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Abstract

In this paper, we discuss our recent development for the understandings of transport phe-
nomena in dynamical systems in terms of normally hyperbolic invariant manifolds (NHIMs)
and their stable/unstable manifolds, following a discussion with Professor Shuichi Tasaki by
one of the authors, Komatsuzaki, while they chatted with drinking coffee or tea at the insti-
tute for fundamental chemistry in Kyoto. In dynamical systems, a NHIM is a representative
invariant structure that is structually stable. In addition, the stable/unstable manifolds
emanating from the NHIM, especially those that have codimension one, play an important
role for transports in phase space. The importance of the NHIM and its stable/unstable
manifolds, to turn the other way, indicates that the breakdown of these structures can have
a big consequence for the transports. For example, a phenomena recently found by the au-
thors, a switching of the reaction coordinate with the other nonreactive coordinate, is one
of the consequences for the breakdown of the NHIM. In order to investigate the breakdowm
mechanism of the NHIM, we focus on unstable periodic orbits embedded in the NHIM. We
classify the breakdown patterns at these periodic orbits into six patterns. In the last section,
we discuss more global features of the breakdown mechanism and its dependency on the
system dimensions.
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% (17) JEFBA IV SN TV S set-oriented & KiEN 3 b ROV —DFE 18| 2HWE L, %
WA LR T 2I0ED /T A =R IZBWT, ENHABLHEEORISHK s oo —
MED LSBT H2DOLEMPTEEZLE LNV EEZONEA, SHOBEL LW,

ERAE L BRI O KB 2 HEO >+ Y A & LTk,

1 BN AL SRR OER A MO < 2D, MDLE S —F ADIRE crisis 2 #H L
THABE, F7z13. HET 5,

2. WAL ZBRAR O RGO RN EHME IR 2TV BB, BTG 0O AU AR T O R
HitEZ BRI Z & T, AR Z2E D, AT 5,

EVWD2NE—URHBLEZTVDS, LAL, THHEZHIR— I biFTclERL, 2o
DO L DDENHAELREDO R DG CRIETNIIREZ 22 :FA 605,

T oIT, BRI AZESHRARDBIED, ZTDOFELDORT FVBORNIZED & S ICRHET 500,
WS ZLHEELRHETHELLEZONDN, L Do TVARY, BT, BNHAZES
RRAED ORI TV B LR /AR ELTREIL, ENHAEZREEFIZS T 2RNOBEDER %2
LTWEHDEEXNDDT, BREAESEHREDRHENZDEFZDORY PVGOHERNIZED &
IRHEELZO0TONEZEZ L0121, BEHNHAELZHREORBEIZEY., TIh6HTVWD
BE | R BRELHRERDEER LD LS IZETL20O02MS e PRI LEZOND, TOH
WAL S b, EOYFIADLIEAZEF200TNOYFIAERATEINCL>TEDD
5%, YFUA1DHEEITIE BERIAEZHREEBEREHBERLTLESI EFAONDN, Th
BHERLTLUED T A-LEETE, FETREVIAN S THEDEETY - DHETS
FERBFIEL S B, TOXSLRELKE, RS [19) T > T 0 TREI LIEENTH S,
— T, YFUA2DEEITIE. BHAESREIE S PEIBRRDATHE, BREE L TED
hyperbolic set 22572 7 5 7 XA NVEEIIREZDTIERVWIEEAONDE, FEEDO— A, FHIZE,
D& D k&R BN AE LA & U T, ERHAZEES (Normally Hyperbolic Invariant
Set, NHIS) X &I T\W5H, ZDXIHIRT T I RNVEEN LM DEE/ RLELREKDRIKT
F. 10 ENEL ARBEEZILN, BITX, MEMSAEZ ZDIIRYEZLRTERI LD LE
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ZondB, ZOZ i, EEORZ MVBORNIUMS,rOHELE 26T LHFINTVS
B, X ORMATEICELTIE, SBROIEL L\, |

EXHAZZRBEOBEE SO 25, RILL L EIZEIBHL T DhL, BRITHFERE
BT B A THEHETHDEZIONS, FIRIE. BNHAELHAEDRTA3I LRtk e,
BRI ARELBREANTOE HEE I A AR D 55, BNHAELRHRENIRTO I A ADFELHEI
Lo T, BRIMAELRENBOBAZORLEMELE 7256 T, ZORLEEINENMAZLS
BRARDIEM AR O L ERZBZ 25 Z LT, EREEP N, RESHREPRET WS v
UARTREL 725, ZOYF IV AIFES [22] I2& > TR UDIZEREX Nz, #iZ, Hamilton RO
B, BENHAELSRAEORLA 5, BHEICHRE TS L 3 HHEL RIS &, ENHAE
ZRMAPRIRTT — /7 )V IEBDS W RE L 72 5 [23, 24], BRI A ESHEONMEHEEY 2 IF OB
BizlE. KAM b — 2 AWEET 28548101, KAM b—F RIIARRT 1 DEBEL 25720510, ¥
WAL LA DRED A 1 = X A3 F OREBEIZXY) SRk 2 L IZEJOfEL2 T30 Tk
oL BRI NS, AMERED 3 A EDBECIE. KAM b—7 Z3RKT2 B B2 57
HIZ, ENHAESRERTTH RBR L7 — /L RIS TREE 705, ZORR. EXRIT T,
B AREZRREOAIEIRX L O KBRS DIKR 20TV HIFEI NS,

5 Acknowledgement

Z D—EDARIT HAEMIRBSEMBIAE (B). SGRBIEE WE - 731 AGESILEELS].
e leg B 7 S RIS E R e 2 v & —| RRES [EERO S TR, HAPMIRESE T
%8 (B) ()., BB RFHREERERERE (F8), BEZFAFFERIRE (FR) =
COBMEZITITVWET, ZOBLEMEY TRHVELET,

VR4, 3 RTEMRIZBWT, hetero-dimensional cycle *FEIENZER2E 5V 7 % %D DO REEEE SHE
DEE [ REEZHREDZE T DN > TWVWBHAIZ, Smale horseshoe & [TEHIZE7: 2 Blender & I 3K %
RO EARA SN 20, T D hetero-dimensional cycle KT 5 —H OERE/FNEESHEKILKTA 1 T, 3K
SRR ERNNRERITE LY (1 RESHEORTT + 1 FEESBIADRT < 3 HERMERI N TV B EBDORT
THEINPD, )o £oT, REDHoLLELTH, WNREBIIH LT, 2OXREREATLES, LaLEXRS, Th
5 DRE/FRESHRIBIE, BHITERAEG-TED, BRIZ L > TOEDDRENENTLE-TEHDRERG 710
TE, BHEMATHEAR LS —EHHTRARELTVS L3 Z 2R S h [21], D0, EBNIH LT,
PAE®D & 5 7% hetero-dimensional cycle HE/NA MIFEET 2, 2OONZ P IEXATVWEDH, Blender &\ 58
ETHBD, ZOEIIT, RIEMPMED (RRTHREV) ZE/REELBEDEMIEAE S T2 kY. 20EHHR
FILEBRS Z AT E 20N E,
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