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AHHOTALMA
B moknage paccMatpuBaeTcA cucTeMa YeTbIpEX 06bIKHOBEHHBIX AvddepeHLManbHbIX ypaBHEHUI, MOGENMpYIoLan OuHa-
MUKy HEMPOH-TNINANbHON CeTU B NpUbAMKeHnn cpeaHero nona [1, 2]:
(TE=—E+G ln('|+e1/u(JuxE+|g))’
x=(1-x)/t;~uxE, )
=U(y)-u/tF+U(y)(1-u)E,
y=—yl1+Bo(x)
roe E(f) — cpepHAA aKTMBHOCTb; x(f) — [oNA [OCTYMHOMO HeMpoTpaHCMUTTEPa, BbICBOOOMKOAEMOr0 B CUMHAMTUYECKYIO
Lienb € BepoATHOCTbIO u(l); y(f) — monA rauaTpaHCcMUTTepa, BbICBOOOMKOAEMOro acTpouutoM. CurMomnpansHble GyHKLMK
U(y) n o(x) oTBeYaloT M3MEeHeHMI0 6a30BOro YpoBHA BEPOATHOCTM u(t) NpY BbICBOOOMAEHWUM FNMATPAHCMUTTEPA U aKTU-
BaLMM acTpoumTa Npu BbICBOHOMKAEHUM HelpoTpaHCcMUTTepa cooTBeTcTBeHHO. [MapameTp /; <0 cooTBeTcTByeT BXOAHOMY
TOPMO3fLLEMY TOKY M B [aHHOM paboTe BblbpaH B KauecTBe 6UdypKaLMoHHOro napameTtpa. OcTanbHble napamMeTpsbl Noo-
MUTENbHBI U PUKCMPOBaHbI. Bua dYHKLMIA, 3Ha4eHWA NapaMeTpoB, a TaKKe NoapobHoe onucaHue Moaenu cM. B pabotax
[1, 2.
Mpu U(x)=const nepBbie Tpu ypaBHeHWA B cucTeMe (1) npencTaBnakT cobon Mogenb Llogbikca—MapkpaMa, KoTopaa onu-
CbIBaeT ABMIEHWE KPaTKOBPEMEHHOM CMHaNTMYeCKon nnactuyHocTu [1]. B pabote [2] ata Mogenb bbina [ononHeHa YeTBEp-
TbIM YpaBHEHWEM 1A y, NOCPEACTBOM KOTOPOro 6bio BBELEHO BAMAHWE acTPOLMTOB COFMAcHO KOHLENLMM TPEXHACTHOMO
cuHanca [3].
Mogenb (1) aeMoHCTpUpyeT 60/bLLOI HAbOP AMHAMUYECKUX PEXKMMOB: OT MOKOA 1 PEryNnApHON TOHUYECKOW aKTUBHOCTM [0 Xa-
OTMYECKOM NaYeYHON aKTUBHOCTM. /IM COOTBETCTBYIOT TaKve NPUTATMBAIOLLME MHOKECTBA B (ha30BOM MPOCTPAHCTBE, KaK YCTON-
uUMBble COCTOAHUA PaBHOBECKA, NpefenbHble LKL nepuopa 1, npeaenbHble LMKNbI ioboro nepuoga neN v xaoTuueckue at-
TpaKTopbl. i3MeHeHue napameTpa /, NpMBOANT K b1ypKALIMAM 3TUX MHOMECTB — UCYE3HOBEHMIO (MM NoTepe YCTONYMBOCTH)
OJHMX aTTPaKTOPOB M POMKLEHUIO OPYrUX, YTO M ONpeSenseT CMeHy AMHAMUYECKOTO PermUMa. TakuM 06pasoM, C TOUKM 3peHus
AVHAMUKU OCHOBHOM MHTEpeC NpeacTaBnAioT 6UdYpPKaALMOHHbIE YCNIOBUA M XapaKTep POAMBLUMXCS aTTPaKTOPOB.
B noknage uncneHHo nonyyeHa nocneaoBaTenbHOCTb 6udypraumii B cucteme (1), COOTBETCTBYIOLLAA Nepexofy OT TOHUYe-
CKOW aKTMBHOCTM K MayeyHow C NMocneayloLwyMM 3MeHeHEM eé xapaKTepa. B uacTHocTu, noKasaHo, YTo yBennyeHve Ymcna
crnaKoB B OJJHOM MauyKe onpefefieHo KackajoM fobaeneHva nepuopa (period adding), B KOTOPOM NpefenbHbINA LMK ne-
puofia n TepsAeT YCTOMYMBOCTb U MECTO «MNIaBHOr0» aTTPaKTopa 3aHUMAET POAMBLUMIACA paHee YCTOWYMBBINA LKA Nepuoaa
n+1. 3T0T KacKap, 3aKaHYMBAETCA MCYE3HOBEHMEM OpbUTLI BECKOHEYHOrO Nepuofa B pesynbTate 6uypKaLMM OBOMHOMO
NnpeAenibHoro LMKNa (cefio-y3noBoi HudypKaLmMm LIMKIOB) U POKAEHWMEM YCTOMUMBOrO UMKNa neproga 1.
OcHoBHble CBOMCTBA Kackapda bbin Bocnpou3BefdeHbl B MOCTPOEHHOM HaMW MO[ENbHOM OJHOMEPHOM KyCOYHO-T/IafKOM
0TO6parKeHUM:
__{1 -2, for z <0,
p=1-u(z-1)%, for z >0,
roe zeR', y — 6udypKaumoHHbI napametp. MonydeHHble AA 0TOBpaMeHNsa pe3ynbTaTkl yKasbiBaloT Ha TO, YTO M3MEHEHMe
Naykv Npy yBennueHUn Toka I, B Mogenu (1) MoXeT CONPOBOMKAATLCA MOABNEHMEM M UCHE3HOBEHWEM KBa3WUCTPaHHbIX
aTTpaKTopoB (KBA3MATTPaKTOPOB), T.e. Xa0TUYECKUM MOBEeEHMEM.
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ABSTRACT
We analyze a system of four differential equations that describe the dynamics of a neuron-glial network using the mean
field approximation [1, 2]:
(TE=—E+G ln('|+e1/u(JuxE+|g))’
X=(1-x)/t;~uxE, )
=Uy)-u/tF+U(y)(1-u)E,
y=—yl1+Bo(x)
where E({) is the average activity, x(t) is the fraction of available neurotransmitter released into the synaptic gap with a prob-
ability u(); y(®) is the fraction of the gliatransmitter released by the astrocyte. Sigmoidal functions U(y) and a(x) correspond
to changes in the base probability level u(f) during the release of the gliatransmitter and activation of astrocytes during neu-
rotransmitter release, respectively. The input inhibitory current corresponds to a bifurcation parameter with a negative value
of I, <0, while the remaining parameters have positive and fixed values. The rest of the parameters are positive and fixed. For
a detailed description of the model, including information on the type of functions and parameter values, refer to works [1, 2].
For a constant value of U(x)=const, the first three equations in system (1) represent the Tsodyks—Markram model, which
explains the short-term synaptic plasticity phenomenon [1]. The model was enhanced with a fourth equation for y in [2],
incorporating the influence of astrocytes via the concept of a tripartite synapse [3].
Model (1) illustrates a wide range of dynamic behavior including quiescence, regular tonic activity, and chaotic bursting ac-
tivity. These behaviors correspond to various sets in the phase space, such as stable equilibrium states, limit cycles of pe-
riod 1, limit cycles of any period neN, and chaotic attractors. Changing the /; | parameter causes sets to bifurcate, resulting
in the loss of stability of certain attractors and the emergence of others, leading to a shift in the dynamic regime. Therefore,
in terms of dynamics, the conditions for bifurcation and the characteristics of the newly formed attractors are crucial.
In this presentation, we have obtained a series of numerical bifurcations in system (1) that correspond to the shift from
tonic activity to burst activity, resulting in subsequent modifications to the bursts. Specifically, our findings demonstrate that
an increase in the number of spikes per burst is determined by a period adding cascade where the aforementioned limit
cycle of period n becomes unstable, allowing for a previously established stable cycle of period n+1 to occupy the position
of the “main” attractor. This process culminates in the vanishing of the orbit with an endless period due to the saddle-node
bifurcation of cycles, followed by the creation of a dependable cycle with a period of 1.
The main properties of the cascade were reproduced in our model one-dimensional piecewise-smooth map
__{1 -2, for z <0,
p=1-p(z-1)%, for z >0,
where zeR?', p/is a bifurcational parameter. The map’s results suggest that an increase in current /; i in model (1) may lead
to the emergence and disappearance of quasi-strange attractors (quasi-attractors), implying chaotic behavior in connection
with burst variation.
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