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LYY — RHRTIE, XN ZEE URRA TAFRA L KFANF LR LIMEEEZ S K
HREM (R—=n) OEFHEIMOELS. HRLEOR-NOERL L ZDMEE, ZDOROEHEM L
FWWETIOREB/EEZS L, TNIHBEREFEFGR L 125, AFEKXRTIX, Aubry-Mather B DHG
RrELVY—RRICHEAL, ©VY— FROREMEPFEEL RN DDO TN E 52 5.

2 EUVY—FR

CRICHER D C R2 2 2O EEIKEEEE X S, BRI
WD NTEENPEeDEE—EDORETEEL, A TIE
HMEZET AT 5. 2O E HAIIASA L KEANEL
BB EDWCHEITAMZEZT, $-EEZHEDS. ZD LD

N — L TCTEI BROHIEICOVWTEZ L LICT 3.
YUY — FOHEEE Z 2BIZ, BERICEBT 2 EHEN B & H 1. BUY—F%R

ZREZRDEIT AN DIIUI T TH 5. Wikt v = 0D Oilk

NIRX=R% s L, BHERACBIT S v DR EHREZROETHAORTAZ a, w= —cosa &
T5. FHEMODNRI X =R EHIED NG RA—RIZETERT : (s,w) — (s ,v') ZEV ¥ — FER
VW, Y= FERICEX>TEF S NFERZLEVY—FREWVI. FHZ vy 2K L OFffifio &
%, T1F (R/LZ) x [-1,1] LOEHICRZ. (w=1BLPw=-11Z20VWTi&, T » w IZDOWTH
Belc72 2 K S ICHER T 3.) %EJEZ/ D PPRF N THER v 20 S ThHIUE, T FHEEER dw A ds
B, 3510V 4 R M > 0 Z#RT

3 AR

HREREY A A NGB ¢ Sx [-1,1] = Sx [, 1] LT, R C S x {0} e FEIE v Z
THoTo(C)=C k2% C% ¢ DFRLMMBMEMER. ThbE, FEMRE X ¢ TRERES
THoT7 =27 RS [-1,1] BEPLEAANL 5 —AT 2 L5l TdH 3.

YUY — REGDARZERFRICOWT, KD Birkhoff D TN STV 3.
FH 1. DT, vy =0D BESHTH 2 LT 5. HEMOBEROLENREMBRIC X 2 EE#HE
EHEHOr &, D3KEMHTHS.

Birkhoff D PRI 2 EELAERIIUTD LS5 LD D2DH 5.

e Lazutkin (1973) [1] ~ = 0D 23t73720 65T 0MiIEA 01272 68 WHE, NEMHRIEFE
1£5 5.

e Mather (1982) [2] = 0D EICHIEDY 01272 2 MOMFIE T AU, PEHFRIITRE L RV,

e Hubacher (1987) [4] ~ = 0D EICHIRIANESHC L B KAFEIE T IUL, 2R Q5RO
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o Bialy (1993) [3] MHZERI R RAMIIC & 3 EFMEEHOL %, D 3MTH 3.

4 IR

¥, LYY — RREEZ 2MEMERET 3.

B f(z) : R — R 2 RO&HEEMHRT C? Ml e RE @)
T35, ;

f@)>0, fle+e) = fa), L:/Oc\/lJrf’(i)?di:.

LVY—F2EZ28HHMD % D = {(z,y)] — f(z) <y <
flx)} CED, K2 DX 5K =D HAlOHER e MlloFsR
ERAIRHT DL —RA%2EZS.

(s,w) ZIRRNTF X —K s —/ V14 f(2)2di ¥ w = cosa DR E LTHL (a € (0,7) 13K
BA). 2(8) =x(s)+c kb st sEA—MTHILT, sz R/LLZOILERZT. ZDLE,
(R/LZ) x ( 1 1) POV Y= REBRT : (s,w) — (¢, w) &, HFEERX ds Adw Z2RE, 51T
421\7&{4:*>0’é?(ﬁﬁt

FIE 2. /KOJT%fV&(FEt? 2s € [0,¢) PFIET 3 £ &, VU ¥ — FEMUIAZER (R/LZ) x (—1,1)
AR R 0.

X2 25V ¥vY—F%k

" (w2) f(za2) + f'(22)? +1<0

AR 3. LoArFERiR
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2R — LD EES AL A A R DA AT D 3 [1]. BHANE & 0 R TIE, WY
FEEDG | Z XL D BAZRZY, BEREEIERE NS Z 22 X D HEOWIHStFOLREIZHE
BRI b 3. 2 JOT Vil L CERS N EIE, B3, T/ VBB (1,y) — (a—22—y,2)(Z
CTRHERRGEORE R E X 2) EEREIEE RT3 I 2w AREFATHD [2, 204K LH
BUCRA S 25 E R0 Z K H 5. a BT REFVE &, HENLEERRENFEB SN, Rid—
FRRHHENC D % [3]. a ZIRAWNELKT DL, HBE I ATRO—ERANHIMMEDFAN (first tangency)
[4], RDKXA F I 7 RFEHTIR 203, LIEH S DRNE, 5 X =& o ECT—HNEIMEIETE T 2F
[RoRX 2 OXMEBZHEBND [5, 6]. ZD X5 RXME LT, TORELRecD ZIZHOLNS5E
ERBERNYTIERL, AR La 77 b TREHHODH, BFETIERVWE A F I 7 A0ES
X3 6]

ZZTE, 2L/ YEBREESRICIR LU ROEEG T ) Y EREHWT, SIEEIL 2T
NEADTTEHERAFIE S 2 RN N TOR/EL % e — Wit oEE2E 2 5.

x ap — 2% —z+c(z —y)
N 0 T P e

z x

w Y

ZZT, ag, a1, clI’NTX—=RXThHD, ZORIE, Moser Ik 2RZHEKXS TV T4 v IE
BOREEERL (7] 226, BHRT 7 4 VEBZHT I ICXoTHEONS. ZORIF 2 OOMIR, 34
bH, 1) ag=a; =:a— oco(c ZEE), BLU 2) a, c = oo (¢/y/a ZEIE) LT, KAJFEIHH
R (anti-integrable limit) %2 &-0. KAJBEMFRIIGTIX, BIFICOWTE, 4 ELSNERD, *
TBRBFIOWTIE, 2ELENERDEOLNL 226, ZRZNOMROIHE T B S X
ORI AL T 5 2 e PRI S.

T Z T %73, Devaney-Nitecki D57 (3] Z @ XITICHLRT 2 2 ic &k b, MHER S X O—H
MRS D153 5 F % 8 % [8]. Devaney-Nitecki @ 7 71— F X cone field &%/ L T—
WM ZELS DD TH 270, {FonaRiE, Fid, RAFESMRAFEDO AR ST, ag # a1 D
Garat, X0 —BINZ RS X —ZEBRTO—RNHIEICET 26D TH 5.

2, 2k YEBTRBEN DO L FAEOIFE AL NSO M oAt Z, Arai
12 K DR S N7 computer-assisted proof DJ7E (5] ZHHT 2 Z LI2 K DS, Arai DFTER,
ROSHMENFAES EoBWTIE, FEAHIME N S, —FRAEIE X D & 550D — R & 55
ffiic e 2 FRICHESWTHNHMPEDHEZITS 8D TH S, T I TiX, HENFES & FOWHEZ %)
R ORE RN = TEHHE T 272012 GAIO9] ZHW 3. ez ./ YERIX, R ETERI B
REPHAIKZ WD, HEFEES LOENHEDOHEICZ K O AERKMEZET 5. 207D, 2 KT
T YEBICEET 2EHE (5] L IR UERRATRER (7 X — R ZEIER s 228, K 1I1TH 2% k51T,
Devaney-Nitecki @ /772 @ L TR X Nz 2 DO HEMRIER N Z L I3RS b Ray -2 8D,
JEBI L — RO Hh I O il 2 RS 2 e T & .
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—77, Arai OFES —HAHED T &2 RARSR TS A2 ETH L e, TITH
B — R AR FEINAS, 2 D o HifliZe B IARIREIIC B 2 — RN TEI A & THIC) BRToh, JEA
B2 — RN TS 2 Z 2 3L 2 TRV, 22 TRE o, AEE (BARMCIEFESE X
U2 FHARGE) DG ZTNS Z2ick D (K 1(b) Z2R), %&EO—HMhfEE 2 B XU 4
EOWTHDELENERE HE TR, —HHBERTH 2 e ZHS2ICT 5. —HRBUhHEE
OBUEMPHIE ISR ZE T 2720, TRV T X —XEROBEREIFETH 2 0D, IFEHHEZ—
B FEEIE ¢ HANCEAZ S o TWd IR ENs (K 1(c) Z2H). ZoZerbd, 2 XL
J VEBTREIA DD L HLOBE, Thbb, T X —XEITHT 5 IR IR — RN FEIE
DIFIENEILTHRETVWE Z e B FHINS.

(a) (b) (c)

2 : 15x10
10%7 3 i i ' uniformly hyperbolic (non-trivial)
topological horseshoe (2-symbol) uniformly hyperbolic in Arai's method oo y hyp
« uniformly hyperbolic (2-symbol) (trivial)

topological horseshoe (4-symbol)

« uniformly hyperbolic (4-symbol)

—— breakdown of uniformly hyperbolic

uniformly hyperbolic in Arai's method
(non-trivial)

c10!

1010 10t 102 103 ST (g2 1GNIE 1G0T T06xI0 109XI0 110 098 X107 ] (92 1002 1071004 1071006 1071008 X 10 101 ¥ 107 1012 10
a a a

1: fE T YERO—FNHEK. o = ap = a1. (a) F2AER. (b) 13IFH AL — R sE 6
FOILRIN.  (c) 1FIE BB — RO I D IR
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1 BE

DT vy L — 2 i, D MOEMKICE T 247 b B AN Z#EEZ 2b D &L, L
WFEUIRIEEHRZEE 2 RT 2 e 2o DT W o 2B TR fTThhTW\Wa. FHic, T h ED
=M, ORI SN S X 5 RIS, T TR E2E2 Z e H s Tw 5. mfil
EAWEEY 2a—Nb L TREZHD) EMEh 2R T v L —2a Y iZ20—D2THD, 7
D IEDEAR D PRI E 2 LR 3 2 Z 2 30 o TW3 [1]. JEfTH5E [2] TiE, B E 2D O FIE
AR EBR T 2ABITORT v L —> a VIc—RILL, ZOFIETHEEAES N TV B
TREENERE LTERMEEITV, ZORPEGERTH LI ERL TV,

AR TIE, TR TERNML SN ERICOVT, 7y kL —Ya Y FOEY 2 —LH%E
KEL LEBEROVTOERICBT 2 AELMBROEEE KAM EHEHWTORT. X512, BEE
BRIC K > THEBICEY 2 — VM E T AREL LEBEONERICBVT, REMBEAIRDFT2 2k
TR T 5.

2 IOEBEROER

MOMICBIBZE 22— E%E N, TOiE LI BOEZIWCHET Z2ERE [,r1,r2, 2 DD
X—=&% (d,p) € (0,1) x (—m,7) & L, BROMHEADTDUTOXBEBEERT 5.

4d?r3 + 14— 212(rf +r3) + (r3 —r3)?
A(d;rl,@):% : O +rd)+ 0F )

B(d;ry,rs) = —2d% + 12+ 12 412, C(d;1) = /(I — d)(I+d), D(d;r) =/r1—d (1)

2 2
E(d,p;l,r1,7m9,N) = \/(P — 3d?) cos FW —d? — 4dCsin§sinp + 202 sin % cos2p + 312

o E B L I1E. LIS DB

g %sin% (Dsinp:FDAcosp+2dC’cot %)
F P ,N,T‘,T‘,O’ = — B co in ~ (DCA —CB sin - 2
(d,p 1,72,0) atan2< B Sp;gDAS p cos il T > p)+2ds1nﬁ> (2)
C'sin - sin p + d cos %
N N
G(d,p,l,N) = 2C cos p 2dsin % —2C cos %; sin p (3)
atan2<— =L, N — X )

WXL, ie{0,...n—1}, k; € {0,1}, F; = F(d,p;ri—1,1, N, ri1,752,04), Gi = G(d, p;ri1,N)
YL ED n HOBEHBOERK

M= (G} oF, )o-o(G

n—1

TREINDZEBEHRTH 2. o BB EPLFT O 2RO 2ERT S VARLTHD, DI H KEH
M ZHWT, LURD & 5 ICHE O 2R 2 €8T 5.

M [dm] R [dmﬂ] (5)

Pm Pm+1

;o Fi)o-o(Gg o Fo) (4)

1
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3 KAM EE
STV T 4w 7B/ f(p,die) = (p,d) & EDREIE S(p,d;e) = (p,d) + So(d') +eS1(p,d; )
KL, e = 0D E, fp,die) = (p+ 20(d),d) £ 7%, ZIT, UFTHENT 2 KAM EH%E M
WTC, AFETIE e L ITHETZ2EY 2a— N 2+ KREL LIEBICOAREHENTELET 228
ZAEERA L 7. HBRFEESR 2> VT 4 v 7 FB e L, RO D MEBRIIHERFESR T
H5 [2). BHETIE, TOMEBICBVT N — o & LEBOBEBIELD 5 d DB £(d) 2 VT,
(p+&(d),d) DI Z e Z2MENT 5.

EE 1 (KAM EH)
SYTVUT 4 v 25 FISHT B IBEIESM det(Hess So) # 0 BHOLL, w = 250(d) 2357 1 &
Y PARZ PATHBHBIE, TS Ve > 0 LT, flp,die) IKHRE b —F ADTFIEL,
%@J:kﬂ?ﬂﬁﬂbf:—bf{gui pET—p+w MK THS.

4 FERBRER
PO MG ER 1(a) DEBAIRNCHEA L2 RE2LUNICE T, &8, MRS EHREICER->TED,
FRPERIEDIGE IR LENS DL T 5. —DDHIFRICOWTIZ, 600 DS ZHE > TW5. il
%%ﬁi D, EY 2=V N DK ZE 732 o T IO EM D RIS 2RINC d,,, 23— E D IERRTEIZ 72
REMIREDZ CTFET 2 Z L HTERTE 2. METIIMOBITHERFICKR S Z L 2N T 5.

(b) (c) (d)

Phase Diagram (N=10) Phase Diagram (N=20) Phase Diagram (N=40)

00 02 04 06 08 00 02 04 06 08 00 02 o4 a5 03
dm dn
(e) U] (8

Phase Diagram (N=80) Phase Diagram (N=160) Phase Diagram (N=5120)

{0

0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 0.0 0.8
dm dm

1. (a) I OMEGEZHEA T 2EHN. 7 X—X1Z (7‘0,1,7’0,2,0'0, 7’1)1,7”1,2,0'1,7‘2,1,7’2,2,0'2) = (0.815,0.985, M,
1.23,1.185,M,1.28,0.61,V) TH 3. (b)-(g) EY 2 —AHEELTE TV o FEOMEK (N = 10, 20, 40, 80, 160, 5120).
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[1] R. Imada and T. Tachi, Geometry and Kinematics of Cylindrical Waterbomb Tesselal-
tion, Journal of Mechanisms and Robotics, 14(2022), 041009
[2] R. Imada and T. Tachi, Conservative Dynamical Systems in Oscillating Origami Tes-
sellations. In: Cheng, LY. (eds) ICGG 2022 - Proceedings of the 20th International
Conference on Geometry and Graphics. [CGG 2022. Lecture Notes on Data Engineering
and Communications Technologies, 146(2023). Springer, Cham.
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1 #IBR 3 ARIRE

2 H A 2 KB > THEFIL, 2o o2 E510b & TOERB/NOEEDHESND
EEZ AN 2 ME 2 FEGRIR 3 AREE WS . REREROWERGICLHVWLNEET LD 1
STH (1, 2. ZoEB R

P=24a+U, jj=-20+y+U, i=U.

_ I—p n %
Va+u?+y3+22 e +p-172+y?+ 22

ThH5. KD Lq,...,Ls 3 VHEHRTI 77 Y a2 EMHINS.

2,

/Q?X——&M_

m+m

o HiIER-H:pu = 1.217333774 x 1072
o KBF-HiBk: 1 = 3.002826693 x 106 / Y

L, K Ly L,
o KF3-AKR&E: p=9.533769536 x 10~* . -5

TH5.

o EEROMIEE L
STIE (= = 0) HI 3 PRRIRE

—_
—_

L=-(3"+y )+xy—yd:+§(w2+y2)+U(w7y)

BT 0YT TR0V aRkTHS. EHEY

\]

1 1
A_/ 5@ 9% +2g —yi+ 5@ +y?) + Ul y)dt
0
DEFFRDTHITT 5.

(t), y(t) &7 — ) THREC X 5 EPUS

2 27 2wkt
a:t):Zalkcos 7; + a9, Sin —— Zblkcos —I—bgksin 7; .

DET, 7=V LEBEREETE ((a,b) = (a,b) — dgrad(A)(0 < d < 1)) TADPNSLKRB X
2L TWV»L (G,,b) = (all,...,agN,bll,...,ng).

N

2wk 2k bor. — b
A= §:< <7r> (@ + @ + B2 + ) + 2Plaakbok — azibui)

T

1 T
+%ﬁﬁﬂi+@wwﬁ0+/1W%%M®
0

AAGSEEES 2024 4 2 H#HTRE (2024-09-14/16) Copyright (C) 2024 —&HEHIEA A AIGH R ER



7256, grad A DRI

T
2kt

+a1k+/ Us(x,y; 1) cos %dt,...

0

T

darp 2 T
5. ZOHKICED, 2L OB EBUEF RIC K DR 7. HlR 3 AR E o & R
KICFETHDT, axA"—=7VE (u = 0.5 DEAEOHIR 3 (KRHE) 1283 % Stromgren-
Hénon[3, 4, 5, 6] D78 (K 1,2) Zit>TKD 5.

fcd, ZofdEz HOTROIERPFECRE /AT 20 =y ZHiiE, BE=ESOERLEH
WTRD 7 RTFHRETE O BIEREZ N T 5.

o O () (G

B 1. %471 OJEHfE

OA 1<2wk>2 kb,
= aji +

X 2. 247 fOEb#%

HEE AEFZEIE. JST X =237 JPMJPR2124 OZHE#Z 13- DTH 3.
BE
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