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KanbuueBas BU3yanusauma HEpPBHOM aKTMBHOCTW B MMMOKaMMe Mbillei No3BONIAET NOMy4nTb MHGOpMALMIO O B3aUMo-
BeNcTBUAX Mexay Knetkamu [1]. MHavBmayanbHble KneTouHble GAYKTyaLMm KanbLysa BO BPEMEHWU KOOMPYIOT pasfinyHble
COCTOAHMA MO3ra BO BPeMA CbEMKM M03ra MbiK. XOTA KNETKM COeUHEHbI CMHANcaMu W nepepaioT MHdopMaLmio apyr
ApYry, TPYAHO 06HapYXMTb NPOCTPAHCTBEHHO-BPEMEHHOM NyTb Nepefayy Ha OCHOBE BU3YanM3aLMW KanbLMA MHOMKECTBa
KNETOK BBUAY COMKHOCTM NPOCTPAHCTBEHHOM CTPYKTYPbI U CbEMKM B OTAENbHOM dOKanbHoW nnockoctu [2]. [ina peleHuna
3TOM 3afjaum 6bINo NPeAnoKEHO PEKOHCTPYMPOBATL AMHAMUYECKUI rpad CBA3EN MY KNeTKaMu.

[MHaMnyecKmii rpa COCTOUT M3 0AUHOYHBIX FPadoB ANA KarAoro MoMeHTa BpeMeHW. OQMHOYHBIV rpad, NpUBA3aHHBIN K MO-
MEHTY BPEMEHM t, COCTOMT M3 BEPLUMH (KNETOK) 1 MHOMKecTBa pebep, XxapaKTepu3yloLLMx nepegayy CUrHana Memxay KneTkamu
B [aHHbI i MOMEHT BpeMeHW. B HacToALLer paboTe 6binn npeanoreHsbl 3 cnocoba pekoHCTpYKLMM pébep. MepBbif cnocob pac-
CMaTpUBaET NepeceyeHnsi 0TPE3KOB BPEMEHW KalbLIMEBBIX COOBLITUI B OAMHOYHBIX KNeTKax [3]. B MOMeHTbI BpeMeHM COBMECT-
HOro NPOTEKaHWs COBLITUI B ABYX OTAENbHbIX KNeTKax pebpo NMpoBOAWTCA OT KNETKU ¢ bonee paHHUM COOLITUEM K KNETKe
c 6onee No3gHUM HayanoM cobbITvA. BTopoi cnocob cocTouT B OLEHKE BPEMEHHBIX MPOMEMYTKOB MeXAY MOMEHTaMU Hayan
co6bITHi. CobbITHA, Ha4aBLLIMECA He MO3MKe YeM Yepes 2 ¢, pacCMaTpUBaNMCh Kak NOTEHLMANbHO CBA3aHHbIE, COOTBETCTBEHHO
pebpo MpoBOAMOCH OT KNETKM, B KOTOPOM CO6bITME HaYanoch paHblue, KO BTOPOM KneTke. TpeTui cnocob cocTouT B CBA3W
Meay NocneoBaTeNlbHO NPOUCXOAALLMMM COBBITUAMM B Pa3fIMUHBIX KNeTKax. Pebpo MpoBOAMTCA OT BCEX aKTMBHBIX KIETOK
B MpeablayLLMIA MOMEHT BPEMEHM K BHOBb aKTUBMPOBABLUMMCA KNETKaM B CNeLyIOLLMA MOMEHT BPEMEHM.

AHanu3 paHHbIX NOCTPOEH Ha 3KCMepuMeHTe, B KOTOPOM MblLLb NepeMeLanach no KobLieBOMYy TpeKy v ¢ Yactoton 20 Ka-
LPOB B CEKYHAY GUKCMpoBanuch GyopecLieHLMA HEMPOHANbHOM KasbLIMEBOM aKTUBHOCTM M MONOXKEHME MbILLM Ha TPeKe
[4]. MapKép KoopamnHaThl MbILK 6bi 0TMEYEH Ha ronose. MoMCK NOBTOPAKLLMXCA NaTTEPHOB aKTUBHOCTM paccMaTpUBancA
B COMOCTaB/IEHWM BOCCTAHOB/EHHOMO AMHaMUYecKoro rpada c yrioBon KOOpAMHATOW MblluM Ha Konblie. KonbLieBon Tpek
pasbuanca Ha 20 nepeKpbIBalOLLMXCA CEKTOPOB N0 36 rpagycoB, U GUKCUPOBANOCh, B KaKMX U3 3TUX CEKTOPOB HAaXoaMTCA
yrnoBas KOOpAMHaTa NooXeHUs MbilwK. BoccTaHoBNEHHbIE CETU BbinM CrPYNNMPOBaHbI N0 YrI0BbIM CEKTOpaM.

[Hanee 6bina oueHeHa YacToTa NOBTOPEHWUA OTAEMbHbIX PEBEp BHYTPM KamaoW rpynnbl ceTeit BHYTpM cekTopa. PEbpa, Bo3-
HMKaloLLMe KaK MUHMMYM 3 pasa, bbinv oTobpaHbl ANA JanbHEWLero aHanu3a. beinn obHapyeHbl 3pdeKTbl NoBTOPAIO-
LLMXCA aKTMBALMIM Pa3nMyHbIX Nap KNETOK NpU ABUKEHWUM N0 YacoBOK CTPEJIKE M NPOTMB YacOBOM CTPENKM B OOHOM U TOM
we cektope. [lononHUTeNbHO 06HapYMKEHO HanuuMe Yepesyloleica akKTUBALMM: aKTUBHOCTb BO3HWKAET B NEPBOM KNeTKe,
3aTeM BO BTOPOM KJeTKe, 3aTeM CHOBA B NEPBOW KMETKE. BbIABMEHbI TaKKe COXKHbIE NOCe[0BaTeNbHOCTY U3 5—6 Heno-
CefoBaTeNbHbIX aKTUBALMI, NpeAcTaBUMble B BUIe oprpada 6e3 LIMKIOB, XapaKTepHble AN OTAENbHbIX CEKTOPOB.
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Bknap aBTopoB. Bce aBTOpbI NOATBEPHKAAIOT COOTBETCTBME CBOEMO aBTOPCTBA MerayHapoaHbIM kputepmam ICMJE (ece aBTo-
Pbl BHEC/IN CYLLIECTBEHHBIN BKNaL B pa3paboTKy KOHLEeNUMM, NpoBefeHve MCCnefoBaHWA 1 NOAr0TOBKY CTaTbk, MPOUNv v 0f06-
PUAV GUHANBHYIO Bepcuio nepes nybnmnKkaumen).
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WUctounuk dpuHancupoBanma. ViccnenoBaHWe BbIMOMHEHO B paMKax Hay4YHOM NporpaMMbl HaumoHanbHoro LieHTpa Guamku
¥ MaTeMaTuKK, Hanpaenenne N° 9 «/cKyCCTBEHHBIN UHTENNEKT 1 BoNbLLVe AaHHbIE B TEXHUYECKWX, MPOMBILLIEHHBIX, TPUPOA-
HBIX M COLMATbHbIX CUCTEMAX».
KoHdnukT uHTepecoB. ABTOPbI JEKNApUPYIOT OTCYTCTBME ABHBIX 1 NOTEHLMANbHBIX KOHGVKTOB MHTEPECOB, CBA3aHHBIX C Ny6-
NNKaLMen HacTOALLLEN CTaTby.
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ABSTRACT

Calcium imaging of nerve activity in the mouse hippocampus provides insights into cell-to-cell interactions [1]. Over time,
fluctuations in cellular calcium levels encode distinct brain states during mouse brain imaging. Although synapses connect
cells and transmit information, it is challenging to detect the spatiotemporal transmission pathway via calcium imaging
of multiple cells due to the complexity of the spatial structure and imaging in a separate focal plane [2]. Reconstruction
of the dynamic graph of connections between cells was proposed to overcome this problem.

A dynamic graph comprises of individual graphs for each time point. A graph linked to a particular time t is composed
of vertices representing cells and edges that depict the transmission of signals between cells at that moment. This paper
puts forth 3 approaches for creating networks. The first method considers the overlapping time intervals of calcium events
in individual cells [3]. The link is established between the cell with the earlier event and the cell with the later start of the
event during the moments when the events occurred simultaneously in separate cells. Alternatively, time intervals between
the start of events were taken into account. Potentially connected events that began no later than 2 s were linked, with
the edge drawn from the cell depicting the earlier starting event to the second cell. The third technique involved linking
sequentially occurring events in distinct cells. The edge is drawn from all active cells at the previous time step to newly
activated cells at the subsequent time step.

Data analysis is based on an experiment in which a mouse moved along a circular track while the fluorescence of neuronal
calcium activity and the mouse’s position were recorded at a frequency of 20 frames per second [4]. A red dot was marked
on the mouse’s head to track its position. The reconstructed dynamic graph was compared to the angular coordinate of the
mouse on the ring to look for repeating patterns of activity. The racetrack was divided into 20 overlapping sectors, each
spanning 36 degrees. The reconstructed networks were then assigned to sectors that aligned with the mouse’s angular
position on the track.

Next, we estimated the frequency of individual edge repetitions within each network group. Only edges that occurred at
least three times were chosen for further analysis. We found repeated activations of various cell pairs that corresponded to
clockwise and counterclockwise movement within the same sector. Furthermore, we identified the presence of alternating
activation, where activity occurred in the first cell, then the second cell, and then again in the first cell. In addition, we
identified complex sequences of 5—6 non-sequential activations, represented as a digraph without cycles, which is typical
for single sectors.
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