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AHHOTauus - [puBeAeH aHanu3 3NEeKTPUYECKON CXeMbl

3NEeKTPOLHON ancTeMbl, ucnonb3yemoin npu 33, [lokasaHe
BO3MOXHOCTb MCMOMb30BaHNSA 6e3renmMeBOil KOHTAKTHOW cuc-
TeMbl, NO3BONAOWAaA YNPOCTUTL CHATME J3T.

|. BBegeHune

Pernctpaunsa curHanos Kopbl F0O/1I0BHOrO MoO3ra, Wan
anexkTpoaHuedganorpagua (33), no3BosAeT NPOBOAUTL
MOHUTOPUHI €ro akTUBHOCTU W ABJIAETCH SIy4yWwnmMm guar-
HOCTUYECKMM METOAOM [AN1A BbIAB/IEHUA NaTO/IOTMYECKUX
COCTOSAAHMI MoO3ra, Hanpumep, anunencuun. OAHUM W©3
BaXHEMNLWMNX 3/IEMEHTOB cucTeMbl peructpauun 336 4B-
naeTca partyuky  (3NeKTpofbl), KOTOpble Haxo4ATCA B
KOHTaKTe CcO CKa/libnomM /nM60 HenocpencTBeHHO C KieT-
KaMn Kopbl rO/10BHOro Mo3ra. OT KOHCTPYKUMM N Ka4yecT-
Ba WX W3rOTOBJIEHWA 3aBUCAT BCE KOJINYECTBEHHbIE M
KayeCTBEHHble napamMeTpbl pPerncTpupyemoro curHana
23r [1-6].

II. OCHOBHasA 4acTb

B npaktnyeckolh 3Huedanorpadum Haumbonbwee
pacnpocTpaHeHue nosiyuynam 4valleykoBble U WUrosibya-
Tble asiekTpoAbl [1l]. 3nexkTpogbl YallieykoBOro Twuna
obecneumBawT MUHUMYM OUCKOMJOpTa nayueHTta, npu-
BOOALWEro K WCKaXeHnsam wWHdopmauunm BCcneacteue
CYOBbEeKTUBHbLIX (PAKTOPOB W NPUMEHAKTCA AnA obcne-
AOBaHMA AeTeil, 60/bHbIX C HapylWweHWeM CO3HaHuA, a
Takxe npu AO0/ITOBPEMEHHbIX 3anncax M UccaefoBaHuu
O3l cHa. KOHCTPYKTMBHO 3TU 3NeKTpoAbl MMeT popmy
AncKa C NPUNOAHATBIMU KpassMK, KPensw,erocs K nokpo-
BaM ros10Bbl NPy MOMOLLM cneynasibHOMW LanoyKu.

NronbyaTtble anekTpoabl NPUMEHAKTCA BO Bpems
XUpypruyecknx onepaunii Ans oueHKM COCTOSSHUA HepB-
HOW cucTembl W rNyo6uHbl Hapko3a. OHWM BKafblBaAKTCSH
HenocpencTBEHHO B MOKPOBbLI rOM10BbI NauyuveHTa, a npu
HENPOXUPYPrMYecKkMx onepaumsax Ha ro/I0BHOM MoO3re
UMMNAAHTUPYIOTCA HEMNOCPEACTBEHHO B MO3rOBYH TKaHb.

OO6bIYHO MPUMEHATCA CTaHgapTHble HEMHBA3UBHbIE
Ap/AaCLl anekTpoAbl CO cneuuasibHbIM MPOBOAAWNM re-
nem, obecneymBarwLlWMM KOHTAKT CUCTEMbI “KOXa - 3/ek-
Tpo4”, ANA HeWTpanusauum emMKOCTU, BO3HUKaloWelh B
o6nacTu KoHTakTa. XOTHA HeWHBa3MBHble 3/1eKTpodu-
3nonornyeckme metoabl DI oTpaxarwT 06Uy 31ek-
TPUYECKYD aKTMBHOCTb MHOXecCcTBa HEeWpoHOB o06Wwup-
HbIX Oo6/s1acTeil KopTekca M No3ToOMy He MOryT UCMOJ1b30-
BaTbCsA A8 NOMyvYeHUss o6bEKTUBHON MHopmauyum oT
OTAENbHbIX KMeToK [5], AnarHocTvka OTAesibHbIX BUAOB
naTo/IorMYecKon akKTMBHOCTM MO3ra, Hanpumep, anunen-
TUYECKNUX MNPUCTYNOB, MOXET OCYLWEeCTBNATbLCA CTaH-
[AapTHbLIMU HEeWHBa3NBHbIMKM MeToAaMu

Cxema c ABYMSA aKTUBHbIMU 3/IEKT pogamMu.

ONna OuEeHKU 3/TeKTPUUYECKUX XapaKTepUCTUK 3INekK-
TPOAHOW CUCTEMbI PaACCMOTPUM YMNPOLWEHHYI 31eKTpu-
yecky cxemy usmepeHus 33l (puc.l) ¢ ucnonb3osa-
HUeM aunddepeHumnanbHoro ycunutena (4Y) ¢ unsonu-
poBaHHbIM 06WMM oTBegeHnem [2]. 3paecb 11 wn Z2
npeacTtaBnAlT cob0M CONPOTUB/IEHUA KOXa-3/1€KTPoL
ANA  CUTHANbHOTO W auddepeHumnanbHOro 3nekrTpoaa
COOTBETCTBEHHO, - OoToGpaxaeT COMPOTUB/IEHNE KO-
Xa-anekrtpoa ans obuwero anekrpoga, 2/nl n n2 ob6o-
3HayalT BXOAHble conpoTuBneHna OY Ana CUrHasbHOro

n andphepeHumanbHoro anektpoga, Zd - pguddepeH-
uManbHOe BXOAHOE COMPOTMB/IEHNE YCUUTENS.
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Puc.1l. YnpouweHHada anekTpuyeckasa moaenb
KOHT aKkTa KoXa-3/fleKTpoa.
Fig. 1. Simplified electrical model of contact
skin-electrode

3pecb E\c U E2c - WUCTOYHMKM OUNO3NEKTPUUECKUX

CUTHa/I0B CUTHaNbLHOIO W AuepeHunanbHOro 3NekK-
TpoaoB, UCTOYHUK E12 npepctaBndaT cobon I3C, Ha-
BEAEHHYID MeXAy CUTHaNbHbIM U anddepeHymnanbHbIM
anekTpogamMu. BHYTpeHHMEe COMNPOTUB/IEHUA WUCTOYHUKOB
Z1lc, Z2c v Z12 xapaKTepusywT COOTBETCTBEHHO COMNPO-
TUB/NIEHWEe TKaHel rosioBbl Mexay anekTtpogamu. Benu-
YnHbl V1 1 V2 npeacrtaBnsaT cO60M anekTpuyeckme no-
TeHUuManbl Ha yyacTke nof MOBEPXHOCTbIO KOXa - 3NekK-
Tpop4; HanpsXxeHune, nsmepsaemoe Ay

Vamp=V A ~ VB> 0)
Takum o6pa3om, LeNnbl aHanusa sBnAseTca onpepge-

neHne MYHKUMOHaNbHON 3aBUCMMOCTU BXOAHOrO Ha-
npsykeHuna 1Y oT Hanps)KeHus, CHUMaemMoro ¢ NomMolLLblo

anekTpogos VD =V1-V 2.

Bocnonb3yemcss MeTOA0M KOHTYPHbIX TOKOB [7] 1 on-
pefenvMm nepefaTtoyHyr (YHKLMIO 3N1eKTPOAHOI cuc-
TeMbl B BUAe

VD (A2-A3)zif

D ~amp Vamp E’ .

rae VD = (12 -12)zd - audppepeHumanbHoe Hanpsxe-
HMe Ha BXxope ycunutenda, /2 ©n /3 - TOKM BTOPOro wu

TPeTbero KoHTypoB, A2 u A3 - onpegenuTenn BTOPOro U

TPeTbero KOHTYpPOB CXeMbl, J1 - onpeaenuTenb CUCTEMbI.

PackpbiBasi onpegenutenu, nonyyaem BblpaXxeHus
ANS BXOAHOro HanpsbkeHus LAY, HanpshkeHust Ha anek-
TpoAax W nepenaTouyHoOn COYHKLMWU, KOTOpble OKa3blBa-
loTCS [A0BOJIbHO rpomo3akumu. C uenblo ynpouweHus
aHanusa n NoslyYyeHus HarnsgHblX pesynbTaTtoB, Npume-
HAOTCA HeKoTopble MPeAnosIOXEeHUs, XapakTepHble ANs
pa3/INYHbIX NPaKTUUYECKUX Cryyaes.

l1l. 3aknueHue

YacTtoTHasa 3aBUCUMOCTb PyHKUUK (2) onpepenseTtcs
XapakTepom MMMNeLaHCOB CXeMbl M CYLLeCTBEHHO 3aBW-
CUT OT TUna 3/1eKTpoAOoB. B cnyyae valleykoBbIX 3N1€K-
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TpogoB Xlc, 2 2\c> MMET eMKOCTHOW XapakTtep,

BENUYNUHbI 2i, 2 2, - WHAYKTUBHbIW, 4TO NpuBOAUT

K BO3HUKHOBEHNIO pe30HaHCOB W onpepenseTr HepaBHO-
MEpPHOCTb 4YacTOTHOW XxapakTepuctukm (YX). AKTUBHbIE
cocTaBnAwLWMe CONPOTUBNEHUIA oOnNpepensanT notepu
CurHasna mn paccorsiacoBaHue CXembl.

OCHOBHbIMW HanpasneHUAMU Koppekyunnm YX cxembl
ABNAETCA nojaB/ieHNe pe3oHaHCOB W JIMHeapusauus
ha30BO xapaKTepucTukuM, UYTO [OCTUraeTcsd yMeHblue-
HMeMm A06POTHOCTU CXEMbl B CUCTEME UIOJIbYATbIX 3/1EK-
TpoAoB. [loTepu KOMMEHCUPYOTCA BbIGOPOM COOTBETCT-
ByloLLero koapduuyneHta ycunenua AY. lMpamMbiM 4yuc-
NIEHHbIM aHa/IM30M BblpaXeHna (2) MOXHO mnokasaTb,
4yTo nNpuMeHeHue 6e3renesbliX 3nekTpofos (puc.2) no-
3BosiIAseT ob6ecneynTtb MpuUemMsieMble XapaKTepuCTUKK
curHana 93l Ha Bxoge Y (pwuc.3).

etialdlicHvg ¢poxy lead wire
epoxy plastic disk
adhesive tape

spiked electrode
chip

Puc. 4. KOHCTpyKLUUA CyXoro MMKpoOUrosib4aToro
afnekTpoaa.

Fig.4. Design of a dry microneedle electrode
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Puc. 5. CpaBHeHune I3[, 3annMcaHHOn C NOMOLLbIO
CTaHfapTHbIX 3/1eKTpPoA0B (C uCnonb3oBaHNeM rens)
N CYXnX 3NeKTPOLOB C MUKPOUTIaAMN.

Fig.5. EEG traced using standard electrodes (with gel),
compared with dry electrodes

IV. Cnncok nutepartypbl

[: ] http://www.neuro.net.ru/educ/100/met/eegl.html

[2] Thomes C. Ferree, Phan Luu, Gerald S. Russell, Don M.
Tucker "Scalp electrode impedance, infection risk, and EEG
data quality"

[3] Huhta, J. C. and J. G. Webster (1973). 60-Hz interference in
electrocardiography. IEEE Transactions on Biomedical En-
gineering 20; 91-101.

[4] Martin J. Burke, Denis T. Gleeson "A Micropower Dry-
Electrode ECG Preamplifier”, IEEE Transactions on bio-
medical engieering, vol. 47, No. 2, February 2000

[5] Miguel A. L. Nicolelis “Actions from thoughts”, Nature | Vol.
409 119 January 2001

[ ] William R. Patterson “A microelectrode/microelectronic hy-
brid device for brain implantable neuroprosthesis applica-
tion”, IEEE Transactions on biomedical engineering, No.10,
vol. 51, October 2004

[7] 3epHoB H. B., KapnoB B. . Teopua pagnmoTexHU4YeckKux Le-
nei. - M.; QHeprus, 1965.-786¢.

ANALYSIS OF CHARACTERISTICS
OF ELECTRODE SYSTEM EEG

Bej D. S., Kochina M. L.,
Kharchenko O. I, Chumakov V. |
Kharkov national university ofradio electronics
Lenin av., 14, Kharkov - 61166, Ukraine
Ph. 057-7021444, e-mail: chumakov@ kture.rharkov.ua

Abstract - Presented in this paper is analysis of electric cir-
cuit of the electrode system used at EGG. The opportunity of
use of non-gel contact system is shown.

l. Introduction

Registration of cerebral cortex signals, or EEG, allows, to
carry out monitoring of brain activity and is the best diagnostic
method for revealing pathological conditions of a brain, for ex-
ample, epilepsy. One of the major elements of EEG system reg-
istration is gauges system (electrodes) which are in contact to a
scalp or ciireptly with cerebral cortex cells. Quantity and quality
of the registered signal depends strongly on design and work-
manship [ -s ].

IIl. Main Part

in practical EEG cup and piercing electrodes are widely
used [1]. Cup electrodes provide minimum of discomfort for the
patient resulting in distortions of information owing to subjective
factors, and are applied in checkup of children who are sick with
infringement of consciousness, and also at long-term tracings
and research of Sleep EEG.

Needle electrodes are applied at surgical operations in or-
der to estimate nervous system state and narcosis depth.

In order to estimate electric characteristics of electrode sys-
tem we shall consider the simplified electric circuit measure-
ments EEG (fig.l) using differential amplifier (PE) with isolated
common branching [2]. Here Z1 and Z2 represent resistance
leather - electrode for an signal and differential electrode ac-
cordingly, Zc - displays resistance leather - electrode for the
common electrode, Zinl and Zin2 show input resistance DE for
signal and differential electrode, Zd - differential input resis-
tance of the amplifier.

Using the method of contour currents [7] transfer function of
electrode system is determined as

_ VD _ (A2-A3)zd
D~amp Vamp £12A+ (A1l-A2)Z22"°

where Vd = {I2 d " differential voltage on DE input,
| 2 and /s

and A3 - determinants of the second and third contours, A -
system determinant.

- currents of the second and third contours, A2

lll. Conclusion

Frequency dependence of function (2) is determined by
character of circuit impedances and essentially depends on
electrode type.

Correction of circuit frequency characteristic is provided by
resonances suppression and phase characteristic linearization
that is reached by reduction of circuit quality in system of nee-
dle electrodes. Losses are compensated by choosing of the
corresponding DE amplification factor. Numerical analysis of
expression (-) has shown that application without gel elec-
trodes (fig. 2 ) allows to provide comprehensible characteristics
of signal EEG at DE input (fig. 3).
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