OBPA3ELL NMPOEKTH

Op2eaHu3ayua usnvaHumen

MHctuTyT Nno Hespobuonorusa, BAH

Mme Ha npoeKTa

HeBPOKOHEKTOMMKATA KaTO OCHOBA 3a pa3bupaHeTo Ha
Bpb3KaTa MexXay GYHKUMA U CTPYKTYpPa Ha YOBELLKMUA
MO3bK NpU U3cnenBaHe Ha nameT

NaeHTudUKaumoHeH Homep

KN-06-MH93/13

KpaTtKo onucaHue

MPOeKTbT Npeasara xMbpuaeH Nnoaxoa, cbyeTasaly,
HEeBPOHayKa M U3KYCTBEH MHTeNeKT. LlenTa e ga ce
cb3zage obLa pamka 3a M3cneaBaHe Ha Bpb3KaTa
mexay GYHKUMATA U CTPYKTYpaTa Ha HEBPOHHMUTE
Mpexun. M3cneasaHeTo e ce poKycMpa BbPXY 33434,
CBbP3aHK ¢ paboTHaTa NaMeT, U3NbAHABAHU OT 34paBu
XOpa OT TPY Pa3IUYHK Bb3PaACTOBMU rpynu.

MeTogonorus
PeKOHCTpyKLUMA Ha YoBeLWKMA KoHeKkTom: LLle 6bae
PEKOHCTPYyMpaHa KapTaTa Ha HEBPOHHUTE BPb3KM B
YOBELWKMA  MO3bK  4Ype3  M3MNo/a3BaHe  Ha
eNekTPOPU3N0NOTMUYHN AaHHMU.
Cb3paBaHe Ha "pesepBoap': PeKoHCTpyMpaHuAT
KOHEKTOM Lie MOC/AYXM KaTo apXUTeKTypa 3a
U3KYCTBEHA HEBPOHHa MpeXa, HapeyeHa
"pesepBoap". Tasn mpexa we 6bae obyyeHa ga
U3NbAHABA 334341, CBBP3aHM C MaMeTTa.
CpaBHuTeneH aHanus: Llle ce wu3cnegBa Kak
YHWKaNHaTa TOMO/IOIMA HA YOBELIKMA MO3bK Ha
MaKpo- M Me30 HMBO BNAE HA paboTHaTa namerT. 3a
[a Ce Hanpasu TOBa, KOHEKTOM-UHbOpMUpPaHUTE
pe3epBoapu wWe 6baaT CPAaBHEHU C MPEXKM, KOUTO
MMaT MPOU3BONIHA apxuTekTypa. Llenta e pa ce
OTKpMEe OnTMMasHaTa AWMHAMWMKA Ha HEBPOHHATa
MperKa, KOATO BOAWM A0 Hal-BUCOKA e(PEeKTUBHOCT
npu obpaboTkata Ha MHboOpmauma B paboTHaTa
namer.
OcHOBHaTa XxunoTe3a Ha MPOEeKTa €, Ye YOBELIKUAT
KOHEKTOM Ce MPOMEHA C Bb3pacTTa TaKa, Ye Ja
MaKCMMM3Mpa  KanauuTeTa Ha  MameTTa,  KaTo
CbLLEBPEMEHHO  MUHMMM3UPA  MeTabonuTHUTE ¢
MaTepuanHu pasxoam. BsaumopgencTsMeTo MeKay
CTPYKTypaTa U AMHAMMKATa Ha MpeXKaTa noaabpiKa u
MOAYANPA M3YUCAUTENIHUA KanauuTeT Ha KOHEKTOM-
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NHPOPMUPaAHUTE pe3epBoapu, KOETO MOXe Aa 06ACHM
nameToBuTe cnocobHocTH Ha aHaToMMyHaTa
MaKpomal,abHa Mpeska B MO3bKa.

Knoyosu aymu

HeLWpoHayKu

KpaTko onucaHue Ha oyaKBaHUTe
pesyntatu

OuakBaHu pe3yntatu

KombuHupaHeTto Ha HEBPOKOHEKTOMMKA n
pe3epBOapHO M3UYMCAEHME LWe No3BoAM Ja ce
UMMNAEMEHTUPAT KOPOBWU apXMTEKTypu, 6asmpaHu Ha
peanHn 6UONOrMYHU AAHHWU, B U3KYCTBEHU HEBPOHHU
MPEXM C HOBM BDB3MOMKHOCTM 32 M3C/efiBaHE Ha
Bpb3KkaTa Mexay OyHKUMATa U CTPyKTypaTa B
MO3bYHUTE MPEXKM.

MpoeKkTbT We wu3cnedBa Kak  BapuauuuTe B
KOpPTUKaZIHATa apXMTEKTypa Ha KOHEeKTomMa BOAAT A0
pPa3/IM4HM NamMeToBM CMOCOOHOCTM B npoueca Ha
pasBuTHe. MN3nonssanku CbBPEMEHHU
eNeKkTpoPU3NONOTUYHN  U3UYMCNEHUA W  TakmBa OT
M3KYCTBEHMA WHTENEKT KaTo CNaMKOBM HEBPOHHU
MPEXKN N MEMPUCTOPHU (CNMHTPOHHK) pe3epBoapw, e
ce wuscneaBat W3YUCAUTENHUTE U UHPOPMALMOHHO-
obpaboTBalinTe acnekTM Ha paboTHaTa nameTt 3a no-
nobpo pasbupaHe Ha npouecuTe M pellaBaHe Ha
npobaemu, cBbp3aHn ¢ AeduunTM B NameTTa.

Tun Ha NPOEKTa — HALMOHA/IEH,
MeKAYHaPOoAEeH, Apyr

HauMnOHaNeH

CpOK Ha ocbuiecrBABaHe

HavanHa pata  aekemspu 2025 no 2029

HayuyHa obnact

MeaMLUMHCKN HayKK

KoHKypc

dyHOAMEHTANHM Hay4YHU n3cnegsanusa 2025 -HOHU, tun 1

HayueH pbKoBoguren

JoueHT a-p KOnnaHa AnekcaHgposa [ywaHoBa

MapmHeopu (opuduyecku auuya,
¢usuyecku auya)

HE

YneH Ha KOneKTtmBea

Mosunuunsa

Koanekmues

YneH Ha KoneKTtuea

JoueHT a-p KOnnaHa AnekcaHgposa [ywaHoBa
aoueHT a-p bopuc Aumutpos MNposgaHos (MPC-BAH)
rn. ac. a-p Teogopa MeaHosa BykoBa-AnocTtonosa
(MB®BMMU-BAH)
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rn. ac. a-p AnekcaHgwvp leoprues Aumutpos
(MBDOEMM-BAH)

rn. ac. a-p MuneHa Emmnosa CraHeBa (MHB-BAH)
cneunanmct OrHAaH KoHcTaHTMHOB ANOCT0N08B
(MBOBEMMU-BAH)

Buktopua Jlbuesaposa [kaHrbposa (MPC-BAH)
cneuunannct Tuxomup NMnameHos Tackos (MY-Coodus)
Anpxkena Jobpomuposa MapuHosa, (MY-Codus)
Buktop Emunos Pyces (YHCC-Codus)

Hukon Mopparosa AHrenosa (BYTM-Codus)
[apwuH NTbyesapos flasapos (HBY)

Ecto ltobomumpos letos (YHCC-Codusa)

Mo3unyua

yyeH
yyeH
yyeH
yyeH
na
yyeH
Jile
My
CT
CT
CT
CT
CT

duHaHcosa uHopmayus

OCHOBHO pUHaAHCHpaHe — nB, €

255000 ns, (130 379,43 eBpo)

CDMHchuanJ,a opraHnsauua

HOHUW, MOH

[OonbnHutenHo puHaHcMpaHe

He

Pe3syamamu

My6aukayuu

Caiim Ha npoekma

https://neuroscience.net/project/kp-06-pn93-13

Applying organization

Institute of Neurobiology, BAS

Project title

Neuroconnectomics as a basis for understanding the
relationship between function and structure of the
human brain in memory research
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Identification number

KP-06-PN93/13

Short description

The project proposes a hybrid approach combining
neuroscience and artificial intelligence. The goal is to
create a common framework for studying the
relationship between the function and structure of
neural networks. The research will focus on working
memory tasks performed by healthy people from three
different age groups.

Methodology

1. Reconstruction of the human connectome:
The map of neural connections in the human brain will
be reconstructed using electrophysiological data.

2. Creating a "reservoir": The reconstructed
connectome will serve as the architecture for an artificial
neural network called a "reservoir." This network will be
trained to perform memory-related tasks.

3. Comparative analysis: We will investigate how

the unique topology of the human brain at the macro-
and meso-levels influences working memory. To do this,
connectome informed reservoirs will be compared with
networks that have a random architecture. The goal is to
find the optimal neural network dynamics that lead to
the highest efficiency in processing information in
working memory.
The main hypothesis of the project is that the human
connectome changes with age in a way that maximizes
memory capacity while minimizing metabolic and
material costs. The interplay between network structure
and dynamics maintains and modulates the
computational capacity of connectome-informed
reservoirs, which may explain the memory capabilities
of the anatomical macroscale network in the brain.

Keywords

neurosciences

Short description of expected
results

Expected results
Combining neuroconnectomics and reservoir computing
will allow for the implementation of cortical
architectures based on real biological data in artificial
neural networks with new possibilities for studying the
relationship between function and structure in brain
networks. The project will investigate how variations in
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cortical connectome architecture lead to different
memory abilities during development. Using modern
electrophysiological calculations and artificial
intelligence techniques such as spike neural networks
and memristor (spintron) reservoirs, the computational
and information-processing aspects of working memory
will be investigated to better understand the processes
and solve problems related to memory deficits.




