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AHHoTaumA. AHanM3npyeTcA BO3MOMKHOCTb NMPUMEHEHWA CaMOPa3BUBAIOLLIMXCA HEMPOHHbIX
ceTen, CrocobHbIX K CAMOCTOATESIbHON MreHepaLyM TOMoSIOrMYeCKon KapTbl coeMHEHWsA
HEeMpOHOB B MpoLecce MOAENMPOBaHWA BMONOrMyYecKoro HelporeHesa, B 3ajavax
¢$opMUpoBaHNA MHOTOMOTOUHBIX CUCTEM Nepedayn MHpopmMaumn. CnpoeKTpoBaHa 6a3oBan
OMNTUYeCKan HempoceTeBan AYerKa, OCHOBAHHAA Ha MPUMEHEHUN CIIOUCTON KOMMO3WLMK,
BbINOJIHAOLLLEM 06paboTKy AaHHbIX. KapTa coeanHeHWA HeMpPOHOB peann3oBaHa He B BUAE
yrnopAao4eHHoM CTPYKTypbl, 0becrnevvBatoLLert GopMmpoBaHue perynsapHoro rpaga obMeHa
NOTOKaMW MHPOPMaLMKN MY HEMPOHaMK, @ B BUE COBOKYMHOCTU KOrHUTUBHOMO pe3epBa,
NpeacTaBneHHOro B BUAE HECBA3AHHOMO MHOMECTBA HEMPOMOpPGHLIX AYeeK. MogenvposaHue
MPOLIECCOB KNETOUHOM MMben HeMPOHOB (anonTo3a) 1 Co3aaHUsA OeHOPUTHO-aKCOHHbIX CBA3EM
[enaeT BO3MOMHbIM peanv3aLpmio anroputMa no3TanHoro pocta HeMpoHHom cetu. HecMmotpA
Ha TPYOHOCTM, BO3HMKAIOLLME MPU peanu3aLim 3Toro NpoLecca, co3aaHue pacTyLuen ceTu
B HEMPOCETEBOM OMTUYECKOM 6asiuce CHAMAET NpobieMy nepBoHa4YanbHOro GoOpMUPOBaHKA
HEeMpPOCETEBOM apXMTEKTYPbI, YTO 3HAYUTESIbHO YMPOLLIAET NpoLiecc 06yyeHus. MpuMeHseMble
HeMpoceTeBble AYENKM COBMECTHO C afifOPUTMOM pOCTa CETU NpUBENN K GOpMUPOBaHUIO
HeMpOCeTeBLIX CTPYKTYP, KoTopble AN 06paboTHN MHOPMAaLIMKM MCMONB3YIOT BHYTPEHHIOW
CaMonoaAepHMBAIOLLLYIOCA PUTMUYECKYIO aKTUBHOCTb. BO3HWMKHOBEHME TaKoW aKTUBHOCTU
06yCnaBnMBaeTCA CMOHTaHHbIM 06pa30BaHMEM Medy HeMPOHHBIMU AYeKaMK 3aMKHYTbIX
HEMPOHHbIX KOHTYPOB, COAEPHKaLLIMX 06LLIME HeMpPOHbI. TaKan opraHM3aLmMA peLMpKyIALMOHHOM
NamATU NPUBOOUT K BblpaboTKe peLLeHUn C y4eTOM TaKOoN BHYTPUCETEBOM aKTUBHOCTM.
B pesynbtate OTKAMK CETU ONpeaensaeTca He TONbKO CTUMYIMPYIOLLMMU BO3OENCTBUAMM, HO
N BHYTPEHHWUM COCTOAHWMEM CETU U ee PUTMUYECKOM aKTUBHOCTBIO. Ha dyHKUMOHMpoBaHWe
CETU HAYMHAIOT BNIMATb BHYTPEHHME PUTMbI, KOTOPbIE 3aBUCAT OT MPOXOANMOM MO HENPOHHBLIM
CKOMMEHVAM MHGOPMALWK, YTO MPUBOOUT K HOPMUPOBAHMIO CTIELPUHECKON PUTMUHECKOM NaMATU.
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Abstract. The work presents analysis of possible application of self-generating neural networks,
which can independently generate a topological map of neuron connections while modelling
biological neurogenesis, in multi-threaded information communication systems. A basic optical
neural network cell is designed on the basis of the applied layered composition performing data
processing. A map of neuron connections represents not an ordered structure providing a regular
graph for exchange of information between neurons, but a set of cognitive reserve represented
as an unconnected set of neuromorphic cells. Modelling of neuron death (apoptosis) and creation
of dendrite-axon connections makes it possible to implement a stepwise neural network growth
algorithm. Despite challenges in implementing this process, creating a growing network in an
optical neural network framework solves the problem of initial forming of the neural network
architecture, which greatly simplifies the learning process. Neural network cells used with the
network growth algorithm resulted in neural network structures that use internal self-sustaining
rhythmic activity to process information. This activity is a result of spontaneously formed closed
neural circuits with common neurons among neuronal cells. Such organisation of recirculation
memory leads to solutions with reference to such intra-network activity. As a result, response of
the network is determined not only by stimuli, but also by the internal state of the network and
its rhythmic activity. Network functioning is affected by internal rhythms, which depend on the
information passing through the neuron clusters, which results in formation of a specific rhythmic
memory. This can be used for tasks that require solutions to be worked out based on certain
parameters, but they shall be unreproducible when the network is repeatedly stimulated by the
same influences. Such tasks include ensuring information transmission security when using some
set of carriers. The task of determining a number of frequencies and their frequency plan depends
on external factors. To exclude possible repeating generation of the same carrier allocation, it is
necessary to use networks of the configuration under consideration that can influence generation
of solutions through the gathered experience.

Keywords: neuromorphic optical systems, growing neural networks, frequency plan, neuronal degeneration,
artificial neurogenesis

For citation: Lavrenkov Yu. Synthesis of an optical neuromorphic structure with differentiated artificial neurons
for information flow distribution. Prikladnaya informatika=Journal of Applied Informatics, 2022, vol.17, no.3,
pp.55-72 (in Russian). DOI: 10.37791/2687-0649-2022-17-3-55-72

BBepneHue

|_| pobneMa GopMupoBaHusi 0€30M1ACHOTO

1 HAJISKHOTO KaHaja mnepenaqan uapop-
MaIllvH SBJISETCS HanboJliee BAYKHOM B WH-
(hOpMAITMOHHBIX CUCTEMaX C aJanTHBHBIMH Ka-
Hanamu cBsizu. OJIHUM W3 METONIOB pEIICHUS

3TOM MpoOIIEMBI SIBJIsIeTCS] POPMHUPOBAHKE TIIAHA
pacrpenesenust HeCyluxX 4acToT B JOITyCTUMOM
Habope 6ecpOBOAHBIX KaHAJIOB CBS3HU [2, 6].
OT10T crtocob ooMeHa nHpopMaIHEH IperycMa-
TPUBAET KCIONTH30BaHHE HEKOTOPOTO MHOXKECTBA
HECYIIHMX, KOTOPbIE MOTYT OBITh MPUMEHEHBI
IUIs TIepefady JaHHbBIX, U MOPSAIO0K UX pacipe-
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