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MopgentoBaHHA CUrHany 30poBuX BUKITNMKaHUX noTteHuianise

I.LE. KpaweHun, A.O. MNonoB, kaHA.TEXH.HayK

HauioHanbHWin TeXHIYHMI YHiBepeUTET YKpaiHu « KMTBCLKUIM NOMITEXHIYHWUI IHCTUTYTY,

np. Nepemorn, 37, Knie-56, 03056, YkpaiHa.

Po3rnsiHyto 3apa4yy MopaentoBaHHA CUrHa-
niB 30poBUX BUKNMUKAHWX noTeHuianis (3BM)
noavHU. 3anponoHOBaHO HOBY Mofenb CUrHa-
niB 30pOBMX BWKIIMKAHMX NOTeHUuianiB, fKa
CKJlafa€eTbCs 3 €TaNoHHOro naTepHy 30pOBMX
BUKJIMKaHUX NOTeHUianiB Ta moaenbHoOi ¢oHo-
BOi enekTpoeHuecdanorpacdiyHoi aKTUBHOCTI.
MapameTtpamu mopgeni € amnnitygu Ta 4vacosi
3atpumkn 3BI1 Ta cnekTpanbHi XapakTepucTuku
¢OHOBOI MO3KOBOI aKTUBHOCTI.

HaBegeHo pe3ynbTatu MoOentOBaHHA CUr-
HaniB 30pOBMX BMUKNMKaHUX MNOTeHUianiB, ske
npoBOAUIIOCHL 3 BUKOPUCTAHHSM €KCNepuMeH-
TanbHO OTPMMaAHMX aMnAiTygHO-4acoBMX Xapa-
KTePUCTUK pearibHMX curHaniB. Bynu Bukopuc-
TaHi amMnniTyAHO-4acoBi XapaKTepUCTUKUN 300-
poBoro nauieHTta. lig 4yac ekcnepumeHTty 6yno
BUKOPUCTAHO TpaauuinHMA nigxia Ao aHanisy
BUKITMKAHMX NMOTeHUianiB, a came ycepeaHeHHs
no BCiX BMNPOOYBaHHSAX, AKUA € ONTUMANIbHUM
Cnoco6oM MOKpawWwMTU BiAHOLWEHHA CUrHan-
WyM, KON BUKIIMKAHMWA MoOTeHUian € peTtepmi-
HOBAHOK BESINYMHOK 3MillaHUM 3 agUTUBHUM
WyMOM 3 HynboBuUM cepeaHiMm. lobynoBaHa
Mogenb Bigo6paxae 3Bl sgopoBoro nauieHra.
Bion. 8 Ha3B, puc. 7, Tabn. 2.

KniouyoBi cnoBa: enekmpoeHyecpanozspadis,
30poei 8UKUKaHI nomeHuianu, ModesntoeaHHs, 8u-
KruKaHi nomexujianu.

Bctyn

HocnimpkeHHss BUKNMkaHux noteHuianis (BIT)
MO3Ky [03BONSA€ oTpumatn 06’€eKTMBHY iHdopma-
Lil0 NpO CTaH Pi3HOMAHITHUX CEHCOPHUX CUCTEM,
Hanpuknaza, 30py, cryxy, Npu YoMy He Tifbku ne-
pudepnYHUX, ane 1 LeHTpanbHUX Biaginis.

Bl € cnabkumu i Hapgcnabkumu 3amiHaMmy enekx-
TPUYHOT aKTUBHOCTI MO3KY Y BiAnNOBiAb Ha CTUMYH,
Hanpuknaza, 30p0oBUiA, CyXoBWU, YyTTEBUIA. Lli 3Mmi-
HW MPOSBNATLCA HA (POHI 3BUYANHOI €NEKTPUYHOT
aKTMBHOCTI MO3Ky (enektpoeHuedanorpamu, EEIN)
y BUrMsai NocnigoBHOCTI MO3UTUBHUX Ta HeraTus-
HUX xBWib. POHOBA aKkTMBHICTb Mae Habarato Oi-
NblUy NOTYXHICTb, HiX BiANOBIAb Ha CTUMYI, TOMY
ansa suaineHHs Bl BUKOPUCTOBYOTb HaKOMUYEHHS
CUrHany i3 CMHXpOHi3aUieto 3a CTUMYIOM.

BuBueHHsA 30poBoOT cuctemm 3a gonomororo B
€ OfHiel0 3 HaMBaXNMBiWKMX obnacTen 3acTocyBaH-
HA meTtoay BI1. JocnigxeHHs 3oposux Bl (3BIM1)
Aae 3Mory otpumartu ob’ekTMBHY iHdopmaLito npo
CTaH 30pOBOro HepBa, 00’€eKTUBHO OL{IHUTU FOCTPO-
Ty 30py [3, 5], npoBecTn gudepeHLianbHy agiarHoc-
TUKY PYHKLIOHANbHUX i OpraHiyHMX NopyLUEHb Ta iX
OMHaMIiKy npu nikyBaHHi [5], TecTyBaTu cTaH nopy-
LEeHb 30POBOr0 TPaKTy i KOpW, NOPYLUEHHS Nonis
30pYy, 3HAWTU HasABHICTb MATONOrii B 30POBi CUC-
TeMi cneumdivyHol i HecneumndiyHOT adepeHuii y
XBOPUX 3 NOPYLLUEHHAM CBigoMocTi [3, 7].

Y nitepatypi HasBHi BigomocTi [3, 5] npo Buco-
Ky iHpopmaTuBHicTb aHanidy 3Bl y giarHocTuui i
MOHITOPUHIY CTaHy XBOPMWX 3 PO3CISSHUM CKIepo-
30M, NpY NOPYLUEHHI MO3KOBOIO KPOBOHAMOBHEHHS,
npw eninencii Ta ix.

Bigomo, W0 B 3anexHOCTi 3aXBOPHOBAHHSA CUr-
Hanu 3Bl maTb pisHi amnniTygHo-4acoBi napa-
MeTpu [7]. AHani3 Ta iHTepnpeTauis pesynbTaTiB
BMMIpPIOBaHHA LUMX NapameTpiB € 3agadvelo, siky Bu-
pilWyoTb Nikapi Ans AiarHOCTUKM Ha OCHOBI NpoBe-
OeHHs1 peecTpauii BIM. BisyanbHuin ananis, skum
YacTO KOPUCTYIOTbCS fiKkapi, Mae CyTTEBI HEOOnMiKK,
a came cyb’eKTMBHICTb, TPMBANICTb Yy Yaci Ta HU3b-
Ky TOuYHiCTb. Yepes ue po3pobka meTodiB aBTOMa-
TUYHOTO BUMIPIOBaHHA amnniTy4HO-4acoBuX napa-
meTpie 3Bl mMae Benuke 3Ha4yeHHs Ans NigBULLEH-
HA AKOCTI OiarHOCTUKN.

OgpHieto i3 3agay, WO BUHMKAE npu po3pobui
3acobiB, MeTodiB Ta CTIKMX anropuTMiB aHaniay i
aBTOMaTU4YHOIO BMMIptOBaHHA napameTtpie 3Bl €
mogentoBaHHa 3Bl [1]. Ornag nitepaTypu noka-
3aB, WO Ha CbOroAHi He iCHye onTMManbHOI mMaTte-
MaTu4HOi Mogeni curHany 3BIT.

B paHin poboTi 3anponoHoBaHO HOBWUI MeTon
nobynosn mogeni 3Bl y BignoBigb Ha LwaxoBuK
naTepH.

1. MeTtoauka BumiproBaHHsa 3Bl

Ona sumiptoBaHHa 3Bl BUKOPUCTOBYIOTLCS Pi-
3HOMaHITHI YMOBU cTUMYnSAuil i peecTpadii, WwWo Ao-
3BOJIAOTH OLHUTU (PYHKLIOHANbHWIA CTaH 30POBOI
CUCTEMM Ha Pi3HNX PIBHSIX.

YacTiw 3a Bce y BUMMA4I CTUMYNY BUMKOPUCTO-
BYETbCA cManax Big MaTtpuui csiTnogiodis, LWo
BCTaBMATLCA B CnewujanbHi OKynapwu. IHTEeHcuB-
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HicTb cnanaxis 100-600 mKn, a poBxuHa xBuni 640
HM, Cnanax nogaeTbCs MOHOKYMSPHO Mpv 3anmo-
LLeHnX ovax xsoporo. MNepiog ctumynauii mae 6ytn
GinblWwKMM enoxu aHanizy gns Toro, wob enoxu
aHanisy Big pisHUX CTUMYNIB He nepeKkpuBanucs.
Enoxa aHanidy gopiBHioe 500 mMc A KinbKiCTb Hako-
nuyeHb Bl Big nocnigoBnx ctumynie 3a3Buyain pi-
BHa 100. AKTMBHI eneKkTpoan po3TalloBaHi ansa pe-
ectpauii EEl 3 Bl B nonoxeHHax 02, O1 mixHa-
pogHoi cxemu «10-20%», a 3eMNAHUA — Ha TouLi
Fpz [3, 5, 8].

Ane npu HaBefeHin BULWE MeToauLi BUMIpLO-
BaHHA BUrMSA okpemMux KoMmnoHeHTiB 3BI1 curHany
Pi3HUTLCSA 3HAYHOK HEMIHIMHOK BapiabenbHICTIO B
3anexHoCTi Big CTaHy 30poBoOi cuctemn. Tomy Oy-
no pospobneHo metod, WO fJae 3mory GinbLu
00’eKTUBHO OLIHUTK NpuXxig adepeHTauii 4O KOpW i
XapakTepuayeTbcsl Oinbll NPAMOI0 3anexHIcTio na-
TepHiB Bl Big ctaHy 3opoBoi cuctemun [1]. AkicTb
OLiHKM 30pOBOI CUCTEMW 3HAYHO MoKpawwmnack mi-
CNe BiAKPUTTHA TOro, LLO 30POBi BiAryku, L0 reHe-
PYHOTBbCSA Ha pi3Ky 3MiHy naTtepHa, 3Ha4yHo cTabinb-
HilWi 3a CBOEK KOHpirypauieto i GinbLlu TiCHO Bigo-
OpaxaloTb Taki pyHKUii 30pOoBOi CUCTEMU SIK FOCT-
poTy 30py, pedpakTepHicTb Ta iH. [Jo Takoi meTo-
ONKK BigHOCUTBLCA peecTpadia curHany 3BI1 Ha pe-
BEPCMBHUI LLAXOBWUIA NaTepH.

Mpn Takin metToauui peecTpauii akTUBHI enekT-
poaun poaTaluoBaHi B nonoxeHHsix 02, O1 3a mix-
HapogHoto cxemot «10-20%», pedepeHTHUN Ha
Fz(Fpz), a semnaHui — Ha macTtoigax. YacTtoTa
3MiHM WaxoBux natepHiB 1-2 'y. Po3mip KoMmipku
natepHa 20-30 MiH i BM3HaA4aeTbCsl KYTOM 30py.
JocnigpkeHHss NpoBOANTLCA B 3aTEMHEHIN KiMHATI.
KinbkicTb HakonuyeHb 3a3suyan 100-200. Ha puc.1
nogaHo cxemaTtudHe 306paxeHHsl mpoueaypu pe-
ecTpauii 3BIT.

Puc.1. CxemaTuyHe 300paxeHHA npouenypu peecT-
pauii 3Bl npu ctumynsuii peBepcUBHUM LLaXOBUM
naTepHom

Ha puc. 2 HaBegeHO TMMNOBUIW BUMNIAL CUrHanIB
3BIM y BignoBiab Ha cTuMynsuilo y BUrMsai pesep-
cuBHoro wadposoro natepHa [3, 8]. Li curHanu
MalTb BUMNSA NOCNIAOBHOCTI HeraTMBHUX (MO3Ha-

yatoTbes nitepoto N) Ta NO3UTUMBHUX (MNO3HAYaOThb-
ca nitepoto P) niBxBUIb KOMMOHEHTIB, SKi Y HOPMI
NOBVWHHI 3’ABNATUCA Yepe3 MEBHUN NPOMIXKOK vacy
nicna nogavi ctumyny. Llen Yac B minicekyHgax no-
3HavaeTbca nopsag i3 nirepoto. B nitepatypi npu-
BOOATbLCS aMniTygHo-4acosi napameTtpu 3BI1 npu
peecTpauii B 3anexHocTi Big yMOB peecTpadii. B
Tabn. 1 npuBegeHo napameTpu curHanies 3Bl y Bi-
OnoBidb Ha CTUMYNAUi Y BUMSAI peBEPCUBHOMO
LLIAaXOBOro narepHa.

N145
N75
O1-Fz
" P200
ige oKo P100
02-Fz
O1-Fz
fpase oko
N75 N145
02-Fz
P200 5 wkB
P100 50 mc

Puc. 2. CurHanu 3BI1 B Hopmi npu cTumynsuii pese-
PCUBHMM LLaXOBUM NaTepHOM

Ta6nuusa 1. Napametpu curHanis 3Bl y BignoBigb
Ha CTUMYNSUiO Yy BUrNsigi peBepCMBHOrO LLaxoBOro
narepHa

KOMAOHEHTY JlaTeHTHICTBb, Amnnityaa,

MC MkB

Modarok 43-50 ;

BianoB.iaj

P50(P1) 40-87 1-3

N75(N2) 65-115 7-12

P100(P2) 98-145 3,1-21,1

N145(N3) 140-210 5-21

P200(P3) 180-220 3,8-11,2

CyTHicTb MeTOaMKU gocnigxeHHs 3Bl nongrae
Yy BM3HAYEHHi amMnniTygHO-4aCoOBUX XapaKTEPUCTUK
OTPUMYBAHOIO CUrHasny, a came 4YuUCEeNIbHUX 3Ha-
YeHb amMnniTy4 XBWUMb Ta 3aTPUMKU X BUHUKHEHHS
BiJHOCHO MOMEHTY nogadi CTUmMyIy.

Mpwn BisyanbHoMy aHanisi 3Bl BUMIpolOTL Yn-
CMnoBi 3Ha4YeHHs amnniTyg Ta TpuBanocTi BCiX
XBWUIb, | NOTIM CRIBCTABMSATbL IX 3 HOPMATUBHUMMU.

2. Po3po6ka moaeni 3BI1

B pesynbTati aHanisy MeToAMK/ BUMIPIOBAHHS i
aHanidy 3Bl moxHa 3pobuTn BUCHOBOK, L0, OCHO-
BHUMW iHpOpMaTMBHUMMK XapakTepucTukamu 3B,
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SKi BaXKNMBI ANs BUPILLEHHA 3adadv OiarHOCTUKK, €
amnniTygHi Ta yacosi. OTXe, KONM NOCTAE NUTAHHS
npo mogentoBaHHA curHany 3Bl1, ui napameTpu €
OCHOBHMMMU, $IKi MOBWHHI ByTn BigoOpaxeHi B Mo-
geni. B ganin poboTi nponoHyeTbecs byaysaTtu na-
pamMeTpu4Hy MoAerb, BXiGHUMU gaHnummn anga noby-
AO0BU SAKOI OyAyTb 3HaYeHHA amnniTygu KOXHOro
KOMMOHEHTa Ta MOMEHTM Yacy po3TallyBaHHS KO-
YKHOrO KOMIMOHEHTA.

B paHini poboTi nponoHyeTbcs byagysatn moge-
nbHuiA curHan 3BI1 s(t) y Burnagi cymu gesikoro

«ETarloHHOro» MaTepHy 3 napamMeTpamu, Lo Bia-
noBigalTb HOPMATMBHMM Afst 4aHOro CTaHy 30po-
BOI cuctemu, Ta goHoBoi EEI, ski Takox Bignosi-
Aa€ MNOTOYHUM ENEKTPUYHMM XapaKTepucTukam ak-
TUBHOCTI MO3Ky: s(t) = EP(t)+ EEG(t),

Ae EP(t) - mogenbHuin curian Bl okpemo;
EEG(t) - mopenbHa oHOBa aKTuBHiCTb EEI

OKpeMO.

Okpemuin onuc Bl ta EEl B pamkax mogeni
003BOMSIE MTHYYKO OMUCYBATU Pi3HOMAHITHI CTaHW SIK
30pOBOI CUCTEMU, TaK i POHOBOT aKTUBHOCTI MO3KY.
Lle moxe O6yTm KOpWUCHWMM, Hampuknag, Ans Bu-
BYEHHS B3aEMO3B’A3KIB Pi3HUX CUCTEM MO3Ky. Ta-
KOX Taka MOAenb MOXe BWKOPUCTOBYBATUCb NS
onucy curHanis 3Bl gns pi3HmMx natonorin 30poBoi
CUCTEMM Ha (POHI TiET UM iHLWOT (POHOBOT aKTUBHOC-
Ti, abo HaBnaku, AN OOCNIMKEHHsT BNNMBY (DOHO-
BOI @aKTMBHOCTI MO3Ky Ha Burmnsag 3BI1.

2.1. MogentoBaHHA (hOHOBOiI E€NEeKTPUYHOI akK-
TUBHOCTi MO3KY

IcHye Kinbka nigxodis 4O MOAENIOBaHHA CUTHa-
ny eneKTPUYHOI akTUBHOCTI MO3Ky noguHu [2]. Jli-
HIMHI MeToan MalTb 3@ MEeTy 3HaxXOMXKEHHsI napa-
MeTpiB, WO Kpalle 3a BCE OMNUCYTb CUCTEMY re-
Hepauii curHany. Taki mogeni noTpebytoTb BUKOPU-
CTaHHSA LWYMOBOro curHany. B Takmx mogensx Kox-
HWA BiONiK curHany po3paxoBYETbCH BUXOASYN 3
NeBHOI KINbKOCTI nonepeaHix BignikiB i BuxigHoro
curuany.

Y HeniHinHUX MeToadax KOXHWUA HacTynHWi Bia-
niK 3anexnTb Big nonepefHix Yyepes HeniHinHy gy-
HKLUit0, 200 Cymy HeniHiMHUX PyHKUiN. HeniHinHicTb
YacoBuX PAAIB BU3HAYAETLCS 3a 4OMNOMOrol TECTIB
Makneopga-Jli Ta BDS-BunpobyBaHsb.

ICHYIOTb TakoX MeToau reHepadii curHanis EEI
Ha OCHOBI MOAEMBaHHA HEWPOHHOI aKTUBHOCTI
MO3Ky. Taki Mogeni 34e6inbLoro € HeniHiMHUMK Ta
MOXyTb OyTW BUKOPWUCTaHI ANst MOLENOBaHHSA Cur-
HaniB EEl ak y HopmanbHOMY cTaHi, Tak i npu na-
Tonoriax. lpocta posnogineHa mofens cknaga-
€TbCA 3 HAabopy 3MOAEeNbOBaHNX HEMPOHIB, i y NPo-
CTinwomy Bunagky ii 4OCTaTHbO ANis reHepauii a-
putmy, To6T0 EEI B gianasoHi yactot 8-13 Iy, [8].

®doHOBa aKTMBHICTb MO3KYy, B CBOIO Yepry, onu-
caHa B niTepaTypi 4OCTaTHbO AeTanbHo [2, 4, 6].
OCHOBHOI XapaKTEPUCTUKOK TaKOi aKTUBHOCTI €
yacToTa CneKTp Ta NOTYXHiCTb. [Anga 3py4yHOCTi aHa-
ni3y MO3KOBOi aKTMBHOCTI Oyno BBeAeHe po3aineH-
HA Adiana3oHy YacTtoT cnektpy EEI 3a geakmmu oc-
HOBHMMM MiggianasoHamun, SIKUM NPUCBOEHI Ha3BwU
OykB rpeubkoro andgasity. OCHOBHI nigaiana3oHu
(pyTMn) NnpuBeaeHi y Tabn. 2.

Tabnuusa 2. OcHoBHi putmu EETl

PUT™ L.'|aCTOTHI/II7I Amnnityaa,
nianasoH, Ny, MkB

a 8-13 30-70

B 14 -40 5-30

0 4-8 100 - 150

0 1,5-4 20-30

B paHin poboTi mogentoBaHHS (OOHOBOI MO3KO-
BOi aKTMBHOCTiI BMKOHYBarnocb BiAnoBigHO 4O pOs3-
pobGneHoi paHille MeToankM MoaertoBaHHS (POHO-
Bol EEI [2]. MogentoBaHHA NpoBOAWMOCH BUXOASI-
un 3 TOro, wo curHan EEl e kBasiBunagkosum
npoLecoM, Ta MnoyaTkoBi hasu KOXHOI rapMOHIKM
MatloTb PIBHOMIPHWUI 3aKoH posnoginy. dopma crie-
KTPY CurHany 3anexuTb Big pos3noiny amnnityg
KOXHOI 3 rapMoHiK 3a 4actoTamn. TakMuM YUHOM,
Ons Toro, Wwob cnekTp curHany, Lo MOLENOETHLCS,
MaB CXOXy (POpMy 3i CMEKTPOM peanbHOro curHa-
ny, amnniTyan rapmMoHik BapTo 3agaTtu NEBHUM Yu-
HoM. [MponoHyeTbCca 3ajaBaTv aMnniTyau BUXOAS-
UK 3 MPUNYLLEHHS, WO CReKkTp KoXHoro putmy EEM
Ma€ HOpMarbHWUM 3aKOH po3nofifly amnnityg Ha
BignosigHoMmy iHTepsani YactoT [1]:

N
nzz z Aj,-S|n(0)j,-t+(pj),
i=1j=0,8,8,0
Ae o; - 4acToTa; Aj— amnnityaa; 9 - casa Bigno-

BigHoro putmy EET.

2.2. MopentoBaHHA KoMnoHeHTiB 3B

B paHin poboTi MpONOHYETLCA MOAEMNOBAHHSA
KOoMMoHeHTiB 3BI1 Ha OCHOBI amnniTygHO-4acoBUX
napameTpis 3BI1, HaBegeHux B Tabn. 1.

3pobuMo MpunyLLEHHs, WO BENUYMHA YaCOBOI
3aTPMMKU Ta aMnniTyan KOXHOiI xBuni curnany 3BI1
Ma€ PiBHOMIPHUI 3aKOH po3nofiny Ha AonycTUMO-
My iHTepBani icHyBaHHs. Yepes ue npu CTBOPEHHI
«etanoHHoro» 3BI1 curHany 3HaYyeHHa BenuYuH
aMmnniTyam Ta 4acoBOl 3aTPUMKU NS KOXHOI XBU
3a[aeTbCA AK OAHE i3 3Ha4YeHb 3 BigMOBIAHOIO iH-
Tepsany.

BenuuvHu 3aTpuMOK Pi3HMX XBUMb MOXYTb Ta-
KOX BiPI3HATUCS O4HA Big OAHOI, TOMY MiCrnsa Toro,
Ak Oynu 3agaHi 3Ha4YeHHs amnniTyg XBWib, CUrHan
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«eTtanoHHux» 3BI1 aBnae dyHkuUilo Yacy, 3agaHy
no ToYkam Ha HepIBHOMIpHIVI ciTui yacy:

0).

(o

(tP50start )
(tps0,P50),
(tn75.NT5),
EP(t) =| (tp100.P100), |,
(tn145.N145),
(
(

tp200,P200),

tp200,,,:0 )
(500,0)
ae P50,...,P200 — 3HayeHHa aMmnniTyd XBunb, MKB;

tpsostarts - - -, tP200end — 3HAYEHHA MOMEHTIB 4acy, SKi
BiANOBIOaOTb BUHNUKHEHHIO XBUITb, CEK.

[na nepexony OO PIiBHOMIPHOI CiTKM BignikiB,
AKi JUCKPETU30BaHi 3 4acToTo auckpeTusauii f ,

HeobxigHO BUWKOHaTW iHTepnonsuito. Mpu cTBOpEH-
Hi Mmogeni «eTanoHHoro» 3Bl nponoHyeTbCA BUKO-
HyBaTu KyOiyHy iHTepronsuito, TOMy L0 BOHA He
AAa€ 3Ha4Hi BMKMOM Ta ocuunsuii, Ha BigMiHY Big
CMnanHoBOi, Ta gae rnagky yHKUilo, Ha BigMiHY
BiJ, NiHINHOLI.

3. EKcnepumeHTanbHi pesynbtaTtu

[na nepesipku Aie3gaTtHOCTI 3anpOnNOHOBAHOI
mogeni Oyno npoBedeHO eKcnepumeHTarnbHi goc-
nNigKeHHsA no moaentoBaHHio 3BIT.

3a 3anponoHOBaHOK BULLE METOAMKOK Oyno
OTpMMaHO eTanoHHu natepH 3BI1, wo HaBegeHo
Ha puc. 3, Ha AKOMY KpyxXanbLamMu BigMIYEHi TOYKU
«eTanoHHoro» 3BI1, a 3’egHaHi BOHW 3a [OOMOMO-
roto KyBi4HOi iHTeprnonsu;i.

20 T T T T
: : : Interpolation
S 10 Y e O~ o VEP H
3_ | | | T
f o SN SN )
E | | |
= ) | |
87 | | | |
| | | |
I il ey it n
| | |
| | |
20 | | | |
0 0.05 0.1 0.15 0.2 0.25
time (sec)
20 \ \ I
| | Interpolation

=y
o

-10

magnitude (uV)
s

magnitude (uV)
o o

8

)
o
o
o
&

0.1

time (sec)

Puc. 3. Mpuknagu curHaniB «etanoHHux» 3Bl kOMNoOHeHTIB 3 BUNagkoBMMMX aMnsiTygaMy Ta 4YacoBMMMU 3a-

TpUMKamu nikie

B ekcnepumeHTi Gyno BukopuctaHo OHOBY
EEl onsa enekTpuyHOI akTUBHOCTI MO3KY 300pOBOT
NIOAVHK, NapaMeTpu SKOI NogaHo B Tabn. 2.

Pesynbtatn mogentoBaHHa ¢oHosoi EEI Ha-
BeAEHO Ha puc. 4(a) Ta ii cnekTp Ha puc. 4(b).
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EEG activity spectrum (b)

Magnitude (uV)

1 —

B e e e -

20 35 40

Frequency (Hz)

Puc. 4. ®parmeHT curHany EEI (a) Ta noro cnekrtp(b)

Otpumanuin curHan EEI 6ys gogaHun oo cur-
Hany etanoHHoro natepHy 3Bl i 6yno oTpumaHo
EEI 3 Bl (puc. 5). Ak BMOHO Ha LUbOMY PUCYHKY,
noyaTtkoBun «eTanoHHu» 3Bl1-natepH He Moxe
OyTu Bi3yanbHO i4eHTU(IKOBAHO B cuUrHani, Tomy

ONA NOKpaLeHHSA CniBBigHOLWEHHA curHan-wym ni-
Cns UbOr0 npoBoOAUNAach CerMeHTauida curHany,
TOBTO CUMHXPOHI3aLis 3@ CTUMYFOM i HAKOMUYEHHS 3
MeTOl M0306aBUTUCE (POHOBOI aKTMBHOCTI MO3KY.
PesynbTat npuBegeHo Ha puc. 6.

o
T
(]

a1

10

15

20

25 N

30

35 [ | |

40

45 AWMV Ar AN S A S AANATEAA N A
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Puc. 7. NMpuknaau curHanis oTpuMaHuX B pe3yrnbTaTi eKCepuMeHTy

BuagHo, wWo amnniTyaHO-4acoBi XapakTepucTukn
OTPMMaHMX KPWMBUX Bi4MNOBIAATb XapaKTepucTu-
Kam pearnbHUX CUrHarniB, siki MOXyTb OyTn oTpuMaHi
B ekcnepumeHTi. OTXe, B pe3ynbTaTi BUKOPUCTaH-
HA 3anponoOHOBaHOrO B AdaHin poboTi metogy Mo-
aentoBaHHa 3BI1, 6yno oTpumaHo MOAENbHUI CUr-
Harn 30pOBUX BUKMMKAHWX MOTEHLianis B pe3ynbTa-
Ti peakuii Ha LWaxoBuin NaTepH.

BucHoBku

B paHnin poboTi 3anponoHoBaHa mogens 3B,
sika cknagjaeTbcsa 3 eTanoHHoro natepHy 3Bl Ta
MoAenbHoI boHoBOI akTuBHOCTI EEI. Xapaktepuc-
TVKW €TarloHHOro NaTepHy MOXyTb ByTn obpaHumm
Bi4MOBIOAHO OO HasBHMX OaHUX NMpo amnniTyau Ta
TpuBanocTi komnoHeHTiB 3BI1. Mogenb gae mox-
NMBICTb onuncyBaTn okpemo xapaktep 3BI1 Bignosi-
OHO [0 pi3HUX CTaHiB OpraHiaMy, Ta XxapakTepucTtu-
kun cpoHoBoi EET.

EkcnepumeHTanbHi  pesynbTatv  niaTBEpPOXY-
I0Tb CNPOMOXHiCTb Mogeni onucyBaTn 3Bl BHa-
CNioK peakLil Ha LLaxoBuUin NaTepH.

JlitTepaTtypa

1.

Davila, C. Optimal detection of visual evoked
potentials / C. E. Davila, R. Srebro, I. A.
Ghaleb // IEEE transactions on Biomedical En-
gineering January 3, 1998. — P. 800-803
Panichev, O. Simulation of electroencephalo-
graphic signals for depth of anesthesia as-
sessment / O. Panichev, A. Popov, O.
Bodilovskyi, V. Tkachenko // Proceedings of
SPIE 8008, 80081G, 2011. - doi
10.1117/12.905097

lHe3duukuti, B. B. Bbi3aBaHHble noTeHUuanbl
Mo3ra B KnuHuYeckon npaktuke / B. B. [Hes-
anukmii. — Taranpor: TPTY, 1997. — 252 c1p. —
ISBN 5-98322-268-6.

le3duuykud, B. B. OnbIT NpUMeEHeHWs Bbi3BaH-
HbIX MOTEHLMAarnoB B KIMHUYECKOW MpakTuke /
B.B. Mie3gmukun, A.M. llamwmHoBa. — M. :
AHnTngop, 2001. — 480c. — ISBN 9-78593751-
009-9

Me3duykud, B. B. ObpaTtHasa 3agada O3l un
KNUHUYeCKas anekTpoaHuedanorpacusa (kap-



BrvomeamumHckme Npubopbl U cUcTeMBbI 51

TUpOBaHWE K NoKanuaaumst UICTOYHUKOB anek- 7. Koskep, Y. A. lNpumeHeHne meToaa 3puTenb-

TpUYecKon akTMBHOCTU Mo3ra) / B. B. MHe3guu- HbIX W CIyXOBbIX BbI3BaHHbLIX MOTEHUManoB
k. — M. : Meanpecc-uHcopm, 2004. — 626 mMosra B getckomn Hesponorun / U. A. Konkep //
cTp. — ISBN 5-8327-0058-9/ MexayHapoaHbIi MeaULMHCKMIA XKypHan Ne2,
6. 3eHkos, JI. P. KnuHnyeckas anekTposHueda- 2003. - C. 48-52
norpacusa (c anemeHtamu anunentonormm) /8. PymmaH, 3. M. Bbi3BaHHble NoTeHUManbl B
J1. P. 3eHkoB. — TaraHpor : W3patenscTBo ncuxonorun n ncmxodusmonornm / 3. M. PyT-
TPTY, 1996. — 358 c. — ISBN 5-230-24735-5. maH, M. : Hayka, 1979 — 301c.
YOK 621.3

MOAeﬂMpOBaHMe CuUrHana 3puTtesribHbiX Bbi3BaHHbIX NOTeHUuanoB

N.3. KpaweHbin, A.A. NMonoB, kaH4.TEXH.HayK
HaunoHanbHbIM TeXHUYECKNA YHUBEPCUTET YKpauHbl « KNEBCKUI NONUTEXHUYECKUIA UHCTUTYT,
np. Mob6easbl, 37, Kuee-56, 03056, YkpanHa.

PaccmoTpeHa 3agaya MoOOenuMpoBaHUSA CUrHaNoB 3pUTENibHbIX BbI3BaHHbIX MOTEHLManoB
(3BIM) 4yenoBeka. MpeanoxeHa HoBasgs MoAeNb CUIFHAaNOB 3PUTENbHbIX BbI3BaHHbIX NOTEHLUANOB,
KOTOpas COCTOMUT M3 3TANIOHHOro NnaTtTrepHa 3puUTeNibHbIX BbI3BaHHbIX NOTEHUMANOB U MOAeNbHOMN
c¢hoHOBOM 3anekTpoaHuedanorpadmueckon akTuBHocTu. NMapameTpamm Mmoaenu ABRAKOTCA aMNsiu-
TyAbl U BpeMeHHble 3agepxku 3BI1, u cnekTpanbHble XapakTepucTtuku OHOBOW MO3roBOM aKTUB-
HOCTMW.

MpuBeaeHbl pe3ynbTaTbl MOAENIMPOBaHUA CUIHANOB 3pUTESIbHbIX BbI3BaHHbIX MOTEHLMWANOB,
KOTOpOe NpOBOAWIIOCHL C WCNONb30BAaHUEM 3KCMEPUMEHTaNbHO MOJyYeHHbIX aMnMTyaHo-
BPeMEHHbIX XapaKTepPUCTUK pearibHbIX CUrHanoB. BbINK ncnonb3oBaHbI aMNUTYAHO-BPEeMEHHbIe
XapaKkTepUCTUKMN 300pPOBOro nauueHta. B akcnepumeHTe Obin MCNoONb3OBaH Tpaguuum nogxond K
aHanu3y BbI3BaHHbIX NOTEHLMANOB, @ UMEHHO ycpeaHeHWe No BCeM UCMbITaHUAM, KOTOPbIA ABNSA-
eTCcA onTUMasribHbIM CMOCOOOM yNy4lUTb COOTHOLUEHME CUrHas-lWyM, KOoraa Bbi3BaHHbIA MOTEH-
umMan AeTepMMHUPOBAHHOW BeNIMYMHOMN CMeLUaHHbI C afAUTUBHbLIM LUYMOM C HyNeBbIM CpegHuM.
MocTpoeHHaa mogenb oTpaxaeTt 3BI1 3gopoBoro naumeHTa. bu6n. 8 HasBaHun, puc. 7, Tabn. 2.

KnroueBble cnoBa: asiekmpoaHyeghanozpaghus, 3pumesibHble 8b138aHHbIE NMOMeHyuasbl, MoOenupo-
8aHuUSsI, 8bI38aHHbIE MoMeHyuarbl.

uUDC 621.3

Modeling of visual evoked potentials

I.E. Krashenyi, A.A. Popov, Ph.D.

National Technical University of Ukraine "Kyiv Polytechnic Institute",
pr. Peremogy, 37, Kiyv-56, 03056, Ukraina.

The task of visual evoked potentials (VEP) signals simulation was considered. The new model
of VEP which consists of separate components to describe the evoked potential and background
EEG, was proposed. The model parameters are amplitudes and latencies of VEP components and
spectral characteristics of brain background electrical activity.

The results of simulation of VEP signals with usage of experimentally obtained amplitude-time
characteristics of real VEP and EEG signals are presented. Amplitude-time characteristics of
healthy patients were used. During experiments, conventional approach to analysis of evoked po-
tentials, namely the averaging of measurements over all trials was used, which is the optimal way
to improve signal-to-noise ratio when the evoked potential is a deterministic signal mixed with in-
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dependent zero mean additive background noise. The model of VEP signal was constructed for the
case of healthy patient as the result. References 8, figures 7, tables 2.
Keywords: electroencephalography, visual evoked potentials, simulation, evoked potentials.
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