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BceM HaM XOLieTCR WMeTb 6onee COBepweHH biCi, 6onee BOC
npWWMLIWBbiCi pa3yM. nocKOnbKY 6wonorwYeCKWCi em HOCt-1-
Ten b, M031, npWHWMaeT yYaCTwe BO BCeM, LITO Mbl ):lenaeM, eCTb 
BenWKOe MHO>KeCTBO npW-IWH, no KOTOpbiM Mbl MOint-1 6bl >Ke
naTb ynyYweHwR Tom, c YeM pO>K):leHbl. MHorwe xoTenw 6bl 
TOL!Hee nOMHWTb BCRKWe Bel.ljt-1 - OT TpWBWan bHOIO "Ky):la R 
nonO>KWn(a) KniOYW?" ):10 Ba>KHOIO "a KOI):la y HaC IO):!OBI.ljWHa 
csa):lb6blr Mbl He n pOYb 6b1Tb 6blcrpee w coo6pa3wTen bHee s 
wwpoKOM cneKTpe KOHTeKCTOB. BepomHo Mbl, niO):lw, pa3swnw 
CBOW He06bll.laCiHO BbiCOKWe KOIHWTWBHble CnOC06HOCTW, LIT0-
6bl noMOLib ce6e pewaTb npo6neMbl, ycnewHo cnpasnmbcR 
C HeB310):laMW B ):!OWCTOpWL!eCKYIO 3noxy. 6blnO 6bl 3):!0pOBO, 
ecnw 6bl Haww KOIHWTWBHble HaBbiKW wnw sposeHb c nepeMe
HaMw B >Kt-13Ht-1 niO):leCi, HO OHt-1 He W):lyT. >f<WBR B COBpeMeHHOM 
MWpe, Mbl pO>K):laeMCR C TeMW >Ke M031aMW, KaKWMt-1 o6na):lanw 
Haww ):!WKwe n pe):!Kt-1 30 000 neT Ha3a):l. 

Tpy):!HOCTW, KOTOpble HaM npwxo):!WTCR npeo):lonesaTb ce
IO):!HR, 3aMeTHO OTnWYaiOTCR OT npo6neM KpOMaHbOHI..jeB. 
Mano KOMY Heo6xo):lwMo 3HaTb, KaK HaCiTw BO):ly, ):!06b1Tb nwlljy, 
cnaCTWCb OT XWI.ljHWKOB t-1 pa3BeCTW OIOHb. BMeCTO 3TOIO Haww 
MbiCnt-1 3aHRTbl TeM, KaKyiO Kapbepy W36paTb, KaK nona):!WTb C 
COCe):!RMt-1, KOTOpble BbllnR):!RT WHalle, LleM Mbl, l):le >Kt-'!Tb t-1 Ka
KYIO KynwTb MawwHy. Mbl 6ecnoKOWMCR He o TOM, R):IOBWTO nw 
paCTeHWe, KOTOpOe Mbl C06wpaeMCR CbeCTb, a 0 TOM, ):!OCTaTOLI
HO nw B HeM >Kene3a t-1 BWTaMWHOB. B OTCYTCTBWe >KWBOTHbiX, 3a 
KOTOpbiMt-1 Wnt-1 OT KOTOpbiX HY>KHO 6eraTb, t-1 npw W36biTKe Ka
nopwCiHOCi nwlljw Hac 3a6oTWT, Ka K coxpaHWTb xopowy10 cpop
MY B MWpe, He Tpe6yiOI.ljeM OT HaC 60nbWOIO HanpR>KeHWR cwn. 

HeKOTOpble t-13 "senwYaCiwwx npo6neM" Mwpa - 3TO Ha ca
MOM ):\ene He Te, 0 KOTOpbiX Mbl 06bll.IHO ):lyMaeM. 3acyxa t-1 10-
nO):l - npo6neMa? nwl.ljt-1 t-1 BO):Ibl XBaTWT Ha BCeX, npOCTO OHt-1 He 
pacnpe):lenRIOTCR cnpase):lnv1Bo wnw 3cpcpeKTWBHO. 3HeprwR -
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We would all l ike to have a better, more capable mind. S ince 
the mind's biological substrate, the brain, is involved with ev
erything we do, there are many, many reasons why we might 
want to improve o n  what we were born with. Most of us  would 
l ike to be a ble to remem ber things better, from the trivial, 
"Where did I put my keys?" to the im portant, "What is the date 
of our wedding ann iversary?"We would like to be more qu ick 
and clever in a wide variety of contexts. We h u mans probably 
evolved our unusua l ly  high cognitive abilities to help us solve 
problems, to deal with adversity successfu l ly  in our prehistoric 
environment. it would be great if our cogn itive skills and abi l i
ties kept in step with changes in how people live, but they 
haven't. We are living in a modern world, born with the same 
bra ins  that our savage ancestors had 30,000 years ago. 

The kinds of problems we need to solve today are dis
tinctly different than those the Cro-Magnons had. Few of us 
need to know how to find water, to h u nt for food, to escape 
from predators, and to build a fire. I nstead, we need to know 
wh ich career path to choose, how to get a long with people 
next door that don't look the same, where to l ive and what 
type of car to buy. We worry not a bout whether some plant 
we m ight eat is poisonous, but whether it has enough iron 
a nd vitamins. Without a n imals to run after or from, and with 
an excess of fatten i ng food around, we obsess over how to 
keep fit in a world that does not require us  to exert ourselves. 

Some of the world's "biggest problems" are not actually 
the ones we usually think of. Are drought and starvation prob
lems? There is plenty of food and water for everyone; it is just 
not distri buted fa irly or effectively. I s  energy supply a prob
lem ? There is far more energy than we need beamed stra ight 
from the sun every day. It  just needs to be collected and used 
more effectively. Global warming is not a problem, the prob-
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I pynna "SymbioticA" � na6oparop�H 
Cr�sa nonepa. "MEART- nony>K�so<; 
XYAO>KH�K", s pa6ore c 2000 r., ¢par
MeHT 6�0K�6epHeT�YeCKOi; �HCTan
nHlj��. © 2004 r. CDoro: CD�n laM6neH. 
SymbioticA Research Group and The 
Potter Lab, MEART- The Semi-Living Art
ist, ongoing since 2000, bio-cybernetic 
installation. Image courtesy of the 
artists. © 2004 Photo by Phil Gamblen. 

lem is flooding and weather-related catastrophes we are not present ly equipped to deal with. 
In fact, one could a rgue t hat al l  the land t hat can't be far med or even i n ha bited because it is  too 
cold is a problem t hat g loba l  warming will help solvel 

Diseases are a real problem, but not quite the same problem that prehistoric humans faced. 
Losing teeth 1 0,000 years ago could quick ly lead to starvation. Even an infected scratch from a 
saber-toothed tiger you escaped from cou ld be lethal without a ntibiotics. Our modern diet and 
sedentary lifestyle has introduced a number of health problems t hat our evol utionary heritage 
never had to deal with, such as obesity, a lcoholism, and heart attacks. Unnatural chemicals in 
our food and envi ronment cause a l l  sorts of diseases, from cancer to brain damage. And modern 
com petitiveness causes c hronic worrying and stress-related i l lness due to the unnatura l ly con-
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npo6neMa7 Ka>KAblfi AeHb Mbl nonyYaeM HenocpeACTBeHHO OT conHL\a, c ero nyLiaMI!I, HaMHoro 6onb

we 3Hepr1!11!1, LleM HaM Heo6XOAI!IMO. L(eno 3a ManbiM: npeo6pa3oBaTb ee 111 l!lcnonb30BaTb 6onee 3Ql· 

¢eKTI!IBHO. lno6anbHoe nOTenneHI!Ie- TO>Ke He son poe; npo6neMa- 3TO HaBOAHeHI!IR 111 Kni!IMaTI!IYe

cKI!Ie KaTaCTpOQlbl, cnoco60B COBnaAaTb C KOTOpbiMI!I y Hac noKa HeT. no CYTI!I A en a, MO>KHO npeACTa

BI!ITb CVITYal.\1!110 TaK, LITO BCR cywa, rAe Henb3R BeCTV1 CenbCKOe X03RfiCTBO l!lnl!l Aa>Ke >KI!ITb, nOTOMY 

LITO TaM Cni!IWKOM XOnOAHO,- 3TO 3aTPYAHeHI!Ie, pewaeMoe C nOMOll\biO rno6anbHOIO nOTenneHI!IRI 

6one3HV1 - BOT peanbHaR npo6neMa, HO 1!1 3TO He COBCeM TO >Ke, C YeM npi!IXOAI!InOCb I!IMeTb 
Aeno AOI!ICTOpi!ILieCKI!IM niOARM. L(eCRTb TbiCRLI neT Ha3aA nOTepR 3y6oB MOrna 6b1CTpO o6epHyTbCR 

ronoAHOill CMepTbiO. L(a>Ke ecn111 Bbl V136e>Kanl!l r1116en1!1 np111 BCTpeLie c ca6ne3y6biM T l!lrpoM, n106aR 

nonyYeHHaR 1.\apani!IHa, BOCnani!IBWI!ICb, Morna CTaTb neTanbHOi/i B OTCYTCTBI!Ie aHTV16VIOTI!IKOB. (O

speMeHHOe ni!ITaHVIe 111 Haw ManonOABI!I>KHblill o6pa3 >KV13HV1 nopOAVInVI 1.\enblfi PRA npo6neM, Ko

TOpbiX B HaWeM 3BOniOL\VIOHHOM HacneAVII!I HI!IKOrAa He 6blno: O>KI!IpeHI!Ie, anKOIOnV13M VI VIH<jlapKT 

MVIOKapAa. lilCKYCCTBeHHble XVIMVILieCKVIe COeAVIHeHVIR B nVIll\e VI OKpy>KaiOll\efi cpeAe CTaHOBRTCR 

npVILIVIHOfi CaMbiX pa3HbiX 3a6onesaHVIfi- OT paKa AO HapyweHVIfi M0310BOi/i AemenbHOCTVI. npVI 

3TOM COBpeMeHHblfi AYX KOHKypeHL\VIVI sneLieT 3a co6ofi XpOHVILieCKOe 6ecnoKOiiiCTBO VI o6ycnoB

neHHble CTpeCCOM 6one3HVI, npVILIVIHOi/i KOTOpbiX RBnReTCR aHOManbHO 3aTR>KHOe B036Y>KAeHVIe 

CVIMnamYeCKOi/i HepBHOfi CVICTeMbl (peaKL\VIR "6efi VlnVI 6erVI"). XopowaR HOBOCTb- 3TO TO, LITO Mbl 

ropa3AO nyLIWe HayLIVInVICb cnpasnRTbCR C 6one3HRMVI, YeM 3TO 6blnO ell\e KaKVIX-TO ABa CTOneTVIR 

Ha3aA. nnoxaR HOBOCTb- 6one3HVI, KaK VI npe>KAe, OCTaiOTCR nOTeHL\VIanbHOi/i yrpmoi/i AnR >KVI3HVI. 

Ell\e OAHa npo6neMa - BOiiiHa, no-npe>KHeMy Hecyll\aR opaAaHVIR VI cMepTb. "6naroAapR" Ha

weMy POAOnneMeHHOMy C03HaHVIIO npOAOn>KaiOT paCTOLiaTbCR B 60pb6e C TaK Ha3biBaeMbiMVI"Bpa

raMI!I" HeVICLIVICnVIMble niOACKVIe VI MaTepl!lanbHble pecypcbl. ArpeccVIsHoe noseAeHVIe VI 3all\VITHble 

pe¢neKCbl, B03MO>KHO, noMoraswVIe ManbiM nneMeHaM HaWVIX npeAKOB c I!IX CKYAHbiMVI pecypcaMVI, 

lpynna "SymbioticA"" na6oparop"R 
nonepa. "MEART- nony>K"Bo� xy· 

/10>KH"K'; B pa6ore c 2000 r. Cnesa: 

po6oMaH"nynRrop, cnpasa: rpa¢"K 

He�poHHo� nnacmYHOCT" MEART 
(ssepxy), aH"Mara (BH"3y). A11am"s· 

Hbl� anrop"TM cnoco6cTByer ¢op

M"POBaH"IO HOBbiX np"BbiYeK. 

SymbioticA Research Group and The 
Potter Lab, MEART- The Semi-Living 
Artist, ongoing since 2000. Left: 
the robotic arm, right: neuronal 
plasticity of MEART (top), and of the 
ani mat (bottom). The adaptive train
ing algorithm caused p lasticity. 
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tinuous activation of our  sympathet ic  (fight-or-flight) nervous system. The good news is that we 
a re much better at deal ing with d iseases t han we were even two centuries ago. The bad news is 
that they st i l l  cause m uch suffering and death. 

War is another rea l problem st i l l  causing suffering and death .  Thanks to our t ribal brains, 
countless l ives and valuable resou rces continue to be wasted on fighting so-called enem ies. Ag
g ressive and defensive instincts that may have hel ped our ancestors in small t ribes with scarce 
resou rces a re maladaptive today. Feuds l inger long past the relevance of t heir initial causes, 
whether between two neig hbors, two gangs, two national ities, or  two races. 

Stop and consider: What would it take to solve the real prob lems facing modern h u mans 
today7 It would take major changes in h u man natu re. It would take a major u pdate to our pre
h istoric brain's hardware and software. I propose that cognitive enhancement brought about by 
neuroengineering could make us better ada pted to the modern world. It could quel l  our agg res
sion, allow us to appreciate a l l  people, and help us devise new technology: for g lobal dist ribu
tion of food, water, and energy; for prevent ing d iseases and accidents; for dealing with natural 
d isasters; for seeing both sides of every disagreement. 

Natural Cognitive Enhancement 

There a re (at least) two natural ways to enhance cognition, at very d ifferent t ime sca les. Across 
generations, preferent ial su rvival and reproduct ion of the more clever members of the t ribe have 
resulted in the d ifferences between us and the other Great Apes, i.e., a tremendous expansion of 
our neocortex endowing us with the capacity for complex language and symbolic t hought. It is 
possible to speed up evol ution. Farmers, pet owners and hort icu lturalists have been doing th is  
for centuries: selective breeding. I t  is un l ikely that this  approach wi l l  ever be popular for enhanc
ing human intelligence. In fact, when modern medicine keeps alive a person who is about to d ie 
from a fool ish accident or bad decision, and they go on to have offs pring, the overa l l  intel l igence 
oft he human gene pool is d im in ished. Thanks to medical advances, evolution is actually heading 
backwa rds in some ways. 

On the shorter t ime scale of one l ifet ime, learning from others or from experience can make 
one wise and capable. Learning produces i m mediate results, and because everyone a l ready uses 
t his form of cognitive enhancement, it wi l l  be compa ratively easy to promote the idea of better 
and faster learning through neurotechnology. 

Neurotechnology for Better Learning 

W hat is a thought? W hat is a memory? We know surprisingly little about such basic and funda
mental aspects of our  nervous system. Thousands of neu roscientists a re working hard across the 
g lobe to reveal the secrets of what is  often described as the most complex thing we know of, 
the bra in. In the Laboratory for Neuroengineering at Georgia Tech, [1] we are t rying to add a few 
pieces to the puzzle of how learning works, and how to improve it. As  a model for h u man brains, 
we study s imple nervous systems of a few t housand neurons and g l ial cel l s  in vitro. The Petri 
d ishes we use have a rrays of microelectrodes embedded under the cel ls, th rough which we can 
deliver artificial sensory input to the neuronal networks cultured on them. We can also record 
electrical activity patterns in these cu ltu red neura l  networks, and t ry to decode t he patterns with 
powerful microscopes and computers. 

Hybrid Neural Systems 

By interfacing the cultu red networks to robots or simulated an imals, we can study their  behav ior, 
and try to induce changes t hat represent s im ple forms of learning. In the yea r 2000 at Caltech, we 
developed the first hardware and software to "embody" cultu red networks, to a l low their activity 



He ai'jeKsaTHbl cemAHR Me>KAoyco6Hbre pacnpV1 npoAOil>KaiOTUI V1 rori'ja, KOIAa V1X nepsonpwmHa 

i'jaBHO norepRila Ba>KHOCTb, 6yi'jb TO OTHOWeHV1R ABYX COCei'jeGi, ABYX rpynnV1pOBOK V111V1 ABYX pac. 

0CTaHOBV1MCR V1 3ai'jyMaeMCR: LITO MOI!lO 6bl nOHai'j06V1TbCR i'jllil TOIO, LIT06bl peWV1Tb pea!lb

Hble npo6neMbr, CTORll(V1e nepeA 1110AbMV1 cemAHR7 norpe6osanwb 6br KapAV1HallbHbre V13MeHe

HV1R Lle!lOBeLieCKOfi npV1pOi'jbl. 5blll0 6bl He06XOi'jV1MO OCHOBaTe!lbHOe 06HOBileHV1e "annapaTHO

ro" V1 "nporpaMMHOIO" o6ecneLieHV1R Hawero i'jOV1CTOpV1LieCKOIO M03ra. R YTBep>Ki'jaiO, LITO KOIHV1-

TV1BHOe YCV1!leHV1e, KOTOpOe HeCeT HaM HefipOV1H>KeHepV1R, MOI!lO 6bl Ci'jellaTb HaC 6onee npV1-

cnoco6neHHbiMV1 K COBpeMeHHOMy MV1py. 5naroi'japR TaKOMY YCV11leHV110 Mbl 6bl noi'jaBV11lV1 B ce6e 

arpecCV110, HayLIV111V1Cb noHV1MaTb APYIV1X lliOAefi, V13o6penV1 HOBble rexHonorV1V1 - AllR rno6anb

Horo pacnpei'jelleHV1R npOAYKTOB nV1TaHVIR, BOi'jbl V1 3Hep1V1V1; AllR npei'jOTBpall(eHV1R 6one3Hefi V1 

Ype3BbiLiaWHbiX npOV1CWeCTBV1fi; i'jllil npOTV1BOi'jeWCTBV1R CTV1XV1fiHbiM 6ei'jCTBV1RM; i'jllil TOIO, LIT06bl 

nOHV1MaTb o6e CTOpOHbl B 111060M cnope. 

EcrecrseHHoe KOrHI!1H1BHoe yc111neH111e 

EcTb no MeHbWefi Mepe ABa ecrecrseHHbiX nyTV1 AllR ycV1neHV1R KOrHV1Tii1BHofi cnoco6HOCTV1, cyll(e

CTBYIOll\V1X B COBepweHHO pa3Hb1X MaCWTa6ax BpeMeHV1. 3a MHOIO nOKO!leHV1W npeV1Myll(eCTBeHHble 

norpe6HOCTV1 Bbi>KV1BaHV1R V1 BOcnpOV13BOi'jCTBa 6onee pa3BV1TbiX YMCTBeHHO YlleHOB nneMeHV1 npV1-

Be!lV1 K pa3JlV1LIV1RM Me>KAY HaMI/1 V1 npOLIV1MV1 Bb1CWV1MV1 npV1MaTaMV1, T.e. K He6biBa!lOMY paCWV1peHV110 

HeOKOpTeKca*, Hai'je!lV1BWeMy Hac cnoco6HOCTRMV1 K CllO>KHOMy R3biKOBOMY V1 3HaKOBOMy Mb1W!le

HV110. 3BO!liOI.jV110 MO>KHO ycKopV1Tb. CDepMepbr, cnei.jV1a!lV1CTbl no AOMaWH1!1M >KV1BOTHbiM V1 pacTV1-

Te!lbHbiM KYilbTypaM 3aHV1MaiOTCR 3TV1M- a V1MeHHO CelleKI.jV10HHbiM pa3Bei'jeHV1eM- y>Ke COTHV1 JleT. 

Ho BPRA llV1 AaHHbrGi nOAXOA KOIAa-nl!16o CTaHeT nonynRpHbiM B ycV1neHV1V1 LlenoBeLieCKV1X yMCTBeH

HbiX cnoco6HoCTeGi. no cyll(ensy, KOIAa cospeMeHHaR MeAV1L1V1Ha so3spall(aer K >KV13HV1 Llenose

Ka, KOTOpbiW i'jOil>KeH yMepeTb B pe3yllbTaTe Henenofi CllyLiaWHOCTV1 V1!1V1 HeBepHOIO peweHV1R, V1 OH 

BnOC!lei'jCTBV1V1 063aBOi'jV1TCR nOTOMCTBOM, 06ll(V1fi V1HTenneKTya!lbHblfi ypoBeHb leHO<jlOHi'ja CHV1>Ka

eTCR. B KaKOM-TO CMbiC!le ycnexV1 Mei'jV1LjV1Hbl ABV1>KYT 3BO!liOI.jV110 B o6paTHOM HanpasneHV1V1. 

B 6onee KOpOTKV1x speMeHHbrx paMKax OAHOGi >KV13HV1, HayLieHV1e or APYIV1X niOAefi MO>KeT CAe

narb 111HAV1BV1Aa MyApee V1 cnoco6Hee. 06yLieHV1e Aaer HeMeAneHHbre pe3yllbTaTbr, V1 nocKO!lbKY 

3Ta <jlopMa KOIHV1TV1BHOIO YCV1!leHV1R i'jaBHO BCeMV1 V1cnO!lb3yeTCR, 6yAeT cpaBHV1Te!lbHO HeC!lO>K

HO BHei'jpV1Tb V1i'jel0 6onee KaLieCTBeHHOIO V1 6b1CTp010 o6yLieHV1R C nOMOll(biO HefipoTeXHO!lOIV1fi. 

HewporexHonor111111 ,QnR 6onee KaYecrseHHoro o6y4eHI!1R 

l.JTO TaKoe Mbrcnb7 l.JTO raKoe naMmb7 Mbr nopa3V1TellbHO Mana 3HaeM o6 3TV1X 6a30Bbrx, ¢YHAa

MeHTallbHbrx acneKTaX CBOeW HepBHOW CV1CTeMbl. Bo BCeM M1!1pe TbiCRLIV1 yLieHbiX-HeBpO!lOIOB rpy

ARTCR He nOK!lai'jaR pyK Hai'j paCKpbiTV1eM CeKpeTOB TOIO, YTO YaCTO Ha3biBaiOT HaV160!lee CllO>K

HbiM V13 V13BeCTHbrx HaM ecrecTBeHHbiX ycrpoficTB, - M03ra. Y ce6R s na6opaTOp1!1V1 HeGipo1!1H>Ke

HepV1V1 TexHonorV1LiecKoro V1HCTV1ryra L\>KOPA>KV1V1 [1] Mbr nbrTaeMcR A06asV1Tb KaKV1e-TO HeAOCTaiO

ll(V1e <jlparMeHTbr s na311 o TOM, KaK pa6oraer npoi.jecc no3HaHV1R V1 KaK em ynyLIWV1Tb. B KaLJecrse 

MOi'je!lV1 Lle!lOBeLJeCKOIO M031a Mbl V1CC!lei'jyeM in Vitro npOCTble HepBHble CV1CTeMbl V13 HeCKO!lbKV1X 

TbiCRLI HefipOHOB V1 lllV1a!lbHbiX KlleTOK**. V1CnO!lb3yeMble HaMill LlaWKV1 neTpV1 CHa6>KeHbl MaCCV1-

BaMV1 MV1Kp031leKTp0i'jOB, o6pa3yl0ll(V1X nosepXHOCTb nOi'jllO>KeK, Llepe3 KOTOpbre o6ecneLII!1BaeT

CR V1CKYCCTBeHHblfi CeHCOpHblfi BBOA B HefipOHHble KYilbTypbl, Bblpall(eHHble Ha 3TOGi MaTpV1i.je. Mbl 

MO>KeM TaK>Ke 3anV1Cbrsarb o6pa3l.1bl 3!leKTpV1LiecKoGi aKTV1BHOCTV1 3TV1X HewpoHHbrx KYilbTYP V1 nbr

raeMcR paCWV1<jlpOBbiBaTb i'jaHHble <jlopMbl C nOMOll(biO MOll(HbiX MV1KpOCKOnOB V1 KOMnbiOTepoB. 

r1116p1!1,QHble Her/rpOCI!1CTeMbl 

YnaHaB!lV1BaR ABYCTOpOHHIOIO csmb Me>KAY HeGipoHHbiMV1 KYilbTypaMV1 V1 po6oraMV1 (V1!1V1 CV1My

nmopaMV1 >KV1BOTHbiX), Mbl V1MeeM B03MO>KHOCTb V13yLiaTb noBei'jeHV1e HepBHOW TKaHV1 V1 CTpeMV1M-
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lpynna "SymbioticA" " na6oparop"R CmBa nonepa. "MEART- nony>K"Bo� xy
AO>KH"K': B pa6ore C 2000 r. Mmr "MEART"· KynbTypa, COCTORUjaR "3 HeCKOnb
K"X TbiCRY KOpKOBbiX He�pOHOB 3M6p"OHa Kpb1Cbl " 60 M"Kp03neKTPOAOB. 
SARG and The Potter Lab, MEART- The Semi-Living Artist. MEART's brain: a net
work of a few thousand neurons from a rat embryo, and 60 tiny electrodes. 

01 Bbl3biBaTb B HeVi V13MeHeHV18, n pe):1CTaBnfliOll\Vle co6oVi n po
neViwVle cjJopMbl npV1o6pereHV18 3HaHV1Vi. B KanV1cjJOpHV1ViCKOM 
rexHonor-MYeCKOM V1HCTV1Tyre B 2000 WAY Mbl sne psble C03Aa
nV1 annapaTHoe V1 npor-paMMHoe o6ecneYeHV1e ):\nil "renecHom 
sonnoll\eHVlR":nVlx Kynbryp, n03son810ll\ee npeo6pa30BbiBaTb 
HeVipOHHYIO aKTVlBHOCTb B ):\BVl>KeHVle po6o-pyK VlnVl KOneCH0-
10 MexaHV13Ma, a TaK>Ke ocyll\eCTBn8Tb"o6paTHYIO CB83b': nepe
AaBail CVliHanbl OT CeHCOpOB 3neKTpOMeXaHV1LieCKOIO "rena" Ha 
HepBHble KneTKVl. 0):1HV1M V13 TaKVlX IV16pV1):1HbiX po60TOB, VlnVl 
"r-V16pOTOB': 6bln "MEART- nony>KVlBOVi XYAO>KHVlK"***. 06be
AV1HV1B ycMnV18 c a pr-na6opaTOpV1eVi SymbioticA [2], Mb l noA
KniOYanVl Yepe3 V1HTepHeT pV1CYIOll\YIO po6o-pyKy K HeVipOH
HbiM KynbTypaM, HaXO):\V1BWV1MC8 nopoi/i 3a TbiC8LIV1 KVlnOMe
TpOB or Hee. Mbl paccYV1TbiBanV1 3anyCTV1Tb npo1..1ecc no3HaHV18 
B >KVlBOVi TKaHVl M03r-a MEART'a, noCblnail Ha HepBHble KneTKVl 
pa3):1pa>Kal0ll\Vle 3neKTpV1LieCKV1e B03):1eViCTBV18, OCHOBaHHble 
Ha TOM, LITO BVl):\VlT BVl):\eOKaMepa B n pOLjeCCe pV1COBaHV18. V13 
pV1CYHKOB, BblnOnHeHHbiX M EA RT' oM, HeRcHo, cMoma nVl Bbl-
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patterns to move robotic a rms or wheels, and to t rans late data 
from the robots' sensors into e lectrical st imu lation patterns for 
the networks. One such hybrid robot, or "hybrot': was MEART, 
the Sem i- l iv ing Art ist. In  collaborat ion with SymbioticA, [2] we 
connected a robotic d rawing arm to cultured networks, some
t imes thousands of m i les apart, via the internet. We hoped to 
induce lea rning in MEART's l iv ing biological bra in, by se nding 
the culture d ish st imu lation based on what its video camera 
eye saw of the drawing in progress. Judging from the types of 
drawings MEART produced, it is not clear much learning was 
happening, but the com plexity of behavior produced by a net
work of even a few thousand bra in  ce l l s  was surprising. Like a 
classroom full of preschoolers, each network we hooked up as 
MEART's bra in  produced its own unique style of scribbles. 

Learning in Embodied Cultured Networks 

Cultured neuronal networks, without a body and sense or
gans, are g rowing in sensory de privation. Like a person put 
into sol itary confinement in a dark ce l l, they go crazy. Without 
natural i n puts, they deve lop activity patterns that resemb le 
ep i le ptic se izures, cal led network bursts. Dur ing these bu rsts 
of activ ity, the neurons fi re pathological s igna l s  in synchro
ny, which make it difficult for the hybrots' sensory input to 
inf luence the i r  behavior. We noticed that a culture that was 
be ing u sed to control M EART, after days of rece iving st i m u
lat ion fed back via the internet from its v ideo camera eye, 
began to ca l m  down, showing less and less e pi lept iform ac
tiv ity. We found we could q ue l l  the barrages of activity in a l l  
of  our  cu ltu red networks by spr ink l ing low-frequency pulses 
of electr ic ity across the network, del ivered via the su bstrate 
e lectrodes. In some sense, this restored the natural level of 
background activity to the cu ltured networks, analogous to 
what an intact nervous syste m wou ld receive from the an i
mal 's senses. Thanks to the bu rst-qu iet ing background st i m u
lation, networks no longer exhi bited continuous seizure-l ike 
activity, and they were more responsive to artificial sensory 
input. This, in  turn, made the m more amenable to studying 
learning and information processing in vit ro. 

W ith the burst-quieting st imu lation protocol, we were 
then able to re l iably alter the behavior of em bodied cultured 
networks with artificial inputs. We used patterns of electrical 
impu lses to train a hybrot to navigate in  a pre-specified di
rection. It was a s imple task for a simu lated an ima l  controlled 
by a few thousand liv ing brain ce l l s, but a major advance for 
neuroscience. We now have a s imple model biological system 
to study lea rning mechanisms, whose ent i re bra in is laid out 
flat on a g lass su rface where one can eas i ly  watch it under the 
microscope whi le it is doing the learning. 



paU1eHHaR He� pOCTpyKrypa VI3BneLib KaKO�-nVI60 On biT, HO 
CnO>KHOCTb noBe,QeHVIR, npo,QeMOHCTpVIpOBaHHOIO CeTbiO Vl3 
BCeiO nVIWb HeCKOn bKVIX TbiCRLI HepBHbiX KneTOK, 6b1na BneLiaT
nR IOU1e�. KaK Aem B AOWKOnbHO� rpynne, Ka>KAaR Kynbrypa, 
npeAnaraswaRCR HaMVI MEART'y B KaLieCTse M0310BO� cy6-
CTaHLjVIVI, RBnRna CBO� VIH,[\VIBVI,Qyan bHbl �  CTVInb pVICOBaHVIR. 

06y4eHVIe B BOnJlOLl.leHHbiX KYJlbTypax 

Bblpa111eHHble He�pOHHble Kyn brypbl, nV�weHHble rena VI opra
HOB LIYBCTB, pa3BVIBaiOTCR B ycnOBVIRX LIYBCTBeHHO� AenpVIBa
LjVIVI .  KaK LlenoseK, nOABeprHyTbl� OAVIHOLIHOMY 3aKniOLieHVIIO s 
TeMHO� KaMepe, OHVI CXOART C yMa. B OTCyTCTBVIe HOpManbHO� 
BXOAHO� VIHQJOpMal.\VIVI y HVIX pa3BVIBa iOTGI QJOpMbl aKTVIBHO
CTVI, HanOMVIHaiOU1VIe 3,nVInenTVILieCKVIe npVIna,QKVI VI VIMeHyeMble 
"scnbiWKaMVI" ceTVI. Bo speMR 3TVIX KpV130B He�pOHbl CVI HxpoH
Ho nOCblna iOT naTOnOrVILieCKVIe CVIrHanbl, MeWaiOU1VIe BXOAHO� 
CeHCOpHO� VIHQJOpMal.\VIVI rV16pOTOB BnVIRTb Ha nOBe,QeHVIe no
cne,QHVIX. Mbl 3aMeTVInVI, LITO Kynbrypa, V�cnOn b30saswaRcR s 
MEART'e, nocne HecKonbKVIX AHe� o6paTHO� CTVIMynRLjVIVI cV�r
HanaMVI, nonyLieHHbiMVI nocpeACTBOM VIHTepHeTa C SHeW
He� BVIAeO KaMepbl, HaLIVIHana ycnoKaVIBaTbCR, noKa3biBaR BCe 
MeHbWe VI MeHbWe 3nVInenTVIQJOpMHO� aKTVIBHOCTVI. Mbl TaK>Ke 
06Hapy>KVInVI, LITO MO>KeM nOAaBnRTb 6apbepbl aKTVIBHOCTVI BO 
BCeX Bb1pa111eHHbiX He� poKynbTypax, pacceVIBaR HVI3KOLiaCTOT
Hble 3neKTpOV1MnynbCbl no see� Kynbrype Llepe3 3neKTPOAHYIO 
nOAnO>KKY. B KaKOM-TO CMbiCne npVI 3TOM BOCCTaHaBn VIBancR 
enecrseHHbl� yposeHb cjloHoso� aKTLIIBHOCTVI s Kynbrypax, no
A06Ho TOMY KaK HOpManbHaR HepBHaR CVICTeMa BOcnpVIHVIMa
na 6bl CVIrHanbl OT opraHOB LIYBCTB >KVIBOTHOIO. 5naroAapR cpa
HOBO� CTV�MynRWVIVI, racR111e� 3neKrposcnbiWKVI, KynbTYPbl y>Ke 
He noKa3bi BanVI HenpepbiBHO�, noxo>Ke� Ha npV�naAOK aKTVIB
HOCTVI VI nyLiwe pearV�posanVI Ha BBOAVIMYIO CeHCOpHyiO VIHQJOp
Mal.\VIIO. 3TO, B CBOIO OLiepeAb, Aenano VIX 6onee CKnOHHbiMVI K 
o6yLieHVIIO VI o6pa60TKe VIHQJOpMaLjVIVI in Vitro. 

VlcnOnb3YR MeTOAbl CTVIMYJlRLjVIVI, no,qaBnRIOU1VIe BCnbiW
KVI a KTVIBHOCTVI, Mbl, COOTBeTCTBeHHO, MOrflVI ysepeHHO VI3Me
HRTb nOBeAeHVIe BOnnOU1eH H biX KYJl bTyp C nOMOU1biO VICKyC
CTBeHHO BBOAVIMO� VIHQJOpMaLjVIVI. Mbl onepVI pOBanVI pa3nVILI
HbiMVI Ha6opaMVI 3neKTpVIL1eCKVIX VIMnynbCOB AflR 0Tpa60TKVI 
HaBbiKOB nepeMeU1eHVIR rV16pOTa 8 3aAaHHOM HanpasneHVIVI.  
L\nR CVIMYJlRTOpa >KVI BOTHOrO, yn paBJlReMOrO HeCKOn bKVIMVI 
TbiCRLiaMVI >KVIBbiX M0310BbiX KneTOK, 3aAaL1a 6blna HeCnO>KHO�, 
HO AnR He� poHayKVI 3TO 3aMeTHbl� war snepeA. Tenepb y Hac 
eCTb MOAenb n pOCTO� 6V�OnOriiiLieCKO� CVICTeMbl AnR VICCne
AOBaH VIR MeXaHVI3MOB npVI06peTeHVIR OnbiTa, M03r KOTOpO� 
BblnO>KeH TOHKVIM CnOeM Ha nosepXHOCTVI no,QnO>KKVI - ero 
pa6ory B n pOLjeCCe 3anOMVIHaHVIR HOBO� VIH<jlOpMaLjVIVI MO>K
HO Ha6n iO,QaTb Llepe3 MVIKpOCKOn. 

I ntact an imals are used by ma ny neuroscientists to study 
learning mechanisms, but their complexity makes it much 
harder to control al l  the variables i n  a n  experiment. Unl ike 
behaving a n imals, whose constantly moving brains are hard 
to image u nder the microscope, hybrots have simple, station
ary bra ins  separated spatia l ly  from their robotic or computer
generated bodies. I n  the case of MEAR T, this separation was 
often thousands of miles. These experiments with em bodied 

cultured networks have shown that an important aspect of the 
embodiment is for the neural-robotic system to be a closed 
loop. That is, the neural activity affects the robot's movement, 
the movement affects the robot's relation to its environment, 
the neuronal  network receives new sensory in put, and the 
sensory i nput then a lters its neural activity, generating new 
movements, and so on. By actively sensing a nd interacting 
with our environment, humans can learn most effectively, a nd 
the same seems to be true for the hybrots. 

To close the loop between cultured networks and comput
ers, we had to build our own custom neural interfacing hard
ware and software. Others creating brain-computer interfaces 
for animal research closed the loop using natural sensory i nput 
via the animal 's own visual system, instead of the electrical stim
u lation used to provide artificial sensory in put to hybrots. The 
closed-loop neural interfacing technology we, and others have 
built for research purposes wi l l  help us understand basic mech
anisms of learning and information processing in the brain, so 
we can begin to look for ways to improve it. This technology 
will form the basis of future devices designed to alter neural 
activity in humans, to enhance cognition in a variety of ways. 

Cyborgs Walk Among Us 

In the bra ins  of thousands of patients, electrodes have been 
implanted for cli n ical treatments and diagnoses. Deep-brain 
stimulation (DBS) is  being used to treat a number of neural dis
orders, such as Parkinson's disease and chronic pain, and even 
cognitive problems i nc luding depression, memory problems, 
a nd obsessive-compulsive disorder. Such devices are the de
scendants of pioneering research in the 50s by James Olds 
a nd Peter M i l ner, who fou nd they could hijack the brain's natu
ral reward circuits with electrical stimulation in certai n  regions, 
causing lab rats to become addicted to pressing levers to get 
sma l l  but intensely rewarding jolts of electricity. Because of 
the brain's incredible complexity, researchers and cl i nicians are 
sti l l  mapping out the effects of e lectrical stimulation of vari
ous brain circuits. The deep bra i n  stimulators currently used 
are not much different from heart pacemakers, conti nua lly 
delivering pulses of electricity to normalize activity in some 
malfunctioning circuit. They are not very sophisticated, with 
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lpynna "SymbioticA" � na6oparop�R nonepa. "MEART - nony>K�Bo� XYAO>KH�K", 
B pa6ore c 2000 r. CDparMeHT: po6oMaH�nynRrop. © 2002 r. CDoro: CD�n laM6neH. 
SymbioticA Research Group and The Potter Lab, MEART- The Semi-Living Artist, 
ongoing since 2000. The Robotic Arm, Biofeel. © 2002 Photo by Ph i l  Gam bien. 

MHOIVIe yLJeHble-HeBpOilOIVI B CBOVIX Vl3biCKaHVI8X, nOCBfl-
11\eHHbiX npVIH L1VInaM HaKanJlVIBaHVI8 naM8TVI, VICnOJlb3YIOT nOJl
HOL1eHHbiX >KVIBOTHbiX, 0):1HaKO CJlO>KHOCTb VIX noBe):1eHVI8 Ce
pbe3HO 3aTpy):1H8eT KOHTpOilb Ha):j BCeMVI nepeMeHHbiMVI B 3KC
nepV1MeHTe. B OTJl VILJVIe OT >KVIBOTHbiX, M031 KOTOpbiX noCT08H
HO HaX0):1VITC8 B ):1BVI>KeHVIVI VI n03TOMY em KapTVIHY TPYAHO OT
CJle):jVITb nO):] MVIKpOCKOnOM, IV16pOTbl o6na):1aiOT npOCTbiM CTa
L1VIOHapHbiM M03mM, npOCTpaHCTBeHHO y):laJleHHbiM OT CBOem 
Tena, 6y):1b  TO 3JleKTpOMexaHVILJeCKVIM aHaJlOI VIJlVI em KOMnbiO
TepHOe no):106VIe. B cnyLJae MEART'a 3TO y):laneHVIe, 3aLJaCTyiO 
COCTaBJl8JlO TbiC8LJVI MVIJl b. )TVI 3KcnepV1MeHTbl C UCKyccmBeH

HO BbiPOL4fHHbiMU u menecHo-sonnoU{eHHbfMU KynbmypaMu 

noKa3aJlVI, LITO Ba>KHbiM MOMeHTOM ):1Jl8 peaJlVI3al.1VIVI Hefipo
po60TOTeXHVILJeCKOM CVICTeMbl 8BJl8eTC8 HaJl VILJVIe B HeM o6paT
HOM CB83VI. )..lpyiVIMVI CJlOBaMVI, HepBHafl ):1e8TeJlbHOCTb OKa3bi
BaeT B03):1eMCTBVIe Ha ):1BVI>KeHVI8 po60Ta, ):1BVI>KeHVI8 BJlVI810T Ha 
B3aVIMOOTHOWeHVI8 po60Ta C OKpy>KaiOLl.\eM cpe):]OM, HefipoH
Ha8 CeTb nonyLJaeT HOBY IO BXOAHY IO CeHCOpHyiO V1HcpOpMal.1VIIO, 
nocne LJem 3Ta VIH<jlopMal.1VIf1 VI3MeHf1eT HepBHYIO ):1emenb
HOCTb, Bblpa6aTbiBaf1 HOBble ):1BVI>KeHVI8, VI TaK ):janee. AKTVIBHO 
011\Yll.\afl OKpy>KaiOLl.\YIO cpe):ly VI nepeB0):18 3TVI Oll.\Yll.\eHVI8 B " VIH
cpopMal.1VIIO': IliOA VI MoryT o6yLJaTbCf1 6onee 3cp<jleKTVIBHO, VI 3TO 
>Ke npe):1CTaBJl8eTC8 cnpaBe):1JlVIBbiM B OTHOWeHVIVI IV16pOTOB. 

LIT06bl 3aMKHYTb KOHTYP Me>KAY >K VIBOM TKaHbiO VI KOMnbiO
TepaMVI, Mbl pa3pa6oTaJlVI cne1..1V1aJlbHOe annapaTHoe VI npo
rpaMMHOe o6ecneYeHVIe ):1Jlf1 co3):1aHVIf1 HefipOVIHTep¢eGica. 
HaWVI KOJlJleiVI, VICCJle):1yi011\VIe noBe):jeHVIe >KVIBOTHbiX, 06b1LJHO 
yCTaHaBJlVIBaiOT VIHTepcpeMC "M031-KOMnbiOTep", 3aMbiKaf1 3TOT 
KOHTYP nocpe):1CTBOM eoeoseHHom ceHcopHom BBOAa LJe
pe3 BVI3yanbHY IO C VICTeMy >KVIBOTHOm, a He nyTeM 3JleKTpOCTVI
MYilf11..1 VIVI, KOTOpa8 o6ecneLJVIBaeT VICKYCCTBeHHbiM CeHCOpHbiM 
880):1 V1HcpOpMal.1VIVI IV16poTaM. TeXHOJlOIVI8 C03):1aHVI8 HefipOVIH
Tepcpei/ica c o6paTHOill CB83bl0, Bblpa6oTaHHaf1 HaMVI VI APYIVIMVI 
cnel.1VIaJl VICTaMVI B VICCJle):jOBaTeJl bCKVIX L1eJl8X, nOMO>KeT pa30-
6paTbC8 B OCHOBHbiX MeXaHVI3MaX HaKOnJleHVI8, xpaHeHVI8 VI o6-
pa60TKVI V1Hcp0pMal.1VIVI B M031y, LJT06bl Mbl MOIJlVI nepefiTVI K no
VICKY cnoco6os cosepweHCTBOBaHVIfl nocne):1Hem. 3Ta TeXHO
JlOIVIfl CTaHeT OCHOBOH 6yl=(yll.\VIX yopOMCTB, pa3pa6aTbiBaeMbiX 
):1Jl8 V13MeHeHVI8 HepBHOH ):jemeJlbHOCTVI JliO):jei/i VI yCVIJleHVI8 
n03HaBaTeJlbHbiX CnOC06HOCTefi CaMbiMVI pa3HbiMVI nyTflMVI. 

Kl!16opn-1 cpeAl!l Hac 

B M03r Tb1Cf1LJ na1..1V1eHTOB B>K VIBJlf110TCf1 3JleKTPOAbl ):1Jlf1 KJlVIHVI
LJecKofi TepanVI VI VI ):1VIaiHOCTVIKVI. npVI JleLJeHVIVI L1eJlOm p8):1a 
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only four  electrodes, each one millimeter across, designed 
for stimulating but not recording neural activity. In contrast, 
the culture d ishes we use in the Neurolab have 60 microelec
trodes, each only 30 microns across, that can both record and 
stimu late with whatever complex sti m u l i  we wish to deliver. 

The brain stimu lators of tomorrow will, l ike our multi-elec
trode array cu lture d ishes, have large a rrays of m icroelectrodes 
for more del icate, finessed st imulation that is  ta i lored to a per
son's unique brain circuitry. Like our embodied cultu red net
works, they wi l l  be closed-loop, always monitoring ongoing 
neura l  activity and automatica l ly  adjusting thei r stimu lation 
to meet the changing needs that arise from a person's varied 
activities and bodi ly states. 

It is not hard to imagine taking brain stimulation from the 
clinic to something used routinely by normal people, to enhance 



HeBpOnOn14eCKII1X paCCTpO�CTB, TaKII1X KaK 6one3Hb napK111HCO
Ha 111 XpOH1114eCKII1e 6on111, 111 ga?Ke gnf1 CH8TII18 KOIHII1TII1BHbiX npo-
6neM, BKnl04af1 genpecc111 10, HapyweHII1f1 naMmll1 111 o6ceccii1BHO
KOMnynbcii1BHble pacnpo�nsa, np111MeHf1ercf1 rny6oKaf1 CTII1My
nm-1111f1 M03ra (ICM). \11cnonb3yeMble gnf1 ::nom ycrpo�nsa soc
XOAf1T K 1 950-M mgaM 111 3KCnep111MeHTaM ):\?Ke�MCa Ongca 111 nll1-
repa M111nHepa, Koropbre o6Hapy?KII1nll1, 4TO np111 noMOU-1111 3neK
rpocTII1Mynf1L1111111 OnpegeneHHbiX y4aCTKOB M031a MOIKHO 803-
ge�CTBOBaTb Ha ecrecTBeHHbre L1en111 ygosonbCTB111f1, 3acrasnf1f1 
na6opaTOpHbiX KpblC 6eCKOHe4HO Ha?KII1MaTb pbi4al, Ka?K):\bl� 
pa3 nownaf1 s M03r cna6br� np111mHo pa3gpa?KaiOU-1111� . 3neK
rp1114eCKII1� pa3p8g. B c111ny HesepomHO� cno?KHOCTII1 M03ra, 111C
cnegosaren ll1 111 npaKT111KYIOU-1111e spa4 111 go c111x nop n pogon?Ka iOT 
COCTasnmb KapT111HY 3cjJcjJeKTOS 3neKTpOCTII1Mynf1Ljll1111 pa3nii14-
HbiX Ljene� M031a. np111MeHf1eMble S HaWII1 ):\HII1 rny60KII1e CTV1My
nmOpbl M03ra ge�cTByiOT nogo6Ho Ka pg1110CTII1MynmopaM, no
CTOf1HHO Sbl):\aSa8 3neKTp1114eCK111e 111MnynbCbl gnf1 HOpManll13a
Ljll1111' gemenbHOCTII1 TO� 111n111 111 HO� npo6neMHO� Ljenll1. 0HII1 He 
o4eHb cno?KHbl, 111MeiOT seem 4eTbrpe :JneKrpoga gll1aMerpoM 
0):\111 H Mll1nnii1MeTp 111 cny?KaT gnf1 CTII1Mynf1Ljll1111 , HO He 3anii1C111 , 
HepsHo� gemenbHOCTII1. B Hawe� ?Ke He�pona6oparop111111 4aw
K111 c Kynbrypo� 111MeiOT no 60 M111KpmneKrpogos, Ka?Kgbr� seem 
nii1Wb 30 M111Kp0H B ):\111aMeTpe, KOTOpble MOIYT KaK 3anii1CbiSaTb, 
TaK 111 SblnOnHf1Tb CT111Mynf1Ljll110 n106om ypOBHf1 CnO?KHOCTII1. 

Mo3msbre CTII1Mynmopbr 6ygyll\em, nogo6Ho Hawii1M He�
poKynbrypaM C MynbTII13neKTPOAHbiMII1 peweTKaMII1, 6ygyr 
CHa6?KeHbl 6on bW111MII1 MaCCII1BaMII1 M111Kp03neKTPOAOS gnf1 6o
nee TOHKOm 111 T04HOm S03ge�CTBII18 B COOTSeTCTS II1 111 C 111 HA111-
SII1gyanbHO� M03mBO� OplaHII13a ljll1e� KOHKpeTHOm 4enose
Ka. KaK 111 HaW111 sonnoU.jeH Hble Kynbrypbi, OHII1 6ygyr o6nagarb 
o6paTHO� CS83bl0, Hen pepbiBHO cnegf1 3a M03mBO� aKTII1BHO
CTbiO 111 asroMaTII14eCKII1 nogcrpa111sa8 yposeHb sm6y?KgeHII1f1 s 
HYIKHOM HanpasneHII1 111 S COOTSeTCTSII1111 C 1113MeHeHII18MII1 S Te
KyU.je� gemenbHOCTII1 111 reneCHbiX cocTOf1HII1f1X 4enoseKa. 

HerpygHo ce6e npegcraBII1Tb, KaK M03msaf1 CTII1Mynf1Ljll1f1 
Sb1X0):\111T 3a npegenbl Knii1H 111K, CTaHOS8Cb 4eM-TO 06bl):\eHHO 
111CnOnb3yeMbiM n iO):\bMII1 gnf1 yc111neH1118 CSOII1X KOIHII1TII1BHbiX 
cnoco6Hocre�. no aHanor-111111 c KpbrcaMII1 Ongca, Mbl Mornll1 6br 
non po6osarb yc111n111Tb HY?KHbre 111 none3Hble s cospeMeHHOM 
M111pe nosegeH4eCKII1e CSO�CTBa nocpegCTBOM CBOespeMeH
HOm B03):\e�CTSII18 Ha Haw LjeHTp ygoson bCTSII18 B Ka4eCTSe 
Harpagbr 3a KaKII1e-ro csepweHII1f1. KoHe4HO, np111gercf1 111MeTb 
gena c TO� ?Ke npo6neMO� np111Bbi KaHII1f1, 4TO B03H II1 Kna y Kpbrc, 

lpynna "SymbioticA" � na6opamp�R Cr�sa nonepa. "MEART - nony>K�so� 
XYAO>KH�K", s pa6ore c 2000 r. Ssepxy : c�creMa >K�3Heo6ecneYeH�R M03ra 
"MEART� BH�3y: Mynbm3neKTPOAHbl� MaCWB. © 2004 r. <Dom: Cr�B nonep. 
SARG and The Potter Lab, MEART- The Semi-Living Artist. Top: Life-support sys
tem for MEART's brain, bottom: neurons on MEA. © 2004 Photo by Stev� Potter. 

their cognition. Like Olds' rats, we might try to reinforce behav
iors that are productive a nd helpful in the modern world, by 
well-timed stimulation of our reward circu itry after accomplish
ing something of merit. Of course, the same potentia l for addic
tion that the rats faced wi l l  be a problem, as well as the poten
tial for powerful brainwashing or other"mind control" scenarios. 

By delivering complex patterned stimulation to the bra in  
through a rrays of  microelectrodes, a s  we now do routinely i n  
our embodied cultured networks, w e  cou ld artificia l ly  exercise 
or tra in  certain bra in  circuits. This might first be used to aid 
recovery from stroke or head tra uma, by strengtheni ng weak
ened circu its, or re-mapping neura l  function to work around 
the damage. Michael Merzenich and others have demonstrat
ed how plastic the cerebral cortex is, even in adu lts. They have 
developed therapeutic behavioral training video games that 
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nOTeHLjVIa11bH0(1 onaCHOCTbiO M0ll\H0(1 n pOMbiBKVI M03rGB VI11VI 
.QpyrVIMVI CljeHapVIRMVI "KOHTp011i1 pa3yMa': 

no,qBepraR M03r C110>KH0(1 crpyKTypV1pOBaHH0(1 CTVIMY11R
LjVIVI C nOMOll\biO MaCCVIBa MV1Kp0311eKTpO,QOB, KaK Mbl nO 06biK
HOBeHVIIO n po,qe11biBaeM 3To c HaWVIMVI son110ll\eHHbiMVI KY11b
rypaMVI, Mbl MOr11VI 6bl VICKYCCTBeHHbiM o6pa30M TpeHVIpOBaTb 
VI11VI pa3BVIBaTb on pe,qe11eHHble 30Hbl M03ra. 3ry n powe,qypy 
MO>KHO 6bi110 6bl Vlcn011b30BaTb , npe>�<,qe scero, npVI pea6VI11VI
Tal\VIVI noc11e VIHCY11bTa Vlm-1 rpaBMbl ro110Bbl, yKpen11RR oc11a-
611eHHble LjenVI VI11VI peopraHVI3YR HepBHble <jlyHKLjVIVI ,Q11i1 pa-
60Tbl Ha nospe>�<,qeHHOM y4aCTKe. Ma(1K11 MepweHVIX VI ,qpyrVIe 
noKa3a11VI, HacK011bKO n11aCTVI4Ha Kopa ro110BHoro Mmra ,qa>Ke 
y B3pOC11biX. 0HVI pa3pa6ora11VI BVI.QeoVIrpbl .Q11R repaneBTV14e
cKoro rpeHVIHra nose,qeH VIR, HOpMa11VI3Y IOll\VIe o6pa6orKy M03-
roBbiX CVIrHa110B y ,qere(1 c .QVIC11eKCVIe(1 VI y11y4wa10ll\V1e naMATb 
nO>K VI11biX 1110,Qe(1 (3) .  npVI VICn011b 30BaHVIVI 3TVIX KOMnbiOTepHbiX 
n porpaMM ycnex .QOCTVIraercR 3a C4eT 6ecnpeCTaHHb iX yCVI11VI(1 
VI e>KeCeKyH.QHOro BHVIMaHVIR K n pOLjeCCy. A Be,Qb MO>KHO n pe,q
CTaB VITb , 4TO Te >Ke 30Hbl M03ra aKTVIBVIpyiOTCR He npVI nOMO
ll\VI rna3 VI ywe(1, a nocpe,QCTBOM VICKyCCTBeHH0(1 CTVIMY11R ljVIVI. 
Kor,qa n powe,qypa KoppeKLjVIVI nospe>�<.QeHHbiX y4aCTKOB M03-
ra C Vlcn011b 30Ba HVIeM 311eKTpOCTVIMY11RljVI VI CTaHeT npV1Bbi4H0(1 
VI Ha,Qe>KH0(1, MO>KHO 6y,qeT n pVIMeHRTb ee K 06bi4HbiM 1110,[\RM 
.Q11R pacwVIpeHVIR VIH.QVIBVI.Qya11bHbiX cnoco6Hocre(1. C110>KHO
npyKrypV1posaHHaR CTVIMY11RljVIR MO>KeT C11Y>KVITb B Ka4eCTBe 
VICKyCCTBeHHOro CeHCOpHOro BBO,Qa, VICn011HRR p011b HOBbiX 
opraHOB 4YBCTB VI11VI Y11Y4 WaR y>�<e VIMeiOll\VIeCR. Mo>KeT 6b1Tb 
,qa>Ke VIH<jJOpMaljVIIO V I11VI HOBble HaBbiKVI MO>KHO 6y,QeT no11y4aTb 
VICKyCCTBeHHbiM nyTeM - ropa3,QO 6b1CTpee VI11VI C MeHb WVIMVI 
ycVI11VIRMVI, 4eM 3TO n poVICXO.QVIT B rpa.QVIL\VIOHHOM n powecce 
o6y4eHVIR nocpe,QCTBOM 3peHVIR, c11yxa VI OCR3aHVIR. 

MII1KPOA03bl A11R 1113MeHeHII1R M03rosoc; AeRTellbHOCTVI 

5naro,qapi1 TOMy, 4TO 4aCTb eCTeCTBeHH0(1 KOMMYHVIKaljVIVI 
He(1pOHOB n pOVICXO,QVIT 31leKTpV14eCKVIM cnOC060M (noTeHLjVI
aJl ,qe(1CTB VIR), 3JleKTpOCTVIMY11R ljVIR OKa3biBaeTCR BeCbMa no-
1le3H0(1 B Vl3y4eHVIVI BOn pOCOB pa60Tbl M03ra VI MeTO,QOB 803-
,qeiliCTBVIR Ha Hero (KaK 3TO 6blno onVICaHo Bblwe). O,qHaKo ,qpy
raR COCTaB11R IOll\aR ecTeCTBeHH0(1 KOMMYHVIKaljVIVI HeilipOHOB 
(Heili poMe,QVIaTOpbl) - 3TO XVIMVI4eCKVIe Bell\eCTBa. B B03,Qeili
CTBVIVI Ha <jlyHKLjVIVI M03ra npVI nOMOll\VI XVIMV14eCKVIX COe,QVIHe
HVI ili HeT HVI4ero HOBOro, OC06eHHO B COBpeMeHHOM M111 pe, r,qe 
TaK pacnpoCTpaHeHbl KO<jleVIH, anKOrGilb 111 Ta6aK. C WVIpOKVIM 
BHe,QpeHII1eM TaKVIX VIHCTpyMeHTOB, KaK aBTOMaTVI4eCKOe ,[\03111-
pOBaHVIe neKapCTB (Han pVIMep, V IHCY11VIH0Bblili HaCOC BBO,QVIT 
VIHCynVIH, pearVI pyR Ha MeHRIOll\VIeCR ypoBHVI rniOK03b1), noR
BVITCR B03MO>KHOCTb 6onee TOHKOro KOHTp01li1 Ha,Q aKTVIBHO
CTbiO Mo3ra VI Ha.Q n poweccaMVI ycVIneHVIR ero pa6o1u 
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normal ize s ignal  processing i n  dyslexic ch i ldren and i mprove 
memory in the aged. [3) These computer programs requ i re 
d i l igent effort, and constant attention to the training, to be 
successful. One can i magine activating the same brain circuits, 
not through the eyes and ears, but via artificial stimu lation. 
Once it becomes common and reliable to im prove damaged 
brain circuits with electrical stim ulation, it may be employed 
by normals to enhance their  existi ng capabi l ities. Complex, 
patterned stimu lation can serve as a rtificial sensory input, en
dowi ng us with new types of senses or ampl ifying those we 
already have. Perhaps even information or new ski l l s  could be 
artificia l ly  lear ned, much faster or  with less effort than the tra
ditional way of learning by seeing, hearing, and  doi ng. 

Micro-doses to Alter Brain Activity 

Thanks to the fact that part of neurons' natural communica
tion is  electrica l (the action potentia l), electrical sti mu lation 
has proven to be very useful for studying and influencing the 
brain, as described above. But other components of neurons' 
natural commu nication (neurotransmitters) are chemicals. 
I nfluencing brain function with chemica ls is nothing new, 
especia l ly  in the modern world where caffei ne, a lcohol, and  
tobacco a re ubiquitous. Advances such as closed-loop d rug 
del ivery, l ike an insul in pump that injects insul in as a function 
of changing glucose levels, w i l l  a l low more sophisticated con
trol of brain  function and enhancement. 

Present-day drugs for treating disorders of the brain are a 
blunt instrument. We may wish to target only a tiny subset of the 
brain's 1 00 bi l l ion neurons, yet all of them (and the entire body) 
are bathed in the drug. Clever chemists are designing neuroac
tive pharmaceuticals with fewer side effects and better targeting, 
but the most effective drugs of the future wil l  be those delivered 
by devices implanted in the bra in .  These wi l l  release well-timed 
tiny doses only to the specific circuits that we wish to influence. 
In fact, the brain itself is already wired to do this. There are a num
ber of mod ulatory brain regions that release minute but very ef
fective amounts of an endogenous drug, such as dopamine, en
dorphins, or norepinephrine, onto very specific bra in  c ircuits to 
effect changes in their function. These are the neuromodu lators 
that wake us up, change our mood, get us moving in an emer
gency, and help us remember important thi ngs. Neuro-active 
drugs of the future will be delivered in a s imilar manner, in smal l ,  
well positioned doses via microscopic devices implanted in the 
brain.  As with electr ical stimu lation, this wi l l  be done in  closed
loop fashion, with the release of a drug being triggered by some 
physiological measurement, to ensure continually appropriate, 
personal ized modu lation of brain function. They wi ll also be un
der some degree of volu ntary control by the "implantee': 
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CyU1eCTBYIOL11VIe ceroAHR MeAVJKaMeHTbl n poms H a pyweHVIill Mmrosoill AeRren bHOCTVI - 3TO 

Tynoe opygllle. K npVIMepy, HaC MO>KeT VIHTepeCOBaTb KpOXOTHaR nogrpynna B 06UjeM MaCCVIBe 

Vl3 1 00 MVIJlflVIa pAOB Heill pOHOB M03ra, a neKa pCTBO pacnpoCTpaHReTCR Ha BeCb 3TOT MaCCVIB (VI 
Ha see reno). XopowVIe cjJapMal.leBTbl AOCTVI raiOT onpeAeneHHbiX ycnexoB B pa3pa6orKe Heillpo

a KTVI BHbiX n pena paTOB C MeHbWVIM Y VICJlOM no60YHbiX 3cjJcjJeKTOB VI 6onee TOYHbiM B03AeiiiCTBVI
eM, HO CaMbiMVI 3cjJcjJeKTVIBHbiMVI neKapCTBaMVI 6yAyl11ero CTaHYT Te, YTO AOCTaBJlR IOTCR ycrpoi/1-

CTBaMVI, B>KVIBJleHHbiMVI B M03r .. Ta KVIe ycrpoii!CTBa 6yAyT BbiAaBaTb TOY HO paCCYVITaH H ble no Bpe

MeHVI, MVI H VIaTIOpHble A03bl n penapara TOJl bKO B HY>KHble HaM Llen VI .  Co6CTBeHHO M03r CaM no 

ce6e y>�<e npV1cnoco6neH AnR 3Toro. Ecrb Llenblill PRA MOAYilVIPYIOL11VIX yYaCTKOB M03ra, KOTOpble 
BbiAeflR IOT Maflble, HO BeCbMa 3cjJcjJeKTVIBHble KOJlVIYeCTBa 3HAOreHOB, TaKVIX KaK AOnaMVIH, 3HAOp

cjJliiH bl VIJl lll HOp3n lii HecjJpVIH, B OYeHb cnel.lVIcPliiYeCKllle M03rOBble l.lenVI ,  YT06bl Bbi3BaTb VI3MeHe

H liiR B VIX cjJyHKL\liiOHlllpOBaHllllll . )TO Te Hei/ipOM0):1YflRTOpbl, KOTOpble n po6y>K.[1aiOT HaC OT CHa, VI3-

MeHRIOT Hawe HaCTpOeH llle, 3aCTaBJlRIOT 6biCTpee pearVIpOBaTb B 3KCTpeH H biX C liiTYcl l.lliiRX lll no

MOra iOT 3anOMHVITb Ba>KHble BelljVI. Hei/ipoaKTVIBHble neKapCTBa 6yAylljero 6yAyT AOCTaBJlRTbCR 
TOYHO TaK >Ke - MaflbiMVI Y3KOHa n pa sneHHbiMVI A03aMVI Yepe3 MVI KpOCKOnVIYeCKVIe ycrpoii!CTBa, 
B>KVIBJleHHble B M03r. KaK VI B cnyYae C 3JleKTpOCTliiMYflRL\lllei/i, 3TO 6yAeT npOVICXOAliiTb B 3aMKHy
TOM KOHType, rAe BbiAeneHVIe neKapCTBa lii HVI I..lVIVIpyeTCR HeKVIM cjJVI3VIOJlOrliiYeCKliiM noKa3aTefleM, 

HenpepbiBHO o6ecneYVIBaR Heo6XOAVIMYIO nepcoHanlii3VIposaHHYIO MOAYilRL\lii iO M03rosoill cjJyH K

L\VIVI .  Ta K>Ke 6yAeT n peAycMorpeHa o n peAeneHHaR creneHb n poV13BOnbHoro yn pasneHVIR co cro
pOHbl caMoro H001TenR VIMnnaHrara. 

MarHliiTHaR CH1MYflRI..lVIR M03ra 

Han paBJlRR B M03r MarHVITHble VIMnyn bCbl, MO>KHO VI3MeHRTb ero a KTVIBHOCTb; 3TO nOXO>Ke Ha 

3JleKTpOCTliiMYflRI..lVIIO, HO 3AeCb He rpe6yeTCR HVI Yero liiMnflaHTVIpOBaTb. 8 HaWVI AHVI TpaHC
Kpa H VIaflbHaR MarHVITHaR CTVIMYflRI..lVIR (TMC) nepeXOAVIT Vl3 pa3pRga VI HCTpyMeHTOB VICCJleAO

BaHVIR  B KflVI H VIYecKyiO n pa KTVIKy. H biHewHVIe TMC-ycrpoillcrsa npeACTaBnR IOT co6oill rpoM03A
KVIe MOTKVI npOBOAa B BVIAe BOCbMepKVI; pa3MelljeHH ble nmagVI rOJlOBbl nal.lVIeHTa, OHVI HanOMVI
HaiOT ywVI M VI KKVI-Mayca. MarHVITHble CTVIMYilRTOpbl Moryr eAVIHOBpeMeHHO sm6y>KAaTb TOJlbKO 

OAliiH yYaCTOK M03ra AVIaMeTpOM HeCKOJlbKO MVIJlJlVIMeTpOB. VIHTeHCVIBHOCTb MarHVITHOro nOJlR 
3TVIX ycrpoiiiCTB nOKa He n0360JlReT VIM n pOHVI KaTb B KOpy rOJlOBHOrO M03ra rny6>Ke HeCKOJlbKVIX 

CaHTVIMeTpOB OT ee BHeWHei/1 nosepXHOCTVI. no60YH ble 3cjJcjJeKTbl VIX B03AeiiiCTBVIR CylljeCTBeHHbl, 

BKJliOYaR AVICKOMcjJOpT KO>KVI rGJlOBbl, B03MO>KHYIO norep10 cnyxa B pe3yflbTaTe rpOMKOrO lljefl Ka

H bR, a ra K>Ke Hen peACKa3yeMo B03 H VI Ka iOU1VIe MbiWeYHble cna3Mbl. HecMorpR Ha 3TO, TMC ycnew

HO n pVIMeHRercR AflR neYeHVJR AenpeccVJVJ y HeKoTOpbiX na l.lVJeHTOB. Ecnlll omVIMVI3VIposarb KOH

crpyKI..lVIIO KaryweK VI VIMnynbCHbl ill pe>KVIM, TMC B npVIHI..lVI ne, MO>KeT CTVIMYillllposaTb n106y10 
YaCTb M03ra HeVIH Ba3VIBHO, BbiCB060>KAaR HY>KHble 3HAOreHHble HeillpOXVIMVIKaTbl VIJlVI VI3MeHRR 
reKYL11YIO AemenbHOCTb noA06Ho rny6oKoill M03rosoill CTVIMYilRI..lVIVI (IMC). 

Bee 3JleKTpV1YeCKVIe, XVIMVIYeCKVIe VI MarHVITHble cpeACTBa ycosepWeHCTBOBaHVIR cjJyHKI..lVIill M03-
ra noKa HaXOARTCR B 3aYaTOYHOM COCTORHVI lll, HO 06JlaAa iOT orpOMHbiM noTeHL\lllaliOM AflR KYAa KaK 

6onee a KTVIBHOro npVIMeHeHVIR no Mepe nepeXOAa K 6onee CJlO>KHbiM TeXHOJlOrVIRM VI MeTOAaM [4). 
Mbl CTOVIM Ha CaMOill paHHeill CTaAVI VI TeXHOJlOrVIYeCKOro ycJlO>KHeHliiR; 3TO KaK KOCMVI YeCKVIe nyre

weCTBVIR AflR fl iOAeill 1 800-x. Y >K10nR BepHa paKera gnR nonera Ha nyHy - 3TO nonblill cHapRA, Ha-

6VITbl ill KOCMOHaBTaMVI, KOTOpbl ill BbiCTpeilVIBaeTCR Vl3 OYeHb 60flbWOill nyWKVI. Ha CaMOM >Ke Aene, 

cnoco6 nonaCTb Ha flyHy OKa3aflCR HaMHOrO CJlO>KHee VI norpe6osan HeMaflO l.lVIKJlOB AOBOAKVI. 

CrVIMYilRI..lVIR HeillpoHOB cseroM 

HeKOTOpOe n peACTaBneHVIe 0 TOM, KaKVIX peBOJliOI..lVI ill B KOHTpone HaA M03rGM Mbl MO>KeM O>KVI

AaTb B XXI BeKe, Aaer omoreHeTVIKa. 3ror repMVIH, AO 2006 roAa H VI KOMY He VI3BeCTHbl ill ,  orHo-

VI. MODULI 
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nyHHaR paKeTa B npei\CTaBneH�� 
>K>OnR BepHa: nonbl� cHapRA, 1 874 r. 
(cnesa), � paKera-Hoc�renb "CarypH-V" 
nporpaMMbl "AnonnoH': 1 969 r. (cnpa
Ba, C KpynHbiM nnaHOM 1\B�rarenR), AO
CTaB�BWaR aCTpOHaBTOB Ha nyHy. 
Jules Verne's conception of a moon 
rocket: a hol low bul let, 1 874 (left), 
compared to the Apollo Saturn V 
rocket, 1 969 (right, and closeup of its 
rocket engine in inset) used to trans
port as(ronauts to the moon. 

Magnetic Stimulation of the Brain 

By sending magnetic pulses into the bra in, its activity ca n be a ltered, in a s imi lar  fashion to elec
trical stimu lation, but without the need to implant anything.  Trans-crania l  mag netic stimulation 
(TMS) is presently moving from being a research tool to a c l inical treatment. The TMS devices 
being used are cumbersome figure-S coi ls of wire resembl ing big M ickey Mouse ears when held 
behind a person's head. They ca n only excite one bra in  region at a t ime, a few m i l l imeters across. 
They cannot presently reach bra in structures beneath the outer few centi meters of the bra in.  
Their  side effects are substantial, inc luding d iscomfort in  the scalp, potential hearing loss due to 
their loud cl icking, and seizures induced occasiona l ly  and unpredicta bly. Despite a l l  this, TMS is  
being used to successfully treat depression in  some patients. With better coi l  design and pulse se
q uences, TMS could potentia l ly  stimulate any part of the bra in  non-i nvasively, causing the release 
of desirable endogenous neurochemica ls or  a ltering ongoing activity in a manner s imi lar  to DBS. 

Electrical, chemical ,  and magnetic means to im prove bra in  function a re all at a very rudimen
tary stage, but have tremendous promise to be much m uch more useful by moving to more 
sophisticated technologies and techniques. [4] We a re at the infancy of our  technological soph is
tication, ana logous to space travel in  the 1 800s. Ju les Verne envisioned a rocket to the moon as a 
hol low projecti le  fu l l  of space men, shot from a very large cannon. What it actual ly took to get to 
the moon was m uch more complicated and req u i red many cycles of refinement. 

Stim u lating Neurons with Light 

A g l impse into the type of revol utions we can expect in  bra in  control in  the 2 1 st century is 
provided by optogenetics. This term, un heard of before 2006, refers to a neural stimu lation tech
nique that is becoming a very popular research tool in neuroscience. I t  has the potential to make 
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CV1TCR K cnoco6y HepBHOill CTV1MYJlR ljV1V1, KOTOpbl ill CTa HOBV1TCR OLieHb nonyflRpHbiM V1 HCTpyMeH
TOM V1CCJle):lOBaH V1R B HeillpoHayKe. 8 HeM eCTb nOTeHljV1afl, LIT06bl CAeflaTb 3JleKTpV1L1eCKYIO V1 Mai
HV1THYIO CTV1MYflRljV110 6e3HaAe>KHO ynapeBWV1MV1. ECflV1 K reHy, BbiAefleHHOMY V13 CBeTOLIYBCTBV1-
TeflbHbiX MOpCKV1X BOAOpOCJleill V1JlV1 6a KTepV1i/i ,  A06aBV1Tb cpparMeHT ,[\HK HeillpoHa, nOCfleAHV1 ill 
MOIKHO 6yAeT "BKJliOLiaTb" V1 "Bbi KJliOLiaTb" no >KeJlaHV110 npV1 nOMOLl.\V1 CBeTa onpeAefleHHOill Afl V1Hbl 
BOJlHbl. 3TV1 �yCOLI KV1 C03Aa H HOill MeTOAaMV1 reHeTV1LieCKOill V1H>KeHepV1V1 ,[\HK, V1JlV1 OnTOieHeTV1l.le
CKV1e KOHCTpyKTbl, MOIKHO BCTaBflRTb B XpOMOCOMbl M0310BbiX KfleTOK, V1C n OJl b3YR B V1 pyc B Kal.le
CTBe seKmpa, LIT06bl BHeApV1Tb reH B KJleTKY V1 nposecm onepaljV110 no cpall.\V1BaHV1 10 reHa. (Ta
KV1e BV1pyCHble BeKTOpbl HaXOARTCR B OTKJliOLieH HOM COCTOR HV1V1, LIT06bl n peAOTBpaTV1Tb V1X pe
nflV1KaljV110.) Ka pil ,[\V1CCepOT V1 3ABapA 50i11AeH noKa3aflV1, LITO M0310Bble ljenV1 MbiWV1, TpaHc<jle
LjV1pOBaHHble OnTOieHeTV1LieCKV1MV1 BeKTOpaMV1, MOIYT a KTV1BV1pOBaTbeR eseTOM, AOCTaBJleHHbiM 
OnTOBOJlOKOHHbiM cnoco60M. 3TV1 V1eefleAOBaTeflV1 pa3pa6oTaflV1 OnTOieHeTV1LieeKV1e KOHCTpyK
Tbl, KOTOpble enoeo6Hbl Bbl3biBaTb a KTV1 Ba lj V110 Heill pOHOB CBeTOBbiM nyLIKOM OAHOill AflV1HOill BOJl
Hbl V1 3anpeT - APYIOill AflV1 HOill BOflHbl. 0AH V1M V13 HaV16onee MOLl.\HbiX aeneKTOB AaHHOIO reHHO
Tepa neBTV1LieeKOIO nOAXOAa K V13MeHeHV110 HepBHOill <jlyH KljV1V1 RBJlReTeR TO, LITO e HV1M MOIKHO 
B03AeiiiCTBOBaTb Ha KfleTKV1 onpeAeJleHHOIO mna.  M031 eOAep>KV1T MHO>KeCTBO TV1nOB HeillpOHOB, 
eny>Kall.\V1X pa3HbiM ljeflRM. 3neKTPOAbl V1 MaiHV1THble V1Mnynbebl V1MeiOT esoiiiCTBO a KTV1BV1 pOBaTb 
V1X see 6e3 pa36opa. 0AHaKo e noMOLl.\biO omoreHeTV1 KV1 yLieHble MoryT V136V1paTeflbHO a KTV1BV1-
posaTb V1flV1 3anpell.\aTb a KTV1BHOCTb reHeTV1l.leeKV1 onpeAefleHHbiX nonynRLjV1 ill HeillpoHOB. Bono
KOHHaR OnTV1Ka MO>KeT 6b1Tb TOHbWe LleJlOBel.leeKOIO BOJlOCa (MeHee 0, 1  MM, B TO BpeMR KaK AV1-
aMeTp 3JleKTPOAa IMC - OKOJlO 1 MM), n03TOMY COBOKynHOCTb a KTV1 BV1 pOBaHHbiX HeillpOHOB MO
>KeT TaK>Ke 6b1Tb onpeAefleHa n ponpaHCTBeH HO. CTeKJlOBOJlOKHO 6onee 6V1oeosMeCTV1MO, He>Ke-

He�pomKa (<D�n laM6neH, Ia� 
5eH-Ap� � KonneKr�B na6opam
p�� He�pO�H>KeHep�� CT�Ba nor
Tepa). 'T�xoe npenRTCTB�e·: 2009 r. 
5�0K�6epHemYeCKaR �HCTannR
L\�R. © 2009 r. <Doro: <D�n laM6neH. 
Neurotica Col lective (Phil Gamblen, 
Guy Ben-Ary and scientists from 
Steve Potter's Lab), Silent Barrage, 
2009, bio-cybernetic installation. 
© 2009 Photo by Phil Gamblen. 
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T1V1 B>KV1BfleHHble MeTaflflV1LieCKV1e 3JleKTpOgbl, KOTOpble MOJYT 
Bbi3BaTb V1MMYHHYIO peaKL\V110 V1 OKa3aTb 0l B 060fl0L!Ke V13 py6-
L\OBOW TKaHV1, CHV1>KaiOLL\eW V1X 3<jJ<jJeKTV1BHOCTb . 

CYV1TbiBaHV1e M03roBoill aKTL<IBHOCTL-1 npL-1 noMOll.!L-1 csera 

Ha CTOTlb >Ke 3KcnepV1MeHTaflbHOW CTagV1L<1 HaXOARTOl reHeTV1-
YeCKV1e KOHCTPYKTbl gnR 30HoupoaaHuR HepsHoVi aKTV1BHOCTV1 
CBeTOM. B 3TOM cnyyae <jJparMeHT L\HK, B3flTbiW OT Megy3, Bbl
pa6aTbiBaiOLL\V1X <jJnyopeCL\eHTHble 6eflKV1, coegV1HReTCR C KO
AOM L\HK noTeH L\V1aJl-LIYBCTBV1Teflb HbiX V10HHbiX KaHaflOB, kOTO
pble y>Ke eCTb y HeVipoHOB. Tenepb, Korga KaHaflbl YYBCTBYIOT 
HepBHYIO aKTV1BHOCTb, AflR HeVipOHa, TpaHc<jJeL\V1 p08aHHOIO 
3TV1M KOHCTpyKTOM, L\BeT npV1COegV1HeHHOIO <jJnyopeCL\eHTH0-
10 6enKa cnerKa MeHReTCR. 3TV1 nOTeHL\V1afl-LIY8CTBV1Teflb Hble 
<jJnyopeCL\eHTHble 6eflKV1 MOinV1 6bl TpaHc<jJeL\V1 p08aTbCR 8Me
CTe C OnV1CaHHbiMV1 Bb iWe OnTOieHeTV1LieCKV1MV1 KOHCTpyKTa
MV1, n03BOJlRR V1MnJlaHTV1 p08aHHbiM OnTV1LieCKV1M 80JlOKHaM He 
TOTlbKO MOAYilV1p08aTb Hep8HYIO geRTeflbHOCTb, HO V1 CLIV1Tbl-
8aTb V1H<jJOpMaL\V110 0 TeKyLL\eW aKTV18HOCTV1 V1JlV1 06 OTBeTHbiX 
peaKL\V1RX Ha OnTV1LieCKYIO CTV1MYflR L\V1 10. 

Ecrb V1 gpyrV1e, nogpa3yMe8aiOLL\V1e MeHbWYIO oeneHb 
8TOp>KeHV1R 8 opraHV13M, cnOC06bl C LIV1TbiBaHV1R M0310BOill aK
TV18HOCTV1 C nOMOLL\biO cseTa, nponycKaeMOIO Yepe3 KO>KY ro
Jl08bl; 3gecb V1cnOTlb3yeTCR C80WCT80 Kp08V1 MeHRTb L\8eT Ha 
aKTV1BHbiX yYaCTKaX M031a no Mepe yMeHbWeHV1R yp08HR Ha
CbiLL\eHV1R Kp08V1 KV1CnopogoM. B HaCTORLL\ee 8peMR 3Ta cneK
rpocKOnV1R B 6nV1>KHeVi V1H<jJpaKpacHoVi o6naCTV1 V1MeeT oYeHb 
orpaHV1YeHHoe pa3peweHV1e, KaK npocr paHCT8eHHOe, TaK V1 
BpeMeHHOe, HO C pa38V1TV1eM OnTV1KV1 OHa 6ygeT HaXOAV1Tb BCe 
60flbWee npV1MeHeHV1e. nogo6HO 3JleKTpOgaM, KOTOpble MO
IYT KaK CTV1MYilV1pOBaTb, TaK V1 3anV1Cbl8aTb HeVlpOHHYIO aKTV18-
HOCTb, OnTV1LieCKV1e M03108ble V1HTep<jJei/iCbl AflR A8YCTOpOH
HeVi C8R3V1 cgenaiOT B03MO>KHbiM C03AaHV1e CV1CTeM 3aMKHYTO
ro KOHTypa C Henpepb18HOW TOHKOW nogcTpOVlKOW npOV1380-
AV1MOIO V1MV1 8mgeV!CT8V1R gnR omV1MV13aL\V1V1 ¢YHKL\V1W. 

I/13MeHeHVIe YeJlOBe4eCKOill npVIpOAbl 

BceM HaM Vl3 TlV1YHOro onbiTa V138eCTHO OLL\YLL\eHV1e ce6R "gpy
IV1M YeflOBeKOM" nOCJle npV1HflTV1R Jli06V1MOIO nCV1XOaKTV18HO
ro HanV1TKa, 6ygb TO Ko<jle, Yaill V1f1V1, cKa>KeM, anKoronb. Her co
MHeHV1R 8 TOM, LITO <jJapMaKOJlOIV1R MO>KeT 6b1Tb (V1 YaCTO R 8TlR
eTCR) cpegCT80M V13MeHeHV1R Hawero ypOBHR CllaCTbR, Hawei/i 
npogyKTV1BHOCTV1 V1f1V1 Haweill KOMMYHV1Ka6enbHOCTV1. Korga
HV16ygb y HaC 6ygeT TaKaR reHHaR V1H>KeHepV1R, KOTOpaR no-
380JlV1T 8bl3bl8aTb 6onee gomo8peMeHHble V13MeHeHV1R yeno-
8eYecKOV! npV1 pogbl. Ha ropV130HTe KOIHV1TV1 8HOro ycMneHV1R 
ropa3gO 6nV1>Ke K HaM HaXOARTCR CpegcTBa Ha OCH08e Hei/i po
V1H>KeHepV1V1, cny>Kall\V1e AflR V13MeHeHV1R TOIO, KaK Mbl LIY8CTBy-
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electrical a n d  magnetic st imu lation o f  the brain obsolete. By 
spl ic ing a ·gene from certain l ight-sensitive a lgae or bacteria 
into a neu ron's DNA, the neuron can be switched off and on 
at wi l l, with l ight. These pieces of genetica l ly-engineered DNA, 
or optogenetic constructs, can be inserted into brain cel ls' 
chromosomes using a vi rus as the vector, to carry the gene 
into the cel l  and do the gene sp l icing operat ion. (Such v i ra l  
vectors have been d isabled t o  prevent them from replicating.) 
Karl Deisseroth and Edward Boyden have shown that mouse 
brain circu its t ransfected with optogenetic vectors can be ac
tivated by l ight delivered through fine fiber optics. They have 
developed optogenetic constructs that can cause neurons to 
be act ivated with one color of l ight, and inhibited by another 
color. One of the most powerfu l aspects of this gene-therapy 
a pproach to altering neura l  function is that it can be targeted 
to very specific cel l  types. The brain has many d ifferent types 
of neu rons that serve different pu rposes. E lectrodes and 
magnetic pu lses tend to activate a l l  of them indiscri minately. 
However, with optogenetics, scientists can selectively activate 
or inhibit a genetical ly-defined population of neurons. Fiber 
optics can be thinner than a human hair  ( less than 0.1 mm; a 
DBS electrode is - 1 m m  in diameter) so the pool of activated 
neu rons can also be spatia l ly  defined. Glass fibers are more 
biocompatible than implanted metal electrodes, which can 
cause an immune reaction and become encapsulated by scar 
tissue that reduces their effectiveness. 

Reading Brain Activity with Light 

Also at a very experimental stage are genetic constructs for 
probing neura l  activity with l ight. In this case, DNA from jelly
fish that produce fluorescent proteins is joined with DNA cod
ing for the voltage-sensitive ion channels that neurons a l ready 
have. Now, for a neu ron t ransfected with this construct, when 
the channels sense neura l  activity, the color of the attached 
fluorescent protein changes s l ightly. These voltage-sensitive 
fluorescent proteins could be co-transfected with the opto
genetic constructs described above, to a l low implanted fiber 
optics not only to modulate neura l  activity, but also to read 
out ongoing activity or the responses to optical stimulation. 

There are other, less invasive ways to read brain activity with 
l ight shone through the scalp, thanks to the way blood in active 
brain regions changes color as it becomes de-oxygenated. This 
near-infrared spectroscopy is presently very l imited in both spa
t ial and tem poral resolution, but with im provements in optics 
and signal processing, it wi l l  become increasingly useful. As with 
electrodes that can both stimulate and record neural  activity, 
two-way optical brain interfaces wi l l  enable closed-loop systems 
with continual fine-tL:ming of their effects to optimize function. 
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lpynna "SymbioticA" � na6oparop�R nonepa. "MEART - nony>K�Bo� xyAO>KH�K", 
B pa60Te C 2000 r. <DparMeHT: YaWKa neTp� C MynbT�3neKTP0/1HbiM MaCC�BOM. 
SymbioticA Research Group and The Potter Lab, MEART- The Semi-Living Artist, 
ongoing since 2000. Multi-electrode array Petri dish. © 2001 Photo by Steve Potter. 

eM, 8eAeM ce6R VI 83aVIMOAefio8yeM APYI c APYIOM. KaKVIM o6-
pa3oM TeXHOflOIVI VI  M03108010 VIHTepcpefica Vl3 Cpe):1CT8a KJlVI
H VIYeCKOfi TepanVI VI npe8paTRTCR 8 VIHCTpyMeHT YCVIJleHVIR KOI
H VITVI8HOfi ¢YHKL\VIVI AflR 8cex7 CpeAVI TbJCRY ceroAHRWHVIX na
L1VIeHT08, M031 KOTOpblX n0):18eplaeTCR 3JleKTpOCTVIMYflRL!VIVI C 
L\eflb /0 fleYeHVIR pa3JlVIYHblX ):1V1CcpyH KL\VIfi, eCTb TaKVIe, KTO 3a
MeYaeT HeKOTOpble n03VITV1 8Hble no60YHbJe 3cpcpeKTbl, C8R3aH
H ble C KOIHVITV18HbiM YCVIJleHVIeM. nonb KOCVIHC, VICCJ1e):108a
Teflb my6oKOfi CTVIMYflRL\VIVI M031a Vl3 5eflbiVI VI ,  npV180):1VIT KaK 
aHeK):10T Cfl08a OAHOfi Vl3 nawVIeHTOK C VIMnflaHTaTOM n pOTVI8 
o6ceCCV18HO-KOMnyflbCVI8HOIO He8p03a: "3HaeTe, ):1-p KOCVIHC, 
eCflVI R 3aHVIMaJOCb 06bJYHbiMVI ):10MaWHVIMVI ):1eflaMVI, TO MHe 
60flbWe n0):1X0):1VIT "KOHTaKT ):18a" (V13 YeTblpex 8>KV18JleHHbiX efi 
3fleKTPVIYeCKVIX KOHTaKT08 IMC), HO, KOIAa R VIAY Ha 8eYepVIH
Ky, 1):1e HY>KHO BK!l/OLfOmbCR, - Hy, TaM, 06Ll.\eHVIe - 8bl nOHVIMae
Te, - R npe):1nOYVITaJO "KOHTaKT YeTbipe': OH MeHR 836a):1pV1 8aeT, 
pa38li3bJ8aeT R3bJ K VI A06a8nReT KpeaTVI 8a" [5]. 3Ta nawVIeHTKa 
R8HO nOfl b3yeTCR "He3aR8JleHHbiMVI 6oHyCaMVI" C80ef1 1MC, KO
TOpble oHa o6Hapy>KVIna, MaHVInyn VIpyR pe1ynmopaMV1. 

XVIpypiVIR AflR IMC OTflVIYaeTcR cno>KHOCTbJO VI C8R3aHa 
C onpe):1eJleHHbiM pVICKOM Tpa8Mbl VlflVI VIHcpeKL\VIVI, TaK YTO 
CHOAHR MaflO KTO nOfiAeT Ha nOA06HyJO onepaL\VIIO TOfl bKO 
pa):1VI "836a):1pV18aHVIR, pa38R3bJ 8aHVIR R3bJKa VI A06a8JleHVIR 
KpeaTVI8a". Ho nocMOTpVITe, KaK AaneKo waiHyna 3a nocneA
HVIe HeCKOflbKO neT pe¢paKL\VIOHHaR XVIPYPIVIR ma3a - OT 
TOHKOfi VI pV1CK08aHHOfi onepaL\VIVI C ):10JliVIM nepV10):10M _pea-
6VIflVITaL\VI VI VI He 8Ce1Aa xopowVIMVI pe3yflbTaTaMVI AO aM6yna
TOpHofi n poweAYPbl, KOTopaR, 6naro):1apR ycnexaM 8 o6nacTVI 
Jla3epo8 3aMKHYTOIO L\VI KJla VI po60TOTeXHVI KVI, Tenepb n po-
80):1VITCR OYeHb 6biCTpO, 6e3onaCHO VI Ype38bJYafiHO 3cpcpeK
TV1 8HO. W VI pOKVIfi 8bJ60p n pOLje):1yp 3JleKTVI 8HOfi KOCMeTVIYe
CKOfi XVIPYPIVIVI, ocyll.\eCT8nReMbJX c M VI H VIMafl bHbJM Vlfl VI Hyne-
8bJM pVICKOM JleTafl bHOIO VICXOAa Vlfl VI Henonpa8VIMOfi Tpa8-
Mbl, eCTb ell.\e 0):1VIH 803MO>KHblfi VIH):1VI KaTOp Hanpa 8JleHVIR,  8 
KOTOpOM ):18VI>KYTCR Hefi poTeXHOJlOIVIVI. M03108bJe VIHTepcpefi
Cbl C o6paTHOfi C8R3bl0 - OnTVIYeCKVIe, 3JleKTpV1YeCKVIe Vlfl VI Te 
VI APYIVIe - HeVI36e>KHO n pocneAYJOT 3TVIM nyTeM, ox8aTbl8aR 
6onee WVIpOKVIfi Kpyr n po6JleM ):1flR 60flbWe10 Y VI Cfla naLjVI
eHT08 npVI MeHbWeM KOJlVIYeCT8e OCJlO>KHeHVI fi .  YeM 60flbWe 
Mbl CflbiWVIM 0 na6opaTOpHbiX O n bJTaX VlflVI KflVI H VIYeCKVIX VIC
n bJTaHVIRX M03108biX VI HTepcpefiC08 C 3cpcpeKTaMVI KOIH VITVI8-
HOIO yCVIJleHVIli, TeM 60fl bWe 6y):1eT nOTpe6HOCTb VICnOflb30-
8aHVIR nocneAHVIX 8 3fleKTVI8HbJX  n poweAypax AflR o6bJYHbJX 
n JOAefi. A KOrDa n peAOCTa8nReTCR 803MO>KHOCTb 3apa6oTaTb, 

Changing H uman Nature 

We a l l  know from personal experience that we are a "dif
ferent person" after we have had our  favorite psychoactive 
beverage, such as coffee, tea, or  a lcohol, for example. There 
is no doubt that pharmacology can be (and often is) used 
to change our level of happiness, our productivity, or our 
sociabi l ity. Some day, we may develop genetic engineering 
to cause more permanent changes i n  human nature. Much 
closer on the cognitive enhancement horizon are neuroen
g ineering-based means  to alter how we feel, behave, and in
teract. How wi l l  bra in  i nterfaci ng technology make the transi
tion from c l i n ical therapies to cog nition-enhancing tools for 
a l l  of us? Given the thousands of patients a l ready having their 
brai ns  electrically sti m u lated to treat various disorders, some 
are bound to notice some positive, cognition-en hancing side 
effects. Pau l  Cosyns, a deep-brain sti mulation i nvestigator in 
Belg ium,  relates this a necdote from one of the patients that 
was i m planted to relieve her obsessive-compulsive d isorder: 
"Well, Dr. Cosyns, when I'm at home doing my reg ular  things, 
I'd prefer to have contact two (of the 4 electrical contacts on 

- her DBS i m plant), but if I'm going out for a party where I have 
to be on a nd, you know, I'm going to do a lot of socia l izing, I'd 
prefer contact fou r  because it makes me revved up and more 
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VI. MODULATING A SIGNAL: From Cybernetics to Neuroengineering 

Xl!l pyprl!l He MeWKaiOT C OTKpbiTI!IeM KJli!IH I!I K HOBOrG npO<jJI!I
Jlfl. TaK LITO s HeAaneKOM 6yAyll\eM IKAI!ITe noAsneHI!Ifl PAAOM c 
BaWI!IM AOMOM, rAe-H III6YAb Me/KAY CaJlOHaMI!I KOCMeTI!ILieCKO� 
Xl!lpyprl!l l!l Ill Jla3epHO� KOppeKLjl!ll!l 3peHI!Ifl, TOprGBbiX TOLie K  
"\11MnnaHTaTbl M03ra Ha 3aKa3". 

3aKniOLieHI!Ie 

Cyll\eCTsyeT MHOtKeCTBO TeXHOJlOfl!l� Ill MeTOAI!I K 1!13MeHeHI!Ifl 
<jJyHKLjl!l� M03fa, npl!l 3TOM HeKOTOpble nOKa OTHOCflTCfl K pa3-
PAAY na6opaTOpHbiX AI!IKOBI!IH, APYfl!le I!IMeiOT aKTIIIsi-we Kn i!I
H I!ILiecKoe npvi'MeHeHI!Ie, HO seeM I!IM ell\e n peACTOI!IT npo�TI!I 
Afli!IH Hbl� nyTb, npetKAe LleM OHI!I AOCTI!IfHYT TaKOrG IKe ypOBHfl 
TeXHI!ILieCKOrG COBepWeHCTBa, KaK HaWI!I KOCMI!ILieCKI!Ie KOpa6-
Jl l!l. KyAa npi!IAeT c HI!IMI!I LlenoseLieCTBO, n peACKa3aTb OLieHb 
CJlOIKHO, nOTOMY LITO, 1!13MeHRfl <jJyHKLjl!ll!l M03ra, Mbl MO/KeM <jJyH
AaMeHTaJlbHbiM o6pa3oM 1!13MeHI!ITb LlenoseLieCKYIO npl!lpOAY· 
)Till TeXHOJlOfl!l l!l 6yAOpatKaT B006patKeHI!Ie, KOfAa npeACTaB
JlReWb, KaK OHI!I 1!13 cpeACTBa 6opb6bl C 6one3HflMI!I Ill <jJIII31!1Lie
CKI!IMI!I HeAOCTaTKaMI!I npespall\aiOTCfl B I!IHCTpyMeHT yCI!IJleHI!Ifl 
B03MOIKHOCTe� LleflOBeKa. )TO TaK tKe Hel!l36e1KHO, KaK nOJleTbl 
B KOCMOC, B OCyll\eCTBI!IMOCTI!I KOTOpbiX He COMHeBaJlCfl fKIOJlb 
BepH. Mbl AOfltKHbl ytKe ce�Liac HaLII!IHaTb roTOBI!ITbCA K TaKoMy 
pa3BI!ITI!I IO co6biTI!I� 111 npeABI!IAeTb Te nniOCbl l!lfl l!l nmeHLjl!lanb
Hble MIII HYCbl, KOTOpble OHO npi!IHeCeT LleflOBeLieCTBy. nonynafl 
TaK, Mbl C 60JlbWe� sepOATHOCTbiO CMOIKeM C03AaTb 6yAyll\ee, 
B KOTOpOM HaW M03f n03BOJli!IT HaM <jJyHKLji!IOHI!IpOBaTb 6onee 
3<jJ<jJeKTI!IBHO 111 s3ai!IMOAe�nsosaTb Apyr c APYrGM Hal!l6onee 
rapMOHI!ILIHbiM o6pa30M, 1111=\fl B HOry C COBpeMeHHbiM Ml!lpOM. 

nepeBOA c aHrJl i!I �CKOro EsreHI!IR BonKOBa. 

(Cb/flKU CM. B OH2f7UUCKOU Bepcuu. (npUM. peo.) 

np�Me4aH�R: 
• HeoKOpTeKc (oT naT. neocortex) - HOBble o6nacT� KOpbr ronosHoro M03ra, KO
TOpb!e y H�3w�x MneKOn�TaiOU1�X TOnbKO HaMe4eHbl, a y 4enoseKa cocTasnRIOT 

oCHOBHYIO 4aCTb KOPbl. HeoKOpTeKc pacnonaraeTcR B sepxHeM cnoe nonywa

P�� M03ra, �MeeT ronU1�HY 2-4 M�nn�MeTpa � oTBe4aeT 3a Bbrcw�e HepBHbre 

cjlyHKL\�� - CeHCOpHoe BOCnp�RT�e. BblnOnHeH�e MOTOpHbiX KOMaHA, OC03HaH

HOe MbrwneH�e � y niOAe� - pe4b. (np�M. peA.} 

** lnlllanbHble KneTKlll, V1nt..'1 rnvu=! (or rpeY. "rnvu=!'' - KneVI) - cno>KHbiVI KOMnneKc 
BCnOMOraTenbHbiX KneTOK HepBHO� TKaH�, 06UjHbl� cjlyHKL\�RM� �. 4aCT�4HO, 

npo�cxo>KAeH�eM. rn�anbHbre KnerK� cocrasnRIOT cneu�¢�4ecKoe M�Kpoo

Kpy>KeH�e AnR He�pOHOB, o6ecne4�BaR ycnos�R AnR reHepau�� � nepeAa4� 
HepBHbiX �MnynbCOB, a TaK>Ke OCyl!jeCTBnRR 4aCTb MeTa6on�4eCK�X npOLjeCCOB 
caMoro He�poHa. (np�M. peA.} 

••• MEART - cosMeCTHblfi npoeKT KonneKr�sa Hefipo6�onoros noA pyKOBOA

CTBOM Cr�sa nonepa (CWA} � ascrpan��cKo� apr-na6oparop�� SymbioticA 
YH�sepc�rera 3anaAHOfi Ascrpan��- MEART. c OAHOfi cropoHbl, 03Ha4aer "ca
Mo�cKyccrso·: c APyrofi - RBnRer co6of1 a66pes�aTypy �3 MEA (Multi-Electrode 
Array - MynbT�3neKTPOAHaR MaTpV1ua} � ART (�cKyCCTBO}. (np�M. peA.} 
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articu late a n d  more creative:' [5] This patient is clearly using 
her DBS for the "off-label" benefits she has d iscovered by fid
d l i ng around with the controls. 

The surgery for DBS is complicated and not without risk of 
i njury or  i nfection, so few today would elect to u ndergo this 
procedure j u st to feel more "revved up, articulate and creative". 
But consider how far refractive eye surgery has advanced in  
the last  few years, from a del icate, risky operation with long 
recovery and poor outcomes, to a n  outpatient procedure that, 
thanks to advances in closed-loop lasers and robotics, is  very 
fast, safe and extremely effective. The wide variety of elective 
cosmetic surgery procedures carried out with few or no wor
ries about death or permanent damage are a nother l ikely in
dicator of where neurotechnology is headed. It  is  inevitable 
that closed-loop bra i n  interfaces, whether optical, electrical, 
or  both, wi l l  fol l ow this path, to help more disabi l ities in more 
people with fewer compl ications. The more we hear about lab 
experiments or c l in ical tr ia ls of bra in  interfaces with cog nitive 
enhancing effects, the more demand there wil l  be to turn 
these into elective procedures for normal people. When there 
is money to be made, surgeons are quick to open up new 
types of cl in ics. Expect "Brain I m plants On Demand" shops in 
you r  neighborhood before too long, right between the Lasik 
a nd cosmetic surgery boutiques. 

Conclusion 

There are many technologies and techniques for altering brain 
function, some sti l l  laboratory cu riosities, some being used ac
tively in  the c l inic, but all with a long way to go before they 
are sophisticated in  the way our interplanetary spacecraft are. 
Where they wi l l  take humanity is very hard to predict, because 
by altering brain function, we may fundamentally a lter h uman 
nature. It  is  exciting to i magine these technologies �a king the 
transition from cl in ica l treatments for diseased and disabled 
people, to enhancements for a l l  of us. This is as i nevitable as 
space travel was for Ju les Verne. We must begin now to plan for 
it, a nd to anticipate the ways it wi l l  benefit, or potential ly harm 
humanity. By doing so, we are more l i kely to create a future 
in which our brains al low us to function more effectively and 
interact more harmoniously, i n  step with the modern world. 
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