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KOPED A F R
-BOREERC L AN AFPOELT -

BRk - EET EHAKHKX (Takao YOSHINAGA)

§1. ¥x2 %

WHERTOAAZBEHREL LT, Rayleigh-Bénardst 3 %> Taylor-Couettei® i
Roh3"HABAFKEN K (Closed-Flow System) OhF X", MEXKLPHERKICR
bh 3"k % (Open-Flow System) OAF X", IRTNEEHKRPL2KRTIEER
RTORBNTFOEBIcR SN % Lagrangianh F X", A HR"KBEDOHZFT A"

ERBETDHZLHNTEBZY, BT, KOBOAFARRIZOWTR, Ahicks

BOLioBwWHBALTEZS. ANKEIEBAL LT, FBOMRCEHEM
CEBBAMMERTED, TORBESOBAMBERNAOBE LARERE
—F (MREEER) TEBUTE, BORT —ANE2 NRROESE L AEED
AE—NThBED, ERTOLBNME BN T I LATESD, —H, A
NekbrwBa, —BIHRIE— FRERHTS 3 2 OBIFBHZRE VM
BTOREL, BOBMZMArZr—VRBAS EBRMIANSZLLEBTRE W,
LU, COEI3L2BETH, Koreteweg-de Vries(K-dV) HF XD IEHR K
Schrodinger(NLS) HF B RZ L OTRAZY Y F Y HFBERICH LT, Bk (@K
CAM) BEHES, ERIATWAN>AHR FEEHOBDRAAIC LD A
ARBARILAREN, A5 RMHZZTMMEEER LIk 3 BIFN
ARBWHTHETH 5. cChBUA AN L2 WBALLT, BEBOME
ERP AT ARBICBWTIHFLOZEFNARZLTWAHANS S, UMTTRR, ¥
KB ICHEREE-ST, COMHEFRALCEINEBLIZ LN FRINIITARSE
OW O ERNT S,

§2, ABHAMHEEEA
BERERKEHDBEO (AEBOBAFEHIPSEO0BWAVEET) 4 HHKW\
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HEER2ERTA2FERE LU ToOlakharovo B S EXMN A R TWBE Y

aB(k 12 III Tk, ki, kz,k3)B*k:,t)B ke, t)B ks, t) (2.1)

X & (ktk1-Kz-k3)exp{i[ w k)+w (ki)~w (kz)-w ks) Jt}dk, dk. dks ,

22T, B, DIZHES ﬂ(x,t)twd)ﬁﬂﬁﬁtﬁé :

n(x,t)—— ,‘/ 7 lk(lk) {B(k, t)exp{l[k o &t+C.Cldk ,

EEL, =00y k=(ke, k) TH D, BERY Pk ARBEK o OBMFE
w®=A2lk] THExHh (SRENMEE) , T ki ko, ka)RAB T —DEES
BETH3., Q.DRIZ, BUARI FLVEORBEAELE 2 2B ANSEFRERD
B IKNLS (Dysthe) HFBEAKCRBEIT A ZEARIRATWEY e, Thoo
FERCERIDEWERER CEN R HBERTHHLELBILHTES,
CDROPERBIHT 5L H |

e
[V
1

425 # 1 Cravford 8 © 12 & 0 B~ B h 3 o B
Twa (Type I FEE) . Mk £ | ay
(hoo0), BWaco—MuAMRTs  [of S 2T

§ I v,/
ke=(ko+ K«,0)D” 2 R 7C MEL" 12, I )
koadoDMIZL BB H>TAKRELER S % . /‘fb’/ 4
K §E B A [ 1% B 5%, Koao~0.4fF3F g0 VA ;
TKROBONERBETHEC R LS 4 R B S

0-1 02 03 04 05

D, ko&o~0.5'€¢i'§”\*T0)KxG:#‘]‘b Wave stecpness. koo
TEEEZS (B1SK) . coct E1, KARMAOREEEZHR
i, X5 (ko Ke, Ky)D"IXT|E” (E#) tLlonguet-Higgins?? |z
e LTHAMT, "Phillipsd 8D FE” X 5HER (OHI) .

K > FRREFEBIE, Koaohik &
KBBIEONTEAD LkoaoW 052 BXABLARKRERAENHEE T A LW RN
Tw3. CaponiZ V3 (D)R4 X 5 I BBILL 2 70 (LakharovF Rz
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Hamilton®TH AD I L, MBILENEZ DT F LB EMZEMIZS W T HERE
HHRTHDNMHaniltonianzF =22 W) T, H¥ko=(ko,0), IRiBaod —RIEEF I
U Tkta=(kotmpk,0) (m=1,2,3;0k=0.2ko)D & D 2IM O HI®SL (~10-6
20) DEBMIcb7E 3 REMERRE (18— FEB) . +5/h & Bkoao(=0.05)
DBE, TRTOkLREETH N RALOBMRRGAMNTE S, LoL,
Koao=0.1T ke M AR ERABICH 2, 0K (HEH) T— FLIRMEDE
— F.Fa‘l'c*l??\ll/v*\:'-ff&%ﬁiﬁﬁ'}%fﬂ% (Fermi-Pasta-Uian) KL, 2HI2
Koao=0.2T ke s, ke REEEKICHD, BAORMRBEI AT AN 5.
UL, Koao=0.45C Rkes i REEEIBIC 5 5Dt Lker, ke R EHIRIZ 5
BED, OHOBMREERBERNTSS. LaL, COREEBRICSH Skes ke
DR E D KECHESR S RD, BREMIIZNF R E2ERNT|
ERZIIND. koao=0.5TiX, ¥ RTOE—FRREFABRCHV EORMERED
BETHDHBIIENPTRINRTWES., LPL, TOEI5KERKkoaolzH L TIEDIX
wlakharovFERBEDTEZ, SHEBHEFACHBT 5525510

CROBEPTFRINSEFKEN (Type II FARE) PRI STEENH 5.

LoCaponiFizc k2RI S, WARLIAINF—SEICHEE TS UL
ORUFHBEOEBEHEEHOERL LTAFARNLZBEEMIRNIZZ LA FEEH
53 (20269 db—HOMBBEIBEARETHSIZLE2ETS. —F,
J:fr\)lx#—‘-—ﬁﬁﬂizﬂﬂi:?‘i‘6(&'1%2‘3!»‘"@—&[/;0*&&\156&:63:, BRESIBEX
N3). X5RCDEIBENTRE, TANF—FRICHET 5 BWBEHH K
Z ¢ M»5”confined chaos” & FEiFH, Yuend Ferguson® 2k 3, +9HKRDE—
FREZITRTWBEBIREROAFT A (BREH) BEZHZVWTHAILWVWI TR
PATUBEDIADEEIREBZWILARLTWAS.

ETHEAREE— FMTOBBAERRCEDRAS AT ARSRBTLS
EBROBRFEZELLSBLTWEWEGERHIO0THEELET S, Shenk
Nicholson® BINLSHFRRXOTLHEMRME ALK E (Benjanin-Feir) 23 Xk 5%
BRI 5 MAOHMEE L KIERIIRKD S L &, {158 Fouriert — K&
FF+ARKESMOILEN DL EZFELTWS, b6, 3IFE—F (B|XEL
—HOFRREZMHBERNSRZ) BMUOBE, BKRLyapunovig B 0IC|KT 3
DIRHLT, BEERMMICHEBRE— FANIMA BRI TIR, ORELET,



47

BB AZT 4y P (Stochastic) I3 %(RLE (NSFERXRRTELTH
BILNEBERTWEIOTEDOR KLyapunovEiZ0ic2 31X TH5). Lh»
L, TORKRELBRE-FEMIMATITBYUDE—~FREEXKE<BMBL, B
UBALyapunoviE BMWUCME T 2 X SR 32 eAREIATWS, #oT, b
FARERZMIAELWIEREZ2B S 2DKIE, HFHRLERITHYDE—-FE %
EAFRKERABICAEINI3E—FRICHARTHHKREL (A2 EOIEM
E) BRAENS 5. |

§3. RE-EBEMHEEIEH

i, WENGOUE— LYY YV ORBR LD BREBBORRY L%
BLOBRORPAEZAHBNERBICHLIZ LN TEZ LIS IRk, HiclH
i CTBragg AELL 2L —¥Y—HE¥ERE LV Fo bty FOEHRHIIHEIZ L
b, BEBBMIhSER (OC10-1000)n) AN ICHEEOEWEHRE (O (1-10)
cn) BWELBFEELTWBLEXONS, 20LYD, BHEEHICBIIEE-HiK
“FRDOHETOXIAINKF—DOBITORTAAMA LT, CORB-HEMEFHAOEREER
HEREXIhOOHB S, ¥, COESZHEERARBWT, VHOEBRORE
BATULDBRICLZEIRRLY, BEROEVWABRBEHBEOSRWHEEL D HEN
RETHILHLABRTVS.

3.1 #WpHE®'®

MEOEDRBEHAFERMRELLL, REL2ER-—EHRZAOGHED %
XFHRICERII2EHBHEL, TOLABROEVWELIHFIARZERERDEN
(x,y) FARIERIZIBEAL2ERS. REOBEKLARBREQOMICEIBM
% Q2%=gK Tanh Kd *H D, COW, REOCKBEM 7. RURERTF VY v )
$Lid,

_ _ AQ Cosh K(z#d)
71 = A Cos(Kx-Qt), b = 3 Sk

THEz26Rh3% ZRAESFHOEE) . —F, SHicHdL TR, 2OREITKE
HARTHINEL, TOREEM 7L EEXTF VY » L dsBUTOES I E
Abhsb:

Sin(Kx-Qt), (3 )]
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ac
k

7s=a Cos(k-x-ot), ¢s=——exp(kz)Sin(k-:x-0ot), (3.2)

EEL, Ko)QREBHROBERI PNV RUARAEKTHD, k=(kCosx , kSinx),
k=1kl, x=(x,¥)TH 3.
REICIDBEEINZKETCONFOEEUZ

U= (66? )Z=O=‘AQ Coth Kd Cos (Kx-Qt), (3.3)
ThD, ¥ 2BBEEELTCOREFRMOEDE NI MEE 112
a2,
bu=g+(é“azkﬁ=gﬂ-KAhmxdwﬂhﬁhﬂ, (3.4)

B (giREHIMAE) . NFRABEURGyAFMEIZMIAITHN, REOEETHE
URPOATHBENPEETHHILRETSHE, C=QKLUTROMKRLE S :
kSinx = const., ¢ - (U-C)kCos x = const., (3.5)

XHiz, c=0o/k, X=x-Ct L, HENF EZNLOFHE (FF n) PoD/HER

E®THBLLT »

k=kn+dk, a=aptda, c=Cptdc, 0 =COntdo, X =XntdX, ges:=g(1l-dg), (3.6)

335 (dk, da, dc, do, dx, dg, 1UIK1) .
UTTRERS2HEBOEHBEA2E RS :

(DEWEHIE:
(3.3),3.49),@5NRLEHDOSBBIRN 62=kgessIC(3.60F AN TcnkC%k

EZERITLHL, kOELE

(—;k—=AK Coth Kd Cos XX Cos?xm , 3.7)

TH5E 212635, X 6&. ¥ DOwave action flux DXV —-EFETH & LT, H
HomEBaDELIZ

g—a=%['¥anh Kd+ (Cos®x = + 2)Coth Kd] KA Cos KX , | (3.8)

m

THE 26035, i, d W+HKEL, 2o E+FNHIWEHEE
| ka

m

~1+2 KA Cos KX , (3.9)



DELHENEERYVBON, kKA RBOKAICHAL, PORBOBEMIETH
RLBMNETRBRITEIZLH DA S,

(IDEWE RS E : |

REOEE.2p, RERHNBEATE TS, HEODBBRKRIE 62=Tk3/p T
#2hd., COoBMRRXLCHDRNRAG.OEZAWY, (DOBELAR (DB
B, bR caCTR AL W) IZxHF D wave action flux W—ETH B3 LEET
3¢, HROBELEBEOEMICBELT

dk _ Cos®xn KACoth Kd Cos Kx

- ’ (3.10)

kp 3 Cn
(3 Foosza - 1)
da 1 KA [1+(1-3cmCosxw)Sin%x m] Coth Kd Cos KX
—== - (3.11)
8 4 (ic—mCos - l)
g C °xm
AEsha, Biz, d+a2KE<, W+ MhENVWETHE
Cm
ka b= BT ,
~1+ KA Cos KX , 3.12)
Kolm 4 (_B_Em_ _ l)
Z¢C

&5,

ETBLENAERT Gen/2)losxa~COBEEZRITIE, REOBESERD
FAHAHEBEOEMICHMLTRDDOBELARTH S, —F, (3cu/2)Cos xu~CD
BE, REARNDBOBREECAIIca/2TEHEZENLZ NS, HEOHEEOXS
MRS (RBEOEZ®AE) PREOMMEEICHEMICFL welosxn~Cl W
S7RB-ERHEEERTOREICHT I HBRALERLTED, 2OMETIR()
OBELRIOMNKBHEEFAPTRTHS. COMEFARBERUVRER
ObIPRZZ_OOHEBLEBOMTO'ZRLBHEEER" L AL LDT
E50T, BWEHBRLEWEARINBMTOMEFAOARZSLY, RR2 28K
Bro228BRELTIXCH, BFHOBRITBEWTHARTHS.
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3.2 BEBBER
3.2.1 BEw/BWEhHH

§3.1(DTRLE, BROLLE->2EROEE, HORBHBELEEL
EBEYroLsBEIRIMNPHEARLONT WS, Longuet-Higgins 1V’ %
Henyey%'2 W, MHBEMRHOEETHHN BB EHWIREDStokesB 2 L 72 &
X, BEBBICHAT, HHOKk avka0 B, BHEOKMH L TEROBE
TRELCAEZIEADOIHLT, BROBHETHAEIL RSB LERLE.
Z D%, Lhangk Melville' it kD XS ICHBOBRIEREELEFTEL ZBIFNVT
bhr. HORBEBROBERACEWTE, BHEOKACH L THNOKDE L
SLMMTE500, avkaTREHICWMASNBCLARL, RROBDHD
THEHOEREEIZELALEELEWI LETRLE,

— %, Nacirii Mei'® 3Bk %2 Gerstnerd b4 Filt (MWHD), HE%
BB (RIEL) & UEMB > TWa, B56dlagrangeB ERILE 2
BRE (Multiple-scale)® £ v, KOE S ZEH I T 5 "NSHER"% ¥ it
L.

da _a 8% NOAWNE
e = aerrac(org il @1
T,
O (.o .\, _ (kao)?
d=Qt - Kw, S—(w Zkt)k 40, a_ZQ/o’

THN, K,DRTFEK,cIIEFNFhREBERCEROBRE ARBERY, v iZKE
FHOWHEER, CGIERBHORKTQ o ENIAY—T50METH 5.
HBEOHERBa(8,8)iX, KAO (RENFZWHBE) TOHBEORBack £ick
5% WK (StokesDR) a(d)EAWTHBILEhATWS., ZOk &, a=l
(Stokesift) ot 2 v ORINBEICE 2 ZHKEMIZ, B2 (KA=0.3,kao
=0.13) KRF ISR adMMIFZ3I2ohT, M BHRBETOFRKE
(Benjamin-Feir) A iz, KELZ BB ICHBONMI L AR REHEN RN 3.
BifiZhangk Melville'® X, B % Stokesi#l (FAEL) & L 2BA T HEulerd
ZEXMICINDBHIAEZNSHFEX"Z2AWT, ARZEBROEZHAF K EHRS
WEETHILERLTWS. 26 H6E, TOHKOWILFKERENS,6,



K 2.
HEDalzxd 3
Vv DARRKEE.

T, HHEEEHOERLLTEGH, RERLILAMGNTWEAREE (Type I,
I bRBREAZOEHLULWISITORRETHAILEERLTWS.

Nacirit Hei' X, COIIREALAKRELHAETOHEBOBRP L2 EHAN
BN (JORE) KhEoTEDEI BT ENE, aDMBZNT XY —
e L TREMICHRE, Bic, KA=0.3,kao=0.13,v;1.6042:1/7‘:1:§, a M
0.05{cx U CHBE (Fermi-Pasta-Ulam) TH 3D L, 0LLITFARURIES
BuBsch, 0.152BXBLBEALTT Ay I RBBTLERLTINS. #5
RE B, BHANLICETNEARRABL —HOFRRERMFEHRIB23320
Fourier® — FTHEBL (3E—FEM) , I FXORENMALLAFTRERKOD
FHEIEHAEDDELS, RBEREIODNSIA M)y JcBEINEZEREROER
HHZHHETHILLTWS., LU, kicdbhErSic, 1FXAREICHT
SERBHEDOADIZE, +H8 OFouriere— FAZBLAHBIRIVRR
TEILENHBLEDNS.

3.2.2 BWEHBEEWEEED B
§3.IUDTRENAEII CEBOMBRE L GHOBEEIELDICEL
(B3BBG, ETRREDLEEIZERRBREY S TOMWEBHEEANES.
KawaharaZ%'© 3EWREAEHNBROKRBLEVWEH RO BREFAEEOSB S, 4
EEAN K-dVERRENSHEROBALEFERRTHEL S LERLE, —
%, Dojordjevick Redekopp!”’ ik, EHEOIRBHAEZHRHNBOENICHRT+
AhEwEE, EHFBRENSHERLOBATEERBCLERLE. ET
BARE_HBEOABRRZ—-DORROELDHZEHNTET, HLURBABILETS
TLREDLUTOLSRENSD : |
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8. a8% . 4L, . 8L, . 3% _alsl
Gt t o b Gutalgt8oa=—75

(3.14)

CZT, S,LEEhEFhEHOCHEERBERUEOREA2TRL, a,8idxh¥Fhik
BERUABIHET 5725 —Th 5.

a=B=00BA G ORI EHRORBEIHBEOEhITKRTH+EMEIWES
(L<<IS]) k2 # i L, BT TI2SH (Schrodinger-Hyperbolic) M ¥ W3, — 7,
a,B~0()DHE, BREOREIFNEHOETLLEEEDOES (L~ISI) THY,
SKdV ( Schrodinger-K-dV) B e %, CO L5 2 _HEOFERRRZBWT, Z
NETSHECH LTRBIFNIIN-Y Y FURARDBATWA IO Z b Rik
TRATHD, o TEBEMIcbEIMOBIB VIO —LY L THEEER
bhs. —F/, SKAVEZHUTRMAIBAACELLETEEIBORATWAIZT
EY, FRa ,BO0HANFAY—FHETRERLEICHLTRAESI TRV
ERRERTWEIOZens, BRMICOEIZROBEZHIITTF 1 v 1
BECMFMINSG, ¥, ChE2AMOFBERROEHEAKICHL T,
SKAVEI A SHE A QUL WHEBRICBWTHBD LD T HRIATWE 2O DT, SH
BESKAVE OB 2B LAZT LA TE, (3.14)KIZSHE » 5 SKdVE i2 w2
BEWHEIChESMORELRAETE LN TE S, |

GINXOTLHEROEZHARTERICTOWTR, 0B LMB L EHIEMR: S
=1,L=0tcexp[i(Kx-Qt) ic M 3 3 BUNELME D b o> 2B O M & E /N
YoshinagaZ 2V 2k D #FARGIhTWS., HIRBOKENZMIZH T 5 HEKL ¥
BEQ (HRXRAFAEEQCOBRYES) OMEATYT. SOEAKIMbS TN
XRPEBMTAREICR DN, 008>-0.2T1X, KOBHERICHLMILL 2AKE
HAEHrERN B, §3.2.ITHRINAEAZOIIZMIA LA EETROERIL,
HBEOMHFHERAREICHNTIRBOVECISZIDOTHATLIREDDIRZ VY,
CCTRBDADEOGN MK LTOARIC LICEBRTALENSS (EH
BeEEBRHDBOHEEHOB S, BRRLBICHADELZIRS) .

X5, YoshinagaBF VR C OV HEMICEBKORBRIRELY Mb - =15
GOEHMIchEZ2BOKENE 2 FourieriBEICEDFARE, ZOEREB LN
FREMZIEHOERAM4CT Y. H(a),(DixehEh, SHE (a=8=0)
TKHBRIEERERABERUBREALERRL 3B GOISIORMERETH 5.



0.15 -0.15

r LN S e S S S S

B3. NI AY—-Blzxd B
KD AR &KE R .

Bl4. ISIORMREE.

(b} X

BQrobhs 5 BEITABMNT
BOBRIEEBRMIChEDREICRET 2
DIZHLT, BOMTIRBEAIREMRK
IDRUDBEIEAESHEIN BN, —
EHEMORBUIHORBIESERR
% (Fermi-Pasta-Ulam) R S5 Hh, W2 .
BEWBEHROMTOABMMYEZIANY —ZRAETbA S, —F, H(c)idSKdVE
(a=0, =-0.00) OFRREFES (KL KOWANBMEFRRE) 2 MMEL LS
GxFY. PHEBERECERNERLR LN, TCRBEBRAAATTF 4y ¥
RR2oTW b3, COES5LKVEDOITFAv I 2EBIB WX, &
B REFRICHDHABEATHAOGNS, HIxE, a=0TC B2 ELBALFBA,

HG)EAREETHIDICHL, BHADHE, BHEETH> EMUHHE —
FAEBEHIIDBESR, BERMEOROERIBNENFT 19 VIR 3.

{c) X
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iz, a%20 LT A%20poMMABALEICRh2HRRS (EAREE)
MPENFANDBITIRKANL -5 ZOHB L REIENTE, TOMHMCES
6”%3&%?&%”&18*«10‘3&%@’6é%. BH % Z & HMGinzburg-Landau s 2 X
DBEY, BEFEMTZCONTHREAMEDN SN A AAEBITT 52 LN,
Keefe?? AN REANTNS. COBALKMF—5 ZDMB L REIENT
X, TOL O MARBA I BETH S LARIATNAT DB,
"ABMEBL OBEICHRTABDAI NI LN DN S,

§4. Bbhiz

BREREEEEAORERVE LTIRAEL SORAT I ENTES, —
3, AFREOBEWENBLEO LI R FHREBOEWEHBE A IREES
BEOMTOWEERTS S, COMERRMZEENBLY, HEOLBREEL
WBETHEFZWOT, WHOTHRINES., 27, REOLZH5RADHE BT
DHENERINTWEOT, BEKSIIBRBOFRRNZZHORBEMTOT
ANF—BITORTE, FHMXABHITABRIED, BWT BICRBELE+ST
BEV. 35 —20BEWE, —oOBOMTEEIMT 3 XBRENEE S
EBATHD, REOAXES2EHL theAREEEREAEIN NI WERL
OMTHWHERRANES, COMEFACEIRNE - SRMTOIINF—D
BAORTUEBABL EOERTHERGRTWEY, EBMIcbR s N+ 2M
RRENHEREEIBEBRESOLAHDRTVWENWESTHS. WHFhi
LT, SBRCNGOMEERIEPWTIFREA I N+ AR ICHT 3 ERB %
MENITHRB L 2 MET 5.

Bigic, ABICEABELTHSE, ARSI 2EWAKEASER TSR

 AARERELECBLWELET.

SE W
M 2 1E,F.C.Moon: Chaotic Vibration(Wily-Interscience,1987)p.111;
HrHE®R MEAE 2P N6(1987)285;8 KH: AN 11(1992)185; RU' 5| H
ThTWLIXHKSR.



35

DB A MR H AW £ §544(1989)323;RINS Kokyuroku 782(1992)1;
RUBIHZATWAXREZSR.
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