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Abstract. Background and Objectives: Studying the dynamical mechanisms of the emergence of nonlinear phenomena that are char-
acteristic for multimode self-oscillating systems consisting of interacting oscillators and an ensemble of passive oscillators or representing
active nonlinear systems with complex feedback channels is an important urgent task. The simplest example of a self-oscillating system with
a complex feedback is the well-known classical van der Pol oscillator with an additional linear oscillatory circuit included in the feedback chan-
nel. We investigate the behavior of the multimode system increasing the number of oscillatory circuits in the oscillator’s feedback loop. The
research in this paper can help to better understand the mechanisms of multistability formation in infinite-dimensional self-oscillating systems
such as a generator with delayed feedback and a generator with distributed feedback. Materials and Methods: The system equations were
derived for the electronic scheme of the self-oscillating system. To describe the existing dynamic modes by numerical simulation methods,
the projections of the phase portraits and the Poincare sections were obtained. To study the mechanisms of formation of multistable states,
the bifurcation analysis methods were used. Results: It was found that the mechanism underlying the multistability formation is based on
a sequence of two supercritical Andronov — Hopf bifurcations and a subcritical Neymark — Saker bifurcation. Therefore, the multistability
emerges as a result of gaining stability by the unstable limit set that existed before the multistability appears. Conclusion: The discovered
mechanism of multistability formation opens up wide possibilities for managing the multistability, which are inaccessible for systems in which
the multistability is realized through tangential bifurcations. In contrast to the tangential bifurcation, the subcritical Neymark — Sacker bifurca-
tion assumes the existence of a limit cycle both before and after the bifurcation. Thus, it is possible to use a wide range of methods and tools
to stabilize saddle limit cycles in order to control the boundaries of the multistability region in the space of control parameters of the system.
Keywords: self-oscillations, multistability, multistability formation, dynamic chaos, multimode ring oscillator
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BBepeHue

ABTOKONIE0aTEIBHBIC CUCTEMBI — 3TO HEJIH-
HEeHHbIe AUCCUTIATUBHbIE TUHAMUYECKHE CUCTEMBI,
JEMOHCTPUPYIOLIUE HE3aTyXaloUlue BO BPEMEHU
konebOanus [1]. [Tognepikanue aBTOKOJIcOaHUH BO3-
MOYXHO TOJIBKO IIPH YCIIOBHH BBITIOJIHECHUS OanaHca
MEXK]1y SHEPTHEN, BHOCUMOM B CUCTEMY, U SHEPTHUEH,
paccenBaeMoi B HEW. DTO OCYIIECTBISIETCS 32 CUET
CWJI, 3aBUCSIIMX OT COCTOSIHUS JBIKEHUS caMOM
cuctemsl [ 1, 2]. Bo MHOTHX cityyasix Takoi MEXaHNU3M
COXpaHEeHUs JTUHAMHUYeCcKoro 0ajaHca B CpelHEM
Ha XapaKTepHOM MHTEpBaJle BPEMEHU OCYIIECT-
BJSIETCS C ITOMOINBIO 00paTHO# cBsizu. CBoiicTBa U
KOHKPETHBIE 0COOCHHOCTH KaHAIOB 00paTHOM CBSI3U
MOTYT CYILIECTBEHHO BIUATH HA MTOBEIEHUE aBTOKO-
nebarenpHON cuctemsl. [Ipocteimum npuMepoM
ABTOKOJICOATEIBHBIX CHCTEM CO CIIOXKHOM 00paTHOM
CBSI3bI0 SIBJISIETCSI XOPOLIO U3BECTHas KJjlaccuue-
CKas JIBYXMOJOBas aBTOKoJIeOaTelIpHasi CHCTEMa,
npeacTaBisomas coboit reaeparop Ban aep [lons
C MOTIOJHUTEIBHBIM JIHHCHHBIM KOJe0aTeIbHBIM
KOHTYPOM, BKJIFOUEHHBIM B II€IIb OOPATHOU CBS3H

x = (1-2y?*p?)y,

% =0- ZVZPZ)S’L

[3]. HepaBHo ObuTO moKa3aHo [4, 5], yTo B Takol
CUCTEMeE IIPU BapHallu{ YIPABISIOLINX [1apaMETPOB
MOT'YT HaOJIIOAATHCS EPUOINYECKUE U KBa3UIIepH-
OJMYeCKHe aBTOKOJIe0aHUsl, IEPEXO]] K XaoCy yepes
YABOEHHUS TOPOB.

B nanHoii crarbe paccMarpruBaeTcst KOJIbIIEBOU
TeHepaTop C HEJIWHEWHBIM YCHIIUTEIIEM U TPeMs
TUHEHHBIMU KONIeOATeIbHBIMU KOHTYPAMH B IENTH
oOparHo# cBs3u. [Ipu rccneoBaHM TUHAMUYECKOM
CUCTEMBI UCTIOI30BaJIOCh MPOTrpaMMHOE o0ecrieye-
nue XPPAUT [6].

1. WUccnepyemas cuctema.
CTpyKTypHas cxema U ypaBHEHUs reHeparopa

Uccnenyemas B JaHHOH paboTe JHHAMHUYECKAs
cUCTeMa MpeacTaBisier coboil reneparop Ban nep
[Tons [7], B 1enb 0OpaTHOW CBSA3HM KOTOPOTO BHECE-
HBI J1BA JOTIOJTHUTEIBEHBIX KOIe0aTeIbHBIX KOHTYPA.
CrpyKTypHas cxema Takoro TpéXMoJ0BOI0 KOJIbLe-
BOTO reHeparopa MmpecTaBieHa Ha puc. 1.

HWcnone3ys 3akonsr Kupxroga, ams He€ MOKXHO
MIOJIyYUTh CIEAYIOIINE YPAaBHEHUS:

X, =(1- ZVZPZ))’Z:

y=0—- y*H)(—ay —x) +y (=pay; —p *x1) +y *p*(—ay, — x , + (A — B x ?)y),

(M

y1 = (=pay; —p?x;) +yp?i(—ay —x —ay, —x, + (A — Bx?)y),

v, = (1= y*pH)(—ay, — x; + (A = Bx®)y) + y(—pay; — p*xy) + y? p?(—ay — x).
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!
:

Puc. 1. CtpykrypHas cxema TpEXMOJOBOTO TeHepaTopa. 4 — HEMMHEHHBIN yCUINTENb, YIIPaBIAOLIast XapaK-
TEPHUCTHKA KOTOPOTO 3afana Gpynkuuei /, = Syu — S1u3

Fig. 1. Block scheme of a three-mode generator. 4 is a nonlinear amplifier, which is determined by the control
characteristic /, = Syu — S, u?

3nech X, X, X, Y, ¥y ¥, — IMHAMHYCCKHE [IEPEMCHHBIC;
A—TapameTp Bo30Y>KIICHHUST; 0 — TapaMeTp IMCCHTIALIH;
f—napameTp HeTMHEHHOCTH; Y — KO3((PUIUEHT CBSI3Y;

_u _Ugp 1
X = uo,xl,z - uO )
_ M,S, R
NI LCT '
1 1

Wy = , w
0 \/ﬁ 01

OTMeTHM, 4TO NPH BBIBOZIE yPaBHEHUI npenonara-
J0Ch, YTO COOCTBEHHBIE YACTOTHI B TIEPBOM U TPETHEM
OCIHWIIATOPE OJMHAKOBBIE, EMKOCTH KOHJIEHCATOPOB,
KOA((HUIMEHTH JUCCHIAUN U KO3 QHUITUEHTHI
CBsI3H paBHBL. KpoMme Toro, MMeeTcs ele 0HO orpa-
HUYCHHE HA MapaMeTp p, KOTOpOe BO3HUKAET M3-3a
Triepexosia K HOpMUPOBaHHOMY BpeMeHH. [1ocKobKy T
JIOJIXHO OBITh TTOJIOKUTENIBHON BETMYMHOM, TO apa-

METPHL y, p MOT'YT MCHATBHCA TOJILKO B OT'PaAaHUYCHHOM

1
nuanasone 3HaueHnii: 0 < p < ﬁ . B nanpuenmem
Y

™Mbl roniaraeM y = 0.2 1 p <2, 4TO He MPOTUBOPEUUT
YKa3aHHOMY OTPaHHUYEHHUIO.

2. luHamuKa TPEXMOJ0BOr0 KOJIbLIEBOr0
reHepartopa. XapakTepHble peXvuMbl
M MyNbTUCTAaOMNLHOCTD

PaccmoTpum noBeieHIE CHCTEMBI B 3aBHCHMO-
CTH OT A Ipu PUKCUPOBaHHBIX 3HaUeHUsAX o = 0.01,
£=1.0,7=0.2, p=0.85. [1pu HENOCTATOYHOM TTOJIKAYKE
SHEPruM B TeHepaTope OTCYTCTBYIOT aBTOKOJICOAHMS,

Paanorsrika, 31eKTPOHNKA, akyCTHKa

NI

p — napameTp pacctpoiiku. HopMupoBaHHble nepe-
MEHHBIE 1 TAPAMETPBI CUCTEMBI CBSA3aHBI C HaIpsIKe-
HUSIMU U TIApAMETPaMHU CXEMBbI CIIETYFOIIM 00pa3oM:

_ d (u) _ 1 d (ul,z)
y_1—2y2p2dr uy/’ y1'2_1—2y2p2d‘r uy /)

3M,S1uj Mo, Wo1
=, = —, p = —
JL,C, L an
_dx _ wot
Tar T_1—2y2p2'

B (ha30BOM IPOCTPaAHCTBE B Ha4YaJie KOOPIAUHAT CyIlie-
CTBYET yCTOWYMBBIH (okyc (puc. 2, a). C yBenudeHu-
€M / B CHICTeME BO3HUKAET YCTOHUMBBIN ITPEACIbHBII
kI (puc. 2, 6). Ilpu nanpHelneM yBenudeHu A
MePUOANICCKIE KOJICOAHMS CMEHSIOTCSI KBa3HIIEPH-
OJIMYECKUMH C IBYMSI 4aCTOTaMH, 00pa3oM KOTOPBIX
B (0a30BOM IIPOCTPAHCTBE SIBISIETCS ABYMEPHBII TOP
(puc. 2, 6). 3aTeM IPOUCXOAUT MOCIEOBATENLHOCTD
yaBOCHHUH Topa (puc. 2, 2, 0), 3aBepuaroniasicst pop-
MHPOBaHUEM XAO0THYECKOTO arTpakTopa (puc. 2, e).
CrnemyeT OTMETHTH, YTO B JAaHHOM CITydae XOPOIIO
Pa3IUINMBIME TI0 ceueHMsiM [lyankape sSBisroTCs
nepBbIe Be OMdypKanuu yIBOCHUs TOPOB. B naHHOM
paboTe He CTaBUIIACh 33/1a4a O TOYHOM OIpEIeTICHU!
Yucia yABOCHUN B pa3sHBIX CEUCHHSIX MPOCTpPaH-
CTBa YIPABJISIONINX MapaMETPOB C MPHUBICUYCHUEM
0oJiee TOHKMX METOJOB aHayimu3a. TpEXMOMTOBBIH
TeHepaTop AEMOHCTPUPYET MYJIBTHCTAOMIBHOCTE. B
(ha30BOM IIPOCTPAHCTBE COCYMICCTBYIOT YCTONYNBBIE
npeaenbHble HUKIbI (pUC. 3, a), yCTOHYMBbBIE JBY-
MEpHBIE TOPHI (PUC. 3, 6), XAOTUYECKUE aTTPAKTOPHI
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Puc. 2. IIpoeximu ha3oBbIX HOPTPETOB (0003HAUCHBI CEPBIM LIBETOM)  cedeHust [Tyankape (0003HaYESHBI YEPHBIM LIBETOM ) ITPU

(uKcHpoBaHHBIX 3HaUeHHIX TapaMeTpos o = 0.01, #=1.0,y=0.2, p = 0.85 B 3aBUCUMOCTH OT MapaMmeTpa BO3OYKACHU: a —

A=0.01 — ycroituusslii pokyc, 6 — 4 = 0.04 — npenenbHbIN MUK, 6 — A = 0.08 — 1BymMepHbIii Top; e — A = 0.14 — nByX0OXOAHBIN
JIBYMEpHBIH TOp; 0 — A = 0.1474 — 4eThIpex00X0qHbIH AByMEpHBIi TOp; e — A = 0.1485 — XxaoTHUECKUii aTTpaKkTOp

Fig. 2. Projections of the phase portraits (grey color) and the Poincare sections (black color) for fixed values of the parameters

0=0.01, =1.0,y=0.2, p=0.85 versus the excitation parameter: a — 4 = 0.01 — stable focus, b — 1 = 0.04 — limit cycle,

¢ — 4 =0.08 — two-dimensional torus; d — A = 0.14 — doubled two-dimensional torus; e — 4 = 0.1474 — quadrupled two-
dimensional torus; f'— A = 0.1485 — chaotic attractor

(puc. 3, 8). B cucreme Bo30y»/1ar0TCs JIBa Pa3HbIX
aBTOKOJIe0ATENbHBIX PEKUMA, KOTOPbIE OTINYAI0TCA
JPYT OT JIpyTa CABUTaMU (ha3 MeXk 1y KOIeOaHUSIMH B
OCIHHJUIATOPAx LENOYKH 00paTHOM cBsi3u. B onHoM
cily4ae OHU OJIM3KHU K CHH(A3HBIM, a B IPYTOM — K
npotuBodazHbIM. [lepBrlii ciydail COOTBETCTBYET
POXKIEHHIO TIpeaenbHoro unkna C; (cm. puc. 3, a), a
BTOPOH — poxkaeHuto nukna C, (eMm. puc. 3, a).

Ha ocHOBe Ka)K70TO M3 IMKIIOB MIPY BapHaluu
YIOPaBISIOUIMX apaMeTpoB GopMupyeTcs CBOE ce-
MEHCTBO aTTPaKTOPOB, KOTOPBIE COCYIIESCTBYIOT B (ha-
30BOM IIPOCTPAHCTBE, 00pa3ysi MyJAbTHCTAOUIBHOCTb.
['eneparop siBnsieTcst MyJIBTUCTAOMIILHBIM B UHTEPBAJIC
3HaueHMii napamerpa p npumepHo ot 0.8 1o 1.3.

3. BudypkaumoHHbin aHanu3 GpopMUpPOBaHUS
MYNLTUCTAOMIbHBIX COCTOSIHUMA

3adukcupyem napametpsl 4 = 0.07, . = 0.01,
y = 0.2, = 1.0 u npocienum 3a OHPypKAITIUIMHI

24

COCTOSTHUSI PABHOBECHSI M TTPEICIIBHBIX ITUKIIOB MTPH
Bapualuu pacctpoiiku B unrepsaie p € (0.0, 2.0). Ha
puc. 4 mpencrasneHa OUQypKaIMoOHHAs THarpaMma.
IIpu p <0.263 B Ppa30BOM MPOCTPAHCTBE CYLIECTBYET
YCTOHYMBOE COCTOsIHME paBHOBecHs £. OHO Xapak-
TEepPU3yeTcs IIECThI0O COOCTBEHHBIMU 3HAYCHUSIMH,
JICHCTBUTENLHBIC YaCTH KOTOPHIX MEeHbIIE HyIs. [Ipn
nepexone uepe3 Touky p = 0.263 nelcTBUTENbHBIE
4acTH OJHOW Mapbl KOMIUIEKCHO-COTPSIKEHHBIX
COOCTBEHHBIX 3HAUEHUI U3 OTPULATEIbHBIX CTaHO-
BATCS ITOJIOKUTEIILHBIMHE, IIPOUCXOUT OUQypKaIIHs
Anpponosa — Xonda (4H, ), B pe3ybrare KOTOpOi
B OKPECTHOCTH HETOABUKHOW TOUKH E poKJaeTcs
ycTonuuBbId 1uki C.

[Ipu HEeOoNbIION HATKPUTHUYHOCTH, IO MEpe
YBEJIMUYEHHUS MapaMeTpa pacCTPOMKH paguyc Inpe-
JIeapHOro Iukia pactér. /lamee mo mapaMmerpy,
¢ mpeBbllleHUeM 3HaueHud p = 0.676 oxHa mapa
MyJIBTHILUTHKATOPOB MPEAETBHOTO KA C| BHIXOIUT
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Puc. 3. [Ipoexiun aTTpakTOpOB, COCYLIECTBYIOIUX B (pazoBoM nmpocTpancTse npu o = 0.01, f=1.0,y=0.2, p = 0.98 u pa3HbIx
3Ha4eHUAX A: a — npenebHbie wukiabl C; u C, ipu A = 0.07, 6 — Topsl 7} u T, ipu A = 0.18, 6 — XxaoTHYeCKUE aTTPAKTOPBI

CA, u CA, npu 2= 0.255

Fig. 3. Projections of the attractors coexisting in the phase space at a. = 0.01, f = 1.0, y = 0.2, p = 0.98 and different values
of A: @ — limit cycles C| and C, at 2 = 0.07, b — tori 7} and T, at 2 = 0.18, ¢ — chaotic attractors C4; and C4, at 1 = 0.255

| | | |

0.6 s
N3] sup T1 NSy oy B Noae T2 ___________________
0A | @ e TR e —
= C1
Cy N531 sub
NS
0.2 gl -
E AH1; E i AHo AH12

0 | | | | : 1 | |

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

Puc. 4. OnHonapamerpudeckast OndypkanoHHas AuarpaMma B 3aBUCUMOCTH OT IIapameTpa p npu GUKCHPO-
BaHHBIX 3HaueHUsX 4 = 0.07, a = 0.01, y=0.2, = 1.0. ITo ocu opANHAT OTIOKEHO MAaKCUMAJIbHOE 3HAYCHHE
JIMHAMUYECKON MepeMEHHOM X
Fig. 4. Bifurcation diagram versus the natural frequency mismatch parameter at 2 = 0.07, a = 0.01, y = 0.2,
£ =1.0. The ordinate is the maximum value of the dynamical variable x

3a IpeJelibl eAMHUYHON OKPYXKHOCTH, IPOUCXOTUT
cynepkputuueckas oudypkanus Heitmapka — Cakepa
(NS, Sup). [ukn C; CTaHOBUTCS CEIVIOBBIM, & B €TO
OKPECTHOCTH POXKIACTCS YCTOWYUBBINA JBYMEPHBIH
top 7. On cymectByer 10 3Hauenus p = 0.781. [Ipu
HOJXO0/E K OTOM ToYKe TOp 1’| CTATMBAETCA K LUKILY
C,. 3a 5TOM TOYKOW KBA3UINEPUOIUYECKHE KOJeOa-
HUS He HAOIOMal0TCs, peaesbHbIA UK C | BHOBB

Pa,ZU/IO(i?VIBI/IKa, 2eKTPpOHNKa, axyCTrka

CTaHOBHTCS yCTOMUMBBIM, 1apa KOMILIEKCHO-COTIPSI-
JKEHHBIX MYJIBTUIUIMKATOPOB BXOJUT B €IUHUUYHYIO
OKPYXHOCTb. TO €CTh IIPU 0OPaTHOM ABMKCHUU 110
napametpy B Touke p = 0.781 nmpoucxonur cynepkpu-
tryeckas oudypranus Helimapka — Caxkepa.

Luxn C| Habmronaercs B yCTONYMBOM BHJIE JI0
3HadeHus p = 1.081. Brie Hero napa KOMIIJIEKCHO-
COIPSIKEHHBIX MYJIBTUIIMKATOPOB BBIXOAUT 3a €111~
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HUYHYIO0 OKPY’KHOCTb. LIUKJI CTAaHOBUTCS CEIJIOBBIM,
HO yCTOMYMBBIN JBYMEPHBIN TOP HE POXKIAETCS B €TO
okpecTHOocTH. [Ipu 00paTHOM JIBUKESHUH TI0 ITapame-
Tpy B Touke p = 1.081 mpoucxoaut cyOkpuTHdeckas
oudypranus Helimapka — Cakepa. M3 cemioBoro
LMKJIa POXKIACTCS CEIJIOBOM TOp, MpeaeabHbIil
LIMKJI CTAHOBUTCS yCTOMUMBBIM. [Ipu manpHelnem
yBenuyeHuu p ot 1.081 mo 1.224 cenmnoBoit mmkn
C| YMEHBIIAETCS, OH CTATUBAETCSA K CENIOBOMY CO-
CTOSTHUIO paBHOBecHs £ u Biaumnaer B Hero. OHaKo
COCTOSIHME paBHOBECHS £ 0CTa€TCsl HEYCTOMYHBBIM.
[Ipu 0OpaTHOM IBHKEHUH 110 TIApAMETPY, IIPH Iepe-
xo7ie uepe3 Touky p = 1.224 mpoucxoauTt cymnep-
KpuTHueckas Oudypkamnus AHIpoHOoBa — Xorda,
U3 CEJUIOBOTO COCTOSTHUSI PABHOBECHS POXKIACTCS
CE€JUIOBOM IPEIEAbHBIN UK.

Kpome nByx ommcanubix oudypkanmii AHIpo-
HOBa — Xomda B Toukax p = 0.263 u p = 1.224 co-
CTOSIHHE PaBHOBECHS £ peTeprieBaeT eme oHy Ou-
(bypkaruo, kKoropas BeIET K GOPMUPOBAHUIO MYJTb-
TucTabmibHOCTH. [Tociie mepBoit cynmepKkpuTHIECKON
oudpypraunn Anaponosa — Xonda AH |, coctosHne
paBHOBecHs E SBIISETCS CEAJIOBBIM: AEHCTBUTEIILHBIE
YacTH JBYX €ro COOCTBEHHBIX 3HAUEHUU M3 LIECTH
— IOJIOXKUTEIIbHBIE, OCTAJIbHbIE — OTPULIATEIIbHBIE.
[Ipu noctmwxennn mapamerpom p 3HaueHus 0.900,
COCTOSTHHE paBHOBECHUS E NpeTepreBaeT BTOPYIO
CYNEepKpUTHUECKYI0 OudypKanuo AHIpPOHOBA —
Xonta AH,. B pesynbrare 310l OH(ypKanuu TouKa
E tepseT ycTOWYMBOCTD €1le 10 IByM COOCTBEHHBIM
HapaBJIeHUsM, a B €€ OKPECTHOCTH POJKIAeTCs Cell-
710BO# mpenenbHbi tukia C,. OH yBenM4nBaeTCs B
pasmepax 1o Mepe yBeJIUYeHus p U B Touke NS, .
pu p = 0.946 nperepneBaeT cyOKpUTHYECKYIO OU-
(ypranuto Heiimapka — Cakepa. 13 censioBoro mux-
na C, poxpaercs cemioBoi top, a C, B pe3ynsrare
JaHHOW OudypKamuu npuodpeTaeT yCTONIUBOCTS.
Cucrema CTaHOBUTCS OMCTaOMIIBHOW: B (DazoBOM
MPOCTPAHCTBE, TOMUMO CTaBLIETO YCTOWUUBBIM C,,
YK€ CyHIECTBYET YCTONYMBbIN peebHbINA UK C|.
JansHemmii poct p BeleT K CynepKpUTUYEeCKO# Ou-
(ypxanuu Heiimapka — Cakepa NS, sup YCTOWYHBOTO
npenenbHoro nukna C, npu p = 1.272, B pesynsrare
KOTOPOH B €r0 OKPECTHOCTH POXKIAETCS yCTOWUMBBII
JABYMEPHBIA TOP 7).

Takum oOpasom, B cucteme (1) peanusyercs
MeXaHU3M (OPMHUPOBAHUS MYJIbTUCTAOUIBLHOCTH,
OCHOBaHHBIN Ha MOCIIE0BATEIILHOCTH JIByX CyInep-
KpUTHYeCcKuX Ondypkamuii Anaponosa — Xorda u
cyOkputnyeckoi oudypramun Helimapka — Cakepa.
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3aknioyeHue

PaccMoTpeHHbIN B TaHHOM paboTe KOJIbICBON
TeHepaTop ¢ TpeMs KoeOaTeIbHBIMUA KOHTYpaMu
B KaHaje oOpaTHOW CBA3U HpEACTaBiIsieT cOOOM
€CTECTBEHHOE YCIOKHEHHUE KIIACCHUECKHUX 0a30BBIX
CHUCTEM TEOpHUH KoneOaHWil — reHeparopa Ban nep
[Tonst u reneparopa Ban nep [lons ¢ nonomHuTENH-
HBIM KoJieOaTeTbHBIM KOHTYpoM. Hammrare nomomHu-
TENFHOTO JTMHEHHOTO OCHIJUISTOpA B IIEIH 00paTHON
cBs3u reHeparopa Ban gep [lons oGecrieunBaet
peanuzanmio xaoTuueckoi quaamMuku. JlobaBnenue
eI1Ie OJTHOTO IMHEHHOTO OCIUIIIATOpA B IIeNb 00par-
HO cBs3M (cuctema (1)) Ben€T Kk J00aBICHUIO eIle
OITHOTO CEeMEHCTBa COCYIIECTBYIONINX aBTOKOIEOa-
TEJNBHBIX PEKUMOB, TaK)KE HBOIIOIUOHUPYIOMIETO
JI0 XaOTHYECKOTO aTTPaKTOpa yepes paspylieHue
KBa3UIEpUOIUUEeCKUX KonebaHuil. B pesynbrare
HaAOIIOAIOTCS Pa3HOOOpa3HbIe MYJIbTHCTA0MIIbHBIC
COCTOSIHUS — U IEPUOANICCKIE, U KBA3UTICPHOANIC-
CKHe, U XaoTH4ecKue. BO3HNKHOBEHNE MYIBTHUCTA-
OMITLHOCTH 00YCIIOBIICHO 0COOBIM OU(YPKAIIMOHHBIM
MEXaHU3MOM, HE IMOJIpa3yMeBalOLIMM BO3HUKHOBE-
HUS TIap MpeAeTbHBIX MHOKECTB B PE3YJbTaTe Cell-
70-y3JI0BbIX Oudypkanuii. B uccienyemoii cucreme
BO3HHKHOBEHHE MYJIBTHCTA0MIHHOCTH 00y CIOBICHO
IBYMS TTOCIIEAOBATEIBHBIMI CYNECPKPUTHUCCKIMU
oudyprammsiMu AHIpoHOBA — XOT(ha COCTOSHUS
paBHOBECHUS, B pe3yJbTaTe KOTOPBIX POXKAAETCS
YCTONYMBBII U CEUIOBON MTPEIEIIbHBIN LUK, U OTHOMN
cyOxpuTHueckoit onugypxanueiit Helimapka — Caxe-
pa, B pe3ynbTare KOTOPOH CEIOBON MpeaeibHbII
[IUKJI CTAHOBUTCS YCTOHUMBBIM. CIIeIyeT OTMETHTb,
9T0 OM(YpKALMOHHBIH MEXaHU3M (OPMHPOBAHUS
MYJIBTUCTa0MIIBHOCTH B PACCMOTPEHHOM TeHepaTrope
¢ Tpemsl KoieOaTeNbHBIMU KOHTYpPaMH B IEMH 00-
paTHOM CBSI3M SABJSETCS TAKUM Ke, Kak 1 Oudypka-
IIIOHHBII MEXaHU3M SIBICHUS 3aTATHBAHUS YaCTOTHI
B reHeparope Ban aep Ilong ¢ mOmogHHUTENBHBIM
KOJIe0aTeIbHBIM KOHTYPOM, YTO OBLIO BEISBICHO B
pabore [5].
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