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B pabote nccnenyrotcs pesKuMbl JUHAMAYECKOTO MTOBEICHUS MOAU(PUIIMPOBAHHON CHCTEMBI
C 4acTOTHO-()a30BBIM YIIPaBIIEHHEM, B KOTOPOI HCIONB3YIOTCS JIBYXKaHAJIbHBIH JUCKPUMUHATOP B
1eny a3zoBoro yrpasJieHUs 1 MHOTOYACTOTHBIA JUCKPUMUHATOP C IEPUOANYCCKON HEIMHEHHOCTHIO
B IIENTM YaCTOTHOTO yTpaBieHus. PaccMOTpeH citydail OMMHAKOBBIX (DHIBTPOB HU3KUX YaCTOT
TPEThEro MOopsIKa B LETAX ynpaBieHus. MaTeMaTuieckast MOJIeb HCCIIEeyeMOH 4acTOTHO-(ha30BOM
CHUCTEMBI MPEJICTABIISIETCS HEMTUMHEWHONU IMHAMUYECKON CUCTEMOU B YETHIPEXMEPHOM
HWIHHIPUYECKOM ()a30BOM MPOCTPAHCTBE M XapaKTEPU3YETCsT MHOXKECTBOM COCTOSIHUN PaBHOBECHS.
Lenp paboThl COCTOUT B BBIABICHUH HOBBIX THHAMHYECKAX PEXKUMOB M HEJTMHEWHBIX SBICHUH,
00yCIIOBJICHHBIX YKa3aHHON Moau(UKaIMel CUCTEMBI.

[Ipu u3ydyeHnn AMHAMUKH CUCTEMBI HHTEPEC MIPECTABIISIET pACCMOTPEHHE pexuma (pa3oBoit
CUHXpOHH3aluU, ABJIAIOIICTOCA OCHOBHBIM pa60‘-II/IM PEXKUMOM B TPAAUITUOHHBIX MMPUITIOKCHUAX
cucteM ¢ (a3oBbIM YIIPABICHUEM, U HECHHXPOHHBIX PEXKUMOB, KOTOPBIE CITY)KaT OCHOBHBIMHU
pa60'-II/IMI/I nponeccaMy B HOBBIX, HCTPAAUIMOHHBIX IMPUIIOKECHUAX, CBA3AHHBIX C reHepauHeﬁ
Xa0TUYECKHX KoJicOaHuH. PemeHne STX 3a7a4d BHIMOJIHEHO ¢ IPUMEHEHUEM KOMITBIOTEPHOTO
MOJIETTMPOBAaHMS, KOTOPOE 0a3upyeTcs Ha Ka4eCTBEHHBIX W YHCIICHHBIX METOJjaX HeIMHEHHON
JUHaAMHKHU. OHpGHCJ’ICHH YCI0BUA CUHXPOHHU3allMU, BBIACHCHO, YTO B CUCTEMEC MOXKCET PCAIM30BaThCA
MHO’KECTBO Pa3HOOOPa3HBIX (KaK MEPUOJUIECKHX, TAK U XAOTHYECKUX) HECHHXPOHHBIX PEKUMOB.
UucneHHbIN aHaIN3 TIOKa3ajl CYIIECTBOBAHUE B CUCTEME KAUECTBEHHO HOBBIX KBa3UCUHXPOHHBIX U
ACMHXPOHHBIX PEKUMOB, HHTEPECHBIX JIJIsl IPUKJIAIHBIX 3a[ad TeHepany KoIeOaHuii ¢ Xa0OTUIEeCKON
MOJYJISIIIUEN UX YACTOTHI U Q)a31)1.

B mporniecce ynciieHHOro MOICIMPOBAHUS TPOAHAIM3UPOBAHEI OU(ypKAIlUK, IPUBOISAIINE K
BO3HHKHOBEHHIO M HCYE3HOBEHUIO HECHHXPOHHBIX PEXUMOB. OOHApYKEHO HAJTHIUE BHICOKOU
CTEICHU MYJIbTUCTA0MIEHOCTA HECHHXPOHHBIX PEKUMOB YaCTOTHO-(ha30BOM cucTeMbl. PaccMoTpeHbI
0COOCHHOCTH AMHAMUKH CUCTEMBI, 00YCIIOBICHHBIE TTapaMeTPaMH, XapaKTePU3YIOIIUMU
WHEPIIMOHHOCTS IETeH YIPaBICHUS U CTEIICHD BIUSAHUS LIETIH YaCTOTHOMN aBTOMOCTPONKHU.
Pe3ynbratTe! mpencTaBieHbl B BUJIE OJHO- M JByXIapaMeTpUIecKuX OM(ypKaIlOHHBIX THarpamm,
npoeKuii (a3oBbIX MOPTPETOB U ceueHus [lyankape, peanuszanuii KoJiebaTeabHbIX MPOIECCOB.,
BrisiBnieHHBIE HOBBIE HECHHXPOHHBIE PEKUMBI MOJU(PHUIIMPOBAHHON CHCTEMBI C YACTOTHO-(ha30BBIM
YIIpaBIE€HUEM MIPEACTABIIAIOT HHTEPEC IIPU PEIIEHNH IPUKIIAAHBIX 3a1a4 [IOCTPOECHUS T€HEPATOPOB
Xa0TUYECKHUX CHTHAIIOB HA OCHOBE CHCTEM C (Pa30BBIM YIIPaBICHUEM.

Kurouesvie crnosa: Cuctemsl ¢ (pa3oBBIM B YaCTOTHO-(A30BBIM YIIPABICHUEM, TUHAMHUYECKOE
MTOBE/ICHNE, CHHXPOHHBIN 1 HECHHXPOHHBIE PEXKIMBI, YCTOWIHBOCTH, OM(YypKaIlNH, aTTPAKTOPHI
MIEPUOAMYECKUX U XaOTHUSCKUX PEIKUMOB, (Pa30BbIC MOPTPETHI, TUHAMUYECKUHN Xa0C.
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In the proposed paper, we investigate the dynamical behavior of the modified system with
frequency-phase control, which uses two-channel discriminator in the circuit of phase control and
multi-frequency discriminator with periodic nonlinearity in the circuit of frequency control. We
consider the case of identical low-pass filters of the third order in the both control circuits.
Mathematical model of analyzed frequency-phase system is presented by a nonlinear dynamical
system in the four-dimensional cylindrical phase space. The model is characterized by a great number
of equilibrium states. The aim of this work is to reveal new dynamical modes and nonlinear
phenomena due to the specified modification.

The study of the system under consideration dynamics consists in analysis of the phase
synchronous mode, which is the main operating state in traditional applications of the systems with
phase control, and non-synchronous modes of the frequency-phase system that serve as the basic
working process in a new, non-traditional applications associated with the generation of chaotic
oscillations. For solving these problems, we use computer modeling that based on qualitative and
numerical methods of nonlinear dynamics. The conditions of the synchronous mode realization are
determined. The existences of a great number various periodic and chaotic non-synchronous modes
are established. Numerical analysis showed the existence in the system of qualitatively new
quasi-synchronous and asynchronous modes, which are interesting for applied problems of generation
of oscillations with chaotic modulation of their frequency and phase.

In the process of numerical simulation, we have analyzed the bifurcations leading to the
emergence and disappearance of non-synchronous modes. High level of the non-synchronous modes
multistability of frequency-phase system is discovered. The peculiarities of the dynamics of the
system caused by the parameters that characterize the inertia of the control circuits and the degree of
influence of the circuit frequency control are studied. The results are presented in the form of one- and
two-parameter bifurcation diagrams, phase portraits, Poincare sections and waveforms of oscillations.

The revealed new non-synchronous modes of the modified system with frequency-phase
control are of interest in the solution of applied problems of constructing generators of chaotic signals
on the base of the systems with phase control.

Keywords: System with phase and frequency-phase control, dynamical behavior, synchronous and
non-synchronous modes, stability, bifurcations, attractors of periodic and chaotic modes,

phase portraits, dynamical chaos, multi-scroll chaotic attractors.
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