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Heiiponna pokTtpuna (1888, PamoH-i-Kaxanb)
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Membrane potential (mV)

HepsoBuii imnynbc (cnaiik)

—————— Threshold
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IMNynbcu, 3reHepoBaHi OLHUM
HelpOHOM, OfHAKOBI.

IMnynbcn, 3reHepoBaHi pisHU-
MU HelipOHaMMU, Ly>Ke CXOXi.
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Mogenb XogykkiHa — Xakcni (1952)

500
10
J. Physiol. (1952) 117, 500~-544

A QUANTITATIVE DESCRIPTION OF MEMBRANE
CURRENT AND ITS APPLICATION TO CONDUCTION
AND EXCITATION IN NERVE

By A. L. HODGKIN anp A. F. HUXLEY
From the Physiological Laboratory, University of Cambridge
(Recedved 10 March 1952)

Onmcye cbi3|/|Ko XIMIYHI npotecu npu reHepauiT i nepep,atli Hep-
BOBMX iMMynbCiB. B ocHOBI — pyx ioHIB HaTpito i Kanito Yepes
KaHa/In B HEMPOHUKHIA HEAPOHHIT MembpaHi

Hobeniscbka npemis 1963 p.
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Byab-siknin ceHcopHunin opraH
reHepye nocnifoBHICTb IMNYIbLCIB

r ]

3IP HHOX
Hanpyra Ha MembpaHi: M 20mv
~U« 100 ms

MOCAIJOBHICTb iMNY/IbCIB Ll L] [

MiXKCnalikoBuii iHTepBan
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HacTtoTHe KogyBaHHSI UM 4acoBe KoayBaHHA?

exact temporal position does not matter

Rate ' ' two identical
coding | | messages
— -
0 T
exact temporal position matter
Time " two different
coding | | messages
1 >
0 T
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Mpuknap YacToTHOro KoAyBaHHsi (MOTOHEpPOH)

—— Axon
Dendrites passes signals Neuromuscular
collect signals 'y junction

Myelin 7

—_—

Muscle
fiber
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Mpuknap yacosoro kogyBaHHsA (NoKanisauis 3ByKY)

To4HICTb 4aCcOBOroO MOJIOXKEHHS CnaiikiB Mae byTn kpawoto 3a 100 mMkc

sound source

left ear _.'. “._ right ear

coincidence
detector
neuron

delay lines
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OAauH HelipoH Ha KOXXeH 00'eKkT
[ ”
(“grandmother neuron”)

k. ad ok
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KopyBaHHsi 00'ekTa rpynoto HeMpoHiB

o

Grandmother cell Sparse representation Fully distributed representation

e

Number of responsive cells

19 /45



Heliporn Hepgosi imnynecn KopyBaHHsi KoHpeHcauis iHcbopmauil Mepexxa
000 000000 000000080 00000000 000000000

MAPAONT MA

B uin nekuiv
MU NPUTPUMYEMOCH MPUHLUNY
KOAYyBaHHs1 00’ekTa
cneundiYyHUM TUNOM AUHaAMIKW

B cneuundpiyHiiA rpyni HEWPOHIB

HetipoH
0000000

20 /45



Heliporn Hepgosi imnynscn KopyBaHHsi KoHpeHcauisi iHdpopmauii Mepexxa Helipon
000 000000 O0000000e 00000000 000000000 0000000

Po3nisHaBaHHSA 00’€KTIB sAK KOHLLEnNLLilA

= Gz 3%




Heliporn Hepgosi imnynecn KopyBaHHsi KonpeHcauis iHcpopmauyii Mepexxa Helipon
[e]e]e} 000000 000000000 90000000 000000000 0000000

QOutline

Buganenus 3aiisoi indpopmauii
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lNepeTrBOopeHHs curHanie

BI,EI,6yBa€TbC$I yHichikauis
[Mpu cnpnitHATTI 3anaxis:

e P. Duchamp-Viret and A. Duchamp, Odor

processing in the frog olfactory system,
Prog. Neurobiol. 53 (1997) 561-602.

e M. Wehr and G. Laurent, Odor encoding by
temporal sequences of firing in oscillating
neural assemblies, Nature 384 (1996)
162-166.
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lNepeTBOpeHHAa curHanie

BinbyBaeTbca yHidikauis
[NMpn cnpuitHATTI 3BYKIB:

e P. Cariani, Temporal codes, timing
nets, and music perception, J. New
Music Res. 30 (2001) 107-135.
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lNepeTrBOopeHHs curHanie

BinbyBaeTbcsa yHidikauis
[Mpn 30poBOMY CNpURHATTI:

e R. Durbin and G. Mitchison, A dimension
reduction framework for understanding
cortical maps, Nature 343 (1990) 644-647.

e S. Tang, R. Wolf, S. Xu and M. Heisenberg,
Visual pattern recognition in Drosophila is
invariant for retinal position, Science 305

(2004) 1020-1022.
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KoHnageHcauia iHdpopmauit

Tepmin “koHpgeHcauist iHdbopmauii’
3anyLleHo B CTaTTi:

P. Konig and N. Kriiger, Symbols as
self-emergent entities in an optimization
process of feature extraction and
predictions, Biol. Cybern. 94(4) (2006)
325-334.
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Aknm mir om 6yt 6yTn PiI3NYHWUIA
MexaHi3M KoHAaeHcauil/peaykuii
iIHdbopMaLuil HaM 3apa3 nigka>ke

NCUXOPi3NYHNIA eKCNepuMeHT
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Mo>xnunsi mexaHiamn?

XapakTepHuii 4ac gsisi npouecis
NNAaCTUYHOCTI MO3KY — BiJ, CEKYH/,
00 XBUJINH:

D. V. Buonomano and M. M,
Merzenich, Cortical plasticity: from

synapses to maps, Annu. Rev. Neu-
rosci. 21 (1998) 149-186.
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Mo>xnunsi mexaHiamn?

Ak MOXANBUIA MeXaHI3M
3a/IMLIAETLCS 3MiHA NAaTTEepHY
iIMNyabcauil B Npoueci NpPoxXoa>XeHHs
CUTHaNy 4Yepe3 HelMpoOHHY Mepexy.

3apa3 geMoHCcTpaLis LUboro
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Bukopucrtani mepexi, 1

Vidybida,A.K. (2011) Testing of information condensation in a
model reverberating spiking neural network. International Journal of
Neural Systems, 21(3):187-198
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Bukopucrtani mepexi, 2

Mepe>xa

(BHYTpILWHI 3'eAHaHHs He Noka3aHo)

¢« & &
¢ o«
e & &

nopir 20 mB
h=271mB
T=20 mc

dt =0.1 mc
v=1m/c

4ac NPOXOAKEHHS

MiX Halibavx4nmn
cycigamu 10 dt

4ac NPOXOAKEHHS
niaroHani 28 dt
3MiHHI: 9 X 2 gns
HelipoHis, 9 X 8 ans
aKCOHIB

Mepexa
00®000000

Vidybida,A., Shchur,0. (2017) Information reduction in a

reverberatory neuronal network through convergence to complex

oscillatory firing patterns. BioSystems, Neural Coding 2016

161(Supplement C):24-30
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Mpuknag (nouwaTkoBoro, BXiAHOro) cTtumyny
5 1 .

o) - )
Sod e

=] .

= T *
- - [ J

O o o o

=2 - °

D

g o - °

| | | | |
0 0.1 02 03 04
time of initial triggering/ms

Bcboro sunpobysaro 390625 ctumynis.

Quatineno 102 pDirHUX OEDIONYUHINYX DEYNKIUMIA 33/45



HelipoHu Hepgoegi imnynbcn KopyBsaHHs KoHpeHcauisi iHdpopmauii Mepexxa Helipon
000 000000 000000000 00000000 000080000 0000000

Lli 3 ctumynun patotb ognH pexum (#6)

g o ] g o .
< L] el .
g © . ) .
= . = .
= <t . = < .
=} L] =1 .
8 N ° 8 ] .
3 . 3 .
== . a8 o °
T T T T T T T T T T
0 01 02 03 04 0 01 02 03 04
time of initial triggering (ms) time of initial triggering (ms)
T .
<~ .
g o .
= .
= <t .
g L]
O ™ .
3 .
g O °

r T T T T
0 01 02 03 04
time of initial triggering (ms)

34 /45



3HaigeHi pexxumu

Mepexa
00000@000

nepioa/mcek

3.0

3.2

3.4

3.6

4.0

6.8

7.2

10.4

KIJIbKICTb pexXnmis

20

11

29

19

Ta6n.: KiIbKICTb peXXUMIB 3 NEBHUM MepPioOM.

nepioa/mcek

3.0, 3.2,3.4, 36, 4.0

6.8, 7.2

10.4

cnaiikis 3a nepiog

Ta6n.: KinbKicTb cnaiikie 3a nepiog,.
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PayTtn Buxoaoy Ha nepiognyHuii pexxum

orporad

p——

ELTEER Q orpotad
ELICERS Q orportad

QUIIGaT

27 59 t/dt 0 2429 30 t/dt 0 30 63 99 t/dt

Puc.: Routes to common periodic regime. (A) - state #83;; (B) - state
#34 (C) - state #96, not all trajectories are shown.

LLlo cnpunynHse cknetoBaHHsA Pi3HNX
TPaEKTOPIi B ogHy?

36 /45



Mepexa
O000000e0

Mpuknap daiiny TpaekTopii
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CnocTepe>keHHsi

[NMepen KO>XKHUM CKNeBaHHAM OBOX
PI3HUX TPAEKTOPI B OaHY
BifOyBa€ETbLCSA NOCTPIN ogHOro, abo
NEeKIJIbKOX HelpoHIB
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Mig wac nocTpiny neBHi BiAMIHHOCTI 3HUKAOThb, 1

Puc.: [1puknag ABOX PI3HUX CTUMYNIB, SIKi Jat0Tb
IAEHTUYHWUA BIATYK ANS IHTErpyro4oro HelipoHa 3
BTpaTaMu.
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Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi iMmnynbcn KopyBaHHsi Konpercauis iHcpopmauyii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 00e0000

Mig 4yac nocTpiny neBHi BigMIHHOCTI 3HUKAOTb, 2

threshold = 4

Mogenb: 38'si3ytounii HelipoH

41 /45



HelipoHu Hepgoegi imnynbcn KopyBsaHHs KoHpeHcauisi iHdpopmauii Mepexxa Hetipon
000 000000 000000000 00000000 000000000 000000

dDyHKLiA HelipoHiB — 0OpobKa
I nepepayva iHdopmauii

®Ppencic Kpik (1916-2004)

“Although a neuron requires
energy, its main function is
to receive signals and to send
them out — that is, to handle
information.” — The Astoni-
shing Hypothesis, 1994
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CurHanbHa cyHKUis HelpoHa

elementary
event
Binding of the
w, elementary elementary event
event events based for secondary neurons /
: on their " (abstract representation ~_
: temporal of the compound event)
elementary coherence
event

inhibition controls binding

from: Vidybida,A.K. Binding neuron.

in: Khosrow-Pour,M.(ed.) Encyclopedia of
information science and technology, pp.
1123-1134 (2014)

43 /45
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000 000000 000000000 00000000 000000000 00000e0
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- ;i
B q" '.
L Q 9" Article  Talk
Yom
iy Bindi
1ndaing neuron
WIKIPEDIA g
The Free Encyclopedi
16 Hes Brcyropeca From Wikipedia, the free encyclopedia
Main page A binding neuron (BN) is an abstract concept of processin
Contents implemented by most neuronal models including the well-ki
Current events
Random article Contents [hide]
About Wikipedia 1 Description of the concept
Contact us A
2 Origin
Donate . . q
3 Mathematical implementations
Contribute 3.1 Hodgkin-Huxley (H-H) model
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HelipoHu Hepgoegi imnynbcn KopyBaHHs KonpgeHcauisi iHcbopmauir Mepexa HeiipoH

CnpuiiHATTA sk caMoopraHi3auis B NpocTopi-4yaci

Single

: Periodic regi-
neuron Merging ce
. - . me — final
firing  — trajectories: betracti

: abstraction
abstraction redundancy _
) : N and memori-
in a single stripping :
zation

neuron

Puc.: Possible route to perception as emergent
phenomenon due to self-organization in time domain

from: Vidybida,A., Shchur,O. Information reduction in a
reverberatory neuronal network through convergence
to complex oscillatory firing patterns. BioSystems,
Neural Coding 2016 161(Supplement C):24-30 (2017)
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