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BCTYIUVIEHHUE.

Abstract: The brain is considered as having several homokgoata-levels of organization
(neuron substructures, neurons, microcolons, @rtitacromodules, "classical” nerve centers,
analyzers, the central nervous system of indivelua), each of which, in its characteristic time
range, is arranged and operates as a learninglmeveork (from the "details” of the previous
level of organization) - hierarchical synergetigstal; on the basis of which various levels are
classified: neurostructures, "stages of memory" #rar duration, types of higher nervous
activity, levels of the psyche and self, and levefsorganization of various aspects and
manifestations of functioning of neurostructuresar- analogue of the “periodic table” for
neuroscience. The specificity of the intelligenibris that it is a system controlled by an auto-
interacting process of internal self-observationsash. The physical-cybernetic nature of the
subjective-psychic is considered. Consciousneas igutotronic synergasm (neuroinformational
resonance) dominant in the modeling of the worldHgybrain.

AHHOTamusA. Mo3r paccMaTpuBaeTCid KaK MMEIOIIUMNA HECKOJIbKO TOMOJIOTHMYHBIX METaypOBHEH
opranm3auuu  (CyOCTpYKTYpbl ~ HEHpOHA, HEWPOHBI, MHKPOKOJIOHKH, KOPTHUKAIbHBIC
MaKpOMOJYJIH, "KJTacCHUecKue" HEpBHBIE HEHTPHI, aHamu3aTopsl, [IIHC HHAMBHUIOB...), KaXKIbIi

U3 KOTOPHIX B CBOEM JMAaIla30HE XapaKTEPUCTUYECKOrO BPEMEHHM YCTpOeHa M paboTaeT Kak
oOyuaromasicsi HeipoHHas ceTh (M3 "AeTajei” TpeIBIAYIIEro YPOBHS OpraHH3aluu) -
UEPAapXUYECKUN CHHEPTOKPUCTAII, Ha OCHOBAaHUHM YEro KJIacCU(PUUIUPOBAHBI pa3iIUYHbIC
YPOBHH. HEUPOCTPYKTYP, "ITAIlOB MaMATH W UX IIUTeNbHOCTH, BuaoB BH/I, ypoBHE# ncuxuku

u "', W ypoBHEHl OpraHM3aldy pa3IUYHBIX ACHEKTOB M MPOSBICHUN (DYHKIIMOHUPOBAHHS
HEHPOCTPYKTYp — aHajor “tabmuiel MenmeneeBa” s HelipoHayk. Crenmduka pa3ymMHOTO
MO3ra B TOM, 4YTO OH - CHUCTCEMA, KOHTPOJJHUpYCMasd aYTOBSaHMOﬂeﬁCTBYIOHlHM mnmponeccom
BHYTPEHHETO CaMOHAOJIIOICHHS KaK TaKOBBIM. PaccMoTpeHa ¢hu3uko-kubepHeTHIeCKas mpupoaa
CyOBeKTHBHO-TICHXHUYeckoro. Co3HaHWE — aBTOTPOHHBIA CHHEprasM (HelpouH(OpMaIMOHHBIN
PE30HAHC) JOMHUHAHTHI B MOJICIMPOBAHUHM MHUPA MO3TOM.

Keywords: memory stage, neuron, glion, perceptron, learmegral network, learning neural-
glion meta-network, hierarchical synergetic crystaleta-"ring-armour”, reflex ring, cortex,
micro-column, macromodule, levels of psyche, typ&igher nervous activity, level of psyche,
synergetics, biocybernetic aspect, second signaystem, autotronic synergasm of modeling,
meta-model, meta-modeling, consciousness, selfraneming, strategic meta-model, circuitry
recreability of the brain, sleep-wake cycle.

KiroueBble cJ10Ba: dTan MaMsTH, HEWPOH, TIIMOH, NEpIEeNTPOH, 00yJaromascs HeMpoHHas CeTb,
oOydJaromasics HEUPOHHO-TJIMOHHAS METa-CeTh, HEPAPXUYECKUH CHHEPrOKPHUCTAII, MeTa-
«KOJbUyTra», peQeKTOpHOE KOJbIO, KOPa, MUKPOKOJIOHKA, MaKpOMOIYjb, YPOBHU IICUXHKH,
Bun BH/I, ypoBeHb NCUXUKH, CHHEPTeTHKA, OMOKHOCPHETUUECKUI acIeKT, BTOpas CUTHAJIbHAS
CUCTEMa, aBTOTpOHHBIﬁ CHUHCPrasmMm MOACIUPOBAHUA, METAMOJCIIb, MCTA-MOACIUPOBAHUC,
CO3HaHUCE, caMoIporpaMMupoOBaHHUCE, CTpaTerudyccCKas ME€Ta-MoAcib, CXEMOTEXHHNYECCKAs1
BOCCO31aBa€MOCTh MO3ra, uKJI COH-GOI[pCTBOBaHI/Ie.



COBPEMEHHOE IOJIO)KEHUE B HEMPOBHOJIOT UM:
CXEMOTEXHUYECKHM ACHEKT
(OB30P JIMTEPATYPBI).

N3BecTHO, 4TO CyIIECTBYET 3HAUUTENbHBIN Pa3pblB MEKIY BBIYUCIUTEIHHBIMU CIIOCOOHOCTAMU'
(CIIO’)KHOCTBIO HEPBHO-TICUXUYECKUX (DYHKIUIT) OMOIOTHYECKUX 00yJaronuxcsi HeiipoceTel 1 ux
TEXHHYECKUX aHAJIOTOB. YIOBJICTBOPHUTENIBHBIX (T.e. TEXHUYECKH MPHUIOAHBIX) OOBICHEHUN
3TOMY HET, IPU TOM, YTO CXEMOTEXHHYECKHE CBOWCTBA OMOHEHpOHA M TEXHOHEHPOHA MOTYT
OBITh BeChbMa OJM3KH, KaK M TaKOBBIE Il HEOOJIBIIUX U CPEIHUX OHMO- M TEXHOHEHPOHHBIX
cereil. B To jxe BpeMs npu yBenudeHUU (KBaJpaTHYHOTO MHJEKCA) MO3Tra €ro 'BHIYMCIHTEIbHBIC
CIIOCOOHOCTH' BO3pacTalOT UyTh JIM HE IO SKCIIOHEHTE, a NMpU YBEJIMYEHUU YuCiIa HEHpPOHOB B
TEXHUYECKOM HeHpoceTu BbIIE ONPEACNICHHOIO TMpenena MPUPOCT  'BBIYUCIUTEIBHBIX
CIIOCOOHOCTEH' CcriepBa 3aMeyisieTcs], a jajnee MPaKTHYECKH NMpPUOCTaHaBiuBaercs (CM., Hamp.,
Onenmen [x. 1981 [1] —ctp.76,puc.1.). Tak kak CBOWCTBA CUCTEMBI, B T.4. CHCTEMbI HEHPOHOB,
OTIpe/ieNIIeTCsl HE CTOJbKO TAaKOBBIMU €€ AJIEMEHTOB, CKOJIBKO €€ CBA3SIMH MEXIYy dJIEMEHTaMH,
MOKHO CZEJaTh BBIBOJ, YTO B MO3TY BBIIIE HEKOTOPOTO mpeaena (ypoBHS HEOOJBIION CETH)
CXeMa COCJMHEHHH JJIEMCHTOB KAueCTBEHHO MEHsCTCS (OKCIIOHEHTa — W KpuBas C
HachIeHneM). M 1elicTBUTENBbHO, CXeMa CBS3ei MUKPOKOJIOHOK (HeOombinuX, Ha 110HelpoHoB,
ceTeil) B MAKpOMOJIyJIE 3TO TOXe Hebobmast (MprYeM pelunpokHas) ceth (mo MayuTtkacti[l] u
Cenrarorau, Apoud [2]), HO ceTh yke He HEHpOHHAas, a KOJIOHOYHAs — HEHpOCEeTh BTOPOTO
HopsIKa.

B mocnennee Bpems mosiBHICS psia paboT MeETacUCTEMHO-IIporHocTHueckoro [43] Tuma mo
OTHOIICHHIO K H3y4aeMOMY IMIpeIMeTy — <«IepHOJUYEcKHe TaOIHuIbl» H300peTeHUd u
OTKpBITHH, B dacTHOCTH [56], mocBsaméHHas pacmmdpoBke OOIIMX MEXaHU3MOB T'€HHO-
SMUTEHHOTO yIpaBieHus y SykapuoT. JlaHHas HayuHas paboTa MOCBAILIEHA apXUTEKTYpHO-
«uiarGopMeHHOW» (B TEPMUHOJIIOTUH KOMITBIOTEPOCTPOCHUS) OpraHM3allil  HEHpOCEeTH
rojoBHOro mo3sra. Haspen mepexon ot Bc€ Oojiee ucUeprbIBaloOlIero ceds aHaJIUTHUYECKOTO
noaxonaa, 3abmyauBmierocss B OECKOHEYHOM BeTBIeHUH Dypbe-psioB  MO3HAHUS, K
CUHTETHYECKOMY, B COYETaHMHM C OOBEIMHEHHWEM CHHEpPreTMYeCKOTo IOAX0Aa C CHCTEMHO-
UEepapXUUECKUM; UHBIMU CIIOBaMH, LIE€I€CO00pa3HO coOpaTh pa3pO3HEHHbBIE JETalH Pa3IMYHBIX
YpOBHEN OpraHu3alliy B €JUHOE 11eJI0€ — Ha OCHOBE OOBEAMHEHUS] CUCTEMHO-UEPAPXUUECKUX U
CHHEPreTUYECKUX Mo3uLuil (Kak B HauOOJbIICH CTEIIEHH OTBEYAIOLIMX COBPEMEHHOW HAy4yHON
napaaurme). B cBsa3u ¢ 3TM ObLTO OBI 11€71€CO000Pa3HO COCTABUTH MOJAO0OHYIO «IIEPHOIMUECKYIO
TaOIUIy» A MpeaMeTa HEeHpoHayK, YTO Aajio Obl BO3MOXKHOCTH ONPEACTHTH JalbHEeHIIne
nIary.

[lepuenTpoHHOCTh CTPYKTYpHl M pabOTBl BCEX OSKpaHHBIX LEHTpoB Mo3ra B O0OI-
CHHXPOHH3UPOBAHHOM COCTOSIHMH — OT JIoOHO# Kopel (Abeles M, Vaadia E, Bergman H., 1990
[30]) mo mo3xeukoroii kopsl (Bergantz D., Barad H., 1988 [25])mexHO cuuTaTh J0Ka3aHHBIM
¢dakToM, B TO BpeMsl KaK OCTAa&TCS OTKPBITHIM BOINPOC O MpHUpoAe pabOThl B aCUMHXPOHHOM
pexuMe, cToiib TpeobmanaromeM, yto mopomwi ciuyxu o 2%-wm (0,1%, 5%,10 20% — B
3aBucuMocTH OT aBTopa) KIIJ] pabotsr Mo3ra. B TO BpeMst Kak HHTYUTHBHO SICHA CBSI3b TAKOBOM
ACHMHXPOHHOCTU (XaOTHYHOCTH) C MEPLUENTPOHHBIM MEXaHH3MOM (XaOTHYHOCTh MPOCKIUN
CCHCOPHOTO CJIosf, W O/4acT CcBs3ei B MepUEnTpoHe), Tak (IMpH 3TOM) HEMOHSATHO, Kak
KOHKPETHO 3TO peajin30BaHoO. B Teopuu «HelpoHHBIX aHcaMOiei» mociaennue GyHKIMOHUPYIOT
KaKk aKkTuBHbIC ([TOJY)aBTOHOMHBIC CIUHHUIGI, (ABTOHOMHBI W JHAJOTOBBIA  PEKUMBI
abCOMIOTU3UPYIOTCS, B yIIepd ceTeBOMYy M T.A. — B PE3YJbTaTe YEro psj BaXXHbIX (DEHOMEHOB,
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HanpuMep, TUITHOTHYECKUE COCTOSHHUSI, CTAHOBSITCS COBEPIICHHO HEMOHITHBI) U TOpa3io MEHee
paccMaTpuBaeTCsi (GYHKIIMOHUPOBAHUE UX KaK 3JIEeMEHTOB CHCTEMbI, TCCHO CBSI3aHHBIX 4YacTei
eIMHOro 11esioro. KpoMe Toro, B OTJIHYHE OT MEPUEHTPOHHON TEOPUH OYCHB IUIOXO pa3paboTaH
CXEMOTEXHHYCCKHI acleKT, 3a OOMJIMEM JaHHBIX COBEPIICHHO HE BUIHBI TEXHOJIOTHYECKHE
MIPUHITUIIBI <CUCTEMBI HEHPOHHBIX aHCAMOJICH».

B kiaccuueckoii Teopun oOyuaromuxcsi HeiiponHbix cerer ((Pitts W., McCulloch W.S., 1947
[17]), Rosenblatt, F. (1962) [31p eé coBpemennsix momudukamusx (Y. LeCun, Y.Bengio
(1995) [16]u ap.), npu Bcex e€ mirocax MeprenTpoH (a Takke acCoIMaTpOH, HEOKOTHUTPOH U
T.1. — obOy4aromascs HeiiponHas ceth (OHC) ) 0ObIYHO paccMaTpHBaeTCs KaK HEPapXHUCCKH
OJTHOYPOBHEBAsI CETh, B TO € BPEMsl JJIsl OJJHOTO M3 KJIAcCOB MOJIENICH HEPBHOW CHUCTEMBI —
obyuaemoit Marpuibl (o IITeinOyxy, [3]) u3BecTHO, YTO OpHU IMepexoae B e pealn3aiud OT
OJTHOYPOBHEBO# K MHOTOYPOBHEBOH CTAHOBHUTCS CIIOCOOHA K: — HE TOJBKO BHIPAOOTKE YCIOBHBIX
pediiekcoB, a TakKe K paclo3HAaBaHHIO O0pa3oB W psAAy APYyrux (yHKIHMA — (B mEIoM) K
NICUXOHEPBHON JnesTenbHOCTH (B TepMuHOonoruu bepuramBuim [29], T.e. kK 00pa3oBaHUIO
Mojienieli 00BEKTOB M MporeccoB (M B3aUMOICHCTBHSA OCOOM C TaKOBBIMH) OOBEKTHBHOM
JICWCTBUTEIILHOCTH U COOCTBEHHOM CII0KHOM 11€7I6CO00Pa3HOM eI TEIbHOCTH).
Heiipocunepreruka (MBanutkuii I'.P., 1991 [47])ynenser HEIOCTATOYHO BHUMAHHUS CTPYKTYpPE
CHHEPreTUYECKOU Cpelibl, €€ CBEPXCIIOKHOM TOMOJIOTHH (KOTOpasi CKOpee JTaXKe CXEMOTEXHHUKH).
«Yuctpiii» cxemorexuuueckuii moaxox ([xopmx ®., 1963 [23], Ix. Heiiman, 1956 [55])
CTpaJaeT 3a4acTyl KpPalHUM pPEAYKIMOHHM3MOM, TATOTEET K <OKECTKUM» CXEMaM, BCJICICTBHUEC
Yero HeCIocoOeH OOBSICHUTD BBICIINE (PYHKIIUU U T.H. <M30BITOYHOCTH» HEPBHOU CHCTEMBI.
OmuOKN BBINICYKA3aHHOTO HA CIEAYIOIIEM — MPOTPAMMHOM — BHUTKE MOBTOPSICT KOHIICIIIIHSI
MBM-«uedu» (JIubepman u ap. [7,8]), koropas aemaeT OCHOBHON yIIOp Ha TE€HETHYCCKH
JIETePMUHUPOBAHHYIO 00pab0TKy nH(popManuu, oOyueHrue u TeM 0ojiee caMooOydeHre TIOYTH He
paccMaTpuBaeTCs, CBOJMT BCIO CIIOKHOCTh HEHPOIUHAMHUYECKHX MPOIECCOB K HEHPOHHBIM,
TOYHEE — BHYTPHHEHPOHHBIM TIpolLleccaM, TMPEACTABIsIET MO3T B LEJIOM KaK CETeBOH
TCHEeTHYECKUHA aBTOMAT M NPUTOIHA, TOXKAaIyid, TOJIBKO s 0e3yCIIOBHOPE(ICKTOPHO-
WHCTUHKTUBHBIX IIeTIeii HEPBHOM crcTeMbl. ITHOpUpOBaHKHE KAYECTBEHHOTO Pa3BUTHSI IPHUBOIUT
K <«UHTEPHET»-TI0I00HON MOJEIH U abCYpHBIM BBIBOAAM BpPOJIE «B KaXKIbIi MOMEHT BPEMEHHU
CO3HAHHUE HAXOJUTCS BHYTPH OJIHOTO U3 HewpoHnoB» (Sic!) (ITubepman, 1990 [8]).

Kpome Toro, kimaccuueckas Teopusi HEUPOHHBIX CE€T€ HE JA€T OTBETAa, KaK HEUPOHHBIE CETH
KOpbl B3aMMOJICHCTBYIOT MEXAYy COOOH, a OTBET TEOpUU «HEHPOHHBIX aHcamOien»
MI0JI03PUTEIILHO MTOXO0K Ha MEYaTbHON MaMATH «ayTOHOMHYIO 3BOJIONHIO» (CM., Hamp. A. Jluma-
ne-dapua [46], Varela F., 1979 [45]k 00e oHM NpakTHYECKH UTHOPHPYIOT MOP(OIOTUIHOCTD
HEPBHON CHCTEMBI: HAJMYUE CTPYKTYPHBIX (M 0COOCHHO (DYHKIIMOHAIBHBIX) YPOBHEH — Hal
BBIOpaHHBIM (B TEOPUH) — OCHOBHBIM.

[lomorpaduueckass kounennus ([Ipubpam, 1971 [44]) abcomotmsupyer 1 w3 THIOB
B3aUMOJICHCTBHUSI CUTHAJIOB B HEPBHOM cucTeMe («rosiorpaduuecKuii»), moJIHOCThI0 OTOpackiBas
octanmbHbie. Kpome TOro, uis TOJyYeHHS CKOJbKO-HHOYIb KaYeCTBEHHOW TOJIOTPAMMBbI
HEoOXo/MMa KpaiHe BBICOKAsS CTAOWJIBHOCTH HECYIICH 4YacTOThI, JOCTHracMas TOJIBKO B
Ja3epax, B TO BpeMs Kak Jake Ui MEeHCMEHKEpOB MoO3ra XapaKTepHCTHUHA ONpeaciEHHas
YacTOTHAs JIAOWJIBHOCTB, IUIACTHYHOCTh. Kpome TOro, pacmnpocTpaHéHHOE CBEICHUE
CHHEPrOrpaMMBI-TIAMATH — K TOJIOTpaMMe, SIBJISICTCS PEAYKIIMOHU3MOM, UTHOPHPYIOIIUM TaKHUe
Ba)KHBIC CBOMCTBA CHMHEProrpaMMbl, KaK CIOCOOHOCTh K CAMOBOCCTAHOBJICHHIO M K Pa3BUTHIO.
Wuaue roBops, ceirpaB B cBOoE Bpems (1970-80e) 3aMeTHy:0 MO3UTHBHYIO POJb,
rojiorpapuueckas KOHIIEIIHMS B HACTOSIICE BPEMs MPEBPATUIIACH B YIIPOIICHYECKUIT TOPMO3 Ha
NYTH AaJbHEHIIET0 MO3HAHHUS.

OTHeNbHBIME ~ HMCCIICIOBATEIIIMUA  JICTIAIOTCSL  TIOMBITKA ~ PAaCCMOTPETh  (DYHKIIMOHUPOBAHHUE
oonpmioir rpymnel OHC B Tak HassiBaemMoM <aH(opmarmonnom mose» ([pocoepr A.1O.,
Xpycroea H.B., 1993 [32]),mpuyém oTMeUaeTCs Ka4eCTBEHHBIH CKa4OK B (DYHKIIMOHHPOBAHHUU
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cucteMbl 1O cpaBHeHHio ¢ oauHouyHbiIMM OHC — HoO, k coxaneHuto, 0e3 yka3aHUS
CXEMOTEXHUYECKOUN pealn3aiiu «<iHPOPMAITHOHHOTO OIS,

OCHOBHASA YACTbD.
I'naBa 1.
CxeMOTeXHUYECKHId aHAJIN3
apXUTEKTYPHO-" INIaT(POPMEHHOMH" OpraHu3alMu MO3ra.

Cormnacuo cxeme (Taylor, 1962 [42]),cxema coeauHeHH B 1-M Ci0€ KOpPbI OOJIBIINX
nonymapuii (bI1) oyeHp OnmM3Ka K MaTPUYHOW, W YacTh NMPHBOJAUMBIX UM HEHPOHHBIX LEMen
apyrux cioéB kopsl BII oyeHb moxoska Ha Marpuiel;, kKpome Toro, (mo C. Jeiay, 1970 [18]),
«BXOJIHBIE» HEHUPOHHBIC IEMU aHAIM3aTOPOB — MATPHUYHBI. B CBS3U C 3TUM IIenecooOpa3Ho
OTMETHUTH, 4TO d(PPexkTuBHOCTh 1 M3 THUIOB OOYYAIOIIMXCS HEMPOHHBIX CETeH — <«0OydaeMoit
matpuilp» (mo IlIrelinOyxy, [3]) (OMILI) — 3HAYUTENBHO MOBBIIIACTCS B MHOTOYPOBHEBOM
BapuanTe e€ peanusanun. OMII craHoBHUTCS cIOCOOHA HE TOJBKO K paclo3HaBaHUIO 00pa3oB, a
TaKXe U K MCUXOHEpBHOM AesrenbHoCTH (o beputamsumum [29]) — k 00pa3oBaHuio, M0100HO
BeIpaboTKe YP-0B HelipoHamu, Mojeineli OOBEKTOB M MpOIECCOB (M B3aMMOMIEHCTBHS C
TAKOBBIMH) OOBEKTUBHOW JCHCTBUTCILHOCTH M COOCTBEHHOW CIIOKHOM I1€7€CO00pa3HOiM
JESITENIbHOCTH.

OTMETHM B CBSI3U C 3TUM, UTO:

1. ma Bcex ypoBusx opranmzanuu L[HC: smemeHTbl (HEHPOHBI, MHKPOKOIOHKH, 750MKM
makpomonyiu (mo Szentagothai [4])HepBHbIC IGHTPBI, aHATH3ATOPBI) 00PA3YIOT CETH, HMEETCSI
3aMbIKaHHEe — W HU3MCHEHHE <«Beca» — MEKIIEMCHTHBIX CBs3ell (0OydeHHe), MpOTeKaHHe
yCIIOBHBIX peduiekcoB (Bkimtoyast ypoeHb [THC B menom — mMexmoinymapHoe B3auMOJICHCTBIE U
pa3BUTHE €0 BO BPEMEHH — T.H. <@KTUBHOCTH MO30JIUCTOrO Teia»). Kpome Toro, kak M3BECTHO
U3 COIMOJIOTUH, CTPYKTYpa CBsi3el Ha MEKHWHIUBUIYATHhHOM YPOBHE TAKXKE SIBISICTCS CETHIO,

XOTh M, YCJIOBHO TOBOpS, <IIPOrPaMMHOM» — HE allapaTHOM, YCIOBHBIE Pe(IEKCH MOTYT
BKJIIOUaTh Oonee 1 mHamBuAa (T.H. «cBepxpeduiekc»). Kpome Toro, m Ha HEHpPONPOTEHIHOM
ypoBue, mo Pamuenko [5,26,27] — kak xemopenentuBhble, (C-51eMeHTBHI), Tak W

ANEKTPOBO30yIuMbIe HenuHelHble (E-aneMeHTh) 2eMeHThI HeHpoieMMbl 00pa3yloT CeTh
JIBOUYHBIX 371eMEHTOB (C-3JIeMEHTBI CXEMOTEXHUYECKH YKBUBAJICHTHBI 1-My ciio10, E-amemMeHThI
— 2My) JBOMYHOTO MEPLENTPOHA, OOYYAIOIIYIOCS CETh — €CNIM XOTh 10 1 M3 CHHANCOB B
npezenax HeHpoJeMMBI ITOCTyIaeT o0ydaromuii (MOAKPEIUISIONIHIT) CUTHAIT.

2. CyOHEHpOHHBIM YpOBEHb TOXXE€ OpPraHM30BaH [0 NPUHIMIY CETU: KPYMHBIH HEHpOH ¢
pa3BUTHIM JICHAPHUTHBIM JPEBOM MOXET paccMmarpuBaThes, mo CaBenbeBy [6], kak ceTb
3JIEMEHTApHBIX HeWpoHoB. Takxke rpynmoit aBropoB (Jlubepman, Mununa, HIknoBckuii-Kopan
[7, 8]) paspaborana KOHIEMIUS BHYTPUHCHPOHHOTO KBAaHTOBOTO  THIIEP3BYKOBOI'O
roaorpauueckoro KOMITbIOTEpAa, — HA OCHOBE CeTH IUTOPHOPIIIT — CXEMOTEXHUYECKH
9KBUBAJICHTHOI'O CIIOKHOMY TEPIENTPOHY Ha JBOUYHBIX O3JieMEHTax (CeTb HEHpOHHOTrO
IIUTOCKEJIETa BMECTE C HEMOCPEICTBEHHBIM OKPY)KEHHEM TMOCIEIHEr0) CO CXEMOW CBs3e
CKKIBIA ¢ KaXIbIM», Pacmo3HAIIHM 00pa3sl [8], npeabsBiseMbie HeﬁpOHyl.
CrnenoBatenbHO, MOXHO MPEANOI0KHUTh, YTO MO3T IpPEICTaBIseT COOOH MHOIOYPOBHEBYIO
obyuarornyrocst Heiiporuyio cetb (OHC), kaxkaslii U3 ypOBHEH KOTOpPOH 1MOJ00€H OOBIYHOM
texHuueckoii OHC. Bonee Toro, eciy conocTaBuTh CPEAHECTATUCTUUECKHUE JINHENHBIE pa3MephI
(mmameTp) CTPYKTYPHBIX JJIEMEHTOB pA3JMYHBIX YPOBHEH OpraHu3alud KOpbl OOJBIIHX
noxymapuii (HeiiporpoTen, HeiipoopraHena, HeHPOH, MUKPOKOJIOHKA, MAKPOMOTYJIb, HEPBHBIN
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uentp [9], anamuzarop, IIHC B 1eoM) U JUTHTEIBHOCTh COOTBETCTBYIOIIMX MM TAlOB IIAMSTH,
TO moJiy4yaercs cieayromiee (cMm. Tabim. 1.):

! AnexBaTtHas MOfeNb HEHpOHA MAIBIX M CPEIHHMX pasMepoB (Ha HEHPOHHOM M GOIBIIMX AHAINA30HAX
XapaKTEPUCTUUECKOTO BPEMEHH) OyIeT paCCMOTPEHA B KOHIIE TIEPBOMA TIIaBBI.

2 Jran mamaTH — (AKTHIECKH, XapaKTCPHCTHYECKOE BPEMs CAMOOPraHM3allMH HEPBHO-TICHXHUECKUX
MPOLIECCOB JAHHOTO YPOBHSI CIIOKHOCTH.

JIt000MBITHO, YTO JHMHEWHBIE pa3Mepbl HEUPOCTPYKTYP PA3IUIHOTO YPOBHS COOTHOCSTCS TaK XK€, Kak U
JUTUTEIbHOCTHA ~ Pa3IHYHbIX JTaroB MamsaTH (COOTBETCTBYIOIIMX HEHPOCTPYKTYpaMm), HampUMep:
WKOHMYECKas TaMiITh — CHUTHAJl Ha HEWPONPOTEUAAX; IMEPBUYHAS NaMITh — CHHANTHYECKUE U Jp.

OpraHeJUISIPHBIC TPOIECCHI; KpaTKOBPEMEHHas! aMsITh — HeiipoHs! (o Paguenko [26-28].).

Tabauma 1 (maHHbIE B3ATHI U3 OTKPBITHIX HCTOYHUKOB, CBEICHHE JAHHBIX B TAOIMILy — aBTOPCKOE).
Bpe- .
Hewnpo- MSi Noru-
m, Ne P Pasmepei Twvn Pasgpa- Buokmbep- Y POBEHb .
ypo- CTpyk- (amavetp) ; =~ 3Tana Bug BHO Yyeckun
n- namsTu xutenb HeTU4eckn  MCUXUKU 3
BHA  Typbl  CTPYKTYp nams- acnekT
™
. Mamatb -
= 10-12 o0 dunoco-  cunoco- OnTonornye  ATMaHu
7 Bun Gt 100  nokone- s ? ckoe yeckoe
(ocoben) 10 net HUS tema cosHaHue  (Caxacpapa)
LHC =262,5 cm 5-10 TpeTuuHas Noeono-  Yéexaehus, Vipeonoru- Byaaxuyec-
6 whoveup +87.5 2 (nocTosHHas) rema naeonorus ? Heckoe Koe (A,D,)KHa)
a wWiocem 19 N€T co3HaHue
. MeTaTe-
Ananusa- = 26Y4 1823 Bropuy-  Merta- Meta-  1BOPHECKO  Cakpanshoel
> TOpbI + 8%, 364,6 opuun, Teopus € CBepx-  HupBaHuyeckoe
p +8¥4CM 35 cyT. Hasa Teopus Nnew p CO3HaHue (Buwwyaxa)
Heps- 7.542.5 5¢YT  Mpomexy  KOHLEM- KoHuen- MeTa- Cawmo- KaysanbHoe
4 HbIE Su-10 To4Has L, noHaTUe (AHaxaTa)
LeHTDbI MM 10 oyriou ums Teopum Co3HaHue
750+2
3 Makpo- 50 12,5 bydep- CIIoBO Crnoeo, Meta- CO3Ha@HU  MenransHoe
Moaynm - 254 Has noHaTue®  mogens e (Marwnypa)
MKM 25
+ MeTtanpo- AcTpanbHoe
~ 30 45+15 _ _
Mukpo wan Onepa obpas  Mogenu  rpamma COEHO;HM o (Ceanw-
KOMOHKM ~ MKM  go* 590 TUBHas (Mopens) cTana)
45+15 KpaTtko-
1 HenpoHbl 3 MKM c BpEMEH- pasipa Pedbnexkcbl fpo beccosHa- - JcpupHoe
10 4o 90c Hasi Kntenb rpamma TenbHoe  (Mynagxapa)
Helino- 0.3 45+1,5 SNEeMEHT BHyTpu- noa- WHcTuHkTMB ~ Burionoru-
0 P g c MepeuuHas pasgpa- — pedrextop-  nporpam- - yeckoe
opraHennbl  MKM 0 9c
o0 M XUTens  Hble cessn Ma Hoe («xBOCT)
o 22575 3neMeH- Broxumun-
Hewnpo- 15 VkoHnye- CeHcop- 1006 reHeTu4ec- yeckoe
npoTtenas HM (Ao ckast HbI KBaHT o POOUT> - TapHas Koe
- 450) mc KomaHza («okano»)

! «Teopust 6-u pyKOIOKaTHII» — dyepe3 5-6 pyKomokaTHil Thl 3HAKOM C KaXKIbIM YEJIOBEKOM Ha

wianere (o [40]).

DKBUBAJICHTHBII IHAMETD ITOBEPXHOCTH TOIOBHOTO Mo3ra (¥220000cm?) — yuuThiBasi, uto 2/3

€r0 MOBEPXHOCTH CKPBITO B U3BUIIMHAX.
— CyOBEKTUBHO-()EHOMEHOIOTUYECKOE

«TOHKO€

6

TCIIO0» H

(gakpa),

«COoJepIKaHue»
ayrorumHoTHueckux npakTtuk. ([Ipussska (yposueii opranusaiuu [[THC K COOTBETCTBYIOIIMM



UM YPOBHSAM «TOHKHX TEJI») —Ha OCHOBAHHWU COOTBETCTBUsA «@uaa BHJI — pomy «roHkoro tema»
u ero yakpe» no B. Jlanyenko, [19].) Jaxe npu M3y4eHUH TaKOTO CPABHUTEIHLHO HECIOKHOTO
HaBbIKa, KaK IEHUE, MpEenojaBareil U 00ydaeMble 4acTO OPUEHTHUPYIOTCS HAa CYOBEKTHBHO
OIIymIaeMbie "TpoIecch” U "CTPYKTYpHI', HE MMEIOIIMNE HAYYHOTO OOOCHOBAaHHWS, HO TEM HE
MeHee, padoTaromue, 3¢(HEKTUBHBIC TPH OCBOSHUH TAaKOBBIX HABBIKOB. BO3MOXHO, 4TO B 00eHX
cllydasiXx Mbl HMMEEM JIeJ0 C CO3[aBaeMbIM IIOJICO3HAHUEM CYOBEKTHBHO-"BUPTYalIbHBIM"
nHTepdericoM accorMaTUBHOTO "nu3aiiHa’.

“Basuc 2-if CHrHAIIBHOI CHCTEMBL.

® Cpenuuil quametp coMsl (Tera) HeiipoHa.

* 60 — Tak KaKk B MHKpPOKOJIOHKE 6 HelpoHHBIX cioeB (141 u3 7 HEHpoCIOEB KOpHI MOYTH HE
conepxut Herpornos [10]), 10*6 = 60.

B cBsi3u ¢ yeM aBTOPOM BBOJIUTCS KOHLEMNIMS METa-CeTH, T.€. T'OMOJOTHMYECKOU
MOJIMYPOBHEBOM HEPAPXUYECKOW HEUPOHHO-TJIMOHHON CETH, B KOTOPOW SJIEMEHT JH00ro u3
YPOBHEH SIBJISETCS CHCTEMOH (CEeThIO) Ha YPOBHE, MPEIBIAYIIEM JaHHOMY U BXOIUT Ha JaHHOM
YPOBHE B COCTaB CHUCTEMbI (CETH) — SIBIISIOIICICS Ha MOCICIYIONIEM YPOBHE YK€ 3JIEMEHTOM,
npuuéM YPOBHH TOMOJIOTHYHEI IPYT IPYTY.

JIroGomnbITHO, YTO eciu mepeit oT ypoBHer opranu3aiuu [{HC k cooTBeTcTBYIONUM UM
YPOBHSIM T.H. «TOHKHX TeJ» HOTH, TO 3HaUeHHE M «MBEKTOPHOCTU> COBIATAET C BHYTPEHHEH
«MEPHOCTBIO» JJIs1 «KTOHKOTO Tena». Ha 0CHOBaHMM 3TOr0 MOXHO TPEANOI0KUTh, UTO (HaYMHAS
C HEHpPOOPraHeUIIPHOTO YPOBHS) «M-BEKTOPHOCTH» (cM. Tabu. 1, 1i0 KOJIOHKY) HEHpPOHHO-
TJIMOHHOW METa-CeTH SIBJSETCS] OAHON U3 HEOThEMIIEMBIX CTOPOH €€ apXUTEKTYPHI.

Cucrema 2J€MEHTOB CTUMyJa o00pa3yeT pa3apaxHuTedb, CHCTEMa CTUMYJIOB

(pazmpakuteneit) — obOpa3 (l-f CHUTHaJIBHOH CHCTEMBI); CHCTEMa KOHKPETHBIX O0pa3oB
COCTaBJISIET TOHATHE (dJEMEHT 2-i CUTHAIBHOM CHCTEMBI), CHCTEMa IOHATUI o0pa3yer
KOHILIETILUIO, TEOPUI0O U T. 1.; ...B TO XK€ BPEMs YCIOBHO-pEQUIEKTOPHBIM pa3apa)xuTeib

cooTBeTCTBYeT pediekcy (u HelpoHy — Kak HamOosiee cioxHbid Bua BHJ mns enmHudHOTO
HCHpOHA), TpPH 3TOM YCJIOBHBIA pedaekc OHOKMOEPHETHUECKH SIBIISETCS Mporpammoii. B
OMOKHOEPHETUYECKOM  aCleKTe  OTHOCHTEIbHO  YP-mporpamMmbl  MoOJeNnb  SIBIISICTCS
MeTarnporpamMmmoii. Takum ke 00pa3oM COOTHOCHTCS MOJIETb — CO CJIOBOM, MOHSITHEM BTOPOM
CHTHAJIbHOM CHCTEMBI, a BHyTpHpedaekTopHbie (QyHKINS HEHPOHHBIX OPraHelT) CBsI3U — (CBS3U
MEX/y 3JEMEHTAPHBIMU COCTABISIOIIUMH CTHMYJIa MM PEaKIMd, aKCOH-pedaekec U T.1...) —C
npocteiMi YP. TIpr 3TOM OTHOCHTENIFHO HEHpOOpraHe/uIsiHoONW ceTH ceTh HedpoHHas (30-MkM
KOJIOHKA) SIBJIIETCSI METaceThio, OTHOCUTENbHO 30-MKM KOMOHKM 750MKM MakpoMoOayab —
TaK)Xe€ METAaceTh, U T.[.

CoOTBETCTBYIOUIME OTHOILIEHUSI CYIIECTBYIOT M JJIsl ATAaloOB IMaMATH, KOPPEIUPYIOIIUMU C
reOMeTPUYEeCKUMH NapameTpamu (cM. Tada. 1).

WNuadye roBOpsi, Mbl HMEEM MHOTOACIHEKTHOE COOTBETCTBHE, (CcM. Tabmumy 1) —
HEHPOJIOTHYECKOro cyOcTparTa, XapakTepHuCTUYeCKOTO BPEeMEHH CaMOOPTraHU3allii €ro HEpPBHO-
MICUXUYECKUX TMPOILIECCOB, CAMUX TAKOBBIX HEPBHO-TICUXHMYECKHUX IPOIECCOB, 00padaThIBA€MOIo
NOCJIETHUMH BUJA TaHHBIX, COOTBETCTBYIOMIEero uM Buaa BH/I, OnoknbepHeTHUeCKOTO acieKkTa
BBIIICYIOMSIHYTOTO, TICUXMYECKOTO M <H{OTMYECKOro» achekToB (COOTBETCTBEHHO) —
pPa3IUYHBIX CTOPOH €AMHOIO IIPOLECCa, HEPAPXUUECKU-TIOJMYPOBHEBOTO  CTPYKTYPHO-
(GYHKIIMOHATBHOTO (CHCTEMHOT0) eAnHCTBA. C KaXIbIM MOCIIEIYIOIINM METa-YPOBHEM MOSBIISIFOTCS
KayeCTBEHHO HOBBIE HH(OPMAIIMOHHBIE MTPOLIECCHI U ICUXOCTPYKTYPHI (CM. Tabu. 1).

HaunbGonee cnoxnas dopma BHJ[ nns emuHuYHOTO HEMpoHA WM HEOOJBIION TPYIIIBI
TaKOBBIX — 3aMbIKaHHE-pa3MbIKaHHE BPEMEHHBIX CBsizeH, T.e. ycinoBHblid pediaekc (YP). Cers
HEWpOHOB (B T.4. TEXHUYECKHE MEPICNTPOHBI, ACCONMUATPOHBI W TMp.) CIHOCOOHBI H K
pacro3HaBaHHIO 00pa30B (UTO €CTh HE YTO MHOE, KaK pad0oTa CeTH 3JIEMEHTAPHBIX CEHCOPHBIX U
YCIIOBHO-YCIIOBHBIX PEQIIEKCOB HA 3JEMEHTApHBIE Pa3Ipa’kKUTENH, CTUMYIIbI, COCTaBJISIOIINE
o0pa3).
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CtpykTypa THIa MHOTOYpOBHEBOW oOydaemoii matpuibl IlTeitHOyxa cmocoOHa He
TOJILKO K Paclio3HaBaHUIO 00Pa30B, a TAKXKE M K TICHXOHEPBHOM JEATEILHOCTH (B TEPMUHOJIOTHH
bepuramBunu [29]) — u k oOpa3oBaHuio, M0a00HO BBIpaboTKE YP-0B HelpoHamu, MOECH
00BEKTOB, MPOIECCOB (M B3aMMOJCHCTBHSI C TAKOBBIMH) OOBEKTHBHOW JCHCTBUTEILHOCTH H
COOCTBEHHOM CIIOKHOM 11€71eCO00pa3HOM ACATEIHHOCTH.

Bcenencreue mporiecca camoopranu3anuy (IpOTEKaroIIero, B COBOKYITHOCTH) BPEMEHHBIX CBS3CH
(B cBOIO ouepedb, TaKKe YCIOBHO-PepICKTOPHOM), TakoBas Mojehb (cucTeMa OOBEKT-
crenn(UYHBIX BPEMEHHBIX CBSI3Ci) B TpoIleCcCE CBOCTO (DYHKIIMOHUPOBAHUS M aJanTalliuu
NOPOXKJaeT B HOBBIX CHTYyallMsX HOBble YP (Ha mpeaMmer MaHHOW MOJENH), YIpaBIsSeT U
KoopauHupyet paboroit YP B e€ cocraBe (M 4aCTUYHO-CBSI3aHHBIX C TIOCIECAHUMU YP U ¢ Ipyrux
Moeneit).

CnenoBarenbHO, 00yJaromieicss HEHPOHHO-TIIMOHHON MeTa-ceTH (MeTa-CeTh, T.C. <THIIePCETh,
COCTOSIIIAsA U3 CeTel HECKOJIbKUX TOMOJIOTHYHBIX OJIMH APYrOMYy METaypOBHEH, Iie ceTh JIH000ro
YPOBHS SIBIISIETCSI 3JIEMEHTOM CETH MOCIEIYIOIIEr0 YPOBHS U METACETHIO JUJISl CETH MPEABIAYIIETO
— "camoroo00Has" ceTh) COOTBETCTBYET META-CETh YCIOBHO-peduiekTopHas (Kak ammapaTHOMY
obecnieuennto ABM — mporpammHoe obecrniedenne ABM), KOTOpOil COOTBETCTBYeT HepapXusi
(MeTa-)THIIOB  «BXOAHBIX JaHHBIX» (pa3fpakurTeneil), a HepapXuu HEHPOHHO-TIIMOHHBIX
METACTPYKTYp — Hepapxust YP-MeTacTpyKTyp W uepapxusi 3TanoB NamsTH (3TAloB pa3BUTHS,
3aKkperuieHust Y P-CTpyKTypbI TOTO WM HHOTO MeTaypoBHs). Ciie10BaTeIbHO, HEHPOIOTHUECKYTO
NaMsTh, T.e. COBOKYITHOCTh MH(OPMAINH, HAKOIUICHHON B HEWPOHHO-TIIMOHHBIX CETSIX MO3ra,
HEHPOKHUOEPHETHYECKH MOXKHO paccMaTpuBaTh Kak 0a3y manHbix (BJ), TouHee — CIIOKHYIO
MHOT'OYPOBHEBYIO u «MHOI'0II0JIb30BATEIbCKYHO» BHYTPEHHE-PA3BETBIEHHYIO BJI
HepapXHUECKO-CETEBON OpraHU3allHH.

Mera-ceTb, CTpOro roBops, ABJISETCS HEMPOHHO-TIMOHHOM, a HE IPOCTO HEUPOHHOU —
T.K. TJIMOHBl MO OTHOIIEHUIO K HEWpPOHAM BBIMOJHAIOT HE TOJBKO MHUTAIOIIYI0 U OIMOPHYIO
¢ynkunu. Ha HelipoMMMyHHYIO IPUPOAY peau3yeMoil ¢ y4acTHEM IIIMOHOB HEWPOJIOTHYECKOU
namsTi ykaseiBaeT Ammapun [11]. CymectByer rumore3a I'amamboca-Poiitoaka [12, 13] 06
oOydaromieit (yHKIIUU TIMOHOB IO OTHOIICHHIO K HEWpPOHAM, HEJABHO HAIEAIIAs HOBOE
noaTBepxkaeHue: Mo Menkousny [14, 15],u3sMeHenne Bo BpeMEHH MEUIEHHOTO OTPHIIATEILHOTO
norernuana (MOII) rimoHOB, MPUIIETalOIIUX K JAHHOMY HEHPOHY MPOTHUBOIIOJIOKHO 10 3HAKY,
BEJIMYMHE W HAPaBJICHUIO — U3MEHEHUIO MOTEHIMala HelipoHa. IMEHHO Takoil xapakTep, Kak
W3BECTHO U3 KHOEPHETHKH HeWpoceTel, HOCHUT M3MEHEHHE CHTHAIA BPEMEHU B TEXHUYECKHX
HeWpoceTsAX: Ha OOydarolieM 3JeMEHTE M O00ydyaeMOM pEIIAloIeM JJIEMEHTE (TEXHHYECKOM
HEHPOHE) COOTBETCTBEHHO.

W3 tabaunsl 1 Takke BUIHO, YTO AJUTENBHOCTH ATamna MamsITH KaKoro-iudo ypOBHS
OpsIMO  MPOMOPLMOHATbHA JIMHEHHBIM  pa3MepaM HEUPOCTPYKTYpPhl JTaHHOTO  YPOBHSI.
CremoBaTenbHO, CpeAHsSIsE CKOPOCTh, C KOTOpPOW HWHGOpMAIMs 3aredarieBaeTCs B HEPBHOU
TKaHH, MOCTOsTHHA, U paBHa 0,5-1 MKM/MHH — YTO HECKOJIBKO HMXKE CKOPOCTH POCTa HEPBHOTO
BosiokHa (1-2 MM/CYTKH) — BEpPOSATHO, y4acTHE TJIHOHOB B JAHHOM ITPOIIECCE BHOCHUT 3aJIEPIKKY.
(JIorn4HO TPEAIONIOKHUTH, YTO Ui BCEX METAypOBHEH TaKOBOE 3aleyaTiIeBaHUE — CIUHBIH
nporiecc.)

W3 Tabaunel 1 BUAHO, YTO B MO3TY MMEET MECTO MacIITaOHO-BpEMEHHas HepapXus
cuHepretuueckux mporeccoB  (pemomeno BHJI), wuX  XapaKTepHCTHYECKHX  BpPEMCH
camoopranu3anuu (3TanoB (HOpMHpPOBaHHS MaMsITH), M pa3MepoB cpex (HeHpoceTeBhIX
CTPYKTYp), B KOTOPBIX TAKOBBIC MPOILECCHI MPOTEKAIOT; MPHU 3TOM B MOCICIHHX UMEET MECTO
BEPTHKAJIbHAsE TOMOJIOTHS, T.€. B3aUMOOTHOIICHHE CTPYKTYpBI/TIpoliecca — M COCEAHUX C HEl
10 MEPapXMUYECKUM YPOBHSM — KakK, COOTBETCTBEHHO, TOMOJIOTHYHBIX: MeTacucTeMbl (“cocen
cBepxy'), cucrembl (maHHas cTpykTypa), U mozacuctembl ('cocen cuusy"). Takum obpasom,
Ouosornyeckass HEHPOCETh KOPBI MO3ra IMPEJACTAaBIIET COOOH HepapXHUeCKuil KpucTama (Miau



pemérky [leano), y310M si9eKH KOTOPOTO SIBIISETCS KaK HEHPOCETh B OOBIYHOM MOHUMAHUH, TaK
U (kak cxema ABM oJHOBpEMEHHO SIBIISIETCS €€ MPOrpaMMOii) — CeMaHTHUYECKasl CETh IICUXUKH.

Kpome Toro, reomerpuuecku-tpéxmepHas HeinpoceTh [[HC sBnsercs ¢akruuecku-
YETBIPEXMEPHOU, IJIe YETBEPTOE HU3MEPEHUE — XAPAKTEPUCTUUECKOE BPEMs CaMOOpraHU3aluu
(BpeMms 9Tama maMsATH) ISl HEHPOCTPYKTYPHI JaHHBIX Pa3MEPOB, BPEMs 3aKPEIUICHHUS Yy BHIA
BH/I nanHOl HEWpOCTPYKTYpbl. DTO, B YaCTHOCTH, OOBSCHSET (PEHOMEH T.H. MPEBEHTUBHOM
VMITYJIbCAIlUU: KOI'Z1a PAa3ApaKUTENb SBJISETCS YAaCThIO BPEMEHHOIO MATTEPHA, HAYABIIETOCS U
Pacro3HaHHOIO 10 JAHHOTO Pa3Apa)KUTENs; KOrJa MOSBICHUE Pa3ApaXUTENs CIPOTHO3UPOBAHO
BCJIC/ICTBHE MTPUIMHHO-CICICTBEHHBIX CBA3EH B MATTEPHE (4ACThIO KOTOPOTO TaKOBOH SBIISCTCS)
— MOSBJISETCS IPEBEHTUBHAS UMITYJIbCALIUS.

Mo3r, ocoOeHHO Kopa OOJIBIIMX TMOJYIIApUMA, TO CBOCH apXHTEKType — THOpHIHAs
CUCTEMA. YaCTHUYHO METAa-CETh, YaCTUYHO COMATOTOIIMYECKAsl MPUOPUTET-NPONOPLHOHAIbHAS.
O06a mpuHIMIIa coueTaroTCs B Kol Y P-criocobHoi cTpykType mo3ra. [Ipu atom, uem OosnbIie
IBOJIIOIMOHHO Pa3BHUTO IMO3BOHOYHOE, TEM OoJiee JaHHAs cuUcTeMa TeleHledanuzupoana (y
YeJoBeKa IMOYTH BCE CIPOCIUPOBAHO Ha Kopy). M Tem Oosee CIIaKeH, CKPBIT APCBHUMN
IPOTHUBOMOJIOKHBIA TMPUHLIKI — MeTaMepHasi OpraHu3alMs HEPBHOW CHCTEMBI, ONM3KHHA K
TaKOBOMY aHHENUJ M WJIEHUCTOHOTuX. TakuM oOpa3oM, NaHHBIM MPUHLUII caM HAaXOAMUTCS TOA
BIMSHUEM 2 53BOJIIOLIMOHHO MPOTHUBOIOJIOKHBIX CYONpHHUIMIOB. B OTHOLIEHMH e CeTeBOi
ApXUTEKTYphl CHUTyalllsl aHaJOTWYHAas: CYONpPHHIMIBI MHOTOCIOWHOTO MepHenTpoHa — U
oOyuaemoii MHOTOypoBHeBOM Marpuibl lITeiinOyxa (Kopa BII — ato rubpuanas (MarpuyaHO-
HepIENTPOHHAS) MeTa-HeHpoceTh, o0beUHAIONIAs TPEUMYIEeCTBa 00EUX AapXUTEKTYp:
HepIENTPOHa U «00ydaeMoil MaTpullb» o LlITeitHOyxy).

Wuade roBopst, MO3T — noauecubpuoHas CACTeMa.

JIro0omBITHO, YTO, KaK oTMe4aeT, Hanp., HO3punmn [33, 34], BcenenHnast, okpyKaromast
Hac peanbHOCTh (a Takxke MH(OpPMAIMA) OpPraHU30BaHa KaK MHOTOYPOBHEBas COTOBasl CETb.
BeposiTHO, MO3T, pa3BUBasChb B XOJ€ 3BOJIIOLUM KaK OpraH HEPBHO-TICUXUYECKOI'O OTPAKECHUS
pCaJbHOCTH, OTPa3WJ TAaKOBYIO OPraHM3aIl[MI0 U B COOCTBEHHOW CTPYKType (3BOJIIOIMOHHAS
ONTUMHU3AIMS CTPYKTYpPBI MOJ MpeaMerT (yHKIUHU, ero yCTPOWCTBO). Jlake MHUKPOKOJIOHKU U
MaKpOMOJYJIM PACTOJOKEHBl B KOpPE T'€KCAarOHAIbHO CHMMETpHYHO. JIr000i 3 ypoOBHEH
HEWPOHHO-TJIMOHHON CETH IO CBOCH OpraHM3alk M "MOHTaXHOH cxeme" — 310 (B mepBOM
NPUOTMKCHUN) XaOKPUCTAI, HO, YYMTBIBash HEMPEPBIBHBIC POCT M CaMOOpraHu3anuio (Kak
IPOLIECC U MPUHIMI ()YHKIIMOHUPOBAHUS), — CHHEPTOKPUCTAILI.

Uro ke KacaeTcs apXUTEKTYpPHO-OPraHM3AI[MOHHBIX MPUHIUIOB, Yy OHOJOTHYECKOTrO
MO3ra H IU(PPOBOTO KOMIBIOTEPA OHU B a0OCOTIOTHOM OOJBIIMHCTBE MPOTUBOIMOJIOXKHBI TOTAA
kak [1K, [IBM — BwuncIuTeNh C OTPULIATEIHHOM OOpaTHOM CBSI3bIO C IOCIEIOBaTEIHHOM
0o0paboTkol MH(pOPMALMK M APXUTEKTYpOH Ha MPUHIMIIE MOPSJIKA, MO3T — BBIYHCIUTENb C
npeo0IaIaroIIei MOJIOKUTEITLHON 00paTHOM CBSI3bIO C MapajuiebHON 00padoTKON HHGOPMAITUH
Y apXMUTEKTYypoil Ha mpuHLUIIEe Xaoca. He MeHee nmpuHLMIINAIbHA U pa3HULIA B CHELMAIN3ALINN!
00paboTka Ko/a, MPEUMYIIECTBEHHO B 4KCIIOBON ¢opme y [IBM — u 00paboTka CEHCOpPHBIX
CHUTHAJIOB B (pOpME MAaTTEpHOB — y OMONIOTHYECKOro Mo3ra. YTo ke KacaeTrcs rHOCEOJIOTHH,
MIPOTHO3UPYEMOCTH cucTeMbl, To Toraa kak ot IIK Tpelyercs mpenckazyeMocTs A MHXKEHepa,
JUIS TIONIb30BATENIi — OT JKMBOTO CYHIECTBa B XOJE SBOJIOIUHM TpeOoBanach, B OCHOBHOM,
HETMPECKa3yeMOCTh Il XHIHUKOB, HEMPOCYUTHIBACMOCTh Ui KOHKYPEHTOB M T.JI. (penkue
UCKJIIOYEHHUS: COIIaCOBAHHBIE JEHCTBUS B CTae, IOKPOBUTEILCTBEHHAs OKpacka MHOIMX
SIOBUTBHIX OPTaHU3MOB, U T.J. — TOJBKO MOATBEPKIAIOT mpaBmiio). Kpome toro, B ciydae 1K
BBIUMCJIUTEIbHbBIE YCTPOWCTBA OPraHU3YIOTCS B CETh, — CETh COCTOMT W3 BBIYUCIUTEIBHBIX
YCTPOWCTB, B CITy4dae e Mo3ra — Ha000pOT, «BBIYUCITUTEIIBHOE YCTPOUCTBO» COCTOUT U3 CETEH.
(Heckosnbko MeHee CyHIECTBEHHBI TaKHE OTIMYMs, KaK — OWOJOrMYEeCKHE pereHeparus,
ajanrtanus, ooydyeHrue OMOJIOTHYECKHX CHUCTEM, IUIOXO BOCCO3[aBaeMble TEXHHUUECKH, MOYTH HE
BOCCO3/IaHHAsl CAMOIIEPECTPAauBaEMOCTh, U 0 CHX IIOpP HE BOCCO3/1aHHOE CaMOOOy4YeHHE; HO 3a

9



UCKITIOUCHHEM TPEX MOCICTHUX CBOWCTB, 3TO — BOMPOC «KOHCTPYKIIMOHHOTO» Marepuaina.) 13
BBIIICTIEPEYNCIIEHHOTO, B OCHOBHOM, U MTPOUCTEKAIOT BCE NANbHEHIIINE PA3IHUUs CUCTEM.

OOpIuHas TeXHUUYECKasT HEHPOCETh MOXKET pacrlo3HaBaTh 00pa3bl, MPeoOPa3OBBIBAThH HX,
Make BBIIOJIHATH 3aBUCUMYIO TeHepanuio. Konrenmuss oOydaromeics Mera-HeipoceTn
MO3BOJIIET TOHATh, KaK YEJIOBEYECKUH MO3r 00paldaThIBAE€T CIIOKHBIE MHOTOYpPOBHEBO-
coctaBHbie 00pa3bl (MOCMOTPUTE BOKPYT, a TMOTOM IMOMPOOYHTE MpPOAHATM3UPOBATH C TAKOM
JETaIbHOCTBIO, 4TOOBI pe3ynbTar Obul moHsTeH MU ypoBus FineReader.Bcmomuute, dro
0003prMOe MPOCTPAHCTBO — JIMIIL Majias 9YacTh rOpoja, rae Bel )kuBéte, a ropoa — TUIIb Maiast
yacTh u3BecTHOM Bam Bcenennoii. Ilpu sToM denmoBedeckuii MO3T TOAJEPKHBAET pabOTy C
BBIIICYIIOMSIHYTBIM B PEabHOM BPEMEHH M C OINEPEKCHHEM.) JIFOOBIX YPOBHEH CIIOKHOCTH W
0000meHus1. JlanHas KoHIEMIHs (MHOTOYPOBHEBOIO CTPYKTYPUPOBAHHS - METa-CeTH) AaéT He
TOJILKO COOCTBEHHO HAyYHOE, CXEMOTEXHHUYECKOE MOHUMAHHUE MCUXUYECKHUX SBJICHHUA THOOO0TO
YPOBHSI CIIO)KHOCTH, MX MHOTOYPOBHEBOCTH B (YHKIHMSX W BO3MOXXHOCTSIX €CTECTBEHHOTO
pasyma (B OTIMYME OT JOMHHHUPYIOIIETO HA JaHHBI MOMEHT TI'YMaHHTAPHOTO KBa3H-
«ITOHUMAHU» C JETKUM HAIETOM MHCTHKH), HO W MO3BOJIACT B OOIIMX YEPTaxX PEUIUTh 3a7ady
peanu3anuy NocjaeIHUX B armnapaTHON JTUO0 BUPTYyalbHOW HEHPOCETH MCKYCCTBEHHOTO pa3yMma,
a TaK)ke TOHATH, MYCTh MOKA CXeMaTU4YeCKH, (PYHKIMOHUPOBAHUE JTAHHOW CHUCTEMbI KaK IEJI0r0
BO BCEH €€ CI0KHOCTH.

OOpamjaer Ha ce0s BHUMaHHE KpAaTHOCTh MSATH JJS BEIMYMH HEPAPXHUECKOMN
IPONOPLUUOHATBHOCTH Xpy(n-1). Kak n3BecTHO, 471t )KUBOTO (B OTIMYHE OT HEXKUBOTO) XapaKTepHa
KaK pa3 MATepuyYHas CHMMETpPHs, B JaHHOM ciydae, MocieIHss HaOIoJaeTcsi B uepapXudeckoM
BPEMCHH.

Yro mo00nbITHO, HA HEMPOPraHEIUISIPHOM YPOBHE Mexk3JIeMeHTHast cBsi3b O-HampaBiieHHa
(HampaBJICHHOCTh OTCYTCTBYET), Ha HEHpOHHOM l-HampaBicHHA, HA MHUKPOKOJIOHOYHOM — 2-
HampaBjieHHa  (PEUMIpPOKHA), HAa  MaKpOMOAYJIbHOM —  3HampaBicHHa (pe- |
MOCTCHHANITUYECKUE KOHTAKTHI), T.€. CBSI3b CTAHOBUTCS YIIPABJISIEMOM JUISI «TPEThEil CTOPOHBI» =
POU3BOJILHOCTh, 00ydeHue celst (Kak M3BECTHO M3 TICHXOJIOTHH, OCO3HAHHOCTh MCUXUYECKOTO
npolecca O3HAa4aeT ero yMIpaBisieMOCTh); HAa YpPOBHE CaMOCO3HAHHS JTO YK€ B3aMMHOE
obyucnwue (4-HarpaBIeHHOCTB), U T. [I.

OTHOCHUTETHHO METa-CeTH 2-1 CHUTHAIBbHAs CHUCTEMa IMPEACTaBIseT COOOU, MO CYTH,
HHUCXOAIIYI0 HEPApXHUUECKYIO MeTI0 (C TpeThero u 6ojice BHICOKMX ypoBHEH) — Ha 1-it (st
BUCOYHOU KOPBI), M HA 2-1 — ISl 3pUTEIBHOMN KOPBI, CO3/IAIONIYI0 BO3MOKHOCTH Ka4eCTBEHHOTO
(mopoit MHOropa3oBO TMOBTOPSIOIIETOCS) CKaTHA KOHKPETHO-00pa3Hoi wuH(pOpMaIluK B
BepOaJIbHBIA KO (M COOTBETCTBEHHO SKOHOMHH CHCTEMHBIX PECYpCOB), aOCTpaKIuH,
"oTBIEYCHUS, 000OIIECHHUS, PA3BUTHS JIOTUKU U T.JI..

OCHOBOI CXEMOTEXHMYECKOW JMHAMHKH HEHPOHHBIX OOYyYaroIIMXCs CHUCTEM Mo3ra
SBJISIETCS. MIPUHIIMII TEpECTpanBaeMoil mocie10BaTeNbHO-IapauieIbHbId paboThl, IPU KOTOPOM
KOpa Mo3ra padoTaeT M Kak MocJieJoBaTebHasl, M KaK MapajuielibHas «CXeMa» — OJHOBPEMEHHO
U noouepénHo. PazmuuHbIe 30HBI KOPBI, pa3U4HbIE KOJOHKH U MOIYJIM MOTYT 00pabaTbiBaTh
UHPOPMAIIHIO KaK MapauiebHO, TaK U MOCICI0BATEIbHO, HAXOMICh (DD -CHHXPOHU3AIMOHHO
U DJICKTPOTOHUYECKH) HA PA3IMYHBIX UEPAPXUUECCKUX YPOBHAX (HyHKIHOHUpOBaHUS. CyIIHOCTh
MPHUHIIAIIA B TOM, YTO METa-CEThIO PACIO3HAETCS HE TOJBKO COOCTBEHHO «BXOIHOW» MATTEPH, a
U KaKk HepapXxuyeckue ypoBHH (Ha KOTOPBIX OyIeT HpPOM3BOAMTCS pACIO3HABAHUE), TaK M
3aJieiicTByeMas KOH(DUTYpaIus CBA3CH MEXIy ydacTKaMH KOphI (KOTopast OyJIeT pacio3HaBarh).
CBsI3aHHOCTh MEXIy COOOW M B3aUMOJCHCTBHE YYaCTKOB KOPBI OINPENEISICTCS HE CTOJBKO
COOCTBEHHO WX (U3UYECKUMH CBs3SIMH  (TaKOBbIe HM30BITOYHBI), CKOJIbKO YPOBHEM
CHHXPOHU3UPOBAHHOCTH MX CHT'HAJTa M MEKCJIOMHBIX MEPEX0J0B MOCICAHEro (CHHXPOHH3AINS
O0BEMHSIET «Pa3pO3HEHHBIC» , MOPON MAIEKO OTCTOSIINE IPYr OT JApyra y4acTKH KOpHI B
(GYHKIIMOHATIBHO €MHOE 1Ie7I0e, paboTarolee Ha l OJHOW 3a/1a4ei, T.€. MPOoIEecC KOMMYTAIIHH).
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1.2. HeiipoH Kak CHHepreTu4Yeckoe Mojeupylollee yeTpoicTBo. Takke KacaTelbHO
HEHPOHHOTO YPOBHSI OpraHU3ALUU META-CETH CIIEIyeT OTMETHTD, UTO:

1. Ucxons u3 BO3pacTaHUS BBIYMCIUTENBHBIX CHOCOOHOCTEH TEXHHMUYECKOH M KOMIIBIOTEPHO-
MOJICNIbHOM (BUPTYaIbHOM) HEHPOCETH, W TPHUOIMKECHUS IO CBOMCTBAM K OHOJIOTMYCCKUM
HEHpOCEeTsIM — MPOMOPIMOHATBHO OTXOAY OT KOHIIEMUWU CceTH Ha (OpMajbHBIX HEHpOHaX-
TpUITepax, B TOJNb3Y CHHEpreTHueckux mpoueccoB (B HacTosimee Bpemsi OYEBHAHO, YTO
OMOJIOTHYECKHE HEHPOHHBIE CETH — 93TO CHHEPreTHYECKHE BBIUYUCIHUTENbHBIC (TOUHEe,
MOJICITUPYIOIINE) CTPYKTYPHI),

2. 6oree BBICOKHE YPOBHU OpraHHM3al[MM MO3Tra, YeM HEHpOHHAas CEeTh, TAKKE XapaKTepU3yITCs
CHHEPTEeTUYHOCTHIO U CAMOOPraHU3alMel Kak CYyIIIHOCTHBIMH CBOMCTBOM.

3. HEHpPOKOJIIOHOYHBIM ¥ CyOHeHpoHHBIC (HeWpompoTewaHblid, 1o Paguenko [27] wu
HelipoopraHesipueid, mo CasenbeBy [6]), a Takke CyNepHEHPOKOJIOHOYHBIE YpPOBHHU
OpraHM30BaHbl KaK oOO0yd4arolMecs CaMOOpPraHM3YIOIIMECS CeTH AaKTUBHBIX BO30YIMMBIX
3JIEMEHTOB,

4. xpynHble HEUPOHBI — 3TO MYJbTULEUIIONSAPHBIE MHOTO3JIEMEHTHBIE CETEBbIE CTPYKTYpPHI
(CXeMOTEXHHUYECKH 3TO OTHOCUTEIILHO MPOCThie HewpoceTH (Ha Maybix Helponax)) (Casenbes,
[6]), T.e. de-factokpymHBIil HEHPOH — 3TO CHHEPTETHYECKOE BHIYUCIUTEILHOE YCTPOMCTBO.

5. KaKk HM3BECTHO, NpH TMEpexojie OT MEJIKUX HEHPOHOB K KPYIHBIM OTCYTCTBYIOT SIBJICHHUS
CerMEHTAllMu WM MeTaMepHu3aluu, o0pa3oBaHMs KaKHX-JTHOO BHYTPEHHHMX IEPETOPOAOK MU
T.II. aHAJIOTa MHOTOSIZICPHOTO CUHIUTHS (CKOpee HaOJI0AaeTCs HEUTO BHEUIHE aHAJOTMYHOe —
110 CBOEMY MPUHIIMITY — POCTY NMCHIO(DUTA), KOJTHMYSCTBEHHbBIC M3MEHECHHUS MIPU POCTE Pa3MepoB
U YHCla BETBICHUU ACHIPUTOB — HE MEPEXOMAT B MPHUHIMIHAILHBIC; WHBIMH CIIOBAMH,
yBEJIMYEHUE Pa3MEpOB HEMpOHA Al caMOil KJIeTKU M e€ (PYHKUMU — 3TO KOJUYECTBEHHBIE
U3MEHEHHsI, POCT, HO MIPHUHIMITHATBHBIX U3MEHEHHI TIPU 3TOM HE TPOUCXOIUT (32 HCKIFOUCHUEM
CXEMOTEXHUYECKOTO acleKkTa, T.K. (QVHKyus nepexooum U3 HeUPOHHO20 OUAna3oHa
Xapakxmepucmuyeckoeo 6pemenu 6 HeUpPOKOJIOHOYHbIU, OoNlee BblCOKUU — COCeOHUU —
uepapxuieckuti OUanazom),

UCXO/ U3 BBILICTIEPEUNCIEHHOTO, a TakKe TaObnuiel 1, oueBUIHO, YTO HEHPOHHBIM YpOBEHb
OpraHM3aIi MO3Ta HUYEeM MPUHIUIHAIBHO HE OTIMYAETCS OT BbIIIE- U HIKECTOAIIUX YPOBHEN
— CHHEpPreTHYECKOW JOJDKHA OBITh He ToNbKO (opma (u comepkanme!) HelipocetH (M meTa-
HEWPOCETH), HO M CYIIHOCTh €€ 3JIEMEHTOB, TO:

OMoNIOTHYEeCKH HEHpPOH, HEe3aBHCHMO OT Ppa3dMepa, CXEMOTEXHHYECKH W KHOEpHETHYECKH
HpeCTaBIsieT  co0OH  cunepeemuueckoe — gvluuciumenvroe  (TOUHEE, Moldenupyowee)
YCMpOoUCcmeo.

Camoopranuzaiiisi HeHpOHOB MPOKUCXOJUT HE TOJBKO B MPOCTPAHCTBE, HO TaKXKE€ U BO
BPEMCHHU. CXCMOTEXHUYECKH HEOOJBIIONW HEHpOH (Ha HEWPOHHOM W OOJBIIMX JMana3oHax
XapaKTEPUCTHYECKOTO BPEMEHH) — 3TO 00ydaeMblil (4aCTHYHO-)3aBUCHMBIH TeHEpaTop Ha
"HEYCTaHOBUBIIUXCS Mpoleccax’, C HMMIYJIbCHBIM BBIXOJOM (IpOCTEHIIEH TEXHHYECKOM
peanu3anmei reHeparopa Ha "HEeYCTaHOBUBIIUXCS MpoIeccax’ SBISETCS pa3peryIupOoBaBIIHICS
OJOKMHT-TEHEePaTop).

CuHepreTryeckue BbIUUCIACHUS, 1O Paguenko [51], SBIAIOTCS aHAIOTOBBIMH U
HOJIOPOTOBBIMU, 00pabaThiBaeTCsl Kaxablii OMT MH(OpMaIMK, MOCTyNaromeil B HEHpoH, a He
TOJIBKO HAJMOPOTOBBIC CHTHAJIBI; U €CIIH CHUTHAJI HE HOCHT KPUTHYECKUN Xapaktep (o OleHKaM
Pamuenko, TakoBeIX ~2% OT BCEX CHUTHAJIOB/BXOJIOB), OTBET OTCPOYCH, IOPOH BechbMa
3HAYUTEIbHO, BO BpEMEHHU (KBa3HM-CIIOHTAHHAs aKTHBHOCTH); MIOPOTOBO-TPUTTEPHBIN XapaKTep,
no Paguenko [51], HOCUT TOJBKO BBIXO/HAS XapaKTEPUCTHKA HEWPOHA, HO HUKAK HE BXOJHAS.

Hamo oTMeTuTh, 4YTO CHHEPreTHYECKHE BBIUMUCICHUS B HEUpPOHE "peann30oBaHbl Ha
COYETaHUM  CAMOOpraHW3allMM:  TPAaHCMEMOpAaHHBIX  MOTEHIHAJOB  HeWpoMeMOpaHBbI,
OMOXMMHYECKHX  aBTOBOJH  IIMTOIUIa3Mbl  (C  mpHMechl0  ydactus  (pUOPHIUIIPHO-
UPKYJSIIAOHHBIA aKTUBHOCTH), M THUIEP3BYKOBOM Iudpakimu Ha (GUOPHIUIIPHOM CKeJeTe
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kiaetku ("Hedu" mo [7]), uHadye ToBOpPsS — Ha TPHATIEKTHKE OMOXMMHUYECKON, HOHHO-TOKOBOM M
THIIEP3BYK-TU(PPAKIIMOHHON CUHEPTeTUK HEPBHOM KIIETKH.

B cBsi3u C BbIIIeCKa3aHHBIM CTOMT MOMYEPKHYTh, YTO TaK Ha3blBaeMasl HEHAJICKHOCTh

paboThl HelipoHa — 3P PEKT KaKyIuiics, TouHee, HeBEpHO KIacCu(UIIUPOBAHHBIH.

Benb mockosnbky:

1. B xwuBoi mpupoge (M HE TONBKO), B OTIMYUE OT TEXHHKH, AK€ TOYHO IOBTOPSIOLICECS
coOBITHE 03HAYAET HE TOXKE CAMOE, YTO €T0 'MPOTOTHUIT ",

2. B HEHpoOHaxX KOpbI, BOOOIIE B MO3Ty NMPOUCXOAMUT MOCTOSTHHOE O0y4YEeHHE, B CBA3H U C ITHM
OTBETHAsI PEaKIHsl Ha JIa)Ke TOYHO MOBTOPSIOIIEECs: COOBITHE HE BOCITPOMU3BOINUTCS B TOUHOCTH,
3. B YCJIOBUSX MPOTUBOCTOSIHUSA, TOBOPS MAPTU3AHCKUM SI3BIKOM, "TIA0JIOH — IyTh K rubenu”, a
KHBask MPHUPOAA — 3TO MMEHHO IMPOTHBOCTOSHUE (XUIMHUKOB U JKEPTB, KOHKYPHPYIOUIHX
ocobeit onHOrO M ONM3KUX BHIOB — MEXIY c000#, MX BCeX — HEOIaronpuATHBIM 3KO-
KJIMMAaTHYECKUM YCJIOBHSAM, H T.II.,) — TO, Ka3aJ0Ch Obl, HEHAIEKHOE, "HeCTaOMIbHOE", HUKOTAa
HE TMOBTOpSIOIIUECS ceOsi B TOYHOCTH MOBEJICHHE HEHpOHa — 3TO HE HEHCIPABHOE WIIH
HEKAa4YeCTBCHHOE, a Hao0OpOT, NpPaBUJIbHOE, ONTUMAIBLHOEC | QJalTHUBHOE IIOBEICHUE.
CrnenoBatenbHO, Kaxyleecs "HEHaIeKHOCTIO" paboThl HEHpOHA sIBIIEHHE, 110 CYTH, OLIHO0YHO
KJIacCU(UITUPOBAHO, 3TO MPOSBICHUE CAMOOPTaHU3AIMH MEPBOTO, €r0 OOYUEHUS W aJarTaIuH.
OBOIIOLIMS TPOU3BOIUT M3YMHUTEBHBIE 1O CBOEH HaAeKHOCTU M 3()(PEKTUBHOCTH CTPYKTYPHI
(KpBIIbS MTHI[ ¥ HACEKOMBIX, CKEIIET MPOYHOCKETIETHOM 3emiepoiiku (Scutisoricinae)koxa
nenbpuna, Meiipl ¢ KITJ] B 50-60%...),Tak uTo ObLI0 OBl OOJBIIONH OMIMOKOHN Jymarh, 4TO B
TaKOM KpaiiHe Ba)KHOM 00JIaCTH, KaK HEPBHAS CHCTEMa, TIepBas MOYeMy-ITu00 U3MEHUT ceoe.

1.3. HeiipoanonTo3: o0bsicHeHHe M PacyéT mapamMeTpoB. UTO MHTEPECHO, MOMEHT
BPEMEHH, TI0CJIe KOTOpPOTO TPOIECC 3alevariieBaHusi HWHGOpMAIlMM B HEPBHOH TKaHH,
HAYaBIIUHCS HE3aJ0JT0 0 POXKACHHUS WHIWUBUAA, HAYABIIUNCS B MPOW3BOJIBHON TOYKE KOPHI,
OXBATHUT M <BarOJIHUT» BCIO KOpY, 3T0: 10 et * m = 31 rox. DTOT MOMEHT BPEMEHH H3BECTCH
kak Bo3pacT («rocie 30 yer»), ¢ KOTOPOro eCTeCTBEHHAs T'MOeNh HEHPOHOB KOPBI PE3KO
yckopsiercst (B cpennem B cyTku mo 50-100teicsu HeiiponoB [41]; oTBeTa, 3a4eM HYKEH TaKOBOM
SIBHO BpeIHBINA 3P PeKT — 1 moyemy morudaeT MMEHHO 3TO KOJHMYECTBO HEHPOHOB — J0 CHUX MOp
He ObuT0). B pamkax ke JaHHOW MOJAETM 3TO MHTYHTHBHO MOHATHO. BO-1-X, 50-100 ThICSuY
HEWPOHOB — 3TO MPUMEPHAsi OIICHKa KOJMYECTBA HEHPOHOB B MaKpOMOJyJe («CYTOUHBIN» 3Tal
NaMsATH), BO-2-X, MOCJE TOT0, Kak <«EMKOCTH» JIIOOOr0 THIA 3alOJHEHA MOJHOCTBIO, HPHU
IPOIOJDKAIOIEMCS <GallOTHEHUHU» PE3KO BO3PACTACT <YIAaBJICHUE», B <«EMKOCTHU» BO3HUKAIOT
CTPYKTYpHBIC He(EKThI; a TakKe, YTOObl B TaKOW CHTYallMH YTO-TO <GBallMcaTh», HEOOXOAUMO
YTO-TO YIAJIUTh, IPU STOM CHCTEMa aHaJIOroBast — cxema u ecmv npocpammd... (MUHEMaIEHOE
3HAYCHHE JIJIT MOMEHTA <BarloJIHEHHOCTH» BCEU KOPBI: S JIeT » T = 15 et — TakyKe COBIaaeT C
MOMEHTOM MHTEHCU(DUKAIMU THOSIN HEHPOHOB — IOJIPOCTKOBOH. )

1.4. HeiipocereBass MoaejJb (PPOHTAIBHOI KOPBI. MeTa-«KOJAbUYYra» u eé

¢pyHkuuonupoBanue. OpoHTaNIbHAS KOPA COCTOUT NMPEUMYILECTBEHHO HE U3 MUKPOKOJIOHOK, a
U3 TaK Ha3bIBAEMBIX <«HEHpOHHBIX JoBYyIIek» (o Jlopente [le Ho, [10]) — neiipocereii,
3JIEMEHTBI KOTOPBIX CBSI3aHBI JPYr C JAPYrOM B IEPEIUICTAIONIMECs, MepeceKarouecs: ApYyr C
JPYroM KoJibIla (CTPOTo TOBOPs, 3TO YK€ HE CETh, a CETeNoI00Hast CTPYKTypa, KOTOPO# OoJibIie
NOAXOJUT Ha3BaHHE <«KOJbuyra»). Ha cOBpeMEHHOM JTame CUUTaTh <«HEHPOHHBIC JOBYIIKH»
JIMIIb JTUHUSMH 3aJICPXKKH CUTHaAa (TeM 0oJiee TPOCTO BO30YKICHHUS) TaK K€ MPUMHUTUBHO, KaK
cuUMTaTh HecHelu(HUUecKHe sjapa TajaMmyca BCEro  JIMIIb  MEXaHWYECKHMMHU  pele-
nepekiovarensaMu  (TakoBast (yHKIMS Jajdeko HE eJAMHCTBEHHas, M SIBHO HE YHCTO
MEXaHUYECKas).
CoBokymHoCcTh Beex ¢ynknuii (mo Kimaiicty, [38, 39]) ppoHTanbHOM KOpHI, 0 MHEHHIO aBTOpa,
CBOJUTCS K TOMY, YTO — 3TO CTpaTerHMyecKkas Kopa, CTPaTernKO-MOBEICHYECKUE aHAIU3aTop U
701t Mo3ra (qake T.H. «30HA aKTHMBHOTO MBIIIJICHHUS» —3TO CTPATETMUYSCKUN PE3EPB HA «CIydai
4ero»).

12



PerrenneM MPHCHOMAMSATHOTO Tapagokca “pedaeKTOpHOro Kojbiia" (CTOJb IMOXO0KEro Ha
QHEHUPOHHYIO JIOBYIIKY») B CBOC BpEMS OKa3ajoCh IOJOXCHUE OHOKHOCPHETUKH O
PETyJIUPOBAaHUH 110 3aMKHYTOMY (FOMEOCTa3) M OTKPBITOMY ([TOBEIECHHE) KOHTYpaM; IMPH 3TOM
perynupyemMblii 00beKT MOXKET OBITh M y4acTKOM HEpPBHOW cUCTeMbl. VI Kpome TOro, eciu
paccMaTpuBaTh CIIOXHBIM YCIOBHBIN pediekc Kak CXemy IepepadoTku WH(popManuu, Halo
OTMETHTb, YTO CHUTHAJI B HEW MOXET Teub MO JIt000W (B TOM YHCIEC KOJBIIEBOI) TPacKTOPHUH,
1eecoo0pa3Hoit aia 00pabOTKKU CUTHAJA, IPU 3TOM MH(pOpPMAaIHs B KOJBIIO MOCTyHAeT U3BHE,
BBIBOJIUTCSI BOBHE, U 00y4EHHUE KOJIbIIA TaK JKe UAET U3BHE.

PediiekTopHoe Kkombllo (PpoOHTANIBHOM KOPHI — 3TO CBOETO pPOJ@ BBICIIUKA TOMOJIOT
KJIACCUYECKOM cXeMbl (YIpaBIsIoNiell BBIOOPOM THIIA MOBEACHUS) U3 4 KOJIOHOK PETUKYJISPHOM
dopmanuu B ctBosie Mo3sra (mo Kunmepy n Mak-Kamnoky, ur. mo Apou6 [37], ctp. 269-276),
CXeMa TOro K€ KJiacca, HO APYroro TUMa — B OTJIMYHE OT PETHKYISIPHO-(GOPMAIMOHHON, HE C
“3amassHHBIM” YHEPreTHYECKUM, a ¢ 00ydaeMbiM (ycioBHOpedekTopHO, (YP)) cemanTnyeckum
TOJIOCOBAaHUEM.

ABTOp CUUTAET, YTO, UCXO/IsI U3 OOIIECH JTOTUKH 3aBHCUMOCTH CBOMCTB HEUPOCETEH OT UX
APXUTEKTYPhl, MOXHO TIPEIANOJOXKUTh, YTO METa-«KOJIbUYyra» SBISETCSI METa-HEHPOCEThIO
pacro3HaBaHus, MPeoOpPa3OBaHUs U T.J. MIPOIECCOB PETYJSAIMUA KaK TaKOBbIX (B pedIeKTOPHBIX
KOJIBIIAX MO3Ta, 3aMKHYTBIX U OTKPBITHIX KoHTypax (3OK) ympaBneHwus), HaACTPOCHHOW HaJ
HOCJICIHUMHE — SIBJISTFOIIUMHUCS (B T.4.) M €€ «IETEKTOPHBIM CJIOEM», a TaK)Ke 00pa30B, MATTEPHOB
OKpYKarollel Cpesibl, B KOTOPBIX BhIpaKEHAa BPEMEHHAsi KOMIIOHEHTa (MX 00paboTka — QyHKIus
JIMIIb CTHHUH 3a/iepKKiu»). briaromaps mocnenHum, JIoOHas KOpa —3TO «XPOHAIbHAS» KOpa.

C anropuTMHUYECKOW TOYKU 3pPEHHSI «peBepOepallMOHHbBIE KOJNbIa» (POHTATHHOU KOPHI
OTBETCTBEHHBI 32 HUKIMYCCKUE aITOPUTMBI MepepaboTku uHpopmarmu (13b1koM [laBIoBCKHX
MeTadop ITO — @IIArOBbIE peJie-UCKATEeNN», KOMMYTUPYIOIIUE CUCTEMBI YCIOBHBIX pedIieKCOB
OCTaJILHOM KOPBI MEX Ty cO00# (Irar Bepé 1o CpaBHEHHIO ¢ «Teie()OHHON CTaHIHEH).

Taxxe «peBepOepallMOHHBIC KOJbIa» PEa3yIOT MPUHITUIIBI KOHBEWepa U €CTECTBEHHOMN
[UKJIMIHOCTH CPEJIbl ¥ BPeMEHH (YETOBEK BBIIIEN M3-10]] ICHCTBUS €CTECTBEHHOTO 0TOOpa, eIé
Oyoyuyd KpOMaHBOHIIEM, Ha uéM OMONOrMYecKas »HBOJIONMS KpailHe 3aMeIuiach;, a y
KPOMAaHbOHIIEB, IOWCK TUYH, HAIPUMEP, CMEHSJICS MIOTOHEN 3a Hel, MOroHsl — CXBAaTKOM, CXBaTKa
— IoeJaHueM, MOeIaHNue — OTABIXOM, OTABIX — TOT/A €€ MPUMUTHBHBIM TBOPYECTBOM, HO TOJIO]]
OIATH TOJKAJI HA MOWCK AWYH, U T.J.), OJIM3KON K IUKIMYHOCTH (PYHKIIUH 0OpaOOTKH PUTMOB,
BHYTPEHHSISI Pa3BETBIEHHOCTh HEHPOHHBIX JIOBYIICK OTBEYaeT 3a MEPEKIIOUCHUS MEXITY
pasHbIMU UKJIaMHU (00pabOTKY BETBICHUS THHUUA COOBITHIA).

Benencteue  ¢dasHoctu  "moBropHOro xoma curHama' [1] (To ecTh MEXKIMKIUYECKOMH
CHHXPOHHOCTH,  CHTHAJ  CAMOKO2epeHmeH)  TOMOJIOTHYEeCKas  MeTa-«Kojbuyra» B
IIEKTPO(PU3NOIOTHUECCKOM ~ acrlekTe Moao0Ha (M TPYyIHOOTIMYMMA OT) TMEPLENTPOHY C
CUHXPOHHBIMH TIEpEXOJaMH CHTHAla MEXAY CIOSIMH, <KOJbUY)KHOCTH» HE3HAUYUTEIbHO
CKa3bIBAETCS Ha XapaKTepe UMIYIbCAIUH.

[eomerpruecku-TpEXMepHast J0OHAasE Kopa SIBISCTCS HEHPOAMHAMHYCCKU-UYETHIPEXMEPHOH (Kak
MHHUMYM), a (aKTHYECKU — MATUMEPHOI (00paboTKa BETBJICHUS JIMHUHM COOBITHH, <BEYHBIC»
Bompockl, pumocodust u T.4.). bomee TOro, u CTpykTypa HEHPOHHBIX CBSI3CH B <«HEHPOHHBIX
JIOBYIIKAax», M0 MHEHHUIO aBTOpa, HAIIOMUHAET YETBIPEXMEPHYIO, CBEPHYTYIO B TPEXMEpPHOE
¢buznueckoe npocrpaHcTBo. MHadye roBops, pediiekTopHas Lenb U3 «HEHPOHHBIX JOBYIIEK» —
9TO YeThIpexXMepHasi (0XBaThIBAIOIIAs U BPEMEHHOE U3MepeHHe) peICKTOPHAS IIETIb.

Ncxons u3 ToM K€ JTOTUKK 3aBUCUMOCTU CBOMCTB HEUPOCETEHW OT UX apXUTEKTYPhI, — C MO3ULIHHU
KIJIACCHYECKOH pepIeKTOPHON TEOpHH, B META-«KOJIhUYTe» OJTHA YaCTh KAXKIOTO PEQIEKTOPHOTO
KOJIbIIA YIIPABIIET, PETYIUPYET U T.1. 0 00braHbIM Y P-30K Mexanusmam apyroi, a Ta, B CBOIO
oyepens 1-4i (moMuMoO ympaBiieHHS COOCTBEHHO BHEIIHHM YIPaBIIEMOM OO0BEKTOM); (nBe
(MHHMMYM) YacTH, TPH, Y€ThIpE, ..., X; MEPEKPECTHOE, MEPEKPECTHO-CETEBOE, U U3 COCEIHUX
KOJICIl YIIpaBJIeHHUE, B T.4. C Y4aCTHEM BHEITHUX 3JIEMEHTOB, HEHPOCETEH, KOIbUYT — COCETHHIX
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JAHHOW — T.€. HEYTO BPOJE CHUCTEMBbI TOMEOCTaToB DmiOW (HO TOMEOCTaTOB OUHAMUKU) C
KOJIBYY)KHOW TOTMOJIOTHEeH cBsi3ed (M HECKOJBKO JPYTMM TPHHLUIIOM TOYKH YCIIOKOCHHS,
paBHOBECHS); KaXKI0C M3 TAKOBBIX KOJEll 00yd4aeTcss BHEIIHHUM CHUTHAIOM 00 3(()eKTHBHOCTH
cBoel paboThl, KaK W B J000ON oOyuaromieiicss HelipoceTu. Takast «KOJbUyXKHas» apXUTEKTypa
CIOCOOCTBYET MaKCHMAaIbHON CaMOOpPTraHU3allid HEHpOIMHAMHUKH (MaKCHMAJIBHOW B T.4. U IO
CIIOKHOCTH); T.K. JJAHHBIE TPOLECCHl YCIOBHOPe(IeKTOpHBI, a Takke (mo Daenmeny JIx., [1])
HAXOJSTCS MOJ] KOHTPOJIEM CEJICKIIMH — TO 3TO MPUBOIUT K caMoopraHu3aiuu (M reHeparim)
aIanTUBHBIX U 3()()EKTUBHBIX MOBEJCHYCCKUX MTPOTPAMM.

B xubepHeTnyeckoM acrekTe, Kopa OOJBIIUX TMOJYIIapUi aHaJOTUYHA «yHUBEPCATHHOU
moaenupytomiei cucreme» (YMC) no ®darkuny u Yekamunou [35, 36] —npu orcyTcTBHM
roToBOi QopMysbl y permiaromiero Onoka (rpaHyssipHas Kopa) 3amada rnepemaérces B
MOZCTHPYIOMUK ONOK (arpanyssipHasi, (QpoOHTalbHAs Kopa), peUIalonMid ropasio Ooiee
CIIOKHYIO MeTazaaauy (3. Komu) moaenupoBanus, st KOTOPO# GopMyItbl perraromiero 6oka (B
T.4. OTCYTCTBYIOIIIasi) — JIUIIb YACTHBIC CIy4au; BbIpaOOTaHHAs (OpMyJa MOTOM HCIOJIb3YeTCs
pemaromuM O0JI0KoM (M coxpaHsieTcs B ero mamste). Yrto mrobomnsiTHO, B padore [35] YMC
BKJIFOUACT «MOJICIb Ce0s» U MPUMEHHUTEIBHO K Hell yTOMUHACTCS TEPMHH «CO3HAaHHE.

B pamkax naHHOH THIOTE3BI pelraeTcss MpodiieMa <«BEPXOBHOTO YIPABISIOMIETO ITOCTa,
«JeJioBeYKa 3a MYJIbTOM» 0e3 HrHOpHUpoBaHMs (eHoMeHa (CyHIHOCTHOW HEO0OXOANMOCTH)
€IMHOTO BEPXOBHOTO IICHTpPAa YNpPABICHHS — M CBEACHUS IOCIEIHEr0 HCKIIOYHTENBHO K
€CTECTBEHHOM caMOperyJIsiliiy MOTYMHEHHBIX eMy Helpocereil, kak, Hamp., B (Apoub [37], ctp.
225, 233, 235)y MOHATHO, OYEMY U KAK <«METa-KoJabuyra» — (poHTalbHas KOpa — B BBICIICH
CTETIEHU CIIOCOOHA K CaMOYIPABJICHUIO, a €€ <IIpOrpaMMHOE OOeCleyeHue» — K caMoMeTa-
NPOTPAMMHUPOBAHUIO — W TIOYEMY WMEHHO TIOCIEAHSS SBISETCS HAWBBICIINM [EHTPOM
PETYJISILIUU U CAMOPETYJISILIAY, YIIPABICHUS K CAMOYIIPABIICHHS.

3AK/IIOYEHUE.

TakuM 00pa3oM, TOJTOBHON MO3T MPEICTABIISIET COO0M OMONOTUYECKUI BBIYMCIUTENh Ha
HepapXuyeCKU-TIOINYPOBHEBOM MacitabupyemMon CaMOOpraHu3aLNI (cBepxBBICOKO-
CaMOOpPraHU3yILIascs CaMoNoA00Has, aBTOTPOHHas 00paboTKa H BHIPAOOTKA CHUTHAJIA).
CrenoBaTenbHO, CHCTEMa HEHPOHHO-TJIMOHHBIX CETeH KOPBI OONBIIMX MONYIIapuid (PaKkTHUUECKH
IpeICTaBIsieT co0Oi MeTa-CeTh, HEPAPXUUYECKHH KPUCTAUI, SYEHKOH KOTOPOTO SIBIISETCS
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XOpOIIIO M3ydeHHast, TEXHUYECKH BOCCO3JaHHAas M CTpaTeruueckd 3Haummas (Hamp., DARPA
[24]; cm. Tarke [48-50]) oOyuaroriasicss HeMpoceTh U3 HEUPOIOJOOHBIX IEMEHTOB, a 0a30BbBIN
YpOBEeHb, 0a30BbId "dTax" Ha 2 ypOBHS OpraHM3allid HWKE COOCTBEHHO HEUPOHHOTO.
ApxwuTrekTypa THIIa "ceTu ceTeil” M cama 1o cebe KpaliHe MepcrneKTHBHA (HalpuMep, WHTEPHET),
a OyJIydn MHOTOKPATHO MOBTOPEHHOM, OHa MOXET paboTaTh CO CIOKHOCOCTaBHBIMH OOpa3aMu
pearbHOCTH JIIOOOH CIIOKHOCTH M OBITh (PM3UYECKOM OCHOBOM pa3yma, KOTOpBIH, OYEBHIHO,
MPEACTAaBISIET COOOM AaKTUBHO-TIPEBEHTUBHBIN PACTYIIUA HEPAPXUUCCKUNA CHUHEPTreTUYECKHUMA
KPHUCTaJ CEMAaHTHUYECKUX CETEH; CO3HAHHE K€ NpPEeACTaBisieT co00i HeWpOoMH(POPMAaLMOHHBIHI
PE30HAHC caMOHaba0O0eHUs B META-CETH.

[Tpuuém 3a4acTyro KOJIMYECTBO AKTUBHBIX 3JIEMEHTOB JIaHHOW METa-CETH YCTYIAaeT TaKOBOMY,
HanpuMep, B MPUHIMUNHUAIBLHONW CXeMe KPYITHOTO CEpBEPHOro KJlacTepa WK CYNepKOMIBbIOTEpa.
CoBpeMeHHbIE TEXHUYECKHE HEHPOCETH IO3BOJISIOT PEaTM30BBIBATH CIOXKHEHIINE (QyHKINH
OMOHEHPOHOB, B T. Y. MPOPACTAHUE HOBBIX JICHIPUTOB M AaKCOHOB (MporpaMMupyemasi oOras
IIMHA JTaHHBIX MUKPOCXEMBI).

B nanHoif paboTe ToOKa3zaHbl apXUTEKTypa M CXEMOTEXHHYECKas BOCCO37aBaeMOCTh
YeJI0OBEYECKOr0 MO3ra, YTO OTKPHIBACT 3HAYMTEJbHbIE IEPCIEKTUBB B cdepe CO3TaHHs
«cunbHOro MM» 1 uckyccrBenHoro Pazyma.

= ENGLISH TRANSLATION. =

In case of any "bugs", errors, misaderstandings, "tanso" and so on—
correct is original Russian text.

METASYSTEM-SYNERGETIC APPROACH
TO THE ARCHITECTURAL AND "PLATFORM"
ORGANIZATION OF THE BRAIN'S NEURAL NETWORK.

CONTENT:
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CURRENT STATE OF NEUROSCIENCE:
CIRCUIT DESIGN ASPECT
(LITERATURE REVIEW).

It is known that there is a significant gap betwdles 'computational abilities’ (complexity of
neuropsychic functions) of biological neural netsorbeing trained and their technical
analogues. There are no satisfactory (i.e. techiyisaitable) explanations for this, despite the
fact that the circuitry properties of the bio-neuand technoneuron can be very close, as well as
those for small and medium - sized bio-and techamrenetworks. At the same time, with an
increase in the (quadratic index) of the brain, ‘@smputational abilities' increase almost
exponentially, and with an increase in the numlberenirons in a technical neural network above
a certain limit, the increase in 'computationallines’ first slows down, and then practically
stops (see, for example, Edelman J. 1981 [1] -6pFig. 1.). Since the properties of a system,
including a system of neurons, are determined aaohsch by its elements as by its connections
between elements, we can conclude that in the babiove a certain limit (the level of a small
network), the connection scheme of elements chaggestatively (exponent and saturation
curve). Indeed, the scheme of connections of neotamns (small, 110-neuron networks) in the
macromodule is also a small (and reciprocal) néiw@ccording to Mountcastle [1] and
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Sentagotai, Arbib [2]), but the network is no longeural, but a column — based neural network
of the second order.

Recently, a number of works of metasystem-prediciype [43] have appeared in relation to the
subject under study — "periodic tables" of invens@nd discoveries, in particular [56], devoted
to deciphering the general mechanisms of gene-eeigecontrol in eukaryotes. This scientific
work is devoted to the architectural and "platforgmi computer engineering terminology)
organization of the neural network of the brain.idttime to move from an increasingly
exhaustive analytical approach, lost in the inéiriiranching of Fourier series of cognition, to a
synthetic one, combined with the combination of yaesgetic approach with a system-
hierarchicalm; in other words, it is advisable wlect disparate details of various levels of
organization into a single whole - based on the lioation of system-hierarchical and
synergetic positions (as in most consistent withrtftodern scientific paradigm). In this regard, it
would be advisable to create a similar "periodiglda for the subject of neuroscience, which
would make it possible to determine the next steps.

The perceptronicity of the structure and functignai all screen centers of the brain in the EEG-
synchronized state-from the frontal cortex (AbeélgsVaadia E, Bergman H., 1990 [30]) to the
cerebellar cortex (Bergantz D., Barad H., 1988)2%jan be considered a proven fact, while the
guestion remains open about the nature of worlkingsynchronous mode, which is so prevalent
that it has generated rumors about 2% (0.1%, 5%tou@0% - depending on the author)
Efficiency of the brain. While the connection ofchuasynchrony (randomness) with the
perceptron mechanism is intuitively clear (randossnef the projections of the sensor layer, and
b / part of the connections in the perceptron} ot clear (at the same time) how exactly this is
implemented. In the theory of "neural ensemblebé tatter function as active (semi -)
groupsautonomous units (autonomous and dialog madesabsolutized, to the detriment of
network ones, etc. — as a result of which a nundfeimportant phenomena, for example,
hypnotic states, become completely incomprehernsdne their functioning aslementsof a
system, closely related parts of a single wholenigh less considered. In addition, unlike the
perceptron theory, the circuit design aspect ig/ yarorly developedand the technological
principles of the "neural ensemble system"are cetep} invisible behind the abundance of data.
In the classical theory of learning neural netwofR#ts W., McCulloch W. S., 1947 [17]),
Rosenblatt, F. (1962) [31]) and its modern modifmas (Y. LeCun, Y. Bengio (1995) [16],
etc.), with all its advantages, the perceptronafelt as the associatron a learning neural network
(LNN) is usually considered as a hierarchically-texeel network, while for one of the classes of
models of the nervous system - the trained maaacgrding to Steinbuch, [3]), it is known that
when its implementation transitions from one-let@lmulti-level, it becomes capable of: the
development of conditioned reflexes, as well agepatrecognition and a number of other
functions — (in general) to psychonerval activity Beritashvili's terminology [29], i.e., to the
formation of models of objects and processes (Aedriteraction of individuals with them) of
objective reality and their own complex purposeifciivity).

Neurosinergetics (lvanitsky G. R., 1991 [47]) paysufficient attention to the structure of the
synergetic environment, its super-complex topol(wgyich is more likely even circuitry).

The "pure" circuit approach (George F., 1963 [Z3]Neumann, 1956 [55]) often suffers from
extreme reductionism, tends to "rigid" schemesa assult of which it is unable to explain the
higher functions and so-called "redundancy" ofrtbevous system.

The above-mentioned errors are repeated at thesudtwwvare stage by the concept of IMM -
"nefi" (Lieberman et al. [7, 8]), which focuses genetically determined information processing,
learning and even more so self-learning is almostconsidered, reduces the entire complexity
of neurodynamic processes to neural, more precisegha — neural processes, and represents the
brain as a whole as a network genetic automatas sititable, perhaps, only for unconditionally
reflex-instinctive circuits of the nervous systelgnoring qualitative development leads to an
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"Internet-like" model and absurd conclusions likg &very moment of time, consciousness is
locatedinside one of the neurons” (sic!) (Liberman, 1990 [8]).

In addition, the classical theory of neural netvgodoes not provide an answer to how cortical
neural networks interact with each other, and t@nvar of the theory of "neural ensembles” is
suspiciously similar to the sad memory of " autonamevolution "(see, for example, A. Lima
de Faria [46], Varela F., 1979 [45]), and both leérh practically ignore the morphology of the
nervous system: the presence of structural (anelcesly functional) levels — above the chosen
(in theory) — main one.

The holographic concept (Pribram, 1971 [44]) abisods 1 of the types of signal interaction in
the nervous system ("holographic"), completelyctggy the rest. In addition, to obtain any high-
quality hologram, an extremely higdtability of the carrier frequency is necessary, which is
achieved only in lasers, while even for pacemakétbe brain, a certain frequentability and
plasticity are characteristic. In addition, the ¢oom reduction of the synergogram-memory-to a
hologram is reductionism, which ignores such imgirtproperties of the synergogram as the
ability to self-repair and develop. In other wortaying played a significant positive role in its
time (1970-80s), the holographic concept has nowoime a simplistic brake on the path of
further knowledge.

Some researchers make attempts to consider thedning of a large group of LNN in the so-
called "information field" (Grosberg A. Yu., Khrusta N. V., 1993 [32]), and there is a
qualitative leap in the functioning of the systeampared to single LNN — but, unfortunately,
without specifying the circuit implementation otthinformation field".

THE MAIN PART.

Chapter 1.
Circuit analysis of
architectural and "platform™ organization of the br ain.

According to the scheme (Taylor, 1962 [42]), thkesne of connections in the 1st layer
of the cerebral cortex (BP) is very close to thdriwaand some of the neural circuits of other
layers of the BP cortex are very similar_to masiteeural networks of analyzers are matrix
based. In this regard, it is worth noting that #ffectiveness of one of the types of learning
neural networks — the" learning matrix " (accordingSteinbuch, [3]) (OMSH) — significantly
increases in the multi-level version of its implertation: OMSH becomes capable not only of
pattern recognition, but also of psychonerval agtigaccording to Beritashvili [29])- to the
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formation, like the development of CR-s by neurasfsmodels of objects and processes (and
interaction with them) of objective reality and ith@wvn complex purposeful activity.

Note in this regard that:
1. at all levels of the CNS organization: elemefrtgurons, microcolumns, 750-micron
macromodules (according to Szentagothai [4]), neerdgers, analyzers) form networks, there is
a closure — and a change in the "weight" - of ilEnent connections (learning), the course of
conditioned reflexes (including the CNS level aslaole-interhemispheric interaction and its
development over time — the so-called "activitytbé corpus callosum”). In addition, as is
known from sociology, the structure of connectiahghe inter-individual level is also a network,
although, relatively speaking," software "— notdware; conditioned reflexes can include more
than 1 individual (the so-called"super-reflexe#i)addition, at the neuroprotein level, according
to Radchenko [5,26,27], both chemoreceptive (C-elgs) and electroexcitable nonlinear (E-
elements) elements of the neurolemma form a netwdrkinary elements (C-elements are
circuitically equivalent to the 1st layer, E-elertgeto the 2nd) of the binary perceptron, learning
network — if at least 1 of the synapses withinribarolemma receives a training (reinforcement)
signal.
2. The subneuronal level is also organized accgrttnthe network principle: a large neuron
with a developed dendritic tree can be consideaedording to Savelyev [6], as a network of
elementary neurons. Also, a group of authors (loitzer, Minina, Shklovsky-Cordy [7, 8])
developed the concept of an intra-neural quantupeispnic holographic computer baseda
network of cytofibrils-circuitically equivalent to a comgt perceptron based on binary elements
(a network of neural cytoskeletons together with ithmediate environment of the latter) with a
"each-to-each” communication schethat recognizes image§8] presented to neurdn
Therefore, we can assume that the brainmauli -level learning neural network (LNN), each of
the levels of which is similar to the usual teclahicNN. Moreover, if we compare the average
linear dimensions (diameter) of structural elemeattsdifferent levels of organization of the
cerebral cortex (neuroprotein, neuroorganelle, ergumicrocolumn, macromodule, nerve center
[9], analyzer, and CNS as a whole) and the duratiothe corresponding memory stagese
get the following (see Table 1.):
! An adequate model of a small and medium-sizedame(on the neural and large ranges of characteristi
time) will be discussed at the end of the firstptba
ZStage 2 of memory is, in fact, the characteristietof self-organization of neuropsychic processies
given level of complexity.
It is interesting that the linear dimensions ofaliént levels of neurostructures correlate in tome way
as the durations of different stages of memoryrésmonding to neurostructures), for example: iconic
memory — a signal on neuroproteins; primary memosynaptic, etc. organellar processes; short — term
memory-neurons (according to Radchenko [26-28]).

Table 1 (data is taken from open sources, data tabulasianithor's).
: Time
M Neuro-  SlZ€ Level of
level diameten) xn '€ type of . Type of  Biocyber- Yoga
Structu- me- Irritant : the 3
num of Ixn-1 memory HNA netic aspect
ber r€S  structures mory psyche
stage
=~ 10-12 50- Memory The of the Ontological  Atmanic
7  Specie (individu- 100 of philosop  Philosoph ? conscious- (sahasrara)
als)’ 10 Years  generation hema ers? ness
=262.5 Ideolo- .
g Indvidual  cm 5-10  Tertiary Conviction, Ideological g, qqhistic
geme : ? consciousn .
CNS +87.5cm years (constant) ideology ess (Ajna)
2
10
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Macro- 50 12.5- word, Meta- Conscious- Mental
3 modules micro 25h Buffer word notion * model ness (Manipura)
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) 30 45+£15 ) ) _
Micro- : in Operatio- ' Metapro Sut_) Astral
2 olumns MiCro 60 i nal image Model gram  Conscious-  (Svadhi-
ns * go (model) ness stana)
45+15 Short- . pro- Unconsci- Etheric
1 Neurons 3pum 1o St090 Term Irritant Reflexes gram ous (Muladhara)
4.5+1.5 ; ' the Intra- ; ;
- . . Irritant's - N Biological
0 oerrL:tracl)les 0 35 s Primary elelment reflex thrg Srl;gq Instinctive I..t gi.l.)
9 Hm o0 t09s connections P9 (tai
Neuro- 225+113 . Sensor . o Elemen- . biochemistry
-1 proteids 15 nm (up to Iconic quantum neurobit tary genetic ("sting”)
450) ms command

1"The theory of 6 handshakes" — after 5-6 handshaleesare familiar with every person on the

planet (according to [40]).

2 The equivalent surface diameter of the brai#20000™% - given that 2/3 of its surface is
hidden in the convolutions.

3 "subtle body" and (chakra) — - subjective and pheenological "content" of autohypnotic
practices. (Linking (levels of CNS organizationtie corresponding levels of "subtle bodies") —
based on the correspondence of "the type of HNAgdraus of the "subtle body" and its chakra "
according to V. Danchenko, [19].) Even when leagrsnch a relatively simple skill as singing,
teachers and students often focus on subjectivelgeived "processes" and "structures” that
have no scientific justification, but neverthelegsrk and are effective in mastering such skills.
It is possible that in both cases we are dealinth whe subjective "virtual" interface of
associative "design" created by the subconsciond.mi

“Basis of the 2nd signal system.

® The average diameter of the soma (body) of a meuro

* 60 — since there are 6 neural layers in the nechamn (the 1st of 7 cortical neural layers
contains almost no neurons [10]), 10*6 = 60.

In this connection, the author introduces the cphcef a meta-network, i.e. a
homological multilevel hierarchical neural-gliontwerk, in which an elemendf any of the
levels is a system (network) at the level precedimg one and is included at this level in the
system (network) — which is already an elemenhatrtext level, and the levels are homologous
to each other. a friend.

It is interesting that if we move from the level$ the CNS organization to the
corresponding levels of the so-called "subtle bgd@ yoga, then the value of m "m-vector”
coincides with the internal "dimension” for the Bfle body". Based on this, it can be assumed
that (starting from the neuroorganellar level) thevector" (see Table 1, 1st column) of the
neural-glion meta-network is one of the integradexss of its architecture.

A system of stimulus elements forms a stimulusysaesn of stimuli (irritants) forms an
image (of the 1st signal system); a system of @irdmages forms a notion (element of the 2nd
signal system), a system of notions (words) formereeption (theory), etc.; ...at the same time,
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a conditioned reflex stimulus corresponds to aerefand a neuron — as the most complex type
of HNA for a single neuron), while the conditionexflex (CR) is bio-cybernetically a program.
In the bio-cybernetic aspect, the model is a meggam relative to the CR-program. In the same
way, the model correlates with the word (notion}re# second signal system, and intra — reflex
(function of neural organelles) connections - (@wtions between elementary components of a
stimulus or reaction, axon-reflex, etc.) - with pi;mCR. At the same time, a neural network (30-
micron column) is a meta-network relative to a weuganell network, a macromodule is also a
meta-network relative to a 30-micron column, ana@so

Corresponding relationships also exist for memotgges that correlate with geometric
parameters (s€kable 1).

In other words, we have a multidimensional corresigmce (see Table 1) — the
neurological substrate, the characteristic timseif-organization of its neuropsychic processes,
the neuropsychic processes themselves, the tygatafprocessed by the latter, the type of HNA
corresponding to them, the bio-cybernetic aspeth®faforementioned, the mental and" yogic "
aspects (respectively) - various aspects of thitedinstate of consciousness. process, hierarchical
and multilevel structural and functional (systemjity With each subsequent meta-level,
qualitatively new information processes and psyithosires appear (see Table 1).

The most complex form of HNA for a single neuronaosmall group of them is the
closure-opening of temporary connections, i.egradtioned reflex (CR). A network of neurons
(including technical perceptrons, associatrons) efalso capable of pattern recognition (which
is nothing more than the operation of a networlelementary sensory and conditioned reflexes
to elementary stimuli, stimuli that make up the gep

The structure of the type of multi-level learningutnix of Steinbuch is capable not only
of pattern recognition, but also of psychonervatieévity (in Beritashvili's terminology [29]) —
and to form, like the development of CR-s by nesromodels of objects, processes (and
interaction with them) of objective reality and th@wvn complex purposeful activity.

As a result of the process of self-organizationc@ogng in the aggregate) of temporary
connections (in turn, also conditioned-reflex), lrsug model (a system of object-specific
temporary connections) in the process of its flumitig and adaptation generates new CR in new
situations (for this model), manages and coordsm#te work of CR in its composition (and
partially-related to the latest CR and other models

Consequently, a learning neural-glion meta-netw@k meta-network, i.e., a "hypernet"
consisting of networks of several meta — levels blmgous to each other, where a network of
any level is an element of the network of the dexel and a meta-network for the network of
the previous one is a "self-similar" network) cepends to a conditional-reflex meta-network
(like hardware of analog computer - to programsmdlog computer), which corresponds to a
hierarchy of (meta-) types of "input data” (stimuliand a hierarchy of neural-glion
metastructures — a hierarchy of CR-metastructunédsaahierarchy of memory stages (stages of
development, consolidation of the CR structure ofparticular meta-level). Therefore,
neurological memory, i.e. the totality of infornm@tiaccumulated in neural-glion networks of the
brain, can be considered neurocybernetically astabdse (DB), more precisely-a complex
multi-level and "multi-user" internally-branchedtdbase of a hierarchical network organization.

A meta-network, strictly speaking, is a neural-gigonetwork, and not just a neural
network — since glyons perform not only feeding aogporting functions in relation to neurons.
The neuroimmune nature of the neurological memarglemented with the participation of
glyons is indicated by Ashmarin [11]. There is d&&@os-Roitbak hypothesis [12, 13] about the
learning function of glyons in relation to neuromnghich recently found new confirmation:
according to Melkonyan [14, 15], the change in tiofidhe slow negative potential (MOS) of
glyons adjacent to a given neuron is oppositegn,sinagnitude, and direction to the change in
the neuron potential. As is known from the cybaosedf neural networks, this is precisely the
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nature of the time signal change in technical rlemetworks: on the training element and the
trained decision element (technical neuron), respsy.

Table 1 also shows that the duration of the mensiage of any level is directly
proportional to the linear dimensions of the netrtature of this level. Therefore, the average
rate at which information is imprinted in the nemgdissue is constant, and is equal to 0.5-1 um/
min — which is slightly lower than the growth raiéa nerve fiber (1-2 mm / day) - probably,
the participation of glyons in this process introesi a delay. (It is logical to assume that such
imprinting is a single process for all meta-levels.

Also Table 1 shows that in the brain there is a time-scaleanatty of synergistic
processes (HNA phenomena), their characteristiediof self-organization (stages of memory
formation), and the size of the environments (neneéwork structures) in which such processes
occur; in the latter, there is a vertical homologg,, the relationship of structure/process — and
its neighbors at hierarchical levels-as, respelgtivdomologous: metasystems ("neighbor from
above"), systems (this structure), and subsysténesghbor from below"). Thus, the biological
neural network of the cerebral cortex is a hiergalrcrystal (or Peano lattice), the cell node of
which is both a neural network in the usual seasd,(as the AVM scheme is also its program) —
the semantic network of the psyche.

In addition, the geometrically three-dimensionalna network of the central nervous
system is actually four-dimensional, where the tloaiimension is the characteristic time of self-
organization (time of the memory stage) for a nsuuxture of these dimensions, the time of
fixing the HNA type of this neurostructure. Thig, particular, explains the phenomenon of so-
called preventive impulsing: when the stimulusastf a temporary pattern that began and was
recognizedbefore the given stimulus; when the appearance of theustis is predicted due to
causal relationships in the pattern (of which @ isart), preventive impulsing appears.

The brain, especially the cerebral cortex, is aridyfystem in its architecture: part meta-
network, part somatotopic priority-proportional. tBoprinciples are combined in every
intelligent brain structure. At the same time, there evolutionarily developed a vertebrate is,
the more this system is telencephalized (in humahmpst everything is projected onto the
cortex). Moreover, the ancient opposite principlethe metameric organization of the nervous
system, which is close to that of annelids andrapihds — is smoothed out and hidden. Thus,
this principle itself is influenced by 2 evolutiailp opposite sub-principles. As for the network
architecture, the situation is similar: the subpiples of the multi-layer perceptron and the
trained multi-level Steinbuch matrix (the BP coriexa hybrid (matrix-perceptron) meta-neural
network that combines the advantages of both acfites: the perceptron and the "trained
matrix" according to Steinbuch).

In other words, the brain &polyhybridsystem.

It is interesting that, as Yuzvishin notes, for myde [33, 34], the universe, the reality
surrounding us (as well as information) is orgadias a multi-level cellular network. Probably,
the brain, developing in the course of evolutiormaorgan of neuropsychic reflection of reality,
reflected this organization in its own structuregletionary optimization of the structure for the
object of function, its structure). Even microcohsrand macromodules are located in the cortex
hexagonally symmetrically. Any of the levels of aunal-glion network in its organization and
"wiring diagram" is (to a first approximation) aawtcrystal, but, taking into account continuous
growth and self-organization (as a process anciptinof functioning), it is a synergetic crystal.

As for the architectural and organizational pritesp the biological brain and the digital
computer are completely opposite: whereas the R&Ecomputer is a computer with negative
feedback with sequential information processing andarchitecture based on the principle of
order, the brain is a computer with a predominatitive feedback with parallel information
processing and an architecture based on the plenoifpchaos. No less fundamental is the
difference in specialization: code processing, hyaim numerical form in a digital computer —
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and processing sensory signals in the form of pwtten the biological brain. As for
epistemology, predictability of the system, whihe tPC requires predictability for the engineer,
for the user-from a living creature in the courske evolution, it was mainly required
unpredictability for predators, unreadability favnapetitors, etc. (rare exceptions: coordinated
actions in a pack, protective coloration of manyspoous organisms, etc. - only confirm the
rule). In addition, in the case of a PC, computilayices are organized into a network — the
network consists of computing devices; in the adsbe brain, on the contrary, the "computing
device" consists of networks. (Somewhat less dant are such differencesas — biological
regeneration, adaptation, training of biologicatteyns, poorly recreated technically, almost not
recreated self-adaptability, and still not recrdatelf-learning; but with the exception of the last
three properties, this is a question of" structliralaterial.) From the above, basically, all furthe
differences in systems arise.

An ordinary technical neural network can recogrireages, transform them, and even
perform dependent generation. The concept of ailegrmeta-neural network allows you to
understand how the human brain processes compléiklewel composite images (look around,
and then try to analyze them in such detail thatrésult is understandable to FineReader-level
Al. Remember that the visible space is only a st of the city where you live, and the city is
only a small part of the known universe. At the saime, the human brain supports working
with the above in real time and ahead of time.py level of complexity and generalization.
This concept (multi - level structuring-meta-netigoprovides not only a proper scientific,
circuit-based understanding of psychic phenomenangflevel of complexity, their multilevel
nature in the functions and capabilities of theureltmind (in contrast to the currently dominant
humanitarian quasi - "understanding” with a slighich of mysticism), but also allows us to
solve the problem in general terms implementatibthe latter in a hardware or virtual neural
network of artificial intelligence, as well as toderstand, even if only schematically, the
functioning of this system as a whole in all itsnggexity.

The multiplicity of five for values of hierarchicg@iroportionalityn/n-1) is noteworthy: AS IS
well known, living things (as opposed to non-livitigngs) are characterized by just fivefold
symmetry; in this case, the latter is observedendnchical time.

Interestingly, at the neuro-organellar level, istement communication is O-directional
(no directivity), at the neural level it is 1 — elitional, at the micro-column level it is 2 —
directional (reciprocal), and at the macromodulelet is 3-directional (pre - and postsynaptic
contacts), i.e. communication becomes controll&mehe "third party” = randomness, learning
self-awareness (as we know from psychology, awaserd the mental process means its
controllability); at the level of self-awarenedsistis already mutual learning (4-orientation), and
S0 on.

Relative to the meta-network, the 2nd signal systernn fact, a descending hierarchical
loop (from the third and higher levels) — to thé @sr the temporal cortex), and to the 2nd (for
the visual cortex), which creates opportunitiesHmgh-quality (sometimes repeatedly repeated)
compression of concrete-shaped information in Jedode (and, accordingly, saving system
resources), abstractions, "distractions”, genex@dins, logic development, etc.

The basis of circuit dynamics of neural learningtsgns of the brain is the principle of
sequentially-parallel tunable work, in which theet®al cortex works both as a sequential and as
a parallel "circuit" — simultaneously and alternateDifferent areas of the cortex, different
columns and modules can process information botpanmallel and sequentially, being (EEG-
synchronized and electrotonic) at different hielnaral levels of functioning. The essence of the
principle is that the meta-network recognizes ndi dahe actual "input” pattern, but also both
hierarchical levels (at which recognition will berformed) and the involved configuration of
connections between cortical regions (which wilcagnize). The interconnectedness and
interaction of cortical regions is determined notrsuch by their actual physical connections
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(which are redundant), but by the level of synciration of their signal and the interlayer
transitions of the latter (synchronization unitessparate” cortical regions into a functionally
unified whole working on one task, i.e., the swilhghprocess).

1.2. Neuron as a synergistic modeling devicélso, regarding the neural layer of the
meta-network organization, it should be noted that:

1. Based on the increasing computational abiliies technical and computer-modeled (virtual)
neural network, and approaching the propertiesabgical neural networks-in proportion to the
departure from the concept of a network based ondbtrigger neurons, in favor of synergetic
processes (At present, it is obvious that bioldgiearal networks are synergetic computational
(more precisely, modeling)processes structures),

2. higher levels of brain organization than theraknetwork are also characterized by synergy
and self-organization as essential properties.

3. neurocolumn and sub-neuronal (neuroprotein, rdoogy to Radchenko [27] and
neuroorganellar, according to Savelyev [6]), adl @elsuper-neurocolumn levels are organized
as learning self-organizing networks of active tatde elements,

4. large neurons are multicellular multi-elementiwgek structures (circuitry is relatively simple
neural networks (on small neurons)) (Savelyev,, [64) a de facto large neuron is a synergistic
computing device.

5. as is known, during the transition from smallmas to large ones, there are no phenomena of
segmentation or metamerization, the formation gfiaternal partitions, or the like of an analog
of multi-core syncytia (rather, something similar its principle to psilophyte growth is
observed), quantitative changes with an increaslearsize and number of branches of dendrites
do not turn into fundamental ones; in other wordspther words, an increase in the size of a
neuron for the cell itself and its function is qtietive changes, growth, but there are no
fundamental changes (except for the circuit desigpect, sincehe function moves from the
neural range of characteristic time to the neuragoh, higher — neighboring — hierarchical
range.

based on the above, as well as Table 1, it is olsvibat the neural level of brain organization
does not fundamentally differ from the higher armvér levels-not only the form (and
content!)should be synergistic. neural networksl (ereta-neural networks), but also the essence
of its elements,

so: a biological neurontegardless of its size, is asynergistic computationalof rather,
modeling) device in terms of circuitry and cybeitset

Self-organization of neurons occurs not only incgpebut also in time: a circuitically
small neuron (on the neural and large ranges ofactexistic time) is a trainable (partially-
)dependent generator on "unsteady processes"”, avigulse output (the simplest technical
implementation of the generator on "unsteady piE®sis an unregulated blocking generator).

Synergetic computations, according to Radchenkq, [&f analog and subthreshold,
each bit of information entering the neuron is pssed, and not just overthreshold signals; and
if the signal is not critical (according to Radckels estimates, these are2% of all
signals/inputs), the response is delayed, sometirags significantly, ixksasutime. According
to Radchenko [51], only the output characteristi@ meuron has a threshold-trigger character,
but not the input one.

It should be noted that synergistic calculationghia neuron are "implemented” on a
combination of self-organization: transmembraneptials of the neuromembrane, biochemical
autowaves of the cytoplasm (with an admixture atip@ation in fibrillar-circulatory activity),
and hypersonic diffraction on the fibrillar skeletof the cell ("nephi" according to [7]), in other
words, on the trialectic of biochemical, ion-cutrand hypersound is a diffractive synergetic of
nerve cells.
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In connection with the above, it is worth emphasjzihat the so-called unreliability of

the neuron is an apparent effect, or rather, oty classified.

After all, since:

1. in living nature (and not only), in contrasttéchnology, even a precisely repeated event does
not mean the same thing as its "prototype”.

2. in the neurons of the cortex, in general, inlthen there is constant learning, and therefore
uthe response to even an accurately repeated eveat reproduced exactly,

3. in conditions of confrontation, in partisan tetrtthe template is the path to destruction”, and
wildlife is precisely a confrontation (predatorsdanctims, competing individuals of the same or
similar species-among themselves, all of them —awmrfable eco-climatic conditions, etc.) - that
would seem unreliable the" unstable " behavior néaron that never repeats itself exactly is not
faulty or substandard, but on the contrary, corraegtimal and adaptive behavior. Consequently,
the phenomenon that seems to be "unreliable" innibikk of a neuron is, in fact, mistakenly
classified, it is a manifestation of the self-orgation of the first, its training and adaptation.
Evolution produces structures that are surprisimgliable and efficient (the wings of birds and
insects, the skeleton of a strong-skeletal shresut{§oricinae), dolphin skin, muscles with an
efficiency of 50-60%...), so it would be a big malst to think that in such an extremely
important area as the nervous system, the formesemehow change itself.

1.3. Neuroapoptosis: explanation and calculation oparameters. Interestingly, the
point in time after which the process of imprintinmgormation in the nervous tissue, which
began shortly before the birth of an individualgée at an arbitrary point in the cortex, covers
and" fills " the entire cortex, is: 10 yearst* 31 years. This point in time is known as the age
("after 30 years"), from which the natural deathcoitical neurons sharply accelerates (on
average, 50-100 thousand neurons per day [41prbkeer to why such a clearly harmful effect
is needed — and why this particular number of nesidies — has not yet been found). Within the
framework of this model, this is intuitively cleafirstly, 50-100 thousand neurons is an
approximate estimate of the number of neuronsnraaromodule (the"daily" stage of memory),
and secondly, after the "capacitgf any type is completely filled, with continued "filling" it
increases sharply "pressure”, in the" capacityetdhare structural defects; and also, in order to
"record" something in such a situation, it is nseeg to delete something... (The minimum value
for the moment of "fullness” of the entire cortéxyears: n ~ 15 years-also coincides with the
moment of intensification of neuronal death — asioéat.)

1.4. Neural network model of the frontal cortex: Meta-"ring-armour” and its
functioning. The frontal cortex consists mainly not of microtwohs, but of so-called "neural
traps” (according to Lorente De Noh, [10] — - néumetworks whose elements are connected to
each other in intertwining, intersecting ringsigsly speaking, this is no longer a network, but a
network-like structure, which is more suitable tbe name "kolchuga"). At the present stage,
consider "neural traps" only as signal delay li(especially just excitations) it is as primitive as
considering the non-specific nuclei of the thalanassjust mechanical relays-switches (this
function is far from the only one, and clearly patrely mechanical).

The totality of all functions (according to Klei$88, 39]) of the frontal cortex, according to the
author, boils down to the fact that it is a strategprtex, a strategic behavioral analyzer, and a
brain lobe (even the so — called "active thinkiranpe&' is a strategic reserve for "in case of
what").

The solution to the ever-memorable paradox of teélex ring" (so similar to the "neural trap”)
at one time turned out to be the position of bibaryetics on regulation by closed (homeostasis)
and open (behavior) circuits; moreover, the regdlaibject can also be a part of the nervous
system. In addition, if we consider a complex ctoded reflex as an information processing
scheme, it should be noted that the signal inntft@aw along any (including ring) trajectory that

25



is appropriate for signal processing; at the samme,tinformation enters the ring from the
outside, is output from the outside, and the ranglso trained from the outside.

The reflex ring of the frontal cortex is a kindlegher homologue of the classical scheme
(which controls the choice of behavior type) of duenns of the reticular formation in the
brainstem (according to Kilmer and McCulloch, cited Arbib [37], pp. 269-276), a scheme of
the same class, but of a different type-in conti@she reticular — formational, not with “sealed”
energy, but with trainable (conditionally refle@j(CR)) semantic voting.

The author believes that, based on the general tdghe dependence of the properties of
neural networks on their architecture, it can beuased that the meta-"ring-armour” is a meta-
neural network for recognizing, transforming, etegulatory processes as such (in reflex brain
rings, closed and open control circuits (COCC))lthan top of the latter-which are (including)
and its "detector layer", as well as images andepa of the environment in which the time
component is expressed (their processing is aiamaif only "delay lines"). Thanks to the
latter, the frontal cortex is the "chronal” cortex.

From an algorithmic point of view, the "reverbeoatirings" of the frontal cortex are
responsible for cyclic algorithms for processingormation (in the language of Pavlovian
metaphors, these are "step — relay seekers" thhsthie conditioned reflex systems of the rest
of the cortex among themselves (a step forward emetpto the "telephone exchange").

Also, "reverberation rings" implement the princgplef a conveyor belt and the natural
cyclicity of environment and time (man got out bétinfluence of natural selection while still
being a Cro-Magnon, which slowed down biologicablation extremely; and among Cro-
Magnons, the search for game, for example, wascegdl by chasing it, chasing — fight, fight-
eating, eating — rest, rest-then still primitiveeativity, but hunger again pushed to search for
game, etc.), close to the cyclical function of mesing rhythms, the internal branching of neural
traps is responsible for switching between diffei®cles (processing the branching of the event
line).

Due to the phasicity of the "repeated signal cduf$k (that is, inter-cyclic synchronicity, the
signalisself-coherent), the topological meta-"ring-armoun'the electrophysiological aspect is
similar (and difficult to distinguish from) a pepteon with synchronous signal transitions
between layers, "ring-armour” slightly affects treture of the pulse.

The geometrically-three-dimensional frontal cortexneurodynamically-four-dimensional (at
least), and in fact-five-dimensional (processing thranching of the event line, "eternal”
questions, philosophy, etc.). Moreover, the stmgctof neural connections in "neural traps”,
according to the author, resembles a four-dimesiome, collapsed into three-dimensional
physical spacdn other words, a reflex chain made up of" neuagbs$ " is a four — dimensional
reflex chain (which also covers the time dimension)

Based on the same logic of the dependence of tbpepres of neural networks on their
architecture — from the position of classical nefteeory, in the meta-"ring-armour" one part of
each reflex ring controls, regulates, etc. accgrdinthe usual CR-COCC standard mechanisms
of the other, and that, in turn, is the 1st (iniadd to controlling the external controlled object
itself); (two (minimum) parts, three, four,X;, cross, cross-network, and from neighboring rings
control, including with the participation of extatnelements, neural networks, ring-armour —
neighboring systemskte. something like the Ashby homeostat system (haneostatsof
dynamic$ with a chain link topology (;each of these ringdrained by an external signal about
the effectiveness of its work, as in any learningunal network. Such a "ring-armour”
architecture promotes maximum self-organization nefurodynamics (including maximum
complexity); since these processes are conditipmeflective, and also (accordirig Edelman
J., [1]) are under the control of selectipithis leads to self-organization (and generatioi)
adaptive and effective behavioral programs.
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In the cybernetic aspect, the cerebral cortexnlai to the" universal modeling system " (UMS)
according to Fatkin and Chekalina [35, 36]. In #Hissence of a ready-made formula for the
solution block (granular cortex), the problem iansferred to the modeling block (agranular,
frontal cortex), which solves a much more complestarproblem (Z. Cauchy) of modeling, for
which the formulas of the decision block (includingssing ones) are only special cases; the
developed formula is then used by the decisionkb{aad stored in its memory). Curiously, in
[35] the UMS includes a "self-model" and the tenrisciousness'is mentioned in relation to it.
Within the framework of this hypothesis, the praoblef a "supreme control post”, a "little man
at the consolels solved without ignoring the phenomenon (essential necessity) esingle
supreme control center — and reducing the lattefusiely to the natural self-regulation of
subordinate neural networks, as, for example, ii@A[37], pp. 225, 233, 235), and it is clear
why andhow the meta-"ring-armour” — the frontal cortex-isliligcapable of self-management,
and its "software" - of self-meta-programming — amidy the latter is the highest center of
regulation and self-regulation, management andrsatiagement.
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CONCLUSION.

Thus, the brain is a biological computer based breearchical multi-level scalable self-
organization (ultra-high-self-organizing self-siaril autotronic signal processing and
generation). Consequently, the system of neurahghietworks of the cerebral cortex is actually
a meta-network, a hierarchical crystal, the celivbich is a well-studied, technically recreated
and strategically significant (for example, DARPR24[; see also [48-50]) learning neural
network of neural-like elements, and the base Jeébel base "floor" the organization is 2 levels
lower than the actual neural level. The architextof the "network of networks" type is
extremely promising in itself (for example, thedmtet), and being repeatedly repeated, it can
work with complex images of reality of any complgxand be the physical basis of the mind,
which is obviously an active-preventive growing rarehical synergetic crystal of semantic
networks; consciousness is a neuroinformation @sogintrospectionin the meta-network.
Moreover, the number of active elements of a givexta-network is often lower than that, for
example, in the schematic diagram of a large sesiuster or supercomputer. Modern technical
neural networks allow us to implement the most dempunctions of bio-neurons, including the
germination of new dendrites and axons (programenadsnmon data bus of the microcircuit).
This paper shows the architecture and circuit mycdoility of the human brain, which opeap
significant prospects in the field of creating "strong Al" aamtificial intelligence.
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