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Annomayun. Peub B paboTe HIET O HEHPOHHBIX THMIIEPCETAX M IpoLeccax CO3HaHUs, ¢
KOTOpbIMH MBI paboraem. Co3HaHWe - 93TO cHenuPUUYECKUid mporecc B crenuduaecku
OpPraHU30BAHHOM CTPYKType. DTO CTPYKTypa HEHpPOHHOM rumepceTH, OMHChIBAEMON (opMaIbHBIM
A3BIKOM, CHEU(PUYECKUH MpoLecc - 3TO TMPOIEecC NIOOATbHOM NEepPKOISAIUN aKTUBHOCTH B
yka3aHHOH ceTH. CTaThs HAYMHAETCS C OMPENEICHUsI CO3HAHMS, Jlajee MOKa3aHo, YTO pa3o0parbes
B OTOH TE€M€ MOXHO TOJBKO C TIOMOIIbI0 Teopuu. Ha ceromHsmHuii JIeHb MUMEETCs OOJbIIoe
KOJIMYECTBO TEOPUH CO3HAHHWSA, MBI BBIJENAEM B HUX (DU3MKO-MaTeMaTH4ecKoe HalpaBJeHUE,
pa3bupaeM HEKOTOpble M3 3TUX Teopuid. Jlaiee peub UOET O TOM TEOPHH, KOTOPYIO MbI Ha3bIBaeM
TEOpUEN HEMPOHHBIX TMIEPCETEN, O HEKOTOPBIX MPUHIMIIAX YCTPONCTBA ITOM CTPYKTYpPHI, TaK, KaKk
OHa TipencTaBisieTcss HelpodusuonaoraMm. Co3HaHHE TPECTaBIsAEeT cO00i 0coObIN BU Tpaduka B
3TOM crneun(puveckol CTPyKType, OTIMYAOLIecs OT HM3BECTHBIX NPEACTABICHUH B TEOpUIX
HEHPOHHBIX CETEH.

Knrwouesvie cnoea: cosHaHue, KOTHUTOM, (DYHKIIMOHAJIbHBIE CUCTEMBI, HEHpPO(PHU3HOIOTHS,
TpauK, UICKyCCTBEHHBII MHTEIEKT

Annotation. The work is about neural hypernetworks with which we work. Consciousness is
a specific process in a specifically organized structure. This is the structure of a neural
hypernetwork, described in formal language, a specific process - the process of global percolation
of activity in this network. The article begins with a definition of consciousness, then it is shown
that this topic can only be understood with the help of theory. Today there are a large number of
theories of consciousness, we highlight the physical and mathematical direction in them, and
analyze some of these theories. Next we talk about the theory that we call the theory of neural
hypernetworks, about some principles of the structure of this structure, as it appears to
neurophysiologists. Consciousness represents a special kind of traffic in this specific structure,
which differs from the known concepts in neural network theories.

Keywords: consciousness, cognitome, functional systems, neurophysiology, traffic, artificial
intelligence
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VYBaxkaembie kosuieru! bounbinoe crnacn6o 3a MpuUIalieHue BHICTYIUTh HA 3TOM
3ameuaresibHoM KoHrpecce, KOTOpblii coOupaeT B cede CIeraaIucToB Kak B 00JacTu
CUCTEMHON OHOJIOTUM U TEOPUH CUCTEM, TaK W MaTeMaTUKH, HCKYyCCTBEHHOIO
uHTeIsIeKTa. Mos 001acTh MCCIEOBAHUN JIEKUT, KaK pa3, Ha MEPEeKPecTKe ITHX
JTUCITUTUINH. DTO Helpodu3nomorus BeICUX QyHKIMN Mo3ra. Tak momydaercs, 94To
B IIOCJIEHNE TOJbl OHA CBSA3aHA C PAa3BUTHUEM HOBBIX MATEMATHYECKHUX MOAXOM0B. U
MHE XOTEJIOCh OBl CErofHs paccka3aTb 00 3TOM OONACTH U TEOPUHU, C KOTOPOM MbI
paboTaeM M MPUITIACUTh U MOMPOCUTH COTPYAHUYECTBA CO CTOPOHBI CIIEUATUCTOB B
o0JIacTh MaTeMaTukH, MOTOMY YTO 3TO TO, YTO MPOUCXOJUT ceiuac B MUPE U TO, UTO
TpeOyeTcsi sl mporpecca Halero MOHMMaHMsI TOro, KaK MO3I pOXKJIaeT Mpolecc
CO3HaHMs. Sl HauHy cpasy ¢ pe3roMe, B KOTOPOM CYMMHUPOBAHbI OCHOBHBIE MOMEHTBI
noknana. Peub OyneT cerofHss 0 HEWPOHHBIX THIEPCETSIX M Ipolieccax CO3HAHUA,
COIIACHO TE€OPUM HEHPOHHBIX THIEPCETEH, C KOTOpPbIMU MBI paboraem. Co3HaHUE -
3TO crnenuduueckuii mporecc B crnenuduyueckd OpraHUu30BaHHOM CTPYKType. DTO
CTPYKTypa HelipoHHoM runepceTd. [lo kpaiiHeit Mepe, Tak 0OHa MOXKET OBITh ONKMCaHa
dbopManbHBIM S3BIKOM. A crienmuUUSeCKUH IMPOIEeCcC — ATO MPOoIecC NI0O0aIbHON
MIEPKOJISAIUU aKTUBHOCTH B 3TOM ceTr. M MBI Kak HeHpOPU3UOIOTH 3aMHTEPECOBAHBI
B COBMECTHOM HCCIJIEIOBAHMM 3TOM CTPYKTYpBI, OPraHUYECKOM U BMECTE C TEM
MaTeMaTU4eCcKOl  CTPYKTypbl, MW  3TOr0  HpoLecca, C OJHOM  CTOPOHBI
(U3HOIOTUYECKOTr0, KOTHUTUBHOIO, C JPYrod CTOPOHBI, WH(OPMALMOHHOIO C
NOMOUIBI0 (PU3UKO-MAaTeMaTUyeCKUX HayK. Sl HayHy C OmpelereHus CO3HAHWS U
CKaXxy, MOYEMY 3TO CErOAHS Takas BakHas Tema. Jlampuie, s mepeiny K TOMy, 4TO
pazo0parbcsa B 3TOM TeME MOXKHO TOJIBKO € MOMOIIbI0 Teopuu. M yTo B mocnenHue
rO/ibl POJIb MaTEMATUKU U TEOPETUUECKOW (DU3UKHU B TEOPETUUECKUX HCCIETOBAHUSIX
BBICIIMX (DYHKIIMI MO3Ta, B TOM YKCJIE CO3HAHUSI, CTAHOBUTCA BCE OOJIbIIE U OOJIbIIIE.
Janbiie, s caenar HEKOTOPbIH 0030p MpobieMHOM cuTyanuu. Ha ceroansmnmii 1eHpb
uMmeeTcsi OOJIbIIOE KOJMYECTBO TEOPHM CO3HAHUS, s BBIACIIO B HUX (pU3MKO-
MaTeMaTH4ecKoe HampaBlieHUe, pa300paB HEKOTOPbIE U3 ITUX Teopuil. M, HakoHell, B
TPEThEH YaCTH 51 PACCKa)xy O TOM TEOPUHU, C KOTOPOUM MBI paboTaeM M KOTOPYIO MBI
Ha3bIBAEM TEOPUEN HEHWPOHHBIX THUIIEPCETEW WA TUIIEPCETEBOM TEOpHUEW MO3ra,
pPacCKaxy O HEKOTOPBIX NPUHLMIIAX YCTPOMCTBA ATOW CTPYKTYpBI, TaK, KaK OHa
npeiacTasisercss Ham Haillpodusmosmoram. M, KOpOTKO, O TOM, 4YTO CO3HaHHE
npencrasiaser coOol ocoOblii BHI Tpaduka B 3TOH cnenuUuyecKkoil CTPYKTYpeE,
OTJIMYAIOLIEHCS OT U3BECTHBIX HaM IPEICTaBICHUN B TEOPUSIX HEUPOHHBIX CETEMH.

Urak, onpenenenune cozHanus. CoO3HaHUE — ITO TEPMHH, KOTOPBII B UCTOPUU
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MMEET MHOXECTBO CMBICIOB. TeM HE MeHee, B MOCIEIHEE BpEMs B HAyYHOM
COOOIIIECTBE HaMEUaEeTCsl HEKOTOPBI KOHCEHCYC B OINpeAeseHn: (yHIaMEeHTaIbHON
XapaKTePUCTUKH CO3HAHHUSA, OINPEACNIIEMOro, Kak JIIOOOro CyObEKTHBHOTO OIIBITA,
TeHEpUPYEMOT0 WJIM M3HYTPHU CHUCTEMBI, WM B OTBET HA BHEIIHEE OOCTOSTEIHCTBO,
KOTOpOE€ BKJIIOYAeT B ce0s KaK BBICOKO IMOPSIAKOBHIE MBICIH, TUIAHBI, UJEH, TaK U
SMOIIMOHAJbHBIE YYBCTBa, oOIlIylleHHus. Kopode roBopsi, BcCe, YTO OLIyIIA€TCs
cyosextoM. Hamr Beigaromuiics punocod coznanus Jasun U3paunesuu JlyOopoBckuit
B CBO€ BpPEMS OIPEIEIIIII 3TO OXBATHIBAIOIINM TEPMUHOM CyOBEKTUBHON PEaTbHOCTH.
OTo ompeAesieHHe CYHIECTBEHHO OTIMYAETCS OT ONpPENEJCHUH W IMOHUMaHUs
CO3HaHMs, KOTOphIE JaBaiuCh paHee. Hampumep, B OOJBIIOM SHIUKIONEIAYECKOM
CJIOBape€ CO3HAHHWE OMNpeAesuioch eme 25 JeT Ha3al, Kak Bbiciasg (opma
MICUXUYECKOTO OTPa)XEHHUs, KOTOpash CBOMCTBEHHAa OOIIECTBEHHO Pa3BUTOMY
YEJIOBEKY, CBA3aHHAsI C PEUbI0, UcalbHas CTOPOHA LIEJIETOIaratomen AesITeIbHOCTH.
Torma, comiacHO STUM TPEICTABICHUSM, CO3HAaHUEM MOXKET 00JaJaTh TOIBKO
yenoBek. Ceromgusi curyamusi U (OKYC HCCIEIOBaHUS CO3HAHUSA CYIIECTBEHHO
cmectuiuck. Ho mpexae, ueM cka3arb 0 HEM, HYKHO CHOPMYIUPOBATH CaMy CYTh
npoOsieMbl co3HaHUs. B mpuHiume, ee o4eHb 0CTpo B 0HOM (pasze chopmymupoBai
NBan IlerpoBuu IlaBnoB okono crta jer Hazaa. Kak marepuss mo3ra poxIaeT
cyowextuBHbIe siBieHus? asua M3paunesuu [lyOpoBckuii man Oonee pa3BepHYTOE
oIpezesieHne 3TON MpoOiemMbl, cpOpMyIUPOBAB €€ B ABYX Bolpocax. Kak oObsICHUTH
CBSI3b SIBJICHUN CYObEKTUBHOUM PEaTIbHOCTH C MO3TOBBIMH MPOIECCAMU, €CJIH TIEPBBIM
HEJb3s MPUMKCHIBATh (PU3MUECKHUE CBOWCTBA, a BTOPbIE UMU HEOOXOAUMO 00Jaat0T?
W BTOpO# BOIPOC, €CIIU SBJIECHUSIM CYObEKTHBHOM pEaIbHOCTH HEJb3s MPUITHUCHIBATH
dbu3nYecKre CBOMCTBA, TO KaK OOBICHUTH WX CIIOCOOHOCTh MPUYUHHOTO JICHUCTBUS Ha
TenecHble mponecchl. HyXHO cka3zarh, 4YTO HECMOTpPsS Ha TO, 4YTO 3TOM MpoOieMoin
3aHMMAETCsl OrPOMHOE KOJIMYecTBO (prsiocodoB, HamMcaHbl THICSYM KHHUI, B
OTHOIIEHHH W TEPBOTO, W BTOPOTO BOIPOCA 3TO OTKPHITas Hay4yHas mpodiema.
3HAUUTENbHYI0 POJIb B HM3YYEHUU 3THX BOIMPOCOB CErOAHS WrpaeT HeWpoHayKa.
Tenepb ckakeM O BaKHOCTU CO3HAHUS, TIPEJIOKEHHOTO B TaKOW (yHIaMEHTAIbHON
dbopmynupoBke. Ecnu peub maer o0 OmymeHusX, CyObEKTHUBHOM OTBITE, JFOOBIX
MEPSKUBAHUSAX, B TOM YHCJIC 3MOIMOHAIBHBIX PEAKIUAX, TO MBI OOS3aHBI HavaTh
paccMarpuBaTh CO3HAHUE KaK IIMPOKUH MPUPOAHBIA (PEHOMEH, TPUCYTCTBYIOLUIUIN HE
TOJIBKO y YEJIOBEKa, HO M Yy JPYTuX >KUBOTHBIX. M ceromHs Takxke ¢ pa3BUTHUEM
CUCTEMBI HMCKYCCTBEHHOIO HHTEJUIEKTa BCE OCTPEE BCTAET BOMPOC O CO3HAHHUM Y
CHUCTEMbI UCKYCCTBEHHOT'O MHTEJUICKTA. Psi/T mepeioBbIX TPy B pa3IMYHBIX LIEHTPAX
U KOMITAHUSX 3aHUMAIOTCS MOJICTUPOBAHUEM CErOJHS HE MPOCTO HUCKYCCTBEHHOIO
MHTEJUJIEKTA, 4 ICKYCCTBEHHOTO CO3HAaHMS. [IponmuirocTpupoBaTh 3TO MOKHO HETABHO
cocTosiBIIUMUCA JIByMsI KoHpepenuusmu. OiHa U3 HUX Mpolia B Hadane mas 2023
rona u Ha3biBajach Kondepenimeit mo coznanuto xuBoTHBIX (Animal Consciousness
Conference 2023, Dharamshala, May 1-5). Ha Heli coOpanuch crenuamucTbl M3
JIOKUHBI CTPaH, BEAYIIHWE OKCIEPThI B O0JIACTH WCCIECOBAHUS CO3HAHHS B
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OMOJIOTMYECKOM MHUPE U KOHILIEHCYC, KOTOPBIM JIOCTUTAaeTcs B TakKoro poja
KOH(EPEHIIHIX, COCTOUT B TOM, YTO OOJIBIIIOE KOJIMYECTBO KUBOTHBIX, O KOTOPBIX MbI
paHbllle HE JyMalid, KaKk O CYHIECTBax, OoOJaJalolInX CO3HAHHEM, O0JIaal0T dTUM
(dbeHoMeHaNbHBIM CBOMCTBOM, KOTOPOMY S BBIIIE Jall ONpeAesieHne. ITO HE TOJIBKO
MPUMATHI, 3TO HE TOJIBKO JENTb(MUHBI U BBICIINE MIICKOMTUTAIONINE C CUIILHO Pa3BUTHIM
MO3TOM CJIOHBI, KATHI, KACATKU U TaK Jajiee. DTO MTHUIIBI, 3TO PsJT BUIOB TOJIOBOHOTHX
MOJITIOCKOB, TaKH€ KaK OCBMHHOTH, KapakaTHUIbl. S TMpOIyCKald MHOTHUX APYTHX
MJIEKOMTUTAIOMINX. DTO YJIECHUCTOHOTHE, MUENbl, IIMENH, APYTHe BUIbI HACEKOMBIX.
Co3HaHMe IUPOKO paCpPOCTPAHEHO B OMOJIOTMUECKOM MUDE.

Btopas xondepeniusi, kotopasi, TpaaIullMOHHO TPoxoauT ¢ 1994 rona, kaxapli
roji, KpynHas koHpepeHuus, kotopas Ha3biBaeTcss Hayka o co3HaHuu, mpoxoaunia B
Nranuu B Taormina (The Science of Consciousness 2023, Taormina, May, 22-27). Ha
HEel ObUIO 3aciylieHo OoJblIoe KOJUYECTBO JOKIanoB. BoOT HekoTopble HX
wunoctpaiud. Ha koH@epeHInu 10 CO3HaHWIO >KUBOTHBIX, Harpumep, ObLia
yauBuTenbHas pabora Mocanopu Kopa, ornybnukoBaHHAasi HEKOTOPOE BpeMsi Hazal
(Masanori Kohda «Cleaner fish identify themselves via self-face recognition like
humans: What does this mean?», Osaka Metropolitan University, Osaka, Japan),
MOKA3bIBAIOIIASL, YTO PHIOBI YUCTHJIBIIUKH CIIOCOOHBI WIACHTU(MUIIUPOBATh CaAMHX
cebs M y3HaBaTh camMuXx cebOs B 3epkaie. Takum xe 00pa3oM, Kak 3TO JAENaeTCs
JIONBMH W HEKOTOPBIMH BBICHIUMH TIPUMaTaMH. OTO YIAWBUTEIbHBIC JIaHHBIC,
KOTOPBI€ 3aCTaBJIIOT HAacC ObITh BHUMATEJIbHBIMHU, COBEPIICHHO MHAaY€ CMOTPETh Ha
pacripocTpaHeHre (eHOMEHa CO3HaHUsl B €CTeCTBEHHOM Mupe. C Apyroi CTOPOHHI,
KJIIoueBas JieKuus Ha KoHdepeHiun B Taormina Oblia mnpouuTana JleBugom
Yansmecom ee HaszBaHue: «CrnocOoOHBI JIM OOJBIINE S3BIKOBBIE MOAECIU OBIThH
coznarenbHbiMU?» (David Chalmers «Could a Large Language Model be
Conscious?», NYU, New York, USA). Ha Heil oH paccMoTpen apryMeHTHl 3a U
npotuB. HeT koHceHcyca B 3ToMm Borpoce. EcTh pasHbie TOYKHM 3pEHHS, HO ITOT
BONIPOC CTOUT. Takum oOpa3oM, MbI BHUIUM, HACKOJIIBKO aKTyaJlbHO CETOMHSA
noHUMaHue (yHIaMEHTAIBHBIX MPUHIUIOB OpraHu3anuu co3HaHus. W d9roObl
MOHATh WX HEIOCTATOYHO YHCTO SKCIIEPUMEHTAIBHBIX HCCIIECIOBAHUMN, KOJIMYECTBO
(haKTOB HAKOIJICHHBIX B HEWPOHAYYHBIX HCCIICIOBAHUAX OTPOMHO. A OHU TaK U HE
IPUBENIM MOKA K CBSIIEHHOMY I'paalito, KOTOpbI ObUT mpoBo3miamén okoio 30 jer
HazaJ, HoOeneBckuM saypeatoM ®dpeHcucom Kpukom u ero komeroit Kpucrodgom
KoxoM - HallTu HEWpPOHHBIE WM HEPBHBIC KOPPEJSITHI CO3HaHUs. J[o cuX mop HeT
HAJIe)KHOTO HEPBHOTO KoppeisTa co3HaHuA. M oT4acTv 3TO MOHSATHO, MOTOMY YTO
TOJIKO TE€OPHS MO3BOJUT PEIINTh, UTO HAOIIOMAAETCS B SKCIIEPUMEHTE U MPECKa3arh,
KaKoro pojJla KOPPEJAThI cleAyeT HCKarb. Henb3si OTKa3bIBaThCs OT MOCTPOEHUS
TEOpUM B Hayale IMyTH. OTO OKAXETCS TNaryOHbIM B OLIGHKE pe3yJbTaToB
sKcriepuMeHTOB. «Korma Mbl rOBOpUM, 4TO Mbl TIOHUMAe€M COBOKYITHOCTB SIBIICHUUN
IPUPOJBI, MHUcaAl DUHINTEHH, MBI UMEEM B BUJY, YTO Mbl HAIJIU KOHCTPYKTHUBHYIO
TEOpUI0, KOTOpas oOxBarbiBaeT wux». I, AEUCTBUTENBHO, C TMOCTEIICHHBIM
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pa3ouapoBaHUEM B YHCTO SMIUPHUYECKUX OSKCICPUMEHTAIBHBIX HCCICIOBAHUIX
MOWCKAX TEeX WJIM HEPBHBIX KOPPESTOB CO3HAHWS B TIOCICIHUE JCCATHIICTHUS
HaOmogaeTcsl OyKBaJIbHO B3PBIB YKCIIa TEOPUM CO3HAHMIM.

O...1........|||||||||||m|||||||"|O

1971 2021

Puc.1. Pocm yucna nybauxayuii no meopusim CO3HAHUs
Fig. 1. Growth in the number of publications on theories of consciousness

1. Bl P iy R 9 A

3nech TMOKa3aH POCT B KOJWYECTBE NyOIMKalMi, BKIIOYAKONIUX B cels
KJIFOUEBBIE CJIOBAa CO3HaHUA U Teopuu, ¢ 1971 mo 2021 rox, HO €cau MOCMOTPETH
npocto Ha pabotel 21-22 roma, obo3peBaroliue 3Ty 00JaCTh, TO YBHUIUM, YTO
MOSIBUJINCh CUHTETUYECKHE METAaHAIN3bl OTPOMHOIO KOJIIMYECTBA TEOPUH. ODTHX
teopuit TouHo Oosbie 30 ceromns, MokeT ObITh 0KoJi0 50. VI BOZHUKAIOT BOIPOCHI,
KakuM 00pa3oM CpaBHHUBATh 3TU Teopuu. PaboT Ha 3Ty TeMy JOCTaTOYHO MHOTO.

1. Mind-Brain Identity Theory (MBI) 2. Mind-Object Identity Theory (MOI)
3. Cartesian Dualism of substance 4. Integrated Information Theory (IIT)
5. Global Neuronal Workspace (GNWT) 6. Predictive Processing

7. Sensory Motor Theories x 8. Enactivism

9. Higher Order Theories (HOT) 10. Quantum Pan-Protopsychism

11. Classic ldealism 12. Quantum Theory (ORCH OR)

13. lllusionism/Eliminativism 14. Russellian Monism

15. Panpsychism 16. Social Approaches (SAC)

17. Dual Aspect Monism 18. Chalmers’'s Dualism

Puc.2. Bedywue meopuu cosHanusi no MHeHuro yuacmuuxkog kongepenyuu 6 Taormina
(The Science of Consciousness 2023, Taormina, May, 22-27)
Fig. 2. Leading theories of consciousness according to conference participants in Taormina
(The Science of Consciousness 2023, Taormina, May, 22-27)

2. PRI KA i 2= B 2 8 25 SHE H B ik P iy
( (BatflE2 2023) , FIRFAKAY, 5 H 22-27 H)
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Ha ynomsanytoit kondepeniuu B WUtanuu, B Taormina B mae 2023 roxa, ObLI
Ja)kKe OpraHu30BaH CHEIHAJIbHBI KOHKYpC - TOJOCOBAaHHME BCEX YYaCTHHMKOB
KOH(epeHIH, KOTopbIX Obu10 0osee 500 ydeHbIX, ¢ BBIOOPOM MPEANOUYUTAEMON UMU
Teopun co3HaHus. Ha pucyHke 2 Bblllle MEPEUUCICHO TOJbKO 18 Teopuii, ecTb
HEKOTOPBINA MPOU3BOJ OPraHU3aTOPOB, B TOM, KaKH€ TE€OPUU OHHU BbIOpasU, HO CYTh
coctouT B 3ToM. OnHA W3 YYaCTHHUIl JOKJIATYMKOB STOW KOH(PEPEHLHUH BMECTE CO
CBOMMH KOJUIETaMH TOJ] Ha3a/l MPEAJIOKIIH CIeIHaTbHYI0 0a3y JaHHBIX, HA3BAHHYIO
Kontpact, ansi aHanm3a U CpaBHEHUS! SMIUPUUYECKUX HCCICTOBAHUMA TE€X WM MHBIX
TEOpHU CO3HAHMUSL.

ScHO, 4TO 00JIaCTh PacUBETAET U, MOXKET ObITh, UEPE3 HEKOTOPOE BpPEMS 3/1€ChH
OyIeT laxke KPHU3UC Mepenporu3BOJICTRA.

Eme onna BaxHas JIMHUS, KOTOpash HaMEYaeTcsi B MOCIEAHUE TOMblL, - 3TO
pazButue  (U3MKO-MAaTEMaTUYECKOrO  HalpaBlI€HUs B  H3yYEHUU  CO3HAHMIL.
CTaHOBUTCSI MOHSATHBIM, YTO CO3HAHME, KAK COCTOSHUE U MPOLECCHl B CIOXKHBIX
cucreMax, TpeOyeT aHajlu3a CcaMbIX pa3HbIX MAaTeMaTHUYeCKUX MO3UIHUi. ITO
MaTeMaTH4ecKuil 00beKT U MH(OPMALMOHHBIN MPOIIECC B 3aBUCUMOCTHU OT B3IVISIIOB
T€X WM UHBIX aBTOPOB.

[IpuBeneM Ha3BaHUS psiAa BBICTYIUIGHUH W3BECTHBIX CHEIHAIMCTOB Ha
cemuHape «Maremarnueckas Hayka co3HaHus», Mathematical Consciousness
Science, xoTopsiii peryisipHo unet B ceTH (https://seminar.math-consciousness.org).

Mathematical Consclousness Sclience

An online seminar series exploring the role of mathematics in the scientific study of consciousness

Carlo Rovelly “Understanding consciousness within the known lows of physics
three small contributions”,

Karl Friston “Markov blankets and Boyesion mechanics”,

Stephen Wolfram “How Features of Our Consciousness Seem to Define Our
Lows of Physics and Mathematics”,

Nao Tsuchiya “A search for an isomorphism between conscious experience and
structure of information”.

Hpyroit mnpumep wu3z Maremaruyeckoro wuHcTuTyTa OKcdopaa, KOTOpHIid
MPOBOAUT CEMHUHAPHI IO MATEMAaTUYECKUM MOJIEIISIM U OCHOBaM co3HaHus (puc.3).
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Puc.3. Cemunapor Mamemamuueckoeo uncmumyma Okcghpopoa no Mooenupo8anuro CO3HaAHUs.
Fig. 3. Oxford Institute of Mathematics workshops on modeling consciousness.

[ 3. BT i R I T &

S mor OBl TPUBOIUTH 3[€Ch TaKKe OOJbIIOE KOJIMYECTBO paboOT, HO 3a
HEMMEHHEM MECTa OTPaHUYyCh TOJBKO ABYMSI NpHUBEIECHHBIMU TpuMepamu. Cpemu
TEOPH CO3HAHUS €CTh, 0€3yCIOBHO, (haBOPHUTEHI.

B npouwiom roxy Obut caenan 0630p OCHOBHBIX Takux Teopuil (Seth & Bayne
(2022) Nature Reviews Neuroscience). Ha cxeme u3 0630pa (puc. 4) yka3zaHbl 4eThIpe
HanOoJiee KpYIHBIC IMOMYISPHBIE TEOPHH CO3HAHHA. BBICOKOYpOBHEBasi TeOpHs
CO3HaHUSsI, TEOPUS MOOAILHOTO padovero MPOCTPAHCTBA, TECOPUH WHTETPUPOBAHHBIN
UH(OPMAIIUU B TEOPHH TOBTOPHOTO BXOJA.

Higher Global
Order Workspace
Theories Theories
4 Conceptual
D structure
| experience) 5 g
v . Prediction -
- error
\ﬁ‘, (bottom up)
Ourside main Integrated Re-entry
Somplox 3 Information Theory

Theory

Puc.4. [lonynsapHnvie meopuu co3nanus.
Fig. 4. Popular theories of consciousness.

[ 4. D AT H P i o
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51 He UMer0 BO3MOXHOCTH PacCKa3bIBaTh MPO KKy U3 HUX. OTMEUy TOJBKO,
YTO MO MHOTHUM JMCKYCCHSIM M OOCYXIECHUSIM, JTOMUHUPYIOUIYIO MO3UIIMIO CETO/IHS
3aHUMAIOT TEOPHUs TI00ATBLHOTO padoUero MpOCTPaHCTBA, KOTOPasi ObLIa MPeAIoKeHa
CHELMATUCTOM B OOJACTH BBIYMCIUTEIBHON MCUXOJIOIMH, KOTHUTUBHOW HEHpOHAayKH
Kan-ITeepom Illamxké (Jean-Pierre Changeux) u TeopuM HWHTErPUPOBAHHOM
uHbOpMaNNK, TPEIIOKEHHOW UTANbIHCKUM ydeHbIM Jxynno Tononu (Giulio
Tononi), paGoratomum B Amepuke. CeromHs cuTyauus MOpPOABUHYNACh, TaKUM
00pa3oM, 9TO OBLIT CO3AaH KPYIHBIA MPOEKT OUYEHb U3BECTHBIX YUEHBIX (CM. PHCYHOK
5), HaMCaBIIUX MPOTOKOJI MO COPEBHOBATEIILHOMY COIMOCTABICHHIO MpEACKa3aHUi
JIBYX JTHUX TEOpHUM, TEOpUH II00ATBbHOTO paboyero NpPOCTPAHCTBA W TEOPUU
UHTETPUPOBAHHON WHPOpMAIIH

STUDY PROTOCOL

An adversarial collaboration protocol for
testing contrasting predictions of global
neuronal workspace and integrated
information theory

Lucia Melloni’2*, Liad Mudrik®*¥, Michael Pitts »°*, Katarina Bendtz®, Oscar Ferrante’,
Urszula Gorska®®, Rony Hirschhorn®*, Aya Khalaf®'°, Csaba Kozma®, Alex Lepauvre’,
Ling Liu'""'2, David Mazumder®, David Richter'3, Hao Zhou'*'®, Hal Blumenfeld?,
Melanie Boly'®, David J. Chalmers'?, Sasha Devore?, Francis Fallon'®, Floris P. de
Lange'3, Ole Jensen?, Gabriel Kreiman®®'?, Huan Luo'"'2, Theofanis

l. Panagiotaropoulos'?, Stanislas Dehaene'*2%, Christof Koch®'*, Giulio Tononi®*

PLOS ONE | https://doi.org/10.1371/journal.pone.0268577 February 10, 2023

Puc.5. [Ipomokon no conocmasnenuro meopuii
Fig. 5. Protocol for comparing theories

5. Pam b Btk

CTOpOHHUKH ATUX TEOPUH COOpaAIUCh, BBIIBUHYIIH MPEICKa3aHue B OTHOLICHUU
HEPBHBIX MPOLIECCOB, KOTOPHIC JOHKHBI HAOMIOAATHCS COTIACHO OJIHOM M COIVIacCHO
JIPYrofd TEOpUH, KOTOPBIE OTIMYAKOTCSA, JIOTOBOPHIMCH O mnpoTtokonax. Ceitdac
HAUaJoCh IMUPOKOMAcCIITaOHOE WCCIeAOBaHWE B pAne Jabopatopuii  Mmupa
pa3IUYaONINXCS MPEICKa3aHU MEXKIY STUMU JABYMSI JIUIUPYIOIIUMH TEOPUSIMHU.

S OMKEH HECKOJIBKO CJIOB CKa3aTh O TEOPUM MHTErPUPOBAHHOW MH(MOpMALMH
IPOCTO IOTOMY, YTO 3Ta Teopus ObLIa cPOpMYyIMpOBaHA KakK MaTemMarhyecKas
teopus. B paszpaborke 3Toil Teopuu padOT ydacTBYeT OOJIBLIOE KOJIMYECTBO
MaTeMaTuKOB W CHEIUAIUCTOB B 007acTH TeopeTuueckon ¢usuku. Hampumep,
Jlapuca Anbanrakuc (Larissa Albantakis) cierimanuct B 06JaCTU KBAaHTOBOU (DU3UKH
npuiia padoTaTh B HEMpOHAyKy, 3aHMMaTbcsl Teopued co3Hanus. Hy, u Tak nanee.
Heckonbko mMecsieB Hazaj BblUIa 4eTBEpTas Bepcus 3Toil Teopun, IIT 4.0, kotopas
OTIMYaeTCs OT TIEPBOM, BTOPOM U TpeTbel, 3TO padora, KOTOpas AaKTUBHO
Pa3BUBAETCS, U S MPOCTO OTCHUIAIO0 B JAHHOM Ciy4yae K 3Tod myOnukaruu [1], oHa
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3HauuMasi. Mpbl Toxke paboTaeM B OTOM HampaBlI€HWW M OTO JBW)KCHHE B
3HAYUTENIbHON CTENEeHU MPOAMKTOBAHO TPATUIUSIMU POCCUUCKON (PU3MOIOTHYECcKON
IIKOJIbI, CTaBUBIIEH BOMPOC O (PM3HOIOTHYECKUX, MATEPHAIBHBIX OCHOBAaX BBICIIHUX
dbyHKIMH Mo3ra ¢ cepeuubl 19 Beka, B Hauasne MBanom MuxaiinoBudem Ced4eHOBBIM,
y KOTOpPOTO ObUIM OJIeCTSIIHUE TEOPEeTUYECKHE paldOThl, B YaCTHOCTU, «IIEMEHTHI
MBICIIAY», HO HE OBIJIO SKCTIEPUMEHTAIIBHBIX MTOIXOO0B.

WM. CeueHoB .M. NaBnos M.K. AHOXuKH

Opnnako, OH MHOro€ cenan AJisi TEOPEeTUYECKHX MOJIeNIel CBSI3€il B HEPBHOM
CUCTEME, TaK Ha3bIBAEMbIX, €CTECTBEHHBIX I'PYIII, YUCTO NOCTYIUPYEMBIX Toraa B 19
BEKE, IpyNN HEHUPOHOB, CBSI3aHHBIX COBMECTHOW AKTUBHOCTBIO IS OTPAKEHHS TEX
WM WHBIX BHEIIHMX cUrHanoB. MBan IlerpoBuu llaBiioB mpuBHEC B 3Ty HACKO U
CBSI3U MEXIY TAaKMMHU TPYNIaMH YCIOBHBIX CBSI3€M, U IKCIIEPUMEHTAIbHBIA METO/I.
Ilerp Ky3pmuu AHoxuH, yueHuk IlaBioBa, pa3Bui IlaBnoBckoe mpencraBieHue o0
YCIOBHBIX  pediekcax B CHUCTEMHYKO MOJEIb  pabdoThl  MO3ra, TEOPHIO
(YHKIMOHAJIBHBIX CUCTEM.

Mpb1 mbITaeMcsi IBUTAThCsl Jalibllie TI0 ATOMY NYyTH, MPEACTaBUB ceOe, KaKuM
o0pa3zoM MHorue (YHKIHMOHAIbHBIE CHUCTEMbI, BBINOJHSIONIME T€ WU WHBIE BHJIbI
[eJICHANPaBIEHHON JIEeITeIbHOCTH MO3ra, O0pa3ylT COBMECTHO HEKOTOPBIN
KOMIUIEKC, COCTaBJISIIOIIMN CYyIIHOCTh KOTHUTHBHOIO areéHTa, MHau€ TOBOPS €ro
KOTHUTOM. MBI Hadanu paboTtaTh ¢ 3TOHM Teopueit okono 10 met Hazam, B [2-5]
yKa3aHbl HEKOTOPHIE BEXW B JIOKJAJaxX MO ATOW TEOPUU Ha PaA3HBIX KOH(PEPEHITUSX.
Ceifuac TOTOBUTCSI CHHTETUYECKAsI TTyOIMKAITUS TT0 OCHOBAM 3TOM TeopuHr. 51 KOPOTKO
CKaXy O HEKOTOPBIX AacCIleKTax, KOTOpPble MOTYyT HUMEThb HHTEpec uisl (U3UKO-
MaremMaruyecknx mnoaxonoB. Hago cpa3y ckaszarh, 4To 3Ta TEOpUA OTIIMYAETCS OT
OOJBIIMHCTBA JAPYrUX Teopuidl. Bo-mepBhIX, MOTOMY, YTO OHAa HAYMHAETCS HE C
BOIIPOCA CO3HAHHUS, @ C BOMPOCA TOTO, UTO TAKOE Pa3yM, M 4UTO TAKOE S, KOTOPOE
BOCIIPUHUMAET T€ WA HWHBIE COCTOSHUSI AKTUBHOCTH. BO-BTOpBIX, 3Ta TeOpus
HAYMHAETCS C NEPBBIX MPUHIIMIIOB, OHA HE MOCTYJHUPYET CYIIECTBYIOUINE CTPYKTYPhI
MO3ra, KOTOpble 00eCIEeYMBAIOT ATOT BBHICUIMN ypOBEHb MHTETPAIIMM M TICUXHYECKON
NEeSTEbHOCTH, @ HAYMHAET C OMOJIOTUYECKUX MPUHIIUIIOB, HE COMlEP KAIIUX, HUKAKUE
rcuxojorudyeckue TepMuHbl. (CodeTaHWe YKa3aHHBIX MPHUHIUIIOB  SIBISETCS
HAuaJbHBIMH  YCIOBUSMH, JIOCTaTOYHBIMHM, YTOOBI ~ CHUCTEMa  OpPraHU3MOB
JTAPBUHOBCKOTO THIIA, UMEIOIIAsl B ce0e COYeTaHUE ITUX MEPBBIX MPUHITUIIOB, HAaYasa
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MOCTENIEHHO pa3BUBaTh B ce0€ BBICOKO MOPSAKOBYIO CTPYKTYpY, SBISIONLYIOCS
HOCHUTEJIEM pa3yMa U CO3HaHUSI.

Teopust HePOHHBIX I'UIIEPCeTEH
Teopust HEUPOHHBIX TUIIEPCETEN - AITOPUTMUYECKAS] TEOPUS
MIPOUCXOXKJICHUS U YCTPOUCTBA KOTHUTUBHBIX CUCTEM, O0JIaJalOIINX
cBOMCTBOM paszyma (mind) u co3HaHus (consciousness)

- KorHUTUBHbIM
MpuHUKMnbI KOMMneKc

CyLLecTBOBaHUS - KOorHMTUBHbIE CBA3K
- KorHuTmBHbIe rpynnbl

- PekoMnosuuma
- [lekoMno3nuua
- KoMnosuuua

MpuHLUMAbI
BO3HMKHOBEHUHA

- flonroBpemMeHHasn
NNacTUYHOCTb
« Fnyb6okas ceTb

. ¢yHKLLMOHaanbIE
CcucTemsbl

MepBble
MPUHLMMbI

anIHLWIHbI cyuwiecTtBoBaHuUA
anIHLI,VII'IbI cywiectBoBaHUA BbIBOOATCA B TEOPUN U3 NPUHLNIMOB BO3HUKHOBEHUA
M BKIMKOYAKOT TpU KaTteropmm OOBEKTOB: KOTHUTUBHbLIE HeI7IpOHHbIe rpynnbl, CBA3N
MeXxay 3TuMum rpynnamMmum m o6pa3ye|v|b|l7| UMW KOTHUTUBHbIA KOMMIEKC - KOTHUTOM

+ KOrHUTHBHLIA
anHLlHﬂbl KOMMNeKc

CYLLLECTBUBE!HMF! - KOrHWTUBHbIE CBA3ZK
+ KOrHWMTHWBHBLIE rpynnel

Puc.6. llpunyunvr meopuu netipoHHbIX 2unepcemet.
Fig. 6. Principles of the theory of neural hypernetworks.

6. FHASEL A5 P g SR P o

W3 5TUX nepBbIX IPUHLUIOB TEOPHUSA BBIBOAUT IIPUHLNIBI BOSHUKHOBEHUS 3TUX
BBICOKO IOPSJAKOBBIX CTPYKTYp, 4 W3 IEPBBIX NPHUHIMIIOB BO3ZHUKHOBEHMS TEOPUS
BBIBOAUT TO, YTO BO3HUKAET, TO €CTb CTPYKTYpY, IPOLECCHl B HEW W IPHUHIIMIIBI
CYILLIECTBOBAHU.

Sl ocraHaBIMBAaIOCh CErOAHS TOJIBKO Ha TMOCIEIHEW 4YacTH TEOpUH, Ha
NPUHIIMIAX CyIIeCTBOBaHUA. Teopusi BBOAMT TPU BHJIa HOBBIX OOBEKTOB, KOTOPbBIE
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OOBIYHO  HE  paccMaTpuBalOTCd B HEUPOPU3OJIOTMYECKOM  SI3BIKE U
HEHPOPHU30I0OTMUECKOM armapare.

OHa BBOOUT NOHSATUE KOTHUTUBHBIX HEHPOHHBIX TPYII WU K0208, CBS3El
MEXAYy ITHUMH TpyIIaMu (TPYIIOBLIE CBSI3M) M 00pa3yeMblil STUMU NBYMSI BUIAMHU
AIIEMEHTOB CTEIMATbHBIA KOTHUTUBHBIN KOMILIEKC, KOTOPBIN Teopusi 0003HaYaeT Kak
KocHumom. CKaXeM HECKOJILKO CJIOB O KaXKJIOM U3 3TUX 3JIEMEHTOB.

/ 7
W H N D/
Ko-OnepatusHaa lpynna et j://

HeiipoHoB

KOr nnmr

Puc.7. COG u LIG koenumoma
Fig. 7. COG and LIG cognitome

7. COG Fl LIG 7R%14H

KornutuBHas rpymma - 3T0 KOoIepaTuBHas rpynna HEUPOHOB, KOTOpasi B CBOEH
COBMECTHOW AKTUBHOCTH ONPEAEISACT KAKOU-TO aCMEKT COOTHOIIEHHUS IIEJIOro
OpraHu3Ma C T€M WM HUHBIM aCIEKTOM OKPYKAIOLIEr0 MHUpA, IN€ MOSBICHHUE ATHUX
aCIIeKTOB BBICTYINAET, KaK MPUYMHA [IJI1 aKTHUBAMM HSTOW HEHUPOHHOW TpyMIIbI
CIEIUAIU3UPOBAHHBIX JIEMEHTOB, a aKTUBAIIMSA dTOM HEHPOHHOM IPYIIBI CIIOCOOHA
BBICTYIIaTh IPUUMHON JJISI TOCIEAYIOMIMX U3MEHEHUH B TOBEJICHUU WA MEHTAIBHBIX
COCTOSIHUSIX JIpPYTUX HEHPOHHBIX TPYIII, ONPEACISAIOINX JIUHAMUKY HEPBHBIX
MPOLIECCOB, JICUCTBUA U ITOBEACHUS OPraHUu3Ma.

Takoro poga HEWMPOHHBIC T'PYMNIIBI KOTHUTUBHOTO YPOBHS, BEPIIMHBI KOTOPBIX
KOTUPYIOT Oo0Jieeé BBICOKO TMOPSAKOBBIE TIOHSATHSA, YE€M OTACIIbHBIC DSJICMEHTHI,
COCTaBJIAIONIME TPYNIy, CBSI3aHbl MEXKIYy COOON JMHKEpaMu, KOTOPbIE B TEOPUU
Ha3bIBACTCA JINTAMHU. TE€PMUH «KOT» B TEOPUM HMEET JBOWMHOM CMBICH, C OJHOMU
CTOPOHBI 3TO MAJICHBKUN 3JEMEHT, MOJYMHEHHAs YacTh UEJIOM KOTHUTUBHOM
CUCTEMBbI, KAYECTBEHHO CHEIU(UUECKOTO OIbITa, KOTOpas KOAUPYETCS STOM TpyIIoi.
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C npyroii cTOpoHBI, 3TO a0OOpeBHarypa [Uisl (PU3MYECKH CYIIECTBYIOIIEH
HEHPOHHOW TIpYMNIbl, AaKTUBHOCTh KOTOPOM U OOYyCIaBIMBAIOT 3TOT 3JIEMEHT
CHELM(PUUECKOro OMbITa C €ro MPUUYMHHO-CIEICTBEHHbIM NOTEHUHUANIOM. TepMuH
«JIUT» JHUHKEp TPyHI OTpakaeT creun(UYecKkyro 0COOEHHOCTh CBSI3€H B CTPYKTYpe
TMIIEPCETH.

B ommune OT HEWPOHHOM CETH, IJE CBSI3U SABILIIOTCS KOHTAKTAMHM MEXIY
OTIEIBHBIMU KJIETKaMHU, TO €CTh aKCOHAMH, ITPOBOJAMM, CBS3BIBAIOIIMMH KIIETKU B
HEPBHOM CHCTEME, B TUIEPCETH, B HEUPOHHOM TMIEPCETH, CBA3U SIBIAIOTCA HE
pebpaMu ceTtH, a €€ dneMeHTaMu, OOUIMMHU 3JIEMEHTaMU MEXAY JBYMs TpyHramH,
KOTOpbIA  Oyqyud aKTUBHPOBAaHHBIM OAHOW TPYyNIoOM, CHOCOOEH mepeaarb
BO30YXeHHE (CUTHAT) Ha PYTYIO TPYIIILY.

Tabnuia 1
Table 1

g1

Tpu pynoamenmanvnvix nonamus THI'

¢ Pazym (mind) peanen - 3To cneungpuyeckas opraHudeckas 1 MeTeMaTudeckas CTPyKTypa
(K-cetn), onocpenyromas Kay3ajlbHble COOTHOILIEHUSI KOTHUTHBHOTO areHTa (K-arenra) co cpenoit.

¢ UToOBI onucaTh 37€MEHTHI M CBOMCTBA 3TON CIIeU(PUIECKON CHCTEMBI TPEOYETCsl BBEICHHE
HOBBIX ()YHJAaMEHTAJIbHBIX HAYYHBIX TOHSATHH.

No Ilonamus Ymeeporcoenus meopuu Cneocmeus
KOr Pazym oOnagaer 3epHUCTOI CTPYKTYpOH, OH COCTOMT U3 Pasym
(COG): KOTHUTHUBHBIX 3JIEMEHTOB (k-371€eMeHTOB). K-37IeMEHTHI | epanynapen
1 cognitive group OTIOCPEAYIOT Kay3albHble (=MH(OpPMAIIMOHHBIC)
(k-unit) COOTHOIIIEHHMSI 1IEJIOCTHOIO KOTHUTUBHOIO areHTa C €ro
CPENOH.
JINT (LIG): k-a71emMeHTBI 00pa3yroT MEX Iy COO0H YCTOMYHMBHIC DJIEeMEHTBI
2 links of group KOTHUTHUBHBIC CBs3H (K-CBsI3M). K-CBSI3M OTpakaroT pazyma
(k-unit) IIPUYHMHHBIE CBA3U DJIEMEHTOB U IIPOLIECCOB B CPEJIE U B Y6A3anbl
COOTHOILICHHSI KOTHUTUBHOTO areHTa ¢ Hel.
KOTHUTOM | k-anmemeHTHI U K-CBsI3M 00pa3yroT eMHYI0 KOTHUTUBHYIO Pazym
3 (cognitome): ceTh (k-cetb). k-ceTh sBIISIETCS HOCUTENIEM cucmemeH
cognitive network CYOBEKTHUBHOTO OIbITa KOTHUTHBHOTO are¢HTA.

Takum oOpa3om, TeopHusi BHOCHUT TpU (PyHIAMEHTAJbHbIE IOHATHUA,
KOTHUTUBHBIX TPy, JUHKEPOB KOTHUTUBHBIX TPYNN U €IUHOW KOTHUTUBHOM CETH,
KOTOpasi SIBJSIETCS HOCUTEJIEM BCEr0 CYyObEKTMBHOTO OINbITa KOTHUTHBHOTO areHTa.
Teopus BbIAECISET TPU BHUJIa JIEMEHTOB B TAKOM TMIEPCETH U BaXKHBIMU 3JIEMEHTaMU
B HUX SIBJISIFOTCS. MUKPOTPYIIIbI, BOZHUKAIOIIUE HA IEPEKPHITUN OOJIBIINX IPYIIIL.
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HeﬁpOHHaﬂ rmnepceTb COCTOUT U3 TPpeX BUAOB JJIieMeHTOB

YpoeeHbe K+1 XonoHbI
¢ e ¢ (k,)
99?—> ; 6'1 ; —_
[} \ 2

YpoeeHe K & ad SR o T OnepoHbI
& A & (ka)

YpoeeHrb K-1 ) KeanoHsi
k (kg)

YpoeeHs N HelipoHs!

(HelpoHHas ceTb)

Puc.8. Hetiponnas eunepcemuw
Fig. 8. Neural hypernetwork

8. AT

OTH MUKPOTPYMNIBl HMEIT CBOWCTBO TOTO, YTO CHEIHUATU3UPYACh B ITHX
OOJNBIINX CUCTEMAaX, HEUPOHBI CIIOCOOHBI CIIYKUTh KaK Obl KaHallaMU CBSI3U MEXIY
MHOTUMH cucTeMaMu. U ecru peub uzer o CO3HaHWU, TO TEOPHsl TOBOPUT, YTO KOTIa
BO3HHMKAET TAaKOTO poOJia THUIEPCETh CO CHEIUATU3UPOBAHHBIMHA DJIEMEHTAMH,
BO30YXICHUS CIIOCOOHBI MEPKAIUPOBATH B 3TOM CETH.

OAWH HEUPOH, KaK MUMHUMAarbHbIA KOTHUTUBHbLIN 3NIEMEHT

A
I
1
1
I

* |Cause —»ﬁ:—» Effect

o
[ o o
QU

= O'a

¢ MuHMManNbHBLIM KOTHUTUBHBLIM 3riemeHTHoM (KOlom) aBnsetca oanH
KOFHUTMBHO crneunannu3MpoBaHHbIN HENPOH

¢ AKTUBHOCTb COBOKYMHOCTN HEMPOHOB, aKTUBUPYIOLLINX 3TY KIETKY,
aBnsieTca "npud4uHoU" onga aToro Kora

¢ [pynna HeMpoHOB, B aKTUBALMIO KOTOPbLIX BHOCUT BKNag 3Ta KneTtka,
ABNSETCA 3¢hgheKkmom 3Toro Kora

Puc.9. MunumanvHwlti Ko2HUMUBHBIU d1eMeHm HeUPOH
Fig. 9. Minimal cognitive element neuron

9. Z2/DaR AT HRAS T
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Takum o00pa3om, Tpu BO3OYKIECHUU OIHOTO DJJIEMEHTA, OTHOCSIIETOCS KO
MHOTHUM CHCTEMaM, BO30YXJalOTCS OJHOBPEMEHHO TBHICAYM W JIECSITKH ThICSY
MOJJOOHBIX 3JIEMEHTOB B TOM WJIM WHOM COCTOSIHMM aKTHMBHOCTH MO3Ta, BO3HHKAET
DIOOAJTBHBIN OXBAaT BCETO M AJIEMEHTOB, M €IMHHMII OTIBITA, HAKOTUICHHBIX CyOBEKTOM,
TO €CTh ero 1. DTo U ecTh MpoLecc 0CO3HAHHUS.

HeNnpOHHbIN KOTHUTUBHbLIN KOA,

Menvuuuya Jleiionuua

MbICNH, YYBCTBa, BOCNPHATHA
"Ecn MBI BOOOpa3uM cebe MammHy,
YCTPOMCTBO  KOTOPOH  HPOU3BOAMT
MBICTh, YyBCTBO M BOCIIPHUSTHE, TO
MOXHO OyZeT MpeiCTaBUTh ee cede B
YBECIIMYCHHOM BHJE C COXPAHHCHHUEM
TEeX )K€ OTHOLICHHWH TakK, YTO MOXKHO
OyaeT BXOOHUTH B Hee KaK B MEJIBHHUILY.
[pearnonoxuB 310, MBI IIPU OCMOTpE
ee He HaiileM HHYero BHYTpH Hee,
KpOMe 4acTedl , TOJKAIoUMX OIHa
JpYTyl0, U HUK020a4 He Haidem
HUYez0 MaKoz0, 4em MOMNCHO ObL10
0bl 00bsACHUmMD 60cnpuamue'’

H.G.Ray ét al., Sing\e—ceH‘ recordings
in the human medial temporal lobe.
J. Anat. (2015) 227, 394--408

Tomgppud Bunvzenom Jletibnuy Kak HeiipoHBI FOfI0BHOrO MO3ra
"Monaoonozua" (1714) [enaoT 310?

AHK, PHK, 6enku, MeM6paHbl, opraHennsl

Puc. 10. Hetiponnwiii koeHumueHwiii KOO
Fig. 10. Neural cognitive code

10. AR FEA G

Mp1, KOHEUHO, paboTaeM B 3TOi 00J1aCTH, KaK HEUPOOMOJIOTH, HEHPOPU3UOJIOTH,
HAC MHTEPECYeT BO3MOXKHOCTh U TPEJACKa3aHUS TOTO, YTO MHHUMAJbHBIM,
KOTHUTHBHBIM 3JIEMCHTOM SIBJISICTCS OTACIIbHBIN HEHPOH, CIIOCOOHBINM BXOJIS B pa3HbIC
KOTHUTHUBHBIE COOOIIECTBa, HECTHM B ceOe cIenuaiu3aluy OOIIHMe IS DTOH
KaTerOpHHU.

KonupoBaHre Takoro KOTHUTHBHOTO OITBITA OTACIBHBIMH KJICTKAaMH OITyCKaeT
BECh IMPOIECC KOTHUTUBHOW CUCTEMBI U €€ (OPMHUPOBAHUS HA YPOBEHb OTICIHHBIX
KJIETOK ¥ MOJIEKYJISIPHBIX TTPOIIECCOB B HUX. M 3TO TO, YTO HAC UHTEPECYET.
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Cynepno3uumsa pasHbiX PYHKLUUOHANbHbIX CUCTEM
Ha KreTkKax rmyboKux crioéB HeMPOHHOU ceTn

Input layer Multiple hidden layers Output layer

Puc. 11. Cynepnozuyus ¢pynkyuonanvhvix cucmem
Fig. 11. Superposition of functional systems

11. T EFREHT B

VY Hac ecTh rUIoTe3bl, KAKUM 00pa3oM 3TO MPOUCXOAUT, YTO ATO MPOUCXOIUT 32
CUET CYIEPIIO3UIINHU Pa3HbIX (YHKIIMOHAJIBHBIX CHCTEM, HAIIPUMED, OTHOM B BTOPOH,
MOKA3aHHOMW JCHCTBUS 1BETAMH, KOT/Ia OOIIHI 3JIEMEHT JJIsl TUX JIBYX CUCTEM MOXKET
OTpaXXaTb HEKOTOPYK) aKTUBALIMIO, CBA3AHHYKD C TE€M WIM HWHBIM ACHEKTOM
OKpPY>KaroIlero MUpA.
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Puc. 12. Kocnumusnas cneyuanusayus HeupoHa
Fig. 12. CyCognitive neuron specialization

12. GRAIFFZS TLHFAE

B nanHOoM ciydae JBE COBEpIIEHHO pas3Hble (YHKIIMOHAIBHBIC TPYIIIHI
HEHPOHOB UMEIOT OOIIMI aCIIEKT IBETa KPACHOTO IIBETA, KOTOPBIM U CHEITUATH3UPYET
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JTAHHBIA HEUPOH OTHOCUTEJILHO 3TUX CBOMCTB.

Mbl uccieayeM 3TO METOJAMM PETUCTpalldd aKTUBHOCTH KIJIETOK B MO3re
AKCIICPUMEHTAJIBHBIX JKMBOTHBIX. MBI ITOKa3bIBAEM, YTO TAKOTO POJA CIICHUAIN3AINN
KOTHUTHUBHOI'O BHJIA, HAIIPUMED, CIICHIUAIN3AIMS AKTUBHOCTH HEMPOHA OTHOCHUTEIBHO
OJTHOTO MeCTa B CpeJie, MOXKET MPOUCXOAUTH OBICTPO, MPAKTHYECKH C IIEPBOTO pa3a,
KOTJ1a )KUBOTHBIC MTOTIAIAIOT B 3Ty 0OCTAHOBKY M COXPAHSIOTCS OUY€HB JOJITO.

Multimodal Neurons in Artificial Neural Networks
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Puc. 13. MynsmumooanvHble HellpOHbL 8 UCK)CCMBEEHHBIX HEUPOHHBIX CEMAX
Fig. 13. Multimodal Neurons in Artificial Neural Networks

13. AL HFASHES o119 2 1R EFPAE T

[IpumedarenbHO, YTO B UCKYCCTBEHHBIX HEMPOHHBIX CETAX BBISIBJICHBI TAKOTO K€
pola MyJbTUMOJAIbHBIE HEHpPOHBI, 3TO, Hampumep, padbora kommnanuu OpenAl,
WCCJICIOBABINAs CIICIIMAIA3AINIO KJIETOK B TIIYOOKHX CIIOSIX TIIYOOKMX HEHMPOHHBIX
CETEU W BBIABUBIIMUE, YTO U B UCKYCCTBEHHBIX HEUPOHHBIX CETAX, YTO CTABUT
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Person Neurons Emotion Neurons

Donald Trump

Elvis Presley ,
shocked crying happy sleepy

Color Neurons

Color Neurons

blue yellow

Puc. 14. Cneyuanuzayus neipornos
Fig. 14. Neuron specialization

14. FRETTHFIE

Cepbe3Hble  MIyOOKHE  BONPOCHI,  MOSBISIOTCS ~ HEHPOHBI,  HUMEIOIIHE
CHEIMANTN3AlMI0 OTHOCUTEIbHO OTAENbHBIX JIMYHOCTEH, OTAENbHBIX IIBETOB,
OTJEBHBIX IMOLIMOHATIBHBIX BRIPAKEHUN U TaK Jlajee.

Hy, u nocnennee, o 4em cienyeT ckaszarb, XOTs HAc, KaKk HEMpPOQU3HOIOTrOB,
WHTEPECYIOT KOHIIENTyaJlbHbIE OCHOBBI UM HEUPOOHMOIOTHYECKHE OCHOBBI, TEM HE
MeHee, CTOUT 3ajJ1a4a (popManu3aIuy TUX CUCTEM U MTPOIIECCOB B HUX.

Teopuss HEMPOHHbIX rMnepceTen
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Puc. 15. Heuponnvie cunepcemu
Fig. 15. Neural hypernetworks

[ 15. AL AT
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B nawane paGotel Hag Teopued B 2019 romy s MCXOAWT M3 TOTO, YTO CETh,
KOTOPYIO MBI M3y4aeM, TO €CTh KOTHHUTOM, SIBJISICTCSI KOTHUTUBHOM CETBhIO, KOTOpasl
MOXXET COOTHOCHUTBCSI C HEPBHOW CEThIO, HO OUYCHb OBICTPO B TEUEHHE IEPBOTO rojia
CTaJI0 SCHO, YTO ATO TYIIUKOBOE PEIIECHUE: HEeJIb3d COOTHOCUTH JIBE€ CETH, OJIHA U3
KOTOPBIX HE MaTepuaibHas, a BTopas marepuanbHas. HeoOxomum eawHBIN 0OBEKT,
KOTOPBIM UMEET ABE CTOPOHBI, KOTOPBIN sABIsIeTCS AyasioM. CTasio SICHO, 4TO CETh HE
MOIXOAUT TIO PSIAy TPUYUH JJIsi ONMUCAHUS TaKOTO OOBEKTa, TOTOMY YTO OHa
UCCIIEAYET MOMapHOE OTHOILIECHHE MEXIY JJIEeMEHTaMM, a 37eCh sl MOKa3bIBal ATO
IpymIbl, OObEAUHSEMbIE B HOBOE CBOWMCTBO M, BTOPOE, YTO OHA HE OIKCHIBACT
BBICOKOTIOPSIIKOBBIX CBOMCTB. W cTano sicHO, 4YTO HAJO JIBUTAThCS B CTOPOHY OoJjiee
CJIOJKHBIX CUCTEM U MaTeEMaTHYECKHUX MOJEIIEH.
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Crano sicHo, 4uto runeprpadbl, BeAeHHbIE bepkem, Takke HeE SBISIIOTCA
noaxonsmuM noustueM. M mel B 2014 romy mpunui K ToMy, 4To (OpMalibHBIM
OMMCAHUEM TAKOT'O PO CUCTEM, KOTOPBIE Mbl BUIUM, SIBJIIETCS TUIIEPCETH.

Hypernetworks in the Science )
of Complex Systems Hypernetworks are a natural extension of
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Puc. 16. I'unepcemu
Fig. 16. Hypernetworks

16. B4

B mocnennee Bpems crelMaIMCThI B OOJACTH CETH TOXKE MPHUILIM K ITOMY,
Ha4YMHas ¢ MmocyieaHux ¢ 16-17-ro roga, Ha3BaB ATOT K OOBEKT BHICOKOTIOPSIKOBBIMH
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ceTsiMu. B 00oux ciydasx peub UJeT 00 OHOM M TOM K€ U TPeOyeT CyIeCTBEHHOTO
JaIbHENIIIETO UCCIEA0BAHNUSI MIMEHHO B HEHPOHAYKE.
[ToaTOMYy s 3aBEpiIar0 CBOM JIOKJIA]I IEPBBIM CIIAKUIOM.

OcHOBHble MOMEHTbI A0KNapa

Co3HaHMe B TeOpPUKN HEMPOHHbIX rMnepceTen

CosHaHue — 3TO CreuMgUUecKui NpoLecc B creumnduyecKkm
OpPraHM30BaHHOW CTPYKType

CTpyKTypa - HeMpoHHas runepceTb

Mpouecc - rnoBanbHaa NepKoNaUUs aKTUBHOCTU B HEW

MbI KaK HEMPOMU3NONOrn 3aMHTEepecoBaHbl B COBM@CTHOM
uccnenoBaHWUM 3TOM CTPYKTYPbI U 3TOro npouecca
C MOMOLLBIO NOAX0A0B GU3NKO-MAaTEMATUYECKNX HayK

MHCTUTYT NepcneKTUBHbIX UCCnepoBaHuni Moara MIy
contact@brain.msu.ru

Puc. 17. Iocneonuii crauio ookaaoa
Fig. 17. Last slide of the report

17. K EHI 1 — RATE

Ms1 paboraeM Ha YpOBHE TEOPHUH BBICHIMX CTPYKTYp M (yHKUMK Mo3ra. Mel
(dopManuzyemM 3TO KaK MNOHSITHE HEHWPOHHBIE THUIIEPCETH WM BBICOKOIOPSIKOBHIE
ceTdu. Mbl cuuTaem, 4To MO3I MPEJACTABIsAET COOOM MMEHHO TaKylO TMIIEPCETh, a HE
HU3KO YPOBHEBYIO IEPBOIOPSAIKOBYI0 HEMPOHHYIO CETh, TaK KaK 3TO HMCCIENYETCS
cerogusi. M uto co3HanHue mpeacramisieT coOOM crnenupuyeckuil mpolecc B ITOH
CTPYKType, CYLIECTBYIOUIMM TOJBKO, KOIZAa 3Ta CTPYKTypa pa3BUBAECTCSA IIOJ
BIMSIHMEM OmbITa U 00yueHus. CyThb 3TOro Ipolecca 0e3yCI0oBHO 3arajiouyHa, HO MbI
JyMaeM, 4TO OHAa MOXKET ObITh ONHUCaHa IOAXOJaMU NEPKOJSALUU, HO B O0OMX
cllydasXx U CTPYKTYyp, M IpoOLEecca, HaM COBEPILIEHHO OYEBUAHO, YTO HEOOXOIMMO
COTPYAHHUYATH CO CHEIHAIUCTaMU B 00JJACTH MaTeMaTUKHU U TEOPETUUYECKOU (DU3NKHU
Y MBI IPUITIAIIAEM K TAKOMY COTPYAHHUYECTBY.

Dear Colleagues! Thank you very much for the invitation to speak at this wonderful
Congress, which brings together specialists in the field of systems biology and systems
theory, as well as mathematics and artificial intelligence. My area of research lies precisely
at the crossroads of these disciplines. This is the neurophysiology of higher brain functions.
It turns out that in recent years it has been associated with the development of new
mathematical approaches. And I would like today to talk about this area and the theory with
which we are working and to invite and ask for cooperation from specialists in the field of
mathematics, because this is what is happening now in the world and what is required for
the progress of our understanding of how the brain gives birth to the process of
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consciousness. I'll start right away with a summary that summarizes the main points of the
report. Today we will talk about neural hypernetworks and processes of consciousness,
according to the theory of neural hypernetworks with which we work. Consciousness is a
specific process in a specifically organized structure. This is the structure of a neural
hypernetwork. At least that's how it can be described in formal language. And the specific
process is the process of global percolation of activity in this network. And we, as
neurophysiologists, are interested in the joint study of this structure, an organic and at the
same time mathematical structure, and this process, on the one hand physiological,
cognitive, on the other hand, informational with the help of physical and mathematical
sciences. ['ll start by defining consciousness and why it's such an important topic today.
Next, I will move on to the fact that you can understand this topic only with the help of
theory. And that in recent years the role of mathematics and theoretical physics in theoretical
studies of higher functions of the brain, including consciousness, is becoming greater and
greater. Next, | will give some overview of the problematic situation. Today there are a large
number of theories of consciousness, I will highlight the physical and mathematical
direction in them, analyzing some of these theories. And finally, in the third part, I will talk
about the theory with which we work and which we call the theory of neural hypernetworks
or hypernetwork theory of the brain, I will talk about some principles of the structure of this
structure, as it appears to us as neurophysiologists. And, briefly, that consciousness is a
special type of traffic in this specific structure, which differs from the concepts known to us
in the theories of neural networks.

So, the definition of consciousness. Consciousness is a term that has many meanings
throughout history. However, recently there has been some consensus in the scientific
community in defining the fundamental characteristics of consciousness, defined as any
subjective experience generated either from within a system or in response to an external
circumstance, which includes both high-order thoughts, plans, ideas , as well as emotional
feelings and sensations. In short, everything that is felt by the subject. Our outstanding
philosopher of consciousness, David Izrailevich Dubrovsky, once defined this as an
encompassing term of subjective reality. This definition differs significantly from the
definitions and understanding of consciousness that were given previously. For example, in
a large encyclopedic dictionary, consciousness was defined 25 years ago as the highest form
of mental reflection, which is characteristic of a socially developed person, associated with
speech, the ideal side of goal-setting activity. Then, according to these ideas, only a person
can have consciousness. Today, the situation and the focus of consciousness research have
shifted significantly. But before talking about it, we need to formulate the very essence of
the problem of consciousness. In principle, Ivan Petrovich Pavlov formulated it very sharply
in one phrase about a hundred years ago. How does brain matter give rise to subjective
phenomena? David Izrailevich Dubrovsky gave a more detailed definition of this problem,
formulating it in two questions. How to explain the connection between the phenomena of
subjective reality and brain processes, if the former cannot be attributed physical properties,
and the latter necessarily possess them? And the second question is, if physical properties
cannot be attributed to the phenomena of subjective reality, then how to explain their ability
to cause a causal effect on bodily processes. It must be said that despite the fact that a huge
number of philosophers have been studying this problem, thousands of books have been

532 Teopus cuctem, anrebpanueckas 61MONOMMA, CKYCCTBEHHbIN MHTENEKT: MaTEMaTNYECKNE OCHOBbI 1 NPUIOKEHNS



written, in relation to both the first and second questions this is an open scientific problem.
Neuroscience plays a significant role in the study of these issues today. Now let's talk about
the importance of consciousness proposed in such a fundamental formulation. If we are
talking about sensations, subjective experience, any experiences, including emotional
reactions, then we must begin to consider consciousness as a broad natural phenomenon that
is present not only in humans, but also in other animals. And today, also with the
development of the artificial intelligence system, the question of consciousness in the
artificial intelligence system is becoming more and more pressing. A number of advanced
groups in various centers and companies are now modeling not just artificial intelligence,
but artificial consciousness. This can be illustrated by two recent conferences. One of them
took place in early May 2023 and was called the Animal Consciousness Conference 2023,
Dharamshala, May 1-5. It brought together specialists from a dozen countries, leading
experts in the field of consciousness research in the biological world, and the consensus that
is reached in these kinds of conferences is that a large number of animals that we previously
did not think of as beings with consciousness possess this phenomenal property, which I
defined above. These are not only primates, these are not only dolphins and higher
mammals with highly developed brains: elephants, whales, killer whales, and so on. These
are birds, these are a number of species of cephalopods, such as octopuses and cuttlefish.
I'm missing many other mammals. These are arthropods, bees, bumblebees, and other types
of insects. Consciousness is widespread in the biological world.

The second conference, which traditionally takes place every year since 1994, a major
conference called the Science of Consciousness, was held in Italy in Taormina (The Science
of Consciousness 2023, Taormina, May, 22-27). A large number of reports were heard there.
Here are some of their illustrations. At the conference on animal consciousness, for
example, there was an amazing paper by Mosanori Kohda, published some time ago
(Masanori Kohda “Cleaner fish identify themselves via self-face recognition like humans:
What does this mean?”, Osaka Metropolitan University, Osaka, Japan), showing that cleaner
fish are able to identify themselves and recognize themselves in the mirror. In the same way
as is done by humans and some great apes. This is amazing data that forces us to be
attentive, to look completely differently at the spread of the phenomenon of consciousness
in the natural world. On the other hand, the key lecture at the Taormina conference was
given by David Chalmes, its title: “Are Large Language Models Capable of Being
Conscious?” (David Chalmers “Could a Large Language Model be Conscious?”, NYU,
New York, USA). There he reviewed the arguments for and against. There is no consensus
on this issue. There are different points of view, but this question stands. Thus, we see how
relevant it is today to understand the fundamental principles of the organization of
consciousness. And to understand them, purely experimental studies are not enough; the
amount of facts accumulated in neuroscientific research is enormous. But they have not yet
led to the holy grail, which was proclaimed about 30 years ago by Nobel laureate Francis
Crick and his colleague Christoph Koch - to find the neural or neural correlates of
consciousness. There is still no reliable neural correlate of consciousness. And this is partly
understandable, because only theory will allow us to decide what is observed in experiment
and predict what kind of correlates should be looked for. You cannot refuse to build a theory
at the beginning of your journey. This will prove detrimental to the evaluation of the
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experimental results. “When we say that we understand the totality of natural phenomena,”
Einstein wrote, we mean that we have found a constructive theory that embraces them.”
And, indeed, with the gradual disappointment in purely empirical experimental studies in
the search for certain neural correlates of consciousness, in recent decades there has been a
literally explosion in the number of theories of consciousness.

Fig. 1. Growth in the number of publications on theories of consciousness

This shows an increase in the number of publications that include the keywords
consciousness and theory from 1971 to 2021, but if you look simply at the 21-22
years of work covering this field, you will see that synthetic meta-analyses of a huge
number of theories have appeared. There are definitely more than 30 of these theories
today, maybe about 50. And questions arise about how to compare these theories.
There are quite a lot of works on this topic.

Fig. 2. Leading theories of consciousness according to conference participants in Taormina
(The Science of Consciousness 2023, Taormina, May, 22-27)

At the mentioned conference in Italy, in Taormina in May 2023, a special
competition was even organized - a vote of all conference participants, of whom there
were more than 500 scientists, with the choice of their preferred theory of
consciousness. In Figure 2 above, only 18 theories are listed, there is some
arbitrariness of the organizers in what theories they chose, but this is the essence. One
of the speakers at this conference, together with her colleagues, a year ago proposed a
special database, called Contrast, for analyzing and comparing empirical studies of
certain theories of consciousness.

It is clear that the region is flourishing and, perhaps, after some time there will
even be a crisis of overproduction.

Another important line that has been emerging in recent years is the
development of the physical and mathematical direction in the study of
consciousness. It becomes clear that consciousness, as a state and processes in
complex systems, requires analysis of a variety of mathematical positions. This is a
mathematical object and information process, depending on the views of certain
authors.

Here are the names of a number of presentations by famous experts at the
seminar “Mathematical Consciousness Science”, which is regularly held online
(https://seminar.math-consciousness.org).

Carlo Rovelly “Understanding consciousness within the known lows of physics
three small contributions”,

Karl Friston “Markov blankets and Boyesion mechanics”,

Stephen Wolfram “How Features of Our Consciousness Seem to Define Our
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Lows of Physics and Mathematics”,
Nao Tsuchiya “A search for an isomorphism between conscious experience and
structure of information”.

Another example is from the Oxford Institute of Mathematics, which runs
workshops on mathematical models and the foundations of consciousness (Fig. 3).

Fig. 3. Oxford Institute of Mathematics workshops on modeling consciousness.

I could also cite a large number of works here, but due to lack of space 1 will
limit myself to only two examples given. Among theories of consciousness there are,
of course, favorites.

The main such theories were reviewed last year (Seth & Bayne (2022) Nature
Reviews Neuroscience). The diagram from the review (Fig. 4) shows the four largest
popular theories of consciousness. High-level theory of consciousness, global
workspace theory, integrated information theory, and reentry theory.

Fig. 4. Popular theories of consciousness.

I don't have the opportunity to talk about each of them. I will only note that in
many discussions and debates, the dominant position today is occupied by the theory
of the global workspace, which was proposed by a specialist in the field of
computational psychology and cognitive neuroscience Jean-Pierre Changeux and the
theory of integrated information proposed by the Italian scientist Giulio Tononi
(Giulio Tononi), working in America. Today the situation has advanced in such a way
that a large project has been created by very famous scientists (see Figure 5), who
have written a protocol for competitively comparing the predictions of these two
theories, global workspace theory and integrated information theory

Fig. 5. Protocol for comparing theories

Proponents of these theories gathered, made predictions regarding the neural
processes that should be observed according to one theory and according to the other,
which differ, and agreed on protocols. A large-scale study has now begun in a number
of laboratories around the world regarding the differing predictions between these
two leading theories.

I must say a few words about integrated information theory simply because this
theory was formulated as a mathematical theory. A large number of mathematicians
and specialists in the field of theoretical physics are involved in the development of
this theory of work. For example, Larissa Albantakis, a specialist in the field of
quantum physics, came to work in neuroscience, to study the theory of consciousness.
Well, and so on. A few months ago, the fourth version of this theory, IIT 4.0, was
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released, which differs from the first, second and third, this is work that is actively
being developed, and I simply refer in this case to this publication [1], it is
significant. We are also working in this direction, and this movement is largely
dictated by the traditions of the Russian physiological school, which raised the
question of the physiological, material foundations of the higher functions of the
brain since the mid-19th century, at the beginning of Ivan Mikhailovich Sechenov,
who had brilliant theoretical works, in particular, “ Elements of Thought", but there
were no experimental approaches.

However, he did a lot for theoretical models of connections in the nervous
system, the so-called natural groups, purely postulated then in the 19th century,
groups of neurons connected by joint activity to reflect certain external signals. Ivan
Petrovich Pavlov brought to this idea both the connections between such groups of
conditional connections and the experimental method. Pyotr Kuzmich Anokhin,
Pavlov's student, developed Pavlov's idea of conditioned reflexes into a systemic
model of brain function, the theory of functional systems.

We are trying to move further along this path by imagining how many functional
systems that perform certain types of purposeful brain activity together form a certain
complex that constitutes the essence of a cognitive agent, in other words, its
cognitome. We started working with this theory about 10 years ago; in [2-5] some
milestones are indicated in reports on this theory at various conferences. A synthetic
publication on the basics of this theory is currently being prepared. I will briefly talk
about some aspects that may be of interest for physical and mathematical approaches.
It must be said right away that this theory is different from most other theories.
Firstly, because it begins not with the question of consciousness, but with the
question of what the mind is, and what the Self is, which perceives certain states of
activity. Secondly, this theory begins from first principles; it does not postulate
existing brain structures that provide this highest level of integration and mental
activity, but begins from biological principles that do not contain any psychological
terms. The combination of these principles is the initial conditions sufficient for a
system of organisms of the Darwinian type, which has a combination of these first
principles, to gradually begin to develop within itself a high-order structure that is the
bearer of intelligence and consciousness.

Fig. 6. Principles of the theory of neural hypernetworks.

From these first principles, the theory deduces the principles of the emergence
of these high-order structures, and from the first principles of emergence, the theory
deduces what arises, that is, the structure, the processes in it and the principles of
existence.

Today I dwell only on the last part of the theory, on the principles of existence.
The theory introduces three types of new objects that are not usually considered in
neurophysiological language and neurophysiological apparatus.

536 Teopvm cuctem, anre6paw-|eCKa;| 6uonorus, VICKyCCTBeHHbIVI NHTENNEKT: MateMaTn4yeCckne OCHOBbI 1 NPUNOXeHUA



She introduces the concept of cognitive neural groups or cogs, connections
between these groups (group connections) and a special cognitive complex formed by
these two types of elements, which the theory designates as a cognitome. Let's say a
few words about each of these elements.

Fig. 7. COG and LIG cognitome

A cognitive group is a cooperative group of neurons, which, in its joint activity,
determines some aspect of the relationship of the whole organism with one or another
aspect of the surrounding world, where the appearance of these aspects acts as a
reason for the activation of this neural group of specialized elements, and the
activation of this neural group can act as a cause for subsequent changes in behavior
or mental states of other neural groups that determine the dynamics of nervous
processes, actions and behavior of the body.

These kinds of cognitive-level neural groups, the vertices of which encode
higher-order concepts than the individual elements that make up the group, are
interconnected by linkers, which in theory are called leagues. The term “cog”
theory has a double meaning: on the one hand, it is a small element, a subordlnate
part of an entire cognitive system, a qualitatively specific experience, which is
encoded by this group.

On the other hand, it is an abbreviation for a physically existing neural group,
the activity of which determines this element of a specific experience with its cause-
and-effect potential. The term “lig” linker groups reflects the specific feature of the
connections in the structure of the hypernet.

Unlike a neural network, where connections are contacts between individual
cells, that is, axons, wires connecting cells in the nervous system, in a hypernetwork,
in a neural hypernetwork, connections are not edges of the network, but its elements,
common elements between two groups, which being activated by one group, it is able
to transmit excitation (signal) to another group.

Three fundamental concepts of TNG

The mind is real - it is a specific organic and methematic structure (K-network)
that mediates the causal relationships of the cognitive agent (K-agent) with the
environment.

To describe the elements and properties of this specific system requires the
introduction of new fundamental scientific concepts.

Table 1

Thus, the theory introduces three fundamental concepts, cognitive groups,
linkers of cognitive groups and a single cognitive network, which is the bearer of all
the subjective experience of a cognitive agent. The theory identifies three types of
elements in such a hypernetwork, and the important elements in them are
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microgroups that arise on the overlap of large groups.
Fig. 8. Neural hypernetwork

These microgroups have the property that, specializing in these large systems,
neurons are able to serve as communication channels between many systems. And if
we are talking about consciousness, then the theory says that when this kind of
hypernetwork with specialized elements arises, excitations are capable of percalating
in this network.

Fig. 9. Minimal cognitive element neuron

Thus, when one element related to many systems is excited, thousands and tens
of thousands of similar elements are simultaneously excited in one or another state of
brain activity, a global coverage of all elements and units of experience accumulated
by the subject, that is, his Self, arises. there is a process of awareness.

Fig. 10. Neural cognitive code

We, of course, work in this area, as neurobiologists, neurophysiologists, we are
interested in the possibility and predictions that the minimum cognitive element is a
single neuron, capable of entering different cognitive communities and carrying
specializations common to this category.

The encoding of such cognitive experience by individual cells brings the entire
process of the cognitive system and its formation down to the level of individual cells
and the molecular processes in them. And this is what interests us.

Fig. 11. Superposition of functional systems

We have hypotheses about how this happens, that this occurs due to the
superposition of different functional systems, for example, one and the other,

actions shown by colors when a common element for these two systems may
reflect some activation associated with one or another aspect of the surrounding

world.
Fig. 12. CyCognitive neuron specialization

In this case, two completely different functional groups of neurons have a
common color aspect of red, which specializes this neuron with respect to these
properties.

We study this by recording cell activity in the brains of experimental animals.
We show that this kind of specialization of a cognitive type, for example, the
specialization of neuron activity relative to one location in the environment, can
occur quickly, almost from the first time animals enter this environment, and persist
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for a very long time.
Fig. 13. Multimodal Neurons in Artificial Neural Networks

It is noteworthy that the same kind of multimodal neurons have been identified
in artificial neural networks; this is, for example, the work of the OpenAl company,
which studied the specialization of cells in the deep layers of deep neural networks
and revealed that in artificial neural networks, which puts

Fig. 14. Neuron specialization

serious deep questions, neurons appear having specializations regarding particular
personalities, particular colors, particular emotional expressions, and so on.
Well, the last thing that should be said is that although we, as neurophysiologists, are
interested in the conceptual foundations and neurobiological foundations,
nevertheless, we face the task of formalizing these systems and the processes in them.

Fig. 15. Neural hypernetworks

When [ started working on the theory in 2019, I assumed that the network we
were studying, the cognitome, was a cognitive network that could be correlated with
a neural network, but very quickly within the first year it became clear that this was a
dead end: it is impossible to correlate two networks, one of which is not material, and
the second is material. What is needed is a single object that has two sides, which is a
dual. It became clear that the network is not suitable for a number of reasons for
describing such an object, because it explores the pairwise relationship between
elements, and here I showed these groups being combined into a new property and,
secondly, that it does not describe high-order properties. And it became clear that we
need to move towards more complex systems and mathematical models.

It became clear that hypergraphs, as introduced by Berge, were also not a
suitable concept. And in 2014 we came to the conclusion that the formal description
of this kind of systems that we see is hypernetworks.

Fig. 16. Hypernetworks

Recently, network specialists have also come to this conclusion, starting from
the last 16-17 years, calling the same object high-order networks. In both cases we
are talking about the same thing and requires significant further research in
neuroscience.

Therefore, I conclude my report with the first slide.

Fig. 17. Last slide of the report
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We work at the level of theory of higher structures and functions of the brain.
We formalize this as the concept of neural hypernetworks or high-order networks. We
believe that the brain is just such a hypernetwork, rather than a low-level first-order
neural network, as is being researched today. And that consciousness is a specific
process in this structure, existing only when this structure develops under the
influence of experience and learning. The essence of this process is certainly
mysterious, but we think that it can be described by percolation approaches, but in
both cases of structures and process, it is quite clear to us that it is necessary to
cooperate with specialists in the field of mathematics and theoretical physics and we
invite such cooperation.
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