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About the physics of consciousness and its formation
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Annomauyusn. IlpuBenmeno o6ocHoBaHMe (HOPMUPOBAHUS CO3HAaHMUSI Kak I[OTOKa
cnenu(UYeCKH  pacupeleliCeHHOM TI0 KOpe, KOIMPOBAHHON  DICKTPUYECKOW  HMITYJIbCHOM
aKTUBHOCTH, TeHepUpyeMoi B Mo3re. [IpuBeneHa MakpOCKONMMYECKass MaTepualibHas apXUTEKTypa
i (opMHUpOBaHUsI CO3HaHUs. [IpHBEICHBI CBEICHHS O BO3MOKHBIX MAaTE€MAaTHYECKHX MOJCIISX
dbopmupoBanus co3Hanus. llepBas B Buae OONBIION CUCTEMBl HEMUHEHHBIX MU dEepeHIMATEHBIX
YpaBHEHHI ¢ MAJILIMU MTApaMeTPaMu Tiepell IPOU3BOJHBIMK. BTopas B BUIe CUCTEMbI HEIMHEHHBIX
WHTETPAIBHBIX ypaBHeHHU  Bombreppa. OTMEYEHO, YTO B BBIYUCIHUTEIHHOM JKCIICPUMEHTE
MOJTYYCHO aJCKBATHOE TIOATBEP)KIACHUE COOTBETCTBUS MATEMAaTHUYECKOW MOJCIH PeaJbHBIM
Helipodu3nonornueckuM JaHHbIM. [IpuBeeHHAs MaTepHaMCTUYECKash MOJAENTh (POPMHUPOBAHUS
CO3HaHUS JIaeT BO3MOXKHOCTh €ro (OpPMHUpPOBAaHUS MJIsi HCKYCCTBEHHOTO WHTEJUICKTA M JUIS
YeJI0BEKa.

Knrwouesvie cnosa: co3Hanue, npencTaBiIeHHE CO3HAHUS TIOTOKOM, OIICHKa TEOPUU CO3HAHMUS,
MaTeMaTH4ecKasi MOJIeTb CO3HAHUS, PEJIEBAHTHOCTh MAaTEMAaTUIECKON MO COSHAHMS.

Annotation. The rationale for the formation of consciousness as a flow of specifically
distributed, encoded electrical impulse activity generated in the brain is given. The macroscopic
material architecture for the formation of consciousness is presented. Information is provided on
possible mathematical models of the formation of consciousness. The first is in the form of a large
system of nonlinear differential equations with small parameters in front of the derivatives. The
second is in the form of a system of nonlinear Volterra integral equations. It is noted that the
computational experiment provided adequate confirmation of the correspondence of the
mathematical model to real neurophysiological data. The given materialistic model of the formation
of consciousness makes it possible to form it for artificial intelligence and for humans.

Keywords: consciousness, representation of consciousness as a stream, assessment of the
theory of consciousness, mathematical model of consciousness, relevance of the mathematical
model of consciousness.
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Co3HaHue MNpeaCcTaBiIsieTCs B BUIE MaTepUalbHOTO MOTOKa — Tpaduka. Takoe
npecTtaBieHue BrHepBeie cpopmynaupoBano B 1838 romy V. JDxkeiimcom [1]. B
HacTosIee BpeMs mojjepxkaHo B padorax akamemukoB WM. Il. TlaBnoma [2]. E.H.
Coxonosa [3]., K.B. Anoxuna [4], npodeccopa .M. JlybpoBckoro [5] um nmpyrux
BUJTHBIX POCCUMCKUX U 3apyOCKHBIX yUeHBIX [6-8]. Yuenbimu VY. JIkeiiMcoM u aka.
N.II. ITaBnoBeiM, E. H. CokoJIOBBIM JaHBl 3aMeyaTeIbHBIE ONPEICIICHUS CO3HAHUS
Kak notoka. [IpuBonum 311 onpeaeneHusl.

V. Jlxxeitmc B kHure "OcHoBbI ncuxosioruu’. YunbsMmc [Jxerimc B 1890 romy
nucan: "Co3HaHWE ATO MOTOK, PEKA, B KOTOPOM MBICIIH, OULYIIEHUS, BOCIIOMUHAHHS,
BHE3aIlHbIC AaCCOLMAIIMU TIOCTOSTHHO TIepeOMBalOT JpYyr Jpyra M MNPpUYYJIUBO,
«HEJIOTUYHOY» meperuietatores”. B HEM HeT HuUero oObeAMHEHHOTO; OH TeueT. "Peka"
Wi "moTok" 3T0 MeTadophl, C MOMOIIBIO KOTOPBIX 3TO Haubojiee €CTECTBEHHO
OTMCBIBACTCS.

W.I1. [laBnoB o co3HaHuu 4yenoBeka: «Eciau Obl MOXHO OBUIO BHJIETH CKBO3b
YEepEeIHYI0 KpBIIIKY, €ClIi Obl MeCTO OOJBIIMX MOJyIIapuid C ONTUMAIBLHON
BO30Y/IUMOCTBIO CBETHJIOCh, TO Mbl YBHUJAEIU OBl B JyMalOIIEM CO3HATEIIbHOM
YelloBeKe, KaK IO €ro OOJBIINM TONYIIAPUSM TEPEABUTACTCS IMOCTOSHHO
U3MEHsIIoeecss B (opMe W BEIWYMHE TPHUUYUIMBO HEMPABWIBHBIX OUYepPTaHUIN
CBETJIO€ MATHO, OKPYKEHHOE Ha BCEM OCTaJIbHOM MPOCTPAHCTBE MOJyIIapuii Oolee
WJIA MEHEE 3HAYUTEILHOU TEHBIO» [2].

JanquMm 3amedaTtenbHOE OINpENECJICHUE CO3HAaHME Kak IMoroka akana. E.H.
CoxonoBa. «Co3HaHHE 3TO «IMOTOK JIMYHBIX (CYOBEKTHBHBIX) MEPEKUBAHUIA: CMEHY
o0pa3oB, MbIC/IECH, HaMepeHUl U 4yBCTB». «Co3HaHUE, BO3HUKAIOIIEE B MO3TOBBIX
CTPYKTypax, sIBISIETCSI Cyry0O JIMYHBIM JIOCTOSTHUEM, HEIOCTYIHBIM MOCTOPOHHEMY
HaOmrogaTemoy [3].

[IpencraBineHne Co3HaHMS B BUAE MAaTE€pPUAJIbHOIO IOTOKA IMOIYYUIIO BECKOE
MOATBEP/KJICHUE B SKCIEPUMEHTAIBHBIX HCCIEIOBAHUSX: HA OTKPBITOM MO3r€, B
METOJIaX MPOCBETICHHUS MO3Tra Ha OCHOBE AKCIPECCUU UHAYIIMPOBAHHBIX 00TyUYeHUEM
T€HOB, B UCCIIEA0BaHUAX ¢ moMoibio MPT. [IpuBoauM 3kcriepuMeHTaIbHbIE TAHHBIE,
MOJITBEPKIAOIIHEe (POPMUPOBAHUE CO3HAHWS B BHUJEC MATEPUATIBLHOTO MOTOKA. JTO
CJIeIyIONINE JTJaHHbIE: 1) SKCIIEPUMEHTHI Ha OTKPBITOM MO3re OOJbHBIX JtoaeH [9]; 2)
JaHHBIE 00 PKCIEPUMEHTaX C MPOCBETICHHEM MO3ra MO METOJY AKCIPECCUU T€HOB
[10]; 3) skcnepumeHnThl ¢ nomolbio Metoga OMPT T2 [11]; 4) skciepUMEHTHI C
MPSIMBIM BO30YXKIIEHUEM CEpPUM AIEKTPUUECKUX UMITYJILCHBIX MOCJIEI0BATEILHOCTEH
B TaK Ha3bIBAEMBIX «HEWpoOHax 0alylIKu» WM B KOTHUTHUBHBIX Trpymmax KOI'ax mo
tepmuHonioruu akaa. K.B. AHoxuHa mpu pacrno3HaBaHWUU JIUI[ W3BECTHBIX JIHOICH

[12].
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[IpuBoguM pe3ynbTarbl SKCHEPUMEHTOB 10 BU3yalIW3allMM CO3HAHUSA C
nomombto TexHonorun OMPT B BuIe NOTOKA BIEKTPUUYECKUX HMITYJIBCHBIX
MOCJIEIOBATEIbHOCTEN, UICHTU(DHUIIMPYEMBIX C TIOMOIIBIO CBETAIIMXCS OONacTei Ha
MpaBoOM U JIEBOM CTOpOHE MO3ra. Pe3ynbTraThl oka3zaHbl Ha puc. 1.

AEACTBME

HAMEPEHHE

Puc. 1. Hoenmuguxayus coznanus ¢ nomowvro mexnonoeuu @MPT T2 6 suode ceemswuxcs
obnacmeii Ha npagoli u 1eeou cmoporne mozea. Ceepxy uoenmugurayus npu nPAMoM HAOIO0eHUU,
CHU3Y UOeHMUDUKAYUS NPU MbICTIEHHOM NPEeOCMAasieHUl.

Fig. 1. Identification of consciousness using T2 fMRI technology as glowing areas on the
right and left side of the brain. Above is identification by direct observation, below is identification
by mental representation.
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Ha puc. 2 mnokazaHa mnpsmas peanu3alusi CO3HAHUS B BHJE  CEpUH
AMEKTPUUYECKUX UMITYJILCHBIX MOCIIEIOBATEILHOCTEN B «HeWpoHe KimHToHa» [12]
1M B KOTHUTUBHBIX Tpynnax KOI'ax no tepmunonoruu akazn. K.B. Anoxuna [4].

Onucanue CO3HaHUS B BHUJAEC MOTOKA HW3BECTHBIMU YUYEHBIMH, a TaKKeE
pe3yabTarbl  AKCHEPUMEHTATBHBIX HCCIEIOBAaHUN TMO3BOJISIIOT  CHOPMYJIHUPOBATH
MIPEACTABIECHNE CO3HAHUSA KaK IMOTOKA B CIEAYIOLIEM BUJIE.

Onpeoenenue. Co3HaHuWe 3TO MaTepUAIbHBIA  TOTOK  CHEU(DUUECKU
pacIpeieICHHOM 10 KOPE, KOAUPOBAHHOM 3JIEKTPUYECKOM UMITYJIbCHOM aKTUBHOCTH,
KOPPETUPOBAHHONW JMOO € TEKYLUIMMH BXOAHBIMHU BO3JEHCTBUSIMH, LEJIECO0OpPa3HO
npeoOpa3oBaHHBIMU B CEHCOPHOM CcHCTEMe, JIMOO C HMMEBIIMMH MECTO paHee
NPENIECTBYIOUMMU  BO3JEHCTBUSIMH, 3a(DUKCUPOBAHHBIMU U COXPAaHEHHBIMU B
namMsTH; pealu3aluss CO3HAHUS NPOU3BOJAUTCA TOJ JIEWCTBHEM BHEIIHUX WU
BHYTPEHHUX, CO3AaHHBIX BHYTPH CUCTEMBI 3aIIPOCOB.

[Ipennoxena MaKpOCKOMYECKas KOTHUTHBHAS apXUTEKTypa TUTSt
MaTepUaTMCTUYECKOro (OpPMHUpPOBAHUSL CO3HaHUS B OoJbIION 0a3e JaHHBIX
BIGDATE wunu B Mo3re, moka3zaHHasi Ha puc. 3.
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Puc. 2. llpamas peanuzayus co3nanus 6 euoe cepuu 31eKmpudecKux UMnYibCHbIX
nociedosamenvrHocmell 8 «Hetipone Knunmonay [12] unu 6 koenumusnwix epynnax KOI'ax no
mepmunonoeuu akad. K.B. Anoxuna [4].

Fig. 2. Direct implementation of consciousness in the form of a series of electrical impulse
sequences in the “Clinton neuron” [12] or in cognitive groups COGs according to the terminology
of Acad. K.V. Anokhin [4].
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[Ipennaraemsiii cioco6 (GopMHUpOBaHUS CO3HAHUS HAET PEIICHUE O «TPYTHOU
npoOneme co3Hanusi» JI. Yanmepca [6] kKak MO3r CO3[a€T CO3HAHHE, IO3BOJISET
peACTaBUTh (POPMUPOBAHUE JIMYHOCTH «S» KaK MHOKECTBA MaJIbIX COCTABIISIONIUX,
CO371aBa€MbIX MaMATHIO, TO3BOJISIET MPEICTaBUTH (HOPMUPOBAHUE «KBAIHA
(omrymieHuit),  MO3BOJISIET OOBSICHUTH TreHepanuio okosio 6400 mnapuuasbHBIX
CO3HAHMU B CYTKH, MTO3BOJISIET OOBICHUTH HEOOBIYHO BBICOKYIO CKOPOCTh 00pabOTKU
uHopMallM B MO3re W Jpyrue cBoilcTBa co3HaHuda. lIpemnmaraemslii crnoco6
dbopMUpOBaHUSI CO3HAHUS MOKA3bIBAET BO3MOXKHOCTh MOCTPOEHHSI MCKYCCTBEHHOTO
CO3HAaHMsI, MMO3BOJISIET LIEJICHANPABICHHO PACCMOTPETh JIETAIM MTOCTPOEHUS CO3ZHAHUS
B MO3re uenoBeka. [Ipennaraemas Teopusi CO3HAHUSA YUYUTHIBAET MPEACTABICHUE
MO3ra KaK CHCTEMBI C CaMOOPTaHW30BAHHON KPUTUYHOCTHIO, (PYHKIIMOHHUPYIOIIECH B
HEYCTOMYMBOM pEXKHUME BOJIM3M TOpPOTa CamMOBO30OYXKIEHHUS, CTaOWIU3MPyEeMOW 3a
CueT HeMHENHON oTpuIlaTeIbHON 00paTHOil cBsi3u [13-16].

[Ipenyoxeno ABa criocoba OMUMCaHUs MaTeMaTUYeckord Mozaenu (OopMUPOBaAHUS
co3Hanus. IlepBblii B BHjE OOJBIION CHUCTEMBbI, COCTaBJICHHOW W3 MOACUCTEM
HEJTMHEUHBIX JU(depeHInalbHBIX YpPaBHEHUHM C MajblM IMapaMeTpoM Tepen
npousBogHbiMu  [17]. Kaxpgas mnomcucrema OOJBIION CHUCTEMBI COCTOUT U3
HECKOJIBKMX HEJIUHEWHBIX Aud@epeHImanbHbIX YpaBHEHUHN, OIMKMCHIBAIOIIUX OJUH
anieMeHT (Hanpumep, HelpoH, Kol') cuctemsi.
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Puc. 3. Makpockonuueckas KoeHUMUBHAS apXumexmypa 0isi Mamepuarucmuyeckoeo
Gopmuposanus coznanus 6 bonvuotl 6aze oannvix BIGDATE unu 6 mosze. Obo3nauenus. I -
CEHCOpHOe YCMPOUCME0, KOOUpyIowee 8Hel o uHgopmayuio; 2 — npeobpazosamens
KOOUPOBAHHOU UHGDOPMAYUU HA OCHOBE U3OUPAMETbHBIX HEUPOHHBIX cemell U HeUPOHHbIX cemell
«21y60Ko20 0Oyuenusny, 3 —oonvuasn 6aza OaHHbIX, NAMAMb,; 4 — 60CNPOU3BEOEHUU CO3HANUS,
MOHUMOPUPOSAHUe,, NPeobpazosanue 6 ynpasisiouue 6030elcmesus (KOHmpoiiep); 5 — 2enepamop
BHYMPEHHUX 3aNpocos; 6 - npeobpaszoeameisb, KOOUPYIOWUL 6XOOHble OemepMUHUPOBAHHbIE
3anpocwl; 7 — HEUPOHHAsL cemb 01 PACNO3ZHABAHUSL OeMEPMUHUPOBAHHBIX 3ANPOCO8 C
nocneoyrouel nepedavetl 6 6asy oanHuvlx, 8, 9 — demeKkmopul 8 yenu 0Opamuou césa3u 0 OYeHKU
CO3HAHUSL U 8bIOOPA BXOOHBIX 8030eticmaull u mpebyemozo pedxcuma, 10,11 — unouxkamopwi 0
MOHUMOPUPOBAHUSL OMKIUKOS U3 DA3bl OAHHBIX. 3pUMeENbHbLe, CILYX08ble, 001eable, Men108ble U
opyeue.

Fig. 3. Macroscopic cognitive architecture for materialist consciousness formation in the
large BIGDATE database or brain. Designations: I - sensory device encoding external
information; 2 — converter of encoded information based on selective neural networks and “deep
learning” neural networks; 3 — large database, memory, 4 — reproduction of consciousness,
monitoring, transformation into control actions (controller); 5 — generator of internal requests; 6 -
converter encoding deterministic input queries, 7 — neural network for recognizing deterministic
queries with subsequent transmission to the database; 8, 9 — detectors in the feedback circuit for
assessing consciousness and selecting input influences and the required mode; 10,11 — indicators
for monitoring responses from the database: visual, auditory, pain, thermal and others.
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ComacHo BTOpOMY CHOCOOY KOTHHUTOM ONHUCBIBa€TCsA OOJBLIONW CHCTEMOM
HEJIMHENHBIX WHTErpajgbHbIX ypaBHeHUM Bonbreppa [18]. Kaxnoe ypaBHeHue
BosnbTeppa onuchIBa€T OAMH 3JEMEHT KOTHATOMA. Takoe omucaHue sBisercs Oolee
KOMITAKTHBIM 110 CPaBHEHHIO C OMKUCAHMEM MO NEpBOMY crocoly. OIHAKO U B 3TOM
Cllydae HeOOXOJAMMOE YHCIO MHTErpajbHBIX ypaBHEHHH Benuko mopsaka 107, IMpu
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MCIOJIb30BAHUHM MAaTEMaTUYeCKOM MOJENIM B BHJI€ HETUHEHHBIX AuddepeHnaabHbIX
ypaBHEHUN HEOOXOUMOE YHUCIIO YPABHEHUN MOXKET OBITh Ha MOPSIIOK OOJIbIIIE.

[Ipyn MomenupoBaHUM MCIIOJIB3YETCS METOJ] HAaXOXKICHUS «OBICTPBIX PEIICHHI)
YpaBHEHUN CUCTEMBbI B BHJIC€ M3BECTHBIX HUMIYJIbCHBIX (DYHKIUN, JUISI HAXOXKICHUS
«MEJIJICHHBIX perieHui» Heipona wim Kol'a ncnonb3yercs nubo cuctemMa JTHHEHHBIX
muddepeHnuanbHbIX  ypaBHEHUH C  MOCTOSHHBIMH  KOd(hdUIMEHTaMH, OO
anreOpanyeckas anmpokcuManus. B mpocreiiiiem Buae uaes TaKoro Merona Oblia
npemiokeHa B 1946 rogy A. Bunepom u Po3zeHOmoTOM, MNpeasioKUBIIUMU
MCII0JIb30BaTh aIMpPOKCUMAIUI0O UMMYJIbCa B BHUAEC MOCTOSHHOM (PYHKIUM MaJION
JUIMTEJIbHOCTH, a MEAJEHHYI0 (a3y MOCTOSHHON (YHKIMEH 3HAYUTENbHO OOJNbIlIEH
JIuTenbHoCTH [19].

[Ipemmaraempiii  METOJ, HWCCIEAOBAaHUS  CIOXKHBIX HEJTWHEWHBIX CHCTEM,
OMMCHIBAIOIINX peJlaKCcallMOHHBIE KoJieOaHWs ObUI omucaH B cepuu padot [20-23].
Meton mno3BONMJI pemiaTh CIOXKHBIE 33a4d  ApPOKCUMIMUU CUHXPOHHM3ALHUU
penakcaMoHHbIX KonebaHuii. PeneBaHTHOCTh MeTO/Ma JIoKa3aHa B cepuu padot [20-

23].
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Puc. 4. Mamepuanucmuyeckas mooens popmupoeanus co3Hanus 0isi UCKYCCMBEHHO20
unmennexma poooma. Ceepxy npusedena 0Jisl CPABHEHUSI MAKPOCKONUUECKAsL KOCHUMUBHASL
CMpYKmMypa, NOKA3aHHAs HA puc. 2.
Fig. 4. Materialistic model of consciousness formation for robot artificial intelligence. Above
is the macroscopic cognitive structure shown in Fig. 1 for comparison. 2.
4. HEBEANNTEZERAIE R IEDHEE . LLEZE 1 PR 2 B a4, DLt
bz, 2.

B BbprUMcnutrenbHOM OKCIICPUMCHTEC  ITOJYYCHO aACKBATHOC IIOATBCPIKIACHHC
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COOTBETCTBMSI MaTeMaTUYECKOM MOJENH peaJbHbIM  HEHpOU3NOIOTUYECKUM
skcriepuMmerTaM [20-23]. Monenb mo3BoMsSET peann30BaTh: (POPMUPOBAHUE CIIAWKOB
U 0epcToB (MaYeK MUMIYIbCOB) AIEKTPUUECKONW aKTUBHOCTH MO3Ta; (hOpMHUpPOBAHUE
€IMHOTO pUTMa (HapUMep, CHHOATPUAIBHOTO y3Jia cepana); popMupoBaHue putMa
JBIXaHUsS B MO3Te; (DOPMHUPOBAHUE ITUPKATHBIX PUTMOB B CYIIPaXHa3MaTHIECKOM SIpe
Mo3ra U Jpyroe. Pe3ynbrarbl BBIUMCIUTEIBHOTO MOJEIUPOBAHUS MOATBEPKAAIOTCS
W3BECTHBIMH  HEHPOPUZUOIOTHUCCKUMU  JIKCIIEPUMEHTAMHU, YTO TIOATBEPKIACT
PEJNIEBAHTHOCTh MOJEIIH.

[IpuBenenHass MarepuaiMCTUYECKass MOJENb  (POPMUPOBAHMUS  CO3HAHUSA
MO3BOJISIET TMPEJACTaBUTh  OCHOBBI €ro (OpPMUPOBaHUS [JII HUCKYCCTBEHHOIO
MHTEJIEKTa po00Ta, YTO WILTIOCTPUpPYETCS pUC. 4.

PaccmoTrpuMm npuiio)keHHE KOTHUTHUBHOM apXUTEKTYpbl, 1Jisg (HOPMUPOBAHUS
CO3HAHUSI B MO3re 4esnoBeka. Mo3r yenoBeKa SIBISIETCS aBTOHOMHOW CTPYKTYpPOW,
MO3TOMY peau3alusl KaKI0M KOHKPETHOW KOTHUTHUBHOM (YHKIIMM BBI3bIBAET
3HAYUTENIbHbIE TPyAHOCTH. CTPYKTypbl MO3Ta, OTBETCTBEHHbIE 3a (hOpMHUpOBaHUE
CO3HAHUS, COMIACHO HEUPOPUZMOIOTHYECKUM  HCCIEJOBAaHUSM, B  IEPBOM
pUOIMHKEHUH PUBEIEHBI HAa PUC. S.

JIaMOH4YecKkas cacTeMa Perukyasipuas popmanus Kopa 6oapmux

ObecneunBaeT ""KOJIHYECTBO noJaymapHi
co3HaHHA' Moadep:KABaeT
ONTHMAJILHEIH YPOBEHb
GoIpCTROBaHHAS

ObecneunBaeT ""KauyecTBO
Co3HAHHA", ero cogep:KaHHe,
MOMCK HH(pOpPMalHH

OTBeTcTBEHHA 3a

""copep:raHHe
co3HaHHA"

Puc. 5. Cmpykmyper mozea, omeemcmeennvle 3a opmuposanue co3nanus: 1 — 3pumenvroiil
aunanuzamop, 2 — pemukyispras ungopmayus,; 3 — 6x00 om peyenmopos. NpuKocHogeHue, 60w,
memnepamypa, 4 — cayxoeasn ungopmayus,; S— HUCX00AuWasn 0s8uecamenvHas unpopmayus.
Fig. 5. Brain structures responsible for the formation of consciousness: 1 — visual analyzer, 2
— reticular information; 3 — input from receptors: touch, pain, temperature; 4 — auditory
information; 5 — descending motor information.

5. REBMEHKIINIEAME: 1 - #E a2 - #EAN: 3 - KA
AT . B R g 4 - AR 5 - TREREZN.

Peanuzanus marepuaiucTUUECKOW KOTHUTUBHOW apXHMTEKTYphl (POPMUPOBAHHUS

CO3HAHUS ISl MO3ra 4eJIOBEKA YUUTHIBAET HAJUYKME IMOTOKOB MH(MOPMAIH, UTyIIHX
OT Tajamyca K kope. CBs3u JEUCTBYIOT B ABYX HAlpaBIEHUAX, OT TAJIaMyca K KOpe U
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OT KOpbl OOpaTHO K  TOM ke  oOmactu Tasamyca. bonee  Toro, korma
TaJIAMUYECKHE CBS3U MIPEPHIBAIOTCS, byHKIIUN COOTBETCTBYIOLIEH
00JIacTH KOPHI TOYTH MOTHOCTHIO TepsitoTcs. CrenoBaTesbHo, Kopa QyHKIIMOHUPYET B
TECHOM CBSI3M C TalaMyCOM U IIPaKTUYECKH MOXKET pacCcMarpuBarbCsi U
aHATOMUYECKH, U  (PYHKIMOHATBHO KaK  €IMHOE  IIeJloe,  Ha3bIBacMas
TaJIaMOKOPTUKAJILHOW CUCTEMOM, UTO WILTIOCTPUPYETCs puc. 6.

CxeMaruueckasi peanu3aiusi MaTepUaIuCTUYECKON KOTHUTUBHOM apXUTEKTYpPbI
dbopMupoBaHUsl CO3HAHUA NJii MO3ra YeJOBEeKa MOKa3aHa Ha pUC. 6 cieBa CHUBY.
Bonbinas 6a3a JaHHBIX MPECTaBICHA B BUJIE JIByX COCTABIISIONIMX MO3ra: Tajamyca
U KODBI, TMPEACTABIAEMBIX KaK €IMHOE LEJI0€ TAIAMOKOPTUKAIBHON CHCTEMOM.
Cxemarnyeckasi MOZJEJIb HEPBHBIX BOJIOKOH OT TajlaMycCa K KOPE MO3Ta 3pUTEIbHOM,
MOTOPHOM U CITyXOBOM MOKa3aHa Ha pucC. 6 cripaBa CHU3Y.

Marepuanuctuyeckass Mojienb (HOPMHUPOBAHUS CO3HAHMS JUIsI MO3ra 4esloBeKa
MoKa3zaHa Ha puc. 6 cBepxy. M3o0paxeHne HEPBHBIX BOJIOKOH, UYIIKUX OT Tajamyca K
Kope, OBbLIO TMOJY4YEeHO C IOMOIIBI0 TpakTorpaduu - AUATHOCTUYECKOTO METOa,
OCHOBAaHHOTO Ha JU(PPY3MOHHO-B3BEIICHHOW MarHUTHO-PE30HAHCHON Tomorpaduu
OMPT, mo3BOJISIOMIETO BU3YUTU3UPOBATH OPUEHTALINIO U LIEJTOCTHOCTh MPOBOISIINX
IIyTEN TOJIOBHOTO MO3Tra invivo.

IIpennaraemass ~ MaKpOCKONMYECKasi ~ KOTHUTHUBHAS  APXUTEKTypa  JUJIA
dbopMupoBaHUsl CO3HAHMS MO3BOJISIET LIEJICHANPABICHHO U JETaJbHO M3ydaTh Oojiee
CJIO’KHBIE CTPYKTYPbI MO3ra B NX B3aUMOJICHCTBUMU.

raas
PETHEYIAPHAA
popmanan

BXOI OT pelenvopos
NPRKGCHOBEHAA, DoTH,
TEMIEePATY LI

Puc. 6. Peanuzayusa mamepuanucmuyeckoi KOCHUMUBHOU APXUMEKMYpPbl
gopmuposanus co3HaHus
Fig. 6. Implementation of a materialist cognitive architecture
formation of consciousness

6. MEW) T ZerCMIAIH T FT B Bakl il ek
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Jliist 6onee aeTanbHOro M3ydeHus (GOpMHUPOBAHUS CO3HAHHUS B MO3I€ YeJIOBEKa
HEOOXO/IMMBI JalbHEHIIe 3HaUuTeNbHbIe uccienoBanus. CBoiicTBa mpesiaraeMoun
CTPYKTYpHOH M MaTeMaTudeckor Mojiein (OpMUPOBAHUSI CO3HAHUS HE MPOTHUBOpEYAT
MPECTABICHUSAM TICUXOJIOTOB M (UIOCOPOB O MEHTAIBHOM IPEACTABICHUN
CO3HaHUs1, HA00OPOT, BO3HUKAIOT HOBBIE BOZMOXKHOCTH JTsI ICCIICIOBAHMIA.

Consciousness is represented in the form of a material flow - traffic. This
concept was first formulated in 1838 by W. James [1]. Currently supported in the
works of academicians I. P. Pavlov [2]. E.N. Sokolov [3]., K.V. Anokhin [4],
professor D.I. Dubrovsky [5] and other prominent Russian and foreign scientists [6-
8]. Scientists W. James and acad. [.P. Pavlov, E.N. Sokolov gave wonderful
definitions of consciousness as a flow. We present these definitions.

W. James in the book "Fundamentals of Psychology". Williams James wrote in
1890: “Consciousness is a stream, a river in which thoughts, sensations, memories,
sudden associations constantly interrupt each other and are intricately, “illogically”
intertwined.” There is nothing unified about it; it flows. "River" or "stream" are the
metaphors by which it is most naturally described."

[.P. Pavlov about human consciousness: “If it were possible to see through the
roof of the skull, if the place of the cerebral hemispheres with optimal excitability
shone, then we would see in a thinking, conscious person how a light constantly
changing in shape and size of bizarrely irregular outline moves through his cerebral
hemispheres. a spot surrounded by a more or less significant shadow throughout the
rest of the hemispheres” [2].

Let us give a wonderful definition of consciousness as a stream of Acad. E.N.
Sokolova. “Consciousness is “a flow of personal (subjective) experiences: changes in
images, thoughts, intentions and feelings.” “Consciousness arising in brain structures
is a purely personal property, inaccessible to an outside observer” [3].

The idea of consciousness as a material flow has received strong confirmation in
experimental studies: on the open brain, in methods of brain enlightenment based on
the expression of radiation-induced genes, in MRI studies. We present experimental
data confirming the formation of consciousness in the form of a material flow. These
are the following data: 1) experiments on the open brains of sick people [9]; 2) data
on experiments with brain clearing using the gene expression method [10]; 3)
experiments using the T2 fMRI method [11]; 4) experiments with direct excitation of
series of electrical impulse sequences in the so-called “grandmother neurons™ or in
cognitive groups COGs in the terminology of Acad. K.V. Anokhin in recognizing the
faces of famous people [12].

We present the results of experiments on visualizing consciousness using fMRI
technology in the form of a stream of electrical pulse sequences, identified by
luminous areas on the right and left sides of the brain. The results are shown in Fig. 1.

In Fig. Figure 2 shows the direct implementation of consciousness in the form of
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a series of electrical impulse sequences in the “Clinton neuron” [12] or in cognitive
groups COGs according to the terminology of Acad. K.V. Anokhin [4].

The description of consciousness in the form of a flow by famous scientists, as
well as the results of experimental studies, allow us to formulate the idea of
consciousness as a flow in the following form.

Definition. Consciousness is a material flow of specifically distributed
throughout the cortex, encoded electrical impulse activity, correlated either with
current input influences, expediently transformed in the sensory system, or with
previously occurring previous influences, recorded and stored in memory; the
realization of consciousness is carried out under the influence of external or internal
requests created within the system.

A macroscopic cognitive architecture for the materialistic formation of
consciousness in the large BIGDATE database or in the brain is proposed, shown in
Fig. 3.

The proposed method of forming consciousness provides a solution to the
“difficult problem of consciousness” by D. Chalmers [6] how the brain creates
consciousness, allows us to imagine the formation of the personality “I” as a set of
small components created by memory, allows us to imagine the formation of “qualia”
(sensations), allows us to explain the generation of about 6,400 partial
consciousnesses per day helps explain the unusually high speed of information
processing in the brain and other properties of consciousness. The proposed method
of forming consciousness shows the possibility of constructing artificial
consciousness and allows us to purposefully consider the details of the construction
of consciousness in the human brain. The proposed theory of consciousness takes into
account the idea of the brain as a system with self-organized criticality, functioning in
an unstable mode near the threshold of self-excitation, stabilized by nonlinear
negative feedback [13-16].

Two methods have been proposed to describe the mathematical model of the
formation of consciousness. The first is in the form of a large system composed of
subsystems of nonlinear differential equations with a small parameter in front of the
derivatives [17]. Each subsystem of a large system consists of several nonlinear
differential equations that describe one element (for example, neuron, CoG) of the
system.

According to the second method, cognitome is described by a large system of
nonlinear Volterra integral equations [18]. Each Volterra equation describes one
element of the cognitome. This description is more compact compared to the
description according to the first method. However, in this case, the required number
of integral equations is large, about 107. When using a mathematical model in the
form of nonlinear differential equations, the required number of equations can be an
order of magnitude greater.

When modeling, the method of finding “fast solutions” of system equations in
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the form of known impulse functions is used; to find “slow solutions” of a neuron or
CoQ, either a system of linear differential equations with constant coefficients or an
algebraic approximation is used. In its simplest form, the idea of such a method was
proposed in 1946 by A. Wiener and Rosenbluth, who proposed using the pulse
approximation in the form of a constant function of short duration, and the slow
phase as a constant function of much longer duration [19].

The proposed method for studying complex nonlinear systems describing
relaxation oscillations was described in a series of works [20-23]. The method made
it possible to solve complex problems of approximation and synchronization of
relaxation oscillations. The relevance of the method has been proven in a series of
works [20-23].

In a computational experiment, adequate confirmation of the correspondence of
the mathematical model to real neurophysiological experiments was obtained [20-
23]. The model allows you to implement: the formation of spikes and bursts (bursts
of impulses) of electrical activity of the brain; formation of a single rhythm (for
example, the sinoatrial node of the heart); formation of a breathing rhythm in the
brain; formation of circadian rhythms in the suprachiasmatic nucleus of the brain and
more. The results of computational modeling are confirmed by well-known
neurophysiological experiments, which confirms the relevance of the model.

The given materialistic model of the formation of consciousness allows us to
present the basis of its formation for the artificial intelligence of a robot, which is
illustrated in Fig. 4.

Let's consider the application of cognitive architecture for the formation of
consciousness in the human brain. The human brain is an autonomous structure, so
the implementation of each specific cognitive function causes significant difficulties.
The brain structures responsible for the formation of consciousness, according to
neurophysiological studies, are shown as a first approximation in Fig. 5.

The implementation of the materialistic cognitive architecture of the formation
of consciousness for the human brain takes into account the presence of information
flows coming from the thalamus to the cortex. The connections operate in two
directions, from the thalamus to the cortex and from the cortex back to the same area
of the thalamus. Moreover, when thalamic connections are interrupted, the functions
of the corresponding cortical area are almost completely lost. Consequently, the
cortex functions in close connection with the thalamus and can practically be
considered both anatomically and functionally as a single whole, called the
thalamocortical system, as illustrated in Fig. 6.

A schematic implementation of the materialistic cognitive architecture of
consciousness formation for the human brain is shown in Fig. 6 bottom left. The large
database is represented in the form of two components of the brain: the thalamus and
the cortex, represented as a single whole by the thalamocortical system. A schematic
model of nerve fibers from the thalamus to the visual, motor and auditory cortex is
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shown in Fig. 6 bottom right.

The materialistic model of the formation of consciousness for the human brain is
shown in Fig. 6 on top. Nerve fibers from the thalamus to the cortex were imaged
using tractography, a diagnostic technique based on diffusion-weighted magnetic
resonance imaging fMRI that allows visualization of the orientation and integrity of
brain pathways in vivo.

The proposed macroscopic cognitive architecture for the formation of
consciousness allows for a targeted and detailed study of more complex brain
structures in their interaction.

Further significant research is needed to study in more detail the formation of
consciousness in the human brain. The properties of the proposed structural and
mathematical model of the formation of consciousness do not contradict the ideas of
psychologists and philosophers about the mental representation of consciousness; on
the contrary, new opportunities for research arise.
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