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ABSTRACT

Theresearchdescribesthenanoscaledevices,theirgeneralarchitecture,andhowtheyaffectthe
synapses.Suchdevices,basedonthenewapproachinartificialintelligence,willplayasignificant
roleinmanyspheres.Theresearchalsodescribesthearchitectureoftheprogrammingneuronbuilt
onthebasisofabiologicalone.Unlikeexistingtechnicaldevicesforimplementinganeuronbased
onclassicalnodesorientedtobinaryprocessing,theproposedpathisbasedonbit-parallelprocessing
ofnumericaldata(synapses)forobtainingresult.Theproposedapproachofimplementinganeuron
canserveasanewelementarybasisfortheconstructionofneuron-basedcomputerswithahigher
processingspeedofbiologicalinformationandgoodsurvivability.
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INTRoDUCTIoN

NowadaysthesphereofArtificialIntelligenceisbasedonthesimplifiedprogrammablemodelof
aneuronwhichbecomesabasisofdifferenttopologies‘neural-networks(Galiautdinov,R.,2019).
Suchtheapproachhoweverdoesnotseemtobeabletofullyresolvemanyproblemsandbuildfully
functionalArtificialIntelligence(Lee,H.etal.,2009A).Atthesametimemanydifferentspheres
haveademandofbeingabletoconnectneuralactivityofbiologicalcreaturesandtechnicaldevices.
The solution could be applied in medicine, military sphere, education, etc (Galiautdinov, R. &
Mkrttchian,V.,2019A).

Themajortrendinsuchtheworkwasbasedonmeasuringoftheelectricalactivityofthebrain.
Mostoftheresearchesinthissphereusethedatareceivedwiththehelpofencephalogramadopting
thisdataintosomevisibleresult(Lee,S.H.etal.,2017).Therecentactivityofsomeotherresearchers
isbasedoninjectionofthesmallelectrodesintothebrainprovidingsomekindofresultbasedon
humaninterpretationofthespikes(thedataoftheelectricalactivityofthebrain).Aswecansee
thereisnosignificantdifference.Moreover,suchtheapproachleadstodead-endsimplybecauseof
thetwomajorfactors:
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• Thesizeoftheelectrodecan’tbereducedmorethanit’sreducednow,becauseitwouldeffect
onthequalityofthereceivedsignal(Ford,L.etal.,2019);

• Theworkofthebrainisbasedonelectro-chemicaltransferofasignalandnotjustontheelectrical
signal(Hawkins,R.D.&Kandel,E.R.,2019).Theelectricalsignalmightbetranslatedas“do
something”and“stopdoingsomething”andtheresearchersdonottakethisintoconsideration.

Theapproachsuggestedhereisbasedonnano-scaledeviceswhicheffectonthesynapsesandthe
wholeinterpretationoftheneuralactivityrequirestheintroductionofanothertypeoftheprogramming
neuronbasedonthebiologicalonewhichshouldbecomeanewdirectioninthesphereofArtificial
Intelligence(Galiautdinov,R.&Mkrttchian,V.,2019B).

Thenewtypeofprogrammingneuron(BN)couldalsobecomeabasisindevelopmentofthe
computers.

Theproblemofremotecontrolandmonitoringofbiochemicalprocessesatthemolecularand
nanoscalelevelisextremelyimportantandissignificantinvariousfieldsofscienceandtechnology
(Rayman,J.B.&Kandel,E.R.,2017).Nanotechnologyoffersanumberofnewapproachesforthis,
inparticular,theuseofcompositemagneticnanoparticlesactivatedbyanexternallow-frequency
non-heating magnetic field with a frequency of <1 kHz (Mkrttchian, V., Gamidullaeva, L. &
Galiautdinov,R.,2019).Inthiscase,magneticnanoparticlesactasmediatorsthatconverttheenergy
ofanexternalmagneticfieldintomechanicalstimulithattransformintoacontrolleddeformation
ofthesurroundingmacromoleculesandmacromolecularsystems,therebychangingtheirstructure,
propertiesandbiochemicalactivity.

Thisapproachhassignificantpotentialfortheselectivemanagementofbiochemicalreactions
(regulation of kinetics, yield ratios, cell survival) and the creation of new generation chemical
moleculartechnologies,inparticular,forsolvingnanomedicineproblemswithmolecularlocality,
selectivityandtargetedtherapeuticeffect(Asok,A.etal.,2018).

Computer Neuron
TheartificialorprogrammingneuronusedinComputerSciencepartiallysimulatesthebiological
neuron.Suchtheartificialneuronreceivesthenumberofthesignalsastheinputdataandeachofthese
signalsisinfacttheoutputofanotherneuron(Fiumara,F.etal.,2016).Eachinputgetsmultipliedby
theappropriateweight(simulatingthesynapticstrength)thenwecansumallthevaluesanddefine
thelevelofneuronactivation.Thefinalresultofthisoperationwouldbeeither0or1.

Therearedifferentkindsoftheneuralnetworksbutallofthemarebasedontheabovedescribed
configuration.Therearemultipleinputsignalsfortheartificialneuron:x1,x2,…,xn.Theseinputsignals
correspondtotheinputsignalinthesynapsesofthebiologicalneurons.Eachsignalgetsmultiplied
bytheappropriateweightw1,w2,..,wn,andthenallofthemgetredirectedtothesummationblock
markedwithasymbol∑.Eachweightcorrespondstothepowerofasinglebiologicalsynapse.The
summationblockwhichcorrespondstothebodyofthebiologicalelement,arithmeticallysumsthe
inputsandcreatestheoutputR.

Suchthedescriptioncanbedefinedwiththefollowingformula:

R WX W
i

n

i i
= +

=
∑
1

0


where:

W0–isabias
Wi–istheweightoftheithneuron
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xi-istheexitoftheithneuron
n–isthenumberoftheneurons,whichserveastheinputfortheprocessingneuron

ThesignalW0whichhasaname“bias”representstheshiftlimitfunction.Thissignalallows
youtoshift theoriginoftheactivationfunction,whichsubsequentlyleadstotheincreaseinthe
learningspeed.Thissignalisaddedtoeachneuron,itlearnslikeallotherscales,anditsfeatureis
thatitconnectstothe+1signal,andnottotheoutputofthepreviousneuron.ThereceivedsignalR
getsprocessedbytheactivationfunctionandreturnstheoutputsignalX(Figure2).

ThefunctionFiscalledafunctionwhichnarrowsinthecasetheactivationfunctionnarrowsthe
rangeofvariationXsothatforeachvalueofRthevalueofXbelongstosomerangeofthefinalinterval.
Forthisusuallyweusethelogisticfunction.Thisfunctioncanbedescribedinthefollowingway.

Themajoradvantageofsuchthefunctionisthatithasasimplederivativeanddifferentiatesalong
theabscissa.Thefunctionincreasestheweaksignalsandreduces“toostrong”signals.

Thereisalsoanotherfunctionthatisfrequentlyusedishyperbolictangent.Itresemblesasigmoid
inshapeandisoftenusedbybiologistsasamathematicalmodelofnervecellactivation.Itlooksin
thefollowingway:

x th R= ( ) 

Figure 1. Illustration of the artificial neuron
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Likethelogisticfunction,thehyperbolictangentisS-shaped,butitissymmetricalwithrespect
totheorigin,andatthepointofR=0thevalueoftheoutputsignalX=0.

The Principal of work of the Nervous System
Thesignalsbetweentheneuronsarenotjustelectrical,theyareelectro-chemical.Oneoftheneural
processeswhichdescribesthemechanismofmemory’sworkiscalledsummation.Thisprocessandthe
newmethodofreceivingtheinformationbasedontheneurotransmitterswasdescribedinthedetails
intheresearchofGaliautdinov(Galiautdinov,R.,2020).Describingtheprocessofsummationit’s
knownthatthemajorkeyoftheprocessisenclosedinthefactthatweakbutfrequentenoughsignals
caneventuallymakethesignal“tojump”toanotherneuronintheneuralcircuitandthemechanism
ofthisprocessisbasedoncollectionofthecalciumions.Thememorybasedonthismechanism
doesnotlastlongandtheinformationreceivedthroughtheusageofthismechanismdisappearsas
soonasthecalciumions“disappear”.

AnotherveryimportantneuralprocesswhichisrelatedtothememorymechanismiscalledLong
TermPotentiation.Themechanismstartsinthecaseiftherewasastrongenoughsignal(~-30mV)
whichmakesthereceptors“tospitsout”theionofMg2+.

Andonemoreexampleofhowthememoryworksissocalled“Papezcircle”,whichrepresents
somekindofneuralcircuit’sconnectedrouteinthebrainandrunsthesignalinthecircle.

Mathematical Model of Biological Neuron
ThemathematicalmodelofbiologicalneuronisrepresentedinFigure3.

Let’sconsiderthebeginningvectorwhichislocatedinthecenteroftheactivestandandtheend
isdirectedtothepatternpointdefinedforagivenneuron.Denoteitasthevectorofthepreferred
directionoftheexcitation’spropagation(T,trend).ForthecasewhenthevectorTisinthebiological
neuronitcanmanifestitselfinthestructureoftheneuroplasm,perhapsthesearethechannelsfor
themovementofionsintothebodyofthecell,orotherchangesinthestructureoftheneuron.A
neuronhasthepropertyofmemory,itcanmemorizethevectorT,thedirectionofthisvector,can
changeandoverwritedependingonexternalfactors.ThedegreetowhichthevectorTcanundergo
changesiscalledneuroplasticity.

Thisvectoraffects the functioningof theneuronsynapses.Foreachsynapse,wedefine the
beginningofthevectorSwhichislocatedinthecenterofthecell,andtheendisdirectedtothe
centerofthetargetingneuronwhichisconnectedtothesynapse.Nowthedegreeofinfluencefor
eachsynapsecanbedeterminedasfollows:thesmallertheanglebetweenthevectorTandSis,the
morethesynapsewillbeamplified;thesmallertheangle,thestrongerthesynapsewillweakenand
maypossiblystopthetransmissionofexcitation.Eachsynapsehasanindependentmemoryproperty;

Figure 2. Illustration of the artificial neuron with the activation function
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itremembersthemeaningofitsstrength.Theindicatedvalueschangewitheachactivationofthe
neuron,undertheinfluenceofthevectorT,theyeitherincreaseordecreasebyacertainvalue.

Theinputsignals(x1, x2, ... xn)oftheneuronarerealnumberswhichcharacterizethestrengthof
thesynapsesoftheneuronswhichaffectontheneuron.

Apositivevalueoftheinputmeansastimulatingeffectontheneuron,andanegativevalue
meansaninhibitoryeffect.

Forabiologicalneuron,itdoesnotmatterwheretheexcitingsignalcamefrom,theresultof
itsactivitywillbeidentical.Aneuronwillbeactivatedwhenthesumoftheeffectsappliedonthe
neuronexceedsacertainthresholdvalue.Therefore,allsignalspassthroughadder(a),andsince
neuronsandthenervoussystemworkinrealtimetheeffectoftheinputsshouldbeevaluatedina
shortperiodoftime.Theresultoftheadderpassesthethresholdfunction(b)andifthesumexceeds
thethresholdvaluethenthisleadstoneuronactivity.Aneuronsendsasignalofitsactivitytothe
systemwhenneurongetsactivated.Theinformationincludesitspositioninthespaceofthenervous
systemandthechargethatchangesovertime(c).Afteracertaintimeaftertheactivation,theneuron
transmitsexcitationalongalltheavailablesynapses.Beforesuchthetransmissiontheitrecountsthe
strengthoftheavailablesynapses.

ThevectorT(d)isadjustedtakingintoaccountthevalueofthepatternpointPpandthelevel
ofneuroplasticity.Next,thereisareassessmentofthevaluesofallsynapseforcesintheneuron(e).

Notethatblocks(d)and(e)runinparallelwithblock(c).
ThenextsimplificationoftheHodgkin-HuxleymodelistheMorrisLecarmodel,proposedin

1981.Thissystemofequationsdescribesthecomplexrelationshipbetweenthemembranepotentialand
theactivationoftheionchannelsinthemembrane.Mathematically,themodeliswrittenasfollows.

TheopenstateprobabilityfunctionsMSS(V)andWSS(V)areobtainedfromtheassumption
thatopenandclosedstatesofthechannelsaredelimitedaccordingtotheBoltzmanndistribution.
Changesintheexternalcurrent,I,areaccompaniedbyasaddle-nodebifurcation,leadingtothebirth
ofalimitcycle.Inthefieldoftheoreticalmodelingofneuraloscillatorstheindependentresearcher
GaliautdinovR.isdevelopedthenumberofthenewmathmodelsofneuraldynamics.

One of the most interesting developments is the model of the modified FitzHugh-Nagumo
generator,whichisasimplifiedversionoftheHodgkin-Huxleymodel.Thismodelhasaseparatrix
thresholdmanifoldthatseparatessignalsintosubthresholdoscillationsandsuprathresholdexcitation
pulses, which are further used for communication between neurons. In addition, the model
simultaneously possesses the properties of an integrative response typical of threshold systems
andresonancecharacteristicssimilartooscillatorysystems.Inotherwords,thereisafundamental
possibility of simultaneously performing both frequency and phase encoding and decoding of
information.

Previously,theauthorofthemodelofthemodifiedFitzHugh-Nagumogeneratorproposedamodel
ofaneuronwithspontaneousperiodicoscillationsbelowtheexcitationthreshold.Themodelisbased
onwell-knowndynamicsystemsandisdescribedbyasystemoffourth-orderdifferentialequations.

Figure 3. The mathematical model of biological neuron
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ThefirstblockdescribessubthresholdoscillationsandcanbeimplementedasaVanderPol
generatorinasoftexcitationmode.Thesecondblockisresponsiblefortheformationofanimpulse
andisimplementedasanexcitableFitzHugh-Nagumoelement.Introducinganonlinearconnection
betweentheblocks,weconcludethatthedynamicsofthemodelcanbedescribedbythefollowing
4th-ordersystem(Figure7).

Thevariablesxandydescribethedynamicsofthefirstblock:

u,v–ofthesecondone

Figure 4. The model describes the complex relationship between the membrane potential and the activation of the ion channels 
in the membrane

Figure 5. Illustrates phase plane of the FitzHugh-Nagumo model with a threshold manifold
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f(u)–nonlinearfunctionofcubicform
ε1,ε2–smallpositiveparameters
I–constantexternalstimulus

γ,β,l>0,α<0–theparameterscharacterizingthedynamicsofVanderPolvariablesandthe
relationshipbetweenblocks(Galiautdinov,R.&Mkrttchian,V.,2019B)

Nano Technology in Interpretation of the Nervous System
Heretheauthordescribeshisownapproachandtheexperimentalpartwhichprovesthatthisisa
workingapproach(Galiautdinov,R.,2020).

Usuallythereasonofparalysisisthatasignaloftheneuronsomewhereinthebraincan’treach
themotor-neuronwhicheffectsonthemuscle.Strictlyspeakingthesignalgetsstoppedsomewhere
becauseofthebiologicalinjury.

Consequentlyinordertoresolvethisproblemit’snecessarytocatchtheActionPotential(AP)
eitherinthesourcepointorsomewhereonitswaytothedestinationandeithersimulateiteffectingon
themotorneuronorsimulatedirectlythemusclebasedonthesignalandtypetheneuronsent.However,
wecan’tjustmeasuretheelectricchargesomewhereandreproducethesameelectricchargeinthe
destinationpoint:suchtheapproachhasadeadend,notaccurateandwillnotworkthewayweneed.

Before we make any kind of the signal interpretation it’s necessary to understand the type
oftheneurotransmitterscausingthesignal(~80%:eitherGluorGABA,~20%theothertypesof
neurotransmitterswiththecountof20+),thestrengthofthesignal(todistinguishthetypeofthe
runningprocess:summation,longlastingpotentiation)andthesourcepointofthesignal.

It’simpossibletofindoutwhatkindofneurotransmittersareinvolvedintothesignalbychecking
onlytheAPofbigenoughandrandomareasofabrain.Itisrequiredtohavesomeindicatorwithinthe
synapticcleftinordertofindoutthis.Thisindicatorwouldchemicallyevaluatetheneurotransmitters
typesinthesynapticcleftandthetimeintervaltheygetin.Anotherindicationwhichisnecessaryfor

Figure 6. Illustrates model of an excitable element with subthreshold oscillations. Functional diagram.



International Journal of Applied Nanotechnology Research
Volume 4 • Issue 2 • July-December 2019

73

resolvingthetaskisthedetectionofwhatkindofreceptorsareused:NMDAorNon-NMDA,but
thiscouldberesolvedbytheanalysisofthecaughttransmitters.

Theindicatorwhichissupposedtogathertheinformationregardingtheneurotransmittersand
transferthesignalmustbeof5-8nmwhichmeanswearetalkingaboutthenano-scaletechnologies.
Suchthetechnologydoesnotexistatthemoment.However,thegeneralarchitectureisdescribed
inFigure8.

Withouthavingsuchnano-scaleddevice,fortheexperimenttheauthorusedanAplysia(the
mollusc)andconsideredthereflexchainof24sensorneuronsleadingto6motorneuronsofthegills.
However,inthisparticularexperimentit’snotnecessarytoconsiderthewholechain,itwouldbe
enoughtolimittheconsiderationtoonly2linkedneurons:onesensorneuronandonemotorneuron.
Thedifferenceoftheauthor’sexperimentandtheexperimentofEricKandel(Kandeletal,2019)
isenclosedinthefollowing:theauthor’sgoalwasnottoresearchtheprocessofsummation,butto
catchtheemittedneurotransmittersandestimatewhethertheanalysisoftheneurotransmitterswould
allowtoevaluatetherunningprocessandeffectonthemuscle.

Thus,gatheringtheinformationabouttheneurotransmittersissomethingwhatcouldbequite
difficulttodoatthecurrentleveloftechnology.Themostmodernindicatorhasawidthofaround
80nmwhichistoomuchforasynapticcleftwhichhasawidthof10-50nm.

Takingintotheaccountthecurrentleveloftechnology,wecan’tinsertsomeindicatorinsideof
asynapticcleftofaworkingsynapse.That’swhyforthegoaloftheexperimenttheauthordecidedto
useanotherapproach:insteadofinsertingtheindicatorinsideofasynapticcleft,theauthorсutsthe

Figure 7. The 4th-order system that describes the dynamics of the model
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synapseonalevelofitssynapticcleftandplacedapieceofglassonadistanceof40nmfromthecut,
sothatthispieceofglasswouldsimulatesomekindofapostsynapticmembrane.Additionally,forthe
experimentalparttheneuronwasconnectedwiththeelectrodeinordertomeasuretheAP.Thenthe
authorstimulatedthesensorneuroneffectingonthegillswhichledtoemissionofneurotransmitters
onaglassplayingtheroleofapostsynapticmembrane(GaliautdinovR.2020).

TheanalysisofthechemicalsubstancewasthendonewiththehelpofHighPerformanceLiquid
Chromatography(HPLC)(GaliautdinovR.2020).

Thisexperimentallowedtocatchtheneurotransmittersofthesynapsewhenitwasworkingand
detectthetypeoftheemittedneurotransmitters.Duringtheexperimentthedistancebetweenthe
synapticcutandtheglasswasvariedbetween10-40nm.Thebestresultwasachievedonadistance
of10-15nm.

Intheinitialsetsofexperimentsthegoalwastoprovewiththeexperimentthatcatchingofthe
neurotransmitterscouldbedoneandthecaughtneurotransmitterscouldbedefined.All thiswas
provedbytheexperiment.Theanalysisshowedtheabilitytodistinguishtheneurotransmittersand
todefineGlu(C5H9NO4)inthisparticularexperiment.

Catchingtheneurotransmittersallowedtoassessthetypeoftheneurotransmittersusedandthe
approximatequantity.Thefurtherpotentialexperimentswiththequantityofneurotransmittersarequite
usefulandwouldallowtodistinguishtherunningprocess:summationorlonglastingpotentiation.

Thedatawasanalyzedaccording to thedescribedabovemethod forassaydeterminationof
someaminoacidsinthejointpresenceofandincombinationwithnaturalbioactivecomponentsby
highperformanceliquidchromatography(HPLC)inthereversed-phasevariantwithUVdetection.

Thenthedatawasautomaticallystoredinthedatabaseandcontained3fieldsforeachexperiment:
theapproximatequantityoftheneurotransmitters,thetypeoftheneurotransmitterandthevalueofthe
APontheelectrode.Therunningapplicationallowedtofindthecorrelationbetweenthequantityand
theAPandmakepredictionofthefollowingresult.Atthefinalstage,havingthecalculatedAPthe
systemcaneffectonthesynapticmembranewhichcouldarousethenextneuronintheneuralcircuit.

SuchtheimplementationcanbeandwasalreadysimulatedwiththehelpoftheNeural-constructor
developedbyGaliautdinov(GaliautdinovR.,MkrttchianV.,2019A).TheneuralcircuitofAplysia
(themollusc)wasbuiltwiththehelpoftheNeural-constructorandsimulatedtheinfluenceofthe
inputsignalsontheworkoftheneuralcircuitandreceivedtheoutputsignalwhichwasabletoeffect
onthevirtualmuscles(GaliautdinovR.,MkrttchianV.,2019A).

Theprogrammingmodeloftheartificialneuronwasbasedonthebiologicalmodelcontains
thefollowingkeyfeatures:

• EachartificialbiologicalneuronhasgenericlistoftheQueuesfordendrites(inputsignals)and
axons(outputsignals);

Figure 8. The general architecture of the neurotransmitter
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• Eachsynapsecangenerate thevesiclescontainingdifferent typeoneurotransmitters (inmy
researchIusedonly2neurotransmitters:Glu,GAMA).Thegenerationofthevesiclesstarts
whentheneuronreceivestheAPwhichcanbeinstantiatedbasedonthesignalsreceivedfrom
theQueue(s)ofdendrite(s).Such the signal is not constant anddependson thequantityof
neurotransmitterscaughtbythesynapticmembrane(forthecaseifsummationprocessruns–
Non-NMDAreceptorsweretriggered)orit’sconstantenoughevenwiththesmallquantityof
neurotransmittersforthecasewhenNMDAreceptorsweretargetedandoneoftheinitialsignals
wasstrongenough(GaliautdinovR.,2020);

• Eachaxoncanhaveonlyonetypeofneurotransmitters;
• Theprogrammablesynapsecangeneratethecalciumionscominginsideandsimulatetheprocess

ofinteractionwiththevesicles,whicheffectsonsimulationofmovingofthevesiclestowardsthe
synapticmembraneandemissionofneurotransmittersintothesynapticcleftwhichwilleffect
oninitiationofthesignalinanotherneuron;

• The emitted neurotransmitters do not affect directly on another neuron, they effect on the
synapticmembranewhichisprogrammaticallyrepresentedasaninputobjectofthedendrite
connectedwithanotherneuron.Theemissionresultfullydependsonthetypeofthereceptors
andthewhetherNMDAreceptor(ifthisisacase)is“turnedon”(whatcouldbecausedbythe
initialstrongsignal).

Such theapproachwasusedbyGaliautdinov increationof theneuron-basedconstructor in
thebeginningof2016.Thisneuro-constructorallowstoconstructtheneuralcircuitsincludingthe
virtualmusclesandvirtualsensors.Thevirtualsensorsserveasatriggeringmechanismeffectingon
theneuralcircuitandthevirtualmusclesserveasoutcome.Eachneuronandeachsynapsegenerate
thelogs,whichincludesthedataoftheAPs,thenumberofemittedcalciumions,thenumberof
instantiatedvesicleswithneurotransmitters, thenumberofemittedneurotransmitters, thetypeof
thereceptorsandthedatarelatedtothenewlygeneratedsignals.Thisconstructorallowstomove
theexperimentsonbiologicalobjects(suchasAplysia–themullusc)intothevirtualspherewhere
noanimalisnecessaryforexploringoftheworkofthenervoussystem.Moreimportant,itallows
toconstructextremelycomplexvirtualneuralcircuitsandresearchitsbehavior.Suchtheapproach
allowstosimulatethenervoussystemevenofthecomplexcreatures.Duringtheexperiment,with
thehelpoftheauthor’sneuro-constructor,thenervoussystemofAplysiaandPlanarian(Tricladida)
wasvirtuallycreated.Thegeneratedneuralcircuitwasabletosimulatetheworkandbehaviorof
thenaturalcreatures.

CoNCLUSIoN

In this study, the author considered the modern tendency in the sphere of brain interfaces, and
highlightedthatthecurrentapproachthatofferedbysuchcompaniesasNeuralinkleadstothedeadend.
Theauthorsuggestedanothertechnologyandmethodthatbasedonthenano-scaledeviceseffecting
onthesynapses,whereononehandhasaspecificwaytogo,andonanotherhandcanbeimproved
withthegrowthoftechnology.Thesuggestedmethodhoweverisquitedifficulttoreproducebecause
oftherequiredleveloftechnologicalequipmentthatneedstobeusedduringthephysicalpartofthe
experiments.Althoughtheexperimentwasconsideredassuccessfulthereisstillanumberofthe
additionalresearchrequiredtogotowardsthedevelopmentofthesuggestednano-scaletechnology.

Withregardstothetechnologicaldemand,oneofthemajorchallengesisenclosedinoperations
onanano-scalelevel.Theauthoralsoconsideredthedifferencebetweenartificialprogrammable
neuronandthebiologicalone,showingthedifferenceandhowthisdifferenceeffectsonthenumber
oftheneuralprocessesinthenervesystemofabiological/artificialcreature.

Thediscussed studydescribed the experiments implementedon thevirtually createdneural
circuitswiththehelpoftheneuralconstructordevelopedbytheauthor.Suchthevirtualexperiments
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havetheboosttogrowthofthesciencesincetheseexperimentsarenotlimitedbythelackofthe
technicalequipmentandbiologicalmaterialsandatthesametimetheachievedresultisprettymuch
closedtotheresultwhichcouldbeachievedinalabworkingonthephysicalequipmentwiththe
biologicalmaterials.

Thedescribednano-scaledeviceandtechnologyhoweverhaveawiderangeofthepracticaluse,
especiallyinthemedical,ITandmilitaryspheres.Theauthordescribedthehigh-levelarchitectureof
thenano-scaledevicewhichcouldbeusedforanalysisoftheneurotransmittersanddetectionofhow
andwhentoeffectonthefollowingneuronsintheneuralcircuit.Itisdemonstratedinthisresearch
thatit’spossibletogettheproperinterpretationofabrainsignalandeffectonthemuscleeveninthe
situationwhenneuralcircuitiscorrupted.
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