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AHHOTALIMA

(DopMupoBaHWe YCTOMYMBbLIX KOTHUTUBHBIX CMeLManu3aLmnii HeMpoOHOB HAaXOAMTCA B LIEHTPe BHUMaHUA COBPEMEHHOM He-
POHayKWU. BarKHbIM MPMMEPOM TaKMX CreuManv3aumnii ABNAIOTCA NMPOCTPAHCTBEHHbIE CMELMAanuU3aLmMm HeMpOHOB MeCTa,
MMEIOLLMX OJHO MM HECKOMBKO NPOCTPaHCTBEHHO-PELIENTUBHLIX Nofen (nonew Mecta) [1].

B npenbloywimx uMccnenoBaHUAX HamMmu Obina nodpobHO NpoaHanM3MpoBaHa AMHaMMKa GOPMUPOBAHWUA Moiei MecTa
B HeMpoHax rpaHynapHoro cnos nona CA1 runnokaMna Mbllei B 3afave NpoM3BosbHOM CBOHOHOM HaBUTraLMM B KOJlb-
LLeBOM TpekKe [2]. B KauecTBe 0CHOBHOMO NapaMeTpa CTabubHOCTU NPOCTPAHCTBEHHOM CMeLManu3aLmMmy HeMpoHOB MecTa
HaMmu 6bina NpeanoKeHa JMHaMUYECKan CENEKTUBHOCTb, MO3BOAAIOLLAS OTCNEKMUBATL NATeHLMI0 GOPMUPOBaAHMA Ka-
[0r0 13 NoJier MecTa, a TaKKe OMHAMUKY CENEKTUBHOCTM HEMPOHOB MECTa MO OTHOLIEHUIO K COOTBETCTBYIOLLMM MOIAM
MECTa KaK B TeYeHue OQHOM CeCCUMM CbEMKM, TaK U Mexay pasHbiMK ceccuaMU. OHAKO B 04HOMEPHbIX cpefax, Takux
KaK YMOMAHYThLIM Bbllle KOMbLEBOW TPeK, MonA MecTa MOryT MpoABAATb CreUMPUUYHOCTb OTHOCMTENbHO HanpaBieHUs
OBVXEHNA UBOTHOMO [3], YTO CYLLECTBEHHO YCNOMHAET aHanM3 B CNyvae NpOM3BOILHOCTU TPAEKTOPUM OBUMEHUA.
B cBA3M ¢ 3TMM HaMK bbIM NpoBedeHbl AOMNONHUTENbHLIE SKCMEPUMEHTbI MO CbEMKE HEMPOHHOM aKTUBHOCTM MbILLEN
B [IBYXMEpHbIX Cpefax: B MPAMOYrofIbHOM OTKPLITOM Mojie C 00BEKTaMM, @ TaKMKe B KpYriloi apeHe C M3MEeHAEMbIM Ko-
NINYEeCTBOM NPENATCTBUM.

B HacToALLeN paboTe NpoBeAEH CPaBHUTENbHLIN aHaNM3 OCHOBHLIX NapaMeTpoB AMHaMMKM GOPMMPOBAHMSA NMPOCTPAHCTBEH-
HbIX crieLManmsaumi (nateHuma cneunanmsaumm, CpeaHas AMHaMUYecKas CeNeKTUBHOCTb, HavabHbIA NPUPOCT CENEKTUB-
HOCTW, AONA «HEMEIEHHbIX» MOJIEN MECTa, T.e. CTabUNbHbIX C CaMOro NepPBOr0 MX NOCELLEHWUS HMUBOTHbIM) B 0JHOMEPHOM
KOMbLIEBOM TpEKe U B BYXMepHbIX apeHax. O6HapyeHo, YTo CpefHAsA CENEKTUBHOCTb MOjei MecTa Bo3pacTana BO BCEX
CeccUaX, AoCTUras BOMbLUMX 3HAYEHUI B MOBTOPHBLIX CECCHAX MO CPABHEHWIO C NEPBOW CECCMEN B HOBOW [ANIA MBOTHOMO
obcTaHoBKe. [py 3TOM [0NA «HEMeAneHHbIX» MOJel MecTa 0CTaBanacb 3HauYMTeNbHOW, M3MeHAACh oT 11% Bcex monen
MecTa B Kpyr/ioin apeHe ¢ npenATcTBUAMKM A0 25% Bcex nonen MecTa B KOMbLEBOM TPEKe.

KpoMe Toro, Hamu bbin NPoBeAEH NOMYNALMOHHBIA aHaNN3 HEMPOHHOW aKTUBHOCTU ANA NEPBOM CECCUU B KOJbLIEBOM Tpe-
Ke 1 B Kpyr/ion apeHe c NpenATcTBUAMKU. B pesynbtate noHMMKeHWA pa3aMepHOCTM NONYAALMOHHbLIX BEKTOPOB MPY MOMOLLM
N1annacoBbiX COBCTBEHHBIX KapT Oblfla PEKOHCTPYMPOBaHA TPAEKTOPUA HUBOTHBIX, MPUYEM TOUHOCTb TaKOM PEKOHCTPYKLMM
Haxo[Mnacb B COrnacoBaHWUM CO CpeHeN AMHAMMUYECKON CEeNEKTUBHOCTBLIO AA KaX4oro M3 HUBOTHBIX, B3ATLIX B aHanu3.
TeM caMbIM bbina NpoBeAeHa BepuGMKaLMA OUHAMUYECKOM CENTEKTUBHOCTM KaK Mepbl KayecTBa KOAMPOBAHWA MPOCTPaH-
CTBa BCEN 3aperncTpMpoBaHHOM NONyNALMU HEWPOHOB.
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WUcTounuk dunaHcmpoBaHua. Viccnenosaque BeINOIHEHO Mpy GMHAHCOBOW Noaaepke HekoMMmepyeckoro OoHaa pasBuTuA
HayKw 1 06pa30BaHmMA «MHTENNEKT», a TakKe MerancumniInHapHoM Hay4Ho-0bpa3oBaTesbHoi WKonbl MY nmenn M.B. Jlomo-
HocoBa «Mo3r, KOrHUTWBHbIE CUCTEMBI, UCKYCCTBEHHBIN MHTENEKT.

KoHdnuKT uHTepecoB. ABTOpLI AeKIapUPYIOT OTCYTCTBIME ABHBIX M MOTEHLMAMbHBIX KOHIIMKTOB MHTEPECOB, CBA3aHHLIX C My6-
NNKaLMen HacTOALLLEN CTaTby.
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ABSTRACT

The development of persistent cognitive adaptations in neurons is a key area of focus in contemporary neuroscience.
A significant illustration of such adaptations occurs through spatial specializations in place cells with one or more receptive
fields that are sensitive to spatial cues (place fields) [1].

In prior research, we extensively examined the dynamics of place field formation in granular layer neurons of the CA1 field in
the hippocampus of mice during arbitrary free navigation in a circular track [2]. As the primary factor for maintaining stability
in the spatial specialization of place cells, we have introduced dynamic selectivity. This approach enables us to monitor
the latency of each place field's formation and the selectivity dynamics of place cells to their respective fields throughout
one or multiple shooting sessions. However, in one-dimensional settings, like the circular track referenced previously, place
fields can demonstrate direction-specificity with regards to animal movement [3]. This factor considerably complicates
the analysis for arbitrary movement trajectories of animals. In this study, additional experiments were conducted to capture
the neural activity of mice in two-dimensional environments. The experiments were conducted in both a rectangular field
with objects and a circular arena with a varying number of obstacles.

In this paper, we conduct a comparative analysis to examine the critical parameters governing the development of spatial
specializations in a one-dimensional circle track and two-dimensional arenas. These parameters include specialization
latency, average dynamic selectivity, initial increase in selectivity, and the proportion of “immediate” place fields that remain
stable from the first animal visit. The study discovered that the mean selectivity of the place fields escalated in each
session, with higher rates observed in subsequent sessions versus the initial session in a novel setting. Additionally, there
was a significant occurrence of “immediate” place fields, representing 11% of all place fields in the rounded arena with
obstacles, and 25% of all place fields in the circular track.

Additionally, a population analysis of neural activity was performed on the first session in a circular track and a round arena
with obstacles. Using Laplace eigenmaps for the dimension reduction of population vectors, the trajectory of animals was
reconstructed, and the accuracy of this reconstruction agreed with the average dynamic selectivity for each animal included
in the analysis. Thus, dynamic selectivity was verified as a measure of the spatial coding quality of the entire registered
population of neurons.
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