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AHHOTALMA

Pabouas naMATb ABNAETCA LEHTPaNbHOM KOTHUTUBHOW QYHKLIMEN B OCYLLLECTBNIEHUM KPAaTKOCPOYHOTO XpaHeHus 1 06paboT-
KW MHGOpMaLmK Npu LieneHanpaBneHHon aeatensHoctu [1]. MHoxecTBo MccnenoBaHuin ¢ npuMeHennem 3317, M3T u cre-
peo-33I 6bin0 NpoBeLEHO C LieNblo 06HapYKUTb HeMpOHasbHbIe KOppensAThl paboyden NaMATU: OCLIMANALMM, BO3HUKaIOLME
B OMpefenéHHbIX 30Hax Mo3ra B OTCYTCTBME 3aMOMMHAEMOro CTUMyna. [laHHble paboTbl M3y4anu pasHble acneKTbl (3ano-
MWHaHWe, XpaHeHue, 06paboTKy, ynopaaouMBaHue, 06HOBNEHUE, TOPMOMKEHWE) U MOLANBHOCTM paboyen NamATM U noa-
UEpPKHYIM BaXHOCTb M3Yy4eHUA YHKLIMOHANBHOM CBA3HOCTM MeM[y pasHbIMM 30HaMW Mo3ra. TakuM 06pa3oM, yYEHbIMU
6bINI0 HAKOMIEHO MHOMECTBO 334acTylo NPOTUBOPEYALLMX AaHHbIX, HE CUCTEMATU3UPOBAHHBIX B efUHYI0 cucTeMy [2].
Lenb pabotbl. MpoBeaeHne cucteMatudeckoro ob3opa nybnukaumii ¢ 1980 r. no HacTosLiee Bpems, MHOEKCUPYEMBIX
B 6a3ax Scopus, Web of Science n Pubmed. naBHble Bonpock! cucTeMaTUyecKoro 063opa, chopMyIMpoBaHHbIE MO CTPYK-
Type PICo [3]: Kakue HeWpoHasnbHbIe CETW, BOBMIEYEHHbIE B pasHble MOAANbHOCTM paboyeit NaMATH, 0OHapYHKMBaOT CUH-
XPOHM3aLMM MeXOy YacToTaMM M BHYTPU YacTOT Y KOTHUTMBHO COXpaHHbIX pecrioHaeHToB (cTpykTypa PICo); cywiectsyioT
N Pa3NINYMA B XapaKTEPUCTMKAX HEMPOHANbHBIX CETEW Y B3POC/bIX U MOMKMIbIX; BO3MOXKHO 1M NPUBECTU XapaKTePUCTUKM
HeMpOHaNbHBIX CETEN MOMWUIbIX B COOTBETCTBME C TAKOBLIMM Y B3POC/IbIX, MPUMEHAA Pa3nnyHble MHTepBeHLMKM. CucteMa-
TUYeCKMIA 0630p mposoauTcA no Metogonorum PRISMA-P 2015 [4]. OcHoBHble cofeprKaTenibHble KPUTEPUM BRIIOYEHUA
cTaTeit: uccnefoBaHve GeHoMeHa paboyelt NaMATW, aHanu3 BU3YanbHoM, BepbanbHOM M HecneLMdUYecKon MoAanbHoOCTH,
npuMeHenne 33/M3M/ctepeo-33I, oLeHKa B3pOCTbIX U NOMMIBIX PECNOHAEHTOB, HAaNIMYME KONMYECTBEHHBIX Pe3ybTaToB
MoBeIEHYECKOT0 U HEVPOKOTHUTUBHOTO MCCNeAoBaHUA. KpUTepun UCKNIOYEHUA: UCMONb30BaHUE IMOLMOHAMbHBIX CTU-
MyJI0B, OLiEHKa [0/ITOBPEMEHHON MaMATH, npuMeHeHne MPT, HefjocTaTouHOEe KONMYECTBO PECMOHAEHTOB, PECTOHAEHTHI
O[JHOr0 NoNa, PeCMOHAEHTbI C KOFHUTMBHBIMWA WM UHBIMU HapyLUEHWAMM, OTCYTCTBME YacTOTHO-BPEMEHHOMO aHanm3a,
NpUMeHeHWE QU3NYECKMX U QUETMYECKUX MHTEPBEHLMIA, OTCYTCTBUE 3IKCMEPUMEHTANbHOMO UCCNEAO0BaHUA B CTaTbe,
OLEHKa paboyein NamMATM Ha HEpPOAHOM AN pecrioHfeHTa A3blke. CucTeMaTUYeckuin 0630p MPoBOAUTCA Ha niatdpopMe
nested-knowledge.com.

Wcxopa 13 3aABneHHbIX NapaMeTpoB, Mbl MPOBENM MOMCK PeNeBaHTHbIX cTaTer 1 obHapyunmn 2828 pabot, cooTBeTCTBY-
loLLMX (opMyne MOMCKa Ha OCHOBE KPUTEPUEB BKMIOYEHWA. [locneayoLWwmi CKPUHUHI aHHOTaLMI OCYLLECTBAAETCA ABYMSA
3KCNepTaMy U NO3BOAWN BbIAeNUTb 234 cTaTby, @ 03HAKOMIIEHWE C NOMHbIMM TeKcTaMn — 89 peneBaHTHbIX cTaTel. [1o-
JIy4eHHbIN NyN cTaTel XapaKTepu3yeTcA CrneaylLnMM napaMeTpamu: 69 craTen OMMCLIBAKT B3POCHbIX, 5 — MOXKUIbIX,
a 12 craTeil cpaBHMBAIOT 06e BO3pacTHbIe Mpynnbl, 42 CTaTbW ONMUCHIBAKT OCLMANALMIO, 15 — dYHKLIMOHANBHYI0 CBA3HOCTb,
32 — obe MeTpuKkK; 22 cTaTbh ONUCLIBAIOT BCE CTaaMm paboyel namaT, 8 — 3anoMuHaHme, 11 — 3anoMuHaHue U xpa-
HeHue, 4 — XpaHeHWe 1 BOCNpou3BefeHue, 23 — xpaHeHue, 9 — xpaHeHue 1 06paboTry, 7 — obpaboTky, 1 — Bocnpo-
n3BedeHue, U 3 bes paseneHna Ha ctaguu; 28 — BepbanbHylo NamMATb, 51 — BU3yanbHylo NaMATb, 8 cTaTen coaeprKar
CpaBHEHWE MOLANbHOCTEN, @ 2 CTaTbM OMMCHIBAKOT MOAANBHO HeceLMdUYecKue 3aauu.

MpenBapuTenbHble pesynbTathl MPOBEAEHHOMO CUCTEMATUYECKOr0 0030pa MOKa3anu pasHylo posib YacToT AnA pabouent
namaTu. TaK, TeTa-putMbl (4—8 L) B NobHOM Kope Haubonee YacTo YNOMMHANMUCL B CBA3W C XPaHEHWEM MHopMaLmm,
MpY 3TOM C TEHAEHUMEN YBENMYEHWA CUHXPOHM3AUMU Npu 06paboTke MHbopMaumu. Anbda-put™ (8—14 T'u) 6bin cea-
3aH C TOPMOXKEHUEM HepeneBaHTHOM MHMOPMaLMK 1 3aLLMTOM TEKYLLEro COAEpHaHMA paboyel NaMATK, YTO COrnacyeTcA
¢ obuienpuHaTor napagurMon [5]. beta-put™ (14-28 T'w) valle Bcero Habnioganca npy XpaHeHUM U BOCMPOM3BEOEHUM
MHdOpMaLMK, NPU 3TOM €ro MOLLHOCTb KOPPENMpPOBana ¢ NoKasaTensiMu TOUHOCTU namATU. MamMMa-put™ (28 'y 1 Bbilwe)
Habniogancs Npy KOAUPOBaHWUM U XPaHEHUM MHPOPMALMK, NPU STOM LEMOHCTPMPYA HONbLLYI0 MOLLHOCTL [51A bonee CNo-
HbIX CTUMYJIOB.

AHanu3 KOHHEKTVMBHOCTM NMOKa3an, YTo NPy 3aNOMUHAHWUW BU3yarbHbIX M BepbabHbIX CTUMYNOB 3aAeMCTBYIOTCA MEMKMOoNy-
LapHble N06HO-BUCOYHBIE, TI06HO-LiEHTPaNbHbIE CBA3M, B3aMMOAENUCTBYIOLME NOCPEACTBOM TeTa-pUTMOB. XpaHeHWUe UH-
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dopMauum onmpaeTcs Ha B3aMMOLENCTBUE TeTa- M raMMa-puTMOB MeXay N06HOM v TeMeHHON ceTaMu. [1ns BepbanbHbIX
CTUMYIIOB CBA3HOCTb JI06HOM 1 BUCOYHOW A0NEN MO3ra NOCpeACcTBOM TeTa-puTMa NOBBILLIAETCA C HAarpy3KoW NPY XpaHeHUK.
Anbda-put™ 06ycnoBnMBaeT CBA3b B 3a4HWX OTAENaX, a TakKe B NOOHbIX U 3afHMX OTAenax, BO BPEMA XpaHeHWA WH-
dopmauum, a beta-putM — B N106HO-BUCOYHBIX. [Tpn XpaHeHUM BM3yanbHOM MHbOpMaLMK HabnoaaloTcA N06HO-NOCTLEH-
TpasbHble CBA3M, OCYLLECTBAKLLMECA C NOMOLLbI0 TeTa-puTMa. C pocTOM Harpy3ku npu XpaHeHUW yBenM4MBaeTcs Nob-
HO-TeMeHHaA W nobHo-n0bHaA CBA3b NOCPEACTBOM TeTa-pUTMa, OHAKO OHA ocnabeBaeT nocne JOCTUMKEHMA MOPOroBOW
€MKOCTU paboyeii naMATH.

Mpu obpaboTke MHPOpMaLMK Habnoganack CBA3HOCTb NPaBOW NI06HO-3aTbINOYHON CETH, NPaBOM NpedPOHTaNbHLIA U ne-
BOW 3aTbI/IOYHOM, NPaBOM IOBHOM U 3aTbIIOYHO-TEMEHHOW [J1A BU3YabHOM MaMATM U N0BHO-TEMeHHOW ana BepbanbHOM
naMmATU NOCPeACTBOM TeTa-puTMa. CBA3HOCTbL 3aTbINOYHbIX 06nacTelt Mo3ra OCyLLEeCTBIANACh NPEUMYLLECTBEHHO NOCpea-
CTBOM a/lbha-p1TMa, @ BUCOYHBLIX — C NOMOLLLbK) BBICOKMX YacToT.

OcobbIX OTIMYMIA Y B3POCTbIX U MOMKMILIX 06HAPYHKEHO He BbII0, KPOME YrHETEHWUS HU3KMX YacToT U npeobnafaHns BbICO-
KMX YacToT B aHanm3e CBA3HOCTM.

KnioueBble cnoBa: paboyas namats; I3 MIT; ctepeo-33l; ocLMANALMK; CBA3HOCTD; CUCTEMATUYECKUI 0630p.

Kak uutuposarts:
OrcraBHoB H.C., BoeoawHa E.A., ®epene T. Pabouas naMaATb: UTo FOBOPAT UCCEA0BaHNA 06 OCUMANALMAX U GYHKLMOHANBHOM CBAZHOCTM? // TeHbl 1 KneT-
Ku. 2023.T. 18, Ne 4. C. 633-636. DOI: https://doi.org/10.17816/gc623386

AOMOJIHUTE/IbHAA UHOOPMALIUA

WUcTouHuK duHaHcHpoBaHUA. 3T0 1CCNeaoBaHMe NoaaepHKaHo PoCCUMACKMM HayuHbIM GoHoM (npoekT N° 22-18-00660).

CMUCOK JIUTEPATYPbHI

1. BenwuukoBckuit b.b. CooTHoLLEHME XpaHeHUA 1 NepepaboTky UHdopMaLmm B paboyeit naMATY // HauMoHanbHbIA NCUX0NOrMYecKuii
wypHan. 2016. N° 2. C.18-27. doi: 10.11621/npj.2016.0202

2. Baddeley A. Working memory: theories, models, and controversies // Annual Review of Psychology. 2012. Vol. 63. P. 1-29.
doi: 10.1146/annurev-psych-120710-100422

3. MunnZ, Stern C., Aromataris E., et al. What kind of systematic review should | conduct? A proposed typology and guidance for systematic
reviewers in the medical and health sciences // BMC Medical Research Methodology. 2018. Vol. 18, N 1. P. 5. doi: 10.1186/512874-017-0468-4
4. Shamseer L., Moher D., Clarke M., et al. Preferred reporting items for systematic re-view and meta-analysis protacols (PRISMA-P) 2015:
elaboration and explanation // BMJ. 2015. Vol. 350. P. g7647. doi: 10.1136/bmj.g7647

5. Bonnefond M., Jensen 0. Alpha oscillations serve to protect working memory maintenance against anticipated distracters // Current
Biology. 2012. Vol. 22, N 20. P. 1969-1974. doi: 10.1016/j.cub.2012.08.029

KOHTAKTHAA UHOOPMALIUA

*H.C. OtctaBHOB; agpec: Poccuiickan Oepepaums, 109548, Mocksa, nep. KpusokoneHHbii, 4. 3; e-mail: nikita.otstss@gmail.com

&
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

634


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623386
https://doi.org/10.11621/npj.2016.0202
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1186/s12874-017-0468-4
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.1016/j.cub.2012.08.029
mailto:nikita.otstss@gmail.com

MATEPNAJTTE KOHOEPEHLIM Tom 18, N\e 4, 2073 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS Vol 18 (4) 2023 Genes & cells ]
635

DOI: https://doi.org/10.17816/gc623386

Working memory: what does research say about
oscillation and functional connectivity?
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ABSTRACT

Working memory is a crucial cognitive function for processing and storing information in short-term memory during
purposeful activities [1]. Numerous studies using EEG, MEG, and stereo-EEG were conducted to identify the neurophysiological
correlates of working memory, including oscillations in specific brain regions in the absence of a memorized stimulus.
The studies explored multiple aspects such as encoding, maintenance, processing, ordering, updating, and inhibition and
various working memory modalities. Additionally, the studies highlighted the significance of examining the functional
connectivity between different brain regions. As a result, researchers have amassed a large amount of data that is often
contradictory and lacks organization [2].

The aim of this study is to perform a methodical review of literature published from 1980 up to the present period, cataloged
in the Scopus, Web of Science, and Pubmed databases. The systematic review follows the PICo structure and addresses three
main questions: which neuronal networks are involved in different working memory modalities and detect synchronizations
between and within frequencies in cognitively safe subjects; are there disparities in the characteristics of neuronal networks
between adults and the elderly; and can various interventions be employed to align the characteristics of neuronal networks
in the elderly with those of adults [3]. The systematic review follows PRISMA-P 2015 protocol [4]. Main inclusion criteria focus
on investigating working memory, analyzing visual, verbal and nonspecific modalities, using EEG/MEG/stereo-EEG, assessing
adult and elderly subjects, and providing quantitative results from behavioral and neurocognitive research. Exclusion criteria:
The study excluded emotional stimuli and assessments of long-term memory as well as the use of fMRI. Additionally, unigender
studies and studies with subjects who had cognitive or other impairments were not included. In addition, the study required
a sufficient number of subjects and time-frequency analysis. Moreover, physical or dietary interventions were excluded, and
experimental research was necessary for inclusion. The study did not assess working memory in a foreign language for
the subjects. A systematic review was conducted on the platform nested-knowledge.com.

Based on the given criteria, a literature search was performed, yielding 2,828 articles meeting the inclusion criteria. These were
further screened by two experts, resulting in the identification of 234 relevant articles, and upon full text review, 89 articles
were deemed relevant. The resulting pool of articles is characterized by the following parameters: 69 articles describe adult
subjects, 5 articles describe elderly subjects, and 12 articles compare both groups. Additionally, 42 articles focus on oscillation,
15 on functional connectivity, and 32 on both metrics. Concerning working memory, 22 articles describe all stages, 8 focus on
encoding, 11 on encoding and maintenance, 4 on maintenance and recall, 23 on maintenance, 9 on maintenance and processing,
7 on processing, 1 on recall, and 3 without separating stages. Furthermore, 28 articles pertain to verbal memory, 51 to visual
memory, 8 articles contain comparisons of modalities, and 2 articles discuss modally non-specific tasks.

Preliminary findings from the systematic review indicate distinct functions of various frequency bands for working memory.
Specifically, theta rhythms (4—8 Hz) in the frontal lobe were predominantly associated with information maintenance, while
demonstrating a propension for increased synchronization during information processing. The alpha rhythm (8—14 Hz) was
associated with inhibiting irrelevant data and protecting the current content of working memory, aligning with the widely
accepted paradigm [5]. The beta rhythm (14-28 Hz) was most frequently noted to occur when maintaining and recalling
information, and its power was associated with memory accuracy indicators. The gamma rhythm (28 Hz and higher) was
seen during the process of encoding and maintaining information, and exhibited greater power for more complex stimuli.
The analysis of connectivity revealed that encoding visual and verbal stimuli involves interhemispheric frontal-temporal and
frontal-central connections that interact through theta rhythms. Additionally, storing information relies on the interplay of theta
and gamma rhythms between the frontal and parietal networks. Notably, when dealing with verbal stimuli, the connectivity
of the frontal and temporal brain lobes through theta rhythm enhances with load during storage. The alpha rhythm facilitates
communication across posterior and frontal divisions during information storage, whereas beta rhythm is associated with
frontal-temporal connections. During visual information storage, theta rhythm mediates communication across frontal-
postcentral connections. As storage load increases, theta rhythm leads to strengthening of frontal-parietal and frontal-frontal
connections until the threshold of working memory capacity is reached, after which these connections weaken.
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When processing information, connectivity of the right frontal-occipital network, right prefrontal and left occipital regions,
right frontal and occipital-parietal areas for visual memory, and frontal-parietal regions for verbal memory were observed
in the theta band. Connectivity of the occipital brain regions primarily occurred in the alpha spectrum, and temporal regions
exhibited high frequencies.

No specific differences were observed between the elderly and adults, aside from the suppression of low frequencies and
the prevalence of high frequencies in the connectivity analysis.

Keywords: working memory; EEG; MEG; stereo-EEG; oscillation; connectivity; systematic review.
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