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OTKpbITHE CUHXPOHHU3AIUH
Xpuctuaanom [ 'roiireHcom

B 9TOM IIPUJIOZKEHUNW MbI IIPDHUBOJAUM II€PEBOJ] OPUTIMHAJIBHBIX TEKCTOB
Xpucrnaana oiirenca [Huygens 1967a,b], rie on onmcbiBaer oTkpbiTie
CUHXPOHUBAIUN.

N1.1 lNucbmo XpuctmaaHa lNonreHca ero
oTuy, KoHcTaHTuHy [Ntonrency!

26 Despass 1665.

Moii Orerr,

B 10 Bpewms, Kak g ObLI BBIHYK/IEH OCTABATHCHA B MOCTEJIN B TEUYEHUE
HECKOJIbKUX JHell u HabJIroa/l 3a JAByMs YacaMU B MOeil MaCTepCKOIl,
d 3aMEeTWJI yJAUBUTEIbHBIN 3DdeKT, 0 KOTOPpOM paHee HUKTO JaxKke U
He mgymana. /IBoe ©acoB, BUCAIINX HA CTeHE APYT PAAOM C APYTOM HA
PACCTOSIHUM OJIHOIO W/ JABYX (DYTOB, HOJJIEPKUBAJIA COTJIACOBAHHOCTH
XOJda C TaKO BBICOKOM TOYHOCTBIO, 9YTO UX MadTHUKHU BCEr/Ja Ka4daJInChb
BMecTe, 0e3 oTkIoHeHnit. Habrromas 310 ¢ BOCXHUINEHNEM B TeUIeHNe HEKO-
TOPOI'0O BPpEMeHU, s, HaKOHell, IIPUIllesl K BBIBOAY, YTO 3TO IIPOUCXOAUT
BCJI€CTBUA HeKOTOpOfI CUMIIATHUM: KOT/Ja A IPpHUIaBa/l MadTHHUKaM pPa3-
HBI X071, TO s O0OHAPYZKUJI, 9TO YePe3 MOI9aCa OHM BCEr/1a BO3BPAIIAIOTCS

! Tepeson ¢ dpammysckoro ma amrmmiickuit Kapcrema Xenkess.
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K CUHXPOHU3MY, U TOJJIEPKUBAIOT €ro J0 TeX 0P, MOKA s He HaPYIILY
ux xoj. Ilocie sroro g momectusn ux Ha OOJIBIIEM PACCTOSHUU JPYT
OT JIpyTra, OIHU B OJIHOI CTOpOHE KOMHATBI, a japyrue Ha 15 ¢dyToB B
cropone. Uepes jieHb g YBUJE, 9TO PA3HUIA B UX MOKA3BAHUAX COCTABU-
Jla 5 CeKyH/I, W, CjIe/IoBaTebHO, Hab/II0/laeMas paHee COrIaCOBAHHOCTH
Obl1a CIeJCTBIEM HEKOTOPOI CUMIIATHH, KOTOPasi, 10 MOEMY MHEHUIO, He
MOZKeT ObITh BbI3BaHA HUYEM UHBIM, KDOME KaK HE3AMETHBIM JIBUZKEHUEM
BO3/yXa, BBI3BAHHBIM JIBUKEHUEM MasiTHUKOB. JacChl TMOMEIIEHBI B 3a-
KPBITBIN KOPITYC, KOTOPBIl BMECTe CO CBUHIOBBIMU TDY3aMU BECUT 9yTh
menee cra dynro. Konebanusa MasgTHUKOB, JOCTUTIINX CUHXPOHU3MA,
HE TAKOBBI, 9TO OHU JABUTAIOTCS TMAPAJICJbHO JAPYT APYTY, a, HA000POT,
OHM TPUOJINKAIOTCS W YIAJATOTCS TPOTUBOMOIOKHBIM 00pa3om. Korma
si CHOBA ITOMECTHUJI 9aChl OJIUZKE JPYT K JAPYTY, s YBUJIE, YTO MasSTHUKU
BHOBb CTaJ/IU JBUTATHCsI TakuM 0OpasoM. Jlajee s B3s1 KBaJIpaTHBIA CTOJ
TOJIIMHON OJIUH [IIOWM ¥ IIOMECTUJI €0 MeXK/Iy JBYMsl 9acaMiu, TaK 9To
BHM3Y OH KACAJCA IO W OBLI JTOCTATOYHO BBICOK, YTOOBI MOTHOCTHIO
BaKPBITh YaChl M TE€M CaMbIM OTJE/JUTH WX JPYr OT Jpyra. Hecmorpst
Ha 9TO, CHHXPOHU3M COXPAHSICA U Jlajee, B TeUeHUEe HEeCKOJTbKUX JIHel
U HOYeil; jayke KOrja g €ro HapyIlluj, TO OH BCKOPE BOCCTAHOBUJICS.
Ceiivac ¢ IJIAHUPYIO JOCTUYH COIVIACOBAHUS YaCOB, KOTJA OHU JIAJIEKO
JIPYT OT JpyTa U OUpPeIe/IuTh PACCTOSHIEe, HA KOTOPOE PACIPOCTPAHIET-
cd ynoMmsinyTas cummarusd. OCHOBBIBAACH Ha TOM, UTO d yZKe BUJEH, s
[oJIarato, UTo OHO OyJ/ieT MeKJy MNAThio u IecTbio ¢gpyramu. Ho urodsr
[OJIyIUTH OOJIBIIYIO YBEPEHHOCTH B 9TUX Bompocax Bawm mpujercs moso-
JKJ1aTh, TIOKA, 1 IVIyOzKe X M3ydy U BBIABJIIO NpUYnHy. 1eM He MeHee, Mbl
OOHAPYKU/IU, 9TO JIBOE YaCOB HAXOMATCHA B IIOJTHOM COIJIACOBAHWUM, UTO
KayKeTcs abCOTIOTHO HEBEPOSITHBIM, U T€M He MeHee abCO/TIOTHO UCTHHHO.
Panee nukakue 1achl He OBLIH CIIOCOOHBI HA TAKYIO COTIACOBAHHOCTD, KaK
9TU BHOBb U300pPETEHHBIE YACHI, U3 Y€r0 MOXKHO YBU/IETh, HACKOIBKO OHU
TOYHBI, €CJTH HEYTO CTOJIb MaJjioe CIOCOOHO UX COTJIACOBATH.

M2 Mopckue 4yacbl (cumnaTusa Yacos).
Hactb V?

22 Despagsa 1665.

B Teuenue derbipex uiu nsTH AHEH 9 3aMeTUIT YAUBUTEIHHOE COTJIACO-
BaHWe MEXK/Iy JBYM$ HOBBIMHU YaCOBBIMU MEXaHU3MAaMU, COAEPIKAIIUMUI
mastbie nenu (puc. I11.1), Tak 9T0 ogHM Yackl Jaxe B MaJefimeil crenenu

2 Ilepesox ¢ marsmu Ha anrmickuii JJoporen Ipes.
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He onepezasiu apyrue. Ho kauanng 0o60ux MagTHUKOB OCTABAJIUCH CTPO-
ro mporuBonoiokubiMu. CjieoBaTe/IbHO, TaK KAK PACCTOAHUE MEKITY
qacaMu ObLIO HEDOJIBIINM, s Ha9aJ I [10/I03PEBATH CYIEeCTBOBAHNIE HEKOel
CUMIIATUH, KAK €C/TH ObI OJTHY Y9aChl OBbLIN [TO/IBEPKEHBI BIUSHUIO IPYTUX.
Y100bI U3YyYUTH TO SKCIEPUMEHTATHHO, § U3MEHUJI JBUKEHIE OJIHOTO
U3 MAgTHUKOB, TAK YTO OHW HE JBUTAJUCH 00/Iee BMECTE€ B OJIHO U TO
JKe BpeMs, HO Yepe3 YeTBePTHh WJIN IOJIOBUHY 9Yacd s HAIleJl WX BHOBb
COTJIACOBAHHBIMU.

Kaxkapie wacel cBucasm ¢ COOCTBEHHOI OaJIKM, TOJIIMHON TTPUMEPHO
B 3 a1oiiMa, KOHI[bI KOTOPOIl OMUPAJMCh HA JBa CTyJd. Bajku Oblau BCE
BpeMs PsiJioM; dacbl B ObLinu PaCIOIO?KEHbI HE HEIOCPEJICTBEHHO COOKY
ot uacoB A, a HemMHOro Brepen. B ObLIn TakKe HECKOJIBKO KOPOYe, UeM
A u He muMesu rpy3a B HUYKHEl 9acTh, KakKOBOW B dacax A 00o3HaUeH
kak D. Oba 9acoBbIX MeXaHW3Ma BUCEIU PSJIOM, ¢ rpys3amu 0kojao 80
wm 90 HyHTOB, YKPEILUIEHHBIMU B UX HUZKHEN 9aCTy JIId MOJIePIKAHUS
DaBHOBeCHs, W CO CIerKa OombimM Tpy3om y A m3-3a rpysa D. dnnna
MasITHUKOB ObLTa 7 di0itMoB. VX KadaHms ObLIM TAKOBBI, 9TO OHU BCET/IA
NpUOIMKAINCH U YIAJIAIUCH JIPYT OT APYTa OHOBPEMEHHO; BBIHY K IEH-
Hble K JIDYTOMY JBUKEHWIO, OHU He OCTABAJIUCh B TAKOM COCTOSHUU, a
ABTOMATUYIECKN BO3BPAIA/INCH |[K CHHXDOHHOMY| M OCTABAJNCh Tak 0e3
U3MeHeHus.

———

Puc. II1.1.
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JIPYT Ha JPYTra; B 9TOM TOJOKEHUU COTJIACOBAHHOCTH HE ObLIa JJTUTE/b-

22 (eBpasg g MOBepHYJ Yachl Tak, 4TO ux Iudepd/aTsl CMOTPEIN

HOIT: 9achl A UMeI HEKOTOPOe OIllepezKeHNe 10 TeX MOP [IOKa s He BePHYJI
ux B Opejblayiee mnojiozxenue. Bedepom g oromsunyn B na 4 dyra
or A TakuMm 06pa3om, UTO 6OKOBag CTOPOHA YacoB B ObLIa HATPOTUB
unpepbaara gacos A. Yrpom, rounee uepes 10% Jaca, s yBujes, aro A
orepezkasu B, HO Bcero Jinirh HA 2 CEKYH/IbI.

23 despasa. 4 cierxka yckopui MmagaTHUK dacos B. d yBuges, HeMHOTO
no3aHee, 9TO0 MadTHUKW BEPHYJIUCh K COIVIACOBAHHOMY JIBUZKEHUIO, XOTA
Ipur 3TOM UX X0/ 6])1.}1 HE OJMHAKOB, a CO CMeEIIaHHbIMHA 6I/IQHI/IHMI/I7 n
B TAKOM COCTOSHWH OHU OCTaBAJINCh BECH JeHb. Tem He meHee, 0KOI0 9
Bedepa B B KOHIIE KOHI[OB OKA3a/IMCh BIEPEIN HA MMOJOBUHY KOaeOaHUS.
Boszmoxkto, 910 X0/10/1HbIH BeuepHUiT BO3LYX HAPYIIUI COTJIACOBAHHOCTD,
TaK KaK HE YIMBUTEJIHHO, YTO HA TAKOM PACCTOSHUU COTJIACOBAHHOCTH
MOzKeT ObITh HapyllleHa MaJieHInMM BO3MylleHueM. BokoBas CcTopoHa
JacoB B Oblaa HAIPOTUB JIMIEBOI CTOPOHBI YacoB A.

B nosoBuny opmnrnaamaroro Beudepa 23 deBpasis g moMecTus 06a
YacoOBBIX MexaHu3Ma Ha crapoe MecTo. OHU HEME/JIEHHO BOCCTAHOBU/IU
COTVIACOBAHHBII X0/, KAK MHOI'O pa3 HaOJII0/IaI0Ch PaHee, C JIBUKEHUIMEI
B [IPOTUBOIIOIOKHOM HAIPABJICHIH.

24 despasiga. B 9 gacos yTpa 0HE KazKyTCd UJI€AJIbHO COTVIACOBAHHBIMHU.

24 despana. 4 cierka nosepuy1 nudepbdaaT gacoB A Kk 6oKOBOI TacTH
B. Ilpu sToM coryiacoBanme He COXPAHU/IOCH, & B ObLIn BlepeIn, u Tak
[IPOJIOJIZKAJIOCH, TIOKA g HE TIOMECTU/I UX, KaK paHee.

Haee g pa3aBuHy/I 9achl HA PACCTOAHUE IMIECTU C MOJOBUHON (HyTOB
B TO BpeMd KaK paHee OHM ObLIM JWIIb Ha 2 [IioiimMa apyr or apyra. B
TedeHne Jaca WM JBYX OHU OCTABAJINCH CO CMEIIAHHBIMU JIBUZKEHUAMI,
HO TIOCJIE TOTO BEPHYJIHUCH K COIVIACOBAHHOMY XOJy, KaK 3TO OBLIO Ipu
MeHbllleM pacctosuuu. B 3 waca mocie mosiygHS A TMOMECTHT MeZKy
JaCOBBIMI MEXaHH3MaMU IIPAMOYTOJBHYIO TOCKY JIIUHON 2 dyTa, 91O
JIOJI2KHO OBLIO OCTAHOBUTDH JIBUYKEHUE BO3/yXa, 10 KpaiiHeil Mepe B HuzK-
weit gacru. B Bepxmeil wacTtu 9achl BHICTYIAJU IIPUMEPHO HA 10(dyTa,
HO 3/1€Chb JBHKeHHe (BO3/yXa), €C/M M eCTh, TO MuHMUMaabHOe. Tem He
MeHee, 9acChl MPOJ0/IZKA/IN ObITh B COIVIACOBAHUU, KAK U PaHEe.

25 despavisa. XoTs TPEAbIY UM BEIePOM si U [IOMECTHI APYTYIO ILIaH-
Ky, 3 dyra IMHONE U MPUMEPHO OJWH IIONM TOJIIUHON, MEXKy HUMHU,
TIOJIHOCTBIO CKPbIB OJAHU YaCbhbl OT APYI'UX, TE€M HE MEHEE 9TUM yTPOM
O6Hapy)KI/I.H, 4YTO OHHU ABUTaJIUCH B COIJIaCOBAHUM B T€YCHHEC BCell HOYM.
OHu ocTaBa/iCh B TAKOM COCTOSIHHE JI0 6 9acoB Bedepa, KOrJga Jachl
B ocranoBmmch m3-3a MOJOMKH B Oostbieit 1erm. I[locme Toro, kak 910
perngaTcTBre ObLIO YCTPAHEHO, OHU IIOC/IE IOy 9aCOBO 3a/1epKKH BHOBb
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BEPHYJIUCH K COIJIACOBAHHOMY XOJIy, U OCTABAJIUCH B STOM COCTOSIHUU JI0
11 gacoB, Kor/ja g Ha4YaJ HOBOE HCIIbITAHUE, PA3/BUHYB UX DOjiee 4eMm Ha
12 dpyTos.

26 deBpang. B mosoBune jeBgaToro yrpa s 0OHApPYKWI, 9TO Yachkl B
VIILTU Ha D CEeKYH/I BIIEPEJ], U TEeM CaMbIM ObLIO YCTAHOBJIEHO, KAK J1ajie-
KO PAaCHpOCTPaHAeTCs cuMnaTus (M0-BUIMMOMY, IyTE€M KOMMYHUKAINU
Yepes JIBUKEHUE BO3/yXa).

27 despasng. A ymenbimua cKOpocTb 9acoB B, Tak 4T00bl OHU JIBUTA-
JINCh B JIy9IlIeM COIJIACOBAHWHU MEK/Iy COOOW Ha TOM K€ PACCTOdHUU B
12 dyros, HO g HEe ObLT CBOOO/IEH, YTOOBI BAHUMATHCA STUM JaJjbire. B 9
4acoB Beyepa s 10/CTPOn/I ux 0ojiee TOYHO.

28 deBpaJist. B 9 wacos yrpa st 00HApPY KU, 9TO Yachl A yIILin Briepe/
Menee yeM Ha 1 CEeKyH/y; OHU I CO CMEIIAHHBIMU OUEHUAMU, U OHU
OCTABAJINCh B TAKOM COCTOSHWH JIO IIECTH Bedepa. B mo/sioBuHe cebMOoro
OHU JIBUTAJINCH OJHOBPEMEHHO, IpudeM dacbl B OblLiu Brepegu Ha 3Ty
110JIOBMHY Kojie0anus. ¢ COMHEBAIOCh, 4TO TaKoe COIVIACOBAHME MOIJIO
npoaozKaThcd 9 gacoB 6€3 MOMOIIU CUMIIATAN, HO OHA HE MOIVIA POTH-
BOCTOSAITH BEUEPHEMY HU3MEHEHHIO BO3IyXa (KOTODBINA OBLI 3HAUHTETHHO
boJiee TEITBIM, TAK KAK XOJIOM HMPEKPATUJICI I0C/Ie TOro, KAK OH ObLI C
HAMU B TedeHwe Tpex JHeil). Tak Kak M3HAYAJBHO OBLIH BIIEPEIH YaChl
A, a BmocienctBun B, TO OHE He MOTVIH OBITH € OOJBIMEH TOTHOCTHIO
[IOJICTPOEHBL JIPYT K JIPYTY.

1 mapta. B 10 wacos yTpa A ObLTH HA TPU CEKYH/IBI BIEPEIH.

Oba 9acoBBIX MeXaHW3Ma MMeJNn B KadeCTBe OIMOPbI JBa CTyaa (CM.
puc. 1.2 B pazzgese 1.1), ube masteiinree u abCOMOTHO HEBUIMOE JTBUZKE-
HUe, BbI3BAHHOE MAagTHUKOM, OBLIO IPUIMHON PeCKA3AHHON CUMITATHH,
U 3aCTABJILAI0 MAATHUKUA TIOCTOSHHO JBUTATHCS € MPOTUBOIOIOKHBIMEI
oTKJoHEeHuAMU. KazxK/aplli MagTHUK TsHET cODOil OCHOBaHWME C HAMOO/Ib-

Puc. I11.2.
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el cuI0it B MOMEHT, KOT/Ia OH IIPOXOJUT Yepe3 HUuKHee TojoKenne. Ta-
KM 00pa3oM, ec/ii MagTHUK B naxogurca B moiokernu BD (puc. 111.2),
B TO Bpemda kKakK A — tonmpko B AC, n B nBuikercs HasieBo, a A mampaso,
TO TOUKA TonBeca A cIBUTAETCs BJIEBO, TTPU 9TOM BHOpAIASA MASITHUKA
A yckopserca. Korma B ongrb mpoxomuT depes BE um A Haxoaurcs
B nojoxkenun AF, noasec B caBuraercd BIPaBo, U, CIEL0BATEILHO,
BuOpamust MasgiTHUKa B 3amessgercd. B omgarh MPOXOANT depe3 IoJIo-
xenue BD, korga A vHaxomgurces B AG, npu srom nojsec A yrsiruBaercst
BIIPABO, U, CJIEI0BATE/IbHO, BUOpamusa MadTHUKa A yckopsiercs. B onaTh
B BK, xorma A Bosspamaercsa B nonoxenue AF, npu srom noasec B
YTATUBAETCH BJIEBO U, CJI€JIOBATE/ILHO, BUOpalud MagTHuka B 3ames-
ggercs. Mrak, xorma BuOpalmst MasgTHUKA B TTOCTOSHHO 3aMeISIeTCs,
a A yckopsiercs, HeoOXOAUMBbIM 00pPa30M HEKOTOPOE KOPOTKOe BpeMsi
OHU JIOJIZKHBI JIBUTATHCA C IIPOTUBOIOJOZKHBIMU OTKJIOHEHUSMU: B OJIHO
u TO ke BpeMmsi A JBUXKeTCs Hanpago, a B — najeso, u Haobopor. B
9TOT MOMEHT OHM HE€ MOIUYT BBINTH U3 COIVIACOBAHHOCTH, IOTOMY YTO
[0 9TUM K€ MPUYMHAM OHU HEeMEJJIEHHO Oy/IyT BO3BPAIEHbI 00pATHO
Tem ke obpazom. llojgBechl, ecTecTBEHHO, SB/ISIOTCS HEIOIBUYKHBIMU,
HO, €C/T COTJIACOBAHHOCTB XOTsd Obl C/IerKa HAapyIIaeTcd, TO OHA Oy/er
BOCCTAHOBJIEHA, 3a CUeT MaJIeUIINX JIBUKEHUI TOBECOB. DTHU JIBUKEHUSI,
KOHEYHO, He MOTLYT ObITh HAOJIOEHBI U IIO3TOMY HEYIUBUTEJHHO, UTO
9TO FBUJIOCH IIPUINHO} OMIMOKY |B TOTKOBAHUM].
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MrHaoBeHHbIE (pa3a M YacToTa
cUrHaJia

2.1 AHANUTUYECKUI CUrHAN un
npeobpa3oBaHue (mnbbepTa

Henporusopeuusstit criocod onpesesenus (pasbl npous3eosbHo20 CuzHaAG
uU3BeCTEH B Teopuu 0O0pabOTKMU JAHHBIX KAK METOJI AHAJTUTUYECKOTO CHUT-
uasa [Panter 1965; Pabunep u Tong 1975; Baitamreitn u Bakvan 1983;
Boashash 1992; Smith and Mersereau 1992|. Dot o6mmmit moaxo, mpe-
noxennbiii [abopom |Gabor 1946] u ocmoBamHBIl Ha npeobpasosanuu
Tuavbepma (III'), mo3BOMET OHOBHATHO MOIYIUTH M2HOGeHHbE Pas3y
u amnaumydy curHana s(t) myTeM KOHCTPYHUPOBAHUS GHAAUMUYECKO20
cueznana (1), KOTOPBIii ABJIIETCA KOMILTEKCHON (DYHKIIHEH BpeMeHH

C(t) = s(t) +isn(t) = A
(

riae dyakmus sy (t) ects I or s(t

su(t) = an.V./ s(r

ot —T

t)e) (I12.1)
)
)

dr, (112.2)

u P.V. o3nauaer, 4T0 MHTErpays Gepercsd B CMBIC/IE [VIABHOTO 3HAYEHUS
Kommu. Takum obpazom, MraoBenubie ammmuryaa A(t) u dasza ¢(t) cur-
nasta s(t) ogrosnauno onpeensgiorcs u3 (112.1). [Toxuepknem, aro I1T" me
COJIEPKUT TTApaMeTpOB. 3aMeTHM TaKzKe, UTO BBIYUCIEHUE MIHOBEHHBIX
XapaKTepPUCTUK CUTHAja TpebyeT ero 3HaHWs Ha BCEM WHTEpBaJje Bpe-
Menn, T.e. [II' menoxanpHO BO BpeMenu. Tem He MeHee, OCHOBHOM BKJIAT
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B uaTerpas (I12.2) BHOCHT HEMOCPEICTBEHHAS OKPECTHOCTH BBHIODAHHOTO
MOMEHTa BpPEeMEeHH.

Kax mozxno Bugers u3 (112.2), III" asrserca ceeprkoit dynknumii s(t)
u 1/7t. Ilo cBoiictBam cBepTku, npeobpasosanue Pypre Sy (<) or sy (t)
SBJIsIeTCS Tpom3BeieHneM npeobpasosanuit Pypve or s(t) u 1/wt. dna
(busnveckn 3HAUMMBIX 4ACTOTHBIX KOMIOHEHT ¢ > 0 mmeem Sy(s) =
—15(s). Dr1o osnauaer, uro [II' MOKeT OBITH PEATMBOBAHO MIEATBLHBIM
GUABTPOM C eMHUIHON AMILIUTY/IHON XaPAKTEPUCTUKON, BHOCIIIIUM 10~
CTOSIHHYTO (DA30BYIO 3a/€PKKY 7/2 JjIsi BCEX 9aCTOTHBIX KOMIIOHEHT.

Tapmonuueckoe konebanume s(t) = Acoswt 9acTO NPEACTABIAIOT B
KOMILIEKCHOM Bujie Kak A cos wt+ 1A sin wt. 910 o3Havdaer, 4To JeiicTBu-
TesIbHOE KOstebaHue JOIOMHAIOT MHUMOM YaCThio, KOTOPasg OTCTAeT 10
daze na /2, 1.e. cBa3ana c s(t) nupeobpazosanuem ['nianbepra. Anasinru-
YeCKUil CUI'HAJI €CTh eCTECTBEHHOE PACIIMPEHUE TAKOI'O MPeJCTABICHUS,
r.K. III" ocymecrsasier casur dbaspl —7/2 st KazkI0i CHEKTPAIbHOM
KOMIIOHEHTBI 5(t).

Xorst popmanbro A(t) u ¢(t) MoryT 6bITH BBIMMCJIEHBI J1J1sl IPOU3BOJIb-
HOTO $(t), OHU UMEIOT YeTKUH (PU3UIECKUNl CMBICT TOTBKO /I y3KOIIO-
JIOCHBIX cUrHAJIOB $(t) (cM. mompobnoe obcyzk aenue B [Boashash 1992]). B
sTOM Citydae ammanTyga A(t) coBmazaer ¢ orubarommeii s(t) u merosenan
wacmoma d¢/dt cOOTBETCTBYeT 4acTOTe MAKCHMYMa, CIIEKTPa MOIITHOCTH,
BBIYKCIIEHHOTO B CKOJIB3AIIEM BPEMEHHOM OKHE.

Nn2.2 lpumepsbi

[IpouttocTpupyem cBoiicTBa npeobpazopanns ['uipbepra ciieayommumu
npuUMepaMu.

Samyzarowue Korebarus
[Ipomoenupyem u3mepsieMblit CUTHAJ CBOOOHBIME KOJIEOAHUAMY JIMHE-
HOI'O OCHUJIIATOPA,

Z+0.002 + 2 =0, (I12.3)
u HewHelHoro ocruigropa Jdyddunra,
i+ 0.053 + x + 2° = 0. (I12.4)

Berapennv mo x(t) Mruosenmble ammmryasl A(t) m wactory de¢/dt
(puc. I12.1). AMOmTy/IBI, MOKA3aHHBIE YKUPHBIME JINHUSIME, TEHCTBH-
TeJIbHO SIBJIAIOTCHA OTMOAIONINMU 3aTyXaIoIuX MpoleccoB. dacrora Jju-
HETHOTO OCHUJIATOPA IIOCTOSHHA, B TO BpeMs KaK YacTOTa OCIHJLIS-
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topa Jlyddunra 3aBucuT 0T aMIJUTYAbI, KAK U CJI€J0BAJIO OKHUIAThH.
3amMerum, 4TO XOTd BCEro JuIllh 0Kojo 20 mepuogoB KojebaHuit OBLIO
KCIIOJIB30BAHO JJIgd 3TUX BBIYUC/ICHUI, HeJIMHEHHbIe CBOMCTBa CUCTEMbI
YAJI0Ch BBIABUTH O/IAarojjapsd TOMY, UTO YacTOTa U aMILIUTY/Ia OIEeHUBaA-
I0TCs HE B CPEJIHEM, a B KazKJIOil TOUKe BpeMeHHOTO psjna. Takoit merosn
KCIIO/IB3YETCS B MHKEHEPHOM JieJie /i UAeHTU(PUKAIINT CBOCTB yIIPYTro-
cru v 3aryxaHust Mexanudeckux cucrem [Feldman 1994]|. Dror npumep
witiocTpupyer Bazkuoe cpoiictBo III: oHO MoOxkeT OBITH NPUMEHEHO K
HECTNAUUOHADHHIM CULHAAAM.

Iepuoduuecruti cuenan
B kadecTBe ciemyromnero mpumepa BO3bMEM pellleHue ypaBHeHus Bam-
nep-Ilona (cp. ¢ (7.2))

iF—(1—abi+a=0. (I12.5)

Jtst manubIx 3HaYenuit napamerpos popma KoaedaHuit CymnecTBeHHO OT-
ayaeTcs or cunycouganbaoi (puc. I12.2a), a daszoseiii moprper cucre-
Mol (I12.5) — ot okpyzkHOCTH. COOTBETCTBEHHO, MTHOBEHHAS AMILIUTYIA
A(T') me gaBngerca KOHCTAHTOl, a ocrumupyer (puc. I112.2a) ¢ gacroroii
2w = 227 /T, rne T nepuox xonebaumii. Poct MrHOBeHHO haszwl HE
SIBJISIETCS CTPOTO JIMHEHHBIM; JeficTBUTeIbHO, ¢(t) — wt Komebaerca ¢

12 ‘
= @ ©
2 o6t - -
< 0.0 AY VA'AY
2 e I
= . ] ]

1.2

13 | (b) | (d) |
B 12} 1}
g 11+ i

1.0 .

0.9 ‘ ‘

0 50 100 0 50 100

BpeMsi BpeMsi

Puc. T12.1. Ceobommwre xomebanma x(t) mmmeiinoro ocmusmaTopa (a) u
HesmHeRHOro octmiaTopa lyddunra (¢). Mraosennbre ammmuyasr A(t),
BBIYKCJIEHHBIE C IIOMOIILIO IIpeobpaszoBanugd [ uipbepra, oKa3aHbl KUPHbI-
mu uHAsME. COOTBETCTBYIOIME MIHOBEHHBIE 9acTOThl d¢/di moka3aHbl B
(b) u (d). I3 [Rosenblum and Kurths 1998], puc. 1, Copyright Springer-
Verlag.
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gacroroit 2w (puc. I12.2b,c). Hamomumm, 910 MeTOJ aHAJTATHIECKOTO
CHTHAJIa JTAeT JIWIIb OIEHKY UCTUHHON (a3wl (cM. TiaBy 7), KOTOpas
JIOJIZKHA BO3PACTATH JIMHEHHO BO BPEMEHH.

a
2 (@
Nt}
<
= 0 !
N}
=
_2 L 4
100
= (b)
S 50 :
0
= 0.5 ©
C
L 0.0 VWAV
N
=
S -05 |
0 50 100
BpeMst

Puc. 112.2. Pewenune z(t) ypasnenus Ban-nep-Ilons u mruosennas am-
muryna A(t) (skupaas nunans) (a). Mruosennas dasza ¢ pacrer mpakTu-
wecku smnaeiino (b); Tem me menee, Masble KonebaHusa BUIHBL IPU 6OIBIIOM
yBesamdenun (C); 346Ch W — 9TO CPeAHAA IACTOTA.

20
10 + B
><I 0 i
-10 - :
-20 . I . I . I . -20 . I . I . I .
-20 -10 0 10 20 -20 -10 0 10 20
X X

Puc. I12.3. ®azosstit noprper cucremsr Pécciepa B koopaunarax (o, )
(a) m ucxogupix xoopauuarax (z,y) (b).



112.2 IIpumepvi 4@
Xaomuueckut cueran

C TouKM 3peHHsi TEOpUM aHAJIM3a BPEMEHHBIX DsiJiOoB (CM., Hampumep,
[Kantz and Schreiber 1997]) III" moxkHO paccmarpuBarh Kak JBYMEPHYTO
PEKOHCTPYKIMIO CUTHAIa B KOOpAMHATaX (S, Sy). Boibepem B kauecTse
Hab.0aemoit x-kommonenty cucrembl Pécciepa (10.2). @asosbrit nop-
Tper 3Toi cucrembl B KOOpAmHAaTax (¥,y) mokasan Ha puc. [12.3a;
MOZKHO BUJIETH, YTO OH OYEHb OJIN30K K «HMCTUHHOMY» IOPTPETY CUCTEMbI
Péccnepa B koopauraTax (x,y) (puc. 112.3b).! MruoBenHBIE aMITHTY/TA
n dasza moxkazansl Ha puc. 112.4. Xora dasza ¢ pacrer mpakTUIECKH
JITHETHO, 3aMeTHBI MaJible Hepery/sgpHble (hIYKTyaruu STOro pocTa. DTo
COTJIACYeTCd € TeM WM3BeCTHBIM (DaKTOM, 4UTO, XOTs KOJeOaHUs CUCTe-
Mbl Péccepa xaoTmdaeckue, CeKTp MOITHOCTH OT &(t) COIEP:KUT OUeHb
OCTPBII UK.

IAEKMPOKAPIUOLPAMMG YENOBEKA
Kak mnpumep cioxkuOoro curtaia BosbMem 3anuch IKI' genoBeka
(puc. I12.5). Mbl BuguM, 9TO TOYKA B ILUIOCKOCTH (S,Sy) Jejaer jisa
060poTa, COOTBETCTBYIOIIME Tak Has3biBaeMbiM R- m T-3ybmam (masbie

! Ormermm, aro I qaeT onTHMATBHYIO B HEKOTOPOM CMBICIE PEKOHCTPYKITHIO.
JleitcrBuresibHO, ecsn (Haz0Bblil OPTPET CUCTEMbBI PEKOHCTDYUPYETCH METO-
nom Takenca [Takens 1981] mo curmamy ¢ mepuogom ', TO BpeMeHHas 3a-
nepzxka T'/4 obecieanBaer T0, 9TO ATTPAKTOD HE BBITAHYT BIO/b JAUATOHAJIN.
IIpumvenenwne [1I' sxBuBaIeHTHO BBIOOPY TAKOU OHNTUMAIBHOU 33A€PXKKH I
KaK/I0M KOMITOHEHTHI CUTHAJIA.
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Puc. I12.4. Pewenue cucrembr Péccnepa (t) u ero MroopeHHasg aMImTy-
na A(t) (;xmpuaga nmuang) (a). Mraosernas daza ¢ pacTeT MIpaKTHIECKH JIU-
HEHHO, TeM He MeHee, MaJible KOJIeOaHUs BU/IHbBL [IPU GOJIBLUIOM yBeIMYeHIN
(b). 3 [Rosenblum and Kurths 1998], puc. 2, Copyright Springer-Verlag.
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&

HeT/IH, COOTBeTCTBYoMmue P-3y6iiaM He BUIHBI DU JAHHOM YBEJIUICHNN ).
Bask#o, 9TO0 TPAeKTOpUHU B (S, Sy ) MPOXOAAT UYepe3 HAYAT0 KOOD/IMHAT,
1, CIeaoBaTeabHo, ha3a He Bcerma onpesesnera. Mbl He CTAJIKHBAIUCE C
9TOM TIpobJIeMOll B IIPEABIAYIINX IpUMepax 0/1arogapsa TOCTATOUHO IIPO-
CTOIl CTPYKTYpe CUTHAJIOB. /leiicTBUTEILHO, OOBITHO Iepe] IPUMeHEeHIeM
[IT" u3 curraa BEIYUTAIOT €r0 cpegHee 3HadeHne. JacTo 9To obecredn-
BaeT TO, 9TO TPACKTOPUMN OXBATHIBAIOT HaYaJ/IO KOOPDJAWHAT, PaHee MbI
HEeIBHO MCIOIB30BAIN TO CBOiCTBO. s Bhramcienms as3bl Kapamo-
rPaMMBbI HEOOXOIMMO CABUHYTH HAYAIO KOOPIUHAT B HEKYIO TOUKY $*, s,
" BbIYUC/IUTH (1)8,3}7 n a,MHJH/ITyﬂy B COOTBETCTBUU C

s(t)

S(0)

0 2 4
BpeMmsi(s)

Puc. [12.5. DKI uenoseka (a), ee npeobpazosanue 'mmsbepra (b) n mx
3aBUCHMOCTH ApyT OT Apyra (c). Onpemenerme dhaser 3aBUCAT OT BHIGOPa
HaYaIa KOOPAMHAT B IJIOCKOCTH (S, Si); ABA Pa3yMHBIX BBIOOPA MOKA3AHBL
crpenkamu B (C).
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A = (s — s*) +i(sy — s%). (I12.6)

Koneuno, npu Takom crnocobe Tepsiercs OJHO3HAYHOCTDL OIPEIe/ICHU
dazbl: Temepb OHA 3aBUCUT OT BBIOOPA TOYKM oTcuera. JlBa pa3yMHBIX
BbIOOpa nokazanbl Ha puc. 112.5¢ crpeskamu. O4eBujHO, 4TO B 3aBUCH-
MOCTH OT HOBOIO HAada/ia KOODJMHAT OJMH CEePJIEYHbIH HUKJ (MHTEepBaJ
MEeZKJIy JByMsi COKDAIeHUsAMU Cepjia) OyieT COOTBETCTBOBATH HAOEry
dazpl 27 wian 4. 1o orpaxkaer ToT (akT, 4YTO HAlle HOHUMAHKE TOTrO,
9TO eCTh «OJIHO KOJeDaHMe», 3aBUCHT OT KOHKPETHO mpob/ieMbl W OT
nameit (pusnveckoit MHTYUIIAN.

N2.3 YuncneHHble Npobnembl N NpakTUYeEcKue
pekomMmeHpgauumn

Bazxnoe npenmMynieCTBO ME€TO/1d aHAJIUTUICCKOT'O CUI'HaJIa COCTOUT B TOM,
9TO OH JIEPKO MOZKET OBITH peagan30BaH YUCJIE€HHO. BI)I,I[Q.HI/IM OCHOBHbBIE
IIaru B BBIYMC/JICHUN.

Buviuucaernue 1IN 6 wacmommoti obaacmu

Cawmpbrit npocroit crnocod Beraucauts 1IN cocrour B TOM, 9TOOBI Cjle-
narh ObicTpoe npeobpasosanue Pypoe (BIID®) or ucxomHoro Bpemen-
HOIO psijia, CABUHYTH (basdy KaxK/0iff 4acTOTHOM KOMIIOHEHTBbl Ha —7r/2
u npumennts obparaoe BII®.? Utobs! ciears AJIMHY BPEMEHHOI'O Psi-
na monaxojsieit i npumenenuss BII®, wago p0b6aBuTh K HEMY HYJIH
(zero padding). Yro6bl ymenbmuTh Kpaesbie 3D(hEKThI, KeJaTeJbHO He
HCTIOB30BATE TOPSIIKA JECATH XapaKTepHBIX MepPHOJ0B B HAdaTe U B
KOHIIe CUTHAJIA, JIJTsT BEIYUCTIEHNsT MTHOBEHHBIX XapaKTepUCTUK. Borancte-
HUS ¢ JBOMHON TOYHOCTBHIO MO3BOIAIOT ToayanTh [T ¢ morpenrmocTsio
oko10 1%. (IlorpenrHocTs ONEHUBAIACH IIYTEM BBIYHCICHUS JUCIEPCUN
or s(t) + H?(s(t)), rme H? osmagaet, ato [1[' 6B1710 BEITIOTHEHO TBAZKIHL;
teopermyeckn s(t) + H2(s(t)) = 0.)

Buvucaernue 111" 60 epemenroti obaacmu
YUCIeHHO 3TO MOYKeT OBbITh OCYIIECTBJIEHO C MOMOIIBIO CBEPTKU IKC-
[epUMEHTAIBLHON peau3allu ¢ 3apaHee BBIYUCIEHHONW XapaKTepUCTH-
Koii unbrpa (mpeobpaszoBarens 'mianbepra) [Padumep u Tomm 1975;
Little and Shure 1992; Smith and Mersereau 1992|. Takue buabrpsr

2 ®a30BBIA COBAI MOMKET GBITH JIGTKO PEATH30BAH, €CJIH HOMEHATH MECTAMI
MHUMYIO U JEHCTBUTEIBHYIO 9acTh peobpasosarma Pypee: Re(w;) — tmp,
Im(w;) = Re(w;i), —tmp — Im(w;), rae tmp - mpoMeKyTOIHAA TEPEMEHHA.
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MOI'YT OBITH, HAIPUMED, PEAJM30BAHbI C IMOMOIIBIO MAKETOB IIPOTPAMM
MATLAB |[Little and Shure 1992] w RLAB (public domain, URL:
http://rlab.sourceforge.net). Xora III' Tpebyer BIdmCiIenus Ha Beeit
BpeMeHHOil ocu (T.e. mpeobpasoBarenb ['mnbbepra aBigercs GUIBTPOM
¢ OECKOHEYHOI WMMITYJIbCHOM XapaKTepUCTHUKOiL), mpremMjeMas MOrPelll-
HOCTL nopsaka 1% Moxker ObITH TOMyYeHa ¢ NOMOIIBIO 256-TovedHoit
XapaKTEPUCTUKU (buabTpa. JacToTa AUCKPETU3ANNH JTOIKHA OBITH BhI-
Opara TakuMm oOpazoMm, UTOOBI MMeTh 10 Kpaiiaeit mepe 20 Touek Ha
xapakTepHblii nepuoj Kosebauuii. B npouecce Boraucienus ceepreu L /2
TOYEK TePSeTcd ¢ KayK/I0r0 KOHIA BPEMEHHOrO Paja, riae L ecTb jjimHa
mpeobpazoBaTeIs.

Buiwucaenue u passopavusanue hasol
Vo6ubIit criocob Beraucienus (pa3bl COCTOUT B UCIOIB30BAHUET (DYHKIUT
DATAN2(sy, s) (FORTRAN) u atan2(sy, s) (C), 410 Jaer UuKIMIecKyTo
dazy ma unrepsane [—m,w|. Pasmocts da3 aByx curmanos si(t) u sa(t)
MOzKeT ObITh mostydena ¢ nomorisio 1IN kak

-1 SH,l(t)Sz(t) — Sl(t)SHg(t)
s1(t)sa(t) + spa(t)smalt)

b1(t) — 6a(t) = tan (M2.7)

st onpeieienns CHEXPOHU3AIIMH 9aCTO OBIBACT HEOOXOINMO MCITOTB30-
Barb haszy, ONPEETIeHHYI0 He HA OKPYKHOCTHU, a HA BCEl JIefCTBUTE b
HO#T ocu (T.e. hasy, u3mMeHdanLy0csa 0T —o0 10 00). s sroit nenn daza
(nm pasnocts da3) MOKeT ObITh pPa3BEpHyTa IyTeM OTCAEKUBAHUS
CKaYKOB R27 B 3aBucumMoctu ¢(t).

Yyscmeumervrocms K HUSKOUACTOMHOMY MPEHIY
Mer yzke obcyzkaamm, 94To ¢haza XOPOIIO OIpPeIe/ieHa, TOJbKO eCu TPa-
eKTOPHUS B IJIOCKOCTH (S, Sy) BCerga 00XOAUT HAYAI0 KOODJIMHAT U § U
Sy He 00pAIaoTCd B HOJIb OJHOBDEMEHHO. DTO YCIOBUE MOYKET ObITh
HaPYIIEHO, €CJIU CUTHAJ COJIEPKUT HU3IKOYACTOTHBIN TpPEH/I, HalpPUMED,
u3-3a jJpeiipa Hy/s uaMepuTebHOro npubdopa. B pesyibrare HekoTopbie
000pOTHI TPAEKTOpUM, HE OXBATBHIBAIOININE HAYAIO KOODIUHAT, HE OY/IyT
BOCHPUHATHI KaK UK/, 1 B HaOere (a3bl Oyger norepgano 2. YTodsl mpo-
WLTIOCTPUPOBATH 3TO, /100aBUM UCKyccTBeHHBIN Tpers K JKI; pexon-
CTPYKIUS TAKOTO CUTHATA B KOOpJAWHATAX S, Sy MOKazaHa Ha puc. 112.6,
ero cJjieJlyeT CPaBHUTH C AHAJOTUYHBIM IDAMDUKOM JIJId OPUTMHATBHBIX
nauabix #Ha puc. 112.5. OdeBugHO, 9TO HAYAIO KOODIUHAT, TIOMEYEHHOE
na puc. [12.5 nepsoit cTpesnkoii, 6yJeT B 3TOM Caydae HEIPABUIbLHBIM
BbIOOpOM. UT0OBI M36ekaTh 3TOI TPOOIEMbI, Mbl PEKOMEH/IyeM BCerja
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crpouTh rpacduk 3apucumoctu III' oT mcxoHOrO CUrHAIA U TPOBEPATH,
[MPABUIBHO JI BRIOPAHO HAYAJIO KOOD/IUHAT.

N2.4 Bbl4yncneHne MrHoBeHHOW 4acCTOThbI

YacToTa HenpepbiBHOro curHasa

Bbruncienune MruoseHHON 4acTOThl W(t) CUTHAMA ABAAETCS JIOBOJBHO
c102kHO# mporeaypoit. HemocpeacrBennoe BeIaucieHne myTeM YucJIeHHO-
ro auddepennuposanus ¢(t) IPUBOAUT, €CTECTBEHHO, K 6OIbIMM (DITyK-
Tyauusam B onenke w(t). Bomee Toro, moxer okazarbcs, uro w(t) < 0
JUTsT HEKOTOPBIX t. DTO MOXKET NPOU30UTH HE TOJBKO W3-3a BJIMSHUS
[yMa, HO U KaK CJIeJICTBUE CJIOXKHOM (hopMbl curHasia. Tak, Hampumep,
runmunbie dnementbl KT (nanpumep, T-3y6upl) npuBoggar K orpuna-
TeJIbHBIM 3HAUYEHUsIM MIHOBEHHO# dacTorhbl. C HU3MIECKOl TOUKM 3pe-
HUS Mbl OKHMA€M, 9TO MI'HOBEHHAS YACTOTA, fABJIIETCS ITOJOKUTETbHOMI
dbyuKIMENl BpeMeHu, N3MEHIIONENcd Me/JIEHHO 110 CPABHEHUIO C XapaK-
TEPHBIM IIePUOJOM KOJeOAHUN W MMEIOIIell CMBICJ YuCjia Kojiedanuii B
eJIMHUILY BPEMEHU. DTO OCOOEHHO BAYKHO B KOHTEKCTE WCCAeI0BAHUS
CUHXPOHU3AIINNU, [JIe HAC He MHTepecyeT moBejenne hpa3bl Ha MaciTadax,
MEHBIIINX XapaKTepHOro mepuojga kojedanuii. CyIlecTByeT HECKOIbKO
METO/IOB MOJTY I€HHs OIEHKHU w(t) B COOTBETCTBHUHU C TAKOi TOIKOI 3peHMsT;
ux obCyzK/eHne u cpaBHenne MOKHO Haiitu B |[Boashash 1992].
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Puc. I12.6. Wnocrpanusg ayscrsuTe/ibHOCTH 11peobpasosanug ['uibbep-
Ta K HU3KOYACTOTHOMY TPEH/LY.
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BoszbMmeM 151 HTFOCTPAIINE 3AIHCH JBIXaHUS 9eT0BeKa (TIOTOK BO3IY-
xa 1gepe3 Hoc), cM. puc. [12.7a, u BOCIOMB3yeMcsi METOIOM, HA3BIBAEMBIM
B |[Boashash 1992 «oreHKoii 9acTOTBI METOIOM MAaKCHMAJIBLHOTO MPABJIO-
nonobusi». Ilycts mruoBennasi (asa ¢(t) passepHyTa Ha OECKOHEUHOI
OCH, TaK UTO OHA SBJSIETCS BO3PACTAIOIIEH, XOTdI W He 00I3aTeThHO
MOHOTOHHOU, (pyHKIMel BpeMeHnu. BbImosHuM i KayK/I0r0 MOMEHTa,
BPEMEHU JIOKAJIbHYIO allllPOKCUMAIUIO [TOJTUHOMOM [0 UHTEPBAJY, CYIIe-
CTBEHHO OOJIbIIIEMY XapaKTEPHOrO Meprojia KojaeDaHuil. AHAIUTUIECKT

| | | @
0 | 25 | Bpel\s,log (‘s) | § | v
04 \ X
J" ) b '\ | *mln
gm i “\"‘” oot ' ' :

BpeMms (S)

Puc. T12.7. Mruosennas gacrora apixanus udesosexa. VICXOAHbIA curnas
— mOTOK BO3ayxa — mokas3as Ha (a). Ha (b) kupnas jnHus nokasbiBaer 4a-
CTOTY, COOTBETCTBYIONLYI0O MAKCUMYMY CIIEKTPA MOITHOCTH, BBIYUCICHHOTO
MerogoM aBroperpeccun (Meronom Bypra [Press et al. 1992]) B ckonp3smem
OKHE INTeahbHOCTHIO 30 cexyHa. /IyimHa OKHA TOKa3aHa TOPU30HTATIBLHBIM
orpe3kom Ha (a); OHA COOTBETCTBYET mpuMepHO 10 XapaKTEepHBIM TEepPHO-
nam npixanug. HenpepeiBaasa u nynkrupabie quauu Ha (b) m3obpaxaor
MTHOBEHHYIO wactory f(t), momywenmyio ¢ momompio I ¢ mocmemyiomeit
AIMIIPOKCUMAIIMEN ITOIMHOMOM B OKHe JymHOU coorBercrBeHHO 30 m 60
CEeKyHJI.



112.4 Buvucaerue mMeHo8erHOT “acmomos 4@

BBIUNCTIEHHAS TPOM3BOIHASA MOJUHOMUAIBHON (DYHKIINU B TaHHBIA MO-
MEHT BpeMeH! JAéT BCerja MOJTOKUTETbHYIO OMEHKY JacTOThI. [IparTu-
YEeCKU 9TO Jesiaercs ¢ nomomrsio dunbrpa Casunkoro—lomas (Savitzky—
Golay); derBepras CTemeHb TOJMHOMA U JJINHA WHTEPBAJIA AMIPOKCH-
Mmarmn mopanka 10 XapaKTepHBIX MePUOIOB SABISIIOTCA PA3yMHBIM BbI-
6opom mapamerpoB. MruoBeHHas 4acTOTa, BHIYUCIEHHAS TAKUM CIIOCO-
6OM, IPAKTUIECKHU COBIIAIAET C 4aCTOTOM, COOTBETCTBYIOMIECH MaKCUMyMYy
CKOJIB3IIEr0 CIEeKTPA, MOy 9€HHOTO METOIOM aBTOPErPECCUN, HAIPUMED
merozom Bypra [Press et al. 1992], cm. puc. I12.7b.

YacroTta To4eyHoro npouyecca

Qaza u MeJ/JIEHHO MEHSIONAgACd YacTOTa TOYEYHOTO MPOIEcca MOIYT
OBITH TOIYYeHbl JOCTATOYHO MPOCTO. JlelicTBUTE/IbHO, €C/iu WHTEPBAJ
BpPEMEHU MEKJIy JIByMs COOBITHSME COOTBETCTBYET IMOJTHOMY IUKJIY KO-
jiebaTeIbHOTO Tporiecca, To Haber ¢asbl 3a ITOT UHTEPBAT B TOYHOCTU
pasen 2. Cjie/oBaTeIbHO, MBI MOZKEM IIPUIINCATH BpEMeHAM t; 3HAYeHUs
daser ¢; = ¢(t;) = 2mi. C TaKUM BpEMEHHBIM DSJIOM TPYAHO paboTaTh,
TaK KaK OH HEeIKBUMCTaHTEH 10 BpemeHu. Tem He MeHee, Mbl MOXKEM
BOCIOJIB30BATHCS TEM, 9TO TAKOW CUI'HAJI €CTh MOHOTOHHO BO3PACTAOIIAs
dbynkumsa Bpemenn, u obparuts ee. [lonyuennniit npouecc t(¢;) sxBuu-
CTaHTEH, TaK Kak mmar mno ase pased 27. Tenepb Mbl MOKEM TPUMEHUTH
ONUCAHHBIN BBIIIE METO/] MOJIMHOMUAIBHON allPOKCUMAIIAN, ITOOBI MO~
ayuuth Mraosennbiiit nepuog T; = T'(¢;). Cuosa obpamias BpeMeHHO
psit, mostyduM vacrory w; = w(t;) = 2w /T;.






Cnuncok nntepaTtypbl

. A. Angpornos u A. A. Burr. K maremarndeckoil Teopuy 3aXBaTbIBAHUSA.
Kypran npuraadnots gusuru, 7(4):3, 1930a.

. A. Augponos u A. A. Burr. Zur Theorie des Mitnehmens von van der
Pol. Archiv fiir Elektrotechnik, 24(1):99-110, 1930b. Pycckuii nepesos B:
A. A. Auaponos. Cobparue mpydos, ctp. 70-84. 3-8o AH CCCP, M., 1956.

. A. Auaponos, A. A. Burr u C. 9. Xaiikun. Teopus xorebanudi. Tocrexmusmar,
M., 1937; ®uszmarrus, M., 1959; Hayxka, M., 1981.

. C. Anumienko. Caootcnvie Koaebanus 6 npocmur cucmemar. Mexanuzmo,
BO3HUKHOBEHUA, CIMPYKMYPE U CE0TUCMEG Ta0Ca 6 PaduoPusuteckur cucme-
mazx. Hayka, M., 1990.

. C. Anumenko u B. B. Acraxos. Budypranuonnbie siBJIEHIS B aBTOCTOXACTH-
9EeCKOM reHeparope npu BHemnHeMm Bosieiicreuu. XK T'@, 53(11):2165-2170,
1983.

. C. Anumenko, T. E. Bagusacosa, /. 9. ITocraos u M. A. Cacdonosa.
Boinyzkaennas u B3auMHas CUHXPOHU3aIMs Xaoca. Paduomexrnuka u snex-
mponuka, 36(2):338-351, 1991.

. B. Aurioxos, A. ®. I'mosa, O. P. Kauypuu, ®. B. Jlebenen, B. B. Jluxan-
ckuit, A. TI. Hamaprosuu u B. /1. [Tucbmennsiii. Ddderrusnas dazoBas
cunxpounusauus nabopa OKI. I[Tucvma 6 2KOTD, 44(2):63-75, 1986.

. W. Apunonba. Magbie 3aamenarenu. [. O6 orobpazkeHusix OKPYKHOCTH B
okpyzkuoctb. Use. Axad. Hayx Cep. Mam., 25(1):21-86, 1961.

. . Apuonba. 3amedaHus O Teopuy BO3MYIIEHUH 1jia 3a7a4 Tuna Marbe.
Yen. Mam. Hayrx, 38(4):189-203, 1983.

. C. Adpaiimosuu u JI. TI. lunpaukos. VHBapuaHTHBIE JIBYMEPHBIE TODHI,
UX pa3pylleHre W CTOXaCTUYHOCTb. B Memodn kauecmeennot meopuu



@66 Cnucox aumepamypol

duppepenyuanvroir ypasuenud, crp. 3—28. Topbkuit, 1983.

JI. T. Besaesa, JI. H. Kannos u II. C. Jlauga. Ilopor cunxponusaiuu Kak
KpUTEPU CTOXaCTUYHOCTU B I'eHepaTope ¢ MHEPUUOHHON HeJIUnHEeAHOCTHIO.
KT, 56(9):1849-1853, 1986.

B. II. Be3pyuko. IKcnepumermasoroe Ucciedosarue HECMayUOHAPHOLL U
zaomuseckur apdermos 6 pacnpedenennoti asmokrosebamenvrotl cucmeme
ANEKMPOHHOIT NYUOK — IAEKMPOMAZHUMHGA 804HG. ABTOpedepaT Kami.
nucc., Caparosekuit Yuusepcurer, 1980.

B. II. Bespyuxo, JI. B. Bymarakosa, C. II. Kysuenos u /. 1. Tpy6erkos.
DKCHEPUMEHTATIBHOE M TEOPETUYECKOE HCCIEIOBAHUE CTOXACTUIECKUX AB-
rokosebanuil B stamie ooparuoit Bosinbl. B Jlexuyuu no swicoxouacmommot;
anexmponuke (5-aa Summnasn lxona), Caparos 1981, crp. 25-77, U3n-Bo
Caparosckoro Yuusepcurera, 1981.

B. TI. Be3pyuxo, C. II. Kysuemos u /1. . Tpybenkos. DKcnepuMeHTAb-
HOe HADJIIO/IeHNe CTOXaCTUIeCKUX ABTOKOIe0AHN B JUHAMUIECKON CUCTEME
SJIEKTPOHHBIN IIy40K — ObparHas 3jeKrTpoMarauTHas Bosna. [lucoma 6
KOT®D, 29(3):180-184, 1979.

N. U. Baexmvan. Cunzpornudayus dunamuveckur cucmem. Hayka, M., 1971

N. U. Baexmvan. Cunzpornusdayus 6 npupode u mexnuke. Hayka, M., 1981

H. H. Boroswobos u K. A. Murponosnbckuii. Acumnmomuveckue memodvl 6
MeoPUY, HeAuHeUHuT Koredbarut. Pusmarrus3, M., 1958.

A. B. Bougapenko, A. ®@. T'mosa, C. H. Koszsos, @. B. Jlebenes, B. B. JIuxan-
ckwit, A. I1. Hanmaprosuy, B. /1. [Tucsmennsiii u B. I1. fpues. Budyprammu
u xaoc B cucreMe onrudecku cazaHubix COg-nmazepos. KT, 95(3):
807-816, 1989.

B. 4. Bpoackuit. OxonodgacoBble pUTMbL B KJI€TOYHON monyJisituu. [Ipobiema
cunxponuzauuu. broaa. Jxen. Buoa. Med., 124(12):604-609, 1997.

H. B. Byrenun, FO. . Heiimapk u H. A. ®ydaes. Bsedenue 6 meopuro
HeauHelnus konebanut. Hayka, M., 1987.

JI. A. Baitrmreitn u [1. E. Bakman Pasdesenue wacmom 6 meopuu koaedanud
u eosan. Hayxa, M., 1983.

n. M. Tenbpang, C. A. Kosanes u JI. M. Yaitnaxsau. BryTpukierodnoe
paspazkeHue pa3judHbIX 0Taen0B cepaua aarymku. JAH CCCP, 148(4):
973-976, 1963.

JI. Tnace u M. Maku. Om wacos x xaocy: Pummw orcusnu. Mup, M., 1991.

A. @. Tiiosa, C. FO. Kypuaros, B. B. Jluxauckuit, A. FO. JIsicukos u A. I1. Ha-
naproud. O KOrepeHTHOH reHepanuu JUHEHHOrO HAbOPA BOJIHOBOHBIX
CO3-n1a3epoB ¢ NpocTpancTBeHHbIM BUIbTPOM. Keanm. saewmpon., 23(6):
515-517, 1996.

B. C. I'ypdunkens, d. M. Ko u M. JI. Illuk. Pezyaauua nosv, “es06eka.
Hayxka, M., 1965.

7K. Moce u JI. dzxozed. Daemernmaprasn meopus yemotivusocmu u budypra-
yut. Mup, M., 1983.



Cnucox aumepamypol 46@

A. B. Karok u B. Xaccennbiar Bsedenue 68 cospemertyro meoputo OUHAMUY%E-

cxuz cucmem. Paxropuas, M., 1999.

B. I. Komunbko, T. A. Apxanresnsckas u FO. M. Pomanosckuii. /Ipukenue mpo-

TOIJIA3MBI MIA3MOIUS MUKCOMUNETa Physarum B yCIOBUSX W3MEHSIOIIEHCST
remneparypbl. Stud. Biophys., 106(3):215-222, 1985.

N. I1. Kopudenna, C. B. ®omun u 4. I'. Cunaii. Ipzoduvecran meopus. Hayka,

M., 1980.

C. II. Kysuenos, JAunamuyeckuti raoc. ®uamaraur, M., 2001.

C. II. Kysuenos u A. C. Ilukosckuii. Ilepexos OT CUMMETPUYHOIO K HECHM-

METPUYIHOMY DEKHMY XAOTHYECKON [UHAMUKU B CHUCTEME JUCCHIATUBHO
CBS3AHHBIX PEKYyPPEeHTHbIX orobpaxkenuii. Hze. BY 306 — Paduogusuka,
32(1):41-45, 1989.

. 1. Kysuenos, I1. C. Jlanga, A. @. Oabxosoit u C. M. Ilepmunos. Cesa3b
MEZK/Ty aMILIUTYTHBIM TOPOTOM CHHXPOHU3AIWYA W HTPONUEH B CTOXACTH-
4yeckux aBrokosebarenbubix cucremax. JAH CCCP, 281(2):291-294, 1985.

. 0. Kynuk u U. K. ducon. Ofgpexm Jlocozepcona 6 caeprnposodsusus

myrnreavuur cmpykmypar. Hayxa, M., 1970.

. C. Jlamga. AemokosebaHus 6 CuCmeMar ¢ KOHEWHDIM YUCAOM CMEneHed

c60b0dw. Hayxa, M., 1980.

. C. JTanpa. Heaunetinvie xonrebanus u oanv. Hayka, M., 1997.

. C. JTagna u C. M. Ilepmunos. BzaumogeiicrBue mnepuogudeckux u Croxa-

crudeckux aprokonebannii. Mse. BY 306 — Paduogusura, 25(3):424-427,

1985.

. C. Jlanga u C. M. IlepmunoB. CHUHXpOHU3AINSA XAOTHICCKUX KOJIEOAHMIT

B cucreme Makkes—Tuacca. Hzs. BY306 — Paduogusura, 30(3):437-439,

1987.

. C. Jlanga, FO. C. Pengenp u B. A. Illep. Cunxponusamust KosebaHuii B

cucreme Jlopenna. Hsze. BY306 — Paduopusura, 32:1172-1174, 1989.

. C. JlTanma u M. I'. Pozerbsiom. O cHHXpOHU3AINKA XAOTHIECKAX ABTOKOJIE-

6aresnbubix cucrem. JAH CCCP, 324(1):63-68, 1992.

. C. JTanpa u H. 1. TapankoBa. CuaxpoHu3alius reaepaTopa mpu MOILYISIin

ero cobCeTBeHHOI YacToThl. Paduomexrnuka u saexmponura, 21(2):260, 1976.

. M. JIudprmur u JI. I1. Iuraesckuit. Quauveckan xunemuka. Haywa, M.,

1979.

. H. Mamaxos. @aykmyayuu 6 asmorosebamenrvrvx cucmemar. Hayka, M.,
1968.

. I Mankwuna. Hexomopwie 3adavwu meopuu nesunetinns xoaebarnut. Tocre-
xu3mat, M., 1956.

. M. Murrommusn, JI. JI. Jlurunckas u JI. B. Kamunup. O cuaxponHom u3me-
HEHNM KJIeTOYHBLIX giep. B Koaebamenavrvie npouecco, 68 6U0ON02UNECKUT U
TUMUNECKUT cucmemax, cTp. 325-331, Hayka, M., 1967.

. Myn. Xaomuueckue xonebarus: Beodnvil Kypc 0as HAGYYHOT COMPYIHUKOE
u unotcenepos. Mup, M., 1990.

. Haitd». Bsedenue 6 memodu, eosmyuwernut. Mup, M., 1984.



@68 Cnucox aumepamypol

FO. U. Heitmapxk u I[1. C. Jlanga. Cmozxacmuueckue 4 Taomudeckue KoAOaHUs.
Hayxa, M., 1987.

A. A. Henomusitmuii. YCTORYUBOCTH BOJIHOBBIX PDEKUMOB B ILIEHKE, CTEKAIONIEH
[0 HAKJIOHHOM minockoctu. Uzd. AH CCCP, Mexanuxa scudkocmu u 2a3a,
(3):28-34, 1974.

4. I. Ilanosko u U. U. I'ybanosa. Ycmotiuwusocmo U KosebaHUA YNPY2uL
cucmem. Hayxa, M., 1964.

A. C. IMTukosckuit. CUHXPOHU3AIMS U CTOXACTH3AIMS AHCAMOJIS ABTOrEHEPATO-

pos Brewnum wymom. Hze. BY3oe—-Paduodusura, 27(5):576-581, 1984a.

A. C. TMurosckuit. Cunxponusaius (Gha3bl CTOXACTHICCKUX aBTOKOJIeOaAHU TTe-
PUOAMYECKUM BHEITHUM CUTHAJIOM. Paduomexrnuka u saexmpornura, 30(10):
1970-197485, 1984b.

JI. Pabunep u B. Tona. Teopua u npumenerue yudposoti 06pabomxu cueraios.
Mup, M., 1978.

M. U. Pabunosuu u 1. 1. Tpybeukos. Beederue 6 meopuro konrebanuti U 60AH.
Per. Xaor. Qun., Uxkesck, 2000.

. B. Paneit (Crperr). Teopus seyxa. Tocrexuzmar, M., 1955.

FO. M. Pomanosckuit, H. B. Cremanosa u 1. C. Uepnasckuit. Mamemamuye-
ckoe modeauposarnue 6 buopusure. Hayka, M., 1975.

FO. M. Pomanosckuit, H. B. Cremanosa u 1. C. Uepnasckuit. Mamemamuye-
ckasn buopusura. Hayka, M., 1984.

C. M. PoiroB. Bsedenue 6 cmamucmuseckyro paduopusuky. Hayka, M., 1976.

P. JI. Crparonosuu. Hsbparnwie sonpocv. meopuu Gayrkmyayud 6 paduomes-
nuke. Cos. Pagmo, M., 1961.

K. ®. Teonopuuk. Aemoxosebamenvrvie cucmems. Locrexusmar, M., 1952.

B. ®emnep. Bsedenue 6 meoputo eepoammocmertl u ee npuaosicenus. Mup, M.,
1984.

A. A. XapkeBuu. Ochosv, paduomernuru. Caspusmar, M., 1962.
T. Xasicu. Heaunetinoe xonebanus 6 dusuveckur cucmemazr. Mup, M., 1968.

B. Xopcrxemke u P. Jledesp. Hudyuyuposanmvie wymom nepexrods. Mup, M.,
1987.

M. JI. Hernun. Hecaedosarus no meoput asmomamos u Modesuposaruio
buonoeuveckur cucmem. Hayka, M., 1969.

P. llImunar u I'. Terc. Qusauonozus wesosera. Mup, M., 1986.
I lycrep. Jemepmuruposarrnoiti zaoc. Beedenue. Mup, M., 1988.

H. D. I. Abarbanel. Analysis of Observed Chaotic Data. Springer, New York,
Berlin, Heidelberg, 1996.

H. D. I. Abarbanel, N. F. Rulkov, and M. M. Suschik.  Generalized
synchronization of chaos: The auxillary system approach. Phys. Rev. E, 53
(5):4528-4535, 1996.

L. F. Abbott and C. van Vreeswijk. Asynchronous states in networks of pulse-
coupled oscillators. Phys. Rev. E, 48(2):1483-1490, 1993.

J. A. Acebron, L. L. Bonilla, S. De Leo, and R. Spigler. Breaking the symmetry



Cnucox aumepamypol 46@

in bimodal frequency distributions of globally coupled oscillators. Phys.
Rev. E, 57(5):5287-5290, 1998.

U. Achenbach and K. E. Wohlfarth-Bottermann. Synchronization and signal
transmission in protoplasmatic strands of Physarum. Reaction to varying
temperature gradient. Planta, 150:180-188, 1980.

U. Achenbach and K. E. Wohlfarth-Bottermann. Synchronization and signal
transmission in protoplasmatic strands of Physarum. Effects of externally
applied substances and mechanical influences. Planta, 151:574-583, 1981.

R. Adler. A study of locking phenomena in oscillators. Proc. IRE, 34:351-357,
1946. Reprinted in Proc. IEEE, 61(10):1380-1385, 1973.

V. S. Afraimovich, V. I. Nekorkin, G. V. Osipov, and V. D. Shalfeev. Stability,
Structures and Chaos in Nonlinear Synchronization Networks. World
Scientific, Singapore, 1994.

Y. Aizawa and T. Uezu. Global aspects of the dissipative dynamical systems.
II. Periodic and chaotic responses in the forced Lorenz system. Prog. Theor.
Phys., 68(6):1864-1879, 1982.

M. K. Ali. Synchronization of a chaotic map in the presence of common noise.
Phys. Rev. E, 55(4):4804-4805, 1997.

M. K. Ali and J.-Q. Fang. Synchronization of chaos and hyperchaos using
linear and nonlinear feedback functions. Phys. Rev. E, 55(5):5285-5290,
1997.

K. T. Alligood, T. D. Sauer, and J. A. Yorke. Chaos: An Introduction to
Dynamical Systems. Springer, New York, 1997.

P. Alstrgm, B. Christiansen, and M. T. Levinsen. Characterization of a simple
class of modulated relaxation oscillators. Phys. Rev. B, 41(3):1308-1319,
1990.

R. Andretic, S. Chaney, and J. Hirsh. Requirement of circadian genes for
cocaine sensitization in Drosophila. Science, 285:1066—1068, 1999.

V. S. Anishchenko, A. G. Balanov, N. B. Janson, N. B. Igosheva, and
G. V. Bordyugov. Entrainment between heart rate and weak noninvasive
forcing. Int. J. Bifurc. Chaos, 10:2339-2348, 2000.

V. S. Anischenko, T. E. Vadivasova, D. E. Postnov, and M. A. Safonova.
Synchronization of chaos. Int. J. Bifurc. Chaos, 2(3):633-644, 1992.

T. Aoyagi and Y. Kuramoto. Frequency order and wave patterns of mutual
entrainment in two-dimensional oscillator lattices. Phys. Lett. A, 155(6,7):
410-414, 1991.

E. V. Appleton. The automatic synchronization of triode oscillator. Proc.
Cambridge Phil. Soc. (Math. and Phys. Sci.), 21:231-248, 1922.

J. Argyris, G. Faust, and M. Haase. An Ezploration of Chaos. North-Holland,
Amsterdam, 1994.

J. Arnhold, P. Grassberger, K. Lehnertz, and C. E. Elger. A robust method for
detecting interdependences: Application to intracranially recorded EEG.
Physica D, 134(4):419-430, 1999.

L. Arnold. Random Dynamical Systems. Springer, Berlin, 1998.



@70 Cnucox aumepamypol

V.
D.

D.

D.

R.

R.

N.

I. Arnold. Cardiac arrhythmias and circle mappings. Chaos, 1:20-24, 1991.
G. Aronson, M. A. Chory, G. R. Hall, and R. P. McGehee. Bifurcations
from an invariant circle for two parameter families of maps of the plane: A
computer-assisted study. Commun. Math. Phys., 83:303-353, 1982.

G. Aronson, G. B. Ermentrout, and N. Koppel. Amplitude response of
coupled oscillators. Physica D, 41:403-449, 1990.

G. Aronson, R. P. McGehee, I. G. Kevrekidis, and R. Aris. Entrainment
regions for periodically forced oscillations. Phys. Rev. A, 33(3):2190-2192,
1986.

Artuso, E. Aurell, and P. Cvitanovi¢. Recycling of strange sets. I. Cycle
expansions. Nonlinearity, 3:325-359, 1990a.

Artuso, E. Aurell, and P. Cvitanovi¢. Recycling of strange sets. II.
Applications. Nonlinearity, 3:361-386, 1990b.

. Aschoff, S. Daan, and G. A. Groos. Vertebrate Circadian Systems. Structure

and Physiology. Springer, Berlin, 1982.

. Ashwin and P. J. Aston. Blowout bifurcations of codimension two. Phys.

Lett. A, 244(4):261-270, 1998.
Ashwin, J. Buescu, and I. Stewart. Bubbling of attractors and
synchronization of chaotic oscillators. Phys. Lett. A, 193:126-139, 1994.

. Ashwin, J. Buescu, and L. Stewart. From attractor to chaotic saddle: a tale

of transverse instability. Nonlinearity, 9(3):703-737, 1996.

. Ashwin, J. R. Terry, K. S. Thornburg, and R. Roy. Blowout bifurcation in

a system of coupled chaotic lasers. Phys. Rev. E, 58(6):7186-7189, 1998.

. Astakhov, T. Kapitaniak, A. Shabunin, and V. Anishchenko. Non-

bifurcational mechanism of loss of chaos synchronization in coupled non-
identical systems. Phys. Lett. A, 258(2-3):99-102, 1999.

. J. Aston and M. Dellnitz. Symmetry breaking bifurcations of chaotic

attractors. Int. J. Bifurc. Chaos, 5(6):1643-1676, 1995.

. Badii, G. Broggi, B. Derighetti, M. Ravani S. Ciliberto, A. Politi, and M. A.

Rubio. Dimension increase in filtered chaotic signals. Phys. Rev. Lett., 60:
979-982, 1988.

. Badii and A. Politi. Complexity. Hierarchical Structures and Scaling in

Physics. Cambridge University Press, Cambridge, 1997.

. Bagnoli, L. Baroni, and P. Palmerini. Synchronization and directed

percolation in coupled map lattices. Phys. Rev. E, 59(1):409-416, 1999.

. Bagnoli and R. Rechtman. Synchronization and maximum Lyapunov

exponents of cellular automata. Phys. Rev. E, 59(2):R1307-R1310, 1999.

. L. Baker, J. A. Blackburn, and H. J. T. Smith. A stochastic model of

synchronization for chaotic pendulums. Phys. Lett. A, 252(3-4):191-197,
1999.

. Baker and J. Gollub. Chaotic Dynamics. Cambridge University Press,

Cambridge, 1996.
Balmforth, C. Tresser, P. Worfolk, and C. W. Wu. Master—slave
synchronization and the Lorenz equation. Chaos, 7(3):392-394, 1997.



Cnucox aumepamypol 47@

N. J. Balmforth, A. Jacobson, and A. Provenzale. Synchronized family
dynamics in globally coupled maps. Chaos, 9(3):738-754, 1999.

N. J. Balmforth and R. Sassi. A shocking display of synchrony. Physica D,
143(1-4):21-55, 2000.

M. Banaji and P. Glendinning. Towards a quasi-periodic mean flow theory for
globally coupled oscillators. Phys. Lett. A, 251:297-302, 1994.

A.-L. Barabdsi and H. E. Stanley. Fractal Concepts in Surface Growth.
Cambridge University Press, Cambridge, 1995.

S. Barbay, G. Giacomelli, and F. Marin. Stochastic resonance in vertical cavity
surface emitting lasers. Phys. Rev. E., 61(1):157-166, 2000.

A. Barone and G. Paterno. Physics and Applications of the Josephson Effect.
Wiley, New York, 1982.

C. Beck and F. Schlogl. Thermodynamics of Chaotic Systems. Cambridge
University Press, Cambridge, 1997.

J. Benford, H. Sze, W. Woo, R. R. Smith, and B. Harteneck. Phase locking of
relativistic magnetrons. Phys. Rev. Lett., 62(8):969-971, 1989.

T. B. Benjamin and J. E. Feir. The disintegration of wave trains on deep
water. J. Fluid Mech., 27:417, 1967.

R. E. Best. Phase-Locked Loops. McGraw-Hill, New York, 1984.

L. Billings, J. H. Curry, and E. Phipps. Lyapunov exponents, singularities, and
a riddling bifurcation. Phys. Rev. Lett., 79(6):1018-1021, 1997.

B. Blasius, A. Huppert, and L. Stone. Complex dynamics and phase
synchronization in spatially extended ecological systems. Nature, 399:
354-359, 1999.

I. Blekhman, P. S. Landa, and M. G. Rosenblum. Synchronization and
chaotization in interacting dynamical systems. Appl. Mech. Rev., 48(11):
733-752, 1995.

B. Boashash. Estimating and interpreting the instantaneous frequency of a

signal. Proc. IEEE, 80(4):520-568, 1992.

S. Boccaletti, J. Bragard, F. T. Arecchi, and H. Mancini. Synchronization in
nonidentical extended systems. Phys. Rev. Lett., 83(3):536-539, 1999.

S. Boccaletti, A. Farini, and F. T. Arecchi. Adaptive synchronization of chaos
for secure communication. Phys. Rev. E, 55(5):4979-4981, 1997.

T. Bohr, M. H. Jensen, G. Paladin, and A. Vulpiani. Dynamical Systems
Approach to Turbulence. Cambridge University Press, Cambridge, 1998.

R. Bonaccini and A. Politi. Chaotic-like behavior in chains of stable nonlinear
oscillators. Physica D, 103:362, 1997.

L. L. Bonilla, J. M. Casado, and M. Morillo. Self-synchronization of populations
of nonlinear oscillators in the thermodynamic limit. J. Stat. Phys., 48(3/4):
571-591, 1987.

L. L. Bonilla, J. C. Neu, and R. Spigler. Nonlinear stability of incoherence and
collective synchronization in a population of coupled oscillators. J. Stat.
Phys., 67(1/2):313-330, 1992.

L. L. Bonilla, C. J. Pérez Vicente, F. Ritort, and J. Soler. Exactly solvable

=



@72 Cnucox aumepamypol

phase oscillator models with synchronization dynamics. Phys. Rev. Lett.,
81(17):3643-3646, 1998.

L. L. Bonilla, C. J. Pérez Vicente, and J. M. Rubi. Glassy synchronization in
a population of coupled oscillators. .J. Stat. Phys., 70(3/4):921-936, 1993.

S. Bottani. Pulse-coupled relaxation oscillators: From biological
synchronization to self-organized criticality. Phys. Rev. Lett., 74
(21):4189-4192, 1995.

S. Bottani. Synchronization of integrate and fire oscillators with global
coupling. Phys. Rev. E, 54(3):2334-2350, 1996.

C. Boyd. On the structure of the family of Cherry fields on the torus. Ergod.
Theor. Dynam. Syst., 5:27-46, 1985.

M. Braci¢ and A. Stefanovska. Synchronization and modulation in the human
cardiorespiratory system. Physica A, 283:451-461, 2000.

Y. Braiman, W. L. Ditto, K. Wiesenfeld, and M. L. Spano. Disorder-enhanced
synchronization. Phys. Lett. A, 206:54—60, 1995.

D. M. Bramble and D. R. Carrier. Running and breathing in mammals. Science,
219:251-256, 1983.

H. Bremmer. The scientific work of Balthasar van der Pol. Philips Tech. Rev.,
22(2):36-52, 1960/61.

P. C. Bressloff and S. Coombes. Symmetry and phase-locking in a ring of pulse-
coupled oscillators with distributed delays. Physica D, 126(1-2):99-122,
1999.

J. Brindley and T. Kapitaniak. Analytic predictors for strange non-chaotic
attractors. Phys. Lett. A, 155:361-364, 1991.

R. Brown and N. Rulkov. Designing a coupling that guarantees synchronization
between identical chaotic systems. Phys. Rev. Lett., 78(22):4189-4192,
1997a.

R. Brown and N. Rulkov. Synchronization of chaotic systems: Transverse
stability of trajectories in invariant manifolds. Chaos, 7(3):395-413, 1997b.

L. Brunnet and H. Chaté. Phase coherence in chaotic oscillatory media. Physica
A, 257:347-356, 1998.

L. Brunnet, H. Chaté, and P. Manneville. Long-range order with local chaos
in lattices of diffusively coupled ODEs. Physica D, 78:141-154, 1994.

P. Bryant and C. Jeffries. The dynamics of phase locking and points of
resonance in a forced magnetic resonator. Physica D, 25:196-232, 1987.

J. Buck and E. Buck. Mechanism of rhythmic synchronous flashing of fireflies.
Science, 159:1319-1327, 1968.

J. Buck, E. Buck, F. E. Hanson, J. F. Case, L. Mets, and G. J. Atta. Control
of flushing in fireflies. IV. Free run pacemaking in a synchronic Pteroptyz.
J. Comp. Physiol., 144:277-286, 1981.

C. J. Buczek, R. J. Freiberg, and M. L. Skolnick. Laser injection locking. Proc.
IEFEFE, 61(10):1411-1431, 1973.

P. J. Butler and A. J. Woakes. Heart rate, respiratory frequency and wing beat
frequency of free flying barnacle geese. J. Ezp. Biol., 85:213-226, 1980.



Cnucox aumepamypol 47@

J. L. Cardy, Editor. Finite-Size Scaling. North-Holland, Amsterdam, 1988.

T. L. Carroll. Amplitude-independent chaotic synchronization. Phys. Rev. E,
53(4):3117-3122, 1996.

T. L. Carroll, J. F. Heagy, and L. M. Pecora. Transforming signals with chaotic
synchronization. Phys. Rev. E, 54(5):4676-4680, 1996.

T. L. Carroll and G. A. Johnson. Synchronizing broadband chaotic systems to
narrow-band signals. Phys. Rev. E, 57(2):1555-1558, 1998.

T. L. Carroll and L. M. Pecora. Cascading synchronized chaotic systems.
Physica D, 67:126-140, 1993a.

T. L. Carroll and L. M. Pecora. Synchronizing nonautonomous chaotic circuits.
IEEE Trans. Circ. Syst., 40:646, 1993b.

T. L. Carroll and L. M. Pecora. Synchronizing hyperchaotic volume-preserving
maps and circuits. IEEE Trans. Circ. Syst. I, 45(6):656-659, 1998.

M. L. Cartwright and J. E. Littlewood. On nonlinear differential equations of
the second order. J. London Math. Soc., 20:180-189, 1945.

A. Cenys, A. N. Anagnostopoulos, and G. L. Bleris. Distribution of laminar
lengths for noisy on—off intermittency. Phys. Lett. A, 224(6):346-352,
1997a.

A. Cenys, A. N. Anagnostopoulos, and G. L. Bleris. Symmetry between laminar
and burst phases for on—off intermittency. Phys. Rev. E, 56(3):2592-2596,
1997b.

A. Cenys, A. Namajunas, A. Tamasevicius, and T. Schneider. —On—off
intermittency in chaotic synchronization experiment. Phys. Lett. A, 213:
259-264, 1996.

J. Cernacek. Stabilography in neurology. Agressologie D, 21:25-29, 1980.

H. Chaté and P. Manneville. Collective behaviors in spatially extended systems
with local interactions and synchronous updating. Prog. Theor. Phys., 87
(1):1-60, 1992.

H. Chaté and P. Manneville. Phase diagram of the two-dimensional complex
Ginzburg-Landau equation. Physica A, 224:348, 1996.

H. Chaté, A. Pikovsky, and O. Rudzick. Forcing oscillatory media: Phase kinks
vs. synchronization. Physica D, 131(1-4):17-30, 1999.

Chia-Chu Chen.  Threshold effects on synchronization of pulse-coupled
oscillators. Phys. Rev. E, 49:2668-2672, 1994.

M. Y. Choi, H. J. Kim, D. Kim, and H. Hong. Synchronization in a system of
globally coupled oscillators with time delay. Phys. Rev. E, 61(1):371-381,
2000.

B. Christiansen, P. Alstrgm, and M. T. Levinsen. Routes to chaos and complete
phase locking in modulated relaxational oscillators. Phys. Rev. A, 42(4):
1891-1900, 1990.

B. Christiansen, P. Alstrgm, and M. T. Levinsen. Collective dynamics of
coupled modulated oscillators with random pinning. Physica D, 56:23-35,
1992.



@74 Cnucox aumepamypol

J. J. Collins and I. N. Stewart. Coupled nonlinear oscillators and the
symmetries of animal gaits. J. Nonlinear Sci., 3:349-392, 1993.

S. Coombes. Liapunov exponents and mode-locked solutions for integrate-and-
fire dynamical systems. Phys. Lett. A, 255(1-2):49-57, 1999.

S. Coombes and P. C. Bressloff. Mode locking and Arnold tongues in integrate-
and-fire neural oscillators. Phys. Rev. E, 60(2):2086-2096, 1999.

A. Corral, C. J. Pérez, A. Diaz-Guilera, and A. Arenas. Self-organized criticality
and synchronization in a lattice model of integrate-and-fire oscillators.
Phys. Rev. Lett., 74(1):118-121, 1995a.

A. Corral, C. J. Pérez, A. Diaz-Guilera, and A. Arenas. Synchronization in a
lattice model of pulse-coupled oscillators. Phys. Rev. Lett., 75(20):3697—
3700, 1995b.

D. Cortez and S. J. Elledge. Conducting the mitotic symphony. Nature, 406:
354-356, 2000.

P. Coullet and K. Emilsson. Pattern formation in the strong resonant forcing
of spatially distributed oscillators. Physica A, 188:190-200, 1992a.

P. Coullet and K. Emilsson. Strong resonances of spatially distributed
oscillators: A laboratory to study patterns and defects. Physica D, 61:
119-131, 1992b.

H. Crauel and F. Flandoli. Attractors for random dynamical systems. Probab.
Theory Relat. Fields, 100:365—-393, 1994.

J. D. Crawford. Amplitude expansions for instabilities in populations of
globally-coupled oscillators. J. Stat. Phys., 74(5/6):1047-1084, 1994.

J. D. Crawford. Scaling and singularities in the entrainment of globally coupled
oscillators. Phys. Rev. Lett., 74(21):4341-4344, 1995.

J. D. Crawford and K. T. R. Davies. Synchronization of globally coupled phase
oscillators: Singularities and scaling for general couplings. Physica D, 125
(1-2):1-46, 1999.

A. Crisanti, M. Falconi, and A. Vulpiani. Broken ergodicity and glassy behavior
in a deterministic chaotic map. Phys. Rev. Lett., 76(4):612—-615, 1996.

A. Crisanti, G. Paladin, and A. Vulpiani. Products of Random Matrices in
Statistical Physics. Springer, Berlin, 1993.

M. C. Cross and P. C Hohenberg. Pattern formation outside of equilibrium.
Rev. Mod. Phys., 65:851-1112, 1993.

J. P. Crutchfield and K. Kaneko. Are attractors relevant to turbulence? Phys.
Rev. Lett., 60:2715-2718, 1988.

K. M. Cuomo and A. V. Oppenheim. Circuit implementation of synchronized
chaos with applications to communications. Phys. Rev. Lett., 71(1):65-68,
1993.

K. M. Cuomo, A. V. Oppenheim, and S. H. Strogatz. Robustness and signal
recovery in a synchronized chaotic system. Int. J. Bifurc. Chaos, 3(6):
1629-1638, 1993a.

K. M. Cuomo, A. V. Oppenheim, and S. H. Strogatz. Synchronization of
Lorenz-based chaotic circuits with applications to communications. I[FEE



Cnucox aumepamypol 47@

Trans. Circ. Syst., 40:626-633, 1993b.

. A. Czeisler, J. S. Allan, S. H. Strogatz, J. M. Ronda, R. Sanches, C. D. Rios,
W. O. Freitag, G. S. Richardson, and R. E. Kronauer. Bright light resets the
human circadian pacemaker independent of the timing of the sleep—wake
cycle. Science, 233:667-671, 1986.

. A. Czeisler, J. F. Duffy, T. L. Shanahan, E. N. Brown, J. F. Mitchell,
D. W. Rimmer, J. M. Ronda, E. J. Silva, J. S. Allan, J. S. Emens, D.-J. Dijk,
and R. E. Kronauer. Stability, precision, and near-24-hour period of the
human circadian pacemaker. Science, 284:2177-2181, 1999.

. Daido. Intrinsic fluctuations and a phase transition in a class of large
population of interacting oscillators. J. Stat. Phys., 60(5/6):753-800, 1990.

. Daido. Order function and macroscopic mutual entrainment in uniformly
coupled limit-cycle oscillators. Prog. Theor. Phys., 88(6):1213-1218, 1992a.

. Daido. Quasientrainment and slow relaxation in a population of oscillators
with random and frustrated interactions. Phys. Rev. Lett., 68(7):1073-1076,
1992h.

. Daido. Critical conditions of macroscopic mutual entrainment in uniformly
coupled limit-cycle oscillators. Prog. Theor. Phys., 89(4):929-934, 1993a.

. Daido. A solvable model of coupled limit-cycle oscillators exhibiting perfect
synchrony and novel frequency spectra. Physica D, 69:394-403, 1993b.

. Daido. Multi-branch entrainment and multi-peaked order-functions in a
phase model of limit-cycle oscillators with uniform all-to-all coupling. J.
Phys. A: Math. Gen., 28:L151-L157, 1995.

. Daido. Omnset of cooperative entrainment in limit-cycle oscillators with
uniform all-to-all interactions: Bifurcation of the order function. Physica
D, 91:24-66, 1996.

. Dawson and J. Gértner. Large deviations from the McKean—Vlasov limit
for weakly interacting diffusions. Stochastics, 20:247-308, 1987.

. de Sousa Vieira and A. J. Lichtenberg.  Nonuniversality of weak
synchronization in chaotic systems. Phys. Rev. E, 56(4):R3741-3744, 1997.

. de Sousa Vieira, A. J. Lichtenberg, and M. A. Lieberman. Synchronization
of regular and chaotic systems. Phys. Rev. A, 46(12):R7359-R7362, 1992.

. de Sousa Vieira, A. J. Lichtenberg, and M. A. Lieberman.  Self
synchronization of many coupled oscillations. Int. J. Bifurc. Chaos, 4(6):
1563-1577, 1994.

. Denjoy. Sur les courbes définies par les équations différentielles & la surface

du tore. J. Math. Pure Appl., 11:333-375, 1932.

. L. Devaney. An Introduction to Chaotic Dynamical Systems. Addison-

Wesley, Reading MA, 1989.

. E. Diamant and A. Bortoff. Nature of the intestinal slow-wave frequency.

Am. J. Physiol., 216(2):301-307, 1969.

. Diaz-Guilera, C. J. Pérez, and A. Arenas. Mechanisms of synchronization

and pattern formation in a lattice of pulse-coupled oscillators. Phys. Rev.
E, 57(4):3820-3828, 1998.



@76 Cnucox aumepamypol

M. Ding, C. Grebogi, and E. Ott. Evolution of attractors in quasiperiodically
forced systems: From quasiperiodic to strange nonchaotic to chaotic. Phys.
Rev. A, 39(5):2593-2598, 1989.

M. Ding and W. Yang. Stability of synchronous chaos and on—off intermittency
in coupled map lattices. Phys. Rev. E, 56(4):4009-4016, 1997.

W. L. Ditto, M. L. Spano, H. T. Savage, S. N. Rauseo, J. Heagy, and E. Ott.
Experimental observation of a strange nonchaotic attractor. Phys. Rev.
Lett., 65:533, 1990.

M. Dolnik and I. R. Epstein. Coupled chaotic chemical oscillators. Phys. Rev.
E, 54(4):3361-3368, 1996.

B. Drossel. Self-organized criticality and synchronization in a forest-fire-model.
Phys. Rev. Lett., 76(6):936-939, 1996.

G. S. Duane. Synchronized chaos in extended systems and meteorological
teleconnections. Phys. Rev. E, 56(6):6475-6493, 1997.

J. Dudel and W. Trautwein. Der Mechanismus der automatischen
rhythmischen Impulsbildung der Herzmuscelfaser. Pfligers Arch., 313:553,
1958.

G. I. Dykman, P. S. Landa, and Yu. I. Neymark. Synchronizing the chaotic
oscillations by external force. Chaos, Solit. Fract., 1(4):339-353, 1991.

W. H. Eccles and J. H. Vincent. British Patent Spec. clxiii p.462, 1920.
Application date 17.02.1920.

R. J. Elble and W. C. Koller. Tremor. John Hopkins University Press,
Baltimore, 1990.

C. Elphick, A. Hagberg, and E. Meron. Multiphase patterns in periodically
forced oscillatory systems. Phys. Rev. E, 59(5):5285-5291, 1999.

R. C. Elson, A. I. Selverston, R. Huerta, N. F. Rulkov, M. I. Rabinovich,
and H. D. I. Abarbanel. Synchronous behavior of two coupled biological
neurons. Phys. Rev. Lett., 81(25):5692-5695, 1998.

C. Elton and M. Nicholson. The ten-year cycle in numbers of the lynx in
Canada. J. Anim. Ecol., 11:215-244, 1942.

J. Engel and T. A. Pedley. Epilepsy: A Comprehensive Textbook. Lippincott-
Raven, Philadelphia, 1975.

G. B. Ermentrout. The behavior of rings of coupled oscillators. J. Math. Biol.,
23:55-74, 1985.

G. B. Ermentrout. Oscillator death in populations of “all to all” coupled
nonlinear oscillators. Physica D, 41:219-231, 1990.

G. B. Ermentrout and N. Kopell. Frequency plateaus in a chain of weakly
coupled oscillators, I. STAM J. Math. Anal., 15(2):215-237, 1984.

G. B. Ermentrout and J. Rinzel. Beyond a pacemaker’s entrainment limit:
Phase walk-through. Am. J. Physiol., 246:R102-106, 1984.

U. Ernst, K. Pawelzik, and T. Geisel. Synchronization induced by temporal
delays in pulse-coupled oscillators. Phys. Rev. Lett., 74(9):1570-1573, 1995.

U. Ernst, K. Pawelzik, and T. Geisel. Delay-induced multistable
synchronization of biological oscillators. Phys. Rev. E, 57(2):2150-2162,



Cnucox aumepamypol 47@

1998.

M. S. Feldman. Non-linear system vibration analysis using Hilbert transform I.
Free vibration analysis method “FREEVIB”. Mech. Syst. Signal Proc., 8
(2):119-127, 1994.

R. Femat and G. Solis-Perales. On the chaos synchronization phenomena.
Phys. Lett. A, 262(1):50-60, 1999.

M. Franz and M. Zhang. Supression and creation of chaos in a periodically
forced Lorenz system. Phys. Rev. E, 52(4):3558-3565, 1995.

H.-J. Freund. Motor unit and muscle activity in voluntary motor control.
Physiol. Rewv., 63(2):387-436, 1983.

H. Fujigaki, M. Nishi, and T. Shimada. Synchronization of nonlinear systems
with distinct parameters: Phase synchronization and metamorphosis. Phys.
Rev. E, 53(4):3192-3197, 1996.

H. Fujigaki and T. Shimada. Phase synchronization and nonlinearity decision
in the network of chaotic flows. Phys. Rev. E, 55(3):2426-2433, 1997.

H. Fujisaka, H. Ishii, M. Inoue, and T. Yamada. Intermittency caused by
chaotic modulation II. Prog. Theor. Phys., 76(6):1198-1209, 1986.

H. Fujisaka, S. Matsushita, and T. Yamada. Fluctuation-controlled transient
below the on—off intermittency transition. J. Phys. A: Math. Gen., 30(16):
5697-5707, 1997.

H. Fuyjisaka, K. Ouchi, H. Hata, B. Masaoka, and S. Miyazaki. On-off
intermittency in oscillatory media. Physica D, 114(3-4):237-250, 1998.

H. Fujisaka and T. Yamada. Stability theory of synchronized motion in
coupled-oscillator systems. Prog. Theor. Phys., 69(1):32-47, 1983.

H. Fujisaka and T. Yamada. A new intermittency in coupled dynamical
systems. Prog. Theor. Phys., 74(4):918-921, 1985.

H. Fujisaka and T. Yamada. Stability theory of synchronized motion in
coupled-oscillator systems. IV. Instability of synchronized chaos and new
intermittency. Prog. Theor. Phys., 75(5):1087-1104, 1986.

H. Fujisaka and T. Yamada. Intermittency caused by chaotic modulation. III.
Self-similarity and higher order correlation functions. Prog. Theor. Phys.,
77(5):1045-1056, 1987.

J. M. Furman. Posturography: Uses and limitations. In Bailliére’s Clinical
Neurology, volume 3, pages 501-513. Bailliére Tindall, London, 1994.

D. Gabor. Theory of communication. J. IEE (London), 93(3):429-457, 1946.

P. M. Gade. Synchronization of oscillators with random nonlocal connectivity.
Phys. Rev. E, 54(1):64-70, 1996.

J. A. C. Gallas, P. Grassberger, H. J. Herremann, and P. Ueberholz. Noisy
collective behaviour in deterministic cellular automata. Physica A, 180:
19-41, 1992.

L. Gammaitoni, P. Hanggi, P. Jung, and F. Marchesoni. Stochastic resonance.
Rev. Mod. Phys., 70:223-288, 1998.

C. W. Gardiner. Handbook of Stochastic Methods. Springer, Berlin, 1990.

D. J. Gauthier and J. C. Bienfang. Intermittent loss of synchronization



@78 Cnucox aumepamypol

in coupled chaotic oscillators: Toward a new criterion for high-qualitiy
synchronization. Phys. Rev. Lett., 77(9):1751-1754, 1996.

W. Gerstner. Time structure of the activity in neural network models. Phys.

L.

D.

J.

Rev. E, 51(1):738-758, 1995.
Glass. Cardiac arrhythmias and circle maps. Chaos, 1:13-19, 1991.

Glass. Synchronization and rhythmic processes in physiology. Nature,
410:277-284, 2001.

. Glass and A. Shrier. Low-dimensional dynamics in the heart. In L. Glass,

P. Hunter, and A. McCulloch, Editors, Theory of Heart, pages 289-312.
Springer, New York, 1991.

. Glendinning. Stability, Instability and Chaos. Cambridge University Press,

Cambridge, 1994.

. Glendinning. The stability boundary of synchronized states in globally

coupled dynamical systems. Phys. Lett. A, 259:129-134, 1999.

. Glendinning, U. Feudel, A. Pikovsky, and J. Stark. The structure of mode-

locking regions in quasi-periodically forced circle maps. Physica D, 140(1):
227-243, 2000.

. Glendinning and M. Proctor. Travelling waves with spatially resonant

forcing: Bifurcation of a modified Landau equation. Int. J. Bifurc. Chaos,
3(6):1447-1455, 1993.

. R. J. Glossop, L. C. Lyons, and P. E. Hardin. Interlocked feedback loops

within the Drosophila circadian oscillator. Science, 286:766-768, 1999.

. Goldberg, H. F. Taylor, and J. F. Weller. Injection locking of coupled-stripe

diode laser arrays. Appl. Phys. Lett., 46(3):236-238, 1985.

. Golomb, D. Hansel, B. Shraiman, and H. Sompolinsky. Clustering in globally

coupled phase oscillators. Phys. Rev. A, 45(6):3516, 1992.

L. Gonzalez and O. Piro. Symmetric kicked self-oscillators: Iterated maps,
strange attractors, and symmetry of the phase-locking Farey hierarchy.
Phys. Rev. Lett., 55(1):17-20, 1985.

M. Gonzélez-Miranda. Chaotic systems with a null conditional Lyapunov
exponent under nonlinear driving. Phys. Rev. E, 53(1):R5-R8, 1996a.

J. M. Gonzélez-Miranda. Synchronization of symmetric chaotic systems. Phys.

J.

M.

M.

Rev. E, 53(6):5656-5669, 1996b.

M. Gonzalez-Miranda. Communications by synchronization of spatially
symmetric chaotic systems. Phys. Lett. A, 251(2):115-120, 1999.

Gorman, P. J. Widmann, and K. A. Robbins. Chaotic flow regimes in a
convective loop. Phys. Rev. Lett, 52(25):2241-2244, 1984.

Gorman, P. J. Widmann, and K. A. Robbins. Nonlinear dynamics of

a convection loop: a quantitative comparison of experiment with theory.
Physica D, 19(2):255-267, 1986.

. Goryachev, H. Chaté, and R. Kapral. Synchronization defects and broken

symmetry in spiral waves. Phys. Rev. Lett., 80(4):873-876, 1998.

. Goryachev and R. Kapral. Spiral waves in chaotic systems. Phys. Rev.

Lett., 76(10):1619-1622, 1996.



Cnucox aumepamypol 47@

P. Grassberger.  Are damage spreading transitions generically in the
universality class of directed percolation? J. Stat. Phys., 79(1-2):13, 1995.

P. Grassberger. Synchronization of coupled systems with spatiotemporal chaos.
Phys. Rev. E, 59(3):R2520-R2522, 1999.

C. Graves, L. Glass, D. Laporta, R. Meloche, and A. Grassino. Respiratory
phase locking during mechanical ventilation in anesthetized human
subjects. Am. J. Physiol., 250:R902-R909, 1986.

C. M. Gray, P. Konig, A. K. Engel, and W. Singer. Oscillatory responses in cat
visual cortex exhibit inter-columnar synchronization which reflects global
stimulus properties. Nature, 338:334-337, 1989.

C. Grebogi, E. Ott, S. Pelikan, and J. A. Yorke. Strange attractors that are
not chaotic. Physica D, 13:261-268, 1984.

G. Grinstein, D. Mukamel, R. Seidin, and C. H. Bennett. Temporally periodic
phases and kinetic roughening. Phys. Rev. Lett., 70(23):3607-3610, 1993.

J. Guckenheimer. Isochrons and phaseless sets. J. Math. Biol., 1:259-273, 1975.

J. Guckenheimer and P. Holmes. Nonlinear Oscillations, Dynamical Systems,
and Bifurcations of Vector Fields. Springer, New York, 1986.

J. Giiémez, C. Martin, and M. A. Matias. Approach to the chaotic synchronized
state of some driving methods. Phys. Rev. E, 55(1):124-134, 1997.

J. Giiémez and M. A. Matias. Synchronization in small assemblies of chaotic
systems. Phys. Rev. E, 53(4):3059-3067, 1996.

M. R. Guevara. Iteration of the human atrioventricular (AV) nodal recovery
curve predicts many rhythms of AV block. In L. Glass, P. Hunter, and
A. McCulloch, Editors, Theory of Heart, pages 313-358. Springer, New
York, 1991.

M. R. Guevara, L. Glass, and A. Shrier. Phase-locking, period-doubling
bifurcations and irregular dynamics in periodically stimulated cardiac cells.
Science, 214:1350-1353, 1981.

M. R. Guevara, A. Shrier, and L. Glass. Phase-locked rhythms in periodically
stimulated cardiac cells. Am. J. Physiol., 254:H1-10, 1989.

N. Gupte and R. E. Amritkar. Synchronization of chaotic orbits: The influence
of unstable periodic orbits. Phys. Rev. E, 48(3):R1620-R1623, 1993.

H. Gutowitz, Editor. Cellular Automata: Theory and Ezperiment. North-
Holland, Amsterdam, 1990.

R. Guttman, S. Lewis, and J. Rinzel. Control of repetitive firing in squid axon
membrane as a model for a neuron oscillator. J. Physiol. (London), 305:
377-395, 1980.

H. Haken. Information and Self-Organization. A Macroscopic Approach to
Complex Systems. Springer, Berlin, 1988; 2nd edition, 1999.

H. Haken. Advanced Synergetics: Instability Hierarchies of Self-Organizing
Systems. Springer, Berlin, 1993.

H. Haken, J. A. S. Kelso, and H. Bunz. A theoretical model of phase transitions
in human hand movements. Biol. Cybern., 51:347-356, 1985.



@80 Cnucox aumepamypol

V. Hakim and W. J. Rappel. Dynamics of the globally coupled complex
Ginzburg-Landau equation. Phys. Rev. A, 46(12):R7347-R7350, 1992.

J. K. Hale and H. Kocak. Dynamics and Bifurcations. Springer, New York,
1991.

G. M. Hall, S. Bahar, and D. J. Gauthier. Prevalence of rate-dependent
behaviors in cardiac muscle. Phys. Rev. Lett., 82(14):2995-2998, 1999.

T. Halpin-Healy and Y .-C. Zhang. Kinetic roughening phenomena, stochastic
growth, directed polymers and all that. Physics Reports, 254:215-414,1995.

M. Haméldinen, R. Hari, R. J. lmoniemi, J. Knuutila, and O. V. Lounasmaa.
Magnetoencephalography — Theory, instrumentation, and applications to
noninvasive studies of the working human brain. Rev. Mod. Phys., 65:
413-497, 1993.

P. W. Hammer, N. Platt, S. M. Hammel, J. F. Heagy, and B. D. Lee.
Experimental observation of on—off intermittency. Phys. Rev. Lett., 73
(8):1095-1098, 1994.

S. K. Han, C. Kurrer, and Y. Kuramoto. Dephasing and bursting in coupled
neural oscillators. Phys. Rev. Lett., 75:3190-3193, 1995.

S. K. Han, Ch. Kurrer, and Y. Kuramoto. Diffusive interaction leading to
dephasing of coupled neural oscillators. Int. J. Bifurc. Chaos, 7(4):869-876,
1997.

D. Hansel, G. Mato, and C. Meunier. Clustering and slow switching in globally
coupled phase oscillators. Phys. Rev. E, 48(5):3470-3477, 1993.

M. Hasler, Yu. Maistrenko, and O. Popovych. Simple example of partial
synchronization of chaotic systems. Phys. Rev. E, 58(5):6843-6846, 1998.

R. He and P. G. Vaidya. Time delayed chaotic systems and their
synchronization. Phys. Rev. E, 59(4):4048-4051, 1999.

J.F.Heagy and T. L. Carroll. Chaotic synchronization in Hamiltonian systems.
Chaos, 4:385, 1994.

J. F. Heagy, T. L. Carroll, and L. M. Pecora. Experimental and numerical
evidence for riddled basins in coupled chaotic systems. Phys. Rev. Lett.,
73(26):3528, 1994a.

J. F. Heagy, T. L. Carroll, and L. M. Pecora. Synchronous chaos in coupled
oscillator systems. Phys. Rev. E, 50(3):1874-1884, 1994b.

J. F. Heagy, T. L. Carroll, and L. M. Pecora. Desynchronization by periodic
orbits. Phys. Rev. E, 52(2):R1253-R1256, 1995.

J. F. Heagy and S. M. Hammel. The birth of strange nonchaotic attractors.
Physica D, 70:140-153, 1994.

J. F. Heagy, N. Platt, and S. M. Hammel. Characterization of on-—off
intermittency. Phys. Rev. E, 49(2):1140-1150, 1994c.

M. R. Herman. Une méthode pour minorer les exposants de Lyapunov et
quelques exemples montrant le caractere local d’un théoreéme d’Arnold et
de Moser sur le tori de dimension 2. Comment. Math. Helvetici, 58:453,
1983.

A. V. Herz and J. J. Hopfield. Earthquake cycles and neural reverberations:



Cnucox aumepamypol 48@

Collective oscillations in systems with pulse-coupled threshold elements.
Phys. Rev. Lett., 75(6):1222-1225, 1995.

H. Herzel and J. Freund. Chaos, noise, and synchronization reconsidered. Phys.
Rev. E, 52(3):3238, 1995.

R. C. Hilborn. Chaos and Nonlinear Dynamics: An Introduction for Scientists
and Engineers. Oxford University Press, Oxford, New York, 1994.

P. Holmes and D. R. Rand. Bifurcations of the forced van der Pol oscillator.
Quart. Appl. Math., 35:495-509, 1978.

H. Hong, M. Y. Choi, K. Park, B. G. Yoon, and K. S. Soh. Synchronization
and resonance in a driven system of coupled oscillators. Phys. Rev. E, 60
(4):4014-4020, 1999a.

H. Hong, M. Y. Choi, J. Yi, and K.-S. Soh. Inertia effects on periodic
synchronization in a system of coupled oscillators. Phys. Rev. E, 59(1):
353-363, 1999b.

H. Hong, M. Y. Choi, B.-G. Yoon, K. Park, and K.-S. Soh. Noise effects on
synchronization in systems of coupled oscillators. J. Phys. A: Math. Gen.,
32:1.9-1.15, 1999c.

J. J. Hopfield. Neurons, dynamics and computation. Phys. Today, pages 40—46,
February 1994.

J. J. Hopfield and A. V. M. Herz. Rapid local synchronization of action
potentials: Toward computation with coupled integrate-and-fire neurons.
Proc. Nat. Acad. Sci. USA, 92:6655-6662, 1995.

F. C. Hoppensteadt and E. M. Izhikevich. Weakly Connected Neural Networks.
Springer, Berlin, 1997.

F. C. Hoppensteadt and E. M. Izhikevich. Oscillatory neurocomputers with
dynamic connectivity. Phys. Rev. Lett., 82(14):2983-2986, 1999.

D. Hoyer, O. Hader, and U. Zwiener. Relative and intermittent
cardiorespiratory coordination. IEEE Eng. Med. Biol., 16(6):97-104, 1997.

G. Hu, J. Xiao, J. Yang, F. Xie, and Zh. Qu. Synchronization of spatiotemporal
chaos and its applications. Phys. Rev. E, 56(3):2738-2746, 1997.

B. R. Hunt, E. Ott, and J. A. Yorke. Differentiable generalized synchronization
of chaos. Phys. Rev. E, 55(4):4029-4034, 1997.

Ch. Huygens (Hugenii). Horologium Oscillatorium. Apud F. Muguet, Parisiis,
France, 1673. English translation: The Pendulum Clock, lowa State
University Press, Ames, 1986. Pycckuii nepesog: X. ['oiirenc. Tpu memyapa
no mexanuke. 3n-80 AH CCCP, M., 1951.

Ch. Huygens. (Bvres Complétes, volume 15. Swets & Zeitlinger B. V.,
Amsterdam, 1967a.

Ch. Huygens. (Buvres Complétes, volume 17. Swets & Zeitlinger B. V.,
Amsterdam, 1967b.

J. M. Hyman, B. Nicolaenko, and S. Zaleski. Order and complexity in the
Kuramoto—Sivashinsky model of weakly turbulent interfaces. Physica D,
23(1-3):265—292, 1986.



@82 Cnucox aumepamypol

A.

K. Jain, K. K. Likharev, J. E. Lukens, and J. E. Sauvageau. Mutual phase-
locking in Josephson junction arrays. Phys. Reports, 109(6):309-426, 1984.

J. Jalife and C. Antzelevitch. Phase resetting and annihilation of pacemaker

M.

activity in cardiac tissue. Science, 206:695—-697, 1979.
H. Jensen, P. Bak, and T. Bohr. Complete devil’s staircase, fractal

dimension and universality of mode-locking structure in the circle map.
Phys. Rev. Lett, 50(21):1637-1639, 1983.

. H. Jensen, P. Bak, and T. Bohr. Transition to chaos by interaction of

resonances in dissipative systems. I. Circle maps. Phys. Rev. A, 30(4):
1960-1969, 1984.

Jiang and P. Parmananda. Synchronization of spatiotemporal chaos in
asymmetrically coupled map lattices. Phys. Rev. E, 57(4):4135-4139, 1998.

. A. Johnson, D. J. Mar, T. L. Carroll, and L. M. Pecora. Synchronization and

imposed bifurcations in the presence of large parameter mismatch. Phys.
Rev. Lett., 80(18):3956-3959, 1998.

. Junge and U. Parlitz. Phase synchronization of coupled Ginzburg-Landau

equations. Phys. Rev. E, 62(1):438—-441, 2000.

. Kaempfer. The History of Japan (With a Description of the Kingdom

of Siam). Sloane, London, 1727. Posthumous translation; or reprint by
McLehose, Glasgow, 1906.

. B. Kahn. Mathematical Methods for Scientists and Engineers: Linear and

Nonlinear Systems. Wiley, New York, 1990.

. Kaneko. Clustering, coding, switching, hierarchical ordering and control in

network of chaotic elements. Physica D, 41:137-172, 1990.

. Kaneko. Globally coupled circle maps. Physica D, 54(1):5-19, 1991.
. Kaneko, Editor. Theory and Applications of Coupled Map Lattices. Wiley,

Chichester, 1993.

. Kaneko. Dominance of Milnor attractors and noise-induced selection in a

multiattractor system. Phys. Rev. Lett., 78(14):2736-2739, 1997.

. Kaneko. On the strength of attractors in a high-dimensional system: Milnor

attractor network, robust global attraction, and noise-induced selection.
Physica D, 124:322-344, 1998.

. Kantz and T. Schreiber. Nonlinear Time Series Analysis. Cambridge

University Press, Cambridge, 1997.

. Kapitaniak, Y. Maistrenko, A. Stefanski, and J. Brindley. Bifurcations from

locally to globally riddled basins. Phys. Rev. E, 57(6):R6253-R6256, 1998.
Kapitaniak and Yu. L. Maistrenko. Chaos synchronization and riddled
basins in two coupled one-dimensional maps. Chaos Solit. Fract., 9(1-2):
271-282, 1998.

Kapitaniak, J. Wojewoda, and J. Brindley. Synchronization and
desynchronization in quasi-hyperbolic chaotic systems. Phys. Lett. A, 210:
283-289, 1996.

. Kaplan and L. Glass. Understanding Nonlinear Dynamics. Springer, New

York, 1995.



Cnucox aumepamypol 48@

J. L. Kaplan, J. Mallet-Paret, and J. A. Yorke. The Lyapunov dimension of
a nowhere differentiable attracting torus. Ergod. Theor. Dynam. Syst., 4:
261-281, 1984.

J. L. Kaplan and J. A. Yorke. Chaotic behavior of multidimensional difference
equations. In H. O. Walter and H.-O. Peitgen, Editors, Functional
Differential Equations and Approximation of Fired Points, volume 730 of
Lecture Notes in Mathematics, pages 204-227. Springer, Berlin, 1979.

R. Kapral and K. Showalter, Editors. Chemical Waves and Patterns. Kluwer,
Dordrecht, 1995.

G. Keller. A note on strange nonchaotic attractors. Fund. Math., 151:139-148,
1996.

T. Kenner, H. Pessenhofer, and G. Schwaberger. Method for the analysis of
the entrainment between heart rate and ventilation rate. Pfliigers Arch.,
363:263-265, 1976.

P. Khoury, M. A. Lieberman, and A. J. Lichtenberg. Degree of synchronization
of noisy maps on the circle. Phys. Rev. E, 54(4):3377-3388, 1996.

P. Khoury, M. A. Lieberman, and A. J. Lichtenberg.  Experimental
measurement of the degree of chaotic synchronization using a distribution
exponent. Phys. Rev. E, 57(5):5448-5466, 1998.

C.-M. Kim. Mechanism of chaos synchronization and on—off intermittency.
Phys. Rev. E, 56(3):3697-3700, 1997.

V. Kirk and E. Stone. Effect of a refractory period on the entrainment of
pulse-coupled integrate-and-fire oscillators. Phys. Lett. A, 232:70-76, 1997.

L. Kocarev and U. Parlitz. Generalized synchronization, predictability, and
equivalence of unidirectionally coupled dynamical systems. Phys. Rev.
Lett., 76(11):1816-1819, 1996.

L. Kocarev, Z. Tasev, and U. Parlitz. Synchronizing spatiotemporal chaos of
partial differential equations. Phys. Rev. Lett., 79(1):51-54, 1997.

H. P. Koepchen. Physiology of rhythms and control systems: An integrative
approach. In H. Haken and H. P. Koepchen, Editors, Rhythms in
Physiological Systems, volume 55 of Springer Series in Synergetics, pages
3-20, Springer, Berlin, 1991.

R. Konnur. Equivalence of synchronization and control of chaotic systems.
Phys. Rev. Lett., 77(14):2937-2940, 1996.

N. Kopell and G. B. Ermentrout. Symmetry and phase locking in chains of
weakly coupled oscillators. Comm. Pure Appl. Math., 39:623-660, 1986.

N. Koshiya and J. C. Smith. Neuronal pacemaker for breathing visualized in
vitro. Nature, 400:360-363, 1999.

Y. Kuramoto. Self-entrainment of a population of coupled nonlinear oscillators.
In H. Araki, Editor, International Symposium on Mathematical Problems
in Theoretical Physics, volume 39 of Springer Lecture Notes in Physics,
page 420, Springer, New York, 1975.

Y. Kuramoto. Chemical Oscillations, Waves and Turbulence. Springer, Berlin,
1984.



@84 Cnucox aumepamypol

Y. Kuramoto, T. Aoyagi, I. Nishikawa, T. Chawanya, and K. Okuda. Neural
network model carrying phase information with application to collective
dynamics. Prog. Theor. Phys., 87(5):1119-1126, 1992.

Y. Kuramoto and T. Tsuzuki. Persistent propagation of concentration waves
in dissipative media far from thermal equilibrium. Prog. Theor. Phys., 55:
356, 1976.

K. Kurokawa. Injection locking of microwave solid-state oscillators. Proc.
IEFFE, 61(10):1386-1410, 1973.

C. Kurrer.  Synchronization and desynchronization of weakly coupled
oscillators. Phys. Rev. E, 56(4):3799-3802, 1997.

J. Kurths, Editor. A focus issue on phase synchronization in chaotic systems.
Int. J. Bifurc. Chaos, 10:2289-2667, 2000.

J. Kurths and A. S. Pikovsky. Symmetry breaking in distributed systems and
modulational spatio-temporal intermittency. Chaos Solit. Fract., 5(10):
1893-1899, 1995.

S. Kuznetsov, A. Pikovsky, and U. Feudel. Birth of a strange nonchaotic
attractor: A renormalization group analysis. Phys. Rev. E, 51(3):R1629-
R1632, 1995.

Y.-Ch. Lai. Symmetry-breaking bifurcation with on—off intermittency in
chaotic dynamical systems. Phys. Rev. E, 53(5):4267-4270, 1996a.

Y .-Ch. Lai. Transition from strange nonchaotic to strange chaotic attractors.
Phys. Rev. E, 53(1):57-65, 1996b.

Y .-Ch. Lai. Scaling laws for noise-induced temporal riddling in chaotic systems.
Phys. Rev. E, 56(4):3897-3908, 1997.

Y .-Ch. Lai and C. Grebogi. Noise-induced riddling in chaotic systems. Phys.
Rev. Lett., 77(25):5047-5050, 1996.

Y .-Ch. Lai, C. Grebogi, J. A. Yorke, and S. C. Venkataramani. Riddling
bifurcation in chaotic dynamical systems. Phys. Rev. Lett., 77(1):55-58,
1996.

B. C. Lampkin, T. Nagao, and A. M. Mauer. Synchronization of the mitotic
cycle in acute leukaemia. Nature, 222:1274-1275, 1969.

P. S. Landa and M. G. Rosenblum. Synchronization and chaotization of
oscillations in coupled self-oscillating systems. Appl. Mech. Rev., 46(7):
414-426, 1993.

K. J. Lee, Y. Kwak, and T. K. Lim. Phase jumps near a phase synchronization
transition in systems of two coupled chaotic oscillators. Phys. Rev. Lett.,
81(2):321-324, 1998.

G. V. Levina and A. A. Nepomnyaschiy. Analysis of an amplitude equation
for autovibrational flow regimes at resonance external forces. A. Angew.
Math. Mech., 66(6):241-246, 1986.

A. J. Lichtenberg and M. A. Lieberman. Regular and Chaotic Dynamics.
Springer, New York, 1992.

K. K. Likharev. Dynamics of Josephson Junctions and Circuits. Gordon and
Breach, Philadelphia, 1991.



Cnucox aumepamypol 48@

A. L. Lin, M. Bertram, K. Martinez, H. L. Swinney, A. Ardelea, and G. F.
Carey. Resonant phase patterns in a reaction—diffusion system. Phys. Rev.
Lett., 84(18):4240-4243, 2000.

W. C. Lindsey and C. M. Chie, Editors. Phase-Locked Loops. IEEE Press,
New York, 1985.

M. Lipp and N. S. Longridge. Computerized dynamic posturography: Its
place in the evaluation of patients with dizziness and imbalance. J.
Otolaryngology, 23(3):177-183, 1994.

J. N. Little and L. Shure. Signal Processing Toolbox for Use with MATLAB.
User’s Guide. Mathworks, Natick, MA, 1992.

Z. Liu and S. Chen. Symbolic analysis of generalized synchronization of chaos.
Phys. Rev. E, 56(6):7297-7300, 1997.

Z.H. Liu, S. G. Chen, and B. B. Hu. Coupled synchronization of spatiotemporal
chaos. Phys. Rev. E, 59(3):2817-2821, 1999.

L. Longa, S. P. Dias, and E. M. F. Curado. Lyapunov exponents and
coalescence of chaotic trajectories. Phys. Rev. E, 56(1):259-263, 1997.

A. Longtin, A. Bulsara, D. Pierson, and F. Moss. Bistability and the dynamics
of periodically forced sensory neurons. Biol. Cybernetics, 70:569-578, 1994.

A. Longtin and D. R. Chialvo. Stochastic and deterministic resonances for
excitable systems. Phys, Rev. Lett., 81(18):4012-4015, 1998.

R. Lopez-Ruiz and Y. Pomeau. Transition between two oscillation modes.
Phys. Rev. E, 55(4):R3820-R3823, 1997.

E. N. Lorenz. Deterministic nonperiodic flow. J. Atmos. Sci., 20:130-141, 1963.

E. N. Lorenz. The Essence of Chaos. University of Washington Press, Seattle,
1993.

M. N. Lorenzo, I. P. Marifio, V. Pérez-Munuzuri, M. A. Matias, and V. Pérez-
Villar. Synchronization waves in arrays of driven chaotic systems. Phys.
Rev. E, 54(4):3094-3097, 1996.

C. Ludwig. Beitrige zur Kenntnis des Einflusses der Respirationsbewegung auf
den Blutlauf im Aortensystem. Arch. Anat. Physiol., 13:242-302, 1847.
W. A. MacKay. Synchronized neuronal oscillations and their role in motor

processes. Trends Cogn. Sci., 1:176-183, 1997.

R. Mainieri and J. Rehacek. Projective synchronization in three-dimensional
chaotic systems. Phys. Rev. Lett., 82(15):3042-3045, 1999.

Y. Maistrenko and T. Kapitaniak. Different types of chaos synchronization in
two coupled piecewise linear maps. Phys. Rev. E, 54(4):3285-3292, 1996.

Y. Maistrenko, T. Kapitaniak, and P. Szuminski. Locally and globally riddled
basins in two coupled piecewise-linear maps. Phys. Rev. E, 56(6):6393-6399,
1997.

Y. L. Maistrenko, V. L. Maistrenko, O. Popovych, and E. Mosekilde.
Desynchronization of chaos in coupled logistic maps. Phys. Rev. E, 60
(3):2817-2830, 1999a.

Yu. L. Maistrenko, V. L. Maistrenko, O. Popovych, and E. Mosekilde.
Transverse instability and riddled basins in a system of two coupled logistic



@86 Cnucox aumepamypol

maps. Phys. Rev. E, 57(3):2713-2724, 1998.

Yu. L. Maistrenko, O. Popovych, and M. Hasler. On strong and weak chaotic
partial synchronization. Int. J. Bifurc. Chaos, 10(1):179-204, 2000.

S. C. Manrubia and A. S. Mikhailov. Mutual synchronization and clustering
in randomly coupled chaotic dynamical networks. Phys. Rev. E, 60(2):
1579-1589, 1999.

M. Manscher, M. Nordham, E. Mosekilde, and Yu. L. Maistrenko. Riddled
basins of attraction for synchronized type-I intermittency. Phys. Lett. A,
238:358-364, 1998.

A. Maritan and J. R. Banavar. Chaos, noise, and synchronization. Phys. Reuv.
Lett., 72:1451-1454, 1994.

S. Martin and W. Martienssen. Circle maps and mode locking in the driven
electrical conductivity of barium sodium niobate crystals. Phys. Rev. Lett.,
56(15):1522-1525, 1986.

G. Matsumoto, K. Aihara, Y. Hanyu, N. Takahashi, S. Yoshizawa, and
J. Nagumo. Chaos and phase locking in normal squid axons. Phys. Lett.
A, 123:162-166, 1987.

K. Matsumoto and I. Tsuda. Noise-induced order. J. Stat. Phys., 31(1):87-106,
1983.

T. Matsumoto and M. Nishi. Subsystem decreasing for exponential
synchronization of chaotic systems. Phys. Rev. E, 59(2):1711-1718, 1999.

P. C. Matthews, R. E. Mirollo, and S. H. Strogatz. Dynamics of a large system
of coupled nonlinear oscillators. Physica D, 52:293-331, 1991.

P. C. Matthews and S. H. Strogatz. Phase diagram for the collective behavior
of limit-cycle oscillators. Phys. Rev. Lett., 65(14):1701-1704, 1990.

M. K. McClintock. Menstrual synchrony and suppression. Nature, 229:244-245,
1971.

R. V. Mendes. Clustering and synchronization with positive Lyapunov
exponents. Phys. Lett. A, 257:132-138, 1999.

R. Mettin, U. Parlitz, and W. Lauterborn. Bifurcation structure of the driven
van der Pol oscillator. Int. J. Bifurc. Chaos, 3(6):1529-1555, 1993.

A. S. Mikhailov. Foundations of Synergetics 1. Distributed Active Systems.
Springer, Berlin, 1994.

M. Milan, S. Campuzano, and A. Garcia-Bellido. Cell cycling and patterned
cell proliferation in the Drosophila wing during metamorphosis. Proc. Natl.
Acad. Sci. USA, 93(21):11687-11692, 1996.

J. Milnor. On the concept of attractor. Commun. Math. Phys., 99:177-195,
1985.

A. A. Minai and T. Anand. Chaos-induced synchronization in discrete-time
oscillators driven by a random input. Phys. Rev. E, 57(2):1559-1562, 1998.

A. A. Minai and T. Anand. Synchronization of chaotic maps through a noisy

coupling channel with application to digital communication. Phys. Rev. E,
59(1):312-320, 1999a.



Cnucox aumepamypol 48@

. A. Minai and T. Anand. Synchronizing multiple chaotic maps with a
randomized scalar coupling. Physica D, 125(3-4):241-259, 1999b.

. Minorsky. Nonlinear Oscillations. Van Nostrand, Princeton, NJ, 1962.

. Mirollo and S. Strogatz. Amplitude death in an array of limit-cycle
oscillators. J. Stat. Phys., 60:245-262, 1990a.

. Mirollo and S. Strogatz. Synchronization of pulse-coupled biological
oscillators. SIAM J. Appl. Math., 50:1645-1662, 1990b.

. Mitschke. Acausal filters for chaotic signals. Phys. Rev. A, 41:1169-1171,
1990.

. Mitschke, M. Méller, and H. W. Lange. Measuring filtered chaotic signals.
Phys. Rev. A, 37:4518-4521, 1988.

. Miyazaki and H. Hata. Universal scaling law of the power spectrum in the
on—off intermittency. Phys. Rev. E, 58(6):7172-7175, 1998.

. Y. Moore. A clock for the ages. Science, 284:2102-2103, 1999.

. G. Morelli and D. H. Zanette. Synchronization of stochastically coupled
cellular automata. Phys. Rev. E, 58(1):R8-R11, 1998.

. Morgiil. Necessary condition for observer-based chaos synchronization.
Phys. Rev. Lett., 82(1):77-80, 1999.

. Morgiil and M. Feki. A chaotic masking scheme by using synchronized
chaotic systems. Phys. Lett. A, 251(3):169-176, 1999.

. Mormann, K. Lehnertz, P. David, and C. E. Elger. Mean phase coherence
as a measure for phase synchronization and its application to the EEG of
epilepsy patients. Physica D, 144(3-4):358-369, 2000.

. Moss, A. Bulsara, and M. Shlesinger, Editors. The proceedings of the NATO
advanced research workshop: Stochastic resonance in physics and biology.
J. Stat. Phys, 70:1-512, 1993.

. Moss, D. Pierson, and D. O’Gorman. Stochastic resonance: Tutorial and
update. Int. J. Bifurc. Chaos, 4(6):1383-1397, 1994.

. Mousseau. Synchronization by disorder in coupled systems. Phys. Rev.
Lett., 77:968-971, 1996.

. Mrowka, A. Patzak, and M. G. Rosenblum. Quantitative analysis
of cardiorespiratory synchronization in infants. Int. J. Bifurc. Chaos,
10(11):2479-2518, 2000.

. Nagai and Y .-Ch. Lai. Characterization of blowout bifurcation by unstable
periodic orbits. Phys. Rev. E, 55(2):1251-1254, 1997a.

. Nagai and Y.-Ch. Lai. Periodic-orbit theory of the blowout bifurcation.
Phys. Rev. E, 56(4):4031-4041, 1997b.

. Nakagawa and Y. Kuramoto. Collective chaos in a population of globally
coupled oscillators. Prog. Theor. Phys., 89(2):313-323, 1993.

. Nakagawa and Y. Kuramoto. From collective oscillations to collective chaos
in a globally coupled oscillator system. Physica D, 75:74-80, 1994.

. Nakagawa and Y. Kuramoto. Anomalous Lyapunov spectrum in globally
coupled oscillators. Physica D, 80:307-316, 1995.



@88 Cnucox aumepamypol

H. Nakao. Asymptotic power law of moments in a random multiplicative
process with weak additive noise. Phys. Rev. E, 58(2):1591-1600, 1998.

S. Nakata, T. Miyata, N. Ojima, and K. Yoshikawa. Self-synchronization in
coupled salt-water oscillators. Physica D, 115:313-320, 1998.

Z. Néda, E. Ravasz, Y. Brechet, T. Vicsek, and A.-L. Barabdsi. Tumultuous
applause can transform itself into waves of synchronized clapping. Nature,
403(6772):849-850, 2000.

A. Neiman, X. Pei, D. F. Russell, W. Wojtenek, L. Wilkens, F. Moss, H.
A. Braun, M. T. Huber, and K. Voigt. Synchronization of the noisy
electrosensitive cells in the paddlefish. Phys. Rev. Lett., 82(3):660-663,
1999a.

A. Neiman, L. Schimansky-Geier, A. Cornell-Bell, and F. Moss. Noise-enhanced
phase synchronization in excitable media. Phys. Rev. Lett., 83(23):4896—
4899, 1999b.

A. Neiman, L. Schimansky-Geier, F. Moss, B. Shulgin, and J. J. Collins.
Synchronization of noisy systems by stochastic signals. Phys. Rev. E, 60
(1):284-292, 1999c.

A. Neiman, A. Silchenko, V. S. Anishchenko, and L. Schimansky-Geier.
Stochastic resonance: Noise-enhanced phase coherence. Phys. Rev. E, 58
(6):7118-7125, 1998.

A. B. Neiman, D. F. Russell, X. Pei, W. Wojtenek, J. Twitty, E. Simonotto,
B. A. Wettring, E. Wagner, L. A. Wilkens, and F. Moss. Stochastic
synchronization of electroreceptors in the paddlefish. Int. J. Bifurc. Chaos,
10(11):2499-2518, 2000.

A. C. Newell. Envelope equations. In Lectures in Applied Mathematics,
volume 15, page 157, American Mathematical Society, Providence, RI,
1974.

S. Nichols and K. Wiesenfeld. Ubiquitous neutral stability of splay-phase states.
Phys. Rev. A, 45:8430-8435, 1992.

K. Niizeki, K. Kawahara, and Y. Miyamoto. Interaction among
cardiac, respiratory, and locomotor rhythms during cardiolocomotor
synchronization. J. Appl. Physiol., 75(4):1815-1821, 1993.

T. Nishikawa and K. Kaneko. Fractalization of torus revisited as a strange
nonchaotic attrator. Phys. Rev. E, 54(6):6114-6124, 1996.

E. P. Odum. Fundamentals of Ecology. Saunders, Philadelphia, 1953.

K. Okuda. Variety and generality of clustering in globally coupled oscillators.
Physica D, 63:424-436, 1993.

F. Ollendorf and W. Peters. Schwingungstabilitédt parallelarbeitender
Synchromaschinen. In Wissenschaftliche Verdffentlichungen aus dem
Siemens—Konzern, volume 6, pages 7-26. Springer, Berlin, 1925-1926.

G. Osipov, A. Pikovsky, M. Rosenblum, and J. Kurths. Phase synchronization
effects in a lattice of nonidentical Rossler oscillators. Phys. Rev. E, 55(3):
2353-2361, 1997.

S. Ostlund, D. Rand, J. Sethna, and E. Siggia. Universal properties of the



Cnucox aumepamypol 48@

transition from quasi-periodicity to chaos in dissipative systems. Physica
D, 8:303-342, 1983.

E. Ott. Chaos in Dynamical Systems. Cambridge University Press, Cambridge,
1992.

G. Paladin and A. Vulpiani. Anomalous scaling laws in multifractal objects.
Phys. Rep., 156:147-225, 1987.

M. Palus. Detecting phase synchronization in noisy systems. Phys. Lett. A,
227:301-308, 1997.

P. Panter. Modulation, Noise, and Spectral Analysis. McGraw-Hill, New York,
1965.

P. Paoli, A. Politi, and R. Badii. Long-range order in the scaling behaviour of
hyperbolic dynamical systems. Physica D, 36(6):263-286, 1989a.

P. Paoli, A. Politi, G. Broggi, M. Ravani, and R. Badii. Phase transitions in
filtered chaotic signals. Phys. Rev. Lett., 62(21):2429-2432, 1989b.

N. Parekh, V. R. Kumar, and B. D. Kulkarni. Analysis and characterization of
complex spatio-temporal patterns in nonlinear reaction—diffusion systems.
Physica A, 224(1-2):369-381, 1996.

E.-H. Park, M. A. Zaks, and J. Kurths. Phase synchronization in the forced
Lorenz system. Phys. Rev. E, 60(6):6627-6638, 1999.

K. Park, S. W. Rhee, and M. Y. Choi. Glass synchronization in the network of
oscillators with random phase shifts. Phys. Rev. E, 57(5):5030-5035, 1998.

S. H. Park, S. Kim, H.-B. Pyo, and S. Lee. Effects of time-delayed interactions
on dynamic patterns in a coupled oscillator system. Phys. Rev. E, 60(4):
4962-4965, 1999a.

S. H. Park, S. Kim, H.-B. Pyo, and S. Lee. Multistability analysis of phase
locking patterns in an excitatory coupled neural system. Phys. Rev. E, 60
(2):2177-2181, 1999b.

U. Parlitz, L. Junge, and L. Kocarev. Subharmonic entrainment of unstable
periodic orbits and generalized synchronization. Phys. Rev. Lett., T9(17):
3158-3161, 1997.

U. Parlitz, L. Junge, W. Lauterborn, and L. Kocarev. Experimental observation
of phase synchronization. Phys. Rev. E, 54(2):2115-2118, 1996.

U. Parlitz and L. Kocarev.  Synchronization of chaotic systems. In
H. Schuster, Editor, Handbook of Chaos Control, pages 271-303. Wiley-
VCH, Weinheim, 1999.

V. Parlitz and W. Lauterborn. Period-doubling cascades and devil’s staircases
of the driven van der Pol oscillator. Phys. Rev. A, 36(3):1428-1434, 1987.

F. Pasemann. Synchronized chaos and other coherent states for two coupled
neurons. Physica D, 128(2-4):236-249, 1999.

I. Pastor-Didz and A. Lépez-Fraguas. Dynamics of two coupled van der Pol
oscillators. Phys. Rev. E, 52(2):1480-1489, 1995.

I. Pastor-Didz, V. Perez-Garcia, F. Encinas-Sanz, and J. M. Guerra. Ordered

and chaotic behavior of two coupled van der Pol oscillators. Phys. Rev. E,
48(1):171-182, 1993.



@90 Cnucox aumepamypol

T. Pavlidis. Populations of interacting oscillators and circadian rhythms. .J.

Theor. Biol., 22:418-436, 1969.

L. Pecora, Editor. A focus issue on synchronization in chaotic systems. Chaos,

7(4):509-687, 1997.

L. M. Pecora and T. L. Carroll. Synchronization in chaotic systems. Phys.

Rev. Lett., 64:821-824, 1990.

L. M. Pecora and T. L. Carroll. Driving systems with chaotic signals. Phys.

Rev. A, 44:2374-2383, 1991.

L. M. Pecora and T. L. Carroll. Discontinuous and nondifferentiable functions

and dimension increase induced by filtering chaotic data. Chaos, 6(3):
432-439, 1996.

L. M. Pecora and T. L. Carroll. Master stability functions for synchronized

coupled systems. Phys. Rev. Lett., 80(10):2109-2112, 1998.

L. M. Pecora, T. L. Carroll, and J. F. Heagy. Statistics for continuity

and differentiability: An application to attractor reconstruction from time
series. In C. D. Cutler and D. T. Kaplan, Editors, Nonlinear Dynamics
and Time Series, volume 11 of Fields Inst. Communications, pages 49—62.
American Mathematical Society, Providence, RI, 1997a.

L. M. Pecora, T. L. Carroll, G. Johnson, and D. Mar. Volume-preserving

(-

and volume-expanding synchronized chaotic systems. Phys. Rev. E, 56(5):

5090-5100, 1997b.

M. Pecora, T. L. Carroll, G. A. Johnson, D. J. Mar, and J. F.

Heagy. Fundamentals of synchronization in chaotic systems, concepts, and

applications. Chaos, 7(4):520-543, 1997c.

. Peinke, R. Richter, and J. Parisi. Spatial coherence of nonlinear dynamics
in a semiconductor experiment. Phys. Rev. B, 47(1):115-124, 1993.

H.-O. Peitgen, H. Jiirgens, and D. Saupe. Chaos and Fractals: New Frontiers

J

of Science. Springer, New York, 1992.

. H. Peng, E. J. Ding, M. Ding, and W. Yang. Synchronizing hyperchaos with
a scalar transmitted signal. Phys. Rev. Lett., 76(6):904-907, 1996.

H. Pessenhofer and T. Kenner. Zur Methodik der kontinuierlichen Bestimmung

der Phasenbeziehung zwischen Herzschlag und Atmung. Pfligers Arch.,
355:77-83, 1975.

D. W. Peterman, M. Ye, and P. E. Wigen. High frequency synchronization of

chaos. Phys. Rev. Lett., 74:1740-1742, 1995.

D. Petracchi, M. Barbi, S. Chillemi, E. Pantazelou, D. Pierson, C. Dames,

L. Wilkens, and F. Moss. A test for a biological signal encoded by noise.
Int. J. Bifurc. Chaos, 5(1):89-100, 1995.

V. Petrov, Q. Ouyang, and H. L. Swinney. Resonant pattern formation in a

chemical system. Nature, 388:655-657, 1997.

A. Pikovsky and U. Feudel. Correlations and spectra of strange nonchaotic

attractors. J. Phys. A: Math., Gen., 27(15):5209-5219, 1994.

A. Pikovsky, G. Osipov, M. Rosenblum, M. Zaks, and J. Kurths. Attractor—

repeller collision and eyelet intermittency at the transition to phase



Cnucox aumepamypol 49@

synchronization. Phys. Rev. Lett., 79:47-50, 1997a.

. Pikovsky, M. Rosenblum, and J. Kurths. Synchronization in a population of
globally coupled chaotic oscillators. Europhys. Lett., 34(3):165-170, 1996.

. Pikovsky, M. Rosenblum, G. Osipov, and J. Kurths. Phase synchronization
of chaotic oscillators by external driving. Physica D, 104:219-238, 1997b.

. Pikovsky and S. Ruffo. Finite-size effects in a polpulation of interacting
oscillators. Phys. Rev. E, 59(2):1633-1636, 1999.

. Pikovsky, M. Zaks, M. Rosenblum, G. Osipov, and J. Kurths. Phase
synchronization of chaotic oscillations in terms of periodic orbits. Chaos, 7
(4):680-687, 1997c.

. S. Pikovsky. On the interaction of strange attractors. Z. Physik B, 55(2):
149-154, 1984a.

. S. Pikovsky. Synchronization and stochastization of nonlinear oscillations by
external noise. In R. Z. Sagdeev, Editor, Nonlinear and Turbulent Processes
in Physics, pages 1601-1604, Harwood, Singapore, 1984b.

. S. Pikovsky. Statistics of trajectory separation in noisy dynamical systems.
Phys. Lett. A, 165:33, 1992.

. S. Pikovsky. Comment on “Chaos, Noise, and Synchronization”. Phys. Rev.
Lett., 73(21):2931, 1994.

. S. Pikovsky and U. Feudel. Characterizing strange nonchaotic attractors.
Chaos, 5(1):253-260, 1995.

. S. Pikovsky and P. Grassberger. Symmetry breaking bifurcation for coupled
chaotic attractors. J. Phys. A: Math., Gen., 24(19):4587-4597, 1991.

. S. Pikovsky and J. Kurths. Roughening interfaces in the dynamics of
perturbations of spatiotemporal chaos. Phys. Rev. E, 49(1):898-901, 1994.

. S. Pikovsky, M. G. Rosenblum, and J. Kurths. Phase synchronization in
regular and chaotic systems. Int. J. Bifurc. Chaos, 10(1):2291-2306, 2000.

. Platt, S. M. Hammel, and J. F. Heagy. Effects of additive noise on on—off
intermittency. Phys. Rev. Lett., 72:3498-3501, 1994.

. Platt, E. A. Spiegel, and C. Tresser. On—off intermittency: A mechanism
for bursting. Phys. Rev. Lett., 70:279-282, 1989.

. A. Polezhaev and E. I. Volkov. On the possible mechanism of cell cycle
synchronization. Biol. Cybern., 41:81-89, 1981.

. Politi, R. Livi, G.-L. Oppo, and R. Kapral. Unpredictable behavior of stable
systems. Furophys. Lett., 22:571, 1993.

. Pompe. Measuring statistical dependencies in a time series. J. Stat. Phys.,
73:587—-610, 1993.

. Postnov, S. K. Han, and H. Kook. Synchronization of diffusively coupled
oscillators near the homoclinic bifurcation. Phys. Rev. E, 60(3):2799-2807,
1999a.

. E. Postnov, T. E. Vadivasova, O. V. Sosnovtseva, A. G. Balanov, V. S.
Anishchenko, and E. Mosekilde. Role of multistability in the transition to
chaotic phase synchronization. Chaos, 9(1):227-232, 1999b.

. Prasad, V. Mehra, and R. Ramaswamy. Strange nonchaotic attractors in



@92 Cnucox aumepamypol

the quasiperiodically forced logistic map. Phys. Rev. E, 57(2):1576-1584,
1998.

W. H. Press, S. T. Teukolsky, W. T. Vetterling, and B. P. Flannery. Numerical
Recipes in C: the Art of Scientific Computing. Cambridge University Press,
Cambridge, second edition, 1992.

K. Pyragas. Weak and strong synchronization of chaos. Phys. Rev. E, 54(5):
R4508-R4511, 1996.

K. Pyragas. Conditional Lyapunov exponents from time series. Phys. Rev. E,
56(5):5183-5188, 1997.

W. J. Rappel and A. Karma. Noise-induced coherence in neural networks.
Phys. Rev. Lett., 77(15):3256-3259, 1996.

D. V. R. Reddy, A. Sen, and G. L. Johnston. Time delay effects on coupled
limit cycle oscillators at Hopf bifurcation. Physica D, 129(1-2):15-34, 1999.

C. Reichhardt and F. Nori. Phase locking, devil’s staircase, Farey trees, and
Arnold tongues in driven vortex lattices with periodic pinning. Phys. Rev.
Lett., 82(2):414-417, 1999.

P. Reimann, C. Van den Broeck, and P. Kawai. Nonequilibrium noise in
coupled phase oscillators. Phys. Rev. E, 60(6):6402-6406, 1999.

L. Ren and B. Ermentrout. Phase locking in chains of multiple-coupled
oscillators. Physica D, 143(1-4):56-73, 2000.

A. Rényi. Probability Theory. Akadémiai Kiadé, Budapest, 1970.

P. Richard, B. M. Bakker, B. Teusink, K. Van Dam, and H. V.
Westerhoff.  Acetaldehyde mediates the synchronization of sustained
glycolytic oscillations in population of yeast cells. Eur. J. Biochem., 235:
238-241, 1996.

H. Z. Risken. The Fokker—Planck Equation. Springer, Berlin, 1989.

E. Rodriguez, N. George, J.-P. Lachaux, J. Martinerie, B. Renault, and F. J.
Varela. Perception’s shadow: Long distance synchronization of human brain
activity. Nature, 397(4):430-433, 1999.

O. E. Rossler. An equation for continuous chaos. Phys. Lett. A, 57:397-398,
1976.

J. L. Rogers and L. T. Wille. Phase transitions in nonlinear oscillator chains.
Phys. Rev. E, 54(3):R2193-R2196, 1996.

F. J. Romeiras, A. Bondeson, E. Edward Ott, Th. M. Antonsen Jr., and
C. Grebogi. Quasiperiodically forced dynamical systems with strange
nonchaotic attractors. Physica D, 26:277-294, 1987.

E. Rosa Jr., E. Ott, and M. H. Hess. Transition to phase synchronization of
chaos. Phys. Rev. Lett., 80(8):1642-1645, 1998.

E. Rosa Jr., W. B. Pardo, C. M. Ticos, J. A. Walkenstein, and M. Monti.
Phase synchronization of chaos in a plasma discharge tube. Int. J. Bifurc.
Chaos, 10(11):2551-2564, 2000.

. E. Rose, J. F. Brugge, D. J. Anderson, and J. E. Hind. Phase-locked response
to low-frequency tones in single auditory nerve fibers of the squirrel monkey.
J. Neurophysiol., 30:769-793, 1967.

(-



H.

Cnucox aumepamypol 49@

. Rosenblum, A. Pikovsky, and J. Kurths. Phase synchronization of chaotic

oscillators. Phys. Rev. Lett., 76:1804, 1996.

. Rosenblum, A. Pikovsky, and J. Kurths. Effect of phase synchronization

in driven chaotic oscillators. IEEE Trans. CAS-I, 44(10):874-881, 1997a.

. Rosenblum, A. Pikovsky, and J. Kurths. From phase to lag synchronization

in coupled chaotic oscillators. Phys. Rev. Lett., 78:4193-4196, 1997h.

. G. Rosenblum. A characteristic frequency of chaotic dynamical system.

Chaos, Solit. Fract., 3(6):617-626, 1993.

. G. Rosenblum, G. I. Firsov, R. A. Kuuz, and B. Pompe. Human postural

control: Force plate experiments and modelling. In H. Kantz, J. Kurths,
and G. Mayer-Kress, Editors, Nonlinear Analysis of Physiological Data,
pages 283-306. Springer, Berlin, 1998.

. G. Rosenblum and J. Kurths. Analysing synchronization phenomena from

bivariate data by means of the Hilbert transform. In H. Kantz, J. Kurths,
and G. Mayer-Kress, Editors, Nonlinear Analysis of Physiological Data,
pages 91-99. Springer, Berlin, 1998.

. G. Rosenblum, A. S. Pikovsky, J. Kurths, C. Schifer, and P. A. Tass. Phase

synchronization: From theory to data analysis. In F. Moss and S. Gielen,
Editors, Handbook of Biological Physics. Vol. 4, Neuro-informatics, pages
279-321. Elsevier, Amsterdam, 2001.

. G. Rosenblum, P. A. Tass, and J. Kurths. Estimation of synchronization

from noisy data with application to human brain activity. In J. A. Freund
and T. Poschel, Editors, Stochastic Processes in Physics, Chemistry, and
Biology, Lecture Notes in Physics, LNP 557, pages 202-211. Springer,
Berlin, 2000.

. E. Rossler. An equation for continuous chaos. Phys. Lett. A, 57(5):397,

1976.

. Roy and K. S. Thornburg. Experimental synchronization of chaotic lasers.

Phys. Rev. Lett., 72:2009-2012, 1994.

. F. Rulkov. Images of synchronized chaos: Experiments with circuits. Chaos,

6(3):262-279, 1996.

. F. Rulkov and M. M. Suschik. Experimental observation of synchronized

chaos with frequency ratio 1:2. Phys. Lett. A, 214:145-150, 1996.

. F. Rulkov, M. M. Sushchik, L. S. Tsimring, and H. D. I. Abarbanel.

Generalized synchronization of chaos in directionally coupled chaotic
systems. Phys. Rev. E, 51(2):980-994, 1995.

. F. Russell, L. A. Wilkens, and F. Moss. Use of behavioral stochastic

resonance by paddle fish for feeding. Nature, 402:291-294, 1999.

. Saitoh and T. Nishino. Phase locking in a double junction of Josephson

weak links. Phys. Rev. B, 44(13):7070-7073, 1991.

. Sakaguchi and Y. Kuramoto. A solvable active rotator model showing phase

transition via mutual entrainment. Prog. Theor. Phys., 76(3):576-581,
1986.
Sakaguchi, S. Shinomoto, and Y. Kuramoto. Mutual entrainment in



@94 Cnucox aumepamypol

oscillator lattices with nonvariational type interaction. Prog. Theor. Phys.,
79(5):1069-1079, 1988a.

H. Sakaguchi, S. Shinomoto, and Y. Kuramoto. Phase transitions and their
bifurcation analysis in a large population of active rotators with mean-field
coupling. Prog. Theor. Phys., 79(3):600-607, 1988b.

E. Sanchez, M. A. Matias, and V. Pérez-Mufiuzuri. Analysis of synchronization
of chaotic systems by noise: An experimental study. Phys. Rev. E, 56(4):
4068-4071, 1997.

G. Santoboni, A. Varone, and S. R. Bishop. Spatial distribution of chaotic
transients in unidirectional synchronisation. Phys. Lett. A, 257(3-4):175-
181, 1999.

P. Sassone-Corsi. Molecular clocks: Mastering time by gene regulation. Nature,
392:871-874, 1999.

M. Sauer and F. Kaiser. Synchronized spatiotemporal chaos and spatiotemporal
on—off intermittency in a nonlinear ring cavity. Phys. Rev. E, 54(3):2468—
2473, 1996.

J. P. Saul. Cardiorespiratory variability: Fractals, white noise, nonlinear
oscillators, and linear modeling. What’s to be learned? In H. Haken and
H. P. Koepchen, Editors, Rhythms in Physiological Systems, volume 55 of
Springer Series in Synergetics, pages 115-126. Springer, Berlin, 1991.

C. Schifer, M. G. Rosenblum, H.-H. Abel, and J. Kurths. Synchronization in
the human cardiorespiratory system. Phys. Rev. E, 60:857-870, 1999.

C. Schiafer, M. G. Rosenblum, J. Kurths, and H.-H. Abel. Heartbeat
synchronized with ventilation. Nature, 392(6673):239-240, March 1998.

M. Schiek, F. R. Drepper, R. Engbert, H-H. Abel, and K. Suder.
Cardiorespiratory synchronization. In H. Kantz, J. Kurths, and G. Mayer-
Kress, Editors, Nonlinear Analysis of Physiological Data, pages 191-209.
Springer, Berlin, 1998.

S. J. Schiff, P. So, T. Chang, R. E. Burke, and T. Sauer. Detecting dynamical
interdependence and generalized synchrony through mutual prediction in
a neural ensemble. Phys. Rev. E, 54(6):6708-6724, 1996.

G. Schmidt and A. A. Chernikov. General form of coupling leading to
synchronization of oscillating dynamical systems. Phys. Rev. E, 60(3):
2767-2770, 1999.

A. Schrader, M. Braune, and H. Engel. Dynamics of spiral waves in excitable
media subjected to external periodic forcing. Phys. Rev. E, 52(1):98-108,
1995.

H. G. Schuster, Editor. Handbook of Chaos Control. Wiley-VCH, Weinheim,
1999.

H. G. Schuster, S. Martin, and W. Martienssen. A new method for determining
the largest Lyapunov exponent in simple nonlinear systems. Phys. Rev. A,
33:3547, 1986.

D. M. Scolnick and T. D. Halazonetis. Chfr defines a mitotic stress checkpoint
that delays entry into metaphase. Nature, 406:354-356, 2000.



Cnucox aumepamypol 49@

H. Seidel and H.-P. Herzel. Analyzing entrainment of heartbeat and respiration
with surrogates. IEFE Eng. Med. Biol., 17(6):54-57, 1998.

. Shapiro. Josephson current in superconducting tunneling: The effect of
microwaves and other observations. Phys. Rev. Lett., 11(2):80-82, 1963.
S. Shinomoto and Y. Kuramoto. Cooperative phenomena in two-dimensional

active rotator systems. Prog. Theor. Phys., 75(6):1319-1327, 1986.

B. I. Shraiman, A. Pumir, W. van Saarlos, P. C. Hohenberg, H. Chaté, and
M. Holen. Spatiotemporal chaos in the one-dimensional Ginzburg-Landau
equation. Physica D, 57:241-248, 1992.

J. W. Shuai and K. W. Wong. Noise and synchronization in chaotic neural
networks. Phys. Rev. E, 57(6):7002-7007, 1998.

B. Shulgin, A. Neiman, and V. Anishchenko. Mean switching frequency locking
in stochastic bistable systems driven by a periodic force. Phys. Rev. Lett.,
75(23):4157-4160, 1995.

A. E. Siegman. Lasers. University Science Books, Mill Valley, CA, 1986.

A. Simon and A. Libchaber. Escape and synchronization of a Brownian particle.
Phys. Rev. Lett., 68:3375, 1992.
J. Simonet, M. Warden, and E. Brun. Locking and Arnold tongues in an

infinite-dimensional system: The nuclear magnetic resonance laser with
delayed feedback. Phys. Rev. E, 50:3383-3391, 1994.

W. Singer. Striving for coherence. Nature, 397(4):391-393, 1999.

W. Singer and C. M. Gray. Visual feature integration and the temporal
correlation hypothesis. Annu. Rev. Neurosci., 18:555-586, 1995.

G. Sivashinsky. Self-turbulence in the motion of a free particle. Found. Phys.,
8(9-10):735-744, 1978.
S. Smale. The Mathematics of Time. Springer, New York, 1980.

M. J. T. Smith and R. M. Mersereau. Introduction to Digital Signal Processing.
A Computer Laboratory Textbook. Wiley, New York, 1992.

M. Smolensky.  Chronobiology and chronotherapeutics: Applications to
cardiovascular medicine. In P. C. Deedwania, Editor, Circadian Rhythms
of Cardiovascular Disorders, pages 173—206. Futura, Armonk, NY, 1997.

Y. Soen, N. Cohen, D. Lipson, and E. Braun. Emergence of spontaneous rhythm
disorders in self-assembled networks of heart cells. Phys. Rev. Lett., 82(17):
3556-3559, 1999.

O. V. Sosnovtseva, A. G. Balanov, T. E. Vadivasova, V. V. Astakhov, and
E. Mosekilde. Loss of lag synchronization in coupled chaotic systems. Phys.
Rev. E, 60(6):6560—-6565, 1999.

P. Stange, A. S. Mikhailov, and B. Hess. Mutual synchronization of molecular
turnover cycles in allosteric enzymes. J. Phys. Chem. B, 102(32):6273—6289,
1998.

P. Stange, A. S. Mikhailov, and B. Hess. Mutual synchronization of molecular
turnover cycles in allosteric enzymes II. J. Phys. Chem. B, 103(29):6111-
6120, 1999.

wn



@96 Cnucox aumepamypol

J. Stark. Invariant graphs for forced systems. Physica D, 109(1-2):163-179,
1997.

0. Steinbock, V. Zykov, and S. Miiller. Control of spiral-wave dynamics in
active media by periodic modulation of excitability. Nature, 366:322—-324,
1993.

P. N. Steinmetz, A. Roy, P. J. Fitzgerald, S. S. Hsiao, K. O. Johnson, and
E. Niebur. Attention modulates synchronized neuronal firing in primate
somatosensory cortex. Nature, 404(9):187-190, 2000.

E. A. Stern, D. Jaeger, and C. J. Wilson. Membrane potential synchrony
of simultaneously recorded striatal spiny neurons in vivo. Nature, 394:
475-478, 1998.

E. F. Stone. Frequency entrainment of a phase coherent attractor. Phys. Lett.
A, 163:367-374, 1992.

M. Stopfer, S. Bhagavan, B. H. Smith, and G. Laurent. Impaired odour
descrimination on desynchronization of odour-encoding neural assemblies.
Nature, 390(6):70-74, 1997.

S. H. Strogatz. Nonlinear Dynamics and Chaos: With Applications to Physics,
Biology, Chemistry, and Engineering. Addison-Wesley, Reading, MA, 1994.

S. H. Strogatz. From Kuramoto to Crawford: Exploring the onset of
synchronization in populations of coupled oscillators. Physica D, 143(1-4):
1-20, 2000.

S. H. Strogatz, C. M. Marcus, R. M. Westervelt, and R. E. Mirollo. Collective
dynamics of coupled oscillators with random pinning. Physica D, 36:23-50,
1989.

S. H. Strogatz and R. E. Mirollo. Stability of incoherence in a population of
coupled oscillators. J. Stat. Phys., 63(3/4):613-635, 1991.

S. H. Strogatz and R. E. Mirollo. Splay states in globally coupled Josephson
arrays: Analytical prediction of Floquet multipliers. Phys. Rev. E, 47(1):
220-227, 1993.

S. H. Strogatz, R. E. Mirollo, and P. C. Matthews. Coupled nonlinear oscillators
below the synchronization threshold: Relaxation by generalized Landau
damping. Phys. Rev. Lett., 68(18):2730-2733, 1992.

S. H. Strogatz and I. Stewart. Coupled oscillators and biological
synchronization. Sci. Am., 12:68-75, 1993.

J. Sturis, C. Knudsen, N. M. O’Meara, J. S. Thomsen, E. Mosekilde, E. Van
Cauter, and K. S. Polonsky. Phase-locking regions in a forced model of
slow insulin and glucose oscillations. Chaos, 5(1):193-199, 1995.

J. Sturis, E. Van Cauter, J. Blackman, and K. S. Polonsky. Entrainment of
pulsatile insulin secretion by oscillatory glucose infusion. J. Clin. Invest.,
87:439-445, 1991.

K. H. Stutte and G. Hildebrandt. Untersuchungen iiber die Koordination von
Herzschlag und Atmung. Pfligers Arch., 289:R47, 1966.

T. Sugawara, M. Tachikawa, T. Tsukamoto, and T. Shimizu. Observation of
synchronization in laser chaos. Phys. Rev. Lett., 72:3502-3505, 1994.



Cnucox aumepamypol 49@

J. W. Swift, S. H. Strogatz, and K. Wiesenfeld. Averaging of globally coupled
oscillators. Physica D, 55:239-250, 1992.

S. Taherion and Y.-C. Lai. Observability of lag synchronization of coupled
chaotic oscillators. Phys. Rev. E, 59(6):R6247-R6250, 1999.

F. Takens. Detecting strange attractors in turbulence. In Dynamical Systems
and Turbulence, volume 898 of Springer Lecture Notes in Mathematics,
pages 366—-381. Springer, New York, 1981.

A. Tamasevicius and A. Cenys. Synchronizing hyperchaos with a single
variable. Phys. Rev. E, 55(1):297-299, 1997.

T. Tamura, N. Inaba, and J. Miyamichi. Mechanism for taming chaos by weak
harmonic perturbations. Phys. Rev. Lett., 83(19):3824-3827, 1999.

H. Tanaka, A. Lichtenberg, and S. Oishi. First order phase transition resulting
from finite inertia in coupled oscillator systems. Phys. Rev. Lett., 78(11):
2104-2107, 1997a.

H.-A. Tanaka, A. J. Lichtenberg, and Sh. Oishi. Self-synchronization of coupled
oscillators with hysteretic responses. Physica D, 100:279-300, 1997b.

D.Y. Tang, R. Dykstra, M. W. Hamilton, and N. R. Heckenberg. Experimental
evidence of frequency entrainment between coupled chaotic oscillations.
Phys. Rev. E, 57(3):3649-3651, 1998a.

D. Y. Tang, R. Dykstra, M. W. Hamilton, and N. R. Heckenberg. Observation
of generalized synchronization of chaos in a driven chaotic system. Phys.
Rev. E, 57(5):5247-5251, 1998b.

D. Y. Tang, R. Dykstra, M. W. Hamilton, and N. R. Heckenberg. Stages of
chaotic synchronization. Chaos, 8(3):697-701, 1998c.

P. Tass. Phase and frequency shifts of two nonlinearly coupled oscillators. Z.
Physik B, 99:111-121, 1995.

P. Tass. Phase and frequency shifts in a population of phase oscillators. Phys.
Rev. E, 56(2):2043-2060, 1997.

P. Tass and H. Haken. Synchronization in networks of limit cycle oscillators.
Z. Physik B, 100:303—-320, 1996.

P. Tass, J. Kurths, M. G. Rosenblum, J. Weule, A. S. Pikovsky, J. Volkmann,
A. Schnitzler, and H.-J. Freund. Complex phase synchronization in
neurophysiological data. In C. Uhl, Editor, Analysis of Neurophysiological
Brain Functioning, Springer Series in Synergetics, pages 252-273.
Springer, Berlin, 1999.

P. Tass, M. G. Rosenblum, J. Weule, J. Kurths, A. S. Pikovsky, J. Volkmann,
A. Schnitzler, and H.-J. Freund. Detection of n : m phase locking from
noisy data: Application to magnetoencephalography. Phys. Rev. Lett., 81
(15):3291-3294, 1998.

P. A. Tass. Phase Resetting in Medicine and Biology. Stochastic Modelling
and Data Analysis. Springer, Berlin, 1999.

J. R. Terry, K. S. Thornbug, D. J. DeShazer, G. D. VanWiggeren, S. Q. Zhu,
P. Ashwin, and R. Roy. Synchronization of chaos in an array of three
lasers. Phys. Rev. E, 59(4):4036-4043, 1999.



@98 Cnucox aumepamypol

K. S. Thornburg, M. Méller, R. Roy, T. W. Carr, R.-D. Li, and T. Erneux.

Chaos and coherence in coupled lasers. Phys. Rev. E, 55(4):3865-3869,
1997.

. M. Ticos, E. Rosa Jr., W. B. Pardo, J. A. Walkenstein, and M. Monti.

Experimental real-time phase synchronization of a paced chaotic plasma
discharge. Phys. Rev. Lett., 85(14):2929-2932, 2000.

. Toledo, M. G. Rosenblum, J. Kurths, and S. Akselrod. Cardiorespiratory

synchronization: Is it a real phenomenon? In A. Murray and S. Swiryn,
Editors, Computers in Cardiology, pages 237-240. IEEE Computer Society
Press, Hannover, 1999.

Toledo, M. G. Rosenblum, C. Schéfer, J. Kurths, and S. Akselrod.
Quantification of cardiorespiratory synchronization in normal and heart
transplant subjects. In Proc. of Int. Symposium on Nonlinear Theory and
its Applications, volume 1, pages 171-174. Crans-Montana, Switzerland,
Sept. 14-17, 1998. Presses Polytechniques et Universitaires Romandes,
1998.

. Torcini, P. Grassberger, and A. Politi. FError propagation in extended

systems. J. Phys. A: Math. Gen., 27:4533, 1995.

. Tresser, P. Worfolk, and C. W. Wu. Master—slave synchronization from the

point of view of global dynamics. Chaos, 5(4):693-699, 1995.

. Y. Tsang, R. E. Mirollo, S. H. Strogatz, and K. Wiesenfeld. Dynamics of

globally coupled oscillator array. Physica D, 48:102-112, 1991a.

. Y. Tsang, S. H. Strogatz, and K. Wiesenfeld. Reversibility and noise

sensitivity in globally coupled oscillators. Phys. Rev. Lett., 66:1094-1097,
1991b.

. Tsodyks, I. Mitkov, and H. Sompolinsky. Pattern of synchrony in

inhomogeneous networks of oscillators with pulse interactions. Phys. Rev.
Lett., 71(8):1280-1283, 1993.

. Tsukamoto, M. Tachikawa, T. Hirano, T. Kuga, and T. Shimizu.

Synchronization of a chaotic laser pulsation with its prerecorded history.
Phys. Rev. E, 54(4):4476-4479, 1996.

T. Tsukamoto, M. Tachikawa, T. Tohei, T. Hirano, T. Kuga, and T. Shimizu.

N.

Synchronization of a laser system to a modulation signal artificially
constructed from its strange attractor. Phys. Rev. E, 56(6):6564-6568,
1997.

Tufillaro, T. R. Abbott, and J. Reilly. An Exzperimental Approach to
Nonlinear Dynamics and Chaos. Addison-Wesley, Reading, MA,1992.

J. Urias, G. Salazar, and E. Ugalde. Synchronization of cellular automation

T.

T.

pairs. Chaos, 8(4):814-818, 1998.

E. Vadivasova, A. G. Balanov, O. V. Sosnovtseva, D. E. Postnov, and
E. Mosekilde. Synchronization in driven chaotic systems: Diagnostics and
bifurcations. Phys. Lett. A, 253:66-74, 1999.

P. Valkering, C. L. A. Hooijer, and M. F. Kroon. Dynamics of two
capacitively coupled Josephson junctions in the overdamped limit. Physica



Cnucox aumepamypol 49@

D, 135(1-2):137-153, 2000.

B. van der Pol. A theory of the amplitude of free and forced triode vibration.
Radio Rev., 1:701, 1920.

B. van der Pol. On relaxation oscillation. Phil. Mag., 2:978-992, 1926.

B. van der Pol. Forced oscillations in a circuit with non-linear resistance.
(Reception with reactive triode). Phil. Mag., 3:64-80, 1927.

B. van der Pol and J. van der Mark. Frequency demultiplication. Nature, 120
(3019):363-364, 1927.

B. van der Pol and J. van der Mark. The heartbeat considered as a relaxation
oscillation, and an electrical model of the heart. Phil. Mag., 6:763-775,
1928.

J. L. van Hemmen and W. F. Wreszinski. Lyapunov function for the Kuramoto
model of nonlinearly coupled oscillators. J. Stat. Phys., 72(1/2):145-166,
1993.

N. G. van Kampen. Stochastic Processes in Physics and Chemistry, 2nd
edition. North Holland, Amsterdam, 1992.

C. van Vreeswijk. Partial synchronization in populations of pulse-coupled
oscillators. Phys. Rev. E, 54(5):5522-5537, 1996.

V. K. Vanag, L. Yang, M. Dolnik, A. M. Zhabotinsky, and I. R. Epshtein.
Oscillatory cluster patterns in a homogeneous chemical system with global
feedback. Nature, 406:389-391, 2000.

S. R. S. Varadhan. Large Deviations and Applications. SIAM, Philadelphia,
1984.

Ju. M. Vasiliev, I. M. Gelfand, V. I. Guelstein, and A. G. Malenkov.
Interrelationships of contacting cells in the cell complexes of mouse ascites
hepatoma. Int. J. Cancer, 1:451-462, 1966.

J. J. P. Veerman. Irrational rotation numbers. Nonlinearity, 2:419-428, 1989.

S. C. Venkataramani, T. M. Antonsen, E. Ott, and J. C. Sommerer. On-—off
intermittency: Power spectrum and fractal properties of time series. Physica
D, 96(1-4):66-99, 1996.

Sh. C. Venkataramani, Th. M. Antonsen Jr., E. Ott, and J. C. Sommerer.
Characterization of on-off intermittent time series. Phys. Lett. A, 207:
173-179, 1995.

M. D. Vieira. Chaos and synchronized chaos in an earthquake model. Phys.
Rev. Lett., 82(1):201-204, 1999.

J. Volkmann, M. Joliot, A. Mogilner, A. A. Ioannides, F. Lado, E. Fazzini,
U. Ribary, and R. Llinds. Central motor loop oscillations in Parkinsonian
resting tremor revealed by magnetoencephalography. Neurology, 46:1359—
1370, 1996.

E. I. Volkov and V. A. Romanov. Bifurcations in the system of two identical
diffusively coupled brusselators. Phys. Scr., 51(1):19-28, 1994.

H. Voss and J. Kurths. Reconstruction of nonlinear time delay models from
data by the use of optimal transformations. Phys. Lett. A, 234:336-344,
1997.



@00 Cnucox aumepamypol

H.

D.
T.

U. Voss. Anticipating chaotic synchronization. Phys. Rev. E, 61(5):5115—
5119, 2000.
Walgraef. Spatio-Temporal Pattern Formation. Springer, New York, 1997.

J. Walker. Acoustic synchrony: Two mechanisms in the snowy tree cricket.
Science, 166:891-894, 1969.

I. Waller and R. Kapral. Synchronization and chaos in coupled nonlinear

W.

oscillators. Phys. Lett. A, 105:163-168, 1984.

Wang, I. Z. Kiss, and J. L. Hudson. Experiments on arrays of globally
coupled chaotic electrochemical oscillators: Synchronization and clustering.
Chaos, 10(1):248-256, 2000a.

. Wang, G. Perez, and H. A. Cerdeira. Dynamical behavior of the firings in

a coupled neuronal system. Phys. Rev. E, 47(4):2893-2898, 1993.

. Wang, D. T. W. Chik, and Z. D. Wang. Coherence resonance and

noise-induced synchronization in globally coupled Hodgkin-Huxley neurons.
Phys. Rev. E, 61(1):740-746, 2000b.

. Watanabe and S. H. Strogatz. Integrability of a globally coupled oscillator

array. Phys. Rev. Lett., 70(16):2391-2394, 1993.

. Watanabe and S. H. Strogatz. Constants of motion for superconducting

Josephson arrays. Physica D, 74:197-253, 1994.

. Whitmore, N. S. Foulkes, and P. Sassone-Corsi. Light acts directly on

organs and cells in culture to set the vertebrate circadian clock. Nature,
404:87-91, 2000.

. Wiesenfeld. Noise, coherence, and reversibility in Josephson arrays. Phys.

Rev. B, 45(1):431-435, 1992.

. Wiesenfeld, P. Colet, and S. H. Strogatz. Synchronization transition in a

disordered Josephson series array. Phys. Rev. Lett., 76(3):404-407, 1996.

. Wiesenfeld and F. Moss. Stochastic resonance: From ice ages to crayfish

and SQUIDs. Nature, 373:33-36, 1995.

. Wiesenfeld and J. W. Swift. Averaged equations for Josephson junction

series arrays. Phys. Rev. E, 51(2):1020-1025, 1995.

. Wiggins. Global Bifurcations and Chaos (Analytical Methods). Springer,

New York, 198S.

. Wiggins. Introduction to Applied Dynamical Systems and Chaos. Springer,

New York, 1990.

. A. Wilkens, D. F. Russell, X. Pei, and C. Gurgens. The paddlefish rostrum

functions as an electrosensory antenna in plankton feeding. Proc. Roy. Soc.
Lond. B, 264:1723-1729, 1997.

. T. Winfree. Biological rhythms and the behavior of populations of coupled

oscillators. J. Theor. Biol., 16:15-42, 1967.

. T. Winfree. The Geometry of Biological Time. Springer, New York, 1980.

G. Winful and L. Rahman. Synchronized chaos and spatiotemporal chaos
in arrays of coupled lasers. Phys. Rev. Lett., 65:1575-1578, 1990.

. Xie, G. Hu, and Z. Qu. On—off intermittency in a coupled-map lattice

system. Phys. Rev. E, 52(2):1265, 1995.



Cnucox aumepamypol 50@

V. Yakhot. Large-scale properties of unstable systems governed by the
Kuramoto—Sivashinski equation. Phys. Rev. A, 24:642, 1981.

T. Yalcinkaya and Y.-Ch. Lai. Bifurcation to strange nonchaotic attractors.
Phys. Rev. E, 56(2):1623-1630, 1997.

T. Yamada and H. Fujisaka. Stability theory of synchronized motion in
coupled-oscillator systems. II. The mapping approach. Prog. Theor. Phys.,
70(5):1240-1248, 1983.

T. Yamada and H. Fujisaka. Stability theory of synchronized motion in
coupled-oscillator systems. III. Mapping model for continuous system. Prog.
Theor. Phys., 72(5):885-894, 1984.

T. Yamada and H. Fujisaka. Intermittency caused by chaotic modulation.
I. Analysis with a multiplicative noise model. Prog. Theor. Phys., 76(3):
582-591, 1986.

T. Yamada and H. Fujisaka. Effect of inhomogenety on intermittent chaos in
a coupled system. Phys. Lett. A, 124(8):421-425, 1987.

Y. Yamaguchi and H. Shimizu. Theory of self-synchronization in the presence
of native frequency distribution and external noises. Physica D, 11:212-226,
1984.

H. L. Yang and E. J. Ding. Synchronization of chaotic systems and on—off
intermittency. Phys. Rev. E; 54(2):1361-1365, 1996.

T. Yang and K. Bilimgut. Experimental results of strange nonchaotic
phenomenon in a second-order quasi-periodic forced electronic circuit. Phys.
Lett. A, 236(5-6):494-504, 1997.

A. R. Yehia, D. Jeandupeux, F. Alonso, and M. R. Guevara. Hysteresis and
bistability in the direct transition from 1:1 to 2:1 rhythm in periodically
driven ventricular cells. Chaos, 9(4):916-931, 1999.

M. K. Stephen Yeung and S. H. Strogatz. Time delay in the Kuramoto model
of coupled oscillators. Phys. Rev. Lett., 82(3):648-651, 1999.

K.-P. Yip and N.-H. Holstein-Rathlou. Chaos and non-linear phenomena in
renal vascular control. Cardiovasc. Res., 31:359-370, 1996.

L. Yu, E. Ott, and Q. Chen. Transition to chaos for random dynamical systems.
Phys. Rev. Lett., 65:2935-2938, 1990.

Y. H. Yu, K. Kwak, and T. K. Lim. On—off intermittency in an experimental
synchronization process. Phys. Lett. A, 198(1):34-38, 1995.

M. A. Zaks, E.-H. Park, M. G. Rosenblum, and J. Kurths. Alternating locking
ratios in imperfect phase synchronization. Phys. Rev. Lett., 82:4228-4231,
1999.

D. Zanette and A. S. Mikhailov. Condensation in globally coupled populations
of chaotic dynamical systems. Phys. Rev. E, 57(1):276-281, 1998a.

D. Zanette and A. S. Mikhailov. Mutual synchronization in ensembles of
globally coupled neural networks. Phys. Rev. E, 58(1):872-875, 1998b.

G. M. Zaslavsky. The simplest case of a strange attractor. Phys. Lett. A, 69(3):
145-147, 1978.

W.-Z. Zeng, M. Courtemanche, L. Sehn, A. Shrier, and L. Glass. Theoretical



@02 Cnucox aumepamypol

computation of phase locking in embrionic atrial heart cell aggregates. J.
Theoretical Biology, 145:225-244, 1990.

Z. G. Zheng, G. Hu, and B. Hu. Phase slips and phase synchronization of
coupled oscillators. Phys. Rev. Lett., 81(24):5318-5321, 1998.

T. Zhou, F. Moss, and A. Bulsara. Simulations of a strange non-chaotic
attractor in a SQUID. In S. Vohra, M. Spano, M. Schlesinger, L. Pecora,
and W. Ditto, Editors, Proc. of the 1st Experiment. Chaos Conf., Arlington
VA, Oct. 1-3, 1991, pages 303-314. World Scientific, Singapore, 1992.

Zh. Zhu and Zh. Liu. Strange nonchaotic attractors of Chua’s circuit with
quasiperiodic excitation. J. Bifurc. Chaos, 7(1):227-238, 1997.

L. Zonghua and C. Shigang. General method of synchronization. Phys. Rev.
E, 55(6):6651-6655, 1997a.

L. Zonghua and C. Shigang. Synchronization of a conservative map. Phys.
Rev. E, 56(2):1585-1589, 1997h.



[MpeameTHbIN yKa3aTenb

aBTOrE€HEePaTOP
TpUOAHGIHA, 25, 144, 151
3JIEKTPOHHDIN, 66, 68
aBTOKOIeOAHNU s
BBIHYZKTaeMble, 78, 96
¢ mrymowm, 113
xaoTuiaeckue, 186
aBTOKONIeOaTeIbHASA CUCTEMa, 28,
49-71, 232, 248
cnabo wenmueiinas, 237, 292
Angiepa ypasuenue, 241
aMIIuTya, 54-59, 73, 242
KOMILIeKCcHast, 237, 249, 293, 348,
363
mraosennasd, 206, 453, 457
aMIIATY/THOE ypaBHeHune, 248, 250,
293
arcambJib
BBIHYZKJIA€MbIX OCIUJIIATOPOB, 135
KONl XaOTHIECKON CUCTeMbI, 332
HeipoHos, 369
XaOTUIECKUX OCHUIIIATOPOB, 197
XAOTHIECKUX OTOOPAZKEHNUIH,
410-416
anaouCMeHTbl, 176
Apnosibaa sa3bik, 81, 97, 269, 303,
334, 335
ATTPAKTOP-BOPOHKA, 323

aTTpaxTop, 53, 406
cuMMeTpuIHbIHi, 387, 402
crydaitaerit, 436
crpanubiif, 185189, 402
CTPAHHBIN HexaoTu4eckuii, 444
Tononorundeckuii, 407
Xa0TUIeCKHit, 53

Bemnoycosa-2Kaborunckoro peakius,
167-169, 173

omenuit yacrora, 79, 145, 244, 336

buenwns, 164

oudypramnus
Busku, 403, 407
Joxpurnyeckasd, 365, 407
3akpurmieckad, 365, 403, 404
KOpa3MepHOCcTH 2 u 3, 258
cenyo-y3en, 244, 255, 271, 276
yaBoenus nepuona, 128, 403
xaoc-xaoc, 408
Xouda, 251, 254, 256, 364

Oosbime oTKI0HeHUs, 391

Ban-nep-Ilons ypasuenue, 24, 233,
250, 455
B3auMOIeicTBHE
ortankusaomiee, 290
orraskusaomiee ¢dasol, 143, 160



@04 IIpedmemmnitl yrasamens

npurarusaroiiee, 198, 290, 382
npurdarusaiomiee ¢aspl, 143, 160
cTaTucTUIecKoe, 423
BO3MYIIIeHHE, 53
JIOKaJibHOe, 413
HAYaJIbHBIX ycaoBuii, 188
nonepevnoe, 387
npozaoJibHOoe, 387
BO3MYTIIIeHUH MeTos, 247
BpallleHus 9ucio, 266, 272, 292, 303
BpeMmsd Bo3Bpara, 191, 236, 325
BBIMUPAHUE KOJIEOAHUA, CM. TAIICHIE
Kosrebanuii

ramenne Komedbannit, 24, 150, 295,
336, 368
reaepatop, 136
nuI000pa3HOr0 HANpsizkeHwns, 151
l'minbepra mpeodpasosanme, 206, 453
l'uazbypra-Jlanmay KOMILIEKCHOE
ypaBuenwue, 348, 350, 352, 422
runepxaoc, 337
rucrepesuc, 108, 365
TJIUKOJIUTHYIeCKUe Kojebanus, 174

Hanzya Teopema, 267
JIAHHbIE
aByxkKaHasbHble, 209-213, 221
MHOT'OKaHAJIbHbIE, 217
Jenenue 9actorel, 106
gemonaynanns, 283, 314
Jxxozedcona kontakT, 157, 280282,
370
JuHaMu4ecKas cucreMa, 49
aBTOHOMHas, 29, 324
puccunarupHas, 184
HeaBTOHOMHasA, 324
C JUCKPETHBIM BpeMeHeM, 324
auccunatys, 50, 60
aedexr, 350, 352
MIPOCTPAHCTBEHHO-BPEMeHHOit, 166
muddepeHnua bHbe yPABHEHUS
aBTOHOMHBIE, 186
B YaCTHBIX MPOU3BOJIHBIX, 343, 348,
421

HeaBTOHOMHBIE, 186

HesimHeitHbIE, 63
obbikHoBeHHbIe, 186, 417, 425
croxacrudeckue, 310
nuddyzusg, 305, 349, 400, 419, 433
dazer, 113, 192, 305
Hyddunra ocuunnarop, 454
neixanue, 85, 113, 146, 177, 206

3axBar
Moz, 151
qacTor, 32, 77-82, 97, 141, 193,
210, 243, 327

das, 35, T7-82, 100, 142, 193, 243

M30XpOHa, 235-238

UMIIyJIbCHAsS cuiia, 264

HMITYJIbCOB IIOCJIE€/I0BATEIBHOCTD,
93-99

WHBApDUAHTHas Kpusasd, 261, 273, 278

Kannana-Jopke dopmyiia, 439, 444
Kapnmapa-ITapusu-zKanra ypasuenne,
346, 350
kJacrep, 42, 161, 164, 173, 197, 202,
342, 362, 366, 415
B IEMOYKEe OCIUJLISTOPOB, 340
KJIETOYHBIH aBTOMaT, 423
KOrepeHTHOCTh, 135, 331-333, 347,
350, 356, 357, 360, 374
KoJIe0aHus
BO30yzKmaemble rymom, 131
3aryxaiomne, 454
U30XpOHHBIE, 238, 251
KorepeHTHble, 135, 326
KOJIJIeKTUBHbIE, 42
Hen30XpoHHbIEe, 238, 299
nporuBodasubie, 148, 343
cBOOOIHBIE, 37
cepaeunble, 120
cundazubre, 148, 373
xaoTuydeckue, 184
nupKagable, 137
KOJIbIIa orobpazkenue, 260, 273-278
Koppenanus B3auMuasd, 210, 225
Kocag cucreMa, 389
KBA3WUIEPUOINIECKas cuila, 272



KBa3UIEPUOANIECKOe IBUZKeHue, 84,
267, 269, 288, 340

Kypamoro monmens, 371, 373

Kypamoro nepexon, 170, 197, 373

KypamoTto-Cusarmnckoro
ypasuenue, 350, 421

naszep, 133, 136, 151, 161
B3aumojelicraue, 198
[IOJIyIIPOBOJHUKOBDI#, 136
¢ 3a/IepzKaHHON 0OpPATHOM CBA3BIO,

101

Jlamxkesena ypasuernue, 306, 361

Jlexkannpa npeobpazosanue, 393, 441

Jluccaxy durypa, 85, 145

Jiokomornus, 177

Jlopernna cucrema, 185, 321, 426
B3aumoeiicTue, 198
nuddysus dpassr, 326
¢ mepuoandecKoit cumnoit, 430
CUHXPOHU3ALUA BHELIHEl CUJIoi,

329
JlamynoBa mokazaresb, 59, 189, 312,
336, 387, 432, 444
B cucreme ¢ mymoMm, 432
JIOKaJIBHBIA 110 BpemeHu, 391
MaKCUMaJbHbIH, 188
Hynesoi, 59, 190, 234, 279, 318
o mpeapicTopun, 442
nonepevnbrii, 388, 411, 417, 419,
420, 424, 425
IPOAOJIbHBIN, 388
yCIIOBHBI, 426

MEeHCTPyaJIbHbIi 1uKki, 124, 174
Musnopa arrpakrop, 406
Mupomamo-Crporariia Mmomean, 369
MHOT000Opa3me

Heycroituusoe, 236, 274, 276, 407

ycroitausoe, 236, 407
MomyJamus, 110

xaotudeckas, 277

qacToThl, 109
MO3Ta aKTUBHOCTH, 153, 217
MyJIBTUCTAOUILHOCTD, 159, 278, 439

Ipedmemmnnit yrazamens

HAKOILTEHHE—COPOC OCIUILISITOD,

68-71, 106-109, 151, 263, 300,
369
ueitpon, 70, 132, 181, 183, 221, 369
HEeyCTOUYUBOCTb
abcomrornasi, 414
KOHBeKTuBHasi, 414
nonepeynas, 407, 423
Hpiosna kpurepuii, 350

00J1aCTh MpUTAZKEHUs, 53
obmacTh cuHXpoHm3annn, 81, 97, 99,
108, 243, 270
0000IIeHHasT CHHXPOHI3ausd, 199,
438
obparHas cBs3b, 63, 66, 67, 101, 124,
145
OKPYZKHOCTHU OTOOpazkenue, 96,
261-274, 289, 291-292, 433
obparumoe, 265, 291
pa3pbiBHOE, 264, 271
OKPY2KHOCTH TIOBOPOT, 262, 265, 291
opranube TpyObI, 23
OCIIUILIIATOD
aBTOHOMHGBIH, 50, 73
B3auMo/ieiicteue, 141
KBas3uanHelnoil, 54, 73-85
smHeiHbIi, 454
Ha COJISITHOM pacTBOpe, 178
cnabo nesimueitnpIil, 248
xaoTuydeckwnii, 42, 184-190, 318
XuMudeckuii, 173
IUpKaIHbINA, 123
ajieKTpoxuMmydeckuii, 201
oTOoDpasKeHme
KOJIBbI[A, CM. KOJIbI[A OTODpayKeHMe
Joructwdeckoe, 382, 388, 445
omHOMEpPHOe, 382
OKPYZKHOCTHU, CM. OKDPYZKHOCTH
oTOOpasKeHme
paspbiBHOE, 264
¢ mrymowm, 433
cbpoca, 301
CBA3aHHBIE, 382
Tuia Kocoit rent, 384, 397, 425
TUIA TeHT, 382



@06 IIpedmemmnitl yrasamens

neiicmexep, 71, 104, 153
UUPKaIHbINA, 122
IepeMezkaeMocCThb, 278, 354
MomyadiuonHast, 386, 392, 421, 437
nepeMemmuBanne, 189, 193
nepenat Gpa3oBbIi, 352
repeycranoBka (as3br, 93
mepexo/i K CUHXpoHu3anum, 82, 246,
254-257, 357, 385, 387
epexo/i K xaocy, 128
nepuo, 29, 30, 54, 233
cpennnii, 113, 192
rononorundeckuii, 319, 335
xaoTuveckux Kosebanumii, 191
repuoJuyecKas Tpaekropus, 267,
318, 335
nosaBienue Konebanuii, 73, 128
[oHAsA CUHXpoHU3anus, 45, 197-198
[IOILYJIALIUSA
KJIeTOK, 174, 179
OCIUJIIIATOPOB ¢ 1rymoM, 360, 364
CBS3aHHBIX OCHUILIATOPOB, 27, 140,
355, 360
nopor cuaxponusanuu, 360, 385,
388-390
nopsiaka pyukus, 366
nopsijika napamerp, 357, 367
[TOTEHIUAJT
oucrabunbubii, 133
neiicrBus, 70, 130, 153
HAKJIOHHBIN, 75, 306
U-obpasmbrit, 57
TTOTEeHITAILHDBIN Oapbep, 114, 307
TMOTOK cHenuaabubIii, 320
npeneabublil nuka, 51-54, 233-236
npoduib amnauTy e, 166
npoduis dazer, 166, 346, 350
npockok ¢a3zer, 82, 115, 117, 157,
307, 335
nporuBodazHasg CHHXPOHU3AINs, 22,
35,142, 143, 159, 160, 290, 297
[Iyankape orobpazkenue, 90, 191,
236, 319, 325

Pa3MepHOCTD, 52
JIAIYHOBCKasd, 439

obobrmenHast, 441
dpakranbuas, 270
pasuoctb a3, 74, 81, 100, 241, 289,
460
obobiennasi, 213
nuKandeckasd, 216, 222, 225
PACILIBIBIIIEECS COCTOsTHUE, 373
pacmpeenienne
aBTOHOMHBIX 9acTOT, 172, 356, 364,
367, 368, 376
JIOKAJIBHBIX 110 BPEMEHU
nokazareseit JIanynosa, 391
da3z, 119, 226, 358, 362
MUKJINIECKON pasHocTu da3, 156
paccTpoiika, 32, 73, 94, 142, 241, 265,
293, 310, 335
peakmuu-auddy3un ypapaenus, 419
pe3onanc, 37, 130
pe3oHaHcHOe ycmoBue, 240, 241, 289
PeTaKCAIIMOHHBIN OCITUIITATOD, 45,
59, 6771, 73, 299-303
B3amMo/ieiicTsue, 151
¢ BHemHel cumoit, 102-112
pemnesep, 53
pemieTka JgBymMepHasd, 163
Péccnepa cucrema, 320, 327, 335-336,
375
puauar, 407
put™m, 28
Jpixanus, 85, 179
cepaeunsblii, 106, 119, 220
CyTOYHO! aKTHUBHOCTH, 51
duznonoruveckuii, 51, 71
porarop, 157159, 279-282, 365
arcaMOJib TJ100ATBHO CBA3AHHBIX,

371

CBeTIA90K, 91-93

cBsa3u dyukius, 366

CBSI3U OMEPATOP
cobcrBennble 3uagenust, 415
criekTp, 411

cB3b, 22, 30
acumMerpuvHas, 287, 414
Onmkaiinux coceneit, 339, 414
rmobanbuas, 170-176, 201, 375, 415



muccunarusHasd, 297, 382, 415
nuddysuonnas, 293, 336, 420
3ajepzKanHast, 148
quHeinasg, 383, 410
JUHEHbIN onepaTop, 382
HerocpeJcTBeHHas, 293
oxHOHamnpasienHas, 40, 41, 105,
199, 316, 412, 438
peakTuBHasi, 297, 299, 349, 368
cummMerpuyHas, 290, 383
yrpasJieHue-noganaenue, 200
CepAeIHO-COCYIUCTON U AbIXaTeIbHON
cucTeM B3amMo/ieiicTeue, 220
cepare, 50, 70, 104, 152
qacTora Ouennii, 146, 224, 459
CUT'HAJI
HeCTAIIMOHAPHBIHA, 455
AHAIUTAYECKHiT, 453
cua
rapMoOHUYeCKasd, 73
KBa3urepuognydeckas, 444
duaykryupytomas, 131, 305, 388
xaoTudeckas, 437
cummerpus, 201, 395, 438
CUHOATPUAIbHBIHN y3em, 104, 152
cundaznas cuaxponusamys, 35, 142,
143, 159, 160, 290, 297
cuHXporpamma, 219
CUHXDOHUBAIAS
B3auMmHasdg, 22, 141, 287-303, 315,
327
r100ATbHO CBSIBAHHBIX
OCIIMJLIATOPOB, 175
nopsaka n :m, 97, 99, 106, 211
poraropos, 157, 158
cepaueOuenuil, 1bIXaHus U
JoKomoruu, 178
cusibHas, 404
cucteMbl u ee Kormu, 201, 425, 439
crnabasi, 404, 416
yIpasJieHue-noganaenue, 201
4Jepe3 nojasienue xaoca, 202, 430
ciay4aitnoe Omyxknanue, 113, 192,
212, 305, 313
coaiik, 70, 109, 131

CHEKTD

IIpedmemmnitl yrasamens 50@

ocobennocreii, 440
IPOCTPAHCTBEHHBIH, 346
criekTp moinoctu, 202, 257, 306,
314, 331, 333
B3auMubIit, 210, 213, 225
crimpasibHasg BosHa, 167, 169, 351
cpennee noste, 171, 332, 357, 360, 375
XaoTu4aeckoe, 368
KOMILJIEKCHOE, 356
CTOXaCTUYeCKU# pe3oHanc, 131-134
crpobockon dazosbrit, 148, 218
crpobockonmyeckuii meros, 196, 226,
236, 262, 328
CTPODOCKOIIIYIECKOe OTOOparKeHmne,
261

TepMOAWHAMUYIECKU# Tipesen, 356,
362, 374, 414
Top, 261, 342, 444
WHBAPUAHTHBINA, 274, 288
TOUETHBIN Tporecc, 91
TypOyJI€HTHOCTH
dazosas, 350

yzen, 277
ycuauTenb, 66, 145, 412
ycpennenns meton, 250, 292, 348, 371
yCTOWYIMBOCTD, 56, 60, 189, 386
acuMnToTmdeckad, 76, 234, 428
HelTpaabHasd, 73
nionepevnasi, 387
Tomnoyiornyeckast, 270

daza, 33, 54-59, 63, 233
MrHOBeHHAast, 206, 453, 457
HavYaJIbHad, 5D
OTIeHKA 1o curHaIy, 204-208
IJI0XO0 OmpesesienHad, 323
pa3BepHyTas, 219, 460
Xa0TUIEeCKUX Kojrebanwmit, 190
nukandeckasd, 55, 218

¢a3oBasi KOrepeHTHOCTH, 326, 350

¢da3oBas MIOCKOCTD, H3

dazosas cunxponmnsarms, 42,

192-197, 375
dazosoe npocrpancrso, 52, 233
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¢da30Boit ABTOMOICTPONKHU CHCTEMA,
283-285, 314, 315

dazosbrit 00beM, 61

dazoserit nepexos, 357, 360, 364

HepaBHOBeCHbI, 401

dazosbiit noprper, 52

dazoserit capur, 35, 78, 81, 234

Dokkepa-Ilnanka ypasuenne, 309,
362, 365, 400

xaoc, 108, 184, 186, 276, 382
KOJUIEKTUBHBIH, 368
[IPOCTPAHCTBEHHO O/IHOPOHbIH,

418, 419
[IPOCTPAHCTBEHHO-BPEMEHHOI, 418,
421

Xa0THU3aINsI KOaebannii, 73

XuMudeckas peakius, 419
kojebarenbuas, 167, 342, 352
CBETOYYBCTBUTENbHAdA, 167

XUIHUK-2KEPTBa cucrema, 180

Xonda-Koyaa npeobpasosanue, 345

XpoHoTepanusgd, 123

LEHTPAJIbHBIN reHepaTop pur™ma, 148,
160
LEMOYKA
ocuiIATopoB, 161, 165, 197, 418,
419
cnabo HeuHeHHbIX, 348
CBS3aHHBIX OTOOpazkenwmii, 414, 418
C OJHOHAIIPABJICHHOU CBA3BIO,
413
IUpKaIHbI putM, 26, 41, 51, 67,
121-124

qactoTa, 30, 54, 234

aBToHoMHasA, 30, 73, 234, 339, 356,
376

3aBUCAIIAA OT aMILIUTYIbL, 238

MrHOBeHHas, 192, 305, 325, 454,
461

nabmogaemast, 78, 141, 243, 266,
290, 327

Hecomsmepumasi, 267, 272, 288

oneHka 1o curnadmy, 208, 461

cpenusad, 43, 114, 192, 197,
320-321, 335
TOYEYHOr 0 Tporiecca, 463
yraosad, 30, 54
qacToThl Tpodusn, 165
qacel, 447
6uosoruyeckue, 25, 51, 138
MagTHUKOBBIE, 19, 30, 447-452
depToBa Jiectuuta, 270, 303
quC/IeHHas JOByIIKa, 394, 416, 437

Tanupo crynennpku, 282
myMm, 113-119, 360, 364
rayccoBckwmit, 115, 305, 309, 346,
362
MYJIBTUATIINKATABHEIH, 401
orpanmvennbiii, 114, 308-309
Y3KOIOJIOCHBIH, 314

meb crekTpaiabaas, 412, 413, 420

DuBapica- Y WJIKUHCOHA yDABHEHHE,
346

3JIeKTpUYeCcKas ceTb, 157

s/IeKTpokapauorpamMmma, 205-207,
457-458

surponuitnas Qyskius, 393, 398

snutencus, 182, 227

SProAMvIHOCTD, 274, 387



