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BBJIITAPUA

Knwuoeu oymu: ocyunamop na /frogpune, xaomuuen ampaxmop, CumyiayuoHeH mooei

Pestome: Ocyunamopvm na [ogpune npedcmasniéa Hea8mMOHOMHA OUHAMUYHA
cucmema CbC CUHYCOUOANHO 6XOOHO 6b30elicmsue. Mamemamuuen Mmooen Ha me3u
OCYUNAMopuU e HelUHelHO OUpepeHyualHo ypaereHue om emopu ped ¢ KyouuHna HeluHeuHa
Qyukyus, uzeecmHo 6 aumepamypama kamo ypasuenue Ha [fiogune. Tezu ypasnenus
Mooenupam s8leHUs 8 paziudtu chepu. Gusuxa, OUONIO2USA, UKOHOMUKA U OP.

Ypasuenuemo mna iogpune mooce oa 0v0e mamemamuyeH Mooenl U HA peouya
HeUHEeUHU eleKMPUYEeCcKU Bepucu, Yulimo HeIUHeeH eleMEeHm ce ONuUcéd ¢ (@YHKyus om
mpemu ped. Koeguyuenmume na ypasHeHuemo 3a8ucsim om napamempume Ha 6epucamd,
maka ue GUOBM HA peuleHuemo My ce onpedeis Cvwo om msax. B sasucumocm om
napamempume Ha eleMeHmume mMo2am 0a ce NOaYuam nepuooudHU, nceoonepuoOUdHU U
XAOMuUYHU peueHus.

B nacmosuwyama paboma e uzcneosana enekmpuiecka eepuea, ONUCAHA CbC CUCTEMA
om 06e HeNUHelUHU OUMEPeHYuaInu YpaeHeHus om nwvpsu peod, eKBUBAIEHMHA Ha
ypasuenuemo Ha [ioghune. Bepueama cvovporca kpve 3a 0bpamua 8pv3Ka, CbCmosw ce om
pe3ucmop u 08a 0uooa, upe3 KOUmo ce 8b8excoa HeluHeuHama QyHKyus 6 ypasHeHuemo. 3a
u3crnedgame Ha eepucama e Cb30a0eH cumyiayuoren mooen 6 PsPice. Ype3 Heeo ca
CUMYIUPAHU Npoyecume 6b8 8epuUcama U e U3CIe08aHO KAK ce UBMEHs XapaKkmepvm um
3asucumocm om napamempume . Ilonyuenu ca paznuunu ¢hpazosu nopmpemu u ca HanpaseHu
U3800U NPU KAKEU NaApamempu ce nocmuea 080eH XaomuieH ampaxmop.

BBBEJIEHHE

MaremaTnueH Mojen Ha ocumiaropa Ha J{opuHr e HeauHeNHHO IudepeHINaTIHO
ypaBHEHHE OT BTOpHW pell ¢ KyOW4Ha HelnWHelHa (YHKIHS, U3BECTHO B JHTEpaTypaTa KaTo
ypaBHeHue Ha [ropunr [1,2]. ToBa ypaBHeHHE ONMCBAa XaOTUYHO IOBeIeHHE, Oe3 aa e
CBBP3aHO C ompeneseH (pu3nueH oOeKT WM cucTema. To MOXKe Ja MOJENHpa SBJICHUS BbB
¢du3ukara, OMOJ0THUATa, NKOHOMHUKATA | JIp.

VYpaBuenuero Ha J[fopuHr € MaTeMaTW4eH MOJET M Ha HEIMHEHHU eJIeKTPUYECKU
BEPUTU CHC CHHYCOMJAIHO BXOJHO BB3JCHCTBHE, YUHTO HEJIMHEEH €JIEMEHT CE OIMCBA C
¢yHKuMs oT TpeTH pex [2]. B HAKOM OT TSIX HeMMHEHHaTa XapaKTepUCTUKA Ce allpOKCUMUPA C
MOYacTH JIMHEWHA Xapaktepuctuka [3, 4], a B apyru [5, 7, 8, 9] xyOuunara ¢yHKIUA ce
peanusupa 4pe3 NOIXOJSIIN €JIEKTPOHHU CXEMHU.
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Hacrosimata paboTta mpencraBs cHUMyJallMOHEH Mojen, cb3gaiaeH B PsPice, Ha
€JIGKTPHYECKA BEpPUra, OMMCAHA ChC CUCTEMa OT JBE HEMMHEHHU Tu(EepeHINaTHI YPaBHEHUS
OT ITPBU peJl, EKBUBAJIEHTHA Ha ypaBHeHHeTO Ha J[to¢uHr. Bepurara cpabpxa onepanuoHeH
yCWJIBaTeN M KPBI' 32 00paTHA BPB3KA, CHCTOSII CE OT PE3UCTOP U JBa MapajeliHO CBbpP3aHU
JIMO/Ia, Ype3 KOWTO C€ BBBEXKIa HeluHelHata (QyHKius B ypaBHeHueto [S5]. Ilomyuenu ca
pa3nuuHu  (Ga30BH TMOPTPETH M Ca HANPABEHU M3BOAM NPU KAKBU MapaMeTpH ce€ MOCTUTa
JIBOCH XaOTUYEH aTPaKTop.

CUMYJIAIIMOHEH MOJEJI
OOuwmsT Bua Ha ypaBHeHueTo Ha Jlrodunr [1] e:

(1) )'c'+a)'c—x+x3=Asina)t,
KBAECTO d, A M @ ca mapaMeTpH.
[IpencraBeHo kaTo cucTteMa OT JBE ypaBHEHHs OT mbpBU pel, (1) ce 3amucBa BBHB

BHJIA:
dx y
@ | ,
% = F(x)-ay + Asinot
dt
KBJETO

3) F(x)zx—x3.
CpaBHMTENHO JIeCHa 3a peaju3alys eJeKTpudecka Bepura [5], KOSITO ce ONucBa ¢
ypaBHEeHHs OT Buja (2), € mokas3ana Ha ¢ur. 1.

®ur.1
CrpriacHo 3akonute Ha Kupxod, 3a Hes ca B Cuila ypaBHEHUSATA!
duC . i L
d C
@ 1 '
L . .
—=—|fluc )—R3i; + Asinwt
L [f e )= Rsig ]

Mosxe na ce mokaxe [5], ue ypaBHeHus (4) ca uaeHTUYHH Ha ypaBHeHH (2). KpbroT
3a oOpaTHa Bpb3Ka BBB BEpPHUrarTa, ChCTOSAII CE OT PE3UCTOP R4 ¥ HACPEUIHO CBBP3AHUTE B

napanen qjuogu Dy u D, , BOAU 10 3aBUCUMOCT:
—(uC +kUd), Uc <_Ud

®)  fluc)=qk=Due, -Ug<uc<Uq ,
kUd —Uuc, Uc > Ud

KBJIETO
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© k=22,

Ry
Ud - HaHpe)KeHI/Ie Ha 1uoaa B OTHyIHeHO CBCTOAHHUC.

Jfix)
F(x) N —
- 0,68-04 -02 {0 02 04 06~
0.2

0.4

-0,6

AKo ce peanuzupa

7 k=2, x=—C

b

Ug
3aBUCUMOCT (5) 100MBa BHA:
—(x+1), x<-05
®)  flx)=4x, -05<x<05
1-x, x>0,5

1 MOXe 1a ce anpokcumupa ¢ pynkmus (3). JlokazarencTBo, ue paBHOBECHUTE TOUKU
Ha J1BeTe (PYHKIMM CHBMAJAT, Ca TEXHUTE rpaUIHN OCTPOCHHS, AaJeHH Ha (ur.2.

CuMynaniMOHHUAT MOJIET Ha elleKTpuyeckara Bepura ot ¢ur.l e peanuszupan B PsPice
U € 1MoKa3aH Ha ¢ur.3.

CoANe1EE . R&

®dur.3

[IppBOHAYAIHO 33a[a/ICHUTE CTOWHOCTH HA MAapaMEeTpUTE Ha CIIEMEHTUTE Ha BEpUTaTa
ot ¢ur.3 ca:

R1:R2 =5 kQ, R3 =5 Q, R4 =20 kQ, L=20 MH, C=O,5 ,LlF
OnepanuonHusT ycunsaren € LM 741 | a auoaute ca cununueBy — tun 1N4148 .

Bepurara ce 3axpaHBa CbC CHHYCOMJAJIHO HalpekeHue ¢ amrummtyaa 1 V u yecrora
1500 Hz.

DS-61
21" INTERNATIONAL SCIENTIFIC CONFERENCE “TRANSPORT 2013~



PE3YJITATHU OT CUMYJIAIMATA

IlenTa Ha U3CIEeBAaHETO € /1a C€ MPOBEPU NPH KAKBHU YCJIOBUS CE Pealu3upa XaoTHUEH
Ipollec BbB BepUrara 1 KakBu OM(pypKalyu HaCThIBAT IIPHU IPOMsSHA Ha MapaMeTpure i.

OT cumynanusTa ¢ mapameTpuTe oT Gur.3 ce BHKIa, Y€ B TO3M CIydail MPOLECHT €
nepuoanyeH (¢ur.4).

20uA

I [NERTIRE RN

0A
Ooms 2.0ms 4.0ms 6.0ms 8.0ms 10.0ms 12.0ms 14.0ms 16.0ms 18.0ms 20.0ms
0 1(L2)
Time
®ur.4

IIpu mpomsiHa Ha cTOMHOCTHTE HAa R} M R, BbB BepuUrara Bb3HHUKBA XAaOTUYEH
npouec. Ha ¢ur. 5 e nokazaHo u3sMeHEeHHETO Ha i; U uo npu R =Ry =6 kQ. 3a cpmus
cllyuail e nosy4eH U (pa30BUAT MOPTPET Ha Mpolieca, JajeH Ha (ur.6.

mnll !,I\‘\Il\l I/lf l/\ "I‘/ I/ [\:] Iln AI \i] | \/\ \\.l \IAI\I\\I
RS T Y VAR SN B A RTACE (e RIEN AN A M VAVR Y R AR A AN RAE)
Tl TTQVI ) AN BT Y v T
IR A kR A |
634, 8830n1 '
] V(C132)
9. 20ud
KRR RER
[Eil Wl Vo tia I ia wlligif n/[sLn
g g A Ay \l\\lwl I\\IH\#!HI{MH HENI
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’ I \VI \II i el 1L [EVEREVE A | VLG AT Y
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0s Ins ons 3ns dns oS s Tns s s 10ms
o 1(L2)
Tine
®dur.5
I(L2)
9.19u;

9.18u

9.17u Pt V(C1:2)
634.8860mV 634.8865mV 634.8870mV 634.8875mV  634.8880mV
"
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IIpy mo-HAaTaTBHIIHO M3MEHEHME HA R; W R, XAOTUYHHAT aTPAKTOP CTaBa JBOEH
(pur.7- Ry =Ry =7 kQ).
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9.18ufry

9.17u } V(C1:2)
634.8860mV 634.8865mV 634.8870mV 634.8875MV  634.8880mV
®dur.7

B nactosimara paboTa € mpeiokeH CUMYJIAIMOHEH Mojel, ch3naneH Ha PsPice, Ha
eIeKTpUYEeCKa Bepura, MojnenupaHa ¢ ypaBHeHueto Ha [rodunr. Upes HampaBeHUTE
CUMYJIAIlMM € YCTAHOBEHO KaK M3MEHEHHMETO Ha MapaMeTpH OT JIMHEHHaTa 4acT Ha Bepurara
BJIIUsSIC Bpry Hpoueche B HEs. HaCTOSIH_II/IHT CI/IMyJIaI_[I/IOHeH MOJCI MOXXE da CC€ HU3II0JI3BA 3a
W3CIICIBAHE HAa CBBpP3aHM XAOTHYHU CHUCTEMH, C II€T BBH3MOKHO TMPHUIOKCHHUE B
KOMYHI/IKaLII/II/ITe.

JIUTEPATYPA
[1] Ueda Y., Survay of Regular and Chaotic Phenomena in Forced Duffing Oscillator, Y.
Ueda. 1991.
[2] MapteiHOBa U.M. m O.FO. MaxkapenkoB, W3yuenue ypaBHeHus Jlyddunra mpu
anmnpoKCUMalui KyOW4ecKol HeNTMHEHMHOCTH KyCOYHO-HEeNMHeWHOW QyHkuuei, BectHuk
BI'Y, Ne3 - ¢. 201-202, 2003.
[3] Murali K, The simplest dissipative nonautonomous chaotic circuit, IEEE Trans, Circuits
Syst., Vol.41. — NewYork: IEEE Circuits and Systems Society, p.462-463, 1994
[4] Namajunas A., Tamasevicius A, Simple RC Chaotic Oscillator, Electronics Letters, Vol.
32. No. 11. p. 94501946, 1996
[5] Tamaseviciute E., A. Tamasevicius, G. Mykolaitis, S.Bumeliene, E. Lindberg, Analogue
Electrical Circuit for Simulation of the Duffing-Holmes Equation, Nonlinear Analysis:
Modelling and Control, Vol 13, Ne2,Vilnius University, p.241-252, 2008
[6] Silva C.P., AM. Young, High frequency an harmonic oscillator for the generation of
broadband deterministic noise, U.S. Patent No.6, 127, 899, October 3, 2000
[7] Silva C. P., A. M. Young, Implementing RF Broadband Chaotic Oscillators: Design Issues
and Results, Proceedings of the IEEE International Symposium on Circuits and Systems.
IEEE, Vol. 4, p. 48971-493, 1998
[8] Ilarpymesa T.B., E. M. Ilarpywmes, Ilpocras nsiekrpuueckass MOAENb TIe€HEpaTopa
Hyddunra-Xommca, [TonzyHnockuii anmbmanax, Ne.2, ctp. 11-14, 2012
[9] Leuciuc A., The Realization of Inverse System for Circuits Containing Nullors with
application in Chaos Synchronization, Int. J. Circ. Theory Appl., Vol. 26, pp. 1-12, 1998

DS-63
21" INTERNATIONAL SCIENTIFIC CONFERENCE “TRANSPORT 2013~



MODELING AND TESTING OF DUFFING OSCILLATOR
USING PSPICE

Elena Dimkina, Galina Cherneva
elena.dimkina@abv.bg, g cherneva@abv.bg

Todor Kableshkov University of Transport,
Sofia, 158 Geo Milev Str.,
BULGARIA

Key words: Duffing oscillator, chaotic attractor, a simulation model

Abstract: Duffing oscillator is a non-autonomous dynamical system with sinusoidal
entrance effects. Mathematical model of these oscillators is a nonlinear differential equation
of second order with a cubic nonlinear function, known in the literature as an equation of
Duffing. These equations modeling events in different fields: physics, biology, economics, etc.

The Equation of Duffing might be mathematical model in a number of nonlinear
circuits, which a nonlinear element is described by a function of the third order. The
coefficients of the equation depend on the parameters of the circuit, so that the type of
equation’s solution also determined by them. Depending on the parameters of the elements
can be prepared periodical, pseudoperiodical or chaotic solutions.

In the current paper is tested a electrical circuit, witch is described with a system of
two non-linear differential equations of first order. She is equivalent to the Duffing equation.
The chain contains a circle to feedback relation, which is consisting of a resistor and two
diodes. By circle to feedback relation introducing a non-linear function of the equation. For
testing of the circuit is set up the simulation model in PsPice. Through this model are
simulated processes in the chain and are examined how their character is amended according
to the parameters of the chain. Its are received different phase portraits and have been
conclusions under what parameters are obtained a dual chaotic attractor.
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