


HEAPOHAYKA

HackonbKo ganeko MoXeT NpoaBUHYTbLCA Hayka B pa3paboTke
nHTepdencos Moar-martumHa? CMoXem v Mbl BBOAUTb

KaKyr-nmbo nHgpopmauuno npsamMo B MOS3r,
Kak ecyin 6bl 3TOT opraH O6bis1 TMraHTCKUM qoNaL-ANCKOM?

KNOGEepIIaHKOBCKONM  Hay4YHOH

daHTacTUKE, TOABUBIIEHCH

B 1980-x IT., IPUBBIYHO (PUTY-
PUPYIOT «HEeHPOUMILIAHTBD), ITI03BOJIA-
IOIYe IIOKJI0YAaTh KOMNBIOTEPHBIE
yCTpOHCTBA HEIOCPEACTBEHHO K MO3T'Y:
«Y MeHA B roJIOBE XpaHUJINCh COTHU Me-
rabaiT», — 3aABJAET IVIAaBHBINA Tepoi
pacckasa Yunabama 'mb6coHa «/[3KOH-
HU MHeMOHUK». [JIaBHBIM B 9TOM TOT-
Jla elle MOJIOZIOM KaHpe (& B TO BpeMsd
MerabaUT Kasajicd OTPOMHBIM O0b-
€MOM ITaMATH) ObLJI0O CPAaBHEHHE yCTa-
peBIIel PETPOKYJIBTYPHI C TEXHOJIOI'U-
e, koTopasd, KaK Ka3ajoch B 1980-X rr.,
He CJIMIIIKOM JAJIEKO BBIXO/IMJIa 3a IIpe-
JIeJIbl BO3MOMKHOCTEH MCKYCHOro 6mo-
MEJUIIMHCKOr0 MHiKeHepa. HecMmoT-
PA Ha TO YTO U3rOTOBUTh TaKHUE MMII-
JIAHTHI JI0 CUX IIOp HEe yAAJI0Ch HUKOMY
HU B MaccagyceTcckoM, HU B Kaymdop-
HUUCKOM TEXHOJIOTMYECKUX MHCTUTY-
Tax, Jy4lllne aBTOPbl KubepIraHka co-
3/laBajIyu UJIIO3UIO, YTO 3THU U306peTe-
HHUA KOrja-HUOyAb OYyAyT COBEPIIEHBI
Ha caMOM JieJIe U, BO3MOKHO, JaKe IIPU
JKU3HU CAMUX YUTATEJIEeH.

3a mnocJyiefHUE ECATH JIET B pealb-
HOCTH IOABUJINCH IOCTATOYHO ybenu-
TeJIbHbIE IIPOBO3BECTHUKHU TEXHOJIO-
TUH, IPUAYyMaHHBIX B KHOGEPIIAHKOB-
ckoit suTeparype. CerogHs dYeJIOBEK
C 2JICKTPOAAMU, UMIIJIAHTUPOBAHHBIMU
B MO3T, MOKET C IIOMOIIIBIO OJJHUX JIUIIb
HEPBHBIX HUMIIYJIbCOB yNPaBIATH HC-
KYCCTBEHHOU PYKOM, UTO JlaeT HAJEeXK-
Ay HNapaJi30BaHHBIM JIOAAM. YUeHBIe
TaKKe HCCJIEAYIOT BO3MOMKHOCTH IIO-
ChbLIATh dJIEKTPUYECKHE CUTHAJIBI B 00-
paTHOM HaIlpaBJeHUU, obecrieuymBasd
06e3bsIHEe BO3MOXKHOCTB OIIYIIaTh, KaK
yupasisgeMad el pyka po6ora JoTpa-
TUBaeTCd JI0 IIPEIMETOB.

Ho HACKOJIBKO [ajleKO MBI CMOIKEM
3aliTU B CO3JaHUM 3allaCHBIX dYacTeKn
JI7IS1 MO3Ta U OCTAJIbHOM HEPBHOU CHC-
TeMbl? CMOKET JIN KOorja-HUuOy b aTa
TEXHOJIOTUA He TOJIbKO IMO3BOJUTh yII-

pPaBIATH KypCOPOM KOMITBIOTEpA HJIH
OpoTe30M pPYKH, HO W IIPpEeBPaTHUTh
100 Mmapa HETPOHOB MO3ra B XpaHUJIH-
II1e IIITMOHCKUX CBeJEeHUI NI BO YTO-
HUOYb ellle U3 apceHaja IIpPou3Bese-
HuM [nbcona?

MpeBpaTuTcs 1M YenoBek
B MaLUUHYy?
CerogHsa TOJUIMBYJACKHE CL€HAPUCTBI

u (QyTypHUCTHI,
JIEHHBbIE HACJEeIHUKU KUOepIIaHKOB-

HE€ CTOJIb OCBE€JIOM-

CKOHM TpajauIiiy, BHOBH OOpaIlmarT-
cAd K IOJOOGHBIM HEUPOTEXHOJIOTUAM.
duibM «CUHTYAAPHOCTE pAnom» (The
Singularity Is Near), BbIX0A, KOTOPOTO
Ha 3KpaHbl HaMedeH B 2009 r., ocHO-
BaH Ha UJeAX CIEHUaJINCTa 110 TEOPUU
BBIYUCJIHUTENbHBIX MamIuH Pasa Kyp-
nsaiaa (Ray Kurzweil), sasasusmiero,
YTO JIIOAU B KOHIIE KOHIIOB JJOCTUTHYT
6eccmepTus 6s1arofaps nepeHocy nudg-
poBoro o6pasa UX MO3Ta B KOMIIBIOTED
wiu B poboTra.

OpHAaKO Uies 0 BEUHOM JKU3HHU B Iy Xe
BHUPTYaJIbHOI'0 IIEPCOHAKA, 00U TAIOIIE-
ro B TeJIEBU30pe, KaK B cepualie Makc
Xagpym» (Max Headroom), niu :xe o riepe-
HOCE JIUYHOCTU B HOBEHIIIETO 4YeJIoBe-
KOII0/Io6HOro po6oTa B HAIIX JHU OC-
TaeTCcsd He HAMHOTO OJIMiKe K peallb-
HocTH, yeM B XVII B., korga Pene [le-
KapT Pas3MBIILUIAI O IyaJIUCTHIECKOM
paszaeneHuu aymu u Tena. IloaHoneH-
HBIH II€PEHOC JUYHOCTH, PABHO KakK
M KOMIIbIOTEpHAs UMHUTAIUA, HAIIPU-
Mep, BOCTOPra OT UT'PbI KPAaCOK BOCXO1a

OCHOBHbIE MOJIOXEHUA

COJTHITA, IIEPEMEHYNBON SMOITOHAIb-
HOM ITAJINTPHI YeJIOBEKa U BCEU OCTaJIb-
HOI CMECH TOTO, YTO B COBOKYITHOCTHU
JlaeT COBEPIIEHHO CYO'bEeKTUBHOE OIIY-
IeHre MUpa M COCTABJISAET CYIIHOCTh
Halllel CO3HATEeJIbHON ¥ KU3HU, OCTAIOT-
cs He 6oJiee YeM BbIJIy MKOH ITucaTesen-
¢daHTaCTOB.

IIpaBpa, 3a IIyMHUXOH BOKPYT IIPO-
TEe30B, YIpPaBIAE€MBIX CHJIOA MBIC-
JIA, CKpbIBaeTCA HEJOCTATOK 3HAHUM
0 (PYHKIIMOHUPOBAHUMN HEPBHOM CHC-
TEMBI, KOTOpPble HEOOXOAMMBI JJIA IIie-
peaadu nHGOPMaNUU B MO3T, II03BOJISA-
IOIeH BOCCO3JaTh KMOEPIAaHKOBCKYIO
BUPTYAJBHYIO peajbHOCTb. «MBI 3HaEM
CJIUIIIKOM MaJIO O HEPBHBIX CETAX, obec-
NeYNBAIOINNX BBICIINE KOTHUTHBHBIE
$yHKIIUMW, — roBOopuT Puuapa Auzpep-
ceH (Richard A. Andersen), Helipo6uo-
sor n3 KanngopHUNCKOro TeXHOJIOTH-
YEeCKOro MHCTUTYTA.

A ecli IOAXOAUTh PEaJIMCTUYHO, TO
Yero MOKHO JOCTUTHYTH IIPU B3aNMO-
NeWCTBUU MO3Tra U MalnuHbI? O3Ha4va-
IOT JIU IIEPBbIE YCIIEXU 9KCIIEPUMEHTOB
10 yIpaBJIE€HUIO MEXaHUYECKUMH Ma-
HUIYJIATOpPaMU U KypPCOPOM KOMIIbIO-
Tepa ¢ nomMoIinbo I, 4TO K HAM HEU3-
6€3KHO 1 HEOTBPATUMO NIPUOIMKAETCA
€c/IM He KypIBalJIeBCKas CHUHTIYJIAP-
HOCTB, TO XOTs 6bI BOBMOKHOCTbH BBO-
JUTH KaKyI0-T160 KOTHUTHUBHYIO HH-
¢dopManuio BBICOKOTO yPOBHA IIPAMO
B M03r? CMOMKEM JM MBI 3arpykarb
B CBOIO roJIoBy «BollHY U MUp» — uUiau
e, kak B «MaTpuie», pyKOBOJCTBO

L (DyTypVICTbI n rIVICﬁTeﬂVI-CbaHTaCTbI paccyXxnawT 0 TOM BpeMeHn, Korga mMo3r coJibetcsa

C KOMMBIOTEPOM.

® B HacTosLlee BpeMS CYLLECTBYET TEXHONOMMSA, MCNONb3YOLAasa CUrHanbl Mo3ra Ans ynpas-
NIEHUs1 KYpCOPOM KOMMbOTEPA UM NpoTe30M pykn. OfHaKo ceryac Henb3si npeackasaTb, [0
KaKoW CTeneHn yaacTcs yCoBEpPLUEHCTBOBATb UHTEPEENC MO3r-MaLlmnHa.

= MoxHo nonbiTatbCcs NpeAcTaBuTb cebe, Kak 6yaeT NPOMCXOANTbL BBOA TEKCTA U APYrov CNOX-
HOWM MHpopmauun B Mo3r. OgHako ANns NpeofoneHns TEXHUYECKUX TPYAHOCTEN, NPEensTCTBY-
IOLUX BbIMOSTHEHWIO 3TOW 3apaymn, notpebyeTca dyHAAMEHTaNbHbIA NPOrpecc B MOHUMaHUN

(PYHKLMOHNPOBAHUSA MO3ra.
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II0 yIIPaBJIE€HUIO BEPTOJIETOM? A Kak
Hac4eT TOro, 4TOOBI 3alucaTh KaKkue-
6o cjoBa B MaMATh 4YeJOoBeKa Tak,
4TOOBI OH 3TOT0 He 3aMeTua? Miu ne-
peaaThb TyAa XOoTsA Obl OAHO CJIOBO?

OTHU BOIIPOCHI TIPEJCTABIAIT HE
TOJBKO aKaJeMHYeCKUU HUHTepec.
Jlaske eciiu KaHaJ I CBA3M C KOPOM MO3-
ra HaBCerja OCTAaHEeTCH BBIAYMKOU
¢danTaCTOB, TO NOHMMAaHHUE TOTO, KaK
(oTOHBI, 3BYKOBBIE BOJTHBI, MOJIEKYJIbI

HenpoumnnaHTbl — CUMBOJIbI HAYYHOM
haHTaCTUKM 1 Py TYPUCTUHECKON NnTepa-
TYpbl — yXe co3fatoTcs B 1abopaTopusx.
OpHako 6o5ee NpoABMNHYTOE MPUMEHEHME
3TON TEXHONOrnM (Hanpumep, Takoe Kak
BBOJ, TEKCTa MPSIMO B MO3r) BCE €eLLe ocTa-
eTcs nMTepaTypHOM BblAYyMKON

R
pamd”

3aIaxoB, JaBJICHHE HA KOXKY IIpeBpa-
IAI0TCA B YCTOMYMBBIE BOCIIOMHHA-
HUA, — 3TO yiKe He TOJIBKO pas3Bjeye-
HUe 1714 KkubeprnaHkoB. HepBHEBIe IIpo-
Te3bl, IOCTPOEHHBIE HA OCHOBE TaKUX
3HAHUMK, TOMOryT OOJIBHBIM IIOCIIE
MHCYJBbTA U NAIlUEeHTaM ¢ G0JIe3HBIO
AnprrefiMepa o6pecTH HOBYIO JKU3Hb.

[IpUMUTUBHBIE YCTpPOMCTBA M4
IIPAMOTO IOAKIIOYEHHUA K MO3TY yiKe
YCTAHOBJIEHBI B TOJIOBBI THICAY YeJIO-
BeK. IIpu TAKeI0M HapyIIeHUU CJIy-
Xa BMKUBJAIOT KOXJeapHble MMILIAH-
TBI, KOTOPBIE CTUMYJIUPYIOT CIyXOBOM
HepB Npeo6pa3oBaHHBIMU 3BYKaMH,
BOCIIPUHATBIMUA C IIOMOIIbI0 MUKPO-
dona. Hetipobuosor Maiiki 'azzaHu-
ra (Michael S. Gazzaniga) ns Kaau-
dopHuiickoro ynusepcurera B CaH-
Ta-Bap6ape oxapaKTepHu3oBaj TaKoe
YCTPOMCTBO KaK IIEpPBBIM peajbHO
JEHCTBYIONINH HEeHponmpoTe3 AJIA de-
JloBeKka. MaTpuIbl 3JIEKTPOJOB, UI'pa-
olUe pojb ceTYyaTKHU, B HacTosAllee
BpeMsdA IPOXOAAT UCIBITAHUE B J1abo-
paropuax. Ecau onu 6yayT pa6orars,
TO Ha UX OCHOBE MOHO Oy/IeT co3/1aTh
yCTPOMCTBA, Jalolye BO3MOMKHOCTBIO
JIFOAAM BUJIETh B TEMHOTE.

Bostee aM6GUIIIO3HBIE IeIH, HAIIOAO-
6ue mopcoeUHeHUs MHTepHeTa Nps-
MO K TUNIIOKaMITy (HEpBHOMI CTPYKTYDe,
ydacTBylomei B GopMHUpPOBAaHUU Na-
MATH), TPeOYIOT ellle He N300peTeHHBIX
TEeXHOJOTUU. [I18 3TOro Hajo MOHATH,
KaKk 00pasyloTcs yCTOUYMBEIE CBA3U
Me Ay HeipOHaMU U BHEIITHUM MHPOM,
M HAaWTH c1oco6bl lepeBoia MU poBoi
Bepcuu «BoMHBI U MUpa» Ha I3BIK B3a-
HMOJIeICTBUA HEMPOHOB JIPYT C APY-
romM. A MOACKAa3KU CJIeLyeT HUCKaThb
B paboTax II0 CO3/TaHUI0 NHTepdei-
COB MO3T-MallliHa.

Balu Mo3r u TekcT

Jaa Toro 4ToGBI IpefaBaTh TEKCT
IIPAMO B MOS3T, CJIEAYeT IIpexKJe BCe-
I'o PelIuThb, HY¥KHO JU BBOJAUTH JJIEK-
TPOABI B MO3TOBYIO TKaHb: BE€Jb €CIU
3TO HEOOXOAUMO, TO HEPOUMIIJIAHTHI
He OyAyT MMEeTh NPAKTUYIECKON IIeH-
HOCTH HH JIJIS1 KOI'0, KpOM€ UHBAJUOB.
OnHaKO yie Ha MPOTAKEHUU IOUYTHU
LIEJIOT0 CTOJIeTUA U3BECTHO, YTO dJIEK-
TPHUYECKYIO aKTUBHOCTb MO3Ta MOKHO
BBIIBUTbD, He JieJIasd OTBEPCTUH B uepe-
nre. ITpucnoco6eHue, IoXoxKee Ha Ky-

MaJbHYIO IIAIIOYKY U Y THIKAHHOE 9JICK-
TPOAAMHU, MOKET IIepelaBaTh CUTHAJIbI
OT NapajM30BaHHOIO OOJIBHOTO, I103-
BOJISI €My HedaTaTh OYKBBI WU IIy-
TemrecTBoBaTh no MHTepHeTy. Hunsc
Bupbaywmep (Niels Birbaumer) ua Tro-
GUMHI'EHCKOr0 YHUBepcuTeTa B ['epma-
HUU, BeAyIIUH pa3paGoTYUK JAHHOMU
TEeXHOJIOTUH, yTBEpKIaeT, YTO Mar-
HUTHAs CTUMYJSANUSA MO3ra CKBO3b
KOCTH Yepelna B COYETAHUU C JJIEKT-
POAHOM IIAIIOYKON I PErucTpaIuu
BO3HUKAIOIIEH aKTUBAIUU IT03BOJUT
BBISICHUTD JIOKAQJIU3AI[UI0 B MO3Te OT-
IeJBHBIX CJI0B. Ecau MMeTh TaKylo
KapTy, TO MOKHO IIPULIEJTBHO CTUMY-
JINPOBAThH 9TU TOYKHU U (pOPMHUPOBATH
COOTBETCTBYIOIIYIO NaMATh, I10 Kpai-
Hel Mepe TeOpeTUYECKH.

HexoTophle HEPOTEXHOJIOTH I10JIara-
IOT, YTO €CJIM KOHKPETHBIE CJIOBA pas-
MEIAITCA B OIPEJEIEHHBIX TOYKaxX
moara (4To caMo 1o cebe CIIOpHO), TO
UX oOHapyKeHUe, BEPOATHO, IToTpedy-
€T JIy4IIero IIpoCTPaHCTBEHHOTO pas-
pelIeHus1, 9eM TO, KOTOPOIr'0 MOKHO JI0-
6UTBCA ¢ IOMOLIbIO 3HIedaorpadu-
YeCKOH IIAIIOYKH C jIeKTpotaMu. OnuH
M3 IIPOBOJAIINXCSA B HACTOAIIEe BPeMs
9KCHEPUMEHTOB C BIKUBJISIEMBIMU UMII-
JIAaHTaMU, BO3MOKHO, CMOKET JOCTHYb
Tpebyemoit TouHocTu. Punun Kenne-
au (Philip R. Kennedy) n3 komnasumn
Neural Signals co CBOUMH KOJLJIETAMU
paspaboTall yCTpOHUCTBO, KOTOPOE pe-
TUCTPUPYET aKTHUBHOCTb MHOMKECTBA
HelipoHOB. OHO T0O3BOJSAET GOJBHBIM,
IIepeHeCIIINM UHCYIbT, OTHOM JIUIIb CH-
JIO MBICJIV IIOCBLIATH CUTHAJ, HHTEP-
IIPETUPYEMBIF KOMIIBTEPOM KaK, CKa-
JKEM, TJIacHas, KOTOPYIO 3aTeM MOIK-
HO 03BYYHTH C IIOMOIIIBIO CHHTE3aTopa
peyu — a 9To mar K GoOpMHUPOBAHUIO
mesablX cijoB. Takoil Tl MHTepden-
ca MO3r-MallliHa MOMKHO OyJleT TaKKe
HCIIONb30BATh I CTUMYJIAIUU OT/e-
JIBHBIX HEPOHOB.

Eme G6oJyiee TO4YHBIE yCTpOMCTBa
JIOJKHBI  COJIepPKaTh HAHOBOJIOKHA
auaMeTpoM B 100 HM I MEHEe, KOTO-
Pble MOKHO IIOZIBECTH K OT/I€JIbHBIM He-
pBHBIM KiIeTKaM. [[3f0oHb JIu (Jun Li) u3
YuuBepcuteTa mrara Kanaac co cBo-
MMH KOJUIETAaMH CO3/IaJIM IPUCIIOCO6-
JIeHue, HAaIlOMUHAaloIee INeTKy. Posb
IMEeTUHBI BBINOJIHAIT HAHOBOJIOKOH-
HbI€ JIEKTPO/BI, KOTOPBIE CTUMYJIUPY-
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ROBERT LEEB Laboratory of Brain-Computer Interfaces, Institute for Knowledge Discovery, Graz University of Technology (man in wheelchair);

COURTESY OF MOTORLAB, UNIVERSITY OF PITTSBURGH SCHOOL OF MEDICINE (prosthesis experiment series)

IOT HEHPOHBI U PETUCTPUPYIOT UAY-
mye oT HUX cUrHaJjbel. Jlu mosaraer,
YTO 3TO YCTPOUCTBO IIOMOIKET JIIOJAM,
cTpajaruM oT Gose3Hu ITapKkuHCco-
Ha UJIH AENPECCHUHU, II03BOJIUT yIpaB-
JIITH IPOTE30M PYKU HJIM JaKe BBI3BI-
BaTh COKPAIIEHUA MBIIIII aCTPOHABTOB
BO BpeMs JJIUTEIbHBIX KOCMUYECKUX
MOJIETOB JJId HeJOIyINeHUd aTpoduu
MBIIIIII IPY HYJIEBOU I'PaBUTAIUU.

Kak N3Y4YUTb A3bIK

Peanusanua ¢aHTA3UM O 3arpyske
B FOJIOBY y4eOHUKA II0 BBICIIEH MaTe-
MaTHKe (MU Jaske pPa3roBOPHHUKA II0
¢dpaHIy3CKOMY fA3BIKY Ilepej OTIIyC-
KoM) nnoTpebyeT ropasno 6osee riy6o-
KOr0o IOHMMaHUA MO3TOBBIX CUTHAJIOB,
KOAUPYIOIIUX SA3BIK U JPyTU€e BBICIINE
KOTHUTHUBHBIE ABJICHUSA.

PacKkpbITHE HEPBHOTO KOJa — OJWH U3
IVIAaBHBIX BEI30BOB HEHpPOHAYKE, a €CIIN
nepedpasuposatrs Dpeiiga, TO 3TO
Lapckas Jjopora K IOHMMaHHIO CO3Ha-
HUA. TeOpeTUKU BBIABUHY/IU MHOKEC-
TBO Pa3JIUYHBIX UJeH 11 00 bACHEHUA
TOTO0, KaK MUJUIMAp/bl HEHPOHOB Iepe-
Jlal0T COOOIIEeHUsA Yepe3 TPUJIJIMOHBI
CBA3BIBAIOIINX UX CHHATICOB. COIJIacHO
caMol CTapod U3 HHUX, KOJ COCTOUT U3
YacTOTHI pa3paAia JIEKTPUIECKUX UM-
IIyJIbCOB, TeHEPHPYyeMbIX HEfpOHaAMU.

HecMOTps Ha TO UTO YACTOTHBIHN KOJ,
MOIKET F'OJUTHCH JUUIA BOCIPUATHSA He-
KOTOPBIX CTHUMYJIOB, €0 HEJOCTATOY-
HO 1111 3arPy3KU B MO3T IPOU3BEIeHUU
Mapcens Ilpycra unu Puuapna ®eiin-
MaHa, a TaKKe JJIf CO3JaHUA MBICJICH-
HOTO 9KpaHa, Ha KOTOpoM GBI oTo6pa-
sKaJjloch IeyeHbe «MajjieH» U3 poMaHa
(lo HanpasjaeHU0 K CBaHy» WU KOH-
nenTtyajgbHad abcTpaknug U3 yueOHHu-
Ka 1o auddepeHnuaabHOMy UCUHCTIe-
HUI0. B 6osee coBpeMeHHBIX paboTax
BHHUMaHHe yjeldeTcsa TOYHOMY H3Me-
PEHUIO BpEMEHHBIX HHTEPBaJIOB MEXKTY
BCEMU CITaiKaMU (BpEMEHHOM KO/) NI
sK€ HEeITPEPBIBHO MEHAIOIIMMCS TaTTep-
HaM COBMECTHOTO pa3ps/ia I'pyIIIl Hell-
POHOB (NIONIYIAIIMOHHBIN KoJa) (8pe3ka
Ha cmp. 38-39).

ITonBITKM CO3/1aTh MCKYCCTBEHHBIN
TUIIIIOKaMI JAJId JIIoJIed ¢ IoTepe ma-
MATHU II03BOJIAT HECKOJBKO IPUOIIH-
3UTh BO3MOMKHOCTb TAKOH 3arpys3KHd
B MO3r. 9Ta paboTa A0JKHA [IOMOYb HC-
clejoBaTelsM IIOHATb caM IIpoIlecc

[Mapann3oBaHHbIN YENOBEK, MPUKOBAHHbIN K KPECy, MOXET NepeMeLLaTbes
no BUPTYyasibHOWM yNMLe C MOMOLLbIO 3NEKTPUHECKMX BOSTH MO3ra, PErMCTPUPYEMbIX
3NEeKTPOAHOM LLIANOYKOWN

koaupoBaHUA. COTPYAHUYIECTBO MEK-
ny YauBepcutetroM IOxHOM Kanudop-
HUU U YaUKk-DPopecTCKUM YHUBEPCUTE-
TOM HaIlpaBJICHO KaK pa3 Ha Co3JaHUue
TaKOI 3aMEHBI JJII HEPBHOU CTPYKTY-
PBI, OTBETCTBEHHOH 3a (dopMHUpoBa-
HUEe MaMATU. [UINIIOKaMII, pacIioJio-
JKEHHBIN TITy60KO BHYTPU BHUCOYHOM
JI0JIM, TOBPEMKJAETCA IPU HUHCYJIbTE
U npu 6one3Hu AibLrermMepa. IJI€K-
TPOHHOE yCTPOMCTBO, paboTaroiiee
BMECTO TUIIIIOKAaMIIa, MOIJIO GbI BOC-
CTaHOBUTb y YeJIOBEKA CIIOCOOHOCTH 3a-
IIOMHUHATh HOBYIO HHbopManuio. JlaH-
HBIN IPOeKT, GUHAHCUpyeMblit Harimo-
HaJbHBIM Hay4dHbIM ¢doxHgoM CIIIA
¥ YpaBJiIeHUEeM IIePCIIEKTUBHOTO ILjIa-
HUPOBaHUSA 0GOPOHHBIX HAY YHO-HCCJIe-
noBateabCckux pabor (DARPA), MOKeT
IPOJBUHYTHCH JAKe TaJIbIIe 1 obecrie-
YUTh yCUJIEHVWEe HOPMAaJbHOU ITaMATH
YeJIOBEKA MJIM e IIOMOYb pa3obpaTbca
C HEPBHBIM KOJMPOBAaHHUEM KOTHUTHUB-
HBIX (PYHKIUI BBICOKOI'O YPOBHA.

JIBe TpPyIIbl yYEHBIX, BO3IVIABJsE-
mble Teogopom Beprepom (Theodore W.
Berger) B YHuBepcurete IOmxHol Ka-
nmudopHun u CamyaneM Jlegsaiiiepom
(Samuel Deadwyler) B Yaiik-®PopecT-
CKOM YHUBEPCUTETE, TOTOBAT K IIeYaTH
CTaThIO, IEMOHCTPHUPYIOIIYIO CII0COG6-
HOCTb HCKYCCTBEHHOI'O THIIOKaMIa
BMECTO HACTOSAIIETr0 BBIIIOIHATH pa6o-
Ty HO KOHCOJTUAAINY HaMSATH KPBICHL,
KOTOpPYIO 00y4Yaay HAdKUMaTh Ha pblyar
paju oIy YeH! A KallJiu BoAsl. B Hopme

TUMIIOKAMII ITOChUIAET CUTHAJIBI, KOTO-
pble IIepeJaloTcsa B KOPTUKAJIBHEBIE 00-
JIacTH, OTBETCTBEHHBIEC 3a XpaHEHUE
JOITOBPEMEHHOU maMsaTU. B JaHHOM
JKCIIEPUMEHTE TUIIIIOKAMII KPBICHI Bpe-
MEHHO OTKJIIOYaJIN C IOMOIIBIO XUMU-
JecKoro BemecTBa. Korpa sKMBOTHOE
HaXUMaJo Ha [PaBUJIBHBIA phIYAr,
SJIEKTPUYECKUN CUTHAJ OT CEHCOPHOM
U ApYyTHUX o61acTeld Kopbl HallpaBJIAl-
Ccs Ha 9JIGKTPOHHYIO CXeMy, KoTopasd,
KaK 3asgBJSIOT UCCJIe0BATENH, ITOCHI-
Jrasa 06paTHO B KOPY TOYHO TaKUeE JKe
CHUTHAJIBI, KOTOPbIE B JAHHOM ClIydae
reHepyupoBaja Gbl U CaM THIIIIOKAMIL.
JleMOHCTpALMs TOTO, YTO UCKYCCTBEH-
HO€ YCTPONCTBO UMUTHUPOBAJIO TUIIIIO-
KaMIOAJbHBINA BBIXOJHOU CHUTHAJ, 03-
HavaJjia Obl BasKHBIM HIAT K pacirud-
POBEKe HEPBHOT'O KOJA, KOTOPBII MOT GBI
GBITD UCIIOIL30BAH [1JISI 3AIIUCH HaMATH
B MOTOPHYIO KOPY; BO3MOXKHO, 3TO I103-
BoJIMJIO OBl Korpa-HuUGyab pasrazaTh
U Te KOABI, KOTOpHIE JIEXKAT B OCHOBE
CJIO?KHOTO ITOBEJEHUS.

Ecuu 661 y1a710Ch pa3o6paThes C TeM,
KaK KOAUPYeTCA IPEJI0KEeHNE U I1e-
JIBIF TEXHUYECKUI TOKYMEHT, TO B Te-
OpuHU MOSIBUJIACH GBI BO3MOXKHOCTD IIe-
pelaBarh X B TUMITOKAMII (HJIH B KOPY)
II0 3JIEKTPOZAaM, U ClieHa U3 «MaTpHUIbD,
KOTZla WHCTPYKLIUSA MO YIIPaBICHUIO
BEPTOJIETOM GbLiIa 3arpyKeHa B MO3T
C TIOMOIIBIO COTOBOro TesedoHa, CTa-
Jla Gbl PEaJIbBHOCTBIO. «AMEPUKAHCKOE
MUHHCTEPCTBO 0GOPOHBI IIPEAIOYNTA-
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KAK 3ArPY3UTb TEKCT B HENPOHbI

[ns TOro 4106kl MOHATL MEXaHU3M 3arpy3Ku «BorHbl  Mrupa» unu
KaKon-nnbo fpyrov MHopmaLmm BbICOKOr0 yPOBHS MPSAMO B MO3T,
HY>XHO 06PaTUTLCSA K CaMbIM MPOABUHY TbIM UCCNEROBAHUAM B HEN-
po6uronorun. YyeHble nady4atoT cnocobbl N0ACOeANHEHNA KOMMbIO-
TEpOB 1 NPOTE30B HEMOCPEACTBEHHO K MO3rY M CTPEMATCH NOHATb

HeWMpPOHHbIN KOJ MO3ra — Kak OH Mpeo6pasyeT BXOASLLME CUrHASIbI
B MOBEAEHWE, HANpPYMEp B ABUXEHWE PYKOW UK B peyb. YaacTcs
NV NPEeoposIeTb NPENATCTBUS HA MYTU K CO3AAHUI0 YCTPOWCTB, BBO-
OALNX MHGOPMaUUO NMPSMO B MO3T, Noka COBEpLUEHHO He
W3BECTHO

KAK NOOKNIOYNTLCA

B/ Obl HEMPOHHOIO 1
K HEMPOHAM

KOOA

I 1

100 mc

YACTOTHbIN KOL
Mpupopa HeMpPOHHOro Koga — TeMa Henpekpa-
‘ | L aloLwmnxcsa nccnegoBaHnii u cnopos. PaHbLue

OnekTpoabl

BCEro NosiBUNIOCh NpeAcTaBneHne 0 YacTOTHOM -
KOfe, B OCHOBE KOTOPOIO JIeXUT CpeHee YMCno

CcnavikoB B pa3psge HempoHa 3a HEKOTOPbIN UH-

TepBan BpeMeHu, Harnpumep 3a 100 mc

BPEMEHHOW KO[,
HepaBHo Henpo6uonorn 06paTnnv BHUMaHue Ha

BPEMEHHOW KOf, B KOTOPOM NpuobpeTaeT 3Have- [ 9]
T [ H1Ee BpeMs MeX.y OTAESNbHbIMM crnaiKkamu, YTo o 5§ [vnnokamn
‘ H ‘ ‘ ‘ NO3BONSET KOAMPOBATL GONbLLE MHEOPMALINN, -
YeM B crlyHae NPOCTOro YaCTOTHOrO KoAa s )
""‘-———fl 3 Martpuua
3N1eKTPO/0B

MONYALMOHHbLIN KOO

B Han60nee NpoaBUHY TLIX UCCNEfoBaHu-
AX M3y4aeTcs NOnynsaUNOHHbIN Kog —
naTTepH akTUBHOCTW, MEHSIIOLLIMINCA KaK
B NPOCTPAHCTBE, Tak 1 BO BPEMEHMU Npun
paspsage rpynnbl HenpoHos Mpaduye-
ckoe n3obpaxeHve paspsga rpynnel

MoaKNIUNTLCA K HEPBHBIM KNTETKAM OHEeHb HE NPOCTO:
3NEKTPUHECKME MPOBOAHUKN MOTYT JIErKO CABUraTbCs
C HY>KHOIO MeCTa, pa3pyLUaTbCs v Aaxe Bbi3blBaTb VH-
dekumto. [Ins ocyLLecTBNeHWA Takom 3afa4u, Kak BBOS,
MH(OPMaLUuM B rMNNoKamn — HEepPBHYI CTPYKTYpY,
nomoraroLLyto OpMMPOBaTh MaMATb, CUCTEMbI SNEKT-
POAOB A0MKHbI 06pecTy 6onee BbICOKYHO CTEMNEHb NPOo-

eT 6oJiee IPO3anMdYeCKUN IpUMep — py-
KOBOJICTBO I10 yIIPABJIEHUIO UCTPEOUTE-
neM F-15», — rosoput Beprep.
Kasxymiadaca nmpocToTa MOAEIU Ie-
peladyu CUTHAJIOB B HCCJEJOBAHU-
X, MOAOOHBIX YINOMSAHYTOMY BBIIIE
CO3/JaHUIO HCKYCCTBEHHOTO THIIIO-
KaMIla, pokJaaeT GOoJbllle BOIIPOCOB,
4yeM oTBeTOB. He GyzmeT jiu Takod UM-
IJIAaHT CTUpaATh YiKE HMEIoNIIylocs
y 4eJoBeKa aMATh? ByzeT 11 Koz A1
OIIPE/IEJIEHHOTO IIPEJJIOKEHUA O U-
HAKOBBIM [lJIA ME€Hd, JJId Bac U, CKa-
JKeM, I 4YeJIOBEKa, FOBOPAIIEro Ha
KypAckoM sa3blke? CMOMKeT JIU BBe-
JeHHBIA KOJi JIETKO OOBbeJUHUTBHCH
C IPYTUMU CEeTAMHU, 06eCrIednBaOI -
MH COOTBETCTBYIOINUI KOHTEKCT, Ce-
MaHTHUYECKYIO CTPYKTYPY IIpeJJIokKe-
Hua? He npousoiifieT au omubouyHasa
HHTepIpeTalusa 9TUX Ke CJIOB B Ka-
KOM-TO JIPyTOM 3HAYEHUN?
HexoTopble HEMPOGUOJIOTH IIoJIara-
IOT, YTO fA3BIK MO3ra He yJacTcA pas-
rajiaTh /10 TeX 0P, IOKa MBI He IPUIY-
MaeM YTO-HUOYAb COBEpIIeHHEe, YeM
peructpanusa HEHPOHHBIX CIANKOB.
«OKCIIEPUMEHTEHI C perucTpaluei MHO-

HeﬂpOHOB NnokKasaHo cnesa

JKeCTBa CHUT'HAJIOB U CJEAYIOIIMMH 3a
HEeU MoNbITKaMH Pa3obpaThCs, YTO 3TH
CUTHaAJbI 03HAYAIOT U KaK OHU Koppe-
JIAPYIOT C KOHKPETHBIMU BU/IaMHU IT0BE-
JIeHUs1, He pelaT JaHHOU Ipo6aeMbD, —
3amevyaer l'empu Mapkpam (Henry
Markram), AupeKTop oTzaenaa HeUpo-
HayK U TexHoJsioruil B IlIBeliapckom
denepaabHOM TE€XHOJOI'MYECKOM HMHC-
TutyTe B JlosanHe. Kamaprii BXOgHOM!
CHUTHAJI, TOCTYHIAOINNI Ha HEHPOH NN
UX T'PYHILy, POk/JaeT HEKOTOPOEe OIpe-
JleJIEHHOE CJIeICTBUE, HAIIpUMeEp IIpe-
BpallleHHe CEHCOPHBIX CUTHAJIOB B JIOJI-
TOBPEMEHHYIO IIaMATh B THIIIOKAMIIE,
JIeHCTBYA 110 MHOMKECTBY Pa3HBIX IIy-
Tel. «A pa3 CyHIeCTBYIOT pa3jnYHbIe
IIyTHU, 3HAYUT, MBI €III€ OUYEeHb JaJIeKU
OT UX IOHUMaHUs», — TOBOPUT OH.
ITpoekT Blue Brain Project, BO3riaBiis-
eMbI MapkpaMoM, IIpeCTaBIAET CO-
6011 crapToBaBIIyio B 2005 I. IOIBITKY
HUMHUTHPOBATH C IIOMOIIBIO CyIIEPKOM-
npoTepa paboTy MO3ra Ha MOJIEKYJIApP-
HOM U KJI€TOYHOM ypOBHAX. [l Hava-
Jla mpeAycMaTpHUBaeTCA CO3JaHUEe MO-
nenu 6ojee IPOCTOr0 MO3Ta KPBICHI,
M JIUIIB II0CJIe 3Toro — 4yeyoseka. K pe-
IIEHUIO BTOPOM 3aJadud MOKHO OyAeT

CTPaHCTBEHHOrO Y BPEMEHHOTO Pa3peLLeHust

IIPUCTYIHUTH JIUIIb M0CJIE IOABICHUA
BBIYHUCIUTEIBHBIX CUCTEM, MOITHOCTD
KOTOpPBIX 6y/IeT B 1 THIC. pa3 BhIIIIE, YEM
Yy CYLIECTBYIOIIUX Ha CETOAHAIIHUMN
JIeHb CyII€pKOMIIBIOTEpOB. «fI ayMaro,
9YTO IPOU30HAET KOHIENTyaJIbHBIN
IIPOPBIB», — FOBOPUT MapKpam.

TpyAHOCTD, 3aKj04daroasaca B He-
3HAaHUM MeXaHU3MOB Ilepefjayd WH-
dopmManuu B MO3T, HaKJaJbIBAET OT-
paHUYeHUE Ha TO, HACKOJIBKO JAJIE€KO
CMOKeT IPOJBUHYTbCA HEHMpPOTEXHO-
gorusa. 3agadya GopMUPOBAHUA MHO-
EeCTBaA CBA3€EM, COCTABIAIIIUX IIa-
MATb, Pa3UTEIbHO OTINYAETCA OT
HaMaTrHU4YMBaHUA IPyNIbl OUTOB Ha
JKECTKOM aucke. «CiaoxHasa UHG)OP-
MaIud TAaKOTo TUIIA, KaK COAepKaHNIe
KHUTH, IOTpebyeT B3auMojeHCcTBUA
6GOJIBIIIOr0 KOJIMYECTBA KJIETOK MO3ra
B MacHmTabHBIX 006JacTAX HEPBHOU
CHCTEeMBI, — 3aMe4daeT Helpobuosor
JxoH JloHaxblo (John P. Donoghue) u3
YHuBepcurera Bpayna. — Cienosa-
TEeJIbHO, BBl HE CMOXKeTe aJpecoBaThbCs
K KaQiK/J0H U3 HUX, 3aCTaBJIAA XPAaHUTh
Heo6xoauMyIo nHpopMmanuio. B mpene-
JlaX COBPEMEHHBIX 3HAHUH 3TO COBEP-
IIIEHHO HEBO3MOIKHO).
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Mony4eHHbIN
HEPBHbIV KOA McKyCcCTBEHHbBIN rMNMNOKaMn, KOTopbI pa3pabaTbiBaloT B
HacToswee BpemMa AN NOMOLWM NIOAAM C nNoTepen
namsTh, MOXeT 6biTb MPUMEHEH W ANA pasrafblBaHus
Koga, MCMonb3yemMoro MO3romM AN BHYTPEHHEro
npeAcTaBneHnsa Takon MHOPMaLUN BbICOKOTO YPOBHS,
KaK crnosa u npepnoxexusa. 3sy4vallee npepnoxeHune
MOXeT 6bITb NepeBeAEeHO B HEMPOHHbIV KOA N COXPAaHEHO

fifnokamn

Tak 4To 3amuch UHGOpPMAIUU IIPA-
MO B MO3T MOKET OCTaThCA JIUIIb Med-
TOU, 3aTepsABIIelcs Ije-To B kubep-
npoctpaHcTBe. OHAKO 2TO HE JIUIIA-
eT JIoHaXbl0 ONITUMU3MA B OTHOIICHU U
JPyTHUX cIIoco60B Iepegadu nHpopma-
IUU U CO3JAHUSA yIpaBIseMBbIX IIPO-
Te30B. OH — JUJep B UCCIeJOBAHUAX
110 UMIIJIAHTAIIUU MATPHUI] U3 MHOMKe-
CTBa 3J€KTPOJOB B MO3T, YTO ITI03BOJIA-
€T OCYIIEeCTBJATh IIPsMOe yIIpaBlle-
HUe IPOTEe30M PYKHU U JaxKe NHBaIU/-
HBIM KPECJIOM.

JloHaxblo IIPeACKa3bIBAET, YTO Yepe3
IATh JIET UHTepdenchl MO3r-MalInHa
II03BOJIAT Napajln30BaHHOMY 60JIbHO-
My HOJHATH YAIKy U IOIUTH U3 Hee,
a B 6ojiee yaJleHHOM OyAyIeM TaKue
CHCTEMBI, BO3MOKHO, yIydIlaTcsa Ha-
CTOJIBKO, YTO YeJIOBEK C IIOpaskeHueM
BEpXHEH 9acTH CIIMHHOTO MO3Ta CMO-
#KeT COBepIIaTh HEMBICIIUMOE, HAIIPH-
Mep urpaTth B 6ackeT60J1, BOILIOIIAA
B peajbHOCTb COOBITUSA U3 TeJlecepua-
sa 1970-X rr. «HeJIoBEK Ha IIECTh MUJI-
nuoHoB ponnapos» (The Six Million
Dollar Man). [laxe 6e3 kaHaa Iepe-
fadyyu nHopMaIUU B MO3I MHBAJIU-
JIBI U HCCJIEZIOBATE/IN IOKHY T GoraThle
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HelpoHHbIN Koa Ansa onpegeneHHomn

hpasbl MOXHO 3aTeM nepepartb No y
npoBOAHOMY Ui 6ecnpoBOgHOMY

COEAMHEHWIO Ha CNeLuanbHble \
VMMNNaHTUPOBaHHbIE 3NIEKTPOLbI,

Ha KOMMNbOTEpe

AN 4 ) L

3NEeKTPOAOB

KOTOpblE NO3BONSAT HAMPaBUTb .

MHopMaLUIo B runnokammn n g

o N -

COXpaHUTb B ONpeaeneHHbIX ~& -
o6nacTtsx kopbl. OgHaKo He \ -

VU3BECTHO, 6YAeT Ny Koraa-Huéyab

paboTaTb TakoW KaHan nepepayu

MHopMaLmm

IJIOABI 3TOro 60JI€e MPOCTOro MOAX0Aa.
Tept Ilpyprmennep (Gert Pfurtscheller)
n3 TexXHOJOrn4eCcKoro yHUBEpCUTETA
I'para B ABCTPUY COOBIITUI B ITPOIILIIOM
rofy 0 TOM, 4YTO MAIUEHT C TpaBMOM
CIIMHHOTO MO3Ta MOT C IIOMOIIIbIO OHOMU
JINIIB CHJIBI MBICIU IyTELIeCTBOBATH
o BUpPTyaJbHOU ynune. Mureins Hu-
rosenuc (Miguel A. L. Nicolelis) u3 Yau-
BepcuTeTa JIpIOKa, €Ile OAUH IIep-
BOITpoxozier] B o6iacTtu mHTepgderica
MO3r-MalllMHa, HadaJl u3y4aTh TO, KakK
y 06€3bAH, COeJUHEHHBIX C UCKYCCT-
BEHHBIM yCTPOMCTBOM, KOTOPBIM yII-
pPaBJIAET MO3T, pa3BUBAEcTCA KMHECTE-
qyBCTBO
JABUKEHUA U IPUKOCHOBEHUA, IIOJIHO-

THUYECKOE CaMOOCO3HaHUeE,

CTBIO OT/IEJIEHHOE OT CEHCOPHOI'0 BXO/1a
UX GMOJIOrMYECKOro Teja. «EcTh HEKOo-
TOpble (PU3UOJIOTUYECKUE CBUETEIb-
CTBa TOTO, YTO BO BpeMs SKCHEePUMEH-
Ta OHHU omIymialT ceba Goee TECHO
CBSI3aHHBIMHY C POOOTOM, YeM CO CBOUM
COOGCTBEHHBIM TEJIOM», — FOBOPUT y4e-
HBIH.

CamMoe BasKHOE CJIEICTBUE TAKUX HC-
CJIEOBAHUN MOKET COCTOSAATH OTHIOADL
HE B CO3JJaHUU HEHPONMILIIAHTOB WA
MeXaHWYeCKUX pykK. [loHuMaHue mpo-

IIECCOB, IIPOMCXOSAIINX B [IEHTPAIbHOMN
HEPBHOI CUCTeMe, BO3MOMKHO, [IO3BOJIUT
YCOBEPIIIEHCTBOBATh METOAUKH 00y Ue-
HUSA IeTeH U JIy4lIlle O peiesATh, B Ka-
KOH MOMEHT NPUMEHATDH Ty WU UHYIO
IeJaroru4YecKyio TeXHUKy. Eciau aTo
TaK, TO UCCJIEIOBAHUA HEUPOMUMILIAH-
TOB U KOMIIBIOTEPHBIX MOJEJIeH Mo3ra
nanyT 6ojee BaiKHBbIE INPAKTHUYECKHUE
pe3yJIbTaThl, YeM Me4ThlI 06 NCI0JIb30-
BaHUU MO3ra B Ka4ecTBe (IISII-IUCKA,
I103aMMCTBOBAaHHbIE M3 Hay4HO-(daH-
TaCTHUYECKOMN InTepaTypbl XX B. W

Mepesoa: 6.B. YepHbiweB
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