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CO3HAHME YEAOBEKA, UAU BO3MOXHOCTU DAEKTPOHUKWN.
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Ha ocrose npednodceHHOU paree nOAHOU 1eKMPOHHOU UHMePnpemayuy DYHKUYUOHUPOBAHUS M032A PACCMOMpPeEH (eHoMeH "co-
3HaHue yenogexka”. B wacmu Il pabomoi 6 pesyisbmame 6osee 0emanbHo20 AHAAUZA NPOUECCA OCOZHAHHOU 00PAbOMKU CEHCOPHOLL
UHGOpMayUuU cOPMYAUPOBAH OCHOBHOU NPUHUUN QYHKUUOHUPOBAHUS MO32a — NPeodpa306aHUe CUCHAN08 U dHepeemUu1ecKux pe-
KOHCMPYKUYULL, @ MaKice paccCMompeHsl: NoHamue "keaiua'; xapakmep 06pabomiu uHopmayuu mo3eom, npupoobl HCU3HU; 0C-

HO6Hble I’lp06./l€Mbl U Hanpaenenus Uccnedo8anuss CO3HAHUs.

Karoueevie caosa: cosnanue YenoeeKka, mose, NoAHAsA INeKMPOHHASA UHmMmepnpemauus, HAH031eKmpOHUKA

Oco3HaHnas 00padoTKa ceHCOpHO#i HH(popMANUN

PaccMoTpuM cHayaja OOMH M3 CaMbIX CJIOXHBIX
peXUMOB pabOThl MO3ra — OCO3HAHHYIO 00pabOTKy
ceHcopHoit nH@opMaiu. CoriaacHO MpeaoXeHHOM
MOJTHOW 3JIEKTPOHHOU WHTepnpeTauuu (hyHKIMOHU-
poBaHus Mo3ra [1—6] — 3To OIWH U3 BApUAHTOB CMe-
IIAHHBIX (TPETUM TUM) pexkruMOB paboThl Mo3ra. [lo-
MbITAEMCS YTOUHUTh, YTO MPU 3TOM MPOUCXOJIUT, TaK
Kak B yactu I [7], B CylIHOCTH, paCCMOTPEH TOMWHU-
pyIOLLIMii ITpouiecc B paboTe co3HaHuUs. B kauecTBe oc-
HOBBI, KpOM€ OTMEUYEHHBbIX MPUHUMIIOB B yactu I [7]
HCIIOJIb30Bajlach U COBpeMeHHass MHdOopmalus Heul-
pOHayK, mpexie BCero HelpoOUoJoruu (CM., Harmpu-
Mep, paboTel [8—14]), a TakKe MpUBIEKaBIIASICS IS
MOCTPOCHUSI SMIUPUUECKUX TEOPUI CO3ZHAHUSI (XOPO-
LMK uX 0030p NMpuBeAcH B yueOHMKe [15]), a UMEHHO:
TeopuU IJiobaabHOro pabouero npocrpaHcTBa baapca;
TEOpPUM HEMPOHAIBLHOIO IJIOOAIBLHOTO paboyero Mmpo-
cTtpaHcTBa JleaHa u Jp.; HEHPOOMOJIOTMYECKOI TeopuHr
Kpuka u Koxa; Teopuu auHamudeckoro siapa ToHOHU
U DaeabMaHa; TEOpUU MHOOPMALIMOHHOW WHTerpa-
i TOHOHU; TEOpUU PEKYPEHTHOM 00paboTKu Jlam-
M€; TeOpMHU CO3HAHUSI KaK YyBCTBa IMPOMCXOMSIIIETO
Hamacuo u ap. C TOUKM 3peHUs] aBTOpa, SMIIUpUYEC-
KHWe TeOpuU CO3HAHUS TMPEACTaBISIOT HauOOJIbIIYIO
MEePCIEKTUBY TS JaTbHENIIETO pa3BUTHS, TaK KaK OC-
HOBBIBAIOTCSI Ha CEPbe3HON HaydyHOU Oa3e (HaHHBIX
HepoOUOIOTUM, HEWPOHAYK B 1IEJOM), a He daHTa-
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3UsIX, T. €. OyleM Mo-TpexXHEeMy aHAIM3UPOBaTh (e-
HOMEH "CO3HaHME 4esoBeKa" B COOTBETCTBUU C IMPU-
HuunoM "6putBel Okkama" [7].

IIpu peranuzanuu mnpolecca OCO3HAHHOW oOpa-
0OTKM CEeHCOpPHOU MH(OpPMaIMU, CTPOTO TOBOpPSI, He-
00X0IMMO aHAJIM3UPOBATh MOJHYIO CUCTEMY, a UMEH-
HO [7, 16]: MO3r — Apyrue COCTABISIOLINE HEPBHOI
CHUCTEMBI — TeJI0O — OKpyxatoliasi cpeaa. B vactu I [7]
OTMEYaioCh, YTO, K COXaJEHMIO, BO3MOXHO JHIlb
MPUOIMKEHHOE PACCMOTPEHUE SBICHUMA, TIPOMCXOISI-
IIUX B ITOJTHOM CHUCTEME, TI03TOMY IpOaHAIU3UPYEM,
YTO MPOUCXOAUT XOTs Obl B LIEJIOM Ha KaXIOM U3 OC-
HOBHBIX 3TaroB Mpoliecca o0paboTKH.

Ilpeobpazosanus nHopMaliMy HauMHAIOTCS C ca-
MO0 Hayajia rpoliecca MmocJje MonagaHus CUrHajaoB U3
BHEIITHEH Cpeabl M OT BHYTPEHHMX OPraHOB Ha peliern-
TOPBI CEHCOPHBIX CUCTeM. MI3BECTHO, UTO PEeLENTOPHI,
Kak MpaBUjIo0, MpeaIHa3HAUYCHBI AJIs IPUHSATHS OJHOTO
BMIIa CUTHAJOB. B To ke BpeMs Iomanmaroliyde Ha Te-
JIO, B TOM YMCJIE€ PELENTOPbl, CUTHAJIbI MOTYT OBITh
caMbIMU pa3HooOpasHbiMU [1, 2]: MeXaHMYECKUMHU,
ONTUYECKUMMU, TEIJIOBBIMU, XMMUYECKUMHU, DJECKTPU-
yeckumu U ap. Kpome Toro, He ciienyer 3a0bIBaTh,
YTO PacIoJOXEHHE PELENTOPOB Ha Teje 4YeloBeKa
HOCHUT IMCKPETHBIN xapakTep. B cBsI3u ¢ 3TUM cpasy
K€ TIPOBOIATCSL pedyyuposanue u 0eKOMNO3UUUsS BXO-
Jsuieit MHgpopMalmy OT OKpyKaroulei cpeabl U BHYT-
peHHMX opraHoB. Hampumep, u3BeCTHO, 4YTO s
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MEePBUYHOI 00pabOTKM 3IEKTPOMATrHUTHHIX BOJIH UC-
MOJIL3YIOTCSA pelenTopbl (TOUuHee (POTOMUTMEHTHI,
CM. J1ajiee), YyBCTBUTENIBHBIE TOJIBKO K TPeM 00JIacTsIM
JUJTMH BOJIH OMTWUYECKOIOo IMara3oHa, MpuOIu3UTelb-
HO COOTBETCTBYIOIIMX BO3MOXHOCTH 4YeJIOBEKa OTJIM-
YyaTh KPaCHBIN, 3€JIEHBIA U CUHUIA 1IBETA.

Wrak, xorma HaumHaeTcs oOpaboTka uHGpOpMa-
mun? OTBeT oueBHIeH: cpa3dy. OCOOEHHO 3TO XOPOIIO
ITOHSITHO Ha TIpUMeEpPE 3IEKTPOMArHUTHBIX BOJTH, TaK
KaK 4YeJIOBEK BOCIHPUHUMAET TOJbKO Y3KUI CHEKTp
BOJIH ONTHWYECKOro muara3oHa. Biauser nm Teno Ha
oTOT npoiiecc? OTBET MEHee 0YeBUIEH, HO BCE Xe: KO-
HEYHO. DTO MpeXae BCEro CBSI3aHO C TEM, YTO peler-
TOPbI CEHCOPHBIX CUCTEM PACIOJIOXEHbI B TeJIe Yeso-
BeKa, a CJIeAoBaTeJIbHO, BIMSHUE Ha HUX MOXET OBITh,
HarpuMmep, B pe3yJibTaTe U3MEeHEHUs TeMIIepaTyphl Te-
J1a, Oosie3HEM, NEMCTBUSL XMMHUUYECKUX IIPOLIECCOB U
UX U3MeHeHUs U T. I. ClieyeT Takke 0Co00 OTMETUTh
YYBCTBUTEJIBHOCTh HMKHMX ITOPOTOB OIIYIICHUI OT
pa3IMYHBIX (PAKTOPOB, MPUBOAAIINX KaK K TTOBBIIIE-
HUIO, TaK U K TIOHMKEHUIO YYBCTBUTEIbHOCTH, HAIPU -
Mep, B 3aBUCUMOCTU OT SIPKOCTU OCBELUEHUS, UHAU-
BUIYaAJIbHBIX Pa3Iu4uii, ICUXOJOTMYECKOro, T. €. 00-
paTHOro, BJWSIHUS, B3aMMOIEWCTBUS OLIYILIEHUH, U
MHOTHUX Apyrux (cM., Hampumep, [17]).

Takum obOpa3om, TTpr 00pabOTKE CEHCOPHBIX CUT-
HaJIOB HEOOXOIVMMO YUYMTHIBATh BIMSHUE KaK OKpYKa-
IOLIEN Cpelibl, UYTO OYEBUAHO, TaK KaK IMOCTyMamlIne
CHUTHAJIBI UOYT OT Hee, TaK u Tena. [loaToMy He moJK-
HO BbI3BIBATh YIMBJIEHUE BCe 0oJiee pPacIpOCTpaHsIIo-
lieecsi MHeHME, OCOOEHHO Cpeaud HeilpoOMOJIOTOB, O
HEoOXOMMMOCTU y4yeTa BIMSHMSI U Tejla Ha CO3HaHUe
YyesioBeKa.

B pesymbraTe TmocTyruieHMs WHGOpMaLUU U3
BHEIITHE! cpeibl M OT BHYTPEHHUX OPTraHOB IIPOMCXO-
AT ee JNeKOMITO3UIIUS TI0 BHEITHUM W BHYTPEHHHNM
CEHCOPHBIM CHCTEMaM, TPUHIIUITEI PaOOTHl KOTOPBIX
XOpollo onucaHbl B yueoHuke [18]. ITocne nepBuuHoit
00paboTKM, KaK MpaBUJIO, CTUMYJ COOTBETCTBYIOLIEH
MOJAJIbHOCTU KOH@epmupyemcs B 3J1eKTPUYECKHIE CUT-
HaJlbl. A Hajiee 3TU CUTHAJIBI PaCIpPOCTPAHSIOTCS IO
HEPBHOI CHUCTeMe C MOCTOSIHHBIMU TMpeoOpa3oBaHusl-
MM M3 DJIEKTPUUYECKUX B XUMUUYECKUE (Hampumep, B
XUMUUYECKHX CHUHArcax) CUTHajbl, U Hao0opoT. Tak
Kak B 3TOM IIpolecce rnepeaayv MHGOpMaluu MpUH-
LIMITMAJIbHOE 3HAaYeHUe MMEIOT pPas3MYHble KaHaJbl
(MOHHBIE U Ap.), T. €. HAHORJIEKTPOMEXaHUUECKUE CUC-
tembl (HOMC) [7], To BIMsIHME OKa3bIBAlOT U MeXa-
HUYeCcKue mpoliiecchl. Jpyrumu ciioBamMu, Ipu nepe-
madye wH@opManuy WIS OajbHeilnelr o0paboTKu B
[JIaBHbIA MH(OPMAIIMOHHBIA LEHTP 4yeJoBeKa, T. €.
MO3T, UIET MOCTOSIHHOE MpeoOpa3oBaHUE CUTHAJIOB,
a cjefoBaTeIbHO, UX U3MEHEeHMs1 (mpancgopmayus),
T. €., BOOOIlle TOBOpsI, MpeaBapuTeIbHas oOpaboTKa
“HMOpMaLUKM MPOAOJKAETCS.
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Ilocne TakuX MHO2OHUCAEHHBIX NPEoOPA308aAHUL
(penympoBaHUsI, JEKOMITO3UIINN, KOHBEPTUPOBAHUSI,
TpaHc¢oOpMallMKi) CUTHAJIIOB, UYTO AOJXKEH CcAelaThb
MO3I, YTOObI OTpPa3uThb JAEUCTBUTEIBLHOCTh (B COOT-
BETCTBUM C OTMEUYEHHBIM B YacTu I [7] mpuHIIUIIOM OT-
paxkeHus BbICIlIelt HEpBHOI nesitebHOCTH)? OH 10J-
JKeH co0paThb BCe 3TO BMECTe, T. €. CHeJIaTh PeKoH-
CMpYKYuo NeNCTBUTEJILHOCTY B CaMOM € Moare!
Hpyroro MecTa y Hero nmpocto HeT. Kak oH 3T0 aejaer?
ITonbiTaeMcs 3TO TMOHATH ISl Ipoliecca oOpaboTKU
CEHCOpPHOU MHGpOPMALIMU C UCIOJb30BAHUEM UMEIO-
IIUXCS ¥ OTMEUEHHBIX paHee COBPEMEHHBIX CBEICHUIMA
U3 HEHpPOHayK.

Camoe MHTepecHOe 3aKJII0YaeTcsl B TOM, UTO MOCIe
MOCTYIUIEHUST TaKOU pazodpanHoil uHghopmayuu B MO3T
Mpeodpa3oBaHUsI MPONOIKAOTCS, T. €. 1O OCHOBATE I b-
HOI PEKOHCTPYKIIMU ellle Jajieko. B manbHeiieM ms
YIPOLIEHUsI aHau3a OyaeM IMTPOBOAUTh PACCMOTPEHUE
B COOTBETCTBUU C MOJHOM 3JEKTPOHHOM MHTEpIpETAa-
et GyHKIIMOHMPOBAHUS MO3Ta, T. €. CYUTATh Heil-
POHHBIE 1LIETU 3JIEKTPUUYECKUMU LETSIMUA TTePBOTO TH-
Ma, Mo KOTOPbIM PACIPOCTPAHSIIOTCS JEKTPUYECKIE
curHanwl [1, 2, 4, 7].

Hnst co3HaTenbHON OOpabOTKM CEHCOPHOM WH-
dbopmalu ocHosroe 3HAYEHNE MMEIOT TPU KPYITHBIX
CTPYKTYpPbl MO3ra: CTBOJI, TajJjaMyc U kKopa. Cpasy xe
OTMe4y, YTO BJIUSHHUE NP BBITOJIHEHUU Pa3TAYHBIX
MICUXNIecKX (PYHKIWMH, BKIIOYas CO3HAHWE, MOTYT
OKa3bIBaTh M IPYrue CTPYKTYpbl MO3ra. DTO TakxKe
CBSI3aHO C T€M, YTO MO3T XapaKTepusyeTcsl ny0aupo-
BaHUMEM B paboTe HellpoHHBIX liereil. Heobxomumo
3TO ISl 00ecreyeHus1 HadexcHocmu GyHKIIMOHUPOBA-
HUs Mosra. KpoMe Toro, uaeT IOCTOSIHHBIM OOMEH
nHbopMaleit (CUrHalaMKi) MeXay pas3IudyHbIMU 00-
JJaCTSIMU MO3Ta, HEHPOHHBIMM LIETISIMU, HEHPOHAMMU.
M Bce 310 MOXeT ObITh BaxkHbIM! B CBSI3U ¢ 3TUM 10-
MMyCTUMO FOBOPUTD JIMIIB O KJIIOUEBBIX CTPYKTYpax, OC-
HOBHBIX mpolueccax. OTMeueHHbIe 0COOEHHOCTH pabo-
Thl MO3Ta MPUBOASIT K MHOTOUMCIEHHBIM BO3MOXKHBIM
BapMaHTaM WCITOJTHEHUS MO3TOM JaXe Ka3ajoch OB
OIHUX U TeX Xe Mcuxuyeckux byHkuuii. [Toaromy na-
Jiee paccMaTpuBaeM TOJbKO HECKOJbKO BO3MOXHBIX
BapUaHTOB 0OpPaOOTKM CEHCOPHOU MHGbOpMalIUU, KO-
TOpBIE, OMHAKO, TIO3BOJIST BHIIEINUTH OCHOBHBIEC 3aKO-
HOMEPHOCTH, XapaKTepHble OCOOEHHOCTY Y TOMUHAH-
THBIE TIPOIIECCHI.

CTBOJI MO3ra, Cyns Mo BCeMY, UTPaeT BaXKHOE 3Ha-
YeHMe TS TTOAmepKaHusI HEeOOXOIUMOTO YPOBHSI aK-
TUBALUU CTPYKTYP MO3ra, COOTBETCTBYIOILETO COCTO-
STHUIO OOApPCTBOBaHMS YesioBeKa. [1pm aTOM sABiIsIeTCS
TaK>Xe BaXXHBIM OOMeH MHGopMalueil (CuTHaiaMu) ¢
KOpPOIt TOJJOBHOTO MO3ra, MPOXOJSIIEl Yepe3 TajlaMycC,
T. €. Tyaa 1 odbpatHo. Kopa BMecTe ¢ TalaMycoM TaKuUM
00pa3oM peryarpyeT AesTeIbHOCTb CTBOJIA, TTOMIEP-
JKMBas B pe3yJibTaTe KOOIMepaTUBHON pabOThl COCTOSI-




Hue 0oapcTBoBaHus. KitoueBoe e 3HaueHUe Hermoc-
PEACTBEHHO ISl CO3HATEIbHON 00pabOTKU CEHCOPHOM
nH(pOpMaLNY, KaK OOBIYHO CUMTAETCS B HEMPOOMOJIO-
ruu (cM. Hampumep, [9]), UMeeT TaTaMOKOPTUKAIbHAs
cuctema (TajlaMyc M Kopa TOJIOBHOTO mo3ra). M3Bec-
THBIM HelipoOmonor A. Jlamacmo, ogHAKO, CUYWTAET,
4TO "camble TIepBbIe MPOSIBIIEHUS TICUXUKU BO3HUKAIOT
B CTBOJIOBOI1 yacTy Mo3ra" [19]. MHoroe KoHEeYHO 3a-
BUCUT OT TOTO, UTO UMeTh B Buay. Kak ObL10 moKa3zaHo
paHee, 06paboTKa MH(GOPMAIINM HAUMHAETCS C CAMOTO
Hayaja mpoiiecca.

IMoctynuBmas pazobpaHHas nH¢popMalus od OK-
pyKalollieil cpene v Tejie B MO3T paciipeaessieTcs aaiee
TajaMycoM (CBOeOoOpa3HBIM "KOMMYTaTOpPOM", KaK ero
yacTo 00pa3HO Ha3bIBAIOT B HEMPOOMOJIOTNM) Ha Kap-
THl COOTBETCTBYIOIIUX CEHCOpaMm cucrem': 3pPUTENb-
HOM, CIyXOBO#, ocsi3aTeIbHOUN (TaKTUJILHOM), BKYCO-
Boli. ETMHCTBEHHBIM UCKJIIOUEHUEM SIBJIsSIeTCSI UH(OP-
Mauusi o 3arnaxax (oooHsiTenbHast cucteMa) [12]. OHa
rormagaeT Ha KapTy, MUHYS Tajamyc. IloaToMy Takxke
pa3uyalT cleaylllie BUAbl 'TaMSITU: 3pUTeIbHas,
CIyXxoBasi, OOOHATENbHAs, BKYyCOBas M OcCs3aTesIbHAs
(taktunbHas)" [20]. CeHCOpHBIE KapThl — 3TO o0Jsac-
TU KOPbI TOJIOBHOTO MO3ra, B KOTOPBIX XPaHUTCS CO-
OTBETCTBYIOIIAst MH(GOpMALYS B pa300paHHOM BUIE B
pe3yJsbTaTe uepapxuyeckKoit o0padboTKu, IIpOBEACHHOM
paHee, U, Cyasl IO BCeMy, YaCTUYHO 3aJI0XKEHHON Te-
HeTHYeCcKM. B HacTosIiee BpeMs B 11€JIOM OIpeAe/ICHBI
00s1acT Mo3ra (HOpMaJibHO (DYHKIIMOHUPYIOLLET0), B
KOTOPBIX pacmojioXeHbl KapThl (CM., Harpumep, [9]).

[ns mambHeMIero pacCMOTPEeHMST HaM BaXKHO OT-
METUTh clieaytollee: "3alHsIsl 4acTh KOPbI COMEPXUT
00JIaCTU TIPOEKIIMIT OCHOBHBIX OPTaHOB UYBCTB: 3pe-
HUsI, cyxa, ocsi3aHus, OOOHSIHUS 1 BKyca. HanmpoTus,
nepenHsasd 4YacTh BKIIIOYACT PETYISLUI0 IEWCTBUM,
TUIaHUPOBaHME, HEKOTOPbIe (DYHKIIMMU paboueit mamsi-
TH, peyb U UM nogooHoe" [9].

Takum 00pa3oM, KapThl CEHCOPHBIX CUCTEM U Kap-
THI LIeJIe#, CMBICJIOB pa3ieieHbl B MO3Te CYIIICCTBEHHO.
B 10 e BpeMsi KapTbl CEHCOPHBIX CHCTEM PACIIONOXKE-
HBI B Pa3IMYHBIX 00JIACTSIX KOPHI TOJJOBHOTO MO3Ta.

CHauana y CIellMaJIMCTOB BBI3BAJIO KpaitHee yINB-
JIeHHe CJIeAyIolee: "MO3T MCIIOJIb3yeT OMHU U Te Ke
o0sacTtu, 4YToObl BOOOPA3UTh KaKylO-HUOYIb CLIEHY U
yBUJETh ee B nmeiictButenbHocTU" [21]. Ceiiuac 3Ta
TOYKa 3peHUs] MpU3HAHA MHOTMMM HelpoOuoioraMu
(cMm., Hanpumep, [9, 22]). CiaegoBaTeabHO, IIpU 00Opa-
00TKe TocTynarollieii CeHCOpHOl MH(pOpMaLUU UAET
uepapxuveckas coopka WH@GOpPMaUUU B pe3yjibTare
MPOXOXIEHUS DJIEKTPUUECKUX CUTHAJIOB 10 HEMPOH-
HBIM IIETISIM COOTBETCTBYIONIEH 00JacTH KOPHI. DTO

! Bonee netanbHoe paséueHue Ha CEHCOPHBIE CHCTEMBI IIPUBE-
neHo B pabote [18]. M B 3TOM ciiyyae, 0HAKO, MOXHO TOBOPHUTH O
COOTBETCTBYIOLLIMX KapTax.

TOBOPHT O TOM, UYTO U3 pa300paHHoU ungopmayuu, no-
JAYYEHHOU U 3a10)CeHHOU paHee HA XpaHenue (3aKooupo-
BAHHOUL), MOJcem Obimb B0CHPOU3BedeHa 8 pe3yibmame
NPOXO0INCOCHUSL INEKMPUHECKUX CUSHAN08 (0eK00UposKiL)
He MoAbKO cmapas, HO U, 4YMmo 0COOeHHO 6ocxXuujaem,
6HO8b nocmynarouas ungopmayus, m. e. Hogas! Takum
o0pa3oM, uaeT rubdkas cOopka BHOBb ITOCTYIIMBIIEH
nH(POpPMaIUM W3 CaMBIX Pa3HOOOpa3HBLIX (parMeH-
ToBZ. D1a pexoHcmpyuposanHas “HGopMaIus, K coxa-
JICHUI0, pa3po3HEHHasl MO KapTam Mo3ra, T. €. Halo
MPOAOKUTh OOBEIMHSTD €€, HO YK€ B eIMHOE 1IeJIoe.

3ayeM TakWe Kas3aJoch OBl Ha TIEPBBINA B3TJISII
CJIoOXHOCTU? [JIaBHBI CMBICS 3TOTO 3aKJIOYaeTcs B
HEoOXOIMMOCTH YPe3BbIYAafHO SKOHOMHWYHOTO XpaHe-
HUST MHPOpPMAIIUK, KaK IJIsT 3aTIOMMHAHUs, TaK ¥ BOC-
MIPOM3BEACHNUS CTapoil W HOBOW WMHGpOPMALINH, T. €.
0OEepexXHOr0 OTHOIIEHMST K MMEIOIIMMCS pecypcaM Ko-
pHI TOJIOBHOTO MO3Ta, KOTOPHIE, K COXAJICHHIO, OTpa-
HUYEHBI, U1 B TO e BpeMsI MO3T JIOJDKEH U MOXKET Ha-
JeXHO paboTath AecaTmieTusiMu. Clie1oBaTeIbHO, peub
uaeT ob onpeneseHHbIX, J0CTaTOUHO YHUBEPCATbHBIX
MexaHMU3Max o0paboTKM WH(OpPMAIUK C ITOMOIIBIO
BJIEKTPUUYECKUX (HEHPOHHBIX) lieIeil IepBOro TUIla
Tocjie ee IpeaBapUTEIbLHONM 00pabOTKM Ha BXOAE B
COOTBETCTBYIOLLIME CEHCOPHBIE CUCTeMbI. B pe3ysbTate
peakTUBAIlMA COOTBETCTBYIOIINX HEHPOHHBIX IIETICH
KapT CEHCOPHBIX CHUCTeM (haKTUUECKU COOMparoTcs
KOaJMLMKU (HA30BeM WX KOAAUUUU HEUPOHO8 CEHCOPHbIX
Kapm), OTBETCTBEHHbIC 3a PEKOHCTPYKIIMU TEX WJIU
WHBIX BOCITOMUHAHUN W/WIK AeicTBUTebHOCTA. CITy-
yaii "M" MOXET COOTBETCTBOBATH TaJIIIOLIMHALIUSIM,
WHUAIIMUPOBAHHBIM M3BHE.

Hanee mpoucxoout elle 0ojee MHTEepecHoe. MH-
(opmanst OT CEHCOPHBIX KapT ITOCTYITaeT B JOOHBIC
JIOJIY 111 0ObeIMHEHMS B eAuHoe 1enoe. M 3nech Bo3-
MOHO MHOXECTBO Pa3IMYHBIX BApMAHTOB. B CBA3M ¢
9TUM PACCMOTPHUM JIUIb HEKOTOPhIE, XapaKTepHbIE.

ITpeamnonoxuM, 4To Bbl uaete no yauie. OObIYHO
BCE IMPOMCXOIUT B aBTOMATUUYECKOM (Ha TOJCO3HATEb-
HOM YpPOBHE) pexume, T. €. paboraet cuctema 1 [7].
DakThyecKu CUTHAJbI, MPOXOISIINE MO0 OOBEAMHEH-
HOM KOAJMILINKU HEUPOHOB, M €CTh INTAHUPOBaHMUE (MO-
JeUpoBaHUEe WJIM TIPpOrHo3) curyauuu [7] (HazoBem
00beIMHEHUE HEMPOHOB B JAHHOM Cllydae Koaiuyuell
NAGHUPOBAHUS UAU NPOCHO3UPOBAHUSA), A JAJIbLIE TPOKUC-
XOOWUT MHULMALMs neictBus (cMm. puc. 1, ctp. 313 [7])
U meperaya CUTHaJOB COOTBETCTBYIOIIMM CHCTEMaM
IUIST VICTIOTHEHUs. 3aMedy, 4YTO COIJIACHO JaHHBIM
HEeHpOOMOJIOrMHU KapThl AEUCTBUS PAaCHOJOXEHbI PsI-
IIOM, T. €. TOXEe B JJOOHOI m0JIe, YTO MIPUBOIUT K KO-

2 BCrioMHMM O MMKCEISIX B 9KPAHAX TeJIEBU30POB U APYTHX yC-
TpoicTBax. B Mo3re, ofHaKo, 3TO MPOUCXOAUT HAMHOTO U3OLIPEH-
Hee, TaK KaK OYEBUIIHO, YTO IKpaHa B HEM HET, Jia ¥ MOJ0OHBIX Tpa-
JIMLIMOHHOM 3JIEKTPOHMKE BOCTIPOM3BO/ISILIMX YCTPOMCTB ToXe. Bee
clielaHO yHUBepcalibHee U MHTEpeCHee.
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HOMUM BpeMEHM B3auMonaelcTBus. Tak (akTuiecku
MPOUCXOAUT TOJACO3HATEbHOE NEeHCTBUE B JTaHHOM
cllyyae CO 3HAUYMTEJIbHOM 3KOHOMMEN BPEMEHHU, 4TO
MOXET OBITh BaXXHBIM. 1o oleHKaM HelpoOMOoJI0roB
JUISI OCYLLIECTBIICHUSI TAKUX IEUCTBUIA TPEOYETCs OKOJIO
100 mc [9].

OnHako caMoe MHTEPECHOE BCe Xe MPOUCXOAUT B
npyroM ciydae. Ilpenanosoxum, 4To Koaulvs Hei-
POHOB, XOT$l Obl OTHOW M3 CEHCOPHBIX CUCTEM, CHUT-
HaJM3upyeT 006 onmacHoctd. Hampumep, Bbl yBUIEIU
B TIpoIlecce ABIKEHUS IO YJIWIIE YTO-TO OITacHOE.
B naHHO# cuTyauuu MPOUCXOIUT IMOBBILIEHUE aKTU-
BallMi W TIPEBBIIICHUE TTOPOra OCO3HAHMSI, KOTOPHIN
MOXKET 3aBUCETb OT MHOTUX (haKTOPOB, a TAKXKE CBOE-
0o0pa3HbIli pPe30HAHC C KapTaMu liejiell, CMBICIOB B
JIOOHBIX HOJsIX. MI3BEeCTHO, 4TO "B COCTOSTHMM OOIpC-
TBOBaHMUs IIpedpoHTaNIbHAsI KOpa sSIBJISIETCSI Hauboee
aktuBHoO#1" [20], T. e. KaKk OBl HAXOAUTCSI B peXUME
OXMIaHUS, CBOEOOPA3HOTO CKAHUPOBAHUS CUTYaIlUU.
He uckitoueHo, 4To cOOTBETCTBYIOIIME 00aacT (IO~
00J1acTN) JIOOHBIX JOJIeil AOIOJHUTEILHO aKTUBUPY-
I0TCsI CUTHaJIaMU 13 TajlaMyca, T. €. IPOUCXOAUT ellle
1 MIOJITOTOBKA K IIPUEMY CUTHAJIOB COOTBETCTBYIOIIEH
CeHCcopHOM KapThl (Mau KapT). B pesynbTate Takoro
pPE30HAHCHOTO B3aMMOIENCTBUS (IIpoliecca caMoop-
raHu3alyu) HaUMHAEeT UATU U3 JIOOHBIX TOJIeil B CeH-
COpHbIE KapThl oOpaTHasl (OTpaxKeHHasl) BOJIHA IO-
BBILIEHHOM aKTMBAllMM. DTOT MPOLECC yxXe TpedyeT
OOJIBLLIETO BPEMEHM — IO OLIEHKaM HEHpPOOMOJIOrOB
okoJio 300—500 mc u Gosnee.

DHepeemuyeckuli NOMOK, NPOXOOAWULI N0 Mol 006-
e0UHEeHHOU KOaAuyuu HelpoHos, u ecmov oco3Hanue [7].
OTMedy, 9TO 3Ta KOaAuyus 0CO3HAHUs, TIO-BUINMOMY,
OTJIMYAETCS OT KOAIMLIMY MPOTHO3UPOBAHUSI IJIsI 1aH-
Horo ciydas. [1oBbIllIeHHAsT aKTWBALMS TIPU OCO3Ha-
HUM HeoOXoauMa, Mo KpaiHelt Mepe, 1S Cleayolie-
ro: 1) BeyzelleHUsT "TaBHON" KOAIMLIMU HEUPOHHBIX
lereil U B pe3yJbTaTe OCO3HAHMSI BO3MOXHON KOp-
PEKTUPOBKU AeicTBUil (cMm. puc. 2.1, a ctp. 313 [7]);
2) "oTceyku", MOMaBJCHUSI BTOPOCTENEHHBIX IIEMO-
YeK, B TOM YMCJIEe CBSI3aHHBIX C APYTMMU MaJIOBaX-
HbIMM B paccMaTpMBaeMOM CJyyae ICUXUUYECKUMU
¢ysukuusgamu. UMeHHO A1 3TOro, Kak MHE KaXeTcs,
B OCHOBHOM U1 HY>KHbI 00Jie€ MHOTOUMCJIEHHbIE CBSI3U
B MO3Ty CBEpXy BHHU3, YEM CHM3Y BBEPX. DTO BbI3bI-
BaeT y MHOTMX HEMpOOMOJOroB KpaitHee yauBJeHNeE:
3a4yeM; 3) IJisl BO3MOXKHOIM KOPPEKTUPOBKH (3alIOMMU -
HaHMS) KaK CEHCOPHBIX KapT, TaK U OJHOBPEMEHHO
KapT Lejeif, CMBICIOB, NEWCTBUI B JIOOHBIX IOJISIX.
KoneuHo ke, B 3aBUCMMOCTM OT MOCTYyIalolleil MH-
¢dopMauu BO3MOXHA He TOJIbKO "oTceuka", HO U B3a-
AMOIEUCTBHUE C 00JIACTIMU, TICUXMISCKUMU (PYHKIIH-
sIMU, obecrneyrBaeMbIMM CTPYKTYpaMU MO3ra, OTBeva-
IOIUMHU, TIpEXIe BCETOo, 3a peyb, a TakKKe SMOLMH,
MOTOpPHbIE (YHKIUM U AP.
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st ocylliecTBIeHMsI TaKOi CO3HATEJIbHOM esi-
TeJTbHOCT HEOOXOANM OIIpee/IeHHBI YPOBEHb aKTH-
BaIlvU, JIEKAIIWI B ONITUMAIBHOM JIJISI KaXKIOTO YeJio-
BeKa mauama3zoHe. Ecv akTwBalMsT HITKE COCTOSTHUS
0OIPCTBOBAHMS, TO HOPMAJIbHBIN YeJIOBEK HAXOAUTCS
B HEKOTOPBIX WM3MEHEHHBIX COCTOSHHSX CO3HAHUS
(MUCC) [23], Hantpumep, cOCTOSIHUSX cHa. bonee Hu3-
KWe aKTWBALIMW XapaKTepHBI TakKe IJIST HEKOTOPBIX
MCUXUYECKUX PaCCTPOMCTB (IeMEHLMM U Op.), pas-
JIMYHBIX BUAOB KOMBI. B TO Xe BpeMs TIpeBBHIIIICHIE
OINTMMAJIBHOTO MHUana3oHa aKTMBALMU MOXET MPUBO-
IUTH K TIPUCTyIaM STUJICTICUU, IPYTUM PacCTPOMCT-
BaM. Kpome ypoBHSI akTUBallMW UISI MPOXOXKIEHUS
5TOM BOJIHBI 10 KOAJIWIIMM OCO3HAHUS, HeoOXommMma
Takxke oIpejesieHHas CTeleHb CUHXPOHM3aluU. Y4u-
TBIBasl TO, YTO 00JIaCTH OOBEIMHEHNS JJOOHBIX JOJIEH U
pa3MeleHUs CEHCOPHBIX KapT HaXOAITCS Ha OTHOCH-
TeJTbHO OOJIBIIOM PACCTOSTHUU B MO3Te, KPOME YPOBHS
aKTUBAIIMU CTAHOBATCS 0oJjiee BaXKHBIMU BbICOKOYAC-
TOTHBIE CUTHAJIBI, XapaKTepHBIE UISI TaMMa-BOJTH.
Takum o0pa3oM, ocosHaHue 4enoeKka — eAaGHbIl
OOMUHUDYIOWULL NPOUECC FHePeemuUecKol peKoHCMmpPYK-
yuu 6 coomeemcmeyroulell Koaluyuy HelipoHog 6 onmu-
MAnvHOM Ouanasone aKmusayuu 0600pcmaeyoue2o co-
CMOSAHUSL HOPMAABbHO20 4eaoéekd. B NaHHBIL MOMEHT
BpEMEHHN KOAJIWIINS OCO3HAHUS MOXET OBITh B MO3Te
TOJIbKO OJHOM, YTO U MPUBOJUT K U3BECTHOMY (heHO-
MeHyY "OyTBUTOYHOTO TOPJIBIIKA" (CM., HarpuMmep, [13]).
KoHeuHoCTh BpeMeH, CBA3aHHbIX C OCO3HAHUEM, MPU-
BOIWUT K Apyromy ¢peHOMEeHy — HE3KOHOMHYHOCTH B
11eJIOM MHOT03a/1ayHOi MBICTUTENIbHON AeATeIbHOCTU
[24], Tak KaK NPUXOAUTCS TEepeKtouyaTh CO3HAHUE C
OIHOH NeSITeNIbHOCTU Ha Apyryio (MAeT mnocjiefoBa-
TeJibHas1 00paboTKa). A 3T0 3aHMMaeT okoio 500 Mc,
T. €. IPUBOJUT K NOTEPe BPEMEHU Ha MEePeKII0YCHMUE.
DTUM 0CO3HAHUE TAKXKE CYIIECTBEHHO OTIMYAETCS OT
MOJCO3HATENbHON NESITEIbHOCTU, XapaKTepu3yeMou
MHOXECTBOM TIPOLIECCOB, TPOMCXOASIINX B Mapaljiciib.
CxeMaTuyHO TMpoliecC OCO3HaHUS IOoKa3aH Ha
puc. 2, a (ctp. 313 [7]). [ToHSTHO, YTO OH XapaKTepu-
3yeTcsl MOBBILIEHHBIMU 3Hepro3aTparamu. KMckiove-
HUSIMU, IO-BUAUMOMY, sBisttoTcs Takue MCC kak, Ha-
MpUMep, cocTosiHUe "moToka", Meautanuu [23]. Eme
pas moAYepKHY, UYTO "CO3HAaHUEe — GECCIOPHO CUCTEM -
HOE, MHTETPaTMBHOE CBOMCTBO Mo3ra denoBeka" [7].
B coOTBeTCTBUU C M3JTOXKEHHBIM BBIIIE W BBIICIS-
IOTCSI OCHOBHBIE COCTaBJISIIOLIME "CUMpaan” MBICIH-
TeJIbHOU AesTeabHOCTH [7], Korma paboTaet cucrema 1
1 cucTeMa 2 B cIydyae TPeThero CMelIaHHOro pexuma
(byHKUMOHMpPOBaHUS Mo3ra. B ciiydae BHYTpeHHEro
pexkuMa paboThl CUCTEMBbI 2 MOXKET ObITh MCKJIIOUEHA
WHUIINALNS TeCTBUs. B To ke BpeMsT caMa MHULIMA-
LIMST MBICJIUTEJbHBIX MTPOLIECCOB, CYAS MO BCEMY, MPO-
ncxonut B ripedporTanbHO Kope (ITPK) (jro6HbIE 10-
JI1), a najee UaeT yepeaoBaHue paboT KoaJuluii Hell-




POHOB IIPOTHO3MPOBAaHUS U OCO3HAHUS (CM. puUC. 2, b,
crp. 313 [7]).

Eme pa3 momyepkHy, 4YTO 310€Ch PACCMOTPEHBI
BCETro JIMIIb HECKOJIBKO BO3MOXHBIX BADUAHTOB MbIC-
JINTEJIbHOW JNesiTeIbHOCTU. bosbliioe pazHooOpasue
MOXET BO3HHMKATh BCJICACTBUAE MOIKITIOUECHUS IPYTUX
CTPYKTYp MO3ra, peryJspHoro oOMeHa CUTHaJaMu
MEXIY pasTMYHBIMU O0JIACTSIMHU, a TAKKe BBIXOIA He-
KOTOPBIX M3 MapaJljIeJbHBIX ITOACO3HATEIbHBIX IIPO-
LIECCOB Ha YPOBEHb OCO3HAHUsI, U HA00OPOT, MPUBOIS
K CBOEOOpa3sHbIM OCUWIISILIUAM, CMEHaM B CIIMPAJIU
MBICTIUTEILHOM NesITeIbHOCTH. Y HaKOHEIl, OT WHAM-
BUAYaJIbHBIX OCOOEHHOCTE HEHPOHHBIX LIeIIeit.

M TeM He MeHee, HecMOmpPs HA 803MOICHOCHb 00/1b-
U020 YUCAA BO3MOICHBIX BAPUAHMOB, NPU 00paboOmKe UH-
gopmayuu 6 yeHMparbHOU HepeHoll cucmeme oduell 3a-
KOHOMEPHOCMbIO ABAAIOMCsL NPeobpa308aHus CUeHAN08 U
JHepeemuyeckue peKoHCmpyKuuu. Imy obuyio 3aKoHo-
MEPHOCMb A8MOP U CHUMAEM 2AAGHIM NPUHUUNOM (PYHK-
YUOHUPOBAHUSI MO32d.

PaccMoTprM HECKOJIBKO MHTEPECHBIX M BaKHBIX
BOITPOCOB.

IIepBEIii BOIIPOC: €CTh JIM B MO3T€ €IMHBINA yIIpaB-
Jsomuii neHTp? B HelipoOKMoIOrUM ero yacto oopas-
HO Ha3bIBAIOT "mUprKepoM”, "TeHepaabHbIM JUPEKTO-
poMm" 1 T. 1. OOBIYHO 3TU (PYHKIMU TIPUITMCHIBAIOTCS
M®K (ro6uble monau) [9, 11, 25]. B Helipobuonorun
BeIyTCd XKapKHe TUCKYCCHUM Ha 3Ty TeMy. Bospaxe-
HHUs MPOTUBHUKOB, KaK MPaBWJIO HEHPOIICUXOJIOTOB
(cMm., Hampumep, [19]), OCHOBBIBAIOTCS Ha TOM, UTO
npu nopaxeHusix [TOK Hepenko co3HaTelbHBIE BO3-
MOXHOCTH YeJIOBEKa CTPagaloT He3HAYNUTEILHO.

ABTOp pasmensieT TOYKY 3peHUsI, COIJIACHO KOTO-
poii: 1) [IOK — oO6beUHSIONINI, CKAHUPYIOIIWA CH-
Tyaluio IEHTP MO3ra, KOTOPHIi, KaK U3BECTHO, UMEET
MHOTOUYNCJICHHBIE CBSI3M CO BCEMU OOJIACTSIMU MO3Ta,
a TaKxe 0ojee pa3BUTYIO CEThb IEHIPUTOB IO CpaBHE-
HUIO C IPYTUMH CTPYKTypaMH, a CJeIOoBaTelIbHO, U
oIsITh Xe cBs3eil. Bee 310 obneryaer mnsa [1PK BbI-
MMOJTHEHMEe OTMeUYeHHBIX (pyHkmmii; 2) [TPK comepxur
(akTMUecKM KapThl ILIeJiel, CMBICIOB, aJTrOPUTMOB
(1Mo cyiiecTBy, 3TO cBoeoOpa3zHasi OubIMoTeKa) pe-
IIEHUM TeX WM MHBIX 3a7a4, MO3TOMY, MO-BUINMO-
My, OKOHYATeJIbHO (hOPMHUPYETCS B MO3Te TTO3XKEe BCEX
CTPYKTYp IIpu HOopManbHOM pa3Butuu. B [IDK obHa-
PY*KE€HO MHOTO "KJIETOK, KOTOPBIE BeIyT ceOsT KaK IaT-
yuku uenun” [12]; 3) Mo3r xapakTtepu3syercsl 0OJIbIION
IUIACTUYHOCTBIO, a CJIeA0BaTeIbHO, HaAEXHOCThIO,
MO3TOMY TPU MOBPEKACHUSIX HEKOTOPHIX YYaCTKOB, B
toMm umcie [NPK, yrpadyeHHbIe GYHKIIUM MOTYT Ha Ce-
051 B3SITh pYIMe HEMOBPEXKAEHHbIE YYACTKM MO3ra, ye-
MYy CITOCOOCTBYET pa3BEeTBJEHHasl CUCTeMa CBsi3eil B
Mo3are. Ml 5To Xopollo U3BECTHO B HEMPOICUXOJIOTUH.
MHoroe, KOHEYHO, 3aBUCUT 1 OT KOHKPETHOTO YeJIo-
BeKa, T. €. MHAMBUAYAJIbHBIX OCOOEHHOCTE! HEpOH-

HBIX Lierneit. Tak, Ka3zaaoch Obl IOXOXKKE ITOBPEXKACHUS
(OoMmyXoJi, UHCYJIbTHl U NIP.) V Pa3HBIX JIOAEH MOTYT
MPUBOAUTD K CaMbIM Pa3IMYHBIM MOCaeACTBUsIM [12]:
Yy OIHUX — K KaTacTpouuyeckum, a y Apyrux — K HU-
KakuM. TakoMy MOBeIEeHMIO, MMO-BUIMMOMY, CITOCO0-
CTBYET U KOJIbLIEBOM XapakTep CBA3€W HEUPOHHBIX
uerneit Mo3ra>. BaxHO Ji B 3TOM cinyyae, raoe Havyano?
B c¢Bs13u ¢ 3TMM MHTepecHa Takke MHGpOpMalLuvs pa-
00ThI [12] 0 TOM, UTO TIpU pPELIEHUU MSATU Pa3TUIHbBIX
KOTHUTUBHBIX 3aja4y 00s13aTeJIbHO BO30YXIalOTCsl He
TobKO 1Be obyactu B [IDK, HO 1 ogHa B TEMEHHOM
JoJe.

Takum obpazom, ITDK gBnsgeTcss BaKHLIM LIEHT-
POM, OCYIIECTBJSIOIIUM OObEAUHSIIONINE U UHULIMY-
pyolye GYHKIMM B MO3re HOPMAaJIbHOTO YeJIoBeKa,
OIHAKO MHOTO€ MOXET 3aBUCETb OT MHAUBUIYATIbHbBIX
0COOCHHOCTE!, BMAA JesTeJIbHOCTU. B yacTHocTH,
Moao0HbIe (PYHKIMM Ha ceds MOTYT, MO-BUIMMOMY,
OpaTbh, XOTs OBl YaCTMYHO, U JIpyrue o0JacTU MO3Ta,
OCOOEHHO B Cliyyasix TNMOBPEXIEHWM WM Helopa3BU-
toctu [TPK.

Bropoii Bompoc: a 4To K€ MPOMCXOAUT Aajibliie?
PaccmoTpeHHasi BojiHA TOBBILIEHHOW 3HepreThyec-
KO aKTHMBallMM, KOTOpPasi U COCTaBJsIeT MpeaMeT Ha-
11IeTO OCO3HAHUS, U SIBJIsSIETCS (DAKTUUECKU OCHOBHBIM
colepXaHWeM TaK Ha3blBaeMON padoueil maMsiTu.
Bruto BMIHO, YTO 2Ta BOJIHA SIBJISIETCS NMHAMUYHOMR
BPEMEHHO CO31aBaeMOM CTPYKTYPOH U BO3HHUKAeT
nepuoguvecku B OOIPCTBYIOLIEM COCTOSIHMU. YTo
MPOUCXOAUT Jajiee, a TOuHee, BO3MOXHbBIE BapUaHTbI
pa3BUTHUSI COOBITUI, HETJIOXO YCTAaHOBJIEHO B HEHpO-
ouonoruu (cMm., Hampumep, [9, 14]). [lnsa Gosnee miu-
TEJbHOTO 3allOMMHAHUs MH(GOpPMALMs HOJKHA IIO-
MacTh B TMIINOKAaMII, KOTOPbI MepeHarpaBiseT ee B
pasnuyHble objgactu mosra. "K mpumepy, 3MOILIMO-
HaJIbHbIE BOCITOMUHAHMSI XPaHSITCS B MO3XKEUKOBOM
MUWHIAJIMHE, a CJIOBA 3aIlMCHIBAIOTCS B BUCOYHOM 00-
Jactu. B To xxe Bpemsi UBET U JApyrasi BU3yajbHasl WH-
(opmaiisi cobupaeTcss B 3aTbUJIOYHOIM A0Jie, a TaK-
TUJIbHBIE OILIYIIEHWS U IBUXEeHUe — B TeMeHHol. Ha
JAHHBIA MOMEHT y4yeHble pasauyalotr 6ojee 20 katero-
pUil BOCIOMUHAHMMI, XpAaHUMBbIX B Pa3JIMUHBIX YACTSIX
MO3ra, cpend HUX (PPYyKTbl U OBOIIM, PACTEHUS, KU-
BOTHBIE, YACTU TeJla, LIBETa, YMciia, OYKBbI, CYLIECTBU -
TeJIbHBIE, TJIarojibl, UMeHa COOCTBEHHBIE, JINIIA, TPU-
Machbl, SMoLMK 1 3ByKu" [14]. B pe3ynbraTe MMOCTOSH-
HO KOPPEKTUPYIOTCSI CEHCOpHBIE KapThl 1 KapThl [IPK
B 3aBUCUMOCTU OT MPOUCXOISIINX U OCO3HAHHBIX CO-
opiTuii. I1o KpaitHell Mepe, BaXKHBIM (DAaKTOPOM 31eCh
SIBJISIETCSl TAKXKE CTENEeHb HOBU3HBI, KaK BIIPOYEM Yac-

3 Ciienyer, OIHaKO, 3aMETHTb, YTO HEHPOHHBIE LEIH He SKBU-
BaJIEHTHBI axe MopdoJoruyecku, Tak Kak MOIYT BKJIIOYATh pa3-
JIMYHBIE TUIBI HEMPOHOB, OTIMYAIOLIMXCA APYT OT ApYyra Jaxe Ijisd
OJHOTO TUMA (CM. Jajee).

HAHO- 1 MUKPOCUCTEMHAS TEXHUKA, Tom 21, Ne 9, 2019 559



TO N HEINOCPECACTBEHHO [JId IIpolecCa OCO3HaHUA B
paccMaTpuBacMOM CJiydac.

KBamma

HMHTepecHOEe M TOYYMTEIbHOE MHEHME II0 3TOMY
BOIPOCY BbICKa3aJl U3BECTHBI Heliporicuxodior J1. JlaH-
KaH [12]: "®unocodbl, n3yyalolye co3HaHKHe, 0003-
HAyYaT COmepKaHMe pa3HbIX YYBCTBEHHBIX OIILYIIE-
HUil TepMuHOM "kBanua" (qualia). CaMu OHU TIpU-
YUCIIIIOT KBajJa K TPYIHOPa3pelIUMBIM IIpo0IeMaM,
XOTs $1 BUXXY B 9TOM HEKOe€ JIyKaBCTBO. Beab TpyaHo-
paspeimmMoil TIPUHITO Ha3bIBaTh TaKylo IIpodJeMy,
KOTOPYIO MBI TIPU3HAEM CIIOKHOI, HO BCe XK€ HaMepe-
BaeMcs ee peluTh. S1 Obl IIpeanoyen Ha3blBaTh KBajlKa
Mpo0JIeMOii, KOTopasi HACTOJIbKO oflypauyusia Hac, YTo
MBI JaXe He 3HaeM, B UYeM ee CyTh'.

CyuIHOCTb I1aBHOM MPpo0JeMbl ICUXO(MU3KOTIOTUU
KpaTKo c(hopMyIMpOBaa BEIUKUI PYyCCKUM (DU3UOJIOT
H. I1. T1aBnoB, KOTOpBIi 3amajl CTaBLIMUU JereHaap-
HbIM Borpoc: "Kakum obpa3oM Marepust MO3ra Ipo-
W3BOAUT CYObeKTUBHOE siBiieHne?" B To XKe Bpems, Ka-
KUM 00pa3oM MO3T MOPOXIAET CO3HAHUE, U3BECTHBIN
coBpeMeHHbI dunocod 1. Yanmepc oTHec K Tpya-
HbIM TipobiemaM [26]. Cioma Xe OH OTHeC IpobeMy
"kBajma", T. €. YYyBCTBEHHBIX TIepeXXUBaHMUA. B 11e10M,
MHEHMS TI0 TaHHOMY BOIIPOCY U3MEHSIOTCS B OYEHb
IIUPOKOM IHalia3oHe, HaunMHas OT TOJHOTO HETIpUs-
THUS, T. €. IPOCTO yXola OT BOIIpOCca, M 3aKaHUMBas
TEM, YTO OH CUMTAETCS Hepa3pellMMbIM. Tak 4To I-
TaTta, MpUBeACHHAsl B Hayaje, HeTJIOX0 OTpakaeT COB-
peMeHHOe 00IIee COCTOSTHIE PacCMaTpMUBaeMOTO BOII-
poca, T. €. onpeleJeHHO pacTepsSTHHOCTU.

IToneiTaemcst, ogHaKoO, pa3o0paThCs ¢ 3TOM, AeHC-
TBUTEJIBHO CJIOXHOM, pobyieMoit "KBanua", pacCMOT-
peB CTaBIIMI KJIACCHMYECKUM TIpUMEp OO OIIMYIIeHUHN
"kpacHoro" [26].

Haunem c Havama, T. €. PU3MIECKUX OCHOB.

"CyllecTBYIOT IBa TUIa (POTOPELIENITOPOB: KOIOOU-
KM 1 najouyku... Konbouku n3dupaTeIbHO pearupyroT
Ha LIBET, MEHee UYYBCTBUTEJIbHBI K TYCKJIOMY IIBETY,
YeM TaJOYKW, M BaXHBI IS JETAJBHOTO IIBETOBOTO
3peHus Mpu JHEBHOM cBeTe. Kaxknmast konbouka conep-
KT OVH U3 TPeX BUIOB (DOTOIMMTMEHTOB, CITeIIAII-
3UPOBAHHBIX OEJIKOB, YYBCTBUTEJbHBIX K PA3TUYHBIM
JUTMHAM BOJIH CBETa. DTH JUIMHBI BOJH TTPUOIN3UTEIb-
HO COOTBETCTBYIOT Halleif CIOCOOHOCTM pas3ivyaTrh
KpacHbIi, 3eJieHblii U cuHui 1BeTa. Korma ceet nona-
JaeT Ha MOJIEKYTy (hOTOMUIMEHTA, SHEPTHUs CBeTa Mor-
JIollIaeTcsl, U MOJIeKyJa 3aTeM Mpeobdpasyet cBoto op-
My TakuM oOpa3oM, YTO B 3TOM (hOoTopeLenTOPpHOM
HepoHEe M3MEHSIETCST ABVKEHHUE SJIEKTPUICCKOTO TO-
ka" [9].

Yro Oynmer B ciayvyae OTCYTCTBUSI OJTHOTO BUJIA TTUT-
MEHTOB, B YAaCTHOCTU COOTBETCTBYIOILLETO KPACHOMY
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uBety? OTBET M3BECTEH: AAJbTOHU3M, a TOYHEe, IIpo-
TaHOTIUSI — HapyllIeHWe B KPacHOM YacTW CIIeKTpa.
M omyieHust "KpacHOro" 1iBeTa y TAKOT'O YeJIOBEKa He
OyzeT, T. €. KpacHBI LIBET MM He OymeT BOCIIPUHM-
MaTbcs. YUTo Ke OymeT BUAETh B 3TOM CJIydyae 4eJOBeK
¢ nmportaHonuei? OTBET: cephlid, T. €. Apyroi 1seT. Ta-
KM 0o0pa3oM, peaykius (KatacTpoduyeckass B JaH-
HOM cJlydyae) mpour3ollia cpa3y e BCAeACTBUe 0oJie3-
Hu. [ToHATHO, YTO OHA OTAMYAETCS KAYECTBEHHO OT
pEAyKIIMK B HOPMaJIbHOM ciiydae (CM. paHee).

HopMasbHOe Ul YesioBeKa 3peHue’ BO3MOXHO
TOJIBKO TIPU HAJIMYIUU BCEX TPeX BUIOB (POTOMMTMEH-
TOB, YCJIOBHO Ha3bIBaeMbIX "KpacHbII", "3ejeHbIi" 1
"cuHNMit". MU3BeCTHO, YTO pa3IMYHBbIC COYETAHMS IIBE-
TOB KPacHOTO, 3¢JIEHOTO I CHHETO AUAITa30HOB CITeKT-
pa MO3BOJISIIOT BUJETh U JIPYTHe LBETA U TOHA (OIISITh
K€ BCTTOMHUM IIBETHOM TeJIEBH30D).

HMTtak, HEOOXOOUMMBIM, HO HEIOCTAaTOYHBIM, YC-
JIOBUEM HOPMAJbHOTO YeJIOBEUYECKOTO BOCIIPUSTHUS
KpPacHOIO IIBeTa, IPEXIE BCEro, SIBISCTCS HaJIMdyue
MMUTMEHTOB KpacHOTo. ApyruMu HEOOXOOUMBIMH YC-
JIOBUSIMU BOCIIPHMSITUSI KPACHOTO SIBJISIETCS TaKXKe HOP-
MaJIbHOC Pa3BUTHEC psiia IPYTUX COCTABJIAIOIINX 3pU-
TeJIbHOM CUCTeMBI. PaccMOTpUM 3TOT cirydaii 1ist Cu-
Tyallud OCO3HAHHOI 00paboTrku mHPopMamuu (CM.
paHee).

B HopmanbHOI 3pUTENbHONM CHUCTeME CUTHAIbI
MTOCTYTAIOT COTJIACHO OIMMCAHHOMY BEINIE I obpa-
0OTKHU B 00J1aCTb CEHCOPHOIA KapThl, OTBETCTBEHHOM 3a
LIBET, B YaCTHOCTU KpacHBIN. [lanee coOupaeTcst ceH-
COpHas KOAJIMIIUS HeMPOHOB, OTBETCTBEHHBIX 3a Kpac-
HBIN [IBET ¥ BOCIIPUATHE COOTBETCTBYIOIIETO IIPEIME-
Ta. B Koneunom umoee, 6 pesyavmame NPOXOHCOCHUS
CUCHAN08 NO COOPAHHOU KOAAUUUU OCO3HAHUS U NPOUC-
X00um 3Hepeemu4ecKdsi peKOHCMPYKUYUsi, Komopas u co-
omeemcmeyem OuYU,eHUr 4e108eKa y8UJeHH020 Kpac-
Ho2o npedmema. Ommeuy, 4mo NPOXodCOeHUe CUSHAN08,
cO0pKa KOAAUYUU OCO3HAHUS U IHepeemu4ecKds pPeKoH-
cmpykuyus npoucxodsm cuuxpouro! Takum o6pazom,
owyuienue "KpacHoeo" 603HUKAem 8 COOMEEemcmeuu co
chopmyaupoeaHHbIM 2AAGHBIM NPUHUUNOM (PYHKUUOHU-
POBAHUSL MO32a — NPeobpa308aHuUll CUCHAN08 U SHepee-
MUYeCKUX PeKOHCMPYKYUI.

Yto Biusier Ha (OPMUPOBAHUE CEHCOPHBIX KapT?
OueBUmHO, 4YTO OBa (hakTopa WTrparoT pelalolyio
pOJIb: OIBIT U TeHeTHKa. ['eHeTrKa IPUBOIUT K TOMY,
YTO y BCEX HOPMAaJIbHBIX JIIOEH OIIylIeHne "KpacHO-
ro" OyaeT npubauszumenbHo OOUHAKOBBIM, €CJIU He Oy-
JIeT KaKUX-JM0O0 Cepbe3HBIX HapYIICHWI B Iprodpe-
TeHHOM omnbITe. "[Ipuban3uTeNbHO" CBSI3aHO ¢ STUMU
Xe IByMs (paKTOpaMH, a UMEHHO: TeHeTUKOM M OITBI-

4 Kak KaJlb, UYTO Y HAC BCETO JIUILIb TP BUIA (DOTOIMUIMEHTOB,
MO3TOMY HEKOTOPbIE MTULBI M 0a00UKU BUISIT HEBUAUMbIE (HE OILILY-
1IaeMble) IJIsI HAC 1IBeTa, MMesl APyTrue BUIbI TUTMEHTOB [27].




TOM, a TOUHEe, C UHAUBUAYAJTbHBIMU OCOOEHHOCTSIMU
COOTBETCTBYIOILIMX HEMPOHHBIX LICII€i, KOTOPHIE U SIB-
JISTFOTCSI TIpeIONpeAeIsIOnIeid MaTepraaIbHOM OCHOBOM
cyobekTuBHOCTH [28]. Tak, U3BECTHO, UTO €CTh JIIOAU,
KOTOpBIE JIy4llle pa3janyaloT OTJIWYMS B I[BEeTaX, 3ara-
Xax, 00sagaloT 0ojee TOHKUM MY3bIKAJIbHBIM CIYXOM
U T. 0. Byayr au oTu sHepreTuyeckre peKOHCTPYKLIMU
B MO3T¢ 4eJI0BeKa ITOJJTHOCThIO COOTBETCTBOBATH JIEiic-
TBUTENbHOCTH? OTBeT omHO3HauHBIN: HeT! Tak Kak
J100ast KOMusl, a SHepreTuyeckass peKOHCTPYKUUS U
€CTh KONMsSI, HUKOIIAa HE COBIIQAAeT C OPUTHHAJIOM.
A y Ipyrux BUAOB KMBOTHBIX? O4eBUOAHO, YTO 3TU
OLLYIIECHMST MOTYT ellle OOJIbIIIe OTNYATHECS B CBSI3M C
BO3MOXXHEIMM OTIMUMSIMH (CM. paHee) B mpeoOdpa3o-
BaHMSIX CUTHAJIOB U SHEPTeTUUECKUX PEKOHCTPYKLIMSIX
B MX MO3TE.

TakuM 006pa3oM, HallIM OLLYIIEHUS HE MOJHOCTHIO
OTpaxaloT IeHCTBUTENbHOCTD, a JIUIIb MTPUOIUKEHHO.
ITo MHeHMIO aBTOpa, HECMOTPS Ha TO YTO COIJIACHO
c(hOpMYIUPOBAHHOMY MPUHLMUNY (HYHKIMOHUPOBA-
HUSI MO3ra npeodpa3oBaHMii CUTHAIOB U SHEPreTuyec-
KHUX PEKOHCTPYKLMIA CTAHOBUTCS B OOILLEM IMOHSITHO,
YTO TaKOE€ OLIYILIEHUs YeJIOBeKa, UX TOUHOE OIMCAHUE,
KaK ¥ CO3HaHMUS, — HEBO3MOXHO TaKKe MO aHaJIoruy-
HBIM TIpUYMHaM [7].

Xapakrtep 00padoTKu MH(GOPMAIME B MO3Te
M IPHPOIBI KUIHH

PaCCMOTpI/IM HECKOJIbKO Ba>XHBIX BOITPOCOB.

Bonpoc 1. Heasemcs yughpoesoti uru ananroeoeoi 06-
pabomka uHgopmayuu 6 mosee?

Cpa3y xe oOparuMmcsd K Kimaccuke. Tak, eie
Ix. don Heitman mucan [29]: "CambIM Hemocpenc-
TBEHHBIM BBIBOJOM M3 HaOJIONEeHUs 3a paboToil He-
PBHOI CUCTEMBI SBJISIETCS TO, YTO €€ IeSITeIbHOCTh
HOCUT prima facie (Ha nepBblii B3MIs1a) TUPPOBOI Xa-
pakTep". DTU CI0Ba BEJIMKOTO YYEHOIO IIPUBEIN DS
CMELMAIUCTOB K BbIBOAY O TOM, UTO 0OpabOTKa WH-
¢dopmaly B MO3Tre YejioBeKa HOCUT L1(pOBOM XapakK-
Tep. MOXHO JIUIIB B 3TUX CIIy4asix COXaJIETh O TOM, UTO,
BO-TIEPBBIX, HEBHUMATEJILHO TIPOYNUTAHO CaMO TIPEIIO-
KeHue (ynyleHo "prima facie (Ha nepBbIii B3MISIA)"), a
BO-BTOPBIX, aBTOP MTOPEKOMEHIOBaJI OBl BCE XXe BHU-
MaTeJbHO MPOYECThb 3Ty JeTeHAAPHYIO KHUTY 10 KOH-
1a. B yacTHoCcTH, AOCTaTOYHO MPUBECTU APYTYIO 1IU-
TaTy u3 pasmena KHuru "LludpoBeie M aHAIOTOBBIC
YacTH HEPBHOW cucCTeMbI', a uMeHHO [29]: "4 xouy
CKazaTh CIIeAyIOIIee: MPOLEeCChl, TPOUCXOISIIINE B He-
PBHOI CHCTeMe, MOTYT MHOTOKPATHO, KaK ST yXe OT-
Meuas, MEeHSITh CBOU XapakTep ¢ LU(ppoBoro Ha aHa-
JIOTOBBIN M 00OpaTHO Ha LM@pPOBOI U T. A." Yausie-
HHE M BOCXHUILEHUE BBI3BIBACT TO, YTO CBOM aHaIM3
Hx. ¢on Heitman ony6aukoBan B 1958 roay!

HMmMeronecss Ha HACTOSIIMKA MOMEHT BpPEMEHU
CBEJCHUSI MO3BOJISIIOT TOAAEPXKATh TOUKY 3pEHUs
IIx. ¢oH HeiiMaHa v cienath OAHO3HAUYHBIN BBIBOJI, ITO
paccMaTpuBaeMbIM BOIIPOCaM.

Bynem paccMaTpuBaTh OIMH M3 CAMBIX CJIOXKXHBIX
peXMMOB pabOTBI MO3ra — OCO3HAaHHYIO O0pabOTKy
CEeHCOopHOU MH@opMalu (cM. paHee). Oka3bIBaeTcs,
YTO MPUHLIMITUAJIBHO BaxKHbIEe LMMPOBBIC 1 aHAJIOTO-
BbI€ COCTaBJISIIOLIKE 00pabOTKKU MH(pOpMALIMKU B 3TOM
cllyyae UMEIT MECTO He TOJIbKO Ha MUKPOCKOIUYEC-
KOM, HO ¥ Ha MaKpOCKOIIMYECKOM YPOBHSIX.

Ha mukpockonuueckom ypoene. MOXHO HalTH
MHOTO HIM(MPOBBIX U aHAJIOTOBBIX COCTABJISIOLINX TPU
aHanu3e PYHKLIMOHUPOBAHUSI HEMPOHHBIX LieTei MO3-
ra Ha 3TOM ypoBHe. Bpiiesnto Bcero JIMIIb ABa MOMEH-
ta. Byactu I [7] oTMeuanock, 4TO KJIFOYEBHIMU aKTUB-
HBIMU BJIEMEHTaMU B 3JEKTPUYECKUX (HEHPOHHBIX)
LIETSIX TIEPBOrO TUMA SIBJISIIOTCSI MIOHHBIE KaHaJbl, T. €.
HBMC, paboraloline Mo MPUHLUNY: OTKPBIT — 3a-
KpPBIT, T. €. U poBoMy. B To e BpeMsi B XUMUYECKUX
CHUHAIICaX MPUHLMUITMAIBHO BaXHbI IU(h(Y3MOHHBIE
MpoLEeCcChl, T. €. peaiu3yeTcsl siBHasl aHaAJIoroBasi Co-
crapisiontas. [1pu aToM, Kak oTMeuajaoch paHee, UMe-
IOT MECTO PEryJsipHble TTPpeoOpa3oBaHuUsl CUTHAJIOB U3
9JIEKTPUYECKUX B XMMUYECKHE, U HA00OPOT.

Ha makpockonuueckom yposne. B uienom, pabora
cucTeMbl 1 ¥ cUCTeMbl 2 BHIISIAUT HEMPEePbIBHON (110
coupanu [7]). OmgHako mepexom OT OMHOM KON
HEPOHOB K Apyroi (cM. paHee) HOCUT SIBHO JMCK-
peTHBINM xapakTep. TakuMmu Xe, IT0 KpaliHeil Mepe, SIB-
JISTIOTCSI CMEHA HaIpaBJIeHUI MbICTUTEIbHOMI NesITeb-
HOCTH, BBIXOJ ITOACO3HATEIBHBIX IIPOIIECCOB Ha ypO-
BeHb OCO3HAHUs, T. €. MepexoJbl OT OJAHOIO BUTKA
CIUpau K apyromy (cM. [7]).

CrenoBaTesIbHO, MbIILIJICHUE SIBJISIETCS HEMPEpbIB-
HO-JMCKPETHBIM TPOLIECCOM, a 00paboTKa uHdopma-
LIMM B MO3re HOCHUT B LIEJIOM MepapXMUecKMil xapak-
Tep, COUETAIOIINI KaK aHAJIOTOBBIE, TaK W UM POBLIC
KOMITOHEHTHI.

Bonpoc 2. Heasemcs yughposoii uau ananoeo8oi npu-
poda xcusHu?

DTOT BONpPOC — Oosiee OOIIUil, YeM CBSI3aHHBIN C
HUM pacCMOTPEHHBIN, Oosiee yacTHhI Bompoc 1. ITo-
MbITaEMCSI OTBETUTb M Ha 3TOT BOMPOC, TaK KaK B Ha-
CTOSIIIIee BPEMsI OH BBI3bIBAET BCE OOJBIINI MHTEpeC
(cm., Hanpumep, [30]).

"[leHTpanbHasi AOrMa MOJIEKYJISIPHON OMOJOrUU
1aCUT O TOM, YTO MH(pOpMalUs B KJIETKE MAET OT
HOHK uepe3 PHK k 6enky, u 6onee Hukak" [9]. U3-
BECTHO TaKXe clieayolee BbickadbiBaHue P. JlIokuH-
3a: "Ecnu cyMMUpOBaThb MOJIEKYISIDHYIO TE€HETUKY
OIHUM CJIOBOM, 5 ObI ckasan "mudponas™” [31]. ITo-
JIOOHbBIE B3MJISIABI MPUBOIST CIELMAIMCTOB K IOITY-
JIIPHOMY B HACTOSIIIEe BPeMS BEIBOAY O TOM, UTO TIpHU-
pona Xu3Hu — uudpoBas.
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OnsaTh ke o0paTUMCS K KJIaCCUKe — JIeTeHIapHOI
kHure JIxx. don Heiimana, a umeHHo [29]: "Camu re-
HBI, OYEBUIHO, SBJISIOTCS YacTIMU IIUGPOBOI CUCTE-
MBI KOMITOHEHTOB. OIHAaKO WX IEHCTBHS COCTOSIT B
CTUMYJIMPOBAHUM OOpa30BaHMUS OCOOBIX XMMUYECKUX
BEIIIeCTB, a UMEHHO OTIpeleIeHHBIX 9H3MMOB, CBOMCT-
BEHHBIX JTAHHOMY T€Hy, M TO3TOMY NpHHAIIEXKAT K
aHajoropoii objgactu". CerogHsi MOXXHO YCUJIUTb U 3Ty
TOYKY 3PEHMS BEJIMKOTO YIYEHOTO C MPUBJICYEHUEM YC-
TaHOBUBIIIETOCST HAYYHOTO HAIIPaBJICHNUS, B YaCTHOCTH
SIUTeHETUKU. "DIUTeHEeTUKA: U3yUyeHUEe DKCIIPECCUU
TeHOB IO/ BIUSTHUEM OKpYyKatoleit cpeabl. OTKPBITHE
aJIbTepHATUBHBIX OMMCAHHBIM B LIEHTPAJbHOU HOrMe
ImyTeil mepegayn WHGOPMALMM MHOTIA Ha3bIBACTCS
TpeThell Orosornyeckoi pesoaonuein” [9].

CrenoBaTeIbHO, I B 3TOM BOIIPOCE aHAJIOTOBAs CO-
CTaBJIsSIIONIAsl, CBSI3aHHAsI C BJAUSIHUEM OKpYXXarollei
cpenbl, UMeeT MPUHIMITHAIbHOE 3HAYeHHE.

B kauecTBe mocienHero apryMeHTa oTMeuy cleay-
touiee. CorlacHO caMoOil MOIIIHOM COBpEeMEHHON u-
3UYECKOM TEOPUM — KBAHTOBOM MEXaHMKE — XOPOIIIO
M3BECTHO, YTO BO3MOXHBI TPM BUIA CIIEKTPOB (DU3U-
YeCKOM BEJIMYMHBI, 4 UMEHHO: 1) TUCKPETHHIN; 2) CO-
CTOSIIIUI M3 OTHEJAbHBIX IOJOC; 3) HENpepbIBHbIM.
DTHM KBaHTOBas MeXaHMWKa KOPEHHBIM 00pa30oM OTIIH-
YyaeTcs OT KJIACCUYECKOM (U3MKU, B KOTOPOW JOMycC-
KaeTcs TOJBKO HEeNPEePBIBHEIN BUI crieKTpa. [losToMy
aBTOp cuuTaeT, uto Ilpupona, peaausys XU3Hb, B TOM
YHUCcie YeloBeKa, MCIOoJb30Baja BCe OOTaTCTBO BO3-
MOXHOCTEM.

Ilo M3M0XEHHBIM TIPUYMHAM OKOHYATEJIbHBIM WU
OMHO3HAYHBLIN OTBET Ha IBa TOCTABJICHHBIX BOIIPOCA:
"Xapaxmep kak 00pabomku uHgpopmayuu 6 mosee 4eno-
6eka, max u npupoodsl JHCU3HU — 0OWULl, M. e. AHAN020-
uugposoit!”

PaccmoTperHBIe BOIIPOCH MMEIOT TTPWHIIMITAAIb-
HOe 3HaueHUe, 1o KpaitHeil Mepe, 1151 IByX OYeHb UH-
TepECHBIX MpobJieM: 6ecCMepTUsl U CO3MaHUsI CBEPX-
pasyma.

B vactu I [7] oTMeuasioch, YTO KONMMPOBAHUE CO-
3HAHMS YeJ0BEKa MOXET pacCMaTpUBAThCSI KaK CBOe-
00pa3HbIil BapuaHT ero oeccMmeptus. M3 npeabiayiie-
IO CTAHOBUTCS TTIOHSTHO, YTO KOIMMY CO3HAHUS 1IEIeCO-
o0pa3Ho JejaTh Ha aHaJIoro-mugpoBoil (CMellaHHOM!
WIM THOpUIHON) ocHOBe. YTO XKe KacaeTcs co3maHus
cBepxpazyMa (cMm. [23]), To, MO-BUAMMOMY, U 31€Ch
OCHOBHOI JOJDKHA OBITH aHajoro-umudposas, T. €.
ruOpuaHas 3JeKTpoHrKa. He MCKIII0YeHO, YTO TaK Xe
KaK ¥ MO3T YeJIOBeKa, 3TO OymeT opraHmyeckas rud-
pUIHas HAaHOZJIEKTPOHUKA [1—6].

HpOﬁJlEMI)I H HANPaBJICHHA UCCICA0BAHUA COZHAHMUA

OCHOBHBIE IIPOOJIEMBI MCCIEAOBAaHUS MO3ra 4e-
JIOBEKa B 1I€JIOM, CO3HAaHUSI B YAaCTHOCTH, IpexXIe
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BCETO, SBJISIOTCS CJIEACTBUEM €ro (PaHTaCTUIECKOIO
YPOBHSI MHTETpallMKM KaK 00beKTa 3JIeKTPOHUKHU. B yac-
™ I [7] ObL1a maHa BecbMa rpy0asi olleHKa — OKOJIO
10'°...102! akTHBHBIX 2JIeMEHTOB, a MMEHHO: 4HMCIa
kaHamoB M, 1. e. HOMC. K coxaneHuio, Ha HacTosI-
LU MOMEHT BPEMEHU MOXHO YBEPEHHO yKa3aTh JIUIIIb
JMara3oH, B KOTOPOM MOXET HaXOAUTbCS 3TO YMCJIO:

105 < M < 105, (1)

IJIe HUXKHUM TMpeaes COOTBETCTBYET MPUOIU3UTEIBHO
YUCTy CMHAICOB (M3BECTHO, YTO YMCJIO KAaHAJIOB TO-
pa3no OoJIbliIe YKMCiia CUHAIICOB), a BEPXHUIA IIpenest —
o01IeMy 4YMCIy MOJIEKYJl B MO3re 4ejoBeka (00beM
Mo3ra — okosio 10° cM>, a uncio MoJIeKyn Ha 1 oM —
OKOJIO 1022). OTMeuy, YTO TOJIbKO HEJaBHO OIpenese-
HO NpUOJM3UTENILHO CpelHee YMCIO HelpoHOB N B
MO3re¢ HOPMaJIbHOT'O B3pOCJIOTO YeJ0BeKa, T. €. pelle-
Ha Oosee mpocrtas 3amaya. OHO BapbUpYeTCsl MO pas-
HBIM MCTOYHMKAM B auamasone (86,1 + 8,1) - 10° [32].
[MpubausureasHo croiabko xe (85,0...86,0) + 10° -
anbHbIX KieTok [10, 33]. Takum oOpa3oM, peub UAET O
qucne N ~ 101, Onnako 3aMeuy, YTO B TO XK€ BpeMsl
Jaxke HEM3BECTHO YMCJIO TUIIOB HEMPOHOB, KOTOPBIX
10 OlIEHKaM, "HECOMHEHHO, OOJIbIIIE COTHU, a MOXET
OBITH, U OOJbINe THICSTUN” [34]. Bosnee Toro, "HeT ABYX
COBEpIIICHHO OAMHAKOBBIX HelpoHOB" [34]. C cuHam-
caMM CUTyalusl CioXxHee (OOBIYHO YKa3bIBaeTCsl Iua-
Ma3oH 1014...1015). ABTOp yXe He 00CyXaaeT BOIIPOC O
yycaax JIeHIPUTOB, IIUIIMKOB, a Takke MOpdoyoru-
YecKUX (TOMOJOTUYECKHX) OCOOEHHOCTSIX HEMPOHHBIX
Leneil. B cBSI3M ¢ M3/10KEHHBIM KpaliHe CJIOXHO aHa-
JINBUPOBATh OOBEKT JIEKTPOHUKU, B KOTOPOM HEM3-
BECTHBI JaXe YMcCja OCHOBHBIX CTPYKTYp, @ B TO Xe€
BpeMsI OHHM TO-HACTOSIIEMy acTpoHoMuYeckue. [1pu
5TOM HE€ BBI3BIBACT COMHEHMS, YTO PEXUMBI PaOOTHI
MO3Tra, B KOTOPBIX peaau3yeTcsl OCO3HAHUE, SIBJISIOTCS
caMbIMHU CIIOXHBIMHU (cM. [7] u paHee). He cienyer 3a-
ObIBaTh O BO3MOXXHOCTM MHOXECTBA OTJIMYAIOLLIMXCS
BapuaHTOB, Jlake B OJHUX U TeX Xe pexumax ¢GpyHK-
LIMOHMPOBaHUS MO3ra. becCropHO yCIOXHSIeT CUTya-
LIMIO U TO, UTO Mbl UMEEM JIEJI0O B MO3Te C PEKOHCTPYK-
LMSIMHM, a He NEeWCTBUTEIBHOCTBIO. Kak mcciaemoBaTh
00BEKT Takol (paHTACTUUYECKOM CIOXHOCTU CO CTOJb
3HAYUTEIbHBIMU HeompeaeneHHocTaMu? Takum obpa-
30M, Mbl uMeem 0eno ¢ 3adayeli epaHOUO3HOU cmeneHu
CAOJICHOCMU NPU UCCAe008aHUU CO3HAHUSA Yenoseka. Kak
Yolce ommeuanoch, MmoyHoe ee peuieHue noAYHUmMs Hego3-
MODICHO.

Tem He MeHee, MoMnbITaeMCs OTBETUTh Ha BOIPOC:
YTO HallO CAeJaTh, YTOOBI 1OCTUYL OoJiee aleKBAaTHOIO
MOHUMAHUS CO3HAHUS?

AHanu3 MO3BOJISIET BbIACAUTD CIEAYIOIIUE OCHOB-
Hble HampaBJeHUS.




Bo-nepBhriX, y:ke oTMeualioch, YTO HauboJiee repc-
MMeKTUBHBIMH JUTSI TaJbHEHIIETO Pa3BUTHUS SBIISTIOTCS
SMIIUPUYECKHNE Teopun co3HaHus. [losroMy mepBo-
CTereHHOe 3HaueHUe UMEIOT Oosiee IIyOOKUe ucche-
JIOBaHUS B HelipoOuonoruu (Heipodu3noaorum, Hew-
POTICHXOJIOTHH M JIp.) M HelipoHaykax B menoM. K co-
KAJIEHUIO, WCCIENOBaHMSI HA HACTOSIIIUN MOMEHT
BpEMEHN 4YacTO XapaKTepU3YIOTCSI OTPHIBOYHOCTBIO,
HEIIOJHOTOM, ITPOTUBOPEUNBOCTBIO, 4 TAKXKE OCHOBBI-
BalOTCSI HA YACTHBIX, OOBIYHO CTATUCTHMYECKHM HEIOC-
TOBEPHBIX, HAHHBIX IJIsI KOHKPETHBIX JIIOAci B He-
6oJIBIIION Tepuon BpeMeHH. B To XXe BpeMsl XOpOIIo
MU3BECTHO, YTO MO3T YeJIOBEKa SIBJISICTCS TMHAMUYHOIM,
MMOCTOSTHHO W3MEHSIoIIelicss CTpyKTypoit. Ocrajcs
ellle Psll Cepbe3HBIX HESICHBIX BOIIPOCOB B paboTe MO3-
ra. B yacTHOCTH, pOIU TIMAIBbHEBIX KJIETOK B 00paboT-
ke uHpopmauuu. g aBTopa MOHSITHO, YTO OHU OKa-
3BIBAIOT BIMSHME Ha (PYHKIIMOHMPOBAHWE MO3Ta, TaK
KakK BaXXHbI U151 pabOThl cuHafncoB. HackoibKo BaxkHO
o710 BausHue? He coBceMm siceH Bommpoc ¢ HelporeHe-
30M — INIACTUYHOCTBIO MO3ra BhICIIEro ypoBHs [35].
MHe KaxeTcs, 4YTO 3TU U MHOTHUE IPYyTUe BOIPOCHI
(cMm., Hanmpumep, [9]) MOryT MpernogHECT Hemasible
CIOPIIPU3BI B TOHUMAaHUM (PYHKIIMOHUPOBAHUS MO3ra.

Bo-BTOpEIX, TIPaKTUYECKU BCE COBPEMEHHBIE METO-
Ibl U CPEICTBA 3KCIIEPUMEHTAJbHBIX HCCIIeOBaHUI
MoO3Ta (BU3yaJIu3allni), K COXAJIECHUIO, HOCSAT KOCBEH-
HBII XapakTep U JOCTaTOYHO IPyObl, YTO OTMEUYaIOCh
MHOTHMU CITeIIMaJIMCcTaMU. Tak, JeTaJbHBIM aHaIu3
COBPEMEHHBIX METOIOB BU3yaJlIM3allUM MO3ra JIaH B
pabore [9]. BepmmKr HeyTelIUTENbHBIN: "...HU OIWH
MeToJ He 00J1agaeT HeoOXOAUMBIM MPOCTPAHCTBEHHO-
BpPEMEHHBIM pa3pellieHneM IJIST TIPOCICKNBAHUS €M -
HUYHBIX HEHPOHOB M Jaxe HEOOJBIINX TPYIT HEPB-
HBIX KJIETOK, HaIIpuMep KOJ0HOK B Kope" [9]. [TosTo-
My HEOOXOIMMO VCIIOJTE30BaTh LBl HAOOp METOIOB,
YTO HE BCErJa BO3MOXHO M YCIOXHseT aHanu3. Mc-
MTOJIL3YEMBIH IUTSI KCCIICHOBAHUST CO3HAHMUS METOI MH-
TPOCHEKIUN SIBJISIETCS B OOILIEM-TO KOCBEHHBIM Me-
TOZOM M MMeEET TaKXKe PSII CEPhe3HBIX HEIOCTATKOB.
Hawubosee cyliecTBeHHBIM M3 KOTOPBIX SIBJISIETCS TO,
YTO HCCIEAyeMblii MPOLEecC U COOOIIeHUE O HeM He
TOJILKO pasfelieHbl BO BpEMEHM, HO U TO, YTO IPU CO-
OOLIEHUM MOTYT OBbITh 3a/1€iICTBOBaHbBI YXe Ipyrue 00-
JIaCTU MO CPaBHEHMIO C YYACTBYIOLIUMU B UCCIIEaye-
MOM TIpoIlecce, a TaKKe BIMSIHUE MOTYT OKa3bIBaTh
MOJCO3HATeNIbHBIE Mpolecchl. Bce 3T0 BMecTe MOXeT
MIPUBOIUTE K MCKAXEHUSIM, U B KOHEYHOM HTOTe K
apredakTaM, YTO OTMEUaJloCh, B YACTHOCTHU, B paboTe
[13]. B ocHOBHOM TakxKe MCCJIEIyeTCsl IPOLECC 3pU-
TeJIbHOTO Oco3HaHus. OUeBUIHO, YTO CYLIECTBEHHBIE
OTJIMYMS MOTYT BO3HMKATh B IPYTUX BUAAX OCO3HAHMSI.
Bce aT0 TpeOyeT ouyeHb TILIATEJbHON MHTEPIpeTaLuu
MMOJTy9aeMbIX Pe3yJbTaTOB, pa3pabOTKM CIIeIIMATbHBIX
MeToJ0B 00paboTku uHpopmauuu. llepcnexkmuagy ois

KAueCmeeHH020 YAVHUIeHUS IKCNePUMEHMANbHbIX MemO-
006 uccaedo8anus mo3ea asmop eudum, npedicoe 6ceeo,
6 UCNOAb306AHUU HAHOINEKMPOHUKU, HAHOMAMEPUAL08,
HAHOMEXHO0A02Ull U HAHOHAYK 6 yeaom [28]. DTo TeM 6o-
Jiee BaXKHO, 4TO MpH co3naHuu Moara [Ipuponaa nHTeH-
CHBHO UCMOJIb30Bajia HAHOOOBEeKThI [28]: rensl, JJHK,
PHK, nHeiipoMenuaTopsl, O€JIKA U ApP., a cCaM MO3T —
00BEKT OPraHMIECKOI TMOPUIHON HAHORJIEKTPOHUKH.

B-TpeTbux, yumThIBasi KOCBEHHBINM, TPUOIIKECH-
HBII XapaKTep BCeX METOAOB 9KCIIEPUMEHTAIbHBIX UC-
CJIeMOBaHWI MO3Ta, HEOOXOIUMBI CEPhE3HBIC YCUITHS
MO Pa3BUTUIO TEOPUIl CO3HAHUSI, COOTBETCTBYIOLIUX
METOIOB MaTeMaTUYeCcKOro MomeanpoBanus. Coriac-
HO aHajM3y COBPEMEHHOIO COCTOSIHWSI Pa3BUTHS I10-
HUMaHUs CO3HAHWSI, TTO-BUAMMOMY, IIPHUOPUTET HOJI-
>X€H OBbIThb OTHaH 3MIMPUYECKUM TeopusM. MMeHHO
OHM, CyIS IO BCeMY, IPABUILHO OIMCHIBAIOT XOTsI OBI
HEKOTOpbIe acmeKThl co3HaHus. He Oyaem, omgHako,
3a0bIBaTh O OOJIBIIOM pPa3HOOOpa3uu CO3HATEJIbHOI
JIEeATeTbHOCTH, UCKITFOUNTETEHOM CTETIEH! CIIOXKHOCTH
3agayM (cM. paHee). [j1s1 MaTeMaTUYECKOro MOAEIU-
pOBaHUSA TIEPCIEKTUBY TIPEACTABIISIET pa3paboTKa
MHOTOYPOBHEBBIX CXEM M PEATM3YIOIIMX UX CUCTEM,
OJIMH 13 BapMaHTOB KOTOPBIX OMucaH B padoTtax [1, 2]
B paMKax MpPeanoJ0XEHUIN ITOJHON 3JIEKTPOHHON UH-
TeprpeTauy (GyHKIMOHNPOBAHMS Mo3Ta. BaskHBEIM B
9TOM CJIyvae SIBJIIeTCSl CBOMCTBO OTKPBITOCTH TOIXO-
JIa, BOSMOXXHOCTD y4YeTa BIUSTHUS Pa3INIHBIX (PaKTo-
poB, oObeaMHEHUs1 ¢ OpyruMu noxxonamu [28]. Tak
KaK OCHOBHBIMM aKTWBHBIMHM 3JIEMEHTAMHM B MO3Te,
KaK OOBEKTe DJEKTPOHUKU, SIBJSTIOTCS KaHaJbl, T. €.
HBMC, To mcrmonbp30BaHUE CIOXHBIX KBAaHTOBO-MeE-
XaHWYECKUX METOJOB, MO KpaiiHeil Mepe Ha HUXKHUX
HepapXuyeCcknX ypoBHsIX, OyaeT obs3aTebHbIM [1, 2].
B mo6oM ciiyyae HeoOXOAMMO YYMTHIBATh, YTO pac-
cMaTpuBaeMas IpodjieMa OTHOCUTCS K TpyITHOpPeIIae-
MbIM 3amayaM Kiacca NP B MaTeMaTuyeckoM CMBbICIIEe
[1, 2]. YunuTbiBasg rpaHIMO3HbIE YUCIA HEUPOHOB N U
HOMC M B Mo3re yejioBeKa, IepPCIeKTUBHBIM OyaeT
TaKXe pPa3BUTHE CTATUCTUYECKHUX METOIOB aHaJM3a
[1, 2] u cuHepreTuyeckoro noaxona [36]. Bciedcmeue
cRoJICUBLUETICS CUMY QYUY BAJICHBIM HANPABAEHUEM CAedy-
em cuumams paspadomKy KOMHAEKCHbIX N00X0008 Uc-
caedosanusn moszea [1, 2] Ha ocHose ucnoab30eaHus Kak
OMAUYAIOWUXCST IKCHEPUMEHMANbHBIX Memo008, maK U
DA3HO0OPA3HBIX MeM0008 MaAmemMamu4eckKoeo mModeaupo-
eanus. Ilpu smom mMoxcHO npuesekamo paziuyHsvie meo-
pul QYHKUUOHUPOBAHUS MO32q.

M nocnenHee, HECMOTps HA BaXKHOCTb MCCJIeI0Ba-
HUS CO3HAHUS YesOBeKa IUISI CaMbIX Pa3INIHBIX 00-
JlacTed HayKW, TEXHUKU WM IPYroil JesATeIbHOCTU, HE
cJemyeT 3a0bIBaTh, UTO TIPUOPUTETHOE HAIIpaBICHUE —
BO3MOXHOCTb BOCCTAHOBJIEHUSI CO3HAHMSI y JIIOJEH,
KOTOpBIE €ro TepsTIoT Mn yxke morepstii. K coxarne-
HUIO, YCIIEXU 3[1eCh KpaliHe He3HauuTe bHbl. Onpene-
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JIEHHBIE HaIeXXIbl B HACTOSIIIEe BpeMs TTOAAI0T KOMII-
JIEKCHBIC BMIIMPUYECKNE METOAUKU, HalpuMep Mpo-
tokosl ReCODE mis1 neuenust 6one3Hu AjblreiiMmepa
[37] n HekKoTOpBIE APYrMe METOAUKM BOCCTAHOBJICHUS
psna dyHkumit mosra [38, 39]. BaxHbIM B 3TOM Ha-
MpaBJeHUHU J0JKEH ObITh 00sI3aTeIbHBIN yUeT 0COOEH-
HOCTeH MauuMeHTa, T. €. MHIUBUAYAIBHOTO XapakTepa
HEMPOHHBIX LENeil U OPYIrUX OTJIMYUIL €ro Mosra oT
HopMBbI. Oco0yI0 TepCIeKTUBY aBTOP U 3[1€Ch BUAUT B
KCIIOJb30BAHUM BO3MOXHOCTE HAaHOBJEKTPOHUKMU,
HaHOMAaTepuaaoB, HAHOTEXHOJIOTUI U HAHOHAYK B 1Ie-
JioMm [28]. ['MaBHBIM HallIMM COIO3HUKOM B 3TOM CaAMOM
TPYAHOM HampaBIeHUM UCCIeIOBaHUS OyaeT yIuBU-
TeJIbHasI TIaCTUYHOCTh MO3ra, T. €. OH caMm [28].

3aKkmouenue

bonee netanbHBI aHaNIU3 Mpoliecca OCO3HAHHOM
00pabOTKU CEHCOPHOI MHGbOPMALIMKY TTO3BOJINI ChHOp-
MYJIMPOBATh TJaBHbI MPUHLIUIT QYHKIIMOHUPOBAHUS
MO3ra — MnpeoOpa3oBaHUsl CUTHAJIIOB U DHEPreTuyec-
KHUX peKOHCTpyKI1uii. Ha aToit ocHOBe npoaHaiu3upo-
BaH OIMH U3 CaMbIX TPYAHBIX BOMPOCOB, OOBIYHO CBSI-
3bIBa€MbIX C CO3HAHUEM, — KBaJIua, T. €. YyBCTBEHHbBIX
oulyleHui yeaoBeka. [lokazaHo, YTO YYyBCTBEHHbIC
OLIYILIEHUSI SIBJISTIOTCS] SHEPreTUUECKUMU PEKOHCTPYK-
LIMSIMU B MO3Te YeJIoBeKa MPU BOCHPUSTUM COOTBETC-
TBYIOLLIMX 00beKTOB. Kak 1 mo0ble Apyrue KOM1uu, OHU
HE MOTYT MOJIHOCTbIO COOTBETCTBOBATh ACHCTBUTEb-
HOCTH.

PaccMmoTpeHsbl LIMPOKO AebaTUupyeMble B IUTEpaTy-
p€ BOIIPOCHI O XapakTepax o0paboTKu MHPOPMAIUU B
MO3Te U TIPpUPOIHI KU3HU. M3 TpeX BO3ZMOXHBIX Bapu-
aHTOB JJIsI KaXJ0TO M3 BOMPOCOB MPUBEIEHBbI apry-
MEHTBI B MOJIb3y TOTO, YTO 3TOT XapakTep U B TOM U B
JIpyroM ciy4dasix — o0lIMi, a UMEHHO: aHaJIoro-1ud-
poBoii. OTMe4YeHO, YTO 3TU BOMPOCHI UMEIOT MPUHILIU-
NYaJIbHOE 3HAYEHME I IBYX IPOOJIeM: UCKYCCTBEH-
HOro OeccMepTHsl U CO3AaHUsI CBepXpasyMa.

BoiaeneHbl OCHOBHbBIE MTPOOJIEMBbl U MIEPCTIEKTUBbI
WCCIe0BaHUs CO3HaHUs uvejoBeka. [loguepkHyTO,
YTO OHM, IJIaBHBIM 00pa3om, ompenessitorcs ¢dpaHTac-
TUYECKMM YPOBHEM MHTErpaliMyd Mo3ra Kak oObekTa
OpraHUYeCKON TMOPUAHON HAHO3JIEKTPOHUKHMU.

OcHoBHag olMOKa Mpu CO3MaHUU MHOTUX TEOPUit
CO3HaAHMS, CYAd 10 BCeMy, 3aKJT0Uajaach B IIOMCKE He-
KOTOpOM cTaHOapTHOU cxeMbl ero peanuzauuu. Ilo
MHEHMIO aBTOpa, B ACHCTBUTEIBHOCTH €€ TIPOCTO HET,
a BOT IJIABHBIA MPUHLMIT (YHKIIMOHUPOBAHUSI MO3ra
€CTh, a UMEHHO: TTpeoOpa3oBaHMUs CUTHAJIOB M DHEP-
reTUYECKUX PEKOHCTPYKUUI. B nenom, pabora mosra
XapakTepMU3yeTCsl OrPOMHBIM pa3HooOpasueMm. [maB-
HBIM € HeJOCTAaTKOM W OJHOBPEMEHHO HOCTOMHC-
TBOM MO3Ta, TIOXaJyi, SIBJIIeTCS TO, YTO OH IpUOJI-
>KEHHO OTpaXaeT AeUCTBUTEIbHOCTb. [T03TOMY Helb3s
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CMOTpPETh Ha MO3I' KaK Ha CTaHAAPTHBIA OOBEKT, OC-
HOBBIBasICh IIPpYM 3TOM Ha HEKOTOPHIX OTPBIBOYHBIX
YaCTHBIX JaHHBIX. M HAMBUAYaTbHOCTD 3[1€Ch IPUHIIN-
MMAAJIbHO BaXkHa, HECMOTPSI Ha 0O11I1e TIPUHIIUIILI ITOC-
TPOEHHUS MO3ra, 1o KpailHel Mepe, HOPMaJIbHBIX JIIO-
nmeit. BMecTe ¢ TeMm, O4eBMIHO, YTO 3TO U HE MOIJIO
OBITh MHAYE, YYUTHIBasI (paHTACTUYECKUI YPOBEHDb UH-
Terpaliy MO3ra KaK OO0beKTa 3JEKTPOHUKM, a TaKXkKe
0CO0EHHOCTU MO3ra Kaxaoro yenoBeka. I1o uzmoxeH-
HBIM IpUYMHAM HU CO3HAHWE, HU KBaja HE MOTIYT
ObITh, K COXKAJICHUIO, OMKMCAaHbl U IIPOaHAIM3MPOBaHbI
TOYHO, & MOXET OBITh... K CYACTHIO!

Asmop cuumaem c60UM NPUAMHBIM 00420M GbIPA3UMD
UCKPeHHION npusHamenvHocms moum yuenuyam H. B. Ko-
sometiyesoul, U. A. Pomanosoii u U. 10. lllepbakosoti 3a
Nn0020MOBKY PYKORnUCU pabomvl K newami.
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The phenomenon of "human consciousness" is considered on the basis of the full electronic interpretation of brain functioning
proposed earlier. In the third part of the work, the basic principle of the brain functioning — signal transformations and energetic
reconstructions — is formulated as a result of a more detailed analysis of the process of conscious processing of sensory information;
concept of "qualia”, the nature of information processing by the brain, the nature of life, main problems and trends of consciousness
research are also considered.

In particular, the mode of conscious processing of sensory information was analyzed on the basis of considering a more complete
system: "the brain — other components of the nervous system — the body — the environment". As a result, the main principle of
brain functioning was formulated, namely: signal transformations and energetic reconstructions. Another difficult problem —
"qualia”, i.e. of sensual sensations (experiences), is considered on the basis of the formulated principle. It is shown that sensory sen-
sations are energetic reconstructions occurring in the human brain when perceiving relevant objects, that is, they are material, like
thought and other mental functions. As a result of the consideration of the nature of information processing in the brain and the nature
of life, it is argued that this nature in both cases is common, namely analog-digital. In conclusion, the main problems and trends
of human consciousness research are highlighted. It is noted that they are determined mainly by the fantastic level of integration
of the human brain as an object of organic hybrid nanoelectronics.
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Conscious processing of sensory information

Consider first one of the most difficult modes of the
brain — conscious processing of sensory information.
According to the proposed full electronic interpretation
of brain function [1—6], this is one of the variants of the
mixed (third type) modes of the brain. Let us try to clar-
ify what happens in this case, since in Part I [7], in es-
sence, the dominant process in the work of conscious-
ness is considered. In addition to the noted principles
in Part I [7], modern information from neuroscience,
primarily neurobiology (see, for example, [8—14]), was
also used as a basis, as well as being used to construct
empirical theories of consciousness (a good overview is
given in textbook [15]), namely: the global workspace
theory (Baars); the theory of the neural global work-
space (Dehaene et al.); the neurobiological theory
(Crick and Koch); the theory of the dynamic core
(Tononi and Edelman); the information integration
theory (Tononi); the recurrent processing theory
(Lamme); the theory of consciousness as the feeling of
what happens (Damasio) and others. From the author’s
point of view, empirical theories of consciousness rep-
resent the greatest perspective for further development,
since they are based on a serious scientific basis (data
from neurobiology, neuroscience in general), and not
fantasies, i.e. we will continue to analyze the phenom-
enon of "human consciousness" in accordance with the
principle of "Occam's razor" [7].

When detailing the process of conscious processing
of sensory information, strictly speaking, it is neces-
sary to analyze the complete system, namely [7, 16]:
the brain — the other components of the nervous sys-
tem — the body — the environment. Part I [7] noted
that, unfortunately, only an approximate considera-
tion of the phenomena occurring in the complete sys-
tem is possible, so we analyze what is happening at
least as a whole at each of the main stages of the
processing process.

Transformations of information begin from the very
beginning of the process after the signals from the ex-
ternal environment and from the internal organs reach
the receptors of the sensory systems. It is known that re-
ceptors, as a rule, are designed to accept one type of sig-
nals. At the same time, signals entering the body, in-
cluding receptors, can be very diverse [1, 2]: mechan-
ical, optical, thermal, chemical, electrical, etc. In ad-
dition, one should not forget that the location of the
receptors on the human body is of discrete nature. In
this regard, the reduction and decomposition of incoming
information from the environment and internal organs
are carried out immediately. For example, it is known
that for the preprocessing of electromagnetic waves, re-
ceptors are used (more precisely, photopigments, see
below), which are sensitive only to three regions of the

566 HAHO- 1 MUKPOCUCTEMHAS TEXHUKA, Tom 21, Ne 9, 2019

wavelengths of the optical range, approximately corre-
sponding to a person's ability to distinguish between
red, green, and blue.

So, when does the processing of information begin?
The answer is obvious: right away. This is especially
well understood by the example of electromagnetic
waves, since a person perceives only a narrow spec-
trum of waves in the optical range. Does the body af-
fect this process? The answer is less obvious, but still:
of course. This is primarily due to the fact that the re-
ceptors of sensory systems are located in the human
body, and therefore, they can be influenced, for ex-
ample, by changes in body temperature, diseases,
chemical processes and their changes, etc. It should
also be particularly noted that the sensitivity of the
lower thresholds of sensations from various factors
leading to both increasing and decreasing sensitivity,
for example, depending on the brightness of the light,
individual differences, psychological, i.e. reverse, in-
fluence, interaction of sensations, and many others
(see, for example, [17]).

Thus, when processing sensory signals, it is neces-
sary to take into account the influence of both the en-
vironment, which is obvious, since the incoming sig-
nals come from it and the body. Therefore, an ever
more pervasive opinion, especially among neurobiol-
ogists, about the need to take into account the body
influence on the human mind should not come as a
surprise.

As a result of the receipt of information from the
external environment and from internal organs, its de-
composition into external and internal sensory systems
occurs, the principles of which are well described in
the textbook [18]. After the initial processing, as a
rule, the stimulus of the corresponding modality is
converted into electrical signals. And then these signals
are distributed through the nervous system with con-
stant transformations from electrical to chemical (for
example, in chemical synapses) signals, and vice versa.
Since in this process of information transfer, various
channels (ionic, etc., i.e. nanoelectromechanical sys-
tems (NEMS)) are of fundamental importance [7],
then mechanical processes also have an effect. In oth-
er words, when transmitting information for further
processing to the main information center of a person,
i.e. the brain, there is a constant conversion of signals,
and therefore, their changes (transformations), that is,
generally speaking, pre-processing of information
continues.

After such numerous transformations (reduction, de-
composition, conversion, etc.) of signals, what should
the brain do to reflect reality (in accordance with the
principle of reflection of higher nervous activity noted
in Part 1 [7])? It has to put it all together, i.e. make a
reconstruction of reality in the very same brain! It simply




has no other place. How the brain does it? Let us try to
understand this for the processing of sensory informa-
tion using current and previously noted information
from neuroscience.

The most interesting thing is that after the receipt
of such disassembled information into the brain, the
transformation continues, i.e. a thorough reconstruc-
tion is still far away. In the future, to simplify the anal-
ysis, we will conduct the consideration in accordance
with the full electronic interpretation of brain func-
tion, i.e. to consider neural circuits as electrical cir-
cuits of the first type along which electrical signals
propagate [1, 2, 4, 7].

For conscious processing of sensory information,
three major brain structures are of primary importance:
the trunk, the thalamus and the cortex. Immediately,
I note that other brain structures can also have an effect
in the performance of various mental functions, includ-
ing consciousness. This is also due to the fact that the
brain is characterized by duplication in the work of
neural circuits. It is necessary to ensure the reliability of
the brain. In addition, there is a constant exchange of
information (signals) between different areas of the
brain, neural circuits, and neurons. And all this can be
important! In this regard, it is permissible to talk only
about key structures, main processes. The noted fea-
tures of the brain work lead to numerous possible var-
iants of the brain performing even seemingly the same
mental functions. Therefore, in the following, we con-
sider only a few possible options for processing sensory
information, which, however, will make it possible to
single out the basic regularity, characteristic features,
and dominant processes.

The brain stem, apparently, is important to main-
tain the required level of activation of brain structures,
corresponding to the state of wakefulness. It is also im-
portant to exchange information (signals) with the
cerebral cortex passing through the thalamus, i.e.
roundtrip. The cortex, along with the thalamus, thus
regulates the activity of the trunk, maintaining the
state of wakefulness as a result of cooperative work.
The key value directly for conscious processing of sen-
sory information, as is commonly believed in neuro-
biology (see, for example, [9]), is played by the tha-
lamocortical system (thalamus and cerebral cortex).
The well-known neurobiologist A. Damasio, however,
believes that "the very first manifestations of the psy-
che arise in the brainstem" [19]. Of course, much de-
pends on what is meant. As was shown earlier, infor-
mation processing begins from the very beginning of
the process.

The received disassembled information about the
environment and the body in the brain is further dis-
tributed by the thalamus (a kind of "switch", as it is of-
ten figuratively called in neurobiology) on the maps of

the corresponding sensor systemslz visual, auditory,
tactile, gustatory. The only exception is odor informa-
tion (olfactory system) [12]. It hits the map bypassing
the thalamus. Therefore, the following types of "mem-
ory: visual, auditory, olfactory, gustatory and tactile"
are distinguished [20]. Sensory maps are arecas of the
cerebral cortex in which relevant information is stored
in a disassembled form as a result of the hierarchical
processing carried out earlier, and, apparently, partially
laid down genetically. At present, in general, the areas
of the brain (normally functioning) in which the maps
are located (see, for example, [9]) are defined.

For further consideration, it is important for us to
note the following: "The back part of the cortex con-
tains areas of projections of the main sense organs:
sight, hearing, touch, smell and taste. On the contrary,
the front part includes the regulation of actions, plan-
ning, some functions of working memory, speech and
the like" [9].

Thus, maps of sensory systems and maps of goals,
meanings are divided in the brain significantly. At the
same time, maps of sensory systems are located in dif-
ferent areas of the cerebral cortex.

At first, specialists were extremely surprised by the
following: "the brain uses the same areas to imagine a
scene and see it in reality" [21]. Now this point of view
is recognized by many neuroscientists (see, for exam-
ple, [9, 22]). Consequently, in the processing of in-
coming sensory information, a hierarchical assembly of
information occurs as a result of the passage of elec-
trical signals through neural circuits of the corre-
sponding region of the cortex. This suggests that from
the disassembled information received and previously
deposited (encoded), not only old information can be re-
produced as a result of the passage of electrical signals
(decoding), but also, which especially impresses, the
newly received information, i.e. new! Thus, there is a
flexible assembly of newly received information from
a wide variety of fragmentsz. This reconstructed infor-
mation, unfortunately, is scattered by brain maps, i.e.
it is necessary to continue to unite it, but in a single
whole.

What are such at first sight seeming difficulties need-
ed for? The main point of this is the need for extremely
economical storage of information, both for memoriz-
ing and reproducing old and new information, i.e. sav-
ing the available resources of the cerebral cortex,
which, unfortunately, are limited, and at the same time,

' A more detailed breakdown into sensor systems is given in [18].
And in this case, however, we can talk about the corresponding maps.

2 Recall the pixels in the TV screens and other devices. In the
brain, however, this is much more sophisticated, since it is obvious
that there is no screen in it, and indeed reproducing devices similar
to traditional electronics. Everything is made more universal and more
interesting.
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the brain must and can work reliably for decades. Con-
sequently, we are talking about certain, fairly universal
mechanisms for processing information using electric
(neural) circuits of the first type after it has been pre-
processed at the entrance to the corresponding sensory
systems. As a result of the reactivation of the corre-
sponding neural circuits of the maps of the sensory sys-
tems, coalitions are actually assembled (let's call them
the coalitions of the neurons of the sensory maps) respon-
sible for the reconstruction of certain memories and/or
reality. The case of "and" may correspond to halluci-
nations initiated from outside.

Further more interesting happens. Information from
sensory maps enters the frontal lobes for integration in-
to a single whole. And here there are many different op-
tions. In this regard, we consider only some of the char-
acteristic.

Suppose you are walking down the street. Usually,
everything happens in an automatic (at a subconscious
level) mode, i.e. system 1 is working [7]. In fact, the sig-
nals passing through the combined coalition of neurons
are planning (modeling or prediction) of the situation
[7] (let's call the union of neurons in this case a planning
or prediction coalition), and then the action is initiated
(see fig. 1, p. 313 [7]) and signaling the relevant systems
for execution. I note that according to the neuroscience
data, the action maps are located nearby, i.e. also in the
frontal lobe, which leads to saving interaction time. So
actually, a subconscious action takes place in this case
with a significant time saving, which can be important.
Neuroscientists estimate that such actions require about
100 ms [9].

However, the most interesting thing happens in an-
other case. Suppose that a coalition of neurons, at least
one of the sensory systems, signals danger. For exam-
ple, you saw something dangerous in the process of
walking down the street. In this situation, there is an in-
crease in activation and exceeding the threshold of
awareness, which may depend on many factors, as well
as a kind of resonance with the maps of goals, meanings
in the frontal lobes. It is known that "in the waking state
the prefrontal cortex is the most active" [20], i.e. as if
in standby mode, a kind of scanning of the situation. It
is possible that the corresponding areas (subregions) of
the frontal lobes are additionally activated by signals
from the thalamus, i.e. there is also preparation for re-
ceiving signals from the corresponding sensor map(s).
As a result of this resonant interaction (the process of
self-organization), the reverse (reflected) wave of in-
creased activation begins to go from the frontal lobes to
the sensory maps. This process already requires more
time — according to neuroscientists, about 300...500 ms
and more.

The energy flow passing through this united coalition of
neurons is awareness [7]. 1 note that this coalition of
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awareness, apparently, differs from the coalition of pre-
diction for this case. Increased activation in awareness
is necessary, at least, for the following: 1) the selection
of the "main" coalition of neural circuits and as a result
for the realization of possible corrective actions (see
fig. 2.1, a, and p. 313 [7]); 2) "cutoffs", suppression of
secondary chains, including those associated with other
mental functions that are of little importance in the
case under consideration. It is for this purpose, as it
seems to me, that more numerous connections in the
brain are needed from the top down than from the bot-
tom up. Many neuroscientists are extremely surprised
by this: why; 3) for the possible correction (memoriza-
tion) of both sensory maps, and simultaneously maps of
goals, meanings, and actions in the frontal lobes. Of
course, depending on the incoming information, not
only a "cutoff" is possible, but also interaction with ar-
eas, mental functions provided by brain structures that
are primarily responsible for speech, as well as emo-
tions, motor functions, etc.

To carry out such a conscious activity, a certain
level of activation is needed, which lies in the opti-
mum range for each person. If the activation is below
the waking state, then the normal person is in some al-
tered states of consciousness (ASC) [23], for example,
sleep states. Lower activations are also characteristic
of some mental disorders (dementia, etc.), various
types of coma. At the same time, exceeding the opti-
mal range of activation can lead to epileptic seizures
and other disorders. In addition to the level of activa-
tion, a certain degree of synchronization is also nec-
essary for the passage of this wave through a coalition
of awareness. Considering the fact that the regions of
the frontal lobes and the placement of sensory maps
are located at a relatively large distance in the brain,
in addition to the level of activation, high-frequency
signals characteristic of gamma waves become more
important.

Thus, human awareness is the main dominant process
of energetic reconstruction in the corresponding coalition
of neurons in the optimal range of activation of the waking
state of a normal person. At this point in time, a coalition
of awareness can be only one in the brain, which leads
to the well-known "bottleneck” phenomenon (see, for
example, [13]). The finiteness of the times associated
with awareness leads to another phenomenon — the in-
efficiency of the whole multitasking mental activity
[24], since one has to switch consciousness from one
activity to another (there is a sequential processing).
And it takes about 500 ms, i.e. leads to loss of time to
switch. Thus awareness is also significantly different
from the subconscious activity, characterized by a va-
riety of processes occurring in parallel.

Schematically, the process of awareness is shown in
fig. 2, a (p. 313 [7]). It is clear that it is characterized




by increased energy consumption. Exceptions, it seems,
are such ASCs as, for example, the state of "flow", med-
itation [23]. Once again, "consciousness is, undoubt-
edly, a systemic, integrative property of the human
brain" [7].

In accordance with the above, the main components
of the "spiral" of mental activity [7] are highlighted
when system 1 and system 2 work in the case of the
third mixed mode of brain functioning. In the case of
an internal mode of operation of system 2, the initiation
of an action can be excluded. At the same time, the very
initiation of mental processes, apparently, occurs in the
prefrontal cortex (PFC) (frontal lobes), and then comes
the alternation of coalitions of neuron prediction and
awareness (see fig. 2, b, p. 313 [7]).

Once again, here are just a few possible options for
thinking. A great variety can arise due to the connec-
tion of other brain structures, regular exchange of sig-
nals between different areas, as well as the exit of some
of the parallel subconscious processes to the level of
awareness, and vice versa, leading to peculiar oscilla-
tions, changes in the spiral of mental activity. And fi-
nally, due to the individual characteristics of neural
circuits.

And yet, despite the possibility of a large number of
possible options, while processing of information in the
central nervous system, the regularity is the signal trans-
Jformations and energetic reconstructions. The author re-
gards this regularity as the basic principle of the brain
Jfunctioning.

Consider some interesting and important issues.

The first question: is there a single control center in
the brain? In neuroscience, it is often figuratively called
the "conductor”, "CEQ", etc. Usually these functions
are attributed to PFC (frontal lobes) [9, 11, 25]. In neu-
roscience, there are heated discussions on this topic.
The objections of opponents, as a rule, by neuropsy-
chologists (see, for example, [19]), are based on the fact
that, in cases of PFC lesions, the conscious possibilities
of a person often suffer only slightly.

The author shares the point of view according to
which: 1) PFC — the center of the brain uniting and
scanning the situation, which, as is well known, has
numerous connections with all areas of the brain, as
well as a more developed network of dendrites com-
pared to other structures, and therefore, again con-
nections. All this makes it easier for PFC to perform
the marked functions; 2) PFK actually contains maps
of goals, meanings, algorithms (essentially, this is a
kind of library) of solutions of various tasks, therefore,
it seems that it is finally formed in the brain after all
structures during normal development. In PFC, many
"cells that behave as sensors of the target" have been
detected [12]; 3) the brain is characterized by high

plasticity and, therefore, reliability, therefore, in the
event of damage to some areas, including PFC, other
intact brain areas can assume lost functions, which is
facilitated by an extensive system of connections in the
brain. And this is well known in neuropsychology.
Much, of course, depends on a particular person, i.e.
individual characteristics of neural circuits. So, it
would seem that similar injuries (tumors, strokes, etc.)
in different people can lead to very different conse-
quences [12]: for some people — to catastrophic, and
for others — to none. This behavior, apparently, con-
tributes to the ring nature of the connections of the
neural circuits of the brain’. Is it important in this
case, where is the beginning? In this connection, the
information from work [12] that, when solving five
different cognitive tasks, not only two areas in the
PFC, but also one in the parietal lobe, are necessarily
excited, is also interesting.

Thus, PFC is an important center that performs uni-
fying and initiating functions in the brain of a normal
person, but much can depend on individual character-
istics, type of activity. In particular, such functions
may, apparently, take, at least partially, other areas of
the brain, especially in cases of damage or underdevel-
opment of PFC.

The second question: what happens next? The con-
sidered wave of increased energy activation, which is
the subject of our awareness, is actually the main con-
tent of the so-called working memory. It was evident
that this wave is a dynamic temporarily created struc-
ture and occurs periodically in the waking state. What
happens next, or rather, possible scenarios, is well es-
tablished in neurobiology (see, for example, [9, 14]).
For longer memorization, the information must fall in-
to the hippocampus, which redirects it to different areas
of the brain. "For example, emotional memories are
stored in the amygdala, and words are recorded in the
temporal lobe. At the same time, color and other visual
information is collected in the occipital lobe, and tactile
sensations and movement are in the parietal lobe. At
the moment, scientists distinguish more than 20 cate-
gories of memories stored in various parts of the brain,
including fruits and vegetables, plants, animals, body
parts, colors, numbers, letters, nouns, verbs, proper
names, faces, grimaces, emotions and sounds "[14]. As
a result, sensory maps and PFC maps are constantly ad-
justed, depending on the occurring and conscious
events. At least, an important factor here is also the de-
gree of novelty, as well as often and directly for the
process of awareness in this case.

3 1t should be noted, however, that neural circuits are not even
morphologically equivalent, since they can include different types of
neurons that differ from each other even for the same type (see below).
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Qualia

An interesting and instructive opinion on this issue
was expressed by the well-known neuropsychologist
J. Duncan [12]: "Philosophers who study consciousness
designate the content of various sensory sensations by
the term qualia. They themselves consider qualia as
hard problems, although I see this as something cun-
ning. Indeed, it is customary to call a hard one such a
problem, which we recognize as difficult, but still in-
tend to solve it. I would prefer to call qualia a problem
that so fool us that we don’t even know what its es-
sence is."

The essence of the main problem of psychophysiol-
ogy was briefly formulated by the great Russian phys-
iologist I. P. Pavlov, who asked the legendary ques-
tion: "How does brain matter produce a subjective
phenomenon?" At the same time, how the brain gen-
erates consciousness, the well-known modern philoso-
pher D. Chalmers attributed to hard problems [26].
Here he took the problem of "qualia”, i.e. sensual ex-
periences. In general, opinions on this issue vary in a
very wide range, ranging from total rejection, i.e. just
avoiding the question, and ending up being considered
unsolvable. So the citation given at the beginning quite
well reflects the current general state of the issue in
question, i.e. a certain confusion.

Let us try, however, to deal with this, really difficult,
problem of "qualia", having considered the classic ex-
ample about the sensation of "red" [26].

Let's start from the beginning, i.e. physical funda-
mentals.

"There are two types of photoreceptors: the cones
and the rods... Cones selectively react to color, less sen-
sitive to dull color than rods, and important for detailed
color vision in daylight. Each cone contains one of
three types of photopigments, specialized proteins, sen-
sitive to different wavelengths of light. These wave-
lengths roughly correspond to our ability to distinguish
between red, green, and blue. When light hits a photo-
pigment molecule, the light energy is absorbed, and the
molecule then develops its shape in such a way that the
movement of electric current changes in this photore-
ceptor neuron” [9].

What will happen in the absence of one type of pig-
ments, in particular, corresponding to the red color?
The answer is well known: color blindness, or rather
protanopia — a violation in the red part of the spec-
trum. And such a person will not have the feeling of a
"red" color, i.e. red color will not be perceived by them.
What will a man with protanopia see in this case? The
answer is gray, i.e. another color. Thus, the reduction
(catastrophic in this case) occurred immediately due to
illness. It is clear that it differs qualitatively from the re-
duction in the normal case (see earlier).
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Normal human sight4 is possible only with all three
types of photopigments, conventionally called "red",
"green" and "blue”. It is known that various combina-
tions of colors of the red, green and blue ranges of the
spectrum and allow us to see other colors and tones
(again, remember the color TV).

So, a necessary, but insufficient, condition for a
normal human perception of red, first of all, is the pres-
ence of red pigments. Other necessary conditions for
the perception of red is also the normal development of
a number of other components of the visual system.
Consider this case for a situation of conscious informa-
tion processing (see earlier).

In a normal visual system, the signals are received
as described above for processing in the area of the
sensory map responsible for color, in particular red.
Next, a sensory coalition of neurons responsible for
the red color and perception of the corresponding ob-
ject is assembled. Ultimately, as a result of the passage
of signals through the collected coalition of awareness,
an energetic reconstruction takes place, which corre-
sponds to the sensation of the person of the red object
seen. I note that the passage of signals, the assembly of
the coalition of awareness and energetic reconstruction
occur simultaneously! Thus, the sensation of "red" arises
in accordance with the formulated main principle of the
Jfunctioning of the brain — signal transformations and
energetic reconstructions.

What influences the formation of sensory maps?
Obviously, two factors play a crucial role: experience
and genetics. Genetics leads to the fact that all normal
people have approximately the same feeling of "red", if
there are no serious violations in the acquired experi-
ence. "Approximately" is associated with these same
two factors, namely, genetics and experience, or rather,
with the individual characteristics of the corresponding
neural circuits, which are the determining material ba-
sis of subjectivity [28]. So, it is known that there are
people who better distinguish differences in colors,
smells, have a more delicate ear for music, etc. Will
these energetic reconstructions in the human brain fully
correspond to reality? The answer is simple: no! Since
any copy, and the energetic reconstruction is a copy,
never coincides with the original. How does it happen
for other animals? Obviously, these sensations may dif-
fer even more due to possible differences (see earlier) in
signal transformations and energetic reconstructions in
their brain.

Thus, our sensations do not fully reflect reality, but
only approximately. According to the author, despite
the fact that according to the formulated principle of

4 What a pity that we have only three types of photopigments,
so some birds and butterflies see invisible (not perceived) colors for
us, having other types of pigments [27].




brain functioning, signal transformations and energetic
reconstructions, it becomes generally clear what human
sensations are, their exact description, like conscious-
ness, is also impossible for similar reasons [7].

The nature of information processing in the brain
and the nature of life

Consider a few important questions.

Question 1. Is information processing in the brain dig-
ital or analog?

Immediately turn to the classics. So, J. von Neu-
mann also wrote [29]: "The most direct conclusion
from monitoring the work of the nervous system is that
its activity is prima facie (at first glance) digital in na-
ture." These words of the great scientist led a number of
experts to conclude that the processing of information
in the human brain is digital. It is only possible in these
cases to regret that, firstly, the sentence itself was not
attentively read (omitted "prima facie (at first glance)"),
and, secondly, the author would recommend to read
this legendary book carefully to the end. In particular,
it is enough to cite another quotation from the section
of the book "Digital and analog parts of the nervous sys-
tem", namely [29]: "I want to say the following: the
processes occurring in the nervous system can repeat-
edly, as I have already noted, change their character
from digital to analog and back to digital, etc. " Surprise
and admiration is caused by the fact that J. von Neu-
mann published his analysis in 1958!

The information currently available allows us to sup-
port the point of view of J. von Neumann and to make
an unequivocal conclusion on the issues under consid-
eration.

We will consider one of the most complex modes of
the brain — conscious processing of sensory informa-
tion (see earlier). It turns out that the fundamentally
important digital and analog components of informa-
tion processing in this case take place not only at the
microscopic, but also at the macroscopic level.

Microscopic level. You can find a lot of digital and
analog components in the analysis of the functioning of
the neural circuits of the brain at this level. I will high-
light only two points. Part I [7] noted that the key active
elements in electrical (neural) circuits of the first type
are ion channels, i.e. NEMS operating on the principle:
open — closed, i.e. digital. At the same time, diffusion
processes are crucial in chemical synapses, i.e. explicit
analog component is implemented. In this case, as not-
ed earlier, there are regular conversions of signals from
electrical to chemical, and vice versa.

Macroscopic level. In general, the operation of sys-
tem 1 and system 2 looks continuous (in a spiral [7]).
However, the transition from one coalition of neurons
to another (see earlier) is clearly discrete in nature. The

same, at least, is the change of directions of thinking
activity, the output of subconscious processes to the
level of awareness that is transitions from one turn of
the spiral to another (see [7]).

Consequently, thinking is a continuous-discrete
process, and information processing in the brain is gen-
erally hierarchical in nature, combining both analog
and digital components.

Question 2. Is nature of life digital or analog?

This question is more general than the related,
more specific question 1. We will try to answer this
question, since it is now of increasing interest (see, for
example, [30]).

"The central dogma of molecular biology says that
information in a cell goes from DNA through RNA to
a protein, and no other way" [9]. The following state-
ment by R. Dawkins is also known: "If we summarize
molecular genetics in one word, I would say "digital"
[31]. Such views lead experts to the currently popular
conclusion that the nature of life is digital.

Again let us turn to the classic — the legendary book
of J. von Neumann, namely [29]: "The genes them-
selves are obviously parts of the digital system of com-
ponents. However, their actions are to stimulate the
formation of specific chemicals, namely, certain en-
zymes inherent in this gene and therefore belongs to the
analog domain. " Today it is possible to strengthen this
point of view of the great scientist with the involvement
of the established scientific field, in particular epigenet-
ics. "Epigenetics: the study of gene expression under the
influence of the environment. The discovery of alter-
native ways described in the central dogma of informa-
tion transfer is sometimes called the third biological
revolution™” [9].

Consequently, in this question the analog compo-
nent, connected with the influence of the environment,
is of fundamental importance.

As a final argument, I will note the following. Ac-
cording to the most powerful modern physical theory —
quantum mechanics — it is well known that three types
of spectra of a physical quantity are possible, namely:
1) discrete; 2) consisting of separate lanes; 3) continu-
ous. Thus quantum mechanics is fundamentally differ-
ent from classical physics, in which only the continuous
form of the spectrum is allowed. Therefore, the author
believes that Nature, realizing life, including man, used
all the wealth of possibilities.

For the reasons stated, the final and unequivocal an-
swer to the two questions posed: " The nature of both in-
Jformation processing in the human brain and the nature
of life is common, that is analog-digital!

The questions discussed are of fundamental impor-
tance, at least for two very interesting problems: im-
mortality and the creation of supermind.
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Part 1 [7] noted that the copying of human con-
sciousness can be considered as a peculiar variant of its
immortality. From the previous it becomes clear that it
is advisable to make copies of consciousness on an an-
alog-digital (mixed or hybrid) basis. As for the creation
of the supermind (see [23]), then, apparently, the an-
alog-digital should also be the main one, i.e. hybrid
electronics. It is possible that, like the human brain, it
will be organic hybrid nanoelectronics [1—6].

Problems and directions of consciousness research

The main problems of the study of the human brain
as a whole, consciousness in particular, are primarily
the result of its fantastic level of integration as an object
of electronics. Part I [7] gave a very rough estimate —
about 10'...10%! active elements, namely: the number
of channels M, i.e. NEMS. Unfortunately, at the
present moment of time, we can confidently indicate
only the range in which this number can be:

100 <« M < 105, (1)

where the lower limit corresponds approximately to the
number of synapses (it is known that the number of
channels is much greater than the number of synapses),
and the upper limit corresponds to the total number of
molecules in the human brain (the brain volume is
about 103 cm3, and the number of molecules per cm?
is about 1022). I note that the approximate average
number of neurons N in the brain of a normal adult has
been only recently determined, i.e. solved a simpler
problem. It varies according to different sources in the
range (86.1 + 8.1) - 10° [32]. There are approximately
the same (85.0...86.0) - 10° glial cells [10, 33]. Thus, we
are talking about the number N~ 10", However, I note
that at the same time, even the number of types of neu-
rons is unknown, which, according to estimates, "un-
doubtedly, are more than a hundred, and maybe more
than a thousand" [34]. Moreover, "there are no two
completely identical neurons” [34]. With synapses, the
situation is more complicated (usually the range is
1014... 1015). The author no longer discusses the issue of
the numbers of dendrites, spines, as well as the mor-
phological (topological) features of neural circuits. In
connection with the above, it is extremely difficult to
analyze the object of electronics, in which even the
numbers of the main structures are unknown, and at the
same time they are truly astronomical. There is no
doubt that the modes of the brain, in which awareness
is realized, are the most complex (see [7] and earlier).
Do not forget about the possibility of many different
options, even in the same modes of functioning of the
brain. There is no doubt that the situation is compli-
cated by the fact that we are dealing with reconstruc-
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tions in the brain, and not with reality. How to inves-
tigate an object of such fantastic complexity with such
significant uncertainties? Thus, we are dealing with the
task of a grand degree of complexity in the study of human
consciousness. As already noted, its exact solution is im-
possible to obtain.

Nevertheless, let us try to answer the question: what
should be done to achieve a more adequate understand-
ing of consciousness?

The analysis allows us to identify the following main
directions.

First, it has already been noted that the most prom-
ising for further development are empirical theories of
consciousness. Therefore, deeper studies in neurobi-
ology (neurophysiology, neuropsychology, etc.) and
neuroscience in general are of paramount importance.
Unfortunately, research at the present time is often
characterized by fragmentary, incomplete, inconsist-
ent, and also based on private, usually statistically un-
reliable, data for specific people in a short period of
time. At the same time, it is well known that the hu-
man brain is a dynamic, constantly changing struc-
ture. There are still a number of serious unclear issues
in the work of the brain. In particular, the role of glial
cells in information processing. For the author, it is
clear that they affect the functioning of the brain, as
important for the operation of synapses. How impor-
tant is this influence? The question of neurogenesis
(plasticity of the brain of the highest level [35]) is not
entirely clear. It seems to me that these and many oth-
er questions (see, for example, [9]) may present con-
siderable surprises in understanding the functioning of
the brain.

Secondly, almost all modern methods and tools for
experimental studies of the brain (visualization), un-
fortunately, are indirect and rather rude, as noted by
many experts. So, a detailed analysis of modern meth-
ods of visualization of the brain is given in [9]. The
verdict is not comforting: "... no method has the nec-
essary space-time resolution for tracking single neu-
rons and even small groups of nerve cells, for example,
columns in the cortex" [9]. Therefore, it is necessary
to use a whole set of methods, which is not always pos-
sible and complicates the analysis. The method of in-
trospection used for the study of consciousness is, in
general, an indirect method and also has a number of
serious drawbacks. The most significant of which is
that the process under study and the report about it are
not only separated in time, but also that other areas
can already be involved in the report compared to
those participating in the process under study, and
subconscious processes can also have an effect. All this
together can lead to distortions, and ultimately to ar-
tifacts, which was noted, in particular, in [13]. Basi-
cally, the process of visual awareness is also investi-




gated. It is obvious that significant differences may
arise in other types of awareness. All this requires a
very careful interpretation of the results, the develop-
ment of special methods for processing information.
The author sees the perspective for the qualitative im-
provement of experimental methods for the study of the
brain in the use of nanoelectronics, nanomaterials, na-
notechnologies and nanoscience in general [28]. This is
all the more important because when creating the
brain, Nature intensively used nanoobjects [28]:
genes, DNA, RNA, neurotransmitters, proteins, etc.,
and the brain itself is an object of organic hybrid na-
noelectronics.

Thirdly, considering the indirect, approximate na-
ture of all methods of experimental studies of the brain,
serious efforts are needed to develop theories of con-
sciousness, the corresponding methods of mathemati-
cal modeling. According to the analysis of the current
state of development of understanding of conscious-
ness, apparently, priority must be given to empirical
theories. They, apparently, correctly describe at least
some aspects of consciousness. Let us not forget, how-
ever, about the great variety of conscious activity, the
exceptional degree of complexity of the task (see earli-
er). For mathematical modeling, the development of
multilevel simulation approaches and systems imple-
menting them represents a perspective, one of the var-
iants of which is described in [1, 2] within the frame-
work of a full electronic interpretation of brain func-
tioning. Important in this case is the property of open-
ness of the approach, the ability to take into account the
influence of various factors, combining with other ap-
proaches [28]. Since the main active elements in the
brain, as an object of electronics, are the channels, i.e.
NEMS, then the use of complex quantum-mechanical
methods, at least at the lower hierarchical levels will be
mandatory [1, 2]. In any case, it is necessary to take in-
to account that the problem in question is related to the
NP class problems in the mathematical sense [1, 2].
Considering the tremendous numbers of neurons N and
NEMS M in the human brain, the development of sta-
tistical analysis methods [1, 2] and a synergistic ap-
proach [36] will also be promising. Due to the current
situation, the development of integrated approaches to the
study of the brain [1, 2] based on the use of both different
experimental methods and various methods of mathemat-
ical modeling should be considered an important area. At
the same time, various theories of brain functioning can
be used.

And last, despite the importance of the study of hu-
man consciousness for the most diverse areas of sci-
ence, technology and other activities, we should not
forget that the priority direction is the possibility of re-
storing consciousness to people who lose or have al-
ready lost it. Unfortunately, the progress here is ex-

tremely insignificant. Certain hopes are currently being
offered by complex empirical techniques, such as the
ReCODE protocol for the treatment of Alzheimer's
disease [37] and some other techniques for the recovery
of a number of brain functions [38, 39]. Important in
this direction should be a mandatory account of the pa-
tient’s characteristics, i.e. individual character of neural
circuits and other differences of his brain from the
norm. Here, the author also sees a particular perspec-
tive in using the possibilities of nanoelectronics, nano-
materials, nanotechnologies, and nanoscience in gen-
eral [28]. Our main ally in this most difficult direction
of research will be the amazing plasticity of the brain,
i.e. the brain itself [28].

Conclusion

A more detailed analysis of the process of conscious
processing of sensory information made it possible to
formulate the main principle of brain functioning —
signal transformations and energetic reconstructions.
On this basis, one of the most difficult questions, usu-
ally associated with consciousness, is analyzed —
qualia, i.e. human sensations. It is shown that sensory
sensations are energetic reconstructions in the human
brain when perceiving the corresponding objects. Like
any other copies, they cannot fully correspond to re-
ality.

The widely debated in the literature questions about
the nature of information processing in the brain and
the nature of life are considered. Of the three possible
options for each of the questions, there are arguments
that this character in both cases is common, namely an-
alog-digital. It is noted that these questions are of fun-
damental importance for two problems: artificial im-
mortality and the creation of supermind.

The main problems and prospects for the study of
human consciousness are highlighted. It was empha-
sized that they are mainly determined by the fantastic
level of integration of the brain as an object of organic
hybrid nanoelectronics.

The main mistake in creating many theories of
consciousness, apparently, was to find some standard
scheme for its implementation. According to the au-
thor, in reality, it simply does not exist, but the main
principle of the functioning of the brain is, namely: the
signal transformations and energetic reconstructions.
In general, the work of the brain is characterized by a
huge variety. The main disadvantage and at the same
time dignity of the brain, perhaps, is that it approxi-
mately reflects reality. Therefore, it is impossible to
look at the brain as a standard object, relying on some
fragmentary private data. Individuality is fundamen-
tally important here, despite the general principles of
building the brain, at least for normal people. How-
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ever, it is obvious that this could not be otherwise,
considering the fantastic level of integration of the
brain as an object of electronics, as well as the features
of the brain of each person. For the reasons stated,
neither consciousness nor qualia can, unfortunately,
be described and analyzed accurately, or maybe... for-
tunately!

The author considers it a pleasant duty to express sincere
gratitude to my students N. V. Kolomeitseva, I. A. Romano-
va and 1. Y. Shcherbakova for preparing the manuscript
for publication.
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