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To Whom It May Concern:

Feedback letter on the author’s abstract of Lobov Sergey Anatolyevich's dissertation "Spike models
of dynamics and training of local networks of brain neurons”, submitted for the degree of Doctor of

Physical and Mathematical Sciences in the specialty 1.5.2 — Biophysics.

Sergey Anatolyevich Lobov's dissertation work is devoted to the study of spike models of neural
networks (spiking neural network, SNN) and the development of new approaches based on them for
creating self-learning neuromorphic systems and neurointerfaces.
Currently, we can note the trend of the transition of neural network architectures from formal
neurons to systems with impulse elements (from ANN to SNN). This is largely due to progress in the
field of hardware implementation of neurons and synapses with plasticity, in particular on the basis
of energy-efficient memristive devices. Given the great potential of memristors in miniaturization
and biological compatibility, it is possible to predict a scientific and technical breakthrough in the
field of neuro-substituting systems in the near future. The algorithmic basis for the operation of such
systems will be the results of SNN research, including those obtained in the dissertation work of S.A.
Lobov.
The work is quite well structured. The first chapter describes a multicomponent biophysical spike
mode] of a neural network with plastic synapses, as well as ways to interface a neural network with
external actuators. The second chapter is devoted to the study of synaptic plasticity at the network
level in unstructured SNNS with local connections. The found patterns are used in the third chapter
when modeling neuronal cognitive maps. The fourth chapter is mainly of an applied nature and is
devoted to the use of model neural networks in the neuromuscular (EMG) interface. The final, fifth
chapter explores the principles of associative learning in SNN.
It is important to note that all the effects studied in SNN are demonstrated using executive robotic
devices. The presence of such feedback, which closes through the real world, allows us to verify
models, use them in practical neurointerface applications and, ultimately, allows us to offer a
prototype of a self-learning neurobot.
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There are no negative comments on the content of the abstract. 1 believe that Lobov S.A.s
dissertation work was performed at a high level and corresponds to the passport of the specialty 1.5.2
- biophysics. The results of the work have been published in 29 articles of foreign and Russian
journals with a fairly good impact factor. According to the results of the work, 7 computer programs
and 1 patent were registered.

[ believe that Lobov S.A.'s dissertation meets all the requirements of the "Regulations on awarding
Academic Degrees" approved by the Decree of the Government of the Russian Federation dated
September 24, 2013, No. 842, for doctoral dissertations, and the author of the work, Lobov Sergey
Anatolyevich, deserves to be awarded the degree of Doctor of Physical and Mathematical Sciences in

the specialty 1.5.2 - biophysics.
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Erokhin Victor Vasilievich
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Hereby I certify the signature of Doctor of Physical and Mathematical Sciences,
Physics of Condensed Matter 01.04.07,

Research Director of

Institute of Materials for Electronics and Magnetism

Italian National Council of Researches

Director of the Institute
Dr. Andrea Zappettini
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HUMOBM - UxctutyT Marepuainos u Marsetusma

HtannsaHcKkuii HAaMOHAIBHBIN MCCIEA0BATENLCKUH COBET

S 03B
Ot3eiB Ha aBTOpedepar muccepranyu JloGosa Cepres AHaTonmbeBMua «CraifKoBBIC MOJEIH
AWHAMHMKH M OOy4YEHHs JNOKaIBHBIX ceTell HeHpOHOB MO3ra», MpPEACTABICHHON HA COMCKAaHHE
YYEHOM CTeNeHH JOKTOpa GU3UKO-MAaTEMAaTHYECKHUX HaYK 110 CIeHHaIBHOCTH 1.5.2 — Buodusuka

Huccepranmonnas pabora Jlo6oBa Cepres AHATOJbeBHYA IOCBAIIEHA HCCICIOBAHUIO
HEHPOHHBIX ceTell (crmaiikoBble HeHpoHHbie ceTd, CHC) u pa3paboTke Ha MX OCHOBE HOBBIX
MOAXOZOB [UIs CO3AaHUs caM000y4arojuxcs HeHpPOMOPGOHBIX CUCTEM H HelipouHTepdeiicos.

B Hacrosiiee Bpems MOXHO OTMETHTb TPEHJ MeEpeXojqa HEHPOCETEBBIX APXHTEKTYD C
GopmanbHBIX HEHPOHOB Ha CHUCTEMBI ¢ UMITYJIbCHEIMH 3ieMeHTamMu (or ®HC x CHC). D10 BO
MHOTOM 00YCIOBJIEHO @pOrpeccoM B 00IacTH ammapaTHOM peaqM3alyMyd HEHPOHOB H
ITACTUYHBIX CHHAICOB, B YaCTHOCTU Ha 0a3e 3HEpro3(G(HEeKTUBHBIX MEMPHUCTHBHBIX YCTPOUCTB.
YuuTeiBasg OONBINOH MOTEHLMAl MEMPUCTOPOB B MHHHMATIODH3AlMH M GHOJOTHYECKOM
COBMECTHMOCTH, MOXHO [IPOTHO3HPOBATh HAYyYHO-TEXHUYECKHI MpOpeIB B  oblactu
HEWPO3aMEIANIMX CUCTEM yXe B OmkaiieM GyayiieM. AJrOPUTMUYECKOM OCHOBOMH paGoTh
TaKMX CHCTCM CTaHyT pe3ylbTarhl HcciaefoBaHuii SNN, B TOM 4HClIe U MOIyYEHHBIE B
auccepranuoHHoi pabote JIobosa C.A.

PaGoTra [10CTaTOYHO XOpOWIO CTPYKTYypHpOBaHAa. B 1€pBOi TIilaBe OMHCEIBAETCS
MHOTOKOMIIOHEHTHasi OMou3Myeckas chaikoBas MOJEIb HEHPOHHOM CeTH C IUIACTUYHBIMH
CHHAIICaMH, & TaKKe CIIOCOOBI COMPSIKCHUS HEHPOHHON CETH ¢ BHEMIHHUMM HCIIOJHHTEIBHBIMU
ycTpoiictBaMu. BTopas riiaBa NoCBsIIEHa H3YYEHUIO CHHANTHYCCKOM IJIACTHYHOCTH Ha CETEBOM
ypoBHe B HecTpykTypHpoBannbix CHC c mokansHeIMH cBA3aMu. HaiineHHEIE 3aKOHOMEPHOCTH
UCHOJB3YIOTCS B TPEThEH INIaBe IPHM MOJAEIMPOBAaHUM HEHPOHATBHBIX KOTHUTHUBHBIX KapT.
YerBeprass rI1aBa HMeEET IIPEHMYIIECTBEHHO MNPUKIAOHOM XapakTep M  HOCBALLIEHA
HCIIONIb30BaHUIO MOMETBHBIX HEWPOHHBIX ceTel B HelpowmslimedHoM (OMIY) untepdeiice. B
3aKIHOYUTENBHOM, IIATOH ITIaBe HCCIEAYIOTCS IIPUHIIMITEL acconuaTuBHOro o0ydenus B CHC.

BaxxHo ormeTuTs, 4To Bee uccineayemMble B SNN 3¢ GeKTh T1eMOHCTPHPYIOTCS ¢ TIOMOIIBIO
UCIIOJHUTENIBHEIX  POOOTH3HMPOBAaHHBIX ycTpoiictB. Hamuuwe Takoit oOpaTHOH — CBA3H,
3aMBIKAIOIENCs Yepe3 peallbHBIN MUp, O3BOJIET BEPUUIIMPOBATH MOJENH, HCIIOIB30BATh UX B
NPaKTHYECKUX HEHPOUHTEPPENHCHBIX MPUIOKCHUAX M, B KOHEYHOM MTOTE€ II03BOJISET
IPEAIOXKHUTE [IPOTOTUI CaMO00yyJarolerocs: HepopoboTa.

3ameuaHuil o cojepikaHuio aBTopedepara Her. CuuTaro, YTo0 OUCCEPTAlMOHHAs paboTa

Jlo6oBa C.A. BBIONHEHA Ha BEICOKOM YPOBHE H COOTBETCTBYET MACIIOPTY CHENHAIbHOCTH 1.5.2



— Onodusuka. Pe3ynbTaThl paboThl OMyOIMKOBAHEL B 29 CTaThiX 3apyOeKHBIX W POCCHHCKHX
XKYypHallOB ¢ JOCTaTOYHO XOpOIIMM HMMOakT-¢akTopoM. Ilo pesympraraM  paGoT
3aperuCTpUpPOBaHbl 7 mporpamMm 1yt 9BM c 1 mateHT.

Cuwurtaro, uto gucceptauus Jlo6osa C.A. ynoenerBopsieT BceM TpeGoBanuaM «IlomoxeHus
0 TMpPHCYXXJECHHUHM YYEHBIX CTEIeHEW», YTBEp)KICHHOIO IOCTaHOBIEHUEM IIpaBuTensCTBa
Poccuiickoit @enepauun ot 24 centsadps 2013 roma, Ne 842, nmpeansaBiseMbIM K JTOKTOPCKHM
JicceprauysaM, a aBTop paborel, JloboB Cepreli AHaTo/beBHY, 3aCTYKMBAET MPUCYKACHUS
yu€HOH cCTeneHu JOKTopa (HU3MKO-MAaTEMAaTUUYECKUX HAyK [0 CHeluaipHocTH 1.5.2 —

Ouodusmka.
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JIOKTOp U3MKO-MaTeMaTHYECKUX HAYK,
/moamnuce/

cneuyansHOCTh 01.04.07 — dusuka

KOHJEHCUPOBAHHOT'O COCTOSHUS, TUPEKTOP

1o ¥ccaenoBaHuaM VHCTUTYyTa MaTepHalloB Epoxun Bukrop Bacuibesny

U MarHetusMma UTaibsHCKOTo 25 HosGpA 2021 T

HalMOHAJIBHOTO UCCIIEAOBATENLCKOTO

COBETa,
Wranus, [Tapma, mnomans Hayku, 37A
Ten. +39 0521 905235

e-mail victor.erokhin@fis.unipr.it

mTaMIl

3aBepsio NOAUCH JOKTOpa (PU3HUKO-
MHCTUTYTa JupeKkTop UHCTUTYTA

MaTeMaTHYECKHUX HaYK, CIeLIHaIbHOCTh

01.04.07 — ¢pu3rKa KOHAEHCUPOBAHHOIO A-p Annpea 3aneTunu
COCTOSIHHS, TUPEKTOPa MO HCCICIOBAHUIM
WHCTUTYTa MaTepHaliOB U MarHETH3Ma

W TanpsSHCKOTO HALIMOHATIBEHOTO
HCCIIEIOBaTEIbCKOTO COBETa
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