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The brain, sensing the internal and external milieu, and
consulting its database, predicts what is likely to be
needed; then, it computes the best response.

Schulkin & Sterling 2019
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«OPUEHTUPYNTE KaPTY KaK LWeNb Ha ANCKEY «OMyCTUTE KapTY B LLENbY»

Goodale et al., 1999
Bocnpusartue,

NOHUMAaHUeE,
MbILLSIeHUe,
CO3HaHue?

OTKyAa mbl BOObLLE 3HaEeM O CyLLEeCTBOBAHMM I3TUX CYLLLHOCTEN?
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Whole-brain functional imaging at cellular resolution
using light-sheet microscopy

Misha B Ahrens & Philipp J Keller
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Ahrens et al., 2013



Ahrens et al., 2013



B aktusHOCTU HeupoHoes Habnroaaertcs
cy6beKTUBHOCTD

O’Keefe & Dostrovsky, 1971
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AKTUBHOCTb OTOENbHBIX HEMPOHOB
CBA3AHA C TEM, YTO OENAET OPFAHU3M

HeupoH «kpokoaunbumka»




HeupoH «moeun 6abyLuku»»?

Brain Cells for

Grandmother

Each concept—each person or thing in our
everyday experience—may have a set of
corresponding neurons assigned to it
By Rodrigo Quian Quiroga,
ltzhak Fried and Christof Koch




NKOBOE HALUE TTOBELOAEHME
COTIPOBOXAOAETCA AKTUBHOCTDBIO
HAWWKUX HEUPOHOB
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Quiroga et al., 2005
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Figure 3 | A multi-unit in the left anterior hippocampus that responds to string ‘Sydney Opera’ (pictures no. 2 and 8), but not to other strings, such as
photographs of the Sydney Opera House and the Baha'i Temple ‘Eiffel Tower’ (picture no. 1). In contrast to the previous two figures, this unit
(conventions as in Fig. 1). a—c, The patient identified all pictures of both of ~ had a higher baseline firing rate (2.64 spikes). The area under the red curve
these buildings as the Sydney Opera, and we therefore considered themasa  in cis 0.97.

single landmark. This unit also responded to the presentation of the letter




Cneuvanusauma HeMpoHOB OTHOCUTESIbHO
ONbITA Y YenoBeKa

© Medial temporal kobe

Quiroga et al., 2013
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Rodrigo Quian Quiroga, a native of Argentina, is
professor and head of the Bioengineering Research
Group at the University of Leicester in England. He is
author of the recently published Borges and Memory:
Encounters with the Human Brain (MIT Press, 2012).

Itzhak Fried is a professor of neurosurgery and director
of the Epilepsy Surgery Program at the U.C.L.A. David
Geffen School of Medicine. He is also a professor at the
Tel Aviv Sourasky Medical Center and Tel Aviv University.
N
Christof Koch is professor of cognitive and
behavioral biology at the California Institute of
Technology and chief scientific officer at the
Allen Institute for Brain Science in Seattle.

Quiroga et al., 2013




NHOBOE HALLE TIOBEAEHME - CYTb
AKTUBHOCTb HALUMX HEMPOHOB

MbI - AKTUBHOCTb HALLUMX HEUPOHOB
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Wang et al., 2015
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ST0 NpuHUUN paboTeI Mo3ra?
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Cntri-cre, DT CREB-cre, DT CREB,DT CREB-cre, PBS

Han et al., 2009




A (Label) B (Condition) A’ (Test)

On Dox Off Dox On Dox

Surgery &
Recovery

Ramirez et al., 2013
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memory enhancement,
co-allocation,
memories linked

Rashid et al., 2016



Figure 4

- Fear circuit = Anxiolytic circuit

PAG

DVC
HYP

BLA PAG

Open in a separate window

Model of amygdala microcircuits that give rise to behaviour

New findings in the amgydala have updated our understanding of these microcircuits. Different populations of basolateral complex of the amygdala (BLA) neurons
are proposed to activate distinct populations of lateral central nucleus of the amygdala (CeL) neurons to either promote fear or reduce anxiety. CeM, medial central
nucleus of the amygdala; DVC, dorsal vagal complex; PAG, periaqueductal grey; PKC, protein kinase C; PVT, paraventricular nucleus of the thalamus; HYP,
hypothalamus; SOM, somatostatin.

Janak & Tye, 2015




B nobou momeHT BpemeHU MOXHO BbIAeNIUTH
AQKTUBHYHO HEUPOHHYIO CeTb




— DTO e ACHO, — cKa3as A.— O HHaKOBLIH ypoBeHb nepepabor-
KM HHbOpMaLKH. PeaklMa Ha YPOBHE HHCTHHKTA.
OH B3JOXHYIL.
—CyioBa,—cKasan od.—[IpaBza, BEl He CepAHTECH, HO 3TO Xe
TOJIBKO CJIOBA. DTO e MHe He noMoxeT. MHe Hajlo UCKaTh

ciefbl pasyMa Bo BeesieHHOM, a A He 3Ha10, 4TO TAKOE pasyM.
A MHe roBODSIT O Pa3sHbIX YPOBHAX IlepepaboTKH HHGOPMALIMHK,

(A. Cmpyeaukuti, 6. Cmpyzauxuii. [Tongens, XXII Bex)




In humans, intelligence is commonly
defined as the sum of mental
capacities such as abstract thinking,
understanding, communication,
reasoning, learning and memory
formation, action planning, and
problem solving.

Roth & Dicke, 2012



There is a popular distinction proposed by Cattell
(1963) between fluid and crystallized intelligence,
where fluid intelligence is considered to be closely
related to general intelligence “g” (Spearman, 1904)
as a broad ability to reason, form concepts, and
solve problems using or
novel procedures, while crystallized intelligence
Includes the breadth and depth of a person’s

, the ability to communicate

one’s knowledge and to reason using previously
learned experiences.

»> KaKoi onbIT yXKe ecTb
» KakK 3TOoT onbIT peakTusmpyertca u
peopraHusyeTca B HOBOU CUTYaL UM



Kak npoucxoaut obyuyeHue
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Kak npoucxoaut obyyeHue




O6yuyeHue BTOpOU CTOpOHe nocrse
obyyeHua nepsou
3PPEeKTUBHASA

Heaqaqaer;-' AR R — . CTOPOHG
CTOpOHa . :




Kak BbIrnagar 3tm HeupoHHbIE
rPynnbI 3aBUCUT OT TOFO, KAKUM
obpasom npoucxoausno obydyeHue



KayecTseHHO pasHbIA UHAUBUAYGISIBHLIW
ONLIT POpMUPYEM MOCNeAOoBATeSIbHO







TTpu npuobpereHun Hosoro onsita
AKTUBUPYHOTCA HEUPOHBL yXe
CyllecTsylolero onuITa
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NHcTpymeHTanbHoe
obyuyeHue

., bin=50ms

HelpoHbl cneunduryeckn akTMBHbIE OTHOCUTENbHO:
Kopmywku (A); neson nepanu (B). 0-Hayano aencrems.
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CTpyKTypa HEUpOHHOU AKTUBHOCTU

>

S
: :
X o
) X
S o
E S
X €
S x
S S
E (o]
S g
E o
: :

S
= >

® Median
[ 25%-75%
Min-Max

5 5-10 10-15 15-20 20-25 25-30

CneuuanusmposaHHble HecneunanusmnpoBaHHble
OTHOCUTE/IbHO NULLEBOro HepPOHbI

noseAeHnA HEUPOHDI

NMepuoa obyyeHmsa ¢ 5 no 10 MMH. xapakTepusyeTtcs
yBerinYeHMeM 4acTtoTbl aKTUBHOCTU Y HEMPOHOB,
KOTOpble AeMOHCTPUPOBaAsin CeNeKTUBHOCTDb
OTHOCUTENbHO 3agJauun




To4YHble cueHapun NpoLeccos,
cnocobcTByOWMX BbICTPOMY
npuobpeTeHnto HOBbIX HAaBbIKOB,
OCTaKTCA HEN3BECTHbIMMU.



B nobou momeHT BpemeHU MOXHO BbIAeNIUTH
AQKTUBHYHO HEUPOHHYIO CeTb




MricneHHOe BOCNOMUHAHUE - peaKTUBaLUS
onpepaeneHHbIX HeUpOHOB

viewing session demonstration for Fig. 1

Firing of a single entorhinal
cortex neuron while watching
short video episodes

Beeps represent single spikes



«TTpoaymbiBaHUE> BAPUAHTOB NpU
NPUHATUU pelueHUs

Hippocampal place cells represent spatial episodes (routes)
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* TloHaTue pasyma (UHTennekra)
CBA3AHO C BO3MOXHOCTbIO
OMNepupoBaHUA «<MOAECNAMU» B YMe

* IJTU «MoApenu» - «npouvrpbisaHue>
byaywmx B3aumoaeucTeum

« «Mopenu»> OCHOBAHLI Ha ONbITE, HO B
MOMEHT peaKkTUBALUU HeUpOHHbIE
rpynnbI peopraHusyroTcs






AKTUBHOCTb HEUPOHHLIX rpynn
CKNAAbLIBACTCS B Mnpolecce
cpopmmpoaal-lml WHAUBUAYASIBHOIO
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Kendrick et al., 1992




Pabouaa namaATb (KpaTKoOBpemeHHan
NamATb) — noaaep*KaHMe akTUBHOCTMU
HEMPOHHOM rpynnol

» TpaBMbl
> cyaoporu PASBUTUE AMHE3NI



UCTOYHUK HOBbIX HEMPOHOB —
MoOJ1YaLLUe N HOBbIE KNEeTKM




HeunporeHe3y cnocobcrayioT

v oboralleHHasa cpena
v 0by4yeHune

v «CMOPTMBHbIN 0O6Pa3 XXNU3HN»



BcTtpanBaHMe HOBbIX HEUPOHOB
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Y HeUpoOHa MHOro BUAOB AKTUBHOCTW
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Cavallaro et al., 2002




CTpPYKTYpHbIE NU3MeHeHUA

Trachtenberg et al., 2002



N3meHeHUe KonnyecTsa LWMNUKOB Ha AeHApUTax
npun obyyeHnmn
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Stably maintained dendritic spines are associated

with lifelong memories

Yang et al., 2009
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INPUT
An external stimulus triggers two
neurons to fire simultaneously. In future,

if one fires, the other is likely to fire, too.

rpynn

Input New link
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activity synapse

CIRCUIT FORMATION

A third neuron fires. One of the initial
pair is stimulated to fire with it, triggering
the second, so the three become linked.
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Input | Facilitated

synapse

INCREASING ACTIVITY

The three neurons are now sensitized
to one another, so that if one fires, the
other two are likely to fire as well.
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THE PRINCIPLES
OF MEMORY

MEMORY IS A BROAD TERM USED TO REFER TO A NUMBER OF

DIFFERENT BRAIN FUNCTIONS. THE COMMON FEATURE OF
THESE FUNCTIONS IS THE RE-CREATION OF PAST EXPERIENCES
BY THE SYNCHRONOUS FIRING OF NEURONS THAT WERE

INVOLVED IN THE ORIGINAL EXPERIENCE.

... BOCCO3aHWMeE NPOLLIOro OMbITA
nocpeacTBOM CUHXPOHHOM aKTUBaLMK

TeX HEMPOHOB, KOTOPbIE ObINN aKTUBHbI
B MOMEHT NMepBOro NepexmnBaHMsa 3TOro

onbiTa. R. Carter, 2009



®eHOMEH pekoHconunpauum (HenpepobIBHOU
peopraHu3auum NamaTth)

"H HacTamBan Ha NPOTAXeHUN BCEN
OUCKYCCUWN B 9TOT KHMUIEe Ha TOM, 4YTO
onncaHne BOCNOMUHAHMW KakK
"MKCMpoBaHHbLIX U BE3XKN3HEHHBIX" €CTb
BCEro Nuub ownbo4vHas aHTasus.

BocnomMmnHaHmne He ABNSIETCA MOBTOPHbLIM
BO30Y>XOEHNEM HEUCHUCTTUMbIX
dUMKCMPOBaHHbIX pparMeHTapHbIX CreaoB.
OHO ecTb Bcerga TBOpYEeCcKoe Bocco3gaHune
NN KOHCTPYMpPOBaHMeE, CKIadblBatoLLEECS
N3 HaALLUEero OTHOLLEHNA KO BCEN aKTUBHOW
Macce peakuummn 1 onbiTa npoLusioro.”

1932

I'Iocne,qosaTeanoe onncaHue KapTuHbl
Ppepepuk baptnert
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Pluto behaving badly: False beliefs
and their consequences
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Figure 1. Mean confidence ratings of the critical item (“You had your ear licked
by Pluto”) on the Disneyland Questionnaire, before and after manipulation

16.0
15.5
.. 150
& 145
i 14.0
13.5 —&—Bad Plutos (n = 30)

159 Ao o ommmmm =" " F —&— Good Plutos (n = 41)
12.5

¥ \ - =f = Controls (n = 110)
12.0

11.5 o~
11.0 T~

105
100 r
Session 1 Session 2

t

ingnes

Mean Will




CTUMYNALUMNS HEUPOHHOW
AKTMBHOCTU - BO3HUKHOBEHWE
TTOBEQEHUA

Laser OFF

Immediate cessation of feeding responses
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BocnpousseaeHue onbiTa «B rosioBe»
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Figure 1| Representation of forward possibilities at which cells are active at any given time, we can infer Joh nson & Red |Sh, 2007

the choice point of the Multiple-T maze. (A) The what location is being represented. If the rat is simply






TToanepxaHue akTUBHOCTU
HeupoHOB

DELAY (1250)

Blocks of 20 Trials

SEMs ranged from 0.03 to 0.08
unaware (n = :
unawars (n = 7); O, AMN (n =

Clark & Squire,
1998



Koppenatbl co3HaHus

YpoBeHb CNOXHOCTU HeUpOHHOU
GKTUBHOCTW

YacTtoTa akTusHOCTU HeUpOoHOB
(«NOBTOPHbBIU BXOA>»)

CuHXpoHU3ALUA GKTUBHOCTU
HeupoHOB NO BCeMy MO3ry

Rita Carter (2009) The Human Brain



Figure 2. PET images illustrating that overall cerebral metabolic rates for glucose
are about twice as high in the ‘conscious waking state’ (a) (Laureys et al.,
unpublished), as compared with altered states of wakefulness such as general
anesthesia (b) (from [3]), and deep sleep (c¢) (adapted from [4]). In the vegetative
state (i.e. wakeful unawareness) overall global cortical metabolism can sometimes
have close-to-normal values (d) (patient 5 from [5] in a vegetative state following
herniation and bilateral paramedian mesodiencephalic injury (red arrow). By
contrast, vegetative patients who recover might show no substantial increase in
global metabolic function: (e) patient scanned in a vegetative state following CO
intoxication; (f) same patient, in whom full recovery of awareness was
accompanied by restoration of activity solely in frontoparietal areas (white arrows;
adapted from [7]).

Laureys 2005



Neural Correlates of Unconsciousness in
Large-Scale Brain Networks

George A. Mashour'™* and Anthony G. Hudetz'

The biological basis of consciousness is one of the most challenging and
fundamental questions in 21st century science. A related pursuit aims to
identify the neural correlates and causes of unconsciousness. We review
current trends in the investigation of physiological, pharmacological, and
pathological states of unconsciousness at the level of large-scale functional
brain networks. We focus on the roles of brain connectivity, repertoire, graph-
theoretical techniques, and neural dynamics in understanding the tunctional
brain disconnections and reduced complexity that appear to characterize these
States. Persistent questions In the Tield, such as distinguishing true correlates,
linking neural scales, and understanding differential recovery patterns, are also
addressed.

Highlights

fMRI, high-density EEG, MEG, and
ECoG are used to assess brain net-
works during Unconsciousness.

Large functional brain networks recon-
structed from neuroimaging and neu-
rophysiologic data are analyzed with
various connectivity measures, graph
theory, and methods that reveal
dynamics.

Sleep, general anesthesia, and disor-
ders of consciousness are character-
ized by disrupted functional







Internally generated preactivation of
single neurons in the human brain
predicts volition

Fried I., Mukamel R., Kreiman G.

Single neuron in left pre-SMA during three
consecutive trials

Normalized firing rate

Fried et al, 2011
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COCTOsHUA «CcO3HATesIbHbIe» -
onpepesieHHas opraHusauus HeUpoHHOW
AQKTUBHOCTU BO BpemMeHU U MNpOCTPaHCTBe










