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OueHeHbl NePCNeKTUBbl UCMONb30BaHNA HAHO3NEK T POHUKN, HAHOMATepunanoB U HAHOTEXHONOTMIN B UCCNe0BaHUN U MefULNHE
MO3ra 4yenoBeka B paMKax Npeano>KeHHON NOMHON 3N1eKTPOHHOW MHTepnpeTauun ero PyHKLMOHMPOBaHUA. poaHanu3npoBaHbl
rnasHble nporpamMmmbl CLLUA n cTpaH EC no usyyeHuto mo3sra yenoseka — BRAIN Initiative 1 Human Brain Project.
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MocsdAwarw CBETNOW NaMaTN MOeln MaMbl —

laHbiWw (Agyukesny) TanuHbl KasuMMpoBHbI — OblBLIEA ManoneTHel y3HNULbI
(hawmncTCKMX KOHLEHTpauMoHHbIX narepeit OcBeHUuUM, ByxeHBanbf W bepreH-benbseH.

BeseneHune

daHTaCTUYEeCKMM MO CNOXHOCTN 06LEKTOM BO Bce-
NeHHOW ABNfeTcA MO3r yenoBeka. Tak, YMCNO HEPB-
HbIX Knetok 1010..1012 ywucno cuHancos 1014.. 101,
eLle 60/bLUee YMCNIO NOHHbIX KaHaoB WU MOJeKyn (OKo-
no HF? na 1cm®), sBnsowmxcs KAUYEBBIMU CTPYK-
Typamu. BrnieyatnaoT n o6bLeMbl NamMAaTy Mo3ra no 3a-
NnoMMHaHuio MHpopmaynn. CyLLecTBYOT caMble pas-
Hble oueHku: 10¥* .1016 6ut (1|; 109... 1012 6uT [2].
Ewe 6onee notpacawllas oLEHKa 0OOWEero KonmyecT-
Ba MHMOPMaUUM MO YUCAY BO3MOXHBLIX HEMPOHHbIX
COCTOSIHUI npuBegdeHa B pabote [3|: 2 , roe N —
nonHoe umcno HeipoHos (N = 10 ); K — uucno no-
KoneHuii cpabaTtbiBaHua (K » 1), T. e. geiicTBUTeNbHO
nmMeem "acTpPOHOMMUYECKOE 4YUCO".

Oco6eHHbIM  pe3ynbTatoM (QYHKLWOHUPOBAHUSA
3TOV Cynepc/noXHOW MHMOPMALMOHHOW CUCTEMbI AB-
naetca co3HaHue** — rnaBHad 3aragka [lpupoabl.
Hepapom naypeat Hob6enesckoi npemuun Butanuii
Nazapesny MMH36ypr "BONPOC 0 BO3MOXHOCTN 06bAC-
HUTb NPOUCXOXAEHNE XMU3HN U MbILLIEHNA HA OCHOBE

* CTaTba BNSIeTCS TEKCTOM MJIEHAPHOro AokKnaga, NpoyYnTaH-
HOro Ha 25-1 MexayHapogHoi KoHdepeHumn "CBY-TexHUKa n Te-
NEeKOMMYHUKaLLMOHHbIE TexHonornn", 6— 12 ceHtabps, 2015 r., Ce-
BacTtonosib, Kpbim. Poccus.

** 3pecb CTAHOBUTCS OYEBUAHOW cnpaBe/IMBOCTb AMaNeKTU-
4YeCcKOro 3akoHa O nepexofe Ko/amyecTBa B KayecTBO.

OOHOW (n3MKN" OTHEeC K OAHOW K3 Tpex "Benukmx"
npo6sem coBpemMeHHOWn thunsnkn" |4].

Llenbto faHHOW cTaTtbu ABNAETCA aHanM3 nepcrek-
TUB MCNOJIb30BAHNA HAHO3MEKTPOHUKN, HaHoMarTe-
pvanoB N HAaHOTEXHONOIMIA B MUCCeAoBaHUN N Mean-
LiMHEe MO3ra 4yesioBEKa, a TakXe rNaBHbIX Mporpamm***
CWA wvctpaH EC no ero nsyuyeHnwo — BRAIN Ini-
tiative 1 Human Brain Project. MeTogonormuyeckoi oc-
HOBOI NPOBeAEHHOr0 PacCMOTPEHUA ABAAIOTCA Npen-
NOXeHHble aBTOPOM MNOJIHas 3NeKTPOHHasA MHTepripe-
Taums QPYHKLWOHMPOBAHUA MO3ra M KOMMIEKCHbIN
nepapxmyecknii Noaxopn ero nccnefoBaHns, OCHOBaH-
Hblli HA MHOroypoOBHEBOM MOAENMPOBaHWN B coyeTa-
HUN C 3KCMepuMeHTallbHbIMU MeToAamu.

Mporpammbl CLWW A v ctpaH EC uccneposaHusa Mo3sra

Mpub1n3nMTENEHO OAHOBPEMEHHO B 2013 r. 6bI10
06bABNEHO O Hayane ABYX rpaHAMO3HbLIX MO MacliTa-
6aM 1 amM6MLMO3HbLIX NO uenam nporpavm CLIA n
cTpaH EC uccnepoBaHMii MO3ra 4esioBeka.

BRAIN (Brain Research through Advancing Innova-
tive Neurotechnologies) Initiative 6blna aHoHcMpoBaHa
npesngeHtom CLW A B. O6amoii B anpene 2013 r. [5)
c 06wKnm o6beMoM hMHaAHCMpPOBaHMSA A0 3 MApA SON.

*** ABTOP MCMNONb3yeT 34ecb 60/1ee BEPHbI MO CMbICNY MepeBos,
Ha pYyCCKUIi A3blKk — "nporpamma’.
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13 degepansHoro 6ioaxerta. WHuumatmea 6blna Ha-
3BaHa ogHUM 13 "Benuknx Bbi3oBoB”. Oxunpaetcs, 4to
OHa bypaeT 60nee macwTabHOM M CNOXHOW HO cpaBHe-
Huto ¢ Human Genome Project. OgHUM M3 OCHOBHbIX
HanpasfeHun 6yneT KapTUpPOBaHME BCEX CBA3EN Hel-
pPOHOB MO3ra 4yenoBeka (Co3gaHWe KOHHeKToMa 4esno-
Beka). [lonaraeTcs, YTO C MOMOLLLLIO KOHHEKTOMa Mo3ra
MOXHO 6yaeT cHayana pasobpaTtbcsi iSO MHOTMX MNCU-
Xuyeckmnx 3aboneBaHuax (6onesHb Anbureiimepa, 60-
nes3Hb MapkKuHCOHa, wWnlodpeHnsa, cnaboymme n ap.),
a BrnocneacTsmMm mneunTb ux. MNMpeatedeid aTo MHULMA-
TmBbl sBnsncs Human Connectome Project, ocywects-
nfemMbli HaumoHanbHbIM MHCTUTYTOM 340poBbA C LA
[6]. CocTaBneHne KapTbl Hayann C HEPBHOW CUCTEMbI
uepssa (C. elegans), cogepxalleii Bcero 7 Tbic. CBsi3eld.
3amMeuy, 4TO KOHHEKTOM 4esioBeKa Npuban3nTesibHO B
100 mnpg pa3 6onbwe. MNogpo6HO paboTbl MO KOH-
HEeKTOMY onucaHbl B MHTEPECHOW KHUre npodeccopa
C. CeyHra |6].

Human Brain Project (HBP) aHoHcupoBaH EBpo-
Neicko KoMMUCCUEWN MpakKTUYeckn OAHOBPEMEHHO C
MHuuymnatmeonm CLU A c o6wmm 06beMOM PUHAHCUPO-
BaHMA okono 1,2 mnpg espo. NoHuMMaHne mo3ra ve-
NloBeKa B NporpammMe HasBaHO "O4HWM W3 BeMYamwmnx
BbI30BOB Hayku 21-ro Beka" [7|. HBP BkntovyaeT 13 noa-
nporpamMmMm. OAHMM W3 OCHOBHbIX Hanpas/ieHUn byaet
co3faHne MoJenu 4YesioBEYECKOro Mo3ra Ha TpaH3u-
cTopax (noBegeHWe HEMPOHOB MMUTUPYETCA C MOMO-
Wb TPAH3NCTOPOB)C NPUBJIEYEHNEM CYNEPKOMIbIO-
TepoB. [laHHbIi noaxod akTUYecKn iIBNseTCs Helpo-
KNGepHEeTUYECKUM.

B uenom, oTMeyeHHble noaxoapl ABMAKTCA CBOe-
06pa3HbIM "OBUMXKEHMEM HaBCTpPevy Apyr Apyry" 1 BO3-
HUK/MW He Ha MycTOM MecCTe, a ABMAITCA MNPOLAosIKe-
HMeM paHee BbIMOJNIHAEMbIX MPOEKTOB, & MMEHHO [3)
Human Connectome Project, Blue Brain, npoekT ¢up-
mbl IBM, Allen Human Brain Atlas n gp.

B maHHOM pasfenie orpaHmyycb Nullb nepeyucre-
Hnem Haumbonee cyl,ecTBEHHbLIX HEOO0CTaTKOB OCHOB-
HbIX HanpasfeHui (MOAXOAO0B)* yKa3aHHbIX rnobanb-
HbIX MporpaMmm, KOTOpble OTMeYeHbl, KakK Mpasuso,
pyKoBOOUTENAMW WAN YYaCTHUKamMn MNPOEKTOB (CM.,
Hanpumep |3, 6]).

O KOHHEKTOMUKE. K OCHOBHbIM HefoOcTaTKaM MNoA-
X04a OTHeCy cneaytouine.

1 O4YeHb A/MUTENbHbIE CPOKM MOJIYYEHUS KOHHEK-
TomMa. Tak, Ha moslydyeHne eANHCTBEHHOrO 3aBepLUEH-
HOrFO0 K HacTOfLLEMY BPEMEHU KOHHEKTa 4epBs (CM.
paHee) noTpeboBanocb AaecaTuneTme.

2. Nloka BO3MOXHO OTbICKMBaTb KOHHEKTOM TO/lb-
KO C MepTBOro moasra.

* MpoaHann3npoBaTthb Mce MPOEKTbl MPorpamMM MNPOCTO HEeBO3-
MOXHO XOTsi 6bl MOTOMY, YTO B HUX MPUHUMAIOT ydyacTUe OuYeHb
60/bLIOE YMCO CreunanncToB 3anaga, BKAoYas Beaywyx, B pas-
JINYHBIX 061aCTAX HelipoHayKu. A jto O3HAYaeT, YTO NPOPbIBHbLIE pe-
3yNbTaThl MOTYT 6bITb MOMYYEHbI MO APYrMM HanpasieHWsaM.

3. MonHoe KonNnyecTBOo MHGOPMaLMM MO MHEHWUIO

npogeccopa CeyHra B KOHHEKTOME 4YesiloBeKa CoCcTaBs-
naeT okosio K020 6anT. N, BOOOLLE rOBOpPS, HEACHO,
4YTO C Heli genatb. B pesynbTate npodeccop CeyHr oT-
yamBaeTca Korga-Huoyab 3aBepLUnTb MPOEKT, YUYUTbI-
Bas He TOJIbKO C/IOXKHOCTW MOJIy4eHUA WHMOopMaunu,
HO 1 ee 06paboTkm (npobnema pacwnNPpPOBKN KOH-
HekTOMa). COMHEHUA Yy Hero ecTb M B caMoii Teopun
KOHHEKTOMa, rnasHbiM MNPUHLMMNOM KOTOPOI ABNAEeT-
ca 16]: "OyHKLUA HelipoHa onpeaensieTcs rnaBHbIM
o6pas3om ero cBfA3SIMW C OPYrMMU HelipoHamn". Kak
6yaeT BUOHO M3 AafbHelWero, aTM COMHEHUs Hebes-
OCHOBATE/bHbI.

O HeilpoKnbepHe TNYECKOM MOAXOAE. K OCHOBHbLIM He-
[ocTaTkaM 3TOro noaxofa OoTHecy cneaytouwme: 1) mo-
OEeNnVpyroTcs TOMbKO CBA3U MeXAy KOpoi u Tanamy-
coM, T. e. 60/blIAs YacTb MO3Fa He paccMaTpuBaeTcs;
HAaCKO/IbKO TaKoe MO[eNIMpPOBaHMEe OTpaxaeT peasib-
HYI0 CUTyaLlMi0 — HESCHO; 2) B HACTOsiLLLee BpPeMsl HeT
cynepkoMnbLIOTEPOB TpebGyemoli Npon3BOAUTENbHO-
CTW, MO3TOMY MOAXOA peanu3yeTcs MO3TanHO, Hauu-
Has ¢ MoJenupoBaHWs Mo3ra 6osiee MPOCTbIX XUBOT-
HbIX, B YACTHOCTMW MbILIW.

MTak, o6WMmMmM HepocTaTkamm O6GOMX OCHOBHbIX
noaxonoB SABASAKTCA: |) Oo4yeHb ANUTeNbHble CPOKWU,
KOTOpble MOTPebylTCa AN noayvyeHusa uHhopmauunm
HernocpeAcTBEHHO O MO3re 4efloBeka;. 2) NPOCTO 4y-
LOOBULLHbLIE 06bEMBI BO3MOXHOI nonyyaemoii nHdop-
Mauuun, Ha KOoTopble noTpebyeTcs, NO-BUAUMOMY, He
MeHbLLe BpeMeHn, YTOb6bl B Heli pa3obpaTtbcs. YUTO OHa
O3HauaeT?

3aBeplwas AaHHbI pasgen He MOry He 3aMeTuTb,
4YTO XOpOoLWMKnii 0630p Hanbonee BaXHbIX NCCNef0BaHUN
Mo MO3ry, BbIMOJIHEHHbIX B Poccun, gaH Ha Hay4yHON
ceccun O6uero cobpaHuss Poccuiickoii Akagemumn
HaykK "Mo3r: gyyHaamMeHTanbHble N NpUKIagHble npo-
6nembl" 181 XoTta B lporpamme dyHAaMEHTaNbHbIX
Hay4HbIX MCCMeA0BaHUA rocyaapCcTBEHHbIX akagemMui
HayK Ha 2013—2020 rogbl U yaeneHo paccmaTtpusae-
MO npob6neme cepbe3HOe BHMMaHue, O4HaKo, K CO-
XaneHut, 3TO He NPUBENO K CO34aHUI0 CTO/Mb Xe
rnobanbHOV Nporpammbl MO MCCAef0BaHUIO MO3ra no
CpaBHEHWUIO C OTMEYEHHbIMU paHee.

MonHas 3NeKTpPoHHas MHTepnpeTayus
(PYHKUMOHNPOBAHUS MO3ra

B Aoknapax aBTopa Ha MeXAyHapoAHbIX KOHge-
peHumax 19— 11], moHorpaguax 112, 131n uuknie cTa-
Teli [14— 17] onncaH KOMMEKCHbIV MepapXuyeckunii
noaxon K uccnegoBaHWIO MO3ra 4YenoBekKa, OCHOBAH-
Hbl/A HA MHOTOYpPOBHEBOM MOJENMPOBaHMN B covyeTa-
HUN C 3KCMepuMeHTaslbHbIMW MeToAaMu, B pamMKax
MOJIHOW 3N1EKTPOHHOI MHTepnpeTauun ero MyHKLNO-
HupoBaHMA. TaK Kak npennoXxeHHble MHTepnpeTauua
M KOMIMJIEKCHbIA Noaxofd A0CTaTOYHO NOoApPO6HO onwu-
caHbl B paboTtax 112, 131, 34ecb BblAeNt0 NULWb OCHOB-
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Hble MOMEHTbl, KOTOpble 6yAyT BaXHbl ON5 AaNbHENR-
LIero M3n0oXeHMus.

OCHOBHAaf C/IOXXHOCTb pPaccMOTpeHUs YHKLMO-
HMWPOBaHUA MO3ra, OCOBGEHHO Ppas/INYHbIX MCUXNYe-
CKMX (PYHKL WA, HA CTPOFOM Herpopn3nN0oN0ormieckom
YPOBHe cBfi3aHa C TeM, 4YTO Npu ero pabote nmeet Mme-
CTO "3anyTaHHbIN Ky6oK" 601bWOro yncna guU3nko-
XUMUYECKNX MpoLeccoB. B cBsA3n c aTum 6blna npu-
HATa runotesa 1 CUYNTaETCA, 4YTO [AOMUHMPYlOLLee
BNUSHUE HA (DYHKLMOHUPOBAHME MO3ra OKa3blBal T 3/1eK-
Tpuyeckne npoueccbl. Takmm o06pa3om, nonaraetcs,
4yTo 0b6bpaboTka WMHpoOpMaLUUN B MO3re WUAET B OCHOB-
HOM Ha YypOBHEe 3NeKTPUYEeCcKMX npoueccos. [pyroii
BMA, NPUHLUMNNANBHO BaXHbIX MPOLECCOB, I. €. XUMU-
yeckne, obecneymBaeT Mpexae BCEro nutaHue Heli-
POHHbIX (31eKTpUYecknx) uenei mo3ra, a Takke Wnx
Moaudmkaumio (CM. Takxe ganee).

Bbino BNepBble MOKaszaHO, 4YTO BCSA HeWpOHHas
Lenb MO3ra MOXeT MHTepPnpeTMpoBaTbCsH B KayecTBe
HeNMHEWNHOW 3aneKkTpmnyeckon uenu (Lenb NeEPBOro Tu-
na), umerwwen cnepyowme ceovictea: 1) HelipoHHas
neHb — 3TO CHayana pacTtywas, a 3aTem moAauduLn-
pyemas anekTpuyeckas uernb (OCHOBHOE OT/AMyne OoT
MHTerpanbHbix cxem (MNC) — anekTpuyeckux uenemn
BTOPOro Tmna); 2) HeNWHelHas anekTpuyeckas uenb
NepBoro Tuna XapakTepusyeTcs He TOJIbKO KpaliHe
CNOXHOW TOMOMOrnen, HO N Bapuauyuein CBOWCTB CO-
CTaBAALWNX ee Ka3anocb 6bl OA4HOTUMHbLIX 3/1IEMEHTOB
(Tena KNeTokK, akCOHa, AEeHAPUTHI, WUMWUKN, CUHAMCHI
n ap.); 3) anekTpuyeckue uUenu NepBoro tTuna MoryT
LOeMOHCTpupoBaTh 60MblIOe pa3HOO6pa3ve B noBepe-
HUN B 3aBUCUMOCTWU Kak OT BXOAALWMX, TaK 1 OT Npo-
XOAAWMNX MO HUM CUTHaNoB; 4) ¢ TOYKN 3PEHUA INEK-
TPOHWKWN MO3r 3pefioro yenoBeka — 3TO, MNpexae Bce-
ro, Habop HeNNHelHbIX 31eKTPNYECKUX (HEMPOHHBIX)
uener AByX BMAOB, KOTOPble He A0/DKHbI MoAndULN-
poBaTbCsi U KOTOpPble MOFyT MOAUGMULNPOBATLCS.

Tak Kak K/l4YeBbIMW 37eMeHTaMn B 3feKTpuye-
CKMX (HEMPOHHbIX) LenAx Mo3ra SBAAKTCHA WOHHble
KaHa/bl — CM0XHble HAHO3/1IeKTPOMeXaHun4yeckme cuc-
Tembl (H3MC), TO mMO3r B Le/IOM Obl1 UHTEpnpeTu-
poBaH He KakK MpPOCTO OOGBLEKT 3/1EKTPOHMKKU, a Kak
06bEKT OPraHNYecKor rmbpuaHor HaHO3/TEKTPOHMKN
[12, 13]. OTmeuy u 34ecb NPUHUUNUATbHOE OT/INYne
oT NC TBepAoOTeNbHOW MWKPO- WU HAHO3/IEKTPOHUKMN.
B HWMX KNOYEBbIE (AKTUBHbIE) 3/1EMEHTbl — ANoAbl U
TpaH3ucTopbl. Taknm obpasom, lpupoga nowna no
LPYromMy CU/IbHO OT/AuMyaloLwemMycs nyTu.

B pamkax npeanoXeHHOW MOMHOW 3/1eKTPOHHOM
MHTepnpeTaunum pyHKLNOHUPOBAHNSA MO3ra paccmoT-
peHoO KakK npubnusnutenbHO (QYHKLUOHUPYET MO3r.
BoloeneHo Tpu Tvna pexuma paboTbl MO3ra Kak Ha-
60pa HeNMHEeWHbIX 3NEeKTPUYECKNX uenei, a UMeHHO:
1) npn BHewHeM BO34eNACTBUN; 2) 6e3 BHELWHero BO3-
nencTBns (BHYTpeHHWU); 3) cMewaHHbI. pyn aToM
BCE OTAe/lbHble pexmMbl paboTbl MO3ra, BKAlO4Yas BOC-
npusaTMe, BOCNOMUHAHWE, MbilWIeHNe 1 Apyrne ncuxu-

yeckne hyHKLUN, OTHOCATCA K OAHOMY M3 YKa3aHHbIX
TunoB. bonee Toro, nw6oi crneunuUecknii pexmnm
paboTbl MO3ra SB/SE€TCA pe3y/bTaTOM MPOXOXAeHUA
3/1eKTPNYECKOro curHasna (CUrHanoBs) MO COOTBETCT-
BYIOLLEMY Habopy aNneKTpuUyecknx uenei, npuyem oc-
HOBHbIMW BO3MOXHbIMW OMepauusiMn ABASAIOTCA Cpas-
HeHVe, KoAupoBaHue, OeKoaupoBaHme, KomaHga K
nencTeuio, moandumnkauna HerMpPOHHbLIX Lenen.

Tak, MbIClb — 3TO AeKogupoBaHue (BHYTpPeHHee
BOCMpOW3BeAEHME) 3/IeKTPNYECKOro curHana (CurHa-
NOB), UHULUMUPOBAHHbLIX CaMMUM MO3roM U MNPOXOAs-
Lero No pasfIMYyHbIM HEMPOHHbLIM LiensM Mo3ra cooT-
BETCTBYIOL,EN NPOCTPAHCTBEHHO-BPEMEHHOW KOHMU-
rypauun. CneposaTesibHO, MbIC/lb — 3TO CBOeob6pas-
HblA 06paTHbIA MpoLEecc Mo OTHOLWEHWO K 06paboTke
nocTtynawuweii MHpopmauum (NPAMONR npoLecc), Ko-
TOpPbLIA MHUUUUPYeTCA, MNO-BUAUMOMY, B OCHOBHOM
KOpOIi FO/IOBHOrO MO3ra, T. €. N0 HEMPOHHbLIM LEensm
NPOXOAAT TOKM W BO3HUKAIOT o0bpasbl, MOHATUSA UT. .
B pe3ynbTare OeKoOupoBaHuA uHdopmauum, cogep-
Xalienca B COOTBETCTBYIOLLMNX HEMPOHHbLIX Liensax.

Coenaem HeKOTOpble OOMNOMHEHUS U YTOYHEHUSA K
TEOpUKN, UN3N0XEHHOW B pabotax 112, 131 u KpaTKoO
ONMCaHHOWN BbILIE.

CoBpeMeHHble 3KCNepuMeHTasbHble AaHHble WnC-
cnepgosaHmsa Mosra 131 no3BoNAlT cAenatb BbiBOA O
TOM, 4YTO, NO-BUAVMOMY, 06/1aCTblO, MPexae BCero oT-
BevalLe 3a 0Oco3HaHue, ABnseTcA npedpoHranbHas
kKopa /I06HOV 4011 TOM0BHOrO Mo3ra yenoseka*. Ta-
KMM- 06pa3oM, UHULMALMA N BO3MOXHOE COMPOBOX-
AeHne MbICINTeNbHON fOeATeNbHOCTU NPoOuUCXoauT B
HEMPOHHbIX LEensax 3Tol obnactu, a fanee OCyL,EeCTB-
nsetca rmbkoe cBsA3biBaHME (CM. ganee) ¢ HEMPOHHbI-
MU LenaMu passinyHbiX CTPYKTYp M obnacteil mosra B
3aBMCMMOCTW OT TOrO Kakas 3aro mbicib. Ecnm B pe-
3ynbTare 3TOM MbICIN MPOUCXOAUT Kakoe-TO AelicT-
BMe, TO A/19 ero OCO3HaHWA Heob6xoAMMO, YTObObl WH-
dopmauuna noctynuna gns ob6paboTkn B NPCHPOH-
rasibHyl0 Kopy. B pesynbTaTe NpouUCXOAUT eCcTeCcTBEH-
Has 3aJepXxka, KoTopas B Helipodun3no/ornyeckom
nuTepaType Bbi3Bana o4YeHb OYpPHYK AUCKyccuo (MU3-
BECTHbIA akcnepuMeHT 1985 roga b. /lnbeta "o cBO-
6oae Bonn” 13]). MonyuaeTcs, 4TO Mbl CHavyana geuncT-
ByeM, a MOTOM OCO3HaeM 3TO. B cBeTe M3N0XEeHHOro
BblLLe 3Ta 4acTo BCTpevyaeMas 3afep)kKa CTaHOBUTCH
noHATHOW. OTMedy, 4TO B KOHEYHOM WTOre BCe Xe
MO3r MpUHUMAaET pelleHne, a He KTO-TO NOTYCTOPOH-
HWIi. B CBA3M C 3TMM pe3Koe NpOoTMBOMOCTaBleHUe
CO3HaTeNbHOW U MOACO3HATeNbHOW [OeATeNbHOCTU
MO3ra C Moeli TOYKM 3peHns HeBepHO. OCHOBHOe pas-
nv4yne coCTOUT rnaBHbIM 06pa3oM B TOM, YTO B Ciyyae
0OCO3HaHuA ToW NMbOo UHOI AeATeNnbHOCTU Heobxoaw-
MO o6A3aTefnibHOe yyacTne HernpOHHbIX NEHEN elle oa-

* He cnepyeT, ogHako, 3abbiBaTb, YTO "K/OUEeBOe 3HayYeHue ans
HOPManbHOro PyHKLLMOHMPOBAHUA CO3HaHUA" MMeIT "Kopa 60/b-
WX nonywapuii, Tanamyc n yHKLMOHaNbHbIE CBA3N MeXAay aTUMu
obnactammn mosra” [18]. 3To noayepKnBaeT 0CO6Y BaXXHOCTb NMPUH-
umna cmctemMHocTn B paboTe mosra [19].
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HOI o6nacTm — npedpoHTaNbLHOW Kopbl. B TO Xe Bpe-
MS W3BECTHO, YTO MOAAaBAAIOLLEE YMC/IO OENCTBUIM Ye-
nloBeka ocyllecTBNAeTcAa Ha NOACO3HATENlbHOM YPOBHE
M TOMIbKO OYEHb He3HauyuTesbHas 4YacTb BbIXOAUT Ha
Co3HaTe/lbHbI ypoBeHb. B nocnegHem cnyyae mMoxeT
CYyL,eCcTBEHHO ynyywaTbCAd Ka4yecTBO [AeATeNlbHOCTU.
Pacnnartoii 3a aTo, 0f4HaKo, ABASETCA OTMeYeHHas 3a-
[ep>XXKa BC/liefCcTBMEe HeobXoAMMOCTN yyacTusa B obpa-
60Tke MHGoOpMauun ewe, Kak MUHUMYM, OAHOI 06-
nacTn Mmosra, oTeeuvarolleil 3a oco3HaHue. [OHATHO,
YTO B HEKOTOPbIX CAy4daax 3TO He HYXHO /IN60 MOXeT
O6blITb MNPOCTO BpeAHbIM, MO3TOMY MHOIrMe AencTBus
yenoBekKa NPoNCXoaAaT B aBTOMATUYECKOM pexmnme (Ha
noAco3HaTeNbHOM YPOBHE).

OueHb MHTepecHOli sBnseTcA "Mpob6nema cBs3aH-
HocTM" 131 Mexay HEeMpPOHHbLIMU LENAMU PasINYHbIX
obnacTteii mo3ra B npouecce ero MyHKLMOHMPOBaHUA.
OTmMeuy, 4TOo rMBKOCTb CBA3bIBAHUA AOCTUraeTcsa, Mo
KpaliHeli Mepe, Ha Tpex YpoOBHfAX: 1) cBfzel Mexay
obnactamm W/wnm CcTpykTypamu; 2) HEeMpPOHHbIX aH-
cambnein (B ob6nacTax M CTPYKTypax MOryT yyacTBoBaTb
B paboTe pa3HOO6pa3Hble HEeMNpOHHble aHcamb6aun);
3) HelipoHOB (MONNMPYHKLMWOHaNbHLI N caMu Helipo-
Hbl). 3TO, KOHEYHO e, CU/IbHO YC/IOXHAEeT aHanus.
B cBeTe MnMpensioXXeHHO!W NOMHOW 3/1EKTPOHHOW WH-
TeprnpeTauun MHe npeacTasnseTcs Becbma ybeauTtenb-
HOl (BBMAY O6LLEr0 KOMOCCaNbHOro Yncnia HelipoHOB)
pa3spabaTtbiBaemas Teopus O CUMHXPOHU3aLMM Koneba-
HUI B HEMPOHHbLIX LLeNsX pas/IMyHbIX y4acTKOB MO3ra
[3). BnepBble uaed, no-snagmMmMomy, Oblnia BbiCKasaHa
ewe A. A. YXTOMCKMUM, a BNOC/MeACTBUN pa3BuBasiach
®. Kpukom u K. Koxom, B. 3uHrepom u [. Saenb-
MaHOM W Ap. bbl/I0 YyCTAHOB/IEHO, YTO AN CO3HAaTe/b-
HOM AeATeNlbHOCTU BaXKHbl FramMmMa-BOJIHbl C_4acTOTOWN
0Ko/io 40 Tu. PaHee [12, 131 MHOI YXXe OTMeYanocs,
4yTo "MbICNNTENbHAA OeATeNIbHOCTb, CyAs MNo BCEMY, —
CYTb MaKpOCKOMUYeCKMe KOJINIEKTUBHbIE SBNEHUA B
HEeNNHENHbIX 3/1eKTPUYECKUX Lensax Mepsoro tuna" un
HOCUT KakK Obl Pe30HaHCHbI XapakTep. 3Tu B3rNA4bl
HEM/0X0 COracylTcs C Teopuell 0 CUHXPOHM3aLnn
Kone6aHui.

B cooTBeTCTBUM C yAayHol knaccudumkaumein A. Pc-
BOHCYO 1201 npepnoxeHHas Teopusa [12, 131 moxeTt
6bITb OTHECEHA K MOHUCTUYECKOW MaTepuanucrtuye-
CKOW Teopun CO3HaHWUA 3MepaXeHTHOro Tuna. B Hei,
KaK TOJIbKO 4YTO OTMevasnocb, cneum@uyeckme npo-
LLeccbl 60/1ee BbICOKOIO YPOBHA — MaKpOCKOMNMyeckune
KONNIEKTUBHbIE SIBIEHUA B HE/IMHENHbIX 3neKTpuye-
CKNX (HEeMpPOHHBIX) Lensax Mosra.

KomMnneKcHbI nogxoad K mccnegoBaHMK Mosra

MpepnoxeHHasa nosiHaa 3NE€KTPOHHasA WHTepnpe-
Tauuna pyHKUMOHMPOBaHUA MO3ra nocnayxuna 6asoi
[N KOMMJIEKCHOTO MepapXuyeckoro rnogxoga K ero
uccneaoBaHUiO, OCHOBAHHOro Ha MHOrMOypOBHEBOM
MoAeNIMPOBaHNN B COYETaHUU C 3IKCNEepUMEHTasbHbI-
MW MeTogaMu U onMcaHHoro B paboTax [12, 13].

Ona paspaboTkm nogxoga notpeboBasocb BBeAe-
Hve ewe AByx runotes [12, 13]. Tak, 66111 NpuBeaEHbI
aprymMeHTbl B MO/b3y TOro, 4YTO, C OAHOW CTOPOHBI,
ncuxmyeckne yHKUMM MO3ra He MOryT 6biTb onuca-
Hbl TOYHO C MOMOLLbIO KBAHTOBOW MeXaHWKW B MPUH-
uMne, ac opyroi cTopoHbl, — PYHKLMOHUPOBAHUE MO3-
ra Mo>KeT OblTb B MPUHLKNE ONUCAHO C BbICOKOI CTe-
MeHbl0 TOYHOCTMU (JOCTATOYHOMN) C NpUMeHeHnem op-
Manu3ma KBaHTOBOW MeXaHWKM Ha COBPEMEHHOM YPOBHE
ee pasBuTua. lMocnegHee yTBepxaeHWe — runoresa 2
O A0CTAaTOYHOCTU KBAHTOBOW MexXaHWKW. Bbinm Takxe
npuBeAeHbl apryMeHTbl B MOMb3y cCpaseiMBOCTU U-
notesbl 3: CTPOroe MaTemMmaTNYeCKoe onnucaHne pa60TbI
Mo3ra C NOMOLLbI0 KBaHTOBOW MEXaHUKM OTHOCUTCA K
TpyaHopelaembiM 3agadam knacca NP. Takum o6pa-
30M, CTpOroe MoesnMpoBaHMe Mo3ra Ha ypOBHE KBaH-
TOBOW MeXaHVKM HEBO3MOXHO ceiyac 1 B 0603pnuMomM
6yayuwem. PaunoHanbHbIl BbIXOA U3 CO34aBLUENCA CU-
Tyaumum — KOMMNJEKCHbIA mepapxuyecknii nogxon Ha
OCHOBE MHOrOYPOBHEBOIO MOAE/NINPOBaHUM MO3ra B
coyeTaHWM C IKCAEepUMeHTanbHbIMK MeTogamn. OaHa
M3 BO3MOXHbIX CXeM peanusaumn Takoro nogxoga
onucaHa B pa6ortax [12, 13].

BaXXHbIM MpenmyLLecTBOM MpeasoXXeHHOro noaxo-
Ja N cxeMbl SIBNAETCS BO3MOXHOCTb Yy4yeTa BUAHUA
pPasfIMYHbIX "XUMUYECKMX, TEMN/I0BbIX W APYrnx 3Ha-
YMMbIX MpoueccoB” n BosgencTBuin [12, 131 T. e. ux
CBOMCTBO OTKPLITOCTU. B yacTHOCTM, AONYCTUMO y4yecTb
BAVSHUE Cnefyrwmnx (pakTopoB: rNnanbHbIX KNeTOoK,
KOTOPLIX NpubnnsutensHo B 10 pa3 60/blue, YeM Hel-
pPOHOB; 06beMHbLIX TOKOB [20]; BO3MOXHble MOAU(U-
Kaunn B HEMPOHHbIX Lensax, Tak, HeAaBHO yCTaHOoB/e-
HO, 4YTO B pe3ynbTaTe BOCMOMMWHAHWIA (BHYTPEHHUN
pexum paboTbl MO3ra COr/lacHO MpeaoXeHHOW WH-
Tepnpetauun [12, 131 MOXeT U3MEHATLCA CTPYKTypa
6enka [3| v gpyrux. Aina atoro notpebyetca pa3paboT-
Ka COOTBETCTBYWOLWMX MoOAernen. 3amedy, 4To Oaxe B
OTMeYeHHbIX (hakTopax elle MHOro HesicHocTel. OA-
HaKO BO3MOXHbl A0CTaTOYHO MPOCTble MNyTU yyeTa
TakMx, Kak npaBu/o, MeHee BaXHbIX (akTopoB —
onucbiBaTb UX BANAHWE C MOMOLLbIO TOKOB YyTeukw,
napasnTHbIX 3/1IEMEHTOB B MOAENSAX 3/1eKTPUYECKNX
(HelMpOHHbLIX) Ueneil NepBOro Tuna, Yy4YMTbIBaKLLNX
60nee 3HauYMMble MPOLLECCHI.

CyWHOCTb MCUXUYECKUX 3a60NeBaHNA

MpeanoxeHHas MHTepnpeTauus MO3BOMSET CBSA3aTb
ncuxuuyeckme 3abosieBaHWS C OTKIOHEHUEM (YHK-
LUOHVPOBAHUS 3INEKTPUYECKUX (HEMPOHHBLIX) Lenei
MO3ra OT HOPMaJ/lbHbIX* PeXXMMoB. OTK/IOHEHUS MOTyT

* Bonpoc "o HOpPMa/lbHOCTU" B MCUXOIOrUN — MPUHLMUNNab-
Hbll/i U OQHOBPEMEHHO O4YeHb CIoXeH. OAHaKOo B HeMpPOMNCUXonornum
noHATUE "HopMa NCUXMYecKon hyHKUMKN" BBeAeH AaBHO 1211w aB-
nseTcs O4HMM M3 BaXHeNwWwunX. be3 3TOro MOHATUA HEBO3MOXHO
060MTUCL 1 NPY NUCCNefOBaHNN U3MEHEHHbIX COCTOSAHUI CO3HaHUA —
WHTEHCMBHO pa3BMBaeMOW B HacTosllee Bpems 061acTu MCMxXono-
rmn (cm., Hanpumep, [22]).
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6bITb BbI3BaHbl MHOXeCTBOM hakTopoB. [poBeneH-
HbIi aHanM3 nokasasn, 4YTOo K OCHOBHbIM, MO-BUAMMO-
My, cnegyeT (YCNOBHO) OTHecTu: |) cBA3aHHbIe C pas-
pyweHnem Luenen; 2) Bbi3BaHHble HeNpaBWU/IbHbIMU
cBA3AMKN (PYHKUMOHMPpYOWKNX Uenen; 3) onpegense-
Mble M3MEHEHWEM KOHCTPYKTMBHO-TEXHOIOMNYECKNX
N 3nekTpomnsnyeckmx napameTpos uenen [12, 13],
BK/tOYasi BUOXUMUYECKME MPOLLECChl B HUX (CM. Aanee).
B uenom, 3aTM M BO3MOXHO Apyrve hakTopbl U Apu-
BOOAT K U3MEHEHUAM (OTK/IOHEHUAM OT HOPMasbHbIX)
3N1EKTPUYECKUX PEXMMOB (DYHKLLMOHUPOBaHUS Lene.

Mo-sBngmmomy, K Ncuxuyeckmm 3abonesaHuAM npu-
BOAAT Hambonee CyweCcTBEHHbIE HapylleHUs B YHK-
LVWOHMPOBaHMN Lenel. B cBA3M C 3TUM BaXHOCTb
thakTopoB rpynn 1u 2 ABnsetcs Hanbosiee O4eBUAHOW.
VIMEHHO Ha VX yCTaHOB/IEHME (PaKTUYECKN U HaLeneH
MPOEKT MO KOHHCKTOMY 4enoseka. OfHAaKO, KakK MHe
Ka)xeTcsi, CBA3blBaTb BCe MNCUXMYeckne 3abosieBaHUA
TONbKO C hakTOpamu rpynn | n 2 HesepHo. CuTtyaumsa
cnoxHee. MoaTomy 3aecb 60nee NOogpPO6GHO pPaccmoT-
pym dakTopbl rpynnsl 3.

BepHemMca K BOMpOCY O TOM, 4YTO onpefenser MH-
ONBUAYaNbHOCTb HEPOHHbLIX Leneil. OH 6bl1 NogpPo6-
HO paccMoTpeH B paboTax [12, 13]. B yacTHOCTHN, 6bINO
nokasaHo, 4YTO HelpOHHble Lenu XapakTepusylTcs
KpaliHe CNoXHOW (PaKTMYeCcKU UHAUBUAYANIbHOW) TO-
nonorveii. M B NnpuHUMNe, y KaXA0Oro 4yesnoBeka Xpa-
HAWaAacs WHGopMaLma npexae BCero Koaupyetcs
MMEHHO B TOMOJIOTMXN HEWPOHHOW uUenu (dhaKTopsl
rpynn 1w 2). OgHakKo Ha WHAVUBUAYa/IbHOCTb HEMPOH-
HOM uUenn MOryT BAUATb OYeHb MHOrO (hakTopoBs. BoT
NNWb HEKOTOpPble M3 yKaszaHHOro B paboTtax 112, 131
CNnNcKa, a MMEeHHO: HOBblE CBA3N MexAy HelpoHamu;
MOJIEKYNAPHbIE N3MEHEHUA CUHancoB; CUHTe3 PHK,
6enkos, NpPUBOAALNX K CTPYKTYPHbIM U3MEHEHUAM B
CuHarcax, Wurwkax, geHaputax, akcoHax, u3meHe-
HUAM B a4pe KAeTku u ap. B pesynbrate mbl U npu-
XOOUM K BaXXHOMY CBOWCTBY 2 Lenei, OTMe4YeHHOMY
paHee. Takum o6pa3omM, B npouecce moavdmkaymnm
WM NEePecTPONKN 3INEeKTPUYECKUX (HEMPOHHbLIX) Le-
neii nNepeBoro Tuna BaXHbIMU (akTopamu SABAAKTCA
N3MeHeHNsa CBf3el, reomeTrpun, NPoOBOAVUMOCTU, AU-
3NEeKTPUYeCcKoi ‘NpoHuyaemMocTu m T. N. (B MUKPO-
3NEKTPOHMKE 3TO HA3bIBAETCA KOHCTPYKTUBHO-TEXHO-
NOTNYECKUMU N 3NEKTPODUNINYECKMMU NapameTpammn)
COOTBETCTBYHLLMX Yy4acTKOB Lenen, 4To gocTturaeTcs
C MOMOLLbIO ~ pa3HOO6pasHbIX BGUOXUMUYECKUX MPO-
Lieccos*. W 3gecb, NO-BNAMMOMY, HET UIN Mao Yero
He3HaYNTeNbHOro, TakK KakK (pakTMyecku BCeE OCHOB-
Hble COCTaB/AlOWIME HEMPOHHOW uenn (TeNo KIeTKu,
aKCOH, AeHAPUTbI, WWUMUKN, CUHANCbl, WOHHblE Ka-
Hanbl U Ap.) ABAAKTCA HENMHENHbIMWU 3neMeHTamu
anekTpuyeckoli uenu. O BaXXHOCTM (haKTOPOB rpynnbl 3

* M03TOMY OYeHb BaXHO, YTOGbI GUOXMMUYECKUE MPOLIECCH B
HEWPOHHbIX LensX He OTKIOHANNCH OT HOPMbI (6bI/TM B AOMYCTUMbIX
npeaenax).

CBNAOETENLCTBYOT U MHOTOYMUC/NIEHHbIE 3KCMNEPUMEH-
TasibHble AaHHble, MNOJNIyYEHHbIe ANA Pa3/INYHbIX MCU-
XWNYECKNX paccTpoicTs (cMm., Hanpumep, [3, 23]).

CnegyeT NoAuepKHYTb, YTO WHAMBNAYANbHOCTb HEN-
POHHO Lenu hakTUYecku n ABnseTCA Npeaonpeaensito-
el MaTepranbHO OCHOBO Cy6beKTUBHOCTU. MoaTo-
My ncmxmyeckume 3aboneBaHuns MoryTt ObITb CBSiI3aHbl C
OTK/TIOHEHUNAMU (byHKLI,I/IOHI/IpOBaHI/IH ANNEKTPUNYHECKUX
(HeMpOHHbLIX) Leneii Mo3ra OT HOPMaJ/lbHbIX PEXVMOB,
KOTOpbIe Bbl3BaHbl )akTOpaMn He TO/bKO rpynn | un 2,
HO 1 rpynnbl 3. bonee TOro, Henb3sa UCKNKYaTb CO-
BMECTHOE BNMAHUE (DAKTOPOB pPas/INyHbIX FPynm, yyn-
TbiBas ONpPeefieHHYI0 YCOBHOCTb OTMEYEHHOW pas-
OeneHns Ha rpynnbl hakTopoB.

WTak, rnasHbIM HanpasfieHWEM MpU fIeYeHUn Mcu-
XN4YecKux 3aboneBaHni O0/MKHO 6biTb BOCCTAHOB/EHUE
HOPManbHOro (YHKLMOHUPOBAHUA = MOBPEXAEHHbIX
BCNeACTBME OTMEYEHHbLIX (aKTOPOB 31EKTPUYECKNX
(HEMPOHHbLIX) Lenel Mo3ra MAN nHasa KOppPeKTMpoBKa
nx paboTbl. [NaBHbIN BOMPOC — Kak 3TO caenartb?

HoBble BO3MOXHOCTU

M3BeCTHO, 4TO TpagWLMOHHbIE MeToAbl NevyeHus
NCcUXmMYeckmnx 3abonesaHnii, Kak NpaBuaoO, HeLOCTaTOu-
HO 3a(ppekTMBHLI. ECnn rosopuTb O fniekapcTBax, Xu-
MWYECKNX Mpernapatax, TO WX FMaBHbliA He[oCTaToOK —
HensbupartenoHocTb [3]. Pe3ynbTaT — AN8 MHOrMMx
cepbesHblX MCUXMNYECKUX PacCTPOIACTB A0 CUX MOP HeT
3PP EeKTUBHLIX TepaneBTUYECKUX MeTO[0B NeYeHUs.
B TO >xe Bpemsi OMbITHble HEPOXMUPYPrN He CTPEMAT-
CA BMeLIMBATLCA B pas3/inyHble CTPYKTYpbl Mo3ra 6e3
cepbe3HblX MOKas3aHU K 3TOMY BBUAY BO3MOXHOCTU
Henpe/ackasyembliX NO60YHbIX 3(hhekTOB, HEPEOKO Ka-
TacTpounyeckmnx.

O6 obopyfoBaHWU. B HacToslee BpeMs UCMOJb-
3yeTca WWPOKUIM CNEKTP 3KCNepUMEeHTalbHbIX MeTOo-
[0B 1 pa3NNyHbIX CpeacTs uccnegosaHua mosra 13, 12,
13, 24]: komnbloTepHas Tomorpadusa; MNO3UTPOHHO-
3MUCCUOHHaa Tomorpagusa;, MarHUTHO-pe3OoHaHcHas
Tomorpadua (MPT); dyHKunoHanbHaas MPT; TpaHc-
KpaHnasibHOe 3NeKTPOMarHMTHOE CKaHUPOBaHWE; 3/1ekK-
TpoaHuedanorpadusa; 3NeKTpoKopTUKorpadusa; mar-
HUTO3HLedanorpadus; aneKTpuyeckoe pasgpaxeHue
Mo3ra (3PM) c NOMOLLLbIO MUKPO3NEKTPOAHON TEXHU-
KW; ranyéokaa ctumynauma mosra (FTCM); xumunyeckne
npenaparbl 1 NekapcTsa; Uccien0BaHUA, OCHOBaHHbIE
Ha paspyleHunsx 1 natonormax mosra, un ap. Kaxawli
U3 MeToA0B W CpeAcTB MMeeT onpefefneHHble 0CTOo-
MHCTBA N HeAOoCTaTKW, OHaKO, aHa/n3 MokKasbliBaeT,
4YTO BCE OHM elle A0CTaTOYHO rpybbl NO paspeLleHunto
(no npocTpaHcTBy N/MNun Nno BpeMmeHun), 06bIYHO HOCAT
KOCBEHHbIN XapakTep WAN [OMOJIHUTENbHO WMET
Apyrve OOCTaTOYHO CyulecTBeHHble HegocTaTtku. [lo
KparHel mMepe, U3 Hambosiee 4acTo MPUMEHSEMbIX Ha
CeroAHAWHNIA AeHb "HW OOMH MeToA He obnajaeT He-
06X04UMbIM  MPOCTPAHCTBEHHO-BPEMEHHLIM  pa3pe-
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WeHNCM ANns NPOCAexXmnsaHUsa efguHUYHbIX HEepPOHOB
M Aaxe He6ONbWUX FPynn HEPBHbIX KNEeTOK, Harnpwu-
Mep KO/IOHOK B Kope" 124).

Taknm 06pa3om, MCMOJb3yeMble B HacToslLLee Bpe-
MS MHCTPyMeHTapuii U MeToAbl /ile4eHUa Mo3ra Xa-
pakTepu3ylTca O4HMM O6LWMM Cepbe3HbIM HepocTaT-
KOM — rpy60cCTblO.

Mouyemy >e Torga B psage cnydvaes focCTUraeTcs yc-
nex? ABTOp BUAUT ABe OCHOBHbIE MPUYUHLI. Bo-nep-
BbIX, 3HaYMMble HapaboTKu B MeAUUWHE MO3ra, HO-
cAlwmMe raBHbIM 06pa3oM 3IMMUPUYECKUI XapakTep.
M HoBOe ob6opypoBaHWe, HECMOTPSA Ha ero no-rpex-
HEMY OTHOCUTENbHY rpyboCTb, BCE XXe crnocobeTByeT
6onee rny6okomMy MNOHUMaHUIO (YHKLMNOHNPOBaHUA
Mo3sra. bonee Toro, ero MOXHO M AO/HKHO UCMNOJ/b30-
BaTb B paMKax NpeasioXXeHHOro KOMM/JeKCHOro noaxo-
Aa K nccnenosaHMio Mosra. Bo-BTOpbIX, O4YeHb BaXxHoe
CBOMCTBO MO3ra — njacTu4yHocTb 125, 26]. K cyacTbio,
OHO B OMpeaesieHHOW CTeNeHN coxpaHaeTcs BN/IOTb A0
BeCbMa Mpek/oOHHOro Bo3pacta 126, 27].

OCTaHOB/IOCb HA HECKOJIbKUX MEPCNEKTUBHBLIX 06-
nactax. Llenecoo6pa3Ho npexpae Bcero OTMeTUTb WUH-
TEHCUMBHO pasBMBaeMyl B HacTosliee Bpemsa 06/1acTb,
B KOTOPOW uccnenytoTcs uHTepdelicbl Mo3r—malumHa*
(MM M) (brain—machine interface). UMM — cuctema,
peanusyowas nNpaMyl CBA3b MeXAy MO3romMm W BHelLl-
HUM ycTporcTBOM. [nA BOcCCcTaHOBAeHUS psga pyHK-
UMN 4acTO Heo6XOo4MMO MPUMEHATb pPas/inyHble Hel-
povMHNaHTbl. Tak, A1 BOCCTAHOBJ/IEHUA C/yXa WUc-
Nosb3ylT KOX/leapHble MMMaHTbl, a A9 BOCCTaHOB-
NeHna 3peHns — UMMIaHTbl ceTyaTkn. [pu aTom
NMPUMEHAIOT N HEMPOUUNbI, T. €. cneynanm3ampoBaH-
Hble MC. OTMeuvy, 4YTO KOX/eapHble WMMAaHTbl YyxXe
ycTaHOB/IeHbl 60nee, yem y 200 OO0 yenosek. VimetoT-
CA yCnexm 1 B BOCCTAHOBNEHUW ABUraTefibHbIX MYHK-
LUWiA, cnocobHOCTN 06WAaThbCs U OPYINX KOFHUTUBHbIX
hyHKUNi. OcobbIli MHTepeC Bbi3bIBAET cO3[aHMe Mpo-
Te30B LUenbiX o6nacTei mMo3ra, B YaCTHOCTU TUMNO-
Kamna, ¢ NOMOLLbIO cCneLnanmn3npoBaHHbIX KpeMHue-
BbiIX WC. lepcnekKTMBHO MUCMNONb30OBaHWE W pasiny-
HbIX MWKPO3NieKTpoMeXaHnyecknx cucrtem (M3IMC)
n HOIMC. KpaTkoe onucaHue OCHOBHbIX O0CTUXe-
HWUIA, HOBbIX Maen (MHorga haHTacTUYEeCKUX, HO Bbl-
CKa3aHHbIX N3BECTHbLIMW Y4YeHbIMU) B 06sactu MMM
AaHo B paboTe |3|, a NporHo3 gasnbHelwero passutms —
B paboTte 1281

Apyras o6nactb cBsa3aHa ¢ TCM, T. e. aneKTpu-
YecKoW CTUMynaumen raybuHHbIX CTPYKTYp Mo3ra c
MOMOLLBLID TOHKWUX 3/IEKTPOAOB ANaMeTpPpOM OKOJi0
15 mMm. MeTopg, aBnsieTca passutmemM (NMpoaokKeHnem)

* MpumMmeHATCAa 1 apy| ne 61n3Kne No 3Ha4YeHUI0 Ha3BaHWs, Ha-
npumep "HeMPOKOMMbIOTEPHbLIN WHTepdeinc”, "uHTepdelic Mo3r-
KomMboTEeP". ABTOP CUMTaET caMblM MOAXOAALMM MO CMbICY Tep-
MUH "MHTepdenc Mo3r—malinHa", Tak Kak B HeM WCMosb3yeTcs
Hanbonee o6LWNIA, Hexenn "KomnbioTep”, 1 60ee BEPHbI NO 3Ha-
YEHUI0 TepMUH — "MalunHa".

9PM, nnoHepamn KoToporo ssnsnucb B. MeHdwunba,
X. Oenerago, H. IN. bexTepeBa, M rpybocTbL ero oT-
Meyanacb B pabotax [12, 131 ¥ mMeOWKOB Bbi3biBaeT
KpanHee yauBneHne BbicOKas aheKTUBHOCTL MeToda
FCM npwu neyeHnn pspa OYEeHb CepPbe3HbIX Mcuxuye-
ckmx pacctpoicte 13], B yacTHocTu, 6onesHwm [ap-
KWHCOHa, fAernpeccuu, CBA3aHHbIX C NepeBo3byanmMo-
CTblO (rMNCPaKTUBHOCTbLIO) ONpefenieHHbIX CTPYKTYp
Mo3ra. [1onoXuTtesnbHble pe3ynbTaTtbl OOCTUTHYTbl WY
npM He[ocTaTOYHOW BO3GyaMMOCTM obnacteir, Ha-
npuMep npu BbiBEAEHUW NauUEHTOB M3 KoMmbl [3].
Ycnexn TCM BO MHOromM BbI3BaHbl creAyloWUMN
npuynHamun: 1) Ha HacTOAWMA MOMEHT onpeaeseHbl
3KCNepUMeHTasrbHO 061acTu MO3ra, OTBETCTBEHHbIE
3a MHOruve rncuxmyeckume sabonesaHusa [3|; 2) ¢ no-
Mouwbto TCM npoucxoguT BOCCTaHOB/IEHWE HOPMa/ib-
HbIX PEXVUMOB (MYHKLWOHWPOBAHUA COOTBETCTBYIO-
LNX 3NEeKTPUYECKUX (HEMPOHHbIX) Lieneli mo3ra. XoTs
HeliponcMXoa0ru 4acTo CBA3bIBAKT 60/1€3Hb MapKUH-
COHa C paspylleHWeM HEWPOHHbIX uenel (dakTtop 1),
a genpeccumio — € HenpaBWJ/IbHbIMU CBA3AMU HEMPOH-
HbIX Uenei (akTop 2), HeNb3s UCKIYaTb N hakTop 3,
r. C. BIMSIHNE OTK/IOHEHWU I OF HOPMbl BUOXNMUNYECKNX
NpoLEeccoB B HEMPOHHbIX Uensx. KOCBEHHO B MO/b3y
nocnegHeli rMNoTesbl CBUAETENbCTBYHOT 3KCNEPUMEH-
TanbHble AaHHble O CTUMYNAUUKM C NMOMOLLbLIO MeToda
F'CM pocTa HOBbIX HelpoHOB B rmnokamnc |3]. Cyas
o BCEMY, WHULLMNPOBaAHHbIE UCKYCCTBEHHO 3/M1€KTPU-
yeckue npoLecchl 3anyckawT Kackafbl 6uoxummuye-
CKMX MpPOLLEeccoB, NPUBOAALLMNX K POCTY HOBbIX HEWNpO-
HOB, BOCCTaHOBJ/IEHMIO CBA3el Mexay Humu. B cBasm
C 3TUM MHE Ka)eTCA OYeHb MHTEPECHbLIM UCC/enoBaThb
BIAHWE BapuaLmn 31eKTPUYECKUX PEXMMOB CTUMY-
nauynn B metoge NCM.

YuuTbiBas WHTepnpeTtauuio Mo3ra Kak ob6bekTa
opraHuyeckoii rnmépuaHom HaHO3MNEeKTPOHUKMK, MO-
3BO/IAIOLLYI0 MO-HOBOMY B3rNfHYTb Ha ero yHKumMo-
HUpOBaHME N KPaTKO OMMCaHHYIO Bbllle, Ka4eCTBEHHO
HOBble BO3MOXHOCTM OTKPOKTCA B paccMaTpvBaeMomMm
BOMpOCe Npv MacwTabHOM MPUMEHEHUN OOCTUKEHWUNA
HaHO3/TIEKTPOHUKN, HAHOMATEPMANOB N HAHOTEXHO/IO-
rmin (HaHOHaykK B Lenom). CTpaTermMyeckKumMmm Hanpas-
NeHNAMU [0/KHbI CcTaTb pa3paboTka HOBbIX WHCTPY-
MeHTapusa U MeToA0B /ieyeHUa. OCHOBHbIMU 3ajavamm
npwn aTom 6yayt: 1) nccnepgosaHue; 2) neyeHue; 3) an-
arHocTuka; 4) MOHUTOPWHT; 5) KOHTPO/Ib HEMPOHHbIX
ueneii 1 Apyrmx cocTtaBAsOLWMNX MO3ra.

OTMeuy, 4YTO B YKa3aHHbIX paHee MepcrneKTUBHbLIX
obnactax, ceBA3aHHbIX ¢ MMM u 'CM, maructparsb-
HbIM Hamnpas/ieHWEM YCOBEpLUEHCTBOBaHUI ABnseTcs
MUHMaTiopmnsaumnsa. Tak, yXe B HacTosLee BpemMa W3-
rotasnmeBaloT KpemHuesble VIC HaHO3MEKTPOHUKN C
MPOEeKTHbIMN HOopMamMu 14 HM. He Bbi3biBaeT COMHe-
HWI, YTO TakMe camble COBPEMEHHbIe TeEXHONOrumM 6y-
OyT UCrnonb3oBaHbl ANA CcO34aHUA HEeMpouYnMnoB (HeW-
POKOMMNbLIOTEPOB), MOBbIWAaA MX noteHuwan 8 MMM
BBMAY MasibiX (MpUeMnemMbiX) pasMepos Npu ofHoOBpe-
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MEHHOM YBeNMYeHUn QYHKLMOHANbHbIX BO3MOXHO-
cTeli. B TO e BpeMs MpUMeHseMble 30HAbI A5 pea-
nusauum F'CM noka [0CTaTOYHO rpybbl U MOTyT Npu-
BOANTbL K KPOBOTEYEHUAM, KOTOPble MHOrga 3akKaHuu-
BaloTCA WHcynbTamn [3]. Ana ycoBeplleHCTBOBaHMUSA
noAo6HbLIX METOA0B B Uaeane HeO6XOANMMO HECKObKO
ycnoBuii." Bo-mnepBbiX, BO34elicTBME Ha CTPOro orpe-
OEeNeHHy TOouyky (MecTo) HelipoHHOW Luenu, a BO3-
MOXHO M Ha KOMOGUHaLMIO0 TOYEK B MPOCTPAHCTBE U BO
BpEMEHN, MpUYeM CUTHaOM (CurHanamm) onpege-
NeHHOoM opmbl (cuna Toka, YactoTa U T. n.). Bo-BTO-
pbIX, UCMoOib30BaHWe 60/ee COBEPLUEHHbIX 3/1eKTPOA0B,
Hanpuwmep, B BUAE HAHOMPOBOJ/IOK, TaK KakK C WX Mo-
MOLLbIO MOXHO OyZleT NoAKIIUYNTLCA Aaxe K onpeje-
NeHHOW TO4YKe OTAeNbHOro HelpoHa, T. e. K Tpebyemo-
My MECTY 3/IEKTPUYECcKOl uenu nepsoro tuna" [12, 13).

MoaknwyaTb, MNO-BUAMMOMY, MOXHO 0OyaeT He
TO/IbKO HAHOMPOBOJIOKN K N060I NoKanbHOW obnactu
HEpPOHHOW uUenun, HO U Apyrve HaHoycTpolicTBa (Ha-
HOTPYOKN, HAHO3NEKTPOA4bl, HAHOCEHCOPbLI U Ap.) Npak-
TUyeckn 6e3 paspyLlleHUn B LensaxX KOPPEKTUPOBKU U
BOCCTaHOB/IEHUS (NleYeHns 1 NpoTe3npoBaHus) pabo-
Tbl, MccnenoBaHUa U AnarHocTukM ueneid. MNepcnek-
TUBHbIM /19 BOCCTAHOBNEHWUSA 3/IEKTPUYECKUX CBA3EN™
Mexay HelpoHamMu ABASEeTCA MCMOoSb30BaHME MPOBO-
NOK € AnameTpoM MWKPOMETPOBOrO U HAHOMETPOBOIO
LNanasoHoB, a HaHO- W MUKPOTPY6KW, B NMpUHLMNE,
MOXHO MPUMEHATb He TONbKO A8 CO34aHUS 3NeKTPU-
4yeckoli CBA3M, HO U ANA TpaHcnopTa pPas/IMuYHbIX XWU-
MWYECKMX CcpeacTs, T. e. ons 6onee MOMHOLLEHHOFO
BOCCTAHOB/IEHMA pa3pyLleHHbIX CBA3el, a Takke O0-
CTaBKM MeAWKaMeHTOB. Takmm 06pa3oM MOXHO Jfie-
YnTb, MO KpawWHeW Mepc, HeKoTopble 60J/Ie3HU, Bbl-
3BaHHble (hakTopamu rpynn 1uv 2

O4YyeHb WHTEepecHbLIM Hanpas/ieHUWeM, C KOTOpPbIM
CBA3bIBAKOT 60ONbLIME HagexXAbl, CYNTAEeTCA ONTOreHe-
TuKa |3, 291 CyTb ee 3ak/1l04aEeTCsA BTOM, YTO BHe4pUB
CBETOUYYBCTBUTESbHbIN reH (6e10K) B HEPOH MOXHO
nocfie ero ocseleHNs BO36yAUTb HEWPOHHblE Uenu,
oTBevawllme 3a onpepesieHHbIe CXembl MOBeAEHUS.
Takum o6pasom, gonyctumMo 6yAeT He TO/IbKO ycTa-
HaB/NMBaTb COOTBETCTBYIOLME HEMPOHHbIE LLEenu, HO 1
ynpasniaTb NoBeAeHMeM. B HacToswee BpemMs MeTon
anpobuposaH Ha Myxax M Kpbicax. CunTtaeTcd, 4To aTa
TEXHOMOINA MOMOXET B /IeYeHUN TaKnX Cepbe3HbIX
NCUXUYECKUX PaCCTPONCTB, Kak 60Me3Hb MapKUHCO-
Ha, genpeccus, a Takxe ynydywuntb metog NCM.

MHOTUE M3 OTMEYEHHbIX MPOAYKTUBHbLIX METOA0B
/leYeHns Mo3ra U HeKoTOopble AUArHOCTUKU, TPeoyioT
BCKPbITUS 4yepena, T. e. UHBa3NBHbIE MeTOAbl, YTO BO-
o6le roBops, MI0X0. HaHO3/eKTPOHMKA, HaHoMaTe-
puanbl U HAHOTEXHOMOrMN (HAHOHAayKWU B LE/IOM) MO-

* N ryT Takke GyZeT OYeHb BaKHbIM CBOWCTBO MIACTUYHOCTU
Mo3sra. Moatomy, XoTs 6bl UHOraa, 6yAeT 4OCTaTOYHO MPOCTO BOC-
CTAHOBUTL 3/IEKTPUYECKYHO CBSi3b B 06/1aCTAX Mo3ra u/unm mexay
HUMMN.

ryT fatb MMNynbC K MHTEHCUBHOMY PasBUTUIO Maso-
MHBa3UBHbLIX U HEMHBA3UBHbLIX METOAOB, T. €. KayecT-
BEHHO HOBOW MeAWLMHEe Mo3ra.

K HaHomacwTaby OTHOCAT OObLEKTHLI, B KOTOPbIX
XOTA 6bl OAHO N3 N3MEPEHNI I HaXoAUTCa B AMnanasoHe
oT 100 100 HM. IMEHHO B 3TOM AMana3oHe, KaK n3-
BECTHO, HaxoAATCA XapaKTepUCTUYeckue pasmMepbl
MHOIMX OCHOBHbIX OMONOTMYECKUX CTPYKTYp MoO3ra
(reHbl, AHK, PHK, HelipomegnaTopbl, 6e1kn v gp.).
3TO mMMmeeT BaXKHOe 3HayeHue, Tak Kak cama [pwupoga
npu cosfaHum mMo3ra MHTEHCUBHO WCMOJb3OBana Ha-
HOOObEKTHI.

OTmMedy, 4YTO B HacToslee Bpems Bce O6osbliee
YNCNO MCUXMNYECKUX PACCTPOWCTB CBA3AHO MMEHHO C
HaHoo6bekTamu. MNpueeny NMLLb HEKOTOPbIE YCTAHOB-
neHHble akTol [3, 23]. Tak, 60AbWKMHCTBO cheuna-
NINCTOB CYUTAaET, 4YTO "y KaXOOro MCMxXmyeckoro pac-
CTpoiicTBa cBOA reHeTmyeckas 6asa” [3], B yacTHO-
CTW, OGHapy>XeH O6WWNIA reHeTU4YeckKnin hakTop NATU
CepPbe3HbIX MCUXNYECKNX 6OnesHen, a MMEHHO: Wn-
30(hpeHnn, BUNONAPHOro. pPaccTpPoONCTBa, ayTmsma, ge-
npeccunm U cuHApoma geduumta BHUMaHUA U rune-
pakTtnsHoctu. bonee toro, aHann3 A HK nokasan, 4yto
yeTblpe reHa MoBbIWAaT PUCK BO3HUKHOBEHUS TakKuX
paccTpoicTs, Apuyem ABa OTBeYalT 3a perynsyuto
KaNbLUMEBbIX MOHHbLIX KaHasoB, T. €. KntoyeBblX HOIMC
3NNIEKTPOHNKM Mo3ra (CM. paHee). PAa MCUXUYecKnx
paccTpoiicTB CBA3bIBAOT C HEAOCTATOYHOCTbIO (Ha-
npumep, 6one3Hb NMapKUHCOHA) UAN N36LITOYHOCTLIO
(Hanpumep wunsodpeHns, cnHgpom TypeTTa) Tex um
WHbIX HelpomMeamaTtopoBs (AodamuH, rayramar, cepo-
TOHWH, aueTunxonuH wn ap.) |3, 23], r. e. OTK/IOHEHU-
eM UMX OT HOopMbl. [laHHble haKTbl y6expaalT B TOM,
4YTO C NCUXNYECKUMWN OONEe3HAMU Ha[o HavyaTb aKTUB-
HO W UeneHanpas/eHHO 60POTLCA N HA HAHOYPOBHeE.

CnepoBaTesibHO, OCHOBHble crnoco6bl Bo3BpaTa K
HOpMas/ibHbIM peXxumMam @QYHKLMUOHUPOBaHNA 3MeK-
Tpuyecknx (HEMPOHHbIX) ueneid, OTK/IOHEHUSA OT KO-
TOPbIX Bbl3BaHbl hakTOpamu rpynnel 3, J0/DKHbLI CMO-
cob6CcTBOBaTbL BOCCTAHOB/MIEHUIO BbIPABOTKN WUAN XOTA
6bl AOCTaBKN [0 HOPMbl COOTBETCTBYIOLLMX HAHOOO®B-
€KTOB, B YaCTHOCTU HelipomMeamaTopoB, a Takxke TpaHc-
nopTy NnekapcTs, NpPMBOAALLUNX K HOpManusauum 6uo-
XUMUNYECKUX MPOLLECCOB HENOCPEeACTBEHHO B TakKuUX
uenax. Tak Kak gocTaBka A0/MKHA OblTb nsbupartenb-
HOW, [03MPOBaHHOW, NOKanbHOIW, TO npo6nemamu
CTaHyT cpeacTBa M cnocobbl TakOW A0CTaBKU.

O cpeacTBax AOCTAaBKU. 34eck OMSATh e eCcTb Yemy
noyunTbca y NMpupoabl. Tak, U3BECTHO, YTO B BE3UKY-
nax (nysblpbkax) gnameTpomMm okono 10—60 Hm** [301
nepeHocATCs MO akKCOHY B CUHArMC TbiCAYM Helpome-
anatopos. Jaxe OHK (c gnvHOW OKono 2 M) TUNWu-
HOI 4YenoBevYecKOol KNeTKU B CKPyYEeHHOM Buae yna-

** B nuTeparype nNpueBogAaTca oT/inyarolmecs ceegeHns, ogHako
TUNNYHBIM fBASETCA Anana3oH oT 10 o 100 HM, [ e. BXOAAWMIA B
MaHOMEeTPOBbIA AnanasoH.
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KOBaHa B f4pe C AuMamMeTpoMm Bcero okono 0,005 mm*
(311 Moatomy cpencTsamMn A0OCTaBKM B MO3I MOryT U
[O/MKHbI CTaTb MMKPO- WM HaHOOOGBLEKTLI, Hanpuwmep,
cdrepbl, YacTULLbl, Kancynbl, LMANHAPLI, TPYOKN MUK-
poMeTpOBOro 1 HaAHOMETPOBOro XapakTrepuctuye-
CKNX pa3MepoBs, cofepxalme HeobxoauMble marepua-
nbl. [laxxe nepsble 3KCMepUMeHTaslbHble pe3ynbTartbl
f32—341no poctaBke nekapcTts C NMOMOLbLIO NOJ06-
HbIX WCKYCCTBEHHBLIX MUWKPO- M HaAHOOOBLEKTOB Npwu
neyeHUN pasnNyHbIX 3aboneBaHUn YenoBeKa, BK/IO-
yaa pak, BecbMa yb6eauTeslbHO CBUAETENLCTBYIOT O
60/bWINX BO3MOXHOCTAX [AaHHOro noaxoda. [pu
JocTaBke MOryT ObiTb WCNOMb30BaHbl pasfinyHble
BO34eNCcTBUA (MarHUTHoe, ynbTpa3ByKOBOe, Tenso-
BOE W AP.), MONEKYNAPHbIe MOTOPLI, YrNepoaHble Ha-
HOTPY6KM (YHT) n ap., B TOM 4ucne cpeacrtsa, KOTO-
pble B COCTOAHUU MpeofosieBaTb remaTosHuedannye-
CKui Gapbep** 1341

Cnocob6bl f0CTaBKK, NO-BUAMMOMY, COCTaBAT eLle
6onblwy npobnemy. Cutyauus OyaeTr npouie npu
pa3paboTke MHBA3MBHbIX MeTOA40B. B aTtom cnydvae
npMMeHeHWe HanayT pasfinyHble MUKPO- WU HaHOYCT-
poiicTBa, BK/KuawLlime 30HAbl, TPYOKN, MPOBOMIOKMN,
BOJ/IOKHA, CKanbnesnw, nasepbl U T. N. C XapakTepucTu-
YyeCKMMN pasMepaMmm MUKPOMETPOBOIro U HAHOMETPO-
BOro AuanasoHOB.

fopasfo cnoxHee 6yaeTr npu paspaboTke MasionH-
BasMBHbIX W HCUHBAa3MBHbLIX MeTO[OB. [lepcnekTus-
HbIM ABNAETCA WMCMNONb30OBaHME PasIMUYHbIX MarHuT-
HbIX HaHoYyacTuL, W HaHoKancysn, MNPOBOAUNMLIX MO
CTPYKTypaMm moO3ra C MOMOLbIO 3/1EKTPOMArHUTHbLIX
ycTpoiicTe. Ocobblli MHTepec nNpeacTaBAT U yrnepos-
Hble HaHomaTepuanbl [35—37]. Tak, B HacToAUlee
Bpems MpPOAEMOHCTPUPOBaHa 3KCNEPUMEHTa/IbHO YyB-
CTBUTENbHOCTb YHT K 3/1eKTPOMarHMTHOMY CUTHasy.
bonee TOoro, NpoBoAATCA MHTEHCUBHbLIE MCCNefoBaHUA
no paspaboTke HaHopaauo Ha YHT [35, 36, 38, 391
B cBA3M C 3TUM MOXHO NpeacTasnTb MUHUATIOPHYIO
"noaBoAHYI0 NO0AKY", COOpaHHyl W3 HaHo4yacTul,
BK/NlOYalOWyw HaHopaaumo Ha YHT, nekapctsa U Ha-
HOOOGBEKTbI M TPAHCAOPTMPYIOLWY MO KPOBEHOCHON
cucteme UAn/m HepPBHOW TKaHW B CTPOro onpenesneH-
HOe MeCTO MO3ra, Hanpumep K OMNyxojin, U BbITPY-
Xawouwiei cnacuTtefibHble cpefcTea No pagmMovacToT-
HOMY CUTHany W3BHE, a 3aTeM BbIXOAALLYI0 U3 opra-
Hu3Ma (Mo3ra)***. He uckno4yeHa BO3MOXHOCTb UC-
nosib3oBaHuUsa MOJ06HbLIX "MOABOAHBLIX 0A0K" ANA
BOCCTAHOBMEHMNS (NPOBOAKM) HEMPOHHbLIX CBA3EN C
MOMOLLbIO MUWKPO- N HAHOMPOBOJIOK (TPy6OK, BONO-
KOH W T. n.).

* MpuBoanMble N NNTepaType AaHHble TakXe pasnuyaroTcs.

** [pobnema, KOTOPYH MpoLle PelnTb MMEHHO Ha HaHo-
YPOBHe.

*** Bnepsble NoA06Has naes 6bla BbicKazaHa aBTOPOM Ha Poc-
CUIACKOM Hay4yHO-TeXHUYeCcKOW KoHdepeHuun "Tnbkasa 3neKTpoHU-
Ka" (13- 15 Hos6pa 2013 r., r. CaHkT-leTepbypr) B OTBETE Ha BO-
NPOC O BO3MOXHOCTW WCMO/b30BaHUS HaHOPaAuo B MeAuLuHe.

Bonec kapguHanbHbIM pelleHnem npobnemsl, oa-
Hako, 6yaeTt Bo3BpaT K maee P. deliHMaHa n A. Xnoé-
6ca 0 co3gaHnn "MUKPOCKONMUYECKUX po6oTOoB”, "KpO-
WeYHbIX MeXaHUYeCcKux "XMpypros", "KpoOLeyHbIX
aBToMaTtoB" M0l wunm co3gaHUM PeMOHTHbLIX 6Gpurag,
N3 MUKPO- U HAHOPOOGOTOB. YUYUTbiBAA BbliCOYANLLYIO
CNIOXXHOCTb MO3ra, NpakTU4YecKol peanunsaumen 3ToWn
npekpacHowm ugen nNpuaeTca 3aHMMaTbCA BCepbe3 Ha
MWKPO- M HaHOYPOBHE.

3aK/iroyeHmne

MpoBefeHHOe KpaTKoe pacCMOTPEHUE OCHOBHbLIX
HanpaBneHnii AByXx rnobasbHbIX MpPoOrpaMm wuccneno-
BaHMA mo3ra BRAIN Initiative (CLW A) u Human Brain
Project (EC) BbiAaBUN mMX HepgocTtaTku. Kpome Toro, K
OTMEYEHHbIM Bbile cneayeT 406aBUTb TOT (PakT, YTO B
3TUX NporpaMmmax He yynTblBaeTcs B JOCTATOYHO MOf-
HOW Mepe WHAMBUAYA/IbHOCTb HEWPOHHbLIX Uenen.
Tak, B KOHHEKTOME YenoBeka Npob6aemMaTnyHoO yyecTb
MHOTrO4YUCNEHHbIe haKTopbl rpyrnnel 3, KOTOpble On-
pefenstoT BHYTPEHHME CBOWCTBA Leneii u MOryT 6biThb
BaXXHbl B MCUXMYECKMX 3ab0neBaHUAX 4yenoBeka, T. €.
B )XVWBOM MoO3re. HelpoknbepHeTUYeCKnii noaxond Ha
OCHOBEe TPaH3UCTOPHbIX Mogeneit chopmaneH u rpyo,
TakK KakK He yYnTblBaeT MHOIMX peasibHO MpoTeKalLwnx
B MO3re rnpoLeccos.

MpepnoxeHHas nHTepnpeTaums mMosra Kak o6bek-
Ta OpraHn4yeckoin rmMbpuaHO HaHO3/TEKTPOHUKWM MNo-
3BO/ISET HageAaTbCA Ha KayeCTBEHHbIW MPOPbIB B UC-
cnefoBaHUW N NeYeHUn Mo3ra c NpUMeHeHUeM [0CTun-
XE€HUN HaHOHayK, B 4aCTHOCTW, HAHO3/MEKTPOHWKMN,
HaHOMaTepuanoB, HaHOTeXHONOruin. B pabote oTme-
YeHbl OCHOBHble BO3MOXHble NyTU (NOTeHuman) ux
MCNONb30BaHUA, T. €. MEepPCNeKTUBbl Pas/IMYyHbIX Ha-
npasneHnii. C ogHOW CTOPOHbI, TaK Kak MO3r — 3TO
06BbEKT ecTeCTBEHHOW HaHO3NEKTPOHWKMK, TO OCO6YI0
nepcnekTuey npeacrasnfeT NpoTe3npoBaHme He TOJlb-
KO OTAeNbHbIX Yy4acTKOB, HO W LefbIX ero obnacren m
CTPYKTYP C MOMOLLbIO YCTPOIACTB UCKYCCTBEHHOW 3/1€K-
TPOHWUKW. TNaBHbIM HallUM COK3HUKOM Mpu 3TOM Oy-
[eT caM MO3r, B 4aCTHOCTM €ero naacTU4HoCTb. A C
Opyroii ctopoHbl, lNMprvpoga Ha npuMepe mMo3ra noka-
3blBaeT HaM MarnmcTpasbHblii NyTb PasBUTUA MCKYCCT-
BEHHOW 3/1eKTPOHWKM Mnocne 3akoHa Mypa.

B uenom, oo Tex nNop noka He 6yaeT co3gaHa 06-
WwenpusHaHHas 1 BepHasa Teopus (YHKLWOHMpOBa-
HMA MO3ra, Bpsf, NU Kakas-HMbyab ofHa cTparterus
(mogxopn) ero vccnepoBaHuA npuBedeT K MOSHOMAac-
wrtabHoMy ycnexy. XOTs aBToOp M cuuTaeT NpeanoxeH-
Hble WHTepnpeTauutd N KOMMEKCHbIA MNOAXOL****
Hambosnee NpasubHbIMU U TUOKMMU MO CPABHEHUIO C
M3BECTHbLIMU, BK/KOYaA PacCMOTPEHHbIE, Ha AaHHOM

***% MpeanoXeHHbI KOMMAEKCHbIA Noaxon, MOXeT 6biTb pea-
NN30BaH OTHOCUTENIbHO GbICTPO B MEPBOM MPUBANXEHUN, @ B Ad/lb-
HelileM BO3MOXHbl MOAMdMKaLMN 1 yTouHeHns. lonycTMma KOM-
OMHaLMA N C KOHHEKTOMUKOMN.
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aTane Heo6xoAMMO pa3BMBaTb M MPUMEHATb pPasHO-
obpasHble cTpaternu, 4to o06fA3arenbHO nNpuBedeT K
6onee rnybokomMy MNOHUMaHUIO (PYHKLWOHWPOBaHUSA
MO3ra W, Kak crefcTBume, K ycriexy B IeYeHUN cambiX
pasnnyHbIX NCUXNYECKMUX 3a60MeBaHni yenoseka. 3a-
fava 34ecb, AeliCTBUTENbHO, OYEHb TAXenas u Tpyao-
emMkas 1, No-BMANMOMY, pacTAHeTCa Ha AecAaTuneTus,
ecnn He 60/Mblle, O4HAKO CTaBKWM 3anpenefibHO BbICO-
K. M 3TO He TONbKO pasragka rnasHoi 3aragku MNpu-
poapl, a 4To 60see BaXHO — MOJSIHOLEHHAA XMW3Hb
MHOIMX MWIJINOHOB N0AEN, B TOM 4ucie A0POrux u
Mo6umMbIx!

ABTOp CYATAET CBOMM MPUATHBLIM JOATOM BbIPa3nuTb
WCKPEHHIOK MPU3HATENbHOCTbL MoMM yyeHuuam H. B. Ko-
nomeiilesoii u V. A. PomaHoBOI# 3a NoAroTOBKY PyKOnu-
CW CTaTbMW K neyaTu.
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Prospects of Nanoelectronics, Nanomaterials and Nanotechnologies
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The author presents the prospects of nanoelectronics, nanomaterials and nanotechnologies in research and medicine of the human brain within
the proposedfull electronic interpretation ofitsfunctioning, and analyses the US and EU main projects concerning the human brain — BRAIN Initiative
and Unman Brain Project.

He points out the drawbacks of the two main research directions of those projects based on a human connectome and neuro-
cybernetic approach with the use ofthe transistor models. He demonstrates that the proposedfull electronic interpretation ofhuman
brainfunctioning and the combined hierarchical approach ofits detailed analysis, based on multilevel simulation in conjunction with
the experimental methods, are moreflexible in comparison with the indicated approaches. In particular, the combined approach al-
lows us to take into account various additional processes, secondary to the main ones. Thus, the developed approach isopenfor mod-
ifications. As a result, it is more suitable for research and medicine of the human brain.
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, dedicate this article to the blessed memory of my mother —

Galina Kazimirovna Ganysh (Adutskevich), formerjuvenile prisoner
ofthe Nazi concentration camps of Osventsim, Buchenwald and Beriien- Belzen.

Introduction

The complexity of the human brain makes it a
fantastic object. The number of the nervous cells is
1010.. 1012, of synapses — 1014.. 1015 and even greater
is the number of the ionic channels and molecules (the
key structures) about 1()2~per 1cm . Very impressive is
the brain’s memory volume used for information stor-
ing. There are different estimations: 10¥* .1016 bits [ 13
10 ... 101~ bits [21. An even more impressive estimation
oft he total information volume by the number. of pos-
sible neural states is presented in the work (3]: 2;\
where N — is the full number of neurons (N = 10 ),
K — is the number of generations of actuation (K» 1),
it is really an astronomical figure.

Especial result of functioning of this information
system is consciousness* — the main riddle of Nature.
It was not without reason that Vitaly Ginzburg, Nobel
Prize Winner, believed that "explanation of the origin of
life and thinking on the basis of physics alone was one
of the three great problems of the modern physics" [4].

The aim of the article is analysis of the prospects of
nanoelectronics, nanomaterials and nanotechnologies
in research and medicine of the human brain, and also
of the main US and EU programs** for its studying
BRAIN Initiative and Human Brain Project. The meth-
odological basis for this is the proposed by the author
full electronic interpretation of the brain functioning
and a complex hierarchical approach based on multi-
level modelling in combination with the experimental
methods.

* flere it is obvious that the dialectic law on transition of quantity
into quality is true.

** The author uses a more true translation into Russian — the
word "program".

US and EU programs for brain studying

Approximately in 2013 two grandiose by their scale
and ambitious by their aims human brain research pro-
grams of the USA and EU countries were announced.

BRAIN (Brain Research through Advancing Innova-
tive Neurotechnologies) Initiative was announced by the
US president in April, 2013 |5] with the volume of fi-
nancing up to 3 billion dollars from the federal budget.
The initiative was dubbed as one of the Great Chal-
lenges. It was expected to be more large-scale and com-
plex than the Human Genome Project. One of its basic
directions will be mapping of all the neurons of the hu-
man brain (development of a human connectome). The
brain connectome was expected, at first, to help look
into many mental diseases (disease of Alzheimer and
Parkinson, schizophrenia, dementia, etc.), and subse-
quently to treat them. The forerunner of this initiative
was Human Connectome Project of the National Health
Institute of the USA [6]. Mapping was begun from the
nervous system of a worm (C. elegans), containing only
7 thousand bonds. | would like to point out that the hu-
man connectome is approximately 100 billion times
bigger. For more details concerning the connectome
see the book by Professor S. Seung [61

Human Brain Project (HBP) was announced by the
European Commission practically simultaneously with
the Initiative of the USA, the volume of financing of
which was about 1,2 billion euros. According to the
program, understanding of the human brain is one of
the greatest challenges for the science of the 21st cen-
tury 17]. HBP includes 13 subprogrammes. One of the
basic directions will be development of a model of a hu-
man brain on transistors with the use of supercomput-
ers. This actually is a neurocybernetic approach.

In general, the above approaches are a kind of
movement to each other and continuation of the pre-
viously implemented projects, namely [31 Human
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Connectome Project, Blue Brain, IBM projects, Allen
Human Brain Atlas, etc.

In the given section | will enumerate only the most es-
sential drawbacks of the basic approaches of the above
programmes, which are noted, as a rule, by the heads or
participants of the projects (see, for example, [3, 6]).

About the connectome. To my mind, among the basic
drawbacks of the main approaches* are the following:

1 Very long period of time necessary for obtaining
of the connectome. Thus, obtaining of a single finished
connectome of a worm required a decade.

2. So far a connectome can be found only from a
dead brain.

3. According to Professor Seung, full quantity of in-
formation in the human connectome is about 10 bytes.
And, generally speaking, we do not know what to do
with it. As a result Professor Seung lost hope in finish-
ing the project, not only because of the problems with
obtaining of the information, but also because of the
problems with its processing (the problem with decod-
ing of the connectome). He also had his doubts con-
cerning the very theory of the connectome, the main
principle of which was [6]: "The function of a neuron
is determined mainly by its bonds with the other neu-
rons". As it is apparent from below, those doubts were
not unreasonable.

About the neurocybernetic approach. In my opinion,
the basic drawbacks of the approach are the following:
1) The bonds are modelled only between the cortex
and thalamus, i.e. most part of the brain is not con-
sidered; it is not clear, if this modelling reflects the re-
ality; 2) There are no supercomputers of the demanded
productivity, therefore the approach is realised stage by
stage, beginning from modelling of the brain of more
primitive animals, mice, in particular.

So, the common drawbacks of both basic approach-
es are the following: 1) Very long period of time for
obtaining of information concerning the human brain;
2) Huge volumes of the expected. information, under-
standing of which would require, apparently, corre-
spondingly long periods of time. What does that mean?

A good review of the most important research works
of the brain implemented in Russia was given at the sci-
entific session of the General Meeting of the Russian
Academy of Sciences "Brain: the Fundamental and Ap-
plied Problems" 18]. Although "The Program of the
Fundamental Scientific Researches of the State Acad-
emies of Sciences for the period of 2013—2020" devot-
ed considerable attention to the problem, it did not re-
sult in creation of such a global program for the brain
research in comparison with the ones mentioned above.

Full electronic interpretation of the brain functioning

The reports of the international conferences |9—1 1],
monographs 112, 13] and a number of articles [14— 171
describe a complex hierarchical approach to the re-

* It is impossible (o analyse all the projects of the programs,
because a very big number of experts from the West, including the
leaders in various areas of neuroscience, take part in them. And that
means that breakthrough results can be obtained in other directions.

search of the human brain, based on multilevel mod-
elling in combination with the experimental methods,
within the framework of a full electronic interpretation
of its functioning. Since they are described in detail in
112, 131 here | will point out only the basic moments,
which will be important for the article.

The main problem with studying of the brain func-
tioning, especially of the mental functions at the neuro-
physiological level, is connected with the feet that it is a
tangle of a big number of physical and chemical proc-
esses. In this connection hypothesis number one is ac-
cepted: according to it, the dominating, influence on the
brain functioning was rendered by the electric processes.
Thus, information processing in a brain takes place ba-
sically at the level of the electric processes. Other kinds
of essentially important processes, i.e. the chemical proc-
esses, ensure, first of all, support for the neuronic chains
(electric circuits) of a brain, and also their modification.

For the first time it is demonstrated, that a neuronic
chain of a brain can be interpreted as a nonlinear elec-
tric circuit of the first type, having the following prop-
erties: 1) At first, the neuronic chain is a growing and
later a modified electric circuit (the basic difference from
the integrated circuits (1C) — the electric circuit of the
second type); 2) The nonlinear electric circuit of the first
type is characterized by an extremely difficult topology
and a variation of the properties comprising, as it would
seem, the same elements (bodies of cells, axons, den-
drites, spinules, synapsis, etc.); 3) Electric circuits of
the first type can demonstrate a big variety of behavior,
depending on both the incoming signals, and on the sig-
nals passing through them; 4) From the point of view of
electronics, the brain of an adult person is a set of non-
linear electric circuits (neuronic chains) of two kinds:
which cannot be modified and which can be modified.

Since the key elements in the electric circuits (neu-
ronic chains) of a brain are ionic channels — complex
nanoelectromechanical systems (NEMS), the brain as
a whole was interpreted not as just an object of elec-
tronics, but as an object of organic hybrid nanoelec-
tronics [12, 131 | should point out the basic difference
from 1C of the solid-state micro- and nanoelectronics.
In them the active elements are diodes and transistors.
Thus, Nature opted for another, very different road.

Within the framework of the proposed full electronic
interpretation of the brain functioning, the brain's
functioning is roughly considered. Three types of the
mode of its work as a set of nonlinear electric circuits
were singled out, namely: 1) under an external influence;
2) without an external influence (internal); 3) mixed.
All the separate operation modes of a brain, including
perception, memory, thinking and other mental func-
tions, belong to one of the specified types. Moreover,
any specific operation mode of a brain is a result of pas-
sage of the electric signals via the corresponding set of
the electric circuits, at that, the basic possible opera-
tions are: comparison, coding, decoding, action com-
mand, modification of the neuronic chains.

Thus, a thought is decoding (internal reproduction) of
the electric signals, initiated by the brain itself and pass-
ing via various neuronic chains of the brain of the cor-
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responding spaee-time configuration. Hence, a thought
is a kind of a reverse process to processing of the in-
coming information (direct procesis), initiated, appar-
ently, mainly by the brain cortex, i.e. the currents pass
via the neuronic chains, while images, concepts, etc.
appear as a result of decoding of the information con-
taining in the corresponding neuronic chains.

Let us make some addions and specifications to the
theory 112, 131briefly described above.

The modern experimental data [3| suggest a conclu-
sion that the sphere, responsible for realization is the
prefrontal brain cortex of the frontal lobe*. Thus, ini-
tiation and possible tracking of the thinking activity
takes place in the neuronic chains of this sphere, and
then flexible binding happens with the neuronic chains
of various structures and spheres of the brain, depend-
ing on the character of the thought. If, as a result, any
action happens, for its comprehension it will be neces-
sary, that the information would come for processing to
the prefrontal brain cortex. As a result, a natural delay
occurs, the fact which caused a very rough discussion in
the neurophysiological literature (the known experi-
ment of B. Libet of 1985 "about a free will" [3]. It turns
out, that, at first, we operate, and then we realise it. In
the light of the stated above this frequently occuring de-
lay becomes clear. In the long run, nevertheless, it is the
brain that takes a decision, not someone from the other
world. In this connection, from my point of view; a
sharp contraposition of the conscious and subconscious
activities of a brain is incorrect. The basic difference is
that in case of a comprehension of that or other activity
an obligatory participation of the neuronic chains of
one more area — prefrontal brain cortex is necessary. At
the same time, it is known, that the overwhelming
number of human actions are carried out at a subcon-
scious level and only an insignificant part — at the con-
scious level. In the latter case the quality of activity can
be essentially improved. However, payment for this is
the above-mentioned delay owing to the necessity of
participation in the information processing of, at least,
one more area of the brain, responsible forcomprehen-
sion. In some cases this is not necessary, or can even be
harmful, therefore, many human actions occur in an
automatic mode (at the subconscious level).

Of great interest is the problem of connectivity |3|
between the neuronic chains of various areas of a brain
in the course of its functioning. Flexibility of binding is
reached, at least, at three levels: 1) Bonds between the
areas and/or structures; 2) Neural ensembles (various
neural ensembles can participate in the areas and struc-
tures); 3) Neurons (the neurons themselves are multi-
functional). This complicates greatly the analysis. In
the light of the proposed full electronic interpretation,
very convincing (due to the enormous number of neu-
rons) is the developed theory about synchronisation of
the fluctuations in the neuronic chains of various sec-

* One should not forget that "lor normal functioning of con-
sciousness” of crucial importance are “"cerebral cortex of big hemi-
spheres, thalamus and functional bonds between these areas of the
brain" 1!X|. This underlines special importance of a system principle
in the work of a brain [191

tions of a brain [3]. Apparently, for the first time this
idea was expressed already by A. Ukhtomsky and devel-
oped by F. Krik and K. Kokh, V. Singer and D. Edel-
man, and others. It was established that for the con-
scious activity gamma-waves with frequency of about
40 Hz were important. Earlier [12, 13] it was already
noted, that "the cogitative activity, apparently, was the
essence of the macroscopical collective phenomena in
the nonlinear electric chains of the first type” and had
a kind of a resonant character. These views do not con-
tradict the theory about synchronisation of fluctuations.

According to A. Revonsuo [20J the theory [12, 131
can be classified as a monistic materialistic theory of
consciousness of the emergent type. As it was men-
tioned, it contains specific processes of a higher level —
macroscopical collective phenomena in the nonlinear
electric circuits (neural chains) of a brain.

Complex approach to the brain research

The proposed full electronic interpretation of the brain
functioning served as a basis for a complex hierarchical
approach to its research, based on multilevel modelling in
combination with the experimental methods 112, 13].

Development of the approach required introduction
of two more hypotheses 112, 13]. So, arguments ap-
peared that, on the one hand, the mental functions of
a brain could not be described precisely by means of the
gquantum mechanics, and on the other hand, — in prin-
ciple the brain functioning could be described with a high
(sufficient) degree ofaccuracy with application ofthefor-
malism of the quantum mechanics at the modern level of
its development. The latter statement is hypothesis 2
about the sufficiency of the quantum mechanics. Also
there were arguments in favour of hypothesis 3: a strict
mathematical description ofa brain operation by means of
the quantum mechanics belongs to the hard-to-solve prob-
lems of NP class. Thus, strict modelling of a brain at the
level of the quantum mechanics is impossible now and
in the foreseeable future. A rational solution in the ex-
isting situation is a complex hierarchical approach on the
basis of the multilevel brain modelling in combination
with the experimental methods. One of the possible ways
of realisation of such an approach is described in [12, 13].

An important advantage of the approach is a possi-
bility of taking into account various "chemical, thermal
and other significant processes" and influences [12, 13],
i.e. their property of openness. In particular, it is possible
to take into account the influence of the glia cells, which
10 times outnumber the neurons; the bulk currents [20];
possible modifications in the neuron chains, in particu-
lar, not long ago it was established that memories (the in-
ternal mode of the brain operation in accordance with
the proposed interpretation) can change the structure of
protein [3], etc. This will require development of the cor-
responding models. Even the above mentioned factors
involve a lot of uncertainces. However, rather simple
ways of taking into account of the less important factors
are possible — their influence can be described by means
of the leakage current, parasitic elements in the models
of electric circuits (neural chains) of the first type, taking
into account more significant processes.
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Essence of mental diseases

The proposed interpretation allows us to connect the
mental diseases with a deviation of functioning of the
electric (neural) chains of a brain from the normal*
modes. The deviations can be caused by numerous fac-
tors. Analysis demonstrated that, apparently, we can con-
ditionally refer to them the following: 1) The factors con-
nected with destruction of chains; 2) The factors caused
by wrong bonds of the functioning chains; 3) The factors
determined by the changes in the design-technological
and electrophysical parametres of the chains [12, 13], in-
cluding the biochemical processes in them. As a whole,
these and other factors lead to changes (deviations from
norms) in the electric modes of the chains’ functioning.

Apparently, mental diseases result from the most es-
sential problems in functioning of the chains. In this con-
nection the importance of the factors of groups land 2
is the most obvious. They are exactly the aim of the hu-
man connectome project. However, it would be incor-
rect to connect all the mental diseases only with the fac-
tors of groups land 2. The situation is more complex.
We will consider factors of group 3 in more detail.

Let us return to the question, what determines in-
dividuality of the neuronic chains. This is considered in
detail in 112, 131 In particular, it is shown, that the
neuronic chains are characterized by extremely com-
plex (actually, individual) topology. In principle, in each
person the stored information is coded exactly in the to-
pology of a neuronic chain (factors of groups 1and 2).
However, individuality of a neuronic chain can be in-
fluenced by many factors. Here are only some of the list
containing in 112, 131 namely: new bonds between the
neurons; molecular changes of synapses; synthesis of
RNA, proteins leading to the structural changes in syn-
apses, spinules, dendrites, axons, changes in the nuclei
of cells, etc. As a result we come to an important prop-
erty of the 2 chains mentioned above. During the proc-
ess of modification or reorganisation of the electric cir-
cuits (neuralchains) of the first type, the important fac-
tors are the changes in the bonds, geometry, conduc-
tivity, dielectric permeability, etc. (in-microelectronics
they are called design-technological and electrophysi-
cal parametres) of the corresponding sites of the chains,
which is reached by means ofthe biochemical process-
es**. Here, apparently, actually all the basic components
of a neuronic chain (cell body, axon, synapses, spinules,
dendrites, ionic channels, etc.) are nonlinear elements
of an electric circuit. Numerous experimental data tes-
tify to the importance of the factors of group 3 for var-
ious mental disorders (for example, [3, 231).

* The question "of normality" in psychology is a matter of prin-
ciple and at the same time it is very difficult. However, in neuropsy-
chology the concept of "a norm of a mental function" was introduced
long time ago 1211and is one of the most important ones. Without
this concept it is impossible to implement the research of the changed
states of consciousness — an intensively developing area of psychology
(see. for example, |22|).

** Therefore it is very important, that the biochemical processes
in the neuronic chains do not deviate from the norms and remain
within the admissible limits.

It is necessary to underline, that individuality of a
neuronic chain actually is a predetermining material basis
of subjectivity. Therefore, the mental diseases can be
connected with deviations of functioning of the electric
circuits (neural chains) of a brain from the normal
modes, which are caused by the factors of not only
groups | and 2, but also of group 3. We cannot exclude
a joint influence of the factors of various groups, con-
sidering a certain conditional character of the noted di-
vision into the groups of factors.

So, restoration of normal functioning of the dam-
aged electric circuits (neural chains) of a brain or other
correction of their operation should be the mainstream
in treatment of the mental diseases. The main question
is as how to do this?

New opportunities

As is known, the traditional methods of treatment of
mental diseases, as a rule, are insufficiently effective. If
we talk about medicines and chemical preparations,
their main drawback is that they are nonselective |3].
The result is that for many. serious mental disorders
there arc still no effective therapeutic methods of treat-
ment. At the same time, experienced neurosurgeons do
not interfere in different brain structures without sub-
stantial reasons because of unpredictable and often cat-
astrophic side effects.

Equipment. For brain research a wide spectrum of
experimental methods are used [3, 12, 13, 241 compu-
ter and positron-emission tomography, magnetic reso-
nance tomography (MRT), functional MRT, transcra-
nial electromagnetic scanning, electroencephalography,
electrocorticography, magnetoencephalography, elec-
tric irritation of a brain (EIB) by means of microelec-
trode technologies, deep stimulation of a brain (DSB),
chemical preparations and medicines, researches based
on brain destructions and pathologies, etc. Each meth-
od has certain advantages and drawbacks, however
analysis shows, that all of them are rather rough by their
resolution (in space and/or time), usually have indirect
character or in addition have other essential drawbacks.
In any case, "none of the frequently applied methods
has the necessary space and/or time resolution for trac-
ing of single neurons and even groups of neuronic cells,
for example, columns in brain cortex" [24].

Thus, used the applied instruments and methods of
brain treatment are characterized by one common and
serious drawback — roughness.

Then, why a success is reached in some cases? The
author sees two principal reasons for that. Firstly, sig-
nificant success in the brain medicine has mainly an
empirical character. New equipment, despite its rela-
tive roughness, nevertheless, promotes deeper under-
standing of a brain functioning. It can and should be
used within the framework of the proposed complex re-
search approach. Secondly, a very important property
of the brain is its plasticity [25, 26]. Fortunately, to a
certain degree it remains up to a rather old age 126, 271

| will dwell upon the perspective areas. It would be
appropriate to mention the intensively growing area,
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using the brain-machine interface* (BM1). BMI is the
system realizing a direct communication between a
brain and an external device. For restoration of some
functions it is often necessary to apply various neuroim-
plants. So, for restoration of hearing the cochlear im-
plants are used, and for sight restoration — the retina
implants. Neurochips, i.e. special 1C, are also applied.
The cochlear implants are already installed in more,
than 200 000 persons. There is success also with resto-
ration of the movement functions, abilities to commu-
nicate and others cognitive functions. Of special inter-
est is development of artificial limbs for the whole areas
of a brain, of hippocampus, in particular, by means of
special silicon 1C. Use of microelectromechanical sys-
tems (MEMS) and NEMS is also promising. A brief
description of the basic achievements, new ideas (some-
times fantastic, but announced by well-known scien-
tists) in the field of BM 1 is given in [3]. and the devel-
opment forecast — in [281

Another area is connected with DSB, i.e. electric
stimulation of deep brain structures by means of thin
electrodes with diameter of about 1,5 mm. The method
is development of EI B, pioneered by V. Penfild, H. Del-
gado and N. Bekhtereva. Its roughness was marked in
112, 13]. Physicians are very surprised with high effi-
ciency of DSB method in treatment of some very seri-
ous mental disorders |3|; in particular, Parkinson’s dis-
ease, depressions caused by overexcitation (hyperactiv-
ity) of certain brain structures. Positive results were
reached also in case of insufficient excitability of the ar-
eas, for example; when patients were withdrawn from a
coma 131 To a great degree the success of DSB is due
to the following reasons: 1) the areas of the brain re-
sponsible for many mental diseases |3]| were determined
experimentally; 2) by means of DSB a restoration of the
normal modes of functioning of the corresponding
electric circuits (neural chains) of the brain takes place.
Although neuropsychologists often connect Parkin-
son’s disease with destruction of the neuronic chains
(factor 1), and depression — with the wrong bonds of
the neuronic chains (factor 2), factor 3 should not be
excluded, i.e. the influence of the deviations from the
norms of the biochemical processes in the neuronic
chains. The latter hypothesis is indirectly supported by
the experimental data on stimulation by means of the
D SB method of the growth of new neurons in hippoc-
ampus 131 Apparently, the artificially initiated electric
processes provoke cascades of the biochemical processes
leading to the growth of new neurons, and restoration of
the bonds between them. In this connection, it isvery in-
teresting to investigate the influence of the variation of
electric modes of stimulation in the DSB method.

Taking into account the interpretation of a brain as an
object of organic hybrid nanoelectronics, allowing a new
vision of its functioning and described briefly above, qual-
itatively new opportunities are open in the discussed ques-

* Other terms, close in their meaning, are also applied, for ex-
ample. "neurocomputer interface", "interface-brain-computer". The
author believes that the most suitable by its meaning is expression "in-
terface-brain-machine”, because the term "machine" is more general
and true than "computer”.

tion in case of large-scale application of the achievements
of nanoelectronics, nanomaterials and nanotechnologies
(nanosciences in general). The strategic directions should
be development of new instruments and methods of treat-
ment. The primary goals will be: 1) research; 2) treatment;
3) diagnostics; 4) monitoring; 5) control of the neuronic
chains and other brain components.

In the above perspective areas connected with BMI
and DSB, the main direction is miniaturization. So, sil-
icon 1C nanoelectronics with design norms of 14 nm
are already produced. No doubt, that such advanced
technologies will be used for creation of neurochips
(neurocomputers), raising their potential in BM | due to
their small (acceptable) sizes with a simultaneous in-
crease of their functionalities. The presently applied
probes for realisation of DSB are rather rough and can
lead tu bleedings, sometimes ending with strokes [3].
Ideally, for improvement of the methods certain con-
ditions should be met. "Firstly, influence should be ap-
plied to a strictly certain point (spot) of the neuronic
chain, and, possibly to a combination of points in the
space and time, at that, this should be done by the sig-
nals of a certain form (current strength, frequency,
etc.). Secondly, more sophisticated electrodes are nec-
essary, for example, in the form of nanowires, because
this will make it possible to get connection even to a cer-
tain point of a separate neuron, that is, to the required
spot of the electric circuit of the first type" [12, 13].

Apparently, it will be possible to connect to any lo-
cal area of a neuronic chain not only nanowires, but al-
so other nanodevices (tubes, electrodes, sensors, etc.)
practically without destruction, for the purpose ofcor-
rection and restoration (treatment and prosthetics), re-
search and diagnostics of the chains. For restoration of
the electric bonds** between the neurons very promis-
ing is the use of wires with diameters of the micrometer
and nanometer bands, while the nano- and microtubes
can be applied for establishment of the electic ties and
transport of various chemicals, that is, for a full resto-
ration of the destroyed bonds and delivery of medicines.
Thus, it will be possible to treat at least certain diseases,
caused by factors of group | and 2

Very interesting direction is optogenetics [3, 29]. Its
essence is that by introduction of a light sensitive gene
(protein) in a neuron, after its illumination it is possible
to excite the neuronic chains responsible for certain
schemes of behaviour. It is possible not only to establish
the corresponding neuronic chains, but also to control
their behaviour. The method was tested on Hies and
rats. This technology is believed to improve treatment
ofsuch mental disorders as Parkinson’s disease, depres-
sion and also can improve the DSB method.

Many of the above productive methods of brain treat-
ment and even some diagnostics require cephalotomy, in
other words, these are the invasive methods, which is not
so good. Nanoelectronics, nanomaterials and nanotech-
nologies (nanoscience as a whole) can give an impetus to

** Here, the property of plasticity of a brain will also be important.
Therefore, sometimes it will be sufficient just to restore the electric
bond in the areas of brain and/or between them.
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an intensive development of little-invasive and noninva-
sive methods, i.e. qualitatively new brain medicine.

The objects referred to a nanoscale have at least one
of their dimentions in the range from 1up to 100 nm.
Exactly within this range are the typical sizes of many
basic biological brain structures (genes, DNA, RNA,
neuromediators, proteins, etc.). This is important, be-
cause Nature itself used nano-objects intensively for
creation of the brain.

| should point out that increasingly many mental
disorders are connected with nano-objects. Let me
present some facts [3, 23]. Thus, most specialists believe
"that each mental disorder has its genetic basis" [31, in
particular, a common genetic factor of five mental ill-
nesses was discovered, namely: schizophrenia, bipolar
disorder, autism, depression, attention deficit disorder
and hyperactivity. DNA analysis demonstrated, that
four genes raise the risk of occurrence of such disorders,
while two of them are responsible for regulation of the
calcium ionic channels, i.e. key NEMS of the brain
electronics. A number of mental disorders are connect-
ed with insufficiency (Parkinson disease) or redundan-
cy (schizophrenia. Turret syndrome) of the neurome-
diators (dopamine, glutamate, serotonin, acetylchol-
ine, etc.) |3, 23], i.e. their deviation from the norms.
The given facts convince us that it is necessary to begin
an active and purposeful struggle with the mental ill-
nesses also at the nanolevel.

Hence, the basic ways of returning to the normal
modes of functioning of the electric circuits (neural
chains), the deviations from which are caused by factors
of group 3, should promote restoration of generation or
delivery of the corresponding nano-objects to up to the
standards, in particular, this refers to the neuromedia-
tors, and also to the transport of the medicines leading to
normalization of the biochemical processes in such
chains. Since such delivery should be selective, dosed and
local, the problems will be with the means and ways.

Means of delivery. Here, again, we should learn
from Nature. Thus, vesicles (vials) with diameters of
about 10—60 nm* [30] transport thousands of neuro-
mediators via axon to synapse. Even DNA (with the
length of about 2m) of a typical human cell in a twisted
form is packed in a nucleus with a diameter of about
0.005 mm** [31]. Therefore, the means of delivery to the
brain should be micro- and nano-objects, for example,
spheres, particles, capsules, cylinders, tubes, etc. of the
nanometer sizes, and containing the necessary materials.
Even the first experimental results 132—34] of delivery of
medicines by means of such artificial objects for treatment
of various human diseases, including cancer, testify very
convincingly to the big opportunities of the approach.
The deliveries can involve various influences (magnetic,
ultrasonic, thermal, etc.), molecular motors, carbon na-
notubes (CNT), etc., including the means which can
overcome the hematoencephalic barrier*** [34].

* In literature differing data are presented, however, the range
from 10 up to 100 nm. i.e. within the nanometer limits, is typical.

** The presented data also differ.

*** The problem, which is easier to solve exactly at the nanolevel.

Apparently, the ways of delivery will present even a
bigger problem. The situation will be easier during de-
velopment of the invasive methods. In this case there
will be applications for various micro- and nanodevices,
including probes, tubes, wires, fibers, scalpels, lasers,
etc. with the sizes typical for the micrometer and na-
nometer ranges.

There will be much more problems with develop-
ment of little-invasive and noninvasive methods. Very
promising is the use of various magnetic nanoparticles
and nanocasules, applied to the brain structures by
means of electromagnetic devices. Of special interest
are also carbon nanomaterials [35—371 Thus, sensitiv-
ity of CNT to an electromagnetic signal was demon-
strated experimentally. Intensf /e research works for
development of nanoradio on CNT 135, 36, 38, 391are
going on. In this connection it is possible to imagine a
tiny "submarine" of nanoparticles, including nanoradio
on CNT, medicines and nano-objects, which transport
via the blood system-or/and the nervous tissue to strictly
certain sections of a brain, for example to a tumour,
and unloading wonder-working remedies by a radio-
frequency signal from the outside, and then leaving the
organism (brain). A possibility of use of such "subma-
rines" for restoration (establishment) of neuronic bonds
with the help of micro- and nanowires (tubes, fibers,
etc.) is not excluded.

However, a more cardinal solution to the problem
would be a return to the idea of R. E, =>i;nmen and A. Hibbs
about development of "microscopic robots", "mechan-
ical surgeons ”, "tiny automatic machines” MOQ] or re-
pair brigades of micro- and nanorobots. Considering
the extreme complexity of the brain, the practical re-
alisation of this idea will involve a serious approach at
micro- and nanolevels.

Conclusion

A brief consideration of the basic directions of the
two global brain research programs — BRAIN Initiative
(USA) and Human Brain Project (EU), revealed their
drawbacks. To the considerations mentioned above it is
necessary to add the fact, that they do not fully take into
account individuality of the neuronic chains. Thus, it is
very difficult in the human connectome to take into ac-
count numerous factors of group 3, which determine the
internal properties of the chains and can play an impor-
tant role in human mental diseases, i.e. in a live brain.
The neurocybernetic approach based on the transistor
models is formal and rough, because it does not take into
consideration many processes really going on in a brain.

The proposed interpretation of the brain as an object
of organic hybrid nanoelectronics allows us to hope for
a qualitative breakthrough in the research and treatment
of the brain with the use of achievements of nanoscience,
nanoelectronics, nanomaterials, nanotechnologies, in
particular. The main ways (potentials) of their use, that
is, development prospects were outlined. On the one
side, the brain is a natural object of nanoelectronics, and
of special interest is prosthetics of its certain sections and
whole areas and structures with the help of artificial elec-
tronics. Our main ally will be the brain itself, and its plas-
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ticity, in particular. On the other side, on the example of
the brain Nature indicates the major way for develop-
ment of artificial electronics after Moor’s law.

In general, before we have a universally recognized
and true theory of the brain functioning, any one strat-
egy for its research will hardly lead to a full-scale suc-
cess. Although the author believes that the proposed in-
terpretation and a complex approach* are more correct
and flexible in comparison with the existing ones, in-
cluding the one considered above, it is necessary to de-
velop and apply various strategies, which will inevitably
lead to a deeper understanding of functioning of a brain
and. as a consequence, to success in treatment of hu-
man mental diseases. The task, is really formidable and
labour-consuming and apparently, will require decades,
if not more, however, the rates are extremely high. This
will not only be a solution to the main riddle of Nature,
but, what is even more important, it will mean a high-
grade life for many millions of people, including the
ones we love and care about!

The author considers as his pleasant duty to express his
sincere gratitude to his disciples H. V. Kolomejtseva and
/. A. Romanova for preparation of the manuscript of the
article for publishing.
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