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ABSTRACT

Inthisarticleisdescribedtheavatar-basedenergy-efficientpowerengineeringcontrolsystem,which
isbasedonauthorsresultspublishedpreviouslyrelatedtodevelopmentofanInternetofThingsand
people(IOTAP)andthedigitaltwinssystems.Theauthorsaredescribedthedevelopmentofthe
innovationtoolsfordigitaltwinssystem,basedonAvatar-basedControlTechniques.
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INTRODUCTION

Electriccapacitorsaretheessentialpartofenergygeneration,transmissionandaccumulationsystems.
Theyarewidelyusedinreactivepowercompensationsystemsinordertoincreasethecapacityof
transmissionlines,incapacitivevoltagedividers,andpowerelectronics.Energyeffectivehigh-voltage
electricalcapacitorisakeyfactorofthemodernelectricalpowerequipmentdesign.Nowadaysthe
mostfrequentlyusedcapacitorsintheabove-mentionedareasarethedevicesdesignedinthe1980s
bythesovietcapacitorindustry.Thesecapacitors’parametersarefarfrommodernenergy-efficiency
andecologicalstandards.Beingbasedonaluminumfoilelectrodesandliquiddielectricsimpregnation,
these capacitors have the characteristics, which are listed below. The significant improvement
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of capacitors’ specific volume characteristics is possible when metallized electrodes replace the
conventionalfoilelectrodes.Themetallizedelectrodescapacitorsormetal-filmcapacitors(MFC)
havethefeatureofso-calledself-healing(SH).

Thisarticleisdedicatedtotheinvestigationsofphysicalprocessesofelectrodynamicsdestruction
ofthinmetallayersduringSH.InspiteofthefactthattheSHprocesshasbeenstudiedoverseveral
decades,theclarityoftheSHphysicsremainsunclear.Thereisnoagreementamongtheproposed
modelsregardingtheroleoftheelectricexplosionandthemicrodischargephenomena.Thedesign
ofthecapacitorsisbasedonempiricalapproaches.

Therelevanceofthisworkisconfirmedbythefact,thatsimilarinvestigationshavebeenconducted
byChina,France,Finland,andUSAscientistsforthelastyears.Itisobviousthatclarifyingofthe
metallizedelectrodesdegradationmechanismsisakeytoefficientcapacitorsdevelopment.Theaim
ischaracterizedbythescientificnoveltyandnoinvestigationsofsegmentedMFC’sdielectricsystems
havenotbeenconductedsofar.Meanwhile,intheothercountries,thisaimhasahighpriority.There
issomeinformationonABB’spilotversionofahigh-voltagecapacitorwithsegmentedmetallization,
whichhasbestenergy-efficiencyparametersinclass.

BACKGROUND

Metalfilmcapacitorsarewidelyusedinmoderntechnology:fromhouseholdelectricalappliancesto
high-voltagepulsesystems.Thewidedistributionofcapacitorsofthistypeisduetothehighspecific
energyandhighreliability.Thehighreliabilityofthesecapacitorsgivesthemabilitytohealthemselves
–thisisarestorationoftheirperformanceafteradielectricbreakdown.Atthistime,workisatthe
stageofincreasingthespecificenergyanditispossibleduetotheuseofnewdielectricmaterials
withalargerelativedielectricconstantandbyimprovingofelectrodesystemstoincreaseoperating
electricfield’sstrength.Currentlytheresearchisonastageofcreationofanewhybridpolymer
films(consistingoftwoormore).Thesefilmsareobtainedbyhotpressingtechnology,followedby
abroach.Theadvantageofthistechnologyisthatduringproduction,ready-madeoriginalpolymer
filmswithhighelectricalstrengthandratherlowdielectriclossesareused.Suchpolymerfilmstoday
canincreasethespecificenergyoftheIPCin2-2.5times.

Anotherpromisingdirectioninthecreationofnewmaterialsisproductionofcompositematerials
basedonpolymermatrixandinorganicfiller.Asamatrix,itispossibletousetraditionalpolymers
forcapacitorfilms:polypropyleneandothers.Therearevarioustypesofinorganicdielectricsinthe
roleoffiller,italsoincludesferroelectricceramics.Scientistsworkinginthisdirectionpredictgrowth
inthespecificenergyofcapacitorsbasedonsuchmaterialsby10ormoretimes.However,ahigh
dielectricconstantvaluedoesnotguaranteeagreatpotentialfortheuseofthesecompositematerials.
Thereisnodataintheliteratureontheelectricalstrengthanddielectricspectroscopyforrecently
createdcompositematerials.Suchmaterialsmaybecompletelyinapplicableincapacitortechnology.

Theimprovementofelectrodesystemsmainlygoesalongthepathofcreationofoptimalelectrodes
forlimitingtheself-healingenergy.Segmentedorultrathinelectrodesareusedforthispurpose.The
lowvalueoftheSHenergygiveslessdamagetothedielectricandelectrodesandalowerprobability
ofthermalbreakdownofthecapacitorandasaresulthigherreliability.Howevertodaytherearenot
somanyresearchesinopenpressonsegmentedelectrodesorelectrodeswithultrafinemetallization.
Quiteoftentheauthorsofthearticlesmentionthatthesetechnologiesmakeitpossibletoreducethe
energyofthesolarwindandtoincreasethespecificenergyoftheIPCincomparisonwithtraditional
electrodes,however,thedetailsoftheproductiontechnologyanddesignfeaturesofthecapacitors
arenotdisclosed.Thisisprobablybecauseoftheprivacypolicyofthecapacitormanufacturers.In
addition,thereisnoclearopiniononthewaystolimitSHintheframeofpreference.

ThegivenabilitytoSHIPCcanbeusedinforcedmodesofoperation.Forcedmodesimply
anincreaseofenergyefficiencyduetoexceedingofthelimitloadswhichleadstoreduction
ofthecapacitors’servicelife.ThegreatestpracticalinterestrepresentstheworkoftheIPCin
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modeswithanincreasedelectricfieldstrengthandhighcurrentload,whichisassociatedwith
theiruseinhigh-energypulseddevices.Inthisapplication,themodeofoperationischaracterized
byahighamplitudeofthecurrentpulse(uptoseveraltensofkiloamperes)andshortduration
(unitsofmillisecondsorless),whiletheservicelifeofcapacitorsdoesnotexceedseveraltens
ofthousandsofpulses.However,theworkoftheIPCinsuchthemodesremainshardlystudied.
Oneofthemainreasonsoffailureofmetal-filmcapacitorsinforcedmodesisthedegradation
of electrode systems. The electrode system includes capacitor electrodes, a contact node, a
lockoutandanexternaloutput.Duringtheoperation,theelectrodesandthecontactassembly
are especially susceptible to destruction; however, the mechanisms of their degradation are
differentanddependonthemodeofoperation.Thedegradationoftheelectrodesisprimarily
duetoself-healingprocesseswhenIPCoperatesinthehighvoltagemode.ForthecasewhenSH
isalostpartoftheelectrodes’areaitleadstodecreasingincapacity.Carbongetsformedwhich
isdepositedinthebreakdownzoneasaresultofdecompositionofthedielectric.Thisleadsto
deteriorationoftheinsulatingpropertiesofdielectric.Thereareseveraltheoreticalmodelsof
self-healingaimedatdeterminingtheenergyofthesolarenergy,theareaoftheDMzone,and
thedurationofthesolarenergyprocess.Eachtheoreticalmodeltakesanumberofassumptions.
However,insomecases,theacceptedassumptionssignificantlyinfluencetheresultsandlead
toseriousdiscrepancieswithexperimentaldata.AsignificantdisadvantageofallSHatheory
isthatitwastestedonmodelcapacitorsamplesandwasnotalwayscomparedwithrealIPCs.
Theproblemwiththisapproachisthatinrealcapacitors,thecapacityofwhichcanbeseveral
hundred microfarads, and the breakdown voltage is several kilovolts, the SH energy will be
severalordersofmagnitudehigherthaninmodelsamples.

MAIN FOCUS OF THE ARTICLE

Issues, Controversies, Problems
Thisleadstoaseriousdiscrepancywiththeoreticalideas.Therefore,todaythereisnooptimaltheory
ofSH.DuringtheoperationoftheIPCinapulsedmode,theirfailureisprimarilyassociatedwiththe
lossofcapacitybecauseofSH,whileawaylessworkisdevotedtothedegradationofcontactnodes.
Whenoperatinginpulsedmode,theamplitudevalueofthecurrentcanreachseveralkiloamperes.
Inthiscase,thefailureoftheIPCwillbecausedbythedestructionofthecontactoftheelectrode
andsopping.InadditiontothelistedmechanismsforthedegradationofIPC,anelectromigration
mechanismofdestructionofelectrodesystemsispossible.Electromigrationisawell-knownprocess
inintegratedcircuitsanditisoneofthecausesofdevicefailure.However,thisprocesswasnever
consideredasthemechanismofdestructionoftheIPCelectrodes.Nevertheless,theinfluenceof
thismechanismofdegradationondestructionoftheprocessofmetallizedcapacitorelectrodesisnot
excluded.Inaddition,itisshownthatelectromigrationdestructioncanmanifestitselfinmicrosecond
timescales,whileintheelementsofmicroelectronics,electromigrationoccursinthecourseofdays,
months,andevenyears.

Digital twins arewidelyused inmodern industry.Thedigital twin is a dynamicvirtual
model of a system, process or service. The digital twin continuously learns and updates its
parameters,receivinginformationfromavarietyofsensors,correctlyrepresentingthestateof
aphysicalobject.Theyusecurrentdatafromsensors,fromcontroldevices,fromtheexternal
environmentwhenlearning;itcombinesactualdatawiththeknowledgegainedfromspecialists
inthisfield.Digitaltwinsallowyoutomonitorsystemsandprocessesinrealtimeandanalyze
datainatimelymannertopreventproblemsbeforetheyoccur,schedulepreventivemaintenance,
reducedowntime,openupthenewbusinessopportunitiesandplanthefutureupdatesandnew
developments.Digitaltwinsofobjectswithdistributedparametersaremathematicallyboundary
valueproblemsforpartialdifferentialequations.
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Solutions and Recommendations
Thestudyofthelawsofelectrodynamics’destructionofnanometermetallayersandstructureis
basedontheminconditionsofhighdensitiesoftheinputenergy.Establishingpatternsofinfluence
of polymer and liquid dielectrics in the process of electrodynamics is destruction of metallized
electrodes.Developmentofmodelofelectrodynamics’destructionofstructuredelectrodesofvarious
geometriesusesCAD/CAEsystems.Developmentuseofthe“DigitalTwin”ishigh-voltagemetal-
filmcapacitor.Digitalizationimpliesgreatopportunitiesforallaspectsofsociety.Wearecurrently
atwhatcanbeseenasthefourthwaveofdigitalization.Thefirstwaveconcernedtheintroduction
ofcomputersinmanypartsofsociety.Thesecondwave,intheformoftheInternet,madeiteasy
toaccessandshareinformation.ThethirdwaveisthemobileInternetthatenablesaccessingand
sharinginformationregardlessofwhereyouare.Withthefourthwaveofdigitalization,itisnotjust
peoplewhousetheInternettoaccessandshareinformation,butalsodifferenttypesofobjects,such
asvehicles,appliances,andmachinery.Allpartsofoursocietywillbeaffectedbythisphenomenon,
commonlyreferredtoastheInternetofThings(IoT).

AcriticalcomponentformakingIoTsuccessfulisthatitcreatesvaluefortheusers.Tomake
IoTusableandusefulisthemainfocusoftheresearchconductedwithintheInternetofThingsand
People(IOTAP)researchcentre.Inadditiontoconcretegoalsregardingpublications,technology
transfercontributions,etc.,IOTAPhasthefollowingthreemainimpactgoals:

• IOTAPshouldbeareasonforacompanytoplacetheiroperationsinthePenzaregion;
• IOTAPshouldcontributetothatpublicorganizationsintheregionareleadingintheapplication

ofIoT;
• IOTAPshouldfosterexcellentIoTresearchers.

TheAvatar-BasedControlTechniquesofVardanMkrttchianwaspublishedinjournalsandbooks
ofIGIGlobalin2014-2018(Mkrttchianetal.,2014;Mkrttchian,2015;Mkrttchian,etal.,2016;
Mkrttchian&Aleshina,2017;Mkrttchian&Belyanina,2018).Forthepurposeofbreakingdown
culturalandlanguagebarriers,whichistheprimaryobjectiveofthisbook,inthearticletheauthors
proposetousethetechnologyandmethodsoftheavatar-basedmanagementtechniquefortraining
andimprovementoftechnologyofresponsetointervention(RTI),successfullyusedintheUSinthe
specialsystem.Responsetointerventionhasbeeninexistenceforonlyashortperiodoftime;also,
ithashadapowerfulimpactontheacademicachievementofpeoplesacrosstheUnitedStates.The
NationalCenteronResponsetoIntervention(2010)definedResponsetoInterventionasadelivery
servicemodel that integratesassessmentandinterventionwithinamulti-levelpreventionsystem
tomaximizepeople’sachievementsandreducebehaviorproblems.WithResponsetoIntervention,
schools identify students at risk for poor learning outcomes, monitor student progress, provide
evidence-basedinterventionsandadjusttheintensityandnatureofthoseinterventionsdepending
onastudent’sresponsiveness,andidentifystudentswithlearningdisabilitiesorotherdisabilities.To
solvetheproblemswiththeRussianlanguage,theyproposeusingthepreviouslyobtainedteaching
technologiestogetherwiththeRTItechnologyforanewfieldofapplication-trainingtheRussian
languageforpersonnelofstatecorporations(Vertakova&Plotnikov,2014;Mkrttchian,2017).

Thearticle’sauthorsdevelopedinnovationtoolsbasedontheresultsoftheanalysisofcitizens’
deliberationinsocialnetworksontopicsrelatedtoonlineservices,usingIntelligentVisualization
TechniquesforBigDataAnalyticswithAvatar-BasedManagementTechniquesintroducedbyprofessor
V.Mkrttchianin2018,inhisbook“Avatar-BasedLearningandTeachinginModernEducational
Environments:EmergingResearchandOpportunities”(Mkrttchian,etal.,2019).Socialnetworks
andtheblogosphere,whichisapopularandactiveareaofmasscommunication,maybecomethe
subjectofstudyanddatasourceforthedemandfore-governmentservices.Socialnetworkshave
greatpopularityamongRussiancitizens.According tocom.Score,nearlyeveryRussianInternet
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user(99.7%oftheaveragedomesticInternetusers)hasanaccountinsocialnetworks.Scaleusersof
Russiansocialnetworksaccountformorethan52millionpeople.TheaverageRussiansocialnetwork
userspends12,8hourspermonthonsocialnetworks,whichisthehighestrateintheworld(theworld
averageis5.9hourspermonth)(https://ria.ru/society/20171027/1507700280.html).Overthepast
fiveyears,thesocialnetworkcameontheaudienceoftheCentralRussianTVchannels.Thesefacts
highlightthedemandandpopularityofsocialmediainRussia,aswellasthepossibilityofusingthe
discussionsinsocialnetworkstoidentifyattitudes,opinionsofcitizensandtheirassessmentofthe
activitiesofthestate.

TheIntelligentVisualizationTechniqueisaprocessofpresentingdataintheformofanimagein
ordertomaximizetheconvenienceofunderstandingthem;givingavisibleformtoanyconceivable
object,subject,process,andsoon.

CONCLUSION

Thisarticleisdedicatedtotheinvestigationsofphysicalprocessesofelectrodynamicsdestruction
ofthinmetallayersduringself-healingNanometricstructuredelectrodes.

ThisarticleisdescribedAvatar-Basedenergy-efficientpowerengineeringControlSystem,based
authorsresultspublishedinIGIGlobalasanInternetofThingsandPeople(IOTAP)anddigital
twinsareused.

Thisarticledevelopedfordigitaltwinstheinnovationtools,basedAvatar-BasedControlTechniques.
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