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1. BBEAEHHE

CosgaHue 1oCTaTOYHO MOJIHOM MOJEIM MO3ra Je-
JIOBEKa — MeyuTa co3aarelieil MICKYCCTBEHHOTO MHTE -
JekTa. JleiicTBUTEIbHO, COBpEMEHHAas HayKa IT0Ka He
MOXET MPUOJN3NTHCI K TIOHNMaHUIO 3PHEeKTUBHO-
ctu Mo3ra. M B To xke BpeMs1 Bopoc 00 00bsICHEHUH
MBIIIUICHUST SIBJISIETCS OMHOI M3 BaXXHBIX IPOOJIEM
¢usuku [1]. B craTbe mpoaHaTM3MpOBaHEI OCHOBHBIC
0COOEHHOCTH PabOThI YEJIOBEUYECKOTO MO3ra, a TAKKe
NpeAcTaBIeHBI ITOIXOIbI, CIIOCOOHEBIE B HEKOTOPOM
pone IIpeICTaBUTh €ro 2JIeKTPOHHBIE aHanoru. B
YaCTHOCTH, JaH 0030p pabOT aBTOpa U paCCMOTPEHBI
cJIeIyIolNe BOIIPOCHL: ITOJIHAS 3JIEKTPOHHAsI MHTEP-
npeTtauus GYHKIIMOHUPOBAHMS MO3Ta; KOMILJIEKC-
HBIA MepapXuyeCcKuii Moaxo1 ero UCCIeqJOBaHuUS; CO-
3HaHME U KBaJIda YeJI0BeKa; IIepCIEKTUBEI 1 ITPOOJIEMbI
CO3IaHUS CBepXpa3yMa; IIepCIEKTHUBEI UCITOJIb30BaHMS
HAHO2JIEKTPOHUKM, HAaHOMATepUaJIOB U HAHOTEXHO-
JIOTUIA B UCCJIEIOBAaHUM MO3Ta YeJIOBEKa.

2. [TOJIHAA OJIEKTPOHHAA
MHTEPITPETALIVA

“Mo3T MOXET MHTEepIPETUPOBATHCI B KaUeCTBE
00BbEKTa OpraHNuYeCcKoi TMOPpUIHOM HAHOIJIEKTPO-
HUKHU, co3naHHoii [Tpuponoit” [2]. JlaHHass uHTep-
npeTanus BIIEpBbBIE IIPO3ByYyalia B OTBETE aBTOpa Ha
BOIIPOC O JOCTUXKEHUSIX B 00JIaCTM HAHORJIEKTPOHUKU
Ha 11-it MexnyHapogHoii koHpepeHunu “CBY-Tex-
HUKa 1 TeJICKOMMYHUKAIIMOHHBIE TexHoaornn~, KpbI-
MuKo’2001, CeBacrononb, 10—14 cenrsiopst 2001 1.

Bnocnencteuu B JOKJIagax aBTOpa Ha MeEXKAyHa-
pOIHBIX KOHDepeHuusx [3—5], MoHorpadusx [6, 7]
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" HuKie crareii [8—11] onmcaHbl TOAPOOHO ITOJTHAS
BJIEKTPOHHAS MHTepIpeTalns QYHKIMOHUPOBAHUS
MO3ra U KOMILUIEKCHbBIN MepapXUyecKuil Toaxoa ero
HCCIIeTOBaHMS.

PaccmoTrpuM cHavana CyTh HNpeaIoKeHHOM MOoJ-
HOI 2JIEKTPOHHOI MHTEepHpETALIUU.

I'maBHas mpobnema aHann3a GyHKIMOHUPOBAHUS
MO3ra Ha CTPOrOM YpPOBHE OOYCJIOBJIEHA TEM, YTO €ro
paboTa ocCHOBaHa Ha OYeHb “3allyTaHHOM KIIyOKe” pa3-
JIMYHBIX (PUBNKO-XMMHUYIECKIX TTporieccoB. Tak, Ha pa-
00Ty MoO3ra MOTYT OKa3blBaTh BJIMSIHWE CJCIYIOIIIVe
B3aMIMOCBSI3aHHBIE TIPOIIECCHI: JICKTPUICCKUE, XUMU-
YecKUe, MEXaHUYeCKue, TeTUIOBbIe U Ap. TpaauliMoOHHO
B HEMPOTICUXOJIOTUH BBIASISIOTCS XUMUYECKUE U DJIEK-
TpUYECKHUE IIPOLECChI, IPUYEM, IIPEAIIOYTEHNE, KaK
MpaBWIO, OTHAeTCsI XUMUYecKuM. M3 ykazaHHOro pa-
Hee MOHSATHO, YTO 3TU MPOLIECChl MOTYT paccMaTpu-
BaThCsI TOJIBKO B KAYECTBE JOMUHUPYIOIINX IIPOIIECCOB.
MMeHHO ¢ 1e/IbIo TOIBITKU “pacmiyTaTh” yKa3aHHBIN
“KIIyOOK” aBTOPOM ObLIa MpemjIoXKeHa MOJIHAST JIeK-
TPOHHAsI UHTEPIIpeTalns (PyHKIMOHNPOBAHMS MO3Ta.

B ee ocHoBe nexur eunomesa I. cauraercs, 4TO
JIOMUHUpYIOIllee BIUSHUE Ha (byHKIIMOHUPOBAHUE
MO3ra 0Ka3bIBaloT 3JIEKTpUYECKIUE IPOLecChl. TakuM
oOpa3oMm, IpeamnojaraeTcst, 9To oopaboTku nHdOp-
MallMyi B MO3Te UAET B OCHOBHOM Ha YPOBHE 3JIEKTPU-
YeCKMX IIpoLecCcOB. XMMMYECKIE IIPOLECChl 00ecIIe-
YMBAIOT MUTAaHWE HEMPOHHEBIX (3JIEKTPUIECKUX) 1Ie-
neit Mo3ra u ux Momudukanuio. TakuMm obGpas3om,
peYb UAET O TUOPUIHOI JIEKTPOHUKE.

Bruto nokazano [6, 7, 9], 94To 6cro HEAPOHHYIO LIETTh
MO3Ta AOITyCTUMO MHTEPIIPETUPOBATh B KAYECTBE HE-
JIMHEMHOM 3JeKTpUYecKoi 1ienu nepBoro tuma. Ca-
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MBI OJIM3KMIA aHAJIOT TBEPIOTEIHLHOI SIIEKTPOHNKI —
nHTerpaibHas cxeMa (M C) — anekTpuyeckasi 1ierb BTO-
poro tuma. B pe3ynbrare CpaBHUTEIBHOIO aHaIM3a
LIETICH TIEPBOIO M BTOPOTO TUIIOB YCTAHOBJICHBI HAM-
Gosiee BaxXHbIe oTimums [6, 7, 9, 12]: 1) HelipoHHas
LIeMb IEpBOro TUIIA pealn30BaHA HA OPraHMYECKUX
Mmatepuanax, MC — Ha HeopraHm4ecKux; 2) B HEeTsIx
IIEPBOTO TUIIA OCHOBHOM SIBJISIETCS MIOHHAS TIPOBOA -
MocTb, B MC — aJIeKTpOHHAs U IBIPpOYHAasT; 3) KITI04Ye-
BBIMUY aKTUBHBIMHY 3JI€MEHTaMM B HEMPOHHBIX LETISIX
SIBJISIIOTCSI KaHaUTbl (MOHHBIE KaHaJIbl, MOHHbIE HACO-
Cbl M Op.) — CJIOXKHBIC HAaHO3JIEKTPOMEXaHNYECKUE
cucteMmbl (HOMC) ¢ xapakTepucTUUYeCKMMU pa3Me-
paMy B HAHOMETPOBOM auana3oHe. CiaenoBaTelbHoO,
peyb uIeT 00 OpraHn4YecKoil TMOPUAHON HAHOBJICK-
TpoHuke. B UC 0CHOBHBIMM aKTUBHBIMU 3JI€MEHTA-
MU SIBJISTIOTCSI IMOABI U TpaH3UCTOphl. Heobxomymo oT-
METHUTh, YTO BUIOB 1 Pa3HOBUIHOCTEI KaHAJIOB CyIIe-
CTBEHHO OOJbllle, YeM OUOOOB M TPaH3UCTOPOB;
4) HeIATpOHHas 1LIeITb XapaKTepU3yeTCsl OYEHb CIOX-
HOI TOITOJIOTMEN M Bapualveil CBOMCTB JaXe OMHO-
THUITHBIX 3JIEMEHTOB (TeJla KJIETOK, aKCOHBI, IEHIPUTHI,
LIUITUKW, CUHATICHI U Ap.); 5) HEMpOHHAas LIeTb — CHa-
yajia pacTyllas, a 3aTeM, Kak IIPaBWIO, PEryISIPHO MO-
IudunupyemMas nenb, YTO JOCTUTASTCS B Pe3yJIbTaTe
B3aUMOJIEMCTBUS DJIEKTPUYECKMX M XMMHYECKUX
IIPOLIECCOB, YTO SIBJISICTCS BaKHEUIIINM OTIMYUEM U
MPEUMYIIECTBOM 1IeTNeil TaHHOTO TUIA; 6) C TOUKU
3pEHUS DIESKTPOHUKU MO3T YeJIOBEeKa, eCIM paccMar-
pUBaTh €T0 B Ka4eCTBe MH(POPMALIMOHHOI CUCTEMBI, —
3TO, TIPEXIE BCETO, HETMHEWHBIE JIEKTPUISCKIUE LIETT
JIBYX BUJIOB, KOTOPbIE HE JIOJKHBI MOIUMDUIIMPOBATHCS
Y KOTOPbIE MOTYT MOAM(ULIMPOBATHCS.

B utore, uenu nepBoro TMmna MoryT A€MOHCTPU-
poBaTb OYeHb 0O0JIbIlIOE Pa3HOOOpa3ue B MOBEIEHUN
B 3aBUCUMOCTH KaK OT BXOMSIIIIUX, TaK U OT ITPOXO/Isi-
LLIUX [0 HUM CUTHAJIOB, KOTOPOE MoKa He TOCTUTHYTO
B UC. IlpenyioxxeHHas I0JIHAsI 3J1€KTPOHHASI MHTEP-
rpeTalus Mo3BoJInja pacCMOTPETh, KaK MPUOIU31-
TeJIbHO (DYHKLIMOHUPYET MO3T [6—11]. B yacTtHOCTH,
BBIJIEJIEHO TPU TUMA pexruMa padboThl MO3ra Kak Ha-
Oopa aJIeKTpUYEeCKUX Lierneil rnmepBoro tuna: 1) mpu
BHEIlIHEM BO3IelcTBUU; 2) 0e3 BHEIIHEro BO3deii-
cTBUS (BHYTpEeHHMI); 3) cMelaHHbIiA. [1pu aTOM Bee
KOHKPETHBIE PEeXUMBbl (PYyHKIIMOHUPOBAHUSI MO3ra:
BOCHPUSATHUE, BOCTIOMUHAHUE, MBILILJICHUE U IPyTrUe
Tcuxuyeckre PyHKIIMU, OTHOCSTCS K OMHOMY U3 Bbl-
JIeJIeHHbIX TUNOB. JII000# crieumduyeckuii pexxum
paboThI MO3Ta SIBJSIETCS PE3yJbTaTOM MPOXOXIESHUS
3JIEKTPUUYECKOTO CUTHaja (CUTHAJOB) TO COOTBET-
CTBYIOIIIEMY HaOOpYy HEMPOHHBIX LIeTet.

an/IHLlI/Il'II/IaJ'[bHO Ba’XHBIM ABJIAETCA BOIIPOC 06
YpPOBHE MHTeTpal M Mo3ra 4ejoBeKa KaK 00beKTa
BIIEKTPOHUKH. TpaguiIMOHHO B MUKPO- U HAHODJICK-
TPOHUKE OLICHKa IMPOBOAUTCA ITO YHCIY AaKTUBHBIX
3JIeMeHTOB. TaKMM B MO3Ie YeJIOBEKa SIBJISIIOTCS Ka-
HaJbl (MOHHBIE KAHAJIBI, MIOHHbIE HACOCHI U JIP.), KO-
TOpPBIX TOopas3ao Oosbllle, YeM HelipoHoB. I1o rpy6oii
oueHke aBTopa [13] M nexuT B nuanasone 10°—102L.
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CormacHo 60Jiee COBpeMEHHBIM JAaHHBIM KHUTH [ 14]
YU CJIO TOJIBKO HATPUEBbLIX HACOCOB B OTHOM HCﬁpOHG
MO3ra 4yejioBeka okosio 10°, a KaHajI0B — MUJUITMOHBIL.
IMosToMy 110 yTOUHEeHHOI onieHke M > 10V, BriBon
K€ O TOM, YTO MO3T YeJIOBeKa SIBJISIETCSl He MPOCTO
O0OBEKTOM 3JICKTPOHUKHU, 2 00BEKTOM OpraHNUIeCcKOit
rMOpUIHON HAaHOJIEKTPOHUKH [6, 7] ocTaeTcs B cU-
Je. IToTpebisieMass MO3TroM C OTMEUEHHBIM YPOBHEM
WHTETpallMd MOIIHOCTL Bcero okojo 20 Bt gomoi-
HUTEJIbHO CBUIETEIBCTBYET B I10JIb3y TOTO, YTO MBI
MIMeeM JIeJIO UMEHHO C HaHO3JIEKTPOHUKOIA.

VoenutenpbHOE M BCECTOPOHHEE HEMPOOMOIOTH-
YeCcKOoe CpaBHEHME MO3Ta Pa3InUHbIX XKUBOTHBIX ObI-
JIO TIpoBeAeHO B KHure [15]. BaxkHeimii BBIBOI pa-
ootbl [15]: “Huyero ocobeHHOro B 4YeJI0OBEYSCKOM
MO3re, MOBTOPUM €llie pa3, HEeT, €CIM He CUMUTaThb
YAUBUTEIBHO OOJILIIIOTO YKCJIa HEPOHOB” .

TakuMm 06pa3oM, TPUHLMITUAIBHOE 3HAYEHUE 110
MHEHHIO aBTOpa AJIs1 YHUKAJIBbHOCTU MO3Tra YejloBeKa
MMeET UMEHHO YPOBEHb UHTETPALMU, KOTOPbIA CO-
IJIACHO MPUBEIECHHO BBIILIE OLEHKE JIEXUT B IMAra-
30He 10'7—10%' aKTUBHBIX 3JIEMEHTOB, TaK KaK MEXIY
YUCJIOM HEHPOHOB M YMCJIOM KaHAJIOB MPONOPLUO-
HaJIbHas 3aBUCUMOCTS [ 16]. Pe3ynbraToM 0COGeHHO-
CTell MO3ra YejioBeKa U SIBJISIETCS CO3HAHUE.

3. KOMIUIEKCHBIN
MEPAPXWYECKHWI NMOAXO/

XOTsl aKTUBHbIE 2JIEMEHTbl HEJIMHEHHBIX 2JeK-
TPUYECKNX (HEMPOHHBIX) IIeTIe Mo3ra, T.e. KaHaJIbl,
(GYHKIIMOHUPYIOT B LISJIOM T10 LIMMPOBOMY TTPUHLIUITY:
OTKPBIT—3aKpPHIT, OMHAKO, XapaKTep 00pabOTKM MH-
dopmar B Mo3re 1 IpUPOIBI XKM3HU 0601e€ CIIOKHBIIN
1 o0t — aHanoro-1dposoii [17]. beccnopHo, 31O
HaJlo yYUTHIBATh ITPY UCCAeI0BaHUM Mo3ra. BeTaer pe-
30HHBII BOIPOC: KaK aHAIM3MPOBATh YCTPOMCTBO aHa-
JIOrO-IU(pPOBOI 2JIEKTPOHUKM TaKOro haHTaCTUUe-
CKOTO YpOBHS MHTerparun? Bemb n3BeCcTHBIC U3V
TBEPIOTEILHOI HAHORJIEKTPOHUKH TOJIEKO ITPEB3OIILTH
pyoex B 10° aKTMBHBIX 3JIEMEHTOB Ha KPUCTAJLIE, U,
Kak IIpaBUJI0, HOCIT UM POBOIT XapaKTep.

KpaTko orucanHas B I1. 2 TIOTHAsI 3JIEKTPOHHASI MH-
TeprpeTalys GyHKIIMOHMPOBaHUS MO3ra (B €€ OCHOBE
JIEXUT eunomesa [I) mocnyxuia 6a30ii NpeayioxkeH-
HOTr0 KOMIIJIEKCHOTO MepapXU4eCcKOTo MoaxX0aa ero
uccienosanusi. [logxom ocHOBaH Ha MHOTOYPOB-
HEBOM MOJISIMPOBAHNUM B COYETAHUM C DKCIICPUMEH-
TaTbHBIMU METOIAaMH U TOAPOOHO omucaH B paborax
[6, 7, 10, 12], TO3TOMY 31€CH BBIIEIIO TOJIBKO HEKOTO-
pbie BaxkHble MOMEHTHI. J1s1 pa3paboTKu Imogxoma
HEO0O0XOIUMO ObLIO MPUHSTH eIl IBE TUTIOTE3hI.

Tunomesa 2: GyHKIMOHMPOBAHWE MO3Ta MOXET
OBITH B MPUHIIMIIE OITMCAHO C BBICOKOM CTEIeHBIO
TOYHOCTU (IOCTATOUHOM) C MPUMEHEHNEM KBaHTO-
BOi1 MEXaHMKN Ha COBPEMEHHOM YPOBHE Pa3BUTHSI.
[pu IpUHATUU TUITOTE3bl YCTaHABIMBAETCS Ta IO-
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cratoyHas pU3nKo-MaTeMaTndecKast 6a3a, Ha KOTO-
pPOI1 MOXET OBITH OCHOBAHO MCCJIEIOBAHUE MO3TA.

ITpoBeneHHBIIT aHAT3 BOITPOCA 1 apTyMEHThI IIPH-
BOJISIT K HEOOXOIMMOCTH TIPUHSITh eunomesy 3. CTpOroe
MaTeMaThYecKoe omnrcaHue paboThl MO3Ta C TIOMO-
IO KBAHTOBOI MEXaHUKKU OTHOCUTCSI K TPYIHOpPE-
maeMbIM 3agadaM kitacca NP. I1puHsaTue 31oii ruro-
Te3bl O3HAYAET, UTO JaXe CTPOroe MoAeJupOBaHUE
(GYHKIIMOHUPOBAHUSI MO3ra Ha ypOBHE KBAaHTOBOIi
MEXaHWKM, K COXaJEHUIO, HEBO3MOXHO ceilyac U B
o0603pumMoM Oyayiiem. HeoOxonumel IpuOIMKeHUS,
MpUYEM Cephe3HBIE.

ITpu3HaHHBINI TTOAXON UCCIICAOBAHMS CJIOKHBIX CH-
CTeM — MEeTOJI ASKOMIO3ULIMHU, T.€. UCCIASAOBAHMSI I10
JacTsM. DTOT MOAX0M, KaK U3BECTHO, MHTEHCUBHO U
a3 dekTUBHO ncnonb3yeTcs ajs pa3padotku MC BTO-
pOro THUIIa TBEPAOTEIbHOI MUKPO- M HAHORJIEKTPOHM -
KU, BYacTHOCTH, yisrpadonsiinx MC (YBUC) c ypos-
HEM MHTErpalMy aKTUBHBIX 3JIEMEHTOB 60see 10°.
KoHeuHo, 3TOT ypoBeHb ropasio MeHbIIIE, Y4eM OT-
MEYeHHBI YpOBeHb MHTErpalliy MO3Ta, OJHAaKo,
umMerommiicss onbIT pa3padorku MC moimkeH OBITH
KCIOJIb30BaH.

[NepcrneKTUBHBIN BHIXON B JAHHOM ClIydae — IIpe-
JIOXKEHHBIN KOMIUIEKCHBI UepapXuieckuii Ioaxoa Ha
OCHOBE MHOTOYPOBHEBOTO MOJEIUPOBAaHUS MO3ra B
COUYETAaHMU C DKCIIEPUMEHTAIbHBIMU MeTogaMu. Oc-
HOBHBIE UaeH IToaxona B ciaenyromieM: 1). ComracHo
MPEUIOKEHHOM MOJIHOM 3JIEKTPOHHOMU MHTEpIIpEeTa-
11 (GYHKIIMOHUPOBAHUS MO3ra YejloBeKa JOITyCTH-
MO paccMaTpMBaTh KakK HaOOp HEJIMHEMHBIX 3JICK-
TPUYECKUX LIeTIei, a, CJIeA0BATEILHO, JIJIsSl €T UcClie-
JIOBAaHUSI MOTYT MCIIOJIb30BaThCs ITOMOOHBIC, KaK U
s UC, mpuHIMIBI MHOTOYPOBHEBOTO MOICINPO-
BaHWUs; 2). AHAJIU3 NPpoOJIEeMbl TOKA3bIBAET, YTO MO-
JIeTMPOBaHNE MO3Ta JIOJLKHO OBITh MepapXUUeCKUM B
LIEJIOM, T.€. MEXIY YPOBHSIMU (MHOTOYPOBHEBBIM),
U, B YaCTHOCTH, T.€. B paMKaxX OJHOTO YPOBHS 1ieJie-
CO00pa3HO IMIPUMEHSITh HA0OP MJIM UePapXrIo MOJIEe-
neii. Ilpn 3TOM HEOOXOAMMO MPUMEHSITh CaMble pa3-
JIMUHBIE BKCMepUMEHTaJIbHbIE METONbl U 000pYyI0Ba-
HUe. DTO CBSI3aHO CO MHOTUMU npuurHamu. Hanbonee
BaXXHO — 3aJlaHM€ MCXOOHBIX JAaHHBIX Y KOMITEHCa-
Uy “notepb”’ B aJIeKBATHOCTU MOJEIUPOBAHUS Ha
pa3IUYHBIX YpOBHsX; 3). Tak Kak 3agadya OTHOCUTCS
K TpyaHopeliaeMbiM Kiacca NP (eunomesa 3), TO
pazbueHue Ha YpOBHU HE MOXET ObITh OJHO3HAY-
HBIM, ¥ OyIeT 3aBUCETh OT IIPUHIIMIIOB Pa30UEHUSI,
HaIpuMep, OT MoJeaupyeMbIx ¢yHKImii. B paborax
aBTopa [6, 7, 10] mist oTUX Leeil IPeIIoXeHO UC-
MOJIb30BaTh pa30MeHWe Ha YPOBHM OpraHM3aluU
HEPBHOI1 cCcTeMBI yueOHMKa [ 16], a iMeHHO: 1) MOHBI;
2) MoJieKyJibl; 3) opraHesbl KJIeTKU; 4) KieTKa; 5) J1o-
KaJIbHbIE CETU (30HBI); 6) MPOEKIIMOHHBIE CeTH (CH-
CTeMbl); 7) MHOTOUYMCJIIEHHBbIE NepPEeKPbIBAIOIINECS
ceTH (MMOBeAeHME XKUBOTHOIO). BblI0 OTMEYeHO, 4TO
€CJIM OTOPOCHUTH TUIT HOCHUTe el 3apsina (YpoBeHb 1),
TO YHCJIO YPOBHEM paBHO LIECTU, KOTOPOE COBITAAAET

C YMCJIOM M3BECTHBIX OCHOBHBIX YPOBHEN MOIEINPO-
BaHuga coBpeMeHHbIX C [6, 7].

IIpoBeneHHBIN aHAIM3 MTOKA3bIBAET, YTO TaK KakK
BaxkHe M nipu aHanuse M C sBiisieTcst aTar cxemMo-
TEXHUYECKOTO MOACINPOBAHMSI, TO II0 aHAJIOTUU OC-
HOBHBIM 1 TIpU MCCJIEIOBAaHMM MO3ra MOXET OBITh
TaKK€ CXEMOTEXHUYECKOE MOAEINpPOBaHNE HEPOH-
HBIX HEJIWHEMHBIX BJIEKTPUYECKUX 1IEINei IIepBOIO
tuma. /s 3T0or0, 0OMHAaKO0, OyIeT HEOOXOTMMO pa3pa-
0oTaTh MHOTOYMCJIEHHBIE 3JIEKTPUYECKUE MOJIEIH
CJIeIyIOIIMX 3JIEMEHTOB. MOHHBIX KaHAJI0B, MOHHBIX
HAcOCOB, aKCOHOB, JCHAPUTOB, IIUIIMKOB, CHHAII-
COB, TeJI KJIETOK U JIp. YYET MEeHee CYIIECTBEHHbIX (DaK-
TOPOB MOXKET OCYIIECTBIIITHCS C TIIOMOIIBIO TOKOB
YTEUKH, TTAPA3UTHBIX 3JIEMEHTOB B MOJIENISIX JIEKTPU-
YyecKUX (HeMPOHHBIX) 1IeTieil TTIepBOro TUIA, YIYUThI-
BalolIux O0oJjiee 3HaUMMEBIe Ipoiecchl. anee, mocie
CXEMOTEXHUYECKOTIO MOAEIMPOBAHUS MOXHO CTPO-
UTb MAaKpOMO/IEJTb JIOKAJbHOM LIETIU U IEPEXOUTh Ha
CIIENYIOIIN YypOBEHb MOICIMPOBAHUS, a UMEHHO:
MPOEKILIMOHHBIE ceTH U T.A. Ilpm MomenmpoBaHUU
KaHayioB, T.e. HOMC, nnoTpebyeTcs, cynsl 1o Bcemy,
WCIIOJIb30BaHNE MHOTOYPOBHETO MOIEIMPOBAHUS C
MpUBJIeYEeHUEM, KAK MUHUMYM, 3JIEMEHTOB KBAaHTO-
BOW ME€XaHWKM, YIUTHIBas CIOXKHOCTb 3TuXx HOMC.

OcropoxHasi olieHKa, IpoBeaeHHasa B [6, 7, 10], mo-
Ka3bIBaeT, YTO MPEMIOKEHHBIN KOMITUIEKCHBINA repap-
XUYECKUI MOIXOM, MO-BUIMMOMY, AACT TTOJOXUTEb-
HbIEe pe3yJIbTaThl MPU MOIEIMPOBAHUU Pa3TUIHBIX
MCUXUIeCcKUX (GyHKIU, BKIOYast, MBICJIUTEIbHYIO
JIeSITeJIbHOCTD.

ITperMyIecTBOM MPEMIOKEHHOIO MOAX0AA U CXe-
MBI SIBIISIETCS CBOMCTBO MX OTKPBITOCTU. B yacTHOCTH,
JIOMYCTUMO YYUTBHIBATh BIMSIHUE PA3IUUYHBIX XUMM-
YECKMX, TEIUIOBBIX M APYTUX 3HAYMMBIX IPOIIECCOB,
BoO3AeiicTBHI 1 (haKTOPOB, HAITPUMED, INTUAJTBHBIX KJIE -
TOK, 0ObEMHBIX TOKOB, BO3MOXHBIX MOAU(MUKALINIT B
HEpOHHBIX LEMsIX, KOTOPhIE, KaK 0Ka3aJIOCh, MOT'YT
OBITh TaKe BO BHYTPEHHUX pexkUMax (PyHKIITMOHUPO-
BaHUs Mo3ra. JlomycTtuMa KoMOMHALIS U C APYTUMHU
M3BECTHBIMU IOAXOAAMU, BKJIIOYass KOHHEKTOMUKY.

4. CO3BHAHHME YEJIOBEKA

IpennoxeHHas TeOpuUs CO3HAHUS YeJIOBEKa Jie-
TaJIbHO oIucaHa B cTathbsx [13, 17, 18], a kBaiua — B
pa6ore [17], moaTOMY 3I€Ch aKIIEHTUPYEM BHUMAaHUE
Ha OCHOBHBIX MOMEHTaX.

CyTb TeopuHu yIoGHO paccMaTpUBaTh Ha IIpUMepe
JIOCTATOYHO CJIOKHOTO peXXrMa (yHKIIMOHUPOBAHUS
MO3ra — OCO3HAaHHOW 0OpabOTKM CEHCOPHOU WH-
dopMmanu. ComracHO ITOJHOM 3JIeKTPOHHOM MHTEP-
npeTanuyd — 3TO CMEIIAHHBIA (TPETU TUIT) PEXKUM
pabdoThl MO3ra.

Crporo roBops, IMpy aHajJn3e OCO3HAHHOM ob0pa-
OOTKM CEHCOPHOI MH(pOpMaLUU HEOOXOOMMO pac-
cMaTpuBaTh BClo cuctemy [13, 19]: mo3r—apyrue
COCTaBJSIIONIME HEPBHON CUCTEMBI—TEJI0—OKpPY-
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Xaromas cpena. K coxaneHuio, neTaabHbIN aHAINU3
SIBJICHUIA B TaKOI CICTEME HEBO3MOXKEH, ITOTOMY ObI-
JIO TIPOBEACHO PAcCMOTPEHNE B LIEJIOM Ha KaKIOM U3
OCHOBHBIX 3TAIIOB ITpoliecca 00padOTKM MH(pOpMAITAN.

IIpeoGpa3zoBaHus MocTymnarwlleit THGopMalLuu
(curHajioB) HauMHAaeTCs cpa3y Iocjie MoIagaHus
Ha pelenTopbl CEHCOPHBLIX CUCTEM 4YeJlOBeKa, Tak
KaK OHHM, KaK ITpaBWJIO, ITp€AHa3HAYCHbI IJId ITPUHA-
TSI OMHOTO BUIa CUTHAJIOB, 3 OHU MOTYT ObITh pa3HO-
00Opa3HbIMU: MEXaHUYECKUMU, ONTUIECKUMU, TETUIO-
BbIMU, XUMUYECKUMU, DJICKTPUYECKUMU U JIPYTUMU.
CrnenyeT Takke IIOMHUTB, YTO PaCIIOJIOXCHUE pe-
LIETITOPOB B TeJie HOCUT AVMCKPETHHIN xapakTtep. Ta-
KHUM 00pa3oM, cpasy xKe OCYIIECTBISICTCS peayLupo-
BaHUE U JEKOMITO3ULIMS BXOIAIIEil MHGopMaLuK,
MpuYeM BIMSHUE Ha 3TU IIPOLIECCHl OKa3bIBaeT HE
TOJIBKO OKpY>Kalolllasi cpefia, HO 1 TeJIo YyeJoBeKa.

B pesynbrare nocrynaroias nHGopMalus pa3ie-
JIsieTcs (IeKOMMO3UILIMS) MO BHELUIHUM U BHYTPEH-
HUM cucteMam. IToce nepBuyHOit 00pabOTKU CTUMYII,
KaK IIpaBWJIO, KOHBEPTUPYETCS B AIIEKTPUIECKIE CUT-
Hanbel. B manbHeilieM OoHM pacIpOCTpaHSIOTCS IIO
HEPBHOI CUCTEME C MOCTOSTHHBIMU TTPeodpa3zoBaH-
SIMM 13 DJIEKTPUYECKUX B XUMHUYeCKUe (HallpuMep, B
XMMHWYECKNX CHHAIICAX) CUTHAJIbI, 1 HAa00OpOT, T.C.
TIPOUCXOISIT PETYIpHbIe U3BMEHEHUs (TpaHchopMa-
mus1). B ¢cBs3m ¢ TeM, 4TO B mpoliecce repenayy MH-
¢dopMalIy IPUHIUITMATBHOE 3HAY€HE UMEIOT pa3-
JIMYHBIe KaHaibl, T.e. HOMC, To BaiusiHue oka3biBa-
IOT ¥ MEXaHU4YEeCKIe MPOLECCHI.

ITocie mocTyruieHust pa3odpaHHOi MHPOpMALIHT
B MO3I HEOOXOonyMa €e PEKOHCTPYKILIVSI B HEM 3Ke.
g yrpoleHusT aHajin3a B JajlbHeMIIeM MPOBOIU-
JIOCh PacCMOTPEHME IIPOLIECCOB COIIACHO ITOJTHOM
3JIEKTPOHHOI MHTEpIIpeTaluu (hyHKIIMOHUPOBAHUS
MO3ra, T.¢. HeMpOHHBIE LEMU CUNTATIUCH DIIEKTpUIe-
CKUMU LIENSIMU, TI0 KOTOPBIM PacHpOCTPaAHSIIOTCS
2JIEKTPUYECKUE CUTHAJIBI.

C uenblo BblAEEHUSI OCHOBHBIX 3aKOHOMEPHO-
cTeil 6bLIO0 PACCMOTPEHO HECKOJBKO BO3MOXHBIX Ba-
pUaHTOB 00pabOTKM ceHcopHOU nHdopMmaru. [TocTy-
MUBIIIAS pa300paHHOI MHMOpMalKs 00 OKpyKarolIei
cperie U TeJie pacTipeesisieTcs 1ajiee TalaMmycoMm (3a uc-
KJIIOUEHUEM 3allax0B) Ha KapThl COOTBETCTBYIOIINX
CEHCOPHBIX cucteM. KapTbl — 3T0 0671aCTH KOPHI TO-
JIOBHOTO MO3ra, B KOTOPBIX XPaHUTCS COOTBETCTBYIO-
mast ”HopManus B pa300paHHOM BUJIE B pE3yIbTaTe
nepapxuyeckoir o6paboTKu, OCYIIECTBJIEHHONW pa-
Hee, U YACTUYHO 3aJI0KEHHOU TeHETUYECKU.

IIpu 06paboTKe ceHCopHOII MHPOpPMALIUU UAET
nepapxudeckasi coopka nHGOpMaInu B pe3yibTaTe
MPOXOXIEHUSI JIEKTPUIECKUX CUTHAJIOB IO HEHpPOH-
HBIM LIETISIM COOTBETCTBYIOLIMX objacteit Kophl. Clie-
JIOBaTeJIbHO, 13 pa300paHHON MHMOPpMAITNU 3aKOIN-
POBaHHOI M 3aJI0KEHHOI paHee Ha XpaHEHWE MOXKET
OBITH BOCIPOM3BEICHA B pe3ylbTaTe IIPOXOKICHUS
BIIEKTPUYECKUX CUTHAJIOB (IEKOOMPOBKa) KaK cTapas,
TaK M HOBas MHpopmMalus, T.e. uaeT rudkas coop-
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Ka TocTymnamomeil nHdopMamu U3 pasHoobOpas-
HBbIX pparMeHTOB. IIpoliecc HamoMMWHAET UCITOIb30-
BaHUe TIMKCeJIel B 9KpaHax TeJeBU30opoB. Takas pe-
KOHCTpYyUpOBaHHasl nHGopMalus pacnpeaesaeHa mno
KapTaM MoO3ra, Io3TOMYy €€ HaJao IPOoAoIKaTh 00b-
€IUHSTDb B e1MHOE 1IeJIOe.

PeakTrBaiysi COOTBETCTBYIONINX HEWPOHHBIX 11e-
neii KapT CEHCOPHBIX CUCTEM MPUBOAUT K (hOPMUPO-
BaHUIO KOAJIMIIMU HEHAPOHOB, OTBETCTBEHHOM 3a pe-
KOHCTPYKIIUIO T€X WU WHBIX BOCTIOMUHAHUN 1/WIN
neiicrButesibHOCTU. [aee nHdopmaius oT CEHCOp-
HBIX KapT MOCTYyMNaeT B JIOOHBIE MOJIU 1JIs1 TaIbHEelI1Ie-
ro o0beIMHEHUS B equHoe 1ieyioe. M 3mech BO3MOXKHO
0OJIbIIIOE YMCIIO BapuaHTOB. PaccMOTpUM JIMIIIb HEKO-
TOpbI€, HO XapaKTepHBIE.

B nicuxonoruu BelaensieTCS ABE CUCTEMBI MBIIILIIE-
Hus [20]: cuctema 1 (aBTomMaruyeckasi cucTemMa) u
cucreMa 2 (mpou3BoJibHast cuctema). “Cucmema 1 cpa-
OaThIBacT aBTOMATUYECKN M OYE€HBb OBICTPO, HE TpeOyst
VJIY TIOYTU HE TPeOysl YCUIUI 1 He AaBasi OLILYIICHUS
HaMepeHHOTo KOHTpoJsl. Cucmema 2 BblIesieT BHU-
MaHUe, HeOOXOIUMOE VISl CO3HATENTbHBIX YMCTBEHHBIX
YCWJIMIA, B TOM YMCJIe IJIsI CJIOKHBIX BbIUMCIICHUI. Jleii-
CTBUSI CUCTEMbl 2 4YacTO CBsI3aHbI C CyObEKTHBHBIM
OLIYIIEHUEM JIeSITeJIbHOCTU, BbIOOpA U KOHIIEHTpa-
... CucteMa | UMITyJIbCMBHA U UHTYUTUBHA, a CU-
creMa 2 crmocoOHa K paccyxnaeHuto...” [20].

B pa6orte aBTopa [13] MBICIUTEIBHAS ACATETEHOCTD
B IIEJIOM OBIJTa TIPEICTaBIeHa ITPOUCXOISIIEH IT0 “CITi-
paym”. OnuH U3 BUTKOB CITMpPaIn padOThl aBTOMAaTHUYe -
cKoii cucteMbl 1 mokasaH Ha puc. 1. CHavyasa cieayer
IUTaHUpPOBaHUe (MOAEIUPOBaHME WM TIPOTHO3) CU-
Tyalluu, a 3ateM — aeiictBue. [Ipolecc MoxeT Ipo-
JloJIKaThesl M naliblie. PaboTta mpou3BOJIbHOM crCTe-
MBI 2 60JIee pa3HooOpa3Ha n cioxkHa. Heckoibko Ba-
PUAHTOB OIHOTO BMTKa “CrMpayii”’ TIOKa3aHbl Ha
puc. 2. BnepBoM BapuaHTe (puc. 2a) CHaYaja IIpOMCXO-
IUT TUTaHUpOBaHUE (MOAETUPOBAHME WJIM MPOTHO3)
CUTYyallUU, 3aTeM — JIEUCTBUE (TOYHEe ero yrpaBlieHUe
MO3roM), a Jajiee — ocozHaHue. BosaMoxeH u Gosee
IIPOCTOIA BapMaHT pPabOThl cUCTeMBI 2 (puc. 20), a
MMEHHO: TUIaHUpOBaHUE (MOACIMPOBAHUE WU TIPO-
THO3) CUTYyalllM, a fajiee — oco3HaHue. bbuio oTMeye-
HO, YTO U3 BBIJIEJIEHHBIX BAPMAHTOB BUTKOB MOTYT (hOop-
MU POBAThCS CJIOXKHbBIC “CIIUPaAIN” MBICTUTEIbHOM Oesi-
TebHOCTU. CaMu e CUTyalluu W AEWCTBUS MOTYT
pa3dMBaThCs Ha COCTABJIIIONIME (JAaCTH), UTO eI1Ie 00JIb-
11Ie YCJIOXKHSIET pACCMOTPEHHUE TIpOoliecca MBIIIIJICHUSI.

B xauectBe npuMepa OBLI JeTAJILHO PacCMOTPEH
ciyJait, Korma yejsoBek unet mo yauile [17]. O6buHO
BCe IIPOMCXOIUT B aBTOMaTUYECKOM (Ha ITOACO3HA-
TEeJILHOM YPOBHE) pexXume, T.e. paboTaeT cuctema 1.
MdakTUYeCKN CUTHAJIBI, IPOXOISIINe M0 OObSIMHEH-
HOIT KOaIMLIK HEMPOHOB, W €CTh INTAHMPOBAaHMUE (MO-
JIeTMpOBaHKUE WJTU IIPOTHO3) CUTYALIUM (3TO OOBEINHE -
HUe HEPOHOB ObUTIO Ha3BaHO KOAIUIIMEH IJIAaHUPOBa-
HUS WK niporHo3upoBanus [17]). Jlanee mpoucxonurt
VHULIMALMS neictBus (puc. 1) U nmepenaya CUTHAIOB U3
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Puc. 2. Bo3MoxHbIE BapMaHTbl BUTKA “CliMpain’ MPOU3BOJIBHON CUCTEMBI: @ — C ydyacTheM “IeicTBus”, 6 — 6e3 yJacTus

“nmeiicTBus”.

MO3ra COOTBETCTBYIOLLIMM CUCTEMaM JUISI UCIIOJTHEHMSI.
ITo maHHBIM HENPOOUOTIOTUU AJISI OCYIIECTBICHUS Ta-
KUX neiicTBmii Tpedyercst okoiro 100 mmmmcekyHn [21].

CaMoe MHTepeCHOE TTPOUCXOIUT B IPYTOM CITydae.
ITpeamnoyioxxumM, 4To KOAJULIUsI HEMPOHOB, XOTS ObI
OMHOIT M3 CEHCOPHBIX CHUCTEM, CUTHAIM3UPYET 00
OITACHOCTH. B 3TOI1 cuTyalimu IMMpOMCXOIUT MOBEITIIE-
HUE aKTUBALIMU Y TIPeBbIILIEHUE MTOPOra OCO3HAHUS,
CBOEOOpa3HBIN pe30HAHC C KapTaMU IieJIeit, CMBICIIOB
B JIOOHBIX TOJsIX. BO3MOXHO, 9TO COOTBETCTBYIOIIME
00J1aCTH TOOHBIX JOJIEH TOMOJTHUTETbHO AKTUBUPYIOT -
CsI CUTHAJTaMH1 M3 TaJlaMyca TeM CaMbIM IOATOTABIBAsT
WX K TIpUEeMYy CUTHAJIOB OT CEHCOPHBIX KapT. B pe3yib-
Tare TAKOrO B3aMMOMACMCTBUSI HAUMHAET UATU U3 JIOO-
HBIX JOJIeil B CEHCOPHBIC KapThl 0OpaTHast (OTpaskeH-
Has) BOJIHA MOBBIIIEHHOH akTuBaumu. ITo oleHKam
HeiipoOMOJIOroB 3a/1epXXKa B BOJIHE COCTaBJIsIET OKOJIO
300—500 muumceKkyH 1 6oee (CM., Hampumep, [22]).

DHEePreTUYECKU MOTOK, IMIPOXOISIINUIL 110 BEIIS-
JICHHO# 00BeIMHEHHOM KOAJIMIIMY HEHPOHOB, aBTOP
cuuTaeT ocozHaHueM [13, 17]. Otmeuanocs [17], uyTo
TaK KaK CO3HaHUE SIBJISIETCSI CUCTEMHBIM CBOMICTBOM
MpexXIe BCero Mo3ra 4yejoBeKa, Ha IIPOIEeCcC OCO3Ha-
HUSI B pacCMaTPUBAaE€MOM CJIy4yae MOXET BJIUSThH HE
TOJIBKO CTBOJI, TAJIAMyC Y KOpPa, HO ¥ CTPYKTYPhI, OTBET-
CTBEHHBIC 32 OMOLIMU, peyb 1 1Ip. BaxkHO Tak:ke To, 4TO
KOaJIUIIMsI HEMPOHOB OCO3HAHUSI MOXET HE COBITAIaTh
C KOaJIMIIYEN IIPOrHO3MPOBAHYS, TAK KAK IIPOUCXOIUT
MpUY U3MEHEHHOM (KaK MPaBUJIOo, TTOBBIIIIEHHON ) aKTH-

BallMU. DTO HEOOXOAUMO B OCHOBHOM JLISI CJIEIYIOIIIe-
ro: 1) BoimeseHUs “IJIaBHOM” KOAIWIIMM HEMPOHHBIX
merneit u B pe3yJbTaTe OCO3HAHMSI BO3MOXKHOI KOppeK-
TUPOBKM JeHCTBUIA (puc. 2a); 2) “orceyku”, TogaBie-
HUS BJIMSTHUST BTOPOCTENIEHHBIX LEIOYeK; 3) I BO3-
MOXHOI KOPPEKTUPOBKH (3aTTOMUHAHUS) KapT.

JJ1s1 ocy1IecTBIEHUS TAKOI CO3HATENIBHOM AeSATE b~
HOCTU HEOOXOHVM OIIpeNeJIcHHbII YpOBEHb aKTHBa-
L1H, JIEKAIIUI B ONTUMAJTBHOM JIJIST KAKIIOTO YeJIOBEKa
nuara3zoHe. bojiee HM3Kask aKTUBAlUs XapakKTepHa
JJIS HEKOTOPBIX M3MEHEHHBIX COCTOSHUII CO3Ha-
Husg (MCC), HanpuMep, COCTOSTHUSIX CHa, HEKOTO-
PBIX ICUXUYECKUX PACCTPOMCTB, Pa3IMYHBIX BUOOB
KoMBI 1 1p. [18]. B To ke BpeMsI mpeBhIIIIeHNE ONTH -
MAaJIbHOTO TMAMa30Ha aKTUBALIUM MOXET ITPUBOIUTH
K TIPUCTYIIaM BMOWJIETICUU, NPYTUM PACCTPOMCTBaM.
OTMeuanoch, YTO KpOMe YPOBHST aKTUBALIMM (CUTHA-
JIOB) IJisl IPOXOKACHUS 3TOM BOJIHBI MO KOAJTULINU
HEMPOHOB OCO3HAHUSI HEOOXOAUMA U OTIpeieJIeHHAsT
CTeTlleHb CMHXPOHU3AlMU B3aUMOICUCTBYIOIINX He-
JINHEMHBIX 3JIEKTPUUECKHUX LIeTei MepBOro TUIIA.

Takum obpaszoM, caesaH BeIBoOL [ 17]: oco3HaHueE ye-
JIOBEKa — IVIaBHbBIM TOMUHUPYIOIIMIA MPOLIECC IHEepre-
TUYECKOU PEKOHCTPYKIIMU B COOTBETCTBYIOIIEN KOoa-
JIMIIMU HEWPOHOB B ONTUMAJbHOM IWANa30HE aK-
TUBallMU OOAPCTBYIOIIETO COCTOSIHUS YyesioBeka. B
KOHKPETHBI MOMEHT BpeMEHU KOaJMII1sl OCO3Ha-
HUSI MOXET ObITh TOJILKO OMHOW, 4YTO U MPUBOJIUT K
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M3BECTHOMY B IICUXOJIOTUM (DEHOMEHY “OyTBIJTOUHO-
ro ropJslika” (cM., Hampumep, [22]).

CxeMaTHMYHO ITIPOIIECC OCO3HAHUS B paccMaTpu-
BaeMOM cJlydyae Ioka3aH Ha puc. 2a. OH xapakTepu-
3yeTcsl, Kak MpaBuJjio, MOBBIIIEHHBIMU 3HEpro3aTpa-
tamn. Uckmrouennem sgeistiores psg MCC, nmanpu-
Mep, COCTOsIHUE “TIoToKa”, MeauTaluu [18].

M3noxeHHOE BBIIIE MO3BOJIMIO BBIACIUTH OC-
HOBHBIE€ COCTaBJISIIONINE “CITUpaNn’ MBICIUTEIbHOM
JIeSITEIbHOCTY, KOrjga paboTraloT cucreMa 1 win cu-
crema 2 [13, 17]. B ciaydyae BHyTpeHHEro pexmma
paboThl CUCTEMBI 2 BO3MOXHO MCKIIIOYEHUE UHU-
LUALMU OJeMCTBUS, T.€. UAET TOJHLKO YepeloBaHUE
(GYHKIIMOHUPOBAHMUS KOAJIUIIUKM HPOTrHO3UPOBa-
HUS U 0co3HaHus (puc. 20).

bbl10 paccMOTpEeHO NeTalbHO HECKOJbKO BO3-
MOKHBIX BapUaHTOB MBICIUTEbHON NeSITeIbHOCTU
[13, 17, 18]. OrpomHOe pa3zHOOOpa3re MOXET peajln-
30BBIBATbCS BCJIENCTBUE OOMEHA CUTHAJIaMU MEXIY
Pa3IMYHBLIMU 00JIACTSIMU MO3Ta, BbIXOAA HEKOTOPBIX
MOJICO3HATEIbHBIX MPOLIECCOB Ha YPOBEHb OCO3Ha-
HUS, 1 HA000POT. MHOroe 3aBUCUT U OT UHIUBUIY-
QJIbHBIX HEUPOHHBIX LIETIEH.

M Ttem He MeHee, HECMOTPS Ha OOIBIITOE Pa3HOO0-
pa3re BO3MOXHBIX BapMaHTOB, OBLIO YCTAaHOBJIEHO,
4TO IIpU 00paboTKe MHMOpMALMU B LICHTPaILHOMN
HEPBHOM CHCTeMe OOIIei 1 IIaBHOM 3aKOHOMEPHO-
CTBIO SIBJISIIOTCSI TIpE0Opa3oBaHsI CUTHAIOB U dHEP-
reTudeckue peKoHcTpykuuu [17].

PaccMoTpeHHBIN 2HEPreTUYECKUl MOTOK IO CO-
OTBETCTBYIOIIIUM HEUPOHHBIM LIETSIM, KOTOPBII CO-
CTaBJISIET MIPEAMET HaIllero OCO3HAHUS, SIBJISIETCS OC-
HOBHBIM cofiepKaHUeM U paboueii maMsITU YeJoBeKa.
Bo3MoxxHble BapyMaHThI JaJIbHEHIIIEro pa3BUTHUS CO-
OBITHIT HETIJTOXO ONMMCAHBI B HEHpOOMOJIOrnM (CM., Ha-
npumep, [21]). Tak, mist 6ojee IIUTEIbBHOTO XpaHEHMUS
uHbopMalus TMomnaaaeT B TMIIOKaMIl, KOTOpbIii nepe-
HaIpaBJIsIeT €€ B pa3jInuyHble 00J1aCTH MO3Tra U TAKUM
00pa3oM TIPOUCXOIUT PEeTyIsIpHask KOPPEKTUPOBKA
CEHCOPHBIX KapT 1 KapT MpedpOHTaTIbHOI KOPbI TO-
JIOBHOTO Mo3ra. BaXXHbIM Tpu 3TOM SIBJISIETCS CTe-
MeHb HOBU3HBI MTOCTYNUBIIIEH WH(MOPMAIIUU.

CBsg3aHHasl ¢ co3HaHueM IIpoOysiema “kBamua”
(qualia), T.e. YyBCTBEHHBIX MEPEXXUBAHUI YeTIOBEKa,
npoaHajau3upoBaHa B crathbe [17]. I1pu aTOM OBLT H1E-
TaJbHO PACCMOTPEH, CTaBIIWII KilaccuyeckKum [23],
mpuMep olnylieHus: “KpacHoro”. IlpoaHann3upoBaB
¢uzryeckrie OCHOBBI TMTPOUCXOISIIMX MPOLIECCOB, ObI-
JIO OTMEYEHO, YTO HEOOXOAUMBIM YCJIOBUEM BOCIIPUSI-
TUSI KPACHOTO SIBJISIETCSI HAJTMYMEe MUTMEHTOB KPacHO-
Io, a TaKKe HOpMaJIbHOE Pa3BUTHE Psda IPYTUX CO-
CTaBJISIONINX 3PUTEIBHOMN cUCcTeMbl. B HOpMabHOM
3PUTENBLHOI CUCTEME CUTHAJIbI TIOCTYMNAIOT COTJIACHO
ONMCAaHHOMY BBIILIE 111 00pabOTKM B 00JIaCTh CEH-
COPHOM KapThl, OTBETCTBEHHOM 3a KPaCHBbIN LIBET.
Hanee cobupaeTcsi KoaqULUsI HEMPOHOB, OTBET-
CTBEHHEIX 32 KPAaCHBIN IIBET U BOCIIPUSITHE COOT-
BETCTBYIOIIIETO MpeaMeTa. B pesyibrare mpoxoxiae-
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HUSI CUTHAJIOB IO COOpPAaHHOMN KOAJIULIMKU OCO3HAHUS
Y IPOMCXOOUT SHEPreTUYecKast peKOHCTPYKIIMS, KO-
TOpasi U COOTBETCTBYET OIIYIIECHUIO YeJIOBEKA YBU-
JIeHHoro KpacHoro npeaMera. CiiegoBaTesibHO, OILLy-
IIeHWEe “KpacHOro” TMPOMCXOAUT B COOTBETCTBUU C
cOpMYIMPOBAHHBIM TJIABHBIM IIPUHLIMITOM (DYHKIIH-
OHMPOBaHUS MO3ra — IpeoOpa30BaHUl CUTHAJIOB U
OHEPreTUYECKUX PEKOHCTpyKIuit. bymnyt nu a1
SHEpPreTUYECKUe PEKOHCTPYKLIMM B MO3Te YeIOBeKa
TIOJTHOCTBIO COOTBETCTBOBATH AeiCTBUTEIbHOCTH? OT-
BET SICEH: HET! DTO CBSI3aHO C TeM, UTO KOMUSI, a DHEP-
reTUYecKast peKOHCTPYKLIUSI — KOITMSI, HUKOIIa He
COBMAanaeT C OPUTMHAIOM ITOJIHOCTBIO.

Takum o6pa3oMm, OBUI cOejlaH BBLIBOH, 4TO
MpeIIOXEeHHAsT TeOpUsI, CYIIIHOCTh KOTOPOIi ObLIa
KpaTKO M3JIOXKEHAa BBIIIE, MOXET OBITh OTHECEHA
corjjacHO KiuaccudpukKaumm MoHorpadpum [24] K
MOHUCTUYECKO MaTepUuaJluCTUUYECKON TeopUuu
CO3HaHUS dMepIXeHTHoro tTuna [12, 13, 17].

5. MNEPCITEKTHBbI U [TPOBJIEMbI
CO3JAHUA CBEPXPA3YMA

PaccMoTpeHue BompocoB, CBSI3aHHBIX CO CBEPX-
pa3yMoMm, MPOBOJWIOCH aBTOPOM MCXOAs U3 TOUYKU
3pEHUSI, YTO YeJIOBEK — OMoJioTMYecKasi MallliHa, a
METOAO0JIOTMUECKON OCHOBOM SIBJISUTMCH TTOJIHAST DJIeK-
TPOHHasl MHTepHpeTalus GyHKIMOHUPOBAHUS MO3ra
1 TEOpHUs CO3HAHUS YyedoBeKa, ONMMCAaHHbBIE BHIIIE.
Bormpocsl nepBoHayajabHO paccMaTpuBaiuCh B [ 18]
U 6oJiee IeTAJIbHO aHAJIU3UPOBAIIUCH B [25, 26], moaTo-
My 3IeCh MPUBEIY KPAaTKYIO BBIIASPXKKY M3 YKa3aHHBIX
cTaTei.

st n3beraHusi HeAOpa3syMeHUA, MPeXIe BCETO,
oIpeaearumMcs ¢ KJIoUYeBbIMU MOHATUSIMU. CBepxpa-
3yM — “3TO0 JIF000M MHTEICKT 3HAUMTEIbHO ITPEBOC-
XOISIIIMI KOTHUTUBHBIE BO3MOXHOCTU 4YeJOBeKa
dakTyecku B n00ObIx obOmactax” [27]. Mckyc-
cTBeHHBbIN nHTeeKT (M) yenoBeyeckoro ypoB-
Ha (MNYY) onpenensieM Kak “CIOCOOHOCTh OCBO-
UTb OOJBIIMHCTBO IIpodeccuii, 1o KpaiiHeil Mepe
T€X, KOTOPbIMUA MOT Obl BJIaJiETh CPEAHECTATUCTU-
yeckuii yesoBek” [27]. XOTs U CylIeCTBYET OOJIbIIIOE
YHCJIO OIpeNcIeHUN MOHSITUS “UHTEIUIEKT”, aBTOpP
curTaeT HanboJIee yIadHbBIM OMpeneiieHe yaeOHKa
[28]: “MHTEIEKT — CHOCOOHOCTD K lieJIeHaIlpaBiIeH-
HOMY aJanNTHBHOMY IOBEIEHUIO, B TOM 4YUCJIe YMe-
HUE U3BJIEKATh MOJIb3y U3 OIbITA, pellaTh 3aauyu 1
JIOTUYECKHU paCCyKIaTh”.

Bb1710 yCIIOBHO BbIAEIEHO TPU HaIPaBJICHUS CO-
spanuss UMYV u cBepxpasyma [25]: 1) maTepuanu-
CTUYECKOE; 2) UaeaJInucTuIecKoe 1 3) TMOpUIHOE.
Paccmorpum ux.

B pamkax MaTepuaJuCcTUUECKOTO HapaBIeHUs
OBbLIIO BbIJIEJICHO IBa HauboJiee MepCcrneKTUBHBIX Ha
HaCTOSIIMM MOMEHT BpeMeHH Buaa [25]: 1) ouoio-
TMYECKUM MHTEIUIEKT; 2) BJIEKTPOHHbII MHTEUIEKT.
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buonmornyeckuit THTEIUIEKT MOXHO pa3deainuTh Ha
MHOTI'0O YPOBHEN, HAUBBICILIUNA U3 KOTOPBIX — YEJIOBE-
yeckuii. Tak kak [Ipupona peann3oBaia IOCICTHUIMA,
to 1 UMYV, B npunuune, noctkuMm. B xkaure [27]
OTMEUYEHO, YTO CO3MaHue “CpaBHUTEILHO CJIaboii hop-
MbI CBepxpasyMa” myTeM “OMOJIOrMYECKOro yayyliie-
HUS MHTEIUICKTYaIbHBIX CITOCOOHOCTEI” , TTO-BUINMO-
My, OyIeT BO3MOXHO. B cBoe BpeMsI rmogxon O1MoJIoru-
YeCKOI'0 YCOBEPIISHCTBOBAHUS aBTOPOM OBLJT Ha3BaH
“or mmeronierocs” [29], T.e. 3TO BIOJHE pealbHbII
MyTh JOCTVKEHUS cBepxpaszyMa [25]. OmHako npu riry-
0OKOIT MOJIEpHU3ALIMY BAXKHEUIIMMU CTAaHYT 3TUYEC-
CKUe TTpoOIeMBl.

DNEeKTPOHHBIM MHTEIEKT O3HAYaeT MyTh CO31a-
g MNYY 1 cBepxpasymMa Ha OCHOBE DJICKTPOHUKMU.
B cooTBeTCTBUM C ONTMCAHHOM MOJTHOM 2JIEKTPOHHOM
WHTepIIpeTaleil paboTbl MO3ra MOXKHO ClieJIaTh Bbl-
Box 0 TOM, uTO co3manne MUY Ha ocHOBe 31€KTpO-
HUKUW NPUHLUTIUATIBHO BO3MOXKHO, OTHAKO, IJISl 3TO-
ro, cyJs o Bcemy, MPUAETCS BOCIPOU3BECTH psif 13
OTMEYEHHbIX paHee cBOWCTB. K Haubosee BaxkHbIM
aBTOp OTHec caenyromure [18, 25]: 1) danTacTrueckumi
YPOBEHb MHTErpaluu; 2) aHaJoroBo-LM(MPOBOil xa-
pakTep 00paboTKu nH(popMaLuK; 3) MaJibie SHepre-
TUYECKUE 3aTpaThl; 4) Majible pa3Mephl; 5) THOpUIU-
3anus: 6) MTHANBUAYATLHOCTD U TJIACTUYHOCTD HEl-
pOHHBIX Lenei. bonee neTanbHO OBIIO MPOBENEHO
cpaBHeHUE CBOMCTB 1—4 C TaKOBBIMU IS COBPEMEH-
HbIXx MC Tak Kak 3T0 BO3MOXHO KOJIMUECTBEHHO [25].
ITpuBeny ocHOBHbIE PE3YyAbTAaThl CPABHEHMUSI.

B3sB ypoBeHb MHTErpaliiy HaHO3JIeKTpOHHBIX M C
0KOJ10 5 X 10° aKTUBHBIX 3]IEMEHTOB, ObUIA JAHA OLICH-
Ka, 4TO IJISI JOCTVKEHUS YPOBHS MHTErpallid MO3Ta
B TBEPIOTEJILHON MUKPO- M HAHOIJEKTPOHUKE ITO-
TpebyeTcsa okoiio 60 et [18], naxke ecinu ee pa3BUTHE
OyIeT MpOoHOJIKAThCS COINIACHO 3aKOoHYy Mypa, 4To
npooiiemaTdHO. I1pu orieHKe 3a OpueHTUpP ObLT B3SIT
YpPOBEHb MHTEerpaumy Mosra B 10" akTMBHBIX 251€MeH-
ToB. Jlaxke, ec/iv B3sITh YKa3aHHBIA HYXKHUIA Mpenes B
10", oLieHKa IO BpEMEHU CWJIBHO HE U3MEHUTCA.

CpaBHeHUeE MO SHEProITOTPEOIEHUIO TAKKE MOKa -
3aJ10, YTO MO3T YeJoBeKa BHE KOHKypeHuuu [25].
OlieHKa ObL1a MpoBeaeHa, KaK 3TO IMMPUHSITO B MUK-
pO- U HAHOBJIEKTPOHUKE, TT0 paboTe A Ha OTHO mnepe-
KioyeHue aktuBHoro ayeMenTa [30]. ITpu aToMm uc-
noJjib3oBanack popmyina [30]

A=Pt=1VT,

rne P — norpebisiemass MolHOCTh. ComlacHO U3-
BECTHBIM HEMPOOMOJIOTUYECKUM TaHHBIM [31]: ToK 1,
MpoxoAsIuit uepes KaHajbl, T.e. HOMC, — ennHu-
116l ITA, U3BMEHEHWEe HaTIPSKeHUs1 V' Ha HUX B CpeHeEM
HECKOJIBKO JIeCITKOB MB (MakcumalibHOE 3HayeHUue
okojio 100 mB), cpenHee Bpemst OTKPBITUSI KaHaIa T —
1—2 Mmc. B pesynbpraTe A OpUEHTUPOBOYHO JIEXUT B
auanasose (107'°—10~"7) JIx Ha nepexmodeHue. B to
K€ BpeMsI COIIAaCHO MPOTHO3Y [32] aHeprus IepeKITo-

yeHus 1 Tpan3uctopoB MC B 2030 romy OCTUTHET
0.5 x 10~ I Ha aj1eMeHT.

BaxxHO T1py 5TOM TaKke OTMETUTh, UTO SHEPIOIO-
TpebJieHre Mo3ra cocrasisieT Bcero ot 10 mo 25 Br/4ac,
a caM oH BecoM 1500 r u o6beMoM okoJjio 1700 mi.
MmenHoO Takue g pbl aBTOP BCTPeYall B IUTEpaType
(cm., HatpuMmep, [14]). IlomuepkHy, YTO 3TO HEBEPO-
SITHO MaJIO U OYE€Hb SKOHOMUYHO IS OObEKTa DJIeK-
TPOHUKHU TAKOTO (DAHTACTUYECKOTO YPOBHSI MHTErpa-
LIMM aKTUBHBIX 2JIEMEHTOB 1 pa3mepoB. UC tBepao-
TeJIbHOM OJICKTPOHHUKU U 30€CH ABHO ITPOUTPbLIBAIOT.

Bo3MOXHBI TpM Pa3sHOBUAHOCTU 3JIEKTPOHHOTO
WHTeIeKTa: 1) aHanoroBblid; 2) undpoBoii; 3) aHa-
JIOroBO-IU(POBOH. YKe 0OTMeYaaoch, UTO XapakTep
00paboTKN MH(pOPMAIIMU B MO3Te aHAJIOTOBO-1IM(-
pOBOIi, 4YTO OUYE€Hb BaxXHO [ 17]. XOTsI XOpOIIIO U3BECT-
HO, YTO aHaJIOToBble (hyHKIIUU MOTYT ObITh peajiu30-
BaHBbI Ha U} pPoBoit ocHOBe (cM., Hampumep, [33]),
OIHAaKO, KaK OTMEYaJioCh aBTOPOM, 3a 3TO MPUIAETCS
“3aIUIaTUTh” yBEeJIMYEHUEM OOBEMOB, IIpUYEM, CYIsI
110 BCEMY, CYLLIECTBEHHBIM [25].

B pesynbraTe nmpoBeaeHHOTO aHaIr3a ObLIU cle-
JIJaHbI CJEOYIOIUe OCHOBHBIC BBIBOIBI [18, 25]:
1) [Ipupona mpu co3maHUKM MO3Ta peliuia cynep-
CJIOXHYI0O ONTUMM3ALIMOHHYIO KOMILUIEKCHYIO MpO-
OeMy: a) B3aMMOMACHCTBUE pPa3JIMYHBIX CUTHAJIOB
(MeXxaHUYeCKMX, OMTUYECKUX, TETIOBBIX, XMMUYe-
CKUX, DJIEKTPUYECKUX U Ip.); 0) TMOKOCTH CBSI3EIA;
B) MaJIbIX DHEPIreTUYECKUX 3aTpaT; I') MaJIbIX pa3me-
POB U JIp. AHAJIOTUYHBIE TPOOJIEMbI B TBEPAOTETLHOM
2JIEKTPOHUKE €llle OYeHb JaJeKU OT NeMCTBUTEIbHO
ONTUMAJIbHBIX PELICHUN [Oaxe IO OTMEUYEHHOMY
KOMIIJIEKCY BOIPOCOB; 2) 3JeKTPOHHAS pealu3alius
MNYY B noaHOM 00beMe B OKaiiiee BpeMsl Bpsi
JIMU BO3MOXHa; 3) y4uThIBasl IJIaBHBIM MPUHIIUII
(GYHKIIMOHUPOBAHUSI MO3ra MpeoOpa3oBaHUSI CUT-
HaJIOB U SHEPreTUYeCKUX PEKOHCTPYKIIWI, BOC-
NpoMu3BeIecHNE, IO KpaliHei Mepe TIPUOIIKEeHHOE,
CO3HAHUS U KBaJiua B paMKax 3J€KTPOHHOTO MHTEJI-
JIeKTa, BO3MOXHO B MpUHIIUIIE; 4) B paMKax MaTepU-
AJIMCTUYECKOr0 HampaBJIeHUsI (OMOJIOTMYECKUI U
3JIEKTPOHHBIN MHTEJUIEKTHI) peajin3alius CBepxpasy-
Ma BO3MOXHaA.

B pamkax nueanvMcTuyecKoro HampaBieHUsT MOX-
HO BbIACIUTH ABa mytu co3nanus UMYV u cBepxpa-
3yma [25]: 1) monHast aMysius (IoJHOMAaCIITaOHOe
MOJIeJIMPOBaHKE) MO3ra: 2) pa3paboTKa CUCTEM MO-
nennpoBaHus, peanusyrommnx MMYY u cBepxpasym.

I1epBEIif ITyTH TOTHOM SMYJISIIIMA MO3Ta MHOTUMU
CTICIIMATMCTAMM CIMTAETCS MePCITEKTUBHBIM. J11sT 3TO-
r0, OJHAKO, MOHAA00UTCSI CO3IaTh XOTS Obl YIOBJIETBO-
PUTEITBHYIO TeOPUIo (DYHKIIMOHUPOBAHUS Mo3ra. Tak
KaK OHa B HACTOSIIIee BpeMsI OTCYTCTBYET, TO TTOJTHASI
AMYJISILMS “Bpsif Jid OydeT oCyllecTBIeHa B OJIMKaii-
meM oymyiieM” [27]. ABTOp cUMTaeT IIPEIIOXKEHHEIS
TEOPHI0 CO3HAHUS W KOMIUTEKCHBIN TTOIXOM UCCIen0-
BaHUSI MO3ra IepPCIeKTUBHBIMM IJIST 3TOM LIEJIU, XOTSI UX
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IIpaKTU4YCCKasd peain3alnad MOXET HOTpC6OBaTb 3Ha-
YUTECJIBbHBIX yCVIHVIﬁ.

ConocTapieHUe pa3InYHbIX OLIEHOK YKcia HE00-
XOIUMBIX (DJIOIICOB KOMITBIOTEPOB IJISI MOAEINPOBA-
Hys QYHKLMOHUPOBAHUS MO3Ia YEIOBEKA ObUIO TIPO-
BereHo B [25]. Tak, olleHKa pa3IMYHBLIX aBTOPOB Ba-
pbUpyeTcsd B IUMUPOKOM nuanasoHe ot 10 no 108
(uionic. OueHKa aBTOpa IJisl CPEOHETO YKCIa aK-
TUBHBIX 2JIeMeHTOB (KaHaoB) B 10'° npusena K nua-
naszony ot 10'° o 10 mornc [25], uTo Mo3BoIMIO Clie-
JIaTh BBIBOI O TOM, YTO IPOU3BOAMUTEIILHOCTA CAMOTO
MOIIHOIO CYIEPKOMIIbIOTEpPA (HA HACTOSIIIUNA MO-
MEHT BPEMEHHU 3TO ANOHCKMI “Dyraky” ¢ mpou3Bo-
OUTEIBHOCTHIO oKoyio 4.15 x 10V ¢utonc) moxer
OBITb HELOCTATOYHO JJIS 1€TaJBHOTO MOIEINPOBa-
HUA (MOJIHOM SMYJISILINA) MO3Ta YeJI0BEKA.

M tem He MeHee, naxe MPUOIMXKEHHOE MOAETU-
poOBaHMe Mo3ra yejloBeka Oy/neT MoJjie3HO, HallpuMep,
I “pecTaBpallii CO3HAHMSI” 4eIoBeKa, TEePSIOIIETro
€r0 B pe3yJIbTaTe IIPOrpecCUpOBaHMs feMeHIH [25].

Tak Kak OBICTPOACHCTBHME aKTUBHBIX 3JIEMEHTOB
coBpeMeHHBIX 1C HaMHOTO IPEBOCXOINT OBICTPOACH-
CTBHME aKTUBHBIX 3JIEMEHTOB, TO, B IPUHIIUIIC, BO3MOX-
Ha pealu3alys pa3IdYHbIX CUCTEM IPEBOCXOMSIINX
MO3T 4YeJioBeKa (BTopoii myTh). Hanbonee MHTEHCUB-
HO 3TO HaImpaBJieHHue ¢ BEICOKMM ypoBHeM MU (cBoe-
oOpasHble mpoobpassl MMYY) pazBuBaeTcs B ouc-
KOBBIX CHCTeMax ITIph 00paboTKe OOJILIMNX 0OHEMOB
uHdpopmanuu B komnaHusx Google, DeepMind,
Amazon, IBM, Apple, Facebook, Baidu, Microsoft u
ap. (cMm., HaripuMmep, [25, 34]). B ocHoBy Hamnbonee
MPOABUHYTHIX TAKUX CUCTEM, KaK IIPaBUJIO, MOJIO-
KEHBI OOIIMEe NPUHIIMITEI MAIIMHHOTO O0y4YeHUsI, B
YaCTHOCTU ITyOMHHOE (INIyOOKOe) OOydYeHHe C HC-
MOJIb30BAHUEM MHOTOYPOBHEBbIX HEMIPOHHBIX CETEH.

AHaJIU3 3TOr0 HampaBJeHUS B 1IEJIOM TO3BOJIUI
aBTOPY cAeJIaTh BBIBOM, [25], 4TO gaxke caMble Iepeio-
Bble cucteMbl MM moka He MOTYT CpaBHUTHCS C UH-
TEJIJIEKTYaTbHBIMU BO3MOXHOCTSIMM 4eJIOBeKa IIO
IIMPOTE CIIEKTPa ¥ TMOKOCTH, CITIOCOOHOCTHU K pa3BU-
THUIO, TaK KaK SIBIIIIOTCS Y3KOCITEIUATU3UPOBAHHbBI-
MU (crienyaibHbIMU) cucteMamMu (ciaadeiii MA). He
o0J1agaroT co3HaHuEeM UM KBanua. HecMoTpst Ha 3To,
JaHHOE HaIlpaBJIeHUe — BaxkHeliee B pa3sutun MN.

OnHako, TTo MHEHUIO aBTOpa, HanboJsiee nepcrnek-
TUBHBIM 11 co3manuss MNYY n cBepxpasyma sIBIISI-
eTcs TMOpHMIHOE HarpaBieHue [26], B KOTOPOM MC-
MOJIb3YIOTCSI KOMITOHEHTHI KaK MaTepualMCTUYECKO-
ro, Tak U UJI€IMCTUYECKOro HamnpasiaeHuii. B atom
clyyae, KakK MpaBWIO, MPUMEHSIETCS 2JEKTPOHHOE
anmapaTHoe obecrieueHue (hardware) m mporpaMm-
Hoe obOecrieueHue (software). B mociiemHee BpeMs
BBIIEISICTCS IIyTh CO3daHUSI MHTepdeiicoB “yelio-
BeK—MalInHa” M “4eIOBEeK—KOMIIbIOTep”, KOTO-
pBIii MOXKET OBITh OTHECEH K wetware (cMech soft-
ware, hardware u Ouosornu). AHaJIU3 yKa3aHHBIX
MyTeil pa3BUTUA ObLI MpoBedeH B [26], moaToMy
37€Ch IPUBEY JUIIb OCHOBHbBIE PE3YJbTAThI.
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bruto otMedeHo: 1) naeanucTudeckoe HaIIpaBie-
HYE, CTPOTO TOBOPSI, OTHOCUTCS K TUOPUIHOMY, TaK
KaK KpoMe MOJACIUPOBaHMS IS CBOEH pean3aluu
TpeOyeT MCIOJIb30BaHUSI KOMITLIOTEPOB, T.€. MATEPH -
AJIMCTUUECKOM OCHOBBI; 2) K CBEpXpa3syMy MOXKHO OT-
HECTH Bac C UHTEPHETOM, a TaKKe HEKOTOphIC BapraH-
TBI KOJUIEKTUBHOTO pa3yMa; 3) IepPCIIeKTUBHBIM CUMTa-
eTcsl METOI 00PaTHOTO MPOEKTUPOBaHMs (pa3paboTKI)
moara, korga U ctpoutcst mo o6pasity 4eJIoBE4eCKOro
MO3ra, KakK IIpaBWIO, ¢ MCHOJIH30BAaHMEM amnIrapaTHBIX
KOMIIOHEHTOB 1 IIPOrpaMMHOI0 OO€CIIeUeHMSI.

B riocnenHeM ciydae aBTOp BUIUT ONpeaeieHHbIE
MEePCIEKTUBBI UCIIOIb30BAaHUS pa3pabOTaHHBIX TEO-
pUU CO3HAHUSI U KOMIUIEKCHOTO HEepapXU4eCKOro
noaxoja uccienoBaHust Mosra. K Hanbosee n3Becrt-
HBIM [JIOOAJTBHBIM ITPpOrpaMMaM, B KOTOPBIX IPEITona-
raeTcsl MpUMEHUTh 3TOT METOI CleAyeT OTHECTU:
BRAIN Initiative (CIIIA) 1 Human Brain Project (EC),
MOAPOOHO paccMOTpeHHBIX B [12, 26, 35]. I'maBHOi1
npo0aeMoii 31ech OyaeT HEOOXOTMMOCTh pa3padOTKU
METOIOB 0OpabOTKM T'MTAaHTCKUX O0OBEeMOB MHGpOpMa-
uuu (B KOHHEKTOME YesioBeka okoso 102 Gaitr [36]).
INepcniekTUBY aBTOp BUIUT B pa3pabOTKe Clielhalb-
HBIX cucteM MM aBTOMaTMUyecKoil mMepapXmdecKoi
00paboTKU MojiydyaeMoil HH(OPMAaLIK.

BaxkHEbIi1 MyTh COBpeMEHHBIX UCCIeIOBAaHUI — pa3-
paboTka crcteM HeifpoMopdHoit anekTpoHnku. K ta-
KuM cucteMam cienyet otHecT: SYNAPSE, SpiNNa-
ker, Neurogrid, HICANN. B 1x oCHOBY NOJIOXXEHbI
pa3IUYIHbIC ADXUTEKTYPHBIEC PEIIeHMs C IPUMEHEHM -
€M OTJIMYAIOIINXCS, KaK MPaBUIO, HAHORJIEKTPOHHBIX
MC. Ormeuy Taxke nporpammy DARPA (ViipaBieHue
MEePCIIEKTUBHBIX UCCIEA0BATEIbCKUX IIPOEKTOB M-
HuctepctBa o6opoHbl CIIA) “KoOrHUTUBHBIC BbI-
YUCJIMTENIbHbIE CUCTEMbI” C aMOMIIMO3HBIMU LIS~
MU, Beaymme K co3ganmuio MNYY.

HecMmoTpst Ha KoJioccalibHbIE CJIOXHOCTU, aBTOP
CUMTAET METOA OOpPaTHOIO MPOEKTHUPOBAHUS MO3ra
BaXXHBIM ITyTEM, BeAyIINM K pa3paborke MNYY.

OTMeuy, YTO PSIOM CIIeUATMCTOB METOI OOpaT-
HOTO MPOSKTUPOBAHUST MO3Ta CYUTAETCS 3aTPATHBIM
W MOXHO ITOTIBITAaTBCSI CO3MaTh OoJiee ONMTUMAITh-
HOE YCTPOICTBO IO CpaBHEHUIO C MO3TOM 4YeJloBe-
ka. K takum npoekram MoxHo oTHecTu Open Cog,
LIDA. 3ameuy, omHaKoO, 4TO B 3THUX MPOEKTaX 3a OC-
HOBY B35ITa oInpeaeaecHHast THPOpMaLus O MO3Te.

MHTEpecHBIM U TIePCIIeKTUBHBIM B paMKax JaH-
HOTO HaIpaBJICHUs CJIeIyeT CUMTATh CO3IaHUE pa3-
HOOOpa3HbIX cMmeceit (wetware). OTMeuy clieayroniue
nepBbie TTpUMepbl: “ctuMmocuBepbl” X. Henvramo [37],
“mmagsiyie MeTOObl CTUMYJISILMMK’, pa3paboTaH-
HbIe 1mon pykoBoacTBoM akagemuka H.IT. bextepe-
Boi1 [38]. YenenHbIMu puMepaMu HHTepdeiicoB “ye-
JIOBEK—MallIHA” SIBJISIIOTCS KOXJIeapHBIC MMILUIAHTHI,
WMIUIAHTHI CeTYaTKH, 9K30CKeAeThI 1 Ap. IlepcnekTrB-
HBIM SIBJISIETCSI MCTIOJIb30BaHNE Pa3IUYHbIX MUKPO-
ayeKTpoMexanndeckux cucteM (MOMC) nu HOMC
[12]. TTyTh pa3nnIHBIX JOTIOJTHESHUWM TeJIa TIpeBpalia-
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€T yeJioBeKa B KUbopra, T.e. KubepHEeTUYECKUI opea-
Hu3M. Kubopruzaius cuutaercss OyayluM 4eaoBe-
yecTBa, B yacTHocTu P. Kypiiseiiiom.

Hrak, ecny 1 6yayT co3naHbl KOMITAKTHBIE CUCTE-
Ml MYV u cBepxpa3yma, TO, CKOpee BCEro, 3TO
MPOM30MAET B paMKaxX rMOpuIHOro HamnpasieHus. K
OCHOBHBIM HAaIIpaBJICHUSIM Pa3BUTHUSI B HACTOSIIIEE
BpeMs clieayeT oTHecTH [26]: 1) mpomoikeHue ycu-
JIEHUSI Y€JIOBEUYECKOro MHTeIeKTa; 2) cumounos MU
1 YEJIOBEUECKOro MHTEJIEKTa; 3) co3aaHue crernura-
JIM3UpOBaHHKIX cucteM MU, npexnae Bcero s o0-
padoOTKM OONMBIINX 0OBEMOB JaHHBIX.

DBoJTIOLMST MHTEJUIEKTa, 110 MHEHUIO aBTopa, Oy-
JIET IIPOUCXOIUTH IT0 “OMOJIOTMIECKOMY CIIeHApHUIO” .
ITpu 5TOM OBLIO BBIAEIEHO TP OCHOBHBIX BapruaHTa
[26]: 1) yHMUYTOXXEHYE MEHEe Pa3BUTOIO MHTEIIEKTA
OoJiee pa3BUTHIM; 2) IIOJYMHEHNE MEHEe Pa3BUTOIO
UHTEJIJIEKTa 0oJjiee pa3BUTHIM; 3) MUPHOE COCYIle-
CTBOBaHNE WHTEJVIEKTOB pa3HOro YpoBHsi. B cBsi3u ¢
STUM TMPOTHO3bI CNIEIIUATMCTOB HAIIIETO COBMECTHO-
rO CYIIIECTBOBAaHUSI CO CBEpPXpa3yMOM JieKaT B OYE€Hb
LIMPOKOM JIMaria3oHe, MepeKphIBaIOIIX OTMEYeHHbIS
BapuaHTbl OT KpaiiHe MeCCUMUCTUYECKOTro (YHUUTO-
JKeHME YEJIOBEUECTBA) A0 3 (pOopruIecKr ONTUMUCTU -
yeckoro (6e30071a4HOTO COBMECTHOIO CYIIeCTBOBa-
Hus1). [JdeTanbHO MECCUMUCTUUYECKHWE U OTNTUMMU-
CTUYECKHE MPOTHO3bI Pa3BUTHUSI COOBITUIT ObLIU
paccMOTpPEHBI B cTaThe [26], MTO3TOMY 310eCh OTMe-
4y TOJIbKO OCHOBHbIE MOMEHTHI.

Bo-miepBBIX, TaKk Kak MPaKTUUYECKU HEBO3MOXHO
MpencKkas3ath MoBelleHUe cBepxpasyma, ocodboe BHU-
MaHHEe HEOOXOMMO YIIeJIUTh METOIaM KOHTPOJISI Hal
HuM. K coxaneHuto, Hu ONWH U3 U3BECTHBIX MPEIJIO-
JKEHHBIX METOJ0B KOHTPOJIsI He obecrneyrnBaeT noJj-
HOI HaJeKHOU 3a1uThl. [ToATOMY YHUUTOXEHUE Ye-
JIOBEYECTBA HE SIBIISIETCS HEBEPOSTHBIM CIIEHAPUEM
pa3BuTus cobbiTuii. [lepcnekTuBy, MO-BUAUMOMY,
MPENCTABUT WCIOJb30BAHUE LIEJIOTO KOMILIEKCA,
Wepapxuu METONOB KOHTPOJISI CBEpXpa3yMa, BILIOTh
JIO €TO YHUUYTOXECHUSI.

Bo-BTOpHBIX, cuTyalust ¢ 6€30MacHOCTHIO B 00J1a-
ctu UM paxe B Oosiee TIPOCTHIX cCUCTEMaxX HE BIOX-
HOBJIsIeT. I3BeCTHO OrpOMHOE YKCJIO CJIydaeB OIIMOOK
B HUX, TIPUBOISIINX JaKe K TpareausiM, KaracTpodam.
Ocob0e 6ecrTOKOICTBO BBI3BIBAET McIToiIib3oBanue MU
B pa3JIMYHBIX CUCTEMaX BOOPYKEHUIA.

B-TpeTtbux, ¢ momomipio cucteM MU yxke moctur-
HYTBI 3HAUUTEJbHBIC YCIIeXU, TIPeXIe Bcero, B 00a-
CTSX IpU 00paboTKe OOJBIINX MAaCCUBOB JAHHBIX,
MpU TIPUHSITUU pelIeHUld, TpeOYIOLIUX yyeTa BIusI-
HUSI MHOXeCTBa (h)aKTOPOB U BO3MOXHBIX CUTYaIIUA.
AcHo, yto cuctemsl MU OGynyT u nanee pa3BuBaThC,
TeM OoJiee, YTO B JaHHYIO 00J1aCTh BKJIaIBIBAIOTCS BCE
0oJiee KolocCaTbHbIE MHBECTULIVU.

B-ueTrBepThIX, BO3BMOXHO, HAM HEOOXOIUMO M3-
MEHUTH CBOM B3IIsLA Ha pa3Butue M. OnuH 13 Bo3-
MOXHBIX BapuaHTOB pa3Butusg MM — 310 cuM6103
yenoBeka 1 cucteM VM. Bropoii B3risin — paccMmar-

puBath cucteMbl MM kak “Hammx meteit”. Dta TouKa
3peHUsI TTOJTHOCTBIO COMIACYeTCsl C BApUAHTOM “Oec-
cMepTust”, peann3oBaHHOTO I1pupomoii, Korma Mbl,
o0pa3Ho ropops, rmepenaeM “scradeTHYIO NAIOUYKY
CJIEIYIOLIUM MOKOJIEHUSIM.

B-nsiThIX, HAWBHO TI0JIATaTh, YTO CBEPXPA3yM, €C-
JI1 OH OyIeT co3laH, He OyIeT JOITycKaTh OIIMOOK.
DTO MOXKET MPOUCXOAUTh BCIIEACTBUE OTCYTCTBUS Y
HETo, XOTs Obl MHOTAA, MOJHBIX MCXOIHBIX JAHHbIX.
M teM He MeHee, co3naHue cBepxpasyMa OyaeT BeJiv-
YalIIUM JTOCTVIKEHUEM YeJIOBEUeCTBa, TaK KakK IT0-
MOXET HaM PEIIUTh PSif CEPbE3HBIX ITPOOJIEM B YacT-
HOCTU, OcBoeHUs BceneHHoI, pa3pabOTKN METOIOB
JIeYeHUsI HEKOTOPBIX TOKAa HEeNOOEXKIEHHBIX 00Je3-
Hell yeJloBeKa M1 MHOTUX APYTHUX.

6. TIEPCITEKTUBBI MCITOJIb3OBAHHWA
HAHOBJIEKTPOHUKHU, HAHOMATEPHUAJIOB
1 HAHOTEXHOJIOTUH B UCCITEAOBAHUU

MO3TA YEJIOBEKA

YuuTtbiBasi onucaHHbIE WHTEPIIpETallMi0 MO3Tra
KaK 00beKTa OpraHMYeCKON TMOPUIHOU HAaHO3IEK-
TPOHUKU M KOMIUJIEKCHBI MepapXU4YecKUii MOAXO
€ro uccieioBaHus, 0coOyI0 NepCNeKTUBY MPEACTaB-
JISIET MaclITabOHOe MPUMEHEHNE NJOCTVXKEHUI HaHO-
3JIEKTPOHUKM, HAHOMATEepUaJIOB 1 HAHOTEXHOJIOTU
(HaHOHAYK B LIEJIOM) JIJISI UBYYEHMS U JISYEHUST MO3Tra
yejioBeka. J{aHHBIN BOmpoc MOAPOOHO paccMaTpu-
BaJicd B TJIGHApHOM JloKJane Ha MexayHapomaHoit
koHpepeHuu KpeiMuKo’2015 [39] B ganbHeiinem
onyO0JIuKoBaHHOM B crtathe [12]. B cBsi3u ¢ 3Tum
3[1€Ch BBIJEJIO JIMIIb OCHOBHBIE MOMEHTHI.

INpemioxeHHass UHTEpIIpeTallsI TO3BOJIMIIA CBSI-
3aThb IICUXUYECKHE 3a00JIeBaHUSI C OTKIIOHEHEM (hyHK-
LIMOHMPOBaHUS JIEKTPUIECKUX (HEHTPOHHBIX) 1IeTIei
MO3ra OT HOPMAaJIBHBIX PEKMMOB padoThl. OTKIIOHEHUS
MOTYT OBITh BBI3BaHbI CIEAYIOIIMMI OCHOBHBIMU (DaK-
TOpaMH M UX COBMECTHBIM BIUsTHUEM [12]: 1) cBsI3aH-
HbIe ¢ paspylleHueM liereil; 2) BoI3BaHHbBIE HErpa-
BUJILHBIMM CBSI3SIMU (DYHKLIMOHUPYIOLINX Leneit;
3) ompenensieMble U3MEHEHHEM KOHCTPYKTHMBHO-
TEXHOJIOTMYECKUX 1 JIEKTPOPUNICCKUX ITapaMETPOB
Liernei, BKIoYass GMOXUMUYECKHE TIPOLECCHl B HUX.
OTMeuy, YTO MHOANBUAYAJbHOCTh HEMPOHHBIX 1LIeTei
daKTUYECKU U SIBJISICTCS IIPEAOIpeaeIIsIIOnIcii MaTe-
pHanbHOM OCHOBOU CyOBeKTUBHOCTH [12], a ciremo-
BaTeJIbHO, U IICUXUYECKUX 3a00IeBaHUIA.

HawnGo:ee cyliecTBeHHbIE ¥ OYEeBUIHBIC HapyllIe-
HUS B GYHKIIMOHUPOBAHMM LIeTIE CBSI3aHEI ¢ (paKTo-
pamu rpy1i 1 1 2, ¥ MMEHHO Ha X yCTAaHOBJICHUE Ha-
LieJIEH IIPOEKT IO KOHHEKTOMY uelioBeka [36]. Cury-
alus HAMHOTO CJIOXHee ¢ (akTopaMu Tpynnbl 3,
IIO3TOMY OHU OBLIIM 00Jiee AeTAILHO IIPOaHAIM3UPO-
BaHHI B [12, 39].

Tak, OMOXUMIYECKHE TIPOIECChI, TPOTEKAIOIINe
B mpollecce (GYHKIIMOHUPOBAHUS HEMPOHHBIX IIe-
Teit, MOTYT MPUBOIUTH K CAMBIM Pa3JIMIHBIM UX MO-
MUKPOSJIEKTPOHUKA Ne 1
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IuduKaLrsaM, a UMEHHO [6, 7]: HOBBIM CBSI3SIM MEX-
Iy HelipOHaMU; MOJIEKY/ISIPHBIM U3MEHEHUSIM B CU-
Haricax; cuHTesy PHK, OenkoB, mpoBomsiux K
CTPYKTYPHBIM M3MEHEHUSIM B CHHAIICaX, IIMINUKAaX,
JIIEHIpUTaX, aKCoHax, sape KiaeTkd u ap. C Touku
3pEeHUSI MUKPO- M HAHOBJIEKTPOHUKU 3TU MOA(UKa-
LI T10 CYTH SIBJISIIOTCSI UBMEHEHMSIMU B KOHCTPYKTHUB-
HO-TEXHOJIOTUYECKUX U BJIEKTPOPU3NYECKUX TTapa-
METPOB COOTBETCTBYIOIIMX YYACTKOB JICKTPUYCCKUX
(HelipoHHbIX) ueneii. [ToHSITHO, YTO BIMSIHUE Ta-
KMX U3BMEHEHUI MOXET ObITh BaXKHBIM, UTO, I1O CY-
IIECTBY, W MOATBEPKIaI0T MHOTOUYMCJIEHHBIC 3KC-
MEPUMEHTAJIbHBIE TaHHBIE IS Pa3IMYHBIX IICUXUYe-
CKMX pacCTpOICTB (CM., Hampumep, [35, 40]). 3ameuy,
YTO K HAHOMACIITA0y OTHOCSITCSI OOBEKTHI, B KOTOPBIX
XOTsI OBl OMHO M3 U3MEPEHUIT HAXOOUTCS B IUAIla30HE
oT 1 1o 100 HM. IMEeHHO B 3TOM auana3oHe HaXOISTCS
XapaKTEepUCTUYECKHE pa3Mepbl OCHOBHBIX OMOJIOIMYe-
CKMX CTPYKTyp Mo3ra (I'eHbl, KaHajJbl B MeMOpaHax,
JHK, PHK, HeitpoMenuaTtopbl, OeJIKA U Ap.). DTO
MIPUHIUNMAILHO BAKHO, TaK KaK IPY CO30aHMM MO3ra
[Tprpomnoit THTEHCMBHO MCITOJIb30BAIMCh HAHOOBEKTHI.

Takum 06pa3oM, IaBHBIM HanpaBJIeHUEM TIpU Jie-
YEHUU TICUXUYECKUX 3a00JIeBaHUI JOJDKHO OBITH BOC-
CTAHOBJIEHWE HOPMAaJIbHOTO (hYHKIIMOHUPOBAHMUS
MOBPEXAEHHBIX BCJIEACTBUE OTMEUYEHHBIX (haKTo-
POB 2JIeKTpUUECKUX (HEUPOHHBIX) 1IeTeil MO3ra Uiu
MHasi KOPPEKTUPOBKa X paboThI [12], mpuyem oco-
Oy10 TIepCIIeKTUBY [IJISI 9TOTO MOTYT MPENCTABUTh Ha-
HOOOBEKTHI.

B pa6otax [12, 39] Ob11M BbIAEI€HBI OCHOBHBIE 3a-
Jlauu, KOTOPblE MOTYT pelIaThCs C UCIOJIb30BaHUEM
HaHORJIEKTPOHUKU, HAHOMATEPUATIOB U HAHOTEXHO-
Joruii (HaHOHAayK B 1IeJIOM), a UMeHHO: 1) uccieno-
BaHUe; 2) JieueHue; 3) IuarHocTuka; 4) MOHUTOPUHT
5) KOHTPOJIb HEMPOHHBIX LIETIe U IPYTUX COCTaBJISIIO-
mux mosra. CrenoBare/ibHO, CTpaTerMuyecKUMU Ha-
MpaBJIEHUSMU JOJIKHBI CTaTh pa3pabOTKN HOBBIX MH-
CTpyMEHTapusl U METOJIOB JIEYEHH S, TaK KaK JJIsl HUX,
K COXaJIeHW10, B HacToslIllee BpeMsl XxapaKTepeH 00-
II1IT HEAOCTaTOK — IpyoocCTh [12].

OTMmeuy JMIIb HECKOJILKO TePCIEeKTUBHBIX Ha-
MpaBJeHU U3 BblAeJeHHBIX B [12, 39]: 1) unrepdeii-
Chbl “Mo3r—maiiunHa” (“MO3r—KOMIbIOTEp”), BKIIIO-
Jasi HEMPOUMILIAHTBI, HEHPOUYUIIbI, HEHPOKOMITBIOTE-
pBI; 2) ucnonb3oBaHue pa3ImIHbEIX MOMC u HOMC;
3) cTUMyJISIIUS TIYOUHHBIX CTPYKTYpP MO3ra ¢ Io-
MOIIIbIO 60Jiee MUHUATIOPHBIX 3JI€KTPOJOB, HAHO-
yCTPOMCTB (HAHOTPYOKU, HAHORJIEKTPOAbl, HAHO-
CEHCOPBHI U Ap.); 4) BOCCTAaHOBJIEHNE JEKTPUIECKUX
CBSI3€M MEXIy HEipOHAMU1 YU HEMPOHHBIMU LIETISIMU C
KCIIOJIb30BAHUEM TPOBOJIOK, TPYOOK C AMaMETPpOM
MUKPOMETPOBOTO 1 HAHOMETPOBOTO NMAIa30HOB,
B TOM 4YMHCJIE JTOCTaBKM XMMWUYECKUX CPEACTB;
5) yCTpoMCTBa ONTOI€HETUKM; 6) B KAYECTBE CPEIACTB
JIOCTaBKM HEOOXOIMMBIX MaTepUaOB MOTYT UCTIOJIb-
30BaTbCsl pa3iMuyHble MUKPO- U HAHOOOBEKTHI, Ha-
npumep, cepbl, YaCTULIbI, KAICyJibl, TAUIUHIPHI U JIP.,
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MPY UCTIOJIb30BAHUN PA3JIMUHBIX BO3NECUCTBUI (3JI€K-
TPOMAarHUTHBIX, VIABTPa3BYKOBBIX, TEIUIOBBIX U 1IP.).

KapauHanbHBIM pellieHreM psiia OTMEUEHHBIX 3a-
Iad MOXeT OBITh BO3Bpar K maee P. DeiftHmana u
A.Xubca, KOoTOpast cHadaja Ka3ajlaCh MHOTMM Hece-
PBE3HOI, O CO3MaHNM “MUKPOCKOTMYECKNX POOOTORB”,
“KpOIICYHBIX MEXaHWYECKUX “XUPYproB”, “KpoIed-
HBIX aBTOMaTOB” [41]. Ycriex 3mech MOXET OBITh JIO-
CTUTHYT TIyTEM CO3JaHMUsI PEMOHTHBIX OpUTraj MUK-
pPO- ¥ HAHOPOOOTOB C MCITOJb30BAHUEM TOCTHKEHU A
HaHORJIEKTPOHUKU, HAHOMATEPUATIOB U HAHOTEXHO-
JIOTU (HAaHOHAYK B LIEJIOM).

3AKJIFTOYEHHME

B craTbhe nmpoBeneH 0630p padboOT aBTOpa, CBSI3aH-
HBIX C MO3TOM 4ejioBeKa. M3imoxeHa CcyTh mpeajio-
>KEHHOM TTOJTHOM MHTepHpeTaunu (pyHKIIMOHUPOBA-
HUS1 Mo3ra. B yacTHOCTH, MO3T MHTEpPHpEeTUPOBaH
KakK 0OBEKT OpraHM4YeCKoil TMOPUAHON HAHORIEKTPO-
HUKU. C TOYKY 3pEHUST aBTOPA, KITIOYEBBIMU aKTUBHbI-
MU BJIEMEHTAMU B HEMPOHHBIX (RJIEKTPUUECKUX) LIETISIX
MO3ra SIBJISIIOTCSI KaHaibl (MOHHBIC KaHajIbl, MOHHbIE
Hacochkl 1 ap.) — HOMC c xapakTepucTU4eCKUMU pa3-
MepaMM B HAHOMETPOBOM auariazoHe. [IpyuHIMIIManb-
HO BaKHBIM IIJISI 9TOI MHTEPIIPETALINN SIBJISIETCS YPO-
BEHb MHTETpallM MO3Ta YyeJIoBeKa, KOTOPhIM COmIacHO
OLIEHKE aBTopa, JeXuT B nuanasoHe 107—102' aktus-
HBIX 9JIEMEHTOB. DTOT (DAaHTACTUYECKUIA YPOBEHb MH-
Terpallii MO3Ta YeJIOBeKa MO3BOJISIeT HAMETUTDH KOM-
MJIEKCHBINA HMepapXUUEeCKMil MOIXOH MCCIIEA0BaHUS
MO3Ta, OCHOBAHHbII Ha MOJOOUU C COBPEMEHHBIMU
METOJaMM aHajInu3a M3BECTHBIX OOBEKTOB TBEPIO-
TEJIbHOM HAaHO2JIEKTPOHUKW, HECMOTpPS Ha TO, YTO
3ajlaya 3/1ech I'paHAMO3HOI cllokHOCTU. PaccMoTpeB
¢eHOMEH CO3HAaHMS YeJIoBeKa B paMKax pa3paboTaH-
HOI TEOpUM, YIAJIOCH BBIACIWTh INIABHBIA NPUHLIMIT
GYHKIIMOHMPOBAHUS MO3ra Ipu 00padoTke MHGPOP-
Maluy — MOPUHLMI IIpeoOpa3oBaHUil CUTHAJIOB U
DHEpreTUIECKUX peKoHCTpyKImnii. Ha 3Toit MmeTomo-
JIOTUYECKOI OCHOBE PacCMOTPEHBI MEPCIEKTUBBI U
nmpo0OJieMbl co3naHusI cBepxpasyma. [Ipoananmusupo-
BaHBI KaK IECCUMUCTUYECKUI1, TaK Y OIITUMUCTUYC-
CKUii BapuaHT pa3BuUTUs cobbiTuii. K coxaneHuio,
caMBbIii Tparn4ecKuii BapyuaHT (YHUUTOXCHUE YEJI0-
BE€YECTBA) HE SBJISICTCS HEBEPOSITHBIM CIleHapHueM
pa3BUTHUSI COOBITUIL. B COOTBETCTBUU C TIpemyio-
XKEHHOM MHTepIpeTanueil Mo3ra Kak o0beKTa op-
raHM4YeCKOM TMOPUIHOM HAaHO3JIEKTPOHUKM ITOKa-
3aHa OoJblilasi TMepPCHeKTUBA UCIOJIb30BaHUSI HAHO-
2JIEKTPOHMKM, HAHOMATEPHUAJIOB M1 HAHOTEXHOJIOTUIA
(HaHOHAYK B 11€JIOM) B €TI0 UCCJIEIOBAHUM U JIEYEHUU.
IMTocnenHee npencTaBasieTcss 0OCOOEHHO BaXKHBIM.

ABTOp cuMTaeT CBOMM MPUSITHBIM JOJTOM BhIpa-
3UTh MCKPEHHIOK NPHM3HATEIBHOCTh Bragumupy
Ddenoposuuy JIlyknueBy 3a LieHHbIE 3aMeYaHUsl, 103~
BOJIMBILIKE VJIYYILIUTh CTaThlO, a TAKXKE MOUM yYUYEHU -
nam H.B. Konowmeiiesoii u 1.10. Illep6akoBoii 3a
MOATOTOBKY PYKOITMCH PabOTHI K TIeYaTH.
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