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Hnrepdetic mosr-kommbiotep (MMK) - 3T0 ycTpoiiCTBO, MTO3BOJISAIONIECE YIIPABISATh
BHEIIHUMHU TEXHUYECKMMH CHCTEMAaMHU HEIMOCPEICTBEHHO CHUTHAJIaMu Mosra. B
nocienHue ABa  Aecsatwierus texHonorus HWMMK  OypHo  pa3BuBaertcs:
pacIMpsArOTCs 00JacTH €€ MPUMEHEHHS, MPEAJIaraloTcsi HOBBIE THUIIBI JTATYUKOB
JUIE PErMCTpalliM CHUTHAJIOB MO3ra, YJy4IIaeTcsi KauyeCTBO MX pPaclio3HaBaHUs,
YCOBEPIIEHCTBYIOTCSI METOJIbI TPDEHUPOBKH UCHBITYEMBIX Ha ynpasiienue UMK. B
0030pe onucaHa UCTOPHUS Pa3BUTHS U COBpeMEeHHOe cocTosinue TexHojorun NMK.
O630p sBAsieTCST  BCTYIUIGHHMEM K  CHEHUAJbHOMY  BBIYCKY  JKypHaja,
MOCBSIIIEHHOMY HEKOTOPHIM aKTyalbHBIM TpoOsieMaM 3Toi TexHosoruu. Ha
HacTosIMM MoMmeHT Haubonee s(dexkruBHOoe npumenenne MMK cBszaHo c
COIIMAILHONW W JIBUTATEIbHOW peaOuauTaIlMeil TaIlMeHTOB C  CEepPhEe3HBIMH

ABUTATCJIbHBIMU HAPYIICHUSAMMU. I[J'I}I HBHFaTeHBHOﬁ pea6I/IHI/ITaI_[I/II/I HCIIOJIB3YIOTCA



UMK, ocHoBanHble Ha BoOOpakeHwH nBWKEeHHH. OcoOeHHO 3(PheKTHBHO HX
MPUMEHEHUE B KOMIUIEKCE C OK30CKEIETOM. YK€ IMPOBEACHO HECKOIbKO
KOHTPOJIMPYEMbIX HCCIEeI0BaHMM, moaTBepxkaaronmx 3¢dexrusHocts UMK B
HelipopeaObwiuTaiuu. boliee  neTanbHOE  OMUCAHME  PA3JIUYHBIX  ACIEKTOB
YKa3aHHOM TEXHOJIOTHH JIAaHO B CTAThsIX HACTOSIIETO CIEIUAILHOTO BBITYCKA.

KuarwueBble cioBa: uumepgheiic moze-komnviomep, UHBA3UBHBIU, HEUHBAZUBHDLIL

I0I', BUKC, osueamenvHvle Hapyuienus, Helupopeaduiumayus, IK30CKeaem.

BBEJIEHUE
WuTepdeiic  MO3r-KOMIIBIOTEP  3TO  IPOrPAMMHO-AIapaTHBIA  KOMILIEKC,
MO3BOJIAIOIIMN  YNPABJISATh HEMNOCPEACTBEHHO CHUTHAJIAMM MO3ra BHEIIHUMU
TEXHUYECKUMU CHUCTEMaMH, MUHYS TPaAUIMOHHYIO JUIsI 3TOr0 MBIIICYHYIO
akTUBHOCTD. [lepBriit unTepdeiic mosr-kommnsiorep (MMK) nossuiics emie B 1973
roay [Vidal, 1973], onnako aktuBHOE pa3BuTHe TexHojorud MK Hauamoch B
JIEBSTHOCTBIE TOJIbI MPOILIOT0 CTOJIETHS, KOTJIa JIs ’TOTO BO3HUKIIM HEOOXOIUMBbIEC
byHIaMEeHTaIbHBIE, TEXHUYECKUE U COLMATbHBIE MPEANOChUIKU. JlabopaTtopHbie U
KJIIMHUYECKUE UCCIIEA0BaHUS 00ECTICUIIA IeTAIbHbIC 3HAHUS O MPUPOJIE CUTHAJIOB
MO3ra, MOpPUTOJHBIX JUIsi ucnoJib3oBaHus B MMK. Dto kacaerca kak IO
(OCHOBHBIE PUTMBI MO3Ta W BBI3BAHHBIC MOTEHIMAIBl HA Pa3IUYHBIC CTUMYJIbI)
[Wolpaw et al., 2002], Tak 1 MHOYKECTBEHHOW MMITYJIbCHOH aKTHBHOCTH HEHPOHOB
[Lebedev, Nicolelis, 2006]. MHoro4yucieHHbIE HCCIEIOBAHMS ITOKA3ald, YTO
CYILIECTBYET CBSI3b MEXKAY MaTTEPHAMU aKTUBHOCTHU MO3Ta U THUIIOM COBEPILIAEMOTO
newxenust [Neuper et al., 1999; Pfurtscheller, Lopes da Silva, 1999] uiu tunom
BBITIOJIHSIEMOW MEHTanbHOW 3amauu [MBanunkuit u ap., 1997; Hukomaes u np.,
1998] (nmouck mo0OHBIX KOPPEIATOB aKTHUBHO Mpojoikaercs [Jlazypenko u np.,
2017; TapoTtun u ap., 2017]). DT0 MO3BOIMIIO BBIASIUTH, HAOOP MEHTAJIBHBIX 3a/1a4
U TIOKa3aTesie aKTUBHOCTH MO3Ta, HanOoJyiee MPUroaHbIX Jiisa yrpasiaeHus MK
[Blankertz et al.,, 2007; Pfurtcsheller et al., 2000]. TexHomoru4eckoii
MPEANOCHUIKON SIBUJIOCh CO3/IaHHE JICIIEBBIX M MOIIHBIX KOMIIBIOTEPOB U HX

MporpaMMHOIO 06CCHC‘I€HI/I}I, IMO3BOJIAIOLICTO O6pa6aTBIBaTB MHOT'OKaHaJIbHBIC



CUTHAJbl MO3Ta B PEAIbHOM BPEMEHH, a TAKKE CaMHMX CHCTEM MHOTOKaHAJIbHOMN
peructpanuu. CouuaabHOW MPEANOCHUIKON SIBUJIOCH OCO3HaHHME MOTPEOHOCTH B
UMK nnst peabunuranivy O0JIbHBIX C CEPbE3HBIMU JIBUTATEILHBIMU HAPYIIICHUSIMHU.
Jns muormx takux OoiapHBIX MMK MokeT oka3aThbCcsi OCHOBHBIM, €CIH HE
€IUHCTBEHHBIM KaHAJIOM HX CBSI3U C BHEITHUM MUPOM.

Yucno pabot, mocesieHHbix MMK, skcnoHeHIManbHO pacTeT, Ha4uHas ¢ 5 B
1990-1992 no moutu 500 B 2008-2010 ronax. Takum o6pazom, Texuonorus UMK
BBIIINIa M3 JIETCKOrO BO3pacTa, Korja HeoOXoauMo ObUIO JIOKa3biBaTh €€
COCTOSITETILHOCTh B JTAOOPATOPHBIX HMCCIEIOBAHUAX, U BoUUIA B (ha3y 3pesiocTH,
KOI'/1Ia HEOOXOJMMO UCKATh CIIOCOOBI €€ MPUJIOKEHUS K PA3TUYHBIM MPAKTHYECKUM
3ajauaM, Kpyr KOTOpPBhIX NOTeHIMadbHO odveHb mmpok [Millan et al., 2010].
AKTyanpHbIM mpoOinemaMm pa3BuTusi TexHonoruu MMK mocBsmeH HacTosmun
CIIEUAJIBHBIN BBIITYCK KypHaJa.

Oobmas cxema UMK Bkitowaer cucreMy Juisl perucTpalii CUTHAJIOB aKTUBHOCTH
MO3ra M BBOJIa MX B KOMIBIOTEp; CpelICTBAa (UIbTpAlMU JaHHBIX U BbIOOpA
noKasaTelied aKTUBHOCTH, HamboJee 3HAYMMBIX IS PAclO3HABAHHS HaMEpEeHUI
YeJI0BeKa; KJIacCU(UKATOP aKTUBHOCTH M CPEICTBO CONMPSKEHUA KilaccupukaTopa
C BHEIIHUM TEXHUYECKUM YCTPONCTBOM, KOTOPBIM MOET OBbITh HPOTES3,
HK30CKEJIEeT, WHBAIUIHAS KOJSICKA WIM JKpaH MOHHTOpa. BaxHo, 4TOOBI mpu
ynpasiennn WMK, wucneityemblii uMmen oOpaTHYH CBSI3b OT TEXHHUYECKOTO
YCTPOMCTBA, MO3BOJIIOILYI0 CPAaBHUTh €r0 OTKIMK CO CBOMM HaMEpPEHUEM. OTO
oOecreuynBaeT KOHUEHTPAIMI0 BHUMAaHMs HUcnbITyemMoro Ha ynpasiennn UMK u
MOAKPEIJICHUE YCHENIHOTO BBINOJHEHHUS KOMaHAbpl. B KauecTBe CHUrHaJIOB
oOpaTHOM CBS3M OOBIYHO WCIOJIb3YeTCS 3pUTENbHAs WHQPOpPMAIUs, OJHAKO B
MOCJIEAHUE TOMBl JONOJHUTEIBHO K HEN HCMOJB3YETCs MPONPUOLEITUBHAS, €CIIN
NMK ympasnser 3x30ckenerom [DPposioB u ap., 20176]. BozmoxHa Takke momaya
WHCTPYKIIUH W OOpaTHOM CBSI3U C TIOMOIIBI0O BUOPOTAKTHILHOW CTUMYJISIIUU
[JIubypxkuna u ap., 2017]. B 3ToM ciiydae MOKHO TEPEKIIOUUTHh 3PUTEIBHOE
BHUMaHuE HcnblTyeMoro ot ymnpasieHns HMMK Ha aHamms oxpyxaromen

00CTaHOBKHU.



KITACCUDUKAILINA TUIIOB UMK
MK 00b14HO KiTacCU(UIUPYIOTCSA TIO TUIY PETUCTPUPYEMOI aKTUBHOCTH MO3Ta,
0 HEOOXOJUMOCTH MPOBEICHUS XUPYPTUUECKOW ONEpaluu [JIsi PETUCTpaIiu
CUTHAJIOB Mo3ra (uMHBa3uBHBIM — HewHBa3uBHbIM MMK) u mo Tumy komann
BHEIITHEMY TEXHUYECKOMY YCTPOUCTBY (MTUCKPETHBIN — rpaayanbHbiii UMK).

Cursajnbl aKTUBHOCTH MO3ra

Hna ynpasnenuss UMK wncnonb3yroTcs CUTHaNBI 3JIEKTPOPHU3UOIOTUIECKON U
reMOJANHAMHUYECKON AKTUBHOCTHU MO3ra. B KauecTBE CUTHAJIOB
ANEKTPOYU3NOTOTUYECKOM AKTUBHOCTH HCTIOJIb3YIOT 20I 151
MarautosHuedatorpammy (MOI) nns  wHeunBasuBHbix WMK u  curnaisl
MHOKE€CTBEHHON HEMPOHHOW aKTUBHOCTU W JIOKAJIbHBIE MEJJIEHHBIE MMOTECHIINANBI
IS MHBa3UBHBIX NMK. UMK, OCHOBaHHBIE Ha  perucrpanauuu
ANEKTPOKOPTUKOTPAMMBI, MHOT/1a Ha3bIBAIOT MOJIYyMHBAa3UBHBIMU, UMES B BU]Y, YTO
UL €€ PEruCTpalMM DJIEKTPOAbl YCTAHABIMBAKOTCA II0J YEPENoOM, HO HE
MPOHUKAIOT B TKaHb Mo3ra. MDD 3T0 cmoco® peructpanuu TOU  Ke
MEKTPO(PU3NOIOTHUECKOM  aKTUBHOCTH  MO3ra, HO 10  UHTEHCUBHOCTHU
CO3/IaBa€MbIX €l HE DJJIGKTPUYECKMX, a MarHuTHeIX Tmoneil. Hawubonee
pacnpoctpadenbl UMK, ocHoBaHHbIE Ha peructpanuu I, T.K. OHU SABISIOTCA
HEMHBA3UBHBIMU M TIOPTOMY UWX MWCIOJIB30BaHHE HE TpeOyeT CreruaibHbIX
MEIUIMHCKUX TIOKa3aHWUM, KpOME€ TOro, OHHM JCHIEBbl, KOMIIAKTHBI W
TpaHCTIOPTAOEIbHBI.

['emoarHaMUUYecKasi aKTUBHOCTh PETUCTPUPYETCS C MOMOIIBI0 (PYHKIIMOHATIBHON
MarHuTope3oHaHcHoi Ttomorpadhun (GMPT) wunum OmmkHed uHpakpacHON
ciektpockonuu  (BMKC). Ona cBsizaHa ¢ MW3MEHEHHWEM KOHICHTpaIui
OKHCJICHHOTO ¥ BOCCTAHOBJICHHOTO TE€MOTJIOOMHAa B 00JacTsAX Mo3ra, TIJe
HEHPOHHAsI aKTUBHOCTh yBenumyeHa. Perucrpanusa curHanoB BUUKC ocHoBaHa Ha
3aBUCUMOCTH TIOTJIONMICHUS HWH(GPAKPACHOTO W3JIYYCHHS OT KOHIICHTpAIluu
OKHCJIEHHOTO M BOCCTaHOBJEHHOro remorioomHa. Kaxnerii kamaax BUKC
COIEP’)KUT HCTOYHUK M NPUEMHUK wu3nydyeHus. [lo myTw OT HUCTOYHUKA K

MIPUEMHUKY W3JIydeHHE moriomaercss u pacceuBaerca [Mcaes u np., 2017].



NHTEeHCUBHOCTh U3IIyYEHUS, PETUCTPpUpPYyEMasi IPUEMHUKOM, 3aBUCUT OT CTENEHU
€ro MOTJIONIECHUS HA MYTU OT UCTOYHUKA M, TAKUM O00pPa30M, OTPAKACT U3MECHECHHE
JIOKaJIbHOW TeMOJIMHAMUYECKONW akTUBHOCTH Mo3ra. MMK, ocHoBaHHbIE Ha
perucTpanuy reMoAMHaMUYECKON aKTUBHOCTH MO3Ta, SIBJISIFOTCSI HEUHBA3WBHBIMM.
Curnansl BUKC cranu npumenstees B UMK otHocuTensHO HepaBHo [Fazli et al.,
2012]. Ux memoctaTtok mo cpaBHeHuro ¢ GMPT — MeHbIIee mpoCTpaHCTBEHHOE
paspemiennie [Mcaes wu gp., 2017], uX mnOpeuMymecTtBo — JICHICBU3HA,
KOMITaKTHOCTb, TPAHCIIOPTA0EIbHOCTh, HO TJIABHOE — COBMECTUMOCTH ¢ DI, Vike
ectb npumepbl THOpuIHBIX UMK, 0OCHOBaHHBIX Ha OJJHOBPEMEHHOM PETrUCTPALIMH
ANEKTPO(U3NOIOTUYECKON W TEeMOJMHAMUYECKOM aKTUBHOCTU Mo3ra [boOpoB u
ap., 2016].

MuBasuBHbIEe — HEMHBA3UBHBIE UMK

Kak yxe ymnomuHamoch, Hauboiyiee pacrpocTpaHeHbl HenHBa3uBHbie MK,
OCHOBaHHbIE Ha peructpanuu OO, OJHAKO CYUTAETCA, YTO OHHM IMPOUTPHIBAIOT
WHBA3UBHBIM T0 TOYHOCTH KJIAaCCU(PUKAIIMU CUTHAJIOB MO3ra. JTO OOBSCHSETCH,
BO-TIEPBBIX, TEM, YTO CHUTHAJ, PETUCTPUPYEMBIA KaXXIbIM IMOBEPXHOCTHBIM
AIEKTPOJIOM, SIBIISIETCA CYMNEPIIO3UIUEN CUTHAJIOB OT MHOTMX HUCTOYHUKOB DI,
AKTUBHOCTb KOTOPBIX MOXET ObITh M HE 3HAUMMa JIJIsl pacliO3HaBaHUSI HAMEPEHHM
yenoBeka kiaccupukatopom MMK. DTo mpuBOAUT K TOMY, YTO aKTUBHOCTH
HE3HAYMMBIX HCTOYHUKOB 3aTCHSET AaKTUBHOCTh 3HAYMMBIX, YMEHbBIIAS
npousoguTenbuocth UMK [Frolov et al., 2012]. Bo-BTopsIX, 3T0 00BICHSIETCS
O0JBIION 4YyBCTBUTENBHOCTHIO DJI' K apredakraM, CBA3aHHBIM C JBHKCHUSIMHU
rJ1a3, MOPraHUSIMH, JBUKEHUSIMU T'OJIOBBI, JIEKTPOMHUOTpa)UUIECKON aKTUBHOCTHIO
u 1.0. O6e sTM mpobnembl mpeogoneBatorcs wunHBazuBHbIMU HMMK. HmennHo
MOATOMY BC€ MpUMeEpPHI ucnolib3oBanud UMK 1 ynpaBiaeHus: TaKUMH CIIOKHBIMA
MHOTOMEPHBIMU CHUCTEMaMH, KaK MaHUIYJSITOP, KOMIEHCUPYIOIIUNA YTEpsSHHbIC
JBUTATEIbHBIC (PYHKITMU OOJILHOTO, OCHOBaHBI HA IPUMEHEHUHN MHBAa3UBHBIX IMK
[Kennedy, Bakay, 1998; Hochberg et al., 2006]. OnHako OYEBHIHBIMU
Henocratkamu nHBa3uBHbIX UMK sBIIeTCsl, BO-TIEPBBIX, 3apaCTaAHUE BXKUBIICHHBIX

MUKPOIJICKTPOOOB COGHHHHTCHBHOﬁ TKAHBIO, YTO MPCIATCTBYCT UX MJIUTCIbBHOMY



(GYHKIIMOHUPOBAHUIO, BO-BTOPBIX, PHUCK HHQPEKIIMOHHOTO 3apakKeHHsl dYepes
TpenaHaIMOHHOE OTBEPCTHE.

CoBpeMeHHass  TEXHMKa  BXKUBIEHUS  MHUKPOAJIEKTPOIOB  OOecreyruBaeT
BO3MOKHOCTh WX WCITOJIb30BAHUS B TCUECHUE HECKOJIBKUX MECSIIEB, a B HEKOTOPBIX
cllydasXx M B Te€YeHHe Heckoibkux jer [McMahon et al., 2014]. 3amenneHuio
MOKPBITUSL DJIEKTPOJOB COCAMHUTEIIBHOW TKAaHBIO CIOCOOCTBYET MPUMEHEHHE
BCIIIECTB, CTUMYJUPYIONIMX POCT HEPBHOW TKAaHW WJIA TPEIOTBPAIIAFOIINX
pasBHTHE BocmaauTelbHoro mpoiecca [Rahimi, Juliano, 2001; Kam et al.,2002;
Biran et al., 2003; Polyakov et al., 2005], a Takxe HUCIOJB30BaHUE 3JIECKTPOJIOB
CHEIUATBPHON KOHCTPYKIIMM C PACIOJIO0KEHHEM KOHTAKTOB B MHKPOIIOJIOCTSX,
3aMOJHEHHBIX HEHPOTPOPUUECKUMU MTPUCATKAMU, CTUMYIIUPYIOITUMHU BpacTaHUE B
HUX HepBHBIX okoHyaHui [Kennedy et al., 1992]. OgHako ya0BIECTBOPUTEIHHOTO
croco0a TMOJHOTO MPEAOTBPAIEHUS 3apacTaHUsl BXKUBJIEHHBIX JJIEKTPOJOB
COEJIMHUTEILHOM TKaHBIO €1lle He pa3paboTaHo.

NudexmmonHoe  3apakeHWE dYepe3 TPEMAaHAIMOHHOE OTBEPCTHE  MOXKHO
MPEIOTBPATUTH BXKUBICHUEM OECIIPOBOIHBIX AJIEKTPOJOB BMECTE C YCHUIIUTEISIMU
U TeneMmerpuueckumu nepeaaraukamu [Mohseni et al., 2005; Chien, Jaw, 2005],
KOTOPBIC MOYKHO BBECTH JlaXke depe3 KpoBeHocHYro cuctemy [Llinas et al., 2005].
B mnocnemnue roapl oO0CykIaeTcs BO3MOXKHOCTh BBEJCHHMS B MO3L 4epe3
KPOBEHOCHYIO CHCTEMY TaK Ha3blBaeMoW HewpoHHoi meutk (neural dust) —
MHOXECTBA MHKPOUYACTHUII, KaX7asi M3 KOTOPBIX SBIAETCS IMbE30JAaTYNKOM,
peoOpa3yroNIuM JICKTPHUECKYI0 aKTUBHOCTh MO3Tra B YJIbTPa3BYKOBOW CHUTHAI,
perHCTpUpYyEeMBbIi Ha MOBEpPXHOCTH ToyoBBI [Seo et al., 2015]. B mepcmnekTuBe
OCBOECHHME ITOM TEXHOJIOIMH Ha NOPSAKUA YBEJINYNT Bo3MOxkHOCTH IMK.

C nmpyroii CTOpOHBI, MPUMEHEHHE HOBBIX METOJOB OOpAaOOTKH CHUTHAJIOB MOJKET
CYIIIECTBEHHO YBEJIMYHUTH MPOCTPAHCTBEHHYIO Pa3pelIaroIIyto crnocooHocTh DT
Jns sroro omHuM u3 HamOosiee 3((EKTUBHBIX SIBISCTCS METOJ HE3aBHCHMBIX
xommoHeHt (ICA, Independent Component Analysis) [Hyvarinen et al., 2001],
KOTOPBIH TO3BOJISET mpenctaButh OO B BHIE CYNEpHO3UIIMU TOTCHIIHAJIOB,

CO3JaBa€MbIX HC3aBUCHMMBIMH HMCTOYHHKaAMU. Kawmﬁ TaKOW MCTOYHMK SIBIISICTCS



TOKOBBIM JIMIOJIEM, XapaKTEPU3YEMbIM 3aBUCSIIUM OT BPEMEHU JIUMOJIbHBIM
MOMEHTOM, OIPEACIAIONIMM TEKYIIYI0 AKTUBHOCTh MCTOYHHMKA, M TOCTOSHHBIM
pacrpeeieHHeM TMOTEHIMAJIOB Ha [MOBEPXHOCTU TOJIOBBI, 3aBUCAIIMM OT
JIOKaNIU3alyy U OpUEHTAalUU AUNOJA. B mocnennue rojpl, B OCHOBHOM YCUJIUSIMU
C. Makeiira u ero corpyauaukoB [Delorme et al., 2012; Onton et al, 2006], meTox
ICA Bce mmpe mnpumensiercss npu aHanmmuze OO B LeTOM U B CBA3U C
uccienoBanussMu HenHBasuBHbBIX MK, B uwactHoctu [Kashenura et al., 2008].
OTtpaenbHbIE UCTOYHUKH MOTYT OBITh JIOKQJU30BAaHBI C XOPOIICH pa3peliaroniei
CIOCOOHOCTBIO C MOMOUIBI0 pemeHuss oOpatHod 3agaun OOI. Ilo MHeHuro
aBTOpOB padoTel [Onton et al., 2006] coyeTanne BHICOKOTO MPOCTPAHCTBEHHOTO U
BpEeMEHHOTO paspernieHus, ooecreunBaemoe |ICA u pemeHnemM oOpaTHOHN 3amadu
O0I', no3Bonut BepHyTh DI Ha "mepenHuil (POHT KapTHUPOBAHUSA AKTUBHOCTH
mo3ra" (forefront of brain imaging).

Eme ogHuMm MeTonoM MHOBBILIEHMs paspeliaroiieil cnocoOHoctu 21 sBisercs
IPOCTPAHCTBEHHAs (WIbTpallMsd CHUTHAJIOB C MOMOUIBI0 omneparopa Jlammaca,
IpUMEHEHHas, Hanpumep, B BoacBopackom HMMK, koropas mno3Bonuna emy
JOCTUYb TIOYTH TAaKOW K€ IPOU3BOAMUTEIBHOCTH, Kak y WHBa3suBHbIX MK
[Wolpaw, McFarland, 2004].

B Hacrosiiee BpeMsi NONBITKA YBEIUYEHUSI MPOU3BOAUTEILHOCTH HEMHBA3UBHBIX
NMK HampaBieHbl, BO-NIEPBbIX, Ha YJIY4IlIEHHE UX KJIacCU(pUKATOPOB [AramnoB u
ap., 2017; BoakoBa u ap., 2017; Oranecsn u np., 2017; lenenes u ap., 2017], Bo-
BTOPBIX Ha YJIYYIIEHHE METOJI0OB TPEHUPOBKHU HCHBITYeMbIX Ha ynpasieHue MK
[bobpoBa u np., 2017a, 6]. Ilpu sToM BTOpOE HaIpaBlIEHHE IO TEMIIaM pPOCTa
Yyycja KMCCICNOBaHUN B HacTosIiee Bpems oOronser mnepoe [bobOposa u mp.,
2017a].

3. JluckperHsie — rpaavaibasie UMK

Ilo Ty KOMaHbl, IepeaBacMON BHELIHEMY T€XHHUYECKOMY ycTpoucTtBy, UMK
JEeNsATCA Ha JUCKpEeTHble M rpanyanbHble. B nuckpetHeix MMK BHemHemy
YCTPOMCTBY mepenaeTcss HeOoabIon Habop KoMaHa (0OOBIYHO OT ABYX JIO MATH), a

B IpaayalbHOM — (DAKTUYECKU HENPEPBIBHBIN ympaBistonuil curnain. Haumbomnee



pacnpoctpaneHHbld TUCKpeTHbI MK ocHOBaH Ha pacrio3HaBaHUM TNATTEPHOB
AKTUBHOCTM MO3ra, COOTBETCTBYIOIIMX BBIMIOJTHEHUIO HEKOTOpOro Habopa
MEHTAJIbHBIX 33/1a4. B MpUHLKIE HA YUCIIO, HA TUIl TAKUX 3a/1a4 HE OTPAHUYCHBI.
['maBHOEe, YTOOBI COOTBETCTBYIOIIME WM MATTEPHBI XOPOIIO PACIO3HABAIUCH
kinaccudukaropom MMK. Torna nmo corsacoBaHUIO C MCTIBITYEMBIM BBITIOJIHEHHUE
UM KaKOW-TMOO MEHTAJIbHOM 3aJladyd CTaBUTCS B COOTBETCTBHE C OIPEACIICHHON
KOMaHJIOM, TIepeaBacMOil BHEIIHEMY YCTpOWCTBY. Hampumep, BooOpakeHHIO
JBH>KCHUS JIEBOW PYKH, CTABUTCA B COOTBETCTBUE ABMKEHUE UHBAIMIHON KOJISICKU
BJIEBO, & MpaBOM — BIpaBo. OJHAKO TOYHO TaK K€ MEHTAIBHOE BBINOJHEHUE
apu(pMETUUYECKOI0 CYETa MOKET COOTBETCTBOBATH JIBIXKCHHUIO BIIEBO, a PEIICHUE
MPOCTPAHCTBEHHOM 3a/Jaud — BIpaBo. Tem He MeHee s OomibpimuHcTBa MK,
CBSI3AHHBIX C JBWKCHUEM BHEIIHETO0 TEXHUYECKOTO YCTPOMCTBA, B KaydeCTBE
MEHTAJBHBIX 33724 MCHOJB3YIOTCSI UMEHHO BOOOpa)XXEHUs JIBIKCHUM (Hampumep,
Bbepmunckuit [Blankertz et al., 2007] u I'panesckuii [Pfurtscheller et al., 2000]
HNMK). 310 00BsCHSETCS CIEeNyIOUMMU NpUYMHAMUA. BO-TIEpBBIX, UCIBITYEMOMY
MICUXOJIOTUYECKH YA00HO COMOCTaBUTH JIBIDKCHHE BHEIIHETO TEXHUYECKOTO
YCTPOMCTBA C MEHTAJILHOM 3a/1auel, TAKKE€ CBSI3aHHOM C ABUKEHUEM. BO-BTOpBIX,
M3BECTHO HECKOJBKO XOPOIIO BBIPAKEHHBIX HEHpOohU3N0I0TUIecKrX (HEHOMEHOB,
COIMPOBOXK AKX BooOpaskenue aswkenuii [Blankertz et al., 2007; Pfurtscheller,
1999]. B-tpetbux, ynpasienue UMK, ocHOBaHHOM Ha BOOOpaKEHUU JIBHXKCHUH,
aBisgeTcst 3PGEKTUBHON MPOIEAYPOM BOCCTAHOBIICHUS JBUTATENbHBIX (HYHKIIUHA Y
MOCTHHCYJIBTHBIX M IMOCTTpaBMaTH4eckux OosbHBIX [Ang et al., 2015; Ramos-
Murguialday et al., 2013; ®posnos u ap., 20166].

Eciau ucnons3zoanne UMK He cBsi3aHO ¢ ynpaBieHUEM IBWKEHHUSAMH, 4 KACACTCSA
yhpaBiieHus: ObITOBBIMU IIpHOOpamMu, BbIOOpa TeIeOHHOTO ajpecara Wi cailTa B
HNurepHere, TO ©Oo0Jee ecTrecTBEHHO wucmnoiab3oBath B WMMK 3purtenbHoe
BOOOpaX€HUE TpPEIMETa, KOTOPHIM HEOOXOIUMO YIPABISATh WM K KOTOPOMY
HEO0OXOIMMO MOJY4YHUTh H0cTyn. Bo3MoxuocTs co3nanusi UMK, ocHoBanHOro Ha

NPECTaBICHUN PA3JIMYHBIX 3PUTEIBHBIX 00pa30B, MOKa3aHa B padore [Bobrov et

al., 2011].



VYnopasnenue rpaayansusiM UMK ocHoBaHO Ha (OpMHpPOBaHHH y HCHIBITYEMOTO
HOBOTO  CEHCOMOTOPHOTO  TMpPeoOpa3oBaHMsI, CBS3bIBAIOIICTO  HAMpaBJICHHE
JNBIDKEHUS K 1eIM €O CHeNU(PUUYECKUM TMaTTEPHOM AaKTUBHOCTH MO3Ta,
pacno3HaBaHue KoToporo kiaccudukaropom MMK obecneunBaeT aBHKEHUE
YOPaBIsIEMOr0 YCTPOMCTBA K ATOM LEeNu. TUNHWYHBIA IPOTOKOJ SKCIEPUMEHTA C
rpangyansHeiM UMK 3akimrouaercss B mepeMenieHun Kypcopa K LENIH Ha JKpaHe
xommbiorepa [Wolpaw, McFarland, 2004]. B »stom ciy4dae BBIydHBaeTCS
JIBYMEPHOE CEHCOMOTOpHOE MpeoOpazoBaHue. OIHAKO YK€ MMEIOTCS MPUMEpPHI
NMK, B KOTOpBIX NPOUCXOAUT YNPABJICHUE ABUKCHUEM MAHUIYJATOPA K IEIH B
tpexmepHoM nipoctpanctse [Veliste et al., 2008].

I'panyansasie UMK Moryt ObiTh kak mHBasuBHbIMHE [Veliste et al., 2008], tak u
HeunBasuBHbIMU [Wolpaw, McFarland, 2004]. OqHako HEHMHBa3WBHBIC TPEOYIOT
HECKOJIbKUX MecsleB TpeHHpoBku Ha ympasienne MMK. Ilpu 3ToM oHM MOryT
JIOCTUTaTh MPUMEPHO TAKOW K€ TOYHOCTH U CKOPOCTH YIPABICHHS BHEUTHUMU
ycTpoiictBamu, kak mHBasuBHbIC [Wolpaw, McFarland, 2004]. TpenupoBka Ha
yrpasieHue naBazuBHbiMA UMK 3aHnmaeT ropas3no MeHbllle BpEMEHU U OCHOBaHA
HAa  HCIOJIb30BAaHUU  JUPEKUMOHAIBHOW  MPEANOYTUTEIBHOCTH  HEHUpPOHOB
nepBUYHON  MoTopHO#W  kopel  [Georgopoulos et al, 1982]. Dra
MPEANOYTUTENBHOCTh MPOSBISAECTCS B TOM, YTO KaXIblii HEHPOH MaKCUMAJILHO
aKTUBEH MpPU OMNPEICIICHHOM HaIpaBJICHUM IBWKEHHS K I1I€Jd, a NpU APYyrom
HaIlpaBJICHUU €r0 aKTUBHOCTh MPOMOPIMOHATIbHA KOCUHYCY yIJIa MEXIY 3TUM U
MPEANOUYTUTEIFHBIM  HalpaBieHUEM. PerucTpupyro akTUBHOCTh HECKOJBKUX
JIECATKOB HEHPOHOB MPHU PA3IUYHBIX HAIMpPaBICHUSIX ABWIXKCHMS K LU, MOXKHO
OOy4HTh KJIACCH(PUKATOP PAClo3HABATh HAMPABICHUE JBWKCHHUS MO aKTHBHOCTH
HEWPOHOB W TepeJaBaTh BHEIIHEMY YCTPOMCTBY KOMAaHAY JBHUIaThCi B 3TOM
HaIpaBJICHUMU.

Bce skcnepumentsl o ymnpasiennto UMK Ha kuBOTHBIX (OOBIYHO 00€3bsSHAX)
MPOBOJAATCSA C TIOMOIIBI0O HMHBAa3UBHBIX TrpanyainbHbix MMK, oCHOBaHHBIX Ha
3aBUCUMOCTH aKTHBHOCTH HEHPOHOB OT HAMPABJICHHS K LEIU. ITO CBSI3aHO C TEM,

4dTO C JKXMBOTHBIM HECJIB3s COIJ1aCOBATL COOTBECTCTBUC MCKAY THUIIOM ITPOU3BOJIBHO



BBINOJIHSIEMOW MEHTAJIBHOM 33Ja4d W KOMAaHJIOW BHEIIHEMY YCTPOMCTBY, Kak
tpeOyercs ana auckpetHoro MMK (cm. Bblme), u B TOXE BpeMs JIETKO
MCIIOJIb30BaTh OINHCAHHYI IHPEKIHMOHAJIBHYI0 MPEANOYTHUTENBHOCTh HEWUPOHOB.
Jlnst ee ucCnosib30BaHUSA HEOOXOJUMO NPOBEIECHHUE 3KCIEPHUMEHTa B HECKOJIBKO
sramoB [Carmena et al., 2003]. Ha mepBom o3rame o00e3bsHY y4aT IO
MOAKPEIJICHUIO CIABUTaTh KypcOp K MPOW3BOJBHO 3aJlaHHOW LIEJM Ha JKpaHe
KOMITBIOTEPA ¢ MOMOIIBIO JKOMCTHKA. Ha BTOpOM 3Tame mpoucXoauT oO0ydeHue
KiaccuukaTopa IUPEKUUOHATBHOM  MPEANOYTUTETLHOCTH HEHPOHOB  IpHU
JNBWKEHUU Kypcopa K pa3nuyHbiM LeinsM. Ha crnemyromem stame o0e3bsiHa
IPOJOJKAET JBUTATh JHPKOWCTHUK, HO OH OTKJIIOYAETCs OT Kypcopa, a JABH)KEHHE
Kypcopa ocymectBisiercss kiaccupukatopom HWMK. Ha mnocnennem srtame
JUKOMCTHUK yOupaeTcsi, pyka 00e3bsHbl (DMKCUPYETCS U YIpaBICHUE KypcOpOM He
COIPOBOX/IAETCA HUKAKUMU JIBI)KEHUSIMU 00€3bsiHBL. B pesynbrare BblyuynBaeTCs
HOBOE CEHCOMOTOpPHOE MpeoOpa3zoBaHUE, KOTOPOE MO3BOJISIET YIPABIIATH BHEIIHUM
O0OBEKTOM, KaK €CTECTBEHHBIM MCIOJHUTENIbHBIM OpraHoM Ttena. B mocnennue
rofbl aKTUBHO NPOBOJAATCS SKCIEPUMEHTHI, B KOTOPBIX OOpaTHas CBA3b OT
YIOPABISIEMOT0 OOBEKTAa OCYIIECTBISETCS € TOMOLIBIO HEMOCPEICTBEHHOIO
crumynupoBanus Mo3ra [O'Doherty et al., 2009]. Dra TexHonorus eie OOJbIIIE
CHOCOOCTBYET BKIFOUEHHIO BHEIIHETO0 00BEKTA B CXEMY COOCTBEHHOIO Tea.
HEPO®U3NOJIOTUYECKUE ITPEJITOCBIIKHN

HauGomnbiiee 4ncio pa3iuyHbIX HEHPOPHU3NOIOTHYECKUX (PEHOMEHOB, KOTOpHIE
MOTYT KCIOIb30BAThCA JJI1 HHTEPIIPETAIMU HAMEPEHUI YeI0BeKa, UCCIEIOBAaHO B
CBSA3M C KOHCTpyuMpoBaHHMEeM HeuHBa3uBHbIX MMK, OCHOBaHHBIX Ha aHanIHM3e
narrepHoB OOI. Tlo Tumy wucnonap3yeMbix narTtepHoB D01 OoHM  AendTcs Ha
9K302eHHble U 9HOo2eHHble. Dk3oreHHble UMK ocHOBaHbI Ha aHav3e MaTTEPHOB
AKTUBHOCTH, BO3HUKAIOUIMX B OTBET HA BHEIIHUE CTUMYJIbI, SHIOIE€HHBIE — Ha
aHaJIM3€ NMaTTEPHOB, BO3ZHUKAKOLIUX MPOU3BOJIBHO B COOTBETCTBUH C HAMEPEHUSIMU
UCIIBITYEMbIX, OHU MOTYT OBITh HE CHHXPOHU3UPOBAHBI HU C KAKUMHU BHEITHUMHU
CTUMYJIAMHU.

Ox3orenusie UMK




Ok3orenHble IMK uCHONIB3yIOT €CTECTBEHHBIE PEAKLIMM MO3Ia Ha BHEIIHHUE
CTUMYJIBl U MOATOMY HE TpeOYyIOT MHTEHCUBHOU TPEeHUPOBKU. K HUM OTHOCSTCS
NMK, ocnoBannble Ha aHaiam3e komioHeHTa P300, u MMK, ocHoBaHHBIE Ha
aHaJu3€ TaK Ha3bIBAEMBIX YCTONYMBBIX 3PUTEIIBHBIX BBI3BAHHBIX MOTEHI[MAJIOB
SSVEP (Steady State Visual Evoked Potentials).

KommnioneHT P300 BO3HHUKAaeT B OTBET HA HEOXWJAHHBIM PEIKO MPEAbSIBISEMbII
3HAQUMMBIM CTUMYJ, KOTJla OH TOSIBIISIETCSl CPEIM YacTO MPEAbIBISIEMbIX
HE3HAYMMBIX cTHMYyJoB [Sutton et al., 1965]. P300 Bo3HHMKaeT MpUMEPHO dYepes
300 Mc mocne npeabABICHUS 3HAYUMOTO CTUMYJA, UMEET JJIUTEIBbHOCTh OKOJIO
300-400 MC W TONOXHUTENbHYIO aMIuuTyny S-15 wMxB. MakcumansHas
ammuiutyna P300 nabmromaercss moa meHTpalbHbIM (PZ) smexktpoaom. P300
3aBUCUT OT BHHUMAHHS HCHBITYEMOTO, HO HE OT (PU3UYECKUX I[apaMeTpOB
CTUMYJIA.

Haunbonee u3BectHriii UMK, ocHoBaHHBIN Ha ucnoib3oBanun P300 — ycrpoiicTBO
s nedatanus cumBouioB [Farwell, Donchin, 1988]. B stom UMK Ha skpaHe B
BHJIC MaTPHUIIBI PAa3MEPHOCTHIO 6X6 OBLIIN BBIBEJICHBI OYKBBI M HEKOTOPHIE IPYTHE
CUMBOJIBI M KoMaHIbl. Kaxzapie 125 McCek BBICBEUMBAJICA OJWH PsiA WIM OJHA
KOJIOHKA MaTpHIIbl, BRIOpAHHBIC B CIIydaitHOM Topsiake. McnbiryemoMy OblTa 1aHa
WHCTPYKILMS CUUTATh, CKOJIBKO pa3 BBICBEUMBAINCH Pl U KOJIOHKA, COJIEpKaIlue
3agymanHbii  cuMBoJ. Kommonent P300 mnosBisics TONMBKO TOrAa, Koraa
MPEIbSIBIACMbIA HUCIBITYEMOMY Psii WIM KOJOHKA COJIEP’KAJIM STOT CHUMBOIJIL.
[Tocnie mpenbsiBieHuss Bcex 12 psiAoB M KOJOHOK CKJIAIbIBAJIMCh BbI3BAHHBIC
OTBETHI Ha MPEABSIBICHUE KAKIOW KOJIOHKH U KaXJI0ro psijaa. Becero takux cymm
ObI0 36 MO YHCITY Pa3IMYHBIX KOMOWHAIMKA PSJAOB M KOJIOHOK. HamOombias
CymMMa MoJjiy4anach il KOMOWHAIIMU TOTO psjia U TOM KOJIOHKH, KOTOphie 00a
coJiepkaiu 3aayMaHHbBIM cumBos. [lo Hambonbiielr cymMme MOMXKHO ObLIO
ONPENEIINTh, KAKON CUMBOJI 3ayMaJjl UCIIBITYEMBIN.

HecMoTtps Ha To, uTo nepssiii nogoousiit UMK Obu1 npensosxen eme B 1988 roay,
sror i UMK mnponmomkaer akTHBHO COBEPIICHCTBOBATHCA B HAIIPABICHUHU
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our B Munyty [Rupp, 2017]. MHTepeceH Takke MOWCK HOBBIX OOJacTed ero
UCIIOJIb30BAaHUs, B YAacCTHOCTH, B LEISAX JUArHOCTHKM HApyLICHWH BHUMAHMS
[Tanun u 1p., 2017].

B HMK, OCHOBaHHBIX Ha aHAJIN3€ YCTOWYMBBIX 3PUTEIBHBIX BBI3BAHHBIX
norennuaiax [Middendorf et al.,, 2000], ucnbiTyeMOMy NpeabSBISETCS 3KpaH
KOMITBIOTEPA, Ha KOTOPOM H300paXEHO HECKOJIBKO OOBEKTOB, KOTOpHIE
BBICBEUMBAIOTCS C Pa3IMYHBIMU YacTOTaMH, npepbimatomumu 6 I'n. McnbityeMblit
MOKET MPOU3BOJIBLHO (OKYCHPOBATh BHHUMAaHHE Ha OJHOM M3 00bekTOB. ToOT
OOBEKT, KOTOPBIA BBIOpAJ HCHBITYEMbId, MOXET ObITh HIACHTU(UIHMPOBAH IIO
COOTBETCTBYIOIIEH €My YacTOTE€ YCTOMYHMBBIX BBI3BAHHBIX MMOTeHIManoB. MK
TAKOr0 TUIA HMMEIOT HH()OPMALMOHHYIO NPOU3BOAUTENBLHOCTh — 10 12 OuT B
munyTy [RUpp, 2017].

Ouporenneie UMK

OuporenHsle UMK ocHOBaHBI Ha aHAJINW3€ MEUIEHHBIX KOPKOBBIX IOTEHIHAJIOB
(MKII) u cencomotopubix putmoB. HeratuBnsiii cipur MKII accomuupyercs c
HNOJrOTOBKOM K JBMKEHHIO M JAPYTUMU (YHKIUSIMH KOpBI, TpPEOYIOLIUMU
YBEIIMYECHUS €€ aKTUBHOCTHU. [I03UTHMBHBIN CABUT — C €€ ymeHblleHuem FEie B
Havane 80-x ObLIO MOKAa3aHO, YTO YEJOBEK CIOCOOEH MPOHU3BOJIBHO YIPABIATH
MKII [Elbert et al., 1980]. Dta cocobnocTs nerna B ocHoBy MK, Ha3BaHHOTO
«ycTpoiicTBoM mepemaun Mbicim»  (thought translation device - TTD), u
ONMCaHHOMY, Hampumep, B pabote [Birbaumer, 1999]. MKII Beigensics ¢
NOMOIIbIO (PUIBTPAMM W BBIYUTAHUS AJIEKTPOOKYJIOTPaMMbl U TOKA3bIBAJICA
UCIIBITYEMOMY Ha DJKpaHE MOHUTOpa B BHJE€ BPEMEHHOW Pa3BEPTKHU.
OAHOBPEMEHHO YKa3bIBAIMCh BEPXHUM M HW)KHUI YPOBHU MOTEHIMAA, B CTOPOHY
KOTOPBIX UCTBITYEMBIN J0bKeH ObuT mpou3BoibHO caBurath MKII. ITonHoe Bpems
JUIsl paclio3HaBaHWsl HANpPABICHHs CIBHUra cocTaBisuio 4 cex. B mepBbie 2 cek
onpenemsuicss Tekymui (QoHoBbeiii ypoBenb MKII, a B caemyromue 2 cek. —
Hamnpasienue casura. UMK mor ¢pyHKIIMOHMPOBATH HE TOJBKO CO 3PUTENIBHOM, HO
U CO CIyXOBOM WM TaKTHJIBHOM OOpaTHON CBSA3bI0. TPEHUPOBKU 3aHUMAJU

HECKOJIbKO Henelb wik MecsieB. Koraga yucino mpaBuibHbix ciapuros MKII



nocturano 75%, UMK coeaunsiiics ¢ reneparopoM OykB. BeiOpannas OykBa mornia
OBITH YKa3aHa C MOMOIIBIO MOCIIEIOBATEILHOCTH OMHApHBIX KoMaHI. Hampuwmep,
BHauaje MOXKHO ObUIO yKa3aTh NEPBYIO MJIM BTOPYIO MOJIOBUHY aigaBUTa, 3aTEM
MOJIOBUHY OT 3TOM MOJOBHMHBI M T.J., OKa He OyaeT yka3aHa cama Oyksa. [Ipu
TaKOM QJIrOpPUTME Ha KXyl OYyKBY TpeOyercss 5 mociieloBaTeIbHBIX KOMAaH].
MO>XHO, €CTeCTBEHHO, YCOBEPILIEHCTBOBATH aJTOPUTM, YYHUTBIBas MpPU TaKOM
BBEIOOPE YaCTOTY BCTPEUaeMOCTH OYKB B peun, Kak B anroputme Illennona — ®aHo.
Opnako B 11000M ciyyae MPOU3BOAUTENBHOCTD COCTaBIIsIA Bcero oT 2 0 36 cioB
B Yac.

['opazno Gonblryro npousBoAuTenbHOCTh UMEIOT UMK, ocHOBaHHBIE Ha aHAIM3E
CEHCOMOTOPHBIX PUTMOB. B HHUX HCHOJB3YyeTCS XOPOIIO M3BECTHBIC UX PEAKIIUU
JECUHXPOHU3AINH U CHHXPOHU3AINHA B OTBET HA BOOOpaXeHUE IBKEHUN. PUTMBI
B quanasone 8-12 I'im u qmanaszone 20-30 ' HaGIr01ar0TCS Y JIIOACH B COCTOSTHUN
00pCTBOBaHUS HAJ MEPBUYHBIMU OOJACTIMU COMATOCEHCOPHOUW M JIBUTATEIbHOM
KOpPBI B OTCYTCTBHE CEHCOPHOTO BXOJa WJIM JIBW)KCHHS. DTOT PUTM HAa3bIBACTCS
MIO-PHTMOM, MHOI/IA €r0 Ha3bIBalOT MIO-ajb(a u Mro-Oera [Jones et al., 2010],
MOUEPKUBAs CAMHYIO MPUPOAY M (PYHKIIMOHAIBHOE 3HAYCHHE PHUTMOB B 3THX
YaCTOTHBIX JIMana3oHax. JIBuxeHue, BOOOpakeHHe ABMKCHUS WM HaOJt0IeHHE 3a
JBIDKEHWEM HEKOTOPOTO HCIOJHUTEIBHOTO OpraHa OOBIYHO COIPOBOXKIAETCS
YMEHBIIICHUEM MIO-PUTMa B KOPKOBBIX MPEACTABUTENHCTBAX ATOTO OopraHa. Takoe
YMEHBIIICHUE HA3bIBACTCS JIECUHXPOHM3AIMEHN, CBsI3aHHOW ¢ coObITHeM (event-
related desynchronization, ERD) [Pfurtscheller, 1999]. VBenauuenue mro-putMma
T.C. CHHXPOHH3aIIMsA, CBsA3aHHAas ¢ coObiTueM (event-related synchronization, ERS),
HAOMIOMAaeTCsl TOCJE JBWIKEHHUS, BO BpeMs pacciiabieHus, a Takke B
IPEICTAaBUTEIILCTBE OPraHOB, HE CBs3aHHBIX ¢ JaBrkenuem [Pfurtscheller, 1999].
CoBpeMeHHBIE TPEACTABICHUS O TEHe3e, JIOKaau3aluuu W (YyHKIHOHATHLHOM
3HAYEHUU MIO-pUTMA MTOAPOOHO 00cyxkaatoTcs B [DposoB u np., 2017a].
[TockoabKy MpEeACTABUTENBCTBA PA3IMUYHBIX OPraHOB (HAIIPUMED, JIEBOW U MPABOU
PYKH) Pa3HECEHBI 1O KOPE Ha JTIOBOJIBHO OOJBINKE PACCTOSIHHS, MO JIOKATU3aIuN

MIO-pUTMa MOXKHO  O0CTAaTOYHO TOYHO  OHNpPCACIINTb, ABHUKCHHUEC  KaKOIo



UCIIOJTHUTENIPHOTO  Oprana BooOpaxkaer wucmbiTyeMbiif. [loatomy UMK,
OCHOBaHHbIE Ha BOOOpaXEHUU ABMIKEHHUM pPaA3IMUHBIX OPraHOB Teja, HUMEIOT
HanOOJIBIIYIO MPOU3BOJIUTEIBLHOCTD, JOCTUTass CKOPOCTH Iepeaadyud MHGOpMaIuu
no 35 our B munyty [Blankertz et al., 2006]. UMK, ocHOBaHHBIC Ha aHAIN3E
nattepHoB D3I, COOTBETCTBYIOUIMX BOOOPAKEHUIO PA3JIUYHBIX JBUKEHUH,
MPOJIOJKAIOT COBEPIICHCTBOBATHCS, KaK 3a CUET YIY4IICHUS KIacCU(PUKATOPOB
NMK [Bonkosa u np., 2017; lllenenes u ap., 2017; OranecsiH u ap., 2017], Tak u
3a CYET YJIYUIIEHUs METOJO0B TPEHUPOBKH UCIIBITYyeMbIX [boOpoBa u mp., 2017a,0].
Ha wnacrosmuii MoMeHT Haubojee TOUYHYIO0 Kiaccupukanuio mnarrepHoB III,
COOTBETCTBYIOIIMX BOOOPAXXEHUIO JABWXKECHHM, oO0ecrneunBaeT METOJ| OOIIHX
npoctparcTBeHHBbIX kommoneHT (CSP, Common Spatial Patterns) [Ramoser et al.,
2000], kak crmoco® BBIIETIEHUS XapaKTEPHBIX IMPU3HAKOB NaTTepHOB OJI, U
METOJbl MHOTOCIIOWHBIX HehpoHHbIX cereir (MLP, Multilayer Perceptron) wu
rpaJiieHTHOro nocienosarenpHoro noucka (GBM, Gradient Boosting Models) st
ux kinaccudukanuu [Bashashati et al., 2015; Bonkosa u ap., 2017; OranecsH u
ap., 2017].
KIIMHUYECKUWE ITPUMEHEHU A

Bo3moxxHbl n1Ba Tumna kiuHuyeckoro npumeHenuss UMK: neiipopeabunuranus u
colMasibHas peabunutarus. Helipopeabunuraius mpeanoiaraeT BOCCTAHOBICHHE
JBUTATENbHBIX (YHKUMA B pe3yjbTaTe TpeHUPOBKH Ha ymnpaBieHue UMK, B To
BpeMs, KaK COIMaJIbHAsI peaOuIuTaIis MperoiaraeT BOBJICYCHUE MAI[UEHTOB B
COLIMAJIBHYIO JKM3Hb, BKJIIOYas CaMOOOCTYKUBaHUE B OBITY M B3aUMOJECHCTBUE C
JIPYTUMU JIIOABMH, U ObITOBBIMU TIprOopamu [MBaHoBa u ap., 2027; KotoB u ap.,
2017; ®dpono u np., 20176]. ConmanbHas peabuiautanusg ¢ momoinsio UMK
BO3MOXKHA JIa)Ke JUISl MOJIHOCThIO OOE3BUKEHHBIX MAIlUEeHTOB, Y KoTophix UMK
CTAHOBUTCSI, €CJIM HE €JUHCTBEHHBIM, TO OCHOBHBIM KAaHAJIOM CBSI3H C BHEIIHUM
mupoMm.  IlepBeie  mpuMepbl  COIUAIBHOM  peaOUIUTAIMKU  MOJHOCTHIO
00e3IBMKCHHBIX MAIMEHTOB C IMOMOIIb0 HewHBasuBHBIX [Wolpaw, McFarland,
1994; Kubler et al., 1999] u wunBasuBHbIX [Kennedy, Bakay, 1998] MMK

OTHOCATCA €1IC K 90-Mm rojamM mnmpounioro BeKa.



BoccranoBnenue nBuratenbHbIX QyHKIMHI ¢ ucnoias3oBanueM MK nauanoch Ha
necsaTh JieT mo3ke. OHO ObUI0 MHUIMHUPOBAHO (OPMYIUPOBKOW MPHUHIIUIIOB
HelpopeabuIMTallid Ha OCHOBE HekporuactuunocTd mosra [Nudo et al., 1996;
Taub et al., 2002; Bach-Y-Rita, 2001]. B pacore [Nudo et al., 1996] na o6e3bsHaX,
y  KOTOPBIX HCKYCCTBEHHO MPOBOIMPOBAIICA HMHCYJBT, Oblla TMOKa3aHa
(G ()EKTUBHOCT, BOCCTAHOBJICHHUS JBUTATENIbHBIX (YHKIUA B 3aBUCUMOCTH OT
WHTEHCUBHOCTH M TIOBTOPSIEMOCTH II€JICHANPABICHHBIX IBIDKEeHUU. B pabote
[Taub et al., 2002] ObuIM MIpeaCTaBICHBI PE3YIbTAThl ONPAHUYUTEILHOM TePAUH —
CTUMYJIMPOBAHUS IICJICHANPABICHHBIX MOBTOPSIONINXCS JIBWKEHUN TOPaXKECHHOM
KOHEYHOCTH 3a CUYET OrpaHUYCHHS JIBIKEHUI coxpaHHO#. B padote [Bach-Y-Rita,
2001] o0600meHsl (U3UOJIOTHYSCKUE TMPEANOCHUIKA ISl MOTHBUPOBAHHBIX,
(GYHKIIMOHATBLHO 3HAYUMBIX AKTHUBHBIX TPEHHPOBOK, TO3BOJISIIOIINX MEPEHTH OT
KOMITCHCAIIMH JIBUTATEIBHBIX (DYHKIIHMMA K €€ BOCCTAHOBIICHUIO.

Ha ocHOBe BbIIENEPEUUCIEHHBIX TEOPETUYECKUX  MPEANOCHUIOK  OBLIN
chOpMYITUPOBAHBI CIIEIYIONTUE TPUHIIUIIBI HEHPOPEAOMITHTAIIH:

- aKTUBHOE y4YacTHe MaIMeHTa B peaOUIUTAIMOHHBIX TIPOIEypax;

- IIeJICHANpaBJIieHHOC OOyYCHHME IBIKCHUSM, (PYHKIIMOHAIBHO 3HAYUMBIM IS
MaIMEHTa,;

- IHTEHCUBHOCTh U PETYJISIPHOCTD 3aHSTUH.

OpHako TpPWMEHEHHE JTHX MPHUHIUIOB TpeOyeT YacTUYHOTO COXPaHCHHS
nBUTATeNbHBIX QyHKIUH. [Ipy X MOTHOM MOTEpe BO3MOKHOCTh CTUMYJIUPOBAHUS
IJTACTUYHOCTH MO3Tra COXPAHSACTCS 3a CUET BOOOpakeHHS JBWXKCHHH. M3BecTHO,
YTO TIPU BOOOPAKCHWM W WCIOJIHCHWM JBWIKECHUN aKTUBHPYIOTCS OJHH M TC XKE
cTpyKTypsl Mo3ra [Grezes, Decety, 2001], moaToMy mpu BOOOPaXKEHUH JBUKEHUN
3aIyCKAIOTCS T€ KE MEXaHW3Mbl HEHPOIIJIACTUYHOCTH, YTO U MPH MX HCIIOJTHEHUU.
KoHTponms 3a TeMm, 4YTO TAlMEHTHl JACHUCTBUTENHHO COCPEIOTOYCHBI Ha
BOOOPA)KEHUU JBMKEHHM, MOXET OCYyIIEeCTBIAThCA ¢ mnomompbio HMMK.
B03MOXKHOCTB TTACTHUECKHUX MEPECTPOCK B aKTUBHOCTH MO3Ta MPH TPSHUPOBKE HA
ynpasienne UMK mnponmemonctpupoBana B paborax [Mokienko et al., 2013;
®posioB u Ap., 2016a; [Toiipamesa u ap., 2017]



[IpencraBnsiercst, uto Haubonee >GGEKTUBHBIM g HeWpopeaOuIuTanuu
asisiercsa npumenenne UMK Bmecte ¢ ynpaBisseMbIM UM 3K30CKeneToM. B 3ToM
cilly4ae IEHTpaJlbHass MOTOpHasi KOMaHJa TMOJKpervisieTcss mnepudepuitHbIM
CUTHAJIOM O €€ HCIOJHEHUHW 3K30cKeneToM. [IpuHuunel HeilpopeaObuauTanuu c
UCIIOJIb30BAaHUEM POOOTU3MPOBAHHOTO KOMILIekca, conaepxkamero HWMK wu
yIpaBJsieMbId UM 3K30CKeJIeT, OAPOOHO onucaHbl B paborax [Dpoiios u np, 2013,
20176; Frolov et al., 2017]. Yxe npoBeIeHO HECKOIBKO KOHTPOIUPYEMBIX
UCCJEIOBaHUM,  mMoKa3aBIIUX  A((PEKTUBHOCTL  HEWpopeaduIuTalMu  C
UCIIOJIb30BaHuEeM Takoro komriekca [Ang et al., 2015; Ramos-Murguialday et al.,
2013; ®posos u ap., 20160]. BaxkHO OTMETUTH, YTO TPEHUPOBKA HA yHpaBJICHUE
koMmiiekcoM "MMK + sk3ockener”, cnocoOCTBYET HE TOJIBKO BOCCTAHOBJICHHUIO
JBUTATENbHBIX (PYHKIMH, HO W OOWIEH pecolMalv3aliy MalueHTOB, BKIOYas
CTAaOMIM3AIUIO TICUXOJIOTUYECKUX MPOLECCOB U YNyUYIIEHHE UX KauecTBa >KU3HU
[KotoB u ap., 2017].
3AKJIKOYEHUE

Texnonoruss HMMK akTMBHO pa3BHBaeTCs NOCICIHUE JBaAUATh JET U
NOTEHIIMAIBHO UMEET LIMPOKOE MOJIe MPHIIOKEHUH, HO Hauboisiee 3((HEKTUBHBIM
ABJIAETCSI €€ KIMHUYECKOE TNPUMEHEHHME [UI COLMAJIbHOW W JBUTATEIbHOU
peaOunUTalMyd MAUEHTOB C CEPbE3HBIMU JABUTATEIbHBIMU HapylieHUsMH. Jlis
JIBUTATENbHOW peadMIIUTALUU MMOCTUHCYJIBTHBIX U MOCTPABMATUYECKUX OOJIBHBIX
HauOoJIee aiekBaTHO MpuMeHeHue HenHBa3uBHBIX UMK, ocHOBaHHBIX Ha aHaIM3e
naTTepHOB AnekTpodusnonorunueckoit (331) w/mnmu remoaunamuyeckoit (BUKC)
aKTUBHOCTH MO3Ta Mnpu BooOpaxkeHuun aABwxkeHuM. HewunBazuuoie HWMK
CTUMYJIMPYIOT MallMEHTOB MO OMOJIOTMYECKON OOpaTHOW CBSI3M Ha BOOOpa)KeHHE
JNBIKEHUN, 3amyckas IUIaCTUYECKHE MEXaHU3Mbl MO3ra, HalpaBlieHHbIE Ha
JIBUTATENbHYIO peabunutaruto. [IpencraBnsercs, uto Hambosiee >(h(PEKTUBHBIM
aBisiercss ucnonp3oBanue MMK B komIuiekce ¢ 3K30CKENIETOM, KOTOPBIM OH
ynpasisieT. B 3ToM ciyyae uUeHTpasibHash MOTOpPHas KOMaHJa MOJKpEIUIsieTcs
nepudepuiiHpIM  CHUTHAJOM O €€ HUCHOJHEHHH HK3ockeneToM. OnHako

HeuszBasuBHplie MK wumeror HEAOCTATOYHO BBICOKOC pPa3pClICHUC  AJIA



pacIio3HaBaHWsI HAMEPEHMM YEJIOBEKAa II0 CUTHAjdaM MO3ra U II03TOMY HE MOTYT
OPUMEHATBCA Uil YHPAaBIEHUS TAaKHUMHU CIOXHBIMH  pPOOOTHU3HMPOBAHHBIMU
CUCTEMaMH, KaK MHOTO3BEHHbIE pPOOOTHI M MAHUIYJATOPHI, I[MOMOTAIOIIHE
MarMeHTaM ¢ TIOJHOW TOoTeped NBHUTaTelbHBIX (PYHKIMI 0OCTyXKHBaTh ceOs B
owiTy. JIy1st 3TOM 1enu ucrnoiab3yroTcss MHBasuBHble MK, mMeromue xoporiee
MIPOCTPAHCTBEHHOE PA3pPEIICHUE U BEICOKOE OTHOIIEHUE CUTHaNA K mymy. OIHako,
HefoctaTtkoM HHBa3uBHBIX MK dBisiercst orpaHudeHHOE BpeMsi UX padoTHhI,
CBS3aHHOE C 3apacTaHUEM DJIEKTPOJOB COEOUHUTEIBHOW TKaHbIO, U OMACHOCTh
MH(EKIMOHHOTO 3apaKEHUSI Yepe3 TpeHaHAI[MOHHOE OTBEPCTHE.

Bmecre ¢ TEM NpOAOIDKAIOT AKTUBHO Pa3BUBATBCA KaK METOAbl YBEIMYCHUS
paspemaronieii cnocooHoctu HenmHBazuBHbIX UMK, npubnnxkaromue ux mo 3tum
MOKa3aTeliiM K WHBAa3UBHBIM, TaK W METOJBl NPOJUICHHS pabOTOCIOCOOHOCTH
uHBazuBHbIX UMK 1 crocoObl BBOJa B MO3T CEHCOPOB €ro aKTMBHOCTH, MUHYIO
TpENaHALMOHHOE  OTBepcTHe. MHOrMe acmekTbl JAJIbHEHIIEro  pa3BUTHUA
texHosorun MIMK, ynoMmsiHyTble B HacTosLIEd BBOJHOM CTaTbe, OTOOpa)KE€HbI B
IIPEACTABICHHOM CIIEIIUaJIbHOM BBIITYCKE JKypHaJa.

Pabora monnepkana rpantamu PODU NoeNe 16-29-08247 odpu_m, 16029-08206
opu_m, 16-04-01506 u 16-04-00962.
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