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MAIN
problem



Tpn BOonpoca o npupoae nepes, KOrHUTUBHOU HayKoM

1. YTo Takoe mo3r?
2. Y10 TaKkoe pasym (mind)?
3. Kak cooTHOCATCA MO3r 1 pa3ym - KakoBa npupoaa ‘U’?

Hac uHTepecyeTt Kak yctpoeH MUP

1. 31a npobnema ABnAeTcAa 04HOMN U3 CaMbIX

rnyboKMX N BaXKHbIX HepeLwleHHbIX Nnpobaiem
COBPEMEHHOMN HaYKMW.

2. [na ee peweHna Heobxoanma
byHOaMeHTa/IbHaA ecTeCTBEHHOHAY4YHadA Teopus.



N3baTune pasyma mn3 npmupoabl B XVII Beke

“At the very beginnings of the Western
science in the XVIIth century two figures
removed the mind from nature. The first
was Galileo and the second was Descartes.’

)

Alfred North Whitehead
Science and the Modern World (1925)




N3baTue pasyma us npupoabl B XVII Beke: Nannneun
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«pobupHbIX Oen macmep» (1623)




N3baTune pasyma ns npupoagbl B XVIl Beke: [lekapT

lMpobaema Oyanu3ma: Kak HEMATEPUANbHbBIA Pa3ym B3auMoaencTeyeT
C MaTepuanbHbIM MO3TOM U NPUBOAMUT TENIO B ABUKEHME?

KUBOTHbLIE A YE/IOBEK
[poTsxeHHas /' HenpoTsxeHHas
mMaTtepuanbHas /' OyXOBHas
cybcTaHLms / cybcTaHuma
(res extensa) ,/ (res cogitans)

PeHe [lekapm




N3baTune pasyma ns npupoagbl B XVIl Beke: [lekapT

Mpobaema 0aa dyanusma: Kak HemaTepuaabHbIN pa3ym B3aumMoaencTeyeT
C MaTepuaibHbIM MO3roM 1 NPUBOAUT TENO B ABUXKEHME?

,,,,,

Descartes theorized that the pineal
gland—denoted “H” in this illustration
from his 1662 De Homine—was the
“seat of the soul.”



lNpocToe pewleHue:

B "You, your joys and your sorrows, your memories and your ambitions, your sense of
= personal identity and free will, are in fact no more than the behavior of a vast
assembly of nerve cells and their associated molecules. As Lewis Carroll's Alice

might have phrased it: "you're nothing but a pack of neurons.”
Francis Crick The Astonishing Hypothesis, 1993

o



Kputnka JlenbHuuem «npocTtoro peLieHmna»

«MenbHuua JlenbHnua»

«Ecnn mbl BOObpasum cebe mallnHyj,
YCTPOWCTBO KOTOPOW NMPOU3BOAUT MbIC/b,
4YyBCTBO W BOCMNPUATUE, TO MOXKHO byaeT
npeacTtaBuTb ee cebe B yBEIMYEHHOM
BUAE C COXPaHEHUEM TeX Ke OTHOLLUEHUN,
TaK YTO MOXKHO ByaeT BXOAUTb B HEe, KakK
B Me/ibHuUy. [peanosioxKnB 3TO, Mbl NPU
OCMOTpPE ee He HalAeM HNYEro BHYTPU
ee, KpPOMe YacTeu, TONKALWMX 0AHa
APYTy0, U HUKOTAa He Hanem HUYEro
TaKoro, Yem MOXHO 6bl1/10 6bl 06 BACHUTDL
BOCMPUATHE.»

Fomgpud Bunveenom JlelibHuy «MoHadonoeusa», 1714



N3bATHE pasyma U3 NpUpPOabl: NTOFOBOE COCTOAHUE AN
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N3bAaTne Pa3yMa U3 Nnpunpoabl: UTOroeoe COCToAHUE AeEN

What do People Believe?

IDENTITY
Mind = matter
AGNOSTIC

Consciousness + Matter

: : = on2 thing but its rature
% } .
) i { s unkno
\ e
PROPERTY DUALISM 0
Mind = an ‘aspect’ of ‘
matter 8s yet not 9 i /U

understooad

EMERGENCE

Iiind emergas from

physical processes

but is not identical
(e '_u/ul/m/';/'

10 )
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FUNCTIONALISM

Mind is a process
A

I
AR L]

CARTESIAN CUALISM
mMind and mattar = twao differsnt

fundamental things

R.Carter Mapping the Mind, 2010



N3bATME pa3syma U3 npupoapbl: npobaema Ana GU3NKu

The old division of the world into objective
processes in space and time and the mind in
which these processes are mirrored — in other
words, the Cartesian difference between res
cogitans and res extensa —is no longer a
suitable starting point for our understanding of
modern science.

W. Heisenberg

| believe that the present laws of physics are at
least incomplete without a translation into
terms of mental phenomena.

E.P. Wigner

B. leiizeHbepe - Hobenesckas npemusa 1932 2. «3a co30aHUE KBAHMOBOU MEXAHUKU»

FO. Buz2Hep - Hobenesckas npemus 1963 2. «3a 8K100 8 Meopurd AMomMHO20 A0pa u
3/1eMEeHMApPHbIX Yacmuuy»




[Mpobrema pM3nYecKnx OCHOB pPasyma M CO3HaAHUA

«Co3HaHue — Benu4yanwiasa TanHa. 310, BO3MOXHO, HanborsbLlee 13
rpoMagHbIX NPEnATCTBMMA Ha NYTU K HaLLlemMy Hay4YHOMY NOHMMaHUI0 Mupa.
du3unka elle He 3aBepLUeHa, HO XOPOLLO NoHATa, buonorna pasragana
MHOIve ApeBHUN TalHbl, OKPY>XaBLUMe NpuUpoay XusHu. Hawe noHnmaHme B
9TUX 00racTaX He NULEHO NPobesioB, HO OHO He BbIMMSAANT HEYCTPaHUMBbIM.
Co3HaHue, ogHaKo, OCTaeTCs TakMM Xe 3arafouvHbIM, Kak 1 paHbLue. [o-
NPeXHeMy KaXXeTcs CoBepLUEHHO TaUuHCTBEHHbLIMU TO, YTO NPOAyLMpOBaHME
noBegeHNa OOMKHO COMPOBOXAATbCA BHYTPEHHEN XU3HbIO.

OTa 3aragovHOCTb AenaeT npobnemMy co3HaHua ogHMM K3 Hanbornee
BOMHYHOLLMX UHTENNEKTyalbHbIX BbI3OBOB HALLETO BPEMEHM.

[.Yanwvepc, CosHarowul mo3e (2013)

- [lBe rnaBHble Npobaembl, KOTOpbie HayKe npeacTouT
«TpyaHas pewuTtb B cneaytowme 25 ner*:
npo6nema»

WHAT DoN'T WE KNOW?

CO3HaHUA: . -
In Praise of Hard Questions

Kak HepBHble

npoLecchbl B MO3re _ What Is the * Onpoc angpoa
NPUBOASAT K 4 Universe Made Of Kyprana science
BO3HUKHOBEHUIO 8 B CBA3K C ero
= . . 125-netunem
Cy6BeKTUBHOro i1 What Is the Biological (Science, v.309,

onbiTa?

Basis of Consciousness 2005)



ypOKM, KOTOpbleé MOXKHO U3BJ1iedb U3 AdHHOTO aHAJ/IN34d

Mo3r 1 pasym ocratoTcA
pa3geneHHbIMU B COBPEMEHHOM
KapTUHEe mupe. Y Hac HeT ceroaHA
npMem/IeEMOnN eCTeCTBEHHOHAY4YHOWM
Teopumn, obvLeanHAOLEN UX —
eAuHoi Teopun MUPa.

MWP 1 mup Takke pasgeneHol.
HepeweHHOCTb Npobaembl
OPraHMYeCcKMx OCHOB pPa3yma He
NO3BONAET PewmnTb U «npobnemy
HabntopgaTensa» B dUsnKe —
NOCTPOUTb YA0BNAETBOPUTENBHYIO
HAYYHYO KapTUHY HEOPTraHUYECKOro
Mupa.

Ham HeobxoamMmo BCTPOUTb pasym u
CO3HaHMe B eCTeCTBEHHOHAYYHYIO
KapTMHY MUpPa - BePHYTb Pa3ym B
npupoay.

mos3r || pasym
MWP

«Kak nogyepkumsan xo3ed Hngsm, 3anagHoeBponemncKasn
MbIC/Nb BCErAa UCMbITbIBala KoNebaHMA mexay MUPOM-
aBTOMAaTOM W1 TEONOTUEN C ee MUPOM, be3pasaenbHO
noABNACTHbIM 60ry. B 3TOM pa3aBOEHHOCTU — CYyTb TOTO, YTO
Huasm Ha3biBaeT «XxapaKTepHOM eBponeincKkomn
wmsodppeHnen». B gencrentenbHocTn oba B3rnaga Ha Mup
B3aMMOCBA3aHbl. ABTOMATy HEOO6X0AMM BHELLHWUI 6or.»

N.MpuroxuH, U. CteHrepc «lMopadok u3 xaoca», 1986



[lporpamma
BO3BpalLLeHuUA

pa3syma B npupoay



[Mpobaema pn3nYecKkmMx 0CHOB pa3yma M CO3HAHWUSA

Tpu Heobxoo0umbix udeu:

* LUupKynapHaa NOBYLUKA

* «Ayanbi»
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[lyanbl — 06bEKTblI HA NOrPaHNYHbIX YPOBHSX OPraHMU3aLUmN MaTePUn

benoK Kak ayan:
Rmax: pepmerm X

® —— £total)

(a) Primary structure Chain of amino acids

Bonds ———

(c) Tertiary structure

(d) Quaternary structure Hemoglobin

(globular protein)



[lyanbl — 06bEKTblI HA NOrPaHNYHbIX YPOBHSX OPraHMU3aLUmN MaTePUn

OHK Kak ayan:
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[lyanbl — 06beKTbl Ha MOrPAHUYHbIX YPOBHAX OpPraHM3aLumM maTepum

Mo3r Kak ayan:

Bmax: KOTHUTOM

Rmax: koeHumom X
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Rmin: koHHekmom X

Bmin: KOHHEeKTOM

Jltob6on mo3r npeactaBnaeT cobon dyas — opraHUYECKYO CTPYKTYPY, UMEIOLLLYIO KaK
dusnonornyeckmum (Bmin), Tak u ncuxonormyecknin (Bmax) ypoBHu opraHmsaumnm



Pasym - aTo m0o3r Ha Rmax

\
High / / \\ Rmax level:
AN

Low , a Rmin level:
- 0
Ourinterest / Our knowledge




MnepeceTeBas TeOPUS MO3ra: TPU MaBHbIX T€3UCA

m MpUHUMNMANbHbBIN BONPOC MpUHUMNMANbHbIN OTBET

1 Yto Takoe mo3r? J1lobo Mo3r — 3TO ceTb
2 Yo TaKoe pasym? Jltoboi pasym — 3710 ceTb

3  Kak cooTHOCATCA MO3r 1 padym? Pasym — 310 runepcetb mosra

Y
) _—?’Q\-\ o
F * Pasym—310 CTPYKTYPA;
S @ M o = * Pa3ym —3To MHOrocnouHas
(’Q a /4\ //A\\ A a (/Q

& A A MaKpPOCTPYKTypa Mo3ra: CeTb
LT WRY HeMpPOHaNbHbIX ceTell;

* MbilWwneHne 1 Co3HaHMe — 3TO ocobble
BMAbl MPOLLECCOB B 3TOM MaKPOCTPYKType.

3a4a4um TEOPUN — ONMUCAHUNE ITUX CTPYKTYP, UX MPOUCXOKAEHNA, PYHKLUIMA N NPOLLECCOB B HUX.



The Human Connectome
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Anatomy Connectome Neuronal Pathways
Klingler's method for fiber tract dissection Shown are the connections of brain A new MRI technique called diffusion
uses freezing of brain matter to spread regions together with “hubs” that spectrum imaging (DSI) analyzes how
nerve fibers apart. Afterwards, tissue is connect signals among different brain water molecules move along nerve
carefully scratched away to reveal a areas and a central “core” or backbone fibers, DSI can show a brain's major
refief-fike surface in which the desired of connections, which relays neuron pathways and will help
nerve tracts are naturaily surounded by commands for our thoughts neurolo-gists relate structure

thesr anatomical brain areas. and behawviors to function.



CTpYKTYpHOE 1 PYHKLMNOHANbHOE KapTUPOBaHNE MO3ra

XNBOTHbIE

CtpykTtypHOe MTP kapTupoBaHMe Mo3ra 4YernoBeka

Cortical Activity during Hand Movement »
Contralateral Hemisphere Ipsilateral Hemisphere
lateral view
frontal view dorsal view
» 0.000s
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®yHKUMOHaNbHOE kKapTupoBaHue Mo3ara D.rerio

dyHKumnoHansHoe MTP kapTupoBaHMe Mo3ra YenoBeka



[Moaxoabl K PEKOHCTPYKLIMM MAaKPOKOHHEKTOMA YE/10BEKa

QA

Anatomical parcellation 1 ‘ Recording sites

Histological or
imaging data

Functional brain network

Sensorimotor
NSz~ Premotor

Temporal pole

Graph theoretical analysis

Bullmore E. and Sporns O., Nature Reviews, Vol.10, 2009
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PeKOHCprKLI,l/Iﬂ KN1eTOYHOIo KOHHEKTOMa

KOoHHeKTOM — nornHoe onvcaHue CTPYKTYpbl CBA3EN B HEPBHOW CUCTEME OpraHn3ma.
KoHHekTOMMKa — 06nacTb nccrnegoBaHum, Broyatowwas B cebs kaptorpadupoBaHme u

aHanna apxuTeKkTypbl HEMPOHArbHbLIX CBA3EWN.

[MOSTHOCTBIO PEKOHCTPYMPOBAHHbLIN KNEeTOYHbIN KOHHEKTOM YyepBa C.elegance: 302 HenpoHa, ~ 8000 ceasen



Ba)KHOCTb TEOpPUM ceTen ANA aHaIN3a BbICLLUUX PYHKLUMM MO3ra

“To represent an empirical R
Qe
phenomenon as a network ‘\g\\ ¥
is a theoretical act.” X li’
e 4 KorHur
Butts CT. Revisiting the "= G“

foundations of network
analysis. Science
2009;325:414-6.

O,
b,
%y

(O

bt
| “ : K &
] ; \s o ® A Ty

’:‘ B %
!,PJ-’ - 5 & o
2 %ummﬁ RN,

é [ w | LD X
LR r!"‘! il ’

ot Baedel -

e d
B




KorHutom:
Teopmna HENPOHHbIX
rmnepceren



[MnepceteBaa TeopmAa Mmo3ra

Teopus Teopus [MnepceTeBas
KOrHUTOMa HEMPOHHbIX Teopus
(TKT) runepceten Mo3ra
MpuHUMNUanbHasa 6onbwe dopmManbHasa bonewe Cy6cTaHumanbHas
MoAesb codepicaHus MoAaersb codepxcaHls MoAaenb
AKCUOMATUYECKAA MATEMATUYECKAA BUONOINNYECKAA
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Pa3ym Kak mo3r Ha Rmax

Pa3ym peaneH — oH o6pasyeT Rmax ypoBeHb KOTHUTUBHOIO areHTa, onocpeayoLwuin ero

MHOOPMALMOHHbIE COOTHOLLEHUA CO CPeaon.

Ne [MoHAaTuA yTBepXaeHus Cnepacreua
1 KOor Pa3ym 0b61agaeT 3epHUCTOM CTPYKTYPOM, OH Pa3ym rpaHynapeH
(cog) cognitive  cocToUT U3 KO208 - 31EMEHTOB ONbITa,
group KOAMPYIOLWMX COOTHOLIEHME KOTHUTUBHOIO
areHTa c TeMu UAN UHbIMKU acnekTaMmun cpeabi.
2 JIOK Koau, o6pa3ytoT mexay coboi ycTtonymsble Pasym yBa3aH
(loc) CBA3U — /IOKU.
link of cogs
3 KOrHUTOM Koau vi noku 06pa3ytoT eaAnHY0 CeTb — Pasym uenocrteH
(cognitome) Ko2HUmom. KorHntom ABASIETCA HOCUTENEM
cognitive Cy6beKTMBHOIO OMNbiTa KOFTHUTUBHOIO areHTa.
network




Kato4yeBble NOHATUA TEOPUN. KO2 N KO2HUMOM

Koe — koeHumusHaa 2pynna

llcogll -

1. A. any of a series of teeth on the rim of a
wheel, for transmitting or receiving motion
by fitting between the teeth of another
wheel;

B. a cogwheel

2. a person or thing regarded as a minor but

necessary part of the structure of an activity
or organization.

Koa - pacnpepeneHHas rpynna HeEMpOHOB,
cuensieHHas eanHbIM KOTHUTUBHbIM OMbITOM.

KozHumom — ceTb 13 Bcex KOrHUTUBHbIX
anemeHToB (KOloB) B HEPBHOW cMCcTEME
a[anTUBHOrO areHTa.



Kay3a/ibHble CBOMNCTBA KO2d

Information — Information
(causal) (causal) .

oraos

oraos




Kor KaK rmnepcmmmniiekc B runepceTun

f'Mnepcetn — ageKkBaTHbIM MaTtemaTudyecknm ¢opmanusm ans
OonucaHmnA opraHmnsaumm BbicNX GYHKLMIA MO3ra.

[MnepceTn COCTOAT U3 reOMETPUYECKUX CTPYKTYP, company

N3BECTHbIX KaK runepcumnaekcbl. OcHoBaHue » Profit
rMNEePCUMNIEKCA COAEPHKUT MHOMKECTBO f
3N1eMEeHTOB OAHOro YPOBHSA, @ €ro BEPLUMNHA

obpa3yeTcs onMcaHNEM UX OTHOLLEHUN U \\ : ;n?t?arials
o » total wages
/
npnobpeTaeT NHTerpaibHbie CBOMCTBA, — : averhond

Aenatowme ee snemeHTom cetn 6onee BbICOKOro
YPOBHSA — runepceTn. PenaumnmoHHbIM TaKoe

CTPYKTYPMPOBAHHOE MHOECTBO 3/IeMeHTOB
Ha3blBaeTCA NOTOMY, YTO UX OTHOLLUEHUA cog (‘dog’)
3KCNAMUUTHO 3a4aHbl. [MnepceTb NpeacrasnaeT * — €{ftotal)

cob0oM COBOKYMHOCTb CBA3aHHbIX AN

rMNepCcMMn/IeKCoB. TR\

MnepceTn ABNAIOTCA MHCTPYMEHTOM ., = s €l

dbopManmnsaumm CTPYKTYpbl U ANHAMUKU B PPRGIL e i—-igb
/ e

MHOFOYPOBHEBbIX CUCTEMAX. ‘M( @ ﬁ« @



[MnepceTn aT0:

[MnepcetTn npeacTaBNAOT COOOMN ecTecTBEHHOE
pacwmpenHune rpados, runeprpadoB u ceTeu

‘ more = . more 2t
1 > o ot W C
Graph T Digraph T W Network

\

generalise generalise generalise

> Hypernetwork

Y

Y
more more

B - Simolicial Familv
Hypergraph ——————— Simplicial Family =

MnepceTn xapaKTepm3yoTCA TPEMS OCHOBHbIMK naeamu: (1) «pensumoHHoro
CUMMNAEKCa» UK KTUNEepPCUMnAeKca», (2) Toro, YTo rMNepPCcUMNAEKChbl ABASAIOTCS
OAHO3HAYHbIM CPeACTBOM PA3/IMYEHNA YPOBHEN B MHOTOYPOBHEBBIX CUCTEMAX U (3)
TOr0, YTO OHM MOTYT NOAAEPKMBATb YycTOMUMBYIO CTPYKTYpPY (backcloth) u agnHamuky

akTMBHOCTMU (traffic) B MHOroypoBHEBbIX CUCTEMAX.



[MnepceTu 3T0:

[MnepceTn — 3TO CETU CETEN CETEMN...

Level N+2 o

Level N+1

Level N

Fig. 9.10 base?s = Ufle R-1lo Ri_la(ri)



KOrHUTOM COCTOUT U3 TPEX BNAOB KOIroBs

YpoeeHb K+1 Y XonoHvi
(runeprpynnoi) : PUhke o (runepkorn)
YposeHb K OnepoHsl
(npoTorpynnebi) (npoTokorm)
YpoeeHb K-1 KeasnoHoi
(MHTeprpynnbi) (MHTepKorK)
YpoeeHb N HelipoHbi

(HeMpoHHas ceTb)




KorHutTuBHas
cneunanmsauma
HEUPOHOB



Kputnka JlenbHmuem mexaHn4eckoro matepmaamsama

«MenbHuua JlenbHnua»

«Ecnn mbl BOobpasum cebe mallmnHy,
YCTPOWCTBO KOTOPOW MPOU3BOANT MbIC/b,
4YyBCTBO 1 BOCNPUATUE, TO MOXKHO byaeT
npeacTaBuTb ee cebe B yBe/IMYEHHOM
BU/E C COXPaHEHUEM TEX XKe OTHOLLUEHUN,
TaK YTO MOXKHO byaeT BXOAUTb B HEE, KaK
B Me/ibHuUy. [peanoioXKnB 3TO, Mbl NPU
OCMOTpE ee He HangeM HMYEro BHYTPHU
ee, KpoMe YacTeu, TONKAOWMX 0O4Ha
APYTY0, U HUKOTAa He HanaeM HUYEro
TaKoro, Yem MOXHO 0Obl1/10 6bl 0O BACHUTL
BOCMPUATUE.»

fomagpuo Bunvzenom JlelibHuy «MoHaodonozusa»

OpaHaKo JlenbHuy yausutenbHbim obpasom owmbancsa...




MWHMMaNbHbIN KOT: KOTHUTUBHO CreLunanm3npoBaHHbIN HEMPOH

* MWHMMaNbHbIM KO20M (KOTHUTUBHbBIM 31EMEHTOM) ABNAETCA OA4HA KOTHUTUBHO CreLmnanm3npoBaHHan HepBHan KNeTKa.
= COBOKYMHOCTb HEMPOHOB, aKTUBUPYIOLLMX 3TY KNETKY, ABNAETCA ‘mpuvuHOl’ pna 3Toro Kora.
* [pynna HEMPOHOB, B aKTUBALMIO KOTOPbIX BHOCUT BKNAA 3Ta KNeTKa, ABnseTca ee ‘aghgpekmom’ KaK Kora.



Perncrpauma otaebHbIX HEMPOHOB B MO3re Ye/I0BEKA

Around 100 microwires per patient
Data 1s acquired at 28.7 kHz via 64
electrode Neuralynx system
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KorHMTMBHaA cneunanmsauma HEMPOHOB B MO3re Ye0BeKa
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KorHutneHasa cneuuanmsaumsa HeEMPOHOB B MO3re YesI0BeKa

“Bill Clinton” neuron

25 spikes/sec

Kreiman et al., Proc Natl Acad Sci U S A. 2002. 99(12):8378-83.



KorHMTMBHaA cneunanmsaumsa HEMPOHOB B MO3re Ye0BeKa

“Halle Berry” neuron

A unit in the right anterior hippocampus that responds to pictures of the actress Halle Berry.
This cell also responds to a drawing of her, to herself dressed as Catwoman (a movie in which
she played the lead role) and to the letter string ‘Halle Berry’ (picture no. 96).

Quiroga et al., Nature 435 (2005) 1102-078



KorHMTMBHaA cneunanmsaumsa HEMPOHOB B MO3re Ye0BeKa

“Luke Skywalker” neuron
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From: R.Q. Quiroga (2012) Nat.Rev. Neurosci



KorHMTMBHaA cneunanmsaumsa HEMPOHOB B MO3re Ye0BeKa

“Sydney Opera” neuron
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KOrHUTMBHaA cneunaanm3saumnAd HEVIpOHOB B MO3re XxmMBOTHDbIX

“Place” neurons in the rat brain

Rate Map

To mouse tracker _

-

To spike discriminator

-
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Muller, 1996 Path 1 Path 2



KorHntuBHas cneumnanmsauma HEMPOHOB B MO3Te *KUBOTHbIX

“Little green crocodile” neuron in the rat brain

EXPERIMENTAL NEUROLOGY 41, 461-555 (1973)

Studies on Single Neurons in Dorsal
Hippocampal Formation and Septum
in Unrestrained Rats

Part I. Behavioral Correlates and Firing Repertoires

JamEes B. RANCK, ]Jr.

Crocodile toy
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KOrHUTMBHaA cneunaanm3saumnAd HEVIpOHOB B MO3re XxMBOTHbIX

“Face neurons” in monkey
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KOrHUTMBHaA cneunaanm3saumnAd HeﬁpOHOB B MO3re XxMBOTHbIX

“Face neurons” in the sheep brain

0

:

Mean % change in firing rate

(=]

400}

200

Mean % change in frring rate

O
8

Mean % change in firing rate

aon: H
f? ’ é Aoe s UL Kendrick & Baldwin, 1987
Number




3aaauya:

NOHATb KOTHUTUBHYIO
cneumanmnsauumio
HEUPOHOB



LL>>S0CISFOQOIAND T O>XSX

K NCUXON0TrnA

dU3MKa

I ©® > x X

Q
=
T
G
T
m
O
O
=
=
>
m
G
Q.
©
X
=
m
=
S

b o © O F m O T T 0 O




bnarogapto 3a
U ELRTEL



