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9. Junammxa CTPYKTYp B ABYMepHO# pemeTke

10. CeTs rmoGanbHO CBASAHHHX OTOGpaxeHuft

3axnpuerve

Nlpunoxensue

3afaua onucaHuA TYPOYJNSHTHOCTH KaKk JWHAMHYECKOro npoliecca B
acnpefeNeHHHR CHUCTeMaxX JAaBHO NpDHUBIEKAST BHMMaHue HCcueroBaTenefl.
OCTHTHYTHE X HacTOAmMEeMy BPeMeHN ycHexy B NOHMMAHMKM NPHPOXW Xaoca B

cHUCTeMaX C MalNhM YHCIOM cTeneHefl CBOGONH CO3ZAanM HAAeXHYD  OCHOBY
AN% KOHCTPYKTHMBHHX pasMumnienuit B 3Tom Hanpapnernu. [llocne nepsux
OGHaZeXUBADMMX Ppe3yAbTaTOB CTalo ACHO, YTO peyb HAeT He NpocTo O
BHOODE TOrc HMIM MHOIO  CUEeHApHA  BO3HUKHOBEHMS  TYpOYMEeHTHOCTH
(lannay, Poaas - TakeHca MaM Kkaxkoro-iauéo Apyroro) HAH pa3padoTke
afeKBaTHON MOReNn ZRAS KORKPETHHX CHTyauut (HanpuMep,  ONHCAHES
TeyeHMs KyaTTa, odpa3oBaHua saveek Teftnmopa - Bewapa u T.x&.), a ©
@opuugosaunu ofmMpHO#A M pa3BeTBIcHHOR o6nacTH 3HaHUA, OXBaTh~
Banllel BompocH cHoxHoil uﬂocrpancwseauo-npeueanon A¥HaMyKd B CHC-
TeMax pasinuHod ¢u3nuYeCKOH npuposH M BKIDYapmeR! CBOD CHCTEMY MO-
genefl, cBoff 'zoomapk" §eHOMESHOB, CBOD MHTYHUHO H  CHCTEeMy Nnpen-
CTaBNGHHHl, CBOM TeOpeTHUECKHe NOCTPOSHUS U oNpeleNleHHHe CBA3H C
KOHKPETHHMM OGNacTaMu @u3uKK - ruEpoausaMuxolt, (usuxofl TBeproOro
Tena, Teopuefll-Pa3oBHX NepexomoB U T. X.

B xavecTBe Mofienefi CNOXHOR MpPOCTDPAaHCTBEHHO-BPEMEHHOR AMHAMMKH
MOTYT TnpUBREKaTbCA auffepeHutanbHue ypaBHeHMS B VYacTHHX -[po-
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W3BONHHY, pPeNeTOYHHWe CTPYKTYPH U3 CHCTEM, ONHMCHBAEMHX  OGHXHOBEH-
HuMH RudfepeHuManbHUMM ypaBHEHMAMM, peNeTKH CBA3AHHHX  oTodpaxe-
Huff, KJNeTouHne amToMaTh. Kak ¢ KoHuenTyanbioff, Tax M ¢  BNYHCIH-
TenbHO!t TOUKHM 3peRHA HpeRANOUTHTENbHee MMeTh leflo He ¢  pacupele-
NMeHHHMM (KOHTHHYafNbHEMM), a C PpENOTOYHHMH MOBENAMH NPOCTpaH-
CTBEHHO-PABBHTHX CHCTEM, €CIH OHH J[ONYCKAaDT peanu3auMp HHTepecy-
puux $eHoOMeHOB. B HEKOTOpHX cnydyafx MEpexoA K pemeTKe MOXeT pac-
CMAaTpHBaTBLCA KaK NPUORHMXEHHH Cnocol onucaHHA HeNpepuBHO CHCTEMH,
TOTJa pemeTOYHAR MOJENb XONXHA HMETb HECHHTYAADH KOHTHHYaIbEHIA
npefenl NpM yMeHbIEHHA NPOCTPAHCTBEHHOrC Wara (MIM NpPH yBelHYEHHH
XapaxTepHOro pasMepa pacCMaTpHBaeMWX CTPYXTyp). B mpyrux caydasx
pemeTounas MoZen: Conee MOAXOAUT RNA ONNCAHMA peaNbHHX CHCTEM 10
CaMOMy cCyllecTBY 3azayd. Hanpumep, B rUApoAuMHAMHYECKMX TEYEHHAX XHGO
3a cueT COGCTBEHHON AMHaMMKM, AM6O 3a CHeT  KOHJUrypauuH TeueHUs
(cxaxeM, B rofpupoBaHHOi TpySe) MOryT oGpasoBHBATBCA CTPYKTYPH B
BHIE JIOKANH3OBAHHWX MOJACHCTEM (BHXpe#t), HonycKaoumx MaloMepHoe
ONUCaKHe M OTHOCHUTENbHO cNado  B3auMoAeflcTBYOIMX n%yr C IpyroM.
B ¢usuKe TBepRoro Tema ecTeCTBEeHHAg JRUCKPeTH3AUKA odecneuuBaeTCH
KpucTannuueckoit pemerxoft ¥ T.4. Haxosmern, pemeTOYHKe CHCTEMH H3
3IEMEHTOB CO CHOXHOMl IHMHAMEKOH MOT'YT KOHCTPYMPOBATLCA HCKYCCTBEHHO,
HanpuMep B pajilOTeXHHKe ¥ ONTHKE, € LeNbDd peanu3auu¥ ycTpoficTB ¢
HOBLIMH gyumnonanbuwm BO3MOXHOCTSAMH.

CymecTBEHHYO 4acTb CO3jaBaeMoit KapTHHH COCTaBASDT Kpumuye-
cKue SBACHUS y nopoaa xaocd, prrmxeclme ABICHHS XOpOomO H3IBECTHH B
fusnke PasSOBHX NMEepexXofoB, KBAaHTOBOR TEOPHM NONA, TEOPHUK NEPKONSUUK
(npoTexarus), ¢$usuxe noiaumepoB ¥ T.R. [1 - 4]. [log  xpETHReCKHMH
ABNGHHMAMM  NOHMMAPT COBOKYNHOCTb  (JEHOMEHOB,  XapaKTepH3YDIMXCA
vepapxuelt NpoCTPaHCTBEHHHX MacmradoB, korga BecbMa 3PHexTHBHLUME
OKa3hBanTCA MNPeACTaBJICHHS O MacmraGHOM mnojoSuM - ckefinunre.
Harnagmaue reoMeTpuuyeckue  o6pa3H KPUTHYECKOI'C  COCTOSHMA - 23TO
HepapXya Xamejxex B TouXe mepexofa XHERKOCTb - ra3, oOpa3oBaHHe 6ecko-
HeYHOro KJacTepa B 3ajfavaxX npoTekawus ® T.A.  Exunmft B3raas Ha
3ajayd Co CTONb pPa3HOOGPa3HLM $USHYECKHM CONEpRAHHEM yRaeTcs pas-
BUTL Onarofapa olmeMy MaTeMaTHYeCKOMY anmapaTy - MeTORy  peHop-
MaIU3aLMOHHON Irpynnn, aaeKBaTHO ONHCHBADLEMY HepapxXHyeck®  opra-
HU3OBAHHLHE COCTOSHHS. B Teopum guHaMMueckoro xaoca  KpUTHYECKHe
SABJIEKNA XapaKkTepHU3yDTCA HaMUuMeM HepapXH¥  BpPeMeHRHNX  MacmTados,
$opmipypmeiics B OXKPecTHOCTH TOYKM BOBHHUKHOBEHHS Xaoca. Hautoznee
N3YyYEeH B TAKOM KOHTEKCTe Nepexof K xaocy mno cuenapun Pefirendayma
yepe3 NOCRefOBATENbHOCTL YABOSHHH BpPEeMEHHOr'o nepuojia RKBHXCHUS.

B Hacrosmell padoTe MM JamUM aHaJMTHYecKuMit o0630p  HccleroBa-
Hnft, OTHOCAIMXCS K PemeTOUHHM MOJENSM, NOKaNbHasd JUHAMUKAa  KOTODLX
(T.e. TNoOBeleHHe HHAMBHAYaANbHHX D3JEMEHTOB, U3 KOTOPHX CTPOHTCSH
pemeTxa) omuchBaeTcA cleHapueM defiremGayMa. B HacTosmee Bpeus HMEHHO
AN DTOrO KJIACCa CUCTEM C onpefileneHHoft NONHOTOR MOXHO NIpOCHeRHTL
pPa3BepHYTYD KapTHHY KPHTHUYSCKUX SABACRHH HayMHa® ¢ HHAMBHAYaNbHOro
BNeMeHTa " npocTefiumx pemeToK u3 IBYX AYeeK M KOHYasA
IIDOCTPAHCTBEHHO NPOTAXSHHLIMY CHCTEMaMM.

1. KoHuenuuH yHVMBepCanbHOCTH M CKeAqHHra 8 Teopun
AVHAMHYECKHX CHCTEM

IlycTb HMeeTcs HenyHelHas AMCCHNATHBHAA R[HUHAMHYecKas  CHCTeMa,
HEeMOHCTPHpYDIAf NpH nepexofie HEKOTOPOr'O napaseTpa A yepes
KDHTHYeCKO@ 3HaueHHe A_ MArkoe BO3HUKHOBEHHe Xaoca. B cuny ne-

NPepHBHOCTH QNHHAMAYECKHX ypaBHeHn#t 1o mapawmeTpy A  OCHApYsHUTH
pasiHuue MEXAy pPeryispHHM U XaOTHUSCKMM pPEeXUMAMH, pPeaNu3yOIUMHCH B
€-OKPECTHOCTH TOUKH Nepexofa, MOXHO TONLKO NMPH HMX HaGNDASHHH 3a
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JOCTaTouHO Gonbmoe BpeMa T(€) (3aMETUM, UTO T(€) - » mpH € - 0).
Wtax, B paHHO# cCuUTyauuM nuHamuka XapaKTepH3yeTesaA  HaauuueM
donbuoro BPEMEHHOr 0 MacmTada T(e). Cyzas paccMaTpuBaeMyn
OKPeCTHOCTh KPUTHUECKOH TOUKM, MOXHO  JROCUTLCA TOrO, HYTOOH B3TOT
BpeMeHHolf MacwTad HaMHOr'O NpeBHmAN BCE BENHYMHH €  PaBMepHOCTHD
BpeMeny, OQurypupyoiye B YpaBHeHMSX cHcTeMn. Ho Torjga MoxHo  OXH-
JaTb, UTO JNOKalbHHe BO BpeMeRM JeTanu J[UHAMHKM CHCTEeMH He cyumec-
TBEHHH C TOYKH 3PEeHHA 3aKoHOMepHocTell mepexona K Xaocy, KOTOpHe
JONXHH HOCHTb yHUBepcanbhuwii xapakTep. (MoryT, BIOpoyeM, CymecTBO-
BaTb Da3NUyHLEe KJACCH YHNBEPCANbHOCTH, TaK YTO ONHM M Te Xe 3a-
KOHOME@DHOCTH CNpaBeRJHBM JUWLL B Npefesax Kaxfgoro Kmacca. )

AHanOrMuHAs CUTYalMs UMeeT MeCTO B Teopud (Aa3OBHX NEPEeXONOB
proporo poga. [lpu nNpuSIMEEeHMN TeMnepaTypH BemecTBa K KpUTHueckolt
Touke (asoBoro mnepexoia T_ KOPpeNsAUMOHHAA ANMHA GnykTyauu#t  Bo3-

pacTaeT M CTaHOBUTCA GONbLON NO CPaBHEHHO C MeXaTOMHHWM  paccTod-
HueM. B CBA3M C 3ITUM NOBeleHMe BeNeCTBA BONU3N KPUTHYECKON TOMKH
OKa3bBaeTCsA YyHUBEPCANbHLM, T.€. He B3aBUCUT OT KOHKPETHOrO  BHAA
MEXaTOMHOI'O B3auMoXe#tcTBMs.  CBOHCTBO  YHMBEpPCANbHOCTH  JIEXHT B
OCHOBe upe3BHYANHO MIOAOTBROPHOI'®O METOXOJOrHYECKOro MNpHEMa B TeOpHHU
$a30BHX NEepeXonoB, COCTOAUWEro B MX H3IYUEHAN C TIOMOUBD NOJEAbHNWX
cucmen, OTPYCHAOUMX XeTald NOKAaNbHHX B3aumonellcTBMl u3 coodpaxeruft
yROGCTBa aHaNM3a M COXPAHANHMUX  HMHTepecypumit THO  XPUTHUECKOro
noeBefienus (Mogenn Wsmura, leftzendepra, Tursdypra - Jllanmay u np.).Hs
CKa3aHHOro SACHO, YTO Takoll xe NORXON  NPUMEHMM K RUHAMMYECKUM
CHCTEeMaM,  JEeMOHCTPMpYOUMM [Mepexol K  xaoQy:  Axd Penome-
HONOrMYECKOro ONUCAHMA KX JAMHAMUKM MOXHO  MCMONbL3OBaTH  Handonee
NpocTHe MOZeNH, o6nazapuye HYXHHM THIOM KDUTHUYECKOr'o  MOBeREeHUA,
flcHo, YTO KOHCTPYUPOBAHHE TakUX Mojenelt camo no cefe npenCTaBAAET
GonbLo# MHTEPEC U ABAAETCH OAHON M3 OCHOBHHX 3IaZauy TEOpHH.

BTopuM  BaxHHMM CBOHACTBOM KPUTHUECKOT'O MOBEINEHUA  ABAAETCH
cxetdaune. llpn Haumuu¥ CKeHJIMHra B OKPECTHOCTH KDUTHUYECKO#t TOUKHM
NPOCTPAHCTEG NMApPaMeTPoB OCNARaeT CTPYKTypoit THUMAa BROXEHHMX Hpyr B
apyra MaTpemek. CXORCTBEHHHM  TOYKaM NIPOCTpaHCTBA napaMeTpos
OTBEYANT NOAOCHHME pEeXUMH AUHaMnKH. 3TO O3HavyaeT, BO-NEpBHX, COB-
TafileHHe XapaKTepa peanu3yonerocs pexuMa (nepuomuvyeckuil, xsasune-
puoauueckuit, xaoTUueckufl), a BO-BTOPHX, BOSMOXHOCTb ONpefencHus
XapaKkTepUCTUK ORHOCO pexuMa NO XapakTepUCTHKaM APYroro ¢ mHoMoumpn
Hagnexamero mnepecyera. ITOT NepecuYeT  COMPOBOXAAETCA  U3MEHeHUeM
MacuTada BpeMeHd, TakK 4TO XapaKTepHult mepuof neuxeHulft Bo3pacTaeT INpH
NpUCIMXEHNM K KPUTHYeCKOH Touke, a B Helt camoft odpamaercs B
GeCKOHEeYHOCTD.

MaTeMaTHueckufl ammapaT TeOpMM KPHUTHUECKHX SBIEHHH, NoO3BONA-
ouu# ob6ocHOBaTL YHHBEpCAaNBHOCTb M CKEHNMHr, = 3TO TaKk Ha3HBaeMull
Nemod  pesopmasusauuonsod epynnw (PI). OH COCTOMT B MNOCTPOSHHH ¥
HCCNeNOoBaHUN CRelUanbHore npeodpa3oBaHMs JAUHAMHUeCKMX ypaBHeHuil,
COOTBETCTBYDMErc MNpeoCpa3oBaHHL MOROCHS B  NPOCTPAaHCTBE NapaMmeT-
poB. llockombXy KpHUTHYSCKasd Touka RPH NpeoGpa3oBaHW¥ NOKOCHA OCTa-
€TCd Ha MecTe, TO YDAaBHEHHs, ONUCHBADIME JHHAMUKY CHCTEeMH B 3TOH
TOYKe, QONXHN OWTb HHBAapHAHTHH 10 OTHONEHMD K npeodpasosammp PTI.
Vuumy cnoBamM, onepaTop SBONDLUMM CHCTEMH Ha CONbLUMX BpPeMeHax B
KPUTHUECKOR cHTyauuWn npefcTarRnseT coCoff HenodBUAHY® modYKy  ypas-
Henus Pr. B 3aBucHMocTH OT cTpykTypH Pl-ypaBHeHMa ¥ OT TOro, KXakas
M3 HeMOABHRIHHX TOYEK OTBEYaeT 3a paccMaTpHBaeMmult THR MOBEREHUd,
BO3ZHHKADT Pa3AWYHMEe KNACCH YHUBEPCANbHOCTH, KaxAulft M3  XOTOPHX

o6nafaeT CBOMM HasopOM KOJMYECTBEHHHX XapakKTepucTuk. K HuM
OTHOCATCA, B YACTHOCTH, MAacUTalHWe KOHCTaHTH a, a, ... , 4,

x
noxasuBapme, BO CKOMBKO Pa3 MEHAeTCA Kaxfias M3 N, CYMEeCTBEHHHX
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ANHAMHUYECKHUX MEePEeMEeHHHX, U KOHCTaHTH CKeinuHra 51, 62, cese , 8

N
4
onpepeaspuyme, KakKk HU3IMEeHAeTCHs NpPH npeocSpasoaamm nojoGusR Kaxguit U3 Np

CYMECTBEHHMX NapaMeTpPoB, HEOCXONMMHX JJIS MONHOrO ONUCaHKHA mo-
BeleHNUA CHCTeMH B OKPeCTHOCTH paccMaTpuBaeMofl KpPUTHYECKO#l TOYKH.
Bennuuna Np onpelenseT XopasMepHocmb KPUTHYECKOH TOUKM, T.e. Ha-

HMEHLIIEe UYHCHO MapaMeTpPOBR ceMellcTBa IMHAaMHYECKHX CHCTeM, B KOTOPOM
_OHa MOXeT BCTPETHTBCR MUNUYHHN 06pasox. NoaToMy npocTtelasn
yHHBEpCanbHad Mofelb, HEeMOHCTPHPYONAS COOTBETCTBYOUMA THO KpUTH-
Yeckoro MOBEeAEHMs, LONXHA CONepxaThb N yNPaBIAOLMX NapaMeTpos.

2. WaguenayanbHag cHcTeMa, AEMOHCTpMpYWuas mepeXofg K Xaocy
uepes nocnefosaTeAbHOCTb SHPypKauuh yaBoeHns Repvofa

Havano xoamyecTBeHHOH TeOpHMH KPUTHYSCKHX SABNEHHME B HeJuHefiHux
AMHAMHUYECKHX CHCTeMax Oujlo MNONOXeHo padoTaMu deitrendayma,
HCCNelOBaBWEero MNepexol K Xaocy uepe3 IMOCNeROBATEeNbHOCTb YABOEHHH
nepuona nLBHEXeHUs (5 - 9). HanGonee mpocTolt M ymoGHE#t KIS M3YYEeHUSA
KJacC CHUCTeM, HAESMOHCTPUPYOLUMX Tako#t nepexox, - 9TO OIHOMEpHuE
peKyppeHTHHE ypaBHeRus BUla

x = f(x), (1)
rie f(x) - raaaxad §yHKuUMS, BaBHCANAS OT TapaMeTpa A, oOTolGpaxapuas
HEeKOTOpHt OTpe3OK OCM x B cefd M  HMeollas Ha  STOM  OTpes3ke
eBVHCTBEeHHu!  KBagpaTHUHHl o>xcTpeMyM.  IllpuMepoM  MOXeT  CHYXHUTH
oToCpaxenue

X =1 - ).x:, (2)

n+l

B HHTepBale BHauYeHU#t A OT O xo 2. OmHOMepHoe NpPOCTPaHCTEO napa-
METpPOBR 3TOH MOZenyu YCTPOEHO CIESRYDUUM o6pasoM. pH 3HaYeRun na-
pamMeTpa lc = 1, 40115518909 pacnojaraeTca KpHUTHUeCKasa ToukKa. B

HOKpUTHUEeCKOft  oGJacTH peannsyonTcs NEepUOIUUECKHe pexuMu (HMKIH),
npeTepnepapie Ouyprauuy yABOEeHUA nepuosa MNpH NPUCTUXEHMH Napa-

n

MeTpa A K KDUTHuYeckoff Touke (mepuoxs 1, 2, 4, ... , 27, ...). B

aaxauruqecxon o6NacTH Ha OCH A KMMEeT MeCTO CJOXHas KapTHMHa ofna-

cTell, KOTOpas CONEPEMT MHOXECTBO HEHyNeBO#l Meph, oOTBevyapuee Xao-

TUYECKUM pexuMam [10], U OeckoHeuyHoe uYHCHO "OKOH"  MepUOAMUECKHUX

eX1MOB, NOpALOK INOSBIEHMA KOTOPHX  YCTaHaBIMBaeTcss  TeopeMolt
PKOBCKOro (11, 12),

OGnapyxenunft QPeftrenGaymoM omXHOMapaMeTpuueckuit (Np= 1) ckelnuHr
COCTOMT B TOM, 4YTO B OKPECTHOCTH KPHTHYECKOH TOYKM A  BCA KapTHHA
odnacTelt Ha OCH A Kax B [JOKPUTHUUECKOR, Tak W B 3aKpPHUTHYeCKOR
o6NacTH MNEPEeXouuT B ceba npu pacTsifteHUN (CEATHH) B 8=
= 4, 6692016091 pa3, NpH 3TOM BpeMeHHo#l MacmTad H3MEHseTCH B IBa pasa,
a wmacmTad guHAMHYecKoff mnepeMenHoff X BONM3M TOUKH  3KCTpeMyMa
OTOGpaxeRUsT (2) NepecUUTHBAETCS NOCPEACTEOM MHOXHUTENS a=
= -2, 502907876. CBojicTBO ckefinuara padoTaeT ¢ TeM Goibmell TOYHO-
CTbD, YeM MeHbWas OKPeCTHOCTb KPUTHYEeCKO#t TOUKM  paccMaTpUBaeTcs,
H ABNAETCA B 3TOM CMHICHE ACHMITOTHUECKHM.

Hnes penopmurpymnoBoro aHanusa OelireHSayma COCTOMT B CNELyp-
1NnQ2>



meM. OGo3Hauas mpaByp YacTb (1) uepe3 f (x), BLNOIHAN  OTOOpaXeHne
IBAXXH B M3MEHMM MacmTaé x B HEKOTOpoe WMCIO pa3 a. B pe-
3yAbTaTe MNONYYHM

x = af (f (x/a)). (3)

ne2

¢yHKuwp, cTosmyp B mpaBot YacTH, OGO3HAUMM Temepb Uepes  f, (x).
MloBTOpAA 3Ty NHpOUEAypY MHOTOKPATHO,  NPHXOAUM K pexyppenTHoMy PT
YpaBHEHUD

£ .,(x) =af (£ (x/a)}, (4)
KOTOpOe CBASHBAET pPEeHOPMAaNNIOBaHHNE OTOCpaxeHMs f u f_ ., ompe-
Zenspme SBONDUMD CHCTEMH, COOTBETCTBEHEO, 3a 2" M 2™' BpeMenHsx

maros.
KpuTuyeckoe mnoBefeHHe COOTBETCTEYeT HEMOABMXHOR TOuKe ypaB-
HeHust (4):

g(x) = ag(g(x/a}). (5)

UncneHnoe pemeHue 3TOro QYHKUMOHANLHOrO YpaBHEHMS  [6, 13] NO3BO-
BAeT NOAYYMTh QYHKUKD g(x) B BHIe MNONMHOMHANLHON AaMNPOKCHMAlMH

(cm. Npunoxenue), a Takxe HaliTh MacmTaGRYP KOHCTAHTY @ = 4.

PaccmoTpum pemenme ypaBHeHMd PI' B nuHellHOM npudnuzeHnn OKONO
HenoneuxHoft Touxy g(x). llonaras £ (x) = g(x) + eh (x), uMeeM

h (x) = B b (x), (6)

n+y

rre nueefiHult onepatop f onpeneneH COOTHOWEHKEM
f h(x) = a{g’(g(x/a))h(x/a) + h(g(x/a))].

Onepatop # uMeeT xuckpeTuwil CMeKTp, NpUuEM (ANS BOBMyWeHMH Heyc-
TPaHUMBX WHPUHNTE3UMANbHON, 3aMeHO#t NMEepeMEeHHHX) TONLKO OZHO  COG-
CTBEHHOe WHCNO & = 3 NpeBHNAET RO MOLYID eAWHUUy. 3TO O3HAYAeT, UTO

KOPa3MepHOCTb JaHHOT'O THNA KPHTHYECKOrO MOBENEHHs PaBHA efiHMLe ¥
mpu GonbuMx n oTodpaxeHue f (x) WMeeT BHL f (x) = g(x) + C 8" h(x),

rge h(x) - co6CTBeHHas (YHKUMS omepaTopa m, _OTBevapmas COGCTBEHHOMY
uncay 8, a KO3{PJUUMEHT C mnpomopuMOHANeH OTKNOHEHHD napameTpa A OT
KpuTHyecKoft Touxd. flcHO, uTO nNpy YMGHbIEHUM 3ITOro OTKIOHEHHUT B 3§,
pa3 ¥ YReNMUEHMW N HA efuHULY (YTO OTBevyaeT YABOEGHHD  BpeMeHHoOro
Macmrada) BUE f He  HBMEHUTCH. 310 U ecTb ¢elizenbaynoscxul
cxelinunea.

llocne pador deiireHGayma onMcarHMft THO KPUTHUECKOTO MNOBEAEEUA
co BCeMU NpUCYIIMU emy KOJMYECTBEHHHMN 3aKOHONEepPHOCT AMH
cKeftTMHra B OKPECTHOCTH KPUTHUECKOH TOUKM Ohil OGHapyxeR B Or'POMHOM
KONMYeCTBE peanbHHX HenuHe#nnx QU3UYyeCKHX CHCTeM K MaTemaTuueckux
mofieneft (14 - 22). OGocHOBaHWe TUMMUHOCTH JefireHGayMOBCKOro Nepe¥dna
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K Xaocy ANA MHOPOMEpPHMX oToGpaxeHufl, pealbHO BOSHUKADIMX MpPH
ONKCaHNM AVHAMUKY KOHKDETHHX CHCTEM, COREepEMTCA B [23).

Brarozaps  yuuBepcanrHocTu cucTeMy QelireHSayMma caeryer pac-
CMaTpHBATL Kak HOBHE  {yHRaMeHTaneHHI OGBEKT, KOTOpult MOXHO KC-
NonAbL3OBAThL RN XOHCTPYMPOBaHHMSl Gollee CHOXHWX  MojeNei#f  paSHHYHHX
CHCTeM MOJOCHO TOMY, KaK MOCTYNanT B TeopuH KojeGaHuil ¥ BOMH ¢
TapMOHUYECKHM OCUMINATOPOM. MOXHO OoCpaTHUThLCH, HampuMep, K 3agayam o
MOBefeHU CBA3AHHHX cHcTem QelireHdayma, O JAUHAMHKEe  pemeToK H
gacnpexeneuuux Cpel, MOCTPOeHHHX M3 cucreM (eilrendayma u T. 1.
TOT NPUHLUMN U NOJIOXEH B OCHOBY RanbHellmero U3nNoxeHus.

3. [lsyxXnapaMeTpHuecKkui CKe#iAHHT B CHCTeMax
C YABOEHWSMAW NepHoja

HanGonee oueBMAHOE YCIOXHEHHe MOLEIH (2) COCTOMT B  TOM,
yTOGH ROGABUTh B NPaBYD YaCTb PEXYPPSHTHOrO YPaBHEHHA YNeH  YeT-
BepToft CTeneHH ¥ PacCMOTpeTh OToCpaxeHne

_ _ 2 _ 4
xm! =1 an bk'n, (7)

HccNiefoBaHHoe B padoTe [24]).

Ha puc. 1 noKaBaHa KapTa IMHaAMMYECKHX DEXUMOB AN BTOr0 OTO-
dpaxeHHs Ha TNNOCKOCTH NapaMeTpPoB a, b. CBeTnhe 30HH OTBEYanT Ne-
PHORMYECKMM DpexuMaM (nepuol oGo3HaveH uu%pauu). {Irpnxosxo#f mnoka-
3aHK o6NacTH xaoca. OTMeTHM Hamnuue Tovyek cOopku C. K kaxgoit u3 Hux
TMONXORST XBE NMHUYM CKJNAZOK, NpU Nepexofie XOTOPHX KMEeeT MecTO XeCTKHi
CKAYOK C TrHUCTEpPe3HCOM. Mu MoteM  MpencTaBlATL cede  ABYMepHoe
NpOCTPAHCTBO MNapaMeTpoB a, b B BHIE COBOKYNHOCTH JIUCTOB,
CKNeeHHHX B TOUKax COODKM, KpasMM KOTOPHX ChyXaT ckilaaxkM. Yrodw He
3arpoMOXiaTb pPHCYHOK, HA HeM rmnoKa3aHa TONbKO 'auueBad" vacTh
KapTHHH JIUCTOB.

Jluann  Sudypxanuil yaBoeHHS mnepHoja B HEKOTOPHX OONacTAX nno-
CKOCTH @, b HaXaNNHMBanTCA K KPUTHUECKMM JIHHUAM F, TIpHYeM XapakTep
CXOIUMOCTH  COOTBETCTBYET eAreH6ayMOBCKOM ORHONapaMeTPUUYECKOMY
CKellnuHry ¢ ymnhBepcalbEON KoHcTaHTOf L He OTUX ofnacTell IMHMK

YRBOSHUA pacxoasATca no GeperaM Ppa3iKUHHX JMHUHA CHNAJOK, TaK uTO
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QelirendaymoBckre KPUTHUYECKHE NMHMM OKAHUMBADTCA B HEKOTOPHX TOUKAX,
MONYYHMBMHUX B (24) Has3BaHHe mpuxpumuveckux. OZHa K3 STHX Tovek T,
Haubonee ymoSHadA mnd MCCReNOBaRuU4d, HMeeT KOODAMHATH a = O,
b = 1,594901356, OxpecTHOCTE Kaxjoft TPUXDUTHYECKON TOUKH YCTpoeHa
YHUBEpCAJbHHM  OOpasOM M XapaKTepu3yeTcs  IBYXNapaMeTpUYEeCKuM
CKeWIMHrOM ¢ MacUTAaCHHMU KOHCTaHTamu & = 2, 857124135 u §, =

= 7,284686217. Bponb NepBoro COoGCTBOHHOrO HanpaBNeHMS X  TPUKpHU-
THYeCKO#l TOuke NOZXORUT (elireHGayMOBCKas KPUTHYECKas IMHMA F, a ¢
NpOTHBONIONOXHOM CTOPOHH HAKaNNMBAaOTCA TOUKM COOPKH UMKJIOB BO3-
pacTapmMx NepuofoB. JMEHHO HanMuMe B OKPECTHOCTH paccMaTpuBaeMolt
TOUKU KaK MATKHMX, TaK M XeCTKUX INepeXofioB JaIo OCHOBaHMe aBTopa
[24) HMEHOBAaThb _ ee  TPUKDMTHYECKOB MO QHANOLMM C K3BECTHHMK
TEPMUHOM Teopud (Ja30BHX MEPEXONOB. Tak HABHBApPT TOUKY, B KOTOpoft
CXOAATCA NuMHMK ($Aa3OBHX NEPEeXOBOB BTOPOro M NepBOro poga (4), ac-
COUMMDYDIMXCS, COOTBETCTBEHHO, C MATKMM BO3HMKHOBEHMEM Xaoca M ¢
KeCTKUMM CKayKaMu.

PeHOpMIpyNnoBOe ypaBHeHWe KNS aHANN3a TPUKPUTHYEeCKoft cuTyauuu
coBnamaer ¢ ypaBHeHuem defirenSayma (5), OfHako NONIMHOMMANLHas
annpokcuMauus QyHKIMM g (X) CONESPXUT TOMLKO CTENeHy x, KpaTHHe YeTH-
peM (cM. llpunoxenve). MacwraChHasd KOHC-aHTa, OTBeuapuyad 3a nepecyeT
Irzamuueckolt nepemerHoft x, a. = (gT(l))_l = -1, 6903029714,

AHaNu3 JMHeapU3ORaHHOro YypaBHeHns Pl (6) BONM3M HemogBuxHOH /7
TOUKM g, BHABNAET [BA CYNECTBEHHHX COCCTBEHHHX YHUCHa, npeau—(
gapmUX MO MOAYNO eAMHHUUY - 3TO NpUBefleHHHe BLIe YHUBepCalbHHe cxeft-
TUMHCOBHE KOHCTAHTH &, M 8. CrefoBaTenbHO,  TPUKPHTHYECKasds TouKa
UMEeT KOPaSMEpHOCTR N = 2, TaK 4YTO TPUKPHTHYeCKOe MOBeAeHUe CTa-
HOBHTCS TUNNYHHM NPH EKBYXNapaMeTPUYECKOM aHaiu3e Mnepexoma K XaocCy
B CHCTeMaX, ASMOHCTPUDYOIMX YIBOESHHA NEpHOma.

Bnarofaps yHUBEpCalbHOCTH UM CKelNMHry oOCHapyXeHHEe TPUKPHTH-
YecKoro NOBELEHUS NP UIYUCSHUMHA KOHKPETHHX CUCTEM Owio 6N  cyllecT-
BERHO KNS NMOHMMaHMSA YCTpoiCTBa NpPOCTPaHCTEBA NapaMeTPoB. TeM He Me-
Hee cpegu OGONLLOro KOJIMYECTBA TEOPETHUECKHX M  SKCREepUMEHTANbHHX
padoT no (eiirenGayMOBCKOMY Mepexofly K Xaocy B peanbHHX CHCTEMAX MH
He Hamm¥ COOCmEeHMA O HaGNOASHUM TPUKPUTUYHOCTH. ITO OOBACHAETCH,
NO-BURMMOMY, TEM, YTO padoTa (24] He NpHBNEKkNa NMPOKOTO BHUMAHUSA
N3-3a JOCTATOYHO alCTPaKTHON NoCTaHOBKM 3afauu. OTMeTHM eme, 4TO
MONCK TPMKPUTHYECKUX Touex TpedyeT chneuuajbHO HanpaBieHHOro X 3Tol
UeaH TEATEeNbHOI'O MCCNeOBAaHUA, OCOGEHHO B DKCMEpPHMEHTe.

4. Cucrtema aByX CBSI3aHHHX OTOGpaxXeHWA
C OfHOHANpaBAEHHON CBA3bLIO

OGpaTumcss Tenepb K aHaNM3y KDHUTHYECKHX 3aKoHOMepHocTefl, pea-
NU3YOOMXCA 0PN ORHOHAMpaBlNcHHOHN cCBA3M IBYX (QelirerdayMoBCKuX cHC-
TeM, korfa nepBas BosfellcTByeT Ha BTOPYD, @ o6paTHoro Bo3zeicTBHSA HeT
[25 - 29). Ina aTOro pacCMOTDHM CIELYDIYD MOLSALHYD CHCTEMY:

x =1-2A, ¥ =1-Ay:-Bx:, (8)

n+d nei

rie ¥, y - [AWHAMHUECKHe MEepeMeHHHe,  XapaKTepUsybmMe COCTOAHNS
nepeolt ¥ BTOpPoll MOJCUCTeM, A U A - yhNpaBmsLmUe NapaMeTpw, B -
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*
KOHCTAHTa CBA3HU.

B npocTpancrBe A, A, B MomenM (8) uMenTcs IBe (elirenGaymor-
CKHe KpHTHYeCKHE NOBEDXHOCTH Fl K F2, SABIADIMECA NpeReNbHHMU AN
HaKanAkBapUMXCs MOBEPXHOCTER yIBOoeHns mMepuofa (puc. 2a). llepras - 3TO
ONOCKOCTs A = A = 1, 401155, OTBeyawuas Nepexoiy K xaocy B nepsoft

nofcucreme. Bropas - MOBRepXHOCTh CNOXHO! $OpPMH, NpU Nepexoke yepes
KOTOpPYD BO3HMKaeT xaoc Bo BrTopolt cucreme. IloBepxHocT F1 u F2
. mepecexapTcs no 6uxpumuvyecxol IJMHUM B, K KOTOpoil HakamaMBaoTcs
oGnacTu 2unepxaoca - CJIOXHOI'O AMHAMUYECKOr O pexuMa ¢ IByMA
MONORUTENLHEMU JNANYHOBCKHMU ROKa3aTeNsaMH.

14
Puc 2

B6nusy OUKPUTHUECKOR AMHMM B INPOCTPAHCTBE A, 4, B peanusyercs

ABYXNapaMeTpPUUEeCKUl CKetnMHr ¢ KOHCTaHTaMyu 3 = 8., 8, = 239272443

Ha pHe. 26 nmokaszaHo ceueHue NPOCTPAHCTBa MNapaMeTpeoB MNIOCKOCTb

'l]pexuonoxeuue O TOM, YTO BIHAHWe nepBoft MNoONCHCTeMH Ha BTO-
pyo onpegenseTcs nuHe#HWM WNEHOM, DOPHBOZUT K TeM Xe CaMuM  pe3ylb-
TaTad. [leficTBHTenkHO, echd MOZenbHOe oToCpaxeRue BuGpaRo B  BURe

x =1-Ax:. y

=1-ay’ + ex, TO, NONOXMB X = X Y =
nel n n »

a+l 1’ n

yn/(l + g), A=a(l + ), B=c¢ea/(1l + £), ©& NepeMeHnux xn, Y
nonydaeM ypaBHeHWs (8),
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B = 0,375 BukpuTnueckas Touka pacmosoxea WpH A = A, A4 =

= 1, 124981403, CoOCTBeHHHE HaNpPaBIeHHA CKeRNMHra COBMAfaDT C OCHMH
KOOpAMHAT A H A  BepTHxkanbHO# M ropu3oHTalbHON NTPUXOBKOHR HmOKA3aHH
o6nacTd Xaoca ¢ OAHHM NONOXUTEINLHHM INSNYHOBCKHM MOKa3aTeNeM, a
CNUONHLM YepHHM - O6GIACTH CHmepxaoca.

Ananu3z PT OuxkpuTuueckolt cuTyauus pa3BUT B paGoTax  [26, 28).
Odoznavas mnpasue uYacTH (8) uepes f (x) M g,(x,¥), BHIONHUN OTO-
OpaxeHVe JBaxZH M H3MEHHM MacwmTalk x W y B a B b pa3. B pesyms-
TaTe MNONYYUM

x .. =ag.(g.(x/a)), vy, = Dbf(g,(x/a f(x/ay/b)). (9)

Oynxupuy, CTOANME B MpaBMX YAcTAX, OCOSHAUMM Teneph 4Yepes g, (x) H
f,(x,y). lloBTOpas 3Ty npoueAypy, NPHXOIMM X pexyppeHThHuM PT
YPaBHEHHAN

g...(x) = ag_(g_(x/a)), f_, (x) = bf_(g_(x/a),f_(x/a,y/b)). (10)

nel

BukpuTHYecKoe MOBefAeHHe  COOTBETCTBYET  HEMONBHXHOM  Touke
JITUX ypaBHeHHR:

g(x) = ag(g(x/a)), f(x,y) = bf(g(x/a), f(x/a,y/b)), (11)

rae $yHxuMS g M KOHCTaHTa a COBNaganT ¢ Jefirendaymomckumu.  Une-
JeHHOe peleHHe BTOPOro ypaBHeHHUA nos3poadeT Hallty §ymxuup f(x,y) B
BUIe pasJOXeHMR NO CTemeHaM x- u y° (cM. [lNpumoxenne), a Taxze
MacUTaCHYD KOHCTAHTY b = (£(1,1)) ' = -1, 505318159,

Npononzux odcyxnenue ycTpoflcTRa NpPOCTPaHCTBA NapaMeTpoB MO~
zemu (8). [loepxHocTb F2 HMeeT CpPaHMUY = JNMHUD  TPHKPHTHYECKHX
Touex T. TpukpaTUUecKass M OCUKPHTHYECKash JMHHNH CHORATCA M OKaHYH-
BapnTCa B Nyasmuxpumudeckoll mouxe BT, uMepme#t Kopa3MepHOCTb 3.
Touka BT KMeeT KOOPIMHATH A = 1, 4011552, A = 1,066, B = 0, 83505. Ee
OKPECTHOCTb  XapaKTepu3yeTcs  TpexXnapaMeTpHYeCKHM CKeHfnuHrow ¢
KOHCTaHTaM# 8 = 4, 669201, 3, = 2, 654654 n 8 = 1, 541721, Cod6cTBEHHOE

HanpaBleHWe, CBA3aHHOE C KOHCTaHTOH ) ,» ~ 3TO OCb A, ANk 8§, - M-
HHMA, BRONb KOTOPOH CXOEATCA K BT TPUKDUTHUECKUE TOYKH, RIS &, -
HanpaBNeHHe BRONb CUKPUTHYESCKOR NMHMU.

YpasHenne PI' Ena ananusa 3Toro TuUma  KpUTHYECKOf  AWHAMHKH
coBNajaeT ¢ YpaBHeHHEM (9), ORHaKO eMy OTBevdaeT Zpyroe pemeHue <
pasioxeHne @yHKUMM £ (x,y) CONEDEHT Neiue CTeNeH: x° M y' (oM.
Npunoxenue). CooTBeTcTBYOWMe MacwTadHHe $akTopy a = a. M b . =
= -1, 2416604,

BropuM KOHUOM OMKPUTHUECKOR NHMHUK ABNAETCA Jpoliwas  ¢elizen-
6aynoBckas mouxa A = A = 1,4011552, B = 0. Bmonmep ocu A x Helt
HaKaIMBAPTCA TOUKM COOPKM C OTXORAIMMY OT HHMX NHHHAMH CKIAZNOK,
COOTBETCTBYDIME XeCTKHM NepeXofaM. CxellaMHroBHe KXOHCTAHTH 61= 3 z=

=35 n 83 = 2 (27].
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Taxum ofpasom, yxe B npocTefileit notokoBoii CHCTeMe, mnpexcTa-
BRspmeit coGoli peweTKy BCero U3 ABYX  ORHOHANPABAEHHO  CBS33HHHX
CHCTeN, OGHapyxHBRaeTCH HEKOTOpas  Uepapxus munoB Kpumuyeckol Ou-
Hawuku, Kak Xopomo H3BECTHO, OXHa U3 KNPYeBHX umelt B Teopun OH-
$ypraunit, Teopuu katacTpod U OTYACTH B Teopuu (a3OBHX NEpeXOROB -
370 uges "aeuzenua o KopasMepHocTH", BocxopaAmas K [lyaukape [30).
B COOTBeTCTBMM C Heifl B pacCMOTpeHHe noclefoBaTelbHO  BBOLATCH M
aHaMU3HPYDTCA CHUTyalHMK, THNMYHKE CHavyaJla B  OXHOMapaMeTpHUEecKHx
ceMmeflcTBax, 2aTeM B ceMeflCTBax C WHCNOM NapamMeTpoB 2, 3 H T.A.
H3noxeHHHe 37ech pe3yibTaTH HACRAAHO NOKASHBART, YTO AHANOTHUHLMR
NOXXOA  NROAOTBOPEH M B TEOPHY  KPUTHYSCKHX SABIeHuit y mnopora
BOSHHKHOBEHHS Xaoca.

3aMeTuM, uTO OHKpUTHYECKAs EKUHaMmMKa oOCHapyXeHa B  3KCnepH-
MEHTe C CHCTEMOfl M3 JIBYX CBASAHHHX HeNUHefHHX KoJedaTelbHHWX XOH-
TypoB, OCpa3OBaHHHX KaTymKaMd HWHAYKTUBHOCTH H HeJAMHEHHHMM eMXoc-
TAMH p - n-NEepexonoB, BO3CYXIAaeMbX NEPHOLUYECCKHM BHEUHHN Bo3xeiic-
TBHeM (25,29). B 3KcnepumeHTe Halnppaluch ONKCaHHAA BHIle XapTHHA
o6nacTelt Ha NNOCKOCTY YNpaBIALIMX NapaMeTpoB, a TaKxe XapakTepHue
CTNeKTpH B GUXDUTHYECKOR TouKe.

S. CncreMa ABYX CBASAHHHX OTOSpPaAKeHMA CO B3AWMHOM CBA3LI

lvHamMky  ABYX ONHMHAaKOBWX CHMMETPHUHO CBA3AHHHX CHcTeM deft-
reifayMa B o0meM cIyyae MOXHO ONHCaTh OTOSpaxeHUEM

x = L(x,7), Y, = f(x,7), (12)

n+

rpe f, - rragkas JyHkuna cBoux apryMenToB. I[lpoBoas  TpPagMUHOHHYD
CXeMy peHOpMalM3auun, NPHXOAMM X pekyppenTHoMy PT ypaBmerun (31]

£ (% y) =af (f (x/a,y/a), [ (¥/a, x/a,)). (13)

BymeN HcKaTh pelleHue ypaBHeHMs (13) B NuHeftHOM nNpuGIH-
XeHRMH BONU3M HENOABMXHOA TOUKM f(x,y) = g(x), mDomaras a = q,
£ (x,y) = g(x) + €¢_(x,y). Torza nonyuum

9., (%) = fip_(x.7), (14)
rRe IuHeftHuil onepaTop R onpefeneH COOTHOWEHHEM
fip(x, y) = alg’ (g(x/a))p(x/a, y/a) + p(g(x/a),g(y/a))]. (15)

OnepaTop f uMeeT Tpu CymecTBeHHMe coOCTBeHHHe JYHKUMM. OfHA W3 HHX
BaBHCHT TONBKO OT NepBoro apryMeHTa ¢ (x,Yy) = h(x) M HMeeT
COGCTBEHHO® uuCno v, = 3, (CM. pa3f. 2). [lBe Npyrue B3aBUCAT OT OGOHX
apryMeHToB, 3TO @, (X, y) C COGCTBEHHHM WHCIOM Vv, = a = -2,5029... H
#,(x,¥) C COGCTBEHHHM uMCNIOM v, = 2. [lonuHOMMaNbHHE aNMpPOKCUMALHK
®,(x,¥) H 9,(x,y) OPHBENEHH B Mpunoxennu.

Teuepb MOXHO HaMUCaTh SABHOE BHPAXEeHUE MOIS oOoNnepaTopa IBOJOLUHMHA
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cHCTeMH f mnpu GORBLMX n:

£ (x,y) = g(x) + e[(A=2 )8 h(x) +

n n
+Cal o (x,y) +C, 2% (x,7)). (16)

TakuM oCpa3oM, AMHaMKKa CHCTEMH Ha OCONBUMX BpeMeHax OyrneTr
TONHOCTBY OMpefieNAThCA B OCWEM Ciyyae TpeMd NapaMeTpam¥ (A - 1), C,
u C, flcHo, uTO BemMuMHa (A - A ) 3ajaeT OTKIOHeHKe JeltrenayMoB-
CKOro ynpampnsdpuero napaMeTpa NOACHCTEM OT KPUTHYECKO# Toux:u
HaKomneHus yasoenu#t nmepuoma, a €, ¥ C, XapaKTepusyonT cBA3b. Hanuuue
ABYX THNOB CBS3Y C pasHuMM TpaHCYopMALMOHHMMKM  cCBoficTBaMu 1O
oTHoweHMw K Pl nmpeo6pa3oBaHuD BaCTaBNAET BBECTH TEPMUHONOTHY: OyLeM
Ha3LBaTL NepBHl TUN uxepuuonxod cessbio, a BTopolk - duccunamusHol.

CucteMa ¢ nNpOM3IBONLHEM COOTHOWEHMEM WHEpUUOHHOM U EHCCHma-
TUBHOR CBA3M MoxeT OHTb BulpaHa B cieayomeit fopme:

N+

X, = £(x) +e (X - y) + e (£(y) - £(x)),

b4

oy = E(Y)) +E (¥ - x) + g, (6(x) - £(y)). (17)
3TO ynusepcanpHas Nodenr  CBS3aHHHX  CHCTEN, REMOHCTPHPYDIMX YyA-
BOSHNWS nepuoja. YpaBHeHHe (17) CONEPXMT Bechb '"300Rapk" (eHOMeHOB
HAGHTHYHHX NPOU3BONBHO CBA3AHHHX CHCTEM Yy mopora xaoca.

#3 (17) nerko noayuuTb ypaBHEeHNA HRUHAMEKY CHCTEMM C YHCTO
RUCCUNIATHBHON CBS3bD:
2 2 2
A - xn + e(xn - yn),

2
n

2 -
Yoo, =2 - Y2+ e(y: - 1), (18)
CnemyanbHuM BHOODOM COOTHOWEHHR Mexpy xo3(fHUKMeHTaMM MOKHO TaKxe
peann3oBaTh ciayudalt wuucrolt MHepumonHo#t cBasu [31 - 33):

2
X =A-xX +e(l-0176x)(x -y,

Y, =A-Y +e(l-0176y )(y, - x). (19)

nel

Rap'ra AHHAMUYEeCKNX pPexumoB CHCTEMH C J¥ccHNMaTHBHOR CBA3bD
nokasaHa Ha puc. 3 (31 - 34). B goxputuueckoft odnacTH A < A mpH IOOHX

3HaueHUAX NapaMeTpa CBA3BH € < 1 HalApRaeTcs KacKal yABoeHu#l mepmofa
cuHfa3EuxX EBHXEeHUN (x = y) (CM.pHC. 3a). B 3axpuTiuecxoff o6macTH npH
NOCTaTOUYHO SonbIHX  3HAUYEHUAX  NapaMeTpa CBASH  peanH3ynTCs
cHHpa3RHe PeXHMH C XaOTUYECKMM BO BpeMeHHM mNoRefieHMeM (odxacTb S).
Ecay HavaTe YMeHBIATb  AHMCCHNATHBHYD  CBASS, T0O C  HeKoTopord
MOMEHTa e€e criaxusapmMe c¢BollcTBa  OKa3HWBANTCA He B COCTOAHHM
NPOTHMBOCTOATL CBOUCTBEHHOMY Xaocy 3ffexTy pazferanns TpaexTopail
4 TOPOMCXONMT HepexolX K HecurRPasHOMy Xaocy (o6nacTe N). Ilpouecct
BONM3K  TOYKHU nepexofa  XapaKTepusynTcs nepexexsaexocmbx
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finada ~ Fyosucaxa (35,36): ANUTENbHHM HeperylApHHM BoapacTaHHEM
ypOBHA HecuHPa3HOH KOMINOHEHTH pelleHHs, BaTeM COpPocCOM go Manoh
BENWYMHH, BHOBb HapacTaHMeM M T.JA. XapakKTepHas NpPOAONIUTENbHOCTb
crapgufl HapacTaHHA X cpeAHul ypoReHb HecHHa3HON KOMMOHEHTH BaBHCAT
OT HABKPUTUYHOCTH, T.€. OT TOrO, HACKONbKO MNAapaMeTP CBA3M MEHbUe
nopora  BO3HHKHOBEHMA  HeCHMHA3HOIO  JABHMXEHHS. U RansHelumeM
YMEHLECHHY MNapaMeTpa CBA3M YDPOBEHb Hecuuq)aanog KOMIIOHEHTH
XaOTUYECKOr'O JBHUXEHHUSA, (Imdyxc'ryupya, MOXeT CTaTb  HacTONLKO  GONb~
WM, 4YTO NpUBeXET K MepeOpoCy CHCTEMH Ha JXpyrHe perynspHhe aT-
TPaKTOpH, oTBeYapmHe HeCHHHABHHM IBUEXEHUAM. UM Gymyr oTBeuaTh
Apyryde INCTH KapTH XAUHAMHYeckux pexumon. JllBa M3 HMX DOKa3aHM OT-
RenbHO Ha puc.3 6,B. HUXHUM KpaeM DTHX JNHCTOB CHYEUT JIHHHA XecT-
KOro nepexola Ha cuudasHuit aucT. Ha HeCHHPA3HHX JIUCTaX TaKxe MOXHO
Ha0nppaTb  XacKajl  yABOSHUR  nepuoja ¢ NepexofoM K Xaocy Io
dellrendaymy. HoBu# MOMEHT COCTOMT B TOM, 4YTO Ha HEKOTODHX M3
STHX JNHCTOB UMERTCA OCNacTH KBaSMNEepHOAMYECKMX  ABuzeHuft Q (37).
MexaHU3M BO3HUKHOBREHUA KBaSUICPHOAUYHOCTH Pal3bsicCHAeTcA B [38].

2,0

125

075

B oTanunme OT cayvyad IOWCCHNATHMBHOH CBA3M, B CHCTEMe C  HHep=-
UNOHHO# CBA3BD HecHHPa3HHle NepHORHYECKHe peXMMH BOSHUKART MATKHM
0o6pa30M M3 CHHJa3HHX B pe3yibTaTe Oufypxauvuy NOTEepH CUMMETPHH yxe
mpy A < a. C pocToM A BO3HMKIMIl peXMM B CBOD oOuYepelb NpeTepneBaer

Sudyprauun H PpOXZaeTcA KBasunepuopuueckoe paBHzenue. Jnz Gonee
NOKPOGHOrC OBHAKOMIEHMA C IMHAMHKOM CHCTEM C MHEPUUOHHOM CBA3LD Mu
OTCHNAeM yMTaTelst k padoTam [31 - 33].

CrelimMHr AN CHCTEM C YHCTOH IMCCHOATUBHOR CBSBBD COCTOMT B
TOM, UTO NP YMEHLUECHUH BENHUMHH CBA3H B 2 pasa M NpM NPUCIUEEHMH
NO ypOBHR HALKPHTHYHOCTH K ToYKe A_ B 8 pa3 peanuayprTcs MOROGHHe

pexuMH AMHaMUKA. (B yacTHoCTH, 'MOKOGHH B OSTOM CMHCIE KapTHHKH,
NoKa3aHHHe HAa PuUC.3 6 , B.) JNS CHCTEMH C HHEpIMOHHOM CBA3LD
(19) CKeflnMHr BHpazaeTCs B TOM, UTO KapTa ILMHAMHYECKHX pEXMMOB Ha
MIOCKOCTH (A, €) MOBTOPSETCA NP pacTAXEHMM (cxaTHM) B S pa3s no

oCH AU B a}_ pPa3 noO OCH € OTHOCHUTEJIBHO TOYKH (Ac, 0}).

B o6meM cnyyae, KOTAa ¥MeeT MecTO KOMOMHaUMs HMHEPUMOHHO# H
IUCCUNATHRHOR CBS3M, MOXHO YTBEpXAaTb, UTO CTPYKTypPa OKDECTHOCTH
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KPUTHYECKOR TOuUKM (A ,0) B JOCTAaTOYHO MaIWX MacmTadaXx yCTpoeHa
TaK Xe, KaKk B CIyuyae HHEepUMOHHOfl CBABH, M XapaKTepusyeTca TeM Xe
daxTopoM cxeftmumra a_. [eficTBuTensHo, mNpK GONBIMX N BKNam  HMHEp-
IMOHHON KOMMOHEHTH CBS3M B ONEpPaTOp BBONDUMM  (16), NPONOPLUUOHANB-

Hu 0:, HauyuHaer DOMMHMPOBATh HaJ BKJAZOM RUCCHMATHBHOHR KoMno-

HEeHTH, NpOMOPUMOHAMRHMM 2°. 3TO OTHOCHTCH, B YacTHOCTH, K IMPOKO
o6cyxfaBlleNyca B NUTepaType clydap aunelwol cssu (CM. [39 - 41]).

IKClepUMEHTANLHOMY UCCNeJOBaHUD CBS3aHHNX HeNMHEHHWMX  Heas-
TOHOMHKX  RMCCHNATHBHHX  OCLUMANATOPOB, CHNOCOCHHX REMOHCTPHPOBATH
OudypKaunH yIBOSHHA NEPUORA H nonxcuanmx. CReNOBaTeNbHo, ONHcaHMe
€ noMoupl KBASPATHUYHMX oToOpaxeHull, NOCBAmeHH padoTW (34, 37, 42, 43).

Kax oxasafmoch, MpPaKTHYECKM WYHCTasA AHCCHNATHBHAA CBSA3bL NErKo
peanusyeTca B IKCNepHMeHTe. HanpuMep, B CHCTeMe [RBYX HenuHefHuX
KoneSaTeNbHHK KOHTYPOB, HaXoaslMXCH non BHEMHHM nepHoIHYeCKIM
BOBKE/ACTBHEN, OHa [JOCTHCAeTCAd INPOCTO BKIDYSHHEM DPe3HCTUBHOTO
DNeMeHTa. lng MONY4YeHHS CYWeCTBEHHON MHHEpUMOHHOR CBA3H B TOoft xe
CHCTEMe CNeAyeT BBeCTH B Lelb CBA3M LC-UENOYXy C NOCTOSHHOM
BpeMeHHN NOopAARKa NepHoRa BHeWHEero Boanenc'rsna.'

B sKcmepMMeHTe HaGNDZANNCh BCe OCHOBHWE OTMedYeHHWe BhIe
feHOMEHH, XapaKTepHHe )i ZMHAMMKM CBA3AHHHX cHCTeM - CHH$a3HMe H
HeCHH(a3HHe NepPHOAMYECKHe ¥ XaOTUYEeCKHe pexuMH, KBa3HNepHORH -
yeckne koneGaHMs, EeCTKAe NepeXxoll C IHCTEPe3MCOM, IepeMexae-
MmocTh fAMaga - ¢ynxucaxa. JanpHelline CBeNeHHA OTHOCHTENBHO AMHAMHKH
CBSI3aHHHX CHCTeM, ASMOHCTDUPYOUMX YABOSHMS MepHona, MOXHO HafiTH B
LUMTHPOBABmMXCH padoTax, a Takze B (44 — 50].

6. prrm-lecxue qB/€EHN B OJJHOMEpPHONM peuleTKe

llepefineM Tenepb K pacCMOTPEHUD ORHOMEPHHX pemWeTOK CBS3aHHHX
oToSpaxenuft. 3aMeTHM, 4YTO IIsA HX oOCO3HAueHMsA B 3apyCexHoft auTe-
paType cTana oSmenpyHATOR adOpeBHaTypa CML (coupled map lattice),

PeHOpMrpynnoBoft aHanu3 CML MOXHO Pa3BHTb MO AHAJOTHE C [OBYMS
CBA3AHHHMH CHCTeMamun [51 - 53). HemoxBumHas Touka Pl OymeTr on-
penenaTbCA HAaCOPOM HEeCBA3AHHMX oTodpazeruit BHIA

{oor glx, ), glx), glx,) ...}, (20)

mel

rie m - NPOCTpPaHCTBeHHWH MuHAekc. PaccMoTpuM Manoe BO3MymeHne He-
noxsuxHo#t TOUKM (20), oOTBevapumee BBEJEHHD CBSA3H, MNpUUYEM AONMYCTUM
acUMMeTpHYHOe  B3auMOfeficTBMe 3NeMeHTa peWeTKH C JeBHM M MpPaBHM
COCenoM:

x )] (21)

n,m+1’ “nem

=g(x ) *eldx ,x _)+vx

ntl, m

Npeodpasopanne PI' nna ¢yuxuuit cBsow ¢ u ¢, oTBevapmee YABO-
eHND BDEMEeHHOr'o Wara, nolyyaeTcs CHoRa B (iopMe (13). B  acuunTto-
THKe OONLUNMX N KaxAas M3 HUX NpeBpaTHTCA B NuHe#HyD uox‘wnaannn
COGCTBEHHLX (pygxunn p(x,y) m p,(x,y), a KO3QPUUMEHTH NpH HHX
ONpeneNAT CYmeCTBEeHHHe MapaMeTph 3afaud. B uTore MmoxHo HpufiTn X
CNenYDIEMY NpelCTaBIeHUD ONepaTopa SBONDLUMM pelleTKM Fa 2°-marog B

PEHOPMANMHU3OBAHHLX MMepeMeHHHX:
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x-,m-z’ = g(xn.l) + aa’ [01 (xn..’ xu ,Be 1) - wi (xn,u’ xh ,l—i) 1+

+ Bz"[mz(xn. X

A n,a+l

Y e x X )] H

n,n-1

(22)

P
+ Ca [pl(xn.-' xn.lvl) + pi(xn,-’ xn.-l)] +

P
+ D2 [¢2(xm‘, b4 ) + vz(xm , X

L] n,m1

)1+ (- 2)8 nix, ).

n,e+l

3gecr 4, B, C, D - napaMeTpH, Onpeiensplye, COOTBETCTBEHHO, aWmu-
CUNNEmPUYHYD UHEPUUOHHY®L CBS3b, HanpaslieHHul nepenoc BO3MymeHut
BIONL PENeTKH, CUMKempUYHYD UHEePUUOHHY® CBS3b W auddysum.

Hcnone3ysa paccMoTpeHHHe B pasfiene 5 MOReNM  UBYX  CBS3aHHHX
CHCTEM, HETPYAHO CKOHCTPYMpOBaTb M3 HHX YHUBEPCANLHYD peleTOYHYD
MOJielb €O BCEMM YeTHPLMA THUNaMH CBA3H:

2 2 2
X = A - xn._wl(l - 0, 176x.m) (x -X )+B(x -

)+
a,n+l n,m+ n,n-1 n,we+l n,s-1

- - - 2 - 2
+C(1-0,176x, ) (x_ . -2x +x  _ )=D(x, . zx:’_-n»xn'._l).(zs)

n,m+

ClopMynupyeM Tenepbs CKeHNNHrOBOe CBONCTBO pemWeTKH CBA3AKHHX
otoCpaxennit: B TOouKe NPOCTPAHCTBA NapaMeTpoB (x-2 ) /8, 4/a, B/2,
c/a, D/2 NOr'yT OWTb peanM30BaHN JAMHaAMHUYECKHe peXuMb, MNOoKoGHHe
TeM, KOTOpHEe MMEDT MecTo B Touke (A=A ), A, B, C, D C YIBOSHHHM
BPeMEeHHHM MacmTadoM M MNepecuYuTaBHLM B a, pa3 MacuTadoM AUHAMUYE-
CKMX NEepPeMeHHHX x . 9to cBoflcTBO O6ymeM HaBKWBaTb  pememoYHHN
cKelinun20M.

PaccMoTpuM AMHAMUKY CTPYKTYp ¥ MNpOMNNOCTPUPYEM pelleTOuHH
CKellnuHr B cucmeNe ¢ 4Yucmou dJudpysuel. BosbMeM JIHHaAMH4YeCKoe ypa-
BHeHne B fopme Kanexo [54):

=1-ax, - (ea2)(xl -2+ Xl ) (24)

xn»t,- 1 n,®» a+l,n

¢ CPRHNYHBMH YCROBUSMH NEPUORUUHOCTH x X

= X
0 n,

MHorue aBTOpPH OTMEUART CyUECTBOBaHHE B CHCTeMe  (24)  dome-
HOB, pa3NUYADIMXCA APYr OT Apyra $as3oit xonedasuft B>NEeMEeHTOB peweT-
XK., NpAYeM INpH yBEeNUUEHUM A pasHooSpasue M CJIOXHOCTb  BOSMOXHLIX
JOMEHHNX CTPYKTYp BO3pacTaerT. OCHOBY M¥X KJacchHuKauuy  TOJNOXUM
TUIIH CTPYKTYpP, _CymecTByOUMe NpH BHKJIDUSHHOH CBA3M Mexay savelikamu
pemweTk# [55]. BuOepeM cHauana A Tak, YTOON peanu3oBalcsd LHUKA ne-
puoma 2. Torza kaxmas sAvuefixa MOxXeT coBepuwaTb IBHXCHHe B ORNHOR U3

mByx $as: x, x, X, ... W x, x, x, ... OCnacTH pemeTk#, B
npelenax KOTOPHX sueliky KoneGnnTcs B ofHoit $ase,  CyReM Ha3HWBaTh
OONEeHaMuU nepBo20 NOpPsdKd.

[lycTs Temeper mapaMeTp A TaKOB, UYTO MNPH BHKADYEHHON  CBASH
peanysyeTca UMK mHepHoAa 4. JNEMEHTH UMKIa x, X,, X, X, oGpa-
3yOT ABa KilacTepa, O KOTOPHX OyAeM IOBOPUTh KaKk O KlacTepax nep-
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BOro ypoBHsS:
X X X X
3 1, 4 2,
ABa EKnacTepa NEepBOroc ypoBHA

Ina o6racTeft peweTkH, B KOTOpHX MFHOBEHHHE COCTOSHHS SYEEeK OTHO-
CATCA K ONHOMY M TOMY Xe KJIacTepy, COXPaHHM TEPMMH JLOMSHH NepROro
nopsAgka, a OONAcCTH, BHYTPM KOTOPHX COCTOAHMSA COBRNAganT, Ha30BeM
JONEHANU BmMOpPO2O NOPSIdKA.

CTpyKkTypa uukna nepuofia 8 NpefCTABIASTCA CHEAYDMUM OGPa3OM:

RBa KNacTepa NMepBOro YpoBHA

— 1 f

U3 X2, % xll Lf} xe, Xe %o,
YyeTHpe KRacTepa BTOPOro ypPOBHSA

Jlovenn nepsoro ¥ BTOPOro NOpsAKa ONpefilen¥M Teneph XaK o6lacTa
pelleTKH, TrZhe COCTOAHUA fAYeeK MNOoNarlalT B OAMH KJlacTep, COOTBETCT-
BEHHO, TIepBOro UAM BTOPOr'O YPOBHA, a JOMEHH TpeThero Hmopsfka - Kak
o0nacTi, CAe COCTOSHUA COBNAajanT.

Mpu nanbuefmMx yABOSHMSX MepUORa NPUHUMN KJacCHMKAUMM COX-

pauseTcs, TaK YTO IAS UMKAA Nepuoza 2° BO3MOXHO  ORHOBpDEMEHHOE
CymecTBOBaHME JOMEHOB i-ro nopagka, rae 4 =1, ..., p - 1. B xpuru-
yeckol Touke A = 1,401155 aTTPaKTOP HHEUBMAYANLHOrO OTOCpaxenUst

NpuHMMaeT BHE KaHTOPOBAa MHOXeCTBA, a B MNPOTAReHHO! pemeTKe MOTYT
OWTL Peanu30BaHH NOMEHH NMPOM3BONBHOTO MOPARKA.

lpy BKIOYSHMK AWCCHNATUBHON CBS3M BO3MOXHOCTb CYMECTBOBAHMA
IOMEHHWX CTDYKTYP COXDAHRETCS, HO HAKNAAWBALTCA  OrFpaHHYEHHS  Ha
MUHUMANBHHN TIPOCTPAHCTREHHHI pa3Mep BOMEHOB, TeM Goflee CHIbLHHE, YeM
Bhlle MOPSXOK NOMEHOB (CM. cneiypuuit pasgen).

CeollcTBO pemeTOuHOro CKeftNMHra NO3BONAET YTBEpXAaTh, YTO ecCiH
NpY HEeKOTOPOM 3HAUSHWM napaMeTpa A ¥ KkoaffuuMeHTa CBASH € BOIHUKIA
onpejenenHas HROMEHHast CTPYKTypa, TO NpuM MNepecyeTe nNapaMeTpoB H
AuHamuyecKod nepeMeHnoft A - A+ (A =2)/8 € €/2, x> x/a MOXHO
peanu30BaTh NOROCHYD Xe NPOCTPARCTBEHHYD CTPYKTYPY € YBENHUEHHBM
Ha eNWHHNY TNOPAZKOM [OMEHOB M YABOCHHHM XAaPaKTEPHHM BPeMEeHHHM
NEpPUOLOM.
Ha pue. 4 npusesenu npumeps. llepBas kapTEHKA nomyyeHa And
A= 1,444, € = 0,1 co cnyuallHumn HavaibHLMH ycnoBusMu. [lokasaHn mpo-
CTPAHCTBEHHNE® XOHJULYypaLUU¥ ANg HECKONbKHX NOCNENOBAaTeNbHWX  Bpe-
MEHHHX [DaroB MOCNe OKOHYaHUA mnepexofHoro npounecca. JManee  fnpous-
BORUNCS NMepecyeT A, € H X M BHOBL K300paxanicCh ycTaHaBAUBapOMecH
yepes GonLmOe BpEMs  NPOCTPAHCTBeHHHe  xoHfurypauun. Tpu ypoBHA
ckeftiynra npeicTaBleHH B neBoft xonoHKe puc. 4. UToOHW cpenaTh nogodue
CTPYKTYP HarNAKHHM, MX  YacTH, nonagapuMe  BHYTPb  BHRENSHHHX
NpAMOYTONLHAKOB, BOCNpPOM3BEZeHHN B RpaBoff KonoHke. Yeenuuenue no
BepTUKaNbHO# ocH NponOpUMOHANLHO a: (n - HoMep ypoBHA). Moxuo BumeTH
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Xopouwee COOTBETCTBHE KapTHHOK.

E

-8

Puc 4

B zakxpuTHuecko#t ofnacTm mapameTpa A CML ¢ xuddysuonHolt
CBA3LD NEeMOHCTPHPYeT GoraToe pasHooGpa3ue THNOB NoBefeHus. Ha
PHC. 5 npuBefeHa @a30Basg fUarpaMMa JINHaMHUYECKMX COCTOSHHH pemeTou-
Holt Mogmenu (24) (S4). OnumeM oOcHOBHME (EeHOMEHH, KOTOpHe oOTBe-
YaDT paBAuyHbLM OGNacTAM guarpaMmi. 3afUxcHpyeM cHavama HexoTopoe
HeGonblloe 3HAYEHHe NapaMeTpa CBA3H € H OyLeM NOCTeleHHO YBeauun-
BaThk ynpaBasomui napaMmeTp A. Oka3uBaeTcs, YTO KaxAHH [OMeH BegeT
cefs KaKk NpaxTHYeCKH HEe3aBHCHMAd OT JAPYIHX JAOMEROB  JUHaMHYecKas
CHCTEMa, JREMOHCTPHPYDWAR Nepexofi K  Xaocy NWepez mnocnexoBaTelb-
HOCTb Oudypkaumit ygBoeHums nepuopa. Ilpn sTOM OudypKauMoOHHHE  3Ha-
YEeHHA flapaMeTpPa A ANA KaxXZOro AOMEHA 3aBHCAT OT €ro ANMEE: ueM
MEHbIle ANKHA JOMeHa, TeM Gonbme OufypKaumolHHe 3HaveHMsa A. [Hoa-
TOMYy NpPH HaNMuMy B cCpefie GONbMOro YHCIa JOMEHOB pPas3HOro  pasMepa
nepexof K xaocy OyfeT NPOHCXOAMTL BO BCEX ROMEHaX  HEOXHOBPEMEeHHO,
Tak 4YTO cCpefla OKaxeTcA pa30HToOff Ha YUACTKH C NepHOAuMYecKoit =
XaoTHYeckoll AMHaAMMKONR BoO BpeMmeHE. [Ip¥ 3TON OTHENbHHE ROMEHH  OC-
TapTCA NO-NpexHeMy NpPaKTHYecKH HenoaeuxHumMu. Taxaa $asa Ha3BaHa B
[54] dasoft sawoposenuwx cayualnwx copyxmyp (Ha  ¢asoBoit  aMarpamume
FRP - frozen random pattern).
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Puc $

Eciu yBennmuuT: napaMeTp CBA3# B FRP-ffase, TO NpH HAamAYUy
PasBHTOrO Xaoca BHYTPM HEKOTOPHX ZOMEHOB  XOMCHHLE CTeHKH nepec-
TanT OHTb HENOZBHXHHMK M HAUMHANT ORYXXATH CAYUANHHM oOpa3oM, a
pasMepsl AaomeHoB MemnesHo ¢nyxTyrpyor. llo 3Toff npuumHe  xXapaxTep
O¥HAMHUKE BHYTDH ONpPEREeNeHHOro XOMEHa MOXeT MeHATbCS H CTaHOBHTCR TO
PeryRSpHHM, TO XAOTHYeCKHM B 3aBHCHMOCTH OT TOro, MeHbme HIH
Gonbme A KPHTHYECKOro 3HAYEHHR ANA ITOrO0 JOMeHa B QUKCHpOBaHHHM
MOMEeHT BpeMeHH. Taxum odpas3oN, Kaxe eCIH NepBOHAvaXLHO OHNa
copMHpOBaBa peryifapHas B NpOCTPaHCTBE AOMeRHas CTPYKTypa, TO OHa
OOCTeNeHHO  CTAHOBUTCA  HeperynapHoffl. 3T0  npocmpancmpeHHAs
nepenexaeNocmy Runnepa - #&apMepa ([56) (IKF Ha (QaszoBolt puarpamme).
3aMeTHM, YTO OTCNeXHBaf JIMHAMMKY B  QHKCHDOBAaHHOM y3le pemNeTKH,
MOXHO HAGEDAATHL ¥ NEepeNMexaeMoCTh BO BPEeMeHH.

llpn nanbHeflueM YBeIMUEeHMH nOapaMeTpa A MH nomagaeM B (a3
cenexyuu cmpyxmyp (Ha §$a30BORl AHarpammMe PS - pattern selection).
aToft @$ase xaoc BHYTPU CONBUHX XOMEHOB pa3BHBaeTCA HACTONLKO,
uTO NPOUCXOTUT HX aspyumerye. Bozunxant KOPOTKOBONHOBHE
auz2sQ20BNE  CHOPYKMYPH, PH QeNeXUMH CTPYKTYp BpeMeHHofi xaoc
OKa3HBAeTCR IONABNCHHHM, TaK XaX AXS KOPOTKHX CTPYKTyp 3Ha-
YeHHA DapaMeTpa A 4BAADTCA  ROXKpuTHUeckuMu. CocTosHMe pemeTKH
BCe Xe He MNONHOCTBED YNOPAAOYEHO B MPOCTPAaHCTBE 33 CYeT Je-
¢exmop, MNpeRCTABIALIMX coloit cOoft dasu SHrzarosot CTPYKTYPN.

BosHuxmue B pesyabTaTe celleXUWH 3Hr3aroBHe CTPYKTYPH M Xe-
fexTu HenmogBMXHH B npocTtpaHcTBe. [Ipu fannHefimeM yBeRHMYSHMH A Ha-
yyHaeTca caydaftioe Onyxganve fpefexToB. Korza xefiexTH BCTpevapnTes
APYT C ZADYI'OM, OHHM aHHATHMIMPYDLT. (CTamuss OpoyHOBCKO20  OBUAEHUS
depexmon, Ha (asoBoft puarpaMme BD - brownian motion of defects.) lpu
eme GONbNEM A HAaUNMHAETCA TaKZe CHOHTAHHAA reHepauna nap XefexTos.
3T0 cTaausa dedexmHod mypbynenmnocmu (Ha (as3oBoff Amarpamme DT -
defect turbulence). PemeTxa ©OpH 3TOM eme CONEPXUT ROCTAaTOWHO
BHpPaXeHHHE YYacTKM BUr3aroBWX CTPYXTYP.

llpy HecKONLKO GONBEMX 3HAYEHHAX NMapaMeTpa CBASH K NpPH TeX ke
SHAYUCeHNAX A peann3yeTca a3a fNepeNexaeNoCmuU KOHKYPUPYORUX
cmpyxmyp (PCI - pattern competition intermitency). llpy o2TOM B
cpelle NepeMexanTCA YYacTKH KaK ¢ peryaspHofl, Tax ¥ ¢ XaoTHYecKoh
AMHaMUXOR BO BpeMeHH, NpHYeM NPOCTPAHCTBEHHHH mepuog B  o6}acTaX
PEr'yIApDHOCTH - Golee ABYX warcB pemeTxH. JanHuil pexuM NOXox Ha
ZedexTHyD TYPOYAEHTHOCTb, HO padsMep "medexToB" Tenmepr He MaN H
CPaBHUM C XapaKTePHHMH Da3MEPaMH YYacCTKOB PEryxsapHOCTH.

Haxonen, mpu emle JonbmMX A, HBUXeHHe RedexTOB CTaHOBHTCR
HHTEHCHBHNM, 3HI3aroBile CTPYXTYPH Ppa3pymaDTCR K BO3HMKAeT 'COCTO-
fAHKe passumoll mypbysenmpocmu, Xorga Ha NPOCTPAHCTBEHHO-BpeMeHHOR
RHarpaMme  HeBO3MOXHO BMICNHTL  JHOPANOMEHHWe  NPOCTPaNCTBEHHHEe
CTPYKTYpPH (Ha $asopoff muarpamsme FDT - fully developed turbulen—

1085



ce). B pexume paseuTOfl TYpPOYNEHTHOCTH peanU3yeTcs  JNOKAaNbHHA B
NPOCTPAHCTBE Xaoc ¢ OHCTPHM CnajaHMeM NPOCTPAHCTBERHWX  Koppend-
uut. B sTofi Pase crolicTBeHHaA xaocy HeyCTOHUMBOCTH Mo6exXaeT BCe
TeHAEHUKH X YNOPARZOYMBAHHUD.

Vnesa B BuLY pesymbraTh Pl~ananusa, MOXHO NpPENNONOKUTh, 4YTO BCH
ONHUCaHHasd KapTHHa MHOrOKPaTHO NOBTOpPAETCS (KaK MOKa3aHO Ha pHc. 5)
BONUSK KPUTHYECKO TOUKM A = A , € = 0, OTBETCTBEeHHOR 3a pemeTOWHLN

ckefinuur. JletcTBUTENLHO, KOMIBDTEpHOE  MONEeNUPOBaHHE  AMHAMUKM
CHCTeMH B o6nacTix, nexaumux BHYTPH MOKa3aHHHX Ha  puc. S
YMEHbIAOMIMUXCA NPAMOYrONBLHUKOB, JREMOHCTPHpPyeT Te Xe Qasnm Kauexo.
(llpy nepexofe OT HYNEBOI'0 YDOBHA K NEPBOMYy TOYHOI'O BOCHPOK3BEREHUS
dopuu ofnacreff, xoHmeu:Ho, HeT, Tak Kak peub HEeT of o6lacTH mpoc-
TPaHCTBAa MAapaMeTpoB, He OYeHb Oau3KoM k KpHTHUecKoft Touke. OfHaKo
ARS NOCReAyOIMX ypoBHefl cTeNeHb KOJMYECTBEHHOI'O COOTBETCTBHA MEXAY
KOoHJurypamusMu odfacreit ynyumaeTcs B CHIYy acHMNTOTHYECKOro XapaxTepa
cxefAnuura. )

B xavecTBe mmIDCTpalMM  cKeftnMHra PaccCMOTPUM NoXasaHHHe Ha
PHC. 6 NpOCTpPaHCTBeHHHe cnexTpd Ana ¢az Kanexo FRP (a), Ps (6), PCI
{8)., FDT (r), KOTOphe NONYWEeHHN HaMH YHMCNEHHO IAA MOZEenu (24) U3 512
AYeex <¢C MNepHONUUECKMMH TpaHWuHEMM ychnoBusamu. Ha kxaxjgom 3
PHC. (a)-(r) npuBeZeHH CNEKTPH AN NHATH MOJOCHHX B CMHCNE peweTodu-
HOro cxefixuura pexuMoB AMHAMMKM pEWETKH MNH, XaK MH OyfeM IoBO-
PUTBL, ANS NATH ypoBHelt cxefinmira n = 0,1,...,4. Jng GombmeRt Haraag-
HOCTH CHEKTPH, OTBeYabmMe YeTHLM n, NOKA3aHH XUDHLMHM JNMHUAMH, a AIA
HEeYeTHNX n - TOHKMMM. Ha HyneBoM ypoBHe 3HayeHHA napadeTpoB
COOTBETCTBYDT BHOpaHHMM B padore Kanexo ([57): € = 0,3; A = 1,53 (a),
1,69 (6), 1,78 (B), 1,93 (r). B ravecTBe HavanbHHX YCJOBHA 3aja-
BalNUCh CHAyuaflube uHMcRa, PaBHOMEPHO pacnpefeleHHNe B  HHTepBale
(0,1). Ilpu mepexofle K CHSAYPIMM YPOBHAM Ko3ffuumeHT CBA3H Nepe-

CUNTHBANCK MO MPaBURy ¢ - -2, ynpaBafomuil napaMeTp Mno OpaBuny
A+ (A~ ac)a;", a aMmANTyRa ciryyalHuX HavalbHHX  ycinoBuft ywe-

HbIaeTCA mponopuMonansuo a”. Hocme  gocTaTouno  GombmWOro  uMcAa

nNpensapuTedbHEX HTEpaunit, HCKIDYADUUX NepexXoxHHe 3fdexTH, npoc-
TPaHCTBEHRHE CHEXTp ONpeflenseTcs YCPeLHEeHMeM  KBajApaTOB aMIIHTYR
§ypbe-XOMIOHEHT [0 HECKONBKUM JecATKaM BpeMeHHWx maros. Cxefauur
IONXEH NPOABNATHCA B TOM, UYTO H30OpaxeHHMEe B INOrapHINHUEcKOM Ma-
cuTade CIeKTPH, OTHOCHMMECS K Pa3HLM YPOBHSM N, HKOIKHH COBNazaTh IO
fopMe, pasaHuasch TONRKO CABUCOM MO BepTHKANBHOR oOCH Ha  He
3aBACAWYD OT n BeNuuuHy. U3 pHcynra BHEHO, UTO 3TO REeHCTBUTENLHO
Tax.

KocneMcs Temepb KpaTKO pe3yIbTaTOB aHaNM3a MONEIM C saunelnol
CBS3bo

2
xnol;n =1 an’- + 1(xn, a-1 2xn. n+ xn.-ﬂ)’ .

KOTOpas McclefoBanach B padoTax [58 - 60]. .

B aToft Mmogenu eme B AOKpUTHYeckO oGnacTH BO3HUKAET  auz3a-
20BaR  wHeycmolUyusocms, B pe3ynbTaTe KoTopoff ¢opMupyercs  BONHO-
ofpasHas CTPYKTypa ¢ AnnHO#i BOJHH B fKBa mwara pemetkn. Ee cpas-
HUBAaPT C COCTOAHHMEM, XapaxkTepHuM XN aHTUdeppoMarHeTuxkos, B KO-
TOPHX COCERHHe CNHHH, K HMEDT TeHICHUMD OPHEHTHPOBaTbCHs B MPOTHBO-
NONOXHHX HanpaBReHusx (59]. llpy yeenuyennn yupaBxsVmero napaMeTpa
3Ur3arosasl CTPYKTypa mnpeTepnesaeT Oufypkauun THRA Xom)P , H
BOBHHKAET KBa3UNepHORUUecKoe JHBuxenne. IIpy ABUEEHHH HO NapaMeTpy
HadapfapTes S@fexTH 3axBaTa ("A3HKM APHONBRA"™) M Nepexol K Xaocy,



KOTOpHM € pOCTOM MNapaMeTpa A CT3aHOBUTCS BCe Oolee pasBHTHM M
CHOXHbIM.
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Kak ¥ B pemeTke C JUCCHRATHURHO{ CRA3BD, Ha $az3e  3Ur3aroos-
pasHHX COCTOSHMI BO3MOXHO BO3BHUKHOBEHMe fRe)eKTOB, OTBeYaDIMX fe-
pexonly B npocTpaHcTBe OT ofgo#A $asH 3Ursara K NOPOTHBONONOXHOIA,
OpPOYHOBCKOr'0 IBHXSHUSA I3THX HedexToB, HefexkTHofl TYpOYIEeHTHOCTH.

llpu onpexeneHHOM BHGOpe NapamMeTpoB B pemetrxe c  IuHeltHoif
CBA3LD MOXHO HaOAPRATL TaKxe BO3HUKHOBEHHE B3BUr3arooCpasHuX CTpy-

KTYP C BPEeMeHHHMH Itepuomamu 2, 4, 8, ... B paGore ({58) aMuuprHuecku
oCHapyxeH CKEeWNMHC COOTBETCTBYDIMX ofmacTeff Ha IMIOCKOCTH A, 7,
XapakTepuaypmuiicss  MacmTaGHHMH KoHcTaHTaMH  Oelirendayma, co-

OTBOTCTBEHHO, 5'_ " a.. 3T0 ecTeCTBEHHO, MOCKONELKY, KakK odsacHa-
1no7



nock B NpemHaymeM pazfene, NMHeHHas CBA3b CONEPXUT  AOMHUHHDYDIYD
MHEPUMOHHYD KOMIIOHEHTY.

7. KpuTHyecKHe 9BAeHWS B KOHTHHya/sbHOM Npegesne

O6paTUMCA Temepb X  CHTyauus, KOrja RHHaMHKa CTPYKTYp B
pemleTKke CBSASaHHWX oOToOpaxeHuMil MoxeT OWTb pacCMOTpPEHAa B KOH-
MUHYQnbHOM  npedese, T.€. MOXHO nepeliTd K HenpepuBHO{ npocTpaH-
CTBeHHOHl  KoopIMHaTe 2. Oxa3HBaeTcs, YTO 3TO JHONYCTHMO B OKPecT-
HOCTH KPHUTHUECKOR! TOYKHM, fJaxe ecny CriaxuMBaplas BOSMyWMERHMS AU -
$ysuoHHAA KOMIOHEHTa CBA3M He Bejuka. Baxno mumb, YToOH oHa  go-
MEHHpOBAXa HaR OCTaNbRWMM THNaMu cBasH. [Ipg 3TOM BO3HMKaeT Rpea-
CTaBNeHHe O HOBOM THNe CKefiluHra, KOTOPHA OyReM HA3HBATb XOHMU-
HYQ/bHUNM CKEU/NIUH20M.

PaccMOTpHM cHauana pemeTKy ¢ uucToft aufdysuoHHo# cCaA3BL MexRy
AYyeflkaMl M OPeAlIONOXUM, YTO ynpaBRAouuit napaMeTp paBeH Geit-
reH6ayMOBCKOMY KDHUTHYECKOMY 3HaueHup, a  koaffuuumert  guddysuum D
ROCTATOYHO Mal. bByneM BLIONHATL ONMCAHHYD B  NPEANAYWEM  pasgene
"pewerounyp" mnpoueaypy PI npeo6pazoBaHua  MHOIOKpaTHO. Ha xaxgom
HOBOM WAre UMeeM JeNo C COCTOSAHHMAMU pelleTKH, COCPeNOTOUEeHHHMH Ha BCe

donee Yy3KOM HHTEpRajle IHUHaMHueckolt nepemerHoft (x « 1/a"), a

xoadfunuent RuPPy3us yBRenUuMBaeTCR NO 3aKkoHy D-2". flcHo, YTo AnA
3THY COCTOSHHUI U3-3a CHILHOTO BIMAHMA  JQUCCHNAUMM Npy CONBIHMX n
3HaveHHUsl JQHHaMuUUecKoft nepeMeHHO} COCeRHMX DNEeMEeHTOB XRONXHH  OWTh
6mu3kH. BepHeMCA X ONHCaHMD C NOMOMLD MCXONHOrO ypaBHeHHAa. Torza B
HEM MOXHO NepeilTH K HeNpepHBHOMY nNpeneny, 3aMeHUB Pa3HOCTHHN uneH

BTOpPOll MPOM3BORHONA NO NpoCTpaHCTBeHHON KoopauHaTe z « mvD:
2
x, (2) = £(x (z)) + % £(x (2)). (25)
¥4

Tenepr nepecueT mnapaMeTpa CBASM NpPM peHOpPManu3auu¥ B 2 pasa  3K-
BMBaIeHTEH NepecueTy NPOCTPAHCTBEHHON KOOPAMHATH Zz B V2 pas.
lna ofcyxmaemoft cutyauuu woxHo nepefopmynupoBaTh PI'  anamus
TaX, 4To0W HenoiBMXHAasA TOUKA ypaBHerusa PT oTeeuama pacnpefieneHHo#
cpefie ¢ pufdysueit, a He pemeTKe HeCBASAHHHX OToOpaxeHEfl, KaKk paHble
(61 - 64). OGo3RauMM NCXOZHH{ oONepaTop IBONDLUMH uYepes G, (x}.

A
[lpuMeHHB ero ABaxAN M  BHIONHUB npeolpa3oBaHMe Macmrada Sx(z) =

= ax(z'VZ), NONYYMM onepaTop G,[(x] = scoaog'"[xl, ONMHCHBAOUMA 2BO-
OOUMP 3a LBa BpeMeHHHMX mara. [OBTOpsAA 2Ty NPOLEAYPY MHOrOKPATHO,
NPHXOZHM X PEKYPPEHTHOMY ONEpaTOPHOMY YPaBHEHHD
A A-l
G, [x] = s665 " (x], (26)
rxe G, - PeHOPMAaXN3OBAHHMH OMEPaTOp IBONDUMH 3a 2" garoB.

Kax noxasano B [62,63), cCymecTByeT mpeflenbHuit omepatop G,
sanaomulics HenoasnxMo# Touxoft PI' ypaBHeHHS

A A
G(x] = sees™!(x). : (27)



OnepaTop G yHHMBepcameH, T.e. COBMARaeT ANA BCEX CHCTEM C
Audfy3noHROf CBA3BD € TOYHOCTBLD [0 NepecueTa Macwmrada nNpPoCTPaHCT-
BEHHOM KOOPAMHATH M RuHaMHuecko#t nepemenHoft. llopcTapads B (27)
G (x] = G(x) + ch [X) B CUATas BO3MYNEHHe MANMM, NONYYaeM cClexyoumee

ollepaTopHoe ypaBHeHHe (64]:

A A A 1 A A A
h [x] = Mh [x] = SG’(GS™'(x])h 8™ (x1+Sh 6Gs” ' [x], (28)
atl n n n
A
ree G/'(Gs '[x])) - npou3BogHad ¢peme oT onepatopa G. Jnneinuft

A
omepaTop M MMEeT TPH CYmeCTBEHHNX COGCTBEHHHX BexTopa ¢ codeT-

BEHHMMH UHCIaMH v = a/vZ = -1, 7698, v,= VZ = 1,4142, v = a/2 =
= - 1,2512, K HUM HYXHO ROGaBHTb, KOHEUHO, COGCTBEHHW/I BexTop C v =
= 3 = 4 6692, onucHBaDIMH# BO3MymEHHe fNapaMeTpa HHEAUBHAYANbHLX
3JNEMEeHTOB MPOCTPAHCTBEHHON CHCTeMH.

HoxHO MOCTPOHTL H COOTBETCTBYDIEE YHHBepcaiabHOE MOREeNLHoe
ypaBHeRHUe:

© 8x

2 n
Xa,.=- A - x + a(l - 0, 1762n)§ +

a(x:) a’xn 8? (x:)

+8 52+ 7(1 - 0,176x )—

-

3 (29)

8z 3z

lanum Tenepb $opMyAMpOBKY cBoficTBa xomwmuwyansHozo cxelnumza.
B HempepwBHOM mpexene pacnpeleleHHas CHCTEMa  XapaxTepH3yeTcs
YEeTHPLMS MapaMeTpaMmu (A-A ), « B, 7. llpocTpaHCTBO 3THX mnapaMeTpos
o6NafaeT MacWTaGHOM HHBAPHAHTHOCTHD OTHOCHTENLHO 3aMeRH (A=A )/3,
awv, 8w, ¥/v, conpoBoxjapimefici MepecueToM  AMHAMHYecKoll
nepemeHHoft ¥ ¢ $axTopoM 1/a, yABOEHHEM  BpeMeRHOro Macmrada u

nepecyeToM NpOCTPaHCTBeHHO! KOOpAMHATH B V2 pas.

Hponnnncrpupieu CBOMCTBO KOHTHHyanbHOro CKeflmMHra, paccMaT-
puBas ZHHaMUKy ToR xe pemerxH ¢ uncToft IuPPysHoHHO# CBAIBD (24), HTO
U B npemuaymeM pasiene. Ha puc. 7 TnoKaszaH BHA  NPOCTPAHCTBERHHX
CHEXTPOB XaOTHYECKMX PEXUMOB B JBOMHOM NorapufMHyeckoM Macwrade
NpH  SHAYEHMAX NapaMeTpa A, = 1,543689, A, = 1,430357, A, =

= 1, 407408, l‘ = 1, 402492, As = 1, 401442, OTBEUAPOHMX TOUXAM CIHAHHA

AONOC aTTpPaKTopa NoKambHOro orodpaxenus. Pemerka copepzana N = 512
AYyeex, B KayecTee CPaHHYHHX YyCROBHH OHNO 3afaHo ycunoeue
nepuofuyHocTH. Hayankuwe yCnOBMS HMenM BHR MOYTH  MNPOCTpPaH-
CTBEHHO-ORHOPORHOI'O COCTOSHHA C MaNKMH CHyYafiHEMHM BO3MYMEHUSIMH.
llocne HexoToporo Gonbmoro uKucla NpPeABapUTENbHHX HTepauuft BO BCex
cnydasx  Halnopancs pasBATHA NpOCTPAaHCTBEHHO-BPEMEHHOR Xaoc coxX-

paHsBmMlt, OZHaKO, 2"-NONOCHYD CTPYKTYPY, XapaKTepHyp JANZ aTTpaK-
TOpa JNOKaNbYOro OTOOPaxeHHA NpU SHAUSHHAX A = A . OTauude oT mpe-

RHERYymEero pasjena COCTOHT B TOM, UTO NpH Mnepexone OT YpoBHA X
YPOBHO n napameTp CBA3H He NepecuuTHBanNCA. ax BHRHO H3 PHCYHXA,

1088



fopMa cnmexkTpa, mNONyYeHHas INA pasHWX B, C  Xopoied TOYHOCTBD mo-
BTOPAETCHA, 4UYTO NOATBEpxlnaeT oxuaaeuuﬂ CKelIuHr. POMe CABHr'a BHH3 1O
BepTHXANH, C POCTOM I NPOMCXONMT M CIBHC N0 COPH3OHTaNM, BAONL OCH
NOTapUEMOB BOXHOBHX YMCeN, YTO COOTBETCTBYeT YyBENMYEHHD Xapax~
TEPHOrO  NPOCTPAHCTBEHHOrO MacuTada XaOTHYECKHX CTPYKTYp Npomop-

nuoHansHO 2™2 .
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Ipyrve nposiBNeHHS KOHTHMHyalbHOro  ckeftnugra  olcyxfanTcas B
padoTaXx (61 - 63) (CKENEMHI [POCTPAHCTBEHHHX CTPYKTYpP.,  BO3HU-
Kapmux Ha Mopore Xaoca IpM HalUuM¥ B cpele JoxaldbHO#f  HEORHOpPOR-
HOCTH, CBOHCTBa monoSus KapTH [AUMHAMHUYECKHX PEXUMOB OJHOZOMEHHOrO
COCTOSHNR Ha NNOCKOCTH MNapaMeTp A - ANUHA CHCTeMH IJIR MOJenu ¢
yuctofl auddysvel), ([65) (CxeHMNMHr mNpPOCTPAHCTBEHHON xoppeRaLUOHHOR
fyHKuUMM ¥ BHU3yanbHag MIADCTPAUMSA NOROGUS NPOCTPAHCTBEHHLIX
CTPYKTYP B XaOTHYECKHX pexuMax), [64,33] (nomodue KapT JAHHAMUYE-
CKMX pexuUMOB H MNpPOCTPAaHCTBEHHO-BPEMEHHMX  fAMarpaMM Inpu  HaXUUNK
moMuMo  Anddysun HeGONBWMX [O BeJHYUHE JOMNONHHTENhHHWX THNOB CBA3M
a, B' 7)'

Bonpoc o ToM, B Kaxofl Mepe {eHomeHH, Hadipgaemme B CML,
MMeDT OTHONEHUe K peanbHHM MpuUMepaM CIOXHOfl NpOCTPaHCTBEHHO-Bpe-
MEHHO#l HUMHaMUK¥M, BO MHOI'OM OCTaeTCHA OTKPHTHM, XOTH B KaueCTBEHHOM
nnaHe OH NUCKYTHpPyeTea B page padoT [60, 62, 63, 66). Hecomuerso,
OILHAKO, YTO TaKHe HUCKYCCTBEHHO CKOHCTPYHPOBAHHBIE CHCTEMH, KaK LEenovyka
HeNUHEHRHUY KoNeGaTEeNbHHX  XOHTYPOB  NOA  NEPHOLUYECKHM  BHEDHHM
BO3IEfiCTBHEM B OONACTH NapaMeTpoB, Trfe HHIVBHAYANBHHI BHNEMEHT
AEMOHCTpPHPYET YIXBOEHHA nepuolia, nonajanT B Te X€ XJaccH
YHUBEPCANBHOCTH, UTO M pacCMOTpEHRbe B ABYX NOCIEAZHNX pa3jelnax
Mozteny CML, Hackonbko HaM H3BECTHO, MNoKa eme He OnyCINKOBAaHO
SKCNEPUMEHTANLHNY padoT, TIfe B JaHHOM KJbYe HCCleloBaluch Ou
TOBOGHHE CHCTEMH.

B To e Bpemsa, cymecTByeT KJacC CHCTEM, peanbHO HadapizaeMmoe
noBefleHNe KOTOPHX IpY Haxnexameft TPaKTOBKE COOTBETCTBYeT IHUHAMHUKE
CML (B KOHTHHyanbHOM npefe’ne). 3To cucmeNw c 3anaadwpapmel
o6pamnoll cpsabo [67 - 73). TUNUYHLM TIPUMEPOM MOXeT CIYXUTb Iujde-
pPEeHLMANbHO-PAa3BHOCTHOE YpaBHeHHe

dx/dt + x = f(x(t - T)), (30)

OmMMCHBAapmee HEKOTOophe paZUOTEeXHWUeCKHe, ONTUYECKMe M Jpyrue cuc-
TeMH [68, 71, 72]. TaKHX cHcTeMaX KOHPUTypauup  3aBUCHMOCTH CHr-
HaJlla OT BPEMeHH Ha MHTepBalle 3anasfHBaHUA MOXHO WHTepnpeTHpo-
BaTb KaKk  "MIHOBEHRHH  {oToCHMMOK" npocTpaHCTBEHHO#l CTDYKTypu B
3KBUBaANEeHTHOR cHcTeMe -  oOTpe3Ke pacnpefeleHHoit cpean € HeKxoTo-
PHMM CNEUMANbRHMM CpPaHUYHLIME YCIOBHAMU. B cucTeMax ¢ 3anasauea-
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HUEM DKCNEeDUMEHTanbHO HAGNOOADTCS MAOMEHH ¥ JOMeHHHe CTeHKM  pas-
IWYHOT'O YPOBHS, XapakTepHe OCOGEHHOCTH IBOJOUYWM CTPYKTYP Ha NMyTH k
Xaocy ¥ T.A. (67 - 73).

8. PaseBuTMe TYpEYNEHTHOCTH B MOTOKOBHX CHCTEMAX

B padoTax (74 - 76) Ouna npepnoxeHa ¥ HCCHeloOBaHA pelleToyHas
NOTOKOBas MOjeNb, COCTaBJEeHHass M3 TouYeuHHx cHcTem Qelirendayma ¥
OMNCLBAEeMaA YpaBHEHHEM

a2 2 2
nel,m 1 Axn,n + C(xn,n xn, --l)’ (31)
rie m - [MPOCTPAHCTBEHHHH, n - BpeMeHHON HHIekcC. PaccuO'rpma

Haubonee MHTepecHue OCOCGEHHOCTH MNMOBeJeHHs 3Toll MofenH, HadioxaeMmne B
yuUcneHHoM 3xcnepuMerrte. Ilpexne Bcero OGHApYIUBanTCA TaK HaSH-
BaeMhle npocmpaHcmpBeHHne ydBOeHUs nepueda. CymecTBO Jiena COCTOUT B
TOM, YTO MO Mepe YBeNHUEHHUA [POCTPaHCTBEHHOrO WHAEKCAa BpeMeHHON
nepnox AHHAMUKK sUeeK etleTKR NoCheRoBaTeRbHO yeenuunpaeTca M
COCTaBnAeT 2, 4, 8... 3aBUCHUMOCTY OT NapaMeTPoOR 3ajau¥ A U €
MOT'YT peaju30oBaTbCA ABE BO3MOXHOCTM: a) RNPOUCXOZUT KOHEYHoe UHuCHo
YABOGHRH, CHCTEMa BHXONMT Ha HEKOTOPHU peXMM C BPEMECHHHMM NEpUOAOM

2" u panee BHM3 0O NOTOKY NEPUOR GCONbLE HE MeugeTes; &) mocle
KOHeUHOro 4YucCNa yIBoeHuil nepHona B  ouepefiofi  NpocTpaHCTBeHHON
Ayellxe uMEeT MECTO XaoC, UTpPH ITOM nocneaypume ayeltkun Takxe
LeMOHCTPUPYPT XaoC BO BpeMeRW. lHTepecHO mNoBefleHHe RANYHOBCKUX
noxasaTtenef B mnocnexmHeM cnyvae. [lpegBapuTenbHO 3aMeTHM, UYTO NpPK
ONHOHANMpaBNeHHONl CBA3K JISNYHOBCKMEe TMOKa3aTen® JNerxo BHYNUCHARTCH,
TaK Kak MaTpHlla DIBOJNUAM ManHX BO3MyUeHUR ABNAeTCA TpeyrolbHOR
(76,78). [lo 3Toif xe npuuune Kaxpn@i H3 XNARNYHOBCKUX noKasaTencit
accouuupyeTcsi C  ONpeReNeHHMM  SNEMEeHTOM UENMOUKH K HyMepyeTcsa
COOTBETCTBYDWMUM  INPOCTPAHCTBEHHHM  MHILEKCOM. Kax npaeuno, xaoc,
pacnpocTpaHApUMiic:  CKONBL  YrOAHO  RajeKko BHM3 MO NOTOKY,
XapaXTepusyeTcs BCEro ORHMM NONOXNTENbHHM MOKa3aTeleM, Torjza Kak
noKal’aTenM ¢ GONbIMMM HOMEpaMM BCe OTpHLATeNbHH. 3TO  COBOPHT ©
TOM, YTO XaoC TreHepuUpyeTcsi Ha HavyalkHOM YYacTKe NOTOKa, pacmpoc-
TPaHfeTCd BHH3 M He MOXeT OuTh, BooSuwe rOBOPA, AMArHOCTHPOBAH
JNOKaNbHEM aHaNH30M RMHAMUUECKMX CROHCTB NOTOKA B ROCTATOYHO  fa-
NeKOM CeueHWH. OTO CBHAETENLCTBYET TaKxe O BO3HHKHOBEHMH B IIOTOKe
cneuuduyecKoro YCTaHOBRHBIErocs B NPOCTPAHCTBE COCTOAHUA, Xa-
paKTepusypmerccss HensMeHHO#l BROAbL MO NOTOKY Pa3MEpPHOCTLD aTTpax-
Topa. B paGorax (77, 78] 3TO #ABIEHUe MNOAYUHUNO HAIBaKUe cmoxacmu=-
yecxol CUHXpOHU3QUUU.

Janee B padoTe [74] ofpalleHO BHMMaHue Ha CymMEeCTBEHHOEe BIUAHUE
Jaxe Majoro wyMa Ha HavyajbHOM yvacTKe Lenouku. OH NPUBOAMT K TOMY,
4YTO B MNOTOKe IEHEPUPYOTCS XKUHKU - Nepenafu, N0 pasHHe CTOPOHH
KOTOPHX D3JIeMEHTapHHle CHUCTeMb COBEPUANT JIBUXEHUWS CO  CHBMHYTHMH
fazsamu. KuHKH pacnpocTpaHANTCA BHMU3 1NO MNOTOKY CO CKOPOCTED,
3aBUCsAlle!l oT BenuuuHN cIBMra @ass Ha  kumHKe. [lpocTpaHcTBeHHas
[NOTHOCTb KHHKOB TeM CoJblle, YeM BHIE YPOEReHb yMa.

HaunGonee nonHuft auanu3 B3aKOHOMEpHOCTedl  YHUBEpPCANbHOCTH H
CKellnMHra B CHCTEMaxX paccMaTpuBaeMoro Kjlacca CONSPEXHTCA B pa-
dotax (75, 76). 3leck MOCTpOeHa MNoclefoBaTeNbHAA mnpoueaypa PI
aHanu3a, OCHOBaHHAA HA ONEPAaTOPHOM YPaBHEHMY, ONUCHBADIEM Npe-
ofpa3oBaEie ollepaTopa BBONDUMM RpPY MNepexolde K  YABOeHHO#f mnpoTa-
XSHHOCTH PpacCMaTPHBAaeMOrO BPEMEHHOro UHTepBafla. [lpoaHalM3HpOBaHa
3afaya Ha COGCTBEHHHE BEKTOPH M COGCTBeHHHEe  3HAYEHHd JTOro
omepaTopa BOAM3M  HEMONBHEHON  TOuKM, OTBeyapmeft Uemouke HecBA-



3aHHHX cucTeM. [lokaszaHo, YTO  ONHOHANpaBNeHHAaf CBA3b  Mpelc-
TaBadeTCad B BHAe KOMOMHAUMM WHEPUMOHHON M QIMCCHNATHBHOR cBa3N M
XapaKTepu3yeTcs JABYMS HE3aBUCHMHMHM NapaMeTpaMM. 0T  KOHKpeTHOro
‘BuGopa BMA2  QyHKUMA,  ONNUCHBAKIMX CBA3b, 3ABUCAT NHWb BEeNUYKHH
3TUX napasetpoB. llokasaKo Takxe, u4To yueT cuadot guddysuonuoft
CBA3M B MNOTOKOBHX CHUCTEMaX He INPUBOAUT X MNOSBIEHUD HOBHX CyWecT-
BeHHHX  NApaMeTpoB (COOTBETCTBYOUME COGCTBEHHHE YHCIa oneparopa
peHOpPMNpeoCpa30BaHUA MeHbWEe eAMHHUN) M, chefjoBaTenbHo, aAuddysuelt
MOXHO NpeHeCpeub NpYU HIYUeHUN siBNeHUN, HAGNOIAEMHX Nocle  Hec-
XONLKMX  yABoeHull nepuoma. TeMm caMbM  pe3yAbTaTH, NONYUYSHHHE B
[75, 76] ANA CHUCTEM C ONHOHaNpaBJeHHONl  CBA3BO  KOHKPETHOro BUZa,
OKa3HBANTCR Ha CaMOM Jlelle ropasao Oonee OCWMMHM ¥ NPUMEHUMH, 0O
CymecTBy, K JOOHM NOTOKOBLHM CHCTEMaM, NOCTPOeHHHM, u3 (efirenday-
MOBCKMX  3XeMeHTOB. HallienHue  COOTHOWERHMS  MOBBONSANT  KOJNYECT-
BEHHO OUEHUTL HOMEp INEeMEeHTa Uenodky, B KOTOPOM BO3HUKAET Xaoc X
YKCJO NPOCTPaHCTBEHHHX YABOSHMI Nepnoxa.

B padoTe (78] NpuUBORATCS PESYNLTATH (QUIUYECKUX  SDKCHEPUMEHTOB
¢ UeNnouKofl ONHOHANPaBNCHHO-CBA3AHHHX PANMOTEXHUYECKHX [EeHEepaTopoB
C WHEpUMOHHON HenMHelHOCTBD, a TaKxe  paccMOTpeHa  MoZenbHas
NMOTOKOBAasA CHCTeMa B BuUIe LUSNOoYKH OZHOMEPRHX oToSpazeHuit.
llockonbky B OTAeNBHOM TI'eHepaTope NpHM H3MeHeHUW YNPaBAsSOUEro mna-
pameTpa HadnopaeTcs mnepexol K Xxaocy uepes {QeflreHOaymoBckyo  noc-
JefOBaTeNbHOCTb Oufypramnit ynsoeHns Nepuoia, TO B MORENLHOR cHc-
TeMe B KayeCTBe TOYEUHHX S3JIEMEHTOB MCMOAL3YDTCA OTOOpaxeHus mna-
padomuueckoro THna. CooTBeTCTByoUas cCHCTeMa ypaBHeHull HMeeT BuZ,
aHaNoTHuHLHA (31).

B skcnepuMeHTe OHNa NOAy4YeHa KapTHHa OG6NacTell pPa3AUYHHK ZU-
HaMUMYEeCKNX PEeXUMOB Ha MNNOCKOCTM HOMep sfveflkn - mnapaMeTp HepaBHO-
BecHoCcTH. [IpM MaxyslXx BHaueHHsX MNapaMeTpa HEPABHOBECHOCTH Halipxa-
eTcf KOHEeYHoe VlUCNO yaBOeHHi#t nepuofa "BHU3 NO NOTOKY" ¥ BOIHUK-
HOBEHMe B MTOr'€ MNEPUORUYECKOrG BO BpeMeHM pexuma koxedaumit. llpu
YBENMYEHMH  TNapaMeTpa  HEPAaBHOBECHOCTHM HacTynana CHUTyalus, KOria
TIoCNe KOHeYHOro uYHUcla YABOEHull nepuoia BAONE  LEMOYKH  NOABAANCH
xaoc. [Ipn 3TOM BMpMHa CNeKTpa ¥ Da3MEpPHOCTb, HAuMHa#A ¢ HEKOTOpOro
3NEeMeHTa, YCTaHaBNYBALTCH Ha MOCTOAHHOM YPOBHE M HE MEHADTCA BHUI
o MOTOKY.

9. [uHaMMKa CTPYKTYp B ABYMEPHOW peueTke

llepexos x pemeTxaM Cc ABYMA H Gonee NPOCTPAHCTREHHLHMH  H3Me-
peHnAMM npejcTaBiseT cofoft clefyomMit ecTecTBeRRHA mar B dopsmpo-
BaHuM u3naraeMofft cucTeMd mpeicTapienui, a Taxxe B ANOCTpoeHuH donee
geanucrmmux Mozeneft TYpPOYNEHTHOrO COCTOSHHA {@USHUECKHX CHCTEM.
AHAKO MCClefOBaHUe TaKHX Mofenell sBIfeTC OGoJee CHOEKHHM JHeNoM M
TpeGyeT UCRONL30BaHMA AROCTATOYHO MOUHLIX KOMMbOTEPOB.

Pememoynwd P aHanus oas OByNepHoll pememxu CTPOUTCA IO Toll xe
cX¥eMe, KaK M B OBHOMEPHOM cnyuyae (CM. Havano paszena 6). [Ilpu aTom
ponb HenogBuxHO#t Touky Pl urpaer Ha6op HecBA3aHHWX oToOpaxenuft

{"' g(x(ivm)), ”’):

rge i ¥ m - NpPOCTPaHCTBEHHWe UHAeKCH. Kak M paHbme, MOXHO BKID-
YUTH Tefleph WHEePUUOHHYD U/HUNH AUCCHNATHBRHYD CBS3b MEERY COCeXHHMU
sAiyeflxaMit, TMOCKONbXY ypaBHeHMe, omucheapnmee Pl npeoGpasoBaHve uleHOB
CBS3M, NO-IpexHeMy uMeeT BUX (13). Ecay cBA3b Mexfy IDGHMH ABYMS
coceanuMu SHEMEHTAM¥  CHMMETDHYHas, TO NPOTSIXCHHAA peweTKa
XapaKTepusyeTcs Bcero TpeMs CYWeCTBEHHHMH NapaMeTpaMu: YOPaBIADIHUM
mapaMeTpoM A M ko3fduumenTaMu HHepUMOHKON M IUCCHNATHBHOR CBS3M.



CTpykTypa npocTpaHcTBa 3THX TPeX  MHapaMeTpoB olnafiaeT cBoflcTBOM
pememoyHozo CKeUauHza, TNOROCHEM CHOPMyNMPOBAHHOMY B pasp. 6.

llpogonxan paccysfienus No aHaNOru¥y¥ C OJHOMEDHHM CIyYaeM, MOXHO
NpUATA K NPeRCTAaBISCHHD O KOHMUHYaAnbHON cKeliquHze B ABYNEDHLX
cucmenax, OCOCHOBAaHHEM KOTOPOIO MOXET CHYXUTb OCGOCLeHHe Ppa3BHTOrO
B (62 - 64] PI' ananu3a Ha &ByMepHu#i cinyvait. [Ipy aToM #ns cTpyk-
TYD, NPOCTPaHCTBEHHHH MacmTad KOTUPHX  HAMHOIO NpPEeBHNAeT mar
pelleTEN K KOTOpHe JAOHMyCKanT pacCMOTpeHWe B HENpepHBHOM npexexe,
IByMepHAsi CHCTeMa (C cumNempuyHolU CBs3bp) OYNEeT XapaKTepH30BaTLCH
KBYMA CYWLECTBEHHHMM napameTpamy (A-A_ ) u 7. [lpocTpancTBo BTHX

napaMeTpoB OGNafaeT MacwTadHOR HHBAPUAHTHOCTBD OTHOCHTENBHO  3a-
MeHH (A=A )8, ¥V, CONPOBOXRADmE#CS  NepecyeToM  RMHaMMuecKoft

nepeMenHot x ¢ $akTopoM 1/a, YABOEHMEM BPEMEHHOro MacmTaa M

nepecyeToM MPOCTPAHCTBEHHHX KOODAMHAT y, z B vZ pa3s. CooTBeTCTBYN-
mWasi yHHBEpcalbHasd MOReNb MMeeT Bul

a’x  8x 8% (x%) 8 (x%)
x = a-xf+ 7(1-0, 176x ) 2+ ‘] - L 2 1. (32)

n+l azz 8yz aza ayz

O6cynuv Tenmepb HaKOMJIEHHHE X  HACTOAWEMY BPEMEHH Ppe3yabTaTh
KOMNEDTEPHOTI'O MOMNENMPOBAHUSA AMHAMUKM [BYMEPHHX pemeTOK CBA3aHHLX
NOTUCTHYECKNX OTOOpaxeHul (57, 60, 66, 80 ~ 82].

PaccMoTpMM RByMepHYD pemleTKy CBS3aHHHX oTodpaxeHuft ¢ duccu-
namuBgold CBA3BD MEXAY DJIEMEHTaMM:

X (d,m) = (1 - e)f(x (i,m) + %[f(xn(i +1,m + £(x (1 - 1,m+

nel

+ f(xn(i,m + 1) + f(xn(I,m - 1)]. (33)

3gech f(x) = 1 - Ax>, D - NMCKPETHOE BpeMa, i M m - NPOCTPAHCTBEHHHE
MHIeKCH, € - mapaMeTp CBS3H.

Nlpy HeGoNbLLMX YPOBHAX CBA3H (¢ = 0, 1) W HeCOAbIMX MNpPEBHENEHUAX
napaMeTpa A Hal KPUTHMUECKMM 3HAayeHHMEM B pemlleTKe HAONDAaeTcA ¢aaa
SaNOpOXEeHHNX cAy4alHwx cmpyxmyp. [Ipn yBeNdyeHMM A HacTynaeT ¢asa
cefexyuuu, TNPUBORANARA K BO3HUNHOBEHMD MmaxNamuyx cmpykmyp. B Taxoft
CTPYKType COCelHne DIEMeHTH pemeTkyd KoneSapTcR B NpoTuBodase, a xaoc
BO BpDEMEHH MNOJaBleH 3a cueT cefdexuun. JIpH CAyYalHHX HavyaNbHEX
YCNOBHAX B pPe3yNLTaTe MepexofHoro npotecca OOHYHO BOBHUKADNT OCTPOBKH
MAXMAaTHHX CTPYKTYP, Da3lelieHHHe XAOTUYECKMMH CTpPyHaM#, HMEDIUMK
CJOXHYD, U3BHINCTYD QopMy. CTpPyHH JEeMOHCTPHUPYDT XaoC BO BpPeMeRH, YTO
TeCTUpyeTCA NO NOKBICHUD AONONHUTENLHOrO MOMOEUTENBHOrO AANYHOBCKOIO
NnoxasaTefls, accouuupypmeroca ¢  kaxgoft cTpynoft. CTPyHH MemneHHO
OnysnapT, MeHADT fOpMy, HHOrLa 3aMKHYTHe B KONbLO CTPYHH CTACMBapTCSH
B TOUKYy M CMOHYT npu 3ToM. Ilo McTeueHMM ROCTaTOWHO GONLWOrO BPEeMEHH
NpPOMCXOAUT ruGens BceX CTPYH M  (§opMupyeTcs eguHad ToTanbHasd
WaXMaTHast CTPYKTypa.

Ecmu  eme ¥fenuqurb napaMeTp A, HacTymaeT CTajus dedexmuol
myp6ynenmaocmy. B 3Toft $}aze CTPYHH He TONLKO T'MOHYT, HO M MPOMCKORHMT
POEIEHMe KONbUEBHX CTPYH M3 TOYEUHHX AedeKTOoB.

Hakowen, npyu eme GoRbmLMX A HACTYNAET ROAHOCMLO pPASBUMAs Myp-
6ynenmHocms, Korga  HOCTAaTOYHO  HONCORMBYDIMe  IIPOCTPAHCTBEHHHE
CTPYKTYPH OTCYTCTBYDT.
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Ecnu Tenepb HECKONLKO YBemMuMTh CBA3b (£ = 0,2), To B
pe3ynbTaTe CceleKUMH BHENBANT He MmaxMaTHHE CTPYKTYpPH, a CTPYKTYpH,
COCTaBNICHHHEe H3 sAYyeeKk 'THma 2x1", Korja CHHXPOHHO KoledneTcsa Iapa
Onuxatunx sneMeHToB. [IpM NPOMEXYTOUHHX 3HAYEHNNAX KOAPPHUMEHTa CBA3M
MMEeT MeCTO NpOCTPaHCTBEHHas IepeMeXaeMocTh 3ITHX JABYX THMNOB
CTPYKTYp. bDnaronapsa JHByM BO3MOXHHM NDPOCTPAHCTBEHHWM OPHEHTAUUAM
OTHOCHTENbHO  pelleTKH AueeK "THoa 2x1" (BepTukanpHofl
FOPU3OHTaNLHOM)  XapaKTepHOe BDEMss  YCTaHOBNEHMA  CTaUHOHapHoOit
NPOCTPAHCTBEHHON XapTHHH B 3TOM CIyuyae 3HAYUTENbHO Gonbme, YeM AN
CHMMETPUUHO! maxMaTHO#l CTPYKTYpH.

Eciu xe CBA3b yBenuunTe eme OGombme (&€ = 0,4), TO AHHAMUKA
CTPYKTYpP oKasuBaeTcs cymecTBeHHo HHo#. [lo Mepe BpeMeHHON 3BOXDLUM
MaleHbKHe JHOMeHN MOCTEMeHHO CXUMAapTCs, TaK 4YTO B KOHUe KOHLOB
BHXMBAaeT OJUH OONbmOl MHOMEH, NOKpHBabIuit BCe NPOCTPAaHCTBO. B
goxpuTudeckoft o6racTH napaMeTpa A BOSHUKART NPOCTPAHCTBEHHO
OZHOPOIHHE COCTORHKS, a B B3aKpuUTHuecKoff - TYpPOYNEHTHHE COCTOSRHA,
XapaKTepu3yeMmsle  OTCYTCTBHEM  ROAT'OXMBYIMX  CTPYKTYP. B [66]
npesnaraetrcs o6sAcHeHne §eHoMeHa pa3pymeHHA JHOMEHOB Ha OCHOBe
NpeACTAaBIeHUR O MOBEPXHOCTHOM HATAXEHUM NOMEHHBIX CTEHOK.

Pnc. 8 U 9 MANDCTPUPYONT, COOTBETCTBEHHO, PEWeTOYHHWH M KOHTHHY-
anbHUi CXeRAuHr AByMepHON RPOCTPaHCTBEHHO-BPEMEHHOR TYPOYJNSHTHOCTH B
3aKpUTHYEeCKON Oo6XacTH mapaMeTpa A.

Ha puc. & npuBemeHW JByMEpHHE NMPOCTPaHCTBEHHHE CNEeXTPH NOROGHLX
B CMHCNIe pemeTovyRHoro ckefinuHra pexumoB (ypoBHM n = 0,1,2),
NONYUEHHNe UUCHEHHO ANS MOAENH (32) N3 64x64 SUEEK C NMEePHMORUUECKHMH
CPaHMUHLMM ycioBUAMH. Ha ypoBHE n = O 3HayeHHs NApPaMeTpoB A = 1, 54,
€ = 0,3, a B KayecTBe HavalbHHX YCHOBUl 3aflaBanmuch cayualHue 4ucxa,
paBHOMEDHO pacnpefeneHHHe B HHTepBane (0, 0, 4). llna cmexyomux ypoeneft

KO3PJUUMEHT CBA3H NEepecYNTHRANCH MO NpaBUAY € -+ €-2, YNpaBAIDDUR
napaMeTp MO NpaBUXy A -+ A + (A - Ac)a;". a aMnuuTysa CaydaitHbx

HavanbHHX yCHOBUH - IponopuuoHanbLHO a;_" Hocme jgoctarTouHo Gonbmoro

YyKHcna npefBapHTeNbHHX UTepaludit NPOBORMNOCH YCPEeRHEHHe KBaXpaTos
aMmuTyl @ypbe-KOMIOHEHT MO HEeCKONBKUM HECATKAM BPEMEHHHX [Naros.
Cxefinunr MOATBepxAaeTcA: B  NOrapufMHyeckoM Macmrale  CMEKTPH,
OTHOCAWMECS K Ppa3HWM n, B CpelHeM HOBTOPADT Apyr apyra no gopue,
OTIWYaACh CIBHIOM NO BEPTHKANLHO# OCH.




Ha puc. 9 a - I MNOKa3aHb MI'HUBEHHHME CHNMAN  1ypuyacninsia
CTPYKTYp B pelleTKe (32) H3 64x64 fyeeK B pexMMax, MNOROCHHX B CMHcIe
KOHTUHYaNBbHOI'O CKeliNMHra (YpPOBHM n = 0, 1, 2, 3). * 3HaueHHA NapaMeTpoB:

€ =03, A=A + (1,54 - Ac)é'". flueilry, B KOTOpPHX X > 0, NOKa3aHL

YepHHM, a oCTajgbHHe - OenbM uUseToM. CorzacHo KORTHHyANLHOMY
ckeftmMRry, XapakTepHuit pasMep o6pasoBarMi JLONXEH YBENTUUMBATHCH

NPOTIOPRHOHANEHO 2™7, YTO MOXHO YBMACThH M3 CONOCTABIGHNA XapTHHOK.
OTMETHM, YTO KAapTHHKH ) ¥ r) UMeDT HeraTUBHHIE BUJ NO CpPaBHEHHUD C a)
H B), MOCKONLXY MacmTadHasg KOHCTAHTa INAS fAMHaMmuyecxoff mepeMeHHol zx
OTpuUATENbHA.
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Puc 9

Ins xonnuecTBeHHOM mpoBepKM CKefinMHra oOOpaTHMCA BHOBL K
NpoCTpaHCTBEHHHUM cnexTpaM. [loCKONbKY B KOHTHRyaAbLHOM Npexene pemeTKa
(32) M3OTPONHA, NPOCTPAHCTBEHH CnexTp TYPOYMEHTHHX COCTOSHu#
RONXEeH 3aBHCETH TONLKO OT MOAYNSA BOXHOBOro BexTopa |ki. Ha puc. 9n B
ABOfiHOM  xorapmfMudecxoM MWacmrade IMOKa3aHH 3TH  3aBHCHMOCTH,
NnoXyvyeHHHe ENA PexuMoB AMHAMHKM pemeTKH, OTBeYapuMx puc. 9 a - T.
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~nvanv DAATID HUBJUPEHKE QOPMH 3aBMCUMOCTENl OT YpPOBHS K YpPOBHB C
NOCTOAHHEIM CIBUMOM IO BepTHKaANK BHU3 K INO TCOPU3OHTANM BIEBO.
Yuensuenne pazdpoca ToyeKk C YBeNHUYEHMeM n OCHACHASTCH BO3pacTaHHEM
TOUYHOCTH, C XOTOpOff BHMNOJNHsSETCA NpeaAnojioxeHune oo U30TpONUN CIIeKTpa,
C yBeJNUCHHEeM XapaKTepHOI'o pasmepa CTPYKTYP.

Eme opHoff uinbCTpauMell KOHTHMHYaSLHOrO CKellqMHra B KByMepHOlt
cHCTEMEe ¢ QNWCCHMATHBHON CBA3BD MOr'yT CAYXUTb pe3ymbTaTH HejaBHeil
padoTh ({82]. TaM NpPONEMOHCTPMPOBAH COOTBETCTBYDIMIE 3TOMy ckefnuury
3aKOH TNOBefeHUsA I[OpPOroBOrO reoMeTPUUYECKOro pa3Mepa, HauuHas C
KOTOpOro JNANYHOBCKYA noxasaTelb XaoTUUECKOH MPOCTPaHCTBEHHO-BpEMeH-
HOlt IMHAMUKM MOUYTH He OTAMYAETCH OT cCayyas OGonbuoit cucTeMu. llpu
YMEHbWEeHNHM OTKNOREHNS YNpaBJAsOWEro napaMeTpa A OT KPUTHYECKOR TOUKH

B &_ pa3 ITOT pa3Mep yRenuunsaeTcs B vZ pas.

Cayuaft aguweliwoll cBA3M MEXAy OINeMeHTaMy JIBYyMepHOHR pelleTKH
u3yyancs B padorax [80,81). OmHa M3 pacCMOTPEHHHX Momejelt uMena BUJR

X, (i,m) = £(x (4, m) + Clx (i + L, 6m +x (i - Lm +

+x (im+ 1) +x(,m=-1) - ax (im], (34)

rze f(x) = 1 - ax> Kak ykasuBalochb B pa3f. 5, TaKas CBA3b
npexcTaBafeT codoli KoMOMHANMD KHEepPUNOHHO! M NUCCHNMATHBHOR CBA3YU C
ROMMHMPYDIMM BKJagoM nepsoro Tuna cBssu. [lo 3Toll npuunie pemeTounuit
cxefiauHrC mnposBNASTCA B CBollcTBe caMonmoaoOMs KapTH JRUHAMHYECKHX
PeXHMOB Ha NAOCKOCTH NapaMeTp A - KOIPPUUMEHT CBA3M C MacmTAGHBMK
KoHCTauTamu & M a_ [80). OueHb TUNMUHHMM HBNANTCA WNAXMATHHE

CTPYKTYPH, KOTOpHE B ONpeNe]eHHHX OGNAacTAX MapaMeTpPOB pemeTKH MOryT
BO3BHMKATEL NpY Pa3BUTHM HeYCTONURBOCTM ONHOPOIHHX COCTOAHMHE yxe ans
A < a, Ilpu COOTBETCTBYDIMX HaYaNbHHX YCNOBHAX OGPa3ypTC NOMEHH,

pasfieNeHHNe CTPyHaMH - rmefiekTamu, mNO Ppa3HHE CTOPOHH KOTOPHX
WaxXMaTHHe CTPYKTYpPW HaxXoAsTc® B mnpoTurofase. Ha {ome waxmaTHHX
CTPYKTYP c OCTOM A MoZeT HaGnPAaTBCA  BOBHMKHOBEHHUE

KBAa3UNEPHOAUYSCKON JHMHaMUKM ¢ NOCHefypIMM NEepexXofioM K Xaocy. B
padoTe [81]) PpacCMOTpeHH TaKxe CHTyalUMHM, Korja Kaxjuit ysen cBASaH

JMHENHO C GONLIMM YHCIHOM cocefieft. OxasuBaeTcs, YTO B 3THX CIyYaax
BMECTO DAXMATHHX CTPYKTYp HOMURMPYOUYR poNb HAYMHAOT HUrpaTh Apyrae
CTPYKTYPH, Hamnpumep, NapaanelNbHHe MOJOCH C NJMHOW BONHW 2 B MOZeNd
CO CBA3LD AEBATH cocelell uaM ¢ AnMHOA BONHK 4 B MOAENH CO CBS3bN 13
coceretit.

Pan onucaHHMx ocodeHHocTell 0Opa30BaHMS CTPYKTYP B HABYMepHHX
CHCTeMax Halmpfancs B SKCNEPUMEHTaX MO  KOHBEKUMH B XHAKHX
Kpuctannax. HaGappanach cenekums CTPYKTyp, OCpa3oBaH{e CTPYKTYp Tuna
2x1, (leHOMEeHN npocTpaHCTBeHHO mnepemexaeMocTd. CoOOTBeTCTBYNIME
CCHAXN DNPHBORATCA B [66].

10. CeTp raoBanbHo cBS3aHHHX oTOoGpaxeHWA

C TOUKH 3peHMs NPUIOXSHMA K CHOXHMM KHJOPMALUMOHHHM CHCTEMaM, B
YaCTHOCTH GHONOCHYECKHMM, MpPeACTABAfeT MHTepec U3yueHHe
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cemel, B KOTOPHX Kaxfuffi K3 GONLWOrO YHCHA COCTABINADIMK INEMEHTOB
CBA3aH CO BceMM Zpyrumu. B useecTHORt Mogene Xondunza u ee  oGoG-
NeHUSX CHNOCOGHOCTb K pealu3alyy Takux UHPODMAUMOHHHKX NpOLEeccoB Kak
3aNoMHHAHMe H Dpacno3HaBaHHe oCpa30B, acCOUMATHBHAA MNaMATb H Ap.
3all0XeHa B CTPYKTYype cBsselt Mexjy  3BIeMeHTaMH  CeTH. llpyras
BOBMOXHOCTb COCTOMT B TOM, 4YTOGM paccMOTpeTb B  KaXoM-TO CMHCXIe
NPOTUBONONOXHYD CHTYyaUWD, KOrja CTPYKTypa cBaseff npocTa, a WHAU-
BHAyaJbHHe 3JIeMeHTH [NEeMOHCTPHPYNT CROXHYD [KHMHaAMHKY, BKIOYas  mne-
pexon x xaocy. B HepaBHux padorax Kameko [83,84] Owna BBegeHa B
acCMOTpeRHe ceTb TrNoGanbHO CBA3AHHHX JNOPHCTUYECKHMX OTOGpaxeHHit,
Ka3anoch, 4YTO OHa NeMOHCTpUpyeT Lenki Pk HeTPUBRHANbLHHX
OCOGEHHOCTEH NOBELEHHA, KOTODHE MOTYT OKa3aTbCR MNONE3HWMM  RAA
TeXHMYeCKMX mNpHIoXeHM#t, a Takxe JAnd HOHUMAHMA HHHOPMALMOHHEIX
npolleccoB B GHOJOrMYECKHX CHCTEMaX. 3Ta MONenb npefcTaBaseT codof
npefenbHult cnyval nambHefl cBA3M B pemeTKax JUCCHNATHBHO CBA3AHHLY
oToOpaxeHull THNa (2) M 3agaeTcA ypaBHeHHEM

= (1 - c)t‘(xn'.) + ¢F, F =

[l

na+l,m

N
Y fix, ). (35)
1=1

Speck f(x) = 1 - Ax>, n - IUCKpEeTHOe BPeMd, M - HOMEp TEKYWero ane-
MeHTa ceTH, N - uNClO 3NeMeHTOB B CEeTH, KOTOpoe [Npefnonaraercs
GonbuwnM. M3 ypaBHeHMs BUMEHO, uTO Kaxfufl D3IeMeHT MOrpyxeH B odmee
nlone F, co3gaBaeMoe Bcelt ceTbn. [lo3TOMYy MOfenb eCTECTBEHHO HA3HBATh
Nodensp cpedHezo NoAas.

YToSH MOpefcTaBATb cede MHOrOOGpa3He BOSMOXHHX COCTOSHMH Mo-
Jeny, NpelANONOXMM CHavajya, UTO HApaMeTP CBA3UM € =+ 0, TaK HYTO Mu
UMeeM Hadop N HeCBA3aHHHX JNOrMCTHYecKMX oTospazeHu#t. [iycTb mnapa-
MeTp A BHOpaH Tak, 4TO MHAMBHAyalbHWe sAdYeitkn coBepmapT ycToltuuBoe
IBuXeHNe nepuoga 2°. BHOOpOM HayaNbHHX YCNOBHA MOXHO peann3oBaTh
NPOM3BONLHOE pacnpefesieHHe sfyeex ceTH NO DNeMeHTaM 2"™-npukna: N, i=
= 0,...,2° - 1}. [lpy BKIDYEHHE CBA3H Ha JAUHAMHKY BCeX sYeeK
HauHeT Bo3ZeflcTBOBaTb elnHoe mnoXe F, 3aBHCHMOCTb XOTOpOro OT n
onpefensiercs pacnpefenerneM {N }. TeM He Menee, no Kpafinell mepe mpx
JOCTATOYHO MaNHX € BCE. 3TH COCTOSHUA oyayr COXpaHATD
YCTORUNBOCTD.

3aMeuaTenbHoe CBOJICTEO CeTH ¢ TaoGalbHO#ft CBA3LD COCTOMT B
TOM, 4TO pacnpejefieHue fYeeKk MO rpynmam (N } COXpaHseTcs ¥ NpH

BKADYeHun cBAsH. COCTOAHUA BCex dYeeK, NpHHAANexamMx Kaxgoft rpyn-
Ne, COBNAfapT moYHO, MOCKONBKY He OTIMYADTCH HKY HMX HayajlbHHe COC-
TOSHUA, HW "BbHYXAawuas cuma" F. Kadexo HasuBaeT 3T rpynmmu

xnacmepanu.  Jlerko BHfeTh, UYTO NPH HaNUUMKM n KNacCTEpPOB ypaBHEHHe
IMHAMHKK CEeTH CBOJMTCA K CHCTEMe n CBA33HHWX oToOpaxeHMR f(x).
Hanpumep, AN JBYXKNACTEPHOT'O COCTOAHMA M3 (35) MOXHO MONYYHTB

EN
X} o= £(x]) + 5 (£(x]) - £(z)),

n+l

_ 8"1 . .
x©o,o=f(x ) o (£(x) - £(x)), (36)

FRe 3HaKkaMy "+" M "-" OTMeYeHH QuMHAMHUeck#e MNEpPEMOHHHe ANA SUeeK,
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OTHOCAIMXCA K TNepBoMy " BTOpPOMY KJacTepawm, N‘ " N'z" KOJNN4YecTBO
SJIEMEHTOB B ITHX KIacTepax.

B ocHoBy knaccufmkauuyu COCTOSHUNM CETH MOXHO TNONORMTH THUIHYHYD
Npu KaHHHX napaMmeTpax KiacTepu3auup ceTH (83, 84). [Hpu oSToM nonesHo
Pas3nMyaTh COOTOAHHA C MalkM (n NMOpAfKa eRMHKL) M GONbIMM (n mopsgka
N) uHCIOM KnacTepoB. 3TO pasjieneHue, Kaxymeecs HECKONBKO YCHOBHBM,
CTaHOBUTCA NPHHIMNNANLHLM B KOHTEeKCTe nepexofa K
"TepMOIMRaMBYECKOMy mpeseny"” N - a,

B xaxmo#t Touke NNOCKOCTM MNapaMeTpoB A, €, 3afjaBas aHCaMONb
CAyyalHHX HayaJbHHX YCIOBHH, MOXHO OmpelenHTb NOCPEeACTBOM KOMNLOTEp-
HOI'O MOJEeNHPORAHHA AUHAMMKY COTH, Kakoff u3 THOOB KOHEUHHX
cocTosHull Bo3HHKaeT ¢ Gonbme#t BeposTHOCTbD. COOTBETCTBEHHO  BBO-
INTCR NMpejcTaBlieHne o {azax:

a) KxozepenmHas ¢asa - KOrZa TNOYTH BCe HayaIbHHE YCNOBRSA
NPUBOAAT K ORHOKJIACTEPHOMYy COCTOAHUD (KOr€peHTHOMY aTTpPaKTOpY):

6) ynopsdouenHas ¢asa ~ Xoraa ZKOMMHMPYOT AaTTPaKTOpH, CoOfep-
xaumye HeGonbIIOE YHUCNO KNACTEpOB;

2) Yacmu4yHo ynopsidodeHHas ¢asa - KOrZa MOr'yT BO3HHKaTb COC-
TOSHUA KaK C MaikM, Tak ¥ C CONLUUM n;

9) mypbynenmHass ¢asa - NOYTH Becb (a3oBHE oOOBLEM B3aruUMaDT
aTTPaKTOPH C GONpUMM N

O6racTty, 3anuMaeMhe 3TUMM $asaMM Ha  NNOCKOCTH  NapaMeTpos
€, A, TOKa3aHH HAa pUC. 10 U 0GO3HaUeHH COOTBETCTBEHHO C, O, PO, T.

YTO MOXHO CKa3aThb O BPEMeHHO! AWHAMMKE CHCTEMH TNpH  Hamy -

yumu knacrepnsauuu? PaccMoTt-
pUM JABYXKJaCTepHOE COCTOAHME,
¢ OmHCHBaeMOe ypaBHEHHSAMM (36) W
NpeRNONOX:M,  YTO  MNEepBOHAYANLHO
KOJMYECTES  BNEeMeHTOB B ofoux
03 KnacTepax omuHaxoBo. HycTb znanee
A u € BHOpaHH Tak, 4TO
peanuzyeTcs yCTORUNBHIL 11719
nepuofa 2. Byzem Tenepb
02 NOCTENeHHO yBEeNUUYHBATH YUCno
3NeMEHTOB B IEpPBOM KiacTepe. 3ITO
MOXHO AenaTb c TIOMOWBY
04 HMOYALCHOrO Bo3peficTBUA Ha
3JIeMEHTH BTOpPOr'¢ KiacTepa, KoTopoe
nepedpackiBaeT MX B nepeuit.
OxagstBaeTcs, 4YTO C pOCTOM N, ¢
0 14 A 20 HEKOTOpPOro MOMEHTa cHCTeMa

HaynHaeT coBepuaTh KxoneGaHus
nepuofa 4, 3areM 8 U T.Xx. Ecmm
obee yucno 3JeMEeHTOB OYeHb
BEeNMKO, TaK UTO MNapameTpH B (36) MOXHO CUHUTATb KBa3U-
HEMpepHBHEME, TO MOXHO NpOCNeZUTh Bechb Knaccuuyeckult gettrendaymo-
BCKMIi xackal YyABOEHHMIt nepuoma ¥ M3BECTHYD KapTUHY 3aKPHUTHYECKOro
NOBelleHNss C XaoCoM M OKHamu ycTtofiunsocTH. Haxowmel, HacTynaeT Mo=

MeHT N = Nmp, Korza nomnuTKa A0SaBUTH enle OfUH BJNeMeHT B  nepsufl

KJacTep NPHBOAHT K HOBOMy 3ffexTy: BO3HUKAET CHNORHHHU mnepexofHull
npoliecc, B XOJe KOTOpPOroe CHCTEeMa COENePXUT TpM KlacTepa (C YMUCIaMH
3anomHeHus Ny, NN, — 1, 1). On zapepmaeTcs nMG6O BO3IBPaTOM Ha
HCXONHMA aTTPaKTop, NMGO BOSHUKHOBEHMEM COCTOSAHMA, B KOTOPOM Bce X'

3aMEeHMINCh Ha X W HaoGOpoT. 3ror $eHoMeR nNomyYUMI ~ Ha3BaHHe
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nepexKnbYyeHue naoc - NUHyc (posi - nega switch).

C yveTOM HepapxHYeCKO# CTPYKTYPH LMKIOB HHIMBHAYANLHOrO 5O-
CUCTHYECKOTO OTOOpPaXeHUA (CM. pa3Xk. 6) MOXHO BBECTH NPefCTaBlieHne o
KNacTepax pa3HOro YpoRHs NOLOGHO ToMy, Kkak 3To OGHIO CLeNaHO Afa
JIOMEHOB B CML. flcHo, uTo B ofWeM  cayyae KnacTepyulalus Toxe
Hepapxuueckas: KIacTeph NepBOrc YpPOBHA MMENT BHYTPM ce6sA KlacTepu
BTOPOT'O_YPOBHA, Te, B CBOW OUYepeflb, COAEPXaT KIacTepH TPEeThLEro YpPOBHSA
u 1.4 llpy ynpasBienny BHEWHMMM TONUKAMM (EHOMEHH THNA INepeKIDUeHHS
AANC - MHHYC MOTYT NPOUCXOIHTL Ha  pa3HHX  YPOBHAX  Mepapxuu. B
HEKOTOPHX CIyuaax  INepeKloyeHue, OCyLECTBRIAAGMOE® Ha  HEKOTOpOM
ray0oKkoM ypoBHe, NaeT Havalo pa3pacTanmeMycs BO3MYLSHHD, XKOTopoe
PacnpocTparfeTCA M Ha MeHee rayCOKHMe YPOBHM, NpPUBOAA K PaspymeHHUD
cTapoit uepapxuvyeckoit CTPYKTYpH " dopuupoBaHup  HOBOH#
("nepexapHeHue ¢ Xxaomu4ecKUM pDEBONOUUOHHHNN  nepepopomoN” «~ switch
with chaotic revolit).

CeTb (35) NPeACTABAAET COGOfl COBOKYMHOCTh MONapHO  RUCCHNA-
THBHO CBSI3AHHHX JNEMEHTOB. [lO3TOMY Ha Hee NEepeHOCUTCA KOHLenuus
pememoyno20 ckeifiqunza, OGCYXRABUasics B  MNpemuAymMX pasgenax. A

UMEHHO, €CNH  YMEeHLUNTL B a. pas AMILUIMTYLY caydyaftHKX HayaJdbHbIX

ycnoBu#f, TO B TOUKE INNOCKOCTH TMapaMeTpoB A_*+ (A = A)/3,, /2

6ymeT peamM30BaTbCA Ta Xe fasa, Kakas HMena MecTo B  TOuKe
A, €. (9T0 ¢BOJICTBO BHIONHAETCS C TeM GoJbliefl TOYHOCTBD, HEeM MeHb-
We paccMaTpUBaeMas OKDECTHOCTb KDUTHYECKO# TOUKM A = A, € = 0.)

MpusosuMas Ha pUC. 10 puarpaMMa (a3 KaHexo NOMOAHEHA YMeHbman-
muMucs  dparMedTaMM, KOTOPME MINDCTPHPYDT MHOrOKPaTHOe NOBTOpEHUe
KapTHHY oliacTell np¥ NPUOIUXEHMK K KPUTHYecKoll TouKe.

3ameTuM, YTO JEUHAMHKA COCTOAHMH CETH C KOHEeUHHM YKCIOM Kiac-
TEpOB onNUCHBaeTCs ManomepHoil cucteMoft oToOpaxenuft, B KoTopoft woryr
BOSHUKATL TUMbH KPHMTHMECKOrO MOBEREHHUA, pacCMOTpeHHHe B pa3fenax 1 -
~ 5, HeTpyiHo NMpeayoXuTL NPUMEPH KNACTEPHHX CTPYKTYP ¥ 3HavyeHus
napameTpos, np¥  KOTOpHX  peanusypnTes  QelireHCayMoBckoe K
TPUKpUTHYecKoe noBeleHue. Ciyuait ABYX KJNacTepoB ORMHAKOBOI'O pas-
Mepa onucHBaeTCA B TOYHOCTH ypaBHeHMEM (18), KapTa  AMHAMUYECKHX
pexuMoB KOTOpOro ¢ npucymumu eff csoflcTBamu ckefinMHra  paccMaTpu-
Bajlacb Bmue (puc. 3).

3aknouenve

B ocHoBy Hamero u3nOXeHNS OWAM MONOXEHN  KOHUENUMM  PEHOPM-
Cpynnel, YHUBEPCANLHOCTH M CKellnuura, ¥ B  3aKibyeHMe o030pa MM
XOTUM OOCYRMTL B CBeTe OTHX KOHUENUuiA HECKONBKO DYKOBOASUMX
uAelt, xoTOpHe, MO HalleMy MHeHHD, OYAYT onpelensaTb HaibHellwee
pasBUTHE paccMaTpuBaeMmolt oSmacTh.

[leppas U3 HUX - 3TO Udes "OBUXEHUS no XopasxepHocmu”, Jexamas
B OCHOBe psaza ofnacTelt MaTeMaTukn M BHABUHyTas ewme [lyaHxape. Ona
NMeeT BaxHoe 3HavyeHHe NpM MHOrONapaMeTpPHYEeCKOM aHanu3e nepexoia K
xaocy.

[lycTh Mu uMeeM HenuHefHYO CHCTeMY, CIIOCOCHYD  REeMOHCTpPHpO-
BaTb B 3aBHCHMOCTH OT HECKONLKHX [apaMeTpPoB KaK perynspHoe, TaK H
XaoTHYecKoe MoBefeHue. B mnpocTpancTBe  BTUX  NapaMeTpoB  OyRyT
NPUCYTCTBOBATb HEKOTODHE KPUTUUECKHE MOBEPXHOCTH KOpPa3MEpHOCTH 1,
BONU3N KOTOPHX PasHrpHBanTCS H3BECTHHE oRHONapaMeTpuuecKue
CUCHAapHH BOSHHKHOBEHHMS Xaoca, RanpuMep, uepe3 YIBOSHUA  Nepuoza.
lleurasce Bfiolk Takolfi MNOBEPXHOCTH, MoOxXHO, BooGme roeops,
OGHapyEUTHL HEKOTOPYD T[paHMUY, KDPHTHUYECKYD NOBEPXHOCTh  KOpa3Mep~
HOCTH 2, mosBNeHUEe KoTopol ¢usuvecku MoxeT ONTb CBA3aHO, Hanpu-~
MEep, C BHXONOM Ha fopor ycTolunBocTu HOBON Mopuw. B cBob ouepexn, 3Ta
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NMOBEPXHOCTb MOXET OHTb OrpaHUuyeHa NOBEPXHOCTBO KOPa3MEPHOCTH 3 M
T.A. KpuTnueckoe noeexmenue, peanusypumeecs Ha KaxAc# H3 3THX
TIOBEPXHOCTEN pa3Ho#t KOpaB3MEepHOCTH, RONXHO OHWTb NPOAHANUINUPOBAHO C
momolbn Metoza Pr.

Camn no ceGe pesynbrate P aHanmsa eme He jpanT nonHoro npe-
BCTaBJeHUA © ABNEHUAX,  KOTOpHe MOryT HadIpAaTbCs B UcclefyeMoit
cucreMe. OHM, BO-NEpBHX, NMOMOranT NOCTPOMUTbL MOHENH, 3aclyxuBapmye
U3yYEHNsA, M, BO-BTOPHKX, CO3[4apT OCHOBY ANA xnaccuduxauun n
NOHMMAHUSA HepapXHUYeckoll OpraHW3amu¥ AUHAMUYECKUX mnpoueccos. KoH-
KpeTHoe Xe HaloJNHEeHHe COXepXaHHeM 3STOR CXeMd, BHSABJIEHNE peanusy-
vIMKCA $EeHOMEHOB - 3TO feN0  KOMNLDTEepHROro  MoAenupoBanusd. Eciu
MCMONB30BATb pacxXoxee CpaBHeHMe MHOroodpasusd ¢(eHOMeHOB ¢ 3oomnap-
KOM, TO pesynbTaTs PI' onpenenaoT NPMHUMI pPacCTAaHOBKM KJNeTOK, Torka
KaK KOMIbDTEepHWe pacueTH BHABIADLT, KaKoft  3Bepb XuBeT B Kaxoft
xnetke. Ho He cnegyeT M npuyMeHblIATh 3HAYeHUEe NPHHLUMIA: OYEHbL NONE3-
HO yMeTb ONpeNeNdTb, KakKoff 3Bepb HAXOLUTCA B KieTke A, ecly
U3BECTHO, KTO xuBeT B kieTke B. Tem Gomee, vyTo “3oomapx" colaepaut
GecKoHeyHoe YUCHO KIETOK!

B npunerapmeit x KpuTH4YecCKol Touke (NUHHUN, TOBEPXHOCTH) YacCTH
NPOCTPaARCTBa NAapaMeTpoB peanu3yeTcs  yHuUBepCalbHas, onpelenseMmas
TONbKO THUROM KDUTHYECKOro MOBefSHUsA CTpyKTypa ofnacTtelt TuRa
BJIOXEHHHX JApyr B Jpyra MaTpemek. 3my cmpykmypy Cc/Aedyem paccsampu-
Bamp Kax obsexm, cayxamuid obobmenueM nowsmust “cuyenapul nepexoda X
xaocy” B NHOzonapamempuyeckol cumyauuu. Yanaepcanbnmun B TOM Xxe
cMeicne OyRyT (iopMa cnexTpa KpHUTHYECKOIr'o JABHUXEHHMA, BHJA 3aBHCHUMOCTH
JNANYHOBCKUMX  NOKasaTene OT fapameTpoB  3ajavy, dpaxTanbHas
CTPYKTYpa M xXaycaopdoBa pasMepHOCTb KpUTHUECKOroe aTTpaxkTopa. Jumb
nocne Toro Kak Hamy NpeACTaBlIEHMs O TOM MAM MHOM THME KpHTUYecKol
OUHAMUKH HACHTATCR NoAolSHOR (usnveckolt ¥ MaTeMaTHueCKoR UH-
fpacTPyKTypolt, MOXHO TOBOPHTE O HROCTATOYHO NONHOM  FOHMMAaHUM CO-
OTBETCTBYyNUEro ''cuerapus'.

U3 cxazsanHoro sfcHa oduas CTpaTerMs HONCKa M HCCIeAOBaHUA
HOBHX THMNOB KPUTHYECKOro NOBeReHusd, KoTopad, HECOMHeHHO,  OyZReT
[IOCTENEeHHO peannsoBuBaThbCcA. Ha ceroguamuuit ZeHb RoCTaTOUHO  yOe-
AuTenbHOf! ee ManmpCTpauuefl MOU'YT CHYXMTb pe3yALTATH aHanusa 3amavyd
O MOoBemeHuM ABYX cucTeM defirendayMa ¢ ORHOHanpaBNEHHOH CBA3LD, B
KoTopolt ofHapyxeHa BepapXUf THUIOB KPUTHYECKOrO NOBENEHus.

Cnenyomas BaxHasg MAes - 3T0 udesd KOHCMPYUDOBAHUS  COCMABHEX
KONNAEKCOB, B MOM 4YUcCnAe pememox U cemeli, US 3J/IEMEHMOB C U3BECMHHN
munox nopedenus. QHa' GuNa monyNspHa eme B Kjaccuyeckot Teopuu
Konefauuil, rie ponb MHAMBUILYaNBHOTO 3JIEMEHTA MNIpafl rCapMOHMYECKUfl
ocuuansTop. OHa Xe JNeXUT B OCHOBe CHHEPreTUKH, DpaccMaTpupapmed
TPOLeCCH CaMOOpraHU3alNK M XaoTH3aluM B CHCTeMaX, MNOCTPOEHHHX Ha
Gasze HeAMHe{HLX 3NEMEeHTOB.

Jin6ast CUCTeMa, KEMOHCTPUPYOUAS ONpelefleHHHNl THMI KPUTHYECKOTO
MOBEJleHys, MOXeT DpaccMaTpuBaTbCA  Kak  HOBHH  yHRaMeHTaNbHuit
O6BEKT, NPHrOfHsl JNs UCTONL3IOBAHMS B KAUeCTBE COCTABHOTO DIEMEHTa
npn NOCTPOEHMM COCTARHHX CHCTEM—KOMINeKcoB. B cBOD  ovepefns
KOMIJIGKC B LENOM MOXeT M JONXeH OMTb MCCReNOBaH HAa HaNMuMe HOBMX
TUNOB KPUTHYECKOrO MOBEJEHMS.

B o6zope. 6una nmOApoGHO pacCMOTpeHa JANHAMMKA CBA3AHHWX  CHC-
TEM, pelleTOK, ceTefl, B KOTODHX B KayeCTBe MHAMBHRAYANLHOI'O 3JEMeHTa
furypupoBano NOrUCTHHECKOe OTOOpaReHHe ¢ ORHUM napaMeTpom,
IeMOHCTpUpypmee {(eilreHGayMoBCKUit clieHapu#t nepexofia K Xaocy. He-
clefioBaHMe 3THUX MOAelell BCKpHNO HeobwualiHoe  GozamcmBo CMpPYKmyp,
obradapmux uepapxudeckod opzanusagueld B6AU3U  MOYKU  nepexoda X
xaocy. 3KeCb HaXO OTMETHTb, YTO OGHUYHO O  "MONeNBHHX CHCTeMax"
TOBOPAT TOrKA, XOrfa UEeHON CYMECTBEHHOro yNpOMEHHs ONHCAHMA CTpe~
MATCR JAOCTHTHYTb XOTS OH TIpysoro, KavyeCTBEHHOrO NOHUMAHMA  RoBe-
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IeHUsA peanbHO CyWeCTByoMerce o6bekTa. OfHAKO B KOHTEXCTe MNpexcTa-
BiicHHI O KPUTHYECKUX SABICHMAX OT Mogenell creayeT oxuEaTh Oolb-
mero. Byayuum nonxHonpaBHUMK DNpPefCTAaBHTENAMH CBOMX KJAcCCOB YHHUBep-
CalLHOCTH, OHM  JROMXHH oOCecneuyMBaTb afeKBaTHOe  KOINHYecTBeHHOe
onucaHde peanbHHX CHCTEM, OTHOCHIMXCA K TeM Xe KRaccaM, no
xpaltuefi Mepe BOAU3N COOTBETCTBYDIMX  KPUTHUECKHX  TOWYEK. Bomnpoc
COCTOHT TOJIbKO B YCTAHOBIEHHM COOTBETCTBURA  MexAy  JAMHaAMMYSCKHUMH
TIepeMeHHHMM W TNapaMeTpaMM CHUCTeMH M MoZenu. M XOTUM ocoGo  mog-
YEepKHYTh DTOT MOMEHT, I[IOCKOJbKY OOCyXfaBmHecs MOZeNM MOrIH NoXa-
3aTbCs Yepecuyyp aGCTPaKTHEMU.

Mlpnaoxenne
1. Qynxuna deifrendayma:

2

g(x) = 1-1, 527632997x° + 0, 1048151943x* + 0, 0267056735x° -

- 0, 0035274139x°+ 0, 0000815819x %+ 0, 0000253684x" %~ 0, 0000026878x™*,
2. YHuBepcanbHag (YHKUHMS, ONKCHBANIAS TPHUKPUTHYECKYD AUHAMUKY:

g, (x) = 1-1, 83410790700x* + 0, 01296222601x" + 0, 31190173945x"? -
- 0, 06201465160%'° - 0, 03753928670x2° + 0, 01764731251x>* +

32

+ 0, 00193826520x2° -~ 0, 00282047096x>% + 0, 00011545666x°° +

+ 0, 00039947082x°° - 0, 00002479251x*® - 0, 00012164143x*° +

S6

+ 0, 00007043385x°% = 0, 00001797963x>® + 0, 00000190870x°°.

3. YmupepcanbHasd QyHKUMA, ONHUCHBANMAA CUKPUTHUECKYD AUHAMUKY:

£,(x,y) = 1-0, 596905x°~ 0, 032157x'+ o, 018457x°- 0, 000201x°-
- 0, 855639y°-0, 302943x°y°+ 0, 054630x*y*+ 0, 021499x°y*-
- 0, 004860x°y?- 0, 431738y%+ 0, 087452x°y*+ 0, 091136x'y"-
- 0, 011023x°y*~ 0, 003242x°y*+ 0, 087486y° + 0, 180356x%y°+
+ 0, 009298x'y®~ 0, 031914x°y%+ 0, 005042x°%°+ 0, 1526625+
+ 0, 060337x%y%- 0, 096310x*'y*+ 0, 017439x°°+ 0, 060864y °-
-0, 153737x°y' °+ 0, 037690x"y' %~ 0, 101867y' 3+ 0, 047570x°y" %+
+ 0, 026310y %,

4. YumBepcaneHas (yHKUMA, ONHCHRADWAS AUHAMUKY B MNyNIbLTH-
KpUTHYeCcKoft TOuxKe BT:

£,.(x,¥) = 1 - 0,401489y"- 0, 647008y°- 0, 764338y'*+ 0, 948317y"°-
- 6,512318y%+ 23, 444001y**- 51, 462786y"°+ 76, 526244y~
-69, 236797y°+ 33, 523789y'%- 6, 654459y**+x% (-0, 380946-0, 578270y -

- 0,924782y"+ 3, 207539y'%- 27, 026345y'%+ 127, 361506y°°-
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- 364, 21872477+ 676, 471413y 793, 030007y %+ 560, 113033y°°-
-217, 468288y*°+ 35, 712535y*) + x*(-0, 150141 - o0, 266120¥%+
+ 0, 922201y% 13, 913457y'%+ 99, 471585y'%- 387, 166982y%+
+ 937, 925631y*'- 1420, 505654y"°+ 1331, 993505y -

- 749, 454686y°°+ 231, 199927y~ 29, 871488y**)+ x°(-0, 024968 -
- 0,021137y* 1, 107687y%+ 23, 366570y'°~ 149, 729985y"%+
+ 512, 519022y~ 998, 517972y"*+ 1136, 063481y°°- 749, 225002y°%+
+ 266, 722853y°°- 40, 001237y*°) + x°(-0, 002388 + 0, 228128y*-
- 0,111086y°- 13, 210179y'%+ 106, 642684y'°~ 339, 857148y°+
+ 542, 154904y~ 460, 181747y°%+ 197, 645364y~ 33, 358334y°%) +
+ x°(0, 016764 - 0, 176914y%+ 1, 694251y°- 1, 908288y*%-

- 24, 0256467'%+ 86, 009698y*°-118, 6328255°'+ 76, 052577y
- 19, 013144y™%) + x'3(-0, 003513 + 0, 069849y"~ 0, 891185y"+
+ 3, 015233y'%- 3, 654160y'%+ 1, 4616645%),

5. YauBepcanbHhe  (YHKUHM, ONKCHBaDIMe CBASbL MEXAY  ABYMSA
cucTeNamu QdellreHdayma:

p, (X, y) = 0, 6103456y - 0, 0578582y%+ 0. 0000007y°~ 0, 004556y"~
- 0, 6103407x - 0, 0000002xy - 0, 000014xy°+ 0, 0000105xy*+
+ 0, 0578586x°- 0, 0837668x°y - 0, 0208688x°y"+ 0, 0000097X°y +
+ 0, 0005982x°y'+ 0, 0000109x°y°+ 0, 0837517x°+ 0, 000011x°y*-
- 0, 0000101x°y*+ 0, 0254254x*- 0, 0320244x'y + 0, 0019749x"y*-
- 0, 0000097x"y>~ 0, 000095x*y*+ 0, 032048x°- 0, 0028781x°+
+ 0, 0057259x°y -0, 0000446x°y - 0, 0057469x + 0, 0001322x°-

- 0, 0002811x°y + 0, 0002906x°+ 0, 0003007Y°,

p,(x,y) = -1, 0586844y%+ 0, 0547721y%+ 0, 004464y°- 0, 0005518y%+
+ 1, 0586824x°+ 0, 0357628x°y°+ 0, 003456x°y*~ 0, 0001064x°y"-
- 0, 0905175x%+ 0, 0351256x'y*- 0, 0010823x°y*~ 0, 0430980x°-

- 0, 0050244x%y%+ 0, 0001013x%*+ 0, 0068283x°+ 0, 0001738x°y*-

- 0, 0003016x"°.
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CapaToBckuit fumuan Uuctutyra Baxnowexnnuu llocTynuna B _peaaxuup
¥ anexTpounkn AH CCC 1 noasg 1991 r.

CRITICAL DYNAMICS OF COUPLED MAP LATTICES
AT THE ONSET OF CHAOS

Kuznetsov A.P., Kuznetsov S.P.

The review of recent works is presented, covering the field of
coupled map lattice approach to the extended systems complex
dynanmics, the lattice being constructed of the elements
demonstrating period doubling scenario of transition to chaos. The
systems are considered in increasing complexity order beginning with
the individual Feigenbaum’s system , then the system of two elements
with uni- and bidirectional coupling, one- and two-dimensional
lattice models with nearest-neighbour coupling and, finally, the
nets in which each element is coupled with all other. All above
mentioned classes are discussed in the framework of critical
phenomena theory, renormalization group approach, universality and
scaling concepts.



