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A weaklynonlinearself-sustainedoscillatorcanbesynchronizedby anexternalforceonly in a certaindomainof parame-
ters.We exploit unstableperiodicorbitsandextendthis domainvia a smallcontrolperturbation.Thecontrolleris constructed
asa backwardtime replicaof theoriginal oscillatorthathasthesameperiodicorbitsbut with theoppositestability properties.
The control is achieved by synchronizingthe original oscillatorwith its backward time replica. We demonstratetheseideas
boththeoreticallyandexperimentally.
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1. Intr oduction

Controlproblemshave beendiscussedby engineers
andappliedmathematiciansfor morethanhalf a cen-
tury [1,2]. However, the ideaof noninvasive methods,
i. e. methodswherethecontrolforcevanisheswhenthe
targetstateis reached,hasbeenemphasizedby physi-
cists only one and a half decadeago in the context
of controlling chaos[3] andbecomesoneof the most
rapidly developingsub�elds in appliednonlinearsci-
ence. This sub�eld hasboostedan enormousamount
of work on controlproblemsrelatedto stabilizationof
unstableperiodicorbits (UPOs)embeddedin strange
attractorsof chaotic systems(see[4] and references
therein)andleadsto new conceptslike external force
anddelayedfeedbackcontroltechniques[5].

In this paper, we considerthe problemof control-
ling synchronizationin a forcedself-sustainedoscilla-
tor. Very often in practicalapplicationtheneedarises
to controlthepropertiesof oscillations.Usuallycontrol
assumesanenhancementin regularity of motion. Sup-
posethatouraimis to maintainthesynchronousregime
of a periodicallydriven self-sustainedoscillator. Due
to drift of parametersthe systemmay leave the syn-
chronizationdomainand a kind of beatphenomenon
may occur. However, outsidethis domainthe system
hasunstableperiodic orbits that can be stabilizedby
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a small feedbackperturbation,andthusthedomainof
synchronizationcanbeextendedwith only small con-
trol force. In a recentpaper[6] we have considered
thisproblemin theframework of thedelayedfeedback
control technique.Herewe applyanexternalforce(or
proportionalfeedback)technique[5] to stabilizeUPOs
coexistingwith thequasiperiodicattractor. In this tech-
nique, the control perturbationis proportionalto the
differencebetweenthe actualstateof the systemand
thestatecorrespondingto thedesiredUPO.An experi-
mentalimplementationof this techniqueis usuallydif-
�cult since it requiresa designof a specialperiodic
oscillatorwhich generatesa signal in the form of the
desiredUPO[7]. Herewe show thatsuchanoscillator
canbe constructedasa backward time replicaof the
original oscillator[8]. The backward time replicahas
the sameperiodicorbits as the original oscillator but
with theoppositestabilityproperties(i. e.,unstablepe-
riodic orbitsof theoriginaloscillatorcoincidewith sta-
bleperiodicorbitsof thebackwardtime replica).Then
by coupling the original oscillator with its backward
time replicaonecanstabilizethedesiredUPOandex-
tendthedomainof synchronization.

Therestof thepaperis organizedasfollows. In Sec-
tion 2, we describeananalyticaltheoryof theapplied
controltechniqueandnumericallydemonstrateits per-
formancefor a forcedvanderPol oscillator. Thenthe
experimentalimplementationof the techniquefor an
electronicself-sustainedoscillator is presented. The
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Fig. 1. Block diagramof thebackwardtimecontroltechnique.

paperis �nished with conclusionspresentedin Sec-
tion 3.

2. Theory of the backward time control technique

The block diagramof the backward time control
techniqueis presentedin Fig. 1. To be speci�c we
demonstrateits performancefor a weakly nonlinear
vanderPol oscillatorsubjectedto anexternalperiodic
force.Considerthefollowing system

Äx + ! 2
0x + "(x2 ¡ 1) _x = asin(! t) + k( _u ¡ _x) ; (1)

Äu + ! 2
cu ¡ " (u2 ¡ 1) _u = ¡ asin(! t) : (2)

The left-handside of Eq. (1) representsthe standard
vanderPol equation.Theparameter! 0 is thecharac-
teristicfrequency of self-sustainedoscillations,and" is
responsiblefor thestrengthof nonlinearityof theoscil-
lator. The �rst term in the right-handsideis anexter-
nal periodicforce(a is theamplitudeand! is the fre-
quency) andthesecondtermdescribesthecontrolper-
turbation. The parameterk is a feedbackgain. Equa-
tion (2) representsa backward time controller. This
equationis derived from Eq. (1) by changingthe sign
of time, i. e.,by thetransformationt ! ¡ t. Thechar-
acteristicfrequency ! c of thecontrollershouldslightly
differ from the frequency ! 0 of theoriginal oscillator.
The exact relationbetweenthesetwo frequencieswill
bepresentedlatter.

In the following we considerEqs. (1) and (2) as
weakly nonlinearoscillators,i. e., systemsthat canbe
presentedaslinearoscillatorswith frequencies! 0 and
! c (the �rst two termsin Eqs.(1) and(2)) subjectto
small perturbations(the remainingtermsin the same
equations).Speci�cally, we supposethatthefollowing
inequalitiesaremet:

"
! 0

¿ 1;
a

! 2
0

¿ 1;
k
! 0

¿ 1;

j! ¡ ! 0j
! 0

¿ 1;
j! ¡ ! cj

! 0
¿ 1: (3)

For weakly nonlinearsystems,therearemany mathe-
matically rigorousways(e.g., a methodof averaging,
amultiscaleexpansion,andotherasymptoticmethods)
to obtain approximatesolutions. We will apply the
methodof averaging.First we rewrite Eqs.(1) and(2)
in anormalform:

_x = y ; (4)

_y = ¡ ! 2
0x ¡ " (x2 ¡ 1)y + asin(! t) + k(v ¡ y) ; (5)

_u = v ; (6)

_v = ¡ ! 2
cu + "(u2 ¡ 1)v ¡ asin(! t) : (7)

As Eqs.(4), (5) and(6), (7) arecloseto thoseof lin-
ear oscillators,we can expect that the solutionshave
a nearly harmonicform. Sincetheseare forced sys-
tems,we look for solutionswith thecharacteristicfre-
quency ! :

x =
A(t)ei! t + A¤(t)e¡ i! t

2
; (8)

u =
B (t)ei! t + B ¤(t)e¡ i! t

2
: (9)

Here A(t) and B (t) are new variables,slowly vary-
ing complex amplitudes.Sincethey arecomplex, we
needtwo relationsto have one-to-onecorrespondence
between(x; y) andA aswell asbetween(u; v) andB .
It is convenientto introducethefollowing relationsbe-
tweeny andA andbetweenv andB :

y = i!
A(t)ei! t ¡ A¤(t)e¡ i! t

2
; (10)

v = i!
B (t)ei! t ¡ B ¤(t)e¡ i! t

2
: (11)

SubstitutingEqs.(8)–(11)in system(4)–(7)we obtain
theequationsfor thecomplex amplitudes,which after
averagingovertheperiodT = 2¼=! of fastoscillations
take theform

_A =
! 2 ¡ ! 2

0

2i!
A ¡

"
2

A

Ã
jAj2

4
¡ 1

!

¡
a

2!

+
k
2

(B ¡ A) ; (12)



T. Pyragien�eetal. / LithuanianJ. Phys.47, 115–121(2007) 117

_B =
! 2 ¡ ! 2

c

2i!
B +

"
2

B

Ã
jB j2

4
¡ 1

!

+
a

2!
: (13)

The secondandthe third termsin Eqs.(12) and(13)
areequalbut oppositein signs.To make the�rst terms
equal and oppositein sign we require ! 2 ¡ ! 2

c =
¡ (! 2 ¡ ! 2

0) or

! 2
c = 2! 2 ¡ ! 2

0 : (14)

In a real experiment,this requirementcanbe kept by
tuning the frequency ! c in sucha way asto minimize
theamplitudeof thecontrolperturbationk(v ¡ y). Un-
der requirement(14), the amplitudeequation(13) be-
comesan exact backward time copy of the amplitude
equation(12) for k = 0. Thusfor k = 0, theseequa-
tionshave equivalent�x edpointsbut their eigenvalues
are of oppositesigns. The sameis true for the peri-
odic orbits of systems(4), (5) and (6), (7) and their
Floquetexponents(FEs).Therefore,if theoriginal os-
cillator (4), (5) hasanUPOwith positive realpartsof
bothFEs,thenthesameperiodicorbit, but stable,with
theoppositesignof FEs,will have thebackward time
replica(6), (7). Thestability of suchorbits in thecon-
trolled(k 6= 0) oscillator(4), (5) is de�ned by equation

_A =
! 2 ¡ ! 2

0

2i!
A ¡

"
2

A
µ

jAj2

4
¡ 1

¶
¡

a
2!

+
k
2

(A0 ¡ A) :

(15)
HereA0 = B0 isasteadystatesolutionof bothEq.(13)
andEq. (12), which is stablefor Eq. (13) andunstable
for Eq. (12) for k = 0. Equation(15) is derived from
Eq. (12) by substitutionB = B0 = A0, i. e., we sup-
posethat in Eq. (13) the amplitudeB hasreachedits
stablesteadystate,B = B0.

By choosinganappropriatescalefor theamplitude

A = 2z (16)

andintroducingnew parameters

® =
a

2"!
; º =

! 2 ¡ ! 2
0

"!
¼ 2

! ¡ ! 0

"
; · =

k
"

: (17)

Eq.(15)canbesimpli�ed to

2
"

_z = ¡ iº z ¡ z(jzj2 ¡ 1) ¡ ®+ · (z0 ¡ z) ; (18)

wherez0 = A0=2.
Now we analysethe solutionsof Eq. (18). The bi-

furcationdiagramin the planeof parameters(º ; ®) is
shown in Fig. 2. Sinceit is symmetricalwith respectto
the º and® axis, only the part º ¸ 0, ® ¸ 0 is pre-
sented.Westarttheanalysiswith �nding thestationary

Fig. 2. Thebifurcationdiagramof Eq.(18). Thethick dashedlines
arede�ned by Eq.(23). Theregionbetweentheselinescorrespond
to threeperiodicorbits. Outsidethis region thereis only oneperi-
odic orbit. The thick solid line is the hyperbola(26) de�ning the
Hopf bifurcationof the uncontrolledoscillator. The broken lines
representthehyperbolas(27)for differentvaluesof thecontrolgain
· . Thesolid dot (º ; ®) = (0.9,0.6)andsquare(º ; ®) = (0.25,0.3)
show the setsof parameterswhich will be usedin the following
analysisto demonstratethebackwardtimecontrolperformance.

solutionsof theuncontrolledsystem.Setting_z = 0 and
z = z0 weobtain

¡ iº z0 ¡ z0(jz0j2 ¡ 1) ¡ ® = 0: (19)

We introducethenotations

s = jz0j2; f º (s) = s
£
(s ¡ 1)2 + º 2¤

: (20)

Thenthestationaryvaluesof s canbefoundby solving
thecubicequation

f º (s) = ®2 (21)

with respectto s. Knowing s, from Eq. (19) onecan
determinethesteadystatevaluez0 = ¡ ®=(s¡ 1+ iº ).

Solutionsof the cubic equation(21) de�ne station-
ary periodic orbits of the forced system. The period
of theseorbits is equalto theperiodT of theexternal
force,andtheamplitude(theradiusin the(x; y) plane)
is jA0j = 2jz0j = 2

p
s. Equation(21) hasthreereal

rootsprovided

®2
1(º ) < ®2 < ®2

2(º ) ; (22)

®2
1;2(º ) =

2
27

h
9º 2 + 1 ¨ (1 ¡ 3º 2)3=2

i
; (23)

or onerealroototherwise.ThustheforcedvanderPol
oscillatorhaseitherthreeor oneperiodicorbit(s). The
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region with threeorbits is betweenthick dashedlines
in Fig. 2. Outsidethis region thereis only oneperiodic
orbit.

To determinethestabilityof periodicorbits,wehave
to linearizeEq. (18). As a resultwe obtainthecharac-
teristicequation
µ

2¸
"

+ ·
¶ 2

¡ 2(1¡ 2s)
µ

2¸
"

+ ·
¶

+ f 0
º (s) = 0: (24)

Here ¸ is the eigenvalue of the linearizedEq. (18),
whichcoincideswith theFEof thecorrespondingperi-
odic orbit, s is thesolutionof thecubicequation(21),
and

f 0
º (s) = (3s ¡ 1)(s ¡ 1) + º 2 (25)

is the derivative of the function f º (s) de�ned in
Eq.(20).

Firstwediscussthestabilityof periodicorbitsof the
uncontrolledsystemfor · = 0. Thestabilityof periodic
orbit dependson thevalueof s, i. e., on theamplitude
of the orbit jA0j = 2

p
s. Two different typesof bi-

furcationsmayoccurin thesystem.For f 0
º (s) = 0 we

have a tangent(saddle-node)bifurcation,andfor s =
1=2 aHopf bifurcationarises.Theconditionf 0

º (s) = 0
de�nestheboundaries®2 = ®2

1;2(º ) of theregionwith
threeperiodicorbits in the (º ; ®) plane(dashedsolid
lines in Fig. 2). When crossinginto this region two
additionalorbits of saddleandnodetypesoccur. The
saddleorbit hastwo real FEsof differentsigns. Such
anorbit cannotbestabilizedby thebackwardtimecon-
trol techniquesinceit remainsan unstablesaddleor-
bit for the the backward time replica. The condition
of the Hopf bifurcations = 1=2 de�nes the minimal
amplitudeof the stableorbit Amin =

p
2. The orbits

with amplitudejA0j < Amin areunstable.In the(º ; ®)
plane,thisconditionde�nesthehyperbola

®2 = f º (1=2) =
º 2

2
+

1
8

; (26)

whichis shown by asolid line in Fig.2. Abovethis line
the oscillator is synchronizedwith the external force.
Below this curve, in theregion of a singleperiodicso-
lution, thesynchronizationis lost andwe usuallyhave
aquasiperiodicbehaviour.

To demonstratethe performanceof the backward
timecontrollerwechoosetwo pointsin thebifurcation
diagram,one in the region of a single periodicorbit,
(º ; ®) = (0.9,0.6),markedby asoliddot in Fig. 2, and
anotherin theregion of threeperiodicorbits,(º ; ®) =
(0.25,0.3),markedby a solid square.For thesesetsof
parameters,theorbitsof theuncontrolledoscillatorin

Fig. 3. Examplesof periodicorbitsof the forceduncontrolledos-
cillator. (a) The caseof a single UPO correspondingto the set
of parameters(º ; ®) = (0.9,0.6) marked by a solid dot in Fig. 2.
The amplitudeof the orbit is jA 0 j ¼ 1.034 and its FEs ¸ 0 ¼
(0.233§ 0.430i)" . (b) Thecaseof threeperiodicorbitsfor (º ; ®) =
(0.25,0.3) correspondingto a solid squirein Fig. 2. The largest
orbit (solid line) is stable,the middle orbit (opencircles) is of a
saddletype, andthe smallestorbit is unstablewith jA 0 j ¼ 0.645

and¸ 0 ¼ (0.396§ 0.114i)" .

the(x; y) planeareshown in Fig. 3. Thestableorbit is
markedby a solid line. Notethatit is anunstableorbit
for the backward time controller. The saddleorbit is
markedby opencircles. It remainsthesaddleorbit for
thecontrolleraswell. Finally, unstableorbitshaving a
pair of complex conjugateexponentswith thepositive
real part aremarked by dashedlines. They arestable
for thebackwardtimereplica.Below weconsidertheir
stabilizationin thecontrolledoriginaloscillator.

TheFEsof thecontrolledoscillatorsatisfyEq.(24).
Theconditionof theHopf bifurcationfor · 6= 0 reads
s = (1 ¡ · )=2. Now insteadof Eq.(26)wehave

®2 = (1 ¡ · )
(1 + · )2 + 4º 2

8
: (27)

Again this relationde�nes thehyperbolasin the(º ; ®)
plane. In Fig. 2, they are shown by broken lines for
different valuesof · . Above thesecurves the corre-
spondingorbits of the controlledoscillatorarestable.
It follows that for · ¸ 1 onecanstabilizeanUPOfor
any choiceof theparameters(º ; ®). Thusthedomain
of synchronizationof theforcedself-sustainedoscilla-
tor canbe extendedto the whole planeof parameters
(º ; ®).

For a �x edvalueof parameters(º ; ®), thethreshold
of stabilityof agivenUPOcanbeeasilyobtainedfrom
Eq. (24). Denotethe FE of the uncontrolledUPO for
· = 0 by ¸ 0. Thenthe FE of the controlledperiodic
orbit is ¸ = ¸ 0 ¡ ·"= 2 = ¸ 0 ¡ k=2. For therealpart
of theFEweobtain

Rȩ = Rȩ 0 ¡
k
2

: (28)
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Fig.4. Numericalsimulationof Eqs.(4)–(7)for (º ; ®) = (0.9,0.6).
Thevaluesof otherparametersare" = 0.1, ! 0 = 1, ! ¼ 1.0460,
! c ¼ 1.1883,a ¼ 0.126,k = 0.15. The control perturbationis
switchedon at the momentt c = 40T , i. e., k = 0 for t < t c and
k = 0.15 for t > t c . The backward time controllerstabilizesan
UPO shown in Fig. 2(a). (a) Dynamicsof the outputvariabley.
(b) Dynamicsof thedifferencey ¡ v, which for t > t c is propor-

tional to thecontrolperturbation.

The thresholdof stability k0 is de�ned by condition
Rȩ = 0, whichyields

k0 = 2Rȩ 0 = "(1 ¡ 2s) = "
µ

1 ¡
jA0j2

A2
min

¶
: (29)

For k > k0, the backward time controller stabilizes
thedesiredUPO.Thusthesynchronousregimeof the
forced van der Pol oscillator can be maintainedwith
only smallcontrolforceoutsidethedomainof synchro-
nization.

To support the above analytical theory we have
performednumericalsimulationsof the original sys-
tem (4)–(7). The results for the set of parameters
(º ; ®) = (0.9,0.6) is shown in Fig. 4. This setcorre-
spondsto asingleUPOshown in Fig.2(a).For " = 0.1,
theFEsof this orbit are¸ 0 ¼ 0.0233§ 0.0430i. It fol-
lows from Eq.(29) thatthethresholdof stabilizationis
k0 ¼ 0.0466.Figure4 showssuccessfulstabilizationof
thisorbit for k = 0.15.Withoutcontrol(t < tc = 40T)
the forcedoscillatorexhibits a beatphenomenon.The
controlperturbationremovesthebeat,andaftera tran-
sientthesynchronousregimewith theexternalforceis
restored.Thecontrolperturbationbecomesextremely
smallwhenever theoscillatorreachesa previously un-
stableorbit.

Figure 5 shows a control of the oscillator for the
setof parameters(º ; ®) = (0.25,0.3), " = 0.1, when
the systemhas threeperiodic orbits, as presentedin
Fig. 2(b). The largestorbit with theamplitudejA0j ¼
2.12is stable.It correspondsto thesynchronizedperi-

Fig. 5. Samediagramsas in Fig. 4 but for (º ; ®) = (0.25,0.3).
Thevaluesof otherparametersare" = 0.1, ! 0 = 1, ! ¼ 1.0126,
! c ¼ 1.0506,a ¼ 0.061,k = 0.15. The control perturbationis
switchedonatthemomentt c = 20T . Thebackwardtimecontroller

stabilizesthesmallestUPOshown in Fig. 2(b) by dashedline.

Fig. 6. Experimentalresults.

odicmotionof thesystemthatis observedwithoutcon-
trol for t < tc = 20T. Thesmallestorbit with theam-
plitudejA0j ¼ 0.645is unstable;its two complex con-
jugateFEsare¸ 0 ¼ (0.0396§ 0.0114i). Thestabiliza-
tion thresholdof this orbit is k0 ¼ 0.0792. The back-
wardtimecontrollerswitchesthesystemfromsynchro-
nizedmotionwith the largeamplitudeto anothersyn-
chronizedmotionwith thesmallamplitude.Whenthis
new synchronizationregimeis settledthefeedbackper-
turbationalmostvanishes.

Performanceof the applied control techniquehas
beendemonstratedusingtheexperimentalset-upshown
in Fig. 6 of Ref. [8]. Theexperimentalresultsarepre-
sentedin Fig. 6. They aresimilar to thetheoreticalre-
sultsshown in Fig.4. Thecircuit parametersarechosen
in suchawaythatwithoutcontroltheself-sustainedos-
cillator is not synchronizedwith anexternalforceand
beatphenomenonis observedattheoutput.Thecontrol
signaltakenfrom abackwardtimecontrollerstabilizes
anunstableperiodicorbit. As a resultthesynchroniza-
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tion with anexternalforceis achievedwith only small
controlperturbation.

3. Conclusions

In this paper, we have applieda backwardtime con-
trol techniqueto stabilizeunstableperiodicorbitsof a
forcedself-sustainedoscillatorcloseto a supercritical
Hopf bifurcation.By meansof this controlthedomain
of synchronizationcanbe extendedfor any valuesof
thefrequency detuningaswell astheamplitudeof the
external force. The backward time control technique
canbealsousedto changethesynchronizationregime
from periodicoscillationswith a largeamplitudeto pe-
riodic oscillationswith a smallamplitude.Thecontrol
is achieved by usingonly a small feedbackperturba-
tion.

The analyticaltheoryof the backward time control
is presentedfor a speci�c problemof a forcedvander
Pol oscillator. We have obtainedsimpleanalyticalex-
pressionsfor thedependenceof theFloquetexponents
on thecontrolgain anddeterminedthethresholdvalue
of stability. Theanalyticalapproachis basedontheav-
eragingmethod,aclassicalmethodof thenonlineardy-
namicsdevelopedfor weaklynonlinearoscillators,and
canbe appliedfor any forcedself-sustainedoscillator
closeto theHopf bifurcation.Thusthemainresultsare
suitablefor awideclassof dynamicalsystems.

Wehavedemonstratedexperimentallytheef�ciency
of the backward time control techniquefor an elec-
tronic circuit. A goodagreementwith the theoretical
resultshasbeenobtained. The fact that the method
works in a real experiment con�rms its robustness
againstnoiseandsmallmismatchof theparametersin
thecontrollerandcontrolledsystem.

Wehaverecentlyconsidered[6] theproblemof con-
trolling a forcedself-sustainedoscillatorin the frame-
work of the delayedfeedbackcontrol technique.The
main differencesbetweenthe delayedfeedbackand
the backward time control approachesareas follows.
Thedelayedfeedbackcontrol is reference-free;it does
not require the knowledge of the model of the con-
trolled system. In the ideal case,the feedbackper-
turbationvanisheswhenthedesiredsynchronousstate
is reached.In contrast,in the backward time control
techniquewe needa knowledge of the model equa-
tionswhendesigningthebackwardtime replicaof the
system. Here the control perturbationvanishesonly
in a quasiharmonicapproximation(for averagedequa-
tions),but is notexactlyequalto zero(althoughit is ex-
tremelysmall)for theoriginalnonlinearsystem.How-

ever, the backward time control hassomeadvantages.
It is moreef�cient thanthe thedelayedfeedbackcon-
trol. HeretheFloquetexponentsof thecontrolledorbits
decreaselinearly with the increaseof the control gain
andcanreacharbitrarily largenegativevalues,while in
thedelayedfeedbackthestabilizationis possibleonly
in a certaininterval of thecontrolgain andtheFloquet
exponentscannottake large negative values. Thus in
the backward time control the systemapproachesthe
desiredsynchronousstatemachmorefasterthanin the
delayedfeedback(compareFig. 4 of this paperwith
Fig. 10of Ref. [6]).
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SINCHRONIZA CIJOS VALDYMAS APGR �E�T O LAIK O VALDIKLIU

T. Pyragien�e,K. Pyragas,A. Tamaševi �cius,G. Mykolaitis

Puslaidininki�u �zikosinstitutas,Vilnius, Lietuva

Santrauka

Neinvaziniovaldymoid�ejabuvo suformuluota[3] darbe,kuris
dav�e prad�i �a naujaimokslokryp�ciai – chaosovaldymui. Buvo at-
kreiptasd�emesys�i tai, kad chaotinisatraktoriusyra sudarytasiš
begalin�esaib�esnestabili�u periodini�u orbit �u. Jasgalimastabilizuoti
nykstamaima�a gr�i�tamojo ryšio j �ega, ir tuo pa�ciu chaotin�i sis-
temosjud�ejim �a paversti periodiniu. Neseniainestabili�u periodi-
ni �u orbit �u stabilizacijosid�ejabuvo apibendrintakvaziperiodin�ems
sistemoms.Pasirodo,kadkvaziperiodiniamjud�ejimui taip patyra
būdingosnestabiliosperiodin�esorbitos. Kai neautonominissavai-
mini �u virpesi�u osciliatoriusyra mūšosre�ime, galima stabilizuoti

jo nestabiliasperiodinesorbitasir tuo pa�ciu neinvaziškaiprapl�esti
sinchronizacijosribas. Tam buvo pritaikytas �inomas u�delstojo
gr�i�tamojo ryšiometodas[6].

Siekiantgrei�ciaugr �a�inti sistem�a �i sinchronizacijosre�im �a, ki-
taip negu u�delstojo gr�i�tamojo ryšio metodoatveju, mespasīu-
l �emenauj�a neinvazinio valdymoalgoritm�a. Šio metodoid�eja re-
miasipagalbinioosciliatoriaus,kurio lygtyssutampasupirmojoos-
ciliatoriauslygtimis, tik laiko �enklasyra priešingas,konstravimu.
Sinchronizuojantpirm �aj�i osciliatori�u supagalbiniu,galimastabili-
zuoti jo nestabili�aperiodin�eorbit �air taippriverstij�i sinchronizuotis
suišorineperiodinej �ega.


