VIIK 165.12

9XO VIIEV . KAHTA
B KOHTEKCTE COBPEMEHHbBIX
KOTHUTMBHBIX ICCJIEJOBAHUM

B. A. BaxanoB'

B cmamve npednpunumaemcs nonvimka OCMblCAUMNb
udeu M. Kanma 00 anpuoprom xapaxmepe npocmpar-
cmba u Bpemenu 8 koHmexcme coBpeMeHHbIX KOSHUMUS-
HbIX uccae0obanuil u HetlpoHayku. Vlcxods u3 KaHmuan-
CK020 NOHUMAHUS npocmpancmba u Bpemenu kax gopm
uybembenrocmu  paccmampubaemcs, Kakum o00pasom
OanHble Hellpobuoso2uu nodmbepsxoarm u 00HoBpemeH-
HO MOOUUUUPYIOM KAACCUMecKUTl puiocogpckutl Ha-
mubusm. Ocoboe BHumanue yoessemcsa SMnupuuecku
ycmarnoBaennbiM BpoiK0eHHbIM KOSHUMUBHBIM MeXaHu3-
Mam, makum kax «4ybembBo uucaa» u npeonosazaemoe
«yyBemBo npocmparcmbar, Komopsvie UMeN OHImoze-
Hemuueckue U HelpoHHble 0OCHOBAHUS, AHAAUSUPYIONICS
OMKpLIMUSL HABUAYUOHHBIX CUCTEM Mo32d, BKA0uas
KAemKu «mecma», 4mo nosboisiem 206opums o cyuje-
cmbobanuu GYHKYUOHALLHO ABIMOHOMH020 «2eOMemplU-
ueck020» (a4 He moAvko uucao06oeo) mooyas. Ilokasawo,
41mo 0aHHbITL MOOYAL U2paen KA104eBy1o pob He moavko 6
opuenmavuu 8 pusuneckom npocmparcmebe, Ho u 6 gpop-
Mupobanuy abcmpakmHulx NOHAMUT, CeMAHMUUECKUX
cmpykmyp u coyuarHeix cBaseil. Paccmampubaromea
Oannvle 0 Hezabucumocmu 0a30601 2eomempu1eckoil uH-
MYUYUL om KyAMypHo20 U CeHCOPHO20 onbima, Bkaio-
uas uccaedoBanus npocmpancmbentvlx npeocmabieHus
Y caenvix om poxoerus uHouBuoob. OmaoesvHslil pasdes
nocBawen anaruzy SNARC-agppexma u Bosmoixroz2o
BausnuA xapaxmepa NUCLMeHHOCMU U KOHQUypayuu
wpupmob na npocmpancmbenHo-uucA0Bble U KOSHU-
mubHvle accoyuayuu. Imom gpeHomer 0eMOHCMpUpy-
em B3aumocBasy Bocnpusmusa uuces u Hanpabrenutl 6
npocmparcm@e, komopas 00yca061eHa U KYALMYpPHOIMU
ocobennocmamu: y 100etl ¢ 1e60COPOHHUM NUCLMOM
bosvuiLe HCAq ACCOUUUPYIOMCS C npabBbim Hanpabieru-
em, moeoa Kax y mex, kmo nuuem cnpaba naiebo, sma

! YIIBSIHOBCKMVL TOCYJapCTBEHHBIN YHUBEPCUTET,
Poccns, 432017, YiesiHoBCK, yi1. J1. Tosncroro, . 42.
Iocmynuaa 6 pedaxyuro: 25.11.2025 e.

doi: 10.5922/0207-6918-2026-1-4

ECHOES OF KANT’S IDEAS
IN MODERN COGNITIVE
RESEARCH

V. A. Bazhanov'

This article examines Kant’s ideas on the a priori
character of space and time in the context of mod-
ern cognitive research and neuroscience. Proceeding
from the Kantian view of space and time as forms of
sensibility, I look at how neurobiological data con-
firm and simultaneously modify classical philosoph-
ical nativism. I pay particular attention to empiri-
cally-confirmed, inborn cognitive mechanisms such
as the “sense of number” and the supposed “sense
of space” which have ontogenetic and neural founda-
tions. I look at discoveries pertaining to the brain’s
navigation systems, including “place” cells, which
point to the existence of a functionally autonomous
“geometric” (and not just a “number”) module. This
module has been shown to play a key role, not only
in one’s orientation in physical space, but also in the
formation of abstract concepts, semantic structures,
and social ties. I examine data on the independence of
basic geometric intuition from cultural and sensory
experience, including research on spatial representa-
tions in born-blind individuals. A special section
is devoted to the analysis of the Spatial-Numerical
Association of Response Codes (SNARC) effect: its
possible influence on the character of the writing sys-
tem, and, conversely, of script configuration on spa-
tial-numerical and cognitive associations. This phe-
nomenon demonstrates an interconnection between
the perception of numbers and direction in space,
which is partly determined by cultural features: peo-
ple with left-to-right writing associate numbers of a
larger magnitude with the right side, while people
who write from right to left have the reverse associa-
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accouyuauua obpamua. Taxum obpasom uesoBeueckue
npedcmabaenus o npocmpancmbe u Bpemenu A6aaw0mcs
Pe3yAbmamom cA0xH020 B3aumodeiicbus BpoxkoeHHbIX
cnocobHocmeil HepBHOLL cucmeMvl U BHeulHe2o KyAbmyp-
Hoeo Bausanus. B saxatouenue yxasviBaemca Ha nepcnex-
mubHocms KOHYyenyuu OUOKYALIMYPHO20 CO-KOHCMPYK-
muBusma, coesacHo komopou BpoxdeHHsle HeUpoHHbLe
CPYKMYpbl U KYAbIMYpHble npakmuku Haxooamcs 6 0u-
Hamuyeckom B3aumodeiicmbuu, umo nosbossem eayoie
NOHAMb CMbICA KAHMUAHCKOT UCCAe008amebcKoll npo-
epammel, peaiusyemoil 6 cobpemenHotl HelpoHayxe.

KatoueBuvie caoBa: xanmuarckas ucciedobamens-
ckas npoepamma 8 veiiponayxe, «uybembo uucaa», «uyb-
cmbo npocmparcmba», MOOYAApHAS Meopus Mo3ed,
MpaHcyeHO0eHmalusm, OUOKYALITYPHbIIL CO-KOHCHIPYK-
mubusm, SNARC-nodobHvle s¢hgpexnvl

HesosmoxHO BOOOpasuTh, YTOOBI PyHK-
LMOHMpOBaHNe Mo3ra / pasyma ObIJIO TOHSATO
BHE IIpefiCTaBJIeHNI1, CBS3aHHBIX C yHIaMeH-
TaJIBHBIMM ~ MaTeMaTUYeCKVIMI  IIPVHIIVIIaMIL.

M. I'pomob (Gromov, 2011, p. 7).

1. BBenenne

Cyxpnenus V. KanTa 00 arpropHoM xapakTe-
pe IIpoCcTpaHCTBa M BpeMeHM XOPOIIO M3BECTHBL.
KanT cunrar, uto «nonsamue npocmparcmba ecmo
4ucmoe cosepyarue... OCHOBHasl popMa BCAKOIO
BHeIIIHero omryieHns» (AA 02, S. 402; KanT, 1994,
c. 298); «xauecTBO IIPOCTPAHCTBA ¥ BPeMeHI. .. 3a-
KJIFOUeHO B MOeM CIIocoDe co3zepIiaHs, a He B 3TMUX
obpekTax cammx 110 cebe» (B 69; KanT, 2006, c. 131).
Taxum oBpaszoM, MPOCTPaHCTBO ¥ BpeMsi TPaKToO-
BasIch KaHTOM He Kak 0OBbeKTMBHBIE CYIITHOCTY,
HO KakK pOpMbl YyBCTBEHHOCTV, 3aJaHHBIe CaMOM
IIPUPOIOVL YeJIOBeYeCKOTO yMa.

Mex 1y TeM 3a IIocjle[THee BpeMs 3T CYXK/IeHWs
KanrTa, ¢ ofHOVI CTOPOHBI, SIBVJIVICH MOIITHBIMU VIM-
ITyJIbCaMW J1JIs IIPOJO/DKeHM KOTHUTWBHBIX VIC-
CJIEIOBAHMUIL, a C JPYTOn — ObUIN IIepecMOTpPEHBI
" pa3BUTHI Or1arogaps TOMY, UTO 15 IIpeficTaBIle-
HVVI O IIPOCTPaHCTBe V1 BpeMeH ! OblyIv OOHapyKe-
HBI [IPOYHBIE (HePOo)OMosIoruecKyie OCHOBaHVIS.

79

V. A. Bazhanov

tion. Thus, human perceptions of space and time are
the result of intricate interactions between congenital
properties of the nervous system and extra-personal
cultural influence. In conclusion, I stress the prospec-
tivity of the concept “biocultural co-constructivism”,
according to which congenital neuron structures and
cultural practices are in dynamic interaction, and
which promises deeper insight into the meaning of
the Kantian research programme as implemented in
modern neuroscience.

Keywords: Kantian research programme in neu-
roscience, “sense of number”, “sense of space”, mod-
ular brain theory, transcendentalism, biocultural
co-constructivism, SNARC-type effects

It is unimaginable that a viable representa-
tion of the brain/mind interface is possible
without being incorporated into a broader
mathematical framework.

M. Gromov (2011, p. 7).

1. Introduction

Kant’s judgements vis-a-vis the a priori
character of space and time are well known.
Kant maintained that “the concept of space is [...]
a pure intuition, [...] it is the fundamental form
of all outer sensation” (MSI, AA 02, p. 402;
Kant, 1992, p. 396); “the quality of space and
time [...] lies in my kind of intuition and not in
these objects in themselves” (KrV, B 69; Kant,
1998, p. 190). Thus, Kant interpreted space and
time not as objective entities, but as forms of
sensibility stemming from the very nature of
the human mind.

Of late, these judgments of Kant’s have, on
one hand, been powerful stimuli for continued
cognitive research and, on the other hand,
come in for reappraisal and development as
“hard” neurobiological foundations have been
discovered for the study of space and time.
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DTU MCcciIe0BaHs TIOKa3aJIl, YTO B pe3yJIbTa-
Te JJINTEIbHOVI, OXBATHIBAIOINEV MUJUIVIOHBI JIET
3BOJIIOIIMM XXVBBIX CHCTEM Ha 3emJle B MX MO3re
Ha OHTOTIeHEeTVYeCKOM yPOBHe, TO eCThb OT CaMo-
ro dakTa poxaeHms, cPOPMMUPOBAIIOCH TAK HA3bI-
BaeMoe «JyBCTBO 4mciIa» (peHoMeH cyOuTarimm,
numerosity), KOTOpOe IIO3BOJISIET CUMYJIBTaHHO
BOCIIPMHVMATh MHOXECTBa IIPeIMeTOB IO IIpU-
MepHO 3—4, TO eCTh KOJINYeCTBO. DTa YHUBepcalb-
Hasi — B CMBICJIe aTpuOyTa paclpocTpaHeHHO-
CTU — CIIOCOOHOCTB XKVMBBIX CHICTEM OCHOBATEJIbHO
oIvicaHa ¥ JOBOJIBHO aKTVBHO M3y4aeTcs B COBpe-
MeHHOV HeVIpoHayKe (IompoOHee cM.: bakaHoB,
2021). Mexay TeM IpercTaBJieHMs O Yuciie opra-
HUYEeCKVM 00pa3oM CBsi3aHBI C IIpeCTaBJIeHNS-
MM O IIPOCTPAHCTBEe?, KOTOPble AHAJIM3UPYIOTCS B
PpasIMYHBIX pasziesiax reomeTpun. JomycTiMo iy,
a MOXeT OBbITb, Ta’ke HeOOXOIVIMO Hapsi/ly C «IyB-
CTBOM UVCJIa» BBECTY IIpefiCTaBJIeHNe O «JyBCTBe
IIPOCTPaHCTBa», KOTOpOe TaKXXe eTepMUHIPOBa-
HO OHTOTeHeTMYeCcKM " KOTOpOe COOTBETCTBYeT
KakK IyXy, TaK 1 OyKBe KaHTMaHCKOV IIPOr paMMBbl
viccJIeIoBaHM B HevipoHayke? Ilomnararo, uto or-
BeT JI0JIKeH I10CIIeIOBATh TIOJIOKUTEIIbHBIV: «dyB-
CTBO IIPOCTPAHCTBa», KaK M «dyBCTBO YNCIIa», CTa-
TyC KOTOPBIX COOTBETCTBYeT IIyXy KaAHMUAHCKOU
uccaedobamensckoi npoepamme 8 Heiponayxe®, —
BpOXJIeHHas ocobeHHOCTh Mosra. IIpasma, mipen-
IIOJIOXKMTEIBHO 3TO OCOOEHHOCTh TOJIBKO YesIoBe-
YecKOro Mo3ra, ecyivi MMeTh B BUIY CIIOCOOHOCTB
OIIepMpPOBaTh B JIETCTBE IIPOCTBIMI, a CO BpeMeHeM
" Bce DoJiee CJIOKHBIMM TeOMeTpPIUYecK MM oOpa-
3aMM ¥ aOCTpaKIusIMy, BOCIIPVHMMATh M IIPU-
MeHITh CUMMeTpudecKre KOHCTpyKumm (Sablé-
Meyer, Fagot et al., 2021; Sablé-Meyer, Benjamin et
al., 2026). Kak 3ameuaeT ofgvH 13 Hambostee Kpym-

21, pasymeetcs, BpemeHu (cM.: Space, Time and Number. ..
2011; Buzsaki, Llinas, 2017).

3 Kaumuanckaa uccaedobamensckas npoepamma B COBpe-
MEHHOVI HeVIpOHayKe IpeciIeayeT 3ajadvy CBsI3aThb MiIen
Kanra 006 amrpropu ¢ (Herpo)OroIormdecKUMI MeXaH3-
MaMW, BCKPBITh 11X PU3MOJIOTMYecKyie OCHOBaHs, B 4acT-
HOCTM ITOKa3aTh, YTO ITpefICTaBJIeHNs] O MIPOCTPaHCTBe U
BpeMeHU 3aBg3aHbl Ha (Hepo)u3MoIorndecKyie CTPyK-
TYPbI ¥ BO3HMKAIOT C POXIEHMeM KMBOTO CyIIecTBa, TO
ecTb 00yci10BIIeHb! oHToreHeTndecku (Dehaene, Brannon,
2011; Khachouf et al., 2013).

80

This research has shown that, over the
course of millions of years of evolution on
Earth, the brain, at the ontological level (i.e.,
from birth), has developed a “number sense”
(the phenomenon of subitation, numerosity),
which allows it to simultaneously perceive
sets of about 3-4 objects, i.e. to perceive
number. This universal (in terms of its
spread) capacity of living systems has been
thoroughly described and is being actively
studied in modern neuroscience (for details,
see Bazhanov, 2021). At the same time, notions
of number are organically linked with notions
of space,”> which are explored in various
branches of geometry. Is it possible and
perhaps necessary to introduce, along with
the “number sense”, a “sense of space” which
is also determined ontogenetically and which
corresponds to the spirit — and indeed the
letter — of the Kantian research programme
in neuroscience? I believe the answer is
affirmative: the “sense of space”, like the “sense
of number”, the status of which chimes with
the spirit of the Kantian research programme
in neuroscience,® is an inborn capacity of
the brain. True, this capacity is likely to be
the property only of the human brain, if we
consider the fact that a child can handle simple
but over time more complex geometrical
images and abstractions, perceiving and
making use of symmetrical constructions
(Sablé-Meyer, Fagot, et al., 2021; Sablé-
Meyer, Benjamin, et al., 2026). To quote Misha
Gromov (2011, p. 53) — one of the foremost

2 And, of course, time — see Dehaene and Brannon
(2011b), Buzsaki and Llinas (2017).

* The Kantian research programme in modern
neuroscience aims to link Kant’s a prioriideas with (neuro)
biological mechanisms, to discover their physiological
foundations; in particular, to show that the concepts
of space and time are wired into (neuro) physiological
structures from the birth of a living creature, that is,
ontogenetically programed (cf. Dehaene and Brannon,
2011a; Khachouf, Poletti and Pagnoni, 2013).



HBIX MaTeMaTVKOB coBpeMeHHOcTV Mumia I'po-
MOB, Ubs MBICJIb B JAaHHOV paboTe VCIIOIb3YyeTCs B
KauecTBe anmrpada, «BepPOSATHO, MO3T — 3TO CBO-
€ro poja CKpeITas... MaTeMaTuyecKas MallllHa,
youbumenvro npocmas» (Gromov, 2011, p. 53).

JymMaeTcss, 94TO KaHTMaHCKas MccileioBaTesIb-
CKag IporpamMma B HelIpOHayKe MOXeT ObITb Me-
Tacpopuyecky oImcaHa TIOHATHEeM Tapadpasa,
collep>kaHye KOTOPOro CBsI3aHO C co3laHVieM HeKo-
TOPOTr0 HOBOTO ITPOM3BeleHNs Ha OCHOBE «dy>KOV»
TeMBbL B TaHHOM ciTy4ae B KauecTBe TaKOro IIpO3-
BeJleHIsI BBICTyTIaeT COBpeMeHHas HeVipoHayKa, B
KOTOPOVI CJIBIIIATCS. OTTOJIOCKY TeHMaIBHBIX TIPO-
3pern KanTa 11 lepeocMBIC/IIBAeTCS €r0 JOKTPY-
Ha O «4UMCTOM co3epliaHum». Onmpasich Ha ujen
K. JlopeHila, oqHOro 13 mpealecTBeHHIKOB 3BO-
JTIOITMIOHHOVI 3MVICTEeMOJIOT MY, BbICKa3aHHbIE UM
B CBSI3M C aHAJIM30M KaHTMaHCKMX KaTeropui mo-
sHaHM, Vleryna Pas pestommposai: «[Ipu nepexo-
Iie OT npednucameavHoil snucmemosoeuy Kanra k
SBOJTIOLIVIOHHOVI 0eCKpUnmubHoil 3nucmemosoeun
KaTeropus anpuopHo20 no3HAHUA IIePeoCMbICIIV-
BaeTcsl KaK BPOXJeHHBble (a priori) xoeHumubHoie
MexaHu3Msl VIHAVIBUIQ, KOTOPBIE 3BOJIIOIVOHU-
poBa/II Ha OCHOBE aIlOCTePVOPHOV KOH(MPOHTa-
LMV BUa C OKpy’Karomen cpefion. ...uioreHe-
TUYeCKM arloCTeprOpHOe CTaJl0 OHTOTeHeTNYeCKN
arpuopHbIM» (Rav, 2006, p. 76).

B nacrosi1en crtarbe MbI 0OCyXX/TaeM BO3MOX-
HOCTb MOJIeIVpoBaHMs (PYHKIMOHaa MO3ra B
Ilyxe KaHTMAaHCKOVI MCCIIeI0BaTeIIbCKOV IIPOrpaM-
MBI VI OTMeYaeM, UYTO 3aMeTHBIVI IIporpecc B II0-
HVMaHMM paboTEI Mo3ra ObUI CBsi3aH C OTKPBITH-
€M ero HaBUTAIIMOHHBIX crcTeM. [lajiee Ha OCHOBe
TeopUM MOYJISPHOCTM MO3Ta MBI aHaJM3UpyeM
OCODEHHOCTVI €ro «TeOMeTPUYeCcKOro» MOIYJId,
KOTOPBIVI o0ecIteuynBaeT OpVeHTalnio CyObekTa B
mpocTpaHcTBe. Il HaKOHell, IIpedIIpUHIMaeM II0-
IIBITKY CBSI3aTh MeXaHM3M JIeVICTBVISL 9TOrO MOTYJIs
¢ Tak HasbiBaeMbIM SNARC*-a3¢pdpexTom 11 KoHPM-
rypanmeil VCIOIb3yeMbIX B PasJIMYHBIX S3bIKaX
HIpudTOB 1 CPefCTB PUKCAIUI IIEMEHTOB A3bl-
KOB (HaIrpyMep, HOHATW, CJIOB).

41_[1:)OCTpaHCTBeHHO-‘IVICJ’IOBaﬂ accomals KOI0B OTBETOB.
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mathematicians of our time, whose words
are used as an epigraph to this article — “[...]
apparently, a hidden mathematical machine
[is] in everybody’s brain, an amazingly simple
machine at that”.

The
neuroscience can be metaphorically described

Kantian research programme in
as a “paraphrase”, wherein a new piece of work
is created out of somebody else’s theme. In this
case, the new work is modern neuroscience, in
which echoes of Kant’s insights can be heard,
and in which his doctrine of “pure intuition”
is reinterpreted. Taking his cue from ideas
expressed in connection with an analysis of
the Kantian categories of cognition by one of
the forerunners of evolutionary epistemology,
Konrad Lorenz, Yehuda Rav (2006, p. 74)
sums it up thus: “By passing from Kant's
prescriptive epistemology to an evolutionary
descriptive epistemology, the category of a priori
cognition is reinterpreted as the individual's
inborn (a priori) cognitive mechanisms that have
evolved on the basis of the species” a posteriori
confrontation with the environment. [...]
the phylogenetically a posteriori became the
ontogenetically a priori.”

In this article, I examine the possibility of
modelling the brain’s functioning in the spirit
of the Kantian research programme, noting
that important progress in understanding the
brain is connected with the discovery of its
navigational systems. Then, on the basis of the
theory of the modularity of the brain, I attempt
to link the mechanism of the navigation
module with the SNARC* effect, as well as with
the configuration of scripts used in various
languages and means of recording the elements
of a language (for example, concepts and
words).

*Spatial Numerical Association of Response Codes.
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2. CT0J1Bb 1M Y2K OPOCT MO3I?

Cyxnenue I'pomoBa o «rpocToTe» (PyHKIIMO-
HVMpOBaHMS MO3ra B TEpMMHaX «MaTeMaT9ecKou
MalIIVHB» JOITyCKaeT IeJIbIVI CIeKTP VMHTepIIpe-
tauym. Hamo mosarate, 4To Ipexxje Bcero peub
JOIDKHA MIATU O MOIe/IMpoBaHUM paboThl Mo3ra
IIOCPENICTBOM  JIOTMKO-MaTeMaTudecknx dopma-
73MOB. Takoro pojia IOIBITKY PeAIIPUHIMAOT-
Cs1 IIPVIMEPHO ¢ cepeyHbl XX B. (MofIesIv HelipoH-
HbIX ceTell Makkasioka — ITnTTca, mepcenTpona
PosenOsarTa, pacmpocTpaHeHMsI 32JIeKTPOHHBIX
curHasoB XomKKMHa — XaKcIn 1 T.11,.) V1 10 HacTOsI-
miero speMenn (Manin, 2015; Krdl et al., 2022). I'po-
MOB BBICKa3bIBaeT I'UIIOTe3y O TOM, YTO CYIIIeCTByeT
CBOETO POJia «3IPro-MO3I», KOTOPBIV SIBJISIETCS TI0-
CPeTHVIKOM MeXAy JIeKTpOod3MOIormdecKMm
IporieccaMyi B MO3Te ¥ CO3HaTeIbHBIM (MeHTaIb-
HBIM) X OTpakeHVeM B YeJIOBeUYeCKOM CO3HaHWM
(Gromov, 2018, p. 2). OgHaxo 3Ta ruroTesa roka He
HoJTyYnla CKOJIb-JIMOO COJIMITHOIO 3MIMPIYECKO-
TO IOATBEPXKIeHVISA, I HY OfHA 13 JIOTVIKO-MaTeMa-
TUYECKVX MojleJleVl Bce-TaKy He MOXeT ITpeTeH/Io-
BaTh Ha CKOJIBKO-HVOY/Ib TIOJTHY 0 PEKOHCTPYKIIVIIO
YHKIIMOHMPOBaHN MO3Ta B IUIaHe BOCCO3aHMs
KapTUHBI paOOTHI HEVIPOHHBIX CeTeVl.

3aMeTHBIVI ITporpecc B IIOHVMAHUM MO3Ta OBl
JOCTUTHYT B 00J1acTVi HeMpodu3MOoIOrnum TOoraa,
Korga ObUIM OTKPBITBL OCOOBIE TWIIBI HEVIPOHOB,
OTBETCTBEHHBIE 3a OPVEHTAIIVIO XMBBIX CyIIecTB
B IIPOCTPaHCTBe, 1 IOSgBWIach BO3MOXXHOCTB CO-
CTaBUTb KOTHWUTMBHBIE KapThl (KOOpOVHATHBIE
CeTKM) Mo3ra.

Briepsble 0 cBoero popa IIpOCTPaHCTBEHHBIX
(KOTHUTUBHBIX) KapTax Mo3ra CTaJli TOBOPUTH
emte B 1971 r. (O’Keefe, Dostrovsky, 1971). ITo3xe
ObUTM OOHapy>keHBI IMpaMUIaJIbHbIe (pelreTda-
Thle) HEVIPOHBI, «HEVIPOHBI MeCTa», ITOCPeICTBOM
KOTOPBIX (popMMpyeTcs HaBUTallMOHHAs CricTeMa
Mosra. 3a 3To BbIaoluecs oTkpertve JIx. O'Ku-
dy u cynpyram M.-b. u 5. Mosepam B 2014 1. Op1a
npucyxaeHa HobGesteBckas mmpemus, 11 ero 3Have-
HWMe J171s1 HayKM ITPOIoJDKaeT akKTYBHO 00CyXIlaThb-
cst (em.: Low, Giocomo, 2021; Moser, Furstenberg,
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2. Is Brain All That Simple?

Gromov’s view regarding the “simplicity”
of the brain’s functioning in terms of the
“mathematical machine” lends itself to a whole
spectrum of interpretations. Arguably, it is
above all about the modelling of the brain’s
activities with the aid of logical-mathematical
formalism. Such attempts have been made from
around the middle of the twentieth century
(the neurons of McCulloch-Pitts, Rozenblatt’s
perceptron, Hodgkin-Huxley’s propagation
of electronic signals, etc.) into the present
(see Manin, 2015; Krél, Schumann and Bielas,
2022). Gromov (2018, p. 2) has suggested that
there exists a kind of “ergo-brain”: an interface
between electro-physiological processes in the
brain, and their mental reflection in human
consciousness. However, this hypothesis
needs more substantial empirical proof before
it can claim to give a credible reconstruction
of the brain’s functioning as a map of neuron
networks.

Noticeable progress in understanding
the brain was achieved in neuro-physiology
when special types of neurons, responsible
for the spatial orientation of living beings,
were discovered, making it possible to draw
cognitive maps (coordinateness) of the brain.

Spatial-cognitive maps of the brain were first
mentioned in 1971 (O’Keefe and Dostrovsky,
1971). Later, pyramidic (lattice) neurons,
or “place cells”, which form the brain’s
navigation system, were discovered. This
outstanding discovery earned John O’Keefe,
Edvard Moser and May-Britt Moser the Nobel
Prize (2014), its significance for science still
being actively discussed today (see Low and
Giocomo, 2021; Moser and Furstenberg, 2025).
It was established that the hippocampus
and entorhinal cortex code the configuration
of space with the help of spatio-local and
hexagonal mesh patterns of activity (“place”



2025). Bbu1o ycTaHOBJIEHO, UTO TMIIIOKaMII U 3H-
TOpVHaJIbHAsl KOopa Mo3ra KOAMPYIOT KOH(UIY-
palMIO IIPOCTPAHCTBA C IIOMOIIBIO IIPOCTpPaH-
CTBEHHO-JIOKaJIBHBIX ¥ TeKCarOHaJIbHBIX CeTYAThIX
MaTTePHOB aKTMBHOCTM (COOTBETCTBEHHO KJIETOK
«MecCTa» M KJIETOK «CeTK!»). Te ke obrracTm Mo3ra
OTBeUalOT TaKXXe 3a HeVIPOHHBIE ITpeCTaBIIeHIs
HEITPOCTPAHCTBEHHBIX IIaTTEPHOB, CEMaHTVKN
TIOHATUN (KJIETKM «KOHIIEIITOB»). DTO O3HadaeT,
UTO HEVIPOHHBIE BBIUMCINTEIbHbIE MeXaHV3MBI
IIPOCTPAHCTBEHHOI'O 3HAHMS M CEMaHTVKM TIOHS-
TUVL B MO3Te B3aVIMOCBsI3aHBblL.

Taxvm 06pa3zoM, MOXKHO CUUTATE, UTO B TIOJIB3Y,
B CYITHOCTM, PUIOCOdCKOV II0 CBOEMY XapaKTe-
PY MIen HaTMBM3Ma, COIJIaCHO KOTOPOV! YesloBeye-
CKUVI PasyM POXIIAeTcsl C BPOXKIEHHBIMU CTPYK-
TypamMu ¥/viav upesiMu, Orarogaps IIporpeccy
COBpEeMEHHOV HeVpOHayKy ObUIN IIpeJIoKeHbI
TIOBOJIBHO 3HauMMBble SMITMPUYecKyie apryMeHThI.
DTa ujes COOTBETCTBYeT AYXY «IICVIXOHEVIPOHHO-
ro MOHWM3Ma», PasiesisieMoro MHOTIMI Hellpoouo-
JIOraMU: COIVIACHO yKa3aHHOV KOHIIETIIINY, VCTOY-
HVKW 4eJI0BeYeCKOro IIOBe[leHs 1 YeJloBeuecKom
MBICJIVI MOTYT OBITB IIPOC/I€XKEHBI BIUIOTH [I0 OIIpe-
JIeJIEeHHOTO MaTepuasIbHOro 0asica, TO ecTb Hei-
POHHBIX CTPYKTY P. KOMIIOHEeHTBI 3TOVI 1ie BKJTIO-
YaloT IIPEeJICTABIIEHS O «KOPHeBbLX» KOZHUMUBHbLX
cucmemax Mosra B pycite MOyJIspHOV Teopmu [1K.
®onopa (Fodor, 1983), passuronn C. Kapu (Carey,
2009). DT mpencTaBiIleHNsT 00eCIIeYMBAIOT BaXk-
Herve (YyHKIINM XUBBIX OPraHW3MOB, CBA3aH-
Hble ¢ 3peKTMBHON afanTaliyer K OKpy>Karomen
cperie M B OIperieJIeHHON CTeleH! K oOydeHMIO.
B umiciio Takoro poma KOrHUTVBHBIX MOAYJIE (Ha-

B wacTHOCTY, OBUIO YCTAHOBJIEHO, YTO B MO3re YeJIoBe-
Ka I HEKOTOPBIX )XMBOTHBIX MMEIOTCS O0cOOble HepBHEIE
KIIeTKM — 3epKaJlbHble HEeVIPOHBI, KOTOpble aKTUBUPY-
FOTCS VIV IIPV BBIITOJIHEHMV KaKOTO-IN00 HeVICTBISL, WIN
IIpy HaOJIOAEHMM 3a TeM, KaK 3TO [IEVCTBVEe COBepIia-
eT KTo-To npyromn. ITpu sToM (pyHKIIMOHAI 3epKaIbHBIX
HeVPOHOB OJiaropapsl HaJIMYMIO BPOXKIEHHBIX CTPYK-
TYP, obecrieumnBaroIIMX MMUTALUIO OBVDKEHUI JIFOLIEV,
KOTOpBIe HabJII0[IaeT uesIoBeK, CYIIeCTBeHHO COKpallaeT
Ppa3pbIB Ha caMOM HM3KOM, (PYHIAMEHTJIBHOM (PU3MO0II0-
I'TYeCKOM yPOBHE MEXIy VHAVBIIOM — HOCUTEIIEM 3TUX
HelipoHOB 1 Apyrumy jmogsMu (Marchetti, Koster, 2014).

V. A. Bazhanov

cells and “mesh” cells respectively). The same
areas of the brain are also responsible for the
neural representation of non-spatial patterns
and semantic concepts (“concept” cells). This
means that the neuron computing mechanisms
of spatial knowledge and concept semantics are
interconnected.

Arguably, therefore, owing to the progress
of modern neuroscience, some weighty
empirical evidence has been presented in
favour of what is essentially a philosophical
idea: a nativism whereby human reason
is born of congenital structures and/or
ideas.” This idea corresponds to the spirit of
“psycho-neuron monism” shared by many
neurobiologists — to wit, that the sources
of human behaviour and thought can be
traced to a certain material base, i.e. neuron
structures. This idea includes the notion of
core cognitive systems of the brain, in line with
the modular theory of Jerry Fodor (1983),
subsequently elaborated by Megan Carey
(2009). These systems support key functions
of living organisms connected with their
adaptation to their environment and, to an
extent, with learning. Such cognitive modules
(also called “neurodynamic
archetypes”) include that fix
the objects within an organism’s field of
vision, instantly determining their number,
supporting the organism’s concrete actions
(including communication with neighbours
and comrades), helping to distinguish “us”
from “them”, and ensuring orientation in space
through the brain’s navigation system (Spelke

sometimes
structures

®In particular, it has been established that the brains of
humans and some animals have special nervous cells
called “mirror neurons” which are activated either in
performing an act, or in observing others perform it.
Mirror neurons have inborn structures which enable the
imitation of others’ movements, significantly diminishing
the disconnect, on the most basic physiological level,
between the bearer of these neurons and other people
(Marchetti and Koster, 2014).
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3bIBaeMbIX WHOITIA TaKke HePOIMHaMUYeCcKy-
MM apXeTUIlaMM) BXOIST CTPYKTYPbl, KOTOpPBIE I10-
3BOJISIIOT (PMIKCMPOBATh OOBEKTHI, MOMaalomiye B
Tojyle 3peHMsl OpraHW3Ma, ¥ MIHOBEHHO oOIlpeJie-
JIATh VX KOJIMYECTBO, OOCITyXMBaTh KOHKpPEeTHBbIe
HEVICTBVSL OpraHM3Ma, OCYIIeCTBJISTh KOMMYHU-
KallMIo C cocellaMM U ToBapuIliamy, viddepen-
LMPOBaTh «CBOMIX» U «dyXXMX», a TakxXe Oyaroma-
sl HABUTAITMOHHOW CHCTeMe Mo3sra obecrieumBaTh
opueHTaumio B mpocTtpaHcTBe (Spelke, Kinzler,
2007; Kinzler, Spelke, 2007). DTu Momysm, cocTas-
JISISL CBOETO pofia «spO» TI03HABATEIBHBIX CIIOCO0-
HOCTeVI, MOT'yT TaK>Ke BBIIIOJIHATh (PyHKLIMM Oasu-
COB KaTeropmsaluy IIproOpeTaeMoro cyOBeKToM
onbiTa. CrlestyeT oOpaTuUTh BHMMaHMe M Ha TOT
daxkT, uTo Te ke 00J1aCTV MO3ra, KOTOPbIe OCYIIIeCT-
BJISIIOT KapTUpoBaHMe (PU3MUeCcKOro MpOCTpaH-
CTBa, 3a/1eVICTBOBAHbI B OpraHM3allMV COIMAIIBHBIX
cBssert. ColmaibHbIV yCIIeX 3aBVICUT He TOJIBKO OT
TOTr'0, C KeM UeJIoBeK 3HaKOM, HO V1 OT TOT'0, HACKOJIb-
KO OH XOPOLIIO IIOHVIMaeT HEBUIVMYIO apXUTEKTY-
PY CBOETO COLVAIBHOTO OKPY KEHSL.

3. MareMaTH4ecKme «MOIyJIM» MO3Tra
B CBeTe MX KOTHUTMBHBIX 0COOeHHOCTe!

Monynu Mosra, cBsi3aHHBIe C BOCIIPUSTVIEM
IIPOCTPaHCTBa, UT'PAIOT IIePBOCTEIIEHHYIO POJIb B
HaBUTalVN YeJIoBeKa TPV ero IBVDKeHUY, ITprdeM
BIIOJIHE B JTyXe IIepeoCMbICJIEHHOTO COBpeMeHHOV
HevtpoHaykov arpropusma Kanra (Vallortigara,
2012, p. 230). Takasg vHTepIpeTalyis I03BOJIIeT
IIPOJINTB HOBBIVI CBET Ha IIPUpPOy HpoTOMaTeMa-
TUYECKOVI TeOMeTPUYEeCKON ¥ apyrdpMeTIIecKom
vaTynivm (Vandervert, 1994, p. 346), paBHO Kak
V1 Ha [JOBOJIBHO PacIIpOCTpaHeHHBIN ()eHOMeH VH-
TYUTUBHBIX OCHOBaHUV KPYIIHBIX MaTeMmaTude-
CKVIX OTKPBITUV VI O3apEeHUIL.

«[eomeTpryecknii» MOAYJIb IIpeTeHyeT Ha
MHOroyHKIIMIOHaJIbHOCTb, ITOCKOJIBKY B OTJIMUlie
OT «UVCJIOBOrO» MOMYJISL IIpeTeprieBaeT JOBOJIBHO
JJINTEJIBHOE pasBUTHE OT POXKICHNS M efiBa JIV He
70 MoMeHTa cMepTu. KoHTypel ero odopmiisiior-
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and Kinzler, 2007; Kinzler and Spelke, 2007).
These modules form the “nucleus” of cognitive
faculties, and may also serve as the basis for
the categorisation of the experience acquired
by the subject. It must be noted that the same
areas of the brain that map physical space
are involved in organising social interactions.
Social success depends not only on whom
a person knows, but also on how well they
understand the invisible structure of their
social environment.

3. Cognitive Features of the Brain’s
Mathematical “Modules”

The modules of the brain connected with
the perception of space play a central role in
navigation when a person is on the move,
quite in the spirit of Kant’s apriorism, though
reinterpreted by modern neuroscience
(Vallortigara, 2012, p. 230). Such interpretation
may shed light on the nature of proto-
mathematical geometric and arithmetic
intuition (Vandervert, 1994, p. 346), as well
as on the fairly widespread phenomenon
of intuitive grounds of major mathematical
discoveries and brainwaves.

The “geometric” module lays claim to
being multi-functional because, unlike the
“numerical” module, it undergoes prolonged
development from birth, almost until death.
Its contours are formed by age five or six,
and it continues to develop according to the
activities and environments encountered
throughout a person’s life (cf. Chiandetti and
Vallortigara, 2008, pp. 143-144; De Cruz and
De Smedt, 2010, pp. 8-10; Izard, Pica, Spelke
et al., 2011, p. 9786; Dillon, Huang and Spelke,
2013, p. 14191; Tooley, Bassett and Mackey,
2021). Thus, we are looking not so much at a
natural process of adaptation as at a learning
and expansion of the functionality of a
geometric module, largely independent of the
cultural context, with ontogenetic structures



CSl TOJIBKO K IISTM-IIIECTVI TOaM POCTa desioBede-
CKOT'O OpraHm3Ma, 1 OH COBEPIIIEHCTBYeTCS B 3aBU-
CVIMOCTM OT IeSITeJIbHOCTVI VI HeIIOCPeICTBEHHOIO
OKPY>KeHMs Ha IPOTSDKEHUV BCeVl KM3HM uesioBe-
Ka (Chiandetti, Vallortigara, 2008, p. 143—144; De
Cruz, De Smedt, 2010, p. 8—10; Izard et al., 2011,
p. 9786; Dillon et al., 2013, p. 14191; Tooley et al,,
2021). Takum obpaszoM, peub MIET He CTOJIBKO O
€CTeCTBEHHOM IIpoIiecce ajaIlTariy, CKOJIBKO 00
oOyueHMNM ¥ pacipeHy QyHKIIMOHAIa Ieo-
MeTPUYeCKOro MOAYJIS B 3HAUMTEIBHOV CTEleHU
He3aBUCUIMO OT KYJIBTYPHOIO KOHTeKCTa, Korja
CTapTOBOV TOYKOVI 3TOTO IIpoliecca cIy’KaT OHTO-
reHeTYecKMe CTPYKTYypbl PellteTuaTsle Hevipo-
HBI, CKOHIIEHTPVPOBaHHBIE B OCHOBHOM B 00J1acTI
TUIIIOKAMITA, «IIPUBS3BIBAIOTCS» K KOHKPETHBIM
TOUYKaM WJIV 00JIaCTSIM IIPOCTPaHCTBA M OTPakaroT
VIX TOIIOJIOTMYeCKVe CBOVICTBA M XapaKTePUCTVKI
(Brown, 2021). Kordwurypaiimm 3Tmx HeIPOHHBIX
ceTell KOPPEIMPYIOT C COCTOSIHVEM (CMMMeETpPU-
erl) OKpY>Kalollero IIpOCTPaHCTBa M XapaKTepoM
HEIOCPeICTBEHHON aKTMBHOCTVI WX HOCUTEIEN
(Krupic et al., 2015, p. 232). C dpwtocodpckont Tog-
KV 3peHMs 3TOT (PpeHOMeH MOXXHO OCMBIC/IVIBATH
B KOHTEKCTe HaTypasIu3/pOBaHHON ¢eHOMeHO-
JIOTUM, a TOYHee, HeMPO(EHOMEHOJIOTMY, IUIOT-
HO VICHOJIB3YIOIIel HeKOTOpble IIpeICTaBIIeHIs
2. T'yccepnsa (cm.: 3aviesa, 3anues, 2017). OpHa-
KO OoJlee TIEPCIIEKTVBHON C SIVICTEMOJIOr MTUECKO
TOUKM 3peHVsI MHe IIPEJICTaBIIsSeTCs Mles], CBSI3aH-
Hasi C 0eAmMeAbHOCHHbIM BU0OM MPaHCyeHOeHmMAAU3-
Ma: BpOXIeHHble MeXaHW3MBbl (HEVIPOHHBIE CeTM)
MOAMUMUIIMPYIOTCS B 3aBUCHMOCTI OT 0COOeHHO-
CTeV Y KOHKPETHBIX YCJIOBVVI BCEVI JXM3HI YeJIoBe-
Ka, YTO yKa3bIBaeT Ha eCTeCTBEHHOe CBOVICTBO IljIa-
crmaHOoCT Mo3ra (baxanos, 2019, c. 46—64).
BocripmsiTiie TIpocTpaHCTBA HENOCPENCTBEH-
HBIM 00pa30M CBSA3aHO C BU3yaJIbBHBIMU CIIOCOOHO-
CTsIMM YestoBeKa. MOXXHO ObIITO OBbI ITPeJIIIONIOKITE,
YTO Y CJIETBIX OT POXXIEHWs JIIOfell TeoMeTpide-
CKMVI MOZYJIb OTCYTCTBYeT, a CTajIo ObITh, OHU He
CrI0cOOHBI  POPMMPOBATh CKOJIBKO-HUOYIb YeT-
K1ie IIpeJICTaBJIeHNs O IPOCTPaHCTBEHHBIX CTPYK-
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serving as the starting point of the process.
Mesh neurons, concentrated mainly in the
hippocampus area, are “tied” to concrete spots
or areas of space, reflecting their topological
properties and characteristics. (cf. Brown, 2021).
The configurations of these neural networks
correlate with the status (symmetry) of the
surrounding space, and with the nature of
the activity of their bearers (Krupic, Bauza,
Burton et al., 2015, p. 232). In the philosophical
idiom, this phenomenon can be viewed in the
context of naturalised phenomenology or,
more precisely, neurophenomenology which
leans heavily on the ideas of Edmund Husserl
(¢f. Zaitseva and Zaitsev, 2017). In my opinion,
however, more promising epistemologically
is the lens of activity-based transcendentalism,
whereby inborn mechanisms (neural networks)
are modified by the character and conditions of
a person’s life, pointing to the plasticity of the
brain (Bazhanov, 2019, pp. 46-64).

The perception of space is directly
linked with a person’s visual faculties. One
might be inclined to think, then, that the
geometric module would be absent in born-
blind people, such that they are unable to
form any clear idea of spatial structures.
This is not so. They have a geometric module
built in ontogenetically, just like sighted
individuals. The core geometric system of the
blind is in some sense amodal, formed as it is
independently of visual experience (Heimler,
Behor, Dehaene et al., 2021, p. 6). Persons who
are blind from birth learn the characteristics
of objects in a tactile way, although generally
not so fully and effectively as sighted persons.
Having said this, history knows outstanding
blind mathematicians — for example, Lev
S. Pontryagin, who lost his sight as an
adolescent, yet achieved outstanding results
in algebraic geometry; and Leonhard Euler,
the great mathematician who went blind due
to a serious cataract, albeit as an adult (for
details, see Jackson, 2002). However, sighted
people, too, not infrequently have problems
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Typax. OmHaKo [aHHOe IIpeIIoTIoKeHVe OIIV-
0OYHO: reoMeTPIYeCKMUII MOAYJIb Y HUX 3a/JaeTCs
OHTOTreHeTUYecK!, KaK M y 3pgumX MHAVBUIIOB.
KopHneBasi reomerpudeckasi cucTeMa y CJIelIbIX B
HEKOTOPOM CMBICJIe aMofiajibHas, (PopMupyIolia-
sICs1 He3aBUCVIMO OT BHM3yasibHOTro orbiTa (Heimler
et al, 2021, p. 6). IlpencrasieHme o mpocTpaH-
CTBEHHBIX XapaKTepuCTUKaxX IIpeIMeTOB y cJle-
IBIX OT POXAeHMs (POPMUPYIOTCH TaKTVIIBHBIM
CrIocoOOM, XOTsi, pa3syMeeTcsi, B 00IlleM ciTydae He
CTOJIb TOJIHO M 3 PeKTUBHO, KaK NPV HaJIMdumn
BI3yaJIbHOrO IToTeHIIMasla. Bripouem, ncropnn ms-
BECTHBI BBIJAIOIIMeCs Cjlellble MaTeMaTUKW: Ha-
npumep, JL.C. TIoHTpArMH, NOTepsBIINI 3peHVe
B IIOZIPOCTKOBOM BO3pacTe, HO TIOJIYUMBIINI BBI-
Jarollyecs: pe3yJibTaTbl B ajlreOpanyeckon reoMe-
Tpun, u JI. Ditep, BeIMKNUY MaTeMaTUK, OcCJIell-
TNV TI0 IPUYVIHE Cepbe3HOV KaTapaKThbl, ITpaB/ia,
y>ke B 3peJioM BospacTe. VI3BeCcTHBI 1 IpyTie Ipu-
Mepbl BIIOJIHE VCIEIIHBIX CJIeIIBIX MaTeMaTV-
KOB (mogpoOnee cm.: Jackson, 2002). Mexny Tem
Y 3psiune JIIOMY YacTO VCIIBITBIBAIOT 3HAUMTEIh-
Hble 3aTpPyAHeHWs IIpY BOCIPUATUU U TeM 0o-
jlee paboTe CO CIIOKHBIMW ITPOCTPAHCTBEHHBIMU
oOpasoBaHmsiMu. [1j1si Hac, BIlpodeM, Ba)KHO, 4TO
IIOJIHOE OTCYTCTBME BM3YyasJIbHOIO OIIbITa He sB-
JIseTCs HeIIpeo0IMMbIM IIPeIIsITCTBIEM [1JId pa-
6oTBI C TeoMeTpudecKMMM HoHsATHUSAMU. [lo-Bu-
AVIMOMY, Ha/Idyie TeOMeTPUYecKOro MOAyIs® B
Mo3re, a TouHee, B rurnmokamrie (Pettit et al., 2022,
p- 328) 1103BOJIsIeT B HEKOTOPOVI CTEIIeHY KOMIIeH-
CUpOBaTh OTCYTCTBVeE TaKOIO Pofia OIbITa ITyTeM
KOHCTPYKIIUV MEHTaIbHBIX MiepapXVil MaTeMaTV-
YecKNMX Mpe[CTaB/IeHUII U3 IIPOCTBIX 3JIEMEHTOB
IOZI0OHO TOMY, KaK IIPOCThIe 3/IeMeHThI KOHCTPYK-
TOpa (Hampumep, JIero) MO3BOJISIOT CTPOUTD eflBa
JIVI He CKOJIb YTOIHO CJIOXKHBIE ITPeIMeTHI.
TeomeTprueckmit MOIyJIb CIIOCOOEH  orepu-
poBaTh IIPOCTENMIIMMU KOH(PUTypalsiMi TuUIla

® Hexoropsle sMImpudecKie HaHHbIE, IIOJTyYeHHble He-
IIaBHO, HaBOJISIT Ha MBICJIb, YTO TeOMeTpIYecKre 1 apud-
MeTuYecKrie HeVPOHHBIE CeTV CBsI3aHBI ITOCPEICTBOM
SI3BIKOBBIX 2JIEMeHTOB OoJlee TeCHO, UeM CUMTaIoCch paHee
(Dehaene et al., 2025, p. 530 —532).
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of perception, especially with complex spatial
entities. What is important here for our
purposes is that a total lack of visual experience
is not an insuperable obstacle to working
with geometrical concepts. Apparently, the
existence of the geometric module® in the
brain — more precisely in the hippocampus
(Pettit, Yap et al., 2022, p. 328) — makes
up, to some extent, for the absence of such
experience by constructing mental hierarchies
of mathematical representation out of simpler
elements, similarly to the way the simple
elements of a Meccano set (for example, Lego)
make it possible to build objects of any degree
of complexity.

The geometric module can operate on the
simplest elements, such as the circular, square,
or rectangular structures often found in cave
drawings of the Neolithic age. Preferences
for such basic shapes are noticeable in these
drawings. Moreover, there are, on the island
of Java, more complicated figures (zigzags)
constructed about 540,000 years ago, while as
early as about 1.8 million years ago, ancients
laid stones in circles, displaying an aesthetic
preference for symmetrical arrangements
(Sablé-Meyer, Ellis et al., 2021, p. 2).
Empirical data show that the V sign is, at the
subconscious level, associated with danger, and
the circle with pleasurable sensations (Larson,
Aronoff and Steuer, 2012, pp. 404-405).

Experiments with the
variously configured lines show that drawings
containing geometrically regular lines against
a background of squares and concentrations of
right angles tend to be detected more swiftly
than other images. This may be because of
the prime importance of the basic human
capacity to operate with recursive syntax

detection of

®Some new data suggest that geometric and arithmetical
neuron nets are more closely connected by language
elements than was previously thought (Dehaene, Sablé-
Meyer and Ciccione, 2025, pp. 530-532).



KpyTa, KBajIpaTa, IIpsMOYTOJIbHBIX KOHCTPYKIINTA,
KOTOPbIe JOBOJIBHO YaCTO BCTPEYAIOTCS B HACKaIb-
HBIX PUCYHKaX, OTHOCSAINMXCS K 3II0Xe HeOoJNTa.
Taxoro poma mpenmodTeHMs 3aMeTHBI NPV aHa-
JIM3e pUCYHKOB. bostee Toro, Ha ocTpose fIBa OblInt
HaViIeHbI [JOBOJIBHO CJIOKHBIE M300paskeHMs (3UT-
3arm), caestaHHble IpuMepHo 540 ThIC. JleT Haszall,
a nopsigka 1,8 MIH JleT Hasaj, JIpeBHVE BbIKJIa-
OBIBAJIVI KAMHW B BUle KPYIOB, IIpUTUeM OueBVI-
HBI 3CTeTUYecKye IIPeIriouTeHs B TI0JIb3y CUM-
MeTpuyecKnx KoHCTpykumit (Sablé-Meyer, Ellis
et al,, 2021, p. 2). IIpm 3TOM, KaK ITOKa3bIBAIOT M-
pyyecKre JaHHbIe, 3HaK V Ha ITOCO3HATETh-
HOM YPOBHE IIPEVMYIIIeCTBEHHO aCCOLIUVPYETCS C
OLIyIIeHVeM yTPO3bl, a KPyIM — C IPUSTHBIMU
omrymieHusMu (Larson et al., 2012, p. 404—405).
DKCIIepVMEHTBI, CBSI3aHHBIE C IIPOIeccaMi Jie-
TeKTUpPOBaHMS (TO ecTh OOHapy>XeHWs) JIMHUII
PasHBIX KOH(UTYpaIii, TOKa3bIBAIOT, YTO PU-
CYHKM, KOTOpBIe COIIep’KaT reOMeTPUYECKN Pery-
JIIPHBIEe JIVHUM Ha (POHE YeTHIPEXYTOJIBHUKOB U
MacCUBOB IPSIMBIX YIJIOB, OOHapPYy>KMBAIOTCS 3Ha-
YUTEIBHO B OOJlee KOPOTKME CPOKM, YeM JIpyTvie
nsobpakeHms. BepodaTHo, 3T0 00ycCII0BIIeHO TeM,
YTO 37IeCh ITIEPBOCTEIIEHHOE 3HaueHle mUrpaeT Oa-
3VICHAS [IJIs JIIOJIEVI CIIOCOOHOCTB OIleprpoBaTh pe-
KYPCUBHBIM CHHTAKCVICOM ¥ KOMITO3VIIVIOHHOVI
cemaHTMKOM (Sablé-Meyer, Ellis et al., 2021, p. 7),
IIpyUeM 3Ta CIIOCOOHOCTB IIpeTeH/IyeT Ha CTaTyC
YHUBEPCATTHHOM, HE3aBMCUMOW OT TTPOVMCXOXK]Ie-
HUsI, KyJIBTYPBI 11 oOpa3oBaHms jofeit. Tak, cko-
POCTh ¥ KauecTBO BOCIIPUSTIS IIPOCTBIX I'eOMe-
TPpUUecKNX rpadKoB He OTVINYAJIVICh ¥ B3POCIIBIX
o0Opa3oBaHHBIX (PPaHITy30B, OIIKOIBHMKOB ¥
IIpeJICTaBUTes eVl TUIEMeH MYHIyPYKYy, oOuTaro-
VX B JPKYHIJISIX AMa30HKV 1 He TOJIBKO He 3Ha-
KOMBIX C 3JIeMEHTApHBIMU aprPMeTUIeCKIMU
oIepalysIM, HO Jake He VCTIOIb3YIOIIVIX YICIIN-
TeJIbHBIe, IIpeBbIIatone Tpu. [Ipororeomerpn-
yecKasi MHTYWIIVS BO BCeX 3TVX IPyIIIax IIpu BOC-
IPVSTUN IPUMUTVBHBIX T€OMEeTPUYUECKIIX JIVMHU
daxTrruecky okasasiach maeHTHUHOM (Amalric et
al, 2017, p. 24—25). AnHajlornuHble pe3yJIbTaThl
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and compositional semantics (Sablé-Meyer,
Ellis et al., 2021, p. 7), a capacity that appears
to be universal, regardless of background,
culture, and educational level. The speed and
quality of the perception of simple geometrical
graphs was the same among educated French,
pre-schoolers and representatives of the
Munduruku tribe of the Amazon jungle, who
live not only without elementary arithmetical
but
exceeding three. In the perception of primitive

operations, without any numerals
geometrical lines, both groups displayed
practically the same level of proto-geometrical
intuition (Amalric, Wang et al., 2017, pp. 24-25).
Similar results were obtained in comparing the
perception of Europeans and representatives
of the Himba tribe living in remote parts of
Namibia (cf. Biederman, 2013).

To understand how people perceive
geometrical figures it is important to take into
account not only the ontogenetic prerequisites
of the process, but also the procedures of
enculturation which “formalize” the systems
and habits pertaining to the handling numerical
and “spatial” representations in the process of
education (Pantsar, 2022, pp. 596-597).

Last but not least, the analysis of geometrical
configurations of neuron nets is very important
for developing advanced artificial intelligence
(AI) models. For example, the use of hyperbolic
geometry methods instead of those based on
Euclidian geometry yields substantial gains in
terms of the power and speed of Al (cf. Joseph,
Meijke and Balay, 2025).

To sum up, nativism, which insists upon the
ontogenetic origin of the numerical and spatial
capacities of human beings, is integrated in the
process of human enculturation, transforming
the natural potential into an actual state.
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ObUIV TIOJTyUeHBl PV CpaBHEHWUM OCOOEHHOCTeV
BOCIIPUISITVISI €BPOIIEVIIIEB VI IIPEeJICTABITEIeN TITe-
MeHI xmMOa, KOTOpble OOMTAaIOT B OTHAJIEHHBIX
pantonax Hammbwum (cm.: Biederman, 2013).

Mexay TeM I IIOHVMMAHWMS BOCIIPUSTVS
JIIOIBMVI T€OMETPUYeCKIX KOH(PUTY paIii O4eHb
BaKHO YUUTBIBATh He TOJIBKO OHTOreHeTUYecKye
HIPEeAIIOCBUIKV 3TOTO IIPOLIecca, HO M IIPOLIETY PBI
VIHKYJIBTYPaliiiii, OTBETCTBEHHbIe 3a «0dopMITe-
HVe» CHUCTeM VI HAaBBIKOB OIlepalliil C YVCIIOBBI-
MU W <«IPOCTPAaHCTBEHHBIMV» ITPeICTaBIIeHVIs-
MU IO Mepe TIOJIyUYeHNs YeJloBeKOM 0Opa3oBaHMs
(Pantsar, 2022, p. 596 —597).

Hakomer1, aHanmm3s reoMeTprdecKoit KOHUTY-
panuy HepOHHBIX ceTell OYeHb BakeH IIJIs pas-
PpabOTKM ITPOIBVHY THIX MOZIEJIEV! VICKYCCTBEHHOTO
nnresutekTa (VIM). Tak, vcronb3oBaHVe MeTOIOB
ruepOosIMUecKol TeOMETPUNM 10 CPAaBHEHUIO C
MeTOIIaMV, OCHOBaHHBIMV Ha eBKJIVIZIOBOVI TeoMe-
TPWUM, MO3BOJIZET CO3/IaBaTh CYIIIeCTBEHHO Oojlee
MOIITHBIe 1 ObIcTponericTByomye cpercrsa VM
(cm.: Joseph et al., 2025).

Taxmm ob6pa3oM, HaTMBNM3M, HaCTaMBaOIINT Ha
OHTOTeHEeTMYeCKMX OCHOBAHMSIX YVCIIOBBIX M ITPO-
CTPaHCTBEHHBIX 3aJaTKOB YeJloBeKa, MHTEerpupy-
€TCsI C IIpoLIeccaMl ero IIPUOOIIIEHS K KYJIBTYPe,
TpaHChOPMMPYS IPUPOIHBIN IIOTEHIIVaI TI03Ha-
HMS B €70 aKTyaIbHOe COCTOsTHIE.

4. O KoppeasauusX MEHTAJIbHBIX CTPYKTYP
M VIX BbIpa>KeHUMN B sI3bIKe

3HaunTeIbHBIV 00BeM paboThI MO3ra, Kak m3-
BECTHO, MOXXeT C OOJIBIIIeN VJIM MEHBIIEV ITOJTHO-
TO M 3 PEeKTVBHOCTBIO BbIpakaTbCsl B SI3bIKe.
B peasibHOCTM 3TO He OHOHAIIpaBJIEHHBIV IIPO-
11ecc (MO3I' — S3bIK), a JIByHaIIpaBJIeHHBIV, TO eCTh
SI3bIK OKa3bIBaeT ollperiesieHHOe 11, OoJiee TOro, Cy-
IIIeCTBEHHOe BJIMsSIHVE Ha MO3T 1 Ha BBIpakeHUe
aKTVBHOCTV Mo3ra B si3bIKe. VIMeHHO #A3BIK B 3Ha-
UYUTEJILHOM CTelleHU pOpMUpyeT KOHTYPhI «TeM-
noMupa» 4desiopeka. Peub mjieT, BO-IepBBIX, O TaK
HasbiBaeMoM 3ddexkre SNARC — mpocrpan-

4. The Correlation of Mental Structures
and Their Expression in Language

Much of the brain’s work can, with varying
degrees of completeness and effectiveness,
be expressed in language. In reality, it is not
a unidirectional (brain — language) but a
bidirectional process; that is, language exerts
a certain, moreover, substantial influence on
the activity of the brain and on the expression
of this activity. Language goes a long way
to shaping the human “tempo world.” In
this section, we will look, first, at the Spatial
Numerical Association of Response Codes
(SNARC) effect — the spatial correlation of the
number sequence in respondent’s answers —
and, second, at the possible influence of script
configuration on mental activity.

The SNARC effect is that persons who
are used to left-to-right writing, given the
standard numbers sequence (for example, 0
to 10), typically react to smaller numbers on
the computer screen more swiftly with the left
hand, while they react to larger numbers with
the right hand. Representatives of peoples
who write from right to left (Arabic, Hebrew,
etc.) react in the opposite way, i.e. they react
with the left hand more swiftly to larger than
to smaller numbers (Fias, Dijck and Gevers,
2011, p. 142). This effect is manifest already
at the neo-natal age, and in adults for non-
symbolic values (Nemeh, Humberstone et
al., 2018), as in the case of musical rhythm
(Prpic and Fumarola, 2013); and in the general
case there is no meaningful correlation with
the mathematical aptitude of children and
adolescents (He, Nuerk, Derksen et al., 2021). In
procedures involving the automatic generation
of numbers for left-to-right writers, larger
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CTBEHHOVI YVICJIOBOVI acCOIMAITMY KOIOB OTBETOB,
VJIVI, HECKOJIBKO TOYHee, IIPOCTPAHCTBEHHOV KOP-
PEJISAINYL YMCIIOBOTO Psifia B OTBETaX PeCIOHIIeH-
TOB, 11, BO-BTOPBIX, O BO3MOYKHOM BJIVISTHMV KOHU-
rypaumm mpvidTa Ha MEHTaIBHYIO aKTVBHOCTb.

SNARC-3¢pdeKT cocToUT B TOM, UTO JIIOAM, KO-
TOpBIe IIPUBBIKJIM IVCATh CjleBa HaIlpaBo, IIpuU
CTQHJIAPTHOM PACIIOJIOKEHWI YVICIIOBOV JIVHUW
(manpumep, ot 0 1o 10) 0ObIYHO Ha MeHbIIINe II0
3HAYeHUIO YNCia, IpeIbsBiideMble Ha SKpaHe
KOMITBIOTEPa, OBICTpee pearnpyoT JIeBO PYKOVA,
yeM Ha OOJIbllIvie — ITpaBOVI PyKoM. Y IIpeficTaBy-
TeJIeVl TeX HapoJIoB, ITle MPVHATO MMcaTh CIIpaBa
HaJleBO (apabCKmil SI3bIK, MBPUT U T.11.), HaOIoma-
eTca oOpaTHasl peaklys, TO €CTb OHWM JIEBOVI PY-
KOV OBICTpee pearnpyloT Ha OOJIbIIIVIe UNCTIa, YeM
Ha MeHbInue (Fias et al., 2011, p. 142). DToT acppexT
IIPOSIBJISIETCSL YK€ B HEOHATaJIbHOM BO3pacTe, a
TaKXKe y B3POCIIBIX IJI HeCMBOJINYECKMX BesIu-
uyH (Nemeh et al., 2018) 1 B cjlydae My3bIKaIb-
Horo putMma (Prpic et al., 2013), u B obiiem cirydae
OH CKOJIBKO-HUOY/Ib 3HAUMMO He KOppeJpyeT co
CTeIIeHbIO MaTeMaT9eCKOVI OfJapeHHOCT JIeTe 1
noppoctkos (He et al.,, 2021). ITpu niporieny pax as-
TOMaTMYeCKOVI TeHepallni uvcesl JIIOIbMU 00ITb-
IIie 4Yyciia IIPeMMYIIeCTBeHHO TI'eHepUpPYIOTCs
IIPVI TIOBOPOTeE TOJIOBHI BIIPABO, @ MEHBIIIVIE — IIPU
IIOBOPOTeE T'OJIOBBI BJIEBO.

OrnperiesieHHYIO pOJIb B MEHTAJIBHOVI aKTWB-
HOCTV MOXeT UrpaTh KOHUTrypalus mpudTOB,
IIPUIMEHSIeMBIX B IIVICBMEHHOCTV Pa3HBIX SI3bIKOB.
IpndT OTHOCKUTCS K BU3YaJIbHBIM CHMBOJIAM, a
VICTIOJTb3yeMble B IIPMTax PasHBIX SI3BIKOB CVIM-
BOJIBI MOTYT PaJVKaJIbHO OT/IMYATBhCH: OT €BpO-
TIEVICKVIX aJI(PaBUTHBIX JI0 a3MaTCKMX HeasipaBUT-
HBIX, OT «JIVTHEVIHBIX» [I0 «OJIOKOBBIX», OT TeX, I7ie
CJIOBa pasfesIsioTcs IIpodeslaMu, A0 TeX, I7ie Bce
CJI0BA MWIITYTCS CJINTHO, B BUJIEe TOPV30OHTAIBHOV
JVHUN WK BepTuKaibHOM 1 T.J1. (Padakannaya
et al., 2022, p. 95). Eciin cyOBeKT dpopmMmpoBasIcs
B OIHOV (CKa’keM, BOCTOYHOVI) KYJIBType C IIpa-
B/JIaMM IIVICBMa CIIpaBa HajleBO, HO 3aTeM OKa-
3aJIcs TIOTPy>kKeH B APYTYIO KyJIBTYpPY C IpaBula-
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numbers tend to be generated with the head
turned to the right and smaller numbers when
the head is turned to the left.

The configurations of scripts used in
different languages may play a role in mental
activity. Script is a visual symbol, and the
symbols used in the scripts of different
languages may differ radically: from European
alphabetic to Asian non-alphabetic, from
“linear” to “block”, from those with and
without spaces between words, from horizontal
to vertical, etc. (Padakannaya, Georgion and
Winskel, 2022, p. 95). If an individual grew
up in one culture (for example, East Asian)
with right-to-left writing, but then found her-/
himself in another culture with left-to-right
writing, this may slow down SNARC effects,
but not cancel them. The same happens when
children who have not yet learned to read look
at comics and pictures in the usual and the
“mirror” positions (Lopiccolo and Chang, 2021,
p. 16).

More recently, experiments have been
conducted to assess the impact of different
the
character of cognitive activities. Attempts to

scripts on human perception and
understand and interpret such experiments
chime with the idea of linguistic relativity
in its weaker version, namely that language
does not determine cognition totally, but
only correlates with the character of cognitive
activity up to a point, providing, as it were, a
prism through which reality is viewed. I am
referring to the script relativity hypothesis
put forward by Hye K. Pae (2022, p. 98).
To simplify things somewhat, Pae submits
that the scripts of alphabetic languages
contribute to the development of analytical
habits in reading, and those of non-alphabetic
languages, to a holistic perception of the text.



B. A. Baxxanos

MU IVICbMa CJIeBa HaIlpaBo, 3TO MOXKET 3aMefJIsTh
SNARC-3¢pdexTnl, HO He OTMeHsieT MX. AHaJlo-
TMYHO IIPOVICXOOUT pacCMOTpeHVe KOMMKCOB U
PVICYHKOB, PpacIIOJIOKEHHBIX OOBIUHBIM W «3ep-
KaJIBHBIM» 00pas3oM, IeTbMY, ellle He Hay4VBIIV-
mucs untath (Lopiccolo, Chang, 2021, p. 16).

B nocrieriree BpeMsi IpOBOAVIIVICH SKCITEPVIMEH-
THI ¥ TIO OIIpele/IeHVIO BJIMSIHMS pa3HOro pora
1IprdTOB Ha BOCHPUSTYE YesloBeKa 1 XapaKTep ero
TI03HaBaTeIbHOVI aKTUBHOCTM. [TOIIBITKI OCMBICITe-
HVS ¥ VHTepIIpeTaly TaKoro poza KCIeprMeH-
TOB B KaKOVI-TO CTelleH) II0 J1yXy OJIM3KM M3BecT-
HBIM TIOZIXOaM K OCMBICJIEHVIO VI MHTepIIpeTalm
CIJIeTICTBUI VIV JIMHIBUCTMYECKOV OTHOCUTEIb-
HOCTV B ee cJ1aboV1 Bepcru (SI3bIK He BCeresIo JieTep-
MUHVIpYeT ITO3HaHWe, a TOJIBKO B HEKOTOPOVI Mepe
KOppeIMpyeT C XapaKTepoM IO3HaBaTeIbHO Jiesi-
TeJIBHOCTY, 3ajlaBasi CBOero poza IpusMy, CKBO3b
KOTOPYIO IIPOCMAaTpUBaeTCs peasbHOCTh). Peub
VIIIeT O TUIIOTe3e CBA3aHHOM CO IIpudTaMy OTHO-
cuTenbHOCTH (script relativity hypothesis), Berasu-
Hyton X. ITae (Pae, 2022, p. 98). Ecit HeckobKO
YIIPOCTUTD CUTYaIVIO, TO, 10 MbIcyv Ilae, mrpud-
ThI, CBA3aHHBIe C ajiaBUTHBIMIU SI3BIKAMU, CIIO-
COOCTBYIOT PpasBUTMIO aHAJIUTUYECKMX HaBBIKOB
IIpV YTEHWUY, a CBgI3aHHBle ¢ HeaslpaBUTHBIMU —
XOJIMCTUYeCKOMY BOCIIpUATHIO TekcTa. Hambosee
perbedpHO TaKoro porfa pasndus 3aMeTHbI IIpu
VICTIOJIB30BaHMY OTHVM YeJI0BeKOM IIpudTOB, OT-
JINYAFOIIVIXCSL CBOEV «TOITOJIOTVIEV» — HaIlpUMep,
asipaBUTHBIX 1 HeaslPaBUTHBIX (B BUJIe MepOryIN-
¢oB, IMKTOrpamMM, OpHAMEHTOB WJIN CIIelyab-
HbIx cMBoJIoB) (Vaid, 2022, p. 145—146).

Taxoro poma SNARC-rtonoOHbIe 3¢pdeKTs MO-
I'yT OBITb OOBSICHEHBI B KOHTEKCTe KOHIIEIIIN
OMOKYJIBTY pHOTO CO-KOHCTpyKTUBIM3Ma (baskaHOoB,
2019, c. 65—85). B cBeTe 3TON KOHIIEMITNUY MOXKHO
yTBEpXXaTh, UTO TPaeKTOPWI eCTeCTBEHHOIO pas-
BUTWS MO3Ta U €r0 HaCBIIIIeH Vs CO CTOPOHBI KyJIb-
TYypPbl CaMBbIM TeCHBIM OOpa3oM IleperuieTaloTcs,
TO €CTh ITPOMCXOOUT aKKYJIBTypallysl MO3ra, pas-
BepHyTasl B MICTOPUM XXVM3HW 4YejIoBeKa, 1, B CBOIO
odeperb, HelporeTepMIHAIVIS KyJIbTyPbl, B u-
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These differences stand out in bold relief when
one and the same person uses scripts with
different topologies, for example, alphabetic
and non-alphabetic (hieroglyphics, pictograms,
ornaments, and special symbols) (Vaid, 2022,
pp. 145-146).

Such SNARC-like effects can be accounted
for with a biocultural co-constructivist
conception (Bazhanov, 2019, pp. 65-85). This
suggests that the trajectories of the brain’s
development exposure
to culture are closely intertwined, as the

natural and its
brain is enculturated over a lifetime, while

culture undergoes neuro-determination.
Physiologically, the mechanism of gene-
cultural interaction determination is at work
here. These processes transform both the brain,
demonstrating the prodigious potential of its
plasticity, and culture (consider, for example,
the dynamics of the development of collectivist
and individualistic cultures).

the of SNARC-like effects,
cultural elements such as the conventional
configurations of written language and
common  scripts corresponding
physiological and neuro-physiological
reactions (i.e. preferences in ordering a number
series or group of objects); and the latter

In case

elicit

correlate with the features of concrete cultures
and their artefacts.

5. Conclusion

If the brain, along with the “number
sense”, also has “a sense of space” (as
witnessed by the Nobel Prize-winning
discovery) in the context of the modular
theory, we can posit the existence of a special
geometric module which undergoes changes
over the whole course of a person’s life, and
which is in charge of the perception of spatial



3M0JIOTTYeCKOM acIleKTe O3Hauarollas JeViCTBre
MexaHM3Ma TeH-KYJIBTYPHBIX B3aIMOIEVICTBUIL.
B pesynbrare aTmx mporieccos IpeTeprieBaroT
TpaHcOpMaIMIO ¥ MO3I, JeMOHCTPUPYS yIUBU-
TeJILHBIV IOTeHIIVaJl IVIaCTUYHOCTY, U KYJIBTypa
(ecsiv MeTh B By, HallpyMep, IVMHAMUKY pas-
BUTWS KYJIBTY P KOJIJIEKTMBUCTCKOTO U MHIIVIBUTY-
aJINCTCKOTO BUJIA).

B ciayuae SNARC-miomo6HBIX 3¢ deKToB 31e-
MEHTBHI KYJIBTYPBI B BUJIe IIPVBBIYHBIX 115 JIIOIe
KOH(UTypaluy NVUCbMEHHOIo d3blKa U pacIipo-
CTpaHeHHBIX IITPUQPTOB BHI3BIBAIOT COOTBETCTBY-
Iomye u3MoIoruyYeckrie 1 Hepodu3oIor-
yeckye peakuuy (IIpefiriouTeHNs YIIOopsIoueH s
YICIJIOBOTO psifla MJIM TPYIIl IIpeJIMeTOB), a IIo-
cJIefHVe KOPPeJIMPYIOT C OTJIMYUTEIbHBIMU ITPU-
3HaKaM¥ KOHKPEeTHBIX KYJIBTY P U X apTedaKToB.

5. 3aksIroueHme

Ecii Hapsany ¢ «4yBCTBOM 4MCIIa» MO3LY IIPU-
CyIIle «9yBCTBO IIPOCTPAHCTBa» (0 YeM CBUIeTeIb-
CTByeT M OTKpBbITMe, OTMeueHHOe HobesreBckor
IpeMueri), TO B KOHTEKCTe MOJYJISSPHOV Teopuu
MOXXHO YTBepXXIIaTh HasIdye 0co0Oro reoMeTpu-
YeCKOro MOLYJIsl, KOTOPbIVI Ha HPOTSDKEHWVI BCEV
JKM3HM YeJIoBeKa IIpeTepreBaeT M3MeHeHWs 1 He-
CeT OTBETCTBEHHOCTb 3a BOCIIPMSTME IIPOCTpaH-
CTBEHHBIX (reoMeTpUUecKnx) CTpyKTyp. B meom
TaKOW BbIBOJ], BIIOJIHE COIIPSITaeTCsl C COBPeMeH-
HbIM ITpouTeHMeM upent Kanrta o6 ampuopHOM
(To eCcTh B JaHHOM KOHTEKCTe OHTOIeHeTIYeCKOM)
cTaTyce IIpeICTaBJIeHUI O IIPOCTpPaHCTBe U Bpe-
MeHI, KOTOpble pa3BMBAIOTCS B KAHTMAHCKOW VIC-
cJIejoBaTesIbCKOVl mporpamme. Mosr, a TouHee,
COIIMAJIBHBIVI MO3I BOCIPMHVMAaeT peasIbHOCTb
1PV HeIoCPe[ICTBEHHOM ydacTuy peHOTUIIYe-
cKM popMUpPyeMBIX HEMIPOHHBIX CTPYKTYpP U, B
CBOIO OYepeslb, VCIIBITBIBAeT BIIVISHVE KYJIBTYPBbI,
B KOTOPYIO IOTPY>KeH, ¥ [1eATeJIbHOCTU €ro HO-
cuTelIsl (HesTeJIbHOCTHBIVI TUIl TpaHCLleHeHTa-
mmsMa). SNARC-riooOHbIe 5peKThI ¢ TOUKM 3pe-
HMA Men OMOKYJIBTYPHOIO CO-KOHCTPYKTMBM3Ma
MOXKHO paccMaTpuBaTh B KauecTBe MJIIIOCTpallm

91

V. A. Bazhanov

(geometric) structures. On the whole, this
conclusion resonates with the modern reading
of Kant’s thought about the a priori status
(in this case, ontogenetic) of the notions of
space and time, which are being developed
in neuroscience line with the
research programme. The brain, or rather,
the social mind, perceives reality through
phenotypically-formed neural structures;
and it is influenced, in turn, by the culture in
which it is immersed and the activity of its
bearer (activity-oriented transcendentalism).
From the viewpoint of biocultural co-
constructivism, SNARC-like effects can be

Kantian

understood as a demonstration of the results
of this uninterrupted process, attesting to the
high plasticity of the brain.
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