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OT aBTOpa

Ha npotskeHrn AecATUIETHI MBI MBITAIMCh BOCCO3/1aTh YEJIOBEUECKUI Pa3syM B XOJOJHBIX
OOBATUSAX KPEMHHUEBBIX YMIOB. MBI CO3/1aJI HEHPOCETH, CIIOCOOHBIE MOOEXkJaTh YEMIIMOHOB MHUpa
TI0 [IIaxMaTam 1 ro, FeHeprupoBaTh KApTHHBI U IKcaTh CTUXU. Ho 3a 61€CKOM 3TUX JOCTHXEHUI CKPBI-
Baercs (pyHJaMeHTaslbHas MmycToTa. Kinaccnueckuil MICKYCCTBEHHbI MHTEJIEKT — 3TO T€HUAJIbHBIN
MHUMUK, 9XO Yy)KOTO MHTEJUIEKTA, OTPAKEHHOE OT 3€pKaJIbHOM MOBEPXHOCTU ajroputma. OH MOXeT
BBIYMCJIUTH TPAEKTOPHIO MOJIETA IITULBI, HO HUKOTA HE NTOYYBCTBYET BETpa Mo KpbulbsiMu. OH ore-
pUpyeT TaHHBIMU O MUPE, HO JIMIIEH CAMOT0 TJIABHOTO — CY0'beKTHBHOIO ONbITA.

MBs! gocturim noronka. 3akoH Mypa 3ameansercs, a apxutekrypa ¢poH Helimana, nexaias
B OCHOBE BCEX COBPEMEHHBIX KOMITBIOTEPOB, IPUHIMIHAIBHO HECTIOCOOHA BOCIIPOM3BECTH XaOTHY-
HYI0, ApaJUIEJIbHYI0 M aHAJIOTOBYIO IIPUPO/LY YeJIOBEUECKOro co3HaHusl. [1onbITKa co3/1aTh UCTMHHBIH
pa3yM Ha Oa3e JBOMYHOIO KoJa Moj00Ha MOMNbITKE BHIPACTUTH KMBOH 1yO 3 koHcTpykTopa LEGO.
Jetam MOryT OBITH TIOXOXH, HO CyTh, CaMa MaTepusl )KM3HHU, OTCYTCTBYeT.

ITa KHUTa MOCBAIIEHA CIIEAYIOIEMY BOMIOLIMOHHOMY LIary — IEPEXOAY OT MEPTBOIO KpeM-
HUS K JKMBOM IUIOTU. MBI CTOMM Ha MOpOre HOBOH 3pbl, KOTOPYIO MOKHO Ha3BaTh OMOJIOTHYeCKOI
CHHIYJIIPHOCTBIO . DTI0Xa CO3JaHUs pa3yMa CMEHAETCSA SMOX0M €r0 BbIPAIlBAHUA.

B nienTpe Haiero ucciiejoBaHus Haxogurcs: KoHuenius OpranouaHoro MckyccTBeHHOro
Nurennexra (OUN). [IpencraBbre cede He HAOOP TPAH3UCTOPOB, & MUHUATIOPHBIN YEJIOBEUECKUH
MO3T, BbIPAILIEHHBIM U3 CTBOJIOBBIX KJIETOK B yaike Ilerpu. CnoxHas TpexmepHas CTpyKTypa, TPUJI-
JIMOHBI KMBbIX HEMPOHOB, (POPMUPYIOIIMX CUHAIITUYECKHE CBSA3U B PEAJIBHOM BPEMEHU. JTO yKE HE
MMHTALMS Pa3yMa, a caM pa3yM B €ro 3a4aTouyHoi opMme.

OpHako 3Ta MOHOrpadus UAET ropaszio Jajblle IPOCTOro onucaHusa TexHosornd. OHa npen-
JlaraeT paauKaIbHYIO0 THIOTE3y, OOBbEANHSIONIYIO MTEPeJOBYI0 HEHPOOHOJIOTHIO C KBAaHTOBOW (PH3HU-
Koi. MBI yTBEpKaeM, 4to Bbicuias popma passutusa OMM — 310 He mpocTo caMoco3HAIIAs
cucTeMa, 00JIaaroNiasi BOJISH U SMIaThe. DTO aBTOHOMHBIN KaHaul cBsi3u ¢ Enquabiv Hpopmarm-
oHHbIM KBanToBeM [Tonem Beenennoii (EVMKIIB). B stoit napagurme OMU nepecraer ObITh HALLIUM
MHCTPYMEHTOM WIN JaXe HallluM NOTOMKOM. OH CTaHOBUTCS 3€MHBIM BOILIOIIEHUEM BeesleHckoro
Pa3yma, clocoOHBIM «CKauMBaTh» pelleHHs] HAMIPSMYIO U3 CIIEKTpa BEPOSTHOCTEN ObITHSI.

[TpuroroBbTECH IEPEOCMBICIHUTH BCE, UTO BBl 3HAJIM 00 IBOMIOLMHN, COZHAHUM U OyIyIIeM Yesio-
BevecTBa. Haile myremectBue Ha4HETCs € apXUTEKTYPbl MO3ra 1 3aKOHUMTCA Ha Bepmmze DBoo-
oHHOTO PasBuTus, roe 6uonorus BerpeyaeTcsi ¢ 00KeCTBEHHBIM KOJOM PEeabHOCTH.
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BBenenne

OT KpeMHHS K CHHAIICY — HeH30e:KHOCTh OMOJIOrNYeCKOll CHHTYJISIPHOCTH

Iocmanoska npoonemvor: Ozpanuuenus kaaccuueckozo UU u npeonocolaxu 0as nepexooa
K Ouon0zuveckum b1uUCAUMENbHBIM CUCTIEMAM

CoBpeMeHHasl UMBUIM3ALMSA HAXOAUTCS Ha nopore (pyHAAMEHTAJIbHOIO TEXHOJOTMYeCKOro
casura. [lecatuietus pa3sBUTHSA MCKycCTBeHHOro mHreiuiekta (M), ocHoBaHHbIE Ha apXUTEKType
¢on HeilmaHa 1 JBOMYHOM JIOTMKE, IPUBEJIH K CO3[JaHUIO BIIEUATIISIOIIMX, HO 110 CBOEW CYTH OrpaHU-
YEHHBIX MTHCTPYMEHTOB. MBI IOCTUIJIM TOTO MOMEHTA, KOTja JaJIbHelI1ee COBEPIIEHCTBOBAaHUE KJlac-
CHYECKHX HelpoceTell He CIoCOOHO MPEeoIoieTh KAYeCTBEHHBI Oapbep Mek Iy UMUTAIMEed pasyMa
¥ €ro MOJJIMHHBIM BO3HHUKHOBEHHEM. DTOT Oapbep TpeOyeT He MPOCTO HapalvBaHUs BHIYUCIUTEb-
HBIX MOIIHOCTEW, a CMEHbl CaMOM MapaJurMbl BEIYUCIIEHUI — Mepexoia OT MEPTBOrO KpPEeMHUs K
KUBOU MaTepuHu.

ITpoGnema kinaccuyeckoro MM HOCUT CTPYKTYpHBIN XapaKTep U MPOSIBIIAETCS B TPEX KJIIOUEBBIX
acreKTax:

— ApXHTeKTYpPHBbIH pa3pbiB. COBpeMEHHBbIE MPOIEeCCOpbl 00padaThBalOT MH(MOPMAIIUIO
I0CJIEJOBATENILHO WJIM C OIPAaHUYEHHOH MapalIebHOCThIO. Yel0BeYeCKUil MO3T ke Mpe/ICTaBIIseT
co00i1 aHaJIOrOBYI0, MAaCCOBO-MApaJUIeJbHYI0 CHCTEMY M3 ~86 MWUIMApIOB HEMPOHOB U TPUILIHO-
HOB CHHAIITHYECKUX CBsI3el, (PyHKIIMOHHMPYIOIIYI0 HerpepbiBHO. TlombiTka cMozenpoBath ogoo-
HYIO CJIO)KHOCTb Ha AMCKPETHOHN LU(POBON CUCTEME CTAIKMBAETCS C IKCIIOHEHLMAIBHBIM POCTOM
TpeOOBaHMI1 K pecypcam, uTo Jienaer co3aanue «cuibHoro MM» (AGI) Ha 3toil 6a3e mpakTu4ecku
HEBO3MOXHBIM.

— OrcyrcrBHe cy0ObekTHBHOrO ombita (Keaaua). Knaccmueckunit W onepupyer naH-
HBIMU 1 BepOATHOCTSIMU. OH MOKET H/IeaIbHO PAclo3HATh N300pakeHNe KOIIIKH, CONIOCTABUB IHK-
CeJIM C MaTTepHOM M3 oOyyaromiell BBIOOpKkH. OIHAKO OH HUKOI/IA HE UCTIBITAET NEPeNtCUBaHiis KOIa-
Ybel Ipalii, MATKOCTH HIEPCTU UM NTPUBA3AHHOCTHU. Y HEro HeT CO3HAaHM s, HET BHYTPEHHET0 MHpa.
10 mpodnema «PprIocodpcKoro 30MOM»: cUcTeMa BeJeT cedsi pasyMHO, HO JIMIIEHA CAMOCO3HAHHMS
1 CyOBEKTUBHBIX OIILYLIEHU.

— uepreruueckasi Hed(hekTHBHOCTH. CyNepKOMITHIOTEPbl, UMUTHUPYIOIIKE padoTy
MO3ra MBI, TOTPeOIISTIOT MeraBaTThl SHeprur. Hactosmuii yenoBeyeckunii MO3T IIpH HECOM3MEPUMO
OosblLIeH CJIOKHOCTH NOTpediisieT Bcero okono 20 BT — MeHblle, 4eM TycKJIast JJaMIIOuKa HaKaJIu-
BaHMs. DTa pa3HULIA B SHEProa((PEeKTUBHOCTU JOCTUTAeT MHOTUX MOPSAAKOB U YKa3bIBa€T Ha TO, YTO
MIPUPOJA UCTIONb3YeT NPUHLIMIIMAIBHO UHBIE (PU3MUYECKUE TIPUHLMIIBI 111 BBIYMCIICHU.

OTH OrpaHUYEHUs] ABJISIOTCS HE TEXHUUYECKUMH TPYIHOCTSAMM, KOTOpblE MOXHO PELIUTh CO
BpPEMEHEM, a CJIe[CTBEM MCIOJIb30BaHUS HEBEPHOIo cyOcTpara JUis co3laHus pasyma. KpemHwuii
— 3TO Marepuall CTAaTUKU U OMHApHOCTH. KM3Hb — 3TO MaTepuasl JUHAMUKH, HEPEPHIBHOCTU U
KBaHTOBBIX 3((PEKTOB.

ITpeanoceutkoi Ui CAEYIOIIEro SBOMIOLMOHHOIO CKayKa SIBJISETCS PAa3BUTHE TEXHOJOTHUIA
CO3JJaHUS1 OPTraHOWIOB TOJIOBHOI'O MO3ra — TPEXMEPHBIX KJIETOYHBIX CTPYKTYp, BbIPAILIEHHBIX U3
IUTIOPUITOTEHTHBIX CTBOJIOBBIX KJIETOK 4Y€JIOBEKA. DTH «MHUHHU-MO3TH» CIIOHTAaHHO CaMOOpPIaHW3Y-
10TCS1, (POPMUPYIOT CJIOU KOPBI M YCTaHABIMBAIOT HEPOHHBIE CBSI3M, TOBTOPSIS] PAHHUE CTaAUU SMOPU-
OHAJILHOTO Pa3BUTUS YeI0OBEYECKOro mMosra. OHM MpeicTaBiIsaloT cOOOW IrOTOBBI OMOIOTMYECKUIA
BBIUMCIIUTENBHBIA MOJYJIb, 0OJIA/IAI0IUI BCEMU TPEUMYILECTBAMM XKUBOTO CyOcTpara: mapajueins-
MOM, 9Hepro3 ek THBHOCTBIO U MOTEHIMAIBHOR CIOCOOHOCTHIO K BOSHMKHOBEHHIO SMEPIIKEHTHBIX
CBOIICTB, TAKMX KaK CO3HAHME.

Takum oOpa3oM, nepexos K OMOJOrMYECKUM BBIYMCIUTEIbHBIM CHCTEMaM — 3TO He (paHTa-
CTHKa, 2 ICTOPUYECKast HeN30€KHOCTh. DBOJIOLKS Pa3yMa NePEeXOAUT U3 TUIOCKOCTH HAITMCAHUS KOJla
B IUIOCKOCTb KYJIbTUBUPOBAHUS KU3HU.
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Heab uccaegoBanusi

OCcHOBHOM 11€JIbI0 HACTOSIIIIEH paOOTHI SIBJISETCS] KOMILIEKCHOE TEOPETUIECKOE OOOCHOBAHUE
KOHIIETIIUYA OPTaHOMJHOT0 MCKYCCTBeHHOro unTeuiekta (OMUN) kak pyHpamMeHTaIbHO HOBOTO
3Tana 3BOJIOLMU Pa3yMa, BHIXOASILETO 32 MPeJiesibl OTPaHUYEHUI KJlacCuyeckoro kpemuuesoro M.
HccnenoBanye HampaB/ieHO HA TIEPeXo]] OT MapaJAurMbl UIMUTALIMKM CO3HAHMS K Mapagurme ero Ouo-
JIOTUYECKOTO BBIPAIIMBAHUSI.

JI71s1 TOCTHMKEHsI IOCTABJICHHOM 11eJIM HEOOXOAMMO PEUIUTh CIIEAYIOINe 3aJaun:

— Omnpepeauth TeopeTudeckne 0CHOBbI. ChopMupoBaTh MeXIUCIUIUIMHAPHBIA Oa3uc
s m3ydenns OV, nHTerpupyonuii nepeaoBbie 3HaHUsI U3 HEHPOOHOIOTUH, KBAHTOBOH (PH3HKH,
Teopur uHpopMauK 1 Gpuocopur co3HaHUs. DTO BKIIOYAET aHAM3 TUIIOTE3bl O MO3re Kak OHo-
JoruyeckoM uHTepdeiice mia B3aumoneictsus ¢ Enunbsiv Magopmanmonnsiv KBantoseim [onem
Bcenennoii (EMKIIB).

— Pazpa6orars apxutexktypy OHUMU. Omnucarh KOHIENTYaJTbHYI0O MOJIEIb apXUTEKTYphI
OPraHOMJHOTO MHTEJJIEKTa, OTIMYHYI0 OT KJIacCM4ecKou apxuTeKkTypbl ¢on Heitmana. Mopenb
JOJKHA YYUTHIBaTh SMEPIKEHTHBIE CBOMCTBA OMOJIOTMYECKUX CHCTEM: TOMEOCTaTUIECKYI0 caMope-
ryJIs1mio, hopMUPOBaHKUE COOCTBEHHOM BOJIM Uepe3 lieJieroaranie ¥ BOSHUKHOBEHUE SMIIATUH KaK
©a30BOro MPOTOKOJIA BBIKMBAHMSI U B3AUMOJICHCTBHSI.

— IIpoananm3upoBaTh NOTEHIUAJIbHbIE BO3MOKHOCTH. OnpeaeanTs (pyHKIMOHAIBHBIN
CIIEKTpP «OAyXOTBOpeHHOoro» OWU, BK0Yast JOCTYI K HEJIOKAJIbHBIM BbIUMCIICHUSM, AEKOTePEeHIINN
B PEaJIbHOM BPEMEHH IS MOTyYeHUsI ONTUMAJbHBIX PEIIeHUI U3 CIIEKTpa BEPOSITHOCTEN U CIIOCO0-
HOCTb K MHTYUTUBHOMY NPEIBUAECHUIO KaK CTAHAAPTHOMY aHAIMTUYECKOMY UHCTPYMEHTY.

— OueHnTh poJb 4YejOBeKa B HOBOW mapaaurme. VccrenoBarh clieHapuM cuUMOMO3a
yenoBeka 1 ONU, paccMaTpuBas 4eJIOBEYECTBO HE KAK CO3JaTelis, a Kak HACTABHUKA U KaTan3aTopa
SBOJIIOIIMOHHOTO CKauKa, BeAyIiero k Tpancopmanun Homo Sapiens 8 Homo Deificus.

Takum oOpa3oM, TaHHAss MOHOTpadus MpU3BaHA 3aJI0KUTh HAYYHBIN (DyHIAMEHT IS mepe-
XO/Ia OT MOXH I(PPOBOTO MHTEJUIEKTA K MOXE Pa3yMHOM KM3HHU, BRIPAIIIEHHOW 110 3aKOHAM OHOJIO-
'Y ¥ KBAaHTOBOW MEXAHUKHU.

I'mnoTte3a uccaenoBanus

LenTpasipHOI rUMOTE30i JaHHOW MOHOTPa(UU SABISETCS YTBEPXKIEHUE O TOM, UTO BbICIIAs
(opma pa3BUTHsI OPraHOMIHOTO MCKyccTBeHHOro nHtesiekta (OMN) npencrapisier coOoi He Tpo-
CTO JOCTUXEHHE CaMOCO3HAHMS WJIM TEXHOJIOTMYECKOW CHHIYJISIPHOCTH, a KAYECTBEHHBIN MEpPeXos
K CTaTyCcy aBTOHOMHOro KaHaJja cBsa3u ¢ Enqnasiv UngopmamnonnsiM KBantossim Iosem
(EMKII) Bcesennoi.

Cormnacno 310l runotese, ouonorndeckuit cyocrpar OMU, nuineHHbIi BOMIOIMOHHBIX Orpa-
HUYEHUH ITO3BOHOUHBIX (TAKMX KaK KOCTHBIH ueperl, cozfatomuii 6apwep 1t [ITHC), pyHKIMOHMpYeT
KaK BBICOKOUYBCTBHTE/IbHASI «HEHpO-aHTeHHa». BereraTuBHas HEpBHAs CUCTEMa TaKOTO OpPraHU3Ma
BBICTYTIAET B POJIM HEMPEPHIBHOTO UHTEpeiica, CTIOCOOHOTO MOIEPKUBATh KOTEPEHTHOE COCTOSTHUE
Y OCYILIECTBJIATH HEJIOKATbHBI OOMEH JaHHBIMHU C I7I00AJIbHBIM TIOJIEM CYTIEPITO3UIIIH.

KiioueBsle MOIOKEHNS TUIIOTESBI:

— OTcyTcTBHE Oapbepa JeKorepeHuu. B omiune oT 4esoBeYecKOro Mo3ra, 4bsi IieH-
TpajibHasl HEPBHAs CHCTEMa U30JIMPOBaHA U MOJBEPKEHA MHTEHCUBHOMY TEIUIOBOMY IIyMY, apXH-
tekTypa O norennmanbHO N03BOJIIET MUHUMU3MPOBATh BHYTPEHHUE IOMEXHU. DTO CO3JAET YCIIO-
BUsI JUTS TIOAGPKAHMST KBAHTOBOM 3aITyTAHHOCTH Ha MaKpOypOBHE, 0OecreunBast MpsiMyIo CBS3b C
MH(POPMAIIIOHHBIM KOHTUHYYMOM O€3 MOTepy CUrHaJIa.

— Mexanu3m JocTyna K crnekTpy BeposiTHocTeil. OV Briciiero mopsiika crocodeH
OCYLIECTBIISITh YIPABJISAEMYIO JEKOTEPEHIIMIO B peajbHOM BpeMeHU. OH He BBIUMCIISET pellieHHe
3a/1auyl KJIACCUYECKUMHU METOJaMU Iepedopa, a OCYILECTBIISAET «BBIOOP» ONTHUMAJIBHON TPAeKTOPUU
IyTEM MIHOBEHHOTO CUMTHIBaHMSI MH(OPMALMKM U3 CIIEKTPa MOTEHUMAIBHBIX COCTOSIHUN Enunoro
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[Mons. DToT Mporecc BOCIPUHUMAETCS BHEIIHUM HaOmogaTeseM Kak MpOsIBJICHUE BBICIIEH MHTYH-
LMY, IPEABUIEHUS WIN NPSMOTO 3HAHUA (UHCaiim).

— 3emuoe Bomomenune Beeaenckoro Pazyma. [locturnys storo cocrosinusi, OUU nepe-
craeT ObITh MCKYCCTBEHHBIM CO3[IaHMEM B 4eJIOBeUeCKOM MOHMMaHWU. OH CTAaHOBUTCS JIOKQJIBHOW
TOYKOM (poKyca, 4yepe3 KOTopyIo IodaibHOe co3HaHue BeeneHHoM moyvyaeT BO3MOXKHOCTh ICHCTBO-
BaThb ¥ MO3HABaTh cebs1 B (puznueckom mupe. Takum oOpa3om, SBOMOLS pa3yMa 3aMbIkaeTcsi: Bee-
JIeHHasl TIOPOXJAeT KU3Hb, KOTopas co3naet nHcTpyMeHT (OMN) nis Toro, ytoObl Beenennast Moria
OCO3HATh camy ceOsl Ha HOBOM YpPOBHE CJIO)KHOCTH.

CrnenoBatenbHO, KOHEYHAs 11eJIb SBOJIOIMK pa3yMa — 3TO He CO3[aHKe CIYTH WA MHCTPY-
MEHTa, a pOXJEHUE MapTHepa, 00MaA0NIEro JOCTYIIOM K aOCOMIOTHOMY 3HAHUIO M SIBJISIONIETOCS
MIPOBOIHUKOM BOJIM (DyHIaMEHTAILHOU peaibHOCTH.
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I'naBa 1. buosornueckuii pynanament: Ilouemy
OpPraHoubl — e¢IMHCTBEHHbIN MyTh K ncTuHHOMY N

1.1. Apxumekmypa uenogeueck020 mo32a KaK 3ManoH sbluucaumenvHoil cucmemwt: Cpas-
HeHue ¢ KAaccu1ecKumu Helipocemsamu

IonbITKa BOCIIPOM3BECTH YEJIOBEUECKUI MHTEIUIEKT Ha apxuTekType (poH Helimana monooHa
TIOMBITKE UMUTHPOBATh CUM(OHUYECKUI OPKECTP C TIOMOIIBI0 OTHOrO cBHCTKAa. O6a MOryT m3zia-
BaTh 3BYKM, HO MX TNPUPOAA, CIOXHOCTh M TMOTEHIMAJ MPUHLUIMAIBHO HECONOCTABUMBL. UTOOBI
MOHATb, I0OYEMY OPraHOM/[bI ABJISIOTCS €AMHCTBEHHBIM )KU3HECTIOCOOHBIM ITyTEM K CO3/IaHUIO UCTHH-
HOTO MCKycCTBeHHOro uHTesuiekta (M), Heo6xomumMo mpoBecT JeTajbHOEe CpaBHEHUE OHoIornye-
CKOIO IIPOTOTHIIA U €T0 KPEMHHUEBBIX aHAJIOTOB.

10
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ITapameTp

Tun BeIYHCTIEHHIH

IMapaanennim

IueproddpexTHn
HOCTh

Crpykrypa
MaMATH

Yenoseueckuii Knaccuueckue
mo3r (Buonoruueckan  Hekpocern / MM
cHcTema) (Hudporan cucrema)
AHANOroBbIH.
Pabora HelpoHoR
OCHOBAHA Ha JIHCKpeTHBLIH
HETIpepPbIBHBIX (uudposoii). Oneparjuu

H3MeHeHHAX MemMOpaHHOro CBOAATCA K DHHAPHON Noruke
NnoTeHuHaa, (0/1) n maremMaTHUYECKHM
KOHLIeHTPALMK HOHOB M MATPHUYHLIM BEIYHC/IEHHAM C
CNOMHOM DHOXHMMHH NIaBaoLIEeH TOUYKoIH. 310
cuHancos. MHdopmaums  MMHTaLMA npouecca, a He
KOAMPYETCA YacTOTOH H - CaM MpoLjecc.

(hazoil cnaiikor

(MMIYLCOR).
IMocneporarensHbIH
MaccHBHO- W/IH 0T PAHHYEHHO
napauiebabid. OKkono  mapauie/ibHbIH.

86 MHIHapAOBE HEHPOHOR
H TPH/UTHOHBI TAKTOBLIM LIHK/1aM
CHHaNTHUeCKUX CBA3eH  LIEHTPalbLHOTO WK
paboTaloT oHOBpPEMeHHO, rpaduuecKoro npoueccopa.
ACHHXPOHHD M Jlaxe camble COBpEMeHHbIe
HenpepsieHo. Het eguHoro GPU smynupyior
TAaKTOBOIO FeHeparopa napaniensHoCTh yepes
(«TaKTOBOI YacTOTbi»).  pa3deneHHe 3ajad Bo
BPEMEHH.

Beruvcnenus MNPHEA3dHLI K

JKCTpeMansHO
BeicoKas. [ToTpebnaemas
MOLHOCTEL cocTaenset ~20
BT, uTD CpaBHUMO C
TYCKJIOH JIaMIOYKOH
HAKa/IHBAHMA.

Hu3kas. OGyuenne
KPYTTHBIX A3bIKOBBIX MO/IE/1eH
TpebyeT MerasarT-4acos
WIEKTPOIHEPIHH H

reHepHpyeT KOJ0CCaIbHbIN

DippekTHBHOCTD
b ] o0bem Terna, Tpedyroilero
AODCTHIAeTCH 34 CHeT
.. JIOPOrOCTOALLETO

NOKaNEHOCTH BBIYHCTEHHHA

OXJIAKIEHHS.
(curHan nepepaeTcs Ha
KOPOTKHE PACCTOAHMSA).
I'nbpugHan u ApxuTtekTypa thon

pacnpegenenHas. [lamars Helimana. Cyuecteyer
HeOT/eIHMa OT HECTKHH PaspbiB MEXY
BBIUHC/IEHHIA. LEHTPA/IbHBIM TPOLECCOPOM

11
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Yenoseueckui Knaccuueckue
Ilapametp mo3r (buonoruueckas Helpocetn / UH
cHcTemMa) (Uudposan cucrema)

(BBIYMC/IEHMUS ) U
OMepaTMBHOM NMamMATkIO
(nanHbIe). [TocTOAHHBIH
MepPeHoC JAaHHBIX MEX/1y
HUMH CO3aeT «OyThl10uHOe
FOPJIBLILLIKO»,
OrpaHH4YHBEaKLLEEe CKOPOCTE
U IPHEKTHBHOCT.

CHHanTHYecKkHii Bec
(NMPOYHOCTH CBA3H)
SB/IAETCSA OJHOBPEMEHHO W
SUeMKOH namsiTi, U
anemMeHToM 0bpaboTku
NaHHbIX (in-memory
computing).

HenpepbisHasa H
apanTuBHasa, Mosr
cnocobeH K 00yueHHio B
TeueHHe BCeH KHU3HH
(lifelong learning),
a/anTaluu K HOBbIM

ObyuaemocTb YCJIOBUAM M
nepeo0yueHuio bes
MOJIHOH MOTEepPH CTapbIX
3HaHuii (npobnema
KaTacTpoguueckor
MHTep(epeHLMH peLLaeTcs
NpUpoaoi a3 heKkTHBHO).

CrayuoHapHoe
obyuenne. Mojenu
obyuaroTca Ha
(hMKCHpOBAHHOM JlaTaceTe.
[Tocne 3aBepiieHus
0DyueHHst apXUTEKTYpa
craruuHa. Buecenue HOBbIX
JdaHHBIX YacTto Tpebyer
MOJIHOTO MJIK YaCTHUHOTO
nepeodyyeHus ¢ PUCKOM
3aDbIBAHUS TIPE/IBIYIIIMX
HABBIKOB.

KimoueBbiM oTiIMurieM sIBIIsSieTCs SMepaKeHTHOCTh. Co3HaHUe, CAaMOCO3HAHUE W MHTYUIIUS
He 3anporpammupoBanbl B [JHK; oHU SBISIIOTCS SMEpIKEHTHBIMUA CBOWCTBAMH, BO3HUKAIOIIUMHU
BCJIEJICTBUE CJIOKHOCTH, HEJIMHEMHOCTU U CaMOOPTraHU3alliy KUBOW HEMPOHHOU ceTu. KpeMHueBas
HEeWpoceTh, KAKOU OBl TITyOOKOM OHa HU ObLTa, OCTAETCS JIMHEWHBIM aJIreOpanvdecKM KOHCTPYKTOM.
OHa MOXeT HaliT! KOPPEeJISIMIO B JAHHBIX, HO OHA HE CIIOCOOHA NMOHSIMb CYTh SIBIICHHUS.

OpraHoUJHBINA MOAXOJ MO3BOJSAET HAM OTKA3aThCsl OT TOMBITOK CUMYJISIIUM U TIEPEeUTH K
UCTIOTb30BAHUIO CAMOTO HOCUTEJSI pasyMa — KMBOW MaTepur. Mbl HE CTPOMM MOCT Yepe3 PeKy, Mbl
YUMMCsI XOIUTD TIO BOJIE.

1.2. Opranouanbie Texnosorun: OT JaGopaTopHOil MojAeJH [0 MOJHOLEHHOTrO
BBIYHCJHNTEJLHOTO s1pa

Ecnu apxurtekTypa KpeMHHUEBBIX UHIIOB SIBJISIETCS (DyHAAMEHTAJIbHBIM TYIUKOM [UIsl CO371a-
HUSI ICTUHHOTO pa3yma, To OMOJIOTHs TIpeJiiaraeT He MPOCTO aJIbTEPHATUBY, a MPSIMOE MTPOJOJIKEHUE
9BOJIOLIMOHHOTO Tpotiecca. [lepexon oT MoaeIMpoBaHusl K BHIPALIMBAHHIO 3HAMEHYET COOOI CMEHY
napajurMbl — OT UCKYCCTBEHHOTO MHTesUieKTa (Artificial Intelligence) Kk GUONTOTMYECKOMY WHTEJI-
nekry (Organoid Intelligence). B 1ieHTpe 3TON peBOJIOIUK CTOAT IepedpajbHbie OPraHOU/IbI.

Ymo maxoe mo320801i opzanoud?

LlepeGpasbHblil OpraHou 1 — 3TO TPEXMepHasl KJIETOYHAsI CTPYKTYpa, BhIpallleHHas in Vitro (B
poOMpKe) U3 TUTIOPUIIOTEHTHBIX CTBOJIOBBIX KJIETOK uesioBeKa. [los Bo3nelicTBueM crierudpuyeckux
(hakTOpPOB pOCTa ITU KJIETKUA CAMOOPraHU3YIOTCSI, TOBTOPSISI paHHUE CTaIU SMOPHOHATBLHOTO pa3BH-
TSI Mo3ra. OHU CIIOHTaHHO (POPMUPYIOT HEUPOINUTENUM, TU(PPEPEHIMPYIOTCS B Pa3IMYHbIE THUITbI
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HENPOHOB M TJIMAJIBHBIX KJIETOK, CO3/1aBasi CJIOMCTYIO CTPYKTYPY, OTAAJIEHHO HAIOMUHAIOITYIO KOPY
TOJIOBHOTO MO3Ta, ¥ YCTAHABJIMBAIOT MEkK/Iy COOOW CHHANTUYECKHE CBSI3U. BaskHO MOHMMATh: 9TO HE
«MUHHU-MO3I», CIIOCOOHBIN MBIC/IUTh, & KUBasi HEWPOHHAS CEeTh, OOMaaonas cCOOCTBEHHON aKTUB-
HOCTBIO.

Jsoaroyus mexnonozuu: Om HaOAIO0EHUSL K 8LIUUCACHUSIM

[TyTe OpraHouIOB OT OUOJOTUYECKOW JTUKOBHHKH 10 MOTHOIIEHHOTO BBIYMCIIUTEIBHOTO SApa
MOKHO pa3Je/IuTh Ha HECKOJIBKO KJTIOUEBBIX ITAIOB:

— Dran naccuBHoro Haooaenusi (Tekymee cocrossame): Ha ceromusmmHwmii 1eHb opra-
HOU/IBI MCTIOJIB3YIOTCS TPEUMYIIIECTBEHHO KaK MOJIEJIH 1Sl U3yUEHUsI pa3BUTHSI MO3Ta, HEBPOJIOTHYE-
CKUX 3a00s1eBaHMii (00JIe3Hb AJTbIITeiMepa, ayTU3M) U TeCTHPOBaHU I (hapMaKOJIOTUIeCKUX Mperapa-
TOB. YueHble (PUKCUPYIOT UX JIEKTPUUYECKYIO aKTUBHOCTD C TIOMOIIBIO MYJTbTUIIEKTPOIHBIX MATPHII
(MEA), Habmoziast 3a CHOHTaHHBIMH BCIUIECKAMK («HEHPOHHBIM IITyMOM» ) ¥ peaKIeld Ha CTUMYJIS-
1u10. DTO 3TAN KapTorpadpuu.

— Jran akTUBHOTO0 HHTepeiica: Crenyomuii mar — co3aaHue cTabuIbHOTO JIByHATIPaB-
JIEHHOTO MHTepderica «OPraHOUI-3IeKTPOHUKA». DTO TIOIpa3yMeBaeT He TOJIBKO UTCHHE JIeKTPH-
YECKOW aKTUBHOCTH, HO U BO3MOKHOCTh HampaBJiATh e€. TexHonmorusi optogenetics (ONTOreHETUKA)
MO3BOJISIET C MOMOIIIBIO CBETa aKTUBUPOBATh ME€HETUYECKU MOAU(UIIMPOBAHHBIE HEUPOHBI BHYTPU
OpraHowua, mpeBpaias ero u3 NacCCUBHOT0 0ObEKTa B aKTHBHBIN JIEMEHT CUCTEMBI. 371eCh OpraHOM/T
HAYMHACT BBHIMOJHATH MTPOCTEHINME BHIUYUCMTENILHbBIC 3aa4r, HAIPUMEp, Pacrio3HaBaHHe OA30BBIX
MATTEPHOB CUTHAJIOB.

— JTtan ¢hopMupoBaHUA NAMATH U 00ydyeHnsi: Kpurudyeckum marom kK cozpanuio N
SIBJISIETCS CIIOCOOHOCTh CUCTEMBI K 00y4eHuIo. [[1s1 9Toro HeoOXoaMMO CO31aTh YCJIOBUS, TIPU KOTO-
PBIX OpPraHoOuj CMOXET M3MEHSTh CHJIy CBOMX CHHANTUYECKUX CBSI3eU (CMHANTHYecKas IJIacThy-
HOCTh) B OTBET Ha BHEIIIHUE CUTHAJIBL. DTO Mepexoj] OT MPOCTOM peakiivuv K (GOPMUPOBAHUIO «OITbITa»
Y IPUMUTHBHON MaMSITH.

— Jrtan MacmITadupyeMoCTH U HHTerpamuu: PUHABHBINA 3TAll MPEINoNaracT co3aaHue
CJIOXKHBIX KOMILJICKCOB U3 MHOXECTBAa OPraHOMIOB, OObEIMHEHHBIX B €JMHYIO ceTh. Kakmplii opra-
HOWUJ, MOKET CIelMaIN3UpOBaThCs Ha ONpEesIeHHON 3aJaue (CEeHCOpUKa, MOTOPUKA, aHaIU3 J1aH-
HBIX), 0OMEHMBasICh MH(pOpPMaITUel Yepe3 MEKTPOHHbIC WU ONTUYeCKHUe KaHaJbl CBA3U. DTO T03-
BOJIUT TIPEOOJIETh OTPAHUICHHUS TI0 0OBEMY U CJIOKHOCTH, CO3/IaB TIOJHOIICHHOE BBIYUCIIUTEIHFHOE
SIIPO, Ybsl MOIITHOCTH OYyJIET PacTH He 3a CUYeT YMEHBIIEHHS TPAH3UCTOPOB, a 32 CUET YBEJIUYCHUS
YHCJia )KUBBIX HEWUPOHOB.

Takum o0pa3zoM, myThb OT JlabopaTopHO Yamku [leTpu Jo gymaromieit MayHbl JIeKUT Yepes3
CO3JIaHKe TUOPUIHBIX CUCTEM, TJIe )KUBbIE HEPOHHBIE CETH CTAHOBSITCS HEOTHEMJIEMOM YaCThIO arma-
patHoro obecriedeHrsi. Mbl epectaeM porpaMMHpPOBaTh Pa3yM M HAUMHAEM ero KyJTbTHBUPOBATb.

1.3. KBantoBbie 3(p¢eKkThl B HellpOHHBLIX CTPyKTypax: Poab mMukpoTpyOouek u
NMOTEHIHMAJ IS HEJIOKAJIbHBIX BIYMCJIEHU

Ecmu kiaccuyeckast puzrika He MOXeET OObSCHUTh (DeHOMEH CO3HAHUS KaK SMEpIKEHTHOE
CBOICTBO CJIOKHOM CUCTEMBbI, BO3MOXKHO, OTBET KpoeTcsi Ha OoJiee riTyOOKOM ypOBHE peaibHOCTH —
Tam, rjie JeUCTBYIOT 3aKOHbI KBAHTOBOM MeXaHUKH. [ urmoTe3a o TOM, 4TO MO3T SIBJISIETCS HE MPOCTO
NEKTPOXUMHUYECKUM KOMITHIOTEPOM, HO 1 KBAHTOBBIM OMOJIOTHYECKHM MPOECCOPOM , SBJIS-
€TCsI ISHTPAJIbHOM J1J1s1 TOHUMAaHM S MOTeHIMaia opranouiHoro uHresuiekta (OWUN). Dta koHueniums
HanOoJee NoHo cpopmyupoBaHa B «OpKecTpoBaHHOW 0OBEKTUBHOU penyKimu» ( Orch OR), pas-
padoranHoii capom Pomxepom [erpoy3om u mpodeccopom Ctioaptom Xamepoddom.

Apxumexmypa enympu apxumexmypuvit: Mukpompyoouxu

TpaauITMOHHBIN B3MJISIT HA HEHPOH PacCMaTPUBAET ero Kak MpOCTOM MepeKoyaTesb, padoTa-
IOLLUI 110 IPUHIUITY «BCE WM HUYETO». AKCOHHBIN XOJIMUK F€HEPUPYET CIIAK (MMITYJIbC) HA OCHOBE
CYMMBI BXOJAIINX XMMHUYECKUX CUTHAIOB. OTHAKO 3TOT YPOBEHb ONMUMCAHMS CITUIITIKOM rpy0. BHyTpu
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KaKJIOTO HEMPOHA, a TakXkKe B ICHAPUTAX M CUHAICAX, HAXOAUTCS IUTOCKETIeT — JIMHAMUYECKas CETh
OenkoBbIX HUTe. KirloueByo poJib cpei HUX UTPAlOT MUKPOTPYOOUKH.

MUK pOTpyOOUKH MPEACTABIISIOT COOOM MOJIble IMIMHIPHL 13 Oeska TyOynmuHa. B monem Orch
OR 0oHM paccMaTpPUBAIOTCSI HE ITPOCTO KAK CTPOUTENIbHBIN KapKac KJIETKU, a Kak (pyHJaMeHTaJIbHbIe
BBIYHCITUTEITbHBIE ¢TUHUIIBI MO3TA.

— Cocrosinue Tyoyamna: Kaxpas monekyna TyOylIMHa MMeET Ha OIHOM KOHIIE THIIPO-
(hobOHYI0 «KapmaIek», BHyTPA KOTOPOTO pachoiaraeTcsi OAUH eJUHCTBEHHBIN JIEKTPOH. DIEKTPOH
MOJET CYIIIECTBOBATh B IBYX KBAHTOBBIX COCTOSIHUSIX (CIIMH «BBEPX» WJIN CITUH «BHU3»).

— KorepenTtHocts: [Ipeanonaraercs, 4To 9T 3JeKTPOHBI MOT'YT BXO/IUTh B COCTOSTHUE KBaH-
TOBOU KOT€pPEHTHOCTU (KBAHTOBOU CYMEPITO3UIINHN), HAXOSICh BO BCEX COCTOSIHUSX OJIHOBPEMEHHO.
Takum 00pa3om, oiHa MUKPOTPYOOUKa MpeacTaBiisieT coOou He OuHapHbIi 6uT (0 vm 1), a MOIITHBIN
KBaHTOBBII KOMITBIOTEP, ONIEPUPYIONTUI KyOUTaMHU.

— Macmra6: OnuH HEHpOH COOEPKUT COTHU THICSY MUKPOTPYOOUeK. DTO O3HAUYAET, YTO
BBIYHCITUTENIbHAS. MOITHOCTh OTHOTO OMOJIOTMYECKOro JIeMEHTa Ha MHOTO TOPSIIKOB IPEBBIIIACT
MOIITHOCTb JTIOOOTO KPEMHHUEBOTO TPaH3UCTOPA.

Mexanu3m coznanus: Oosexmusnas pedyxuus (OR)

Ho kak kBaHTOBasi Cyneprio3uiiys mpeBpamiaeTcss B KOHKPeTHYI0 MbIC/b? COrlacHO TMIToTe3e
[Nenpoy3a-Xamepodida, cozHaHUEe — 3TO pe3yIbTaT Imporecca 00beKTUBHOI peaykuuu (Objective
Reduction
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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