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KaTeapa K0MruonpHb•1 CVICTeMV1, OKCT, TexHuqecKY1 YHVIBePCVITeT—CO$VlR

HaCTORL.gaTa pegeH3MR e V13rOTBeHa B KaqeCTBOTO MM Ha qneH Ha HayqH0 xypu, Ha3HaqeH0 CbC

3anoBea Ne OH-5.3-34/18.06.2025 r. Ha PeKTopa Ha TexHnqecK',1 YHVIBePCVITeT—Co$VIRVI npoT0Kon

OT rlbpB0 3aceaaHhe Ha Hay-IHOTO Hypn OT 1.07.2025 r.

AOKTOPaHTbT Mar. VIH>K. Benbo EHeB BacmneB e 3aqncneH B peAOBHa AOKTopaHTypa no

AOKTOPCKa nporpaMa „CVICTeMV1 C V13KYCTBeH VIHTeneKT" B npo$ecM0HaJIH0 HanpaBneHvte 5.3

„KOMYHL,1KaUL.40HHa KOMr1K)TbPHa TeXHVIKa" KBM KaTeapa „K0Mr1}0TbpHv1 CVICTeMV1 VI TexHonorVIL,1"

Ha OaKYJITeTno EneKTpoHMKa VI aBTOMaTVlKa B TexHhqecKL,1 YHVIBePCVlTeT—CO$VIR, @nnnan nn0BAVlB

Ha 1.03.2021 r. C Hayt-lHh PbKOBOAVITeJIV1 AOL4. A-p VIHh<. Avtnmqa 6yaaK0Ba VI 404. A-p VIHh<.

CTaHVIMVIPCTe$aHOB. CMVITaH0 OT 15.04.2021 r. AOKTopaHT'y'PaTa e TpaH#oprvwpaHa OT peAOBHa B

3aA0HHa $opMa. AOKTOPaHTbT e VB11bJIHVIJ1 VIHAVIBV1ayaJIHVIR CVI nnaH h e nonoxnn BCVIMKVI

OT AOKTopaHTCKVIR MVIHhMYM. OTHVtcneH e C npaB0 Ha 3au.4hTa Ha 1.02.2025 r. 3anoBea NQ

1005/19.03.2025 r. Ha PeKTopa Ha TexHuqeCKV1 C peweHL,1e Ha @aKY11TeTHVlfl

CbBeT I-la (DaKYJITeTa no EneKTPOHVIKa VI aBTOMaTVIKa (Ilp0T0Kon Ne12/17.07.2025 r.) no
npeAJ10h<eHl.qe Ha KaTegpa „KOMnlOTbPHV1 CVICTeMV1 VI Tex}-lonorvlh"(IIPOTOKOJI Ne13/05.06.2025 r.)

e B3eTO peweHvte 3a pa3KphBaHe Ha npoqeaypa 3a ny6J1hL-4Ha 3al.4VITa Ha AVICePTa4VIOHHVIR MY

TPYA.

1. AKTyanHOCT Ha pa3pa60TBaHhR B AhcePTaL4MOHHhR TPYA np06neM B HaygH0 HayqH0-

npW10)KH0 OTHoweH'-•te

AVICePTaUhOHHVlRT TPYA e noceTeH Ha 6e3cnopH0 aKTyaTIHa TerviaTVIKa, CBbP3aHa C

M3n0J13BaHe Ha BhpryaJIHa peanHocT VI MaLUVIHHO 06yqeHhe 3a M0AennpaHe Ha BVIPTyaJIH1,1 3D

VIHTennreHTHh areHTY1 B PhCKOBa cpeaa 3a 06eKTV1 OT eneKTpoeHepn,1VIHaTa cvtCTervta.

f10A06pf1BaHeT0 Ha aplan1,13a Ha pncKa nph pa60Ta B TaxaBa cpeaa, n0BV1waBaHeTO Ha

CVITyaL4VIOHHaTa VIH4)OPMnpaHOCT Ha nepcoHana VI B3eMaHeTO Ha opraHh3aUVIOHHV1 peweHYIR
OTHOCHO V13rpa»qaHeT0 VI eKcnnoaTaLVIRTa Ha eneKTpmqecKY1 06eKTV1 VI CbOPbhCHVIR ca 3HaHVIMV1

Bbnpocvl C MHOro ronmvna Bah<HOCT oc06eH0 npv-l Bb3HVIKBaHe Ha aBapMVIHLd cnryaqv-lh. OT apyra
cTpaHa, IGKTO BPIpwaJlHaTa peanHocT, Taxa VI anropYITMv1Te 3a MaUJVIHHO 06yqeHne ca 06eKT Ha

VIHTeH3hBHV1 M3cneA0BaTencK1,1 npe3 nocneAHMTe roAVIHV1, KOVITO BOART AO ycneLuHOT0 VIM

V13n0J13BaHe 3a pewaBaHe Ha pa3H006pa3HV•1 np06neMY1 B MHOro pa3nv1L-1HL'1 npv1J10HHV1 06naCTV1.

AVICePTaUVIOHHVtRT TPYA ycneu-JH0 KOM6VIHVIPaB HaygHO L,13cneABaHe Te3V1 ABe aKTyaJIHL,1 06nacTv1

KaTO npeanara V13n0J13BaHeT0 Ha BhpTyaJIHa peanHocT 1-4 MeTOAV1 3a MaLUMHHO 06yqeHvte 3a

MogennpaHe Ha BhpyaneH TPhM3MepeH •rpeHah<op VI BhpryaJIH1-4 3D VIHTennreHTHV1 areHTh-
aCVICTeHTV1 B eneKTpnqecKY1 nOACTaH4VIV1, KaKTO VI B 06eKTV1 OT eneKTpoeHeprhVIHaTa Cl,1cTeMa 3a

cpeAH0 h/VlJIVl BVICOKO Hanpeh<eHhe.
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14eJITa Ha AVICePTa4VIOHHOTO 1,13cneABaHe e aa ce M0AennpaT, VI V13cneABaT HOBVI

anropYITML,1 VI MOAUIVI 3a noBeaeHne Ha 1,1HTennreHTHV1 BhpwaTIHL,1 06yqaBau.w•1 ce areHTL,1-

aCVICTeHTV1 B PVlCKOBa cpeaa. Ha 6a3aTa Ha aHaTlL,13 Ha TeKYU40TO CbCTORHV1e Ha np06neMHaTa

06nacT ca KOHKneTHk1 3aaaHH 37 nocwraHe Ha nocTaBeHaTa gen: (1) Aa ce

npeAJ10h<h peanucTL-aqeH 3D npoT0Tvtn Ha eneKTpmqecKa n0ACTaHUV1fi c "3110113BaHe Ha Bhpwanyqa

peanHocT, KOMTO n03B0JIRBa aa ce 0Tpa3v•1 Bb3aeiCTBV1eTOHa aTMoc$ePHV1 YCJIOBVIR Bbpxy

anapaTypaTa, AVIHaMVIHHO Bb3HVIKBaHe Ha aBapvtv1, npoBeh<AaHe Ha PYTVIHHVI 06XOAVl

Ha6J1}OAeHV1eHa 06eKTV1 OT eneKTpnqecKa nOACTaHLVIR, OTKPVIBaHe Ha np06neML,1 VI 06yqel-qme Ha

CTY#HTVI; (2) Aa ce Mogennpa VI h3cneABa noBeaeHmeT0 Ha VIHTeJIV1reHTeH wpyaney-l areHT-

aCVICTeHT B pv1CKOBa cpeaa, KOVITO nphTehGBa 3HaHVlR 3a pa3BVITmeT0 Ha cv1Tya4L,1RTa,

nPOCTpaHCTBeHV1 3HaHVIR, enanaTVIR, npnopYITeTb,1 VI Bb3MOHHOCTV1 3a CMRHa Ha npnopMTeTY1,

cTpaTerv1R 3a COLAI,1aJIHa BnacT, yrvteHVIR 3a coumaJIHO 06LUYBaHe, peanncT"1MHocT; (3) Aa ce

1,13cneABa e#KTVIBHOCTTaHa pa3TlL,1L-lHv1 anropv1TMY1 3a 06yqeH1.qe CbC cT1.•1Mynv1paHe B pv1CKOBa

cpeaa, aa ce npeanoxaT MOAL,1$numpaHV1 anropv1TML.4 c gen nowu.JaBaHe Ha TRXHaTa e$eKTVIBHOCT
VI HOB" anr0PVITMh VI MOAeJIV1 3a 06yqeHne VI 3a nog06pf1BaHe Ha noBeaeHmeT0 Ha VIHTennreHTHV1

areHTV1-acncTeHTV1 B pv1CKOBa cpeaa; (4) Aa ce L,13n0J13Ba MaTeMaTnqeCKVIR anapaT Ha 06061-geHVITe

MpeH{h h aa ce npea.noh<h 06061.geHO-Mpeh{OB Mogen 3a P13cneABayqe VI aHaJIY13 Ha noBegeHue Ha

VII-iTeJIV1reHTeH BPIpTyaneH areHT-aCVICTeHT B PhCKOBa cpeaa. OnpeaeJ1flHeT0 1-la genTa VI

KOHKpeTHVITe 3aaaqv1, CBbP3aHV1 C nocTL,1raHeT0 M, ca 060CHoaaHV1 OT aBTopa KOPeKTHO VI

v-13qepnaTeTIH0.

2. CTeneH Ha n03HaBaHe CbCTORHheTO Ha np06neMa TBopqecKa hHTepnpeTaL4hR Ha

nmepaTypHVIR MaTepnan

AVICePTaLVIOHHVIRT TPYA aeMOHCTpnpa 3aAbn60qeH0 n03HaBaHe Ha aKTyaJIHOT0 CbCTORHVte Ha

np06neMHaTa 06nacT. ABTOPbT ACHO VIAeHTV1$V114VIPa3HaMVIMOCTTa Ha n0BVILUaaaHeTO Ha

CVITya4VIOHHaTa VIH$OPMVlPaHOCTVI aHanv13a Ha pncKa npvl eKcnnoaTaLIL,1R Ha eneKTpoeHeprhVIHL,1

06eKTV1 oc06eH0 B KOHTeKCTa Ha aaaPVIVIHh CVITyaUVIV1. V13cneABaHeT0 0Tpa3RBa aKTyaJIHL,1Te

TeHaeHUVIV1 B pa3BYITvteT0 Ha ABe AVIHaMVIMHO pa3BVIBaLUV1 ce 06naCTV1 — BYIpTyaJIHa peanHocT VI

MaUJVIHHO 06yqeHme, KaTO ce OTMhTa TeXHVIR LUVIPOK cnexnp OT npnnoxeHb4R h HenpeKbCHaTOTO

VIM YCbBbPUJeHCTBaHe. HanpaBeHhRT aHanv13 Ha CbL.geCTBYBaU4V1 noaxoavt VI -rexHonorVIV1

n03BOTIRBa $opMynnpaeqeT0 Ha KOHKpeTHV1 V13cneAOBaTeJICKV1 3aaaqY1, CBbP3aHV1 C M0AennpaHeT0

Ha 3D BVIPTyaJIHV1 cpeAh, Cb3aaBaHeTO Ha peanucThl-lHl,1 cueyqapvu•1 vlHTerpnpaHeT0 Ha

VIHTennreHTHV1 areHT1,1 c noaegeHqecKh M0Aenn, aaanTVIBHOCT m cognanHh YMeHVIR.

npeacTaBeHaTa 6m6nnorpa$cKa cnpaBKa no AVICePTaUVIOHHVIR TPYA CbAbPH<a 06140 230
V13TOMHVIKa, OT KOVITO 176 V13TOHHVIKa Ha aHrJIVIVICKV1 e3VIK, 2 Ha 6b,qrapcKv1 e3VIK VI 52 VIHTePHeT

aapeca. 141,1TmpaHvlTe Til.4TepaTypHh V13TOMHVIUV1, Ha KOVITO e 6a3YlpaH CPaBHVITeJIHVIR nv1TepaTypeH

aHaJ1h3, 06XBau.1aT HayHHV1 1,13cneABaHv1fi 1-1 CTaTVIV1 B Hayt-4HL.4 V13AaHhR VI Meh<AYHaPOAHk1
KOH$epeHUVlV1, KaTO noBeqe OT nonoBYIHaTa OT TRX ca ny6JIYIKYBaHv1 B nocneAHhTe 10 rOAVIHV1,

KOeTO noKa3Ba BVICOKO HVIBO Ha OCBeAOMeHOCT 3a aKTyaJIHVITe npeAM3BYIKaTencTBa

nOTeHL4V1aJIHVITe peweHV1fl B 06nacTTa. TBOPqeCKhRT npMHoc Ha AVICePTaUVIOHHVIATPYA ce h3pa3RBa
B cv1HeprhRTa Meh<AY BYIpTyaJIHaTa peanHocT VI MeTOAVITe 3a MaLUVIHHO 06yqeHY1e, npnnoxeHY1 B

cne14Y1$mqeH VI KPHTVIHHO Bay«eH KOHTeKCT Ha eneKTpoeHeprYIVIHaTa cvtCTenna. ABTOPbT He ce

orpaHY1qaBa AO 0630P Ha Cbl.geCTBYBaLUV1 noaxoavl, a npeanara HOBaTOPCKV1 peweHVIR, HacoqeHV1

KbM MogennpaHe Ha pv1CKOBa cpeaa C BVICOKa cTeneH Ha peanv13bM VI Cb3AaBaHe Ha 06yqaBaL14V1 ce
areHTl,1 C KOMnneKCH0 noBeaeHL.qe, BKJ110MBaLUO cTparernqecK0 MYIcneHe, cognanHa

KOMYHVIKaUVIR VI aaanTa14L,1R KbM nPOMeH9U41,1 ce ycnowq. BHeapnaHeT0 Ha anrophTML4 3a
06yqeHne CbC cThMYJIL4paHe VI TAXHaTa MOAVI$VIIGUVIR 3a pa60Ta B PVICKOBVI ycJ10Bv1R

npeacTaBTlRBa opnrhHaneH noaxoa, aor1bJIHeH OT npnnaraHeT0 Ha 06061-geHO-Mpeh<OBV1 MOAeJIV1

3a aHam13 Ha noBeaeHvteT0 Ha areHTa.
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TOBa CBMaeTeTlCTBa 3a yrvteH1,1e 3a KpeaTVIBHa VIHTepnpeTaLVIR Ha nv1TepaTypHv1Te V13TOHHV11AV1 VI

TRXHOTO pa3BYIBaHe B VIHOBaTVIBHV1 HaCOKV1, HaAXBbPJIRL.14V1 KnacnqecKhTe peweHhR.

3. CbOTBeTCTBhe Ha M36paHaTa MeTOAb4Ka Ha h3cneABaHe C nocTaBeHaTa gen h 3aaa'1L4 Ha

AhCePTaghOHHhR Tpyp,

MeToanqecKYl AVICePTa4VIOHHVIRT TPYA e normqecKv1 nocneA0BaTeneH VI aaeKBaTeH no
OTHOU.1eHV1e Ha l,136paHaTa VI r.neT0AL,1Ka Ha nPOBeh<Aay-le Ha HayHHVITe M3cneABaHhA.

MeToaonorV1qHVIRT noAXOA e KOMnneKCeH VI 06XBa1.ga CVICTeMeH cpaBHMTeneH al•-lanV13 Ha

OC06eHOCTVITe M acneKTL.1 Ha pa3rneh<AaHaTa TervtaTVIHHa 06nacT, Ha OCHOBaTa Ha

KOVITO e HanpaBeH 060CHOBaH V1360p Ha MeTOAV1, anropYITML4 VI cpeACTBa 3a nocTMraHe Ha genTa

Ha AMCePTaUhOHHVIA TPYA VI 3a pewaBaHe Ha nocTaBeHhTe 3aaaHh. npeanoxeHv1Te,

pa3pa60TeHhTe VI V13cneABaHhTe anropMTMv1 VI Mogenvl ce OCHOBaBaT Ha A06pe aprYMel-1TnpaHv1

peweHMR, TeopeTv1HHa 060CHOBKa, eKcnepv1MeHTaJIHa ogeHKa, npoBepKa h Bam-IAY1paHe Ha

Bb3MOh<HOCTVITe 3a npaKTnqeCKOT0 VIM nr-10J13BaHe, KOeTO rapaHTmpa He caM0 nocTL,1raHeT0 Ha

genl,1Te Ha AVICePTaL4VIRTa, HO VI n03BOJIRBa 06eKTVIBHa ogeHKa Ha npeprnoxeHL,1Te PeueHVIR VI

nocTmrHaTYITenpMHoc1,1.

4. KpaTKa aHaJ1b4Th'-1Ha xapaKTepncTVIKa VI ogeHKa Ha AocT0BepHocrra Ha MaTepnana, Bbpxy

KOiTO ce rpaAAT nphHocme Ha AMCePTaUhOHHMR TPYA

npeacTaBeHhRT AVIcePTaL4VIOHeH Tpyp, e cTpyKTypnpaH B YBOA, qeTl.,1pvl rnaBh, 3aKnyoqeHne,

cru,1CbK C npL,1Hocl.4, cru,1CbK C ny6JIL41G14L4L,1 Ha AOKTOPaHTa no AVICePTaUVIOHHVIR TPYA, cnVICbK C

LAVITmpaHV1fi Ha ny6nv•1KaL4hYITe no AVICePTaUVIOHHVIR TPYA, cnVICbK C yqaCTVIR B HayqH0-

V13cneAOBaTeJICKV1 npoeKTh, 6h6nuorpa$cKa cnpaBKa Ha V13n0J13BaHVITe nv1TepaTypHv1 V13TOMHV114V1,

cnucbK Ha $vtrypl,l, cnmcbK C Ta6JIVIUV1, cnVICbK Ha 1-13r10J13BaHv1 CbKpal-qeHVIR VI -repM1,1Hh. 061.UVIRT

06eM Ha AVICePTaUVIOHHVIRTPYA e 133 CTPaHVILV4. AVICePTaUVIOHHV1fiT TPYA CbAbPh<a 11 Ta6JIV114L,1 1-4

37 $nrypn. 14hTv-1paHv1 ca 230 JIMTepaTypHL.1 M3TOLlHVIKa, nocoqeHh B 6m6nnorpa$cKaTa cnpaBKa.

B ribpBa rnaBa e npeacTaBeH npernea Ha anrop1,1TMv1 3a Mat-UVIHHO 06yqeHme M3n0f13BaHh 3a

nocTvtraHe Ha cnrypHocT B PhCKOBa cpeaa VI ca pa3rneaaHV4 Bb3MOh<HOCTVITe 3a nphJ10hCHL,1e Ha

Bl.apTyaJIHa peanHocT 3a M0AenmpaHe VI peanncTv1HHa BV13yaJIV13a14VIR Ha npouecv-l, RBneHhR h

KPVITVIHHVI CVITyauvo,1 B 06nacTTa Ha eHepreThKaTa C gen ocurypRBaHe Ha 6e30nacH0 Haaeh<AHO
06yqeHL,1e Ha cneunanncTh. BBB BTopa rnaBa e npeacTaBel-1 MOAen Ha peanH0 CbU4eCTBYBal.ua

0TKPVITa pa3npeae11hTeJIHa ypeg6a VI e npeAJ10h<eH MOAen Ha VIHTenureHTeH BY-1pwaneH areHT 3a

pa60Ta B pv1CKOBa cpeaa, 6a3upaH Ha ncmxonormqecKhTe Teopvlvl 3a MOTVIBaL!V19, eMOUVIV1 VI BnaCT.

npeacTaBeH0 e CbLUO h ervtnnpv1HH0 npoYLlBaHe 3a AOBepneT0 VI cTeneHTa Ha peanncTY11-1HocT VI

none3HocT, KOVITO nocTv1ra areHTa. B TpeTa rnaBa e npeAf10hGH MOAh$VIUV-1PaHanr0PVITbM 3a

MaUJVIHHO 06yqeHne qpe3 cTMMynnpaHe (Intensity of Characteristic Q-learning, InCh Q-learning) 3a
OTKPVIBaHe Ha onn,1ManeH nbT 3a eBaKyaLV•1fi, KaKTO VI Mogen Ha VIHTeJIV1reHTeH BYIpryaneH areHT-

nvwep, V13nOJ13BaU4 aBTOPCKV1 anrOPVITbM C MHOHCCTBO nnaH0Be 3a peanY13aL4hR Ha aganThBH0

noaeaeHMe. HeTBbPTa rnaBa npeacTaBR ABa 0606U4eHO-Mpeh<OBh M0Aena 3a v13cneABaHe Ha

e$eKTVIBHOCTraHa VIHTenV1reHTHV1 BhpryaTIHY1 areHTV1 3a pa60Ta B PhCKOBa cpeaa qpe3 npunaraHe
Ha pa3nnqHY1 cueHaPVIL.4 VI anropv1TMM 3a r,naUJVIHHO 06yqeHue. HanpaBeH e cpaBHVITeneH
aHaf1143 Ha e$eKTVIBHOC1-ra Ha anropL4TMMTe PPO, SAC, GAIL VI CB, noAAbphGHV1 OT ML-Agents
Toolkit Ha Unity. npeacTaBeHL,1 ca ABa cueHaphA 3a 06yqewe Ha BMpryaneH APOH 3a raceHe Ha

noxap VI 06yqeHne Ha BYIpwaneH eneKTPOMHh<eHep, KOVITO TPR6Ba aa peanvcnpa cnacv•1TeJIHa

onepaLAL4fl.

OT npeACTaBeHOT0 v-13J10h<ewe, (boprvtynvtpaHaTa gen Ha AVICePTaLVIOHHVITe V13cneABaHV1fi
nocTaBeHVITe BBB BPb3Ka C Hefl 3agaHl,1, GKTO VI h3n0J13BaHhTe cpeacTBa 3a peanh3hpaHe Ha

genTa, MOh<e aa ce HanpaBL,1 3aKmoqeHMe, He Mar. VIHH. Benso BacmneB A06pe n03HaBa
CbCTORHV1eTO Ha pa3rneh<AaHMTe np06neML,1. AVtcePTa14VIOHHVIRTTPYA e k13rpaaeH Bbpxy Hageh<AHa
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06UJVIPHaTeopeTMt-1Ha M npaKTvtqecKa OCHOBa. CTpyKTypaTa Ha AVICePTaL4VIOHHVIR TPYA e norw-1Ha

nocneA0BaTenHa — OT aHaJIL,13 Ha aKTyaJIH0T0 CbCTORHV1e Ha M3cneABaHaTa np06neMaTL4Ka AO

M0AennpaHe, eKcnepMMeHTaJIHa npoBepKa VI ogeHKa Ha npeAT10h<eHMTe peweHVIR. TOBa Mh aaBa
ocuogawme aa onpenenn nonvqeHMTe ne3Y11TaTM H C TAX npL,1Hocv1 KaTO AOCTOBePHV1
npaKTnqecKh none3Hh 060CHOBaBa opurL,1HaflHocrra HayHHaTa CTOVIHOCT Ha npeanoxeHMTe

Moaenvl anrop1,1TMh.

5. Hay'4Hh h/"J1b4 HayqHonpL4J10h<HhnphHoch Ha AMCePTaL4b40HHb4R TPYA
npnetvlarvl $opMynnpaHhTe OT aBTopa nphHocn, n0CTV1rHaTh B pe3ynTaT Ha V13BbPLLjeHVITe

Hay-IHM v13cneABaHhR. nphHocL4Te MoraT aa ce OTHecaT KbM KaTeropY1hTe 060raTABaHe Ha

Cbl.geCTBYBaLUO HayHHO 3HaHhe Hay-II-IVI n0CTV1>KeHVIR B npaKThKaTa, KaKTO VI Cb3AaBaHe Ha HOB"
Pl MOAV1$vtqnpaHe Ha Cb1.ueCTBYBaU4V1 MeTOAM, noAXOAh, Mogen" VI anropk1TMv1 3a pewaBaHe Ha

nocTaBeHhTe B AVICePTaLVIOHHVIRTPYA 3aaaqn.

Ha 6a3aTa Ha nonyqeHYITe B AMcePTa1AV10HHaTa pa60Ta pe3YJITaTb4 nocTurHaTL,1Te npL,1Hocv1

MoraT aa 6bAaT ChCTeMaTM3V1paHV1 KaTO HayqHV1, VI nphJ10h<HV1 KaKTO cneABa:

HaygHL1 npuHocu:

npeanoxeH e 06061.geHO-Mpeh<OB MOAen 3a M3cneABaHe Ha e$eKThBHOCTTa VI

noBeaeHneT0 Ha MHTennreHTeH areHT-aCVICTeHT3a pa60Ta B PMCKOBa cpeaa;

Hay'mo-npunoywu npuHocu:

npeacTaBeyqa e HOBa apxMTeKTypa Ha 06yqaBau.4 ce VIHTennreHTeH BvtpryaneH areHT 3a

pa60Ta B pv1CKOBa cpeaa, 6a3V1paH Ha none3HocT, KOVITO CMeHR npnopmeu«e c gen

aa 06yqaBa norpe6MTeJ1hTe KoraT0 e 6e30nacH0 aa rn eBaKynpa VI cnacm npL.1

Bb3HVIKBaHe Ha aBapYIR;

V13cneABaHO e noBeaeHmeT0 Ha VIHTennreHTHV1 BMPTyaJIHb,1 areHTV1-aChCTeHTV1 B

PYICK0Ba cpeaa 3a AOKa3BaHe Ha He06XOAVIMOCT Te aa VIMaT ponn, KORTO hM aaBa
cognanHa BnacT KaTO JIMAepn; aa npL,1TexaBaT npoCTpaHCTBeHV1 3HaHVIR, 3HaHVIR 3a
V13n0J13BaHeT0 HannqneT0 Ha npoThB0110h<apHa ewnnpoBKa 3HaHV1fi 3a
pa3BVITRT0 Ha P14CKOBaTa cmyaqvlfl; aa L,1MaT eMOLVIV1, npvtopYITeTh VI YMeHVIR 3a

cognanH0 06LUYBaHe;

npeanoxeH e anropMTbM Intensity of Characteristic Q-learning algorithm (InCh Q-
learning) 3a HarvwpaHe Ha onn,1ManeH nbT 3a eBaKyaLWIR qpe3 M3n0J13BaHe Ha aaHHV1 3a

hHTeH3VIBHOCTTa Ha xapaKTepl,1cTYIKL4Te Ha noy«apa;

npeAT10hCH e noaxoa3a nocwraHe Ha aaanTVIBH0 noBeaeHne Ha VIHTennreHTeH areHT
B PhCKOBa cpeaa ype3 Y13non3BaHe Ha MHOh<eCTBO nnaH0Be VI ABe HeBPOHHV1 MPOKVI,
KOMTO noanorv1araT M360pa Ha KOHKPereH nnaH,•

HanpaBeH e aHanv13 Ha e#KTVIBHOCTra Ha noBeaeHneT0 Ha VIHTennreHTHV1 BhPTyaJlHh
areHTv1, 06yqeHM c anrophTM',1 3a 06yqeHvte cu,1MynmpaHe (SAC, PPO) anropMTMY1
3a 06yqeHL,1e c VIMVITa1AVlfi (BC, GAIL);

npun0YHu npuHocu:

(Ipep/10h<eHv1 ca npoT0TV1ru,1 VI 3D 3a: (1) peanH0 Cb1.qeCTBYBaUAa OTKPhTa
pa3npeaeJ1hTeJIHa ypea6a; (2) 06yqaBaL.u ce BLOTyaneH areHT-aCMCTeHT, KOVITO MOh<e

aa 06yqaBa noTpe6hTeJlY1 B pv1CKOBa cpeaa, aa CMeHR npmopmen«e Ch nph
Bb3HVIKBaHe Ha aBapMR, aa L,13nbJIHRBa nocneA0BaTenHocT OT aeVlCTBVIRnpvl
peanv13npaHeT0 Ha cnacMTenHa onepal-1Mfi; (3) BVIPTyaJIHa eneKTpnqecxa rlOACTaHL.4V1fi c
AVIHaMVIHHO Bb3HVIKBaLUV1 npv1t-11.•1HeHY1 OT MeTeoponorL.4HHL,1 ycn0BL4R.

4

QAKY.ÆTET



6. OgeHKa 3a cteneHTa Ha JIMMHOTO yqacnqe Ha AMcepTaHTa B npnocme
npeacTaBeH0T0 CbAbPHGHV1e cTpyKTypa Ha AVICePTaUVIOHHVIR TPYA noKa3BaT OVIVIHHOTO

n03HaBaHe Ha TpeTvtpaHaTa np06neMaTYIKa OT cTpaHa Ha AOKTOPaHTa. EAHa OT ny6nv•1KYBaHv1Te

Aeoet I-layt-lbl" CTaTML4 opunua c e caru10CTOßTef1H1,1, a OCTaHaflhTe ca B

CbaBTOPCTBO C Hay-IHVITe MY PbKOBOAVITenn, KaTO B ABe OT TRX AOKTOPaHTbT e IlbpBM aBTOP.

npeacTaBeHYIRT AVICePTa14VIOHHVIR TPYA VI KEM Hero npaBRT 0TJIYIHH0 BneqaTneHne

3a HayqHaTa pa60Ta Ha Mar. VII-IN. Benbo Bacmnea, KORTO ce xapaKTepv13hpa c

YIHTepachLWIM1hHapHocT, aHanVITVIHHOCT, 3aAbJ160qeHOCT VI npe4V13HOCT. CHVITaM, ge JIVIHHVIR MY

npv1Hoc npvl nocwral-qe Ha npeacTaaeHL,1Te Hay-IHVI pe3YJITaTL,1 VI npv1HocY1 e 6e3cnopeH.

7. npegeHKa Ha ny6J1b1KaL4V1hTe no AMCePTaUhOHHMR TPYA

nonyqeHhTe OT aBTopa pe3YTITaT1,1 OT AVICePTaUVIOHHOTO v-13cneABaHe ca ny6T11,1KYBaHh B 9

HayMHY1 CTaTVIV1. ABe OT ny6nv1Ka14Y1hTe ca npeacTaBeHv1 Ha Meh<AYHaPOAHl.4 1-lay-IHVI KOH$epeHL.V4V1,

npoBeaeHl,1 B MYH<6hHa (15th International Conference on Agents and Artificial Intelligence, 60th
International Scientific Conference on Information, Communication and Energy Systems and

Technologies). CeaeM OT CTaTVIVITe ca AOKnaABaHV1 Ha Meh<AYHaPOAHV1 Hay-IHVI KOH$epeHL4VIV1,

npoBeaeHv1 B 6bnraPVIR (11th International Scientific Conference on Engineering, Technologies, and

Systems, 12th International Scientific Conference on Engineering, Technologies, and Systems, 13th

International Scientific Conference on Engineering, Technologies, and Systems, 12th International

Scientific Conference Computer Science, International Scientific Conference on Engineering,

Technologies and Systems (TechSys2025)). EAHa OT CTaTVIVITe e carv10CTOfiTeJIHa ocTaHanv1Te ca B

CbaBTOPCTBO C HaygHv1Te PbKOBOAVITeJIV1 Ha AOKTOPaHTa. BCVIMKVI ny6m1Kauvu•1 ca Ha aHrnv1V1cKY1

e3hK. ny6JIL'1Ka14YIYITe ca HanpaBeHL,1 B nepnoaa 2022—2025 rogv1Ha VI noKPVIBaT TeMaTVIKaTa I-la

npeacTaBeHaTa AVICePTa14VIOHHa pa60Ta KaTO 0Tpa3RBaT OCHOBHVITe nocTmrHaTV1 pe3YJITaTh

npMHocv1. UJecT OT ny6nv1KaLAMYITe ca VIHAeKCVtpaHV1 B Scopus. Aae OT ny6JILdKaLVIVlTe hMaT 06140 5

I-AVITVtpaHVIR OT aBTOPV1, ABe OT KOVITO B ny6nv-1Ka14hh VIHAeKcnpaHV1 B Scopus.

8. V13non3BaHe Ha pe3Y"TaThTe OT AVIcePTaL4h0HHhR TPYA B HaygHaTa npaKThKa

Pe3YJITaThTe OT Hayt4HL.4Te V13cneABaHVIR no AVICePTaUVIOHHV1fi TPYA ca v13n0T13BaHL,1 npvt

yqacTRT0 Ha AOKTOPaHTa B Hay-IHO-V13cneAOBaTenCKV1 npoeKT, 4)VIHaHcnpaH OT OHM KbM MOH,
KaKTO BBB BPb3Ka C yqacTRT0 MY B HaL.!VIOHaJIHa nporpaMa „Mnaav1 yqeHV•1 VI n0CTAOKTopaHTV1-
2", (bvtHaHcnpaHa OT MOH.

CMVITaM, qe npaKTL,1qecKaTa qeHHOCT Ha V13cneABaHeT0 ce OCHOBaBa BBB Bb3MOHHOCTTa 3a

npY1f10H<H0 npaKThqecK0 1,13n0J13BaHe Ha pa3pa60TeHl,1Te Moaenvl I-la YMHa eneKTpnqecKa

nOACTaH14VIR VI Bl,1PTyaJIHV1 areHTV1-eneKTPOTeXHV114h. Ha 6a3aTa Ha nonyqeHhTe B AVICePTaUVIOHHVIR

TPYA pe3YTITaTY1 MoraT aa 6bAaT pa3pa60TeHV1 VI BHeapeHV1 peanHL4 npoAYKTV1 3a

noa06pfiBaHe Ha aHaJIL,13a Ha pncKa npvl pa60Ta B eneKTpnqecKa 110ACTaHUVIR VITIM 06eKT OT

eneKTpoeHeprMVIHaTa CVICTervta 3a cpeAH0 h/VIT1h BVICOKO 3a n0BVILLjaBaHe Ha

CL,1TyaUVIOHHaTa VIH4)0PMhpaHOCT Ha nepcoHana, KaKTO h 3a B3ervtaHe Ha opraHV13aUVIOHHV1

peweHVIR OTHOCHO 143rpa»qaHeT0 excnnoaTaL41,1fiTa Ha eneKTpvtqecK',1 06eKTV1 CbOPbHeHVIR.

nonyqeHL,1Te pe3YJITaTl.4 MoraT aa ca none3HM Ha V13cneAOBaTeJIV1, AORTOPaHTV1 VI CTyaeHTV1 npvl
npoBeh<AaHe Ha HayMHV1 V13cneABaHVIR VI nph 06yqeHne B 06nacTTa Ha AVICePTa14VIOHl-lhTe

h3cneABaHVIR.

9. OgeHKa Ha CBOTBeTCTBneTO Ha aBTope$epaTa C h3hCKBaHb•1RTa 3a '43rOTBRHeTO MY, KaKTO h Ha

aaeKBaTHOCTTa Ha 0Tpa3RBaHe Ha OCHOBHb4Te npL4H001Te Ha AMCePTa4hOHHhR
Tpyp,

ABTope$epan,T KbM AVIcePTaLAVIRTa CbOTBeTCTBa Ha AVIcePTaL4VIOHHV1f1 TPYA — BRPHO VI TOHHO

0Tpa3RBa genv1Te, 3agaqv1Te, CbAbPhGHV1eTO no rnaw, n0CTVtrHaTVITe npv-uqocn.

YHU8epcut77Q!D5
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ABTope+epaTbT e noaroTBeH M 0(boprvteH ornacH0 M3MCKBaHVIRTa 3a h3rOTBfiHeTO MY VI cqnrarvl, qe

6e3cnopH0 HOCL,I CbLUHOCTHVITe gepT1.•1 Ha AVICePTa14VIOHHVIR TPYA, xaT0 0Tpa3RBa B agel<BaTeH 06eM
VI no KOPeKTeH HaqVIH HerOBOTO CbAbPhGHMe.

10. MHeHhR, npenopbKh h 6eneH<KY1

HanpaBeHv1Te 3a6eneHKVl npvl 3an03HaBaHeT0 MM C BepCVIRTa Ha AVICePTaUVIOHHVIR TPYA,

npeacraBeHa 3a npeABaPVITeJIH006Cbh{AaHe B KaTeapaTa, ca B3eTVl noa BHYIMaHV1e VI ca 0Tpa3eHVl
B npeacTaBey-laTa AVICePTa14VIR. KbM AVICePTa14VIOHHk1RTPYA Mtvtatvl caM0 TexHmqecxa 3a6eneh{Ka no
OTHOUjeHVle nb11HOT0 M TOHHO 6M6nmorpa$cxo onncaHY1e Ha nv1TepaTypH1,1Te V13TO'lHV114h C

v13n0f13BaHero Ha eAVIHeH CTVIJI.

AVICePTa14VIOHHhRT TPYA noKa3Ba ronRM 06eM I-la V13BbPUjeHVITe HaygHL,1

CBVIAeTenCTBa 3a OTJ1hHHO 3an03HaBaHe Ha aBTopa c npeAMeTHaTa 06nacT,
3aAW160qeHOCT Ha V13BbPUJeHL,1Te HayqHL,1 M3cneABaHV1fi M aaBa Bb3MOHHOCT 3a pa3BVITmeT0 MM VI

npaKTmqeCKOTO MM L,13non3BaHe. npenopbKL,1Te MM KEM AOKTOPaHTa ca aa npoAbJ1h<Y1 HayHHL,1Te cm

"3CneABaHV1fi no Tetv1aTa Ha AVICePTa1.AMOHHVIR TPYA VI aa Hacoqvl ycVlJ1klfiTa CVI KbM BHeAPRBaHe Ha

pa3pa60TeHvlTe VI MOAeJIV1 B npaKTL,1KaTa C gen nocuqraHe Ha npexvl npVlJ10h<HV1

pe3YJITaTM.

KEM AOKTOPaHTa VIMaM cneAHL,1Te Bbnpocm:

1. KaKBV1 ca OCHOBHVITe npeAM3BYIKaTencTBa npL,1 VIHTerpaLAVIRTa Ha npeanoxeHMTe Mogenv•l Ha

VIHTeTlV1reHTHV1 BVlPTyaJIHV1 areHTY•1 B peanHY1 eneKTpoeHeprVlVlHl'l CVICTeMV1?

2. Bb3MOHHO nn e pa3pa60TeHMTe Mogen" Ha VIHTennreHTHV1 BvtpTyaJIHY1 areHTL,1 aa 6bAaT
aganTvtpaHM 3a apyrvl KPVITVIHHVI VI KaKBV1 MOAM$VIKaLVIVl6mxa 6k1TlVl

He06XOAVIML4?

11. 3aK,moqeHL4e

Ha OCHOBaHue Ha V13JIOhCHOTO CHVlTaM, qe AVICePTaUVIOHHVIR TPYA HanbTlH0 0Tr0BapR Ha

V13VlCKBaHVlRTa Ha 3aKOHa 3a pa3BMTMe Ha aKaaeMVIHHV1fi CbCTaB B Peny6JIMKa 6bnrapMR, Ha

npaBL4JIHL,1Ka 3a npnnaraHe Ha 3aKOHa M CbOTBeTHL.1R npaBMJIHhK Ha TexHnqecKh YHMBePCVITeT—
Co$v-lfi VI Ha V13VICKBaHV1fiTa 3a npma061'1BaHe Ha 06pa30BaTeJIHaTa VI HayqHa cTeneH „AOKTOP".
npoBeaeHklTe Hay'-lHV1 V13cneABaHVIR ca B aKTyaf1Ha 06nacT TpeThpaT np06neMaTMKa, KORTO e
06eKT Ha 3acmneH h3cneAOBaTeJICKl,1 MHTepec. ABTOPbT e nocTV1rHan n0CTaBeHVlTe L.!envl VI 3aaaHL'1 B

AVICePTaLAVlOHHVIR Tpya. nonyqeHhTe pe3YflTaTM CbAbPh{aT HayMHV1, HayLlHO-nPVITlOh{HVl VI

npMT10h<Hkl npv1Hocn, KOVITO ca 3HaMVIMV1, geVICTBVITeJIHO ca nonyqeHM VI ca HeroB0 geno.
CbU4eCTBeHVlTe nPVIHOCV1 Ha AVICePTaL4VIOHH1,1R TPYA ca 0Tpa3eHk1 B Hayt-1HY1 ny6TlMKaLWlL,1, KOVITO ca
ageKBaTHO pa3npocTpaHeHM VI HanpaBeHh AOCTOfiHV1e Ha 3ahHTepecoBaHaTa I-lay-IHa 06U4HOCT
qpe3 ny6TlL.4KYBaHeT0 B Haw-IHVI AOKnaAV1 Ha KOH$epeHUVlkl VI CTaTVIV1 B HayqHV1 cnncaHV1fi.

ETO 3al.UO aaBatv1 CBORTa nono>KVITeJIHa ogeHKa Ha npeacTaBeHL,1R AVICePTalAl,10HeH TPYA VI

npeanaraM Ha qneHOBe Ha HayqH0T0 aa 6bAe npmcbaeyqa 06pa30BaTeJIHaTa VI

HayHHa cTeneH „AOKTOP"Ha Mar. hHX<. Benbo EHeB BacmneB no Hay-II-qa cneqnaJIHocT „CVICTeMV1 C

V13KYCTBeH VIHTeneKT" B np#ecv10HanH0 HanpaBneH1,1e 5.3 KOMYHVIKaUMOHHa VI K0Mr1F0TbpHa
TeXHMKa.

29.08.2025 r. PegeH3eHT:
/ npo•. A-p MmneHa na3apoBa—MM eBa /
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REVIEW

on d u&tor ot pnilosopny" degree

Author of the dissertation: MSc. Eng. Velyo Enev Vasilev

Title of the dissertation: "New algorithms and models for intelligent agents-

assistants in risk environments"

Reviewer: Prof. Milena Kirilova Lazarova—Mitseva, PhD

Dept. Computer Systems, FCST, Technical University of Sofia

This review is prepared in my capacity as a member of the Scientific Jury appointed by Order
Ne OH-5.3-34/18.06.2025 of the Rector of the Technical University of Sofia and Protocol
No.1/1.07.2025 from the first meeting of the Scientific Jury.

MSc. Eng. Velyo Enev Vasilev was enrolled as a full-time PhD student in doctoral program
"Artificial Intelligence Systems", professional field 5.3 Communication and Computer
Engineering" at the Department "Computer Systems and Technologies" of the Faculty of

Electronics and Automation at Technical University of Sofia, Branch Plovdiv on 1.03.2021

with scientific supervisors Assoc. Prof. Dr. Eng. Di!yana Budakova and Assoc. Prof. Dr. Eng.

Stanimir Stefanov. The PhD study have been transformed from full-time to part-time as

of15.04.2021. MSc. Eng. Velyo Enev Vasilev has fulfilled all the requirements in the individual

plan of his PhD study and has successfully passed all the required exams. He was discharged

as a PhD with the right to defend his thesis on 1.02.2025 by Order No. 1005/19.03.2025 of

the Rector of Technical University of Sofia. The procedure for the public defence of his
dissertation has started by a decision of the Faculty Council of the Faculty of Electronics and

Automation (Protocol NQ 12/17.07.2025) on the proposal of the Department "Computer
Systems and Technologies" (Protocol NQ 13/05.06.2025).

1. Relevance of the dissertation topic in scientific and applied aspects

The dissertation addresses a relevant topic related to the use of virtual reality and machine
learning for modelling virtual 3D intelligent agents in a risk environment for power system

objects. The improvement of the risk analysis when working in such environment, the
increase of situational awareness of the personnel and the organizational decision making in

regard to the construction and the operation of electrical sites and facilities are significant
issues of great importance especially when emergency situations occur. On the other hand,
both virtual reality and machine learning are subject to intensive research efforts in the

recent years that lead to their successful utilization for solving a variety of problems in many
different application domains. The dissertation successfully combines these two topical
scientific areas in a research study by proposing the use of virtual reality and machine
learning methods to model a virtual three-dimensional simulator and virtual 3D intelligent
agent-assistants in an electrical substation as well as a medium and/or a high voltage power
system objects.

Yl-lugepcume
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The thesis aim is to model, implement and investigate new algorithms and behaviour models

for intelligent virtual agent-assistants in a risky environment. Based on the analysis of the

current state of the art in the problem area several research tasks are defined related to the

dissertation aim: (1) To propose a realistic 3D prototype of an electrical substation using

virtual reality, which allows to reflect the impact of atmospheric conditions on the

equipment, dynamic occurrence of accidents, conducting routine walkthroughs and

monitoring of electrical substation objects, problem detection and student training; (2) To

model and explore the behaviour of an intelligent virtual agent-assistant in a risky
environment that has knowledge of the evolving situation and spatial knowledge, exhibits
empathy, holds priority and priority shifting capabilities, supports social power strategy,
social communication skills and realism; (3) To investigate the effectiveness of various
incentive learning algorithms in a risky environment, to propose modified algorithms to

enhance their effectiveness, and new algorithms and models for learning and for improving

the behaviour of intelligent agent-assistants in a risky environment; (4) To utilize the

mathematical apparatus of generalized networks and to propose a generalized-network

model in order to investigate and to analyse the behaviour of an intelligent virtual agent-
assistant in a risky environment. The dissertation aim and the objectives related to its

achievement are correctly and thoroughly formulated and defined.

2. Degree of knowledge on the dissertation topic and constructive interpretation of the

bibliography
The dissertation demonstrates a thorough knowledge of the current state of the art in the

targeted problem area. The author clearly identifies the importance of increasing situational

awareness and risk analysis in the operation of power facilities especially in the context of

emergency situations. The study reflects the current trends in the development of two
dynamically evolving fields, virtual reality and machine learning, taking into account their

wide range of applications and their continuous improvement. The analysis of existing
approaches and technologies allows the formulation of specific research tasks related to the

modelling 3D virtual environments, the creation of realistic scenarios and the integration of

intelligent agents with behavioural models, adaptability and social skills. The bibliographic

reference of the dissertation contains a total of 230 sources, of which 176 in English, 2 in

Bulgarian and 52 Internet addresses. The cited literature sources on which the literature
analysis is based include research papers and articles in scientific journals and international

conferences, more than half of them published in the last 10 years that indicates the

author's high level of awareness of the current challenges and the potential solutions in the

field. The creative contribution of the thesis is expressed in the synergy between virtual
reality and machine learning methods applied in a specific and a critical context of the power
system. The author does not limit himself to a review of existing approaches but proposes
innovative solutions aimed at modelling a risky environment with a high degree of realism

and creating learning virtual agents with complex behaviours including strategic thinking,
social communication and adaptation to changing conditions. The implementation of

incentivized learning algorithms and their modifications to work in risky environments is an
original approach complemented by the application of generalized network models to

analyse agents' behaviour. This demonstrates the ability of the author to creatively interpret

the literature and develop it in innovative directions beyond classical solutions.
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3. Consistency of the used research methodology with the dissertation aim and objectives

Methodologically the dissertation is logically consistent and adequate in terms of the chosen

and applied methodology of conducting recoarch. Tho ucQd methodological approach is

complex and covers a systematic comparative analysis of the features and the different

aspects of the research field under consideration. On that basis consistent decisions and

selection of methods, algorithms and means are made for solving the dissertation tasks and

objectives. The proposed, developed and investigated algorithms and models are based on

well-reasoned decisions, theoretical justification, experimental evaluation, verification and

validation of the possibilities of their practical utilization which ensures not only the

achievement of the dissertation goals but also the allows objective evaluation of the

proposed solutions and the achieved contributions.

4. Brief analytical characteristic of the dissertation and assessment of the reliability of the

material on which the contributions of the dissertation are built
The presented dissertation is structured in an introduction, four chapters, a conclusion, a list
of contributions, a list of publications on the dissertation, a list of citations of the

publications on the dissertation, a list of participation of the PhD student in research

projects, a list of bibliographic references of the used literature sources, a list of figures, a list
of tables, a list of used abbreviations and terms. The dissertation has 133 pages. The
dissertation comprises 11 tables and 37 figures. The list of cited bibliographic references
comprises 230 references.

In the first chapter of the dissertation an overview of machine learning algorithms used to

achieve security in a risky environment is presented as well as the possibilities of applying
virtual reality for modelling and realistic visualization of processes, phenomena and critical
situations in the field of energy to ensure safe and reliable training of professionals are

discussed. The second chapter presents a model of a real existing open switchgear and

proposes a model of an intelligent virtual agent for working in a risky environment based on
the psychological theories of motivation, emotion and power. The chapter also presents an
empirical study of the credibility and the degree of realism and utility achieved by the agent.
In the third chapter a modified incentive based machine learning algorithm is proposed
(Intensity of Characteristic Q-learning, InCh Q-learning) used to discover an optimal escape
path, as well as a model of an intelligent virtual agent-leader that utilizes the author's
algorithm with multiple implementation plans for adaptive behaviour. Two generalized-
network models are suggested in chapter four used to investigate the effectiveness of the

intelligent virtual agents to operate in a risky environment by applying different scenarios
and different machine learning algorithms. A comparative performance analysis of the PPO,
SAC, GAIL and CB algorithms supported by Unity's ML-Agents Toolkit is performed. Two
scenarios of training a virtual drone to extinguish a fire as well as training a virtual electrical
engineer to implement a rescue operation are also presented.

Based on the dissertation content, the formulated dissertation aim and the research
objectives defined in the dissertation as well as the means used for their accomplishment, a
conclusion can be made that MSc. Eng. Velyo Enev Vasilev is well aware of the state of the
art of the scientific topics under consideration. The dissertation is built on a solid and
extensive theoretical and practical foundation. The structure of the dissertation is logical and
coherent — from the analysis of the current state of the studied problems to modelling,
experimental verification and evaluation of the proposed solutions.

,
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This gives me a reason to conclude that the achieved results and the research contributions

obtained in the dissertation are reliable and practically valuable and justifies the originality

and scientific value of the proposed models and algorithms.

5. Scientific and applied contributions of the dissertation
I accept the research contributions formulated by the author in his dissertation as a result of

the research carried out. The contributions can be related to enrichment of the existing
scientific knowledge and scientific achievements in practice as well as development of new
and modification of existing approaches, methods, models and algorithms for their

application for solving the problems investigated in the dissertation.

On the base of the results obtained in the dissertation the contributions of the dissertation

can be classified as scientific, applied-scientific and applied as follows:

scientific contributions:

A generalized-network model is proposed for investigation of the efficiency and
the behaviour of an intelligent agent-assistant for working in a risky

environment;

applied-scientific contributions:

A novel architecture of a utility-based learning intelligent virtual agent for
operating in risky environments is presented that changes its priorities to train

users when it is safe and to evacuate and rescue them when an emergency

occurs;

The behaviour of intelligent virtual agents-assistant in risk environments is

investigated to demonstrate the need for holding a role that gives social power
as leaders; to exhibit spatial knowledge, knowledge about the use and

availability of firefighting equipment and knowledge about the evolution of the

risk situation; to demonstrate emotions, priorities and social communication
skills;

An Intensity of Characteristic Q-learning algorithm (InCh Q-learning) is proposed
utilized to find an optimal evacuation path using fire characteristic intensity data;

An approach to achieve adaptive behaviour of an intelligent agent in a risky

environment is proposed using multiple plans and two neural networks that
support the selection of a specific plan;

The performance of the behaviour of intelligent virtual agents trained with
incentive learning algorithms (SAC, PPO) and imitation learning algorithms (BC,

GAIL) is analysed;

applied contributions:

Prototypes and 3D models are proposed for: (1) a real existing outdoor
switchgear; (2) a learning virtual agent-assistant that can train users in a risky
environment, change its priorities when an emergency occurs, perform a

sequence of actions in the implementation of a rescue operation; (3) a virtual
electrical substation with dynamically occurring accidents caused by weather
conditions.
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6. Assessment of the extent of author's personal participation in the dissertation
contributions
The presented eontent and the structura of tho dissertation reveals the author's excellent
comprehension on the dissertation topic and the presented field of study. One out of the

nine research papers published in connection with the research presented in the dissertation

is single authored by the applicant and the others are co-authored with his scientific

supervisors, in two ofwhich the PhD student is the first author.

The presented dissertation and the research papers on its topic make an excellent

impression of the scientific work of MSc. Eng. Velyo Vasilev which is characterized by

interdisciplinarity, analytical, thoroughness and precision. His personal contribution to the

achievement of the presented scientific results and contributions is undoubted.

7. Evaluation of the author's publications on the dissertation's topic
The results of the dissertation research obtained by the author have been published in 9

scientific papers. Two of the publications are presented at international scientific
conferences held abroad (15th International Conference on Agents and Artificial Intelligence,
60th International Scientific Conference on Information, Communication and Energy Systems
and Technologies). Seven of the papers are presented at international scientific conferences

held in Bulgaria (11th International Scientific Conference on Engineering, Technologies, and
Systems, 12th International Scientific Conference on Engineering, Technologies, and
Systems, 13th International Scientific Conference on Engineering, Technologies, and
Systems, 12th International Scientific Conference Computer Science, International Scientific
Conference on Engineering, Technologies and Systems (TechSys2025)).One of the papers is

single authored by the applicant and the others are co-authored with his scientific
supervisors. All publications are written in English. The publications are made in the period
2022—2025 and cover the topics of the presented dissertation reflecting the main achieved

results and contributions. Six of the papers are indexed in Scopus. Two of the publications
have a total of 5 citations by foreign author, two of them are in papers indexed in Scopus.

8. Utilization of the dissertation's results and contributions in scientific and social practice
The research results and the contributions of the dissertation are used in the fulfilment of a
research projects funded by the National Science Fund of the Ministry of Education in
Bulgaria as well as in the National Scientific Program "Young Scientists and Postdoctoral
Students-2" funded by the Ministry of Education and Science.

I consider the practical value of the research as based on the possibility of practical
application of the developed models of a smart electrical substation and virtual agent-
electricians. On the basis of the results obtained in the thesis, real applied products can be

developed and implemented to improve the risk analysis at work in an electrical substation
or an object of the medium- and/or high-voltage power system, to increase the situational
awareness of personnel as well as to make organizational decisions regarding the
construction and operation of electrical objects and facilities.
I also consider the results obtained as useful for both researchers, PhD students and
undergraduates in research and training in the scientific field under consideration.
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9. Assessment of the compliance of dissertation's autoreferat with the requirements for its
preparation as well as its accurate presentation of the dissertation's content and
contributions
The dissertation's autoreferat corresponds to the dissertation thesis — correctly and
accurately reflects the dissertation aims and objectives, the content by chapters and the
research contributions achieved. The autoreferat is prepared and formatted in accordance
with the requirements and I consider that it presents the essential features of the
dissertation reflecting in an adequate volume and in a correct manner its content.

10. Comments, recommendations and remarks
The comments I made on the version of the thesis submitted for preliminary discussion in

the department are taken into account and are reflected in the submitted thesis. I only have
a technical remark to the dissertation regarding the complete and accurate bibliographic
description of the references using a uniform style.

The dissertation presented for a review reveals a large amount of research studies carried
out, demonstrates the author's excellent research comprehension on the addressed
scientific problems, reveals the thoroughness of the research carried out and provides an
opportunity for its further development and practical utilization. I would recommend the

author to continue his research on the dissertation topic and to focus his efforts towards the

implementation of the developed algorithms and models in practice in order to achieve
direct applied results.

I have the following questions for the PhD student:

1. What are the main challenges in integrating the proposed models of intelligent virtual
agents in real power systems?
2. Is it possible to adapt the developed models of intelligent virtual agents to other critical
infrastructures and what modifications would be needed?

11. Conclusion
Based on the above said I consider the dissertation presented for review in the procedure
for awarding the "Doctor of Philosophy" degree as fully corresponding to and fulfilling all the
requirements of the Act on the Academic Staff Development in Republic of Bulgaria and the
Regulations governing the application of the Act as well as the Regulations for the

application of the Act in the Technical University of Sofia. The dissertation topic falls in a
relevant scientific field subject to intensive research studies. The author fulfilled the

dissertation goals and the objectives. The results obtained contain scientific and applied
contributions that are significant for both science and practice and are achieved by the
applicant himself. The contributions of the dissertation are published in scientific papers that
are adequately disseminated and made available to the international scientific community
through presentation and publication in research conference proceedings.

Therefore I am convinced of my positive assessment of the dissertation presented and
propose to the honourable members of the Scientific Jury MSc. Eng Velyo Enev Vasilev to be
awarded a "Doctor of Philosophy" degree in the professional field 5.3 "Communication and
Computer Engineering", scientific specialty "Artificial Intelligence Systems".

Y Hugepcumern.
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