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[NoBeIIIeHHAST OCHMJUISITOPHAsE 0€Ta-aKTUBHOCTh B 0a3aJIbHBIX TAHIJIMSIX CUYMTAECTCS OOTHUM W3
OCHOBHBIX 3JIEKTPO(MU3NOJIOTNIECKIX OMOMapKepOB HAPYIIEHUS IBUTaTeIbHOIO KOHTPOJIS IIpU
oone3nu I[MapkuHcoHa. I1pu 3ToM PyHKIIMOHAIBHAS POJIb IMHAMWYECKUX MTPOLIECCOB PUTMUYE-
CKOM aKTUBHOCTHU TIPU BBIMTOJHEHUM ABUXKEHUI MO CUX IOp He IO KOHIA u3ydeHa. MeTomom
MUKPO3JEKTPOIHON perucTpaliMi Mbl UCCIISIOBAIN PUTMUUECKYIO aKTUBHOCTb HEMPOHOB Cy0-
TaJaMU4eCKOTO siapa y 9 maumueHToB ¢ 0oie3Hbo [TapkrHCcoOHA BO BpeMs ITpOBEACHUST HeApOXM -
PYPrudecKMX oIlepaluii IjIsd YCTAHOBKM CUCTEM IITyOMHHOM CTUMYJISIIMU Mo3ra. MBI IToKa3aau
3HAYMMYIO ITOJIOXUTEIBbHYIO KOPPEIsInIo aMIUIMTydbl aabda- (7—12 ') u Huskoii 6era- (12—
20 I'ir) aKkTMBHOCTH B CyOTaJaMUYECKOM SIJIpE C OOIIMMU MOKa3aTeJIsSIMU IBUTaTEIbHBIX HapyIlle-
HUM y TallMeHTOB ¢ 0oJyie3HbI0 [TapkuHcoHa. Takxke MbI MOKa3aIu, YTO aMIIJIMTYIA PUTMUYECKO
anb(pa-aKTUBHOCTU, B OTJIUYME OT O€Ta-pUTMOB, 3HAUMMO CHUXXAJIACh TPU BBITTOJTHEHUM Tally-
€HTaMU JBUTaTeJIbHBbIX TeCTOB. bojiee TOro, crerieHb CHIKEHUS allb(pa-aKTUBHOCTHU HAIIPSIMYIO
KOppEeInpOoBaJia ¢ BIPaKeHHOCThIO cuMnToMa OpanukuHe3nu. [1ojrydeHHEBIC pe3yIbTaThl II03BO-
JISTIOT IPEANOJI0XKUTh, YTO Hapsiay ¢ 0eTa-aKTUBHOCTBHIO B IBUTAaTEIbHOM KOHTPOJIE MTALIMEHTOB C
oone3npio [TapkuHCcOHA UTpaeT poJib TaKKe ajb(da-pUTMHUUYECKass aKTUBHOCTb HEMPOHOB CyOTa-
JIJaMUYECKOTO s1Ipa.

Karuesvie crosa: HelipoHHasT pUTMUYECKass aKTUBHOCTh, OpaIuKWHE3Ws, MUKPO3JIEKTPOIHAS
perucTpalms, cyoraraMmudeckoe ampo, 6one3nb [lapkuacoHa

DOI: 10.31857/S0044467723060059, EDN: IDVTUV

BBEAEHUWE

bonesns [MapkuHcoHa (BIT) — HeliponereHe-
paTUBHOE 3a00JieBaHUE, MPUBOSIIIEE K pa3any-
HBIM JIBUTATEJIbHBIM HapyLIeHUsSIM, TaKUM KakK
3aMeJICHHOCTh JBWXXEHUU (OpamvKuHE3us),
HEKOHTPOJUPYEMO YBEJIUYEHHBII TOHYC (pu-
TUIHOCTh), a Takxke Tpemop mnokos (Galvan,
Wichmann, 2008). OOIIeOpUHSITBIM 3JeKTPO-
dusnonornyeckumM Mapkepom OoJiesHu Ilap-
KWHCOHA SIBJISIETCS TTOBBILIEHHAS OCUMIISITOP-
Hasl HEipOHHasi aKTUBHOCTb B 0a3aJibHbIX TraH-
[JIMSIX, B YACTHOCTH, B CyOTalaMUUYE€CKOM silipe
(CTA), na yactorax 8—30 I'mt (Hammond et al.,
2007). dns obaerdeHus: CUMIITOMOB ITapKUHCO-
HU3Ma MCMOJIb3YeTCs MEAUKaMEHTO3HOE Jieue-

Hue (npenaparsl geBononsl) (Kiihn et al., 2006;
Kiihn et al., 2009; Tinkhauser, 2017a) n rimyOuH-
Hag CTUMYISILMS cyOTajJaMMYecKoro spa
(DBS) (Kiihn et al., 2008; Oswal et al., 2016;
Horn et al., 2017; Tinkhauser et al., 20176), koTo-
pble CHIZKAIOT NAaTOJIOTMYEeCKMEe OCLIMUISILIVM.

HccnenoBanusi, HanpaBjeHHbIe Ha OoJiee T10-
JIPOOHOE BBISIBJICHHUE MATOJIOTMYECKUX YacTOT, MO-
Ka3zaJld HauOOJIbIIYI0O KOPPESILIMIO OCLMILISIINIA
Ha yactoTe 10—14 Ii1 ¢ 0600I11IEeHHBIMY MTOKa3aTe-
JIIMUA JIBUTATEJIbHBIX HApyILIeHUId B 3aIluiCsIX JIO-
KaabHbIX TToTeHLManoB (local field potentials, LFP)
y IalureHToB ¢ 6oe3HbI0 [TapkuHcoHa (Neumann
et al., 2016). B Halmx npenbuiylmx UCciaeaoBa-
HUSIX JIOKQJIbHBIX TMOTEHLIMAJIOB cyOTajiaMuue-
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CKOTO $1Jipa Mbl TaKKe MoKa3aju, 4YTO C OpaauKu-
He3Mell B OOJIbIIel CTeNeHW KOppEeIupyeT aM-
MINTyda OCUMJUIIIMK B muanazoHe 8—14 I
(Belova et al., 2021). Takoit yacTOTHBIN Iuara-
30H BBIOMBaeTCS M3 OIpeaeeHUsT “Kiaccuue-
CKOro” OeTa-muana3oHa M MepeceKaeTcsl C allb-
¢da-4acToTOIiA.

OCHOBHBIE JaHHbIE O POJIY OCUWJIISLIMI B T1a-
toduzuonorn bIT mosydeHbl B MCCIETOBAHUSIX
JIOKQJIBHBIX TTOTEHIIMAJIOB — CUTHAJIOB, OTpaXKaro-
WX KOMITJIEKCHYIO aKTUBHOCTb OT MHOTHUX HEM-
POHHBIX WCTOYHUKOB CO CJIOXHOI TeoMeTpueit,
OKa3bIBAIOIIEN CYIIIECTBEHHOE BIUSHUE Ha XapaK-
TEpUCTUKU Tiofydyaemoro curHaia (Herreras,
2016). McTOUHMKOM NATOJOTMYECKUX OCIIMJUISI-
LI B JIOKAJIBHBIX MOTEHIIMAIAX, BEPOSITHEE BCETO,
SIBJISIETCSI CHHXPOHHAsI aKTUBHOCTb OOJTBIIINX HETi-
POHHBIX MOy, JlelicTBUTENbHO, B cyOTaia-
MUWYECKOM $IIpe HAOTIOIAI0TCS PUTMUYECKIE HEM-
POHBI, pa3psKalIIMecs C YacTOTOM, COBIAIA0-
et ¢ ocuwuisiiusavu LFP (Kiihn et al., 2006;
Schereretal., 2022). PaccMoTpeHMe CITEKTPaTbHBIX
XapaKTEepUCTUK “MHOXECTBEHHOI WM “aHcaMm-
OseBoit” akTuBHOCTU HeiipoHoB CTA Takcke ripu-
BOJIMT K YaCTOTHOI Koppesaiuu Kak ¢ LFP, Tak
C pa3psgaMu OTHEJIbHBIX HEHPOHOB W MO3BOJISIET
U3y4aTh NUHAMMKY U3MEHEHUS MaTOJIOTMYEeCKUX
putMoB (Moran et al., 2010; Drebitz et al., 2019).

B psine nccnemoBaHuii 6b11a ITOKa3aHa Kpat-
KOCpOYHas ASCHMHXpOHM3alus OeTa-aKTUBHO-
CTU B 0OazajbHbIX TAHIJIMSX HPU BBIIOJHEHUU
MpOM3BOJBHBIX ABMKeHM (Steiner et al., 2017;
Bichsel et al., 2018). JiImnamuka anbga-aKTUBHO-
CTU NpU BBINOJHEHUM IBMKEHUI 3aMedyeHa B
MEPBYIO OYePenb B CBETE KOPPEJSILMI ¢ CUTHA-
JlJaMU B KOope OOJIbIIMX MOIyIIapuii y MalueHTOB
¢ Oone3nnto IlapkuHcona. IlpenmecTByronias
IBVXKEHMSIM JeCUHXPOHMU3ALMS JOKAIbHBIX I10-
TeHOUAJIOB B anb(da-nuana3zone (7—12 I'x), aHa-
JIOTMYHAs IEeCUHXPOHU3AlU1 B BUCOYHOI J0JI€e
KOpbI, HAOJIIOJAETCS TaKKE U B JIOKAJbHBIX MO-
TeHLMaNax cyOTalaMMYeCcKOro sapa Ipyu Haxa-
TUSIX KnaBuin naumedTamu (Oswal et al., 2013). B
JIMTepaType BCTPEUYACTCSl OINMCAHUE CHUXKCHMUS
PUTMHUYECKOM aKTMBHOCTU OTAEIbHBLIX HEHpO-
HOB B ajb(a-auana3oHe Mpu MHULUALUNA CXKU-
MaHMs PYKM B KyJlaK Yy ITAallMEHTOB C BBICOKOI1
CIIOHTAaHHOM ajib(pa-aKTUBHOCTHIO B CyOTaIaMI-
yeckoM siape (Alegre et al., 2005). Ha ocHoBaHuu
3TOr0 aBTOPHI BBICKA3BIBAIOT MPEAMNOJIOXEHUE,
YTO IJIS1 YCICILIHOM pealn3aluu ABVXKEHUS Ta-
TOJIOTMYECKM ITOBBIIIEHHAs “amb@da-0era” ak-
TUBHOCTbD JOJIXKHA MOAABJISITHCS.

HecmoTtps Ha uszyyeHue anbpa- u 6era-put-
MOB NpexXae BCero Kak NOTCHUMAIbLHBIX OUO-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

HE3BUHCKUWM u ap.

MapKepoB IJIsI CUCTEM adalTUBHOM CTUMYJISILIUKA
(Little et al., 2013; Feldmann et al., 2022), Bo-
IPOC O CBSI3U 3TUX PUTMOB C ITaTOJIOTMYECKUMU
1 (U3NOJIOTUIECKUMU TIPOLIECCAMU IBUTATEIIb-
HOTO KOHTpPOJISI malreHToB ¢ Oose3Hbpio Ilap-
KMHCOHA OCTaeTcsl Hepa3peleHHbIM. [1pu aTom
HUCCIeTOBAaHUS, aHAIM3UPYIOIINE PUTMUYECKIE
XapaKTepUCTUKN aKTUBHOCTU HEOONBIINX Heil-
POHHBIX TpyIIIl/aHcaMbJieli B 00J1aCTU perucTpa-
1Y BHYTPY MOTOPHBIX 30H CT# mpu BeInoJTHe -
HUM IBVXXEHUM, B INTEpAType OTCYTCTBYIOT.

3amayaMu HacTosIeil padboThl OBLIO HCCIe-
MOBaHWE CBSI3M PUTMUYECKOM aKTUBHOCTU HEi-
POHHBIX aHCaMOJIei B CyOTaIaMU4YeCKOM SIIpe C
BBIPAKEHHOCTBIO CUMITTOMOB IMapKMHCOHU3Ma,
HCCIIeIOBaHNe V3MEHEHUIA PUTMUYECKOI aKTUB-
HOCTH TIpY BBITIOJTHEHUU OBUTATE/IBHBIX TECTOB, a
TaK3Ke KOPPENISLUS 3TUX peaKIInii ¢ KITMHUYECKH-
MM IPOSIBIICHUSIMU OoJie3Hu [TapkuHcoHa.

METOJIMNKA
ITloayuenue danHbix

B uccnenoBanue ObLIM BKIIIOYEHBI 9 maliMeH-
TOB (3 XEHIIWHBI ¥ 6 MY>KUYMH, CPEIHUI BO3PACT
53.3 £ 7.4rona, ot 44 1o 65 J1eT), IpaBIIM, C aKU-
HETUKO-pUTUAHON (opmoit donesnu IlapkuH-
coHa. BrIpaxkeHHOCTb ABUTraTeJlbHBIX Hapylle-
Huii mauueHToB B OFF-cocrosiHuu (cmycts He
MeHee 12 4acoB Iociie MocaeIHero mpruemMa mpe-
apaToB JIEBOJIOIIbI) OLIEHMBaIaCh HEBPOJOTaMU
o mkajge UPDRS-III (Unified Parkinson’s Dis-
ease Rating Scale) 3a meHb 10 MpoBeIeHNS OIle-
pauuu. KimHuYeckue AaHHBIE O IallMeHTax
npencTaBiaeHbl B Tadn. 1. Bce manmeHTsl ObLIN
03HAKOMJIEHBI C TIPOLIEAYPOIi MCCIIeIOBAHMS U Aa-
JIM CBOE MUCbMEHHOEe cornacue. IIpoTokoi uccie-
JIOBaHMsI 0100peH 3Tu4ecKM KomuteToM LleHTpa
Helipoxupyprun uM. H.H. bypneHko B cooTBeT-
CTBUU C XeJIbCMHKCKOM JeKaapaliieii.

Helipoxupypruueckue omnepamnuu Mo BXUB-
JIEHUIO 3JIEKTPOAOB [IJISI CTUMYJISILIUU TITYOMHHBIX
ctpykTyp Mosra (DBS) ocywiectBisiiucy B Hayd-
HoM LleHTpe Helipoxupypruu um. H.H. BypaeHko.
Bce onepanuy nmpoBoAWJIMCh MOA MECTHOI aHe-
cte3ueii. Pacuet koopauHat Touku 1eau B CTA
omnpenensiicsd Heilpoxupypramu 1o T2-B3Be-
meHHbIM MPT cHumkam. {11 yTOUHEeHUS rpa-
HUILL CyOTaIaMUYECKOTO siipa OCYIIECTBIISIN 3a-
MHUCh MUKPOIJIEKTPOTHOTO UCCIETOBAHUS C MO-
MOIIIbIO BOJTb(PPaMOBBIX MUKPOIJIEKTPOHAOB (R =
= 500—1000 kOm, AlphaProbe, Alpha Omega En-
gineering, Israel). Perucrpaius HelipoHHOIT ak-
TUBHOCTU HaYMHaU ¢ 10 MM 10 pacyeTHOM TOYKU
Head 1 ocyuectsiasuin ¢ marom 0.1—0.2 mm. Ha
Ne 6

TOM 73 2023
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Ta6muna 1. MHbopmaiys o nalmeHTax, y9acTBOBaBIIMX B UCCIIEAOBAaHUN

Table 1. Information about PD patients included in the study

Bospacrt Bpanu- Kom-Bo rmybun Koi-Bo rmyoun
ITanueHT JITNTEeTbHOCTh N .
ol BO BpeMs Soe3HIL UPDRS-III off | xwuHe3us CO CITOHTaHHOM C BBI3BaHHOI
onepauuun n/m aKTUBHOCTBIO (JI/T) |aKTUBHOCTHIO (J1/1T1)
1 48 9 51 8/9 7 5
M (5/2) 4/1)
2 48 14 52 10/7 5 2
M (3/2) (0/2)
3 62 16 57 12/11 15 6
X (7/8) (3/3)
4 51 12 78 11/14 13 6
K (10/3) (3/3)
5 60 22 54 8/12 11 4
X (10/1) (4/0)
6 50 12 46 9/11 28 12
M (21/7) (8/4)
7 65 13 18 1/6 11 9
M (7/4) (6/3)
8 44 7 78 16/13 7 3
M (2/5) (1/2)
9 51 14 26 0/3 4 3
M (0/4) (0/3)

KaXXI0¥ DIyOUHE MOrpy:KeHUsSI pPErMCTPUPOBAIN
CITOHTaHHYIO HEMPOHHYIO aKTUBHOCTD AJIUTEb-
HOCTBIO 0K0JIO 20 ¢, MoKa NMalueHT HaXOAUTCS B
MOKOE.

s orpeneseHUST MOTOPHOM 30HBI cyOTana-
MMYECKOTO SIIpa MPOBOIUIIN IBUTATE/IbHbIC TECThI
PYKOi1, KOHTpaJlaTepaIbHOM K UCCIIEAyEMOMY T10-
JIyIIapHIO, 3aITyCKaeMbIe C TOMOIIBIO PEYEeBBIX KO-
MaH7,. TecT MHMIIMMpoBaJics KoMaHOol “CoxMu-
Te PYKY B Kynak!”, yepe3 2—3 ¢ IpenbIBisyiach
KoMmaHaa “Pazoxmure pyky!”, 1mocie KOTOpoi
Ob11a may3a 2—3 c¢. Takas 1ocienoBaTeIbHOCTh
MMOBTOpSIIach 3—5 pas.

OIHOBPEMEHHO C 3alIMChI0 HEMPOHHOM aKTUB-
HOCTH OCYIIECTBJISLIN PErUCTPaLnio (POHOTrpaMMBbI
peueBbix KoMaHa U OMI' mbliil crudareneii u
pasrubareseil najbLeB PyK IIsl ONPENETEHUs TOY-
HOTO MOMEHTa BpEMEHM Hayajla BbIMOJIHEHMS
JIBIDKEHUSI, a TakXKe 4YTOObI YOeOUThCS B OTCYT-
CTBUU JIBYDKEHUI B 3ancu (POHOBOI aKTUBHOCTU
(mpumep pparmenTa 3armicu DMI n3ooOpakeH Ha
puc. 1). Ilocae yrouHeHUs TpaHULl CyOTaTaMu-
YeCcKOro siipa MPOBOAWIN TECTOBYIO CTUMYJIsI-
LU0 JJIsl UICKITIOYEeHUSI TOOOYHBIX 3(P(PEKTOB.

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU
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Anaaus darmnuix

[lepBuuHBIil aHATIN3 MUKPOIJAECKTPOIHBIX 3a-
NUCeil OCYHIECTBIISUIM B IIporpamme Spike2
(CED, UK), oH cocTosi1 B IMpOBEpPKE HEMpo-
rpaMM Ha Hajuuyue apTedakToB U OTOOpE MH-
¢opMaTUBHBIX 3aIIMceil OJIs HajdbHEHIIero aHa-
mm3a. K or¢punbrpoBanHbiM Bhiiie 100 I (high-
pass filter) 3amucsaM MPUMEHSIA METO, IIOJTHOM
CITaiKOBOI aKTMBHOCTHU (entire spiking activity,
ESA) (Drebitz et al., 2019), KOTOpbIii COCTOSLIT B
pacueTe aOCOJIOTHOIO 3HAYE€HMS 110 BCeil Heli-
porpamme. [anee misg MogudULIMPOBAaHHBIX Ta-
KM 00pa3oM HeliporpamMm IIPOBOAMINA BBIYKMC-
JIEHHE CIIEKTpaJbHON IUIOTHOCTU MOIIHOCTU
(CIIM) B nuamna3zone 1—100 I11 mo BceMy nepuo-
Iy 3aIllMCH1 Ha JaHHOI ImyOrHe METOIOM Yai4a.
3aTteM mojaydyaad HOPMHUPOBAHHBIE 3HAYCHMUS
%CIIM: CIIM, neneHHBIEe Ha o0Ollee 3HAYCHUE
MOIIHOCTH B 3TOM 4YacTOTHOM auana3oHe. [Ipu
OOHapyXeHUM Ha CHEKTpe IMUKOB C aMILIUTY-
JIOoii, KaK MUHMMYM B TPU Pa3a MOPEBbIIIAIONICH
YpOBeEHb IIIyMa, INTyO1Ha 0003HaYyalach Kak “puT-
MUYecKasl” 1 BKJIIOYAJIach B JaJIbHEUIIINIT aHAIU3.

CHCKTpaHLHBIfI aHaJIN3 IpOBOOANIN OTACIIbHO
IJIA Iepruoaa 1rokod — CIIOHTAaHHOM aKTUBHOCTU
n 0Jjid rnnepuoa BbIITOJHCHUA ABUTaTCIbHBIX TC-
CTOB — BBI3BAHHOI aKTUBHOCTHU. BhIUMCasSINCh
Cp€aAHUE 3HaA4Y€CHUA IIPOLCHTA CHCKTpaIIbHOI\/’I
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Puc. 1. (a) — @parMeHT 3aMMCcH 3JIEKTPOMHUOTPAMMBbI MBI CTUOATENST U HEMPOTrpaMMBbI IIPU TTEPEXOIe OT CIIOH-
TaHHOI aKTUBHOCTH K BhI3BaHHOI. (0) — Pa3zmeneHue cnekrpa HeiiporpaMMBbl, B3SITOI IO aOCOJTIOTHOMY 3Haye-
HUIO, Ha YaCTOTHBIE Tuara3oHbl: anbda (7—12 Ir), Huzkuii 6era (12—20 I'x) u Beicokuii 6era (20—30 Ix) otnens-

HO JIJISI CTIOHTaHHOM 1 BBI3BAaHHOI aKTUBHOCTEM.

Fig. 1. (a) — An example of an electromyogram recording of the forearm muscle extensor and a microelectrode neu-
rogram recording, capturing the transition from rest to movement. (6) — Power spectral density plot of a rectified

neurogram is divided into alpha (7—12 Hz), low beta (12—

TIOTHOCTH MolHOoCcTH (% CIIM) cioHTaHHOM U
BbI3BAaHHOI1 aKTUBHOCTU B TPEX YaCTOTHBIX THAaria-
3oHax: anbda (7—12 Iir), Huskom 6eta (12—20 I't)
U BbicoKoM OeTta (20—30 I'n) ansa kaxmoit 3amm-
cu. 3aTeM, ISl TIIyOUH C ABUTaTe/IbHbIMU TecTa-
MM BbIUMCISUIM pasHocTu %CIIM Mexay BbI-
3BaHHOM Y CITTOHTAHHOI aKTUBHOCTSIMU JIJI5T KasK-
JIOW TIyOMHBI B TpeX YaCTOTHBIX AuariazoHax. B

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

20 Hz) and high beta (20—30 Hz) frequency bands.

pesyiabTarax mnpuBeaeHbl 3HaueHuUs1 %CIIM,

yMHOkeHHBIe Ha 100.

Ha puc. 1 npencraBpieH npuMmep (pparMeHTa
3alUCU PUTMHUYECKON HEMPOHHOU aKTUBHOCTU
cyOTaaMHUyYeCcKOro siipa B MOKOE W MPU BbIMOJ-
HEHWU JTBUXEHUS, COOTBETCTBYIOIINE UM 3JIEK-
TPOMHUOTPAMMBI, a TAKXKE CHEKTPBI HEUpOTpaMM
9TUX BPEMEHHBIX OTpe3KoB. CHeKTpaTbHbIN
Ne 6
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aHaJIM3 HEMPOHHOM aKTUBHOCTHU IPOBOIWJICS B
nporpamme NeuroExplorer (Nex Technologies,
USA).

Cmamucmuueckas obpabomka

3aBucumoctu 3HadeHuil % CIIM crnioHTaHHOI
akTuBHOCTH OT 3HadeHN 6amta UPDRS-III na-
LIMeHTa, a Takke pasHocteit %CIIM crnoHTaH-
HOM M IBUTaTEIbHOM PUTMHNYECKON aKTUBHOCTHU
cybTanaMMryecKoro sapa oT 3Ha4eHU i Opaauku-
He3MM KOHTpajaTepajJbHOW CTOPOHBI OBUIN pac-
CUYMTAHBI IPU ITOMOIIM KO3 dUIIMeHTa paHTO-
Boit koppensiun CriupMeHa (1M3-3a pacripelne-
JIEHUSI 3HAYeHU I pUTMUUYECKOI aKTUBHOCTU, HE
COOTBETCTBYIOIIETO HOPMAJILHOMY).

Y1006bl ONpeneanTb, KaKk BbIIOJIHEHUE IBU-
KEHUU OTpakaeTcs Ha PUTMMUUYECKOM aKTUBHO-
ctu CTS B pa3sIMUHBIX YaCTOTHBIX AMAIa30Hax,
MbI MCIIOJIb30BJIM JUHEMHBIE MOAEIU CO CME-
mraHHbIMUA 3P dexkTamu. Kaxnblii MHTEpecylo-
11 HAaC YaCTOTHBIN nuana3oH (anbda, HU3KUM
1 BBICOKMM 0OeTa) aHaJIM3UPOBAJICS OTAEIBHO.
3aBucHUMOIi TIepeMeHHOI B MOAENSIX ObLI IPO-
LIEHT CIIEKTPaIbHOM MIIOTHOCTU MOILIHOCTU PUT-
MUYECKOI aKTUBHOCTU B BbIOpAaHHOM JMaraso-
He. B Mozenu ObLT BKJIIOUEH OMH (PUKCUPOBaH-
HBI 3(PeKT — TUIT aKTUBHOCTU (CIIOHTaHHad,
TO €CTh B OTCYTCTBUE ABWKEHUIT; U BbI3BAaHHASI,
TO €CTh MpHUBS3aHHas K NIBWDKeHU10). s ydera
dakTopa BAUSHUSA UHIUBUAYATbHON N3MEHUYUBO-
CTU MBI BBOAWIN B MOMAEJIb CIydaitHbIN 3pdheKT —
dakTop narmeHTa. 3HAYMMOCTb (paKTOPOB B MO-
JIeJT OLIEHUBAJIU C TIOMOILBIO METO/IA OLIEHKM CTe-
reHeii cBoooasl CarrepryaiiTa (package ImerTest,
function anova) (Kuznetsova et al., 2017). 3Haue-
Hust %CIIM 6buH JToraprMHUPOBaHBI JIJIsT 00eC-
TeYeHUsI HOPpMaJIbHOTO paclipeaeIeHus] OCTaTKOB
Moaenu. HopMaabHOCTh pacnpeneaeHuld mpoBe-
pssu TectoM Ilanupo—Yuika.

CratucTuyecKuii aHaJIu3 IIPOBOIUIICS B TIPO-
rpamMax Statistica 12.0. 1 R software v 4.1.0, mma-
ket Ime4 (Bates et al., 2015).

PE3YJILTATbBI UCCIEJOBAHUN

Bcero ObuUIM BBIZIEJIEHA W TTpOaHAJIM3UPOBaHa
101 HeliporpamMma cyOTaJaMU4yecKOro sjapa y
9 nmanueHToB ¢ 0oJie3HbI0 [lapKHCOHA, KOTOphIE
XapaKTepU30BAJINUCh HATWMYNEM PUTMUYECKON aK-
TUBHOCTHU. DTU HEHpOrpaMMbl TIOJyYeHbI Ha Y-
OVHax BHYTPU MOTOPHOW 30HBI 17 Toylapuii.
KoopnuHaTsl yCTAaHOBKY CTUMYJIMPYIOIIETO 3JIeK-
TpoAa B MCCIEMOBAHHBIX SIPaX OTHOCUTEIbHO
cpenrHHoOl Touku CA-CP B cpenHeM cocTaBUIIN
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5.66 = 1.05 mm akcuanbhHo; 11.81 £ 1.20 nare-
panbHO; 2.41 * 0.79 BeptukanbHo. CpenHss
IJTMHA TPAeKTOPUU BHYTPU CyOTaIaMUUECKOTO
sanpa coctaBuia 5.24 + 0.86 mm. PaccrosiHue ot
HWKHEW TpaHULBI siapa (TOYKU YCTAHOBKM CTH-
MYJIUPYIONIETO 3JIEKTPOAAa) IO IJIyOUH 3aIrticei,
aKTUBHOCTb B KOTOPBIX BKJIIOUEHA B aHa/Iu3, B
cpenHeM coctaBwio 2.96 + 1.22 mMm. B cpenHem
JUTHA 3alTMCU CITIOHTAHHOI aKTUBHOCTH COCTa-
Buiaa 19.0 = 10.2 ¢ (3.5—52.0). Mudopmanus o
MalMeHTax, B TOM YHCJIe KOJIUYECTBO ITpOaHaIu-
3MpOBaHHbIX 3aITMceii, TpUBeAcHa B Ta0II. 1.

Koppeﬂﬂuuﬂ CNOHMAHHOLI AKMUBHOCMU C
BbIPANCEHHOCMbIO CUMNNIOMOE8 NAPKUHCOHU3MA

MenuaHHbIe 3HaYEHUS TTPOLIEHTA CIIEKTPab-
HOI1 TIoTHOCTH MoIHOCTH 101-011 MUKpO3JIeK-
TPOMHO 3aIMCHU Tepruoa MokKos (YMHOXEHHBIX
Ha 100) ¢ mepuenTmieM 25—75% cocraBuiu 5.24
(3.49—10.15) nng ansda-auana3oHa, 4.65 (3.20—
6.59) nng HU3KoM OeTa-akTUBHOCTU u 2.74
(2.00—3.54) nys1 BBICOKOI OeTa-aKTUBHOCTH.

HemapameTpuyeckuii cTaTUCTUYECKUIA aHa-
JIN3 TOKa3aJ 3HAaYMMYI0 KOPPEJSIMI0O MEXIy
MOIITHOCTBIO CTIOHTAHHOM PUTMUYECKOM aKTUB-
HOCTBIO M TIOKa3aTesieM IBUTaTeIbHBIX Hapyllle-
Huit UPDRS-III pist anbda nuamnazona (r= 0.343,
p <0.001) 1 Hu3koro 6era auamnaszoHa (r = 0.204,
p <0.05). B BoicokoM OeTa nuarna3oHe 3HAaYMMOIA
JIMHEITHOI 3aBUCUMOCTH HE HaOI0aanoch (r =
=0.113, p > 0.05) (puc. 2 (a)).

CPOGHeHlle AdKmueHocmu 6 nokKoe
U npu 6blNOJIHEeHUU osuxcen il

M3 Bcex HeiiporpaMm, BKITIOUEHHBIX B UCCIIEIO-
BaHMe, B 50 3a1CsIX IOMUMO TIEPUOIOB CITOHTAH-
HOI aKTMBHOCTHM TIPUCYTCTBOBAJIM TakKxke (ppar-
MEHTHI 3aITMCU aKTUBHOCTHU BO BPeMsI BBITIOTHE -
HUS IBUTATEILHBIX TECTOB.

Nx pacnojioxeHue OTHOCUTEIbHO TOUYKM
BXKUBJICHUSI CTUMYJIMPYIOIIETO 3JIEKTPOJIa CO-
crapisieT 3.20 = 1.29 mm.

JnnHa 3amicn (pOHOBOM HEMPOHHOMN aKTHUB-
HOCTM B 3TMX 3allCIX B CpEOHEM COCTaBWJIA
18.5 % 9.3 (ot 4.5 0o 45.5 ¢), a AIUTEILHOCTh BbI-
MOJTHEHUS IBUTATEIBHOMN MporpaMMbl — 16.7 =
* 7.2c(or7.51041.0c).

AHanu3 B3aMMOCBSI3U MEXIY IBUKEHUSIMU U
PUTMUYECKON aKTUBHOCTBIO C UCITOJIb30BAHUEM
JIMHEMAHBIX CMEIIAHHBIX MOJICJIEM TTOKa3ajl, 4TO
CIIOHTaHHAas U BbI3BaHHAasi aKTUBHOCTh 3HAYMO
oTiuMyarTcs B anbpa-guanazone (F(1.90) =
=6.2164, p = 0.01448). B Hu3koM OeTa-auana-
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Puc. 2. [Ing Tpex 4aCTOTHBIX IMAIla30HOB: anbda, HU3KMii 6eTa U BhIcOKUil 6eTa (a) — 3aBUCUMOCTh MOILIIHOCTH
HelipoHHOM akTUBHOCTU CTS OT BbIpa’k€eHHOCTU IBUTATEIbHBIX HapylleHuii. (0) — CpaBHeHHE MOIIHOCTU
CIIOHTAaHHOM M BbI3BAaHHOM aKTUBHOCTH. (B) — CoIlocTaBJIeHUE MOIIIHOCTHU CITOHTAHHO 1 BbI3BAaHHOIT aKTUBHO -
CTell Ha KaXXaoi IIyorHe (3HAaYMMOCTh paznnunii **, coorBercTBytomasa p < 0.01 mpuBeneHa st JorapudmMupo-
BaHHBIX eNMHUILl, caMu 3HayeHUus1 %CIIM ykazaHbl B MCXOIHBIX BeaW4YnHax). (I) — 3aBUCUMOCTh Pa3HOCTE
MOIITHOCTY BbI3BAaHHON M CMOHTAHHOUW aKTMBHOCTU OT TIPOSIBJICHUS] CUMIMTOMAa OpaluKWHE3UW B KOHTpajaTe-
PaJIbHOM pyKe.

Fig. 2. For three frequency bands: alpha, low beta and high beta (a) — Correlation between STN neuronal activity
power and motor impairment severity. (6) — Comparison of rhythmic activity power at rest and during motor tests.
(B) — Plot of rhythmic activity power at rest against during motor tests at each recording site (significance level **
corresponding to p < 0.01 is given for logarithmic units while %PSD values are in original scales). (r) — Correlation
plot showing difference between oscillatory activity power at rest and during motor tests on the y-axis and bradyki-
nesia scores on the x-axis.

KYPHAJI BBICHIEVM HEPBHOM JEATEIBHOCTU TtomM 73 Ne 6 2023
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30HE 3HAYMMBIX Pa3IndUii He ObIJIO 0OHApPYKEHO
(F(1.90) = 0.0055, p = 0.9409), KaKk 1 B BHICOKOM
oera-guanasoHe (F(1.90) = 0.0094, p = 0.9231).
TaxuM obpa3om, MenraHHOe 3HadeHue (C TTepreH-
tineMm 25—75%) %CIIM (ymHoxeHHoe Ha 100)
ajba-akTMBHOCTU cHukaetcs ¢ 4.79 (3.17—9.89)
B 1okoe 10 3.68 (2.60—6.92) Ha uHTepBaJie BbI-
MMOJIHEHUsI IBUTATEJIbHBIX TECTOB. 3HAYeHUS B
HU3KOM OeTa-auamnazoHe coctaBuiau 5.00 (2.99—
7.41) nna CIIOHTAaHHOW aKTUBHOCTM U 4.63
(2.98—8.18) mis1 BbI3BaHHOM, B BHICOKOM OeTa-
nunana3oHe 3.03 (2.35—4.06) u 2.98 (2.20—3.99),
CcooTBeTCTBEHHO (puc. 2 (0)). Ilpn 3TOM BaxkHO
OTMETUTD, YTO HAaUOOJIbIIIAsT BEIPAXKEHHOCTbD I10-
IaBJIeHUS ajib(a-aKTUBHOCTH TP BBINTOJTHEHUM
IBVDKCHMs HAaOJIoAaaach HA TIIyOMHAX 3aITiCH C
BBICOKMMM 3HAYCHUSIMU CITOHTAHHON PUTMUYE-
CKOM akKTUBHOCTH (pHc. 2 (B)).

Kpome Toro, Mbl moKa3zaju 3HaYMMYIO Koppe-
gsauro (r = —0.488, p < 0.001) mexay 3HaYeHUEM
CHMXK€HUSI ajb(a-pUTMOB MpPU BBHIINOJIHEHUU
JIBIDKEHUI ¢ BBIPAaXKEHHOCThIO CUMIITOMA Opamau-
KMHE3UM Y UCCIeAyeMbIX HaleHToB (puc. 2 (T)).
IIpu »TOM 3aBUCHMMOCTHM MOJABJACHUS HU3KOM
(r=-0.030, p > 0.1) u BeICOKOI1 OeTa- (r=—0.052,
p > 0.1) akTUBHOCTH OT KJIMHUYECKUX ITOKa3aTe-
JIell He HabJII01aIoCh.

OBCYXIEHUWE PE3VYJIbTATOB

B nanHoi1 paboTte Mbl IToKa3aiu, 4To aHcamOJie-
Basi pUTMHYECKasl aKTUBHOCTh HEIPOHOB cyOTaia-
MUUYECKOTO SI/Ipa MalMeHTOB ¢ 001e3HbI0 [TapkiH-
COHAa xapakTepusyeTcs ajibda- U 0eTa-4aCTOTHBI-
MU Kamu. [1py 3ToM pUTMUYECcKast aKTUBHOCTh
B aJib(pa- 1 HU3KOM OeTa-auarna3oHax Koppeanupo-
BaJI1 ¢ 00OOILIEHHBIM TTOKa3aTeJIeM IBUTATEIbHBIX
HapylIeHUI TMallMEeHTOB, YTO COIVIacyeTcsl C pe-
3yJibTaTaMu, MOJIYYEeHHBIMU Ha YPOBHE JIOKAJIbHBIX
noreHuanoB (Neumann et al., 2016; Belova et al.,
2021).

HMccnenoBaHue BBI3BAHHOIW aKTUBHOCTHU I10-
Ka3zajlo CTaTMCTUYECKW 3HAYMMOE€ CHUXEHUE
MOIIIHOCTU pUTMUYECKO akTuBHOCTU B CTHA y
nareHToB ¢ BIT mpu BeIMOIHEHUU ABUKEHUWIA
TOJILKO B aJib(ha-nuara3zoHe. DT JaHHbIE HAXO-
IISITCSL B COTJIAaCUM C IECUHXpOHU3alel abda-
aKTUBHOCTH B JIOKAJIbHBIX MOTEHIIMAIaX cyOTaia-
MUYECKOIO $7pa, aHAJIOTWUYHOM JIECUHXPOHU3A-
U1 B Kope Oosbiumx moiyiapuii (Oswal et al.,
2013). BaxkHO OTMETUTbH, UTO KaK M B paboTte
Anerpe (Alegre et al., 2005), Takoii xapakTep
CHWXEHUS PUTMUYECKON aKTUBHOCTU HaOJIIO-
Jlajicsi 'y HEMPOHOB C BBICOKMMM 3HAYCHUSIMU
CITOHTAaHHOU ayibha-aKTUBHOCTU. B oTyinume ot
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aBTOPOB, CPaBHUBAIOIINX MapaMeTphbl OeTa-oc-
umsiuuit (Lofredi et al., 2019), Mbl He 0OHapyKui-
JI CTAaTUCTUYECKUX M3MEHEHM I MOIITHOCTU B HU3-
KoM (12—20 I't) u Beicokom Geta- (20—30 Iix) nua-
rMa3oHax IIpYM MCCIeIOBAaHUU MHOTOKPATHBIX
NIBUTATEJIbHBIX TECTOB.

B Hamux pe3yibTaTax, HOJyYeHHBIX IPU aHa-
JIN3€ CHOEKTPaJbHBIX XapaKTepPHUCTUK MHOXKe-
CTBEHHOI1 HelipOHHOIT1 aKTUBHOCTH, HA0JIIOAAET -
Csl COXpaHEHUe ITMKOB 0eTa-aKTUBHOCTHU B Cy0-
TaJaMU4YECKOM SIIpe BO BpEMsI BBIITOJHEHMUS
JIBVDKEHUI, OIMMCAHHOE TakKKe B MCCJIeIOBaHUU
OCHWIISLIMUNA JIOKaIbHBIX HoTeHuanioB (Neu-
ville et al., 2021). ITonydeHHbIC HAaMU pe3yJIbTa-
ThI COTJIACYIOTCSI C JaHHBIMU MPENIIECTBYIOIIX
HWCCJIeIOBaHMIA, Toe ObLIO II0KAa3aHO, YTO OCLIWI-
JISIIUY B ajibda-auara3oHe CIIOCOOHBI TOYHEE
npencka3bplBaTbh MOMEHT WHMIMALIMM JIBYKE-
Hus1, yeM Oeta-ocuwmisauuun (Khawaldeh et al.,
2020).

MpbI moKasaM, 4TO BBIPAXKEHHOCTh MOIABIIC-
HUS ajibha-aKTUBHOCTY TTPH BHITTOJTHEHUU JBUTA-
TEJILHBIX TECTOB 3HAYMMO KOPPEJIMPYET C BbIpa-
JKEHHOCTBIO CMMITTOMOB OpaauKWHE3UU, B OTJIM-
yKMe OT MOAABJIEHUS “IIIMPOKOro” GeTa Iuarna3oHa
(12—30 TItu), uccremyeMoro ApPYyrMMM aBTOpaMu
(Eisinger et al., 2020). Cxoxasl TeCUHXpPOHU3a-
1S JIOKAJbHBIX MOTEHLMAIIOB alibga-0eTa ak-
tuBHOCTH (10—20 I'i1) BO BpeMsl ABUTATEIILHBIX
TECTOB OblJIa TI0OKa3aHa B HeAaBHEM HCCIIeI0Ba-
HUM CyOTaIaMUYeCKOTO SIipa, B KOTOPOM yTBEP-
KIIAeTCsI, YTO SIBJICHWE JIECUHXPOHU3ALIMM Xa-
pakTepHO TSI TTAlIMEHTOB C TPEMOP-IOMUHAHT-
Hoit popmoii 6one3umn Ilapkmacona (Godinho
et al., 2021). B otimume OT yOMSIHYTOTO BBIIIIE
HCCIeIOBaHUS, HAIIIM TaHHBIE KOCBEHHO yKa3hl-
BalOT Ha TO, YTO TTOJABJICHUE PUTMUYECKOM allb-
¢da-akKTMBHOCTU HaOJIOmaeTcd U B ciydae akM-
HETUKO-PUTUAHBIX TTposgBiieHuii oone3nu Ilap-
KMHCOHa.

OTCcyTCTBUE 3HAUMMBIX U3BMEHEHMI OeTa-aK-
TUBHOCTHU IIPU BBHINOJHEHUU IBVWXKCHUIA B Ha-
IIeM HCCIEIOBAaHUMU MOXET OBbITh O0YCIOBJICHO
TeM, YTO Mbl HE YUUTHIBAEM HUHAMUYECKUEC U3-
MEHEHUSI PUTMUYCCKON aKTUBHOCTU Ha Pa3HBIX
dazax IBMXKCHUS, aHAIM3UPYS BeCh MEPUO 3a-
MUACHU TPU BBIIIOJIHEHUM JBUTATEILHBIX TECTOB.
Putmuueckass akTUBHOCTH B OeTa-auaria3oHe
MOXKET UMETh IBYyX(a3HYIO IIPUPOAY U3MECHEHUI1
BHYTPHY 3TUX MHTEPBAJIOB, MOJOOHO peaklysIM
Ha JIBMKEHUSI B KOpe OOJbIIMX MOJyLIapuii, a
MMEHHO CHIDKEHME aKTUBHOCTU HEIOCPE/I-
CTBEHHO Nepe ABMKEHEM U YBEIUYCHUE Yepes
HEKOTOPOE BpeMsI MOCJIe UHULIMALIMY TBUKCHUS
(Alegre et al., 2005). Kpome TOro, Heo0XoauMO
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YYUTBIBATh, YTO B Pa3HbIX yyacTKax CyOTalaMu-
YeCKOro siipa peaklMy Ha BbITIOJIHEHUE ABMKE-
HUSI MOT'YT pa3jinyarbcs. Tak, B OTHOM U3 HUCCIIe-
JIOBaHUII B JIOPCO-JaTepaJibHOM OTAEJe MOCJe
JIBUXKEHMSI HAOII01a710Ch YBeJIMYeHe HeHpOoH-
HOM aKTUBHOCTH, B TO BpeMsl KaK B BEHTPO-Me-
JUAJIbHOM OTAgJie TaKOro yBeJIMUEeHUS He ObLIO
obHapyxeHo (Marmor et al., 2020). CuaxpoHu-
3aliusi BHYTPM OTHEIbHbIX YaCTOTHBIX JMaria3o-
HoB (Geng et al., 2018), a Takke X KOTepeHT-
HOCTh ¢ MOTOpHOM Kopoit (van Wijk et al., 2022)
BapbUPYIOT B pa3HbIX 30HAX BHYTPU CyOTalaMu-
yeckoro sgapa. HecmoTtpst Ha To, 9T0 anbda-puTm
cuuTaeTcsa “OmomMapkKepoM HEMOTOPHBIX OTIe-
JIOB” CcyOTalaMMYeCKOTO siipa, B MOTOPHOM OT-
JieJie COHTaHHas ajib(a-aKTUBHOCTD TaKXKe SIB-
Ho BeIpakeHa (Rappel et al., 2020). BepositHo,
0oJiee AeTaIbHOE U3yYeHUE MTAaTTEPHOB peaKinii
OpU BBINIOJHEHMU ABMXKEHUII TpeOyeT IIpo-
CTPaHCTBEHHOIO aHaJIM3a PUTMUUYECKUX XapaK-
TEPUCTUK HEMPOHHOM aKTUBHOCTH BHYTPHU CyO-
TaJaaMUYECKOrIo Sapa.

SAK/IIOYEHUE

Koppensinysa amMmanTynbl pUTMUAYECKO ak-
TUBHOCTH ajibpa- 1 HU3KOro OeTa-auara3oHa B
CcyOTaIaMUYECKOM SIAPE CO CTSHEHbIO BBIPAXKECH-
HOCTY CHMMITOMOB ITapKMHCOHM3Ma yKa3bIBacT
Ha BO3MOXHYIO NaTO(PU3UOJIOTMYECKYIO POJb
BTOrO AMAara3oHa B ABUTATEIbHBIX HAPYLICHUSIX
npu BII. BeIpaxkeHHOe CHMXXEeHUE ajibda-ak-
TUBHOCTU IIPM MHOTOKPATHLIX JIBUIraTEIbHBIX
TeCcTax, a TAaKXKe CBSI3b aMILJIMTYAbI IECUHXPOHU -
3allMM C BBIPAXKEHHOCTBIO KIMHUYECKUX CUMII-
TOMOB YKa3bIBaeT, C OAHOM CTOPOHBI, HA BOBJIE-
yeHue aib¢a-aKTUBHOCTU CyOTaJIaMUYECKOTO
spa B natoyioruio ooJyie3Hu IlapkuHcoHa, ¢ apy-
rOii CTOPOHBI, CBUACTEILCTBYET O (PYHKIIMOHAIb-
HOM pa3in4yuu anbda- 1 6eTa-pUTMUYECKUX IIPO-
LIECCOB IIPU OCYIIECTBICHUHU ABXKEHUIA B YCJIOBU-
SIX TUIIOKMHETUYECKMX HapyLIeHUA MOTOPHOIO
KOHTPOJISL.

OPNHAHCHUPOBAHUME

PaGora BrinosiHeHa 1ipu nomuepxke Poccuiickoro Ha-
yuHoro ¢oHzaa (rpaHt Ne 22-15-00344).
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CORRELATION BETWEEN SUBTHALAMIC ALPHA RHYTHMIC ACTIVITY
AND MOTOR CONTROL IMPAIRMENT IN PARKINSONIAN PATIENTS

A. A. Nezvinskiy* #, E. M. Belova?, K. E. Sayfulina“, A. A. Gamaleya®, A. A. Tomskiy®, and A. S. Sedov*

4Semenov Federal Research Center for Chemical Physics, Russian Academy of Science, Moscow, Russia
b Burdenko National Medical Research Center of Neurosurgery, Moscow, Russia
*e-mail: nezvinskii@phystech.edu

Increased oscillatory beta activity in basal ganglia is one of the main electrophysiological biomark-
ers of impaired motor control in Parkinson’s disease. However, the functional role of dynamical
rhythmic processes during movements is still not investigated in detail. We used microelectrode re-
cordings to investigate the subthalamic nucleus neuronal activity in 9 patients with Parkinson’s dis-
ease during deep brain stimulation surgery. We have shown that the amplitude of the subthalamic
nucleus alpha (7—12 Hz) and low-beta (12—20 Hz) activity correlated with motor impairment in-
dices in patients with Parkinson’s disease. Also, we have shown that, in contrast to beta rhythmic
activity, the magnitude of alpha activity decreased significantly during motor tests execution. More-
over, the degree of rhythmic activity suppression in the alpha band correlated with the severity of
bradykinesia. These results allow us to suppose that, along with beta activities, subthalamic nucleus
neuronal alpha activity also participate in motor control of Parkinson’s disease patients.

Keywords: neuronal oscillations, bradykinesia, microelectrode recordings, subthalamic nucleus,
Parkinson’s disease
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b0 uccieqoBaHoO BAMSIHUME B3aMMHOTO PAaCIOJIOXKEHUSI 3BYyKOBOTO CTUMYJa U GOHOBOIO Mac-
Kepa Ha KOMIIOHEHTHI BEI3BaHHBIX rToTeHInaioB (BIT) Mo3ra yejioBeka B OTBET Ha BEIKIIIOUCHME
3ByKa. 3BYKOBBIE CTUMYJIBI IIPEIBSABIISIINCH TUXOTUIECKI, IIOI0KEHNE 3ByKOBBIX 00pa30B 3a1a-
BaJIOCH IIPY IOMOIIY MEXKYIITHBIX pa3IIMii 10 MTHTEHCUBHOCTHU. T€CTOBBII CUTHAJ 1 MACKep ObI-
JIA pacITONOXEeHBI B OOHOI TOYKE IMPOCTpaHCTBA JIMOO OBIJIM pa3sHEeCeHBI HA pacdeTHOE YIIIOBOE
pacctosgaue 90 wiau 180 rpan. I1pu coBnameHUM MOJOXEHUSI CUTHaIAa 1 MacKepa BBISIBJIEHO 3Ha-
YHUMOE CHMKEHME aMIUIMTYIbl U YBeJIMUEHUE JIJAaTeHTHOCTU KoMIToHeHTOB N1, P2 u N2 oTrBeToB
Ha BoeIKJItoueHue. [1pu yganieHuu curHaaa oT Mackepa HaOJ1r0Ja10Ch YBEJIMYEHUE aMILUIATYAbI O-
YTU 10 YPOBHSI OTBETa Ha CUTHAJI B TUILIMHE ¥ YMEHbIIIEHUE JIATCHTHOCTU BCEX KOMIIOHEHTOB OT-
KJIMKA, 9TO, IIPEAIIOJI0XUTEIbHO, CBUAETEILCTBYET 00 YCIICIIHOM BhIICASHUN CTUMYJIa U3 (DOHA.

Karoueswie crosa: 33T, BbI3BaHHBIE ITOTEHIIMAJIBI, BEIKJIIOUECHHME 3BYKa, JIOKAIM3allMsl 3ByKa, Mac-
KMpOBKa

DOI: 10.31857/50044467723060072, EDN: IDMINQ

BonbiMHCTBO MccienoBaHUIA CIIyXOBO CU-
CTEMbI AaHAIU3UPYIOT CBOMCTBA HEMPOHHBIX WU
CyMMapHBbIX OTBETOB Ha BKJIIOUEHUE 3ByKa U UT-
HOPHUPYIOT OTBEThl HA UX OKOHYaHUE. DTO 00y-
CJIOBJIEHO PSIAOM aKyCTUYECKUX, MTEPLUENTUBHBIX
1 HEMPOOUOJIOTUYECKUX MPUUNH. AKYCTUYECKU
OKOHYaHUSI €CTECTBEHHBIX 3ByKOB 4acTO ObIBa-
10T 00Jiee Pa3MBITBIMU, YEM Hayasla, TaKXe OHU
CUJIbHEEe MCKaXarTcs peBepoepanmeii, ocooeH-
HO B 3aMKHYThbIX ITpocTpaHcTBax (Traer, McDer-
mott, 2016). HeynuBuTeapbHO, YTO, C TOYKHU 3pe-
HUS BOCIIPUSITUSI, OKOHYAHMST 3BYKOBBIX CUTHA-
JIOB TakKe€ MEHee 3aMETHbI, YeM MX Haudaja
(Phillips et al., 2002). Tem He MeHee OKOHYAHUSI
3BYKOB UTPAIOT BaXKHYIO POJIb B BOCIIPUSITUN PEUU
1 B aHAJIN3€ CIIyXOBBIX CLIEH, BBICTYMAasl B KAUECTBE
OITHOTO W3 3HAYMMBbIX MPU3HAKOB [JIsI Meplen-
TUBHOI rpynmnupoBkHU (Szabo et al, 2016). C Tou-
KU 3peHUst pu3uku U (GpU3MoJOoruu B MOMEHT
BKJIIOUEHMSI HAUMHAETCSl BO3MEUCTBUE SHEPIUU
BHEIITHETO MUCTOYHMKA HA HEWPOHBI-PELIETITOPHI,
KOTOpO€ BeIeT K UBMEHEHUSIM MEMOpPaHHOTO T10-
TEeHIIMAJIa U TeHepaluy MOTeHIIMa 0B AeiicTBus. B
MOMEHT BBIKJIIIOYEHUSI BO3IAECHCTBUE SHEPIUU

BHEIITHETO CTUMYJIa Ha pELIeTITOPhI ITpeKpaliaeT-
csl, 4YTO, B CBOIO ouyepelb, TpeOyeT MPUHIIATIU-
aJIbHO MHBIX MEXaHU3MOB '€ Hepalliu OTBETa Ha
aT0 cobniTue. IIpenmonaraercsi, YTo OTBETHI HA
HAyaJlo 1 OKOHYaHMWE 3BYKOBBIX CTUMYJIOB SIB-
JITIOTCSI HEPOHHBIMU pENpe3eHTALUsIMU 13-
MeHeHuli curHana Bo BpeMmeHu (Kopp-Scheinp-
flug et al., 2011, 2018).

OTBeTHI Ha BEIK/TIOYEHME 3ByKa MOXKHO BEBIJIE-
JIUTh B DJEKTPUYECKON aKTHUBHOCTM MO3ra Ha
BCEX YPOBHSX CIYXOBOM CHCTEMBI, XOTSI OHU
OOBIYHO MeEHee BbIPpaXXEHbI, YeM OTBEThl Ha
pkimioueHne (Abeles, Goldstein, 1972; He et al.,
1997; Recanzone, 2000; Phillips et al., 2002). Oc-
HOBHOM TeMO1i1 O0JIbIINMHCTBA UCCIeJOBAaHUM OT-
BETOB Ha BBIKJIIOUEHUE SIBJISIETCSI UX CXOACTBO U
pa3nuyue ¢ OTBETaMM Ha Hayajlo CTUMYyJia. AK-
TUBHO o0OCyKmaeTcs, POpMHUPYIOTCS I 3THU IBa
TUIIA peakLMii 32 CYET OJHUX U TeX K& HEMPOH-
HbIX MOMYJISUWNA U MEXaHU3MOB 00pabOTKU WH-
dopman, MM 3a cdet pasHbIX. CylIecTBYIO-
e JTaHHbIe 00 OTBETAX Ha BBIKITIOYEHUE B IIEH-
TpaJbHOM CJIYXOBOM MNyTU MpEAIoJiaralor, 4To
OHU B OCHOBHOM T'€HEPUPYIOTCS B JOPCAJILHOM
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KOXJIEApHOM U BEpXHEM MapaoIMBapHOM siapax
(Recanzone, 2000; Phillips et al., 2002). B 3an-
HUX XOJIMaX U BHYTPEHHEM KOJIEHUYaTOM TeJie OT-
BEThl Ha BBIKJIIOYEHHE 3BYyKa MOTYT OBITh KakK
yHacJieIoBaHbl OT CTBOJIA TOJIOBHOIO MO3Ta, TakK
U cOpMHUPOBAHbI 3aHOBO, WJIM UMETh CMeIlaH-
HOe TIpoucxoxiaeHue. B kope rojoBHOro mosra
OTBEThl Ha BBIKJIIOYEHUE 3BYKa, MO-BUIUMOMY,
HaCJIeIYIOTCSI M3 HUKeIeXalux CTpyKTyp (00-
30p Kopp-Scheinpflug et al., 2018). Mccnenosa-
HUSI Ha XMBOTHBIX IMOKAa3bIBAaIOT, YTO B KOpe
MEHbIIIe HEMPOHOB, OTBEYAIOLIMX HA BBIKJIIOYE-
HUE, YyeM Ha BKJIIOYEHUE; IPpU 3TOM HelpoHaM,
OTBEYAIOIIMM Ha BBIKJIIOYEHUE, MEHee CBOIi-
CTBEHHa TOHOTOMNUYecKash opraHuzamnusi. Tem
CaMbIM MMOATBEPKAAETCS MIPEATIONIOKEHUE O TOM,
YTO 32 peakliy Ha BKJIOYEHUE U BBIKJIIOYECHUE
MOTYT OBITh OTBETCTBEHHBI OTYACTU pa3IUYHbIE
HOMYJISIIUKA HEMPOHOB € pa3IMUYHbIMU (DYHKIIM-
oHanbHBIMM cBoiicTBamMu (Abeles, Goldstein,
1972; He et al., 1997; Recanzone, 2000; Phillips
et al., 2002). C npyroit CTOpOHBI, B KOp€ €CThb He-
KOTOpasi 10Jis1 HEMPOHOB, pearupylolux Kak Ha
BKJIIOUEHHME, TaK M Ha BbIKmModeHue (Volkov,
Galazjuk, 1991). D10 COOTBETCTBYET MpeEaCTaB-
JIEHUSIM O TOM, UTO CBSI3aHHBIE C HayaJloM U
KOHIIOM 3BY4YaHMUsI CIyXOBbI€ BbI3BAHHbIE ITOTCH-
muansl (BIT) mMeroT oO1111e KOMITOHEHTHI U (TT0
KpaliHell Mepe, YaCTUYHO) OTPaXKaroT OMHY U TY
Xe 0a3oBylo o0paborky wmHPopMaumu (Qin
et al., 2007). bputo BBICKa3aHO ITPEIITOIOXKE-
HUE, YTO pa3JIUuYHbIM OTBETaM COOTBETCTBYIOT
pasiuyHble HAOOpPHl CUHANTUYECKUX BXOIOB
(Scholl et al., 2010).

MexaH13MBbI TeHepalii OTBETOB Ha BLIKJTIOUE-
HI€ 3ByKa 0COOEHHO YyBCTBUTEJIbHBI K MOIIepKa -
HUIO PaBHOBECUSI MEXIY IpoleccaMy BO30yKie-
HUSI U TOPMOXKEHUST Ha KJIeTOYHOM ypoBHe. C Ha-
PYLIEHUSIMM 3TOTO pPaBHOBECUSI  CBSI3bIBAIOT
TPYAHOCTU C OOHapy:KeHHEM Iay3 B 3BYKOBOM
curHane (Schneider et al., 1994: Snell, Frisina,
2000) u paznuueHuem peuu B myme (Gordon-
Salant, Fitzgibbons, 1993), Bo3HuKalolue mnpu
CTapeHUM U 3a00JIeBaHUSIX LIEHTpaJIbHOM HEPB-
HOM CHCTeMBI, Jaxke Korja IMOpord ciyxXa Hop-
MaJibHbl. THTEpeCHO, YTO KOMIIOHEHTHI CIIyXO-
BhIx BII Ha BbIKJIIOUEHUE IIIYMOBBIX MU OKOHYa-
HUE peuyeBbIX CTUMYJIOB 3HAUYUTEIbHO cjiabee U
OoJiee 3aMeJIeHBI Y TOXKWIBIX JIIONEH, YeM Y MO-
nonbix (Harris et al., 2012; Skoe et al., 2015). Xo-
TS HEOOXOJIMMO OTMETUTD, YTO CBI3aHHBIE C Ha-
yajoM 3By4YaHUs1 KomroHeHTHl BII Takke mom-
BepxKeHbI BusgHuto ctapeHus (Irsik et al., 2021).

Ha ypoBHEe cyMMapHOl 3J1eKTpUYEeCKON aK-
TUBHOCTU, PETUCTPUPYEMOI CO CKajblla, BbI-
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KJIIOUEHME 3ByKa BBI3ZLIBACT KOJICOAHUS 3JICK-
TpoaHuedanorpamMmel (DOI), mo ¢popme u na-
TEHTHOCTH CXOJIHBIE C TEMU, KOTOPHIE BhI3LIBACT
BKJIIOUeHME 3ByKa. AMILIMTyabl BIT Ha BKitoue-
HUE M BBIKJIIOYEHHUE CXOOHBIM 00pa3oM 3aBUCST
OT KPYTU3HBI (DPOHTOB HapacTaHU U cITafa CTH-
MyJja, a TakKXe OT ero JUIMTEJIbHOCTU U OT MEX-
CTUMYJILHOTO WHTepBajia. [Ipu yMmeHbIIeHUU
JUTUTEJIbHOCTU cTuMyaa 1o 1 ¢ u meHee, BII Ha
BBIKJTIOUEHME YMEHBIIIACTCS BIUIOTH 10 TIOJIHOTO
ncyesdHoBeHus (Davis, Zerlin, 1966). Ananorny-
HO, TIPY YMEHBIIIEHUN MEXCTUMYJILHOTO MHTEP-
Basia 1o 1 cexkyHnbl U MeHee, BI1 Ha BKimoueHume
BTOPOTO CTMMYJa OKa3bIBaeTCsl YTHETeH (Tpu
YCJIIOBUH, YTO TIEPBBIM CTUMYJ MMEJ 10CTATOY-
HYIO IJTUTEILHOCTh 11 (popMmupoBanus BII Ha
BBIKJTIOUEHME), U3 YeTO JeJIaeTCs BHIBOII, YTO 3TU
JIBa OTBETA HE SBJISIIOTCS TTOJTHOCTHIO HE3aBUCH -
MBIMM, a UX TeHepaTOPbl KAK MUHUMYM 4aCTUY-
Ho niepekprniBatorcs (Hillyard, Picton, 1978). 3a-
nucu MBI Takke CBUAETEIBCTBYIOT, UTO KOM-
noHeHThl N1 u P2 oTBeTOB Ha Havyajo U KOHell
3ByYaHUsI TIPOUCXOMSAT U3 TIePEKPBIBAIOIIIXCS
ncrounnkoB (Hari et al., 1987; Pantev et al.,
1996; Yamashiro et al., 2011). C npyroii ctopo-
HBI, UMEIOTCS JTaHHBIE O JOCTOBEPHO Pa3InYHOM
(X0TsI 1 OJIM3KOM) PacITOIOXKEHUN TeHEepPaTOpOB
MarHUTHBIX OTBETOB Ha BKJIIOUYEHUE U BHIKITIOUE-
Hue (Noda et al., 1998).

N3menenus BII Ha okoHYaHMe 3ByKa UCCJIe-
NYIOT TaK>Ke B CBSI3Y C MPUBJIEYEHUEM BHUMAHUS
K mTesnbHocTu ctumyioB (Horvath, 2016) u ¢
npoieccaMy OOHapy>XeHWS CHUTHajla B IIIyMe
(Baltzell, Billings, 2014). TTpeamnoigoxXuTenbHO,
BBIKJTIOUEHUE CTUMYJIa MOXET CIOCOOCTBOBATH
BBIAEJIEHUIO CUTHaJIa Ha (h)OHE MacKepa, BbICTY-
rasi B KaueCcTBe MpU3HaKa IMepLenTUBHON rpymn-
nupoBku (Grose et al., 2009; Mlynarsky, Mc-
Dermott, 2019). Ilcuxodusndeckue ucciaenoBa-
HUS C peYeBBIMU CTUMYJIAMU CBUIIETEILCTBYIOT,
YTO, TOMMMO BJIMSIHUSI COOTHOIIEHUSI CUT-
Haj/mym (signal-to-noise ratio, SNR), 3Haun-
MbIM MPU3HAKOM SIBJISIETCS] TaK>Ke aOCOJIIOTHBIN
YPOBEHb CUTHAJIA, JaXe B IPUCYTCTBUU (POHOBO-
ro myma (Dirks et al., 1982; Studebaker et al.,
1999; Hornsby et al., 2005). B ucciaenpoBanuu
(Baltzell, Billings, 2014) 6b110 TIPOBEAEHO CpaB-
HEHME 3aBUCUMOCTU CIyxoBbIX BII 3mopoBbIX
WUCITBITYeMbIX B PEaKIIMM Ha BKJIIOYEHUE U BbI-
KJIIOYEHVE TOHAILHOTO CTUMYJIa B TUIIMHE U Ha
¢doHe msiierocs 1mymMa, a Takxke 3aBUCUMOCTD
ostux BII oT cooTHolIeHUs1 curHa/mym. PaHee
ObLIO ITOKa3aHO, YTO YBEJINUYEHUE YPOBHS CUTHA-
Jia B TULLIMHE MPUBOJIMUT K YMEHbIIEHUIO JaTeHT-
HOCTHU U yBeJudeHuo aMiiuTyabl BIT Ha BkT0-
Ne 6
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yeHue (Billings et al., 2007). Ha ¢pone mackepa aM-
mwmryna W nateHTHocTh BIl Ha BKITIOueHUHE
3aBUCEJIU TOJBKO OT COOTHOILECHUSI CUTHAJI/IIIYM,
a 3aBUCHMMOCTbB OT aDCOJIIOTHOTO YPOBHSI CUTHAJIa
Tepsiyiach. BeI3BaHHBIC TTOTEHIIMAJIbI HA BBIKJTIO-
YyeHUe MPOASMOHCTPUPOBAJIN TE K€ 3aBUCUMO-
CTH OT YPOBHS CUTHAaJIa B TUIIMHE U U3MEHEHU
SNR, xkak u BI1 Ha BKiIIoUeHME, 11 B HOITOJTHEHUE
K HUM — YYBCTBUTEJIBHOCTb K M3MEHEHUSIM
YPOBHSI CMTHaJIa B IIyMe. DTO CXOICTBO MO-
XKEeT CBUIETEIhCTBOBATH O TOM, UYTO BBIKJIIOUE-
HHUE CUTHajJa MOXET OBITh UCITOJIb30BAHO CITY-
XOBOW CHUCTEMOM IJII BBIACJICHUS CUTHAJIA U3
yma, Hapsiiy ¢ Apyrumu npusHakamu (Bill-
ings et al., 2009).

B nutepatype, MOCBSIIEHHOI TTOMEXOYCTOM -
YUBOCTHU CJIYXOBOI CUCTEMBI, IIIMPOKO 00CyXKaa-
eTcss (beHOMEeH OMHaypaJIbHOTO OCBOOOXKIEHUS
OT MAaCKHMpPOBKHU, TakKKe M3BECTHBIA KaK “3d-
dekT BeuepuHku” (cocktail-party effect), munm
MPOCTPAHCTBEHHOE OCBOOOXIEHWE OT MACKM-
poBkHU. [Toporu o6HapykeH1sI TECTOBOIO CUTHA-
Jia Ha (hoHEe MacKepa MOHMXKAIOTCS IMPY pa3Hece-
HUM B MPOCTPAHCTBE peajbHbIX HWCTOYHUKOB
3ByKa (B YCITOBUSIX CBOOOTHOTO 3ByKOBOTO MOJIST)
WIW MPY BBEAECHUU B 3BYKOBBIE CTUMYJIbl MEX-
VIIHBIX pa3Iuduii MO BpeMEHU WJIW WHTEHCUB-
HOCTH (B YCJTOBUSIX TUXOTUYECKOW CTUMYJISILINM )
(Litovsky, 2012). O630p auTepatypbl O BIUSIHUNA
MOJIOKeHUS 3BYKOBBIX cTuMyJioB Ha BII Ha
BKJIIOUEHME TIpUBeeH B cTaThsix IllecTonaioBoii
u 1p. (2022, 2023). B nprcyTcTBUM Mackepa oO11ei
TeHACHLWEH SBISIETCS YMEHBIIIEHUE aMILTUTYIbI 1
yBeJIMYEHUE JTATEHTHOCTU BCEX KOMITOHEHTOB CITy-
xoBbIX BI1. ITpu BBeieHMM MEXYIITHBIX UJTW peaTb-
HBIX TIPOCTPAHCTBEHHBIX Pa3IMYN MEKIY CUTHA-
JIOM 1 MacKepoM HaOItoaaeTcsl TEHICHIIMS K yBe-
JudeHuto amrumTtyael  BIT w  yMeHbleHUIo
JateHTHOCcTU. CTeneHb BIUSIHUSI MAaCKUPOBKU U
MPOCTPAHCTBEHHBIX MPU3HAKOB Ha OTAEIbHbBIC
KOMIIOHEHThI OTBETa BapbUPYET B 3aBUCUMOCTH
OT XapakTepa CTUMYJIOB (ILIyMOBbIE, TOHAJIbHbBIE
WJIW peyeBble), HaPaBJI€HHOCTA BHUMaHUS U 3a-
JTAHWSI, KOTOPOE BBIMOJHSI UCTbITYyeMbIit. [1pn
TUXOTUYECKOM TIPEIbSIBIEHUU IITYMOBBIX CUTHA-
JIOB, TIPOCTPAHCTBEHHOE MOJIOXKEHWE KOTOPBIX 3a-
JTAaBAJIOCh TIOCPEICTBOM MEXYIIHBIX Pa3 Ui
M0 WHTEHCUBHOCTHU, OBLJIO MOKa3aHO, YTO MpU
COBMAJEHUM TMOJOXEHUS CUTHAJla W Mackepa
aMIuMTyaa KoMmrmoHeHToB N1 u P2 orBera Ha
BKJIIOUEHME 3aMETHO CHU>KAJIach, a JATEHTHOCTD
yBeanduBaiachk. [lpu yBeanyeHU pacyeTHOTO
YIJIOBOTO PACCTOSTHUS MeXay HUMHU 110 90 rpamy-
COB aMIIJIUTYyIa 3TUX KOMIIOHEHTOB pocJa, a ja-
TEHTHOCTb YMEHbIIIAIACh, YTO paCcCMaTprUBAETCS
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KaK MposIBJIEHUE MTPOCTPAHCTBEHHOIO OCBOOOXK-
neHus oT MackupoBku (IllectomasoBa m Ap.,
2022). BausiHue TpPOCTpaHCTBEHHBIX XapakTe-
PUCTUK CTUMYJIOB Ha OTBEThl Ha BBLIKJIIOUECHUE
3ByKa HE UCCJIEIOBAHO.

Ilcuxopusnyeckre WCCIESAOBAHUS JIOKAIU-
3alldM 3BYKOBBIX CTHMYJIOB MOKAa3bIBalOT, YTO
OpU aHaau3e MNPOCTPAHCTBEHHBIX ITPU3HAKOB
CIIyXOBOM CHCTEMe CBOIICTBEHHA 3HAYMTEJIbHAas
MHEPLUUOHHOCTD. 10 pa3HBIM TaHHBIM, BPEMEH-
HO€ OKHO MHTErpaluy IIPOCTPAaHCTBEHHOMN WH-
dopMau MoxXeT cocTasisaTh oT 40 mo 300 Mmc
(Carlile, Leung, 2016; CemenoBa u ap., 2022).
Ilpu nokanu3aluy ABMKYIIUXCS CTUMYJIOB
MHEPLMOHHOCTh IPOSBISIETCSI B TOM YHCJIE B
CMEILEHUM BOCIPUHUMAEMOTO ITOJOXEHMS Ha-
YaJbHOM TOYKM TpaeKTOpPUM B HaIlpaBJICHUU
nBrkeHUs. [1py coBmageH BO BpeMeHU Hada-
Jia IBVDKEHUS ¢ BKIIOYEHHEM CUTHajIa HadaJlbHasI
YyacTh TpaeKTopuu He BocnpuHumaercs (Iletpo-
naBIoBcKas 1 1p., 2010). B To >ke BpeMs JoKajm3a-
1S KOHEYHBIX TOYEK TPASKTOPUIA OKa3bIBAETCSI
OoJiee HaIeXKHOM, TaK KaK MOCJIe HAKOILJIGHWST He-
00XOIMMOTI0 KOJIMYecTBa MHMOpMalu 00 nu3Me-
HEHUU TI0JIOXKEHUSI CTUMYJIAa BCTYMAIOT B IeICTBYE
peacKa3aTeIbHble MeXaHU3Mbl, KOMIIEHCUPYIO-
e geiictBue nHepuuoHHOCTU (IleTpormaBioB-
cKasu ap., 2011). Mcxonst u3 3Toro MOXHO IIpe-
MHOJIOXUTh, UTO IIPU TOCTATOYHOM BPEeMEHHU 3BY-
yaHus BII Ha BeIKIIIOUEHME 3BYyKOBOIO CTUMYJIa
MOTIYT OKa3aTbCs YYBCTBUTEJIBHBI K €Tr0 IpPO-
CTPAaHCTBEHHBIM IpPU3HAKaM M YCTOWYMBHI K
BO3IeMICTBUIO MACKHUPOBKMU.

Hacrostimast myOonumkauust SIBASIETCS 4acThIO
KOMITLJIEKCHOTO MCCJIEIOBAHMS ITPOCTPAHCTBEH-
HOIT MacKMpPOBKHM, BKITiouaroniero aHaian3 BIT Ha
TPU THUIIA COOBITHI (HadYaJo 3By4YaHWs, Hayajao
IBIDKEHMsI 3BYKOBOTO OOpa3a M KOHeIl 3ByYa-
HUSI), a TaKXKe MoBedeHYeCKrue OTBeThl. B maH-
HoOI1 padboTe mpoBeneH aHaian3 BI1 Ha BeIKITIOUE-
HI€ 3ByKOBBIX CTUMYJIOB, TIOJIYYEHHBIX B TEX Xe
YCIOBUSIX M HA TeX K€ MCTBITYEMBbIX, YTO M aHa-
JIN3 OTBETOB Ha BKJIIOUEHME 3ByKa B YIIOMSIHYTOI
Beimie padorte IllecromanoBoit 1 ap. (2022). To-
nmorpagusi OTBETOB HAa BCE TPU THUIA COOBITHIA
MMpoaHaJM3MpoBaHa B cienytolieit padore (Lle-
cronaioBa u ap., 2023).

Takum obpazom, 11eJ1 HACTOSIIETO UCCIIET0-
BaHUS COCTOSIJIU B CAeAyIOLIeM: 1) n3yduTh BIU-
sSTHUE€ B3aMMHOIO pPAacCIIOJIOXEHUSI 3BYKOBOIO
cTuMyJia 1 Mackepa Ha BII, BbI3BaHHEBIE BBIKJIIO-
YyeHUeM 3ByKa; 2) OIpeleauTh, KaKue KOMIIO-
HeHThl BII B HauOosbllIeil cTeneHn OoTpaxaroT
MPOCTPAHCTBEHHOE OCBOOOXIEHWE OT MaCKHU-
POBKM.
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Yenosusa sxcnepumenma u ucnsimyemoie. B
9KCHEepUMEHTaX NPUHSUIM ydyacTue 18 mpaBopy-
KHUX UCIBITYeMBIX (6 My>KYMH U 12 XEHIIWH) B
Bo3pacTe oT 18 mo 45 ner (cpemHuii Bo3pacT
27.8 = 1.4 net), c HOpMaJbHBIM ciiyxoM. Bce mc-
cleloBaHUSI TMPOBEIEHbl B COOTBETCTBUMU C
MPUHLIMIIAMU OMOMEIUIIMHCKON 3TUKM, chOop-
MYJIMPOBAaHHBIMU B XeJIbCUHKCKOM AeKJIapaiuu
1964 1. 1 ee TOCIEAYIOIIMX OOHOBJIEHUSIX, U
onoopenbl Komuccueii o atuke ®I'bYH UH-
ctutyra ¢uszuonaoruu um. M.I1. ITaBrosa PAH
(IMporokon Ne 22-02). Kaxnblii ydyaCTHUK HUC-
clieIoBaHUs MPeaoCTaBUl JOOPOBOJIbHOE MUCh-
MEeHHOe MH(OPMUPOBAHHOE coTjlacue, MOAIu-
CaHHOE UM TIOCJIe Pa3bsICHEHUs €My TTOTeHIIM-
aJlbHBIX PHUCKOB UM TPEUMYIIECTB, a TaKxXKe
XapakTepa MNpeacTosllero ucciemoBaHusa. Bo
Bpems peructpauuu 931 ucnbITyeMble pacno-
JlaTaJIuCh B Kpecjie BHYTPU 3KpaHUPOBAHHOM
3BYKOM30JMPOBAHHOI KaMephl U BO BpeMsl 3BYy-
KOBOI CTUMYJISIIUY YUTAIM KHUTY 1O CBOEMY
BbIOOpPY. 3BYKOBbIE CUTHabl TPEAbSBISIIUCH
WUCHBITYEeMbIM JAUXOTUYECKUM cIiocoboMm. Jlo-
MMOJIHUTEIbHBIC CBEIEHUS O METOIUKE MOXHO
MOJIYYUTh B TIPEABIAYIIMX paboTax 3TOro 1MKJIa
(Ilectomanosa u ap., 2022, 2023). Huxxe mpuBo-
JSTCS CBEIEHUS W JIeTald, HEOOXOMUMBIE LTS
MOHUMAaHUS aHaJn3a peakluii Ha BBIKIIOYEHNE
CUTHaJIA.

Bce ucnbiTyemble 10 Hayajia ONBITOB IIPOXO-
JWJIA CTAaHJAPTHYIO IIPOLICAYPY ayAUOMETPUU HA
yactoTax oT 125 no 8000 I'i. OTKIIOHEHUS TOPO-
TOBBIX BEJIMUMH OT HOPMAaJIbHOTO YPOBHS ClIyxa,
a Tak:Ke pa3HHUIIa MEXIY ITOpOoramMu, U3MepeH-
HBIMU J1J151 IIPABOTO U JIEBOTO yXa, He IIPEeBhIIIAIN
10 nb. TlonHast mporpaMMa 3KCIIEpUMEHTa s
KaXk[0ro UCHBITYEeMOTO pacrpenensuiach Ha TpU
IHS ¢ uHTepBajoMm 1—2 Hen. B Havane kaxngoro
SKCHEPUMEHTAIBHOTO JHS Y KaXKAO0rO UCHBITYE-
MOTI'O OMpPEIEasUI IIOPOTU CABIIIMMOCTU IIIyMO-
BBIX CUTHAJIOB JIJIS1 HPaBOTIo U JieBOro yxa. OTHO-
CUTEJILHO 3TUX UHIWBUAYAJILHBIX IOPOTOB BbI-
CTaBJISUIM OOMHAKOBYI0O MHTEHCHUBHOCThH 3ByKa B
IpaBOM U JIEBOM KaHajlaX M MOJydalad OTBETHI
KWCIBITYEMOTO O BOCIIPMHUMAaeMOM MOJIOXEHUU
3BYKOBOTI0 oOpa3a. [Ipu HeoOXoauMOCTU MPOBO-
IWJIaCh KOPPEKIUSI MHTCHCUBHOCTH Ha OOHOM
13 KaHaJOB TakKUM O0Opa3oM, UTOOBLI 3BYKOBOI1
o0pa3 pacnoJjarajics poBHO II0 CpedHeil TUHUN
rojioBhl. Jlajee MHTEHCUBHOCTh BCEX 3BYKOBBIX
CTUMYJIOB BBICTABJISIIACh OTHOCUTEIBHO 3TUX
CKOPPEKTUPOBAHHBIX 3HAYCHUIA.
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Cmumynvi. ICXOOHBIMU CUTHaJIaMU CITYXXUIU
JIIBa OTpe3Ka 0eoro 1ymMa, CUHTe3UPOBaHHbBIE C
yacToToil auckpetusauuu 96 kI u GuiabTpo-
BaHHBbIe B 1Tos1oce 200—10000 I'tx. CurHanse! npe-
00pa30BBIBAIUCH B aHAJIOTOBYIO (OPMY IIPU MO~
MOIIIM MHOTOKaHajibHOI aynuorarel Gina24
(Echo Audio, CIIIA) u npeabsBIsSINCh IUXOTH-
YeCcKHU C MOMOIIBIO 3ByKousyuyaTesieii Etymotic
ER-2 (Etymotic Research Inc., CIIIA).

[IIymoBBIe MOCHUIKM, UCHOJIb3yEeMbIEC B Ja/lb-
HEWIIeM TSI CO3IaHMsl TECTOBOTO U MacCKUPYIO-
IIEr0 CTUMYJIOB (CUTHajla U MacKepa COOTBET-
CTBEHHO), OBIJIM CHUHTE3UPOBAHBI ILIMMPOBHIM
CITIOCOOOM HE3aBHMCHUMO 13 UCXOMHBIX CUTHAJIOB,
yTO 00ecIeunBaI0 OTCYTCTBUE KOpPEISIun
MEXKIy curHajioM u MmackepoM. IIpocTtpaHcTBeH-
HOE TTOJIOXKeHUE BCeX CTUMYJIOB 3a/1aBaJIOCh Be-
JIMYMHOM MEXYIUIHBIX Pa3IMyMid 110 UHTEHCUB-
Hoctu (Al) Mexmy OumHaypallbHO IIpeIbsIBIIsIC-
MBIMU CUTHaJIaMU. MeEXYIIHbIE pa3indyusl IO
MHTEHCUBHOCTY CO30aBaICh OMHOBPEMEHHBIM
YBEJIMYEHUEM WHTEHCUBHOCTU 3ByKa C OOHOM
CTOPOHBI U YMEHbIIIEHWEM C IPyroil Ha oauHa-
KOBbI€ BEJIMYMHBI, UYTO MO3BOJISIET MPU AUXOTU-
YeCKOM NpeIbsaBICHUU CO3/1aTh OLIYILIEHUE CME-
IIeHUsI 3BYyKOBOro obpasa 0e3 M3MEHEHUS ero
TPOMKOCTHU.

JlnnTebHOCTh Mackepa coctasisuia 9070 mc.
®poHTHl WIUTENbHOCTHIO 10 MC, CIJIa’)keHHBbIE
KOCHUHYCOUJAJIbHON (hyHKIIMEH, ObLIM HaloXKe-
HbI B HayaJjle 1 B KOHIIE Mackepa, a TakxKe B Ha-
yajie 1 B KOHIIEe KaXKI0ro U3 TECTOBBIX CUTHAIOB.
3aech U gajiee IIMTEJIbHOCTh CUTHAJIOB IPUBO-
nuTcs 6e3 yyeta ppoHTOB. B skcneprmeHTe uc-
MOJIb30BaIMCh TPY TUIIA MACKEPOB, pa3inyaBIIIX-
Cs TOJIbKO TPOCTPAHCTBEHHBLIM TMOJIOKEHUEM U
YCJIOBHO OOO3HAYE€HHBIX KakK JIEBBIM, LIEHTpasb-
HbII 1 TIpaBblid. LleHTpaaIbHBIM MacKepOM CITYKIJT
ctumyi ¢ ¢ Al = 0 b, BeI3bIBarOILIMIA OLIYIIICHUE
HEIOJBMKHOIO 3ByKOBOT'O 00pa3a OKOJIO CPeIHE
JIMHUU TOJIOBBL. JIeBBIM M MpaBbIM MacKepamu
ciryxum ctuMyibl ¢ Al = —10 u +10 n1b cooTBeT-
CTBEHHO, BBI3bIBAIOIIME OIIYyllIeHUE HEITOABMXK-
HOT'O 3ByKOBOI'O 00pa3a, pacloJ0XXeHHOTO BOIM3U
JIEBOT'O WJIY IIPpaBOro yxa. JlaHHOe MoI0XeHUE 3By-
KOBOTro 00pa3a COOTBETCTBOBAJIO PACYECTHOMY YTI-
JoBoMy cMmelneHuto Ha £90 rpaa. CornacHo Jn-
TepaTypHbIM JaHHBIM, MOJHAas JaTepaau3aliusi
3BYKOBOT'O 00pa3a MOXET HacTyIaTh B 1uara3o-
He 3HayeHuil Al ot 6 mo 20 nb (Dingle et al.,
2012; Ozmeral et al., 2019). Cnenyetr nmom4yepk-
HYTb, YTO B JAaHHOI pabOTe BOCIIPUHMMAEMbIC
YIJIOBBIE PACCTOSIHUSI HE pacCcMaTpUBAIOTCS, MO-
3TOMY YIJIOBBIE BEJIMUMHBI B Ipaaycax, MpUBe-
Ne 6
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JIeHHBbIC 3[IeCh U najiee, Hy>)KHO paccMaTpuBaTh
KaK KaTeropuaJibHylO Mepy.

IlonHast AIMTENBHOCTb TECTOBOTO CHUTHAaja
cocTtapisiia 2000 Mc. Kaxaplit TECTOBBIM CUTHAI
COCTOSLI U3 TpeX GparMeHTOB, CICAYIOLINX APYT
3a ApyroM 0e3 may3bl: 1) HaYaJbHOTO ydacTKa
miTeabHoCcThio 1000 MC ¢ TIOCTOSTHHOM BeTU4YM-
Hoit Al, paBHoii 0 miu +10 nb; 2) yyacTka ¢ 1u-
HeitHbIM n3mMeHeHrueM Al (ot 0 no £10 ab u ot
*10 mo 0 n1b, utoro 4 BUIa CUTHAJIOB) JJIUTEb-
HocThIo 200 umu 400 Mc; 3) KOHEYHOro ydyacTka
nuTenbHOCThIo 800 i 600 MC COOTBETCTBEH-
HO, C MOCTOSHHOM KOHEYHOM BeJmuuHoun Al,
paBHoit =10 wiu 0 n1b. B nmpeacraBieHHO pabo-
T€ aHAJIU3UPYIOTCS TOJBbKO BhI3BAHHLIC PeaKIUU
Ha BBIKJIIOYEHME TT0oc/IefHEero (pparMeHTa TeCTo-
BOI'O CUTHAaJIa; IepBble ABa (pparMeHTa UCIOIb-
30BaJIMCh IJISI IPYTUX 3a1a4. B manbHeIneM u3-
JIOXKCHUU TOHSATUE “HEIOABUKHBINA TECTOBBIM
CUTHAaJI/CTUMYN” OyIeT OTHOCUTHCA MMEHHO K
€ro KOHeYHOMY y4yacTKy. Ha KoHeuHOM yJyacTKe
cuUTrHaJjla mocTossHHas BeanyuHa Al mpuHuMana
3HaueHud 0, +10 unu —10 n1b B pa3HbIX CTUMY-
Jax. DTU y4aCTKM TECTOBBIX CTHUMYJIOB TaKXKe
BBI3BIBAJIM OIIYIIEHUE HEIIOABUKHOTO 3BYKOBO-
ro o6pasa, pacrioJloXXeHHOro Jubo y cpenHeit
JIMHUM TOJIOBHI, IU0O BOJM3U JIEBOTO WJIM Ipa-
BOTIO yxa.

Kaxxnast mpoba B cepuun mmeia oOIIyIO IJIU-
teJbHOCTh 10 ¢ M comepxkajia TpeXKpaTHOe I10-
BTOPEHME TECTOBOIO CUTHa/Ia B TUILIMHE WIA Ha
¢oHe 0gHOro 13 MacKepoB (LIEHTPAJILHOTIO, Y Jie-
BOTO WM y IpaBoro yxa). TecToBble CTUMYJIbI
NpPEeIbSIBISINCH C MHTepBaJioM 770 MC OT KOHIIa
OIHOTIO CTUMYJIA A0 HayaJja ciaeaytoiero. B mpo-
0ax ¢ MackepoM Hayvajo IepBOro TECTOBOTO CUT-
Hajla ObLIO OTCTABJIEHO OT Hayajla Mackepa Ha
770 Mc, 9TO TIO3BOJISIJIO OTACIIUTEL peaKIIMio Ha
BKJIIOUEHME CUTHAaJIa OT peaklMy Ha BKIIOYEHUE
mackepa. [lociie TpeThero moBTOpEeHMUsI TECTOBO-
ro CUTHaJIa cyienoBasia naysa 760 Mc, Tak 4To pe-
axKlMM Ha BBIKJIIOUEHNE CUTHAJIa U MacKepa Obl-
JIM TakXKe pa3HeceHbl BO BpemeHu. [1pu npensb-
SIBJICHUM TECTOBBIX CTHUMYJIOB B THUIIMHE (0e3
MacKepa) MHTepBajlbl MEXAY CTUMYJIaMU ObLIU
TOYHO TAKUMMU Xe, KaK B YCIOBUSIX MACKUPOBKMU.

MHTEeHCUBHOCTh TECTOBBIX CHUTHAJIOB yCTa-
HaBJMBaJU Ha ypoBHe 45 n1b Haa Moporom cibl-
IIMMOCTU KaXXI0ro U3 ylieil, NHTeHCUBHOCTh
Mmackepa — Ha ypoBHe 50 ab. IlpenbsiBieHue
cUrHasia Ha (poHe Mackepa MPUBOIUIIO K YBEJIU-
YeHU10 0oOIIeil MHTEHCUBHOCTH 3TOr0 ydacTKa
ctumyJia Ha 6 1B 110 cpaBHEHUIO ¢ MPEIbSIBJICHU -
€M TOJIbKO MacKkepa. TakuM o0pa3om, IIpU OJHO-
BPEMEHHOM JIUXOTUYECKOM TIPEIbSIBIEHUU 00-
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11asi THTEHCUBHOCTh MacKepa M CUTHaja Obljia
okoJo 56 nb.

Ilpouedypa sxcnepumenma. JleBbliA, LIEH-
TPAJIbHBINA U TIPaBbIiA MACKEPHI MMPEIBSBISINCH B
pas3HbIX cepusix. [IpomoKUTEeILHOCTh OMHOM
cepuu cocTapJisija okoJjio 8§ MuH. CepuM ¢ Kax-
IBbIM TIOJIOXKEHMEM MacKepa MpeabsBIsINCh
KaxKJIOMY MCIIBITYEMOMY MO 4 pa3a 1 yepeaoBa-
JIMCh B CIIydalilHOM TMOpPSAKE B pa3HbIC JTHU.
Mexny cepusiMu AeaiCh MepepbIBbI HA OTIBIX
1o 3—5 MUH (UM J0JIbILIE 10 MPOChOE UCITBITYE-
Moro). TecToBble CUTHaIbI B KaXXA0M 3KCHEpU-
MEHTAJIbHOI CEpUU MOTJIU TIPEIbSIBISTHCS B TH-
murHe (4 Tura ctumyiia X 3 npobsl X 3 moBTOpa
B Ipo0e) win Ha poHe Mackepa (4 TuIla cTumyJa X
X 8 mpo6 X 3 moBTOpa B MpoOEe) U TOXKE Yepeao-
BaJIMCh B ClIydaiiHOM nopsiake. Takum ob6pa3om,
Ka>KI bl TUIT CTUMYJIA B TUIIIMHE U Ha (DOHE KaXK-
JIOTO MacKepa TMPEeIbsBISIICS KaXKIOMY UCITBITY-
eMoMy 1o 96 pa3. YrioBoe pacCTOsTHUE MEXIY
TECTOBBIM CUTHAJIOM M MAaCKEPOM OMpPeaeIsiioch
pasHuleii BeJudruH Al MexX1y HUMU U B MOMEHT
OKOHYaHUS CTUMYJIa MOTJI0 paBHATHCs 0, 90 vnu
180 rpan (ciemyeTr HaAaMOMHUTb, YTO MPUBEACH-
HbIE YIJI0BbIE BEJIMUYMHBI HY>KHO paccMaTpuBaTh
KaK KaTeropuajbHYIO MEpY).

Pecucmpayus u obpabomxa HII. Perucrtpa-
1110 DD ocyleCTBISIN MPU ITOMOIIU 3HIIeda-
snorpaga Activelwo (BIOSEMI, Tonnannusi) u
32 xyiopcepeOpsTHBIX DJIEKTPOIOB, PACIIOIOKEH-
HbIX B COOTBETCTBUM C MEXIYHAPOMTHOI CUCTEe-
moit 10—20, ¢ 3aMeHO#l TO4YeK OTBEICHUS
PO3/PO4 na C5/C6. J1onOJHUTEIbHBIC 3JIeK-
TPOJbI pacrojarajid Ha MoYKax yIieii, Haf rpa-
BbIM IJIa30M U TIOJ JIEBBIM IJIa30M, OJIVIKE K UX
BHelIHeMY Kpato. DD ounudpoBsiBaiach B MO-
Joce 0—102 I'x ¢ yacrotoit nuckperusanm 2048 Ty
C TMOCHEAYIUIMM TIOHWXEHUEM 10 YaCTOThI
512 I'm n 3anuchIBajIach Ha XXKE€CTKUM JUCK KOM-
nelotepa. JlanbHeiinas obpaboTka MpPOBOAU-
Jlach 10 OKOHYaHUU omnbITa. HempepbiBHYIO 3a-
nuch DI pazdbuBaiv Ha BTIOXU UIUTEJILHOCTBIO
10000 mc. B cpenrem okoiio 2% 310X comepka-
JIU HECTepPEOTUITHbIE apTedakThbl, X YIAISIIN
BPYUYHYIO TpU TpenBapuTebHOM IpocMoTpe. B
KaXKJIOM OTBEAESHUU MPOBOIUIN KOPPEKIINIO Oa-
30BOIi JIMHUU OTHOCUTEIBHO YCPETHEHHOTO T10-
TeHIMaja BCeX 3JEKTPONOB, U (PUIbTPOBAIU B
nuarazoHe 0.5-45 I'u. AptedakThl, CBSI3aHHBIE C
NBVDKEHUSIMU TJ1a3, MBIILIEYHON aKTUBHOCTBIO U
HapyllIeHUSIMY KOHTaKTa, yAaJsUIy ITPU TIOMOIIU
MeTona He3aBUCUMBIX KoMImoHeHT (ICA) cpen-
crBamu EEGLab (Delorme et al., 2007). 3atem
D3I BoccTaHaBIMBaAIM, B Ka4eCTBe pedepeHca
MIPUHUMAJIU YCPETHEHHBIN MOTEHIIMAJ JIEKTPO-
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OB Ha MOYKax YIIIeil ¥ TPOBOIWIN KOPPEKIINIO
0a30BOil JIMHUU TO TIPEACTUMYIBHOMY YYacTKY
IJIATEbHOCTHIO 930 MC Tiepen HayajaloM MacKepa.

Hnsa monyyenust BIT B3I pomomHUTEIBHO
dunbTpoBasiu B nojioce 2—30 I'u. 3anucu D31 B
KaxkI0M 13 32 KaHaJIOB YCPEIHSUIM OTIEIbHO MO
BCEM TUIIAaM CTUMYJIOB IJIs KaXKIOTO WCIIbITye-
Moro. B mpenenax KaxIoid 3MOXU BbIAEISIN
Y4aCTKM peakliiy Ha Kaxjaoe U3 Tpex MOBTOpe-
HUII TECTOBOTO CUTHAaJIa, COAECPKABIINE OTBEThI
Ha TPU THUIIA CIYXOBBIX COOBITUII — BKJIIOUEHME
CTUMYJIa, HaYaJlo IBUXKEHMUS, BBIKJIIOUEHUE CTU-
MyJia. B naHHo# paboTe puBOISATCS Pe3yJibTaThbl
aHanm3a Toabko BII Ha BeIKIIIOUeHMe. st aHa-
nm3a 3¢p@deKToB NPOCTPAHCTBEHHOIO IOJIOXKE-
HUSI MacKepa M CUTHaJIa UHAWBUAYaJbHbIC 3aM1-
cu O3I ycpenHsiu 1o rpynne 24 31eKTpoJaoB
(Fz, Cz, Fpl, AF3, F3, F7, FC1, FC5, C3, C5,
T7, CP1, CP5, Fp2, AF4, F4, F8, FC2, FC6, C4,
C6, T8, CP2 u CP6). JlanHasg 061acTh MHTEpeca
OblIa BbIOpaHa IO pe3yJibTaTaM BU3YaJlbHOTO
aHajM3a TOIOrpaMM OTBETOB U C yU€TOM MpPebl-
IyLIMX padoT, B KOTOPbIX UcciaenoBaiuchk BIT Ha
IIYMOBbIE CTUMYJIbI, pazjaudyaroliuecs IIpo-
CTpaHCTBEHHBIMU XapakTepuctukamu (Illecto-
najgoBa u ap., 2022, 2023). Hust mojydyeHus
rpaHa-yCpeaAHEHHbIX MOTEHLMATOB MPOBOIUIU
ycpeaHeHure no rpyrrme B ueaoM (n = 18). B pe-
aKlMM Ha BBIKJIIOUYEHUE TECTOBOIO CUTHaJIa 13-
MepSUJIM MHAUBUIYaJIbHbIE TTMKOBBIE JTATEHTHO-
CTU U CpeaHUE aMIUIUTYyObl KOMIOHEHTOB N1,
P2 1 N2 B okHe mmpuHoii 50 Mc, IeHTpUpPOBaH-
HOM Ha COOTBETCTBYIOLLIEM MHUKE IpaHI-yCpe.-
HEHHOro ToTeHlMajaa. TOYHOCTh aBTOMaTU4Ye-
CKOTO OIlpeaesieHUs1 JIAaTeHTHOCTU WHAWBUILY-
aJIbHBIX IIMKOB KOHTPOJUPOBAIaCh BU3YaJIbHO, U
B CJlydyae HEOOXOAMMOCTU MPOBOAUIACH KOPPEK-
umst (ot 3 1o 18% ciydaeB mJist pa3HbIX KOMITO-
HEHTOB UM pa3HbIX yciaoBuit). CKOppeKTUpPOBaH-
Hbl€ BEJIMUMHBI HE BBIXOAWJIU 3a TIpeaesibl YABO-
€HHOM IIMPUHBI OKHA.

Anaauz Oannvix. WVI3MepeHHbIE BEJIWYUHBI
MoABepTaau MpeaBapUTEIbHOMY S-(PaKTOPHOMY
JIVCIEepPCUOHHOMY aHalu3y (repeated measures
ANOVA, rmANOVA) ¢ ¢akTopamu YcioBue (B
TUILIMHE, ¢ MackepoM), TTonoxeHue Mackepa B
cepuu (JIEBBIN, LEHTPaNbHbBIN, NpaBblii), diu-
TenbHOCTh ydyacTtka apmkeHust (200, 400 mc),
HanpapieHue nBukeHUs cTUMYya (cieBa K LeH-
TPy, CIIpaBa K LIEHTPY, OT LIEHTpa BJIEBO, OT LIEH-
Tpa BrpaBo), IlonoxeHue cTUMynda B 3I0Xe
(rmepBbIid, BTOpOM, Tpetuit). Ilo pesyabTaram
JIUCTIEPCUOHHOTO aHaJIM3a U MOIMapHbIX CpaBHE-
HUI ObLIM BblAEACHBI (hAKTOPbI, HE BIUSIBIINE
Ha aMIUIUTYAY Y JIJATEHTHOCTh OTBETA Ha BBIKJTIO-
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yeHue, 1 mposeaeHo ycpenHenue BIT mexxmy co-
OTBETCTBYIOIIMMU YyCJIOBUSAMHU. B uacTtHOCTH,
ObUTM YCpeOHEHBI: 1) peakuuu Ha Kaxaoe U3
TpeX ITOBTOPEHUI TECTOBOTO CUTHaja BHYTPU
BIIOXM; 2) peaKlIMM Ha CUTHAJbI, pa3jinyaBIIIe-
CSl JUTUTEJILHOCTBIO BTOPOro ¢parMeHTa (M3Me-
Henusa Al B reuenue 200 miu 400 mc); 3) peak-
IIMM Ha OJWHAKOBBIC CTUMYJIBI B THIIMHE,
MPETbSBISBINNECS B Ka4eCTBE KOHTPOJS B Ce-
pUSIX ¢ pa3HBIM MOJIOKEHUEM Mackepa; 4) OTBe-
TBI HAa CTUMYJIBI, IBUTABIIIMECS CIIpaBa 1 CJeBa K
LICHTPY, ITOCKOJIbKY HUCCIIeayeMble B TaHHOM pa-
b6ore 3¢ heKTh OTHOCUINCH UMEHHO K MOCJIE/-
HeMy (KOHeYHOMY) (pparMeHTy CUTHaJIa, M 3Ha-
YUMBIX Pa3IMIMiA B X XapaKTePUCTUKaX BhISIBIIC-
HO He Onwuto. B pesynbrare OBIIM TIOMyYEHBI
BBIOOPKM y4yacTkoB D3I, comepxapimx BIl Ha
BBIKJTIOUEHME CUTHaJIA B LieHTpe (394 *+ 25 npenb-
sIBJICHNIA), cieBa u cipasa (11o 197 = 12 moBTOpE-
HUIA), TIpY 3BYYaHWU B TUIIWHE J100 Ha (oHe
JIEBOTO, LICHTPAJIbHOTO MJIX IIPaBOro Mackepa. Y
MOJIYYeHHBIX TAaKMM 00pa3oM ycpeaHeHHBIX BIT
CHOBa W3MEpSIM WHAWBUIyaJbHbIC THUKOBBIC
JIATEHTHOCTHU Y CPEIHUE aMIUTATYIbl KOMITOHEH-
toB N1, P2 1 N2 B okHe mmpunoii 50 Mc, 1ieH-
TPUPOBAHHOM Ha COOTBETCTBYIOLIEM ITHKE
rpaHI-yCPEeOTHEHHOTO ITOTeHIINAIA.

M3mepeHHbIe BeJIMUYMHBI MTOABEpTain 2-(ak-
TOpPHOMY OMCIIEpCUOHHOMY aHaiu3y (repeated
measures ANOVA, rmANOVA) c ¢daxkropamu
Mackep (0e3 mMackepa, JIEBbIii, LIEHTpaJbHBIA,
npasbiit) 1 CurHai (JIeBbIid, IEHTPAJIbHBIN, TIpa-
BbIi). [Ipn OTKIOHEHUM JaHHBIX OT CHEPUUYHO-
CTU TIPUMEHSLIM TOIPaBKYy K CTEIEHSIM CBOOOIbI
I'punxayza—Tlaiiccepa. Ilpu nmpoBeaeHUM MHO-
JKECTBEHHbBIX CPAaBHEHUI TIPUMEHSIN TTOTIPaBKY
boHndepponu. Bce cpaBHeHUsI NMPOBOAMIU C
ypoBHeM 3HauumocTu p < 0.05.

PE3VJIbTATbBI UICCIEJOBAHUN

BII na svikatouenue mecmoeoeo cueHana 8 ycao-
susx mackuposku. Ilpumep BII Ha Bce Tpu ciy-
XOBBIX COOBITHS (BKIIOUEHUE, HAYaJI0 U3MEHEHUS
Al n BBEIKIIIOYEHHE), MMEBIINX MECTO B TeUCHUE
3BYKOBOI'O CTUMYJIa MIPU €T0 NpeIbIBIIEHUN B TU-
IIMHE, IpYBeAeH Ha puc. 1. BeI3BaHHBIE TOTEHIIN -
albl Ha BBIKJIIOYEHUE TECTOBBIX CUTHAJIOB,
IpeabIBACHHBIX B TUILIMHE UJIA IIPU Pa3HBIX MO~
JIOXKEHUSIX MacKepa, IpuBeAeHBI HA pUcC. 2.

HucnepcuoHHsblit aHanu3 (rmANOVA) cpen-
HUX aMIUIMTyd KoMrioHeHToB NI, P2 u N2
(Mackep (0e3 Mackepa, JIEBbII, LIEHTPaJIbHBIH,
npasblit) X CurHai (J1eBblid, IEHTPAJILHBIN, MTpa-
BbIii)) BBISIBWI JISI BCeX Tpex KoMmnoHeHToB BII
Ne 6
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BBICOKYIO 3HAUYMMOCTh I7IaBHOTO 3 dekra Macke-
pa (N1: F(2.06, 35.00) = 7.63, n* = 0.31, p < 0.01;
P2: F(2.09, 35.55) = 27.17, n> = 0.62, p < 0.001;
N2: F(2.00, 33.94) =22.64,1?>=0.57, p < 0.001).
st Bcex Tpex KOMIIOHEHTOB IJIaBHBIN 2 eKT
Mackepa cBsI3aH C T€M, YTO aMIUIMTyda KOMIIO-
HEHTOB IIPU MAaCKUPOBKE ObLIa MEHBIIIC, YeM B THU-
mHe. [maBHbIN 3 d ekt CurHaia ObU1 3HAYMMBIM
TonbKo Wit ammuutyasl N2 (F(2.0, 34.00) = 4.67,
n?=0.22, p <0.05), npu OTCYyTCTBUU 3HAYMMOTO
B3aMMOMEUCTBUSL CO BTOPLIM (akTopoMm (p >
> 0.05). CornacHo nomnapHbIM CpaBHEHUSIM, 3TOT
a3 dexT OBLI CBSI3aH C OOJIbIIIEH aMIIUTYI0 N2 B
peakuy Ha MpaBOCTOPOHHMIA CUTHAJ, YeM Ha Jie-
BocTopoHHUit (p < 0.05). BzaumoneiictBue Mac-
Kep X CurHai Ob110 3HAYMMO 111 aMrTyd N1 n
P2 (N1: F(3.55,60.27) = 16.03,1>=0.49, p <0.001;
P2: F(3.10, 52.77) = 3.41,n?=0.17, p < 0.05). Pe-
3yJILTaThI MoMmapHbBIX cpaBHeHMI T rmANOVA 110-
Ka3aHbl BHJIOM IITPUXOBKU JUHUIT Ha puc. 3:
CIUIOIIHBIC JIMHUU YKa3bIBAIOT Ha JOCTOBEPHbIC
pazmuuusa (p < 0.05) B cTermeHM MaCKUPOBKU
MEXKIY COCCIHUMU BEIMYMHAMU YIJIOBBIX PACCTO-
SIHWI CUTHAJIa 1 MacKepa, a MyHKTUPHbBIE OTPE3KU
COOTBETCTBYIOT OTCYTCTBUIO IOCTOBEPHBIX Pa3/iu-
yuii (p > 0.05). Camoe cunbHoe nogasBneHue BIT
Ha0JTI01aJ7I0Ch B TEX IMPOCTPAHCTBEHHBIX KOMOWHA-
LI1SIX, B KOTOPBIX MEXYIIIHbIC pa3anuust Al B Mac-
Kepe U CUTHajJe COBNAmaliv, T.€. IPU HYJIEBOM
YIJIOBOM pa3HeceHUU MacKepa 1 curtana. OcBo-
0OX/IeHrWe OT MAaCKMPOBKM TPOSIBISLUIOCHh KakK
poct amrutuTynsl BIT ipu yBenmyeHnu yriioBoro
pacCTOSIHUS MEXY MacKepoM U curHanoM ot 0
10 90 rpag. OHO NOCTUTAIO YPOBHS JOCTOBEPHO-
ctu ToJibKO 1711 BoaHbI N1 (p < 0.05). HanbHeli-
lee yBeIn4eHue yriaoBoro paccrossHus (¢ 90 oo
180 rpam) He MPUBOAMUIO K UBMEHEHUSIM BEIUYM-
HBI KaKoro-in6o mu3 komrmoHeHtoB BIT (p > 0.05),
3a UCKJIIOUEHUEM aMILUIMTYyAbl KoMIloHeHTa N1
OpU OIIyIIeHUM curHana cropasa. IlomapHrbie
CpaBHEHUSsI aMILUIUTYyAbl KoMIIOHeHTa N1 oTBe-
TOB HAa CUTHAJIbl B TUILIMHE U IIPUA PA3HECEHUU C
mackepoM Ha 90 u 180 rpagycoB 3HAUMMBIX pa3-
Juuuii He BoIsIBUIM (p > 0.05), TO ecTh ero am-
IUIMTYJa BOCCTaHABIMBajach IO WCXOAHOTIO
YpOBHs (1101 MCXOOHBIM YPOBHEM MbI UMEEM B
BUJIy OTBET HA TECTOBLIM CUTHAJ B TUIIMHE). OJ1-
HaKO aMIUIUTyna KoMrnoHeHToB P2 u N2 B ipu-
CYTCTBMU MacKepa BCe ellle Oblla JOCTOBEPHO
H1Ke, yeM B TuimHe (p < 0.05), npu yBeTmueHUN
PaCUETHOTO YIJIOBOTO PACCTOSTHUSI MEXKIY CHUTHA-
JioM 1 Mackepom 10 90 rpan, u naxke go 180 rpam,
KOIlla CUTHAJl pacliojarajcsl cjieBa, a MacKep
cripaBa (B 0OpaTHOIM KOMOMHALIUU pa3IudUs
OBLIM HEOOCTOBEPHBI).
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Puc. 1. ITpumep BIT Ha BxintoueHue (BKJI), Hayano
nerkeHus1 (JIBM2XK) u Beikmouenue (BBIKJI) Te-
CTOBOTO CHUTHAJIa, JBUTABIIETOCS OT LIEHTPa BIIpa-
BO, TPEOBSIBJIEHHOIO B TUIIWHE (TOHKas 4YepHas
JIMHUS) WU Ha (hOHE LIEHTPaJIbHOTO Mackepa (ToJ-
cras cepast TMHUS). CTPENIKM OKOJIO CXeMBI TOJIOBBI
COOTBETCTBYIOT PACUETHOM TPACKTOPUU JBUXCHMUS
TECTOBOTO CHTHaJIa, a KPECTUK — MOJIOKEHUIO Mac-
kepa. Crpenku Ham rpadMKOM ITOKa3bIBalOT MO-
MEHTbI HACTYILJIEHHUSI COOTBETCTBYIOLIMX CIYXOBBIX
COOBITHIA.

Fig. 1. An example of auditory event related poten-
tials (ERPs) evoked by sound onset (BKJI), motion
onset (JIBM2K) and sound offset (BbIKJI). Test sig-
nal moving from the center to the right was presented
in silence (thin black line) or against the background
of the central masker (thick gray line). The arrows
near the head scheme correspond to the calculated
trajectory of the test signal, and the cross indicates
the position of the masker. Arrows at the top show
the moments of the corresponding auditory events.

AHaJIOrMYHbBII aHAIM3 ITIMKOBBIX JJATEHTHOCTEM
N1, P2 u N2 BoIsIBII 1151 BCEX TPEX KOMIIOHEHTOB
BBICOKYIO 3HAUMMOCTb IJIaBHOTro 3ddexkra Macke-
pa(N1: F(2.12, 36.12) = 96.23, 2= 0.85, p < 0.001;
P2: F(2.20, 37.39) = 37.34, n?> = 0.69, p < 0.001;
N2: F(2.13, 36.12) = 6.13, n? = 0.27, p < 0.01).
I'maBubIll 3ddekrt CurHaga OBIT 3HAYMMBIM
tonbKo g JateHTHoct N1 (F(1.64, 27.86) =
=10.67, n*> = 0.39, p < 0.001). B3aumoneiictBue
Mackep*CurHaa ObIJIO 3HAYMMO JIST JIaTEHTHO-
creii Bcex Tpex KomnoHeHToB (N 1: F(2.78, 47.33) =
=96.89, n? = 0.85; P2: F(3.77, 64.13) = 22.22,
n?=0.57; N2: F(4.24, 72.01) = 13.65, n*> = 0.45,
p <0.001 nns Bcex). CornacHo IOIapHbIM CpaB-
HEHUsIM, 3 PEKT MACKMPOBKHU TIPU COBIIaAal0-
LIEM MOJI0KEHUM MacKepa U CUTHAaJIa COCTOSI B
3HAYMMOM POCTE JJATEHTHOCTEM [JISI BCEX CUTHA-
JIoB U 1 Bcex komrnoHeHToB BIT (p < 0.05),
KpoMe BOJHBI N2 B peakliuy Ha LIEHTPpaJbHBbIi
curHai (p > 0.05) (puc. 2 u 3). OcBoOOXIeHUE OT
MAaCKMPOBKH TIPU pa3HECEHNUU CUTHaJIa U MacKe-
pa Ha 90 rpag NpUBOAMUIO K YMEHBIIECHUIO Jia-
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Puc. 2. Boi3BaHHBIC TTOTEHIIMAJIBI HA BBIKJIIOUEHHUE TECTOBOTO CUTHAJIA, MPEIbSIBJICHHOTO B TUIIIMHE WX Ha (DOHE
Mackepa pa3Hoil Jjokanu3anuu. KpyXXKu 0KOJI0 CXeMbl TOJIOBBI JEMOHCTPUPYIOT MOJIOXKEHME TECTOBOTO CUTHAIA
B MOMEHT BBIKJIIOUEHUSI, a KPECTUKM — TIOJIoKeHUe Mackepa. Ha Bcex rpacdhmnkax ToHKast yepHast JMHUST — CUTHAJ
6e3 Mackepa, TOJICTasl YepHasi IMHUSI — MAacKep y JIEBOro yxa, MyHKTUPHAs YepHasi IMHUSI — MacKep Mo LIEHTPY
TOJIOBBI, TOJICTAsI cepast IMHUS — MacKep y IpaBoro yxa.

Fig. 2. ERPs to the sound offset in silence or in the presence of a masker of different locations. The circles near the
head scheme show the offset position of the test signal and the crosses show the position of the background masker.
In all panels, thin black line corresponds to the signal presented in silence, thick black line — to the masker at the left
ear, dotted black line — to the masker near the center, thick gray line — to the masker at the right ear.
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TeHTHOCTH, HanboJiee BbIPaKCHHOMY JUISI KOM-
noHeHTa N1. B ommname ot aMIuiuTyn, JaTeHT-
Hoct N1 m P2 mpomomskanm cokpalatbesl IIpu
JajbHEHIIIEM YBEJIMICHUM YIJIOBOTO PACCTOSIHUS C
90 no 180 rpan (p <0.05, 3a uckinroueHUEeM BOJIHbI P2
B peaklIMK Ha JICBOCTOPOHHMIA CUTHAI).

OBCYXIEHWE PE3YJIIbTATOB

Ha puc. 1 MoxHO BUAETh, YTO B TUliHe BII
Ha BBIKJIIOYEHWE CUTHAJIOB UMEU 3HAYUTEIbHO
MEHBIIYIO0 aMIUIUTYAY, YeM OTBEThl Ha BKJIIOUE-
HUE, MPU COXPAaHEHUU JIAaTEHTHOCTHU HCCJIemye-
MbIX KOMITOHEHTOB. B pabote IllecTonasioBoii u
np. (2022) npuBeAeHbI CAeayOIIME BEIUYMHBI
KoMItoHeHTOB ON-0TBeTa B TULLIMHE, ITOJIyYeH-
HbIE€ B 3TOM Xe 3KCIIepuMeHTe: amiintyna N1 B
peakLy Ha JIeBbIi U ITpaBblii curHai —2.2 MKB,
a B peaklMU Ha LIeHTpaabHbIM curHai —1.9 MxB;
amrutyna P2 B peakuuyM Ha BCe CHMTHAasbl
2.7 MxB. B HacTosiIieM 3KCIIepUMeHTe MoJIyJye-
HBI MEHbIIIME BeIUYUHBL: aMIuuTyaa N1 B peak-
1IUM Ha JIeBBIN U TpaBbiii curHaia —0.9 MxB, a B
peakIMy Ha LeHTpajbHbIM curHaa —1.1 MKB;
ammutyna P2 cocraBuia 1.0 u 1.2 MxB cooTBeT-
CTBEHHO. Paziuuue B aMIUIMTyAde OTBETOB Ha
BKJIIOUEHME U BBIKJIIOUEHUE CHUTHajla B TUIIMHE
— Oosee yeMm aAByKpaTHoe. Takue pasinyus xa-
pakTepHbI 111 aMILuIUTyabl BIT Ha BKITtoueHue 1
BBIKJTIOUEHME MPU OJIMHAKOBOM ypPOBHE 3BYyKa,
dopMe 1 ATUTETBbHOCTU (PPOHTOB HapacTaHUs U
criaga, U BpeMeHHBIX MHTEepBalaX MEXXIy BKIIIO-
yeHneM U BoIKIIoueHueM (Davis, Zerlin, 1966;
Hillyard, Picton, 1978; Baltzell, Billings, 2014).

Kak u B cinydae peakumii Ha BKIIOYEHUE CUT-
Hana (IllecTromanoBa u ap., 2022), MaCKMpOBKa
OKasbIBaJia CyIIECTBEHHOE BJIMSHUE HA aMILUIv-
TYAy W JaTEHTHOCTb OCHOBHBIX KoJjiebanuii BII.
B ycioBusix MacKMpoBKU OOHapy>XeHO 3HA4YM-
MO€ CHWXXEHWE aMIUIUTYIbl U yBeJIWYEeHUE Ja-
TEHTHOCTU KoMmoHeHTOB N1, P2 u N2 oTBeTOB
Ha BBIKJIIOYEHWE CUTHAJIA MPU COBMAAEHUU €ro
MOJIOXXEHUS C JJISIIIUMCcsT MackepoM. [Ipu pas-
HECeHWH B MPOCTPAHCTBE CUTHAJIAa M MacKepa Ha
pacueTHoe yriaoBoe pacctosHue 90 rpaa oTMme-
YeH POCT aMIUIUTYIbl U YMEHbIIIEHWE JIJATEHTHO-
ctu Bcex koMmroHeHTOoB BII Ha BhIKITIOUEHUE,
YKa3bIBaIOIIMe Ha MPOCTPAHCTBEHHOE OCBOOOXK-
JIEHWE OT MAaCKMPOBKHU, OIHAKO BOCCTAHOBJICHUE
aMILTUTYAbI ObLTIO JOCTOBEPHBIM TOJBKO JIJTISI KOM-
noHeHTa N1. YBeauyeHue pacyeTHOIO PaCCTOsI-
HUSI MEXOy CUTHAJIOM 1 MackepoM Ao 180 rpamy-
COB HE BbI3bIBAJIO 3HAUYMMOT'O YBEJIMYEHUSI aMTLIM -
TyIbl OTBETOB, HO TpPU BTOM 3HAYUMO
YMEHbBIIAIUCh MUKOBBIE JIJATEHTHOCTU KOMITOHEH-
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Ta N1 OTBETOB Ha JiaTepaJM30BaHHbBIC CUTHAJIbI
(puc. 2 u 3). OnucaHHbIE TPOSIBJIEHUS OCBOOOX-
JNeHUST OT MAaCKMPOBKHU B OTBETaX Ha OKOHYaHUE
TECTOBOTO CHUTHaJIa B 11€JI0M COBMANaloT C U3Me-
HeHussmMu BIT Ha ero Hayano, IMMOTy4EeHHBIX B TEX
K€ YCIOBUSIX 1 Ha TeX xKe uctbiTyeMbix (Illecto-
najyioBa u ap., 2022). Hamuuue mpocTpaHCTBEHHO-
rO OCBOOOXAEHUS OT MACKHMPOBKHU CBUIIETEIbCTBY -
€T O TOM, YTO B FeHepallMi 3TUX OTBETOB YYaCTBY-
JIOT HEWpPOHHBIC TIOIYJSALINN, OOpadaThIBAIOIINE
onHaypanbHbIe pasnnaurst. CXOICTBO MEXIY BO3-
JNEeHCTBEM MAaCKUPOBKM Ha BbI3BAHHbIE MTOTEH-
Majabl Ha BKJIIOYEHME U BBIKJIIOUYEHUE 3ByKa
MOATBEPKIAET MPEAIOJIOXKEHNUE, YTO 3T BA CO-
OBITHSI 0OpPadATHIBAIOTCS TTOIYJISILIMSIMU HEMPO-
HOB, KOTOpPbI€ YACTUYHO COBIIaJaloT.

OnHako oOHapy:XeHbl 1 HEKOTOPhIE OTINYUS
MEXy OTBETaMU Ha BKJIIOUYEHUE 1 BBIKJITIOUEHNE
3BYKOBBIX CTUMYJIOB. B ycClI0BMSIX MacKMpPOBKU
MpY pa3HEeCeHUM CUTHajla U Mackepa B IIpo-
CTpaHCTBE aMIUIMTyda KomMnoHeHTa N1 orBeTa
Ha BBIKJIIOYEHUE BOCCTaHABIMBAJIACh 1O UCXO -
HOT'O YPOBHSI, YETO HEe HabJ01aI0Ch B OTBETaX
Ha BKJIroueHue. ClienoBaTe/ibHO, IPU ITPOCTPaH-
CTBEHHOM OCBOOOXAESHUU OT MAaCKUPOBKU peaK-
LIMsSI Ha BBIKJIIOUYEHUE CHUTHaJIa TONABIISIETCS B
MEHBIIIEH CTENeH!, YeM peaKiivsi Ha BKIIOYEHUE.
MOXKHO TIPEATIONIOXKUTh, YTO BOCCTAHOBJIEHUE aM-
TUTATYAbI 10 WCXOIHOTO YPOBHSI COOTBETCTBYET
JIyqiiieMy oOHapykeHuto curHana. C apyroii cTo-
poHbl, 1areHTHOCTh N1 BIT Ha BhIKITIOUEHWE CUITh-
HO U3MEHSIach B YCJIOBUSIX MacKUpoBKU. [Ipu
COBITQICHUM TIPOCTPAHCTBEHHBIX TPU3HAKOB
CUTHajla U MacKepa yBeJIWYEHHE MUKOBOW Ja-
TEHTHOCTU KOMITOHeHTa N1 oTBeTa Ha BBIKJIIO-
yeHue MOIJIO JocTurath nopsiaka 100 Mc, Torma
KaK aHaJlorMyHasl BeJWYMHA JUISI OTBETOB Ha
BKJIIoUeHUe cocTaniisia okojo 50 mc (IlecTomna-
JioBa M Ap., 2022). BoaMoXXHO, MeXaHU3M reHepa-
LIMM OTBETA Ha BBIKIIIOUEHNE CTUMYJIA B YCJIOBUSIX
MaCKMpPOBKM 3aIefiCTBYeT OoJiee CJIOXKHbIE Hel-
POHHBIE CETH, YTO YBEJIUYMBAET BpeMsl aHaIu3a
CEHCOpPHOIT MH(POPMAaLIMU, HO CIIOCOOCTBYET BbI-
JIeJIEHWUIO CUTHAaJIa U3 1IyMa.

B pa6ote (Baltzell, Billings, 2014), toe uccie-
JoBajiach 3aBUCUMOCTh BII Ha BbIKIIOUEHUE OT
MHTEHCUBHOCTU CTUMYJIa U COOTHOIIIEHUSI CUT-
HaJI/IIyM, OBLIO ITOKa3aHo, 4To BoiHa N2 urpa-
€T ropa3no 0oJbllyio poyb B BeauunHe BIT Ha
BBIKJIIOUEHNE, YeM OTBETaxX Ha BKJIIOUEeHUE. AB-
TOPBI OOBSICHSIIOT 3TO OOJIBIIMM BKJIaJIOM TOP-
MO3HBIX HEMPOHOB B reHepalllio OTBETOB Ha BhI-
KJIIoUeHue, JIMOO0 OOJIbIIel YyBCTBUTEIbHOCTHIO
OTBETa Ha BBIKJIIOYEHHE K COOTHOIIEHUIO CUT-
Haj/mym. Ha 3TOM OCHOBaHUM Mbl MOTJIM OBl
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Mpearnojararb, YT0 KOMINoHeHT N2 OymeT Hau-
0oJiee yCTOMYMB K YCIIOBUSIM MacKMpoBKu. On-
HakKo B Hamleiif padboTte BotHa N2 OblJIa TogaBIIe-
Ha MOYTHU A0 MOJHOTO ucue3HoBeHUs1. Bo3amox-
HBIM OOBSICHEHUEM 3TOTO SIBJICHUSI MOTYT OBITh
pas3Inuusl B IIPUMEHSBIINXCS 3BYKOBBIX CUTHA-
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Jax. B ummTUpoBaHHOIT paboTe WCIBITYeMbIM
MPEIbSIBISIIN TOHAIbHBIC CUTHAIBI Ha (DOHE LIy~
MOBOTO MacKepa, YTO MOTJIO IIPUBOAUThH K He-
MMPOU3BOJBHOMY TIEPEKIIOYECHUI0O BHUMAHUS U
OoTpaxaTbCsl B aMIUIMTyAe KomIioHeHTa N2. B
HallleM UCCIIeIOBAaHUY CUTHAJI M MacKep He pa3-
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Puc. 3. 3aBUCMMOCTb aMIUIMTYIBl U JIATEHTHOCTU KOMITOHEeHTOB BIT Ha BBIKIIIOUEHHUE OT YIJIIOBOTO PacCCTOSTHUS
MEXXIy CUTHAJIOM M MackepoM. B JieBoit yacTu prcyHKa IpuUBeAeHbBI TpahUKU aMILTUTYIBI UCCIEAYEeMbBIX KOMITO-
HEHTOB, B MMPaBOi — JJATEHTHOCTU. PsimaM COOTBETCTBYIOT TTOJIOXKEHHUSI TECTOBOTO CUTHaJIa cjieBa, CIpaBa M 10
LeHTpy. Bce coueTaHust B3aMMHOTO pacHoIOXKEHMSI CUTHAJIa M MacKepa OTJIOKEHBI 10 KaTeropuajabHOI ocu abce-
LCC B MOPSIAKE BO3pAacTaHMs YIJIOBOTO pacCTOSHUS: B TUIIMHE (6e3 MacKepa), 0, 90, 180 rpam Mexxmy CUTHAJIOM
u MackepoM. UepHas JTMHUS COOTBETCTBYET ITOKa3aTeIssM KoMIloHeHTa N1, cBeT/io-cepasd — KoMmoHeHTa P2,
TeMHO-cepast — komnoHeHTa N2. [TyHKTUpoM 0603HaYeHbI HeloCcTOBepHbIe paznuyus (p > 0.05) Mexay cocen-
HUMM 3HAYCHUSIMU. BepTHKaIbHBIMU YepTOUYKAMM TTOKa3aHa CTaHIapTHAas OIIMOKa.

Fig. 3. Effect of the signal-masker angular distance on the amplitude and latency of ERP components to the sound
offset. Left column: the ERP amplitude. Right column: the ERP latency. The rows (top-down) correspond to the
positions of the test signal on the left/right or at the center. All combinations of signal and masker are plotted along the
categorical abscissa in ascending order of the angular distance: in silence (without masker), 0, 90, 180 deg between the
signal and the masker. Black line, light gray line and dark gray line correspond to the N1, P2 and N2 components,
respectively. The dashed line indicates non-significant differences (p > 0.05) between neighboring values. Vertical
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lines represent the standard errors.

JINYAJIUCh MO YaCTOTHBIM XapaKTepUCTUKaM, U
HEIPOU3BOJBbHOIO TEPEKIIOUYEHUST BHUMAaHMUSI,
BEPOSITHO, HE TIPOMCXOINIIO.

HNurepnperanysa nBMeHEHUI paHHUX U TTO3/1 -
Hux kommoHeHToB BII B peakumsx Ha mpo-
CTpPaHCTBEHHBIC CTUMYJIbI MOXKET IIPOBOAUTHCS C
IpUBJIEYCHUEM ABYyXCTyneH4uaTo Monenau (Du-
commun et al., 2002). ABTOpbl CpaBHUBAJIN BbI-
3BaHHbBIC OTBEThI HA BKJIIOUYEHNE 3ByKOBBIX CTUMY-
JIOB, OTJIMYAIOIIMXCS II0 ITOJIOXEHUIO U IBUKY-
IIUXCS, U BBIICISUIM [BAa BPEMEHHbLIX IIEpUOIa
00paboTKM cTMMyJa: HadaibHas ¢aza (0—250 mc)
MPEANOIOXUTEILHO COOTBETCTBOBAJIA HAKOIIJIE-
HU10 UH(POPMAIIMU Y UHTETPALIUY aKyCTUYECKUX
MPU3HAKOB, a clieayrolias paza Moria ObITb CBSI-
3aHa C paclioO3HaBaHWEM HaIlpaBJICHUS JBUKE-
Husl. [To3nHee 3Ta KOHLENIUS OblIa UCTIOIb30-
BaHa i1 OOBSICHEHUSI (PYHKIIMOHAIBHBIX pa3-
JIMYUI paHHEro M TO03IHeTo KOMIOHeHTOB BII
Ha Havayio aBuxkeHus (Getzmann, 2011). B Ha-
el paboTe moKa3aHo pa3HOe BO3/IEACTBHE MaC-
KUPOBKM Ha aMIUIMTYAY W JaTEHTHOCTb PAHHUX
U TIO3THUX KOMIOHEeHTOB BII Ha BBIK/TIOUEHUE:
BoiHa N1 MOJMHOCTBIO BOCCTaHaBIMBAIACh, a
noaaBiaeHue KoMrmoHeHToB P2 u N2 coxpansi-
JIOCh JIaXKe TIPY CUJIbHOM Pa3HECEHUU CUTHAaIa U
Mackepa B ripocTpaHcTBe. OqHaKO B MOMEHT BbI-
KJIIOUEHUST CTUMYJa TIOCTYIUIEHWE HOBOW WH-
dopMalry B CIIyXOBYIO CUCTEMY TTPEKPAIIAeTCs,
MO3TOMY TEHepalMio MO3MHUX KOMIIOHEHTOB
BII HeBO3MOXHO OOBSICHUTh HAKOILUIEHUEM WH-
dopMalii U aHAJIM30M CJIIOXHBIX TIPU3HAKOB,
clieloBaTe/IbHO, JBYXCTyNeHYaras MoOAEeIb B
MaHHOM cjlydyae HernpuMeHuMa. MOXHO TIpen-
MOJIOXUTh, UTO aKTUBHOCTb, COOTBETCTBYIOIIIAST
no3nHuM KomrioHeHTaM BII, B 3HauuTenbHOI
CTETNEHU OTPa’kaeT CpaBHEHHUE MOCJIETHETO 00-
Hapy>k€HHOTO CITyXOBOTO COOBITHS C KpaTKOBpE-
MEHHBIM KOHTEKCTOM. BO3MOXHO, OoJiee CUITb-
HOE€ TI0/IaBJIEHNE MO3THUX KOMITIOHEHTOB OTBETA
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B YCJIOBUSIX OTHOBPEMEHHOI MaCKUPOBKU CBSI-
3aHO C TE€M, UTO MPOJ0JIKAIOIIeecs BO3IeCTBUE
Mackepa C TeMHM K€ YaCTOTHBIMM XapaKTEPUCTU -
KaMU 3aTPYAHSIET 3TO CpaBHEHUE.

CoracHo aHayiM3y Tororpaud OTBETOB Ha
pasHble ciryxoBble coobiTus (IllecTonanosa u np.,
2023), B TumiMHe KoMmnoHeHT N1 oTBera Ha
BKJIIOUEHUE IEMOHCTPUPOBAJI KOHTpaJlaTepasib-
Hoe TipeobiagaHue, a KOMIIOHeHT P2 — mpaBo-
CTOpOHHEee. ACMMMETpPHUSI YyCUJIMBalach B MpU-
CYTCTBUM Mackepa B IMPOTUBOITOJIOXHOMN CUTHA-
JIy TIOJIOBMHE aKyCTMYeCKOTO IMPOCTPaHCTBa, U
yMEHbIIIAJIaCh, €CJIU TTOJIOXKEHUE CUTHAJIa U Mac-
Kepa coBrnanajio. B To xxe BpeMsl B LIUTUPOBaH-
HOIi paboTe He ObLII0 OOHAPYKEHO aCUMMETPUU
pacnpeneseHust oTBeTa Io CKaJblly HU JJIsI Ka-
kux komrnoHeHTOB BII Ha BEIK/IIOUEHUE, HU B
TUIIMHE, HU B YCIOBUSIX MACKUPOBKU. DTU pa3-
JIMYMST MOXKHO MHTEPITPETUPOBATH KaK CBUIIETETb-
CTBO TOTO, YTO TOIYJISILIUU HEHPOHOB, OTBEYalO-
e Ha BKJIIOYEHME M BBIKJIIOYEHUE, YaCTUYHO
paznuyatorcs. [TpennosoxuresbHO, CUMMETPUY-
Hoe pacnpeneiieHrue BII Ha BhIKIIOYEeHHE MOXET
OBbITh pe3yabTaToM 0o0Jiee aKTUBHOIO MEXIIOMY-
IIapPHOTO B3aMMOJICHCTBUSI U CUHXPOHU3ALIMU aK-
TUBHOCTHU B CJIyXOBOI KOpe 000MX MOJTyIIIapUid.

Bo3MoxxHo, MexaH13M (hopMUPOBaAHUS OTBE-
Ta Ha BBIKJIIOYEHHUE CJIEAYEeT paccMaTpuBaTh B
paMKax KOHILENIM KacKaaa B3auMOCBSI3aHHbIX
3JIEKTPUUYECKUX PEaKIIMii, TPU KOTOPOM OIHU
HEUpOHHbBIE TOIMYJISIIUMA PEearupyroT Ha aKTUB-
HocTh apyrux (Dexter, 2018; Muraskin et al.,
2018). BII Ha BBIKIIOYEHHUE MOXKET T€HEpPHPO-
BaTbCs IIUPOKUM HEMPOHHBIM aHCaMOJieM, pe-
arupymoIiluM Ha MpeKpalleHue aKTUBHOCTH OT-
JIeIbHBIX MPOCTPAHCTBEHHO-YYBCTBUTEIBHBIX
nonyasaluuidi M1 obecrneyrBalOIIMM BPEMEHHYIO
MEepUENTUBHYIO TPYIIIMPOBKY. Peakiiuu 3Toro
aHcaMmOJIsT MOTYT pa3jinuaTbCsl BEJIUUMHOMN U Ja-
TEHTHOCTBIO (HO He Tornorpadueii) B 3aBUCUMO-
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CTU OT TOro, Kakasi MMEHHO IIOIyJjsdLus Oblia
“BpIKJIIOYeHa”. I1pHy BBIKIIIOYEHUM HOIYISIIUN,
aKTUBHOCTb KOTOPOM ObL1a CUJIBHO MOJaBieHa B
YCJIOBUSIX MAaCKMPOBKMU (IIPU COBIIaAEHUU T10J10-
>KEHHUSI CUTHAJIa 1 MacKepa), peakiys IIMPOKOTro
aHcaMOJIsI MOXET OBbITh CJIa00i M JOCTaTOYHO
MHO3dHEl, U B pe3yabTaTe HaOJII0daeTcs MoaaB-
JICHHBII M 3ama3ablBAIOIIMii OTBET HAa BBIKJIIOYE-
Hue. [1pu BBIKIIIOYEHUM TTOIYISLUMN, COXpAaHUB-
LIIeli CBOIO aKTUBHOCTD IPY MaCKHUPOBKE, peak-
LU LIAPOKOTO aHcamOJsl oKaxeTcs Ooiee
OBICTpPOII M OOJIbIIEH MO BelauuuHe. B oTcyT-
CTBME MacKepa MocJie BEIKJIIOUEHMSI CUTHAJIa Ha-
CTynaeT TUIIMHA, TI0O3TOMY OTBET Ha BBIKJIIOYE-
HME 0Ka3bIBaeTCsI MAaKCUMaJIbHBIM.

SAKJIIIOYEHUE

B mpmcyrcTtBUM Ajigmierocss HEITOABMXKHOTO
Mackepa amruiutyna BIT Ha BeikJItoueHue Oblia
MEHBbIIIe, a UX JIJATEHTHOCTh YBEJIMYUBAaJIach 110
CpPaBHEHUIO C OTBETAMM Ha BBIKIIOUCHHUE TEX JKE
CUTHAJIOB B TUILIMHE. DTOT 3(ddeKT ObLT HANOO-
Jiee BBIpaXXeH IPW COBITAICHWUM ITOJIOKEHUST Te-
CTOBOro curHajga u Mackepa. Ilpu ymaneHuu
CuUTHaja oT Mackepa Ha 90 rpamycoB HaOJrOIA-
JIOCh IPOCTPAHCTBEHHOE OCBOOOXIESHNE OT Mac-
KMPOBKM, BEIpa3MBIIeeCsd B YBeINISHUUW aMTIIN -
TyIbl 1 YMEHBIIEHUU JaTEHTHOCTU BCEX KOMITO-
HEHTOB OTKJIMKa. AMIJIMTyda KoMrioHeHTa N1
BOCCTaHaBJIMUBAJIaCh 1O MCXOIHOI'O YPOBHS (aM-
IUIATYIbI OTBETA Ha CUTHAJI B TUIIMHE), YTO MO-
KET CBUJIETEILCTBOBATh 00 YCIICIITHOM BBIJIE/Ie-
HUU ctuMyia u3 ¢oHa. IIpu sToM amImrtyna
KoMmoHeHTOB P2 1 N2 He mocTturaiaa MCXOOTHOTO
ypoBH:. anbHeillee yBeJInYeHUe PacCTOSIHUS
MEXIy CUTHAJIOM M MaCKepOM HeE BBI3BIBAJIO JIO-
CTOBEPHOIO YBEJIMUYEHUS] aMIUIMTYIbl BBI3BaH-
HBIX IIOTEHIINAJIOB Ha BHIKIIOUYEHE.

OOHapykeHHbIe 3aKOHOMEPHOCTHU ITO3BOJISI-
IOT TIPEONOJI0XUTDh, UTO BBIKJIIOYCHUE CHUTHAJIA
MOXET UTpaTh 3HAYUTEIbHYIO POJIb ITPU BbIEJIE-
HUM cTumysia u3 ¢onHa. Hammume mpocrpaH-
CTBEHHOI'O OCBOOOX/IEHUSI OT MAaCKUPOBKM yKa-
3bIBaeT HA TO, YTO MEXaHU3M I'eHepallii OTBETOB
Ha BBIKJIIOYEHUE BKJIIOYAeT B ceOsl HeiipOHHBbIE
cetu, oOOpabGaThIBalOIINE IIPOCTPAHCTBEHHBIE
MMPU3HAKU.

OPMHAHCHUPOBAHUME

Pabora BeimonHeHa mpM momaepxkke rpaHra Poccuii-
ckoro HayuyHoro ¢onma No 22-25-00033.
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KOH®JIMKT MHTEPECOB

ABTOpBI 1€KJIapUpPYyIOT OTCYTCTBUE SIBHBIX U MOTEHIIM-
AJIbHBIX KOH(MJIMKTOB MHTEPECOB, CBI3aHHBIX C ITyOJIMKa-
LMei TaHHOM CTaThbu.
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OFFSET RESPONSES IN CONDITIONS OF AUDITORY SPATIAL
MASKING IN HUMANS

E. A. Petropavlovskaia® #, L. B. Shestopalova¢, D. A. Salikova“, and V. V. Semenova“
4 Pavlov Institute of Physiology, Russian Academy of Sciences, St. Petersburg, Russia
#e-mail: petropavlovskaiae @infran.ru

The influence of relative spatial positions of sound stimuli and background masker on the event re-
lated potentials (ERPs) evoked by sound offset was investigated. Sound stimuli were presented dich-
otically, the position of sound images was manipulated using interaural level differences. Test sig-
nals were presented in silence or against the background of a masker. Signal and masker were either
co-located or separated by 90 or 180 deg of azimuth. Co-location of signal and masker resulted in
amplitude decrease and latency increase in the N1, P2 and N2 components. When angular distance
between signal and masker increased, the amplitude recovered almost to the initial level and the la-
tency of all components became shorter. The present findings are in line with the view that offset
response is essential for target stimulus detection in the background noise.

Keywords: EEG, event-related potentials, sound offset, sound localization, masking
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C 1espio N3y4eHMs PO BepOaTbHOTO 0003HAYESHMS B YCBOCHNN MH(MOPMAIINA O HOBBIX OOBEK-
TaX B 3aBUCUMOCTHU OT CTPATeTUU PeYeBOTO HaydeHMs TIPOBeIeHO UcciegoBaHue 3(P(OEKTUBHO-
CTH pacIio3HaBaHUSI HOBBIX OOBEKTOB, M3YUYEHHbBIX C [IOMOIIBIO CTPATeTU OBICTPOro KapTUpOBa-
HUS ¥ SIBHOTO KOJMPOBAHUS, C Y4€TOM INIa30ABUTaTeIbHOM aKTUBHOCTU. TpUIILIaTA ABYM MCITbI-
TYEMbIM BU3YaJIbHO MPEAbIBISUINCH U300pakeHUST BOCBbMU HOBBIX IUIOJOB PACTEHUI ITO BOCEMb
pas Kaxnoe, KoTopble B 50% citydaeB ayquaibHO COIMTPOBOXIANCH YHUKAIBLHBIM, a B Ipyrux 50%
cilydyaeB — oOIIMM BepOajibHBIM 0003HaYeHeM. B KauecTBe MpoBepOYHOTO 3aJaHUST MCIIOIb30-
BaJICsl 3PUTEJBbHBIN TTOUCK 1IEJIEBOr0 M300paXkeHUsl cpeau AucTpakTopoB. COMIACHO TOJyYeH-
HBIM JaHHBIM, CTpaTEerusi ObICTPOTO KapTUPOBAHUS MO3BOJIsLIa ObICTPEE YCBaMBaTh HOBBIE CJI0Ba
B CpaBHEHUM C SIBHLIM KoaupoBaHueM. OOHapy:KeHO ITOJIOXUTEIbHOE BIMSIHUE YHUKAJIHLHOTO
BepOaIbHOr0 0003HAYECHMSI HOBBIX IUIOAOB Ha BBIMOJHEHME 3a0auyy 3pUTEJILHOTO ITIOMCKa, IPU-
yeM 0OJbIas 3HAYMMOCTb TAKOTO 0003HAYEHUS 0Ka3aJlach XapaKTepHa JJis ObICTPOTo KapTUPO-
BaHUS B CPAaBHEHUU C SIBHBIM KOAUPOBaHUEM.

Karoueswie crosa: ycBoeHUE SI3bIKa, U3yYeHME HOBBIX CJIOB, BepOajibHOEe 0003HAYeHUE, OBICTPOE
KapTUPOBaHME, IBHOE KOOIUPOBAHNUE, BUICOOKYIOTpadus

DOI: 10.31857/50044467723060060, EDN: ZQXBWD

BBEAEHUE dopMoii He gBISIeTcsT  00sI3aTeIbHBIM

CBoiicTBeHHasl 4eJOBEKY TEHIECHIIMSI COIO-
CTaBJISITh TOJILKO YTO YCJIbIIIAHHOE HOBOE CJIOBO
C 00BEKTOM, Y KOTOPOTO HET U3BECTHOTO €MY Ha-
3BaHMs, JIEKUT B OCHOBE SI3bIKOBOTO HAayYe€HUS
Kak y JeTeit, Tak U 'y B3pociibiX. ECTh Ba crioco-
0a ocyl1ecTBUTH Takoe conocTtapyieHue. [lepBbiii
W3 HUX MpearnoaaraetT (opMUpoBaHUE HOBOTO
TMOHSITUSI ITYyTEM OTBEPKEHMSI U3BECTHBIX OObEK-
TOB, KOTOPbIE HAXOASITCS PSIIOM C HEU3BECTHBIM,
T.€. O MPUHLIMIY IU3bIOHKTUBHOTO CUJIJIOTU3-
Mma (A uiu B). B Takom citydae otkas oT pede-
PEHTOB, Ha3BaHUsI KOTOPBIX YK€ U3BECTHBI MH-
TUBUY, SIBJSIETCS HEOOXOAUMBIM YCIIOBHEM TIpU
noucke pedepeHTa s HOBOI CIOBO(MOPMBIL.
CormacHO BTOpPOMY CIOCOOYy WMHAWBUI, M3HA-
YaJIbHO CTPEMMTCSI K COITOCTaBJI€HUIO HOBON
CcJIOBO(POPMBI C HOBBIM OOBEKTOM (““COIIOCTaB-
JIEHVI€ HOBU3HbI C HOBU3HOI ), TIPY 3TOM OTBEP-
JKEHHE U3BECTHOTO 00bEKTa KaK MUMEIOIIIETO BO3-
MOXXHOCTb OBITh 0003HAYEHHBIM HOBOIi CJIOBO-

cormocTaBJIeHUs ¢ Hell HoBoro oobekTa (Halberda,
2006). Mcrionbp3oBaHuEe U TOTO, U JPYroro CIio-
cob0a HaxXOOUT MOATBEPXKACHUE B PSIIC UCCISA0-
BaHMI, OOHAKO JaHHBIE IO BO3PACTHBIM IEPUO-
JlaM MX MCHOJIb30BaHUS MPOTUBOPEYMBEIL. B yacT-
HOCTH, TTOKa3aHO, YTO COIIOCTABJICHNE HOBU3HBI C
HOBM3HOM HE SIBJISIETCS JOCTYIHBIM C CaMOTO Ha-
yaJia OBJIAZICHUS SI3bIKOM, a (DOPMUPYETCS y AeTei
nocie 20-ro Mecsiia XU3HM, KOIjla OHU proope-
TalOT JOCTATOYHbII CJIOBAPHLIA 3a11ac 1 SI3bIKOBOM
onwIT (Mervis, Bertrand, 1994). Cyxnenus ke Ha
OCHOBE IM3bIOHKTUBHOTO CUJIJIOTM3Ma MOTYT ObITh
caenanbl neTbMH yke ¢ 12 mec. (Cesana-Arlotti,
2018) (xotss B Oojee IO3MHEM MCCIEOOBAaHUU
3TOT pe3ybTat ObL1 onpoBeprHyT (Feiman et al.,
2022)), a Opu omnepupoBaHUU aOCTPAKTHBIMU
noHatusmMu — ¢ 2.5 jger (Grigoroglou et al.,
2019). L.A. Mason u R.S. Bass (2020) nmokazanu,
YTO NPU BBLITIOJHEHUY TeCTa Ha CJIOBapHbIA 3a-
nac B cUTyallud BbIOOpa Ha pUCYHKE HE3HAKO-
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MOTO ITpeaMeTa C HEM3BECTHBIM Ha3BaHUEM JAETU
5—6 €T UCITOJIB3YIOT COIMOCTaBIeH e HOBU3HBI C
HOBU3HOI (OIHAKO B JaHHOM MCCIEIOBAaHUU
y4aCcTBOBaJIM TOJbKO AETU U3 ceMeli ¢ HU3KUM
moxonoM). K.R. Repnik (2021) B psime uccieno-
BaHMI TOKa3aja, YTO MHOTOSI3bIYHbIE B3POCIIbIE
MPU COMOCTAaBIACHUU HOBBIX CJIOB C HOBBIMU O0b-
eKTaMu, IpeCTaBIeHHbIMU B aJIbTEPHATUBE C YK
W3BECTHBIMM, OIMPAIOTCS Ha IU3bIOHKTUBHBIN
cwuioru3M. Kpome Toro, 6bU10 BBISIBJIEHO, YTO Ha
TOYHOCTb M CKOPOCTb 00pabOTKM WH(OopManm
WUCIIBITYEMbIMU B 3aJJaHUU HA YCTAHOBJIEHUE B3a-
WMOCBSI3 MEXAY CJIOBOM U OOBEKTOM BJIUSET
KaK MX SI3bIKOBOI OMBIT, TaK U KOJUYECTBO SI3bI-
KOB, KOTOPbIMU OHM BJIAJICIOT, — 4eM OoJblile
OHU 3HAJIU SI3BIKOB, TeM ObICTpee CIIPABJISLIMCH C
3ajaHueM. Mexay TeM CTOUT OTMETUTh, 4TO
onopa Ha TOT WM MHOM cHoco0 ISl MO3HAHUS
OKPYXaIolleh 1eMCTBUTEIBHOCTU HE BCErna Tpe-
OyeT 3HaHUS s3bIKA: IMOKAa3aHO, 4TO elle OO
OBJIaJICHUS PEYbIO JE€TU CIIOCOOHBI CPABIISITHCS
C 3aJlaHUSIMU, B OCHOBE KOTOPBIX JIEKUT TOT WJIU
WHOI C10CO0, HO TIPY 3TOM CaMU 3aJaHus HE CO-
JIepxKaT JIMHTBUCTUYECKMX cTuMysioB (Mody,
Carey, 2016; Hill et al., 2012; Feiman et al., 2022).
Takum o6pa3oMm, posb BepOaabHOro 0003HaYe-
HUs (Ha3BaHUS) B IIPOIIECCE€ YCBOSHMSI HOBBIX
00BEKTOB OCTAETCS HE 0 KOHILIA MPOSICHEHHOIM:
He YCTaHOBJIEHO, HACKOJIbKO HaJIMuKe YHUKAIb-
HOTO Ha3BaHMS Y HOBOTO 00BEeKTa CITIOCOOCTBYET
YCBOEHUIO U COXPAaHEHUIO MHMOPMALIUU O HEM.

CoBpeMeHHBIC MCCICAOBAHMUS Ha B3POCJIbIX
BBIOOpPKAx, B TOM YHUCJIE B paMKax TCOPUU JIUHT -
BUCTUYECKOM OTHOCUTEIILHOCTU, TOBOPAT B
MOJIb3Y BaXXHOM POJIM Ha3BAaHUI IJISI YCBOCHUS
HOBBIX U Pa3JIMUYEHUS CXOXUX 00BEeKTOB. B yacT-
HOCTU, OOHApYXEHO IMOJOXUTEJILHOE BIIMSIHUE
HaJInuMsl Ha3BaHUII Y OOBEKTOB HA UX 3aMET-
HOCTb: MOCJIE TOr0, KaK YyYaCTHUKU MUCCJIEA0Ba-
HUS CJBbIIIAJIX CJI0OBO, OOO3HAyallllee IIBET,
yIIy4llIajach UX CIOCOOHOCTD pa3inyaTh LIBeTa B
3alaHUKM BLIOOpaA MEXAY OOJHOBPEMEHHO IIpE.-
CcTaBJIeHHbIMM LiBeTHbhIMU cTumyidamu (Forder,
Lupyan, 2019). bbpuio Takke yCTaHOBJIEHO, YTO
BepOaJIbHOE 0003HaUeHIE O0OBEKTOB CIIOCOOCTBYET
0oJsIee TOUHOMY COXpaHEHUIO MHPOPMALIUN O HUX
B IaMsITU — B UccaeaoBaHuM A.S. Souza ¢ KoJuie-
ramMy 3allOMUHAaHUE HOBBIX OOBEKTOB II0 OIIpe-
JIeJIEHHOMY IIpU3HaKYy (110 popMe) IPOUCXOANIIO
Jiydllie TIpu 0003HAaYeHUM MUX KaKUM-JIMOO Ha-
3BaHMEM 10 CPAaBHEHMIO C 00beKTaMM O0e3 Ha3Ba-
HUii (IIpy CpaBHEHUM KOJMYECTBA MMPaBUJIbHbBIX
OTBETOB B IIPOBEPOYHOM 3aJaHUU IJII TOTO U
npyroro yciaoBusi) (Souza et al., 2021). Kpome
TOTO, YCBOCHME TIPaBUJI KATErOpu3alluu MPOKC-
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XOJIWT yCIIeLIHEE, €CJI MHIMBU ONIePUPYET IIPU
3TOM OOLIENPUHSATHIMU Ha3BaHUSIMHU, ITO CpaB-
HeHMIo ¢ peako ynotpeodnsembiMu (Kotos, Kep-
neBa, 2020). OnHako B ApYTMX UCCAEIOBAHMSIX TIPU
HEOOXOIMMOCTH 3aTIOMUHAHWS Ha3BaHUI OObEK-
TOB, HAIIPOTUB, HAOJIONAETCS CHIDKEHUE TOYHO-
CTU MHPOPMALIMU 00 MX MHAUBUAYAJIBHBIX CBOI-
CTBax WJIM 3aTpygHEHME UX Karteropusanuu. B
yacTHOCTU, B wucciaegoBanmn A.A. KoroBa mn
T.H. Korosoii (2013) TakoMy CHMKEHUIO CITO-
CcOOCTBOBAJIO TIPOU3HECEHME UCTIBITYEMbIMU Ha-
3BaHUSI 00BbEKTa BCIYX (AHATM3MPOBATOCH KOJTH -
YeCTBO MPaBWJIbHBIX U HEMTPaBMUJIbHBIX OTBETOB B
3aJlaHMM Ha pacno3HaBaHUE TECTOBBIX OOBEKTOB,
B TOM YHCJIE€ MTOKa3aTea CKOPOCTH BBITTOJTHEHMSI ).
B cBoto ouepenp, npy U3ydeHUU BAMSIHUS TIPUHA -
JIESKHOCTU OOBbEKTa K OIpeleeHHOM KaTeropuu
Ha CITOCOOHOCTH K €0 pa3jIMuYeHUIo Cpeau Ipy-
rux oo6bekToB M.I. Morozov (2017) oOHapyXwu,
YTO UCIILITYyEeMble MCKaJlM lieJeBble OOBEKTHI,
UMelollMe Ha3BaHUe, MeAJIeHHEee, YeM TaKOBbIe
0e3 Ha3BaHMUIA.

I[ToMoub paspelinTb OTMEYEHHBIE IIPOTUBO-
peurst MOXHO, Ha Halll B3IJIsiA, IIPUHSB BO BHU-
MaHMe BKJaJ BepOajabHOTO 0003HAYEHMSI B IPO-
LIECCHl HAay4YeHUsI HOBBIM ITOHSITUSIM C Y4ETOM
cTpareruii pedeBoro HaydeHus (IHemgblx m mp.,
2022), Takux Kak ObIcTpoe KapTupoBaHue (fast
mapping, najiee FM) u siBHOe KoupoBaHUe (ex-
plicit encoding, nanee EE). IlepBas ctparerus
MO3BOJISIET yCBauBaTh MHMOPMALIMIO U3 KOHTEK-
CcTa MyTeM UCKJIIOUEHMUs JIMIIIHero, BTopasi Moi-
pa3zyMeBaeT MpsSMOE COOTHECEHWE W3Yy4yaeMOoOTro
obObekTa ¢ ero HazBaHuem. st FM-cTpareruun
OTKa3 OT M3BECTHBIX OTBJIEKAIOIIUX OOBEKTOB
3aHMMAET LIEHTPAJIbLHOE MECTO TIPU COMOCTaBJIE-
HMU BepOaJIbHOIO 0003HAYEHUSI C HOBBIM OOBb-
eKTOM (IPUHLMUI AU3BIOHKTUBHOIO CUJIIOTU3-
Ma), Ha OCHOBaHUU 4ero (hopMUupyeTcst Mpearo-
JIOXKEHUE O CBSI3U Ha3BaHUsI U ero pecdepeHTa
(Medina et al., 2011; Trueswell et al., 2013). EE-
CTpaTerusi MCHoJb3yeT CIIOCO0 COMOCTaBJICHUS
HOBHU3HbBI C HOBU3HOM 0€3 OMOoCpeayOInX Mpe/-
nojoxenuit (IllepdoakoBam np., 2022). boiee
paHHMWE HCCAeNOoBaHUs, MOCBSIIEHHbIE U3yYye-
HUIO0 3G @OEKTUBHOCTU SI3BIKOBOIO HAyYCHUS Y
B3POCJIbIX, HAXOJSIT Ha MOBEIEHUYECKOM YPOBHE
MpEerMYyIIecTBa TO OAHOI, TO IPYTOil CTpaTeTuu.
C onHOU CTOpPOHBI, MOKAa3aHO MPEBOCXOICTBO
crparerun EE Hag FM, Belpaxarolieecs B 0ojiee
BBICOKOII TOYHOCTU OTBETOB IIPU COIIOCTaBJIe-
HMU 00pa3a 00beKTa (M300pakeHusI) CO CJI0BO-
dopmoii (Greve et al., 2014). C gpyroii CTOpOHHI,
BBISIBJIEHO, YTO CJI0Ba, BbIyY€HHBIE C TTOMOIIIbIO
FM-cTpareru, MHTETpUPYIOTCS B JIEKCUKOH
Ne 6
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HememieHHo (Coutanche, Thompson-Schill,
2014), rorpa xak mist EE-cTtpaTrernm BaxkHa KOH-
coJumalus BBIydeHHOI nH(pOpMaIu BO BpeMs
HouHoro cHa (Merhav et al., 2015). OmHako 00-
Jiee MO3IHKWE pabOThl YKa3bIBAIOT Ha CXOXUit
ypoBeHb 3(M(MEKTUBHOCTU HAHHBIX CTpaTeTUM
(Shtyrov et al., 2021; Perikova et al., 2022). Takas
MMPOTUBOPEYNBOCTD JaHHBIX MOXET ObITh CBSI3a-
Ha C HEIOCTaTOYHOM cOaTaHCUPOBAHHOCTHIO 3a-
JaHW B 00yJaloINX CeCCUSIX PAHHUX UCCIIEeI0-
BaHUI (TToOpoOHBIN aHanu3 cM. (Shtyrov et al.,
2019; Illep6akoBa u Ap., 2022)), yTo AeaaeT BO3-
MOXHBIM OOBSICHEHUS] HAaMICHHBIX Pa3IN4yuii B
3¢ OEKTUBHOCTH M3ydaeMBbIX CTpATETUil BIUSI-
HUEeM TOMOJTHUTEbHBIX IEpeMeHHbIX. B ucce-
MOBAaHMSIX, TPOBEICHHBIX 3a IIOCJIEIHUE TOIbI,
BTOMY acCIeKTy CTajd yAesTh OOJIbllle BHUMA-
HUSI, 9YTO TIPUBEJIO K 00Jiee COrTacOBaHHBIM I10-
BEICHYCCKUM JTaHHBIM.

Pesynbrarhl Helipo(hn3UOIOrMYeCcKrX UcCe-
MOBaHUI MOKa3bIBAIOT HAIMYME Pa3IMUYHbBIX M€-
XaHU3MOB, JIEXKalllUX B OCHOBE JaHHBIX CTparte-
ruit HayyeHus. T. Atir-Sharon ¢ Koijaeramu BbI-
SBWJIM pa3Hoe ydacThe oOjacTeil ToJOBHOTO
MO3Ta B 3allOMMHAaHWM HOBBIX CJIOB ITOCpE-
CTBOM TOM WJIM MHOM CTpaTEruu: Mpyu UCIIOJIb30-
BaHUUM FM B OoJblleil CTeIIEHU aKTUBUPYETCS
TIepemaHsisl BUCOYHAasI O0Jis1, Torna Kak rnpu EE —
rumnrokamil (Atir-Sharon et al., 2015). Taxoke 66110
BBISIBJIEHO, YTOo FM-cTpaterusi moaaepKuBaeTcsl
JIEBOIOJIyIIapHBIM BUCOYHBIM MOJIIOCOM (30HAMMU
bpoka u BepHuke), B To BpeMst Kak EE-cTparerus
Hapsioy ¢ JAHHBIMUA 30HaMU TakxkKe 3aieiiCTBYET
HepeyeBble 00JIacTH JIEBOTO Modyliapus (TeMeH-
Hble M JOOHBIE) U KOPY MpPaBOro IOJylLIapus
(Shtyrov et al., 2021, 2022). BpeMeHHEbIe Tapa-
METPbl AKTUBHOCTM HEUPOHHOU HOUHAMUKU
(manHble O3I') NpM YCBOEHUM HOBBIX CJIOB C
MMOMOIIbIO 3TUX IBYX CTpaTETUM TaKKe OTJnva-
1oTcs: st FM-cTpateruu xapakTepHa B3auMoO-
CBSI3b YCIEITHOCTHY BBIIMOJHEHUSI IPOBEPOYHBIX
3ajaHuii ¢ Oojiee paHHUMU nuKamu (176—
216 mc), niss EE — ¢ Gosee nmosmHumu (260—
300 mc) (Shtyrov et al., 2022).

B cooTBeTCcTBUM ¢ 00CYKTaeMbIMU JAHHBIMU,
npenroaras OTCYTCTBUE MOBENSHUYECKUX pas-
YU MeXOy IOBYMSI CTpaTerusiMd HaydeHUS
IpU HAJIMYUM HeHpodDU3NOJIOTUUECKUX pa3jIu-
YMii, HAMU ObLIO IIPUHSITO PELEHUE UCITOIb30-
BaHUSI B HOBOM MCCJI€IOBAaHUM TICUXO(PU3NOJIO-
TMYECKUX METONOB, B YACTHOCTU perucTpanuu
JIBUXXEHU I1a3 ¢ TIOMOILbIO BUI€OOKYJIorpada.
JlaHHBIN METO[ YCIIELIIHO MCIIONb3YyeTCsl B IICU-
XOJMHIBUCTHUYECKUX ucciieqoBaHusx (IToxomait
u ap., 2022), B TOM 4uCJie MOCBSIIIEHHBIX IPO-
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BEpKe TMIT0Te3bl 0 HEOOXOAMMOCTH MCITOJIh30Ba-
HUSI TIPUHLIMIA IU3BIOHKTUBHOTO CUJLIOTH3MAa
IJIsl YCBOGHUSI HOBBIX ToHsTHii. Hampumep, B
OTHOM U3 TaKUX BKCIIEPUMEHTOB ObLIO BBISIBJIC-
HO, YTO B3pOCJIbIe UCIBITYyeMbIe CHUCTEMaTUYEC-
CKM OTKJIOHSIFOT M3BECTHBIE OOBEKTHI MEpe CO-
OTHECEeHMEM HOBBIX Ha3BaHUI C HOBBIMU OOBEK-
tamu (Halberda, 2006). B pe3yibrare usydyeHust
JIBVZKEHUH T71a3 BO BpeMsI UTSHMS Obljia OOHapy-
JKeHa BBICOKAsI YyBCTBUTEIBHOCTh K HAJMYUIO
HOBBIX CJIOB B TEKCTE: IJISI UX TIPOUYTEHUS Tpe-
OoBajioch OOJIBIIE BpeMEHM, 4YeM MIJISI CJIOB,
yXe M3BECTHBIX UCHbITyeMbIM. [Ipu 3TOM Ha
HOBBIX CJIOBAX, BCTPEUYAIOLINXCS B OTACIBbHBIX
MPEeIJIOKEHUSIX, B3MJISI 3a0epXXKUBAJICS TOJIb-
e, YeM Ha 3TUX Xe cioBax B a03aiax (Woch-
na, Juhasz, 2013).

Yaire Bcero BUACOOKYyJIorpad MCIIOIb3yeTCs
B MCCJIEIOBAaHUSIX HayYeHUSI HOBBIM CJIOBaM Ha
JIeTcKoit BbIOOpPKE, W Toibko B FM-ycimoBuu
(Axelsson et al., 2021; Ellis et al., 2015 u ap.) uim
OJIM3KKX K HEMY, HallpuMep, B YCIOBUU OBICTPOTO
ciyyaitHoro obyyeHus (quick incidental learning,
QUIL) (Chung, Yim, 2020). OgHako Takoil Iu-
3aiiH HE MO3BOJISIET TOBOPUTH O CrielIu(UKe Ha-
yyeHus1 ¢ moMolnbio FM-cTpareruu, BbISIBICH-
HOIT Ha OCHOBE aHaJIM3a ABUKEHUS TJ1a3, TaK KaK
OTCyTCTBYeT cpaBHeHue ¢ EE-ctparermeit Ha-
yuyeHusi. Ha HacTosiuiit MOMEHT HaM U3BECTHO
TOJILKO OJTHO MCCJIEOBaHKE Ha B3POCJIOi BEIOOD-
K€, B KOTOPOM aHaJIu3 ABVKEHUI I71a3 IPUMEHSI-
s TIpY M3YYEHUM MPOIIECCOB HayYEHMSI C BKITIOUe-
HK1eM obeux crpateruii (Warren et al., 2016). Ilo
pesynbpTaTtam skcrepuMenTa D.E. Warren ¢ Konie-
ramu (Warren et al., 2016) He GbIJIO OOGHAPYXKEHO
3HAYMMBIX pa3IMuuii BO BpeMeHU (puKcauuu
B3IVISIIA TIPY BBITIOJITHEHU U 3aJaHUsT HA yCTaHOB-
JIEHHE€ CeMaHTHUYECKOTO COOTBETCTBMS CJIOBA U
M300pakeHUs] MEXIy ABYyMsI CTpaTeTMsIMM Ha-
yuyeHus. JIMzailH Halllero McclieloBaHUsI BOC-
TOJIHSIET HEIOCTAaTOK 3KCHEPUMEHTATbHBIX pe-
3yJILTAaTOB B IaHHOI1 001aCTH.

B xitaccuyeckux mapaaurMax McCiaeaoBaHUM
Hay4yeHMUs SA3bIKy ¢ nomolpbio FM- n EE-ctpa-
TETUI UCTIOJIb3yeTCs BepbabHOE 0003HAUYEHUE,
COOTBETCTBYIOIIEE HOBOMY OOBEKTY (T.€. IpHU-
CBOGHHOE €My YHHUKaJIbHOe Ha3BaHue). Kak ObI-
JIO CKa3aHo BbIllIe, HaJIMUKe Y 00beKTa BepOasib-
HOTro 0003Ha4YeHUsI MOXET KakK 00JieryaTh, Tak 1
3aTpyAHSATh yCBOeHUEe MHMopMauu o HeM. [1pu
3TOM B €CTECTBEHHOI cpejlie 3HAKOMCTBO C HO-
BbIM OOBEKTOM MOCPEACTBOM TOW WMIU WHON
CTpaTeruu MOXeT MPOMUCXOAUTh U B OTCYTCTBUE
BO3MOXHOCTH y3HaTh €T0 yHUKaJlbHOE Ha3Ba-
Hue. B cBSI3U ¢ 3TUM BO3HUKAET BOTIPOC, SIBJISIET-
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cs1 i ctparerust HaydeHus (EE nan FM) ¢pakro-
poOM, oOmpeneNsioIIuM BIUSIHUE BepOaJIbHOTO
o0o03HaYeHUs Ha ycBoeHHMe uHPopMauu o0
o0BbekTe (OydeT AU OHO MPENsSITCTBOBATh WU
CITOCOOCTBOBATh HAYYEHUIO).

Hayuenue ¢ momouisio EE-cTpaTeruu nonpa-
3yMeBaeT aklleHT Ha Ha3BaHWM HOBOTO OObEKTA,
T.K. B JAaHHOM cJlydyae MpsiMoe yKazaHue Ha 00b-
€KT COMPOBOXIaeTCsl BepOaIbHBIM 0003HAUYEHU -
eM (Hanpumep, “Dto eropn” (Illepbaxkosa u ap.,
2022)). MoXHO NOpeanojoXuTh, YTO 3a CYET
MNpUBJICYEHUST BHUMaHUs K BepOajibHOMY 000-
3HAYE€HUIO B MaMsTHU (PopMUpPYETCS 00OOIIeH-
HbI 00pa3 0O0beKTa 6€3 ero NMoAPOOHOI AeTaIr-
3aluu, B orinuue ot FM-ycnoBusl, rioe BHUMA-
HUE, HalpOTUB, MPUBJIEKAETCS K KaKOMY-JTMOO0
KOHKPETHOMY IMpU3HaAKy OOBbeKTa (Harpumep,
“Tam Ha cToJie CTOST Ba3a, Jyaluka u esopn. Ka-
KOTO 1LiBeTa ezopn?” (TaM XKe)) BMECTO ero Ha3Ba-
HUsI. DTa 0cobeHHOCTh FM-yclioBUSI, cOrlTacHO
HalllUM MPEeanoJIOXKEeHUsIM, JOJIKHA CIT0CO0-
CTBOBATh JydllleMy pa3InudeHUI0 UHAUBULYalb-
HBIX XapaKTepPUCTUK U3y4aeMOTo 00bEeKTa, 4YTO U
MpoBepPsUIOCh B HacToslleM ucciaegoBaHuu. C
9TOM 1IeJIbl0 COIOCTaBsIach 3(h(HEKTUBHOCTD
3PUTEIBHOTO MOKMCKa 0OBEKTOB, U3YUYEHHbBIX ITPU
MOMOIIM 00euXx cTpaTeruii. Takke MbI OXXUIaIu
OOHAPYXKUTH OOIBIITYIO 3HAYMMOCTb BEpOaIbHO-
ro o6o3HaueHus Ay crpareruu EE B cpaBHeHUM
¢ FM, 4To0 npoBepsiIoCh IIyTeM COIOCTaBJIEHUS
3¢ HEeKTUBHOCTU 3pUTEIBHOIO IOMCKA 00BEKTOB
MpU HAJIMYUU U OTCYTCTBUM Y HUX YHUKAJIBbHBIX
Ha3BaHWU MpU HCHOJIb30BAHUU OOEUX CTpaTe-
ruii. 3amuch IJ1a30JBUraTeIbHONM AaKTUBHOCTU
MpU BBIMOJIHEHWUM 3aJlaHUii TIpU3BaHa KOHKPETU-
3MpPOBaTh OCOOEHHOCTU 3pUTEILHOTO MOMCKa IS
OOBEKTOB, M3YyYEHHbIX TPU KCIIOJb30BAHWUU TOM
WJIW UHOW CTpaTernu ¢ HAIMYUEM WUJIM OTCYTCTBU-
€M YHUKaJIbHBIX BEpOaTbHbIX 0003HAYEHUIA.

METOIAHWKA

Buibopra: N = 32, Bo3pact 18—35 net (cpen-
HUii Bo3pact 22.5 £ 3.6; 22 >XeHIIIUHBI), IPABOPY-
K€ HOCUTEIIN PYCCKOTO sI3bIKA KaK eIMHCTBEHHO-
rO POIHOTO, C HOPMAJIbHBIM WJIM CKOPPEKTUPO-
BaHHBIM 110 HOpMBI 3peHueM. MccremoBaHue
omoopeHo atmdeckuM KomuteroM CaHkT-IleTep-
OyprcKoro IcCHUxXoJIOTM4ecKoro oobiecTBa (IIpo-
Tokosa Ne 15 ot 19.05.2022).

Cmumyavnsiii mamepuaa. Pa3zpadboTtaHbl 3pu-
TeJibHble (M300paxkeHusl IIOAOB; (UIephl) U
CJIyXOoBbI€ (TICEBAOCIOBA; KOHTEKCTHbBIE MPEI0-
XKeHUs1) cTuMyJibl. OToOpaHbl BOCEMb MSITUOYK-
BEHHbBIX CYILIECTBUTEJIbHBIX PYCCKOIO SI3bIKa —
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Ha3BaHUS DK30TUYECKUX U OTOPOIHBIX ILJIOIOB C
OAMHAKOBBIM YepedOBaHUEM COIJIACHBIX U IJlac-
HBIX 3BYKOB ((pOoHETHYECKasl CTPYKTypa: coryac-
HBIU—IJTAaCHbI—COINIaCHBIM —IJIaCHBI—COIJ1ac-
HBII; HATIP., “ToMaT” mwin “6aHaH”) U CXOXUMU
okKa3aTeJsIMU 4aCTOTHOCTU (CpemHsIsl 4acTOT-
HOCTh cJioBodopMbl = 5.28 + 1.29, mepBoii =
=6.68 £ 0.99 u nmocnenneit = 8.72 £ 0.98 6u-
rpamMm, comacHo (JIsiesckasi, Illapos, 2009)).
Ha ocHoBe 0TOOpaHHBIX CYILIECTBUTEIBHBIX CO-
CTaBJICHBI 8 IIITUOYKBEHHBIX TICEBIOCIIOB (Iajee —
HOBBIE CJIOBA), UMEIOIINX aHAJIOTUYHYIO (POHe-
TUYECKYIO CTPYKTYpy (Hamp., HepBblii CIOr OT
cJIoBa “JIMMOH”, a IOCIEIHUN — OT CJIoBa “To-
pox” B pe3yJIbTaTe 00pa30BaIM CIOBO “JIMPOX’).
HoBrie coBa 3HaUMMO OTJIMYAIUCH MO OLIEHKAM
Y3HaBa€MOCTH OT PEaJIbHO CYILIECTBYIOIIMX (f =
= 82.16, p < 0.001) (1m0 pe3ynbTaTaM OoImpoca 3KC-
MEPTOB, B TPYIITY KOTOPBIX BOILUIA HOCHUTEIU
PYCCKOTO $SI3bIKa KakK pomHoro; N = 29, 8 Myx-
YUH, CpeaHuit Bo3pact 29.6 £ 6.31).

B xauectBe cemaHTUYEeCKUX pedepeHTOB
CJIOB MCIOJIb30BaJIUCh (poTorpadmu U3BECTHLIX
1 MaJIOM3BECTHLIX (PEAKMX) IJIONOB, T.€. HE3HA-
KOMBIX OOJILLIMHCTBY HpeAcTaBUTENIeil PyCCKO-
SI3BIYHOTO KYJIBTYPHOTO COOOIecTBa (HaIpu-
Mep, HOHM). JIJI KaxKaoro Iioga MCIOJb30Ba-
JIUCh BoceMb (hoTtorpaduii, n3006paxarolimx ero
Kak B ILIeJIOM, TaK U B pa3pe3aHHOM Bugue. s
EE-ycioBus Takke ObUIM CO3daHBI (PULIEPhl —
M300pakeHusI, He UMEIOIIE CMBICIOBOM HArpy3-
KU; 11 CO3JAaHUSI KaXKIOro ObUIO MCITOJIb30BaHO
yeThIpe ToBepHYTHIX (45, 90, 180, 360 rpamycoB)
MOJIyIIPO3paYHBIX N300pakeHUs IIPEAMETOB C pa3-
MbITHEM. [paduueckre XapaKTepUCTUKU BCEX
CTUMYJIOB OBIIM CTAaHAAPTM30BAHbLI C ITOMOILbBIO
METOJIOB 3pUTEIbHON yHUPUKaUU (yCTpaHe-
HUe rpaduyecKoro 1yma, OTLHeHTPOBKA 00beK-
TOB, IIpUBeAcHUE N300paxkeHus K pasmepy 400 X
%X 400 pxl, ycpenHeHUE CTUMYJIOB I10 IIKAJIE CBE-
YeHUS).

I'paduueckue cTuMysibl ObLUIM OLIEHEHBI IO
Y3HAaBa€MOCTU BKCHEPTHOIM TpyIMIoON PeCIOH-
neaToB (N = 200, 75 My>X4uH, CpeIHWI BO3pacT
28.75 £ 4.65 net) — HOCUTENEI PYCCKOTO S3bIKA.
CO0p DJaHHBIX OCYILECTBIISLICS C TOMOILBIO UHTEP-
HeT-pecypca “Aupekc.Tonoka”. Y3HaBaeMOCTb
M3BECTHBIX IJIOAOB ObLIa 3HAYMMO BBIIIIEC Y3HABAC-
MocTtH penkux (¢ = 16.18; p < 0.001), ¢puwiepsl 110-
Jydqwin 0ojiee HU3KME OLIEHKM Y3HAaBaeMOCTU B
CpaBHEHMU KakK ¢ u3BeCcTHbIMU (Z = —4.637; p <
<0.001), Tak ¥ ¢ MajJOU3BECTHHIMU ILJIOJAMU
(Z=-4.383; p<0.001).

Hnst coznanusi EE- u FM-ycinoBuit HaydeHust
OB COCTaBJIEHbI HAOOPHI 3 BOCbMU BOITPOCH -
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Tabomuna 1. [IpuMepsl 3pUTENIBHBIX U CTYXOBBIX CTUMYJIOB JIJISI OAHOTO 00beKTa
Table 1. Examples of visual and auditory stimuli for the object sample
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ITpumepsl HOBOTO TUIOAA INepBas yacTb Borpoca Bropas yacTh Borpoca

B pa3pe3aHHOM U LIEJIOM BUE EE-ycnoBust EE-ycnoBust Bonpocet 8 FM-ycrosun
Ha skpane XXXXX OH BBITSIHYTBI1? BurtsanyTerit i XXXXX?
IMocmoTtpuTe, BoT XXXXX OH HamtoMaH? Hannomiten m XXXXX?
Bot XXXXX OH BOJIHUCTBIA? Bonuuctorit iu XXXXX?
910 XXXXX OH OypwIii? Bypsrit iu XXXXX?
Ha xaptunke XXXXX OH BbLKAaThI? Borkatsiit au XXXXX?
Ha MoHuTope XXXXX OOBEeMHBI 11 OH? O06BeMHBII T XXXXX?
[Mepen Bamu XXXXX ITycroit i oH? Ilycroit mu XXXXX?
Bol BuauTe XXXXX benblit v oH? benbrit mu XXXXX?

HpuM@’-taHlle.' 3pl/lT6J’[beIe CTUMYJIBI ITpEAIaraJaruch y4aCTHUKaM MCCII€AJOBAaHU B LIBETE B XOI€ O6y‘{a}0Hlel ceccuu. Ha3zBanwme CTUMY-

Jla MEHAJIOCH OT UCIIBITYEMOTO K UCIIBITYEMOMY.

Note: Visual stimuli were presented to subjects in color during the training session. The name of the stimulus changed from subject to

subject.

TEJAbHBIX MTPEIJIOXECHUIM OJIS KaXKI0M CTpaTeTuu,
oTJiMyaloiuecs no ceoeii crpykrype. Conepxa-
HU€E BOIIPOCOB B ABYX YCJIOBUSIX KacajloCh HaJIU-
YUl WIA OTCYTCTBMSI BHU3yaJlbHBIX XapaKTepu-
CTUK moaoB. Ilpu npenbsiBIeHUM CTUMYJIOB B
EE-ycnoBuu mnpuMeHsiiachb KOHCTPYKLIMSI U3
JIBYX TIpemyioxeHuii. B mepBoM mpeajoxXeHuu B
3aBUCUMOCTH OT YCJIOBUSI BepOainu3alu Ha3Ba-
HUS MCIOJb30Bajach yKa3blBaolllasi Ha HOBBIM
IUION JileKCceMa M YHUKaJIbHOe WU oOllee Bep-
OajibHOE 0003HAYEHUE B UMEHUTEIbHOM Majiexke
(manpumep, “Ilepen Bamu JIMPOX” nnm “Ile-
pen Bamu HOBDBIU TTJIO/I” coOTBETCTBEHHO).
Btopoe npeanoxxeHue cogepkaao BOIpoc, Kaca-
IOLIIACS OTHOM M3 BU3yaJIbHBIX XapaKTEPUCTUK
wiona (Harpumep, “@PuonetoBslit n oH?”). B
FM-ycnoBuu BOpoc COCTOSI U3 OAHOIO Mpe-
JIOXXEHUSI, MOCJIEIHUM YIEHOM KOTOPOIo TakKXKe
SIBJSIIOCh YHUKaJIbHOE WJIM o0lliee BepOaibHOE
0003HaYeHUEe B UMEHUTEIbHOM Taaexe (Harpu-
mep, “Duonerossiit in JIMPOX?” unn “Puone-
toBbiit 11 HOBBIN T1JIO/1?’). Bce Bompochl
rpearoaraju BbIOOp OAHOrO M3 ABYX BapuUaH-
toB otBeTa: “Jla” unu “Her” (B 50% ciiyyaeB —
“Na”, uB50% — “Her”).

[TpuMepsl npemioXeHuit IJisi OMHOTO TUIoAa
((buHrepnaiim) npeacrapiaeHbl B Ta0. 1.

CTI/IMYJ'IBHBIC CJIoOBa M TIPpCAJIOKECHUA ObLIU
3ariMCaHbl B BUJEC 3BYKOBBLIX HOPOXKEK C ITOMO-
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mblo nHcTpymeHTa Yandex SpeechKit. ITo pe-
3y/jibTaTaM IpeaBapureabHoro onpoca (N =16, 8
MYKUMH, cpenHuii Bo3pact 21.2 + 6.12 jiet) ObLn
OTOOpaH CHHTE3MPOBAHHBIN TOJIOC, TOJY4YUB-
1IK1ii 60s1ee BHICOKME OLIEHKN BEPOSITHOCTU MPHU-
HAJIJICKHOCTU YEJIOBEKY, APYKeT00Us, MpUBJIe-
KaTeJIbHOCTU Y CTEIeHU JOBEpUsl B CPaBHEHUM C
rojlocamMu YeThIpeX peaibHbIX TMKTOPOB (H-test =
=10.83; p = 0.028). JIonoJIHUTEIBHO BCE ayINO-
JMOPOXKU ObUTM CKOPPEKTUPOBAHBI IBYMSI 3KC-
repTaMu, HOCUTEJISIMU PYCCKOTO sI3bIKa, MO Ma-
pameTpaM “TeMOp rosoca” u “ymapeHue”.

[MonyyeHHble aynMOAOPOXKU  MO3BOJIUIU
MPOU3BOIUTH 3aMEHY CJIOBOOPMbI B KaXKIOM U3
CTUMYJIBbHBIX TIPpEIJIOKEeHUI, YTO oOecneymnio
BO3MOXHOCTb KOHTPOQJIAaHCUPOBKM COOTBET-
CTBUSI CJIOBODOPM U MX BU3YaJIbHBIX pedepeH-
ToB. Kpome Toro, cooTBeTcTBUE YHUKAIbHBIX U
o0IMX BepOaJIbHBIX O0O3HAYEHMII M300pazke-
HUSIM OOBEKTOB Y MPEIOXKEHUMN IS CeMaHTU-
3auuu (EE- u FM-ycnoBuit) ObJIO MHIWBUIY-
aJIbHBIM IS KaXXIOro M3 Yy4aCTHUKOB. Takum
obpa3oM, WCHOJIb30BAUCh 32 TIOCIEI0BaTENb-
HOCTHU 2JIEMEHTOB CTUMYJIbHBIX HAOOPOB.

Oéyuaroman ceccusn. B 1LieHTpe MoOHUTOpA
(Dell S2716 DG, Kuraii, nmaroHanb 27 II0MMOB)
MPeabsIBIsIICS (PUKCALIMOHHBIN KPEeCT U 3Bydayio
yKaszaHue Ha 1011, Kotopoe B 50% ciy4aeB mof-
pasyMeBaJio MIPUCBOEHUE €EMY YHUKAJIBHOTO Bep-
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Bormpoc o BusyasibHOIt
XapaKTepUCTHKE HOBOTO
rnjoza
[Mpumep: “BoITsSHYTBIN T
JIMPOX//HOBBIH
1101?”

TIpenbsiBieHne HOBOTO
M U3BECTHOTO TUI0Ja

HaXaTUueM KJIIaBUIIU

DuKcalMOHHBINA KPeCT
repe HadyajaoM
CJIEMYIONIETO 3aaHust

Bri6op oTBeTa

EE-ycnoBue HayuyeH

[penbsiBiieHEe HOBOTO
miona v puutepa;
BOIPOC O BU3YaJIbHOI
XapaKTepUCTUKE TIEPBOTO
[Mpumep: “OH BBITSIHYTHIIA?”

Yka3zaHue Ha HOBBI 1107
IMpuwmep: “Oto JIHPOX//
HOBBIH 1171017

HaXXaTneM KJIaBUIIn

DuKcalMOHHBIN KPeCT
rnepes HayajJoM
CJIMYIOUIETO 3aIaHUST

Br16op oTBeTa

Bpewms

3000 mc//oTBeT 1000 mc

3000 mc
JInTenbHOCTh Bompoca

~5000 mc

Puc. 1. [Ipumep nociienoBaTeIbHOCTH IIPEIbIBICHUS CTUMYJIOB. [IpuMedaHue: B o0yJalolieit cecCum n3oopaxe-

HUS ObLIM LIBETHBIMM.

Fig. 1. An example of the stimulus sequences. Note that the images were colourful in the training session.

OaimbHOro ob6o3HaveHus (Hampumep, “Ilepen
Bamm JIMPOX” B EE-ycioBum mam BoOIIpocC
“Broitanyteiii 1u JIMPOX?” B FM-ycnosun). B
npyrux 50% ciydaeB BMECTO Ha3BaHUS TIJI0IA UC-
TMOJIb30BAJIOCh O0IIIee BepOabHOEe O0O3HAYCHUE
(Hanpumep, EE: “Bor Bumure HOBbBIW T1JIOA”;
FM: “Bertsanytsiit tu HOBBIU TTJIO?”). 3aTtem
JIEMOHCTPUPOBAIIMCh JBa U300pakeHUs (Lieiae-
BOE M HELIEJIeBOE): LIeJIEBBIM U300pakeHUEM ObLT
HOBBIM IJTION, HELEJEBbIM — W3BECTHBIM IJIOMN,
st FM-ycnoBus u punnep — aist EE-ycnoBust.
B EE-ycioBuu nONOJHUTEIBHO 3By4Yaa BOIIPOC
(HanpuMmep, “OH BBHITIHYTHINA?”, puc. 1). Hc-
MOJIb30BaHUE B 000X YCIOBUSIX IBYX N300paxe-
HUIA U BOINPOCOB O BU3YaJIbHBIX XapaKTEPUCTHU-
KaxX HOBBIX IUIOAOB MO3BOJUJIO YpPaBHOBECUTH
ycJIoBUSI MeXXIy co0oii. JIeBoe/mpaBoe pacmoJio-
JKEHHeE 11eJIEBOIO M300pakeHusl ObLIO ypaBHOBE-
LIIEHO MEXIY UCIBITAHUSIMU. YUaCTHUKY BbIOM-
paiu oTBeT “ma” wim “HeT”, HaXXWMasl KHOIIKY
yKa3aTeJIbHbIM ITaJbleM JIEBOM PYKM C IIOMO-
1Iblo crienuanbHoi KnaBuaTyphl (RB-740, Ced-
rus Corp., CIIIA). Kaxaplit 104 ¢ ceMaHTUYe-
CKOI IIPUBSI3KOM NPEIbSIBIISIICSI BOCEMb Pa3, IO~

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

PSIIOK TIPENbSBICHUSI OIPEICISICS yCIOBUEM
niceBnopangoMm3annu. LIBer poHa mis Bcex aTa-
OB TIPEIbSIBICHUS ObLT OenbIid (255, 255, 255), a
TUTIONBI — IIBETHBIE (711 () OpMUPOBAHUS LIEJTOCT -
HOTO MpeACTaBIeHUS O KaxXaoM u3 Hux). /1o oc-
HOBHOI 0OOydalolleil ceCCMi BCE MCITBITyeMbIe
MMPOXOIWJIN TPEHUPOBKY, BKITIOYAIOIIYIO 8 3ama-
Huit. O0yyaromas ceccusi OblIa peajin30BaHa B
Presentation v. 23.1 (Neurobehavioral Systems
Inc., CIIIA).

Ilpoeepounaa ceccus. VICTIbITYyeMbIil BBIIOJ-
HSJT 3amady 3pUTEIbHOIO IIOMCKa 1IEJI€BOIO
n3o0paxeHus: cpeau 15 nuctpakTopos (110 ABa
M300paxkeH1sI KaxKI0ro HOBOIO IJIOA B YEPHO-
OesioM BapuaHTe). KapThl 4j1s moucka 1eaeBoro
M300pakeHNs BKJIIOYAIN B CE0SI YeThIPE HESIBHO
MHpeaCTaBISHHBIX KBaIpaHTa, B KOTOPBIX PaCIIO-
Jlarajauch oAbl (110 YeThbipe KapTUHKU B KBaj-
paHTe, IB€ U3 KOTOPBIX WILIIOCTPUPOBAIN OOIUH
IUIOM, B LIEJIOM M pa3pe3aHHOM Buae). Kaknprit
KBagpaHT 0003HaYal OOHO U3 YEThIPEX YCIOBUIA
HaydyeHus: FM ¢ yHUKaJIbHBIM M OOILIMM Bep-
OanbHBIM 0003HaueHueM, EE ¢ yHUKaabHBIM U
o0LMM BepOanbHBIM 0O03HaueHUueM. Kaxxablid
Ne 6
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an/IMep MMOoCJIEAOBATC/IbHOCTH
NpeaAbABICHUA CTUMYJIOB
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[MpuHLIMT DUKCAITMM OTBETOB

Puc. 2. CTuMynsiliMoOHHAasI MOCEI0BATEIbHOCTD B TIPOBEPOYHOM 3aJaHUU.

Fig. 2. The stimulus sequence in the assessment task.

IUIOM, KOTOPKIM BCTpeYasicsa B oOyvaloleil cec-
CUM, OOUYEPEAHO ITOMEIAICSI BO BCe KBaapaH-
Thl. TakuM 00pa3zoM, 1ieJeBOM TLI0A eAUHOXKIbI
pacriojiarajcsl cpeau IUIONOB (majiee OUCTPaKTO-
POB), U3yUYCHHBIX B TOM XK€ YCJIOBUM, U TPYKIBI —
cpeay JUCTPAKTOPOB, U3yUYEHHBIX B aJIbTepPHATHB-
HBbIX YCJIOBMSIX, IIPU 3TOM OOBEKTHI U3 Pa3HBIX
YCIOBUII He MNEepeMElIMBAIMCh II0 KBagpaHTaM.
Bcero On1mo cozgano 1024 xaptel, o 32 st
Kaxaoro ucnbeityemoro. Pasmep mzoOpazkeHust
Kaxaoro Iwioga — 295 X 295 pxl, user ¢oHa —
cepniii (205, 205, 205), ob1uii pa3Mep KapThl —
1770 x 1770 pxl.

[TpuMep CTUMYJISILIMOHHON TOC/Ien0BaTENb-
HOCTU 3aJa4d 3PUTEJIBHOTO TMOMCKa MPEncTaB-
JIEH Ha puc. 2. B Xxoze KaXa0ro 3alaHus UCITbITY-
€MOMY TMpPEenbIBIISICS (PUKCALMOHHBIA KpPECT,
1ocJie yero — 1ejieBoe n3odpaxkeHue, U 3aTeM —
KapTta nmoumcka. 3agaya UCIbITYEMOTO COCTOsIa B
TOM, 4YTOObl HaWTU LieJieBoe M300paxeHue u
0003HaYUTh, B KAKOM KBaJpaHTE OHO HAXOOWT-
Csl, C TIOMOIIBIO HAXaTUs CJIEAYIOIIMX KJIaBUII
Ha KJlaBUaType KoMnblotepa: Q — eciu 1eaeBoe
U300paXeHUEe HaXOOUTCSI B JIEBOM BEPXHEM
KBagapaHTe, W — B IIpaBOM BepXHEM KBaJlpaHTe,
A — B JIeBOM HMXKHEM KBaJpaHTe, S — B IPaBOM
HIDKHEM KBajapaHTe (puc. 2). BpeMsi moucka ObI-
JIO OTpaHUYE€HO — 5 C, HO UCIBITYEMbIiA MOT 1aTh

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU
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OTBCT paHBbIIIC. Bo BpEMA IMTOMCKa ITporucxoaniia
3aIMCh INA30ABUTATEIbHON aKTUBHOCTMU.

3anuch IBMXKEHUI I1a3 IIPOMU3BOAMIIACH C TTO-
molbio obopynoBaHusi Eyelink 1000 Plus (SR
Research Ltd., Kanama) ¢ xamepoii, pacmoio-
JKEHHOM IToJ MOHUTOPOM C YaCTOTOM TUCKPETH-
dauum 1000 I11, ¢ TogHoCcTRIO M3MepeHuit oT 0.15
1o 0.5. /11 moKa3a CTUMYJIOB MCIIOTb30BAaJICS MO-
Hutop Dell S2716DG (Kuraii, nuaroHaib 27 Dioi-
Ma). McbITyeMBbIM TIpemiarajioch CecTh Iepern
BKpaHOM KOMITbIOTePa U MOJIOXUTH ITOA00POIOK
Ha CHenuajdbHYI TIOICTaBKY, (PMKCUPYIOIIYIO
MMOJIOXKEHME TOJIOBHL. [IpenbsiBiasseMoe Ha 3KpaHe
M300paxKeHne HaXOINJIOCh Ha paCCTOSTHUM 65 cM
oT m1a3 ucneityeMoro. Kamepa, peructpupyro-
1IasT IBVDKEHMS T71a3, pacroaraiach ITog MOHM-
TOPOM KOMITbIOTEPA M HUKAK He MPEensTCTBOBA-
JIa IOJTHOTe 0030pa.

IMoce MHAMBUIYATbHON HACTPOMKU 000DPY-
IOBAaHUSI VICIIBITYEMOMY Mpeiiarajaoch IIPOHTH
TPEHUPOBOYHYIO M OCHOBHYIO YaCTW 3amaHUs
3PUTEILHOTO TIOMCKAa, KaXmast U3 KOTOPBIX CO-
MMPOBOXIAIach MPOILEAYypOii KaTuOpOBKY U Ba-
Jau3aunn. B xome KaauOpoBKU UCIIBITYEMOMY
OBUIO HEOOXOMUMO CJIEIUTh 3a “MHUIIeHBIO”,
IBIVIKYIIEICS TT0 3KpaHy, Wi (pUKcalluy B3TIISI-
Ia B 9 KOHTpoJibHBIX TouKax. [Ipoueaypa Banu-
IU3aly TTIOBTOpsijia 3anady (puKcalliy B3LIsa
B T€X €& KOHTPOJIbHBIX TOYKAX JJIsI TOATBEPXKIIE-
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Puc. 3. lunamMuka BpeMeHM OTBETa Ha BOIIPOC O BU3yaJIbHOIl XapaKTepHUCTHKe HOBOTO Irtona B yeinoBusx FM u EE.
Ha rpacduke orpaxkeHo cpenHee BpeMs peakiiMy 1 OllIMOKa CpeaHero, ¥ — ypoBeHb CTAaTUCTUYECKOI 3HAUMMOCTHU

pasmnunii < 0.05.

Fig. 3. The reaction time during the training session for the fruit presentation in FM and EE conditions. The graphs
show the reaction time and the error of the mean. * — p < 0.05.

HMSI yCIIeIIHOCTHU KanuopoBKuU. ITocne 3aBepiiie-
HMSI HACTPOMKU anmnapaTypbl U YCIIEIIHO IIPOi-
JIEeHHOI TPEHMUPOBKU UCTIBITYeMbI IIPUCTYIIATI K
OCHOBHOMY 3afaHHuI0. 3amaHue OBIJIO pean30-
BaHo B mporpamMme SR Research Experiment
Builder (Version 2.3.1).

Cmamucmuueckuli anaau3 BHITIOJTHSLICS C WC-
MOJIb30BaHUEM IIPOTPAMMHOIO OOecTeueHUs
IBM SPSS Statistics, v. 26.0. Bpems peaxkuuu
MUCIIBITYEMbIX B X0JIe 00yJaroleii ceCCuM BhICTY-
TaJjio Mokas3aTejeM YCBOeHUsI HOBBIX cJIoB. [1po-
BOAWJICSI AMCIIEPCUOHHBII aHAIM3 C TOBTOPHBIMU
m3mepeHusiMu (rmANOVA) ¢ BHYTpUTPYIIIOBHI-
mu pakropamu [TOPAJOK ITPEABABJIEHW A
IIJIOAOB (BoceMb MpenbSIBACHUN KaXKIOTO
miona), CTPATEIYA HAYUEHWA (FM/EE)
u BEPBAJIbHOE OBO3HAYEHME (yHukanb-
Hoe/o0111ee Ha3BaHUe). B kauecTBe nmokasareieit
3¢ HEeKTUBHOCTH NOMCKA I1IeJIEBOr0 OOBEKTa B
MPOBEPOYHOII CECCUU MCMHOJb30BaJUCh Mapa-
METPhI BpeMeHU peakliii U BpeMEHU CKaHUPO-
BaHUS KapThl IIOMCKA, a TaAKXKe MoKa3aTeau Ijia-
30/IBUTaTe/IbHOI aKTUBHOCTU: KOJMYECTBO CaK-
KaJa v BpeMs JIJAaTeHTHO MOTOpHOM peakiiuu. U3
aHan3a pe3yabTaTOB BpEMEHU peaKlIMU UCKITIO-
YaJauCh JAHHBIE, IPEBbIIAIOIINE 1BA CTAHAAPT-
HbIX oTKIOHeHUsI. RMANOVA nipuMeHsiiics st
BBISIBJIEHUS] 3HAYMMBIX 3(D(HEKTOB M B3aMOIeTi-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

CTBUIi. AIIOCTEpUOpPHBIE CPaBHEHUS ITPOU3BO-
IWJIKCh C UCMOJIb30BaHUEeM f-KputTepusi CTbro-
JIeHTa 1JIs1 3aBHCUMBIX BBIOOpPOK. B KauyecTBe
BHYTPUIPYIIIOBLIX (paKTOPOB HCIOJIb30BaAINUCH
CTPATEI'Ad HAVUHEHWNA u BEPFAJIBHOE
OBO3HAYEHWE 1eneBbIx OOBEKTOB U OUC-
TPaKTOPOB.

PE3YJILTATbHI UICCIEJOBAHUN

Yceoenue noevix ca06. 3HaUMMBIM 0Ka3aloCh
pusgHue ¢akropa [NTOPAJOK TTPEABABIIE-
HUWA TTIJIOAOB (F(1, 31) = 13.15; p<0.001,n2 =
= (0.295) Ha BpeMs peaklLMM B IIpoliecce odyue-
HUsI, TpUYEM CKOPOCTh OTBETOB 3HAYUMO
yMeHbIIaJIach nocie yetBeproro (860.5 + 414)
MpeIbsBICHUS TJI0Aa B CPaBHEHUU C TEPBBIM
(1109.7 + 486; Psoupepporn = 0.0007). BbL10 BBISAB-
JeHo B3aumogeiicteue dakropoB TTOPAJIOK
IMMPEABABIEHUA ITJIOJOB x CTPATET'UA
HAYYEHMUA (F(1, 31) = 2.51; p = 0.017, n? =
=0.075). Jlns miogoB, ¢ KOTOPLIMU HCIIBITYE-
Mble 3HAKOMUJINUCH B yciioBun FM, yckopeHue
OTBETOB MHPOUCXOAWIO OBICTpee (YEeTBEPTOE VS
nepsoe npeabaBieHue Py pepporn = 0.006), uem
JUISL TUIOJIOB, C KOTOPBIMU OHU MO3HAKOMUJIUCH B
ycioBun EE (11s1TO€ Vs TiepBOe IpeabsiBIIEHUE
PEOHCbeppoHI/I = 0017) (pI/IC 3)

Ne 6

TOM 73 2023



BKJIAL BEPBEAJIbHBIX OBO3HAUEHUM B I[TPOLIECCHI BBICTPOI'O KAPTUPOBAHW 757
% COFM
[CJEE
%
| i
T
L6 T T [T
S T [
v L
<
Q
24
I
3
=
=
=
g2-
0 T T

C yHUKaQJIbHBIM
Ha3BaHUEM

be3 yHuKaabHOTO
Ha3BaHUSsI

Puc. 4. KonnuecTBo cakkas Mpu MOUCKE TIJI0A0B, C KOTOPBIMU UCTIBITYeMble 3HaKOMWINCH B ycioBurn FM u EE,
C YHUKaJIbHBIMU Ha3BaHUSIMM U 0e3 TakoBbIX. Ha rpacduke oTrpaxkeHO cpemHee KOJIMYECTBO caKKad M OIIMOKa
cpenHero, * — ypoBeHb CTaTUCTUYECKOM 3HaYMMOCTH pasznmunii < 0.05.

Fig. 4. The number of saccades in the search task for fruits learned with and without labels in the FM and EE con-
dition, p < 0.05. The graphs show the number of saccades and the error of the mean. * — p < 0.05.

Haauuue ynuxaavHoix Hazeéanuii y oucmpaxmo-
poe. Ham1urie yHMKaIbHBIX Ha3BaHU Y IUCTpaK-
TOPOB, CPEIM KOTOPBIX OCYIIECTBIISUICS 3PUTEIb-
HBII TIOMCK, MTOKA3aJI0 TIPEeUMYIIIecTBa cpasy 1o
TpeM IoKa3aTeJIsIM: TI0 BpeMEeHU peaKIIu1 1 Bpe-
MEHU CKaHMPOBAHMSI KapThI IIOMCKa, a TAKXKe T10
KOJIWYECTBY cakka. [1JIst Kaxkaoro U3 3TUX mapa-
MeTpoB oka3sajics 3HaumM ¢dakTop BEPBAJIb-
HOE OBO3HAYEHME nucrpakropa.

B orHoiiennu Bpemenu peakiuu (F(1, 31) =
=6.13; p = 0.019, n? = 0.165) npu noucke 1ese-
BBbIX OOBEKTOB CpeIy TUCTPAKTOPOB C YHUKAIIb-
HBIMU Ha3BaHUSIMHM UCITBITYEeMBIM TpeOOBalIOCh
MeHblIe BpemeHu (1462 + 307) 1o cpaBHEHMIO C
TTOMCKOM Cpeay TUCTPAKTOPOB C OOIIMMU Ha3Ba-
Husimu (1578 £ 298). ®dakrop CTPATET'UA HA-
YUEHMS 3nauumoctu He nokazan (F(1, 31) =
= 3.38; p = 0.076), TakKe He ObUIO OOHAPYKEHO
B3anMmonercTteust pakropoB CTPATEI' A HA-
YYEHUA *x BEPBAJIBHOE OBO3HAYE-
HWUE guctpakropa (F(1, 31) = 1.43; p = 0.240).

B oTHollIeHMY BpeMeHU CKaHMPOBaHUS Kap-
oI TToMcKa paktop BEPBAJIBHOE OBO3HA-
YEHMUWE nuctpakTopa Takke oKa3aJiCs 3Hadyu-
MbiM (F(1, 31) = 10.71; p = 0.003, n? = 0.257):
OITSITh XK€ BpeMsl COKpaIllaaoch MpU MOUCKE cpe-
1 TUCTPAKTOPOB C YHUKAJIbHBIMU Ha3BaHUSMU
(1471 + 425) B cpaBHEHUHM C TIOUCKOM CPEIU TUC-
TPaKTOPOB ¢ OOIIMMM Ha3BaHUsIMU (1646 + 505).
Kak u B ciyyae co BpeMeHeM peakliuu, (pakTop
CTPATEI'Md HAYYEHWMA 3HauuMOCTH He

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU
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nokazan (F(1, 31) = 1.71; p = 0.201), Takxke He
OBLIIO0 OOHApPYKEHO B3anMMOIeiicTBUS (haKTOPOB
CTPATEI'MsI HAYYEHUA < BEPBAJIBHOE
OBO3HAYEHME nuctpakropa (F(1, 31) =0.239;
p =0.629).

AHanM3 KoJIMyecTBa cakKaj MoKasaja, 4YTO
dakrop BEPBAJIBHOE OBO3HAYEHHWE
nucTpakTopa sieisietcss 3HauuMmbiM (F(1, 31) =
=6.78; p =0.014, n? = 0.179): npu roucke 1ese-
BBIX O0OBEKTOB CpeIy JUCTPAKTOPOB C YHUKAJIb-
HBIMM Ha3BaHUSIMM MCIBITYyEMbIE COBEpIIAIN
MeHblIe cakkan (5.42 £+ 1.46), yeM IIpu ITOUCKeE
cpeayu OUCTPAKTOPOB C OOIIMMM Ha3BaHUSIMU
(6.0 = 1.7). Kak 1 B IBYX IPEObIOYIINX CIy4asix,
He ObLI10 0OHAPY>KEeHO 3HAYMMOCTH KakK ¢haKTopa
CTPATEI'SI HAYUYEHUA (F(1, 31) = 2.21;
p= 0.147), Tak n B3aUMOAECUCTBUS (PAKTOPOB
CTPATEI'SI HAYYEHUA x BEPBAJIbBHOE
OBO3HAYEHME muctpakropa (F(1, 31) = 0.126;
p=0.725).

Haauuue nazeanuii y ueaesoix o6eexmoes. 11 3a-
BHCHMOM TIEpeMEHHON “KOJIMYECTBO CcakKKajm’
JIBYX(PaKTOPHBII JTACIEePCUOHHBIN aHaJIn3
(CTPATETHUA HAYYEHMNSA x BEPBAJIbBHOE
OBO3HAYEHME) mnoxkasanm 3Ha4YMMOCTH
¢akropa BEPBAJIbHOE OBO3HAYEHMUWE
(F(1, 31) =4.32; p = 0.046, n?> = 0.122): o151 Ha-
XOXIEHUS TI0I0B, KOTOPBHIM ObLIM MPHUCBOEHBI
YHUKaJIbHbIE Ha3BaHUsI, UCTIBITYEMbIM TpeOOBa-
JIOCh MEeHbIlIe cakkan (5.5 = 1.55), yem mys Ha-
XOXIEHUS TUIOAOB € OOIIMMM Ha3BaHUSIMU
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Puc. 5. BpeMs moucka mionoB, ¢ KOTOPBIMU UCITBITyeMbIe 3HaKOMIUIMCH B yciioBuu FM n EE, ¢ yHuKaapHBIMHI
Ha3BaHUSMMU U 6e3 TakoBbIX. Ha rpaduke oTpaxeHo cpeaHee BpeMsl peaklluu U OllIMOKa cpenHero, ¥ — ypoBeHb

CTaTUCTUYECKOIT 3HaunMocTu paszmmunii < 0.05.

Fig. 5. The search reaction time for the fruit learned with and without labels in the FM and EE condition. The graphs
show the reaction time and the error of the mean. * — p < 0.05.

(5.9 £ 1.53). Ha puc. 4 MOXXHO BUIETh, UTO 3Ta
TeHIEHLIMSI B OOJblIeil Mepe xapakTepHa IS
IUIOAOB, C KOTOPLIMHU MCIILITYyEMbIE 3HAKOMU-
JIMCh B yciaoBuM FM (TobKO B 3TOM cllyyae eCTh
3HAYMMBbIC Pa3IUuMsI MEXKAY TUIOAAMU C YHUKAIb-
HbIMU 1 0O1IIMMM Ha3BaHusIMU (#(31) = —2.54; p =
=0.16)). OmHako 3HAYUMOCTH HU (HaKTOp
CTPATEI'MAd HAYUYEHMUA (F(1, 31) = 2.26;
p= 0.143), Hu B3aumogeiicTBue (PaKTOpPOB
CTPATEI'isI HAYYEHUA x BEPBAJIBHOE
OBO3HAYEHME ne nocturmm (F(1, 31) =0.99;
p=0.328).

Taxxke He ObUIO OOHApYXEHO B3aMMOMCH-
CTBUS 3TUX (PAKTOPOB IIOCTIE MPOBEACHUS CXO-
JKEro aHa/Iu3a C 3aBUCUMOM MEPEMEHHOM “Bpemst
peakiun” (F(1, 31) = 1.98; p = 0.169). B aToM ciy-
yae BHOBb 3HAaYMMBLIM oOKa3zajicsa ¢dakrop BEP-
BAJIbBHOE OBO3HAYEHME (F(1, 31) = 4.32;
p= 0.037, n? = 0.132): HaxoxAeHUe TUIOAOB C
YHUKAJIbHBIMU Ha3BaHUSIMU OCYLIECTBJISIIIOCH
onicTpee (1483 = 289), yeM MJI0I0OB C OOIIMMU
HaszBaHusiMu (1560 + 293). [IpuyeM mouck rio-
JIOB C YHUKAaJbHLIMY Ha3BaHUSIMU, C KOTOPBIMU
HUCITIBITYeMbIE 3HAKOMIJIUCh B ycjioBun FM
(1406 * 281), ocymectsisicsa obicTpee (#(31) =
= —2.67; p = 0.011), yem TOUCK 3TUX XK€ TJIOAO0B
¢ oomummu HasBaHussMu (1541 + 348.4), torma
kak w11 EE-cTpareruu nmo maHHoMy ImapameTrpy
pa3nuuuii He O6bU10 oOHapyxeHo (#(31) = —0.45;
p=0.656) (puc. 5). IIpu arom pakrop CTPATE-
I'sd HAYUYEHMWS okaszancs 3Ha4YuM JIUlIb Ha
ypoBHe ctaructudeckoii renaeHuun (F(1, 31) =
=4.32; p=0.058).

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

W, HakoHel, ObUIO BBIIBJIEHO 3HAYMMOE B3a-
nmopeiicteue ¢akropoB CTPATEI'MSA HA-
YUYEHHSA X< BEPBAJIbHOE OBO3HAYE-
HUWE nnga 3aBucumoii mepeMeHHOM “nmaTeHTHas
MOTOpHas peakuus” (T.e. BpeMs OT HadaJia I1o-
clemHer (puKcaluu B3IJIsiga B 00J1acTHU pacIio-
JIOXEHUS 1IeJIeBOr0 O0ObEeKTa A0 MPaBUJILHOTO
otBeta) (F(1, 31) = 7.45; p = 0.010, n? = 0.194).
[TonydeHHBII pe3yIbTaT IMPeaCcTaBiIeH Ha pUC. 6.
B cayuae ¢ 00bekTaMU, U3y4eHHBIMU B YCIOBUSIX
FM c yHukanbHbLIMM Ha3BaHMUSIMU, BpeMs Jia-
TEHTHOM MOTOPHOI1 peakliuu ObLIO OOJIbIIIE, YEM
B 3TOM K€ YCJIOBHUM C OOILIMMM Ha3BaHUSIMU
(277 £ 56 > 247 £ 59; 1(31) = -2.65; p=0.012), a
B cJIy4yae ¢ 00beKTaMU, U3YYSHHBIMU B YCIIOBUSIX
EE, nab6nioganachk MPOTUBOIIOJIOXHAS TEeHICH-
1S, KOTOpasi, OMHAKO, HE JOCTUIJIA 3HAYMMO-
ctu (#(31) = —1.60; p = 0.119). Paxkropsr CTPA-
TETUA HAYYEHUSA (F(1, 31) = 0.126; p =
=0.725) u BEPBAJIbHOE OBO3HAYEHME
(F(1, 31) = 0.071; p = 0.791) camu no cede oka-
3aJIMCh HE 3HAYUMBIMU.

OBCYXIEHUWE PE3YJIbTATOB

CornacHo MOJy4YeHHBIM AaHHBIM, YCBOEHUE
HOBBIX TTIOHSITUA TIPOMCXOAMIIO TIPU MCITOJIb30Ba-
HUM 00eux ctpareruit (st FM — niociie yeTBepTo-
ro npeabsBIIeHUsI HOBOro oobekTa, 111 EE — nmo-
cine nsroro). MHtepecHo, 4To OOJbIasi CKO-
pOCTb Hay4YeHUsI HaOJroaanachk B yeaosuu FM o
cpaBHeHUIo ¢ EE He3aBUCHUMO OT HaJW4Us WU
OTCYTCTBUS YHUKAJIBbHOTO BepOaibHOIO 0003Ha-
yeHus. B mpenpiayliyMx McciaeqoBaHUSIX Yallle
BCETO JaHHbIE CTpAaTETMK CPAaBHUBAJIMCH HA OC-
Ne 6
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[] C yHukanbHbIM Ha3BaHUEM
[] Be3 yHUKaJIbHOTO Ha3BaHMUsI
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Crparerust Hay4eHUsI

Puc. 6. Bpems 1aTeHTHOI MOTOPHOI peakUMy TIPU MOUCKE TUIOJ0B, C KOTOPBIMU UCITHITYeMble 3HAKOMUJINCH B
ycioBuu FM u EE, ¢ yHuKampHBIMM Ha3BaHMSIMU U 0e3 TakoBbIX. Ha rpaduke oTpaxkeHO cpemHee BpeMsl peakiiny 1
OIIMOKA CPeTHEro, ¥ — ypoBeHb CTAaTUCTUYECKOM 3HaYMMOCTH pa3mmumii < 0.05.

Fig. 6. The motor reaction latency in the search task for fruits learned with and without labels in the FM and EE
condition. The graphs show the reaction time and the error of the mean. * — p < 0.05.

HOBaHUM IIPaBUIbHBIX OTBETOB U BPEMEHMU PeaK-
MM B npoBepouHbIX 3amaHusax (Coutanche,
Thompson-Schill, 2014; Cooper et al., 2019;
Chenetal., 2022 u op.). B HallemM a3KcnepuMeHTe
MBI IIPOAHAIU3UPOBAIM CKOPOCTh OTBETOB MC-
MbITYEMBIX Ha BONPOCHI, 3By4Yalllde B IIpoliecce
00y4YeHMSsI, UTO SIBJISICTCS HECKOJIBLKO MHBIM I10/I-
XOIOM K M3y4eHUI0 3(Pp¢PEeKTUBHOCTU YCBOECHUS
WH@opMalu, ToaydyaeMoin ¢ momolbio FM- u
EE-cTparernii. JlaHHbIl Toaxond, yallle UCIOab-
3yeTcs B CUTyallMu, KOTJaa MPeaMeTOM U3yUeHUS
CTAaHOBSTCS JOIOJHUTEIbHBIE (DAKTOPHI B YCII0-
BUSIX HaydyeHus. Tak, HampuMmep, B UccieaoBa-
Huu C. Li ¢ komneramu (2020) ¢ ToMOI1IbIO aHA-
JIn3a BPEMEHHU peaKlUUd M3Yy4aloCh BIIUSIHUE
OpeabIIyIINX 3HAHUM PECIIOHIEHTOB Ha 00yJe-
Hue B ycioBusgx FM n EE. YuacTHuKOB npocuin
3allOMHUTb acCOLIMAIlMM MEXIYy HOBBIMM Kap-
TUHKaMU U Ha3BaHUsIMU. [1onoBrHa U3 HUX ObI-
Jla U3 3HAaKOMbIX paHee PecloHJAEHTaM KaTero-
pMii, a nipyrasi IIoJIOBMHA — U3 HE3HAKOMBIX. BELI10
BBISIBJICHO, YTO B ycjioBuM FM ydacTHUKM BBITION-
HWIN 3aJaH1e Ha 3aTIOMUHAHUE aCCOLMALINIA Tyd-
1lIe IJIS1 3HAKOMbBIX KaTeTOpuii, YeM MIJIsl He3HAKO-
MbIX, U B 3TOM K€ cilydyae ObICTpee pearupoBai.
Bo3MoxkHO, mony4eHHbIe HAMU JaHHBIE 00YCJIOB-
JIeHbI cielinUKoit HepOHHOM TMHAMUKY U3y4a-
€MBIX CTpaTeruii, KoTopasi ObLia BbIsIBJIeHA HAMU
paHee BO B3aMMOCBSI3U C YCIIELIHOCTBIO YCBOE-
HMsI HOBBIX CJIOB: 1s1 FM oHa OGbLia xapaKTepHa
Ha paHHEM 3Tarie 00padoTKM MHGOPMALIIH, IS
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EE — Ha 6osee mo3gHeM (Shtyrov et al., 2022). O
BBICOKOI CKOPOCTU YCBOEHMSI CJIOB ITOCPEICTBOM
FM-cTpareruu cBUIETENLCTBYIOT U JIPYTHE UCCIIe-
nosanmst. Hammpmmep, B padbore M.J. Vasilyeva ¢
kosuteramu(2019) 6pu1a MokazaHa MHTErpalus Ho-
BbIX acCOLIMAllMii B HEOKOPTUKAIbHbBIE JIEKCUKO-
CEMaHTUYECKME CETU Y B3POCJIBIX YXKe TTOCIe Ofl-
HOKPaTHOTO MPEIbsBICHUS acCOLIMAlIMM CI0Ba
1 00beKTa.

AnbTepHaTUBHOE OOBSICHEHUE pPa3IMuMid
YCHEIIHOCTY YCBOeHUSI MHGpOpPMALUU C IIOMO-
1IbIO JBYX CTpaTeruii HaydyeHusl MOXET ObITh
CBsI3aHO cO crneuu@uKoil pa3paboTaHHOM HAMU
9KCHepUMEHTaIbHOI MapaaurMel. B yacTHoOCTH,
ns co3gaHuss FM-ycnoBUsI KOHTEKCTHOE O0y-
YyeHue Tpearoiaraao CTpyKTypy OAHOIO BOITPO-
CUTEJILHOTO MPEIJIOXKEHUSI, B TO BpeMsl Kak JJIst
EE-ycnoBusi ucCHObITyeMbIM IIpemjarajuch IO
JIBa KOHTEKCTHBIX IPEIJIOXKEHHUS, IpearnoJarao-
1I1e yKazaHue Ha 0ObeKT U BOIIpoc 0 HeM. Takast
CTPYKTYypa IpeacTaBieHUsI MUHpOopMaLIUU MOXET
TpeboBaTh OT UCIIBITYEMbIX OOJIBIIMX YCUIWN
npu ee oopadborke B EE-ycioBum (1, cooTBeT-
CTBEHHO, 3aMeJISITh €€ YCBOCHUE) B CpaBHEHU U
¢ FM-ycnoBueMm. /Ipyroit UHHOBaIIMOHHOI OCO-
OEHHOCTBIO OOyyarolleili cecCuM B JaHHOM MC-
cJIeIOBAaHUU CTaJlo HaJIMYKE BOIIPOCOB, TPEOYIO-
IIUX SIBHOTO BbIBOJA O BHELIHUX XapaKTePUCTU-
KaXx oO0beKTa B JBYX VYCIOBUSIX HAy4YeHUSI.
HackosbKko HaM U3BECTHO, 3TO NMEPBOE UCCIIEA0-
BaHME C TAaKOW CTPYKTYypOM HaydyeHUsI, KOTOpOe

Ne 6 2023
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LieJieHaIIpaBieHHO ypaBHOBEIIIMBAET IBa YCJIO-
BUSI 110 CBOEI CJIOXKHOCTU A1 UCTIBITYeMbIX. Of1-
HakKoO MCIIOJIb30BaHuEe $sIBHOro BbhiBoga B EE-
YCJIOBUM MOXET CMelllaTh BHUMaHUE MUCIIbITYe-
MbIX K aHaJIM3y AeTajeil HOBOro oobekTa, jaenas
ero Oosiee ONMM3KHUM II0 CTPYKType 00paboTKu
nHpopmaun ¢ FM-ycnosuem. Tem He MeHee
JUTSL TIOATBEPKASHUS BbIABUHYTBIX MPEANOJI0XKE-
HUIM Y TIPOBEPKU BBISBJIICHHOM B HallIEM MCCJE-
JOBAaHUM TEHACHLIMM HYXHbI JaJIbHEHIIINE KC-
cJieIoBaHUsI, B TOM YMCJIE C aHAJIM30M ITapaMeT-
pPOB AaKTUBHOCTM HEWPOHHOW [IWHAMHUKHU B
polecce HayYeHMUsI.

B pesynbTare npoBeAeHHOTO 3KCIepUMeHTa
HalAeHO MOATBEPKIEHWE TeOPU M JIMHTBUCTUYE-
CKOIi OTHOCHUTEJBHOCTM O 3HAaYMMOCTU YHU-
KaJIbHbIX BepOaJibHBIX 00O3HauYeHUIl OOBEKTOB
UL UX pacro3HaBaHus. Haliu pe3yabTaTsl Mo-
Ka3bIBAIOT HE TOJIBLKO TOKa3aHHYIO paHee 3Hauu-
MOCTb HCIOJb3yeMbIX B sI3blke Ha3zBaHuit (Wi-
nawer et al., 2007; Ting Siok et al., 2009), HO u
BaXKHYIO POJIb BIEPBbIe BOCHPUHSITHIX UHIUBU-
JIOM TICEBIOCJIOB B KauecTBe 000O3HaUYeHUiIT HO-
BbIX 00BEKTOB. B peaiizoBaHHOM 3KCHIEPUMEH -
Te 3(pb(PEeKTUBHOCTh 3PUTEJILHOTO ITOMCKa HOBBIX
00BEeKTOB BO3pacTajia Mpu HaJIUYUU YHUKAJb-
HbIX Ha3BaHUi1 KaK y caMUX 1IeJIeBbIX OOBbEKTOB,
TaK W Yy OUCTPAKTOPOB, CPEAU KOTOPBIX OCY-
LIECTBJISJICS MTOUCK. DTO B HEKOTOPOM CMBICE
coracyercsi ¢ pesyjabTaTaMu, IOJy4YeHHbIMU
C. Vales u L.B. Smith (2015): B 3amaHuu Ha 3pu-
TEJIbHBIM MOMCK I1ieJieBble OOBEKTBI, KOTOPBHIM
ObLIM JaHbl YHUKaJIbHble Ha3BaHUs, HaXOIU-
JIMCh ObIcTpee. B maHHOM 3KCIieprMeHTe Ha3Ba-
HUSI COITPOBOXAAIN 00pa3 o0beKTa (M300pake-
HUE), KOTOpBIIi HYXXHO OBUIO BIIOCJIEACTBUU
OTBICKATh CPEIU APYTUX OOBEKTOB (ITOXOXKee 3a-
JllaHue ObLIO MCIIoJIb30BaHO B padotax Forder,
Lupyan, 2019 u Souza et al., 2021), B HallIeM ke
rcclieloBaHUM BepbajbHOE O0O3HAaUYeHUE MpU-
CYTCTBOBAJIO TOJIBKO B Iipoliecce 0O0ydeHUs (HO
HE B 3aJlaHUM Ha 3pUTEJIbHBIN MOUCK). DTO MO-
>KeT TOBOPUTH O TOM, YTO HaJIMurie Ha3BaHUSI UT-
paeT BaXXHYIO pOJib Ha 3Tamne KOAUPOBAHUS UH-
dopmali 00 00bEKTE, a HE TOJIbKO B MOMEHT
€ro BOCIIPUSTHUS IJIsl pelIeHUs 3adadyMu pacro-
3HaBaHU4.

Bonpeku HaitiemMy mpearoyioXXeHuo 0 001b-
el 3HAaYMMOCTU BepOaJbHOro 00O3HAYEeHUS
w11 EE B cpaBHeHuu ¢ FM, mojydyeHHbIE pe-
3yJbTaThl TOBOPSIT 00 0OpaTHOM — O0jiee BaxKHO
HaJluyMe Ha3BaHU y OOBEKTOB, U3YyYaeMbIX C
nomoltibio FM-cTpateruu: 3puTeJbHbBIN MMOUCK
WUMEHHO 3TUX OOBEKTOB YCKOPSUICS TIPU HaIv-
YUU Y HUX YHUKAJIbHBIX Ha3BaHUi. OmHaKO IS
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I[TEPMKOBA u ap.

aTnx ke 1oa0B (FM ¢ yHuKajapbHBIMU Ha3BaHU -
sIMI) BO3pacTajio 1 JIJATEHTHOE BpeMsi MOTOPHOM
peakuuu nociie ¢pukKcauuu B3rjsgaa Ha 1LeJeBOM
00BeKTe. DTO MOKET OBITh OOBSICHEHO B paMKax
npenmnonoxeHus T. Medina ¢ xomimeramu (2011)
n J. Trueswell ¢ konneramu (2013), cornacHo Ko-
TopoMy FM-cTparerusi, B OCHOBE KOTOPOI Jie-
KUT OPUHIUIT OU3BIOHKTUBHOTO CUJIJIOTH3Ma
(Repnik, 2021), mompasymeBaeT BBIIBUKECHUE
TUMOTEe3bl 0 3HAYEHWUH CJIOBA TIPU IIEPBOM CTOJIK-
HOBeHUM ¢ HuUM. [Ipu ciemyrommx BCTpedyax C
3TUM O0O0BEKTOM JaHHasi TUTIOTe3a IIPOBEPSIETCS B
HOBOM KOHTEKCTE, YTO JejaeT acCOIaIio Bep-
OaJTbHOTO 0003HAYEHMS C €T0 BU3yalIbHBIM pede-
PEHTOM MeHee ycToiumBoOii B cpaBHeHUM ¢ EE-
cTpaTerveil M I00YyXIaeT MCIBITYeMbBIX OOJIbIIe
oInMpaThCsl Ha Ha3BaHuWe. B pesynbraTe mpu uc-
noibp3oBaHnn FM-cTpaterum maeHTUPUKALINAS
00BEKTOB C YHUKAJIbHBIMUA HAa3BAHUSMU BBI3bI-
BaeT OOJIbIlle TPYOIHOCTEM, MOOYKIasi UCTIBITYeE-
MBIX COBEpIIaTh MOMOJTHUTEIBHYIO TPOLEAYPY
KoHTpoJs1. Takoit KOHTpoab BeIpaxKaeTcs B 00-
Jiee UTMTEIBbHOM BpeMeHM o0paboTKM MHOOpP-
Mallu¥ ¢ MOMEHTa (pUKcallMy B3MISIAAa Ha 3TUX
0o0BeKTax 10 MOTOpHOI peakuuu. I1pu akryanm-
3allUM CTpaTeruM “COMOCTaBJICHUS HOBU3HBI C
HOBM3HOI”, 3aneiictBoBaHHOli B EE-ycioBum,
YHUKaJIbHOE Ha3BaHUE OKa3bIBaeTCsI, BEPOSITHO,
0OoJiee YCTOMYMBO CBSI3aHO C BU3YaJdbHBIM pede-
PEHTOM U He TpeOyeT JOTTOTHUTEIIbHOM Bepud -
Kalluy IIpyu pacro3HaBaHUM. BeicKa3zaHHas uaes
OyZIeT IMPOBePSATHCS B OYIYIINX UCCIIEIOBAHUSIX.

Kpowme Toro, nipearonoxeHue, COrjiacHO KO-
TopoMy B ycioBuu EE BHUMaHue MHIUBUIA B
OoJibliIeil MEpE CKOHLIEHTPUPOBAHO Ha BepOasib-
HOM 0003HaYeHUU 0OBbEKTA, YEM Ha €ro Mpu3Ha-
kKax, a npy FM — Hao0opoT, Takxke TpeOyeT
MaJbHEUIIIEN MPOBEPKU C MOMOIIBIO MHBIX TE-
CTOBBIX 3alaHUli. 3alaHWEe Ha 3PUTEIbHBIN MO-
HCK HE JaJI0 BO3MOXHOCTHU YIOCTOBEPUTHCS, YTO
BBIOOD 1IeJIeBbIX OOBEKTOB COBEPIIAETCSI Ha OC-
HOBE JIYYIIIEro 3alIOMUHAHUSI UX UHAUBUILYTb-
HBIX XapaKTepPUCTUK WJIM XK€ TOACKa3KU B BUIE
Ha3BaHUs. B cBSI3U ¢ 3TUM 1S IPOBEPKY BbIIBU-
HYTOTO MpPEAIOI0XEHUs HY>KHbI 00Jiee UyBCTBU-
TeJIbHBIE TECThI, HAITPUMEDP, CBOOOTHOE BOCIIPOU3-
BelIeHWE MHIUBUIYAIbHBIX IPU3HAKOB OOBEKTOB,
M3Y4YEHHBIX C IMTOMOIIBIO TOW MJIM MHOU CTpaTe-
TMU C UCTIOJIb30BaHUEM Ha3BaHUM U 0€3 HUX.

Pesynbrar 0 607bI1IE1 I 3HAUMMOCTU BepOaTb-
HOro o003HaueHus y oobekTa aj1si FM-cTpate-
T'MU TakKXe€ WHTEPECHO PacCMOTPETh B CpaBHE-
Huu c¢ ucciaemoBanueM D.E. Warren u Kosuier
(2016). B mtanHOM 3KCIIEpUMEHTE OKYyorpad muc-
MOJb30BaAJICSI Ha 3Tafne HaydyeHUsS C MOMOIIbIO
Ne 6
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FM-cTpareruu, 4To mo3BOJIUIO BbISIBUTH 3HAUU -
MbI€ pa3Indusi BO BpeMeHU (PUKCaAIluu B3IIsIa
Ha 1IeJIEBOM CTUMYJIEe 10 1 MOCJe 3By4aHUsl ero
BepOaATbLHOTO 0003HAaUYEeHUSI. DTO IMOTYEPKUBACT
BaXKHOCTb HAJIMYMSI YHUKAJIBHOTO Ha3BaHUS Yy
oobekTta B FM-ycnoBun. McnibITyeMbIM TaksKe
OBLIIO TIPEMIOKEeHO 3alaHue Ha pacro3HaBaHUE
(c NMpUHYOUTEIILHBIM BBIOOPOM 13 TPEX ajbTep-
HATHUB), KOTOPOE 3aKJII0YalIOCh B CJEOYIOIIEM:
OITHOBPEMEHHO MPETbSABIISUIUCH TPU U3YUSHHBIX
HOBBIX OOBEKTa M 3Bydyaja MHCTpykKuus “Ha-
XKMUTE Ha ...”, 32 KOTOPOIi CiaeIoBaJio Ha3BaHHE
odHOro u3 00beKTOB. B mpoliecce BBIMOJHEHUS
JTAaHHOTO 3aJJaHUs He OBIJTO OOHAPYKEHO pa3Jiv-
Y1 BO BpeMeHM (pUKCcallMy B3MISIIa HA OOBEKTaX,
n3ydeHHbIX ¢ moMolpio FM- u EE-cTparernii. 1
BHOBb OTJINYME JTAHHOTO 3aJaHMsI Ha pacIlio3HaBa-
HHUE OT WCIOJIb3yeMOTro B HallleM WCCIIeIOBaHUM
3aKJII0YAETCS B TIPEAbSIBICHUA YHUKAJILHOTO Ha-
3BaHUS 1I€JIEBOTO OOBbEKTa B MOMEHT IOMCKA.
MOXXHO MPEeAIIOIOXUTh, YTO HaJIMYre Ha3BaHUS
MOTJIO O0JIETYUTh 3a7a4y COOTHECEHMsI, HaIpaB-
JIsisl 3pUTeIbHOE€ BHMMAaHUE C TIOMOIIBIO TaKoit
MOICKA3KM Ha 1IeJIeBOil OOBEKT, UTO TTO3BOJIMIO
HaXOIUTh OOBEKTHI OJAMHAKOBO 3(P(EKTUBHO,
HE3aBHCHUMO OT TOTO, B KAKOM YCJIOBUM OHU U3Y-
qaanch (T.e. MoAcKa3sKa HUBeanupoBaiia 3pdeKT
ycJioBus1). B mpoBeneHHOM HaMU MCCIIeTOBaHNUH
TakKasl MOJICKa3Ka B MOMEHT 3PUTEILHOTO TTOMC-
Ka He JaBajlach, M HUCITBITYeMBIM HYXXHO OBLIO
ONMPAaThCS TOJILKO Ha BU3YaIbHBIN 00pa3 00b-
€KTa 1 TTaMsITh O TOM, UMeeT JIM OH YHUKAJIbHOE
Ha3BaHUe WM HeT. Ha Hai B3misim, 3TO MO3BO-
JINJI0 M30eXaTh BIMSHUS JOMOJTHUTEIbHBIX T1e-
pEeMEeHHBIX Ha pe3yJbTaT BHITIOJIHEHUS 3a0aHus,
YTO MPOSIBUJIOCH B TIOSIBJICHUM pa3IMuMii B 3Ha-
YUMOCTH BepOaJIbHOTO OOO3HAYEeHUST MEXIYy
YCIIOBUSIMU Hay4eHMUSI.

SAKIIIOYEHUE

PesynbraThl 3KCIIepMMEHTAJIbHOTO MCCIEHO-
BaHUSI MOKAa3bIBAIOT MOJOXUTEILHOE BIMSHUE
BepOaJTbHOTO 0O0O3HAaueHWsI Ha yCBOEHUE WH-
dopmai o HOBBIX 0ObekTax. [1pu aTOM HaM-
Yre YHUKAJbHBIX Ha3BaHUM Y OOBEKTOB OKa3a-
JIOCh OoJiee 3HAYMMBIM JIJII MX TIOMCKA CPEIU INC-
TPaKTOPOB, €CIIN CaMU OOBEKTHI OBUIA M3YYEHBI C
nomolipio crpaterun FM B cpaBHenuu ¢ EE.

ONHAHCHUPOBAHUME

HcciienoBaHue BBIMOJHEHO TIPU IONACPXKKE TpaHTa
Poccuiickoro Hayynoro d¢donma Ne 22-28-01040,
https://rscf.ru/project/22-28-01040.

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU

TOM 73

BJIIATOJAPHOCTHU

ABTOpPBI BbIpaxalT OnaromapHocTb P.B. YepHoBy,
J.1O. Yommuuk, A.P. 'em3iok, A.B. KocsikoBoit 3a moMoIb
B pa3paboTKe nu3aiiHa UCCIeTOBaHUS U COOpe TaHHBIX.

CITMCOK JIMTEPATYPbI

Theodvix /[.C., Quaunnosa M.I., Maxapoea /I.H., Ile-
pukosa E.U. T1pobiaeMbl U IIepCIIeKTUBBI UCCIIE-
JNIOBaHUI HaydyeHUs HOBBIM CJIOBaM: OBICTpOE

KapTUPOBaHUE VS IBHOE KoaupoBaHue. BecTHUK
CIIoI'Y. Ilcuxonorus. 2022. 12 (4): 527—543.

Komos A.A., Komoea T H. TlpousHomnleHue WMeH
OOBEKTOB M KaTeropualbHBINA 3P PEeKT BOCTIPUSI-
tust. Ilcuxonorus. Kypuan BIIBD. 2013. 10 (3):
75—85.

Komoe A.A., Kepucdesa M.P. BnussHue JIeTKOCTH Ha-
MMEHOBAHMS TIPOCTPAHCTBEHHBIX TIPU3HAKOB Ha
Hay4yeHUe HOBBIM IpaBuiIaM Kareropusamuu. [cu-
xosorus. 2KypH. BIIID. 2020. 17 (1): 145—155.

Iloxodait M.IO., bepmydec-Mapeapemmo b., IlImuoi-
poe 10.10., Mauukoe A.B. MeToaunka alTpeKMHIa
B TICUXOJIMHTBUCTHUKE U TlapajlieJibHasl perucTpa-
must ¢ OBI. XKypH. BbICII. HEpB. JEAT. HM.
W.I1.T1aBnosa. 2022. 72 (5): 609—622.

lllep6akosa O.B., Kupcanoe A.C., @Quaunnosa M.I,
Ilepukxoea E. U, braecosewencrkuii EJ.,
IImbipoe 10.FO. DKCINIMIIUTHOE W UMILIALIUT-
HOE YCBOEHUE HOBBIX CJIOB: IIOBEIEHUYECKIE KOP-
pPENSITHI ¥ HEHPO(DU3UOIOTUIYECKUE MEXaHNU3MBbI.
lep6akoBa O.B. Ot ciioBa — K penpe3eHTalnN.
HeiipokorHuTuBHbEIE OCHOBBI BepOAJIbHOTO Ha-
yuenust. CI16.: Ckupus-nipunt, 2022. C. 22-96.

Atir-Sharon T., Gilboa A., Hazan H., Koilis E., Manev-
itz L.M. Decoding the formation of new seman-
tics: MVPA investigation of rapid neocortical plas-
ticity during associative encoding through fast
mapping. Neural Plast. 2015. 804385.

Axelsson E.L., Swinton J., Jiang 1.Y., Parker E.V.,
Horst J.S. Prior Exposure and Toddlers’ Sleep-
Related Memory for Novel Words. Brain Sci.
2021. 11 (10): 1366.

Cesana-Arlotti N. Precursors of logical reasoning in
preverbal human infants Science. 2018. 359
(6381): 1263—1266.

Chen S., Wang Y., Yan W. More Stable Memory Re-
tention of Novel Words Learned from Fast Map-
ping than from Explicit Encoding. J Psycholin-
guist Res. 2022.

Chung H., Yim D. Quick Incidental Learning of Words
by Children with and without Specific Language
Impairment: An Eye-tracking Study. Commun
Sci Disord. 2020. 25 (3): 499-516.

Cooper E., Greve A., Henson R.N. Investigating fast
mapping task components: No evidence for the
role of semantic referent nor semantic inference in
healthy adults. Front. Psychol. 2019. 10: 394.

Ne 6 2023



762

Coutanche M.N., Thompson-Schill S.L. Fast mapping
rapidly integrates information into existing memo-
ry networks. J. Exp. Psychol. 2014. 143 (6): 2296—
2303.

Ellis EEM., Borovsky A., Elman J.L., Evans J.L. Novel
word learning: An eye-tracking study. Are 18-
month-old late talkers really different from their typ-
ical peers? J. Commun. Disord. 2015. 58: 143—157.

Feiman R., Mody Sh., Carey S. The development of
reasoning by exclusion in infancy. Cogn. Psychol.
2022. 135: 101473.

Forder L., Lupyan G. Hearing words changes color
perception: Facilitation of color discrimination by
verbal and visual cues. J Exp Psychol Gen. 2019.
148 (7): 1105.

Greve A., Cooper E., Henson R.N. No evidence that
“fast-mapping” benefits novel learning in healthy
older adults. Neuropsychologia. 2014. 60: 52—59.

Grigoroglou M., Chan S., Ganea P.A. Toddlers’ under-
standing and use of verbal negation in inferential
reasoning search tasks. J. Exp. Child Psychol.
2019. 183: 222—-241.

Halberda J. 1s this a dax which I see before me? Use of
the logical argument disjunctive syllogism sup-

ports word-learning in children and adults. Cogn
Psychol. 2006. 53 (4): 310—344.

Hill A., Collier-Baker E., Suddendorf T. Inferential rea-
soning by exclusion in children (Homo sapiens). J.
Comp. Psychol. 2012. 126 (3): 243—254.

Li C., Hu Z., Yang J. Rapid acquisition through fast
mapping: stable memory over time and role of pri-
or knowledge. Learning & Memory. 2020. 27 (5):
177—189.

Mason R.S., Bass L.A. Just Ask Me Again: An Analysis
of Receptive Vocabulary Performance of Children
from Low-Income Environments. EE & D. 2020.
31 (6): 910—926.

Medina T.N., Snedeker J., Trueswell J.C., Gleitman L.R.
How words can and cannot be learned by observa-
tion. PNAS. 2011. 108 (22): 9014—9019.

Merhav M., Karni A., Gilboa A. Not all declarative
memories are created equal: Fast mapping as a di-
rect route to cortical declarative representations.
Neurolmage. 2015. 117: P. 80—92.

Mervis C.B., Bertrand J. Acquisition of the Novel
Name-Nameless Category (N3C) Principle.
Child Development. 1994. 65 (6): 1646.

Mody S., Carey S. The emergence of reasoning by the
disjunctive syllogism in early childhood. Cogni-
tion. 2016. 154: 40—48.

Morozov M.1. How the strength of the link between an
object and its category label influences visual
search performance. The Russian J Cogn Sci.
2017. 4 (4): 22—-28.

Perikova FE., Blagovechtchenski FE., Filippova M.,
Shcherbakova O., Kirsanov A., Shtyrov Y. Anodal

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

I[TEPMKOBA u ap.

tDCS over Broca’s area improves fast mapping
and explicit encoding of novel vocabulary. Neuro-
psychologia. 2022. 168: 108156.

Repnik K.R. Not this, but that." Exploring disambigu-
ation in the context of multilingual word learning,
2021. PhD thesis. 240 p. https://era.ed.ac.uk/bit-
stream/handle/1842/37808 /Repnik2021.pdf?seque-
nce=1&isAllowed=y

Shtyrov Y., Filippova M., Blagovechtchenski E., Kirsan-
ov A., Nikiforova E., Shcherbakova O. Electrophys-
iological evidence of dissociation between explicit
encoding and fast mapping of novel spoken words.
Front. Psychol. 2021. 12: 571673.

Shtyrov Y., Filippova M., Perikova E., Kirsanov A.,
Shcherbakova O., Blagovechtchenski E. Explicit
encoding vs. fast mapping of novel spoken words:
Electrophysiological and behavioural evidence of
diverging mechanisms. Neuropsychologia. 2022.
172: 108268.

Souza A.S., Overkott C., Matyja M. Categorical dis-
tinctiveness constrains the labeling benefit in visu-
al working memory. J Mem Lang. 2021. 119:
104242.

Ting Siok W., Kay P, Wang W.S.Y., Chan A.H.D., Chen L.,
Luke K.-K., Hai Tan L. Language regions of brain
are operative in color perception. PNAS. 2009.
106 (20): 8140—8145.

Trueswell J.C., Medina T.N., Hafri A., Gleitman L.R.
Propose but verify: Fast mapping meets cross-sit-

uational word learning. Cogn Psychol. 2013.
66 (1): 126—156.

Vales C., Smith L.B. Words, shape, visual search and
visual working memory in 3-year-old children.
Developmental Science. 2015. 18 (1): 65—79.

Vasilyeva M.J., Knyazeva V.M., Aleksandrov A.A.,
Shtyrov Y. Neurophysiological correlates of fast
mapping of novel words in the adult brain. Fron-
tiers in Human Neuroscience. 2019. 13 (304).

Warren D.E., Duff M.C. Not so fast: Hippocampal
amnesia slows word learning despite successful
fast mapping. Hippocampus. 2014. 24 (8): 920—
953.

Warren D.E., Tranel D., Duff M.C. Impaired acquisi-
tion of new words after left temporal lobectomy
despite normal fast-mapping behavior. Neuropsy-
chologia. 2016. 80: 165—175.

Winawer J., Witthoft N., Frank M.C., Wu L., Wade A.R.,
Boroditsky L. Russian blues reveal effects of lan-
guage on color discrimination. PNAS, Proc. Natl.
Acad. Sci. USA. 2007. 104 (19): 7780—7785.

Wochna K. L., Juhasz B.J. Context length and reading
novel words: an eye-movement investigation. Br.
J. Psychol. 2013. 104 (3): 347—363.

Ne 6

TOM 73 2023



BKJIAJI BEPBAJIbHBIX OBO3HAUYEHUWM B ITPOLIECCHI BEICTPOI'O KAPTUPOBAHMS 763

THE LABELING BENEFIT IN FAST MAPPING AND EXPLICIT ENCODING

E. 1. Perikova® #, M. G. Filippova® ¢, D. N. Makarova®, and D. S. Gnedykh*

48t. Petersburg State University, St. Petersburg, Russia
b Bechtereva Institute of the Human Brain of the Russian Academy of Sciences, St. Petersburg, Russia
#e-mail: e.perikova@spbu.ru

The aim of this study was exploring the role of labels in acquisition of information about new objects
depending on the learning strategy. In order to reach this aim we investigated efficiency of identifi-
cation of new objects presented through fast mapping or explicit encoding taking into consideration
eye movement patterns. 32 subjects were presented with 8 new fruits 8 times each. The images were
accompanied with unique audial labels in 50% of the cases. Visual search of the target image among
distractors was used as an assessment task. The results showed that fast mapping speeded learning
of information about new objects compared to explicit encoding. We found positive impact of
unique labels of new fruits on the results of visual search task. This impact was stronger for fast map-
ping compared to explicit encoding.

Keywords: language acquisition, new word learning, labelling, fast mapping, explicit encoding, eye-
tracker
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CuuTaeTcs, YTO 3alIOMUHAHNE CMbIC/IA HOBBIX CJIOB peUM IMMPOUCXOAUT GJ1aromapst aCCOLUATUBHO-
My oObyuyeHuI0. Hammpumep, UMEHHO Tak cjioBa, 0003Havyaloe ABMXKEHUS, MOT'YT COITIOCTaBIISI Th-
Csd C COOTBETCTBYIOIIMMU MOTOPHBIMU aKTaMM. HSBGCTHO, 4YTO CUHAIITU4YeCKasdd ImiIaCTu4Y4HOCTh B
MO3T€ pa3BUBaEeTCs IIPU YCIIOBUU COBMAAESHUS BO BpEMEHU aKTUBHOCTU KJIETOYHBIX aHCaMOJIeii,
PETPE3EHTUPYIOLINX acCOLUUpPYyeMble cOObITUS. OTHAKO B peadbHOCTH TIPU BLIPAOOTKE MOA00-
HBIX acCOLAlNii BO3MOXKEH 3HAYMTEIbHBIN Pa3pblB BO BpEMEHU MEXAY aCCOLUUPYEMBIMU CO-
OBITHSIMU, HAapYIIAIOIINI YCIIOBMUSI BOSHUKHOBEHUSI CHHANITUYSCKOM TIAaCTUYHOCTUA. MBI TIpen-
MMOJIOXKUJIA, YTO HEOOXOIUMBIE YCIOBUS IJIsI pa3BUTUSI CMHATITUYECKON TJIACTUYHOCTH B MO3Te
MOTYT CO3IaBaThCs OJIarogapsi TOMY, YTO aKTUBHOCTb HEMPOHHBIX PEITpe3eHTALIUI ITPOIJIEBACTCS
BO BPEMEHMU, U TEM CaMbIM 00€eCIIedrBaeTCsl TpedyeMoe MepeKphITHE BO BpEMEHU Ha YPOBHE Heli-
POHHBIX aHcaMOJ1eii. YTOOBI IPOBEPUTH 3TO MPEAIIONI0KEHNE, Mbl PETUCTPUPOBAIM MAarHUTOSH -
nedamorpaMmMy y 106pOBOJIBHBIX Y4aCTHUKOB BO BpeMsl BLIPAOOTKM acCOLIMALINIT MEXIY TICEeBHO-
CJIOBaMU M IBWKEHUSIMU YETHIPbMSI KOHEUHOCTSIMU. Pe3ynbTaThl McClIeMOBAaHUSI TTOKA3bIBAIOT,
YTO MPU BbIPAOOTKE HOBBIX aCCOLIMALINIA 1efiCTBUTEILHO IIPOUCXOIUT 3HAYMMOE YIJIMHECHUE CITy-
XOpe4eBOil aKTUBAILIMY, BEI3BAHHOM CTUMYJIOM. TakuM 0O6pa3oM, BO BpeMsI BBIpaOOTKU acCollra-
1IMU B MO3T€ IEMCTBUTEIbHO MOTYT CO371aBaThCsl YCIOBUS IJ1s1 pa3BUTHSI XeOOOBCKOM MIaCTUUHO-
CTH, TaXe €CJIM aCCOLUMPYEMEIE COOBITUS pa3HECEHBI BO BPEMEHH.

Karouesbie croea: accoumaTuBHOE OOydeHHE, O0yYeHUE ¢ MOOKPEIUICHUEM, TTaMsITh, CJIOBa CBS-
3aHHBIE C Ie{iICTBUSIMU, BBI3BAaHHBIE T10JIs1, MAarHUTO3HILIedamorpapus

DOI: 10.31857/50044467723060035, EDN: BBRFDQ

BBEAEHUE OBITb acCOLIMMPOBAHME 3BYYalllETO CJI0Ba C Bbl-

B HacTosiiiee BpeMsI [TpeIioiaraercs, uyro 3a-  HOJHEHUeM dusuieckoro nsrkenust. Eciu co-

MOMWHAHWE HOBBIX CJOB PEYM OCHOBAHO Ha OTBETCTBYIOIIWE MNOMYJISIIIMU HEHPOHOB B CITYXO-

Hel/IpO6I/IOJ'[OFI/I‘{CCKI/IX MEXaHU3Max accouna-  BOM U MOTOPHOM 00J1aCTIX aKTHUBUPYIOTCS OJTHO-

TUBHOTO obyyenus (Barsalou, 2003; Pulver- BPEMEHHO, TO 3TO MOXET TPUBOIUTH K
miiller, 2005, 2018), T.e. mpu 00y4YeHUU CMBICITY .

YCUJIGHUIO CUHANITUYECKMX CBSI3e 1 (pOpMUPO-

CJIOB pa3BUBAIOTCSI TIPOLIECCHl CMHANTUYECKOI g
TTACTUYHOCTH, CBSI3HIBAIONINE IBE perpeseHTa-  BAHMIO PACHIPEIeICHHBIX KIIETOUHBIX aHCaMO el

nuu. Hampumep, B ciydae oOyuenust cmbicny (Hebb, 1949). [locie pasBuTust Takux riactude-
CJI0B, 00O3HAYAIOIIMX IBMKEHUSI, 3TO MOXET CKHUX IepecTpOeK M30JUPOBAHHOE IMpPEIbsIBIIe-
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HHUE CJIyXOBOTO CTUMYyJia HAaYMHAeT aKTUBUPO-
BaTh 00€ MOMYJISLIMA HeIPOHOB.

KocBeHHBIM 10KAa3aTeIbCTBOM IMPUMEHUMO-
CTU TIpMHIMNAa XeOO00BCKOTO O0y4YeHUs K YeI0-
BEUYECKOI peuu MOCIyXWUJIU pe3yJibTaTbl HEHpO-
BU3yaJIM3allMM aCCOLIMAaTUBHOUN peakTUBAlLIMU B
CJIYyXOBBIX M COMAaTOTOMWYECKU OpraHU30BaH-
HBIX MOTOPHBIX 00JIACTSIX KOPbI TOJIOBHOTO MO3-
ra, BbI3BAHHOM CJIYXOBBIMU IIPEAbSIBICHUSIMU
CJIOB, 00O3HaAYawIIUX AEUCTBUS (CM., HaNpU-
mep, Shtyrov et al., 2014). Kpome Toro, peaiusa-
LIMsI JAaHHOTO TIPUHIINIIA ObUIa MTOATBEPKACHA BhI-
YUCJIUTETbHBIM MOACIMPOBAHEM OOYyUeHUsI CJI0-
BaM, oOo3HavarwLuM aeiictBus (Tomasello et al.,
2017). OmHako B 3TUX UCCIEOOBAaHUSX UCIOJIb-
30BaJIMCh peajbHbIe CJIOBA SI3bIKa, KOTOPbIE ObI-
JIM XOPOIII0O 3HAKOMbBI YUaCTHUKY SKCIIEPHUMEHTa,
a MCCIeIOBaHUM accOlMaTUBHON TUIACTUYHO-
cTU, hopMUpyIOIIEiicsT HEMOCPEACTBEHHO B XOIe
BKCMepUMEeHTa Py YCTaHOBJICHU Y HOBOI acCOLIM-
aly MEXIY CJIIYXOBBIMU IICEBIOCIOBAMU U KOH-
KpETHBIMU ACHCTBUSIMU, B IMTEpaType KpaiiHe Ma-
J10 (cM. 0630p Pazopenona et al., 2020).

Bbonee Toro, HacKoJILKO HaM U3BECTHO, HU B
OIHOM M3 3TUX UCCeI0BaHUI HE paccMaTpUBa-
JIUCh U3MEHEHUS B HEHPOHHOM aKTUBHOCTU B
YCJIOBUSIX, KOLJA aCCOLIMMPYEMbIe COOBITHUS pa3-
HeceHbl BO BpeMeHM (Hampumep, Naya et al.,
2003). Mexny TeM TakKue MCCIIeJOBaHUSI MOTJIN
OBI IIPOSICHUTD HEepelIeHHbIE BONPOCHl OTHOCH-
TEJILHO TIPeAIioiaraéMbIX MEXaHM3MOB accolira-
TUBHOIO OOyYE€HUS CJIOBaM, KOTOPbIe OCHOBBI-
BalOTCSI HAa BPEMEHHBIX KOPPEJSLMIX MEXIY
CJIyXOBBIM IIPEAbSIBICHUEM CIOB U MOTOPHBIMU
NEUCTBUSIMU.

CnabbIM MECTOM YNOMSIHYTBIX BBIIIIE COBpe-
MEHHBIX MpEeICTaBIeHU 00 accoluaTuBHOMN
MpUpoAe MeXaHM3Ma YCTAaHOBJIEHUSI COOTBET-
CTBUI MEXIY CJIOBaMU U JECHWCTBUSIMU Kak pas
SIBJISIETCSI TO AOMYIIIEHUE, YTO CIIyXOBasli aKTUBa-
1I1S, BbI3BaHHAsl COOTBETCTBYIOIIUM CJIOBOM-
JIEMUCTBUEM, U MOTOPHbIE KOMaHIbl B MOTOPHOI
KOp€ MPOUCXOAAT MPAKTUUECKU OTHOBPEMEHHO
(cM., Hanmpumep, Pulvermiiller, 2018). OnHako B
€CTeCTBEHHOI1 cpede Ipu MogoOHOM OOyYEeHUU
CJIOBO 1 aCCOLIMMPYEMOE C HUM JeHCTBME MOTYT
HE COBITaIaTh BO BpDEMEHU — C PACXOXKIECHUEM 10
HECKOJIbKMX CEKYHJ WU 0oJjiee — YTO 3aBEAOMO
0oJIbllIe JOMYCTUMOTO JJisi OpMUPOBaHUST Xe0-
OOBCKOI TTAaCTUYHOCTU. TakuMm obpa3zom, 4To-
OBl OOBSICHUTH OOydyeHHE ciioBaM, 0003Hayaro-
IIUM JOeiCTBUS, Yepe3 acCollMaTUBHYIO CUHar-
TUYECKYIO MIaCTUYHOCTh, HEOOXOAUMO MOHSTh
HENPODU3NOJIOTUYECKNE MEXaHU3MbI, KOTOPbIE
MO3BOJISIIOT CUHANTUYECKOH TJIACTUYHOCTHU pa3-
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BUBAThCS HECMOTPSI Ha TaKoe CYyIIeCTBEHHOE
pacxoxXIeHNE aCCOLIMMPYEMbBIX COOBITHIA BO Bpe-
MEHMU.

OnuH 13 MOIXO0B K PEIISHUIO TOM MpooJie-
MBI 3aKJTIOUAETCS B TIPEANOJIOXEHNM, YTO B TIPO-
1iecce BbIpaOOTKU acCOLALIMU MEXKIY CJIOBOM U
NeiCTBUEM HOBBIC CJIOBA HAYMHAIOT BBI3HIBATH
0oJiee IJTUTEIbHBIE CIIyXOBBbIE OTBETHI, TIO3BOJIS-
IoIIMe O0ECIeYnTh COBITaICHUE BO BPEMEHU C
MOMEHTOM WHUIIMALIMM COOTBETCTBYIOIIEH MO-
TopHO#T KoMaHnbl. Co BpemeH uaeu . Xebba
(Hebb, 1949), BeiaBuHyTOM OoJiee 50 et Haza,
CYIIECTBYET TUIIOTE3a, YTO aKTUBHOCTD ITOIIEP-
JKMBAETCsI 32 CUYET CHMHAINTUYECKOil peBepOepa-
IIMM B PEKYPPEHTHBIX 1IETIOYKAX CBSI3CH MEXIY
Heliponamu (Shu et al., 2003).

DTa BO3MOXHOCTb ObllIa TTIOATBEP:KASHA pabo-
TaMU C perucrpalueil akTMBHOCTH OIWHOYHBIX
HEMPOHOB Ha 00e3bsIHAX, B KOTOPBIX NEHCTBUTETb-
HO YIaJIoCh TIPOAEMOHCTPUPOBATH YCTOMYMBOE
BO30y:XJeHUE B HelpoHax BMCOYHBIX OOJIaCTeid
KOpPBI BO BpeMsI BBITIOJTHEHUS 3a/1a41 Ha yaepKa-
HUE 3pUTEJIBHOIO O0pa3a B KpaTKOBPEMEHHOM
nmamatu (Miyashita, Chang, 1988). B atoT npo-
1IECC MOTYT BOBJIEKATbCSI HUCXOASIINE MYyTU U3
JIOOHOI1 KOpBI, KOTOpble MHULMUPYIOT PETPO-
CIIEKTUBHOE YyAEp>KaHWE CEHCOPHOI perpe3eH-
TallMU, peJIeBAHTHOI B paMKax TeKyIIeii 3a0auu.
Ponb npedpoHTaIbHON KOpbI B MPEIBOCXUILIE-
HUM COOBITHIT U X MHTErpallii BO BPEMEHU XO-
pOIllIO oNKcaHa B UCCJIeIOBAaHUSX Ha 00e3bsIHax
(Funahashi et al., 1989; Fuster, Bressler, 2015;
Quintana, Fuster, 1999). DTo 1M0O3BOJISIET OXU-
JaTh, YTO aKTUBHOCTh CJIyXOBOI1 KOpPbI B MO3re
yeJjioBeKa OyaeT Bo3pacTaTh B mpoliecce (PopMuU-
pOBaHUS CIIyXO-MOTOPHOM accolualiiu OIHO-
BPEMEHHO C BbBIPAOOTKOM TIpaBuJjia, CBS3bIBAIO-
IIETO MPENbSABISIEMbIC CTyXOBbIE CTUMYJIBI C CO-
OTBETCTBYIOIIMMU MOTOPHBIMU OTBETAMU.

Takast runore3a peTpoCneKTUBHOI aKTUBa-
1A ITO3BOJIACT ITpE€aACKa3aTb, YTO AJIUTEIbHOCTD
HeﬁpOHHOFO OTB€Ta, BBIBBAHHOI'O IPEAbABIIC-
HUAMMN HOBOTIO CJIOBA, IJId KOTOPOIo BI)Ipa6aTbI-
BaeTCs accolMalus C OoIpeae/IeHHbIM AeiCTBU -
€M, JI0JKHA YBEeJIUYMBaThCs 110 Mepe (OpMUPO-
BaHMSI Takoii acconuauuu. Takum oOpasom,
MOXKHO TIPEIMNOJI0XUTh, YTO B TIpoliecce olyue-
HUS OyIeT MPOUCXOAUTh YCUJIEHUE U YIJIMHEHUE
CJlyXOpeuyeBOil aKTHMBallUM B BMCOYHBIX 00ja-
CTHX.

B nanHOM wMcciienoBaHMM C TTOMOIIBIO Mar-
HuTtosHuedanorpaduu (MBI') Mbl U3y4UJIN BO-
MpocC, BEJIET JIU AKTUBHOE (DOPMUPOBAHUE aCCO-
ALY MEXIY MICEBIOCIOBAMU U AEUCTBUSIMU K
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COOTBETCTBYIOIIMM M3MEHEHUSIM MO3TOBOI aK-
TUBHOCTH TOCJIC TIPEIbSIBIICHUS CTyXOBOTO CTH-
MyJIa.

Hame HemaBHee McciegoBaHUE C ITOMOIIBIO
MBI y B3pOCHBIX MI0Ieil MTO3BOIMIIO U3YYUTh
ObIcTpoe (hOopMUpPOBAHUE AaCCOLMALIUM MEXIY
TICEBIOCIOBAMU U IEMCTBUSIMM, IIPOUCXOISIIECE
HEIOCPENCTBEeHHO B Xxonae akcrnepuMeHTa (Ra-
zorenova et al., 2020). MbI moka3anu, 4YTo Hac-
CMBHOE MPOCIIyIIMBaHE TICEBIOCIIOB, paHee ac-
COLIMMPOBAHHBIX C OIPeIeIEHHBIMU IBUTATEIIb-
HBIMU JCUCTBUSIMU, BBI3BIBAET CIIELIN(PUICCKYIO
nnddepeHINAILHYI0 aKTUBAIIUI0 MO3ra B CITy-
XOBBIX U IPYTUX PEUEBbIX 00ACTSIX JIEBOTO MOy~
LIapusi, MO CPaBHEHUIO C aHAJIOTUYHBIMU TICEB-
JIOCIIOBAMHU, MPEIbIBISIBIIMMUCS TaKOE K€ KO-
JINYECTBO pa3, HO 6e3 BEIpaOOTKM aCCOLMALIAM C
nerictBusimu (Razorenova et al., 2020). Bo3Huk-
HOBEHME TaKUX Pa3jInduii B HEPOHHOM OTBETE
JMIOKa3bIBACT, UTO aKTUBHOE OOyYeHME acCoLra-
LIMM TIPUBOOUT K Pa3BUTHUIO OBLICTPOIl KOPTH-
KaJIbHO MJIaCTUYHOCTH B CIIyXOBOI KOpe B3pOC-
JIOTO YeJIOBeKa; JaHHBIN pe3yJIbTaT SIBUJICS He-
0O0XOOMMOI TPEAITOCHUIKOM UIsi MPOBEICHUS
HACTOSIIIETO UCCIIETOBAHMSI.

Hacrosmiast pabora HarpaBjieHa Ha TO, YTOOBI
KCCJIEA0BATh HETIOCPEACTBEHHO IIpoliecC 00yJe-
HUSI, KOTOPbIA MOXET OoO0ecneuruBaTh BO3MOXK-
HOCTb OOHApPYKeHHOI HaMU MJIaCTUYHOCTH; MO~
3TOMY B HacTosIleit paboTe Mbl aHATU3UPOBAIU
¢da3pl aKTUBHOIO OOy4YeHWsI W BBINIOJIHEHUS B
TOM Ke aKcnnepuMeHTe (Razorenova et al., 2020).
YyacTHHUKaM 3KCIIEpUMEHTOB NPEIbABIISIIN Ha-
0Op M3 BOCbMMU IICEBAOCIJIOB, aCCOLIMMPYEMBbIX U
HE acCOLMMPYEeMBbIX C IeiCTBMEM B XOJI€ DKCIEe-
PUMEHTA; CBSI3b 3TUX TICEBAOCJOB C ABUKEHUEM
pa3IMYHBIX YacTell Tena Miu Oe3neificTBUEM ITO-
CTETIEHHO YCTaHaBJIMBaJIach YYaCTHUKAMU ITyTeM
0o0yJeHMsT METOIOM Npo0 1 oImMOOK. Mo3roByio
aKTMBHOCTb CpaBHUBAJIU MEXIYy paHHEW U Ipo-
JIBUHYTOM CTaausIMU acCOLMATUBHOIO OOY4YeHMSI.
MBI oXXuganm, 9YTo OyaeT HaOIomaThesl yCUJIeHE
U TIpOJIeHUEe aKTUBALIU1, BBI3BAHHOM CJIyXOBBIM
CTUMYJIOM, Ha MPOJABUHYTOI CTaauM OOydYeHUs
IO CPABHEHUIO C PAHHEM CTaguEeH.

METOIAHWKA
Yuacmuuxu sxcnepumenma

JBaniaTh AEBITh YYaCTHUKOB, IJISI KOTOPBIX
PYCCKMI SI3BIK SIBJSIETCS POIHBIM, IIpaBIlIH,
IOOPOBOJILHO MPUHSJIM y4YacTUE B MCCIIeI0Ba-
HuM (cpemHuii Bo3pacT 24.7 ropa, muara3oH
19—33 rona, 18 my>xuuH). Bce yyacTHUKM nMmenu
HOPMAaJIBHBINI CITyX U HE CTpalaJii OT HEBPOJIOTU-
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YECKUX WU TICUXUATPUIECKMX paccTpoicTB. Mc-
cJIeioBaHME TIPOBOIWIIOCH B COOTBETCTBUU C ITH-
YEeCKMMHU TMPUHIAINAMM TIPOBEICHUs] 3KCIIepU-
MEHTOB Ha 4esioBeKe (XeaTbCMHKCKasI AeKapaliysl)
M1 OBIJIO 0OHOOpPEeHO DTUYECKMM KOMHUTETOM Moc-
KOBCKOTO TOCYIapCTBEHHOTIO IICHXOJIOTO-TIeIaro-
IrMYeCKOro yHMBepcuTeTa. Bee yaacTHUKY mtonmnm-
cam MHGOPMMPOBAHHOE CcoIvlacue Mepen Hava-
JIOM 3KCITepUMEHTA.

Cmumynst u npouedypa sKcnepumeHma

CiyxoBble CTUMYJBI (TICEBAOCITOBA) OBLIU
pa3paboTaHbl TaKUM OOpa3oM, YTOOBI MX aKy-
cTuyeckrue 1 (HoOHeTUYecKue CBOMCTBA ObLIU
ypaBHOBeIIeHbl (MMOAPOOHOE OIMCAaHUE CM. B
Razorenova et al., 2020). Mbl Wcnofb30BaIN
CJIOTH, COCTaBJIEHHbIE W3 OMHOI COTJIAaCHOW W
ogHoi timacHoit (CV), 1 cocTaBWJIM U3 HUX BO-
cemb aBycinorosbix (C,V,C,V,) 0eccMbICIEHHBIX
rncesaocioB. Bo Bpemsi mporeaypbl accouraTuB-
HOro OOy4YEHMSI YEThIPE M3 3TUX CJIOB-CTHUMYJIOB
aCCOLIMMPOBAIMCh C YHUKAJIbHBIM JEUCTBUEM,
BBITIOJTHSIEMbBIM OTHOM M3 YEeThIPpEX KOHEYHOCTEMN
Tesia (TCeBIOCIOBA, CBSI3aHHbBIE C JIBUXXEHUEM,
IB) — T.e., cobcTBeHHO, “clioBa”, IpuoOOpETaB-
IIIME CMBICIT), a OCTAJIbHBIE YEeThIpe 0003HAYATU
OTCYTCTBME€ [BUTATEJIbHON peakuuu (ICeBIO-
cJIoBa, He cBsI3aHHBIe ¢ aBrmkeHneMm, HIIB).

B niceBnociioBax, co3naHHbIX JJIs HACTOSIIIIE-
ro sKcrepuMeHTa, nepsbie ABe oHemnl (C,V))
o0OpasyioT cior “xu” [xi'i], KOTOpbIi1 OBLT UAEH-
TUYEH /I BCEX MCIIOJAb30BAaHHBIX IICEBIOCIIOB.
Crnenyromue nse poHemsl (C, u V,) ObUIM cba-
JaHcupoBaHbI Mexkay ctumyaamu B n HIIB ta-
KMM 00pa3oM, YTOOBI €CIIEUYUTh ITOJHOE COBIIa-
JIeH1E aKyCTUYEeCKUX U (DOHETUUECKUX XapaKTe-
PUCTUK MeEXIy ABYMSI TUIIAMU CTUMYJIOB
(tabmuna 1). Tpetbst ponema (C,), comiacHbie
“a” [Te ], “w” [g], “c” [s], “B” [v], BcTpeuanuch
Kak B JIB, Tak u 8 HIIB cTuMyax u CUrHaJaIu3U-
pOBaJIM O TOM, KaKyl0 KOHEYHOCTb UCITBITYeMblit
JIOJKEH UCMOJIb30BaTh (MPaByIO PYKY, JIEBYIO py-
Ky, TIpaByl0 HOTY WJIM JieByl0 Hory). YerBepTas
doHema (V,: rmacHas “a” [9] wium “y” [u]) ObL1a
ypaBHOBellleHa Mexay yciaoBusmu JIB n HJIB.
Takum o6pa3oM, TOJLKO 4YeTBepTass (poHeMma
M03BOJIsIa OQHO3HAYHO PACIO3HATh BCE IICEB-
nocnoBa. Ee Hayaso B gajbHeleM OyaeT Ha3bl-
BaTbCs “TOYKOI qu3amouryauun” (puc. 1 (B)).

Kak BunHo 13 Tabi. 1, poHeTnYeCcKUii cocTan
CTUMYJIOB U COTOCTABJIIEHUE CTUMYJIA C pEaKLU-
el COOTBETCTBOBAJIM TOJTHOMY BHYTPUCYOBEKT-
HOMY TUIaHy KOHTpOAJIaHCUPOBKU B OTHOILIEHU U
TPETheU 1 YeTBEPTO (poHEM, a TAKKE B OTHOIIIE-
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Ta6muua 1. CooTBeTCTBHE MEXIY CTUMYJIAMU U TTOBEICHUYECKMMU OTBETAMU B 9KCIIEPUMEHTAILHOM aCCOLIMATUBHOI 3amaue
Table 1. Correspondence between stimuli and behavioral responses in the experimental associative task

IlceBnocnoBa, acconuupyemsble ¢ AprkeHreM (/1 B)

IIceBmocnoBa, He accouuupyeMbie ¢ nBrkeHreM (HJIB)

IICEBIOCIIOBO JBIKEHUE
Xxtiva JleBoii pykoit

xuiuty JleBoii HorOI

xiica ITpaBoii Horoit
xiiey ITpaBoii pykoit

IICEBIOCIOBO NBIKEHUE
Xty bes nBuxeHust
xuwa be3s nBikenus
xiicy Bes nBuxeHust
xiea bes nBiukenus

HUU OBWXECHUN )ICBBIMI/I/ IIpaBbIMH N BEPXHMU-
MI/I/HI/DKHI/IMI/I KOHEYHOCTSMMU.

Bce ctumynbl Ob11M 3arMcadbl B IU(POBOM
(opmare KEHCKMM TOJOCOM HOCUTEJIEM pyC-
CKOTO $sI3bIKa B 3BYKOM3OJIMPOBAHHOU KaOWHE.

Bce niceBmocioBa MpoOM3HOCUINCH C yIapeHUeM
Ha ITepBBIN MIaCHBIN “M”’. AMIDINTYIA 3ByKO3a-
nuceil OblIa BBIPOBHEHA IO MaKCUMaJIbHOM
MourHocTu. Kpocc-ckieiika U HopMaaiu3auus
3allMCaHHBIX CTUMYJIOB IIPOBOAMIACH C MOMO-

(@) ITaccuBHBII 610K 1 (©)  TMaccusnbiii 610k
TMaccuBHOE MpoOCTyIIMBaHUE | KMHO 0€3 3ByKa Ha 9KpaHe >
10 OOy4YeHUSsI
TCEeBIOCIOBO TCEeBAOCIOBO
@ )) _ MHTEpBaJI MEXIy pealu3alny ))
| L
AKTHBHBI 010K 1 1500—2000 mc
AKTHBHbIii 00yYeHHe 540—580 mc
@ AKTHBHBI 0J10K
AKTHUBHBILIT GJI0K 2 | (bUKCALIMOHHBIN KPEeCT Ha 2KpaHe >
AKTHBHOE BBINOJHEHHE TOBE/ICHYCCKNi OOpaTHast
ncepnociopo  OTBET CBA3b TICEBIIOCIIOBO

ITaccuBHBII 610K 2

ITaccuBHOE nIpocCiylIMBaHUE
npocie ooydyeHus

B [CiIVi] GVl

o o

8 1[Il [v] [v]

T s 1.0 ] 1

g 505 !

8 = |

= 5 0 JII:' e

s £-05

é < —1.0l L L ) L )
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2000—2500 mc
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|
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i
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Puc. 1. Ipouenypa akcriepumenra. (a) — [locnenoBarebHOCTh 3KCIIEPUMEHTAIBHBIX 0JI0KOB. (0) — BpemeHHas
CTPYKTYpa MAacCUBHBIX M aKTUBHBIX 3KCIIEPUMEHTATbHBIX OJIOKOB. (B) — [IpuMepsl TICeBIOCIOB, UCIOJIb30BaB-

LIMXCS B KAYECTBE CTUMYJIOB B 9KCIIepuMeHTe (“XuBy” U

“xuBa”, cjieBa U cripaBa COOTBEeTCTBeHHO). HyneBoe 3Ha-

YeHHUe Ha BpeMEHHOM 1TKajie U BepTUKaJIbHAas CIUTOIITHAS JIMHKS 0003HAYAI0T HA9aJlo YeTBepTOil (DOHEMBI (TOUKa
IM3aMOUTyallMy IICEBIOCIIOB); BEpTUKaJIbHAs MyHKTUPHAS JUHUS 0003HAYaeT Hayajlo TpeThbeil (pOHEeMBI.

Fig. 1. Experimental procedure. (a) — Sequence of experimental blocks. (6) —Temporal structure of passive and ac-
tive experimental blocks. (B8) — Examples of pseudoword stimuli used in the experiment (“hivu” and “hiva”, on the
left and right, respectively). Zero value on the timeline and a vertical solid line denote the beginning of the fourth phoneme
(point of disambiguation of the pseudowords); a vertical dotted line denotes the onset of the third phoneme.
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mbio nporpamMmbl Adobe Audition CS6.5. Cpen-
HSIS TIPOJOJIKUTEIBHOCTD IICEBIOCIOBA COCTAB-
Jist1a okos10 530 Mc.

B xauecTtBe CUTHa/IOB MOJIOXUTEJILHOM U OT-
puIIaTeJIbHOW OOpaTHOM CBSI3M MCIOJL30BaIN
IBa HEPEYEBBIX 3BYKa, IJIMUTEIBHOCTBIO OKOJIO
400 Mc KaxKabIiA.

JBurarejibHbIe OTBETHI, BHIIIOJIHSIEMbIE PyKa-
MU, PETUCTPUPOBAJIM C ITOMOIIbLIO KHOIOK (Ma-
ket 932, CurrentDesigns, CIIIA), Ha KoTOpHbIE
YYaCTHUKHU IKCIIePUMEHTa HAa>KMMaJu OOJbIIN-
MU TlaJibLIaMU TIPaBoOii WU JIEBOM PYKH, a ABU-
JKEHHUSI HOT PErMCTPUPOBAIN C ITOMOIIBIO Meaa-
Jiel, Ha>)KMMaeMbIX HOCKaMM TIPaBOil WU JIEBOM
Horwm (Ta6i. 1). OTBeTHI, 3anTMCaHHbBIC C TTegaieii
1 KHOMOK, aBTOMaTUYECKM MapKUPOBAINCH KaK
“TIpaBMJIbLHBIE” WM “OIMMOOYHBIE” ITOCIIE KaXK-
IOl peann3allui B COOTBETCTBUU C IIPaBUIaMU
3ama4u (CM. HIKE).

B teyeHue Bcero skcmepuMeHTa YYaCTHUKU
yooOHO cuuenu B Kpeciyie B armrapate MOI B
9KpaHUPOBaHHOI KomHare (cMm. Huxke). IlceB-
JIOCI0OBA MPEeabsBAsIA OMHAYpalbHO Yepe3 ILia-
CTUKOBBIE YIIIHBIE TPYOKHU B UepeayIOIIeMCsI KBa-
3UCIyYaliHOM IIOPSIAKE, IIPU YPOBHE TPOMKOCTH
60 b Y3/I. DkcnepMMeHT NPOBOIWICI C UC-
MOJAb30BaHUEM MPOTPaMMHOTO oOOecrHeYeHU s
Presentation 14.4 (Neurobehavioral systems,
Inc., Albany, CA, CIIIA).

DKCIIEPUMEHT COCTOSII U3 4YeThIpeX OJI0KOB:
(1) maccuBHOE€ MpPOCAYIIMBAaHHUE 10 OOydYeHUs,
(2) akTuBHOE 00yueHUeE, (3) aKTUBHOE BbIIIOJIHE-
Hue u (4) maccuBHOE IIPOCIIYILIMBAaHUE IIOCHE
obyueHus (puc. 1 (a)). Bech axcnepuMeHT M-
cs1 0KoJio 2 4. B HacTos1eit pabote Mbl IpoaHa-
JIM3UPOBAIN JAHHbIC II0 ABYM aKTUBHBLIM OJIO-
KaM (pe3y/bTaThl MO ITACCUBHBLIM OJIOKAM ObLIU
npeacrasiaeHbl paHee B Razorenova et al., 2020).

Ilocne 3aBepiueHUs1 IEPBOTO ITACCUBHOTO
OJIoKa yJaCTHMKaM 3a4WTHIBAJIA WHCTPYKIIMIO,
YTO BO BpeMs CJEAYIOIINX aKTUBHBIX OJIOKOB
OHU JOJIXKHBI YCTAHOBUTH OOHO3HAYHYIO aCCO-
LHUALAI0 MEXIY KaXXIbIM M3 IIPEICTAaBJICHHBIX
BOCBHMM IICEBIOCIOB U ABUKEHUSIMU CBOUX CO0-
CTBEHHBIX PYK M HOT. I 3TOro OHU JOJIKHBI
MO0 OTBETUTh Ha KaxXHO€ IICEBIOCIOBO, MC-
MOJIb3Ysl OOHY M3 YEThIpeX KOHEYHOCTEU Telia,
100 BO3IEpPKAThCS OT ABUTaTEJILHOTO OTBETA.
ITocie 3TOro oHU MPOCIYIIWBAJIM CUTHAJbI MO-
JIOKMTEIbHOM 1 OTpUILIATEIbHOM 0OpaTHOM CBSI-
3M1, COOOIIAaBIINE UM O ITPaBWJIBHOCTU WJIX OIIH-
OouHocTU AeiicTBUs. JlaHHasl IIOBedeHYeCcKas
npoleaypa IpeanoJjarajia nepedop ydacTHUKA-
MM Pa3JIUYHBIX IBUXXECHUU U, B KOHEYHOM UTOTE,

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

BBIOOD T€X, KOTOPbIE MPUBOAWIN K MOJIOXKUTEIb-
HOMY TIOJKPEIJICHUIO, UTO COOTBETCTBYET OIle-
paHTHoMy obyuyeHu1o (Neuringer, 2002).

Bo BpeMss akTMBHBIX OJIOKOB YYaCTHHUKOB
MPOCWIN YIEPKUBATh B3NS Ha (PUKCALIMOH-
HOM KpecTe B LIECHTpe 3KpaHa, ¢ LeJIbIo IIPeaoT-
BpalleHus apTe(akToB, BbI3BAHHBIX IBMKCHMSI-
MU 11a3. BoceMb IICeBAOCIIOB MPEObIBISIIA B
rnceBaociydyaifHoM nopsinke. CurHaa oOpaTHOM
CBSI3U TTIOIABAJIU BO BCEX pean3alusIX aKTUBHbBIX
0710KoB. [TonoxuTtenbHas oOpaTHas CB3b JaBa-
Jlach, €CJI YYaCTHUK BBITIOJIHAJ TIpaBuia 3aja-
4yu, T.€. IIPOU3BOAWI MPABUJIbHOE ABUXKEHUE Ha
ctuMy JIB 1 He coBepITag HUKAKOTO JBUKEHUS
Ha ctumya HJIB (ta6a. 1). OTrpunatenpHast 00-
paTHas CBSI3b CjeloBajla 3a TpeMs BUAAMU
omm6ok: (1) orcyrcTBue orBeta Ha A B; (2) nBu-
raTeabHBIN OoTBeT Ha /1B, BBIMOMHEHHEBIN “He-
NpaBUJILHONM KOHEYHOCTHIO”; (3) M000#1 OTBET
Ha HIIB.

CurHas o6paTHOI CBSI3U MPEAbIBIISIIIN Ye-
pe3 2000 Mc 1mociie OKOHYaHMSI TICEeBIOCIOBA
(puc. 1 (0)). MUaTepBam Mexmy peann3ansiMn
(OT OKOHYAHUST CTUMYJIa OOpPaTHOM CBSI3U A0 Ha-
yajia CJIEIyIOIIero MCceBI0CIOBa) BapbUPOBAJICS
cliydaiiHbIM oOpa3oM B Tipeneinax ot 2000 mo
2500 Mmc.

KomuuectBo cTUMyI0B B OJIOKE aKTHBHOTO
0Oy4YeHMsI 3aBHCEJI0 OT CKOPOCTU OOydeHMUs
KaXX[I0ro y4yacTHMKA: OJIOK 3aKaHYMBAJIM, €CIU
YYaCTHUK JOCTUTAI KpUTEPUS O0YyUEeHUS UJIU €C-
JIM Bcero ObIIo TIpeabsaBieHo 480 cTUMYIIOB — B
3aBUCUMOCTUA OT TOIO, YTO HACTYIIAJIO paHbIIIE.
Kputepuii oOyyeHus1 mmoapasymeBajl, YTO y4acT-
HUK AaBaJl IPaBWIbHbIE OTBETHI IO KpaliHe Mepe
B UETBIpEX U3 ISTU MOCIEI0BATEIbHBIX IIPEAbSB-
JICHUIA KaxkKAOoro M3 BOCBMU MCEBOOCIOB. JIBoe
YYaCTHUKOB HE JTOCTUIJIM KpUTEpUsl OOydeHUs U,
TakKiM o0pa3oM, mpolutn yepe3 Bce 480 peanmza-
L1l B OJ0Ke OOydeHUs. YUMUTBbIBAS, YTO OOIIMIA
OPOLEHT OPaBUJIbHBIX OTBETOB BO BPEMSI CIICIY-
IOILEro 0JI0Ka aKTUMBHOIO BBIMOIHEHUS Y ITUX
YYaCTHUKOB ObLI B T€X XKe IpeAesiax, uTo 1 s
OCTaJIbHBIX, Mbl HE CTaJIM UCKJIIOYATh UX U3 1a1b-
HEHMILETO aHaIM3a.

B caenyroomeM 0610Ke aKTUBHOIO BBIITOJHE-
HUSI YYaCTHUKAM IIpeMIarajioch IMOBTOPUTH TY
Ke mpouenypy. ETMHCTBEeHHOE pa3andme MeXIy
IBYMSI aKTMBHBIMM OJOKaMM 3aKI/IIOYaJioCh B
TOM, 4TO OJIOK aKTUBHOTO BBIITOJTHEHUST BKITIO-
yaj (pmKcupoBaHHOE KojimdecTBo 320 peaim3a-
LU 1 1JIniics okKoso 30 MUH.

YyacTHukam npeajaraJiuCb KOpoTKue mnepe-
PBIBBI MEXy OJIOKaMMU.
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Pecucmpayus maenumosnuyegpanoepagpuueckux
O0aHHbIX

DKCIepUMEHThl MPOBOAUIN B 3JEKTpOMar-
HUTHO U aKyCTUYE€CKM SKPaHUPOBAHHON KOM-
HaTte (AK3b, Vacuumschmelze GmbH, I'epma-
Husi). MBI perucrtpupoBajii ¢ MoMollblo dc-
SQUID cucremsr Neuromag VectorView (Elek-
ta-Neuromag, @®OuHIIHAUA), KOTOpasi MMEET
306 kanasoB MBI (204 maHapHBIX TPAgUEeHTO-
meTtpa u 102 marautomerpa). MOI'-curnais 3a-
MUCHIBAIIN C TTOJIOCOBBIM (prabTpoM 0.1—330 I,
ouudposbiBaiu ¢ yactoroit 1000 Iy u coxpaHsi-
JIV U151 TIOC/IeAyI01ero aHajiusa.

®DopMy roIoBbl YYaCTHUKOB U3MEPSIJIU C MO-
Molibilo cucteMbl 3Space Isotrack II System
(Fastrak Polhemus, Colchester, CIIIA) nytem
oLM(MPOBKU TPEX AaHATOMUYECKUX OMOPHBIX TO-
yekK (Ha3uOoH, JieBasi v IpaBasi peaypuKyIsspHbIe
TOYKM) M JOIIOJHUTEBHBIX CIIydyaliHO pacIipe-
neneHHbIX 60—100 Touek Ha Koxke roJioBbl. [1o-
JIOXKEHUE W OpUEHTALIMSl TOJIOBbI IOCTOSIHHO
KOHTPOJMPOBAIMCH BO BpeMs 3anucu MBI ¢
nomolikio yeTbipex HPI-kaTyirek.

buonornueckue apredakThl U APyrue UCTOY-
HUKW MAarHUTHOTO I10J1s1, BO3HUKAIOIIE BHE TO-
JIOBBI, yaajsiii U3 JaHHBIX MBI’ ¢ mmoMolibio
METOJa BPEMEHHOIO pa3AcjieHUsl CUTHAJIOB U
npoctpaHcTBa (Temporal Signal-Space Separa-
tion Method, tSSS) (Taulu et al., 2005), peanuzo-
BaHHOTO B IporpamMme MaxFilter (ImraTHOe mpo-
rpammHoe obecrieueHue Elekta Neuromag). s
JaJbHEMIIero aHajau3a Ha YpOBHE CEHCOPOB JaH-
Hble MOI' 11peoOpa30oBhIBAIM B CTAHAAPTHOE TTO-
JioxkeHue rojioBbl (x = 0 MM; y = 0 MM; 2 = 45 MM).

Koppekiinio 0Ouoaormyeckux apredakToB
(BBI3BAaHHBIX OBUXKEHUSIMU TJ1a3, MOPraHUSIMU 1
OMEHVSIMM Cep/lia) MTPOBOAWIN HA HEMPEPBIBHBIX
JaHHBIX B IporpamMme Brainstorm (Tadel et al.,
2011) c ucnons3oBanueM ajroputMma SSP (Uusita-
lo, Ilmoniemi, 1997).

JJ1s1 TOrO 4YTOOBI UCKJTIOYUTD U3 aHAIMU3a 3110~
x1 (ot —500 no 1500 Mc OoTHOCUTENBbHO Hayvaja
MCEBIOCIOBA, CM. HUXE) C MBIILIEYHBIMU apTe-
(akTamu, Mbl BBIYMCIWIM CpeaHUE abCOIOT-
Hble 3HAYe€HWUs CurHajda, OT(GUIBTPOBAHHOIO
BoIire 60 I Ha KaxkmoM KaHajle. DIIOXU, B KOTO-
pPBIX MaKCUMaJIbHbIE aMIUIATYAbl Ha OoJiee 4YeM
YEeTBEPTU KAaHAJIOB MPEBbILIAIN 5 CTaHIAPTHBIX
OTKJIOHEHUI OT CpEeTHETO 3HAYEHMUS TTO BCEM Ka-
HajaM, ObLJIA UCKJTFOYEHBI U3 aHaJIU3a.
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Tlosedenueckue nokazamenu

IMokazaTenn BHIDOIHEHMS 3ada4d YJYaCTHU-
KaMU 3KCIIEpUMEHTa olieHuBaau Kak (1) cpen-
Hee KOJIUYECTBO IIPaBUIbHBIX OTBETOB Ha YEThI-
pe IICEBIOCIOBA, aCCOLUMPYEMBbIE C IBUXKCHUSI-
mu (IB), 1 yetsipe nceBoociioBa, KOTOphLIE HE
ObUIM accouuupoBaHbl ¢ aBrkeHusmu (HJIB,
MpaBUJIbHLIM OTBETOM CYUTAJIOCh OTCYTCTBUE
IBUKeHMs ), U (2) cpenHee BpeMsl peaKuy Ipu
BBIIIOJIHEHUU MOTOpHOTO oTBeTa (/IB) Ha mceB-
JIOCI0Ba; o0a IrmokasaTesisl OLeHUBAIU OTIAEIbHO
B IBYX aKTUBHBIX 0JIOKaX, T.€. HA paHHEM 1 IpO-
JBUHYTOI CTaausIX aKTUBHOTO 00y4deHus (ycJio-
Busi PCO u IICO coorBeTcTBeHHO) (Tabma. 2).
st mocTpoeHUsT KpUBBIX OOYYEHUS Mbl BbIYKMC-
JISLUIM HaKOIUIEHHbIE 3HAaYeHMS KOJIMYeCTBa Mpa-
BIWJILHBIX OTBETOB B Mpeleiax Kaxaoro 0Jioka
Kak (yHKLMIO HOMEpa pealr3alyy B JaHHOM
onoke (cMm., Hanpumep, Gallistel et al., 2004).
HaxknoH Takoii KpuBOii MOKa3biBaeT TeKYLIWA
YPOBEHb BBHINOIHEHUS 3agauu. st Bu3yaausa-
UM oO1Iero xoga oOy4YeHUS UM aCUMIOTOTUYE-
CKOTO YPOBHSI YCIIEBAEMOCTM Ha TpyIIIIOBOM
YPOBHE MbI TaKXKe MOCTPOWIU I'paduUK JOJIU UC-
MIbITYeMbIX, [aBaBIIMX MpPaBWIbHBIE OTBETHI B
ycaoBusx PCO u I1CO cooTtBeTcTBeHHO (pHC. 2).

Buibop snox ons anasuza

Hama uenp cocrosiia B ToM, YTOOBI IIPOBE-
PUTh BO3MOXHOCTb YBEJIMYEHUS] U MNPOIJICHUS
MO3IHEN CITyXOBOM aKTUBHOCTHU B XOJI¢ aKTUBHO-
ro oOy4eHMsI, U COOTBETCTBEHHO Mbl ObLIIM 3a11H-
TepeCOBaHbl B CPABHEHUM PAHHUX U IIPOABUHY-
TBIX cTaguii accouraTuBHoro odoydeHus (PCO u
I1CO cooTBeTcTBEHHO). MBI N3BIEKaJIM HANOO-
Jiee paHHME peaau3aluy U3 aKTUBHOTO Ooka 1
(ycnoBue “panHsisg cragus odoydenus”, PCO) u
HauOoJiee MO3MHME pealu3alyyd U3 aKTUBHOTO
070Ka 2 (ycioBue “npoaBUHYTasI CTaaus o0ydye-
Husa”, I1CO), u aenaim 3To OTAEIbHO IJISI ABYX
TUIOB peaju3alnii: ¢ MOTOpPHBIM oTBeTOM (I B)
u 6e3 motopHoro orBera (H/IB). dust kaxmoro
YCJIOBUSI MBI CTpeMUJINCH U3BieYb 10 80 peanu-
3alMii, eC/IM KOJMYECTBO CBOOOMHBLIX OT apTe-
¢dakToB peanusaluii ObLIO JOCTATOYHBIM JJIsl
atoro. Ecinu Habupanock MmeHee 40 peanusanuii
XOTsI Obl B OMHOM U3 YCJIOBUIA, TO COOTBETCTBYIO-
IIMX YYaCTHUKOB IIOJIHOCTBIO WCKJIIOYAIM U3
JanbHellero aHajius3a; TakuM oOpa3oM, IaH-
Hble MOI OBIIIM TTpOaHAIM3UPOBaHBI HA BEIOOP-
Ke 13 24 yJaCTHUKOB.

Jaiee MbI Beiaeistoi aroxu ot —500 mo 1500 mc
OTHOCUTEIBHO Hayaja ncespocioBa. s Kop-
PEKTUPOBKM ©0a30BOi JMHUU MCIIOJb30BaIN
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YEPHbLIIIEB u np.

Ta6mmma 2. TToBemeHYecKne MoKa3aTeJ I BHIIIOJIHEHUS 3a0aun

Table 2. Behavioral measures of task performance

AKTUBHOE AKTUBHOE AKTUBHOE 00y4YeHUE TPOTUB
oGyueHue BEIIIONHEHMe | AKTUBHOTO BHITIOTHEHUS, TECT
IToBenenyeckue nokasarenu (axTHBHbI (aKTHBHbI CThIOeHTA
ook 1)! 610K 2)! T(28) »

IMpaBuibHBIE OTBETHI HAa TICEBIOCIOBA, aCCOLIMUPYE- 68 £ 9.6 95.6 £5.4 —13.2 <0.0001
Mble ¢ IBrkKeHueM (%)
IIpaBusbHBIE OTBETHI (T.€. OTCYTCTBUE ABUKEHMST) HA 68.1 £7.1 972141 —20.2 <0.0001
ICEBIOCIIOBA, HE aCCOLIMUPYEMBbIE C ABMKeHUEM (%)
ITpaBunbHBIE OTBETHI B 1IeJI0M (%) 68 +6.2 96.4 +4 —22.2 <0.0001
OmunobKM: HeBEpHOE NBMXKEHUE Ha TICEBIOCIOBA, 16.1 £5.9 1+1.4 12.5 <0.0001
accounupyemble ¢ aBrxKeHueM (%)
O1IKMOKN: OTCYTCTBUE IBUXKEHUS Ha MICEBAOCIIOBA, 159171 34+5.1 8.0 <0.0001
accoLMUpyeMbIe ¢ IBMKeHUEM (%)
OmunbKu: JIOXKHBIE TPEBOTY Ha TICEBIOCIOBA, HE 319+ 7.1 28141 20.2 <0.0001
accounupyemblie ¢ aBrxKeHueM (%)
Bpewmst otBeTa (Mc) 1492.5 £ 101.1 | 1352.9 + 116.3 8.4 <0.0001

! MpuBeneHs cpenHue 3HaUeHNsT T CTAHIAPTHBIE OTKIOHEHNSI.
Data are expressed as mean + SD.

NpeIcTUMYIbHBIN mHTepBas oT —500 mo —50 Mc
IO HavaJjia MpeabsABICHUS CTUMYJIA.

Ananau3z Ha yposHe cencopos

YT100OBI CHU3UTh pa3Mep MaccuBa JAHHBIX U
00BbEeM MHOXKECTBEHHBIX CPaBHEHU I, MbI BbIUMC-
JISTA CpedHeKBaJpaTUIHbIe 3HAYECHUSI BbI3BaH-
HbeIX T1osieii (BIT) oTmenbHO IJ1ST KaXKIOM I1aphl
rpaJreHTOMETPOB (Hajiee — KOMOMHUPOBaHHBIE
rpagueHToMeTphl). ITocse Takoro rnpeodbpaszonBa-

HUSI aHAJIM3 HA YPOBHE CEHCOPOB MbI IPOBOIMIIN
Ha 102 xananax. /i aHanIu3a U WLIIOCTPALIUU
nuHamMuku BII Bo BpeMeHU MbI BBIYUCIISIIIM
cpenHekBagpaTudHbIe 3HaYeHUsT BIT Mexxmy Bce-
MU TpagueHTOMeTpaMM, IojJydasl [JIoOajbHbIS
cpenHekBaapaTudHble 3HaueHuss BII (ananor
I00ATBbHOM MOIITHOCTH 11011 B DOT).

CpenHekBagpatudHbie 3HauyeHUs BIT MbI BbI-
YUCJISUIM 10 Creaytolieii popmyJie:

RMS =

2 2
(Ch — 1planarl + ch — 1p1anar2) + ..

2 2
+ (Ch — npltmarl + ch — npltmarZ)

, (1)

rae N, — KOJWYECTBO IUIAHAPHBIX IPagUEeHTO-
METPOB, ch_ Nypam U Ch _ Ny, — 3HAUCHUS IS
IUIAHAPHBIX TPAAUEHTOMETPOB B OpUEHTALMAX |
U 2, n — UHIIEKC Mapbl TPaAUEeHTOMETPOB.

CpenHekBaapaTUYHbIe 3HAYEHUS BBIUUCIISIIN
MOCJIEAOBATEILHO B KaXI0W BPEMEHHOU TOUYKE,
MOJIyYEHHYIO BpEMEHHYIO TMHAMUKY TIpeaCcTaB-
JISUTA Ha COOTBETCTBYIOLIMX rpadukax. Inmodanb-
Hble cpenHekBagpaTuuHblie BII (T.e. ycpeqHeHue
10 BCEM IpadudeHTOMEeTpaM) CTPOWJIU JJIsl BCEX
YCJIIOBUIA B aKTUBHBIX OJIOKaX BMECTe, JJIsl KaxK-
JIOTO YCJIOBUSI B aKTUBHBIX OJIOKaX OTIAENbHO, a
TakKKe JOMOJHUTEIbHO MIJIsl TEPBOro MacCUBHO-
ro 0Jjioka. 3HaUMMOCTb pa3jIMuuii MexXIy ycJo-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

Nch

BUSIMU OILIEHWBAJIM C TTOMOIIBIO JBYCTOPOHHETO
napHoro 7-tecta ¢ nonpaskoit FDR misg MHoOXe-
CTBEHHBIX CPaBHEHWI Ha YMCJIO BPEMEHHBIX TO-
YyeKk.

11 TIpoBepKW TUMOTE3bl 00 YCUJIEHUM U
VIUIMHEHUUW aKTUBHOCTHU, CBI3aHHOI CO CTUMY-
JIOM, Ha TIPOABUMHYTOM CTaiuM OOyYEHUSI, MbI
UcKanu paznuuusg Mexny yciaoBusmu PCO wu
I1CO. Mpl oxugaay, YTO U3MEHEHMSI, BhI3BaH-
Hble OOy4YeHWEM, MOTYT IPUBECTU K YBEJIUYEC-
HUIO UTUTEJIbHOCTU BBI3BAHHOI CTUMYJIOM Heli-
POHHOI akTMBauMu Kak aisg JB-, Tak m mis
H/B-peanuzauuii, Ho HanboJee CUIbHOE IIPOo-
ieHue aguddepeHInaaibHOro HEMPOHHOIO OT-
Ne 6
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Puc. 2. BoipaboTka accoluaiuii Mexmay IceBI0CI0OBaMU U IBUKEHUSIMUY TIPU aKTUBHOM 00yyeHuU. BepxHue na-
HeJIN: KyMYJISITUBHBINM YPOBEHB BBIIIOJIHEHMS aCCOLIMATUBHOM 3aMa4y B aKTUBHOM OJIoKe 1, oO1iee cpenHee (a) u
WHIWBUIYaTbHbIC JaHHbBIC KaXKI0Tr0 M3 yUaCTHUKOB 3KcrnepuMeHTa (0). 31ech U gajiee Ha ropu30HTaIbHONM OCH
OTJIOXKEHBI HOMepa peanusaiiuii (mo 40 peanu3sanuii oT Hauaja akTHBHOTO 0JI0Ka | Ha KaXXIylo KOHEYHOCTh, 1 BeCh
aKTUBHBIN 0J10K 2). CpenHue naHeau: 101 mpaBUIbHBIX OTBETOB B IPYIIIE UCIIBITYEMBIX, B 3aBUCMOCTHU OT HO-
Mepa peain3alii B akTUBHOM 6J10Ke 1 (B) 1 B akTUBHOM 6J10Ke 2 (T). HuskHsast maHens (): Jlnarpamma paccestHust
BPEMEHM PEaKIIMU B 3aBUCUMOCTHY OT HOMepa peaJin3allii B aKTUBHOM OJ10Ke 2 (Kaxkaast ToYKa MPeaCTaBIIsSIeT CO-
0ol cpenHee 3HaAUSHNE BPEMEHU PeaKIIMM 110 4 mocjenoBaTeIbHBIM peanu3anusaM). CIUIoniHas 1 ITyHKTUPpHast
JIMHUHM MTPeICTaBISIOT TMHeHHYIo perpeccuio (R2 = —0.26; p < 0.001) 1 95-TIpOLIEHTHBII JOBEPUTEIbHBII HHTEP-
BaJI COOTBETCTBEHHO.

Fig. 2. Acquisition of the rules for pseudoword-movement association via active learning. Top panels: cumulative
performance accuracy in active block 1, grand average (a) and individual data for all participants in the experiment
(6). Here and hereafter, the horizontal axis represents trial numbers (40 trials starting from the beginning of the ac-
tive block 1, for each extremity, and the whole active block 2). Middle panels: Proportion of subjects who made the
correct response, as a function of trial number, in active block 1 (B) and in active block 2 (r). Bottom panel (x1): Scat-
terplot of response times as a function of trial number in active block 2 (each dot represents the average of response
times across four consecutive trials). Solid and dashed lines represent linear regression (R* = —0.26; p < 0.001) and
95% confidence interval, respectively.
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BeTa JOJLKHO ObLIO HaOMIOmaThes I HETABHO
BBIYYEHHBIX TICEBAOCJIOB, aCCOLIMMPOBAHHBIX C
nericreueM (1B).

YT00bI M30€KaTh MPEAB3ITOCTU, Mbl BLIOMpAIU
BpPEMEHHbIE MHTEPBaJIbl U CEHCOPBI MHTEepeca IS
MOCJICAYIOIINX aHAJIU30B, HE BBIIBUTAasl HUKAKUX
apUOPHBIX IIPEAITOI0XKEHUI, a OPUEHTUPYSCH He-
MOCPEICTBEHHO Ha JaHHbIE (C y4ETOM HEOOXOmM-
MBbIX TIOIPAaBOK HA MHOXKECTBEHHbIC CPaBHEHUS),
U TI0CJICA0BATE/IbHO BBIMOJIHSUIM CJICAYIOLIME 11a-
ru. CHavaja Mbl OIIpeIe/IIN BpeMs MaKCUMyMa
BIl B oTBer Ha mceBOOCIOBAa HE3aBUCHUMO OT
YCJIOBUSI: IJISI 9TOTO MBI YCPEOHSIIN CpeaAHEKBal -
patuyHble 3HayeHus1 BII mexnay BceMu KOMOU-
HUPOBAHHBLIMY IPaAMEHTOMETPAMU 110 BCEM Ue-
ThIPEM YCJIOBUSIM aKTUBHBIX OJIOKOB, ITOCJEIO-
BaTeJIbHO B KaXIOil BpeMeHHOM Touke. s
JanbHeiIero aHaan3a Mbl BHIOpaiu BpeMEHHOM
uHTepBan aauHou 100 Mc, HeHTpUpOBaHHBIN Ha
BBISIBJICHHOM IIMKE OTBETa — U IPUMEHSIJIU €ro
IJISI aHaIM3a BCeX YCAOBUI B aKTUBHBIX OJIOKaX.

3aTeM Mbl MCKaJli T€ KOMOMHUPOBAHHbLIC
rpaIueHTOMETPbI, CUTHAJI OT KOTOPHIX, YCpel-
HEHHBIII 110 ONKWCAHHOMY BHIIIIE BPEMEHHOMY
MHTEpBally MAaKCUMAaJIbHOTO OTBETAa, ObLI JOCTO-
BEPHO MOABEPKEH BAUSIHUIO o0yueHus. Ha Bcex
102 xananax, ornenbHo B JIB- 1 H/IB-peanmnza-
LIUSIX, MBI IIPOBEJIM CTaTUCTUYECKOE CPaBHEHUE
Mexay PCO u ITCO. locToBEpHBIMU CUYUTAINCH
CEHCOPBI, B KOTOPBIX YPOBEHb 3HAUMMOCTHU OBLT
Huxe 0.05 (¢ yserom momnpaBku FDR na 102
KOMOWHUPOBAHHBIX TIpamueHToMeTrpa). IIpo-
CTPAHCTBEHHBIC KJIACTEPhl 3HAYMMBbIX CEHCOPOB
OMpene/IsIICh KaK COBOKYITHOCTH JOCTOBEPHBIX
CEHCOPOB, PACIIONOXEHHbBIX Ha TONMOTrpadu4YecKoi
KapTe B HeOCPEACTBEHHOM OJIM30CTU APYT OT APY-
ra, 1 JOCTOBEPHBIX OMHOBPEMEHHO Kak st JIB-,
Tak u st HJIB-peanu3zauuii. IlpoBeaeHHbIN aHa-
JIN3 TI03BOJIM BBIACIUTh ABa KJjacTepa KOMOU-
HUPOBAHHLIX TPaAMEHTOMETPOB — JICBBI BU-
COUYHBII M cpeduHHbINA (cM. Pe3ynbTarhl uccie-
JOBaHUSI).

Jns  manbHEHIero MnpocTpaHCTBEHHO-Bpe-
MEHHOTO aHaju3a IO KaXIOMy KJIacTepy MbI
yCpEOHSIIM cpeaHeKBaapaTuyHble 3HaueHus1 BIT
MO0 BCEM TpeM KOMOMHUPOBAHHBIM I'PadUEHTO-
MeTpaM B IpeAesiax KaXAaoro kjaacrepa. 3aTeM
CTpOUJIU rpacuKM MOJYyYeHHBIX CpeIHEKBaaIpa-
TUYHBIX 3HaueHuil BII u cpaBHUBanM 1x 3Have-
Hus B ycsioBusix [ICO u PCO Mexny peajiusaliv-
sSIMU, BKJIIOYAIOIIMMU MOTOPHBIE OTBEThl Ha
npenbsBleHHbIE nIceBaocaoBa (JIB), u peanusa-
LIUSIMU, KOTOPBIE HE COMPOBOXIAIUCH IeHCTBU-
siMmu KoHeuHocteli (H/B).

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

YEPHbLIIIEB u np.

st BU3yanusalyy BpeMeHHOM TMHAMUKY Ha
YPOBHE CEHCOPOB OBIJIN ITOCTPOCHBI TOMOrpadu-
yeckue KapThl 1o 102 KoMOMHUPOBAaHHBIM I'pa-
nueHToMeTpaM B peanu3auusax B n HIB, nnsa
paHHE W MNPOABMHYTON cTaguy OOydeHUs, a
Takke Tororpagpuyeckue Kapthl guddepeHIn-
aJIbHOM peakiuy Ha oOydyeHue 151 KaXKI0ro Th-
na peanm3auuii (ITCO OB mporus PCO JIB;
I1CO HAB nporus PCO HAB).

sl cTaTUCTUYECKOTO aHajM3a OXKUIAeMOTO
nuddepeHIIMaIbHOTO MNPOMJIEHUSI MO3TOBOTO
OTBeTa Ha BblyYeHHBI€ TIceBaocoBa JIB 1o cpas-
HeHUlo ¢ nceBrocioBamMu HJIB ucrionp3oBanu
JIUCIIEPCUOHHBIN aHaIW3 C MOBTOPHBIMU U3MeE-
peHusiMu. J1s1 3TOro BpeMeHHOM MHTEpBaJl, CO-
OTBETCTBYIOIIWI IMTOCTEIIEHHOMY CITaay Ii1o0aib-
Horo cpeaHekBaaparuuHoro BII, 6611 pa3aeneH
Ha 4YeThIpe IocjenoBaTe/bHbIX cerMeHTa (850—
1000, 1000—1150, 1150—1300 u 1300—1450 mc
nocie Havaja ctuMyia). CpenHekBagpaTUIHbIE
3HauyeHust BII, ycpenHeHHBIE MO KaXKIOMY Bpe-
MEHHOMY CETMEHTY Il KaXI0ro U3 KJIacTepoB,
CITY>KMJIU 3aBUCUMOM TIepeMeHHoi. PakTopamu
aHaimu3a Obutn Cragusgs oOydeHusi (PCO u
I1CO), Tun peanuzauuu (AB n HAB), Tomo-
rpacdusi (JieBble BUCOYHBIE U CPEIMHHBIE KJ1acTe-
poi) 1 Bpems (850—1000, 1000—1150, 1150—1300
n 1300—1450 mc mmocie Hayasna ctumyia). Yucio
CTereHel cBo0O0/1bl KOPPEKTUPOBAIU C ITOMOILIBIO
nonpaBku Ipunxayca-Ieiiccepa. g olieHKU
pazmmunii mexxay HB-orBetamu (ITCO mwmHyc
PCO) u H/IB-otBetamu (ITCO munyc PCO) mc-
MOJIb30BaId MJIAHOBBIE arlOCTEPUOPHBbIE CpaBHE-
HUS; ypOBEHb 3HAUMMOCTH JIJIs1 KaxKA0TO TJIAHOBO-
ro CpaBHEHUSI KOPPEKTUPOBAJIU C TTOMOIIBIO MO-
npaBku boH(peppoHU Ha YeTblpe CpaBHEHUS, U
cUUTaIM 1ocToBepHBIMU MpH p < 0.01.

Ananus nHa ypoeHe uCmMOYHUKO8

YyacTHUKU 3KcriepuMeHTa mnpoinu MPT-
ckaHupoBaHue Ha 1.5T-cucteme Philips Intera.
MuauBunyanbHble cTpyKTypHble MPT ucmons-
30BIMChH IS TOCTPOEHUS OMHOCTOWHBIX TPaHNY -
HO-3JIEMEHTHBIX MOJIEJIEN CEPOTO BEIIECTBA KOPbI
TOJIOBHOTO MO3Ta C TTOMOIIBIO aJITOPUTMA CETMEH-
Taluy BoJopasaena (MporpaMMHOE 0OeCTIeYEHUE
FreeSurfer 4.3; Martinos Center for Biomedical Im-
aging, CIITA). UnauBuayaaibHble aHATOMUYECKUE
MOJEU ObITU KOPETUCTPUPOBAHBI C UCTIOIb30-
BaHUEM (UIYIUAIBHBIX TOUYEK U OKoyio 60 mo-
MOJTHUTEIbHBIX TOYEK TMOBEPXHOCTUA TOJIOBHI.
st pa3aMenieHrsT TUIoJieil Ha TOBEPXHOCTU MO-
JIEJIM MO3Ta UCTOJIb30BAJIACh CETKA C 1IaroM 5 MM,
YTO TMO3BOJUJIO moiyuuth 10242 BepTekca Ha
Ne 6
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Kaxaoe moJiyuiapue. s Jlokajau3aluuu UCTOY-
HUKOB MCITIOJIb30BAJIMCh JaHHbIE U aKCHUAJbHbIX
MarHUTOMETPOB, U TlJTaHAPHBIX TPAIMEHTOMETPOB.
Jlokanuzaluss MCTOYHMKOB OblIa BBIMOJHEHA C
KCIIOJIb30BaHMEM KOPTUKAJIBHOM MOBEPXHOCTHO-
OTPaHUYEHHOM OLIECHKN MUHMUMAJIbHOW HOPMBI Ha
ocHoBe L2-HopMbI (0e3 3HaKa), pealn30BaHHOI B
nporpamMmMHoM Komiuiekce MNE-Python (Gram-
fort et al., 2013).

Marpunia KoBapuanuu IIyMa BbIYUCISI-
JIach JJI51 KaXXJI0TO UCTTBITYEMOTO B UHTEPBaJie
oT —500 mc 10 —50 Mc 10 TIpeabIBIEHUSI CTUMY-
Jla B KaXIol peanuzanuu. MaTpuiia KoBapua-
LAY IITyMa U PSIMOi oriepaTop ObLIr 0O0beIUHE-
HbI B JIMHEWHBIN OOpaTHBIN OIlepaTop C UCIOJIb-
30BaHWE€M OLIEHKM MMHHMAJIbHOW# HOPMbI Ha
ocHOBe [2-HOpMBI, OTpaHUYEHHON MOBEPXHO-
CTBIO KOpBI (6€3 3HaKa), peaTn30BaHHOI B MPO-
rpaMmmHoM Komriekce MNE. OueHku ucrou-
HUKOB ObLIM MOp(UPOBaHBI Ha CTaHAAPTHBIA
Mo3r MNI ¢ moMolibio TIpoleaypbl HOpMan3a-
MU Ha ocHoBe ToBepxHocT MNE. [Iist ananm3za
BPEMEHHBIX PSIIOB aKTUBALIMU B TIPOCTPAHCTBE UC-
TOYHUKOB JaHHBIe ObUTH mpopexeHbl 40 200 oT-
CUETOB B CEKYHLY.

CHavana I KaXIOoro aHaJIM3UpyeMOoro Bpe-
MEHHOTO OKHA MBI OIpeNCIIN 00JacT KOPHI,
onocpenyionine 3ddekt ooydeHms . IlapHrbie 7-Te-
ctol 111 KoHTpacta PCO nporuB I1CO mpoBo-
IVIVCH TSI aKTUBALUM, YCPEAHEHHOI 110 BCeM
oTcUeTaM aHaJIM3UPYEMOIO0 BPEMEHHOTO OKHa, B
KaXIIOM BepTeKce OTACIbHO. J1J1s1 BHeCeHUsI T10-
MMpaBKA Ha MHOKECTBEHHBIC CPABHEHUSI MBI HC-
MMOJIb30BaJIN TY K€ CTaTUCTUYECKYIO TIPOLIEAYpPY,
YTO ¥ HAa YPOBHE CEHCOPOB, HO JJIsI Bcero Habopa
BEPTEKCOB MMOBEPXHOCTH KOPhI BMECTO KaHAJIOB
MDBI. KoptukanbHbie 00JIaCTU MHTEPECa OITpe-
TEeJISITUCH KaK KJIaCTePbl CMEXHBIX TOCTOBEPHBIX
BEPTEKCOB. YUUTHIBAJINUCH TOJIBLKO KJIACTEPhI, CO-
nepsxaire He MeHee 30 KOPTUKAJbHBIX BEpPTEK-
coB. Pesynbrarthl TIpencTaBIeHBI C ITOPOTOBBIM
3HaUYeHMEM I10 BepTekcaM 0e3 momnpaBku (p < 0.05)
(Gross et al., 2013), a takxke ¢ FDR-koppekumeit
Ha Y1CJIO BEpPTEKCOB.

3aTeM Mbl UCITOJIb30BIM 3TU 00JaCTU KOPbI
JUTST aHAJIM3a BpPEMEHHOM TMHAMUKY aKTUBaLUU
st yenopuit PCO u ITCO. BpeMeHHBIE psiibl
aKTUBALIMM ObLIM MOCTPOEHBI JIsI KaXKI0TO Bep-
TeKca He3aBUCHUMO, a 3aT€M YCPEIHEHBI M0 CO-
CeTHUM BepTeKcaM B Mpeaesax Kaxaoi odiactu
nHTepeca. YToObl OLIEHUTH 3aAEPKKY U IIPOI0I-
XKUTEJILHOCTh 3¢ @dekTa oOydyeHUsT Ha aKTUBa-
LIAIO0 COOTBETCTBYIOIINX 001aCTEi KOPHI, OLIEHU -
BaJIu paznuuus mexnay ycaosusimu PCO u ITCO
Cc ToMollblo f-TecTa, ¢ TonpaBkod FDR misa
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MHOXKECTBC€HHBIX CpaBHeHI/Iﬁ Ha Y1 CJIO BpEMECH-
HBbIX TOYCK.

PE3VJIbTATbI UCCIEJOBAHUN
Ilosedenueckue noxazamenu

B xome akTMBHOro OMEPaHTHOTO OOYYEHMS
YYaCTHUKHU SKCIIEPUMEHTA YCIIeIITHO HayYWIUCh
BBITIOJTHSTH 337a4y, CBSI3bIBAIOIIIYIO BOCEMb TICEB-
JOCJIOB C ABVIKCHUSIMU OTPeNeIeHHBIX KOHEYHO-
CTeil Teja WM OTKAa30M OT ABMIKEHUS. YK€ B aK-
TUBHOM OJioke 1 (OJIOKE aKTMBHOIO OOy4eHMS)
CPEIHMIA TIPOLIEHT MPAaBWIBHBIX OTBETOB UCIIBITYE-
MBIX COBOKYITHO cocTaBui 68.0 + 6.2% (tab6:x. 2),
YTO 3HAYMMO OTJIMYAJIOCh OT CIYyYaiiHOTO ypOB-
Hs (p =0.02). BeposITHOCTh IIPaBUILHOTO OTBETA
3HAYUTETHLHO YBEJIMYMBAJIACh Ha ITPOTSLKEHUH 00y -
YeHUs B pezaesiax 1aHHoro 61o0ka. Ha puc. 2 ipen-
CTaBJICHO YMCJIO MPABWIBHBIX OTBETOB B 3aBUCUMO-
CTH OT HOMEepa peaji3alliyi Ha paHHe# cTaanu o0y-
yeHust PCO Ha ypoBHe rpymmnsbl (puc. 2 (a, B)) 1 1J1s1
OTIEeJIbHBIX Y4acTHUKOB (puc. 2 (0)). Ha rpacdu-
Kax XOpOoIIIo BUIHA 00Ias TEHASHIIMS K ITOCTO-
SIHHOMY YJIYYIIICHUIO BBIMIOJTHEeHUS 3amaun. Ko-
JINYECTBO peain3aliuii, HeOOXOMMMBIX TSI HO-
CTKEHMST KpUTepus 0OydeHUsI, BADbUPOBAIOCH
Yy pa3HBIX YYaCTHUKOB OT 74 10 480, 4TO COOTBET-
CTBOBAJIO MPOJIOIKUTEILHOCTU aKTUBHOTO O0Y-
yeHus oT 6 1o 40 MuH.

B aktuBHOM OJIOKE 2, T.€. HA CTaIUU aKTUB-
HOTO BBIMOJHEHMsI, BCe YYACTHMKM MOKazalu
MNpakTUYECKU MAaKCHUMaJIbHO BO3MOXHBIE pe-
3yJbTaThl BBIMOJHEHUS 3anayu (CpemHUM IMpo-
LICHT TpPaBWIBHBIX OTBETOB cocTtaBwia 96.4 +
+4.0%, p <0.001). Takum o6pa3om, BUIHO, YTO
YYaCTHUKU YCIIELIHO YCBOWIM CBSI3b MEXIY
KaXXIbIM U3 BOCbMU CJIYXOBBIX CUTHAJIOB U COOT-
BETCTBYIOIIMM JIEMCTBMEM WIN Oe3IeiicTBUEM

(puc. 2 (1)).

He ObUIO BBISIBJIEHO CTAaTUCTUYECKU 3HAYM-
MBIX Pa3IUYMii B TOYHOCTH BBITTOJTHEHUS 3a0a4n
mexnay peanu3anugamu JIB u HIB kak Ha paH-
Helt cragum ooyyeHust PCO (67.3 £ 9.8 m69.5 +
+ 5.5% nns JIB u HIIB coorBeTcTBEHHO, #(23) =
= —0.95, p > 0.05), Tak 1 BO BpeMs1 IPOABUHYTOI1
craguu ooydeHmst (96.4 + 3.6 n97.2 +4.4% nia 1B
u HJB cootBeTcTBeHHO, #(23) = —1.31, p > 0.05).

BpeMH p€akKliMu1 UCIIBITYEMBIX B p€aJIn3allugaXx
B 6b110 B cpenHeM Oosblile HA paHHEe! cTaauu
0o0y4YeHMs MO CpaBHEHUIO C TMPOABUHYTOM CTa-
nueit ooyuenus (PCO: 1492.5 + 101.1 mc; TTCO:
1352.9 + 116.3; #(1, 23) = 5.91; p < 0.0001). Ta-
KUM 00pa3oM, KaK 1 OKMIaJI0Ch, PEIIEHUE O BbI-
IMOJIHEHUU ,[lBI/lFElTGJIbHOﬁ p€akuimmu B OTBET Ha
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CTUMYJ 00JIerJajoch B xone ooyueHus. [Ipume-
JaTeJabHO, YTO JaKe U B aKTUBHOM OJIOKE 2, T.€.
Npy aKTUBHOM BBINIOJHEHUM, HAOII01aI0Ch
JIanbHeilee cokpallleHue JaTeHTHOCTU MOTOP-
HOro OTB€Ta, YTO IIOATBEpPXKIAeTCs 3HAYMMOIt
OTPULIATEIBHOM PErpeccuer MeEXIy HOMEPOM
peanu3aLuy U BpeMeHeM peakuuu (R?> = —0.26;
p <0.001) (puc. 2 (1)). Takum oOpa3oM, Ha IIPO-
IBUHYTOIl cTaguyd OOY4YECHUsI IIPOMCXOAUIIO
JanbHeilee yKperjieHue CJIyXO-MOTOPHOM ac-
COLIMALIMH.

Ananuz MOI na yposue cencopos

Dpgexm 3adauu. B KayecTBe mepBOTO Iiara
MBI CpPaBHWJIM BBI3BAHHBLIC OTBETHI Ha IICEBIO-
cJIoOBa Ha paHHEM cTaguu OOydeHUS C ITacCCUB-
HBIM yCJIOBHMEM, KOTa yYaCTHUK CIyIIal T Xe
CJIyXOBBI€ CTUMYJIbI 0€3 KaKOi-1100 KOHKpET-
HOM 3a1a4u, T.€. BO BpeMsI NacCUBHOro 0joka 1
(puc. 3 (a)). [TockoabKy B MAaCCUBHOM YCJIOBUU
YYaCTHUKU HE BBIIIOJHSIN HUKAKUX IBUKCHUM,
TO IJISI COIIOCTAaBMMOCTU B JAHHBIA aHAIU3 U3
aKTUBHOTO 0JIOKA OBbLIN B3SIThI TOJBKO peain3a-
uuu u3 yciaosus HJIB.

CpaBHeHUE OUHAMUKU CpeTHEKBaIpaTUIHbIX
3HavyeHuii BIT mexxny nBymst ycioBusiMu (puc. 3 (0))
MoKa3aJio 3HAYMTEJIbHOE YyBEJIUMYEHUE OTBETa
MpY aKTUBHOM OOy4YeHU U, HAYWHAasI IPUMEPHO C
500 Mc oT HavaJsia mpeabsiBAeHUs1 ctTumyia. Ecnu
B naccuBHOM ycioBuu BIT yxe Bo3Bpalaics K
HUCXOTHOMY YpoBHIO uepe3 1200 Mc mocie Havana
MpenbsIBICHUSI CTUMYJIA, TO BO BpEMsI aKTUBHOTO
00ydeHUsI MOABbEM COXPaAHSUICS 3HAYUTEIbLHO
nosbliie (He MeHee yeM 1o 1500 Mc mociie Havasa
CTUMYJIA).

HaubGonee npssMbIM 0ObsICHEHUEM OOJbIIEIA
CWJIbl Y MPOAOIKUTEIbHOCTU CIIyXOBOTO HEM-
poHHoro otBeTa B PCO 1o cpaBHEHMIO C mac-
CUBHBIM COCTOSIHUEM MOXKET SIBJISITbCSI ITOBBI-
IIIeHHasl Harpy3ka Ha BHUMAaHUE U NaMSIThb BO
BpeMsl BBITIOJTHEHUS 3ama4yu. Eciu ponb BHUMa-
HUSI 3aKJTI0YaeTCs B TOM, YTOOBI 00JIErYUTh MPUOO-
peTeHMue U 3allOMUHAHUE acColMalil “CTUMYI—
pe3ysbTaT”, TO JIOTUYHO IIPEACTaBUTH ceOe, UTO
00beM BHUMAaHMS, YACISIEMOTO CJTYXOBBIM CTUMY -
JlaM, OyaeT HauOOJbIIIMM Ha paHHEM 3Tarne o0y-
yenus (Pearce, Hall, 1980; Pearce, Mackintosh,
2010). Cnenys Toit xKe JJOTUKE, MOXHO OXUIATh,
yTO 3(PpPEeKT yCUIeHUsT BHUMaHUSI Ha BBI3BaH-
HbI OTBET JOJKEH HaYaTh YMEHbBILIATHCS 11O Me-
pe yCBOeHMs MpaBWJi 3aaa4u. B oTiinuue ot atoro
TIPEAMNOJIOKEHUSI, Hallla TUITOTe3a O TMPOMIJIEHUU
HEMPOHHOI pEernpe3eHTALM B XOIE€ aCCOLIMATUB-
HOTO OOy4YeHUsI TIPUBOAUT K MPOTUBOIIOJOXKHOMY

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

YEPHbLIIIEB u np.

npenckazaHuio. IlosTomMy, 4YTOOBI OTHIEIUTH
MpearojiaraeMblii BKJ1aJ, aKTMBHOTO OOyYeHMS
OT BKJIaJla BHUMaHWUSI, MbI Jajiee CpaBHWIN BBI-
3BaHHBIN oTBeT Mexny ycanosussmu PCO u I1CO.

Ipgexm obyuenus. Ha puc. 3 (B) mokasaHa
pa3Hulla MeXIy CpelHEeKBaApaTUYHBIMU 3HAUe-
Hussmu BIT nns yenosuit PCO u I1CO, mis JIB-
n HIAB-peanuzauuii oTaenbHO. 3apeTrucTpupo-
BaHHBIE OTBETHI COCTOSIJIM M3 HECKOJIbKMX Ha-
YaJIbHBIX KOPOTKMX MUKOB, 32 KOTOPLIMU CJIEIO-
BaJl OOJBIION IIMPOKMUII MUK C JIATEHTHOCTHIO
okoJio 800 Mc oT Havasma ctuMyJsa. YToObl ole-
HUTb, BIMSIET JU IIpoLiecC 0Oy4eHUST Ha CIIyXO-
BYIO 00pabOTKY MpEIbsIBISIEMbIX CTUMYJIOB, MbI
CcHayaJjia UCCJIeIOBaIU CIyXOBOM BbI3BAaHHBIM OT-
BET B MOMEHT €r0 MaKCUMAaJIbHOI CUJIbI.

Hnst aTroro Mbl ycpenHusn yciaosuss PCO u
I1CO (Bximouast peanus3auuu B u HIAB) u
ONpeleNaINd, YTO Ha OOBSAUMHEHHBIX JaHHBIX
CJIYXOBOM BbI3BAHHBIUA OTBET JOCTUraJl MaKCHU-
MyMa yepe3 780 + 53 Mc 1ocie Hayajia CTUMYyJia.
YuyuteiBast, YTO TOYKa AUM3aMOMTyallMU COCTaB-
Jsiia 410 Mc ot Havasia ctumyia (cm. puc. 1), nu-
KOBasl JIJATEHTHOCTb CJIYXOBOTI'O BBI3BAHHOIO OT-
BETa COOTBETCTBOBAjIa CEMAaHTUUYECKOMY KOMIIO-
HeHTy N400 B B3I u MBI (Kutas, Federmeier,
2011; O’Rourke, Holcomb, 2002).

Hanee MblI KCclienoBaiu, Kak IIMKOBOE 3HAYE-
HUE CJIyXOBOI'O OTBETa MEHSUIOCHh B 3aBUCHUMOCTU
OT 3KCHEPUMMEHTANIbHBIX YycaoBuii. JIst 3TOro
cpeqHeKBaapaTudHbie 3HayeHus1 BI1 obu1n ycpen-
HeHbl 1o 100-MUIIMCEKYHOHOMY MHTEpBalIy
BpPEMEHU C LIECHTPOM Ha YKa3aHHOM BbIII€ MaK-
cumyme otBetra (730—830 mMc oT Havaia IIpeab-
gaBjieHusT cTtumyia). Mcrmonb3ys IojlydeHHbIe
3HAYE€HMSI, Mbl BBLIIIOJHWIM CPAaBHEHUSI MEXIY
ycsoBusiMu PCO u IT1CO 11 TMIIOB peann3aiiii
OB n HAB otnenbHo (puc. 4 (a)).

Bo BpeMs muka ciiyXoBOTO OTBETa TOIOTpa-
dusa nuddepeHumnanbHoro a¢@eKTa, BbI3BAH-
HOoro oOyueHuem, Obl1a cxomHoil st HAB- u
H/B-peanuzauuii: ajisi o00MX TUIIOB peanu3a-
A BBISBJIEHBI IBa MPOCTPAHCTBEHHBIX KJlacTe-
pa, KOTOpble pacriojiaraJruch MPUMEPHO HaJ Jie-
BOI BUCOYHOU KOPOU U CPEAUHHOUN JIMHUEH KO-
pbI (IOCTOBEPHBIE CEHCOPHI BhiAeeHbI, p < 0.05,
FDR-kopp.) (puc. 4 (a), npaBasd naHenb). Kak
BUJIHO Ha PUCYHKE, YCUJIEHME B OO0OUX IpO-
CTPAHCTBEHHBIX KJIacTepax OBLIO BbIPpAXEHO
CUJIbHEE JIJTST TICEBIOCTIOB, KOTOPBIE CTAIU acCO-
LHUUpOBaThC ¢ OBMKeHUsIMU (JIB) 1o cpaBHe-
HUIO C TEMU, KOTOPbIE HE MPUOOpETU TaKOI ac-
couuanuu (HJIB) (puc. 4 (a), mpaBasl ITaHeJb).
Ne 6
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Puc. 3. BiiusiHue BBIMOJIHEHUST aCCOLIMaTUBHOM 3a1auyu U 00y4eHust Ha nuHaMuKy BIT B oTBeT Ha cityXoBbIe TICEB-
nmocnosa. (a) — I'padpuku cpenHexBanpaTuaroro BII mo kaxkmoMy ceHCOpy BO BpeMsI ITACCUBHOTIO IIPOCTYIINBA-
HUS 10 00y4yeHMs (cieBa) u Ha paHHel cranuu ooyyeHuss PCO, tonbko HJIB peanuzanuu (cnpasa). Kaxnast nu-
HUS MTOKa3bIBaeT IMHAMUKY BBI3BAHHOTO MOJISI HA OTAEJbHOM KOMOMHUPOBAaHHOM rpaaueHTomeTpe. (0) — Ipa-
¢ukm mobdaabHOro cpemHekBampatuaHoro BII Bo BpeMs maccuBHOTO IIpociyiiuBaHus 10 oboydeHus u PCO,
tosibko HJIB peanuzanuu. (B) — I'padhuku rmobanbHoro cpenHekBanpatuuHoro BII mist panHeii u mpoaBUHYyTOM
cranuii ooyueHust 3agade (PCO u [TCO cootBeTcTBeHHO). OTAEIBHO TTOKAa3aHbl peaIM3allii, B KOTOPBIX MOTOP-
HBIE peakuu He BeimoaHsuuch (H/IB, cieBa) 1 Te, B KOTOPBIX BEINOJIHSUIMCH MOTOpHEBIE peakimu (1B, cripasa).
3ajuBKa BAOJb KaxXaoro rpaguka o603HavyaeT COOTBETCTBYIOIIMI 95-TIpOLIEHTHBIN JOBEPUTEIbHBIM MHTEPBaI.
lopusoHTaibHAasE OChb — BpeMSI B CEKyHJaX OTHOCUTEILHO Hayajla CTUMYJia; BepTUKaJIbHAsI OCh — aMILIMTYyAa
cpenHekBaaparuyHoro BIT B @T/cm. [lon rpadpukamum 0603HaYEHBI JOCTOBEPHBIE PA3INUUs (AByXCTOPOHHUIA
t-TecT, p < 0.05, Kak 6e3 KoppeKLuH, Tak 1 ¢ Koppekuneilt FDR Ha MHOXeCcTBeHHBIE CpaBHEHUS 110 BCEM BpeMeH -
HBIM TOUKaM). BepTukaabHbIe CIJIONIHBIE IMHUKU 0003HAYaIOT BpeMsl Havasla peabsBJIeHUS] CTUMYJIa-TICEBIOCIO-
Ba (0 ¢) u Touky nu3amouryannu (0.410 c). CepbIM OpSIMOYTOJIbHUKOM IToKa3aH 100-MUIINCeKyHTHBIIA MHTEpBAall,
LIEHTPUPOBAHHbII Ha MUKE BbI3BAHHOTO MOJIs1 (OOBSICHEHHUS B TEKCTE).

Fig. 3. Effect of the associative task performance and learning on the ERF dynamics in response to auditory
pseudowords. (a) — Plots of the grand average RMS ERF for each sensor during passive listening before training
(left) and at the early stage of training, only non-motor trials (right). Each line represents ERF dynamics in a single
combined gradientometer. (0) — Plots of the grand average global RMS ERF during passive listening before training
and at the “early stage of learning”, only non-motor trials. (B) — Plots of the grand average global RMS ERF for the
early and advanced stages of task learning (“early stage of learning” and “advanced stage of learning”, respectively).
Plots separately represent trials in which no motor responses were performed (left) and those in which motor re-
sponses were performed (right). The shading along each graph indicates the corresponding 95% confidence interval.
The horizontal axis is the time in seconds relative to the stimulus onset; the vertical axis is the RMS ERF amplitude
in fT/cm. Significant differences (two-tailed t-test, p < 0.05, both without correction and with FDR correction for
multiple comparisons across all time points) are indicated below the plots. Solid vertical lines indicate pseudoword
onset (0 s), and disambiguation point (0.410 s). Gray rectangle shows the 100-millisecond interval centered on the

peak of the evoked field (explanation in the text).

IlocnenosarensHble KapThl ToHorpaguu BhI-
3BaHHbIX Nojaei B ycnoBussx PCO u I1CO (puc. 5)
MOKAa3bIBAIOT, YTO JaHHBIN 3((PeKT He orpaHU-
yuBaJCs BpeMeHeM II1MKa OTBETa, a CKopee Ipe/-
CTaBJIsJI COOOI IIMTEIbHBIM OOILIMIT CIOBUT B
000MX IIPOCTPAHCTBEHHBIX KJIacTepax, OCOOEH-
HO 3aMeTHBIN 1J1s peanuzanuii [I1B.

151 cTaTUCTUYECKOUM MPOBEPKU IOCTOBEPHO-
CTU BUIVMMOTO U3MEHEHUS B CTOPOHY AJTUTENb-
HOTO YCTOWYMBOTO HEHPOHHOTO OTBETA Ha MCEB-
JIOCJIOBa TI0CIe MPUOOpPETEHUS MMM 3HAYEHUS
CJIOB NIEWCTBUSI MBI TOCTPOWJIM TpauKu Bpe-
MEHHOU AWHAMUWKM CUTHAJIOB IPagl€HTOMETPOB,
YCPEIHEHHBIX IO CEHCOpaM JIEBOTO BUCOYHOTIO
KJIacTepa M cpeauHHOro kiacrepa (puc. 4 (0)).
JleicTBUTENBHO, CTaTUCTMYECKas  pa3HuLA
mexnay BIT mexny yenosusimu PCO u ITCO nipo-
JIOJDKajlach MO BPEMEHM CYIIIECTBEHHO ITIpaBee
nuKa.

3aTeM TS KaXKI0To KilacTepa Mbl BBIUMCIIVIIN
cpenHekBaapaTuuHble 3HaueHus1 BIT B yeTbIpex
nocjienoBaTe/bHbIX 150-MULIMCEKYHIHBIX Bpe-
MEHHBIX UHTepBajax Mmocjie MmukKa, I KaxKaoro
TUTIA peaiu3aluii U yCJIoBUS OTAEIbHO. Pe3yib-
TaTbl OBUIA TIOABEPTHYTHI JIMCIIEPCUOHHOMY
aHaJIM3y C MTOBTOPHBIMU U3MEPEHUSIMU, C (haK-
topamu Cragus ooydyeHust (PCO u I1CO), Tun
peanuzauuu (JIB u HAB), Tormorpadus (JieBbie
BHCOYHbBIE M CpEeAWHHbIE KJIacTepbl) U Bpewms

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

(850—1000, 1000—1150, 1150—1300 u 1300—1450 mc
MocJjie Hayaja CTUMyJa).

3Haunmoe B3amMozeiicteue Cramust oOyde-
aug*Tun peammzanum (F(1, 23) = 23.39; p <
< 0.0001; vactuunoe M? = 0.5) mokazajo yBeIu-
yeHue oOIeil CUIbl YCTOWYMBOUW aKTWUBALIUU,
BbI3BaHHOU oOydyeHueM, B JIB 110 cpaBHEeHMIO C
HJB BO BceM BpeMEHHOM OKHE OT MUKa 1 Mpa-
Bee. HezaBucumo oT Tuna peainsanuu 3PpgexT
o0y4yeHUs ocjiabeBajl CO BpEMEHEM, T.€. CTAHO-
BWJICSI MEHEE BhIPAXKEHHBIM B 00J1€€ OTHAJIEHHBIX
WHTEepBaIax HelpoHHoro oTBeTa (CTamus oly-
yeHusi*Bpems (F(3, 69) = 20.22; p < 0.0001; ga-
ctuuHoe M? = 0.47).

Y10 0cOOEHHO BaXKHO IS MPOBEPSIEMOIA TUITO-
Te3bl, 3HAYUMbIA 3(PdeKkT o0ydyeHMs1 (KOHTpACT
PCO npotus ITCO) Bce ellie IpUCyTCTBOBAJ B pea-
Jmzauusix 1B it iByX rocjaenHuX BpeMEHHbIX MH-
TEpBAJIOB, MPENIIECTBYIOIIMX MOTOPHOMY JEii-
ctBuIO (3-i1 uHTepBan: F(1, 23) =24.84; p <0.0001;
4-it untepsain: F(1, 23) = 14.54; p < 0.01 c nonpas-
Kol boHdeppoHn). DddeKkT 00ydeHUsI HE OTIIU-
yaJicsi 3HaUMMO OT HYJISI B IByX MOCJIEIHUX Bpe-
MEHHbIX UHTepBaiax B peanuzauusx HJAB (3-i1
uHtepBai: F(1, 23) = 1.25; p = 0.27 6e3 Koppek-
uuu; 4-i1 uarepsai: F(1, 23) = 0.15; p = 0.70 0e3
KoppeKuuu). JlomoJMHUTEIbHBII TUCIEePCUOH-
HBIII aHaJn3, TIPOBEACHHBIN IJIs1 TIOCIEAHETO
4-ro0 BpPEMEHHOTO WHTepBaja, MOATBEPAUI
Ne 6
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Puc. 4. IIpocTpaHCTBEeHHBIE MAKCUMYMBI 1 JJIUTEIbHOCTD 3 dekra OyueHus1 (kourpact [1CO > PCO) mobanb-
Horo cpenHekBaapaTuuHoro BIT B peanuzanusax JIB u HB. (a) — Tonorpaguueckue KapThl NIOGATBHOTO Cpell-
HekBanparuyHoro BIT mist peanuzanumit HIAB (Bepxuwuii psin) u JIB (HvoxHMi psin) B yenoBusix PCO u [TCO (nieBast
¥ CpeoHsIsl maHesn), a Takke Wit pasHulibl Mmexxay [1CO u PCO (1mipaBast maHenb), ycpeaHeHue B nHTepBaie 730—
830 Mc oT Hauasa rpeabsBiaeHUs cTUMYyJia. Ha mpaBoii maHe u Kpy>kKaMu OTMEUYEHbI MECTa PaCIiOIOKEHUSI KOM-
OGUHUPOBAHHBIX TPAIMEHTOMETPOB, B KOTOPBIX 3(deKT 00ydeHUst OB JOCTOBEpeH Tocie Koppekinun FDR Ha
MHOXeCTBeHHbIe cpaBHeHUsI. (0) — I'padpuku cpenHekBagpatnyHoro BII mist maTepanibHbIX 1 MeaUaIbHBIX KJla-
cTepoB (IMOoKa3aHbl Ha CXeMe pachoyioXeHUs ceHcopoB MBI Ha Bpeskax ciieBa), wist ycsiopuit PCO u I1CO, ot-
nenbHO 11t peanusanuii HAB u 1B (neBast u cpenHsist maHesn), a Takxke pasHocTtHble 3HayeHus ([TCO Munyc
PCO) s peanuzanumit HAB 1 JIB. Bce ocTanbpHbie 0003HaUYeHUS KaK HA puC. 3.

Fig. 4. Spatial maxima and duration of the learning effect (“advanced stage of learning” > “early stage of learning”
contrast) of the grand average global RMS ERF in motor and non-motor trials. (a) Topographic maps of the global
RMS ERF for the non-motor (top row) and motor (bottom row) trials under “early stage oflearning” and “advanced
stage of learning” conditions (left and middle panels), and for the difference between the two conditions (right pan-
el), averaged over the 730—830 ms interval from the beginning of the stimulus presentation. In the right panel, circles
indicate locations of the combined gradientometers where the learning effect was significant after FDR correction
for multiple comparisons. (6) — Plots of the grand average RMS ERF for the lateral and medial clusters (shown in
the insets on the left), for the “early stage of learning” and “advanced stage of learning” conditions, separately for
non-motor and motor trials (left and middle panels), and the difference (“advanced stage of learning” minus “early
stage of learning”) for non-motor and motor trials. All other notations as in Fig. 3.
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Puc. 5. Cepus Tornorpacduyecknx KapTt robanbHoOro cpenHekBaapatuaHoro BIT nns peanuzanuit HAB u J1B.
Kaxnas Tonmorpacdudeckast KapTa MpeacTaBiisgeT co60ii OTHOCUTEIbHbBIE 3HAaUeHUSI aMIUTUTYIbI, yCPENHEHHBIE TI0
BPEMEHHBIM TOYKaM B ITOCJIeIOBAaTEIbHBIX MHTEpBaiaX, 0003HAYEHHBIX 101 pUCYHKaMu. BepxHsist U HUKHSIS Ma-
Henu cooTBeTcTBYIOT peanusdansaM HJIB (a) u JIB (6) coorBeTcTBeHHO. Ha Kaxkmoit maHesn BepXHUii psifi COOT-
BetrcTByeT PCO, cpennuii psig — I1CO, a HyokHM psin — pa3Huile Mexny ycaoBusmu [1CO u PCO.

Fig. 5. A series of topographic maps of the global RMS ERF for the non-motor and motor trials. Each topographic
map represents relative amplitude values averaged over time points in consecutive intervals indicated below the fig-
ures. The upper and lower panels correspond to non-motor (a) and motor (0) trials, respectively. In each panel, the
upper row corresponds to the “early stage of learning”, the middle row to the “advanced stage of learning”, and the
lower row to the difference between these two conditions.

3HaYuMoe npeobjagaHue peanusauuii JIB Hang
peanuzauusaMu HJIB B mnponoKUTenbHOCTU
a(pdekra 00yueHus (B3aumoaeiicTpre (PakToOpoB
Cranus ob0ydyeHus*Tun peanuzauuu F(1, 23) =
= 14.67; p = 0.0009; yactnaroe 1n? = 0.39).

Takum oOpa3oM, Kak Ha MaKCUMyMe OTBETa,
TaK U TI0OCJIE HETO CIYyXOBOW OTBET ObLI 3HAYM-
TeJIbHO YBEJIWYEH MOoCcje 00y4YeHUsI — OCOOEHHO
B TeX peaju3allisiX, B KOTOPBIX YYaCTHUKU CO-
BepIIIAIN ABUKEHNE B OTBET Ha MICEBIOCIOBO.

Ananuz MII na yposne ucmounurkos

YT1oOBI OLIEHHUTHh MO3TOBYIO JIOKAJIM3aLUIO
a¢dexToB 00yYeHUsI, KOTOPbIE MBI CTaTUCTHYE-
CKHU ITPOJIEMOHCTPUPOBAIU B IPOCTPAHCTBE CEH-
COpPOB, MBI JIajiee TIPOBEIU aHAJIM3 JOKaInu3aluu
WCTOYHMKOB. MBI B3sJIM B aHaJIU3 TOJbKO JIB-
peanu3alny, B KOTOPHIX COBEPIIAJIIOCH ABUXKE-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

HUE, U KOTOPhIE, COOTBETCTBEHHO, ObLIN B (po-
Kyce HacTos1Iero ucciaeaopanus. Jlokanuzanuio
KOPTUKAJIbHBIX MCTOYHUKOB IIPOU3BOAWIN BO
BpeMeHHOM nHTepBaje mexay 800 u 900 mc 1o-
cJie Hayaja CTUMYyJa, IJie Ha YpOBHE CEHCOPOB
MBI HaOJTI01aJ 11 HanOOJIbIIII 3P PeKT 00ydeHU T
B peanu3auusx B (puc. 4). B nmonTBepxaecHue
aHanu3a TororpaduM Ha ceHcopax aHajau3 Ha
YPOBHE HCTOYHMKOB IIOKa3aj, 4YTO OOydeHHUe
OpPEeUMYILIECTBEHHO MOIYIUPOBAIO 00JIACTH Jie-
BOI ¥ IpaBOM BUCOYHBIX NOJIEW HA UX JlaTepaslb-
HOM U MeIualbHOI ITOBEPXHOCTHU, a TaKXKe 3a]1-
HIOIO YacTb MeIUalIbHBIX JIOOHBIX O0JacTeil u
MIPUJIETAIOIIYIO MOSICHYI0 60po3ay (puc. 6).

Konrtpact ycnosuit PCO — ITCO no3Boaun
BBISIBUTb HECKOJBKO JIOCTOBEPHBIX KJIACTEPOB
KOpPTUKaJbHBIX MCTOYHUKOB (p < 0.05, ¢ mo-
npaskoit FDR), ¢ jokanu3aliyeil MMKOBBIX pa3-
JIMYUMIA B IEBOU U MpaBoii BEpXHeil BUCOYHOM 00-
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Hp aBad Jlar€pajibHad BUCOUYHaA

0.02 AN 0.02
0.01 0.01
0 Odecenilf. e
0 1 Bpewms, c 0 1 Bpewms, c

JleBast MenuanbHas JIOOHasK

I1paBast MmemuanbHas JI0OHAasI

po3ne, JIeBOi CylnpaMapruHalIbHOM WM3BWIIVHE,

0.02 0.02
0.01 0.01
0 —— 0 ./A’Q“
0 1 Bpewms, ¢ 0 1 Bpewms, ¢

p-3HAYCHUC

. <0.05 ¢ FDR xoppexkumueit

JleBas menuanbHas BucouHast IIpaBast MenvanabHasi BUCOYHAs
E" 0.02 — PCO
E 0.01 /\ Heo
< p<0.05
= 0 i e p<0.05c FDR koppekuueii
@)

0 1 Bpewms, ¢ 1 Bpewms, c

Puc. 6. Jlokanuzaiust NICTOUHUKOB 3 dekTa oOydeHUs J11 BBI3BAHHOTO HEifpOMarHMTHOTO OTBETA, B pean3aliu-
sax 1B. Ha neHTpaipHOIi MaHe W MoKa3aHbl KOPTUKAJIbHBIE UCTOYHUKM, IEMOHCTPHUPYIOIIME 3HAUYNTEIbHBIN 3¢ -
dexrt obyuyeHus (ITCO > PCO) Bo BpeMeHHOM okHe 800—900 Mc mociie Hayajia CTUMYJia, B TOM 4uciie 6e3 Kop-
pexunu u ¢ Koppekuueit FDR Ha konmyectBo BepTekcoB (g < 0.05). BrillieykazaHHbIE 001aCTU pacCMaTPpUBAIUCh
Kak o0JlacTM MHTepeca IS majbHeliero aHanu3a. s HanIsTHOCTH TakKe TTOKa3aHbl 00JIacTH, TTPOSIBUBIIINE
aHaJIOrMYHbIi 3 dekT rmpu ypoBHe 3HaunMoctu p < 0.05 (6e3 koppekuuu). Ha cocemHux mmaHessix u300paskeHbl
rpauKu TMHAMUKU CpEeTHETO TOKa B UCTOUYHMKAaX (06e3 3HaKa) 13 TsITh obJacteit uHTepeca, mwis ycinosuit PCO u
I1CO. 3nauumerie pazmuunsg [1CO > PCO Ha rpadukax (p < 0.05, 6e3 KoppeKIIr) OTMEUYCHBI, €CJIM OHU ITOSIBIIS -
I0TCsI He MeHee 4eM B 20 TocJiemoBaTeIbHbIX BPeMEHHBIX TOYKAX.

Fig. 6. Source localization of the learning effect for the evoked neuromagnetic response, in motor trials. The central
panel shows cortical sources revealing significant learning effects (“advanced stage of learning” > “early stage of
learning”) in the 800—900 ms time window after stimulus onset, including uncorrected statistics and statistics
with FDR correction for the number of vertices (¢ < 0.05). The aforementioned areas were considered as regions
of interest for further analysis. For illustrative purposes, the areas that showed a similar effect at a significance
level of p < 0.05 (without correction) are also shown. The adjacent panels show plots of the dynamics of the average
current in the sources (unsigned) from the five regions of interest, for the “early stage of learning” and “advanced
stage of learning” conditions. Significant differences between time courses (“advanced stage of learning” > “early
stage of learning”) at the p < 0.05 level (without correction) are marked if they appear in at least at 20 consecutive
time points.

o0y4JeHueM,

COOTBETCTBOBAJI  KJIACCUYECKOM

JIEBOM U TMIPaBOM HUXXHEU BUCOYHOM M3BUJIIMHE,
JIeBoii M TpaBoil (y3udopMHOIi/maparuIio-
KaMIaJbHOI 00po3ae U 3aJHEN YacTU JIEBOM Mo-
SICHOUM OOpo3abl/cpenHeit BepxHeil JJOOHOI 13-
BUINHBL. DPDEeKT 00ydeHUS IIPOSIBIISIIICS B 000-
UX TIOJYLIApUsiX, HO OoJiee BbIPAXXEHHBLIM OH
OBLT B JIEBOM MOJIyIIIapUH, UTO TaKXKe COIIacyeT-
cs ¢ pesdyabTaTaMy aHajau3a Tolorpadum Ha
ypoBHe ceHcopoB (puc. 4). Bkiaa BUCOUHBIX U
TeMEHHBIX JIoJieli B aKTHUBAllMIO, BHI3BAaHHYIO

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU

KapTe 001acTeil Mo3ra, BOBJICUCHHBIX B ITOHUMA-
Hue peum B 1esoM (Friederici et al., 2017) u B ce-
MaHnTuyeckuii apdext N400 B yuactHocTu (Van
Petten, Luka, 2006). OgHako HaIlIM TaHHbBIE TaK-
XKe CBUACTEJILCTBYIOT O BOBJICYEHUM IOBOJIHLHO
LIMPOKOI 00JacTh MeAuaabHO-(OPOHTATBHOTO
HEOKOpTeKca.

Y10o06bl MOJYYUTh AajibHEMIIEee TIpencTaBlie-
HME 0 BpeMeHHOM xoJie pasnnuuii Mmexay PCO u
I1CO B peanuzanusax B, MbI TpoaHaaIu3upoBa-
Ne 6
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JIM TUHAMUKY U3MEHEHUSI aKTUBallU1, BbI3BaH-
HOM 00yyeHreM, Ha IPOTSKEHU U IMTOCTCTUMYJIb-
HOro HHTepBaja [JIsl CJACOYIOLIMX KJIAaCTEpOB
KOPTUKAJbHBIX MCTOUYHUMKOB B OOOMX ITOdyIlIa-
pUSIX: naTepajlbHBIX BUCOYHBIX OOJIacTeit (Bepx-
HsIsl BUCOUYHAs1 00po3/1a 1 BEpXHSISl BUCOYHAS 13-
BuinHa, STS/STG), NONOJHUTENBHBIX U TIped-
JIOTIOJTHUTEJIbHBIX MOTOPHBIX obOnacreit (SMA u
pre-SMA) u dy3udopMHOii/maparunmnokaMiaib-
Hoit m3BwimH (FFG/PHG) (puc. 6). MbI n3Biek-
JIM BpeMEHHbIE PSIIbl CUJIbI TOKA MCTOYHUKOB,
YCPEIHUWJIN UX 10 BCeM BepTeKcaM KaxK10To KOp-
TUKAJIbHOTO KJacTepa OTAeJIbHO, a 3aTeM MPOBe-
i cpaBHeHMne Mexny yeaoBussMu PCO u ITCO ¢
IMIOMOIIBIO #-TE€CTa B KAXKIOU BPEMEHHOM TOUYKE
Ha MOCTCTUMYJIbHOM HMHTepBayie (C IOIpaBKOit
FDR Ha xoimdyecTBO BpeMEeHHBIX TOUEK).

[TonydyeHHbIe pe3yabTaThl HA YPOBHE MCTOY-
HUKOB B 1IEJIOM CXOXH C TeMU, KOTOpble ObLIU
MOJIydeHbl Ha YPOBHE CEHCOPOB, HO BBISIBWIU
Oosiee MMOAPOOHYIO MH(POpPMALIUIO O Havale U
CMEIIIEeHUN aKTUBHOCTH, BbI3BAaHHOII OOyYeHMU-
€M, B MHTEPECYIOIINX HaC KOPTUKAIbHBIX 00Jia-
ctax. I'paduku nuHamuku aktuBauuu ajst ITCO
HaYMHAaJIM 3HAYUTEJIbHO OTJIMYATHCS OT TAKOBBIX
st PCO cHavasia B JieBbIX 00J1acTsIx Kophl (STS
n SMA/preSMA), a 3aTeM B CUMMETPUYHBIX UM
00J1aCTSIX MPaBOro TOJIyIIapus U B MeAUaTbHOM
BucouHoii ooiactu (FFG/ PHG). [ng o6aacreit
SMA/preSMA sddekT o0ydeHrusI B OCHOBHOM
coBnagayi ¢ MakcumyMmom oteeta (oT 500—700 no
1200 mc nocne Havana ctumyJsa). Hanpotus, Ha
JIATEPAIbHOM M MEIUAJIbHOM TMOBEPXHOCTU BU-
counbix gonaeir (STS ownarepansHo, FFG/PHG
cJieBa) akTUBalMsI, BbI3BaHHAsI OOyYeHUEM, CoXpa-
HSUIaCh JIOJIbIIE, TIPUMEPHO 10 CPEIHETO BpeMEeHU
Hayasia aBwxkeHus (T.e. 1o 1400—1450 Mc mocne
Hayaja CTUMYyJia).

B utore nonydeHHble HAMU pPe3yJIbTaTbl CBU-
JIETEIbCTBYIOT O TOM, YTO, KOT/a CIyXOBbIE TICEB-
JlocJ0oBa nmpuobpeTraan accolualyu ¢ omnpene-
JIECHHBbIM JIBUKEHMEM I1OCPEICTBOM aKTMBHOTO
o0Oy4YeHMsI, OHU CTaIU BbI3bIBATh 00Jiee CUIbHbBIN
U JIJUTEbHBIA BbI3BAHHBI OTBET HAa CTUMYII.
OT1oT 3P eKT 00yueHus ObLI CUIbHEE U ITPOIO0JI-
KUTENbHEE IJI CIYXOBBIX CTUMYJIOB, KOTOpbIE
MPEeAIMChIBAJIM COBEPIIATh ABMXKEHNE KOHEYHO-
CTbIO TeJjla, MO CPaBHEHUIO C TEMM, KOTOpbIE
MPEANMChIBAJIM BO3JAEPKUBATHCS OT JBWKEHUS.
KopTukajibHbIMU 00JaCTIMU, MaKCUMaJIbHO 3a-
TPOHYTbIMU 0OydeHUeM B J| B-peasimzatiusix, Obliu
BepxHsis BucouyHast (STS) u ¢y3udopmHasi/mapa-
rurnnokamianbHas u3BuamHel (FFG/PHG) ne-
BOI1 M, B MEHbIIIEH CTENEHU, MPAaBOl BUCOYHOM
JIOJIM, a TakKxKe 00JacTU MeIUaIbHBIX JIOOHBIX

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

YEPHbLIIIEB u np.

CTPYKTYp. B BHUCOUYHBIX 00acTSIX 000MX MOJIY-
IIapuii MOIYJSILINY, CBSI3aHHBIE C OOy4YeHHUEM,
COXpaHSUIMCh O KOHIIA TMepuoma 3aaepKKU
MEXIy CTUMYJIOM 1 Ha4yaJIOM IBUXKCHUSI.

OBCYXIEHUWE PE3YJIIbTATOB

Llens maHHOTO MCCAEOOBaHHUSI COCTOSJIa B
TOM, YTOOBI BbISIBUTH 3((PEKT YCUISHUS U MIPO-
JUIEHUS aKTUBAallMU BUCOYHOI KOpPHI IIPY BhIpa-
0OTKe accolraly MeXIAy CIyXOpeUeBbIMU CTU -
MyJIaMU U IBUKeHUEeM. MbI 1efiCTBUTEIbHO 00-
HapyXWin TaKou 3(PPeKT.

VYXe Ha paHHeU cTaguy OO0y4YeHUsI CIIyXOBBbIM
ICEeBOOCIOBAaM — MO CPaBHEHUIO C UX ITACCUB-
HBIM OPOCIYIIMBAaHUEM — HAOII0AaJI0Ch YCUJIe-
HUE U MPOJIOHTALYs JEKCUKO-CEeMaHTUUECKOTO
koMItoHeHTa N400m, ¢ MaKCUMaJIbHBIM 3 deK-
TOoM npuMepHO yepe3 400—450 Mc 1mocite TO9Kmn
Iu3aMOuryaluy nceBaoCioB.

Bo3MOXHBIM OOBSICHEHUEM BBISIBJICHHOTO
HaMmu 3¢ deKTa YIITMHEHUS CTyXOpeueBOi aKTU -
BallUM MOIJIO OBbI OBITh TO, YTO HCIHBITyeMBbIE
BCJIEACTBUE YCTAJIOCTH WJIM WHBIX MNPUYUH K
KOHILY 2KCIIEpUMEeHTa HaYMHAJIM TPaTUTh O0JIb-
1lIe BpEMEHM Ha paclio3HaBaHue CTUMYJIOB. Of-
HAaKO TakKoMy OOBSICHEHMIO MPOTHBOPEUYMUT CO-
KpallleHre BpeMEHHU peakliMM — KaK MeXIy aK-
TUBHBIMU OJIOKAMMU, TaK W BHYTPU KaxXIOTO
0J10Ka, a TakKe Bo3pacTaHUe JOJM MPaBUJIbHBIX
OTBETOB.

Bommma N400, mramasica elne ITOCTaTOYHO
IOJITO TIOCJIe TIMKA — TTOA00HAast TOI, YTO HaOII0-
Jajlach B HaIllEeM MCCIIEIOBAaHWU, — ObLIa paHee
3aperuCcTpUpoBaHa Kak IJIsi BepOaJbHBIX, TAK U
HEBEpOAJIbHBIX CTUMYJIOB B 3PUTCIBHONM MO-
manpHOCcTH (Deacon, Shelley-Tremblay, 2000;
Erlbeck et al., 2014; Kutas, Federmeier, 2011),
0COOEHHO IJIs 3amad, Moapa3yMeBaIoOIIMX aK-
TUBHOE yIepxKaHWe pelpe3eHTalliy CTUMYJa B
KpPaTKOBPEMEHHOM MaMsIT — HalipuMep, 3agada
Ha OTCPOYEHHOE COIIOCTaBJIeHUE C 0O0pa3iioM
(Pinal et al., 2014) nnm 3agadya Ha KOTUPOBaHUE
OykB B a30yke Mop3se (Lang et al., 1987).

[Ipu uccnenoBaHuy 3aJa4d HA OTCPOYCHHOE
COIIOCTaBJIEeHUE C 00pa3loM y 00e3bsH HaOII0-
JaJloCh YCTOUYMBOE BO30yXIcHUE HEPOHOB
HIDKHE BMCOYHOII KOpBI B INEpUOM 3aIepXKKU
MEXKIY LIEJEeBBIM 3PUTEIBHBIM CTUMYJIOM U XO-
pOILIO BBIYYEHHOIM ITOBEACHYECKOM pPEAKLIMEHA.
OHO, KaK 0Ka3aJIoCh, OTPaXKaJI0 aKTUBHOE IO/~
JepKaHue BHYTPEHHUX pellpe3eHTaluid CTUMY-
JIa, HEOOXOMMMBIX I MPEACTOSIIETO IMOBEe-
Hus (Takeda et al., 2005). YuuTbeiBass naHHbIE JIM-
TepaTyphbl, Mbl IPEANOJOXWIN, YTO YIJIMHCHUE
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N400m Ha ciayxoBBIE TICEBIOCJIOBA Ha paHHEN
craguy oOy4YeHUs SIBJISIeTCsl pe3yIbTaTOM yCujie-
HUSI Harpy3kKy Ha pabouylo namsTh — HaMepeH-
HOTO yIep>XKaHUs perpe3eHTalliy IICEBI0CI0BA B
KPaTKOBPEMEHHOM IMaMSTH.

OpHako Takoi MHTEPIIpeTalluu HEeJIOCTaTOU-
HO 1Jis1 oObsicHeHusT uameHeHust BII, koTtopoe
MBI HaOIogaIu B mpoliecce ooyyeHusi. B Teue-
HUE BCEro mnepuoja oOydeHHus 3agadud Ha acco-
LIAALMIO TICEBAOCIOBA U AeHCTBUSI TpeOOBAIOCh
Kak c(pOKyCcHUpOBaHHOE BHUMaHUE, TaK U yIAep-
>)KaHUe CTUMYJIOB B mamstu. OgHAKO 1Mo Mepe
00yJeHUsI COOTHECEHUE CTUMYJa C IBUKCHUEM
CTAaHOBUTCS Bce 00jiee aBTOMAaTUYECKUM, U Ha-
rpy3Ka Ha pabouylo maMsITb U BHUMaHME CHIXKA-
nack (Pearce, Mackintosh, 2010), uyro, B cBoOIO
ouepellb, TOJDKHO OBLIIO CHM3UTh HEPOHHYIO aK-
TUBALIMIO, CBSI3aHHYIO ¢ pabodeil ImaMsIThio/BHU-
MaHueM (cMm., HampuMmep, Jensen, Tesche, 2002).
Takum oOpa3oMm, 3THU MpPOLECCHl caMU MO cebe
BpSsIA, JIA MOTJIM ObI OOECIICUUTh BhISIBJISHHOE Ha-
MU YBEJIUYECHUE U TTPOUIEHUE YCTOMYUBOUN HEW-
POHHOI1 aKTUBAaLlUU, OCOOEHHO BhIpasKeHHOE Ha
IIPOJBUHYTOI CTaIM OOyUYeHMsI — KOTIA OIIMO0-
KM TIPpaKTUYECKHM HCUYE3JIU, BpeMsl peaKlu Cy-
ILIECTBEHHO CHU3MWJIOCh, YTO SIBHO CBUICTEIIb-
CTBYeT O 3HAUYUTEJIbHOM CTEIIEHU aBTOMaTu3a-
LIMU peaKI Ui Ha CTUMYJIBI.

Hanpotus, BbillIeyHOMSIHYTBIN pe3yabTaT XO-
pOIIIO COTacyeTcsl C TUIOTE30i PeTPOCIIEKTUB-
HOM akTuUBalMU. JIeiiCTBUTEIbHO, TOJLKO KOTaa
OMBIT MPEAIIECTBYIONIEr0 O0Oy4eHUsI MOT ObITh
WHTErpUpPOBaH, Mbl HabOIIOOAINU, YTO HEWPOH-
HbI1 OTBET Ha BHOBb MPUOOpPETEHHBIE TICEBAO-
clioBa JeicTBUS (KOTOpble ObUIM MOCJeA0Ba-
TEJIbHO U YHUKAJIBHO COIPSTKEHBI C TBUKEHUSIMU
OIpeeJIeHHOM YacTH Tejla) COXpaHsJICs 10 Hadalla
oxugaeMoro asvkeHust (puc. 4 (6), 5 u 6). Yuu-
ThIBasl, 4To 3(hdeKT oOydyeHUs1 WIS MCEBIOCIOB,
KOTOpbI€ HE acCCOLMUPOBAIMCH C JBWKEHUEM
(HAOB), pe3ko cHMXAaJICS OCe MaKCUMyMa CJIy-
XOBOT'O OTBETA M MOJTHOCThIO MCYE3aJl B TIO3IHEH
yacTu HelipoHHOTO oTBeTa (puc. 4), MBI JiejacM
BBIBOJI, UTO yIJMHeHWe BoJHbI N400 ObLUIo xa-
paKTepHO MMEHHO ISl TeX IMCeBIOCIOB, KOTO-
pble CTad MNPEACKa3yeMbIMU CUTHaJIaMU IS
BbIOOpA, TIOATOTOBKU U BHITIOJTHEHUSI IBUXKEHUSI.
IMosiBnsisice B mpeaaBepMuM MOTOPHOTO Jeil-
CTBUSI, KOTOPOE MOJTHOCTbHIO OTIPENEIISIIIOCH CITy-
XOBBIM CTUMYJIOM, PETPOCHEKTUBHOE YCUJICHUE
1 TIpOAJIeHUE AaKTUBHOCTU MOTJIO B OCHOBHOM
OBITb CJIEACTBUEM TOTO, YTO Ha MPOABUHYTOM
ctaguu ooydyeHus (I1CO), B oTauuue oT paHHeHl
craguu odydyeHust (PCO), ydaCTHUKHU yKe YCTaHO-
BWJIM JIJIS1 C€051 COOTBETCTBUE MEXIY CTUMYJIaMU 1
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OTBETaMMU, U BBITIOJIHSIBIIIECS AEACTBUS OLICHUBA-
JIMCh YYaCTHUMKAMM KakK “IIpaBWIbHBIE” yxKe Ha
CTaAUM UHULIMALUU U BBIIMOJHEHUS JTBUKECHUSI.
AHaJioTMYHOE yBEeJINYEeHNE YCTOMYMBOM aKTWB-
HOCTH HEpOHOB Ha0OII04AJIOCH B TPePOHTAIIb-
HOM KOpe NpMMAaToB, Korjma 00e3bsIHbl IIyTeM
npo0 1 OIMMOOK 00yJaInCh IIPOU3BOJBLHBIM ac-
colMalMsIM MEXIY KaXXI0u 13 IBYX KAPTUHOK 1
JIBMDKEHUEM Ty1a3 BiieBo miu BrpaBo (Histed et
al., 2009).

OIHaKo, YTO OYEHb BaXKHO JIJISI TUIIOTE3bI pPe-
TPOCIIEKTUBHOI aKTUBALlUU, B HAILIEM MCCJICI0-
BaHUU BBI3BaHHAsi OOyYCHMEM YCTOMUMBAs aK-
TUBHOCTb HaOII0Ja1ach B KJIaCCUYECKUX “pede-
BBIX 00J1acTSIX” JIEBOIl U, B MEHbIIIE CTEIeHU,
MPaBOi BUCOYHBIX 10JIei (puc. 6), BOBJIEUEHHBIX
B ()OHOJIOTUYECKYIO U JIEKCUKO-CEeMaHTUYECKYIO
00paboTky peanbHbIX clioB (Kutas, Federmeier,
2011; McCarthy et al., 1995; Smith et al., 1986;
Travis et al., 2012). DTo MO3BOJISIET MPEAIIOIO0-
KWTb, UTO peECypChbl 0OpabOTKMU peur MOOWIIN3Y-
IOTCS B IIEPUO, 3aASPKKHM 10 Hadaaa ABMXKCHUS,
B OCHOBHOM JIISI T€X TICEBIOCJIOB, KOTOPhIE Bpe-
MEHHO TpUoOpev 3HaYeHUE CJIOB, CBSI3aHHBIX C
JEeMCTBUSIMM. YUYMUTBHIBAsI, 4TO OpedpoHTaabHas
KOpa COAEPXKUT HeHpOHHBIE MOMYJISIUN, KOTO-
pble KOIUPYIOT CEHCOPHbBIE perpe3eHTaluu, MO-
TOPHBIE pENpe3eHTAlMU U perpe3eHTallu BO3-
HarpaxaeHust (cMm. B Histed et al., 2009), oHa,
yepe3 HUCXOIMIIUE IPOCKLMU, MOXET UTPaTh
KJIIOYEBYIO POJIb B 9TOM OOIIIEM MEXaHU3Me aK-
TUBHOTO OOYYEHUsS TMPOU3BOJBHON CEHCOPHO-
MOTOPHOI accolaluu.

OnHaxko BEISIBJIEHHBII HaM# 3 deKT He orpa-
HUYMBAJCS TOJBKO CIIYXOPEUYEeBBIMU PEIIPEe3eH-
tauusaMu. [loMMMO BHUCOYHOI ClIyXO-pedyeBOi
KOpBbI, JOMOJIHUTEAbHAS MOTOPHAas WU Opea-I0-
MOJIHUTEIbHAS MOTOPHAsI KOpa, a TaKXKe MOTOP-
Hble 30HbI MOSICHOH KOpbI, — T.e. 00JacTu,
O0OBIYHO BOBJICUEHHBIE B MOTOPHOE IPOTPaMMU-
poBanme (Picard, Strick, 2001), — TakzKe IIpOSTBIIIN
YCUJICHHE HEMPOHHOIO OTBETA Ha IICEBAOC/IOBA HA
MPOIBUHYTOM 3Tarte ooydeHus (puc. 6). Murepec-
HO, yTo B PMPT-ncciaemopanmu H. INocte u ap.
(Postle et al., 2008) ObITO BBISIBIECHO, YTO UMEH-
HO aKTUBalUs MOped-AOHOIHUTEIbHOII MOTOpP-
HOM KOpbI ObLIa 3HAYUTEIBHO BHIIIE BO BpeMsl
MNOHMMAaHUSI CMbIC/IA CJIOB, ceUnM(pUUYECKN CO-
OTHOCHUMBIX C KOHKPETHBIMU AeHCTBUSIMU — IO
CPaBHEHUIO C IIPOYMMHU CJIOBAaMH; COIJIACHO
MHEHUIO aBTOPOB, 3Ta aKTUBALIUSI MOXET OTpa-
KaTh acCOLMALIMIO MEXAY CIOBAaMM M MHUILIMA-
LYEN TporpaMMbl IBUKCHUS.

BaxkHO OTMETUTB, YTO HaOIIOJaBIIAsICS HAMU
aKTUBaLMS JOIOJHUTEIbHON 1 Mpea-I0II0IHU-
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TETbHOI MOTOPHOM KOPhI B OTBET HA CTUMYJI ObIJIa
HEIOCTaTOYHO JJTUTEILHOM, YTOOBI SIBJISITHCS TTPY-
YMHON WHULAALMK COOTBETCTBYIOILIETO IBUKE-
HMSI Kak TakoBoro (puc. 6). BMmecTo aToro, mosiBiie-
HUE aKTUBAlLlMM MOTOPHOI KOPhI B KJIACCUYECKOM
okHe N400m (400 Mc mmocie ToYKM n1u3aMourya-
LIMK), TIpEeArnojaraet, YTo OHa MOXET y4acTBO-
BaTb B JIGKCUKO-CEMAaHTUUYECKOM MU3BJIeYe-
HUY/KOOUPOBAHUU CJIYXOBBIX IICEBOOCJIOB Ieii-
CTBUSI KaK HEHpOHHOIO MpPeACTaBJIEHUS TOJIbKO
YTO BBIyYEHHBLIX MOTOPHBIX acconuanuii. Ilpu
9TOM OTCYTCTBME akTuBauuum SMA Bo Bpems
MaCCUBHOTO TPOCIYLIMBAHUSI TOTO K€ CaMOro
TOJILKO YTO BEIYYEHHOTIO IICEBIOCIIOBA IeCTBUS
(Razorenova et al., 2020) ripenmnoJiiaraet, 94To 1Mo-
cJie KOPOTKOro aKTUBHOTO OOYYEHUST TaKue CIIy-
XO-MOTOPHBIE aCCOLIMAaTUBHBLIE COOTBETCTBUS
BCe ellle SBISIOTCS XPYIIKUMU U TPeOyIOoT pac-
MpeaeaeHus pecypcoB BHUMaHUs U paboueii ra-
MSITH, 4YTOOBI OBITh OOHAPY>KEeHHBIMU B HEHPOH-
HoM MBI '-curHajie B OTBET Ha CTUMYII.

B uenom, Hamm pesyabTaThl MOKa3bIBAIOT,
YTO IIOCJIe TPUOOPEeTeHUs acCoLMalud MEXIy
CJIYXOBBIM TICEBOOCJIOBOM M IIpE€ACKa3aHHBIM
IECTBUEM WU3BJIeYECHUE JIEKCUKO-CEMaHTHUYe-
CKMX 3HAHMIi, XpaHSAILIMUXCI B BUCOUYHOM KoOpe,
3aMyCKAETCS NPENbIBICHHBIM IICEBIOCIOBOM.

B Hacrosiiieit padboTe Mbl MMeJU BO3MOX-
HOCTb MCCJIEIOBATb TMHAMUKY BbI3BAHHBIX MO3-
TOBBIX OTBETOB JIMIIIb B MIpeneaax JJIUuTeIbHOCTU
SKCIIEPUMEHTA, T.€. MOpsIKa TMOJIyTOpa-AByX Ya-
coB. PeanbHast JIMTETBHOCTh BBISIBIEHHOTO (-
(bexTa ocraercss HEM3BECTHOI, 1 BBISICHEHUE OTBE-
TOB Ha 3TOT BOIPOC MOXET SIBUThCS TTEPCHEKTUB-
HbIM HaIlpaBJIeHUEM JATbHEUIINX UCCEIOBAHUIA.

SAKJIIOYEHUE

IMonyyeHHbIe HAMU pe3yAbTaThl JAIOT MIEPBOE
JI0Ka3aTeJIbCTBO TOTO, YTO MO3T B3POCJIOTO YeJIo-
BeKa JIJIS1 yCTaHOBJICHUsI HOBOI acCOLMAlU 1O~
JlaraeTcsi Ha MeXaHu3M, KOTOPbIi ITI03BOJISIET EMY
3aIl0JHSITh BPEMEHHOI pa3pblB MEXIy 3Byda-
IIMM CJIOBOM M aCCOLIMMPYEMBIM ICHCTBUEM.
D10 obecneunBaeTCs MyTeM YIJIMHEHUS MO3TO-
BOH CJIyXOpEe4YeBOM aKTUBALIUU, BBI3BAHHOI CTU -
MyJioM. TakuMm oO6pa3zoM co30ar0TCs YCIOBUS IS
peanmu3anuu XeOOOBCKOW IJIACTUYHOCTU, TO
€CTb JOJTOBPEMEHHBIX CUHAITHYECKUX IEPECTPO-
€K B HEeMpPOHHBIX aHCAaMOJIsSIX, KOTOpasi OCHOBaHa
Ha COBMNAaJeHUU aKTUBHOCTU BO BPEMEHMU.
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PROLONGATION OF STIMULUS REPRESENTATION IN THE BRAIN
AS A PROBABLE MECHANISM OF ASSOCIATIVE PLASTICITY
IMPLEMENTATION DURING SEMANTIC LEARNING

B. V. Chernyshev» » #, A. A. Pavlova® ¢, A. M. Rytikova¢, A. V. Butorina® ¢, and T. A. Stroganova“
Moscow Center of Neurocognitive Research (M EG-center),
Moscow State University of Psychology and Education, Moscow, Russia
b Department of Higher Nervous Activity, Lomonosov Moscow State University, Moscow, Russia
¢Department of Psychology, National research university Higher School of Economics, Moscow, Russia
dCenter for Neurobiology and Brain Restoration, Skolkovo Institute of Science and Technology, Moscow, Russia
#e-mail: b_chernysh@mail.ru

It is believed that memorization of the meaning of new words occurs due to associative learning. For
example, it may be matching of a word to the corresponding motor act. Synaptic plasticity in the
brain develops on condition that activity of cell ensembles representing the associated events coin-
cides in time — however, in reality, during the development of such associations, a significant time
gap between the associated events is likely, which compromises necessary conditions for synaptic
plasticity. We hypothesized that conditions for the development of synaptic plasticity may be creat-
ed by way of prolongation in the activity of neuronal representations, thus providing for the required
overlap in time at the level of neuronal ensembles. To test this assumption, we recorded magneto-
encephalogram in volunteers during acquisition of associations between pseudowords and move-
ments by four limbs. The results of the study show that there indeed occurs a significant prolonga-
tion of stimulus-induced auditory speech activation during the development of new associations.
Thus, during the development of the association in the brain, the necessary conditions for Hebbian
plasticity can be created — even if the events being associated are separated in time.

Keywords: associative learning, reinforcement learning, memory, action words, evoked fields, mag-
netoencephalography
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MexaHn3MBbI BOCCTAHOBJICHMSI pa3IMIHbIX (hOPM ITOBEASHUS MPHU NPOOYKISHUU OT CHA A0 CUX
MOp HEJOCTAaTOYHO M3y4YeHbI. B HacTosIIeit padoTe Mbl MCCIIETOBAIM BOCCTAHOBIEHHUE MPOCTHIX
MOTOPHBIX PeaKL Ml Ha 3pUTEIbHbII CTUMYJI, TOHKOW 3pUTEIbHO-MOTOPHOI KOOpAWHALIMU, a
Takke aOCTPaKTHOTO MBIIIJIEHUS TIPU MPOOYXKASHUY U3 CaMOii IITyOOKOI, TpeTheli CTaiuu JHEB-
HOro cHa. B 6oapcTBOBaHNM IO CHA U B T€UEHME TIEPBBIX 2 MUH IIPOOYXKICHUS OT CHA JOOPOBOJIb-
aM mpenjiarajy ABa TUIA 3agad: 3pUTEIbHO-MOTOPHBIE, B KOTOPBIX HYXKHO OBLIO YIIPaBJISTh
IBIDKYIIMMCS OOBEKTOM; U apru(pMETUIESCKHNE, B KOTOPBIX HY>KHO OBLIIO OIIPedesIsiTh BEPHOCTH
MpeaI0KEeHHBIX paBeHCTB. IloydeHHbIe pe3yabTaThl ITOKa3aJii, YTO CKOPOCTh IIPOCTOM MOTOP-
HOM peaxkliMM Ha MOSIBJICHUE 3pPUTEIbHOIO CTUMYJIa JOCTUTajla YPOBHSI, XapaKTepHOTIO 111 60ap-
CTBOBAHMUSI, IPAKTUUYECKHU Cpa3y Ke Iocjie IpooyKaeHus (B TeueHue 4 ¢), Toraa Kak BOCCTAaHOB-
JIEHUE CITIOCOOHOCTH OTPEIEISITh BEpHOCTD MJIM HEBEPHOCTb apudMeTUIEeCKUX paBEHCTB, a TAKXKe
TOYHOTO yIIpaBJIICHUS TPAeKTOPUEH IBIKYILIETOCS 00beKTa TpeOOBaJIo ropasio OO0IbIIIE BpEMEHU:
okoJ10 40 ¢ (B apudpMeTrueckoii 3agaue) u 60 ¢ (B 3pUTEILHO-MOTOPHOI 3amaue). MOIIHOCTD ajlb-
da-puT™Ma IIpu IIPOOYKIEHUM ObIIa BBIIIE, YeM B 00IpCTBOBAaHWHA. JlerbTa-MOITHOCTh ObIIa O~
BBIILIIEHA TOJILKO B Havajie mpoOyKaeHMsI, II0Ka pellleHre 3a1ad ObLI0 3aTPyIHEeHO, a Ha BTOPO
MUHYTE MPOOYXKAEHUSI, KOIJa OHO BOCCTAHABIMBAJIOChH, JAC/IbTa-PUTM CHIDKaICs. [lojlydeHHBIe
HaMU JaHHbIE CBUAETEILCTBYIOT O TOM, YTO MPOCThIE U CIOXHBIC (DOPMBI TTIOBEASHUS TIPU TTPO-
OyKIEHUM BOCCTAHABIMBAIOTCS HEOMHOBPEMEHHO.

Karouesbie cro06a: THEBHOM COH, 3pUTEIILHO-MOTOPHAsI KOOPIWHALIUS, aGCTpaKTHOE MBIIICHNE,
3-s1 cTamus cHa, Ipody:xkaeHue, D3I, anbda-puT™, TeIbTa-pPUTM

DOI: 10.31857/S0044467723060096, EDN: ULAEPC

BBEJAEHUWE

Hayuynast mpoOJjiema, Ha pelieHue KOTOPO
HampapjieHa paboTa, — 3TO oIlpeaesieHue oye-
PEIHOCTH U CKOPOCTU BOCCTAHOBJIEHUS pa3HbIX
aCIIeKTOB MOTOPHBIX Y KOTHUTUBHBIX (DYHKIIWA
Mpu MpoOyXaeHWr OT cHa. B HacTosiee Bpems
3Ta Hay4yHasl Ipo0dJjieMa OCTaeTCsl HEU3y4YeHHOM.

COH — 3TO eCTECTBEHHOE COCTOSIHUE MOKOSI,
oTJIMyaloleecs: BbIpaXkeHHO apeaKTUBHOCTBIO
U OTKJIIOYEHUEM CEHCOPHBIX CHCTEM OT BHEIII-
Heil cpenbl. Bo Bpemsi MemieHHOro (OpTOaOK-
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CaJIbHOTO) CHA aKTUBHOCTh HEPOHOB U3 NECHUH-
XPOHU3UMPOBAHHOM, XapaKTepHOM 111 60IpPCTBO-
BaHUsI, CTAaHOBUTCI CHUHXPOHM3UPOBAHHOM
PaBHOMEPHO pacOpeaeJeHHONA U TpyIIIOBOM.
M3-3a Takoil cMeHbl aKTUBHOCTHU YCJIOBUS JJIsI
rnepepadboTKu UHGOPMALIUY B MO3T€ PE3KO YXY/I-
mraroTcs. BMecte ¢ aTUM Mo Mepe yriyoJaeHus
CHa pacTyT MOPOTHU AJIs BCEX BHELIHUX CEHCOP-
HbIX CUTHAJIOB U X TTIOCTYIJIEHUE B MO3T 3aTpy/l-
Hsetrcss (KoBanb3oH, 2012). Camasi miybokas,
TPEThSI CTaAUsI OPTOAOKCAJIBHOIO CHa XapaKTe-
pu3yeTcsl paclpeaesieHHONM MO BCEMY KOPTEKCY
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BbICOKO CUHXPOHU3UPOBAHHON U CTEPEOTUITHOMN
aKTUBHOCTbIO B HM3KOUYACTOTHOM JeJibTa-aua-
na3oHe (0.5—2 I'x) (Steriade et al., 2001), Ham-
OOJIBILIMM YTHETEHHWEM CO3HAHUSI, BBICOKUMMU
noporaMmu BO30YyXXIEHUSI M BbIpa>keHHOI MHEp-
nuen cHa rmpu rpooyxkneHuu (Trotti, 2017).

Kak ke mpoucxoguT mpoOy:KaeHue U3 3Toit
ctaguu cHa? Ha HacTosmiit MOMEHT o (hpeHOMEHe
NpOOYXKIEHUST U3BECTHO OTHOCUTEILHO HEMHOIO
(YkpaunneBa, ConoBbeBa, 2023). ITo HEKOTOpPEIM
nMeromuMcs maHHbIM (Peter-Derex et al., 2015;
Latreille et al., 2020; Liaukovich et al., 2022),
dopcupoBaHHOE MIPOOYKIECHUE U3 TPEThEil cTa-
JIUU IJINTCS AECATKU CEKYHJI, B TeUEHHUE KOTOPBIX
CcHavasia Ha 3anrcu DI nossisitoTess K-Komiek-
Chl M CUTMa-BepeTeHa, MOCJIE Yero MPOUCXOIUT
YBEJIMYECHUE YaCTOThI JeJIbTa-pUTMa, KOTOPLIM
MOCTEIIEHHO CMEHSIETCSI BHICOKOYACTOTHOM aK-
TUBHOCTBIO — ajibda 1 6eTa. ETMHUYHBIE UcCie-
JOBaHUSI, B KOTOPLIX IIPOLIECC IIPOOYXKACHUS
M3YYyaJICsI C IIOMOILbIO BXHUBJICHHBIX B MO3T
BJIEKTPOAOB y MALUEHTOB ¢ (PapMaKOPE3UCTECHT-
Hoil anunernicuent (Bassetti et al., 2000; Terzaghi
et al., 2009 Peter-Derex et al., 2015), oOHapyXu-
JI1 HEOHOBPEMEHHOCTh MPOOYKIEHUSI pa3HBIX
OTIEJIOB MO3Ta. B yacTHOCTH, OBLIO ITOKa3aHO,
YTO Y CEHCOPHBIX U MOTOPHBIX 30H KOPHI IIOPOT
aKTUBAlIMY HIKE, 4eM y accouaTuBHbIX (Terzaghi
et al., 2009 Peter-Derex et al., 2015), 6ojee Toro,
Ha paHHEM 3Talle IpoOyKAeHUS aKTUBALIUSI CEH-
COPHBIX U MOTOPHBIX 00JIACTEI COIPOBOXKIACTCS
ele 00JbIlIei JeaKTUBallel acCOLIMaTUBHBIX —
B OopcoJjiaTepalibHOl (DpOHTaIbHOII KOpe U B
JopcojaTtepajJbHOM TEMEHHOI KOope perucTpu-
pyeTcsl IapagoKcalbHOE yBEJIWYEHUE JeabTa-
MOIIITHOCTH, KaK OyATO OBl 3TU OTAEJIbI MbITAIOT-
cs TIOJAaBUTh pacOpOCTpaHeHUE BO30YXKIACHUS U
nponokuth “criath”’ (Peter-Derex et al., 2015).
Taxcke ObLIO TIOKa3aHO, YTO BO BpeMsI HETTOJIHbBIX
OpoOyXASHUI Y MallMeHTOB, CTpadalollX COM-
HaMOYyJIM3MOM, B MOTOPHOII M TMOSICHOII Kope
MOXET PeruCTpUpPOBaThCs OOMPCTBYIOIIAS aK-
TUBHOCTb, B TO BpeMsI KaK B JIOOHO-TEMEHHOM
acCcoLlMaTUBHOI Kope IpeobiamgaeT MOBbIIIEH-
Hasl IedbTa-aKTUBHOCTD, XapaKTepHas IS TIy-
ookoro cHa (Terzaghi et al., 2009). Kpome Toro,
HeJIaBHsIsSI padoTa Ha 340POBBIX JOOPOBOIbBIIAX C
ucroab3oBaHueM mMetoga GMPT takke mpone-
MOHCTpPUpPOBAaJia, YTO MEePBLEIMU B IIPOLECC MPO-
OyXIeHUsI BOBJIEKAIOTCSI IpaBasi OCTPOBKOBAs
JIOJISI U CEHCOMOTOpPHAasI Kopa, IIpyu TOM, 4TO JIOO-
Hble 1 TeMEHHBIE 00JIaCTU KOPbl aKTUBUPYIOTCS
3HauYUTeIbHO mo3xe (Alcaide et al., 2021). ITo-
CKOJIBKY BO BpeMsl CHa Mbl HauboJjiee YSI3BUMEI,
OCHOBHas (pyHKIIMS MPOOYXIEHUSI — BOCCTa-
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HOBJIEHUE BOCIIPUSITUSI BHEIIHUX CUTHAJIOB U
MOBEICHUYECKON peakTUBHOCTU, U 3TO BOCCTa-
HOBJIEHUE IOJDKHO IPOMCXOAuTh ObicTpo. Ilo-
3TOMY MOXKHO 3aKJIIOYUTh, YTO OYEPETHOCTH
MpOOY:KIeHUS pa3HBIX OTIEIOB MO3ra HeclydaiiHa
M MeET BaKHbBIN aganTtallioHHbI cMbIci. [To-Bu-
JIMMOMY, TTOHVZKEHHBIN TTOpOT MPOOYKASHMST MO-
TOPHBIX OT/IEJIOB KOPbI OOBSICHSIETCS UX (prTOreHe-
TUYECKON IPEBHOCTBHIO OTHOCHUTEIBHO JPYruXx
KOPKOBBIX 30H M SBJISIETCS SBOJIOLIMOHHOM
ajanTalyei, crrocoOCTBYIOIIEH BBDKMBAHUIO B
IIUKOM MPUPOIE, MO3BOJISI CHACTUCHh OETCTBOM
pU NIPOOYKIEHUM, BBI3BAHHOM BHE3aITHBIM 10O~
SIBJICHUEM OMIAaCHOCTH.

bosiee HU3KMIT MOpPOT aKTUBALIMA MOTOPHOM
KOpPBI OTMEYaeTCsl HE TOJILKO MPU MPOOYXKISHUH,
OH TaKXe HEOTHOKpPATHO ObLI OINMUCaH B UCCIIE-
JNOBAHUSIX, TTOCBSIIIEHHBIX HEOMHOPOIHOCTU
IJTyOMHBI CHa B pa3HBIX OTAEJIaX MO3ra, B 4acT-
HOCTHU B UCCJIETIOBAHUSIX TAKOTO (heHOMeHa, Kak
JokanbHOe 6onpcTtBoBaHMe (Nobili et al., 2011;
De Carli et al., 2016). Takass HEOTHOPOTHOCTb
ypOBHeit OOAPCTBOBAHMUSI B KOpE TOJOBHOIO
MO3ra MOXeT OBITb OOyCJIOBJIEHA TeM, YTO pa3-
Hble 00JIACTU HEOKOpPTEeKCa HCITLITBIBAIOT pa3-
JIMYHOE “NaBjieHWe CcHa”, T.e. MOABEPraroTcs
pa3IMYHOMY BJIMSTHUIO TOMEOCTaTUYECKUX (hak-
TOPOB, 00YCJIOBIMBAIOILIUX IIOTPEOHOCTH BO CHE.
Tak, 100HBIE 001aCTU KOPbI UCHIBITHIBAIOT HAU-
0oJ1ee BBICOKOE JaBJIeHUE CHA U IEMOHCTPUPYIOT
BhIpaxKeHHEBIIT OTBET Ha ero nernpupaiuio (Mar-
zano et al., 2010). brimo Takke Imoka3aHO, YTO
Jlaxke BO BpeMsl peakiiuii arousal, BO3HUKAIOIIUX
BO BpeMsI CHa B OTBET Ha BHEIIIHUE CTUMYJIbI, Y
acCOLIMaTUBHBIX 30H KOPbI MOPOT aKTUBALIUU
BBIIIIE, YeM Y CEHCOPHBIX U MOTOpHLIX (Peter-
Derex et al., 2015; Latreille et al., 2020).

B utore JaHHBIC JIMTCPATYPbI YKAa3bIBarOT Ha
TO, UYTO Hp06y}KI[CHI/IC HEC ABJACTCA OJHOPOIHBIM
npouecCcoM, paBHOMEPHO OXBaThbIBalOILIMM BECH
Mo3r. Paznuuue IIOpOroB akKTuBaliMnu CEHCOMO-
TOPHBIX 1 aCCOUMATUBHBIX OTACJIOB KOPLI I'OJIOB-
HOro Moagra 1mpmBoauT K TOMY, YTO B HA4YaJIC ITIPO-
6Y)K)ICHI/IFI B HUX COCYLICCTBYIOT JIOKAJIbHbLIC OYarmn
6OI[pCTBOBaHI/I$I 1 CHa. HOBTOMy MOZKHO MNpEAIio-
JIOXKHNTD, YTO €CJIN MPOCTHIC ITOBEACHYCCKUE pE€aK-
IMHN MOTYT BOCCTaHAaBJINBATbHCA B IIEPBLIC CCKYHIbI
OpOOYKIEeHUsI, TO CIOXHBIE (POPMEBI TIOBEICHMUSI,
TpeOylollue y4acTUsI aCCOLIMATUBHLIX 30H, TaKue
KakK OpUC€HTaLA B IIPOCTPAHCTBE U a6CTpaKTHO€
MBILUIEHUE, I10-BUAMMOMY, TPEOYIOT IOJTHOTO
Hp06y}K)ICHI/IFI MO3ra 1 BOCCTaHaBJINBAIOTCAd 3HaA-
YUTEJIBbHO ITO3IHEEC. Ha sto0 YKa3bIBalOT TaKXKE pe-
3yJbTaTbl MCCJICAO0OBaHMA, B KOTOPOM C IIOMO-
HIIbIO aHaJIn3a BbI3BAHHBIX ITIOTCHIIMAJIOB MO3ra 'y
Ne 6
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300POBBIX JOOPOBOJIBIEB OBIJIO ITOKA3aHO, YTO
pa3HbIe acIIeKThI MPOOYXKIEHUs — BOCCTAHOBJIE-
HHUE JOMUHUpPYIoLIEro aibda-purMa B D91, nian
D3I-npolyKneHune, MosiBJeHNE TIEPBBIX HEOCO-
3HAHHBIX peaKlMii Ha BHELIIHME CTUMYJIbI U, Ha-
KOHEII, X CO3HATEJIbHOE BOCIIPUSITUE — ITIPOUC-
XOIST He omHoBpeMeHHO. Ecim aBTOmMarmue-
CKMe peaklMd MOTYT ObITb 3aperucTpHUpPOBaHBI
yKe B IIEPBBIC CEKYH/IbI IIepexoaa OT CHa K 001p-
CTBOBAHMIO, ellie 10 DD -npoOyXKIeHus, TO CITO-
COOHOCTB K CO3HATEJIbHBIM PeaKIIMsIM BOCCTaHAB-
JINBAeTCs 3HAYUTETBHO TT033Ke. A UMEHHO — TaKue
KOPPEJIIThl OCO3HAHHOTO BOCIIPUSITUSI CTUMYJIOB,
Kak nosiBjeHre KomrnoHneHTa P300 B BEI3BaHHBIX
IMOTEHIIMAJIaX MO3ra, a TaKXKe CIIOCOOHOCTh M3-
OupaTebHO pearnpoBaTh Ha IeJIeBbIe CTUMYJIbI
npu TIPOOYKIEeHUU, TTOSBAsSOTCI Ha 20—25 ¢
o3Ke BoccTaHOBIeHMS B DOI anbda-aKTUBHO-
CTU, XapakTepHoM misg 6oxpctBoBaHmus (Liau-
kovich et al., 2022).

OnHako, HECMOTpPsI Ha TO, YTO HEOTHOBpE-
MEHHOCTb MPOOYXKIEHUsI CECHCOMOTOPHBIX U ac-
COLIMAaTUBHBIX OO0JacTeili Kopbl ObLIa HEOTHO-
KkpaTtHo nokasaHa (Terzaghi et al., 2009; Peter-
Derex et al., 2015; Alcaide et al., 2021), ocobeH-
HOCTU BOCCTaHOBJIEHUSI (DYHKIIMI, B KOTOPBIX
YYacCTBYIOT 3TU OTHAENbI, 10 CUX ITOp HE MU3yda-
Juch. [ToaTOMy MBI pelInivu CpaBHUTb BOCCTa-
HOBJIEHHE CEHCOMOTOPHBIX peakiuii, obecrie-
YUBAIOIIMXCS “paHOIIPOOYKIAIOLIUMUCS” CEeH-
COPHBIMU M MOTOPHBIMU OTIEJIaMU MO3ra, C
BOCCTaHOBJIEHMEM CITOCOOHOCTU K a0CTpPaKTHO-
MY MBIIICHUIO, KOTOpOe TpeOyeT y4acTUs acco-
LIMaTUBHBIX OTIEJIOB HEOKOpTeKca. Takxke Mbl
PEIIIN COMMOCTaBUTh OCOOEHHOCTU BOCCTAHOB-
JIeHUs1 3TuX (GOopM MOBENEHUS MpU IPOOYXKIe-
HUM C BOCCTAHOBJIEHHEM OOIPCTBYIOIICI aKTUB-
HOCTU MO3ra B CyMMapHOIi 3JIeKTpo3HIIedano-
rpamme (BBI). K coxanenuto, DI obnanaet
MaJIbLIM TPOCTPAHCTBEHHBIM pa3pellieHUeM B
CPaBHEHUU C BHYTPUMO3TOBOM peETrUCTpalieit
ouoaexTpruueckoil aktTuBHoctu (Miiller-Putz,
2020), HO, TOoCcKOJbKY ODI' MMeeT TOCTaTOYHO
BBICOKOE BpEMEHHOE pa3pellieHHue, 3TOT METOJ
MO3BOJISIET UCCIIEIOBATh HE TOJILKO MEPBbIE MU-
HYTbI, HO U TIepBble CEKYHIbl MPOOYXIeHUs, 1
COMOCTAaBJISITh AUHAMUKY BOCCTAHOBJIEHUS T10-
BEJICHUYECKMX PeaKIIMi C TOCTEIEHHBIM IMOBbI-
IIEHUEM YPOBHS OOIPCTBOBAHUSI.

B uTore Mbl IIOCTaBWJIU CBOE 1IEJILIO Olle-
HUTb BO3MOXHBIE Pa3Indus B CKOPOCTH BOCCTa-
HOBJIEHUSI 3pUTEJIbHO-MOTOPHOM KOOpAUHALIUU
1 aOCTPaKTHOI'O MBIILJIEHUS B IIEPBble CEKYHIbI
OpoOYyXAESHMS OT CHA. A TaKXKe COITIOCTaBUTh AU -
HaMUKY BOCCTaHOBJICHUS 3TUX (DYHKIIWI C TUHA-
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MHUKOII BOCCTAaHOBJIEHUsI OONPCTBYIOIIEH aKTUB-
HoctHu B OOI. I1ocKoIbKYy THEBHOI COH UMEET Te
»Ke MeXaHHM3MBbI, YTO M HOuHOM (Mylonas et al.,
2020), B naHHOI1 padOTe MBI OTPAHUYMIINCH U3Y-
YyeHueM MpoOyXaeHuit u3 3-it ctaauy THEBHOTO
cHa. JIHeBHOIT COH, XOTb OH Y KOpOYe HOYHOIO 1
COCTOUT OOBIYHO U3 OAHOTO IIMKJIA, B OOJBIIINH-
CTBE CJIy4aeB BKJIIOYAeT B ce0s1 BCE CTaIMU CHA, U
B ToM umcJie 3-1o craguio (Mylonas et al., 2020;
Simon et al., 2022; Shah et al., 2023), mo3ToMy
OH BIIOJHE MOAXOAMUT JJISl UCCIAEIOBAHMUS 3aKO-
HOMEPHOCTEil BOCCTAaHOBJIEHUSI pa3HbIX (Gopm
MOBENCHUS TIPU NMPOOYXKIeHUN U3 3-ii cragun
cHa. B kauecTBe 3amauyu Ha 3pUTEILHO-MOTOP-
HYI0 KOOpJAMHAIIMIO Mbl BbIOpaau yIpaBieHUE
IBVCKYIIUMCS OOBEKTOM, KOTOpOE TpeOyeT Imo-
CTOSIHHOTO MOTOPHOIO HalpaBjieHUsI O0ObeKTa,
JBVKYILIETOCS T10 SKpPaHy MO CAy4YalHOW Tpaek-
TOpPYU, U MPUBEACHUS €ro K lieJaud. DTa 3ajadya
MO3BOJISIET, BO-TIEPBBIX, PETUCTPUPOBATH IPO-
CTbl€ 3PUTEIbHO-MOTOPHbBIE PEaKIIMU Ha TMOsIB-
JiIeHre 00beKTa; BO-BTOPbIX, OHA JAET BO3MOX-
HOCTb OlLIEHMBAThb ITMHAMUKY BOCCTAHOBJICHMUS
TOHKOM 3pUTEIbHO-MOTOPHOM KOOPAMHALINMU,
HEOOXoOMMOM IJIsI MpUBEASHUS 00beKTa K 1LIeIU
o KpaTyaiinieii Tpaekropuu. B kauecTBe 3amaun
Ha abCTpaKTHOE MBIIIJIEHUE OBIJIO BEIOPAHO pe-
lIeHue apupMeTUIECKUX ITPUMEPOB.

METOIMNKA
Yuacmnuxu

B skcniepumenTe yyactBoBasiv 30 10OpOBOJIb-
HeB (cpemHuii Bo3pacT 24 = 4 roga), 6e3 HEBPO-
JIOTUYECKMX HApYLLIeHU U HapyLlIeHU I cHa. Mbl
KCITOJIb30BaJIU CIEAYIOLINE KPUTEPUU UCKITIOUE-
HUS U3 DKCIIEPUMEHTA: OCTPbIE WU XPOHUYECKUE
3a00JIeBaHUSsI, IPUEM JIFOOBIX MEIMKAMEHTOB, aJl-
KOToJIbHasl WJIM HApKOTUYECKasi 3aBUCUMOCTb, pa-
00Ta CO CMEHHbIM TpaUKOM, OTCYTCTBUE pery-
JIIPHOTO peXuMa CHa 1M OOIpCTBOBAHMSI, pac-
CTPOICTBa CHa, MepesieThl CO CMEHOM 4YacOBBIX
MOSICOB B T€UEHMUE MOCJEAHEro mMecsia. yJacr-
HUKU MCCIIeNOoBaHUsI COOJIoAaad peryJsipHblii
LIMKJI CHa-00APCTBOBAHUS C UTUTEIbHOCTHIO HOY-
HOTO CHa OKOJIO 8 4 CO BpEMEHEM OTXOJa KO CHY
23:00—00:00 n Bpemenem mombema 07:00—08:00.
3a CyTKM mepel yJacTueM B 9KCIEPUMEHTe OHU
BO3JIEPXKUBAJIUCH OT YMOTPEOJEeHUsT aJaKOroJs,
Kode, yas, 1mokoaana. Ilepen HauaaoM orbITa UC-
MbITYeMbIe ObLIT OCBEIOMJICHBI O IPEAMETE U TTPO-
lieaype uccieqoBaHusl, a TOOPOBOJBLHOCTh yya-
cTusl Oblla TIOATBEpXKIEHA MOANMUCAaHHbIM WMH-
¢dopmupoBaHHbIM coriacueM. Ilo 3aBepieHUMN
KaxKJI0ro 3KCIepUMEHTa OHU TOTyJaIv JEHEKHOE
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BosHarpaxaeHue (750 py0.). Bce mpoTokobl B Ha-
1IeM MCCJIeIOBAHUN ObLIM COCTaBJICHBI B COOT-
BETCTBUM C TPEOOBAaHUSIMM XEIbCUHKCKOM Jie-
KJIapallu M OJOOpEeHBI 3TUYECKOl KOMMCCHEN
MBH/1 1 H® PAH. ITockonbKy 4 106pOBOJIbLIA
HE CMOIJIU IOCTWYb 3- cTamuy cHa (HaOJroma-
JIUCh TOJBKO 1-1 1 2-51 cTamumn), OHU OBIIIM MC-
KJIIOYEHBbl M3 aHajiu3a, B UTOTe aHaJIU3MpOBa-
JIMCh TaHHBIE TOJIBKO 26 1OOPOBOIBLEB, CPEeaU
KOTOPBIX ObUIO 7 MYKYMH U 19 >KeHIIMH.

Ilpouedypa

IMoce moammcanust UTHGOPMHUPOBAHHOTIO CO-
IJIaCUSI BCE YYACTHUKU SKCIIEPUMEHTA 3aIT0THS -
JIN oIpocHUK “CaMOYyBCTBUE, aKTUBHOCTD, Ha-
crpoenue” (CAH), onieHMBaOIINIA UX ICUXO3MO-
LIMOHAJIEHOE COCTOSTHME, a TakKXKe ITPOXOIVIIN
TECTHI, OIpeAeIISIoNIe CyObeKTUBHBINA YPOBEHB
COHJIMBOCTH: CT3H(OPICKYIO IIKAIy COHIMBOCTH
(Stanford Sleepiness Scale/SSS) u Bu3yajabHO-
aHaJIoroBylo IkKany coHumBocTu (Visual Ana-
logue Sleepiness Scale/VASS).

Ilepen mHEBHBIM CHOM HOOPOBOJIBIY COOO0-
ajau, 4Tto OyAeT OlieHMBAThCSI CKOPOCThb €ro
npoOyXaeHus u3 3-il cTaauu THEBHOTO CHa,
MPOCWJIM TIPOCHYTBCS KaK MOXHO ObICTpee U
npenynpexmuaiu, 4To, KOorjaa ero pa3oyasT, cpa3y
HY>XXHO OyJeT CMOTPETh Ha 3KpaH, 3aKperieH-
HbII HaJ KpOBaThlO M pellaTh MNPEIJIOXKEHHYIO
3a/la4y, MCIIOJb3yS ISl 3TOrO MBbIIIb-KOJIbIIO,
3aKperIeHHYIO Ha Tajblie.

JloOpoBobLaM IIpeajiarajiu aBa TUIa 3agad —
Ha 3pUTEIbHO-MOTOPHYIO KOOpAMHALIMIO U Ha
apudMeTUIYeCcKUi cueT. 3agadm AeMOHCTPUPO-
BaJld Ha 2KpaHe KOMITbIOTEPHOIO MOHUTOpA,
pacnos0oXeHHOTO Ha BbICOTE OKOJIO 1 M Hall HO-
raMu ydacTHuka. B 3amaue Ha 3puTEIbHO-MO-
TOpPHYIO KoopauHauuioo “KpyXKu” HCTbITye-
MbIii JTOJDKeH ObLI YIPaBIsITh TpaeKTOpUEH
KpPAaCHOTO KpyXKa, IBUKYIIErocs Mo 3KpaHy U3
JIEBOTO HUXKHETO yTJIa IO cliyyaiiHoi mapaboiJie,
U, TOBOpauuBasi BBEPX U BHU3 KOJIECUKO KOM-
NbIOTEPHOM MBIIIM-KOJbLA (3aKpernjieHHON Ha
najblie), HarmpaBJIsTh €ro B LIEJIb — YEPHBII Kpy-
JKOK TaKOTO Xe pa3Mepa B IIpaBOM BEpXHEM YTy
(puc. 1 cieBa cBepxy). B 3anaue Ha apupmeTrye-
cKUil cyeT “PaBeHcTBa” H0OpOBOJEL HOIKEH
ObLT OTBETUTDb, BEPHO JIU MpeIIokeHHOe apud-
METHUYEeCKOe paBeHCTBO WM HeT. Ha akpaHe Mo-
HUTOpa €My TIPEeIbSBISLIMCH MPaBUIbHbBIE JTUO0
HelpaBWJIbHbIE PABEHCTBA U JIBa TMOJIbIX KBaJpa-
Ta CBEpXy M CHU3Y OT mpuMepa — 3eJIeHbIi U
KpacHbIii. BbIOOp BEpHOCTU-HEBEPHOCTU TIPO-
U3BOJUJICSI TOBOPOTOM BBEpPX M BHU3 KOJEeCUKaA
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KOMIIBIOTEPHOK MBI (B CTOPOHY 3€J€HOTO
WM KpacHOro KBaaparta) (puc. 1 cripaBa cBEpXy).
Kaxnas 3amaya Bkimouana B cebss 40 mpoO
(40 ABVKYILIUXCST KPYKKOB JIn00 40 mpuMepoB)
U Aaunach 2 MUH. B 3puTesibHO-MOTOpPHOM 3a1a-
ye Kaxaast mpoba anuiach 2.5 ¢ U MexXay Ipobda-
MU OTCYTCTBOBaIU Tay3bl. JIAUTEIbHOCTH ITPOOHI
B apudMeTUYeCcKOil 3amadye cocTapisia 3 ¢, U
npoObl ObLIM pasaeieHbl MeXIy co00i ¢ukca-
LIMOHHOI TOYKOI myiuTeibHOCThIO B 0.5 ¢. OnHa-
KO T10OpPOBOJIbIIBI B HOPMaJILHOM COCTOSIHUU Pe-
LIaJI1 KaXX10€e paBEeHCTBO ObICTpPEE OTBEACHHOTO
BpEMEHM — NpUOJIM3UTENbHO 3a 2 ¢. IToaTomMy B
CpenHeM IJINTEJIbHOCTh MpoO (BMecTe ¢ maysa-
MH) B 00enX 3amavyax OblIa OMMHAKOBOM M CO-
crasisiia 2.5 c. B 3amaue “Kpyxku” Bce mapado-
JIbI, TI0O KOTOPBIM BbUIETaIN KPY>XKKU, 3a1aBaINCh
ciydaiiHeIM o6pa3oMm. [TomoBuHa mpoO B 3amayue
“PaBeHcTBa” mTpencTaBisiiia coOOM CIOXEHHE
JIBYX OAHO3HAYHBIX YMCEJI, 2 BTOpasi MOJOBUHA —
CJIOXKEeHHE IBY3HAYHOIO U OAHO3HAYHOTIO YK CEJI.
JIBa THIIa CI0XKEHU OBLIN pacIIipeliejicHbl B 3a-
Jlaye KBa3ucaydaitHO M ObLIM IMIPUMEPHO OMHA-
KOBBI 10 CJIOXHOCTU. 3aaa4i NPeIbaBIIsSIUChH B
OOIpPCTBOBAHMM JIO U TTOCJie cHa (00e 3amaun), a
Takke BO BpeMs (POPCHUPOBAHHOIO MPOOYXKIe-
HUSI OT ITHEBHOT'O CHA — Cpa3y ke Iocje MpoOyK-
JarolIero curHasia (ogHa u3 3a1ay).

Kaxkaplit 1oGpoBosIel] y4acTBOBaJI B IBYX 3KC-
TIEPUMEHTAX: B OTHOM IIPU MPOOYKACHUU TTPEIb-
SIBJISITIACh 3a7a4a Ha 3pUTEIbHO-MOTOPHYIO KOOP-
guHanuoo “KpyXku”, B IpyroMm — 3amada Ha
apupmMeTudeckuii cuet — “PaBeHcrTna”. CobJito-
Jlald CTPOTUM KOHTpOasaHC: MOJOBMHA 100pO-
BOJIbLIEB TIPU TEPBOM IMPOOYXKICHUN MOIydyasia
3pUTEILHO-MOTOPHYIO 3a/1ady, BTopasl TOJIOBU-
Ha — apudmeTndeckyro. Kaxkabiii a3KCIIepuMeHT
HauunHajcsa B 13:00 u 3akanuuBaics B 17:30. Ha-
4yajio THEBHOTO CHA MPUXOIUJIOCH Ha TIPOMEXY-
ToK BpeMeHU 14:30—15:00, noOpoBoJibLa Oyauain
MpU TOCTUKEHUU UM 3-i1 CTaguu OpTOIOKCAJb-
HOTO cHa. VIcribITyeMble CIiaii B 3ByKOU30JIUPO-
BaHHOI1 U cIieliMajibHO 000PYIOBaHHOI JIsT CHA
KOMHATe MpU MOJHOCTHIO BBIKJIIIOUEHHOM OCBE-
IIEHUU.

Pecucmpayus 33I

s 3anucu ucrnonab3oBaiu 19 kaHanoB BT
(1o mexxnyHapomHoii cucteme 10—20), onuH Ka-
HaJl aiekTpoMuorpamMmel (DMI') u nBa KaHaia
OKYJIOIpaMMbI, HCIIOJb30Bajlu 3HIedaaorpad
“Ouuedanan-EEGR-19/26” (dbupma “Menu-
koM”, Taranpor, Poccusi) ¢ 4aCTOTOM AUCKpPETU-
dauuu 250 T, OMI' peructpupoBaiud OT I1OO00-
Ne 6
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3anava “Kpyxkm” 3angaua “PaBeHcTBa”

25+7=32
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Puc. 1. 3agauu “Kpyxku” u “PaBeHcTBa” U MpuMep TUMTMYHON TMITHOTPAMMBbI THEBHOTO cHa. CMHEe KpUBOii Mo-
KasaHa ciyJaifHas 1mapaboJia, 1o KOTOPO ABMKETCS KPY>KOK. 3eieHast JIMHUS — pe3yIbTUpYIoNIas TpaeKTOpHUs
rnoJieta Kpyxka. 2KeJTbIM roJjieM 0003HaueH ONTUMaTbHbII Kopuaop. HakKIIOHHBIMU KPaCHBIMU CTpEIKaMU yKa-
3aHbl KOPPEKTUPYIOIINE “TIONKPYTKN . BepTMKaIbLHBIMU KPACHOM 1 3eJIEHOM CTpeIKaMU Hall paBeHCTBOM ITOKa-
3aHO HarpaBJieHUe ABIKEHU S KOJleCMKa KOMITbIOTEPHOI MBI -KOJIbLIA ITPY PEllIeHUW KOTHUTUBHOM 3anaun. Ha
TUITHOTpaMMe 3€JIEHOM CTpeJIKOl MoKa3aHO Havyajlo 3achilaHUsl; CUHEN CTPEIKOM — CIOHTaHHOE MPOOYXIeHUe
W3 2-if CTaIuy CHa; KPaCHOM CTpeIKoi — (hopcupoBaHHOE MpOOYyKaeHUe U3 3-i CTaauy CHa.

Fig. 1. The motor task “Circles” and the cognitive task “Equalities” and example of a typical daytime nap hypno-
gram. The blue arrows show the parabola along which the circle moves in motor task. The green line shows the re-
sulting trajectory of the circle, controlling by subjects. The yellow field indicates the optimal corridor. Slanted red
arrows show corrective “spins”. The red and green vertical arrows show the direction of movement of the computer
mouse-ring wheel when subjects solve the cognitive task. On the hypnogram, the green arrow shows the start of fall-
ing asleep; the blue arrow shows spontaneous awakening from the 2nd stage of sleep; the red arrow shows the forced
awakening from the 3rd stage of sleep.

ponka. s perucrpanny MCIIOJIb30BaJIach IPO-
rpamma “OHuedanan”. YacTora IMCKpeTU3aluNU
cocTtasisia 250 I.

Bo BpemMs nHeBHOro cHa JOOPOBOJIBIIEB IMO-
JIMICOMHOTPaAMMY OTCJIEXKMBaJIU B pexKuUMe “OH-
nmaiH”. Hacryrenue 3-i1 cranum onpeaessiifg 1o
WHICKCY JIeJIbTa-pUTMa B COOTBETCTBUU CO CTaH-
naptHeiMu Kputepusimu (Iber C et al., 2007) — ko-
raa oH npebiman 20% (korga B TeyeHue 30-ce-
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KYHIHOM OBIIOXM aHajiu3a HaOMomaioch 6 wiu
OosbllIe CeKyHI Ae/IbTa-aKTUBHOCTU C aMILIATY-
noit 6onee 75 MB m uvactotoii, meHbleit 2 Iir).
I[Ipy MOHMTOpPUHIE MOJMCOMHOTPAaMMbI B OC-
HOBHOM OPMEHTUPOBAJINCH Ha LICHTPAJIbHBIC OT-
BeneHus C3, Cz, C4. I1poOy:xneHue u3 3-ii cranumn
CHA NPOM3BOIWIN aKyCTMYECKM TOHOM — “Oy-
IMabHUKOM” — yactoTon 440 I11, mmiTeapHO-
CTbIO 1.5 ¢ M UHAWMBUIYAJIBLHO TTOAOOPAHHOMN JJTST
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KaXKIIOTO MCIIBITYEMOTO MHTEHCUBHOCTBIO. 3BYyK
MoaBasics Yepe3 IMHAMUK, PACIIOJIOXEHHbBIN Ha
pPaCCTOSTHUHY TIPUMEPHO 1 M OT TOJIOBBI UCTIBITYE-
MOTO.

Cmaoduposanue noAUCOMHOZPAMM

3anuce DOI' pazouBaniu Ha 30-ceKyHIHbIE
anoxu. Kaxayio 3moxy oTHoCHIM 160 K 6oap-
CTBOBaHMIO, JMOO K OJHOI M3 cTaguii opTO-
JoKcaJlbHOI ¢a3bl cHa (cramust 1, cramus 2,
cTtaaus 3), 1ubo K napagokcalibHOM (pa3e cHa B
COOTBETCTBUMU CO CTaHAAPTHBIMU KPUTCPUAMU
(Iber C et al., 2007).

Ha ocHoBe mpoOBeAeHHOTO CTamupPOBAHUS
CTPOMJIM TUIHOTPpAMMBI [JIsI KaXKIOil 3amucu
JHeBHOro cHa (puc. 1 cHuU3y) u puUKcupoBaiu
JaHHBIC O TaKMX MapaMeTpax CHa, KakK JaTeHT-
HBII TIeprol 3achIllaHUsl, a TaKXe JaTeHTHBIN
MePUOM Y JUTUTEIIbHOCTh 3-i1 CTaIuy CHA.

Cnexmpanvubtil anaaus 29I

Ilonyuyennsie 3anucu DD oOpadaThIBaIu B
nporpaMMHOM obOecriedeHun Brainvision Ana-
lyzer 2.0 (Brain Products GmbH, IunbxuHr,
I'epmanus). Ha 3anmch HakmagbpiBajiu CIIEOyIO-
mue uabTphl: notch-punesrp 50 T, duasrp
BepxHux 4dactoT 0.5 I'm m dunsrp HMXKHMUX Ya-
crot 30 I'n. Jlanee n3 3amuceii Bcero cHa BEIpe3a-
JI1 MOMEHT (pOpPCUPOBAHHOIO MPOOYXKASHUS 1
NPOU3BOOUIN OYUCTKY apTedakTtoB ot DOI,
BOKI 1 ODMI ¢ noMoliblo aHaJIu3a HE3aBUCUMBIX
koMmItoHeHT (Independent Component Analysis,
ICA) u ero oOpartHoit Bepcuu (inverse ICA)
(Makeig et al., 1996). U3 ounilieHHBIX 3aIMceit
BBIPE3aJIi CETMEHTHI UIMTEJIBHOCTBIO 5 ¢ B ca-
MOM Hauajie IpOoOyKIeHUsI Ha TIepBBIX Mpodax
(Ha 1-5-11 mpobax) mpenbsIBasIeMOii 3agaun (KO-
IJa BBIMIOJHEHME 3aa4M BCe ellle ObLIO 3aTpyl-
HEHO), B KOHIIe TpoOyXxaeHus Ha 25—35-ii mpo-
0ax, a TakxXe B CepelIrHe BBIMIOJHEHUS 3adadyu
(Ha 15—25-11 mpobGax) Bo BpeMsI OOIPCTBOBAHMS
1o cHa. ITocne aTnx mpeo6pa3oBaHUA ITPOBOIM-
JIN CTIeKTPaJIbHBIII aHAIM3 C TTOMOIIbIO METoAa
OpIcTpOTrO NpeodpazoBanusg Pypbe U MOJIyYaAIN
MOIITHOCTHO-YaCTOTHBIE CHEKTPhI MO KaXKIOMY
CerMeHTy s ciaeayommx O9[-kaHanos: F3,
Fz, F4, C3, Cz, C4, P3, Pz, P4, O1, O2.

Anaau3s evinoarenHus 3a0a4

st aHanmu3a MpaBUJIbHOCTU Y CKOPOCTH BbI-
MOJIHEHUSI 000MX TUIOB 3aday IOACUYUTHIBAIU
KOJMYECTBO MPaBWJILHO pelleHHbIX Mpod. Ko-
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JIMYECTBO IMPaBUJIbHO pellIeHHbIX MPO0 BbIpaka-
JIM B MIpOlIeHTaxX OT ux obmiero uyucia (ot 40).
Taxkoke Mbl TTOCYMUTHIBAIU JOJI0 1OOPOBOJIBLLIEB,
BEPHO CITPAaBUBIIMXCS C KaXKIOM ITPo0OO0Ii, OT 00-
1LIEro YucJja MPUHSBIIMX y4acTUE B HaIlleM 3KC-
IEepUMEHTE UCHBITYeMBIX (OT 26) M JIaTEHTHBII
nepuoj NepBoii peakliuu 100pOBOJIblIA ITPU pe-
IIEeHUM KaxXnoil mpoObl (BpeMs IIEpBOI peak-
oun). B 3putenpHO-MOTOpHOI 3agade “Kpyx-
K1~ TIepBO#i peaknueil canuTanach repnast “mom-
KpyTKa” KOPOTKOE€ JBIKEHNE KOJISCUKOM
MBIIIM-KOJIblIAa — JJISI KOPPEKIUU TpaeKTOPUU
IBVKEHUSI KpacHOTO KpyxXKka. B apudmernye-
CKOM 3aJaye IEepBOM peakUMeun SBISIICS MOBO-
POT KoJieCHKa MBIIIHY IJIS1 BBOAa OTBETa — BEPHO
nan HeBepHoO. MccaenoBany n3aMeHeHe O0IIei
JIOJIM BEPHBIX P00, a TaKKe TMHAMUKY U3MEHE-
HHS BEPHBIX PELIEHUI 1 BPEMEHU MEPBOM peak-
oUW I KaXKIoM IMpoOBbI B TeYEeHWE BCE M-
TEJILHOCTH 3a/1a4.

Anaauz cmpameeuii ynpaeienus
mpaexkmopueil noaema KpyicKa

st aHanmu3a TOHKOU 3pUTEIbHO-MOTOPHOM
KOOpJIMHAILIUM TOOPOBOJIBLIEB BBIACISIIA OITH-
MaJIbHBIN KOPUIOP BOKPYT MPSAMOMA, COCTUHSIO-
1€ JIEBbI HUXKHUI yroJl 9KpaHa (TOYKY BbLIeTa
Kpy>XKa) U MpaBblii BEpXHU yroy aKkpaHa (1ieb,
B KOTOPYIO €ro HYXXHO OBbLIO HaIlpaBUTh), —
ylepKaHue TpaeKTOPUHU KPYKKa B 3TOI 001acTu
MOBBILIAIO €r0 BEPOSITHOCTh MOMNaaaHus B LIEb,
BHE 3TOM 00JIaCTH BO3pacTall puCK He CIIPaBUTh-
cd C 3amayeil (ymycTUTb KPYKOK 3a Mpeacsbl
akpaHa). O0JiacTh 3aaBajiu CASAYIOLIUM o0pa-
30M: TaK KaK M3HAaYaJIbHO KPYXXOK JBUTAJICS MO
TPaeKTOPUU B BHUJE TapaboJjibl, TO B KayeCTBE
ONTUMAaJIbHOI BbIOMpaau 0b6JacTb, OrpaHUYCH-
HYIO IByM¢ MapabojiaMu ¢ BEPIIMHAMU B TOUYKE
Havajla JBWXXEHUSI, CUMMETPUYHBIMU OTHOCHU-
TEJAbHO MPSIMOM, MPOXOASIICH YepE3 LIEHTP LIEIU
1 TOUYKY BbUIETA, U KacalOIIMMUCS OKPY>KHOCTH
C LUEHTPOM, COBIIQJAIOIIMM C LIEHTPOM LIEJIU, U
paguycoM OoJbllie paguyca Leiau Ha 10 nmukce-
seit (puc. 1 caeBa cBepxy). st Kaxkmoro Kpy>kka
(m1s1 Bcex 40 11po06) aHAIM3UPOBAIU Pe3yIbTUDY-
1011y10 TpaekTopuio. CHadajaa OLleHUBaJIU, Ka-
Kas J10JIs1 9TOU TpaeKTOPUU HAXOAWJIaCh B ONTU-
MaJlbHOM Kopuiope (MpOTSEKEeHHOCTh B MUKCe-
JISIX YacTU/JacTeil TpaeKTOpUU, HAXOIUBIIECs
B ONTUMAaJIbHOM KOPUIOPE, BbIpaKeHHas B IIPO-
LIEeHTaX K OOlel MPOTSKEHHOCTU TPaeKTOpUK).
Cyutanu, 4yTo YeM BBIIIIE 3Ta AOJISI, TEM TOYHEE
JIOOPOBOJIbLIbI CIPABJISUIMCH C YIIpaBJeHUEeM JIBU-
KylmmMmcs oobeKToM. KpoMe Toro, Mbl IOACYUTHI-
Ne 6
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Tab6muna 1. OueHka QYHKIMOHAIBHOTO COCTOSIHUSI, COHJIMBOCTU M CTPYKTYPBI CHA — CpeaHMEe 3HAYCHUS
Table 1. Assessment of the functional state, drowsiness and sleep structure — average values

(0] SSS (0) VASS
OnpocHuxk CAH, 6abt TPOCHIK ’ TPOCHIK > | O6BbeKTUBHBIEC TOKA3aTeJIM CHa
OaLTbI OGasLIbl
3anauu -
caMo- aKTUB- | HACTPO- JII cHa, |JIITSWS, FUTETD
crsre | Hoers eHie JocHA |TOCTECHA| N0 CHA |MociecHa ~ M HOCTb
e SWS, Mun
Kpyxkn 54+£121|50£1.16({59+£1.04|3.5+142|2.8+1.13 (5.6 £2.23|3.5+2.00(13.4% 14.13(18.6 £ 13.44| 6.3 £3.22
PaBeHcTBa 53+1.23{69+1031({57+1.19|34+147|2.6+0.99(5.6+1.85|3.2+1.88(11.9+5.76{19.7£9.21| 4.9 £2.00
YpoBeHb 3Ha- 0.49 0.62 0.38 0.67 0.31 0.87 0.47 0.74 0.15 0.067
YUMOCTH, p

BaJld KOJIMYECTBO KOPPEKTUPYIOLIMX “TIOOKPY-
TOK”, COBEPILIEHHOE B XO/I¢ BLIITOJIHEHUS KaXK IO
npoObl, a TaKXKe IMoApa3ne/isid MX Ha BepHbIe U
HeBepHBbIe. “IlonkpyTka” cunTanachk BEpHOIA, €CIIN
OHa COKpalliajia paCCTOSHUE A0 MPSIMOM, IIPOXOIsI-
1Ieit yepes LHeHTp eI U TOUKY Havajla IBMKSHUS,
Y1 HEBEPHOI1 B IPOTHUBOIIOJIOXKHOM ClIydac.

Cmamucmuueckuii anaius

CratTucTuyecKuii aHajau3 BBIIIOJHSIIIM C MC-
HoJb30BaHWEM IIporpaMmbl Statistica 10 (Stat
Soft. Inc., Tanca, Oknaxoma, CIIIA). Pemiexnue
KaxXIO0l OTAEIbHOM 3amauyM IIpU IIPOOYKIEHUU
CpaBHMBAJIM C pellleHWeM 3a1ad B O0gpCTBOBa-
HMHU 10 CHA. TakxKe CpaBHMBAJIU PELISHUS ABYX
3ama4 Mexay coOoii. s olleHKM HOpMaIbHO-
CTU pacIpeneeHus MOJyYeHHBIX TaHHbBIX ITpU-
MeHsIu Kputepuii KoamoropoBa — CMupHOBa.
11 HOpMaJbHO pacIpeaeaeHHBIX MepeMEeHHBIX
HWCHOJIb30BaId AUCIIepCUOHHBIN aHam3 ANOVA
(omHOMAKTOPHEII M JII HOBTOPHBIX M3MeEpe-
HWI1), IJIs1 allOCTepUOPHOIO aHaInU3a MpUMEHSI -
1 Kputepuii Bunkokcona. IIpu cpaBHeHUH Be-
POSITHOCTH IIPaBUJILHOIO BBIIIOJIHEHUS KaxXKOOu
OpoOBI IMPU pellleHNn O0OUX TUIIOB 3aJad HC-
MOJIb30BaJIN TAOJUILY COIIPSKEHHOCTH 2 X 2, 10-
BepPUTEIbHBIII MHTEPBaJI B KOTOPOI BEIYMCIISIICS
10 KpUTEepUIo X1-KBaapar.

PE3YJILTATbBI UCCIEOJOBAHUN

Cmpykmypa cHa, cOHAUBOCMb
U YYHKUYUOHANbHOE COCMOsHUE

Mbr cpaBHuIM Oaminbl onpocHuka CAH wu
OILIEHKU COHJIMBOCTH T10 MeToarukam SSS u VASS B
JIByX TUIIAX SKCHEPUMEHTOB (C pelleHueM TIpu
MpOOYXIEeHUN 3pUTETbHO-MOTOPHOM JTMOO0 apud-
METUYECKOIi 3a/1aun) U He OOHApYKWJIU KaKuX-
JINOO 3HAYUMBIX pa3IMuuii B QYHKIIMOHATbHOM
COCTOSTHUU JOOPOBOJBIEB B 3TUX IKCIIEPUMEH-
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Tax (Ta6a. 1). AHaIM3 AHEBHOIO CHA TaKXe I10-
KaszaJl, YTO JJAaTEHTHOCTb 3aChIMaHusl, JaTEeHTHbBII
MEepUoJ, HACTYIUIEHUS TPETbeil CTaauu CHa, a
TakXe JUIMTEJbHOCTb 3TOM CTaauu ObLIU COMO-
CTaBUMBI B JIBYX 9KcIlepuMeHTax. [lojiyueHHbIe
JTAaHHbIE CBUAETEIbCTBYIOT O CXOXEM COCTOSIHUM
JTOOPOBOJIBLIEB MEPe HaYaaIoM KaxKI0ro U3 3KC-
MEPUMEHTOB, U O TOM, YTO Pa3JIUUYUsl B BbIMO-
HEHUM IBYX TUMOB 3a7a4y Npu MPOOYXKIeHUU He
ObLIIM BbI3BAHbI PA3TUYHBIM (HYHKIIMOHATBbHBIM
COCTOSTHMEM HOOpPOBOJBIEB, UX COHJIMBOCTBHIO
JINOO UITUTEbHOCTBIO NIYOOKOTO CHA.

Jloas 6epHO 8bINOAHEHHBIX NPOO

CpenHsisi 101 BEPHO BBIIIOJHEHHBLIX IIPOO
st 3amaun “Kpyxku” coctaBuna 74.8% B 601p-
CTBOBaHMU 10 CHa (mayiee “KoHTposb”) 1 59.3%
Ipu IIpoOYyXKIeHUN, TOraa KaK IJIs 3amadu “Pa-
BEHCTBA” 10JIsI BepHBIX P00 Obl1a 88.3% B KOH-
tpoiie u 80.9% 1nipu mpoOyXKIeHNN. AHAJIN3 JaH-
HBIX ITOKa3aJl, 4YTOo AJis1 00OMX TUIIOB 3a1a4 Cpell-
HSsISI 1OJIsI BEPHBIX P00 ITpHU NpoOyKAeHNH ObLIa
JOCTOBEPHO HIXe, 4eM B KoHTpoJie (p < 0.001).
OnmHako MBI TaKXKe OOHAPYKWIIM, YTO JIOJIST BEP-
HBIX Ipo0 Ay 3amaun “Kpyxxku” Oblj1a 3HAYUMO
HICKe, 4YeM 1S 3aga4u “PaBeHCTBa” maxe B KOH-
tpoiae (p < 0.001). DTo ykaspIBaeT HA TO, YTO 3a-
Jayyd OKa3aJUCh HECKOJBLKO pPa3JIUYHBIMU II0
CJIO>KHOCTHU BBITTOJIHEHUSI, XOTSI MBI IIPEAIIoiara-
JIM UX CXOJICTBO Ha 3Tarie pa3padOoTKU METONUKMU.

YT006bI OLIEHUTh AUHAMUKY BOCCTAaHOBJICHUSI
CITOCOOHOCTHU MPaBUJIBHO pelllaTh KaXKAYIO 3a0a-
4y, MbI IJIs1 Kaxkaoit 13 40 mpo6 rmocuuTaiu 1010
YYaCTHUKOB BKCIEPUMEHTA, BEPHO BBIMTOJTHUB-
LIVX 3aJaHue. DTa J0JIs, OIMChIBAIOIIAS BEPOSIT-
HOCTbh BEPHOTO pEIIeHUS KaXAOU OTAEAbHON
MpoObI, TAKXKE CHUXKAIACh IPY MPOOYKIEHUN, HO
3TO CHIDKEHWE 3aBUCEJIO OT TUMA 3a/1a4M. 3HAUYM-
MO€ CHWXXeHue Ui 3anadu “KpyXKu” Mbl MOTy-
YUJIW IS IEPBOI MOJOBUHBI TIPOO — MPEAbSIB-
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3amayva “Kpyxkmn”
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Puc. 2. [luHaMrKa U3MEHEHUsI BEpPOSITHOCTU BEpHOTro peleHus 3agad (n = 26). [To ocu opavHAT — KOJIMYECTBO
YYaCTHUKOB 3KCIepUMeHTa (B MPOLIEHTAxX), MPaBWIbLHO PEIIMBIINX JAHHYIO MPOOY, IO OCU aGCLIMCC — HOMEpP
poObl. ZKNpHBEIMY KpUBBIMY ITOKA3aHbI JIMHUY TOIMHOMMAJIBHOTO TpeHIa cTeneHbio 4. # — p < 0.05.

Fig. 2. The dynamics of change in the probabilities of correct solution of each trial (n = 26). X-axis — the number of
participants in the experiment (in percent), correctly solved this test; Y-axis — the trial number. Bold lines show

polynomial trend lines of degree 4. # — p < 0.05.

JISIBILIMXCS B TedeHUe 1 MUHYTBI OT Havyaua Ipo-
oyxnenus (ons 1, 2, 5, 7, 12, 14-ii u 21-i1 ipo0
p <0.05), a npu pemieHum 3agadu “PaBeHcTBa” —
TOJILKO AJ1s TIepBbIX Opo6 (s 1-i1 u 3-i1 IpoOkI
p < 0.05) 1, YTO UHTEPECHO, MBI OTMETUJIU I10-
BTOPHOE YMEHBIIIEHUE BEPOSITHOCTA BEPHOTO pe-
LIeHUsI Ipo0 B cepearHe BBINOJIHEHUS 3adaun —
11 23—25-i1 n 37-i1 mpo6 (p < 0.05) (puc. 2). Ta-
KMM 00pa3oM, pe3yabTaThl I10Ka3aau, YTO, XOTsI
cpenHee 3HAYEHUE OOJM BEPHO BBIIIOJHEHHBIX
npo0 Opu NpoOYKIEHNUU CHUXKAETCS IS 00enX
3a/a4, YCICIIHOCTb BBIMOJIHEHUS 3PUTEIbHO-
MOTOPHOI1 3a1a4y MPU MPOOYKIEHUN CTPamacT
3aMETHO CUJIbHEE, YeM YCIIEIIHOCTh BBINIOJHE-
HUST apupMeTUIeCKO 3a1a4um.

W3 nanpHeiinero aHaau3a OblIa MCKJIIOUEHA
repBas Mpo6a, MOCKOJILKY A1 Hee Mbl TTOIYYU -
JIX MaJIo JAHHBIX (YUMCJI0 JOOPOBOJIbLIEB, BHIIIOJ-
HUBIIKUX MEpBYylO Ipoldy: n = 9 s 3agadu
“Kpyxku”; n = 3 njs1 3agauu “PaBeHcTBa”), 1mo-
CKOJIbKY JOOPOBOJIBIBI YACTO CHAJIM Ha OOKY M
HE yCIeBaJIM IIOBEPHYTHCA K 9KpaHy U ITO3TOMY
IIPOITYCKAJI €e.

Bpems nepeoii peakyuu

Kaxk 1 oxxunanoch, BpeMs IEPBO peakiyy npu
peleHrM ABYX TUITOB 3adad pa3ivyagoch — JJIs

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

3pUTENTLHO-MOTOPHOM 3amaun “Kpyxku” gBura-
TeJbHBIC peakUWy PErucTPpUPOBAINCH pPaHbIIE,
yeM 1d 3aga4yu “PaBeHctBa”. CpemHee BpeMsI pe-
akouy g 3agadu “Kpykkn” B KOHTpoJe CO-
crasuiio 1.0 = 0.52 ¢, a mpu NpoOyKIeHUU —
1.1 £ 0.62 ¢; B TO BpeMs KakK CpelHee BpeMsI Iiep-
BOM peakliMy IIpU BBIITOJIHEHMU 3adauu “PaBeH-
crBa” coctaBwio 1.4 = 0.46 ¢ n1gd KOHTPOJII U
1.5 = 0.45 ¢ o1t mpoOyxaeHus. Takoe pasamamne
OOBSICHSIETCSI TEM, UTO 3pUTEJIbHO-MOTOPHA 3a-
nmaya “KpyxXku” TpeboBajia paHHETO pearnpoBa-
HUSI M MOOCTOSSHHOIO MOTOPHOIO YIpaBJIeHUS
JIBVKYIIMMCS KPY>KKOM, B TO BpeMsI KakK IIpU pe-
IIeHUN 3amaym “PaBeHCTBa” MCHOBITYyEMBIE ITO-
BOpaYMBaId KOJIECUKO MbIIIN-KOJbIA TOJLKO
Ha 3aK/JII0YUTEIbHOM 3Tane — AJj1s BBOJA OTBETA.

B 3agaue “Kpyxku” npu npoOyXKaeHUU Bpe-
MsI TIEPBOW MOTOPHOI peakIUy Ha TIOSIBJICHUE
cTUMYyJia ObUIO B CPEIHEM HECKOJIBLKO BHIIIIE, UEM
B OonpcTBOBaHUM, ogHako aHainu3 ANOVA no-
Kaszall, YTO Pa3anyusl MEXIYy 3TUMU COCTOSTHASIMU
3HAUYMMBI JTUIIb Ha ypoBHe TeHaeHmu (F(1, 20) =
= 3.2214, p = 0.08). UT0OHBI OLIEHUTh TUHAMUKY
BOCCTaHOBJIEHUST CMIOCOOHOCTM pellaTh 3a1ayu,
MBI pa3faeIdIv Bce IMPOOkI Ha 3 TpymIikl 110 13 11po6:
¢ 2-it ipoObI 10 14-10 BKIIIOYMTEIBLHO, TO €CThb
MpoObI, KOTOpPblE MNPEIbIBISINCH, B TEUYECHUE
nepBbIX 40 ¢ 1Tocie IPoOYKAeHUs; TpOoOkI ¢ 15-1i
Ne 6
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(a) F(2, 40) =0.30420, p = 0.74 F(2,40) = 3.4973, p = 0.04
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Puc. 3. PesynbraTthl nucnepcronHoro aHanuza ANOVA 1151 TIOBTOPHBIX U3MEPEHUI TSl B3auMoaeiicTBus hak-
TOPOB “cocTostHue” X “rpyrmbl Mpo6” (a) 1 U3BMEHEHUs] BpeMeHHU TiepBoii peakiuu (0) mis 3amad “Kpyxku” u
“PaBencTB” (1 = 26). I1o ocu opavHAT — BpeMsl IIepBOii peakLiuu (CeK), 10 0CsIM abCLIUCC — IPYIIILI P06 (a) 1 HOMep
npoOkI (0). ZKUpHBIMU KPUBBIMU TTOKa3aHbI JMHUM MMOJIMHOMUAJIBHOIO TPpeHIa cTereHblo 4 it MenuaH. # — p < 0.05.
Fig. 3. Repeated measures ANOVA results for factor interactions “State” X “Trial groups” (a) and changes in the
first reaction time (6) for the motor task “Circles” and the cognitive task “Equalities” (n = 26). X-axis — the first
reaction time (sec), Y-axes — the trial groups (a) and the trial number (6). Bold lines show polynomial trend lines of

degree 4 for median. # — p < 0.05.

no 27-10 BKIIIOYUTEIILHO — IIPEIbSBIISIBIINECS
npumepHo ¢ 40-1i mo 80-10 CeKyHIbI OT MOMEHTA
npoOyxaeHus; U IpoOkul ¢ 28-i1 o 40-10 BKIIIO-
YUTEIbHO — IIpeabaBIIsiBIINEcs rmocie 80-1i ¢ pe-
meHus 3agadu. JAByxdakropHbeiit ANOVA “co-
cTosTHME” X “TpyITel Tpo0” He BHISIBUJI B3aTMO -
nericTBus Mexny 3TuMu (paktopamu (F(2, 40) =
=0.30420, p = 0.74), TO ecTb BpeMsl IepBOIi pe-
aKIIMU OCTaBaJI0Ch IPUMEPHO OJMHAKOBBIM KaK
B KOHTPOJIE, TaK U MpU IIPOOYXKICHUY B TEYCHUE
BBINIOJIHEHUS Bceli 3agaun (puc. 3 (a)).

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU

TOM 73

Hng 3amaun “PaBeHcTBa” BpeMsl peaklnU B
CpemHEM TakKXe HE OTJIMYAJIOCh OT KOHTPOJIS:
F(1,20) =1.1142, p = 0.30 mo ANOVA, — onHaKo
B IMHAMHWKE CKOPOCTb OTBETa MpU IPOOyXKIe-
HUM BOCCTaHaBJIMBajlach HEJIMHEHO. AHAIU3
ANOVA noka3zaJji CTaTUCTUYECKH 3HAUMMOe B3a-
nMojaeiicTBue (pakTopoB “cocTosTHrEe” X “Tpym-
bl 1po6” (F(2, 40) = 3.4973, p =0.04): o5 nep-
BBIX 13 Ipo0 BpeMs peakiiiy ObLIO OOJIbIIE, YeEM
B KOHTpPOIJIE, HO IIJIsI BTOPBIX 13 — MeHbIIIe. ATo-
CTEPUOPHBIII aHaIM3 C IIOMOIIBIO KpUTEPUS
Bunkokcona noarBepaui, 4yTo 1 npoo 3, 28 u
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29 npu npoOyKIeHUU BpeMsl peakliuu ObLIO 10-
CTOBEPHO BHIIIIE, YeM B KOHTPOJIE, a IS IIPOOBI 21 —
Hike (p < 0.05) (puc. 3 (0)).

llokazamenu 3pumenbHo-MomMopHOU KOOPOUHAUUU

YTOOHI OLIEHUTHh TUHAMUKY BOCCTAHOBJICHUS
CIOCOOHOCTY TOHKOTO YIPaBJICHUS IBVKYILIINM-
csl KPYXXKOM, MBI paCCUMTBIBAIM TOJIIO €T0 pe-
3YJIBTUPYIOIIEil TpaeKTOPUU, KOTOpask HaXOIM-
JIaCh BHYTPM ONTHUMAJILHOTO KOPHUAOpPa BOKPYT
MPSIMOI, COSIMHSIONIEH TOYKY BbIJIeTa KPy>KKa 1
ero ueiab (puc. 1 cnepa). Ilpu mpoOyxmeHuun
CpenHssI IOJIsl ToITagaHusl B ONITUMAaIbHBIN KO-
punop — 67.3% — OblJIa 3HAYMMO HILKE, YeM B
KOoHTpoJie — 78.5% (10 KpUTEepHIO COIJIaCHs Ja-
crot, p < 0.001). Ananu3z ANOVA moxka3san cTta-
TUCTUYECKU 3HAUMMOE B3aMOACUCTBIE (haKTo-
poB “coctosiHue” X “rpynnsl npo6” (F(2, 48) =
= 6.8216, p = 0.002) — moJist TPa€KTOPUHU B ONITH-
MaJIbHOM KOpUIOpe ObLIa HILKE, YeM B KOHTPOJIE
Ha TPOTSDKEHWM BCETO IIPOOYXKIEHYsI, YTO OBLIO
MTOATBEPXKICHO aroCTEPUOPHBIM AaHAJIM30M ISt
nepBbIX 10 Ipo6, a Taxcke mrd 21-i1, 23-it n 32-i1
npoonl (p < 0.05) (puc. 4 cnepa).

Taxkeke MbI OLIEHMBAIN YUCJIO KOPPEKTUPYIO-
X “IOOKPYTOK” W IOJIIO BEPHBIX W3 HUX.
CpenHsd 00JIsT BEPHBIX “TTOIKPYTOK” OT OOIIIETO
yuclia Obl1a 3HAYMMO HMXKE IpU IIPOOYXKICHUU
(65.7%), uem B koHTpoJste (70.8%) (p = 0.01, o
KpUTEPUIO coriacus 4acTor). B cpenHem oO1iee
YUCI0 KOPPEKTHUPYIOIINX “TIOAKPYTOK” TIpH
nmpoOyxaeHnu (6 + 3 “nmoakpyTku’) IpakTU4de-
CKU HE OTJIMYaIOoCh OT KOHTpoJs (7 £ 3 “mon-
KpyTku”). Ho B nuHaMuke oOHapyXWJIMCh OT-
JIAYUST — JJTST OOIIeTo Yrcia “TOAKPYTOK” € TO-
MomIbio AByxdaktopHoro aHann3a ANOVA MbI
MHOJYyYMJIM, UTO UX OBbLIO MEHBIIIE ITPU MPOOYK-
JeHuu ajist 1-1i 1 2-ii rpymmn npo6, 4eM B KOHTPO-
ne (F(2, 48) = 4.2690, p = 0.020). MuTepecHo,
YTO B KOHTPOJIE YUCJIO “TIOAKPYTOK” IOCTEIICH-
HO YMEHbIIIAJI0Ch OT 1-ii rpymibl Ipob K 3-i, To
€CTb B HavaJjie BBIMIOJHEHUS 3a1a4M JOOPOBOIb-
LBl Yallle KOPPEeKTUPOBAIM TPACKTOPUIO, UEM B
KOHIIe. AIIOCTepUOPHBIM aHalu3 MNOATBEPINU
3HAYMMOCTb oTiimuuii oud 1, 4, 13, 19, 20, 24-itn
37-11 mpo6 (p < 0.05) (puc. 4 cripasa).

CnekmpanvHulil aHanu3s

CraTrcTuyeckoe CpaBHEHUE TaHHBIX CIIEK-
TpaJbHOTO aHaJn3a B OOAPCTBOBAHWM, B HaYaje
npoOyXaeHus (Koraa BBITTOJIHEHWE 3aJa4M Bce
ele ObLIO 3aTPYAHEHO) U B KOHLIE TIPOOYKIEHUS
(Korma BBITIOJIHEHWE 3aa4 CTIO0 CTAOUIbHBIM)

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

COJIOBBEBA u np.

M0Ka3aJjio pa3jInuue B CIEKTPaJIbHOM MOIITHOCTH
pa3HBIX YaCTOTHBIX JUAITa30HOB B 3TUX TPEX CO-
CTOSTHUSIX. Pa3nuuusg B crieKTpajabHOII MOIIIHO-
CTH IJIs1 BCEX TMAIlIa30HOB HE 3aBUCEIN OT TUIIA
3aJ1a4yi, II0O3TOMY JJIS aJbHEHIIIero aHaJIM3a MBI
O0OBEIMHUIN JaHHBIE o0eux 3amad. AHaIu3
ANOVA mioka3zaii, 94To CIieKTpajbHasi MOLITHOCTh
Bcero anbda-auana3zoHa OblIa 3HAYMMO BBIIIIE
IpU NpoOOYKIeHUU, YeM B OOIPCTBOBAHUU: IS
anbda-1 (8—10 I'n) (F(2, 50) = 17.181, p < 0.001),
g anbda-2 (10—12 T'm) (F(2, 50) = 17.155, p <
<0.001) u gna anpda-3 (12—14 TI'm) (F(2, 50) =
= 21.653, p < 0.001). AmocTepuOpHBIii aHAJIN3 C
MOMOIIIbI0 KpuTepusi BuJIKokcoHa moATBepauU
3HAYMMOCTb YBEIUYEHUSI CHOEKTPAJIbHOM MOIIl-
HOCTHU ajib(pa-aKTUBHOCTU BO BCEX OTBEASCHMSIX
npu npodbyxaeHun (p < 0.05) (puc. 5 caesa).
MNHTepecHo, 94TO 3Ta MOIITHOCTH ObIJIa BHICOKOM
He TOJILKO B Hayajie MPOOYyXKIeHUsI, KOrjaa Bbl-
MoJIHEHUE 3a7a4d ObLIO ellle 3aTPYyJAHEeHO, HO U B
ero KoHIIe, Koraa CliocOOHOCTh pelliaTh 00a Tumna
3ala4  yxe BoccTaHoBuiaach. CHekTpajibHast
MOIITHOCTB OeTa- 1 -muana3zona (14—24 I'n) Takke
OblJIa IOCTOBEPHO BhbIllIe KaK B Hayalle, TaK U B
KOHIIE TpPOOYXISHUSI, YeM B OOOpPCTBOBAaHUU
(ananmu3z ANOVA F(2, 50) = 25.829, p < 0.001),
YTO OBLIO MOATBEPKIACHO allOCTEPUOPHBIM aHa-
Ju3oM g Bcex otBeaeHuit (p < 0.05). Mom-
HOCTb Kak JieJibTa-1-, Tak U AeibTa-2-auarna3oHa
OblIa BBIIIIE B Hadajie MPOOYXIACHUS U CHMKA-
Jlach K €ro KOHILY, TO €CTh KOIJla BOCCTaHaBJIMBa-
JlaCh CITOCOOHOCTh BEPHO pelliaTh INPeabsBiIsie-
mble 3amauu: F(2, 50) = 25.251, p < 0.001 s
nenwTa-1 (0.5—2 I'm) u F(2, 50) = 28.759, p <
<0.001 gng penpra-2 (2—4 Itr). 3HAYMMOCTH
9TUX M3MEHEHUI OblIa TakKXKe MNOATBEpXKIeHa
anoctepuopHbiM aHaiauzoM (p < 0.05) Bo Bcex
OTBEJICHUSX JJIs1 AeibTa-1-auana3oHa (B Havaie
NpOOYXKIAESHUST OTHOCUTEIBHO OOIPCTBOBAHMS U
KOHIIa MpoOYyXaeHUs) U B 9 OTBeAeHMSIX IJIs
nenbra-2-guamnazona (F3, P3, Pz, P4, O1 B Haua-
Jie TIpOOYXKIEeHUSI OTHOCUTEJIbHO OOIpPCTBOBA-
oug u F3, Cz, P4, O2 B Havane npoOyKIeHUs
OTHOCHUTEIBHO €ro KoHI1Ia) (puc. 5 cipaBa).

OBCYXIEHUWE PE3YJIbTATOB

ITonyyeHHBIE HaMU pe3yabTaThl IMOKa3aJlH,
YTO B CPEOHEM B T€UEHHE MEPBBIX TBYX MUHYT
nociae (POpPCUPOBAHHOIO IMPOOYXKIEeHUs M3 3-i
CTaauy THEBHOTO CHA YYACTHUKU SKCIEPUMEH-
Ta Xy>e CIPaBJISUIUCH C 3aJa4aMU 110 CPAaBHEHUTO
C KOHTpoJieM (BO BpeMsi 0OApCTBOBAaHUS TMEPEN
cHoM). CpenHsisa NOJs BEPHO BBINOJTHEHHBIX
npo6 u B 3agaue “KpyXku” Ha 3pUTETbHO-MO-
Ne 6

TOM 73 2023



BOCCTAHOBJIEHUE MOTOPHBIX U KOTHUTUBHBIX ®OYHKIIUN

OnTuMaJbHBIN KOPUIOP
F(2, 48) = 6.8216, p = 0.002

(a)
100 -

90 -
80
70 4
60 -
50 4
40 -

795
Yucno “IlonkpyTox”
F(2, 48) =4.2690, p = 0.02

—KoHTpoJib
—IIpoOyxneHue

i

I CTaHd. OTKJIL.

30

(6)
100 sy

90 -f*
80 7
70
60
50
40 - | I !
304111
20| (IS0 Gi1-E il VA

PRI b Hi

154

2—14 15-27 28—40
—KoHTpoJib
—IIpoOyxneHue

MeauaHa
25-75%
pasopoc
BBIOPOCHI

* H[O @

0_.:::

1 5 10 15 20 25 30 35 40

1

20 25 30

5 10 15 35 40

Puc. 4. PesynbraThl nucnepcroHHoro aHanuza ANOVA 11 TIOBTOPHBIX U3MEPEHUI IS B3auMoaeiicTBus ak-
TOPOB “cocTostHUEe” X “TpynIibl Mpo6” (a) u AMHAMUKA BOCCTAHOBJIEHUS 3pUTE/IbHO-MOTOPHOM KoopAaruHaL1u (6)
npu peieHuu 3agaun “Kpyxku” (n = 26). [To ocaM opauHAT — J0JISI TPACKTOPUU, HAXOAUBIIEHACS B ONTUMAJIb-
HOM Kopuaope (B mpoleHTax) (cjeBa) 1 o0I11ee YUCIo “ToaKpyTOK” (cmpaBa), O OCsSIM aOCIIUCC — TPYIIIBI IIPOO
(a) 1 HoMep T1poOkI (6). OcTanbHbIe 0003HAUYEHMST KaK Ha puc. 3.

Fig. 4. Repeated measures ANOVA results for factor interactions “State” X “Trial groups” (a) and the dynamics of
restoration of hand-eye coordination (6) in the motor task “Circles” (n = 26). X-axes — change in the proportion of
the trajectory that hit the optimal corridor (in percent) (left) and the total number of “spins” (right), Y-axis — the
trial groups (a) and the trial number (6). Other designations as in Fig. 3.

TOPHYIO KOOpIMHALIMIO, 1 B 3anadue “PaBeHcTBa”
Ha apudMeTUYSeCKMI cueT Obljla HIXKE, YeM B
KoHTpoJie. CHI>KeHBI OBIJIM 1 TaKMe IToKa3aTeIu
3PUTEIIbHO-MOTOPHOM KOOPAMHALIMU, KAK CIIO-
COOHOCTb YACPKUBATh IBWKYILIUICS OOBEKT B
ONTUMAaJIbHOM KOPUAOPE, a TAKXKE J0JIsI BEPHBIX
KOPPEKTUPYIOIINX “TIOOKpPYTOK”’. OIHaKO Bpe-
MS IIPOCTOM MOTOPHOM peaKlMM Ha MOSBJICHUE
3PUTEIILHOIO CTUMYJIA JIMIIL HA YPOBHE TEHICH-
LU OBLJIO HUXKE, YeEM B KOHTPOJIE.

Ananus JMUHaAMUWKU BBITTOJIHEHUA 3aJa4 ITOKa-
3aJ1, YTO MPOCTHIC MOTOPHLIC p€aKIIMM Ha ITOABJIC-

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU

TOM 73

HUE 3PUTEIHLHOIO CTHMYJIa BOCCTAHABIMBAIOTCS
IIpU TIPOOYKIACHUM MPAKTUIECKU Cpasy Xe — B Te-
yeHue 4 ¢c. OgqHako 6osiee CI0XHbIE (PYHKIIMU —
TOHKAasI 3pUTEILHO-MOTOpPHAsI KOOpAWHALIMS W
a0CTpaKTHOE MBIIIIJIEHUE — BOCCTAHABIMBAIOTCS
3HAYUTEJIbHO TTo3ke. Tak, CmoCOOHOCTDh OLIEHU-
BaTh BEPHOCTh apu(PMETUIECKIX PaBEHCTB B 3a-
nadye “PaBeHcTBa” BOccCTaHaB/IMBajldach B Teue-
Hue 10 ¢ mocyie mpoOyKaeHus — HauuHas ¢ 4-i
IMPOOKEI BEPOSITHOCTb BEPHOTO pEIIeHMs 3adadyn
yXe He OTJIM4ajiach OT KOHTpoJiss. Ho mpu atom
no 14-it ipoOnI (B TeueHue, npumepHo, 40 c)
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Puc. 5. PesynbraTer ananmm3a AN OVA 115 TOBTOPHBIX M3MEpPEHU IS anbda- 1 AeJIbTa-MOITHOCTHU IIPU PELICHUN
00euX 3a1a4 yCpenHEeHHbIE 10 BceM OTBeneHUsIM (1 = 26). [1o ocu oparHat — MomHocTb (B MKB2). * — p < 0.05.
Fig. 5. Repeated measures ANOVA results for alpha- and delta-power in both tasks averaged over all leads (n = 26).

X-axis — the spectral power (uV?). * — p < 0.05.

CKOPOCTb pelleHMs 3aJayu ocTaBajlach 3aMel-
JIEHHOIA.

HMuTtepecHO, YTO BOCCTAHOBJIEHUE CIIOCOOHO-
CTU pellaTh 3amauy “PaBeHcTBa” IMPOUCXOIUIIO
HEeJIMHEeHO: Yepe3 MUHYTY Mocjie MPOoOYyKIeHUS
(Ha 23—25-1i1 mpobax) BEpOSITHOCTb BEPHOTO pe-
IIEHUsI TIOBTOPHO CHUXKAJIaCh, XOTSI CKOPOCTh
pelIeHus B 3TO BpeMsl MapagoKCcaIbHbIM o0pa-
30M OKa3ajlaCh HECKOJIbKO BBIIIIE, YeM B KOHTPO-
Jie (CTaTUCTUYECKW 3HAYMMO I MpoOwl 21), a
BbIMOJTHEHUE P06 28 1 29 cHOBa 0Ka3ajlocCh 3a-
MelJIeHHbIM. B nuteparype ecTb 1aHHbIE O HEJ-
HEITHOM TMOBBIIIIEHUY aKTUBHOCTU HEIPOHAJIBHBIX
cUCTeM, obOecrieurBaloIIMX ToaaepXXaHue Oonp-
CTBOBaHUSI, BO BpeMsI MpoOyxneHus (IJ1s1 od630pa
cM. (YkpauHueBa, ConoBbeBa, 2023)). B oTiu-
Yyye OT 3achblillaHus, Mpoliecc MPOOYXKAECHUST He
SBJSIETCS TIJIaBHBIM, a HaYMHAeTCs C BCILJIecKa
KaK BereTaTMBHOW, TaK W 0Olleil akTUBaLUU
(arousal), peBBIIAIOIIETO YPOBEHbD, XapaKTep-
HBII U1 CIOKOMHOTO 601pcTBOBaHMs. B cBSI3n
C 9TUM, KaK ObLJIO MOKa3aHO B UCCIEIOBAaHUM pe-
diekca B3gparuBaHus Ha Kpbeicax (Horner et al.,
1997), B niepBble CEKYHIIbI TTOCTIE MPOOYKICHUS
LIEeHTpaJbHasl HEpBHasl CUCTEMa HaXOJIUTCS B CO-
CTOSIHUU TIOBBILLIEHHOU TOTOBHOCTH K pearupo-
BaHUIO Ha BHEIIHUE CTUMYJbl. Bo3aMoxHO, Ta-
KO BCIuiecK arousal puBes K MOSIBJICHUIO B Ce-
penuHe 3agadyu “PaBeHcTBa” 0o0Jiee OBICTPBIX,
yeM B KOHTpOJIe, U, MO-BUAUMOMY, OOjiee UM-
MyJIbCUBHBIX peakiuii. Ha moBbIllIeHHBII arous-
al MOXXeT yKa3bIBaTh TaK>Ke BbICOKAs CIIEKTPaJIb-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

Hasi MOIITHOCTh OeTa-auarna3oHa, KOTOPYIO MBI
OOHApYXWJIM KaK B Hadase MpoOykKaeHUs (TIpu
BBITIOJTHEHUHY MEPBBIX 5 TIP00) TaK 1 B KOHIIE (BO
BpeMsI BBITIOJTHEHUST TTpo0 25—35).

BoccraHoBineHue crnocoOHOCTM BEpPHO pe-
math 3amauy “Kpyxku” mnpowncxoamio 0Oojee
JuHeiiHo. OgHAaKoO, HECMOTpPS Ha TO, YTO BpeMsI
MIPOCTOM CEHCOMOTOPHOI peakliMy Ha IOSIBJIC-
HUE IBUKYILETOCs KPY>KKa yxKe Ha 2-11 Tpo0e He
OTJIMYAJIOCHh OT OOAPCTBOBAHUS, BCE IIOKA3aTeIn
TOHKOM 3pUTEIbHO-MOTOPHOI KOOpAMHALIUU
JOCTUTaJI KOHTPOJBbHOTO YPOBHS IOJIbIIIE, YEM
nokasatenu B 3amadye “PaBeHcTBa”. B TeyeHue
IEPBOIl MUHYTBI MOCJIE MPOOYKICHUS BEPOSIT-
HOCTb IPUBEAEHMS OOBEKTA B 11Ie7Tb B 7 Ipobax n3 21
ObLlIa 3HAYMMO HUXe, YeM B KoHTpoJie. CIioco0-
HOCTb yIepXUBaTh OOBEKT B ONTUMAIbHOM KO-
puaope BOCCTAHABIMBAJIAChH €IlIE NOJbIIEC — B
KOHIIEe BBIITOJIHeHUS 3aaa4u. Q0111ee KOJIUISCTBO
KOPPEKTUPYIOIIMX “TIOOKPYTOK” TOXE MEHSIJIOCh
Opu MNpoOyXIeHWU: CHayaja OHO ObLIO 3HAYM-
TEJILHO HMKE, YEM B KOHTPOJIE, U TOJIBLKO K KOHIIY
3a4a4yy JOCTUIJIO KOHTPOJIbHBIX 3HAYCHUIA.

Takum ob6pazoMm, eciu TIPOCTON MOTOPHBIN
OTBET Ha TOSIBJIEHNE 3pUTEIbHOTIO CTUMYJIa BO3-
MOXEH YK€ B ITIepBbl€ CEKYHIbI MPOOYXKIECHUS U3
3-if cranuu cHa, TO CMMOCOOHOCTh BEPHO U OBICT-
po peliaTh apuMeTUIECKyIo 3a1a4y, Tak Ke Kak
U CIIOCOOHOCTb TOUHO YMPABISTH IBUXKYILIMMCS
00BEKTOM, BO3BPAIAIOTCS 3HAUYUTEIBHO MO3XKe.
[Mo-BuauMoMmy, 3TO MOXeT ObITh CBSI3aHO C TEM,
YTO MpPOOYXIeHUE CEHCOPHBIX 1 MOTOPHBIX 30H
Ne 6
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orepexaeT NpooyxaeHne accounaTuBHbIX (Pe-
ter-Derex et al., 2015; Alcaide et al., 2021). B pe-
3yJbTaTe, KaK HeIaBHO ObLIO IT0OKa3aHO, aBTOMa-
TUYECKME, TOCO3HATeJIbHbIC peaKlMU Ha BHEIII-
HUIA CTUMYJI TOSIBJISIIOTCS 3HAYMTEILHO paHblIIe,
yeM oco3HaHHbIe (Liaukovich et al., 2022) — na-
2Ke 110 TIOSIBJICHM S JOMUHUPYIOIIETO ajib(a-put-
Ma B D3I, Bo3aMOXHbBINI MeXaHU3M TaKOI'o MO-
3TAalHOIO BKJIIOYEHMS IPOCTHIX, a 3aTEM CJIOXK-
HBIX peakiivii, CKopee BCEro, BbIpadoTajcs B XO/Ie
9BOJIIOLINKM, MO3BOJSISI OBICTPO CpearupoBaTh Ha
YIpO3y, 3aCTUTIIYIO XKUBOTHOE BO CHe. OH mpearno-
JlaraeT MaKCHUMaJbHO OBICTPOE BKJIIOUEHME IIPU
NpoOyXIeHUN TIEPBbIX, AaBTOMATUYECKMX peaK-
Ui, KOTOpble MOTYT OBITb C(OPOPMUPOBaAHBI 0O€3
y4yacTusl acCoOLMaTUBHBIX 30H Kophbl. bojee
CJIOXKHBIE, OCMBICJICHHbIE M CKOOPAMHUPOBAH-
HbI€ peaKIMy Ha CTUMYJIbI, TPEOYIOIIMEe y4acTusl
acCoOLMaTUBHBIX 00J1aCTel, BKIIIOUAIOTCS TTO3XKeE.
ITo-BUIMMOMY, 3TO CBSI3aHO C TEM, UYTO B OOIp-
CTBOBAaHUU aCCOLIMAaTUBHbIE 30HbI XapaKTepu3y-
IOTCSI CaMbIM BBICOKMM YPOBHEM MeTa0oJuye-
CKOIl aKTUBHOCTU, BCJEACTBUE BTOr0 MMEIOT
HauOoJjiee BBICOKOE€ TOMEOCTaTUUYeCKOE JaBjie-
HHWE CHa W, B UTOTe, TpeOYIOT OOJbIlIe BpeMeHU
1 mpooyxneHud (Braun et al., 1997).

Bo Bpems 3-i1 craguu CHa B Kope Ipeo0dJiaaa-
€T BbICOKOAMIUJIMTYIHBIN AeabTa-puTM. DTa aK-
TUBHOCTb XapaKTepU3yeTCsl BBICOKON CHUHXPO-
HU3alMel U CTepEOTUITHOCThIO BO BCEX OTAEIax
Kopkl (Steriade et al., 2001), oHa mpensITCTByeT
obpaborke nHpopmauuu (Kosanws3on, 2012), u
€€ MOIIHOCTb KOppEeJMPYeT CO CTENEHbIO yTHe-
TeHus1 cozHaHus (Trotti, 2017). Ilpu mpoOyxme-
HUM 3Ta aKTUBHOCTh Mcye3aeT B DOl He cpasy —
HalllM pe3y/IbTaThl ITOoKa3aau, YTO B TeYEHUE Tep-
BbIX 15 ¢ (BO BpeMsI BEIIIOJTHEHMS TIEPBBIX 5 MIPO0)
MOIIIHOCTb AeJbTa-puTMa OCTaBajlach BCeE ellle
MOBBIIIIEHHON HECMOTpPsI Ha TO, YTO B 3aIllMiCHU
npeobnagan aibpa-puT™M. MOXHO MpeaNnoao-
KUTh, YTO, KOT/Ja YeJIOBEK ellle He MOJTHOCTbIO
BBIIIEST M3 COCTOSIHMSI CHA, O4aru JIOKaJbHOTO
0OIPCTBOBAaHUSI B CEHCOPHBIX U MOTOPHBIX 30-
Hax JI0CTaTOYHBI JJIsI OCYILIECTBJIEHUS MTPOCThIX,
aBTOMaTUYECKMX peaklvit Ha ctumyia. Ho, mo-
CKOJIbKY KaK U151 apu(pMeTHUeCKOro cuera, Tak u
JUJISI TOUHOTO 3pPUTEIbHO-MOTOPHOTO MaHUITYJ M-
poBaHUsI HEOOXOAMMa aKTUBALIMs HE TOJIBKO MO-
TOPHBIX 00JIaCTE KOpbl, HO U aCCOLIMAaTHUBHBIX,
TO BBITIOJITHEHUE 3TUX 3a7a4 Ha BHICOKOM YPOBHE
TpebdyeT 0ojiee MOJTHOIO NpodyxaeHus. Bo Bpe-
MsI BBITIOJIHEHUST Mpo6 ¢ 25-i1 o 35-10, Koraa
rokKaszaTeju pelleHusT ob0eux 3anady JTOCTUTIU
KOHTPOJbHOTO YPOBHSI, MOIITHOCTD JI€JIbTa-pUT-
Ma CHU3UJIACh U YXXe He OTJInYaiach OT MOIIIHO-
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CTU B OoapcTBoBaHMU Tiepen cHoM. [loaTomy
MOXHO 3aKJII04YWUTh, YTO AJsSI BOCCTAHOBJICHUS
CITOCOOHOCTU K aO0CTpakKTHOMY MBbIIIJICHUIO U
TOHKOMY 3pUTEIbHO-MOTOPHOMY MaHUITYJIUPO-
BaHMIO MPU MPOOYKIEHUU HETOCTATOYHO TTOSIB-
JIEHUSI peryJIsipHoOi ajibda-aKTUBHOCTU B DT,
HO HEOoOXOAWMO ellle CHUXKEHUE MOIIHOCTHU
JieJibTa-puTMa.

HMHTEepecHO, 4TO TIpU MPOOYXKICHUU CIICK-
TpaJibHasi MOIIHOCTh ajbda-amara3oHa Oblia
3HAYMMO BHIIIIE CBOETO YPOBHS B OOIPCTBOBAHUM
0 CHA U BCE ellle OCTaBajach IMOBBIIICHHON Ha
BTOPOI MUHYTE peleHns 3agad (TpoOkI ¢ 25-11 o
35-10) HECMOTpPS HaA TO, YTO 00e 3amaun JOOpo-
BOJIBIIBI PEIAJIM C OTKPBITHIMU TJ1a3amMu. Bepo-
SITHO, TIOBBIIIIEHWE MOIIHOCTH aibda-puTMa
MOXET OOBSICHSITBCS OOIEeit TeHASHIINE K TH-
MMEPCUHXPOHU3ALNYN OMO3JIEKTPUIECKOIT aKTUB-
HOCTM MO3Ta, XapaKTEepHOW IUIsI CHa, KOTopas
COXpaHsIETCS KAKOe-TO BpeMsl U IIpU MTpoOyXKe-
Huu (JleBkoBuu, 2022).

OnHaKo cieayeT OTMETUTh, YTO OOHApYKeH-
Hble HAMM WU3MEHEHUS CIIEKTPAJIbHOII MOIIHO-
ctu D3I npu NpoOYKIeHWN OMUCHIBAIOT TJIO-
OasbHbIe CABUTH (DYHKIIMOHAJIBHOTO COCTOSTHUS
BCEro HeoKopTeKca. B manmpHeiilmeM mpencrTan-
JISIeTCs 11eJIeCO00pa3HbIM COIMOCTABUTH BOCCTA-
HOBJIEHHME TPOCTBHIX M CIIOXHBIX (pOpM TOBee-
HUSI TIPU TIPOOYKACHUM C JTOKAJbHBIMU Pa3JIv-
YUSIMU B CKOPOCTU aKTUBAIIUM aCCOLIMATUBHBIX
1 CEHCOMOTOPHBIX 00J1aCTeil KOPHI.

SAKJIIOYEHHME

Kaxk nokaszanu noiay4eHHbI€ pe3yabTaThl, pa3-
Hble acMeKThl pellieHusl 3a1a4y Ha abCTpakKTHOe
MBILIJIEHUE U Ha 3pUTEIbHO-MOTOPHYIO KOOPIU -
HalIMIO MPU NPOOYXKIeHUU U3 3-i1 cTaauu THEB-
HOTO CHa BOCCTaHaBJIMBAIOTCSl HE OJMHOBPEMEH-
HO U B YacTu ciyyaeB HenuHeliHo. Ecnu cko-
pPOCTb MPOCTOTO MOTOPHOTO OTBETA Ha CTUMYIJI
JIOCTUTAeT YPOBHSI OONPCTBOBAHUSI MpaKTUye-
CKM cpaszy Tocjie MpoOyXXAalIIero CUrHaia, To
BOCCTAHOBJIEHUE CIOCOOHOCTU ONpPENEssiTh Bep-
HOCTb WJIM HEBEPHOCTb apu(MeTUYeCKuX pa-
BEHCTB, a TAKXKe TOYHOTO YIIPaBJIEHUS TPACKTOPH -
eii IBuXyuierocsi oobeKTa TpedyeT 3HAYUTEIBHO
Oousibilie BpeMeHU. Takske Halllyd pe3ybTaTbl CBU-
JETEJIbCTBYIOT O TOM, YTO JUIs BOCCTAaHOBJIEHUSI
MPU MPOOYKIEHUN aOCTPAKTHOTO MBILLJICHUS U
TOHKOTO 3PUTEJIbHO-MOTOPHOTO MaHMITYJIUPO-
BaHUSI HEIOCTAaTOYHO TMOSIBJICHUSI PEeryJIsipHOM
alb(a-akTUBHOCTU B DBI, HO HEOOXOAMMO ellle
CHUXXEHME MOLIHOCTHU JIeJIbTa-pPUTMA.
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BbIBO/IbI

1. IIpn mpoOyXIeHUM CKOPOCTb MOTOPHOM
peaklMM Ha MOSIBJIEHUE 3PUTEbHOIO CTUMYJia
BOCCTaHaBJIMBAETCS TIOUTH Cpa3y — B TeUeHUeE 4 ¢
rnocJjie NpoOyKaaroIero curHaa.

2. IIpu npoOyXIeHUHU CIIOCOOHOCTDH BBIIIOI-
HSITh 3aJa4v KaK Ha aOCTpakKTHOE MBIILJIEHUE,
TaK U Ha 3pUTEIbHO-MOTOPHYIO KOOPIWHALINIO
CHIXXEHa 1 BOCCTAHABJIMBAETCS IIPUMEPHO 4e-
pe3 40 (1 3amayu Ha apuPMETUISCKUI CUET) U
60 (mns1 3amauM Ha ynpaBJeHUE IBVIKYLIMMCS
00OBEKTOM) CEKYH]I MTOCJIE TTPOOYXKAAIOIIETO CUT-
HaJa.

3. Ilpn mpoOyxXmeHUu B TeUyeHUE TEPBBIX
1.5 MuH coxpaHseTcs Ooyiee BBICOKas, 4eM B
0OIpPCTBOBAaHUM, CIIEKTpaJIbHASI MOIITHOCTD aJTh-
¢da- n 6eTa-aKTUBHOCTH.

4. ITpu npoOyXAeHUHU B T€UeHUE MEPBHIX 15 C,
[IOKa CIIOCOOHOCTH BBITIOJHATH 3aJadyyd Ha ab-
CTPAKTHOE MBIIICHUE U Ha 3PUTEIILHO-MOTOP-
HYI0 KOOpAMHALIMIO 3aTpyJHeHa, OTMeYaeTcs
MOBBIILIEHHAS CIICKTPaJibHasi MOIITHOCTD AeIbTa-
nuamna3zoHa. BocctaHoBieHME CITIOCOOHOCTU pe-
1IaTh 06a TUMa 3a1a4 CONPOBOXIAETCS CHIKE-
HUEM MOIIIHOCTHU AeJIbTa-aKTUBHOCTU.
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MOTOR CONTROL AND COGNITIVE FUNCTIONS RECOVERY DURING
FORCED AWAKENING FROM SLOW-WAVE DAYTIME SLEEP

A. K. Soloveva® % #, N. K. Solovey®, A. O. Mokrousova‘, and Yu. V. Ukraintseva® #*

4 Lomonosov Moscow State University, Moscow, Russia
bMIREA — Russian Technological University, Moscow, Russia
¢ Novosibirsk State University, Novosibirsk, Russia
4 Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia
#e-mail: s_anna_99@mail.ru
#*o-mail: ukraintseva@yandex.ru

The recovery mechanisms of various forms of behavior upon awakening from sleep are still not well
understood. In this work, we investigated the recovery of simple motor reactions to visual stimuli,
fine hand-eye coordination, and abstract thinking upon awakening from the deepest, SWS stage of
daytime sleep. Subjects were offered two types of tasks: visual-motor tasks in which it was necessary
to control a moving object; and arithmetic, in which it was necessary to determine the correctness
of the proposed equalities in wakefulness before sleep and during the first 2 minutes of awakening
from sleep. The results obtained showed that the speed of a simple motor reaction to the appearance
of a visual stimulus reached the wakefulness level almost immediately after awakening (within 4 sec-
onds), while the restoration of the ability to determine the correctness or incorrectness of arithmetic
equalities, as well as the ability to accurately control the trajectory of a moving object required much
more time: about 40 seconds (in the arithmetic task) and 60 seconds (in the visual-motor task). The
power of the alpha-rhythm upon awakening was higher than in wakefulness. Delta-rhythm power
was increased only at the beginning of awakening while task performing was difficult, and in the sec-
ond minute of awakening the delta-rhythm decreased when task performing was restored. Our data in-
dicate that simple and complex forms of behavior upon awakening are not restored simultaneously.

Keywords: daytime sleep, hand-eye coordination, abstract thinking, SWS stage of sleep, awakening,
EEG, alpha-rhythm, delta-rhythm
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Pacno3naBanme ycTHOI peun 110 faHHbIM DDI 1 MBI saBisieTcss mepBBIM IIIaroM pa3padOTKH CH-
cteMm MKW u U nng nanpHe111€TO NCITOIb30BAHMS UX ITPU ASKOTMPOBAHUN BOOOpakaeMoii pe-
yu. bosbliive JOCTUKEeHMS B 3TOM HarpaBJIeHUU ObUIY CeIaHbl ¢ cTojib3oBaHueM DKol u cre-
peo-D3TI. B To xKe BpeMs CyIIeCTBYeT MaJIo pabdOT Ha 3Ty TeMy I10 aHAIU3Y JaHHBIX, IIOJIYYeHHBIX
HEWHBAa3WUBHBIMU METOAAMM PETrMCTPALlU aKTUBHOCTHU Mo3ra. Hallr momxon ocHOBaH Ha OLIEHKE
CBSI3€i B IIPOCTPAHCTBE CEHCOPOB C BBIAECIEHUEM CITeU(MUUIECKOTO 11 JAHHOTO OTpe3Ka peun
narTepHa cBsi3aHHOCTH MBI, MBI TpoBepnIN CBOM MeTod Ha 7 MCIIBITYeMBIX. Bo Bcex ciygasx
HaIll KOHBeliep 00pabOTKM OB IOCTATOUHO HaAeXKeH M padoTalt 1nbo 0e3 oImboK pacrio3HaBa-
HUS, MO0 ¢ HEOOJBIIUM KOJIUYECTBOM OIIMOOK. TTocie “o0ydueHunss” aJropuTM croco0eH pac-
Mo3HaBaTh (parMeHT YCTHOI peuu NpU eAUHCTBEHHOM MpenbsiBieHUU. [Jisl pacio3HaBaHUS Mbl
UCTOJIb30BaIM oTpe3ku 3anucu MAI 50—1200 mc ot Havasia 3BydyaHus ciaoBa. 111 KauecTBEHHO-
ro pacIio3HaBaHUs TpeboBalicsa oTpe3oK He MeHee 600 Mc. MuTepBainbl 6Gonbie 1200 Mc yxyma-
JIM Ka4eCcTBO pacno3HaBaHus. [1omocoBast puibsTpanms MBI nokazaia, 4To Ka4eCTBO paclio3Ha-
BaHUS OJMHAKOBO 3((PEKTUBHO BO BCceM AMaIrta3oHe 9acToT. HekoTopoe cHIzKeHMEe YPOBHS pac-
MMo3HaBaHMsI HaOII01aeTCs TOJBKO B Auara3one 9—14 Ii.

Knrwuesnble crosa: neKoIupoBaHUE peyM, CBSI3aHHOCTh B IIPOCTPaHCTBE ceHcopoB, MBI, BT,
MKMH, NN, tera-putM, aabda-puTM, raMMa-puTM

DOI: 10.31857/S0044467723060126, EDN: SWHXYB

JexkoagupoBaHue BHYTPEHHEN peyud U pede-
BBIX CTUMYJIOB I10 JaHHBIM MO3TOBOIi aKTUBHO-
CTHU SIBJISIETCSI aKTyaJIbHOM 3aJa4eil AJ1s1 TEOpeTU -
YEeCKMX M MNPUKIIAAHBIX LeJeil COBpPEeMEHHOM
Helipodusznonoruu. B paMkax 1aHHOTO HampaB-
JIEHUS 1CclieoBaTeIu MbITalOTCs PeIllnTh 3a1a-
yy KOMIEHCAUU yTpadeHHBIX (YHKLUI IIpu
pa3IUYHbIX BUIAaX HapylleHUA BOCHpPOU3BEIE-
HUSI U BOCIIPUSITUSI p€YM Ha KOPKOBOM YpPOBHE,
41O uMeeT IpsiMoe otHomeHne K MKHM. OngHo-
BPEMEHHO H3y4YEeHME 3TOro BONpPOCA IIOMOTraeT
MPOJABUTATHCS T10 IIyTU COBEPIIEHCTBOBAHUS C-
cteM M. CylliecTBEHHBIN IPOTPECC B 3TOM ObLIT
JOCTUTHYT IPU UCIIOJIb30BAHUM BHYTpUYEpEIl-
HbIX peructpanuit Kol (Anumanchipalli et al.,
2019) u crepeo-O3I (Norman-Haignere et al.,
2022). OgHako, MHBa3UBHbBIE METOIUKU UMEIOT

OrpaHUYEHHBII OMana3oH npuMeHeHuil. He-
NaBHUE MCCAeA0BaHUs MOKa3aan, YTo pacumd-
poBKa Makpockonmyeckux JaHHbIX PMPT ¢ nc-
MOJIb30BaHWEM OOYYEHHOI SI3bIKOBOW MOIETU
MOXET TIOCTaTOYHO TOYHO NE€KOAMPOBATh BHYT-
PEHHIOIO peyb Ha OCHOBE CEMAaHTUYECKOU WH-
dopmanuu (Tang et al., 2023).

HewHBa3uBHbBIE METONBI pETUCTpALIUM, TAKKE
Kak OO u MBI, nokazanu, 4To BOCHPUSITAE U
BOCIPOM3BEIEHUE PEeUM BJIMSIET KaK Ha PUTMMU-
yeckyto (Vvedensky et al., 2023; Lizarazu et al.,
2023; Neymotin et al., 2022), Tak 1 Ha BbI3BaH-
HYI0 MaKpOCKOMHWYECKYIO 3JIEKTPUUYECKYIO aK-
TUBHOCTb Mo3Ta (Anurova et al., 2023). Takum
o0Opa3oM, UMEIOTCS BCE TTPENITOCHUTKY JIJIST 1EKO-
IUpoBaHWUs peuu 1o naHHbIM MBI 1 D31 (Dash
et al., 2020). OmHako [aJ1s1 aHaJIM3a MO3rOBOM aK-
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TUBHOCTHY B 3TOM CJIy4yae MCIIOJIb3YIOT Helipoce-
TeBbIC TEXHOJIOTUM, PE3yIbTaThbl KOTOPHIX TPY/I-
HO WHTepIpeTupyeMbl. s 3TUX Leaeil Mbl
MpemiaraeM MCIob30BaTh 00Jee MPOCTYIO Me-
TOOUKY HCCIeOOoBaHUS cBsI3aHHOCTM MOI B
IMPOCTPAHCTBE CEHCOPOB, KOTOpasi OCHOBaHAa Ha
HaAOIIONEHUsSIX, IT0KAa3aBIIMX I0Pa3UTEIbHYIO
CXOXKeCTh TeKylieir MOI'-akTmBHOCTM Ha KJila-
cTepax OTBEACHUI TIPpU MPOCIIYIIIMBAaHUM CJIOB, a
TakKXke TUHAMWYECKYIO MepecTPOMKY 3THX Kia-
CTEepOB IPHU PACIIO3HABAHUM CMbBICIA PEYEBOTO
ctumyia (Vvedensky et al., 2023).

METOJUKA

Hcnoimyembie. B MUIIOTHOM MCCJI€IOBAaHUM,
HampaBJIeHHOM Ha TeCTUPOBaHWE METOAUKU,
MPUHSUIO y4yacThe 7 MCOBITYeMbIX-I00POBOIb-
eB (4 My>XXUrHBI 1 3 XeHIIMHbI). OIWH U3 UC-
MBITYEMBIX B Bo3pacTe 23 roaa ObLI JIEBIIOA.
CpenHuii Bo3pacT MOJIOABIX UCTIBITYEMbIX TTpaB-
et cocrtaBuia 23.8 £ 0.5 netT. Bo3pact nmoxmuio-
ro KCITbITYeMOro-mpasniiu 60Ut 67 jet. Bee uc-
MbITYEMbIE HE UMEIU HEBPOJIOTUYECKUX U TICU-
XWYECKMX HapyllleHuid B aHamMHe3e. Bo Bcex
cliygasix ObLJIO TTIOJIyYeHO MMCbMEHHOE Corjlacue
Ha NpOBEJACHUE UCCIEIOBAHUS T10 TMPOTOKOIY,
YTBEPKIEHHOMY 3TUYECKOM Komuccueit MHCcTH-
TyTa BBICIIIEH HEPBHOU JIE€ATEILHOCTU U HEWPO-
¢dusuonorun PAH (nmpotokon Ne 5 ot 15 ssHBaps
2020 r.). 3anucu MBI npoxoaunu B nepuos c 12
1o 16 yacoB mHs.

Cmumynvi. IcTIBITyeMOMY TIPEIBSIBIISIIIN TPU
CepUU peueBbIX CTUMYJIOB B BUJIE MpuUJIaratelib-
HBIX PYCCKOTO $13bIKa. B Kaxkmoii cepruu 3Bydaso
BOCEMb OPUIMHAJbHBIX CJIOB, KOTOpble MOBTO-
psu ITh pa3. Bece copok ctoB ciiydyaitHbIM 00-
paszoM nepemelnuBanu. Ilepen Kaxmoit cepueit
MPENbSIBISUIM TPU CI0BA U3 ITOM XK€ CEpUU CJIOB
JUTsI aiarnTaluy UCIBITYEMOTO, HO JaHHbIE perv-
CTpaLlMU MPU STUX MPEIbIBICHUSIX HE YUYUThIBA-
Ju s aHanusa. CepuM CJIOB pa3inyaiuch Mo
JUTUTEIbHOCTU 3BYYaHUSI U COCTABUJIM COOTBET-
ctBeHHo 600, 800, 900 mc (1—3 HaGopwl). BHyT-
pu Habopa IJIUTENbHOCTh 3By4aHUsI HE OTJMYa-
Jlach 60J1€e 4eM Ha 3 Mc JJTs1 UCKJTIOUEHUS BIUSI-
HUS JUIMTEJIbHOCTU 3BYYaHUSI JIEKOIUPYEMBbIX
clioB. I'pOMKOCTh 3BydyaHuMsI ObLia IIogoOpaHa
JUISl KaXXJIOro WCIBITYeMOro MHAWBUAYAJIbHO U
coctaBuna ot 40 mo 50 nb. YacrtoTa 3BYKOB
oln(ppoBaHHBIX CIOB B BUAEe ayauodaiijia He
npesbinana 22 k. [Tocie npenbsaBiieHUS CI0-
Ba UCMBITYEMbII TOJKEH ObLT HaXKaThb Ha KHOTIKY
PYYHOTO MAaHUMYJSITOpa, €CJIW MOHSUI CMbBICI
npenbsiBiasieMoro cioBa. [locie HaxkaTust KHOM-
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ku yepe3 500 = 100 Mc (paHIOMUHU3UPOBAHO)
clenoBajl CAeAyIOLIUi CTUMYJI, HO HE TO3IHee
2000 Mc mtociie NpeabIAYIIEro MPeabsBICHUS.

Ilpouedypa skcnepumenma. Ilepen HavajioM
9KCHEPUMEHTA C TOMOIIbIO YCTPOMCTBA TpPeEX-
MepHoit ounppoBku “FASTRAK” (Polhemus,
CIIIA) ompenensiii KOOpAWHATHl aHATOMMYeE-
CKHUX peTepHbIX Touek (JieBas 1 mpaBas mpeay-
PUKYJSIpHBIE TOYKH U TTEPEHOCULIA), 4 TAKKE UH-
JTUKATOPHBIX KaTyIIeK MHAYKTUBHOCTH, TPUKPEIT-
JICHHBIX K TTOBEPXHOCTHU CKaJiblla UCITBITYEMOTO B
BEpXHEU yacTu Jida 1 3a YIIIHbIMU pakoBMHaMu. Bo
BpeMsI dKCIEPUMEHTAa UCHbITYEMbI HaXOAUICS
B MAarHUTHOSKPaHUPOBAHHOI KaMepe 13 MHOTO-
cinoiiHoro nepMmasuios (AK3b, Vacuumschmelze
GmbH, I'epmaHus), a ero rojopa Oblia IIoMe-
lIeHa B CTEKJIOMJACTUKOBBIM IIJIeM, SIBJISIO-
IIUICS 4YacThlO CTEKJIOIUIACTUKOBOTO cocyna
Jproapa ¢ MOrpy>KeHHbIM B >KUIKUM TeJINii CeH-
COpHBIM MaccuBoM. McrbITyeMoro ycaxkupajiv
TaKMM OOpa3oM, YTOOBI MOBEPXHOCTb TOJIOBBI
HaxoJIuJach MaKCUMaJIbHO OJIM3KO K CEHCOpaM.
Bo mnzbexaHue apTedakToB 3ByKOBbIE CTUMYJIbI
rofaBaJiu yepe3 MHEBMAaTUYECKYIO0 CUCTEMY, HO-
CTaBJISIIONIYIO 3ByK OT IIITATHOTO ayAOCTUMYJISITO-
pa. CTumMyJisiTop MporpaMMUPOBAIM TIPY TTOMOILIN
nporpamMmbl Presentation (CIIA, Neurobehavioral
Systems, Inc). McrnbITyeMoro Ipocuii paccia-
OUThCs 1 3aKpbITh M1a3a. IIpaBoii pykoii oH Ka-
caJjics ImyJibTa ¢ KHonkaMu. OH JoJKeH ObLT Ha-
KMMaTh yKa3aTeJbHbIM TaJIblieM Ha ONHY KJja-
BUIIly TMOCJ€ pacno3HaBaHUS YCIBIIIAHHOTO
cjioBa. MeTka Havajia 3By4yaHUs CJIOBa OTCTaBa-
Ja Ha 9—10 Mc OT peaJlbHOIO HaxKaTHusl Ha KJIaBU-
ury. ITo oKOHYaHUM OTHOM CepuU MpembsiBICHUN
13 TPEX, UCTTBITYEMbIA MOT OTAOXHYTb 1—2 MUH.

Peecucmpayus. MOT peructprupoBaiu ¢ TOMO-
mpio 306-KaHaJIBHOTO amIapaTHO-IPOTpaMM-
Horo komrIuiekca “VectorView” (Elekta Neuro-
mag Oy, OUHIAHINUS), JaTYUKHA KOTOPOIro MO-
KPBIBAIOT BCIO MOBEPXHOCTb T'OJIOBBI U COCTOSIT
3 102 TpUIIeToB, coaepXKallux OOIUH MarHUTO-
METp M ABa IJIaHAPHBIX TPageHTOMETpA, U3Me-
pAIOIINX B3aMMHO OPTOTOHAJIbHBIE KOMIIO-
HEHThl MAarHUTHOTO TIoJsl. B HacTosmem uc-
cJiefOBaHUM aHAJIU3UPOBAIU JaHHBIE OT BCEX
306 ceHCOpOB. DTO MO3BOJISLIO aHATU3UPOBATh
MarHUTHOE II0JI€ KaK OT MOBEPXHOCTHLIX, TaK U
IIYOOKMX TOKOBBLIX MCTOYHUKOB B KOpPE T'OJIOB-
HOro Mosra ucnbsiTyemoro. s perucrpauuu
[J1a30/IBUTaTe]IbHON aKTMBHOCTH MCIOJIb30BaIU
JIBa OWITOJSIPHBIX OTBEAEHUSI 3JIEKTPOOKYJIO-
rpaMmbl (DOT'), COCTOSIBIIIMX M3 YETHIPEX JEK-
TPOAOB, PACITOJIOKEHHBIX Ha BHEIITHUX OpOUTaAX
000ux ma3 (ropr30HTaJIbHAs COCTABJISIIONIAs ), a

Ne 6 2023



802 BEPXJIIOTOB u np.

Tak>Ke Haja 1 T10J1 OpOMTOI JIEBOTO 11a3a (BepTH-
KaJgbHasl COCTaBJSIONIAsA). 3aluch CUTHAJIOB
MBI 1 BOT npou3BOaAMIN C YACTOTOM AUCKpPE-
tu3auuu 1000 Ty mpu moJioce OpoIyCKaHUs
0.1—330 I'u. ITonoxeHre ToJI0Bbl OTHOCUTEIBLHO
MaccHBa CEHCOPOB B XOJI¢ IKCIIEpUMEHTa OTCIIe-
>KMBaJIv B peajlbHOM BPEMEHU C MOMOIIbIO MHAM-
KaTOPHBIX KaTyllleK WHIYKTUBHOCTU. YHajeHue
apTedaKToB 3al1CU U KOPPEKIINIO MOJIOXKEHUS I0-
JIOBBI IIPOBOJWJIM C TIOMOIIIBIO METOJA MTPOCTPAH-
CTBEHHO-BPEMEHOI0 pasle/ieH!us CUTHAJIOB, pea-
ym3oBaHHoro B mporpamme “MaxFilter” (Elekta
Neuromag Oy, @unngnonsg). MaxFilter apnset-
Cs 3alaTeHTOBAHHOM TEXHOJOTUEN TPOU3BOIU -
TeJISI MATHUTOMETPUYECKOM CUCTEMBI U OUMILIAET
3armich MBI oT ocHOBHBIX apTedaKTOB pU3NUE-
CcKoro (KoJjiebaHusl BHELIIHETO MAarHUTHOTIO OIS,
pammodacToTHasl U ceTeBasli HaBoagKa) U PU3no-
norngeckoro IpoucxoxneHus (DKI, oxymno-
rpamMma, JIBMKEHUE TOJ0Bbl OTHOCUTEILHO JaT-
YMKOB 3a CYeT JAbIXaHUsl, 0AIUCTUYECKOro 3¢ -
dekTa npu COKpalleHu M1 cepauna,
HENpPOU3BOJbHBIX ABMXKEHUI UCIIBITYEMOTO).

Ananu3 dannwvix. Mbl He UCTIOJIb30BaIM KAKMX-
OO MOIOJHUTEIbHBIX METOAOB 00pabOTKU
curHaina kpome “MaxFilter” m moiiocoBoit
dunbpTpauuMy A5 BBISICHEHMsI BKJaga OTHCIb-
HBIX YaCTOTHBIX nuamna3zoHoB MBI ot genabra oo
raMMa B KOPPEKTHOCTb PacIlO3HABaHMS CJIOB.
AxTyanbHBIe OTpe3Kn MOI BBIIEISIIN ¢ TTOMO-
LIIbI0 METOK Hayajia 3By4aHMsl CJIOB. DTU OTPE3-
KM MCIOJIb30BaJIN 151 IIOCTPOSHMSI KOBapral-
OHHBIX MaTpPULI CICAYIOLIUM 00pa30oM.

st Kaxkmoro ¢JioBa U KaXKI0TO €ro MoBTOpa
CTpOUTCS BEKTOp M,, (n — HOMED CJIoBa, kK — HO-
Mep TToBTOpa), umeronmii 306 KoMMmoHeHT (110
KOJUYECTBY JaTYMKOB MarHuTo3HIedasorpa-
da). O6o3Hauum uyepe3 C,, COOTBETCTBYIOIILYIO
BEKTOPY M,, KoBapHalmoHHyio marpuiry (1).

C =cov(M,,). (1)

Onpenensinu  onepatop 6, mnpeoOpa3oBaHUs
KBaJpaTHBLIX MaTPULL C NCHCTBUTCIBHBIMU 3JIC-
MEHTaMM, IIpUHaIexamuMu oTtpesky [0, 1],
(MaTpull KOBapualvu), MPOU3BOISAIIUNA OOHY-
JIeHUE 2JIEMEHTOB INIaBHBIX IMaroHajaeil MaTpuil
(mucniepcuii M,, B ciydae Matpuubl C,, ) U BCeX
2JIEMEHTOB MaTpuil (KoBapuauuii M,, B ciydae
MaTpulibl C,,) CO 3HAUEHUSIMUA HUXE Mopora x.
3areM paccUUThIBAIU QUABTPHI F,, 111 KaXI0TO
cJioBa (T.e. IJIsI Kaxaoro # oT 1 1o 8) mo cienyio-
1eMy TpaBUJy: BbIUTEM W3 YCPEIHEHHOI mar-

1 5
PULIBI KOBAapUAIIMN gzkzl C,, 115 KaXIOTO CJIO-
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1 8 5
Ba yCpeIHEHUE %znzl Zkzl C,, MaTpUlIbl KOBa-

pyalMM MO BCEM IIPENBSIBICHUSAM ayddalbHbIX
CTUMYJIOB, K PE3YyJIbTaTy IMPUMEHUM OIepaTop 6 ,
(3mech B KauecTBe mopora x = 0.7 B3sITO 3Haue-
HUE BBICOKOU KOppesiiuu 1o 1kajie Yemmoka)
1 UTOTOBBIN DUIIBTp 0003HAUYMM uepes F,:

5 8§ 5
Fo = B0 > Cu —izzlc,,u. 2)

n=l k=

Bec w, (C) cioBa ¢ KOBapMallMOHHOW MaTpU-

ueidi C OTHOCUTENIBHO n-TO (GuiabTpa cJoB F,
MO>KHO OIIEHUTb KaK

w,(C) =Sum(C°H (F,)), 3)

rae (yHKIMOHAJ Sum CTaBUT B COOTBETCTBHE
0001 MaTpulie CyMMYy €€ 3JIeMEHTOB, OMHap-
Hasl orepamusi © TIPENCTaBIsIeT COOOM ITo3JIe-
MEHTHO€ MpPOU3BeIeHME ABYX MaTpull (OJHOMN 1
TOM XK€ pa3MepHOCTH), a H gBIsIeTcsT To3ie-
MeHTHoOU ¢yHkumeii Xesucaiima. Ecim Bec
w, (C) cioBa ¢ KoBapruallMoHHOM MaTpuueii C o

(unbTpy F;, MpeBbIlla BEC IMPY BCEX OCTAIbHBIX /1,
TO CJIOBO CYUMTAJOCh PacMO3HAHHBIM (HOMeEp
n = n) TakuMm oOGpazomM, HOMEp PaclO3HAHHOIO
CJIOBa MOXHO HAWTU U3 COOTHOLIEHUS (4)

HOMep cJIoBa /i = argmax,_; g, (C). (4)

Beca paccunteiBamm a1t Bcex 40 cnos. I1aTe
MaKCHUMaJbHbIX 3HAUYCHUI Beca MpuHaIIeXalu
pacrio3zHaBaeMoMmy cJioBy. OnHOI o1IMOKOI pac-
MO3HAaBaHUS CYUTAIM CHUXKEHME Beca OJHOTO 13
LICJICBBIX CJIOB HIMXXE MAaKCHMMAaJIbHOIO Beca BbI-
OpaHHOIO U3 BCEX MPEeabsBICHMUIT 35 HelleJIeBbIX
cioB. TakuM oOGpa3zoM, cucTeMa MoOrja AOMY-
CTUTb MAaKCUMaJbHO 5 OlIMOOK HMpU pacHo3Ha-
BaHUU OOHOTO cjoBa U 40 olIMOOK IIpu pacHo-
3HABaHUU 8 OPUTUHAJILHEIX CJIOB. I1pu 3TOM MBI
MOIJIM OLIEHUTH YCIICIIHOCTh PACO3HABAHUS B
npoueHTax. [Tpu 100% pacrio3aHaBaHUU UIECHTH -
dunpoBaiv BCe 5 OAMHAKOBBIX CJIOB B TOCTE-
noBatenbHocTH 13 40 cioB. OnHa olmoka (He-
MPaBUJIbHO JIEKOIMPOBAHHOE CJIOBO) CHMXKasIa
OLIEHKY YCNEIIHOCTU pacrno3HaBaHusi Ha 2.5%.
OnucaHHbIe MaTeMaTUYECKIE TIPOLIETypPhl peaiu-
30BaJIM B MPOrpaMMHOM KOHBEMEPE, KOTOPBINA 10~
cryneH Ha GitHub mo ampecy: https://github.
com/BrainTravelingWaves/22SpeechRecognition.
Ony6aukoBanbl ganusie MOI' u MPT, ucnonb-
3yeMble B nccaenoBanmu (Verkhlyutov, 2022).
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Puc. 1. MaTpuiia KoppeasiliMOHHbIX KO3 (GULIMEHTOB MPU CPaBHEHUHU KaxXKI0TO CEHCOpa C KaXIbIM 1 CEKYHIHOTO
oTpe3ka MBI oT Hauasa 3By9aHUsI IIEPBOTO CJIOBA ITepBoii cepun y ucnbiryeMoro V1. ITo ocsim abenvice v oparHAT
OTJIOXXeHBI HoMepa gaTtunkoB MOT. LIBeToM KoaupyeTcst ypoBeHb KOPPEJISIITMOHHBIX KO3 OUITMEHTOB.

Fig. 1. Matrix of correlation coefficients when comparing each sensor with each 1 second MEG segment from the
beginning of sounding of the first word of the first series in subject V1. The numbers of MEG sensors are plotted
along the abscissa and ordinate axes. Color codes the level of correlation coefficients.

PE3VJIbTATbI UCCIEOJOBAHUU

KoppensiimoHHbIii aHaIM3 CEKYHIHBIX OT-
pe3koB MBI nokaszan U3MeHEeHUsT KOppessiu-
OHHBIX KO3 unreHToB ot ¥ < 0.9 mo r > —0.9
(puc. 1). OnHako nj1s aHajau3a Mbl UCITOJIb30Ba-
JIM TOIbKO 3HaueHus r > 0.7. Xopolllo cKoppek-
TUPOBaHHbIE Mapbl JAaTYMKOB MOIJIM OBITH HE
TOJIBKO MarHUTOMETPaMM, HO U TPaTMEHTOMET-
pamu. B HeKOTOpbIX cyyasix Habona/Iu 3Have-
HUsI KOppeJISIliMM Bbillle mopora Yenmoka Mexmy
MarHUTOMETPUUYECKUM W TpaarueHTOMETpruYe-
CKUM JaTYMKaAMM.

Beca mmomryganu mist Bcex 24 ¢10B B Tpex cepu-
SIX JIJ1s1 KasKI0ro ucmbITyemoro. Ha puc. 2 rmokasa-
Hbl HOPMaJIM30BaHHbBIC 3HAYEHUSI BECOB JIEKOIU-
POBaHHBIX CJIOB. 3BE300YKAMM OTMEYEHHI 1IeJICBhIS
CJI0Ba, Kpy>KoukaMM (hOHOBBIE, KOBApHUALIMOHHBIE
MaTpuilbl curHajga MBI KOTOphIX, TaKKe IPOITyC-
KaJim yepe3 MaTpuily-duiasrp. He Bcerma ymasa-
JIOCh YCITEIITHO PacIio3HaTh 1IeJIeBOE CIIOBO C Be-
COM OJIM3KMM WJIA MEHBIIMM YeM y OTHOTO W3
(bOHOBBIX CJTOB MK CJIOB BeIOOpPA. B 3TOM ci1ydae
pacrmo3HaBaHNE CUMTAIIN OITNOOYHBIM.

bbuta mpoBeneHa MOIbITKA Moadopa OITH-
MaJlbHOM JJIMHHBI OTpe3Ka aHanuza MO s
pacnio3HaBaHus (puc. 3). CokpallleHre aHaJIu31-
pyeMoro oTpe3ka MBI cabo cka3bIBajoCh Ha Ka-
yecTBe pacrno3HaBaHus 10 oTpe3ka 850—1000 mc.
Ha puc. 3 nokasaHa ycCIelHOCTh paclio3HaBa-
HUS OJ11 ucTibiTyeMoro V1 B 3 cepusix TIpenbsiB-
geHuit. ITpu mHTepBamax ot 200—1000 mc mo

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU
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750—1000 Mc B OTHEIBHBIX CepPUSIX HAOTIOTAETCS
100% ypoBeHb pacrio3HaBaHus. [Ipu yBenuue-
HWUU TaKOTO XK€ aHAJIU3UpyeMBblit oTpeska M3II ¢
0—50 mc mo 0—1200 Mc KauecTBO pacIto3HaBaHUSI
HAYMHAJIO YBEJIUYMBATHCS TIPU MPOJOKUATEh-
HOCTHM aHanu3upyemoro orpeska MII' or 0 mo
600 Mmc (puc. 4).

Brinenenwe mng ananmsa 100 Mc oTpe3KoB
BBI3BIBAJIO OOIllee YyXyAllleHHWE paclo3HaBaHUS
CJIOB HanboJee BbipaxkeHHOE Ha oTpe3kax ot 200
10 300 mc 1 ot 1000 mo 1100 mc. HauMeHblliee
Y1CI0 OIMOOK Habimomaau Ha orpes3kax 300—
400 u 700—800 mc (puc. 5).

MBI OLEHMJIM KayeCTBO pPacCHO3HABaHUS Y
BceX UCTIbITYeMbIX (TabJ1. 1). [Tpu 2ToM He BbISIB-
JIEHO KaKOM-1100 TEHIEHIIMU B 3aBUCUMOCTHU OT
BO3pacTa, IoJia U JOMUHAHTHOI PyKU (UCIIBITY-
eMBbIii V3 ObLI IMTOKWJIBIM, a UCITBITYeMBI V5 ObLIT
JIEBOPYKUM).

He naGOmomamuce kKakue-anboO TeHIEHIIUU
3aBUCUMOCTEI MeEXAY HOPOIOJLKUTEIbHOCTHIO
3BY4YaHUs CIIOBa-CTUMYJIa U Ka4ECTBOM UX pac-
Mo3HaBaHUS CUCTeEMOIi. BeposiTHee Bcero Kaue-
CTBO IEKOIUPOBAHMS 3aBHCEIIO OT HEMPEACKa3y-
€MBbIX IIIYMOB 1 HECTAaOMIbHOCTH IIPU peTucTpa-
WY, KOTOPBIE BO3HWKAJIIM HECMOTPSI Ha BCeE
IPUHSTHIE MEPDI IO UX MOAABIECHUIO.

Ne 6 2023
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Puc. 2. HopManun3zoBaHHBIe Beca ISl 24 OpUTMHAIBHBIX CJIOB (5 TIpeabsBASHUI IJ1 KaXIOTro ¢JIoBa) s 3 Habo-
pPOB MpenbsiBieHUi ucnbityemoro V4. AHanusupyembiit mHtepBas 0.2—1 c¢. B Kaxkmom cronbruke 0603HauYeHbI
40 3HaYeHU BeCOB. 3Be€300YKaMU ITOKa3aHbI 5 paclio3HaBaeMBIX CJIOB, Kpy:kKoukaMu (poHOBBIE ciioBa. Eciu 3Be3-
JIOYEeK MEHbIIIe 5, TO MMeeT MECTO HacJIOeHUE, T.€. Beca MUMEIO OUeHb OJIM3KUE 3HAUSHMSI.

Fig. 2. Normalized weights for 24 original words (5 presentations for each word) for 3 sets of presentations of subject V4.
The analyzed interval is 0.2—1 s. Each column contains 40 weights. Asterisks show 5 recognizable words, circles show
background words. If there are less than 5 stars, then layering takes place, i.e., the weights have very close values.

OBCYXIEHWE PE3YJIIbTATOB

g moBeneHUs TTOMYJISIUI HEIiPOHOB BaX-
HBIM (DAKTOPOM SIBJISIETCSI MX CHMHXPOHM3ALIus,
YTO TTO3BOJIIET MHOTMM HelpoHaM paboTarh ma-
pajuIeIbHO 1 00pabdaThIBaTh OMHOBPEMEHHO MHO-
r'Me CBOICTBa BXOIHOIO CHUTHasla, yCTaHABIWBasI
MHOTOYMCJIEHHbIE CBSI3U C JIPYTMMU MEHTaIbHbI-
MU 00beKTaMu U ux cBoiictBamu (Chen, 2022).

B Hammx skcnepuMeHTax Mbl HaOJIOJAIIH,
YTO YaCTb CUTHAJIOB OT JaTYMKOB OBLIIO CKOppE-
JIMPOBAHO TPU BOCHPUSITUU JIIOOOro cjoBa, a
YacThb TOJBKO MPU MPOCTYIIMBAHUY OMPEaeIeH-
Horo cyioBa. Ha 3ToM cBoiicTBE OCHOBaHa Hallla
cucTteMa pacriodHaBaHus peuu. Ilpu aTOM MBI
HAOMIOJAJIM  TOJBKO AMIUIMTYAHYIO CBSI3aH-
HOCTb, KOTOpasi 00ycyioBJIeHa yIaJIECHHbIMU CBSI-
3amu (Rolls et al., 2022) B oTimune oT ¢ha3zoBoit

Ta6omuna 1. TTpoleHT nMpaBUILHOTO paclio3HaBaHUs y 7 UCTIBITYEMbIX IPU UcHoib3oBaHuU oTpe3ka 0—1000 Mc oT Hava-
JIa 3By4aHUs coBa 6e3 puiIbTpaluy Ijisi Tpex HabopoB CJIOB
Table 1. Percentage of correct recognition in 7 subjects when using a segment of 0—1000 ms from the beginning of the sound

of a word without filtering for three sets of words

UcnbITyeMblit ITon Bospact Ha6op 1 (%) Ha6op 2 (%) Ha6op 3 (%)
Vi M 24 100 72.5 80
V2 K 24 90 90 80
V3 M 67 97.5 100 82.5
V4 M 27 100 97.5 100
V5 M/ 23 100 100 85
V6 X 20 62.5 72.5 92.5
V7 XK 24 75 100 100
JKYPHAJI BBICILIEMT HEPBHOU AEATEJIBHOCTU TOM 73 Ne 6 2023
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VYcrmenHoe paciio3HaBaHUEC

100

80 -
60 -
40 -
20 -
0,

HMuTepBan aHanusza B Mc (3 Habopa cIoB)

VpoBeHb pacriosHaBaHusd B %

50—1000 +
100—1000 4
150—1000
200—1000 -
300—1000
350—1000 -
400—1000 -
450—1000 -
500—1000 -
550—1000 -
600—1000 -
650—1000 -
700—1000 -
750—1000
800—1000 -
850—1000 -
900—1000 -
950—1000 -
975—1000

Puc. 3. DddexT cHUXKeHUs YCTIETHOTO paclio3HaBaHUsl, PU COKpalLlEeHUW aHAJIU3UpyeMblii oTpe3dka MIT ¢ 50—
1000 mc mo 975—1000 Mc ot Havayia 3BydaHUs cJIoBa Yy UcbiTyeMoro V1. EnMHUYHbBIA cToNOEL 06003HAYaeT IIpo-
LIEHT YCIEITHOTO AeKOOWPOBAHUS TIPY paclio3HaBaHUU OTHOTO Habopa M3 8 OpUTrMHAIBHBIX CIOB. IHTepBabl
0003HaYeHBI I TPEX MOCIen0oBaTeIbHBIX HA00poB ciioB. Eciiu Bce coBa pacmno3HaHbl, yCMEITHOCTh PacTio3Ha-
Banus 100%.

Fig. 3. The effect of reducing successful recognition, when the analysed segment of the MEG is reduced from 50—
1000 ms to 975—1000 ms from the beginning of the sound of the word in the subject V1. A single bar indicates the
percentage of errors in the recognition of one set of 8 original words. The intervals are indicated for three consecutive
sets of words. If all words are recognized, the recognition success rate is 100%.

YcnemHoe pacno3HaBaHUe
100 -
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HMuTepBan ananusza B Mc (3 Habopa cIoB)

VpoBeHb pacriosHaBaHusd B %
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0—100 -
0-200
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0—600 -
0—700
0—800
0-900

0—1000

0—1100

0—1200 1

Puc. 4. YpoBeHb ycelrHoro 1eKOAMPOBAHMS IIPY YBEIMUYCHUN aHaIu3upyeMblii orpe3dka MOI ¢ 0—50 mc mo 0—
1200 Mc oT HayaJia 3By4aHUs CjIoBa y UCIbITyeMoro V1. EnvHUYHEIN cTo10e1r 0603HaYaeT MPOLICHT YCIIENTHOTO
JMEKOIMPOBAaHUS MPU paclio3HaBaHWU OTHOTO Habopa M3 8 OpUTHMHAJIBHBIX cJIoB. MHTepBaibl 0603HAYEHBI JIJIST
Tpex HaGopOoB CJIOB. YpoBeHb pacrniodHaBaHus He nocturaet 100% no unrepsBana 0—600 Mc.

Fig. 4. The level of successful decoding with an increase in the analyzed segment of the MEG from 0—50 ms to 0—
1200 ms from the beginning of the sound of the word in the subject V1. The single column indicates the percentage
of successful decoding when recognizing one set of 8 original words. The intervals are indicated for the three sets of
words. The recognition level does not reach 100% until the interval 0—600 ms.
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Puc. 5. YpoBeHb ycIIenITHOro AeKOAMpOoBaHMsI IIpH BeiaeaeHU oTpe3koB 100 mc natepBaia 0—1000 Mc ot Havana
3By4YaHUs CJI0BA Y UCITBITYyeMOro V1. ETMHUYHBIN CTOIOMK 0603Ha4YaeT % YCIETHOrO paciio3HaBaHusI IIPY JEKO-
IMPOBAaHUU OTHOTO Habopa U3 8§ OPUTHHAIIBHBIX CJIOB IMOBTOPsIOMIMXCS 5 pa3. MHTepBaibl 0003HAYEHBI IJIST TPEX
HaGopos cioB. Kopotkue otpesku MBI He m1o3BonIOT AekoaupoBath 100% 1ieaeBbIX CIIOB.

Fig. 5. The level of successful decoding when selecting segments of 100 ms interval 0—1000 ms from the beginning
of the sound of the word in the subject V1. A single bar denotes the % recognition success when decoding one set of
8 original words repeated 5 times. The intervals are indicated for the three sets of words. Short MEG segments do

not allow 100% of target words to be decoded.

CBSI3aHHOCTHU, KOTOpasi, B CBOIO ouepenb, odec-
MeYBaeTCs JIOKAIbHBIMU B3aMMOACUCTBUSIMMU.
Hannune ¢azoBoii CBI3aHHOCTHA B HAIIUX 9KC-
MNepUMEHTaX JOKa3bIBacT MPUCYTCTBUE KaK MO-
JIOKUTEJIBHO, TaK OTPUILIATEIbHO CKOPPEIMpPO-
BaHHbBIX JTaHHBIX. DTO OTHOCUTEJIbHO CTAOUJIb-
Hble (a3oBbie 3agepxku (Arnulfo et al., 2020)
yKa3bIBalOT Ha BO3MOXHBIE 3D EeKThI, 00yCI0B-
JICHHBIe BpallleHUEeM TOKOBBIX OUITOJIEH, KOTO-
pble BO3HUKAIOT BCJICACTBHUE TMHAMUKN KOPKO-
BbIX OeryIiumx BoJH (Sato, 2022).

D GEKTUBHOCTH UCTIOIb30BAHUS OTIEIbHBIX
oTpe3koB MO3OI-curHana st JeKOAUPOBAHUS
MOXHO OOBSICHUTH UMIUIMLIMTHOM TIEpLEITIE
WIW IPEeIUKATUBHBIM KOOIUPOBAHUEM, TI03BOJISI-
IOllIeli MO3Ty paccMaTpuBaTh 4acTh (ppas3bl Kak
UMeEIOIIYI0 3aKoHYeHHBbIH cMmbica (Liaukovich
et al., 2020). Ilox 3pPeKTUBHOCTHIO MBI TIOHU -
MaJii YKUCJIO WJIM MPOLIEHT 0€301IMO0YHO pacIio-
3HaHHBIX cJoB. Kak mokaszaHo Ha rpadukax
(puic. 4—6), 3dHEKTUBHOCTD pacrio3HaBaHUS 3a-
BHCeJ1a OT Habopa NpeIbsBIeHHBIX CJI0B, OT OTPE3-
Ka MBI, KoTopklii MBI BhIpE3aan, IEPEeaBUTAS OK-
HO aHanur3a B npeaenax ot 0 no 1.2 ¢ mocie Havaia
3By4YaHMsI CJIOBA U OT II0JIOCOBOI (pUIbTpaLIUU.

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

YacroTHas mojocoBast (hvIbTpalus IoKas3a-
Jla, 9TO IJIs1 NeKOAVMPOBAHUSI CJIOB MOXHO MC-
TOJIb30BaTh BCE AJIeKTpOdHIIedanorpaduyeckue
IaTia30Hbl MO3TOBBIX BOJTH, KOTOPBIE TTIOPOXKIa-
I0TCSI KaK OJIMKHUM, TaK U JaTbHUM B3aMMOJIEii-
CTBUEM MEXIy DJIEKTPUYECKUMU MO3TOBBIMU
ncrounukamu (Proix et al., 2022).

Hapsnoy ¢ npyrumn uccienoBareiasiMu (Dash
et al., 2023) MBI 1OKa3aJIM BO3MOXHOCTH JEKOIM -
pOBaHUsI pedyeBbIX 0OPa3oB C MCIIOJb30BAHUEM
MBI, koTopas 06J1a1aeT CpaBHUTEIbHO HU3KUM
MPOCTPAHCTBEHHBIM pa3pellIeHUEM.

Kak onucano B padore Huth u coaBToposB
(Huth et al., 2016), mpu ncmoab30BaHUM METOAA
GMPT capimmMoe uim BooOpaxkaeMoe CIIOBO
aKTUBUPYET MHOXECTBO KOPKOBBIX CTPYKTYD,
coIepxkalux nH(opMalrio, aCCOLUUPYEMYIO C
JaHHBIM CJIOBOM, KOTOPbIC BBIXOAST HAJEKO 3a
npeneasl 30HbI BepHuke. DTo MOXHO Ha3BaTh
“ceMaHTHUeCKNM ycmiaeHneM”’. 3oHa BepHuke
HeBeJMKa II0 MJIOoLIaau, M 3aperucTpupoBaTh
CUTHAJIbI OT Hee 0e3 yCpeOHEeHHUS BecbMa IIpO-
omematnuHo. IlosTomy pabora ¢ Hell TpeOyeT
NPpUMEHEHUSI MHBAa3UBHBIX METONOB (MMILJIaHTA-
s DKol'-MaTpull nay MUKPOBJIEKTPOIOB) JAJIsT
JEeKOAUPOBAaHUS CJBIIIMMON WIX BOOOpaxkae-
Ne 6
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Puc.6. YcrienmHoe pacrio3HaBaHus, IIpu nojocoBoit ¢pmwiabrpanuu MBI natepBana 200—1000 Mc ot Havasa 3By-
YaHUs cjaoBa y ucneityeMoro V1 B nuamasonax 0.5—30, 0.5-3, 4—8, 9—14, 15—30, 30—100 I'm. ExMHWYHBII cTOJ-
6UK 0003HAYAET MPOLIEHT PACIO3HAHHBIX 1IEJIEBBIX CJIOB OTHOCUTEILHO (DOHOBBIX IIPU PACIIO3HABAHUM OJHOTO
Habopa 13 8 OpUrMHAJILHBIX CJIOB, IIOBTOPHO MpeabsaBisgeMbIx 5 pa3. [Ipu ycnemmHoM pacrio3HaBanuu 40 (8 X 5)
LIeJIEBBIX CJIOB TTpu TecTupoBaHuu 320 (40 X 8) orpe3koB MBI ypoBeHb pacrio3HaBanust paBHsuicsa 100%. [Tonoca

duabTpany 0003HAYEeHA IJIsk TPeX HAOOPOB CIIOB.

Fig. 6. Successful recognition, with bandpass filtering of the MEG interval of 200—1000 ms from the beginning of
the sound of the word in the subject V1 in the ranges of 0.5—30, 0.5—3, 4—8, 9—14, 15—30, 30—100 Hz. A single bar
indicates the percentage of recognised target words relative to the background ones when recognising one set of
8 original words repeated 5 times. With successful recognition of 40 (8 X 5) target words when testing 320 (40 X 8)
MEG segments, the recognition level was 100%. The filtering band is indicated for three sets of words.

Mot peun. “CeMaHTHYeCKOe YCUIIEHNE” YBEJH-
YMBaeT IUIOLIAAb AKTUBUPOBAHHON peYeBbIM
CTUMYJIOM KOpHBI, KOTOpasi JaeT 0oJiee CUJIbHBIS
CUTHAJIbI U TO3BOJISIET pabOTaTh HAl IEKOAUPO-
BaHMEM BHYTpPEHHEH peuu C MCIOJb30BaHUEM
MBI mmm D3I 6e3 ycpenHeHus maHHBIX. M Kak
HeJaBHO OBLIO I10KAa3aHO, 3TO SBJICHUE MO3BO-
JISIET co3IaTh CUCTEMY ACKOAMPOBAHUS BHYT-
PEHHEN pedyu ¢ UCIOJIb30BaHUE HEMPOHHBIX CE-
teii Ha ocHoBe GMPT (Tang et al., 2023). Ho ecu
KCIIOJIb30BaTh HAlll METOI B KauyeCTBe IpeaBapu-
TeJIbHOIT 00pabOTKM TIepel, aHATM30M HEMPOHHOIM
CEThIO, BOBMOXHO CO3[aH1e He MeHee 3 (EKTUB-
HBIX crucTeM Ha ocHoBe MBI u B3I

ONHAHCHUPOBAHUME

Pa6ora BeinmosiHeHa Ha 6a3e MockoBckoro MOI-11eH-
Tpa Ipu nomuaepxke Poccuiickoro HayuHoro ¢gpoHaa, mpo-
exT Ne 23-78-00011.
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RECOGNITION OF ORAL SPEECH ACCORDING TO MEG DATA
BY COVARIANCE FILTERS

V. M. Verkhlyutov~ #, E. O. Burlakov’, K. G. Gurtovoy‘, and V. L. Vvedensky*
¢ Higher Nervous Activity of a Person Lab., Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia
bDerzhavin Tambov State University, Tambov, Russia
¢ RNC Kurchatov Institute, Moscow, Russia
#e-mail: verkhliutov@ihna.ru

Speech recognition based on EEG and MEG data is the first step in the development of BCI and
Al systems for their further use in inner speech decoding. Great advances in this direction have been
made using ECoG and stereo-EEG. At the same time, there are few works on this topic on the anal-
ysis of data obtained by non-invasive methods of recording brain activity. Our approach is based on
the evaluation of connections in the space of sensors with the identification of a pattern of MEG
connectivity specific for a given segment of speech. We tested our method on 7 subjects. In all cases,
our processing pipeline was quite reliable and worked either without recognition errors or with a
small number of errors. After “training”, the algorithm is able to recognise a fragment of oral speech
with a single presentation. For recognition, we used segments of the MEG recording 50—1200 ms from
the beginning of the sound of the word. For high-quality recognition, a segment of at least 600 ms was
required. Intervals longer than 1200 ms worsened the recognition quality. Bandpass filtering of the
MEG showed that the quality of recognition is equally effective in the entire frequency range. Some
decrease in the level of recognition is observed only in the range of 9—14 Hz.

Keywords: speech decoding, sensor space connectivity, MEG, EEG, BCI, Al, theta-rhythm, al-

pha-rhythm, gamma-rhythm
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INCREASE IN HISTONE ACETYLATION RESCUES A WEAK REMOTE
FEAR MEMORY IN RATS
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There is a growing body of evidence of memory-enhancing effects of histone deacetylase (HDAC)
inhibitors in different species and models. Less clearly is understood whether the increased histone
acetylation is able to facilitate the remote fear memory. Thus, the aim of the current study was to
examine the ability of HDAC inhibitor sodium butyrate (SB) to ameliorate weakening of the remote
fear memory in rats. To assess the ability of HDAC inhibitor SB to improve remote fear memory we
compared the performance of two laboratory strains of rats, Wistar and Long-Evans, in context fear
conditioning task six months after training before and after the SB administration. We found that
the rats showed a strong fear response to the context 24 h after the end of conditioned fear training,
full absence of fear after 6 months, and high fear response after the SB administration without ad-
ditional learning. In control experiments, we found that time-dependent decrease in conditioned
fear response to the context was similar in rats under vehicle administration. Moreover, the data ob-
tained showed that both rats’ strains showed a similar decrease in freezing response over time, and
HDAC inhibition improved the weak remote fear memory in both of them. In addition, the de-
crease in freezing and memory reinstatement by males matched completely to the female rats’ per-
formance. These results indicate that HDAC inhibition appears to have the same “rescue” effects
on remote fear memory reinstatement regardless of the strain and gender of rats.

Keywords: sodium butyrate, histone acetylation, epigenetics, remote memory, memory reinstate-
ment, reconsolidation

DOI: 10.31857/50044467723060138, EDN: AUOCKZ

INTRODUCTION

There is a growing body of evidence of memo-
ry-enhancing effects of increased histone acetyla-
tion in different species. Histone acetylation level
is determined by activity of two main enzymes:
histone acetyltransferase that acetylates the lysine
residues of histones to relax chromatin and in-
crease in the rate of gene transcription and his-
tone deacetylase (HDAC) that deletes acetyl
groups, suppressing gene expression (Peixoto,
Abel, 2013; Marmonstein, Zhou, 2014; Seto,
Yoshida, 2014). As gene transcription is necessary
for long-term memory, it is believed that histone
acetylation increase promotes the long-term
memory while histone deacetylation disturbs it.
One of the most common tools for the regulation
of histone acetylation is HDAC inhibitors.

Accumulating evidence suggests a critical role
for inhibiting HDAC activity in improving the

memory consolidation. It has been demonstrated
that systemic or intracerebral administration of
HDAC inhibitors enhances memory consolida-
tion in several paradigms, such as object recognition
(Stefanko et al., 2009; Roozendaal et al., 2010;
Hawk et al., 2011; Chen et al., 2018; Sartor et al.,
2019; Ramirez-Mejia et al., 2021), spatial memo-
ry consolidation (Guan et al., 2009; Villain et al.,
2016), contextual fear conditioning (Levenson et al.,
2004; Vecsey et al., 2007; McQuown et al., 2011;
Vinarskaya et al., 2021). Single studies investigat-
ed the role of HDAC inhibitors in memory en-
hancement during reconsolidation (Bredy,
Barad, 2008; Villain et al., 2016; Monsey et al.,
2020; Ameneiro et al., 2022) and strengthening of
impaired memory (Alarcon et al., 2004; Chenet al.,
2014; Ko et al., 2016; Zuzina et al., 2020; Vi-
narskaya et al., 2021). But all of them were fo-
cused exclusively on memories that were acquired
recently.
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It should be noted that neurophysiological
mechanisms of remote memory differ significant-
ly from those of recent memories (Albo, Graff,
2018; Lee et al., 2023; Terranova et al., 2023).
While initial stages of consolidation of contextual
fear memories involve hippocampus and amygda-
la (Choi et al., 2018; Kim, Cho, 2020), the latest
stages involve synaptic changes in neocortex
(Frankland, Bontempi, 2005; Albo, Graff, 2018).
These changes lead to progressive strengthening
of the role of engram neurons in the neocortex
(Lee et al., 2023) while memories become less
hippocampus-dependent (Kim, Fanselow, 1992).
For these reasons, it seemed to us important to
determine whether histone acetylation increase
rescues the remote fear memory.

Thus, the aim of the current study was to ex-
amine the ability of HDAC inhibitor SB to ame-
liorate weakening of the remote fear memory in
rats. To assess the ability of HDAC inhibitor SB to
improve the remote fear memory, we compared
the performance of two laboratory strains of rats,
Wistar and Long-Evans, in context fear condi-
tioning task six months after one day fear condi-
tioning training before and after SB administra-
tion. We found that rats trained using convention-
al procedure showed a strong fear response to the
context 24 h after the end of conditioned fear
training, the absence of fear after 6 months, and
high fear responses after SB administration with-
out additional learning. In control experiments,
we found that time-dependent decrease of condi-
tioned fear response to the context was preserved
in rats under vehicle administration. Moreover,
the data obtained showed that both rats’ strains
showed a similar decrease in freezing response
over time, and HDAC inhibition improved weak
remote fear memory in both of them. In addition,
the decrease in freezing and memory reinstate-
ment by males matched completely to female rats’
performance. These results indicate that HDAC
inhibition appears to have the same “rescue” ef-
fects on remote fear memory reinstatement re-
gardless of the strain and gender of rats.

METHODS

Naive twenty-five male Long-Evans rats,
twenty-three female Long-Evans rats, twenty-
two male Wistar rats and nineteen female Wistar
rats obtained from the Animal Facility of the In-
stitute of Bioorganic Chemistry of the Russian
Academy of Sciences in Pushchino were used in
the experiment. The Long-Evans and Wistar
strains were specifically chosen as its performance

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

in hippocampus-related tasks has been character-
ized as different (Harker, Wishaw, 2002).The rats
were 10—12 weeks old and were housed in groups
of five. Lights were maintained on a 12:12 hour
light/dark cycle. The temperature in vivarium was
22 + 2°C. The rats had free access to food and wa-
ter in their home cages. All experimental proce-
dures were conducted in accordance with Council
Directive 2010/63EU of the European Parlia-
ment of September 22, 2010 on the protection of
animals used for scientific purposes. The study
protocol was approved by the Ethics Committee
of the Institute of Higher Nervous Activity and
Neurophysiology of RAS. All efforts were made
to minimize the number of animals used and their
suffering.

Contextual fear conditioning

Animals were handled daily for 1 week before
the experiments. Then they were subjected to
contextual fear conditioning. Fear conditioning
experiments were performed using a Pan-
Lab/Harvard Apparatus chamber with a stainless
grid floor and equipped with a video recording
device. The fear conditioning chamber in which
the animals were placed for testing and training
procedures was located on four sensors. A special
program of PanlLab Harvard apparatus allowed in
real time to create a mechanogram using the am-
plitude thresholds. On day 1, rats were placed in
conditioned context and after a 120-s adaptation
period were given two foot shocks (1 s, 0.5 mA) at
30s intertrial intervals. Freezing was scored only
before the shock (baseline) at test session TO.
Thirty seconds after the last foot shock, the rats
were returned to their home cages. On day 2, 24 h
after conditioning, rats were returned to the con-
ditioning chamber for a 3 min test session (test
session T1). Then the freezing responses of these
animals were measured during the retrieval session 6
months after the conditioning (test session T2). Im-
mediately after T2 (memory reactivation), the
control groups received sham injections of saline
whereas experimental groups received injection of
SB. Freezing duration in all groups was assessed
in a subsequent test trial (T3) 24 h later. No shock
was delivered during the test sessions T1-—-T3
(Fig. 1). To control the specificity of the effect of
SB to memory reactivation, additional experi-
ments were performed using similar protocol ex-
cept that rats were tested for memory 24 h before
the SB administration (Fig. 2), thus omitting ef-
fect of memory reactivation. During the study
Ne 6
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Training TO —— > TestTl C——> TestT2 C—— > TestT3
24 h 6 months 24 h
SB/Veh

Fig. 1. Scheme of the contextual fear conditioning with SB injection right after Test 2. SB — sodium butyrate,

Veh — saline.

Puc. 1. I[porokon akcniepuMeHTa ¢ BBeAeHMEM OyTupaTa HaTpusi cpa3y nocie tecta T2. SB — 6yrupat HaTpus,

Veh — ¢pusnonornyeckuii pacTBop.

Training TO ——_—> Test T] —— > Test T2 —— > SBinjection —— > TestT3

24 h 6 months

24 h 24 h

Fig. 2. Scheme of the contextual fear conditioning with 24 h between the Test T2 and SB injection. SB — sodium

butyrate.

Puc. 2. [IpoTokos aKkcrepuMeHTa ¢ BBeieHrueM OyTupara Hatpus yepe3 24 4 riociie tecta T2. SB — Gyrupar Ha-

TpUs.

both strains were presented with identical training
procedures.

Drugs and injections

The histone deacetylase inhibitor sodium bu-
tyrate (SB) (Sigma, St. Louis, USA) was freshly
dissolved in saline (0.9% wt/vol) and injected in-
traperitoneally in a volume of 0.4 ml per 100 g
body weight and a dose of 1.2 g/kg. The drug dose
was chosen on the basis of the results of other be-
havioral studies (Blank et al., 2015; Vinarskaya
et al., 2021). Control animals received an intra-
peritoneal injection of the same volume of vehicle
(sterile saline). SB/ vehicle were administered
immediately after test session T2. A double-blind
procedure was used throughout the experiments.
During this study both strains were presented with
identical protocol of drug administration.

Data collection and statistical analysis

The freezing scores were obtained on-line us-
ing the inbuilt platform sensors and software for
the Startle and Fear Combined System (Panlab).
All scores for each rat were additionally checked
for possible mistakes off-line using the video re-
cordings. In our experiments, the adjustments to
the initial data were negligible (less that 2%) since
the platform sensors were set to a certain weight of
the animals and all necessary thresholds were set.
We evaluated fear responses by measuring the du-
ration of freezing, defined as the percentage of time
of the total observation period without any move-
ment except for breathing (converted to a percentage
[(duration of freezing/total duration) X 100]) —
when presented with the conditioned context.
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The data was analyzed using two-way ANOVA
with one repeated measure (test), followed by
post-hoc comparisons using the Bonferroni test.
All data are presented as the means = S.E.M. Sig-
nificance was set at p < 0.05.

RESULTS

Reinstatement of impaired context fear memory
under histone deacetylase inhibitor sodium butyrate
in Long-Evans rats

In the first series of experiments, we decided to
check the ability of SB to ameliorate weakening of
the remote fear memory in Long-Evans rats. In
these series of experiments rats were divided in
four groups (G1, female SB, n = 7; G2, male SB,
n = 10; G3, female veh, n = 10; G4, male veh, n =
= 10). All groups of rats showed similar low freez-
ing response at pre-conditioning test TO (Fig. 3,
T0, G1, 8.3 £ 2.0%, G2, 8.5 £ 2.1%, G3, 11.8
+2.4% and G4, 11.0 = 1.5%). At 24 h post-con-
ditioning (test session T1), the two-way ANOVA
(with test session and group as factors) revealed
significant main effects of test session (F(1, 33) =
= 231.44, p <0.0001). Bonferroni’s multiple com-
parisons test revealed that both male and female
groups showed significantly higher freezing behavior
during the test session T1 (Fig. 3, T1, G1, 51.1 =
+4.4%,G2,55.9+59%,G3,56.5+4.2% and G4,
56.6 + 3.7%) as compared to test TO. When tested
6 months after training, all animals showed sig-
nificantly less freezing behavior (Fig. 3, T2, G1,
259 £ 5.0%, G2,23.1 £4.0%, G3, 30.2 £ 2.8%
and G4, 28.9 + 4.0%): the main effects of the test
(F(1, 33) = 88.36, p < 0.0001) was significant.
Post-hoc analysis of the interaction revealed that
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Fig. 3. Effects of a single sodium butyrate (SB) injection on weak remote fear memory in male and female Long-
Evans rats. Impaired memory was reinstated under the SB administration (groups female SB (G1) and male SB
(G2)), however, there was no reinstatement in the absence of SB (groups female veh (G3) and male veh (G4)). Data

are expressed as mean = SEM.

Puc. 3. BausiHue omHOKpaTHOM MHBEKIIMKU OyTupaTa HaTpusi (SB) Ha ciabyio oTcTaBlIeHHYIO TTaMsITh O CTpaxe y
caM1uoB 1 caMokK Kpwic Long-Evans. [1amaTe BoccTtaHaBiauBanach npu BBeaeHnu SB (rpymmer camxu SB (I'l) n
camupl SB (I'2)), omHako B oTcyTcTBre SB BoccTtaHOBIeHUSI He mpoucxonuiio (rpynnbl camku veh (I'3) u camiisr

veh (I'4)). JanHble npeacTaBieHbl Kak cpeqHee + SEM.

G1—-G4 groups did not differ in test session T2.
Interestingly, we discovered significant difference
between the pre-training scores and those in test
session T2 (F(1, 33) = 70.05, p <0.0001). Imme-
diately after T2 (protocol see Fig.1), the rats were
intraperitoneally injected with SB (groups G1 and
G2) or vehicle (sterile saline, groups G3 and G4).
24 hours later (Fig. 3, T3), SB-treated groups
showed significantly increased levels of freezing
(G1, 53.3 £ 4.0%, G2, 48.8 &+ 3.6%) in contrast to
the rats receiving vehicle (G3, 28.7 £ 4.2%, G4,
24.6 £ 4.6%) (the main effect of the group:
F(3, 33) = 3.76, p < 0.05; the main effect of the
test: F(1, 33) = 37.62, p < 0.0005). Post hoc anal-
ysis revealed that the SB-treated male and female
rats did not differ from one another (G1 vs. G2,
p > 0.05), similar to the vehicle-treated rats (G3
vs. G4, p > 0.05), but the vehicle-treated rats had
a significantly lower freezing response than did
the SB-treated rats (G1 vs. G3, p < 0.005; G2 vs.
G4, p <0.001). Thus, it appears that SB facilitates
the remote weak conditioned fear memory in
Long-Evans rats.

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

Reinstatement of impaired context fear memory
under histone deacetylase inhibitor sodium butyrate
in Wistar rats

To evaluate whether the HDAC inhibitor SB
would also affect weak contextual memory in
male and female Wistar rats, four groups of ani-
mals (G1, female SB, n = 6; G2, male SB, n = §;
G3, female veh, n = 7; G4, male veh, n = 8) were
trained using the same procedure as in the Long-
Evans strain. As illustrated in Fig. 4, all groups of
rats showed similar low freezing response at pre-
conditioning test TO (fig. 4, TO, G1, 12.8 £ 2.5%,
G2,7.8 £1.5%, G3,11.1 £ 1.7% and G4, 6.9 =
+ 1.4%). All groups acquired a strong condi-
tioned freezing response to the conditioning con-
text after training (test session T1): the two-way
ANOVA (with test session and group as factors)
revealed significant main effects of test session
(F(1, 25) = 427.73, p <0.0001). Bonferroni’s
multiple comparisons test revealed that both male
and female groups showed significantly higher
freezing behavior during the test session T1 (Fig. 4,
T1, G1, 63.5 £ 8.0%, G2, 58.0 + 3.0%, G3,
64.1 £2.2% and G4, 67.0 £ 6.5%) as compared to
test TO. The fear responses measured 6 months
Ne 6
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Fig. 4. Effect of a single sodium butyrate (SB) injection on a weak remote fear memory in male and female Wistar
rats. Impaired memory was reinstated under SB administration (groups female SB (G1) and male SB (G2)), how-
ever, there was no reinstatement in the absence of SB (groups female veh (G3) and male veh (G4)). Data are ex-

pressed as mean = SEM.

Puc. 4. Bmussnue omHOKpaTHO mHBeKIIMU OyTrpara Hatpus (SB) Ha cimabyro oTcTaBiIeHHYIO IAMSTh O CTpaxe y
caM1IOB U caMoK Kpbic Wistar. [lamsTh BoccTaHaBIMBajaach npu BBeaeHuun SB (rpynmsl camku SB (I'l) u camiibl
SB (I'2)), onHako B orcyTcTBUE SB BoccTaHOBIIeHMST He poucxoauio (rpymmbl camku veh (I'3) u camubi veh (I'4)).

JlaHHBIe TIpencTaBiIeHbI Kak cpenqHee = SEM.

after fear conditioning decreased significantly in
all groups (Fig. 4, T2, G1, 29.3 +£ 4.8%, G2,
28.1 £ 3.8%, G3, 26.7 £ 42% and G4, 24.5 +
+2.7%): the main effect of the test (F(1, 25) =
= 226.14, p < 0.0001) was significant. Post-hoc
analysis revealed that there were no significant
differences in the test session T2 of conditioned
freezing among all groups. Interestingly, we discov-
ered significant difference between the pre-training
scores and those in test session T2 (F(1, 25) =
= 88.78, p <0.0001). Immediately after T2, rats
were intraperitoneally injected with SB (groups
G1 and G2) or vehicle (sterile saline, groups G3
and G4). 24 hours later (Fig. 4, T3), the SB-treat-
ed groups showed significantly increased levels of
freezing (G1, 60.3 + 3.6%, G2, 54.5 £ 6.4%) in
contrast to the rats receiving vehicle (G3, 23.3 £
+2.8%, G4, 27.8 = 4.0%) (the main effect of the
group: F(3, 25) =9.28, p < 0.001; the main effect
ofthe test: F(1, 25) = 28.27, p <0.0001). Post hoc
analysis revealed that the SB-treated male and fe-
male rats did not differ from one another (G1 vs.
G2, p > 0.05), similar to the vehicle-treated rats
(G3vs. G4, p > 0.05), but the vehicle-treated rats
had a significantly lower freezing response than
did the SB-treated rats (G1 vs. G3, p < 0.0001; G2
vs. G4, p < 0.0005). Thus, there was a significant
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fear memory reinstatement in the SB groups of
Wistar rats.

Histone deacetylase inhibitor sodium butyrate does
not rescue the impaired remote context fear
memory without reminding

In these series, groups of animals received the
same training protocol as in the previous ones but
the SB administration was not combined with re-
exposure session to the training context and was
delivered 24 h later (protocol see Fig. 2). Asshown in
fig. 5, all groups of rats showed similar low freezing
response at pre-conditioning test TO (Fig. 5, TO,
G1, female Long-Evans, n =7, 8.3 £ 2.2%, G2,
male Long-Evans, n =6, 6.5 + 1.8%, G3, female
Wistar, n = 6, 8.0 £ 2.1% and G4, male Wistar,
n=17,99 * 3.4%). All groups acquired a strong
conditioned freezing response to the conditioning
context after training (test session T1): the two-
way ANOVA (with test session and group as fac-
tors) revealed significant main effects of test ses-
sion (F(1, 22) = 753.57, p <0.0001). Bonferroni’s
multiple comparisons test revealed that both male
and female groups showed significantly higher
freezing behavior during the test session T1
(Fig. 5, T1, G1, 79.7 £ 51%, G2, 72.0 £ 5.1%,
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Fig. 5. Effect of a single sodium butyrate (SB) injection on weak remote fear memory in male and female Long-Ev-
ans and Wistar rats without memory reactivation. Impaired memory was not reinstated under the SB administration

without reminding. Data are expressed as mean = SEM.

Puc. 5. BnusiHue omHOKpaTHOI HEe COYeTaHHOM ¢ HalTOMMHAHUEM UHBbeKIIMU OyTupaTta Hatpus (SB) Ha ciabyro
OTCTaBJICHHYIO ITaMSITh O CTpaxe y caMiIoB 1 caMOK Kpbic Long-Evans 1 Wistar. B orcyTcTBre HaltToMHAHMS BOCCTa-
HOBJIEHMSI ITaMSITU IIpY BBeIeHUM OyTUpaTa HaTpus He mporcxoauio. JlaHHbIe IpeAacTaBieHbl Kak cpeaHee = SEM.

G3,66.6 £2.2% and G4, 66.9 + 5.2%) as compared
to the test TO. Six months after the fear conditioning
procedure, the fear responses decreased significant-
ly in all groups (Fig. 5, T2, G1, 54.4 £ 4.5%, G2,
56.5 £ 1.8%, G3, 55.7 £ 2.8% and G4, 60.4 =
+ 3.5%): the main effects of the test (F(1, 22) =
=163.21, p < 0.0001) was significant. The Post-
hoc analysis revealed that there were no signifi-
cant differences between groups. 24 h after T2, the
rats were intraperitoneally injected with SB with-
out reminding. 24 hours later all groups demon-
strated low freezing response (Fig. 5, T3, Gl,
20.0 £ 4.6%, G2, 23.2 £ 4.6%, G3, 21.5 £ 3.5%
and G4, 18.1 £ 2.9%); no differences were found
between testing session T3 and T2. Thus, there
was not fear memory reinstatement in animals of
the SB groups without reminding.

DISCUSSION

To date most studies were aimed at studying
the influence of histone acetylation on recent
memories. Present study investigated the remote
(6 months) fear memories and effects of the in-
creased histone acetylation on them. A number of
studies have documented the existence of sex (Dav-
enport et al., 1970; Beatty, 1984; Williams et al.,
1990; Williams, Meck, 1991; Roof, Havens, 1992;
Roof, Havens, 1993; Roof, Stein, 1999; Colon,

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

Poulos, 2020; Trott et al., 2022) and strain differ-
ences (Harker, Wishaw, 2002; Besnard et al.,
2012; Besnard et al., 2013; Gokcek-Sarag et al.,
2015) for hippocampus-dependent tasks in ro-
dents. Therefore, in the current study we included
male and female rats of two different strains.

In the current study, we analyzed memory re-
covery under the SB administration over a long
time intervals. Following training procedure, all
animals showed an increased freezing behavior in
the conditioned context, which indicated that an-
imals have formed a contextual fear memory
(Fig. 3, 4, T1). Six months after the fear condi-
tioning we observed a strong decrease in freezing
performance in all groups, but still a significant dif-
ference from the pre-training scores (Fig. 3, 4, T2).
Then, 24 h after the SB administration immedi-
ately after the Test 2, the SB-treated animals
showed a significant level of freezing behavior in
the conditioned context. In contrast to the SB-
treated rats, vehicle-treated rats did not express
facilitated memory (Fig. 3, 4, T3).

Thus, injection of SB restored a weak remote
fear memory in the SB-treated animals. These
findings are fully consistent with previous studies
that demonstrated that HDAC inhibition led to res-
toration of impaired or weak memory (Chen et al.,
2014; Ko et al., 2016; Zuzina et al., 2019, 2020;
Ne 6

TOM 73 2023



INCREASE IN HISTONE ACETYLATION RESCUES A WEAK REMOTE FEAR MEMORY

Vinarskaya et al., 2021). It should be noted that
this freezing increase was shown to depend both
on memory reactivation (triggering the reconsol-
idation process) and SB administration (Fig. 5),
which suggests involvement of a reconsolidation
process behind the reactivation + SB administra-
tion-induced memory strengthening effect.

We can assume that memory weakening ob-
served 6 months after fear conditioning (the low
freezing response in test session T2) could be due
to a retrieval deficit. In this case the initial mem-
ory trace (Parvez et al., 2005, 2006; Chen et al.,
2014; Pearce et al., 2017) is preserved but destabi-
lized and/or some mechanisms required for the
normal memory retrieval are impaired over time.
For instance, Lee with colleagues demonstrated
that remote memory expression could be im-
paired as the result of disruption of the enhanced
synaptic connectivity between neurons of engram
(Lee et al., 2023). After reminding, when memo-
ries due to a start of the reconsolidation process
became open to alterations, the SB administra-
tion known to improve the histone hyperacetyla-
tion (Marks et al., 2004; Marks, Dokmanovic,
2005; Federman et al., 2009; Villain et al., 2016),
re-starts the memory consolidation process in-
cluding an increase of the memory-related genes
expression (Brownell, Allis, 1996; Levenson,
Sweatt, 2005; Vecsey et al., 2007; Graff et al.,
2014; Penney, Tsai, 2014) and restabilisation of
the mnemonic trace and/or mechanisms that
make it available for further retrieval.

To assess the effects of HDAC inhibitor SB on
memory deficit in this study, we used the phenome-
non of memory reconsolidation (Misanin et al.,
1968; Nader et al., 2000). It was demonstrated
that one of the boundary conditions for memory
reconsolidation is the age of the memory (Bustos
et al., 2009; Costanzi et al., 2011; Besnard et al.,
2012; Besnard et al., 2013; Graffetal., 2014; Anetal.,
2019). According to our data, the memories, in-
dependently of their age, remain open to rein-
statement during retrieval in combination with
HDAC inhibition. It should be noted that neuro-
physiological mechanisms of remote memory dif-
fer significantly from those of recent memories
(Albo, Graff, 2018; Lee et al., 2023; Terranovaet al.,
2023). According to the conventional consolida-
tion theory, the information initially stored in the
hippocampus is “transferred” to cortical net-
works over time for its long-term storage (Zola-
Morgan, Squire, 1990; Kim, Fanselow, 1992;
Frankland et al., 2004; Frankland, Bontempi
2005). Despite the differences in recent and re-
mote memory storage mechanisms, the HDAC
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inhibitor SB does the same for recent and remote
memories: it acts as a cognitive enhancer for weak
memories regardless of whether it is recent (Vi-
narskaya et al., 2021) or remote (the results of the
current study).

The second aspect that was highlighted in
these experiments concerns the strain differences
in memory acquisition and storage, effects of the
HDAC inhibition on retention of fear responses.
The data obtained showed that both rats’ strains
display a similar trajectory in the expression of
freezing (memory): decrease in freezing responses
over time (Fig. 3, 4, test session T2 vs. T1) and im-
provement of the remote fear memory under the
HDAC inhibition (Fig. 3, 4, test session T3 vs. T2).

The third and final aspect that was highlighted
in the work is whether sex affects the effects of
HDAC inhibition on retention of fear responses
in animals. A number of studies have documented
the existence of gender differences for hippocam-
pus-dependent tasks (Davenport et al., 1970; Be-
atty, 1984; Williams et al., 1990; Williams, Meck,
1991; Roof, Havens, 1992; Roof, Havens, 1993).
However, in the current study no gender differ-
ences were observed. The percentage of freezing
in male and female rats in a context fear condi-
tioning task changed similarly. After the training
procedure, male and female rats demonstrated
similar increased freezing behavior (Fig. 2, 3).
Then, 6 months after the training, male and fe-
male rats showed a similar reduced freezing, sim-
ilar reinstatement under the SB injections. Thus,
the data obtained demonstrated that the decrease
in freezing and memory reinstatement in males
matched completely to female rats performance
(Fig. 3, 4).

Taken together, our study suggests that remote
memories fading with time could be effectively
rescued by a presumed increased histone acetyla-
tion levels due to the HDAC inhibitor SB admin-
istration. Another important result is that the res-
cue effect of HDAC inhibition on weak remote
memories was common across rats of different
strains and gender.
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YBEINYEHUE AHETUJINPOBAHUA ITMCTOHOB CIITOCOBCTBYET
BOCCTAHOBJIEHUIO CJABON OTCTABJIEHHO! IIAMATHU Y KPBIC

A. X. Bunapckas', I1. M. Bana6an', A. B. 3103unal- #

! Dedepanvioe eocydapcmeennoe 6100xcemroe yupexcoenue nayku Hucmumym evicuieil HepeHoii desmensHocmu
u Hetipogpuzuonoeuu PAH, Mockea, Poccus

#e-mail: lucky-a89@mail.ru

CormracHO COBpEMEHHEBIM IIPencTaBIeHUSIM MHrnouTopsl ructoHacanermias (IJIALL) criocoOHBI
YIIy4IlIaTh ITaMSTh Y Pa3JIMYHBIX BUAOB XKMBOTHBIX. OTHAKO 10 CUX ITOP HE SICHO, MOXKET JIX IIOBBI-
IIIEHHOE allETUJINPOBaHUE TMCTOHOB CIIOCOOCTBOBATH YJIYUIIIEHUIO C1a00ii OTCTaBJICHHOM mamsi-
TH y KpbIC. TaKUM 00pa3oM, LIEJIbI0 HACTOSIIETO MCCIeA0BaHUSI ObUIO M3ydeHHE CITOCOOHOCTU
uHruouropa I'/IALl 6yruparta Hatpusi (bH) yayuiiaTs ciabyto oTCTaBJI€HHYIO MTaMsITh O CTpaxe y
KpbIC. YTOOBI oIeHUTH crtocoOHOoCTh mHruouropa I'JIALL BH yiydiaTe oTcTaBiIeHHYIO ITaMSTh,
MBI CpaBHWJIM IIOBEIEHUE OBYX JIaOopaTOpHBIX JuHUI Kpbic, Wistar u Long-Evans, B 3agaue
YCJIOBHO-PeGhIEKTOPHOIO CTpaxa yepe3 IIECTh MecsLeB Tocjie 00yuyeHUsl 10 U Mocje BBEAECHUS
BH. Mb1 06HapyXuJiu, YTO (KUBOTHbBIE IEMOHCTPUPOBAIN XOPOIITyI0 0OCTAaHOBOYHYIO ITaMSITh Ue-
pe3 24 4 nocjie OKOHYaHUST 00y4YeHMsI, TTIOJTHOE OTCYTCTBHE MaMSITH Yyepe3 6 MecC. U YIy4IlIeHHYIO
YCJIOBHO-pe(dIeKTOPHYIO MaMsTh nocie BBeaeHus1 bH 6e3 nonoiHuTensHoro odoyyeHus. bosee
TOTO, TTOJIydYEHHBIE JaHHBIE IPOAEMOHCTPUPOBAJIM, YTO 00€ JIMHUU KPHIC ITOKA3aId OOAUHAKOBOE
CHIZKEHME peaKIIny 3aMUpaHus ¢ TeueHreM BpeMeHu, a muHruouposanue I'JIALL yaydmano cia-
Oy10 ImaMsITh y 00enx anHuii. Kpome Toro, ociabiaeHre 1 BOCCTAaHOBJICHNE ITAMSITH Y CAMIIOB IOJIHO-
CThIO COOTBETCTBOBAJIO U3MEHEHUSIM MaMSITU Y CaMOK KPbIC. DTU pe3yJIbTaThl II0Ka3bIBAIOT, YTO WH-
ruoupoBanue I'TTALl oka3pIiBacT OMMHAKOBBIN “BoccTaHaBIMBaromuii” 3¢p¢peKT Ha ¢cj1abyio OTCTaB-
JICHHYIO YCJIOBHO-PE(IEKTOPHYIO MaMSITh O CTpaxe, HE3aBUCUMO OT JIMHUU U T10J1a KPbIC.

Karouesvie cnoesa: 6YTI/I])aT HaTpusda, auCTUJIMPOBAaHUEC TMCTOHOB, JIIUMICHCTUKA, OTCTAaBJICHHAasA
naMATb, BOCCTAHOBJICHUE MMaMATU, pCKOHCOJIMAalA
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AyTtusm, nim paccTpoiicTBo ayructudeckoro crekrpa (PAC), sBiseTrca MHOroakTOpHBIM 3200~
JIeBaHWEM, KOTOPOE XapaKTepPU3yeTCsl He TOJbKO HapyIIEeHUSIMU MCUXO03MOIIMOHATIbHOIO COCTO-
STHUSI U COLIMAIbHOTO B3aMMOICHCTBUSI, HO U COMAaTUYECKUMU TUChYHKIUSAMU. B psne uccneno-
BaHUi1 TaKXXe COOOIIATOCH 00 U3MEHEHUSIX CO CTOPOHBI OTMIOPHO-ABUTATEAbHON CUCTEMBI Y MalI-
eHToB ¢ PAC. B maHHOif paboTe MeTOmOM BUIcOaHAIN3a ABVKCHUM MBI IIPOIEMOHCTPUPOBAIN
CHIM>KEHME TOPM30HTAIbHOM M BEPTUKAJIbHOI IBUTATEIbHOM aKTUBHOCTH, KPOME 3TOro, ObUIU
3aperuCTPUpPOBAHbBI I€BUAHTHBIC ABVDKEHUS, YTO TOBOPUT O HAPYIICHWM B JOKOMOTOPHOI aK-
TUBHOCTU U TTOBBIIIIEHHOM TPEBOXHOCTU KPHIC C BaIbIIPOATHOM MOJeblo ayTu3dMa. OgHako Me-
XaHO-MUorpaduyeckoe UccieaoBaHe He BhISIBUJIO JOCTOBEPHBIX U3MEHEHU B mapaMeTpax co-
KPaTUMOCTU U30JIMPOBAHHBIX CKEJIETHBIX MBILIL KpbIC ¢ MoAebio PAC. TakuM 06pa3oM, MOXXHO
3aKJIIOYUTh, YTO OOIIME Pa3INUMs B IBVKEHUU MOTYT OBITh HE3aBUCUMBIM (PaKTOPOM AMATrHO-
CTUKM ayTu3Ma. bojee TiarenbHOe UCCIeI0OBaHUE C MCIIOJIb30BaHUEM OOJIbIIIECH BEIOOPKHU U I10-
IPOOHOro KMHEMAaTU4YECKOIO aHaIn3a MOXET IIOMOYb B JTalbHEHIIel OlleHKEe BapuadeIbHOCTHI
JIBUTaTEIbHBIX (DYHKIINUM, KaK MOTEHIMAJIBHOIO TUAarHOCTUYECKOTO 1 IIPOrHOCTUYECKOTO MapKe-

pa PAC.

Karuesvie crosa: ayTuaM, paccTpoicTBa ayTucThudeckoro crekrpa, AT®, P2-penenrtopsl, cke-
JIETHBIE MBIIIIIBI, HEPBHO-MBIIIIEYHBIN CTHATIC, HEUPOTPAaHCMUCCHUS

DOI: 10.31857/S0044467723060047, EDN: SLNBWY

BBEAEHUWE

ITo olileHKaM MOHUTOPUHTA ayTU3Ma U Hapy-
meHui pazsutusg CHIA, Ha 2020 rog onuH u3
36 neteit B Bo3pacte 8 yiet (mpumepHo 4% Maiib-
yukKoB U 1% neBoYek) cTpamay pacCTPOMCTBOM
aytuctudeckoro crekrpa (PAC) (Maenner et al.,
2023). PaccTpoiicTBO ayTUCTUYECKOIO CIIEKTpa
(PAC) — »TO HapyllleHWe pa3BUTHUSI HEPBHOM
CUCTEMBI, XapaKTepusylolleecss HapylIeHUsSIMU
COLIMAJILHOTO B3auMOAEUCTBUS, MpeodaagaHu-
€M CTEPEOTMITHBIX MOJIeJIe MOBEACHUS U CyKe-
HueM kpyra nHtepecoB (Widiger, Hines, 2022).
HecmoTps Ha pacTyliiyio pacnpoCTpaHEHHOCTb,
PAC nio-nipexkHEeMy ocTaeTcsl pacCTpOCTBOM C
IJI0X0 U3YYEHHOU MaTohU3UOIOTUEN U MeJICH-
HBIM ITOMCKOM JIeKapcTB. /1o cX Mmop 3THON0T S
PAC Heu3sBecTHa, MpU 3TOM HEKOTOPHIE aBTOPHI
BO3HUKHOBeHME U nporpeccupoBanue PAC cBs-
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3BIBAIOT C BIMSTHAEM IeHEeTUYECKOM IpeapacIio-
JIOKEHHOCTU U (PAKTOPOB OKPYKAIOIICH Cpeabl
(Taylor et al., 2020). Cpeny oCHOBHBIX aTou-
3MOJIOTUYECKNX MexaHu3MoB pa3Butuss PAC
MOXXHO BBIJIEJINTh OKUCIUTEIbHBIN CTPECC, HEW-
poBoOCHaJIeHue, pa3IndyHble MMMYHHBIC Hapy-
IEeHUSI W MUTOXOHAPUAIbHYIO OUCHYHKIIAIO
(Saffari et al., 2019; Citrigno et al., 2020; Doi et al.,
2022; Singh et al., 2023).

3HauYMTENbHBIN TIporpecc B MpencTaBIeHUU
cyioxxHoit maropusuonoru PAC cBsI3bIBAIOT C pe-
IIAIONIEH POJIbIO0 >KMBOTHBIX Moaeneit (Qi et al.,
2021). Tlone3Hass Mojelib, TIOATBEPKACHHAsT KC-
YepIbIBAIOIIMMU UCCIAEIOBAHUSIMU Ha XKUBOT-
HbIX, ITyTeM BO3JEUCTBUS BaJIbIIPOEBOI KUCIO-
Tol (BITK) Ha rpbhI3yHOB moOKa3blBaeT Mopas3u-
TEJIbHO€ CXOJCTBO C MOBEIEHUWEM, aHATOMMEM,
KJIETOYHbIMUA W MOJIEKYJSIPHBIMU W3MEHEHMUSI -
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MU, HAOJIFOgaeMbIMU Y MAIIUEHTOB C ayTU3MOM.
MHorouncaeHHbIe aHATOMUYECKUE UCCIIeIOBa-
HUS TakKe Jokaszanau, 9yto Mmouenab BITK moxer
XOPOIIIO BOCIIPOU3BOIUTH AVCIUIA3UIO LIEHTPaIb-
HOI HepBHOM cucteMbl ipu PAC, mipemocrabiisist
LICHHBIII MHCTPYMEHT IS M3y4eHUsI OCHOBHOTO
mexanu3ma PAC (Mabunga et al., 2015).

CyliecTBYIOT MCCIENOBaHUS, HdOKa3blBalo-
IIMe BOBJICYEHHOCTb MYPUHEPIrUYECKOIO CUT-
HaJIbHOTO TIyTHU B pa3BUTHE HEPBHOW CHUCTEMBI,
3a CUET BJIMSIHUS Ha TaKue MeXaHWU3Mbl, KakK KJie-
TouHasi npoJsudepanus, n1uddepeHIMpoBKa 1
(opmupoBaHUe HEMPOHHO-TIMATBHBIX KJIETOY-
HBbIX B3aMMOJEUCTBUII, MUTpaLUs TIpellie-
CTBEHHUKOB HEHPOHOB U pOCT HelipuToB (Burn-
stock et al., 2011), HO cBsI3b MeXAy aHOMAaJIbHBIM
MeTaboIM3MOM MYpUHOB U 3THOJNoruei PAC B
HacTosilee BpeMs 0 KOHIla He sicHa. Ho, co-
[JTACHO TEOPUM OHTOreHe3a, NeheKTbl paHHUX
MPOLIECCOB Pa3BUTUSI CITOCOOCTBYIOT BOBHUKHO-
BEHUIO Pa3IUYHbIX MCUXUYECKUX 3a00JIeBaHUI
Ha Oosee mo3aHux 3tanax xwu3Hu (Ren et al.,
2016; Williams et al., 2018; Courchesne et al.,
2019). IMosgBunMCh AOMOTHUTENBHBIE JOKA3ATEb-
CTBa TOTO, YTO MYPHHbBI, METAOOIU3UPYIOIIHE TTy-
PUHBI 3KTO(PEPMEHTHI U ITyPUHOPELIETITOPhI TAKKE
YJacTBYIOT B MaTO(GU3UOJOTMUYECKUX Tpolieccax
pa3utus HeiipoHoB (Fumagalli et al., 2017) 1 ricu-
xndeckux paccrpoiictBax (Cieslak et al., 2016).

B 3aBucuMocTH OT JMraHga IypuHEprude-
CKH€ CUTHaJIbHbIe PELEenTOphbl ACISITCS Ha ABa
OCHOBHBIX Kjacca: P1 (pemenTopsl ameHO3MHA)
u P2 (peuentoper ATO/AAD® u YTP/YID)
(Burnstock, 2007). ITocaennuit BkrouyaeT P2X n
P2Y, xortopele omocpenyioT TUIIEpaKTHUBAILIAIO
MIMAJIBbHBIX KJIETOK M HAyaJlo BOCIAIUTEIbHBIX
peakuuii B LEHTPaJbHOW HEPBHOW CHUCTEME
(IIHC) (Abbracchio, Ceruti, 2006; Inoue, 2008;
Huanget al., 2019). Kpome Toro, 0bL10 ITOKa3aHO
cHIDXKeHMe 3Kkcrpeccun P2X7-penienTtopos, ur-
palluX KJIIOYeBYI0 POJb B IMaTO(GU3UOIOTUU
HapymieHuii IIHC u omocpenymoiiux cambie
CUJIbHbIE MPU3HAKU HeHPOBOCIIAJICHUS, Y AeTeit
¢ PAC (Lister et al., 2007; Naviaux et al., 2013).

Hapyiienue (pyHKIIMOHUPOBAHUS ITypUHEP-
TMYECKON CUTHAJABHOW CHUCTEMbI CBSI3bIBAIOT C
nHuLuaneii PAC, 4yTo B cBOO o4epeab IMO3BOJIsI -
eT paccMaTprBaTh JAHHYIO CUTHAJIbHYIO CUCTEMY B
KA4yeCTBE TMOTCHLUMAILHOM TEparieBTUYECKOM MU-
mieHu. CylIecTBYIOT JaHHbIE O TOM, YTO JIeUeHHeE
cypaMrHOM (20 Mr/KT, BHyTPUOPIOLIMHHO) KPBIC C
Mogenbio PAC BoccTaHaBIMBaeT UX KOMMYHMKA-
TUBHbBIE CHOCOOHOCTU U YMEHBIIIAET TPEBOXKHOCTb,
U3MEPSIEMYIO MPU TIOMOILIM MPHUIIOTHATOIO Kpe-
croobpazHoro jJaoupunHTa (Hirsch et al., 2020).

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

JleyeHue cypaMMHOM He BAUSIET HA UHIAYLIU-
POBAHHYIO BAJIbIIPOEBOM KMCIIOTOM aKTUBALIAIO
P2X4- u P2Y2-penentopoB B TMNONOKamIe U
aKchnpeccuio peuentopa P2X4 B MemuanbHOi
npedpoHTaIbHOI KOpe, HO HOPMAaJIM3YET MTOBbI-
IIEHHBI ypoBeHb wuHTepiaelikuHa 6 (IL-6)
(Smith et al., 2007).

KoMopOuaHocTh yke faBHO Mpu3HaHa y AeTeit
C HapylIeHUSIMU Pa3BUTUSI, TAKUMM KaK ayTUCTH-
YeCKOe pacCTpOMCTBO, CUHAPOM AedUIIMTa BHU-
MaHus U runepakTuBHocTH (Gillberg et al., 1995;
Watson et al., 2003). 1 xota PAC cuuraercs
MCUXUYECKUM PACCTPONUCTBOM, C HUM MOTYT
OBITh CBSI3aHbI M paCCTPOMCTBA (DYHKLIMIA IPYTUX
BHYTPEHHUX OpraHoB U cucteM. K Takum 0coOeH-
HOCTSIM OTHOCSITCSI, B YaCTHOCTH, CEHCOPHBIE
anomaymu (Kern et al., 2006), ceHCcOpHO-MO-
topHble nedpunutel (Piek, Dyck, 2004), npo-
OJ1eMbI C MeJIKOU 1 rpyboit MoTopukoii (Provost
et al., 2007), HapylIeHUsI B ABUXKEHUU/MOTOP-
HbIX HaBbIKax (Green et al., 2009), mpoGaeMEbI ¢
paBHoBecueM (Minshew et al., 2004), MmblIiIed-
Has caabocth (Hardan et al., 2003) u runoto-
Husg (Ming et al., 2007).

JBUTaTEIbHBIE aHOMAJWU ObUIM HPU3HAHBI
HEOTHhEeMJIEMOM YacTblO PACCTPOMCTB ayTUCTH-
yeckoro cnekTtpa (Ghaziuddin, Butler, 1988).
IMpuyem HaGMOIEHUS MOKA3bIBAIOT, YTO aHOMaA-
JINU ABVDKEHUI TIPY ayTU3Me pa3HOOOpa3HbI M MO-
T'YT OBITh IIPUYMHON HAPYIIEHWiT B pa3IMYHBIX Ya-
CTSIX LIEHTPaJIbHOI HEepBHOII cucTeMbl. BoBieue-
HH1E HECKOJIBKUX CTPYKTYP BITOJTHE OXMAAEMO M3-
3a CJIOKHOTO pacrpee/icHusI IBUTATeJIbHOI CH-
CTeMBI Ha YPOBHE CITMHHOTO MO3Ta, CTBOJIA MO3-
ra, MO3}e4Ka, IMOIKOPKOBBIX M KOPKOBBIX OTIIE-
noB HepBHOM cucteMbl (Kingsley, 2000). M#br
MPEAITOJIOXWIN, YTO B IOITOJTHEHWE K OCHOBHBIM
nmoBeneHYecKUM cuMIiitomaMm PAC y KpbIC MOTYT
TaKXXe TIPOSIBIISITbCSI OPYTHUe TIPOOIEeMbl pa3BU-
TSI HEPBHOI CUCTEMBI, CBSI3aHHEBIE C IBUTATE/Ib-
HOIT tncyHKIINE.

Ha ocHoBaHUM BBILIEU3TOKEHHOTO, 1IEJIbIO
JMIAHHOTI'O KCCJIEIOBaHUS ObLIO OLIEHUTh OOIIMIA
XapakTep UBMEHEHUM B IBUTATE€IbHOM aKTUBHO-
CTU CKEJIETHBIX MBI KpbIC ¢ MoAesibio PAC.

METOIAHWKA

Obsexm uccaedosarnus. B xome sKcrieprMeH-
TOB OBLIM OOCJIefOBaHbBI HEeJIMHEMHbIE Jabopa-
TOPHbIE KPBICHI-caM1Ibl, Maccoil 160—240 r. 2Ku-
BOTHBIE COAEPXKAIUCh IIPU CBOOOAHOM NOCTYIIS
K MMUILE U BOJE, a TAKXKEe €CTECTBEHHOM Yepeao-
BaHUU CYTOUYHOI OCBEILICHHOCTU.
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DKCNEePUMEHTATbHBIE TPYIIIbI:
1) KoHTpoabHas rpyiima (n = 12);

2) rpynma ¢ BOCHPOU3BEICHHEM MOJIEIU
aytusma (BMA, n = 12).

Modeauposanue PAC ua kpwicax. Banbopoe-
Basi KMCJIOTa B BBICOKUX J03aX OJIOKUpYeT dep-
MEHTBI, YY4aCTBYIOLIME B IealleTUJIMPOBAHUM '~
CTOHOBBIX OCJIKOB, UTO BIUSIET HA DKCIPECCUIO
onpeneaeHHbIX TeHOB U, COOTBETCTBEHHO, MO-
IudunupyeT ux pyHkuronuponanue. [1pu BBe-
JeHnUn OepeMEeHHBIM caMKaM Y ITOTOMCTBA J1a00-
paTOPHBIX XUBOTHBIX Pa3BUBAaeTCs (peTaabHbIA
BaJILIIPOATHLI CUHAPOM, KOTOPBIA IO CBOUM
nposiBaeHusiMm cxoneH ¢ PAC (Zheng et al.,
2019). /115 BEIpabOTKM Y IOTOMCTBA (DETATbHOTO
BaJILIIPOATHOI'O CUHApOMA caMKaM KphIC Ha 12—
13-i1 geHb 6epeMEeHHOCTU OQHOKPATHO MOAKOXK-
HO B 00JacTh XOJIKM BBOIST HATPUEBYIO COJIb
BaJIbIIpoeBoi KUCIOTHI B 103e 500 Mr/kr. He ObL10
3a(pMKCUPOBAHO YBEIMYCHME YMCIIa SMOPUOHAIb-
HBIX CMepTeil, YBeInYeHre ITOCTUMILIAHTALIMOH-
HBIX IOTEPb, YMEHBIIEHUE pa3Mepa IIoMeTa U Mac-
ChI Teja Itoga. PoXXIeHHBIX OT TaKOTO BO3aeii-
CTBUSI KpBIC B Bo3pacTe 6 MecC. MCIOJIb30Bali
IJIST DKCIIEpUMEHTOB. B KauecTBe KOHTPOJISL UC-
MOJb30BaJIU KPBIC 3TOTO K€ BO3pacTa, POKICH-
HBIX OT KPbIC, HE TIOJBEPTaBIINXCS JIEKAPCTBECH-
HOMY BO3ACICTBUIO.

Tecm “Omkpbimoe nose”. YcraHoBKa “OT-
KpBITOE TI0Jie” TIpeAcTaBiseT co0oii Oemyio
KBagpaTHylo apeHy. [1oi pa3neneH Ha 25 mpssMo-
YTOJIbHUKOB OIWHAKOBOM TUIOIIAIM IJIsT yI00-
CTBAa BU3YaJIbHOI PErucTpaliii TOPU30HTAIb-
HOI NIBUTATEIbHON aKTUBHOCTHU KMBOTHBIX Ha
nepudepuu, B 2/3 apeHbl U ee LIeHTpa.

MeTtoauka “OtkpreiToe nojie” (OI1) mo3Boisi-
€T U3YyYUTb BPOXKIECHHBIE OCOOEHHOCTU OpPHUEH-
TUPOBOYHOTO U MCCJIEIOBATEILCKOTO TOBEIe-
HUS U cOnpoTuBiIsieMocTh K cTtpeccy (Koznos-
ckuit, KenyHnex, 1992). C nomMolblo JaHHOTO
METO/Ia OLICHMBAIOT OPUEHTUPOBOYHO-UCCIIEIO-
BaTteiabCcKyo peakuuio (OWP) mo koaumuecTBy
MPOMIEHHBIX KBAIpaToB B apeHe, MO KOoJude-
CTBY CTOCK Ha 3aIHMX Jjanax (BepTUKaJbHas
JIBUTaTeIbHAsI aKTMBHOCTH, BJIA) mpu mcKyc-
CTBEHHOM OCBEIIICHUU.

KuBoTHOE, KOTOPOE MOMEIIIEHO Ha HE3HAKO-
MYIO OTKPBITYIO IUIOLIAAKY, JIEMOHCTPUPYET
OPUEHTUPOBOYHO-UCCIEAOBATEIbCKUE  peak-
LIMU, HarIpuMep, XapaKTepHoe 3aMUpaHue, KO-
TOpO€ HEOOXOAUMO ISl OLIEHKYU CTETIEHU pucKa
(Blume et al., 2018).

Xon skcnepuMeHTa. 2KMBOTHOE NOMeEIaIn
BCEMU 4 JTallaMU B LIEHTPaJIbHbII KBaJapaT apeHbI

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU
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1 C TIOMOIIIbIO BUAECOCUCTEMbI (PUKCUPOBAIN €T0
repeIBUKEeHUs] B YCTAHOBKE B T€UeHUE 3 MUH.
ITocne mnpoxoxiaeHus1 TECTUPOBAHUST KaxKIO0To
>)KMBOTHOTO apeHy oOpabaTblBajid BOION IS
yIaJIeHU 3araxa.

PeFI/ICTpI/IPOBaJ'[I/I CJIeaAyronmme rmokasaTejamn:

1) TOpU3OHTAJIBLHYIO IBUTATEBHYIO aKTHUB-
HocTbh (I'IA). OcHoBHBIM KputepueM [JIA sB-
JIIETCS ydJacThe B TMEepeMelleHUM >XXWBOTHOTO
BCEX 4YeThIpeX Jar. 3a eAWHUILY TepeMelleHUs
CUMTAIM OJWH TEepecCeYeHHBI KBaapaT BCEMU
nanamu. Peructpupytot I'/IA Ha nepudepuu, B
2/3 ¥ B LIEHTPE apeHbI;

2) BepTUKAaJIbHYIO IBUTATEIbHYIO aKTUBHOCTD
(BIA). IlpencraBieHa nByMs BUOAMHM CTOEK:
3aHUeE JIAIThl XXUBOTHOTO OCTAIOTCS Ha MOy ape-
HBI, a TIepeOHWE YMUPAIOTCSI B CTEHKY TOJS
(TIpycTeHOYHAsI CTOMKA); €CIU JaIllbl OCTAIOTCS
Ha Becy (cBoOomHag croiika). PasmensHo cunTa-
JI 9YMCJIO OTKPBITHIX Y TIPUCTEHOUYHBIX CTOCK.

Memoo eudeoananuza deuxncerus
Ha naamegopme Vicon

JI7ist OLIeHKW M CpaBHEHUS TOXOIKHU KPHIC B
KOHTPOJIbHOU TpyIie ¢ rpynmnoii kpeic BMA
OBbLJI MCIIOJIb30BaH METOH BUIeOoaHaau3a JBUXKe-
Hus. TpexMmepHble TaHHbIE ObLIN MOJIYYEHbBI C UC-
noJjik3oBaHueM Iiectu kamep Vicon MX (Vicon
Motion Systems, Oxcdopn, BemmkoopuraHus),
pa3MeIleHHBIX Ha CIIeMATIbHBIX KPETUIEHUSIX TT0-
JIyKpyroM. Jisi KaJIMOpOBKU M CHMHXPOHHU3ALNU
Kamep ObLT UCITOJIb30BaH KAJIMOPOBOYHBIM MapKep
Active Wand (Vicon Motion Systems, Oxcdopn,
BenukoOpuranust). 1 moay4eHus1 CTaHAaQpPTHOTO
BUACOM300paxkeHUsI ObLIa MCMOJb30BaHA BUIIEO-
Kamepa Sony. 10 macCMBHBIX CBETOOTPaXKAIOIINX
MapKepoB ObLIM pa3MelleHbl Ha MBIIIAX CIH-
HBbI, KPECTILIOBOI KOCTU, Ha KOJICHHBIX CyCTaBax,
TOJIEHOCTOIMHBIX CyCcTaBax, Kak 3TO ObLIO IOKa-
3aHO Ha puc. 1.

Bo Bpems BumeosaxBaTta KpbIChl HauyMHaIU
CBOOOIHO IBUTATBCI B “OTKPBITOM T10JIe” TIpU
WCKYCCTBEHHOM oOcCBelleHuu. Mcmnosb3oBanu
CIUTAAH-UHTEPIIOJISIINIO i1 IIOBTOPHOI BbI-
o0opku gaHHbIX Vicon go 30 11 mepen aHam3oM.
Omnpenensnun ¢asbl UIMKIA ITOXOOKU C BPEMEH-
HBIMU METKaMM COOBLITUIA MOXOOKM — OTPhIBa
CTOIIbI ¥ BO3OOHOBIEHMSI KOHTAKTa C IIOBEPXHO-
cthio. Kunematuyeckuii aHann3 ObLI BEIIOIHEH
JJISI OJIHOTO LIMKJIA TIOXOAKM KAXKI0M UCIIBITYE-
MOM KPBICHI.

st o0paboTKM TOJIyYeHHBIX HAHHBIX WC-
MOJIb30BaIN MporpaMMHOe obecrneueHue Vicon
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Puc. 1. Cxema pacnoyioXeHUsI MapKepoB JJIsSI BU-
JleoaHaIn3a IBUXKEHUS.
Fig. 1. Layout of markers for motion video analysis.

Nexus 2.9 a1 pydyHoit noctpoiiku 3D-monenu
IBVDKEHWS M yoaJleHUsT apTeakToB ¢ 3aUCH.

IMTonyyennsie Vicon Nexus 2.9 gaHHBI€ C T10-
mompio Moaysist ASCII KoHBepTHpoOBaIuCh B
TEKCTOBBIIA (popMart, Iocje 4yero obpabdaThiBa-
JIUCh C TIOMOIIbIO IPOTPAMMHOIO 00eCIIeYeHUS
MATLAB; MeTonuka odcuera moapooHO oIrca-
Ha B cTatbe (Smirnova et al., 2022). st kaxkmoi
TPYIIILI TTOTyYaand KpuBble n3 yepeaHeHus 30 1ma-
TOB ITO yIJIaM B (ba3ax ofqHOro 11ara. by nosyde-
HBbI JAHHBIC B BUAC aHTYyJIOrpaMM: KWHEMATU4YC-
CKUIi TIpo(UIb KOJIEHHOIO CyCTaBa KpPbIC, HOP-
MUpPOBaHHBIN II0 ¢a3e 1mara. C IIOMOILIbLIO
AHTyJIorpaMM BBICUHUTBIBAJIMCDH YIJIbI crudoaHug
KOJIEHHBIX CyCTaBOB KaK Pa3HOCTh ITOKa3aTess
yrIja B Havaze pa3bl mepeHoca U moKa3aTes yr-
Jla B Hauvaje a3bl ToJuka. belinm mocTpoeHbI
TPAeKTOPUU TI€PEMEIIEHUIN CTOMNbl C LIEJbIO
omnpenenaeHUss 00beMa IBUXKEHUSI KOHEYHOCTU U
MaKCHUMaJIbHOI TOUKHU ITOAbEMA CTOIIbI, a TAKXKE
IJIMHBI 11ara.

CraTucTHYecKyro o0paboTKy JaHHBIX ITPOBO-
IV ¢ TToMolIbio mporpaMMbl SPSS Statistics.
IIpoBepKy COOTBETCTBUS ITOJYYEHHBIX JAHHBIX
HOPMaJILHOMY pacHpelejeHUI0 MPOBOAMIN C
nomMoliblo Kputepuss Kommoropona. aHHbIe
napaMeTpoOB ABUTaTelbHON aKTUBHOCTU B “OT-
KPBITOM I10JIe” ¥ XapaKTePUCTUKMU I11ara Ipu Bbl-
MOJIHEHUW JBWXXEHWs IIPEACTaBI€Hbl B BUIC
CPEIHEro U CPEAHEKBAAPATUYHOIO OTKJIOHEHMS
M £ SD. JlaHHble TapaMeTPOB KUHEMaTUYECKOTO
aHajM3a NpeacTaBieHbl B BUIE MEIUAHbl M HUXK-
Hero u BepxHero kBaptwist (Me; Q1; Q3). [nsa
CpaBHEHUSI HE3aBUCUMBIX BEIOOPOK MCIIOJIB30BaI-
cst U-kputepuii ManHa—YutHu. PaccuuraHHBIE
3HaueHus1 U-xkpurepusi MaHHa—YUTHM CpaBHU-
BaJIMCh C KPUTUYECKUMU IIPU YPOBHE 3HAYNMOCTU
p <0.05: BTOM Ccltyuae, eciii paCCYMTaHHOE 3Ha-
yeHue U OBIJIO paBHO UJIM MEHBIIIE KPUTUIECKO-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

ro, IMprU3HaBaJIaCh CTAaTUCTAYECKAS 3HAUMMOCTh
Pa3INYUIA.

Mexano-muoepaghuuueckuii memod pecucmpayuu
COKpamumenbHulX 0meemos Molully,

[lepen npoBemeHMEM 3KCIIEPUMEHTOB KMBOT-
HBIX HAPKOTU3UPOBAIM BHYTPUOPIOIIMHHBIM BBE-
JEeHWEM pacTBOpa STaMUHAJa HATpusl B HO3€
40 mr/Kr, 00eCKPOBIUBAJIN U BLIACIISIIN M. Soleus 1
m. extensor digitorium longus (EDL) ¢ XynbTsIMu
HEPBOB, KOTOPKIE ObLIY ITOMEIIEHBI BO BCAChIBAIO-
LMW 2JIEKTPON OPUTMHAJIBLHOM KOHCTPYKLIMU
(I'pyuwmH u np., 2023). MuoHeBpaJibHbIC ITpera-
paTbl QUKCUPOBAIU 32 CYXOXWUIbHbIE KOHIIBI,
rocJie IIOTpy>Kain B pe3epByapbl o0beMoM 10 M,
3arnoJiHeHHbIe pacTBopoM Kpebdca (coctaB B MM:
NaCl — 118.0, KC1 —4.75, CaCl, — 2.5, NaHCO, —
24.8, KH,PO, — 1.18, MgSO, - 7H,0 — 1.18, rio-
ko3a — 11), pH 7.4, t — 37°C.

151 BbI30BaA COKpaIlleHU MBIIIEYHBIX 00pa3-
LIOB MIPUMEHSJICS DJIeKTpOoCTUMYJIsiTop Digitimer
MultiStimul D330 (BeaukoOpuTaHus), Ipous-
BOIWJIACh MOAaYa IIPSIMOYTOIbHBIX UMITYJILCOB aM-
mmtynoii 10 B m mponomkurensHocThIO 0.5 MC
npu gactote 0.1 I'11 B Teyenue 2 muH. Crny co-
KpallleHWIA MBIIIL PETUCTPUPOBAIN C IOMOIIBIO
JaTyvka JOBUTATeAbHOII akTuBHOCTU Linton
FCG-01 (Benuko6puTtaHusi), aHaJIOTOBbIi CUT-
HaJl ITpeo0pa30BbIBAIN CUCTEMOI cOOpa JaHHBIX
Biopack MP100MSW (CI1IA).

M3HauanbHasi Harpy3ka Ha MUOHEBpaJIbHbIE
npenaparsl cocTanisia 1 rHa m. soleus n 0.5 T Ha
m. EDL. Tlocne moay4acoBoii agamnTallMyd MbI-
IIEYHBIX TIPErnapaToB K cpelie ABaXKIbl C UHTEp-
BaJIOM B 5 MUH TNPOU3BOIWJIN OLIEHKY CTaOUJIb-
HOCTU COKPaTUTEIbHBIX OTBETOB.

Hnst oueHKu 3(@eKTOB NypUHEPruUeCKUX
aroHMCTOB M AaHTATOHUCTOB B €MKOCTb J0O0OaBIISI-
i 100 MKM AT® n yepe3 7 MUH OLIEHWBAJIU Me-
XaHUYECKNE OTBETHI MBIIIL. 3aTeM MBIIIILY IPO-
MbIBaI1 pacTBopoM Kpebca u MHKyOUpoBaiu C
pacTBOpoM cypamuHa B KoHLeHTpauuu 100 MkM B
TeyeHue 20 MUH ¢ TIOCIEAYIOIIUM O00aBIeHUEM
100 MkM AT® 1 BHOBb perMCTPUPOBAI MeXa-
HUYECKUE OTBEThI MBIIIILI.

Bce monyyeHHbBIE B TeYEHUE IBYX MUHYT OT-
BeThl (12 COKpaTUTEIbHBIX OTBETOB) YCPEIHSIIN
1 00pabaThIBaJIM KaK ONMH pe3yJibTaT. PaccumThi-
BaJId UX B % OTHOCHUTEIbHO UCXOMHBIX pe3yJibTa-
TOB, TIOJTyYEHHBIX B Ha4aJle 9KCIIEPUMEHTA.

Cratrctuyeckyto o0padboTKy JaHHBIX ITPOBO-
IUJIU ¢ moMolbio nmporpammbl SPSS Statistics.
ITpoBepKy COOTBETCTBUS TMOJTYYEHHBIX JAHHBIX
Ne 6
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Puc. 2. ITokazarenu ropuzoHTanbHoit (I'/1A) u BepTukanbHoit (BIA) nBuraTeibHO# aKTUBHOCTH KMBOTHBIX KOH -
TPOJILHOM TPYIINBI U TPYIIIEI ¢ BocIpou3BeaeHreM Mmoneiu aytusma (BMA) B Tecte “OtkphiToe mojie”; JlaHHbIe
MpeACTaBAeHbl B BUJIE CPEAHEro, TJIaHKU MOTPeIIHOCTel — B BUAE CTaHIAPTHOIO OTKJIOHeHUs. * — p < 0.05 no-
CTOBEPHOCTb OTJIWYHIA MO CPAaBHEHUIO C KOHTPOJIBHOM TPYITION.

Fig. 2. Indicators of horizontal (GDA) and vertical (VDA) motor activity of animals of the control group and the
group with the reproduction of the autism model (VMA) in the “Open Field” test; the data are presented in the form
of an average; the error bars are in the form of a standard deviation. * — p < 0.05 reliability of differences compared

to the control group.

HOPMaJILHOMY pachpeaesIeHUI0 MPOBOAWIN C
nomolipio Kputepust KoaMoroposa. Paccunthi-
BaJIM cpeaHue apupMeTUIeCKNe aHaTU3UPyeMbIX
ImapamMeTpoB M CTaHIAPTHYIO OImMOKyY. CTaTucTu-
YeCKyl0 3HAYMMOCTh HaOJIIOIaeMbIX M3MEHEHWIt
OLICHMBAIM C TTOMOIIbI0 Kputepus CTbIOIEHTA
IJIsT HEe3aBUCUMBIX M TIONAPHO COMNPSIKEHHBIX
BBIOOpPOK. Pasmuuus paccMaTpuBaiy Kak 3HaAYM -
mble ipu p < 0.05.

PE3VJILTATbI UCCIEOJOBAHUN

AHai3 OpPUEHTHUPOBOYHO-UCCIEAOBATEIb-
CKOM aKTMBHOCTHU B TecTe “OTKphITOE 1MoJie” 0~
KaszaJj, 4TO Y JKMBOTHBIX TpyIiTibl BMA ropnzoH-
TajJbHasl nIBUraTesibHas akTuBHOCTb (I'/IA) ObLia
CHMXXEHa TI0 CpaBHEHMIO C KOHTPOJILHOI TpyIi-
noii (puc. 2).

KonuuectBo mnpolimeHHBIX KBaapaToB CO-
crasisiio 30.5 = 7.5, a B KOHTPOJBHOM TpyIIITe
4] £ 3.6. I1ocne BhIxoda U3 LIEHTPAJIbLHON 30HBI
I0JIsI BO3BpallleHUEe B HETO He HA0I101a710Ch, YTO
CBUACTEJILCTBYET O 00Jiee BHICOKON TPEBOXKHO-
CTU XKMBOTHBIX 3TOil rpymnnbl. BepTukaibHast
IBUratejbHasi aktTuBHocTh (B A), orpaxaroias
KaK JIBUraTejibHble, TaK U MCCIASI0BATEIbCKUE
peaxkuuu, ObL1a HIXKE Y XKUBOTHBIX rpyIinbl BMA
" cocTabiisiia 3.2 + 1.6 BepTUKaJIbHBIX CTOEK (p <
<0.05) (puc. 2). Y rpynnel BMA nipociexxuBanach
TeHACHLUS K TTOHVDKEHHOI JBUTATEIbHOM aKTHUB-
HOCTH, & TAK3KE MOBBILIICHHOMN TPEBOXHOCTH.

bbbt mocTpoeHbl aHTYJIOrpaMMbl  CYCTAaBOB
3agHell KOHEYHOCTH T10 3aIIMCsIM BUIeo(rKCcalun
JIBIDKEHUSI, KOTOpBIE TIPUBEASHBI Ha puc. 3 (a, 0).

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU
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ITo anryiorpamMmmaM BUAHO yBeJIUYEHUE yIjia B
daze Tosuka y Kpbic rpyribsl BMA no cpaBHe-
HUIO C KOHTPOJbHOI IPYNIIONA.

B niepBoii TpeTH 1LIUKIa TIpYU OKOHYaHUU (a3bl
TOJIYKa, MPpU MHULIMALIMM IBUXEHUsT HabJtoaa-
JIUCh HEaJleKBaTHbIE JBMXKEHMSI Y JXMBOTHBIX
rpynibl BMA: Kpbica ckumaja 3agHION0 Jially,
1ocJje Yero ciaeaoBajl HU3KOAMIUIUTYIHbIA TOJI-
yok (puc. 3 (B, r)). Ma3a nmepeHoca Tejaa ObLIa
Kopoue Bo BpeMeHU B rpynne BMA. Takoe nBu-
>KEHHE MOKET TOBOPUTH O XapaKTePHOI TPEBOX-
HOCTU HAHHOM TpyNIbl U MOHW>KCHHOM IBUTa-
TeJbHOI (yHKIMM. OaHAKO U3MEHEeHHUs o0beMa
JBVDKEHUS B KOJIEHHOM 1 Ta300€IpeHHOM CycTa-
Bax ObUIM CTATUCTUYECKM HEe JOCTOBEPHEI (pucC. 4).

¥V kpbichl rpyrnbl BMA OblTo 3HaUYMTEIBHOE
CHWDKEHUE IJIMHBI 1Iara U yBeJIU4eHUe IJIUTEIIb-
HOCTH 1lIara I10 CPaBHEHUIO C KOHTPOJIBHOM I'pyII-
moit: 131 £ 38 mMm (p < 0.05) 1 0.63 ¢ (p < 0.05) co-
OTBETCTBEHHO. BricoTa mogbeMa HOrM B 00eux
rpy1iax Obljia onMHakoBas (puc. 5).

OmnrcaHHas BhINIE JeBUALIUS JIOKOMOTOPHOM
aKTUBHOCTH XXKUBOTHBIX ¢ PAC moaToIKHy/1a Hac
K cienylomeil cepun skcnepuMeHToB. Cylie-
cTBy1OT gokazarenbeTBa (Khairullin et al., 2023a,
2023b), moaTrBepKIamIINe BOBJICYEHHOCTh CH-
HaNTUYeCKOll KOMMOHEHTHhI MNepudeprudeckKux
OTIEJIOB HEPBHOM CHCTEMbI Ha PA3JIUYHBIX MO-
IeJsix paccTpoiicts. KirtoueBbIM 3BEHOM TLIa-
CTMYHOCTU B HEPBHO-MBILIIEYHOM TE€pEXOe SIB-
JIsIeTCs MypuUHeprudeckasi TpaHcoyKuus (Zigan-
shin et al., 2020). ITostroMy MBI pemIMIN
CPaBHUTb MEXaHUYECKYI0 aKTUBHOCTb MBbIIIILL
TOJIEHU Y KPBIC U3 KOHTPOJIbHOU TPYIIIIBI ¥ C MO-

Ne 6 2023
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Puc. 3. AHryjiorpaMma KoJIEHHOIO cycTaBa KpbIC TPYIIIBI C BOCIIpOM3BeaeHUeM Moaeiau aytudma (BMA) (a) u
KOHTPOJIbHOM TpyTsl (6). Penpe3eHTaTMBHOE N300paXkeHHe TTOJI0XKEHUS 3aHE KOHEYHOCTH KPBIC HA MPOTSI -
JKeHHOCTH (pa3kbl 11ara y KpbIc B rpyrie BMA (B) 1 KOHTpOJIbHOI rpymnibl (r). @UoJIeTOBOM IMHUEH ITpeacTaBieHa
TPAaeKTOPHUs NBUXKEHUSI CTOIBI, TOJyObIM TPEYroJbHUKOM IOKa3aH O0beM NBWXEHMUI 3aJHell KOHEUYHOCTH.
CtpesikaMu ToKa3aH MOMEHT OKOHYaHUs (ha3bl TOTYKA.

Fig. 3. Angulogram of the knee joint of the autistic group of rats (a) and the control group (0). A representative image
of the position of the hindlimb of rats over the length of the step phase in the BMA group of rats (8) and the control
group (r). The purple line represents the trajectory of the foot movement, the blue triangle shows the volume of
movements of the hindlimb. The arrows show the moment of the end of the push phase.
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Puc. 4. O6beM ABMXKEHUS B CycTaBaX: KOJIGHHOM (KOJIEHO) U Ta300enpeHHOM (0enpo) ciieBa, cripaBa B KOHTPOJIb-
ot rpymite (K) u rpynmsl ¢ BocnpousBeaeHrueM Moaenn aytusma (BMA), naHHbIe TIpencTaBieHbl B BUAS MEI-
aHbl, pa3dpoc B IpyInax — B BUlIe MHTEPKBAapTUILHOTO pa3Maxa.

Fig. 4. The volume of movement in the joints: knee (kosieHo) and hip (6eapo) on the left, on the right in the control
group (K) and the group with the reproduction of the autism model (BMA), the data are presented as a median, the
spread in the groups is in the form of an interquartile span.

KYPHAJI BBICHIEVM HEPBHOM JEATEIBHOCTU TtomM 73 Ne 6 2023
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Puc. 5. XapakTepuCTUKU 111ara Mpy BBIMOJIHEHUU NBUXKEHUSI B “OTKPBITOM T10Jie”, ONpeaeisieMble C TTOMOIIbIO
cuCTeMBbI Buaeo3axBara ABrxkeHus (Vicon) y KpbIC IBYX IPYMNII — KOHTPOJIS U TPYIIIHI C BOCIIPOU3BEIEHUEM MO-
nenu aytusma (BMA): (a) nvHa mara, MM, (6) BbIcoTa 11ara, MM U (B) JUTMUTEIbHOCTD 111ara. JlaHHbIe MpencTaB-
JIEHBI B BUJIE CPEAHETO U CTAaHIAPTHOIO OTKJIOHEeHUs. * — p < 0.05, cTaTUCTUYECKU 3HAYMMOE pa3Inune MeXIy
rpynramu.

Fig. 5. Characteristics of the step when performing movement in an open field determined by the motion capture
system (Vicon) in rats of two groups of control and groups with reproduction of the autism model (BMA): (a) step
length, mm, (6) step height, mm and (B) step duration. The data is presented in the form of mean and standard de-
viation. * — p < (.05 statistically significant difference between the groups.

nenbio BMA B yCJIOBUSIX TTypUHEPTUYECKO MO-
YJSILIVW.

COKpAllleHUI UCCaeayeMblX MbIII (Tada. 1).
AT® coxpaHsuila 3HAaUYUMMYIO MOIYJIMPYIOLIYIO
CMOCOOHOCTD, pa3InYUii MEXIy CpPaBHUBAEMbI-
MU TPYIITIIaMU MBI HE BBISIBUJIN.

[MonydyeHHBIe HaHHBIE NEMOHCTPUPYIOT OT-
CYTCTBUE 3HAUYMMBIX U3MEHEHUI B MapaMeTpax

Taommua 1. 3aBUCUMOCTb COKPATUTEJIbHBIX ITAPAaMETPOB UCCAEA0BAHHBIX MBILIL] KPBIC, BBI3BAHHBIX 3JIEKTPUYECKOM CTU-
MYJISILMEN, OT 3KCIIEPUMEHTAIbHBIX YCIIOBUIA

Table 1. Dependence of contractile parameters of the studied rat muscles caused by electrical stimulation on experimental
conditions

DKcrepuMeHTalbHbIe Mapametp |DoHOBDII ypoBeHD ATD CypaMuH CypamuH + AT®
YCJIOBUS (100 MmxM) (100 MmxM) (100 MmxM)
m. soleus
KonTtpons (n = 12) CC 100.0 = 3.8 73.1 £ 6.4* 102.7+ 4.4 96.4+ 6.5
BC 0.083 £ 0.005 0.082 £ 0.004 0.081 = 0.005 0.080 = 0.003
BII1/2 0.090 = 0.006 0.104 = 0.010 0.092 + 0.004 0.094 £ 0.011
BMA (n = 12) CC 98.6 £ 5.1 74.8 £ 5.9* 103.2+6.3 98.7+5.3
BC 0.081 = 0.004 0.079 £+ 0.006 0.080 = 0.004 0.078 £ 0.006
BI1/2 0.091 = 0.011 0.110 £ 0.013 0.093 = 0.009 0.095 £+ 0.009
m. EDL
KonTpons (n = 12) cC 100.0 £ 4.8 859+ 3.7* 101.9+ 4.6 99.2+45
BC 0.055 £ 0.006 0.058 £ 0.007 0.060 % 0.007 0.059 £ 0.005
BIT1/2 0.068 = 0.004 0.070 £ 0.006 0.066 % 0.005 0.069 = 0.004
BMA (n = 12) CC 98.5+ 3.6 842+ 7.1% 97916.3 96.1 £5.2
BC 0.059 £ 0.006 0.060 % 0.005 0.061 = 0.005 0.061 = 0.004
BIT1/2 0.070 £ 0.005 0.072 + 0.008 0.071 £+ 0.007 0.070 £ 0.005

Tpumenanue: * — p < 0.05 oT HhoHOBOTO YpoBHSL, * — p < 0.05 ot kKoHTpoist. CC — ciuta cokpatienusi, BC — Bpemst cokpattennst, BI1/2 —
BpeMsI moJiypacciabiieHusI.
Note: * — p <0.05 from the background level, #_ 2 <0.05 from the control. CC is the contraction force, BC is the contraction time, BI1/2

is the half-relaxation time.
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OBCYXIEHUWE PE3YJIbTATOB

B kauecTBe nmomxona K pazpaboTKe HOBBIX Te-
paneBTUYECKUX CPEeACTB ObLIO CO3JAaHO He-
ckosibko Mojaeieit PAC Ha rpbidyHax, KOTOpbIe
MMOBTOPSIOT MHOTHE TMTOBeIeHYeCKEe (DEHOTUIHI,
HabOmonaeMsle y monaeit ¢ PAC (Pardo, Meffert,
2018; Chaliha et al., 2020). B HacTosi1ee BpeMs
npruMeHeHue BaibnpoeBoil KuciaoThl (BITK) saB-
JIsieTcsl HauboJiee pejieBaHTHBIM (hapMaKoJIOru-
yeckuM MogaenupoBaHueM PAC Ha XKMBOTHBIX
MOJIEJISIX, TaK KaK ObLIO J0Ka3aHo, UTO BBEACHUE
BIIK Ha paHHUX cpoKax 6epeMeHHOCTH IPUBO-
IUT K pa3JIMYHbIM HapylIeHUSIM B Pa3BUTUU
MoO3ra, TUNepakKTUBHOCTH, Ne(PULIMTY BHUMAHUS
u PAC (Wood, 2014; Christensen et al., 2019).

Eme B 1996 r. Rodier n coaBT. 0OHApYXUIN
MOP(OIOrnIecKre U3MEHEHUSI TOJIOBHOTIO MO3-
ra, KOTopble IPOXCXOIST BCIEICTBUE BBEACHUS
BIIK 6epeMeHHBIM KpbICaM: CHUXKEHUE 4JHcCia
HEWPOHOB B S/Ipax YepeImHO-MO3TOBBIX HEPBOB 1
aHoMaImu pa3BuTHUs Mo3xkeuka (Rodier et al.,
1996). BnocineacTtBum OBLIM HOKa3aHbI U HapYy-
LIIEHUS B ITIOBEIEHUM KPBIC C BAILIIPOATHOM MOZE-
Jb10 PAC, KoTopble NPOSIBISIIOTCS B MOBBIIIEHUU
nopora 00JieBOii YyBCTBUTEJIbBHOCTH, CHILKEHUU
COLIMAJIbHO-MCCJIEAOBATE/ILCKOIl aKTMBHOCTU U
MHOBBIIICHUM IBUTATEIbHON aKTUBHOCTHY U TUTIE-
PAaKTUBHOCTH, IMPOSBISIOIIMXCSI B CTEPEOTUII-
HoM noBeaeHuu (Schneider, Przewtocki, 2005).

Monenu HepBHO-TICUXUYECKUX PACCTPOMCTB
W HapylleHU pa3BUTUS HEPBHOI CUCTEMBI, B
TOM YMKCJIe U ayTh3Ma, Ha XKUBOTHBIX TIpeaocTa-
BUJIM COOTBETCTBYIOIIIME€ 3HAHUSI O HEHPOHHBIX
cxeMax UM MUILEHSIX-peLenTopax, BOBJIeUeHHbIX
B OTUOJIOTUIO U MAaTO(GU3UOJIOTUIO U3BMEHEHHOTO
noBeneHus (Gandhi, Lee, 2021). OnHoi1 U3 Heil-
POTPAHCMUTTEPHBLIX CHUCTEM, BOBJIECYEHHBIX B
MaTo(U3NOJOTUIO TICUXUYECKUX PaCCTPOMCTB,
sBisietcst mypuHeprudeckasi (Cheffer et al.,
2018). M3BecTHO, YTO MpU IATOJOTUU ITyPUHO-
BOTO U MUPUMUIMHOBOIO OOMeHa MOBpeXkAaeT-
csl HEpBHasI cucTeMa (3amaepskKKa pa3BUTHUSI, DTTU-
JIETITUYECKUE MMPUCTYTIbI, AyTU3M).

P2-penienitopbl TECHO CBSI3aHBI C 3MOpPHO-
HaJIbHBIM Pa3BUTHEM HEPBHOI CUCTEMBI, U JIIO-
0oe HapylleHHe ITypUHEPTMYECKO Iepenadyu
CHUTHAJIOB MOXKET OBITh OCHOBHBIM IIPOLIECCOM,
MPUBOISIINM K ICUXUYECKUM 3a00JI€BaHUSIM B
neaoM (Oliveira et al., 2016).

M3BecTHO, uTo P2X- 1 P2Y-peuentopbl KOH-
TPOJIUPYIOT IIUPOKUI CIIEKTp OMOJIOTMUYECKUX
XapaKTepPUCTUK, KOTOPbIE UMEIOT OTHOIIIEHUE K
ayTU3My; HalpuMep, MypuHepruyeckass CUrHa-
JIM3alus MOIYJIUpPYeT HOPMaJIbHbIM CUHAIITOTe-
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He3 u pa3Butue mo3ra (Pan et al., 2020), Bpox-
NeHHBbIC M aIallTUBHbIE UMMYHHBIC peakinu, a
Takke xpoHudeckoe BocnaneHue (Lee et al.,
2015), HelipoBocIajieHne, TIPOTUBOBUPYCHYIO
curHanmzaumio (Mitchell et al., 2017), akTuBanumio
MUKPOIJINU, XeMOTaKCHC HEHUTpo(MIIoB, ayToda-
ruro, motopuky kminedHuka (Talos et al., 2012),
MIPOHUIIAEMOCTh K1IedyHrKa (Amiet et al., 2008),
XEMOCEHCOPHYIO TpaHCOyKnuio BKyca (Besag,
2018), xpornuyeckuii 6oseBoit cuaapoM (Lamb
et al., 2019). HecoMmHeHHO, MPpUYXHBI OOJBIIH-
CTBa ITOAOOHBIX HapyHIEeHWI JieXKaT B oOJlacTu
IHHHC, HO, TOMUMO 3TOTO, HE OTPULIAIOTCS HAPY-
meHusd B (GYHKIMOHMPOBAHUU Tiepudepude-
CKOM HEPBHOI CICTEMHBI (B TOM YHCJIe ¥ B (PyHK-
LIMOHUPOBAHUM HEPBHO-MBILIIEYHOTO CUHATICA).

XOTSI ayTU3M JMArHOCTUPYETCS MO TPEM OC-
HOBHBLIM XapakKTEepUCTUKAM: COLMAIILHOMY Je-
GuLIUTy, KOMMYHUKATUBHBIM HapyLICHUSIM U
MOBTOPSIIOLIEMYCS WX CTEPEOTUITHOMY IIOBEIC-
HUIO, — Jpyrue IoBeIecHYSCKUE OCOOEHHOCTH,
TaKMe KaK CEHCOPHbIC U IBUTATEJIbHBIE HAapyllIe-
HUsI, IPUCYTCTBYIOT OoJiee uem y 70% mroneit ¢
PAC (Bhat, 2021). CBsizaHHbBIE C ayTU3MOM Xa-
PaKTepUCTUKM, TaKue KaK HapyIlIeHUs CEHCOP-
HOI 00pabOTKM U Ae(PULIUT KOOPIAUHALIMU JBVIKE-
HUI, IIUPOKO PaCpOCTPAHEHBI, HO UM YIEsIeTCS
MEHbIIIE BHUMAaHUS CO CTOPOHBI UCCIIETOBATEb-
cKoro coobiiectBa. Harpumep, cyniecTByeT psi
KA4YECTBEHHBIX U KOJWYECTBEHHBIX OTYETOB IO
PAC, onuchIBalOIIMX HapylIeHUS 3PUTEIbLHO-
MOTOPHOI 1 MaHyaJIbHOI JJOBKOCTU, KOOPJMHA-
A1 KOHEYHOCTEN BO BpeMsl 3a1a4, TPEOyOImnxX
OasiaHCa, JIOBKOCTH U CKOPOCTH, a TAKXKe HapyIlle-
Hus roxonku 1 atakcuu (Fatemi et al., 2012). Kpo-
M€ TOTO, ABMUTaTe/IbHble HAapyIIEHWS MOTYT ObITh
OTHUMM M3 CAMbIX paHHUX ITPU3HAKOB HEKOTOPBIX
dopm PAC (Ozonoff et al., 2008). CooTBeTCTBEH-
HO, OIIEHKa JBUTATEIbHBIX PACCTPOMCTB MOXET
MMOMOYb B paHHEH 1 KOJINYECTBEHHOM TUAarHOCTU-
K€ MaTOJOTMX W BBISBICHUW IUCHYHKIIMOHATb-
HBIX oOnacTeit u 1ierneit mo3ra rpu PAC. MbI moka-
3ali, YTO y >KMBOTHBIX Tpyniibl BMA Habmona-
JIOCh CHIDKEHVE BEPTUKAIBHOM Y TOPU3OHTATBHOMN
JIBUTATEJIbHON aKTMBHOCTU B “OTKPBITOM TIOJiE”.
DTO comacyercs ¢ MPeabIAyIIMMKU pe3yibTaTaMu,
MOJIYYEHHBIMU Y 3KMBOTHBIX, JE€MOHCTPUPYIO-
IIMX CHUXXKEHUE ABUTATEJIbHOU aKTUBHOCTHU MO-
cJie pe- u noctHaranbHoro BeeneHust BITK (I'ex-
3yH 1 1p., 2020; Kataoka et al., 2013; Mabungaet al.,
2015), a TakKe ¢ KIIMHUYECKUMU UCCIIeTOBaHUSI -
MU, TIOKa3bIBalolMu, 4To aetu ¢ PAC Tparsar
MEHBIIIe BpEMEHU Ha aKTUBHOE U3YYEHUE OKPY-
xaroweii cpennl (Elandaloussi et al., 2023). PAC
TaK>X€ CBSI3aHO C TPEBOXHBIMU PacCcTPOMCTBA-
Ne 6
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MU, U OLICHKHU PACIIPOCTPAHEHHOCTHU TPEBOXHO-
ctu y moaeii ¢ PAC mmpoko BapsupyIoT OT 22 10
84% (Nimmo-Smith et al., 2020). MbI TakXe BbI-
SIBUJIM TIOBBIIIIEHHYIO TPEBOXHOCTh Y TPBI3YHOB,
MOABEPTIINXCSI TIpeHaTaJIbHOMY BO3IEHCTBUIO
BIIK, Ha 4ro yka3wiBaeT ymeHblieHUe B/IA, 13-
MEHEHHE CTPYKTYPBhI 111ara U OTCYyTCTBUE UCCIIEIO-
BaHUS LIEHTPAJIBbHOM 00JIaCTH B TeCTaX B “OTKPbI-
TOM TIOJIE”, 9TO COIVIACyeTCsI M C IPYTMMU MCCIIe-
mosanmssmu (Kataoka et al., 2013; Cartocci et al.,
2018; Servadio et al., 2018). M3ameHeHMs B MCclie-
JMIOBATEJIbCKOM TTOBEISHUN MOTYT OTpaXkaTh Ha-
pymenus passutusa LIHC. OgauM 13 BO3MOXK-
HBIX OOBSICHEHUI CHVXXEHUSI MCCIIeIOBaTENb-
ckoro TioBeneHUsT v Kpeic ¢ BITK MoxeT OBITH
yMeHbIIIeHHe KojinuecTBa KieTok IlypkuHbe B
MO3XKeUdKOBBIX JoiabKax yepss (Fatemi et al., 2012).
TouyHO Tak Xe yMEeHBIICHHbIC TOJIbKA MO3KeU-
KOBOTO 4YepBsi, KOTOPbIe KOPPEIUPYIOT CO CHU-
JKeHMEM MCCIIeNOBAaTEIbCKO aKTUBHOCTHU, Ha-
Oomomanuch y neTeil, CTpaJalollnxX ayTU3MOM
(Pierce, Courchesne, 2001). Kpome Toro, Ha Ha-
pyllIeHHe aKTUBHOCTH MO3XeYKa TaKKe MOXET
YKa3bIBaTh 3HAYMTEJIbHOE CHIDKEHIE IJTMHBI 111a-
ra u yBeJM4YeHUEe IJIUTSIBHOCTH II1ara y KpbIC C
BMA 110 cpaBHEHMIO ¢ KOHTPOJBHOI TpyITIION
(Main, Kulesza, 2017). BropsIM BO3MOXHBIM
OOBSICHEHHEM MOTYT OBITh M3MECHEHMS B HEM-
POHHBIX CTPYKTypaxX, YJ4acCTBYIOIIMX B peEryJisi-
uum crtpaxa. Cioma BXOOSIT MeauabHasl IIpe-
(bpoHTaTPHAA KOpa M MUHIAJIEBUIHOE TEJIO.
AHOMAaJIMM B 3TUX CTPYKTypax HAOIIOJaICh KaK
y kpbIic B Moneau ¢ BIIK (Sui, Chen, 2012), Tak
n y ayruaHbeix moneit (Bachevalier, Loveland,
2006; Arutiunian et al., 2023). ComiacHo
(T. Schneider m R. Przewtocki, 2005), cHmzkeH-
HOE MCCJIeIOBATeIbCKOe MOBEASHNE Y B3POCIIBIX
kpnic B Monenu ¢ BITK, ckopee Bcero, MoxkeT OBbITh
OITOCPEIOBAHO CBSI3aHHBIM CO CTPaXOM TOPMOXKe-
HUEM HCCIIe0BATEILCKOTO TTOBEICHMSI.

HaGmromaemMblie rpyniioBbie pa3audus B OBU-
raTeJibHOii aKTUBHOCTWU AE€MOHCTPUPYIOT, 4TO
KpbICHI TpyIITbl BMA BBIIOTHSIN IIaTaHUE Me-
Hee a(pdektuBHO. Kpbicam rpynmel BMA Tpe-
0oBajIoCh OOJIbIIIE IBUKEHUI Jar, U 'y HUX IpO-
SBJISIIOCHh 00Jiee HETUTTUYHOE CEHCOMOTOPHOE
rnoBeaeHue (Harpumep, pe3Kuil ToabeM Jallbl,
KOpoTKas ¢aza repeHoca); Mo-BUANMOMY, 3TH
KPBICHI UCBITBIBAIN OOJIbIIIE TPYAHOCTEH B 60-
Jilee TOHKUX aclleKTaX MOTOPHOIO KOHTPOJIS
U/VJU TPYAHOCTU C KoopauHalueil (yHKUMWA
KoHeuHocTel. [TogoOHble CEHCOMOTOPHBIE W3-
MEHEHUs CBI3bIBAIOT C HapylleHueM OajaHca
CUHAITUYECKOTO BO3OYXIEHMSI 1 TOPMOXKEHUS B
IHHC, BezBaHHBIX aucyHkuneit TAMKepruye-
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CKOI1 TIepegauyu CUTHAJIOB, OOIIMPHBIMU U3MEHEe-
HUSMHU B MOP(OJI0rMY HEMPOHOB U JIOKAJTbHBIMUI
HapylIeHUsIMU MUKpoleneii HeokopTekca (Ba-
nerjee et al., 2013; Lee et al., 2017; Jiang et al., 2022).
ITockonbKy onTuMalibHas ABUTaTeIbHAsT aKTHUB-
HOCTb onpeneasaercss TOUHbIM U 3¢ PEeKTUBHBIM
IpueMoM U 00pabOTKOM CEeHCOPHOIT nHPOpMa-
1Y, HApyIlIeHUe COMaTOCEHCOPHOI 00paboTKMn
SIBJISICTCSI OOHUM M3 OOBSICHEHMI HaOJII0IaeMo-
ro MotopHoro aeduiuTta. Kak y nereii, Tak u y
B3pociibix ¢ PAC gacTo coobmanocs o rpy0ooit
MOTOPHOI HEYKIIOXECTH U HapYLLIEHUSIX MTOXO/1-
k1 u paBHoBecus (Fournier et al., 2010). B mo-
MOoJHEHUE K OTCPOYEHHOMY Hayajly XOAbObl, Y
MaJjbllleii ¢ ayTU3MOM TakKXe OTCYTCTBYET 3pe-
JIBIM maTTepH “ISITKa-HOCOK” M OHU UMEIOT 00-
Jiee TepeBaIMBAIONIYIOCS MOXOAKY MO CpaBHE-
HHIO C KOHTPOJIbHOM I'PYIIIOM TOrO X€ BO3pacTa
(Esposito, Venuti, 2008).

B nanHoI1 padboTe ObLIO MOKa3aHO OTCYTCTBUE
3HAQYUMMbIX M3MEHEHMK B CUJI€ COKpalleHUIA
MBI MIpY HAJIWYUU TEHACHLUUHU K MOHWXKEH-
HOI1 ABUTAaTEJIbHOII aKTMBHOCTH Y TPYNIIBI C BOC-
OpOU3BEICHUEM MOJECIN ayTU3Ma, B OTJIMYUE OT
KOHTPOJIbHBIX XMBOTHBIX, a TakKKe IOBBIIIEH-
HOI TP€BOXHOCTU, YTO COOTHOCUTCS C PE3YJIb-
TaTaMU OPYroro MccCiaenoBaHuUs Iepudepude-
CKOU XOJIMHEPTUYECKON HEUPOTPAHCMUCCUU Y
Kpbic ¢ Mmonenblo PAC (Apxumos u ap., 2021).
HNHTepecHOo, 4TO U3MEHEHMsI MEXaHNIECKOM aK-
TUBHOCTH IJIaAKOMBIILIEYHBIX OPraHOB U ITOBHI-
IIeHWEe NapacUMIaTUIYECKUX BIUSHUNA Y KPBIC C
PAC 6butn moCcTOBEpHO IMOKa3aHbI (3UraHIINH,
HMBaHoBa, 2021).

B Hamem wucciaenoBaHuM OBLIO HECKOJBKO
orpaHnyeHuii. Bo-nepBbIx, HAIlIM UCCACIOBAHUS
ObLIY MPOBEACHBI HA caMllax KpbIC. B HEKOTOPBIX
WUCCAENOBaHUSIX ObLIM OOHAPYKEHbI JOKA3aTelb-
CTBa pa3iMyuii B COLMAIbHO-KOMMYHUKATUBHBIX
HaBbIKaX Y OrpaHUYCHHOM MOBTOPSIOLIEMCS IO~
BEIEHMU XKUBOTHBIX B MozeJisix ¢ PAC mexay no-
Jamu. Bo-BTOphIX, orpaHu4YeHHas Bbioopka. Kpo-
Me TOro, U3HA4YaJbHO IIPpU ITIOCTAaHOBKE 3a7a4 OC-
HOBHO€ BHMMAaHHE OBbLIO yueleHo 3d¢deKkTaM
HEPBHO-MBIIIIEYHOM MNepeaaynd CKeJeTHON MbIIII-
LbI, II03TOMY WCIIOJb30BaJICSI OTrpaHUYSHHBII
Habop IOBeACHYECKMX TeCTOB. B manbHeliinem
MBI MOXEM PaCILIMPUTD ITIOBEASHYECKYIO OLIEHKY
U 100aBUTh MOAPOOHBINM aHATIN3 KUHEMATUKM.

SAKIIIOYEHHUE
OcCHOBBIBasICb Ha pe3yJbTaraXx HaCTOSLLEro
HCCJIEIOBAHUS, MOXHO MPEATNIOJI0XUTh, 4YTO 00-
L1€E Pa3INYUs B IBIKEHUU MOT'YT OBbITh HE3aBU-

Ne 6 2023



828 XAWUPYJUIUH u np.

CUMBIM (haKTOPOM AUATHOCTMKM ayTu3Ma. bonee
TIIATEJIbHOE WCCJIEOBAaHUE C HCIIOJIb30BAaHUEM
OoJIbIIIeiT BBIOOPKM U ITOAPOOHOTO KMHEMATHUe-
CKOI'O0 aHa/JiM3a MOXET IMOMOYb B HaJIbHEUIEH
OlleHKEe BapMnabeIbHOCTU JBUTATEIbHBIX (PYyHK-
L1, KaK MMOTeHIUAJIbHOTO JUArHOCTUYECKOTIO U
nporaocruyeckoro Mmapkepa PAC. Hapymenue
MOTOPUKHM — KpaiiHe HeloOolleHEHHas o00jacTb
JUIST OlleHKM 1 BMemaTtenabeTBa npu PAC. JIBura-
TeJIbHbI€ HaBbIKU JIOJDKHBI PETY/ISIPHO BKIIIOYATh-
Csl B KOMIUIEKCHBII CKPUHMHT, OLIEHKY 1 TUIaHM-
poBanue sieuenust PAC, 1 ocoGeHHO T10CIIe TIepr-
oda paHHEro pa3BUTUS, KoOrga BHUMAaHUE
poauTeJieil YacTo cMelllaeTcs Ha Apyrue MposiBie-
aus PAC.
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DISORDERS OF MOTOR ACTIVITY ON THE MODEL OF AUTISM
SPECTRUM DISORDERS

A. E. Khairullin> % #, D. V. Efimova®, D. V. Ivanova®, T. V. Baltina’?, M. E. Baltin®,
S. N. Grishin?, and A. U. Ziganshin“

“Kazan State Medical University, Kazan, Russia
bKazan Federal University, Kazan, Russia
#e-mail: khajrulli@yandex.ru

Autism, or autism spectrum disorder (ASD), is a multifactorial disease that is characterized not only by
disorders of the psycho-emotional state and social interaction, but also by somatic dysfunctions. A num-
ber of studies have also reported changes in the musculoskeletal system in patients with ASD. In this
work, by the method of video analysis of movements, we demonstrated a decrease in horizontal and
vertical motor activity, in addition, deviant movements were recorded, which indicates a violation
in locomotor activity and increased anxiety in rats with a valproate model of autism. However, a
mechano-myographic study did not reveal significant changes in the contractility parameters of
isolated skeletal muscles of rats with the ASD model. Thus, it can be concluded that general differ-
ences in movement may be an independent factor in the diagnosis of autism. A more thorough study
using a larger sample and detailed kinematic analysis can help in further assessing the variability of
motor functions as a potential diagnostic and prognostic marker of ASD.

Keywords: autism, autism spectrum disorders, ATP, P2 receptors, skeletal muscles, neuromuscular
synapse, neurotransmission
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Bo uzbexkaHue mojiydeHus MCKaxKeHHbBIX Pe3yJIbTaTOB Ha 3Talle TOKJIMHUYECKOTO U3yYeHUs HO-
BBIX (hapMalleBTUUECKUX CYOCTAHILIMI U TepalleBTUUECKUX CTpaTeruii HEOOXOAUMO YYUThIBATh
0COOEHHOCTU 1 BO3MOXKHOE BJIMSIHME BO3pacTa XXKMUBOTHOTO U MIPUMEHEHHOTO HapKo3a Ha UCXO],
9KcIiepuMeHTa. Mbl UCCe0BaIv BIUSHUE XJIOopaJiruipaTa Ha MOpdoIornyeckmue oCOOeHHOCTU
HEWPOHOB M PEAKIIUI0 MUKPOIJIMU HEOKOPTEKCAa U (DYHKIIMOHAIbHOE COCTOSIHUE CTapbIX CAaMIIOB
KkpbIic Buctap (24 mec.). Paznuuus olileHUBaIu y KOHTPOJBHBIX KPBIC U B TPYIIIE C IPUMEHEHUEM
XJiopajruapara B 103€, HEOOXOAUMOM Is1 AOCTUXKeHUsT Hapko3a (400 Mr/Kr Beca XHWBOTHOTO),
cnycTts 48 4 nocie ero BBeaeHus. [lociie mpuMeHeHUs1 xjopaaruapara BbIKUBILINE XXUBOTHbBIE
(metanbHOCTD 37.5%) MEeMOHCTPUPOBATIU JTOCTOBEPHOE HapacTaHWe MPU3HAKOB HEBPOJIOTHYEC-
CKOTo iepu1inTa B BUAE ABUTATEIbHBIX U TOBEAEHUYECKUX HAPYILIEHU 110 CPaBHEHMIO C KpbICAMU
KOHTPOJIbHOM TpyTbl. B 10OHO-TEMEHHOU 00J1aCTM HEOKOPTEKCA BbIXKMBIINUX XXMBOTHBIX YPO-
BEHb 3KcIpeccuu denka Iba-1 0611 1OCTOBEPHO BBIIIIE, YeM B KOHTPOJIE, OTMEYAJIMCh HEHPOHBI U
MUKPOTIJIMOLUTHI ¢ BbIpAaXXEHHBIMU MOPMOIOTrMYeCKUMY U3MEHEHUSIMU, XOTSI UX YMCJIO JOCTO-
BEPHO HE OTJIMYAJIOCh OT TAKOBOTO B KOHTPOJILHOI rpyIire. [TosyyeHHbIe pe3yabTaThl TO3BOJISIIOT
MPEANoOI0XUTh, UYTO HEOJIATONMPUSITHBIN 3D EKT B paHHUI TTIEpUO TTOCIe aHECTE3UN XJIOPaJITH/I -
paToM y CTapbiX KPbIC, TPOSBIISIOIIUIACS B BUIE YXyILIeHUS (PYHKIIMOHAIbHOTO COCTOSIHUS U Jie-
TaJIbHOCTH, MOXET PEaTN30BbIBATHCS 32 CUET aKTUBALIUU MUKPOIJIMU JOOHO-TEMEHHO 00J1acTh
HeokopTekca. Bonpoc B ToM, B KaKoii CTeTIEHU aKTUBALIMSI MUKPOTJIMA B KOHKPETHBIX CTPYKTY-
pax Mo3ra accolMupoBaHa ¢ (GOpMUPOBAHUEM HEBPOJIOTUUYECKUX HaApYIIEHUM, HYXKIAaeTCs B
JnajibHel1eM usdydyeHuu. [TojiydeHHbIe pe3yabTaThl HEOOXOAUMMO YUYUTHIBATh MPU (DyHIaMEHTab-
HBIX Y TOKJIMHUYECKUX UCCIIeTOBAHUSIX, B KOTOPBIX B KAUECTBE 00BEKTa UCCIEeI0BAHMS YIaCTBY-
IOT CTapble KPbIChI U XJIOpAJITUAPAT MCIIOJb3yeTCsl B KaUeCTBE aHECTETUKA.
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BBEAEHUWE

OcTtpoe HapyllleHWe MO3TOBOTO KpOBOOOpa-
meHuss (OHMK) y B3pocioro HacejleHus pas-
JIMYHBIX BO3PACTHBIX TPYIII SIBJISIETCS BEIyILEid
NPUYMHONA WHBAJIUAU3ALUMU U CMEPTHOCTU BO
BceM mupe (Donkor, 2018). YcneumHocTh BHeI-
pEHUST HOBBIX CITOCOOOB HEWPONMPOTEKIIUU, OC-
HOBaHHBIX Ha (papMaKOJIOTMYeCKUX U Hedapma-
KOJIOTMYECKUX ToaXoAax, isi MNpoUIaKTUKHU
OHMK u orpaHU4YeHUs] CTENEHU UILIEMUYECKU -
penepdy3MOHHOTO TMOBPEXIEHUSI TOJOBHOIO

Mo3ra oOycioBjieHa psaoM (akKTOpOB, B TOM
YuCJie KAaYeCTBOM IIPOBEACHUSI IIOUCKOBBIX PYH-
JaMEHTAJIbHBIX U JOKJIMHUYECKUX MCCIIeAOBAaHNI
C yyacTtueM XUBOTHbBIX. IIpu akcTpanonsauu pe-
3yJIbTaTOB 3KCIEPUMEHTATbHBIX HUCCIEI0OBaHUII B
KJIMHUYECKYIO MPAKTUKY HEOOXOAUMO YYUTHIBATH
He TOJILKO IpaHUIIbl “TeparneBTUYeCKOro okHa”,
JIO3UPOBKY Ipenapara, KOMOMHUPOBaHUE TPOM-
OONMUTUYECKOIl M HENPONMPOTEKTUBHOM Tepa-
1K1, COMYTCTBYIOILYIO MaTOJIOTHUIO, HO U aHATO-
MO-(pU3UOIOTUYECKE OCOOEHHOCTU pa3ind-
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HBIX BO3PACTHBIX TIEPHUOIOB U UX COOTBETCTBUE Y
MOJIeJIbHBIX XXUBOTHBIX M 4enoBeka. Kpome To-
ro, CYIIECTBEHHOE BIIMSIHUE HA PE3yJIbTaThl 9KC-
MepUMEHTa MOXET OKa3biBaTbh IPUMEHEHHBIN
HapKO3, MTOCKOJIbKY MOAEIUPOBAHUE UIIEMUYE-
CKOTO TTOBPEXIEHMS TOJIOBHOTO MO3Ta y JKUBOT-
HBIX OCYIIECTBIISIETCS IIPEUMYIIECTBEHHO II10-
CPEICTBOM XUPYPIrUUECKUX MAHUITYJISIIINIA.

ITIpumeHeHue o0l aHeCTe3UM B BKCHEPU-
MEHTaJIbHbIX HCCJIEIOBAHUSIX Y TPhI3yHOB pas-
JIMYHOTO BO3pacTa COMNPOBOXIAETCSI pa3HOHa-
rpaBjieHHbIMU 3 PeKTaMU Ha CTPYKTYPHYIO Ie-
PECTPOIKY OTIEJbHBIX 00JacTeil TOJOBHOIO
Mo3ra 1 noBegeHueckue peakuuu (FOxuHa u op.
2017; Bianchi et al., 2008; Stratmann et al., 2010;
Callaway et al., 2012; Wu et al., 2019; Shcherbak
etal., 2021). Bo MHOTOM IMMpOTUBOPEYUBOCTD IO~
JIYYEHHBIX PE3YJIbTaTOB MOXET OOBICHSIThCS,
BO-TIEPBBIX, MCITOJIb30BAHHOM 103011, MeXaHU3-
MOM JIeHAICTBUS M BUAOM aHECTETUKA, BO-BTOPbIX,
BO3PAcCTOM >KMBOTHBIX, YYaCTBYIOIIMX B BKCIIE-
PUMEHTE, B-TPEThUX, aHAJIM3UPYyeMOii 00J1aCThIO
rOJIOBHOTO MO3ra U KpUTEPHUSIMU OLIEHKU (DyHK-
LIMOHAJIbHOTO COCTOSIHUSI KMBOTHOTIO, a Takxke
caMUM MOJEJAbHBIM XUPYPIrUUECKUM BMellla-
TEJILCTBOM.

TouyHBIX BpeMEHHBIX AaT B ONpeaeIeHUN Ha-
yajia GU3NOJIOTUYECKOTO CTapeHUs OpTaHU3Ma 1
HaACTYIJICHUS CTAapOCTU He cylecTByeT. Corac-
HO CBOOOIHO-paguKaJIbHOU TEOpPUU CTapeHUs
CYLIECTBYET KOPpeJISILMI MEXIYy MaKCUMalbHOM
MPOAOKUTENILHOCTBIO KU3HU BUIa U CKOPO-
CTbIO MeTaboiu3Ma WHAWBUIYyMa, MPU 3TOM
KapTWHA CTapeHUS MaJIo YeEM OTJIMYaeTCs y pas-
JIMYHBIX BUIOB, CYIIECTBEHHO OTJIMYAIOIIMXCS
110 MaKCUMaJIbHOM MPOJOKUTEILHOCTU XKU3HU
(CycnukoB u ap., 2013). IToaToMy npoBeaeHue
9KCMEPUMEHTOB Ha CTapbIX (KUBOTHBIX C MOCJIE-
NYIOLIEN SKCTpANoOSLIUed pe3ybTaTOB B KJIM-
HUYECKYIO MPAKTUKY SIBISETCS OMpaBIaHHBIM.
HecmoTpst Ha cyiiecTBylolue MCCIeq0BaHUs
KOTHUTUBHOM NTUCGYHKIIMU, KOTOpasi OYeHb Ya-
CTO COIPOBOXIAECT paHHUMN U OTHAJICHHBIN T10-
CJIEOTIEPALIMOHHBIE MIEPUOABI 1 HOCUT CTOMKUIA
XapakTep y MallMeHTOB MOXWJIOTO 1 CTapYECKOTO
BO3pacTa, MexaHU3MbI ee (POpMUPOBaHUS OCTa-
10TCsl MajloudyyeHHbIMU. [lpenrnonaraercs, 4To
B OCHOBE€ KOTHUTWMBHBIX HapylIeHUI, KaK Hau-
OoJsiee 3HAUMMOIL ITPOOJIEMBI MALIMEHTOB ITOXM-
JIOTO BO3pacTa, HaxXOAWTCS HelpoBocHajleHUe.
Kpowme Toro, vccienoBaTesin NpUASPKMUBAIOTCS
MHEHUSI O TOM, YTO UMEHHO HelipoBOCIIaJIeHUe
HaxOJIUTCSI B OCHOBE Pa3BUTUSI KOTHUTWBHOM
IUCHYHKIIMU TIOCTe MPUMEHEHUs OOIIUX aHe-
CTETUKOB, UTO, B CBOIO OUYEpE/lb, OTIATOIIAET MO-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

[IIEPBAK u np.

CTONEPALIMOHHYI0 KOTHUTUBHYIO TUCGHYHKINIO
y TToxkuJIbiX nanmeHToB (Moller et al., 1998).

Ha npotstkeHrun npomokKuTeaIbHOTO BpeMe-
HU U JOCTATOYHO IIMPOKO B BKCIEPUMEHTE Ha
JJabopaTOpHBIX TPHI3yHAX B KauyeCTBE HapKo3a
Ucnoab3ytloT xyopanruapar (Vachon et al.,
2000). IIpu 3ToM HEOOXOAMMO YYUTHIBATDH, YTO
XJIOpaJAruapar, Kak u Apyrue aHeCTeTUKHU, MO-
XeT obmagats 3PpGEKTOM NPEKOHINIIMOHNPYIO-
mero aredra (Liu et al., 2015). Cnenyetr orMe-
TUTb, YTO IIPU ITPOBEACHNU SKCIIEPMMEHTOB C BO3-
PACTHBIMU KUBOTHBIMU HEIb3S1 UTHOPUPOBATH
0COOEHHOCTH MeTabojM3Ma JI000ro aHeCTeTHKa,
MOCKOJIbKY B MIPOLIECCE CTAPEHMSI IPOXCXOIUT PsIIT
CYILIECTBEHHBIX U3MEHEHUIA B CTPYKTYpe U (PyHK-
LUSX TTIeYeHU, TTOIKSTYIOUYHOM XKeye3bl U MOoYeK,
KOTOPbIE OTBETCTBEHHBI 32 META0O0I13M U BEIBE-
JieHre JeKapCTBEeHHBIX IIpenapatoB. CeromHs
BJIMSIHUE XJIOpajiruapara Ha MOp(OJIOTUYECKYIO
MEPECTPOMKY TUIIIIOKaMIIa U3y4E€HO JOCTAaTOYHO
xopoio (Ilepoak u np., 2019; Shcherbak et al.,
2021), mpu 3TOM JIpyrue o0JIacTh, B YaCTHOCTU
HEOKOPTEKC Y BO3PACTHBIX U CTaphIX JIJAOOpaTOp-
HBIX I'PBI3YHOB, OCTAIOTCSI HE3ACYyXKEHHO HEU3Y-
YeHHBIMU, YTO HE ITO3BOJISIET PaCIIUPUTD TIPe/-
CTaBJICHUS O MexaHu3Max (OPMHUPOBAHUS KO-
THUTWUBHBIX HAPYIICHUM V MTOXMJIBIX HAallUEHTOB
C IpEeUMYILLIECTBEHHBIM ITOPaKeHUEM JIOOHBIX WU
JIOOHO-BUCOUYHBIX A0JIei Mo3ra. B HacTosiem uc-
CJIeAOBAHUY MBI M3YYWJIN BAMSIHYE XJIOpAJITUapaTa
Ha (PYHKIIMOHAJIbHOE COCTOSIHME 11 MOP(doJIornde-
CKME WM3MEHEHHUSI HEMPOHOB W MUKPOIIMU He-
OKOpTEKCa Yy CTapbIX caMILOB KpbIC. brutn nmpoBe-
JICHBI DKCIEPUMEHTBI C Y4acTUEM XXUBOTHBIX JIN-
Huu Bucrtap B Bospacte 24 mec. OOHapyKeHO,
YTO ONpUMEHEHME XJIOpaJruapara B 103€, HeoO-
XOIMMOM JJIs1 JOCTUXKEHMS HapKo3a, IMPUBOIUT
K aKTUBALlUM MUKPOIJIMU HEOKOPTEKCa U YXYyII-
IIeHNI0 (PYHKIIMOHAJIILHOTO cocTosiHUsA. [lomy-
YeHHbIE JaHHbIE COITIACYIOTCSI C pe3yJibTaTaMM,
MOJy4eHHBIMU HAMU paHee 4J1s1 00JIacTeid TUIIHO-
kammna ctapbix Kpbic (Lllep6ak u np., 2019, 2022;
Shcherbak et al., 2021), 1 TTO3BOISIOT MPEAITONIO-
KUThb, YTO B OCHOBE MEXaHU3MOB YXYIILIEHUS
(YHKILMOHAJILHOTO COCTOSTHUS Y HAJIMYUSI JIETaIb-
HOCTH XMBOTHbBIX MOCJ/IE IPUMEHEHMS XJIOPAJITU -
pata MOXeT HaXOAWUThCS MPOLEeCC aKTUBALUU
MUKPOIJIUY PA3JMYHBIX 00JacTeii TOJOBHOIO
moara. [1pu aTom onpeneneHre CTPyKTyphbl MO3Ta,
aKTUBalMsI MUKPOIJIMY B KOTOPOii B OOJIbIIIEN Me-
pe OTBETCTBEHHA 3a (hOPMUPOBAHNE HEBPOJIOTH-
YeCKUX HapyIIeHUI, — IPOLECC JOBOJLHO CIOX-
HBI 1 HYXXJaeTcs B AaJibHENIIeM U3YyYCHUM.
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DrcnepumenmanvHvie  wcueomuvle. Paborta
npoBeleHa Ha cTapbix (24 Mec.) caMiiax KpbIC
Bucrap (N = 8 — sKcriepuMeHTalIbHAsI TPyIIia
“ChH” m N = 8 — skcniepyMeHTabHas Ipynna
“CONTROL”). KuBoTHbI€ ITIepea Ha4aa0M 3KC-
MepUMeHTa ObLIM OCMOTPEHBI HA MpeAMET OT-
CYTCTBUSI TOIKOXHOTO OITyXOJEBOIO POCTa MK
BOCHAJIUTEIBLHBIX MpoLeccoB. Bee akcrepumen-
THI BBITIOJTHSUIM B COOTBETCTBUM C MIPUHIIATIAMU
EBpormeiickoit konBenumu, Crpacoypr, 1986 r.,
1 XeJIbCUHKCKOM neknapaunu BcemupHoil Me-
OUILIMHCKOM accouManuy 0 TYMaHHOM oOpalle-
HUM C XKMBOTHBIMU, 1996 T., 1 ¢ TpeOOBaHUSIMU
mokyMmeHrta: [loctaHoBineHue I[J1aBHOrO rocy-
IapCTBEHHOTO caHUTapHOTo Bpada Poccuiickoit
®denepaunu ot 29.08.2014 Ne 51 “CanHurtapHO-
BIUAEMHUOJIOTUYECKIE TpeOOBaHUSI K YCTPOMi-
CTBY, O0OOpYIOBAHUIO U COMEPXKAHUIO SKCIICPU-
MEHTaJIbHO-OMOJIOTUYECKUX KIWMHUK (BUBapH-
eB)”, 1 ObI;IM omoOpeHbl brosTmyeckoit KoMuc-
cueii (mpotokoa Ne 18—5, 2018 r.).

Huzaiin uccredosanus. ZKUBOTHBIM TPYITITEI
“ChH” BBOIMIM BHYTPUOPIOIIMHHO XJIOpaJ-
ruapat (Sigma-Aldrich, CIIIA) B no3e, He06x0-
IUMOM [JIst nocTuKeHus Hapko3a (400 mr/Kr Be-
ca>KMBOTHOTO), pa3BeaeHHBbIH B 0.9%-M pacTBO-
pe Harpusa xyopuga (OAO HIIK “DCKOM”,
Poccus) us pacuera 10 Mj1/Kr Beca XXUBOTHOTO.
KusotHbIM rpymirsl “CONTROL” BHyTpnopro-
mmrHHO BBomwin 0.9%-ii pacTBOp HaTpUs XJIO-
puna B oobeme 10 mi1/Kr Beca xkuBoTHoro. Ciiy-
CTs 48 4 OLICHUBaJIN JIETATLHOCTD, PYHKIIMOHAb-
HOE COCTOSIHME KMBOTHBIX, Hajiee >KMBOTHBIX
TOBTOPHO HApPKOTU3WPOBAIN, ACKAITUTUPOBAJIU,
W3BJIEKAIN TOJIOBHOIM MO3T U (PMKCUPOBAJIN €TO B
UHK-3TaHOJ-opMabaeruiae He MmeHee 24 4.

JlemaavHocmb oyeHuealu Kak OTHOLIEHUE KO-
JIM4eCTBA HEBBLIKMBIIMX >KUBOTHBIX K OOIIEMY
YUCJTYy XKUBOTHBIX B TPYIIIIE.

Ouenka ¢yHkyuonansbHo2o cocmosiHus. 1zme-
HEHME HEeBPOJIOTUYECKUX (DYHKLIMUI OlLleHUBaIU
no mkayie ot 0 no 18 (HopMmaybHbIN Oamn — 0;
MaKCUMaJIbHbIA AeGUIUT — 18) OLEHKU TsKe-
CTM HEBpOJIOTMYECKMX HapymieHui# mNSS
(Modified Neurological Severity Score) mis
Kkpric (Tadi. 1, Chen et al., 2001). Tsoxects pac-
cTpoiictBa B 1 Oai1 MpucCyXaaeTcsl Tpu HEBO3-
MOXHOCTH BBITTIOJIHEHUSI TecTa WU 3a OTCYT-
CTBHUE TECTUPYEeMOTro pedJieKca; TakuM oopa3om,
YyeM BbIlIe O6al1, TeM Tsixkesiee coctosiHue. Hanu-
yre (yHKIMOHAIbHBIX PacCCTPOMCTB, COOTBET-
cTByolux 13—18 Gamiam, paclieHMBaeTCsl Kak
BbIpak€HHOE MOBpeXaeHue; 7—12 6anioB — no-
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BpEXIECHUE CpeaHEN TskecTU; 1 —6 — JIeTKoe 1o~
BpexneHue (Chen et al., 2001).

Tucmonoeuueckoe uccaedosanue  20108HO2O
Mmo3ea. J1ass Mop@OJOrMYEeCKOro aHaim3a He-
OKOpTeKca (POHTAIbHBIE CETMEHThI TOJIOBHOTO
MO3ra, MOPUTOTOBJICHHBIC C MCIOJb30BAHUEM
MaTpulbl A1 Mejakux rpeisyHoB (WPI, CIIIA)
00e3BOXMBAIM U 3aluBaid B Iapa(gUHOBEIE
0JIOKM I10 CTaHAAPTHOI TMCTOIOTUYECKO METO-
auke. Jlajmee ¢ uCIIONIb30BaHUEM MUKPOTOMA
(Accu-Cut SRT 200, Sakura, SImoHus1) TOTOBUIN
cepuiiHble Cpe3bl TOMIIMHOI 5 MKM, COOTBET-
ctBytomue —3.0 = 0.4 MM OTHOCUTEITLHO OpEeTMBI
(Paxinos, Watson 1998). [lenanv nsiTh WA 1IECTh
Cpe30B Ha HCCIeOyeMylo o0JacTb Mo3ra IJjs
KaXXI0ro XXWBOTHOro. /I 0030pHOrO aHaau3a
TMCTOJIOTUYECKUE TIpenapaThl OKpalluBaau re-
MaToKcuInHOM Maiiepa u so03uHOM (“Buo-
Butpym”, Poccust), Ui BeISIBJIEHUS B HEMpOHaX
cyocranuuii Huccnst mpuMeHsIn Kpe3uloBbIit
¢uoneroBsiii (“buoButpym”, Poccus).

Hmmynoeucmoxumuueckuii. memod, KOTOPBIA
ObLT MOAPOOHO OINMCaH paHee, MCIOJb30BaJIU
st BeIsiBJieHUsT Mukporiuu (Illepbak u ap.,
2020). Bkpatue. IlepBruuHbie MOJUKIOHAJIbHEIE
KO3bU aHTHUTeNa K aHTureHy Iba-1 (1 : 2000,
ab107159; AbCam, BenukoOputaHusi) UCHOIb-
30BaJiM B KauyecTBe Mapkepa MUKPOIJTMOLIMTOB.
Jnst cBSI3bIBAHUSI TIEPBUYHBIX aHTUTEN MpUMe-
Hsiin HaOop peareHToB R.T.U. VECTASTAIN
Universal Quick Kit Catalog Ne PK-7800 (USA).
Busyanuzamuio npoaykra peakiuuu MpoOBOIWIN
npyu mnoMoiuu xpomoreHa DAB+ (Diagnostic
BioSystems, Netherlands). IIpenapaTtbl gokpa-
1IMBaau reMaTokcuimHoM Jxxuna (Bio-Optica,
Nranus).

ﬂJ’[H ITOJIY4CHUA COIIOCTaBMMBIX PE3YJIbTAaTOB
OT BCEX KMBOTHBIX 06p3_3HI>I O6p3.6£lTbIBaJ'[I/I Ina-
PaJUICJIbHO U B OOAVMHAKOBbLIX YCJIOBUAX.

Anaauz eucmonoeuveckux npenapamos. Ilpu
MOMOILM CBETOBOI MUKPOCKOIUY U IIPOTrpaMM-
Horo ob6ecrieyeHuss ImageScope M (KoMnaHus
CMA (“Cuctembl 1151 MUKpOCKOTIMA 1 AHATU -
3a”), Mocksa, Poccust) ananu3zupoBaau 100HO-
TEMEHHYI0 00JIacTh HEOKOpTEKCa 0OOMX MOJIy-
mapuii rotoBHoro Moara (puc. 1). Ha cpese ro-
JIOBHOT'O MO3Ta OT KaXI0T0 XKMBOTHOIO B ITOJISIX
3peHus (0.32 X 0.24 MM) MOACUUTHIBAINA KOIU-
4yecTBO MOP(OIOrn4ecK HEeM3MEeHEHHbBIX Heii-
poHOB U Iba-1-MMO3UTUBHEIX SAPOCOAEPKALLIIX
MUKPOTJIMOLIMTOB B aHAJIM3UPYyEeMOW 0O0JIacTh
HEOKOpTeKCa. YUUTHIBAIU TOJbKO T€ HEUPOHHI,
B Cpe3€ KOTOPbhIX OTMEYaJI0Ch OIHO WU OoJiee
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Taomuna 1. Illkana oueHku Tskectu HeBposiorndeckux HapymieHuir mNSS (Modified Neurological Severity Score,

Chen et al., 2001)

Table 1. Scale for assessing the severity of neurological disorders mNSS (Modified Neurological Severity Score, Chen

et al., 2001)

Tect Baner
JIBuraresbHbIE TECTHI
Iloonamue kpoicot 3a xgocm 3
CrubaHue mepenHeil KOHEYHOCTHU 1
Crubanue 3aiHE KOHEYHOCTH 1
OTKJIOHEHME TOJIOBBI 6oJjiee yeM Ha 10° OTHOCUTEIbHO BEPTUKAIBbHOI ocH B TeueHUe 30 CeKyHI 1
Xoovoa kpoicot na noay (normal = 0; maximum = 3) 3
OO6bIuHas xonbba 0
HecmocoGHOCTE AT TIPSIMO 1
XoXIIeHUE IO KPYTY B CTOPOHY MTOPaXKEHUS 2
IManeHre Ha TapeTUYECKYIO CTOPOHY 3
CeHcopHbIE TECTDI
Tecm pazmewenus (3pUTENbHBIN Y TAKTUJIBHbBII TECTHI) 1
Ilponpuouenmuensiii mecm (NpyaaBIMBaHUE JIaMbl K Kpato CTOJA) 1
Onenka paBHoBecus Beam tect (normal = 0; maximum = 6) 6
CoxpaHeHMe paBHOBECHUS U CTaOMIbHOE IMMOJIOKEeHME Tejla Ha IepekiaguHe (0ajike) 0
3axBaTbhIBaHUE Kpasl MepeKIaanuHbl (0aKu) 1
3axBaTbIBaHME NepeKIaarHbI (0aJK1) U NaJgeHue OMHOM ITapeTUYHOM KOHEYHOCTH BIOJIb MepeKIaaHbI (0aIKm) 2
3axBaTbhIBaHUE TIepEKIAANHBI (0TKM) C OMHOBPEMEHHBIM MaJIeHUEM JABYX MapeTUYHBbIX KOHEYHOCTE! WK Kpy-| 3
XKeHMe Ha rnepeknaauHe (6anke) 6osee 60 ceKyHI
[TornbITKa COXpaHUTh paBHOBeCcUe Ha nepeknanuHe (6anke) 6onee 40 ceKyH1, HO TTafieHUe 4
IMonpiTKa coxpaHUTH paBHOBeCcHUE Ha IepekiaanHe (b6ajake) 6ojiee 20 CeKyHI, HO MageHUe 5
IManeHre 6e3 MOMBITKY COXPAaHUTh paBHOBECHE Ha MepekiaanHe (0anke) Wiu BpallleHUe Ha MepeKkaguHe 6
(banke) meHee 20 CeKyHIT
OTtcyrcrBue ped)ieKCOB WJIM NATOJIOTHYECKHE IBHKEHMS 4
ViiHoii pediiekc (BCTpsiXuBaHMUE TOJIOBBI TP IPUKOCHOBEHMHU K CIIyXOBOMY IIPOXOIY) 1
PoroBuuHEIi1 peditekc (MopraHue Iia3 Ipy JISTKOM IIPUKOCHOBEHUM K POTOBUIIE BaTOM) 1
Pednekc ucnyra (nBurareiabHas peaklivs Ha KOPOTKUIA IITyM OT IIeI4Ka 3aKuma Jijisi Oymaru) 1
Cynoporu, MUOKJIOHYC, MUOJIUCTOHMUS 1
MakcuMyM 0aJ10B 18

saapbiek. [TojlydeHHBIH Moka3aTesib Tepecyu-
ThIBaJIM Ha 1 MM? KOpBI TOJIOBHOT'O MO3ra.

Ananus skcripeccun 6enka Iba-1 B Mukpo-
MJIMOLMTAX MPOBOAUIM Ha OCHOBAHUM U3MEpe-
HUSI ONTUYECKOK IUIOTHOCTU MPOAYKTa peak-
LM, KOTOPYIO OCYLIECTBIISIIM Ha MOpdoMeTpu-
YeCKOIl YCTAaHOBKE, COCTOSIEd M3 CBETOBOIO
Mmukpockona Axio Scope Al (Carl Zeiss, ['epma-
Hus1), nuppoBoit Kamepsl Baumer CX05¢ (Bau-
mer Optronic, I'epmanus), komnelorepa IBM
PC ¢ mporpamMmHBIM OOecriedyeHueM “Bunmeo-
TecT-Mopdonorna” (BuneoTect, Poccus). Pe-
3yJbTaThl aHAJIM3a BHIPAXKAJIM B OTHOCUTEIbHBIX
equHuAaxX (OTH. €lI.) ONITUYECKOM IJIOTHOCTU. B

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

aHaIU3UPYEeMOM 00JIaCTU HEOKOpTEKCa IIPOBO-
IV U3MEPEHUE ONTUYECKOM TNIOTHOCTH TIPO-
IyKTa MMMYHOTMCTOXMMMYECKOW peakluu B
LUTOIJIa3Me BCEX SIAPOCOASPXKAIIUX MUKPO-
rIouuToB. ITpy KaxXnoM usmMepeHU BLIYUTA-
JIA OIITUYECKYIO TUIOTHOCTH (poHa (Shcherbak
et al., 2021).

Cmamucmuueckuil anaiu3 pe3yJbTaTOB MpPO-
BOJIMJIM C TIOMOIIBIO ITakeTa nporpamm “SPSS”
(Bepcust 26.0; CIIIA). Bce MaccuBbI JaHHBIX ObI-
JIU TIpOBEpPEHbl Ha HOPMAJIbHOCTHb C MOMOIIIbIO
kputepusi Konmoropopa—CwmupHoBa. CpaBHe-
HUE KOJMYECTBA HEU3MEHEHHBIX HEHPOHOB,
MUKPOIJIMOLIMTOB Y YPOBHSI UMMYHOPEAKTUB-
Ne 6

TOM 73 2023



BIIMAHUE XJIOPAJITUAPATA HA MOP®OJIOTUYECKME OCOBEHHOCTHU

837

Puc. 1. CxemaTnuHoe n3o6paxkeHre GPOHTATBHOTO Cpe3a TOJIOBHOTO MO3Ta KPbICHI, OTHOCUTEJBHO OperMbl
—3.0 £ 0.4 mM; 1 — HEOKOpTEKC; 2 — aHaIM3UpyeMasl 0b1acTb HeokopTekca (mo G. Paxinos, Ch. Watson, 1998).
Fig. 1. Schematic representation of the frontal section of the rat brain, relative to the bregma —3.0 = 0.4 mm; 1 — the
neocortex; 2 — the analyzed area of the neocortex (according to G. Paxinos, Ch. Watson, 1998).

HocTH K Iba-1 B KOpe HeoKOpTeKca MEXIY 3KC-
MeprUMEHTAbHBIMU IPYMIIAMU OLIEHUBAJIU C TTO-
Molblo f-Kputepus CTbOAEHTA € IOCIEAYIO-
IIMM MCIOJb30BaHUEM KpUTEpPHUsI pPaBEHCTBa
nucrepcuii JluBuHs. JlaHHBIE IO KOJIUYECTBY He-
U3MEHEHHBbIX HEWPOHOB, MUKPOIIMOLIMTOB U
YPOBHSI UMMYHOPEaKTUBHOCTH K Iba-1 B Kope He-
OKOpTeKca MpeacTaBIeHbl Kak cpeHee 3HadueHue +
* cranmapTtHas omubka cpegHero (M * SEM).
Paznuuus mo cpaBHEHUIO JIETAJIBHOCTU MEXIY
rpyrnaMy MpoOBOAWIN C UCTIOJIb30BAHUEM TOU-
Horo kputepus Pumiepa. Pe3ynbraThl GyHKIIM-
OHAJILHOTO COCTOSIHMSI JKMBOTHBIX ObLINA OLICHE-
HBI HelapaMeTPUUECKMM METOIOM C MOMOIIBIO
U-kputepusi MaHHa—YUTHU U TIpeaCTaBICHbI B
BUE MeAWaHbl, MUHUMAJbHOTO U MaKCHUMaJlb-
Horo 3HadeHu (Me; min, max). Pasmmaus yun-
ThIBaJIM KaK JOCTOBEPHBIC IIPY YPOBHE 3HAUYU-
moctu p < 0.05.
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Bce xxuBOTHBIE 10 Havasia SKCIIepMMEHTa Xa-
paKTEepU30BaIUCh HaJU4YMeM IPOPEKEHHOTO
IIEPCTHOTO MOKPOBa U MOHUXXEHHOUW aKTUBHO-
CTBIO B KJIETKE, UTO OOYCJIOBJIEHO BO3PACTHBIMU
PETyIsITOPHO-METa00TNUYECKUMU CABUTAMU, KO-
TOpbIe TIPUCYIIN (DUBUOJIOTUIECKOMY CTapEHUIO
opraHusma.

B rpynne “CONTROL” yepe3 48 4 mocne
BBelleHUsI (DU3UOJIOTMYECKOTO pacTBOpA JeTallb-
HOCTb cocTtaBuiia 12.5% (1 13 8 XUBOTHBIX), HEB-
poJiornyeckue (YHKIMU BBIKUBIIUX KpPBIC,
OlIEHEHHBIe 1Mo 1Kajie mMNSS, U3MEHSUIUCH OT 1
1o 2 6ayuioB (Me 1; min 1, max 2). Cryctst 48 4
rocjie MpUMEHEeHUsl XJopaJiruapaTa B 103€, He-
OOXOMMMOW JIJIsT HOCTUXKEHUSI aHEeCTe3Uu, B
rpynne “ChH” neranbHOCTh coctaBuia 37.5%
(3 13 8 XMBOTHBIX) U JOCTOBEPHO He OTJINYaiach
ot TtakoBoii B rpynne “CONTROL” (p > 0.05,
TOUYHBII KpuTepuii @uitepa). Y BBKUBIINUX XU~
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Puc. 2. JlIo6HO-TeMeHHas1 00J1acTh HEOKOpTeKca KphICHI, 5-i1 cioii. (a) — “CONTROL”. (6) — “ChH”. O60o3Ha-
YeHUsI: 3Be300YKa — MOPGhOJOTMYECKN M3MEHEHHBII HEMPOH, KOPOTKas CTpejika — MepULIe/UTIOISIPHBIN OTeK,
IUIMHHAasI CTpeJIKa — IIepUBaCKYJISIPHBII oTeK. OKpacka reMaTOKCUINHOM U 303uHOM. OK. X 10, 06. X20.

Fig. 2. Fronto-parietal region of the rat neocortex, layer 5. (a) — “CONTROL”. (6) — “ChH”. Notation: asterisk —
morphologically changed neuron, short arrow — pericellular edema, long arrow — perivascular edema. Stained with
hematoxylin and eosin. Ok. %10, ob. X20.

BOTHEIX Ipynnbel “ChH” ormeuanuch nmpu3HakKu
HEBPOJIOTMYECKUX HapyllIeHUl, OlLIECHEHHbIE 1O
mkajae mNSS ot 2 1o 6 (Me 3; min 2, max 6), Ko-
TOpbIe ObUIM 3HAYMMO OoJice BbIpaskeHBI, YeM B
rpymnire “CONTROL” (p <0.05, kpurepuit Man-
Ha—YUTHH).

TIpu MmopdoTornyecKkoM NCCaenOBaHNM JOOHO-
TEMEHHOIT 00JIaCT HEOKOpPTEKCa 00pa31ioB IOJI0B-
Horo mosra kpeic rpymni “ChH” u “CONTROL”
OTMEYalI0Ch XapaKTepHOE LIMTOAPXUTEKTOHUYE-
CKOE€ CTPOEHHME C HaTMYueM 6 CJI0eB KJIETOK U OT-
CYTCTBUEM YETKUX I'PaHUI] MEXITy HUMU. B nzy-
YeHHOM 00JIaCTM HEOKOpPTEKCa Yy XMBOTHBIX
rpynnbl “CONTROL” nHabmomaauch egyMHUY-
HBIe HEUPOHBI ¢ MOP(OJOTMIECKUMU M3MEHE-
HUSIMU B BUJZIE TUTIEPXPOMHOCTH, CMOPIIIMBAHUS
KJIETKM, OTCYTCTBUS siapa. BBISBIISICS He3HAUM-

TEJIbHBII TEPUBACKYJISIPHBIA W NEepULIEITIONSP-
HbIii oTeK (puc. 2 (a)). Y >KMBOTHBIX TPYMITbI
“ChH” B aHaJlorM4yHOI1 00JaCTM HEOKOpTeKca B
JIeBOI1 1 MpaBoii remucepax oTMedasicss yMepeH-
HbI TIEpUBACKYJISIPHBIM W TEpULIEIUTIONS PHBIA
OTEK, BCTpevaJioch OoJiblliee Yuciao Mopdoaoru-
YeCKU M3MEHEHHBIX HEMPOHOB, HAOII0IAJIOCH
HaJlM4Me XpoMaTojn3a, TUIepxXpoMaTro3a, Ka-
puoau3uca, Npyu 3TOM BbIpa’k€HHBIX 0YaroB Mo-
paxeHus: obHapyxkeHo He ObL1o (puc. 2 (0)). Ko-
JINYEeCTBO MOP(OJIOTMIECKN HEM3MEHEHHBIX Hei-
POHOB B JJIOOHO-TEMEHHOI 00J1aCTH HEOKOPTEKCa y
Kpbic rpynibl “ChH” HeckolbKO yMEHbIIAIO0Ch,
HO HE3HAUMTEJIbHO TP CPaBHEHMU C aHAJIOTM4-
HbIM nokazatejeM B rpyrme “CONTROL” (p >
> 0.05, t-xpurtepuii CTtbrofgeHTa; TA0I. 2).

Ta6muna 2. KonuyectBo Mopdoniornyecky HeU3MEHEHHBIX HepOHOB U Iba-1-MO3UTUBHBIX MUKPOIJIMOLUTOB B He-
OKOPTEKCe Y CTApBIX CaMIIOB Kpbic BucTap 10 1 mocie aHecTesnu xiopanruapatom (X + Sg Ha 1 Mm? Ha cpese)

Table 2. The number of morphologically unchanged neurons and Iba-1-positive microgliocytes in the neocortex of old
male Wistar rats before and after anesthesia with chloral hydrate (on 1 mm~* on a section)

DKcIleprMeHTaIbHAasI TPYyIIIa

KonunyecTBo KieTok

MOp(i)OJ'IOI'I/I‘{CCKI/I HEU3MEHEHHbIE HEHPOHBI

Iba-1-no3uTuBHBIC MHUKPOTJIMOLIUTHI

CONTROL 322.6 £24.2 87.5+9.2
ChH 305.3+£25.6 101.9 + 12.6
XYPHAJ BBICIITEM HEPBHOW JEATEIBHOCTU ToM 73 Ne 6 2023
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“CONTROL”. (6) — “ChH”. UMMyHO-

TUCTOXMMHNYCCKAaA p€aKldad Ha MapKE€p MUKPOIJTIUU oenok Iba-1 ¢ InogxkpammnBaHUEM IreMaTOKCUJIMHOM H}KI/IIIJ'[a.

Ok. x10, 06. x20.

Fig. 3. Fronto-parietal region of the rat neocortex, layer 5. (a) —

“CONTROL”. (6) — “ChH”. Immunohistochem-

ical reaction for microglial marker protein Iba-1 stained with Gill’s hematoxylin. Ox. X 10, ob. X20.

[Ipu ananuse mpemnapaToB roJOBHOIO MO3ra
kpbic Tpymniibl “CONTROL”, Ha KOTOpBIX UM-
MYHOTMCTOXMMUYECKHUM METOJOM ObLIU BbISIB-
JeHbl Iba-1-TI03UTHUBHBIE KIETKA MUKPOILINHU,
BO BCEX CJIOSIX HEOKOpPTEKCa OTMEUaINCh TUITNY-
HbIe KJIETKM CO 3Be3a4aroil ¢opMoii KJIETOUHOIO
TeJla ¥ pa3BeTBICHHBIMM OTpoCcTKaMu (puc. 3 (a)).
Bo Bcex cnosix HeoKopTeKca KpbIC TpYyMbl
“ChH” yepes 48 4 mocyie npUMEHEHUS XJI0pai-
ruapara Oojblnas 4acTb Iba-1-ITO3UTUBHBIX
KJIETOK MUKPOIJIMKA XapaKTepu30Balach yBEIU-
YyeHMeM IUIOLIAAN KISTOUYHOTO TeJia, YTOIIIEHU -
€M OTPOCTKOB 1 YCJIO(KHEHUEM XapaKTepa BeTBJIe-
HUSL, TTPY 3TOM KOJIMYECTBO KJIETOK 10 CPaBHEHUIO
¢ rokazatesieM B rpyrire “CONTROL” yBemman-
Bajloch He3HaumTenbHO (p > 0.05, r-xpurepmii
CrbloneHra; Tabi. 2, puc. 3 (6)). YpoBeHb UMMY-
HopeakTuBHOCTH K Iba-1 B cTpykTypax HEOKOp-
Tekca KUBOTHBIX TpyrIibl “CONTROL” cocra-
Buia 0.33 = 0.04 otH. en. IIpuMeHeHue xJiopai-
ruaparta B rpynne “ChH” npuBoauio yepes 48 u
K YBEJIUYEHUIO YPOBHS UMMYHOPEAKTUBHOCTH K
Iba-1 B MuKpommoumuTax HeEOKOpTeKca MO0
0.40 = 0.02 otH. ex., uyTto ObLUIO Ha 21% BhIllIE U
JIOCTOBEPHO OTJIMYAJIOCh OT aHAJIOTMYHOTO MOKa-
3arens B rpymnmne “CONTROL” (p < 0.05, t-xkpute-
puit CTblofeHTa).
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JlaHHbIe, TTOJIydeHHbIE B HacTosIIIEel padboTe,
CBUAECTEJILCTBYIOT O HETaTUBHOM BJIMSIHUU XJIO-
panruapara, UCIoJab30BaHHOTO JJIsI aHECTE3UN Y
24-Mecsa4HbIX Kpbic Buctap. dyHKIIMOHaTBHOE
COCTOSIHME >KMBOTHBIX OLIEHMBaJIM MO IIKajie
mNSS, KkoTopasi BKJIIOYaeT B ce0s1 ABUTaTeIbHbBIE
(cocTosiHViE MBI 1 aHOMaJIbHbIE JTBUXEHUS),
CEHCOpHBbIE (BU3YyaJIbHbIEC, TAKTUJIbHBIE U TPO-
NpPUOLIENTUBHBIE), pedIEKTOPHbIE U OalaHCO-
Bble TecThl (Chen et al., 2001). B k1nHu4deckoit
MpaKkTUKE IS OLIEHKW KOTHUTUBHOTO cTaTyca y
NalMEHTOB C TOpPaXXeHWEM JOOHBIX NOJei To-
JIOBHOTO MO3Ta yYallle MCHOoJb3YIoT TecT “bara-
pest nooHoi nuchyukuuu” (Frontal Assessment
Batter — FAB), KoTopblii MO3BOJISIET BBISBJISITD
HapylIeHWsI MBIIIUIEHUS, aHaIn3a, OETJIOCTU pe-
Yl, TMHAMWYECKOIo IIpakcuca, XBaTaTeJIbHbIX
peduekcoB (Dubois et al., 2000). B kiuHu4e-
CKOI TIpaKTHKe, a TAKXKe MPU OLEHKe (DYHKIINO-
HaJIbHBIX HAPYILIIEHUI B 9KCIIEPUMEHTE, CTAaHIapT-
HBIX WJIN UIIEUTbHBIX TECTOB U IIIKAJI HE CYLLIECTBY-
€T, €CTb MHOXECTBO PpPAa3JIMYHbIX OLIEHOYHBIX
TECTOB, KOTOPBIE YYBCTBUTEJIbHBI K BBISIBJICHUIO
HapylIeHU, OT TIOOATBHBIX A0 CIEIUPUIECKUX
(Schaar et al., 2010). M3BecTHO, YTO IIPUMEHE-
Hue xnopanruapara B go3e 300—500 Mr/kr ajs
JIOCTUKEHUS aHECTE3UM Y KPBIC COMTPOBOXKIAET-
CSl CyIIECTBEHHBIM MMOHWXKEHUEM apTepUaIbHO-
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ro JaBJ€HUs, IPU OTOM CTEIEHb IIOHMXKEHUS 3a-
BUCUT OT BBEJICHHOI J103bI U BO3pacTa XKMBOTHO-
ro (Iepb6ak u np., 2019). CrnenoBaTesbHO,
MNOTEeHLMAJbHBIN BKJIaA B JIETaJlbHOCTh U (DYHK-
LAOHAJbHYIO TUCHYHKIIUIO BBDKUBIIMX KMBOT-
HBIX [10CJIE€ aHECTEe3UU XJIOPAITUAPATOM B YCJIO-
BUSIX OTCYTCTBUSI MOJEIbHOIO XUPYPrhuuecKoro
BMeIIATebCTBA MOXET BHOCUTbH KaK TOKCHYE-
ckuii 3(deKT aHecTeTHKa Ha HEPBHYIO TKaHb
TOJIOBHOI'O MO3ra, TaK U €r0 BIMSIHUE Ha CEpaey-
HO-COCYIUCTYIO CUCTEMY C Pa3BUTUEM UILIEMU-
YeCKOro MOBpeXIeHUs TOJIOBHOIO MO3ra, a Tak-
€ COYETAaHHOE ICUCTBUE 3TUX BO3ACHCTBUN.

Hnss Mopdonaorudyeckoil OLIEHKU BIIMSHUS
XJOopanruapaTa ObLUIM BbIOPAHbI TAKUE CTPYKTY-
pbl TOJIOBHOIO MO3ra, KakKk COMaToCeHCOpHasl U’
MOTOpHAas1 Kopa JIOOHO-TeMEHHOII 00J1acTh He-
OKOpPTEKCa, KOTOpbIE UTPAIOT BaXKHYIO POJib B
¢GOopMUPOBAHUU TAKTUILHOM YyBCTBUTEIILHOCTHU
1 MoTopHOM yHKIMK. Kpome Toro, atu obja-
CTU HEOKOPTEKCa SIBJISIIOTCS IIIMPOKO MCITOIb3ye-
MOI1 MOZIEJIBIO JJIs1 U3Yy4YeHMsI IaTOreHe3a U Io1cKa
COCO00B HEMPOIIPOTEKIIUM MPU (OPMUPOBAHUU
I00AIBLHOM MIIEMUU TOJIOBHOTO MO3Ta y KpPBIC
JUIST TIOCJICAYIOIIEe SKCTPamoJsilUuM IOJy4YeH-
HBIX pE3yJIbTaTOB B KJIMHUYECKYIO IIPAKTUKY
(Ilep6ak u ap., 2020; Farkas et al., 2007). Mme-
IOIIMECS] HEKOTOpbIe pa3HOMIACUSI IO TMOBOIY
CYIIECTBOBAHUSI TOMOJIOTMU MEXAY OO0JacTsIMU
npedpoHTaIbHOII KOPLI IPUMATOB U I'PHI3YHOB
OrpaHUYMBAIOT UCTIOJIb30BAHUE ITOM YaCTU KO-
pbI AJ1s1 U3y4EHUST HeHPOIIPOTEKTUBHBIX BO3ICI-
ctBuii (Wise, 2008). PaHee B IIipoBeIeHHBIX HAMU
HUCCIEOBaHUSIX TaKXe ObUIO I0Ka3aHo, 4TO
MpUMEHEHUE XJIopajruapara y cTapblx KpbIC He
MPUBOIUT K CYIIECTBEHHOMY IeDUIIUTY MOpPO-
JIOTUYECKM HEM3MEHEHHBIX HEMPOHOB B MUpa-
mugHoM ciaoe CAl, CA2, CA3 u CA4 obGnacreit
TUMIOKaMIIa, OMHAKO COIPOBOXIAETCS 3HAYM-
MBIM CHIMKEHUEM YUCIA SSAPHIIICK B HEUPOHAaX 1
yMeHbllIeHueM mupuHbl cinos (Iepbak u ap.,
2022; Shcherbak et al., 2021). OtcyTcTBUE 3HA-
YUMOTO YMEHBIIIEHUSI KornyecTBa MOpdoIoru-
YeCKH HETIOBPEXIEHHbIX HEMPOHOB B HEOKOP-
TeKce, KaK B 00J1aCTH YSI3BUMOI K BO3JIEUCTBUIO
UIIeMUEeit, MOXET OOBSICHITHCSI HE TOJIbKO HE3HA-
YUTEIbHBIM U HEMPOIOIKUTEIbHBIM TIEPHUOIOM
cHwkeHus1 AJl, He TIpUBOASIIIMM K TOBpeXKAalo-
1eMy IeMCTBHIO, HO U BPEMEHHBIM 3TarioM IaTo-
Jiorhyeckoro Tipoiiecca. B mpeacraBiieHHOM ucC-
CJIeIOBaHUM Mbl aHAJIM3UPOBAIM U3MEHEHUE He-
oKopTekca U (PyHKIIMOHATBLHOTO COCTOSTHUSI KPbIC
yepes 48 4 mocse MpuMeHeHUsT XJopajruapara.
Br160p BpeMeHHOI TOUKM A1 aHaIu3a ObLIT 00Y-
CJIOBJIEH T€M, YTO TMOeIb HEPOHOB pa3BUBaECT-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

cs yepe3 48 4 1ociie UIIeMHUUeCcKOro MoBpexXe-
HUS TOJIOBHOTO MO3Ta, U 3TO SIBJICHUE U3BECTHO
Kak (eHOMEH “OTCpOYeHHOU Trubeau Heupo-
HoB” (Kirino, 1982). B uccienoBaHnm Ha CTapbIX
recyaHkax ObLIO MOKa3aHo, YTO JaHHBIN TpO-
LIECC Y CTapbIX 0CcO0€eii IPOUCXOIUT MeIJICHHEE,
yeM y B3pocikbix (Lee et al., 2010). MoxHo mipen-
MMOJIOXKHUTh, YTO B KOHEYHOI TOUKE SKCIIepUMeHTa
HaM He ynajoch 3aMKCUpOBaTh rvbenb Helpo-
HOB, 4YTO, BO3MOXHO, OOYCJIOBJIEHO BO3PacTOM
KUBOTHBIX. [ToaTOMY B HajibHEMIIMX KMCCAeI0oBa-
HUSIX 1IeJIeCO00pa3HO aHAIN3UpPOBaTh MOP(POJIO-
ruyeckre U3MEeHEHUsI B HECKOJIbKIX BPEMEHHBIX
TOUKax 9KCIIepUMEHTA.

MexaHM3Mbl HETATUBHOTO BO3JCiICTBUS aHe-
CTETUKOB Ha KJICTKM HEPBHOU TKAHU CJIOXHBI,
JI0 KOHIIA HEe M3yYeHbl 1 BO MHOTOM OMpees-
IOTCSI MEXaHU3MOM JEeMCTBUS U BUIAOM CaMOTO
aHecTeTUKa. B sKcriepuMeHTAJIbHBIX MCCIASA0-
BaHUSIX OBLIO MOKAa3aHO, YTO aHECTE3USI MOTCH-
LAJIbHO MOXET CIIOCOOCTBOBAThH PA3BUTUIO KO-
THUTUBHON NUCYHKIMM, BJIUSISI Ha YCKOPEHUE
TEeKyIIUX HelipoaereHepaTUBHBIX MIPOLIECCOB, NH-
IYLUAPYS alloNTo3, CIOCOOCTBYS YBEJIMYEHUIO 00-
pasoBanust [-amuionaHoro Genka (Dong et al.,
2009; Zhen et al., 2009). B Hamem ucciegoBa-
HUM OTCYTCTBUE 3HAYMMOU TMOEIU HEeUpPOHOB
HEOKOpTeKca Mocje aHECTe3UN XJIOPpaJITUIPaTOM
MpY HaJIMYUHU JIETATbHOCTU U HEBPOJOTUYECKOM
TUCGhYHKIMU Y CTapbIX XXMBOTHBIX MOXET 00b-
SICHSITbCSI TUIOTE301, COMIaCHO KOTOPOW 4yB-
CTBUTEJILHOCTh K aHeCTe3Un OOyCJOBJIeHa BO3-
pacToM HeillpoHa, a He BO3pacTOM OpraHu3Ma
(Hofacer et al., 2013). Tak, B ucciienoBaHuU Ha
HOBOPOXIEHHbIX, MOJIOJIBIX U B3POCJIbIX MbIIIaX
ObLJIO MOKAa3aHO, YTO HEHPOTOKCUYHOCTb aHEe-
CTETUKOB MOXET PacIpOCTPaHSThCS BO B3pOC-
JIOM BO3pacTe Ha 00JIaCTU MO3ra ¢ MpOo10JIKaI0-
IIMMCSI HEpOreHe30M, TaK1e Kak 3youaTast u3-
BUJIMHA 1 000HsTenbHas tykoBulla (Hofacer et al.,
2013). HeiiporeHe3 HeOKOpTEKCa KPbIChI TOCTU-
raeT MakCuMyMa B cepeiMHe — KOHIIe recTalu-
OHHOTO Mepuoaa M OTCYTCTBYET BO B3POCJIOM
Bo3pacte (Bayer et al., 1993). Ucxoas u3 sToro
MOXHO MPEINOJIOXUTb, YTO B TOJJIOBHOM MO3Te
cyuiecTByeT nuddepeHiiaibHass peruoHaslb-
Hasl ysI3BUMOCTb K HelipoanonTo3y, UHAYyLUpY-
eMOMy aHecTeTUKamMu. BeposiTHO, 4TO B mpo-
1eccax (hopMupoBaHUsI HEBPOJOTUYECKUX Ha-
pYLIEHU y BBIKUBIIKUX KPBIC MOTYT OBbITb B
OoJiblIeit Mepe OTBETCTBEHHBI IPYrrie CTPYKTY-
Pbl TOJIOBHOTO MO3Ta, TaKXe HeJIb3sl UCKII0YaTh
(byHKIIMOHATBbHYIO POJIb U3MEHEHHOTO COCTOSI-
HUS U CBOUCTB HEMPOHOB U IJIMM HEOKOPTEKCA
MpU BO3J€HCTBUU aHECTETUKOM.
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M3yyeHue BAUSTHUS aHECTE3UU XJI0paIruapa-
TOM Ha MUKPOIJIAIO HEOKOPTEKCAa Y CTAPhIX CaM-
OB KpbIc Buctap Hamu mpoBeneHo BriepBbie. B
Ka4eCTBE MOJEKYJISIPHOTO MapKepa MUKPOIIMU
JUUISL OLICHKM €€ aKTHMBAallMM UCHOJIb30BaIU KaJlb-
Huii-cBa3biBarounii 6eaok Iba-1 (ionized calci-
um-binding adapter molecule-1), KOTOpbIit 3KC-
MIpecCcUupyeTcsl BO BCeX MUKPOIIUOLIUTAX TOJIOB-
HOTO MO3Ta 1 ObLT YCHEITHO MPUMEHEeH B HaIlIUX
npeaplayiiux uccienoBanusax (FOxkuHa u ap.,
2019; Iep6ak u ap., 2022; Shcherbak et al.,
2021). U3BeCcTHO, YTO MUKPOIJINS B OTBET HA MO-
CTyIaloIUe CUTHaJbl pPa3JIudyHON MPUPOILI
TpaHCHOpPMUPYETCST U3 IMOKOSIIErocs: COCTOSI-
HUSI B aKTUBUPOBAHHOE, KOTOPOE XapaKTepu3y-
eTCsI U3MEHEHMEM KOJMYeCTBa MUKPOIIUOLIM-
TOB, BUIOU3MEHEHUEM (DOPMbI U pa3MepOB KJle-
TOYHOTO TeJia U OTPOCTKOB C YCIOXHEHUEM TUIIa
UX BETBJICHUSI, U3MEHEHUEM WHTECHCUBHOCTU
OKCIIPECCUM BHYTPUKIETOYHBIX OenkoB (Paoli-
celli et al., 2022). O6HapyKeHHbIe HaMU MOP(O-
JIOTUYECKME M3MEHEHMsS MUKPODIMOLIUTOB U
yBenuuyeHue ypoBHs Oenka Iba-1 B HUX moclie
MpUMEHEHUS XJIOpaITuapaTa CBUAETEIbCTBYET O
TOM, YTO IIPOU3OILIA AKTUBALIUS MUKPOIIUU.
N3BecTtHO, 4YTO (PU3MOIOTMYECKHE CBOMCTBA
BOCITAJIUTEAbHBIX PeaKliiii B OpraHu3Me IBOI-
CTBEHHBbI: C OJIHOI CTOPOHBI, 3TO (OPMHUPOBA-
HUE 3alIUTHBIX QYHKIIUIT, ¢ Apyroii — uype3mep-
Hasl akTUBAlLMsl MOXET IPUBOIUTH K HeOJaro-
OpUSATHEIM ucxogaMm. Ponb HelipoBocnaaeHus B
Pa3sBUTUM TMOCIEOIIEPALMOHHONW KOTHUTUBHOM
IUCHYHKIMY OPU CTAPSHUHN ITOKAa3aHa B KJIIMHU -
YECKUX U DKCIEPUMEHTAIbHBIX UCCIEeIOBaHUSIX
(Ancelin et al., 2001; Barrientos et al., 2012; Hov-
ens et al., 2015). IIpenmnonaraercst, 4To (pu3MOJIO-
TMYEeCcKOe CTapeHUe COMIPOBOXAACTCS aKTUBALI-
€l MHUKpOIJIMU OO OIPEAECICHHOro Mnopora, a
BO3ACMCTBUE aHECTETUKOM CIIOCOOCTBYET IIepe-
XOJly B TUIIEPAKTUBHOE COCTOSIHHE MO CpaBHe-
HUIO CO B3POCJIBIM OPraHU3MOM, U UMEHHO 3TO
COCTOSIHUE U MPUBOAUT K BBIPAaKeHHBIM HEBPO-
JormyeckuM HapymieHusaM (Hellwig et al., 2016).
[Tpu 5TOM BIIMsSIHUE aHECTE3UM XJIOpaJITUIAPATOM
Ha MUKPOIJIMIO HEOKOPTEKCa y CTaphiX Jabopa-
TOPHBIX TPHI3YHOB C HAJIMYMEM WU OTCYTCTBU-
€M MOJEIbHOIO XUPYPTUYECKOrO BMeEIIATeIb-
CTBa paHee He u3ydyajoch. Hamieit HaydHOI1
rpynnoi ObUIO MoKa3aHo, YTO XJOopaiaruapar y
BO3PACTHBIX KpbIC Bucrap 6e3 MoAeabHOTO X1-
PYpPruuecKoro BMellaTeJibcTBa HpUBOAUT K MOP-
GopyHKIIMOHATEHBIM U3MEHEHUSIM HEMPOHOB B
HauOoJiee ySI3BMMBIX IMOJISIX TUIIIIOKAMIIa C Ofl-
HOBPEMEHHOI aKTUBaLIMEi MUKPOIINU BO BCEX
nonsax (Iepoak u op., 2022; Shcherbak et al.,
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2021). M3BecTHO, UTO aKTUBALIUsI MUKPOIJINU B
pa3IUYHBIX €€ MPOSIBICHUSX IPEAlIeCTBYeT U
COIIPOBOXAAET IepUold Truder HEMPOHOB He-
OKOPTEKCa y KpbIC IOC/Ie TI00aIbHOM UILIEMUN
(IOepbak u ap., 2020; Gehrmann et al., 1992).
OOBsICHEeHMEM yBeIUnUeHus ypoBHsI Oenka Iba-1 B
LIMTOILIa3ME MUKPOIJIMOLIUTOB HEOKOPTEKCA MO-
cjie BO3OEHCTBUS XJIOpaaruapaToM MOXKET Cly-
KUTh WX MpeanoaraeMoe Iocaeayroniee yJ4acTue
B IIpolieccax MUrpauuu 1 paronuros3a. B HemaBHO
MNPOBEICHHOM MCCIeIOBAaHUM Ha MBbIIIAX BIEP-
Bbl€ OBLIO II0KAa3aHO, YTO MUKPOINIMS aKTUBHO
Y4acTByeT BO MHOXECTBEHHBIX IIpoleccax 00-
LIEel aHeCTe3UU MOCPEACTBOM Ilepeaadyr CUrHa-
JIOB, OMNOCPEIOBAHHBLIX MMKPOIIMAJIBLHBIM pe-
genrropoM P2Y12R, n pacimmpsieTr cBor HEMMMYH-
HbIe (pyHKIIMU B TOJOBHOM Mo3re. Kpome Toro,
aHanu3 cekBeHupoBaHusl PHK onMHOYHEIX Kile-
TOK IIOKAa3aJl, YTO aHeCTe3UsI 3aMETHO BJIMSIET Ha
YPOBHU TPAHCKPUIILINY TEHOB, CBI3aHHBIX C XEMO-
TakcrucoM M murpanueit mukporaum (Cao et al.,
2023). Bo3MmoxHBIE MeXaHM3Mbl BO3IEHCTBUS
XJOopairuapaTa Ha MHMKPOIJIMIO HEOKOpTeKca
MOTYT OBITh 00YCIOBASHBI KaK IIPSIMbIM BJIUSHU -
€M Ha KJIeTKA MUKPOIJIMM, TaK U OIOCPEIOBaH-
HO — 4Yepe3 HapylIeHUSI MUKPOLMPKYJISLINU,
BBI3BaHHbIE CHIDKEHUEM apTepUaJIbHOTIO JaBjie-
HUS1, UK (aKToOphl, CEKpeTUpyeMble HelipOHa-
MU WJIW JIPYTUMU KJIETKaMu. BeposTHO, 4TO
omnpeneanTh BKJIad KaXKI0TO MeXaHu3Ma B aKTHU-
BallMI0 MUKPOIINM HEOKOPTEKCA y CTAPhIX CaM-
LIOB KpbIC BucTap mocie aHecTe3un XJIopajrui-
paToM O4eHb CI0XKHO MJIM IIPAKTUIECKU HEBO3-
MoxHO. KpoMe Toro, HeoOXOOMMO YYMUTHIBATH
CYLLIECTBOBAaHME KOMIIEHCATOPHBIX M3MEHEHMUIt
obJiacTeii roJJOBHOTO MO3ra ¢ pa3HOM YsSI3BUMO-
CTbIO K MIIEMUYECKOMY Bo3deicTBuIO. Takxke
HeJIb35 HE YUUThIBATh MEXaHMU3MBbI B3aIMO3aBH-
cuMoro (pyHKIIMOHMPOBAHMUS HEMPOHOB B KOH-
HEKTOME, BKJIIOUYAIOIIEM TOIOIrpadruuecKu CBSI-
3aHHbIE 00JIACTM HEOKOpPTEKCca, TWIIIOKaMIla U
IPYIUX CTPYKTYp rojoBHoro moasra (CujibKuc,
2022). IMocnenyouiye sKCIeprUMeHTaIbHbIE UC-
clieIOBaHUs, ITO3BOJISIIOIINE OIPEAENIUTb BO3-
MOXHBbIE MEXaHU3MBbI, II0-BUAUMOMY, OyIyT
IpeanoaaraTh UCIoab30BaHUE MOJEICH KPHIC C
HOKAyTOM, a TakKXe METOIOB MEeTabOJIOMHOIO U
TPaHCKPUIITOMHOTO aHAJIU30B.

SAKJIIOYEHHME

OnHOKpaTHOE TpUMEHEHME XJIOpaJTuapara B
no3e 400 Mr/Kr y ctapbix caMmlioB Kpbic Bucrap
MPU OTCYTCTBUU MOJEJIILHOTO XUPYPTUYECKOTO
BMeIIaTeIbCTBA Yepes 48 4 MpMBOAUT K YBEJINUE-
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HUIO HEBPOJIOTMYECKOTO eUIINTA U YCUIICHUIO
aKTUBAlLIMM MUKPOIJIMM B JJOOHO-TEMEHHOM 00-
JacTu Heokoprekca. Ilpm mpoBeneHun dyHma-
MEHTaJbHBIX U JOKJIMHUYECKUX UCCIIeIOBaHUI C
yyactueM camMuoB Bucrap B Bo3pacte 24 Mec. u
HCITOJIb30BAaHUM XJIOpAJITUApaTa B KAUeCTBE aHe-
CTeTUKa HeoOXoauMmo obOpaliaTh BHUMaHUE Ha
3Ty OCOOEHHOCTbh, UTOOBI N30€XKaTh IMOJYUYeHUS
MCKaXXeHHBIX PE3YJIbTAaTOB.
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EFFECT OF CHLORAL HYDRATE ON MORPHOLOGICAL CHANGES
IN THE NEOCORTEX AND FUNCTIONAL STATE OF OLD MALE RATS

N. S. Shcherbak® #, G. Yu. Yukina‘, A. G. Gurbo?, E. G. Sukhorukova?,
A. G. Sargsian?, and V. V. Thomson*
4 Pavlov First Saint Petersburg State Medical University, Saint Petersburg, Russia
#e-mail: shcherbakns@yandex.ru

In order to avoid obtaining distorted results at the stage of preclinical study of new pharmaceutical
substances and therapeutic strategies, it is necessary to take into account the features and possible
influence of the age of the animal and the anesthesia used on the outcome of the experiment. We
studied the effect of chloral hydrate on morphological changes in neurons and the reaction of neo-
cortical microglia and the functional state of old male Wistar rats (24 months). Differences were as-
sessed in control rats and in the group using chloral hydrate at the dose required to achieve anes-
thesia (400 mg/kg animal weight) after 48 hours. After the application of chloral hydrate, the sur-
viving animals (mortality rate 37.5%) showed a significant increase in the signs of neurological
deficit in the form of motor, sensory and behavioral disorders compared to the rats of the control
group. In the fronto-parietal region of the neocortex of the surviving animals, the expression level
of the Iba-1 protein was significantly higher than in the control, neurons and microgliocytes with
pronounced morphological changes were noted, while their number did not significantly differ
from that in the control group. The obtained results suggest that the adverse effect in the early pe-
riod after anesthesia with chloral hydrate without model surgical intervention in old rats, which
manifests itself in the form of a deterioration in the functional state and mortality, can be realized
due to the activation of microglia in the fronto-parietal region of the neocortex. However, the pro-
cess of determining the specific structure of the brain, the activation of microglia in which is more
responsible for the formation of neurological disorders, is quite complex and needs further study. In
fundamental and preclinical studies of neuroprotective effects, in which old rats are used as the ob-
ject of study and chloral hydrate is used as an anesthetic, these features must be taken into account.

Keywords: chloral hydrate, rats, neocortex, Iba-1, aging
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Pa3paborka HeMegUKaMeHTO3HBIX CIIOCOO0B KOPPEKIINY CTPECC-MHAYLIMPOBAHHEIX paCCTPOIICTB
W YIy4IIeHUS aganTalrid K CTPECCOPHBIM BO3IECHCTBUSIM OCTAETCS aKTyaJIbHOI 3amadeii (pru3noo-
M, UMEIONIeH OOJBIION TPAHCISIIIMOHHBIN IToTeHINAal. PaHee HaMu OBIITM MIpemIoXXeHbI 3¢ dek-
TUBHBIE B JAHHOM OTHOIIIEHUH CITOCOOBI TUITOKCUYECKOTO TMIT00apUIeCKOro MPeKOHIUIIMOHUPOBa-
HUS ¥ IUCTAaHTHOTO UIIIEMUYECKOTO KOHAUIIMOHUpOoBaHusl. Lleab HacTostieit paboThl cocTosiIa B TTe-
peHoce MPUHIIMIIOB MPEKOHIMIMOHUPOBAHUSI Ha TOAXOAbl HOPMOOAPUUYECKOil WHTEepBaJIbHOM
runokcndeckoii TpeHnpoBku (MI'T). UccaenoBansl a¢pdekTh! 19T HOBBIX pexkumoB UI'T (3 msaTu-
MUHYTHBIX ceaHca ruriokenw 1o 16% O, B nenb, 3 ceanca o 12% O,, 7 ceancos 1o 12% O,, 15 ceaH-
coB 110 12% O,, 3 ceanca 1o 9% O,) B KCIIEpUMEHTATBHBIX MOJEJISIX IETTPECCUN U TIOCTTpaBMaTHYe-
CKOTO CTPECCOBOTO paccTpoiicTBa y Kphic. [TpeKOHAUIIMOHMPYIONINI peXXM BEICOKOM MHTEHCUBHO-
ctu 3 X 9%0, okazasr HanboJlee BEIpaKeHHBINM aHTUICTIPECCUBHBINA M aHKCUOJIUTUIECKUIA 3D GheKT B
MOJIEJISIX 00emnX TaTosnoruii. [1pu cHIkeHUn ypoBHS TMTIOKCUY 10 12% O, 9acTUYHO coXpaHsI 3¢ -
dextuBHOCTE peskuMbl MI'T ¢ yBeandyeHrEM KOJIMYECTBA ceaHCOB. TpeHUPOBOYHEIN peXXUM Hau-
oosbIIeil mmmTebHOCTH — 15 X 12%0,, o6nanan 3¢ ¢heKTUBHOCTHIO B OTHOIIEHUW KOPPEKIINU
b opMupoBaHMS SKCTIEpUMEHTATBHOM nerpeccun. [lepexomabrii pexxum — 7 X 12%0, — oka3bi-
BaJl aHKCUOJUTUYECKUI 3P PeKT, Torna Kak MpeKOHIULIMOHUPYIOIINI PeXXM CpeIHell MHTEHCUB-
HocTt — 3 X 12%0, — TpONIeMOHCTPUPOBAJT U aHTUACTIPECCUBHBIN, M aHKCUOJIMTUICCKUHN 3 -
¢dexT. Pe3yabTarhl CBUAECTENLCTBYIOT, UTO HauboJIbllee BAUsIHUE Ha 3(h(hEKTUBHOCTh OKa3biBajia
WHTEHCUBHOCTD THUIIOKCMYECKOTO BO3meiicTBYs. [Ipr 3TOM CHIKeHMEe MHTeHCUBHOCTH O0 16% O,
MPUBOIIIIO K OCIAOJICHUIO WJIM IOTEPE CTPECC-IIPOTEKTUBHBIX CBOMCTB. B OTHOIIEHMM pexxmma
3 X 9%0, kak HanboJiee MEPCIIEKTUBHOTO 11eJIeCO00pa3Ho MPOBECTH JadbHEHIME McCaenoBa-
HUS TI0 BBISIBJIEHUIO MOJIEKYJISIDHBIX MEXaHU3MOB, PEIM3YIOIINX €r0 CTPECC-TIPOTEKTUBHOE U

AHKCHOJIUTUYECKOE NEeUCTBUE.

Karuesvie croea: TUTIIOKCHsI, CTpPeECC, afallTalds, MHTEPBAJIbHAS TUIIOKCUYECKAsh TPEHUPOBKA,
IMOCTTPaBMATUYECKOE CTPECCOBOE PACCTPOICTBO, IEMPECCHS
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3a mnociegHWE HECKOJbKO JIeT TIaHAeMUsl
COVID-19, nicuxoTpaBMaTH3alMsI BCIEACTBUE BO-
OPYKEHHbBIX KOH(JIMKTOB, BBIHYKICHHOIO Iiepe-
CeJICHMUSI WIM HEeCYaCTHBIX CJIydyaeB KOCHYJIHCh
MWUJIMOHOB Jtofeil mo BceMy mupy (Carpiniello,
2023). Bo3pacraroniuii ypoBeHb CTPECCOI€HHOCTH,
10 pa3JIMYHbIM SKCIIEPTHLIM OLICHKAaM, IIPUBOJIUT
K YBEJIMYEHUIO KOJIMYECTBA MHAYLIMPOBAHHBIX €10
TMCUXUYECKUX paccTpoicTB. Tak, y MalMeHTOB,
yXe ycremHo BbuUleuuBiuuxcs or COVID-19, B
31% cay4yaeB HaOJIIOIAIOTCSI CUMITTOMBI ACIIpeC-
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cun, B28% — INTCP 1 B42% — TpeBOXHOTIO pac-
crpoiictBa (Mazza et al., 2022). ¥V yyacTHUKOB
BOCHHBIX KOHGMJMKTOB BMOCJEICTBMM YacToTa
Bo3dHukHoBeHuss IITCP wmoxer mocTurarh
37.8%, y cnacaTesieil ¥ MOKapHUKOB — PEKOPII-
Hble 57% (Iversen et al., 2008; Jakupcak et al.,
2008; Obuobi-Donkor et al., 2022). ITo naHHBIM
HOCJIeOIHUX MeTaaHaJIW30B, pacIlpOCTpPaHEH-
HOCTb JETIPECCUU Cpeau OOllel IOIMyIsaluu B
HacTosIIee BpeMs MOXeT mocturaTtb 25—33.7%
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(Cooke et al., 2020; Wang et al., 2020; Mahmud
et al., 2023).

C yd4yeToM HENOCTAaTOYHOI 3(EPEKTUBHOCTU
UMEIOIIMXCS CPENCTB MPOMWIAKTUKY U TepaItnu,
pa3paboTKa HOBBIX CIIOCOOOB U MOIXOIOB K ITOBBI-
LIIEHUIO YCTOMYMBOCTH OpraHU3Ma K CTPECCOPHBIM
BO3IECMCTBUSIM ITO-TIPEXKHEMY OCTaeTCsI KpaitHe
aKTyaJIbHOI1 mpobGiemoii. OgHUM M3 Hauboliee
MePCHEKTUBHBIX HAIIPABJIEHUI MOXET ObITh BO3-
pOXIEeHNE MHTepeca K METOOYy WHTEPBaJbHOMN
TMIOKCUYECKON TPEHUPOBKYU KaK CPENCTBY UH-
TYKIIWU IIEPEKPECTHOM amanTaluy MEXIy TIT0-
KCHEMN U TICUXO3MOLIMOHAJIBHBIM CTPECCOM, KO-
IJa amanTaluus K OOHOMY M3 BIUSIHWI COIIPO-
BOXIaeTcss (DOPMUPOBAHUEM TOJIEPAHTHOCTU K
cTpeccopaM APYroit MOTaJTbHOCTY VIJIV ITPUPOIBI
(Zenko, Rybnikova, 2023).

MHTepBanbHas TrUIioKkcuyeckass TpeHUPOBKa
(AI'T) npencrasisieT coboii yuepeagoBaHUE DITU-
30/10B TUIOKCUU C HOPMOKCHUEN, TUIIOKCHUEN
MEHbIIE UHTEHCUBHOCTU, TUMIEPKANTHUEN WJIU
naxe rurepokcueil. PazpaboraHo Gosbliioe Ko-
JIMYECTBO Bapualivii codeTaHuii U 1ukiaoB UI'T,
pa3IUYaloIIMXCcs 110 MOIJIbHOCTU, MTHTEHCUBHO-
CTU U KOJIMYECTBY 3IMU30I0B, JIUTEIbHOCTH KaX-
JIOTO OTAEJILHOIO HUKJIA U T.a. OnucaHbl coyeTa-
HMST KaK KOPOTKMX 3IMU30[I0B TMITOKCUN,/HOPMOK-
cuu (ot 1 no 20 mun) (Cao et al., 1992) B TeueHue
OIHOTO AHS, TaK U HAMHOTO 00Jiee JIUTEIbHBIX
SMU30[0B TUTTOKCUY/HOPMOKCHUH 10 12 yacoB u
MpoJoKUTeNbHOCTRIO 10 90 mHeil (Rodriguez
etal., 1999). HamOonrbliee pacripocTpaHeHUE
noayuunau pexxuMmbl UI'T ¢ HeGobIIM Koaude-
CTBOM BIIM3040B B JeHb (3—15) B yCJIOBUSIX yMe-
penHoit runokcnu (10—16% 0O,), KoTopbie cum-
TAlOTCS ONTUMAIBHBIMU IO COOTHOIIEHUIO 0€3-
onacHocCTU U 3(PEKTUBHOCTHU, IO CPABHEHUIO C
Bo3neiicTBUEM OoJjiee MHTEHCUBHOIM TMIIOKCUU
(8—9% O,) nim GONBIINM KOJIUYECTBOM 3ITU30-
noB (Navarrete-Opazo, Mitchell, 2014).

MN3yyeHrne (HU3MOTOTMYECKUX MEXaHU3MOB,
Jexamux B ocHoBe addektoB UI'T, saBiasercs
aKTyaJbHON 3amayeil B CBI3U C BBICOKMM Tepa-
MNEBTUYECKUM TIOTEHIIMAJIOM JaHHOTO MeToAa.
ITokazano, yro MI'T noBwIlIaeT aganTUBHBIC
BO3MOXHOCTU KapAWOpPECIUPaTOPHON CHUCTEe-
MBI, YIydIllaeT TeMOpPEOoJIOTUYeCK1e CBOICTBA,
MOBBIIIAET aKTUBHOCTh META0OJMYECKUX IIPO-
LIECCOB, B T.4. B MUOKap/e, YpOBEHb OEJIKOB aH-
TUOKCUAAHTHOU 3alllMThI, IIIAIIEPOHOB, SPUTPO-
No3TUHA, WHAYyLUMOenbHOi NO-CcHMHTa3bl, MO-
MaBJISIET OKUCIWUTEIbHBIA CTpEecC, MOIYIUPYET
CTPECCOPHBIN OTBET U (DYHKIIMIO TUITOTAJIaMO-
rurnoduzapHo-aapeHanioBoii ocu (3eHbKO, Pb10-
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HukoBa 2020; Balestra et al., 2021; Cai et al.,
2010; Knaupp et al., 1992; Park et al., 2022; Ryb-
nikova et al., 2023; Zembron-Lacny et al., 2020).

Hamu npeapinyiue uccienoBaHUs MO pas-
paboTKe HEHpPOIPOTEKTUBHBIX CIIOCOOOB C TIpU-
MEHEHMEM TMIo0apuueCcKoi TUTTOKCUHY TTOKa3alu,
YTO HE TPEHUPOBOYHBIC, a KOHAUIIMOHUPYIOIINE
PEXUMBI TUTIOKCUH, BBI3BIBAIOIIIME CPOUHYIO MO-
OMIM3alMIoO agarTallMOHHBIX PECypCOB Ha MOJIE-
KYJSIPHO-KJIETOYHOM U CUCTEMHOM YPOBHSIX,
MOTYT ObITb Haubosee 3¢pHeKTUBHBIMU (3€Hb-
ko, PrioHuKoBa, 2020; Rybnikova et al., 2022;
Rybnikova et al., 2023). C rucnojib30BaHUEM MO-
JIeJIV TUITO0aprUYeCKOli TMITOKCUYM Ha KpbIcaxX Ha-
MM OBLJIO MMOKAa3aHo, YTO TUIO0apuiecKoe rpe- 1
MOCTKOHIUIIMOHUPOBAHUE OKa3blBaeT MOIIIHOE
CTpECC-MIPOTEKTUBHOE, AaHTUACIIPECCUBHOE U
AHKCUOJIMTUYECKOE NeiCTBUE B MOJEJSIX MOCT-
TMITOKCUYECKUX U MTOCTCTPECCOPHBIX MATOJIOTUIA
Ha Kpbicax (3eHbKo, PniOHuKoBa, 2020; Ryb-
nikova et al., 2022; Rybnikova et al., 2023). Kpome
TOTrO, TPUHIMIBI KOHIWIIMOHUPOBAHUSI ObUIN
YCHEIIHO peaarM30BaHbl HaMu TIpU pa3paboTKe
CIOCOOOB UCTAHTHOTO HIIEMUYECKOIo Ipe- U
MOCTKOHAMIIMOHUPOBAHUSI, TAKXKe OKa3bIBaIOIIIe-
'O BBIPAKEHHOE CTPECC-TTPOTEKTUBHOE JICMCTBHE B
Mojessax Ha Kpbicax (bapaHoBa, 3eHbko, 2018).

CpaBHeHUe TUNodapruyeckoit 1 HopMobapu-
YeCKOU T'MMOKCUU BBISIBJISIET CXOJICTBO MOJIEKY-
JISIPHBIX CEHCOPOB U, COOTBETCTBEHHO, aIalI TUB-
HOTO OTBEeTa, OJHAKO MpPU 3TOM HOpMoOapuue-
CKasl TUIOKCHUSI OKa3bIBaeT MEHbIIIE ITOOOYHBIX
a(dekToB, sBIseTcS OoJsiee yIpaBiIsieMbIM BO3-
JIeCTBUEM, U, KaK CIeACTBUE, Oojiee 0e30ITacHBIM
(Millet et al., 2012). HopMmobGapuyecKyto Turo-
KCUIO C MCIOJb30BaHWEM JIbIXaTeJIbHOW CMeCcU
MOXHO MTHOBEHHO OCTaHOBUTbH B CJyyae BO3-
HUKHOBEHMS HeOJIaronpusiTHbIx 3¢ EKTOB,
CHSIB MacKy WJIM MoAaB KUCJIOPOI B Kamepy, B
OTJIMYME OT HCIIOJIb30BaHUSI TUIIOOAPUUECKOIA
OapokaMepbl, TIe HEO0OXOIMMO IOCTEeIIEHHOE
U3MEHEeHNe JaBJIeHUs BO U30exaHue 6apoTpaB-
MbI. B oTimure oT HopMobapuueckoii, rumnoda-
puyecKasi TMIOKCUSI MOXKET MPUBOIUTH K BO3HUK-
HOBEHMIO CUMITTOMOB OCTPOI1 BICOTHOI 00JIE3HU,
JIETOYHOM Ba30KOHCTPUKIINUM, U3MEHEHUSIM BEH-
TWISILIMOHHOM peakluu 1 XUIKOCTHOIo OajlaHca
(Conkin, Wessel, 2008; Loeppky et al., 2005; Millet
et al., 2012). YuuTeiBasi BHILLIEU3IOXKEHHOE, B Ha-
crosiieii paboTte OblIa MOCTaBJIeHa 3aaa4a pas-
paboTtaTh 3(p@PEeKTUBHBIE CIIOCOOBI HEHpPOIpPo-
TeKUMU U CTPECC-TIPOTEKIIMU C MPUMEHEHUEM
HOpMOOapudeckoit runokcuu 1 noaxonon UI'T.
I1pu 3TOM Ha OCHOBAaHUM COOCTBEHHOTO MHOTO-
JIETHETO OMbITa ObLIO CleJIaHO TIPEANOI0KEHUE,
Ne 6
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YTO MPUHIMITEI KOHIUIIMOHUPOBAHUS (CHUXKE-
HHE YMCJIa CEaHCOB, THEW BO3OCHCTBUS, C YBEIIM-
YEeHUEM MHTEHCUBHOCTHU TMITOKCUYECKOTO (DaKTO-
pa) MOTYT OBITh TAK3KE TPUMEHUMBI U K TIapaiuTrMe
HopMobapudeckoi runokcuu (Rybnikova et al.,
2022). C 11eb10 IIPOBEPKU JAHHOTO TIPEATIONoXKe-
HUSI HaMU TIPOBENICH CPaBHUTEJIbHBIN SKCIIEpH-
MEHTaJIbHBIN aHan3 3(pPEKTUBHOCTH ITPESKOHI-
LIMOHUPYIOLIUX PeXnMOB (3 X 9%0,, 3 X 12%0,,
3 X 16%0,), TPEHUPOBOYHBIX PEXKUMOB (15 X
X 12%0,), 1 nepexonHbIx BapuaHToB (7 X 12%0,)
B OTHOIICHUM KOPPEKIMU MaToreHe3a IOCTC-
TPECCOPHBIX TPEBOXHO-IEIIPECCUBHBIX pac-
CTPOICTB B MOJEJISIX Ha KPbICAX.

METOIANWKA

HccnenoBanus 1mpoBeneHbl Ha 96 B3pOCIIBIX
caMuax Kpbic 1uHuu Bucrtap u3 pecypcon LIKIT
“buokomreknna” MP PAH, comepkamuxcst B
CTaHOAAPTHBIX YCJIOBUSIX IPU CBOOOTHOM JOCTY-
ne K Bogae u nuie. [Ipu nmpoBegeHnn sKcnepu-
MEHTOB ObUIM COOJIIOA€HBLI HPUHLUIIBI, W3J10-
XKeHHble B aupekTuBax Espomeiickoro CoBeTa
(2010/63/EU) n tonnoxenusix M® PAH o pa6o-
T€ C XMUBOTHBIMHU, UCIOIb3YEMBIMU B HAyYHBIX
9KCIEPUMEHTAaX.

st MomeaupoBaHUS TUIIOKCUYECKMX HOP-
MOOaprUYECKMX YCOBUIA UCIIOJIb30BaHA aBTOMa-
TUYECKasl YCTaHOBKA, CO3Malollas TUIOKCHUIO
TpeOyeMoii MTHTEHCUBHOCTM 3a CYET KMCJIOpOoaa
BO31yXa W IOCTYIAIOIIETO B KaMepy a3oTa, I1o-
TOK KOTOPOTO HAaXOAMUTCS II0A MNPOrpaMMHBIM
VIIpaBJICHUEM KOMIIBIOTEpA YEPE3 PETYJIMPYIO-
Ui OJIOK U CMCTEeMY KJIallaHOB. YCTaHOBKA CO-
CTOUT M3 TMPO3PAYHOM KaMephbl, pas3acaCHHOU
CBhEMHOI CETKOI Ha 6 OTCEKOB, IJIOTHO IpUJjie-
rapuieil K HeM KPbIIIKU C pa3MELICHHBIMU Ha
HEH peayKTOpPOM M KJIallaHOM BBOJIa a30Ta, KjIa-
NaHaMWU M MaTpyOKaMM C BEHTWISATOPAMM IS
MNPOAYBKUA KaMepbl aTMOC(EPHBIM BO3IYXOM,
HUMPOBBIM JaTYUKOM YPOBHSI KUCIOpoda U
3JIEKTPOHHBIM YIPABJISIIOLIMM OJIOKOM (M3roTO-
putesib AO “Texnomapk Cankr-IletepOypra”).

C ucnonb30oBaHUEM KaMepbl OMHOBPEMEHHO
JUJTST BCEU TPYMITbI KPBIC CO3AaBav S-MUHYTHYIO
HOpMOOapUUYeCKYI0 TUITOKCUIO C TTOCIEAYIOIEH
15-MMHYTHOI1 peoKcureHauuei, 3 u 6ojee 311u-
30[0B rurnokcuu/peokcureHauuu (5/15 MmuH) B
JIeHb MOAPSI €XXEeTHEeBHO B TeueHue 3 fHeil. DTo
COOTHOIIIEHWE IMTEbHOCTU 3IMU30/I0B OTpa-
JKaeT OpUTMHAJIbHbBIN MOIX0/, KOTOPbIi 0a3upy-
€TCsl Ha TpeablayllleM OMNbITe aBTOPOB, IOJIy-
YEeHHOM MpPU UCCIIeTOBAHUSIX IeCTBUS ruroda-
PUYECKOTO TIpe-/TOCTKOHIAUIIMOHUPOBAHUST U
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nucrtaHTHoit wmimemuun (3eHbKo, PhIOHUKOBA,
2020; Rybnikova et al., 2022; Rybnikova et al.,
2023).

DKCIEePUMEHTAIBHO HCCIeN0BaHbl 3(P(eKThI
[IATU PEXKMMOB MHTEPBAIBLHBIX TPEHUPOBOK: 3 ITsI-
TUMUWHYTHBIX ceaHca rurokcuu 1mo 16% O, B ieHb,
3ceancamo 12% O,, 7 ceancoB 1o 12% O,, 15 ce-
aHcoB 1o 12% 0O,, 3 ceanca o 9% O,. Au3zaiin
pPEeXMMOB 06a3MpoOBajICs Ha TMIIOTE€3€ aBTOPOB O
TOM, YTO TpeXKpaTHOe BO3laeiicTBUe OoJiee MH-
TEHCUBHOI TMIIOKCHEil MOXET OKa3bIBaTh OoJiee
BbIpaXXEHHOE BJIUSIHUE (COOTBETCTBEHHO, PEXKM-
MbI cpaBHeHUus1 — 9% O,, 3 ceanca, u 16% O,,
3 ceaHca), a 3PPEKTUBHOCTb CPeAHETo MO WH-
TEHCUBHOCTU PEXMMa TUITOKCUN MOXET YBEJIM -
YUBAThCS C YBEJIMYEHUEM 4YMCJIa CEAHCOB, 4YTO
XapakTepHO IJIsI KilacCuyeckux rnoaxonon UI'T.

ad)(beKTBI JaHHBIX TECTOBBIX TMITOKCHUYECKUX
BO3JIEHCTBUII ObLIM MCCJIEIOBAHbI B OKCIIEpU-
MCHTAJIbHBIX MOZACIAX IICUMXOSMOIIMOHATIBHOI'O
CTpe€CCa U IMOCTCTPECCOPHBIX TPEBOKHO-ACIIPEC-
CUBHBIX COCTOSTHUI Y KpPbIC.

“Butyuennas becnomowpocms” (BbB)

B xauecTBe aKCIIepMEHTAILHO MOIEIN Je-
nmpeccun Obla MCIIOJb30BaHa KJlaccudecKas
MoOJeNIb “BhIydeHHOI OecrioMmomHocTn” (BDB)
(Henkel et al., 2002; Seligman, Maier, 1967; Se-
ligman, Beagley, 1975; Willner, 1986). Kpbich
MMOIBEPTrajICh BO3ACHCTBUIO aBEPCUBHOTO HEN3-
OGeraemMoro cTpeccopa, 3JIeKTPOKOXHOTO pa3apa-
xeHud (1 MA, 60 I, 15 ¢), 60 pa3 ¢ Henpenckasy-
€MbIMY MHTEpBAJIaMU MEXXIy HUMU OT 15 1o 45 c.

Modenw IITCP “cmpecc—pecmpecc”

Jns MHAYKUMW aHajiora IoCTTpaBMaTU4e-
ckoro crtpeccoBoro paccrpoiictea (ITTCP) wuc-
MOJI30BAJIM MOJIEIb “TpaBMaTHMYECKUl cTpecc —
pecTpecc”. Dra Mofeib, npemioxeHHas M. JInbdep-
30HOM U Koyteramu B 1997 romy (Liberzon et al.,
1997), BBITOAHO OTJIMYAETCS OT APYTUX Mojesei
CBOEIi 3THONOrMYEeCcKOit 000CHOBaHHOCTHIO. Ee
OCHOBY COCTaBJISIET Mapagurma “TpaBMaTuye-
CKUI CTpecc — pecTpecc”, B KOTOPOIi BOCIIPOU3-
BOIUTCSI MATOTreHeTUYeCcKasi pojib MPealIeCTBYIO-
1Ieli TICMXOTpaBMaTU3allMi B CUTyalluu, BOCTIPU-
HMMaeMoil Kak yrposa mjst xku3Hu. [lporenypa
CTPECCUPOBAHMS BKJIIOUAJIa YCIOBHO ““TSDKENbINA”
MMaTOTeHHLI cTpecc (2 4 uMMoounr3auuun, 20 MuH
BBIHY>KACHHOTO IJIaBaHUS U, ocjie 15-MUHYTHOTO
repepbiBa, BO3ACUCTBIE 2(PUPOM 0 OOE3ABIKU-
BaHus). Yepes 7 cyT MpOU3BOAWICS HAITOMUHAIO-
LM, YCIOBHO OoJiee “Mmsrkuii”, pectpecc (30 MyuH

Ne 6 2023
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MMMOOMJIN3AallN), BBHITIOJHSIONINN POJIb TPUT-
repa, 3allyCKalollero pa3BUTHUE MOIEIbHOTO
anajora IITCP ¢ cuMritomMmaTukoit TpeBOXKHOIO
MMaTOJIOTNYECKOTO COCTOSTHUSI.

Tlosedenueckoe mecmuposarue

JI71s1 OLleHKU TIOBelIeHMsI, ABUTraTeIbHOM aK-
TUBHOCTU W YPOBHSI TPEBOXHOCTU >KMBOTHBIX
HUCMOJb30BaJIM TECTUPOBAHUE B “OTKPBHITOM MO-
ae” (OIl) u “npunogHSITOM KpecTooOpa3HOM
nabupunte” (ITKJT).

Tect OIl, gpasgiomuiicsa KiIacCU4eCKUM Me-
TOJIOM MCCJeIOBaHMUS TOBEIEHUSI TPLI3YHOB B
HOBBIX (cTpeccoreHHbIx) yciaoBusix (Hall, 1936),
MO3BOJISIET OLIEHUTh YPOBHU JJIOKOMOTOPHOM aK-
TUBHOCTU W OPUEHTUPOBOYHO-KUCCJIEI0BATE/b-
CKOTO ITOBeIeHUSI KpbIC. TecTupoBaHre MPOBOIM-
JIOCh Ha 4-#1 IeHb mocie cTpecca moneneir Bb u
IITCP B ycTraHoBKe Iuiomanbio 1 M> KBaIpaTHOI
¢ opMel, pa3ouToii Ha 36 CEKTOPOB, C ICTOYHUKOM
CBETa CBepXy B LIeHTpe ycTaHOBKU. McrbiTyemoe
JKMBOTHOE MOMEILAJIA B LIEHTP OTKPBITOTO MOJISl U
B T€UEHUE 5 MUHYT (PUKCUPOBAIN €70 aKTUBHOCTb,
B XOJIe¢ 9KCIIEpMMEHTa OTMeUaid BpeMsl JIJATeHTHO-
ro Trepuoaa, KOJIMYeCTBO TNepeceyeHHbIX KBaapa-
TOB Pa3JIMYHbIX 30H YCTAHOBKHU, BPEMsI TPYMMHTa,
BEPTUKAJIbHBIX CTOEK, UMMOOWIM3ALIUH.

Ju1st u3y4eHus1 YpOBHSI TPEBOXHOCTU KUBOT-
HBIX M BO3MOXHOTO aHKCHUOJUTUYECKOro 3(@-
¢ekra UI'T coorBeTcTBEHHO, OBLI ITIPUMEHEH
noBeneHYecKuii Tect “IIpuMnogHSTBHIN KpecTo-
obpasnbiit 1adbupuHT” (Pellow et al., 1985). Te-
ctupoBanue B I1KJI nmpoBommuiock Ha 5-i1 feHb
nocne crpecca moxaeneii Bb u IITCP. TIKJI
MpeICTaBIsIeT U3 ceOsI IPUITOMHATHIN Ha 1 M Hax
IMOJIOM JIJAOMPUHT C JIBYMSI OTKPBITHIMU OCBE-
IIEHHBIMU (CTPECCOTeHHBIMM) 1 IBYMSI 3aKpHhI-
TBIMU (TEMHBIMH, YCIIOBHO 3allIUIIIEHHBIMH) PY-
kaBamMu. KpbIcy moMelnany B LIEHTP YCTAHOBKH
1 B TeUeHUE 5 MUHYT PETrMCTPUPOBAIN BBIOOD
PYKaBOB U 1IEHTpa, BpeMsl, ITPOBEICHHOE BO BCEX
atux 30Hax (Pellow et al., 1985; Walf, Frye, 2007).

DyHKYUs 2Unomanramo-2unopu3apHo-
A0peHOKOPMUKAAbHOU CUCMEMbL

MetonoM TBepaOo¢ha3HOTO UMMYHO(EPMEHT-
HOTO aHaJIM3a IIPOBEJCHO OTpeae/ieHE YPOBHE
KOPTHMKOCTEPOHA B IJIa3M€ TYJIOBUIIIHON KPOBM,
MOJTyYEHHOM TTPY IeKAMUTALIMK XXUBOTHBIX Ha 6-i1
JIeHb MOCJIe MOJIeIbHOTO cTpeccupoBaHusi. Mc-
MOJIb30BAHBI KOMMeEpYECKHre NDA-kuThI
(K210R, KoptukoctepoH kpbica/Mbilib MDA,
00O Xewma, Poccus).

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

3EHBKO u mp.

Cmamucmuueckas obpabomka pe3yibmamos

boin ucnonb3oBaH NOPOrpaMMHBIN  ITaKET
STATISTICA 12.0. PacnipeneneHue mapamMmeTpos,
MNpOaHaAIM3MPOBAHHBIX B CTAThe, OBLIO MPOBEPEHO
Ha HOPMAaJIbHOCTh 110 Kputepuio Komamoroposa—
CMUpHOBa, II0CJIe Yero ObLI MCHOJIb30BaH HEIla-
pamerpuueckuii  U-kputepuii MaHHa—YUTHMU.
Paznmuuus mexny BhIOOpKAMU CYMTAJIM CTATUCTH-
yecku 3HaynMbiMu 1ipu p < 0.05. JlanHble Ha pu-
CYHKax IIpeICcTaBjleHbl B BUAE CPpeOHEro + cTaH-
JaptHas owmmoka cpenHero (M = SEM).

PE3YJILTATBI UCCIEOJOBAHUN

dopmupoBaHUe IKCIIEPUMEHTAIBHOI IeTipec-
CUU y XXMBOTHBIX B MOJEIIN “BBIy4eHHOM OECITo-
MOIIIHOCTH” COMPOBOXIAIOCH MPOSIBICHUEM JIO-
KOMOTOPHOTO JiepUlInTa, XapaKTepPHOro ISl JaH-
HOro 3a0oyieBaHMSI: KpbIChI 3TOM  TPYMIIbI
COBEpLIA JOCTOBEPHO MEHLIIE IepeceyeHMi
KkpaitHux kBaapatoB OI1, To ecTb IeMOHCTpUpPOBa-
JIA CHVDKEHUE TOPU3OHTAIIBHOM IBUTaTEIbHOM aK-
tuBHOCTHU (p = 0.027, puc. 1 (a), *), npu coxpaHe-
HUU BEPTUKAIbHOM JIBUTATEIBHOU aKTUBHOCTMU.

B rpyrmax 3 X 9%0, + BB, 15 X 12%0, + BB,
7 % 12%0, + BB, 3 X 12%0, + Bb (Bce TecTOBbIE
rpymmbel, kpome 3 X 16%0, + BB) mokasarenb
TOPU30HTAJIbHOI aKTUBHOCTU KPBIC ObLI TOCTO-
BEPHO BHIIIIE, YeM Y JKUBOTHBIX C MOJICJILHOI Jie-
npeccueit (p = 0.001, p < 0.01, p =0.023 u p =
= (0.044 cootBeTcTBEeHHO; puc. 1 (a), #) n coort-
BETCTBOBAJI 3HAYEHUSIM KOHTPOJIsI, UTO CBMJIEC-
TEJIbCTBYET 00 OTCYTCTBUU IETPECCUBHO-IIO-
nobHoi cuMmntomatuku. Haubonbiiye abco-
JIIOTHBIE TTOKa3aTeJIN JIBUTaTeIbHO aKTUBHOCTHU
ObUIM OTMedeHbI B rpynmnax 3 X 9%0, + Bb u
15 X 12%0, + BB (puc. 1 (a)).

MMmmoOunuzanmsi, TakKe xapakTepHas st
pa3BUTHUS MOACIbHOI AeNpeccun y KpbIc, ObLIa
OTMEUYEeHa y 4acTu Kpbic B rpymmax Bb, 3 X
x 16%0, + Bb (p < 0.05, puc. 1 (B), *), 7 X
X 12%0, + Bb u y onHoIli KpbICHI B rpymre 3 X
X 12%0, + BB; B koHTpOJIEe U rpyIax 3 X 9%0, +
+ BB, 15 X 12%0, + Bb nMMmoOuiIn3anus moji-
HOCTBIO OTCcyTcTBOBaja (puc. 1 (B)).

ITo cpaBHeHUIO C AEMPECCUBHBIMU COCTOSI-
HUsSIMU, pu pa3BuTtuu MoaeabHoro INTCP Ha-
PYLIEHUI TOPU3OHTAJILHOM IBUTATEIBHON aK-
TuBHOCTU B Tecte OIl oOBIYHO He oTMevaeTc,
YTO Takke ObLIO TMPOAEeMOHCTPUPOBAHO B Ha-
mem s3kcnepuMenTe (puc. 1, 6). B rpynne ITTCP
MPOSBICHUN UMMOOUIMN3ALIMU KUBOTHBIX OBLIO
JIOCTOBEPHO OoJiblile, yeM Yy KoHTpous (p < 0.05,
puc. 1 (1), *), B rpyrmmax 15 X 12%0, + IITCP,
Ne 6
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Puc. 1. Pe3ynbraThl NOBEeIeHYECKOIO TECTUPOBAHMS B TECTE “OTKPBITOE MoJjie”. (a) — TOpU30HTaIbHAS IBUTATEIb-
Hast akTUBHOCTb KpbIc Mofeau Bb, BB+UI'T u KOHTpoJis1, KOTMYECTBO NMPOMIEHHBIX KpAalfHUX KBAaAPaTOB OTKPbI-
TOTO T0J1s. (0) — rOpu3OHTaIbHAS ABUTaTeIbHast akTUBHOCTb Kpbic Moaenau [TTCP, I[ITCP + UI'T u koHTpons,
KOJIMYECTBO MPOMIEHHBIX KpaiflHNX KBagpaToB. (B) — BpeMsl nMMmoOwin3auuu Kpeic moaeiau Bb, Bb + UI'T u
KOHTpOJIS, CeKyHBI. (T) — BpeMsi umMobunu3anuu Kpbeic Moaeau ITTCP, IITCP+UI'T u KoHTposi, CEKYHIIbI.
Kontpons (n = 12), Bb — rpyrma Bb (n = 12), 3 X 9+ BB, 15 X 12+ BB, 7 X 12 + BB, 3 x 16 + Bb — rpynmsr Bb
B cOYeTaHUM ¢ yKazaHHBIM pexxuMoM UTI'T, coorBercTBeHHO (1 = 6), IITCP — rpynna mogenu IITCP (n = 6), 3 X
X 9+ IITCP, 15 X 12 + TITCP, 7 X 12+ IITCP, 3 X 16 + IITCP — rpynms!l Mmogenu ITTCP B coueTaHuu ¢ 3amaH-
HbIM pexkuMoM MT'T, cooTBeTCTBEHHO (1 = 6 B KaXK0i1). * — IOCTOBEpHOE OTJIMYME OT KOHTPOJBbHOM IPYIIIBI, # —
JIOCTOBEPHOE OTJIMYME OT IPYIIIBI COOTBETCTBYIOIIEH maTojioruu, p < 0.05, kpurepuit Manna—YuTtHu.

Fig. 1. The results of behavioral testing in the “open field” test. (a) — horizontal locomotor activity of rats of the LH
model, LH + IHT and control, the number of lateral squares of the open field passed. (6) — horizontal locomotor
activity of rats of the PTSD model, PTSD + IHT and control, the number of lateral squares passed. (B) — the time
of freezing of rats of the LH model, LH + IHT and control, seconds. (r) — the time of freezing of rats of the PTSD
model, PTSD+IHT and control, seconds. Control — control animals (» = 12), LH — groupof LH (n =12),3 X 9 +
LH,15%x 12+ LH,7 x 12+ LH, 3 X 16 + LH — groups of LH combined with the specified IHT regime, respectively
(n=16), PTSD — group of model PTSD (n=16),3 X9+ PTSD, 15 X 12+ PTSD, 7 X 12+ PTSD, 3 X 16 + PTSD
are groups of the PTSD model combined with the specified IHT mode, respectively (n = 6 in each). * — sig-
nificant difference from the control group, # — significant difference from the group of the corresponding pa-
thology, p < 0.05, Mann—Whitney test.

7 X 12%0, + IITCP, 3 X 16%0, + IITCP ummo- Tectuposanue B I1KJI mokasaso, 4To 1o npo-
OMIM3aLNY HAOIIONAINCH Y OTAEIbHBIX XKUBOT-  SIBJIEHUSIM HCCJIEIOBATEIbCKOM aKTUBHOCTU U
HbIX (puc. 1 (1)), a B KOHTpOJIE U Ipymiax 3 X  TPEBOXHOCTU KPBICHI MOJEJM AETIPECCUU HE OT-
X 9%0, + IITCP, 3 X 12%0, + IITCP nmM0OGK-  JIMYAIOTCI OT KOHTPOJIbHBIX (pHUC. 2 (a, B)), KaK 1
Jm3anms orcyrcrBoBaina (puc. 1 (1)). MOBEICHYECKHUE TMOKA3aATENM XUBOTHBIX OOJIb-
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muHcTBa pexkumoB UI'T + Bb, omHako mis
rpynn 3 X 9%0, + Bb (B 6osbliieii cTeneHun) u
3 X 12%0, + Bb (1o MeHbI11eMy KOJIMYECTBY T10-
KazaTeJieil) BBISIBJIEH HOCTOBEPHBINT aHKCHUOJIN-
TUIeCKU 3(PGEKT Jaxke OTHOCUTENBHO TPYITITHI
KOHTpOJs. 2ZKuBoTHbIe Tpynmbl 3 X 9%0, + Bb
MPOBOAWIM OOJIbIIIE BPEMEHU B LICHTPE YCTAHOBKU
ot Havasia nocagku B ITKJI (p = 0.016, puc. 2 (a), *),
yallle BBIXOIWIM B OTKpbIThIe pykaBa (p = (.028,

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

I

puc. 2 (1), *) 1 mpoBOAWIM TaM OOJIbIIIE BPEMEHMU,
yeM KoHTpoJsibHBIe (p = 0.022, puc. 2 (B), *).

Kpsicol rpynmst 3 X 12%0, + Bb noctoBepHo
yale KOHTPOJIS BBIXOAWINA B OTKPBITHIE PyKaBa
ITKJI (p = 0.036, puc. 2 (o), #) u¥ TPOBOAWUIIN TaM
10 a0COTIOTHBIM MOKa3aTeJIsIM BTOPOE BPEMsI 110~
cne rpymnsl 3 X 9%0, + Bb (p = 0.05, puc. 2 (B)).

B oTnnuue oT Moden 3KCIIepUMEHTaIbHOMI
JIerpeccuu, ObLI BBISIBJICH 3HAYMMBbIIA aHKCUO-
Ne 6
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Puc. 2. Pe3ynbrathl TeCTa “TIPUTIOTHSTHIN KPeCTOOOPa3HbIN JaOMPUHT”. (a) — HaYaJIbHOE BpeMsl HAXOXIECHUS B
ueHtpe B rpynnax Bb, Bb + UI'T u koHTpoIist, ceKyHabl. (0) — HauaJibHOE BpeMsI HAXOXIIEHUS B LIEHTPE IPyII
IITCP, IITCP + UI'T 1 KOHTpOJIsI, CEKYHABI. (B) — BpeMsI HAaXOXIECHUSI B OTKPHITHIX pyKaBax rpynn Bb, Bb +
+ UI'T u xoHTpONS, CeKyHOEL. (T) — BpeMs, IIPOBEeIeHHOE B OTKPHITHIX pyKaBax B rpymmax IITCP, IITTCP + UI'T n
KOHTPOJIsI, CEKYHIBI. (1) — KOJIMYECTBO BBIXOJOB B OTKPBIThIE pyKaBa B rpyimax Bb, Bb + UI'T u koHTpoJs, 1. (e) —
KOJIMYECTBO BBIXOIOB B OTKpHIThIe pyKaBa B rpynmnax [ITCP, [ITCP+UIT u koHutposs, mT. KOHTposib — KOHTPOJIb-
HbIe XUBOTHBIE (1 = 12), Bb — rpymma Bb (n = 12), 3 X 9+ BB, 15 X 12+ Bb, 7 X 12 + BB, 3 X 16 + Bb — rpyninie Bb
u ykaszanHoro pexuma MI'T coorBercTtBeHHO (1 = 6), IITCP — Mmoaenbhas rpynna ITTCP (n = 6), 3 X 9 + I[ITCP,
15% 12+ TITCP, 7 x 12+ IITCP, 3 X 16 + IITCP — monenbHas rpyrma I[ITCP u ykazannas rpymmna pexkxuma UT'T
COOTBETCTBEHHO (1 = 6 B KaX1oi). * — IOCTOBEpHOE OTJIMYME OT KOHTPOJILHOM IPYMITbI, # — MTOCTOBEPHOE OTIIM-
Yure OT COOTBETCTBYIOIIEH IpyIIibl natojioruu, p < 0.05, kputepuit MaHHa— YUTHU.

Fig. 2. Results of “clevated plus-maze” test. (a) — initial time in the center of the LH, LH + IHT and control groups,
seconds. (6) — initial time in the center of the PTSD, PTSD + IHT and control groups, seconds. (B) — time spent
in the open arms by the LH, LH + IHT and control groups, seconds. (r) — time spent in the open arms by the PTSD,
PTSD + IHT and control groups, seconds. (1) — number of entries to open arms by the LH, LH + IHT and control
groups, pcs. () — Number of entries to open arms by the PTSD, PTSD + IHT and control groups, pcs. Konrpons —
control animals (n = 12), BB — LH group (n =12),3 x 9+ BB, 15 x 12+ BB, 7 X 12 + Bb, 3 X 16 + Bb — LH and
indicated IHT mode groups, respectively (n = 6), [ITCP — PTSD model group (n=6),3 X 9+ IITCP, 15 x 12+ IITCP,
7 x 12 + IITCP, 3 X 16 + IITCP — PTSD model and indicated IHT mode groups, respectively (n = 6 in each).
* — significant difference from the control group, # — significant difference from the corresponding pathology

group, p < 0.05, Mann—Whitney test.

reHHbIt 3(ddeKT cTpeccupoBaHUs B MOAEIU
IITCP (puc. 2 (6, 1, e)). [Ipu neppoHavYTLHOM
BbicaKuBaHUU B ycTaHOBKY [TKJI KpbICHI € 9KC-
nepuMeHTaIbHBIM TITCP crpemuinche Makcu-
MaJIbHO OBICTPO YITH CO CBETa B 3aKPHIThIE TEM-
HbIe pyKaBa, MPOBOJsi MUHUMAaJbHOE JJATEHTHOE
BpeMs B LIEHTpe OT Havajia omnbita (p = 0.028,
puc. 2 (6)). Ilo3xe B Xole TecTa y 3TUX KUBOT-
HBIX TIOJJHOCTBHIO OTCYTCTBOBAJIM BBIXOAbLI B OT-
KpBIThIe ocBelleHHbIe pyKaBa ITKJI (puc. 2 (T, ¢)),
KOTOpbIE SIBJISIIOTCSI [IJISI KPbIC BbIPa’kK€HHbBIM
CTPECCOreHHbIM (akKTOpoM, B TO BpeMsl Kak
KOHTPOJIbHBIE XXWBOTHBIE BBIXOAWJIU B HUX U
MPOBOIUIIN BpeMSI, UCCIIEMYs OKPYXKAOIIYIO 00-
CTAaHOBKY, YTO TOBOPUT O HU3KOM YPOBHE UX
TPEBOXHOCTHU (puc. 2 (T, €)).

TectupoBanue B I1KJI mo3BoaMIoO BEISIBUTH
3HAYUMBII aHKCUOJUTUYECKUN 3(PGEKT TUIo-
KCUUYECKUX PEeXMMOB B MOMACIU DKCHECPUMEH-
taagpHoro IITCP: mo matreHTHOMY BpeMeHWU,
MPOBEICHHOMY IIOCJIE BBICAXKMBAaHUS B LICHTP,
XHUBOTHbIE pexuMoB MIT He oTamyannch OT
KOHTPOJIBHBIX, KPBICHI rpyI 3 X 9%0, + [ITCP
u7 x 12%0, + I[ITCP npoBoauii TOCTOBEPHO
OoJibllle BpeMEHU B OTKPBITBIX pyKaBax, 4eM
kpoichl rpymnmbsl [ITCP (p = 0.028, p = 0.028,
puc. 2 (1), #), u yale B HUX BbIXOAWIU (p =
=0.026, p = 0.024, puc. 2 (e), #).

PC3YJ'[BTaTbI onpeaciICHuA CoaCpKaHuigd Kop-
TUKOCTEpOHa B IINIa3ME€ KPOBU IIOKa3aJiMn, 4YTO
pPa3BUTUC 3KCHCpI/IMeHTa.HBHOI71 JCIIpeCCUN CO-
IIPpOBOXIATOCH CTOMKMM MOBBIIIEHUEM Oa3ajib-
HOro ypoBHA OJaHHOIO TJIIOKOKOPTHUKOWIHOTIO
ropMoHa BbIIIE€ KOHTPOJIbHBIX 3Ha‘ICHI/II71, 4qTO
IIOATBECPXKAACT (l)OpMI/IpOBaHI/Ie Y SKCIIEpUMEH-

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU
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TaJIbHBIX KMBOTHBIX AEMPECCUBHO-TIOI00HOTO
coctosiHus (p < 0.01, puc. 3 (a), *). B rpynnax
3x9%0, + Bb, 7 X 12%0, + BB, 3 X 12%0, +
Bb u 3 X 16%0, + Bb (10 ecTb Bce, Kpome 15 X
X 12%0, + Bb) npumenenne UI'T moctoBepHO
OTHOCHUTEIbHO rpyIinbl Bb cHUxXKaio 3ToT roka-

3aresib 40 KOHTPOJIbHBIX 3HaueHui (p < 0.01, p <
<0.01, p<0.05, p <0.01, puc. 3 (a), #).

B wmomemu »kcnepuMeHTtanpHoro IITCP
rpymma 3 X 9%0, + [ITCP 6bu1a eIMHCTBEHHOIA,
B KOTOPOIi ypOBE€Hb KOPTUKOCTEpPOHA ILI1a3Mbl
KPOBH OBLT JOCTOBEPHO BbIIIE, YEM Y KOHTPOJIS
u xknBoTHBIX Modeau ITTCP (p < 0.05, p < 0.05,
puc. 3 (0), *, #)).

OBCYXIEHWE PE3YJIIbTATOB

Kak yxe oTmedasoch BbIlIE, TOKOMOTOPHAs
3aTOPMOXKEHHOCTb, BbIsiBIsieMass B Tecte OII,
SIBJISIETCSI XapaKTEPHBIM MTPOSIBICHUEM DKCIIepU -
MeHTaJIbHOM aernpeccun y kpbic (Hall, 1936;
Henkel et al., 2002; Willner, 1986). B coorBeT-
CTBUM C 3TUM B XOJ€ HAllUX 3KCIIEPMMEHTOB
XKUBOTHBIE ¢ Bb mepecekaiiv 10CTOBEPHO MEHb-
11Ie KBaApaToOB, YTO MOATBEpKAAJIO0 (popMUpOBa-
HUE Yy HUX JIETTPECCUBHO-TI0OOOHOIO COCTOSTHUS.
I1pu atom nnpumenenue UI'T nepen ctpeccupo-
BaHueM B Mmojeau Bb B OOJbIIMHCTBE TpyIIl
MO3BOJIWJIO YaCTUYHO WJIW TTOJHOCTBIO TPEAoT-
BpPaTUTb Pa3BUTHE IKCTIEPUMEHTAJIbHOM IeTIpec-
CUM, OTCJIEKMBAEMOE Ha MOBEAEHUYECKOM YPOB-
He, OJHAaKO MpU 3TOM 3(HEeKTUBHOCTh KOPPEK-
UM AeNpecCMBHO-NMOAOOHON MNOBEIeHYECKOM
CUMIITOMATUKM JIJISI Pa3HbIX TECTOBBIX PEXHMMOB
NI'T okazanack HeoguHakoBoit. UckiaoyeHrneM
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Puc. 3. bazajgbHas KOHIIEHTpaIMsI KOPTUKOCTEPOHA B TJIa3Me KPOBU. (2) — YpOBEeHb KOPTUKOCTEPOHA B TUTa3Me
kpoBu B rpynnax Bb, Bb + UI'T u KoHTpoJis1, HMob/J1. (0) — ypOBeHb KOPTUKOCTEPOHA B IIa3Me KPOBU Y KPbIC
B rpynmnax [ITCP, [ITCP + UT'T u koHtpoJist, HMoib/1. KOHTpob — KOHTpOJIbHBIE XXUBOTHBIE (1 = 12), BB —
rpynma Bb (n=12),3 %9+ BB, 15 x 12+ Bb, 7 X 12 + BB, 3 X 16 + Bb — Bb B couetaHuM ¢ yKa3aHHBIMU TPYIT-
mamu pexxuma UT'T, coorBerctBeHHO (1 = 6), IITTCP — MonenbHas rpymma I[TTCP (n =6), 3 X 9+ IITCP, 15 X 12 +
+ IITCP, 7 X 12+ IITCP, 3 X 16 + [1TCP — monens ITTCP B coueTaHnM ¢ yKa3aHHBIMU rpymimamu pexuma UT'T,
COOTBETCTBEHHO (1 = 6 B KaXXm0it). * — IOCTOBEpHOE OTJIMYME OT KOHTPOJILHOM IPYMIIBI, # — MTOCTOBEPHOE OTIM-
4yrie OT COOTBETCTBYIOIIEH Ipynnbl aTojaoruu, p < 0.05, kputepuiit MaHHa—YUTHU.

Fig. 3. Basal corticosterone concentration in blood plasma. (a) — plasma corticosterone levels in the LH, LH + IHT
and control groups, nmol/L. (6) — plasma corticosterone levels in the PTSD, PTSD + IHT and control rats,
nmol/L. Control —control animals (# = 12), Bb — LH group (n =12),3 X9+ BB, 15 x 12+ Bb, 7 X 12+ Bb, 3 X
x 16 + Bb — LH combined with indicated IHT regime groups, respectively (n = 6), IITCP — PTSD model group
(n=6),3x9+TIITCP, 15 % 12+ TITCP, 7 X 12+ IITCP, 3 x 16 + IITCP — PTSD model combined with indicated

ITHT mode groups, respectively (n = 6 in each). * — significant difference from the control group, #

— significant

difference from the corresponding pathology group, p < 0.05, Mann—Whitney test.

gBisuiach rpynmna 3 X 16%0, + Bb, coxpaHus-
1Iasi TOJHOLEHHYIO JeNpeCcCUBHO-MOI00HYIO
CUMIITOMATUKY, TTOCKOJIBKY Y KPbIC 3TOI Ipymn-
bl HaOJIroAanach HU3Kasl ABUTaTeIbHasl aKTUB-
HOCTb M BBICOKWI YPOBEHb MMMOOWIW3ALIUMN,
COOTBE€TCTBEHHO, TAaHHBINI TPEHUPOBOYHBIN pe-
KM TIposiBMII ce0s1 B mapanurme Bb kak Head-
(exTuBHbIii. B rpynmax 3 X 9%0, + BB, 15 X
X 12%0, + Bb, 7 X 12%0, + Bb, 3 X 12%0, + Bb
MaToJOrMYecKasi MOTOpHasi peTapiaanusi OTCyT-
CTBOBAJIa, MIPUYEM TE€PBBIE IBE IPYIIbI IUIUPOBA-
JIA TI0 a0COTIOTHBIM 3HAYEHUSIM TOPU3OHTATBHOM
JIBUTATEIbHOM aKTUBHOCTU. OHAKO B rpyTIiax pe-
xumoB 3 X 16%0, + BB, 7 X 12%0, + Bb, 3 X
X 12%0, + BB 0bL11 OTMEUYEeHBI MU30/bI HETIO-
JNBVDKHOCTH, YTO MOXET CBUIETEbCTBOBATH O
HEAO0CTaTOYHOU UX 3(PHEeKTUBHOCTU B JaHHOM
mopaenu (Henkel et al., 2002).

B xauecTBe maTOreHETUYECKOM OCHOBHI pa3-
BUTHE SKCTIEPUMEHTAJIbHOM IeTIPEeCCU B TPYII-
e BB conpoBoxXmanock CTOMKUM TOCTOBEPHBIM
MMOBBIIIICHUEM YPOBHSI 0a3aJIbHOTO KOPTUKOCTE-
poHa 1m1a3Mbl KpoBH. [1pu Beex pexknuMax, KpoMe
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15 X 12%0,, UT'T HopManu3oBajia 3TOT OKa3a-
TeJb.

B pexxumax 3 X 9%0, + Bb, 15 x 12%0, + Bb
MMMOOWIN3AIIMs TIOJTHOCTBIO OTCYTCTBOBaJIa, a
NBUTaTe/IbHAsl aKTUBHOCTb HAXOAMJIaCh Ha YPOB-
He KOHTpouisi. Ha 3ToM ocHOBaHMY MOXHO Ha-
3BaTh JaHHbIC PEXUMbI (KOHIULIMOHUPYIOIIUI
BBICOKOM WHTEHCUBHOCTM M TPEHUPOBOYHBIN
cpemHeil MHTEHCHMBHOCTH, HO MaKCHUMaJIbHOM
OPOJOJLKUTENbHOCTH) Hanboaee 3 PeKTUBHBI-
MU B Monenu BB 1o BbIpakeHHOCTH aHTHIE-
MPECCUBHOIO AEUCTBUSI M3 PACCMOTPEHHBIX B
TaHHOM 3KcrepumeHTe. TakuM oOGpa3om, pas-
paboTaHHBIN MPEKOHIULIMOHUPYIOIIUN PEeXUM
HE YCTYITUJI IO BhIpakeHHOCTH 3G eKTa TpeHU -
POBOYHOMY, OHAKO €ro mpolieaypa yKopoueHa
B 5 pa3, TOCKOJIbKY ISl €0 peaanu3aluu Tpeoy-
ercs 3 oHs (a He 15), 4TO B TPAHCISILIMOHHOM OT-
HOIIIEHUH SIBJISIETCS CYIIIECTBEHHBIM MIPEUMYIIIC-
CTBOM.

XOopouIo U3BECTHO, YTO TPEBOKHOE MOBEICHUE
JKMBOTHOTO XapaKTepHu3yeTcsl TpernouyTeHueM 3a-
KPBITBIX PYKABOB TIPUIOAHSITOrO JIJAOMPUHTA OT-
KPBITHIM U LIEHTPY, TOTAa KaK aHKCUOJIUTUYECKU A
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a¢ddexT, HAIIPOTUB, MOKET IIPUBOAUTH K OOJIb-
1IEMY BPEMEHMU, IIPOBEIECHHOMY B OTKPBITHIX Py-
KaBax U LeHTpe yctaHoBku (Pellow et al., 1985;
Walf, Frye, 2007). TectupoBanue B I1KJI B Ha-
IIMX BKCHEPUMEHTaX MOKa3aJlo BbIPAXKEHHYIO
aHKCHUOJUTUYECKYIO aKTUBHOCTb OTAEIbHbBIX Pe-
xnmoB UI'T B obenx MoAeasiXx MOCTCTPECCOP-
HBIX paccTpoiicTB. Tak, mo nokaszarensMm B TTKJI
KMBOTHBIE TPYIIIbl 3KCHEPUMEHTAJIbHON Jie-
npeccun U 6onpimmHcTBa pexkumoB UI'T + Bb
He OTJIMYaJIUCh OT KOHTPOJISI, OAHAKO B peXXUMax
3 xX9%0, u 3 X 12%0, 6b1 MOKa3aH T10CTOBEP-
HBI aHKCUOJUTUYECKUIA 3(pdeKT. KpbICHI rpyTi-
bl 3 X 9%0, + Bb uaiie u 6oJiee IIUTETIBHO BbI-
XOOWJIM B OTKPBITHIe pyKaBa yctaHoBKu ITTKJI,
OoJIbllIe MCCIeI0BaAN LIEHTP YCTAHOBKM B Havya-
Jie TECTUPOBAHUS, YeM XKUBOTHBIE C IIOCT-CTPeC-
copHoii natonorueii. Hapsimy ¢ atuM B Mmoaenu
IITCP B rpymae 3 X 9%0, 6a3alibHbIA YPOBEHb
KOPTUKOCTEpPOHA B ILIa3Me KPOBU OBbLI BHIIIE,
yeM B KoHTposie u y rpynnsl IITCP. YuurteiBasg
n3BecTHBIN daxT, uto npu [ITCP Hepenko pas-
BUBaeTCs T’UIMOMYHKIMS nepudeprudecKoro 3Be-
Ha ITAC (De Kloet et al., 2006; Lehrner et al.,
2016; Yehuda, 2005), MoxXHO mpearoJjiarathb, 4To
JaHHBIA CTUMYJIUPYIOLIU 3¢ deKT KOHAUILNO-
Hupylouiero pexuma MI'T, HaueneHHbIA Ha
NpeaoTBpallleHe TOPMOHAIbHOM NUCHYHKIUU
ITAC, MmoxeT paccMaTpMBaTbCcsl KakK OOWH U3
MEXaHU3MOB CTPECC-IIPOTEKTUBHOIO IEiCTBUS
maaHoro pexkuma MI'T B mogenu ITTCP (Bower,
Yehuda, 2017; Daskalakis et al., 2016). Kpome To-
ro, Kak HaMu OBbLJIO TI0Ka3aHO paHee, yMEpeHHOe
MOBBILIEHWE YPOBHSI KOPTUKOCTEPOHA B KPOBU
HabJIIogaeTcs mpy IIpUMEHEeHuU HaubOonee >¢-
(beKTUBHBIX PEKMMOB TMIOKCUYECKOIO TMIIo0apu-
YeCKOro MPEKOHANIIMOHMPOBAHMS U COITPOBOXKIA-
€T HOBBIICHUE YCTOMYMBOCTHA MO3Ta K TUIIOKCUM 1
crpeccaMm (3eHbKo, PrioHmkoBa, 2020; PeioHKOBa
u ap., 2008). B rpyrmmax ¢ UIT'T 3 X 12%0, u 7 X
X 12%0, ctumynupytoiiero 3ddexra Ha [TAC
He BBISIBJICHO, OMHAKO OTMEYaeTCsl HU3KUI1 ypO-
BeHb TpeBoxXHOCTU B I1KJI. Takum o6pazom, 3T
TPU KOHIMILMOHUPYIOIIMX PEXMMa BBICOKOU U
CpemHel MHTEHCHUBHOCTU oOOJIamajiu Haubosee
BBIPAXXEHHBIM aHKCUOJIUTUYECKUM 3(P(eKTOoM.
B pexxumax UI'T npyroii ”THTEHCUBHOCTHU U IJIN -
TEJILHOCTHU I10Ka3aTeJIM TPEBOXKHOCTU B OCHOB-
HOM HaXOJIWJINUCh HA YPOBHE KOHTPOJBHBIX K-
BOTHBIX, UTO MOXET CBUIETEILCTBOBATh 00 MX
3(pGEKTUBHOCTY B KOPPEKLUU DKCICPUMCH-
tanbHoro IITCP, omHako MeHbIIel, 4yeM y pe-
KHUMOB 3 X 9%0,, 3 X 12%0,u 7 X 12%0,.

Hns momenu IITCP “ctpecc—pecTpecc” He
XapakKT€pHbl HaApyILLICHUA Z[BMFaTCHbHOﬁ aAKTUB-
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HOCTHU, 4TO ObLIO mokaszaHo B Ttecte OIl — mo
3TOMY MOKA3aTeNI0 IPYIIbl MOJIEIbHOM MaTOJIO0-
ruu u Bcex pexumoB UI'T He oTamyanuce oT
KoHTpoJst, onHako B rpyrme ITTCP-momo6Hoi
MaTOJIOTUU HAOTIOAAIUCH SMU30Ibl UMMOOWIN3a-
LIMM, KOTOPbIE MOXHO CBSI3aThb C TOBBILIEHHON!
TPEBOXKHOCTBIO XKMBOTHBIX B 3TOI Moaenu. B pe-
xumax 15 X 12%0, + IITCP, 7 x 12%0, + ITTCP,
3 X 16%0, + IITCP y oTneabHbIX XKUBOTHBIX
TakXke Oblla OTMEYeHa UMMOOUIM3aLIs, a B pe-
xuMax 3 X 9%0, + IITCP, 3 x 12%0, + IITCP
U KOHTpOJIE UMMOOWIN3ALMs TIOJHOCThIO OT-
CyTCTBOBaJIa. DTU JAHHbIE, TAKXKE KaK U Pe3yJib-
TaThl MO MOKA3aTeJI0 YPOBHS TPEBOXHOCTU, 00-
CYXIIEHHBI€ BbIIIIE, MOTYT CBUIETEJILCTBOBATH 00
OrpaHUYeHHOU 3(hOEKTUBHOCTU TPEHUPOBOY-
HBIX PEXMMOB U peXMMa HU3KOH MHTEHCUBHO-
ctu (15 X 12%0,, 7 X 12%, 3 X 16%0,) B Moaenu
IITCP, u HauOoublei 3¢HEeKTUBHOCTA KOHIU -
LIAOHUPYIOIIMX PEXMUMOB BBICOKOW U CpEIHEM
MHTeHCUBHOCTH 3 X 9% 0, u 3 X 12%0,.

Pexxum MI'T HM3KOM MHTEHCUBHOCTH 3 X
X 16%0, nmokazaja OTCYTCTBUE CTPECC-TIPOTEK-
TUBHOIro 3@deKkra B U3yYeHHBIX MOACIIX JIe-
npeccun u [ITCP, mockonabpKy IaTosorndyeckast
CUMIITOMATUKA Y 3TUX XXMBOTHLIX IIPOSIBISIACH
Ha YpOBHE IPYHIl ¢ 3KCIIEPUMEHTAILHBIMU Ma-
TOJIOTUSIMU.

006006111251 BBIIITEU3TTOXKEHHOE, MOXKHO 3aKJTIO-
YUTb, YTO KOHAUIIMOHUPYIOIIUNA PEXKUM BBICO-
Kot uHTeHcuBHOCTU 3 X 9%O0, umen Haubosee
BbIPaX€HHbBI aHTUIECTIPECCUBHbBINA, MPOTUBO-
TPEBOXHBIN 1 CTpeCC-NMPOTEKTUBHBIN 3D DEKT B
o0eux mopaensax. biu3dkumMu K HeMy 10 3 dek-
TUBHOCTH, HO HE MO BCEM MOKa3aTesasIM, ObLIU
pexuMsbl 15 X 12%0,, 3 X 12%0, n 7 X 12%0,.

15 X 12%0, — TpeHUPOBOYHBIIT PEKUM Hal-
OoJibllIei IJIUTEILHOCTU, OKa3biBajl IPEeBEHTUB-
Hoe neiictBue B monesnu Bb. 7 X 12%0,, TpeHu-
POBOYHBIA PEXMM CPEIHEH WHTEHCUBHOCTH,
o0agan aHKCUOJIUTUYECKUM 3ddeKkToM, a 3 X
12%0,, KOHAULIMOHUPYIOLINIA PEXUM CpeaHeit
WHTEHCUBHOCTH, — U aHTUACHPECCUBHBLIM, U
AHKCHUOIUTHUYECKIM 3PP EeKTOM.

SAKJIIOYEHHME

B pesynbrate npoBeleHHBIX pabOT YyCTaHOB-
jgeHo, uto MI'T 3HaYMMO IOBBIIIAET CTPECCO-
YCTOWUYMBOCTh B MOJEJSIX TPEBOXKHO-IAEIMpec-
CUBHBIX TaToJjiornii. HanboJiee 3aMeTHOE BiIMSI-
HUE Ha BbIPAXEHHOCTh 3(PdeKTa oKa3bIBaeT
MHTEHCUBHOCTb TUIOKCUYECKOTO BO3IECUCTBUSI.
ITokazaHo, 4YTO MPUHIIUITBI KOHAUIIMOHUPOBAHWUS
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YCHEUIHO MOTYT MPUMEHSTBCS Y TIPU pa3padboTke
nonxonoB UT'T, mocKombKy KOHANIIMOHU PYIOLIIMI
pexum 3 X 9%0, okazacst HanboJee 3hheKTUB-
HbIM PEXMMOM M3 BCEX IPOTECTUPOBAHHBIX.
IMpu cHMXeHuM ypoBHs rurnokcuu no 12% O,
2 HeKTUBHOCTh aHTUACTIPECCUBHOIO WJIM aHK-
cHOIUTUYECKOTO 3¢hdeKTa YaCTUYHO WJIM MOJ-
HOCTBIO COXPAHSIIOT PEXUMbI C YBEJIWYEHUEM
KonmnyecTBa ceaHcos (3, 7 u 15). Ilpu aToM yBe-
JIMYEHUE KoJIMYecTBa ceaHCcoB ¢ 3 10 7 (B pexu-
Max 3 X 12%0, u 7 X 12%0,) He NPUBOAUT K
YCWICHUIO aHKCUoJuTH4YecKoro sddekra, mo-
5TOMY TaKO€ yBeJIMueHue HeleaecoobpaszHo. CHU-
JK€HMe WMHTeHCUBHOCTU 10 16% O, nmpuBOIUT K
BbIPDAXKEHHOMY CHIDKEHUIO OCHOBHBIX CTpecC-
MPOTeKTUBHBIX CBOMCTB MI'T B HaHHBIX MOJEJIsIX
narojioruii. IloayyeHHbIe pe3ysbTaThl CBUACTEb-
CTBYIOT O TOM, YTO KOHAWILIMOHUPYIOIINE PEXKI-
Mbl UT'T uMeroT 3HaYUTENIbHBINA TPaHCIISILIMOH-
HBI MOTEHLMAJT IS 3ApaBOOXpPaHEHUS, TO3TO-
My C 1ejJblo (popMHpOBaHUSI OOKa3aTeJabHOMN
0a3bl HEOOXOIMMO JajibHeillee u3ydyeHue Mpo-
TEKTUBHBIX 3(P(PEKTOB U MEXaHU3MOB JaHHbBIX pe-
>KMMOB.
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THE EFFECTS OF VARIOUS MODES OF INTERVAL HYPOXIC TRAINING IN
EXPERIMENTAL MODELS OF ANXIETY AND DEPRESSION IN RATS

M. Y. Zenko“, K. A. Baranova’, M. V. Kukina“, and E. A. Rybnikova* #

4 Pavlov Institute of Physiology of the Russian Academy of Sciences, St. Petersburg, Russia
*e-mail: rybnikovaea@infran.ru

The development of non-drug methods for correcting stress-induced disorders and improving ad-
aptation to stressful factors remains an urgent task of physiology, which has a great translational po-
tential. Previously, we proposed effective methods of hypoxic hypobaric preconditioning and dis-
tant ischemic conditioning in this regard. The purpose of this work was to transfer the principles of
preconditioning to the approaches of normobaric intermittent hypoxic training (IHT). The effects of
five new THT regimens (3 five-minute sessions of hypoxia of 16% O, per day, 3 sessions of 12% O,,
7 sessions of 12% O,, 15 sessions of 12% O,, 3 sessions of 9% O,) were studied in experimental mod-
els of depression and post-traumatic stress disorder in rats. The preconditioning regime of high in-
tensity 3x9%0O, had the most pronounced antidepressant and anxiolytic effect in models of both pa-
thologies. With a decrease in the level of hypoxia to 12% O,, IHT regimens partially retained their effec-
tiveness with an increase in the number of sessions. The training regime of the longest duration —
15 X 12%0,, was effective in correcting the formation of experimental depression. The intermedi-
ate regime — 7 X 12%0,, had an anxiolytic effect, while the preconditioning regime of medium in-
tensity — 3 X 12%0,, demonstrated both an antidepressant and anxiolytic effect. The results indi-
cate that the intensity of hypoxic exposure had the greatest impact on the effectiveness. At the same
time, a decrease in the intensity to 16% O, led to a weakening or loss of stress-protective properties.
With regard to the 3 X 9%0O, regime as the most promising, it is advisable to conduct further studies
to identify the molecular mechanisms that implement its stress-protective and anxiolytic effects.

Keywords: hypoxia, adaptation, intermittent hypoxic training, posttraumatic stress disorder, de-
pression
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Wizard for EEG Information Tabling — “WEEGIT” is a software designed for visualization and an-
notation of the long-lasting records of activity. Long-lasting records of raw data are used in various
areas of life sciences and well represented in neuroscience. In spite of development of other tech-
niques and approaches the electrophysiological activity registration remains the “golden standard”
in neurobiological research. Therefore, we developed and verified “WEEGIT” as a powerful and
convenient tool for electrophysiological recordings’ description. We combined the most important
features presented in other commercial and noncommercial software in the “WEEGIT”. Presented
software can operate with widely used formats of records. "WEEGIT” allows adaptive visualizing
of up to 512 channels of record in different timescale without loss of efficiency and consumption of
large machine resources. Visualizing also includes optional built-in temporal-spatial analysis (den-
sity of current sources or the density of action potentials) displayed as a background image. Integra-
tion of a set of optional filtering and signal transforming procedures allows improving record visu-
alization. “WEEGIT” has a convenient graphical user interface with opportunity of simultaneous
time browsing and annotating of the records in one workspace. Annotation can be done by simple
text information typing as well as an interactive placing of specialized labels and objects. Software
also allows saving data in the resampled format, both for the whole record and for user-defined
events. In conclusion, “WEEGIT” provides a great set of benefits for the convenient workflow for
beginners and specialists in the electrophysiological area of research, including preparation of the
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data for further specialized analysis.
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1. INTRODUCTION

Despite of wide usage of the optogenetic ap-
proaches, electrophysiological recordings (inva-
sive and non-invasive extra-/intracellular record-
ings in vitro and in vivo) are still the main tool for
the neurophysiological research both in science
and medicine. Recently, developing technologies
have led to significant increase in resolution of
electrophysiological data both in space and in
time domain. Altogether, with simultaneous re-
cordings of the telemetric information, that pro-
vided a huge set of data for research and diagnosis.
A large variety of modern analytical packages
showed exciting opportunities for deep analysis of
the electrophysiological recordings (Hazan,
2006; Tadel, 2011; Patel, 2017; Siegle, 2017; Nasi-
otis, 2019). However, during experiment or diag-

nostics, the first overview of the data doesn’t re-
quire all analytical power of the mentioned soft-
ware. Moreover, verification of the observing
patterns of activity very often can be done only vi-
sually for the first time. Thus, for the first pre-
analysis stage, the operator should be able to an-
notate recorded electrophysiological information
to prepare it for further specialized analysis. This
important part of the scientific and diagnostic
workflow is a first stage of education of the begin-
ners like postgraduate student or intern. There-
fore, complexity of the software architecture and
graphical user interface can be a critical point for
rapid engagement of them. At the same time, ef-
fective interaction between experimenters and an-
alysts was always a cornerstone of scientific work-
flow. That means, as more documented and rep-
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resentative  information was provided by
experimenter, as more qualitative will be analysis,
and opposite. Therefore, for the first pre-analysis
stage software should provide opportunities for
easy visualization, annotating, collecting and sav-
ing of important episodes of activity in both man-
ual and automatic way. A clear preparation pro-
cess will simplify interaction in discussion be-
tween experimenters and analysts, and provide
high efficiency of workflow. Besides that, low skill
in programming or neurophysiology area will be
leveled by multiple choice of activity detection.
Thus, efficient engine for fast visualization and
annotation of the electrophysiological recordings
are the main keys of the pre-analysis stage. How-
ever, representation of large volumes of data also
highly sensitive to the hardware, requiring essen-
tial machine resources. Obvious solution for
downsampling in time and space domain will re-
duce the quality of the observed patterns and can
critically bias conclusions about activity. There-
fore, for the effective usage of machine resources,
software should avoid uploading the full set of da-
ta, while recognition of patterns shouldn’t be af-
fected.

Following the concept described above, we de-
signed a powerful and convenient desk tool for vi-
sualization and annotating of the electrophysio-
logical activity registration data. Here, we present
WEEGIT software, that combines a fast and effi-
cient visual component with extended text editor
opportunity. A simple and intuitive graphical user
interface allows the operator to add and edit infor-
mation about general features of the record as
well, as a specific event properties. Software en-
gine provides control of the spatio-temporal reso-
Iution of the record with resource-efficient visual-
ization. Altogether, that allows the user to do fast
and efficient browsing and annotating of the elec-
trophysiological recordings.

2. WEEGIT GRAPHICAL USER
INTERFACE

WEEGIT graphical user interface contains
panels for displaying and marking data, drop-
down menu tabs and toolbar panel. Some avail-
able menu actions are duplicated with buttons or
editing opportunity on the panels. The name of
the record and status of the applied filter and
transform have no unique panel and are placed in
the top left part of the graphical user interface.
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SUCHKOV et al.

2. 1. Panels

Panels functions can be classified in three
groups: 1) graphical representation of the data;
2) editable information about current recording
and 3) log of the user actions (Fig. 1).

EEG channels. The main panel “EEG chan-
nels” displays amplifier channels extracted from
the electrophysiological record. “EEG channels”
panel is consisted of 1) attributes control space
(upper position); 2) main axes with record data
(middle position) and 3) navigation control space
with time and sweep control elements (bottom
position). During session saving, all parameters of
the elements on the “EEG channels” panel are
saved in an additional (filename). WEEGITwee-
git.mat file. During connecting to the (file-
name).lfp, an additional file (filename). WEE-
GITweegit.mat will be automatically uploaded (if
it exists) and state of the elements on the “EEG
channels” panel from the last session will be re-
stored (see “File” — “Save session settings” in
“Menu” section and “Session” in “Methodolo-
gy’ section).

Attributes control space. “Attributes control
space” is intended for user regulation of graphical
elements’ presence in the “Main axes”. The left
part of “attributes control space” includes ticks to
visualize/hide on the main panel the following at-
tributes: “traces”, “spikes”, “events”, “event edg-
es” and “periods”. Right part of attributes control
space presented by reserved space for the back-
ground color-code horizontal bar (on the left)
and background selection popup menu (on the
right). Background selection popup menu offers
three modes: 1) “CSD” (current source density);
2) “spike density” and 3) “nothing”. “Spike den-
sity” mode selection starts evaluation of the aver-
age spike’s number in the adaptive sliding window
(Fig. 1). “CSD” mode selection starts evaluation
of the current source density distribution, base on
the second spatial derivative (Buzsaki, 2012) be-
tween each signal presented in main axes (fig. 2).
That, in a certain manner, provided information
about spike rate at the moment. The size of sliding
time window is adaptively changing according to
the signal window time range. That provide re-
markable representation of the spike density in a
different time scales, however, spike rate in this
case may be biased according to the scale. “Noth-
ing” mode remove background from the “Main
axes” (Fig. 3).

Main axes. “Main axes” contains graphical rep-
resentation of the objects “traces”, “spikes”,
“events”, “event edges”, “periods” and background
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Fig. 1. WEEGIT interface view 1, using spike density as background. The main panel (EEG channels) displays am-
plifier channels extracted from the electrophysiological record. The additional panel (Analog inputs (Al)) displays
data from other sensors (e.g., telemetry sensors) synchronized with electrophysiological data. General information
panel (File info) is intended for downloading (in *.txt format) and/or creating and editing text information about the
current record. The panel of morphological labels (Layers) is used for marking the correspondence of channels to
morphological structures. The segment saving panel (Segment to save) contains editable time values defining inter-
vals before and after each event (in milliseconds) that will be used to save data segments around the event timestamp.
The period information panel (Periods) is used to enter/edit time period information if the user needs to mark the
time period during which the experiment conditions were changed/intact. The action overview panel (Log) displays
non-editable information about ongoing user actions.

Puc. 1. Bun 1 unatepdeitca WEEGIT, B kauecTBe (hoHa UCTIONB3yeTCs MIOTHOCTh MOTEHIIMANOB aeiicTBust. Ha oc-
HoBHoii naHean (EEG channels) oToGpaxaroTcst fTaHHBIE PEeruCcTpalny JIEKTPOMU3NOIOTMIECKOM 3aIIMCH LIS
Kaxknoro kaHasa ycuiurtensi. Ha nononnutenbHoi naHenu (Analog inputs (Al)) orobpaxkaloTcst faHHbIE C APYTUX
JMaTYUKOB (HampuMep, ¢ TeJIeMETPUIECKUX CEHCOPOB), CUHXPOHU3UPOBAHHBIE C BJIEKTPODU3NOTOTUYECKUMU
nmaHHbIMU. [TaHenb o6uieit uHndopmaunu (File info) nmpenHaszHadeHa njist 3arpy3ku (B ¢popmate *.txt) u/uim cosna-
HUS U peIaKTUPOBaHUsI TEKCTOBOM MHPOpMaIu o TeKyleit 3anucu. [1aHens Mmopgosornyeckux MeTok (Layers)
MpeaHa3HadYeHa 111 0003HaYeHUST COOTBETCTBUS KaHAJIOB MOPGMOJIOrMYeCKUM CTpyKTypaM. [TaHenb coxpaHeHUst
cerMeHTOB (Segment to save) COACPXUT PelakKTUpyeMble 3HAUCHUsI BpeMEHU, ONIPEeNeISIoNIie NHTEPBAJIBI 10 1
rocJjie COObITUS (B MUJUTMCEKYH/IaX ), KOTOPbIE OYIYT UCTIOIb30BaThCS ISl COXPAHEHHUSI CETMEHTOB TAHHBIX BOKPYT
BpEeMEHHOI MeTKH1 Kaxnoro coobitus. [Tanens nHpopmanmu o nepuonax (Periods) ucronb3yercsi, eciim Heo0X0-
MO, JIJIS1 BBOJIa/penaKTUPOBaHWSI MH(MOPMAIIUM O TIEPUOIEe BpEeMEHHM, B T€YEHUE KOTOPOTO U3MEHSUTNCh/CoXpa-
HSUTMCH yCJIOBUS aKcniepuMeHTa. I1aHenb o63opa neiictBuii (Log) oToOpakaeT HepeaaKTupyeMylo HHGOpMalInIo
0 JIeICTBUSIX TIOJIb30BaTEJIs.

image. “Traces” are record data, organized vertical-  (if background is “nothing” or “CSD”) or as ver-
ly, where each row contain signal from one single tical solid white lines (if background is “spike
electrode. Represented as vertical solid black lines  density”). “Spikes” are action potentials, high-
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Fig. 2. WEEGIT interface view 2, using current source density (CSD) as a background. The upper drop-down menu
contains sets of actions for: converting/loading/saving data (File); changing display settings (Channels); filtering da-
ta (Filter); transforming data (Transform); detecting action potentials (Spikes); detecting/labeling/saving events
(Events); setting/editing time periods (Periods); initial analysis of events (Analysis); studying the basic functionality

of the program (Help).

Puc. 2. Bun 2 untepdeitca WEEGIT, B kauecTBe (pOHA UCITOB3YeTCS IUIOTHOCTh UCTOUHUKOB ToKa (ITUT). Bepx-
Hee BbITaalollee MEHIO COMEPKUT HAOOPHI NeMCTBUI IJ1s1: KOHBEpTalMK/3arpy3ku/coxpaHerust naHHbix (File);
u3MeHeHus HacTpoeK oToopaxkeHus (Channels); dunbsrpaunu nanusix (Filter); mpeodpa3zoBanus nanHbIX (Trans-
form); oOHapyxeHMs1 ToTeHLMaOB neiictBus (Spikes); oOGHapykKeHUsI/MapKUPOBKU/COXpPAaHEHUSI COOBITUIA
(Events); ycTaHOBKM/penaKTUPOBaHMSI BpeMeHHbIX nepronoB (Periods); mepBuyHoro aHanusa coobiTuii (Analy-
Sis); M3y4yeHUsI OCHOBHBIX (DYHKIIMOHAIBHBIX BO3MOXHOCTeM mporpamMmmbl (Help).

frequency events with duration from 1 to 2 ms, ex-
tracted from each signal in user-defined way. This
type of graphical objects is specific for recordings
with high-impedance electrodes and optional for
other types of electrophysiological recordings.
Timestamps for spikes represented as red (default)
squares horizontally aligned to the source channel
position. In future release, color will represent af-
filiation to cluster. “Events” are customized
events’ times, defined and prepared by user. Rep-
resented as vertical dash-dotted black line (if
background is “nothing” or “CSD”) or as vertical
dash-dotted white lines (if background is “spike

XYPHAJ BBICITEM HEPBHOW JEATEJIBHOCTHU

density”) with triangle on the end. Each event has
a unique name, displayed by text with the same
color as the line. If event set as “bad” the color of
line and text becomes red for any background.
”Event edges” are boundaries for the segment
around each event, which times are defined in the
“Segment to save” panel. Represented as vertical
dotted black line (if background is “nothing” or
“CSD?”) or as vertical dotted white lines (if back-
ground is “spike density”). “Periods” — boundar-
ies for the user defined time periods of interest.
Represented as vertical solid magenta line. Peri-
od’s left boundary name displayed as magenta du-
Ne 6
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Fig. 3. WEEGIT interface view 3, no background. Example of ~30 min of record.
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al-line text and consist of user-defined name
(top) and “start” string (bottom). Period’s right
boundary name displayed as magenta dual-line
text and consist of user-defined name (top) and
“stop” string (bottom). The y-axis of the “Main
axes” contains numbers of the record channels.

The background image is defined by the user
through the background selection popup menu.
Only the current configuration of channels will be
used for the background build, if channels are
hidden or sorted by user management (see
“Channels” — “Configure EEG” in “Menu”
section). The resulted background image is dis-
played as a background image in jet color code.
The background color-code horizontal bar shows
the color correspondence between values and col-
ors. The “Scale” push button placed in the bot-
tom left corner of the main axes. Pushing this but-
ton calls the user dialog with three fields: “Scale
factor”, “Scale units” and “Background scale”.

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU
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The value of the “Scale factor” is applied to all
channels in the current configuration and regu-
lates the y-scale stretching. The value of the
“Scale units” is an optional field, which is not
based on record features and should be filled by
user as text string, containing information about
measurement units. “Scale factor” and “Scale
units” values are finally combined to the text
string and displayed with a vertical scale bar in the
upper right corner of the main axes. The color of
text and scale bar are black (if background is
“nothing” or “CSD”) or green (if background is
“spike density”).

The value of the “Background scale” is a two-
element vector with minimum and maximum
limits for the color map of the background image.
Image values, which exceed user defined limits,
will be marked with gray color. “Background
scale” value displayed as left and right text mark-
ers for the background color-code horizontal bar

Ne 6 2023
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in the “Attributes control space” of the “EEG
channels” panel.

Navigation control space “WNavigation control
space” is intended for the timescale management.
That space contains: 1) a horizontal slide bar with
two additional push buttons “<” and “>” on the
left and right border, respectively; 2) “start point”
edit window; 3) “duration” edit window; 4) “time
step” edit window; 5) “sweep #” edit window
with two additional push buttons “A” and “v” on
the left border; 6) “resampling” non-editable
window.

”Start point” edit window defines the starting
timestamp in milliseconds, while ” Duration” edit
window defines the duration in milliseconds for
the time window of data, displayed in the “Main
axes”. “Time step” edit window defines the time
to the next start point and increment for slide bar.
Slide bar values are based on the “Start point”,
“Duration” and “Time step” values. Changing of
the slide bar position lead to the change of “Start
point” value. Slide bar can be moved manually by
drag/using slide bar buttons, or automatically us-
ing push buttons “<” and “>”. Push buttons “<”
and “>” allow the user to change start point con-
tinuously backward or forward, respectively. First
press on push button “<” or “>” initiates contin-
uous browsing, while second press stops it. Con-
tinuous browsing also stops if slide bar reaches the
maximum position, while the “Start point” value
in this case evaluated as difference between dura-
tion of all record (in milliseconds) and “Dura-
tion” value. If the slide bar reaches the minimum
position, the “Start point” is set to 0. The time ax-
is of the “Main axes” contains 11 time ticks with
real time of record window begin, end and 9 inter-
mediate values in between, providing 10 equal in-
tervals for any scale. The time units have default
value of “ms” (milliseconds), but adaptively
changing and have values of “s” (seconds), “min”
(minutes), “hour” (hours) if “Duration” value
exceed 2 s, 10 min, 1 h, respectively. ”Duration”
value is finally combined with the time unit text
and displayed with a horizontal scale bar in the
upper right corner of the main axes. The color of
text and scale bar are black (if background is
“nothing” or “CSD”) or green (if background is
“spike density”).

“Sweep #” edit window is intended to record
type, using sweep (or trial) mechanism of record
build (*.abf format, for example). In this case, us-
er can define the interested sweep by direct edit of
“Sweep #” window or by using increment or dec-
rement of 1 sweep with buttons “A” and “v”, re-
spectively. If the record contains only one sweep
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(or trial) “Sweep #” edit window is noneditable,

and buttons “A” and “v” are not active.

Analog inputs (AI). The additional panel “An-
alog inputs (Al)” displays data from other sensors
(e.g., telemetry sensors) synchronized with elec-
trophysiological data. “Analog inputs (Al)” panel
contain axes for sensors’ record data (Al chan-
nels) with white background, legend for Al chan-
nels and regulation pushbuttons “Scale”, “Shift”
and “Y limit”. Each Al channel property of scale
and y-position can be separately regulated with,
respectively, pushbuttons “Scale” and “Shift” in
the bottom right corner of the “Analog inputs
(AI)” panel. “Scale” pushbutton calls a user dia-
log with two fields: “Scale factor” and “Chan-
nel”, where the user can define unique scale fac-
tor (“Scale factor” vector of values) for corre-
sponding channels (“Channel” vector of values).
Vectors of values in both fields should be equal in
length. “Shift” pushbutton calls a user dialog with
one field “Al channel shift”, where the user can
set the vector of constant values, which will be
added to each Al channel y-position. Length of
vectors of values should match with number of Al
channels. The pushbutton “Y limit” in the bot-
tom left corner of the “Analog inputs (Al)” panel
allows the user to set an upper and lower limit for
the y-axis. 7Y limit” pushbutton calls a user dia-
log with one field “Al Y-limits”, where the user
defines two elements. Altogether, pushbuttons al-
low the user to distribute Al channels in the best
way of representation, while Al channels have dif-
ferent y-ranges. The legend contains information
about correspondence between color of the pre-
sented lines and number of the Al channel. The
time axis of the “Analog inputs (Al)” panel are
equal to the time axis of the “Main axes” in “EEG
channels” panel and following the same rules as
described in “Main axes” subsection. “Events”
and “events edges” are also displayed in the “An-
alog inputs (Al)” panel, following rules described
in “Main axes” subsection. However, despite the
background image, the line color of “events” and
“events edges” is always black. Only the current
configuration of Al channels will be used for the
background build, if channels are hidden or sorted
by user management (see “Channels” — “Config-
ure AI” in “Menu” section). During session sav-
ing, all parameters of the elements on the “Analog
inputs (AI)” panel are saved in an additional
<filename >.weegit.mat file. During connecting
to the <filename>.lfp, an additional <file-
name >.weegit.mat file will be automatically up-
loaded (if it exists) and state of the elements on
the “Analog inputs (Al)” panel from the last ses-
Ne 6
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sion will be restored (see “File” — “Save session
settings” in “Menu” section and “Session” in
“Methodology” section).

File info. General information panel “File in-
fo” is intended for downloading (in *.txt format)
and/or creating and editing text information
about the current record. Text can also be pasted
from any text source with copy-paste mechanism.
Downloading of the *.txt file is available in “File”
menu (see “File” — “Load info file” in “Menu”
section). During session saving, text from the
“File info” panel is saved in an additional (file-
name).weegit.mat file. During connecting to the
(filename).Ifp, an additional ({filename).wee-
git.mat file will be automatically uploaded (if it
exists) and text in the “File info” panel from the
last session will be restored (see “File” — ”Save
session settings” in “Menu” section and “Ses-
sion” in “Methodology” section). Graphical rep-
resentation of the text is based on “finjobj.m”
function (Altman, 2023).

Layers. The panel “Layers” is used for mark-
ing the correspondence of channels to morpho-
logical structures in the editable table. The first
table column “layer” contains editable cells with
unique string names of user defined morphologi-
cal structures. The second table column “chan-
nel” contains editable cells with channel num-
bers, corresponding to morphological structures
in the first column. An additional blank row add-
ed in the bottom of the table after setting paired
values of layer/channel. All blank rows except the
last one are automatically removed from the table.
During session saving, the table from the “Lay-
ers” panel is saved in additional {filename).wee-
git.mat file. During connecting to the (file-
name).lfp, an additional (filename).weegit.mat
file will be automatically uploaded (if it exists)
and the table in the “Layers” panel from the last
session will be restored (see “File” — “Save ses-
sion settings” in “Menu” section and “Session”
in “Methodology” section).

Segment to save. The “Segment to save” panel
contains editable time values defining intervals
before and after the event (in milliseconds) that
will be used to save data segments around the
event timestamp. “Before” edit window defines
the time from event timestamps toward negative
infinity in milliseconds, while “after” edit win-
dow defines the time from event timestamps to-
ward positive infinity. Those values are used to
display event edges in the “EEG panel” (see
“EEG channels” — “Main axes” in “Panel” sec-
tion), to extract data for the interactive plugin (see
“Session” — “Analysis” in “Methodology” sec-
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tion) and to save events in “autosave segments”
mode (see “Events pipeline” in “Methodology”
section). During session saving, the values from
the “before” and “after” edit window are saved in
additional (filename).weegit.mat file. During
connecting to the (filename).lfp, an additional
(filename).weegit.mat file will be automatically
uploaded (if it exists) and the values for the “be-
fore” and “after” edit window in “Segment to
save” panel from the last session will be restored
(see “File” — “Save session settings” in “Menu”
section and “Session” in “Methodology” sec-
tion).

Periods. The “Periods” panel is used to en-
ter/edit time period information if the user needs
to mark the time period during which the experi-
ment conditions were changed/intact. The first
table column “name” contains editable cells with
unique string names of user defined period time
range. Period name is set to the “newperiod” value
by default, if the user was using “Periods” tab to de-
fine period interactively (see “Periods” — “Set
new...” in “Menu” section and “Periods pipeline”
in “Methodology” section). The column “start-
time” contains editable cells with start time of the
period, while “stoptime” contains editable cells
with end time of the period. The columns “start-
time” and “stopsw” contains editable cells with
start and end sweep number, respectively. The
values of the “starttime” and “stopsw” are auto-
matically set to 1, if the record has one sweep. An
additional blank row added in the bottom of the
table after setting paired values of layer/channel.
All blank rows except the last one are automatical-
ly removed from the table. During session saving,
the table from the “Periods” panel is saved in ad-
ditional (filename).weegit.mat file. During con-
necting to the (filename).Ifp, an additional (file-
name).weegit.mat file will be automatically up-
loaded (if it exists) and the table in the ”Periods”
panel from the last session will be restored (see
“File” — “Save session settings” in “Menu” sec-
tion and “Session” in “Methodology” section).

Log. The “Log” panel displays non-editable
information about ongoing user actions. Informa-
tion about data load/save is marked as black text
and began with green triangle symbol. Informa-
tion about parameters changing is marked as blue
text and began with green circle symbol. Informa-
tion about mode activation/deactivation is
marked as orange text and began with lamp sym-
bol. Information about error is marked as red text
and began with attention symbol. “Clear” push-
button is used for removing log text. During ses-
sion saving, the log text is not saving. However,
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that will be implemented in the future release.
Graphical representation of the text is based on
“finjobj.m” function (Altman, 2023).

2.2. Menu

Menu tabs are the expanded popup menus
with the main “WEEGIT” functions. Some fre-
quently used actions are duplicated with pushbut-
tons on the panels and/or have a hotkeys.

File
Connect *.lfp — loading data from *.1fp file;

Autoconnect *.spk — custom flag for autoload
* spk data, corresponding to current *.1fp file;

Load info file — loading text data from *.txt file;

Convert to *.l[fp — converting data from (*.abf,
*.daq, *.csc, *.xdat, *.rhd, *.edf, *.continious) to
simple binary *.1fp file;

Export to *.mat — exporting data to *.mat file
with user-defined acquisition rate;

Save session settings — save settings for the cur-
rent session to *.weegit.mat.

Channels

Configure EEG button — set order and compo-
sition of channels which should be displayed on
EEG panel;

Configure Al button — set order and composi-
tion of channels which should be displayed on Al
panel;

Set Al y-shift button — set y-shift for each chan-
nel on Al panel;

Set Al y-limits button — set y-limit for all chan-
nels on Al panel;

Use Al names button — custom flag for using
original channel names instead of numbers

Filter
Notch — notch filter for EEG channels;

Highpass — Chebyshev Type 11 highpass filter
for EEG channels;

Lowpass — Chebyshev Type 11 lowpass filter for
EEG channels;

Bandpass — Chebyshev Type 11 bandpass filter
for EEG channels;

Bandstop — Chebyshev Type 11 bandstop filter
for EEG channels;

Unfilter — remove filtering for EEG channels.
Transform

Extract average — remove spatial average value
from all channels in each time point

Remove — remove transform for EEG channels
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Spikes

Load from *.spk — loading spikes data from
* spk file;

Search... — a dropdown menu with following
items:

— Above STD — search spikes with amplitude
below-2 standard deviation of the filtered (0.4-
4kHz) signal;

— Above threshold — search spikes above
threshold (in next release);

— Custom script — search spikes using custom
script (in next release).

Events

Load from *.spk — loading spikes data from
* event-X.mat file;

Search... — a dropdown menu with following
items:

— Above threshold — search events from the us-
er-defined channel above userdefined threshold;

— Above threshold — search events as a TTL ris-
ing edge from the user-defined channel,

— Spikes accumulation — search events as on-
sets of spikes density function increase.

Add (manual)... — add events manually using
pointer tool;
Set/unset bad event — mask/unmask bad

event/events by manual placement in the interval
using pointer tool;

Set name — define name for the events;

Remove by name — remove events from the ses-
sion using unique name;

Remove manual — remove events from the ses-
sion by manual placement in the interval using
pointer tool;

Remove all — remove all events from the ses-
sion;

Autosave with segments — custom flag for au-
tosave segments around events;

Save — save all events from the session.

Periods

Set new... — a dropdown menu with following
items:

— Start point — set start point for the default pe-
riod name “newperiod” using pointer tool;

— Stop point — set stop point for the default pe-
riod name “newperiod” using pointer tool;

— Start/stop points — set start and stop point for
the default period name “newperiod” using
pointer tool;

Remove — remove all periods from the session.
Ne 6
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Analysis
General:

— Depth overview — combined LFP-spikes
depth profile for user-defined event;

LFP — (in next release);
Spikes — (in next release);

Console — console mode for applying custom
self-made scripts (beta).

Help
Hot keys — information about interface;
About — information about software.

2.3. Toolbar
Zoom “+” — zoom in for EEG channels / An-
alog inputs;
Zoom “—’
Analog inputs;
Drag tool “hand” — tool for moving all traces
manually;

Pointer tool “cross” — tool for displaying point
coordinates;

Duplication tool “printer” — tool for copy EEG
and Analog inputs panels to additional figure;

Help tool “?”— help dialog (or F1 button).

9

— zoom out for EEG channels /

3. METHODOLOGY

“WEEGIT?” is following a simple workflow.
On “Preprocessing” stage, data are converted to a
simple raw binary (filename).lfp format, while re-
lated information about the record is saved in the
(filename).json file. Firs step of the “Session”
stage is always a connection to the (filename).lfp
file with automatic upload of the additional (file-
name).weegit.mat file (if exists). Afterward, the
user is able to browse through data (see “Brows-
ing”), annotate the record (see “Annotating phys-
iological information”), extract action potentials
(see “Action potentials extracting”), set events
(see “Events pipeline”), set periods (see “Periods
pipeline”) and make simple time-spatial analysis
(“Analysis™). All changes during “Session” stage
are saved by the user in the (filename). wee-
git.mat file and restored during next connection
to the file.

3. 1. Preprocessing

Preprocessing stage is an important step for
data preparation. The user cannot use the “WEE-
GIT” ignoring this stage, where data are convert-
ed to readable for presented software format.
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“WEEGIT?” can convert the following formats of
electrophysiological activity registration — *.abf,
* daq, *.csc, *.xdat, *.rhd, *.edf, *.continious.
The result of convert is presented by (file-
name).lfp file, while information extracted from
the header of the original file is saved in the (file-
name).json file. The name of the file corresponds
to the original name of the file with just replacing
the extension to *.Ifp (for example, from (file-
name).abf to (filename).lfp). For the formats
which use a separate file for each channel (*.csc or
*.continious) the name of the converted file is
based on the pathway to folder, containing origi-
nal separate files (for example, from (file-
name)/(filename).csc to (filename).lfp). The
(filename).Ifp file is organized as a raw vector of
16-bit integer type, which corresponds to the
structure of three-dimensional array with follow-
ing dimensions: [number of channels, acquired
samples, number of sweeps]|. The (filename).json
file is organized as a structure with following
fields: name of the file, original type of the file,
date of the file creation, time of the file creation,
number of channels in file, number of record
points per each channel in the file, number of
sweeps in file, sampling interval (in microsec-
onds) of the record and channels parameters
structure. Afterward, created files are placed in the
same location, as original files. It should be noticed,
that (filename).lfp and {filename).json should be al-
ways in one folder, otherwise “WEEGIT” will be
not able to load file correctly.

3.2. Session

“Session” stage is available, when (file-
name).lfp and (filename).json are generated (see
“Preprocessing”). User connect program to the
(filename).Ifp file for the workflow. During “Ses-
sion” file cannot be removed or replaced from the
original folder. “WEEGIT?” is using technology
of consecutive reading of the data during each re-
cord portion request, therefore removing source
of data will lead to program fail. Connection is ac-
complished by using “File” — “Connect *.1fp”
menu, which calls user dialog for choosing file
through file browser. If additional file (filename).spk
was prepared before (see “Action potentials extract-
ing”), it will be not uploaded automatically, while
user will not put “File” — “Autoconnect *.spk”
flag to active state. File (filename).spk contains
data for spikes representation. Therefore, without
connected (filename).spk file graphical informa-
tion about spikes or analysis requiring that will be
not functional. “Session” stage is characterized
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by ongoing changing of great amount of the pa-
rameters of time navigation and annotation infor-
mation. Therefore, the user have an opportunity
to save the current state of the “Session” to start
from the same state during future connections. It
can be done by saving all session parameters in
(filename).weegit.mat file. Saving is available in
“File” — “Save session settings” menu, which
immediately generate, or replace (filename). wee-
git.mat file in the same folder as a source (file-
name).Ifp file. Renamed (filename).weegit.mat
files can also be used as a template for other ses-
sions. However, for now it should be done manu-
ally and will be automatized in the future release.

Browsing. During “Session” stage, the user can
browse electrophysiological activity registration data
using navigation tools in “EEG channels” panel (see
“Panels” — “EEG channels” — “Navigation con-
trol space”). Each change in the navigation control
items is followed by refreshing of the graphical data
in the “EEG channels” and Analog inputs (AI)
panels. During refresh, data are grabbed from the
(filename).Ifp and from (filename).spk (if it was
connected) files. Time navigation values are pre-
sented in milliseconds, therefore, time request is
converted to data points accordingly to the origi-
nal sampling rate of the file.

Low-level functions are used to read the binary
file. Number of time points for each graphical ob-
jectin “WEEGIT” is limited to 10000, therefore,
when the number of loaded points of data exceed
10000, data are loaded adaptively. That organized
as resampling data down to 10000 points by ig-
noring some data points during read. Thus, the
portion of loaded data represents the requested
time interval, however sampling rate is reduced.
That allows to load data with millisecond and
hour interval with the same speed and without us-
age additional volume of the operative memory.

Annotating physiological information In “Ses-
sion” stage, the user is able to add comments
about the current record in several ways. Firstly,
the user can type a plain text with information in-
to the “File info” panel. Text can be also upload-
ed through “File” — ”Load info file” menu,
which calls user dialog for choosing *.txt file
through file browser. It should be noticed, that in
this case, all text in the “File info” panel will be
replaced by text from the document (*.txt file).
Secondly, the user can use panels of “Layers” and
“Periods” to add information about morphologi-
cal structure and specific time intervals, respec-
tively. That can be implemented both manually
and interactively (see “Panels” — “Layers” and
“Panels” — “Periods” in “WEEGIT graphical
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user interface” section). All information can be
saved in (filename).weegit.mat file with all ses-
sion settings in “File” — “Save session settings”.

Filtering and transforming “WEEGIT” allows
the user to filter signals placed in the “EEG pan-
el” in a custom manner. There are a several avail-
able filter types: notch filter, highpass filter, low-
pass filter, bandpass filter and bandstop filter.
Only one type of filter can be applied in the cur-
rent version of “WEEGIT”. Highpass, lowpass,
bandpass and bandstop filters are based on the
Chebyshev Type 11 filter. After choosing the filter,
the user dialog will ask for the stop frequency or
range of frequencies in the band filter case. Notch
filter will require values of central frequency and
bandwidth factor. To remove any filtering, the us-
er should use “Filter” — “Unfilter” menu. Usage
of the filters has one strong limitation, based on
current resampling frequency of the data (dis-
played in the bottom right corner of the “EEG
channels” panel). Unfortunately, this limitation
cannot be removed, because of the specific ap-
proach used in the “WEEGIT” engine. However,
that will be fixed in the future release.

In “WEEGIT?” the user can also transform sig-
nals by application mathematical operations on
each channel. In the presented release, that im-
plemented only in one tool called “Extract aver-
age”, however, in the future release the opportu-
nity of custom operations will be added. “Extract
average” tool allows the user to subtract from each
of the channels in the “EEG channels” the aver-
age value between channels across each time
point. That can remove some artifacts, which a
presented on each channel of the record, howev-
er, in some cases can seriously modify the original
record. “Transform” — “Remove” menu can be
used to remove transforming of the signals. Sta-
tuses of the applied filter and transform are dis-
played in the top left part of the graphical user in-
terface.

Action potentials extracting In “WEEGIT” the
user has an opportunity of extracting and visualizing
of action potentials. In the presented version only
one automatic method is available (“Spikes” —
—“Search...” — Above STD). However, in future
release new opportunities will be added. “Above
STD” is based on the method of detection of fil-
tered signal peaks, that excess predefined thresh-
old. An action potential (spike) is produced by ac-
tivation of the single neuron and represented as a
high-frequency event on the background of local
summarized neuronal activity. Therefore, data
should be filtered to high frequency range. In
“WEEGIT” we use frequency range from 400 to
Ne 6
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4000 Hz to the 2-cascade bandpass Chebyshev
Type Il filter. Filtered data are used for detection
of the peaks, which amplitudes exceed 2 standard
deviations of the filtered signal. Timestamps, am-
plitudes, channel, sweep and cluster of the detect-
ed peaks are forming an array, which is saving in
binary file {filename).spk. Cluster parameter is 0
by default and was added for future opportunity of
representing spikes from different cluster groups.
Spikes timestamps and amplitudes are saved in
single format, while channel, sweep and cluster
have 16-bit integer format. An additional header
of 100 bytes is added for saving detection method
information. File (filename).spk is connected im-
mediately after detection and saving of the spikes.

Events pipeline. One of the important tool of
the “WEEGIT” is detection and labeling of the
events. The event can be defined as any action of
the experimenter (switching on the light, stopping
perfusion etc.) or as a beginning of the physiolog-
ical pattern of activity (oscillation, epilepsy etc.).
In general, an event is characterized as a momen-
tary action.

Detection is a first step of workflow with
events. In “WEEGIT” events can be detected
both manually and automatically. For manual de-
tection, an interactive tool in “Events” — “Add
(manual)” — Above STD is available, while for
automatic detection three possible algorithms are
presented in “Events” — “Search...”. The first
method called “Above threshold” allows the user
to detect events with amplitudes, that excess a
predefined threshold. It calls a user dialog with
three fields: “Channel”, “Threshold” and “Min-
imal interval (ms)”. “Channel” field defines the
channel for detection, and “Threshold” field de-
fines the amplitude of the threshold value. “Min-
imal interval (ms)” the user can set the minimal
interval between events, in which only the event
with the largest amplitude will be detected. The
second method called “TTL pulse” allows the us-
er to detect the rising edge of the TTL (Transistor-
transistor logic)-like signals. It calls a user dialog
with two fields: “Channel” and “Threshold (level
from max value)”. “Channel” field defines the
channel for detection, and “Threshold” field de-
fines the threshold as a percentage from maxi-
mum of the pulse signal. The third method called
“Spikes accumulation” is based on the detection
of rising of spikes density and will be available
soon.

The second step of event’s workflow is label-
ing. After detection, all events are named with
numbers in ascending order starting from “1” and
have “numeric” label. For each sweep, if the re-
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cord contains multiple of them, names of detect-
ed events start from “1”. User can change label of
the events through “Events” — “Set name”
menu. It calls a user dialog with three fields:
“Event name”, “Event num” and “Event sweep”.
“Event name” is intended for the text string of
event label, while in “Event num” and “Event
sweep” the user should define the sequential
number (or numbers) of event and sweep of inter-
est, respectively. After the name of the event will
be changed, the text label above will be replaced
from number to the defined name of the event.
Starting from this point, events don’t remember
their numbers and to rename them again re-de-
tection is required. In other case, all detected
events with “numeric” label will be removed, if
the user will apply a new detection without cus-
tom labeling of previously detected events.

The final step of event’s workflow is saving of
the events. After labeling of the events, the user
can save them in files. For each label of the event,
a separate file with name (filename).event-(la-
bel).mat will be created. There are two possible
ways of event saving: with or without record data.
In the first case, only a table with information
about event timestamps will be saved. Table will
contain the following information about an event:
time of the event (float), name of the event
(string), bad or good event (boolean), event edges
exceed or not record time (boolean), sweep of
event detection (float), method of event detection
(string), source of event (string), name of the pe-
riod where event is observed (string). In the sec-
ond case, additionally will be saved a portion of
data around the event, defined by the “Segment
to save” panel parameters. That will include re-
cord data itself for each channel and spikes time-
stamps. Saved events can be uploaded through
“Events” — “Load” menu, which calls user dia-
log for choosing event file through file browser.

Management of the events is presented as an
opportunity of marking of them as “bad” and total
removing from the events set. “Bad” event is follow-
ing to be a part of events set, however, colored as red
line with red label name (see “Panels” — “EEG
channels” — “Main axes” in “WEEGIT graphi-
cal user interface” section). That can be done, if
there is uncertainly evidence, that event should be
removed. Removing of the events can be done in
several ways: manually “Events” — “Remove
manual”, by name “Events” — “Remove by
name” and full remove “Events” — “Remove
all”. The manual method calls an interactive tool
for definition of two time points, between which
all events will be deleted. Removing by name im-
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plies setting of the event’s set label name, which
should be removed. Full remove of the events lead
to total remove of all events.

Periods pipeline. Period’s tool is a convenient
way to mark time ranges in which the experiment
conditions were changed or intact. All events be-
longing to the marked periods will also contain
that information in the resulted event table.
Moreover, that information will be used in the
built-in time-spatial analysis and will be available
for future more progressive analysis. Periods can
be set only manually, however, two approaches
are available. The first one is a usage of interactive
pointing tools placed in the “Periods” — “Set
new...” menu. The user have a choice of defini-
tion only a start point of period, stop point of pe-
riod, or both start and stop points in one time.
The first two cases may be useful in the situation
when start and stop times are far away from each
other, or the user don’t want to define one of the
borders from the beginning. If only one border of
the period time range will be set, the correspond-
ing times in “Periods” panel will be filled with
NaN values. If the user applies an interactive tool
for setting period time range, the name of the pe-
riod will be “newperiod” by default. In this case,
any other applications of the interactive tools will
change times of the period with this name. After-
ward, the user can set the name of the period at
his discretion. The user also able to change any
period parameters directly in the “Periods” panel
at any time he wants. The second approach is
based on direct setting of the period parameters in
the “Periods” panel. During that method, the us-
er should fill all the fields in the table to make a
graphical representation of the period available. Re-
moving of all periods is placed in “Periods” — “Re-
move” menu. However, in the future release, the
opportunity of removing using the period name
will be added.

Analysis “WEEGIT” software is planned to in-
clude a several built-in analyses of time-spatial
properties of the activity. In the presented release,
we include an interactive plugin for monitoring
average properties of the events (Fig. 4) and a be-
ta-version of the console (Fig. 5). In future release
a several simple analyses of local field potential
(LFP) and spikes will be included. “WEEGIT” is
not positioning here as a powerful analysis tool,
however, it is planned, that using the console tool
user will be able to apply any fancy self-made
analysis.

An interactive plugin for monitoring average
properties is used for estimating activity proper-
ties around the detected events. It includes a sep-

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

SUCHKOV et al.

arate interactive figure, where the user is able to
parse through the channels using “up” and
“down” keyboard keys. On the figure the follow-
ing panels are presented (from the left to right):
average CSD profile of the event, Peri-event time
histogram (PETH) depth profile, average spike
rate depth profile, target channel average LFP
(top), target channel peri-event time histogram
(middle) and Analog input channels average trace
(bottom).

The console tool allows the user to run and
save custom code in Matlab language. Console is
represented in beta-version, however, will be im-
proved in the future release.

4. FUTURE DIRECTIONS

“WEEGIT” demonstrates a well organized
environment and concept of data workflow.
However, despite obvious benefits, presented
software has some restrictions and deficiencies.
Therefore, future release of the “WEEGIT” will
cover the following key improvements: 1) Resolv-
ing filtering collapse due to the adaptive resam-
pling rate; 2) Graphical representation of spike
clusters for each channel; 3) Basic descriptive
analysis for full record electrophysiological prop-
erties; 4) Events detection using spikes density
raise; 5) User-friendly interface for custom analy-
sis implementation; 6) Event viewer interactive
plugin for browsing events and 7) Include reading
of the *. HDF?5 files as the popular format of large,
complex and heterogeneous data store.

5. DISCUSSION

“WEEGIT?” is able to work with wide range of
the file formats of electrophysiological activity
registration — *.abf, *.daq, *.csc, *.xdat, *.rhd,
* edf, *.continious. Presented formats are charac-
terized by absolutely different internal configura-
tion of headers and data organization, however,
almost all of them store data as a raw binary data.
To avoid additional workload during usage of the
“WEEGIT” we decided to convert data formats
to one simply organized raw binary file with head-
er externally stored in a separate *.json file. Data
from a raw binary file can be directly read with a
low-level function, requiring the shortest possible
time for this operation. External file for header
was used, firstly, to avoid difficulties with binary
file header reorganization and, secondly, for easi-
er reading of the header with text editors. This ap-
proach also allows us to standardized data for fu-
ture analysis. However, additional operation for
Ne 6
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Fig. 4. WEEGIT interface view 4, interactive plugin for monitoring average properties of the events. Two interactive
plugins for one-record events of one type (“tactile stim”), but under various temperature conditions, are presented

(34°C on the left and 41°C on the right).

Puc. 4. Bun 4 untepdpeiica WEEGIT, nHTepaKTUBHBIN IUIArMH IJ1s1 MOHUTOPMHTA CPEAHMX 3HAYEHUIT CBOMICTB CO-
oertuii. [IpencraBieHbl 1Ba MHTEpaKTUBHBIX IJIATMHA JIST COOBITUIT OMHOTO THITA (“TaKTUJIbHASI CTUM.”), HO TIpU
pa3HBIX TeMIlepaTypHbIX yciaoBusx (cineBa — 34°C, cnpaBa — 41°C).

data convert required some time and space on the
hard drive, that can be a disadvantage for the us-
ers. Mechanisms of fast visualization are based on
two components: 1) direct reading of the binary
file and 2) adaptive sample rate of uploaded data.
Usage of low-level function to read the binary file
provides the fastest speed, while fixed number of
time points for graphical environment reduce the
required volume of random-access memory.
However, that approach lead to some difficulties
with filtering of the data, because of floating res-
ampling rate. That restricts filtering in some time
ranges, resulting in deficiency of this operation.

Though, we expect that WEEGIT should pre-
dominantly fit the browsing of electrophysiologi-
cal recordings done with multisite linear elec-
trode, we believe that WEEGIT will be also fruit-
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ful for pre-analysis of the electrophysiological
recordings done with other types of electrodes
and electrodes configurations (tetrodes, multis-
hank, single eletrode etc) and in other systems
(ECG, EMG etc). That will be associated with
some functional limitations (loss of MUA or CSD
analysis), however, we prepare the option to add
extra scripts in “Console mode” for future releas-
es. But, the main functions for signal filtering and
transform or detection of the events can be equal-
ly used for any types of electrophysiological re-
cordings.

The opportunity of the simultaneous fast
browsing and annotation of the data in one space
was highly appreciated by the ordinary users of
the similar type of software. However, an over-
view of the popular browsers showed, that, de-
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Fig. 5. WEEGIT interface view 5, console mode is launched. An example of first time derivative for the 11th channel

is presented (was built using console commands).

Puc. 5. Bun 4 unrepdeitca WEEGIT, koHCcoNMbHBIN pexkuM BKiItodeH. [IpeacrasieH nprumep repBoit Ipou3Bo/I-
Ho 1151 11-To KaHana (co3maH ¢ IIOMOIIbI0 KOHCOJIbHBIX KOMAaH]T).

spite obvious advantages of included analysis
packages, the workflow doesn’t support a conve-
nient way of record documenting at all. For exam-
ple, in the famous software “Clampfit” (Molecu-
lar Devices) annotation capabilities are presented
both with text and interactive methods. However,
the record data from the file are fully placed in the
Random-access memory, meaning large machine
resources consumption in case of large (>10 GB)
files. “Neuroscope” browser (Hazan, 2006) in
opposite, provides a good engine with adaptive
data upload, but on the background of poor orga-
nized annotation abilities. Modern powerful
packages like Real-Time experiment Interface
(Patel, 2017) or NeuroScore (CNS Software)
demonstrate a complex user interface, resulted in
time-consuming process of simple data browsing

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

and annotation. Assuming that in this case more
time required for the learning of all software fea-
tures, those products more related to the special-
ists neither than to beginners. “WEEGIT” soft-
ware concept is trying to keep the delicate edge
between complexity of the proposed tools and us-
er-friendly interface. Moreover, in modern re-
search, authors prefer to use their custom-build
analysis. Therefore, “WEEGIT” is designed to
provide the simplest descriptive tools for the be-
ginners with ability of immediate application of
fancy analysis by console tool for professionals.

6. CONCLUSION

The “WEEGIT” software can potentially
solve the problem of fast visualization and anno-
Ne 6
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tating of the electrophysiological activity data in
the field of basic scientific research and can be ap-
plied in medicine diagnostics, for example, in de-
scription of brain EEG. The program works with
the majority of widely used formats of electro-
physiological activity data recording. The pro-
gram does not consume significant hardware re-
sources due to adaptive displaying algorithms.
The opportunity of visualizing and documenting
the observed electrophysiological activity is de-
signed within one interface. Doesn’t require spe-
cific knowledge of programming, physiology or
medicine, so it can be used with equal success by
beginners and specialists in any of these fields. At
the same time, the information is systematized
and prepared for further analysis by more special-
ized algorithms. Thus, the program additionally
allows optimal organization of interaction be-
tween biomedical specialized personnel and ana-
Iytical department with physical and mathemati-
cal specialization.

7. HARDWARE AND SOFTWARE
REQUIREMENT

Disk space: 1GB;

RAM: 1GB;

IBM PC-compatible;

OS: Windows 7.0/8.0/8.1/10
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9. LICENSE

The software can be freely used for scientific and educa-
tional purposes. If used for commercial purposes, it is nec-
essary to notify the exclusive right holder (Kazan Federal
University) and the author (Dmitrii Suchkov). WEEGIT is
developed in MATLAB, therefore a run-time module for
MATLAB R2016a is included in the installation executable
file. Installation file is designed for direct installation on
Windows system without additional preparations.
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Link to the free installation file (current version 4.62):
https://gitlab.com/lab-equipment-assemblies1/weegit-
public/-/blob/main/wEEGit_full_installator.exe

Link to the free update patch (current version 4.63):
https://gitlab.com/lab-equipment-assemblies1/weegit-
public/-/blob/main/wEEGit_update patch.exe
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WEEGIT — ITPWIOXKEHUE JIJI1 BU3YAIIN3ALINN 1 OIIMCAHUA
JAHHBIX DJIEKTPO®U3NOJOTIMYECKON AKTUBHOCTHU

. C. Cyukos! *, B. B. IllymxoBa?, B. P. Curaukosa?, B. M. CunaesaZ, A. E. Jloramkun?,
A. P. Mamiees?, M. I'. Muneo6aes':?

! Cpeduzemnomopcruii Hnemumym Heiipo6uonoeuu, MHHCEPM, Yuusepcumem Dxc-Mapcens, Mapcens, Opanyus
2HHUJT Hosvie unsicerephvie peuenis co8peMeHHbIX Aa00pAmMOPHbIX UCCAe008aHull,
Kaszanckuii (Tlpusonscckuit) Pedepanvuniii Yuuseepcumem, Kazauw, Poccus
#e-mail: suchkov.dmitriy.ksu@gmail.com

Macrep Bu3yammsanum wHopMauum o6 snekrposHiedammorpamme — “WEEGIT” — mpo-
rpaMMHoOe obecIieueHue, MpeaHa3HauYeHHOE IJIsl BU3yaau3allui U OMKUCaHUsl JIUTEIbHBIX Peru-
CcTpaluii CUTHAJIOB. JITUTEbHbIE PETUCTPALIMU CUTHAJIOB CYIIIECTBYIOT B Pa3HBIX 00JACTsIX UC-
cJIeIoBaHUII 1 IIMPOKO MpeACTaBJIeHBI B Helipoouoaoruu. B HacTosImee BpeMsI perucTpalnus
2JIEKTPO(PU3NOJIOTUYECKOM aKTUBHOCTU YTBEPAMJIACh KaK “30JI0TOil cTaHmapT” B HEMpoOOMOJIO-
rI4ecKux uccienoBaHusax. [loatomy mMbl nipemtoxim u anpoouposanu “WEEGIT” kak momi-
HBIN ¥ yIOOHBINA MHCTPYMEHT IJIsl ONUCAHUS 31EeKTPO(GU3NOIOTMIECKUX 3anuceit. Mbl o0benu-
auan B “WEEGIT” nan6oiiee BoctpedboBaHHbIC GYHKIIMH, TIPEACTABICHHBIC B IPYTUX KOMMEP-
YECKUX U HEKoOMMepueckux nporpammax. I[IpencraBieHHoe mporpaMMHoOe o0ecriedeHUEe MOXKET
paboraTh C IIUPOKO pacIlpocTpaHeHHbIMU opMaTamu 3anuceii. “WEEGIT” nmo3Boser agan-
TUBHO BU3yaJIM3UPOBATh 40 512 KaHAJIOB 3all1ICU B Pa3JIMYHBIX BpeMEHHBIX MaclITabax 0e3 IoTe-
pu 3 DEeKTUBHOCTHU 1 6€3 MOTPeOIeHUSI JONOIHUTEIBHBIX MAIIMHHBIX pecypcoB. Busyanuzanusa
TaK:K€ BKJIIOYAeT ONILMOHAJIbHBIA BCTPOSHHBIN MPOCTPAHCTBEHHO-BPEMEHHOI aHaiu3 (ILIOT-
HOCTb MCTOYHHMKOB TOKa UJIM IVIOTHOCTb MOTEHIIMAJIOB IEiCTBUsI), OTOOpakaeMblil B BUIe (hOHO-
BOIro u3o0paxkeHusi. BcTpoeHHBI HA0Op JOMOJHUTEIBHBIX poLeayp GUIbBTpalluU U IIpeodpa-
30BaHMs CUTHaJIA TTO3BOJISIET YAydIIUTh Busyanusamuio 3anucu. “WEEGIT” umeer ynoOHbIH
rpadpudeckuii mHTepdeiic moab30BaTelIsI C BO3MOXKXHOCTHIO OMHOBPEMEHHOI'O IIPOCMOTPA U OIH -
caHUS 3amuceil B omTHOM paboueM ITpocTpaHcTBe. OnucaHne MOXET OCYIIECTBIISIThCS KaK IIpO-
CTBIM BHECEHHMEM TEKCTOBOM MH(pOPMALINK, TaK M1 MTHTEPAKTUBHEIM pa3MeIlIeHEM CIIeIINaIN31 -
POBaHHBIX METOK 1 00BeKTOB. [IporpamMma Takske mo3BOISIET COXPAHATDH JaHHBIE B (hopMaTe C I10-
HIDKEHHOM NMUCKpeTu3allMeil Kak JJis Bceil 3amucu, Tak U JJisl ONpeleIeHHBIX MoJb30BaTejieM
cobObITuit. B 3akmoyeHue ciaenyet otMeTuTh, yTo “WEEGIT” npenocrasisier 6oablioit Habop
WHCTPYMEHTOB TSI yTOOHOI paboThl Kak JJISI HAUMHAIOIIUX MOJIb30BaTes e, TaK U ISl Crielra-
JIMCTOB B 00JIaCTH 3JIEKTPO(MU3NOIOTNIYECKIX UCCIIENOBAHNI, BKIIIOYAS IIOATOTOBKY JaHHBIX JJIsI
MOCJIeIYIONIEeTO CIeIMAaIN3UPOBAHHOTO aHAIN3a.

Kiroueessie crosa: anekTpodusnosorusi, IporpaMMHoOe odecrieueHue, aHaau3
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