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OKpacKa OTAe/bHbIX HEMPOHOB B Mo3re mbiwn (NeuN)




Like the entomologist in search of
colorful butterflies, my attention has
chased in the gardens of the grey
matter cells with delicate and elegant
shapes, the mysterious butterflies of the
soul, whose beating of wings may one
day reveal to us the secrets of the mind.

— Santiage Ramen y Cajol —

AZ QUOTES




PEeKOHCTPYKLMA OTPOCTKOB OTAE/IbHbIX HEMPOHOB B MO3re MblLLM

Allen Brain Institute: Mouse Connectome Atlas (2016)



Moa3r - cnoxHas cuctema
Moa3r - cnoxHas guHamMmn4yeckas cuctema

Moa3r - cnoxHas HennHenHas AMHaMn4eckas cuctema
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HenpodoToHMKa: nccnegoBaHUs XXUBOTO
boapcTBYOLLErO MO3ra C NOMOLLbIO OOTOHOB

KOHCTaHTUH AHOXWUH
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Pfliigers Arch - Eur J Physiol (2000) 441:398—408
DOI 10.1007/s004240000435

Ania Majewska - Glen Yiu - Rafael Yuste

A custom-made two-photon microscope and deconvolution system




Zeiss LSM 7 MP Multi-Photon Microscope



[MTpuxxnsHeHHaa AByXdOTOHHAA MUKPOCKOMNUS
KOTHUTUBHO MHOEKCUPOBAHHbLIX HEMPOHOB




OAHOPOTOHHbBIE MUHUMMNKPOCKOMNbI (MUMHUCKOMbI) A8 ONTUYECKOro
KNEeTOYHOro UMUIXKUHIA aKTUBHOCTM MO3ra

OCHOBHbIE XaPaKTEPUCTUKMU:

e OAHOPOTOHHAA OAHOKAHAa/bHAA
anndayopecueHuUmn

o M3nydveHue: 475/10 nm (blue)

o JeTeKkuma: 535/50 nm (green)

o paboyee pacctoaHme: 100-250 mkm
o CKOPOCTb CbeéMKM: 10 30 Kagpos/c

o pa3pewenmne: 1440x1080 nkc (900x600MKm)
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[n3anH cnctembl 1 MUKPOSHAOCKOMbI

Skull
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Large-scale two-photon calcium imaging
in freely moving mice

Zong et al., 2022, Cell 185, 1240-1256



Calcium imaging in MEC using a modified MINI2P with either 2P or 1P excitation
2P excitation 1P excitation raw 1P excitation denoise+dF/F

921.909 s

Zong et al., 2022, Cell 185, 1240-1256



Speed x 10 466.785 s

Without motion correction

&
e
orrection

Zong et al., 20




Long-Term Optical Access to an Estimated

One Million Neurons in the Live Mouse Cortex
T.H. Kim et al.

Cell Reports 17, 3385-3394, 2016




[110CKONy4YeBaA KNeTouYHaA MMKPOCKOMNMA LLe0oro Mo3ra ex Vvivo

[ThocKnin nyy nasepa

Siedentopf, H. & Zsigmondy, R.
Annalen der Physik 10, 1-39 (1903).

[TonyyeHne oNTUYECKUX CPE3OB
BO30yxxaeHnem onyopecLeHTHON
METKM B NSIOCKOCTUN doOoKyca
obpasua n noctpoeHue
TPEXMEPHOW PEKOHCTPYKLMN

* BbICOKOE paspeLleHne

* (oo 0,5 mkm) B 0Obeme Lenoro
Mo3ra

» 0bpasubl 6onbLWOro pasmepa
(oo 2 cm)

* BO3MOXHOCTb MUCCnenoBaTb
obpaseu npn pasHOM
paspeLueHnn



[110CKONy4YeBaA KNeTouYHaA MMKPOCKONKMA LLeNoro Mo3ra ex Vvivo
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Tomorpaduyeckas in vivo BU3yanmsalmsa akTMBHOCTU BCEX HEMPOHOB MO3ra
Dania rerio ¢ K1eTOYHbIM pa3peLlleHnem
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Light-sheet functional imaging in fictively behaving zebrafish. (2014) N.Vladimorov et al., Nat. Meth.



Mo3r - cnoxHas cucrema

Moa3r - cnoxHas guHamMmn4yeckas cuctema

Mo3r - cnoxHasi HernMHenHas AMHamu4yeckas cuctema

Moa3r - cnoxHas HennHenHas AMHaMUYeckas KOrHUTUBHASA cucTemMa

Mo3r yenoBeka:

1011 HenpoHoB

1012 MM HEMPOHHbIX OTPOCTKOB
101> KOHTaKTOB

101000000 pappaHTOB KOMBUHALINIA




Mo3r - cnoxHas cucrema

Moa3r - cnoxHas guHamMmn4yeckas cuctema

Mo3r - cnoxHasi HernMHenHas AMHamu4yeckas cuctema

Moa3r - cnoxHas HennHenHas AMHaMUYeckas KOrHUTUBHASA cucTemMa

Mo3r yenoBeka:

1011 HenpoHoB

1012 MM HEMPOHHbIX OTPOCTKOB
101> KOHTaKTOB

101000000 pappaHTOB KOMBUHALINIA




Spatial scales

Meters

(109

Centimeters
(109)

Millimeters
(109)

Micrometers
(104)

Nanometers
(109)
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* More...

* Biology

* Chemistry

* Physics

“More is different”

Philip Anderson (1972)
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3. Pe3sepdop, A. DNHWITENH

«Korga mMbl roBOpMM, YTO Mbl MOHUMAaEM
«Bce Hayku aendarcsa Ha pusnky COBOKYMHOCTb SIBMEHUI NpUpoabl, Mbl UMEEM
1 KONneKkUunoHnpoBaHne 6abo4ek» B BUAY, YTO Mbl HALLIMN KOHCTPYKTUBHYHO
TEOPUI0, KOTOpPasi OXBaTbIBAET MX.»
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Theories of consciousness

Anil K. Seth
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Table 1| A selection of theories of consciousness

Theory
Higher-order theory (HOT)

Self-organizing meta-
representational theory

Attended intermediate
representation theory

Global workspace theories
(GWTs)

Integrated information
theory (IIT)

Information closure theory
Dynamic core theory
Neural Darwinism

Local recurrency

Predictive processing

Neuro-representationalism
Active inference

Beast machine theory
Neural subjective frame
Self comes to mind theory
Attention schema theory

Multiple drafts model

Sensorimotor theory

Unlimited associative
learning

Dendritic integration
theory

Electromagnetic field
theory

Orchestrated objective
reduction

Primary claim

Consciousness depends on meta-representations of lower-order mental states

Consciousness is the brain’s (meta-representational) theory about itself

Consciousness depends on the attentional amplification of
intermediate-level representations

Consciousness depends on ignition and broadcast within a neuronal global
workspace where fronto-parietal cortical regions play a central, hub-like role

Consciousness is identical to the cause—effect structure of a physical
substrate that specifies a maximum of irreducible integrated information

Consciousness depends on non-trivial information closure with respect

to an environment at particular coarse-grained scales

Consciousness depends on a functional cluster of neural activity combining

high levels of dynamical integration and differentiation

Consciousness depends on re-entrant interactions reflecting a history
of value-dependent learning events shaped by selectionist principles

Consciousness depends on local recurrent or re-entrant cortical processing

and promotes learning

Perception depends on predictive inference of the causes of sensory signals;
provides a framework for systematically mapping neural mechanisms to

aspects of consciousness

Consciousness depends on multilevel neurally encoded predictive

representations

Although views vary, in one version consciousness depends on temporally
and counterfactually deep inference about self-generated actions

Consciousness is grounded in allostatic control-oriented predictive inference

Consciousness depends on neural maps of the bodily state providing

a first-person perspective

Consciousness depends on interactions between homeostatic routines
and multilevel interoceptive maps, with affect and feeling at the core

Consciousness depends on a neurally encoded model of the control

of attention

Consciousness depends on multiple (potentially inconsistent)

representations rather than a single, unified representation that is available

to a central system

Consciousness depends on mastery of the laws governing sensorimotor

contingencies

Consciousness depends on a form of learning which enables an organism
to link motivational value with stimuli or actions that are novel, compound

and non-reflex inducing

Consciousness depends on integration of top-down and bottom-up

signalling at a cellular level

Consciousness is identical to physically integrated, and causally active,
information encoded in the brain’s global electromagnetic field

Consciousness depends on quantum computations within microtubules

inside neurons
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Identity

Integrated information theory:

from consciousness to its physical P E RS P E CTIV E S

substrate

Giulio Tononi, Melanie Boly, Marcello Massimini and Christof Koch
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Consciousness & the Brain: John Searle at TEDxCERN

CERN CERN CEl

- ™ JOHNSEARLE

https://www.youtube.com/watch?v=j] OPQgPldKg



https://www.youtube.com/watch?v=j_OPQgPIdKg
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A New Theory in Physics Claims to Solve the Mystery of
Consclousness

(o] TN NN (el WNailel ] - AUgust 11, 2022

5 . . HYPOTHESIS AND THEORY
:’ frontlers Frontiers in published: 12 May 2022

doi: 10.3389/fpsyg.2021.704270

A Relativistic Theory of
Consciousness

Nir Lahav'™ and Zachariah A. Neemeh?33

" Department of Physics, Bar-llan University, Ramat Gan, Israel, 2 Department of Philosophy, The University of Memphis,
Memphis, TN, United States, ® Institute for Intelligent Systems, The University of Memphis, Memphis, TN, United States



What Is brain?

“The idea that we have a firm

grasp of what the brain is and

what it does is a pure folly.”
Antonio Damasio

We’d better treat the brain as an
unknown known and start from the
beginning.



What Is brain?

The Hypernetwork Brain
Theory (HBT)*

 The HBT states the brain at its maximal level of
existence (Emax) is not the neural network (N),

but a higher order structure — neural hypernetwork
(N+1).

* N+1 is not simply more than N, it is different.

* K.V. Anokhin (2015) Cognitome — the hypernetwork brain
model. 9th IBRO World Congress of Neuroscience. 325/240



The hypernetwork brain theory
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Tpn dyHaameHTanbHbIX NOHATUA [ TM

Pa3yM (/mind) peaneH — 3TO crieumnduyeckas opraHMyeckasl 1 MatemaTmyeckas cTpyktypa (K-cetb),
ornocpeayowas Kay3aabHble COOTHOLIEHNS KOTHUTMBHOMO areHTa (K-areHTa) co cpeaou.

« Y106bI ONKMCaTb 3/1EMEHTBLI U CBOMCTBA 3TOM Cneumndunyeckon cucTeMbl TpebyeTcs BBEAEHNE HOBbIX
dyHAAMEHTasIbHbIX Hay4YHbIX MOHATUMN.

Ne TloHATMUA YTBepXxXaeHusa tTeopuu Cnepcreua
1 KOr Pa3ym o06/1agaeT 3€pHUCTOM CTPYKTYPOM, OH COCTOUT U3 Pa3ym rpaHynapeH
(COG): KOrHUTUBHbIX 3/1eMeHTOB (k-3n1emeHTOB). K-an1eMeHTbl
cognitive group onocpeayroT Kay3a/bHble (= MHOPOPMALNOHHbIE) COOTHOLLEHUA
(k-unit) LLENOCTHOrO KOFHUTUBHOTO areHTa C ero cpegon.
2 NUr (LIG): K-anemeHTbl 06pasyoT mexkay cobon yctonumsble JNeMeHTbl pa3yma
link of groups KOrHUTUBHbIE CBA3U (k-CBA3M). K-CBA3K OTpaxKatoT NPUYNHHbIE yBA3aHbl
(k-unit) CBA3UN 3/1EMEHTOB U NPOLLECCOB B CPEAE N B COOTHOLLUEHUAX
KOFHUTMBHOIO areHTa C HeW.
3 KOFTHUTOM K-anemeHmol v k-cea3u 06pa3yoT e4UHYIO0 KOTHUTUBHYIO CETb Pasym cuctemeH
(cognitome): (K-ceTb). K-ceTb ABNAETCA HOCUTENEM CYOBEKTMBHOIO ONbITA
Cognitive network KOrHUTUBHOIO areHTa.
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purview of the cog
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The term COG has a double meaning in HBT:

1. “Cog"in English is a subordinate, but integral part
of the whole system. In HBT cog is a unit of
gualitatively specific experience, a separate
element in the mental system.

2. COG (abbreviation) is a neural cognitive group
(COgnitive Group — COG), whose activity sustain a
specific experience.




purview of the cog
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The term LIG (LInking Group)
reflects a specific feature of
connections in a hypernetwork
— they are not edges, like
axons a neural network, but
network nodes — neurons.



|. Hypergraphs

TOPOLOGICAL
Graphs and SPACES

Hypergraphs

Berge, Claude

CLAUDE BERGE

&

Claude Jacques Roger Hypergraph
Berge



Il. Hypernetworks

Hypernetworks in the Science _
of Complex Systems Hypernetworks are a natural extension of

graphs, hypergraphs and networks
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HelpoHHasa runepceTb COCTOUT U3 TPEX BUOOB 3NIEMEHTOB

YpoeeHb K+1 XOJI0HbI
(k,)
YpoeeHb K OnepoHbI
(ko)
YpoeeHb K-1 KeanoHbi
(kp)
YpoeeHb N HelpoHbi

(HeMpoHHas ceTb)

OnepoHbI onpeaensaT ABWKYLLME CUMbl U TeHepaTuBHbIe NpoLecckl B K-cuctemax
KeanoHbl o0pa3yloT ANCKPETHOE MHOroobpasune kateropmanbHbiX anemMeHToB B K-cuctemax
XosioHbI  onpenensiioT LEenocTHble KadecTBEHHble COCTosiHUSA B K-cuctemax



w * Mosr coctont n3 KOl'oB — KOTHUTUBHbLIX KNETOYHbIX rpynn;
0 « 3™ KOI'n n ecTb «6aboykn oywny;
r
1
d

« Kaxxablii pas, Korga reHepupyeTcs ogHa U3 MakcumMarbHbIX
cTeneHel cBoboabl Mo3ra, poxaaeTcs HoBas «6aboyka ayLmny.
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Cnacmbo 3a BHumMaHume!



