AEKLIHA #14
KBASHITEPHOJHYHOCTH H XAOC

€ PaccmoTpennbie Bblille MoZeAH 6bIAM NPHBSi3aHbI K 3BOAIOUMH (B IpocTpaHCTBe
MapaMeTpPOB) PETyASPHOTO JBH:KEHHsl, KOTOPOe H3HAYaAbHO ObIAO MEPUOANYECKNM.
Henoasu:xuble Touku Ha AByMepHBIX 0TOOpazkeHHX MOZKHO paccCMaTPHBATb KAaK CAe-
Zbl TIpeileAbHOro LMKAa Ha cedeHuu | lyankape. [lepnoauueckue perxxumbl uckAroun-
TEAbHO Ba:KHbl JAAS CHCTEM CO 3HAKOIOCTOSIHHOH JMCCHIIALIMeH, HO He HCYepIbIBaroT
BCceX PE:KHUMOB peryAsipHoro asu:seHus. [Hauboaee o6IIMM BHAOM TaKOro JABH:KEHMS
siBAsieTcst kBasunepuoamyeckoe geuzkende (§1.02) ¢ Heckoabkumn wactoramu ).
B auccunaruBnbix cucremax kBasunepuoaudeckoe (QP) apum:kenue cpoiicTBeHHO or-
paHUYEeHHOH 06AACTH B IPOCTPAHCTBE MapaMeTpoB. B apyrux obiacTsx ABH:KeHHe
mozkeT 6bithb nepuoaudeckuM (P) mam xaormueckum (Ch). Ycranosaenne sakono-
MepHOCTeH M3MEHEHMsl XapaKTepa JABH:KEHHsl IIPU Tepexojie Merxkly STUMH 0b6AacTsIMHU

MPEACTABASAET HpHHI&I,I/Il'II/IaJ\beIIt/,I HHTEpPEC.

$§14.01 Cunycuoe orobpaxenne okpyxxHOCTH

‘ EC]\I/I TpPpEXMEPHAsi aBTOHOMHasi CHCTEMa ~ IIOTOK COBEPHIAET KBa3HUIIEPHOAHUYECKOE
ABHUZKEHHE C JAByMsI YaCTOTaMH (sz), TO HWHBapHaHTHOE€ MHO:KECTBO Ha CE€Y€HHHU
l_[yaHKape MNPEACTABAAET 3aMKHYTYIO KPHUBYIO. TO K€ OTHOCHUTCA H K ﬂByMepHOﬁ He-
aBTOHOMHOH CHCTEMe - IIOTOKY C MNEPUOIUYECKHM BO3MYILEHHEM. l_IpI/I rnepexoze K
XaoCy HMHBapHAaHTHOE MHO:KECTBO 6y,Z[,eT AexkaTb BOAH3BH STOH KpHBOﬁ. l_Iy'CTb HHBa-~

pI/IaHTHOC MHOzKeCTBO 3aJaHO OT06pa}KeHI/IeM
p=F(p0B), ©&=G(po. (1)

Ecau pasmep mnBapuanTHOro MHoxkecTBa 1o pagMycy P HeBeAuk (aTTpakTop - ysKas
noAoca), ero JOopMy TO MOKHO OINHCATb (PYHKLIMOHAABHOH 3aBUCHMOCTBIO (DYHKLIHO-

HaAbHOﬁ 3aBHCHMOCTDbIO p(e), H HCKAIOYE€HHEM HepeMeHHOﬁ p CBECTH OT06paH{eHI/Ie

IIAOCKOCTH Ha cebs1 K OT06pa?KeHI/Il-O OKPY:KHOCTH Ha cebs
0’ =G(p(6),6), (2)

IIpeACTAaBAAOIIEMY OJHOMEPHOE OT06paH§eHI/Ie. TaKI/IM o6pa30M, HEKOTOpPDbIE ocobeH-
HOCTH II€EpEXO0Ja OT KBa3HUIIEPUOAHUYIECKOIo ABYXYAaCTOTHOIO JABHUXKEHHA K XaOCy MOXKHO

HCCAEZ0BaTb C IIOMOIIbIO OﬂHOMepHOﬁ MOZEAHN OT06pa?KeHI/Iﬂ OKPY:KHOCTH Ha cebsl.

‘ B Ka4decTBe IIpHMEpa pacCMOTPUM MOJAEAb CHHYCHOI'O OT06pa?KeHI/Iﬂ OKPY:KHOCTH

Ha cebs.
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@ Cunycrvim omobpadsceruem oxpyxcHocmu (sine-circle map) HasbiBaeTcss auHaMu-
yecKasl cMCTeMa - oTobparkeHHe C YTAOBOH AWHaMuyecKod nepemenHod O (mo Tpazu-
uun O usmepsiercss B eauuuuax noasoro yraa; 0<0<1), aByms mapamerpamu Q wu
K u ypaBHenueM zBu:ceHus

e _£ 1
0'=:0+Q 2T[sm2T[9, 3)

rae (pUrypHble CKOOKH {,} 03HAYalOT OMEePALHI0 B3STHS APOOHOHM YacTH.

Zrst Toro, uTobb1 OoTOGpazkeHue oTpeska Ha cebs 0’ = M (9) 6b1r0 0O6paTHMO, HEob-
xoaumo, urobbl gynxuus M(0) 6bina monoronnoit. /las cumycHoro otobpaxenus

(3) sT0 ycroBHe cBoAMTCS K TPeGOBaHUIO OTCYTCTBHS HyAe€H Y MHOMKHUTEAS yCTOMYH-

BOCTH

A(B) = cil—]\g =1-Kcos216 (4)

uckAtovatoeMy Haiumdue sxctpemymoB y M(0). Taxum obpasom, cumycHoe oto-
6paxkenne obpatumo npu K <1 u nHeobpatumo npu K > 1.

€ PaccMoTpuM OCHOBHbIE CBOMCTBA CHHYCHOTO OTOGpa:ieHUs: B 06AacTH 06paTHMO-
cru K<1. Tlpu K =0 cunycnoe npeo6pasoBaHre CBOZUTCA K MOBOPOTY OKPY:KHO-
CTH Ha ToCTOstHHbIH yroA ), paBHbIH uHMcAy BpameHuss O (cMm. onpezereHHe YHCAa
Bpamenusa B § 4.01), u uu npu xakom suavenun ) # 0 HenmozBH:KHDBIX Touek HeT. B
JaAbHedieM Mbl 6yieM HasbiBaTb () 3aTpaBOYHbIM YMCAOM BpaileHus. [Paccmorpum
HeIo/IBU:KHbIE TOYKH OTOOpa:KeHHs, COOTBETCTBYIOIIHE MaAbIM 3HadeHusiM (2 mpu

K >0. Ouu onpeaersitorcsi ypaBHeHHEM

_ _K .
8=0+Q 2T[s1n2T[G, (5)
OTKyZa
%2 = sin2m0. (6)
ECJ\I/I BBIIIOAHEHO YCJ\OBI/IC
K
Q< B (7)

To ypaBHeHue (D) uMeeT JABa KOpHS, IpUYEM MeHbIIMH, Ae:kalluil B ob6AaCTH
0< T§/2, ecTb yCTOMYMBasi HEMoJBH:KHasi TOo4Ka. |akum obpasom, Bciogy B obaacTu
(7) cunycHoe oTobpa:keHHe MMeeT OJHY YCTOMYHMBYIO HEIOJBU:KHYIO TOYKY, COOTBET-
CTBYIOILYIO ABHKEHUIO C YHCAOM BpaimeHus O = 0.

OTH HeNoJBUKHbIE TOYKHM CYIIECTBYIOT TOABKO B OBAACTH /JOCTATOYHO MAaAbIX
snauenuit Q. PaccMoTpuM Temepb ApyrHe HeNoABH:KHbIE TOYKH, KOTOPbIe BOBHHKA-
10T nipy 3HadeHusix (), 6Auskux K egunuue. /IAs HUX MoOAOKEHHE HETOABHKHBIX TO-

Y€K OIIPEAEANAETCA YPaBHEHHUEM




NLD14 '01 3

_ _K .
0+1=0+Q 2T[s1n2T[9. (8)

TaKI/Ie HEIIoABHzKHbIE TOYKH CYILIECTBYIOT IIpH YCAOBHH

K
Q>1--. (9)

B atom cAyuae ycrofiumBa HemoaBm:kHasi Touka ¢ 60AbIIMM 3HadeHHeM O; oHa cooT-
BETCTBYeT ABMKEHHIO C YHCAOM Bpaiuenust O = 1.

€® Daccvorpum Tenepn uuka arunbl 2. [Ipu 1>> K >0 ecrectBenno uckatb Takue
uukAbl B okpectHoctd Auun Q =1/2. Tloromum Q =1/2 +€, rae €<<1. Ypas-
HeHHe JAsl HelOJBH:KHbIX TOYeK KBaZpaTa CHHYCHOTO OTOGpazkeHHs] OKPY2KHOCTH 6y-
ZleT UMeTb BHJ,

_K . K . .
2e = H_[51n21'[9—ﬁsm[2n(9+ § —Ksin2 T[q. (10)

Cunrast € Marol BeAMuMHOH 60Aee BbBICOKOTO MMopsiika Mo cpaBHeHuto ¢ K u pac-
kAazbiBasi nipaByto dacTb (10) mo K, moayuaem ypaBHenue

2

K%
€ —ﬁsmﬂ[e. (11)

Taxkum o6pasom, Ha maockoctn Q — K obiacTb moAyleAoro pesoHaHca, B KOTOPOH

YHUCAO BpaleHus O = 1/ 2, pacrono:KeHa BHYTPU ITOAOCHI
2 2
l - £ <Q <l +£.
2 81 2 8T

LII/ICJ\OBI)IC pacdeTbl IIOKa3bIBalOT, YTO obaacTb MMOAYLIEAOTO pPE€30HaHCa 3allOAHSET

(12)

IIOYTH BCIO 3TY IIOAOCY, IIPH I9TOM BbIpa:KE€HHE (12) HMEET AOCTATOYHO BbICOKYIO TOY~

Hoctb gaxe npu K =1 (aHaauTHuYecKass oLleHKa HIMPUHBI TOAOCHI CHHXPOHH3ALIHHU

AQ = (41'[)_l =0.07958, uucaennniii pacuer gaer AQ =0.07396).

<> OueHutb MmMPUHY TOAOCHI CHHXPOHM3AIMM C YHCAAMH BpargeHus O = 1/ 3ud= 2/ 3 npu

MaAbIX K .

Takum obpasom, Ha maockocTu yrpaBastommux napameTpoB £ — K obaactu usyueH-
HbIX HaMH PE30HAHCOB MMEIOT BH/, PacLIMPSIOIIUXCA ¢ yBeAudeHHemM K moaoc, cxao-
nbiBaromuxcst B Toukd npu K — 0. OTu moaochbl NpUHATO HasbiBaTb sA3bikamu Ap-
Hoavga (Arnold's tongues). BuyTpu atux moaoc asuzkenue sBAsieTcs mepuoguue-
ckuM - uMmeeT Mecto curxpoqusauyust (mode locking, frequency locking - L).

€ Mo:xno nokasatb, YTO Ka:kJ0OMy palMOHAAbHOMY 3HA4YeHHIO YMCAA BpalieHus: Of
cootBeTcTBYeT cBoM si3bik Apnoabga. C poctom K ux mupunbl Bospacraotr. [Vepa
obaactel 3HaueHud (0, COOTBETCTBYIONIMX HPPALIMOHAABHBIM YHCAAM BpallleHHs, y6bl-

Baer nipu K — 1 crenennbiv o6pasom:

WK)OF K, (13)
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rae 3 =034 [JBB84]. Taxum o6pasom, nmpu K =1 obracTu CHHXPOHHBALMH MOYTH

TIOAHOCTbIO TepPeKPbIBalOT Becb MHTepBaA 3HaueHu (. /IBu:kenue mozkeT 6bITh KBa-
sunepuoandeckuM (o6AazaTb HPPALMOHAABHBIM HYHCAOM BpallleHHsi O ) TOAbKO Ha

rpaHuLax oOAACTed CHHXPOHHU3ALUH, UMEIOIIUX MePY HOAb.

c> [JBB84] - Jensen M.H., Bak P., Bohr R. Transition to chaos by interaction of resonances in
dissipative systems. I. Circle maps. Phys. Rev., 1984, v.30, p. 1960-9.

[lpn K =1 rpagux saBucuMOcTH umcAa BpamieHus O or mapamerpa (0 cocrout us
6€CKOHEYHO GOABIIOr0 YHCAA TOPH3OHTAABHBIX OTPE3KOB. JTOT rpaUK IPUHATO Ha-

sbiBaTb uepmosol asecmuuueid (devil's staircase).

€@ PaccvoTpum Terepb cBoHCTBA CHHYCHOTO OTobpazkeHUs okpyxHoctH npu K >1.
Haunem ¢ uactHoro caywas Q =0. Henozgsmxkuas touka 0 =0 ycroiumsa mnpu
K <2, anpu K=2 oua tepser ycroituuoctb. (OzHOBpeMEHHO B OKPECTHOCTH Ma-
AbIx O mosiBAsieTcss ycTOHUMBBIM LMKA nepuoja 2 - sHaueHne K =2 sBAseTCS TOYKOH
6u(ypKalMM yABOEHHsA IepHoZa. TO - IPHU3HAK KacKaZa yABOEHHH IlepHoza: CAe-
aywollee yaBoeHue repuoa npoucxogut npu K =344, eme oano npu K =3.5055 -
B pesyAbTaTe IMPOUCXOJMT Iepexo K xaocy mo cueHapuio (Defirenbayma, kackaz sa-
KaHuuBaetcst ipu K =3.5247.

Haiizem ouenky nopora xaoca MeToZoM, OCHOBaHHBIM Ha TIPHOAM2KEHHOM BbIYHC-
Aennu nokasatens Asanynosa. [lpumem B HyAeBoM mpu6AM2KeHHM, YTO MHBapHaHTHOE
pacripeseneHre yraa O He 3aBHCHT OT HauaAbHOro umMcAa BpamleHus ( M paBHOMepPHO

B uHTepBare 0<0<1: VVO(G) =1. Toraa, ycpeausas rokarbHbli MokasaTeab Nsmy-

HOBa, ITOAYyYa€M

1
o(K) = jlnu —Kcosznqarezlng (14)
0

Hs ycrosus O'(KC) =0 naxoaum nopor xaoca: K, =2. Ymnpouienusi, norozkeHHble B

OCHOBY 3TOH OUEHKH, cAumKoM rpy6pl. (Daktudeckn rpanmma obaacth xaoca - AH-

HHA KC(Q) ~ HMEET CJ\O)KHbIﬁ BHU/J, B 6EeCKOHEYHOM YHMCAE TO4YeK KacasiCb AHHUH

K =1, oanako cpeanee moro:keHHe TpaHHULIbI <K (Q)> =2.17 uemroxo coraacyercs c

(4
HaAU/IEHHOM BbIIll€ OLIEHKOM.

<> B orauume or aorucTHueckoro ortobpazenusi, CHHycHOe OTOGparieHHe OKPYMKHOCTH MOMKET 06-
Aazath 6ucTabuAbHOCTBIO. |ak, mpu 3Hauenusx napamerpoB  =0.33 u K =14 arrpakropamu

CHCTEMbI SIBASIFOTCS LIMKA C3 H LKA C4. Mepb1 cootsercTBytomux 6acceinos pasuel [y = 0.69 u

My =0.31 coorBercTBeHHO.

l_IOBCZ[,eHI/IC ITOKa3aTeAAd AﬂHyHOBa O(K) npu 3aJaHHOM 3aTPAaBOYHOM 4YHCA€ Bpalle-

aus () moxoxe Ha TO, KOTOpoe HaBAIOZAETCS AAS AOTHCTHYECKOTO OTOGpazKeHHs -
oblasi TEHAEHUMsI K POCTY TPH yBeAudeHHMH K W HaAMYHe OKOH IEPHOAUYHOCTH, B

KOTOPDbIX HOBDbIE LIUKADbI BO3HHKAIOT 3a CYET TaHTI'€HLIHMAAbHDbIX 6Hq)ypl<aguf71.
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€ [lpu usmenennu ogmoro ympaeasiomero napamerpa (Hanpumep, K mpu mocrosH-
Hom Q) mepexoa K xaocy ¢ MoAaBASIOLIEH BEPOATHOCTbIO GyZAeT MPOUCXOAUTb OT Iie-
PUOJIUYECKOTO JIBUKEHUsI Yepes KacKaZ OGUPYypKaLMHd HAH OT KBa3HIIEPUOIUYECKOTO -
K MEePHOANYECKOMY U Zlalee depes KacKah OH]ypKauuu.

¢ l_[epexoa OT KBa3HUIIEPHOAHUYECKOI'O JABH2KEHHUSI K XaOTHYECKOMY MOKHO OCYILUECTBUTb, €CAH Me-
HATb /JBa ITapaMe€Tpa K )4 Q Tak, 4TOGBI PEBYAPTHPYIOILIEE YHCAO BpaIll€HHUA G OCTaBaAOCb HEH3~
MEHHDIM. AJ\H KazKZ0ro 3aZaHHOI'oO HPPAlMOHAADHOI'O YHCAA BpallleHHs a Cy1eCcTByeT MaKCHMaAb~
HO€ 3Ha4€HHE KC‘ TaKoe, IIPpU KOTOPOM JABHIKEHHE TEPsET YCTOI/QI‘{I/IBOCTI:J U CTAaHOBHUTCA XaOTHYECKHM.

B6ausu Touku nopora saBucuMOCTb MokasaTeAs: J\AMyHOBa OT MpPEBbILIEHUs] HaZl TIOPOTOM HUMeeT BHJ,
o(K)O(k K.)' (15)

rae Y - mokasaTeAb CTeneHH, GAMSKMH K eAMHMUE W cAabo 3aBHCAIIMH OT 4ucAa Bpamenust O

[JP85] u oaunakoBbiii AAst Bcex 0TOOparkeHHMH OKPY:KHOCTH ¢ KybudyeckKod Toukod meperuba. Jlas

30A0TOro uMcAa Bpauenus (00 = @ = (\/g - 1)/2) Y =0.948, ara cepebpsimoro (O =8 = V2 -1)

y =0.954.

c® [JP85] - Jensen M.H., Procaccia I. Chaos via quasiperiodicity: Universal scaling laws in the chaotic

regime. Phys. Rev. A, 1985, v.32, no.2, p.1225-1228.

TaKI/IM o6pa30M, npu 1epexoae OT KBA3UIIEPHOAHNYECKOI'o JABH:KEHHA K XaOTHYECKOMY
B CAy4dae 06LECI‘O MMOAOZKEHHS IEPEXO TIPOUCXOIUT HYepe3 CHHXPOHHUI3ALIUIO. BOBMOH{-
HOCTDb Ha6.7\}0ﬂ,aTb Hel'IOCpe,Z[,CTBeHHblf/,I nepexod, OoT KBaAa3UIIEPHOAHUYECKOI'O K XaoTHYE~

CKOMY JABH:KE€HHUIO UMEET YUCTO TeOpeTI/I‘ICCKI/Iﬁ XapaKTep.

$§ 14.02 KBasunepnoauuuocrb n 6ugpypranna Xonga

’ l_[OﬂBJ\eHI/Ie B CIIEKTpE JBHUIKEHHA HOBOH 4acCTOTbI ((L)l IIpu CMEHE yCTOfI‘IPIBOFO
PaBHOBECHs YCTOI;,I‘{HBbIM MNPpEAEADHDBIM LHKAOM, (A.)Z npu CMEHE IIPEAEADHOIO LIHKAA

YCTOHYUBbIM /IBU:KEHHEM Ha /JBYMEPHOM TOpe) IPOHCXOAUT B pesyAbTaTe 6ugypka-

yuu Xondga.
[2, c.415 ¢ 3, c106 * 4, c.89-92 ¢ 5, c.131 ¢ 6, c.41 ¢ 7, c.160 * 8, .30, * 9, c.48].

B

EC]\I/I NNpu HU3MEHEHHHU YIIPABAAIOLIETO IlapaMeETpa )\ B obAacTH )\ <)\H CyLIECTBYET
yCTOﬁqHBaH HEroABH:zKHasA TO4YKa, IIPpH )\ >)\H HEIltoABHzKHasd TO4YKa HeyCTOﬁqHBa, a

aTTPAKTOPOM SIBASIETCSI OAMBKHH K HEM YCTOMYMBDBIN TpeJleAbHbIH LHMKA, TO B TOYKE

A ;; npoucxoaut 6upyprayus Xonga.

€ [lpocrenimum npumepom mozean, obrazaromer 6upypkauuer Xornga, SBASETCS
JByMepHbIH aBTOHOMHbBIH IOTOK C ypaBHEHHAMHM JBH:keHHs (B MOASPHBIX KOOPJAMHATaX

- ZuMHaMuYeckHe TepeMeHHble P U @)

p=p(A-p’), = (16)



NLD14 '01 6

(A u W - napamerpnr). [lepBoe us ypaBHeHHil UMeeT aABe HeNmoABMKHbIE TOYKH:
P; =0 u p,=+A. Ilpn A<O0 mnepBas Touka ycToHuMBa, aTTPAKTOPOM SIBASETCS
HeIoZBHKHAsA TOYKa - HadaAo KoopauHaT, a mpu A > (0 ycroitumsa BTOpasi - aTTpak-

TOPOM CAYZKHT rlpe,Z[,eJ\belﬁ OHKA - OKPY2KHOCTDb pajguyca \/X
§ 14.03 Ilepexos “rop - xaoc”: orobpaxenne Kanexo

€ [Ilpu Bropon 6ugypkauuu Xonda - 6UPypKaUMH POKAEHHS TOpa - TpeAeAbHbIH
LIMKA TepsieT YCTOHMYHUBOCTb, M Ha €ro MecTe IOsIBAsieTcsl ycTonumBbid Top. Ha ceue-
nuu | [yankape Henogpu:Hasi TOuKa CMEHHTCSI OKPY:KAIOIIUM €e KOHTypoM. OTO SB-
A€HHE U TOCAeAYIOIIYIO DBOAIOLHMIO aTTPaKTOpa MOX2KHO H3YYHUTb Ha MOJEAsAX OTobOpa-

2KEeHHsT IIAOCKOCTH Ha cebs.

€ Omobpaxceruem Karnexo (Kaneko mapping) [K84] nasbiBaerca aunamuue-

CKasdA CHCTeEMa -~ OT06pa?KeHI/Ie ¢ JUHaMU4Y€CKHMH II€epeMEHHbIMHU X,}), I1apamMeTpa-

MU a,b H yYypaBHEHHUSIMH ABUIKEHUA

x' =bx +(1-b)(1-ay?), »' =x. (17)

[K84] - Kaneko K. - Prog. Theor. Phys., 1984, 72, 2, 202-15.

Ynpasastomum cuntaercs mapametp d; B uMcAoBbix npumepax Huzke b =0.3. No-
KaAbHas ~ JUCCHMaUMs  oTobpaxkeHHss KaHeko  omnpejeasieTcss  BblpazkeHHeM:
A(X) = —ln‘ 2a(1 —b)y‘. Juccunauuss  mono:kuTeAbHa  TpH ‘ y‘ <Y, rae
_1 -
Y :[2a(1 —b)] , U OTPULIATEAbHA BHE 3TOH MOAOCHI.
€ Henoasuxubie Toukn 0, orobpazkenus (17) umeror koopaunate
_tV1l+4a -1
£~ ) 2a

Jpuxenve Towek: mpu a -0 x, -1, x. 5> —0; mpu a - © X, =

(18)

=Xx_ :l/ Na - 0. Tlpu marbix a Touka O, ycToWuuBa - AeKHMT B 0HAACTH, Tie

N>0. Touka 0, mepecekaer AuHMIO } = A TIpU SHAYeHHH A =
_ 3-2b

. = 12245 (19)

Ay

[lpu sTom oHa TepsieT ycTOHYMBOCTb, a B €€ OKPECTHOCTH TOSIBASIETCS TOP - WHBApH-
aHTHasi KpuBas, oKpy:Kkawmas Touky O,. (C pocrom a auamerp Topa BospacTaeT
(npu ManbIX IpeBbIleHUsAX Haj MoporoM - mpumepHo mno sakony D [./a- ay , cp.
KOHell TIpeJbIAyIero mnaparpaga), a Top CTAaHOBUTCS Bce GoAee M3BUAMCTBIM. /Jlaab-
HeMIllasi SBOAIOUMSI THIIOB JBHM:KEHMsI ONHCaHa B cAedyiolned Tabauue (3HadeHus d

COOTBETCTBYIOT IIOpOoram IIpH YBEAHYEHHU napaMeTpa).
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a - Tun apuxenus

1.796 L31 cunxponusauus

1.803 QP, kBasunepuoauieckoe
1.920 Lg4 cunxponusauus

1.940 Ch xaoTtuueckoe

1.948 L, cunxponusanus

2.003 Ch xaoTtuueckoe

2.520 --~ aTTPaKTOP HCYE3aeT ---

<> Takas cmena pexumos sBasercss Tunuunon. /lpyrum mpumepom sBasetcst otobpazkenne Kappu

- ﬁopxe [9, ¢.191-199], rae nepexoa “Top - xaoc” mpomcxoauT Hepes cuuxponusapmio L.

€ Ocuuarsauuu Topa Tepes EPeXoloM K Xaocy CBsi3aHbl C TeM, 4TO BO6AM3U obaac-
TH CYILECTBOBAHHSI CEJAAOBOrO LHKAA (QopMa Topa 6GAM3KA K (POPME HEYCTOHMYMBBIX
MHOroo6pasHil COCTaBASIIOIIUX €r0 TOYeK U UMHTHPYET IeTEPOKAMHHYECKYIO CTPYKTYPY

IIOCAETHHUX.

§ 14.04 Cuenapnit Prosaa - Taxenca - Hprwoxaysa (RTN)

[2, c.480 ¢ 5, c.133 ¢ 7, c.163-165 * 8, c.66 * 9, c.184].

€@ DPaccmoTpennbiii Bblmle mepexoz ‘Top - Xaoc MPOXOAMT 4Yepes Iepexo OT Ile-
PUOJMYECKOTO0 K KBa3HIIEPHOJUYECKOMY JBYXYaCTOTHOMY /JBH2KEHHIO, KOTOPOE CMEHs-
eTcsl CHUHXPOHM3alMeH M XaocoM. | akasg KapTHHA TUIMYHA AAS ToTokoB ¢ K =3
(orobpazkenusi ¢ K =2). Bosuukaer Bompoc: BosmozkHbI AM Npu 60Abmux K r1o-
caeayromue 6udypkauun Xomnda ¢ HOSBAEHHEM IIPOU3BOAbHO GOABIIOrO YHCAA HeCo-
H3MepUMbIX YacToT (W3, W, U T.a. (Tak HasbiBaemblil cyenapuii NAangay)? Otser
IPUHATO CYUTATb OTPULIATEAbHbIM Ha OCHOBaHHMM cAeZytomeld Teopembl Proara - Ta-

KEeHCa -~ Hb}oxaysa

RTN B Ar060H1 OKPECTHOCTH KBa3HIIEPUOAHUYECKOI'O TPEXMEPHOI'O ABHKEHHS Ha

3
TOpPE T €CTb ABH:KE€HHE CO CTPAHHDbIM aTTPAKTOPOM.

4
¢ HepBOHa‘{aJ\bHO TEOpEMaA 6bIra AOKa3aHa [JAsI 4YE€TbIPEXMEPHDBIX TOPOB T [RT71], a 3aTeM

o6o6111eHa Ha TpexMepHble TOPbI T3 [NRT78].
c» [RT71] - Ruelle D., Takens F. - Comm. Math. Phys., 1971, 20, 2, 167-92.
c» [NRT78] - Newhouse S., Ruelle D., Takens FF. - Comm. Math. Phys., 1978, 64, 1, 35-40.

Xotss RTN ectb Teopema cymectBoBanust (6acceliHbl NPUTSzKEHUs] CTPAHHbIX aTTPAK-

TOPOB M.O. Hcyesalroiie MaJ\bI), €€ 4YaCTO IIPHUHSATO HCTOAKOBbIBATb TaK:

YCTOﬁqHBOE TPEXYACTOTHOE KBA3HIIEPUOJUYECKOE JABH:KEHHE HEBO3MOKHO.
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[lpn usmenenun ympaBasiolero napamerpa OZHOBpeMEHHO ¢ 6u(ypKauued Xornga,
IIpU KOTOPOH /IBH:KEHHME CTAHOBUTCs KBasurepuoaudeckum TpexyactothbiM (QP3),
BO3HHKaeT XaoTHYecKoe JBHKEHHe CO CTpPaHHbIM aTTPaKTOpPoM, obAazjarolllee Hellpe-
PBIBHBIM CIIEKTPOM 9acTOT. JTa IOCAeAOBATEABHOCTb GH(ypKauMi obpasyeT cueHa-

puii Proaas - Taxenca - Hooxaysa (RTN- cuenapuit).
<> WsBecTHp! HaTypHble 3KCIIepHUMeHTbI, B KOTOPbIX HabAIOZAACS IMEePeXoZ K Xaocy IO CLeHapHIO
RTN [GS75, SG78]. B atux ombitax MccaeZoBaAMCh THAPOAMHAMHYECKHE CHCTEMbI, B KOTOPBIX

YHUCAO Bq)q)eKTI/IBHbIX cTereHen CBO6OJ1bI H3MEHSETCsI IIPU U3MEHEHHH YIIPpaBASIOILEro rapamMerpa.

[GS75] - Gollub ]J.P., Swinney H.L.. - Phys. Rev. Lett., 1975, 35, 927-30.
[SG78] - Swinney H.L., Gollub J.P. - Phys. Today, 1978, 31, 8, 41-9.

<> HsBecTHbl MHOrOUHCAEHHbIE KOHTPIpUMepb! pacimupenHoMy ToikoBanuio RTN - teopembr. B
gucaennbix [GOY83] u narypubix skcnepumeHTax HabAIOZIaAOCh YCTOHYMBOE KBa3HIIEPHOAMYECKOE

asukenve ¢ Tpemsa [CL88], uerbippms u narbio [ WK+84] wacroramu.

[GOY83] - Grebogi C., Ott E., Yorke J.A. - Phys. Rev. Lett., 1983, 51, 5, 339-42.
[CL88] - Cumming A., Linsay P.S. - Phys. Rev. Lett., 1988, 60, 26, 2719-22.

[WK+84] - Walden R.W., Kolodner p., Passner A., Surko C. - Phys. Rev. Lett.,
1984, 53, 242-5.

Takum obpasom, cuenapuii RTN caeayer paccmaTpusath kak ofuH M3 BO3MOXHbIX mHyTeil Iepe-

X0Za OT KBa3UIIEPUOAHUYIECKOI'o ABHKEHHSI K XaOTHYECKOMY.

EOL



