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OCOBEHHOCTH CIOXHOM TUHAMMKHA HEJTMHENHBIX »
HEABTOHOMHBIX OCHHU/IIATOPOB C KATACTPO®AMU TOMA

Al Kysrneyos, A.10. Ilomanosa

ITpoBenen 0630p paGoT, NOCBSINEHHBIX HeJMHEHHLIM OCUIIITOpPaM. Ilpenioxena
KJIACCH(pUKALES OCLHAIIATOPOB IO CXeMe: TSOPHH KATAcTpoh, MO3BONISIOMIAS OIHACHIBATEH
AUHAMAKY pPas/H4HEIX OCIALIATOPOB C NOTEHIHANLHOW (hyHKUMEH B BUje NONHAOMA IpH
IOMOLIM OFHOIO MOJETRHOIO ypaBHeHHd. [l OCHMIIATOpPOB ¢  yOeraoiuMu  Ha
OCCKOHEYHOCTE PEeLIEHUAMA YCTAaHOBICHD! 06ACTH XapaKTePHBIX PEXUMOB B IPOCTPAHCTBE
napaMeTpoB, NPOWLIIOCTPHpPOBaHHbie OaccefiHaMu IpwrsDKeHWH. [N  OoCOEANATOpOB ¢
TOTCHIMAIAMA B BEAE NOJIMHOMA .7—H CTEHEHH, ITie /# — YeTHOE LENIOe WUCHO GOJbIIE JIBYX,
ONKCAHA OJBONIONMS KapT PEXXHMOB, COJEPXAIMX THUIHYHBIM 00pasoM olipefencHHbIe
Komrosmpn Cuypkamuit crossroad area u spring area. Visyueno Bimsiiue HOBBILERES
CTEIECHN HEJIMHEHHOCTH OCIIIIATOpA Ha pasBuTre G ypRaruil § KpH3UCOB.

BBexenue

MoTuBays 13y4eHNs JMHAMUKY HEIMHEHHBIX OCHM/UISTOPOR UMEET, 110 KpaiHei
Mepe, TPH MEepPeYHCIICHHbIX HIKE acriekTa. Bo—NepBbixX, HelUHeHHbIH HeaBTOHOMHBIH
OCUWILISATOP, XOTS M SBIAETCA OJHOA M3 IPOCTEHiMX HEJUHEHHBIX CHCTEM,
JEMOHCTPHUPYET IMOPAsHTENIbHOE pa3sHOOOpa3ve HHTEPECHbIX SBIEHH, TaKAX Kak
PErYIISipHbIC W XaOTHYECKHE IBMXKEHWHA, YyBCTBHTENbHAS 3aBUCHMOCTh OT HadaJIbHBIX
YCIIOBHUM, COCYILIECTBYIOLME AaTTPakTOphbl, PEryIspHbic H (DPAKTANbHBIC TIDAHULBI
GaccedHOB IIPUTSXEHNSI, TOKaTbHbIE W TI0GaNbHbIe 6udypKaluy i fpyrue. Bo—BTophIX,
Ha IpUMepe HE/IMHEHHOro OCLUMILIATOPAa MOXHO HpPOCACAUTh BECh TYTh Pa3BHTHS
NIPEJICTABICHMA HEJUMHEHHON MMHAMHUKH OT MOpsKa K Xaocy. Y paBHEHHE HEJIMHEHHOIO
OCIMIIIATOPA UMEET BHJY

x + kx + U'(x) = Bcoswt, | @))
e k=const>0 — koacpuiment 3aryxanust, U’'(x) — HenuHelHas GyHKIHS, SBJISOMAIC
IPOM3BOJHOM OT NOTeHIManNbHON yukimn U(x), a mnpaBas 4YacTh ONHCKIBAET
rapMOHMYECKOe BHENIHee Bo3jielicTBhe. B cnyvae, xorma U(x)=x+x3, ypaBHeHue GBUIO
BIICPBbIe NORPOoOHO HccienoBano yddgunrom [1] B 1918 rogy, xKoTopsli monyymn
CyLIECTBEHHbBIE PE3YIIbTaThl, OTHOCSLIUECS K €TI0 FAaPMOHUYECKNM PEeLICHUSM. 3aTeM, 110
Mepe pa3BUTUST HENUHEHHON [UHAMUKH, TIPUIILIO IOHUMAHUE BO3MOXKHOCTH XaOTHYECKHX
petueHnid. OTMETHM 3lIeCh BKIAJ] TaKHX OTEUSCTBEHHBIX aBTOPOB, Kak AHIpOHOB [2],
Heimmapk [3,4], Janma [5], Baranosa [6], Bemocrmna, Benwix [7]. B-Tperbux,
HeJMHCHHL ocuusTop (1) ommmchIBAaeT BBIHYXKIEHHLIE KONEOaHMS B OTPOMHOM
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Puc. 1. Qusuyeckde NpAMeps! HelIMHEHHLIX HEABTOHOMHBIX OCUZUITIATOPOB: 4 — IIAPHK Ha MPYXKUHKE,
CROJIB3SIIEH BEONE HAKIIOHHOIO CTEDXHA, 60 ~ CKOJL3SIMA LIAPAK Ha BpalfaiouieMcs KOmble; 6 —
apeK B TOTEHUHANLHON SMe; 2 ~ MOJC/Ib YCTOAuMBOCTH Kopabneid; 0 — BHOPHPYIOMMA 30acTAIHbLA
CTEPXKEED B IIOJE IBYX MATHHTOB; ¢ — BHOPUPYIONIME 3/1aCTHYHEIN CTEPKEHDL B [OJE TPEX MATHATOR; X
— HarpyxeHgas Oaika nop JeHCTBHEM HCTOYHMKZ MalHHTHOTO TIONH; 3 — IO4PHK Ha NpPYXWHKE,
CKOB3SIIHE BOML CTEP:KHsA MO feficTBHEM MarHATHOTO TIONS, ¥ — 3EKTPHYeCKas Uelb C HeJTAHeRHON
HHIYKTABHOCTLIO NIOJ BO3RCHCTBHEM NEPEMEHHOTO HANPS KEHUS

KOIIMYECTBE pEAbHBIX CHCTEM; HEKOTOpbIE W3 HUX M306paKeHbI Ha pHC. 1, yKasaHb! B
Tabn. 1, nccneposansl B padorax [23, 60-63].

Ypasuenne [ycdcdunra OBIIO H3YYEHO TEOPETHYCCKH M 3IKCICPUMEHTANBHO
MHOrMMH HcciefosaTensMu. Caenar 0630p GONBIIOrO Yucaa paboT OTeYECTBEHHBIX U
3apyOCKHBIX aBTOPOB, Mbl OOCHApyXH/H, 4YTO, HECMOTPS HAa WX 3HAYATEIBHOE
KOJHYECTBO, JI0 CHX [Op HET e[[MHON TOUKW 3peHHs Ha Bce MHOroodpasue
JEMOHCTPUPYEMBIX siBjicHHH. BO3HHKITa HEOGXOAMMOCTh HEKOETO OOBLEIUHAIOIETO
TOAXONa, NO3BOJISIONIETO TPOBECTH KIIACCA(MKAIUIO OCHWIISTOPOB KaK II0 BHJY
COOTBETCTBYIOWIEH MNOTEeHIHANbHON (YHKIMHA, TaKk H IO TeM (pyHIaMEHTaIbLHbLIM
SBJIEHVMSIM HEIMHEHHON [MHaM¥KHW, KoTopble Habmromarorcd. ITOcKONMBKY [HHaMHMKa
«3ralionnoii» cucreMbl (1) 3aBucHtT OT (POpMB! NOTEHUHANBLHOM SMbI, TO YHOOHO
CKOMIIOHOBATh pasIMdHbIe BHbI IOTEHIMANBHON (YHKIMH, KaK 9TO CfesIaHo B Tabw. 1,
Iie i KaX[OOro cCiiydas IPHUBENeHBI COOTBETCTBYIOIME (PU3MYECKHE NPUMEDBI H
AHTepaTypHble MCTOYHMKH. ‘Mepapxusd MoJesied, PacCHOJIOXKEHHBIX B  IOpsfKe
YBEJIMUCHMST YUCJTA TOTCHIMAIBHBIX $M, HAYMHAETCS C OCLMILIATOpa ¢  OfNHOH
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Tab6muna 1

IIpumeps! OCLIIISATOPOB C Pa3MYHOTO BHAA TOTEHIMATBHON (DYHKIMER

IlorennmansHas hyHrims IIpumeps! B tuTepatype
B yparHeHuH ocumsropa (1)
U
01} Ux)=x2/2-x313 Tomncox [8-13], YCTOHYMBOCTH Kopabiueit B
Cosmaman [14-19], OTKPBITOM MOpe, BOKOBbIE
(2) Bupius [20] KOIIeGaHMsA CKaThIX

00 10 \x 0CEBBIX KOHCTPYKIM

v
025¢

—=
(=
— %

- U(x)=x212-x4/4

(3)

Kao [21}], Tomncon,
Crioapr [22], em.
TaKKe [23-29]

BOJAU3U MUHUMYMA [HA—
MuKa MoloOHA MasiTHUKY #
KoHTakTy Ixo3edcona

o T

U()=—-x2/2+x4/4

T'ykenxeitvep, Xonme

BUGDHPYIOLTAR 9MacTHYHBIN

10 4 [30], Xomuc [31], CTEpXEHb B MTONE BYX Mar—
Towmrcon, CtioapT HUTOB, IAPHK B [IOTEHLHA—
£0.25; [22], Myn [33-37], NBHOW AME, HATPYKeHHbIHX
U(x)=x212+x44 Memmmscka—CTyn- | Ha DOpOre BHITYYHBAHUS
uuuka [38), [letepcor | cTepxeHs, 3neKTpUUEcKas
v (5) [39], Viarzmm {40], | uwens ¢ deppoanekTpuye—
T 2.0t / Hapnaty [41] CKO#f EMKOCTBIO
1000] 10 «x
U
025} U(x)=x44 Xascu [42-46], SMEKTpHYECcKast HET ¢
) Yopa [47-49], PE3UCTOPOM ¥ HENMHEHHOH
(6) Mocekume [50] MHIYKTUEHOCTBIO
10 00 10 x ]

Ux)=xp2x2/2—(x2+1)x44+x6/6  IIn m My [51],

BUGPUPYIOWIME 91aCTUYHBIH

Ju [52] CTEpXKEHb B NONE Tpex
@) : MarHuTOR
U(x)=—cos(x) Xyoepman 53], kouTakT [Ixo03etcona, MastT—
Maxporansn [54],a | nmk nop geficrerem BRENMHeH
(8) Takxe [55-59] - rapMOHHYECKON CHITHI

NOTEHIMANLHOA SMOH M OFHMM «TOpGOM», WCCIENOBAHHOIG B paGoTax [8-20] =
OIMCHIBAIOINEIO JMHAMHKY pPa3sHOOOpa3HbIX CHCTEM, pellleHHe KOTOPBIX MOXKET
«ybexkaTb» Ha GECKOHEYHOCT HPH HEKOTOPBIX 3HAYEHHUSX YIPABISIOLIX TapaMeTpOB.
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Cnenyromiell #u3  pacCMOTPEHHBIX MOTENcl  SIBISIETCS  OCIFULIATOp ¢ OFiHOM
[IOTEHIAANBHON SIMOM 1 JBYMsI «ropOamu», H3y4eHHbI! B [21-29]. HauGonee nouHO B
TabAUne MpPeACTaBJIeHbl OCHHLIATODhI Ty¢pUHIOBCKOro THIA € OFHOM KNMU JBYyMSI
noTeHMaTbHEbME siMama [30-50]. M3 mocrenHedt Kareropuy OCUHIATOPOB BO3HUKIA
criepytolas 3aiada; MeCeioBatie TMHAMUKY OCLIULIATOPA ¢ TPEMA IOTEHL[HaTEHBIMA
aMamur ¥ JByMs «ropGamm» [51, 52]. Hakomemn, 3aBepuract cucreMy Mopene#
OCIIIISTOP C OECKOHEYHBIM TUCIIOM HOTEHIHANBHBIX M [53-59].

B HEKOTOPBIX M3 PaccMOTPEHHbBIX paboT 6buTa NpefcTaBleHa Kiaccuukaius
HeJMHEAHBIX OCILISTOPOB IO ApYyrMM npubmmnaM. Tomncor o Croapt [22]
TpeUTAraloT  KJAaCCH(UKAINIO HEIMHCHHBIX OCLHMIIATOPOB ¢ pa3MuHbIM  BHJIOM
AHTAPMOHMUECKUX TOTEHIMATIOB: C MSTKOH IpYXIHOH 3), (4), ¢ XecTKoi MpyXUHOH
(5), ¢ BeCKOHEUHBIM YHCIIOM NOTCHIMAIBHBIX M (8) (cm. Tabm. 1). Mimu OTMEUCHDBI
palGoThI, B KOTOPBIX BIEPBBIC GLUTH [OCTPOEHBI (ha30BBIe TIOPTPETHI, OHyPKAMOHHDIC
IMarpaMMbl Ha IUIOCKOCTH aMIUTHTyfa — 4acroTa BHEIIHETo BO3fEACTBHSl W ObUIA
OINUCAHA MHAMMKA YKa3aHHAIX OCIINISTOPOB.

MEOro cTarei IOCBALIEHO UCC/IeJOBAHMIO YPABHEHUS OCUMIIIATOPA

%+ ki + ox + B3 = By + Beoswt, ®

HAXOJAILErOocs TOf JEefCTBHEM TapMOHMYECKOH BHCIIHEH CHIBI C TOCTOAHHOM
cocrapisornedi By 3mech O M P~ HEKOTOpbIe KOHCTaHTBI, OTPCACILIONINC
KoH(Urypauo noreHnuana. O63zop HEKOTOPBIX crareit fa B Kuure HeiiMapka n
Jlaups! [3]. ABrope! oTMeTHIH PaGOThbl, B KOTOPBIX 6bITH PACCMOTPEHDBI PasiUyHbIC
BUJBI YOPYTHX XapaKTEPHCTHK: MArKas (00, B<0) [23, 64-66], xectxas (>0, p>0)
[67], ¢ mymesoit (a=0, B>0) [68-71] u orpunarembuoi (<0, p>0) [31,36,72,73)
JIUHEHHON KECTKOCTBIO. : '
Ocmansrrop Oyddurra (9) B cydae By=0 paccMOTpeH B padore Kao [21].
ABTOp BBIIENSET B CBOCH KJIaCCH(UKaIK TPH BAJA peuEedHOCTH B ypasHenun (9):

a.az20,p>0; 6.a<0,p>0; B.a>0,B8<0.

B ciydasix «a» H «O» NOTERIANbHas (PYHKUHSA MOXCT NPUHAMATE BHJ (3), (6) u (4) m3
a6, 1. Pemenusi ypaBHEHHH OCLIJIATOPA robagbHO YCTOHYMBBI M OTpaHUHeHbI,

nockonbKy U(x)—eo, KaK TOIBKO Ixl-00. B clIydae «B» NOTEHUMaIbHAS QYHKIHA MOXKET

npuEamMaTh Ry (3) w3 Tabu. 1. 3o [Ipyroil crydail moTeRIHana ¢ ONHOK SMOM, Korja
HET II06aNbHON YCTOMRYMBOCTH PEIIeHyst, aMINTHTYJa yBENHIHBaeTCs 0 OGECKOHEYHOCTH
JUisl HEKOTOPBIX HAYaTbHbIX YCIIOBHMH, TOCKOIBKY U(x)—>—o, KaK TONBKO |xl—ee.

B nacTosuie# paGoTe NpeaIoKeH IOIxoN, COCTOSILMI B MMO3TAITHOM YCIIOXKHCHUM
BBOJAMBIX B PACCMOTPEHHE MOJENEH OCIMILIATOPOB. PaccmarpuBaioTcss MHOrona—
paMeTprYecKue ceMeficTBa IIOTCHUMANIOB, a Ki1acCHUKAIMOHHBIM NIPUHIMIIOM CIIYXUT
cxeMa Teopuu Karactpod! [74, 75]. Cornacro Knaccu(pHKaIHOHHON TeopeMe Toma B
THIMYHOM CIIydae r-ITlapaMeTpu4ecKoe ceMelicTBo riankux GyHRmmi R'—R s
BCSIKOTO 71 M BCEX <S5 CTPYKTYPHO-YCTOMYMBO M 9KBUBAJICHTHO B6JM3H E000H TOUKH
OfHONH W3 TPUHANUATH KIACCH(UKAIMOHHBIX ¢opm. Hac Oygyr MHTEpecOBaTh
3leMeHTapHbIe KaTacTpocbl U3 Ta0H. 2. Kaxypli ci1ydali, NpefcTaBIeH bl B Ta0I. 1,
[lyTeM 3aMeHbI NEepPeMEHHBIX MOXHO IpPHBCCTH K KAHOHMYECKOMY BHAY Kakofi—Juoo
aMeMeHTapHOH KaTacTpogbsl U3 TablL. 2, mpideM Koaddmmentsl @, b, ¢, d B
coorromerusix (10)—(13) oxaxyrcs Kakumu-1100 (hUKCHPOBAHHBIMU THCIIAMH. Taxnm
06pa30M, Ha KaX[IOM 1iare 3y4eHus 6yJeT NOBBLIIATECA KOPasMEPHOCTD KaTacTpodb!
¥, CleOBAaTENbHO, YBCIMUMBATHCH WHCIO TMApaMeTpoB CHCTEMBL OIIPERETTFOLHX
KOH(UTYPAIIO [OTEHIHAA. DTO NO3BOJSET HAM IPOBOMATE MHOTOIapaMeTPHYCCKUI
AHAJIN3 JMHAMIKY Pa3/MYHbIX CHCTEM, HAUMHAA C OJHOrO rapameTpa HeNHHeWHOCTH B

. 1 MmI 37ieCh TOBOpHEM O KaTacTpodax, a 5e 6ndyypKaupsX, HOCKONLKY Pedb HACT O TpaHcopMaEsaxX
moTeHmumanbroit  yrkumn  U(x), ocraBnss TepMUH «OrdypKamms» VI KAYeCTBEHHOTO HMIMCHCHMHA
AMHAMHAKH CHCTEM :
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Tabnuua 2

SneMeHTapHbIe KacoutHbie KaracTpogsl Toma [74,75]

Tun xaTtacTpogbl KOpa3sMEepHOCTh 7 HorenmmansHas QyHKIHES
Cxianka , 1 X3+ ax (10)
CGopka 2 <+(x4+ax2+bx) (11)
JlacTOYKHH XBOCT 3 X5+ax3+bx2+cx (12)
Babouka 4 E(xb+axt+bid+cxz+dx)  (13)

OCHMJUIATOPE C KaracTpodoll CKMafika M 3aKaHYMBAsE YETHIPEMS NapaMeTPaMH B
OCIMIIIIATOPE ¢ KaTacTpogoit 6abouka.

IpennoxenHas xnaccUUKAIMS TO3BONSNET KOHCTPYHPOBATh HOBBIE BHJIEI
NOTCHIMAIBHOM (PYHKUMA U OXUAATh ISl COOTBETCTBYIOIHMX OCIMUISTOPOB TaKoM Xe
THH HOBEJEHHUS, KaKO! Y3Ke YCTaHOBJICH B paboTe JUId JaHHOIO KJIACCa [MOTEHIMANOB.,

OpHO W3 NpenMyLUEeCTB IpPEIaraeMoro IiaHa MCCNEJOBaHMUs 3aKIIFOYaeTCs,
HalpuMep, B TOM, YTO pa3MuHble, ¢ TOUKH 3peHUs KiIacCH(UKADUu I10 - YHCHY
TOTCHUMAIBHLEIX M W OrPaHMYECHHOCTH pellieHHil, MOJeld OCIWUISITOPOB ¢
noredimanamMe  (3)—(6) oxkaspBalOTCd 9YacTHBIMM  CHIyYasMM  OJJHO  MOJEHIH:
OCUHUIIIATOpPA ¢ KaracTpodoi c6opka. FccnenoBanre MMHAMUKE TOMBKO OCUMLIATOPA ¢
karactpodoil c60pKa B IPOCTPAHCTBE IapaMETPOB IIO3BOJISIET OMMCATEL IIOBEJCHHE
pasHbIX ¢u3rIecKux cucteM (puc. 1, a—8,0).

1. luHaMuKa HEABTOHOMHOFO HEJIMHEHHOIO OCHUILIATOPA ¢ KaTacTpodoil ckaadka

Cuavana paccMOTPHM ypaBHEHHE HEABTOHOMHOTO OCUWIIATOPA C KaTacTpodpol
CKJIagKa

X + kx + a — x2 = Beosat. (14)

' 3Ta KaTacTpoda NpOABISETCA B TOM, YTO YCTOMYHBBIE W HEYCTONYHBBIC MOIOXKCHIS
PaBHOBECHS CIIMBAIOTCH W HCYE3alOT IpH BapHalliy MapaMeTpa HeJWHEHHOCTH 4.
3aMeTuM, 4TO, CHeliaB B YPaBHEHUH OCUMIUIATOPa ¢ MoTeHimanoM (2) u3 tatn. 1 samveny
IepeMEHHOM x—x+1/3, monyunm ypasnenne (14), rie napamerp wemmnefnoct a=0.25.
Takum ofpasowm, -u3BecTHBIE pesyibTathl paGor Tommcona m Commmana {13,19],
OTHOCSIIIMECH K BONPOCY yCToHuMBOCTH Kopabieii (puc. 1, 2), oTBevaror, (hakTHYECKH,

: OHOH TOYKE Ha OCH . IapaMeTpa d.
1.0 4, PacripocTpaHiM HCCNEJOBaHAE HAa BCIO OCh

‘ napaMeTpa HEJIHHENHOCTH.

, B cucremax, ommchBacMbIX ypaB—

HeHmem (14), pemnenme ¢ Malofl amIuA-—

TYJOH B pe3yibTaTe PE30HAHCHOIO CKayKa

Y MOXeT ¢TaTh NMHOO pemeHneM ¢ GOIbHION
aMIuIATyRoH, Nubo MOXKeET «yBexXaTb» Ha
Oeckoneunocth. Ha puc. 2 noxasax
facceliH TpUTSKCHWUS AaTTPAKTOpa, Ihe
1.0 GesbIM IBETOM OTMeuYeHa o6acThb yoeraro—

1 15 UMX Ha GECKOHEYHOCTh PEUICHHH, YePHBIM

' x 7 — YyCTO{YMBBIE pelleHus] C OrpaHuYeHHON

aMILTITYROM. HE3HAUUTENbHOM YBE—

Puc. 2. Bropxenue «(ppakTaTbHBIX NAABIEES Hqgll;l YR I&I/I | BO3NElCTBHS XB o
Baccefira yberamiux Ha BeCKOHEHOCTL pellleHuH I n4 aMi yib A p

B Oaccedin ycToWWMBBLIX pemenwit mpu =02 HCXOMHT (ppakTalasanus rpaHuubl 6accer—
B=0.0725, k=0.1, ©0=0.85 Ha 3a CYET MHOTOYUCIICHHBIX BTOPXEHHUMN
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Puc. 3. ®pakranusauys rpaHunsl Gaccefia npATSXeHWH ycTolramBuix pemermi npu k=0.1, ©=0.85,

a=0.25 ¢ pocrom ammmaryap! Bosgeiicreusa B: a — 0.0725, 6 — 0.0750; upu £=0.1, ©=0.85, B=0.0725 ¢
yMEHBUIEHHEM 3HAYeHNs TapaMeTpa HesuHedHocTH a: 6 — 0.2,2 - 0.15,0 - 0.1, e - 0.05

«6enbIx hpaKTaabHbIX HanblieB» OacceliHa yOeraronyx pelueHni B 6acCelt yCTOAYUBBIX
pewenuii (puc. 3, a, 6). DTO NPOUCXOOUT B pe3yiabTaTe IeTePOKIMHUYECKHX Iepece—
YEHHI YCTOMYMBBIX M HEYCTOMYMBBIX MHOrooGpasuit cemmoBbiXx Todyek [19]. C
JATBHEHIIMM POCTOM AMIUIMTYObI BO3JACHCTBUA OaccellH MNPHTSDKCHMS YCTONYHBBIX
peIeHni NcYe3aeT MOJHOCTRIO, BCE PCHICHHUS yOCTaloT Ha OECKOHEYHOCTD.

Ecm terreph 3acyKCUpoBaTh aMIUTUTYAY BO3JEHCTBHS 5B M MEHATH IapaMeTp
HEJMHEHOCTH @, TO OyfeT HabIIoAaThes Takoe XKE HapyLieHHe NEIOCTHOCTH TPaHuIbI
Gacceiina, IPUBOMAILEE K €0 ncdesnopenuro (puc. 3, 6—e).

[ins uMnmocTpaluy TOro, Kak 3TO IPOUCXOAMT, Oblla IOCTPOEHA cepust KapT
[MHAMAYECKHX peXuMoB. M300pakenHas Ha puc. 4 Kapra MOCTPOEHA Ha IUTOCKOCTH

IapaMeTpoB aMIUIATyja B 1 JactoTa Bozpelictust . Ha kapre CBETIO—CEephIM UBETOM

OTMeYeHa OONacTh pelleHuH, yoeralomux Ha 0eCKOHEYHOCTh, TEMHO—CEPbIM [BETOM —
YCTOWYMBBIE peXuMbl nepuoma omuH. ['paHuua, paspesstomas oblacTH yOeTaloOlluX H
YCTOMYMBBIX pelleHuit, uMeeT (pakTampHbIl BHE. M3MeHeHHEe 3TOH TpaHULBI IIpU
YMEHBIIEHUH [apaMeTpa HeJMHEHHOCTH NMPOWIIFOCTPHPOBaHO Ha puc. 3, a, 6. XoTd B
IEJIOM CTPYKTYpa KapT pPeXHMOB HE MEHSeTCsl, OHAKO YMEHBIUCHHE IapaMeTpa
HEJIMHEAHOCTH NPHBOZUT K CMEINEHHUIO B i 3 TS

rpaHuibl B O0JIaCTh HH3KMX 3HAYEHUH
aMIUIMTYABI BO3felicTBHs. [JeCTBATENBHO,
KaK 1I0Ka3bIBaloT pHC. 3, 8, 2, ueM MEHBIIE (g
3HAYEeHWEe NapaMeTpa HelMHeHHOCTH, TeM
Opd  MEHBHIEX 3HAUEHHSIX aMIIIMTYHbI
BOZJICUCTBUSL JIEXXWUT TIpaHula o0aacTH
yOeraronmx pemleHmit. Puc. 5, 8, 2z Q04
NOoKa3blBacT (PpakTaIbHYyID CTPYKTYPY
rpaHuUbl U pa3bueHue  TINOCKOCTH
napaMeTpoB Ha oO0NacTH XapakTepHbIX
pexwmmoB. Ha Kaprax ToYKaMu OTMEUYECHBI 0.85
SHQUCHUS MMAapaMETPOB, COOTBCTCTBYIOIUE Py, 4. Kapra peXAMOB OCLHILIATOPA C KaTacTpo—
NPUBCICHABIM Ha puc. 3, a—e OacceliHaM  do# cxnanka (14) npu a=0.25, £=0.1, x(0)=y(0)=0.
[PHTSKEHUIT. Kapra aHasorsyHa nocTpoeHEo# B [19)
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Puc. 5. KapTol [MHAMHYECKAX PeXXAMOB OCIMIIATOpa ¢ KaTacTpodoit cknanka (14) mpu k=0.1, x(0)=
=y(0)=0: Ha wockocTu (aMIIETya BO3NCHCTBHS, YaCTOTAa BO3[EHCTBHS) JIS Pas/MMHBIX 3HAYEHUH
napamerpa HesHelHoctH @ — 0.25 (a), 0.1 (6); na mmockoctr (aMIIMTY[@ BOSAECHCTEUS, NApaMeTp

HeMMHeHOCTH) [UIsT pa3/INYHbIX 3HAYEHEN YacToTh Bosnelicrsus o: 1.0 (8), 0.85 (2)

2. IluHaMAKa HEABTOHOMHOTO HEJTMHEHOro OCHH/LIATOPA ¢ KatacTpodoi coopra

Crnepyst cxeMe Teopus KaTacTpod, pacCMOTPHM Jlajiee QUHAMUKY HEaBTOHOMHOI'O
OCHWIISITOPA B OKPECTHOCTH KaTacTpodbl c60pKa

X+ kX + b+ ax + x3 = Beosot. (15)

Pasnuynele TpuMeps! OCHMIIATOPOB TipHBENeHbI Ha puc. 1, a—e,0. Ha mmockocTH
napameTpoB (b, @) B Hauale KOOPIUHAT PACTIONATAETCs TOUKA COOPKH ¢ OTXOISIIUME OT
HEC JIMHMSME CKJafiok (puc. 6), KOTOpbie OTAENAIOT O6NacTb C OUCTAGHIBHBLIM
norenmyanoM. B psge paGor [22,38,40,41,48] 6puio  npoBecHO  (haKTHUECKH
BBIOOPOYHOE HCCIENOBAaHUE NUHAMUKH OCHMLISTOpPAa B M30paHHBIX TOYKaX IUIOCKOCTH
napaMeTpoB (b, @), 4TO WLIOCTpHpYeT puc. 6. [IpoBeneM cBoero pojia riofambHOE
HCCIIEMOBAHUE CIOXKHBIX PEXKHMOB OCIIUIATOPA B OKPECTHOCTH TOYKHU COOPKHU.

- Ha puc. 7 npepfcraBneHo ceMeiicTBO On(pypKAIMOHHBIX JIepeBheB, OTBeYaloiee
00X0fly BOKPYT TOUKH cOOPKH Ha IIIOCKOCTH napaMeTpoB (b, a). [TapameTp cemeiicTBa —
aMmIUmITyga  BospefictBus  B.  PacemorpuM  OupypKauMOHHBIA  CUEHApWH,
PashIrpLIBAIOIIMIACS NIPM TaKOM JBHIKCHME IO INIOCKOCTH IlapaMeTpoB. IIpu Mainbix
ammumrygax B=0.05 npu 3HaveHuM yriioBoH KOOPAMHATBl (=3m/2, OTBEYAIOLIEM Ha
ITOCKOCTH TapaMeTpoB (b, a) obmacTi GUCTAOHILHOCTH, HMPOMCXONUT GH(ypKalus
ceo-y3en. C yBenuMyeHMEM aMIUIMTYIBI Pa3BHBACTCA IIOCIEHOBATENILHOCTD TaKUX
6udypraumit. IIpy B=0.15 Bo3nukaet neppast 6udypkanus yqsocHus neprona. Hauumas
¢ B>0.16 uepes kackay 6ugpypkaimii yIBoeHusI IIEprojia pa3sBUBAcTCS MEPEXof K Xaocy, B
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Puc. 6. Jlmsmn cKaajgox # ToYKa cOOPKE TS OCLE/IISITOpa ¢ Katacrpodolt cGopka (15) Ha mwiockocTH
(b, a). Ha mWI0oCcKOCTH HapaMeTpoB YKa3aHbI TOYKH, VI KOTOPHIX ObUTH BBITONHCHBI HCCIE/IOBAHMS

x
1.0 1
0.0 4
-1.04

B=0.15

20

Puc. 7. CemeiicTBo 6uchypKalHOHHBIX JEPEBEB [T OCHILIATOPA C KaTacTpoholt cGopKa, OTBEYAIOUIMX
06X0fy TIOCKOCTH NapameTpoB (b, a) o okpyxkHocTE pagayca R=0.5 mpu k=0.2, w=1, x5=3.1, yg=3.1,

pacnoNIOXKCHHBIX B IOPANKES YBCJIHICHUA aMIUIUTYHBLL Bosfe#icTend B
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KOTOPOM COJEPXaTcsi MHOTOUMCIICHHbIE NEPUOJUYCCKHE OKHa. ECTH HyTh yBEIMHUIL
mapameTp B, To GouibliMe OKHA INEPHOfa HYETHIPE M TPH HCHE3HyT, a Ha BOTBAX
06pa3yloTest eTIi. JT0 SBIEHHC IOCTATOYHO oblIee, NONyYUBINee Ha3BaHue period bu—
bling? [40,76]. Ina B=0.3 B o6nactu period bubling KaXK[plif aTTpakTop Nepuojia MiBa

y | (—\ O

a=02 a=026 a=-0.3 a=-044
qsle03 n=] =00 n=1| |4=037 n=1] |&=03% n=1
-1.5 X 1.5
0.5

2 12 -15
Ve

e¢=-0.604
b=0.2933 n=1.

12 SO 13 S0
- Wi

® (@) B

L,

=008 ¢=0.0J _ @00
500 n=l| | =003 Al B PV n=4
15 1.O 16 so| (17 LO 18 LO
T h i
QLo Q) |10EL
4= 0.91618 091818 i

- a=-0. a=-0.91818
b=-0043333 n=l p=-004333 n>16 p=-0.03667 n>16

Puc. 8. Kapra pexumoB ociuumsitopa ¢ Karactpogoit cBopka (14) Ha IIIOCKOCTH IapaMeTpoB
HenuHEAHOCTH (b, a) npu k=0.2, B=0.25, w=1, npomuIocTpApOBaRHas IOPTPETaMH aTTPaXTOPOB

2 TepMuH HOCTPOEH IO aHAJIOIAA ¢ period doubling— yusoenue nepuona; bubling — nysvipenne. On
03HavaeT oOpa3oBaHHe Ny3bipeil Ha GAagypKanEOHHOR HArpaMMe.
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yepe3 Kackaj] yNBOCHHM TMepuoja TpeBpamacTcs B XaoTHYECKWii, a 3aTeM depes
oBpaTHBIN KacKaj, yIBOCHUH aTTPaKTOP IEPUOTIA /iBa BOCCTAHABIUBACT ceds.

Tlanee 6BIIO BBLIIONHEHO HCCIEOBAHAEC pasOMenus IUTOCKOCTH TapamMeTpoB
nesuHeiHOCTH (b, @) TpU (UKCHPOBAHHBIX 3HAYCHUSX apaMeTpOB k=02, B=0.25 na
06NacTH XapaKTepHHIX pPEXIMOB C MWIUIIOCTPAICH STHX PEXHMOB HOPTPETaMH
arrpakTopos (puc. 8). HepHbIM LBETOM Ha Kapre oBo3HaYeH Xaoc, OellbIM — pelleHHs
TiepHofa OfMH, Pa3iNIHBIME OTTEHKaMH CEpOro — ApyrHe MEpHONMHECKUC PEXUMBI. B
pabore Ilemnmuucka—-CrynHIIKa [38] mokasaro, 4TO cucTema, W30OpAXKEHHAA Ha
puc. 1, 8, MOXeT COBepLIaTh [Ba THIIA KojeOanuil: ¢ MaleHLKOA aMIUIUTYIOH, TO ¢CTh
KONeGaHisT BOKPYT OJHOTO U3 YCTOHYHBBIX IOJIOKEHMH PABHOBECHH, HIH € GonbIIon
AMIUTATYIOM, TO €CTh KONeOaHus, OXBAaThIBAIOIME BCE TP TOYKH DABHOBECHL. Torna
MOJHO PasfeluTh ATTPaKTOPhbl M0 SHAYCHAIO AMILTATY/Ibl COOTBETCTBCHHO Ha jBa
wnacca: SO — small orbit wn LO — large orbit. Mbl BBISIBAIM TPH CHOCO0A NIEPEXOIA OT
SO x LO B pasnuuHbIX TOUKaX IWIOCKOCTH (b, a). BosMoxeH 60 KECTKUIA IIEPEXOR OT
SO k nepuomueckomy (puc. 8.4, 8.3) Wi K XaOTHYECKOMY aTTpaKTOpy LO (puc. 8.6,
8.5), mbo YCTAHOBJEHUE XAOTUYECKOTO aTTPakTopa LO 4epes Kackay OugypKauui
ynBoenns nepuopa (puc. 8.12-8.15), 6o ycTaHOBIEHAC XaOTIMCCKOIO aTTpakTopa LO
Yepes MeTacTabu/IbHOE COCTOARNE (pPHC. 8.16-8.18).

Ha MIOCKOCTH HapaMeTpoB BCTPEUAOTCS TUIMYHBIM OOpa3’oM ONPEENEHHbLIC
KOMIIO3MIMY OudypKalyi, KOTOpbIE OrpaHHIMBaiOTCH 06JaCThIO0  YCTONYMBOCTH
onpenencaHoro mukiaa (puc. 9). Ilepsas u3 HUX obpa3zoBaHa JMHMSIMH YIBOCHHH U
IMHASME JKECTKHX TIEPEXONOB, CXOsuMYcS B TOYKe COOpKHM. Takne KOMMOSHIHH
BCTPEYAIOTCSl THNAYHLIM O0pasoM IIpM JBYXNapamMeTpHYCCKOM aHaluse naddepen—
IIMATbHbIX YPaBHEHHUM, ABYMCPHBIX 1 OJHOMEPHBIX oTobpaxenuit B paborax Haxra u Jip.
[77], Maxxes u np. [78], Komypo u gp. [79], Ilaputua [41], llesuuka u nip. [80],
Punrnenpa u ap. [81], Tammaca n pgp. [82, 83]. Tak, B 4acTHOCTH, Mlepunk u ap. [80]
yKa3ajJd Ha MX [OSBJICHWE [l HEABTOHOMHBIX CCHIATHBHBIX HeJIMHEHHBIX
OCILIATOPOB, TakWx Kak cucrema Toma, cuctema Mopea, MATKMI CHMMETPHYHbIH
ocIsTop, ocuwstTop JydduHra. MHorHe aBTOpPbl, TO—BUABMOMY, «IEPCOTKPBI-

pd(nm)
{sh{m,m)]

pd(dn+1.4m)

pd(2n-12m})

pd{Zn-+1,Zmj

Prc. 9. Tummussie KoH(Urypanuu 6udypRaMOHEBIX AVHE crossroad area u spring ared Ha IIIOCKOCTH
ynpapmsionx napameTpos. [Tokasabl Ape KOHQHUTYpaly crossroad area, OfiHa U3 KOTOpBIX Ha baze
ImKi1a yaBoeHHoro mepmopia (cmpasa). CieBa moxasaHa KoHCHrypalus spring area Ha Oa3e LMK
YNBOGHHOTO HEPHOJE. OGacTH YCTORYWBOCTH IMKJIOB BHIIENEHL! OTTEHKOM CEpOro INBeTa. JIvnun
GndypKamd cefno—ysesn 0603HaYeHs! OyKBaMMt 57, TMHIH GucypKaiye yIBOSHHS IEPHOfa — OyKBaMK
pd, nuAAA CAGYpPKAUHH pPaspylleHHs CAMMETPHH -— sb, B cKOBKax YyKasaHbl COOTBETCTBYIOIIMC
cyBrapMOHIKH 1/
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BaIM» IS ceOd 9TH TUIMYHbIC KOH(MUrypaliy, I03TOMY JOCTATOYHO YCTAaHOBUBLIETOCH
Ha3BaHusl AJid HAX HeT. Tak, HEKOTOpbIEe UCCIEIOBATE M HA3bIBAKOT UX JACTOUYKAMH, MBI
Xe, oTfaBas JjaHe ¢pannysckoMy MateMatuky K. Mupa, nogpoGHO HCCIIEIOBABIICMY
oTH KOH(pUrypallud M oOOCHOBaBlieMy ux Tanmunocth [84,85], 6ymeM HaspiBaTbh HX
crossroad area (ICPEKpPECTOK), IPUYIEM COXPAHHUM aHIVIMACKOS HaMMEHOBaHUe. BTopas
KOMITO3WIHsT O6ucypKaumil ToKkazaHa cileBa Ha puc. 9, oHa BKIIOYAeT JOMOMHUTEILHO
JMHHE JKECTKUX [EPeXOfioB Hepe3 MYJIBTHILTHKATOP —1 M TOYKM, B KOTOPBIX TaKue
JMHUM IIpEeBpallaloTcst B JIMHUM yuBocHMst. Benen 3a Mupa OyfeM HasbIBaTh MX Spring
area (oGnactb Bo3HMKHOBeHUsT). Ha puc. 9, xpoMe cxemaTnyecKoil KOHGMUIYpaLUK 3THX
OOBCKTOB Ha IUIOCKOCTH YIPaBJSIOIMX I1apaMeTpOB, NPHBEICHO oOliee MpaBuio, TIo
KOTOPOMY TIPOMCXOIUT yABOEHHE cyOrapMonuk n/m [41]. (3T1o oTHOmIEHHE MOKA3bIBAET,
YTO CHCTEMa COBEPIIaET n COOCTBEHHBIX KoOJeGaHWII 3a m NEPHOJIOB BHEIIHETO
BO3ICHCTBHSL.) B LIEHTpe PUCYHKA BUIEH «KJIIOB», OOPAa30BaHHbIA THHUAMH b6udypranyuu
cemio—y3e (sn).

Hccnepyem 3pommongio KapT peskUMOB Ha [UIOCKOCTH [TAPaMeTPOB HEJHMHEHHOCTH
(b, a) ¢ pocroM aMmmuTyRbI Bosfedctsust B (puc. 10). Ilpu manerx B=0.25 na kapre

0.5 2.0

crossroad area

31
s
5 1

31,502,
114

o

_U St B -

10.0

Puc. 10. Opomonus Kapr J@HAMEYECKHX PEXHUMOB OCHUTSTOPA C Karactpochoit cOopka mpu k=0.2,
=1 c pocrom ammTynE! Bo3nelcTsrg B: a — 0.25, crossroad area; 6 — 3.0, 06pa3oBaHue ABYX Cross—

road ared v iByX spring area; 8 ~ 6.0, Tpu crossroad area u nBe spring area; z — 8.0,1pr crossroad area
U jBe spring area; 6 — 8.0, spring area; ¢ — 8.0,yBe/IMYABIIAACA JaCTh npaBoii crossroad area. ByKBoi a
0003HaYeHA pasie/IUTeIbHAas THHAL
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PEXHMMOB BUJIHbI JTHHAH YABOCHHS [IEPHOJA, OKHA IlEpHojia TPU H crossroad area (puc.
10, a). Poct aMmuuTyibl BO3NEHCTBHS B TMPHBOJMT K YBEJMUCHUIO pasMepa obnacti
croxHoil TuHAMEKH. KoHdurypauus crossroad areqa yBEIAYHMBACTCS, HCYE3arOT
T pUOAMYECKIE OKHA, a BIOJIbL JTHMHMA GudypKalin CeIo—y3el (puc. 10, 6) obpasyroTcst
OBE spring area, MEXJy KOTOpPbIMH HauMHaeT (HOPMUPOBATHCH MAaJICHbKAS crossroad
area. Kpome Toro, mpasast W JeBasi YaCTH MCXONHOH KOH(UIYPALH PA3fIeAOTCH K
06pa3yloT [IBe HOBBIX crossroad area. Taxum oOpasom, IpH B=6 Ha KapTe peXUMOB
CYILLIECTBYIOT B spring area u Tpu crossroad area (puc. 10, 8). (ITpapast Kondurypanus
spring area, oGpasoBaHHas JMHUAME Ou(pypKaluil yIBOCHHA NEpHoOna 2/y, 5k, noka3ana
Ha puc. 10, 0). JanpHefiice yBenudeHue amMIaATyb] BO3J(EHCTBHS MOXKET IPUBCCTH K
TAKOMY X€ pasfielIeHuI0 KpaiHuX KOMIO3NLHA crossroad area. BHENIHAE (Gmskaiime
K Kpalo KapThl) YaCTH Crossroad area CyXaroTcs, a BHYTPCHHIES (6nmxaifune K NEHTPY
KapThl) — yBemaumBatorcst (puc. 10, 2). YBeqmuuBLIasCs 4acTh paBoii KOMIIO3UIHHM
crossroad area noxkasasa Ha puc. 10, e, rjie MOXHO HaGMIONaTh YABOCHKE CyOrapMOHHK
3/1, 7, 13/4 — cnpasa, u 3/1, 5, 11/4 — cnea. Ha 9TOM Xe pHCYHKe CleBa BUjHA Maje—
HBKasL spring ared, obpasoBaHHasi THHMsME OudbypKaipil yIBOCHHES cyOrapMoHuK 31,
S/, 11/4, u Genast MyHKTHpPHAsl JIMHWS, BIOJb KOTOPOH OyAeT NMPOMCXONHTE HOCICAYo—
Hiee pasfelicHAE YBEIMYMBILCHCH YacTH H o6pa3oBanne HOBOH crossroad area.

3. [IMuHaMNKa HeABTOHOMHOIO HEJTHHEHHOr0 OCIILLIATOPA ¢ karactpodoii faboura

PaccMOTPHM Telleph OCIELISTOP ¢ OTEHLMATIOM WeCTo’ CTEIeHH

X+ kx + b + ax + x5 = Bcoswt, (16)

4TO OTBeYaeT OHOMY M3 cedeHmi KaracTpodsl 6aGouka. [TapameTpr3auus ypaBHCHIS
(16) 6bina npowsBeAeHa O aHATOTMY C YPABHEHHEM (15), 4To6b! BBLICHUTE, KaK BAUSET
IOBBILIEHAE CTENeHN MOJMMHOMA NOTCHIHANLHON (DYHKUME Ha [MHAMMKY cucTeMbl. B
9TOM cllyyae JIMHAM CKNafOK Ha IUIOCKOCTH MapaMeTpoB (b, a) cxopsirest B Touke a=0,
b=0 1oy Goiree OCTPLIM YTIIOM, YeM [T KaTacTpodsl cGopKa (pHc. 11), 9ro OKa3bIBaET
BJVSHHE Ha SBOMIOLMIO KapT PeXHMMOB.

Ileppsie aBa pucyHka 12, 2 u 12, 6 NOBTOPSIOT OMMCAHHYIO IS OCHUJLIATOPA C
karactpodoif c6opka auHamMuKy. Ho rmoBblmieHne aMILIATYHEL JO B=6 B aTOil cHucTEME
IPHBOOUT K TOMY, YTO B MECTE MEPECEUCHUA sawit Gucbypkammii cepio—y3ell IBYX
COCEITHIX KOMTO3UUMR spring area BOHUKAeT HOBasi spring area (puc. 12,6). (Ha puc.
12, d nokasaHa npagast spring area). [lpu B=8 (puc. 12, ¢) uenTpansHas KOHQUrypauws
crossroad area pasiensercs Ha JiBe crossroad area, TpAYeM HX BHYTpCHHHME HacTH
YBEJIMYMBAIOTCS, a BHEIHAE — CYXKAKOTCHA, Kak ¥ [/ IBYX KpaliHnx KOHGbHUrypauui
crossroad area. Ha yBenuuupieiicst YacTy Kpaiiae#t mpaBoi crossroad area pa3iiiYuMBb]
Opyre MaleHbKMe KoHGUTypalun H '
NYHKTYpHas JIHHHS, NO KOTOpo# Oyner 0.5
IPOUCXONUTL CNEAylollee pPasficiIeHae ¢
obpasosarmeM crossroad area (puc. 12, e).

Hns panpHeimed HUTHOCTPALIH
BIMSHMS CTeNeHW HejquHelfiHocTH Ha 4

YCIOXHEHHE  [UHAMUKH  PacCMOTpPHM < N
OCUAUIATOP ¢ HENMHEHHOCTBIO CENbMOMH i .
~
I
CTENICHA _10 4 N
-04 b 0.4

X+ kx + X7 + ax + b= Beoswt,  (17)
[apaMeTPU3aIAs KOTOPOTO NPOW3BENCHA Prc. 11. Jlwnuy cKiajIKy Ba IWIOCKOCTH NApaMETPOB
15 16 HeMMEeNHOCTH M9 chydas KaracTpodsl cGopka
10 aHAJIOIKHH C yPABHCHUSIMU ( ) n ( )- CIUIOUHAd JAHEA), ¥ WIS KaracTpodsl GaGouka
Kak u B npepbIOylHX IBYX CIIy4YasdX, (urrpuxoBas JHHES), 3afaBaeMble YPAaBHCHHSIMH

Tiocyie yBemerns crossroad area (puc. 13, a) b=12(=a)32/332 wu b=t2(-a)54/532, cooTBeT—~
- CTBCHHO
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Prc. 12. 3Bpomonms KapT JHHAMHYECKMX PEKHMOB HEABTOHOMHOTO OCHHIUIATOpA ¢ KaTacTpodol
GaGouka (16) npu k=0.2, w=1 ¢ poctoM ammweryaLl Bosgedcrena B: a — 0.25, crossroad area; 6 ~ 3.0,
TPH crossroad area, ipe spring area, 6 — 6.0, 1pa crossroad area, Tou spring area; ¢ — 8.0, YeTbIpe
crossroad area, TPU spring area; 0 — 8.0, spring area; e — 8.0, ypenmuusmasnca YacTs npasBoil crossroad
area. bykpolt m 0603HAUEHO MECTO MepecevdeHis JuHHA OHdYPKAlHH CENIo—y3en sn, GYKBoO#h 4 —
pasfiesuTebHAs JTAHHIL

BIOJIb NMHAA OuypKaluu ceyio—yses BO3HUKAIOT IBE SPring areda, a Mexjay HAMH —
crossroad area. BmecTe ¢ TeM JieBas ¥ IIpaBasi yacTé KoHburypauuu crossroad area
pasfiessioTes, o6pazys iBe crossroad area (puc. 13, 6). Masee ¢ pocTOM aMIUIATY/BI B
MeCTe IepecedeHus TuHui OudypKkauuy ceiio—y3esI COCEe[IHUX SPring area POKAaeTCs
HoBast spring area (puc. 13, ), KOTOpas BKIOYAETCS B IOCIEAYIONIHE TPAHC(HOPMALHH.
Tam, rpe muHUA CUBYPKALAN CEIO—Y3el NMEPECeKATCsl ¢ AHATIOMYHBIMKA JIHHASME
COCEJIHUX Spring area, (hOPMUPVIOTCS elle iBe spring area. KpoMe Toro, UeHTpabHas
crossroad area pasjienseTcs, NOPOXKNas JBe Takue ke kommosuumm (puc. 13, 2), a
GokoBbIe crossroad area TPaHC(OPMUPYIOTCS TaK, 9TO KX BHYTPEHHHE YaCTH
paseNsoTCs BloAb Geytoll myHKTHpHON mummn (puc. 13, 0) m 06pazyroT nBe HOBBIX
KOHUTypauuu crossroad area (puc. 13, e), npaBas u3 KOTOpbIX [IOKa3aHa Ha puc. 13, 3.
Ha puc. 13, % nokasan gparmenr puc. 13,e, cofiepxanmit ise spring area v ABe Cross—
road area.

CpaBHMB 3BOTIOLHMIO KapT PeKHUMOB OCUIUISTOPOB ¢ HENMHEHHOCTBIO TPEThEH,
nsTo u cefbMoit crenern (15)—(17), MOXHO cjienaTh BBIBOA O HEKOTOPBIX OGIIHX
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3aKOHOMEPHOCTSAX Pa3BUTHS KApT PEXIMOB OCLILIATOPOB € OTEHUMATLHON QYHKIMEHR
B BHIE TIOJIMHOMa A—H CTENeHH, IJie 71 — YeTHOE Lelioe Yucio Gonpile AsyX. C pocToM

03 3.0

0.0 P §0 60 2.0
3

Puc. 13. DBorouys RapT THHAMHYECKAX PEKUMOB HEARTOHOMBOTO OCHEJLIATODA (17) npu &=0.2, w=1 ¢
pOCTOM aMILTUTY/Ab! BosaeiicTeus B: a - 0.25, crossroad area, 6 — 3.0, mo uBe crossroad area wu spring
area; 8 — 5.0, o Tpu crossroad area w spring area; z — 6.0, iBe crossroad area W TPH Spring area;

o — 7.0, nBe crossroad area W OATHL spring area; e — 8.0, 4eThIpe crossroad area ¥ AT Spring area,

¥ — 8.0, e spring area; 3 — 8.0, yBeIMUMBLIASCS YACTH NPaBOR crossroad area. BykBo# m 0Go3HaveHO
MECTO TIepecedeH s INHMI GndyPKALHH CeJIo—Y3eT 51, GYKBO# 2 — pasiesuTe/bHAs JTHHAN
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9.0

= 120 SRR -
0.0 B 14.0 -10.0 b 10.0
a 6
Puc. 14. Kapra guHaMi9ecKHX DexXAMOB ocumnaATopa ¢ kKaracTpodolt GaGouka npm k=0.2, w=1,
omuckBacMoro ypasHennem (18) (a) n ypasuennem (19) upu B=8.0 (6) .

aMIUTATYbl BO3JEHCTBUSA Crossroad area yBennduBaeTcs, ee IipaBas M JieBas 4acTy
PA3NICIIAIOTCA, [IOpOX/ad BE HOBBIE crossroad area, MEeXNYy KOTOPHIMH BIOJTb JTHHHUI
OrypKaLyum ceio—y3en BOHUKAIOT J{BE SPring area W crossroad area. Hanee B MecTe
NCpeCeYCHus JIMHMA CuypKaumu Celio—ysen COCeJHHX Spring area MOT'yT
00pa3oBbIBAaTHCA HOBBIC - KOH(UIypauun spring areq. ONHMCAHHBLI BbIIC cueHapui
00pa3oBaHHs HOBBIX KOMITO3HIM MOXET NOBTOPHTLCH HECKONIbLKO pas ¢ yBeJIMYEHHEM
AMIUIUTYABI BO3JEHCTBES, TIPHYEM, BCC HOBBIE KOH(DMTYPAUMH HOUMHSIOTCS obieMy
IpaBUITY yNBOCHHS NEPUOfa CYGTapPMOHKK, NpEfICTAaBIeHHOMY Ha puc. 9. IIposeneHHoe
HCCICIOBAHHC [I0KA3a0, YTO MOBBLIICHHE CTEIEHA OMMHOMA NOTEHIMATLHON (DYHKIHAN
HC MCHACT KAa49CCTBEHHO 3BOMIOLMIO KapT pekuUMOoB. OQHAKO ONWMCAHHLIM BBINIC
CUEHapuk Al OCHWIISATOPOB C HENMHEHHOCTHIO 60Jiee BBICOKON CTENECHN HAYMHAeT
PasBUBATLCA [P MCHBIIWX 3HAYEHWAX aMILIMTYAbl BHELIHETO BO3JEHCTBHS M yCIEBAcT
IIOBTOPUTbCA Goblliee YHCIO pa3 Ha PacCMaTpHBAEMOM JMAA30HE aMIUTATY/bI, JaBast
YCIAOXHEHHE KapT PeKUMOB. ,

B paGore Jlu 1 Myna [51] paccmarpuBaeTcst cicTeMa YIpyTHil cTepKeHb — TpH
MarHuTa ¢ TPEMSI YCTORYMBBLIMU HOMOKEHUSAMH PABHOBECHS (CM. puc. 1, e), nuHamuxa
KOTOPOH OIMCHIBAETCS YPABHEHHEM OCUMLIATOPA C HOTEHIMATLHON dbyrrumeit (7) u3
Tabn. 1 ' _ |

X+ kx' + x(2-xp?)(x2~1) = Beosar, (18)

TS Xo — OTHOLUCHHE HEYCTOHYHMBOTO MONIOXEHUS PABHOBECHS CTEPXHSA K YCTOHIMBOMY.
OGosnauasg xy?=a, MbI NONYYacM YACTHBINA CIydail OCUMIINATOpAa € KaTacTpodoi
6aGouka. Ilnst Hero Gblla IOCTPOEHA KApTa DPEXHMOB HA ILIOCKOCTH TapaMeTpoB
aMILTUTYN@ BOSNEUCTBAA B — napameTp Hesmue#tocTH a (puc. 14, a). Ha kapre Bupmbi
JTHHUK OUypRamil yNBOCHHs NIEPHONA, NEPEXOX K Xaocy uepe3 Kackapg Oudpypxalpmii
ymsoerust nicpuopa. Ipeobpasyem ypasrenve (18) x supy

X+ kx+ b+ ax - (1+a)x8 + x5 = Beosot, (19)

4TO COOTBETCTBYET B 3SKCNCPMMEHTE HAJOXEHWIO OJHOPOJHOTO BHELIHErO IO
«HANpSEKEHHOCTH» b. TloTeHmansHas yrkums qist ypapuerms (19)

U(x) = bx + ax2l2 — (a+1)x44 + x5/6 (20)

VMEET TpH NOTCHUHAILHBIC AMBI A COOTBETCTBYET HBYXIIAPAMETPHYECKOMY CEUCHHIO
KaTacTpodrl 6a6ouka. JIist TaKOro ypaBHeHHs Takke OblLla IIOCTPOEHA KapTa peskKUMOB
Ha IUIOCKOCTH MapaMeTpPOB HENHHEHHOCTH b, a (puc. 14, 6). Ilpn B=8 Ha xapre
TNOABJIAIOTCS YEThIPE KOHMUTYPAUUH Spring area BHUSY H TPH Spring ared BBEPXY.

4. InHAMMKS HEaBTOHOMHOI'O He JHHeHHOTo oCIILIATOpA
HEMOCPEICTBEHHO B TOUKAX KaTacTpod

B pamkax 1noxopa Teopuu KaracTpog eCTECTBEHHBIM 0GPA30M BO3HUKAET 3ajjava

108



uccnenoBanus U(x)~x» past uensix n#2. Takue OCHAUIATOPbI OTBEYAIOT TOYHO TOUKaM
KaracTpod cGopka, 6afouka M Tak pajiee. dopma NOTEHHMATBEHON (DYHKIMH [U1S HEX
CYIIECTBEHHO GoJIee TIoJIorast, YeM st TPaiAHORHOro ocuuisTopa ¢ U (x)~x2, mpudeM
CTEHKH NOTEHIMATBHON SIMbl CTAHOBATCS Bce Gojiee KPYTHIMH C POCTOM h. Takue
OCIM/UIATOPbI B ABTOHOMHOM peXHUMe SBJISIOTCS HEM30XPOHHBIMH: [IaX€e VI ManbIX
KoNeGaHmi MepHoy 3aBACHT OT HX aMIUIATYAbI, o0pamasch B OECKOHCHHOCTh IPH
CTpEMIICHUK aMIUTHTYABI K HYJIO.

CHayana paccCMOTPHM JIHHAMMKY OCLMIUISTOpPa TOYHO B TOUKE KaTacTpodbl
c6opka. JII0GOMBITHO, YTO 3TO €CTh CHCTeMa Y [ibi [86], onpenenseMast ypaBHEHUEM

BHJIa
X+ kx + x3 = Bcost. (21)

[TprMepaMH TAKOTO OCIFULIATOPA CJyKaT CHCTEMBI, IIPE/ICTABICHHBIC Ha PHC. 1, xe—u,
npy BHIGOpE MapaMeTpoB, OTBEYAlOMMX TOMY, YTO CHCTEMa HaXOJUTCs Ha MOpOre
karactpodbl. Tak s Ganku Ha puc. 1, » Harpysxa Takosa, 4TO Gajlka HaXo[uTCs Ha
Topore BbUIYYABAHKS, A/ CHCTEMEI Ha pHC. 1, 3 — IIDyXUHA HE HATSHYTA, a CTEP3KCHb
TOPU3OHTAJEH U T. .

ByneM fajiee IPOBORUTH ONHONAPAMETPHYECKWH aHAIM3 [UHAMUKH CHCTEMB,
¢uKcupyst Ko IIMEHT IUCCHTIALMH k M pacCMaTpHBasi PasHbIC UANasOHbl aMILTHTYIbI
BHEIIHETo BosgedicTeusi B. Budypkanmonnas muarpamma (puc. 15) mis k=0.2 6bura
MOCTPOGHA C WCMONbL30BAHMEM JBYX YKa3aHHBIX HayalbHBIX ~YCIOBHM C HEJBIO
BBISBJCHUSA COCYLIECTBYIOUIMX AaTTPaKTOpoB. PaccMOTpUM [MHAMMKY CHCTEMbI TIpH
BapuaIuy aMIUIETYIbI Boameitctems B. C pocroM mapamerpa B fiBa CHMMETPHYHbBIX
pellleHns: NEPUOia OfUH by, b, pasHOI aMIUIATYBI B pe3ybTaTe OUpYpKal|H Ceio—
y3ell TpaHCOPMUDPYIOTCS B CHMMETPHYHBIH aTTpakTop f MepHOMa OfMHS. OH uepe3
fudypKauMio BWIKH TepsAeT YCTOWYMBOCTL W NpEBpalllacTcs B ABA aCHMMETDHTHBIX
arTpakTopa hs, ks TepEOja ONMH. OTH pellleHHst 3aTeM TpaHC(OPMHPYIOTCS B
aTTPAKTOPBI i1, iz, KOTOpbIE, YBaUBas HEPHON, CTAHOBSITCS ATTPAKTOPAMH i, j2, @ T¢, B
CBOIO Odepe/hb, YIBanBas IepHo]], Jepe3 Kackaj| OrypKaluil yiBOCH:AH NpEeBpamaoTest
B xaoTWdeckmii arTpakTop & C JambHeHAIINM pOCTOM aMIUIATY[BI BO3HCHCTBUA
NOCTEHHHAA CMEHIETCS Mapoil COCYLIECTBYIOIIMX ATTPAKTOPOB, OfMH H3 KOTOPBIX —
xaoTudecknll /;, a Apyrofl — arrpakrop nepuopa Tpu L. Ilpu B=9 B xaoTwdecKoM
peXiMe TIOSIBIISIETCA OKHO T€pHOja TpH, Hcuesaroluee npy B=11, xorpa aTTpakrop
IIepHOfia TPH CMEHSETCS XAOTHYeCKMM aTTpakTopoM k. IlocTegHMH ycTymaeT MeCTO
XaOTHYECKOMY aTTpakTopy 0; ¥ aTTPakTopy o, mepuoma omus. Ilocie Bbixoma W3
XaOTHYECKOH OGNACTHM YCTAHABNMBAETCS arTpakTop p mHepuopa omud. C pocroM
napameTpa B oH depe3 GHypKauMio CENIO—y3ell NPpeBpalaeTCs B aTTPaKTOPB! 'y U Iz
pasHOM aMIUTUTYNL. A Te B CBOIO OYepelib, HPOXONs Uepe3 OudypKamuro ceo—y3el,
TpaHCOPMHAPYEOTCS B aTTPAKTOP § IEPHOAA OfiH. ITOT aTTPakTop Yepes OudypKauuo
BHWJIKH TepSieT YCTONIHUBOCTE M IOPOXKACT JIBA ACHMMETPHIHBIX aTTPAKTOPA Uy, U, TOTO
Xe Hepuofa. :

Badukcrposas k=0.3, noctponM OHGpYpPKAUHOHHOE [IEPEBO B HaNa3oHe 3HA4YEHUH
napameTpa B or 32 mo 57. Puc. 16 npepfcrapiseT HaM MHOTOYMCIICHHDBIC BHE3AIHBLIC
KayeCTBEHHblE W3MEHEHUS B XAaOTHUYECCKOH AMHAMHUKE CHCTEME C POCTOM AMIUTATYMbI
BO3MICHCTBHSA, OTpaXeHHble Ha (pa30BbIX MOPTPETax. OTH SBICHHA NPOUCXOOAT MpH
TaKuX 3HAYEHHSIX [1APAMETPOB, IIPM KOTOPBIX aTTPaKTOp CTaJKMBAETCs ¢ HeYCTONIHBOM
CeIoBO# OpOUTOH, M HA3LIBAIOTCS KPU3MCaMH aTTPaKTOPOB [50].

Tlox xpmsucamu Bcien 3a I'pebomku [87,88] m Orrom [89] Mei moHmMaeM
KaueCTBEHHbBIE H3MEHEHHs aTTPaKTOPOB, KOTOPbIE CBSI3aHbI C BHE3AIMHBIMY H CHIIbHbIMU
M3MEHeHNsIMI HX OGacceflHOB MpHTsDKeHWsA. Mbi OymeM ynoTpeOisTe 3TOT TEPMHH
VCKIIOUWTENbHO I TpaHcopManuil XaoTHYECKHX arTpakTOpOB, OCTaBISIA LA
IIEPUONMIECKHIX aTTPAaKTOPOB TePMUH OuhypKalus.

Hauunasg ¢ B=32 wmMeeTcs [Ba acMMMETPHUYHBIX aTTpaKTopa IEpHOfa OJHH,

(48] 3 O60o3navyeHNEe pa3HbIX ATTPAKTOPOB GYKBaMH aHTHACKOrO ancaBuTa OT g JIO U BBEACHO Yspo#t B
48]. ‘
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Prc. 15. BudypranmoHtoe 1epeBo I aTTpakTopsl cucTeMsl Yamet {21) mpu £k=0.2, w=1, mocTpoerssIe ¢
HCIONBL30BAAMEM [BYX Pa3HBIX HavalbHBIX yenosu#t x1=3.1, y;=0.0, =04, y,=0.0 pma naGmogerus
COCYIIECTBYIOMIHX aTTPaKTOPOB

BO3HHKIIINX B pe3ynabraTe OMcpypkanuu Buiky. [TOBLIIICHHE aMIUTUTYRB! BO3OEHUCTBUA

NPYBOJMT K TOMY, 9TO KaXXAbId U3 HUX IPOXOIUT Yepe3 KacKaj YIBOEHHI IepHofia K
XaOTHYECKOMY aTTpakropy npu B=36.4 (puc. 16, a). B paitone B=~37 npoucxomaT
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CTOJIKHOBEHHE KaXkJOTO XAOTHYECKOTO ATTPaKTOpa C HEYCTONUYMBLIM pelIcHHEM
NCpHONa OMH, TOMYYEHHbLIM B pesynbTaTe Oucdypkauud BuIKa. B pesymsTaTe
CTO/IKHOBCHUA (B2 ACHMMETPUYHBIX XaOTHYECKMX ATTPAKTOpA CIMBAIOTCS B ONMH
CHMMMETPHYHBIA, TO €CTh IPOMCXOUT BHYTpeHHHMIT Kpusuc (puc. 16, 6). Hanee, npu B=~40
depe3 OHdypKaMio CeIo-y3el pPOXKHAeTcs Nlapa yCTOMYMBOrO M HEYCTOHYMBOTO
PeIIeHHH Nepuoia TPH, KOTOPhbIE COCYLIECTBYIOT C XaOTHYECKUM aTTPAKTOPOM BILIOTh
fio B=~41, rie IpOUCXOUT rpaHMYHBIN KPH3HC: CTATKUBAIOTCS XaOTHIECKHIl aTTPaKTop 1
ceioBas opbura nepuopa TpH (puc. 16, 6). BeielcTBHe 3TOrO OCTAaeTCS JIMIUDL

X
3.0
201
1.0
0.0 L ! ] i i !
32.0 36.0 40.0 44,0
14.0 x1 X2
| T
Y ]
-14.0 5o
a -10. x 10.0 6
x1 i
II
8
x1
"‘\
FE
5
o G
v ST
I~ it S
g I
‘ : g
H 3

Puc. 16. BudypkammoHsoe pAepeBO M aTTPaKTopsl cucTeMbl Youel (21), NOCTpoeHHBIE C
HCIIOJIb30BAHHEM IBYX Pa3HBIX HavyajbHeIX ychosmi x1=3.1, y1=0.0, x=0.4, y>=0.0, nmpu k=0.3, 0w=1u

PasIAYHbLIX aMILIATYAIaX Bo3fedicTBusd B: a — 364, 6 ~ 37.3,8 - 41.6,2 — 475, 0 - 483, ¢ — 502,
w~-531,3-55.6
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Puc. 17. KapThl quHaMudeckux pekumoB Ha mockoctn (B,k) mpm =1 cucremsr Yauel (21) (a) u
OCLMILIATOPA B TOUKe KaTacTpodnl GaGouxa (22) (6)

YCTOHYHBOE pEeLICHHUE [epHofia TPU. DTO NepUONHIeCKOe OKHO CYIECTBYeT A0 B~47, rue
yepe3 OnypKamHio BWIKa arTPakKTOp TepsieT YCTOHYMBOCTh M IOpOXKHAaeT [Ba
ACHMMETPUYHBIX aTTpakTopa nepuofa Tpy. C pocToM 3HadeHuit B 3TH aTTpakTopsl,
yiBauBasi IIEPHOJ, IPEBPALIAIOTCS B XaOTHYECKHE aTTpakTophbl (puc. 16, 2). Tlpu B~48
aCHMMETpPUYHbIE XaOTHIECKHe aTTPaKTOphl CIWBAIOTCS depe3 I'PaHUYHbIA KDU3HAC B
omua (pec. 16, 0). Xaotuyeckuii pexuM cyuiectsyer no B=50, 31eck B pe3ynbrare
OndpypKamy cemio—y3ell pOKJAIOTCs [Ba aTTpakTopa IepHofa fBa, 2 XaoTHUEeCKHH
aTTPaKTOpP WCYe3acT B rpaHnyHoM kpusuce (puc. 16, e). IToTtom cHoBa o6pasyroTcs jBa
XaOTMHECKUX aTTPaKTOpa, NPETEepeBaONyX BHYTPCHHUE KpPU3UC B paiione B=52.5, a
npu B=53 npoucxomut rpaHmuHbil Kpusuc (puc. 16, x), B pesynbTate KOTOpPOro Ha
6uypKaMOHHOM [IEPEBE YCTaHABIMBACTCSI OKHO TMepHofia TiATh. I1pu B=55 npoucxopur
IpaHUYHBIA KpU3HUC, KOrja HMCcYe3aeT XaoTHYECKUH aTTpakKTop Yepe3 CTONKHOBCHHE C
, HEYCTONYHMBOIT OpOUTO# ceroBoro Tuma {puc. 16, 3).

BrlTa TakXKe MOCTpOcHa KapTa PeKMMOB Ha IUIOCKOCTH MapaMeTpOB aMILTATYJR
BO3meHCTBHS — KoadpuimenT mquccurntanuu (B, k) (puc. 17, a). Bouto o6Hapy:KeHO, 9TO
BHYTpH 0ONacTH, KOTOpas OrpaHWYeHa JuHWEH OmdypKauypum HOTEPH CAMMETPHHA
pellenus: mepvona 41, pasBuBaeTcs Nepexoj K Xaocy uepe3 Kackapy Omdypkanuit
YIBOEHUH NIEPHOAA.

HccnenoBanue cucteM ¢ Golnee CIOXHBIM [TOTEHLMAIOM €CTECTBEHHO HayaTh C
OCLHIJIIATOpA B TOYKE KaTacTpogbl Gabouka, ONUChIBAEMOT'O YpaBHEHIEM BHfa:

X + kx + x5 = Beoswr. (22)

B aroit cucreme noTeHIMaNbHAs siMa UMeeT Golee KpyThie Kpas, YeM B CHCTEME
Yopel, 1 BCe HEIMHEWHBIS 3(1)(1)(31{1“51 Pa3sbITPLIBAIOTCS TIPH CYIIECTBEHHO MEHBIIEH
AMIUTATYle BHCHIHEIO BO3ACHCTBHS M OoNblleM Ko3(@UIMEHTE MUCCHNALMHM.
HOIOHATENBHO K TeM SABIEHUAM, KOTOPBIE GBLTH OMICAHbI IPHMEHUTENIBHO K CUCTEME
Yaqpl, 3fech yKe IIpU MallbIX 3HAYCHUAX aMILTUTYABI TOSBISIFOTCS IEPHOIYECKUE OKHa,
W COOTBETCTBEHHO NIPOUCXOMAT €1li¢ HECKONMbKO I'PaHMYHbIX X BHYTPEHHIX KPH3KCOB,

ITpoBeneM opHONapaMeTPUYCCKHN aHAIN3 JWHAMEKM CUCTEMbI, 3a(hMKCHPOBaB
k=0.2. Ha puc. 18 npepcraBieHsl GH(DYPKALMOHHOE REPEBO K (Da30BbIE NOPTPETHI
OCHMILIATOpA B TOUYKE KaTacTpodsl 6abouka. C pocTOM aMIUTUTY/IbI BO3[eHCTBUA B [Ba
CHMMETPHYHBIX pelleHusl b, b, nepuofja OfMH, pasHOM aMIUIUTYAbl, B pe3yjbTare

4 OGo3HayeHHd AaTTPaKTOPOB IS OCHWLIATOPa B TOYKE KaTacTpocbl 6a60q1<a BBEJIEHLI IO
AHAJIOTHH C CACTEMON ¥Y 2/bl.
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Puc. 18. Bucypranponsasi fuAI paMMa ¥ aTTPAKTOPBI OCIHIIATOPA B TOYKE karacTpodsl 6abouka (22)
npu k=0.2, 0=1, x;=3.1, y1=3.1, x;=-0.1, yp=-0.1

6udypKaUzH ceIo—y3el IPEBPaIaloTcs B CAMMETPHAYHBI aTTPaKTOP f mepuona ofuH4.
ATTpakTop depe3 GuchypKaIIO BHIKA TepSieT YCTOMIMBOCTD, U YCTAHABIMBACTCH B4
ACHMMETPUYHBIX aTTPaKkTOpa g1, g2 OTH ATTPAKTOPbI MOLYT TpaHc(POPMUPOBATLCS B
ONMH 13 HeThIpeX THIOB aTTPaKTopa /i TOro Xe Iepuopa: iy, /iy, ha, hy. 3aTEM Ha CMEHY
STMM pellleHHAM IPUXOAST B3aMMHO CHMMETDHYHBIE aTTPaKTOPBE i1, Iy, NIpEBpalato—
myecss B aTTpakTopbl ji, j, HEPHOZia UEThIpe, KOTOphIE Hepe3 Kackay oudypKalmi
VIBOGHMH TIEpHONa IPEBPAllalOTCS B XaOTHHECKMA aTTPaKTOp k. Ilpu B=3.047
BO3HMKAET aTTPaKTOp TIepKOofia IstTh. [IpH fabHefeM pocTe NapaMeTpa B aTTpakTop
k cMeHSIeTCS TIapOH COCYHIECTBYIOIIMX ATTPAaKTOPOB, OfMH K3 KOTOPBIX — XaoTU4eCKHii
l;, a apyroit — [, neprona Tpu. 3aTeM NOABISCTCS OKHO NEPHOA TPH, ACIE3A0INEe TPH
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B=3.7. Jlanece B XaOTHYECKOH# [MHAMMKE BO3HMKAlOT €llle¢ OKHa Mmepuopa TpH C
ycTaHoBJIeHHeM arrpakropoB n npu B=4.08, B=5.59, B=5.8. Ilocaepnuit arrpakTop
YCTYHAaeT MeCTO XaOTHYECKOMY aTTpakTopy 0; H aTTpakTopy o, nepuoja ofuH. ITocne
061acTH Xaoca YCTAHABIMBACTCS aTTPaKTOP Neprofa OfKH p.

PaccMOTpUM KpPH3HChI XaOTHYECKHX aTTpakTopoB B 3ToH cucteme. Ilepsbri
KpU3HC ~ BHYTPEHHUH, B PE3yNbTaTe KOTOPOro IBa aCHMMETPUYHBIX XaOTUIECKUX aT—
tpakTopa (puc. 19, a), cTaIKHBasCh ¢ HEYCTONYMBON OPOUTOM, BOZHUKILICH B pe3ylbTaTe
6upypKammy BANKH, ciuBatorcd B omuH(prc. 19, 6). BTopoi Kpusuc — rpaHvHbLA, OH
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Puc. 19. Kpasuchkl aTTpakTOpoB OCIILIATOPA B TOUKE KaracTpods! GaGouxa (22) mpu k=02, w=1,
x1=3.1, y1=3.1, xp=—0.1, y,=—0.1 n pasmmuabIXx ammTyfax Bosgewcrema B: a — 2.962, 6 — 3.03,
8—3.047,2 - 3.681,0 - 3.738, e - 4.074, % — 4.511, 3 — 4.545 :
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nporcxomut npu B=3.047, rne xaoTHUeCKHH aTTPakToOp CTAIKMBACTCH C HEYCTONUMBOM
op6uTolf Tepuopia NATL ¥ HcyesaeT (puc. 19, 8), ocraercs aTTpakTOp IEPHORA MATh.
TpeTuii KpH3uC — TOXE IPaHMYHBIM, OH NPOUCXOUT B Havyajle MajleHbKOTO OKHa
nepuopa Tpu npu B=3.681. 3peck XaOTHUECKHE arTpakTOp /i, COCYLIECTBOBABIIMM ¢
ATTPAKTOPOM J; IEPHONa TPH, CTAJIKMBACTCS C HEYCTOHIMBO# OPOHTON H HCIC3ACT (puc.
19, 2). Ha cMeHy aTTpakTopy /, IPUXOJUT aTTPaKTOp A TOrO Xe Nepuofa. deTBepToii U
TATBII KPH3HCHT AHATOTWYHBI MPEAbIIYIEM U IIPOMCXOMST B HAYalle CIEAYIOMEro OKHa
nepuoga Tpu npu B=3.738 u B Havane Gonpwioro okwa npn B=4.074 cOOTBETCTBEHHO
(puc. 19, 0, e). WlecTol Kpusuc — BHYTPEHHNH, OH 3aBeplracT okHo npu B=4.511. 3peck
BO3HWKIIME B pe3yNLTATC Kackaja OGudypKanuil yABOEHHS! NMEPUONa acUMMETPHYHBIC
xaoTHYecKye aTTpakTopel (puc. 19, x) crusatorcst B omun (puc. 19, 3). B pesynbrare
CIEyIOUIEro BHYTPEHHETO Kpusuca npd B=5.26 HpOMCXOMUT YBEJMYECHHE pasMepa
Xa0THYECKOro aTTpakTopa. BOCEMOIl KpH3HC, aHAJOTHYHBLE BTOPOMY, MPOMUCXOMUT B
Hayane OYepeTHOTO TiepHOIMYECcKoro okHa mpu B=5.557 (puc. 20, a). JIeBsiThIY KpU3HUC
npu B=5.643 — BHyTpeHHWH, aHATOIMYeH MecToMy Kpusucy (puc. 20, 6, 8). B mecsitom
kpusnce Tpu B=5.731 aTTpakTOpbl NPETEPNEBAIOT T Xe W3MEHEHNs, HO B 0OpaTHOM
MOpAIKE: CHAYANA XAOTHYECKH) ATTPAKTOp DACTIAflacTCs Ha HNBA ACHMMETPUYHBIX

&
(B)

0 | T e

Puc. 20. Kpusucel aTTpaKTOPOB OCUWIISTOpA B TOUKE KaracTpogkl 6abouka (22) npr k=0.2, o=1,
x1=3.1, y1=3.1, xp=—0.1, y,=—0.1 1 pasmEbIX aMIUTATyfax BosuckcTBEA B: 0 — 5.557, 6 — 5.643,
6-57,2-5731,0-5867,e-64
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xaoTudeckux arrpaktopa (puc. 20, 2), a mOTOM OHHM uepe3 OOpaTHBIA KacKap
Oudypkanmii yIBOCHUA NEPHOiA NEPEXOIAT B ATTPAKTOp IEPHONA Tpu. B onuHHamIaTOM
I'paHu9HOM Kpusuce mpd B=5.867 BO3HMKaeT XaOTHUYECKHiI aTTPAaKTOp, CUEHApHit ero
TIOSIBIICHNSI IOBTOPsieT B 00paTHOM mopsinke Tperuit kpusuc (puc. 20, 0). Y HakoHel, B
HocnefflHeM ~[ABEHAALATOM Kpusuce mpuH B=6.4 xaoTuueckuil arTpakTOp 0y,
COCYILECTBOBABUIMA ¢ NEPHOANYECKUM 0,, CTaJKHUBAETCSI ¢ HEYCTOHYHMBOHU OpOWUTOH H
ucuesaet (puc. 20, €), a aTTpakTOp 0, NPEBPAIACTCS B ATTPAKTOP P.

Hng ocnunngaropa B TodKe KaracTpodb! 6abouyka ObLla MOCTpOEHa KapTa
pexkuMoB Ha 1mnockoct (B, k) (puc. 17, 6). Ee crpykTypa ananoriyna Kapre peknMOB
IJIs CHCTEMbI Y 3Ibl, HO B 9TOM clydae Ha Kaprte B paiione B=12 u B~14 nossisorcs ABe
KoHbuUrypauu crossroad area. VIx neBble yacTH o6pa3oBaHbl JHHESME GuypKaimi
yaBoeHm# cyOrapmonuk 41, 75, 154, a mnpaBele — nuHmsAME GudypKaumil yIBOSHHM
cyGrapMoHuK 41, 9, 17/4. Ha Kapre HONONHUTEIBHO MOSBIIMCH HOBbIE CyOrapMOHHKH
nepuona 37, 4>, u 13/s, '

3akmouenne

HWrak, B Hactosmieli paGore ObLIa TpeIoXKeHa HOBas KjacCH(UKaIHs
HEJIMHEHHBIX OCUWIIATOPOB IO cXeMe Teopu KaracTpod. OKasbiBaeTcsl pasHblE C
TOYKHM 3peHMs 4YHClIA UOTEHIUAJLHBIX 5SM M BO3MOXHBIX pEHIEeHHd MOJenn
OCHMIIIATOPOB U3 Tabi. 1, omiceiBaronMe MIMPOKHM KJIace (DUIMICSCKHAX SBICHMM,
HPEACTaBIAOT co00i YacTHBIA CiIydalf OHOI'0 KaKOro—iubo MOJEIBHOTO YpaBHEHHS
ocuwIsTOpa ¢ Karactpodoil npd  (PUKCHPOBAHHBIX 3Ha4eHMs [1apaMeTpoB
HemmHeHocTH. MccneoBanme TakmMxX —OCHIUISTOPOB - B Hacrosuieit  pabote
pacnpoCcTpaHseTcsi Ha BCe IPOCTPAHCTBO YOPABISIOUUX IapaMeTpoB. .

Brin  mccnepoBan ocrmmiaTOop ¢ KatacTpodoit cknagka (14): mokasaHa
NOCTIeNIOBATEbHOCTL pa3spylieHdst 0acceiiHa NpUTSDKCHUN NpM M3MEHEHUM IlapaMmeTpa
HEJIMHEWHOCTH, HA INVIOCKOCTH IIapaMETpOB aMIUTMTYa BO3NCHCTBHS — MapaMeTp
HEJIMHEHOCTH OIpefclicHbl 00MacTH yOeralommx Ha OCCKOHEYHOCTh pEICHHH H
00J1aCTH YCTONIHBEIX PEKHUMOB.

Hcnons3opasimiica B paboTe METOR MOCTPOEHUS KapT AUHAMHUYECKHUX PEKHMMOB
IO3BONMUII OOHAPYXKMTb Ha IUTOCKOCTH NapaMeTpoB HEJMHEHHOCTH pacCMOTPEHHBIX
QCUMJLIATOPOB KOH(UTYpallMK crossroad area WM spring area. Bpula uccrienoBana
: 9BOJIIOLMA 3THX KOHGUIYpalldil Bo3jle COOTBETCTBYIOMIUX JIMHUE CKIagkd. M3ydanocsh
BIIUSTHMEC TIOBBIUEHWS CTEIEHM ITOJIMHOMA MOTEHIMANbHOH (YHKIWMYA Ha [IUHAMUKY
CHCTEMB! ‘M ObUIM OGHApYXKEHbl HEKOTOpBIE OCOOSHHOCTH. Tak, NpH CpaBHEHHH
SBOMIOLMH KapT PeXUMOB OCHMILIATOpa ¢ KaTtacTpodoil cGopka (15), ocmpmiaTopa ¢
KaracTpocoit 6a6ouka (16) u ocummsiTopa ¢ HeMHEAHOCTEIO cempbMolt crenenn (17) Ha
TUIOCKOCTH MapaMeTpOB HEJIMHEWHOCTH, ObUIO OOHAPYXEHO, YTO KOH(PUIYpalHa Cross—
road area W spring areq HAUWMHAIOT MOSBIATHCS IIPH MEHBIIMX 3HAYCHHSX aMILTUTYHIBI
BO3[eACTBUSA, Ye€M B KaXAoM TpefbylyIieM Clydae. DBbLld  YCTaHOBIEHEI
3aKOHOMEPHOCTH UX IBOJIIOLMUM ¥ OIMCaH OOLIMI CUCHAPH TIOABIICHUS W MCUYe3HOBEHUS
9TUX KOH(MHUIypauuM ¢ pOCTOM aMIUIMTYIbl Bo3gehcTeud. JIns OCHWUIATOPOB €
NOTEHUUANBHOM (QyHKUHEH OoJice BBICOKOTO TMOpSAAKA ITOT CUEHAPHH ycIeBaeT
TIOBTOPUTHCS HECKOJIBKO pa3 Ha pacCMaTpUBAacMOM iNana3oHe aMIUTHTYAb] BO3AECHCTBIYS,
laBasi MOBBILIEHKE 4HCIa KOHMHUrypaimil crossroad area W spring area Ha Kaprax
PEXHMOB. CO?IOCTaBJIeHI/Ie MUHAMPKH OCUM/UISTOPOB TOYHO B TOYKE KaTacTpodbl
c6opka (21) u ToyHO B TOYKe KaracTpodsl 6adouka (22) HOKa3aq0 TOSBICHAE HOBBIX
CyOrapMOHMYECKHX PEXMMOB, Jo0aBieHMe Ha OM(YPKAUMOHHLIX JMarpaMMax
NEepHONNYECKUX OKOH; 06pa30BaHie HA KapTaxX PexXnMOB KoHMHUIypanui crossroad area,
Pa3BUTHC JONMONHMTEIBHBIX OuypKanuii W Kpusucos. OKas3aloch, YTO IOBBIIIEHHE
CTETICHU HEJIMHENHOCTH NPUBOUT K TOMY, YTO OGJIACTb CIOXKHON MMHAMEKY HA4MHACT -
Pa3BHBAaThCA. [ MEHBIIMX 3HAYEHMI AaMIUIATYbI BO3[ACHCTBHA H  OGOJbIIEM
KoadphuIMeHTe TUCCHITALTN.

Paboma ewvinoanena npu noddepwcxe Munobpaszosarun PP (2panm MNe 00-02-
17509} u pornoa CRDF REC-006.
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VHUBEPCUMEIN nocae 0opabomru 14.12.2000

A FEATURES OF THE COMPLEX DYNAMICS
OF THE NONLINEAR OSCILLATORS WITH THOM*S CATASTROPHES

A.P. Kuznetsov, A.Yu. Potapova

A survey of the regular and chaotic phenomena in the periodically forced nonlinear
oscillators is represented. To classify the nonlinear oscillators the scheme of the
catastrophe theory is used. Developed classification allows to describe the dynamics of
many physical systems, which differ each from others in both the quantity of the potential
wells and the possibility to escape from them, by using the only oscillator equation with
some appropriate Thom'‘s catastrophe as the potential function. The escape region and the
region of the non—escaping solutions are estimated on the plane of the nonlinear
parameter and forcing amplitudes for the oscillator with fold catastrophe. The boundary
between these regions is illustrated by the basin erosion sequence. The dynamical regimes
topographies which contain a crossroad area and a spring area are shown for the
oscillators with high degree polynomial potential function. General features of
topographies evolution for the oscillators with cusp catastrophe and with butterfly
catastrophe are described. The bifurcations and crises, which occur in the considered
systems, also depend on the degree of the potential function.

_ Tomanosa Arna IOpvesna — pomunack B Caparoee (1978). Oxkonumia
© chakyapTeT HesmHeHHbIX nporeccoB CI'Y (2000). B HacTosnnee Bpemst SBISETCS
acHpanToM Kadenphbt JJMHAMHIECKHX cHCcTeM haKylbTeTa HEMEEHHBIX IPOLECCOB
CIr'yY., Mpammmii #Hayusbeli coTpyfauk CapaToBckoro orpeneHwst Huecruryra
paguoTexHuku u 3neKTpoHUKH PAH. OGnacTe Hay4HBIX MHTEPECOB — TEODHA
Karactpod, hr3uKa HeJIWHeHHBIX AMHAMUYCCKHX CHCTCM, NWHAMHUYECKHH Xaoc.
Aprop wecty nybnukaumil. IIpuEuMana yyacTHe B UCTBIPEX MEXTYHAPONHBIX
Hayahbeix kouepeHmmsix. B 2000 romgy pabGorana B JIaTCKOM TEXHHYECKOM
YHHBEPCUTETE B HayuHol rpymne npodeccepa 2. Mosexuige.
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