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KorepeHTHOCTb H cpa30Bafi CHHXpOHH3a~HfI 3neKTpH'IeCKOM 

aKTHBHOCTH rOnOBHOrO M03ra 

Pa60ma noceRU4eHa ou,eHKe coanacoeaHHO­
cmu 3neKmpW.feCKOU aKmueHocmu eonoeHoeo 
M03ea c ucnonb30eaHueM KoeepeHmHocmu U cjJa­
30eou CUHxpoHu3au,uu. PaccMampuealOmcR oco­
6eHHocmu npuMeHeHuR oaHHblx Mep, npeOnOJKeHO 
06beouHeHue omeeoeHuu 3neKmp03Hu,ecjJano­
epaMMbl (33f) onR uccneooeaHuR oc06eHHocmeu 
aKmueHocmu M03ea e pa3Hbix nonywapuRx e lIe­
mblpe epynnbl: omeeoeHuR c neeoeo U npaeooo 
nonywapuu, cUMMempUlIHble U aCUMMempUlIHble 
MeJKnonywapHble napbl omeeoeHUU. no pe3ynb­
mamaM uccneooeaHUR cjJoHoeou 3neKmpUlIecKou 
aKmueHocmu 300poebiX nau,ueHmoB MOJKHO Bbl­
RBumb pa3Huu,y cUMMempUl.fHOU U aCUMMempUlI­
HOU MeJKnonywapHou coenacoeaHHocmu, a maKJKe 
noo06Hocmb coenacoeaHHocmu e 060ux nonywa­
PURX, limo nOOmBepJKOaem cUMMempUlIHocmb 
M03eoBou aKmUBHocmu. Pe3ynbmambl cBuoe­
menbcmBYlOm 0 B03MOJKHOCmU paccUHxpoHU3a­
U,UU aKmUBHocmu M03ea Ha npOmRJKeHUU cjJOHO-
BOU 3anucu U n03BonRIOm ou,eHumb MaKCUManb-
Hble 3HalleHUR coanaCOBaHHocmu aKmUBHocmu B 
pa3HbiX lIacmomHblX ouana30Hax onR pa3Hbix 
epynn omeeoeHuu. 6~6J1. 12, plilC. 5., Ta6J1. 2. 

Kmolof8Bbl8 CI10Ba: KoeepeHmHocmb; cjJa30­
BaR CUHxpoHu3au,uR; 331. 

BB8A8HM8 

r0J10BHOIii M03r npeACTaBJ1S1eT c060Vi OAHH 1113 

rl1aBHblX opraHOB "IeJ10BeKa, CPYHK'-'~OHHpOBaHHe 

KOToporo onpeAeJ1S1eT AeSlTeJ1bHOCTb ~HAHBHAa. 

V1ccJ1eAOBaH~e np~H,-,~nOB era CPYHK'-'HOH~pOBa­

H~SI SlBI1S1eTCSI O"leHb Ba>l<HblM A11S1 o,-,eHKH era co­

CTOSlH~SI. 

AKT~BHOCTb raJ10BHOrO M03ra onpeAeJ1S1eTCSI 

3a C"IeT H3MeHeHHSI COCTOSlHIiISI COCTaBJ1S1IO~HX era 

HeVipOHOB, "ITO oT06pa>l<aeTCSI B BHAe H3MeHeHHSI 

3J1eKTp~"IeCKOrO nOTeH,-,~aJ1a Ha nOBepXHOCT~ ro­

J10Bbl ~ MO>l<eT 6blTb 3apemCTp~pOBaHO nYTeM Ha­

J10>l<eH~SI 3J1eKTpOAOB ~ 3an~c~ 3J1eKTp03H,-,ecpa­

J10rpaMMbl (33r). 

OA~H ~3 Ba>l<Helliw~x BonpOCOB 3aKJ1IO"IaeTCSI B 

np~H,-,~nax B3a~MOCBSl3~, KOTopaSl B03H~KaeT B 

aKT~BHOCT~ M03ra Me>I<AY OTAeJ1bHbIM~ nonYJ1S1­

'-'~SlM~ HeVipOHOB, npeACTaBJ1S1IO~~X c06011i npo­

CTpaHCTBeHHO 101 I HJ1H CPYHK'-'~OHaJ1bHO pa3HbJe 

Y"laCTK~ M03ra. Ba>l<HOVl xapaKTepHCTHKOVi 3THX 

CBSl3eVl SlBJ1S1eTCSI C~MMeTp~"IHOCTb ~ CXO>l<eCTb aK­

T~BHocn1 A11S1 06e~x nOJ1ywap~1Ii [11]. 

V1ccJ1eAOBaH~e cBSl3eVi, B03HIIIKalO~~X Me>I<AY 

06J1aCTSlMH r0J10BHOrO M03ra B03MO>l<HO 3a C"IeT 

npHMeHeHHSI K 3anHCSlM 33r MaTeMaTH"IeCKHX Me­

TOAOB, HanpaBJ1eHHblX Ha o,-,eHKY CBSl3aHHocm 

ABYX ClllrHaJ10B. Ha~60J1ee pacnpocTpaHeHHblMIil 

MeTOAaMH SlBJ1S1IOTCSI KorepeHTHocTb [2] 101 cpa30BaSl 

CIIIHxpoH~3a'-'IIISI [3]. TaK B [8] 6blJ10 npeACTaBJ1eHO 

npocTpaHcTBeHHO-"IaCTOTHoe pacnpeAeJ1eH~e KO­

repeHTHocTIII, nOJ1Y"IeHHOe nYTeM aHaJ1H3a AaHHblX 

MarH~T03H,-,e¢aJ10rpaMMbl (M3r) 101 3anlilCH C HM­

nJ1aHT~pOBaHHora 3J1eKTpOAa AJ1S1 na,-,~eHTOB C 

'AlilcToH~eVi. B CBOIO O"lepeAb B [1] aHaJ1~3HpOBa­
J1aCb KorepeHTHOCTb Me>I<AY napaMH 3I1eKTpOAOB 

AJ1S1 aJ1bcpa-p~TMa no OTHoweHlil1O K C06blTlilIO iii B 

3aBJ.1CJ.1MOCTJ.1 OT pe3YJ1bTaTa C06bIT~SI. B [3,6] no­

Ka3aHa B03MO>l<HOCTb aHaJ11113a cBSl3eVi B r0J10BHOM 

M03re AJ1S1 na,-,J.1eHTOB 60J1bHb1X anlllJ1encHelli, a 

TaK>l<e nOATBep>I<AeHO HaJ1J.1"1~e AaJ1bHIiIX CBSl3eVi B 

M03re. B [7] npoAeMOHCTpJ.1pOBaHbl pe3YJ1bTaTbl 

aHaJ1~3a cpa30BoVl CJ.1HXpOHJ.13a,-,J.1J.1 np~ BblnOJ1He­

HJ.1~ apJ.1cpMeTJ.1"1eCKHX 3aAaHJ.1 Vi , KOTopble 3aKJ1lO­

"IalOTCSI B Han~"I~J.1 Me>l<"IaCTOTHbIX ~ Me>l<06J1aCT­

HblX B3a~MocBSl3eVl. B npeAwecTBylO~eVi pa60Te 

[10] 6blJ10 nOKa3aHO Han~"I~e 3Ha"llilMOVl C~HXpO­

H~3a,-,J.1J.1 A11S1 CJ.1MMeTp~"IHbIX oTBeAeHJ.1Vi BO Bcex 

KJ1~H~"IeCKJ.1 Ba>l<HblX "IaCTOTHblX AJ.1ana30Hax. 

Bblwe ynoMSlHYTble pa60Tbi AeMoHcTp~pylOT 

XOPOWYIO np~MeHJ.1MOCTb TaK~X MeTOAOB, KaK KO­

repeHTHocTb J.1 cpa30BaSl CJ.1HXpOHIiI3a,-,J.1S1 AJ1S1 aHa­

J1~3a COrl1aCOBaHHOCT~ 3J1eKTpJ.1"1eCKOVl aKTJ.1BHO­

© BaBpe~YK A.B., nOnOB A.A., KaHaVlKJ.1H A.M., 2015 

http:KaHaVlKJ.1H


37 61i10MeA/lU.\IiIHCKlile nplil60pbl iii CIiICTeMbl 

1.:,,1,\ mnOBHOrO M03ra, HO 3aBeAOMO aHanlil31i1pYIOT 

BKH1BHOCTb nplil BblnOnHeH1iI1iI KaKIiIX-nIil60 Ae~CT­

BVlV! IIIm1 nplll onpeAeneHHblX HapyweHlilfix ¢>YHK­

L!~OHVlpOBaHlilfi rOnOBHoro M03ra. AaHHafi pa60Ta 

BKLleHTlilpyeT BHIiIMaHlile Ha ¢>OHOBO~ aKTIiIBHOCTIiI 

M03ra 3AOPOBbiX nal.\lIIeHTOB, KOTopafl AomKHa flB­

nflTbCfI 3TanOHOM Anfl AanbHeJiiwero aHan...,3a ..., 

KllBCCIiI¢>IIIKaLlIiIIiI 33r iii HanpaBneHa Ha aHanlil3 

Vl3MeH41i1BOCTIiI cornaCOBaHHOCT..., 3neKTp1il4eCKO~ 

BKTIiIBHOCTIiI M03ra B pa3HbiX 4aCTOTHbiX Alilana30­

HBX iii Anfl pa3HbiX npOCTpaHCTBeHHblX rpynn OTBe­

AeHIiIVI, oT06pa>KalOl1.\IiIX OAHO- ..., Me>KnonywapHble 

B3aIilMOAe~CTBlilfI. 

Llenb AaHHOL4 pa60Tbi - IiIccneAoBaH...,e CIiIH­

xpOH...,3al.\"""" Kone6aHIIIL4 B pa3HbiX 06nacTfix ro­

nOBHoro M03ra Anfl ¢>OHOBOL4 3am1CIiI 3AOPOBbIX 

nal.\liIeHTOB. 

KorepeHTHOCTb 

<PYHKLI...,fI KorepeHTHocr..., - npfiMafi Mepa KOp­

penfiLlliI1iI Me>KAY CneKTpaM..., ABYX ClilrHanOB. Pac­

CMaTpliIBafi ABa ClilrHana x iii y, KorepeHTHOCTb Me­

>KAY HIIIMIil Ha 4aCTOTe IiIHTepeca f onpeAenfleTCfI 

no ¢>opMyne [2]: 

Coh(f) = ISxy(f) I 
[Sxx(f). Syy(f)]1/2 

rAe Sxy (f) - KpoCC-CneKTpanbHafi nnOTHOCTb Me>KAY 

AByMfI c...,rHanaM..., x iii y (TO eCTb npe06pa30BaHlilfi 

<pYPbe ¢>YHKI.\IiI..., KpOCc-KoppenfiLlIiIIll Rxy (t)). TaK 

KaK Sxy - cKanflpHoe npolll3BeAeHllle, HepaBeHcTBo 

Wsapl.\a rapaHT""PyeT, 4TO ¢>YHKl.\lIIfI KorepeHTHo­

CTIII nplIIH...,MaeT 3Ha4eH...,f1 Me>KAY 0 iii 1. 
Kpocc-cneKTp onpeAenfleTcfI no ¢>0pMyne: 

Sxy(f) = x(f)· y. (f), 

rAe x(f) - AlilcKpeTHble K03¢>¢>""I.\...,eHTbl <pYPbe Ha 

f.{aCTOTe f orpaH...,4eHH0L4 BO BpeMeHIiI BpeMeHHo~ 

nOCI1eAOBaTenbHocTIil x(t), a 'I.(f) - KOMnneKCHO­

COnpfI>KeHHOe K Y(f). 

Anfl nOBblweH...,fI Haae>KHOCTIiI 3T0L4 Ol.\eHKIiI, 

B03MO>KHO IIIcnonb30BaH...,e HeCKonbKIiIX MeTOAoB, 

3aKll104alOl1.\IIIXCfI B Crna>K...,BaHIIIIII cneKTpanbHblx 

oLleHoK BO BpeMeHIII l-1nl-1 no 4aCTOTe. B cnY4ae IiIC­

n0I1b30BaHlilfi Crna>KIiIBaHlilfI BO BpeMeHIiI, nonHoe 

OKHO Ha6nlOAeH...,fI pa3AenfleTcfI Ha nocneAoBa­

TeI1bHOCTb k cerMeHTOB (KoTopble MOryT nepeKpbl­

SBTbCfI). Ol.\eHKa cneKTpa Bbl41i1CnfleTCfI Anfl Ka>K­

Aoro cerMeHTa iii k CneKTpOB ycpeAHfllOTcfI, 4T06bl 

nOJlY"lIilTb Ol.\eHKY Anfl nonHoro OKHa. 

npOl.\eAypa Crna>KIiIBaHlilfI BO BpeMeHIiI 4al1.\e 

BcerQ peanlil3yeTcfI MeTOAOM Y3n4a, KOTOPblL4 

npeACTaBnfleT c060Jii nepliIOAorpaMMHYIO Ol.\eHKY 

cneKTpanbHO~ nnOTHOCT..., MOl1.\HOCTIiI 3a C4eT nplil­

MeHeH...,fI OKHa AaHHblX Anfl aHam13""pyeMoro cer-

MeHTa iii IiIcnonb30BaHlilfi nepeKpblBalOl1.\IiIXCfI cer­

MeHTOB. OKHa AaHHblX 3a C4eT YXYAweHlilfI pa3pe­

weHlllfI ocna6nfllOT BnlilflH...,e 60KOBbiX neneCTKOB III 

YMeHbwalOT CMel1.\eH...,e OLleHOK. nepeKpblT...,e cer­

MeHTOB YMeHbwaeT AliIcnepClil10 Ol.\eHKIiI cneKTpa 

[12]. 

S~y (f) = LN 

Xj (fly,·(f) 
; ... j 

PMC. 1. AnropMTM crnaHCMBaHMH BO BpeMeHM AIlH 

OL\eHKM KpOCC-CneKTpa Me)K,QY ABYMJI BpeMeHHblMM 

nocneAOBaTenbHOCTJlMM [2] 

Q)a30BaR CI1HXpOHI13aL\l1.R 

<pa30Bafi CIiIHxpOHIiI3al.\IiIfI (<PC) npeAcTaBnfleT 

c060~ np0l.\ecc YCTaHoBneH...,fI ..., nOAAep>KaHlilfi 

pe>K...,Ma Kone6aH""~ ABYX ..., 60nee CBfl3aHHbiX OC­

l.\...,nnsnopoB, nplll KOTOPOM 4aCTOTbi 3TIiIX oCI.\...,nnfl­

TOPOB cOBnaAalOT ...,nlil KpaTHbl APyr APYry, a MrHO­

BeHHbie ¢>a3bl ...,3MeHflIOTCfI no oA...,HaKoBOMY 3aKO­

HY Ha npOTfI>KeHIiIIiI BpeMeHIiI CIIIHxpOHIiI3al.\IiIIiI [10]. 
Anfl ABYX ClilrHanOB S1(t), S2(t) C MrHOBeHHbIM..., 

¢>a3aMIiI 'P1(t), 'P2(t) C Y4eToM B03MO>KHOrO BnYlflHlllfi 

WYMOB ¢>a30Bafi CIiIHxpOHIiI3al.\IiIfI 03Ha4aeT [3]: 
In<P1(t)- m<P2(t) I"" const. 

rAe ,m ..., n - I.\enble 4...,cna, oT06pa>KalOl1.\...,e KpaT­

HOCTb 4aCTOTbl. 

K03¢>¢>IiILllileHT ¢>a30BO~ CIiIHxpoH1iI3al.\...,1iI (PL V 
- phase-locking value) - 4111cneHHblL4 nOKa3aTeJlb, 

KOJllil4eCTBeHHO xapaKTepVl3YIOl1.\1iI1ii ypoBeHb CI1H­

XPOHHOCTIiI ¢>a3 ABYX OCI.\IIInnflTOpoB ..., OTpa>KalO­

l1.\...,L4 cTa6...,nbHocTb pa3HocTIiI 3TIiIX ¢>a3 B onpeAe­

neHHOM 4aCTOTHOM Alilana30He. Benlil41i1Ha K03¢>­

¢>IiILlllleHTa 1113MeHfleTCfI B npeAenax OT 0 AO 1 III 

3Ha4eHllle PLV 6n...,3Koe K 1 cBIiIAeTenbcTByeT 0 

BblCOKOM ypoBHe CIIIHxpOHIiI3al.\IIIIII Me>KAY ...,ccne­

AyeMblMIil c...,rHaJlaMIil. 

K03¢>¢>""l.\lIIeHT ¢>a30BoJii CIiIHxpOHIiI3al.\lII..., MO­

>KeT onpeAenflTb cTa6...,JlbHOCTb pa3HIiII.\bl ¢>a3 Me­

>KAY np06aMIiI 1i13MepeHIiIL4 (PL V) IiIJlIiI Ha npOTfI>Ke­

HIiI..., HeKoToporo BpeMeHHoro OKHa, KorAa pac­

cMaTp...,BaeTcfI TOJlbKO OAHa np06a (single-trial 

PLV, SPLV). 
B 06l1.\eM cnY4ae paC4eT npoBoAIiITCfI Anfl KOH­

KpeTHo~ 4aCTOTbl, HO, Y"IIiITblBafi CnO>KHOCTb cneK­
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Tpa peaJlbHblX ClilrHaJlOB, He06xoAIiIMbiM YCJlOBlileM 

C"Il-lTaeTCSl Y3KOnOJlOCHOCTb paccMaTpliIBaeMblx 

ClilrHaJlOB. 

K03q:)(plill4li1eHT cpa30Botli CIiIHxpOHIiI3a141i11i1, on­

peAeJlSlIO~liItli cTa61i1JlbHOCTb 1i13MeHeHIiISl cpa3 Ha 

npOTSl>KeHIiIIiI BpeMeHHoro OKHa paCC"IIiITbIBaeTcSl 

no cpopMYJle [4]: 

SPLV [n] = ~ P+~2-1 ej(~1(t.k)-~2(t.k))
t 

N k=p-NI2 

rAe n HOMep TeKY~ero OTC"IeTa K03CPCPlil141i1eHTa 

cpa30BOtli CIiIHXpOHI-13al4l-1l-1, f - I-1cCJleAyeMaSl "IaCTO­

Ta, N - KOJlI-1"1eCTBO TO"leK BO BpeMeHHoM oKHe, p­
l4eHTpaJlbHaSl TO"lKa TeKy~ero BpeMeHHoro OKHa. 

AJlSl Toro "IT06bl aHaJll-131i1pOBaTb CBSl3b Me>KAY 

cpa3aMI-1 AByx OCI4Ii1JlJlSlTOPOB He06xOAIiIMO onpe­

AeJlIiITb 1i13MeHeHlile IiIX MrHOBeHHblX cpa3 BO Bpe­

MeHI-1. 

OCHoBHble MeToAbl AIlSl onpeAeJleHIiIR MrHO­

BeHHOtli cpa3bl [3]: 
npe06pa30BaHI-1e rlilJlb6epTa; 

- cBepTKa C KOMnJleKCHblM BelllBJleTOM (Hanp., 

BelllBJleT MOPJle). 

B AaHHolil pa60Te onpeAeJleHl-1e MrHOBeHHblX 

cpa3 npOBOAI-1JlOCb nplil nOMO~1iI npe06pa30BaHI-1R 

rlilJlb6epTa, KOTopoe npeACTaBJlReT c060tll JlIiIHelll­

Hbllll onepaTOp, conOCTaBJlSlIO~1iI1II Ka>KAOIII CPYHK­

I4I-1Ii1 set) CPYHKI4Ii1IO s(t) B TOIII >Ke 06JlaCTIiI [3]: 

set) = !p.v. OOI s(t)dt. 
1t t t 

-00 

P.V. YKa3blBaeT Ha TO, "ITO npe06pa30BaHlile 

rlilJlb6epTa onpeAeJlSleTCSl B CMblCJle rnaBHoro 

3Ha"leHIiIR IiIHTerpaJla no KOWI-1. 

AHaJlIiITI-1"1eCKaSl CPYHKI4Ii1Sl, IiICnOJlb3yeMaSl AJlSl 

onpeAeJleHIiISl MrHOBeHHOIII cpa3bl ClilrHaJla, npeA­

CTaBJlReT c060tli KOMnJleKCHOe "I iiiCJlO, AetlicTBIiI­

TeJlbHOtli "IaCTblO KOToporo RBJlReTCR Ha"laJlbHaSl 

cpYHKl4li1el:1, a MHIiIMaSl - npe06pa30BaHI-1e rl-1Jlb­

6epTa 3T0l:1 CPYHKI4I-1Ii1 [6]: 
H(t) s(t)+is(t). 

B 3TOM cJly"lae MrHOBeHHaR cpa3a npeAcTaB­

JlSleT c060111 apryMeHT KOMnJleKCHOro "II-1CJla iii on­

peAeJlSleTCR 1i13 Bblpa>KeHIiISl: 

<p(t) arctan(s(t)). 
sCI) 

CypporaTHble ,QaHHble 

B 060lilx CJlY"laSlx AJlSl 0l4eHKIiI ypOBHSl iii onpe­

AeJleHI-1Sl I-1CTI-1HHOI:1 CI-1HxpOHIiI3a141-11-1 AIlSl Ka>KAOrO 

Cl-1rHaJla 6blJlIiI paCC"IIiITaHbl cypporaTHble AaHHble. 

He06xOAI-1MOCTb I-1X I-1CnOJlb30BaHIiISl onpeAeJlSleTCSl 

TeM cpaKTOM, "ITO 1-1 B CJly"lae AByX He3aBI-1CI-1MbiX 

WYMOBblX Cl-1rHaJlOB 3Ha"leHl-1e Mepbl CBSl3aHHOCTI-1 

60JlbWe O. 
AnSl Ka>KAOtli OTAeJlbHOIII paCCMaTpliIBaeMOtli 

napbl ClilrHaJlOB He06xOAI-1MO CPOpMl-1pOBaHl-1e cyp­

poraTHblX AaHHblX 1-1 paC"leT Mepbl CBSl3aHHOCTIiI 

Me>KAY I-1CCJleAyeMblMI-1 CI-1rHanaM1-1 1-1 cypporaTaMI-1. 

CypporaTHble AaHHbie AIlSl nOJlY"leHI-1R BAeK­

BaTHblX pe3yJlbTaTOB AOJl>KHbl I-1MeTb CXO>Kl-1e xa­

paKTepl-1CTI-1KI-1 C I-1CCJleAyeMblM Cl-1rHanOM. n03TO­

My cypporaTHaR BpeMeHHaSl nOCJleAOBaTeJlbHOCTb 

cpopMl-1pyeTcR nYTeM CJlY"latliHoro 1-13MeHeHI-1R cpa­

30Boro cneKTpa I-1CXOAHOro Cl-1rHana, I-1CnOJlb3ySl 

ero aMnJlI-1TYAHbltll cneKTp. ¢lopMYJla AIlSl 06paTHO­

ro npe06pa30BaHI-1Sl ¢lYPbe npliIHI-1MaeT BIiIA [9]: 

1 N-1 iUk '2 k 
sn =-L:e ·ISk I·exp(-~),

IN k=O N 
rAe OSak<211 - paBHoMepHo pacnpeAeJleHHble 

CJlY"lalllHble "Il-1cJla, ISki - aMnJlIiITYAHbl1ll cneKTp I-1C­

CJleAyeMoro Cl-1rHaJla. 

OnMcaHMe 3KcnepMMeHTa 

Cl-1rHaJl 33r SlBJlSleTCR MHoroKaHaJlbHblM 1-1 pe­

rl-1CTpl-1pyeTcSl npl-1 pacnOJlO>KeHI-1Ii1 3JleKTpOAOB Ha 

nOBepXHOCTI-1 CKaJlbna "IeJlOBeKa B 3apaHee onpe­

AeJleHHblX MeCTax. CxeMa pacnOJlO>KeHI-1Sl 3JleK­

TPOAOB Ha3blBaeTCSl CIiICTeMOIII OTBeAeHIiIIII; OCHOB­

HblM Tpe60BaHlileM K Helll SlBJlSleTCSl paBHOMepHoe 

pacnpeAeJleHlile 3JleKTpOAOB no nOJlywapliISlM. 

Halil60Jlee pacnpOCTpaHeHHaR B HaCTOR~ee Bpe­

MSl CIilCTeMa «10-20» (pIiIC. 2) YCTaHaBJlIiIBaeT npa­

BI-1Jla pa3Me~eHI-1R 3JleKTpOAoB npl-1 perlilCTpal4li11i1 

33r AIlR OXBaTa Bcex CPYHK141i10HaJlbHO 3Ha"lIilMbIX 

06JlaCTelll M03ra. nOBepXHOCTb rOJlOBbl pa36l-1Ba­

eTCSl Ha 06JlaCTIiI, 0603Ha"leHHble 6YKBaMIiI: F ­
Jl06HaSl, 0 - 3aTbIJl0"lHaSl, P - TeMeHHafl, T 
BI-1CO"lHafl, C - 06JlaCTb l4eHTpaJlbHoliI 60p03Abl. 

He"leTHble HOMepa MeCT OTBeAeHlilfI OTHOCRTCR K 

JleBoMY, a "IeTHble - K npaBoMY nOJlywapl-1lO. 5YK­

BOlli Z - 0603Ha"laeTCR OTBeAeHl-1e OT BepxywKIiI 

"Iepena. 3JleKTpOAbi YCTaHaBJlI-1BalOTCR HBA Ka>K­

AOIII 1-13 06JlaCTelll B Ka>KAOM nOJlywapl-1li1, nplil"leM 

"IeTHble HOMepa COOTBeTCTBYIOT npaBoMy nOJlywa­

plillO, a He"leTHble - JleBOMY. 

Ba>KHOIiI oco6eHHocTblO npeAJlaraeMOro B AaH­

HOtli pa60Te aHaJllil3a RBJlReTCR pa361i1eHlile Bcex 

B03MO>KHbIX nap 3JleKTpOAoB Ha nOArpynnbl. AJlR 

IiICCJleAOBaHI-1Sl B AaHHolII pa60Te npeAJlaraeTCR 

06beAIiIHIiITb oTBeAeHlilfI B nOArpynnbl oT06pa­

>KalO~liIe QAHonOJlywapHble iii Me>KnOJlywapHble 

B3aI-1MOAeIllCTBI-1R: 

rpynna sym - 8 nap CI-1MMeTpl-1"1HbIX OTBe­

AeHliI1II (HanpIiIMep, F3 - F4); 
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rpynna interns - 56 nap BOaMO>KHbIX Me>K­

nonywapHblx aC~MMeTp~4HbIX oTBeAeH~t1 


(Hanp~Mep. F3 - C4); 


rpynna leftnn - 17 nap BOaMO>KHbIX OTBe­

AeH~t1. pacnOnO>KeHHbfX Ha neBOM nony­

wap~~ KpoMe coceAH~X oTBeAeH~t1 (Ha­
np~Mep. F3 P3); . 


rpynna rightnn - 17 nap BOaMO>KHbIX OTBe­

AeH~t1, pacnOnO>KeHHblX Ha npaBoM nony­

wap~~ KpoMe coceAH~X oTBeAeH~~ (Ha­

np~Mep. F4 - P4). 


B cny4ae rpynn. oT06pa>KalOU\~x oAHonony­
wapHbfe Baa~MoAet1cTB~H. coceAH~e oTBeAeH~H 

(Hanp~Mep. F3 - C3) He 6pan~Cb B Y4eT, TaK KaK 
Anfl H~X xapaKTepHa 60nee BblCOKaH cornaCOBaH­
HOCTb aa C4eT 06beMHo~ npoBoA~MOCT~. 

PMC. 2. CMcTeMa pa3MeI.,QeHMJI 3neKTpOAOB «10-20» 

4aCTOTHbl~ cneKTp c~rHana 33r B AaHHOril pa­
60Te paa61i1BaeTCH Ha 9 nOAA."ana30HOB, KOTopble 
3aH~MaIOT nonocy OT 0 AO 50 rL\, OCHOBblBaHCb Ha 
rnaBHblX Kn~H~4eCK~X AIi1ana30Hax aneKTp~4eCKo~ 
aKT"'BHOCT~ Moara (Ta6n. 1), np~ ycnoB~~, 4TO 
Ha~60nbwaH paccMaTp."BaeMafi nonoca npeBbl­
waeT Ha~MeHbwylO He 60nee 4eM B 2 pa3a. TaK~M 
06pa30M, BblAenHIOTcH TaK~e A~ana30Hbl: 0, e, a, 
14-22 rL\, 22-30 rL\, 30-35 rL\, 35-40 rL\, 40-45 rL\, 
45-50 rL\. 

nonY4eHHbie MaCCIi1Bbl AaHHblX AnH aHa4eH~1ii 
KorepeHTHocT." ~ cpa30Bot1 C~HxpOH~3aL\~~ nyreM 
rpynnli1poBaH~H ~ ycpeAHeH~H npe06pa3YlOTcfI Ta­
K~M 06pa30M, 4TO OAHO 3Ha4eH~e CTaBIi1TCH B co­
OTBeTCTBli1e Ka>KA0MY naL\~eHTY, BpeMeHHoMY OT­
pe3KY. nOArpynne AaHHblX ~ 4acToTHoMY A~ana30­
Hy. 

npeAnaraeMbl1ii aHan~a aaKnlO4aeTCH B: 
1) onpeAeneH~~ M~H~ManbHoro ~ MaKC~Manb­

HOro aHa4eH~1ii Anfl KorepeHTHocT~ ~ <f:>a30BOril 
C~HxpOH~3aL\Ii1~, KOTopoe ~MeeT MeCTO AnH pac­
cMaTp."BaeMblx AaHHbIX; 

2) onpeAeneH~~ cpeAHero 3Ha4eH~H AnH KO­
repeHTHocT~ ~ Q:>a30BOIii C~HxpOH~3aL\~~ KaK 
CPYHKL\~~ OT 4aCTOTbi oTAenbHo Anfl Ka>KAOrO na­

L\~eHTa, a TaK>Ke B cpeAHeM AnH Bcex naL\~eHTOB 
Anfl Ka>KAO~ rpynnbf AaHHbIX; 

3) CTaT~CT~4eCKOM aHan~ae nony4eHHbix AaH­
HbIX; 

4) BblnonHeH~e n.n. 1-3 C Y4eToM cypporaTHblx 
AaHHblX, KOTOPblt1 aaKnlO4aeTCH B BbI4~TaH~~ ~a 
aHa4eH~t1 AnH peanbHblx AaHHblX cooTBeTcTBYIO­
U\~X aHa4eH~t1 Anfl cypporaTHblx AaHHbIX. 

Ta6nM,-,a 1. OCHoBHble "IaCTOTHble AMana30Hbi M03­

rOBoM aKTMBHOCTM [11] 

Ha3BaHlile 4acToTHblH COcToRHllle M03ra 
Alllana30H IIInlil BillA aKTIIIBHOCTIil 

0 0,5-4 rL\ 
CT8A~H 
CHa 

MeAneHHOrO 

e 4-8 rL\ CTaA~H 6blcTporo CHa 
3pli1TenbHOe BOCnpli1­

a 8-14 rL\ 
flTli1e ~ aKTIi1BHOCTb 
ap~TenbHot1 KOPbl B 
COCTOflHli11i1 nOKOH 
COMaT~4ecK~e, ceH­

~ 14-40 rL\ copHble ~ AB~raTenb-
Hble MexaH~aMbl 

V > 30 rL\ 
06pa60TKa KOrHIi1T~B-
HblX npOL\eCCOB 

3KcnepIIIMeHT8nbHble AaHHble 

Anfl aHanli1aa 6bln~ ~cnonb30BaHbl cpOHOBbie 
3an~c~ aneKTp.,,4ecKot1 aKT~BHOCT~ ronOBHoro 

M03ra 3AOPOBbiX naL\~eHTOB MY>KCKOrO nona co 
cpeAH~M BoapaCTOM 22±1,1. 3neKTpOAbi np~ aa­
n~cli1 6blnli1 pacnOnO>KeHbl cornaCHO Me>KAYHapOA­
HOt1 C~CTeMe oTBeAeH~t1 10-20, ."cnonbaOBanCfI 
MOHononHpHblt1 MeToA OTBeAeHIi1f1 C ycpeAHeHHblM 
pecpepeHTHblM aneKTpOAOM OT ywet1. 4acToTa 
A~cKpeTli1aaL\~~ 33r: 1000 rL\. 

An~TenbHocTb aanli1cet1: 76 ceKyHA. 
AaHHbie paccMaTp~Ban~Cb B paaHblx BpeMeH­

HblX MacwTa6ax: M1 - 15,2 c, nepeKPblT~e 50 %; 
M2 - 7,6 c, nepeKPblT~e 50 %; M3 - 3,8 c, 6ea ne­
peKPbIT~H; M4 - 1,9 c, 6e3 nepeKPblT~R napaMeT­
pbl MacwTa60B onpeAenfilOT An~TenbHocTb Y4acT­
Ka AnH BbI4Ii1CneH~H KorepeHTHocT~, a B cny4ae 
cpa30Bot1 C~HXpOHli1aaL\~~ - KOnli14eCTBO ycpeA­
HfieMblX aHa4eHIi1~, B peaynbTaTe 4ero B COOTBeT­
CTB."e onpeAeneHHoMY Y4acTKY Am1TenbHOCTblO 
cornaCHO MacwTa6y CTaB~TCfI OAHO aHa4eH~e Me­
pbl cornaCOBaHHOCT~. 

napaMeTpbl OL\eHK~ KorepeHTHOCT~: Kon~4eCT­
BO cerMeHTOB paBHoe 8 C nepeKPblT~eM 50 %, 
Crna>K."BalOU\aH <f:>YHKL\~H - OKHO XaMM~Hra. 

napaMeTpbl OL\eHK~ cpa30BOril C~HxpOH~3aL\Ii1~: 
An~TenbHocTb OKHa - 950 MC, 6ea nepeKPblTIi1R 

BblAeneH~e He06xoA."Moro A."ana30Ha 4aCTOT 
B cny4ae OL\eHK~ <f:>a30BOril C~HxpOH~3aL\~~ npoBo­
A~nOCb nyreM YAaneH~H He ~HTepecylOU\"'x KOM­
nOHeHT B cneKTpe Cli1rHana. 

© BaBpeU\YK A.B., nonoB A.A., KaHarllK~H A.M., 2015 



--

40 ISSN 1811-4512. ElectronComm 2015, Vol. 20, NQ4(87} 

Pe3Yl1bTaTbi 

KorepeHTHocTb 1'1 4>C KaK CPYHKl.\V1V1 yaCTOTHblX 

AV1ana30HOB A11~ CPOHOBOVr 3anV1CItI 3AOPOBblX na­

l.\V1eHTOB oT06pa>KalOT pa311It1YV1e B CB~3HOCTV1 Me­

>KAY paccMaTpV1BaeMblMItI nOArpynnaMItI AaHHbIX. 

TaK, HaV16011bweVr CB~3aHHOCTblO 0611aAaeT nOA­

rpynna, COCTO~l.l.\a~ 1'13 CItIMMeTpltIYHblX nap OTBe­

AeHItIVr, a HaV1MeHbweVr - nOArpynna Me>Kno11ywap­

HblX aCItIMMeTpV1YHblX nap. PaCCMaTpV1Ba~ OTBeAe­

HV1~ C OTAe11bHbIX n011ywapV1Vr CTOIH OTMeTItITb 60­

11ee BblCOKYIO CB~3aHHOCTb Al1~ 11eBoro n011ywa­

pV1~, YTO MO>KeT 6blTb npV1yltIHoVr TOro, YTO OHO ~B-

1171eTC~ AOMV1HaHTHbIM Al1~ ItIccneAyeMblx nal.\V1eH­

TOB. 

KaK BItIAHO 1'13 npeACTaB11eHHbIX PV1CYHKOB (pltlc. 

3 a,6), yyeT cypporaTHblx AaHHblX B c11yyae Kore 

peHTHOCTV1 npaKTltIyeCKV1 He V13MeH~eT ee nOBeAe­

HV1e KaK cpYHKl.\V1V1 OT YaCTOTbl, a 11V1Wb CHV1>KaeT 

a6C011IOTHble 3HayeHV1R B CBOIO OyepeAb A11~ 4>C 

Ha611IOAaeTCfI B11It1f1Hltle Ha nOBeAeHltle KpltlBblX 

yyeTa cypporaTHbrx AaHHbIX, YTO npV1AaeT 6011b­

weVr 3HaYV1MOCTItI npOl.\eccy yyeTa cypporaTHblX 

AaHHbrx. CpaBHItIBa~ a6C011IOTHble 3Ha4eHV1~ Al1~ 
AByX Mep, xapaKTepV13ylOl.l.\V1X CB~3aHHOCTb aKTV1B­

HOCTV1 B ro110BHOM M03re, npV1 Y4eTe cypporaTHblX 

A8HHblX MO>KHO BbrAe11It1Tb 6011ee BbrCOKltle 3H84e­

HItI7I Al1~ KorepeHTHOCTV1, B03MO>KHO ~B11~lOl.l.\ltIeC~ 

npltl41t1HoVr Cnel.\ltIcpV1KItI MeTOAa, KOTOPblVr OAHOBpe­

MeHHO p8CCMaTpItIBaeT K8K aMn11V1TYAHble, TaK 1'1 

cpa30Bble COCTaB11f1IOI.l.\V1e aHa111t13V1pyeMbrx CltlrH8­

110B. 

KOrepe!ofiHCiCTb 

frequency, Hz 


KOrepeHTHOCTb C )''.IeTOM cyppornoB 


frequency. Hz 

(a) 

frequeTlcy, Hz 

tnJ(lmmcy, Hz 

(6) 

PII'IC. 3. 3aBII'ICII'IMOCTb cpeAHMX 3Ha"leHII'IM: (a) KOrepeHTHOCTH, (6) €pa30BOM CHHxpoHH3aLlHH OT "IaCTOTHblX 


AMana30HOB AJ1f1 pa3Hblx nOArpynn AaHHblX 
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AHaJH131i1py~ OTAe11bHO AaHHbie Ka>KAoro nal..\liI­

eHTa (plilc. 4,5), MO)KHO OTMeTIiITb, I..ITO nOBeAeHlile 

CPYHKI..\IiI~ MO)KeT 3HaI..lIilTe11bHO OTJ1li1l..1aTC~, HO no­

BeAeHlile KPIiIBbIX, oT06pa)KalO1I..\liIX nOArpynnbl AaH­

HbIX, ~BJ1~eTC~ nOA06HbiM OTHOCIiITe11bHO APyr 

APyra C coxpaHeHlileM B 6011bwe~ CTeneHIiI liIepap­

XIiIIiI 3Hal..leHIiI~, KaK iii Allfl cpeAHero pe3Y11bTaTa. 

PaccMaTpliIBafi MIiIHIiIMa11bHble 3Hal..leHlilfi Mep 

comaCOBaHHOCTIiI, KOTopble IiIMelOT MeCTO Ha npo­

T~)KeHIiIIiI CPOHOBO~ 3anlilCIiI Allfl rpynnbl 3AOPOBbiX 

nal..\liIeHTOB, MO)KHO Ha611IOAaTb Y'-IaCTKIiI paccliIH­

xpOHIiI3al..\IiIIiI aKTIiIBHOCTIiI, n03ToMY YCTaHoBIiITb 

HIiI)KHIiI~ nopor Allfl Be11IilI..lIilH KorepeHTHocTIiI iii Cl>C B 

c11Yl..lae CPOHOBO~ 3anlilCIiI 3AOPOBbiX nal..\liIeHTOB He 

~BJ1f1eTCfI B03MO)KHbIM. 

Ol..\eHIiIBaSl KorepeHTHOCTb iii cpa30BYlO CIiIHXpO­

HIiI3al..\IiIIO KaK CPYHKI..\IiIIiI OT BpeMeHIiI, MO)KHO onpe­

Ae11IilTb MaKCIiIMa11bHO B03MO)KHble 3Hal..leHIiISl Mepbl 

CBSl3aHHOCTIiI Allfl Ka>KAoro l..IaCToTHoro Alilana30Ha 

A11fl onpeAe11eHHoro MaCWTa6a BpeMeHHblX OKOH. 

KaK iii C11eAOBa110 O)KIiIAaTb, A11~ 6011ee KOPOTKIiIX 

OKOH IiIMelOT MeCTO 6011ee BblCOKlile 3Hal..leHlilfi. TeM 

He MeHee flB11SleTCSl B03MO>KHbIM YCTaHOBIiITb He­

KOTOPYIO BepXHlO1O rpaHliIl..\Y Allfl 3Hal..leHIiIVI Kore­

peHTHOCTlil/cpa30BOVl CIiIHxpOHIiI3al..\IiIIiI nplil pac­

CMOTpeHliI1iI CPOHOBOVI 3anlilCIII C OKHOM onpeAe11eH­

HOVI A11IiITe11bHOCTIiI. npeACTaB11eHHble 3Hal..leHlilfi 

MaKCIiIMYMOB C Y'-IeTOM cypporaTHblX AaHHblX IiIMe-

Sym 
O.B ,...----.,---.,---.,.-----, 

frequency. Hz 

LeftNN 
0.8 ,...----.,---.,---.,.-----, 

lOT AOCTaTOI..IHO BblCOKlile 3Hal..leHlilfI, OC06eHHO ec­

11111 Yl..leCTb TOT cpaKT, I..ITO 1i13-3a Yl..leTa cypporaTOB 

Mepbl COmaCOBaHHOCTIiI npliIHIiIMalOT 3Hal..leHlilfi <1. 

HeCMOTpSl Ha 3TO nplil onpeAe11eHHblX BpeMeHHblX 

OKHax Allfl aHa111il3a ClllrHa11a iii B C11Yl..lae HeKOTO­

pblX l..IaCTOTHblX Alilana30HOB n011Yl..leHHble pe3Y11b­

TaTbl MOryT nOC11~IIITb KplilTeplileM Allfl KllaCClllcpliI­

Kal..\lIIlII Yl..laCTKa ClilrHa11a no OTHoweHlll1O K COCTOfl­

HIilIO nal..\liIeHTa. 

A11fl CTaTIiICTliIl..leCKOrO aHa111il3a 6bl111il IiIcn011b­

30BaHbi KpliITepliI~ K011MoropoBa-CMlllpHoBa (KC) III 

TeCT KpacKe11a-Yo11JH1Ca (KY). 
AHa11 iii 3 iii pySl B11lilflHlile Y'-IeTa cypporaTHblX 

AaHHblX nYTeM nplilMeHeHlilfi CTaTIiICTliIl..leCKIiIX Tec­

TOB A11fl BbI60pOK, oT06pa)KalO1I..\liIX cpeAHlile 3Ha­

l..IeHlilfi comaCOBaHHOCTIiI onpeAe11eHHOVl rpynnbl 

AaHHblX A11fl Bcex paCCMaTpliIBaeMblX Alllana30HOB 

1..1 a CTOT, c11eAyeT OTMeTIiITb nOA061i1e n011Y'-leHHbIX 

pe3Y11bTaTOB A11fl 06elilx Mep. B C11Yl..lae 060lilx CTa­

TIiICTlIIl..leCKIiIX TeCTOB rlilnOTe3bl 0 nOA06HOCTIiI Bbl­

60pOK OTBepralOTCfI Ha YPOBHe 3Hal..llilMOCTIiI 

p<O,08, nplil l..IeM A11fl Cl>C BepOfITHOCTIiI Ha He­

CK011bKO nopfiAKOB MeHbwe. B C11Yl..lae HOPMIilPOBKIII 

BbI60pOK, A11fl 06elilx Mep" ypOBeHb 3Hal..llilMOCTIiI 

IIIMeeT 3Hal..leHlile B 3aBIiICIiIMOCTIiI OT rpynnbl III Me­

pbl B Alilana30He 0,25-0,86. Anfl Cl>C pe3Y11bTaTbl 

TeCTa KY IiIMelOT 6011ee BblCOKlile YPOBHIiI 3HaI..lIilMO­

CTliIl..leM Allfl KorepeHTHOCTIiI. 

InterNS 
O.B ,...----.,---.,---.,--_ 

°0L--10L--~~~~-~~~ 

frequency, Hz 

frequency, Hz frequency, Hz 

PMC. 4. 3aBMCMMOCTb KorepeHTHOCTM OT ....acTOTbl AIlJl pa3HbiX nOArpynn AaHHblX npM OTAenbHOM paCCMOT­

peHMM nal.\MeHTOB 

© BaBpell..\YK A.B., nOnOB A.A., KaHa~KIIIH A.M., 2015 



42 ISSN 1811-4512. ElectronComm 2015, Vol. 20, N24(87) 

Sym InterNS 
0.5 

0.4 

0.3 
::J 
a. 
ifJ 0.2 

0.1 

. 

." 

10 20 30 40 50 
frequency, Hz 

LeftNN RightNN 
0.5 

04 

0.3
::J ::J 
a. a. 
ifJ 0.2 

0"'''-''''0.1 

0 
0 10 20 30 40 50 

frequency, Hz frequency, Hz 

PMC. 5. 3aBMCMMOCTb q,a30BOM CMHxpOHM3aL\MM OT 'faCTOTb' AIlH pa3HbiX nOArpynn AaHHblX npM OTAenbHOM 

paCCMOTpeHMM naL\MeHTOB 

Ta6nML\a 2. YpOBHM 3Ha'fMMOCTM npM cpaBHeHMM nOArpynn AaHHblX 

CpaBHMBaeMbie napbl nOArpynn AaHHblX 

Mepa TeCT InterNS LeftNNSym Sym Sym I InterNSI 
 RightNNLeftNN RightNN LeftNN RightNNInterNS I 
Coh 0,078 0,25 0,25 0,603 0,957KC 0,25 

KY l 0,047 0,145 0,102 0,402 0,4020,2 II i 
I i 0,603 0,603 0,603SPLV KC 0,078 0,603 0,603 

l 0,27 0,354 0,508KY 0,047 0,233 0,171 

1113 pe3YllbTaTOB CTaWICTI14eCKI1X TeCTOB cpaB­
HeHVlfI Bbl6opOK ,[Illf1 pa3HbiX nO,[lrpynn ,[IaHHbIX 
(Ta6ll. 2) npe)K,lJ,e Bcero CTOI1T Bbl,[lelll1Tb OTKI10He­
Hl1e HYlleBOI4 rVlnOTe3bl npVl cpaBHeHVlI1 Me>KnOllY­
wapHblx Bbl6opOK (p<0,08), 4TO CBI1,[1eTellbCTByeT 
o npl1HL\Vlnl1allbHOI4 p83HVlL\e Me)K,lJ,y comaCOBaH­
HOCTblO 3lleKTpVl4eCK014 aKTVlBHOCTVI Me)K,lJ,y CI1M­
MeTpVl4HblMI1 11 aCVlMMeTpVl4HblMVI OTBe,[leHI1f1MI1. B 
CBOIO 04epe,[lb Hal160llbWVle ypOBHVI 3Ha4V1MOCTVI B 
CllY4ae cpaBHeHVlS! O,[lHOnOllywapHblx rpynn 
(p>O,4) MOryT 6blTb nO,[lTBep)K,lJ,eHVleM 3Ha4V1Tellb­
Holil cVlMMeTpl14HOCTVI aKTVlBHOCTVI B o6ol1x nOlly­

wapl1S!x M03ra, KOTopafl flBllf1eTCfI O,[lHOI4 Vl3 oc­
HOBHblX xapaKTepl1CTVlK 3,[10POB0I4 33r. 

BblBOAbl 

B pa60Te npe,[lCTaBlleH HOBbl1il no,[lXO,[l K aHa­
ll113Y comaCOBaHHOCTVI 3lleKTpl14eCKOIiI aKTVlBHOCTVI 
rOll0BHoro M03ra Ha OCHOBe KorepeHTHOCTI1 VI cpa­
30BOIiI CI1HXpOHI13aL\I1V1, maBHafl oco6eHHocTb KO­
TOpOro 3aKI1104aeTCfI B pa3,[lelleHVlI1 coma co BaH­
HOCTVI, nOllY4eHHOIil ,[IllS! Bcex B03MO>KHbIX nap OT­
Be,[leHI1I11 33r, Ha 4eTbipe rpynnbl, KOTopble OTO­
6pa>KalOT O,[lHO- VI Me>KnOllywapHble B3aVlMo,[lelllcT­
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43 51-10Me.QI-1l\I-1HCKl-1e npl-160pbl 1-1 CI-1CreMbl 

BI-1Sl. npe.QJ10>KeHHbIH no.Qxo.Q 6blJ1 npl-1MeHeH K 
Q:>OHOBOH 3anl-1CI-1 3.Q0POBbIX nal\l-1eHTOB, YTO no­
3B0J1I-1J10 npOaHaJ11-13l-1pOBaTb OCHOBHble npl-1Hl\l-1nbl 
comaCOBaHHOCTI-1 S HopMe. 

AaJ1bHeHwee I-1Cn0J1b30SaHl-1e .QaHHoro no,QXO­
.Qa ,QJ1S'1 aHaJ11-13a 3J1eKTpl-1yeCKOH aKTI-1BHOCTI-1 M03ra 
MO>KeT 06eCneYI-1Tb I-1HQ:>opMal\l-1eH 0 npl-1Hl\HnaX 
ero Q:>YHKl\1-10Hl-1pOBaHHSl 1-1 npe.QOCTaSI-1Tb He06xo­
AHMble AaHHbie 0 B03MO>KHOCTH HCn0J1b30BaHHS'I 
MeTOAa ,QJ1S'1 KJ1aCCl-1Q:>l-1Kal\l-1l-1 33r. 
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1KaQ:>. Q:>i3l-1YHo'i Ta 6ioMeAl-1YHo'i eJ1eKTpoHiKl-1, 


Hal\ioHaJ1bHl-1V1 TexHiYHl-1H YHiBepCl-1TeT YKpa'iHl-1 «Kl-1'iBCbKl-1H nOJ1iTexHiYHl-1H iHCTl-1TYT». 
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KorepeHTHicTb i cpa30Ba CMHxpoHi3aL\iS1 eneKTpM~HO'" aK"rMBHOCTi ro­

nOBHOrO M03KY 

P060ma npucBR4eHa ou,iHl.~i Y3eoo)l{eHocmi eneKmpu4Hoi' aKmuBHocmi eonOBHoeo M03KY 3 BUKOPU­
cmaHHRM KoeepeHmHocmi i cjJa30BOr CUHxpoHi3au,ti: P03enRoalOmbcR oco6nUBocmi 3acmocYBaHHFI oaHUx 
Mip, 3anponOHoaaHO 06'eOHaHHR BioBeoeHb eneKmpoeHu,ecjJanoepaMu (EEl) onR ooCniO)l{eHHR oco6nu­
aocmeii aKmuaHocmi M03KY B pi3HUX niBKynRx B 40mupu epynu: aiOBeoeHHR 3 niBoi'ma npaaoi' niaKynb, 
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