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AHHoTanus. PaccMatpuBaeTcss METOMKA CHHTE3a CTAOMIM3UPYIOIIHX yHPABICHUH AT AUCKPETHBIX HEJTMHEHHBIX
CHCTEM C XaOTH4ecKoil nuHamMuKkoi. [TonaBieHne xaoca OCHOBaHO Ha (OPMHUPOBAHHUH CIIEKTPa XapaKTEPHUCTHICCKIX
nokaszaresnei JIsmyHoBa myTeM BBeJCHHUS 0OpaTHOM CBs3W 1Mo (a3oBomy BekTopy. [lapamerpsr perynsaropa, obecrieyn-
BAIOIIEr0 YCTOIHYMBOCTH OCOOBIX TOYEK WIIH IPEAENILHOTO IMKIIA, BEMYUCISIOTCS ¢ IPIMEHEHHEM METOJla MOJAIBHOTO
ynpasieHus. IIpuBeneH mpuMep HCIOIB30BAHUS MPEIaraeéMoro MeToja Ul CHHTE3a YHPaBICHUs JUCKPETHBIM
ocruiuiaTopoM Peccnepa.
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Abstract. One of the most topical problems of the modern theory of nonlinear systems is the stabilization of chaotic
regimes or the transformation of chaotic motion into regular motion (limit cycle or motion to a singular point).
The search for a solution to this problem proceeds along different directions. One of the directions is connected with
the application of programmed control based on external resonance perturbations or internal parametric perturbations.
The second group of so-called combined control methods combines program control and feedback control.

The paper considers the problem of suppressing chaos by forming the required spectrum of characteristic
Lyapunov exponents in a closed nonlinear discrete system. The spectrum is formed by introducing feedback with
respect to the phase vector. The feedback parameters are calculated using the technique of the modal control synthesis.

The mathematical model of a nonlinear dynamic system is the difference equation:

x(k+1)=F(x(k))+Bu(k), x(ky)=X,.
When the components of the function F(x(k)) =[f;(x(k))]l, are differentiable in the neighborhood of the

reference state X", this equation is reduced to the linear form: X (k +1) = J(x")(X(k)) + Bu(k), X (ko) =X,

The problem of controlling the Lyapunov spectrum is to determine the feedback from the phase vector of a non-
linear discrete system such that the closed system has a spectrum equal to the required spectrum. The required spec-
trum is determined by the problem being solved: stabilization of a singular point or stabilization of a limit cycle. For
hyperbolic systems, the Grobman--Hartman theorem holds that a linearized system provides comprehensive infor-
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mation on the behavior of a nonlinear system and the stability of singular points of discrete nonlinear systems is

determined by the eigenvalues of the Jacobi matrix, which must satisfy the condition: |u;(J (xo)‘ <1 i=1n.

Calculation of the feedback coefficient using modal control makes it possible to ensure the equality of the eigen-
values of the matrix of the closed system to a given set of real (complex) numbers, the moduli of which are less than
one. The work uses the modal control synthesis based on the reduction of the original system to the canonical
Frobenius basis. For a discrete linear system, the parameters of the linear feedback control law: u(k) =—1Tx(k),
providing the given values of the roots of the characteristic equation of the closed system are calculated by the formula:

=

I=(Q")*(@—-3"), here 3 is the vector of the coefficients of the characteristic equation of the Jacobi matrix, whereas

=%

a” is the vector of the coefficients of the required characteristic equation. The calculated parameters of the controller
also determine the feedback in the original nonlinear system.

As an example, the problem of controlling the Lyapunov spectrum for stabilizing a singular point and a limit
cycle of the discrete Ressler oscillator is considered. The spectrum of Lyapunov characteristic exponents of the initial
nonlinear system contains positive, close to zero and negative Lyapunov characteristic exponents. Thus, the Ressler
oscillator has a chaotic regime.

For the desired value of the highest characteristic Lyapunov exponent x,” <0, the spectrum has only negative
characteristic Lyapunov exponents and the attractor of the feedback system is a stable singular point.
If the desired value of the highest characteristic Lyapunov exponent x, (G) =0, then the spectrum of characteristic

Lyapunov exponents of the closed system contains zero (close to zero) and two negative exponents, which testifies
to the suppression of chaos and the transition to periodic motion, a limit cycle.

Thus, a technique for the synthesis of stabilizing control for a nonlinear discrete system is proposed, which
ensures the suppression of chaos in the system and the formation of a regular regime in the form of a singular point or
a limit cycle. The problem of suppressing chaos is solved by forming a given spectrum of Lyapunov characteristic
exponents by introducing feedback with respect to the phase coordinates of the nonlinear system.
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OnHa 13 BaKHEHIINX MPoOJieM COBPEMEHHON TEOPHH HEJTMHEHHBIX CHCTEM COCTOUT B CTAOMJIM3aLUU
Xa0THYECKHUX PEKMMOB HITH MTPE0OPa30BaHUN Xa0THIECKOTO JIBUKEHHS B PETYISIPHOE ABKEHHE (TIPEAeTbHBIN
LUK WK JABIXKEHHE K 0co00# Touke). [lonck pemeHns naHHOH poOieMbl HIET 10 Pa3InYHbIM HaIpaBie-
HusiM. OZHO U3 HANPaBJICHUH CBSI3aHO C NPUMEHEHHEM NPOTrPaMMHOI0 YIIPaBJICHUS, OCHOBAHHOI'O HA BHEIII-
HUX PE30HAHCHBIX BO3MYILEHMIX [1] mubo BHYTpeHHHX IapamMeTpudeckux Bo3MylleHusx [2]. Bropas rpymnmna,
TaK Ha3bIBAEMbIC METO/IbI KOMOMHHPOBAHHOTO yrpaBieHus [3], coueraer B cebe MpOrpaMMHOE yIpaBIeHHE
U yIIpaBJIEHUE C 0OPaTHOH CBS3BIO.

[Hupokoe pa3BUTHE MOIYYMJIM U METOIBI HA OCHOBE OOpAaTHOW CBSI3U, KOTOpBIE OBUIM MCTOPHUYECKU
MEPBBIMU, HO OCTAIOTCSl aKTyaJbHBIMH B HacTtosimee BpeMs. K HUM oTHOcuTCSl MeTox JinHeapu3auuu [lyan-
kape (OGY-meron [4]) u o6paTHast cBs3b ¢ 3amaszpiBanreM (Meton ITuparaca [5]) s ctabumu3aium mnepu-
oauueckor opobutsl). Bece 3T MeTOABI MMEIOT CBOM AOCTOMHCTBA M HEJOCTATKHU, CBSI3aHHBIE C TOYHOCTBHIO
MOJIEJIA CUCTEMBI, HEOOXOIMMOCTBIO TI000pa TTapaMeTpOB 00PaTHOM CBSI3U, HETIONHBIM YUeTOM crenupud-
HBIX CBOMCTB Xa0THUYECKUX MTPOLIECCOB.

[ns ynpaBieHUs: CUCTEMaMH C XaOTUYECKOM TMHAMUKOW B YCIOBMSIX JEHCTBUS MTapaMETPUUECKUX U
BHEITHUX BO3MYIIEHU B HACTOSIIEE BPEMS HCIOJIB3YETCS AOCTATOYHO OOJBINON CIIEKTP METOJOB TEOPHUHU
aBTOMarnieckoro ynpasieHus. K Hum moxkHo otHectu: 1M /I-perymnsitopsr [6, 7]; perynsropsl, obecneuu-
BaroIIKe pOOACTHYIO YCTOWYMBOCTH [8]; amanTuBHbIE peryisTopsl [9]. [llupokoe pacrpocTpaHeHUE TOTYIHIT
CHHEPreTHYECKHUI MOAX0J] Ha OCHOBE aHAIMTHUYECKOTO KOHCTPYUPOBAHMSI arpETUPOBAHHBIX peryisTopos [10].

B pabote paccmarpuBaetcs 3a1a4a NOIaBIEHHS Xaoca MyTeM (OPMUPOBAHSI B 3aMKHYTOW HEJTMHEWHON
JMCKPETHOH cucteMe TpeOdyeMoro CreKTpa XapakTeprUCTHYECKUX MokasaTesel JIamyHoBa, COOTBETCTBYIOIIETO
CTa0MIM3aMK 0COOBIX TOYEK MJIHM MPENeNIbHOrO MUKIIA. JISMyHOBCKUH cIeKTp (hopMHUpYeTCs BBEJCHHEM 00-
paTHo# cBsi3u 110 (hazoBOMY BeKTOpy. [lapaMeTpbl 00paTHOH CBSI3U BBIYKCISIOTCS C HCIIOJIh30BAHUEM METO-
JUKU CUHTE3a MOJIaIbHOT0 ynpasieHus [11].
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1. IIocTanoBKa 3aga4u

B OINPCACICHHBIX CUTYallUAX IJId MOACJIMPOBAaHUA CUCTEMBI JOCTAaTOYHO YKa3aTb €€ COCTOSHUE B 3a-
JAaHHBIC JUCKPCTHBIC MOMCHTBI BPECMCHHU. B sTom CJIydyac B KaUCCTBC 3BOJJIIOLIMOHHOTO OICpaTOpa MOKHO
HCIIOJIb30BAaThH (l)yHKHI/IIO, ONpeaACIAIOIIYI0O COCTOAHUE CUCTEMBI B TUCKPECTHBIE MOMEHTBI BpEMEHHU 4YEPE3 €€
COCTOSAHUC B HpCI[I)IHyHII/Iﬁ MOMCHT. HpI/I 3TOM MaTeMaTHYECKON MOACJIBIO I[HHaMPI'-IeCKOfI CHUCTCMBI CIIYIKUT
Pa3sHOCTHOC YPaBHEHHUE C 3aJaHHBIM Ha4YaJIbHBIM YCJIOBUEM

x(k+1)=F(x(k))+Bu(k), x(kg)=Xo, (1)

rae KeZ — nuckperHoe Bpemsi; Z — MHOXECTBO LEJIBIX YHCEIT; X(k)e R" — da30BbIil BEKTOp B MOMEHT

BpeMeHu K; u(k)eRm — BEKTOp YNPABISIOMIMX BO3JCUCTBUII B MOMEHT BpeMEHH K; F(x(k)):

=( fl(x(k)), f, (X(k)), oty (X(k)))T — BekTop-dynkuusa F (X(k)) :Z®R" >R".

Juia TpaekTopuil AMHAMUYECKON crcTeMBI (1) MOXET BBITIOTHATHCS O/THA U3 JIBYX BO3MOXKHOCTEH:

— mu6o mpu HekotopoMm K #0 @(Kk, X,)=X,, B 9TOM Cllydae CyIIECTBYeT HAMMEHbIICE HATypalbHOE
k =0 Takoe, ato @(k +Kg, Xo) =@(k, Xy ) M1t Bcex K € Z, cama To4ka Xo Ha3bIBACTCS IIEPHOINISCKON TOU-
Koii mepuosa Ko, a ee TpaekTopusi cocToUT U3 Ko pasnmuuHbix Touek (mpu Ko = 1 To4ka Xo Ha3bIBaeTCs HETO-
IBIDKHOHM TOYKOH);

-m60 (K, Xy)# X, st Bcex k =0, B 3TOM CiTydae TPaeKTOPHs Xo COCTOMT U3 CUETHOIO MHOXKECTBA
Pa3NUYHBIX TOYEK.

[Tycth ypaBHenue (1) onmuchiBaeT OTKIOHEHUS (Da30BBIX KOOPAUHAT HEIHMHEHHOTO AMCKPETHOTO 00B-
€KTa OT HEKOTOPOTO OMOPHOIrO COCTOSHHMS X . Mcnonb3ys Gpopmyiny Teiinopa B npeanosioxennn auddepen-

nupyemoctu KomnonenT ¢pynkuun F(x(K)) =[ f; (X(k))].; B OKpPECTHOCTH OMOPHOIO COCTOSHHSA X , TPEOD-
pasyem ypaBHeHue (1) K TMHEHHOMY BUAY:
X(k +1):J(X*)(X(k))+Bu(k), X(ko)zxo, 2
rae J(x*) — marpuna Sko6u BekropHoit pynkuuu F(x(K)) :
ofy(x(k)) 1 ox (k) ... of (x(k))/ox, (k)
J(x*)= 3)
of,(x(k))  ox (k) ... of,(x(k))/ox, (k)

x(k)=x"
JInst IpOM3BOJIBHOTO PEIIeHUs] JAUCKPETHOW CHCTEMBI XapaKTepHUCTHUECKHH MoKazaTenb JlsmyHoBa
ompenesieTcs GopMyInoit

%(x) = lim[k ™ In[x (k)|
k—00
Criextp JIsmyHOBa HeMHEWHOM TUCKpeTHOI crucTeMsl (1)
o(F)={x(F),i=1n}

COCTOHT U3 N Pa3JIMYHbIX YIIOPSAAOYCHHBIX 11O y6BIBaHI/HO XapaKTCPpUCTHUYCCKUX MOKa3aTeaeH .HSIHyHOBa

xu(F)zx2(F)=.. 2%, (F).
3amaya ynpapieHHUs CIeKTpoM JISTIyHOBa COCTOUT B ONpeAeNieHUH 00paTHON CBSA3U MO (a30BOMY BEK-
TOPY HEJIMHEHHON JUCKPETHON CHCTEMBI

uk)=-L"x(k), L eR™" 4)
TaKoH, 4TOOBI 3aMKHYTasl HEJITMHEWHAs CHCTEMa
x(k+1)=F(x(k))—BLx(k), x(ko)=X, (5)
uMeia CIIeKTp
o(F ~BL') ={x; (F~BL),i=1nf, ©®)
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paBHBINA TpeOyeMOMY CIIEKTPY

o(G)={x%(G),i=1n}. (7)
i HenuHEHHOM cucTeMsl (5) TMHeapu30BaHHAas cuctema (2) mpu yrnpasiernd (4) Oyner UMeTb BU!
X(k +1):(J (X")—BL)X(k) = A, X(K), X(ko)zio, (8)

rae A, =(J(x")—BL") — maTpuIa 3aMKHYTOW CHCTEMBI.

2. dopMHupoBaHNe CIIEKTPA 3AMKHYTOI CHCTEMBI

TpeOyemsrii (>kemaemsrii) criektp (7) ompenenseTcs: pemaeMoi 3a1a4eid — CTadMIM3aluu 0Co00H TOU-
KM WIN CTaOMIM3alny MPEJeIbHOTO IIHKJIA.
Cmabunuzayus ocoboti mouxu. Ocobas ToUKa AUCKPETHONW HETMHEWHOH cuctemsl (1) ymoBieTBopsieT

coorromrenno X° = F(x"). Ocobble TOUKH, B KOTOPHIX y MaTpHibl SIko6H (3) HeT COGCTBEHHBIX 3HAUCHHIL
ui(J (x°) Takux, 4To ‘ i (J (XO)‘ =1, Ha3pIBAIOTCS THIICPOOMYECCKAMH, U JJISI HUX, KaK U B CIIy4ae HeMmpepbIB-

HBIX CHCTeM, clipaBemnBa Teopema [ podmana—Xaptmana [12] o ToMm, 4TO JIMHeapu30BaHHas cucteMa (8)
JIAeT MCUCPIIBIBAIOIIYIO UH(OPMAIIUIO OTHOCUTEILHO ITOBEACHUS HEJIMHEHHOM CHCTEMBI (5) U YCTOWYMBOCTh
0COOBIX TOYEK IMCKPETHBIX HEIMHEHHBIX CUCTEM OMpEAeIsAeTCs] COOCTBEHHBIMH 3HAUYEHUSMH MaTPHIIBI KO-
0u, KOTOpBIE TOJKHBI YIOBIETBOPSTH YCIOBHIO

‘ui(J(XO)‘<1, i=1n. (9)

Brruucnenue ko3ddunrenta oOpaTHON CBSI3M C UCHOJIB30BAaHUEM MOJAIBHOTO YIPABJICHHUS O3BOJISA-
eT 00ecreunTh PaBEHCTBO COOCTBEHHBIX 3HAUCHHI MAaTPHIBI 3aMKHYTOH cuCTeMBbI (8) Hamepes 3aJaHHOMY
Ha0OpY BEIIECTBEHHBIX (KOMIUIEKCHBIX) YHCEN, YAOBIETBOPsIomux yciosuio (9). B pabote ucmonb3yercs
CHHTE3 MOJIAJILHOTO YINPAaBJIEHHsS HA OCHOBE INPHUBEICHUS MCXOTHOW CHCTEMBI K KaHOHHYECKOMY Oa3mcy
dpobennyca [13].

PaccMOTpuM IHCKPETHYIO JTMHENHYIO CUCTEMY

X(k +1) = Ax(k) —bu(k), x(ky)=x,,Ae R™ beR™, (10)

IUIs1 KOTOpOH HEOOXOAMMO ONpPENeNUTh TapaMeTphl INHEHHOTO 3aKOHA YIIPaBJICHUS ¢ 00pPaTHOMN CBSI3bIO
u(k) =—1"x(k), (11)

00ecTeYrBaroNIero 3a/1aHHbIe 3HAYCHUST KOPHEH XapaKTepUCTHIECKOTO YPAaBHEHHUS 3aMKHYTON CHCTEMBI
x(k +1) = Ax(k) —bl "x(k) = (A—bI")x(k), X(kg) =X, ,(A—bIT)=A eR™, (12)

T.€. PaBEHCTBO CHEKTpa MaTpuLbl A, TpeGyemMoMy (KelnaeMoMy) CIIEKTpY

P(A) ={A1, 25, A AR}
Cucrema (10) cOOTBETCTBYET JTHMHEAPU30BaHHOU cucTeme (8) McxoaHON HenuHewHo# cuctemsl. [1o TpeOye-
MOMY CIEKTPY BBIYUCISIOTCS KO3(D(UIMEHTHl XapaKTEPUCTHYECKOTO YPaBHEHHUs, MMEIOIIETO JKeJlaeMble
KOpHH.
Koaddunment obparnoii cs3u (11) Beraucnsiercs mo Gpopmyie
I"=(Q"™*@E-a"). (13)
BrruncneHHble mapaMeTphl peryssTopa ONpelelissioT OOpaTHYIO CBSI3b AJISl CHCTEMBI, 3aJJaHHOH COOTHOIIIE-

auamu (12). 3xeck & — BeKTOp KOd((GHUIMEHTOB XapaKTEPUCTHYECKOTO YPaBHEHHS MATPHIILl SIkoOu, a a° —
BEKTOp KOA(PPHUIMEHTOB TPeOyeMOro XapaKTepHCTHUYECKOTO YpPaBHEHUS, KOPHU KOTOPOro paBHBI Tpelye-
MBIM COOCTBEHHBIM 3HAYEHUSIM MaTpHUIbI SIKOOH.

Koaddument odparHoit ¢Bsi3u (13) ucmonb3yeTcs isl YIPaBACHHs CIIEKTPOM XapaKTePUCTHUCCKUX
nokasarenei JIsmyHoBa HEMMHEHHON TUCKPETHON cUCTEeMHI (5).
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3. UcciienoBanue HeJIMHEHHOM CHCTEMBI

Paccmotpum 3amady ynpaBieHHs crieKTpoM JISmyHOBa I CTaOMIU3aIlui 0CO00N TOYKH U TPEICIhb-
HOTO IIMKJIa AUCKPETHOro ocusitopa Pecciepa [14]
X (K +1) = %, (k) — e[x () + Xy (K],
X (K +1) = X, (K) + e, (K) + a%, (k)] (14)
X3 (K +1) = X5 (K) +eb +g[%, (k) —r]xs (k) .
MpHY 3HaYeHUsAX napameTpoB: a = 0,1042; b =0,2000; r =9,0000; £ =0,1000.
JuckpeTtHsIil ocruiaTop Pecciepa mMeet 1Be 0COOBIE TOUKH:
x, =(0,0070 -0,0351 0,0351); X, =(5,6930 -28,4649 28,4649),

a marpuiia Slkobu paBHa

0 -1 -1
J=|1 a O
z 0 x-c
CobcTBeHHBIE YricTa MaTPHIBI SIkoOM B 0COOBIX TOUKAX:
1y, =0,0970+ 0,9952i, W = 5,4280i,
p(3(4)) =11, =0,0970-0,9952i,  p(I(x;))={u, =-5,4280i,
Hs =—5,6870, usz = 0,1930.

Momynu cOOCTBEHHBIX YHCeN MaTpHIBl SIkoOU B 0COOBIX TOUKaX PaBHBI
|ny|=0,9999 <1, |u,|=0,9999 <1, |us|=5,6870>1,
|ny| =5,4280>1, |u,|=5,4280 > 1, |u5|= 0,193 <1.

Tak kaKk Ui KaX1oW 0co0O# TOYKM €CTh COOCTBEHHBIE YMCIa MaTpuipl SIKOOM, MOIYIb KOTOPBIX
OoJblIIe €ANHULIBI, TO 0COOBIE TOUKH SBISIOTCS HEYCTOMUMBBIMH. CIIEKTpP XapaKTEPUCTHUECKUX MOKa3aTeNeH
JIsmynoBa cucremsr (14) umeer Bun:

o(F)={x,(F)=0,07094, y,(F) =0,01841, x5 (F) =-5,44527} ,
U COJICP>KUT MOJIOKUTENBHBIH, OJM3KUI K HYIJIO ¥ OTPUIIATENIBHBIA XapaKTepHCTHIeCKUe mokasarenu Jsmy-

HoBa. TakuMm oOpasom, cucrema (14) sBisercs xaornueckoit. Ha puc. 1 mpeacraBieH aTTpakTop JUCKPETHO-
ro ocuuiuiaTopa Peccnepa 6e3 ynpasiisroniero Bo3aeHCTBHS.

Puc. 1. CtpanHBIil aTTpakTOp AUCKpETHOTO ocmuaTopa Pecciepa
Fig. 1 The strange attractor of the discrete Ressler oscillator

Mogens TuckpeTHOro ocuwisitopa Pecciepa ¢ ynpasieHneM MOKET OBITh MTPeACTaBIeHa B BUJC CH-
cremsl (1).

Cmabunuzayus ocoboi mouky. Ctabuian3upyeM TUCKpeTHBIN ocummsaTop Peccnepa tak, 4ToObl ero
aTTPaKTOpOM Oblia ycTolunBas oco0as Touka. s 3Toro HykHO BBIOpaTh CTAPLIMKA XapaKTEPUCTHUECKUH
nokasarenb JIamyHoBa B 001acTH OTPULATENIFHBIX 3HAUeHUI. BhiOepeM skenaeMoe 3HaYEHHE CTapLIETo Xa-
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paKTepucTudeckoro mokasarens JlamynoBa y; <0. 3amaBas 3HaueHHe CTapmiero Imokasarens JlsmyHoBa
21 =—0,1, Beruncisercs koddduiment o6paTHOH CBA3M ¢ HCHONb30BaHUEM Gopmyisl (13):
*
I"=(8,4509 2,1135 -14,5473)
Ha puc. 2 mpeacraBnen (a30BbIli HOPTPET 3aMKHYTOH CHHTE3WPOBAHHBIM YIPABICHHUEM CHCTEMBI
N . T .
C HavaJbHON TOYKOH X, :[O 0 0] . B manHOM cirydae aTTpakTOpoM cHcTeMBbl ¢ 00patHOi cBs3bio (11)

SIBIISIETCSl YCTOWYMBAs 0co0ast TOUKa.

x107°
4
2
X3
20
2
Q [
%1073 0.5 A 3
' : 0 x107

X1

Puc. 2. Crabunu3zanus oco6oi TOUKH TUCKPETHOTO ocmuaTopa Pecciepa
Fig. 2. Stabilization of a singular point of a discrete Ressler oscillator

CriexTp XapakTepucTHUecKux nokasareneil JlamyHosa (6) cuctemsl (14) ¢ ynpasienuem u(t) =—I*X(t)
COCTOHUT U3 OTPHUIIATEIBHBIX XapaKTEPUCTHUCCKUX MOKa3aresen JIamyHnosa
o(F —bl™) :{ ¥ =—0,11004, x, =-0,11022, y;=-19,82511 } ,
YTO CBUJICTEIBCTBYET 00 OTCYTCTBHHU Xa0Ca B CUCTEME.
Cmabunuzayus npedeivno2o yuxia. BeidepeM jkeraeMoe 3HAUYCHHE CTAPIIEro XapaKTepUCTUIESCKOrO
nokazatens JlsmyHoBa Xl*(G) =0 i TOro, YTOOBI ATTPAKTOPOM CTAOWIM3MPOBAHHON CHUCTEMBI OBLI IIpe-

NETBLHBIN [TUKII.
Koa¢dumuent obpartroii cesasu |*, Beruncnennsiii no popmyine (13), pasen:

I"=(0,0516 -05543 -0,8728).

Puc. 3. [IpeaenbHbIii MK TUCKPETHOTO ociimuiATopa Pecciepa ¢ o6paTHoii CBI3bIO
Fig. 3. Limit cycle of a discrete Ressler oscillator with feedback

CriekTp XapaKTEepHUCTHYECKHX I[OKa3aTesnel JIsmyHoBa 3aMKHYTOH CHCTEMBI CONEPKUT HYJIEBOU
(6nM3KMi K HyJIGBOMY) U JIBAa OTPHUIIATEIHHBIX TTOKA3aTEIs:

o(F —BI")={ ,=-0,00067, x,=-0,13061, x5 =—6,12021 },

YTO CBUACTCILCTBYCT O MOAABJICHUHN Xa0Ca B CUCTEMC C O6paTHOﬁ CBA3bI0 U IICPEXOJC K NCPUOANYCCKOMY ABU-
»kenuro. Ha puc. 3 MPCACTaBJICH aTTPAKTOP CTa6I/IJ'II/I3I/IpOBaHHOﬁ CHUCTEMBEI, }IBJ'UIIOI_L[I/II;’ICH MpCaACIbHBIM ITUKIJIOM.
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3akiIouyenue

[IpennoxeHa METOIMKA CUHTE3a CTAOMIU3UPYIOUICTO YIPABICHHS JUISl HEJIMHEWHOW JUCKPETHOM CH-
CTEMBI, KOTOpasi 00ECIICUNBAET IMOIABICHUE Xa0ca B CUCTEME U (JOPMHUPOBAHKE PETYISIPHOTO PEKUMA B BUJIE
0CO00H TOYKM WM TPEACIBHOTO IMKIIA. 3ajjava MOJaBICHHUS Xaoca periaeTcs 3a cueT (OpMUPOBAHUS 3a-
JAHHOTO CIIEKTPa XapaKTEePUCTUYCCKHUX MOKa3ateyel JIsmyHoBa myTeM BBEJCHUS OOpaTHOM CBs3U 1O (a3zo-
BBIM KOOpJIMHATaM HeMHHEHHOU cuctembl. KoadduiueHt o0paTHOH CBSA3M ONPENENseTCs ¢ UCIOIb30BAHUEM
METOJIa MOAAJILHOTO YIIPABIICHUSI HA OCHOBE KaHOHHMYECKOU (hopmbl Dpobdenunyca. PaccMoTpeHHbIN npumep
cTaOuiu3alu JTUCKPETHOrO ocuuiuiaTopa Pecciiepa moarBepxaaeT pabOTOCTIOCOOHOCTh MPEIIOKEHHOTO
METOJIa YIIPaBJICHUS HEJIMHENHON CUCTEMON C Xa0TUUECKON JUHAMUKOM.
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