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MO3TOBOM aKTHBHOCTH M CTHMYJISLIMIO MO3ra MOJIb30BaTeNs, ColepiKaliee MPUCIOCOOICHUE TOJIOBHOTO
y0opa, KOTOpOe€ IOIDKHO pa3MeIlaThCs WM pacloiiaraTtbcsi Ha TOJIOBE IIOJb30BATENs, IIPU 3TOM
MPUCTIOCOOICHHE TOJIOBHOIO yOopa CONCPIKHT SJIEKTPOJHOE MPUCIOCOOICHHE, COoIepiKaliee IPYIITy
ANIEKTPO/IOB, KOTOpAasi OCYILECTBISET OJJCKTPUYECKUH KOHTAKT C BOJOCHCTOH 4YacTbIO TOJIOBBI
I0JIb30BATeNsl, NPHCHOCOONCHHE BBOJA/BBIBONA, KOTOPOE NPUHHUMAET JIEKTPUYSCKHE CUTHAJbl OT
TPYIIBL MEKTPONOB M TMEPEAacT MO3TOBBIC CTUMYJBI MOCPEICTBOM MPOTOKOJA CTUMYJSALMH MO3ra
rpyMIe 3JIEKTPOIOB, MPHUCIOCOOICHUE O00pPaOOTKU IaHHBIX, KOTOpOE 00pabaThiBacT OOHAPYKCHHBIC
9NEKTPUYECKHE CUTHAIIBL, IPUHATHIE OT IPUCTIOCOOICHHS BBO/IA/BBIBO/IA U CO3AET IPOTOKOJ CTUMYJISIIUH
MO3ra, COOTBETCTBYIOLUIMH NPHHATHIM SJICKTPUYSCKHM CHTHANAM, IPH 3TOM HPHCHOCOONCHHUE
O6pa6OTKI/I JaHHBIX COACPKUT MOAYJIb INaMATH; U 0I0KH MATaHUsA, KOTOPbIC MOAAIOT 3JICKTPOSHEPTUIO
TIPHUCIIOCOOICHNIO BBOJIA/BRIBO/IA M IIPHUCIIOCOOICHNIO 00paboTkn maHHBIX. [Iprcnocobnenne o6paboTku
JAHHBIX CPAaBHUBACT MPUHATHIC HIICKTPUUCCKHUE CUTHAJIBI C 3a]aHHBIM HA0OPOM STaJOHHBIX JaHHBIX IS
CO3J1aHus aHaJIn3a MPUHATBIX SJICKTPUUYCCKUX CUTHAJIOB U MPUMEHACT aJITOPUTM MAIIMHHOTO O6y‘leHI/IH
WA JPYTOi BEIYUCIUTENBHBIN QJITOPUTM JUTS aHAIM3a TIPU CO3OaHMHU ITPOTOKOJIA CTUMYJISALIMN MO3Ta.
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YCTPOUCTBO H CIOCOB B3AUMMOJENCTBHA C MO3I'OM
OBJACTH TEXHHUKH, K KOTOPOH OTHOCHTCSI N30BPETEHHUE

Hacrosimmee packpeiTHe OTHOCHUTCSI K YCTPOHCTBaM HEHPOMOAYJSIIMUM U K Criocobam
UCIIOJIb30BAHUS BBILIEYIOMSIHYTBIX YCTPOHUCTB HEUPOMOAYISILUU. bojiee KOHKPETHO, HaCTosIIIee
pacKpbITHE OTHOCUTCS K YCTPOWCTBY, B3aUMOAEHCTBYIOLIEMY C MO3IOM, M CrHocobam
UCIOJB30BAHUSI TaKOTO YCTPOWCTBA, HAmpUMep, NPUMEHEHHEM HCKYCCTBEHHOIO WHTEJIEKTa
(amanTuBHOE OOy4YeHHE), PEATHM30BAHHOTO MOCPEACTBOM BBIYHCIUTEIBHBIX MPUCTIOCOONIECHUN,
KOTOpbIE M3MEHSIOT MeTOJ pabOThl YCTPOMCTBA B3aUMOIEHCTBHUS C MO3roM mpH oOpaboTke
CHUTHAJIOB, TMPOXOMSIIUX 4Yepe3 Hero, kKorma OHO paboraer. JIOMOSHHUTENBHO, HACTOSIIEE
pPacKpbITHE  KacaeTcss  KOMIBIOTEPHBIX  IPOTPaMMHBIX  TMPONYKTOB,  COAEpIKalUX
MAIIMHOYUTAEMBI  HOCUTENb, MpEeAHA3HAUEHHBbIH 7  JONTOBPEMEHHOIO  XpaHEeHMs
uHpOpMaLMK, HMEIINUHA MAIIWHOYUTAEMbIE HHCTPYKLWH, XpPaHSAIIUECS B HEM, NpUYEM
MAIlMHOYUTAEMblEe HMHCTPYKLMH  BBINOJHAIOTCS KOMIBIOTEPU3UPOBAHHBIM  YCTPOICTBOM,
comep:kamM oOpadaThIBarOIee anmapaTHOE CPEACTBO ISl BBIOJHEHHS BBIMIEYITOMSHYTHIX
croco0oB.

YPOBEHb TEXHUKH

B nmocnennee Bpems, o00OpynoBaHHE, KOTOpPOE€ BBINOJHEHO C BO3MOXKHOCTBIO
CTUMYJIMPOBAaTb HEPBHYK) CHCTEMY YEJOBEKAa, 3HAYUTENBbHO 3BOJIOLMOHHMpoBano. OpHako
3JIEKTPOXUMHUYECKNE CUTHAJIBI, UCXOALINE U3 JAHHOIO MO3ra JaHHOTO YeJI0BEeKa, U30JIUPYIOTCs
OT BHELIHUX BO3JEHCTBUN 4YepenoM [JaHHOTO MO3ra, MpUYeM 3JIEKTPOXUMHUUYECKHE CUTHAJIBI
pPacTpoOCTPaHsIOTCSl MPOCTPAHCTBEHHO dyepenoM. Kpome TOro, HEHWHBAa3UBHBIE CHCTEMBI
crumyssinuu mo3ra (NIBS) B HacTosiee BpeMss HUCHONB3YIOT A CTUMYJSIUM Mosra. B
npumepe, QyHKLIHIO HEPBHOW CUCTEMBbI U3MEHSIFOT MPUMEHEHUEM 3JIEKTPUYECKON CTUMYJISILIUH K
HEPBHOW CHCTEMe Uil YIPABJICHHUs BOCIPHATHEM OO HEPBHOH CHUCTEMOM, WM HUCIOJB3YIOT
APYroil MPOTOKOJ CTUMYJISILIMUA MO3Ta IS yJIyUILIeHUs] TPOU3BOIUTENBHOCTH HEPBHON CHCTEMBI
IIPU BBINOJHEHUH KOTHUTUBHBIX 3a/1a4.

Kax mpaBuno, 31eKTpOXMMHUYECKHE CHUTHAJbI, UCXOJAIINE U3 JAaHHOTO MO3ra JaHHOIO
4eNoBeKa, OOHAPYKMBAIOT COCOUHEHHEM 3JIEKTPOAOB, KOHTAKTUPYIOIIUX C BOJOCHCTBIM
YYaCTKOM TOJIOBbI JIAaHHOTO 4esioBeka. B olmiem, CHUTrHaibl, 3aXBayeHHbIE M3 JAHHOTO MO3ra
UCIOJIb30BAHUEM 3JIEKTPOJOB, COEAMHEHHBIX B KOHTAKTE€ C BOJOCHUCTBIM Y4YaCTKOM TIOJIOBBI,
UMEIOT aMIUIUTYly MOPsAZIKA OT AECSTKOB A0 COTE€H MUKPOBOJIBT. DTH CUTHAJIBI WIIN NTapaMeTphl,
MOJIlyYeHHbIE U3 3TUX CUTHAJIOB, CBSI3aHbl C PA3JIMYHBIMU COCTOSHUSIMH MO3Ta, KOTHUTHBHOM
AKTUBHOCTBIO M OCOOBIMH HapyIIEHHsIMHU. Takke MOXHO HCIIONb30BaTh T€ K€ WIH APYyTUe
3JIEKTPOIBI AJIS TIepeady JIEKTPUUECKUX TOKOB Il HEMHBAa3UBHOHN cTumyJsinuu Mosra (NIBS).

Kpome Toro, OONBIIMHCTBO TPAAMLMOHHBIX HEMHBA3UBHBIX CUCTEM cTuMyJsinuu mosra (NIBS)



NOJIATar0TCS Ha “€qUHBIN MPOTOKOJ, & UMEHHO, OOIINH MPOTOKOJI, HCIIOJIb3YEMBbIi B 00IIEM IS
pa3IMUHBIX THIOB Mo3ra. 1 HA000pOT, OKa3aJioCh, YTO YEJIOBEYECKUIH MO3T B BBICUICH CTENEHH
WHIUBUyaJIUCTHYEH, & MUMEHHO B3aMMHO OTJIMYAIOTCA APYT OT pyra TeM, Kak OHM OTBEYarOT Ha
ctumynbl. Kpome TOro, skectkas TpaJMLIMOHHAs CHCT€Ma IMO3MLIMOHUPOBAHUS 3JIEKTPOAOB
(Tax>ke m3BecTHas, Kak cucrtema 10/20), KOTOpast y4UTBIBAET pa3Mep Yeperna | UCTIONb3yeTCsl KaK
I 3NEKTPUYECKON 3aluCH, TaK U AJs DJIEKTPUYECKON CTUMYJIILIMH, MOJAaraeTcs Ha MOMOIb
MEZICECTPhl WIIM TEXHHKA, OIHAKO OHA IO-TIPEKHEMY HE YYHThIBAeT OCOOEHHOCTH MO3ra U
aNropuTMbl 0OpaOOTKHM CHUTHAJNA, & CTHUMYJISLUS, KOTOpash HE aJanTHPYEeTCs, TaKUM 00paszom,
MO>KET MPUBOJUTH K IJIOXOH BOCIPOU3BOAMMOCTH U HEOXKUAAHHBIM UCXO/IaM B SKCTPEMAJIbHBIX
ciydasx. CrenoBarenbHO, Takas €IUHAs KOHCTPYKLUS YCTPONHCTBA B COOTBETCTBHUH C "€IUHBIM"
IPOTOKOJIOM, SIBJISIETCS] TPYOBIM U HE3()(PEKTHBHBIM MOIXOAOM.

Takue nHAMBUAYATUCTHYHBIE TPEOOBAHMS BbIABIIAIOT IJIABHYIO 337a4y U HEOOXOIUMOCTb
B 00JacTH ONTUMU3ALMH CTUMYJSIIMM B OTHOLICHUH MEXKHHIANBHIAYAJIbHBIX CTPYKTYPHBIX
BaprabeNbHOCTEH, a TaK)Ke B OTHOIIECHUH HHIUBUIYAJTbHONH AMHAMUKH CUTHAIM3ALWH, U JaXKe B
OTHOWIEHHH OBICTPO MEHSIOIIEroCsT COCTOSIHMS MO3ra B pEaJbHOM BpeMeHH. [IOoCKOIbKy
CTUMYJISILIMSL MO3Ta BIUSI€T HAa COCTOSHUE MO3ra, CTUMYJIALUS MOTEHLMAJIbHO HYKIAeTCs B
COOTBETCTBYIOLIEH aJanTaluy, TAKUM OOpasoM CO31aBasi «IEeTJII0 oOpaTHOH cBs3m». Ecim 3ta
azanTauys MPOUCXOAUT aBTOMATHYECKH B PEeajbHOM BpeMeHH Oe3 BOBJICUEHHs JFOOOH TpeTei
CTOPOHBI, 3TOT THUIl NETIM H3BECTEH KaK «3aMKHyTas nemiss». Ecnu crumymsanus Oblia
Hed((PEeKTUBHON MPU U3MEHEHNUH COCTOSIHUS MO3ra J10 JKEJIAeMOTr0 COCTOSIHUSA, TO KOJUJIEKTUBHBIE
napaMeTpbl CTUMYJISILUH, KOTOPbIE MOTYT OBbITh OMNpeneNeHbl KaK «IPOTOKOJ CTHMYJISILHUN
MO3ra», IOJDKHBI OBITh HACTPOEHBI B ATOH mHeTie OOpaTHOW CBA3M, MOKa HE OyJaeT JTOCTHUTHYT
skenaembiit agdexr. Takum 0Opa3om, Mbl onpenessieM JIFObie TPUCIIOCOOIeH s 1 00padOTKH
BXOJSIIIIEr0 CUTHAaja WIM JJIi HACTPOWKH MPOTOKOJA CTUMYJISILUM MO3ra, KOTOPBIH MOXET
a[anTUpOBaThCS K MEKUHANBUYAIbHON pa3HULIE U K Pa3HULIE MEXAY COCTOSIHUSIMU, B KaueCTBe
«aJTOPUTMOB aJTAIITUBHOTO OOYYEHUSY.

OnHako OONBUIMHCTBO CYLIECTBYIOMINX CHEHHATH3UPOBAHHBIX YCTPOMCTB OrPAHUYCHBI B
CBOEH CIOCOOHOCTH YCTaHABIIMBATH NEHCTBUTEIBHO HEMHBA3HBHYIO CTUMYJISILUIO Mo3ra (NIBS)
Thna 3aMkHyTOoM mernu. IlpumMewarenpHO, 4YTO, CYIIECTBYIOIlee ClELUATU3UPOBAHHOE
00OpyIOBaHUE HCIBITHIBAET HEXBATKY IPOTOKOJOB PEAJbHOIO BPEMEHM MJISi HACTPOHKU H
ONTUMH3ALNN CTUMYJISILIUAH, YTO MPUBOIUT K TUIOXOHM BOCIIPOM3BOAMMOCTH IMOJIE3HBIX 3(H(HEKTOB,
KOTOpbIe CIOCOOHA MPENoCTaBisATh HeMHBasuBHas ctumyJtuinust mo3ra (NIBS). Kpome Ttoro,
OOJNBLUIMHCTBO YCHIINH, IPEATNPUHSTHIX B 3TOM HAIIPABJIEHHUH, IO CUX TOP ObUIN COCPENOTOUEHBI
IPEUMYILECTBEHHO Ha 3allyCKe CTUMYJISILUU B OTBET HA IMOJIOKUTEIbHYIO WM OTPULIATEIbHYIO

a3y 3ammcaHHBIX MO3rOBbIX BOJH. Hampumep, uToOBI 3amyckaTh CTUMYJBSIIMIO B dasze ¢
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3aIMCAaHHBIMA MO3TOBBIMH BOJIHAMH JAHHOTO CYObEKTa, B HACTOSINEE BpPEMS HCIIOJIB3YIOT
dbopMy «pazoBoi CHHXpOHU3ALUNY, Kak onucaHo B myoaukauuu WIPO WO2017015428A1.

HecmoTpss Ha JOCTIDKEHUs, KOTOpble OBIIM BBINOJHEHBl B  BBIIEYIIOMSIHYTOM
00OpynOBaHUM HEMPOMOXYJIALUH, MapaMeTpbl CTUMYJISALUU HYXAAKOTCS B JOMOJIHUTENBbHON
ONTUMHU3ALUU IJI JOCTUXKEHHS! YIYYIIEHHON ONTUMH3ALUN HEMHBA3UBHOM CTUMYJIALIUU MO3Ta
(NIBS) B peanbHOM Bpemenu. CenoBaTeIbHO, B CBETE BBILICU3JIOKEHHOTO OOCYXKIEHUS,
uMeeTcsi HeOOXOAMMOCTh MPEONOJIEBaTh BBIIEYOMSHYThIE HEAOCTATKH, CBSI3aHHBIE C
TPAIULIMOHHOW CUCTEMON HEMHBAa3UBHOM cTuMyisinuu Mmo3ra (NIBS).

CYINHOCTDB U30OBPETEHUA

Hacrosiimee  packpbiTHe  CTpPEMUTCS  NPENOCTABNIATb  YJIYYIIEHHOE  YCTPONCTBO
B3aMMOJEWCTBH C MO3roM, Hampumep, ycrporicteo NIBS, koropoe nydme crnocoOHO
alanTHPOBATh CBOU MApPaMETPbl CTHMYJISILUU K WHAMBHAYAJIbHbIM TPeOOBAHUSIM U CBOHCTBAM
KaXX10r0 4eJIOBeKa, K KOTOPOMY MPUMEHSIIOT YCTPONHCTBO.

Kpome ToOro, Hacrosimee pacKpbITHE CTPEMHUTCS OIUCBHIBATH YIIYYLIEHHBIH CHOCOO
WCIIOJIb30BAHUs YIIYYIIEHHOIO YCTPOMCTBA B3aUMOAEHUCTBUS C MO3IOM, HalpuUMeEpP, YCTPOUCTBO
NIBS, koTopoe nydiie criocoOHO TUHAMHYECKH aJaNnTHPOBATh CBOU MapPaMeTPbl CTUMYJISILIUN K
TpeOOBaHMSAM MHAMBHIYyMa MW K CBOHCTBAM KaXXJOTO YeJIOBEKa, K KOTOPOMY TNPHUMEHSIOT
yCTPOICTBO, B 3aBUCUMOCTH OT OTKJIMKA MO3Ta HHAUBUYYMa Ha CTUMYJIALIUIO.

3amaua HACTOALIETO PACKPBITHS 3aKIFOYAETCS] B TOM, YTOOBI MPEAOCTABIATh PELIEHHE,
KOTOpPOE€ TMPEOJOoJIeBaeT MO MEHbIIEH Mepe 4YacTH4YHO, mpoOjembl, BcTpeuaromuecss B NIBS
U3BECTHOTO YPOBHsI TEXHUKH, U MPENOCTABJATH YJIYYLIEHHOE YCTPOMCTBO B3aUMOIEHCTBUS C
MO3TOM IOJIb30BATESIM.

B nepBoM acrmekTe BapuaHTBI BBIMOJHEHHUS HACTOALIErO PACKPBITHS IMPENOCTABIISIOT
YCTPOHCTBO B3aMMOAEWCTBUSI C MO3TOM, KOTOpPO€ 3amyCKaeT, Npu padoTe, MOHUTOPHHT
MO3TOBOI aKTUBHOCTHU M CTUMYJISILIUIO MO3Ta MOJIb30BATENs, IPU 3TOM YCTPONHCTBO CONEPIKHUT:

(1) mnpucmocoOsieHre TOJOBHOTO YyOopa, KOTOpO€ JOJDKHO —pa3MelaThCsl MU
pacrionaraTeCsi Ha TOJIOBE [OJB30BATENs, NMPU 3TOM IIPUCTIOCOOJIEHHE TOJIOBHOTO YybOopa
COIEPIKUT SJEKTPOIHOE NPUCTIOCOOJEHNE, COnepiKallee TpyNIy SJIEKTPOAOB, KOTOpas
OCYILECTBJISIET 3JIEKTPUYECKUN KOHTAKT C BOJIOCUCTON YacTbiO TOJIOBBI IOJB30BaTENs, MpHU
pabore, s OOHAPYKEHUS SNEKTPUIECKIX CUTHAJIOB OT HETO, W JJIsl MOJa4l K HEMY MO3TOBBIX
CTHUMYJIOB;

(11) mpucnocoOeHre BBOA/BBIBO/IA, KOTOPOE MPUHUMAET SJIEKTPUIECKHE CUTHAIBI OT 110
MEHbIIIeH Mepe OAHOTO U3 IPYIIbI 3JIEKTPOIOB U MEPEAAET MO3TOBbIE CTUMYJIbI IIOCPECTBOM IO
MEHbLIEH Mepe OJJHOTO U3 TPYIIIBI 3JIEKTPOIOB, IIPH padoTe;

(111) mpucmocobnenne 00paOOTKM MAAaHHBIX, KOTOpoe oOpadaThiBaeT OOHApy>KEHHbIE
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3NIEKTPUUECKUE CUTHAJBL, NMPUHATBIE OT MPUCMOCOOJIEHNsT BBOJA/BBIBO/IA, M CO3[AE€T MPOTOKOI
CTUMYJISILIIM MO3Ta, KOTOPBIH 3aBUCUT OT IMPUHATHIX 3JIEKTPUUECKUX CUTHAJIOB, P paboTte, mpu
3TOM npucnocoOnenne 00padoTKH JaHHBIX COAEPIKUT MOAYIIb NAMATH; U

(1v) Omok muTaHUs, KOTOPBIH MOAAET 3JIEKTPOIHEPTHIO MPUCIIOCOONEHHIO BBO/IA/BBIBOAA
U MPHUCTIOCOOIeHHI0 00pabOTKY JaHHBIX,

OTJIMYAIOIIEeCs TeM, UTO IpucrocobieHne oOpabOTKM NaHHBIX CPABHUBAET NPHHSTHIE
HJIEKTPUYECKUE CHUTHAIBI C 3aJaHHBIM HAOOPOM ATAJOHHBIX JAHHBIX U CO3JAHHs aHAIHM3a
NPUHSTBIX 3JIEKTPUUECKUX CUTHAJIOB, M MPUMEHsET MO MEHbIIEeH Mepe OAHMH aJrOpUTM
aNanTHBHOTO OOYYEeHMs WJIM APYrod BBIYMCIMUTENbHBIA aJrOPUTM K MpOLEeccaM aHaiu3a H
CO3JIaHMsI MPOTOKOJIA CTUMYJISILMU Mo3ra. [IpernMyIecTBO HACTOSIIIETrO PACKPBITHS 3aKITI0OUAETCS
B TOM, YTO OHO NMPENOCTaBJISIET MEPCOHATU3UPOBAHHOE YCTPOUCTBO B3aMMONEHCTBHS C MO3TOM,
crocO0HOE MPENOCTABIATh KOHKPETHYIO ISl TOJIb30BATENS] CTHMYJISILIUIO aAalTUBHBIM 00pa3oM
U B PEaJbHOM BPEMEHH, TaKUM 00pa3oM, MPHUBOIAINYI0O K CPeAe CTUMYJISLUH, YIOOHOW Iuis
NOJIB30BATEIS, AJIs1 TOCTHIKEHUS JKenaeMbIX 3(h(eKToB.

BapuaHThI BBIOTHEHUS PACKPBITUS MIPEANIOYTUTENBHBI C TOUKH 3PEHHS MPEIOCTABICHUS
YCTPOHCTBA B3aMMOAEWCTBUS C MO3IOM, KOTOPOE€ HMEeT IOTeHLUAN MJIi YMEHBIICHHUS
MHTEHCHUBHOCTH CHMIITOMOB, CBSI3aHHBIX C OECCOHHHIEH, CHHIPOMOM AeuLUTa BHUMAHHUS C
TUNEPAaKTUBHOCTBIO, Jmuiernicued u TpemopoM mnpu OonesHu IlapkHHCOHA, MOCPEACTBOM
HEMPOMONYJISALUH, ONTHMU3MPOBAHHOW K WHAMBUAYAJIbHOM JMHAMHKE MO3TOBBIX CHTHAJIOB.
Kpome TOro, yCTpoiCTBO HACTOALIErO PACKPBITHS MPENOCTABIAET PEIICHUE IS TOCTHKEHUS
OezonacHoil 1 3()(HeKTUBHOM TPAHCKPAHUATBHON CTUMYJISILIUK, HEMHBA3UBHOM 3aITUCH MO3TOBO
AKTUBHOCTH U ONTHUMM3ALIUU B PEAJbHOM BPEMEHH MO3IOBBIX CTUMYJIOB B COOTBETCTBUH C
OTKJIUKOM, TIPUHSITBIM OT MO3Ta.

Bo BTOpOM acrekTe BapHAaHTBHI BBITOJHEHHsS HACTOSLIETO PACKPBITHS MPEAOCTABISIOT
Croco0 MCTONBb30BAHUS YCTPOHCTBA B3aUMOIECHCTBUS ¢ MO3IOM, KOTOPOE MPENIOCTABIISIET, MPH
paboTe, MOHUTOPHHT MO3TOBOW aKTHBHOCTH M CTUMYJISILIMIO MO3Ta MOJIb30BATENS, COAESPIKALITUI
3Tarbl, HA KOTOPBIX:

(1) wcronmp3yrOT OJIOK NHTaHWS Ui TOAAYM BJIEKTPOIHEPTHMU K TMPHUCTIOCOOIEHUIO
BBOJIa/BBIBO/IA U K TIPUCTIOCOOJIEHUIO O0pabOTKH TaHHBIX;

(11) pasMemarOT WM pacHojararoT MPUCIOCOOJIEHHE TOJOBHOTO yOOpa Ha TOJIOBE
NOJIb30BATENSL, NPU 3TOM NPUCHOCOONICEHHE TOJNIOBHOTO YyOOpa CONEPIKUT SIEKTPOIHOE
NPUCTIOCOOJIEHUE, COAepIKallee TPYIITy 3JIEKTPOAOB, KOTOpPAas OCYLIECTBISIET 3JIEKTPHUYECKHH
KOHTAaKT C BOJIOCUCTOH YacCThIO TOJIOBBI MOJB30BaTeNs, INpu padore, AN OOHAPYKEHHS
3JNEKTPUUYECKUX CHUTHAJIOB OT HETO, U JJIS OJaYu K HEMY MO3TOBBIX CTUMYJIOB,;

(111) MCHONB3YIOT MPHUCTIOCOONIEHNE BBOA/BBIBOAA ISl TIPHUEMA SJIEKTPUIECKUX CHUTHAJIOB

4



OT IO MEHbINEH Mepe OTHOTO U3 TPYIIIBI 3JICKTPONIOB, U JUJIS ePeIavu MO3TOBBIX CTUMYJIOB IO
MEHbIIIeH Mepe OTHOMY U3 TPYIIIbI 3JIEKTPOJIOB,;

(1v) UCHONB3YIOT MpHUCHOCO0eHne 00padoTKN JaHHBIX Jisi 00paboTku OOHAPYKEHHBIX
SJIEKTPUYECKHUX CUTHAJIOB, MPHUHSITBIX OT MPUCIIOCOOJIEHHST BBOAA/BBIBOAA, U JUISI CO3IAHHS
MIPOTOKOJIA CTUMYJBSILIMM MO3Ta, ONTHMH3UPOBAHHOTO B OTHOLIEHHH MPUHSTBHIX 3JIEKTPUYECKIX
CHTHAJIOB, MPU 3TOM MPHUCTIOCOOIeHHE 00pa0OTKH AJaAHHBIX CONEPKUT MOAYJIb IAMSTH; U

(V) CpaBHMBAIOT MPUHSATHIE SJIEKTPUYECKHE CUTHANbI U 3aJaHHBbIH HAOOp ASTAJOHHBIX
JaHHBIX JJIs1 CO3JAaHMs aHajlu3a W MPUMEHEHHs] 10 MEHbIIeH Mepe OIHOro ajJropuTMa
alanTHBHOTO OOyYEHUs WJIM JIPYrOro BBIYUCIUTENBHOTO aJITOPUTMA ISl aHAM3a JUI CO3aHMs
MPOTOKOJIA CTUMYJISILIA MO3Ta.

B Tperbem acriekTe BapUAHTHI BBIMOJHEHUS HACTOSIIETO PACKPBITHS MPEIOCTABISIOT
KOMITBIOTEPHBIA  MPOTPAMMHBIA  MPOAYKT, COAEPKALIUNA  MAIIWHOYUTAEMBI  HOCUTEID,
NpeqHa3HAYeHHBIH  Uis  JOJTOBPEMEHHOrO  XpaHeHuss  WH(pOpMAIMH,  UMEHOIIHN
MaIIHHOYMTAEMbIE HHCTPYKIIUH, XPAHSIIUECS HA HEM, MPUYEM MAIIMHOYUTAEMbIE MHCTPYKIIMU
BBITTOJIHSIFOTCSI  KOMITBIOTEPU3UPOBAHHBIM ~ YCTPOHCTBOM, —conepkamuMm  obpabaTeiBaroiiee
annapaTHOE CPEACTBO JUISI BBITIOJIHEHHUS BBIIEYTIOMSHYTOrO CIIOCO0a.

JIOTIONHUTEIbHBIE ~ ACTIeKThI, MPEUMYINECTBA, MPH3HAKU ¢ 33Ja4d  HACTOSIIEro
PACKpBITHS, CTAHYT OYEBUAHBIMU W3 UEPTEKEH W MONPOOHOTO ONMUCAHUS HJUTIOCTPATHBHBIX
BAPMAHTOB BBIMIOJIHEHUS, HWCTOJIKOBAHHBIX B COYETAHUU C TPHIOKEHHOW (HOpMYIIOit
n300peTeHst, KOTOpas CIEeAYeT faee.

Byner MOHSTHO, YTO MPU3HAKK HACTOSILIETO PACKPBITUS MOTYT OBITh OOBEIMHEHBI B
Pa3JIUYHBIX COBOKYITHOCTSIX 0€3 OTCTymieHHs OT O0beMa HACTOSLIEr0 pPACKPBITHS, Kak
OTpeaeseHO MPUIOKEHHOM (HOpMyJION H300peTEHMSI.

KPATKOE OIIMCAHUE YEPTEKEN

BelmenpuBeneHHast CyITHOCTh U300pETEHUs, a TaKXkKe Cleayolee NoapoOHoe ONMUCaHne
WUTFOCTPATUBHBIX BAPUAHTOB BBIMOJIHEHUS, JIy4llle TOHATHBI TPU YTEHHWH B COYETAHUU C
MPWIOKEHHBIMUA YepPTekaMU. B IeNsaX HUTFOCTPALMU HACTOSIIErO PACKPBITHS, MPUMEpPHBIE
BapHUAHTBI BBITIOJTHEHHSI PACKPBITHSI, TIOKa3aHbl Ha depTekax. OTHAKO HACTOsIIEee PACKPBITHE HE
OTPaHUYEHO KOHKPETHBIMH CHOCOOaMHM M HWHCTPYMEHTAMH, PACKPBITBIMH B HACTOSIIEM
nokymeHnte. KpoMe Toro, ciennanuct B 00JJaCTH TEXHUKH MOWUMET, YTO YEPTEKH BBITIOJTHEHbBI HE
B Mmaciutabe. TaM, rae 3TO BO3MOKHO, ITOAOOHBIE 3JIEMEHTHI ObLIM 0003HAYEHBI HIEHTUYHBIMU
TO3ULUSIMHU.

BapuaHThl BBINMOJTHEHHS] HACTOSINETO PACKPBITHS Tenepb OyOyT OMHCAaHBI TOJBKO B
Ka4yecTBe NMPUMEPA CO CChUTKOM Ha CIEAYIOINE CXEMBI, HA KOTOPBIX:

OUI'. 1 npencrasnser coOON CXEMATHUHYIO HMJUTFOCTPALIUIO OJIOK-CXEMbl YCTPOWCTBA
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B3aUMOJENCTBYs C MO3IOM JUIsi MOHUTOPHUHIA MO3IOBOM AKTUBHOCTH U CTUMYJISILUH MO3Ta
MOJIb30BATENs], B COOTBETCTBUU C BAPUAHTOM BBINIOJHEHUS] HACTOSIILETO PACKPBITHS,
OUI'. 2A u 2B mnpencraBnsoT co00H WUTIOCTPAlMM TNPUMEPHBIX —pean3aluil

YCTPOMCTBAa B3auMoaencTeus ¢ mosroM ¢ OPHUI. 1, npumeHeHHOro Ha MNOJaB30BATENE, B

)
COOTBETCTBUM C BAPUAHTOM BBINOJIHEHUSI HACTOALIETO PACKPBITHUS,

OUI'. 3 mnpexncraBiasier CcOOOW WIIFOCTPALIMIO CHUCTEMbl 3aMKHYTON TETIH IS
peanu3aliyy Mo MEHbLIeH Mepe OIHOTO aJrOPUTMAa aJaNTUBHOTO OOyYEHUs, B COOTBETCTBUU C
BapPHUAHTOM BBIMIOJIHEHHUS] HACTOSLIETO PACKPBITHUS;

OUI'. 4 mnpexncraBnseT COOOW WLTIOCTPALMIO MPUMEPHOM peau3aluu yCTPONCTBA
B3aUMOJIEHCTBUSI C MO3TOM, Coaepkaliero OJOK YIpPaBICHHsS M TNPUCIIOCOOJIEHHE BHELIHEH
CTUMYJISILIUY, B COOTBETCTBUU C BAPUAHTOM BBITNIOJIHEHHS HACTOSIILErO PACKPBITHS,

OUI'. 5 npexncraBnseT COOOW WILTIOCTPALMIO MPUMEPHON peau3aluu yCTPOHCTBA
B3aUMOJIEHCTBHUS C MO3TOM, COIEpIKAIIEro MPHUCIIOCOONeHNe BHEINHEH CTUMYJISILUH, B
COOTBETCTBUM C BAPHAHTOM BBINOJIHEHUS HACTOSLIETO PACKPBITHS;

OUI'. 6 mpexncrabnsieT COOOW WIUIFOCTPALMIO TPUMEPHON pealu3aluu yCTPOHCTBA
B3aUMOJIEHCTBUSL C MO3TOM C APYTUM IPUCIOCOOJIEHUEM TOJIOBHOrO yOOpa, B COOTBETCTBUU C
BapPUAHTOM BBINIOJIHEHHUS] HACTOSALIETO PaCKPBITHUS;

®UI'. 7 mnpencrasnser coOOW mNpuMepHBIH HHTepdeiic moiabp3oBaTeNs A IMpUeMa
UHCTPYKLIMU OT IIOJIb30BATENsl HJIM ISl OTOOpPAKEHUS MEePCOHAIM3UPOBAHHOTO MPOTOKOJIA
CTUMYJISILMM  MO3Ta, IPWJIOKEHHOTO K TMOJNb30BAaTEN0, B COOTBETCTBUU C BApUAHTOM
BBITNOJHEHUs] HACTOALLETO PACKPBITHUS,

@UI". 8A-B noka3sIBalOT CIIEKTPOrpaMMbl M CUTHAIIBL, OOHapy keHHble n3 O1 (kanan 7 u
KaHaJ 8, COOTBETCTBEHHO) OOJACTH MO3ra MOJIb30BATENs, B OTBET HA PAa3JIMYHbIE YaCTOTHI
CTUMYJISILIMM, MCIIONIb3YyeMble [UIsl OIpeneseHHs] ONTUMAJbHOW YacTOThl CTUMYJISILUU JJIs
MIOJIb30BATENSI, B COOTBETCTBUU C BAPUAHTOM BBIMIOJTHEHUS] HACTOSIIETO PACKPITHS,

OUI'. 9 mnokasbBaeT rpaduK, WUIOCTPUPYIOLUIUH HEJIMHEHHOE OTHOIIEHHE MEXKAY
4aCTOTOW CTUMYJISILIUY, NTePelaHHON CBETOANOAAMH, U MOIIHOCTBIO OTKJINKA MO3TOBOIO CUTHaja
C YacTOTOHM, COOTBETCTBYIOLIEH 4YacTOT€ CTUMYJSILMH CO CBETOAUOIHBIM CBETOM, B
COOTBETCTBUM C BAPHAHTOM BBINOJIHEHUS] HACTOSLIETO PACKPBITUS, U

OUI'. 10 npencrasisier coOON MIUTIOCTPAIMIO 3TAMOB CIOCO0a MOHUTOPHUHTAa MO3TOBOMU
AKTUBHOCTU U CTUMYJISILUM MO3ra IMOJIb30BaTeNsl, B COOTBETCTBUU C BAPUAHTOM BBIIOJIHEHUS
HaCTOSILIEr0 PaCKPBITHUS.

Ha conpoBoxparolmx ueprekax, MNOTYEPKHYTYI0 TMO3ULUI0 MNPUMEHSIOT AJid
NIPEICTABJICHUS 3JIEMEHTA, HaJ KOTOPBIM PACMOJIOKEHA MMOAYEPKHYTasl MO3ULIMS, WIN 3JIEMEHTA,

KOTOpPOMY NOAYCPKHYTAA MO3ULIUSA ABJISACTCA cMmexxHoit. He NoAYECPKHYyTast MO3ULIHUS OTHOCUTCS K
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3JIEMEHTY, 0003HAYCHHOMY JIMHUEH, CBSI3bIBAIOIIECH HE MOXYEPKHYTYIO TMO3ULHIO C 3JIEMEHTOM.
Korga mnosuiusi He MOAYEPKHYTA M COMPOBOXKIAETCS COOTBETCTBYIOLIEH CTPEJKOH, He
NOAYEPKHYTYIO MO3HMLHIO HCIOJB3YIOT I O00O3Ha4YeHHs] OOINero SJEeMEeHTa, Ha KOTOPBIH
yKa3bIBaeT CTPEJKa.

MNOJAPOBHOE OIMUMCAHUE BAPUAHTOB BbIITIOJIHEHUS

Cnenyromee nmogpoOHOe ONMUCAHUE WILIIOCTPUPYET BAPUAHTHI BHITOJHEHUS! HACTOSIIETO
PACKPBITUSI U TYTH, KOTOPHIMH OHH MOTYT OBbITb peau30BaHbl. XOTS HEKOTOPBIE PEKHMBI
BBITIOJIHEHHSI HACTOSIIErO PACKPBITHS ObUTH PACKPBITHL, CIELHAIUCTBl B OOJACTH TEXHUKU
IOJUKHBI TIPU3HATD, YTO TaK)KE€ BO3MOKHBI U PYTHU€ BAPUAHTHI BBIMOJIHEHHUS JJISI BBITIOJHEHHSI
WK OCYIIECTBJIEHHUs HACTOSILIETO PACKPBITHUSI.

B onHOM acrekTe BAapUAHT BBIMOJHEHHsS] HACTOSILIEr0 PACKPBITHs MPEIOCTABIISIET
YCTPOMCTBO B3aMMOIEHCTBUSI C MO3TOM, KOTOpOE MPENOCTaBisieT, MpH paboTe, MOHUTOPHHT
MO3rOBOW aKTMBHOCTH U CTHMYJISILIMIO MO3Ta MOJIb30BATEJIs, IPH STOM YCTPOHCTBO COAEPIKUT:

(1) mnpucrmocoOJeHre TOJOBHOrO yOopa, KOTOpoe MJOKHO pasMelaTbCsl WU
pacrmonaraThCsi Ha TOJIOBE TIOJIb30BATENs, MPH STOM MNPUCTIOCOOJEHHE TOJOBHOrO ybopa
CONEPKUT SJEKTPOAHOE TMPHUCIOCOOJIEHUe, COnepIKallee TCPYyMIy 3JIEKTPOIOB, KOTOpas
OCYIUECTBJISIET 3JIEKTPHYECKUH KOHTAKT C BOJOCHCTOW HYacCThIO TOJIOBBI MOJIb30BATENs, MPU
pabote, 11t OOHAPYKEHUs! HNEKTPUYECKUX CHTHAJIOB OT HEro M JJIsl MOJAAa4Yl K HEMY MO3TOBBIX
CTHMYJIOB,

(11) mpucnocoOeHne BBOJA/BbIBO/IA, KOTOPOE MPUHUMAET 3JIEKTPUYECKHUE CUTHAJIBI OT I10
MEHbIIEH Mepe OZHOTO M3 IPYMIIbI 3JEKTPOJOB U MEPEAaeT MO3IOBbIE CTUMYJIBI 10 MEHbIIEH
Mepe OJJHOMY H3 I'PYIIIBI 3JIEKTPOAOB, ITpU padoTe;

(ii1) mpucnocobsieHre oOpaOOTKM MAHHBIX, KOTOpOe oOpadaThiBaeT OOHAPYKEHHbBIE
AJIEKTPUYECKUE CHTHAJIBI, IPUHSThIE OT MPUCIOCOONCHUST BBOAA/BbIBO/IA, U CO3MAET MPOTOKOJIBI
CTUMYJISILIUE MO3Ta, KOTOPBIE 3aBUCSAT OT MPHHSATHIX 3JEKTPHUUYECKUX CUTHAJIOB, MpU paboTe, mpu
3TOM npucnocodeHre 00paboTKH JaHHBIX CONEPKUT MOMYJIb MAMSITH, U

(1iv) 650K MUTaHUS, KOTOPBIN MOJAET 3JIEKTPOIHEPTHIO NIPUCIIOCOOIEHUIO BBOJA/BBIBOIA
U pucnocodyieHnto 00paboTKU TaHHBIX,

OTJIMYAIOIIeeCs TeM, YTO Mpucrnocobienne oOpabOTKH NaHHBIX CPABHUBAET MPHHSTHIE
JJNIEKTPUYECKUE CHTHAJbI C 3aJaHHBIM HA0OpPOM 3TAJOHHBIX JAHHBIX U CO3JAHHs aHAIH3a
NPUHATBIX JJIEKTPUYECKUX CHIHAJOB, W MPHMEHSET 10 MEHbIIeH Mepe OIUH aJrOpHTM
aNanTUBHOTO OOYHYEHHs WM OPYrod BbIYHCIMTENbHBIH aJrOPUTM K TMpOLEccaM aHaiu3a U
CO3JaHUsI TPOTOKOJIA CTUMYJISILIUK MO3Ta.

B npyrom acrekTe BapuaHT BBINOJHEHHS HACTOSIIETO PACKPBITHUS MPEIOCTABISIET

Croco0 HCMONb30BaHUS YCTPONCTBA B3aHMMOJEICTBUS C MO3IOM, KOTOPOE MPENOCTABIISET, MPU
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paboTe, MOHUTOPHHI MO3TOBOH AaKTUBHOCTH W CTUMYJBSILIMIO MO3ra  IIOJIBb30BATEH,
OTJIMYAIOIIUICS TE€M, YTO CIIOCOO CONEPIKUT ITAlbl, HA KOTOPBIX:

(1) wcronmp3yrOT OJIOK NHTAHWUS U TOAA4YU BJEKTPOIHEPTHMU K IPUCIIOCOOIEHHUIO
BBOJIa/BBIBOZIA U K MPUCTIOCOOJIEHUIO 0OpabOTKHU TaHHBIX;

(1) pasMeImaroT WJIM pacroyaraloT HPUCIIOCOOJIEHHE TOJIOBHOTO ybopa Ha TroJiOBe
NOJB30BATENsA, NPU OSTOM MPHCIOCOONEHHE TOJIOBHOTO yOOpa COHEPIKUT 3JIEKTPOIHOE
NPUCTIOCOOJIEHUE, COAepIKallee TPYIIY 3JIEKTPOJOB, KOTOpPash OCYLIECTBISIET 3JIEKTPHYECKHIA
KOHTAKT C BOJIOCUCTON YAaCThIO TOJIOBBI TOJB30BaTeNsl, Npu padore, Ansi OOHAPYKEHUs
AIEKTPUUYECKUX CHUTHAJIOB OT HETO, U JJISl IOJaYu K HEMY MO3TOBBIX CTUMYJIOB,;

(1i1) UCTIOB3YIOT MPHUCIIOCOOIEHUE BBOIA/BBIBONA VISl TPUEMa 3JIEKTPUUECKHX CUTHAJIOB
OT 0 MEHbINEH Mepe OHOTO W3 TPYMIIBI HJIEKTPOAOB, U JIJIsl IEPeIavl MO3TOBBIX CTHMYJIOB IO
MEHbLIEH Mepe OJHOMY U3 TPYIIIBI 3JIEKTPOAOB,;

(1v) UCTIONB3YIOT MpHUCTOCOOIeHne 00padOTKU JaHHBIX JJisi 00paboTku OOHAPYKEHHBIX
SNEKTPUUYECKUX CHUTHAJIOB, MPHUHATHIX OT MPHUCIIOCOOJIEHHS BBOJA/BBIBOA M IUISL CO3/AHUS
IPOTOKOJIA CTUMYJISILIMUA MO3Ta, 3aBUCSINErO OT MPHHATHIX 3JIEKTPUUECKUX CHUTHAJIOB, MPH 3TOM
npucrnocodieHne 00paboTKU TaHHBIX COINEPKUT MOIYJIb TAMSITH,

(V) CpaBHMBAIOT NPUHATHIE SJEKTPUYECKHE CUTHANbI U 3aaHHBbIH HAOOp 3TAJOHHBIX
JAaHHBIX JJIs1 CO3JaHMs aHalIW3a W NPUMEHEHUs IO MeEHbIIeH Mepe OAHOro aJropuTMa
alanTHBHOTO OOYYEHUs WJIM JPYroro BBIYHUCIUTEIBHOIO aJrOPUTMA IS aHAJIN3a [Tl CO3/IaHus
IPOTOKOJIA CTUMYJISILIMM MO3Ta.

Hacrosimmee ~ packpbiTMe  NpenoCTaBisieT  BBIIIEYNOMSHYTOE€  YCTPOMCTBO U
BBILIEYTIOMSHYTBIl  CIIOCOO  MPENOCTABICHUS MOHHMTOPHHIA MO3TOBOM  aKTUBHOCTH U
CTHUMYJISIMH, Tpu paboTre. YCTPOWCTBO, ONMUCAHHOE B HACTOSLIEM IOKYMEHTE, SIBJISETCS
NPOCTbIM, MPOYHBIM, HEAOPOTMM, U TO3BOJSIET MPENOCTABJIATh JJIEKTPUUECKUE CTUMYJIbI
s¢dexTuBHBIM 00pa3oM. YCTPOHCTBO 3((EKTUBHO BOCIPHUHHMAET MO3TOBYIO aKTHBHOCTb U
NPEAOCTABISIET MO3TOBBIE CTUMYJbl B KaueCTBe OOpAaTHOW CBSI3W OT HEE, MPOYHBIM,
3¢ PeKTUBHBIM, U aTaITUBHBIM 00pa3oM.

Ha mpoTsikeHHH HaCTOAIIEr0 PaCKPBITUS TEPMHH «IOJIb30BATENb», HUCIOJIb3YyEeMbId B
HACTOSILIIEM JIOKYMEHTE, OTHOCUTCS K JIFOOOMY YeNOBEeKYy (T.€., YeJOBEUECKOMY CYIIECTBY),
UCTIONIb3YIOIIEMY  BBILIEYTIOMSIHYTOE YCTPOMCTBO. BO3MOXKHO, mONb30BaTeNlb MOKET OBITh
YeJIOBEKOM, MMEIOIINM OIpeNeleHHoe (PH3NUecKoe WM YMCTBEHHOE HapyIIeHHe, TAKOe Kak
SIWJIETICHSI, TPaBMa TOJIOBBL, 3HLE(AINT, OINyXOJdb MO3Ta, 3HHedajonaTus, MNpoOIeMBl,
CBSI3aHHBIE C MAMSTBIO, HAPYIIEHUS CHA, HMHCYJIbT, ciraboymue U T.A. AJBTEPHATHUBHO,
NOJIb30BATENb MOKET OBITh YENOBEKOM, JKENAIOLINM IOCTUTaTh KOHKPETHOTO COCTOSIHUS yMa,

TAKOTO Kak YJIyYIIeHHAas KOHLEHTpalws, pacciabjeHre, YMCTBEHHbIE CIHOCOOHOCTH WJIH, B
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o0ImMX YepTax, yNydlIeHne MPOU3BOAUTEIBHOCTH JISl BBITIOJHEHUS 3a0a49H.

Ha npoTsbkeHMM HACTOSINErO  PAacKpbITUS, TEPMHH «MOHUTOPUHI  MO3TOBOM
AKTUBHOCTW», MCIOJb3yE€MbIli B HACTOSILIEM JOKYMEHTE, OTHOCUTCA K MOHMTOPHHIY
SJIEKTPUYECKUX CHTHAJIOB, MPHUHATBIX OT Mo3ra crocodom snektposHuedanorpapuu (EEG).
B03MOXHO, MOHMTOPHHI' MO3IOBOW aKTHBHOCTH MOXKET COAEp:kKaTb OOHApYy’KEHHE CHUTHAJIOB,
KOTOpBIE COAEpKaT, HO HE OrPAaHMYUBAIOTCS, CHUIHAJbl MJIH COBOKYINHOCTb CHIHAJIOB,
MOJIYYEHHBIX  MOCPEACTBOM  3jiekTporonieBoit  suHuedanorpapun  (EFEG),  Onumxneit
uHppakpacuoii cnekrpockonuu (NIRS), maraurosnuedanorpapuu (MEG), snexrpomuorpaduu
(EMG), copmepxameil CUTHaJbI, NPHUXOAIIUE OT  3JIEKTPOAOB,  PACIOJIOKEHHBIX
IPOCTPAHCTBEHHO YIAJ€HHO OT BOJOCHUCTOM 4YacTH TOJIOBbl JTAHHOTO IOJIb30BATEJNs,
anektpokapauorpadun (ECG), orciexkuBanus 3peHust w/wiM (yHKIIMOHAJTBHOW MarHUTHOM
pesonancHoi Busyanuszannu (fMRI). bonee BO3MOXHO, MOHUTOPHHI MO3TOBOH aKTUBHOCTHU
OTHOCHUTCSI K MOHUTOPHHIY HW3MEHEHHUs 3JIEKTpUYeCKOW aKTUBHOCTH MO3ra IOJb30BaTelNs MpU
NPEIOCTABIEHUH BHELIHUX 3JIEKTPUYECKUX CTUMYJIOB K MO3I'y I0JIb30BaTeNsl. bonee BO3MOXKHO,
SNIEKTPUYECKAs] AKTHBHOCTh MO3ra IIOJIb30BATENs] MOXKET YKa3blBaTb Ha OWOJIOTHYECKHE
napameTpbl, OTHOCSIIMECS K YMCTBEHHOMY U (PU3UYECKOMY 3IOPOBBIO  IOJIb30BATEIIS,
cofepskaliie, HO HE OrpaHUYeHHblE, YacTOTy YyJIapoB CepAla, 4YacTOTy [bIXaHus U
IIPOBOAMMOCTB KOKU.

Ha nmpoTsikeHnH HACTOSIIIEro pacKpbITHsl, TEPMUH «MO3TOBOI CTUMYJI» WJIH «MO3TOBBIE
CTUMYJIBI» (MHOKECTBEHHOE HYHCIIO OT (CTUMYJD»), HCIOJIb3YeMblil B HACTOSIIEM JOKYMEHTE,
OTHOCHUTCS K BHELIHEMY 3JIEKTPUYECKOMY TOKY WM K ONpeNeeHHON MOCIeN0BATeIbHOCTU HIIN
K MHOKECTBEHHBIM IIOCIENOBATENIBHOCTSM aMIUIUTYJ SJEKTPUYECKOrO TOKa MEXAY Mapoi,
HECKOJIbKUMH TapaMy WJIH JIFOOOH COBOKYIMHOCTBIO 3JIEKTPOAOB, MPUJIOKEHHBIX K BOJOCHUCTOM
YaCTU TOJIOBBI IIOJB30BATENs, WM K PAaCIMOJIOKEHUSM, IPOCTPAHCTBEHHO YJAaJ€HHBbIM OT
BOJIOCUCTOH YacTH TOJIOBBI MOJb30BATENSA, IJIsI M3MEHEHUS] W/WIHM YIYYIIEHUs 3JEKTPUUECKON
AKTUBHOCTH B MO3T€ IMOJIb30BATENS WJIM B HEPBHBIX TKAHSAX, KOTOPBIE CIOCOOEH JOCTUTATh TOK.
Kpome Toro, B mpumMepe MO3roBble CTUMYJIbL, IOAAHHbIE K BOJIOCUCTON YacTH TOJIOBBI
NIOJIb30BATEISA, MIPEACTABISIFOT COOOH aHAJIOrOBbIE BHEIIHNE 3JIEKTPHUYECKIE CUTHAJIBI, IMEIOLIHE
HaIMpsKEHUE B Auana3zoHe oT 1 MuuimBosbTa 10 SO BOJNBT, U UMEKOIIME TOK B Auana3one ot 0,1
Musuamnepa a0 20 Muuammnep.

Ha npoTsbkeHun HacTOSILIEro PacKpbITUs, TEPMUH «CTUMYJISALUSA», HUCIOJIb3yeMbIH B
HACTOSIIEM JOKYMEHTE, OTHOCHTCSI K U3MEHEHHIO (OTHOCSIIEMYCS K TOBBIICHUIO, TOHIKEHHIO
WM IPYrOil MONYJISILIMK) YPOBHEH (PU3HONIOrNYeCKON MM HEPBHOW aKTUBHOCTU B MO3T€ WU B
TKaHsIX, IPOCTPAHCTBEHHO YJAJEHHBIX OT MO3ra JAaHHOro nonb3osarens. [IpumMedarensHo, UTo,

CTUMYJIEIOHUKO0  MO3ra IIOJIb30BATCJIA  BBIINOJHAKOT C TIMOMOIIBKO JJICKTPUYCCKHUX CHUTHAJIOB,
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MOJAHHBIX K BOJIOCHCTOH YacTH TOJIOBBI MOJB30BATENSI C IMOMOIIBIO OJHOTO MM HECKOJBbKHX
3EeKTPOAOB. JlONOIHUTENBHO, CTUMYJISILIUIO MO3Tra TOCTUTAI0T UCTIOIB30BAHUEM JIFOOOTO OJTHOTO
U3 Ccrnoco0OB MHUHHUMAJIbHO MHBA3MBHOH CTUMYJISIIUM MO3ra WM HEMHBA3MBHOW CTUMYJISILIMU
MO3Tra WA, BO3MOXKHO, OOOHX.

Ha npoTsokeHMM HACTOSIIErO PACKPBITHS, TEPMHH «3JIEKTPOMAbI», HCIOJIb3YeMbIH B
HACTOSIIEM JOKYMEHTE, OTHOCUTCSI K OJTHOMY MJIM HECKOJIbKUM 3JIEKTPUYECKUM MPOBOIHHUKAM,
NpUYeM MaTepuasibl 3THUX MPOBOAHUKOB CONIEpKaT, HO HE OrPAHHUYMBAIOTCS, HEPXKABEIOLIYIO
CTaJib, TUTATHUHY, CEPeOpO, MOKPHITOE XJIOPUIOM cepedpa, YIIEepOaHYIO pe3uHny, rpadeH u qpyrue
MaTepuabl, a TAKXKE TUAPOTeNIH, CUJIUKOH, I'YOKH, TIeHy WiH JIo00oh abcopOeHT ¢ MpoBOsIIe
Cpemoli, mpuyeM TaMm, TAe HEOOXOAMMO pa3MelaTb MEXKIY HPOBOJHHKAMH W BOJIOCHCTOH
YaCThIO TOJIOBBI WJIM KOXKEH, COAepIKaT, HO HEe OrPaHHMYHBAIOTCS, SJEKTPONPOBOMASALINE TEIH U
nacthl (Takue, kak nacra Ten20), a Taxke KUAKOCTH (Takue, Kak (PU3HOJIOrHYECKHI COJISTHON
pacTBOp) C TaKOH HOHHOW KOMITO3WLHMEH, 4TOOBl OOpa30OBBIBATH AJIEKTPHUUECKUI MyTh IJIS
OOHAapy>KeHHsT JJIEKTPHYECKHMX CUTHAJOB, CO3JaHHBIX HEHpOHAMH BHYTPH MO3ra, H
NPEIOCTABISATh MO3TOBbIE CTUMYJIbI K HEHpPOHAM W/WIM APYTMM KJIETKaM, MPHCYTCTBYIOIIUM
BHYTPU MO3ra Tmojib3oBaTens. Kpome TOro, 3JE€KTPOABI BBINOJHEHBI C BO3MOXKHOCTBIO
npeoOpa3oBbIBATh HOHHBIA IOTEHLMAN B SJEKTPUYECKUH TMOTEHUMANl W WHAYLUPOBATH
3JIEKTPOMArHUTHBIE TIOJNS HA BOJIOCHUCTON YacTH TOJOBbI M BHYTpH ueperna. Kpome Toro,
3JIEKTPOBI MOTYT ObITh MMHHUMAJIBHO MHBA3HUBHOTO (TAKOrO, KaK WUIOJIbYAThIE SJIEKTPOABI WU
MHKPO3JIEKTPOIbI) WM HEWHBA3UBHOIO THMA (TAaKOro, KaK NMOBEPXHOCTHBIE 3JIEKTPOABI), WU
BO3MOXKHO obommu. B mpumepe siekTpoabl coiepikaT y3el M3 INPONHTAHHOW COJSIHBIM
pPacTBOPOM IEHBI, MPOBOJSAIIErO YIJIepona M MEeTaJUINYeCKOro KOHTakTa. B Takom mnpumepe
METaJUTHYEeCKUH KOHTAKT OMEPATHBHO COEIUHEH C ONHMM HMJIM HECKOJbKHMHM KOMITOHEHTAMHU
YCTPOMCTBA B3aMMOMNEWCTBHS C MO3TOM (TaKMMH, KakK MPUCIIOCOOJIEHHE BBOAA/BBIBOMA W/WJIH
npucrnocodienne 00pabOTKM JaHHBIX, TI03)KE€ OMHCAHHBIMU TOAPOOHO B  HACTOSIIEM
JOKYMEHTE).

VY CTPOHCTBO B3aUMOIEHCTBHS C MO3TOM B COOTBETCTBHH C HACTOSIIUM PAaCKPBITHEM
COIEPIKUT MPHCIIOCOONIEHNe TOJIOBHOTO yOOpa, conepskaiiee rpymnmy 3yekTpomoB. Ilpu
UCTIOJIb30BAHUH TPYIITY 3JIEKTPOAOB Pa3MEIIAOT MM PACIONAraloT Ha BOJIOCUCTOW YaCTH
TOJIOBBI TOJIB30BATENsl A1 OOpa3OBaHUS 3JIEKTPUYECKOrO KOHTAKTa C HEHPOHAMHU B MO3TY
nojb3oBarens. TakoH SJIeKTPUYECKUH KOHTAKT o0Opasyer »SIeKTPUYEeCKUH TyThb Ui
OOHApY’>KeHHs 3JIEKTPUYECKHX CHTHAJIOB, CO3JaHHBIX HEHPOHAMH, Ui MPEJOCTAaBJICHUS
MO3TOBBIX CTUMYJIOB K HEMpOHAM H/HIIK APYTHUM KJI€TKaM, MPUCYTCTBYIOLIUM BHYTPH MO3Ta
NOJIb30BaTeNA. [ pynma 3J1eKTpooB OOHAPY KUBAET HJIEKTPUUECKUE CUTHAJIBI, CO3/1aHHbIE BHYTPU

MO3ra TOJb30BaTeNsl AKTUBHOCTBIO HEHPOHOB, NMPH 3TOM OOHAPY)KEHHBbIE 3JIEKTPHUYECKHe
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CUTHAJbl TPENOCTABISIOT  MPUCIOCOOJCHUIO  BBOAA/BbIBOmA. B ofmem, ammumrtyna
OOHApPYKEHHBIX 3JIKTPUYECKHX CUTHAJIOB HAXOMUTCS B Auana3oHe OT 1 mukpososbTa A0 100
MHUKpPOBOJIBT. ['pynma >3JeKTPOIOB MOKET, BO3MOXKHO, OBITH BBINOJIHEHA B BHUIE JHOOOro
noaxozsiero suekrponHoro npucnocodnenuss EEG, ussectnoro B obnactu TexHuku. I'pynma
3JIEKTPONIOB MpeAcTaBsieT coO00 rHOpUAHbIE JIEKTPOABL, KOTOPble MOTYT (PYHKIHOHHPOBATDH
kak s 3amucu EEG w/mnu i 5neKTpudeckoi CTUMYJISILMY, HAalpuMep, TPAaHCKpaHHAIbHON
TOKOBOUM crumyssiuu (tCS), TpaHCKpaHWAJIBbHON CTUMYJSIUU TMOCTOSHHBIM TOKOM (tDCS),
TPAHCKPAHHUAJIBHON CTUMYJISILUS TIepeMeHHBIM TOKOM (tACS), TpaHCKpaHUATBHOW CTUMYJISLIUN
cny4aitabiM mymoM (tRNS), TpaHckpaHuanbHOW crumyssiiuu BpemeHHbIMU momexamu (TT),
TpPaHCKpPaHHAJIBbHON BpeMeHHOW cymmauuu (TS) w/wmm auboro Apyroro mNpPOH3BOJIBHOTO
NPOTOKOJIA TPAHCKPAHHUAIBHOW CTUMYJISILIUU 3JIEKTPHYECKUM TOKOM, CO3JAaHHOH aJanTHBHBIMU
anroputMmamu (tES). I'pynma MarHuTHBIX KaTYIIEK MOXKET HCIOJb30BATHCS BMECTO 3JIEKTPOIOB
IUIS TIepeavd TPAHCKPAHUAIBHON CTUMYJSIIMM CTATHUECKUM MAarHuTHbeIM mojeM (tSMS),
MarHuTHON ctumyssiuuu  cnadeiv  mosem (LFMS), mnosropsiromeiics TpaHCKpaHUAIbHOU
MarHuTHOH ctumyssiind  (rTMS) w/wnm  m0ObIM  IPYTMM  TPOHM3BOJBHBIM — MPOTOKOJIOM
TPAHCKPAHHUAJIBHON MarHUTHOH ctumyssinnu (TMS), co3maHHBIM aJanTUBHBIMH aJITOPUTMAMH.
ANBTEPHATHUBHO, TAKXKE, TPYMINA YJIbTPA3BYKOBBIX T'€HEPATOPOB MOXKET MCIOJIB30BATHCS IS
nepeiayy MPOTOKOJIOB CTUMYJIIINU (POKYCHpOBaHHBIM yibTpa3zBykoM (FUS), Taxke co3maHHBIX
azanTUBHBIMKM anroputMamu. Ha mpoTsSKeHWH HACTOSINEro PacKpbITUS TEPMHHBI «TOJOBHOM
yOop» WK «IpUCIIOCOOJIEHHE TOJIOBHOTO yOOpa», HCIOJIb3yeMble B HACTOSLIEM IOKYMEHTE,
OTHOCATCSI K 3JIEMEHTY OJAEK[bL, KOTOPBIH HOCST MOJb30BATENN HA CBOEW rojose. Bo3aMoskHO,
NPUCTIOCOOJIEHNE TOJOBHOTO yOopa MOXKET COXepKaTh, HO HE OrPaHHYMBATHECS, JI000E U3:
KeNKy, I[IANKy, LUIeM, HAyIIHUKW, TMOBS3KYy, OYKH WM wuisAny. bojee BO3MOXKHO,
MIPUCIIOCOOJIEHNE TOJIOBHOTO yOOpa MOXKET ObITh M3TOTOBJIEHO TAKHM, YTO OHO COAEPIKHUT CJIOU
AJIEKTPOU3OJIMPYIOINETO MaTepuana. B mpumepe mpucnocoOsieHHe ToJOBHOrO ydopa MOKET
OBITh M3TOTOBJICHO M3 OJHOTO M3 MAaTEPHAJIOB, COIAEPIKAIIUX, HO HE OTPAHUYEHHBIX, EPEBO,
XJIOTIOK, TIOJIUACTEP, PE3UHY, JJAHKPY, HEHJIOH WIIH KJIEEHOE MOJIOTHO.

Ha mpoTspkeHMH HAcTOSIILEro PacKpbITUS TEPMHUH «IPUCTIOCOOIEHHE BBOIA/BBIBONAY,
UCTIONIb3YEMBIHi B HACTOSIIEM JOKYMEHTE, OTHOCHUTCA K TPOrPAaMMHPYEMBIM  W/WJIH
HETPOrpaMMHPYEMbIM KOMIIOHEHTaM, KOTOpble, TpH paboTe, NPUHUMAKOT, H3MEHSIOT,
npeoOpa3oBbIBAIOT, 00pabaThIBAIOT WJIM CO3JAIOT OOWH WM HECKOJBKO THIIOB CHUTHAJIOB.
Bo3moskHO, mpucnocoOneHne BBOAA/BBIBOJA PEANM3YIOT B BUAE aNIlapaTHOTO CPEACTBA WU
IPOTrPaMMHOTO OOECTIEYEHHS MITU UX COBOKYITHOCTH.

Ha mnporsikeHMu HacTOSIIEro PacKpBITHS TEPMHUH «IpHCIocobieHne 00paboTku

JaHHBIX, HCHOJ’[b3y€MbII>i B HACTOALIEM AOKYMCHTE, OTHOCUTCA K MPOrpaMMHpPYEMbIM W/ Uau
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HETPOrpaMMHPYEMbIM KOMIIOHEHTaM, KOTOpBIE, MPH padoTe, BBIMOIHIIOT OIHO WIJIM HECKOJIBKO
NPUWIOKEHUI NMPOrpaMMHOr0 obecreueHus Uil XpaHeHus, oOpabOTKU W/WUIH MPEAOCTaBJICHHS
o0mero noctymna K JaHHBIM W/win HaObop MHCTpyKumil. Bo3moskHO, 0ok 00pabOTKM aHHBIX
MOXET COZEp>KaTh, HAIIPUMEP, KOMIIOHEHT, CONEP KALIUICSI B CETU 3JIEKTPOHHOIO COOOLIEHHUS.
Kpome Toro, mpucnocobnenune oOpabOTKH JAaHHBIX MOXKET COAEPIKaTh ammapaTHOe CPENCTBO,
nporpaMMHOe oOecredeHue, MPOIINUBKY MM MX COBOKYMHOCTb, NOAXOJSIINE I XPAHEHUS U
00paboTku pasnuuHOW WH(OPMALMKM W YCIYr, IOOCTYMHBIX OOHHM WJIA HECKOJIbKHUMHU
NOJIb30BATENISIMA ~ TTOCPEICTBOM ~ OJHOTO MJIM HECKOJBKHX €OHHHLl IOJIb30BATEIILCKOTO
obopynoBanusi. Bo3moxkHO, mpucnocodnseHrne o00pabOTKM HaHHBIX MOXKET COIEpKaThb
(YyHKUMOHATbHBIE KOMIIOHEHTBI, HANpPUMEp, MPOLECCOop, MaMsTh, CETEBOW aganTep H T.J.
Hanpumep, npucnocoOnenne oOpabOTKH NaHHBIX MOXKET OBITh PEATU30BAHO MOCPEICTBOM
KOMIIBIOTEpA, TenedoHa (Hampumep, cMapTdhoHa), JOKATBHOTO CEpBepa, CepBEPHON KOMITOHOBKH
(Takoif Kak, KOMIIOHOBKAa W3 JIBYX WJIM HECKOJbKHX CEpPBEPOB COOOINAIOIMUMCS 00pa3oM
COEAMHEHHBIX IPYr C JApPYyroM), oOJauyHOrO cepBepa, KBAaHTOBOIO KoMmbioTepa U T.O. Ha
NPOTSDKEHUH HACTOSIILETO PACKPBITUS TEPMUH «MOJYJIb NMAMSTH», UCIIOIb3yEMbIi B HACTOSLIEM
JIOKYMEHTE, OTHOCHTCS K HE COXPAHSIOMIEMY WM COXPAHSIOMIEMY HOCHUTEN WH(pOpMaLnH,
TAKOMY, KaK 3JIEKTPUYECKUH KOHTYP, MATHUTHBIN TUCK, BUPTYyaJbHAs MaMATh WA ONTHYECKHUI
OUCK, B KOTOPOM KOMIIBIOTEp W/MJHM TpUCTIocoOieHne 00paboTKU TaHHBIX MOXET XPaHUTh
JaHHbIE B TeUEHHE JIFOOOH MPOAOIKUTEIBHOCTH. BO3MOXKHO, MOZYJIb MaMSTH MOXET OBITh He
COXPAHSIOIUM  3allOMHHAIOLIUM  YCTPOICTBOM, TakuUM, KaK MAaTepHaJbHBII HOCHTENb
uH(pOpMaLUH.

Ha mpoTspkeHMM HAcTOSIIErO PACKPBITUS TEPMHH «OJIOK HMHUTAHHSA», UCIIONb3yEeMBIH B
HACTOSIIEM JOKYMEHTE, OTHOCUTCS K MCTOYHHMKY THTAHUS, BBITIOJIHEHHOMY C BO3MOHOCTBIO
CHAaOKaTh 3JIEKTPOIHEPTHEH OJIUH MJIM HECKOJbKO KOMIIOHEHTOB YCTPOWCTBA B3aMMOJIEHCTBHS C
MO3roM. BO3MOXHO, OJIOK MUTAaHUS MOXKET COAEepPKAaTb ONUH WM HECKOJIBKO aKKyMYJIITOPOB
win Oarapeii, CocOOHBIX MPENOCTABIIATh 3JIEKTPOIHEPTru0. B mpumepe OJIOK MUTAHUS MOXKET
NPEAOCTABIISATh JJIEKTPHUECKOe NHUTaHue 12 BombT reHeparopy CTHMYJIOB B MPHUCIIOCOOIEHHH
BBOJIA/BbIBO/IA, M BJIEKTPUYECKOe NHUTaHWe 5 BombT mpucnocoOneHnio o0pabOTKM JaHHBIX.
Bo3mMoskHO, OJI0K MUTaHUS MOKET TaKXKe CONEPKaTh reHepaTop (PUKCUPOBAHHOTO HAIPSKEHHS U
KOHTYp peryistopa st npeodOpa3oBanusi nutanus 3,7 B or Oarapeu B mutanme 5 B mns
YCTPOWCTBAa B3aUMOJEHCTBHUs C MO3roMm, W nurtanue 12-40 B nns reneparopa CTUMYJIOB.
Bo3MoskHO, OJIOK MUTaHHSI MOXKET TAK)KE CONEPKATh KOHTYP, KOTOPBIH CONEPIKUT Pa3BETBUTEIND
HaNpsDKEHUs U ipenocrtasienus +/- 12-40 B renepatopy cTumyJios.

Ha mnporsikeHnn HacTOSAIIEro pacKpbITHs TEPMUH «3aJaHHBI HAOOp STAJIOHHBIX

JaHHBIX, HCHOJIbSyeMbIﬁ B HACTOALIEM OJOKYMCHTEC, OTHOCHUTCA K HaHHBIM, IIOJYYCHHBIM U3
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samuceit EEG ot rpymmel mronei. JIOMONHUTENBHO, TPyINa JHOAEH MOXET ObITh TpyHIoi
pPa3NUYHOTO BO3pacTa, I0JIa, YMCTBEHHOrO M (PU3UYECKOrO COCTOSHHS 3II0POBBS, H
reorpapuIecKoro MmoJIOKEeHHSI.

Ha npotspbkeHnH HaCTOALIEr0 PacKpbITHS TEPMUH «AJTOPUTM aJalTUBHOTO OOYYEHUSY,
UCTIOJNIb3YEMBIil B HACTOSIIEM JTOKYMEHTE, OTHOCUTCS K IPOrPaMMHOMY 00ECHEeUeHHIO Ha OCHOBE
aJrOPUTMOB, KOTOPOE BBIMIOJIHAETCS] HA BBIYUCIUTEIILHOM alapaTHOM CPEACTBE, U BBIIIOJIHEHO
C BO3MOJKHOCTBIO aJalTUPOBATh W HACTPAaUBAThb CBOM pabouue mapaMeTpbl B 3aBHCUMOCTH OT
uH(popMaLuy, KOTOpasi MPenCTaBjieHa, OJHOBPEMEHHO NbITasiCb MUHUMH3HPOBATH 3aaHHYIO
METPHUKY OLIMOKW/TIOTepH, MM 00pabaThiBaThCsS aJrOPUTMAMHM HAa OCHOBE MPOTPAMMHOIO
o0ecreyeHus: PU BBITTOJIHEHUU HA BBIYHCIUTENIbHOM alapaTHOM CPEICTBE.

Ha mporsikeHHM HacTOSINEro pacKpbITUS TEPMUH «peajbHOE BpEMs» OTHOCHUTCS K
moOoMy Iporeccy Winu Habopy MPOLECCOB, KOTOPBIE BHIMOIHSIOT COTTACOBAHHO M YEPENYIOT
BO BPEMEHH ¢ HEOOJBIIOW BPEMEHHOH 3aepKKOH MEKAY STUMH depenoBanusiMu. Kpome toro,
ecJii HadOp MPOILIECCOB TOJKEH OBITh BBITIOJIHEH TOCIIENOBATENBHO, TO TEPMUH «COTJIACOBAHHOY
Oymer OTHOCHUTBCS K TPOLECCaM, BBIIOJHSAEMBIM MAPALIETPHO C  MHHUMAJIbHOU
3aJ1epKKOH/BPEMEHHBIM CIBUT'OM OTHOCUTENIBHO APYT APyTa.

Ha mnporskeHHM HACTOSINEro pacKpbiTUs TEPMHUH «IPOTOKOJ CTUMYJISILUM MO3ray,
UCIIOJIb3YEMBI B HACTOSALIEM JOKYMEHTE, OTHOCUTCA K 3JIGKTPUYECKOMY CHUTHAIy,
cozeprkalieMy HHQOPMAIUIO O MO3TOBBIX CTUMYJIaX, KOTOPbIE JOJDKHBI ObITh co3nanbl. Crenyer
OTMETHUTb, YTO B BAPUAHTE BBITIOJHEHUS HACTOSIIErO M300pETEeHHUs, IZie IPyMma 3JeKTPOJOB
COJZIEPIKUT BJIEKTPOABI, PA3MEILIEHHBIE B MOJOKEHUAX, YAAJIEHHBIX OT BOJIOCUCTON 4aCTU TOJIOBBI
AaHHOTO TIOJIb30BATEISA, IIPOTOKOJ CTUMYJIILIMM MO3Ta MOXKET TaKXKe COAepKaTh HHPOPMALUIO O
CTHMYJIaX, KOTOPBIE AOJUKHBI OBITh CO3/IaHbI B 3THX AJIeKTpoAax. Takke ciaenyer OTMETUTbh, YTO
MPOTOKOJI CTHMYJISILIUU MO3Tra TaK)K€ OTHOCUTCS K MH(POPMALIMHU, KOTOPAsi MOXKET MEHSThCS Ha
MPOTSKEHUH JJIMTENIbHOCTU CTUMYJISILIMM B pe3yJIbTaTe MpoLecca ONTUMU3ALUH, ONMUCAHHOIO B
HACTOSIIEM packpbiTuu. Hampumep, wuHpOpMauus COAEPNKHUT OOHO WM  HECKOJBKO
3JIEKTPUYECKUX CBOWCTB MJIl KAXKAOIO JJIEKTPOAA, TAKMX KaK aMIUIMTYAA, MEPUOA BPEMEHH,
¢dasa, omHAa WIM HECKOJNBKO YacTOT M MOINHOCTh 3THX YaCTOT, CIIOCOOCTBYIOIINX
BO3HMKHOBEHUIO KOHKPETHOH MOCJIE€NI0BATEIbHOCTH MO3IOBBIX CTHUMYJIOB, KOTOPBIE AOJIKHBI
ObiTh coszmanbl. Co3maHHBIE MO3TOBBIE CTHMYJIBI OyAyT HMeThb (OpMYy ONpeneneHHOH
MOCJIEIOBATEIbHOCTH UM MHOXECTBA MOCJIEAOBATENBHOCTEN aMIUIMTYA JJIEKTPUYECKUX TOKOB
MEXAy Mapod, HECKONbKMMH IapaMyd MWIH JIFOOOH COBOKYIMHOCTH 3JIEKTpOmoB. Bo3moikHO,
MIPOTOKOJ CTUMYJISILUM MO3ra COAEPIKUT MPOAOJLKUTENBHOCTh BPEMEHHU, B TEYEHUE KOTOPOro
MO3TOBbI€ CTUMYJIbI JOJDKHBI OBbITH IOAAHBI K BOJIOCUCTOH YacTH TOJIOBBI IIOJIb30BATEJISL.

B03MOXHO, TIPOTOKOJI CTUMYJISIIMM MO3ra OTHOCUTCS K HMH(OpManMuM O MO MEHBIIeH Mepe
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OJHOM H3. BU3YAJbHOW CTHMYJISLUH, AyJUO CTUMYJSILUN W/HWIN CTUMYJISIUH BHPTYaJIbHOU
PeaNbHOCTH AJIsl CO3/IaHMS U MTPEIOCTABJICHUS MOJIb30BATEIIIO.

Bo3MOkHO, Trpymma  3JNEKTPOIOB  MOXKET  COHep)KaThb  OTHENbHBIE  3JIEKTPOIbIL,
BBIMIOJIHEHHBIE ¢ BO3MOXKHOCTBIO 3anucbiBaTh EEG 1 BBITOIHSTH SJICKTPUYCCKYIO CTUMYJIALIULO,
COOTBETCTBEHHO.  AJIBTEPHATHBHO, JJIEKTPOJHOE MPHCIOCOONEHHE MOXKET  COIepIKaTh
VHIVBUAYAJIbHBIN 3JIEKTPOA IJIST KaXKIOTO MOJIOKEHUs], B KOTOPOM OH MOXET OBITh KeJlaeM ISt
obHapy:xkenust curHanoB EEG w/uiu npenocTaBieHus 31eKTPUIECKON CTUMYJISILIIH.

B BapHUaHTEC BBIIIOJIHCHUA T'pyIIa 3JCKTPOAOB HAXOOUTCA B SJICKTPUYCCKOM KOHTAKTE C
CYIECTBEHHOH OO0JACThIO BOJOCHCTONM YaCTH TOJIOBBI JAaHHOTO TMOJb30BATENsl, HAMpHUMED,
SJIEKTPOAbI MOTYT 6bITb SJICKTPpOAaMHU, 3aMCHACMbBIMU IMOJIB3OBATEIIEM, U MOI'YT 6bITb CJIETKa
MOATNPYKUHEHHBIMHA IJIA MPECAOCTABJICHUA TMOJOXKUTEJIIBHOTO KOHTAKTa Ha BOJIOCUCTOHU 4YacTU
TOJIOBBI MOJIb30BATEJIsI, KOTa MPUCIOCOOIeHHE rOJ0BHOrO yoopa HaaeTo mojb3osateneM. bosee
BO3MOJKHO, KOHEI| 3JIEKTPOIOB MOKeT conepkath 2-D rpynmy HeOOJbIINX 3a0CTPEHHBIX
TOJIRJIEKTPONIOB, U3MEHEHHBIX MPOBOJAIICH cpemol ays 0e30macHON mepemadd JTOCTaTOYHOTrO
TOKa, MPHU 3TOM KOHEI MOKET HMETh O0JIaCTh JIF0OOOr0 pasMepa, COIEpIKaIIyr, HO He
OTpaHUYEHHYIO, 4 MM X 4 MM, HO MOTYT HCIIOJIb30BAThCS IPYTHE BBIIENCHHbIE 00J1aCTH, PHYEM
NOABRJICKTPOABI 3a0CTPEHBI M MOI'YT HAXOAUTHb MNYTh MEXKAY BOJOCAMH BOJIOCUCTOM YacCTH
I'OJIOBBI, LITO6I>I OCYHICCTBJIATE KOHTAKT Ha KOXE BOJIOCUCTOM YaCTHU T'OJIOBBI. KOHerTHO,
IpyIna 3JEKTPOJOB MPOCTPAHCTBEHHO PACIHOJIOKEHA TaK, YTO HANPSUKEHUE, MPUIOKEHHOE K
AJIEKTPOZAM, CO3JAET IEKTPOMATHUTHOE MOJIE B KOHKPETHBIX YaCTSIX MO3Ta.

Kpome Toro, rpymma 3JeKTPOAOB, IPU aKTUBHOH mNepenade TOKA M NPU KOHTAKTE C
BOJIOCHCTOH 4YacThIO TOJIOBBI IIOJIb30BATENs, IIOJAET SJEKTPOMArHUTHBIE MO K MO3TY
IIOJIb30BATEJIA, I[eﬁCTBYIOHlHe KaKk MO3T'OBBIC CTUMYJIbI. Takue MO3T'OBBIC  CTHUMYJIbI
npeaoCTaBJIAOT IIOMOIIb CO3JaHHBIX IMPOTOKOJIOB CTUMYJISAILUA MOa3ra, IMPUHATBIX
NMPUCIIOCOOIEHHEeM BBONA/BBIBONA OT TpucrnocoOnenus o0padoTku naHHbIX. Co3maHHBbIE
MPOTOKOJIbI CTUMYJIIIUHU MO3ra, IPHUHATBICE OT HpI/ICHOCO6J'IeHI/I$I O6pa6OTKI/I JaHHBIX,
00pabaTbIBatOT MpHUCIOCOOIEHNEM BBO/A/BBIBOAA, & UMEHHO NMPEeOOPa3OBBIBAIOT B aHAJIOTOBYIO
dbopMy W HACTPAWMBAIOT HA JKEJAEMYI AMIUTUTYAy TOKa IO TOJa4Yd B KAa4eCTBE MO3TOBBIX
CTHUMYJIOB K BOJIOCUCTO# YaCTH TOJIOBBI MOJIb30BATENIS.

B BapuaHTe BBINOJHEHHUsS] TPYINA 3JIEKTPOAOB, MCIONb3yeMas IJisi MPEIOCTaBJICHHS
MO3TIOBBIX CTUMYJIOB K MO3TY IMOJIb30BATEJIs, MOXKET ObITh PAcIONioXKEeHa B OTHOM mape, B Oosee
4YeM OJHOH mape WK B JIF0OOH COBOKYMHOCTH CTHMYJHPYIOLIMX 3JEKTPOAOB, KaK OMpenesieHO
IMMPOTOKOJIOM CTUMYJIALIMKU MO3Tra.

IIpucnocoOnenne BBOAA/BBIBOAA COHEPIKHUT MPUCIIOCOOJeHHEe OOpabOTKH BXOIHOTO

CUTHajJa, CoAepkallee Mpenpouleccop U BXOAHOH mpeoOpasoBatens. [IpucnocobneHue
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00pabOTKK BXOAHOrO CUTHaja, mpu pabore, oOpadaThiBaeT /WM WU3MEHSIET SJIEKTPUYECKHE
CHTHAJIbI, IPUHSATHIE OT MO3ra MOJb30BaTessl. BO3MOKHO, Mpenpoueccop COREpKUT YCHUITUTEIb,
GoJiee KOHKPETHO, OH MOKET COZEeP KaTh MPOrPAMMUPYEMbI YCHIIMTENb HANPSDKEHHSI, KOTOPBIN
CTaOMIM3UPYET SJEKTPHUYECKHE CUTHANBI, MPHUHSATBIE OT MO3Td, W YCUJIMBAET CHUTHAIBI C
KO3 (PULHUEHTOM YCHJIEHHs B AuamnazoHe oT 2x no 100X ays mony4eHus: yCUICHHOrO CUTHAA,
npu 3TOM KO3(pPHUUHMEHT yCuieHHs 2X HCIONB3YIOT Ui OY€Hb BBICOKOTO JUHAMHYECKOIO
AUara3oHa  aHaJOroOBO-IIU(POBOro  npeoOpasoBaHus  IJIsi  BO3MOXKHOCTH  LU(POBOI
npeaBapuTeIbHON 00paboTKu M BbMHUTaHUS apredakra. BO3MOXKHO, MpernpoLeccop MOXKeT
COepKaTh ONMH MJIM HECKOJBKO aHAJOTOBBIX (PHIIBTPOB (TAaKUX Kak (UIBTP DJIEKTPUYECKOTO
myMa Wik GuIbTp apTe(akToB CTUMYJISILINHN) ISl YMEHBIIEHHS] KOHKPETHBIX apTe(akToB W/uim
myMa. DJIEKTPUYECKHE CUTHAJbI, MPUHSITbIE OT MO3ra, M3MEHSIIOTCS BO BPEMEHH, a WMEHHO,
SIBJISTEOTCSI aHAJIOTOBBIMH 110 Tmipupone. OnHako mpucnocoOneHne oOpaOOTKH JaHHBIX TOJIBKO
noHumaet (a uMeHHO, oOpabaTeiBaeT) nH(POBBIE OHUTHI, CIETOBATENBHO OHO HEOOXOOUMO JUIS
npeoOpa3oBaHusl MPHHSATOrO 3JIEKTPUYECKOrO CHrHajia (aHAJOroBOrO MO MPUPONE) OT MO3ra B
udpossle OUTHL, YTOOBI MpHCOcoOIeHHe 00pa0OTKU NaHHBIX OBLUIO CHOCOOHO MOHMUMATH (a
UMEHHO, 00palaThiBaTh) MPHHATHIC 3JIEKTPHUECKHE CHTHAJIBl OT MO3ra IIOCNIE aHaJOrOBO-
¢ poBoro mpeodpasoBaHusi. BxomHol mpeoOpasoBaTenb MPUHUMAET YCHJICHHBIH CHTHAN U
npeoOpa3oBbIBaeT ero B popMy, MOAXOIALIYIO sl aHAIHU3a 1 00pabotku. Kpome Toro, BXomHOM
npeobpa3oBaTesib  CONEPKUT  aHaJoroo-uudpoBoil  mpeobOpasosarens. B mpumepe
npucrnocoOneHne 00padOTKM BXOAHOTO CHUTHANA TPUHMMAET aHAJOTOBBIE JJIEKTPUUYECKHE
CHUTHAJIbI, UMEIOLINe aMIUTUTYy B Auana3oHe oT 1 mukpososbTa 10 12 BojbT oT BonmocucTon
YaCTH TOJIOBBI IIOJIB30BATENs, a IMPENpPOLEeCCOp YAAIAEeT HEKOTOpble apTedakThl U INyM, U
YCUJIMBAET CHUTHANBI Ui CO3JAHHS COOTBETCTBYIOLIMX YCHIICHHBIX CHIHAJIOB, HMEFOIIUX
aMIUTUTYIbl B Auamna3oHe 1o 12 B. BrocneacTBuu, yCHJIEHHBIE CUTHANBI MPeoOpasyioT B
COOTBETCTBYIOIIME LHM(POBbIE CHIHAJBL, HMEIOIIHE MOCIEA0BATEIbHOCTD  JAUCKPETHBIX
3HAYEHUM, NPEICTABISIOMMNX COOTBETCTBYIOIINI AUATIA30H.

ITpucnocobnenne BBOJIa/BbIBOZA JOTIOJTHUTEITBHO COIEPIKHUT BBIXOJTHOH
npeoOpa3oBbIBATh U FeHEpaTOp CTUMYJOB. IIpu 3KCIUlyaTaluu, MPOTOKOJ CTUMYJISILIMH MO3ra
NPUHUMAIOT OT mpucnocodneHuss oOpaboTKM HAaHHBIX, KOTOpOEe CcooOMarImumMcs o0pasom
COEMHEHO ¢ MPUCTOCcO0IeHneM BBOAA/BbIBOAA. [ [pUHSATHIN MPOTOKOJ CTUMYJISILIMK MO3Ta UMEET
dopmy LUPPOBOro WM TUCKPETHOro curHaiga. KpoMe TOro, MpUHSATHIN MPOTOKOJ CTHMYJISILIUA
MO3ra MOCBUIAIOT B BBIXOAHOW MpeoOpa3oBaTesb, MPH 3TOM, BBIXOAHOW MpeoOpa3oBaTeib
npeoOpa3yeT NPHHATHIA MPOTOKOJN CTHMYJLSIMHA MO3ra B AHAJOTOBBI CHUTHAJ, WMEIOLINUN
AMIUTUTYAY TEPEMEHHOrO HANpsDKeHHUST B OTHOLIGHUWM BpeMeHU. [ eHepaTop CTHUMYJIOB

MNPUHUMACT npeo6pa3013aHHbIe AHAJIOTOBbLIC CHMI'HAJIbI OT BBIXOAHOTI'O npeo6pa30BaTeJm U MOXCT,
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BO3MOYKHO, IPE00Pa30BbIBATh YCTAHOBIIEHHbIE CHUTHAJIBI HAMIPSKEHUS B ONPEIEIEHHbIE TOKOBbIE
cUrHasbl. BbIXON reHeparopa CTHMYJIOB JEHCTBYET B BHAE MO3TOBBIX CTHMYJIOB, a CO3JAaHHBIE
MO3TOBBI€ CTHMYJIbI MOJAIOT K BOJIOCUCTOIN YaCTH TOJIOBBI MOJIb30BATENS MOCPEACTBOM OIIHON
napsl, Oojee 4yeM OAHOH maphl, WM JIFOOOH COBOKYITHOCTH CTHUMYJIMPYIOIIMX 3JIEKTPOAOB, KaK
OTIPEJIENIEHO MPOTOKOJIOM CTHUMYJIALIMK MO3ra. Bo3MOXHO, reHepaTtop CTUMYJIOB IPEACTaBISET
co0Of HM30IMPOBAHHBIH TE€HEPATOp CTHMYJIOB, IUTAEMbIl OTAEIbHBIM OJIOK THTaHMS,
CTUMYJIATOP TOCTOSHHOTO TOKAa MJIM IpeoOpa3oBaTeNb HANpPSDKEHUS B TOK. AJIBTEPHATHUBHO,
NPUCTIOCOOJIEHNE BBOAA/BBIBOZIA MOYKET COEAMHATHCS C UCTOYHUKOM IMOCTOSTHHOTO HATIPSIKEHHSL.

IMpucnocobnenne oOpabOTKU MaHHBIX CONEPKUT OJIOK OOpPaOOTKHM M MOMYJb TaMSITH.
Monyne maMATH COIAEPXKHUT 3aJaHHBIA HAOOp ASTAJOHHBIX JAHHBIX HJIM HaOOp mMapamerpos,
NOJIYYEHHBIX M3 HHUX. BO3MOXKHO, 3aJaHHBI HA0Op STAJOHHBIX MAHHBIX MOXKET COIEepKaTb
3arcu EEG unu nansble, nonydenssie u3 3anuceii EEG or rpynmnel yenoBek, Npu 3TOM 3aIUCh
EEG npucyrctByeTr B ¢opMme HUPPOBBIX 3JIEKTPHUECKUX CUTHAJIOB WJIHM JAHHBIX, KOTOpPbIE MX
NPEACTaBJISIOT.

ITpucniocobnerne o6pabOTKM AaHHBIX OOpadarbiBaeT OOHAPYKEHHBIE SJIEKTPUUYECKHE
CHUTHAJIbI, TIPUHATBIE OT MPUCIOCOOJEHUS BBOJAA/BBIBOAA, W CO3/1AET MPOTOKON CTUMYJISILIHU
MO3ra, COOTBETCTBYIOLIMH MPUHSATBIM 3JIEKTPHUECKUM CHUTHanaM, npu padore. Bo3moxHo, 6510k
00pabOTKN NaHHBIX MPUMEHSET aNrOPUTMbI aJaNTHBHOrO OOy4eHus Ajsi 0OpaboTKH M aHann3a
OOHApY>KEHHBIX 3JIEKTPUYECKHX CUTHAJIOB, MNPHUHATHIX OT IPHUCIIOCOONEHHUs] BBOAA/BBIBOJA.
Bo3mokHO, 00paboTaHHBIE SJEKTPUYECKUE CUTHAJBI, MPUHATBIE OT IPUCIOCOOJIEHUsS
BBOJA/BBIBOZIA, CPABHUBAIOT C ONHOH MM Heckoiabkumu 3amucsimu EEG 3amannoro nHabopa
STAJIOHHBIX JAHHBIX, IPUCYTCTBYIOLIETO B MOMYJIE AMSITH.

B BapuaHTe BBINOJHEHHUs] CpaBHEHHE OOPaOOTaHHBIX AJIEKTPUYECKHX CUTHAJIOB HIIU
HaOopa mapamMeTpoB, M3BJICYCHHBIX W3 CUTHAJIOB C 3aJlaHHBIM HAOOPOM STAJIOHHBIX JAHHBIX,
BBIMOJIHSIFOT, HAIPUMEpP, C MOMOIIBI KOMIApaTopa WA OZHOTO WM HECKOJbKHUX AJITOPUTMOB
UCKYCCTBEHHOTO MHTEJUIEKTA WJIM APYTHX AJTOPUTMOB OOpabOTKM MaHHBIX, PEAIM30BAHHBIX B
onoke obOpaboTku mnpucnocodneHuss oOpadoTku naHHBIX. [lociae 3TOro, MPHUCTOCOOJICHHE
00pabOTKM MaHHBIX CO3MAET AHAJIN3 CPABHEHHBIX JJIEKTPUYECKHUX CUTHANIOB. Kpome Toro,
aHaJN3 BO3MOXKHO COIEPKUT Mepy IO MeHbIIEH Mepe OJHOrO W3. OTKJIOHEHHs Mapamerpa,
NOJIyYeHHOTO W3 HWEaJbHOrO STAJOHHOIO CHrHaNa, XPaHALIErocs B 3aJaHHOM Habope
STAJIOHHBIX JaHHBIX; IPUYUHBI TAKOTO OTKJIOHEHHS OT MIEAJIbHOIO 3TAJOHHOTO CHUTHAJA; W/Wn
napameTp, IMOJIy4eHHBIH IOCie Pas3NIoKeHHss (OPMBI CHTHAJIOB AHAIM30M HHAWBHUAYAJIBHOTO
KOMIIOHEHTa, AaHaJM30M OCHOBHOIO  KOMIIOHEHTa Wiu  mnpeoOpazoBanneM  Dypbe,
NEepUOAOTPaMMBbl,  BEHBJIET  pa3JIOKEHHEM, BeWBIET NpeoOpa3oBaHUEM, aJaNTHBHBIMU

¢unbTpamu, TakuMu Kak (uibTpel Belinepa/Kanmana, u npyrumu crnocobamu, OOBIMHO
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UCTIOJNb3YEMbIMH CIIELIUATUCTAMH B 00JIACTH TEXHUKH.

Kpome Ttoro, mpucnocobienne oOpaOOTKM NaHHBIX CO3/aeT MPOTOKOJ CTHMYJISILIHU
MO3ra peanu3alyell OTHOTO WM HECKOJbKUX aJTOPUTMOB aJaNTHBHOTO OOYUEHHs WM JPYTrUx
BBIYHMCIIUTEBHBIX AJTOPUTMOB TIOCJE aHAJU3a JJIEKTPUYECKUX CHUTHAJOB, MPHHATBIX OT
npucrnocoOeHust BBoAa/BbiBoAa. KOHKPETHO, MPOTOKOJ CTUMYJISILIUK MO3Ta MOKET COZIepIKaTh,
HO HE OrPaHMYMBAETCS, MO MEHbIIEH Mepe ONMH U3 CJICAYIOIINX IapaMeTpOB CTHMYJISLHU!
amruTyny, hasy, OIHY HIIH HECKOJIbKO YaCTOT ¢ COOTBETCTBYIOIIEH MOIIHOCTBIO ISl MO3TOBBIX
CTUMYJIOB, KOTOpPbI€ IOJUKHBI CO3[1aBaThCs, MPUYEM 3TH MapaMeTphbl MOJYYAIOT MOCPEICTBOM
OIIHOTO WJIM HECKOJIbKUX AJTOPUTMOB aIalTHBHOTO OOYYEHUsS] WM APYTUX BBIYHCIUTEBHBIX
AJITOPUTMOB. BO3MOKHO, MPOTOKOJ CTUMYJISILUM MO3ra MOJKET CIOCOOCTBOBATh MO3TOBBIM
cTumysiaM B (pOpMe JAUCKPETHOrO CHIHaja WM MPOU3BOJIbHON HENpepbIBHOW (OPMBI CUTHAA.
Kpome Toro, cosmaHHble MO3TOBBIE CTHMYJIbl MJIM MPOTOKOJ CTUMYJISILUM MO3ra BO3MOXKHO
NepealoT TMPHUCIIOCOOEHUI0 O0pabOTKM BXOMHOIO CHUTHAja JJisi CPaBHEHHS W BBIYUTAHMUS
CO3/IaHHBIX apTe(aKTOB CTUMYJIOB, MPHU 3TOM MHpUCTOcobeHne 00pabOTKU BXOIHOTO CHTHAJA
coo0marmumMcs 00pa3oM COEIMHEHO C TeHepaToOpoOM CTHUMYJIOB WM C MPHUCHIOCOOJIEHHEM
00pabOTKH TaHHBIX.

VY CTpoiicTBO B3aUMOAEHCTBHUS ¢ MO3TOM JIOTIOJHUTEIBHO CONEPKUT OAHMH HITH HECKOJIBKO
O70K0B MUTaHUsL. BIOKK MUTaHUS JIEKTPUYECKU COSTUHSIOT C MPUCIOCOOIEHUEM BBOIa/BbIBOA
u ¢ npucnocobsienneM 00pabOTKH MAHHBIX, W TOMAIOT 3JIEKTPOIHEPTHIO MPUCIOCOOIECHUIO
BBOJIa/BbIBO/IA M PUCTIOCOONIEHNIO 00pabOTKH AaHHBIX, Ipu padote. Bo3amoskHO, G110k nuTaHus
MOXKET COZAEP’KaTh MO0 MEHbINEH Mepe OJUH M3 CIEOYIOIMX HCTOYHHUKOB, COMAEpIKAIIMX, HO HE
orpaHM4eHHbIX:  Hukenb-kagmueByro  (NiCd), Hukenb-nmHkoByro  (NiZn),  HHUKeIb-
metatoruapuanyio  (NiIMH), TBepmorenpHyro Oartapero (Hampumep, OaTaperd Ha OCHOBe
KepaMuKH, OaTtapero Ha OCHOBE CTeKJia WM OaTapero Ha OCHOBE CyJb(uaa) U JUTHIT-MOHHYIO
(Li-ion) unm nutuit-nonmumepHyto (Lipo) OaTtapero, a Tak:ke reHepaTop SHEPTHH OT UCTOYHUKOB,
TaKUX KaK TMepeMelIeHHe WM COJHEYHAs SHEprusi, MPUEMHHUK Ui ONHOH W3 TEXHOJOIHUil
OecrpoBOIHON Mepeaayr SHePTHH, HITH 3aLIUIIEHHBII OT TePerpy3KH BXOA CO CTOPOHBI CETH.

B BapuaHTe BBINOIHEHUS YCTPONCTBO B3aUMOACHCTBUS C MO3TOM COJEPIKUT MO MEHbIIEN
Mepe faBa OJioKka MHUTaHHs IJsi TMPEIOCTaBIEHHS H30JMPOBAHHON 3JIEKTPOSHEPTHMU BXOTHOMY
ydacTky (comepkamieMy OJOKH/TPUCTIOCOOICHHS], OTBETCTBEHHBIE 32 3aMTUCh WJIM MOHUTOPUHT U
00pabOTKy SJEKTPUUECKOr0 CHTHaja, MPUHSITOrO OT MO3ra MOJIb30BaTeNsl) U BBIXOZHOMY
ydacTky (comepskamemy OJIOKH/TIPUCTIOCOONICHHS, OTBETCTBEHHBIE 3a CO3JaHUE MO3TOBBIX
CTHMYJIOB) TIPUCIIOCOOJICHHSI BBOJA/BbIBOJA, COOTBETCTBEHHO.

B BapuaHTe BBINONHEHHS OJMH WJIH HECKOJbKO OJIOKOB IUTAHUS BBINOJHEHbI C

BO3MO>KHOCTBIO MOJIaBATh 3JIEKTPO3HEPTHIO YCTPONUCTBY B3aUMOJEHCTBUS C MO3TOM IIpU IIpUEMeE
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UHCTPYKLIMU OT IOJIb30BaTeNsl 4yepe3 Oyok ynpasieHus. Kpome Toro, mosp3oBaTeib MOMKET
IPEOCTABIISATh YCTPOHCTBO B3aMMOEHCTBHUS C MO3TOM C MHCTPYKLIMEH Il BKIIFOUEHHS TOIaun
3JIEKTPOIHEPTUU K YCTPOWCTBY B3aUMOAEWCTBUS C MO3IOM, ITOCJE€ HOLIEHHS MPUCIOCOOICHHUS
TOJIOBHOTO y0OOpa Ui WHHULIMAIU3alMd paldoThl YCTPONCTBA B3aMMOAEWCTBUSI C MO3IOM.
Bo3MOXXHO, OOWH MM HECKOJbKO OJIOKOB IHTAHUS BBINOJHEHBI C  BO3MOXXHOCTBIO
ABTOMATHYECKH BKJIIOYATH MMOJAYy JEKTPOIHEPTUH K YCTPOHCTBY B3aMMOAEHCTBUS C MO3TOM B
CUTyallud, KOTAa TOJb30BaTelb HOCUT NPUCIOCOONIEHHE TOJIOBHOrO yOopa ycTpoiicTea
B3aMMOJZIEUCTBUS C MO3TOM.

[TpennoYTuTeNnbHO, YCTPOHCTBO B3AMMOAEWCTBUSI C MO3TOM MPEIOCTABIIAECT YAOOHYIO
IUIS1 TIOJIB30BATEINS CPEAY CTHMYJILIUN [T [TOJIb30BATENISI U JOCTHIKEHUS JKeslaeMbIX 3((eKToB
cucreMm NIBS Ha wmo3r mnomp3oBarens. JKemaembie 5¢@dekTbl MOTyT comepXkaTb, HO HE
OrPaHUYMBATHCS, OTHO WJIM HECKOJIKO M3: KOTHUTHBHOE YIIyUIICHNE TI0JIb30BATENs, YIYUIIEHHE
JABUTATENIbHOTO YIPABJICHUS! MBILIIAMU TTOJIb30BATENS, YIYULIEHHE HACTPOCHUS IOJIb30BATEI,
yIydiieHne OOyYeHHUs MOJb30BATEeNs, YJY4IIEeHHE pacciabieHHs IOJIb30BATEeNs], YJy4lIeHHe
KOHLIEHTPALIMH TIOJIb30BATENsA, OOJIerYeHre TPEMOopa, MOPAKAIOIIErO IMOJIb30BaTeNs, O0JIerdeHue
AETIPECCUH, TOPAXKAOIIEH TMONb30BaTeNs, M OONerdyeHne OSUHMJIETCHH, IOpaXKaroei
MIOJIb30BATEIIS.

B BapuaHTe BBINOJHEHUS 33JaHHbIH HA0OP 3TAJOHHBIX IaHHBIX XPAHAT B MOIYJE
NaMSTH, & B HEKOTOPBIX MPUMEPax OH MOXKET OOHOBJSITbCS UTEPATUBHO B PEaJbHOM BPEMEHHU,
npu paboTe yCTPOHCTBA B3aUMOAEHCTBHS C MO3TOM.

B onHOM BapuaHTe BBINOJIHEHHs padoTa MOZYJISl MAMATH MOKET COAep KaTh OOHOBJICHHE
3aJaHHOTO Ha0Opa ATAJOHHBIX AAHHBIX HA OCHOBE JJIEKTPUYECKUX CHUTHAJIOB MJIM NApaMeTpPOB,
MPUHSATBIX OT 3TUX JJIEKTPUYECKUX CHUTHAJIOB, MOJYyYEHHBIX OT MO3Ta TOJIb30BATEsA, XPAHEHHEM
NPUHSATHIX 3JEKTPUYECKUX CHUTHAJIOB WJIM MapaMeTpoOB B MOYJIE MaMsTH BO BpeMmsi paboThl. B
npuUMepe 3JIEKTPUYECKHE CUTHAJBI, MPHUHSATBIE OT MO3Ta MOJb30BaTENsA, 00padaThIBAOT W/WUJH
U3MEHSIIOT MPUCTIOCOOJICHHEM BBOJIA/BBIBONA, & 3aTEM MOCHUIAIOT MPHUCIIOCOONIEHUI0 00paboTKu
nanHbiX. Kpome Toro, mpucnocobienne oOpabOTKH JaHHBIX XPAHUT MPUHSATHIE 3JEKTPHUYECKHE
curHajel B moxayjie mamsitu. [locie storo, mpucnocobienne oOpabOTKH MaHHBIX CPaBHUBAET
NPUHATHIE 3JIEKTPHUUECKHIE CUTHAJIBI MJIH MapaMeTPhbl, MOJYYSHHbIE OT MPHHSATHIX JIEKTPUIECKUX
CHUTHAJIOB, C 3a/JlaHHBIM HAOOpOM STAJIOHHBIX MAHHBIX, IJISI CO3/AHUS aHaJIM3a MPUHSTHIX
3NIEKTPUUECKUX CHTHAJIOB. BO3MOXKHO, 3TO MOXKET COnepKaTh aJIrOPUTM MALTUHHOTO OOy4eHUs
WM JIPyTH€ BBIMHUCIUTENbHBIE AJTOPUTMBI JJIsI OOHOBIEHHsS OOpabOTKH, HCIIONb3YeMOH IJIs
CO3MIaHMsI Mepbl OTKJIOHEHHs OOHApPYKEHHOTO »3JIEKTPUYECKOrO CHrHajla OT HIEabHOrO
STAJIOHHOTO CHUTHajla WM Habopa mnapamMeTpoB, IIOJNYYEHHBIX OT STAJOHHOTO CHUTHAa,

XPAHALICTOCsA B 3aaHHOM Ha6ope OTAJIOHHBIX NAHHBIX, WJIKX NPHUYNHY TAKOr0 OTKJIIOHCHUSA OT
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U/I€ATbHOTO 3TAJIOHHOTO CUTHAJA.

B BapuaHTe BBRINONHEHHs NPUCTIOCOONEHHE OOpPa0OTKM NAaHHBIX MOXKET aHAJIM3HPOBATH
NPUHATBIE 3JIEKTPUYECKHE CUTHAJBl B PEaJbHOM BPEMEHH, UTOOBI 3JIEKTPUYECKHE CHTHAJIBI
OOHapy>KUBAJIMCh HA BOJIOCHCTOH YacTU TOJIOBBI IOJIb30BATENs COTJIACOBAHHO C MO3TOBBIMHU
CTUMYJIAMH, TIOJJAHHBIMU K MO3TY IOJIb30BATEJIS.

B npumepe oOpaboTaHHble W/HMIM M3MEPEHHbIE SJEKTPUYECKHE CHUTHAJBI, IPUHSTHIE OT
npucrnocodienuss 00pabOTKM BXOAHOIO CHIHAja, MOTYT OTMPABISTHCS MPUCTIOCOOJIEHUIO
00pabOTKM NaHHBIX IJIi CPABHEHMs C 3aJaHHBIM HAOOPOM STAJIOHHBIX JAHHBIX IS CO3JAHHS
aHaJN3a TPUHSTHIX 3JIEKTPUUECKUX CUTHAJIOB, MPH 3TOM IO MEHbLICH Mepe OIHUH aJrOpPUTM
aNanTHBHOTO OOYYEeHMsT MNPHUMEHSIOT MU CO3/JaHUSl aHaJM3a NPUHSTBIX JJEKTPUYECKUX
CHUTHAJIOB, M TIO MEHBbIICH Mepe OIWH AJITOPUTM aJalTUBHOTO OOYYEHUs NPUMEHSIOT IS
CO3JIaHMsI MPOTOKOJA CTHMYJISIUM MO3Tra. BO3MOXKHO, MPOTOKOJI CTHMYJISIIUM MO3Ta MOXKET
colepyKaTh 1O MEHBIIEH Mepe OOUH W3 CIEAYIOMHX MapaMeTPOB CTUMYJILUU. aMIUIHTYIY,
¢opMy curHama, BOCIPUHHUMAEMYIO TNPU OTOOpPaKEHUH HA SKpaHe ocuwuiorpada, OgHY WIH
HECKOJIBKO YaCTOT C COOTBETCTBYIOIIEH MOIIHOCTBIO U PA3HOCTHIO (ha3 AJst MO3TOBBIX CTHUMYJIOB,
KOTOpbIE€ OJDKHBI OBITh MOJAHBI K MO3TY NOJb30Baress. Ilocine 3Toro, mpoTOKON CTUMYJISILHU
MO3ra MepenarT FeHepaTopy CUrHaia MPUCIOCOONIEHUST BBOAA/BBIBONIA, I/I€ TEHEPATOP CUTHAJA
CO3JIa€T MO3TOBBIE CTUMYJIbI, COOTBETCTBYIOIINE MPUHATOMY IPOTOKONY CTUMYJISILIUU MO3Ta OT
npucnocobenust 00paboTku naHHBIX. BriocnencTBun, Co3MaHHbIE MO3TOBBIE CTHMYJIbI MTONAIOT
K BOJIOCHCTOM YacTH TOJIOBBI IIOJIb30BATENsl HCIIOJNB30BAHHUEM I10 MEHBIIEH Mepe OJHOTrO
SNIEKTPOJa WM TPymmbl 3JeKTponoB. KoHkpeTHO, oOHapyskeHHe, oOpabOTKy U aHaiu3
9JNIEKTPUUECKUX CUTHAJIOB, NMPUHATHIX OT MO3Ta, U MOAa4Yy CTUMYJIOB MO3Ta K BOJIOCUCTON 4acTU
TOJIOBBI MOJIb30BATENIs], BBIMOJHSIOT COTIACOBAHHO WJIM OHOBPEMEHHO TaKUM 00pa3oM, YTO B
BBILIEYIOMSIHYTOH padoTe MMEeTCsl MUHUMAJTbHASI 3a]1ePIKKa.

B napyrom BapuaHTe BBITIOJHEHHUS MNPUCTIOCOOIeHHe OOpabOTKU MAHHBIX MOMKET
00pabaTbIBaTh 3JEKTPUUECKUE CUTHAJIBI, MPUHATBHIE OT MPUCTIOCOOIEHUsT 00pabOTKH BXOIHOTO
CHTHAJIa, BPEMEHHO YePenyIOIUecs: ¢ MO3TOBBIMH CTHMYJIAMH, TOJAHHBIMH K TIOJb30BATEIIO;
TAKOM TMOIXOJA MAaeT IMOTEHLUHAJIbHO MEHBIOYI NEePEKPECTHYIO CBSI3b MEXKAY CTUMYJIaMU |
OOHAapY’KEHHBIMH CHTHAJIAMH OT 3JIGKTPOJOB, IO CPAaBHEHHIO C COTJIACOBAaHHOH mMopavel
CTHMYJIOB U NPHEMOM OOHApPy’KEHHBIX CHUTHAJIOB OT 3JIEKTPOAOB. B mpumepe snexTpudeckue
CUTHAJIbl, TPUHATBIE OT NpPHCIOCOONeHuss 00paboOTKM BXONHOTO CHUTHAJA, AHAJU3UPYIOT
npuCroco0ieHneM OOpaOOTKH JNaHHBIX TOCPENCTBOM MO MEHBIIeH Mepe OIHOr0 aJropuTMa
alanTHBHOTO OOYYEHHs WM APYTHUX BBIUHUCIUTENBHBIX anroputmoB. Kpome Toro, Ha ocHOBe
aHaJN3a, CO3JAl0T MPOTOKOJ CTHUMYJISILIUU MO3Tra, ¥ B COOTBETCTBUH C IIPOTOKOJIOM CTHMYJISLIUH

Mo3ra, CO34al0T MO3IOBBIC CTUMYJIbI. Takue 3amucu MNPUHATOrO JSJICKTPUYECKOTO CHIrHaAJa
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NPUCTIOCOOJIEHHEM BBOJA/BBIBOZIA M MOJAYeH CO3MAHHBIX MO3TOBBIX CTHMYJIOB, BBIIOJHSIOT
YepenyroIuMcst 00pa3oM ¢ HeOONBIINM BPEMEHHBIM 3a30pOM Mexny HUMH. Kpome Toro, Takoi
aHaJN3 MPUHATOrO 3JIEKTPHUUECKOro CHUTHAJa MPUCTIOCOONeHneM 0O0paboTKU AaHHBIX M MOAAdy
CO3JIaHHBIX MO3TOBBIX CTHMYJIOB K IIOJIb30BATENIO, BBIMOJHSAIOT BPEMEHHO YepeayIOLIMMCS
obpazom.

B eme ogHOM BapuaHTe BBIIOJHEHHs MO3TOBbIE CTUMYJIBI NTOJAIOT K BOJOCHCTOM 4acTu
T'OJIOBBI NOJIB30BATENS Yepe3 IPYIITY 3JIEKTPOIOB 3JIEKTPOJHOTO MPHUCHOCOONEHUS, U K APYTUM
YacTsIM TOJIb30BATENIS, MPOCTPAHCTBEHHO YNAJEHHBIM OT BOJIOCUCTOH HYacCTH TOJIOBBI JAHHOTO
NOJIb30BATEISA, COAEPIKALIUM, HATPUMED, OJHY WM HECKOJbKO U3 KOHEYHOCTEH, CIIMHHON MO3T
wi Onyxnaromuii Heps. Kpome TOro, MO3roBbl€ CTUMYJIBI HUJIM CTHMYJIBI K JIPYTHM YacTsM
NOJIb30BATENS  CO3JAIOT  TEHEPAaTOPOM  CTHUMYJIOB  NMPUCMOCOOJEHHS  BBOAA/BBIBOJA B
COOTBETCTBHH C MPOTOKOJOM CTUMYJBIIMM MO3Ta, MPHHATBIM OT MPHUCIIOCOONEHHsT 00padoTKu
nanHbIX. [locne 3Toro co3gaHHble MO3TOBBIE CTHMYJIBI ITOAAIOT K BOJIOCHCTOW YacTH TOJIOBBI U
APYTUM YacCTsIM TOJIb30BATENS OJHUM HIIH HECKOJIBKUMH U3 TPYIIIbI 3JIEKTPOAOB.

B03MOKHO, CO31aHHBIE MO3TOBBIE CTHUMYJIBI MOTYT IOAABATHCS K APYTHUM HYaCTsIM TeJa,
TAKUM KaK YacTH, COAEp’Kallne, HO HE OrpaHUYEHHbIE, INEH0, MMO3BOHOYHUK, CEpALE, TPYIb,
JKMBOT, KHCTH, CTYITHH, PyKH M HOTH, KOTOpPbIE MPOCTPAHCTBEHHO YAJEHbI MM PACTIONOKEHBI
BIAJM OT BOJIOCHCTOM YaCTH TOJIOBBI JAHHOTO IOJIb30BATENs, U 37€Ch TEPMHH «3JIEKTPOIHOE
NPUCTIOCOOJIEHNE» COAEPIKUT PACTIONIOKEHNE SIIEKTPOIa Ha TI0O0H U3 BBIIIEYNOMSHYTHIX YaCTei
Tena. B mpumepe OoauH MM HECKONBKO M3 TPYMIBI 3JIEKTPOJOB HAXOAUTCS B 3JIEKTPUYECKOM
KOHTAaKTe C IIeeil MoNb30BaTeNs AN CTUMYJIIMU OJNy)KOAloLero Hepsa IJIsl YMEHBLICHUS
94acTOThl YAPOB CEPALA, U NEKTPUUECKUI CUTHAN TMOAAI0T K HUM COIJIACOBAHHO C MO3TOBBIMU
CTHMYJIAMH, TIOJAHHBIMH K BOJIOCHCTOW YaCTH T'OJIOBBI MOJIb30BATEJIS.

IMpucnocobnenne oOpabOTKKM MAHHBIX UCIOJB3YEeT MO MEHBIIEH Mepe OAWH aJrOpPUTM
alanTHBHOTO OOYYEHHUs] WIH APYTUe BBIYUCIUTEIbHBIE aAJITOPUTMBI, PEATN30BaHHBIE B BUJE IO
MEHbILIEH Mepe ODHOrO U3 BBINOJHIEMbIX MPOrPaMMHOrO ofecreueHuss W LHU(POBOTO
anmapatHoro cpenctBa (Hanmpumep, FPGA, ASIC, ammapatHoro cpencrsa 3aka3HOU
KOHCTPYKIMH KPEMHHEBOH MHUKpocxembl). Kpome Toro, mo MeHblLIeH Mepe OAMH aJrOpPHTM
alanTHBHOTO OOYUYEHHs] MOJKET COIEepP’KaTh IO MEHbLIEH Mepe OJHO M3 allapaTHBIX CPEICTB,
BBIMTOJIHSIEMBIX [POTPAMMHBIM oOecrieueHueM Wi OUQPOBBIM  aIMapaTHBIM CPENCTBOM
(mampumep, FPGA, ASIC, anmapaTHbIM CpEICTBOM 3aKa3HOW KOHCTPYKLHMU KPEMHHUEBOU
MHKPOCXEMBI), BBINOJHEHHBIM C BO3MOJKHOCTBIO HCIOJB30BATh TEXHOJOTHIO AJaNTallMd B
peaJbHOM BPEMEHH MO3TOBBIX CTHMYJIOB TakUM 00pa3oM, KOTOPBIH MHUHUMH3HPYET BpeMs
OTKJIMKa MeX 1y 0OpaboTKOM CUTHAJIA U CO3JaHHEM IPOTOKOJIAa CTUMYJISILK Mo3ra. Kpome Toro,

npucrocobienne 00pabOTKM MaHHBIX, COIEpKallee aJrOPUTMbI aNaNTUBHOTO OOYYeHWs,
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oTciexuBaeT 3p(EKThl, KOTOPble PA3IUYHbIE MPOTOKOJBI CTUMYJISILUN MO3Ta MMEIOT Ha MO3T
nosib3oBatenst. Kpome toro, Takoe npucnocobsenne oOpabOTKU TaHHBIX SIBJISIETCS JOCTATOYHO
YHMBEPCAJbHBIM JUIsI aHAJIM3a €ro COOCTBEHHBIX NEHCTBUN M, CIIEOBATENIbHO, MCIIONB3YET I10
MEHbLIEH Mepe OAUH M3 AJTOPUTMOB aJaNTHBHOTO OOYYEHMs WM APYTue BBIYUCIUTENbHbBIE
AJITOPUTMBI U1 ONTHMH3ALMU NPOTOKOJIA CTUMYJISILIMM MO3ra Ha OCHOBE Oojiee 3HAYMMBbIX
o0y4aromux HabOpPOB TaHHBIX.

Kpome Toro, obyuaroimue HaOOpbl JaHHBIX MOTYT COIEpKaTh, HO HE OrPaHUYMUBATHCS,
3aMUCH TIPEAbIAYIIUX ACHCTBUM, JAHHBIE OT TPYMIbl APYTHX AHAJIOTHYHBIX CHCTEM, 3a/laHHBIE
STAJIOHHbIE JaHHbIE W HCTOPUYECKHE JaHHble. B BapWaHTe BBINOJHEHUSI YCTPOMCTBO
B3aUMOJIEHCTBUSI C MO3IOM, PEATH3YIOIee AJIrOPUTM aJaNTHBHOTO OOYUYEHHs], BBIOJHEHO C
BO3MOKHOCTBIO 3aIMChIBATh M HW3BJIEKATh OAWH MJIM HECKOJIbKO TOTEHLHAIbHBIX LEJIEBBIX
MapKepoB UIsI HEHPOMONYJISIUH. BO3MOXKHO, OJMH WJIM HECKOJIbKO MOTEHIHMAIBHBIX LEJIEBBIX
MapKepOB MPENCTAaBISIET COOOH M3MEHEHHUS NI IEHCTBYSI, BBI3BAHHBIE B MO3T€ MOJIb30BATENS B
¢opme n3MeHeHHsT MO3TOBBIX BOJIH MJIM YMEHBLICHUS OTKJIMKA Ha OOJIE3HEHHBIE CTUMYJIBL, MIPU
5TOM HW3MEHEHMs WJIM JIEHCTBUS BBbI3BIBAIOTCS B OTBET HA WCIOJB30BAHHWE OIHOTO WU
HECKOJIbKUX JIEKAPCTB, BBEICHHBIX IMOJB30BATENO. B BapuaHTe BBINOJHEHHUS OJAWH WU
HECKOJIBKO TTOTEHLMAIbHBIX LEJIEeBbIX MapKepOB XPaHAT B 0a3ax MaHHBIX AN peau3aliu
AJITOPUTMOB HCKYCCTBEHHOI'O HHTEJUIEKTA. Y CTPOMCTBO B3aMMOAEHCTBHSI C MO3TOM CHOCOOHO
nepesiaBaTh U ONTHMU3HPOBATH MTPOTOKOJ CTUMYJISLUN MO3Ta, YTOOBI HHAYLIHUPOBATh 3G (EKThI,
aHAJIOTMYHBIE TeM, KOTOpble MHAYLHPOBAHBI JIEKAPCTBAMH, BIUSIOIIMMU HAa KOHKPETHBIE
HEMPOHHBIE PeLleNTOPBl. biaaronpuaTHoO TO, YTO Takas ONTHMAJIbHAsI CTUMYJISILIHS TIOMOTAeT MpH
VUHTHOMPOBAHUM WM YCHJIEHUH AEHCTBHSA, AHAJOTMYHOIO JIeKapcTBaM 0e3 uX MOOOYHBIX
s¢dexkroB. B npyrom BapuaHTe BBINOJHEHHS YCTPOWCTBO B3aMMOIEHCTBHS C MO3TOM,
peanu3yroliee aJropuT™ aaanTUBHOTO 00yUEHHs], BBIIOJHEHO ¢ BO3MOXKHOCTBIO CTHMYJIHPOBATH
WIM UMHUTHPOBATh U3MEHEHUS] WM IEHCTBUS, BBI3BAHHBIE B MO3re MOJb30BaTeNsA, B (opmax
U3MEHEHUs] MO3TOBBIX BOJIH Ha OCHOBE 3alMCAaHHBIX LENeBbIX MapkepoB. ClenoBarenbHO,
UCTIOJIb30BAaHUE YCTPOWCTBA W AJIrOpuTMOB (1) IS 3alUCH M W3BJICUEHUS TMOTEHIMATBHBIX
L[EJIEBBIX MAapPKEPOB JUIsT HEUpOMOAyJsiiuu, (i1) AJisT MOAYJISILIME MO3TOBBIX BOJIH, CBSI3aHHBIX C
COOBITHEM TMOTEHIHAJIOB WM APYTUX CUTHAJIOB sl MMHTALMM W3MEHEHWH, JOCTUTHYTBIX
nexkapcTBamu; (1i1) st yaydmenus 3¢g¢extos jgekapcts; (1v) IS YMEHbIIEHUST HEXKETaTeTbHBIX
no0o4YHBIX 3(()EKTOB JEKapCTB HA MO3TOBYIO AaKTHBHOCTb, MMEET MOCIEIACTBHS JJISI 3aMEHBI
OOBIYHBIX JIEKAPCTB, TAKUX KaK OMUATHIL, FIIH JPyTHe MPEeNMYIIecTBa B MEAUIIMHCKUX YCIOBHUSX.

braronpusiTHO TO, YTO aNrOPUTM aJANTHUBHOIO OOYYEHHUs CIIOCOOCTBYET B 3HAUUTENbHON
CTETEHN IOCTIDKEHUIO Oojiee MepCOHAIM3MPOBAHHONW M, TaKUM oOpas3oM, Ooree 3ddexTuBHOI

CTUMYJIAAILIUA MO3ra AJisl ITOJIb30BaTEIIs. I[OHOJ'IHI/ITGJ'II:;HO, AJTOpUTM aJallITUBHOI'O 06yquI/m 501051
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APYroil BBIYMCIUTENbHBIN alrOPUTM HENpPEPBhIBHO, MO 3aMKHYTOH NETNie, U3y4daeT NaTTepHBI
OTKJIMKA MO3ra MOJb30BaTeNs Ha MPOILIYI CTUMYJISALUIO AJIS JIy4dlled HacTpoiku Oymymux
MO3TOBBIX CTUMYJIOB Ul JAOCTH)KEHHS ONTHUMHU3HMPOBAaHHBIN pe3yibratoB. Kpome Toro,
peanusanys ajJropuTMOB aJANTHBHOIO OOY4YEHMs ITOMOTaeT B YJYYIIEHUH TEParneBTUYeCKOro
BKJIaJla YCTPOMCTBA HEHUPOMOAYJSILMU, TAKOTO KaK YCTPONCTBO B3aUMOAEHCTBHUS C MO3IrOM
HACTOSILIETO PACKPBITHUSI.

B BapuaHTe BBINOJHEHHS AJTOPUTM AIaNTUBHOIO OOYYEHHUS MOXKET COIepKaTh, HO HE
OTPAaHUYMBAETCS, 10 MEHbLIEH Mepe OAWH M3 aJITOPUTMOB MALIMHHOTO OOYYeHUs, KOTOPBIH, B
CBOIO OdYepenb, CONEP)KUT, HO HE OrpaHMYMBAETCS. AJIrOpuTM Kk Ommpkalimmx cocenet,
pPEerpeCCHOHHBIA  aHAJM3, AaHCaMOJIb JPEBOBHIHBIX AJITOPUTMOB, OTCIIEKHBAHHUE TOYKH
MaKCUMAJIbHOW MOIIHOCTH, CKPBITYIO MOAenb MakapoBa, MCKYCCTBEHHYH) HEHPOHHYIO CETb,
PEKYPPEHTHYIO HEWPOHHYIO CE€Th, AJITOPUTM JOJTrOM KPaTKOCPOYHOW MNaMSITH, T'€HEPaTUBHO-
cocTsA3aTebHble WIM aJalTHUBHBbIE COCTSA3aTeNbHble HEHPOHHBIE CETH, CBEPTOUHYIO HEHMPOHHYIO
CeTb WM TJIyOOKYIO CBEPTOUHYIO HEHPOHHYIO CEThb, alTOPUTM OOYUYEHHs C TOAKPEIUICHUEM,
aJTOPUTM CIy4aliHOTO Jieca, aJalTHUBHBIN aJrOPUTM OTKUIA, MALIMHBI OMOPHBIX BEKTOPOB,
PEKOMEH/IATENbHYIO CHCTEMY, T€HETHUECKUH alnroput™, anroputm Q olydenus u riyookoro Q
oOy4eHus1, IPH 3TOM IO MEHbLIEH Mepe OJUH AJITOPUTM aJaNTHBHOTO OOYYEHMs WU APYrou
NOIXOASAIIMNA BBIUUCIUTENbHBIN AJIrOPUTM pPEaIu3ylOT B cUCTeMe 3aMKHyToW mneriu. Kpome
TOTO, QITOPUTM MAIIMHHOTO OOy4YeHHs] OTHOCUTCS K CIIO)KHOMY HCXOJHOMY KOy,
pear30BaHHOMY 110 MEHbILEH Mepe Ha OHOM M3 BBIIOJIHAEMBIX IPOTPAMMHBIX OOecredeHuil 1
uudposom ammapatHom cpencrBe (Hampumep, FPGA, ASIC, kpeMHHEBOH MHKPOCXEMBI
3aKa3HOW KOHCTPYKLHHM), NMPH 3TOM TAaKyK PEAJH3aLUI0 aJrOpUTMAa MAIIMHHOTO OOydeHUs
NpEABAPUTENPHO OOYYarOT M3BJIEKaTh MH()OPMALMIO U3 JAHHBIX BXOAHOTO CHUTHAJIA WIH U3
HaOopa TapameTpoB, MOJYYEHHBIX W3 IAHHBIX BXOIHOTO CHUTHAJNA, B PEAJTbHOM BpPEMEHH C
MUHHMAJIBHOM 3a/Iep’KKOH, WM OOYyYarOT BO BpeMs 3amycka OOYYaroIUM aJrOPHTMOM,
CpaBHUBasl Ke€JaeMbIil UCXOJ M HACTpauBasi MPOTOKOJBI CTUMYJISILUU MO3ra, COOTBETCTBEHHO.
Kpome Toro, anroputm UCHONB3YEeT pa3jIMuHbIC MpaBHJa AJII HACTPOWKH HabOpa MapameTpos,
OpU 3TOM TMapaMeTpbl BCTPAUBAIOT B AJTOPUTM, YTOOBI OOpPa3OBBIBATH NATTEPHBI IS
BBIMIOJIHEHUsI Tpollecca NPUHATHS pelleHus. BO3MOXXHO, B ciydae, KOIrZla HOBbIE WM
JOTIOJTHUTENbHbBIE JTaHHBIE CTAHOBSITCS JOCTYIMHBIMH, AJITOPUTM MNpU paboTe, aBTOMAaTHYECKH
HACTpauBaeT MapameTphl Uil CO3AaHUs U3MEHEHHUs B MaTTepHE CPAaBHEHHEM CYLIECTBYIOLIEro
naTTepHa C MpeabllyIUM NaTTEPHOM.

B npyrom BapuaHTe BBINOJIHEHUS aJTOPUTM OOYUYEHHS C MOAKPEIUIEHHEM IPEACTaBISET
cOOOH KaTeropio ajJropuTMOB Ha OCHOBE OPHUEHTHPOBAHHBIX HA II€JIb aJTOPUTMOB, KOTOPBIE

y4aT, KaK JIOCTHraTh CJIIOKHOHN 3amaun (LeH) WM MaKCHMHU3HUPOBATh 110 0OCOOOMY Mapamerpy Ha
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NPOTS2KEHUM MHOTUX STAaloOB, MNPHUMCHCHUEM IIOHATUA COBOKYHHOI\/'I BBIT'OAbI, HAIIPUMED,
MAaKCUMH3UPYysA MOIMHOCTb U MPOAOJDKUTCIIBHOCTD BBICOKOH a.]'[b(ba-aKTI/IBHOCTI/I B TCUCHHEC
AJIUTEJIbHOTO nIE€puoaa CTUMYIJISALNH, KOTOprfI I[eflCTByeT KaK COBOKYITHas BbITOAA. KpOMe TOrOo,
aAJIropuTM o6yquI/m C MOAKPCINICHUEM o6yqaeTC$[ U3 BBITOA, KOTOPBIC OH MOJYy4YacT B OTBET Ha
AENCTBHE, BHIMOJHEHHOE CUCTEMOH, peaan3yrolleli aaroputmMbl 0OyUeHHsl C MOJKPEIUIEHHEM, U
alanTUPYeTCsl COOTBETCTBEHHO JUIA MAKCHMM3ALMH COBOKYIHBIX BBITOA B OTBET HA
MOCJEAYIOUINE AEHCTBUS.

Kpome TOro, BO3MOXHO, anroputm riybokoro Q oOyueHHUs OTHOCHTCS K KaTeropHH
AJITOPUTMOB, KOTOPBIE COACPIKAT KaK aJIrOPpUTM O6yLIeHI/I$I C MOAKPEIUICHUEM, TaK U aJITOPUTM
HeﬁpOHHOﬁ CE€TU C HECKOJIbKMMHU CKPBITBIMU CJIOAMH, OJII JOCTHXKEHUA ONTHUMU3HPOBAHHOI'O
BbIXOJa B pPEAJIbHOM BpPEMCHU, IMPU pe€ain3alliid B CHUCTEME 3aMKHYTOﬁ IETIIN. KpOMe TOrO,
AJITOPUTM HEHPOHHOMN CETU OTHOCHUTCS K sy aIrOPUTMOB, KOTOPBIE IBITAIOTCS PaCNO3HABATH
OCHOBHBIE B3aMMOCBSI3U B HA0Ope JaHHBIX MOCPEACTBOM MPOLIECCA, KOTOPBIH HMUTHPYET TO, KaK
paboTaer uenoBedyeckuii Mo3r. Kpome TOro, aiaroputM HEHPOHHOW CETH MpPeNOCTaBIsIeT
«ry0oKoe 00y4eHHe» MOCPEACTBOM HEPapXHUUECKOro paclojoKeH s Habopa napamMeTpoB, pu
OTOM MapaMETpbl BCTPAHMBAKOT B aJITOPUTM AJid O6pa30BaHI/I$I NaTTEPHOB [JIA BbIIIOJIHCHUSA
npouecca MpUHATHUSA PELICHUS. KpOMe TOro, B CJjiyda€, KOrga HOBBIC WJIM AOMOJIHUTCIIBHBIC
AaHHBIC CTAHOBATCA OOCTYIIHBIMU, aJITOPHUTM IIpHU pa60Te, ABTOMATHUYCCKHU HACTPAUBACT
napamMeTpbl AJid CO34aHUS NU3MCHCHUS B IIATTCPHAX.

B BapuaHTe BBINOJHEHUS MO MEHbLIEH Mepe OIMH M3 BbILICYIIOMSHYTHIX aJrOPHUTMOB
alaNTUBHOTO OOy4YeHUsI peann3yloT B CHCTeMe 3aMKHyToi mneriu. Kpome Toro, cucrema
3aMKHYTOH TETJIM COIAEPKUT JIEKTPOJHOE MPHUCHOCOONIeHNe, MPUCTIOocOOIeHne BBOA/BBIBOAA,
npucrnocobnenue 00paboTku maHHbIX u Onok mnuTanus. Kpome Toro, mnpucnocobneHue
BBOJIa/BbIBOZA CONEPIKUT MPEMPOLIECCOpP, BXOMHON MpeoOpa3oBaTelib, reHepaTop CTUMYJIOB U
BBIXOIHOH mpeoOpaszoBatenb. Kpome Toro, mpucnocobneHne oOpaOOTKH JaHHBIX COHEPIKHUT
Onmok 00pabOTKM ¥ MOHOYJNb MaMATH, MpPU 3TOM OJIOK 0OpabOTKM W MOAYJb MaMSITU
coobmaromumest  oOpa3oMm coeamHeHbl. Kpome TOro, 3JeKTpogHOe NPUCTOCOONECHHE,
NPEnpoLEeccop, BXOAHOM Mpeodpa3oBaTelib, FTeHEPaTOP CTUMYJIOB, BBIXOAHOH MpeoOpa3oBarelib
U npucnocoOnenne 00pabOTKHU NaHHBIX COOOIMIAILIMMCA 00pa3oM COEAMHEHBI IPYT C APYTOM
HEMOCPECTBEHHO MJIM KOCBeHHO. Kpome Toro, 3jeKTpudecKue CHrHalibl, CO3JaHHbIE B MO3re
MOJIb30BATENSI, OOHAPYKUBAIOT 3JICKTPOAHBIM MPUCTOCOOJIEHHEM, a 3aTeM MepenarT B OJIOK
00pabOTKH TOCPENCTBOM Mpemnpoieccopa U BXOHHOro mnpeobdpasosartens. Kpome Toro, 010k
00paboTKH NpPUMEHsIET MO MEHbIIEH Mepe ONUH U3 aJTOPUTMOB AJaNTUBHOTO OOYUYEHHs IS
CO3JaHUsl M Tepeavyd MPOTOKOJNA CTUMYJSILUM MO3Ta BBIXOIHOMY mHpeoOpasosarento. Kpome

TOrO, BBIXOAHOM mpeoOpasoBaTens oOpadaTeiBaeT U mepemaer OOpaOOTaHHBIM MPOTOKOI
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CTUMYJISILUM MO3Tra TE€HEPaTOpy CTUMYJIOB, MPH 3TOM TeHEPaTOp CTUMYJIOB CO3[aeT MO3TOBbIE
CTHMYJIBl M TEPENaeT CO3JaHHbIE MO3TOBbIE CTHUMYJIbI 3JIEKTPOAHOMY NPHUCIIOCOOJICHHIO IS
CTUMYJISIOUA MO3ra IOJIb30BATECIISA. BOSMO}KHO, JJIs1 BbIYUTAHUA apTe(baKTa, KOINMIO CO3JaHHBIX
MO3TOBBIX CTHMYJIOB TaK)X€ OTIIPABJSIFOT MPUCIIOCOOJEHUIO TNPEeABAPUTETbHON 00paboTKH.
Kpome Toro, pa3iudHble THITBI CUTHAJIOB 00pabaThIBaOT B 3aMKHYTOH METJIE TaK, YTO, IPOTOKOI
CTUMYJISILMM MO3Ta OOHOBJISIETCS HUTEPATUBHO JUI JOCTIDKEHUS LEJIEBOH 3JIEKTPUYECKON
AKTUBHOCTH, M TaKUM OOpa3oM, JOCTHKEHHs IMEPCOHATM3UPOBAHHON M ONTHMH3HPOBAHHOW
CTUMYJISIOUHA MO3ra B p€aJIbHOM BPEMCHU.

bnaronpuaATHO TO, YTO CHUCTEMBl 3aMKHYTOM METIH, pPEAIU3YIOIIHE aJITOPUTMBbI
MAIIMHHOTO OOYYeHHs] B CHCTEMaX HEMHBAa3MBHOU cTumyJisinuu mosra (NIBS), npenocrapistoT
HaCTpOfIKy IMPOTOKOJIa B P€AJIbHOM BPCMCHU H OINTHUMAJbHYH) CTUMYJALUWIO, YTO NPHUBOAUT K
OoJiee mepCoOHATM3UPOBAHHON U 3(P(HEKTUBHON CTUMYJISILIMA MO3Ta MMOTb30BATEJISI.

Ha TMPOTAKECHUN HACTOALIICI O PacCKpbITHA, TCPMUH «aeJieBas SJIEKTpUICCKaA
AKTHBHOCTBY», UCIIOJIb3yEMbIil B HACTOSIIEM JOKYMEHTE, OTHOCUTCS K JKelIaeMOMy OOLIeMy WITH
KOHKPETHOMY MAaTTEPHY 3JEKTPHYECKON aKTHMBHOCTH B MO3re MOJb30BATENs HJIH MapaMeTpam,
MOJIYYCHHBIM K3 aHaJin3a TaKOM AKTUBHOCTH, KOTOPBIC JOJIZKHBI 6I:>ITb TMOJIyYCHBbI IJIsA
YMEHBIICHNUS HWHTCHCHUBHOCTU CHUMIITOMOB, CBSA3daHHBIX C OCO6I:>IM COCTOAHHUEM IlI/IC6aJ'Icha
YMCTBC€HHOI'O 340POBbA Yy .]'IIOI[efI, WK Apyroro KIIMHUYECKU 3HAYUMOTO COCTOSHUS, KOTOPOEC
MOXeET ObITh OOJIErdeHO BBIIEYNIOMSIHYTBIM criocoOoM. Kpome Toro, menesas snexTpudeckas
AKTHMBHOCTb MOJKET TaK)ke OBITh JKEJIAeMOM 3JIEKTPUUECKOH aKTUBHOCTBIO AJISI MPENOCTABICHUS
WJIH WHIYLUPOBAHUSI KOHKPETHOTO HACTPOEHUS, SMOLUU B MO3re MOJIb30BATENsl WIH APYroro
KOHKPETHOT'O COCTOSIHUS] yMa, KOTOPOE€ MOJKET JOCTUTAThCS BBILIEYTTOMSHY ThIM CITIOCOOOM.

B BapuaHTe BBINOIHEHHSI MPUCTIOCOOIeHHEe 00paOOTKH JAHHBIX UCTIONB3YET IO MEHbLIEH
MEPEC OAMH aJIT'OPUTM aJallTUBHOI'O O6yLIeHI/I$[ JJIA HaCTpOfIKPI MO3I'0OBbIX CTUMYJIOB UTCPATUBHO,
TaK YTO DJJIEKTPUYECKYI0 AaKTHMBHOCTb MO3ra MaHHOTO T[OJIb30BATENsl HACTPAMBAIOT Ha
NPUOJTM3UTENBHYIO LIEJIEBYIO 3JIEKTPHYECKYIO aKTHBHOCTh MO3ra, IO kejaHuro. ITocne momaun
CO3[JAHHBIX MO3TOBBIX CTHMYJIOB K BOJIOCHCTOW 4YacTH TOJIOBBI TOJIb30BATENS, SJEKTPUYECKHE
CHUTHAQJIBI OT MO3ra MOJIb30BaTeNsl OOHAPYKMBAIOT CHOBA M AHAIM3HPYIOT MPHUCIIOCOOIEHHEM
00pabOTKM HaHHBIX B 3aMKHYTOH meTyie. BO3MOKHO, aHann3 OOHAPYKEHHBIX 3JIEKTPUYECKUX
CHTHAJIOB COAEPIKHUT ONpeNeeHne W3MEHEHHH B OOHAPYKEHHOH 3JIEKTPUYECKOH aKTHBHOCTH
WIM B TapaMeTpax, MOJNYYEHHbIX OT OOHAPYKEHHOH 3JIEKTPUYECKON AKTUBHOCTH MO3ra,
clenyroIel 3a rmojavyeldl MO3TOBBIX CTHMYJIOB B MpenblAyiued urepaunu. bonee BO3MOXHO,
aHamM3 OOHAPYKEHHBIX SJIEKTPUYECKHX CHTHAJIOB MAOIOJIHUTEIBHO COAEPKUT OIpenesieHHe
MOJIOXKUTECJIIBHOTO HWJIM OTPULATCIBbHOTO 3HAYCHUSA HWIIN Ha6opa 3HaquHﬁ, Tpe6yeMbIX JJIA

HACTPOMKU M000ro U3 MapamMeTpoB MPOTOKOJIA CTUMYJISILIMK MO3Ta, I JOCTHKEHUS XKeJlaeMon
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LIEJIEBON 3JIEKTPUUYECKONW AaKTUBHOCTH Mo3ra. Takoli aHanmm3 mnpucrnocobineHrneM o0padoTKu
JaHHBIX MOYKET BBITIOJIHATHCS C MOMOLIBIO [0 MEHbLISH Mepe OJHOrO aJIrOpUTMa aJanTHBHOTO
oOydeHust TakuM o00Opa3oM, YTO MPOTOKOJ CTUMYJSILMM MO3ra, KOTOPBIH JOJDKEH OBITh
NPUMEHEH, MOXeT OBITh HACTPOEH MTEPATHBHO IOCJE MOJAYM KA)KAOrO MO3TOBOIO CTHMYyJa U
obHapyxeHus >(dekra MOZaHHBIX MO3TOBBIX CTUMYJIOB. KOHKpETHO, uTepaTuBHyHO padoTy
HACTPOMKHM MO3TOBBIX CTHMYJIOB BBINOJHSIOT B PEAJbHOM BPEMEHH AJIsl OAAYH HACTPOEHHBIX
MO3IOBBIX CTUMYJIOB K BOJIOCUCTOW HacTH TOJIOBBI ITOJIb30BATENS I KOHEYHOTO JTOCTYIKEHUS
JKEJIaeMON LEJeBON DJEKTPUYECKON AaKTUBHOCTM MO3ra. B 3TOM KOHTEKCTE, B peaJbHOM
BPEMEHU O3HAYAeT, YTO. 3aMUCh MPUHSITOTO HJIEKTPUYECKOrO CHUTHANA MPHCIOCOONEHHEM
BBOJZIa/BbIBOAA; 00pabOTKy mpucnocoOneHneM o0paOOTKH aHHBIX, CONEPIKAINYIO BBINOJHEHUE
AJITOPUTMa AJANTHBHOTO OOyuYEHHs; HACTPOWKY MapaMeTpOB MPOTOKOJA CTHMYJISIMUA MO3Ta,
NoAa4y CO3AaHHBIX MO3TOBBIX CTHMYJIOB  BBIMONHSIOT JHUOO  COMVIACOBAHHO,  JHOO
MOCJIEIOBATENIbHO, JTHOO dYepeayromuMcsi 00pa3oM, MpPUYeM LMK 3aBEpLIAOT B Mpeaesax
HeOonpIIoi obmactu. Kpome TOro, BO3MOXKHO, BpeMs Ul 3aBEPLICHUs LHKJA CHHKAKOT 0
HECKOJIbKMX MUJUTUCEKYHJ peain3anued u(poBOrO ammapaTHOrO Cpenctsa Mt o0paboTku
JaHHBIX U BBIMOJIHEHUEM JITOPUTMOB aaNTHBHOTO O0YYeHHSI.

AJbTepHATUBHO, B pPEaJbHOM BPEMEHHM O3HAYaeT C WHTEepPBAJaAMU LUKJIA MEHbIIE 5
MHHYT, Oojiee BO3MOXKHO C HHTEPBAJTAMHU LUKJA MEHbIIe | MHHYTBI, OOjiee BO3MOXHO C
MHTEpBAJaMH IMKJIa MeHblIe | cexyHabl, Oojiee BO3MOXKHO C MHTEpPBAJAMH LIMKJIAa MeHbIue |
MHJUTUCEKYHIBl, M eme Oojiee BO3MOXKHO C TOMOIIBIO BBIIEYHOMSHYTHIX —peanu3aui
111 POBOTO ANMapaTHOTO CPECTBA C MHTEPBAJIAMH LIMKJIA MEHbIIEe | MUKPOCEKYHIbI.

Ha npoTskeHNH HACTOSIIIEro PpacKphITHS TEPMUH «IETIIsI OOPaTHOM CBA3MY» OTHOCHTCS K
amanTaid CTUMYJISALHAH MO3ra, HCIOJNB3yeMON [JIsi BO3AEHCTBHSI HAa COCTOSIHHE MO3ra
NOJIb30BATENsl, B OTHOIIEHWU. MEKHHAMBHAYAIbHBIX CTPYKTYPHBIX BapuaOeNbHOCTEH,
WHIMBHUIYaJIbHONH CHTHAJbHOW IUHAMHKH U OBICTPO MEHSIIOINErocss COCTOSIHMSI MO3ra B
peasibHOM BPEMEHH.

B BapuaHTe BBIMOJHEHUs aJANTALUIO CTHMYJSILIUKA MO3Ta aBTOMATUYECKU B PEATbHOM
BpeMeHHU Oe3 BOBJIEUECHHUs JIOOOH TpeTbel CTOPOHBI HAa3bIBAIOT «3aMKHYTOW merneit». Kpowme
TOrO, €ClM CTUMYJSLUs He 3(Q(eKTUBHA MPU M3MEHEHUH COCTOSHUSI MO3Ta [0 »KeJaeMOro
COCTOSIHMSI, TO TPOTOKOJI CTUMYJISILIMM MO3Ta HYKIAeTCsl B HACTPOWKE B 3TO meTyie oOpaTHOMH
CBSI3M JIO HOCTIXKeHHs: xkenaemoro 3¢dekra. Kpome Toro, BO3MOXKHO, OO0 airoputm,
KOTOpBIH 00pabaThiBaeT BXOISINUI CHTHAJ HJIM HACTPAHBAET MPOTOKOJ CTUMYJISILIUH MO3Ta,
KOTOPBIH MOJKET aJanTHPOBAThCS K MEXKHHAMBUAYAJIbHBIM pPAa3HULAM U Pa3HHULAM MEXKIY
COCTOSIHUSIMH, OTIPEAEIISIOT KaK ajJrOPUTMBbI aJallTUBHOTO O0YYeHHs.

B BapuaHTe BBINONHEHHUS] YCTPOWCTBO B3aUMOAEHCTBUS C MO3IOM JAOIOJIHUTENIBHO

25



comepKUT OJIOK YIpaBJIeHUs, KOTOPbIH MPUHUMAET, Mpu padoTe, BXOA OT MO MEHbIIeH Mepe
OIHOTO TMOJIb30BATeNsl WJIM YCTPOWCTBA TPETbeH CTOPOHBI, MPH 3TOM OJIOK YNpaBICHUS
cooOmaromumess 00pa3oM COENMHEH C NPUCIOcOONIeHneM OOpabOTKH MAaHHBIX U CONEPIKUT
MOYJIb COOOLIEHMS JIst 00pa30BaHUs COOOIIEHUST MEKAY YCTPONCTBOM U YCTPOHCTBOM TpPETheH
CTOpPOHBL

Ha npoTskeHnH HaCTOSIIEro pacKpbITHS TEPMHUH «OJIOK yIPaBIEHUSY, UCTIONB3yEeMBbIH B
HACTOSIIEM JOKYMEHTE, OTHOCHTCS K MPHUCIIOCOOJEHHIO, BBIMOJHEHHOMY C BO3MOXKHOCTBIO
NPUHUMATh HHCTPYKIHIO OT MOJIb30BATENSI MJIA YCTPOWCTBA TPEThEH CTOPOHBI uepe3 uHTepdeiic
0JIb30BATENSA, MPH 3TOM HUHTEeP(EC MONB30BATENSI BBIIOJHEH ¢ BO3MOKHOCTHIO 3aITHUCHIBATH
UHCTPYKLMIO TOCPEICTBOM [0 MEHbIIeH Mepe OJHOr0 H3. KHOMOYHOro uHrepdeiica,
OecripoBogHoro wuHTep(deiica, wuHTepdeiica CEHCOPHOrO SKpaHa, WuHTepdelica KeCTOB,
mukpodoHHoro uHTEepderica (ronocoBoe OOHApPYKEHUE), WIH YCTPOHCTBA B3aUMOIEHCTBUS C
MO3rOM, AEHCTBYIOLIEr0 B 3TOM KOHTEKCTE Ui YIpaBjieHUsl CTUMYyJsinueil. Bo3moxkHo, 0ok
yOpaBlieHus, pu padoTe, MPENOCTABISIET MPUCTIOCOOIeHNe OOpabOTKHM NaHHBIX C PabOUYUMU
napaMeTpaMHu JUisl MEPCOHATM3ALNHI CTUMYJISILUE MO3r'd HA OCHOBE BXOJa OT MOJIb30BATENS WIIH
yCTpoicTBa TpeTbell croponbl. Kpome Toro, padoune mapameTpsl conepskaT IO MEHbIIeH Mepe
OIIHO M3. COCTOSIHME BKJIFOUEHO/BBIKIIIOUEHO, PEXKHM CTUMYJISILUH, BPeMsi CTUMYJISILIUHU, BO3PACT
NOJIb30BATENsA, MOJ TOJNb30BATENs, JI00asi 3HAYMMAas MEAULMHCKAS HUCTOPUS U METULIMHCKOE
COCTOSIHME TOJIb30BaTeNsA, MOABEPIUIEroCcsi CTUMYJISILIMM MO3ra, WIH JKeJaeMOe YMCTBEHHOE
COCTOsIHME TMosib30BaTens. Bo3moxkHO, mpucrocobneHue OJoka yOpaBIeHHUs 3arpykaer B
npucrnocobienne oOpabOTKU JaHHBIX MPOrpamMMy, COAEPSKAILIYI0 MO MEHbIIEeH Mepe OIUH W3
AJITOPUTMOB QIANITUBHOrO OOy4YeHMs, INpPEAHA3HAUEHHbIH JJIs1 ONTHMHU3ALMU OOHApY KeHUS
MO3IOBBIX CHTHAJIOB, YKAa3aHHBIX MPOrPaMMOM, WM I ONTHMH3ALMU CTUMYJISLHS IS
NOCTHKEHMsI  LE€JIEBOM  BJIEKTPUYECKONM  aKTUBHOCTH,  ONPENENEHHONM  MPOrpamMMOM.
AJIbTepHATUBHO, BO3MOKHO, OJIOK yIIPaBICHUS COAEPKUT MOYJIb COOOLIEeHHs JIsi 00pa3oBaHuUs
NPOBOAHOTO MM OECHPOBOJHOIO COCOMHEHHUs, COIEp’Kallero, HO HEe OrPaHHYEHHOTO,
coeanHeHue vyepe3 MHTEpHET MexXy YCTPONHCTBOM B3aUMOJEHUCTBUS C MO3TOM M YCTPOWCTBOM
TpeTbel CTOPOHBL. BO3MOXKHO, 3TO MOKET NMO3BOJATh YCTPONCTBY TPETHEH CTOPOHBI 3arpyKaTh
NporpaMMy B TpHUCTIOCOOIeHHne 00padOTKH AaHHBIX depe3 OJIOK yrpaBieHus. BO3MOXKHO, 3TO
MOJKET COOOLIATh BXOOHBIE M BBIXOIHbIE CHTHAJbl YCTPOWCTBY TPETbEH CTOPOHBI, YTOOBI
YCTPOMCTBO TpeThel CTOPOHBI ObLIO PEaJM30BAHO B BHIE KOMIIbIOTEpA, TenedoHa (Hampumep,
cMapT¢oHa), JOKAIBHOTO CepBepa, CepBEPHON KOMITOHOBKH (TaKOM, KaK, KOMIIOHOBKA U3 IBYX
WM HECKOJBKUX CEPBEPOB, COOOLIAOIMUMCS 00pa3oM COEIWHEHHBIX JpYyr C OPYrom),
o0JIauHOrO cepBepa WJIM KBAHTOBOIO KOMIIBIOTEpA, YTOOBI MO3BOJISITH YCTPOWCTBY TpeThed

CTOPOHBI JIEHCTBOBAaTh Kak IpucrnocodOnseHne oOpaboTku maHHbIX. JlomomHuTenbHO, OJOK
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YNPABJICHHUS BBIMIOJIHEH C BO3MOXHOCTBIO YIIPABJISITH MPUCTIOCOOIEHNEM BHELTHEH CTUMYJISLIHH
Ha OCHOBE BXOZa OT IO MEHbIIEH Mepe OIHOTO MOJb30BATENS U YCTPOHCTBA TPEThEH CTOPOHBI.
Kpome Toro, G0k yIpaBieHUs] BBIMOJHEH C BO3MOXKHOCTBIO MPUHHMATh 3JIEKTPOIHEPTHIO OT
OJI0Ka TUTaHUS.

Ha npors:keHMM HacTOALIEro PacKpbITUS TEPMHUH «YCTPONCTBO TPETbEH CTOPOHBLY,
UCTIOJIb3YEMBII B HACTOSLIEM JTOKYMEHTE, OTHOCUTCS K BHEIIHEMY YCTPOHCTBY, COOOIIAIOIIIMCS
0o0pa3oM COemMHEHHOMY ¢ OJIOKOM yIpaBJIEeHHS Yepe3 MOAYJb COOOLIEHHUsS, MPH OSTOM
COOOIIEHNEe OCYLIECTBIISIFOT TMOCPEACTBOM IPOBOJHOIO HJIM OECIpPOBOIAHOIO COEAMHEHWS,
COZepIKalero, HO He OrpPaHWYEeHHOro, coeaunHenue dvepes Murepuer, Bluetooth® u T.1.
B03MOKHO, yCTPOWCTBO TPEThEH CTOPOHBI CONEPIKUT MO MEHbIIEH Mepe OXHO U3 CMapTQOH,
KOMITbIOTEp (MOXKET OBbITb MEPCOHANBHBIM, OOJAYHBIM, pPACTpPee/IeHHbIM WIH IUIAHLIETHBIM
KOMITBIOTEPOM), CMapT-4achl, YAAJCHHOE YIpaBJeHHe, MEAULIMHCKOE YCTPOWMCTBO, JIOKAJIbHBIN
cepBep, CEPBEPHYIO KOMIIOHOBKY (TaKyr0, KaK KOMIIOHOBKA M3 JIByX WJIM HECKOJBKHX CEPBEPOB,
coo0IamImuMcs 00pa3oM COEIMHEHHBbIX APYTr € JAPYroMm), oOjauHblii cepBep M KBAHTOBBIN
KoMmIbtoTep. bosee BO3MOXKHO, YCTPOHCTBO TpeTbeil CTOPOHBI BBIMOJHEHO C BO3MOKHOCTBIO
NpUHUMATh HWHOOPMAIIMIO MOHUTOPHHIrA, CBSI3aHHYK) C 3JIEKTPUYECKHUMH CHTHAJIAMH,
OOHapy>KEHHBIMU OT MO3Ta TOJIb30BATEsl, MPH STOM MHPOPMALST MOHUTOPUHTA CONEPIKHUT IO
MeHbIIeH Mepe ogHO u3: asekrposHuedanorpammy (EEG), anekrpononesyro sHIedanorpadpuro
(EFEQG), 6muskyro ungppakpacuayro cnekrpockonuio (NIRS), maraurosunedanorpaduro (MEQG),
anextpomuorpadpuo (EMG), snexrpokapaunorpaduto (ECG), MOHUTOpP HacTOTHI cepiia W/uim
AbIXaHMs, OTCIECKUBAHUE 3pEHHS WWIM (PYHKLUHOHAJIBHYI0O MAarHUTHYIO DPE30HAHCHYIO
Busyammzanuo  (fMRI).  JlonmonHUTENbHO, YCTPOMCTBO TpeTbel CTOPOHBI BBIMOJHEHO C
BO3MOJKHOCTBIO YIIPABJISITh MPUCIIOCOOIEHHEM BHEIIHEH CTUMYJISLUK Yepe3 OJIOK yIpaBlIeHUS.
Bo03MOKHO, yCTpOHCTBO B3aUMOIEHCTBUSI ¢ MO3IOM, MHpPU padoTe, HMCMONb3YET YCTPOHCTBO
TPEThEe CTOPOHBI, COOOMIAKIIMMCS O0pa3oM COEeOUHEHHOE ¢ OJIOKOM YIpaBJIeHMs], s
nepenadd  pabo4yMx TMapaMeTpoB B OJIOK YIpaBJeHUs, KOTOPbIM COAEPIKUT, HO HE
OrPAaHUYMBAETCS, MO MEHbILIEH Mepe OJHO M3. COCTOSHUE BKJIFOUEHHs/BBIKIIFOYEHUS], PEXUM
CTUMYJISILUK, BpeMsi CTHMYJISILIMK, BO3PAcT IOJIb30BATENs, IOJ [OJb30BATENs], JIHOOYIO
3HAYMMYI0 MEIMLIMHCKYI) MCTOPHI0 M METULIMHCKOE COCTOSIHUE MOJIb30BaTEsl, MOABEPTIIErocs
CTUMYJISILUM MO3ra, WM JKeNaeMOe YMCTBEHHOE COCTOSHHE MOJib30BaTelNsi. J{OMONHUTENbHO,
BO3MOJKHO, YCTPOMCTBO B3aUMOAEHCTBHS C MO3roM, NpH padoTe, HCHONb3YeT YCTPOWCTBO
TPEThel CTOPOHBI ISl 3arPy3KU B MPUCTIOCOOIeHNe 00pabOTKH JaHHBIX Yepe3 OJIOK yIpaBJIeHHsI
NpOrpaMMbl, COAEpIKalleil Mo MeHbIIeH Mepe OIUH K3 aJrOPUTMOB aIaNTHBHOTO OOy4YeHMS,
NpeAHa3HAYeHHbI Ui  ONTUMH3ALMKU OOHAPY>KEHHMsT MO3TOBbIX CHTHAJIOB, YKa3aHHbBIX

MpOrpaMMOi, HJIN JJI1 OIITHMHM3allM CTUMYJIILUHK OJI JOCTHKCHUA HEHGBOﬁ 3JIEKTPUIECKOM
2
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AKTUBHOCTH, ONPEAETICHHON MPOrpaMMOi.

bnaronpusitHO TO, uro ONOK YIpaBleHUsT U YCTPOHCTBA TPETbEH CTOPOHBI
NPENOCTABJISAIOT JIydlllee B3aUMOIEHCTBHE C II0JIb30BATENIEM IOCPEACTBOM YIAOOHOro st
nosib3oBarens HHTepdeiica. Bo3sMokHO, ONOK ympaBieHHs MO3BOJSIET YCTPOMCTBY TpeTher
CTOpPOHBI BBIMIOJHATh 3aKa3HOH AJTOPUTM aIanTUBHOrO 0o0y4deHHs BMecTO Oyioka oOpaboTku
IAaHHBIX, YTO MOXeT ObIThb OJIArOMPUSITHBIM TaM, IZle MOLIHOCTh 00OpaboTKu, Tpedyemas st
BBITIOJIHEHUsI QJITOPUTMA aQJalTUBHOIO OOYYeHMs], MPEBBIAET MOIIHOCTh OJIoka 00paboTKH
naHHbIX. Kpome TOro, MCMoNib30BaHUE YCTPOHCTB TPEThEH CTOPOHBI MO3BOJISIET MOJIb30BATEINHO
BBIOMPATH MO KEJAHUI0 paboune mapaMeTpbl YCTPOMCTBA sl CO3MAHMsI 3aKa3HOTO MPOTOKOJIA
cTUMyJISILUE Mo3ra. [IpeanouTuTenbHO, 4TOOBI YCTPOMCTBO B3aMMOJAEHCTBUSI C MO3TOM TaKKe
MPEIOCTABIISIIO OTKPBITYIO TIATGOPMY Ui YUEHBIX M Bpaueil MccienoBaTh (PyHKIMOHATIbHBIE
aCTIEKThI YEJIOBEUECKOro Mo3ra Oosee moApoOHO U B PeaTbHOM BpeMeHH (KaK YIIOMSIHYTO BBILIE)
C moMOImb WHGOPMALIMM MOHUTOPUHTA, TakoW Kkak snektposHuedanorpamma (EEG),
snektponojieBast sHuedanorpadpus (EFEG), Onuskas uHdppakpacHas crnektpockonus (NIRS),
marautosHuedpanorpadpus (MEG), snexrpomuorpadust (EMG), snexkrpokapauorpadus (ECG),
OTCJICXKMBAHUE 3PEHUS W/MiH (PYHKIIMOHANIbHAS MarHUTHAs pe3oHaHCHas Bu3yanusauus (fMRI).

B BapuaHTe BBIMOJHEHUS YCTPOWMCTBO IOMOJHUTENIBHO COAEPIKUT TMPHCIOCOOIECHHEe
BHELIHEH CTUMYJSILMHU JUIA TPEJOCTABJICHUS MO MEHbLIeH Mepe OJHOrO H3. BHU3YaJbHON
CTUMYJISILUH, ayAHO CTUMYJISILUH W/WIM CTUMYJISILUH BHPTYaJbHOW PEAJbHOCTH JUI MO3ra
NOJIb30BATENSA, MPHU 3TOM MPUCIIOCOOJIEHUE BHEUIHEH CTUMYJLILIMM COOOINAIOLIMMCSA 00pa3zoM
COENMHEHO ¢ OJIOKOM ympasieHus. Bo3MoxHO, npucnocoOieHne BHEIIHeW CTHMYJISILIUN
coobmaercst ¢ mpucnocodneHneM oOpabOTKM HAaHHBIX HEMOCPENCTBEHHO WM 4Yepe3 OJIoK
ynpaBiienusi. bojiee BO3MOXKHO, 1O MEHbIIEH Mepe OIHO W3. BH3yaslbHasl CTUMYJISALIUS, ayauo
CTUMYJISALIUSL  W/WIKM  CTUMYJISILMSL  BHUPTYaJbHOW  PeajbHOCTH  MO3ra  MOJIb30BaTels,
NPENOCTaBIISIEMbIE TIPUCTIOCOOIEHHEM BHEIIHENH CTUMYJISLHK, HAXOAUTCS B CHHXPOHHU3ALHUH C
MO3TOBBIMH CTHMYJIAMH, MTOJAHHBIMU K MO3TY MOJIb30BaTEJIsI.

B BapuaHTe BBINOJHEHHs MapaMeTpbl MO MEHbIIEH Mepe OJHOrO W3. BU3YaJbHOM
CTUMYJISILIUK, ay[HO CTUMYJSILMU W/ CTUMYJSILUM BUPTYaJbHOW pEaTbHOCTU CTAHOBHUTCS
YaCThIO MPOTOKOJIA CTUMYJISILIMU MO3Ta, ONTHMHU3UPOBAHHOM OJIOKOM YIIpaBJIEHHUSI.

Ha mpoTssKeHMH HACTOSILIEro pacKpbhITHs TEPMHH KIPUCTOCOOJeHHEe BHELIHEH
CTUMYJISILIUIY, UCTIOJIb3YEMbIil B HACTOSILIEM JOKYMEHTE, OTHOCHTCSI K Pa3beMHO COSTHHEHHOMY
BHELIHEMY YCTPOMCTBY, UCIOIB3YEMOMY ISl ayINO-BU3YaJIbHOW CTUMYJISILIMH WA CTHMYJISILIA
BUPTYAJbHOH pPEAJbHOCTH TMOCPEACTBOM IO MEHbIIEHl Mepe OAHOro Hu3. YCTpOiCTBa
BUPTYAJIbHON PEajbHOCTH, YCTPOMCTBA IUCIUIeS, OYKOB, HAYIIHHKOB, BHYTPUYLIHBIX

HAaYIOIHUKOB, AWUHAMHUKA, TCPAINICBTHUYCCKOTO MacCCa)K€pa, 3JCKTPOAOB, PAaSMCIICHHBIX B APYTIHUX
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MecTax Ha Teje, W/wim cMmapT-o0bekTuBa (Takoro, kak Google Lens (RTM)). Kpome Toro,
NPUCTIOCOOJIEHHE  BHELIHEH CTUMYJSILUM  BBINOJIHEHO C  BO3MOXHOCTBIO — NPUHHUMATh
3JIEKTPOIHEPTUIO OT OJJHOT'O MJIM HECKOJBKUX OJIOKOB NMUTAHUS.

B npumepe npucnocobneHne BHEUTHEH CTUMYJSLUN MPEAOCTABISAET ayIHOBU3YaJIbHYIO
CTUMYJISILMIO Uil pacciablieHusl MOJIb30BATENsl U CHIDKEHHS YPOBHSI CTpecca NpH padoTe B
CHHXPOHH3ALIMM C MO3TOBBIMH CTUMyJaMH. lIpeAnouTHTeNnbHO, MPUCIOCOONeHHe BHELIHEH
CTUMYJISILIMK TIPEJOCTABIISET U3OJSILMIO MOJIb30BATENI0 YMEHBIIEHNEM HEXeNaTeIbHOrO CBETa,
MOMAJAK0IIero B Ijla3a MOJb30BaTeNsd, M ILIyMa, MOMAAarollnero B YIIM MoJib3oBaTens. Takas
U30JIALUS [TIOMOTAeT IOJb30BATEN0 JOMOJHUTEIbHO YMEHBIIATh HEXENATEJIbHYI0 MO3TOBYIO
AKTHUBHOCTb, YTO NMPUBOINT K YIAYYIIEHHIO 3()()EKTUBHOCTH MPOTOKOJIOB CTHMYJISILIUU MO3Ta.

B npumepHoii pabote, OJOK ympaBieHUsS pEATU3YIOT B BHIOE MHKPOKOHTPOJUIEPA,
CBSI3aHHOTO C T€HEPATOPOM CTUMYJIOB W/MIJIM MPUCTIOCOOJIEHUEM BHEIHelH ctumyisinuu. Kpome
TOTO, YCTPOHCTBO TPEThEH CTOPOHBI PEATU3YIOT B BU/E MOPTATHBHOIO KOMITBIOTEpA (HAIpUMeEp,
nopTaTUBHOTO KoMmiibtoTepa MacBook™) Tak, YTO MUKPOKOHTPOJUIEP COOOINAIOIIUMCS 00pa3oM
COEMHEH C TIOPTAaTHBHBIM KOMIIBIOTEPOM uepe3 oOnauHyro maargopmy. IlopTaTuBHBIH
KOMITBIOTEp oOpabaTeiBaeT pabodre mapameTphl, CBSI3aHHBIE CO CTUMYJBILHUEH MO3ra, KOTOphIe
TOJDKHBI OBITh MPEOCTABICHBI MOJIB30BATENIO, M BIIOCIEICTBUH, IepefaeT pabodne mapameTpsl
MHUKPOKOHTPOJIIEPY, CBSI3aHHOMY C IpHCIIOcOOJeHneM BHemHel crumyisinuu. Kpome Ttoro,
NOPTATUBHBIA KOMIIBIOTEP Iepenaer padouue MapaMmeTpbl MUKPOKOHTPOJJIEPY B PEAJbHOM
BpeMeHn. B TakoM mnpumepe mnpucnocoOneHHe BHEMIHEH CTHUMYJSALUU — CONEPKUT
CBETOHMCITYCKAIOIMUN 1uoA  (HA3bIBA€MbIM «CBETOAUOA» B HACTOALIEM JOKYMEHTE) WIIH,
AJIbTEPHATHBHO, y3€JI CBETOAMONOB, & MOAYJb cooOIIeHust coaep:kut mukpocxemy WiFi, Tak,
YTO CBETONUON COEAMHEH C MHKPOKOHTPOJUIEPOM, a MHKPOKOHTPOJUIEP COOOLIAOIUMCS
00pa3oM COelMHEH C MOPTATUBHBIM KOMITBIOTEPOM 4epe3 obnaunyro miatdopmy. Kpome Toro,
MOPTaTUBHBIA KOMIIBIOTEP YIPABISET MO3TOBBIMU CTHMYJIaMHU, MEpPEAaHHBIMU IOCPENCTBOM
CBETO/IMOJIA, HATPUMEp, PEryJIMPOBAHHUEM YaCTOThI, NIMPHHBI UMITYJIbCA W/WIIN SPKOCTU CBETA,
ucnyckaeMoro cseronuoaoM. Kpome Toro, rpymmna 3jeKTpPOAOB COAEPKUT MHapy 3JIEKTPOIOB,
pacloJIOKEHHBIX HA  BOJIOCUCTOM  4YacTH TOJIOBBI  IOJNb30BaTeNs, COOTBETCTBYIOLIEH
PACTIOJIOKEHHIO 3aThUIOYHON ToNn (Takoi Kak, B pacrnonoxkernsx Ol u O2, B COOTBETCTBUH C
10-20 cuctemoii pacmnojoxenuss EEG), a 3TaJOHHBIA 3JIEKTPOJ W CMEIIAIONINE 3JIEKTPOJIBI
pacroNno’keHbl Ha BHCKAaxX IMOJB30BaTeNs (TaKMX Kak, B pacnojokeHusx T3 u T4,
COOTBETCTBEHHO). ['pymnmna 3JeKTpOAOB 3aIHCHIBAET AKTUBHOCTH 3PUTENBHOW KOPBI T'OJOBHOTO
MO3Tra MOJb30BaTelNsA, TaK YTO aKTUBHOCTb OTpPakaeT BOCIPUSTHE IMOJIb30BATENsI, CBA3AHHYIO C
BU3YaJIbHBIMH CTUMYJIAMH, NEPEIAHHBIMU CBETOAUOAOM. [ 'pynma 3JeKTPOIOB COOOINA0ITMMCS

o0pa3oM coefnMHEeHa C MPHUCIOCOOJEHNEM BBOZA/BBIBOAA, KOTOPOE MOXKET OBITh PEaM30BaHO
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nocpencrsoM OpenBCI Cyton PCB. IIpucnocobnenne BBoia/BbIBOZA UMEET IPOrPAMMHUPYEMBbIH
aHaNmoroBo-UM(ppPoOBO mpeoOpa3oBaTeNb YCHIIEHUS Uil YCHJIEHHST W TpeoOpa3oBaHMsA
AHAJIOTOBBIX CUTHAJIOB, OOHAPYXKEHHBIX Ha KaKJOM W3 TPYMIbI 3JIEKTPOAOB, B LU(POBbIE
nanHbie. Kpome Toro, npucnocobneHne BBOAA/BbIBOJIA COOOIIAIOIUMCS 00pa3oM COEUHEHO C
YCTPOHCTBOM TpeTbeH CTOPOHBI, PEAJN30BAHHBIM B BHAE MOPTATUBHOIO KOMIBIOTEpA, U
OecripoBOIHBIM 00pa3oM mepenaer Lu(pOBbIe AaHHBIE YCTPOMCTBY TpeTbeill CTOpOHBI. Takum
o0pa3oMm, YCTpPOHCTBO TpeThel CTOPOHBI MNPUHMMAeT WHGPOPMAIMIO OT MO3ra uepes
MPUCIIOCOOIEHHe BBOAA/BhIBOA U JAEHCTBYET B BUIE MPHUCIOCOOIEHUST 00paOOTKK JaHHBIX JJIsI
CO3aHMsI W ONTUMH3ALUH TMPOTOKOJA CTUMYJBSILIMKM MO3ra, MEPEeJaHHOrO IOCPEACTBOM
BBILIEYOMSIHYThIX CBETOIHO/IOB.

B npyroii mpumepHoii padoTe OJOK YIpaBIeHHs PEATU3YIOT B BHIE MUKPOKOHTPOJUIEPA,
CBSI3aHHOTO C T€HEPATOPOM CTHMYJIOB W/WJIM MPUCTIOCOOIeHNEM BHEUTHeH cTuMysisinnn. Kpome
TOTO, YCTPOWCTBO TPEThEH CTOPOHBI pealu3yiOT B BHxe cMaprdona. B Takom mnpumepe
MPUKJIATHOE TPOrpaMMHOe odecrieueHne (M «TIPUIOKEHIEY») YCTAHABIIMBAIOT HA CMapTQoOHe,
TaK 4TO CMapTOH (WK IMOJIb30BATENb, CBA3AHHBIA CO CMapT(OHOM) mepenaer M NMPUHHUMAET
paboune mapaMeTpbl, CBsS3aHHbIE CO CTHMYJISIUEH MO3ra, KOTOpbIE MJOJDKHBI OBITh
MIPEIOCTABIIEHBI MOJIb30BATENI0, MPUCTIOCOOICEHUIO TOJIOBHOIO yOopa W/WMIN MPUCTIOCOOICHUIO
BHEIIHEH CTUMYJSIIMM 4epe3 MpuiokeHne. B omHoM mpumepe Takue paboune mapamerpsl
COOTBETCTBYIOT OJHOMY WJIM HECKOJBKUM pabOouuM pekuMaM YCTPOWMCTBA B3aMMOAEWCTBUS C
Mo3roM. B npyrom mpumepe, cmapTdoH (WM MOJIB30BATENb, CBA3AHHBIA CO CMapT(HOHOM)
MOXET M3MepsTh IO MEHbIIEH Mepe OJHO M3: TOK, IepelaHHbI TpyIIe 3JEKTPOAOB s
NPEAOCTABNIEHUsT CTUMYJIAILIUSA MO3Ta, HAIPsDKEHHE TOKA, MEPEAaHHOro Uil MPEAOCTaBIICHHS
CTUMYJISIIMM MO3Ta (Takoe Kak, HampsokeHue, Tpedyemoe UIsl mepefadd MOCTOSHHOTO TOKa
TPYIIE SJIEKTPONOB, CBSI3AHHOH C 3JIEKTPOIHBIM MPUCTOCOOJEHUEM) M UMIIEIAHC Ha TPYyIIe
3JIEKTPOJIOB 3JIEKTPOAHOTO MPHUCIIOCOONEHHsI (TaK, YTOOBI OMPEAEIsTh, YTO IPYIIA 3JIEKTPOAOB
HaJUIeKamuM 00pa3oM pPacIoJioXKeHa Ha BOJIOCHCTOW 4YaCTH TOJIOBBI MOJb30BaTesst). B erme
OJHOM TMpHMEpe TPyMIa 3JEKTPOAOB MOXKET pPAacCHojiaraTbCsl Hall COCLIEBUIAHBIM OTPOCTKOM
BHUCOYHOH KOCTH TOJB30BATENsl Ui HALCJIMBAHHS Ha YeperHble HEepBbl U Oojee riyOokme
oOmact Mo3ra mnonb3oBarens. Hampumep, 1 co3maHuss BXOAa JUISL MPHUCIIOCOONEHHS
BBOJZIa/BbIBOZIA, TPYIIY 3JIEKTPOIAOB (BBIMOJHEHHYIO C BO3MOXKHOCTBIO 3aIHCHIBATH MO3TOBYIO
AKTHUBHOCTbH ITOJIb30BATENS), PACIIONATAOT HAA JIOOHBIMU YacTsiMu Mo3ra. Kpome Toro, rpymmy
3JNIEKTPOJIOB COENUHSIOT C MPUCIOCOOJEHHEM BBOAA/BBIBOAA C ycuiuTeneM H mudpo-
aHAJIOTOBBIM TpeoOpazoBaTeNieM, KOTOPhIH MOXKET OBbITh peasn30BaH MOCPEICTBOM H3MEHEHHUs
OpenBCI Cyton PCB, uro0s1 uzmenenssiii OpenBCI Cyton PCB mor OpiTh cooOmarommmcest

oOpa3om coenuHeH uepe3 MHTepHeT ¢ npucnocodieHrnemM o0paboTKH JaHHBIX yepe3 00JIauHYIO
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wiatdopmy, a Takke MPUIOKEHHE, YCTAHOBJIEHHOE B YCTPOMCTBE TPEThel CTOPOHBL

B BAPHUAHTEC BBIIIOJIHCHUSA I10 MEHbIIEN MEpPE OAWH U3 T'CHEPATOPOB CTUMYJIOB U Apyras
YaCcTh KOH(QUIYpALMHU aIMapaTHOTO CPEACTBA CONEPIKHUT MPENOXPAHUTENIBHOE MPUCTIOCOOIICHHE,
IpU 3TOM MPENOXPAHUTEIBHOE MPUCIIOCOOJEHNE 3arpelnaer nepefadyy MO3TOBBIX CTHMYJIOB
HJIEKTPOIHOMY MPUCIIOCOOJIEHUIO, B CIy4ae 3JIESKTPUYECKOH HEHCIPABHOCTU YCTPOWCTBA WM
3arpoca OT IHOJIb30BaTeNs NMPEKPATUTh CTUMYJBILMI Mo3ra. Kpome Toro, mpenoxpaHHUTENbHOE
NPUCTIOCOOJIEHHE CONEPKUT TI0 MEHbIIEH Mepe OIHO M3. 3aIlUTHOE pejie, HaTYUK CBEPXTOKa,
IAaTYNK TEPEHANPSDKEHMs, NaTYUK YacTOThI, NATYUK YPE3MEPHOHW MBIIICYHON/ IBUraTeIbHOM
AKTUBHOCTH  (aTYMK  «IUCKOM(OpTa») W  aBapUHHBIA MEpeKIoYaTesb SKCTPEHHOTrO
otkyroueHusi. Kpome TOro, mpenoxpaHUTENbHOE MPUCTIOCOONIEHHE COOOINAKIUMCS 00pa3oM
COEIMHEHO ¢ OJIOKOM YIpaBJIEHUs Yepe3 Mpucrnocodyienue o0paboTKH JaHHBIX, KOTOPOE, B CBOKO
o4epelb, TAK)KE COEIMHEHO C YCTPOWCTBOM TPEThEH CTOPOHBI C yAOOHBIM JJIsi MOJb30BATENSI
uHTEepdeiicoM IJs1 TpepbBaHUA CTUMYyJsIOuM/3anmucu. Kpome Toro, mnpenoxpaHHTENbHOE
npucnocoOienue, npu padore, MPUHUMAET TaHHBIC, CBS3aHHbIC C MO MEHbLIEH Mepe OIHUM U3
TOKOM UM HAaNpsDKEHHWEM Ha TPYIIE 3JIEKTPOAOB, OT MO MEHbIIEH Mepe OAHOrO U3 JaT4uKa
CBEPXTOKa M JaT4yMka nepeHanpsbkeHus. Kpome Toro, B OOHOM W3  peanusaimi
MIPEIOX PAHUTEIIBHOTO MPUCTIOCOOICHHUS, TIPH paboTe, OHO OmpeaessieT COOBITHE SIeKTPUISCKON
HEUCIIPAaBHOCTHU CPABHCHUEM JAHHBIX, CBA3aHHbIX C IO MEHbIIIEN MEpE OAHUM H3. TOKOM U
HaIpsi>KEHUEM Ha TpPynIne 3JCKTPOAOB € 3aJaHHBIMU STAJIOHHBIMU AAaHHBIMU, COACPIKAIUMHU
STAJIOHHbIE JTAHHBIC, CBS3aHHBIE C MO MEHbINEH Mepe OMHHM H3. TOKOM M HampsDKEHHEeM Ha
rpynne 35ekTponoB. Kpome TOro, BO3MOXKHO, NMPEIOXPAHHUTENBHOE MNPHCIIOCOONEHHE TaKXkKe
pear30BaHO B MPHUCTIOCOONeHHH 00pabOTKU MaHHBIX, 3JEKTPOJHOM MPUCTIOCOONIEHUH, OIHOM
WNJIN HECKOJIbKUX 6.]'IOKaX MNMUTAHUA U HpI/ICHOCO6J'IeHI/II/I BHEILIIHEH CTUMYJIALIUH.

Ha mnpoTsbkeHMM HacTOSIIEro pacKpbITUS TEPMHUH «BJIEKTPUUYECKAs HEUCIPABHOCTDHY,
PICHOJ'II:;SyeMbIﬁ B HaCTOAIIEM JOKYMCHTE, OTHOCHTCA K HEXKEIATCIbHOMY KOJIIMYECTBY
SJIEKTPUICCKOrO TOKa I/I/I/IJ'II/I SJICKTPUYICCKOr0 HAIPSAXKEHUA, BO3ZHHUKAKOLICTO B YCTpOﬁCTBe
B3aHMMOJIEHCTBHUS C MO3TOM, IMPU 3TOM TaKOE HEKENATeIbHOE KOJMYECTBO SJEKTPUYECKOrO TOKA
W/WTH 3JIEKTPUIECKOTO HAMPSIKEHUST MOKET BPEIUTh MOJIb30BATEIN0 /UK yeTpoiicTBy. Kpome
TOTO, B Cjly4ae O3JIEKTPUYECKOW HEHCIPABHOCTH, IMPeIOXPAHUTEIbHOE MPUCTIOCODIeHHE
BBITIOJTHEHO C BO3MOYKHOCTBIO MPEPBIBATH M01auy 3JIEKTPOIHEPTUU K YCTPONUCTBY OT OJHOTO WU
HECKOJIbKUX OJIOKOB MUTAHHs Yepe3 3alUTHOE peJie.

bnarompusTHO TO, YTO MNPEJOXPAHUTENBHOE MPUCIOCOOJIEHHE IPEJOCTABISIET

2
YIYUIIEHHYIO 3aIIUTy OT JFOOOro MOBPEXKIEHHs] MOJb30BATENs B PEATbHOM BPEMEHH, YTO
MPUBOAUT K OE3PHUCKOBOMY HCIIOIB30BAHHUIO YCTPOMCTBA B3aMMOACHCTBHSI C MO3rOM 0e3 Kakoii-

oo skcmeptHOil momomu. Kpome Toro, ycTpoHcTBO B3aMMONEHCTBHS C MO3IOM
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MPENIHA3HAYeHO B CBOEM BHEIIHEH W BHYTPEHHEH KOMIIOHEHTHOM 4YacCTH, a TAKXE€ B CBOEM
MmeTrozie paboTel, BO n3dekaHue JF000ro BO3HUKHOBEHHUS Bpea I MOJIb30BATEIS.

Hacrosimee packpbITHe Takke OTHOCHUTCS K CHOCOOy, Kak ONMHCAHO BbImle. PasznmuuHble
BapHUAHThI BBIIIOJIHEHUSI U BAPUAHTBI, PACKPBITHIE BBILIE, IPUMEHSIOTCS C YY€TOM U3MEHEHMH K
croco0y.

Bo3MO0xHO, cIOCO0 COMEPKUT UCTIONB30BaHUE MPUCTIOCOOIeHNsT 00pabOTKH AaHHBIX IS
OOHOBJICHUSI 3aJaHHOTO HAOOpa STAJOHHBIX JAHHBIX HTEPATHBHO B PEATbHOM BpPEMEHH H
XpaHeHHs: OOHOBJICHHOTO 33JJaHHOTO HabOpa STAJOHHBIX TaHHBIX B MOAYJe maMsaTu. «PeanbHoe
BpEMs1» JTOJDKHO NMOHHUMAThCS TaK, KaK OMUCAHO B HACTOSINEM PACKPBITHH, a HE JOJDKHO ObITh
IIPOCTO BPEMEHHO HETPEPBIBHBIM.

Bo3M0O3kHO, crioco0 COnEepKUT HCIOIB30BAHNE MPUCTIOCO0IeHNST 00padOTKH JaHHBIX JJIS
aHaM3a TPUHSTHIX 3JIEKTPHYECKUX CHTHAJIOB B PEAJIbHOM BPEMEHH, UTOOBI 3JIEKTPUUECKHE
CHUTHaJIbI OOHAPYKMBAJIUCh HAa BOJOCHUCTOH YaCTH TOJIOBBI IIOJIb30BATENs] COTJIACOBAHHO C
MO3TOBBIMU CTUMYJIAaMH, TIOAAHHBIMHU K MOJIb30BATENIO.

Bo3Mo3kHO, crioco0 COAepKUT HCIIOB30BAHNE MPUCTIOCO0IeHNsT 00pa0OTKH AaHHBIX JJIS
aHaM3a SJIEKTPUYECKHX CHUTHAJIOB, MPUHATBIX OT MpHCIOCcOOIeHuss 0oOpaOOTKH CHrHaua,
BPEMEHHO UepeNyIOLINXCs C MO3TOBBIMU CTUMYJIaMH, MOAAHHBIMH K TIOJIb30BATEIIIO.

Bo3MoxHO, €moco0 COAEP)KUT UCIONb30BAHHE TPYMIbI 3JEKTPOJAOB 3JIEKTPOIHOTO
NPUCTIOCOOIEHNUS [IJIs TOJA4YH MO3TOBBIX CTUMYJIOB K BOJIOCHCTOW YacCTH T'OJIOBBI MOJIb30BATENS
U K IPYT'MM 4YacTsIM IOJIb30BATENs], IPOCTPAHCTBEHHO yAAJE€HHBIM OT BOJIOCCTON 4aCTU IOJIOBbBI
MIOJIb30BATEIS.

Bo3MoxHO, €cOCO0 COMEpKHUT HCIIONB30BAHUE MO MEHbINEH Mepe OJHOrO aJrOpuTMa
aNanTHBHOrO OOyYEHWs] WM APYroro BBIYHCIUTEIBHOTO aJrOPUTMA, PEaJU30BAHHOTO C
npucrnocodienneM oO0pabOTKKM NAHHBIX B BHJE IO MEHBIIEH Mepe OIHOIO U3 BBIMOJHIEMbIX
NpOrpaMMHBIX obecrieueHuit u udposoro anmapatHoro cpencrsa (Hampumep, FPGA, ASIC,
3aKa3Hasi KOHCTPYKIHS MUKPOCXEMBI).

B03MOKHO, anropuT™M amanTUBHOTO OOYYEHHUS! COIEPXKHUT, HO HE OTPaHUYUBATHCS, IO
MEHbLIEH Mepe OAWH W3 aJrOPUTMOB MAIIMHHOTO OOYYEeHHs, KOTOPBIH, B CBOK OYepenb,
COJZIEP>KUT, HO HE OrPAaHUYMBAETCS. aaroput™m k Onrkalmx cocenel, perpeCCHOHHBIA aHAJU3,
aHCcaMOJIb JPEBOBHIHBIX AJNTOPUTMOB, OTCIEKHUBAHHE TOYKH MAKCHMAJIBHOW MOIIHOCTH,
CKPBITYI0O MOAenb MakapoBa, HCKYCCTBEHHYIO HEMPOHHYKO CETb, PEKYPPEHTHYIO HEHUPOHHYIO
CeTb, AQJIrOPUTM JOJIOM KPaTKOCPOUHON MaMsTH, TI'€HEpaTHBHO-COCTSA3aTeNIbHbIE WU
allanTHBHBIE COCTS3aTeNbHbIE HEHPOHHBIE CETH, CBEPTOYHYIO HEHPOHHYIO CETh WM TIIyOOKYIO
CBEPTOUYHYIO HEHPOHHYIO CETb, AITOPUTM OOYUEHHs C MOAKPEIUIEHHEM, aJrOPUTM CIY4aiHOTO

Jieca, aHaHTHBHbIﬁ AJITOpUTM  OT>KHI'a, MAIIHWHBI OIIOPHBIX BEKTOPOB, PECKOMCHAATCIIBHYIO
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CHCTEMY, FeHETHUYECKUI airopuT™, aaroput™ Q oOydenus u riyookoro Q oOy4eHus:, mpu 3TOM
IO MEHbLIEH Mepe OAMH AJITOPUTM aJalTUBHOrO OOYYEeHHs WM JAPYroil MOIXOMASILIHN
BBIYHCIIUTEIIbHBIH AJITOPUTM PEATU3YIOT B CUCTEME 3aMKHYTOM METJIH.

Bo3moxHO, criocob copepKUT mporpaMMHUpPOBaHUE MPUCTIOCOOIeHNsT 00paOOTKH JaHHBIX
ISl WMCHOJb30BaHMS, HO HE OrPAHUYUBAETCS, IO MEHbLIEH Mepe OIHHMM alrOPUTMOM
aaNTUBHOTO OOy4YeHMs AJII UTEPATHBHOM HACTPOMKH MPOTOKOJA CTHMYJLILMM MO3Ta, Y4TOOBI
ANIEKTPUYECKAs] AaKTHMBHOCTb MO3Ta TOJb30BaTeNs OblJa HACTPOCHA HA MPHOIM3UTENbHYIO
LIEJIEBYIO DJIEKTPUYECKYI0 aKTHBHOCTb MO3Ta, O JKEJaHHIO.

Bo3MokHO, crmocod comeps:KuT OJIOK ympaBlieHUs Ui MpUeMa BXOJa OT MO MeHbLIek
Mepe OIHOIO TMOJIb30BATENSl MM YCTPOIMCTBA TPEThbeil CTOPOHBI, MPU 3TOM OJIOK YIpaBJIeHUsI
coobmaromumest 00pa3oM COeMHEH € MPUCTOCOONIeHHeM OOpabOTKM HAHHBIX U COHEPIKHUT
MOZYJIb COOOIEHHs UIst 00pa30BaHus COOOIICHHUST MEXKAY YCTPOMCTBOM U YCTPOHCTBOM TPEThEH
CTOPOHBIL

Bo3MokHO, €cOCO0 COAEPKUT HCTOIb30BAHHE MPUCTIOCOOIEHHUs] BHELIHEH CTUMYJISILIUA
IJIsl TIPEAOCTaBJIEHHs] 1O MEHbLIeH Mepe OTHOrO W3. BHU3YAJIbHOH CTUMYJISALUH, ayguo
CTUMYJISILUH W/ CTUMYJISILIUH BUPTYaJIbHON PeasbHOCTH AJIsl MO3ra MOJIb30BaTelsl, IPU STOM
NPUCTIOCOOJIEHNE BHEUIHEW CTUMYJLIIHM COOOMIaromumest 00pa3oM COEAMHEHO ¢ OJIOKOM
yIIPaBIICHUSI.

B omHOM nmpumepe mnpucnocOOJeHHE BHEUIHEH CTHMYJSIIMM  UCIOJB3YIOT  IJIS
NPENOCTABJICHNUS] BU3YAJIbHOW CTUMYJSILUM B KayeCTBe BPEMEHHOIO OTKJHMKAa Ha IJiasa
HOJIb30BATES.

Bo3moxHO, coco® COAEpIKUT MCHOJIb30BAHHE MPENOXPAHUTENBHOIO MPHCIOCOOIECHHS
IUIsl 3ampera IMOJa4vd MO3TOBBIX CTHMYJIOB TPYIIIE 3JIEKTPOIOB, B Cily4ae HEUCIPABHOCTH
YCTPOHCTBA, MpPH OTOM MPENOXPAHUTEIBHOE TMPUCTIOCOOIEHHE COOOIMArIMUMC 00pa3om
COEIMHEHO C MPUCTIOCOOIEHHEM BBOIA/BbIBOAA.

B BapuaHTe BBIMOJHEHHS HACTOSIIEE PACKPBITHE TMPEIOCTABISET KOMITBEOTEPHBIM
NPOrPAMMHBIA  TMPOAYKT, CONEPKALIMH  MAIIMHOYUTAEMbIH  HOCUTENh  HH(POPMAIUH,
NpefHa3HAYEHHbIH Ui JOJTOBPEMEHHOrO  XpaHeHus  UHGOpMALUH,  UMEKOLIHH
MAaLIMHOYMTAEMbIe WHCTPYKIMH, XPAHALINECS B HEM, MPUYeM MALIMHOYMTAeMble HWHCTPYKLHH
BBIMIOJIHSIOTCSI  KOMITBEOTEPU3HPOBAHHBIM ~ YCTPOHCTBOM, — ConepskamuMm  oOpabaThiBaroliee
annapaTHOE CPEICTBO JJIsl BHITOJHEHHs CIIOcCo0a MCIOMb30BaHHsI YCTPOMCTBA B3AUMOICHCTBHS C
MO3rOM, KOTOpOe TMpenoCTaBisieT, Npu paboTe, MOHUTOPUHI MO3TOBOH AaKTUBHOCTH U
CTUMYJISILIUIO MO3Ta MOJIb30BATENS.

HOAPOBHOE OIMCAHUE YEPTEXKEMN

Ccriasics Ha @UI. 1, nokazaHa 010k-cxema ycrpoiictsa 100 B3auMO#ENHCTBHS C MO3TOM
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711 MOHUTOPUHIa MO3TOBOI aKTUBHOCTH U CTUMYJISILIUK MO3TI'a MOJIb30BATENs], B COOTBETCTBUHU C
BAPUAHTOM BBINIOJIHEHUs] Hacrosimero packpbituss. Kak mnokasano, ycrpoiictso 100
B3aUMOJAENCTBYs C MO3IOM JUIsi MOHUTOPHMHIA MO3IOBOM AKTUBHOCTM MU CTUMYJISILUK MO3Ta
NOJIb30BATENsA COAEPKUT mpucrnocodbnenne 120 romosHoro yobopa, mnpucnocodnenue 140
00paboTku maHHBbIX, mpucnocodsenue 130 BBOma/BbIBOAA M OAMH MM HECKOJBbKO OJ0KOB 150
nuranusi. Kpome Toro, mpucnocoOnenue 120 ronoBHOro ybopa COHEPIKHUT 3JIEKTPOIHOE
npucnocobnienue 110, comgepskainee rpymmy aiektponos 112-118, mpu 3ToM rpymnmna 3JeKTpOoaoB
pacroyno’keHa TakuM 00pa3oM, 4TOOBI OCYIIECTBJISITh KOHTAKT C BOJIOCHUCTOH YacThIO T'OJIOBBI
NOJIb30BaTENs  JUIi  OOHApy)KEHUs MO3rOBOH akTHUBHOCTH. Kpome TOro, 3JeKTpOIHOe
npucniocobnienne 110 coobmarommmest o0pa3soM coenuHeHO ¢ mpucnocodbmeHuem 130
BBOJA/BbIBOAA, TpU 3TOM mpucrnocodbnenne 130 BBonma/BbiBOma, mpu padoTe, NPHHUMAET
OOHapy KeHHbIE CUTHAJIBI U TIEPENaeT MO3TOBbIE CTUMYJIbI IO MEHbINEH Mepe OTHOMY U3 IPYIIIIbI
anektponos 112-118. Kpome toro, npucnocobsienne 130 BBOIA/BbIBONA CONEPIKUT BO3MOKHOE
NPUCTIOCOOJIEHNE TIpEBAPUTEIBHON 00pabOTKM BXOAHOIrO CHrHasia (HE IMOKa3aHO), KOTOpPOe
MOXET CONep’KaTh BO3MOXKHBIM yCHJIUTENb (HE TMOKa3aH), GuiabTp apredakToB (HE MOKa3aH),
BXOAHON mpeoOpa3oBaTenb (HE IIOKa3aH), BBIXOAHOH mpeoOpasoBarenb (HE TNOKa3aH) U
reHeparop ctumysioB (He mokazaH). Kpome toro, mnpucnocobnenne 130 BBoma/BbIBOIA
cooOmaromumest 00pa3oM coennHeHo ¢ mnpucrocodnenneM 140 obpaborkm naHHBIX. Kpome
toro, nmpucnocodnenne 140 oOpabOTKM NaHHBIX COmEp>KUT Moaysb 142 mamsatu u Omok 144
obpaborku. OnauH wiIM HeCcKoNbko OnokoB 150 mnwuranus, npu paboTe, NPENOCTABISET
3NEeKTpodHepru0 npucnocodnenno 130 BBoma/BbiBoma u mpucnocodnenunto 140 obpaboTku
JAHHBIX.

Ccputasice Ha ®UI. 2A, mnokazaHa npumepHas peanuszanusi ycrpoiicrsa 200
B3aUMOJIEHCTBHS C MO3TOM (TaKoro, kak ycrpoicteo 100 B3ammonericTust ¢ mo3rom ¢ OUI. 1),
pPacnoyIOXKEHHOrO Ha rojose nojbp3osarens 201, B COOTBETCTBUU C BapUAaHTOM BBIIOJIHEHUS
HACTOSIIIETO pacKpbITHs. KOHKpPETHO, MpUMepHas peaiu3alusi npeacTaBisier co0oi Bua cOOKY
nosnb3oBarens 201, Hocsuiero ycrporictBo 200 B3aMMOAENHCTBUS C¢ MO3roMm. YcrporictBo 200
B3aMMOJIEHCTBHS C MO3TOM CONEp:KUT mpucnocodynenue 220 ronoBHOro ydopa (Takoe Kak
npucnocodnenne 120 romosHoro ybopa ¢ @UI. 1) u cOopounerii 010k 270, B KOTOpOM
npucniocobienne 220 rooBHOro ybopa pearn3oBaHO MOCPEICTBOM CIIOPTUBHON KEMKH B 3TOM
npumepe. bonee Toro, mpucnocodnenne 220 TOJOBHOTO yOOpa COHEPKHUT 3SJIEKTPOIHOE
npucnocobnenne 210 (Takoe kak snekrpogHoe npucnocodnenune 110 ¢ ®UI. 1), mpu 3Tom
anekTpoaHoe npucnocodaenne 210 cogepkut rpynmy 3aekTponos 212-218 (Takyro kak rpymnmna
snekrponos 112-118 ¢ ®UI'. 1). Kpome Toro, rpynma snekrpopoB 212-218 coenmHeHa co

cOopouHpiM OnmokoM 270 MOCPENCTBOM TIPYMINbl COENAWHUTENIbHBIX IPOBONOB 272-278,

34



cooTBeTcTBeHHO. KOHKpeTHO, oauH u3 saexktponoB 218 rpymmbl snextpomo 212-218
NPEACTaBIsIET COOON 3TAJNIOHHBIM 3JIEKTPOJ, COEIUHEHHBIN C HEBOJIOCUCTBIM YYaCTKOM T'OJIOBBI
nosnb3osarens 201.

Ccpbutasce Ha @UI. 2B, nmokazaHa Ta ke IpuMepHas peanusauus ycrtporictea 200
B3aMMOJIEUCTBUSI C MO3TOM, Pa3MELIEHHOTO Ha royioBe nojb3oBarens 201, B COOTBETCTBUU C
BApPUAHTOM BBINIOJHEHUs HACTOSINEro packpbiTusa. KOHKpeTHO, mNpuMepHas peajau3aius
npenacTasisier coOoi Bua c3aau nojb3oBatens 201, Hocsmero yerpoictBo 200 B3aUMOAEHCTBYS
C MO3roM, coxep:kainee npucrnocodsenue 220 romoBHoro ybopa u cOopounsiii 00k 270.
JononauTenbHO, cOopounblii 00k 270 comepskut nmpucnocodienue 230 BBona/BbIBOAA (Takoe
kak npucnocodnenue 130 BBoga/BeiBona ¢ @UI. 1), npucnocodnenne 240 oOpabOTKH TaHHBIX
(Takoe xak npucrnocobnerne 140 oOpadoTku nanubix ¢ GUI. 1) 1 ogMH UM HECKOJIBKO OJIOKOB
250 nuTaHus (TaKWX KaK OIUH WM HECKOJbKO OyokoB 150 muranms ¢ ®UL. 1). Kpome Toro,
npucnocodnenne 240 oOpaboOTKU TaHHBIX CONEPKUT MOAYIb 242 maMsaTH (Takoil Kak MOAYJb
142 namsitr ¢ @UL. 1) u 6510k 244 obpaboTku (Takoit kak Onok 144 o6paborku ¢ ®UL. 1).

Ccputasgce Ha OUI'. 3, nNpoMIIIOCTPUPOBAHO YCTPONHCTBO B3aUMOEIHCTBHS C MO3IOM
(takoe kak ycrpoiictBo 100 B3ammoneiictBusa ¢ mosrom ¢ @UI. 1), paboraromee B BUAE
cucrembl 300 3amknyTOi metyin. Cucrema 300 3aMKHYTOW meTiH, mpu padoTe, peausyer Io
MEHbLIEH Mepe OIWH aNrOpPUTM aJANTHUBHOrO OOYYEHHs WM APYTrOd BBIYHUCIUTENbHBIA
AJTOPUTM, B COOTBETCTBHH C BAPMAHTOM BBINOJIHEHHs Hactosimero packpbitus. Cucrema 300
3aMKHYTOH METIM COAEPXKHUT 3JeKTpoaHoe mpucnocodnenne 310 (Takoe Kak 3JIEKTPOJHOE
npucnocobnenne 110 ¢ OUI. 1), npucnocobnenue 330 BBOma/BbIBOAA (Takoe Kak
npucniocodnenne 130 BBoma/BeiBoma ¢ @UIT. 1), mpucnocodnenne 340 oOpaboTkM AaHHBIX
(Takoe kak npucrnocodnerne 140 o6padoTku nanHbix ¢ @UIT. 1) 1 oguH WM HECKOJIBKO OJIOKOB
350 nuranus (TakuX KakK OIUH WM HEeCKOJbKO OyokoB 150 muranus ¢ ®UIL. 1). Kpome Toro,
npucnocobnienue 330 BBOIA/BBIBOMA COAEPKUT Tpenpoueccop 332, BXOAHON mpeodpa3oBaTelib
334, reneparop 336 CTUMYJIOB M BBIXOAHOH mpeoOpasosatenp 338. Ilpucnocobnenue 340
00paboTKH HaHHBIX conep:kuT 0ok 344 obpaboTku (Takoii kak Onok 144 obpadorku ¢ UIL. 1)
U Moaynb 342 mamsta (Tako kak moxaysb 142 mamsitm ¢ @UIT. 1), nmpu stom Onok 344
oOpaboTkn u Monynb 342 mamsaTH COOOMAINMMCS O0pa3soM COEIUHEHBI. JIEKTPOIHOE
npucniocobnenne 310, mpemnpoueccop 332, BxoxmHo# mpeoOpasoBatens 334, reneparop 336
CTUMYJIOB, BBIXOOHOUW mpeodpasosarens 338 u mpucnocodnenne 340 oOpabOTKH HaHHBIX
cooOmaromumess  00pa3oM COENWHEHBl IOKAa3aHHBIM 00pa3oM. OJIEKTPUYECKHE CHTHAJbI,
CO3JIaHHBIE B MO3Te€ IOJb30BATENsI, OOHAPYKUBAIOT 3JIEKTPOAHBIM mpucrnocodnenuem 310, a
3areM mnepenaroT B Onok 344 oOpaboTku mocpenacTsoMm mpemporieccopa 332 U BXOJHOTO

npeoOpazosatenss 334. binok 344 o0pa®oTku MpUMEHsIET MO MEHbIIEeH Mepe OAMH aJIrOpUTM
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aNanTHBHOTO OOYYEeHMs WM JIPYTrOM BBIYMCIUTENbHBIN aJTOPUTM JAJIS CO3JIAHHUs U Mepenadyu
MIPOTOKOJIA CTUMYJISILIUN MO3Ta BBIXOJHOMY TpeoOpaszoBatento 338. JonoaHUTENbHO, BBIXOIHON
npeobpasoBarenb 338 obOpabareiBaeT U nepenaer oOpabOTaHHBIN MPOTOKOJ CTUMYJISILIMA MO3Ta
reHepatopy 336 CTUMYJIOB, IPU 3TOM reHepaTop 336 CTUMYJIOB CO31a€T MO3IOBbIE CTUMYJIbI U
nepefaeT CO3JaHHbIE MO3TOBbIE CTHMYJIbI 3JIGKTPOAHOMY mpucnocodsienutro 310 s
CTHMYJISILIFSI MO3Ta TOJIb30BaTeNsl. JIONOMHUTENBHO, OMUH UM HECKOJIBKO OJI0KOB 350 mutaHwusl,
npu paboTe, MOAET SIEKTPOIHEPTHUIO MpUCTOocoOeHHI0 330 BBOIA/BHIBOAA M MPUCTIOCOOIEHUIO
340 06paboTKH TaHHBIX.

Ccpuasice Ha @UI. 4, nmoka3aHa OJOK-cXxeMa NMPUMEPHOH peanuzauuu ycrpoicrsa 400
B3aUMOJIEHCTBHS C MO3TOM (TaKoro, kak ycrpoiicteo 100 B3ammonericTust ¢ mo3rom ¢ OUI. 1),
comepskamero mnpucnocobnenue 440 obpaboTku nmaHHBIX (Takoe, kak mnpucnocodnerue 140
oOpabotkn manHeix ¢ ®OUI. 1), npucnocobmenue 420 ronoBHOro ybopa (Takoe Kak
npucniocobnenne 120 romosHoro yoopa ¢ ®UIT. 1), mpucnocodnenune 430 BBoaa/BrIBOAA (Takoe
kak npucnocodnenue 130 sBoga/BeiBona ¢ @UI. 1), npucnocodnenne 440 oOpaboOTKH TaHHBIX
(Takoe kak mpucrocodnerne 140 obpadboTku nanHbIx ¢ @UIL. 1), OMUH UM HECKOJIBKO OJIOKOB
450 muTtaHusa (TaKUX Kak OJUH MM HECKOJbKO OnokoB 150 muranus ¢ OUI. 1), Gnok 460
ynpaBiieHus: U npucnocodnenne 480 BHEIIHeH CTUMYJISIAN, B COOTBETCTBHH C BapUAHTOM
BBINTOJIHEHUS HACTOSINEro packpbiTus. JlomomHuTensHO, npucrnocobnenne 440 obpadotku
IaHHBIX ycTpoiicTBa 400 B3aMMOAEWCTBUS C MO3IOM COOOIIAOIUMCS 00pa3oM COETUHEHO C
Oomokom 460 ynpaenenus. biok 460 ynpaBneHUs IOMOJHUTENBHO COAEPKUT MOAyIb 462
coobmenusi. Kpome Ttoro, Omok 460 ynpaBieHus COOOMIAOIIUMCS OOpa3oM COEOUHEH C
npucrocodienneM 480 BHEIIHEH CTUMYJISILIMN, COAEPIKALIMM B TOM IPUMEpe MPHUCIOCOOIeHNe
482 ayaMo CTHMYJISIHUM W TpucnocoOnenue 484 CTUMyISIIMMA BUPTYaJbHOW PEATbHOCTH.
JIOTIOJTHUTENBHO, OJTMH HJTH HECKOJIbKO 0JI0KOB 450 nutanus ycrporicTsa 400 B3aUMOAEHCTBUS C
MO3TOM, TMpu padoTre, MOAAET 3JIEKTPOdHepruro npucnocodmennro 440 oOpabOTKH HaHHBIX
(Takomy kak npucrnocobsnenne 140 obpabortku nanubix ¢ UL, 1), 1 MOXKET Takke, BO3MOXKHO,
MOJIaBaTh dSJIEKTPOdHEprur0 Oyioky 460 ympaBiaeHuss u mnpucnocoOneruto 480 BHelrHen
CTUMYJISILIUHL.

Ccputasice Ha @UI. 5, mnokazaHa mpumepHas peanuszanust ycrpoiictea 500

B3aUMOJIEHCTBUS C MO3TOM (Takoro kak ycrpoictso 400 ¢ ®UI. 4), conepxarnero cOOpOUHbIH
6mok 570 (Takoii kak cOopounsiii 6ok 270 ¢ ®UI'. 2A u 2B), npucniocobnenue 520 rojgoBHOTo
ybopa (takoe kak mpucnocobnenue 120 romosHoro yoopa ¢ @UI. 1) u npucnocodnenue 580
BHEIIHEeH CTUMYJSALUH (Takoe kak mpucnocodnenue 480 BHemHelt ctumynsanuu ¢ OUI. 4), B

COOTBETCTBUU C BAPHUAHTOM BBITNNOJIHEHUA HACTOALICTO PACKPBITHA.

ITpucniocobnerne 580 BHeIIHEH CTUMYJISLIMM CONEPKUT 3TOT IMPUMEP MPUCIIOCOOTIEHUS
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582 aymuoctumymsiuuu (Takoro kak mnpucrnocobnerne 482 aymuoctumyssiunu ¢ OUL. 4), u
npucnocodnenne 584 cTumy sIIMM BUPTYAJIbHOH pealibHOCTH (Takoe Kak mpucrnocodnenue 484
CTUMYJSIIUKM BUPTyaJbHOH peanmbHOCcTH ¢ PUI. 4). lomonHuTenbHO, npucrnocodneHne 580
BHEIIHEeH CTUMYJBSIUN COOOLIAIOIINMCS 00pa3oM COeOUHEHO C OJIOKOM ympaBieHus (He
nokasaH). Kpome Toro, c6opounsrit 6ok 570 (Takoii kak cOopounslit 6ok 270 ¢ ®UI. 2A u
2B) conepyutr OJ0K ympaBieHHs (He NOKa3aH) M OJUH WM HECKOJbKO OJOKOB mUTaHHs (HE
nokasaHbl). KpoMe TOro, OquH WM HECKOJBKO OJIOKOB MHUTaHuUs, Npu paboTe, MOXKET TaKkke
BO3MOJKHO MOAABaTh 3JICKTPOIHEPTHIO MIPUCTTOCOOIeHUI0 580 BHEIIHENW CTUMYJISIIUH.

Ccputasice Ha ®UI. 6, mnokazaHa npuMepHas peanuszanus ycrpoiictea 600

>
B3aMMOJEWCTBHsI C MO3roM (Takoro kak ycrpoiicteo 100 ¢ ®UI'. 1) ¢ mpucnocodnenuem 620
rOJIOBHOTO yOOpa THIIAa TMOBSI3KH, B COOTBETCTBUH C BAPUAHTOM BBIMIOJHEHHUS HACTOSIIETO
packpbiTusi. Y crpoiicTBo 600 B3aUMOIENHCTBHUSI ¢ MO3TOM JIOTIOJTHUTENIEHO COAEPIKUT COOPOUHBIM
omok 670 (takoit kak cOopounbi Omok 270 ¢ ®UI. 2A u 2B). JlonmosHUTENBHO,
npucrocodnenne 620 ronoBHOro yoopa (Takoe kak mpucnocobnenue 120 romoBHoro ybopa ¢
@OUI'. 1) comepHUT 3IEKTPOIHOE MPUCTIOCOONEHHE (TaKoe KaK 3JIEKTPOIHOE MPHUCTIOCOOIEHNE
110 ¢ ®UI". 1), comepxariee rpymiy 3JeKTpoaoB 612-616 (Takyro kak rpymma 3iekrpogos 112-
118 ¢ ®UI'. 1), nmpu 3TOM rpymnma ssekTponos 612-616 coenunena co cbopounbM Os0koM 670
MOCPEACTBOM TPYIIIbI COSOUHSIOINX MPOBOJAOB 072-676 (Takoll Kak rpymnna COeIUHSIOIINX
npoBonoB 272-278 ¢ ®UIL'. 2A u 2B).

Ccrpiasics Ha @UI. 7, nokazan npuMepHbIii nHTepdeiic 700 nonp3oBarens i IpueMa
MHCTPYKLIMU OT TOJb30BATENS WM AJsT OTOOPa)KEHUs! IMEepCOHATN3UPOBAHHON CTHMYJISILUN
MO3Tra, PUJIOKEHHOHN K MOJb30BATEN0, B COOTBETCTBUU C BAPUAHTOM BBIIOJIHEHUSI HACTOSIIIETO
packpbiTusi. Kak mokazano, wuHTepdetic 700 TmoNb30BaTENsI MOXKET  HCIOJIb30BATHCS
MOJIb30BATENIEM JJIsl TPENOCTaBJICHUs HWHCTPYKLUH, TaKUX Kak, CBA3aHHbIE C COCTOSIHHEM
BKJTFOUEHO/BBIKJIFOUEHO MOCPENCTBOM KHOMKHU 702, pexkum crumysisinun u3 yucia tDCS, tACS,
UMITyJIbCa WIH (POHT MOCPEACTBOM COOTBeTcTBYyHOIEH kHonmku 704 u T.1. UnTepdeiic 700
MOJIb30BATENs TaK)K€ IMO3BOJISIET IMOJIb30BATENIO PEryJINpOBaTh MPOBEPKY TOKA, MEPEeJaHHOTro
rpynmne 3JekTponoB, dactory tACS, uMmynbCchl, WIM CBET, HCIYCKaeMbIil CBETOAUOIIOM,
CBSI3aHHBIM C TPUCMIOCOOJIEHHEM BHEINHEH CTUMYJISILWW, IMUPUHY UMITyJibca/PpoHTa W/Hiu
CMELICHHE HCIOJb30BAHUEM COOTBETCTBYIOIIMX OeryHkoB 706A-D.  AnbTepHaTHBHO,
MOJIb30BATENb MOJKET TPOBEPSATH TOK, NEPENAHHBbIN TIpymme 3JeKTponos, yactory tACS,
UMITYJIbCBI, WJIM CBET, UCIyCKAEMbII CBETOAMONOM, CBS3aHHBIM C NPHUCIIOCOOJIEHUEM BHELIHEH
CTUMYJISILIUY, LIMPUHY MMITYJIbCa/(PpOHTA W/MIIK CMEIIeHHE, KOTOpbIe OTOOPaXKArOT MOCPEACTBOM
cooTBeTCTByIOIINX OeryHkoB 706A-D, Tak 4ro coorBercTByromue OeryHku 706A-D

AaBTOMATUYECKH MEHSIOT CBOE pacmojioxkeHHe Ha uHTepderice 700 moip3oBarenss HA OCHOBE
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OOHOBJIEHHBIX 3HAYEHUH, ONPENeNIEHHBIX aITOPUTMOM ONTUMHU3ALUK CTUMYJIiH. Kpome Toro,
uHTepdeiic 700 monmp3oBarenss OTOOpa’kaeT pasjM4YHbIE MapaMeTPbl CTUMYJIILHH, TAKUE Kak,
HaIpsDKEHUE, TOK U UMIEAAHC, NPWJIOXKEHHBbIE K TPYMIE 3JIEKTPOAOB IJIsl NMPEAOCTaBJICHUS
CTUMYJISILIIM MO3T'a Yepe3 BhIXOAHYI0 obsacTb 708 nnTepdetica 700 nmonp3oBaress.

Ccpmasice Ha @OUI. 8A-B  mnokaszanel cnektporpammbl 810 u  820curharnos,
obHapykeHHbIx u3 obmactu Ol (kanan 7 810 u xanHam 8 820, COOTBETCTBEHHO) MO3ra
MOJIb30BAaTENs, B OTBET Ha pasauuHble 4acTtoThl 810-820 crumynsumu mnonb3oBaTes,
UCIIONIb3yE€MbI€ AJIsI ONpPEAESICHUs] ONTUMAJbHON 4YacTOThl CTUMYJISILUMU AJI MOJb30BATENs, B
COOTBETCTBUM C BAPUAHTOM BBINIOJIHEHHS] HACTOSIIEr0 packpoIThs, HYacTtoTel ctumynsuuu 810-
820 ONTUMM3UPYIOT [JI1 MaKCHUMaJbHOIO M3MEHEHHs MOLIHOCTH MO3TOBOrO CHUTHalIa ¢
4aCTOTOM, COOTBETCTBYHOILIEH 4YacTOT€ CTUMYJSLUU CBETOAUOIHBIM CBETOM, aJaNTHBHBIM
AJTOPUTMOM OTCJICKMBAHUSI TOYKM MaKCHUMaJIbHON MOIIHOCTH. YacTtoTsl ctumysisinuu 810-820
NPUMEHSIOT K CBETOAHOAAM B TeueHHe 25 CeKyHZ, Kaknas IOoCje HEaKTUBHOro 0a30BOTro
nepuosia B 25 ceKyHJA. AJanTUBHBIN aJrOPUTM OTCJIEKUBAHUSA TOUKM MaKCUMAaJIbHON MOLHOCTH
omnpenensieT CleayHlLlee HW3MEHEHHE YacTOTbl CTUMYJSIHUM Ha OCHOBE PAaCMOJIOKEHHUS
JIOKaNbHOrO Makcumyma. Kpome Toro, amMmiauTyna TakOro W3MEHEHHsl 4aCTOThbl CTUMYJIALIUU
MEHSIeTCs, YTOOBI TIO3BOJIATH TOYHO OMNPEAENSTh ONTHMAJBHYIO YacTOTy CTUMYJISLUH.
CoOTBETCTBEHHO, aMIUIUTY/AA MPUJIOKEHHON YacTOThI CTUMYJIILIUN MEHSIETCs IO TeX IOp, MOKa
ONTUMAJIBHYIO YaCTOTY CTUMYJISALIUU OMPEIENAIOT C TOYHOCTBIO MeHblie +/- 0,1 '

Kak nokaszano, afanTUBHBIN aJITOPUTM OTCJIEKUBAHHS TOUKHM MaKCUMAJIbHONW MOILHOCTH
ONpeneNsieT MEePBYI0 MOJOCY YacTOT CTUMYJIALMHU OKoJio 10 I'l, koTOpasi CTaHOBUTCS 3aMETHOU
(n300paskeno Genoti tuHuel B criektporpamme 810 ¢ @UIT. 8A Bronb npasoii yactu cTosidma 10
I'm), a yactotsl 0koJ0 10 I'll HCCAEAYIOT ISt CY>KEHUSI 10 ONTUMAJIbHOW YacTOThI CTUMYJISILIUU.
Kpome TOro, xorma amanTUBHBIA aJITOPUTM OTCIAEKUBAHUS TOYKHM MAKCUMAJIbHOM MOIIHOCTU
MPUMEHSET PA3JIMYHbIE YACTOThI CTUMYJIALUK OKOJO 9,5 I'1y, He onpenenstoT AONOIHUTENBHOIO
yBEJIMYEHHUS] alrOPUTMOM OTCJIEKMBAHUSA TOYKHM MolHOCTH. ClenoBaTenbHO, aAanTHBHBIN
AJTOPUTM OTCJIEKUBAHUS TOYKH MAaKCUMAJIbHOW MOIIHOCTU ONpPEAENsieT ONTUMAIbHYH YaCTOTY
CTUMYJISILUM, paBHYIO 9,5 I'Ll, AJ1s1 AAHHOTO MOJIB30BATEN.

Ccpmasice ma @UI. 9, moxkazan rpaduk 910, WUFOCTPUPYIOIUI HENWHEHHOe
OTHOLIEHUE MEXY YaCTOTOU CTUMYJISILIMM, NEPEIaHHONW CBETOJUOAAMHU U MOIHOCTBIO OTKJIMKA
MO3IOBOIO CHUTHaja C 4YacCTOTOH, COOTBETCTBYIOINEH 4YacCTOTE€ CTUMYJISILUU CBETOAMOIHBIM
CBETOM, B COOTBETCTBUM C BApPUAHTOM BBINOJHEHMsI HACTOSILIEro packpeltus. HenuneliHoe
OTHOLIEHUE MEXAY 4YaCTOTOH CTUMYJISILIMM, MPUIOKEHHOM K CBETOAMOAAM, W MOLIHOCTBEO
OTKJIMKA ONpENENSIOT IOCPEACTBOM  QAAaNTUBHOTO  QIrOpUTMa  OTCIEKUBAHHUS  TOYKHU

MaKCHMaJIbHOM MOIIHOCTH. AI[aHTI/IBHbeI AJrOpUTM  OTCJIC)KUBAHUS TOYKU MaKCHUMaJIbHOM
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MOIIHOCTU OTpeAeNseT JOKaIbHbII MaKCUMyM IOCPENCTBOM MPUJIOKEHHUS] Pa3IMUYHBbIX YacTOT
CTUMYJISILIMM U CY>KEHHEM A0 ONTHMAJIbHOM 4acTOThl CTUMYJISILUU. BriocneacTBuy, aganTUBHBIN
aJTOPUTM OTCIIEKMBAHUSI TOUKM MaKCUMAaJIbHON MOIIHOCTH ONpEAeNseT JOKAIbHbIN MAaKCUMYM,
pasHbIit okoso 10 I'yp (o6o3Haueno 920 Ha rpaduke 910). Kpome Toro, ananTuBHbINA alroputm
OTCJIC)KUBAHUS TOUYKM MaKCUMAJbHONW MOLIHOCTHU MBITAETCS ONPEAENATh ONTUMAJIbHYIO 4aCTOTY
CTUMYJISIIMM OKOJIO JIOKAJIBHOTO MAaKCUMyMa IOCPEACTBOM MPUJIOKEHUS PA3JINYHBIX 4YaCTOT
ctumyssituu okosio 10 I'u. ByaeTr moHSATHO, 4TO Takasi TEXHOJIOTHS ONpEeAeIeHUs ONTUMAIbHOMN
YacTOThl CTUMYJIALIMM MHTAloLIero CBETOAUOAA IIOCPENCTBOM aJalTHBHOIO alrOpPUTMa
OTCIIEKUBAHUSA TOYKM MAaKCHUMAaJbHON MOIIHOCTH, MOXET NPUMEHATHCS, Halpumep, B
NPUIOKEHUSIX, CBS3aHHBIX C MO3rO-KOMIBIOTEPHBIM HHTepdeiicom (mwmu cBs3anHbx ¢ BCI),
KOTOpbI€ IMOJIAral0TCsl Ha 3pUTENIbHbIE BBbI3BAaHHbIE IOTEHLUANbl YCTOMYHUBOTO COCTOSIHMSIL.
OnTtumanbHas 4YacTOTa CTUMYJSLUUU B Takux cBs3aHHbIX ¢ BCI mpunokeHusx MOXeT
HCIIOJIb30BAThCs [IJIs1 CO3[JaHUsl HaJeXXHOIO OTKJIMKAa HAa MMIarollfe BHU3YyajbHble CTUMYJISILHY,
9yT0o0BbI OOJiee TOYHO U OBICTPO HANPABIATH OOOPYIOBaHHME, KOTOPBIM TOJb30BATEND ITBITAETCS
YIPaBIATb MO3TOM.

Ccpmasice ma @UI. 10, numrocTpupyroT 3tamnsl cnocoda 1000 MOHUTOpPUHTa MO3TOBOM
AKTUBHOCTH U CTUMYJISILIMM MO3Ta MOJIb30BaTeNs UCIIOJAb30BAHUEM YCTPONCTBA B3aUMOJEHCTBUS
¢ Mo3roM (Takoro kak ycrpoiicteo 100 ¢ ®UI. 1), B COOTBETCTBUM C BAPHAHTOM BBIIOJTHEHHUS
Hacrosimero packpbitus. Crnoco0 mHMuMupyercs Ha stane 1002, a Ha stane 1002 oguH nnm
HECKOJIbKO OJIOKOB MUTaHUSA (TAaKUX KaK OAMH MJIM HECKOJIbKO OyokoB 140 muranus ¢ OUI. 1)
UCTIONB3YIOT JUUISI ITOJIAUH 3JIEKTPOIHEPTUH MTPUCTIOCOOICHHUIO BBOJA/BBIBOAA M MIPUCTIOCOOICHHUIO
obpaborku namHbix. Ha »stame 1004 mnpucnocodOneHue rosoBHOro yobopa (Takoe Kak
npucnocobnenne 120 ronosHoro yoopa ¢ ®UI. 1) pasMernaroT Ha roJIOBE IMOJIb30BATENS IJIsI
TOTO, 4TOOBI OOHAPYKUBATH SJEKTPUIECKHE CUTHAJIBI U TIOJaBaTh K HUM MO3TOBbIe CTHMYJIbl. Ha
stanie 1006 mpucnocoOnenue BBoAa/BeIBOAA (Takoe Kak npucrnocodynenne 130 BBoma/BeiBOzA C
OUI'. 1) uCIONB3YIOT AJIS IPHEMa 3JIEKTPUUECKOTO CUTHAJIA OT TPYIIIIBI 3JIEKTPOAOB (TaKOH Kak
rpymma ssektponoB 112-118 ¢ ®UI. 1) u mepenadm MO3rOBBIX CTUMYJIOB IO MEHBIIEH Mepe
OITHOMY, TIape WJIH JTF0O0H COBOKYIMTHOCTH Ipymibl 3j1ekTponos. Ha stane 1008 mpucnocoOnenue
o0paboTkn naHHBIX (Takoe kak mpucrnocodnenne 140 obpabotku nanubx ¢ OUI. 1)
UCTIONIB3YIOT Uil Tpomecca OOpaOOTKH TNPHUHSTOrO 3JIEKTPHUECKOrO0 CHTHajla WU CO3JaHHs
IIPOTOKOJIA CTUMYJISIIMM MO3ra, COOTBETCTBYIOLIEr0 IPUHATOMY 3JIEKTPUYECKOMY CHUTHATY.
B03MOKHO, IPUHATBIN 3JIEKTPHUYECKHH CUTHAT 00padaThIBAIOT MPUMEHEHHEM 0 MEHbIIEH Mepe
OJTHOT'O U3 AJITOPUTMOB ANTUBHOTO OOYYEeHHS WIIM APYTUM BBIUHUCIUTENbHBIM AJITOPUTMOM JJIS
CO3/1aHUsl TPOTOKOJA CTUMYJISALIMU MO3ra, COOTBETCTBYIOIIETO MPHUHATOMY 3JEKTPUUECKOMY

curHany. Ha »stame 1010 mnpucnocobnenne oOpaOOTKM HAaHHBIX CPaBHUBAET MPUHSTHIN

39



SNIEKTPUUECKUI CUTHAJI C 3aJaHHbIM HAa0OpPOM STAJOHHBIX NAHHBIX JUIS CO3JAHHs aHAIU3a
NPUMEHEHNEM 10 MEHbINEH Mepe OJHOrO M3 aJrOPUTMOB aIalITUBHOIO OOYUEHUsS WM JPYroro
BBIYMCIUTEIBHOIO AJTOPUTMA U CO3AAaHUS IMPOTOKONa ctumyisiuud mosra. Cmoco6 1000
3akaH4yuBaercs Ha stane 1010, ecniu AOCTUrarOT 3a4aHHOW LW CTUMYJSILIMM WU 3aJaHHOU
TOYKM OCTAaHOBKM, B MNPOTHBHOM ciydae 5Tanbl 1004-1010 moBTOpsOT aBTOMAaTUYECKU
UTEPATHBHbIM O0pPa3oM A0 NOCTHIKEHUS 3aJaHHOW LeJH CTHUMYJLSIIMU WM 33AaHHOH TOYKH
ocraHoBkHU. JlononHuTenbHo, npouecchl 1004-1010 MoryT (hyHKIMOHHUPOBATH UTEPATHBHO HA
OCHOBE HHCTPYKLHH, TPHUHATBIX OT MPUCIOCOONEeHUs 0OpabOTKM HaHHBIX (TAaKOro, Kak
npucnocobnenue 140 obpaborku nanusx ¢ ®UI. 1).

Oranel 1002-1010 sBisifOTCS JNUIIB WJUTIOCTPATUBHBIMH, M MOTYT IPENOCTaBIATHCA
Apyrue aJbTEePHATHBBL, INI€ ONWH WM HECKOJBKO 3TamoB JOOABISIIOT, OAMH WJIM HECKOJBKO
STamoB YJAISIOT, WIM OAWH MM HECKOJbKO 3TaloB MPEAOCTaBSIIOT B APYroi
NOCJIEIOBATENILHOCTH 0e3 OTCTymieHHss 3a o0beM (GopMysbl H300peTeHHs B HACTOSLIEM
JOKYMEHTE.

W3meHeHUsi BapuaHTOB  BBIMOJHEHUs HACTOSIIErO  PACKPBITHS, ONUCAHHBIX B
npeapIAyIneM, BO3MOXHBI 0€3 OTCTYIUIeHHS OT o0beMa HACTOSIIErO0 pACKPBITHS, Kak
OTPaHMYEHO  COMpOBOXKHaromeid  ¢opmynoli  u3oOperenusi. Takue  BbIpakKeHUs, Kak
«ComepraIluii», «BKIIOYAIOIIUNY, «BCTPOEHHBIN», «HUMEET», «IPENCTaBJsIeT  CO0Oi»,
UCHOJIb3yeMble [JId ONMCAHMsI M 3asBJEHMsI HACTOSINErO PACKPBITUS, IMpeJHA3HA4YeHbl AJis
TOJIKOBaHUsI HEUCKJIFOUUTENbHBIM 00pa30M, a UMEHHO, MO3BOJISS 3JIEMEHTaM, KOMIIOHEHTaM N
JJIEMEHTaM, SIBHO HE OIMCAHHBIM, TAKXe NPUCYTCTBOBaTh. (CChUIKA HAa €IMHCTBEHHOE YUCIO
TAKK€ TOJKHA TOJIKOBAThCS KaK OTHOCSIIASICS K MHOXKECTBEHHOMY YHUCIY, TA€ 3TO YMECTHO.

JIoTIONHUTENbHBIE ~ aCTEKThI, MPEUMYIIEeCTBa, MpPHU3HAKU M 3aJa4d  HACTOSILEro
PACKPBITHS, CTAaHYT OYEBHIHBIMH W3 YepTeKell M MOAPOOHOrO OMHUCAHHS HMJUTOCTPATUBHBIX
BAPUAHTOB BBIMIOJHEHUs, HCTOJIKOBAHHBIX B COYETAHUH C TIPUIIOKEHHOH (QopMmyioit
n300peTeHst, KOTOpast CIEAYET Jajee.

Byner MOHATHO, YTO MPU3HAKK HACTOSLIETO PACKPBITUS MOTYT OBITh OOBEOMHEHBI B
Pa3JIMYHBIX COBOKYIHOCTSIX 0€3 OTCTyIJIeHHs OT O0BbeMa HACTOSLIEr0 pPACKPBITHS, Kak

OTpeaeNieHO MPHIOKEHHOU (HOopMyJIoN H300peTeHMSI.
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OOPMYJIA N30BPETEHUA

1. YcTpoiicTBO B3aUMOAEWCTBUS C MO3IOM, KOTOpPOE€ IpEeNoCTaBisAeT, npu padore,
MOHHTOPHUHI MO3TOBOW aKTHBHOCTH U CTUMYJIILIMIO MO3Ta MOJIb30BATENS, IPH STOM YCTPONUCTBO
BKJIIOYAET:

(1) mnpucmocobneHne TOJOBHOrO yOOpa, KOTOPOE JOJUKHO —pa3MelarbCs MM
pacmoiaraTeCsi Ha TOJIOBE IIOJIb30BATeNs, IPU STOM NPUCTIOCOOJEHHE TOJOBHOrO ybopa
COIEPIKHUT SJIEKTPOIHOE NPUCIOCOOJICHUE, COnepiKaliee Tpynmy SJEKTPOAOB, KOTOpas
OCYIUECTBJISIET DJIEKTPUYECKUN KOHTAKT C BOJOCHCTOW YaCThIO TOJIOBBI TOJIb30BATENS, MPU
pabote, st OOHAPYKEHUsI IEKTPUIECKUX CHTHAJIOB OT HEro W JJIsl MOJa4l K HEMY MO3TOBBIX
CTHUMYJIOB,

(1) mpucnocoOeHne BBOA/BBIBOIA, KOTOPOE MPUHUMAET 3JIEKTPUIECKHE CUTHAIBI OT 110
MEHbIIIEeH Mepe OHOTO M3 IPYIIIbI 3JEKTPOAOB, U MEPENAeT MO3TOBbIe CTHMYJIbI TIOCPENCTBOM
MPOTOKOJIA CTUMYJISILIUH MO3Ta M0 MEHbIIEi Mepe OHOMY U3 IPYIIIbI JIEKTPOIOB, MPH padoTe;

(1i1) mpucnocobnenne 00pabOTKM HAHHBIX, KOTOpoe oOpadaTbiBaeT OOHApY:KEHHBIE
AJNIEKTPUYECKUE CHTHAJIBI, TPUHSATHIE OT MPHUCIOCOONIEHHs] BBOAA/BBIBOAA, M CO3/IAET MPOTOKOI
CTUMYJISILIUHM MO3Ta, KOTOPBIi 3aBUCHT OT MPHHATHIX JJIEKTPUYECKUX CHTHAJIOB, MPH padoTe, mpu
3TOM npucnocodeHne 00paboTKH JaHHBIX CONEPKUT MOIYJIb MAMSITH, U

(Iv) ogWH WM HECKOJBbKO OJIOKOB NHTAaHUS, KOTOPbIE TOHAOT JJIEKTPOIHEPTHIO
MIPHUCTIOCOOJICHUIO BBOAA/BBIBOJA M MPUCTIOCOOIEHNIO 00paOOTKH NaHHBIX,

OTJIMYAIOIIEeCs TeM, UTO mpucrnocodiaenne oOpabOTKM NaHHBIX CPAaBHUBAET MPHHSTHIE
HJIEKTPUYECKUE CHTHAIBI C 3aJaHHbIM HA0OPOM 3TAJOHHBIX JAHHBIX U CO3JAHUS aHAIHM3a
NPUHSTBIX 3JIEKTPUYECKUX CHUTHAJIOB, U NPUMEHSIeT MO MeHbIIEeH Mepe OAMH aJrOpPUTM
aIanTUBHOTO OOYYEHHsI WM IPYrod BbIYHCIUTENbHBIA alrOPUTM K TMPOLEccaM aHajiu3a U
CO3aHUsI MPOTOKOJIA CTUMYJISILIUK MO3Ta.

2. YCTpOMCTBO B3aUMOJCUCTBUS C MO3IOM IO M. 1, OTaMYaromeecs: TeM, YTO 3aJaHHbII
Ha0Op 3TAJOHHBIX JAHHBIX XPAHAT B MOIYJE MaMsATH U OOHOBISIFOT UTEPATUBHO B PEATIbHOM
BPEMEHH, KOTZa YCTPOWCTBO B3aUMO/EHCTBHS C MO3rOM padoTaeT.

3. VYcTpoWCTBO B3aUMOAEHCTBHS C MO3IOM MO 1. 1, omIMHarolmeecs TeM, 4YTO

;
npucrnocoOnenne 0o0pabOTKM JaHHBIX AHATH3UPYET MPHUHATHIE SJIEKTPUYECKUE CUTHAIBl U
MNPUMEHACT MPOTOKOJ CTUMYJALUMU MO3ra B pPEAJIbHOM BpPEMEHU, TaK, YTO JJICKTPUYCCKUEC
CUTHaJbl OOHApy>XMBAIOT HA BOJIOCUCTOH YAacTH TOJIOBBI IIOJb30BATENST COIJIACOBAHHO C
MO3TOBbIMU CTUMYJIAMHU, TIOJAAHHBIMH K ITOJIb30OBATCIIIO.

4. VYCTpONCTBO B3aUMOACUCTBHSI C MO3rOM 0O 1. 1, oTiMyarmomieecs TeM, YTO
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npucrnocoOnenne 00pabOTKM NaHHBIX AHAIU3UPYET SJIEKTPUYECKUE CUTHAJbBI, NPUHATBHIE OT

npucrnocoOnenuss o0pabOTKM BXOAHOIO CHUrHaja BPEMEHHO C MO3IOBBIMU CTHUMYJIAMH,



MOJJAHHBIMH K TTOJIb30BATEIIO.
5. VYcTpoiicTBO B3aMMOAEWCTBUSI C MO3TOM IO JIFOOOMY W3 MpPEbIAYyIIMX ILIL.,

OTIMYAIOINEeCsT TEeM, YTO CTUMYJbl TakKe IMOJAKT K JAPYIMM YacTsIM IOJb30BaTels,

IPOCTPAHCTBEHHO YAAJIEHHBIM OT BOJIOCHCTOM YaCTH TOJIOBBI JAHHOTO TOJIb30BATENS.

6. YCTPOHCTBO B3aMMOAEWCTBHA C MO3rOM MO JIIOOOMYy M3 MpPEAbIIyLIMX ILIL,
OTNIMYAOLIeeCs TEM, YTO IpUCTIOcoONieHne OOpaOOTKM MAaHHBIX —HUCIONb3YyeT, HO He
OrPaHMYMBAETCS, MO MEHbINEH Mepe OAMH AJITOPUTM AaJANTUBHOIO OOYYEeHHS WIN JpPyrod
BBIYUCIUTEIbHBIN QJTOPUTM, PEAJTM30BAHHBIA O MEHbIIEH Mepe B BHIE. BBINOJIHIEMOTO
nporpaMMHOro obecredenus, uudpoBoro ammapatHoro cpeacrsa (Hampumep, FPGA, ASIC,
3aKa3Hasi KOHCTPYKIHS MUKPOCXEMBI).

7. VCTpOHCTBO B3aUMOAEHCTBUS € MO3rOM MO JOOOMYy M3 TPENbIOyLIuX ILIL,
OTJIMYAOIIEECs] TEM, YTO [0 MEHbIIEH Mepe OIUH aITOPUTM aJaNTHBHOTO OOYYEHHS COAEPIKHUT,
HO HE OrpaHWYHMBAETCS, MO MEHbIIEH Mepe OJWH W3 AJITOPUTMOB MAIIMHHOTO OOy4YEeHHS:
anroput™  k  OmmkaWmmx —coceneil, perpecCHOHHBIN aHANW3, aHCaMONb JPEBOBHUIAHBIX
JITOPUTMOB, OTCJIEKUBAHME TOYKH MAKCHMAaJbHOH MOIIHOCTH, MUCKYCCTBEHHYIO HEWPOHHYIO
ceTb, IIIyOOKYI0 CBEPTOYHYIO HEHPOHHYIO C€Th, PEKYPPEHTHYIO HEWPOHHYIO CETh, AJITOPHTM
o0y4eHHsT C TIOAKPEIUIEHHEM, QJTOPUTM CIIy4ailHOro Jieca, PEKOMEHIATENIbHYI0 CHCTEMY,
TeHETHYECKHH anroput, anroput™m Q oOydeHus u raybokoro Q oOyueHHs, mpu 3TOM IO
MEHbLIEH Mepe OAMH M3 3TUX WU APYTUX BBIYMCIUTEIbHBIX aJITOPUTMOB PEATH3YIOT B CUCTEME
3aMKHYTOU METJIH.

8. VYCTpoHCTBO B3aUMOAEHCTBUS C MO3FOM IO JIOOOMY U3 TPEObIAyINUX ILIL.,
OTJIMYAKOIIeecss TeM, 4YTO TpHcrocoOneHne oOpabOTKM JaHHBIX —HCIONBb3YeT, HO He
OTPAaHUYMBAETCS, MO MEHbIIEeH Mepe OAMH AJTOPUTM aJalTHBHOrO OOy4YeHHs WJIH IPYroi
BBIYUCIUTEIbHBIN aJITOPUTM JJISI UTEPATHBHON HACTPONKHU MPOTOKOJA CTHUMYJISIIUM MO3Ta, TaK
YTO HJIEKTPUUYECKYIO aKTHBHOCTh MO3Ta MOJIb30BATENS] MOAYJIHPYIOT 1O MPUOIU3UTEILHON LEIH
IO JKEJIAHHUIO .

9. VCTpOHCTBO B3aUMOAEHCTBUS € MO3MOM 1O JIOOOMY W3 TPEABIAYIIUX ILIL,
OTJIMYAIOINUICS TE€M, YTO YCTPOIHCTBO NOMOJIHUTENLHO BKIIFOYAET OJIOK YNpaBJIEHUS] KOTOPBIH
NPUHUMAET, MPH padoTe, BXOA OT MO MEHbIIEH Mepe OTHOrO MOJb30BATENs WM yCTPOHCTBA
TpPeTbeil CTOPOHBL, TPU 3TOM OJIOK YNpaBJIEHUs COOOLIAOIUMCS O0pa3oM COEAMHEH C
NpHUCIIOCOOIeHneM O0padOTKH MaHHBIX W CONEPIKUT MOAYJb COOOIIeHHs It OOpa3OBaHHUS
COOOIIEHNsT MEKAY YCTPOMCTBOM U YCTPONCTBOM TPETbEH CTOPOHBI.

10. VcTpoicTBO B3aMMONEHCTBHS € MO3IOM IO JIIOOOMY M3 MpPEbIAyIIUX ILIL,
OTJIMYAIOINEECs] TEM, YTO YCTPOHCTBO JOMOJHUTENBHO BKJIOYAET NPHUCIIOCOOJIEHHE BHEINHEH

CTUMYJISIOUN U1 IIPEAOCTABJICHUA I10 MEHbIIeH MEpPE OAHOI'0 H3: Bmyaanoiﬁ CTUMYJISILINH,
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ayiuo CTHUMYJISIMUA WM CTUMYJISILMKA BUPTYAJIbHON PEANIbHOCTH K MO3TY TOJIb30BATENsl, MPU
STOM MPUCTIOCOOJIEHNE BHEIIHEH CTUMYJISIUN COOOINAIOIUMCS 00pa3oM COEOMHEHO ¢ OJIOKOM
yIIPaBJICHUSI.

11. VcrpoiicTBO B3auMONEHCTBHS € MO3IOM IO JIIOOOMY U3 MpPEbIAyIIUX ILIL,
OTJIMYAIOIIeeCss TeM, YTO MPHCIOCOONEHHe BBOJA/BBIBOAA CONEPKUT MPEAOXPAHUTEIBHOE
NPUCTIOCOOJIEHHUE, TIPH 3TOM MPEIOXPAaHUTENbHOE MPUCTIOCOOICHHE 3anpelnaeT moaavdy JrObx
MO3TOBBIX CTHMYJIOB K 3JIEKTPOJHOMY NPUCIOCOOJEHUI0O W 3alHMCh OT 3JEKTPOIHOTO
NPUCTIOCOOJIEHUs], B ClIy4ae HEUCIIPABHOCTH YCTPOMCTBA.

12. Cnoco0 wuCroNb30BaHMsI YCTPOWCTBA B3aUMOAEWCTBUSL C MO3TOM, KOTOPBIH
NPENOCTABNSET, TMPU padoTe, MOHUTOPUHI MO3rOBOW AKTHMBHOCTH U CTUMYJSILHUIO MO3ra
T0JIb30BATES, OTJIHYAOIIUICS TEM, YTO CIIOCOO BKIJIOYAET STAlbI, HA KOTOPBIX

(1) ICTIOB3YIOT ONMH WJI HECKOJIbKO OJIOKOB MUTAHMS JJISl MOAAYU DJIEKTPOIHEPTHH K
MPHUCTIOCOOIEHHIO BBOJA/BBIBOIA M MPUCTIOCOOIEHNIO 00pabOTKY TaHHBIX

(11) pasMemarOT WM pPacHojararoT MPUCMOCOOJIEHHe TOJIOBHOrO yOopa Ha TroJoBe
NOJIb30BATENs, MPH STOM MPHUCIOCOONEHHE TOJIOBHOTO yOOpa COHEPIKUT 3JIEKTPOIHOE
npUCTIOCO0JIeHUe, COonmeprKallee TPy 3JIEKTPOAOB, KOTOpAas OCYIUECTBISIET 3JIEKTPUUECKHI
KOHTaKT C BOJIOCUCTOM 4YaCThIO TOJIOBbI IOJIb30BATENs, MpH padoTe, Ui TOro, 4YTOOBI
OOHapy’KUBATh JIEKTPUUECKHE CUTHAJIBI OT Hee U YTOOBI MOJaBaATh K HEMY MO3TOBBIE CTHMYJIBI,

(111) UCTIONB3YIOT MPHUCIIOCOOIEHNE BBOA/BBIBONA IS ITPHEMa SJIEKTPHUECKUX CUTHAJIOB
OT N0 MEHbIIEeH Mepe OJHOrO M3 TPYMIIbI 3JEKTPOJAOB U Ui Mepeaavyd MO3TOBBIX CTHMYJIOB
HOCPEACTBOM TIPOTOKOJIA CTUMYJSILIMM MO3ra IO MEHbLIeH Mepe OJHOMY U3 TIPYIIIbI
HJIEKTPOJIOB;

(1v) MCTONB3YIOT MpHUCTOCO0eHe 00padOTKH JaHHBIX 1Jisi 00paboTKU OOHAPYIKEHHBIX
SJIEKTPUYECKUX CHTHAJIOB, MPUHSTBIX OT MPUCIOCOOJEHHST BBOAA/BbIBOAA WM JJISI CO3JAHHS
MPOTOKOJIA CTUMYJISILIUE MO3Ta, COOTBETCTBYIOLIErO MPUHSTHIM 3JEKTPUYECKUM CUTHAJIAM, MPU
3TOM npucnocodeHre 00paboTKH JaHHBIX CONEPKUT MOMYJIb MAMSITH, U

(V) CpaBHHMBAIOT MPHHSATHIE JJIEKTPUYECKHE CUTHAJBI U 3aJaHHBbIH HA0Op 3TAJOHHBIX
IaHHBIX MJIsl CO3JaHHsl aHAIM3a W TMPUMEHEHUs 10 MEHbIIeH Mepe OIHOro ajiropuTMa
aIanTUBHOrO OOYYEeHHUsS] WM JPYroro BBIUHUCIUTEIBHOTO ajirOPUTMA ISl aHAJHM3a AJIsl CO3MaHUs
MPOTOKOJIA CTUMYJISILIH MO3Ta.

13. Crocob6 mo m. 12, OTHUYAIOIIUNACS TEM, YTO CHMOCOO CONEPKUT HCIOJb30BAHUE
npuCrocodieHnst 0OpabOTKK NaHHBIX IJIsi OOHOBJIEHUS 33JaHHOTO HabOpa STaJOHHBIX TAHHBIX
UTEPATHBHO B PEAJIbHOM BPEMEHH W XpPaHEeHHS OOHOBJICHHOrO 3aJlaHHOrO Habopa 3TaJOHHBIX
JaHHBIX B MOJYJIE TIAMSITH.

14. Cnocob6 mo m. 12, OTHMYAIOIIUNCA TeM, YTO CHMOCOO CONEPKUT HCIOJIb30BAHUE
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npucrnocobennss 00paboOTKM HAHHBIX IS AHAIM3A MPUHSTHIX 3JIEKTPUYECKUX CUTHAJIOB B
peaJbHOM BPEMEHHM, YTOOBI 3JIEKTPUUECKHE CUTHAJbl OOHAPYKUBAJINUCH HA BOJIOCUCTON YaCTH
T'OJIOBBI TIOJIb30BATEINS COTJIACOBAHHO ¢ MO3TOBBIMH CTUMYJIAMH, TTIOAAHHBIMU K TOJIb30BATEIO.

15. Cnocob6 mo m. 12, OTAMYAOIUNCA TEeM, YTO CIOCOO CONEPIKUT HCIOJIb30BAHHE
npucrocoOeHust 00paboTKH AAaHHBIX AJSI aHAIM3a SJIEKTPHYECKHX CUTHAJIOB, MPHUHATBIX OT
NPUCTIOCOOJIEHUsT  BBOAA/BBIBOAA BPEMEHHO, IIPUYEM MO3TOBbIE CTHMYJBI IOJAIOT K
HIOJIb30BATEIIO.

16. Croco6 mo mrobomy m3 m.m. 12-15, oTimMyaromuiicss TeM, 4To Crnocod COAEpIKUT
UCTIOJIb30BAHUE TI0 MEHbIIEH Mepe OOHOrO0 W3 TPYIIbl  3JEKTPOJAOB  3JEKTPOIHOTO
NPUCTIOCOOJICHUS IS TIOIAYH MO3TOBBIX CTUMYJIOB K BOJIOCHCTOM YacCTH TOJIOBBI MOJIb30BATEIIS,
U K APYTHUM YaCTSIM ITOJIb30BATENs], IPOCTPAHCTBEHHO YAAJIEHHBIM OT BOJIOCUCTON YaCTH TOJIOBBI
MIOJIb30BATEIIS.

17. Croco6 mo mobomy m3 m.m. 12-16, oTimyaromuiicss TeM, 4TO Crocod COREpIKUT
pacrojioXKeHre JUIsl  UCIOJB30BAaHUSL  MPHUCIOCOONeHUss OOpaOOTKM JaHHBIX, HO He
OrPaHUYMBAETCS, [0 MEHbLIEH Mepe OAHHMM AJITOPUTMOM aJaNTHBHOIO OOYYEHHS WU JPYTHM
BBIYMCIUTEIBHBIM QJITOPUTMOM, PEAIN30BAaHHBIM IO MEHBLIEH Mepe B BHIE. BBINOIHIEMOTO
nporpaMMHoro obecredenus, mudposoro ammapatHoro cpexnctsa (Hanpumep, FPGA, ASIC,
3aKa3Hasi KOHCTPYKIUS MUKPOCXEMBI).

18. Criocob no mrobomy u3 .o, 12-17, oTnHyaromuiicst TeM, YTo 1Mo MEeHbLIEH Mepe OIUH
AJITOPUTM aJJalITUBHOTO OOYYEHUS COAEPIKUT, HO HE OTPaHUYMBAETCS, 110 MEHbIIEH Mepe OAMH
U3 aJrOPUTMOB MAIIMHHOTO OOy4YeHMs: anroput™ k Ompkalmmx cocemeid, perpecCHOHHBIN
aHaJM3, aHCAMOJb IPEBOBUIHBIX AJITOPUTMOB, OTCIIEKUBAHNE TOUKH MAKCUMAJIbHON MOIHOCTH,
UCKYCCTBEHHYIO HEHpPOHHYIO CeTb, MIyOOKYI0 CBEPTOYHYIO HEHPOHHYIO CE€Th, PEKYPPEHTHYIO
HEHPOHHYIO CETh, QJITOPUTM OOY4YeHHs C TOAKPEIUICHHEM, aJrOpUTM CIY4YaiHOTrO Jieca,
PEKOMEH/IATENIbHYI0 CHCTEMY, T€HETHYECKHI anroput™m, anroputM Q oOydenus u riryookoro Q
oOy4eHMs1, MPU STOM IO MEHBIIEH Mepe OIWH W3 O3TUX WM JPYTHX BBIYHUCIUTEIbHBIX
AJITOPUTMOB PEATM3YIOT B CHCTEME 3aMKHYTOH METJIH.

19. Croco6 mo mobomy m3 m.n. 12-18, omnmyaromuiics TeM, 4TO Crocod COREpIKUT
pacrojioXKeHre JUIsl  UCIHOJB30BaHUSl  MPHUCIOCOONeHUss OOpalOTKM JaHHBIX, HO He
OTPaHUYMBAETCS, 110 MEHbILIEH Mepe ONHHUM aJrOPUTMOM aJaNTUBHOIO OOYUYEHUs WM APYTHM
BBIYMCIUTEIBHBIM AJTOPUTMOM JUISI UTEPATHBHOM HACTPOWKH MO3TOBBIX CTHMYJIOB, TaK HTO
3JIEKTPUUECKYIO0 aKTHBHOCTh MO3Ta IOJIb30BATENSI HACTPAUBAIOT HA MPUOIM3UTEIBHYIO LENEBYIO
3JEKTPUUECKYIO aKTUBHOCTD MO3Ta IO JKEJIAHHIO.

20. Croco0 mo mobomy u3 1. 12-19, ornugaromuiicst TeM, 4To Crocod COmepKUT OJI0K

YHOpaBJICHUA OJis1 NMpUE€Ma BXOda OT I10 MEHbIIeH MEPE OAHOIO MOJBb30BATEIISL U YCTpOﬁCTBa
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TpeTbeil CTOPOHBL, TPU 3STOM OJIOK YINpaBJIEHUs COOOLIAOIUMCS O0pa3oM COEAMHEH C
MPHUCTIOCOOIeHeM O0pabOTKH HaHHBIX W CONEPKUT MOIYJb COOOLICHUs Uit OOpa3OBaHHS
COOOIIEHNsI MEXKAY YCTPOMCTBOM U YCTPOHCTBOM TPETbEH CTOPOHBI.

21. Cnoco6 mo mobomy u3 m.m. 12-20, oTiuyaromuiics TeM, YTO Crocod COAEPIKUT
UCIIOJIb30BAHHE MPUCIIOCOOJIEHHs] BHEIIHEH CTHMYJBSIIUU JUIS MPEAOCTaBJICHHs MO0 MEHbIIEH
Mepe OJHOrO W3. BHU3YAJIbHOW CTUMYJSILMHM, ayauo CTUMYJSILUU HW/WIM  CTHUMYJBIIAN
BUPTYAJbHOH PEAJTbHOCTH AJIsI MO3ra IIOJb30BaTeNs, MPU 3TOM MPUCIIOCOOJEHHE BHELIHEH
CTUMYJISILIUH COOOIIAOIIMMCS 00pa3oM COETMHEHO ¢ OJIOKOM YIpaBJIeHHUSI.

22. Cnocob mo mobomy u3 m.m. 12-21, oTiMyaromuiicss TeM, 4To Ccrnocod COmEep KUT
UCTIOJIb30BAHUE TPEIOXPAHUTENLHOTO TPUCTIOCOONIEHUST Ui 3amlpeTa IOAa4Yd  MO3TOBBIX
CTHMYJIOB 3JIEKTPOJHOMY IMPUCHIOCOOJICHUIO U JUISl 3aMpeTa 3aIiCH 3JIEKTPHYECKIX CHTHAJIOB B
cllydyae HEUCTIPABHOCTH YCTPOWMCTBA, MPHU S5TOM MPEOOXPAHUTENbHOE MpPUCIOCOOTIeHNE
coodImaromuMcst 00pa3oM COETUHEHO ¢ MPUCTIOCOOIEHHEeM BBOA/BBIBOA.

23. KoMINBIOTEpHBII NPOrpaMMHBIA MPOAYKT, BKIKYAKOIUNA MAIIMHOYUTAEMBIN
HOCUTENb WH(pOPMALNH, TpPEAHA3HAYEHHbIH IS JOJTOBPEMEHHOIO XpaHeHHsl WH(popManuu,
UMEIOLINM MallMHOYNUTAEMble WHCTPYKLIUH, XPAHSALIUECS B HEM, NPUYEM MAaIIMHOYUTAEMBbIE
UHCTPYKLMU  BBINOJHSIOTCS  KOMIIBIOTEPU3UPOBAHHBIM  YCTPOMNCTBOM,  COZAEp KaIlUM

oOpabaThIBaroIee anmapaTHOE CPEICTBO JJIsl BBIMOJTHEHHS CIIoco0a 1o irodomy u3 .. 12-22.
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