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AHHOTALMA

JKcnepuMeHTabHbIE Pe3ynbTaThl, YKasblBalOLLME Ha POfib FMANbHBIX KIETOK, B 0COBEHHOCTU acTpouuToB, B GOpMUpO-
BaHWM HEMPOHAJIbHOM aKTUBHOCTU KaK B KYNbTypasibHbIX CpefaX, Tak M B Mo3re MOJKPEnNsioT MHTEPEC K U3Y4EeHUI0 Ou-
HaMWMYECKMX CBOWCTB MHOFOKOMMOHeTHbIX ceTer [1]. [InA uccnenoBaHUA TakMX CMCTEM MCMONb3YIOTCA MaTeMaTU4ecKue
MOAENM Pa3nuyYHoOM cTeneHn GU3nonorMyeckor getanvsaumu: oT Modenen XoaKkMHa—XaKkcau 1 Ynnaxa onAa He/poHoB
1 aCTpOLIMTOB COOTBETCTBEHHO [0 CW/bHO YMPOLLEHHBLIX CUCTEM TWUMA HaKonjeHne-cbpoc M ¢pasosblx ocumnnaTopos. Mo-
cnefHue 06bIYHO paccMaTpyBaloTCA B Ciyvae, KOrAa 3afjada COCTOMT B ONpedefieHuM Haubonee 06LMX OUHAMUYECKUX
CBOWCTB aHcaMbnen, B nepsylo ovepedb 3PdEKTOB, BO3HMKAIOLIMX B 3aBUCMMOCTM OT TOMONOMMM CETU, U B MeHbLLIEW CTe-
MeHW 3aBUCALLMX OT AMHAMUYECKMX CBOMCTB OTAENbHBIX €€ 3/1eMEHTOB. B 3T0M cBA3K paccMaTpuBaeTCs My/bTUMNEKCHas
(mByxcnoviHas) ceTb [2]: TOMOMOrMA CMHaNTUYECKMUX CBA3EM MeAYy HEMPOHAMM OTHOCUTCA K KNaccy AanbHUX CyYalHbIX
B3aMMOJENCTBUIA, B TO BPEMA KaK B3aUMOLEWCTBME MEMAY MMNaNbHBIMU KNETKaMK 0MocpefoBaHo AuddyHAMpYLWLMMI
MOnNeKyNnaM1-MeMaTopamMmn 1 No3TOMy HOCUT NIOKanbHbIM xapakTep. [oMMMO 3TOro, BpeEMeHHbIE MacluTabbl KonebaHuii
HEVPOHOB M acTPOLMTOB PasfINYAOTCA KaK MUHUMYM Ha NOPAAOK.

CMHXPOHM3aLMA KonebaTeNbHbIX aHCaMb/1ei Bbi3blBAaeT UHTEPEC KaK OfMH M3 OCHOBOMOMAraloLMX AUHAMUYECKMX Npo-
LieccoB, onpegfenswoLMx 06paboTky MHPOPMaLIMK, MPUHATUE PELLEHUIA U KOOPLMHALMIO ABUKEHWUIA HBUONOrMYECKUMU Hell-
poHamu [3]. Ponb Tononoruu cenAse B aHcambine 3HauWTeNbHa: B F06anbHO CBA3AHHBIX CUCTEMAX, TaKKe KaK M B Cily-
YanHblx ceTsax Ipaéla—PeHbn HabnogaeTcs (pa3oBbIA Nepexod BTOPOro poAa K Tak HasbiBaeMol rnobanbHov ¢asoson
KOTrepEeHTHOCTH, a B CNy4ae IOKanbHOW CBA3W (HanpuMep, ABYMEPHOM PELLETOYHOM TOMOMOMMM) BO3MOMHbI TONBKO 3aXBaT
yacToTbl UK dasbl. B cMMnieKTUYECKMX CeTAX BO3MOXKEH (pa30Bblii NEPeXo NePBOro poaa K CUHXPOHM3aLMK, U3BECTHBIN
KaK «B3pblBHasA» CUHXPOHM3aLMA [4].

HepnaBHo 6bii10 06HapyKEHO, YTO MYNBLTUNEKCUPOBAHUE «HEMPOHANLHOMO» (CO Cly4YalHOM TOMOMOrMEN) U «FMANbHOr0»
(perynapHoii peLwETKM) OCLMANATOPHBIX COEB [AET MHTEPECHbIE CBOWMCTBA CMHXPOHM3aLMK [5]. B yacTHoCTH, B perynspHoi
«FNIMANbHOM» PELLETKE MOMKET BbITb MHOYLIMPOBaH (a30Bblii NePeXod BTOPOro poaa K CUHXpOHM3aumu. C [pyroi CTOPOHI,
nepexon K CMHpOHM3aLMM B 060MX COAX MPOMCXOOUT Yepes3 NpefBapuTeibHOE paspyLUeHUe CUHXPOHU3ALMM B KaaoM
OTZENIbHOM CJI0e B NMPOLIECCe YBENMYEHUA CUAbI FINANbHOI0 B3aMMOAENCTBUA.

Mbl npefcTaBnAeM pesysbTathl JafbHEMLLEr0 UCCef0BaHMUA MYNbTUMIEKCHBIX HEMPOH-TIManbHbIX CEeTel, 0606LLan Tono-
JIOTUI0 HEMPOHAMBHOM CETU Ha Clyyal CUMMNEKTUYECKUX «TpUaLHbIX» B3auMopaencTBuin. MokasaHo, Yto $as3oBbIi nepe-
XOf NEPBOr0 POAa K CUHXPOHU3ALMM B PEFYNAPHON «FNIMaNbHOM» PELLETKE MOMKET ObITb UHAYLMPOBAH CUMMNEKTUYECKON
CBA3bl0 BHYTPY «HEMPOHabHOro». KpoMe Toro, TakoM Ga3oBblii Nepexos MOMKET NPOMCX0AMTb NPU YCUEHUM TINaNbHBIX
CBA3eM [ame Npu TOM, YTO CBA3b MEMAY HelpoHaMu 6bina bbl ciMLWKOM cnaba, 4Tobbl TaKOM Nepexod COCTOANCA B U30/U-
POBaHHOM HelpoHanbHOM cnoe. [py 3TOM nepexof K AeCMHXPOHW3ALMM B HEMPOHANTbHOM C0€, BbI3bIBAEMbIN YMEPEHHBIM
YCU/IEHUEM FNINaNbHOM CBA3M, HUKOTAA He ABNAETCA PE3KUM.
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ABSTRACT

Mounting experimental evidence suggests a significant role for glial cells, particularly astrocytes, in shaping neuronal activity
in both cell cultures and the brain, driving interest in exploring multi-component network dynamics [1]. These systems are
modeled at varying levels of physiological detail, ranging from the Hodgkin-Huxley and Ullah models for neurons and
astrocytes, respectively, to simple integrate-and-fire models or phase oscillators. Multiplex networks are commonly used
to model generic dynamical phenomena, with an emphasis on network connectivity effects rather than the complexity of an
individual cell's behavior. This model is particularly advantageous due to its use of a two-layer network structure [2]. This
structure accurately describes neural connectivity through the long-range random coupling, while glial cells interact locally
through the diffusion of mediatory molecules. Furthermore, the oscillatory timescales between neural and glial cells differ
by at least one order of magnitude.

In this context, the analysis of synchronization is a focal point as it is a crucial process that underpins information processing,
decision making, and movement control in living neural systems [3]. Network topology is known to be essential, where all-to-all
coupling and random Erdos—Renyi connectivity support the second-order phase transition to global phase coherence. In contrast,
regular local coupling such as a 2D lattice only permits frequency and phase locking. Additionally, symplectic networks are
capable of demonstrating a first-order phase transition, which is commonly referred to as “explosive” synchronization [4].
Recently, studies have shown that combining model neural (random) and glial (regular lattice) oscillatory layers can lead to
a variety of outcomes [5]. Specifically, this combination was found to induce a second-order phase transition in the regular
glial layer. In addition, synchronization in both layers may be preceded by desynchronization as the coupling between
the layers becomes stronger.

Here we investigate synchronization in the multiplex neural-glial network, where the neural layer is symplectic and contains
triadic interactions. We demonstrate that symplectic coupling in the neural layer can induce the first order transition in
the regular (glial) layer. Additionally, we show that such a transition can be induced by strengthening the glial and interlayer
coupling, even if the symplectic neural layer alone is below the synchronization threshold. Desynchronization in the neuronal
layer, resulting from the moderated coupling to the glial layer, never occurs abruptly.
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