
(pKCT

II

It1

coo

YH

Qvcr/14 - rrcl -0/l
/ .1-a26r,

cI'AHOIl14Ulri

Arlop ua arzcep'raqr{oHHu, Tpy\'. Mar.Hrrrr(. CreQau A,runuen (oron

'l'eua Ha aucepraur,ror{Hr,rr rpya: Onruuurupaue Ha apxr.rrer$yprr Ha

IleBporrru.r Mpexrr qpe3 eBoJIoqr.roHHr| aJrropl,lTMH
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HayqHo ro xypu: lrpoQ. a-p nHrrc. A,rerccarrg'sp Eoraauor

I. Axlyalrroct ua pa:pa6oroarr[q B AHcepraIIHoHHuq rpyA npo6,reu n

lrayqrro I,I lrayqrroIIprrJro)I(Ho oTHoueHIle

FlayvHara o6lacr. cBbp3aHa c HeBpoHHI,ITe Mpexu e oco6eso aKTyzrnHa rlo
o'uronreH c Ha nefiuute unpoKu Bb3MoxHocrlr 3a [pl4;IoxeHrre B pa3HocrpauHlz

IraytrnH H npamntrecKu o6,lacrn. Ta:u axryaruocr e aeMoHcrpupaHa B

HacrorruHfl alcepTaqrroHeH Tpya B HacoKa Ha onTHMIr3LIpaHe Ha apxLITeKTypr,I Ha

rreBpot{Hu Mpe)KIr c cBoJrrouloHH!r aJrlopr{TMr.I.

z. creneu Ha [o3rraBaHe cbcToqHfiero na npoo,reua H TBopqecKa
HrrrepflpeTauuc Ha rrrTepaTypHHq MaTepuar

Pea,rHa npegcrasa u o6ocnoBKa 3a HayqHoro HLrBo r.rJrra creIIeH Ha

ro3nauaHc cr,c'[o.snHero rta npo6leua II ctorBerHa rBopqecKa HHTeprlperaullg Ha

,1u'rcparypuu, Marepua;r Nroxe .4a ce $opuupa ua 6a:ara Ha u3:roxeHnero B

[-rrasa I Ha aucepraur{oHHn, Tpya. B rasu mana, na 6asara ua rrauoro6poinu r.r

axTyanHr{ B Hacrorrrlur MoMeHT uayuuu ny6ru,rKauurr, e rr3B6p[reH o6croen
rrperJrea u e HarrpaBeH aHanr.r3 Ha cluecTByBalquTe aKTyaJrHH MoAcnll pI

apxr.rrexTyprr na HeBpoHHr.r Mpexv, KoHTo ta 6rrar o6exr sa onruMu3r,rpaHe qpe3

eBo.rrrounoHHu anroprrrMr{. I4:nol:nanute upn arufii3a rz BKJr}orreHH B

6rr6,ruorparlurra KbM rr{cepraunrra 206 nureparypHu ca u3urno HayqHrz

rry6,ruxauzrz, ]Io(Jraan v crallrra or peHoMr.rpaHr.t cntzcaHus, r43.{aHr.r, or
MexryHapoaHH r<oH$epeuquu H r,r3roqHlrurz o'r cafirose n l4nrepner, c HMeHa rra

Iocralr,rrcH Ha 6poii aBTopH Karo BoAerq[, LI3T'6KHara B Hacroru]t.{ MoMeHT L
6rilsKoro Mr.rHaJro, qyxau n Harxu freHrr rr cleu[rirJrr.rcru n o6:racrra Ha

rreBporrHHre MpexH.

-1. Cr,o rse'rcr-Bue rra ut6parrara MeroAHKa lla Lr3cJreABaIte H ltocl'aBerlara UeJI

n sallllqu lla a cepTauBorr Hq ]'pya c nocTHrrraTrrTe npl locH

Bbpxy AuceprauuoHeH Tpya 3a npulo6unaHe ua o6pasonarerHa r.r HayrrHa
creneu ,,4orrop"



Or Hanr,rno ocHoBareJruo gerfuuupaHara sHatrlrMocr a neo6xo.qulrocr a

HayrIHo H HayqHo-[puroxHo orHorrreHue or r{3cJreABane s o6racrra ua
[punoxeHr4ero Ha HeBpoHHr4Te Mpexr4 cle4na o6ocnoBaHocrra Ha qeJrr4Te r,r

3ailaqH re B il}rcepraur,roHHr4, Tpya, Ko[To ca doplryrupauu or aoKTopaHTa MHoro
TOqHO Lr KOHKpCTHO.

Ocrrosuara ueJr Ha Hacror[ru, .q]rceprarraoHeH Tpya e pa:pa6oroauero ua
EBOJITOUI'OHHA CTPATE|H-' 3A OTITHMH3NPAHC HA APXI{TCKryPU HA HEBPOHHI,I MPCXII
c rerrerr4qHn aJlropllrMu, Koero aa 6'r4e npu:roNeHo 3a peruaBaHe Ha KoHKpeTHLI

rrpHnoxHn rpo6levu.
3a r.r:rutrenuero Ha ra3ra qe:r, ca SopnyllrpaHu cJrearruTe 3aaaqrr:
- JrureparypeH o63op c uejr aHarH3 MoAenrz Ha HeBpoHHH Mpexu;
- ru:aig Ha eBoJItourIoHHa crparerl{, 3a aBToMarHrIHa olruMu3auuq Ha

apxlll eKTypu Ha HgBpoIrHn Mpexl{ c onpeaeJ'I.[He Ha reHoTl4rrHo npeacTaB.f,He H

Koar.rpaHe Ha peueuu.n u uo4uSuuupaHr4 oleparopu 3a KpbcrocBaHe LI Myrauur;
- paspa60r'naue Ha Meroaonorq, 3a [pHJIoxeHEe Ha eBoJrrour{oHHara

crparefus 3a aB'roMaTLIqHa orrrr.IMr.r3allu, Ha apxIrTeKTypI{ Ha HeBpoHHI{ Mpex}, 3a

) llpaBJrerrt,Ie Ha aBToHoMHLt areHTr.r;

- pa:pa6ornaHe Ha Meroaororlil 3a npunoxeHlre Ha eBoJIIouHoHHara

c'rpa'l'efuq 3a aBToMaTr4qHa onTrrMn3arlu, Ha apxr.rTeKTyprr Ha HeBpoHHH MpexL 3a

pa3no3IraBaHe Ha qoBerrrKr.r aefi socru;
- pa3pa6orBaHe Ha Mero.qoJlorlr, 3a [plrJloxeHr{e Ha eBorlouuoHHara

c'rpaTcfr{q 3a aBToMaT}.rqHa onTr.rMrr3auE,I Ha apxnTeKrypx Ha HeBpoHH[ MpexLI 3a

porrro3r4paHe Ha 3aM6pcrBaHe Ha BT,3Alxa;
- rrpoBexlaHe Ha eKcnepr.rMeHTH c MacHBIt oT aaHHI4 3a Banr{ar4paHe Ha

cBo-'rrounoHHa'ra c'rpareflu u oueHKa ua er!exrueHocrra Ha rIpoeKTlrpalrHTe

Ilo/IcilH.

4. HayvHu u/r,r.lur HayvxonprrJroxHu rrpuHocu Ha auc€prarrroHHns rpya
B paspa6ornauero Ha Arlceprarlr,roHHr4, Tpyr ca npeAcraBeHr,r cJreAHr.rre

HayqHur HayqHo-npunoxH14 r,r I]pl,noxHr,r [pr,rHoc]r :

Hayvrro nprrHocH:
- MeroA 3a olrruMu3auaq Ha apxrrreKTypara Ha HM c z:no.[ssaHe Ha reHerr,IqeH
at tfop 'l'b\l 3a eBoJuoIIHr:
- MeloI 3a eBoJrroupaHe Ha HM sa ynpaBneHze Ha aBToHoMHn areHTH;
- MeTOA 3a aBTOMaTIrqHa OITHMH3aLIE' Ha apXLrTeKTypaTa Ha KOHBOJI]OqUOHHII

IIM :a pa:no:uaBaHe Ha rroBerrrKr,r aeftuocru qpe3 eBonrcuuoHeH rrpouec;
- [orxoa 3a BKrloqBaHe Ha eBonrorrpaHr,r apxr4TeKTypr{ aa xu6puaen All6ox
I]pocTpaHcTBeHo-BpeMeBr.r Moaejr 3a nporH03HpaHe Ha 3aM-r,pcqBaHeTo Ha B63a]I(a

Hayuuo-npu.lroxHu rrpt,luocu :

- xu6puleu .qr,.r6or [pocrpaHcrBeHo-BpeMeBn MoIeJr, 6asupau Ha

r(orrBojrrortHoH ua I lM u LSTM upeNa 3a nporuo3r{pane Ha 3aM'bpcrBaHero Ha

Rr,3IyXal



- xx6pnaHa crparerl,r.{ 3a 3anbrBaHe Ha JIuIIcBauIH crofiHocrrj 868 BpeMeBH

peaoBe. npunoxeHa 3a o6rreHr4e Ha xrz6pn.4eH a6Jr6oK npocTpaHcrBeHo-
ripeMeBlt Mo,,(e,q 3a nporHo3HpaHe Ha 3aM6pc.,IBaHeTo Ha Bb3alxa;
- crpa'refurr 3a rroa6op Ha BxoaHH npoMeHJrIrBu npu [porHo3rrpaHe Ha

3aM6pCqBarreTo Ha B'b3Ayxa c x[6pr4AeH A]n6oK npocrpaHcrBeHo-BpeMeB]r
MOlen;
- crparefn.fl 3a BKJrroqBaHe Ha npocTpaHcTBeHa rrHoopMaqus npE nporHo3HpaHe
Ha 3aMlpcrBaHeTo Ha Bs3ayxa c xu6plraeH ar,n6oK rrpocTpaHcTBeHo-BpeMeBll
rr oilcr,'r.

Ilpu.noxun npnrroc :

- flpo ror]lr 3a eKcnepl4MeHTiurHo oueHrrBaHe Ha rrpeaJroxegara 6uo,torraquo
uAtxHoBeHa IrHAr,rpeKTHa cxeMa Ha KorltpaHe Ha eBonroxpaHe na HM sa

yrrpaBjleHfi e Ila aBToHoMHr4 afeHTH;
- nporo'r'r{n 3a eKclepHMeHT&'rHo oueHrBaHe Ha eBoJltoquouHo 6asupaunfl ru3aitH
Ha KOHBOntoqI,IOHHr{ MpeXH 3a pa3IIO3HaBaHe Ha qOBerrrKa .[efiHocr;
- rrporoTr,rn 3a eKc[epr.rMeHTaJrHo orleH.f,BaHe Ha xl.r6pnaeH gr:16or
r rpocl'paHcl'BeHo-BpeMeBI{ Moaen 3a oqeHrBaHe Ha 3aM6pcsBaHeTo Ha Bb3A}xa.

5. [Ipcrqerrrl rra ny6.rurcaqnxTe rro AuceprauHoHHHq rpya

OcHosuure fiocruxeHr.r, B ,[HceprarruoHHru rpya ca nonynrpa3rrpanr,r u 8
rrayvuu ny6rllxaquu, eAHa or Kor.rro caMocroqre.rrHa, a ocraHaJrr,rre B

ctaB'ropcrBo c HayqHr.rre pbxoBo,rlfiTe,1u. Or rrx 4 ca HHAeKcHpaHlr n Scopus.
flpe;1c'r'aneHu ca o6ulo 78 qurupaHur ua ny6,ruraqulrre tro .[14ceprarrnsra.
Bcuuxlr n1'6.:ru(arlau ca c reoperuqHo rr flpunoxHo 3rraqeHue, cBr,p3aHr,r ca c
aHceplaqurra r.r c npodecuoHa.[Horo HanpaBneHr{e 5.3. Koruyur.rraurroHHa r.r

KoMnrcTtrpHa rexHHKa. flpuelran ry6,ruxaquonuara gefiuocr Karo Harr:bJrHo

rocratr,rrHa no o6eur, Ha Br,rcoKo HayqHo HuBo ll floflyrqpv 3r.rpaHa B Aocrartqua
crerreH B HaL(HoHaJreH Ir MexayHapoaeH HayqeH nnaH.

6. Mrerrrn, npenopbl(H u 6e.nexru

IJ Hav.rr{o o'rHorueH e rrpeAc'raBeHr.rf,T 3a peueH3rrpaHe Ar.rcepraqrzoHeH Tpy.(
c llrrol o ao6pe oSoprrreH, pea,'ru3r4paH n crpyKTypupaH r4 3aroBa Morar Aa ce
IIOCOqaT TJIaBHO CJre.4HItTe [O BaXHI,I peAaKII]tOHHI4 I.i lpyru rle3Haqr.rreJrHr4

:a6e,rexrcr.r:

- 6lr creasano, apxrrreKTypara Ha npocrpaHcrBeHo-BpeMeBurr Mo.qeJr Ha
rorr6lulrparrara 2D CNN u LSTM HeBpoHHa Mpexa. Aa ce rpeAcraBr.t cr,c
c'r,o'r'Bc'l'Ha {urypa u.nu ra6ruqa, B Ko.f,ro Aa ce flocoqar KoHKperHr,rre flapaMerpr4
rra Bxo,rlHriTe .[aHHr.I H Ha oT.{e.]IHHTe CJIOeBe Ha HeBpOHHaTa Mpexa. BMeCTO Te3LI

ocHoBIIU IIapaMe',IpH Aa Ce OnHCBa',r B pa3nI,IrrHH MeCTa CaMO CI,C TeKCT;

- 3a II3nO.rI3BaHIrTe B .4uCepTaIIVA"rA AaHHLt OT CTalIUll I,I 3a 3aM6pCrBaHe Ha

Br,3ryxa. HalprrMep craHuu, Wanliu r,r MacuBa AaHHr.r Beijing Multi Site Air-



Quality Data Dataset Wanliu pr ap. cneABa Aa r,rMa rlarr,rpaHu nrrreparypHr,r
H3TOTITIHIIU;

- He e nocoqeHo B ar.rcepTarlr4{Ta ,I3[oJI3BaHeTo Ha aaHHH OT HaIIIU CTaHUI,IL 3a

3aMT,pc{BaHe Ha B63a),xa, xoero 6u [oKa3alro npaKTr4rrecKara npxroxrrMocr Ha

npeaJroxeHlrTe MoAenH B Halrlara cTpaHa.
Ilocoqegu're npefloplrtltTeJrHu 3a6enexKu lrMar peaneH cMI4c6JI Ha

KoJrerlrzt!'rHu rroxeJraHr.r, 3a 6bAeqara uayuua gefiuocr Ha ,qoKTopaHTa B

IIepcneKTHBHaTa HayqHa o6nacr Ha aucepraur.rrra.

7. 3ar.lrroqcrrue c scua [oJrol(HTeJrrra raJru orpuuareJrrra orIeHKa Ha

/lucep'r'a uHorIHr.rrr Tpya

B :axrroqenue cqr.rraM, qe ruceprarlxoHHnqr rpy.q e oOopMeH B c:borBercrBrre c
u3cxBaHuqra, IrMa onpeaeneHu a norBtpAeHu flpaKTr,rqecKfi l,t AeQr{Hr4paHr4 Karo
rrayqHo-flpunoxHll ]r npunoxHr.r flpr]Hocu, oTpa3eHH ]r floflyJlrpr.r3lzpaH].I B
AocrarbqeH Ha 6pofi uayvHu ny6rurauHr{ r, B noaxoAqulu lea'yrt*u crucanuq. vt

rotr(repeuuuu. flpe4.rraralr Ha YsaxaeNroro HayqHo xypu ,qa pvclggLl
oSparouale:ruara H irayqHa c'r'eneH ..AoKTop" ua lrar. Cre$au A,runneg l{oxoa n

rrpo(recuoualHol'o Ha[paBreHr.re 5.13. Kouyuaraquonua r.r KoMn[ortpHa
lcxlrHKa. HayriHa cnelll.riuruocr:,.Cucreun c r.r3KycrBeH I]HTereKTt'

:lla r a: 25.01 .2026 r . TIJIEH IIA )I{YPH'I'O

( rrpoQ. l-p A,rexcanlp,p Eerclpcxrr)



OPINION
on the dissertation for the acquisition of the educational and scientific degree of
"Doctor"
Author olthe dissertation: M.Eng. Stefan Alipiev Tsokov
Topic of the dissertation: Optimization of neural network architectures using
evolutionary algorithms
Member of the scientific jury: Prof. Dr. Eng. Alexander Bogdanov Bekyarski

l. Ilclevance of the problem developed in the dissertation in a scientific and
applied scientifi c sense
The scientific field related to neural networks is particularly relevant in terms of
its wide possibilities for application in various scientific and practical fields. This
relcvance is demonstrated in the present dissertation in the direction of
optirnizirlg neural network architectures with evolutionary algorithms.

2. Degrce of knowledge of the state of the problem and creative
interpretation of the Iiterary material
A real idea and justification for the scientific level or degree of knowledge of the
state of the problem and a corresponding creative interpretation of the literary
malerial can be formed on the basis of the presentation in Chapter I of the
dissertation. In this chapter, based on numerous and currently relevant scientific
publications. a comprehensive review and analysis of the existing current models
and architectules ol'neural networks, which are to be the subject ol optimization
through evolutionary algorithms, has been carried out. The 206 literary
publications used in the analysis and included in the bibliography to the
dissertation are entirely scientific publications, reports and articles from
reputable journals, issues of intemational conferences and sources from Internet
sites, with the names of a sufficient number of authors as leading, prominent at
the present tin.re and in the recent past, foreign and domestic scientists and
spccialists in the field of neural networks.

3. Compliance of the chosen research methodology and the set goal and
tasks of the dissertation with the achieved contributions
From the completely well-defined significance and necessity in scientific and
scientific-applied terms of research in the field of application olneural networks,
the justification ol the goals and tasks in the dissertation follows, which are
firrr.r.rulatsd by the doctoral student very precisely and specifically.
'l he main goal of this dissertation is the development of an evolutionary strategy
for optimizing neural network architectures with genetic algorithms. which can
be applicd to solve specific applied problems.
To achieve this goal. the ibllowing tasks have been formulated:
- literature review for the purpose of analyzing neural network models;



- design of an evolutionary strategy for automatic optimization of neural network
arohitectures with determination of genotypic representation and coding of
solutions and modified crossover and mutation operators;
- development of a methodology for applying the evolutionary strategy for
automatic optimization of neural network architectures for controlling
auton0mous agents;
- development of a methodology for applying the evolutionary strategy for
aulomatic optimization of neural network architectures for recognizing human
act ivilies;
- development of a methodology for applying the evolutionary strategy lor
a omatic optimization of neural network architectures for predicting air
pollution;
- conducting experiments with datasets to validate the evolutionary strategy and
assess the elfectiveness of the designed models.

4. Scicntific and/or applied scientific contributions of the dissertation
The lollow,ing scientific. applied scientific and applied contributions are
presented in the development olthe dissertation:
Scientific contributions:
- a method lor optimizing the architecture of NM using a genetic algorithm for
evolution;
- a method fbr evolving NM for controlling autonomous agents;
- a method fbr automatically optimizing the architecture of convolutional NM lbr
rccognizing human activities through an evolutionary process;
- an approach tbr incorporating evolved architectures lor a hybrid deep
spatiotcmporal model for predicting air pollution.
Applied scientifi c contributions:
- a hybrid deep spatiotemporal model based on a convolutional NM and an
LSTM network for predicting air pollution;
- a hybrid strategy for filling missing values in time series, applied to training a
h.vbrid deep spatiotemporal model for air pollution fbrecasting;
- a stratcgy lbr selecting input variables in air pollution lorecasting with a hybrid
dcep spatiotemporal model;
- a strategy fbr incorporating spatial information in air pollution forecasting with
a hybrid dcep spatiotemporal model.
Applied contributions:
- a prototype for experimentally evaluating the proposed biologically inspired
indirect coding scheme for NM evolution tbr autonomous agent control:
- a prototype for experimentally evaluating the evolutionary-based design of
conr olutional networks for human activity recognition:
- a prototype for experimentally evaluating a hybrid deep spatiotemporal model
for air pollution estimation.



5. Asscssmcnt of the publications on the dissertation
'l'he main achievements in the dissertation have been popularized in 8 scientific
publications, one of which is independent, and the rest in co-authorship with the
scientific supervisors. Of these, 4 are indexed in Scopus. A total of 78 citations
ol' the publications on the dissertation are presented. All publications are of
thcoretical and applied importance, are related to the dissertation and the
professional field 5.3. Communication and computer technology. I accept the
publication activity as completely sufficient in volume, at a high scientific level
and popularized to a sullicient extent in national and intemational scientific
terms.

6. Opinions, recommendations and notes
From a scientific point of view, the dissertation submitted for review is very well
designed, implemented and structured, and therefore the following important
editorial and other minor remarks can be indicated:
- the architecture of the spatio-temporal model of the conrbined 2D CNN and
LSTM neural network should be presented with a corresponding figure or table,
in which the specific parameters ofthe input data and the individual layers olthe
neural network should be indicated. instead of these basic parameters being
described in different places only with text;
- tbr thc data used in the dissertation lrom air pollution stations, for example the
Wanliu station and the Beijing Multi Site Air-Quality Data Dataset Wanliu, etc.,
there should be cited literary sources;
- the use of data from our air pollution stations, which would show the practical
applicability ol the proposed models in our country, is not indicated in the
disserlation.
The indicated recommendations have a real meaning of collegial wishes for the
fulure scientific activity of the doctoral student in the promising scientific field
ol the dissertation.
7. Conclusion with a clear positive or negative assessment of the dissertation
work
In conclusion, I believe that the dissertation work is designed in accordance with
the requirements, has certain and confirmed practical and defined as
soientifically applied and applied contributions, reflected and popularized in a

suflicient number of scientific publications and in appropriate scientific journals
and conferences. I propose to the Honorable Scientific Jury to award the
educational and scientific degree "doctor" to mag. Stefan Alipiev Tsokov in the
prolessional field 5.13. Communication and computer technology. scientific
spccialty: "Artificial intelligence systems"

Date: 25.01.2026 MEMBER OF TI lE .IURY

(ProL Dr. Alexander Bekyarski)


