

1=0 =0 1=0
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e EXH S n— oo HATEE]
limy, oo 2 H,(Vi2g TP 87)
> Hy,(B]87) — limp—eo %Hu(\/?z_ol T3 \/?:_01 T'aVa)
:lhnnﬁ@)(%L&(VZ;}Tﬂﬂa_)——%L&(VZ;}THﬂ\ﬁzgiﬁa\/a‘n
= limy o0 L H, (V12 Tela™) = Hy(ala™).

(iii) AN ERATUEM (2), Rk o < 8. BJG
Hy(a|f™ vT™"y") = Hu(B3~ VT ™"y") = Hu(Blav 57 VIT"y7). (5.3.1)
% A

H, (V1) T'B18~ V™) = Hu(BI8~ V™) + H(TBITE VA7)
+ oo H(TBIT"6~ V™)
=H, (B3~ V™) + Hu (B3~ VT y7)

o Hy (B8~ VT "y (B AR 5.2.2 (6)).

#E_ERAFE n— oo IR HRTHEATITIE, ATER
n—1
H,(3187) = tim ~H,(\/ T8~ V") = lim H,(18" VT ).
=0
BRI 25K (5.3.1) A[1R
lim H,(0]8™ VT ™"y ") = Hy(B|67) — lim Hy(Blav 3~ vT ")
> H,(BIB7) — Hu(BlaV B7) = Hu(a|87).
Il AN S5 22 A O
T 5.3.5 (Pinsker »X,) & (X, B, 1, T) ATHEKRM AL, o8 A X 6GH TR R F] 4.
7y
h,U«(Tv aV ﬁ) = h,U«(Tv ﬁ) + H,U«(a|ﬁT \% Oé_),
P =y T8
B, EERATE
LH,(ViZ TV B)|a v 57)
- %{HH(VL_OI T'Bla™ v B7) + Hu(ViZy Tlala™ v 7V Vi) T'6)}
= H{H,(ViZ) T'Bla™ v B7) + Y42 Hulala™ v 3~V VI TB) .
TE LR HFE n— oo, FIATIZE 5.3.4 BUMESR (1) FIEH 5.2.7 /7 (1) AT

hu(Ty ooV B) = hy(T, B) + Hu(al 87V ar).
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O
BATAMESRRN T3 5.3.4 FIE P 5.3.5 FHXFT— A4 T AZEHF o REAAHEXTEIR
. Fan:
TIE 5.3.6 (#a*t4) Pinsker X ) &% (X,B,u,T) ATHEGEN A%, o A X GHET
ME| oA AR BT RET o RE B T'A=A), 1

Hy(aVBla™VvBE VA =H,B3 VA + H,(ala™ v 3T v A).

W (X, B, pu,T) ARIMERSE, |ATH Px Fm X fy2WA R w4
EIE 5.3.7 & (X, B,p,T) ATERRM AL, N Pu(T) = Vgep, Nneo T "6
JEBA. B X SR A TR B 075 & Pu(T). B hy(T, &) = Hu(&kléy) = 0, BT & C &
Sl N N

§C&, = ﬂ T7"¢ C \/ ﬂ T"3".
n=0 BePx n=0

Al Pu(T) = ViZ1 & C ViZT M2 T C Vepy M T767

A=), WEE ePx, nePx WREnc N7, M n" ce H

Hy(EVnlE™ V™) < Hu(EVnlE™) = Hu(€lE7),

(T,€) + Hy(nl¢" V)
(T,6) = Hu(&lE7).

Hy(EVnlE~vnT)=h(T,6Vn) =hy,
hﬂ

vl

g LA AERX, BITH

Hy(EVnlEvn™) = Hu(§E7)

Hu(€le= vl + Hu(nln™)
= H,(§|€7) + Hyu(nln™).

XUEEA Hy,(nln™) =0, Bl n C Bu(T). NTXTEA € € Px BATH Fu(T) D N, 25T "¢, Xk
*Eﬁ‘ PH(T) = V§6PX ﬂ;:()) e O
T 5.3.8 & (X,B.u,T) ATHERMAL, Pyt AH BT RENT o KEK.
N H, &l VA) = Hy(§E vV P(T) VvV A). A,

hu(Taf) = Hu(f|f_) = Hu(f|§_ \ PH(T))'
WA, ARICAFR AT &4 7 € Bu(T), Wi 2 5.3.6 715

Hy(Evnle~ vy~ VA) =Hunn~ vETVA) + Hy(ElE Vv A)
=H,(§~ Vv~ VA +H,(nEVE V™ VA).

Ell
Hu (€™ v~ v A) = Hy(£lE™ V A).
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BUAEIRBUM A 1,/ Pu(T) B FR AT 7378 0., SRIEFHEHE 5.3.1 (3) A2

Hu(f‘f_ \% PM(T) \% -’4) = Hu(f‘f_ \ A)'

O
EHE 5.3.9 & (X,B,u,T) ATHEARM AL, £ Px. W limy_ oo hy(TF,€) = H, (€| Pu(T)).
JEBR. f# 2R 5.3.1 (4) MIEHE 5.3.8, — 7
+oo
lim sup h,, (T%, §) = limsup H,,(¢] \/ T7M¢ v Pu(T)) < H,(€|Pu(T)).
k—oo0 k—oo j=1
H—JH, EOTH
lim infy o0 by (TF,€) = liminfy oo Hy, (] V23 T7HE) > liminfy, oo Hy ([T 7FE7)
> Hy(E|NFST75¢7) > Hu(€P.(T))  (HEFE 5.3.7).
O

3J =& 5.3
L% (X, B, p, T) KRR GE, WEH: R T8 # B( mod p), M hy,(T) > 0.
2. ¥ (X, 8,1, T) ARG, R o, 8K X IR HRATMH S, N
h(T, @) < hy (T, B) + Hyu(a|BV Pu(T)).
3. T AR THMHEMEAE, p>1,T,:T— THE Tp(2) =22 UK AN T 1@ Haar MEE, Ik
. ha(Tp) > O0(F2FR L ha(T),) = logp).
4. (X, B,p,T) AEEIEMAS, WEREHREHY (X,B,1,T) AR TIRGER, u({z})=0
¥t re X.
5. JEHIAHN Pinsker A — EH 5.3.6.

6. & (X,B,u,T) AAHEHRMALS, o X WAERTNF UL AR B#F o % EH: W
RTACA N Hy(ala™ VP, (T)VA)=H,(ala™ V A).

§5.4 WE K R&

AN, BATHAA B EEH ERRI RS, B~ 1958 4 Kolmogoroylelmegorov1ss]
BEEEIAR.  Rohlin Ml SinajlRohlin-Sinail967] 3 55 AL Z SR A Kolmogorov RE.
EX 5.4.1 & (X,B,p,T) ATERMZ%. deRAEL BT o K& KL 15

+o0 [e8)
Kcrk, \/ T'K=BE (T "K={0,X}.

n=0 n=0

WIAR (X, B, u, T) 4 Kolmogorov &4 X M ArA K RE:.
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5|3 5.4.2 HMNE K 2% (X,B,uT) & HAGLS (X, B,u,T) AT AL,
p{x}) =02 z € X.
WEBH. & A e BN T- A%, e>0MmeN NFFFE no > 0 MIFE B € TK f§ifF
wW(AAB) < e. NTT] T-(0tm B € T-mK I H p(AAT-"H0)B) < e, FIXXHEE € > 0 i
S, HATE A e T-mK. HEMFRE m BAEEER A € N0 TK = {0, X} IXULHH (X, 8,4, 7T)
HHARSE. BARY (X, B, 1, T) ARG, (X, B,u4,T) SHRRZGAN EFH.
HI p({z}) =0 Xf € X. O
el 5.2.14 HRATIA T Bernoulli HH R45 B(p). 1M, RITFE—BRIEA LK
Bernoulli Z24¢. & (Y, D,v) H—MERZN. RATFEBAZEN X = Y% BUNE p= v
o REB=D% HATENX X FIHEBMG o t1F:  (0(2))n = zny1 X 2 = (z:)iez € X.
PRI RS (X, B, u,0) A Bernoulli R%5.
@l 5.4.3 & Bernoulli 2% AN E K % %.
WBA. & (V.D,v) H—PERZENR, (X,B,u,0) ZH (Y,D,v) AMHT Bernoulli HKE5E.
N AeD XA ={zreX:x0ecA HF ={X(A) : AecD. BRFcB IHE
WK =V2Zgo F. UFRIE K WRE K C ok, V;250"K = B K npZgo K = {0, X}.
B K C ok, VIS onK = B R BRLE. RNBAEESR oK = {0,X). B
Aenoo K. XN ke ZM Be V5, olF, liITH A L, B, ll u(An B) = p(A)u(B).
Viez ViZi 0/ F = B, A L, BXER B € B AL, FAlM A L, A FHIE p(A) =0 5 1,
Bl Ae{0,X}. O
FiC 5.4.4 A 1958 3| 1969 FH M), & HHAME Kolmogorov % %.— X A Bernoulli %
Go— A ANTFRG R, 1970 5 OrnsteinlOmmstenl970] g & #3i& T —A- Lebesque % 8] _L &4
3k Bernoulli #9 Kolmogorov % %, Mdaffse TiX — B AL (LT £, [Ornstein-Shields1973]);
Katokl{Katok1950] 3334 7 7% 449 Bernoulli 49 Kolmogorov % %.; 1982 % Kalikow!/Kalikow1952]
Bl T AR B H T
KATELUT 53 AE T8
5|3 5.4.5 &% (X,B,u,T) AFEM 4%, keN NHEE >0 F4&6=06(e, k) >0 % /F4e
RITWMF S o = {A1,4s,--- A} #= 8 ={B1,Ba, -+ , By} HR 25:1 w(A;AB;)) < 6, AR A
Ha(0l8) + Hu(Bla) < e. 8 [h,(T,0) — hu(T, B)| < Hu(al8) + Ho(Bla) < c.
EIE 5.4.6 & (X,B,u,T) ATHEHARMA%, AHBHTF o R&E R TACAL
limy, oo T"A /B, U] P(T) C A oo, ¥ Ao =2, T "A.
WEA. B, WOITGWTHS.
Wrs: XMENARATIE D ¢ AT Hu(ElPUT) VA ) = Hu(E]A ).
WrE rIER: EYERIK € C A, U

Hy(E|Pu(T)V Acoo) 2 limy oo Hu(§] V72 T7PEV Pu(T) V Ao
= limy—co Hu (€| V2, TPEV A_o) (HEEE 5.3.8)
> limy oo Hy(§IT7PA) = Hy(€|A-o0).
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HUMERR n e NFAFRATRIS € C T7A, AT LA RBEA IS, BUE X X BAEMT
—AHRATIHS € = (A1, Ag, -+, A} Fll e > 0. 86 6 = 6(e. k) > 0 R FIHE 5.4.5 #4644
VEEH im0 TVA /B, BATREHE] 0 € NFIHRAMEHSY 6= (B, B, , By} C T"A
{8753 i, m(AABy) < 6, BT Hyu(€]8) + Hu(BlE) < e BUE

Hy(§lA-o0) < Hu(§V BlA-x0) < Hy(BlA-0) + Hy(€]5)

S Hy(BlA-oo V Pu(T)) + € < Hy(§V Bl Ao V Pu(T)) + €

< H, (&Aoo V P,(T)) + Hu(BIE) + € < Hy(§| Ao V Pu(T)) + 2e.

A e BAEER, TATH Hu(EA ) < Hu(€|A o vV Pu(T)), TR J7 T AT A S 2 B B
B, 3K 0 56 BT S A TER.

BAE NS RATH0E, RARATMHR D R ¢ C PUT)VA &, M ¢ C A . HItL
Py(T) C A . g
T 5.4.7 (Rohlin-Sinai £32) % (X,B,u,T) ATEHAMN A%, WhkkE BET o K&K
#1% K CTK, \[J5TK = B A= N2, T "K = P,. #5013, (X,B,u,T)H K 4% % B/
B (X,B,u,T) AZR2EE L.

WEBA. BCAFRATMF 4 &0 7 B, B E L np = np—1 v T7E, HF3 n, € NFIHGI
P 5.3.4 1 (2) WEXMEDN ¢ > 2 FU T —HAREARL

_ _ 1.1
Hy(nplng_1) — Hu(nplng ) < (5)2[1—_1,7 p=12--,¢g-1

AEFEE p, BXt g=p+1,p+2,--- ,n KFE A5

Hy,(nplny, ) — Hyu(nplny, ) < %X‘Tfﬂ?ﬁ n > p WAL

& AL {n.} HEHHT o B W ny — VoL, T8 BB K = VoL, T°E RATAH
Hy,(npln, ) — Hu(np|K) < %- BAT'KCK,T'K /BH limy,— o0 (H . (0p|n, ) — Hpu(p|K)) = 0.
B ERAAMRAIMF T H ¢ N2, TK, A €8 c N2, T K. H ik

Hu(ﬂg_) Hu(np\/ﬂn; VET) —Hu(npl%_ \/fT)
Hy(npln, ) + Hu(€lny, ) — Hyu(np|K)
HN

(Elny ) + (Hyu(mpln, ) — Hu(np|K)).

A

% p — oo, IEEF limy oo Hu(fmz;) = H,(E|IK) =0 D94 limy oo (Hu(np’m;) - HM(anC)) =0
TR

hu(T,€) = Hu(§l€7) = 0.
BIHATER ¢ c N2 T7"K, W € € P(T), XUEB Ny T "K C P,(T). EEE] K W2 E
M 5.4.6 B, BATH Moo T K 2 Pu(T). EHFIE. O
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EIE 5.4.8 % (X,B, 1, T) #2 (Y, D,v,S) AMATERRN % %, N
P (T x S) = P,(T) x P,(S).

HAH, AANNNE K 2GR ANE K 4 %.
JEBA. FH Rohlin-Sinai EHAFTE B #) o % K1) #1 D 8y o FAREL K(9) Wi 2
TK(T) / B, T="K(T) \, P,(T), S"K(S) /D Fl S™K(S) \, P,(S).

(T x S)"K(T) x K(S) /' B xD.

HERE 5.4.6 & 1155]

Puxu(T x 8)  C L (T x S)7"K(T) x K(S)]
C N2, [T~"K(T) x D] = P,(T) x D.

[FBEE Py (T x S) C B x P(S). IXFAFE] Pus (T x S) C Pu(T) x P,(S). MiAHR A& H
S AR, AT E BRARIE. O
—MRIMALG (X, B,u,T) %K B k BIBEH, WRIMERE Ao, A1, A € B,
o dim (A N T A0 p(tnatetme) Ay — (Ao u(Ay) - - w(Ag). (5.4.1)
WERIEEA ke N, (X,B,u,T) ¥IRF kRIEGH, WK (X,B,u,T) N EL£B\EE &R
4. BT 1REAEENTRIEGHE. EEIERPRELWAFMB L —ZEUT
) Rohlin [a]&: Z & RIESH & C2MIER ?
PITRATEHERADE K R B 2miES RS, ARRIMEFEDINIATE. &
FRATKLUT Pinsker AR B 8305 N
B|3# 5.4.9 (Pinsker 7F X) & pigi > 0,i=1,2,--- I #HA Y _ pi=14 ' ¢<1. Rl

! , l )2
3 pilog(Z) > i i =il 0y
i=1 % 2

5138 5.4.10 & (X,B,u,T) ARM AL, o, A X GEANFRTRE9UE €> 0. 42K
Hy(0) — Hy(a|) < S log2, 1 > Bep 2oaea MANB) = p(A)u(B)] <e.
JEBA. M Pinsker AN&ER,

Hy(0) = Hy(lf) = =3 geqn(A)10g (4) + X pes 3 acq (AN B) log LASE)
= Y pes Laca H(AN B) log H500s
> (51082) - (Xpes Xaca (AN B) — p(A)u(B)|)?

XU Y pes Doaca (AN B) — u(A)u(B)| < e O
FIE 5.4.11 ME K 44 HZALBRL.
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WEBH. B (X, B, u, T) MME K RGEM B 1T o AREL K T

—+00 [e%¢}
Kcrk, \/ T"K=BH ((T7"K=1{0.X}.

B VST = B, HRE (X,B,4,T) HER2MIBEH, RITAFIEWMER ke N A
Ag, A1, Ay € USSS TR, (5.4.1) AL

BB Ao, A1, A € U9 TC, WIAFAE mo € N {5 Ag, Ay, -+, Ay € T™K. [ 5E
e>0. [/ N2 T"K={0,X} M T~V CcTK XfneZ,,

lim H,({As, AGYTK) = Hu({As, AR € {01, kPR
FIILEAE N € N {E752% n > N B
2
H,({As, A7) = H,({Ai, AYT"K) < 5 log 2% 84 € {0,1, -, kIR

BERIHL, XHERE n > N Rl B € T-K, H, ({4 A%Y) — H, ({4 AY(B, BY) < £ log2 5

[1(A; N B) — p(A)u(B)| < eXti € {0,1,- -, kAL (5.4.2)
M ny,ng,ng, - ,ng > N +mo B, R (5.4.2) fIZEsE: Ag, Ay A e T™K, TATH

(A1 NT7" Ag) — p(Ag—1)p(Ag)| < €
(A2 NT ™™ (Apg—1 NTT™ Ag)) = p(Apy ) (Ap—1 NT™™ AR)| < e

(Ao NT ™ (A NT ™ (Ag- - NT ™ Ap -+ ))) = p(Ao) (A NT " (Ag - - NT ™A -+ ))| <ee
M EHE B —HAREXRNESHES: 4 ni,no,ns, - 0 > N +mo B,

(Ao N T (Ay) N T~ Ay o n =) 4y — (Ao (Ar) - - (A < ke.
e> 0 BHEER,

lim  p(AgNT =™ Ay AT~ 00+ Ay .= (robnettnn) 40y = 1 AG u(Ay) -+ p( Ay).

N1,M2, " ;M= 400
B SER T IR, -
3 & 54

2. EBA Kolmogorov J& Xt K F15 1%,
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3. JEBIE|HE 5.4.5 B H 5.4.9.

4. B T HEVFHBEAREE, p>1,T,: T — THE Tp(z) =22 U A J T LR Haar JUEE, IE
Bi:  (T,B(T),\, T,) & Bernoulli R%.

5. & (X, B, pu,T) AAHRMASE, o K X W—DERTMEH . WXHEZR € >0, f#7E K e N
FHEMMER K 2 EMIEZHRE £ C Z, &i1E

eV Tl PLT) = Hyfal PAT)| <.
i€l

TEXH Z TEFRN K 08, IREMEENNARATRZZNLEMNERNT K.
§5.5 Fic

AP NA M LI, 55— /N EESHEMEE T LU EE: [Glasner2003],
[Walters1982], M. Denker, [Denker etc.1976] PA }z [Petersen1983]. 25 =. PUW/NTT FEERIFH
F W. Parry f1% 3 [Parry1981] fil E. Glanser fJ %3 [Glasner2003]. 5¢F Rohlin [A]fH: B.
Host, X AHXTF Lebesgue Il BE 27 0000 BEIE R T 3RIB G M T 2B A v Fost99; s,
Kalikow XTBr 2y 1 BARII RS TIRIB G SN T e 2R G4 Ketlow9 Bhfs, V.
Ryzhikov # Kalikow fy45 54 BIH BRI RN R GEAE T Ryehikovi992 T edrappier #3& T —
A 22 FER TR AR 5 RIR A A EERIR G R G5 [Ledrappierl978],



BRE HW5EERM

15 b, RAVHTWOLISEE, SIANTWE Pinsker o REFITEE Kolmogorov
RGO T HEARRME. o9 THFFEIEE Kolmogorov REHIFTIRNY,  Blanchard A
TEARINEN I R G GIAN T —BUER M S 2 EMAMES. @RS Rk, A1
PATREIHTT Pinsker B TAIAFENE. AR, RINEZNMGAFL 2T R
LRSI RCR, FRRRFRIT K RGE. Ny Rl A8 o BRI &5 A A A S H AR
R BAORYE, S —/ NI BRATESIAMEE Kolmogorov REMFRIMXTLY.: #ifh K RE;

TES /N RANTE /AR MRS I AT IME &, Re B bR IME S LA R
THERE W H &S N REFER K EMEE T R =/, BATEX AIEREGIA
PRI BE R FHBE 78 He A B A, HETTZ8 HY Glasner 1 Weiss 56T J7-8 5 A0 ¥R F M A Il B2 i
WAER R — 8y FESB /N BATE S Raf A I BE I iy 4882 5 LN I B B A 5
FAJRYE, AR5 I A R R R TR R 5 U B B R I R S AR B K A
T FESR I/ HA TR ESLAR XS TP B s AR R AL 70 R B B e e SR 7S/ N AT T5k
1T IR B A L AR

§6.1 it K R%E

TR EY, RITELERNRINI N RGEHEL REFE S TATZ L. i, &
R eE Y, S51R G R SRIR G et s I R b A &, ISR G 1M
FFbiRiE a YRS ZAXT . B Kolmogorov RET ik Bl i —2RIEF HE W RS, 18
e g PR o — AN A ORI 2R S8 A BE Kolmogorov RGE4 HAXVU BERAA U NEEZ — 1.
EXNTBREMAS, IMEEIETUMEFREAIER; 2. 0 mW- T L TR
MR A TER; 3. BB RRANIN B AR T FLA ST R B ) 0 A IER. 2R/
M Kolmogorov ZRGEH) ik =N BIEAT, HATEFIAFBFFIE Kolmogorov
SRS SERIEMRG, n —BUEMRZEM AT Kolmogorov REE.

EN 6.1.1 & (X, T) AN 4% A n>2 %R X 94N n NERATRFEMRYG T A
A AAFEILINE, MR (X, T) A n —HIERRG 4R ENn>2, (X,T) 3HHn —
BOEM 4%, ALK (X,T) A BL2—HBIERRSE X i K R4

G (X, T) e —BOEM RS Y ALY X W&l A R A IR0 %5 1 84 U F
B BAERIME. 4 n =28, RITH 2 —BUERRSER RN —BIEBRS ; 55,
WRI N RS (X, T) WAEEIEFLEFERA EHRIME, WRH Y e MRS X
FH 0 —BOEM, e —BOERMAS I EREESXE AR S0 —B0ER ARG A
SERIEMENYE. AN RENESRITESHEAFEE-SOERN 2 ER RS F
AR NN E ORI, PRGN T —BHER ARG B L IER RS
EMX 6.1.2 & (X, T) AN 4 4%.

1 /UL Uy, Uy A X G ANEETFE (n>2). RAVAR (X, T) A8%F U, Us, -+, U, B

HBMEP, R EAE N> HEEL>24 5= (s(1),...,5(k) € {1,2,--- ,n}F,

134
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Hlye X HR yeUyy,....,T*IN(y) € Uyp.
2. 4 n>2 MR (X, T) BH BM P, =R X @GEZ n MESFE U, Uz, -+, U,
(X,T) 4a*F Uy,Us,--- U, LK B P,.
g KR (X, T) K B P, 2R EANSn>2, (X,T) LH &K P,
BAREA Bernolli REEFGRYE P, UABNEARME P R AHINERE
53 6.1.3 REFN 4% (X, T) T n ANEZTTHE U, Uy, ,U, (n>2) LK BE P,
AN Ui=0.%RXSGFELY ={V,Vo,- V,} R U, CVF,i=12-,n, A
hiop (T, V) > 0.
JEER. B (X, T) AT UL, Uy, - U, BEHRYE P, FTUAFAE N > 0 (ERXER & > 2
Flos = (s(1),....s(k) € {1,2,- ,n}k BATREHE 2(s) € Mg T NUspn). P,
SHER k> 2 % X, = {F(s) : s € {1,2,-- n}*}. HF U; € Ve, i = 1,2,

SHEE t € {1,2,--- 0} BATH Ny T Nv;e(m N Xyl < (n— 1) éﬁéﬁ~$%ﬂ
k

Xel = b, BATAR NV TY) > NV TNY) > o255 B hep(T,Y) =

limy,— oo g H(VEN T T0) > Llog (1) > 0. O
YEREI2E 6.1.3 N HEANTH
S| 6.1.4 ENEABYE PN AL TS —KER L%, HH 3, 54 Bernolli %

GAZTE—HKEH AL,
5|3 6.1.5 AN—KEWHAL AP RE L4,
JEBR. fRik (X, 7) RESRE RS, HEH 145 (2) WATMEFE X RPN IESIFE
UV i3 NUU)NNU,V)=0. BRUNV =0. RITEGIESHNHBH T4 U,V F
B CcUMWVCV.

HFXEN neZy OTYHE UNT U, =0 B U NT "V =0 5L, TRIFTETFS
(W tnez, #7158 Uy C T—"W,, MEA n € 2y BOL, XE W, = Uy 8 Vy.

WY = {U;Vey, WY X B — P HIEREFEMRFERE. e 2 e X Ml
neNRENFBEFE—MER Tec U 190 €{0,1,2,--- ,n— TJHRXFER ¢ FAERTE). 5
BAE Vi, T7V BF— T TR T 5

ucn---nT=usn T won T w0 o n W, i = 0,1, n—1

PR nﬁl TUf EKYLHIX BT n e NBAE N(ViS T7V) < n+ 1 B hop(T,V) =0,
1=0

FTA (X, T) AA—BOER RS O
16T 5 FRAER R 1200 A2 R (S e 6.5.2).

5|3 6.1.6 & (X,T) AXDEH AL, WHEE pe M(X,T) #43 supp(n) = X.

MEBA. B supp(X) = Ugepr(x.r) supp(0), MAFTE p € M(X,T) 45 supp(u) = supp(X). LA

THER supp(p) = X. 035 AR, supp( ) # X, AT T AR FH supp(p) W46 8K —

A p, BRAVEE] (X, T) (9— MU EF RS, 28 (V,9). BT M(Y,S) = {6,},
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R AS 3 R (S W2 6.5.2) FANTH heop(S) = hs,(S) = 0, X5 (X, T) AL IEM
REGT)E. O
Bl6.1.7 % Q={0,1,2}) fe0: Q> QR EHHL. FE X ={0,1}2U{0,2}) # T =0|x,
W (X, T) Ashh 4%. T ({0,1}2,0) #= ({0,2}%,0) A Bernoulli 4%, CAIH T4 E
BWa%. BT {0,132 & {0,2}2 AAEE (-,0,0,-4), (X,T) AL EHL%. B4,
(X,T) RAAE S 4%, BRBIRL 6.1.5% (X, T) TH—KER L%, BRI ES
th X ERA&AE T K4 Borel E N A H 2 X%

DITFRATERBAANR S R (X, T) B2 EMME 1 e M(X,T) 15 (X, Bx, 1, T)

AMEREERARSE, W (X, T) A —SEMARS. AREINTETFEUTHAT3E (F
YE2T )
538 6.1.8 X X AR K EFI, u A Borelo K& Bx L& LR FayER A, B u({z}) =
0% reX 3. @R BeBx #HE u(B)>r>0, MAEZE0<0<r H4 Borel £ By
£ 1% By C B B pu(By) = 0.

W (X, T) ARG, WR a={A1, A, , A} N X WARBRUSL 1 <k <n, N

k‘a:{AilUAiz---UAik:1§i1<i2<"'<’ik§n}

3 X 04 PR 5.
5|3 6.1.9 & (X,T) AN 4%, N
1. R a AN X AR EZE 1<k<Carda, A4 N(a) <kN(ka) , #BXEANmcZ,,
T "(ka) = kT " ();
2. 1R ag, a1, a0 A X B INARFTFEE, N kagVkay V- Va1 A k(agVagV
V) 89T & A, AP 1<k <ming<;<; Cardey,

klN(kOfO VkagV---V kal_l) > klN(kl(ao Var V.-V 041_1))
> N(Oé()\/()él \/"'\/Oél_l).

3 deR oA X GAMREEZE 1<k<Carda, N h(T, ka) > ho(T,a) —logk.
AT EHES, BI7ERTREIE]

EI 6.1.10 & (X, T) AN A%. BEALE ne MX,T) %43 (X,Bx,u,T) AME 74
EW A% E supp(p) = X, N (X, T) AR —KERHAL%.

JEEA. 24 (X, 7) A FNAERGH, HENXAEATE—HEMRSE. DTk (X, 7) AFEF
NAESE. Bl (X,Bx,T,p) AMEZEEMARSE, Ll p 2 FrE (S0 5.3 (4))
H. Pisker o f0& P, = {X,0}. R U ={U1,Us,--- Uy} I X WHEEZHEDN U £ X F2&
JEPER. B r = ming<icn {u(U)}. T supp(n) = X MEA U 78 X P2IEMER,
Phr >0 BUEZEE ke N 0< £ <7, k>n+1 H5H 6.1.8, FF7E X #J Borel |4
a={B1,By, - By} g B; Ui =1,2,--- ,n UK pu(B;) =1, %t j=1,2,... k.
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limy, 4o hy (T, @) = Hy(alP,) = Hy(o) = logk (HEH 539 fl P, = {X,0}),
FrUAAE | € N R hu(Tha) > log (k—1). &V = {B,BS, - B¢t W U = vV Ml
V= {Uz;él Bian5£2 B, - ’Uz;ﬁk Bz} = (k — 1)04

NIl]
hiop(T.U) = Thiop(THU) = 1he(T'U) = The(T', V)
> 1(he(T', ) —log (k—1)) (FH5IHE 6.1.9 & (4))
> %(hM(Tl,a) —log (k—1)) > 0.
B (X, T) Aee—BIERM R O

X > 2, NEXENHA n+1 —BOERARE—EN n —BUERRS; TEA/NTH
AT, WO E ARGV n —BOEMS n+ 1 —ZERE AR 3 J1 2R
HHEAETIAN—EIES. Xt p > 2, & A ={0,1,...,p - 1} RAEEHEHTS, ¥ =AY
HBEERHIM 0 : & — S HEFRBBG. X n > 28 a = (a1,00,...,a,) € A" (—H
KA n W), ATE X |a| = n, o(a) = (a,- - ,a,) Fl P(a) = (az,...,an,a1). AV o 7E
r=(z1,22,...) EX Bz € A, m >nFHI, WRIFFE j e N a = (zj, 2511, Tjrn_1)
(MEF, FEHR o < z). BATH ¢ FoR ¢t KFRR). X b = (by,...,by) € A™, &
ab=(at,...,an,b1,....,bp) EA"T™ X X CEU M ACX, K A°=X\AM

[a1,...,an] ={y € X : (y1,---,yn) = (a1,...,a,)}.
XX WFFER U= {Uo, U1, ..., Upa} FI K C A", TR

X = U Ui, No~U;, N...no~ 1,
(iO,---,i7l—1)EK

AU (K, u) B T X #M, B we K KA —NKA n iy U B4
NP E (2, 0) —MERTHEBRE (X,0) 15 2 = (21,22,...) H (X,0) BIE
BEEHWE 1. (X,0) &2 —BOERARS; 2. U = {[1)5[2]° B]} BAZFHIMHE.
HRAYIML, RITE
T 6.1.11 44 2 —KER2IE 3 —KERG L 4.
WEBA. % ¢ N = NJRE (o(1),6(2),...) =(1,1,2,1,2,3,1,2,3,4,...).

B Ay = (00123000), nq = |Aq| Fl Uy = {A1, 0%V (A1)0* D],

n—17

PO = A0m = Ayy 0" Fl CF = 0(A1)010™ = 0% (D (A))0?" Dorsm. R

1 1 1 1 1 1 _ 1 1y\n1
{Dl “'Dn17Dn1+1"'D2n17“'7Dn12”1—n1+1"'Dn12”1} — {Co,cl} .

w
_ n 1 1 1 1 1 1
Ay =A0mD}... DL DL . DY DL gy q e DY,

no = |A2| ﬂ UQ = {A2,0¢(2)(A2)0¢(2)}.



WIS R G R 138 T
% BEAHK §6.1 463t K 44

WS Ay, A FLU, . Uy EEBE X, AT
O = Ag 0" I CF = 07 ) (A49)07 omece.
&% {Df...DE DE ... D5, ... Dk o . DE o} ={CE Cfy ik

Apy1 = A0™DE ... DF DF ..Dk DEF Dk

ng - ng+1 - 2ng * g2 —np+1 00 T ng 2"k

Ng+1 = ’Ak—i-l’ ﬁ Uk+1 = {Ak+17U¢(k+1)(Ak+1)0¢(k+l)}-
W ngr = 2ng + 2ngynip2™ = 2nk(1 + g 2™). B 2 = lim Ay f X = w(z,0). FAWIF:
(X,0) ANV BB RE.

BHAERMEH (X,0) A—BIEMRSE. & (U V} & X WFEEHR UV A X #3EH
BT BEERTE U, Vo H15 Uy C Ve, Vo CUC A o 8 (X, 0) BIMEIS R, FAFEIERE
B or MIBRE i 15 0"z € Uy, o™ € V.

LU =00 M Vi =0"Vo. Ml Uy Ay = BI4REK, Vi W of(x) AURRIR. M\ o MIRE X
FNEAE k15 o(k) =i, Uy = [Ax] C Uy DA Vo = [0PAR0°) € Vi TER R A # o' A0 [HIE
Us NV =0, BRI Vo C US Fl Uy C Vi§. Byl Uy, = { Ay, 0% (A1)0'}.

M ¢ B E FHIFFETC S 241 7 15 o(5) = k. AT

C) = A 0™ FEH. ¢ = o'(A5)010™,

P&
Ajp1=A0%D] ... D} D] Ly Dy D) D)oy
X H D{Hnj...D{lH)nj e{ci, iy x1=0,1,...,2% — 1 BT,

%D_ILJ (X7U) *Hx‘j-a: U27 ‘/2 ‘/E\‘ﬁ)%)& P27 EEE%'IIE 6.1.3 %H htop(07 {UQC7 V2C}) >0 (i’}i N =
2ny). EMA {UT, Viey 28 {US, Vs} BT, FrLA hiop (o, {UF, VE}) > 0, Bl hiop (0, {US, Vi}) =
htop(O',O'_T{Ug,‘/OC}) > 0. ?EE%EU {U7 V} yy {Uocy‘/()c} E"Jﬂﬂéﬁ}, ?‘Zﬁ]ﬁ htop(07 {U7 V}) > 0. §
B, ATELWH (X, 0) H—FIEMARL.

RAERAER v = {[1] 25,8y BAZFHME. & n e N, H o F# A, Frid
X = {y €X: ye [$j“'$j+n—1]75| J € N} X‘T {Z'O)"'ain—l} € {1’2,3}71 /7"\

a(i(]y s ain—l) = [io]c N J_l[il]c n...N O'_(n_l)[in_l]c.
G0 [y, yn) C alios .. yin—1) 2 HALY v € [5]° X 0 <j<n—1 LUK

NUy™) =min{|K|: K c {1,2,3}"f1 (]  alio,...,in—1) = X}.

Z'(),...,Z‘n,lGK

BT
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FRUAXTEERT 0,5 € {0,1,2,3} 748 k € {1,2,3} iM% [(J U [j] c [k° BHIHIR o =
(a1,...,an),b=(b1,...,b,) € {0,1,2,3}", MFFFE ¢ = (c1,...,cn) € {1,2,3}" W&

[a1,... a0 Ubi,...,ba] C aler,. .. cp).
PAEREE ke N XEA i <k, I (c},.... ) € {1,2,3}" {fif5
[A,] U [0?D 4,0°0] C a(cl,..., ).
MMLFATTE X AT LKA ne 0 U AE .

(1]9377?45%_])7
(Yirs-suh, 1), 1<i<kand1<j<n,,
ERFEATIE
(], Ayl = (yh o yh ), 1 <i<k—1
yil| (clf,...,cflk) :(ylf,...,yﬁk).
L b, R o AHITE « FRHI 0 893, WFETE 5 > k15 o HBTE A; . B
WEAEXS j > k FATIAN, RS uH RS oL, B
NUY) < S5 3n; < 3kny, < 3(ng).

ii‘?%t’%iﬂﬁ/é\ﬁ htop(o-, Z/[) =0. O
Fid 6.1.12 ke, HENAn>2 KRAVTTUMHE L n —KEFEIEn+1 —KEHY 4
4.
3 R 6.1

1. YEEA n —B00ER, B —SEMM sE 2R R 8 X X R R

2. IEFAE|HE 6.1.8.

3. iIEHﬂE}IIE 6.1.9.

4. XEEA n > 2 MR 0 —BIEREIE n+ 1 —BUER RS

§6.2 #mIMEHEESRAFHEA T

TEA/NY, BATE SRS SIARIME S, Re @ik M B R A 3=
THER BN N REAFERKEFRE T & (X, T) AW NTREM K C X. X 1
AIRBETE U = {U1, Uz, -+, Uy} FROIAIN T KOTLIFRYERES, WRXT &A1 <5 < k A1
A U; 2 K. RS FATH AR SCHXT T K] SLIFRY 3153



AN 4G mB # 140 1
)?:7?'5% %5%;{54{‘ §6.2 %#[‘%$5%5’\5§%%

EX 6.2.1 & (X, T) AN & %A n>2. % ()7 € X" ARA $0Fh n B, =R {2:}], F
ESAARTANRF LAAEEANT (o)) TAKRGFRE U LA EEIE. 8 n=2
i, RATH a4 2 I8 F GRS FEMERT

Xt > 2, ATH E.(X,T) FRARARR (X, T) iy o fif, E,(X,7) FxR
E.(X,T) £ X" FRIHAE. 4 AX) = {(z,z,--- ,2)(nIR) 1 2 € X}, A(X) = Ao(X). 5
W, (X,T) A n —FIEMRGEHEHME A(X)UE(X,T) = X" (X,T) A2 —EM
ARG HANE Ap(X) UEL(X,T) = X" XA m > 2 L.

Wl 6.2.2 % (X, T) AN A% 2R X GHFREEU={U,Us, - ,Up} HX hiop(T,U) >
0, MAAESE v, €U i=1,2,--- ,n 8T (x1,20, ,2,) AdBI n JHE.

JEBA. AVEUWHAEEER = {ULU3,-- UL} W hop(T,U1) > 0, U} D U; H
diam((U})°) < fdiam((U;)°),i = 1,--- ,n. SRIGIHGHXS A i € {1,2,-- ,n} FATTRIAERH
HIRAIAE A GTF A {(U™) ooy A5 (U WSBI A 24,0 = 1,2, ,n H (21,20, ,20)
A BrRIAETS n fRER.

R Ur Mg, BRATI U = U BIF]. 24 Uf Ao S &R, 2R UF PRI
PN vy Hod(y,y') > 0. B et R 0 < e < 1d(y, ), RIGHE H HOALTF UF . 2BRN
e WIFFERARCAY UT W=, BrHdh S BT U MELE, ROTATIR S AR A&
(W1, Wa, -+ Wi}, BAR k> 2.1 F;, =UfnW;, N S BRI F o8 U WETFE.

BT Vi (Ff Us, - Un} = U, BefiTH

k k
0< htOP(Tvu) < htOp(Tv \/{inc’ U27 Ty Un}) < Z htOP(T7 {F;'cv U27 Tty Un})
i=1 i=1

XVLEIFEAE @ 15 hop (T {FfF, Ua, -+ ,Up}) > 0. B UYL = Ff. ARJEXF Uy VERIFERT AL BRI AT]
A% U3, Rk, #iE U3, Uy (ERFFED Uy = {UL Uz, UL T heop(T,U1) > 0,
Ul > U; H diam((U})%) < diam((U;)%),i =1, ,n.

TIRRERE D B, RODRERE R IEZ LTS (U 5 U™) lweE
o= 1,20 H hop(TyUp) > 0, XB U, = (U, U, - U r; € U H
N, US =0, {z1, 29, , 2, } ZVEPNARRIICE.

w&a, BAOTHRH (21,22, ,zn) AR 0 WE. IMEEAXST {=:}, AT EDS
V={Vi,Va, -, Vi}, FETE € > O ff5%: XA i e {1,2,--- 1} WATREERS ji € {1,2,--- ,n}
W Blxj,e) C Ve HA Blay,,e) &Pz, O e FERMFFER. BFSKH m {f
8 (U™° C Bz, e) A i € {1,2,--- ,n}. HE—H#, D ie{1,2,--- 0} FH Vi C
B(wj,, ) CUM BIV = Uy, T hiop(T,V) > hiop (ToUm) > 0. XUEH (21,29, ,20) K
I n S E. O
@ 6.2.3 & 7:(,9) — (X,T) AR Fukst. KINA

1. %o R (21,22, - ,20) € En(X,T), U A (Y1, 92, ,yn) € En(Y,5) 15 m(yi) = @ *F

FA~ie{1,2,--- ,n} R
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2. %= R (yi,y2,- yn) € En(Y,8) B (n(y1),7(y2), - ,7(yn)) & An(X), RIKATH

(m(y1), m(y2), -+ s 7(yn)) € En(X,T).

WEBA. (1) % (21,29, ,2n) € Ep(X,T). Xfm € Nfl i = 1,2,--- n, {FB 2; AYPHARER
Vi R i, Vi = 0 H max}, diam (V™) < . BEBIFEEE Un = {7, (V7)) T
hiop (S, T Um) = hiop (T, Un) > 0. BT 6.2 FIE yir € n= ' (V™)° 4% (- o) €
En(Y,S). B PRI RATAG B (b7 u) — (1, o yn)- BR yi € 7T‘l( i) i
L on H (yi,- syn) € En(Y,9).

(2) W U BMHXT (n(y1),7(y2), -~ 7(ya)) AITHFRIIFETR, W o 'U AT
(1,92, s yn) FIBVFRIFFBERR, BRI hoop (S, 77 1U) > 0. FETT hiop (T, U) = hiop(S, 7 1U) > 0.
XYL (7(y1), 7(y2), - -+ 7 (yn)) € En(X, T). O
SEIT 6.2.4 K44 (1), (2) HEMRARA RAMR, AREHTF PRMNASEHF LA
£ AR T 49 5 F .

W (X.T) ATTRGE. H (x)F P ROTLRY, R Y i # 5 B oy £ 2. M n>2,
1T B (X, T) RAREWAF AR n B, FW E.(X,T) . E(X,T) M ES(X,T) 1E
X" AR E A T R
WAl 6.2.5 & (X, T) AN A%. %R hiop(T) > 0, 1

1 AAHEANAn>2, ES(X,T) A X" 693E2T&%. KA, 24 (X,7) BAARBFL HMRE

BEy(X,T) = 0.

2. En(X,T)UAL(X) H X" ¢ T REWGHFEL E (X,T) C E,(X,T)UAL(X).
WA, (1) BEE n > 2. B hiop(T) > 0, FF7E | € N fH1F hiop(T') = lhop(T) > (n—1). &
S=T, WA E(X,T) = E;(X,S). HMEITHFTUH B (X, S) £ 0.

AR ES U = {U1,Us, - U} EHIER hiop(S,U) > log(n —1). &K (n — 1)U =
(Ui Ut 1< g1 < o < < jnet < kY RATRMERAR hiop(S, (n — DU) > hiop(S,U) —
log(n — 1) > 0. AHEHME 6.2.2, N1 < j1 <jo < - < jno1 <k FFLE jyjpjus €
(U?:ll U]i) {ﬁ (‘T]UZ"']nfl)1SJ1<32<”'<J7L71SI€ S Em(XaT 7 ﬁ\?EF' m= Cl?_l’

Wl = Card{zjjpjn . : 1 < j1 < jo < o+ < jno1 < k} AR {y1,92, ,ui} =
{Zjjgins 1 1< g1 <jo < <jnoa <k}UWIRI<n-1HUNX WFES, FE
1<s1<s3< < sp1 <k H18 {y1, 90, ,u} C UL Us,. BRI 251505, 1 € UL Us,s
X 2, € (UL Usy)  MIFE. XUEHH 1 > n, #0700 B2 XATH (v) € ES(X,T).

(2) BAR AL(X) K T ABHHFEE. & (), € Bu(X,T). R T(21) = T(x2) =

= T(ay), W (T(21), T(22), -+, T(2n)) € Ap(X). W T(a1), T(w2), -+, T(2n) NEAHE,
WU AT (T(21), T(2), -+, T(zy)) AIRVFEIFE SR, W T U AR F (21,22, 2p)
AV B S, B heop(T,T71U) > 0. FET hiop(T,U) = hiop(T, T1U) > 0. XL
(T(21),T(22),- -+, T(wn)) € En(X,T). It B (X, T)UAn(X) oy X" e T RAEH T
£,

I, MMEER (2, € B(X,T)\ An(X), F1E {(2]")i, : m € N} C E (X, T) {15
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(7)) — (wa)fey . BOU FAHR T (o), BV RVFR B R, T & AR, X785 Ky
m e N, U FAHXT (2], BRTVFRTFBE R, ZE hop(T,U) > 0, H1 (23)]-, € B (X, T).
Bil:  EL(X,T) CE(X,T)UA(X). HIGE E.(X,. T)JAn(X) o X" B FEE. O
Fig 6.2.6 42 R T T, WAIRAGAL 6.2.56 FAVTUEE ES(X,T) = E,(X,T) 3A4 X"
& T RETE.

EIE 6.2.7 & (X, T) AN 4%. B A(FL(X,T)) R84 Fy(X,T)UA(X) 6944
TxT REGFN XL, m0: (X, T) = (Xo,To) mdFN £ 4 AEL(X,T)) Tk §45 BT
Mgt N (Xo,To) A (X,T) $9FBRF, B (X, T) EZRFE T A% (Y,9), (Xo,To)
A (Y,8) 8% %.

WEBA. ESG, HOTHH (Xo,To) AFMARLG. MR (Xo,To) HIEM, WAL (v1,22) €
Es(Xo,To). HAAE 6.2.3 B (1) FIFEFE (yi,y2) € Eo(X,T) W& mo(yi) = wi,i = 1,2, H
F (y1,42) € E2(X,T), )\ mo BIE LFRNTE mo(y1) = mo(y2), IXFE 21 = 20, TJE.

W (X, T) — (Y, 8) AR FHRGH (v,9) BAERM. Hfd 6.2.3 51 R, O E2(X,T),
HEM Re 2 Ry = A(Bo(X,T)). IXFEULEH (X0, To) M (Y, S) BIP7T. O
Fit 6.2.8 KAWL 6.2.7 P8 (Xo, Tp) #A (X, T) % RATHEEAT. Ak, €32 6.2.7
KMNLGERRAN: BENNN AAFLERRRBR T, LERTE2wE 0L RFTGR
DEIHEG TX T REGFN XA B SR T 24

J & 6.2
L (X, T) HEARGEM K C X. BAIFF K & K, MRIMESHEN T K AN FER U B
FIEFRTME. IR
(a) K et BOCHXMERIRE [{k1, ko, -k} = 289 {ky, ko, ook} C KA {k1 ko, ook} €
En(X,T).
(b) K HfigE4 HAVY K KisE.
(c) WREATH B(X,T) & (X,T) WEEPMERLR B.(X,T) WA E(X,T) FE, 1
Uns2 En(X, T\ {{z} 12 € X} = B(X, T).
2. R W KB NRG (X, T) I T AEHFE EN: E,(W,T) C E.(X,T) H E,(W,T) C Ey(X,S).

3. W (V,8) — (X, T) FEFELE, EH: 7(E(Y,9)\ {{z}:z e X} = E(X,T). 3, Wik
BARTHER.

86.3 ZBENNEMS Glasner-Weiss FIE

TEAS /N TR TR B B0 —ANFT I3 55 8 PR BEAG, SR X3 79 o B8 ik B 2
BAR Y, SJa% it Glasner Fl Weiss 5¢T T8 52 M BE R AR MG ¢ 2 19 2.

B, IERMFIA-BESAILS. & (X, T) AN RE. ROHEH X EARA
Borel 2B, 7N X ERY—A Borel B MRHITRBUMLEAMZL, MFREH
X #—> Borel 4. FA153 7 H Px,Cx il C% 2R X Hy4fK Borel #43, 424K Borel
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mAMERARFER. RITH MX) ZRIEEXTE B(X) ERNE, H M(X,T)
Fm M(X) 1 T AAZMEE R MO(X,T) 3278 M(X) H T AR 8 7 2R
15 * HANT,  M(X) R M(X,T) B9 5 B 25 ]

A Romagnoli2003] 'R omagnoli X w5 I T FFI MBS, EII7ERSHA Rk
R HEENEN. HERIMTRE AR L. & (X,T7) HENHERSE, pe M(X),
XU e Cx il X

B0 = Bt o),

AMEFR T Hy (o) T2 BT E Ry 782 H,U).
3 6.3.1 & (X,T) AN 4%, peM(X). 22X UV eCx, N

1. 0 < H,(U) <log N(U).

2. %R U=V, N H,U) > H,(V).

3. H,(UV V)< H,U)+ H,(V).

4 H(T7'U) < Hp,(U); & T T8, H,(T'U) = Hr,U).

e M(X,T) FlU € Cx, B H,(UY™") BETF ne N RIERIREINSEEL. KA

I3 6.3.1 /7 (3) Al (4), FATATLANE U 48T o BV EERE & LT

.1 T | -
hu(T,U) = Tim —H,,(Ug h = inf —H,(Ug h. (6.3.1)
Ao, Bl X
+ _ .
by (T, U) = aepl}l{l:fatu hu(T, o) (6.3.2)

FATHR bl (T, U) o BEs U BXFT o BVSRMERS. £ T AT [T, AT 7 Lk wify
w Il BEAR ) — BB AR I (XSS SR IE B 2 2 5 1Y)
3 6.3.2 & (X,T) AN 4%, peM(X)FUVeClx. N
1 b (T, U) = Fh (TM U 2EAS M > 1 &
A (MM U A EAS M > 1R
Jim Wl (TM USTY) = infyrsg b (TM U
ht (T U);
Wi (T UV YY) < BE(TU) + b (T, V) B hy(TUNV V) < hy(T,U) + hy(T,V);
%2R U=V N h, (T, U) > h,(T,V);
%2R U € C, N hy(T,U) < hiop (T, U).
EEF X — MRS o 2—MEEH b (T, ) = (T, ). BRI & XIS
W 2y (T) = supyecy, hu(T,U) = supyee, bt (T U). =2, TITH
EIE 6.3.3 & (X, T) AN A% H pe M(X,T). AA4

N D &
=
=

hu(T) = sup h,(T,U) = sup ht (T,U).
uecy UueCk
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JEBA. BT U € CY, B o H U A Borel 43, W o = U, B by (T, X) > hy(T, a) >
RE(T,U). XYL hy (T, X) > SUPyecy, hE(T,U). TE hu(T) < supyecy hu(T\U).
Xt X fEEA Borel |3 a = {A1, Ay, -+, Ap} BL R e > 0, ATH
Wrs: fF7E X BIH k DNTREWREFFE S U HRMER j > 0 M T-9u 4069 Borel #|4
BH H,(T7alf) < e BAL.
Br=HYiEBH. SIFE 545 HIFRNIGE 6 > 0 WE: MEEWAMH S 8 =
{Bl, B}, ,B}} Al By = (B}, B3, -, B2}, R S5, w(BIAB2) < 61 M| Hu(51]62) < e.
IR ¢ RIEWE), BATRILABUASE B; C A #i48 n(Ai\ B) < 505, i = 1,2, k.
WRIGE Bo = X\ UL, Bi, W u(Bo) < & B4 Ui = BoUB;, i = 1,2, b, 5L U =
{U1,Us,--- U} I X WIS
AR 7 > 0 FI T-7u 40/ Borel #5r 6, BATATLAR 6 = {C1,C,- -+, Cr}
3 G c T7U0;, i = 1,2,k H 8> 8. Bt H (T 7alp) < H(Ta|s). [EEF]
T7U; 2C; DX\ U TU, =T B;, ®NTE
) <9 )

p(CAT 7 A) < (T AN\ T By) + (T Bo) = pu(A; \ By) + p(Bo) < (; 262 ~ k'

B S W(CAT4;) <8 B H (T 7a|f) < e. T H (T 70|8) < . BrEHBIE
SHER n e N FIERAH S 8, = Uy, EREH] By = T9U,j =0,1,--+ ,n— 1 KA
H
< Hp(Bn) + Hy(af ™)
< Hy(B) + 3252 &H (T~7a|B,)
< Hy(Bn) +ne. (FIHBE)

XL Hy(of ") < H U™ + ne. I

1
hu(T,a) = lim —H,(ag™") < limsup — H(Z/lé1 Dte

n—-+oo N n—-+00

= h,(T,U) + € < sup h,(T,U) +
uecy

H o Ml e BEREM, RATH h(T) < supyecy h(T.U). EFEFILE. O
T HEFRATUCRA Borel B 3 A PRI BE R B BT V5 0 8 17 0 f

513 6.3.4 & (X.7) AN A%, pe MXT) RE a€Px. IR p= [y 0dm(0)

ISRV RN hu(T, o) = fMe(X,T) ho(T', o)dm(9).

JEBR. FRAUXT T Rl HIEUERE, — M TEuT il LA B R 7R (TE R 2T &), %

P, A (X,Bx,p,T) #] Pinsker o I H. 7, = {B € Bx : w(T"Y(B)AB) = 0}. NXERIE
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T, C By, HELERANTH

1 1
h#(Tv a) > lim _Hu(ag_luu) > lim —H“(a8_1|PH)
n—oo N

n—oo N
1 n—1 ' n—1
= lim — > Hu(T ol \/ TFavP,)=Huela” VP,)
j=0 k=j+1

= h,(T,0) (BEEHE 5.3.8).

ST = [ pradpa() B o HINETF 2, GO BE S (BINHERE £ € LN(X, B, ), E(f]Z,)(z) =
[x fdue Xt prae. z e X), W

(T, @) = limy oo+ Hy(af ' [Py) = limp oo £ Hu(af ™ |Z,)
= limy oo i [y X aeqn—t ~E(14[Z,) () log B(14|Z,,)(x) du(x)
= limy oo i [y X aean—1 —Ha(A)10g 1o (A) dpu(w)
= limy, o0 % Jx Hy (ag~")du(x)
= lim,, o0 £ fMe(X,T) Hy(af™ ) dm(0)

— Pty ol c)dm(8). GRUFRE i 8)
X IEBA 1 ] 40 e i g i O
AT U eSS, BUAERRANTULRAE DT XS bt U, T) F1 by, (U, T) YIS
BI3E 6.3.5 & (X,T) AN 4%, pne MX,T) RE U H X WA Borel BA. 4ok
w= fMe(X,T) Odm(w) A p 49& 15, N
miu) = [

Me(X,T)

iIEEH' &UZ{UMUQWH 7UN} /—\HEX

B (T, U)dm(8) B h(T,U) = /Me(x ol (o).

UP)={B8={B1,B2, - ,BN}€Px:B;CU;, 1<i<N}.

X HEEEZEN, FrUAEEA A {P e U(P) - i € N} XS X L&A Borel
BERBMEE v, BHAE U(P) H L (v) #%. F b, R {(Vi} b X e EaafhE, AHh
B Vi uu AR T ERE, W Py v N NITRBLAT Borel #4), X 28 Borel #
TR AT REESTE U, PHETREA 1 <j < N FEH#, NEHveMX,T)FH
R (T,U) = infien hy (T, ;).

fEE e > 0. hy (T,U) = infien ho(T,P;) XD 6 € M(X,T) BSL, FrAFEFE
ME(X,T) (mod m) B—AAHIGF {Qntnercn WEE m(Q) > 0 XA n e T JSL, H
W 0 € Q, M ho(T,Py) < bt (T,U) + €.

Xt ne e tn = m(Qn), pn = & fo, 0dm(0). TEER] pn = & [, 0dm(0) 7 pn W13
I3iE, H5IFE 6.3.4 &A1H

1 1
hy, (T, Py,) = i/ ho(T, Py )dm(0) < /o hy (T,U)dm(6) + e.



WIS R G R 25146 T
F5F BE AL §6.3 & £ ¢MEHE Glasner-Weiss & 32

BT {un} NEAHFFHY, BIFFLE Borel 28 { X, }bner W2, XTEERf n ke Ik #n
A pn(Xn) = 1, pn(Xp) = 0. BATARIK {Xntner A X B Borel #l7r. A7 IIT
P, = {B",By,--- By}, Ht B" c U;, 1 < i < N. % By = Uper(X,, N BY), M P =
{B1,Ba, -+ ,By} €U(P) H.P =P, (mod u,) XEA n eI fr. BAE, FFEHGIFE 6.3.4

HATH
T,P) =Y tohu, (T,P) = > tnhy, (T,P,) < / hy (T, U)dm(0) +
n n Q

B 1l (T, U) < [o b (T.U)dm(0) + e, FETT bl (T,U) < [o, hd (T, U)dm(9).
F—J7H,
hl (1U) = inf (T, y) = inf / ho(T, P)dm(6) > / B (T.U)dm (6).
1€ 1€ Q
WIEEA BlE(T,U) = [ hy (T,U)dm(0). T, FIHFIH 6.3.2 #7 (3) A LIRSS H, K
MERRE b (T U) = [\pe ) ho (T, U)dm(0). 0

KRN Z LR ERE f PR EESER, AR AN SR 2 — B
(A1) limsup,._, f(2) < f(2) MEA 2 € Z.
(A2) BN reR HBE {2 Z: f(2) >} HHLE.
Hi (A2) FIXf—JE BB Bk { fi}ier, infier fi T3 BB EE R B0 AR 22K %L
{fitr, BORTRREL S0 fi Ak max? | f; ¥k b2 22 R %K.
538 6.3.6 & (X,T) A& 4% A4 U € C. NIFmkSH h{}(T,U) cp € M(X,T) - R #=
hey(TU) - p € M(X,T) —» R A Lk g,
IEBA. BFR pe MX,T) BATE hu(T,U) = infarsy ph0 (TY U ), B AR RGBT
hiy(TU) - p € M(X,T) — R B LG, W by (TU) : pe MX,T) — R 2 EE
ZEHY.
MIUEREBSS R (TU) - p€ M(X,T) — R EASEZR). TR pe M(X,T), Al

A
1
+ _ n—1
Py (T U) = {aepl;?i>u}11£f1 nH( )_i‘iﬁ{aeﬁﬁim}n}[ wlag)-
B, RITATIEW G no€ N BE ou(n) = _inf  Hulag™) H MXT)
aEPx :ar

Eay BB srm B M ER (A RIMUIGEAIERE 1 € MX,T) Ml e > 0,
lim SUP/ — ey e M(X,T) ¢n(lu’,) < qbn(/") +e

Bl pe M(X,T) Fl e > 0. HIBAETEW U AT o € Px fHi15
Hu(o§™) < 6nli) + 5. (6.3.3)

AR SE o = {A1, - Ay} BX 1 <i <M, A c U A pn = Y07 T, B3 5.4.5
M

FEAE 6 = 6(M,n,€) > O 3mSR i = {Bi,.-. | Bi,} e Px (i =1,2) W) > u"(BIAB2) <6
i=1
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\/T ey \/T—’ﬁ2 <ZHTM B18%) < 5.

=0

B, = (8 € Px: B UHUpegy 08) = 0}, RiTH
WS, 11 6= (B Bu) C U, TR f:wmmi) <6 B 5 oy ) < 5
MFEIAESR. T 0, € (0.o5). I8 HIENIA, R j e {12, M) FEAERTAE C) C A,

1%
o1

i (A5 Cy) < SE

(6.3.4)
At je {2, M}, ¥ 05 =U;n (X \ Uy, Co). Wl 0; h X BFFF4EEIEE

A; CO; CU; Hu™(05\ A) <> " A\ Ci) < b1, I/ 0\ 4; C | A\ Ci (6.3.5)
i#j i#j
ERFIXAER » ¢ X, FEEZZWEA v > 0 1 0" ({y € X : d(z,y) = ~}) > 0. ZE1fi,
B O1,- -, On B RFFHEU K UL, Oi = X, FF7E Borel £ Cf,--- ,Cy 3 Cr CO;(1<i <
M), UL, Cf = X BLR S0, pim(9C) = 0.

BB =C M B =C\(UZCH,2<j <MW pB={B,By, By}t €Px H
B=U. B pM0C;) =0,1<j<MUKT7(0D) 2 T~'D) A i € {0,1,--- ,n—1}
D C X or, |liTE e, B O;NCi=0%F1<j#i<MBL, HIVEE] B;NCi =0
X1<j#i<MBAL. B C CB CO; X 1<i< M. FH (6.3.4) F1 (6.3.5),

M M
> M (AAB;) Z MANC) + M0\ Ay)) <261 <6,
i=1 =1

i

BRI H,, (65 ag ™) < §. XSS T W75 HIER.
BAE

limsup  ¢u(u) < limsup  Hy (B ') = Hu(85™") (H p( |J 0B)=0)
W=’ EM(X,T) W=’ EM(X,T) Bepr~!

< Hy(af™") + Hu(B3 7Yl ™) < dalp) + ¢ (FIF (6.3.3) FIMTE).

XHLSERL T 51 FEAYTERT . O

AT R TR RATEL H Glasner Fl Weiss J&F I8 25 BERGFIHRFME ¢ R 1
. B (X, T) HHRGE, pe MX,T). BIEE v ¢ X H p({z}) =0 LA, FA]
PR p 2 JEIRFHY.
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5|38 6.3.7 (Rohlin 3132) &% (X,T) ATHEFHN 4%, pecMX,T)Z—NERTFEN
ME. MMHEE NeNme>0 ALTHNE B#EF BT 'B,--- . 7-NV-UB 27 148 %
H WU, ' TB) > 1 -«

JEER. B p 2dERF, FFAE Borel £ C C X §ifi & 0 < u(C) < . BlfE, i€ X EIEH
[BIEREL ro : C — NU{co} #158: 4 min{n >1:T"z € C} BIRH, &

ro(r) =min{n >1:T"z € C},

N4 ro(z) = c0. % Cr = {z € C : ro(x) = k}. B Poincaré BIE EBFRATH Coo AFE
ML, BIR Cu,C1,Co,... K C H]—A Borel Hl4>. W Ty = {Cp, T'Cy, -+ , TF1C} A
0| = Uy T7°Cy, BAR Ty RETCEE AN, HY mone Nom#n B Dy 0D, = 0.
p RO, BTA n(URso TFC) = 1. 3EMFRATA w(Ups, Tkl) = 1.

e, Rl B = Uy ULY | TINCy, I B BG3EBFAER I B.TB, - TV B o
MR, &5, ®ITE

pX\ULG T'B) = (U Ui TPCr U Ussn Uf:_]if[%HN T'Cy)
SN u(Cr) =N - p(0) <,

Bl (U T'B) > 1 — e. BIFRAFIE. 0
EIE 6.3.8 (Glasner-Weiss & 38 [Glasner-Weiss2004] ) g (X T) AT NN 4%, UH X &
— AT HEERE pe MX,T). R W (T,U) < hiop (T, U).

JEEA. B1512E 6.3.5, FATRFEXTEIEFRGRITIE 1 iEH B (T,U) < hiop (T, U) BOLED
. UFBSE pe M(X,T) B— M ERTHEBEFME. 2 U = {U1,Us, - Uy} XEEH
e > 0 BT/ KM N #H5

NN < oNuopTW+OF (1 %) log(1 — %) - %log% <e (6.3.6)
PTG/ 6 € (0,1) fH 75
2V logk < e. (6.3.7)

IUERATIF 6.3.7 RATATURE] X 9 Borel T4 DWER: D7D, TN7'D HRAIK
B u(U 7'D) > 1 — 5. el TRBCAIR TS 6 = g™ 7%

8] = Ny ™). (6.3.8)
BEZR D WHID Bp={BND:Beg} BRMEAN Pecpp BFEEAX P="P iy, C
(NS T7905,) N D. B FRBATRIAFI S 8p BN X — MM a={Aii=1,-- K},
O EWRE i = (5 FTRAB [0, N — 1] HFYEAIE) BI5E 17 Py iy, STEC4S Ai XF
X\UYL' T'D B ERATBEZ DA A A HEMEE o - U ¥+ e Px Ml R X, Bl
X A'NR={ANR:AcyHANR#0}. \ o BEBRMERH o)~ D = gp. B

g™ N Dl = |Bp| < |B] < NUy ™). (6.3.9)



WIS R G R 2149 BT
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AR AT SRR 1) (T, U) < hu(T,q) < hiop(T,U) + 3. FIEE E = U, ' T'D, B
RuE) >1-60 HE—Tn>N. &G, ={reX: :LZ?:()llE(TZ ) > 1— 35
WGr) + (1= VO)(1 = u(Gr)) = [y 2(X05) 1e(T'z))dp(x) = w(E) > 1 - 6, TfiTH

p(Gn) > 1 -6, (6.3.10)

¥tz € G, B Sp(z) ={i € {0,1,--- ,n—1} : T'x € D}. WX EA 2 € G, BfiTH

0,1, , n—l}\U z)+5)| < nVs+ N. (6.3.11)

BEXR Fu={S) 2 G} HANENFeF,, FN(F+i)=0,i=0,1,--- ,N — 1,
BATE |F| < %+ 1. HHARS a0, = [%]+ 1, T

- n! !
F.l < < < .
| n|_j§::1j!-(n—j)! _anan!-(n—an)! _nan!-(n—an)!

Ext stirling 2A3XAT1 (6.3.6) FIE—MNAEX, HITE

1 n! 1 1 1 1
lim —log(n— " )= —(1— =) log(l — —) — — log — < «.
Jm Slesnor o) =~ glles(l = ) — glog 7 <ce
2T
|
hTan_i%p - log(|.7'- |+1) < nhmoo - log( m +1) <e (6.3.12)

X F e Fo, Rl Br = {o € Gu: Sulx) = F}. B8 {Brirer, BT Go A5, 1o
RBMIBEF = (51 <52 <o <o) MHe = {00, on = VUL F ), W< 41,
|Hp| < nV6 + N(EW, (6.3.11)) H

g™ N Br| <] VT “ifag TND)V V Tl
j 1 T‘GHF

(Kl BF C G, 1 03':1 T7%D)
l
< [Ty~ D)~ T] [T-7al = o} = DI} KHr]
j=1 reHp
< RVE L (VU ) R

Ap

a8~ N Bp| < kYN (NUYN ) R (6.3.13)
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B by = EVIN C(NUYN )RRy = {Brlrer, U{X \Gn}. U v e Px H.

Hu(af ™) < Hu(a ™ V)

= sz H,(ag™" N Bp) + Hu(ag ™ N (X \ Gn))
€ln

< > u(Bp)(loglag™' N Br| —log u(Brp))+
FEFn

(X \ Gn)(loglag™ N (X \ Gn)| — log (X \ Gu))

< Fgr p(Br)(log b, —log u(Br)) — u(X \ Gp)log u(X \ Gp) + v log k" (H1 (6.3.13))

<logbn + > —p(Br)logu(Br) — (X \ Gp)log (X \ Gp) +nv/dlogk
FeFn

< logby, + log(|Fy| + 1) +nvdlogk,

1 B HR=AMERE D AFEXPROTEH T FFE: AR m e N, 2; > 0,4 =
L2, om B Y o <107, —loga; < (00, xi)(logm — log Doty ;).
w&Ja, WA
WE(T.U) < hy(T,) = Tan L, (a3

< limsup 2 (log by, + log(|F,| + 1)) + V3 log k

= limsup 2 (log(|F| + 1) + (nV3 + N)logk + (& + 1) log N ™)) + Vi log k

= limsup 2 log | 7, | + & log N ™) + 2V log k

< +log NUY ™) +2¢ (1 (6.3.7) Ml (6.3.12))

< hiop(T,U) + 3¢ (H (6.3.6)).

e>0 jﬁlﬁiﬁé’ﬁ, &ﬁ]ﬁ hZ(T,U) < htop(T7u)' O

3J & 6.3
L JEHI5]HE 6.3.1.
2. IEHIF[2E 6.3.2.
3. SERLEIEE 6.3.4 — BT A IE .
4. IMEBE S RGIENTEHE 6.3.8.

§6.4 MIEiES

TEA/NERA TR RIALI BRI n BEBARES, MERINTSUEAMNE » i
Fl A Ry BN AR AR I AR X Pinsker RIT-HY n YA AN BE 1 S FE TR 225 AR 4%
M. XMENNRE (X, T) M pe M(X,T), 8 B(X) 7 p TR By 1R A € By,
MF AcX Hp oL FEANRERFRT, 98 A K TTE. HAE, FOTESHEXNT o 8
M EE n i 8.
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EX 6.4.1 & (X,T) ASh N 4%, n>2% (2)7 € X"\ An(X). e R EEA2 T {2)}
TR TR E 5 (R Borel #15) o F hy(T.a) > 0 &3, R (z)7 A BT 0 B9
B ot
BATH EL(X,T) 7 (X, T) AT 0 U o 5. DT, ROTIFR EL(X,T)
WLk, Rk, % B, 4 (X,B,,u,T) B Pinsker o fA%%. 78 (X7, B, T() L1 Xl
JE Ao(p) W5
M) A) = [ TELE (L P (6.4.1)

ot B = By x - x By (n WIAR) LA A; € Byyi = 1,2, ,n. KM% BL(X,T) HIZ]
X, WATETEM T 0512

5|3 6.4.2 X U = {U1,Us,--- Uy} A X &9TRZEE. N N\, ()17, UF) >0 & EAX S A
HEE U @A TR (Rn DA FEHRG) TR o H h(T,a) > 0.

WA, (<) RBOHMERE K U AR (&0 n NoTEMR) AIES o B h(T,a) > 0. 3%
Ci={z € X : E(lye|Py)(x) > 0} € P.

0= [ E(ulR)@dute) = w(UE 0 (X C),
X\C;

BMIE w(USNC) =0, 1<i<n B D;=C,UU\C:), Wl D; e P, H D CU;, 1 <i<n.
MR s = (s(1),5(2),--- ,5(n)) € {0,1}", Ix D = Nz 1D( ()) HA Di(0) = D; H
Di(1) = X\ D;. i Dj = (Nizy D) N (U \UiZ Uk), § = 1,2

Z BT S o = {Dy : s € {0,1}" H s ;A (0,0,---,0)} U {DO,Dg,--- Dy} MEE
se€{0,1}" H s # (0,0,---,0), BATH s(i) =1 FFEA 1§z‘§nﬁﬁj, Ei D, c D¢ C Us.
BIR D) cU;, 5=1,2,--- ,n. \TT o g U BIMAL, FrLA b (T, ) > 0.

BAE, MR (L, Uf) = 0. MEHW w(Nie, D) = p(Nie; Ci) = 0. XULAA
DY, D3, Dy € P,. B/ Dy,Da,--- D, € Py, 50 Ds € P, ¥ 5 € {0,1}". XFE o (5
MNICRAET P, B 2 (T, 0) =0, FJF.

(=) MAEMRE A () (T2, UF) > 0. MHERE W U IRAERFTIHI Y o, RR—BtE, &
ﬂ]ﬁ‘l‘uﬁi}i o = {A17A27"' 7An} H Az - Uia 1= 1727"' ,

FEF
Jx T By 4, [ P)(@)dp(@) > [ T E(lye [Py (2)dp(z)
_)‘ ( )( Z:IUZC)>O
T, SFEA1<j<nH A; ¢ P XU hu(T, ) > 0. O

BAERANAH BL(X,T), n > 2 BI—ZIK.
T 6.4.3 & (X, 1) AN 4%, pe MX,T). MXn>2H

EL(X,T) = supp(An(p)) \ An(X).
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WEBA. & (20)} € Bn(X,T). HUEM (2:)7 € supp(An(p)) \ An(X), REFULEAXT 2; BRI
Ui B M) U;) > 0. WU = {UF,US, -, Up}. ARk, FATATRMEER U 7 X By
AN S (WERBCE/MY U). WEEM, EEE u rya RIS o —& WRAEXTT
()7 ATALVRRT AT 22, NI hy(T, o) > 0. FREGEE 6.4.2 H1 A () (ITZ, U;) > 0.

AR ()7 € supp(An(p) \ Ap(X). BATPEFUEFIXHMEREAX T (2] Al RV ]
MEF T a = {A1, Ao, Ae} B hu(T,0) > 0. B o FAXST (2:)7 AT ARV AT 47,
FRUAXTEEAS i e {1,2,- -k} FFTE 2 WIRRI Us 545 RATREHRE] ji € {12, ,n} TR
Ay cUS. Bl a U = {UY,Us, -, Us} BIAL. SJa B An(u) (T2, U;) > 0, 52 6.4.2 H1
hu(T, o) > 0. O
5|3 6.4.4 & (X,T) A# N A%, pwe M(X,T) 4 P, & (X,T,p) ¢ Pinsker o /K% N
*MAEE a € Px, limp_ o0 hM(Tk,a) = H,(a|P,).

WEBA. Rk T ikt (WERHH supp(p) R X). & m s (X, or) = (X,T) N (X, T) #)
HARY 7. B v e M(X,or) i3 myv = p. % P, K (X,07,v) ) Pinsker o {03, 3 H
T (Bx) ={r'A: A€ Bx}. B0 (Bx)N P, =P, —J5TH,

limg 4 oo hu(Tkv a) = limg 4o hu(ff%, 71'1_104)

H,(r 'alP,) (H5[F 5.3.9)
H,(r lalr~1P,)

Hy(alPy).

v

F—JH, BRIOVESHEL h(TF o) < Hy(o|By) XA ke N J§AL (BYETE). LA
H limg— 4o hu(TF, @) = Hy(a|P,). O
TR ERE 6.4.5 Z 10 R0, BRIEIINEM S R BB SX T 53 s — L] B A
Frisa.
EI 6.4.5 & (X, 1) AshH 4%, U={U,Us, - Uy A X HTREFEE, £LF n>2
SR EFATR (R n AAEMR) G U m&TRELE A h,(T,8) >0 &=, N
hu(T,U) >0
WEBA. HSIHE 6.4.2 H A\n(n) (I, UF) > 0, B [ 12 E(Lye | Pu) (2)dp(z)
SREL M 7S (D) > 0, it D = {w € X : minicicn B(1ue| Py (2) > 47}
SHERE s = (s(1),5(2),---,s(n) € {0,1}", % A, = N, Ui(s(i), HA U;00) = U;,
Ui(1) = X\ Ui RIG2 a = {As s € {0,1}"}. WHATH
= WMEE j e Zy M1 X MIH 79U G0E9AA R AT 4> 6, FATE
p(D)

Hy(T7a|BV Py) < Hy(a]Py) — =

> 0. Ht, 7B

BT EEYIERA. EAIOY j = 0 BERIEM. X —8&i j € Zy, EERIXEA f e L (w),
ATH E(T f|Pu)(2) = E(f|Pu)(T72) X pace. z J]IL, FTLh H (T 7a|P,) = Hyu(a|Py), 3
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MV =0 WIFE (BRI, AR—Bitk, ik 6= {B1, B2, Bn}

, —xl >0
ﬂBicUi,1'21,27...7”,&]0(@:{Oxogaz x 0 il
xTr =

HM(O‘W Vv Pu) = Hu(a \ 5’PM) - Hu(ﬁ’Pu)
= fX zse{o,l}" e fEQanp, | Py))dp — fx > i f(E(Lp,|Py))dp
n E(1asnB;Pu)
= Jx D sef01}" 2aimt —E(lASmBJPu(i 10%(W)dﬂ (6.4.2)
= fX zse{o,l}" Z?:l E(lBi‘Pu)f(%)dﬂ
E(1agnp,| Pu)
= ZsE{O,l}" fX Zi,s(i):o E(lBJPu) (%)d%

Hrd i, 5(i) = 0 TFaRTERE s(i) =0 8y i. FEFEEAR TG — N EXBOLREET: 5T
FERE s € {0,1)" FINERZ s(i) = LAY 1 <0 <n Ay By =0 BOLBAR ZGerll) () = 0 3

—35L. B f MRS, (6.4.2)
E(p, [Py E(Lasn,; | FPu)
< Zse{o 13" Jx( st k)=0 E(lBk’PM))f(ELs(i):O Zk,s(k):fE(ll};k\Pu) Ea};}IBPM)H )dp
S0 s(i)=0B(LagnB, | Pu)
- Zse{O 13" fX Eks ZOE(lBk’PM))f( Ekfs)(k?:oE?lngM; )du
(
)

E(1 P,
= seoay Jx (Crsm=o BA k’PM))f(Zk’s(k)(:ﬁﬁj‘(l;i\pu))d:“
= Zse{o,l}" (fX FEQa,|Py))dp — fX E(1a,[Py) IOg(szS(k):(ﬂlE(lBk P )dp)
= Hu(a|Pu) - 256{071}’1 fX (1, |Pu) lOg(Zk’s(k):ollE(lBUPM))d'u‘

B gy, BrAER s(i) = 11 < i < n), NI 2 s0)=0E(Lp, | Pu) < E(lx\g|Pu)- &
bi = E(lx\g,|Pu), i = 1,...,n WFNTH

236{0 I Jx B(La,|Py )IOg(szS(k) OI}E(lBk‘PM))du

> i [x (2 s,5()=1 E(1a,| Py ))log 3du

= 122 le 1UC|P log dNZnMZZ 1fD10gbdM

= w7 Jplog md/‘ > 5 fD log g, dp = ugw) log(727),

(tetbayn > py b, PR SPb = S8 4E(1|P) = (n — 1S E(1p,|B)
=n—1, il Hu(a|BV B,) < Hy(a|P,) — M2 10g(10) Xk SER T Wi s émm

B e = X0 log(:20) > 0. B limpn— o0 hu (T, 0) = Hy(a|P,) (BRI 6.4.4), FrLAE
TE 1> 0 8 h(T'a) > Hy(o|P) — 5. ¥ S = T A X SRR up— a7 T 4



w3 N R G MR %154 BT
FoNF OBLAHL §6.4 WA E

Bn- B B = T7U IEA i € {0,...,n — 1}, N LR 5 RATHEE]
Hu(Bn) > Hu(BalPy)
= H,(BV \/ S~'al|P,) \/ S~alB, V P,)

=0 =0

n—1 n—1
Hy(\/ S7alPy) =Y Hu(S "a|Bn v )
=0 i=0

n—1

Hy(\/ S7alP,) — n(H,(0|P) — <) (BUTE).

=0

v

v

JH:H(\/S ’U)>H(\/S ‘alPy) = n(Hy(alPy) — €). 3ETT

=0 1=0

n—1
ho(S,U) = lim H \/5 Uu)

n—oo N

n—1
. 1 —i
> limsup ;(Hu(\/ S™'a|P,) — n(H,(a|P,) —¢))
i=0

= hu(S,a) — H,(a|P,) +¢ > %,
FEdk, BAMEAZM TR limy—oo s Hu (Vi S| By) = hy(S, o) (2R 5.3.8 713
ALSEEFATIERR, XA R g A DU 5 AT RS (AR E)).
B h(TU) 2 $hy(S,.U) > 0, SKFESERL THER. O
- EENER
WL 6.4.6 & (X, T) AN 4%, pec MX,T) e d ={Uy,Us,--- Uy} A X 89T R E
A0 hy(T,U) >0 FHEARE N, (p) (I, Uf) > 0.
WEBA. W53 6.4.2 FiEHE 6.4.5 RIFGAHEL. O
H IR 6.4.6 A5 BE 6.3.5, BUZEFATRETIE B I B2 I8 B3 2 A7 30 iy 0 k.
T 6.4.7 % (X, T) AN A%, pne MX,T) RE p= [y xr 0dmO) H p &i& Fi5
L2
1. 3 m-a.e. 0, EC(X,T) C EX(X,T), £F n> 2.
2. &wﬁ":( Db € BR(X,T), WA (x,)7 $8AARK V, m({0: VN EYX,T) #0}) >0. B
E Bk FE QCMEX,T) T RAEZ)

m(Q) = 1B J{EI(X,T): 0 € Q}\ Ap(X) = EI(X,T).

WEBA. (1) W Ui = 1,2,--- ,n 2§ X W Nz cl(Us) = 0 A (T, cl(Us)) N ER(X,T) = 0
TR, BT ER(X,T) = supphu(p) \ Dn(X), BATH Ao (p) (T, cl(U) = 0. HIfER 6.4.6
5 h“(T,u) =0, Hfru = {Ug,U05,--- ,US}. fMe(Xj) ho(T,U)dm(0) = h“(T,u) =0, fr



WA RE MR % 155 TT
FoE L AR §6.4 W BB E

Ph ho(T,U) = 0 XF m-ae. 6 BOL. HER 6.4.6, M\, (0)(IT1,U;) = 0 X m-ae. 0 3L,
W (I, U) N E9(X,T) = 0 % m-ae. 0 BOL. BT ELX,T)UA(X) S XM B4,
FrUA BRI RS LIRR AT ECEm T, U; W9F4, Hd Ui = 1,2, 0 8 X Jii2
Nic cl(Ui) = 0 BIFFEE. BB, MPTA 0 F E)(X,T)NA(X) = 0, XEER AT HER A
m-a.e. 0, E9(X,T)N (EL(X,T))" = 0.

(2) RE—fBetl, BAMBE V =11, 4, Hidr Ay Ry o fPASRIE Ny A = 0.
M) (T, Ay) > 0, TATHE hy(T, {45, As, -+, AS}) > 0. X T

/Qhe(Tv {Ai Ag) o 7ATC7,})dm(9) = hﬂ(Tv {Ai Ag) o 7‘4;}) > 07

FRPAFTE Q' € ME(X,T), m(Q) > 0 61524 0 € O A
h@(T, {Aiv A%v T ’A;}) >0, EI] An(e)(HznzlAZ) > 0.

HEH, XF0eF (I, 4,)NENX,T)# 0. XU m({0: VNENX,T)#0}) >0. O
TEA/NTHIERIE TR, WATEB LRI R B B ARAER. IR ATETEL

=453,

5|3 6.4.8 &% 7: (X, T) — (Y,5) AR -FedUB UcCy. NAEE pe MX,T), RAVE

hou(T, 7= U) = b (S, U).

JEER. Xf—3 RS (Z,R) M1V € Cy. ¥ a HH V AERH Borel #|5r, FATE X

PV) = {BePs: B VE B WEATEY o BRI TTERIE). (6.4.3)
% flz) = {O””logx’ ’ i 2 RoleE £

f(w1 —6) + f(w2+6) < f(w1) + f(22)
X‘:l‘ 0 < 5 S I § T2 § 1-— I }:_IE_\_‘[., ?ﬁﬁ]%i@iﬁﬁﬁ (%'ﬂ;g@)

Hy(V) = min Hp(B) X0 € M(Z, R)HAL.. (6.4.4)
BeP*(V)

BAE, Xt neNRANA P (=)™ ) =n P Uy, FH

Ho U™ = inf  H(8)= inf H,(77'3)
peP ™) pEP U5 (6.4.5)
= inf Hy(B) = Hu((=~'U)g ™)

BeP*((x—1U)g 1)

HJETESF (6.4.5) PIHFIFERLA n, % n — oo OTHMAFE] h(T, 77 'U) = b (S,U). O
EHE 6.49 & 7:(V,5) - (X,T) AR T, veMY,S) RE p=mv. R
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1M HAS (y)7 € BR(Y,S). & n(yi) = @i, i = 1,2, ,n. %2R ()] ¢ An(X), N (2:)7 €
EH(X,T).

2. MEA (2)7 € ER(X,T), & (vi)i € B(Y,S) HX w(y) =i, i =1,2,-- ,n.
WEBA. (1) E#edE A5, PUNIERE (2). 202R (z1,20,- - 2,) € ER(X,T). ¥ m € N Fl
i=1,2,-- ,n, fEE x; AYFARRIE Vi EHEE R N, V™ = 0 H max? | diam(V;™) < % xZE
FRBETE Uy = {(VI)S, - (V)Y T by (S, 7~ WUs) = hyu(T,Uy) > 0 (U512 6.4.8). HHER
6.4.6 FATFI N\u(v)(TTi, Vi™) > 0 EER [T, Vi AL, Frik [TiL, Vi Osupp(An (i) # 0.
REMAFAE yi* € n ' (Vm)e A% (- o) € supp(ha(p)). 36 4 HERT BB AT AL
W syn) = (e syn) B e (@), i=1,---,n H (y1,--- ,yn) € supp(An(p)). 5%
JEEATHERE 6.4.3 1 (y1,--+ ,un) € EL(Y,S). O

3J & 64

L% (X, T) ASHARGE, peMX,T)MKCX. BAK K & p K, WRIMEZEHMST K7
AFRIEY o RAIEMER. U
(a) K A p WY HAYIER MWL (ki ko, k] > 2 B {kiko, ok} C KA
{ki,kg, - kn} C EF(X,T).
(b) K Jy p M4 HAVY Ky p 4.
(c) WRFAIH BL(X,T) iC (X, T) B9k p W% EHF BL(X,T) MR B X, T) 75, T
Unso BR(X,T) = EX(X,T).
(d) EX(X,T) BERMTEHE 6.4.7 {38 T 5 k.
2. B (V,8) = (X, T) HETHE, ve MY, M p=nv iEW: =(E/(Y,S))\{{z} :z€X}=
EY(X,T). g, R BA S .
3. 1% (X,T) HENHEK, pe MX,T)F P, & (X,T,u) # Pinsker o /0% EH: WE o € Py,
M h,(T% ) < Hy(a|P,) 3HEA k € N.
4. B (X, T) HBHRE, pe MX,T) M P, J& (X, T, p) #J Pinsker o LKL IEH]: 415 o € Px,
M (T, @) = limy, oo Hy (g | P).

5. FEHIAR (6.4.4).

§6.5 BHETHIFEIE

X—=NHHRGE (X, T), 1969 4F GoodwynlGeotwyml96l Ay T RASMAE 1o JEHT T
hu(T) < heop(T), BEJG Goodman!GoodmantdT SIEBHT sup, by (T) > heop(T), X BRI AAE 2
WOk BT A T AAEMIBE, XHSLT AL R, 1976 4F MisiruwiczMisturewics1976] 3ty
AT RERAE T — NI OC SRR, FEAS/NYT, AR — ALKy A8 7 R P 25 o
RS T4 5 FF B S I R AR A3 SR, RS o R B R A T — 25 B 4 M s
0 BEJis S ZR Ay — D E B AR TR

BRYIME, A/ ERATA 2 H R U 4 T E 2.
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EIH 6.5.1 (A EHRE) K (X, T) AN 4 %A U e C. N
htop (T7 Z/[) = sup{h“(T, Z/[) tHE M(X7 T)}

HAEAET IEWGETMNE 1 AT hop(T,U) = hy(T,U).

FEVE IR R AR 70 R 2 BT A TR B E— S g TAE. BRI EEH 6.5.1
ST T E SR EA, KRR EH 6.3.3 RATIES] T L IH 28 70 JHF.
EIE 6.5.2 (EHRE) &K (X, T) AN 4%. AL hiop(T) = sup{h,(T) : p € M(X,T)}.
L 6.5.3 KB TANE R, A TERE T REGME 1 #F hop(T) = hu(T),
RAIEI, [Walters1982, §8.5]. HAVI#H R hy(T) = hiop(T) 8RB p ARABA BRAKEGHIM
B, £ TXAERT LI [Walters1982, §8.3].

HARNMTBENT — M2 853
B3 6.5.4 % (X,T) AN 4%, UecC%. nyiuKeNv,{ZL {al}l VA X 8K AU
oty Borel #5. MAREA NeN, H4 X @—ABAF YU D) At @ HRE By,
EHRAFEAN 1 < l < K, &% (o)) ' 4EHEANARTES ﬁA? By T#—A-9, XL
NN g N g s gy
E%J&NeNﬁEﬁxeXﬂ1§HunﬁM%Am1%%%ﬁ0m¥4*@@$%
FHF. GWIER v, € X 11 <1< K, 21 Al 29 7 (o)) ! F—AJETH24 HALY
Ai(x1) = Ay(xa).

&BM%X%EHT%#%OWWk%%z
*): () Ni=12 kBMNRTEZSEE TBNM~A5

uqu By Eﬁm%/\ﬁwy% N0 R, B By = {a,..., ), B
d< M0 BB = (UL, UL, A >>. EEIXEN 1 <i<df 1 <1< K, Alz)
%(0§1%~AE? HEEST u) ' BANTESR. i, BH U ' EX
dx < KN < Ny ) /\m%%éﬁamf%é FIL B # X.

fFB 2z € X\ B, ®BMTH = ¢ UL, UE, Ai(zy). BEFIMMEZE 1<i<dM1<I<K,
mUﬂm@J—Q&MTﬁI?U@HEEX%E%ﬁ()%ﬁ@%% X5 By BItkK
WARFE. BERITI By K By WEA M ) A ERmEAS T4, XmsEm T 518
HITERA. O

BAE, BATERIFE SRS — N A5
FEI 6.5.5 (Blanchard-Host-Glasner < 32 [Blanchard ete.1997)) 35 (X T) AN 4 %A B U €
C. AL e M(X,T) #HR W (T,U) > hiop(TLU).
WA WU = {U1,Us,-- ,Ua}. X

UP)={aePx:a={A,..., A BA, CUypVme{l,...,d}}. (6.5.1)

&R 1: Eoolii X y&gezsia). Bhit X fRIT AR TR 2Oy AR HE T T
X B —IRRCEE, SXAE U(P) g i BT ST B B8 A A ] o ) e pROR — A TR AR,
AT {an: 1> 1} TR BE — 2.
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n2+n71)

B n e N. HBIH 654 8, FEEE YW ") A TEZWERTE C, H15
()11 <1< n WEBNETFEZEE C, —A . & vo FIE C, LS55 HEE
MEE, TIAHEA 0 < 0,1 < n, T (o)1 (He (ag)7" ' 41) BT RS T BB
vo BIEL—AET. W NUPT) < NUP NG < N @Y, %016

N(ugz—i-n—l) > d‘”N(USLQ’Ln_l).

XEE, IHMER 1<l <n RATH

24 0 i 24 n—
Hriy, ((00)y ™71 = Hy, (T (ag)g ™)

n2 n— n2 n—1
zlog[ij\[(u’ln+ 1)] Zlog[iN(u%d: )].

BEEWE m <n BHRE m, IFHE n> +n =kn+b, HF 0<b<m—1. NX
1<l <nAMTH

n24+n— n24+n— - —mj m—
Hroy, ()i T = Hepay,, () ™V VG20 T )y )

2, k_1 . _
Heyiy, ()t 4+ 32520 Hopay, (T~ ()5 1)

Zk_l HTi+mjVn((al)6n_1) + mlogd.

<
< =0

WA 1< 1< n, B 0 =0 B m — 1 sRAIRTRETEE)

2
N un +n—1 _ 2 _
mlogMY " )1 < Sl () )

< Z?;?)l Z;:é HTHmjyn((Oéz)Sl_l) +m?logd
2 - —
< Z?::)rn ! HTiun((Oél)Bn 1) +m? logd.

B o = b S T, B Ha((0)™Y) S M(X) ERIMEREL, D 1< <n
i1

m— n24n— m—
Hun((al)o 1) Zﬁzz':g 1HTiun((04l)o 1)

n2+n71
> (log[M_" )y 1 log d).

n24n
R pim, TE5T * FAFNTUCELF] e M(X), HP2Y & — co B, nj — 0o, BAR e M(X,T).
5 m,l e N, H (o) BEANTTEIF XA, KITH

LH ()5 ™) = limy oo Hy,, (1))

(6.5.2)

ni«knkfl (653)
thmmn§W@¥W%M% )]~ mlogd) = hop(T,U).

BUBEAER 3R (6.5.3) FSEISE L € N, B4 m — oo BABE] hu(T, ) 2 huop (T, ).
RHET—A 5 =, RATAEIRE] 5 € 0 WifE 6= 0. B X HBL2N, SHER 6> 0
(AE o0 (7 (9 Bow) < 0. HBHTGIEE 5.5 51 hy(T,5) > ind (T, 00), 67

hll(T7 ﬁ) Z hll(T7 ﬁ/) Z llgéh”(T’ Oél)-
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H 5 REEM, #1752

hi(T,U) = s ,Pl)l{lfl;; » h, (T, ) = }2§ hu (T, oq) > hiop (T, U).
XS T 1EE 1 HIIERA.
T8 2: —RIHE.
Bl X REEZN, G UME — M REE K fl— MBS [ K - X. J%

Z = {z € K% f(zn—i-l) = Tf(zn)x‘:l"/@/l\n S Z—i-}

HEL ¢ Z - X Wi n(z) = flzo) X 2z € K2+, BIR Z AFHEEFERE K2 (RT3
FURED) M THEAALE K2 R BBS R TAZ. HI (Z,R) h—Ah R4, @
MHEATH ¢ : (Z,R) — (X, T) HHEFBGT.

HTEIE 1, 1 v € M(Z,R) (815 hi (R, o (U)) 2 hiop(R, ¢ (U)) = hiop(T,U). BIXT
Z WA o (U) 4IE) Borel §14r 8 hy (R B) > hyop(T,U) BOL. B = v, MIXT X
A BN E U 4R Borel Fl23 o, o™ (a) FH o~ (U) HHHT Borel #2203 H.

hM(Tv a) = hV(R7 90_1(&)) 2 htOp(T7 Z/{)

I Bl (T,U) > hiop (T, U), & FRIFIE. O
FEIC 6.5.6 Glasner fo Weiss/Glosner-Weiss1995a] 3z 8 7 34 B ANgh /) 4 % (X, T), HAER%E 4
% (Z,R) ALY L H hiop(T) = hiop(R). LW ZANFF4K Auslander 1 5 —ANFA: 7 H 24
BN 20 ERMGHEEY A 7. iX/NFIH A Boyle 2 Downarowicz/Bovie-Dounarowicz2004]
WG AT A5 BT B G Ak

EIE 6.5.7 & (X,T) ATHWGHNN 4 %A UcCS. WAL pe M(X,T) #43

hu(T,Z/{) — htop(T, Z/[)

WA, WU = {U,,Us, - ,Un} € C%.
157 1: BBk X ARG, BT X BRI XA TR BE B IR T
X {—d v, FI u(P)(I (6.5.1)) A4 i B SCPH #1548 B ) o Y 22— A
AR, & {ag 1 > 1} XA AR — M.

TEREH, XMEE ke Nl pe M(X,T)

k-1 k-1

hiHTR \ T7U) = Skllellgkh (T, \) T 05 0))- (6.5.4)
=0 =0

BUAEX A ke NFll s, € NF, AT TE X

k—1 )
M(k,sp) = {p € M(X,T) : £h(T*, \/ Ty, i) = theop(TFUS™) = heop(T.U)},

=0
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ﬁ%&ﬂ”ﬁﬁﬁT %htop(Tk’u(]]C_l) = htop(T’ Z/[) JX %i
MR 6.5.5 FIFAE e € M(X, TF) i1

ht (T*,UF™Y) > hyop (TF, U,

X‘T‘/@/[\ Sk € Nk, \/fz_ol T_iOé (%) 7E uo -1 E/Jj:”]é[ﬂ ?‘Zﬂ]ﬁ
k—1 '
Ry (TF, \) T 3)) = hoop (TF,UG). (6.5.5)
=0
W, = Mk+TMk+}g“+Tk71Mk- EER Ti,uk € M(X, Tk) XA i e {0,1,--- |k -1} WAL,
&ﬁ]?n Vg € M(X7T) X'j- Sk € Nk iﬁ:l ] € {1727 7k_ 1} /—TEX

Plsp = sp(k — j)sp(k —j+1) - sp(k — 1) s£(0)sp(1) - - sp(k — 1 — §) € NF,

J k—j

&Posk:‘gk' %F‘U%je{071727 7k_1} HTJ‘, &ﬁ]ﬁ

k—1 ) k—1 )
thMk (Tk’ Z,!O T_Zask(i)) = hy, (Tkv iyo T_ZanSk(i))

> hiop(T*, U5 ™) (B (6.5.5)).

#ET, XA s, € NF

k—1 ) k—1 )
hu, (TF, z'\:/O T g m) = %300 (A, (T, Z'\:/0 T ag, (3))

> hiop(TF, UETY).

HIE, FAHFE v € N, e M (K, s). 2 M (k) = N, ene M (K, si) # 0.

BIRHEA si € NE, VA) Tag, ) BEETFCRIOBERE, 1 (Vi) T a0, TF) £
M M(X,T) | R B EBEGRBRGT. XFEXS s, e NFTITE, M(k,sx) 8 M(X,T) fjHE=S
W4, Xy M(k)  M(X,T) BHE= 148

PAERRNTU A AR k1, ko € NI ko lko, W) M (ko) C M(ky). 52 1, & pe M(k), 2R
& k= k—f Xt sk, € NMUB sp, = sp,y -+ sp, (KIR) € NF2,

/A

1 b 11 ke B ik A
(T NV T o)) = grgha(T VTV Ty, (5)
i=0 j=0 i=0

ko—1
= =hu(Th, \/0 T g, 1)) = heop(T,U)
7=

A 1€ M(kq,si,), #EMT p€ M(k1). IXUEEH M (ko) C M(k1). BIXHER ki ke € N, 0 #
M (kika) € M (ki) N M (k2), BATH Nipen M (k) # 0. BL v € Nyen M (k). I ke N, A
(6.5.4) %1

L (TR, Ub=") = inf, cnr 2ho (T8, Vg T 00, 6) = iop (TLU).
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PETT N BIEE 6.3.2 f (3), FA1%13E

hy(T,U) = lim h+(Tk U™ > hyop (T, U).

k—oo k¥

ZiEX—HEMGIH 6.3.2 B9 (7), HAVFE] h(T,U) = hiop(T,U).

&7 2: —BAEE. HIEHZE2XMUTEH 6.5.5 HE 2 ATIER. 0
EIE 6.5.1 BYIEEA. HT[BE 6.3.2 19 (7), RAMXBUEMAFTE 6 € M(X, T) 15 ho(T,U) >
htop(T,L{).
ROULEE T AWETHEE Xt T EREHMEE, EESE), % o (X,T) — (X,7)
H(X,T) BERYFE. W (X,T) B[RS W8 6.5.7, 76 v e M(X,T) {§15
ho (T, 77 Y U)) = hiop (T, 77 1U).

Wop=mw, W e M(X,T). 5B hu(T,U) > h (T, 77 (U)) (SWEIHE 6.3.1 /y (4)).
B 1y (T, U) > (T 7y (U) = hiop (T, 717 U)) = hiop (T,U).
Bp= [y 0dm(0) 4w B3 15T, U"JEEEIE 6.3.4 H hy(T,U) > hiop(T,U) 51

FE 0 € MO(X,T) {15 ho(T,U) > hiop(T,U). TeJ, FIFGIZE 6.3.2 1 (7) BITR ho(T,U) =
hiop (T, U). IXFRTERL T EHE 6.5.1 AIUERA. O
3 Hm 65

1. SERET 6.5.2 (IEH.
2. SEIRETE 6.5.7 15TE 2 HYIEH.

3.8 (X,T) ABIHRZM U C. A M ={ue MX,T): hy(T,U) = hyop(T,U)}, TEH:
(a) M A M(X,T) #4F 2 515
(b) M HyEA i s o 3t D 0 E
(c) MR pe MM p= [\ rbdm®) & pBEHME, NI mae § € M(X,T) BITH
0 M.

4. BPIRIITFEN T RLE (X, T) W2 heop(T) < 00 Ml hy(T) < hoop(T) X € M(X,T).
5. SERUEEE 6.5.1 WIENT XS T AR A% L A UE M.

§6.6 IEHHITH KR

AN, FATRHEA IR e M(X,T), M E.(X,T) 2 ER(X,T) XA n > 2 5%
HAFE 0 e M(X,T) 13 E (X, T) = E(X,T) XA n > 2 L. #—H, WTo%
BIVEAA—EFAE pe MO(X,T) 2 E.(X,T) = ENX,T). B5RITE
I 6.6.1 & (X.T) AN 4%, pe MX,T). NIAEANSR>2H

En(X,T) 2 EL(X,T) = supp(An (1)) \ An(X).
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WEBA. X ()i € ER(X,T), U AMEMT ()i, IRFIWAERIFER. 5 WAEEE U 40
BRI o FAEXS T ()i, AIARFIIRISY. BT ()] € ER(X,T), Frh hu(T, @) > 0.
I REFE 6.4.5 411 hyo(T,U) > 0, BT huop(T,U) > hy(T,U) > 0. O

B (X,T) WEABHHARE, 4 € MXT), 1 (X,Bx, T, — (V,D,0,8) B
(X,Bx,T,p) ) Pinsker K-F (B} 771D = P,) UK p = [y pydv R p 6 v ERIIE S
. MIXFEEA n e N RATAXEIE

M) = [ gy %X g do), BB A ) B (64D X (661

n

5|38 6.6.2 & (X,T) ATHEMHN 4%, pe M(X,T), 7:(X,Bx,T,n) — (Y,D,v,S) &
(X,Bx,T, ) %9 Pinsker B -F (%9 7~ 'D = P,) A& p= fyuydu Hop v LR E 5.
=R h,(T) >0, RI&KATH

1. 3 v-ae yeV, p AR R T4,

2.7 (X,Bx,T,p) — (Y,D,v,5) AFREYT L, hHENS neN, N\ (n) L& FAE.
JEEA. (1). BT p 2#THY, Rohlin i —PN2RILER (W@ 2.7.10) HiaIkA]: B4
TFTEREA ke NfERX v-ae. y e Y THF, wy 2F0MIE kDR ERMNEE; B2
AR TR v-ae. y € Y. AR (1) Ao, WAEEREA ke N fFBX vae yeY 1M
T wy EEFEAAE AR ERMEE. IAE, ATV hu(T) =0. X a € Px,

hu(Tya) = limy—ioo 2 H, (a7 | Py)
= lim,, 100 % fY H,, (Ozg_l)dl/(y)

< limy,— oo £ f; log kdv(y)
= 0.

I 7, (T) = 0, F 5.

(2). R 7 (X,Bx,T,n) — (Y,D,v,S) NANFREY 7T, WH Furstenberg-Zimmer &
(S WEH 2.7.15) Fl: FFERNARS (Z, 2,9, R) MFEZS m: (X, Bx, T, p) — (Z, 2,1, R),
m 1 (Z,Z2,m,R) — (Y,D,v,S) i1 7 = mm H m KA EY 58, EATLIIERH
hy(R) = h,(S) =0 (BAETIE), NI 77 2 C Py = ny oy 'D, XYL 2 = my'D, Bl mo J&°F
N7, FIE. X T « Z5IREGY 78, YEMH Fusterberg i — ML (2 05]
PR 2.7.13) K1 N () Sy 3l 70 BE -
5|3 6.6.3 & (X,T) AN 4%. 4R pec M(X,T) Hi&FRE, WNHENSn>2H

EL(X,T)\ An(X) 2 supp(An(p)) \ An(X) = EL(X,T).

JEBH. WATHIEM T AEIREAEE, —BEEEIETSE. R h(T) = 0, FATH
supp(An (1)) \ An(X) = ER(X,T) = 0.

T h(T) > 0. % P, A (X,B,1,T) B Pinsker o 0¥ & 7 : (X,B,u,T) —
(Y,D,v,S) H (X,B,u,T) 1] Pinsker BT, PAK p= [, pydv A p FXF (Y, v) B30 EE5
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k. H5IHE 6.6.2(1) Xt v-ae ye Y, u, AAERTHY, HIL
M) (B0) = [y () ly) =

XEE,  suppMa(p) \ A # 0 BT Aa(p) AEHME (WG 6.6.2(2). XEEFH
(supp(An (), T™) FARFMEBET. Bl supp(A,(p) 16 X" HIMPRE B T IRFEAZE, FrL
Xt (supp(An(p)), TV) BEEAMER S (20)7 BATH 21 # 25, WH i # 5.
MAERE 6.6.1 5 ()7 € E(X,T). BR EG(X,T) H X" BHIH T0) ABHF4& (201
HEIE 6.2.6), ATH B5(X,T)\ An(X) D supp(An(p) \ An(X)(= ER(X,T)). O
AT EWESR, BERNIERTUEMHA
FIH 6.6.4 & (X,T) AN 4%. WELE pec MX,T) #FFEA n>2,

En(X,T) = ER(X, T)(= supp(An(p)) \ An(X)).

MEBH. B n > 2. HAERATA

Wrs: MEE (2)) € B (X, T) F 2 BRBIK Ui, FA7E p e M(X,T) W2 ER(X,T) N (U X
U x -+ x Up) # 0.
WrSRUIEER. AR — e, RiZ U R o BIPARBIEIER: 4 2 # 2 B U;NU; = 0; T4
=, WU =U;, 1<i<j<n &U={U,US- U} BHBHIRNTE hiop(T,U) > 0.
HEH 6.5.1 FFLE 1 € MX,T) #15 hy(T,U) = hop(T,U) > 0. BETT B 6.4.6 1
A () (T Us) > 0, B supp( A (1)) NTI2, U; # 0. T, Ui NAR(X) =0, NEFE 6.4.3 FA]
HER(X,T)N (U x Ua X -+ x Uy) # 0. IXERSEAL T W 5 H kR,

I EWrE, ATAMERE E.(X,T) W ATEORS] {(of, 25, 2p) :m > 1} {f
B M € M(X,T)H (2,2, ait) € B (X, T). Bop = Y025 e (00 gl
EoXT X PHAEEARATIH S o, n > 2 UKk m € N ATE hu(T,a) > st by (T, @),
FFLL EL (X, T) C EX(X,T). FelH, (a7, ap,---  a™) € EN(X,T). #Ti,

ER(X,T) D {23, a)im 2 13\ An(X) = En(X, T),

KW REY, En(X,T) = E (X, T). O
HiIL 6.6.5 & (X, 1) AN AAK. WwRECA—KEBHLA, WNELELALXFEYG T K
ME p 55 By (X, T) = B2(X,T).

TEMC RN TE R PR R HEIR 6.6.5 AN REINGR A AT A 2SI Pl BE o 45 E5 (X, T)
Ey(X,T). ATHIFHM TIX—K
5] 6.6.6 ALE—KEFHAL, CARALAL IR HTNE.
JEBR. FATRHUT Bi & EH 6.1.11 Y Apyr. BIES Bl = (1020), FRIHZHLE L

k
Bk‘-i—l = Bkoml Dk DkaDka—l-l Dlgnk : D?Q”k Dng+1

M1 = | B |[FlUts1 = {Bys1, 0T (Byy)00k+D Y

..Dk, —oms,

2Nk ng
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He m’f > nk(n%Z"k‘H + ng), mg > nkmlf.

BEWR y = lim By, Y = w(y, o). MAMERH (Vo) BAEME P, FreAdi 5188 6.1.3 H1
(Y,o) A—BOER ARG, YT, ROTHITE Y EARA 2SRRI,

AR BGIEE. RN (YV,0) BA R E T EE o N g @) generic 5BIAN
i . AW p 1Y generic i 2. B 11p,) N Y B R BELEBUR, Frik

1
e IALAC —>/ By = p[Bi] > 0.

B N(B1,C) 29 By HBUFE C HEGIKEL. MIFFAE ko € N R &> ko 7

k-1
LE?:_oll[Bl} i(2) > 2 1 N(By, By) LMy L
ng ™ Nk ng ™
IHA IR TR AV : XF k > ko Q2R 2 = (21, 22,...) Tl Cp = (21,..., 20, ), W] Cp AUHINAE
0™ Dj...Di Di y ... Db, ... Dign; _1yn41 - - - Do, 0™,
XH i e NWE ¢(1) < ko. XULHA = RAZIE S, TIE. O
FiL 6.6.7 RNE T 4B R T A LEZXIFG—KERFEAL, CAALZF, H5RERE
WA RERNE, 2 RAZTE—KERAL.

T2 6.6.8 & (X,T) AFh N 4%. NAENS n>2H E,(X,T)=FE(X,T)\ A (X).
JEBA. B 6.6.4, FA7E p e M(X,T) i1 E.(X,T) = ER(X,T) &4 n > 2 oL &
1= fygex oy 0dm(0) 24 p BT o, WINEHE 6.4.7 HIGEHIEH @ € MO(X, T) FATH

{E(X,T): 0 € Q}\ A, = BH(X,T).

BAEXT A 6 € Q, B512E 6.6.3 H EJ(X,T) C Eg(X,T). NIT, En(X,T) C ES(X,T).
ES(X,T) C Ej(X,T) C Bn(X,T)UA(X), ®ATH En(X,T) = E5(X,T)\ Ap(X). O
YERA/NTHIE R, |14 H n —BEMAFA T2 —BEMREH— N2, &
T3 I RS (X, T) BAE 7 o = {A1, As, -+ Ay} 8 FaFMEFRLED, 2R A, # X X
A1 <i<n BT
5|3 6.6.9 % (X,T) AN 4%, pe MX,T). N EHX,T)=X"\An(X) % HAH 3
X &d n ML FARGBIEFIT RIS o B hy(T,0) >0, L+ n>2
JEER. &% BN (X, T) = X"\ A (X). X X fEERIMEF LR AIE 73 o = {4, Ag, -, A},
W e X\ Ajyi=1,2,--- ,n. 1EEEH, ()7 € X\ An(X) HH o FHEXT (z)7 A[70
VFEIEI 5. NI hy(T, ) > 0.

Rz, B X BEEH » DT REBAHRINEFLRIER > o F he(T,a) > 0. K
(z)7 € X"\ Ap(X). SMEBEAXT ()7 ATARFRIFIE 3 o = {A1, Ay, -+ An}, o AR
FAEFILES. NI A (T, o) > 0. IXERUEEH (2)7 € ER(X,T). O
EIE 6.6.10 & (X, T7) AN A%, n>2. N




WIS R G R 165 T
% BEAHL 86.7 JEid

1 (X, T) An —HKERLARLH L pe MX,T) #1344 X 691EEE n ML EHNRY
A E-F AT R E S o A h,(T,a) > 0.
2. (X, T) AR —HREBALAERAAL pe M(X,T) 54 X GEZTHARMNSL
F MR A 163 E-F AT R E D a F hy(T,a) > 0.
JEER. X EET 6.6.4 FI5[H 6.6.9 [ BLEEHEL. O
)5, WOTARINERA S T E 507G F g 5 Huane-Ye2006] by 22 S0 A 4l 2
JERA DL [Kerr-Li2007].
T 6.6.11 & (X,T) AN 4%, AL (21,...,70) € E(X,T) ZALEXNT (21,...,2)
HEFAR UL % ... x U, BT, GEFEES D={d,do,...} %5

(T~ “Use) # 0
i=1

HTFEE s {1,2,...,n}° & =.

1. IEEAA (6.6.1).
2. & (X,T) ARG, WEH:
(a) X pe M(X,T), HA1H EHX,T) C E(X,T).
(b) FTE p e M(X,T) 1% EX(X,T) = Eo(X,T).
3.7 (X,B,u,T) — (Y,D,v,S) Ke[HARM ARG E WY 78, W

hu(T) = h,(S) + sup H,(ala™ v 1(D)).

aEPx
BE, 4R ARG TE, W hy(R) = h(5).
4. XF—ME 3 H REIEH TP 6.6.3.
5. 8 (X, T) AEAIEMPS RS, EW: WM& n > 2, B,(X,T) ABA IR,

§6.7 Fic

TEAZR, B— Z/PNFTHRNAERINTFEZEIRA T [Blanchard1992], [Blanchard1993],
[Blanchard-Lacroix1993] £ [Huang-Ye2006]. %8 =/N{7 EERIAFF T [Glasner-Weiss2004],
[Huang etc.2004b], [Huang etc.2006] F1 [Romagnoli2003]. 5 PY/NTT Y R AF 3= R PE T SCk
[Blanchard etc.1995, Glasner1997, Glasner-Weiss1994, Glasner-Weiss1995b] 1 [Huang-Ye2006].
FH/NT EEEHF T [Blanchard etc.1997], [Huang etc.2004b] 1 [Huang etc.2006]. 55 75/NF7
HI R RUET [Huang-Ye2006], EFE 6.6.11 FYAH A FIEIEHS I [Kerr-Li2007]. B4k, ARE
R R 2R /] A BAE XL 15 00, O [Huang etc.2006, Huang etc.2007a).
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1967 £F KushnirenkolKushnirenkot967] 28 1y 77 — AN i BE A A AN AR B MIBEF SR, &
Je ORI AR ST BER AT, (R K B AR R A R e R ST (R 2% AR
%) MEEAERE. SR, 1976 4 Goodman/Goodmant9r] XJ"FETI\fijJ/%%‘TﬁI)\
THRIMFIIE. AT E e/ 4000 B 7 5 EL4G D BE R RO R 58y ) 51 %) 1 5
Ja, TES /NN LRI IR & R M FFI A E; b5, T‘%ﬂd\wﬁaﬂ]@l
ANHINFIIRH 4 B LI INR & R SR PSR ZE; EFH /N RATE SIAFTNTFF
XA BE P X e A G R FEAREN e —/D, BATEZH AT
TAER B ARBIFFIH PR N TR B T RGE (PR null REE) HILEH.

§7.1 MERFIES Kushnirenko FIE

TEA/NTBATE LTI E FFFIRMAI S, A5 4 Kushnivenko X R0 # i B 2
BB RS F IR 2] i (Koshrivenkol96T] 3 (X, B, u, T) ARMARS, S={t <t2<---} K
—AE BRI X (X, B, T) BIARRATIE D o, ATH o iE S BIFSIE & 39

1
R(T, o) = i H(\/ T %a) =1 - —u(A)1 A).
o) =iy (VT ~imap 5D o

AeViL, T~

FATAMESAT I T i A=
7j—1
hS(T a) = limsup — ZH T bal \/ T

n—+oo M i=1

TR (X, B, 1, T) i&E S BIFF3IIE & SOy

S _ S
h’,u (T) - Sl;p hy, (T7 a)7

Heh ERABUR X (AR 4 S =2 B, h(T) BURS@E S A A,
IR AT — e g e AR Zoy

WA 7.1.1 & (X, B,u,T) AKMEAL%, an A X HR o, / B GRHET R 53] N
MAAEZTIERELFI) S ={t1 <to <--} KAMA Lm0 by (T, ) = b3 (T).

JEER. XMER X MR ATIUHRI S 8 X4 k,n e N, ATH

H,(\,T7%6) < H, (V5 , T4V an))
= H“(\/?:l T "am) + Hu(\/le T4 Vf:l T %ay)
< Hy (Vi) T ™) + 20 Hu(T™48) Vi, T an)
< HM(\/?:l T~ bay,) + kH,(Blan)

T‘J:LT%“JCP%LIZJHTF’?U k, B & BCEARFREIAG 75(T, 8) < hiy (T, om) + Hy(Blom).

( |an) — H, (ﬁ|B) - O(ﬂﬁﬁ Martingale /—KEIE) &ﬂ]ﬁ hS( ) <lim, o h (T an)
JJ:[{, hS( ) = supg hS(T B) = limy, hS(T ap).

DHEEI-
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AR N BATEZ H B 2% i Kushnivenko X RT3 B B0 RS 75 R A
. IR B A LS B & (X, B, p, T) M ALEGRIRSE. FER] 1 Hilbert
2= H = L*(X,B,p) £, lTEXEHF Ur - H — HFERXNEA f e HA Ur(f) = foT.
FEFREL f e W BN T BRFEREE, AURFAER WE N € C AR Ur(f) = Af. JUEF X 85K
HEMT fREE S RAEFFERE N T WARFIEREOFH T - MFEE A
Ry 1, B[N = 1L EERIR f e W WRGE (X, B, 1, T) KIFFIEREL, W {URSf :n € Z}
N HBETR e, OBRER {(URfn e Z} I HERETREREf o JLFEH

AT M BT5 1 oy U8, AR Ha O (X, B, p) MISME T2 HXHMER .9 € Hy,
HANE fg € Hi, FEXE Lo(X, B, n) HEWRAF B AI LB 27250, BARR
4 (X, B,u,T) BrARFHIFABRE e (30 A) R T HE—14 Ur FEME
SEHIAARAEL, B A o H IEAE T HXHMER f.9 € Ao, BATH Ur(f), fo M f 3
JET Ac. LR EREL f A1 M >0, f HIBIETEREL

{f<x>, R f ()| < M
fu(x) =
sign(f(z))- M, WHR|f(x) > M

HAEFHILF RS XU A 7E H PRI EEE T e Ei JLF R X JEm
H1 T L J 300 e 5 S A0 RE B AT o L RS e K, A 18 H IR (B X He) 15
H L JE S R KA AR

B H PRIER B LA G 2R HAEEET He, R He e MR IEREN
LYEH G 2 A HRINTFTLUH HE McRZR 4k, X EE S Koopman-Von
Neumann R & EFE (2F [Koopman-Neumann1932, Bergelson1996], I A PRFEAS = & /5 HY
RS s B IR ).

T8 7.1.2 (Koopman-Von Neumann %% & < 32 )

H. =span{f € H:3\ e C,44F Ur(f) = \f}, HE
H)E ={feH: HH£SCNAS)=14FVgeH, lim (< URf.g>=0},

n—-+oo,ne

(7.1.1)

XZAS) A S EERE <., > A HGHR

1F Koopman-Von Neumann IR & EHH, WHR H = H., MHRRE (X,B,4,T) % T
9 SRR, MR GTHRRE R R RAEZH G 5K T B Hilbert 25 [6] H. i THEFHH
RECH T BUFFIERE, B H. 208 H B —2E4ME 7436, # Koopman-Von Neumann
WREGEH, RITAMERIE He i H B —4LEF= Y BAUS RS (X, B, 1, T) H5IR
By (TEAZR).

THRITE—BITR He BREARBNTFTE-DLRMLER (SN [Zimmerl976a, & H
1.2]) :
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53 7.1.83 & (X,B,u,T) AKAM A%, Hi &A@ L(X,B,u) FAFHEAM R L5
TR WAL BT o RE AEF HiI=L*(X, A p). xR T TiE B Hy A Ur
EY, WAAT IREY.

WA, & A B B il D = {f"Y(B)|f € H1, BN R {1 Borel T4} ELMHIHR/DIT o R
¥ WA, M CLX(X A p). BT LA(X, A p) 9 L2(X, B, p) BIAZMETZEE,  cl(H) C
L3(X, A, p).

XMFRIMEESRE LA(X, A p) CHi, BT Hi K LX(X, B, p) FALHET 2L
A IR R B R H TR L2(X, A, p) P, ROTAFIER: AR A c A, NIRHE
BREC 1a e H1. Dy ={A1N---NA,: Ay,--- A, € DY Fl Dy A D1 PHEBRANEAMEETT
RWIFEI R SR, T Dy A D A i A%

EARE Do HERLT o B A, ATHFTAE: 2158 A € Do, MFFERR%EL 14 € Hy B[
M, Bl Do MEANTRATURR A D PERANEAEEITTRN I, RITAFIER:
R AeDy, NFFERE 14 € Hy BIH].

¥ fi € Hi, Ri = ||filloo VAKX B; C [~R;, R;] R ] Borel 748, i =1,2,--- k. &% gi(z) =
1g,(2),i = 1,2, k. WX g;, 7776 R EZTRXFE P, 75 lim,—joo Pin(z) =
1p,(x) ¥ = € [-R;, Ry] BOL. BUAE, T Hy IAREL G0 T Pinofie Hi. A n— +oo, &
i1 I Piyo fi(x) — IIE_ g; o fi(x) XF prae. z € X. B4R FIRRSHAE L2(X, B, 1) B X
TR, BT g0 f € T B Ly 1) =TI, 1) = TS s o f, € Ty, BORESEA
TEH. O

EEF He N LA(X, B, p) B Up NEAIEIEABRAREL A 1A, G 7.1.3 FA]
HUEAFTE B T ABHF o ¥ K, 115 He = L2(X, Ky, ). TR K K (X, B, 1, T) 1Y
Kronecker f$#{. i Koopman-Von Neumann 3 /R & EF, HMMARLE (X,B,u,T) HERL
TR HALY K, = B; R (X, B, 1, T) HFREHIY HALY £, = {X,0}.

P 5.3.9 HIRHEANT: MR (X,B,p,T) HFHRM RS, WX X BAFRATIER 2 o
H nli}riloohu(T",a) = H,(a|P,) WL, HH P, 2 (X,B,u,T) B Pinsker o 0. ATHIE
7.6 YLHIXT K, ERMIAMER. i, FOTTFEW FAFH A5,

SI3E 7.1.4 % (X,B,u,T) ATHARRMA L. WA X GEFARTRHEIS o C K, B
EAERELAF) S, KNA b (T,a) =0.

JEBA. W o ={A1,As, - VA TR A €Kyi=1,2,--- n. T Vo {4, A5} = o, HILH
YA A3 (T, ) = 0 SMERAEFERUF S S o, BOTAFBUIIMER B € K, ULEFETE
FAERUTFS S hi(T,{B, B}) = 0 J{IL.

WBekKy S={a1 <apx<---}CZy LR 6={B,B}. B 15 HILFJEMIREL, FF
A {U"p:neZ} N LA(X,B,p) WETHE. FEF Ul — U™p| = u(T"BAT ™B),
AT 5.4.5 RAVEGPAEINEE € > 0, FF1E N € N ERIMEE n € N LATRERFNR
i(n) < N ffif§ H, (T BT~ %™ B) + H,(T~%m 3T~ [) < e.

KEEXE n > N RATH H(T— 8 Vi T~8) < H(T~p|IT~%m B) < e. F hij(T, 8) =




WA R G MR 169 T
FEF FIAL AL §7.1 M & B34 5 Kushnirenko & 22

k—1
limsup 2 Y3, H, (T~ | '\_/1 T-%3) <e H e WM, h(T,8)=0.

O
n—-4oo

SIE 7.1.5 & (X,B,u,T) ATEAR AL, N X GETHRTAHS o UAIERE
A3 S, EMA hi(T,a) < Hu(a|Ky).

WA, K (B, p) AP0, BrUAELERTEON K, AR BB R E1 5> {6 : k € N} ff
T lim Hyu(alb) = Hu(alky)- A EEN EeNRDE S={0<t1 <t2 <.} CZ  H

hi(T,«) = limsup = H,(\/[_, T ")

n—-+o0o

< limsup 3 H, (ViL TV B) = lim 3 H (Vi T

= limsup & (H,(ViL, T (v ) = Hu(ViL T 60))

= limsup L, (VIL, T~ 0] Vi, T ;)

< timsup i iy Hu(T™ 10| T y)

= Z:;aorﬁk)
7E EW RSl B, B AAEXLOMEA T 25 (T, 6) = 0 X k € N LI,
BT & BAEEYE, WATHE (T a) < Hu(alKy). D

BAEFR A TR
FIR 7.1.6 & (X, B, T) ATHERM AL, MAMNSRE X GHRTHE S o, 43
REHK AT S AR LS(T,a) = Hu(olK,).
JEBA. EEFIN A BH 14— E(1alK,) € HE. FHIL, BER 7.1.2 HIFELE S’ C Z, R
d(s’") = 1 ffifs Ll < U(1a —E(14lK,)), 15 >= 0 XFrE B e B oL, #—2, &
RES]
Brs: X X fEZEAERRA AT S 8. ATREIRE S C Z, W d(S) = 1 FAXMER € > 0,
FAE M e NFHRY m>MmeS B H(T ™a|B) > Hy(a|K,) — €.
Br=0ViEER. % o = {41, Ay, ..., Ak}, B = {B1,Bs, -+, Bi}. HIEHFFEEHTHERIFE
SCZy, d(S)=1{EX1<i<k 1<j<If

lim < UP(La, —E(1a|Kp), 15, >= 0.

n—-4oo,ne

504

liminf H,(T7"a|B)

n—+4o0o,n€S

I _ T -"A;NB;
= dmint 3, —n(T " A: 0 By)log (M)
<U%1Ai ,lBj >
w(Bj)
<U§3E(1Ai‘lcﬂ),13j>)
n(Bj) )

= liminf >, . — < Upla,,1p; > log(

n——+oo,neSe

= liminf Zi,j — < UFE(14,|K,), 1p, > log(

n—-+oo,neSsSe
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S " <UPE(La, 1K) 15, >
W oajy = — < URE(14,|K,), 15; > log(— &Bﬁi B2) s, () = p(-0 By)/w(By). BF

<URE(14,|K)

—xlogx Ay RREA K 5) Moz _ fB URE(14,|Ky)dpp,, AT AR

@l = —u(B))( [, UFE(La, K, dus, ) log( [, UFE(Ly K, dus,)
fB —U7E(14, VC )log(U%E(lAi‘Kﬂ))dqu
> fBj CUBE(14 K, B (URE(La )

T, A
Yigaly =iy g, —~UTE(La, 1K) log(URE(La,[K,))dpe
=21 Jx ~UPEQA,[K,) log(UFE(14,Kyh) ) dps
= H, (o).

BOEHE limin H,(T"al5) 2 Hy(alfCy), BT & HE.
BAEFRNTAT ARAE OERUF D] S = {0 <t1 <tp <---} 5

n—1
1
H, (T T b%a) > H —
u oéyi:\/1 @) > Hy(olKy) = o

NI]
hﬁ(T,oz) :limiup 1H,(Vi, T tla—llmiup Sohe Hy(T " al \/ T ta)
> limilif =3 e (Hu(alKy) — Q_k) = Hy(al|Kp).

O

FIRTAT B D= {ACZdA) =1}, N D AFHTEGRT L kD = {A C Z,|d(A) >
O} @ F kD A full &, WRIZ 7.1.6 AT RNTHA 3 HEE F € kD, £ 5 AR5
S CF 43 hi(T,a) = Hu(alK,) (GAE4 ).

HEH 7.1.4 FIEHE 7.1.6 B[R FHER:
Wb 7.1.8 % (X, B, uT) HTHAMAL. N Ac K, SAMLHEEIEREHKAF] S
A h(T{A, A)) =0 &
FEN 7.1.9 % (X, B, 1, T) HEM 4 L. 4o RAEAE R EHKAFF] S A hS(T) =0, WA
A% (X,B,p,T) A M null 224

BT LA ERERFRITITLAZ B KushnirenkoKushnirenkol967] g7y i BF 25 8013 22 45 1) )5 7))
2] .
I 7.1.10 (Kushnirenko 72) & WM 4 46 (X, B, T) H 8 4 50 %5 BACE T H A
B onull 4 %.
SEEA. 3% (X, B, u, T) KR null 255, TR null RS0 E LR M8 7.1.8, B TAT7E
K= B. UL (X, 8,0, T) HEHGERG R, W (X,B,0,T) HEEGERL, W K, = B.
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M HHER 7.1.8 HIXMEER A € B fIEREETI] S H hE(T’ (A, A = 0 JS7, Xt

Y (X, B, p, T) AP null REE. 0
R B 7.1.6, F AT T LA H I BE 55 TR A P 2 s 21

T 7.1.11 TERM AL (X, 8,1, T) AR EFFRA L LA X 695A4H T A& 5

a HAEIERELEFF) S B 0G(T,0) = Hy(o) B EAREA X 653E-F AL A TR T A5 5 o

H AR R BT S AT BT, ) > 0.

J & 74
LB (X, B, u, T) HRMARGE. NMIHEZIECERIFS] S M1k € N BATE 2 (TW) = kb (T), Hr
P = x p(RIR).

2. BEIRBFFIERI RS (X, B, 1, T), (Y, D, v, R) RARSUREUFS S 115

hS'

nXv

(T x R) # hi(T) + hi (R).

3. B (X, B,pu, T) HATERIMAL. R FrEFAEILFRMBERERERT L2(X, B, 1) B—1
Ur AZERE P AREL

A, IERAR LR LR R R f A0 M > 0, f BEIBTEREL fu AT BLT AR

5. % (X, B, pu,T) KA HARM R SE. UEH:

(a) Ur WIETEFER B LA & 2 IAEE 5 T He.

(b) He A LA(X, B, p) —BLREFERY HICY RS (X, B, 1. T) HFFRAH.
6. JEBAVEC 7.1.7.

7.8 (X, B, 1, T) AFHERMAG T o 2 X WAFRATIHA S 1EM: IR h(T, o) > 0, MXER
FEFRERUTS] S HATE b (T,a) > 0. ffoR: HHALEEH 6.4.5 iEH 9 HH AT ]

§7.2 MEFIIESESHE

AN AT B E SR A RER BIN—FF A E, 5IHE a0 T0RT
W mild JB& RG0L R E IR & REH 75 Z .

W (X,B, T, p) FEMZES. XHE Hibert 23[8] H = L2(X, B, p), T8 AR
Ur:H — HERX f e HB Ur(f) = foT; YRS (X,B,p,T) F[i#E, Up HEAEF. & F
H—BUE R AE R RUF . BT H ORI B AR, REEHFE S={s1 <sp <.} CF
A5 lim < g, Uy f > XMAER f.9 € HHFE. BIGE fen, HNEX J:H - CH
J(g) = lim < g,U™f > IR JHH LIESELMEIZ K. H Riess FoR @R, F7E S(f) € H
15 J(g) =< g, S(f) > MEE g € H HBOL. WATAEREHLY F> 08, S(f)>0H
Jx f@)du(x) = [y S(f)(z)dp().
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3R 7.2.1 M X 49— GATRTME 4 o, HAEBIGFF] S C S 1%

B (T,a) > A% /X —S(14)log S(14)dy.
SR, P AR ST T 706 FERR (%)), .
TH G BEHER 7.1.8 B —Ak.

SI¥E 7.2.2 & (X,B,u,T) AR 4%, B € BURE RAARIER EH A7) 0] {Uklp :n € R}
A LAXB.p) BT ELARIAHEZTARAF] S C RA L (T,{B,B}) =0.
JEBA. 7 SERdSAT T3 7.1.4 BYIERT.

WEANE: K {URLp :n € R} A LA(X, B, ) WIE T4, WAFTE € > 0 KTIRIFHI
F C R #1353} a,b € Fia # b BATH w(T~*BAT"B) = [|[Ulp — Uplgl|r2( > e BIATFF
LT, FE S={s1<so<---} CFHBMER fLgecHE

zliglo < g, Uy f>=<g,5(f)>. (7.2.1)
H5IHE 7.2.1, FATeEIRF B 75 S' C S {#75
WS (T,{B.B°Y}) > /X (—S(15)10g S(15) — S(15¢) log S(15¢)) dy.

HEEH K] (T.{B,BY}) = 0, BfiTH —S(1p)(x)log S(1p)(x) = 0 X 2 € X p-ae. JLIL.
I S(1p) MFFEREHE < 1x,S(1p) >= [|S(1p)|l 2. FEIFR (7.2.1) FH f =15, g = 1x,
JES) lim < 1y, Up'lp >=<1x,5(1p) >, #EM [|S(18)l 12 = |118l12(s)- XEEFA 52
lim Upilp = S(1g). TRXMFIIRA i > j, HAVE p(I~BAT™B) < §, X5 F WRERF
J& . O
XF— IR R SE (X, B, p, T) (A —E 7] 318) FAMIRFLLUE LH Kronecker A%

K,={BeB:ffifg {Urlg :neZi} K L*(X,B,u) BT}

B EA TSR RS0 % e LG/ 7.1 e LY Kronrcker B —2HT. 7E5]
P 722 R R =2, FATH
WA 7.2.3 K (X,B,u,T) AN &%, K, AR Kronecker KEk. N Be K, % HAXEH A
HEERRFF) S C Zy H LY (T, {B,B°Y}) = 0.

B GIBE 7.1.3 RATAERAS
@ 7.2.4 % (X,B,p0,T) ARM A%, K, AHE Kronecker REk. N f e L2(X,Ku,p) 3
BARE {Tnf:neZyt A L2(X,B(X),u) 9 5%F4£.

DU SR8 FI U B2 7 2 i % JL 26 BE VR B R e AT 2 E . [|IfZ—TF, D ={SC
Z,|d(S) =1}, D A TFBALZHIET H kD = {S C Z,]d(S) > 0}.
EIHE 7.2.5 % (X,B,0,T) ATHEAR A%, NAT HRBEFH:
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1. (X,B,u,T) F55846 49,
2. MAEFEHRR 0 < w(B) < 1% BeBHMEEZF c kD, HAALWRLAFF S C F %47
hs(T,{B, B}) > 0;

3. 4 X AAZIE-FAFRT NI o 4o F e kD, FAEARAF] S CF 445 hi(T,a) > 0.
JEEA. (1) = (3) : & (X, B,u, T) HEFREH, W K, ={X,0}. BlHEL 7.1.7, FFELR 7
3| S C F 13 by (T,a) = Hu(a|K,) = Hy(a) > 0, FRIER 7T (3).

(3) = (2) M BM,; FJ5 (2) = (1) KETEH 7.1.11. O

W (X, B, T) AFHARIM RS, RE f e L2(X,B,p) 3N WKL, WRFET
FRAEFERUT S F = {to)o2 13 lim, oo T f = f 7 L? BT ROL. W 2R TR R
TEEITI] F = {to}o2), GRAEWEHR lim, oo T f = [ 78 L T EOLH A TR 5L
fe LA(X,B,u) BT L*(X,B,p) W—A Up ANEFMIEHAL AR XMEBoE
Dr).Dr TE L*(X,B,pn) RIS AW EHEL lim, oo T f = f 75 L* BT AL R L
f e LX(X,B,p) & ZAtE X Hr). HIIEE 7.1.3, f£7E B ) T ANEMT o B Kk
R Hp = L*(X,Kp, p).

MERG (X,B,p,T) %K mild ;@& 1), WREERAIEFEAINIERE (ZE X5F
XN TRIEFERITS F TS Kr AR, BESRITE 2 @ X 2.3.8 45 mild
Y% é’/‘fé X*ﬁ%{ﬁ [Furstenberg-Weiss1978, Furstenbergl1982] )

EIHE 7.2.6 & (X,B,0,T) ATEAN &%, NATRR L FH
1 (X, B,p,T) A mild 34495
2. MEFEHR 0< uB) <14 BeBREFEIPEF, HFLEARAED ACF #4%

hi(T,{B, B°}) > 0.

8. 4 X EZF-FAARI Y a REZ IPE F, LRGP S C F 445 b (T,a) > 0.
4. HEFEHRA 0 < u(B) <14 BcBRAEFEARE F, 5EAWRF? S C F #4%

h(T,{B, B}) > 0.

5. 2 X - FAARES o REZTARE F, BERRAF3] S C F A% b (T,a) > 0.
WA (2) & (3),(4) & (5) UK (4) = (2) ZH] B .

(1) = (4) - & (X,B,p,T) A mild IBEH. WRFFE X WA FLHGD o = {B, B} KT
& F ERIMERTRFS S c F, BRATE b (T,a) = 0. MHEFIH 7.2.2, {Urlp :n € F}
K LA(X, B, p) R #EMAEIETOERUTI] {n1 <ng < -} fHi4] lim; oo T"1p = 1p
TE L2 B, B 1 RAEFERRIERE, X5 (X,8,4,T) A mild IBEGT)E.

(2) = (1) - R X AAEERRIETFNH D o X IP &£ F, FFELRTFS] S C F {15
ha(T,a) > 0. % (X, B, p,T) AJ2& mild IREGH, MIFFFEWE 0 < u(B) <1#J BeB RTMHR
HREFS {n1 <np <---} G Jim T = 1p e L* BT HOL. ANR—Betk, AKX
1T 1p — 1p|| < 5 XA i € N AL

A F R ny <no < - HBRLHYIP £, N {Urlp:nc F} i L2(X,B, 1) BET4.
H 53 7.2.2 SHEZTRFF] S C F, hi(T,{B, B}) = 0, 5{EIEHTE. O
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FEIE 7.2.7 (X, 8,1, T) ATEARM & % N
1 (X,B,1,T) AFFREG L AMREAEE FekD A& SCFEF (T, ) = Hy(o)
A TR M5 o & x.
2. (X,B,pu,T) A mild R& % BARGHEE IPR F 4 SCFRIF (T, a) =Hy(a)
AMAEE R TRT R 5 o &
WEBA. fFEo4 2T 0
IR 7.2.8 LW (1) & HulselTwsel982] 4 — A~z ok 2 - B8 Hulse 3843 T T &
W (X, B,p,T) ARREHLARLEHEZAIRE F A4 SCF T L(T,a) = Hy(o)
AMAEE R TRT RS o K.

J &= 7.2
1. JEEAS|HE 7.2.1.
2. {EHAMIET 7.2.4.

3. W (X, B, T) AR ARG, WEH:  Kronecker f0#1 K, A—4 o REH T7'K, C Ky, BRGA]
Wl T, = Kyl

4. YEHHERE 7.2.7.

5. B (X, B,pu, T) KIRIEA ARG, iEW]: MAERELIRE FFEE S C F 15 b (T,a) = Hu(a) XHER
ARRATIE 2> o B

§7.3 #hitFIEEES M

FERT—/I7, BAE A E FFF R E TR m M, A/ R AT
A RGNERBIRIITE. HIERNNFIRINFIERIAE .

XENNRGE (X, T), EMERIFH] S = {s1 <s2 <.} & X WHRITE R U, Fil1<E
ST S UitE S BYEINESIE

n

(T,U) = limsup 1 logN(\/ T~%U).

n—+oo T i=1

hS

top

G (X, T)irE S BRINFSIE & 3Oy

hiopo (T) = sup hopo (T, U),

Hrbu Bk X py AR5 5.

W (X, T) ABINRGEK S = {s1 <s2 < ...} HAEFELFS]. AR X 9WNHEE
UV IR U=V, W K (TU) > b, (T, V). BIMBE b, (T,T71U) < hi, (T,U) B4 T H
WY, i (T, T7U) = hiyy (T U).
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@Rl 7.3.1 & (X, T) AN A% =R (U152, H X HR diamU,) — 0 497 & £ 53,
R limy, oy oo hiy (T, Un) = b, (T).

MEEA. FOUGTE b, (T) FEREAITETE, X hd,(T) = +oo MBI RMIEN. 4
¢ > 0, FFFETF B AR U T2 hity(T.U) > hig,(T) — e W3R 0 Jy U Y Lebesgue ¥, M4
diam(Uy,) < & WHEATA Un = U, BIREH i, (T,Uyn) > hiy, (T,U). FITITY n 580 KiEF,
1T b, (T, Un) > by (T) — €. B e BAERENE, BI1R lim, o0 b, (T,Un) = hi, o (T). O

AT T L i P A i 20 e AR A SR AR 45 AR TN P A S 8 .

EMX 732 % (X, T) ALFEZ AN LK, S={s1 <s2<...} AEREHEF3.

L3 n>14e>0 RIARATRE ACX A=A (S,n,e) DBE, R A FTHER
ANTBE 8 vy H4 i€ {1,2,--- ,n} HR ATz, T%y) > ¢; KAV srp(S,n,e) Fw
(X,T) AHmZAENKY (S,n,60) HBEHAENK;

2.3 n>140e>0, KATRARE AC X A—A (S,n,¢) IKKE, 22 R X ¢9EF .8
v Bl yc AT AT, T%) < e,i =1,2,--- ,n; KAV spr(S,n,e) &= (X, T) £
ARYAEANKEY (Sn,e) RREGLEMNK.

BAEFATE X
srp(S, €) = limsup,,_,, o % log stp(S, n,€)

spr(S,€) = limsup,_ ;o = logspy(S, n,e).

G024 e — 0BF, srp(S,e) Fl spp(S,e) 7T e BB EFF. B HARFR

srp(S,d) = liH(l]SI"T(S, €) FMspp(S,d) = liHéSpT(S, €)

FFTE.
513 7.3.3 &4 nelN.
1. spp(S,n,e) <srp(S,n,€) <spp(S,n, 5);
2. spp(S,€) <srr(S,e) <spp(S, §5) Bt
3. spp(S,d) =srp(S,d)..
JEBA. BT 513 5.1.17 fYIER. O

DA i AU PR B Y 58 7 80 0 47 B AR R 5K G FT 45 R R AN P AR S e S
D 7.3.4 % (X,)T) AN 4%, NAEZTIERELKFI] S={s1 <so<...} KMNA

hipo (T) = spp(S, d) = srr(S, d).

BAH, spp(S,d) =srp(S,d) R THEEE d LI,
JEBA. SERZSl T 5.1.18 AR, O
S|3E 7.3.5 & (X,T) AN 4%. NAEEEREKFF) S={s1 <so<...}) RAA

S
htop

(T™) = kh?

top

(T). (7.3.1)
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WEBH. FATOGEM & =2 RFEEIE, —MABERMIFTIE. ¥ d o X ERMARER, X xX
AR A B By
d((z,y), (@', y")) = max{d(z,2'),d(y,y")}.

W E R X (S, n,e) IR, ExE R X xX (S, n,e) IR, XU spr.p(S,n,e) <
{spr(S,n,€)}?, B h,, (T x T') < 2k, (T).

FH—ITHE, WRE R X W (Sn,e) 7EE, WEXENXxXH (S n,e) TEL%E
XYLEA srrwr (S, n,€) > {srp(S,n,€)}2. .IHS htop(T xT) > thqop( ). O
FEIC 7.3.6 & (X, 7)), (X', T") AN 4%. Lemancaykllemancavkl985] Je b — g ik R F VAT

RS(X x X'\ T xT')=h%(X,T) + h¥(X', T).

FIE 7.3.7 % (X,T) AN 4%, pe MX,T). NAEEERLEEKFF] S = {s1 <55 <
L} BAVE RS (X, T) < b, (X,T).
JEER. B, ®ATH

T W (Y,R) HEHNREGE, ve MY, R), W b, (Y,R) > hi(Y,R) — (log 2 + 1).
WS HVIEBA. &% 6= {A1, A2, -, Ax} B Y AR Borel 53, B e > 0(FfxE). BB v Ky
WEMEY, FrUAFE RS B € Aj,1 < j <k ffifs v(A;\B)) <e. & a={By, By, , By}, HH
By =Y \US_, B;. BIAERNTATEFE A /ING € 5% H, (Blo) + H, (a]8) < 1(RFIFE 5.4.5). 3T
(R, 8) < h(R,a)+H,(Bla) < hj(R,a)+1. U = {ByUB1, ByUBs, -+, ByU By.}. BT
A~ i #0, BoUB; = Y \Ujg0. Bi AT, UNY B—IFEE. EEF BV, R %) <
log N(Vi, R=%ia) XA n e N oL, FEXE NV, R%a) Rl Vi, R a EZETT
KANEL W 2" NV, R*U) > N(ViZ, R%a). HIE

hi(R,3) < by (R,e) + 1 < hi, (R,U) +1og2 + 1.

BETT,  hiyp(R) > hi(R) — (log 2 + 1). XSS T Wi A UER.
BAEXHMERE ke N, B pF = pox - x p(RR). FETXE X @&ATIH S o, BS54
WS (TW, a0 x a x - x o) = khi) (T, @), B khii (T) < b5, (T®). BT

khip(T) < hy (TW) < by, (T®) +log 2+ 1 = kA, (T) +log 2 + 1. (7.3.2)
FEAREFER (7.3.2) BHBRUA k, Tk k& BT 55 w5 hi(T ) < hinp (7). O

L 7.3.8 A FIVHRAEMTIHYGE S RER L, Plde: AEFIE-FRLIBIHZREY
— T A% (X,T), e REE—FEEGME p 7@%‘1’&7%5 oG B MR, NIARLE
Kushnirenko & 32 & A1H hi( y=0. KfmdT (X,T) A55RE4, FLIENEKFF S
BAF R (T) > 03B A LT @GLIEL 7.5.10). FhEEIGHGE, RAVREME N
HFTHY (X,0), CAIEFAIGIFREGE—& N TiE A% BLLE—-TEGRE 1
HE P ETHE G5 R A
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PIF NG HILRBINRE S REMNFHIMZIE. 1 R% (X, T) fH-8EzE U 78 3E
SERR, AR EEN TR X PAERE. R, RAOFEEWATTREM R IR L8
VRN RS RS (X, T) WIS U = {Us}icr FRA NETL8, IR e 1
FATA int(U; \ Ujer i Uj) # 0-

I 7.3.9 & (X, T) AN 4%. NXLTFH:
1. (X, T) A mild %44,
2. HEMFEZEURIPEF, HERRA3Z] S CF%F b, (T, U) > 0;
3. A BEANE-FRGARFTZE UK IPE F, HFALTEAF) S CF %% b (T,U) > 0;
4. HBEANRTHEFREURIPER F, HERRFF] S C F 45 b, (T, U) =log N(U).
A, (4) = (2) f1 (3) = (2) I EH.

(2) = (1) ARBAEGEMRHERE 2 U X IP 5 F AEETRIFS S C F 1§15 b, (T,U) > 0.
WR (X, T) A2 mild IBEGH), WIHEH 1.4.11 HAFEFE X FEIEZSHFE UL, U, f1IP £ F {f
5

N(Uy,Uy) N N(Uy, Us) N (F — F) = 0.

HTF0e(F-—F), A UiNU, =0 Bz, € Uy Jo o BIARKIR V; c U, Hid i =1,2.
RV ={V(, Vs A X (RS, BHTMMEE ne (F-F), ITH UnT U, = 0 8
UNT Uy =0 O, TIFIEF) {Wn}ne(F—F) 18 vy C T7"W,, XtE4 n € (F—F)
ﬁﬁi, ;H\:':F' Wy = Vf E& V26-

HAE R BRBAFTE TR IE T BERUTS] S = {t1 <tx <---} C F W2

hS

top

(T,V) > 0. (7.3.3)

XA 2 € X Mln e N AT A RS —MER The € Vi B0 € {1,2,- -, n} (WX FER)
FAFERTIE). RATBSRIUE Vo = Vi, T5Y F— D H AT TR R 78 5t

T="Ven - NT = VeNT " WonT 9 Wy, N NT "Wy yi=1,-+ ,n

AR (T vy
i=1

XULEAXT TR n e N, Bl TH H(V,) <n+ L 3B 1, (T,V) =0, 5K (7.3.3) HFJE.

(1) = (4) + () &E (X, 7) H mild- BEHY. EE | AR UL U, U
IP 5 F =FS({p:}2,), &A1A:
BrE: BUE M e N SHERE n e N, f77E C = {M <t} < t§ <t§ <. <t} C F {if§
ﬂ T_t?US(i) 7& (b X‘T/ﬁ}% s € {1727 o 7l}n ﬁ‘z—\—‘[“
=1
BrEiEEH: EoCXt n =1, WIS HBHOL. RN n=Fk WIEHL. Thn=kt+1 HT
S n o=k WIS ML, BTUATETE G = {M < th <15 < th < ... <8} C F {EXEH
RS {1727 e 7l}k ﬁ mi'g:l T_thS(i) 7& (Z)
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B my € N FEAKMER Cr CFS{pi ™). B Fny, = FSU{pi}52, 1), HEEE

l

k
N NNOT U Up)| 0 (Fray — Funy)

se{1,2,- l}Fi=1 =1

HIBRIE, FRIFE a1, 00 € Foy 573

(al—a2)€ ﬂ mN mT tkUS(Z H,al—a2>tk

se{1,2,-- 1}k i=1  i=1

&ﬁ“:ﬁ+@J=Lzu,k&¢ﬁ_m)ﬂ@H_{M<ﬁ“<ﬁ“ <ttt} CF,
BAMEE se{1,2,--- .} f1j=1,2,- zﬁmﬂT U)mT@1@U¢®&4,wﬁ
& re {12 z}’f“ H LT Uy # 0. FREITE R &+ LA BIESNE, BT
FARIE.

KRR LB SR ENAIRE C, 78 83T U1, 0,,--- U BIELRELE. U
TRATEH 4). X X WENATANFER U = {U,Us,--- U} X IPEF, B W, =
int(U; \ U Uj)yi = 1,2, 0, W {W3y AEAMIZRIFE. B LS FE F agmxt
T W, Wy, W E’Jmé/%ﬂé’ﬂﬁﬁﬁ%%f?ﬂ Sn; Wi /& max Sy, < min S, KUK |S,,[(=
ni) =G+ =i, Hfi=1,2,---.

B S =2y Sp, CFL =UL, Sy, T
10gN(ijSF1,,; lT*ju) > liminf,, .o logN(\g?SfZZTiju)
log I"m

= liminfy, oo s = limy, o0 Z logl = logl = log N (U).

i=1""

hfop( ,U) >liminf,,

XHERA T (4).
k
L ynye o out = {onae, o} Wi B1<s <t < Uy, £y BT ﬂ intVy =
0, FAVH 1 > 20 FEMRATITA yii = 1,2,-- 1 BEAFKHIA S W; 1%4? U=
{WIC7W267 7VVlC} j%]l:t 1% *ﬂé@ﬁ%% é‘\ P = {W17W27"' 7VVI} ;w»iu
(=DFINC\/ T7U) > [{A: Ae (\TTPHA# 0},
JEE JEE

H Bz, HERSE. Z2RMUT (4) BIEH, RITREBIRIITIRFH] S = U2, Sn C F

. . log N T*jz,{ logN(\/ Tﬁju)
hisvop (T7 Z/{) Z ]'lm 1nfm—>oo ® (VJEF7;’LLZ ) > ].lm lnfm—M)O ansl Ty,
log = 1)nm‘{A AGHJEET JP}| lo gmlnm

= lim inf —
i=1"Mi m—ee i

= limy,— 00 Z logl T = = log = > 0.

> liminf,,— o
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H he, (T, V) = b, (T, U) > 0, IXERUERA T (3). O
fE% R 7.3.9 MU, FAOTAXERAR LT X 55RA R G0 5 2] H .
EIE 7.3.10 & (X, T) AN 4 %. WX T FH-
1. (X,T) H55in4b49,
2. MENFREE U, BARRSF] S C Ly 845 b, (T,U) > 0;
3. A BEANIEFRGARTREE U, HERRSF] S C Ly 845 b, (T, U) > 0;
4. HENTTAGTFRE U, HFELRAF] S C Zy 45 i, (T.U) =log N(U).
wE, WOITTRRIEGES IR CR. FEEH 7.3.9 BHER, &ITE
FIE 7.3.11 & (X, T) ARRAS A%, WRTHR R
1A X 89BN F A ARARE URLTRIEAEK S F, FALRAEF] SCF %
8 ki, (T,U) > 0;
2. 3 X HEANTTAGHREE U BRRRIERERFI F, FAALRAES] S C F #4F
R (T, U) =log N(U).
I 7.3.12 ERMR (1)+(2) AR B RREESE. RFAIT: KNAHN 44 (X, T) &
HWR P, 2o R X GEEHRANEZHE U, Us, -+ U, & NeNLFHEN L >2
o s = (s(1),8(2), - ,s(k)) € {1,2,- ,n}* ZAN4E&KE] v € X #4F 2 e N T NU ). T
B E L AR P AGEA LRER (1)+ Q) AEA% ). 3 [Blanchard1992] % 4547 5,
Blanchard #)i& T AR5 A L8FTER (X, 0) #45 (X,0) EA MK P(X [Blanchard1992]
A A TIR—8) 12 (X,0) TARRE A 4%.

3 &|m 7.3
1. ZEBIPEEI AR S (X x X/, T x T') = hS(X,T) + hS (X', T') FEARL.
2. ZOIN IR IR LR N IR G I ME— R T P R G (X, T) HME— AR E o HHEHTEART)
yiOp=eill):
3. JEHAEHE 7.3.10 1 7.3.11.
4. IEHIRMER P RS EAEHE 7.3.11 B (1) + (2).

5. ¥ (X,T) WA K RG:. WL A X s T LA H IR U BN SRR S, &
T4 S (T.1) > 0. [S: 7 T8 7.1.7

§7.4  FRAlkEXS

/N RATE S mEAL A A S 5 I N FRFNFFRE XA B 3t bE,
114 A Kronecker ACEOH I BE 3R %t AT 20 E], ZE 10 e P A7 5 RXT 2 [RIAH B &R
TEIRHIE, /N WEIER B HA B F S A TR SRR B Bk F 89 77
AT, HEFIIRARAZS R, 4R PR e—3
EM 7.41 % (X,T) AN 4 %.
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1. & (z1,722) € X x X\ Ax. e R EFAAAT {v1,20) TAFNFEZE U, HFLIERE
B3 S 4R Ry (T U) >0, RIFR (z1,72) ) FRHIKEX;
2. 4o REA B (11,20) € X x X\ Ax HFIVEA, WA (X, T) A —BIERIIBRS;
3. de RAEFIERELKAF] S A L(T) =0, RIAR (X,T) 4 null REE.
FIE 742 HIUL (X, T) A—KERFIFAG L AR LN X EEGFERE U HAIER
BEH 5 SF R, (T, U) > 0. d @ I 7.5.10 %= (X, T) AFBHRAS AL L ARG (X, T)
H—BOE I 4 S
RITH SE(X,T) F#n (X, T) 2EF5 A, BH SE'(X,T) Fn SEX.T) 1A
. WA E(X,T) C SE(X,T). JFFwxt BARx r AR LA EZEEE.
B 7.4.3 % (X, T) AN 4 4%.
1 3o RAE X GFEE U={U,U} BRAFZIEREHKFZ S H b, (T, U) >0, N A
BB v, €Ul i=1,2 484F (z1,22) AFFVEA.
2. do RAFAERNEEKAF) S F 1S (T) >0, N SE(X,T) A X x X EF T xT R
THT&.
3. % m:(Y,R) — (X,T) # B T4
(a) %2R (z1,22) € SE(X,T), W& & (y1,y2) € SE(Y,S) #HR 7(y;) = x4,i = 1,2.
(b) F= R (y1,y2) € SE(Y,S) B m(y1) # 7(y2), N (7(y1),7(y2)) € SE(X,T).
4 ABFEW A (X, T) 8T REHRTE. 30X (z,22) A (W, Tlw) 453084, RCLA
(X, T) & 53 AT
B B, JATFMARSGE (X, T) Hnull RGEY HALY SE(X,T) =0; (X,T) H5HIREG HRE
WHAY SE(X,T) = X x X\ Ax. fEEH 6.2.7 Ff, BRITELWHEN 3 RS FEEHRTD
Pinsker A7, BIEgKEIEMA T FEREIIMIHE
EIE 744 XN 4% (X, T) W%, &6 SEX,T) 98¢ TxT REFHXEH
7 ¢4 &ARE null FEF.
BHUEW, AT EEE RGN nll REG (FIAF IS W 8.1.8). (HRERZIF
ABOL, U3 T X —
Bl 7.4.5 &% o A (0,1) PEI—ANAEEK. K

Ag={e¥?:0<0<i} A ={e¥":1<0<1} RE
X ={zc{0,1}2 :N2__ Ay, #0}.

1=—00

WX A{0,1}2 HFRE o(X)=X, £F o A {0,1}% LGBZRH, 7 (0(2))n = Tot1,
B reX. TEH (X,0) WIEFEELGH null 4 4.
JEBA. 3 T AE -V EREALEJE, Ro AT EWE Ra(z) = 2™z B JCHER. M (T, Ry)
RN FREEGERGE. AR LA 2 e X, N2 A, MG BRI I X
U 72 (X, 0) — (T, Ra) 15 7(2) € 2 Az, XEA 2 € X BOL.

MNare X AEE X MEZSEIRE U, FFEE i < j € Z fl v e {1,277 {f
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"U ={yeX:y-y = u. BF (T,R) AWMDRE, t(x(V)) # 0 LK
N(z,U) > N(n(z),int((V))), BrEA N(2,U) 24 syndetic 5. XM (X, 0) AR/DNREE.

HFAAEIERE C > 0 AT sup ez d(o™z,0™y) > O XNEX = # y € X ML, &R
G (X, 0) NREFEESRG. &&Ja, WO (X,0) & nall RE. B U = {[0],[1]}, H
i) = (o€ X : a0 = i}.i = 0,1 XHERIEFERUTI 5, FRERE NV, T-U) = 2n
XA ne N AL FI b, (0,U) = limsup, o, Llog N(VI_, o~%U) = 0. FETAFEEA
meNF i (T _,, o~ U) < 2mhi, (o,U) = 0 JEL. diam(V[2_, o~U) \, 0, H &
51 hS,(0) = 0. Fith S HOFERRHEAT (X,0) S null R4

HATHE—L T (X, 0) BZER. XHF 2 € T\ (orb(1, Ry) Uorb(—1, Ry)), 71 (z) &M
£; XF 2 € orb(1, R,) Uorb(—1, R,), Cardr~1(2) = 2. % Xo = {x € X : Cardrnn(x) = 1},
WX\ Xo M rIHER. 2B Xo N X B Gs &8, XULHA (X, o) AP/DFEELRS
(T, Ro) WY JLF—RF—H77C. O

AT AT KAIRF TSI B PR, 7R — R, F2 07 4 RAIIE ] 2280
T BE AR A AR R B 45 RAE R AT R T B e R A1 Pinsker o
AREL, WX T B P X B e A {3 ] Kronecker o AL B (X, T) NI RS, Bx
H7ZEE] X { Borel o B L pp€ M(X,T). BUAERKATE X X" ERGIIEE X0 () (75

Xn(lu)(nzn:IAi) = / i:lE(lAiVCu)d/‘X‘j—ﬁE% Az € ’C,u’ L= 17 2’ N ﬁ‘zi,
X

Hrp Ky 4 (X, Bx, 1, T) #] Kronecker o fREL. 24 n =2 B, AOTRF xo(p) FICH x(1).
TN 7.4.6 % (X, T) AN 4%, puc M(X,T) AE (z1,22) € X x X\ Ax. 4o R 1L F 49
T {x1, 22} TAFGT RIS o, L RERFI] S BT b, (T, 0) >0, RAR (21, 22)
A ABXFTFE o BFRSIEXT (X &R o FRSIEXT).
BATH SELX,T) F7n p JFFR 2K, DITHE SEW(X,T) %5, 513 7.4.7 f
P 7.4.9 PHIEMASE 2R T 5 6 T A AHMN 2518 BIER .
GI3E 7.4.7 % (X.T) AW N 4%, pec MX,T). %2R U={U;,Us,... U} (n>2) A X #
TREE, N x ()T, US) >0 B ERBAHEEZATRE (Rn NEERE) U 98y
ME)5 o, HAERELKFI) S B 0(T, o) > 0.
A 7.4.8 A X 9T WF] S o = {41, Ay, ALY, P on > 2 AR 747 REARS
Xn(p)AT AS) > 0 B HEAR B A AR ELFF) S T b(T,a) > 0. HAx, o =
{A, A%, x(n)(A x A°) >0 ZERE A AR EHRFF] ST LE(T,a) > 0.
BAERNIGH SEN(X,T) HiZi%].
EIE 749 & (X, T) AN 4%, peMX,T). N SE,(X,T) =supp(x(n) \ Ax.
FEN 7.4.10 & (X, T) AN 4%, pe M(X,T) RE S HIEREKFF]. 2 X 65T R
BEU={U,Us.. U}, RN X & £ UBE S 8T 1 WS 4= T-

5 _ S
b (T U) = 567313?@/’“(71’ B).
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DU AT B 3 A SR ENT AR E R R, AMBITTEE WA
BT NE o e i 25 2%
T 7.4.11 & (X, T) ATEHN 4%, pec MX,T) LB U={U,Us, - U} A X &
FHEE. X ()T U8) >0, NAEIEREKEI S={0<t) <ty <---} ¥

howo(T,U) > 0 3% 815 (T, U) > 0.
WEBA. B X () (2, UF) = [ T E(Lue|Ku)dp > 0, FF7E M € N 845 (D)) > 0, Hir
=1
Dy, = X : min E(1yc|K > 2
v={reX: min (vl (@) = 77

SHERE s = (s(1),5(2),-+- ,s(n)) € {0,1}" WATE A, = N, Ui(s(i), A U:(0) = U,
U;(1) = US, RIG4 a = {As 1 s € {0,1}"}.

Wy C Ky ABHAR o AEHEWE \/] 17 = Ku. H Martingale W85 #H
limjoBE(lyely;) = E(lye|Ky) 16 p— a.e. ALY () BEAIESCT RIS EL. BIAMEE H
FEAERA j €N 18

L W3R Dy = {z € X : miny<icn E(Lye|y;) (x) > L3, 0 (Do) > M(gh);
2. Hy(ahy) < Hy(alKy) + 0 log(525).

A EEA v = v, BEUTFEEH 6.4.5 IEHHHRMN S, RITAUTHE: *t

AW u a5 8 AT ARG

H,(a|BV ) < Hy(aly) - (D)

i log( i

).

Be= %log(ﬁ) > 0. NEFE 7.1.6 MAFAETRRAEEETS] S ={0<ti <ty <---}
1% n5(T,a) = Hy(alK,).
WneNBePx R 8= Vi, T7U. A THpi € {1,...,n} HUKIMAE, FITE

(5’ Viei T70) = Hu(BV Vi, T al Vi T7hy) — Hy(Vis, T 5BV Vi, T 5y)
Vie, T~ %al Vis, T Yy) — 21 Hy(a|T" 3V )
Viei T~%a) = Hy (Vi T~ Yy) — n(Hy(aly) —€)

Vil Ta) — H, (Vi Tty) — n(H,(alK,) + 253 log(=10) — ¢)
Vi Tha) — Hy(Viy T-4) — n(Hu(olKy) — §).

n—1

i
i
i
i

\YARIVANLY
RIS m

H
55

limsup 4 inf H,(8)
n—o0 BEPX B=Vi 1T iy

> limsup 5 {H, (Vi T™"a) = Hu(Visy T79) = n(Hy(@lKy) = £)}
> h(T, @) = hi(T,y) — Hy(alKy) +
= 5. (HRI(T, a) = Hu(alK,)FIRS(T,~) = 0)

(7.4.1)
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BAEHAERX (7.4.1) B w5 (TU) > 0. BIEEATHM A, (T.U) > 0. XD n e N
FRATIUH 7 B = Vi, THU A2 log N (Vs T71U) > Hy(B). :XHE

hfop(T,Z/l) = limsup,, ., & ~log N(Vi L T74U)
> limsup,, oo Hu(Bn) > 0 (HAER (7.4.1)).

]

FIE 7412 AR EPERMNBRALRATHEY, KN ed THEMRIHFRETTRER?
AT U EHES AR AT IR -

EIHE 7.4.13 % (X, T) ATEFHN) £ %A pe M(X,T). M| SE,(X,T) C SE(X,T).
WEBA. % (21,20) € SEL(X,T) MU X BIAHM T (21, 22) A RFITFE R, ZIEER
U AR AT 2> o HAHM T (21, 20) AT SRVFRIH]Gr, BETT DI BE 75 X i & CFR
AR IETOERUT S S 15 b (T, ) > 0. FRHTIHE 7.4.7 FEH 7.4.11, FAEAE R
JF3 S FEAT b, (T,U) > 0. B (21, 20) € SE(X,T), XEFE M T & FHTUEH. O
AL 7.4.14 TR HFRAGU—NE T AT FE L 2 EAHE— TR E
A% (X,T) #HR SE(X,T)=X x X\ Ax, SE,(X,T) = 0. ZHAKIN A LR B KT
ME 47 SENX,T)=SEX,T), X— s 5EBHRAZTETRY. FAX-ARGEIER
B AT 80 XHEMTHGE 5 RE.

Tk LRGSR AHET RIS RS, AT EUE I B R A XS B 4R T
EIH 7415 % 1 (X, T) = (V,5) AN A4 R E Fkdt, pe MX,T) RE v=mr(p).
Y

1. XFEAS (z1,22) € SE,(X,T), % 7w(z;) = yi, i € {1,2}. =R y1 # yo, AA (y1,12) €

SE,(Y,S);

2. XBA (y1,y2) € SEL(Y,S), H 4 (x1,22) € SE, (X, T) #HA w(x;) =y, i € {1,2}.
MEBA. HiE S (1) A B

(2) B 2 =771(K), MIFRANTH 2 =7~ (By)NKy. B (y1,92) € SE(Y,S). B yi,i € {1,2}
LRSS Vi (83 Vin Ve =0, M x(v)(Vi x Vo) > 0. I Uy = o1 (V5),i = 1,2. TATH B
=: x(u)(Up x Us) > 0.

BrEHUIEEA. B x(0) (U1 x U2) = 0. U = {Uf, Us}. I UinUz = 0, FrRA U o9 X B9TT8E
wi. BT 747 FF7E X WFTIEI G o = {AL Ao} 153 A C UP 3R H. b3(T, o) = 0 M BTE
FEEEEFES] S WAL, B 7.2.3, Xt i€ {1,2) H A € K,

il 7.24 HFFEAT:  fe LXKy p) BHMYE {Tnf:neZy} H L(X,Bx,p) 1
BT&HE W fe XX, Kpp), WATf:neZy} O LX(X,Bx,p) IETHR. HTIMEE
g9 € L*(X,Bx, 1) B [E@Im By )l z2(x ) < Nallp2x ) FTEA ATE(fln=1(By)) :n € Z} 1
HEFHE. T E(fl='(By)) € L*(X, Ky, p), B E(f[x~'(By)) € LA(X, Z,p). R,
Bi = {E(14,|7 ' (By)) > 0} € Z, #MAFAE C; € K, 15 B =77 1(Cy),i = 1,2.

BT E(la|n ' (By)) < E(lyelnH(By)) = lye, BlTH B c Uf KA C; c Ve EEST]
Zi=1E(1A¢‘7T YBy)) =1, 4 BiUBy =X, I\l C1UCy, =Y. Dy = Cy, Dy = Cy )\ C1,
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M D; € Ky, i = 1,2 H Q = {D1, Do} W {VF, V'} ARy FIFE] 7. didnf 7.2.3 HIxt
A FERUTH] S, b3 (T,Q) = 0 ML, HMHFIFE 747 H x(v)(Vi x V2) = 0, X5
XW)(Vi x Vo) > 0 FFJE. XE5e I Wrs e
TS FATH supp(x (1)) (UL xUz) # 0. B Vi, = 1,2 FAEREE, FATHER: supp(x(1))N
(77 (1) x 77 (y)) # 0, BIFFEFE (21, 12) € SE,(X,T) W m(z) = yii=1,2. O
AN R, BITH
EIE 7.4.16 & (X, T) AN A%, peM(X,T). N SE,(X,T) C SE(X,T).
EBA. ¢ X, = supp(u). W Tlx, : X, — X, WWEH. %m0 (0T — (X.Tlx,) A
(X,T) WERT 7. W e M(XWTIX,L) W mp = p, WERE 7415 FIEH 7.413 A1
SE(X,,T|x,) = m x m1(SE; (XH,T|Xu)) \Ax, C m x wl(SE(Xu,T|Xu)) \ Ay,. FM S
7.4.3 FATH m x wl(SE(X]M,T\XM)) \ Ax, = SE(X,,T|x,). XA SE,(X,,T|x,) C
SE(X,.T|x,). EBE| SE.(X,T) = SE.(X,,T|x,) A& SE(X,,T|x,) C SE(X,T), &5
JIE. O

J B 74

L& (X, T) A HRR, pe MX,T). IEM: MRFEIETERFS] S FMARATINHR D o
& hi(T,a) >0, M SE,(X,T) # 0. 7 SE.(X,T) =0 4HAY (X, pn,T) BAEHE.

2. B (X,T) NAlEW B RE, 2

SEuM(X,T)= |J SE.X,T)\Ax.
pEM(X,T)
WEW]: FFTE T AR v 75 SE,(X,T) = SEx(X,T). #1 SEMm(X,T) =X x X\ Ax 4 H
PUYTFLE v e M(X,T) 15 SE,(X,T) = X x X \ Ax.
3. % (X, T) ANRGE. MR p e M(X,T) MAEFEERIFS] S ¥F 1)(T) = 0, WA
(X,T) & M-null R&%;. iEHA:
(a) (X,T) K M-null RG24 HALY SEN (X, T) = 0.
(b) A3 RGFERK M-null HF.

4. BRI ERS (X, T) We SEu(X,T) =0 {H SE(X,T) =X x X\ Ax.

§7.5 #h#P null RS

EARENE—/NTRICLED MR RS null REEY HACY B EA EHOE.
Halmos-Von Neumann g ¥f [Halmos-Neumannl942] Sgmese 7. HLAF BCEORER 8 T R AR T &
B abel BE LARITER:. B, WITHT null ZRYEA Y T 5B abel B EATNER:. 1ERTN)
HRGH, ROTR—IHRE (X, T) BA BEE, 40R T i ESAHMER B LA S
1EF C(X;C) %, HA O(X;C) Bl irfy X %25 (5 ek B SR IE T 14 Y
Banach %¥[H]. Halmos-Von Neumann g #fi [Halmos-Neumann19d2] fejpegefi], 1. (Bipy A
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BEHOSH3  RGE RN T B EE R LANIERE RIS ESERE); 2.
MEBH EAEBOE R GRS BOCS MR EHEMRFEESES. EREEH
null R4 5 BAEHOE RGEMH—5W, RMAERINI S REF null REMEA EHGE
P RGIEMEAF M RGE (] 745 DLW TX—R). FENEBIERENEHENT
SMERET, Z1FFS null RERBEBEZA/NTF T —/N 5 —I0 E B 5

TEA/NYT, BATELS H AR/ N AEE RGN null REH —EUNEXF. & (X,T),
(X', T") HhF1 RS BIR LemanczykLemancaykl985] g h — il N /03

RS9 (X x X', T x T =h3(X,T) +h% (X', T

ARG, HIERITRE
SRR 7.5.1 N ALY null AR T4, FA4%., TERRMRULFREER. H5)
Ho, —A~T HHRHGHN 4% (X,T) A null 22 BARECHARY LA null 4 4%.
JEBR. XJEAmet 7.4.3 B fRTEL N H. O

HTF—MRAEHN null REY BAYEEAFIEX, FrARATZERES T null RER
ik, BERENMLAERE —D AMNTEH ARMERERCA PP RXT. —Bokud, ZER B
B—A X (2, y) RFFRERE T4 RER Z54E, (HEWIE (2,y) BE N5FTR -G RAEX
BERG%Z. RN EBEELEE STH & 55 IR A M AEARSE & T RES A P F X, LA
S H K R AR null RGEH KRB

RS — T a8 iR a X8 3 & (X, T) ARG, (21,22) € X x X\ Ax. AR
X oxi i = 1,2 PHEBAES AR Us, FATH N(ULUL) N N(ULUs) # 0, WIFR (x1,22) 4 55
BEX. ATH WM(X, T) 3#/n (X, T) 2RSSR axt. DI uii T F3 55578
G EBVIHIRER.
W 7.5.2 % (X, T) AN 4%. W SE(X,T) C WM(X,T).
TEBR. fBRX 21 # 22 H. (z1,22) € WM(X, T). IBAAFAE 2,0 = 1,2 WIERIR U] % N(U{,U})
NN(UT,US) = 0. BB 2,0 = 1,2 gyHLREL U, 15 U, c Ui = 1,2 H Uy NU, = 0. BAR
N(U,,U) NNU,Up) = 0. NTiXHEZE neZ, U NT U, =0 B, Uy NT Uy = 0. 3
M, XD neZ, AT W, = Uf 8 Us {15 U, ¢ T"W,,.

LU = {Uf,Us}. X n e N UREFEIERERTFI] S = {0 < s1 <sp < -}, WA
z € X, FEE/M i€ {1,2,-- ,n} 1R T e Uy(WERAFTEIILAT @ AO15). PRI &
MTWMﬁ—ﬁmWT%%ﬁﬁ%?%%=

T—51U10 Nn---N T—s@;lUlc N T—siwo N T Si+1 W3i+1_5i N---N T_SnWSn—SNi — 17 27 ceeon,n 4+ 1.

XFEXFTH ne N, N(Vie, T75U) < n+1, #1002, (T,U) = 0. XYL (21,22) € SE(X,T),
HILRATEH T SE(X,T) C WM(X,T). 0
IR 7.5.3 BEMMA A%, SE(X,T) TEA WM(X,T) AT &, 4. KAVEH] 7.4.5
AT A IR F R null T ALK (X,0), BANALAR SE(X,T) =012
WM(X,T) #0(F LR 3.5.15).
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M T 45 IR X AR Y — 580 25, RADEFEM T i
Wl 7.5.4 & (X,T) AN 4%, (v1,72) € X x X\ Ax. %R 3 25,0 = 1,2 éﬁf&%éﬁ&g&
U, HLIENEEFI S={0<t1 <ty <...} BRMNEE neNFf s=(s(1),...,s(n) €
{12y A N, T Uy #(D W] (z1,29) € SE(X,T).
JEBR. & Ui A 2,0 = 1,2 BPARBIEHE U n U2 = 0. HH@%%, BRITAFETETFS 0<t) <ty <
ty <o BORAHER 0> 0,5 € (1,2)" RAERE] o € () 740,

BeS={0<t <ty<tg <o b, Xp = {xs s € {1,2}"}. szﬁﬁux;tm\ s e {1,2}",
TATH | ﬂ T4Ugy N Xyl = 1. G EIX—FLEM | X, | = 27, FHATH 43 N(i\—/1 ThY) = 2",
U = {Uf,Us}. B B (T U) = I:S_s:g) 1H(Z\/ T-4U) = log?2, MM (z1,72) € SE(X,T).

]

AR ANTSCS 155 TR XN FFURXT ) — DT 5. e m: X — Y SR
B, R X WEAEEFFEE « TIRERAIEEHNE, WK © Jy FIFE0.

G138 7.5.5 &% (X,T) AN 4%, x1,20 € X B 21 # x9. & A = orb((z1,22),T x T),
e R %) H - BARGR e H A — X AFEFE, N (z1,20) € SE(X,T) % HALH
(r1,22) € WM(X,T).

JEER. fRi% (21,22) € WM(X,T) H 71 : A — X 2EHFR). BAREUH (21,22) € SE(X,T),
A 7.5.4 TATHBFUEA THE .

WrE: X o1, 20 BAERERRIL U, Us, FFETFHN 0 < 1 < to <3 <-- HEXNFEN1>0HM
s € {12}, ATMAEIRE] M, € 2, {15 T (21) € ML, T4 U ) B TM:(25) € Uy, = 1,2.
WrEAYIEER. [ o1, z0 BFFRREL UL, U Bl m - A — X ﬁ#ﬂ?ﬂ’] Fir A Wi = int(m (U x
Ux)NA) i X WHE=FFELEH Wi cUr. ik W, =

BT (Wi xWo)NA R A FJEES A K& ($1,<L"2) HIPLETE A %, BIAEFE n e Zy
fHi15

(T X T)n(:El,l‘Q) S (W1 X WQ) NnNA (7.5.1)

HEHREX & T x T AZBHLAK (21, 22) € WM(X, T), T (T"(21), T"(22)) € WM(X, T).
XFE, B (7.5.1) F1 N(Wq, W) NN (W, Wa) # 0. FIAFEAE ¢ > 0 15 WinT 9w, £ 0, Win
T=Wy # 0. BT (21, 22) WHETE A FHE, 74 My, My € Zy 15 (TMi(21), TV (22)) €
(WIiNT~ W) xUx)NA, i = 1,2. k8, XF i, 5 = 1,28 TMi(21) € UynT~1U, H. TMi(z5) € U;.

PMIEMBIZ 0 < t1 <ty < -~ < t;,] > 1 D&EXFEEEMNEE s € {1,2) £
M, € Zy {55 TV (21) € Moy T4Uq) B T (z)) € Uj, j =1,2.

AT RE S tigq. B 6 > 0 ffAEXT X HFUEETE d(21,21) <6, d(z2,22) < § B 21,22, T
i1 TM:(21) € Niey T~ Uy, TV (2) € Uy, j = L2 XA s € {1,2) oL 2 U) ={z €
X :d(z,m1) <6}, U ={z€ X :d(z,29) < I}

m o A — X IR, W) = int(m (U7 x U9) N A)) HIEZFFEH W c U7, &

= U3. W EmEHE, BITE NV, W) n NP, We) # 0. RER—MetE (LR §
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H/N—8) RATARGTE NOWS, WO NNWI, W) C {t1 4+ 1,t1 +2,--- ). FIVTELE tipr > 4
W Wi nT W) £ 0, i = 1,2 RERNBE®ESE PP € Zy X6 = 1,2 F
THi(z1) € W) N T~ WP, TFi(x5) € U? BL3L.
Xt oroe {12} Bs e {1L,2) W s() = r(@),i = 1,2, 1, Bk r(+1) = k.
A M, = M + Pp. W] TMr(21) = TMs(TP (1)) € (oo, T iUypy. BT T TP (2q) € W),
FFA Tl TMr () = TMsTha TP (1) € Uy B TMr(21) € N, T Ugiy VT2, =
N T8 U, . SIEBHEAE TV (2)) = TM T (x;) € Uj. IXEh5EM T Wi S Bk, O
2 T RFEREE, FfTE X orbz(z1,22) = {(T x T)"(21,32) : n € Z}. SE2IMUF 5| H
7.5.5 WIIERH, FATH
|3 7.5.6 % (X,T) ATHEFHN 4%, z1,00 € X HR 21 # 10. & A = orbg(z1,29),
TR AR 1 A - X AFFEY, N (2,22) € SE(X,T) % HAH
(x1,22) € WM(X,T).
Wit 7.5.7 % (X, T) As# A%, o AT HHELEERR p AT GTFHE. N (v1,p) €
SE(X,T) & BAXE (z1,p) € WM(X,T).
WEBH. B A = orb((z1,p), T x T), W A= X x {p}. BIR, BIEME m : A — X FITHY,
B 5IHE 7.5.5 RIAIHELS BUSL. O
WS HZy W5 FHATEMZ—T S #y_12F Banach %% H

BD*(S) = limsup |50 I‘,

—too ]
H 1 BUE 2, AR FXE. WERMEAD o < | FFIEARE N #4584 2, fEERKE
KT N ARFXE T EATH (SN I > oll| WAL, FATHUE S B T2 Banach #EH 1.
W (X, T) AEARG. WRM X M2 U, v, BERTELSE NU, V) BAIE B
Banach %, TR (X,T) & £¥ Banach £l 71£EH 2.6.5 KATELUH: AR
(X,T) }§ E &G, WX X fyEXHEZE4E U, vV, BIERIELE N(U,V) 4 syndetic 4.
I B R452 B2 Banach £ 155, BAERNTREIER
T 758 % (X.T) AN 4%. R (X,T) AHIE# 149 LF Banach %% 4 %, N
SE(X,T)# 0, 8 (X,T) 7~ A null % %..
MEBA. AR—Mtk, JATAYI (X, T) AR p (A 7.4.3). (L8 (X, T) #feiE [
r1, KFULHEH (z1,p) € SE(X,T). R 7.5.7, ATRFULHH (21,p) € WM(X,T). % Up,Uz
SRR @p B Bbié. BUAEA W] RERY 5 TE -

1BH 1: (X, T) N ERSK. B (X,T) HE RS, N(Ui,Up) K syndetic £ (S ILEHE 2.6.5).
HF p AARFE, N(zi,Us) A thick £. HT N(Uy,Uz) = N(x1,Uz) — N(z1,Uy) 24 thick
B, ZE MmN, RIOTE NUL,UL) NNULUz) # 0. NI (21,p) € WM(X,T).

&R 2: (X.T) AN E RE. AP (X,T) KME—i D RGEHSMEE 0, ArfE—iy A2
BE (5 WB A TR BT AN AR T J3E 0 S HE R AE — B FRRF XA I B PH B A — 5, XA 2
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(X, T) —MEF RS, ZETFRGEIER /MY E2 Banach &3 Ay ME— ki Iy & 48 HME—
FIAAE I B R A FAEA B BB, Rz REA FFRET, W (X, T) HF5)
Tx). TATH

Br=: N(z1,Uz) B T Banach %4 1.

BrSEVIEER. WRWTE AL, W N(zy, Us) BATE B Banach %, FMFTE ke N DU
K ay, < by, 15

kll)l}_loo — IN(x1,U5) N{ak,ar + 1, ;b — 1} > 0 Fll kllgloo(bk —ay) = +o0.
. bp—1 . . X . N
f%?’f, LIYL M = ﬁ Z 5Tix1- 19% n = Zl}+moo M, jf] {,uk};:l T:E gg %ETI\_FE/‘J*&KE)\J—?\

1=ay

ERM, o (X, T) KA H

by, —1
. . 1
p(U3) = lim e, (U§) = lm g—o > Opig, (U3)
11— 400 11— 400 i 7 i:aki
. N(z1,US)N{ak. ,ar, +1,- b, —1
— lim IN (z1,U5) {bkl k; k; — 1} < 0.
i——400 k; —Ok;

T 1 # 8, X5 (X, T) BIME—IR T FJE. OB SER T W75 R e,
(X,T) H 2 Banach 518 5248, N(Uy,Up) BAIE E2F Banach %, HWE,

N(z1,Us) {92 Banach B 1. X N(Uy, Us) = N(z1,Us)— N (21, Up) f92F Banach

BB 1. AT, N(ULU)NNULUz) # 0. FI (21,p) € WM(X,T). .
FEAR /N B 5 FR AT T4t — TS AR g e b 5] R

[B]RE 7.5.9 & & & ftri AEM 4G null £ 47

3J & 75

L X={oc}U{wi:ieZ}, HF oo #aii € Ly xy # xy, 0 # J VI im0 T = Too. B LBR
T X — X v AAINEH T(2i) =xip1, i € ZUEH: (X, T) K null REE. £,
RARTF G 4 Q(T) Aph g, N (X, T) 4 null REE.

2. & (X, T) — M LB RS RFTE (X, T) WFRE (Y, 1) 15 (X, T) {ALT (Y, T),
il (X XY, TxT) P 33 B (x,y) € SE(X,T) M HANY (x,y) € WM(X,T).

3. IEEIR Y AR SR KRy null TP LR A

4. JERAG|HE 7.5.6.

§7.6 &/ null REEHIEH

FEZAS /NS BA PREA AR /IR R ZR S A 454 8 BESRAF 7SR/ null RRGTHISEH. DRI LAE
AN HRENTECH BN RIE TSR/ NRS, RIEHH B RY T E5 8 — R /)
IEX
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B R Mg — A E . & (X, T) EAER d AN RSE, &’ (21,22)
N X R WERAFAE ni € Z W2 || — +oo AR d(T7 (1), T (22)) — 0, WIFK (21, 22)
A BaBHY proximal Xf; WK (21, 22) A KIGHA proximal X, NIFR (z1,22) K WiAHY
distal 3. % 7 : (X,T) — (Y, S) HA[H RGN PIE TS, RHER 7(x1) = n(x2)
B R (21, @2) BIRXGHAT proximal XF (FH.HL. XA distal X)), WFK 7 : X — Y R
proximal(fH/ .  distal)§"38; WRFFE X B —DMHER Gs £ Xo HEMMER 2 € Xo
B rln@) ={z}, WK 7 : X - Y R JLF——FF; WRMEE ¢ > 0FLE >0
18 n(z1) = w(z2), d(z1,22) < 6 BEHEH d(T™(21),T"(22)) < € MER n € Z B5L, NWIFR
m: X =Y N FEEGET TAENRINBAREEESY THEEY ). AEHFEY T
—%E N distal §"7¢.

W (X,T) — (Y,S) AR/ RGE R 78, A RAETE AT BUT 50 n Al N AT &

i Xa (0 <X <) 15 () Xo =Y, X, = X. (ii) XD N <n, FEY T 71 : Xog1 — X
4% oy B LR —3 RSO SEEY 78, (i) MEMMRRFE v <9 RE X, HRS
XA <v) FERIRARLE.  (iv) 7 AP TE o (A <) WHERE S, ROTEARY T « Jy F4&
8 HPI § 3. #1, /DNRFERPY T 7 X — Y 354 HPI i3, WUERAFTENR /DN RS 1A]
PILPF—X—T R v : Z - X {fiff moy: Z - Y K&y HPI ¥ 75
Rl 7.6.1 R 7 (X, T) — (YV,S) AMNTELLRGYT L. 40X 7 BEH prozimal ¥ £ X
A HPIF A, N m ALF—*—8F L.
JEER. BT 7 A HPLY 78, FFAER/ N RGP LT —X—T v Z - X [ 7oy : Z - Y
ARG HPLY 78, #ETAAAE AT BUF R 0 AR/ INATE R G055 X (0 < X <) [fi15% (i) Xo =Y,
Xy = Z. (i) XA A <0, FIEY T mr: Xog — X 115 o 8O L3 —3 808 55
BEY 7S, (i) MEMERFE v <n RE X, WERF X0 (A <v) PR RS (iv) moy
HYFE or(A <) BIBRE S

BAE, BOTWHIDEDN A <n P58 70 Xopr — X AJLPF—X—F 58 AR, &
WAFAE 0 < n 15 7 : Xop1 — Xo HAEFMASEEY 78, XHERNTERT] 2,y € Xop
18 mo(z) = mo(y) H (x,y) A distal HXF. & 7' Z — Xop1 AP TE (@ +1 <A< 1)
ARRRE A, Bl o' e ' ()0 € 7' (y), W (2, y) A distal FXTH 7o (a’) = mo(y).
H5—7 1, HTMWA proximal § & G554 proximal 78, MM 7o A proximal 3
7. FAlHL, (2, y) AXGHHT proximal HXF, X5 (2/,y) APGHRY distal AT )E.

HTILF—X— i A BB R Z S AL —X—3" 78, A 7oy RILF—XF
—y 7. XA ¢ HILF—X—7, Bk« AILF—X—3 7. O

R A TR/ null RGN, ROTTFEZFHRITR/DRGA 20—
SSIR-A RRERCH F AR, HERITE
S 7.6.2 & 7 : (X,7) —» (V,T) ABNTELALGREGYT L, z1,20 € X HR 1 #
Ty, T(z1) = w(x2). 2R (21, 22) ARMRT R E, N (21,20) € SE(X,T) ZHARH
(x1,22) € WM(X,T).
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WEBA. WK A =orb((z1,22), T x T), BREANTWH m : A — X AEIFHY. U K ARydE=
&, MAWAEZEHRL O ER U U B (AT <T) AWRPNRG, FrAFFE ke N {1
UbLo(T x T)1Uy = A. 3T ULy Tim (U7) = X, B/ T NRBELA K m1(T7) KP4, i Baire
PEEATHN int(my (T1)) # 0. BEMT int(m(U)) # 0. XU = MEIFR. S, HF[H 7.5.6
SN (21,22) € SE(X,T) 24 HAXLY (21,79) € WM(X,T). O
FFIC 7.6.3 £ K ERANTT GE AR A& LI W B & A F T4,

L 7.6.4 & 7 (X,T) — (V,T) AR INTELALR G distal R, x1,72 € X HA
x1 # 9, w(w1) = 7(w2). W (21,72) € SE(X,T) B HAXLHE (21, 29) € WM(X,T).

MEEA. 1 g[BE 7.6.2, FATHFTUM (21, 22) HFMZERBIM/NA. B E(X,T) WRS (X, T)
() Ellis 25, [ C E(X,T) 4 EX,T) Mt/NERAE. W o AR/, AREET 3.3.13
FHER/DFEETT v e I 18 uey = 21 TEEF (22, uzy) ARGEAR proxiaml X H w(zs) =
7(z1) = m(uzt) = w(uze) YA m K distal 78, FATE 22 = uze, Bl u(xy, 22) = (21, 22). A
M (z1,22) B (X x X, T xT) B/, O
IR 7.6.5 R (X, T) AMA distal 4%, N SE(X,T)=Q(X,T)\ Ax, T2 Q(X,T) A
(X,T) %9 /3F prozviaml * % .

JEBA. B (X,T) & distal &Z8, I T [ H 7 : X — Y Jy distal 78, HHr (v, 9) HF

NAS. B HER 3.5.9 ML 7.6.4 41 SE(X,T) = WM(X,T) = Q(X,T) \ Ax. O
ATV EHES, BUERNTATANEIAS /N Ry E2 4
EIHE 7.6.6 K (X,T) A null §TE 2%, N (X, T) A—MMAFREG AL

F—2x—F %, B JLFESFRE.
WEEA. &« (X, T) — (V,S) F (X, T) W KRFEEZERF. RS R = {(z,9) €
X x X :7wx) =7y}, W Ry = QX,T) = WM(X,T)UAx. X} (z1,22) € R \ Ax, HTF
(z1,22) € WM(X,T) fH (21,22) € SE(X,T), MNTH (x1,22) A AR ZZMAIR /D, B
Ax HARS (R,, T xT) M—f/NE, MM R, ¢ PR(X,T). Bl © 24 proximal §"7¢.
UTEHAHH 7: X - Y FHPIP 7. MR 7: X - Y AH HPI Y7, H Woude
— MR (S HEH 3.6.7 (2) FFFTE A C Ry 15 (AT xT) K (X,T) WXL
AR /N R G B A AR PR B 0 A — X, i = 1,2 B, B (AT xT)
FRGHAEEW), ITFLE (21,22) € A, 21 # 2o {13 cl(orbz((z1,22), T x T)) = A. [EEEF
(z1,22) € PR(X,T)\ Ax € WM(X,T), F15I1H 7.5.6 H1 (21,20) € SE(X,T), X5 (X,T) H
null REEAHTJE.
BAE, BT 7 BIA proximal 755X HPL 778, MA@ 7.6.1 A1« A JLF—XF—Hy
7. O
HTILFESFREW AT REEA ER, FriAtf null 80 TR NE R RSV
FESHEZ . A 1B A TR /DN null By R 3 R GRS RE LR B 2.
FIE 7.6.7 & (X,T) A null 9°T3% 4%, W (X,T) AR—&7 4%,
JEBA. HiE P 7.6.6 HIFFERVNFEBELE RS (V,9) R 7: X — Y HJLF—X—§ 7.
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W (Y,S) ME—RAEME. EE (X, T) BIAZEME u, & p= [, pdv(y) & pfEv &
MBS WIXS v-ae. y € Y ATE py & X EHY Borel MIEE H. supp(p,) € 7~ Hy) HATH
=: X vae yeY, p, REFIE—A A ENE.

BrSEIEE. & W ={(z,y) € Xx X :7(z) = 77(1/)} PIX v-ae. y € Y A supp(py) €7 (y),
PrEART v-ae. y € Y T supp(py x py) C 7 (y) x 71 (y) € W. ATl

pxy p(W) = / fry X pry(W)dv = 1.
yey

WER poxy w(Ax) # 1, W pxy p(W\ Ax) > 0. BIAFAE (W, T x T) 8y J7illE w
F wW\Ax) >0 BT Ax H (W, T x T) ME—#R/NME, Frlh supp(w) HIER/DET E £
4. HEH 758 H SE(supp(w), T xT) #0, X5 (X x X, T xT) A null REMTE. X
LU 1oxy p(Ax) = 1. FEEF

pXy p(Ax) = / ty X py(Ax)dv =1,
yey

®ITE py X py(Ax) =1, v-ae. y €Y. XZEEGEN v-ae ye YV i " R A i
c(y) BB 6., BT TR

IERATHH (X, T) AME—ELR). RX u', 0 8 (X, T) BRADAENE. & p=
st 4 ). NBTE AT ul AEPE—DE C(y), v-ae y e Y. KIMTX v-ae ye Y TH
py RHTER '(y), A(y) B FRIEHBIER '(y) = Ay), v-ae y e Y. XUH p! = 12
RCHUERA T (X, T) S ME— il I HY. O

ARG, RAOTULEIAN —RAH/N null REWAERBIGEW. L, RITFELS
3 ) RGN B RY FEZ [ F P 8 5 R LA K 53 b — e i JLAS 5 [ 2.

SI3 7.6.8 & (X,T) ABR T HHRMGHN 45Kk m (X, T) > (X, T) AL ARY &,
RIA AR QRS S RATA WS, (T) = b, (D).

WEBA. & me: X — X SR b AMBAREEE. B X T RS U, 152 diam(4,) — 0, ]
{m, Uy Fock=1 HEREBTEHNFERITI, 4 nk— +oo. B htop( Uy,) = hfop(T, T Uy).
ik nk — oo, AT 7.3.1 1 hi,(T) = b, (T). O
GIEE 7.6.9 &% XY AREETTRUER m: X - Y AELHHS. Wd o — diam(r(2))
RIS ¢« X — [0,diam(X)] A L& a4, B limsup, ., o(z) < ¢(xg) HHEA
ro€ X M. B Ax ={rc X 7 ln(z) = {z}}, Ay = {y € Y : Card(r " (y)) = 1} 5%
AHX FY 8 Gs £, 4R r ZFFGEMYG, W Ax &2 X PHABAEMRE Ay £ Y
AR .

WBH. & d y X ESHIMIERN—PMEE. BHE 20 ¢ X. BUFS] 2, — z0 Wi
limp, o0 ¢(2n) = limsup, ., ¢(x), ATHE vn,2n € 71 an) HH dlyn, 20) = O(zn). HT
X HBEERZEN, FFETI Yo, 20, PR yo, 20 € X @h& 00 Yn, = Yo H. 1imi— oo 20, = 20
AR yo,20 € 7 Hzo) H d(vo, 20) = limsup,_,,, ¢(z), XL limsup, ., ¢(z) < é(zo).



AN AL MR %192 I
FEF FIAL AL §7.6 #1 null A4 e94H

BIES Ay (k) = {y € Y : diam(n ' (y)) € [0, 1)}, BRI ¢ #y_EEZESEBNHT Ay (k) K
Y IR, HETT Ay = oo, Ay (k) Ml Ax =71 (Ay) 8 G5 8. a, TR = &7
P&, BERAESGEH Ax 78 X %Y HY Ay £ Y TR O
B|¥E 7.6.10 & (X,T) AMNFN L%E m (X, T)— (X, T) A A E¥F A. MW m AL
FM—F AL (X,T) HHA 4%,

WEBA. W A ={z € X: Card(T"(z)) = 1,Vn € N}, BATLAFIUER] A D9 X RIBAE G5 48 2
Ay = {z € X : diam(T"(z)) € [0, 1)}, WINFIHE 7.6.9 HI Ay, HIFEE. WHF A, AH X
PIFE 5, W Dy, =X\ A HAEZENE. B T7"Dy, WEAIEZHE. BHE=
FEE U C T "Dy, Wi diam(U) < 1. B U 8 Dp, PEESAE T THHEGITEE.

PSS T PRI ER > 1, FTRURBES® U B, HIL T(U) c T(X \U).

BB =Xx\U, Ul B JALH T(B) > (T"(U)UT"(B') = X. HF B # X fl
T (B =X, FfE 1 {0,1,--- ,n—1} HB T'B # X YU} T'*'B' = X. 4 B =T'B', N|
B HWSEHWRE B# X M T(B)=X. X g: B — X {fiff g = T|p, M X = ¢(B) D B.
T g~ VB C g7(B) Xt k € Zy, Bl g7*(B) Jy B EIRATASTE]. FitanRik M =
Mo T7H(B) = Miog *(B), M M FAERHLE. HEER T(M) c M, M AL R
M# X, X5 (X,T) AW/DNRGEHTIE. B e, |AOTA Ak, 8 X BIPEFFE,
A= N1 Avn N X IIFER G5 5.

e, BRATVEE (X,T) /DR, At RAUFEERENE 7e X Nikiss.
Wae=m@ M m: X - X NEE EDRFHESE. B U, X BATEUE,
W {m U0y X BIVTECEE. B (X, T) IWNRSE, $EA U, 74 m, € N 2
T (z) € Uy,. BTG T () € m U, XHEULI & M iE % .

g, HEEEH A={rec X Cad(r;'(x) =1} H X WHHE Gs ELUKM/NRGEH K
[RIZSALTFHY, BIASIFE 769 M1 {7 € X : T7'T@) = {7}} I X WH% Gs %, Bl m
FILFE—%—3" 7. O
EIB 7.6.11 & (X, T) A# null 4%. N (X,T) HE—&HA%FLCE PRI F
Bi&ESAGGILE—2—F A
WEEA. ¥ om (X, T) — (X, T) K (X, T) B ERY 7. L E5I8 7.6.9 FFIHE 7.6.10 A1
H(X,T) WHHRN mll ZGEH m RILE—X—87. @8 7.6.7 HFEAT (X, T) H—
W RS, HEER (X,7) MENRENE R (X, T) HENRENEE » TG, &8
118 (X, T) AME— T ARS8

Br: (X.T) - (V.8 N (X, 1) BERHFEELENT. m AT A K&
PR(X,T) = Ry, Mt w(ny (z)) NS, AT E SO o@). FEEH ¢ (X,T) —
(Y,8) HETFMEH {y € Y : Card(p'(y)) = 1} D {y € Y : Card(n7'(y)) = 1}.
BT 7 ALF—XM—973, {y eV : Cadlr'(y) = 1} N Y WHE G5 &, il
{y e Y : Card(p~y) = 1} A Y MWW Gs £&. &5, HTFWR/DRFERMFESHEIF
f (20T 7.6.3), NSIFE 7.6.9 51 o KILTF-—X—F" 7. -
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[E)RH 7.6.12 & L REEAFM null 2 2 At meg 444 ?

3J & 7.6
L IEFIB/N RS ILF—X — 8 e RN R S
2. B (X, T) ARG, AN X WFE Gs £, B T(A), T 1(A) HEET X —IH%E Gs
£,
3. B (X, T) — (Y, 9) I/ RFERBHLY T W 7 AJLF—M—3 7. [ FAHEHE 3.6.7
2)]
4. 245 null §y distal RG—E WFEELRLG?

§7.7 PMt®E: Koopman-Von Neumann ;84 EIEHYIEEA

ZS M0 H B & 45 i Koopman-Von Neumann R G @ FRAIERH, A RATE oHE
M F—LEPE BRI A BEAR TR, FEASK SRR B BLRY Hilbert 2% [B] B A TR A v 431
EX 771 JHK ¢:Z — CAHARH EERN, wRAEANAFRG LKA {0} A

N N
Z Zamﬁqﬂm —n) > 0.

m=0n=0

F A 125 H P 1E E HY B8 RO 4917
1. ¥ U 24 Hilbert 22 [0 H LRI PEIHFM o € H. FXENHARIZEFS {a. )02 FH

N N N
Z <U™ "z, x> apna, =< ZanU”:E, Z an, UMz >> 0,
n,m=0 n=0 m=0
BREL ¢(n) =< Ulz,z > EIEEH].
2. HT={2ecC: |z =1} ERYAEM Borel HFRMEE, ZMER Fourier A2t pREL
An) = [ 2ndu(z) RAE A,
ETEB (2) B R LAY, X AW Herglotz 8 BE.
T8 7.7.2 (Herglotz X 32) ML EXFH#EK ¢:7Z — C, £ T Log—a93EH Borel AR
ME p 4EHF fi(n) = ¢(n),Vn € Z.
WEA. BT ¢ HIEERE, BITAMER DL 60) >0 UEMEN A eC,

(14 A*)9(0) + ¢(n)A + ¢(—n)X > 0.

AT R X € CRATH o(n)A + o(—n)X RFIEL, XU ¢(—n) = o(n). & X =0o(n) &
fIIRA% (1 +162[¢(n))6(0) + 0]p(n)|* + Blp(n)[> > 0 XFEA 6 € C HAL.

e, 25 0 sy, B (14 6%(¢(n)?)o(0) + 20[p(n)]* > 0 4 s2%L 0
AL, BT |6(n)] < 6(0),Yn € Z. X EREL ¢(n) JEHFH. WE ¢0) = 0, N
¢(n) = 0, MGEFIE—IE M BE M AE RS Borel 5 F AR I B .
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FEF RIVELAHL §7.7 M3k: Koopman-Von Neumann #i% & % 22 491t )

PITR ¢(0) > 0, AR—fBchE, A ¢(0) = 1. XF s € (0,1), PNIERE M AT RASHE R e
A2l =1H fs(2) = Yopmeo @(n —m)s" 2" > 0. FEFEEF]

Z qb(m— gntmn—m _ Z qb —nz |n[+2m _ Z ¢ 5N \n| 182‘

n,m=0 n=-—00 n=-—00

ESji:4
/fs _ndz = 7)8|n‘ (771)

1 — g2

MIEE X T LRYIESR Borel B 1 45 %o = (1 - ) f(2) > 0. & (7.7.1) 40
A iy = G(—n)s, pua(T) = $(0) = 1, (7.7.2)

XYL s € M(T), X B M(T) Jy T L Borel 2 B 224K,

BEEFFH s — 1(0 < s < 1), (17 ps,,, — p 72 M(T) #9755 * TINE ST AL. 7E5F
K (7.7.2) FHL s = sp, FEm — 00 BATH 7i(n) = ¢(n),Vn € Z. B, EIHIFFIEHERR T
FIE.

AT ULRHME—E, ¥ v 4 T EfifR 0(n) = ¢(n),vn € Z FERABIHRR Borel M.
Xt {zFe, WEEARALIEA S p(2), BATE [rp(z)dv = [ p(2)dp. BT 5K ETE
C(T;C) %, Frih [ f(2)dv = [ f(z)du XA f € O(T;C) AL, XU v=p. O

B U N Hilbert 256 H EAIEE TR =z € H. T Z(2) £l » AR IEHR T2

[H], Bl Z(x) & H MEE {Uts:n e Z} MiF/MIHF20E]. BERE o(n) =< UMz, z > J&
IEXER], HI Herglotz @HHIFFAE T EME—RYIED Borel B o, (15 0,(n) =< Uz, 2 > .
FinlHl, o.(T) =0,00) = [p1doy =<,z >= ||z||*. BAIFK 0, g 2(FHXTT U) A M E
AMERH 2 =0 4 HALY o, HEFNE.

WA 7.7.3 R U A Hilbert T8 H L¥BHHFH v H\{0}. X

V i L*(04,T) — L*(0,, TYEAFV f(2) = 2f(2) (€ T),

WV ABELFE W WWW, =U, £F W, : Z(z) — L*(0,,T) A4t Utz — 2" € L*(0,,T)
a9 — XM FIEY K.
MEBA. 2R p(z) = Y00, 0527 Ml q(z) = YL, 2! A=AZHK, N

<pM)z,qU)z >z0) =25y e i <UITa,m > 50)=371" ST aibiow(j — 1)
=2 i m 2l a;by Jr 27 doy =< p(2),q(z) >12(0,,T) -

BAEG p(U)x WIFEAE Z(x) FH%, SHFER=AZ0K p(2) £ L (0., T) FH%,
BT T AE. -
Rl 7.7.4 &R U A Hilbert 18] H L&9BHH T H z € H.

1. % p AT LIERGATR Borel ME, %2R p<o,, NALE Y€ Z(x) #8455 oy = p.
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2. yeH, %R Z(y) L Z(x), W 041y = 05 + 0y.
IEBA. (1). W3R op KB, DA H. AT R o RAFMEE, Bl 2 £ 0.8 f = /42,
M feL*(T,0,). By =W,'f, Hrf W, @ 7.7.3 FrE . My e Z(x) H

ay(n) =< U™,y >z)=< WoU"y, Way >p12(16,)
=< ana f >L2(']1',ax): f’]f Zn%do'x = ZZ(’I’L)

XV Oy = H-
(2). Wy eH, WR Z(y) L Z(z), N

Totg(n) =< Uz +y),z +y>=<Ulz,x >+ < Uly,y >= Umy(n).
BAEH Herglotz EHRH 044y = 04 + 0y O
B U J9 Hilbert 5[0 H LRBEST. o€ 1\ {0} 3% $HERE, AUPRAFIE N € CHiig
Uz = dz. JWI, X FR4 83T « BVEE ROTAER L U MEMHMEERY 1 BX
N F AN FFEEAFE M BRI IESR. RITH He Rn H WIrGREMEREHE
W, HahH 2N, FRZH H K BRETE. B UHs=Ha F1 UH; = Hy.
w4 T _ERJIER) Borel PR, GHRAFAE T WAL A B2 w(T\ A) = 0, NIFK p
& ShIEFRY; AR EAN R 2 e TH p{z}) =0, WFK 1 2 EELHY.
Rl 7.7.5 % U A Hilbert Z17 H LB HETF, Hg A HGHHKETE. R
1.3 zeH\{0}, v € Hy BHEARE o, HLLRTH.
2. 2% x e H\{0}, z € Hy HHARE 0, AELH.
WEBA. (i) BHoe, |ATUWBHAR « € Hy, W o AEEJETHY.
WaeHg WaFWAEHR v =3, a(i)z;, HA T ATEE, o) € C, 2, WEFE
FAIEE N FRHMEM R H < 2,25 >= 0280 # j € I, LR Yo la(@)Plzi]]* < +oo. B
Ure =3 cpa(i)Nra; AR

/z"do*x(z) < Uz >= Y [a()PA ]2
T iel
XHEH Herglotz AT 0, = s a(d)?||ws]|?0n,, FHiHT 6., 2 € T FRAREFHE = LAY M
B (BIXF T A5 Borel 82 A, W5 2 € AN 6.(A) =1, BN 5,(A) =0). iXFE 0, B NEER
Ty

(i) HR, R v e Hy, W o, NELER. WHERR, FFE A e T H1F o.({A}) >0, X

< U"y,y >= / 2"doy = )\"||y||2
T

T
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<Uy—X y,Uy—Ay> =<Uy,Uy>-A<Uy,y>—-A<Uy,y>+<y,y>
=2<y,y>-2<y,y>
=0.

Bl Uy=Xy. TlRyeHiNZ(z) CHaNHy ={0}. A y=0, X5 o, =6 AAEMEA
TIE.

(iii) ¥ = € H, WFTE 24 € Hy, v, € Hj 15 2 =2q+ 2. BT Z(2q) L Z(2.), INAFFE
7.7.4 WYEIR (2) ¥ 00 = 00y + 0w AE, B LR () MG F: AR g # 0 M op, REE
JRFHY; MRz # 0 W o, HIELERY.

FATR o, HAEFH, W o, HEFME, B 2. =0 2 =24 € Hy; A, AR o,
HIESER, Wz e My X5 T M fyiE . O
FEIR 7.7.6 A (i) EPAT A E, = AN ARG RS T L AR Y o, = ||z]]20).
FIB 7.7.7 (Wiener X32) & U A Hilbert T8 H L& B HTF, Hy A H 4 HKET R fo
r € H. WIVAT R &b FH

1. x € Hj.
2. iy—oo £ SN < Uz, > 2 = 0.
3. MEA y € H, Imyoo & Son o | < Ula,y > > =0.
4. B S CZ4i,d(S) =1 FXEA yeH, limytoones < Utz,y >=0.
W (4) = (3) = (2) BM BISLAY.
(2) & (1) B, MEA 2 e T RATH limy—oo & Xnio 2" = 1({2}). B

N oo 57 Yoo | < UM, > [P =iy frop & Xnsg (21%2)"d0g X 03 (21, 22)
= Jour 01({z172})dos X 04(21, 22)
= Jp Jr01({z172})doe (21)doy(22)
= Jpoa({z2})doy(22).
BREE limy oo & SV < UPay > 2 = 0 4 HALY 0,({22}) = 0 XA 20 € T B,
Bl (1) & (2).
(2) = (4) R (2) BOL. 2

(7.7.3)

N—-1
1 n
Hx:{yeH:]\;gnooNg]<U r,y > |* =0}
NEGEY He i H U SERHHTZER. B 2 Hy, Z(2) CHy BIR Z(2)F € Hy X
BT H A2, BOH AR T4 (Y en. 2 vy = i, WR ) # 0, B4

- 7
IAIR

y; = 0. 1%

o0
1
an = Zgl <UMz,y; > |*,¥n € Zy.
i=1
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FEF RIVELAHL §7.7 M3k: Koopman-Von Neumann #i% & % 22 491t )

He=H, lim &350 Jan| = 0. BAERIMFIE 232 MAHE S C N.d(S) = 1 (7%
limy oo nes an = 0. JEIF R HLAE IS, BT (4). O
% U 2 Hilbert 25/ 1 E@EHT, ROMEWHE [Ure:neZ) H o HE TR
ok JLRRSRE, ROTVH 7 28 H OEMIUF R, EE8mA LT E
R AR LA R U I, RATARMERER M. b H AP T2, BARAAE ) i
KL R, W Ha C H. FE92LE, AR R R A9 e R AR A
FIE 7.7.8 & U A Hilbert 1] H LB HEF. N H, = Hy.
TEB. FATRFAEN M C Ha. AEI @ € He, ¥ o MA@ = 21 + 22 R 21 € Mg C He Fl
w2 € Hy. BRMAH 02 =2 — 21 € He. WIRRATAEVEI 22 = 0, W 2 = 21 € My, KHEFR T
EHA.
IR w0 £ 0, W e = 120 > 0. B {Unwy n € 2} M ME T4, F7E N € N [ifn 4
MneNF

i Ulzo — Ukzy|| < e. 7.7.4
ke{g}g}’N}H T2 Tl <€ (7.7.4)

BEMT, BATREBRE] & € {0,1,--- N} HRES F = {n € Zy: [|[Utry — Ukaof| < ¢} Wi
d.(F) =liminf,, W > 0.

FEEF|Y neF,

| < Ulo,Ukzg > | =| < Ukny, Urzg > + < UMy — Uy, Ukzy > |
= H|a;2H2+ < U"xg — kag,kag > ’
> ||ao|? = | < Uty — Ulzg, UFzy > | (7.7.5)
> ||lza||* = [|U™ w2 — UPao| - [|U2s||
> [l2|? — e[|z = €|z,
HNTH
lim sup,, oo = S < Urag, Ukzy > 2 > liWILn_}glof L > | < Ulzg, Ukzy > |2
neFN[0,m—1]
>liminf L S ||zs||? (B (7.7.5))
M= neFnf0,m—1]

= d,(F)e||za||? > 0.
(7.7.6)
X5z e Hy FE (S WEH 7.7.7 PR (3)). O
W (X, B, 1, T) KA RS V4R E Hilbert 235[0] H = L2(X, B, p) b, #fileE
XA Ur - H—HIWEEMN feHHF Ur(f)=foT. K

'Hc:{fGH:{U%f:nEZ}ﬂSIHE/‘JL‘%?%}.

{FHER 7.7.7 f1ER 7.7.8 SLEI P8 Koopman-Von Neumann (RS EH — EH 7.1.2.
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§7.8 Fic

AT —/NITH AR T8 3. Maass I AR B SCE [Huang ete.2004a]. 55,
=N R FERIE T HC, AR R ZRHI SCE [Huang ete.2004c], AHE B H]
2, [Kushnirenko1967], [Goodman1974], [Hulse1982, Hulse1986], [Saleskil977], [Walters1982,
§4.11] PA X [Zhang1992, Zhang1993] 5¢. P, . 7~/DH TAERIET [Huang etc.2004a,
Huang etc.2003]. fiREANISHMELE T LI N LFHGIEHILH AR ET . [Parry1981],
[Queffélec1987] F1 [Glasner2003].

FHIRHIRIF T TAER IEAE A R, A SR P 5 i i 2] 1) WL [Huang-Ye2007] I [Kerr-Li2007].
52 H XK Tame KRG MM EWFFE W, [Glasner2006, Huang2006, Kerr-Li2007, Kerr-Li2005].



FNE ZBREMDE

FERTE B ET Y, AIGIN T A EZ o R, FEM A EMIZE T 25
FrER e E . X —EEBRNPHSIAZ R R BIMEE, FAH BRI m 5 2R % R
58 W& RGEHAT A RAIBI TG T Furstenberg FFAIYER TAf [Forstenbersl967] g JUAR,
MNATHH ] S I RIS 1238 R GE kAT 1) iz /9028, INITAE R TARSRH, A
YR R G R e — TP A 0 R 28 VR R RO R AL PR A% 3 2R 580 2R I+ 0 A A T i
FEARTER, HATRHFFEEE RGEH X =P K77 AR ENZ FRA W NAERR R FEI
PRI, 3 RGNS GHEEE . PR RN — &2
FHAERZIEKR.

§8.1 FEHRMRBAITIMES

R ==FKMNELET, HMIE—NTo0aHNIEEAZE. MTaEND)
NERGE, WTEN—NHERIFES U B, RITER NV T-U), BEERGHEE n #
MF LT RIEEE K. ZIHE%, Blanchard . Host 1 Maass 7 [Blanchard ete.2000] .-
TN T Z AR B A&,

EX 8.1.1 & (X,T) AN 4%, U A X —AHTREE. KL C(n)=CU,n) =
NV TU) A U 4 EZMEFRE, Hi2 CU) = limy— 0o CU, ).

YERF DN, FATHE 7 R EORZ] i 55 B 2E .
EE 812 FHN A% (X, 1) AFHEELG A IRINTHAGHRZE UCU ) AFF
9.
JEBA. BRI (X, T) BFEIELN. & e > 0 AAMRFES U B9— Lebesgue 3.
HAFEIBEENE, 71E /2 > n > 0 {15, 2R d(z,y) < n, LXFER n e N HRLL
d(T"x, T™y) < /2. I a1,. .., F15 UL, By(z:) = X. HGEESEMEA, T/B,(z) C
Bejo(Tx),Vj € N, #ETTH e BIBEHATELE Ui € U (15 B jo(T72;) C Uiy HI, XMTAE
B n #A

By(z) C () T /Uiy
0<j<n—1

J:ft%ll)'%% {ﬂogjgn_1 T_jUi,j 0<e < k} %ﬁk Ug_l B"J_‘/I\-/E\‘ﬁ k 4\%%%?%%, ﬁx:
ok E o Jok XU T CU,n) <k

K2, B TRrE B U.C {(U,n)} BF¢ R T A REEELR, WAFTE € > 0
M e X AR THAR 1> 0 #FRERE] y € X Ml n e NFiE d(z,y) <n H d(Trz,TMy) >
e. WU A X W—PHBREN § WIFRARWAERFER, B U={0,....U} HH
U TTEMAEIIESMER. SR U U, FHIK {CUn)} BF. TEHFEXH—NF
PRI {X1, ..., X} 15 Xo = ;20T Uiy, Uiy cU (FERTRE). R4l U #yxE SCA]
A, Ry Moz BFRE A X, B4 d(TVy, T92) < §,V5 > 0.

199
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FAFE R ARG §8.1 A BiA g Al $

1‘& M > 0 %ﬁ:": 0. :‘VHQEX Yyn € X 1%135‘ d(x’yn) < T #H/E\*ﬁﬂ%ﬁ kn, 1%’?%"
AT, Thy,) > e EAERCED, RO EEFAL 3 BFA—4 x. B 2 € X,
By X AR, ZEET AT, Ty,) < ¢/2, 5 k, BERTE. O

RELTFEI, RINTFBITERNBEN A € Finr BRREREL B A={n <a <
e } € Finf, ﬁmfﬁ)\(

n n

Cahn) = N(\/ T~%U) iR Cah) = lim N(\/ T~"u).
i=1 =1

G0, R A1, Ay € Fine Wi/ A1 C Ao, B4 Ca,(U) = 0 AT Cay(U) = .
W S € Fiur, WNTH K E XABFF S PO S FEESNE, R HX—P% F 5l
A F S, ey, FATERAT IR 22tk B .
BlfZ—T, —PHER U FRAIEELR, 2R U PN T REA RN, FRE
APRUHERY, WRER—MHWEAN TR LA R =
EX 8.1.3 & (X.T) A—AN#N A%, SEFu.
1. AR (X, T) & SEEEEDN, RN THEEW >0 HBEFLES>OFEFRAZ r,yc X
R d(z,y) <0, WAMPTHE) s; € S A d(T%(x), T (y)) <.
2. KAAR (X, T) & STEBY, 4= R4 T X 69 EANF-FAGAHRT AL U BF CsU) =
+o00.
3 R F A—A%. KAAR (X, T) A FHEEY, e RAEEE Se F,(X,T) LS ¥#K
%9,
4B n>2. —An & (v)F € X" ARAAAT S 49— n EZMEER, R (v, TE
FHPMABTE, FELE U; Ata7e) o 69 Z A48 G HARRES, FRE U= {U5:
1<j<n}#HRCAU) =—+o0. =/ 2 BHARAZ—A .

H Com(X,T) RE/R (X, T) B FrG T S 1 n EZMER 2K, IFid Comg (X, T)
Com%(X,T). M & GhA W THER:
Wl 8.1.4 & (X, T) A—ANFN 4%, S€eFu A4
1L (X, T) 4 S ¥ty HBEREMTHEEL n>2,Comi(X,T)=X"\A,.
2. Comg(X,T) = X2\ Ay B AR B THEAMFEFZE UCs(U) = +00.
3. ’F HN—NHK. AL (X,)T) R FIyHEGLEREAFTHEEY SeF fon > 2
Com®(X,T) = X"\ A,.
KT B RNTE
Bl 8.1.5 & (X, T) A—AN#N 4%, #HESeFu.
(a) e RFHZEV HR Cs(V) = +oo, B AH/LE—NHFEERZE U T Cs(U) = +oo;
(b) 2R U={UV} A—ANFBELHR CsU) = +oo, MAU XV PHLH A5 F 2
M AL
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FAFE R ARG §8.1 % et K ¥che F Jetk &

(c) Com%(X,T)UA, & —AH%E;
(d) % 7: (X, T) — (V,5) H—AB Tkt
1 4R (m)f € Comy(X,T) AR i £ j, nlw) £ n(e;) A, BLA (v(w)] €
Comf(Y, S).
2. %= R (y;,)} € Coml(Y,S), LKL (1))} € Comi(X,T) ##F n(x;) = y;, i =
1,2,...,n. HFHH, ComZ(X,T)UA, A TM I,

FiC 8.1.6 9 THENScF MaMT S#n F e LARIMA, STHMALRDT
B A L-F—2—F A THR&F. 3, FIFHERELAERTRFFILF—X—F L THHF.

AR RNFEEIRF LS, T 5w R5HH.

SI¥R 8.1.7 & (X,T) A=A N 4%, n>2,A¢€ Fu. AZ: Com(X,T) = X"\ An(X)
B HALG Com’(X,T)=X"\An(X), X2 (X,T) A (X,T) ¥4 8 K¥ 4.
JEBA. H i 8.1.5, ATHBHEMH LB, IR Com(X,T) = X"\ Ap(X).

FEB (1,92, o 9n) € X\ AR(X), By = (yho2 )6 = 1,2, n). WTERAE
e >0, ;N € N fifF diam(X) - 32y 5 < e H (0,90, un) € X"\ Ap(X). BT
Y,y yl) € Com’y (X, T), MFH T py : (X,T) — (X,T) F77E ) € pi* (y)) W&
W ¥ yp) € Comy (X, T). B pi(y)) = piv(wi), B N BISEEERATAIRE] dr (v}, ui) < e.
L e — 0, T Com’y(X,T)UA,(Xr) B—AHEE, BIVES (y1,y2.- . yn) € Com’y (X, T).
XEEEUERA T ComA(X,T) = X"\ Ap(X ) O

IR TAEER S € Fur, RGEE S ¥ HS BACH ERHAY 50E S ¥y, 2t
M, MTAEEAR F,(X,T) 2 F P8BS S ERBERY T2 F i, KMlTe
FE12, OTAEWM T RT S FEEELEMZHE.
A 8.1.8 & (X, T) A—AhN 4%, S€Fn ALARTHRFN:
1 (X,T) & S FR&ESY.
2. 3T X $9EZAMRIFTEE UCs(U) < +oc.
3. Comg(X,T) =0, IF8p, *TF X 9EE4FEEE U, Cs(U) < +oo.
WA, (1) < (2) MIEFIRMITE 2 8.1.2,(2) < (3) HPERT 8.1.5 /Y (1) A1 (2) FILAERH]. O
KT EH 6.2.7 BRITH
EIE 8.1.9 & (X, T) A—ANhN 4%, Sc Fur. it A(Comg(X,T)) H &4 Comg(X,T)U
Ay WD TREFN X 4, L (X, T) — (Xo,Ty) = (X/A(Comg (X, T)), To) F4a M4y
Aest. A4, (Xo,To) A (X,T) MK S FRELRT.

3 & 8.1

L (X, T) A—13h i &g, UK X WERARERENARES. EY: FE X H— AR
%% {Xl ..... Xc} ﬁﬁ% X; = ﬂ;io T_jUiJ, Ui,j clu.

2. JEHIERR 8.1.5.



WHANB T R & MR %202 T
BEAE (B 4GS % §8.2 JUAYF) /) F MR A9 %] &

3. IEW]:  F Y EER TG RULF —X—3 T R
4. gy PR 8.1.8 Wy — P TRAIIET.

5. EBIEHE 8.1.9.

§8.2  JLMEhHFMEREZIE

X1, ORI HE PP E ZE R BORZI E mild 1B &, ¥ BRRY 85
PERT.

Blanchard,Host fil Maass 4] X B 1 B Z o B 45 i iy [Blanchard ete.2000] 75
Bl bE—e Zy P B S BOTERNTE G X— M ZRFE RV HE, BIEEHAXLT
B MR NRSE. RATEEAT R X A 2 SOE—30, FHEN T TEXAE
T b 555 1 25
EM 8.2.1 — A7) 4 %ARA 2 YEY, RIS EEWARERE U, K CU,n) — +oo.

VR Z,. P EBEET 298 RAVEIE 2 P BERY 8, REEATREHHAT
iR Zo YR EOE, ROTFEFATIH.
5|3E 8.2.2 2 ¥ ¥y A 4R LY.
JEER. & (X, 1) H—PBh RS, U H—DEREREL CrU) = co. X TAEER k N,
AHERRF]

Cr(U, kn + k) < Cpe(U,n)E.

XU T (X, 7) 22 P WES T (X, T & 2 ¥#m.

I, FATHFTFIEMA 2 8L & e (IR B 5] ). 0
S3E 8.2.3 % (X,7) & (v,9) A x. 4. (X,7)5 (v, B x.
EBA. % pn X — X NEISE o MBRAESE. EEF: {p,'(U): U R X B—IFE,
ne N} M T X W—ANFRNE. SIEAYIE B A XE = AR O

XMF—NAERE RS (X, 1), WRER Z R T HREY, Bathfhzh Wbk

B IRRD, (X, T) ARGHEHER Y HACS X PERRIES L U, VN (U, V) ={neZ:
UNT"V # 0y A2 BAERN TR LAIERA
TEIE 8.24 2 ¥V #KBAT VK.
JEBA. T 2 ¥ 8UZE & T e Gt (B3 8.2.2), MATHFIEWH: — N2 B RS m
BREYEN, IRACAE 2801, HEIPE 8.1.7 fl 8.2.3, — AN T RS 2 8 (5%
FUH) YEHAML T ERY R 2 ¥ (SCEY B ). FRERMTUMERE (X, T)
MR e LR 1 RS

W (X, T) RAYEH. BB 823, FEE—IHHH/NES (V,5) #15
(X xY, T x8) RAE#EN. BT (X, 7) BTeFidEn, X BAEIMLE, # X xY #wik
BAICLE. XEH T xS Z— R, (X xY,TxS) NARCGHEBR]. BF X yIEZ 48
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Ur, Up MY BJIEZBFFE Vi, Vo 15 Ny (Un x V1, Uz x V) = 0, X B Ny (Uy x Vi, Uz x V) =
{neZ:Uyx Vo (T x S)"(Uy x Vq) # 0}.

BT (V,S) B—M/NYFERE, BEEE m e Z 7V =VinT™V, £ 0. Bl X K
RAEZB AL Wi, Wy 45 W1 c UL Ml Wo € T7Us. IRAFRANTH

Nz(Wy, W) N Nz (V, V) C Ng(Uy x Vi, (T x S)™Us x Va) = 0.

B y € TransNV =V, 3 A= N(y,V) = {a1,a2,-- } C Zo. AXERWIE: Nz (V,V) =
(A=A, ={a—b:abec A FW: U={X\W,X\ W} B X H—MrlEE 5.
R Nz(Wi, Wa) N (A— A)z = 0, ATA: MEZH ij e N, Wi nT-(@—a)Ww, = ¢, i
T=%W, € T% (X \ Wa).

BaoeXMneN WMEzg N, T-9X\W), Bl 2 e U, T-9Wy, IBLTIFLE
1<i<n{ffzeT W bl ze T W, C j_, T-%(X\ W), Bl Oj_, T-% (X \
WU, T (X \ W) = X. T&, XTHEERN ne NNV, T-%U) = 2. [EEF] A 2
syndetic, BUFAE M > 0 X BIAR i € N #WE L a1 —a < M, B UY (A +i) =N. F
X PR n e NEAH N(ViZ T7U) <2M, bl (X,T) R 2 58 O

KT ZIE mild B, PEARTE, RIMNTEMTHTIE. BEEIZ—T Fy, Fps
I Fouba 23 BIAGREE TP 4,  piecewise syndetic JEMIIE ¥ Banach #ERAEFHI 2
1.
SI3E 8.25 & X A—NMREKMEZZR, T:X - X A—NEGHRS (RLA#HY),
(Y, 8) A=A 4%, n:(X,T)—(Y,S) AF%.

1. 4R (Y, S) HtEi# ey, AoLELE (X, T) 89— EEGT 4% (X1,T) HE 1(X) =Y.
2R AcFp, M2HELE—NTE BC A#F orb(1p,0) ABEGE 15 #(0,0,---).

2. R (Y,8) R—E &%, WLAEL (X,T)¥—"F E 4% (X1,T) HA n(X1) =Y
%2R A€ Foua RA A€ Foupa, BLHFL—N E 4% (S1,0) #4F 51 C orb(14,0) B
%1 #{(0,0,---)}.

3. %o R (Y,S) AWM, MALELE (X, T) 8—AH0EF 4% (X1,T) #HR n(X)) =Y.
4o R A & syndetic ( RA piecewise syndetic ), AAAFLE—PHAE LG (31,0) #1F
¥ Corb(la,0) H X1 #{(0,0,---)}.

MEBA. 1. @R 1.2.10 fIERIA, FAE—MER RS (X0, T) (15 7 Xi — Y AR/
1. HEM2 A e Fp B, ZFE—DNRE (31,0) WAFAEER EH 1.2.13 /] RISE].
2. v A (Y,S) M— PN EAWSCHENAZME. i1 8, BA—MEBEN TR
(X1, D) 15 7 : Xo — Y AR/ B p 2 (X0, T) ERAZRBER R 7 = v (EHE 2.4.11).
By € Trans. IAIMEEHR ¢ > Opn " (B(y)) = vBe(y) > 0, FEM supp(p) N
7 (Be(y)) # 0. B 2n € supp(p) N7~ 1 (B1(y)), HERMNIALRE 20 — 2. B4 x(2) =y A
x € supp(u). B m BWR/MER, 2 X1 —ME#EA. T& supp(p) = X1
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AKX A € Fpupa. HHERE 2.5.3 WIEBIRRNHIE, FAE orb(1a,0) EE—AAEM
BE AT w((1]) > 0. WOEAE p MBI MR i — D oe R o/ W2 1/ ([1]) > 0. T supp(y')
MERATTREN RS

3. % A€ Fps. FIEHE 1.3.6 WM, 774E A’ € Fs WilE 14 € orb(14,01). ABAEEAMR/
£ orb(1ar,0) C orb(14,0) RIS FLATHIEK. O

TR S L7 50 2 2R EORZIE mild IR &, ¥ BUR Ry #L
EEE 8.2.6 & (X,T) A—AHN 4%. ALXTH#AFH
1. (X,T) & mild 844, B (X,T) Q’iirx—?ﬁfrﬁéﬂ%:a‘z A%
2. 3 F X EBAFEREEETY Ac Fyp, Cald) = 0.
3. (X.T) A Fp ¥ 389,
4. (X,T) A (Fip — Fip)* 5149,
WA (1) & (4) HER 1411 AUMRE]L. (3) = (2) BEARHY. @ e 8.2.4 JEA]H13E
AR AT AR (2) = (1). TREAMAFIEN (1) = (3).
THEEAMBRE T A—DEE. X T—HROEE, RIET3E 8.2.3 FiEid 8.1.6, FA]
AILAIZ ] B R 78 58 U AR
WU ={U1,Us,-- U} 72 X B—NEFLAE R, A e Fp TR Cald) < +oo.
ARk, AVMRBE IP £ A H pr,pe,--- € NAER, HA pipr >pi+pe+--+pis ik
O ={1,2,--- b} ERTHEB 0,0 = {0, 1} LRTHEE 0. % 14 € Q F A WHER
BRI 14() =1 4 Y i € A MFEBH w e Qs € QB I (w,s) = S T Uwiiys(i)s
XHE Uy=X
H Cad) < oo, FEHE m > 1 fl WP, W), -+, w,g e O 75

U J* (@9, 14) = (8.2.1)
RXERN: B m = Cal).Haln) AR ULV T Uuipam) = X B m
(w1, w2, wn) BFJRE, XH w; € Q. B om BRI, %/—‘ Ha(n) 2 QF BIEZT
. B Ha(n) € Ha(n —1). HILTREHTHEIINEE Ha =N, Ha(n) 20T T —4
m$ w17" 7‘*)21)'%

I
U (@i 1a) = tim (JI(OV T Uopin ] = X
j=1 7=114=0

ENH MR TR m+1 B (w1, wm, s) € Q7 x Q B2k:
6 J*(wj,s) = X. (8.2.2)
j=1

RABRNINA FATHTHER H A2, THEHRITEWH H 2. & (wl,-- w),s") €
H, n € N, tL8F (wi, -, wm,s). I?@XTE%E’J n e N, #H U] 1ﬂz+0(§> T~ Uy 7(i)sm (i) =
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X, #: UL, méon_iUw]'P(i)s"(i) = X. HZE >0 % n — +oo, BATLIES.
Uy e T sy = X B 1 — +oo, RHMERIL (8.2.2) XF (w1, ,wm, s) BLOL.
WQrxQ BB R S = opx- - xopxo. FERIE S(H) C H. HT AR—NIP &, H
I3 8.2.5 M, FFEE—MERM RS (Y,0) W2 Y C cl(orb(1a,0)) HY #{(0,0,---,0,---)}.
Wra:H—QRES. WA roS=com N: SHEYY)) cr 1(Y).
EHR (W, 0l 1a) € H Y = a(z ' (Y)) HwoS =o0con, HEIH 8.2.5 Hl, F1E
(r 1Y), S) B—MEEH T REE (2,9) 7 «(2) =Y. T 1<i<m, &

Kj={((w1, - ,wm,s),z) € ¥ x X 12 € J(wy,s)}.

THERITEEH K; 2 X x X Bi—4 8§ x T AR 4.

wA{((wh, - wpy, s™),x0)} € Ky BT ((wi,-++ ,wm, 8),2). BT n e NE 2, €
VS T U ysniys BTARHERE n,l € N #E 2, € Nig T Vuniysney- ERE 1> 0,
& n — +oo, i v € ﬂﬁZOT_iij(i)s(i). Bl — +oo, BE 2 € NIS T U, (i)s()s
Bl ((w1,-- - ywm,s),2) € K;. T K; HWE. FTIEM K; @AM, &I
(w1, ywm,s),z) € Kj. /4 z € :;og T w; (8)s(i)- XBWE T e ;Lzof T_(i_l)ij(i)s(i),
W E, Tre NS T‘iUokwj(i).os(i). Bl ((opwr, -+, okwm,08),Tx) € Kj.

HoA Y # {(0,0,--)}, #E (w1, ,wm,s) € L s # (0,0,---,0,---). HATALs
B s(0) = 1. HEEF] {(wi, - wms8)} X (X \ Upyo) N K; = 0, FrA% i = 1,2,--- ,m B}
K # % x X.

B (8.2.2) Hon, ®i1E UD K = S x X, TREFE—A i #1% K BAFEEHH
. XA K AR H K # 2 x X, NI (2 x X, S xT) A AE#ER. X5 X /& mild
RAE M RBOTE. O
FEIHE 8.2.7 & (X, 1) A=A 4%. MARTHAFH:

1 (X, T) ARYT ¥4, WECHIARXTHEMT—/E 4%,

2. 3T X EBIRERE U AEEL A€ Fowa RA Fpua.Cald) = +o0.

8. (X,T) A Fouba ¥ #AG XA Fpua T #4.

4. (X,T) A Poincaré 1% ¢9.
JEER. FIFHGIHE 8.2.5, EE M TEM 8.2.6 FHERIERENIATLASE: (1) < (2) < (3).
(1) & (4) HEH 4.4.7 1531. O

S I=E AL

FEIHE 8.2.8 & (X, 1) A—AN4%. MARTHAFH:
1. (X, T) H¥ 4.
2. X TF X 9EFARBERE U S EEE Ac F RA Fps, Ca(U) = +c0.
8. (X, T) A Fs A RA Fps T #HY.
4. (X,T) 2= g KA.
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WEBA. FIH G 8.2.5, EEHATEH 8.2.6 WHIEMLEBEATTLABRE: (1) & (2) & (3).
(1) & (4) FEHE 4.4.8 1351, O

OR824 TR 828, RAEE] 2 57K, 2, 5 EORY BURATE S0 =AM
& RRERI, MTF—AHE F C Fr.

Fint¥ 8L C FYHL C §HL

B JERANTA— AR (BB 45 TRAS T B
[B]RE 8.2.9 #.3% Y A LA FH LM% ?

3J &/ 8.2
1. ERA 2 P8 & T HE8PE. [#7R: £ 0L [Blanchard etc.2000]]
2. SERLEIHE 8.2.3 HITEH.

3w X =Y R (X,T)F(Y,S) ZIEIH—AEFB. JEE: 2R e M(X,T), B4 7 (supp(p)) =
supp(mu).

4. B (X, T) A—MMEBEWBI RS EW: (X, T) BA F HERY BACYFE— TN AN ERE
TH AERMRATE B 5 AN, 4 N(B, B) A4 syndetic. [fR: MR U A—AE=E
FTHEWE N(U,U) KK syndetic, LABNTATUR A =X\ U;e, 77U ]

5. W (X,T) — (V,8) A—MH/MYE B, . WiR (v, 9) A F fEe, B4 (X,T) 78
R [ FIA 4]

6. MARXT TAERMIAERE S U FEEN S € Fu #E Cs(U) = oo, MAXREHET Finr § 2
(X & — MR Ry [ |

§8.3 1PHY F FRIRS

ORI T — MM REAFREH Y BACYER 7 ZEF, A mild B
BRI HALG Y (Fyp — Fip)* ARHEH.

W (X, B, p, T) H—MRIMB R SE. BRATHE: BHRBIREG 2 B A 5
A, B € B.Fq1 — imp(ANT"B) = p(A)u(B), A mild [REHZH HOCEXM AR A, B € B,
Fp, — lim w(ANT"B) = u(A)u(B).

I3 1 RGN B 1 RE R ARSI RMZ AL, Rl @/ FRTa )
ARGUHE I RN B0 1) RGP G R A E R 2R Z . flan: — s eI RN 30 )
ARGREFIR G4 B EBA BA EMEuEry I LB+ (REEH—ry T8 ); —
MR/ INE ) R G R IR G 0 4 ALY ERCA BA RIS HOER (HESFREELEM )
EFNHEF (FAE). H— B R X TR/NESIR S RGBT mild
RE ARG, 010 E G LR ERUTRELE HIER ? BOTTEX N, FLb—
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RN RGO ISR GBS HACEEN Foar FERT; O mild RE S HMHER 7
Bt Ay, TEIERLX e RHMRR M 1ER[E] T — 88 BRA R B, BlmEik3
—MRNIBI I RGN Fine TR S B ERTR A

HSERATHE)RER proximal 3¢ FR& M & -
FEN 8.3.1 & (X,T) A—ANTHHFHN 4%, SE Fur, Ln>2 KALEX

QuX,T) = {(x1,22,- ,zn) € X" :V 28§ 48R, Ve > 0, I 2} € Uy,

Ime St sup d(T "y, T ™)) < e}
1<k,I<n

THEELERAEH T Com(X,T) Ml QUX,T) ZIAIH KA.
5|3 8.3.2 &% (X,T) A—ANTHEMFHN ALK, S € Finr L n>2 A4 Comd(X,T) C
Qs(X,T).
JEER. & (21,20, ,2n) € QU(X,T). IRAAFAE xi WIRRIE U W2 o, Ui = 0 fl e > 0 ff
X TAEER o, e U, AUEER m e S #HH

sup d(T~ ™z}, T ™x)) > e.
1<k,l<n
H X BRBER, AR {Cn, Co, o, O} TR TN R

L C PR, A BT AER i = 1,2,k B diam(C)) <

2. z; €int(Cy), i =1,2,--- ,n;

3. C; U, i=1,2,-- n.
BAWS: NTFEER e {1,2,- k} I me S, 1<j <nffif§ T™(C)NCj =0.
B, XA e {12, R} AFLE 2 € C; M m € S {ifF T (2)) € Cj, j = 1,2, ,m.
I

]

sup d(T~"™(T"x), T~™(T™x))) > e,
1<k,l<n

XM diam(C;) < § T/

AU ={Cf,C5,---,Co}. BAXTEEA C; HREREI—A i€ {1,2,--- ,n}” 18 Ci C
Nses T7C () HI CsU) < k. Fl& (x1,72,-++ ,2,) € Com%(X,T), NI Com?(X,T) C
QUX,T). =

BAEFAT AT ATERA -
EIE 8.3.3 % F C Finr A3k, (X.T) A—AMBAIEFH) 4%, R (X, T) A F ¥
Wy, ML (X, T) H kF 1549,
MEBH. W53 8.1.7 HATHIE: — P3RS F RS AL ENBRY TH F I
. ERERATAER R T oy—A R, Hix (X, 7) B3R EATTEIEN: T X
PEEWANIEZEHR UMV A NU,V) € kF.
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BT (X, T) /M, FFE N e NEB UV T0U = X. %z e V. SITHEEW Ac F,
MR 814 F (¢, Tz, , TN ') € Com} (X, T), #EMHFIEE 8.32°F (2, T, - , TN 'z) €
QN(X,T). ¥ 6 >0 FIFES {UTU, - - TNWU} fJ—A Lebesgue (. 4

S = {neZ,:3; €cTV,i=0,1,--- ,N — {5
sup  d(T "xy, T "x;) < 0}
0<k,I<N-1
FAXMEEN A € F A (@,Tx,--- TV '2) € QNX,T), fifbh Sn A #
p. W S € kF. % n € S, PALFEHE € TV, i = 0,1,--- ,N — 1 {§i{§
diam{T"xq, T "1, -- , T "wn_1} < 8. FFPh, FFFE 0 < k < N — 1§ {T 2o, T a1,
s Ty} CTRU. BRI, T "ay, € TRU. # TTFV NTRU # 0, JRRI TV N U # 0.
XUl S c N(U,V), B N(U,V) € kF. B U,V ®EEME, RITIE (X,T) K kF 1514
7. O

WEIRHNE, M 833 X E REAMAL (EAHN —MIZBERSET ), 2N
[Blanchard1992]. [Yang2004] —3CHJ EZELRYIBA, WRIANNRGE (X, 1) K kF REH,
W4 (X,T) K F v 8. BAERNS B — MR, JF4E W AER/ MER BT 3 6
IR N
EIE 834 & (X, T) A—ANFN 4%, F AH—A#Hd5k.

1. %= R (X, T) A kF RA4, A2 (X,T) R F F#4.

2. 4R (X, T) AW, ALCH FHHGLARECAH kT Rb.
B, EOERATER (1). & (X, T) F kFIREGH. A TIEM (X, T) K F sy, HER
HIXTAEER S € F F n > 2 #A Com§(X,T) = X"\ A,. BEH (X,T) HEREH, A
AWTHFE () XNT X fMEBEIEZETFE U, U, Vi M Vo, FFEAEZETFE Us F1 Vs Hi45
N(UL, Vi) NN (Us, Vi) D N(Us, Va) (RETE 1.4.4).

FESecFMn>2 W (1,22, ,7n) € X \ALU; N o BI— DB, i =1,2,--- ,n
WY o=, WU, =U; HE 0 # 2 B U NU; = 0. ATEFH 0<ti <ta<... TR
ti € SR M TEBH meNRM se{1,2,-- .} #H T "Usqyn... N T Uy # 0.

B e SHHRE 1 >0 HEFE ()M, A = N,o NT"U,Uj) € kF. FH
FINS € Fur, W tr e NS THR t2 > 1. RERMEEKT] 0 <ty < ... <t WREITER
AR, HIEESE () A

Fiq = N N(T™"UyyN...NT "V, Us) € kF.
s€{1,2, n},i=1,2, n
IR FiyiNS € Fing, R 141 € Fiyn NS T i >t IBA b1, t TR FTEESKA I
R
WU ={U¢,U8, - U} & r=Card{zy, 29, -+ ,2n}. B r > 2, AUYTK 21,292, -, 20
RFHARN. W4 u = {Us,Us, Uy EE ke N MTFERHY s e {1,2, )", |
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ve € (Vi T8 (Usy) B Xs = {ws s € (1,2, ,r}" L WFPEAM ¢ € {1,2, )", KAl
AT |V, T5US,) 0 Xs| = (r— 1)F. G581092 | Xs| = b, 88 NV, T-5 () > (5
H U WALEMSN (21,22, -+ ,1,) € Com%(X,T), # Com%(X,T) = X"\ A,. XL T (1)
FIIERA.

N TIERA (2), RN IERA: @R (X, T) AR/ B F 3R, IBA BN kF IR GHY.
W (X, T) N FUEH. meEH 833,(X,T) 4 kF . (X, 7) BN #HHY. BN
(X, T) I/, (X, T) AS5iREGH. TREEH 444, ATH (X, T7) A kFIREH. O

— NI RGERRY YR, AURTEY Fue Y. R EE 8.3.4 M FFEBERIR
AR, TR AR BZER/IMER BRI TP B mild 1RG0 551R & #Y 8] B i ] 42 %) .
W (X, T) H—Eh AL, HER 826, 827 fl 828 HATHLE: (X,T) K mild iE&
12 BACSREN Ay U8 (X, T) MR B S HAOCEERN Fowa T8I (X,T) 7
B BB BN Fos §HUT. BATE X D3I RSN 5B BN, R EM a8
W/ NSRS R G A, T R ATRIER
EIE 8.3.5 & (X, T) A—AM NI A%, A4

i (X,T) AHYT #) B B ECARREE.
i. (X, T) A mild %42 B L CH IP* 1549,
iii. VAT 4 A F 4

1. (X,T) A55R44;

2. (X,T) A5 ¥ #4y;

3. (X,T) A Fiar Hi# 4.

WEBR. i BN Fine A—IRYIE BOR kFn SURATRAREE, HEM 8341, (X,T)H
T B 2 HAUY B RIE &Y.

i XHEER Fp M ER 8.3.4, §iF (X, T) Jy mild {B5 24 HACHEN TP REH.
Ko IP* B—MEF, Frlh (X, 7) b mild B &2 HAUS BN 1P 1£i50.

i, T T— MM RS, mY R (SFEHTHD S THIRE, RIA
MIER: (X, T) ARY B Y BAEERN Foa FEE. EHH Foua 22— MG H
kFpubd = Fivar, HEFE 8.3.4 Hl, (X,T) Hmy BEILHNMLEN Foa IREW. &5,
—MNENRGERN Foa BERIE HACEEN Foa FEK. FIL (X, T) 58S B 24 HAL
A (X, T) 4 Fpar 1£1HH). O
710 8.3.6 WA Z X T 49 mild 12449 X 8 Furstenberg #2 Weiss f= [Furstenberg- Weiss1978]
P, [Glasner-Weiss2004] — X FER T: 4R (X, T) LEA —ANH LFGG TR E
p AR (X, 0, T) A mild R4, A4 (X,T) A mild 2e4.

3 & 83
LEHT: R (X, T7) RFIREGH, BAIHMERER n > 2 8F Q"(X,T) =Q3, (X, T) = X"
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2. B R (X, T) A—PMRAPRBII RS, B4 Com(X,T) = Q(X,T)\ Ay TEMF R TIE
B, XHFAERER n > 2808 Com™ (X, T) = Q"(X, T)\A™ oz, XEAM™ = {(z1,...,2,) 25 = a5
KA i £ [ R: £ [Blanchard etc.2000] il [Huang-Ye2002a]]

3. MT =M/ ARG (X, 1).QX,T) B—IFMRR (LFELE). BEXMNTEEN A €
fipvQA(Xv T) %B%ﬂ/l\%{ﬁ%/\ ?

4. W (X, T) A=/ N RGEHXT AR A € Fip BWER Qa(X,T) = X°. Z2EXNTHAN
A€ Fip WA QR(X,T) = X" Bl (X,T) &N mild {B5?

5. MFEREH A € Fine, Comy (X, T) = Q4(X,T) \ A" X FEAH n > 2 RIERERIR/DIBI T RE
ALY [E: XATMBEASRA R, BIFNEMERR A € Fp #WAL. ]

§8.4 —LEI¥
HMELE X THREG, Bomy 5. Wy 8l ¥ RSy 8. i sR e m

FiRE C PomY L C YT C K
C YRl C et C Rt

X E, FRATKE —LH FRULHH: S5IRG. ARumd B iRy 8O AR 1 3 11 2 4%
BT, AR, BUTEEATERERY 8. P RSy 8O R F R s 1=t AT EAR
B — R B AR RS

B, WOTEE — Moy 80, (EARRSSIREMET. A, RITFE 5]
FREIE— 3 ) R 2oy B, (EAESIREGR. fMiBMl, FrEXEm—4)
FIFEBEFFEE: HAZED syndetic TERIBBBHE — 13 KRG LI (517 8.4.2). 5
— 5| B UEVE R SSIR A W A — 2 .
|38 8.4.1 % (X, T) A—NEBHNHN 4%, R X GEEIETHFE U, Y bk s=
sy€ly 1% s,s+1e NUU), A4 (X,T) F53044.
JEER. BT (X, T) ARG 8 HAUY B ey HEXMEEMAE =T 4E U #F N(U,U)
A thick #, BEIGIERATHFTENA: XF X EZIEZWIFTFE4 U, N(U,U) A thick 7. #
MRTUEM: R NU,U) BETREN k FELZEREE, RAaeBETREN k+1
IEELE B SR BB

®aa+1,--,a+k—1eNUU), Hfacz, AUNT U L0, 0<i<k-—1.
BT (X,T) MEER, BEHBENER, 71 ot te1 € Z4 15

k—1
(T7(UnT~ ) £0.
=0

k—1 ) . .
A D= NTHUnNT @), HRE, 775 s € 2, 18 s,s+1 € N(D,D), Bl
i=0
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DNT*D#0H DNT- D #0. B, T i=01,--- k-1FH

UNT- Y NT*(UNT-@Hy) £
(UNT~ )y nT-FD(U T~y £

B, T 0<i<k—1UnNT -Gty £ ¢ HUnT-CHtetoy £ g, FH, A7
Hs+tastat+l,- s+a+tk—1,s+a+ke NUU). i EEAIEAF, 3T X R
OE[ %%UNUU A thick . T RMBIEME 4.4.2,(X,T) HFEAH. U

TR GBI AR syndetic S2FHREB B3N 1 RS2 BLAY.
5|3 8.4.2 &% (X, 1) A—N4eir& A%, MAXNT X g2 FE U & k e N,
Ne(U) ={i € Zy : 2%i € N(U,U)} # syndetic 4.
WEBA. BSEiT k= 1 TEE. AR N(UU) AEEE, MNU) B syndetic. BAER
ﬁ%%‘ﬁ al € N(U,U) EI] D =UNnT %y 7'é 0. EEX m € N(Dl,Dl) %K/éx DiNT~ ™Dy 75 0.
I, UNT=UNT~ U £ 0. § {m,a1+m} C N(U,U). BEH a1 HEFEH N (D1, Dy)
A syndetic, T-J& N1(U) A syndetic FJ.

HAERBEMNTAEERN 1 <k <1 M X IMEEIEZTFE U N (U) 8 syndetic 1.
ITPBHER, XF X FMEEIEE 4 U,Ny1(U) A syndetic.

MR N(U) REEE, R4 Ny (U) BIRHK syndetic. WIREEGHFE o, € N(U), B
Dy =UNT2ay £ 0. 600, SMTFEZH me N(D),2bm, 2 (m +a;) € N(U,U). X8
YFAEER m € Ni(Dy),m,m~+aq € N(U). B o HEEEHHERIEZE Ni(D;) 24 syndetic
B, FTRL Ny (U) A syndetic . O

T G IERAR AR TR E — A8 R G R SR U T A A
S|¥E 8.4.3 & (X, T) A—ANEBREUHNN 4%, = ACH—MEEE. wRNT o 89EE
ARIR U KATARF M -
(%) MEE rcZy, Bk cNEF N, (Ur)={neN:2bn—rc NUU)} H thick
9,
AL (X, T) A#mT 34,
B ESE, ®OURE (v, 9) AFHRHRIMNEN R4, B UL U, X BJIEZEFE, Vi, Ve
Y AR, B

N(Uy x Vi,Uy x Vo) ={n € Zy : (T x S) "(Uy x Vo) N (Uy x V1) # 0}.

B = At al, ATFLE no, k 13 U = T~ (Up) nT7H(U) R = l—DARE.
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I

N(Uy x V1,Uy x V3)
= {neZy: (Tx8) "R U, x V)N (T x ) F Uy x Vi) # 0}
= {neZy: (T""NU,nTFUy) x (S~ RV, N SR £ 0}
S no+{meZy: (T7"UNU) x (S8~ M0+hy, 0 §=ky) £ 0.

BT (v, S) HA[ e RS, MFEEEEFE V cS™FW) M re NEE SV C
S=(no+k) (V). FFLA

N(U; x V1,Us x Vo) Dng+ N(U x V,U x S7"V).

HIPEIT (++) Hl: FFAE ke (875 Ny, (U,r) 09 thick. H15[BE 8.4.2, Ny, (V) J9 syndetic HY.
FFLL Ny, (U, 7) AN, (V) # 0. BUm € N (U,r) 0 Ny, (V). I4:  2Pm —r € N(U,U) H
%rm € N(V, V), HET

2krm —r e N(V,S"V)NN(U,U) = NU x V,U x S7"V).

FFLA ng + 28m —r € N(Uy x Vi,Us x V3).

BAEMRIKL (Y, S) A—MRINEIIRSE, (V1,5) K (Y, 5) WBERYT 7E. B4 (V1,51 H
—A R TNED RS B EEBNTR, (X <Y1, T xS1) AEER. B (X <Y, TxS)
H (X xY1,T xS1) —PRHEF, 8 (X <Y, T xS) WHEHER, Bl (X,T) ARy 5.
X SER T FRATHIUERA. O

AT EEmnEs, HATH:

EIE 8.4.4 FLEMIHT A, ETRAFRGWGHT) 4 4.

B, HATHTEPIMFF S BER (5, 5) THERIMTrRENSI &%, b, 1
REN—NEE R 2 = (vo,21,---) € S WHERG. HTHEX—K, RIS
—FIERF C; 15 Ciyr BIFFIRECH Ci H o R C; BIMRBR A

WF:N—NxZi H F(l) = (o(1), (1), #15 o(1+1) <1 HXFTAEER (n,r) e NxZy
WREETREZA j e NTR F(j) = (n,r). BSG, B

Co = (0), C1 =(0,0,1,0,0) = (wo, 21, ,x4) H k1 = 5.
/Q»\

Wl:{Q}Z{i:xi:1,i§k1—1}H31:W1—W1:{0},
HftA-B={a-0>0:a¢c Abec B}y THRITRHENMHE C. AR C WRER K,
& X

VVl:{iixi:1,0§i§kl—l}ﬂBl:m—Wl. (8.4.1)

i&ﬁlﬁ‘, Bl ?ﬁ/@
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(1), 1 ¢ B, HA#E {s,s +1} C B, §J s € Z, RIFAE.
(2), C, IFFIRECH Ci1.
AR, =18 (1), M (2), WL AERK C, CEWEF (1 <n<1), HFHZ (1), M
(2),,. FATATRME Crpa.
W o1, pis ot o HFRFERIEREEL. 4

qii = 2k¢(l+1)+1((ﬂ + Z) - kd)(l—i—l) - (70([ + 1)7X‘:|‘ﬂ:2 = 17 27 ce 7l + 1. (842)
& 3L
Cl—i—l — ClopmC¢(l+1)0qz,1C¢(l+1)0pz,2C¢(l+1)0qz,zc¢(l+1)opl,3 -
L1 Cly 4 1) 0T Clyg 1. (8.4.3)
é\
a) = ki+pi1, ab g = kggen) + pri Boaby = quj + kg, (8.4.4)

H (8.4.1) F1 (8.4.4)
2(141)
Wi =W U U (Woag1) + (ab +ab+---+ab)). (8.4.5)
k=1
Bl Weainy C Wi, 80 Wi — Wyagr), Weasny — Wi C Wi — Wi = B T (8.4.1) fl (8.4.5)
EATH:

2(i+1)
Bl+1 Cc BuU U ((all —I-CLlQ—I----—I-aL):tBl)
k=1
u U (@ + b+ +a)) £ Byupn) (8.4.6)
1<i<j<2(1+1)

Bopa,pie - oo @ 158 By W2 (1), (BOEE—NE2T).

Wz =lim C,. X K = %% S THEMWA. THRITEN: (X,S) Aikimd 58
HARAFR G,

WU ={yecX:y =1} M4

N(x, U W, HN(U,U) U B. (8.4.7)
=1
K8 By C By C Bs--- HXTFrA® 1,(1), #W L, Fridk N(U,U) A thick, #E1 (X, 5) A
HEFRE .
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AL (X, 5) WRGIHE 8.4.3 FRIMEIR (+x). BN = HEE R, # (X, 9) mf&
). X o BRI V FEn e NER V, = [0, CV. K reZy, R k=k, +1. H
F @y CR: FFETRZA 1 e N fiifs

Fl+1) = (¢(1+1),0(+1)) = (n,7). (8.4.8)

B Crg BIE S, (8.4.3) Ml (8.4.8), AAEIIE

N(z, Vi) D {dh,af +ab, -+ ,af +ab+ - +ahy ;-
Hi (8.4.4),(8.4.2) Al (8.4.8) F A2
ab = qui + kgurn) = 2" @ + 1) — oL+ 1) =28(q + 1) —
5N

N(V,V) > N(VaVa) = N@,Va) = N(&, Vi) 5 {abyaly -+, abpy]
= g+ -r2@+2)—r 2@+ 1+1) -1}

N (Vir)={neN:2*n—re NV, V)} D {a+1,q+2, ,q+(+1)}. XFEH N,(V,r)
2 thick {4, FrLAHSIPE 8.4.3,(X, S) Mtk HH. O

Bk — Ao B R A AL T HA I Fis 8K RS, FTLAHEHE 4.5.3 R Fs
ey, TR E DR B EARN Fo RN RE. BRENFE A
ORI IE— 3 ) REE T R B
B3E 8.4.5 % (X, T) A—ABEGH N A%, o« HEESL. WwRAT o GEBAR U #
MR (%) : MTHEEG recZ, fmqgeN, HEp,...,pg>r BIFTA 1<i; <j1 <gq
A pingjy —r € NUU), EF iy =S8, p, AL (X, T) AR Hb.

EBA. B (V. 8) A—ANFH B R IATFHE Y EH— AN 12 supp(p) =Y.
B ULU, 2 X BAEZTTEE, ViVe B Y BT84, A4 513 8.4.3 BIERA, 7R1E no,
v, o BN U Y AR TR VS

N(Ul x Vi,Us XVQ)DTI()—FN(UXV,UXS_T(V)).

B supp(u) = Y, BUFEE g € NI u(V) > L > 0. 3 Uyr,q FIRIRA 10 B AT 753
P1,.-.,Pq >, 1%151‘;'{"3:4%%% 1< Z.1 < jl < q %Igﬁ Diy,jy —T S N(U, U), ;H\:EF' Diy i = Eglzllpl
RV, 57 (V), .., STt (V) SRR, R4

p(VUS™PL(V)U.. . US~Prttra (1)) > 1,

FRAFE 1< i1 <j1 < ¢ HfF VS Pun(V)£0. FI pi,j, —r e NUxV,UxST(V)).
i3

Diyji — T +no € N(Ul x Vi,Us X Vg)
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—REL T, ®I1Z (V. 9) F—PNE RS, M1,5) 8 (V.S WBERY 7. FEA—1
fRIRMIZR ], AXERIE: (Y1, 51) WA— E RS IBAHBITAITRH: (X xY1,Tx5))
FEBE). BEHR (X XY, T xS) K (X xV1,T xS1) H—PHEF, (X xY,TxS)WhEiH
1. IXERSEA T B AT IR, O
EIE 8.4.6 A LTEY Y, ERAMMBT KGN T) 4 4.

JEER. FAUNS KRB 7%, BRI IE e 5o . IRATE —#F, ROTREM A
oW HRHER (3,5) PTHERRENIDNRR, FELE, HRZEI —ITEEH = =
(zo,x1,--+) € X WHEMA. A THEX—K, RITHAMEEFNERFE C 515« K

B\, &IOS {6()} K 2y B—DFFIEBXTEAN i cZy, GRREAD j €2, W

2 o)) =i HL

C() = (O), Cl = (0,0,1,0,0) = (xo,...,a:4) _ﬁ_ kl = 5.
Bw)={2}={i:az;=1,i <k —1}, H BY =W -w)=/{0}.
KAPRIFGHAAE Cr. 2R O MKER ki, F T X
WP ={i:a;=1,i<k—1}, H B =W - Ww).
M, BY R

(1) 1 7€ 1o FHIFAER D

(2); C) HIFFERBHN Cry.

B, (=18 1), 1 (2), AL, HIERK C, EEMEL (1<n <), HHE (1),
F(2),,. AT T KA E Crpa.

Bpl,ph, b Pl 2k (1<i<j<I+1) BFFEMEER MF1<i<j<i+1, %
¢ =Pt +ps  + =+ D))k —e(+1) CHEATAE, BEREMN). B 1<i<j<Ii+1
W, AL = C0%iCr. Hig

I AL Al L l P! l Lol L ! p!
Cl+1 == A1720 1’2A1’30p1’3 “e Al,l+10 1’l+1A2730p273A2740p2’4 e AU_HO l’l+1.

H Cr WIREFT (3.1), 1152
W = WP + (o + )WV + (dh o+ 1) + (0 + 1)
U U+ (dlo+ k) + Gla+E)+ .+ (g 1 + k)

i’a (ql172 + klapll,Q + kl7ql1,3 + klapll,?, + kl7”’7Q§7l+1 + kl7p§7l+1 + kl) jﬂ
(all,aé,ag,...,aﬁ(lﬂ)_l,aﬁ(l“)). A4

Bpyy =W, — Wi, :BlOU( U ((aé'l +"'+a§'2)iBlO))'
1<51 <g2<I(1+1) -1
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X1 <i<j<U+1, AT pL, b, -, ph; B4 BRy W2 (D

W =lm_C X Kz 7E5H S THEMME. MU ={zre X : 2 =1}, N
NU,U) =UZ, B & Foupa- FHUA T, (X, S) ARty 8. @i &R gESH,
AT 8.4.5 RATREMIEH (X, 9) Ay HA. O

3 B 84
LER: —NRIMETMSIT RS ( E RS0 WHARYT RORAHIMERT ( E &R50).

2. % (X, T) WEEMHNRES, (X, T7) WEMARY T, pi: X — X HBE i MRIFHRST. iE
Wl: 44N i € Nop; A/, b, FATATLAES L —A%3. [HRR: MR AN X f—F %
T4 HWEMERER « ML pi(A) = X, R4 A= X ]

3. SERRETE 8.4.4 MIEH.  [#ER: &M, [Huang-Ye2005]]

W

\

W

4. FERERE 8.4.6 WIEHT.  [#277: £ W [Huang-Ye2002D)]

\

RNELEXTHES, W 8L P BAM mild JBEMHES, FFERT

MRS C WIE CIPYRE C mild RS
C JFa BE CFs IRE CHIRA.

X — B, FRA TR i — 28 B A ] 7o 1t B -
SRIES C WY H C IPYRA C mild IRA-

KT mild IBE. Foa BE. Fi REMHIRG SEAMRIVERAIEN, FLATE BT
.

HiEHE 8.3.3 Al 8.3.4, MR SAL WY 1L I HAEMR/MEE TRZ WML, BAER]
B— AR, BIEERT S ISR RG R —1 E RS, WREARMERRE, 2B

[Huang etc.2005] $8H T, MR (X, T) AT K, WX TEER A € Fur FUEER
BRI ILRIFEL R U, PP ha(T,U) > 0. I, —D3hFh K B3 RGN HT R
N T4 B — T RUEA Y iRIB S B 1 RGBT, EATFFZEM T & X
EX 8.5.1 =) 4% (X, T) ARALA BER P, = R4T X PAETARANEZT G
£ UL Uy, Uy, HHENENEIZ, REL>2H s=(s(1),s(2),---,s(k) € {1,2,--- ,n}",
Mol e X HR 2eUyyNT VU N NT-FDNY 4.

LATH
|32 8.5.2 AAFRMA P s ) A4 A6 K49, B AHT #49.
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JIEEA. L B i~ . O

7€ [Blanchard1992] —3CH1, Blanchard #1& T —MNERFERE A TR (X, 0) {#
1% (X,0) A—1 E RGEEAFRIEGH, HEHBFEXHER 4 7 (X,0) BA®RMER P.
B ARRATEL A
] 8.5.3 F LH T HGETAHIRRE G A%,

BZ—TF, MR ACZy, BAA-A={a~b>0:a,b€ A}, (A—A), ={a—b:a,bec A}.
MR FRL N—TEES, W F-F={A-A:AcF}. HNHE: X, T)H Fouwa ¥
e (R sRYHUw ) J:‘:E&J:‘: BEH (Fouvd — Fouwna)* FIBHY, K Fos ¥HAY (BT P7HL
1) B HACEEDY (Fps — Fps)* RIERY. — iy, RATH
EIE 854 & (X, 1) A=A A%, FC Ft A3k R (X,T) A F ¥y H
Bimaty, A4 (X,T) A (F—F)* B4y,
WA, BT F AR ETE B AT T T RFEAZE, BITAGRIK (X, T) H F I8
HASMRGW ¥R HE, RITAWTEE:
B E . MTF X BEEIESHE UL, U, F1 A F, ¥H Ny(Ui,Us) N (A — A), # 0.

BT 5 4998 WS AL, IRATFE X MAEZFE UL, U Ml A={a <ay<az<---} €
F R Nz(U,Ua) N (A= A)y, = 0. BOHEBH i,j € N, #H Uy nT-@-4U, = 0, ki
T-%U;, ¢ T~% (X \ Uy).

WereXneN WRzgN_ T9X\O), Blze Ui, T-%0. TRFEL<
i < n iR v e T74U. B o € T-%U, C (jo, T7%(X \ Ua). FrLA Mo, T (X \
U)UNj= T~%(X\Us) = X. TRMTEERN n e N, BH N(Vi_, T-%{X\U1, X\U2}) = 2.
HI, (X, 7) AR FIEH, FE ! X5 T WS uEs.

wULU, A X MAEEFFE. B (X, T) ASEIREMN, FEneZ B U =Un
T Uy # 0 FFHV =UnT U, # 0. BIR, Nz (U, V) C Nz(Uy, Us)\Nz(Us, Uy). HWTE, Xt
TAEEM A e FHA Nz (U V)N (A= A)y, # 0, FEM Nz(Ur, Uz) NNz (U, Ur) N (A — A), # 0.
AELFL: TR n e Nz(U,Us) N Nz(Uz, Uy) N (A — A),, R4 In| € N(UL, Up) N (A— A). FF
PL, MTEER Ae F, BATH NULU2) N (A—A)#0, Bl N(U,Uz) € (F - F)*. O

2 A = Fint — Fint, BATH
L 8.5.5 HY BKEL T A B,
VEER. AW BB I RGN Fue T EUM HSSIR G, IRAHEH 854 HIE N A* 1%
. O

DI ERATUEHA: W9 1L # IP* BA.
5 8.5.6 # 1 IP* BE W ABRY KN 4 4.
JEEA. HAER 8.5.5, WY AL S T A fBEpE. B, OTHEME A 1P FEA{HEA
o AN ESTE ORI E

A S={s;eN:sj1>40_ sp+7), jeNy. BAiTH
BT . A=7Z,\(S—5) MFBAER IP* &, IR, M TEEN keZA+k={a+k>
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0:ac A} KA P 4.
W E 89w . BN, BFEE ke Z [/ A+ kAN —N P & TEFE—-TIPEB
WE BN(A+k)=0. NE—HM, & BAH O <p <p2 <p3 <--- £ IPE, H
Fopipr > X pi RN BO(A+k) =0 H (A+k)U((S—8)+k) D {lk|,[k] +1,- },B\
{0,1,--- |k[} € (S = 5) + k. #: FF1E N > k| +1 {75 By C (S —95) +k XH By Al
PN PN+1, - BT IP & BAR, py > k| + 1.

AL i > N B pe (S—95)+k Hpi > [k, FF1E n(i),m(i) € N 2 n(i) > m(i)
H pi = sni@) = m@) + k- EEF j € NIWFH pi1 > pi Hosjun > 4005 sk + ). B,
n(i+1) > n(i) Hlimi on(i) = +oo. BNy > N {1524 ¢ > Ny B n(i) > |kl

i iv > i > Ni. BA piy +pi, € By C (S = 8)+k H pi, +pis = Sniiy) + Sn(ia) —
Sm(in) — Smiiz) + 2k, TATATRAFRE] 1(i1,i2) € N 15 piy + iy = Sn@y) — Sigin i) + & CHT
sjr1 > 4000 s+ 7).

Sn(iz) + Si(i1,i2) + k= Sm(i1) + Smiz)- (851)

B2 n(ia) > k] H n(i2) > m(iz), B (8.5.1) Hl spiy) = Smy)- FTAZ i1 > ia > Ny B

n(iz) = m(ir). BT n(N1) =m(j),j > Ni+1, B4 e NI n(N1 +1) =m(j),j > Ni +1. N
MEAFL, 20> Ny B n(i) = n(N), X5 lim; oo n(i) = +oo FJE. XELTEH T W5 1k
HH.

é\

l
Fa={B CZy:Tirig,- iy € ZIFEH B [(A+ix)}.
k=1

B AT AR 1P R SSIRZ T AR TP 8,  Fa A T-HBAZER thick &K H.

Fa WEB—NICREE 1P 5. Hh Ac Fa, HEH 4.5.3, BF 4 Fa LA 3 1 K2

(X,T) f1 X f—HEZIHE U fiifF N(U,U) = Au{0}. B2y Fa BERE—PICRAE 1P

8, (X,T) 4 1P &y, #EMMi, BT N(U,U) = AU{0}, B (X, T) AP RS, I

TATATLARRNAE T U, U c U BER UinUs = 0. BAR, N(U1,Us) C N(U,U)\{0} = A

WELEYL, N(Ui,U2) N (S —8) = 0. FrLh (X,7) Aoy A* f&ihfy, #EMmAER 8.5.5 HIA

RTETHO . XS T R AR O
e, EATH

5l 8.5.7 B 1= mild AL A IP* REWFH T 4 4.

TEBE. HEH S € Fiue M7 S = {50 € N+ 500 > ASL_, 50 +9)). B B A S PP

B A A=7, \BA, =N__(A+i), ke N [EEkeN, BITA

Bz . XMFPEEWE a>si01 Ho>2a 8 a,beN, BTH Axn{a,b,a+b,b—a} #0. §F

AHL, Ay A (Fip — Fip)* 2B

W2 9 - RIS AL, IBATETE a,b e NI a > spi1,b > 2a 158 Apxn{a,ba+
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bb—a}=0. HAHab—a>k+1, FiTE
k
{a,b,a+b,b—a} CZy\ (A4 U{0,1,2,--- ,k}) C | (B+1).
i=—k

Lk, T j=abatbb—a, FE—NERE L, CNF |n;| < k155 = Zzefj 51+ nj;.
HTF a> spi1, A max{l,} > k+1.

S} |(Ele]a+b s1) — (Erela Sr + Zte]b st)| = naty — (na +mp)| < 3k H2 j € N B
siv1 > 407 si+j), AMEEKI: LA, UL) C {1,2,--k} H I,nI, c {1,2,-- ,k}
RO, BATA: LAJLLU-o) C {1,2,-- k} H Loanly C {12, k}. FEilAY,
I,nI, c{1,2,-- k} HI,\I,c{1,2,--- ,k}. XEWE I, C {1,2,-- ,k}, HmaxI, > k+1
FIE. SR T WS B e,

WFa={BCZy:3ke NG BD A} HTY ky > ko B Ay, C A, H ETHAIW S
He Fa A—ATBALR thick &, H Fa PRENITREA (F, - Fip)* 8. HEH 4.5.3,
FE—D Fa 5131 I RS (X, T) Ml X (g — N HEZEH4E U [fif5 N(U,U) = Au{0}.
N Fa WEADNTTRIE— (Fp — Fp)* 8, 8 (X, T) F (Fp — Fp)* Ry, B mild &
HH. HEMHT NU,U) = Au{o}, 51 (X, T) Ay—DREEARSE. i, EATHLAKE]FE
IR U, U CU R Ui NUz = 0. BAR, N(U,Uz) C N(U,U) \ {0} = A, it EL,
N(U,U)NB =0. B, (X,T) AR IP* fZify. M 7, (X, T) A—4 mild BH
B 1P &1 3 1 BRS¢ O

SRR, RS0 TSROk GBS0 REGETA%, BA1R: HE6
M5 N(U,V) . BIRVERENEG AN, BATEA R EALE I8 B 458 TRy ER 7.5.1.

FEfEE BENEE SERERBCU) BARXME

SRIE & HIRRE N in NFTE
T A*EE? +00, VA € Fint NFTE
mild JBE  (IP—IP)*4 +oo, VA€ Fyp 11y 2L
S9TR A thick%E JF5 > 0 NFTE
T G ? GRS D]
RAE Poincaré®s  +oo, VA€ Founa ERGE
K EIF=ES +00, VA € Fps W/ N RS
599 1L ARHN ANAFTE? PUNDE S S
SEEABBA RE NAETE? IEESER
&% e S ANAFTE? TRIRE
K 7.5.1

K& 7.5.1 A0 RAERE. Biln, B (X, T) A—AEhhRE, 4 (X, 7) 24 mild B&



i BN A oWk % 220 W
BAE i AktH % §8.6 Fy K, YA gARH

= HOCEERN (Fp — Fp)* REW, HEMNENT X (EEIETLARITE R U
EEH Fp £ AFE Calh) = +oo, JHMNHEH AL TERILIERL.

3 B 85
LAE#:  Foa BE. Fis BEMFREGRZEAMFEMIHEER. -5 FAEHE 452
2. W] mild BEM Foa BERF.  [FBER: WE—DIP B AEGR A-Ad Found
3. IEHIGIFE 8.5.2.[#8/R: S EHE 8.3.4 MUEH]
4 GEH: REAF—AZ%ER P #ES: FRE =P B#R: EEZIFRE A LT BER]

5. PIAT HUARAHRBUE BN HY Y 2 By RO B FM TRy e [ XWAMEES
BA L. |

§8.6 FOY RN, ¥ RIFIRLRF

— NN RGBT BEEEH AL T AR IS EELERS.  BR, Ry
B C PR C BTTRL 7SR 3.7 W, RATIE A EAR R TR T AR BUEAR RS IR &
2R GE, MRS 8.4 W, Ffi14s i — N EARS#+. BUTE, ORISR Y B, 7B s
BRI B ARE A3 R . R F T2 8.4 W 3RNTHZIR NE, 72X BRA TR
FBAREAFRIS. T HRARAR IR BAE S ILE 3.7 978 [Akin-Glasner2001, Glasner1998].
BIRFEN A RERF I B 559 BUR & AR [F] 89 3h 1 A XA 1, (HJZ 3 ATHT LAKE )
TR A R SRR R 1 B AR R A A TR A

B RAEAEAR N Poincaré J 51 o] 5 4 Fri=1987 | Bir DLRTH BB SRAFR IR HOM Y BUZ
AR VR, (R TRIDEATE R G XA FE LRSS — 13 1 Re L 8,
FrUAAREAIC W, X —WE, RITET RS RY B 55 8UE &2 AHF /3 1%
PEFOX AR b, T B FRER ] — LSRRG B B, BRI A4G TS
B B EEEIE . N5, RATERBRA — 58800 BARE 9N L g H
AEEAR SR, Shrdf, FE—NLTFEEELE RGBT BUEA T B

BZAEE =5, ERBMERZN X 3 Y fESEEGT 2k C(X;Y) B, &I
XTER: D(g1,92) = supex d(gi(x), g2(x)). FATEXANE & TS E GBS S
HEER), AL O(X; X) A— DAl EREHMERE. &t Homeo(X) C C(X;X) H X B &
W E R 2. R DT, Homeo(X) EM—15E&WHIMNE. XT Homeo(X) 1)
BRI F#E A, DA A ER—PAZER.

oo e X, @ XIREBSN ev, : O(X5X) — X ew(f) = fz). EN—D—BESL
ML, R (X, T) A—N I RS, 4 X ER—PERE, € X dr(z,y) =
SUp;ez, d(T'x, T'y).

TG B E R 3.7.1.
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53 8.6.1 & (X, T) A— NI FREL A%, v € Transp(X). Bl Ar k&7 C(X;X) F
{TH i€ Zy Yy 89RE. AL Ar A C(X; X) 89— X 3%eT8, ZWBATH {T:icZ) £ Ar
PARER. E LIRS v, C(X; X) — X TRHIZ) Ar £, LT —/4~2] (Transy(X), dr)
e FIRER, B

D(g1,92) = dr(g1(z), 92(x)) Vg1,92 € Ar.

MNP —MNIVFEEELERE (X, 1), Ar BOF— N EAARERNAIME, FFHE T
PrAE s E AR E L P R Ry — iy, —A BER 15— AX (G 9), HP G h—
MRAAEERIIIME, g€ G AENT ¢ —MREIERTH. — N hIME G 30y
/NI BIRARY, WA EAERA 1 O G L ME— Ay LERFALE.

WX NRBERZNH GOX) MIERFIFERD X 17 Gs WHE LESNE 1E
Ry XMT f e GOX), & C(f) = {z € X« f1E x fbiEEE} H ||f]] = sup{|f ()| : =
cny Hh,

1f1] = sup{|f(z)| : = € D € C(f), DTE X *FH%}.

GC(X) 8 A eREL f T g FROPILTFALALARSE (f = g ae) AR [|f —gl| =00r {z € X :

flz) = g(a)} 4 X BIBER) G5 8. TR f # g ae. FMTIAE X IR U 5
f(x) # g(z) XTIAH « € U AL
W (X, T) NS IIRE, T°:GOX) — GOX) N T iFFRIBA, B 7(f) =

foT (f € GO(X)). A4 T MW IFH. [|IT*fI| = ||| (f € GO(X)). TEAGIEIRIERTF
BT T* $FigHh T.
S[3E 8.6.2 & (X,T) AT aI&N ) 4%. 28 \e CHRA (X, T) 69—~ generic 4 4L14,
R ERE FEGOX)BIF f#0ae FELTf =N ae. HF fARH (X, T) 49—A generic
Hied gk Aa LT AN 8). (X, T) TR generic HIEAWG KT A Fig(X,T) X Eig(T),
BT XN GGPTA generic AR KA IRIT A Eig(N).
el 8.6.3 & (X, 1) A—MNLFFREELELA, A A CX;X) T {T" i€ Zy} &1
. A2 (X, T) ABFHGLERBEAERE (Ar,T) AR IIUF R HR 4.
IEBH. 1% 20 € Transy(X),y K Ar B—MEZSEFHE. B4 f =v0evy, : Transp(X) — T N
Y(T) B — N HEZFRIELE generic FFAERREL. WR (X, 1) RS5Y 8, B4 (T) =1. Bt
MFEZER ne ZHA v(T) = 1, KELEWEFE ~ FIL. FrLL (Ar, T) At/ NLFFE #
.

Rz, & (Ar,T) AR/NLF R, B € Big(T). ABATFAE— M AEF By LE WL
f : Transp(X) — C W EXPTAH @ € Transy(X) #H f(T2) = M(2). 4 g(2) = $2, ¥z
Transt(X). P4, |gx)| =1 H g(xo) = 1.

Wy Ar =T R v = goevy,. W v AIELER, HIMEEH S e Ar #A 1(To8) =
A-(S). THEHIRITEIEH ~ H—PEEFEZS.

W 51,5 € Ar. B ng,my, € Zy fHi15 C(X;X) W T — Sy, T™ — Sy, IR v AiELE
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H, A

Hm A™ = lmy(T™) = 5(51), Bm A™ = Limy(T™*) = 7(S2).

Gy WAFAE siti € NAHE limy_ oo T = Sy 0 Sy H. lim_ oo N 7™ = ~(S)) -
7(52) i&ﬁﬁ3

Y(S1) - y(S2) = lLm A"t = lim (7™ ™) = ~(S; 0 Sy).

1——+00 1——+00

UL T~ A—DBEFEAS. B, 8 Ar B—MEZEFRHME. BT (Ar, T) IR/NLF
JAEARy, By =1 ¥Ry, A=~(T) =1, Bl Eig(T) = {1}. O
WG AH—NHINE. R G BA AohmtEmR REN G ERATHIINARSR (X,6)
HAEE IR v e X, fl g(z) = 2,Vg € G. AXERAE: —DMRIME G R ARSI ANE
B HAUCS PR G RGEAME—IR/D G R4
BATHEREL 3.7.13 HELIEH T

@l 8.6.4 &% (X.T) A—NLFFEELA%L, A AT CXGX) P {T :icZy} 61
. AL (X, T) AT G L ARG ELEH (Ar,T) LA R EER.
T4 A TR R B

EIE 8.6.5 AT 4R F M Ak -

1. B A—ANP 046 A BAE AT AR U R R GY, 2R EH RFh s

2. HE—NREWGEAER (G, g9) ®FCAMDILE AIG, 2RALF R ER.

S BE—NBITBELATEKGILTFFRELLL.
JEBR. (1) = (2) & G A—PHAMBRIME, FEEAR/NLUFRSIERSEG AR A
. o FE—NEETFILIRD G R (X, G), W, FE—EENB 7
Gx X — X {fiff n(e,x) =z H n(g1g2,2) = 7(g1,7(g2,2))V x € X, HH e G WHLLTT,
g1,92 € G.

EX ®: G — Homeo(X) H ®(g) = 7(g,-), A & F—AHEEPS. H Ac KFR
Homeo(X) 1 ®(G) WM, A Ac i Homeo(X) BJ—AHZHFHE. HI, Ac H—
MEHEMEE —MAZERE d (FRIMNE B G MEAER, R4 F71E g G g &
IR FREAE G HATER. 8 (Ac, ©(g)) A— TR HERE.

HTB A x X — X (BXH (h,z) — h(z), Vh e Ag,x € X ) HERGIELH H.
(X,G) AWM, M (X, Aq) A—NEFILAIR/DN Ag Wi, XU T, BAER (Ac, ©(9))
ANEERDEER. & x:Ac = T K A ERI—MEZFRE, A v =xo0® N G L
—AEELEFHE. BT G ARNUFREMR, v A FLE. FRale, () = 1. B,
X(®(9)) = 1, B x A TVJLRIFAIE, XZE Ny ®(9) MR TR Ac THE. Xl
BT, (Mg, ®(g)) AR/NLFJE IR

(2) = (3) & (G, 9) A—MIERM AR, TAR/NLFRBREARA AT R
Bph G EH—MHENATERE. EED, (z,y) =min{p(z,y),1},Vo,y c GHH G
ER—MHEEARTER. AR, AMKIKY 2,y € G B pla,y) < 1.
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WA B G- 17
h(g)i=plg'ge)=plg.g7"), Vi€ Z g € G.

QR I7 G MAE. Ba: Qo) A—NLPFEEEZERS, Hh:G-Q R G
B 1% ) —A—BOELEATHRA 2

1. h(G) C Trans,(£2).

2. MTAEER g1 € Goh(g1) = h(gg1).

3. XM TAEER 91,92 € Gop(g1,92) = do(h(g1), h(g2))-

M As AR C(Q) H {o" -0 € 2y} BIHA. HI5[3E 8.6.1, BLLRIEILS evy) -
C(Q) — Q Rl LT —4 Ay Hl (Trans, (), do) Z 8] 855 EEBRGT.

E R (G, p) Fl (Trans, (), d )jﬂmﬁﬂﬁriﬁilﬁl, 1 _ETEHY (3) #1 h(G) = Trans,(Q).
M, evyoh:(G,g) = (Ao, o) H—MAEHEF. iT ¢ = evy oh, IA ¢(g") = 0", Vn € L.
HELE, o WARIMEZRIMFEZR. FTIEHX A, & 91,92 € G. B4 FAE mi,n; € Zy
& g™ — g1, ¢ — g2 IR, g™ — gige. BN ¢ A—ATEHEBRETH. ¢(g") = 0", n €
Ly, BATE ¢(91) = limjoo 0™,4(g2) = limi oo 0™ H ¢(g192) = lim; oo o™t FH I,
?(g192) = ¢(g1)(g2)-

HH (G, g) AR/NLFRBBEAREARSN GMER, H ¢: (G g) — (Ay,0) HRTMEE
Z A —A R, BIICERARE (A, o) WEARIFEAVER. B 8.6.3 F1 8.6.4, X HLIERA
T (,0) HET HUEA Y HA.

(3) = (1) WRFE—DFY HUEANT WAL FFEIELE RS (X,T), BAabER
8.6.3 1 8.6.4 H1: HAERE (Ar,T) AM/NLTFFRBIMEARBE R R, O

3 B 8.6
LER: — A JLPREBGELEN Founa £ BN 1 RGN/

§8.7 FiC

P B 2 R E S5l Blanchard, Host, Maass 7F [Blanchard etc.2000] A F & 2%V pRi %4
iy, JFHAMNTER T XFENTHAKNE L. T2 P iR EEHE T 2 Vv —Bn
[ NARAED AT TF R, J5 2 [Huang-Ye2004b] —3CXEXAMAIEILS ) T — N ERYEE. &
EHIRER NS B B SCR I 2R [Huang-Ye2004b], [Huang-Ye2002b] £ [Huang-Ye2005].
AN B EXME 18 R G T 0 R AERETE H Akin A1 Glasner[Akin-Glasner2001],
ATRE] T — M BUEA RS R & a0, A& a1 W [Huang-Ye2002b].
Ja— R A H H [Huang-Ye].



BLE I

FEX — B RN TN RGN, B, 4 HAS R 2 XL &
ER—HBERRER. RERNAA - EEEWAEEH, FIUER wpe REAXT
PR NERG ARS8 AR mild {BE REALTIAR/ N —BNIMERGEE. EH =T,
AT FRASME G FIASHER SCER, BRATEHP MM RGE AR 4 AL BN
R FEBGELGEN T AR, RN, 13, I RALTIAR/NRER R
R FERJE—T, FOTE— SRR RS T 85T A AR | 1 — 22 77k

545,

§9.1 EMSEKXMER

1967 4E Furstenberg[Murstenberel967) Yesp Fraf it B3R NS f1 R G 5 ARSI & 5%
MRRGELZ AR ZR. D REAZRMUT LGS M B R RS, 8oL+, ™
A ERBCE R Y HACS BN RS H G/ MA R RIS ) RS0, MRS (X, T)
M (Y,S), a2k (Z,H) K (X, T) F (Y, S) AY 58 (HE TEORHMWA B A A
BO A (2, H) ARG (X <Y, T x S) 9 38 HETER T ENFRR N HER /A
BEEO, WFR (X, T) 5 (Y,S) BAKZH. ABIMEROeT, HMEARABERBEFENTENK
BB 1 SN ABEF. AR AT LUE XN RAEAZ R ENEREIE AR 7. JFH
RMNSBEINE—Fe LCEFEGEL. THRN%E H™ e L.

W (X.T),(Y,S) A1 RS, JC X xY #A joining B, J HIESHIHAET
&, HH m(J)) =X, m(J)) =Y, Hft n,i = 1,2 HRF— 50 ERHR.

EX 9.1.1 4% (X,T) #= (YV,S) A AR3ZMW 218 X x Y ARATE—4 joining, T H
(X,T) L (Y,S).

BHZ—TF, PIDRGE NI BtE, (X <Y, T xS) MEHERGEZ N (X, T)A(Y, 9)).
®ATE
R 9.1.2 & (X, T1),(Y,S) Ah ) 4%, 4

1. %2R (X,T) L (Y,S), NIsbA R — A4,
2. 42X (X,T) L (Y,S) # 8 (ZW) A (X,T) BF, A4 (Z,W) L (Y,S). %@, 42X

(X,T) L(Y,S), ALV A w269 3E-F AR F.

3. 4R (X,T) L (V,S), Av4 (X,T) L (V,S), £F (X,7) 5 (V,5) 5 5H (X,T) #=

(V.9 498 Ry £.

4. %R (X, T) #0s, W (X,T) L(Y,S) EARE m: X xY - Y HHIE .
5 %R (X, 1), (Y,S) M AMAD 4%, W (X,T) L (Y,S) AL (X xY,T xS) A

9.

6. ke R 4% (X,T) # (V,S) B2 (X,T) L(Y,S), ARACANTHEE X 49,
JEER. 1. Wik (X, 1) f1 (v, S) AR/, RAFEENHENEZSHRIME X' 5
Y. & W=(X'"xY)U(X xY’), W] W 2} joining, (H W # X x Y. FJ& !

224
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2. WX — Z AT H JC ZxY 4 joining. N
J ={(z,y) € X xY : (rx,y) € J}

N (X, T) F (Y,S) B joining. IEBK, J=XxY. FREJ =rxid(J)=2ZxY.

3MEE i e N, B m: X — X Ml ¢ 1 Y — Y HFIE i ARARHIELST. TR (XxY,TxS)
FH (XY, TxS) WHRY R, H mx¢i: X xY - X xY HEE i ARITHIHET.

& J Sk (X,T) f1 (YV,5) #Y joining, H. J; = m x ¢4(J), i € N. MERE J; = X x Y,
VieN. FREJ=XxY.

AR 4 F0 5 BHAET B

6. BN (X,T) L(V,S), BOMRIK (X, T) AR/DHI. B 4, m: X xY =Y HR/DNA.
BEH (v, 9) 153, WATEE] (X x Y, T x S) HWRAEHEH. O

WEEENE, TR (X, 1) M (v,S) AL LTEHEF, BABNTALIAS
#1. 55— Glasner fil Weiss 25 H, 2=, [Glasner-Weiss1983], 19, 7] LA Z: I}, Lindenstrauss
FJ3CE [Lindenstrauss1995]. FEAEFHPIHEH, BITSITFHHRALHEHALHRE.
Wk 9.1.3 & (X,7),(Y,S) AN 4%, B (X,T) L (Y,S). %2R (V,S) HIE-F a9 1>
%, MATWHEESELE X THAE
JEBA. ARAEMA 9.1.2 ATALK (X, T) Aaldpy. HRITE (X,7) L (V,8), Hf (X, T)
[ H (Y, S) MR/ RS

QD) R T BIAENE G MR, R QT) £ X, IRATFTE « € X\ QT). TRIFE « 1
AR U 5 T'UNTIU=0,Vi4jcZ. WyecY, %

J=ad(lJ1Ux {s"mphHJx\ 1) x V.
nez nez

W J A joining, TR J = X xY. BFRH (V,9) T, Y\ {y} HESFE BT
Ux Y \{y}) c X xY =J, BATE U x Y \{y}) C d(U,ez T"U x {S™(y)}). XFE,
TEn e ZER (U x (Y \{y) n(T"U x {S"(y)}) # 0. ZW n#0. TRIFTE n# 0 it
TUNU £ 0, 7 BrA QT) = X, iRHEER 1.5.6,7 AR E EIE X %, O

EIZ—TF, —NFRSGNILF distal B35 B A Li-Yorke X,
TIE 9.1.4 EMTEZEGT KA LT THILTF distal 4%, HH\H, EATHRE L4
X T4 distal % %..
JEBA. & (X, T) Ryay, (V,S) Atk/NLT- distal . IPA (X x Y, T x S) &Y.

&% (z,y) € Transyxs H. J A—" joining. &
¢={pecH(X,T):p(z,y) € J, p(y) =y}

H R (z,y) 1518, BTl ¢ B2, MHEHGUWH ¢ AHBERE. TREFERSET ve o &
fiTE v(z,y) = (v(z),y) € J. BT (z,v(x)) A proximal B H (X, T) HKJLF distal B, FrLA
(z,v(x)) AW, XU ((v(x),y) € J B (X x Y, T xS) fFidH, TR I=XxY. O
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W, RATTLGESHEF BRE R L THNE distal 255 Wi, RIHE 2
.
SR FBLE 7 (X, T) — (X, 1), 2 Fp=7Y(2) ) Iso, = {pe H(X,T) : px = z}. &

A(Fy) = {alr, g € 7 (Isoy)} C Fy=.

G, MR g € 771 (Is0,), B4 q(Fy) C Fos TR ¢ € H(X,T) {45 q(F,) C Fy, B4 qz = 2.
% E(Fy) = {1r,} U A(E,), BATH
FIH9.1.5 % 7: (X, 1) — (X,T) AR Tkt
1. %2R 7 A distal 49, ASLXMNEE 2 € X, E(F,) AW DFB (ROHEFRZAE) X
(X,T) #81, AAARZIFA.
2. %2R 1 AIL-F distal 89, ASLMAAEE v € X, A(F,) A DFE., R (X, T) #ls,
A2LRZIFK.
3. doR 7 HF distal, ML EE z € X, A(F,) GEATREFALAM Y @54 AF,) F).
do R (X, T) #s, W RZIFHK.
JEBA. FATHIERT 1, HpAER TR
L & m A distal B, x1,20 € Fp AKX w i E(F,) BIREHIT. X4 o1 # = B, BATH
ury # ure. WELEU, u HES. XEHK u= 1,45, Frlh v=1p. XU E(F,) IEE
TWHICH 1p,. W B HHEME, B4 E(F,)-BcC B. BT 1, € B, # B = BE(F,). Xt
Bl E(F,) t/NFH AR
Rz, B (X,T) Be/D. AR 1,20 € Fy, (21,20) € P(X,T), IRATFAE p € H(X,T)
1% pr1 = pro. AW pr1 = pra =y € 7~ (x), NTTH pr == BIFRNTATLAE p € 771 (Is0,).
XFERAFTE p € A(Fy) 15 pry = pro. T E(F.) B/, T71E ¢ € E(F) {15 p'p = 15,
FI& 21 = p'px1 = p'pro = 2o, NI 7 A7 distal. O
FIH 9.1.6 & 7: (X,T) — (X,T7) AB-Frkdt. R (X,7) AEEG L 7 AF distal 49,
AR 7 B,
JEBA. & 21 € Trans; H A ¢ X WE n(4) = X AT, WHFE 2, € A {15
m(z1) = m(22) = z. BN o1 AEE A, FE AF,) PHIFET v 5 wy = 2. BH o
FEIB R, 11,70 € Fy, fE7E p € A(F,) 45 22 = pr1 = pux.
AR A(F,)pu BE T HFETT v, BIFEALE p1 € A(F,) 1% v = pipu. FIA A2 distal
1, FrPA u A/ (BFE 9.1.5). T2 A(Fy)u = A(Fy)v. JUH v € A(Fy)v 88 wo = u. XFE
T = ux] = uvTy = upipur, = upixe, A 1 € A. O
YENHERRRATE
S 9.1.7 —AMEH A% (X,T) 5—AFE distal 0 4% (V,9) BRXLAREEMA
I~ 49,
JEEA. W mc X x Y — X . WH Y 42 distal @, FrRh = 42 distal 758, B4
e distal F 7N/, FrRAURIEME 9.1.2-4. BEAH (X, T) L (Y, 5). O
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EIE 9.1.8 EATHE ¥ K A KL EW I F distal AARAT KA.

JEER. & (X, T) AP HH, (Y, S) At/ distal B, 3 m : X x Y — X B85 BT
BUES, (X xY,TxS) Wiy, FA m K distal 1, HER 9.1.6, 7 AH/DIY. T
EHER 9.1.2,(X,T) L (v, 5S). O
HEIL 9.1.9 — /NS A% (X, T) 55—/ distal M 2% (V,5) BARX L HARLCNAR
R4

3 B o9a
1. JERAEE 9.1.2 By 3 F1 4.
2. EHT: AR (X, T) L (Y, S) H (Y1,81) A (Y, 9) WILF—*—F7, 4 (X,T) L (Y1,51).

3. B (X, T) AM/PMH R distal BREE, T (Y, S) AM/DNRSE. EH: (X, T) 5 (V,S) HEALHY
HACYBENTRARSEH.

4. (X,T),(Y,5) /MRS, FHH X § proximal RRAFMER. IEW: (X, T) 5 (V,5) A5
AL HAUCS BENTAARSEH.

5. JEEERE 9.1.5 8 ( 2 ) A1 ( 3)[#R7R: W [Akin etc.]].

§9.2 —XERMAXMEE

RS, —NRT K RAWEEZEZESIEEM ARG REALH. 1FAX
MR TIELL,  Blanchard IEB] T wp.e REALTHrAR/NEHRIMERS. EX—
T, FfToess XA E BRIE, ST IR 7 k4 — RS E B A B
TR 9.2.1 4T upe ALHHIEBFELLGEHTXG.

WEA. & (X, T) K wpe BIRGM (Y,S) AW/NERERLG. WRENAZAZH, BRa
TEX PN R G B AFAE— DR LAY joining J, Hf Zorn FIBE, FATAIURE J AR/DEY
joining, BIVRA J HE TN X M Y Y joining.

& Jx)={yeY: (vy) € J} REGFIE v,2' €¢ X HH Jx)nJ@) =0. & m™ M
m g J [ X MY BJBECEB. H (2,27) € Bo(X,T), HBRHRIHERAFIE v,y € V 1T
(0,9), (&) € Bal, T % S). B J(0)NT() = 0 &1 y #of. FRAH (0,9 € B(Y,9),
HY ZWT)E.

FRAMER 2,0/ € X RITAH J(0) nI() £ 0. H18 J 1T

J'=J =} x (J@)nJ(Tx) = | {z} x (J(@) N S(J(x)) = J N (id x S).J.
zeX zeX
G0 T AR TR, RIEREEAD « e X, J(x)nJ(Tx) # 0, BT m(J) = X. H
(Y, 8) Bt/ M, m(J) =Y. WEREANTH J' = J, FEWREXNSEA 2 € X, J(z) = SJ(x)
FNRGE Y WHAES A T4, XEE J(@) =Y, Filk J = X xY, 5 J J&E joining 7T
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J&. XU T J B EAF joining, Bl J AREAM/ joining. JFJE ! Frlh X 5 Y A%
]

TR AR T B — Ak
EX 9.2.2 FR=A %k %4 R A Blanchard R, R BCHRAEET L n: (X, T) — (V,9)
R

1. B X (r,2') € R(X,T) B w(x) # w(2"), M (n(z),7(2")) € R(Y,S);
2. M X (y,v) € R(Y,S), AL (z,2) € RX,T) 4 n(x) =y, n(z) =v.

SERRMUT L BIER, RAOTERNNT BRI & 2
EIE 9.2.3 & (X,T) Atsi# &4%m (V,9) AW 4%, R A Blanchard . =R R(X,T)
A X x X GRAEER RY,S) = Ay, 1 (X,T) L (Y,S).

WA, R (X, T) L (Y, 8) RO, IRATEXPNRGMAFIE— B LAY joining J,
Zorn 5| AW joining AR /N .

RIAFTE 2,7 € X A3 J(2)nJ(Z) = 0. BH =z~ J(x) K X B 2" fy ks
WG, BTUAETE X x X BB G; % R (ERTE Ry b J < J #ZER. XEHN R(X,T)
N X x X WHESR, FrUAFE (v,2) € RX,T) 13 (2,2') 5 (2,2) 80, 2B 2
J@)NJ(Z) =0. % m M2 J WX MY @i, B (v,2) € R(X,T), Hi&7HE
HAFTE v,y € Y AR ((2,9), (¢,y) € R(J,T x S). BRI J(2)NJ(2) =0 Wy #y. TR
MA (v,¢v) € R(Y,S), HX5 R(X,T) = Ay FJ&.

TRIMEE 2,2" € X BNTEA J(2) N J(2") # 0. FEAIER 2T L
HERA, FfIHg 5. O
MRIEAA 8.1.5, Comg(X,T) 4 Blanchard YT, FIMRHEXT S SFREEZNZIH (

P 8.1.8), ®fiTH
EIE 9.2.4 % S={s;}2 R Zy G—ANALGHFF). WA ST ERAETLXTHN S FREE

THEENTEE S BT mild IBE SGRIB S REMWNASZEEEE, #HMA5F] mild &
B REEA T LA —ENIER SR, i, ROTELSHR —BWNMES S FEELE
5|3 9.2.5 & (X, T) AN 4%. 2R (X, T) AH—EKRNI&G, WAL IPE ARF (X,T)
HAFREEE R (X,T) XA E L2%%8%E, NRAILRE.
JEER. EAERNMRE (X, T) A—BNIERSE. BH—EWHERN € FE B REBTF] {n <
ng < -} R D(T™,id) = sup,ex d(T™x,x) < 5. W A JEH {n; : i € N} A IP 4.
HATKULET (X, T) K A LY.

XEEER € > 0, FFFE K > 0 /2 5 < §. 2 Ak JEH {nz-z>K}$BSZE’JIP% T
BRIWMR b A, M b=nsy + 0y + -+ 0y, HF K <iy <ig < <. NITTH

m o0 1
Tb id) Z D(T™,id) Z 2—
7j=1 i=K

C»Jlm



WIS R G R 929 T
FLFE XM §9.2 —RF BB LRE

}AT‘-&BK:{nll_‘_nZQ—‘I_ g, 1 <d <idg < - <Zm§K} HHH:BK%,ﬁlgﬁﬁa
WATATLARE] 6 > 0 75 HE d(2,y) < 6 LA d(T°z, T) < § MMEF ¢ € Bx oL, G
FacA NWIFFEbe Ak fl c € Bk fifg a=b+c. HIHY d(z,y) <o B, HATHF

d(Tx, T%)

d(T*(T°x), T(Ty))
d(T*(Tx), Tx) + d(T°x, Ty) + d(T*(T°y), T*y)
D(Tb,ld) + £+ D(T%,id)

IN I/\

/\

LU (X, T) A S5 REESEH.

LA R (X, T) A FEEZR), (X,T) N E RS, Ho ANl {pi:ie N} A&
B TP £, RR—Betk, BAOTAILMBEEA i e N, pipa > Yo p;. M keN, & A, K
H {pi 7>k} AR IP 4R

e —fF#s v ¢ X, HR Uy = {z € X : d(zy) < £} BT (XT) H
E R4, FERAGRXENAZME o HW p(U,) > 0. BT wU,) > 0, Fr
U 177U, TPy, ety L RBEERARZE, EXFEFEAE 1 < i < j AR
T (erttp)y, A=t +2) £, E[] UnﬁT Picat-4p) U, 2 0, XYL ANN(Un,Uy) # 0.
Kefelih, FRATBEIER A, N N(U,,Uy) # 0. BL an € N(Upn,Up) N Ay 78 a1 <ap < az < ---

(X, T) A AERESR, BN e> 0 6 > 0 HERE dz,y) <6 A
d(Tex, T%) < 5 X a € A SL. B M € N 1% 3 <min{$,0}. BT 79U, NU, # 0, FTLA
FIE 2z, € T*U, NU,. M4 n> M BH

1
d(T*y,y) < d(T*y, zn) + d(zn,y) < % To<e

SRR Ty o0 ATy, y) = 0.

PATRIER limy—yoo D(T,1d) = 0. B (X, T) Oy A SFPEELERY, XTEA e > 0 771E
£> 6> 0B HRE d(wy,22) < 6 BLH d(T%1, T %) < $ X a€ ARG &z, 29, a1, € X
(EAFFFER B(xi, §), 1 <i < k BIERTEN X. By WEEMA, HEN 1 <i <k HFFE
ti € Nf#73 Ty € B(z;,3). BT limyjed(Ty,y) = 0, BATREBIE] M > 0 fF5Y
n> M BEH maxj<i<k d(T (Thy), Thiy) < s

MAEER © € X, 7776 « {15 2 € By, §). 24 n> M B, FATH

ATz, z) =d(Tx,T(Tty)) + d(T(Tty), Thy) + d(T"y, x)
<gt+gsti<e

I D(T,id) < € XF n > M BOL. #3E lim, oo D(T%,id) = 0, B (X, T) H—3N]¥E %R

5. O
HEI T AT, IAEFRATREIE:

EIE 9.2.6 mild RS AKX T —HKRIMGR I 24
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WEBA. X (X, T) 4 mild B RS Bix (V,9) AR/D—FWIERS. @53 9.2.5, 7718
IP 5 A1 (V,5) b A SFRELN. HER 8.26, (X,T) H AP RS, #imh e
9.24, (X,T) AZZF (Y, 5). O
T [Glasner-Maon1989] /1, 1EZ Ui FHAETEAR /NS TR & H—2BWIVER R SE. TR/
—FNIERE TG IEFE R i 2=k, 53HME [Akin-Glasner2001] 1, YEF 45 H7F
TR Foar FEP—BNIE RS, (HZ, RAITE
EIE 9.2.7 ATIE-FAL—FK R 4 %67 T G A mild i%449.
JEEA. % (X, T) A N—FNIE RS, WRIEFIF 9.2.5, 7776 1P 8 A ffiff (X, T) H A
FROELHY. TREMA 8.1.9 Coma(X,T) = 0. W2k (X,T) H mild IRGH), 4 (X,T)
A AYHE (EH8.2.6), T/ Comyu(X,T) =X\ Ay, XU (X, T) B, FJE ! A
M (X, T) AK mild G 1. O
EIE 9.2.8 MRS ALK THARIME 4 4.
JEEA. & (X, T) ARG RS, (Y.S) MAHNT Zy BT FH {n} e, BIRR/N—ZHIH:
2. BZ {Untoo, X —HE. &

[ o ENNe SRRNe o]

Xo= (I N 77U
n=1 j=1k=j
(X,T) HmIESE R, Xo N X WHE Gs &£, ER J N (X xY,T xS) #j—
A joining. WXEEA = € Xo FE y € V 17 (2,y) € J. HT limpoo Ty = y AR
M=y (Upz; T ) = X, FlITH cl(orb((z,y), T x 8)) D X x {y}. It J > X x {y}, ZEM
J=XxY. XMW (X,T) "ETF (v,9). O
RN AT LIIERS: AFETEIET- L. NIYER 3RIE & R4

3 B 9.2
LR (X, T) H X &g {(v,T2) : v € X} C B(X,T). iEH: EEERGIARALTERR
4.
2. B ATFEIRF LRI IRIE S RS [#R7R: &I [Glasner-Maon1989] i/ 6.4.]
3. W AT IR hE Z ARSI B

§9.3 ARXMEEH AR

AT HFBADBPEAKLTHALHI KRR, WREMNRSE (X,T) M (Y, S) NEA
3CH, MBAENRIMRFEELEN T (Xeq, T) M (Yo, S) WRFIAKHY. o FLHIFE
BELERG NN, TRIHS (Xeq, T) M (Yeq, ) HAKH. FR—AHRHMIBHZ,
WAL 2 JRRD, RPN RGO SEBGE SN T A, IRARTE
IS AR ? —MFERIIIEIE S, 24 X =Y BORHR, BURTamdisoy: /N RE 95518
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G HACS B EIE LSBT XMEERIENTCLED), FxXE
FMa B ERUER, 1 Haiz AR 7 kg Ml (R85 € B &, FEIES R+, &
11384 Bl /NRGEH JRER proximal 3¢ &R &M I R A —AMIEHH.

ITRAMRIR (X, T) MR R4, MF—BiE otz H B AT 7] IS ANV i 4.
EX 931 44 (X, T) Lé§— EGEATHEE R DNHERXTEHGELZHEK p -
XxX >Ry

(1) P %{/7/)%%1 EP”%/& p(ZE,ZL‘) = 0;' ,0(33,2/) = p(y,x) VXR P(x,z) < p($ay) +p(y7 Z);

(2) p(Tx,Ty) = p(z,y).

iR p HEEAAhE R, WFATTLLE XRFR

D(p) = {(x1,22) : p(x1,72) = 0}.
B4 D(p) MHARIAEREN KR, #H—FH, KITH
513 9.3.2 4R p A (X, T) L&y ST EHEE, N Seq C D(p)
JEBA. MR#EHEIL 3.5.13, A TIEH Seq C D(p), MAMLTFIERH Q(X,T71) € D(p). Xk

B (ry) € QX T, RIFEE XL, FE (vi,y) — (v,y) UKk n € NifF n; — oo H
(T_nixi,T_niyi) — A. j%]

p(wi,yi) = p(T™ (T "), T (T i) = p(T™ " @y, T~ yi),

PHEARRR, RHE p FEZEMAE p(z,y) =0. Flh Q(X,T71) C D(p). O
S| 933 %X A X L—AEg R THhES, LB

D(X)=(UD(p): pe S} CQX, T,

NIERAA Seq = Q(X,T7).
JEBA. R4

Q(X,T™1) C Seq € D) CQ(X,T7H).
AiE 4. O
EX 9.34 &% pH (X,T) EG—AFRERNE (AHERE), Bk N H X x X ¢§HFE£.
W Nz)={yeX:(x,y) e N} A X 9%, X pnv: X x X - R, 4%

pN(z1,22) = p(N(z1)AN (22)).

5|38 9.3.5 & (X,T) AWM 4%, R NH X x X GHAREFE (T xT)N =N), 1l
pN AEGETRERNEE.
JEBA. K (T x T)N = N, BflA N(Tz) = TN(z). TR

pn(Tz, Ty) = p(N(Tx)AN(Ty)) = p(T(N(x)AN(y))) = pn (2, y).
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XEERAMLTFUER pv AHEZEMENRT. A PRHEM 2 85 T2 58

L XL v € X UEIFR U C X, R N(2) C U, ABAFIE « B4R V ERXHMER
¥ eV AL N(2') CU.

& F=m(m (X \UINN), im0 X x X — X,i = 1,2 HEIHESEAES. W F oAy
M4, Hino' ¢ F A N@) CU. 2V =X\F, NV iz @8k, H N@') CU v eV.

2. MALE 71,79 € X, u(N(11)) = p(N(x3)).

HF o MIENR, R e > 0, fEEHFE U f#ifF N
MRYG 1., FFAE a1 BRIV FAXHER o' € V GL N(2')
(15 Ty € V. GBI N(T"22) C U. FRBIA

(z1) €U H w(U) < p(N(21)) + e
CU. BT XD, HFfEneZ,

H(N (22)) = p(T"N(22)) = p(N(T"2)) < p(U) < u(N (1)) + €.

BrbA (N (22)) < p(N(z1)). FIFE (N (21)) < p(N(@2)).

3. MERE v1, 22 € X,pn(w1,72) = 2u(N(z1) \ N(22)) = 2u(N(22) \ N(z1)).

SUBERERS (N (20)\N (2)) = (N (e2)\N (1)) BT B0 (8 (1) \N (22)) = (N (1)) —
(N (21) N N(z2)) Zh1%.

4 KHERE @ € X JAERE € > 0, 4E7E o 94KBL V BABRHERE o € V A pn(en)) < €
M.

MER € > 0, B p WIENIME, T77ETF4E U 875 N(z) C U H w(U) < u(N(z1)) +
L Bz (AR V ASXHER o' € V BOL N(2') CU. | 3. #fi1H:

. H

[\elle}

pr (@, 2') = 2u(N(z) \ N(2')) < 2u(U \ N(z)) <e.

5. % 4. BIEXMER (z1,22) € X X X, py TE (w1, z2) REIEZE.
53R 9.3.6 % (X,T) AP 4%, N AXxX GHALRETFE, NAMEE (21,22) € D(pn)
B X QFEU R
UCN(zy) ZHEAE U C N(x9).

MEBH. BAFAE (z1,22) € D(pn) LARIFEE U SR U C N(21), {HIE U € N(22). A4
p(U N\ N(z2)) < p(N(z1) \ N(22)) < p(N(21)AN(22)) = pn (21, 22) = 0.

BIN U\ N(z2) HIEZEIFEE, W X H/NE suppp = X, FIAH w(U\ N(z2)) > 0. —FF

J& ! O
THRBATEIER Q(X,T) HEMER. Lhrl, RITEERH QX,7) 5 Z/EHAT

HIJRER proximal 2R E—FERY.  Z AEH THIREP proximal R Qz(X,T) & XH

QX T)=(] |J @xT)"A.

e>0n=—o0
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EIR 9.3.7 & (X,T) AMA AL, N Seq = Qz(X,T) =Q(X,T7Y) = Q(X,T), IrBp Q(X,T)
HENE 4.
iEBA. 7EERE 3.5.9 PRATESIEWR QX T-Y) = Q(X, ), 6 MUAGIE AT LA B 15
Qz(X.T) K. & F 3} X x X kAR FHELAURMES, 4 5= {on: N € F}.
WIE Q(X,T) HEWEZ, B3I 033 RIVEIES D) C 0u(X, T).

M e>0, @YU N= U (TxT) A i A= {(2.y) : dz,y) < ). TR N e F.

n=—oo

% (iL‘l,iL‘Q) S D(E), )DUE]IJ—IL, ($1,£L‘2) S D(,ON).

WHEFIEE 9.3.6 & Be(z2) C N(za), MTH Be(w2) € N(z1). JLH 22 € N(x).
A (z1,20) € N = :L_J (TxT) ™A H e FEEME, RITME (v1,22) €
N U (@ xD)"A = Qu(X.T). 0

e>0n=—o0
XESR A RS, ATH T HA &
FIE 9.3.8 & (X,T) A 4%, NRXTF &4 EFH0
1. (X, T) A5544;
2. QX,T) = X x X;
3 Seq=XxX, B X BAEFAYGFEELRT.
JEBR. HE LHIE (1) = (2), T (2) = (3) ZBARM. MIEHEL 3.5.11 FEs 9.3.7 BATH
238 (3) = (1). THEMNZEH (3) = (1) W—EEIEH.
W U, U, Vi, Vo i X MAEZEFFEE, TIEFTE n € Z {15 (U x Uz) N (T x T)"(Vy x
Vo) # 0. BRIE X MIR/AME, FEm e ZHE/ W =0TV, # 0. &z € TV, B4
e} x WS (T xT)y"(Vi x o) € U (T x T)"(Vi x Vi) = N. Bl X, W CN(). tF

n=—oo

Seq = X x X C D(pn), FTASHER 2’ € X,(z,2') € D(p). HBIEFIFE 9.3.6 MAFH W C N(a').
JRE

{Z}xWCN = G (T x T)(Vy x Vo).

n=—oo

Fealdh, B 2’ € Uy, W (U x W) N 6 (T xT)"(Vi x Vo) # 0. T W C Uy, FrLAFEFE

n=—oo

n € ZfERF (Un x Ua) (T x T)"(Vi x Vo) # 0. TH& (X x X, T xT) N ZZikH), HRWRE
sy CGERFRIE). il (X, 7) B55iREH. O

THEEAME L. EARTR TES AR (X, T) AR/NRE, 1 (Y,9)
AR E RS, W p b Y EMEGEZEAAENE. MR N A X xY fIFHT4£.
N N@z)={yeY:(z,y) e N} HY BFIHE, EXL pn: X x X — Ry ffif5:

pN (@1, 2) = p(N (21) AN (22)).
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FERRT EHPHEIRANEE: AR N Oy X <Y (AR, W pn S AL O B
. UK
5|3 9.3.9 & (X, T),(Y,S) R& N 4= L&RHK. NAAEE (z1,22) € D(py) VA Y 8975
UH

UC N(z1) BHAMAE U C N(z2).

EIE 9.3.10 & (X,T) AMN AL, W (V,S) A E 4A%. X (V.9 =~XT (X,T) 49#
XFREEGERT, ML (X XY, T xS8) htsit 4%. 78

(Xe,T) L (V,8) = (X, T) A (Y, S).

JEBH. & {U;} #1 {Vi} 358 X MY MRTBOFERHH (U, x V;} 8 X x Y fj—4 AT
B BEreX FieN

WW R Y BEE—ATE, 4 N= U (TxSn({z) x W), HIEIIH 9.3.9, Ffi]

n=—oo

AIRIIER Seq(z) x W C N. A X )%/, BTRA Ui/Seq TE Xeq = X/Seq THIEZZHINET.
FRHTF X/Seq LY, FAEn € Z Ik w € W 8 (T x 8)"(2/Seqy ) € (Uy/Seq) x V.
ML @' € Seq(x) AT (T x S)(2',w) € Uy x Vi A N 0 (Ui x Vi) # 0. XHERATHH,
HIEmMeZ R w e W 8 (T x $)™(x,w') e Uy x Vi, FR W Y WIEETFE, il
REEE

A ={y €Y  fF7E nffifgd (T x 9)"(x,y) € U; x V;}

HY MWEISE. TR D@) = a A R Y BRI G . TE, (X xY.TxS) HZ

Ry, HAWRFHEY GEEERIE). O
H BB 5 A a0 EE R HER

T 9.3.11 AMMDARABARGG L IR L CNIR K FREELER T ARG,

JEBH. 4i& e 9.1.9 5 LRI 188, EiEH 5k, O

L. PR BT TS {25 SR T R A LTS 4R S Y

2. YA B 45 RXT T — BRI R L .

3. AR/ IR G RS SRR/ point distal REEAARILH.
4. FZRUER 9.3.11 fIEHT.

5. W (X, T) M (Y,8) B Z RE, (X,T) MB/NHIREG RS, M (Y.S) N ERL. N ve e X, 5
& D@)={yeY:(zy) £ X xYHHEREH} N Y BT G5 £.
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§9.4 AXTHAEWDREWRS: FHFH

TE [Furstenberg1967] Ht Furstenberg $&HH 41 iy — ARl anfef 2] i 5 2 kAR /) & 2
ARG ? FEX— T T =W RATEIHRX AN EE. & M 2R N RS H R4
A WATEH: W (X, T) e M R4 T /b eifisE; wk (X, 7) & hEEm, o
(X,T) AFREH.

TN 941 Z, 89— /NFHE AHRA—A mE REFLEMDELSG (V,.5),ycY YA Y #
FEV#4F AD Ny, V).

MFEHRE, CREGIE M- PREEEL T & L X m EAAREE. X%/

ARG (Y, 5), FAi1E X

Fy = {ACZy FEFEANy e Y RIEZEFE VIEITHAD Ny, V)} &
kFy = {BCZy:BNA#0)VAeFy}.

T 9.4.2 &% (X,T) A% 4% B v € Transy, N
(1) (X,T) e M+ BHRBA o GEZTAR U UBEZE mE AK N, U)NA#D.
(2) (X,T) L (Y,S) & BEAXE A ¢ 69 & FARK U A N(x,U) € kFy.
WEBA. FATOGIE (1),(2) BIER ISP

B (X, T) € M- MWER m 8 A FERDRSE (V,9), ye Y IR Y BFFSE V [#15
ADN(y,V).

% J = cl(orb((x,y), T x S)). W J A (X,T) f (Y,S) HJ joining. KK (X,T) L (Y,9),
FrPh J = X x V. TR « FERRB U, BATA N((2,9),U x V) #0, Bl N(z,U)N A # 0.

Kz, B (Y,8) AW/NREE, J N (X,T)f(Y,S) B joining. HWAFFE y € YV 157
(z,y) € J. MT o WERERB U LA Y fEMEHEZIFE V, ITH N2, U)NN(y, V) # 0.
T2 cl(orb((2,y),T x S)) N (U x V) # 0. A cl(orb((z,y),T x S)) A T x S NAEHIHLE,
A cl(orb((z,y), T x S) =X xY. TR J=XxY. O

MER S C Zy, B 1s N Z4 B {0,1} WHEAREREL TRAIY s € S B, 1s(s) = L;
s g SHE, 1s(s) =0. TR s = (s(0),s(1),...) € ¥ = {0,1}2+, HAFATH s[n;m] 18
(s(n),s(n+1),...,s(m)), At n <m. I 0 : 3 — X N, MAERF A, LLA]E A
AT .

T A R BEAE AT AR R S R A AR
EIHE 9.4.3 HA Fs KEELT - m &
B, & F € Fo. BATHME v = 15, € {0,1}7+ (13 F, ¢ F Hy = limy" = 14 /D
. BY =cdlorb(y,0)) k1] ={z €Y :2(0) =1} Y Ac F K A= N(y,[1]), AT
PATR3) 5 PR 4518

HARE] ", AOEABRI A, (515 o DL A, FFARFFH. A, 7E v o syndetic 1181 (45
AT AL E AL — syndetic £8), HHh Anpn WEL A, TFER. A THEAS M3 Qb J P e
FRENneN, 1" =(1,...,1) (n ) 1 1r F syndetic HBL. HARHE, AT THE.
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F 19 WE A KB CF 5 Ay =1 PR L BESHR, HH o YA A FFEE.

WminF =k —1 K& A = 1p[0;k; — 1. &1 =k. HAHF e Fy, 1™ 7E F FH I
WIRLE W = {wi,ws,...} A—A syndetic &, NERE—KtE, K 2 <wjy, —wj <L H
2k <wi <, Hith HENFTE. B o) = wi,i € N By € {0, 1}% 15 y'[0; k1 —1] = Ay,
ylujsui + k=1 = Ay H y'(j) = 0if j € Zy \ ([0; k1 — ]UU?"l[uw uj + ki — 1))

G0, A fE Yt FRAEEE o HELH B c F, B e =yl

F 2% M Ay I B C F 1S
L Ay JBAN A\ViAL, HINR ky = |Aof, IBA Ay = ¢ [0k — 1],
2. y2[0; ko — 1] = Ao, HH. A1, Ay 7E y? H43 I LARIEE (1 AT Io syndetic HFR.
3. ly={i€Zy:y*(i)=1} CF.
W ko = uf + ki & Az = y'0shy — 1] U Ay JEAN AtVIAL & ro = 211 + 2k + ko
N F € Fs, 1" F£ F FHBALE Wo = {w?, wi,...} F—1 syndetic £ AR—Metk, &
2ry <w? | —w? <lp— (I + k1) H 2ky <wf <lo— (i + k), HA Ip HE N L.
HRE] v, MEA i e N BATUAE y' 18 [wi;wi +ro — 1] ARIE. TN A
BB [wi; wi + 1o — 1] AMERI KBRS,
1w k,j e uk_l < w% < uk& ujl-+k‘1—1 < w%—l—rg—l < u;+1+k‘1—1. A
N (u} -1 u,lC — k1 — ko) /K1 HYEERGR Ay, & ud = u,l€ + k1o W P udud + ke — 1] = Ay
o y?[ud + kg + pky;u? + ke + (p+ Dky — 1] = Ay, Vp = 0,1,...,1 — 1. 7B}, FATLLEN
T AR Ay, BERONRTREZ M A RIREATE [udw? + ry — 1] bHIREDL, FeMT73)
u? € (w2, w? + 1y — 1 15 ?uZ;u? + ko — 1] = Ag, i = 1,2,.
RAanst 77 R3N152] o2 W o' M y* RETE [wiiw] +re — 1] AR XHE

Fy={i€Zy:y’(i) =1} C A | JUX[wisw] + 7y —1].

FIEHR IR &, Ay, As 7E o2 FR4rLATRIEE 1) A1 I syndetic HEE.

3 & HAHPMIE Ay M Fnyy C F 45
L Ay JBI0 Ap Vi Ay, BIR ki1 = A, A A = 405 kpngr — 1.
2. Y0 k1 — 1] = Appyr HXEEAN 1 <i <m+ 1, A4; 76 y™ ™ F1R2L [ KTEEE syndetic
HEL.
3. B ={i€Zy :y™H (i) =1} CF.
WiETERRMUTE 228, HIHKLZ.
XEERRATEE] T g™ G0y Ly AFE w0l + i — (0= 1,2,...) &b
MR T

Frg1 = {i € Zy -y (i) = 1} € Fp [ JUR [ 07 4 rpgy — 11,

HBtE, MEE 1<i<m+1,A; 7€ y™ FLUEEE [; syndetic HEL.
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gk, AT TAER m e N, @ X THRI Ay, & y=1im A, =limy™. g, M
A m e NA, 18 y FLARIEE 1, HBL. TR v R o THINRVDR, HEW v #(0,0,...).
4 Y =orb(y,0) X U={x Y :y(0)=1}. N

0#N@yU)=|J{i €Zy: An(i) =1,0< i<k, -1} C|JF, CF.
i=1 1=1

TREFAET P m & Ny, U). O
FEIC 9.4.4 B AR thick 8 m &, Plde, & (X,T) AE-FAGHIE, 2 X. R U
Fe VA X HRRGFE, A N, U) 2 Nz, V) ATRXEG mE. 5%, €N3HH
syndetic 45, {2HRIZ thick 4.

T A TIE R
TIE 9.4.5 % (X,T) ABEGHIN 4%. R (X, T) LM, AA (X, T) A5RAY M 4%
%, H&A PR T
JEBA. 1% 2 € Transy,U N = AIESS AR, HIEERE 9.4.2, AEE m & A N(z,U)NA # 0.
HEH 9.4.3, XU N(2,U) 5F Fis BHLIEZE. TE N(@,U) € Fps. HEH 1.3.10
(X,T) AM REG. FHETFLREATREE IS, BEmE 9.1.2 M- HRGEIE TR
INAF TR (X, T) BRI Ui/ A+

Hh (X, T) AE#ER, (X,T) {ALTIHERNRSE, #Mm T 8. 1E8T#,
WEEAIEH, WE (X, T) WA TR M R4, TH, (X, T) ARG O
L 9.4.6 £ 9.4.5 PEAMTRE LS. Ple, & (X,T) A p AR S G50
M %%, ¥ (V,S) AMADIRRE A%, W X xY AFRESEG M 4%. HIL, X xY X
TVY. H {ptxY “2> A—NEp FE-NERAEZ CUXTY. 2R Z AFFREG M
A%, FEEFHIEFAGH BT O ARFHE).

1E [Furstenberg1967] #, Furstenberg JERA T W3R (X, T) K5ee{Ei% 00 HJFHHA S 4
W, 4 (X,T) e M- BZERTTHET T . PRARSA WEN/DEARE, SRMERESE
BIE U, FEFEZHFE ACU UK ke NfHifg TFA) c A &ATH
EHE 9.4.7 & (X, T) ALAMARDAREG T EEG LR, A4 (X,T) e M-

FIEERE 9.4.7, ATFEM AT 2.

S 948 X ACZ, AmE. ALHELErecl, FHNEFTKecZy, Ny(Ar)={i€Z, :
ki+re A} A=A mB&E, %W A syndetic 49.

JEBA. BR AR m &, IR TFERV/NRSE (X, T), 2 € X UK X FFE U 15 A D N(z,U).
WreZ, UMKk« B33 V #8177V c U. X¥E N(z,U) D N(z,V)+r. BT 2 & TF i
PR (MERE ke Zy), TR{icZy :TF2 e V) O m 4, MY syndetic §. XHE
IERE k€ Z Np(A,r) D {i e Zy - TF2 c V) iy m £, 4kt K syndetic #Y. O
5|3 9.4.9 % (X,T) AN 4%. N (X, T) AELFEAFIEAMEN T B EGAL LA
R4 HaAEE S o T o AR U, RNTARR (%) :
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) MEErecZ,, HALEENEF Nu(z,Uyr)={i € Zy : TF* T2 c U} A thick #3.

JEER. &% (X, T) NAEWE/DNEAER S 2E# RS H © € Transy. | 2 € Transgx, Vk € N,
o FAEEARE U, FFAEIEEWE ACU MK ke N THA) c A Blpe A 4
TAE ny <no < ... 15 N(p,U) D UL {kni, k(n; +1),...,k(n; +4)}. X, XERE B REL
L BRATREARE p HARIR Vi A5 y € Vi WF, B Thry, TRy, TRy € UL XHE
BrcZ,, T Tre  TF BE#E &S, T4 m e Zy §18 7T e ¢ Vi, k1 Ni(z,U,r) D
{fn+m+1n+m+2,- oy +m+1}, Ve N X Ni(z,U,r) 24 thick #.

RZ, WAFTEAZE R o XS o ALEARE U AOTHMER (v). FIEH (X, T) HEAH
BNAEN T2 R, BAVUFEAX T X fEEFE W K neN, Ny(z, W) #0
HAFE ke N Jp e X {15 Ni(p, W) 24 thick H.

T = HEE A, F1E s € NfifF 75z € W. Bz B9FF4R U 15 T°U ¢ W HIX
r € N n|(r +s). T UM, FOABRNTAER (5), BrAFE k€ N 85 Ni(2,U,r)
A thick By. 4 p =Tz, W] Ni(p, W) D Np(z,W,r +5) D Np(z,U,7) (FHH T°U Cc W).
FJ& Nelp, W) A thick ). Z W, Nip(p,W)NnnaN # 0. XF m € Np(p, W) NnnaN, T
TFmrrtse ¢ W AR n|(km+r + ), FTRA Nu(z, W) #£ 0. O

EIE 9.4.7 WIEBA: ¥ = € Transy. HEFE 9.4.2, AULFIEH » AERELRER U FERE
m&EAHF Na,U)NnA+0 HIIF 948 171E r € Zy HEMERE k € 2, Ny(A,r) =
{i € Zy : ki+r € A} K syndetic i). HTHE (x) 8oL, FALE ke € N1 Ny, (2, U,r) =
{i € Zy : TF e € U} 24 thick B (BI1FE 9.4.9). TJ& Ni, (z,U,r) N Ny, (A, r) # 0. X8
N(z,U)NA# 0. JEEE.

YEMHER, FA115F] Furstenberg HI 4518
L 9.4.10 2o R (X, T) ARG P 4%, A4 (X,T)c M*.
D 9.4.11 A [Huang-Ye2005] F, {k&#ig T —ARH A LML M- b 15 4
.

LOiE#: M =M.
2. JEH: MR (X, T) RYE, 4 (X, T) AL THAE M &%, [#E5R: 20 [Akin-Glasner2001]]
3. IEHTHT m SR RG] AR R R B (2, 0) RN SR G 2R A K.

§9.5 AXTHEWRPDRENIRS: —RIFHY

AR LWL AT Eiihe, — N ERMFEEE: W2R (X, T) e MY
H (X, 7) Jefeisd, AT FAPRRT XA BN —&4e, HEAaiTies
Dl [Huang-Ye2005].
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FIE 9.5.1 % (X, T) AN 4 %. %R (X,T) LM, AL T 4#. s X FAR.
EEEAIEAE TR 9.4.5 AR, RIMTTFE I EH 9.4.3 FHiRpy 51 H. B
SERATAE & X
EX 9.5.2 —3k Zy 8 Fys 53] {F,)5° ARA —BM, RIEFEE e N A o) ®FA
HEEneEN, i Ly TH {wil),wi (), wi(l) -} #F wP(l) < (1), wi (1) —wi(l) < o(1)
H A{wl(l),wl(l)+1,--- , wl()+1—-1} C F,, i € N.
YRR 9.4.3 AR, Ffi1A
EE 9.5.3 & {F}N A Zy 89— Fs B3N NAEMI AL (Y.0) C ({0,1})2+,0) 4

A n e N, B g € Y A N (1) € Fly 2 (1= (3 €V 5 5(0) — 1)
VB, 2 EAGTER AT DA Zeat 52 T 0.4.3 SE IR TEASE), B ST 0
THERITERA 2 9.5.1.

EIHE 9.5.1 iEBH: AR—MtE, W T HFEIE. RN EE M AE X P, IRafFE
X WIIFER U LR cl(M) BTFARI V 15 U NV = 0.

A .15, Ree(1) 6 U . FRADIRBIELAS (22)75 € U BT Lo )
FUFW. & F,=N(x,,U%) D N(x,, V), n=1,2,---

A= {Fn}I?i HN—EH Fis B

B 2 49 XMEE 1 > 0, FF7E (M) W W, c V i3 TFW) c V, Vi< k<l HH
Uiez, T-Wi = X & X HEBW, FTE o(1) > 0 13 Upcicpy T-Wi = X

BN n e N, & N, W) = {wf,wf, -} B wi < o), wiyy, —w) < 6(1) H
{wlwl + 1, wP +1—1} C N(z,, V). BT F, D N(zn, V), FrPh {F}25 R 24 B—3%
Fis F1. HﬁE?IIE#

R S MERE 9.5.3, TFEM/NRS (Y, 0) C ({0,1}%+, o) HEIMEZE n e N, fFfEyn € Y
5 N(yn, [1]) C B, HA 1] = {y € Y 1 y(0) = 1}. &

+00 +00 +oo
=d(|J | @ x o) (@) X\ | TU)xY
=0 n=1 i=—00

BT {z, :n € N} FEU FH%E HEAN 2, MEE S, BATH U TU C J(ULSS UL Tan).
?%Jj@X%ﬂYﬂfjjoining,ﬁﬁu J=XxY.
G, UL UL (T x o) (wn,yn)) DU x [1]. BIR U x 1] AFFLE, RG]

+o00 400

(U U @ x0)(@n,y) N (U x [1]) #0.

i=0 n=1

TRATE « M n 7 (T'en,0'y,) € U x (1], TREL,  N(2,,U) N N(yn, [1])
# 0, X5 N(yn, [1]) C Fo = N(2,,U°) FJE | UEEE.

—Hy, 1A (2 [Huang-Ye2005], iEHE 4.5)
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FTIE9.5.4 % (X, T) AN 4%. N (X, T) LM ZAREHEEGH 4%, HAETH

MER T A% KRBT (V.9)) B H A X PHABRLENTALAALIRT (V,9).
WEEENE, —H&ms, wR (X, 7) L M, A—EF e 8MER T+ REERE

ITEIHAE X % BT REEAE M- 1. FE TRl .

Bl 9.5.5 F ML P EHEERIRTEANETFARNFREELET L% distal 4% (X,T)

3 B 9.5
LTHY, VHXPAFERY =dUeT™(V)). iE#H: W (X, T) LM, 4 (Y, T) L M.

2. MRAFTE (X, T) MEBTRE (X, T) #18 UX; £ X #H (X,,T) L M, Vi € N. JEH:
(X,T) L M.

3. (X, T) WEEELENARS. MR (X, T) e M IEH X MBNEIRIE. TR WRES
(Y,8) Wi (V,5) e M+, R4 (Y, S) Mt K SEEEESE R F B A3 s 4.

4. #MEEHE 9.5.3.

5. B (X, T) AN RG. —MEHE T RGENWRIZR E AN E KRR THMATT. IEH: W (Y, T)
N (X,T) WiteiETRE, Mot (V.1) MR EE T R4

6. YHIBIT 9.5.5 FFFTEYE.

§9.6 hREAXEHNREZESHET

TERTHL HANTELINE T AR — A TR LEE. RATWHTSE T3S
ARG 2R AR BOEX T EBAIBTER/NRGE L, AT E MR
ANBIFTE. AR Z D GRBLEETAR—H, RINFENAMGEHIIN T R
B PR T AR — ARG W, IRy, ARTFHEREY, RPN
TR THIZI RS, i v LARZ — TR RGN, B THR=ES 3 25 6
TG AR X T — BRI AR R AL A, i AA B 7E P B4R 19 A AE R Je kA
HEP N

FEAT Y, Ellis RS DK OhE SR T+ EEYEM. B8, A%y
AT o AT B2 20 AN SRR ARB R | AR5 VR B I 96 H SRR EAESC#BR PR T AN AE
PERAE proximal 78 FMREFH. ZJE, BATHBI THIRN TR RAAA KT/ D RS
ZIH. FEEHES 2P distal | FFREELLU LSRG FRRASKHIM/NRGEHER.

HEHKNTHIE Stone-Cech EAk . Bt T MUBEEIRIN, iCEWEEBIETEE N
BT. MFHEACTRIENL A={pepT:Acp}. BiE AnNB=ANB,AUB=A4UB,
HrABCT TR{A:ACT}YERT AT FmIbmy—HIFH (SLhn B HE). 7R
FHINT BT BN EE Hausdorff Z8[68]. X j: T — T K jit) ={ACT:te A}. T
(BT,5) I T Bt K %Ak, BrZ A Stone-Cech Bk KB EE M LB K2
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X AMEERELEREL f: T — X, f ¥ ME—py 3 FE BB 7 8T — X. IEF A X
FAAMIVER, 15 6T BAREEM, JFHAES Ellis BREFEFEAER (Z02080).

MEGER t € T, ZREB s — ts. B2 R T B gT FEZEMRST, WE R 6T &
WMREAL, MRS AIME—3"FEHN T B /T HYBEEEBS p — tp. BT T 2R, Frii
XN T T 18 T LWER. B (BT, 7) —LABAITE e &k Si ke R 58
(BT =Te={t:tT}). (BT, T,e) Lhr )& FHEREBERG, Wik Ul EREMEEHER
GHY . MPEBINRE (X, T) K v € X, BELEBYS t — ta FILME—#T 78 6T
Tr = {tr:t e T} ERYELEIRS p — pr. JW, XEXT 6T F| Ellis 28 E(X,T) #[F]
. XRE, FAOTATPLESREL o7 BB E(X,T) fEHT (X,7) L.

BGE BT W— MR/ NEHAE M, 1R9% sT T AEHESEL (M, T) Ehr L& BH
WNRE, ENEER/DNRENT B 2 T =J(M) A M PR Ea it ise
weJ. U GIgkE uM, ERL v HEAIT. FEE, G FEMT (M, T) 1B FEEE Aut(M,T)

(XFTF a e G, BEF o(p) =pa g M RJERM, FFUWHSERE M rf B R RIsE
KX FIE R ).
SEEBEWR/DNRSE (X, T) o xcuX ={uz:2€ X}, B X Ellis B f

6 X,z) ={a e G:ar ==z}

HESN, G(X,x) 2§ G TR R (X,2) — (Vy) IWDREEWFEZ, 255
iE 6(X,z) A G(Y,y) BT
iz ] Ellis #, FATATRIZIE proximal 478
WAl 9.6.1 & 7:(X,2) = (V,y) AW EALRGEE, AP rcuX,y=n(x)cuy. N =
A prozimal ¥ X B HAXE G(X,z) =G(Y,y).
JEER. iR G(X,z) K G(V,y) METE, W e G(Y,y)\G(X,z). W fz # 2= H =(z) =
By =y =m(zx). BN (z,8z) HR/NR, FTLA (z,62) ¢ P(X,T). FrLh m A& proximal HY.
RZ, R « A& proximal #, BIFETE 1,20 € X 15 7n(21) = w(22) H (21,22) ¢
P(X,T). TR ury #ury H w(uzi) = 7(uzs). 2 p1,p2 € G 17 ury = pro,uzy = por. TR

p1y = m(prx) = w(uxy) = w(ure) = 7(p2x) = P2y.

LA po'piy =y, B pylpr € G(Y,y). B—T5H, BT uri # uws, prz # pox. XEE
py'p € G(X,z), Bl G(X,z) # G(Y.,y). O

AP RGE (X, T) M (Y, T) AR — % F R TR Bk AT A 2%
(a) (X x Y, T) "/l B
(b) (X x YV, T) A ME——HR/ MR
TR (2), FEENTATUEZICRAEZOW R, Prel &M (b) B0k Tl
H Ellis ##45 H— %1 .
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I3 9.6.2 &% (X, T) 5 (V\T) AMN 4%, zcuX,ycuY R&E A=G(X,z),B=G(Y,y)
AAa R4y Ellis . N (X xY,T) AE—R I TFTEIEMRHE AB=G
WA, W G=AB KX N X xY WR/NF&E. BT (z,y) IR, BTARIULFEIEH
NNT(z,y) # 0 BIA. B o' € wY 15 (z,¢) € N. ATATLAIN RN o EG(E
B (z1,51) € N, & p e M fi1] pxy = z. W] (upzr, upyr) = (z,upy1) € N, By’ = upy, BJ
Al BT yy euY, g e GHTR Y =gy MIERM, FIE ac Abe BER g=ab. TR
v =gy =aby =ay H (z,y) = (az,ay) = a(z,y) € T(z,y).

RZ, B (X xY,T) GHE—FIR/NTFE N. & ge G NH (z,9y) ABRDA, KIS
F (z,9y) € N. TRIFTE h e G 15 (2, 9y) = h(z,y). BT gy = hy, Frlh hlgy = y. XHE
HAEE he A, h~tg e B. )\ g = h(h™'g) € AB. O
T 9.6.3 &% (X, )5 (V\T) AN 4%, zcuX,ycuY V& A=G(X,z),B=G(Y,y)
HAa 4y Ellis B2, 2o R vouX = X (FM4y, X £ X M), W X LY HHMRE
AB =G.
JEBA. % AB =G, H E5[3, X xY PE—MUME N BT oX x {y} TREBEHR
/M, BTRL uX x {y} C N. R uX 7E X dE5, #1155

X x {y} =uX x {y} =uX x {y} C N.

TRIA X xY =T(X x {y}) C N. KZHIEHZHZH. O
IR 9.6.4 W RMEME T ARBERE XY TH—AA R distal 4, A2 X LY HH
1% AB =G.

WEBH. MIERTE R, EAMLXFRIE vX 75 X FFRAE]. 2 T yscffeny, ®OTH uX 2
w(Tx) = T(ur) = Tx, H Tz 78 X HFERIALR. 24 X i distal B}, % 2/ & distal
B, BLIER t € Tt /50 distal &£, M ute’ = to’. FJ& T’ C uX, FFEES] uX 7F
X . O
#IL 9.6.5 e RAEM A T AXMeB, ALAR M E provimal ¥ £ T HRHF.

UEBA. R 9.6.1, Ellis FE7E proximal 78 FRFFAZE, HARHEH 9.6.3 BA 4L

M. O

MARGE (X,T), EERIFES THEZEN 2° = {A C X Ap=MR) LifER. vl fiR
W, UM T IR p EAT Ac2¥ i, RITCZAH po A —fRIMNF

pA={pr:z€ A} Cpo A= {limt;x; : z; € A, t; YT p HIN}.

ARG (25, T) TEEB/MNER N (X, T) #7 thEF-

R 9.6.6 AT AL X T ¢ EATIE-FAHE T

WEEA. & (X, T) AR/NRSE, Z HERM—DEFLIEF & L={(z,4) e XxZ:z € A}.
ML RHAEEAAETFE BT Z T, FE Ac Z 15 A# X, IR o e X\ 4,
M (2,A) ¢ L, L+X x Z. O
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BIZY 5 7 X — Y g HP §°38 248, FFER y € Y AR {t,} C T 15 t,n'(y) 1E
Hausdoff fE & FWELT— A, JRER, Xty e X,z e n= 1 (y) Fl p € M, BOL por(y) = {pa}.
R X hEEZE, B4 HP § L —X—5 7.

T 9.6.7T KR 7:X - Y ZMIARGYELE. 2X Y =CHr Y (y):ye Y} C2X
AN AT ETFTEBEARE—— AN TE. wREX oY Y ®F o(B) =y (£ F
BCnl(y)), A4 o h HP .

JEBA. i Zom F[H, FAE Y T AFE Y PEERZ T, BWRAEE By H
BCAWA=B HT AcY FEM {y} CY HH 7 () — A BY* F Y FHRAD
. B Y B Y, IrAFEE B € Y {18 B, € n (). AW B —» B* e Y*. BT
T y) — A, FTRARRATE B*C A I AMEN, F B*= A

gib, WO T AZEY BB — M NFEF, FRER L Y Y FE—)
INE. X yeY {pory):pe M} AR/INE, TREA Y ={por(y):pe M}

Wy eY i AC 7 (yo). B {t:} I T HMELR tim(yo) — A & B; 7 Hyo) K
tiB; — B*, ZUTRIHE A AT F A = B*, #E1ii o 2 HP /Y. O
G3E 9.6.8 % X, Y AMAMNAL%, X LY NAEAXWGHPY A X " #F X*AY
89 —ANIE-F LR TEA B 269 B T
WEBA. B u h M WRFET R ceuX,yenY. BXFET M - X Ké: M-V fE
8 v(p) = pz,6(p) = py. HEEH, X ={poyx):peM}H XHHPFF. VY =
{6(poy~t(z)):pe M} AY WIHEF. TIE Y HIEFIE. HTF d(uoy(2)) C (v~ Hz)),
HNULTUEH 6(v ' (2) #Y BIA]. BN 6(vH(2) =Y. LIMERE v €V, FlEpe M
1% pr =2 Hopy=y. TR T(x,y) 2 {a} x Y, \Ifi T(z,y) = X x Y. (B (z,y) FH/D
sCEA w(z,y) = (z,9), FTLA X LY. FJE ! O
53 9.6.9 & (X,7),(Y,T) #= (X', T) AMMNEGEL Y H distal 4. R ¢ : X' =Y AY
%dm o X' — X H proximal 85, ALELEY Z 1: X - Y 1£4F 100 =1).

JIEEA. BRI O
5|38 9.6.10 & (X,T) A distal 49, W X &9EFTHE F X &40 distal 49.

JEER. K A e X, RAOTEAXMN THEERFE T ve M Hvo A=A, HIEHT X /D,
GERE T ue M i uoAd=A BUEETve M, % B=voA. T X N distal #, FF
Plvz=xVereX. TRRIA A=vACvoA=DB. B, KITH

B=uBCuoB=uovoA=uwoA=uoA=A.
Frh, A=B=woA. TJ&Xx JH distal 1. O
RERATHEARZEE. W § H—TER/MR, Ak
FL={X,T): X LY,VY € ).

iC D Aefi/) distal HIEE, & RPN ERGELTRNE S, TP /SR
FRH Ty WM.
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TIE 9.6.11 BAER B A X BeBEny, &KAVH
Dt =&t =wM.

JEBA. ESEIERH X e D M HAY X BAIETIL distal BIF. @13 X HIET-HL distal
FZ WX Lz N\ X gD Rz, W X ¢ DL 4 X AEFHA distal R4 (D, T).
MWRIETIH 9.6.8, 77 X By HP ¥ 78 X* DK D WA FJLHREF 2 18 2/ o X+ A
T RYEGIHE 9.6.10, 2’ K distal {J. FHHFIFE 9.6.9,72 K X WHEF. T& X FIEFNL
distal [K]+.

TEBPTHEFTLHER X e &8 B HAY X KA FLEEELZNT. FH
Furstenberg Z5#) @ 2, FATHE X FIEFIU distal 24 HAVY EF T NEFREELE
HF. FRIEINEMT DY =&+ M\ SHREEAT, REETFILEEESEHF T
WNRGEAFIREH, RIEH LERNREET WM. O
EIE 9.6.12 ke RVEA BN X 0B, MLALET WM S EAE X ¢9EANE-FAHE
F A E-F AL diatal B F.

A, % X ¢ WML, H B RREAERA distal HFRIMCNRS Y 15 X LY. HE5HE
9.6.8, FA1E X WA F X' 15 X' A v (A, P vy BYWHP ¥ BT Y &A
e LRy distal -, T Y* o8 Y B proximal 775, Brld Y* &G IR distal HlF-.
JoH X BAHIEF AT distal 7.

Rz, R X EFLE AR T X BEIEFLE distal BF, IBAHEEHR X' e D =
WM. AN R G SHAET L E A3, ik X ¢ M O

3 B 96
L. UiH] 6T BA S Ellis RE—HER LR
2. % (X, T) AMUNRS, WEWHET (M, T) 2] (X,T) WFRSEHEM: p—pr, iz e X,
3. IEBAF[EE 9.6.9.

§9.7 Fic

AN ER BB REC LR TIFZ EENLIR. KT, HHEENE
Furstenberg A4 3CE [Furstenberg1967]. 55— HHAYFEAHE Z 0] PAZ: W, [Furstenberg1967],
F=F2 diatal BIITIEZ L [Akin ete.]. 55 FTAIN A 20, [Blanchard1993, Huang-Ye2004b].

PRIk H [McMahon1978, Vries1993], ZRAN B ] 2: W, [Auslander etc.1984,
Peleg1972, Petersen1970, Keynes-Robertson1969] 2. 500 58 7T N AR H [Huang-Ye2005],
#E—HITFIR L [Huang etc.2007b]. S&F— AR R M AR/ IMR YA ISP BT A, ]
PAZ: 0, [Auslander etc.1984, Auslander1988, Ellis1969, Ellis etc.1976, Woude1982] %, FAfi1ik
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T Horb B R A BB KRR — RN, iR EETRI T [Auslander1988] o
B L3 .



BTE Bl

R R A C LB E TF 2 SRMA RABEE, 7EX - NPEXHE XA E/E
ROV, HAES — T RATE B S - S E R RS, R S
B, RATZAHE 2 HTIE Devaney JRIESIEMAAL S I Li-Yorke JRIE. 7ERETHY
0T, BAIZH—AIAUT Li-Yorke IRIEAVIRTEERATE X, FF Ha HBLIR MR — 1A
BIMEN. I, BOTH—FrRABOVR MR T4 BRIRMIEE, FFHIEM: 8
FEFILHR G REMEARIRIE TR &E, RINFAENG LR E

§10.1 RIEHIEX

TARESTAEARRIET, B R R £ B AT R R AL
FARRFIAME, RAVERTBIRAR, REtd % HEMESRY. 5%, RIEI%%EE
WRFERPIFZ IR, Rl Lorenz LRI E I, ANTANIREIFEHUAERM A 7] 5 & P &
% S BRI MR T WA ERFE K Poincaré TEMATFAE KRR T1 008
THEY ) —FEiRB R (Homoclinic tangle) IR B UL IR

“ A very small cause that escapes our notice determines a considerable effect that we
cannot fail to see, and then we say that the effect is due to chance. If we knew exactly

the laws of nature and situation of the universe at the initial moment, we could predict

exactly the situation of that the same universe at a succeeding moment. But even if it

were the case that the nature laws had no longer any secret for us, we could still only
know the initial situation approximately. --- It may happen that small differences in

the initial conditions produce very great ones in the final phenomena. A small error in

the former will produce an enormous error in the latter. Prediction becomes impossible,

»

and we have the fortuitous phenomenon.

——————————— Henri PoincaréMimorto9)]

XHJE Poincaré S TRMERV IR, WL ZIIERANTIri8 MW EBURM & . (H2A;:
FX AR AERE AT 20 T+ 24,

N AN THERLSE, fiE iR WG, AMIFHRHRER LIREA
AN ISR, KRR RS KB R RESRR PR Lorenz 15X J7 H PG
TARKRHIEE. 1963 4F, Lorvenz 1E K RPN B ERFE T “BEtERAEAPIR —
3, fR ARSI RS T EIE 5 KPR IR TCRE N 1 Z ML RTFTER — R &R, A
RAE— B AT RE A — AR, TEXA AL, DI ET AR A KA. TR
TR IRE XL R TeA e, XY R RE T “XAMESR PSR X—IRME
MIEEARRE. 1971 4E,  Ruelle Al Takens FEHICE “Iift A A" HrbaEih T 2R MR8
s [Ruelle-Takenl971] - «3q1H B (sensitive dependence on initial conditions) XA & F-mt 2
Hi Ruelle ZEHFSEIIIS IR, 1975 5, Li 5 Yorke KR T “FAMI=Z1 ZIRME” HI3C

246
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=, WA BB REIANT IR XA L-Yorkel9T] i 18 TAEBR T AR 29U,
IR ZFOHRIE AR IR RE. W25 H, REMWLELERANDG, TR
Wt E LU A LRl 2 EERE 2 —. (B H T ARRSUS A Bl F A AR
HEAFRPUNRMIER, AECHFLZLTIREHARE L.

BT, %% DR @ X FBEETFEL NIV —. WWHESBURE S &M E X
—. M Li-Yorke BRI AR B E X =, WM AEZE RS E REU R ENTTAE
Yy, DO, MEAGHHR ] R R R BLIR 1.

B RNETHE AT E S AR E TR, HATER =258 _3+C
LRI WMEBURERIEIR— N T RS (X, T) BA ¥EBUERME EHRGEE >0
HAAXER 6 > 0 Ml 2 € X FNTAERE] y € Bs(x) fl n € N2 d(T"z, T"y) > . 1986
4F Devaney AWMEBURIE A O X T —REZEMIRME.  Devaney JRRSE (X, T) AR
1, AEREW T =5%:

L (X,T) BAZidhy,

2. T W AR ARTE X P,

3. (X, T) BAWMEBURE

MATATBHERS & R =8B PER R SEPF N Devaney RIERY. BT F(1E LF 2
Ao S A 8 ) JE A R 4 BB VB SURE (HEIL 3.2.7 82, [Banks etc.1992, Glasner-Weiss1993,
Akin etc.1996]), ZRRI, ATH (1) + (2) = (3). ETXEFEHE, RN L e X ss
AT, MEEEWES —, HEAKMN RS ROYIRMER. MU, RAITPRRE
4 Auslander-Yorke ;EHEHY 218 E NVMEBERMFIE RS, Hl, ETIER/DY E R
% (#EM M R4 ) & Auslander-Yorke JETER) (12 3.2.7).

SYHEBUBR LA SR < JLPFEEEZENE”. XMISRITES =2 CLFiTe
T, THEBENE AR — T —SEARNTEE SR, K (X,T7) HNERE, HreX
Py FREGR BIEERE ¢ > 0 F7E 6 > 0 (EAEXMEEWZ d(z,y) < 6 B y ML
d(T"z, T"y) < €,Yn > 0. RGN JLFFEREELD ZIe vEidn HE20H —FEE
Zig. —MERRFMFREARIVFHFEEEZSR, SV ESUER. T HX L5 %
ZERGE, EMRRFEEESES S RGN EREERYE. MR REELERS: B
R, BONVIESURD.

THERATE Li-Yorke IR E . W P, Li-Yorke IRMEVLHI ZIER G T FEF 2
AFEHPARAS, HAERE TN F] B AR ZS R e [] 6 1 A8 7E S 2R B 21 23 718 75 OR AR B,
EENFENFZHENZA—FE. 5 WX WA R 2 RGBT 074 5™
BRI E . W (X, T) HE RS, d A= X f—DEE. BRI X 1A
Xt (z,y) & Li-Yorke X, #1158 inliIgd(Tn$,Tny) =0 H limsupd(T"z,T"y) > 0. X BT

n—-+o0o

SRl RELE, WMAXMEE « #y € 5, (z,y) 4 Li-Yorke Xt #W3R (X,7) BA AW
RORBLE, WK (X,T) o4 Li-Yorke ;EHMHY. 72 2502 Li-Yorke RIMAY. B0, Li Ml
Yorkell-Yorkel975] JERT. giLX[A] [0, 1] bAy3%ELE B WU EA 3 A, NER Li-Yorke IR
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fJ; MisirurewiczMisturewicz1985] 35 B2 XA (0, 1] b @)% 4E H BT A Lebesgue M A 1
HITRELEE; KatolKatol994] 3t [0, 11" JIERH T 281 T Misiurewicz Hy 455, Fghde Mailoorl g T
A n > 2, 74 (0,1)" LAY ARAE, BLAL S RTRELAE; ¥ ORI 4R [HuaneYe2001b]
H—BUHFE “HE” BN RS (X, T) ezE X KiEELAE, Ho X AfRl
HEBAS SR B R ZSE], Cantor 58RI B 40y 5 B 25 0] 4.

B Li-Yorke R & CIRAEH TFZHIRME & . Filan, wRFEEAAE. WS
PHRELEE, WFR RGN T% Li-Yorke JRIERY; MR LK Li-Yorke X By &G 7RI 22 [H]
X x X 4 ( residual ) 45, NFRRS N KEEERN. 3 Kuratowski-Ulam EXE,
A FRIR M R Li-Yorke YR, (B2 4R [Blanchard etc.2002, Huang-Ye2002a] I3 g Akin
B T Li-Yorke X E#EE, SIAT 38 Li-Yorke X, BIZEJRAG 45 F LA BRSO FETRAR 25
] X x X FyEIER. T X M58 S RN BREE 2HEMNEE 2 #ve S, (x,y) H
5% Li-Yorke Xf. #MARRFREA AT HERIEELLE, WFHK (X,T) o~ 38 Li-Yorke ;RHHY.
Floyd-Auslander Z&4¢4 Li-Yorke JETHI{H 3G 38 Li-Yorke XJ 45 [Auslanderl9ss]

5 Li-Yorke JRTEAHR SLAIE DL IA Li-Yorke XA 3R Li-Yorke Xf. XELZH =
EPERHFRERILT distal FIE distal IR, 7EXBRITAFZE.

Li-Yorke JEJH 5 Auslander-Yorke JBJHE G WIRER R, —FH HAZHE. Morse I/NR S
At/ HAMERBURR), (R ERRELEH S AIRE, TREREE Auslander-Yorke JETH{HAZ
Li-Yorke JEH[Y; [Akin-Glasner2001] HFHIERIfETEY TR L P E L RS (WA S WE=
B —1), XTRYE Li-Yorke IRH{HA Auslander-Yorke JRVE. B FH/MIEME, F
Gk B ELEN), BOMRIERURE, FrLAMEY, Li-Yorke IR R4 4 Auslander-Yorke
BRI, XFF Li-Yorke JE{# 55 Devaney 18V, 7EF—WRINTSIEHEH SR

A —IER TR & OB IR R G RRAHSCHT. M fE R B IRTE &
T RS T . 1958 4F KolmogoroylKelmogorov19ss] (ks o}y oy [Shannonl94s] (22 &5 35
R E MR R ERDIE TSI TS BEE, 7€ 1965 4% Adler . Konheim Hl
McAndrewlAdier ete1965] B] \JRFMEFIHES. MR BB RMALE, BRIT REMTREL
FE. HTEMAGES —EeEts, i 2R 5 Bk B g Ry
M Kolmogorov FRGE & — R i IEM R GE, 7575 FEA M Kolmogorov R ZEMFaTH
BB, AMFR T —HEMRLSE. N TF—HEMRRS (X, 1), ER&E B WA ER % T
BRI B R U BATER, B U SRR N(Vis) T-U) %F n ISR K. T
T T — o BRMEE: 2R3 RGN R R ERECET » UHE
FAIGEK, WENTXZRGEN S 12 ERRE VAT 4 ? ZEXFEERHER T, Blanchard |
Host il Maass(Planchard ctc-2000] 5]\ T4 HE RS (S WBAE). ATEHT: —43h
NEGRT HRGES HAEESWDRGEF/AL, HTHIREGRESW/DNRGEI[AZL,
MIMEHRE RE —ENT HRS. #HH, Akin f1 Glasner £3C [Akin-Glasner2001] HIE
TSR ST 8RS (FMIH]F ) [Huang-Ye2002b)). XEELER VLA 1§ HUPE
AR TR SR SV e 5d m . X PN REY Jk 5 5 IR A 255
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.
JETE A TEE T BUR S JE Li-Yorke 1RVERY, WEAFIRMEN, (HET BIEASER

WEVMEBURME. B FAEMLFEEEL RS N — BN (Sl 3.2.12) TRIERS
Wo AR (20 [Blanchard etc.2002] AT S =77 ). XFALAT{% 3 A IR RS0 A7)
fEBUEE, BIZA Auslander-Yorke JRVERY. 7E25 =1 IR ATSUERH, IEM RS LA Li-Yorke
TR

B — K ORI T BN EIZEANTH. — e, FROTERX PR B R T 55
BEM. XRTRAME SERMNCETRRE. FEARAEDRITIEN F RG2S —
MNENZIE, WRAEWBEAT FIRGREMIREGLEE.

L8R, BT EZHRRTER E X, RITHAES ST T —ERZEN 4.

§10.2 ZME9SHR

WA R IR AR 0 — A F 7. — S NEIRIRZ 12, 12
MM A IER C([0,1]) AT FHIEEAE C((0,1]) FRZF AR, XAV T [0,1]
A LA AL AR T R R R BOREAE, TMHA T B “Ew L. EATH, RITHE
MR AT HRAER Devaney JRIHZHE & Li-Yorke JR{H.

WX ARETLEEAERSN, M R C X" FnitkR THEF C XK
N FE R PMIL, ILZHN F € J(R), BIEXER F FHARITC 21,22, 20, HAOTH
(1,22, - ,xn) ¢ R.

FIE 10.2.1 (Mycielski & 32) [Mycielshil964] 3% X HR FIR = b & FE T T, e R4
MneN, R, A X 85 —RFER {02, H X —wFE, NEE Cantor & C; CO;
EIFHFEANneN A, .
K =|]JCieJ(Rn).
i=1

— A TRALX Ty AT A Cantor RIS PR Mycielski £. T Kura-
towski T FRKuratowskilo™] Jif - SEfR BXFPFEERSE, N2, (R.) K 2X HRIRTE.
ey, JLF&EA Cantor X Ry, = 1,2, ML,

HRIE Mycielski E2E, 1R R4 X x X PIIHAE Gs 8, IB4—EFTE Mycielski 285
K 1% K x K\ Ax C R. T, WERFLATRER FL RGP Li-Yorke MY 2K LY (X, T)
N X x X PRI Gs 8, A AHE (X, T) &4 Li-Yorke JR{EH. XHEATHY
FEEA.

W (X, T) MEAER dWIITRS, MTRERC X xX Hflze X, RTEX
R(x) = {y € X : (v,y) € R}. ¥ [z] = Asym(X,T)(z), W [2] 24 = Pr7EAT#LIE. X
A% ={(z,y) € X x X :d(z,y) < %}, Ay ={(z,z) e X x X :x € X} [«‘,{&A—%ij% A A
. RIMESEH LT L
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5138 10.2.2 & Ay, =N (T x T)_ZA%, ]
1. Asym(X, T) = (521 (UpZy Akn)
2. ¥EA v e X, 2] = Mol (Urls Ara(@)),
8. LY (X,T)=P(X,T)\ Asym(X,T)
Xt T 56 R AL R R ATE
FTIE 10.2.3 #FL ) & (X, T) AH) 4%. N
1. 4o (X,T) 2 2 RIM4y, ALMEN ze X RANVHK [2] = {z},
2. R (X, T) RAEHKEAY, A2LE X x X PHELE L Asym(X,T) A% —NEBLA
HANhreX, L 2] A X % —-RNE.
A, (1) EEAEXT (z,y) HFRBIEE X x X fEIE S, I Asym(X,T) = Ax. 5B,
MR 2 e X BATH [2] = {=}.
(2) % e MPMEBURMEE CPMIEFHHE n e NWHE 2 < e LKA ke NI
z € X, App(x) AWM. XZEAURAE X HIEZIFE U C Apn(z), MXER y,2 €U
Mi>kH ATy T2) < 2 fOL; E4HIEE U, BITEMEINER y2c UM i>0F
d(Thy,T'z) < 2 5L, X5 e (ESOPE. R, Ay, WEWNE. EEE A, 1 A, (z) K
4, H5I2E 10.2.2 /7 (1) A1 (2) FIHHEER Asym(X, T) HE—HNE, DEXMNEN 2 € X,
Wi (2] X BB —AH4R. O

#EIS 10.2.4 & (X, T) AEABGEHE 4%, NHE k4 Asym(X,T) A% —REH LA
HFA-re X, BEE 2] AF—RE.

JEER. i T RAERESURAY, B 3.2.7 &1 T M—ENIMER, HE T & 2 KItER.
PLAE T 2 B 10.2.3 BIAIASHED 7. O
HEIL 10.2.5 BA& {[z] cx € X} ATHE. NFH X GEANAD G S AR LA E
ATHE. Bd, T GieiBHAHER.

JEBA. fRix% {[2] : = € X} MATBEE. [EREBIPNATER —HE 0 8 B A8 T AR 9T
KU RS BE N AIRSE, RATE X 8RR N R4,

Wah X WEER. W« NERYIE, W o8y o KR w(z, T) AR 1518
ARG HIER 1024, XAy € w(@, 1), Yl o = Asym(w(@, T), T)(y) ARIH—HNE. H
TRERZN wz, T) NREFRR N AT BB —WEIIHFE, (Yo v ewl@ )} AR
B X5 {[z] 2 e X} HARETE. XUl X WENMEEAEARR. &5, BHE
B8 53 IR B — A BB PR MR A B Ry SR se, AT T HFRRSE. O
7IC 10.2.6 B H#H® 10.2.4 %= AR HE 2% (X, T) £HL kX % Asym(X,T) A% —R
Ko BXRERAT, MHEAMGELE LG (X, T) AHLX LR Asym(X,T) THRAE X x X
TR, RLAGASTLESRE LG IERRGEE 4 4.

RIEHER 10.2.4, IMEEIEFIRZR RS (X, T), HELEK R Asym(X,T) HEH—H
£, TRAUCRAE U XS R Le kA £ 18 R 5 P(X, T) A%, A28 v LLZ H Mycielski
EFRPLIH RS Li-Yorke JRIER. FRATUA T 8L H IUERA Devaney JRVEZE S Li- Yorke JR .



WIS R G R %251 FT
£+ Rt §10.2 WG H#

FIE 10.2.7 & (X,T) HIEARGELE 4%, R (X, T) BARARE, AL T #E
Mycielski EE. Bhe T A ZAA5E 49, NG LEBE Mycielski RE%E. HFF3#, Devaney
Wb A% Li-Yorke 134,

MEEA. BB T AR p. W 2 € Transy, MIFTE HAREUFS {n:} 15 T2 — p. X
PEAXHER 4,5 e N, (T2, TVz) € P(X,T). Bt P(X,T) APESE, dEH 10.2.1 FXf T
FATERA /Y Mycielski TR LA

BB T B AR n > 1 BERA&E. 3% 2 € Transy, W w(z,T) = X. % D; = w(Tix,T™).
T(Di) = Diji(mod n) » A Di AARFHEHAET T T 0y n AR, Bl T p, Atk
1, Do & T MIAZIR; W EETHEXS T fF1E Do BITHE Mycielski {4 B. B
SR, BH T Y Mycielski 1R FL4E.

wJa, W EREAER AR T h5eefede, WX T R E R Mycielski TR
. XHTER T IER. O
TEIE 10.2.8 EATH M AL A Li- Yorke k549,

WA BT RARRHE Q(X,T) = X2, Frlh P(X,T) AWER Gs £, TREH Lmw
ST LS. O

TABRBN S RS (X, T) Ny LRI, MR X A AMEEEIMMEER 2 #y € X, (z,y)
& Li-Yorke %

HEIL 10.2.9 & (X, T) HE#HGER DA%, ALHELE (X,T) GEF 4% A Li-Yorke 1%
Ay, Hd, R (X,T) ALFFREELGIERDZA, NEE (X,T) YRR R
T 4 %.

WEBA. B T AABNRGE, FAIE v € X i A=w(e, T) NTCAHRERAZHE. 4 A
H—ri, RIMERE T (X, T) W—MEREFR5%, ZREANEAPBEES T —MA
. HEH 10.2.7 AL T REAFAE Mycielski {RELE.

WR T HILFEEESN AR/ NRSE, W X Wi/ AERHE Y X EF48 (2
. BT X gt/ MERAEGE h— K, AR T X — L PSEE L FiE R
58, ERGAN—BWIEERG— A3 A HME—f R/ DR, B —Z W) proximal £
g8, TREZENFRENZRIBER (T#). O

3 E 102
1 ZyHEFE 10.2.8 By TELAIEH].
2. 8 (X, T) RILFHFEESEGIEMRDRE, EH: X BRSNS X HETE.
3. EHT: 2 WIHERY proximal RGEH BB RS

4. B (X, T) ASh RS, DX, T)=X?\P(X,T) YLKk Rec(X) KEE S5, iEWH:

(a) WHE (z,y) € DX, T), W w((z,y), TxT)C D(X,T). FE T & KEMHE (z,y) € Rec(T x T),
M4 (x,y) € D(X,T~1).
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(b) 4R (X, T) RteEly, W Rec(T x T) 4 X x X W—HEHY Gs 8. W0, WR T heik
B EBAE R, W DX, T) 1 X x X PR
5. ¥ (X, T) NI RS, WEH:
(a) 2R Q(X,T) =X x X, W P(X,T) A X x X {HH Gs 5.
(b) B (X, T) ANAl#feid RE. WRAFIE X A28 VI Ml Y2 2 QX T) D Y1 x Y,
M QX,T™") >V x Yo HIk, MR Qu(X,T)=X x X, M

QIX,T)=Q(X,T™") = X x X.

6. W (X,T) ARG, IEMLLN TR SN
1. QX,T)=X x X,
2. P(X,T) /& X x X T Gs 4,
3. P(X,T) £ X x X g%,
R T RHAEFIARAZ S B B T A WIEBURA, T (1)-(7) B SE
4. LY (X, T) BET X x X F—4 % G £,
5. X T FIE— %R AL,
6. Xf T TF1ER % Mycielski JRHLEE,
7. T ZH% M Li-Yorke JRIERY, BIXT T FAE— D% 00N AT 80 TR LA,
R T R EE R AR R A B, U (1)-(8) SR
8. Xt T F1 T~ FEAE—AFL[R B8 85 A R T A TR L4 FLIZIR LA AL & 7E Transy N'Transp—i.

7. (X, T) AR AR RS, R X WAEEFEY R P(X,T) DY x Y, JEHTE Y FFE7E
— AT HIRTLER.

8. W (X, T) HAEFAMAMEE RS, WR (X, T) AN Li-Yorke @R, TEEA: X T 5 & MNMREGLE
ETCAFR .

9. & (X,T) A HRGH X BERE. Wk (X, T) BS5ES, EH: T HFEMER Mycielski 1§
GLEE. #E—th, WRRE (X, T) IR/NRS, M (X, T) HFHRE Y BACSXT T FEMS
By Mycielski JR L.

§10.3 IEWRLSEL

2 E—3 & R A BB AT UER IR RS2 Li-Yorke JRTHAY.
TEIE 10.3.1 EFTEM £ 42 Li-Yorke 3049,
WEBA. ¥ (X, T) NI ARSE, H h(T) > 0. RIS, FAAE— DM E p e Me(X,T)
1153 hy(T) > 0. &7 (X,B,1,T) — (Y,D,v,S) HE| Pinsker HFHT 7. & n= [, pydv(y)
K op AEXET v BT .

A=p Xy p= /Yuy X pydv(y).
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BT m 9SSR GY 78, Frlh A M. 2 W =supp(A) 2 {(z,z) : @ € supp(u)}. N
W = supp(A) C supp(p) x supp(u) € X x X.

B Wy o4 A B generic G2, N A(W)) = 1. 28 W = supp(\),(W, T x T) fEEH H W)
T:E WTrans (/%éjﬁ (WvT X T) E"J'f?ﬁ,‘g—f’:éﬁi) EP%%R ﬂg

1= A(Wy) = /Y iy X 1y (Wy)du(y),

MITAFAE Yo C Y, v(Ya) = LIERF 11y % py (W) = 1,Vy € Yo IHER y € Y, & Sy = supp(py),
i
Wiy N (Sy X Sy) C Wrrans N (Sy X Sy) =L.

XIHEH 1y % 1y (W (Sy % Sy)) = 1, BATH Wan (S, x Sy), BEM Wivans NSy x Sy K S, x S,
I % 4.

BN Wvans B W BB Gs T4, NI L R S, x S, BIFA%E Gs F4. RHE Rohlin &
H, XILFRLR) y e Y op, HEFRF. & Yo C YA MIAEES v FEFHR yen £
. WER v € Yo, B Mycielski @B S, fA7ELE S, HHZER) Mycielski 74 K C 9,
fgi15

K x K\ A C Wrans.

GWAER (2,y) € K x K\ A FRIEEX, T9& K C X ARELAE. JoH (X, T) K Li-Yorke
TRIER. O
AiC 10.3.2 FBEAER, KMNER TiF F& 7R F9RFNLEHR. K&, Kerr A= Lish
BT — AT R T i 7 5 A ) (Kerr-Li200T],

3 B 103
L ¥ (X, T) AN A RS, HBAFTERALME o ERX AR ARG (X, B, 5, T) A& E

distal #. 12 Z = supp(p), IEHIFFE—NAARLEFE W C Z x Z 1§ W, T x T) RHIHEFME#EP
FXMERWE UNZ £ 0 48 U C X, F4E Mycielski T4 K C U B2 (K x K)\ Az € Wrans.

§10.4 —A Li-Yorke ;#8935 E 32

4R Mycielski B3, 3 R M X x X FHHEFE G, &, IBL—EFLE Mycielski &
4 K8 K x K\Ax C R. JoHWE R = P(X,T)NRec(X x X, T xT) 7£ X x X F1Hf
%, M4 (X,T) 2645 Li-Yorke JRTFEAY, HAWZ Li-Yorke JRIER). TRZHIWr—N %
&t Li-Yorke JRBTHAY, —PMNEENREBEE R = P(X,T)NRec(X x X, T xT) E&
JRER. T FRATEEFF Mycielski & #1 E e FIAS 184 0 5 2R SEBLX A AEVE.
5|3 10.4.1 & (X, T) AE#EGH N 4%. N (NUU):U H X 89FE} HiET.
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JEER. &K U, U, H X WFEZHE. B (X, T) AEE, FrUFEE n e N {15 Us =
Uy NT Uy £ 0.

N(Ug,Ug) - N(Ul,Ul)ﬁN(T_nUQ,T_nUQ)
= N(Ul,Ul)ﬁN(TnT_nUQ,UQ)
- N(Ul,Ul)ﬁN(UQ,UQ).

H I F 154518 ]
@ 10.4.2 & (X,T) AZA MR B a9t5% A%, A4 ﬁ-ﬁ Cantor £3) C, CCy C --- 4

U Cn A X ARGRETE, FHMEE NN, U Cn H— K RHEE.

'LIEEH- WY ={yi,p0,--} I X A EOHE T4, Hlx Yn ={y1y2, ). B F HEE
{NU,U):U H X WAEZTFE Y Ml/NE. BT (X, T) Afesny, B EgI3 F ET.
Wao=01 Voo =X, ATEWTWF:

MAEE S € kF, F71E {an} CN, {k,} € S, X HAEZFFES] Vi1, Vaz, -, Vian foz

n\\\

¥ 3
1

FENN
4111[

(1) 2n_1 < ap < 2an_1 + 1

(2) dlame< L t=1,2,...,an;
(3) MR {Vaidiny M EAMSEHI;
4)V,

(5)

5) Y, CB(U Vi, =), Hoift B(Ae) = {z € X 1 d(z, A) < e}
=1

(6) Thn (Vy2im1 U Vi) C Vo1 gy i = 1,2, -+, ap.
BT 3 69E R 24 5 =1 1, 5?}5)‘( ar =1 AKAHNHY kb B Vi R 1< <n—1, &
ﬂ]EA Xﬂ {CL]}] 1> {k } u& {‘/3,17‘/},27"' 7‘/j7aj ;L:_ll ?%E (1)'(6)

AT 20,1 < ap < zan_l +n R X i v v vl i

(a )diamV(O) <%,z’:1 2, an.

b) lﬂ@.{ D yen .

(
() V, 22 1Y v c V(O)Li, =12, an_1.
(

n,2i— luvn27,cvn 127i—1 2,00 Ap_1;

n2z

d) Y, CB(U m,zn)

HTAE 1 <i<a B NVOVD)) e 7 TR aﬂ” NVO VO e Fo Bk, €
SN ﬂlN( O vO). TREEEETSE VY C m),1<z<an,1§4as

( ) Tkn(v( 2)z 1 U V7512)z) - Vn—l,i7 1= 1727 o, Qp—1.

B Voi =V 1 < < an, WIRE 0, &0 (1) — (6) BENER. BIHARNVESINE. o

ZIEE.
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4 C, ﬂ Ufjl "V M CCCy -+ B (1) — (4),C, A Cantor £. H (2),(4) #

] =n

©) 5= U O 46 X B XA N i <6>,,@1 Co WHIMT S —SWHEH.  C

AEIC 10.4.3 RATVT AR F AT e bde TR (7) -
(7) Y, C Blorb(z, T), ), vz € U Vs,

EHT R LRI K U Cy, i 2 20 K.

W (X, T) NI RS ?% A C X FFH —B proximal B, ZHEXMEE € > 0 F+1E
n € Z, HEMERE v,y c ABE d(T"(z), T™y) < e L. X neN, 4

UP,(X,T) = {(z1, 22, - ,xp) : $SAERe > 0, FFAENGE diam{TNz,, TNz, -, TNz, } < €}.

SRAEMAT 10.4.2 RN XHMER n > 2,UP,(X,T) #7E X" Hrfa%, WIFEKATTLIFE
TERA T = AR gk
(8) f+1E t, € N ffif5

an 1
diam {7 Z:lem} <
N
NMTELE I ER: MERE N eN, U Ci A—3 proximal {7. IR, AR 0T 4L
53 10.4.4 % (X, T) HEHIKZ é é%% #$ A%, WwRAMEE 0> 2UP(X,T) AL X"
TR, ALk Cantor & C1 CCy C - 4215
(1) K= U Cn, # X AERMFE,
n=1

(2) 4%/ N €N, (VJ C H— R R 4

(3) *#4~ N €N, U Cn A —3 prozimal 49.
ﬁ%ﬁﬁ?k&mmTEX%ﬂ%
EX 10.4.5 & (X, T) AW N 4%. TH KC X 7f’5’7’7 (X,T) & —BURELE =~A5H £
Cantor £3) C; C Cy C --- #FEE N € N, U Cn A—HKRIMEGy, HHEELA—FK
n=1

prozimal #9.

S0, B K = U Co MWIMET4E, FFHOURIRALE. FEHNIZ H— DR R

A —BRFLE R l"_%
EIE 10.4.6 (REFIAEN) & (X, T) AZARZ E1EE A%, oRELE (X,.T) 8T
2% (Y,T) 843 (X xY,TxT) Atk ¢y, ALCHE —ANEE Mycielski —F L.
JEBA. HFIFE 1044, RAULFIEHAXMER n € N, UP,(X,T) 7€ X" HH%E]. BUE
neN, Xfe>0%

Po(e) = {(z1, 22, -+ ,x,) : Im € NfFBdiam({T"xq,--- , Tz, }) < €}.
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M UP(X,T) = or Pu(L). FHEHBITEHAXNERE € >0, Pu(e) I X" HITA% T4, 4k
HUP,(X,T) 5 X" WHAE G; T4
BUE e > 0. UL Uy, - Uy A X WAEZTFEE, W Y BAEZEHAH. diam(W) <.
(X XY, TxT){&i$, N(U,Us))AN(WNY,WNY) # 0. Blmg € N(Uy, Up)NN(WNY, WNY).
ny
UyNT ™Uy £ Q) FHWNT ™WNY # 0.

E, FATE mi,ma, -, m, 715

UlﬂﬁT_miUi#@ﬂWﬁﬁT_miWﬂY#@.

1=2 =2

B R (X, T) 1538, BTLAFFERIE R « € UnN, T-™U;. By e WNNiL, T-™W. T
x (&3, FrAETEFS U, A5 limy oo Tz = y. TRXEA 2 <i <n, lmy_ oo TH(T™ix) =
T™iy. WK {y, T2y, -, T™y} C W Rh K diam(W) < e, FrAXT R KA U, TATH

diam({T%z, T (T™2z), - - | T (T™ z)) < .
IRB,  (z, T2z, -, T™x) € Py(e). EREF] (x,T™22,--- , T™2) €Uy x Uy x -+ x Up,. T2
Po(e)NUy x Uy X -+ x Uy, # 0.

HT U, Us, - Uy BE, FTRA Pu(e) 78 X" HHHH%. ]
FRPEXAHNAEN], FATHAR R 20 T X LEEZE R Li-Yorke JRTHE R4t

HEIL 10.4.7 & (X, T) ARANRZENH) 24, =R (X, T) HRARTET—AF4,

ARALC A — A AAEE Mycielski REL%E:

X, T) A BHR &6 15 4 4

X, T) Ay 34y,

X, T) AR FEEGM I TEGBT K AL

X, T)

(
(
(
( VORL RUEAC NGB

e v o~

)

3J & 104

LR (X, T) R F L3N, F AWRR, NXHMER S € kF, F77E Cantor ££ C, C Oy C --- {15
00 N
UGB, N eN B UG X T 5 —Shltt.

2. B (X, T) NBINRG, R xe X Oy regular, B3 o {EEMI U, F1E k € N R N(2,U) 2
KZy. EHl: BA regular KEE2EERAGAAMEN —BORAE.  ('x: IEWIRNRSERA
regular 524 HACY B8 IENLAR B JLF—3f —3" 78, W [Huang-Ye2005].)
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§10.5 EERFEHVEMLMER

EX 10.5.1 & (X, T) A 4%. X G—NFT& C#4H BHTFFEI S c 2, BEERE
£ AEN CWOE—TH ARBETELGHH F:A— X, HBEETRI (¢} C S R
H& v € AR lim_o T%(x) = F(x).
W, FRIRTEAE —E RmiBALE. X & CEERMUFRE, HEHITEKHN
TRZ R G A RRTR TR
T 10.5.2 (A& - HEE) &R (X, T) AN 4%, EF X AZE VARG AR
TokEZRE, N
1. (X,T) A RANLBENRAELLRTE SCZ, UEAAXT S 69 EE Mycielski
LT R K
2. (X,T) ARBAGEINRINEEARTE FCZ, HETHE SCF RBEAMNT S
6948 B 49 Mycielski &% F & K.

FEPE 10.5.2 YRR TE A U BERE, FATEE H— KRB TIEX A4, IR
JriEE s 10.4.2 FER] 3 AE.
I 10.5.3 & (X, 1) AFHN 4%, AT X AZSJ AN EHBET oA TR, F A
Hegk. N (X, T) A FRAEGAAMRAMNMEE S ckF FitaxrT S ¢ EE Mycielski
R TE K.
B, ESCIER M. BOMMER S € kF, f71E K W R B BBy 4F. X X x X MEEE
ZEIFEE UV, FATH (21, 22) € UN(K < K) K (y1,42) € V. B K & X, FFEFS {a:} € S
fiifs Z,li{})lqui(ﬂfl) =y H }H&Tqi(xz) =yo. TRENUV)NS£0. Frlh N(U,V) € kkF = F,
IRBI (X, T) 4 F iRaH

TUELEME. BT X A FRAGMAZRPAERDNE, W X BEILH. &K {012,
M X AR EATAYRK {diamO;} A im) HET%. X MRIGEE R/, B
WATATLAEBUE—A I {0)}2, MM i e N, O] HEM. XHXFEAD i e N, BT 4
Ai=01U...vO, EEMAE R A HEPFITENER/NT 1 ¥ A PoREERK/ M
F15-3 {O } U {O:} B FTSK.

WY = {y,y-} B X WAERBEFER Y. = (v, o). BRITEWTEE
(ao =0,Vp = X):
B2 FFFE {an} CN, {kp} €S K X BIFFEE {(Vi1, Va2, - 5 Vian oy T2
(1) 2ap-1 < ap < 2ap,-1 +n.
(2 dlame< ,1=1,2,...,a,
(3) {(Vaitizy A X HAMHKH K T4R.
(
(

4 n2z—1UVn2zCVn 1172—12 Gnp—1-
5) Y, CB(UVm,n),,ﬁ;EPB(A e)—{azeX d(z, A) < €} .

=

)
)
)
)
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( ) Xj‘{{)u\ a € {1,2, - ’an}an ﬁT:E m(a) cs 1%1%

TV, C Oniyyi = 1,2, , ap.

WS E S W o = LV B g BOARIREL diamV,Q < 1. 1T N, 00) NS # 0, BATHT
Bom(1) e N(Vl((i),ol) ns. ﬂ:%ﬁfﬁ?% Vip € Vl,l % 7MWy, C O

R 1< j <n—1RIEHE {a})=), {k Y2 B AVin, Vi, Via Y12t T (1)-(6).
FATH 20,1 < an < 2an-1 +n K X IFFE Vn(oan(Og RUAVEE 78

(7) dlamV()<%,z:1 2, ap.

(8) P (V9 }in, HAMIZ.
©) V% 0V,
(

- Vn—lfia i = 1727 cr o, 0p—1.

n2z

10) Y, CB(U v 1,

n,g ’ 2n
4 (1,2, an}an = {addiz,, 3ot 4 = a
B N, VO 118 0, ) = mv(vn“i, Ourii)) € F, FTUATRTE

m(ar) € S0 N (1, VO

n,e

17100, (5))-
# v cvO e
Tm(m)vé’li) C Opyiys 1=1,2,++ ,ay.

il
m(az) € SN NI VY T 0, 0).

FRAR v, v 7

Tm(OlZ)VrE?i) - Oag(i)v 7= 1’2’ ce L Q.

BEA 1< < 0o — 1 RITEA mlar) m(aa). - omlag) € 5 B W, 2V} DV
= Vyf;jz) 'fﬁ’fg Tm(ah)vyg’};) - Oah(i)7 1= 1727’ c o, Qn, h = 1727 W)
il

m(aji1) € SO N(I, VI T O )-
TR VI vl 11g

Ty U o i=1,2,,an.

aj+1(2)

RIBEAANETRATEE] {mlo)}, & VIV 4 Vi = VI = 1,2, g T (6) B

.. BT E AR
oo 207 7mg
wC,= N U1 Vii- M Cr CCyC---. H (1)-(4) C, K Cantor 8. H (2),(4) & (5),
j=n i=

K:Q@EX¢W
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FERATERN K GEETE A RERESVS F: A - X, FEF) {g) C S 1
EXMEE © € A, lim T9(z) = F(x).

WA, —{o e A:FHEL<i<n 1< ar<an [iffae Voo NACF0)) GEE
Ay 4E 1 AR/ TTRERZ248). SHIL Ay C A C - C A H. I_j‘l’An — A MR A, RHEE,
i "

{(Vaj: 30 € A1 < i < nffiffe € Voyn A C F7(0:)

=V, 0 Vs 5V o B < < <o < il < an.

B oan € {12, a0} MR 0n(il”) = max{l < k < n : Vim0 AC F Y0k},
1 <j <by H2 g =mlon). J

THEXER = € A BNTH lim T%(z) = F(z).

wWe>0, MFFE N e N{§fif524 n > N BH diamO, <e. BE x € A. Bt > N {fif§
Oy N F(x) MR, T F#%E, F YO0 K« APHFFE. TRERAEEDS >t &
1<a; <ap fF 2€Vno NACEF YO, H (4), MMEE j e NFHER 1< dl <ap,y; #

T
(12) Tns+j Vnt—i-j,agc = Tm(anﬁj)VntH’a% - Oant+j(a§;)’ )
(13) T < Vnt'f‘j,agc N A g F_I(Oa7lt+j(aj))'
i (13) RATE F2) €0, o) #0 B (A H T e0, 0. FRMMER jeN
d(Ti+ig, F(z)) < diam(O_ ;) <e.
QAny+j (a%)
Bl lim T%(x) = F(x). O

FEIC 10.5.4 AAMVEGIERIET R BRI TRE ZRARTH, RAGEAL .

3 & 105

L W (X,T) HEhARGH S € Finr ALRTHE. X BT C N BT S §9 Kronecker £ &5
C % Cantor BIEEMRAER g € C(C, X) K € > 0 AHFLEERH n € S H578 dg(a), T (@) < e
XHERE o € O WAL, B (7)o n € 5} 4 C(C,X) h—cHig. X T4 K Bk 180T S 00783
& RIMIER g € C(K, X) FETFI {¢;} C S HAXMEN v € K HH lim o T%(z) = g(x)
WL, Bl {T" |, :n € S} 7E O(K, X) K S USRI Z 1.

W (X, T) B F MBI REM F ik, 8. W (X, 1) b FIREW, BLIMER
r€X BIEE S € kF HFFAE Cantor 82 C; C Cy C -+ - i B
(1) K =U,Z, Cn 72 X F%.
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(ii) 7E7E {kn} C S #48 diamT*~ (C,, U {z}) — 0,n — +o0.
(iii) XML& n e N, C,, HHXT S # Kronecker F4.
(iv) K X S fignti4e.

§10.6 HEiRH

X —, WOTHENIRIR TR HMANE. RIONFESF S
W, MAZHIEH R E AR L. FRARBPEES: WAHIE SR
TERTH ALY, RIS R AR X — iy RBUE B =S WA H. IRa—1BER
IRl X T — SRy 2200, IRAR PRI SR GAE ENRBENIRR? &5 5
RN N 5t T — 4. F52 b, ZEREH Yorke GIANTRIE B & i PRl 2 X
FX R E W H#F T e . fifiTS1E: “ In this work, we analyze the case where the sequence
{F™(z)} is not periodic and can be called ’chaotic’... » [Li-Yorkel975] = g2 11 Yorkel975]
o, TR EESSe R B T OAXE,  f T — 1 HEA 3 EBIRAELBE, AT
HUINTWS:
L f AAEE A B A
2. FFIE—DATIETEE S C I, Hhich AR B 2
(a) MTEM 2 #ye S H

liminf [77(2) = ") =0 EL Tmsup |1 () — ()] > 0;

n—oo

(b) MER v € SFEBABIA pe I, OTH

limsup [ f*(2) = f"(p)| > 0.

n—oo

HZ, SEhr BiX HJE Sharkovsky 1964 4E TARH) —MFIRTEOL. #E4THH Sharkovsky &
AT, HAIFE-LEN. EREG NU{2°} L X7 (k- Sharkovsky FF) :

3-5=T= - >=2:3=25>=2-T»=--->22.3-22.5-22.7%...-2% % ...-4%2>1.

YtteNuU{2>°}, 4 S(t)={keN:t=k} (S©2°) HES {1,2,22,---,2F,...}).
FIE 10.6.1 (Sharkovsky TEFE) Sorkovskil964] xftt -5k thak 4 T — I, 54 t € NU{2®)
A7 Per(f) = S(t). RZ, *HEE t € NU{2%}, A& LEMA [ ] — I 4245 Per(f) = S(t).
X DX [E] B B, AR T 4R 2 B A PR T e SR DI R &R
I 10.6.2 & T ARE, f:1—1 H&ELuksH. N
1. %R f B, AL f ZLARREY, BLA I TUSBARANSTRE J fo K £4F
F2ly A P B ATRRA.
2. RREFHTZoFE, LABRRGFNTHRS.



WHANB T R & MR %261 FT
F+% 2t §10.6 A TRsE

3. dm R f AEHEY, ALCHMEKE; RZ, Wk f AWEREY, BLAELET
RJa] J A& neNAEF |, AiEiEas.
4o f BAAERB S EARS LA 269 RRG A L.
5. k2R f A —A> Li-Yorke *F, ASLuLH Li-Yorke 183545,
KT bk e FATIE B A B DX 8] B S TR VA BT S A A A 1R T 2 L [Ruette2002).
XX Ja] AR BUR H AR 2 T HF R BN E R — N 8. AN F — SR B
IR, W IRA o IRMSE, ARSoth STEmt o IX 1] B B B 1 Ay
(X, T) N w BRI RAEEAEARFIHEE S HAMEEARF S v,y € S HE:

w(@, T)Nw(y,T) # 0, w(@,T) \wly, TV AT, w(z, T)\ Per(T) # 0.

XF RS, o IRIEZER Li-Yorke 1RV, RZAKR. XF R, ZHEALM.
W (X, T) HANJTREG. XM aye XnmeNKe>0EX

F{(e) = ~[{i:0 < i <nd(T'2, T'y) < €},

Hiz
Fyy(e) = liminf £ (e) & Fy,(e) = limsup F{ (e)

n—0oo n—o0

G0, B e > diam(X) B, Fyyle) = Fy () = 1. AFEWIR, THRHBNTEMK € €
(0, diam(X)).

HATA =Fe X iR MR (distributional chaos) 773X, AT ENIHCHN DCL,
DC2 1 DC3.(X, T) #5y DC1 BAEFFAEA RS S HRMER « # vy € S #RGL Fyy =1
HAFE € > 0 45 Fiy(e) = 0; BN DC2 BAGFFAEA IR S ERXER v Ay € S
WAL Iy = | BRAE Fuyle) < Iy(0) Ve Bih DO3 RAREARTAE S HAR{ES
x#y €S WL Fuyle) < Fye),Ve. XTI E B, =T A7 TR AR & BRI 255
Wi, MT—REFEIN N RLE, DOl = DC2 = DC3,DC2 % Li-Yorke JE¥H. {H
JEIEMAREAL DC1 fl DC2, [k Z DC1 AREALHIER. T o MREHIE, 20
[Schweizer-Smital1994, Liao etc.1998] S8 3C.

RIGENT A — AT H Akin I Kolyada FIAR—MEMA S L KA. XA
MR R RGEERI T Li-Yorke RIEMAMEBEMMES. REERSE (X,T) 4 Li-
Yorke B BUBAYIAkin-Kolyada2002] ALFEIE § > 0, WHER v € X KEAE 4K U, £ U H
FAER y 4% (2,y) H Li-Yorke X Hipi &2 limsup d(T"x, T"y) > 6. WJLAIEM, 55IRE REA
4 Li-Yorke WIMEBUKHY, (HRZAR. —NEBRNBE: BEE MR/ Li-Yorke 4
{EBURA RGN Li-Yorke JRIERY ?

L IEHISSIR S R YN Li-Yorke ) {EBUKHY.
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§10.7 Eic

AR, ATHE TIJLREZEMIRME LUK ENTHRER. KT Li-Yorke {RIEF A
2=, [Akin2004, Blanchard etc.2002, Huang-Ye2001b, Huang-Ye2002a, Li-Yorke1975, Kato1994,
Kato1998, Mail997, Mai2004] &%; & FHMESUR T PAZ: I, [Akin1997, Akin etc.1996, Akin etc.1998,
Akin-Glasner2001, Auslander-Yorke1980, Glasner-Weiss1993, Glasner2003] 4; ST IEMATIE
WPERET A2 [Blanchard etc.2002, Blanchard etc.2002], AHXH4kFE L [Zhang2006] 4.
KTREREWIZEE LR SCRE L, HAE LR R NA AT AZ ] [Twanik1989],
[Huang etc.2004c] A1 [Xiong-Yang1990] Z.

ARE AT NA EEEF T [Huang-Ye2002a], 25 = AN A ELH [Blanchard etc.2002].
SV R TIRMA FIA HENI R A A AT LAZ L [Glasner etc.200?]. ST HFRTIRE REH
RIMPARAI A SIE [Huang etc.2004c] Y FFSK.

IR 250 W 5 [ FE RS EFE R R, A 2481183 7] 2% Blanchard-Huang,
Shao-Ye-Zhang, Ye-Zhang, Huang-Lu-Ye ¢ A& T4 1R G (partial mixing) FIHUKE (sen-
sitive set) I _LAE. BHME B. Cadre F1 P. Jacob FJ3CEE, DA M J. James, T. Koberda, K.
Lindsey, C. E. Sliva F P. Speh By 3CEH, YEZHFFS 1l BE 25 W] L iy TR 1] .
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