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IMocTaHoBKa npob6AemMbI: 60AbLLION MHTEPEC K M3YYEHMIO MPOLIECCOB, MPOTEKAIOLLIMX B FTOAOBHOM MO3re, C MCIOAb30BaHU-
eM 4acTOTHO-BPEMEHHbIX NaTTEPHOB Ha PerucTpupyeMbiX SAEKTPOIHLEParorpadpUIecknx AaHHbIX, CBS3aH C BO3MOXHOCTLIO
paspaboTkit Ha OCHOBE IAEKTPOIHLIEPAAOrPaMM UHTEPPEHCOB MO3r-KOMIboTEP. OCHOBOH QYHKLIMOHUMPOBaHUS MHTEPPEHCOB
MO3I-KOMIbIOTED ABASIETCA AETEKTUPOBaHWE B PeaAbHOM BPEMEHMW XapaKTEPHbIX NarTepHOB Ha MHOIMOKaHaAbHbIX SAEKTPO-
3HLEeParorpammax U npeobpazoBaHne UX B KOMaHAbI AN YNpaBAEHUST BHELLIHUMM ycTpokicTBaMu. OAHOM U3 BaXHbIX cpep
MPUMEHEHUS MHTEPPENCOB MO3-KOMMLIOTEP SIBASETCA KOHTPOAL MaTOAOrMYECKON aKTMBHOCTM FOAOBHOMO MO3ra, YTto BOCTpe-
60BaHO, B YaCTHOCTH, AASI PA3AMYHBIX GOPM IMUAENCUM, HE MOAAAIOLLIMXCS MEAMKAMEHTO3HOMY AeueHMto. Lieab: paspaborka
METOAMKM ACTEKTUPOBAHUS XapaKTEPHbIX MaTTePHOB HEHPOHHOM aKTMBHOCTU, MPEALUECTBYIOLLMX BO3HUMKHOBEHMUIO MUAEN-
TUYEeCKOro npuctyna. Pe3yAbTaTbl: C UCIOAb30BaHUEM MHOTOKaHaAbHbIX IAEKTPOIHLEPaAOrpaMM UCCAeAOBaHa AMHaMMUKa
TaAaMO-KOPTUKaAbHOH CETU FOAOBHOIO MO3ra, NPEALLECTBYHOLLAs BOSHUKHOBEHUIO IMUAENTUYECKOro npucTyna. PaspaboraHa
METOAMKA, MO3BOANSIIOLLLASA NPEeACKa3biBaTb BOSHUKHOBEHUE SMMAENTUYECKOro npuctyna. MeToarka peaansoBaHa B BUAE HE-
pouHTepderica, KOTOPbIM UCMbITaH in LIV Ha XMBOTHOM MoAeAn abcaHc-anuaencuu. MpakTnyeckas 3HaYUMOCTb! PE3YALTATbI
MCCAEAOBaHUS CBUAETEALCTBYIOT O BO3MOXHOCTHM NPEeACKa3aHWsi aNUAENTUYECKMX NMPUCTYNOB N0 MHOrOKaHaAbHbIM SAEKTPO-
3HUeparorpammam. [ToAyyeHHbIe pedyabTarbl MOryT 6biTb MCMOAb30BaHbI NPy pa3paboTke HeHpoUHTEpPPEncoB AN NMPEACKa-
3aHWsA U NPEAOTBPALLEHHNS MPUCTYNOB Pa3AMYHbIX TUMOB SMUAENCHHN Y YHEAOBEKA.

KaroueBble canoBa — aAEKTPO3HLUEeparorpadus, HerpouHTeperic, HenpepbiBHOE BEHBAET-NpeobpasoBaHme, 4acToTHO-
BpeMeHHas AMHaMM1Ka, SMUAENTUUECKUI MPUCTYII.
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BBemenune

CoBpeMeHHBIE TEHIEHIUU B obsacTu Helpodu-
3WOJIOTUY CBS3aHBI C aHAJIN30M IIOBEIEHUS Pas3Inuy-
HBIX HEHPOHHBIX ceTell TOJOBHOTO MO3Ta, KOTOpPhIe
B3aUMOZEUCTBYIOT IPYT C APYTOM IIPY BHITTOTHEHUU
HEKOTOPBIX KOTHUTUBHBIX 3amau [1, 2], Kak, Ha-
mpuMep, dopmMupoBaHue namATru [3], BocupuaTue
BU3YyaJbHOTO 00beKTa [4] uau pasBurue (Ha KINHU-
YECKOM YPOBHE) IIATOJIOTHYECKUX PUTMOB, TaAKUX
Kak suumientuueckue upuctynbl [0]. Ilomob6mbie
IIPOITecChl, IPOTEKAaoIe B HePOHHON ceTr, MOT'yT
OBITH KOJTMYECTBEHHO OIEHEHBI C TIOMOIITIO CTEIIEHN
CUHXPOHHOCTHU, KOTOPas MOYKET ObITh M3MepeHa KaK
JIOKAJIBHO (T. €. B IIpeIesiax OMHOU U TOM e 00JIacTu
Mosra), TaKk 1 B 0oJiee rimobabHOM Maciitabe (T. e.
MEKIY PasJIMYHbIMU o01acTsaMu mosra) [6].

B 10 Bpemsa Kak HellpohU3MOJOTUA HaIpaBIeHA
Ha MOHUMAaHVe IIPOIECCOB B3aNMMOJAENCTBUA MEXKIY
OTAeIbHbBIMU HelipoHamu [7], OOJBIINHCTBO UMEO-
myXcsl SaHHBIX (0COOGEHHO IMOJIYYEHHBIX Y IaljueH-
TOB) PETUCTPUPYETCS TIPU IIOMOIIM HEMHBA3UBHBIX
MeToZ0B. B KauecTBe TaKUX METOLOB B IIOBCEJHEB-
HOU IPaKTUKe HCIOJb3YIOT 3JIEKTPO3HIledaIorpa-
duro (93I') unu marasurosHiedasorpadpuio (MIT),
KOTOpbIEe IIPEJCTABIAIOT C000il m3MepeHUs (dJIeK-
TPUYECKOHN UM MAaTHUTHON) IPYIIIIOBOY aKTUBHOCTH
KPYIIHBIX aHcaM0Jel HelipOHOB.

CoBpemeHnHas 3amaua st GUBUKOB U Helipodu-
3MOJIOTOB COCTOUT, TAKUM 0O0pPasoM, B MOHUMaHUU
IPOIIECCOB HA MUKPOCKOIMUYECKOM YPOBHE, Dery-
JUPYIOIUX B3aWUMOMAENCTBHE MeXKIy HeHpoHaMu
upu (OPMUPOBAHUY PA3JIMUHBIX BUJIOB HEHPOHHOM
AKTUBHOCTY, BBIABJIEHHBIX (Ha MaKPOCKOIUYECKOM
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maciirabe) npu momornu II- u MOI-o6opymosa-
HUA.

AXTyalbHOCTh MaHHOH 3aJauyd TECHO CBA3aHa
C BO3MOYKHOCTBIO MCIOJIb30BaTh CUTHAJILI JII' mis
paspaboTKu HelipounHTepdeiicos, UIu NHTepdeiicoB
mosr-komneoTep (MUMK). B ocroBe hyHKIIMOHUPO-
BaHUA TaKUX CHUCTEM JIEKUT JeTeKTUPOBaHUe B pe-
aJIbHOM BPEMEHU XapaKTePHBIX MMaTTepHoB Ha OOl u
mpeobpas3oBaHUe UX B YIIPABJISIONINEe KOMAHIBI.

OmHUM 13 BO3MOKHBIX pumenennit UMK moax-
HO BBLIEJUTH KOHTPOJH COCTOSHUS T'OJIOBHOTO MO3-
ra rpu 3a6oJieBaHUAX I[eHTPAJIbLHON HEPBHOM CHUCTe-
MBI, XapaKTepU3yIOIINXCA BOSHUKHOBEHUEM I1aTO-
JIOTUYeCKO¥ HepOHHOU akTuBHOCTU. B yacTHOCTH,
HeobxoamMocTh B mogo0ousIXx UMK cyitecTByeT mis
TaIUeHTOB C SUHUJeTcHel. IMUJencus xXapakTe-
pusyercs CIOHTAHHBIM BO3HUKHOBEHUEM IIPUCTY-
moB, ipu 3toMm B 30 % cayuaeB MeIUKaMEHTO3HOE
JleyeHVe He [I03BOJISeT IIPEeJOTBPATUTh BO3HUKHO-
BeHUEe IIPUCTYyHoB. A mammeHTOB, YCTONYMBBIX
K MeIUKaMEHTO3HON Tepamuu, NPeACTaBISIeTCS
TMepPCHeKTUBHBIM KCIIONb30BaHUE HelipoumHTepdeii-
COB, IIOBBOJIAIONIUX OCTAHOBUTH IIPUCTYI IYTEM
BJIEKTPUUECKOI CTUMYJIAIUMY T'0JOBHOTO Mosra [8].
B macrosamee BpeMsa BOBMOKHOCTh OCTAHOBKY IIPU-
cTyma IMyTeM 3JIEKTPUUYECKON CTUMYJISIIUU IIPOJIe-
MOHCTPUPOBaAHA B PaAMKaX KJIMHUYECKUX HCITLITA-
Huii [9]. PazpaboTaHHBIE TPOTUBOANIUIETITIUECKLIE
HeliponHTepdelchbl B OCHOBHOM SBJISIOTCS OJZHOHA-
TpaBJeHHBIMHU (B aHTJIIMHCKON JuUTEpaType open-
loop). B cucremax Tuma open-loop BosaeiicTBre HaA
HEPBHYIO CUCTEMY CO CTOPOHBI I'eHEPATOpA UMIIYJIb-
COB IIOJJaeTCs B COOTBETCTBUHU C 3apaHee ol peieieH-
HBIM aJITOPUTMOM U He 3aBUCUT OT TEKYIIEr0 COCTO-
sauuda oprarusma [10].

OueBUIHO, YTO B OAHHOM KOHTEKCTe [IBYHAa-
mpaBieHHoe BaaummogeticrBue (closed-loop), mpu
KOTOPOM I'€HepaTop MMIIYJIbCOB aKTHUBUPYETCS He-
TIOCPEJICTBEHHO B MOMEHT T'eHepalluyd HeWpPOHHON
CeThI0 MOBTA COOTBETCTBYIOIIUX TMATOJOTUUYECKUX
puUTMOB, 6ojee mpexnouTuTeabHo. OTHAKO peasiu-
3anua TaKUX cUcTeM TpebyeT paspabOTKU MeTo-
IWK, I0O3BOJISIONINX NeTeKTUPOBATh 3afaHHbIe IIaT-
TEePHBI HEWPOHHOU aKTuBHOCTU Ha III' ¢ BBICOKOH
CTENEeHbI0 UYBCTBUTEJHHOCTH UM CEJIeKTUBHOCTH.
B macroAmnuii MOMEHT M3BECTHBI ITPOTOTUIILI, Je-
TeKTUPYIONEe TPUCTYIIHI Y JKUBOTHBIX C BEPOATHO-
crbio Brine 90 % [11]. B To ke camoe BpeMs paspy-
IIeHVe IPUCTYIIA II0CJE eT0 TeTeKTUPOBAHUA TOJNb-
KO COKPpAIllaeT ero JJIUTeIbHOCTh. [[J1s faabHelIe-
ro PasBUTUS TEXHOJIOTUM HeoOXoquMa paspaboTKa
METO/IOB, IIO3BOJISIOIINX B aBTOMAaTUUYECKOM PEXKU-
Me IIPeICKa3bIBaTh SIIUJIENTHYEeCKUEe TPUCTYIIBI 10
OIAl-maHHBIM.

B manHOM KOHTEKcTe B HacTosAllell pabore pac-
CMATPUBAETCS BO3MOYKHOCTH IIPEICKA3aHUA BIIU-
JIENTUYECKUX IIPUCTYIIOB II0 MHOTOKaHAJbHBIM OO
Kkpeic WAG/Rij — KuBoTHOI Momenn aOCaHCHOMR

srmiencur. MeTomuKa IIpeAcKasaHus OCHOBaHA
HA PaHHEM [eTeKTHPOBAHUU IIPOIECCOB CUHXPOHU-
3aIM aKTUBHOCTU HEWPOHOB, JOKAJIM30BAHHBIX B
PasIMUYHBIX 00J1acTsIX MO3ra (Kope U TaJlaMUYeCKUX
Aapax), a TaKsKe B3auMOJEHCTBUS MEXKAY TaHHBIMU
ofJiacTAIMY TIOCPECTBOM aHaJIn3a MHOTOKAHAJIbHO-
ro Habopa curHaos Il Paspaboranuas MeTogUKa
amrpoOupoBaHa in vivo Ha mpuMepe HelipouHTepheri-
ca IS aBTOMATUUYECKOTO MPEACKA3aHUSA MU TH-
yecKuX IpUcTyoB y Kpbic WAG/Rij.

Heiipodusuosornueckuii 3KcIiepuMeHT

B sKcmepuMeHTe WCIIOJIB30BAINUCH 6-MecsuHbIe
kprickl WAG/Rij (Bcero 1mects :KUBOTHBIX). Permc-
Tpanus I3[ ocyIecTBAAIaCh IPU IIOMOIIIU XPOHU-
YeCKU MMILJIAHTUPOBAHHBIX 3JIEKTPOIOB 13 HEepIKaBe-
fortieli crauu B 1) ciossx 4—6 coMaTOCEeHCOPHOI KOPbI
(puc. 1, a), a Tak:Ke B 2) 3a//HEM TaJIaMUUYECKOM Ape
(posterior thalamic nucleus) (pmc. 1, 6), 3) BeH-
TPaJbHO-TIOCTIEPEryASIPHOM TaJlaMUUYECKOM  sApe
(ventral-posteromedial thalamic nucleus) (puc. 1, 8),
4) mepenHeM TaslaMuuecKoM sape (anterior thalamic
nucleus) (puc. 1, 2) u 5) peTUKYIAPHOM TajaMuue-
ckom axpe (reticular thalamic nucleus) (puc. 1, 6).

OIEeKTPOALI MMIIJIAHTUPOBAJNCh TIPU TNIYOOKOI
u3o(IapoHOBOM aHecTe3uu. Uepes aBe HemeJu TO-
cJie omepanuu curiHaiabl 99 perucTpupoBaInch u3
BBIINIIEYKAa3aHHBIX OTAEJI0B MO3Ta Y CBOOOAHO ABUIKY-
IUXCS JKUBOTHBIX. ITosiyuaemble curaajbl 9l ObI-
JIX OT(PUJIBTPOBAHBI II0JIOCOBBIM (DUJIBTPOM C TOUKA-
mu orceuxku 1 (HP) u 100 (LP) I'tt u mosiocoBBIM 3a-
rpakgaronium puabrpom Ha 50 I'ti u orudpoBLIBa-
JINCH ¢ TIOMOIIIbI0 cucTeMbl peructpanuu WINDAQ
(DATAQ-Instruments Inc., Akron, OH, CIITA) c
TOCTOAHHOM uacroroii mauckpermsarnuum 500 I'm.
IKCIIepUMEeHTHI TPOBOAUINUCEH B COOTBETCTBUU C 3THU-
YeCKUMU HOPMaMU, YTBEP:KIEHHBIMU KOMUTETOM
MO0 SKCIEePUMEHTaM Ha KMBOTHBIX YHUBEPCUTETA
Panbayn Heiimeren (RU-DEC).

YacToTHO-BpEeMEeHHO aHATU3

IOast Toro uToOBI MCCIemOBaTh AUHAMUKY CHUT-
HaJa 9JeKTPUUecKoil akTuBHOCTU Mosra (III') X(¢)
KaK BO BPEMEeHHOIi, TaK M B YaCTOTHO# ob6JacTu,
YIO00HO HCIIOJIb30BATh SHEPreTUUECK U BeilBIeTHBIN
CIIEKTP, KOTOPBIA MOXKHO pPaccuuTaTh 10 Gopmyie
W(f, t)=|M(f, )2, tme M(f, t) — KOMILIEKCHO3HAU-
HbBIT KO PUIIHEHT BelBIeT-Ipeodpas3oBaHms:

M, ) =[xy (@-t)ae

(cuMBoJI © 0603HAUAET KOMILIEKCHOE COIPAMKEHHE).
B xauecTBe MaTepUHCKOTO BeliBeTa B JaHHOI pado-
Te BrIOpaH BeiBiaeT MopJe
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8)

Interaural 4,84 mm
Bperma —4,16 mm

Interaural 9,20 mm
Bperma 0,20 mm

Interaural 7,60 mm
Bperma —1,40 mm

Interaural 5,86 mm
Bperma —3,14 mm

B Puc. 1. Pacnono:keHre PerucTPUPYIOIINX SJIEKTPOLOB B PA3INUYHLIX OTAENaX I'OJOBHOTO MO3Ta KPBICHI: @ — B CJIOSAX
4—6 cOMaTOCEHCOPHOM KOPbI; 6 — B 3aJHEM TAJIaMAUYECKOM SIPE 1 PETUKYISIPHOM TAIaMIUYECKOM AIPE; 8 — B BEHTPAILHO-
IIOCJIEPETYJIAPHOM TAJIaMUYECKOM SIIpe; 2 — B IIepefHeM TaJlaMUUYecKoM saape. KoopanHaThl PACIIONOKEeHN SIeKTPOLOB
3alaHbI COTJIACHO aTyacy mo3ra [Paxinos and Watson, 1998]

B Fig. 1. Electrode location: a — layers 4—6 of the somatosensory cortex; 6 — the posterior and reticular thalamic nu-
cleus; 8 — the ventral-postero-medial thalamic nucleus; 2 — the anterior thalamic nucleus. Coordinates are shown in

accordance with the Rat brain atlas of Paxinos and Watson [Paxinos and Watson, 1998]

(© = exp(j2rt)exp| -5 @
\ % plJ p 2 .

BeiiBier-nipeobpas3oBaHue BITOJIHAIOCEH IJIs Ha-
6opa perucTpupyeMbix curaajoB 991" B uacTOTHOM
nuamnasone 2+20 I'm.

PesyabraTsl

B xauectBe riobasnbpHO# xapakrtepuctuxku X;(t),
OIIMCHIBAIOIEN KOJJIEKTUBHYIO TUHAMUKY i-TO Heli-
POHHOTO aHCaMOJIs, PACCMOTPUM 3aIlUCh JJIEKTPHU-
ueckoit akTuBHOcTU (), perucTpupyemyo mpu
IIOMOIIA 9JIEKTPOLA, PACIOJIOYKEHHOTO B OKPeCcT-
HOCTU JaHHOTO aHcaMmOias. [JaHHaA XapaKTepucTu-
Ka IpeacTaBJaseT co00M HecTAaIlMOHAPHBIA CUTHAJ,
CIIEKTPAJIBHBIA COCTaB KOTOPOTO 3BOJIIOIVOHWPYET
BO BPEMEHHU, U €TI0 9BOJIIOIIUS OIIPE/IeISeTCsI IIPOIeC-
caMU B3aMMOJeNCTBUS (TAKUMU KaK yCTaHOBJIEHUE
CUHXPOHU3AaIINN, 00pasoBaHMWE KJIACTEPOB) MEKIY
HelpoHaMU TaHHOTO aHCcaMOJIs.

Paccmorpennble cursansr X,(¢), ABIAACH IJIO-
0aNbHBIMU XapPaKTEPUCTUKAMU, OIMCHIBAIOIIINMU
OUHAMMKY HEeHPOHHBLIX aHcamOJieidl, MOr'yT UI'PaTh

POJIb JIOKAJbHBIX XapaKTEPUCTUK, KOTIA PeUb UIET
0 PacCMOTPEHUYU KOJIJIEKTUBHON MUHAMHUKU HENpo-
HOB, PACIOJIOKEHHBIX B PA3JINYHBIX OTIEJIaX I0JI0B-
HOT'O MO03ra.

Kax wusBecTHO, MPUCTYI SIHNJEINCAU ACCOIIUU-
pyeTcsi C yCTAHOBJIEHMEM CHHXPOHHOI'O peXKuMa
HEeHPOHHOW aKTHUBHOCTH, BOBJEKAIOIIero HEeHPOHEI,
OpUHALIeKAIe PasJAnYHBIM O00JIacTAM MO3Ta.
151 abcaHCHOM AIUJIENICUY, IPUCTYIIBI KOTOPOIT Xa-
PaKTepU3yIOTCs reHepalueil crernupruuecKnx IUK-
BOJIHOBBIX ITaTTepHOB Ha OII, XapaKTepHbIM ABJIS-
eTCs BOBJIeUEHNE HEHPOHOB KOPBI I'OJIOBHOI'O MO3Tra 1
TamamMuueckux saep [12, 13].

Ha puc. 2, a npusenen na6op 93, perucrpupy-
embix y Kpbic auauu WAG/Rij [14] nmpu momoru
WHBAa3UBHBIX 9JIEKTPOLOB, PACIOJOKEHHBIX B pas-
JUYHBIX CJIOAX KOPBI TOoJIOBHOTO Mosra (ctx 4—6)
u B Tanamuueckux sapax (PO, ANT, VPm, RTn).
IIpencrasiieHHble 3aIKMCH WJLIIOCTPUPYIOT II€PEXO
OT HOPMAJIBHOM AKTUBHOCTU K SIUJIENTHUUYECKOMY
IpUCTyny (CTPesKoil yKasaH MOMEHT BO3HUKHOBE-
HUSA IPUCTYA, XapaKTePU3YOIUNACA CUHXPOHHBIM
BOBHHUKHOBEHMEM IIMK-BOJIHOBOI'O IaTTepHa B KOP-
TeKce U TajaMyce).

Ha puc. 2, 6 ToukaMu IIOKa3aHBI IIOJIOYKEHUS
CIIEKTPAJbHBIX KOMIIOHEHT HCCJIeNYyeMbIX CUTHAJIOB
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B Puc. 2. Ha6op zanuceit 99", perucTpupyeMbIx y Kpbic crreniuaiabaol tuannu WAG /Rij npu moMoIy nHBa3UBHBIX BJIEK-
TPOJOB, PACIIOJIOKEHHBIX B PA3JIMUHBIX CJI0AX KOPBI I'OJIOBHOTO M0o3ra (ctx4—6) u B TasaMuUecKuX Axpax (a); IoJIoKeHns
CIIEKTPANbHBIX KOMIIOHEHT MCCIENYyeMBIX curHasoB J9I', XxapakTepuayoIuxcsi MaKCUMAaJIbHBIM 3HAUEHUEM SHEPIUH, B

Ka'KAbIi MOMEHT BpeMeHHU, II0OKa3aHHble TouKaMu (0)

B Fig.2. Asetof EEG traces recorded in the WAG/Rij using invasive electrodes located in different layers of the cortex
(ctx4—6) and in thalamic nuclei (a); points correspond to the positions of the spectral components of the analyzed EEG
signals, which are characterized by the maximum value of wavelet energy, at each moment of time (6)

99T, XxapaKTepusyoIuxca MaKCUMaJbHbIM 3HaUe-
HUEeM 5Hepruy, B Ka'KIbIH MOMEHT BpeMeHU. lIpu
9TOM IIpUBeJeHHbIe TPadUKU CBEPXY BHU3 COOTBET-
CTBYIOT CIIEKTPaJbHBIM KOMIIOHEHTAM BCero Habopa
KaHaJIOB COOTBETCTBEHHO.

TIpencraBiieHHbIe 3aBUCUMOCTHY IIOJYUEHBI HA OC-
HOBAHUY PACCMOTPEHUS SHEPI'UHU BeBIETHOIO CIIeK-
tpa |[W(s, t)2, rme W(s, {) — KOMILIEKCHOZHAUHBIMH
K0a(hpUITMEHT, pacCUNTAHHBLIN B MOMEHT BpeMeHU
nas BpeMeHnHoro maciiraba s (s=1/f, roe f — numeii-
Has 4acTOTa), U BbIJEJeHNN BPEeMEeHHBIX MAcCIITa00B
$*, XapaKTepUsyIOIUXCA JOKAIbHBIM yBeJINUYeHU-
eM sHepruu u yciosuem [W(s*, )2 > W,,,. W, npea-
cTaBJaAeT co00li TOPOTOBOE BHAUCHUE Y9HEePT U, ITOI0-
o6panHoe smnupuuecku [15, 16]. Ha puc. 2, 6, pac-
cMaTpUBas OTHEJbHO KOPTUKAJIbHBIEC KAHAJBI, MOMK-
HO Ha0JII0ZIaTh, YTO B MOMEHT BPEMEHH £ CIIEKTPAJIb-
Has SHEPrusl cocpeloToueHa B AHUAlla30HAX ~b U
~10T'm. B MoMeHT BpemeHU ¢y ClIeKTPaJIbHASA S9HEPIU A
cocpemorouena B obaactu ~6—7 I'tr. MosxHO mpezmo-
JIOKUTDB, UTO HaOJomaeMblil d5(p@eKT o0bAcCHsIeTC
yBeJIUYeHNeM B3auMOAEeHCTBUA MeK Iy HelipoHaMu,
IIPUHA IJIeKAIMYI PA3IUYHBIM CJIOSIM KOPBI [0JI0OB-
HOro Mosra. B MoMeHT BpemMeHU {; OoJbllIasg 4acTb
HEePOHOB, PACIIOJOKEHHBIX B PABIUUHBIX CJIOSIX
KOPBI I'0JIOBHOI'O MOS3I'a, OKa3bIBAETCS BOBJIEUEHHOMN
B I€HepaIuio AByX TUIIOB KOJJIEKTUBHONI aKTHUBHO-
CcTU — HUBKoUacTOTHOH (~5 I'lr) 1 BRICOKOYACTOTHOI
(-10 T'rr). Ilpuuem cTemeHb BOBJIEUEHHOCTH PAa3ny-
HBIX CJIOEB B I'eHEpPaI[MI0 3TUX PUTMOB OKa3bIBAET-

Ccs PABIMUHON U MOKET OBITH OIleHEeHAa C IIOMOIIIbIO
3HAUEHUS CIEeKTPaJbHON SHEPTrUU, MPUXONAIIecs
Ha JaHHYI 00JacTh CIeKTpa. B MOMEHT BpeMeHU iy
HEWPOHBI, HAXOAAIIUECA B PABJINUYHBIX CJI0AX KOPHI
MO3Ta, HAUYMHAIOT IE€MOHCTPUPOBATH CHUHXPOHHYIO
InHAMUKY B o01actu ~6—7 I'tr. IIpu sTOM MOXKHO OT-
METHUTH, YTO 6OJIBINIaA YaCTh CIIEKTPAJIbHON SHEPTIUU
[IJIsI BCEX paccMaTpPUBaeMbIX KaHAJOB OKa3bIBAETCS
COCPEeIOTOUYEHHOM B 00JIACTH CIIEKTPA, COOTBETCTBY-
foI1elt HabIogaeMoOMy TUITY aKTUBHOCTH (B ZaHHBIN
MOMEHT BpEeMEHU 9HEePTrUs OCTaJbHOM YaCTH CIIeKTpa
OKasbIBaeTCsS MEHBINIe OIIPeleJIeHHOTO ITOPOTOBOTO
3HAUCHU ).

Pasbupas aKTUBHOCTH TajlaMHUUYECKUX SAOED,
MOYKHO TaKsKe OTMETHUTh BO3HUKHOBEHUE CUHXPOH-
HOU aKTUBHOCTM HEHPOHOB B MOMEHT BPeMeHHU f;.
IIpu sTOoM, paccmaTpuBas KOPTUKAJIbHBIE U TAJIaMU-
yeckue I cOBMeCTHO, MOKHO BUMETh, UTO CYIIe-
CTBYIOT MOMEHTHI BpeMeHU, B KOTOPhIEe BJIeKTpuUe-
CKas aKTUBHOCTb HEHPOHOB KOPHI T'OJIOBHOTO MO3Ta
W TajJaMHUUYeCKUX sfAJep CTAHOBUTCA CUHXPOHHOM.
B uactHOCTH, TOg0oOHAsA TyIoO0AbHASA CUHXPOHU3A-
musa Ha uvactore ~8 'l cOOTBETCTByeT yCcTaHOBJIE-
HUIO IPUCTYIIa abCcaHCHOU smuJencuu. B To Ke ca-
MOe BpeMsi, ITIOMHMO BJIHUJIENITUYEeCKOTO IPUCTYIIa,
momOOHBIEe CUHXPOHHBIE PEKUMbBI HaOJII0TAI0TCI
mepej ero BOSHUKHOBeHUeM (Ha puc. 2, 6 COOTBET-
CTByIOIIMe 001acTy OOBEIEHBI CILJIOIIHON JIMHUe).
ITomo6OHOe moBeneHMe HENPOHHOW CeTW MO3ra CBs-
3aHO C TeHepalueill cnenuPruyecKuX IIaTTePHOB —

n8 7 VH®OPMALIMIOHHO-YNPABASIOLLINE CUCTEMbI

7 N4, 208



\ YMNPABAEHVNE B MEANUVHE N BNUOAOIT N AN

— ' 8 Hee B
WMWMW’WMU e o] -
B k= BEAS .
- “"'“M“”W & |2F| |g 5| Hudposoi e
A - M _é:’ < BXO[L - IS PesyabTaT
3amnuch HaJIOTOBBIM PeaJII/ISaI.II/IH npeacKasaHua
29I BXOA AIITI, aJIropuTMa
buapTpanua
R Hauao npucrymna

p 0) 2) t .

Ctx5»WWWWNM\/\/V\/\ANWMWWWW
‘ IIpesickazanmable ! A

H == TIPUCTYIIET wMMMNMMWU\/\M
88% ANT : '

POWWVWMMWM‘M\'
e ! E

6) 0, 1’2 :‘ At f )
IIpenckasaHHbIe IPUCTYIIBI, Yo 0.8 ' b
100 L v V. vy | |
0,4 | Gyop ' '
50 0 fFrmmmemees i -+
0,0 ; T

0 MU [

18 KasKK0ro "JKMBOTHOTO 0,5¢

B Puc. 3. Cxemarnueckoe nzobpakenve HeiponHTepdeiica A8 IpeJCKa3aHus STNIEIITHYECKUX IIPUCTYIIOB II0 CUTHAIAM
99T (a); cpenHee POIEHTHOE COOTHOIIIEHE UNCIa TPEICKA3aHHBIX U TIPOIMYIIEeHHBIX TPUCTYIIOB B TPYIINE JKUBOTHBIX (0);
MIPOIIEHT IPEeACKAa3aHHBIX IPUCTYIIOB IJIsI KaK0TO KUBOTHOTO (8); Habop 3anucei 99", MILTIOCTPUPYIONNX BOBSHUKHOBE-
Hue mpuctyna (2); 3aBucumMocTb G(t), UITIOCTPUPYIOIAA TI00ANBHYI0 XapaKTEPUCTUKY TaIaMO-KOPTUKAIBLHON ceTh, u
TeserpadHBIN CUTHAJ, UJIIIOCTPUPYIOIINA MOMEHTHI BDEMEHU, A1 KOTOPBIX PACCMOTPEHHAd I100abHAsA XapaKTePUCTH-
Ka TIPeBbhITIIaeT 3afaHHOe TTOPOTOBOoe 3HaueHue ()

B Fig. 3. Schematic representation of the brain-computer interface for epileptic seizures prediction using EEG signals
(a); middle percentage of predicted and missed seizures in the group of animals (0); percentage of predicted seizures is
shown for each animal (8); set of EEG traces illustrating the occurrence of epileptic seizure (2); evolution of the global
characteristic of the thalamo-cortical network on the time interval corresponding to the transition from normal activity
to epileptic seizure, and the telegraph signal illustrates the moments for which the considered global characteristic ex-
ceeds a predetermined threshold (9)

TMPEAIeCTBeHHNKOB SIHUJIETITUUECKOT0 TIPUCTYIIA MOKOPTUKAJIBHOI CeTH, y3JIaMu KOTOPOH SIBISIOTCS
B obmactu 2-5 T’y (8-mpenmiectBenHnKy) u 5—8 T'ir HelpoHHBIe aHcaM0JM, PaCIIOJI0MKeHHble B Pas3iny-
(0-peniecTBenHUKY) [17]. HBIX CJIOAX KOPBI T'OJIOBHOT'O MOBTa U TaJaMUYECKUX
C yueToM TOro, UTO OTAEJbHBIN CUTHAJ JJIEKTPH- appax. s naHHOM ceTy BBeAeM II00aIbHBIN mapa-
JecKo# aKTUBHOCTH X () XapaKTepusyeT JUHAMUKY meTp G(t), XapaKTepusyIoluil yBeJnueHne CuUHXPo-
HelpoHHOro aHcaMmO0iisI, BBeJeM napamerp A;(t), xa- HUBAIUU MEXKIY NaHHBIMU O0JacTSIMH U yBeaude-
pPaKTepusyIoIuil cTeleHb BOBJI€UEHHOCTH HEIIPOHOB HUe CTelleHU UX BOBJIEUEHUS B reHepaIlnio akTUBHO-
paccMaTpuBaeMoro aHcaMOJIsA B TeHepaluio aKTUB- CTH, TIPEAIIECTBYIOIIel BOSHUKHOBEHUIO TPUCTYIIA:
HOCTHU, IIPEAIecTBYIOIe!l BOSHUKHOBEHUIO IIPUCTY-
ma: N
02T G =[]a:®. @)
[ IWits, )P ds =
0,1 '
Ai(t)= = . 3) B mammOM ciyuae N — UHCIO paccMaTpUBae-
0,35 't
2 MbIX KaHamoB Il (cm. puc. 2, a). [Tapamerp G(t)
.[ [Wits, I ds MOKeT ObITh UBMEPEeH B peKuMe PeabHOT0 BpeMe-
0,05 T HU C YaCTOTOMH, OIpeesIeMOi YaCTOTON TUCKPeTH-
Ilonyuenunie koahdunuentsr A;(t), i=1, .., N sdarnuu curuajos 93, u comocTaBaeH ¢ HEKOTOPLIM
SIBJISIFOTCS JIOKAJbHBIMY XaPaKTEePUCTUKAMU TaJia- IOPOTOBLIM 3HAUEHUWEM, [I03BOJISIOIINM Pa3/IndaTh
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7/ YNPABAEHVNE B MEANUVNHE N1 BNONOTI N /

MOMEHTHI BOBHUKHOBEHU ST CHHXPOHUS3AIIUU OT IPO-
meccoB, peructpupyeMmbix Ha 99 B (hpoHOBOM pe-
sKuMme. B Hacrosieill paboTe AJA TECTUPOBAHUS
OIIMCAHHOTO BBHIINle MeToZa OBII paspaboTaH Hei-
pounrepdeiic (puc. 3, a). B coorBercTBUH € pabdo-
tamu [16, 18] MBI MCHIOJNIB30BAJU TPU JJIEKTPOZA,
PAaCIIOJIO}KEHHBIX B CJIOe 5 KOPBI T'OJIOBHOI'O MO3Ta U
B Tanamuueckux anapax ANT u PO. Perucrpanus,
onu(poBKa W IpenBapuresbHas obpaborka OIT
OCYII[ECTBJISJNCh C WKCIIOJb30BAaHUEM IIPOrpaMM-
Ho-ammapaTHbIX cpeactB WINDAQ (DATAQ-
Instruments Inc., Akron, OH, CIIIA). Ha 6Gase
peructpupyembrx 931" Beruncaaica xoshGuiueHT
(4) n comocraBnsics co sHauenueM G, BbIOUpa-
eMBIM [IJIs1 KasKAOr0 JKUBOTHOT'O WHIWBUIYAJIbHO
Ha OCHOBE IIPeJBAPUTEIHHO 3aIIMCAHHBIX CUTHAJIOB
93AI. UMK 065n11 antpo6rpoBaH HA IIIECTH KUBOTHBIX
B TeueHUe 4-4aCOBOM HKCIEPUMEHTAJJIbHON CECCUU.
B pesynbrare ObIJ paccuuMTaH IPOIEHT KOPPEKTHO
IpefCcKa3aHHLBIX Pa3pA0B K 00IIeMy YuCIy pasps-
noB. B cpemaem 4-uacoBbie 3anucu 991" kpoic WAG/
Rij comepsxar 50 snmiaenTMUyecKUX IIPUCTYIIOB.
B pesysnbrare mpuMeHeHMA MeTOLA UNMCJIO IIPEI-
CKa3aHHBIX IIPUCTYIIOB Y UCCIEAYEMbIX JKUBOTHBIX
cocrasuJo (87,8 = 7,08) % (puc. 3, 0, 8), Ipu 9TOM
IpUCTYIIBI Oblu HpeacKasaub 3a (0,8 = 0,16) c.

Ha puc. 3, 0 npounaiocTpupPOBaHO U3MEHEHUE BO
BpeMeHU TJI00aJbHOUW xXapakTepucTuku (4) Ha Bpe-
MEeHHOM WHTepBaJe, COOTBETCTBYIOIEM IIePeX0oy OT
HOPMAaJIbHON aKTUBHOCTU K SMUJIENTHUYECKOMY IIPU-
crymy. BumHo, UTO 3a CEKYHIY A0 BO3HUKHOBEHUS
mpucTyna Habamomaercs: peskuii poct G(t). Janmoe
siBJIeHUe 00YCJIOBJIEHO yBeJMUeHeM 3HaUeHUH IBYX
roxasareeii: kosdumrenTos A,(¢) nua paccMarpu-
BaeMbIX KaHaJoB 99 u mepexomaMu BHICOKOIHEpTe-
TUYECKUX CHEKTPAaJbHBIX KOMIIOHEHT, XapaKTepu-
3YIOIINX aKTUBHOCTb HEMPOHOB KOPHI MO3ra U TaJia-
MUYECKHUX Sep, B OAHY 00J1aCTh CIIEKTpAa.

W3 pucynka BUgHO, YTO aHAINS TUHAMUKY K0d(-
dunmenra G(tf) myTeM COIOCTABIEHUS €T0 C IIOPOTO-
BBIM 3HaueHUeM G, A2eT BO3MOKHOCTD AETEKTUPO-
BaHUA aKTUBHOCTHU, IPEIIECTBYIOIIEN BOSHIKHOBE-
HUIO IPUCTYIIA.

3aKaoueHne

B craThe n3yueHa BOSMOXKHOCTH LETEKTUPOBAHUSA
XapaKTepPHbIX IIATTEPHOB HEHPOHHOW aKTUBHOCTH,
IPEeJIIeCTBYIONNX BO3HUKHOBEHUIO SIUJIENTHUE-
CKOT'0 IIpUCTYIIa, B PEKUME€ peaJbHOTO BPEMEHU.
IToxasaHo, YTO CUTHAJIBI 9JIEKTPUUECKOI aKTUBHOCTH
TOJIOBHOT'O MOBTa, PEerUCTPUPyeMble M3 Pa3JIUUIHBIX
ero y4JacTkoB mocpenctBoM 9II, mMoryr paccmarpu-
BaTbCS B KAueCcTBe MaKPOCKOIIMYECKUX XapaKTepu-
CTUK HEHUPOHHBIX aHcamOJiell, JIOKaJIM30BAHHBIX B
OKPECTHOCTHU perucTpupyiomiero siaekTpoza. Ilpm
9TOM JaHHBIE XapaKTEPUCTUKY MOTYT TaKIKe paccMa-
TPUBATHCA B KaUeCTBe MUKPOCKOIINYECKUX XapaKTe-
PUCTMK B TOM cJydae, KOTJia aHaJIUBUPyeTcs B3au-
MOCBSI3b MEXKAY YAAJIEHHBIMY HEHPOHHBIMU I'PyIINa-
mu [19, 20]. I[TokasaHo, UTO, OCHOBBIBASICEH HA OIIHCAH-
HOM (opmasusMe, MOXKHO d(PPEKTUBHO BBIABIATH
XapaKTepHble CBOMCTBA HEHPOHHOU CEeTH, JerKallne
B OCHOBE TeHepaIuy NaTOJIOTMYECKON HENPOHHOU
AKTHBHOCTY — SIIUJIENTHUUECKOr0 IIPUCTYyIIa, XapakK-
TEPUBYIOIerocs, KaK N3BECTHO, KaK JIOKAJIbHON CIH-
XPOHM3AIIel HENPOHOB, TAK U IVIO0ATBHOU CUHXPO-
HUBaIMel, BOBJIEKAIOIIeH pa3InIHbIe OTAEJIBI I'0JIOB-
HOro mosra. Paspaborana MeToAMKA AJIsI BHIABJICHUS
TIPOIIECCOB YCTAHOBJIEHUS U PA3BUTUSA JIOKAJIbHBIX U
rI00aIbHBIX CUHXPOHHBIX DPEKUMOB 38 CEKYH[BI JI0
KJIMHUUECKOTO MIPUCTYTA (BBIABIEHNE TIPEAIIeCTBEH-
HUKOB SITUJIENITUUEeCKOro mpuctymna). Metoguka pea-
JIN30BaHAa B BUe HeliponHTepdeiica, KOTOPHIN UCIBI-
TaH in vivo Ha }KUBOTHOM Moze I abcaHC-9IUIEIICUH.
TlosmyuenubIie pe3yIbTaThl MOT'YT OBITH UCIIOJIb30BAHEI
npu paspaboTKe HeliponHTep(eHCcoB AJs MpeacKasa-
HUS U IPEIOTBPAIeHU IIPUCTYIIOB PA3INYHbIX TH-
TIOB SIIMJIETICUU Y YeJIOBEKaA.

Pabora mommepsxama MwuHMcCTEepCcTBOM 00Opa-
30BaHUA u Hayku P® (upoext 3.861.2017/4.6) u
IIpesumeHTCKON MpOrpaMMOM MOAIEP: KK BeIYIITUX
HayuHBIX ITKOJ P® (mpoext HII-2737.2018.2).

ABTOpBI BBEIPA’KAOT OJIATOZAPHOCTH IIPOdecco-
pam E. L. J. M. van Luijtelaar u A. E. XpamoBy 3a
IpenocTaBJIeHNE SKCIIEPUMEHTAJIbHOTO MaTepuaia u
IeHHbIe 00CY K IeHUs PaOOTHI.
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Automated System for Epileptic Seizures Prediction based on Multi-Channel Recordings of Electrical Brain Activity
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Introduction: Now the great interest in studying the brain activity based on detection of oscillatory patterns on the recorded data of

electrical neuronal activity (electroencephalograms) is associated with the possibility of developing brain-computer interfaces. Brain-
computer interfaces are based on the real-time detection of characteristic patterns on electroencephalograms and their transformation
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into commands for controlling external devices. One of the important areas of the brain-computer interfaces application is the control
of the pathological activity of the brain. This is in demand for epilepsy patients, who do not respond to drug treatment. Purpose: A
technique for detecting the characteristic patterns of neural activity preceding the occurrence of epileptic seizures. Results: Using
multi-channel electroencephalograms, we consider the dynamics of thalamo-cortical brain network, preceded the occurrence of an
epileptic seizure. We have developed technique which allows to predict the occurrence of an epileptic seizure. The technique has been
implemented in a brain-computer interface, which has been tested in-vivo on the animal model of absence epilepsy. Practical relevance:
The results of our study demonstrate the possibility of epileptic seizures prediction based on multichannel electroencephalograms. The
obtained results can be used in the development of neurointerfaces for the prediction and prevention of seizures of various types of

epil

epsy in humans.

Keywords — Electroencephalography, Pattern, Continuous Wavelet Transformation, Time-Frequency Dynamics.
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