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O030DB] AKTYATTHH 1 A —— |
MpOVIEM HEJMHERHO! [IAHAMAKA

W3B. By30B «[TH», 1.10, No 1-2,2002 YK 551(551.24583.1), 621.317, 621.385.6

BBEJIEHHE B HEIIPEPBIBHBIV BEMBJIETHBIV AHAJIN3
JUISA CIELUAJIICTOB B OBJIACTA HENMHENHON TUHAMUKHA

Yacts 2. IHyTn B Xaoc ¢ TOUKH 3penAnsi ReHBICTHOTO aHAIH3A

A.A. Koponoscruii, A.E. Xpamos

[aHnas craTha fABAAeTCA NpofoibkeHueM paboThl «BBefeHHe B HENPEPLIBHLIH
BEHBJIETHBIH aHAMU3 s CHCIMandcToB B OGNacTH HenwHelHod mEHamuKH, YacTe 1»
onyGiauKoBaHHOM B XypHane «3p.By3os. Ilpukiaguas Hemmueiinas gunamuka». 2001, T. 9,
Ne 4,5. C. 3. B pabore ¢ nosulgii HenpepEIBHOIO BEBIETHOTO aHATN3a RINTIOCTPAPYIOTCH
OCOGEHHOCTH YHUBEpCalbHEIX ITyTelf B  Xaoc, pealNH3yIoUHMXCid B  HeJHHEHHbIX
KOHEUHOMEPHBIX [MHAMIYECKUX CHCTEMAaxX: Mepexof K xaocy uepes kackajj Gmdypkaumwii
YABOSHHS NIEPHOJIA 1 YIepEXO] K Xaocy depe3 NepeMeskacMoCTb.

XopoIo M3BECTHO, YTO B JUHAMMYECKHX CHCTEMax C Majiod pa3sMEpHOCTHIO
¢$a30BOro0 NpPOCTPAHCTBA - CUCTEMAax C [UCKPETHBIM M HeNpephbIBHLIM BPEMEHEM -
HaOJTIONAIOTCA YHUBEpPCAIbHBIE MapLUpPyThl IIEPEXOJa OT PEry/sIPHBIX PEXKHMMOB
KoneOaHuii K XaOTHYECKMM TaK HasblBaeMbie «IyTH B Xaoc». Ha gaHHBII MOMEHT
M3BECTHBI TPH TaKKX MEPEXOfia K Xaocy, 00Iafalolue YHUBEPCalbHLIMI CBONCTBAMHM.

* IEPEXOJ] K Xaocy yepe3 cyOrapMOHMYECKAi KackKa;
* IIEpeXOo] K Xaocy yepe3 epeMekaeMoCTh,
* IEpPeXOoJ K Xaocy Yepe3 pa3pyllieHue KBa3UIePUOHIECKHX IBHAKECHAH.

B nanHO# YacTH MBI MOCTapaeMcsi MPOMIUIFOCTPHPOBATh CIEHApUMH Tepexofia K
XaoCy Yepe3 y[BOEHHs TepHOJia ¥ IepeMeXaeMOCTh ¢ IO3NIHI BENBIETHOTO aHAIN3a, a
TAaKXE BbIABHTb XapakTepHble OCOGEHHOCTH  BEHBJIETHOIO Npeo0pa3’oBaHus
aHATH3UPYEMBIX CHTHATIOB, COOTBETCTBYIOMINX PAa3IMYHBIM THIIaM NIEPEXOfia K Xaocy.

2.1. ITepexoj K xaocy Yepe3 cyorapMoHH9eCKHil KacKaj

Kiaccuueckoit KOHEYHOMEDPHOM [MOTOKOBOW CHCTEMON, JAEMOHCTPHPYIOLICH
IIepexof K Xaocy depe3 Kackaj yIBOeHH il meproza, siensercs cucreMa Pecenepa [1]

1 10 ecTh ¢ MasbIM HCIOM CTeNeHel CBOGObL.



x=-(y+12),
y = x+ey, (2.1)
Z = w-mz+ xz.

PaccMOTpEM HMEHHO 3Ty CHCTEMY B KauyecTBe 0a30BOH UISl aHamM3a Kackaja Gudyp-
Kauud yOBOSHHS TIEPUOJIa ¢ NOMOIIIBIO BEHBJIETHOIO aHAIU3A.

II;ist YMCIIEHHOTO pelenns cucteMbl ypaBHeHui (1) ncnomp3oBancs MeTon Pynre
- Kyrrel 4-ro nopsigka ¢ maroM 1o Bpemenu Ar=0.001. Cucrema uccieoBanach npu
(bMKCHPOBAHHBIX 3HAYCHHAX NapaMeTpoB e=w=0.2, mapaMeTp m U3IMEHSIICA B Npefenax
2.0<m<6.0. B 3TOM [Mama3oHE YIPaBIAIOIIErO [1apaMmeTpa HaOrofaeTcst nmepexon K
Xaocy uepe3 MNOCIe0BaTeNbHOCTh Oupypkanmit ypsoenms mnepropa. Ha puc. 2.1
npefcTaBjieHa COOTBETCTBYIONasn GudypkalMOHHas AMarpaMMa KoJebaHuii B CHCTEMe
NpH U3MEHEHNH napaMerpa m B npefenax 2.0sm<6.0.

PaccMoTpuM, 4TO HaGMIofaeTcss B 9TOM ciiy4yae IpH aHajin3e BPEMEHHBIX PSJIOB,
OpOXKJaeMbIX cHcTeMoil Pecciepa, ¢ NMOMOLIBIO BEHBIETHOTO aHaimu3a ¢ 0a30BbIM
mopret-BeiBreToM. Ha prc. 2.2 nokasasbl COOTBETCTBYIOIIWE MPOCKIMA TIOBEPX-
HOCTEH paclpefe/ieHnsT aMIUINTYL Ko3((HIMEHTOB BEHMBIETHOrO INpeobdpa3oBaHus
IW(tf)l, cnexTpsl MomHOCTH B norapugmudyeckoM Maciurale, NPOeKIHH (a3oBbIX
MOPTPETOB BPEMEHHBIX peanu3alyii IHepeMeHHoN x(f), MOCTPOEHHBIE MO METOMY
Takenca? [2], u pacnpepenerus sueprim (E(f, )) mo Bpemennbm MaciuTabawm (f,=1/s) npu
pa3NMUHbLIX 3HAYEHUSX YIPABMSIONIEro napaMeTpa ml. AHAIW3UPOBAUCh BPEMEHHBIE
DSIIbI, U3 KOTOPBIX MPEBAPUTENLHO ObLI YaneH e peXoJHOu IpolLecc.

Ha puc. 2.2, a NeMOHCTPUPYIOTCA XapaKTepUCTHKM KOJIeOaHmil [UIst MepPHOIH-
yeckoro pexuMa c¢ mepuopiom T, (m=2.6). IToBepXHOCTb pACHpEfeIeHUs aMILIUTY]
K03()(DHUIICHTOB BEUBJIETHOrO NpeobpasoBanust (Wl B 3TOM ciydae KayeCTBEHHO
TToI06HA TOBEPXHOCTH XapaKTEPHOU JIjIsi IEPUOIHYECKOro CHrHama (CM., HalpuMep, puc.
1.4, a u3 [3], Ha KOTOPOM OBINO NpeficTaBieHO pachpefencHue Wi, monyyerHoe s
CUHyCOMJabHOro curfana). Hanmuue ypbe-rapMOHUK OCHOBHOU 4acTOThl CHIHasa ¢
MaJIOi aMIUTUTYHON MPpakTUUECKU HEe OKAa3blBaeT BIIMSHME Ha BHJl BEHBJIETHOrO CHEKTPA.
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6.0

4.0

20

0.0

2.0 2.8 3.6 44 m
Prc. 2.1. Budpypkaumonsas guarpaMma Kone6anmii B cacTeme Peccriepa npu usMeHeHMU IapaMeTpam

(e=w=0.2)

2 To ecTh MO BPEMEHHOMY psay x(f) CTPOHTCH n-MepHbli BekTOp Buma x(f), x(#+21), x(1+nv),
KOTOpSIif, KaK MoKa3aHo TakeHcoM, MOXKET PacCMATpHBAeTCs Kak BEKTOp B (ha30BOM MPOCTPAHCTBE. 3ech
T - BpeMs 3aIepIKKi, KOTOPOe BbIOUPaeTCst MPOA3BOMLHO [2].
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Puc. 2.2, a - IlpoekuyM NOBEPXHOCTH IW(.r,f)I CIEKTpbl MOLIHOCTH, (Pa3oBble MNOPTPETHl M
pacupefleicHHs 3HEpPrud IO BPEMEHHLIM MacilIraam (E(f )), HonyyeHHble ¢ Ga30BBEIM MOpIET-
BefBNIeTOM MO BpeMeHHLIM peamazammsaM x(1) CHCTeME! Peccnepa (2.1) ¢ 6udypKalHOHHEIMEI
napameTpamu: a - m=2.6 (uuxn T, ), WIATENLHOCT: BPeMEHHOI peay3ailum N=2" orcueros, Ar=0.001;

6 - m=3.6 (wkn T, ), WHTeTLHOCTS BpeMeHHOH peamzawym N=2'* orcueros, Ar=0.001



AHaJNOruYyHbie Pe3yNbTaTbl MOXHO HaOMIOfaTh W aHaM3KMPYs YCPEAHEHHOE pacnpefie-
nenre aHepram (£) Mo BpeMeHHbIM MacluTabaM xoneOamui. OHO UMEET eJIMHCTBEHHBIN
MaKCUMYM, KOTOpbIi COOTEETCTBYET (¢ TouHOCTBIO 10 Koadduumenra 1.03) Gasosoit
yacToTe curHana f, (OTMeueHa Ha PUCYHKe) B CleKTpe MourHocTa P(f).

PaccmotprM Tenepb, Kak TpaHchOpMApPYETCd PAacrpefie/ieHie aMIUTUTY Ko3g-
(buIIMEHTOB BeWBIETHOrO Npeobpa3oBaHyua ¢ yBelnyeHHWeM OucypKanmuoHHOIO Mapa-
meTpa m. Ha puc. 2.2, 6 nokasaHbl XapaKTepUCTUKH CUTHaJa Iocie nepsoyi Gudypka-
upu npubasneHus mepuopa (m=3.6). Ha BefiBnetnoi noeepxsHoctu W nosersercs
BTOpO¥i MakcuMym (Gonee TemHas obmacte npu f~ 5.0). DTo xopowo BAgHO Ha
pacripenienienuu (E), Ha KOTOPOM MOSBISIETCS] BTOPOH MaKCHMYM, COOTBETCTBYFOLIUH
cybrapMoHuKe f,/2 B CIIEKTpe MOLIHOCTH, [IpHueM COOTHOLIEHHE MEX[y aMIUTHTYIaMHU
JIOKaJTbHbIX MaKCHMYMOB B paclpelielieHMM SHeprud 1o MaciurrabaM BEHBIIETHOTO
npeoGpa3oBaHust U (Qypbe-CIEeKTPe MOIHOCTH CyllecTBeHHO pasHoe. OHO, B
coorBeTcTBHY C BripaxenneM (10) u3 [3], mmeeT Bup

P(f,)IP(f,/12) = ‘[ P(f, ) P(f,./12)]. (2.2)

Cnegyer Tax:ke oOpaTUThL BHHMAHHE HAa XapaKTepHYIO CTPYKTYPY BEHBJIETHOMN
MOBEPXHOCTH B 06GNacTM OONBIIMX YacTOT (MalbIX BpPEMEHHBIX MacuiTaGoB). ITa
CTPYKTypa MNpENCTaBIgeT Cco0OH mnepuoguuyeckKy Halmojaroumpecs ropobl Ha MoBepX-
Hocty |WI, nokanu3opanibie BOIN3M MaKCHMyMOB (IpiyeM MakCHMYMOB ¢ HauboJb1Iek
aMITTUTY[I01) Ha BPEMEHHOW peanu3alliy Mponecca. JTO CBA3aHO ¢ TeM, 4TO UMEHHO
BONM3W 3TUX MaKCHMYMOB BHJ BpEeMeHHON peanmusamyun x(¢) HauGoiee CHIBHO
OTNIMYAETCsl OT BUAA rapMOHMuYeckol (YHKUHH, W JUisl ONMCAHUS €ro HeoOXOmIMO
HamOOJIbIIee YUCIO FapMOHNK B pasioxernu Pypoe (cp. ¢ puc. 1.12 u3 [3], Ha koTropom
TNpeNCTaBieHbl Pe3yibTaThl HENpPEphIBHOTO BEWBIIETHOrO IpeoOpa3oBaHus CHUTHANa,
NpEACTaBISIIOIEr0 COOON MOCNe0OBATENbHOCTh MPSIMOYTONLHLIX WMITYJILCOB). 3jech
0c000 YETKO NPOSIBJISETCS PAa3NUYUe MEXIY (Dypbe-aHalu3OM U BEHBIETHBIM aHaIH30M.
Hns neporo - maHHble 3(p¢eKTbl MOIYT ObITh YHYTEHBI TONBKO B «CPEIHEM»: OHM
BbIpaXaloTCcsd B HANWYAM Y CHrHajla rapMOHHK 6a30BO¥ 4YacToThl. Ha BpeMmeHHBIX
Maciurabax paxKe MOpsiiKka OgHOro Inepuojga KoiieGaHH BEWBJICTHLII aHalH3 YeTKO
MOKa3bIBaeT, KOrJa CHrHAT [EMCTBHTENBHO CYIIECTBEHHO OTJIMYAETCsi OT TapMOHH-
YeCKOro, a KOrfa GIIM30K K HEMY.

Puc. 2.2, 6 GeMOHCTPAPYET XapaKTEPUCTUKU KOseGaHuil MpH 3HAYEHWU YIIPaB-
nsromtero mapamerpa m=4.2 (umka nepuwona 10, 4yro xopomo BHIHO Ha ha3oBOM
nopTpere). YCpPEHEHHOE paclpefeNieHde 3HEpPruM MO MaciuTabaM NpaKTHYECKH He
HU3MEHAETCS [0 CPaBHEHMIO C NMpefpiayiuM caydaeM. CaMa IOBEPXHOCTh KO3 GuiueH-
TOB BelBeTHOrO cnektpa Wl mveer B o6macTi BpeMeHHbIX MaciuTabos f, € (f,/2, f,)
Gonee CIOXHYIO cTpYKTypy. OfHaKO, WHTEHCHBHOCTb JaHHBIX BPEMEHHBIX MacirTaGoR
CyLIECTBEHHO MEHbLIE, YeM HHTEHCHBHOCTb BPEMEHHOIO MaciuTaba, COOTBETCTYIOLIEro
cyGrapmoHuxke f,/2.

XapaKTepuCTHKM pekuMa JeHToyHoro xaoca (m=5.1) B cHcreme Peccrepa
MOKa3aHbl Ha puc. 2.2, 2. CrieKTp MOUIHOCTH UMEET BLICOKHU LIYMOBOI MbENeCTal, Ha
KOTOPOM BBLIJIEISFOTCSI OCHOBHAS 4acTOTa, €€ FapMOHUKH ¥ cyOrapmoHmku. Ha npoex-
MM I[IOBEPXHOCTH PpaclpelelleHuss aMIUTHTYObl Ko3(h(DHUMEHTOB BEHBIETHOTO
npeoOpa3oBaHusd HaOIIOJaeTCsd MaKCHMMyM, COOTBETCTBYIOLMII Ga3oBoil udactote f,.
OpHako B OMIMYME OT TNpedbiIylIdX CiIydyaeB aMIUIMTY[a STOr0 MakcuMyma (a
CTIE[IOBATENILHO, M 2HEPIUs [BYIKCHUS CHCTEMB], COOTBETCTBYIOLIAS 3TOMY BPEMEHHOMY
Macmraby s,=1/f,) MeHseTcst ¢ TedeHHeM BpPEMEHH. DTO BbIPAXaeTCs B M3MEHCHHH
TOJIIMHBI ¥ TOHA COOTBETCTBYIOUICH NMHMHA Ha nipoekuun W1 Ha miockocts (¢, f). UTo
KacaeTcsi JMHAMIKH Ha BPEMEHHbIX Macmrabax Oonpmmx 1/f,, To oHa cuabHO
HeperynapHa (3TO XOpOLIO BHIHO M3 aHasli3a BEHBJIETHOHW NOBEPXHOCTH B [Hala3OHe
f, € (2.0, 7.0)). Omuako sHeprus, 3ak/rOYeHHas B 9THX MaciuTabax, CYIECTBEHHO
MEeHbIIE, YeM 3Heprusi OCHOBHOro Macuraba (cM. pacupepenesue oueprun (E)).
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Puc. 2.2. 6 - m=4.2 (uaxn T\,), IIATENLHOCTE BPEMEHHON peaimsaliti N=21% orcueros, At=0.001;

2 - m=5.1 (pexXuM XaoTWIEeTKON JIMHAMHKY ), JVIATEIHOCTL BPeMEHHOM peammsaumumN=2'4 orcueros,
Ar=0.001



3aMeTHM TakXke, YTO HeperyJjisipHas JMHaMuKa Ha MaJlbIX YacTOoTaX IPUBOIUT K TOMY,
YTO HA KpuBOH (£) HaGTIONaloTCs pABHOMEPHO CAJalOIie «XBOCThD» pacupefiencuus. K
NOCNeHUM PpAaclpefiefIeHusiM  Mbl  ellle  BepHemcsl, Korga OyfeM paccMaTpuBaTh
pe3yNbTaThl BEMBICTHOrO aHamM3a TNepexofa K Xaocy depes NepeMexkaeMOoCTh Ha
npuMepe cacTeMsl JlopeHia.

Jlns cpaBHEHHS BEHBJIETHOrO MpeoGpa3oBaHus ¢ 6a30BbIM MOPJIET-BEHBIETOM Ha
puc. 2.3 mpusefiena npoekuus nosepxuocty W1, mocrpoennas ¢ marepuHckiuM MHAT-
BEMBIETOM [ BpeMEHHOH peamdsamuu hepemenHol x(r) cucrembl Peccrnepa ¢
napamerpamu e=w=0.2 u m=42 (maxn mnepuopga 10). MHreprnperauus JaHHOH
TOBEPXHOCTH CYIIECTBEHHO cloXHee. YTo KacaeTcst pacrpenciieHus aHepru# (E) mo
maciirabaM, TO OHO CYILIECTBEHHO IIMpPE W HE JEMOHCTPHUPYET TOHKYIO CTPYKTYPY B
061acTH MalLIX 4YacTOT, KaK B Cilyyae BelBJIETHOrO aHaiM3a C MOpIET-BEHBIETOM.
3aMeTHM TakKe, UTO B JaHHOM Cjlydae BpeMeHHOH MacmiTab BEWBIETHOTrO mpeobpaso-
BaHWsl, COOTBETCTBYIOWMI MaKCUMyMy 3HEPIMM B BEHMBJIETHOM CIIEKTpE, HE COBIA[AcT
110 BeJIMUMHE ¢ epuofoM ¢ypbe-peodpazoBanus (cp. ¢ puc. 2.2,6)°.
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50000 b f

0.0 102.4 204.8 307.2 r
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0.0 50.0 100.0 150.0 J;

Prc. 2.3, Ilpoexuus NOBEpXHOCTH pachpefeficHHs aMInTyd Koa(HIHEHTOB BEHBIETHOTO
npeoBpasopanms |W( tf,)| 1 pacnpeie/ieHHe SHEPTAN IO BPEMEHHbIM MacuITabam (E(fs)), NOJY4YEHHBIE
¢ GasoBsiM MHAT-BeitBieToM no BpeMeHHON peammsawuu x(f) cHcremsl Peccmepa (2.1) ¢
OuypKalmoH-HEM TlapameTpoM m=4.2 (mapameTpbi e=w=0.2, wukn T,). [UIATENBHOCTE BPEMEHHOI
peammazamum N =212 orcueros, Ar=0.001

3 Nawnsie BONpOCk! NoApoGHO 06CyKAaMUCh B NEpBOfi YacTi paboTsl [3, Tabn.)
g s MHAT-BeiiseTa, KoTOpbIi SBASETCS AeHCTBUTENLHBIM BeiBleTOM, dasa KoahhHIMeHTOB
BeliBHETHOTO CINEKTpa TOXRECTBCHHO PaBHA HYIIO.



Takum 06pa3oM, MOXKHO CliestaTh BBIBOJ, UTO aHAIN3 paclpe/iesIe sl aMILTATY bl
ko3 umenToB BelBneTHoro crekrpa Wl nosposnser abdexTuBHO OOHAPYXHTH
TOJBKO TepBYI0 OuypKaMIo YIBOSHHS NIeproia, Oarofapsi TOMy, YTO HHTEHCUBHOCTD
NepBOi CyOrapMOHMKH OCHOBHOM 4YacTOTBI IIOCNE YABOCHAS B CICKTPE JAOCTATOYHO
BesmuKka. Crhegyromue O6udypkaudd YOBOSHUS NPHBOAAT K YCIOXHEHMIO BeiBIETHOH
nosepxHocTH |W/| B obnacTy GONBUIMX BPEMEHHBIX MaciITaboB s, HO HHTEHCHBHOCTD

MAHHBIX MAacIITaboB Manma. BelelcTBHe KOHEYHOU IIMpHHBI (pyphe-obpasat) 6Ga3oBoit
BelBneTHOM (HYHKIMM MOSIBIIEHUE BCE HOBBIX Cl1a0OBBIPAKEHHBIX B CHIEKTPE BPEMECHHBIX
macnuiTaboB s,,,=2s,, e i - HoMep OuypKalyH, BLIPAXaeTcs B MOSBICHAN Pa3MbITOTO,
OueHb ClIab0 BLIPAKEHHOrO IIbeficcTana B 06J1aCTH MaJlbIX BENIUYMH f, B paclpee/ieHiun
(E). Ho BeliBneTHBbIl aHAIM3 HE NO3BOJSET BBIIETHMTh KaXK[bId U3 3THX BPEMEHHBIX
MacmTaboB oTaenbHo. [Jaxe npuMeHeHne Gojiee «9acTOTHOM30UPaTeILHOIO» BEHBIETA
Moprera ¢ 0,=16 (cm. puc. 1.3 u Tabn. u3 [3]) nossonsieT «3aMeTUTL» B paclpefie/IeHIN
sHepruii mo MaciuraGaM TOJbKO MacinTab s=4T, COOTBETCTBYIOLMNA TpeTbhel GHGYp-
Kaluy yrsoeHus. [lanpHeinee yBelIMYEHHE NapaMeTpa ), MaTepUHCKOM BEWBIIETHOW
¢dbynkuuu Moprieta (mOciefHee COOTBETCTBYET YMEHBUICHMIO ILIMPHHBI BeHBIETa
MopneTa B hypbe-POCTPaHCTBE, @ CIEe0BATEIbHO, MOBLIIAET YACTOTHYIO H30Mpa-
TENLHOCTh BEHMBJIETHONO IpeoOpa3oBaHKs) CBOOMT Ha HET OCHOBHOE [(OCTOHHCTBO
BEHBIETHOrO NpeoOpa3oBaHMsi, a WMEHHO: BO3MOXHOCTE 3((EKTHBHOIO BbIIEICHHS
JIOKQJIBHBIX  OCOOEHHOCTEH aHanmu3upyeMoro curHana. PakTUYecKH, yBeIAIMBas
mapameTp g, Mbl NPUXOMMM K OKOHHOMY IpeoOpasoBanmio Pypbe, JOCTOHHCTBA H
HEIOCTATKA KOTOPOro 06cyXaaluch B0 BBeeHAH.

AHaNOTMYHAs CHTyalus CKIafblBacTCs M TIpM aHanm3e pacipefienienus ¢a3s
¢, (tf) KoapummeHTOB  BEHBIETHOTO  CMEKTPa  CHTHANOB, IEHCPHUPYEMBIX
MHAMUYECKIME CHCTEMaMH IIpH Tlepexofie K Xaocy dYepes yaBoeHue mnepuopa. B
KadecTBe MpUMepa Ha puc. 2.4 mpeqcTasieHbl pe3ylbTaThl paciyeTa MOBEPXHOCTH @y,
BEHBIETHOrO CHEKTpa (TOJYuEHHOro ¢ (a3’0BBIM MODJET-BEHBIETOM) CHTHAIIOB,
reHEepHpYEMbIX cHCTeMOl Peccriepa IpH Iepexojie K Xaocy 4epes yaBoenue nepuona. Vs
DHCYHKOB BHJIHO, YTO pachpefieleHus (a3 BEHBIETHbIX KOID(HHUIMEHTOB B Pa3IHIHbIX
peskEMax KadeCcTBEHHO He OTJIMYAIOTCs IPYT OT Ipyra.

HekoTopble OTIHYUS NPOSBISIOTCS, BO-NEPBLIX, B BRICOKOUACTOTHOW OGIACTH,
e NpaBuIbHAas KaprTuHa pacnpefiefieAnsi (a3 Ko3(P(PUIMEHTOB BEHBIETHOTO
MpeoGpa30BaHAs HCKAKAETCS C YBEIMUECHHEM YIIPaBIIsiomero napamerpam. [Tocnennee
CBSI3aHO C HM3MEHEHHEM CIEKTpalbHOrO cocraBa KoyieGaHWH NpU MX YCIOXHCHMM B
pesyibTare Iepexoja K Xaocy B 00NacTM BBICOKMX YacTOT, CYIICCTBEHHO
NPEBBLILAIOMUX 0A30Byl0 YacTOTY B CNEKTpe curHana. ¥ BO-BTOPBIX, TPOUCXOUT
M3MEHEHNE TIOBEPXHOCTH @, B OOIACTH HM3KHX HacTOT, KOTOPBIC YK€ OMPENCJIAIOTCA
SBIEHHEM TOC/eIoBaTeNbHbIX NpUGABICHUN Nepuoia ¢ yBeaudenuem m. OfHaKo 3TO
M3MEHEHNEe HEeCYWICCTBEHHO, U INO3TOMy, pacipefieienne a3  Koa(pulMeHToB
BEIBJICTHOTO NpeoOpa3oBaHusi TakXe He MOXeT ObITh 2(P(EKTUBHBIM CPETICTBOM
aHAJIN3a XAPAKTEPHBIX OCOOEHHOCTEH PA3NUYHBIX PEXIMOB KOJNEOAHUH IUHAMIIECKHX
CHCTEM, JEMOHCTPHPYIOIKX KacKaj| yIBOeH!H TepHopa.

2.2. ITepexof K xaocy yepes nepeMexaemMocThb

[Tepexon K Xaocy 9epes NepemMekaeMocThb (uccrnepoBaHHbIA BIIEpBBIE B paboTax
. Tlomo u I1. Manuesuns [4, 5]) oOBpIMHO paccMaTpUBAeTCs Ha NpUMEpPE MOJIEIH
Jlopenua [6, 7]



Puc. 2.4, Pacnpepenenne ¢aser qaw(rfs) ko3 pHOHEEHTOB BeliBaeTHOro npeobpasoBaHus ¢ Ga30BbIM
MOpIET-BEHBIETOM 10 BpEMEHHOW peamusauyd x(r) cucreMbl Peccriepa (2.1) ¢ OudypKalmoHHbIMA
nmapamerpavi: a - m=2.6 (muxn T, ); 6 - m=4.2 (mxn T, ,); 8 - m=3.1 (peXaM XaOTHIECKOH THHAMHAKH)
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x = o(x-2),
}; FXx-xz -y, (2.3)
z = xy - bz.

ITpu 3HaueHusx ynpasnsroumx napamMeTpos s = 10, b = 8/3 u npu r<r’ BpemenHast
peanu3anysi, reHepupyemMast cucremoit JIopeHia (HanpuMep, BETHUUHEI X, KOTOPYIO Mbl
U OygeM paccMaTpuBaThb B [adbHEHIIEM), NPECTAaBIseT CO0OH IEepHOAMUIECKOe
meiwkenue. Ilpu npesbinenau nopora 1 = 166.07 perynspeeie xoneGanusi x(f)
(namunapHas ¢aza) HAUMHAKOT MPEPHIBATHCSA XAOTHYECKUMH BCILIECKAMH, KOTOpPbIE C
POCTOM YIPaB/GIIOIIETO TIAapaMeTpa ' CTaHOBATCA Bce Oosee u Gosee JUIATENBLHBIMH,
I0Ka [BUXKEHME IOJIHOCTEIO He xaoTu3upyercs. [lepemeskaeMocTs B cucteme JlopeHna
KnaccuHIIApYETCsl KaK NepemekaeMocTs I-ro popa [8, 9].

[Tpoananu3upyeM pe3yJbTaTbl BEHBIETHOTO IpeoOpa3oBaHusl ¢ 6a30BbIM
MOPJIET-BEMBIIETOM COOTBETCTBYIOIMX CUTHAJIOB X(), MOpOXiaeMbIx cucteMoit JIopeH-
I(a [OpH BLIMEYKA3aHHLIX 3HAUEHMSX IIapaMeTpoB. BpeMeHHBIe peanuzamuu Obinu
MOJIyYeHbl, KaK U B TpeAbIIyIeM ciydae, MeTofioM Pynre - KyrTel 4-ro mopsgka c
mwaroM o pemeru Ar=0.0001.

Ha pumc. 2.5 [IeMOHCTpUpyeTCsi BpeMeHHas peammsaiys x(f) ¥ HpoeKus
nosepxuocTd |IW|. Ha BeiiBieTHOH NMOBEPXHOCTH HYETKO BbIJEIAIOTCS XapaKTepHblE
CTPYKTYPBI, COOTBETCTBYIOIIME JaMUHAPHOH U TypOyleHTHOH (hazaM BO BPEMEHHOM
pean3alHy.

CrpykTypa BelBIETHOH MOBEPXHOCTH /il PETYNSApHOH (pasbl IABIDKEHUS WMeeT
npocduis [W(t=const, f,)|, Ha KOTOpOM HaGITIORAOTCA Ba [IOOATBHBIX MakcuMyMa (CM.
puc. 2.5) - ©IM COOTBETCTBYIOT JABE TEMHBIE O0NACTH, PACTIONOXEHHbIE MAPAIIIENBHO OCH
BpemeHH. B npefienax naMuHapHOH ha3el € TeyeHWeM BPEMEHH KO3 UIUEHTHI
BEHBJIETHOTO Npeo0pa30BaHus OCTAIOTCH HEM3MEeHHbiMA. Hammame cTpyKTyphl, HEMOH-

20t WWWMWWMWWMWWWM

-65.5

5000.0 T . .
0.0 0.8 1.6 2.4 5

Puc, 2.5, BeiBnernas nosepxnocTk W(1f), monyueHras 10 BpeMeHHOM peannsauun x(f) CHCTEMbI
Jopenua (2.3) c napaue‘rpom HapKpuTHIHOCTH r - r =0.03 (r=166.1). [liATeNLHOCT: BPEMEHHOM
peannaamN—Z otcuetog, Ai=0.0001
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