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B HacTosilieM uccienoBaHMM NMPEICTaBIEHO CPaBHEHUE BJIMUSIHUSI HA DJIEKTPUYECKYIO
akTMBHOCTh DDI B Amama3oHe CBEepXMEIJIEHHBIX YacTOT JIBYX BUIOB BO3NCHCTBUS:
D3I 6uoynpaseHUS TI0 CBEPXMEIIEHHBIM KOJIeOaHUSIM M TPEHMPOBKM BapradesIbHO-
CTHU CeplevyHOro puT™Ma. B ucciienoBaHuM NpUHSUIU ydacTre 17 310pOBbIX UCTIBITYEMbIX
B Bo3pacTte oT 21-ro 10 50-Tu JiIeT ¢ He3HAYUTETbHO BBIpaXKEHHBIMU CUMIITOMaMM (hu-
3MO0JIOTUYECKOTO U/UJIM TICUXOJIOTMYECKOT0 XapakTepa, He UMeBIIMX B aHAMHE3€e HEeB-
POJIOTUYECKUX M TICUXMYECKUX 3aboJieBaHUil. [I1sl OLICHKM pPe3ybTaTOB TPEHMHTIA
MPOBOAMJICS aHAIN3 CIIEKTPaTbHOI MOIIIHOCTH MEJICHHBIX KosiebaHuiit DOI Bo BpeMst
BbIMOJTHEeHUs Tecta Ha BHUMaHue (Visual Go/NoGo), 3aperucTpupoBaHHbBIX 10 U MO-
clie nBaaliaTh ceaHCOB OumoyrnpabiieHus. Kak cyObekTHBHasi olieHKa (pu3nojoruye-
CKOTO M TICUXOJIOTMYECKOTO COCTOSIHUS, TaK M PE3yJIbTaThl BHIITOJTHEHUST 3pUTETBHOTO
TecTa TMokKazaiv 0oJiee BbIpaKEHHBIE TMOJIOKUTENbHbIE CABUTU TOA BiusiHueM DT
OGUOYIpaBJICHUsI MO CPABHEHMIO CO CIyYasiMM TPEHUPOBKU BapuabEIbHOCTU Cepley-
HOTO puUTMa. 3HAYUTEIbHOE ITOBBIIICHUE aMIUIMTYI B CBEPXMEIJIEHHOM auara3oHe
HabJII01a710Ch TOJBKO mocie DDI 6unoynpasiaeHUsI.
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KoJIeOaHMSI MOTEHLIMAJIOB MO3Tra, BApUabeIbHOCTb CEpASYHOTO pUTMa
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BBEAEHUME

CaepxMmemiteHHble Konebanus norteHnuaiaoB (CMKII) mo3sra mpencrasisioT co0oit
COBOKYMHOCTb CJIO)KHOOPTaHM30BaHHOW IE€PUOJMYECKON NUHAMUKU BSJIEKTPUYECKOMN
aKTUBHOCTHU HelipoHOB yacTtoToit MmeHee 0.5 Ix [1]. IlepBbie pe3yabTaThl UCCAEAOBAHUS
GayKTyaluii 3JIeKTpUYECKOro moTeHIIMajaa Mo3ra B 1Mana3oHe MHOPaHU3KKUX 4acTOT Y
KMBOTHBIX 1 YeJIOBeKa ObUIM OMMCAHBI B paboTax AnamkaioBoii [2—4].

HecMoTtpst Ha pacTyiiuii B nocienHee Bpemst nHtepec K uszydeHutro CMKII mo3ra,
(yHKIIMOHAIbHASI POJIb U MEXaHU3MBI, JieXKalllie B OCHOBE 3TO HMU3KOYACTOTHOM KBa-
3UMEePUOINYECKON aKTUBHOCTU, OCTAIOTCSI HesICHbIMU. CyIlleCTBYeT HECKOJIBKO TUIIOTEe3
O TMPOUCXOXIEHUN 3TOTO BUIA KOoJIeOaHUMI 3JIEKTPUYECKOTO MOTEHIMala Mo3ra. DTu
BOJIHBI TIPEATIONOXKUTEIBHO CBSI3aHbI C PEryJisiliueil rMobaabHOM BO30yIUMOCTHU 30H MO3-
ra, KOOpAuWHaILMeil MeXAy ero OTHEIbHBIMM CTPYKTYpaMu, B3aUMOIEUCTBUEM MEXIY
pasIMnYHBIMU (PYHKIIMOHATBHBIMU CETSIMU Ha MPOTSIKEHUU BBITTOJIHEHUSI KOTHUTUBHBIX
3amad [5] u paboToit MEXaHM3MOB afanTalluy U peryisiuuu QyHKIU opranusma [3, 4, 6, 7].
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B psine pabot 6bu1a o6HapykeHa cBsi3b pa3Hbix BunoB CMKII ¢ MexaHuzMaMu Helipo-
TYMOPaJbHOM PETYISILIUU HOPMAJIbHBIX U MaTOJIOTUUECKHUX COCTOSTHUIA TOJIOBHOTO MO3ra
[3, 4, 8, 9], a Takke koppensiuuss CMKIT gacroToii 0.1 11 ¢ TOKaJTbHBIMU reMOAMHAMM -
YeCKUMU ocumuIaiusMu B Mo3sre [ 10] u konedanusmu BOLD curnana 8 pMPT [11, 12].
IMpennonoxeHne 06 accolMallMd 3TUX CUTHAJIOB C IepeOpabHBIMM Ba30MOTOPHBIMU
KOJIEOAHUSIMM TIONTBEPINIIOCH, KOTIa UCCIeNOBaTeIM CMOTJIM OOHAPYXUTh MPUIMHHO-
CJIICACTBECHHYIO CBS3b MCXKIY HU3KOYAaCTOTHBIMU KOJIE0aHUSMMU 93F N XOpOoILIO M3BECT-
HbIMM BoJIHAaMU Maiiepa — iIyKTyalusiMu KpOBSTHOTO JIaBJICHUsI, BapuabeTbHOCTU Ccep-
JIEYHOTO PUTMA U YPOBHSI HACBHILIEHUSI KPOBU KUCIOPOAOM, B auarazoHe yactot 0.05—
0.15 It ¢ mukoMm 0.1 Inx [13—15]. Takke OBUIO BBISIBICHO MOOYJIUpYIOIIEe BIMSHIE
CMKII Ha puTMHUUYECKYIO aKTUBHOCTL DD [7, 16].

OtkiioHeHUs oT oxunaeMbix pactipeneneHnit CMKII Ob11u BBISIBIIEHBI TPU CUHIPO-
Me AeduimTa BHUMaHUS U TUPEPaKTUBHOCTH, N30 PEHNN, ayTU3Me, AeTIPECCUU, TPe-
BOTe M IPYTUX PAcCTPOICTBax ToJIOBHOro Moara [17—20]. Dtu maHHBIE MMOATBEPXIAIOT
TUTIOTE3Y O HAPYIIEHHOM CIOCOOHOCTH COXPAHSATh ONTUMAIBHBINA YPOBEHb aKTUBAIIUMN
KOpPBI TOJIOBHOTO MO3ra MpH IICUXUYECKUX paccTpoiicTBax [21, 22] 1 comiacyroTcs ¢ TIpearo-
JIOKEHUEM O CHUXKEHUM TMOKOCTH U CITOCOOHOCTH 3a/1eiiCTBOBaTh (DYHKIIMOHATBHBIE CETH
BO BpeMsI MMOJITOTOBKU U BBITIOJIHEHUS ieiicTBuit [23].

BozHukaeT npenmnojioxkeHue o ToM, 4To, usMeHss napametrpbl CMKII, MoxxHO Biau-
SITh HAa YPOBEHb (PYHKIIMOHAJIBbHON aKTMBHOCTM MO3Ta, MEXaHWU3Mbl PETYJISLMU €ro
(YHKIIMI, B YACTHOCTU HEMPOTYMOpPaIbHON PEeTyJISILIMM KaK Yy 3M0POBBIX JIIOACH, TakK U
MPU KOPPEKIIUM TTATOJIOTUIECKIX COCTOSTHUIM.

AKTUBHOCTb MO3Ta MOXET MOAYJIMNPOBATBCA B PEXKUME p€aJIbHOro BPpEMEHM C ITOMO-
IIbI0 GHoornyeckoii ooparHoit a3y o DD (BBI-BOC) — OTHOCUTENILHO ITACCUB-
HOTO Toaxona K MHTepdeiicy MO3r—KOMITbIOTEP, KOTOPBI MTO3BOJISIET 00ydaeMOMY W3-
MEHSITh (DYHKIIMM MO3Tra TTOCPEICTBOM OOpPAaTHOM CBSI3M € MOTEHIIMAIaMU MO3ra, ToTyJac-
MBIMU OT TTOBEPXHOCTHBIX 3JIEKTPOIOB U MPEACTAaBICeHHBIMU B BUIIE TIOTOKOB BU3YaIbHBIX,
CJTYXOBBIX UJIV TAKTUJIBbHBIX CUTHAJIOB.

OnHa U3 METOIMK YITPABJICHUSI CBEPXMEIVICHHBIMU TTOTEHIIMAIaMU MO3Ta Obljla pa3-
paboTaHa amepuKaHCKUMU ucciaenoBareassMu Othmer u coaBt. B 2006 1. [24]. I1s1 3TOM
e ObLIO co3maHo mporpaMMHoe obecriedyeHre Cygnet Ha 6a3e yCWIMTEIE CUTHAJIOB
NeuroAmp. YmpasiisieMblii mapaMeTp — CKOPOCTb U3MEHEHUSI Pa3HOCTU MOTEHLIMAIOB
MeXIy IByMsl ajekTpojamu. [Ipenmnosarajioch, 4To B Mpoliecce OMOYIpaBICHUSI OCYy-
LIECTBIISIETCST PETYISLIUSI YPOBHS 00IIeit BO3OYIUMOCTH HEMPOHOB KOPHI, a TAKXKE MEHSI -
eTcs (GPyHKIIMOHAIbHASI B3aUMOCBSI3b MEXITy 30HAMM MO3Ta, YYacTBYIOIIMMH B TIpoliecce.

B psime myGimkanuvii cooOiaercsi o IMoJioKuTeabHOM BoaaeiictBuun DAI-BOC 1o
CBEpPXMEMJICHHBIM MTOTEHIIMAIaM MO3Ta KaK y 300POBBIX JIII, TaK M Y MAIIMEHTOB C pa3-
HOOOPa3HBIMU TATOJIOTUYECKUMU COCTOSTHUSIMU. DTU BBIBOABI 0a3MpOBAIMCh Ha JaH-
HBIX TECTOB M OIIPOCHMKOB, TO €CTh HAa KIIMHUYEeCKUX OJaHHBIX [24—30]. bonee Toro, Ha
OCHOBaHUM Pe3yJIbTaTOB HCCIeIOBaHUM (yHKLUMOHaIbHOII MPT moka3zaHo, yTo mpu
DBTI-BOC no cBepXMemWIeHHBIM ITOTEHLIMAJIaM MO3ra U3MEHSIETCS MaTTEPH B3aMMOCBSI-
31 pa3INdIHbIX 30H Mo3ra [31].

OnHako Mpu OTCYTCTBUM UCCIEAOBAHUM, BKIIOYAIOIINX KOHTPOJIBHYIO TPYIIY, OCTa-
€TCsl OTKPBITBIM BOMPOC O BO3ZMOXKHOM CBSI3U KIMHUYECKOTO YAYUIIeHUs ¢ riane6o 3¢-
dexToM maHHOI npoueayphl. B Haleil mpeabiayieit padore [30] B KauecTBe KOHTPOJISI
OblJ1a B3sITa TPyIIia UCIBITYeMbIX, BBITIOJHSIIOIIMX TPEHUPOBKY (PU3UOIOTMYECKOTO CO-
CTOSTHMST OpraHM3Ma, He HallpaBJIeHHYIO Ha M3MEHEHHE TTapaMeTPOB CBEPXMEIJIEHHBIX IIPO-
IIECCOB — OMoJIormyeckasi oopaTHasi CBsI3b 10 BapuabeabHocTu cepaedHoro purtMa (BCP).
B aTOM mccnenoBanum 6bUI0 TTOKa3aHo, 4To cyMMapHasa MoinHocTb CMKII B nnanazone
0.01—0.5 I'u yBenmuuBaeTcs nocie BbinonHeHUs1 Kypca D3I-BOC no cBepxMeaieHHbIM
MoTeHIIMaaM MO3Ta, HO He U3MEHSIJICS B KOHTPOJIBbHOI rpyrine. B To ke BpeMsi netaib-
HbII aHaM3 crnekTpajlbHbIX Xapakrepuctuk CMKII B aToit pabore He MPOBOAMIICS.
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Hacrosiiiee ucciienoBanue siBiasieTcsi JOTHYECKUM €€ MPOJOKEHUEM, B KOTOPOM OCHOB-
HO€ BHMMaHUe ObUIO COCPENOTOYEHO Ha U3YYEHUU OCOOEHHOCTEN MpPOCTPaHCTBEHHO-Ya-
crotHbIX n3MeHeHnit CMKI, cBsI3aHHBIX ¢ JAaHHBIMUA BUIIAMU OMOYIIPaBICHUS.

Ilenb HaCTOSIIIIETO MCCIIeTOBAHMS 3aKJTI0YaIach B TOM, YTOOBI eTaTbHO U3YyIUTh BIIH-
aaue DII-BOC 1o cBepxMemieHHbIM noTteHnazam mo3ra 1 bOC nmo BCP nHa cnek-
TpajbHble cocTabisomure CMKII.

METOAbI MCCIIEJOBAHUA

Yuacmuuku

B uccnegoBaHuM NPUHSUIM y4acTUe CEMHAALATh 3IOPOBBIX UCIIBITYEMBIX, KOTOPHIS
OBLIM pacIipeeeHBI Ha IBe TPYIIIEI B CIydaifHOM Iopsiake. JIeBsaTh 13 HUuX Bouuin B Oc-
HoBHYI0 Tpyniy DDT-BOC nmo CMKII (6 MyxXuuH u 3 XXeHIUHBI, Bo3pacT 21—50 Jer,
cpemumii 33.1 roma), a ceMb (3 My>XYMHBI M 5 3KeHIIMWH, Bo3pacT 23—49 et, cpenHuii Bo3-
pact 35.9 net) npouwu Kypc ynpasieHusa BCP u 6buin oTHeceHH! K rpymiie KoHTpoos.
WcnbityeMbie ObUIM HaOpaHbI cpeau cTyaeHToB CaHKT-IleTepOyprckoro rocynapcTBeH-
Horo yHuBepcuteTa U IlepBoro CaHkT-IleTepOyprckoro rocyaiapcTBEHHOIO MEOUIIMH--
ckoro yHuBepcuteta uM. akan. M.I1. [TaBimoBa, HaydHBIX COTpYAHMKOB MHCTHUTYTAa MO3ra
yesoBeka PAH, a Takke U3 yuciia JOOPOBOJIBLEB, MPUILIEAIINX 110 OOBSIIBICHUIO.

Bce y4acTHUKM 3aI10IHSIIM aHKETY-OIPOCHUK, BKIIIOYAIOIIYIO CyOhEeKTUBHYIO OLIEHKY
(GU3NYECKOro U MICUXUYECKOTO 300POBbsI, a TAKKE CBEACHUS O paHee MePEeHECeHHBIX 3a-
6osneBaHusIX. B ucciienoBaHusS He BKJIIOYAIUCh JIMIIA, UMEBIINE CEPbE3HbIE OCTPhIC WU
XpOHMYEeCcKMe 3a00JieBaHMS Ha MOMEHT Hayajla dKCIIEpMMEHTa, a TaKKe B aHaMHe3e€:
OCJIOXKHEHHBII TTepUHaTaIbHbINA NEePUO; aHOMAIUU TICUXUYECKOTO U/ (PU3UIECKOTO
Pa3BUTHS; YEPEITHO-MO3TOBbIE TPAaBMBI C LiEpEeOPaTbHBIMU CUMIITTOMAMM; CYIOPOKHBIIA
CUHIPOM; HEBPOJIOTUUECKHUE WK IICUXUATPUUYECKUE 3a00JIEBAHUST; IPUEM MeIUKaMeH-
TOB. Hu y 0IHOrO 13 y4aCTHUMKOB He ObUIO O(UILIMAIBHO AUATHOCTUPOBAHHBIX HEPBHO-
NCUXUYECKUX PACCTPOMCTB.

Bce ucnbiTyeMble gajayd MMCbMEHHOE COMNIACME Ha y4acTue B MCCIEAOBAaHUU MOCTe
O3HAKOMJIEHHSI C CYIITHOCTBIO IIPOLIEAYPHI.

3a 1—7 naHeit 1o Havaa Kypca OMOYIpaBIeHUsl Y KaXIOTO UCIIBLITYEMOIO PETUCTPUPO-
Ba OO B mpouecce BbinoaHeHus1 3putesibHoro GO/NOGO Tecra Ha BHuMaHue. [lo-
BropHas peructpaunsa 31 B xome GO/NOGO Tecta BHIIOIHSIIACH MOCIE ITPOXOXKISHUS
20 ceaHcOB OuoymnpaBieHMs, yepe3 1—7 mHeil mociie IocienHero ceaHca. Pe3yiabTaTbl
BTOPOTO TecTa ObUIM COIMMOCTABJIEHBI C MICXOAHBIMM MOKa3aTeasIMU.

AIOIr-b0C no CMKIT

st D3T-BOC o CMKII ucnionb3oBanack cucrema Cygnet (BEE Medic), cocrosi-
mas n3 ycuauteias NeuroAmp II 1 mporpammuoro obecneuenus Cygnet, MHTEIpUpPO-
BaHHOTO C BHACO-00paTHOM CBsA3bI0 Somatic Vision, ycTaHOBJIEHHOII Ha CTaHIApPTHOM
MepPCOHAITLHOM KOMITBIOTEPE C MOHUTOPOM BBICOKOTO Pa3pelieHusI.

Kaxnomy u3 aeBaTH ydacTHUKOB OCHOBHOM TpymIbl B Hayaje KaxXJIOro ceaHca
BBT-BOC nonbupanuch UHIMBUAYAJIbHBIE TTapaMeTphl 111 DD I-6uoynpasiaeHus (om-
TUMaJIbHAs1 YaCTOTA MOAKPEIUICHUsI) HA OCHOBE OTYETa O CYOBEKTUBHBIX OILYIICHUSIX Ta-
KUM 00pa3oM, YTOOBI MPOCMOTP BUACOUTPHI HA MOHUTOPE COTIPOBOXKIAJICS OLITYIIIEHUEM
9MOIMOHAIBLHOTO U (PU3UOTIOTUYECKOTO KoMMOPpTa U He TIPUBOAI K COHJIUBOCTH.

B TeuyeHue ceaHca MoOCAEOOBATEIBHO MCIOJB30BAJIMCh OUIIONSIPDHBIE OTBEACHUST Py-Ty,
T4-Fp,, T5-Tyn T5-Fp. DTOT NOPSNOK pa3MellleHUs AIEKTPOIOB ABJISETCS CTAHIAPTHBIM
M ObLT pa3paboTaH Ha OCHOBE MHOTOJIETHETO OITbITa pa3paboTunkoB MeToauku Othmer u
coaBT. DOI-BOC o CMKII [32]. O61ast mpogo/KUTETLHOCTh TPEHUHTAa COCTaBIISIIa
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40—60 MUH, ITUTEILHOCTD CeaHca B KaxaoM oTBeneHnn — 10—15 mun. Kype cocrosut us 20
CEaHCOB, 3aHATHS TIPOBOIMIIUCH 2—3 pasa B HeNeJTI0 Ha MPOTSKEHUH 6—8 Hell.

Buonoecuueckas obpamuas cea3vb no eapuabeavnocmu cepdeurozo pumma (BCP)

Ceancnbl 6uoyrnpasieHust mapamerpamMmu BCP y 7 yyactHuKoB KOHTpPOJIBHOM TpyIImbl
MPOBOIWIVICH C MCITOJIb30BaHUEM CUCTEMEI CHATUsI cTpecca emWave PC, pa3paboraH-
Hoit Muctutyrom HeartMath. ITnetm3aMorpad Kpenwicss Ha MOYKE yXa yJacTHUKA U
MPENOCTaBIISLI TIPOTPAMMHOMY O0ecTieueHuIo MHMOPMAIIUIO O CepIeYHOM pUTMe, obec-
rne4yrBasi OOpaTHYIO CBS3b 110 3TOMY IMOKa3aTeso0 B PEXXUMeE peaibHOro BpemeHu. Mcrnbi-
TyeMbI€ CJIeIOBAJIM UHCTPYKLIMU TTOAJIEPKUBATh IITyOOKoe OplolliHOe uiu auadparMaiib-
HOE AbIXaHWEe 5—7 MOJIHBIX AbIXaTeJbHBIX IIMKJIOB B MUHYTY, CJIEAysI METOIMKE OOyYeHU s
nporpammbl emWave. ['pacduku, otobpaxkaemMble HA MOHUTOPE KOMIbIOTEPA, MPENCcTaB-
Jist coboit criekTp MoitHoctu BCP, orpaxatoninit BarycHbIe BIMSTHUSI HA pUTM cep/lia.
Y4acTHUKM MPAKTUKOBAIUCH B JOCTUXEHUU 00Jiee BHICOKOTO YPOBHSI BBIPaKEHHOCTHU
NBIXaTEIbHOW apUTMUU YaCTOThl CEPAEYHBIX COKpPAILEHUI MO OTHOLIEHUIO K 0a30BOMY
YPOBHIO, 1 3Ta 1IeJIb OOBIYHO AOocTUTanach 6e3 Tpyna. CeaHcnl Aauianch 30 MUH U TIPOBO-
nunuck 2—3 paza B Hegelto. Kypc Bkiatouan 20 ceaHcoB yrnpasiaeHusi BCP o6ueit npo-
JOJDKUTENIbHOCTBIO 7—8 Heql.

DIOl-uccaedosarnue

Peructpanust D391 nmpoBoamiiach ¢ ITOMOIILIO 21-KaHAJILHOIO 3JIEKTpO3HIIedaiorpa-
da Mitsar (Mitsar, Ltd, Poccust) ¢ ucronb3oBaHreM XJIopcepeOpsIHBIX 3JIEKTPOLOB, pac-
TOJIOKEHHBIX COITIAaCHO MexayHapoaHoii cucreme 10—20 B Toukax Ipy, Fp,, F;, Fs, Fz, Fy,
Fy, Ty, C3, Cz, Cy, Ty, Ts, P3, Pz, Py, T, Oy, O, 3aKPETIEHHBIX C TOMOLIBIO 3JIEKTPOIHOM
nactel “Ten20”. BxogHble CUTHAJIbI PETMCTPUPOBAIMCH OTHOCUTEIBHO OO0BEIMHEHHOIO
yIIHOro pedepeHTa, ¢ yactoroit kBaHtoBaHus 250 I'u B monoce nmpomnyckanust 0—50 I, ¢
ceteBbIM ubTpoM 50 IM1. 3azemMusiionuii aeKTpos pacrnosaraics B Touke Fpz. Comnpo-
TUBJICHUE 3JIEKTPOIOB He mpeBbiuaio 5 KOM. 3anuck DDI mpoBoamniaack BO BpeMsI BBI-
nonHeHus 3pureabHoro GO/NOGO rtecta [33]. 3puTenbHbie CTUMYJIBI B BUAE U300pa-
keHuit XKuBoTHBIX (XK), pacrenuii (P) u moneit (Y) npeabsBasuIMCh B IEHTPE 9KpaHa MO-
HUTOpA IapaMu C MOMOIIbIO TIporpaMMbl Psytask. YrioBble pasMmepbl u300pakeHuid —
nopsiaka 3.8°. JIMTeIbHOCTb MPEIbIBICHUSI CTUMYJIOB, MEXXCTUMYJIbHbIC MHTEPBAJIbl B
nape ¥ UHTepBaJbl MEXy HayajlaMy Map CTUMYJIOB ObLIM (DUKCUPOBAHHBIMU U COCTaB-
st 100, 1000 1 3100 Mc cooTBeTCTBeHHO. M CITOIB30BaIMCh YETHIpE cOYeTaHUS M300pa-
xenmit: “2K—2XK”, “K—P”, “P—P” u “P—Y”. N3o0paxeHus B mapax ctTumyiion “2K—2K”
win “P—P” 6b1mn mapeHTUIHBIMHA. C 1eJIbI0 MOoaaepXXaHWsI BHUMAHMS B XOJI€ BBITIOTHE -
HUS TecTa B mpobax “P—Y” omHOBpeMEHHO CO BTOPBIM 3PUTEJbHBIM CTUMYJIOM IpEIb-
SIBJISIZTACH 3BYKOBBIE CMTHAJIBI — IOCJEAOBATEIbHOCTU OBICTPO CMEHSIIOIIMXCSI TOHOB
mtelibHOCThIO 20 Mc 1 yactotamu 500, 1000, 1500, 2000 1 2500 It 1 3ByKOBBIM JaBJie-
aueM nopsinka 70 nb. Tect coctosin u3 400 1po6 mutenbHOCTHIO 3000 Mc, 1o 100 mpo6
TSI KaXKIIOTO U3 COUYeTaHM n3o0paxkeHuii. O61asi mpoaoJKUTENLHOCTb TecTa — 21 MUH.
IMapbl cTUMYJIOB MPEABSIBASUIUCH C PABHOM BEPOSITHOCTHIO B IICEBIOCTYyYaitHOM TTOPSIIKE.
HcnbiTyeMoMy naBanoch 3aJaHre HaXMMaTh Ha KHOIKY KaK MOXXHO TOYHee U ObIcTpee
TOJILKO TTOCJIe MpeabsiBieHUs mapbl n3oopaxeHuit “2K—2K”. I[1poObl, B KOTOPBIX UCHbI-
TyeMbIi HETIPaBUJILHO BBIMOIHSIT 3aJaHKE, UCKIJIIOYAIUCh U3 aHaIn3a. AHAJINU3 TTOBEACH-
YeCcKUX MmokasareJjieit u Boi3BaHHbIX moTeHInaaoB B GO/NOGO TtecTe BBIIOIHSIICS Tpa-
IUIIOHHBIM CITOCOOOM, TTOAPOOHO OIMCaHHEBIM paHee [33].

IMpu ananuze CMKII nonydeHHble 3anucu DD npeoOpa3oBbIBATUCH CIEAYIONIUM
obpa3oM. ApTtedakTbl MOpraHusl IJ1a3 ObLIM CKOPPEKTUPOBAHBI MyTEM 3aHYJIEHUs] He3a-
BUCUMBIX KOMITOHEHT DI, cooTBETCTBYIONIMX MOpraHusiM. He3aBucruMble KOMIOHEH-
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Thl oLeHUBaIUCh Wi DD B monoce nmponyckanus 0.5—50 I, Merton comtacyeTcst ¢
onucaHHbIM Vigario [34] u Jung u coaBr. [35]. [list nanbHefiero aHanza 93T npeobpazo-
BBIBaJIach B 11ojtocy nporryckanwust 0.01—0.5 I1x ¢ momorsio g poBoii GrIibTpalini.

KomuuectBeHHbIe TokazaTteau DD o0OpabaThlBaMCh C IMTOMOIIBIO IIPOrPaMMHOTO
obecneuenuss WinEEG (Poccus).

st ompeneneHust cpenHeil CrieKTpaabHOI IoTHOCTH B mojoce yactor 0.01—0.5 It
IIJIST KaXKIO0TO 2JIEKTPOAa, KaXKIO0T0 UCIIBITYEMOTO U KaX/I0TO YCJIOBUS B OTIEIBLHOCTH UC-
MoJIb30Bajicsl MeTon MyJbTu3zaocTpeHus1 ToMmcoHa (Thomson’s multitaper method). I1pu
3ToM 20-MuHyTHas 3anuck DD pasaenuiacek Ha 256-CeKyHIHbIE HETIEPEKPHIBAIOLIECS
STMOXU, JUIST KaXKIOU U3 HUX OTIEIbHO BBIMUCISUIUCH TTIEPUOIOTPAMMBI M YCPETHSITUCH TI0
amoxaM. Takke aHaJIOTMYHBIN aHaIM3 BRIIONHSIICA Wit D3OI, mpeobpa3oBaHHOI B ILIOT-
HOCTb UCTOYHMKOB TOKa, KOTOpasl ¢ TTIOMOIIBIO TTOBEPXHOCTHBIX C(HEePUIECKUX CIJIAiHOB,
KCITONIb3Ysl METOM, TIPEMIOXEHHBII Perrin u coasT. [36, 37], ¢ mapaMeTpamMu: pagnyc ro-
noBbl — 10 cm; 50 urepaunit; A = 107>; m = 4 [38, 39].

CratucTuyecKuil aHaaIn3 U3MEHEHU CIEKTPaTIbHOM MJIOTHOCTU U CBSI3aHHBIX C CO-
OBITUSIMU BBI3BAHHBIX MOTEHIIMAJIOB BBITTOJIHSIJICS ¢ TOMOIIBIO OCHOBAHHOTO Ha KjlacTe-
pax ananu3a [40, 41], sBistiolierocss aHaJIoroM Tak Ha3bIiBaeMoro Statistical Parametrical
Mapping (SPM), agantupoBaHHOIO 1jisI MHOrokaHaibHoU DOI. [IpenMyiecTBa 3T0TO
MeToa aHajau3a, 10 CPaBHEHMIO C TPAAUIIMOHHO MCITOIb3yeMbIMU METOIAMU, CIIEHyIO-
mue. Ilpexne Bcero, 3TOT MeTO IMO3BOJsIeT 3P(PEeKTUBHO pemaTh IpodaeMy MHOXe-
CTBEHHBIX CPAaBHEHUI MyTeM aBTOMATUYECKOTO BBIAEIEHUST MPOCTPAHCTBEHHO-YaCTOT-
HBIX obJ1acTeit MHTepeca (Kj1acTepoB) Ha OCHOBE BPEMEHHOI M MPOCTPAHCTBEHHOM 011~
3octi  addekToB. [lpu stoM st  GopMMpoBaHUS KjacTepa WCMOJIb30Balach
HemapaMeTpHrJecKast CTaTUCTMKa MaHHa— YUTHH, MaJTOdyBCTBUTEIbHAs K BbiOpocaM. TTo-
POT CTaTUCTUYECKOI 3HAYMMOCTH 3 dexToB mis1 popmupoBanms kiaactepa — p < 0.05.
CraTuctnyeckasl 3HaYMMOCTD BBIICJIEHHBIX KJIACTEPOB TAKKe OLIEHMBAIACh HeTlapaMeT-
PUYECKUM METOMIOM, UCTTOIB3YIOIIUM CyJailHOe MepeMelInBaHue NCXOMHbIX TaHHbIX. B
HallleM clly4ae repemMeliBaHue BoinosHsuiochk 10000 pas. B nanbHeitiem paccMaTpuBaiuch
TOJILKO KJIACTEPHI CO cTaTUCTUYecKoi 3HaYnMocThio p < 0.01. [TonpoGHOe onucaHue OCHO-
BaHHOTIO Ha KjIacTepax aHaJIi3a IpeacTaBiieHo B pabote Maris u Qostenveld [40].

PE3VIILTATBI UCCIIENOBAHUWA

Pesynbrare!r BemonHeHus 3putenbHoro GO/NOGO Tecta moka3aau CHIDKEHUE KO-
JIMYECTBA MPOITYCKOB 3HAUMMBIX CTUMYJIOB M OIIIMOOK JIOXKHBIX HAXKaTUM Ha KHOTIKY TIPU
MPenbsIBICHUN HE3HAYUMBIX CTUMYJIOB Y 5 13 9 yyuacTHUKOB OCHOBHO¥ rpynibl. B 3 ciny-
Yyasix KOJIMYECTBO MPOITYCKOB MJIU JIOXKHBIX HaXXaTUil YBEJIMYMUIIOCH, a B 2 CTydasix OlIU-
00K He ObLJIO JOMYIIEHO HY 10, HU nocie Kypca. B KoHTponbHoit rpyrnne 4 u3 8 yuacr-
HUKOB JIOITYCTUJIN MEHBIIIE TIPOITYCKOB, a 2 U3 HUX — MEHbIIIe JIOXKHBIX Haxatuii. ¥ 3 uc-
MBITYEMBIX HabI01a7I0Ch YBEJIMYeHNE KOJTMYECTBA MPOITYCKOB WX JIOXKHBIX HaXKaTUi, 1
y 2 U3 HUX pe3yabTaThl HE U3BMEHWINCDH. B TO BpeMs1 Kak HEKOTOPBI pa3dpoc MHAUBUILY-
JTbHBIX JAHHBIX 3aTPYIHSIET OO0 OIIEHKY TMHAMUKYU PE3YJIbTaTOB, COBOKYITHbIE TaH-
HbI€ YKa3bIBalOT Ha 00Jiee BBIPAXKEHHYIO TEHICHIINIO K MOJOXUTEIbHBIM U3MEHEHUSIM B
rpyrne 93I-BOC no CMKII. O61miee KoimyecTBO OMMOOK JIOXKHBIX HAXKATUIH CHU3M-
Jock ¢ 14 1o 1 B OCHOBHOI1 TpyIIne 10 CPpaBHEHUIO CO CHIDKEHUEM ¢ 5 10 4 B rpymiie 0mo-
yrnpaBiieHust mapamerpamu BCP. KonndecTBo ommboK Mpomycka 3HAYMMBIX CTUMYJIOB
cokpatuiiock ¢ 60 no 20 B rpynme DBI-BOC no cpaBHEeHUIO ¢ yBeaudeHueM ¢ 15 1o 24 B
rpyne ouoymnpanieHust BCP.

CpenHee BpeMs peakLIMA CHU3MI0Ch HE3HAYMMO — Ha 2% B 00€UX IrpyIiiax, B TO Bpe-
MsI KaK BaprabeJIbHOCTh CPEIHETO BpeMEHH peaKiy yMeHbIIaach Ha 7% B OCHOBHOM
rpymiie u Ha 13% B KoHTposibHOIM rpymiie. PasHulia Obla He3HAYUTENIbHOM. B 11e710M, B
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naHHbix 3putesibHoro GO/NOGO Tecta He ynajloch BbISIBUTh CYIIECTBEHHBIX T'PYITIO-
BBIX pa3JIn4uii.

VY 13 u3 16 yuactHukoB (76.5%) ucxonHas D3OI comepxkaja pUTMUYHBIE CBEPXMEICH-
Hble KoJjiebanus B nuana3oHe yactor 0.06—0.12 I'iy Ha ¢oHe npeodiamaromx 0oiee Mej-
JICHHBIX KOJIebaHUi nmoreHIMana. Jlokajinzalumm 3Tux KojiebaHuil BApbUPOBAJINCH: Y He-
KOTOPBIX UCITBITYEMbBIX 3MMU304bI pUTMUYECKOM aKTUBHOCTHU 0.06—0.12 T OBLIN IIMPOKO
pacrpocTpaHeHbl, 6e3 KaKoro-1ubo OINpeaeIeHHOTO JIOKAJIbHOTO TOMWHUPOBAHUS; B
HEKOTOPBIX CIIyJasx 3TU KOoJieOaHUSI HAOMIOIaIMCh B JIOOHO-IIEHTPaJIbHOM 00J1acTH, B TO
BpeMs KaK B IPYTUX OHU ObUIM OOHAPY>KEeHBI B 3aHUX 00JIaCTSIX MO3ra.

PesynbraThl CTaTUCTUYECKOTO CPaBHEHMST CBS3aHHBIX C COOBITUSIMM TTOTEHIIMAJIOB,
MOJyYEHHBIX 0 U TIOCTIe Kypca OMOYIpaBiIeHUsl, C MTOMOIIbI0O OCHOBAaHHOTO Ha KJlacTe-
pax aHaJIu3a He BbISIBWJIM HUKAKMX CTaTUCTUYECKU 3HAYMMBIX pa3induii. UHbIMU clioBa-
MU, 3TO O3HAYaeT, YTO AaxKe eC/iM OMOyrnpaBjeHUEe BIUSIET Ha CBSI3aHHbBIC C COOBITUSIMU
MOTEHLIMATBI, TO BEJIMYMHA 3TOTO 3((deKTa OTHOCUTEIBHO HEOOITBIIIA.

[Moct-TpeHuHroBbie naTTepHbl DDI y Beex 9 ucnbiTyeMbix OCHOBHOM TPYIIIbI BBISIBUIIN
3HAYMMOE YBEJIMUEHUE CPEIHEN CIIeKTpaJIbHOI TUIOTHOCTH B T1os10ce yactoT 0.01—0.5 Ty mo
cpaBHeHUIO ¢ ucxonHoit DDI. B yacTHOCTH, ¢ TTOMOIIBI0O OCHOBAHHOTO Ha KJjiacTepax
aHam3a ObLIO BBISIBJIEHO IBa CTATUCTUYECKM 3HAYMMBIX KJIacTepa, ONMCHIBAIOIINX yBe-
nunyeHue mourHoctu CMKIT B nnanazonax 0.004—0.179 u 0.114—0.423 T (p < 0.002 u
p <0.005 coorBercTBeHHO). HanmpoTuB, B KOHTPOJIBbHOI IpyIiNe HUKAKUX CTaTUCTUYECKU
3HaYMMbIX U3MeHeHuil MontHocT CMKII He ObLIO BBISIBIEHO. DT U3MEHEHUS MOIII-
nHoctu CMKII noka3aHbI Ha puc. la, b.

IMpu aHaIOrMYHOM aHaIM3€ CIEKTPOB MOLIHOCTU IJIsSl TJIOTHOCTU MCTOUHUKOB TOKA
CMKII, ocHOBaHHBIIT Ha KJlacTepax aHaJIU3 BbISIBWJI OUH CTaTUCTUYECKM 3HAYMMBbII KJla-
cTep, OMUCHIBAIOIINIA YBeIMYeHHe MOIITHOCTH B OcHOBHOM Tpymite B auana3oHe 0.01—0.5 I
(p < 0.0004). Insg KoHTpoJIbHOI TPyMIibl TAKXKe ObLT OOHAPYXXEH OAWH CTAaTUCTUYECKU
3HAUMMBII KJIacTep, COOTBETCTBYIOIIMIT OTHOCHTENBHO JIOKAJTbHOMY YMEHBIICHUIO
MOUIHOCTH TJIOTHOCTU McTOYHMKOB Toka CMKII B nuanazone 0.195—0.5 T (p < 0.002).
Puc. 2 unmoctpupyeT 3Tu U3BMEHEHUSI MOLIIHOCTHU MJIOTHOCTH UCTOYHUKOB Toka CMKII.

OBCYXIEHMUE PE3VJIBTATOB

CMKII ronoBHOro Mo3ra uejaoBeka ObLIM OOHapyxeHbl 60 JeT Has3aa, Korga ObUIn
pa3paboTaHbl ClieMalbHble W JOPOTOCTOSIIINE YCWJIMTENU il uX perucrpauuu. He-
MHoOTrH1e JabopaTopuM MOIJIU ceOe TO3BOIUTh TakKue ucciaenoBanus. B Hayae 21-ro Beka
nHrepec K CMKII BO306GHOBMIICS B CBSI3U C TTOSIBJIEHMEM KOMMEPYECKHW JOCTYITHBIX YCUJTU-
TeJIell, a TaKKe B CBSI3U C OOHApY:KEHMEM CBepxMeJIeHHEIX IpoiieccoB B BOLD-curnase
(YHKIIMOHAJILHOM MarHUTHO-PE30HAHCHOM ToMorpaduu. BelIo mokazaHo, YTo HE3aBUCHU-
mble komrnoHeHTHl CMKIT koppemupyior ¢ BOLD-curHaiamm, KOTopbie, B CBOIO O4Yepelb,
00YC/IOBJIEHBI U3MEHEHUSIMU YPOBHSI BO30Y>KI€HUS, U3MEPSIEMOTO KOXKHO-TaTbBAHUYECKOM
peakiiueit, pa3MepoM 3padka U IpyrMMU rokasaTesssMu nepudepuieckoil HepBHOM cucTe-
MblI [1]. HeT etmHOro MHEHMSI OTHOCUTENIbHO BpeMeHHol opranusaiu CMKIT: B HeKoTO-
PBIX HCCIeNOBaHUSIX MOTYEPKUBACTCS OTCYTCTBME TMHMKOB Ha criektpax DI-NCO, B
Ipyrux paboTax cooOIIaeTcss 0 3aMeTHBIX KojiebaHUsIX ¢ yacToToi okoJyio 0.1 miu
0.02 I't1, a B HEKOTOPBIX MOMYEPKUBAIOTCS MHOXECTBEHHbIE UCKPETHBIE CBEPXMEICH-
HbIe KojieObaHus [1].

ITapamerper CMKII B KadecTBe HelipoOMapKepoOB Pa3IMUCHUSI IICUXUIECKN OOIBHBIX
OT 3M0POBBIX JIIOJIe} MCTIOIL30BAIMCH B HEOOJIBIIIOM YKclie uccienoBanHuii. B vactHocTy,
B pabote [42] ObUIO ITOKa3aHO, YTO IIPOCTpaHCTBeHHO-BpeMeHHoii maTtrepH CMKII gB-
JISIETCSI IOCTATOYHO CTAOMJIBHBIM U BOCIIPOM3BOIUMBIM JIs1 CHEIM(PUIECKUX KOPKOBBIX
JloKanu3anuii, Torna Kak MoitHoct CMKII B aTux Jlokaiuzauusix Obljia MEHbIIE Y JII0-
neit ¢ BBIpaXKeHHBIMU CUMIITOMAaMY HEBHUMATEJIbHOCTH.
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Puc. 1. Criektpbl mottHoctu CMKII. (a) — rpynima D3T-BOC o CMKII, (b) — rpynna 6uoymnpasieHusi BCP.
Ha rpacdukax Tosctbie TMHUM — CIIEKTPBI MOLIHOCTH TTOCJIe TPEHUHTA, TOHKUE JIMHUU — /10 TPEHWHTa, MyHK-
THUPHBIE JIMHUU — PA3HOCTHBIE KpUBbIe. CIIOUIHBIE TPSIMOYTOJIbHUKY MO TpadMKaMy BBIIEISIOT TUANa30HbI
4acToT, B KOTOPBIX HAOJIIOAAIMCh CTATUCTUYECKH 3HAaYMMBble pa3inyusi MoIHOCTH. Ha Tornorpammax, pacro-
JIOXEHHBIX B BEPXHUX YIJIaX, TOKA3aHO paclpeiesieHne pa3HULIbI MOLIHOCTH (110C/Ie TPEHUHTa MUHYC J10 Tpe-
HMHTA) TI0 MIOBEPXHOCTH TOJIOBbI. MajleHbKKE KPYT BHYTPH OOJIBLIOTO Kpyra TOnorpaguueck COOTBETCTBY-
0T 2JIEKTPOJIaM, 3aKpallleHHbIE KPYTH 0003HaYaloT 31eKTPOJIa, AJIsl KOTOPBIX Ha YacTOTe, yKa3aHHOM 1oJ, TOIOo-

FpaMMOfI, HaAOII0AIOTCS CTATUCTUYECKU 3HAUMMBbIE pasanyndg MOIIHOCTHU.

Kak coob6manocs panee [29, 30], nocie 3aBepiueHust 20 ceaHCOB Kypca BCe HEBSITh
y4acTHUKOB OCHOBHOWM TPYIIIbl OTMETWIM YJIYUILEHUE COCTOSIHUSI CBOEro 310POBBS.
BOABIIMHCTBO U3 HUX COOOILLMIN O CHUXXEHUU PEAKTUBHOCTU HA CTPECCOBBIE (PAKTOPHI,
CHVXXEHUU BHYTPEHHETO HAIIPSIKEHUS U MOBBIIIEHUN CTAOMILHOCTU HacTpoeHus. Tak-
K€ OHM 3aMETUJIM YBEJIUUYEHUE YPOBHSI DHEPIUHU U YIIydllleHEe KOTHUTUBHBIX (DYHKIIUIA.
IIlecTs M3 ceMU y4aCTHUKOB IpYIIIbl OMoynpasieHust napamerpamu BCP rakke coo6-
LLIUJIN O MOJIOXKMUTEIbHBIX U3MEHEHUSIX CBOETO COCTOSIHUS 110 OKOHYaHUM Kypca. HaGmo-
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Puc. 2. CrieKTpbl MOLITHOCTH TUIOTHOCTU NCTOYHUKOB Toka CMKII. O603HavyeHus Te e, YTo Ha puc. 1.

JacMO€ YJIYUYIICHHE 3aKII04YaloChb B IMOBBIIICHUU CTpeCCOYCTOﬁqHBOCTH u 06peTeHI/II/I
HaBbIKa JIy4I1IC paCCJ’Ia6J'[HTbC$I. OL[I/IH N3 YYaCTHUKOB KOHTpOIIBHOfI I'PYIIIBI HE ObLT YBEC-
PEH B TOM, YTO KYPC IPOU3BEJI Kakue-1100 3aMeTHBIE U3MEHEHMSI B €T0 COCTOSTHUU.

B nipencTtaBieHHBIX BbIlE pe3yibTaTax UCCIeI0BaHWI ObUIO MOKa3aHO, YTO B IOCTe
Kypca TpeHuHra DBI-BOC no cBepxMemjeHHBbIM MOTeHIIMalaM MO3Ta HabJomaeMoe
yBeaudeHue crnekrpaibHoilt MmomtHoctu CMKII HeonHoponHo. B ywacTHOCTH, HU3KOYA-
crotHble coctasisomue CMKII nopsinka 0.02 I mperMyIecTBEHHO BO3pacTaloT B
JIOOHBIX ¥ TEMEHHO-3aThUIOYHBIX 00JIaCTsIX, TOTAAa KaK MPOCTPAHCTBEHHOE pacripeesie-
HUE YBEJIMISHNS MOIITHOCTH BhICOKOYACTOTHHIX (~0.1 I11) ocmuisinuii 6oJiee MMPOKO U
3axBaThIBaeT ILIEHTPpAJIbHbIE 001acTu. bojiee TOro, MpoCcTpaHCTBEHHBIE MATTEPHBI 3THUX
n3MeHeHni MmourHoct CMKIT pa3nuuHbl. DTH 0COOEHHOCTH COXPAHSIOTCS IIPU ITPe0d-
pazoBanun CMKIT K MIOTHOCTUM MCTOYHUKOB TOKA, UTO YKa3bIBAaET HA OTHOCUTEIIbHYIO
JIOKQJILHOCTb UICTOYHUKOB 3TUX TMPOIIECCOB. B TO Xe BpeMsi B UBMEHEHUU CIEKTPpaTbHOM
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MOIITHOCTU TIOTHOCTU MCTOUHUKOB CMKII BBISIBASIOTCS HOIMOJHUTEIbHbIE 3(P(HEKTHI.
B yacTHOCTH, B LIEHTPAILHBIX 00JIACTSIX MOIIIHOCTD YBEJIMYMBACTCS B IIIMPOKOM JaUaria-
3o0He (mo 0.5 I'). DT maHHBIE TTO3BOJSIOT IPeanoaoXuTh, yTo B CMKII B nuama3zone
0.01—0.5 I'r oTpakaeTcs mpoTeKaHUE MO KpaiiHe Mepe ABYX (PU3MOJIOTMIEeCKIX IIPOoIIec-
COB: 0oJiee MeIIeHHOTO U OoJiee ObICTporo. YacToTHBIE XapaKTepUCTUKHA BTOPOTO IIPO-
necca 1 BOLD-curnana ¢yHKIMOHAIBHOW MarHUTHO-PE30HAHCHOK ToOMOrpaduu I10-
XOXM, YTO, B CBOIO OuYepelb, yKa3blBaeT Ha MX BO3MOXHYIO B3aMMOCBsI3b. Harportus,
MPENCTABIISIETCS] CJIOXKHBIM CBSI3aTh MEPBbIM 0oJiee MEIJIEHHbBI MpoliecC ¢ TMHAMUKOI
BOLD-curnana. Cxopee Bcero, IS BRIIBIIEHUSI MeXaHM3Ma 3TOTO Mpolecca HeoOXoau-
MBI JajibHENIITE UCCTIEOBAHMSI.

Wcnons3oBanue nipeodpazoBanuss CMKII B INIOTHOCTE NICTOYHUKOB TOKA IMTO3BOJIMIIO
BBISIBUTD €111€ OJTHY 0COOEHHOCTh. B yacTHOCTH, OBLIO MOKA3aHO, YTO B JIOOHBIX 001aCTIX
Habronaetcsa ymeHbleHue moutHoctu CMKII B nuamnazone 0.2—0.5 I'm mocie BOC mno
BCP, uto Takke HOIOJHUTEIbHO yKa3blBaeT Ha pa3iMuMe TMIOTeTUYECKUX 0osee Me-
JIEHHOTO U 60Jiee OBICTPOTO MPOLIECCOB.

[TonBomst UTOT, OTMETUM, YTO B TAHHOI paboTe HAMM ObUTU MIEPECMOTPEHBI U YTOUHEHBI
pe3yJIbTaThl HaIIero IIpenbiayinero ucciemoBanus [30], mokasasirero, uro DDI-BOC ¢
ucrnonbzoBanueM CMKII B kauecTBe nmapaMmeTpa OUOYNpaBieHUs YBEIUUYMBAET MOIIl-
HocTh CMKII u ymydiiraeT cocTostHue 3M0pPOBbsI 110 MHOTUM ITOKa3aTeJIsIM, BKJII04asi I10-
KazaTeju BHUMaHUSI.

TlpoBeneHHbIe Mccien0BaHUS MO3BOJSIIOT TaKXe YTBEPXKIATh, YTO ONMUCAHHBIE U3ME-
HeHust momrHoct CMKIT gBastioTcst cneliuduyecKuMu, MMOCKOJIBbKY He HabJII0JaloTCs B
KOHTPOJILHOM TpyIMIie, T.€. B TPYIMIIe UCITBITYEMbIX, BBITTOTHSBIINX aHAJIOTUYECKUE Tpe-
HupoBku BOC, B KOTOpBIX B KauecTBe MapaMeTpa OMOYIpaBJIEHUST MCITOJIb30BaIMCh HE
nokasanus CMKII, a BCP.

COBIIOAEHUE 5TUYECKHUX CTAHIOAPTOB

WccnenoBaHne npoBeneHO B COOTBETCTBUU C MPUHIIUIIAMY OMOMEIUITMHCKO 3TUKH, CHOpMY-
JIMPOBAHHBIMU B XeJIbCMHKCKOM AeKiapauuu 1964 r. u ee rocienyiomnmx oGHOBICHUSIX, U 0100pe-
Hbl KomuteTom o atuke MHcTUTyTa Mo3ra yenoBeka um. H.I1. BextepeBoit PAH (Cankr-Ilerep-
oypr, Poccust). Kaxapiii yuacTHUK MCClienOBaHUs MPENCTaBUI TOOPOBOJbHOE MUCbMEHHOE MH-
¢dopMUpoBaHHOE coriacue, MOANMMCAHHOE UM TOC/Ie Pa3bsICHEHUST eMY MTOTEHIIMATbHBIX PUCKOB U
MPEeUMYILECTB, a TAKXe XapaKTepa MPeICcTOosIILIEero uCcCaeI10BaHusl.

NCTOYHUKUN ®PUUHAHCHUPOBAHUA

PabGora BbIITOJTHEHA B paMKax rocyIapCTBEHHOTO 3amiaHusi MUHUCTEPCTBA HAYKU W BBICIIETO
o6pasoBanust Poccuiickoit @eneparnu (tema Ne 122041300021-4).
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The Changes of the Infra-Slow EEG Fluctuations
of the Brain Potentials under Influence of Infra-Low Frequency Neurofeedback

V. A. Grin-Yatsenko® *, V. A. Ponomarev’, and J. D. Kropotov*

4 Bechtereva Institute of the Human Brain of Russian Academy of Sciences, St. Petersburg, Russia
*e-mail: veragrin.ihb@gmail.com

This study presents a comparison of the effect on EEG electrical activity in the range of
infraslow frequencies of two methods: infra-low frequency EEG biofeedback and heart
rate variability training. The study involved 17 healthy subjects aged 21 to 50 years with
minor symptoms of a physiological or psychological nature, who did not have a history
of neurological or psychiatric diseases. To evaluate the results of the training, we ana-
lyzed the spectral power of slow EEG oscillations during the performance of the attention
test (Visual Go/NoGo), recorded before and after twenty sessions of biofeedback. Both the
subjective assessment of the physiological and psychological state and the results of the visual
test showed more pronounced positive changes under the influence of EEG biofeedback
compared to the cases of heart rate variability training. A significant increase in the ampli-
tudes of oscillations in the infraslow EEG range was observed only after EEG biofeedback.

Keywords: neurofeedback, electroencephalogram, infra-slow EEG oscillations, heart rate
variability
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