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AHHOmMayusi — [lpuBeaeHa HoBas MHTepnpeTaums yHK-
LMOHMPOBaHUSA Mo3ra — 0OObeKkTa opraHuyeckon rmépugHon
HaHO3MEeKTPOHWKKM. NokasaHo, YTO OHa W ee CNeAcTBUS MO3BO-
naT He Tonbko Gonee rmyboko pasobpaTtbCA B MpuHUMNAx
YHKLMOHUPOBAHUST MO3ra, HO U MPEeanoXWUTb NEPCNeKTUBHbLIN
KOMMMEKCHBIN NOAXOA €ro AarnbHenwwero ccnefoBaHusi, OCHo-
BaHHbIA HA MHOTOYPOBHEBOM MOJENUPOBaHUM B COYETaHWM C
3KCMepUMEHTanbHbIMU METOAAMMU.

|. BBegeHue

B pabote aBTopa [1] OblIO OTMEYEHO, YTO «MO3rT
MOXET MHTEpPNPeTUpoBaThbCs B KadyecTBe obbekTa opra-
HUYECKOW TMOPUOHOM HAHO3MEKTPOHUKKM, CO34aHHOro
Mpupopow». Mpn atom Haubonee Gnuskui aHanor uc-
KYCCTBEHHOW 3MeKTPOHUKM — uHTerpansHasa cxema (UC)
MUWKPO- WM HaHO3NEKTPOHWKN. BrnepBble AaHHas nHTep-
npetaumns npossyyana Ha 11-i MexgyHapoAHOW KOH-
depeHun «CBY-TexHuka M TenekoMMyHMKaLMOHHbIE
TexHonornmy», KpbIMnKo'2001 (10—14 ceHtabpsa 2001 r.,
r. CeBacTonorb) B OTBETE aBTOpa Ha BOMPOC O AOCTU-
XKEeHUsIX B 06N1acT HAHO3NEKTPOHUKM.

Llenbio paboTbl sBnsietca 6onee rnybokoe o6ocHO-
BaHWe yKa3aHHbIX MOSIOXEHWUI, a Takke MNonbiTka oTBe-
TUTb Ha cnegyolme Bonpockl: 1). Movyemy Mo3r MoxeT
MHTEPNpeTUpoBaTbCsl Kak OOBbEKT OpraHu4eckom ru-
OpuaHOM HaHOAMEeKTPOHUKM? 2). Kak npnbnusntensHo
(PYHKUMOHUPYET MO3F C TOYKW 3peHUs cneuuanucra B
obnactu anekTpoHukn? 3). [JocTaToOYHO nu Ans onuca-
HUsi paboThbl MO3ra, BKM4Yask CO3HaHUE, MbICIb, Apyrue
ncuxuyeckne yHKUMU, KBAHTOBOW MexaHukn? 4). Kak
hanee nccnegosaTb MO3r?

[I. T'MnoTesbl

[Mpu oTBeTax Ha ykasaHHble BOMPOCHI POpPMynupy-
I0TCA criegyroline BaXHble rmnoTtesbl: 1) 0 JOMUHUPYHO-
lweM BAUSHUM Ha (PYHKUMOHMPOBAHME MO3ra 3neKTpu-
YeCKMX MpoLEeccoB; 2) O AOCTAaTOYHOCTU KBAHTOBOW Me-
XaHWKW, Kak 6a3bl uccnegoBaHMsa mMo3ra; 3) cTporoe ma-
Tematmyeckoe MoaenupoBaHne paboTbl Mo3ra OTHOCKT-
Cs K Knaccy TpyaHopelaembix 3agad knacca NP (NP —
nonHas 3agava).

B poknage nokasbiBaeTcd, YTO AaHHble rMNoTe3bl
No3BONSAT BMOMHE YOOBNETBOPUTENbHO OTBETUTL Ha
nocTaBneHHble BOMPOChI.

[ll. KpaTkue oTBeTbI Ha BONpPOCHI

Bonpoc 1. lNoyemy MO3r MOXeT uHTepnpeTnpoBaThb-
Csl KaKk OOBbEKT OpraHM4Yeckon rmMbpuaHOM HaAHOSMEKTPO-
HUKN?

[na oTBeTa Ha 3TOT BOMPOC MPUBOAATCA U3BECTHbIE
OaHHble HerpodU3Monornm M HemWponcuxonoruu, nog-
TBEPXAALWME MPUHLMNMAIBHYIO BaXXHOCTb 3NeKTpuye-
CKMX npoueccoB B Mosre. [lokasaHo, 4TO 3TUX AaHHbIX
AOCTaTO4HO, YTOObl MHTEPNPETUPOBAaTb MO3I B KAYeCTBe
obbeKkTa eCTeCTBEHHOW 3MEKTPOHMKM, co3gaHHoro [MNpu-
pogon. Tak Kak KrioYeBbIMW CTPYKTYpamu B MO3re siB-
NATCA OpraHM4eckne Mornekyrnbl — OObekTbl C Xapak-
TepHbIMW pasmepamMy B HaHOMETPOBOM AmanasoHe, To,
crnepoBaTenbHO, peyb uMaeT 00 opraHWyeckol HaHo-
anekTpoHuke. CornacHo AaHHbIM Hevipoduanonorum u
HEeMpOoNCUXOmNorMn O4YeHb BaXHbl AN YHKLMOHMPOBa-

HMS MO3ra, Mo KpawmHen mepe, ele 1 XMMU4eckue npo-
ueccol [2], NO3TOMY B KOHEYHOM UTOre Mbl UMEEM Ao
C MO3roMm — OOBEKTOM OpraHu4ecKkon rmbpuaHon HaHo-
ANEKTPOHVIKN.

Bonpoc 2. Kak npubnuantenbHo yHKLMOHNPYET
MO3r C TOYKM 3peHus creumanucta B obnactu anek-
TPOHUKN?

WTak, gaHHble Henpodunanonornm cBUOETENLCTBYHOT
O TOM, 4YTO Hambonee BaxHbIMU ANA paboTbl MO3ra sB-
NSOTCS 3NeKTpuYeckne M Xummuyeckue npotecchl. [Npu
3TOM 00paboTka uHopmaumm B Mo3re, a Takke pas-
nnYHbIE Ncuxmnyeckue OYHKLUN CBA3bIBaOTCA C paboTon
HEMPOHHbIX aHcambrien wnu uenen [3]. BaxHocTb ans
NOHUMaHUSI MCUXMYECKNX (DYHKUUIA Mo3ra 3nekTpude-
CKMX NpOLEeCCcCoB OTMeYanacb MHOrMMW nccrieqoBartens-
MW, OAHAKO TPaAMLMOHHO B cneumanbHbiX AUCLMNIMHAX
0 Mo3re npeanoyYTeHne OTAaeTCHd XMMWYECKMM CUurHa-
nam, a He 3NEKTPUYECKNM.

Tem He MeHee, B [JOKMade NokasbiBAaeTCsl, YTO BCE
OCHOBHbIE 3NIeMEHTbl HEMPOHHBIX Lenen (nepebiin Tvn)
Mo3ra MOryT paccMaTpuBaTbCs B Ka4ecTBe 3NIEMEHTOB
ANEKTPUYECKNX Lenen, T.e. HeMpOoHHas Lienb — CBOe0b-
pasHas anekTpuyeckasi Uenb. YUntbiBas 370, MPOBEAEHO
cpaBHeHue uenew nepsoro Tuna ¢ NC mMukpo- n HaHo-
3NEKTPOHMKN (BTOPOW TWMN) U YCTAHOBIEHBLI X OCHOBHbIE
pa3nuuus. Tak, HEMpOHHasa Lenb — 3TO CHavarna pac-
Tyllas, a 3aTeM BO3MOXHO MOAMULUpyeMast arekTpu-
yeckas uenb. VI B 3aToM, moxanyih, camoe rrnaBHOe U
npuHUMnuansHoe ee otnuune ot UIC, koTopoe 1 nNpuBo-
OuT K Hanbornee CyLeCTBEHHbIM NpeumyLLiecTBam Lenem
nepBoro TUNa Hag uensiMm BTOporo.

B cooTBeTcTBMM C NpoBeAeHHbIM aHann3om 060CHO-
BbIBAETCA runote3a O [AOMUHMPYHOLLEM BIMSHUU Ha
DYHKUMOHMPOBaHNE MO3ra 3NEKTPUYECKUX NpPOLECCOB.
Xumuyeckme npoueccbl obecrneunBaloT NUTaHUE 3rek-
TPUYECKMX Liener Mo3ra, a Takke UX BO3MOXHY0 MOAU-
dukaumio. B nepsyto ovepeab UMeHHO noatomy pupo-
Aa He noLuna no YUCTO «3MNEKTPOHHOMY NyTW», a nowuna
no «rmbpugHoOMy MyTu», T.e. 3MEeraHTHOro B3avMoAeW-
cTBUSA (Npeobpa3oBaHus) SMEKTPUYECKUX U XMMNYECKNX
npoL,eccos.

Takum obpasom, B pamkax MPeanoXeHHOW WHTep-
npetauum MO3r 3penoro YernoBeka — 3TO, MpeXae Bce-
ro, Habop HenuHeNHbIX 3NEeKTPUYECKUX (HEMPOHHbIX)
uenew AByX BMOOB, KOTOPbIE HE AOIMKHbI MOAMMULMPO-
BaTbCA M KOTOpble OOMMKHbI MoguduumpoBatbes. U B
TOM ¥ B APYrOM CIny4yasx — 3TO NamsThb.

B poknage nogpobHo aHanusupyeTtcs ctagusi Mo-
andukaumm HENPOHHBIX Lienel B Npouecce nonyyYeHust
CEHCOpHOM MH(OpPMaLMK Nocne ee KOHBEPTUPOBAHUS B
anekTpuyeckne curHanbl. [okasbiBaeTcs, YTO HEWpPOH-
Hble Lenu Mo3ra XapakTepusyrlTCs KpanHe CroXHOW
TONONorMyeckon (MopgonorM4eckon) CTpyKTypon, dak-
TUYECKWN MHAOMBWUAYarNbHOW, HECMOTPS Ha, Kasanocb Obl,
OAHOTUMHOCTb OCHOBHbIX 3NEMEHTOB (Tena KrneTok, ak-
COHbl, AEHOPWTBI, LWWMMKA, CUHAMCbl, MOHHbIE KaHarnbl).
MogpoGHO npoaHanuanpoBaHbl WU3MEHEHWs, KOTOpble
MOFYT BIUSATb Ha XapaKTEepUCTUKU 3NeKTpUYecknx (Ko-
AVpyoLLMX MHOPMaLMIO) Lienen nepeoro tuna, a, cne-
AosarensHo, NX (PyHKLUMOHMPOBaHME.
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Tak Kak MO3r sBnseTcs NoNMyHKUMOHaNbHbLIM
YCTPOWCTBOM, TO B AOKNafde paccMaTpuBaloTCcsl pa3nuy-
Hble pexuMbl ero paboTbl. [pn 3TOM BbiAEneHo Tpu Tu-
na pexmmoB paboTbl MO3ra, Kak Habopa HenUHENHbIX
3MEKTPUYECKMX Lienen, a UMeHHOo: 1) Npy BHELUHEM BO3-
nencTeuu; 2) 6e3 BHELUHEro BO3AENCTBUS (BHYTPEHHWI);
3) cmelwaHHbIN. Bee oTaenbHble pexvMbl paboTbl MO3ra,
BKIOYasi BOCMPUATME, MbILLNIEHUE W ApYyrue ncuxuye-
ckve YHKUMW, OTHOCSITCSt K OOHOMY U3 yKa3aHHbIX Tu-
noB. MNokasaHo, 4To nobon cneundudeckuin pexmum pa-
60Tbl MO3ra ABNAeTCHA pe3yrnbTaToM NPOXOXAEHNS dnek-
TPUYECKOrO CUrHama (CMrHanoB) MO COOTBETCTBYHOLLEMY
Habopy aneKkTpUyecKkMx Lemnen nepBoro Tuna, npuyem
OCHOBHbIMW ~ BO3MOXHbIMW ~ OMepauusaMn  SBNSIOTCS:
CpaBHeHMWe, KOAMpOBaHWe, AeKOAMPOBaHWe, KoMaHda K
OEencTBuio, Moandmkaumsa HEMPOHHBIX LIENEN.

PaccMoTpeHbl Takve BaxHble pexumMbl YHKLMOHM-
poBaHusi Mo3ra, kak obpaboTka CeHCOpHOW WHdopMa-
unn, pacnosHaBaHne 06pa3oB, BOCMIOMUHAHUS, MblLLMe-
HVWe, ynpaBrneHne CUCTEM XU3HEeAEeATeNnbHOCTU opra-
HM3Ma, CHoBMAEHUs 1 Ap. B yacTHocTH, MbICib — 3TO
AeKkognpoBaHue (BHYTpPEeHHee BOCMPOU3BEAEHUE) 3rek-
TpWYecKkoro curHana (CuMrHanoB) MHULIMMPOBAHHOMO Ca-
MMM MO3rOM, MPOXOASALUMM NO PasfMYHbIM HENPOHHbBIM
LuensMm Mo3ra COOTBETCTBYIOLIEN MPOCTPaHCTBEHHO-
BPEeMEeHHOW KoHdurypauun. Atak, yenosek B OCHOBHOM
MbICnWT Ha 6a3e copmmpoBaHHbIX «WwabnoHoBy. Pac-
CMOTpeHbl U Bonee CnoXHble MbICAUTENbHbIE MpoLec-
Cbl, Hanpumep o3apeHue (uHcamTt). OgHako OObIYHO
MbILLNIEHNE — BHYTPEHHEe BOCMPUSTAE YENOBEKOM 3a-
KOAVPOBAHHOW B CaMOM MO3re MHopMaLmu.

Tak Kak MHOrMe paccMaTpuBaemble PexvMmbl MOTYT
peanv3oBbIBaTbCA MNapannenbHo, To, CTPOro roBops,
TUNUYHBIA PEXUM (PYHKLMOHMPOBAHNSA MoO3ra — CMe-
WaHHbIA. Hanpumep, MbicnUTenbHas [eATenbHOCTb
4acTO NMPOMCXOOUT MPU MOCTYNNEHUN BHELUHEN MHOop-
mMauum, T.e. B cMellaHHoM pexume. OTmedy Takke B3a-
MMOAENCTBNE UM B3aNMOBIUSIHWE Pa3nWYHbIX Creuu-
dmyecknx pexmmon paboTbl Mo3ra.

Takum obpasom, npvBedeHHas B [OKNage WHTep-
npetaunst n ee cnepcTeusi nossonsoT Gonee rnyboko
pa3obpaTbcs B NpuHumMnax yHKLMOHNPOBaHNUS MO3ra.

Kak e nccnenoBaTb OOBEKT SMEKTPOHUKN Takon no-
TpsAcatLwen cnoxHoctn? [ns storo Heobxoammo oTBe-
TUTb Ha ABa CriedyoLmx Bonpoca.

Bonpoc 3. [ocTtaTtoyHo nv gns onucaHusa paboThbl
MO3ra, BK/o4asi CO3HaHWe, MbICMb, ApYrMe NCMXnyeckme
PYHKLUMM, KBAHTOBOW MEXaHUKN?

[eTanbHbIi aHanM3 3Toro Bonpoca no3sonun cdop-
MynupoBaTb CriedytoLyto Touky 3peHusd. C ogHom cro-
POHBI, Ncuxmnyeckme yHKUMU MO3ra He MOryT GbiTb onu-
CaHbl TOYHO C MOMOLLBIO KBAHTOBOW MEXaHWKW B MPWH-
uune. 3TO CBA3AHO C TEM, YTO MaTeMaTnyeckne Moaenm
KBaHTOBOW MEXaHWKu SBNSAIOTCA Waeanusaumsamu, a,
criefgoBaTenbHO, He MOryT MOMHOCTBIO COOTBETCTBOBATH
Aaxe bornee nnm MeHee CNOXHOMY M3y4yaeMOMy OOBbek-
Ty. ABTOp B cTaTbe [1] Ha3Ban 3Ty npobnemy — npobne-
MOW «nepBOro Lwara» (Hayano wugeanusauum) u, no-
BMOMMOMY, OHa B O6LLEeM crnyyae HeycTpaHMMa B Hayke,
OCHOBaHHOW Ha mMatemaTunyeckux mogensax. OTmevatoT-
ca v gpyrve npobnembl. C Apyron CTOPOHbI, aHanm3 uc-
TOpUM BOMpoOCa, a Takke NPMBOAMMbIE aBTOPOM apry-
MEHTbI MPUBOAAT K BbIBOAY O TOM, YTO (PYHKLIMOHMPOBA-
HWe mMo3ra MoXeT ObITb B MPUHLMMNE ONMCaHO C BbICOKON
CTeneHbld TOYHOCTW (AOCTaTOYHOW) C MPUMEHEHMEM
dopmanunama KBaHTOBON MeXaHWKK (BTopasi rmnoTtesa o
[0CTaToO4HOCTH).

[lna petanbHOro nccnegoBaHns Mosra Heobxoanmo
Yy4eCTb He TONbKO KONOCCanbHOE KOMUYECTBO 3NeMEeH-

TOB  HEWpPOHHbIX  Lenewn YACMNO  HEWpOHOB  —
(10°...10"), cuHancoe — (10**...10"), ewe Gonbluee
YMCIO MOHHBLIX KaHaroB U MOMNEKYn, SABMASIOLWMNXCS KIto-
YeBbIMU CTPYKTYpamu), MNONUMYHKLMOHANBHOCTL 3TUX
HEeNMWHENHbIX Lenen, HO U TO YTO OHW MOTYT PeryrsipHo
MoanduUMpoBaThLCS B npouecce PYHKLMOHNPOBAHUS.

B cBSi3u C 3TVMM, K cOXareHuto, CTporoe peLleHue
3aJa4yn Ha YpOBHE KBAHTOBOW MEeXaHWKW MPaKTU4ECKM
HeBO3MOXHO. Heobxoaumbl nocrneaytolmne warn mnaea-
nusaumu.

Bonpoc 4. Kak ganee uccnegosatb MoO3r?

B cBS13M C M3NoxeHHbIM Bbille opMynupyeTcs Tpe-
Tbsi TMMOTE3a O TOM, YTO CTPOroe mMaremaTuyeckoe Mo-
AenvipoBaHme paboTbl MO3ra OTHOCUTCH K Knaccy Tpya-
HopellaeMbix 3agad knacca NP (NP — nonHas 3agaya).

OTMeYeHHble  TMMNoTEe3bl, MNPOBEAEHHBIN  aHanus,
onpegeneHHas aHanorusa ¢ IC MUKpo- 1 HaHO3MEKTpo-
HVKN MO3BONSIOT paccmaTpuBaTb MHOMOYpOBHEBOE MO-
OenvpoBaHMe B COYETaHWW C IKCMEepPUMEHTarbHbIMU
MeTogamMy B KayecTBe MepcrnekTUBHOro nogxoga k 6o-
nee geTtanbHOMY MCCReAoBaHWI0 MO3ra, T.e. peLUeHuto
3TOW FPaHOUO3HOM MO CIOXHOCTM npobnemsbl. 3ameuy,
4YTO NOogo6HbIM noaxon cebs NMOMHOCTLI0 onpaBdan npu
uccnegosaHum NIC MrkpoanekTpoHuku [4, 5].

B poknape npepnaraetcst KOHKPETHAs CXxeMa MHOro-
YPOBHErO MOAENNPOBaHNA MO3ra, OCHOBaHHasi Ha OTMe-
YeHHbIX KMYeBbIX naesx.

I1l. 3akntoyeHue

MpvBeaeHHass uHTepnpeTauns 1 ee CneacTsua nos-
BONSIOT, C OAHOI CTOPOHbI, Gonee rnyboko pasobpaTtbest
B NpuHUMNax yHKLUMOHNPOBaHUS Mo3ra, a, C APYron, —
NpPeanonoXnTb MEPCMNEKTUBHBLIA KOMMMEKCHbIN Noaxod
NCCNEeaoBaHNsl MO3ra, OCHOBAHHBIA Ha CXeMax MHOro-
YPOBHETO MOAENUPOBAHMS B COMETaHUU C 3KCNEPUMEH-
TanbHbIMW MeTodamu.
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Abstract — The interpretation of the human brain as an or-
ganic hybrid object of nanoelectronics is presented. The interpre-
tation and its consequences are used for more accurate under-
standing of main functions of the brain. Complex multilevel ap-
proach to simulation of these functions is developed.

I. Introduction

It was noted that «the brain can be interpreted as an object
of organic hybrid nanoelectronics created by the Nature» [1].
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Therefore the nearest analogue in artificial electronics is an
integrated circuit (IC) of micro-and nanoelectronics.

The aim of this work is a deeper argumentation of these
statements, as well as an attempt to answer the following ques-
tions: 1). Why can the brain be interpreted as an object of or-
ganic hybrid nanoelectronics? 2). How does the brain function
from the point of view of a specialist in electronics? 3). Is quan-
tum mechanics enough for description of the brain functioning,
including consciousness, thought, and its other mental func-
tions? 4). How to investigate the brain further?

Il. Hypotheses

The following hypotheses are formulated: 1) the hypothesis
of the dominant influence of electrical processes on brain func-
tion; 2) the hypothesis of the adequacy of quantum mechanics
as a base for the study of the brain; 3) the hypothesis that rig-
orous mathematical simulation of the brain functioning is re-
ferred to NP class problems.

The hypotheses allow satisfactorily answering these ques-
tions as shown in the paper.

Il. Brief Answers to the Questions

Question 1: Why can the brain be interpreted as an object
of organic hybrid nanoelectronics?

The known data of neurophysiology and psychology con-
firm the importance of electrical processes in the brain. It is
shown that these data are sufficient to interpret the brain as an
object of natural electronics created by the Nature. Since the
key structures in the brain are organic molecules it follows that
we are talking about organic nanoelectronics. According to the
neurophysiology and psychology data chemical processes are
very important too for the functioning of the brain [2], so we
have to deal with the brain — an object of organic hybrid nanoe-
lectronics.

Question 2: How does the brain function from the point of
view of a specialist in electronics?

Thus, the data of neurophysiology suggests that electrical
and chemical processes are the most important for the brain
functioning. In this connection processing of information in the
brain, as well as different mental functions, is associated with
the work of neuronal ensembles or populations [3]. The im-
portance of electrical processes for understanding the mental
functions of the brain was noted by many researchers, howev-
er, chemical signals, but not electrical ones, are traditionally
preferred in the neurophysiology.

Nevertheless, it is shown that all the basic elements of neu-
ronal sets of the brain can be considered as elements of electri-
cal circuits, i.e. neuronal circuit (first type) is a peculiar kind of
electrical circuit. Therefore the comparison of the first type cir-
cuits with ICs of micro- and nanoelectronics (second type) was
made and their basic differences were determined. Thus, the
neuronal circuit is firstly growing, and then possibly modified
electrical circuit. In addition, this is perhaps the most important
and fundamental its difference from the IC, which leads to the
most significant advantages of first type circuits over the second
type ones.

In accordance with the carried out analysis the hypothesis
of the dominant influence of electrical processes on the func-
tioning of the brain is stated. Chemical processes provide a
supply for the electrical circuits of the brain, as well as their
possible modification. First of all this is why the Nature did not
follow a purely «electronic way», but followed the «hybrid way»,
i.e. the way of elegant interaction (transformation) of electrical
and chemical processes.

Thus, according to the proposed interpretation, the human
brain is a set of nonlinear electrical (neuronal) circuits of the two
kinds that should not be modified and which should be modi-
fied. In all cases it is memory.

Since the brain is a multifunctional device the various
modes of its operation are discussed in the paper. Three types
of operation modes of the brain as a set of nonlinear electrical
circuits are realized, namely: 1) with external influence; 2) with-
out external influence (internal), and 3) mixed. All the individual
modes of the brain, including perception, thinking, and other
mental functions, are related to one of these types. It is shown
that any particular operation mode of the brain is the result of
the passage of an electrical signal (or signals) across a corre-
sponding set of electrical circuits of the first type, besides basic
possible operations are following: comparison, encoding, de-
coding, action command, modification of neuronal circuits.

Such important modes of functioning of the brain as pro-
cessing of sensory information, image recognition, thinking,
dreams, etc. are discussed. In particular, thought is a decoding
(internal reproduction) of electrical signal (or signals) initiated by
the brain itself, passing by the brains’ neuronal circuits of corre-
sponding spatial-temporal configuration. The more complex
mental processes are considered, for example insight. Usually,
however, thinking is the internal perception of the earlier coded
information in the brain.

How can we analyze the object of electronics of such com-
plexity? We must answer the following two questions.

Question 3: Is quantum mechanics enough for description
of the brain functioning, including consciousness, thought, and
its other mental functions?

A detailed analysis of this problem has allowed formulating
the following point of view. On the one hand, the mental func-
tions of the brain can not be described accurately by quantum
mechanics in principle. This is due to the fact that the mathe-
matical models of quantum mechanics are idealizations, and
therefore can not fully coincide with even less complex objects
that are being studied. The author called this problem - the
problem of «first step» (the beginning of idealization) in the
paper [1]. On the other hand, analysis of the history of the is-
sue, as well as arguments of the author, lead to the conclusion
that the functioning of the brain can in principle be described
with a high degree of accuracy using the formalism of quantum
mechanics (the second hypothesis about the adequacy).

For a detailed study of the brain one should take into ac-
count not only the enormous number of elements of neuronal
circuits (the number of neurons - 10*° - 10%, synapses - 10™ -
10", an even greater number of ion channels and molecules
that are key structures), polyfunctionality of these nonlinear
electrical circuits, and also that they can be modified.

In this regard, unfortunately, the exact solution of the prob-
lem at the quantum mechanics level is impossible. Further
steps of idealization are needed.

Question 4: How to investigate the brain further?

In connection with the above mentioned the third hypothe-
sis is stated that rigorous mathematical simulation of the brain
functioning is referred to NP class problems.

Three hypotheses, carried out analysis, defined analogy
with the IC of micro- and nanoelectronics allow us to consider
multilevel simulation combined with experimental methods as a
promising approach to a more detailed study of the brain, i.e. a
solution of this problem of enormous complexity. Note that a
similar approach has been completely justified while investigat-
ing ICs of microelectronics [4, 5].

In the paper the scheme of a multilevel simulation of the
brain based on the noted key ideas is presented.

IV. Conclusion

The above mentioned interpretation and its consequences
allow, on the one hand, to analyze the principles of the brain
functioning more deeply, and, on the other - to suggest a com-
plex approach of brain investigation, based on a multilevel
simulation combined with experimental methods.
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