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AHHOTALMA

CumTaetcs, 4To OBNafieHME CEMAHTMKOM COB PeYM OCHOBAHO Ha B1ONOrMYeCKMX MexaHU3Max accoLmaTMBHOro obyderma [1].
OpHaKo TeKyLLee NOHMMaHWE MO3roBbIX MEXaHU3MOB 06Y4eHUS U NaMATH NPEUMYLLECTBEHHO Ha3npyeTcA Ha NPOCTLIX MOAe-
NAX (BKNIOYAA MOAENM Ha HUBOTHBIX), B TO BpEMS KaK MeXaHW3Mbl 06y4YEHUA B KOFHUTMBHOM 06/1aCTU OCTalOTCA B 3HAUMTENb-
HOM CTeneHn HensBecTHbIMU. CeMaHTUYeCKoe 06yYeHUE peyun ABNAETCA XOPOLUMM NPUMEPOM TaKMX KOrHUTUBHBIX MPOLIECCOB,
MO3roBble MeXaHWU3Mbl KOTOPbIX HE MOTYT ObITb JIErKO 06bACHEHbI HA YPOBHE MPOCTLIX HEMPOHHBIX ceTel. B yacTHocT, Ao cux
Mop HeT YETKOro NOHWMaHWUA pALa NPOLECCOB, JIEXALLMX B OCHOBE TaKoro 06y4eHns — BKIKOYaA MexaHU3Mbl, 0becneynBa-
loLLIME KOpPEeNALIMOHHOE COBMafieH e HeMPOHHbIX penpe3eHTaLmi, HeobxogmMmoe A XebboBCKOM NnacTUYHOCTH, peBepbepa-
LIMOHHOE BOCMPOM3BEEHNE acCOLMMPYEMON penpe3eHTaumu B paboyeii NamMATY, BOBMIEYEHWE KOHCONMMAALUMM U T.0.

Yrobbl MCCnenoBaTh 3TM BOMPOCHI, Mbl NMPOBENM CEPUI0 IKCTIEPUMEHTOB, MOLENUPYIOLLMX CEMAHTUYECKOE Hay4eHue Crno-
BaM, CBA3aHHbIM C JEWCTBUMAMMW. Mbl MCMONB30BaNM HOBYIO 3KCIEPUMEHTaNbHYIO NMPOLEAYPY CEMAHTUYECKOr0 HayyeHus,
0CHOBaHHYI0 Ha 06y4eHnn MeTooM Npob U OLIMGOK, B X0 KOTOPOW Y4aCTHUKM aKTUBHO NpuobpeTany accoLmalmm Mex-
[y NCeBAOCNO0BaMU W AeNCTBUAMK. JKCNepyUMeHTanbHaA NpoLeaypa BKoYana npe3eHTaumm akycTUUYeCKM BbIPOBHEHHBIX
MCeBAOC/0B, KOTOPble bV HE3HAKOMBI YYaCTHMKAM [0 Hayana JKcnepuMeHTa. 3afjaya y4acTHUKOB 3aKnioyanach B Bbl-
MOSHEHUN [BUMKEHUN KOHEYHOCTAMM (pyKaMu M Horamu) B OTBET Ha COOTBETCTBYlOLLMe nceBAocnoBa. [lonoxuTensHas
UMW OTpULaTeNbHaA 0bpaTHas CBA3b MofaBanach B KamAoW peanusauuu B 3aBUCUMOCTM OT OEWACTBUIA yvacTHMKa. M3l
PerncTpuMpoBany He TONbKO BO BPEMA 06Y4EHMA, HO M BO BPEMA NAacCMBHOI0 NpeabABNEHUA TEX e NCeBLoC0B A0 U No-
cne obyyeHns, 4To NO3BOMANO KOHTPONMPOBATb IGPEKTHI BHUMAHUA U NOArOTOBKM K ABUMHKEHWI0. Mbl aHanu3mpoBanu cBA-
3aHHble C COBLITUAMM NONA U OCUMNNALMK B beTa-amanasoHe.

Halum sKcnepuMeHTbI NOKasanu, 4To KOpTMKasnbHasA MAacTMYHOCTb, CBA3aHHaA C 06y4eHNEM CNOBaM, MOMKET ObITb BbifBE-
Ha cpasy nocne 06yyeHus, 6e3 Kakoro-nmMbo ANUTENLHOrO BPEMEHM ANfA KoHconupauum [2].

Mbl 06Hapy®unu gBa adpdeKTa, pa3BuBatoLLMXCA B npoLiecce 06yyeHns, KoTopble MoryT crocobcToBaTh Xeb6oBCcKoM nia-
CTUYHOCTM, CBA3BIBAIOLLEN CNYXOBbIE PEMpe3eHTaLMy NCeBAOCNOB C aCCOLMUPYEMBIMUA [BUKEHUAMM.

Bo-nepBbix, Mbl 06HapyXMNM peakTMBaLMIO CIYXOPEYeBbIX PerpeseHTauuii BO BpeMA WMHMLUMALMM OBUKeHWsA. [o-BU-
LVIMOMY, MMEHHO 3TOT MeXaHWU3M C03[aéT YCoBMA ANA BPEMEHHOMO COBMafieHUA akTUBaLMIA B [BYX acCOLMMUpPYEMBIX pe-
npe3eHTaLmMAX — CNYXOBOM penpeseHTaLumn peun 1 penpeseHTaLmMm MOTOPHOM NporpamMMbl.

Bo-BTOpbIX, Mbl 06HapYXMAK, YTO B NpoLecce 06y4eHnA BO3HUKAET 3HAUUTENbHOE YCUEHNE MOLLHOCTU BeTa-ocumanALmnm
BO BpeEMS W NOCNe BbINONHEHUA MOTOPHOr0 [erCTBUA. 3TOT adPeKT BKMoYan B cebs He TONbKO 06bIYHYI0 6eTa-CUHXPOHU-
3aLMI0 B CEHCOMOTOPHbIX 06/1aCTAX KOpbl NOCNE ABUMKEHWA, HO U Pe3K0e YBENMYeHNe MOLLHOCTM beTa-KonebaHuii BO MHO-
YKEeCTBE accoLMaTMBHbIX 0bnacTen Kopbl. Mbl nonaraeM, 4to Takue 6eta-ocLUMANALMM NpeLCTaBAAIOT cobon peBepbepaum-
OHHbIM MeXaHU3M 3aKpenieHWA accoLMaTMBHOM CBA3M U 3alLuTbl € oT noMex [3].

B panbHerwmx 3KcnepuMeHTax Mbl pacluMpuny npoLeaypy, U NpoBOAWAM mpouedypy 06y4eHnsA Ha NPOTAMEHUM [BYX No-
CNlefoBaTesIbHbIX AHEN, C HOYHBIM CHOM MeXay ABYMA 3anucAMU. Mbl OLiEHMBaNM AMHAMUKY MOLLHOCTM beTa-ocumMnnALumiA,
COMPOBOMAAIOLLYI0 KaK 0byd4eHMe HOBbIM MCEBAOCNOBAM B NEPBbIN [eHb, TaK WM MOBTOPEHME 3afayu Mocne HOYHOro CHa
Ha BTOpOW feHb. CBA3aHHaA ¢ cobbITAMM beTa-CUHXPOHM3aLMA B N06HLIX 06nacTAX NoABNANACk cpasy nocne Toro, Kak npa-
BMNa GblIN BbIyYEHbI B NEPBbINA EHb, U HE MEHANACh HW NOCNE CHA, HU MOC/E NOBTOPEHMA BO BTOPOM AeHb. TakuM 06pa3oM,
AVHaMuKa npedpoHTanbHoOro beta-puTMa oTparkana U3MeHeHUe B NOBEAEHWUW: AOCTUTHYB KpUTEPUA 0BYYEHHOCTU B NePBLIN
AEHb, YYaCTHWUKM NPOJOHKANM NPaKTUYECcKM He30WNB0YHO BLIMONHATL 3afjady Ha BTOpOW AeHb. HanpoTuB, cBA3aHHas c co-
BbITUAMU beTa-CMHXPOHM3aLUMA B 33HEN BUCOYHOM M TEMEHHOW KOpe HErnpepbiBHO POCNa Ha MPOTAMEHWM BCEr0 BTOPOro
BHS, YTO, NPEANONOKUTENBHO, UIPaeT Pofib B KOHCONMIALMM BHOBb Bbly4eHHbIX acCOLMaLMIA B [ONTOBPEMEHHOMN NaMATH.
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Takum o6pa30M, pe3ynbTatbl HalKX nccnefoBaHUA BbIABUAWM KOMIIEKC ¢M3VIOJ'IOFVI‘-IECKI/IX MeXaHMU3MOB MJ1IaCTUYHOCTU
4eNI0BEYECKOro M03ra B KOrHUTUBHOM c¢epe.
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ABSTRACT

Acquisition of language semantics is widely believed to be facilitated by biological mechanisms of associative learning [1].
However, current understanding of brain mechanisms underlying learning and memory is primarily based on simple models,
including animal models, with mechanisms of learning in the cognitive realm largely unknown. Semantic language learning
serves as a compelling example of these cognitive processes, whose brain mechanisms pose a challenge to explanation at
the level of basic neural networks. Particularly, many processes underlying such learning still lack clear understanding, including
the mechanisms that enable correlational coincidence of neuronal representation required for Hebbian plasticity, the reverberatory
replay of the to-be associated representations in working memory, and the involvement of consolidation, among others.

We conducted a series of studies modeling the acquisition of semantic knowledge of action-related vocabulary to investigate
these questions. We implemented a unique trial-and-error-based procedure for semantic acquisition, in which participants
obtained associations between newly introduced pseudowords and actions through active learning. The experimental
procedure comprised the delivery of acoustically equivalent pseudowords that were previously unknown to the subjects.
Participants were instructed to execute movements of their hands and feet in response to specific pseudowords. Following
each trial, participants received either positive or negative feedback depending on their performance. During the learning
phase, MEG was recorded, as well as during passive presentations of the same pseudowords before and after learning to
control for attention and motor preparation effects. Our analysis involved event-related fields and beta oscillations.

Our experiments showed that cortical plasticity related to word learning could be detected immediately after learning,
without the need for prolonged consolidation time [2].

We observed two effects during learning that could contribute to Hebbian plasticity by linking auditory speech representations
of pseudowords with associated movements.

First, we observed the reactivation of auditory speech representations during the initialization of movement. This mechanism
apparently creates the conditions for temporal coincidence of activations in two representations, specifically an auditory
speech representation and a representation of a motor program.

During the learning process, we observed a considerable rise in beta oscillations that occurred during and after action
execution. This effect comprised a typical beta-rebound in the sensorimotor regions and a significant surge in beta activity
in various associative cortical regions. We postulate that these beta oscillations constitute a reverberation mechanism that
reinforces the associative connection and guards it against potential interference [3].

In further experiments, we administered the learning process over two consecutive days with an overnight interval between
recordings. We evaluated beta power dynamics during the acquisition of novel pseudowords on day 1 and during task
rehearsal following overnight sleep on day 2. Beta event-related synchronization in the frontal regions emerged upon
the attainment of the pseudoword learning rules on day 1, and remained unchanged after sleep and subsequent rehearsal
on day 2. The prefrontal beta rhythm'’s dynamics mirrored the corresponding behavioral changes: subjects executed the task
with minimal errors on day 2 upon meeting the learning criterion on day 1. Beta event-related synchronization augmented
continuously in the posterior temporal and parietal cortices on day 2 and potentially contributed towards the assimilation
of newly-acquired associations in long-term memory.

In summary, our research offers fresh perspectives on the intricate neural mechanisms underlying plasticity in the human
brain within the cognitive domain.

Keywords: associative learning; reward learning; memory; action words; post-movement beta synchronization; magne-
toencephalography.
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