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KOBEDHF R
-KOMERRAREADEAERDLELT -

Bk -ERT EHAEEHKX (Takao YOSHINAGA)

§1. ¥2B%

WERTOAFABRSRL LT, Rayleigh-Bénardxf i %> Taylor-Couettedf i
Reh 3 "FABKEN K (Closed-Flow System) OAhF X", MEXRPLHAERKICR
bh 3" h % (Open-Flow System) OAF R”, IXTEERPL2KRTIEEHR
WTORGBNFOEBICR 50 5" LagrangianhF X7, 5 R"KEDOHF R "%

EERBIFHZLNFTESLY, B, KOBOAFTABRRBIZOWTR, Ahlcks

BALIGBWHBALTRZS. ANk 3BaLLTIE, FHOMECEHMR
KEBFABREATED, TORRESOBAMBEKNAOBE LARHTRE
—F OPBMEEER) TEBTSE, BOAFr—ANBANERSEBLARED
AN —NTH5ED, EBRTHEBNMBCBEM TS LN TEE2., —F, #
Nk BWEBE, —MICRAZE— FIGERNTH 5 =D BIFH 2 BRI VI 6
BTORB, BOBZMATZr—VRBASSEBRNICHANSZLLBEBTRE W,
LPL, COES52BAETYH, Koreteweg-de Vries(K-dV) A B XD IEBE
Schrodinger(NLS) FERX2 ¥ OTHALZY Y F Y HFBERICHLT, WK (E#E
CAM) BEES, ERANTWAEN EHGE - REERORD RS LD B4
ARBHELZ LN REh, SORANNRZTMBELERZ2 L0k 5RIFY
BRBVWLTETH 5. ChUARADICESZWEBALLT, BLBOHE
R ARBRBVTHONEBENERZLTWAHANS S, UTTIR, B
CARERICERER>T, COMEERCINREIC LATFREAIIT AR
OV OPERANT 5.

§2. ABXMHEEEA
RBERERKEHBEO (ABEBOBRAFEHPSEO0OBNVWALV 2T ) 4HKB
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HEERZ2ER T35 ERE LU TOlakharovo B FERAMN SR TWS Y

i 6B(k 12 [IlT(k ki, kz,k3)B*ki,t)B ks, t)B ks, t) (2.1)

X & (k+k1-k2-K3)exp{i[ w k)+w ki)-w (k2)-w (k3) Jt}dk: dk.dks ,

22T, Bk, DRES ﬂ(x,t)t?ﬂtd)fiﬂﬁéb:%é :

x,t)—— ,‘/ 7 lk(lk) {B (&, t)expil[k -o@t}+C.Cldk ,

EEL, =00y k=(kok)THD, BEXY Pk ARBEY o OBEE
w®=A%lk] THExBh (ERENMEE) , Tk ko, k)ZAH T —DEKA
BETH3. Q.DRIE, BOARY FLVEOBREER%E X 2B ANSHFRRID
B IKNLS (Dysthe) HFEAICRBEIT S Z A RIRATWEY s, ThHd
FERERIDEWERER CEN R HBERTHHLELBILHTES,
CDROVERBEI AT 5L H |
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REM X CravfordZ O iz kDB A 3 y i L°“i“““”i“‘"“‘°’3’
Twa (Type I FEE) . HMko= I | a

(ko,0), TRMacd —BMEIIM I 5 ¥ 5 oo ;f’ ;
ke=(ko £ Kx,0)D" 2 W 7T MEA "2, I !

Koo DHMIZ & H% > TREE L% 5 % ! j’ ]
KxDREN LN B2, koao~ 04003 5 °'[ / §'
TKROBONE B BETECREL S & L ,

0-1 0-2 03 04 05

D, Koao~0.5T kT < T DK H L Wave steepness. koto
THEERRZS (H18K) . coce Hl. 2RARLOREREZHA
i, X612 (kox Ky, Ky)D IR TME" (E# ) & Longuet-Higgins?? iz
M UTHEMRT, "PhillipsD8DFE” L ARER (OH) .

KB o ERREEKIE, koaoht K &

CBBIZDNTEHAD LkoaoW 052X B ARERBEPEB I A LN REN
Tw3. CaponiZ i ()X % X 5 o MEMIL L% 7L (Zakharovh R i2
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HamiltonRTHADIcH L, MBILENEZ DT F L EEMEMIZS T HRE
HRTHBNHaniltonianZ F 2L W) T, EEko=(ko,0), REiBaocD —BRIEFIIZ
U Tkta=(kotnak,0) (m=1,2,3;0k=0.2ko)D & D 2IMOME HIBE (~10-6
20) DEBMIcb7 3 REMATERE (T2 — FEB) . +5 /0 & BKoao(=0.05)
DHBE, INTOkBKETHNRAOKRMERIAMBITS 5. LAL,
Koao=0. 1T ke M AR EHMICH 52D, 0k (MEH) T— FLIRMUEDE
—Fﬁfliw#~§ﬁ%ﬁ5§ﬁﬁ§(hmhhﬂrﬂm)&%b,éBR
Koao=0.2T ke s, ke REEEMICHD, RAORMRBEG AT AN 5.
UL, koao=0.45T BkeshS REE R 5 5 D13t Ukey, ke BEEHBRIZ 5
BED, OMOBMREERBERNTSS. LML, COREEBICSH Hkes ke
PR EBE LD KECHEINS ED, BEBIIEHF R0 2 EERAHE]
SEZEND. Koaos0.5TH, FRTOE— FEEERARICH D ZORMRBES
RETHHBZIENTRENRTWS., LML, 2OEIBKEZKeaolc L TIEDHIX
wlakharovFERBEDTEZ, SHEBHEFRCHBT5E5 251K

CROBEPTFREINEFKEN (Type 1T AKE) PRI TREHENS 3.

EoCaponiFic k23RN S, WREBLIFINF—SRICHET I _#MULE
OUMHEHROIBEHEERAOKERLELTHFARNZERMAEL I A FHEIH
3(Z03640 5B —MOMBBREIRBARETHSILE2ETS. — 4,
IFANVF-—DRCHETIMHRIE-ELPZWEGICR, BRAEASKIFEARS
h3). 35RCOES2HIFTRR, TANF—DPRIIHETIHRMAEI KL
Ze,»b confined chaos” 2 BE{Fh, Yuenk Ferguson® ick 3, +3&HKRDE—
FAZAITRT@BEIREROANF A (BAEH) BEZHZWTHEAI WS FHE
HHTUHBERDALDLERLEZVWIEERLTNS.

ECHBAEE— KMTOFRBREFRACEDRNS AT ARBELF LY
ERORBFEELLEZLTWRVLWHANSIOTEEEZRT 5. Shend
Nicholson® INLSHBERXOFHEMMER A KE (Benjanin-Feir) 23 &k 5%
BERBCHIRLOFMREBEABMENICRDD L &, {THYD Fouriert— F¥
FTAARELMALENHSILEFERLTIWS., #bHiE, 3TF—F (BABL
—HOFRREZMHE R SGMZ) EUOBE, BALyapunovig B 0ICRKT 5
DIRHLT, REBBBIHIB/RE—FELFIMAERITTIZ, OCREET,
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My AF T 4y Y (Stochastic) 2252 AR LE (NLSHFERITEDLTH
ZCZLNAPEIRATWEDOTEOR KLyapunovBIZ0c 2 3R TH3). LH
L, EORREZBERE-—FEMIMATIBYUYNE-FEEARESLNBL, B
U B KLyapunoviE B WO KT 53 KSR B3 2 LW RIATWS. #-T, &
FAREECHMTIHAIELVWEBRE2[B L5201k, #FHCLXELZITHYUNDE—FE%
EFHARARERARICEINI3E—RFBICERTHIKREL (22 EDI0EN
E) BERENH D,

§3. RBE-EBEMHEIEH

i, WENBGOYE— LYY YV ORBR LD BEBBORXY L%
BULOBHREOBPAESAEBRIBTRBICHNII LN TEZES IR E, FicHl
W TBragg ME LAV - Y-—BNWEXREV TR+ FOERICHIZL
PH, BEBBMXhsEHR (OW0-1000)n) UAICEEOE WERE (0 (1-10)
cn) WELFELTWALE IO, 202D, BHBHIBIIRE-EH
“SROMTOIRINKE—OBITORFAMAB LT, CORB-HEMEAEFRAOER
HAERFEXhOOH S, ¥, COLOIBHEERAREWT, VOB EORE
BRHTLBRICEZLIEIMEY, BEOEVWARBEHBROSRWIHE L D EHH
RETHILHBABRTWS.

3.1 ®WEHF'Y

MED-OKFEHZEERABELLL, REZ2ER-TEXdOFHG I %
XARMICEB I 2EHHELL, TOL2BROEVWENEE AR RERDEH
(x,y) FRARIERIZIBE4EXS. RBEOBEKKE ARERQOMICIZH M
% Q2%=gK Tanh Kd 2*H D, TOW, REOKBEM 7. RURERTF V¥ v
$oid,

_ _ AQ Cosh K(z#d)
7L = A COS(KX Qt), (ﬁ], = X Sin kd

THEz2b6h2 RAEFHMOERE) . —F, S LTR, 2OREZAE
RHRRTHANZLS, TOKEEM 7s RERTF VY v L dsBUFO LS 125
25N

Sin(Kx-Qt), 3.1)
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aoc
k

ns=a Cos(k'x-ot), ¢s=——exp(kz)Sink-x-ot), (3.2)

EEL, Ko)BEHBROBBARI PVRFAFRBEKTHD, k=(kCosx , kSinx),
k=1kl, x=(x,)TH 5.
REBECINDELEINZKETONTOEEU

U= (aa‘ih)w:’m Coth Kd Cos(Kx-Qt), (3.3)
ThD, ¥-2BBEEELTCOREFRNOEDE I MEE 112
d2¢.
geff=g+(ataz)2=0=g[1 - KA Tanh Kd Cos(Kx-Qt) ], (3.4)

2B (gREHIMEE) . MFREUZyAMERMITHD, REOHETHE
URPOATHBENPEETHILRETSHE, C=QKEULTROMKRLEES :
kSinx = const., o - (U-C)kCosx = const., (3.5)

XHiz, c=o/k, X=x-Ctz L, HBNEZIhLOFHR (FF n) P5D/hE R

E®THdLLT

k=Kkm+dk, a=anmtda, c=Cptdc, 0 =06ntds, X =XntdX, 8esr:=g(1-dg), (3.6)

4% (d&k, da, dc, do, dx, dg, IUIK1) .,
UTTIRAZZ2AMOEHEZE RS ¢

(DEWEHE: 7
(3.3),C3.4),@.5)XN L EHHDOTHBIRN 07=kger:sIT(3.6)Z AW TcakC%k

ZREITHL, kOER

%=AK Coth Kd Cos KX Cos®xm , 3.7

TEHEzx263%. X6z, HitdDwave action flux OXEIN—ETHAE LT, &
BoREBaDELIZ
da 1

;——=Z[Tanh Kd+ (Cos®xm + 2)Coth Kd] KA Cos KX , (3.8)
THExXH6HS. BHIZ, d W+ FKREL, X B+FHIWEHE

_ ka
Kolm

~1+2 KA Cos KX , (3.9



DEIALNEREREPBON, Al RBEOKAICHKFAL, P ORIBOBKIEAE TH
RLBMETRBASTHICLN DN S.

IDEWEEEHH

REOEE.2p, RERNBREETE TS, HHODBBMKRIE 62=Tk3/p T
#2hd., COFBMRRLCHDRIG.OEAW, (DOBEGLAR (DB
B, HBIFRC.LCTIRR W) IcxHFm O wave action flux W—ETH B3 L RET
2t, HBOHEBLEBOEMLICELT

dk _ Cos®xn KACoth Kd Cos Kx

, (3.10)
Km 3 cm
(3 Foosza - 1)
da 1 KA [1+(1-3cnCosx w)Sin%x ] Coth Kd Cos KX
—=— 5 (3.11)
& 4 (gc—m(}os - 1)
g C oxn
HEeshd, Wiz, d+HoKEL, 2B+ hEnETHIE
Cm
ka ® - 6_C_
~1+ KA Cos KX , (3.12)
Ke@m 4 (_3__01 _ l) v
2¢C

&ER5.

LTBEBENERERTGen/2)losxa~COBE2BTIE, REOEEHSSAIES
FAHBEOERKHEMLTRMOBELARTHS. —F, (3cu/2)Cosxu~CD
BE, RABRHDBEOREEcAIIcn/2TEZB RIS, HEOHREEOXH
MRS (RBEOZEAWE) PREOUMEEEITEMBICEL Welosxn~CE W
STRE-HBEHEEEROEEICHM T I HBRAFELRLTED, 2OMBETE)
OBELRIIOMNKBEEFAPTRTH S, COMEFARBERUVRER
ObINIZRZZ_HDOHBELRBOMTO'Z2HIBHEEFER"LAZILDT
E50T, RWEHBRLEWRERNBMTOHEERAOARSLT, RR2IEE
o2 52RBRESLTIXH, BFHPOBLZEWIDLTABTHS.
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3.2 BABLER
3.2.1 Bw/HWEHHE

§3.1(DTRLE, BROELLE->2EBOEIE, HOFBBELEEL
EBEGEDOESICBEIRIMPHARSNT WS, Longuet-Higgins 11’
Henyey2% 1242, MBIXBBOE I TH AN BMAHRIFMEOStokesi & L 7= &
X, BEERIHAT, HHEOKavka0Eid, BROKAHLTEBROHE
TRELCAEZLEBDEHLT, BROBHETR NI 2B LERLE.
ZDi%, ThangNelville' e kN X 5 IZHHO BB L E B L 2RIV 1T
bhr. HORBEROBEBIZE W, BBEOKMH L CHEBOKO B
SLMMT 200, avkaTRENCWMASNBCLARL, BROB DR
CTHEHOEBREEIZELALEBLEWI AR LE,

— %, Naciri& Mei'® 3Bk 4#Gerstner® bua 4 Fik (MHH), HiE%
BAEBBE GREL) L UAMB 4[> TWwa. B 5iklagrangelinE XL 2
BRE (Multiple-scale) £ AV, KO > ZEHlIHT 5 NSHFER"% it
L

[ 04 _a 9% CANNL
i55=7 asfnn%¢,6%hl, (3.13)
T,

— _ _{o _ _O; 2 _(kao)z

d=Qt - Kw, 5—(w Zkt)k a0, Q mZQ/o'v

THD, K,DRTK,c)FERFIREBERVEROBBRLEARREEK, v iZKE
FHOWEER, GRIEBEHORBTQcR2NIAY—LT 5D TH 3.
HMBOEERERBa(s,8)iF, KASO (RENVZWESE) TOHBEORBack £ick
52 WM (StokesD ) a(P)ZAWVWTHBILEhTWSE, DL &, a=1
(Stokesift) o T 2K v ORMNMEEIC I Z2EFHKLEMIX, H2 (KA=0.3,kao
20.13) KRT LS a W WMT BN T, DABBBHETOREE
(Benjamin-Feir) Uiz, RERFEBBRICHKOMI L AT RERAEN RN 3.
B ¥iZhang& Melville'® X, Fi %4 Stokesif (MEL) & UABATHEulerdy
BERMBICIDBEHREIAENSHFERN"2HAVWT, ARZEROEFHL K EHR
WEETDZILAERLTWS., 25CH6ER, CTOHERBOMIALLKERTEMS,E,



EZ.
HEOalcxwd 3
VOAREES.

T, HEEFEAOKRLELTBLR, #REICHMENTWAREE (Type I,
II) bt RBZOZHULWIATORRETHAZLER2ERLTWS.

Naciriz Mei'® i}, ZO X5 2 EARKELEBTOEROBSL P2 EHEN
ERM ($ORE) KbEoTEDESETENE, aDMUZINT A Y —
fHicd U T @il A, 55z, KA=0.3,kao=0.13, v=1.6042 L L &, ai
0.05c U TCTHIFHE (Fermi-Pasta-Ulam) TH B30I L, LITKRBUR2ES
BUHALH, 0.I5ZBALLEEITTFAv IRBESEILERLTINWS, B
REH, HHRAELCRINEABERL —HORREZMBERPSEL S350
Fourier®E — FTHEBL (3F—FER) , "FZXAOBENFMIALAEAFTREERD
BEICEZEDBELS, BERINDAIA NIy JEBEIhERBRBAOL
BO2BBTHELLTWE. LAL, EkbMhrkoi, W4 ARERHT
FERBHAEDOEDIE, +9% L OFouriert— FAEBUEHBIRE D RB
TELENHBLBDRE,

3.2.2 BwEHBLEVWEREL R
§I.M(IDTRENAISCRBOMNEEE L HBEORAENEMUNICHEL
{B358E, LTRREZDLRBEFERZEYVATOBMWEKBHEEANRE S,
KawaharaB ' R WEHB RN BORBLEVWEHHEORENIAEEOBS, H
BEEAM K-dVABRBRENSHFEXDOBESGLEABRRARTREDBLERLE, —
4, Dojordjevick Redekopp!”’ ik, EHHEORBEHAZERHNBOZLICHRT+
FhInex, BHHFBREALNSFEALORBEGTREINBZLERLE., ET
BRAREZ_HAMEOFEARR —DROELODBZIENTET, BUZRBILETS
CERINMTFOE> EREND : |
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. dS . 3% _ AL AL 3 _ 818}?
16t+6ﬁ_&' a{““ax+ﬂaf" ax ’

(3.14)

SCZT, S\l ehThEROBRREBRVEOERARL, a,8i32heEh
BERCABCMIET 389 X5 —Th 5.

a=B=00BPAHG. IR EHOREI EROEhICHRTH+BIHIEWEE
(L<<ISI) =& L, LUFTWkSH (Schrodinger-Hyperbolic) B & /3. — 7,
a, B~0 (0BG, BHOBEHEROEThLAREDOHS (L~IS]) THD,
SKdV (Schrodinger-K-dV) B ey, SO L5 2 _@HOFERRICBEWT, C
NETSHE R UTRBIERIEN-Y Y Ly BHRDLATWS IO b Rid
UREATHY, o TEBEMIIbEIRORIBVWIEIIL—LYFTHIEER
Bhz. —F, SKAVE Iz U TRMIBEAGUERETRESBOA TV AT
¥, $2a,8055N/87 2 —HABTRERAERLTRTRI TRV
ENRERTWEIOZ2e s, BERMIchbEIBOEEEHMRIANITT 49 Vi
BECHFREINS, 2k, Chb 2RO ERAROEYHEBIIHL T,
SKAVEI ASSHE A B UL WHEHBRICB W TR D LD EHRIATWSR 20T, SH
BiZSKAOVE OB N2 BELarz T eATE, (. 1)RIZSHE P 5 SKAVE 2 W2
BEWEEICDEIRMORBREET 5 LHTE 5. |

GINAXOTHBEMOEAREHR I ODOWTE, 2OBRLWBELPTHEMR: S
=1,L=0icexpli(Kx-QO) Jic AT A BN EZLREP Mb> 2B ORE L EHLED
YoshinagaZ 2V 2k D FARSGIATWS., HIRSOKERNZEICH T 5 HEKL ¥
BEQ (HXAFABEEQOBRKES) OMEATRYT. SOEALIMbET/H
TRWBEBTCAREICRBH, 006-0.2TI1, KOBBRERICHOWMIALEFKRE
HEP RN 3, §3.2.1THRINAEZOEIIZMIALAFREEHEHBZOHBT X,
HROMBRARECANTI2RBOPBICLIBOTH AT LIREDDRB VM,
CCTRBDEORALNEMIEHLTOARIZ L LEBTSHENS S (BN
BeEERIBOBEEHAOBG o, BRLHICADELRS) .

X Hiz, YoshinagaB¥ VR COVHBERICHEBKORBERILMMb> 215
GOEWHMIch2EZ2MOKENE #FourierEBEICEINHARE, TOEEEBH N
FREMZIBROERLEAUCTY. H(a),(DiZEhEN, SHE (a=8=0)
T BB EEEBRCBERAREHR IS5 BAQISIORMEETS 5.
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B3. aMNIAY—-Blzxtd b
KD A &K EHR.

gl
il

Bl4. ISIORMREE.

{b) X

B 6bn3d &5 i BHIEEHYT
BORIGEBMIChAEDREICEET
DicH LT, BOh)TREFRREMI
IDRLHBRASCHREIA DY, —
ERMORBCIHORBICRE S BRE
% (Fermi-Pasta-Ulam) R S h, WX
BEMBROMTOAMMBZIANFE —ZRMTbNS. —%, H(c)idSKAVE
(a=0, B=-0.09) OFRKERSK (KL KOJAN BB ALE) £ NWEL LES
SAFT. DMEERCEWRSEMARSN S, FCREBRARAITF 4y 7
RBES>TWZEDR DB, COLILSKAVEDOAFTF 4y V7 RBEHRWIX,
BN R EEB I H2BETH AN, FIE, ax0TBEELBAEBG,

HGEARRETHZDICNL, BHAOHE, BHRERETH> LMHFBRE —
FAEBBERICIDVDEXR, ERMEORORIBVWRITT 1y IicR 3,
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i2, a%0 LT A0 oMMIBAL 2RI 2HERARS (REALES)
MENFTANDBITR'KMF -5 ZOMB L REZILNWTE, TORBICET
B3 HMHEBEZB~103LFETCES. AREZZ &HG6inzburg-LandauFE R
DBEY, BRHFMMT B ONTRANESH» 5N A~LBTT 5T LW,
Keefe?2 2k DREANRTWS., ZOHEDB"RKMMF—-—F ZAORBE"LRE5ZIEMNT
&, %d)é:3@”§ki&’f$?§.ﬂ”&ilﬂ’°i§§’(‘“§6:2:71*5‘:‘5&’(\«\62&:73’6.
"AMMBL OB AT HARTAEDAI W EA DN S,

§4. BbOiz

EREHEEEFEAORBVE LTRAES SORAFZLNTES, —2
i, AEEOBEVWENBLEO LR A HEREBEOEWEH BRI A RRERD
BEOMTOMERATSS. COMERRMIZLBENB WY, BEOLBEMEL
WETDENBZWOT, WOTHREINES., 2E, REOL I 2RPHEGBHE
DHENERIRTWEOT, BECSYIRBOFHAN2ZHOAEMTOT
ANF-—BIEORTFA, FHMXAEAFRABERIED, BETECREEFST
aw, BI5—200WmMFWVWE, ZOoDHOMTEEICHM I I XBREFF LI N
EBATHD, BEOASSEBEL T EAREE A ERED A WERL
OMTHWHEFANES. COMERRCIIRHE - ERMTOIANLF—D
BAORTFUSEABLZLEOEBRTARORTWSY, BERMIzhEZ N4 AW
ERENABRAESRERIZADOE T SFDRTWEWESTHES. Wl
LTH, S hoORERRMCEWTIREh 324 2BRHT 2 ERBOA
WENTDRBC L 2 MET 5. |

Biglc, ABMICHAZELTHESE, BRLBE2EVEABALERT %5

 ABMEREIECBLWELET.

25 UK
D@ 24 ,F.C.Moon: Chaotic Vibration(Wily-Interscience,1987)p.111;
T EER MEFHE 2 N6(1987)285; K : 2 H N 11(1992)185; RU 51 M
ThTWaXKEBHR.
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