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AHHOTALMA

N3yyeHne HenMHelHbIX MPOLLECCOB B CUCTEMAX MO3ra C NO3ULMIA KonebaTenbHo-BOSHOBOI0 NOAX0Ma B HACTOALLLEE BpeMSA ABNA-
€TCA O[JHAM W3 aKTyalbHbIX HaNpaBeHWA U3y4YeHUA MEXaHU3MOB reHepaLmm 1 06paboTKu curHanos B Mo3re. Takve uccnemo-
BaHWA MOryT NOMOYb B peann3aumnmy pasnmyHbx GeHOMEHOB, TaKUX Kak MeXaHW3M accoLMaTMBHOM NaMATH, Ha OCHOBE CETEBbIX
Mofienel H1oNorMYecky peneBaHTHbIX HEMPOHOB. B aaHHoM paboTe npeanoxeHa apxXMTEKTYpa HEMPOHHOW CETU ANA PeLLeHMA
MPUKNagHbIX 33Aay: GUAbTpaLMM curHanos, 06paboTkM 1 pacrno3HaBaHMA MHGOPMALMOHHBIX 06pa3oB. C nomolubio peanu-
30BaHHbIX MEXaHW3MOB M0 HEMOJHLIM (parMeHTaM MOXKHO M3BJIEKaTb M MOJHOCTbI0 BOCCTAHaBNMBATL 06BEKTHI U3 MAMATU.
Kaxabi HEMPOH TaKoW HEMPOHHOW CeTW NpeacTaBnsAeT coboi broduanyeckyto Moaenb XoaKKMHa—XaKem ¢ MoanUKaLmen
MsiiHeHa, IMHaMMKa KoToporo Haubonee NpaBLoNoLo6HO BOCMPOMU3BOAMT NPOLIECCHI B HEMPOHHBIX KNETKax Mo3ra.

Mpu nccnepoBaHUM OOMHOYHBIX HEMPOHOB Ha HUX MOABAsNCA MOCTOAHHBIM BHELUHWUM TOK PasfiMYHOM aMnaMTyabl. bbinm
onpefeneHbl cpegHue nepuofbl aBTOKoNe6aHWA, 06HapYHeHbl 3HAYEeHUA MapaMeTpoB, COOTBETCTBYHLIME GUdypKaLmu
AnppoHoBa—Xonga. O6HapyKeHo, YTO AUHaMMKa HelpoHa XodKUHa—XaKcnn—MaiHeHa UMeeT rucTepesunc: Npu yeenmye-
HUM W YMEHBLUEHWW TOKA CMELLEHWA YCTOMUMBBINA NPeaesbHbIN LMK POMKOAETCA U paspyLLaeTcA MO pasHbiM CLEHApUAM.
YcToiumBbIN NpefenbHbIA LMK poxaaeTca vepes budypraumio AHapoHoBa—Xonda, a paspyLUaeTca Yepes cefi10-y3/0Byio
brdypKraLmio Ha LMKIe.

BoifBneHbl 061acTv napameTpoB, COOTBETCTBYIOLME CUHXPOHM3aALMM ABYX HEMPOHOB MpU BO3DYMKOAlOLLEN U TOPMO3HOM
CMHaNTUYeCKoW CBA3W. Bce HEMPOHbI HAXOQMNKCh B aBTOKONEOaTENIbHOM PEXKMME C HaNIMUYMEM YCTOWYMBOrO NpeaesbHoOro
LMKNa B (a30BOM MPOCTPAHCTBE.

locTpoeHa TPEXCNoiHaA HEMPOHHAA CeTb, COCTOALLAA U3 OMOPHOMO HEMPOHA, CNOA CEHCOPHBIX, CI0A KOHTPOSIbHBIX M CNoA
WHTEPHENPOHOB. CBA3M KOHTPONIBHOMO M NMPOMEKYTOYHOMO C/I0A OpraHM30BaHbl No npasuiy Xebba.

06Hapy:<eHbl 0611acTy BO3bYKOEHWA ANA Pa3fIUYHbIX TUMOB HEMPOHOB.

C nomoLLbl0 NOCTPOEHHOM HEMPOHHOM CETU NpOBEefEHbI IKCMEPUMEHTBI MO Pacno3HaBaHUI BUHapHBIX UHPOPMALMOHHBIX
naTTepHoB, KoaMpyeMbix da3om curHana. 06pasbl B NaMATM KOQMPOBAMCH C MOMOLLbIO pacnpeaenieHnsa Bo3byoaLmx
¥ TOPMO3HBIX CMHANTUYeCKMX CBA3eW. [IMHaMMUYecKn naTTepHbl OnpeaenanTcA CUHPasHbIM UM NPOTUBOGDA3HBIM Peu-
MOM 3axBaTa da3bl ($¢a30BOM CUHXPOHM3ALMEN OTHOCUTENBHO riobanbHoro putMa). Meped nonagaHMeM Ha KOHTPOSbHBI
(BbIXOZHOM) CNIOV HEMPOHOB CUrHasbl CyMMUPYIOTCA Ha CI0e UHTEPHEMPOHOB C CUrHANOM OMOPHOTO HEVMPOHA, B pe3yfbTate
yero dunbTPyeTCA onpesenéHHbIN UHPOPMALMOHHBIA cerMeHT (cMHbasHbIM unK npoTuBodasHein). Mocne npoBedEHHOM
HACTPOMKM NapaMeTPOB CeTb NPaBMIILHO Pacno3Hana NaTTepHbl.

Bbinu HargeHbl 06nacTu (pa3oBo CUHXPOHM3ALMK HEMPOHOB, UCMONb3YA KOTOPbIE, MOXKHO YNPaBNIATL PEKUMAMU aKTUB-
HoCTu ceTu. MNoaTBepHKOEHa BO3MOMKHOCTb CYLLECTBOBAHWA PEXMMOB 3axBaTa (asbl M pacno3HaBaHMA 06pa3oB ¢ MOMOLLbIO
HeMpoHOB X04KMHa—XaKcnn—MaiiHeHa.

Wtoro B pe3ynbTate BbINOMHEHWA NPOEKTa N0 MOAENUPOBAHMI0 CNANKOBOWN HEMPOHHOW CETH:

1) paccumTaHbl AByXnapaMeTpuUeCKMe AMarpaMMbl PErMOHOB BO36YHOEHWUA HEVPOHOB B Pa3fIUYHbIX PeuMax;

2) ncnonb3oBaH 3 HeKT BO3OYHOalLLEN 1 TOPMO3HOM CBA3M B CUHANTUYECKUX TOKaX A/1A NPeLCTaBNEHWA BXOAHOrO CUrHana;
3) nepeHecéH abCTPaKTHBIM MaTeMaTUYECKMIA anropuTM pacyéta MaTpuubl Xebba B peanu3aLmio CUHANTUYECKMX TOKOB
MEM[Y CHI0AMU HepPOHOB;

4) ncnonb3oBaH 3¢ QeKT $pa3oBbix KNAcTepoB ANA NPeLCTaBEHMA BbIXOLHOMO NaTTEPHa;

5) “cnonb3oBaHa peanbHO CYLLECTBYIOLLAA TOMONOTUA HEMPOHOB 3pUTENIbHO-MO3r0OBOr0 OTAENa B KayecTe paboTaroLueit
MoZenu cetu Xondunga Ha CNamKoBOW HEMPOHHOW CeTU ¢ npaBwunoM Xebba OnA 3afauv pacnosHaBaHWA rpaduyecKmx
obpa3oB.

KnioueBbie cnoBa: HEVIPOH; CMHanNTU4yeCKaA CBA3b; NpaBuo Xeb6a.
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AOMNOJIHUTEJSIbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpLI NOATBEPHKAAIOT COOTBETCTBME CBOEMO aBTOPCTBa MeMayHapoaHbIM Kputepmam ICMJE (ece aBTo-
Pbl BHEC/IM CYLLIECTBEHHbI BKNA/ B pa3paboTy KOHLENUMM, NPoBeeHME 1CCne0BaHNA 1 NOAr0TOBKY CTaTby, MPOYNM 1 0f06-
PUV GUHANBbHYIO Bepcuio nepef nybnmnKkaumen).

WUcTouHuK duHaHcMpoBaHUA. ABTOPLI 3aABNAIOT 06 OTCYTCTBMM BHELLIHErO GUHAHCUPOBAHWA NpY NPOBEEHNN UCCNe0BaHMA.
KoHdnuKT uHTepecoB. ABTOPLI AEKNapUPYIOT OTCYTCTBME ABHbIX M MOTEHUMAMbHBIX KOHIIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
NMKALIMe HaCTOALLIeN CTaTby.
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ABSTRACT

The investigation of nonlinear processes in brain systems based on the oscillatory-wave approach is currently one of the
most consequential domains of researching signal generation and processing mechanisms in the brain. These investigations
may offer insights into various phenomena, such as the mechanism of associative memory, based on network models
of biologically relevant neurons. A neural network architecture is proposed in this paper to solve applied problems,
such as signal filtering, processing, and recognition of information images. Mechanisms for incomplete fragments were
implemented, enabling the extraction and complete restoration of objects from memory. Each neuron in this neural network
comprises a Hodgkin—Huxley biophysical model with a Mainen modification, the dynamics of which most plausibly reproduce
the processes in the neural cells of the brain.

In the research on individual neurons, a constant external current with varying amplitudes was applied. The study determined
the average periods of self-oscillations and identified parameter values for the Andronov—Hopf bifurcation. In particular,
a stable limit cycle is created and destroyed depending on different scenarios when the bias current is increased or
decreased. A stable limit cycle arises via the Andronov—Hopf bifurcation and is terminated via the saddle-node bifurcation
on the cycle.

The study identified parameter regions whereby two neurons with excitatory and inhibitory synaptic connections synchronize.
The neurons were all in self-oscillating mode and exhibited a stable limit cycle in the phase space.

A three-layer neural network was constructed, comprising of a reference neuron, sensory, control, and interneurons. The
control and intermediate layer connections are arranged based on the Hebbian learning rule.

Areas of excitation for various types of neurons were found.

Experiments were conducted using the neural network architecture to distinguish binary information patterns encoded
through signal phase. Excitatory and inhibitory synaptic connections were employed to encode the images stored in memory.
The dynamic patterns are determined through the in-phase or anti-phase mode of phase locking, i.e., phase synchronization
relative to the global rhythm. Before reaching the output layer of neurons, the signals are summed on the interneuron layer
with the signal of the reference neuron, resulting in the filtering out of a certain information segment (in-phase or anti-
phase). The network accurately recognized the patterns after parameter adjustments were made.

Areas of neuron phase synchronization were discovered, enabling control of network activity modes. The confirmation of the
viability of phase capture and pattern recognition modes using Hodgkin—Huxley—Mainen neurons was achieved.

In total, as a result of the implementation of the spike neural network modeling project:

1) two-parameter diagrams of regions of neuronal excitation in various modes are calculated;

2) the effect of excitatory and inhibitory coupling in synaptic currents is used to represent the input signal;

3) an abstract mathematical algorithm for calculating the Hebbian matrix has been transferred to the implementation
of synaptic currents between layers of neurons;

4) the effect of phase clusters is used to represent the output pattern;

5) the neurons’ topology in the visual-cerebral department served as a working model for recognizing graphic images
through the Hopfield network on a spike neural network, using the Hebbian rule.
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