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BT»pxy AHCePTaUHOHeH erpya 3a npHA06HBaHe I-la 06pa30BarreJIHa H Hayt1Ha en 'AOKTOP'

ABTOP Ha nucep«raUHOHHHH •rpyu: Mar. HH>K. BeJ1b0 EneB Bac e

TeMa Ha AVICePTaUHOHHHflTpyzx: „HOBVI aarOP11TMW 11 MOLIeJIH 3a pa60Ta lla vy3
B PUCKOBa cpena"

npo(beCHOHaJIH0 HanpaBneHHe 5.3 „KOMYHHKaUVIOHHaH KOMMOT%PHa TeXHHKa"

Hay-IHa ClleUHUIHOCT: „CHCTeMV1C H3KYCTBeH HHTeJ1eKT"

PeueH3eHT: A-p IVIHJ1ena HHKOJ10Ba MHJ1eBa-KapoBa

AHcePTaUVIOHHHflTerpya e B YBOÅ, qe•rnpn rnaBH, 3aKJuoqeHHe, CHHCbK C IIPHHOCU,
CIIHC%K C ny6JIHKaUHH HO TPYÄ, CITHCbK C CllHCbK C yqacTH51 B

Hayt1HO-H'3CJICAOBaTCJICKHHPOCKTH, 6H6nmorpacl)H51, CFIHCbK C churypu, CIIHC%K C Ta6JIHUH H
C Vi'3110J13BaHM CbKpauxeHH51 H TePMHHH. 06UIHflT 060M e 133 cupaHH11M, KaTO BKJ1tOCIBa 37 (burypvi
H I I Ta611HUH. CllHCbKbT Ha 143110J13BaHaTa nwreparrypa BKJIK)HBa 230 JlwreparrypHH Vi3TOCIHHKa, no-
1"OJ151Ma qacer OT THX ca OT VIOCJ1eAHMTe 10 1*O/IHHH.

AncePTaUHOHHHSIT"I-pya e 110CBeTCH Ha NreTOAH 3a npencTaBflHe H MOAennpaHe Ha 3HaHH}1 H

ajWOPHTNIH 3a B'3eN1aHe Ha pemeHH51, MeerOAH 3a iMaUIHHHO 06yqeyme H H3110J1'3BaHeTO MM 3a
MOAenmpaHe Ha paUHOHaJIHO 110BeneHue Ha MEITennreHTHH areHTH-acHCTeHTH B PHCKOBa cpeaa.

B [Ibl)Ba rnaBa e npeacTaBeE1 MHOFO aeTaMIJIH3mpaH aHaJIH3 Ha amopHTMwre 3a NIaUIHHHO
06yqeyme H ga BHprryaJIHa peaJIHOCT, H'3110J1'3BaHH B 06nacvra Ha eHepreTHKaTa.
Pa'31'J1enaHH ca MHOro noap06H0 ajWOPHTMH 3a MatLIHHHO 06YL1eHue'3a HacoqBaHe Ha eBaKyaLIH51 OT

onacHH cpeÅH H 11peA0TBpaT51BaHe Ha 110BpeÅH, 3a uporH0311paHe Ha rroxapm, 3a HarvmpaE1e Ela

CbBPervreHHVf pemeHH51 Ha 1]P06J1eNIH 1€aTO: cupawme C BbrnePOAHH eMHCHH, paxxuoaKTHBHH
OT11aÅbUH, ycKop}1BaHe Ha HaMHpaHeT0 Ha HOBH eneMeHTH 3a 5111peH0 ropHB0, 3a AHeneK1'PHUH H

npyru. HampaBeH e aHaJIH'3 3a IBLIOJ1'3BaHe Ha anrOPHTNIH OT MaL11HHHOTO 06yqeHne B npoeKTV1 '3a

BHPTyaJIHa peaJIHocrr. I-IanpaBeHH ca 3 06CTOMHH H3BOAH, CB'bP'3aHH C pa60ma B PHCKOBa cpena H B

qaCTHOCT B 06nacna Ha eHepreTHKarra, He06XOAHMOCTTa OT Bhp-ryaneH vryrreJIHrewreH areHT '3a

KOMYHHKaUH51, cnezxeHe H peaKLIH% aBaPV1üHHCHTyaUHH. (bopMynupaHH ca ueJIHTe H 3aaaLIHTe
Ha AVICePTaUHOHHV151 •rpya.

BTopa rnaBa e 110CBe•reHa Ha MOAeJ11dPaHe Ha 110BeneHHCTO Ha Bupryauehl areHT B cnyqavi Ha
PHCKOBa CHTyaUHfl BBB BHPTyaJIHa eneKTpmqecKa TIOACTaHUHfl. OCHOBHVITe al<UeHTH ca HacoqeHH

KbM npocKTHpaHe Ha 110BeÅeHIRTO Ha 0TKprrra pa'3npeÅeJIHTeJIHa ypeA6a C AHHaMHLIHO
Bb'3HHKBaLUH aBapMH H npoBe>KÅt1He Ha 06XOÅ. MoneJIHpaH0 e 110BeneHHeero Ha
HHTeJIHreH-reH BHPTyaJ1eH arerrr B PHCKOBa cwryauvlfl CMflHa Ha 1_teJIH H HPHOPHTeTH. C
110MOLUTa Ha BVIPTyaJ1eH aBaTap, ynpaBJ1%Bt1H OT HOTPe6HTeJ1%, e CHMYJIHPaHO H'3BbPUIBt1HeTO Ha
PYTHHeH 06XOÅ Ha eneKTpuqecKa IIOACTZIHUH%. 11p0BeneH0 e eM11HPHHHO
11130YHBaHe, C orpaHHqeH 6poN1 HOTpe6HTeJIH, KoeTO 110Ka'3Ba ernxHarra VIOJIO)KHTeJIHa Harnaca VI

rOTOBHOCT aa H3110J13BaT 06yqaBt11U I-IH-reJIV1reHTeH areHT-acHCTeHT, 6a'3mpaH Ha 110JR3HOCT B

PHCKOBa cpena.

TpeTa rnaBa npencraB51 xmeTOÅH H cpencTBa 3a tuar1THBH0 110BeneHHe Ha HHTeJ1ureHTeH areHT
eBaycyaL_1Hfl. MHoro nonp06H0 e 011HcaHa Ha Q-learning anropwr%l'vva, I-lapeqeH

Intensity of Characteristic Q-learning (InCh Q-learning), KOMTO e anrOPHTbM 3a 06yqeHHe CbC

CTVIMYJIHPaHe 3a OTKPHBaHe Ha Hari-KPaT%KH CbLUeBpeMeHHO Hai-6e'30naceH 11bT '3a

11pennoxeH0 e KaCKaAHO IBF10J13BaHe Ha ABe HeBPOHHH MPOKH, KOHTO 6bP30 H ed)eKTHBHO

HaMHPaT HaM-f10AXOA511UH5111J1aH '3a eBa1€yaLIHfl BBB 13peÅHa pa60THa cpena. FIPOBeÅeFIHTe



eKC11ePVIMeHTH C npmnaraE1e-ro Ela aJIVOPHT%M 3a eBaycyauHH, K0iiT0 V13YIOJ13Ba

110Ka3BaT HeroBHTe npeAVIMCTBa Ilocmral-le•ro I-la anallTHBHO 110BeneHH H

HHTeJIHreHTHH areHTH B PHCKOBa cpeÅa. FlonyqeHH ca Ta6JIHUH C VI CTaBflHe Ha

ercnepmuewranul,vre ca Har11YAReH1r1 0606111eH1,T IÆRROJIH

LleTBbPTa rnaBa e nocBe-reHa Ha rvroaenupai-le H H3CJ1eABaHe Ha e(beKTHBHOCTTa Ha BHP
areHTH B cueHapHH 3a PHCKOBa cpena. MonennpaHH ca 06yqaBaL11H cpeÄM 3a 06yqeHue Ha Monen
BHPTyaneH APOH 3a raceHe I-la noxap, BHPTyaneH areHT B ponxra I-la eneKTpovrwjKeHep,. HarrpaBeH e

06CToeH aHaJIH3 Ha ed)eKTHBHocvra Ha HHTeJIHreHTHHH BHPTyaJ1eH aCHCTe1-1T B PHCKOBa cpeaa.
Hpenc•raBeH e 0606111eH MPOKOB MOAen, KONITO al-KIJIH3npa ed)eKTHBHOCTTa Ha HHTemrreHTHHS1

BHPTyaneH aCHCTeHT. 3a uema ce H3HOJ13BaT HI-iAe1€cnpaHH MaTPHUH Ha npexoavne B Monenwre.
Ilpvl H3CJ1eAB{1HeTO Ha Monen I-la BHpTyaJ1eH eneKTpovmxeHep, KOMTO rrpH6Ba Aa M3BbP111H

crraCHTeJIHH onepaumvr pa3JIHHHH cueHapHH ga 06yqeHHe ce H3H0113BaT UIFOPHTMVITe 3a

ABJ160KO 06yqeHHe qpe3 CTHMYJIHPaHe SAC, PPO anropHTMwre 3a HMHT{IUHOHHO 06yqeHvre

GAIL H BC, r10AAT,pxaHH OT Unity ML-Agent HHcTpywreHTapHYMa. Pe3YJITaTHTe r10Ka3BaT, qe
me'3H anrOPHTMH ca ed)eKTHBHH H MO)Ke Aa ce H'3110J1'3Baer '3a petuaBaHe Ha peaJIHH 3anaLIH.
IIpeAJ10>KeHH ca qerrupn cueHapHfl '3a 111)0BOKAt1He Ha cuacwreJIHa omepauw, KOHTO ce 0THacY1' 3a

AOCTvrraHe Ha: crraTHLIHa B CTaTVfHHa H 6e30nacHa cpena; AVIHaNIHLIHa ueJ1 B CTaTVfHHa H

6e30nacHa cpeaa; ceraTHLIHa uen B cvraTHt-1Ha H onacna cpe;ua•, AHHaMHLIHa uen B AldHaMHLIHa H

onacHa cpena.

2. AKTY'dJIHOCT Ha npoöJ1eMa

AncePTaUHOHHH51Terpya e HacoqeH B H3KJ110LIVITeJIHO HOBa, aKTyaJIHa m AHHaMHLIHa 06J1aCT:
AHEHTaJIVi3aUH51 Ha ronmvra qacT OT HHAYCTpnaJIHHTe TeXHOJIOFVfH C VI'3110JT3BaHe Ha CbBPeMCHHH
cpeACTBa: H'3KYCTBeH HHTeneKT H KOI*HHTHBHH CHCTeMH, MUIIHHHO caM006yqeHne, AbJ160KO
06yqeHme, HeBPOHHH MpenjKH, aBTOHOMHH areHTH, CHMYJ1aUHH, 1106aBeE1a peaJIHocer, BHPTyaJIHa
peaJIHOCT. BCViLIKH Te ca MOACPHH, ed)eKTHBHV1, AHHEIMHLIHH, cerpaerernqecKH n OTKPHBaT HOBH
Bb3MOXHOCTH npen Hayl€aTa H Hayt1Hvrre H'3CJ1eAOBaTeJIH. AHCCPTaHT%T pa60TH B pewma
HH'rePÅHCU1ff1JIHHaPHa 06naCT, CBbP'3aHa C 1103HaHHH OT pa3JIHt11-1H 06J1aCTH Ha Hay'KaTa H

npaKTHKaTa. B AMCeprraUHOHHH51 TPYA ca Vi'3CJ1eABaHH H pa'3pa60TeHH MeTOAH H cpencTBa 3a

npencTaBflHe H MOAeJIHPaHe Ha 3HaHH% H aJWOPVITMH 3a B'3eMaHe Ha pemeHHfl, MeTOÅH 3a MaUIHHHO
06yqeHne M H"3HOJ13BaHeTO MM 3a MOJueJIHPaHe Ha pauHOHaJIH0 [10BeneHne Ha HHTenmreHTHVi
areHTH-aCHCTeHTH B eneKTpuqecKa 110ACTaHUH51, pa'31*J1exnaHa KaTO pucKOBa cpena.
IlpennoxeHHflT Monen Ela HHTeJ11,rreHTeH BHperyaJRE1 areHT 3a pa60Ta B PHCKOBa cpena pa60TH Ha
6a3ama Ha IIPHJIO>KCH H 110A06peH anopHYbM OT Ma111HHHOTO 06yqeHme BBB BHprryaJ1eH Monen Ha
peaJIHa enercrrpmqecyca 1104CTaHUH51.

HaBJIH3aHeTO Ha H'3KYCTBeHH51 HHTeJICKT B npoe1crmpaHeT0 Ha HOBH MOÅCJIH HHTennreHTHV1
areHTH, 3aeAH0 c npeAHMCTBama Ha BHPrryaJIHaTa cpcaa aaBaT Bb3MOXHOCTH 3a MoneJIMpaHe Ha
UeHHOCTHa cucrreMa Ha 06yqaBaL11H% ce areHT, marca qe na ynpaBJ1f1Ba HaqHE1a, 110 KOMITO nocerura
UeJIHTe CH H aa CMCHfl npHOPHTeTHTe Cld HC06XOÅHMOCT. Cb3AaBa ce Bb'3MO)KHOCT 3a COUHWIHO
061.11YBEIHeMOKAY' areHTa H 110Tpe6HTeJIHTe. MoraT ua ce pa3pa60THT mrrennreHTHH
3a 06yqeHne H peaKUHH Ha cueUHaJIHCTH B PHCKOBH cpeAH. VI'3rpaxzxaHeT0 Ha VIHTeJ1nreHT11Vi
TpeH&KOPH, C MHOI'O n06pa ed)eKTHBHOCT e HallbJIHO OCbueCTBHMO Ha 6a3aTa Ha nonyqeHHTe
pe3Y11TaTH OT V13r10J13BaHeero Ha peaJIHCTVIHHH51 06yqaBaLL1 ce HHTeJIHreHTeH areHT.

JIHTepaTypH11H Ma•repnaJ1.

B I-laCT051LUH51 AHcePTaUHOHHHH erpya e HanpaBeH 110Ap06eH JIHTepaerypeH 0630P Ha 1'OJ151M

Ha60p OT J11rrepaTypHH H3TOHHHUH. Pa3rnexuaer ce CbCTO%HIRTO H AOCTH>Kemwra Ha
CbBPeMeHHHTe CHCTeMH, 6a3npaHH Ha MeTOAHTe 3a NIUUHHHO 06yqewe ga MOAeJIHPaHe Ha
paUViOHaJIHO r10BeueHHe Ha HEITeJmreHTH1d areHTH-aCHCTeHTH B PHCKOBaTa cpeaa Ha
eneKTPHqeC1€wre 110ACTaHUHH. Flpeanara ce aHaJIH3 Ha TeKY11A0T0 CbCTO%HHe H aK•ryaJIHocrra Ha
TervraTVIK'dTa. Pa3rne>KJ1€1Tce MeTOAV1 H aj1EOPHTMH 3a peaJIH3a1ÅH% Ha HWreJIHreHTeH 06yqaBatu ce



YHu8epc!JtDQD7
areHT-acncrreHT B pHCKOBa cpena. AKueHTvrpa ce BT.pxy 11poeKTHpa O IIDvrnaraE1e-r

anrOPHTMV1 3a Ma111HHHO 06yqeHvre Ha VIHTeJIV1reHTHH areHTV1-aCHCTeHT11 0

xapaKTePHCTHKH Ha aBap1dMHZITa cwrya11H51 VIJIH 6eÅCTBneTO. MHoro pe e aHaJIH3Hparr

npmnaram MoneJ11,r ldUTenmreUTH1d areHT1r1-ac1TTeHT1,1,

peaJIHOCT '3a 06yqeHHe Ha cnequaJIHCTH 3a pa60Ta B PHCKOBaTa cpeaa. ca
erccnepHMeHTH 3a oueHKa, BannaaUV1}1 H Ha ripe11J10xeHaera apxmeKTypa, Ha

anrOPHTMH 3a 06yqeHne H MOAeJIH Ha BVIPTyaJIHH VIHTenureHTHH areHTH-aCHCTeHTH B PHCKOBarra

cpeAa. Pæpa60TeHH ca CTaTHCTHqeCKH MeTOAH 3a 06pa60TKa n npencmaB%He Ha nonyqeHHTe
erccrrepuyreHTaJIHH aaHHH.

A06paTa HH-repnpeTa11Hfl Ha JIHTepaTypHHH Mamepuan, '3aÅbJ160qeHHflT aHaJIH3 H HanpaBeHHTe
H3BOAH B rnaBHTe Ha aucepmaUHOHHH% Tpya, J10Ka3Ba•r BHCOKa cTeneH Ha 1103HaBaHe Ha

CBCTOHHIRTO Ha rrp06neMa OT cTpaHa Ha AOKTOPaHTa. KaT0 pe3YJITaT ca aed)HHHpaHH uema Ela

APICePTaUHOHHV1% H KOHKPeTHHTe Hay-IHOH3CJ1eAOBaTeJICKH 3anat1H.

4. CbOTBeTCTBne I-la 11'36pa11aTa MeTOA1iK'a I-ra H'3CJ1eABaHe 11 noc-raBe1-rau•a ueJ1 H 3anaL11f

Ha AMCePTa1U101-1H11}1 TPYA
IlpeAcTaBeHHTe B AHCCPTauHOHHH51 erpya pe'3YJITaTH ca IIOJTYQHH 1363 OCHOBa Ha 3aÅbJ160qeH

TeopeermqeE1 aHaJIH3 Ha HOBH anrop1dTMM H MOAeJIH 3a 110BeÅCHme Ha HHTCJIHFCHTHH BHPTyaJIHH
06yqaBaL11H CC areHTH-aCHCTeHTH B PHCKOBa cpexxa. Pa'3pa60TBaHeT0 Ha peaJIHCTHqeH npoT0TH11 Ha
eneKTpnqecKa 110ACTaHUHH C W3HOJ13BaHe Ha BMpTyaJIHa peaJIHOCT H npunaraHOT0 H B

MOAenmpaHeero M LI'3cJ1eÅBaHeero Ha 110BeaeHHCT0 Ha HWrennreHTeH BHprryaJ1eH areHT B pucKOBa
cpezxa, pemaBa HarlbJIHO r10CTaBeHHTe B AHcePTaUHOHHH51 '3anaqm.

M'3cneJABaHeTOHa ecbeKTHBHOCTTaEla pa'3JIHLIHH am-OPVITMH 3a 06yqeHHe CbC CTHMY'JIHPaHe B

PHCKOBa cpeaa, na Beqe CbLUeCTBYBaLUH amopHTMH C uejl 110BHL11aBaHe Ha
T%XHama ed)eKTHBHOCT, npeAJ1araHeT0 Ha HOBH amopwrMH H MOÅCJIH 3a 06yqeHHe e pemaBaLL10 3a
ycnexa Ha i-lanpaBeHHTe V13CJ1eABaHH%. TIpHJ1araHeT0 Ha MamevraTViqeCKH anapaT Ha 0606LUeHHTe
MPOKOBH MonenH 3a H'3CJ1eABZIHe H aHaJIH3 Ha 110BeÅeHHeTO Ha HHTe111dreHTeH BMprryaJ1eH areHT-
aCHCTeHT B PHCKOBa cpezxa, Aopa'3BHBa ITOCTH>KeHVtyra B 06J1acvra Ha Monenwre H anopHTNIHTe 3a
r10BeAeHne Ha HHTenmreHTHH BHPTYUIHH 06yqaBaLLIH ce areHTH.

5. IIPHHOCLI no Alicepera1ÅH0HHaTa pa60Ta

IIPV1eMaMcl)opMYJ1vrpaHHTe OT aBTopa HPHHOCH, KOHTO ca 0606nxeHH B IIPHHOCH 110

AVICePTaUHOHHH51 H MoraT aa 6T,naT CHCTeMaTW3npaHH KaTO Hayc1HH, HayHHO-11PHJIO>KHH H

IIPHJIOXHH KaKTO CJ1eABa:

l.

l.

2.

3.

Hayqnu npunocu:
MpennoxeH e 0606LUCHO-MPC',KOBM0Aen 3a H'3CJ1eÅBaHe Ha ecbeKTHBHocvraH 110BeÅeHueT0
I-la ldHrreJ11,freHTeH areHT-acHCTeHT '3a pa60Ta B PHCKOBa cpena.

I-layqno-npuno.ycnu npuuocu:
FIpencTaBeHa e HOBa apxHTeKTypa Ha 06yqaBaL11 ce HHTennreHereH BHPTyaJ1eH areHT 3a
pa60Ta B PHCKOBa cpeÅa, 6a'3HpaH Ha 110R'3HOCT, KONITO CMeH% npnopmenrre CH C ueJ1 aa
06yqaBa HOTPe6vrreJIHTeKoraT0 e 6e'3011acH0 H na rn eBaKynpa H cuacn IIPH Bb3HHKBaHe Ha
aBapHY,
I'13cneÅBå1H0 e 110BeaeHHeTO Ida HHrreJIHreHTHH BHPTyaJIHH aCHCTeHTVi B PHCKOBa cpegaa 3a
AOKa'3BaHe Ha He06XOÅHMOCT Te ua MN,1aT POJIA, K051T0 HM ÅaBa COUHUIHa BJ1acer KaTO
JIHAepn; na 11131rre>Kt1BaT 11POCTpaHCTBeHH 3HaHH51, 3HaHHfl 3a H3110J13BaHeTO H HUIHLIHeTO Ha
11POTViB0110xaPHa eKHHHPOBKa, 3HaHH51 3a pa3BHTHeTO Ha 1)HCKOBaTa CHTyaUHff, aa HMaT
eMOUHH, upmopHTeTH H YMeHH% '3a COLUWIHO 06LUYBaHe•,
FIpeAJ10>KeH e aJ11*OPHYbM Intensity of Characteristic Q-learning algorithm (InCh Q-learning)
3a H&MHpaHe Ha 011THtvraJ1eH 3a eBaKyauv1% qpe'3 H'3r10J1'3BaHe Ha naHHH 3a
mrreH'3HBHOCT-ra Ha xapaKTepHCTHKHTeHa noxapa;



4.

5.

l.

VIpennoxeH e HOAXOA 3a nocTHraHe Ha anallTHBH0 110BeÅeEIHe Ha VIHTeJIV1reHTeH areHT B

PHCKOBa cpena qpeg 113K10J13BaHe I-va NIHONQCTBO 11J1aHOBe H JIBe HeBPOHHV1 MPOKVI, KOHTO

nonr10MaraT H360pa Ha KOHKPeTeH11J1aH•,

Hanpanell e anamn ecbeRT1,reuocwra 110ReneH1rrerro HHTenwreHTHV1ff BH TyaneH

areHT, 06yqeHH c a,WOPVITMH 3a 06yqeHvre CTHMYJIVfPaHe (SAC, PP

06yqeHHe C VfMHTaUHfl (BC, GAIL).

Ilpuno,ycnu npunocu:
TIpeAJIO>1€eHH ca TIPOTOTHFIH H 3D MOJICVIH Ha:

a. PeaJIH0 cmuecTBYBarua OTKPHTa pa3npeneJIHTeJIHa ypen6a.

i-UiXA

b. 06yqaBa111 ce Bl,rpTyaneH areHT-acuc-reHT, KOMTO MOH€e aa 06yqaBa HOTpe6HTeJIH B

pv1CKOBa cpeaa; aa CMeHV1 npuopHTeTHTe CH npu BT,3HHKBaHe Ha aBapu;r, na H311%JIHH

nocneAOBaTeJIHOCT OT nefiCTBH51 peaJIM3vrpaHeT0 Ha crracHTeJIHaonepauuq.

C. BupryaJIHa eneK"rpmqecKa 110ÅCTaHUH51 C AHHaMHCIHO Bb'3HVIKBaLUH aBapHH,
IIPHHHHCHVI OT MeTeop0J101'HLIHHTc YCJIOBHH.

110CTV11*HaT1dTe Hayt1HOH'3cneAOBaTCJICICM pe3YJITaTH ca aKTyaJIHH ld '3Hat1HM1d B HayqeH H

Hayt1H0-npmnoxeH acneKT H c ycnex MoraT na ce Vi'3r10J1'3BaT 3a 6bne1U1d Hayc1Ho-npaKTnqecKH
pa3pa60TKM.

6. OueHKa Ha creneHTa Ha JIHLIHO yqacerne Ha AORTOpa11era B 111)HHocvrre

CLIMTaM, He AOKTOPaHTbT B '3Hat1ViTeJIHa CTCIICH, H'3U%JIO e yqacTBaJ1 W3BbPL11BaHe Ha

OTAeJIHHTe errarm OT W3CJRABEIHH%Ta B AMCep-raUHOHHHH TpyÅ. ElpeÅcrraBemrre Hay-IHH, Hayt1H0-

IIPHJIOKHH H IIPHJIOKHH npvmocn ca JIVIt1HO aeJ10 Ha Mar. HHX. Bej1bO BacuneB, 11011 Hayt1HOTO H

MemonmqeCKO PbKOBOÅCTBO Ha neroBHTe Hayt1HH PbKOBonwre11H nou. A-p VIHX. AH1151HabynaK0Ba H

aou. A-p ViHX. CTaHVIMHP ÅOKa'3aTeJICTBO3a TOBa ca ny6JIHKaUmwre Ha AOKTOPaHTa H

yqacermerro B pa3JIHLIHH W3cneAOBameJTCKH npoeKTH.

110J1yqeHHTe OT aBTopa pe'3YJIT{1TH OT AHceprraUHOHHOTO H'3cneABaHe ca Ily6JIHKYBaHH B 9

Hayt1HH CTaTHH, OT KOHTO I caMOCTO%TeJIHa H ocrraHaJIHTe B CbaBTOPCTBO C Hayt1Hwre

P'bKOBOÅHTe11Vi. BCHLIKH ny6JIVIKaUHH ca VIHAeKCHPaHH B MOKAYHap0JIHa•ra BA Scopus. 6 OT

CTaTVIHTe ca AOKJ1aABaHH Ha MOKAYH{IPOAHH Hayt1HH KOH(bepeHLLH1d, HPOBeaeHH B bbJ1rapH51, 3-

CTaTHH ca AOKJ1aABaHH Ha MOKAYHaPOJLHHKOHCbepeHUHH B LIY>K6HHa.Ely6JIHKaUHHTeca HanpaBeHH
B nepnoaa 2023-2025 ronvma H 110KPHBaer TCN1aTH1€a"ra Ha 11peAcraBeHarra AHCCPTaUVIOHHa pa60Ta

KaT0 0Tpa'351Ba•r OCHOBHHTe HOCTH1'HaTH pe'3YJITaTH H IIPHHOCH. TIpeÅCTaBCHH ca ,uaHHVi 3a 2

UHTVtpaHH% Ha ny6JIHKaUHHTe no AHcePTaUHOHHH51 TPYÅ. B HaupaBeHa cupaBKa B MOKAYHap0AHarra
HHACKCHpaHa 6a3a Scopus ce BH>KAa, qe AOKTOPaHTbT HN1a ome 6 UHTHpaH1d% Bbpxy CBOH

ny6JIHKaUHH. XHPLII (barcropbT e 2. AOKTopaHTbT HMa yqacTue B 2 Hayr1HH npoeKTa C TeMaTHKa,

CBbP3aHa C TeiMaTa Ha AORTOPaHTCKH51 erpyn.

()qeHHBaM Ily6JIHKaUHOHHaTa neiHOCT Ha AOKTOPaHTa KaT0 OTJIHLIHa H cqvrraM, qe

pe3yxraerwre OT pa60TaTa 110 AVICePTaUHOHHH% ca CTaHaJIH B nocTaTbLIHa CTeneH AOCTO%HHe

Ha 6bnrapcKa-ra H Me-jKAYHap0AHarra Hayc1Ha 06LUHOCT. AOKa3a-reJICTB03a TOBa TBbPaeHHe ca
oceMTe UHTaTH B MOKÅYHap0ÅHa-rabÅ Scopus.

TIy6JIHKaUHHTe no AHceprraUHOHHHfl B KOJIHQCTBeHO H KaqeCTBeHO OTHOIIRHIR HarlbJIHO
YAOBJ1eTBOP%BaT Vi'3VICKBaHH51Ta 3a 11PHÅ06HBaHeHa 06pa30Bt1TeJIHa H I-layma CTe1RH „ÅOKTOP"

8. H3110J13Bane Ha 110J1yqe11HTe pe3YJITa-rn

He ca npeucrraBeHH naHHH (cepTHd)HKaTH, YAOCTOBepeHH%) 3a npawrmqecK0 BHeÄP%BcQHe Ha

110J1yqeHwre pe3YJrraTH OT HayHHHTe VI'3CJ1eÅBaHH51 H pa'3pa60TKH B AHcePTa1AHOHHHH TpY'A. IIpaBH
BLIeqarrneHHe pa3pa60TeHH51 0606LUeH MPOKOBH MOAeJ1 3a aHaJIH3 Ela ecbeKTHBHOCTTaHa



y Hueepcumo
VIHTenureHTHVIH BHIyryaneH areHT VI H3110J13BaHeTO Ha MaTeMaTHqeCICH anapa 4

MaTPVILIH. T0Ba JI',1Ba BB3MO>KHOCT ga no-ed)eKTHBHa oueHKa Ha VIOBeAeHueT8\Ha ciléfeWFä.wTo»q

Monce aa ce H3110J13Ba 3a noc-rm-aHe Ha axar1THBH0 110BeaeHHe Ha areHTa, na M e

natlM1-ra no IC01YfT0 TIOCT1dra uenwre CM aa crureuq npmopvrreT1r1Te HC06X01LViMO

Cb3AaBaT MHTenureHTHH 3a COUH&'IHO 061LIYBaHeMexay 110Tpe6HTeJIR H areHTa.

Cb3AaneHHHT Monen Ha peaJIHCTHHeH BHPTyaneH areHT H HOB1dTe MOAVICl)HUHpaHV1 anrOPHTMH 3a

06yqeHueT0 MY MoraT aa ce V13TIOJ13Barr 3a npoBe>KÅaHe Ha no-HaTaTb111HH H3CJ1eABaHH% C TIO-

CJIOHCH Monen Ha Tpey-laxop.

FIpaBH BneqaTJ1eHHe roneMH% 6poM1 H nqarpaMH, qpe3 KOHTO MHOFO TOMHO H RHO ca

BHAHMH Y-lanpaBeHHTe aHaJIH3H H 0606111eHH51BCJ1eACTBHe I-la npoBene1-1HTe el€cnepHMeHTH.

CLIHTZIM, qe Vi3CJ1eABaHH51Ta B AVICePTaUVIOHHHH H MOCTWHaTVITe pe3YJITaTH MoraT na ce
M3110J13BaT ycneL11H0 3a H3rpaxnaHe Ha MHOHCCTBO HHTennreHTHH BHPTyaJIHH areHTH, pa60Te111H

BBB BHpTya11HH cpem,l C PHCK, ICaKTO H TeXHOJIOFHHTe CB%P3aHH C THX: BHPTyaJIHa cpena,

anropHTMH OT MaUIUHHOTO 06yqeHue, IIOAXOAH 3a aaar1THBH0 110BeaeHHe Ha HHTeJ11dreHTeH

BHpryaJ1eH acucrreHT B PHCKOBa cpena H a;ua11THBH1d cerpaTe1*HH 3a eBaKyaUH%.

9. MHeHHf1, 3a6eJ1e>KK11 npe1101)bKH

AncePTaUHOHHH%T TPYA e cerapaTeJIH0 M TIPHJICXHO. BHAHO e BMCOKOTO HHBO Ha

KOMnemeHTHOCT Ha AOKTOPaHTa, Heromrre XbJ160KH 110'3HEIHH% B 06J1acrrra Ela: H anropHTMH
3a MaLUHHHO 06yqeHne '3a MoueJIHPt1He Ha pauMOE1aJIHO 110BeneHHe Ha HHTeJIV1reHTHH arCHTH-

acucrreHTH B PHCKOBarra cpcua•, H'3HOJ1'3BaHe Ha mprryaJIHa peaJIHocrr 3a 06yqeHHe Ha CileUHaJIHCTV1

3a pa60Ta B PHCKOBa cpena; HM11neMewrupaHeHa MOÅeJIWre Ha HHTCJIHreHTHH areHTH H oueH%Ba1-1e

Ha apxwreKTypH, amoPHTMH 3a 06yqeHme VI MoneJIH Ha BHpryaJIHH HHTenureHTH1å areHTH. B Te3H

aKTyaJIHH rreMaTHKH pa60T51T orpoMeH 6130MCBCTOBHH U'3cneAOBaTeJIH H HayLIHH KOJIeKTHBH.

AOKTopaHTbT e nocTnrHaJ1 110CTaBeHVfTe ueJIH H 3axxat1H B AHceperaUHOHHH51 H Ha TRXHa 6a3a e
(boprvrynmpaJ1 nocoqeHwre Hayt1HH, Hayt1HO-11PVIJIO>KHH H HPHJIOXHH IIPHHOCH. BCHLIKH

eKcnePHMeHTaJIHH pe3YJITaTH ca ny6JIHKYBaHH B MOKAYHaPOAHH KOHCbepeHUVIH H crmcaHH%.
POJ1%Ma qacT OT THX ca BHAVIMH H B MOKAYHap0AHarraHHneKC1dpaHa 6a'3a Scopus.

CqvrraM, qe AHcePTaUHOHHHHT •rpyn CBHne-reJICTBa 3a MHOFO Å06po 3a1103HaBaHe Ha aBTopa c

pa3rJ1e>KAt1HaTa 11peJIMeTHa 06naCT, npencTaB51 roll%M 6P01Y1H'3B1,pmeEIH Hayt1H0-npaKTHqecKH
H'3CJ1eABaHV151 H xxaBa Bb'3MOKHOCT 3a 6T,ne1UH pa'3pa60TKH B 06nacerra Ha HWrenureHTHHTe

BHPTyaJIHH areHTH, pa60rreL11H B PHCKOBa cpeAa.

KbM AHCCPTaUViOHHH}1 HMaM 2 penaKTOPCKH 3a6ene>KKm:

• B TCKCTa Ha AVICePTaUHOHHH51 TIOH%THUI'O „BHPTyaJIHa peaJIHoc•r" ce cpeuxa KaTO

CbKPaLUeHHe BP H VR. CHHTaM, qe •rpn6Ba xxace yeAHaKBH•,

W3HOJ1'3BaHVfTC H TCPMHHH B CllHcbKa Ha H3110113BaHV1 CbKpaLUeHH51 H rrePMHHH

TPfl6Baaa ca noapezxeHH no a36yqeH pea, 3a aa ce Haxmparr 110-61.1330.
IlpenopbKHTe MH KbM aBTopa Ha AHceprraUHOHHH% ca CJ1eÅHHTe:

na 11POAbJ1>KH I-lay-IHHTe CH H3CJ1eABaHVifl 110 TeMaTa Ha AVICepmaUHOHHH% Tpyn Karro rn
Hacot1H KBM pa3pa60TBaHe H Bilenp51BaHe Ha apyrld IIPHJIO'ACHH}I, CBbP3aHH C M3KYCTBeH
HHTeneKT H HHTenmreHTHH CHCTeMW,

na ny6JIHKYBa pe3YJITaTHTe OT npoBexueHHTe Hayt1HH H3cneÄBt1HHH B MOKAYHaPOÅHH
H3ÅaHVIH c Q paHr.

10. 3aKJ110qeHL1e

ÅncePTaUHOHHH%Trrpyn 0Tr0Bap% Ha H3HCKBaH11HTa Ha 3aKOHa '3a pa'3BVITHe lla aKaneM11LIHH51

CbCTaB B Peny6JIHKa bbJ1rapH%, IIpaBHJIHHKa 3a 11pHJ1araHe Ha 3a1<0Ha H CbOTBe"1'HHS1 IlpaBWIHHK Ha
TexHmqecKH51 YHHBePCHTeT — FIp0BeneHHTe Hayt1HH W3CJ1eÅBaHVIH ca B aKTyaJIHa 06J1aCT H

TpeTHpaT np06J1eMaTHKa, KOATO e 06eKT Ha 3acmneH H'3CJ1eÅOBaTeJICKH HHTepec. IlonyqeHHTe



pe'3YJITaTH CbÅ1,pxaT Hayt1HH, HayqHO-11PHJIO)KHH H HPHJIOXHH HPHHOCH, KOHTO ca
pa3npocTpaHeHH H HanpaBeHH AOCT051Hne Ha 3aHHTepecoBaHaTa Hay-ma 06LUHOCT ype3
ny6JIHKYBaHe-ro HM H npencrraBHHeT0HM Ha cneuuaJIH3vrpaHH Hayt-1HH (bopyMH H KOH(bepeHUHH.

I-IOCTVIEHaTnxe pe3YJITaxn B uncep•raUHOHHHH -rpyn MH zuaBaT OCHOBaHHe na npeÅJ10xa Ha

LIJIeHOBeTe Ha Hay-IH0T0 xypn aa 6T,ne upv1Å06HTa 06pa30BaTeJIHa Hayma CTeneH „ÅOKTOP" OT

Mar. Hi-I}K. Bej1b0 EHeB BacuneB B 06nacrr Ha BHcme 06pa30BaHHe 5. „TeXHHqeCKH HayKH",
VIPOd)eCHOHaJIHO HanpaBJ1eHHe 5.3. „KOMYHHKaUHOHHa H KOM1110TbPHa TeXHHKa", Hayt1Ha

CIEUIWIHOCT - „CmcereMHC H3KYCTBeH HHTeneKT".

30.08.2025

rp. BapHa

PeueH3eEIT.•

/IIPO(I). A-p MHJ1eHa KapoB
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1. General Characteristics of the Dissertation

0.

The dissertation is structured into an introduction, fi)ur chapters, a conclusion, a list of
contributions, a list of publications related to the dissertation, a list of citations, a list of
participations in research projects, a bibliography, a list of figures, a list of tables, and a glossary of

abbreviations and terms. The total length is 133 pages, including 37 figures and II tables. The
references comprise 230 sources. most ofwhich are from the last ten years.

The dissertation is dedicated to methods for knowledge representation and modeling, decision-
making algorithms, machine learning methods, and their application in the rational
behavior of intelligent assistant agents in risk-prone environments.

Chapter One presents a highly detailed analysis of machine learning algorithms and virtual
reality applications in the energy sector. It examines in depth algorithms used for evacuation

guidance in hazardous environinents, failure prevention, fire prediction, and for addressing modern
challenges such as carbon emissions, radioactive waste nvanagement, accelerating the discovery of
new nuclear fuel elements, dielectrics, and others. The chapter also analyzes the application of
machine learning algorithms in virtual reality projects. Three substantial conclusions are drawn
regarding operations in hazardous environments, particularly in the energy sector, emphasizing the
need for an intelligent virtual agent capable of communication, monitoring, and emergency
response. The objectives and research tasks of the dissertation are fornmlated.

Chapter Two is dedicated to modeling the behavior of a virtual agent in risky scenarios within a
virtual electrical substation. The main focus is on designing lhe behavior of an open switchyard
with dynamically occurring faults and routine inspection procedures. The behavior of an intelligent
virtual agent is modeled in scenarios requiring changes in goals and priorities. A user-controlled
avatar simulates routine preventive inspections in the substation. An empirical study with a limited
number of participants demonstrates their positive attitudes and willingness to use an intelligent
training assistant based on utility in hazardous environments.

Chapter Three presents methods and tools for adaptive agent behavior during evacuation. It
describes in detail a modification of the Q-learning algorithm. ternied Intensity of Characteristic Q-
learning (InCh Q-learning), which enables reinforcement learning for finding both the shonest and
the safest evacuation route. A cascading approach using two neural networks is proposed to rapidly
and effectively determine the most appropriate evacuation plan in hazardous workplaces.
Experiments with multi-plan evacuation algorithms confirm thc advantages of adaptive behavior in
training intelligent agents under risk. The chapter presents tables of experimental results and draws
summarized conclusions.

Chapter Four is focused on modeling and evaluating the effectiveness of virtual agents in
hazardous environment scenarios. Training environments were developed for simulating a virtual
drone for firefighting and a virtual agent in the role of an electrical engineer. A comprehensive
analysis of the intelligent assistant's efficiency is conducted, supported by a generalized network
model using indexed transition matrices. In the ease of the virtual electrical engineer, reinforcement
learning algorithms (SAC, PPO) and imitation learning algoHthms (GAIL, BC), implemented with
Unity ML-Agents, were applied. Results show that these algorithms are effective and applicable to

real-world tasks. Four rescue scenarios are proposed: reaching a static target in a static safe
environment;a dynamic target in a static safe environment; a static target in a static hazardous
environment; and a dynamic target in a dynamic hazardous environment



„hliF.kTPO-2. Relevance of the Research Problem

The dissertation addresses a highly contemporary and dynamic field: e ipitalizg!io
industrial technologies through advanced tools such as artificial intelligence and •itiyej

machine learning, deep learning, neural networks, autonomous agents, simulations, augmented
reality, and virtual reality. These technologies are modern, effective, strategically significant, and

open new opportunities for science and research. The doctoral candidate operates in a genuinely
interdisciplinary domain, combining knowledge from multiple scientific and practical areas.

The dissertation investigates and develops methods and tools for knowledge representation and
modeling, decision-making algorithms, machine learning methods, and their application to

modeling the rational behavior of intelligent assistant agents in an electrical substation considered
as a hazardous environment. The proposed model of an intelligent virtual agent relies on an
improved machine learning algorithm applied to a virtual model of a real electrical substation.

The integration of artificial intelligence into the design of intelligent agents, combined with the
benefits of virtual environments, enables the development of value systems for training agents—
guiding how they achieve their goals and adapt their priorities when necessary. It also allows social
interaction between the agent and users, supports the design of intelligent training interfaces, and
enables efficient intelligent simulators.

3. Degree of Familiarity "illi the Problem and Interpretation of Literature

The dissertation provides a comprehensive literature review, covering a wide range of sources.
It discusses the state-of-the-art in machine learning systems for modeling the rational behavior of
assistant agents in hazardous environments, particularly electrical substations. The review analyzes

current developments, methods, and algorithms for implementing intelligent training agents in risky
contexts. Special attention is given to the design and application ofmachine learning algorithms for
agents that account for different emergency scenarios or disaster characteristics.

The work demonstrates strong analytical skills in interpreting virtual intelligent assistant
models applied in virtual reality for training specialists in hazardous environments. Experiments

were conducted for evaluation, validation, and verification of the proposed architecture, learning
algorithms, and virtual agent models. Statistical methods were applied for processing and presenting

experimental data.
The well-structured review, in-depth analysis, and conclusions in the dissertation reflect the

doctoral candidate's strong knowledge of the state of the problem. As a result, the research
objectives and specific scientific tasks are clearly defined.

4. Consistency of Research Methodology with Goals and Objectives

The results presented in the dissertation are derived from rigorous theoretical analysis of new
algorithms and behavioral models for intelligent virtual training agents in hazardous environments.
The development of a realistic virtual prototype of an electrical substation and its application in
modeling and analyzing agent behavior directly address the dissertation's research tasks.

The study of different reinforcement learning algorithms, the modification of existing
algorithms for improved efficiency, and the proposal of new approaches were critical to achieving
the research goals. The use of generalized network models and mathematical tools for analyzing
intelligent virtual agent behavior extends the current achievements in agent modeling and learning
algorithms.

5. Contributions of the Dissertation

The contributions formulated by the author can be categorized as scientific, applied-scientific,
and practical, as follows:

Scientific Contributions

l. A generalized network model is proposed for analyzing the efficiency and behavior of
intelligent assistant agents in hazardous environments.

Applied-Scientific Contributions



Y H uaepcurnern
1. A new architecture is presented for a utility-based intelligent virtual

shift priorities—training users when safe, and evacuating or rescuing them in e

2. The behavior of intelligent virtual agents in hazardous environment s

demonstrating the necessity for agents to assume leadership roles, possess spa
knowledge or firefighting equipment, and awareness or risk dynamics, as well as social
communication skills, priorities, and emotions.

3. A novel algorithm, Intensity of Characteristic Q-learning (InCh Q-learning), is proposed for
finding optimal evacuation routes based on fire intensity data.

4. A new approach is proposed for achieving adaptive agent behavior in hazardous

environments through multi-plan strategies supported by two neural networks.
5. An analysis is conducted of reinforcement learning algorithms (SAC, PPO) and imitation

learning algorithms (BC, GAIL) in training intelligent agents, highlighting their effectiveness.
Practical Contributions

1. Prototypes and 3D models have been developed, including:

a. A real-world open switchyard model.

b. A virtual training agent capable of teaching users, adapting priorities during
emergencies, and executing rescue procedures.

c. A virtual electrical substation with dynamically occurring failures caused by
meteorological conditions.

The research results are both scientifically significant and practically applicable, with potential
for future development.

6. . Degree ofDoctoral Candidate's Contribution

The doctoral candidate has actively participated in all stages of the research presented in the
dissertation. The contributions—scientific, applied-scientific, and practical—are original work by
eng. Velyo Vasilev, developed under the guidance of Assoc. Prof. Dilyana Budakova and Assoc.
Prof. Stanimir Stefanov. The candidate's publications and project participation provide evidence of
personal authorship

7. Evaluation ofPublications Related to the Dissertation
The candidate's research results have been published in 9 scientific papers (1 single-authored

and the rest co-authored with supervisors). All are indexed in Scopus. Six papers were presented at

international conferences in Bulgaria, and three at conferences abroad. Publications were made
between 2023—2025, reflecting the main achievements of the dissertation.

Two of the publications have already been cited. Additionally, Scopus indexing shows six more
citations of the candidate's other works. The candidate has a Hirsch index of 2 and has participated
in two research projects relevant to the dissertation topic.

The publication record is excellent, ensuring that the dissertation's contributions are visible to

both the Bulgarian and international research communities
The publications on the dissertation in quantitative and qualitative terms fully satisfy the

requirements for obtaining the educational and scientific degree "Doctor".

8. Utilization of Results

No certificates of industrial implementation are provided. However, the generalized network
model and mathematical framework with indexed matrices developed in the dissertation
significantly enhance the evaluation of agent behavior. These can be used to achieve adaptive

behavior, goal management, and dynamic priority shifts.
The models and algorithms proposed may serve as a foundation for future research, including

the development of advanced intelligent training simulators. The dissertation is notable for its
extensive use of graphs and diagrams, which clearly and effectively illustrate experimental findings.



I believe that the research in the dissertation and the achieved results can be successfully used
to build multiple intelligent virtual agents working in risky virtual environments, as well as the

technologies related to them: virtual environment, machine learning algorithms, approaches for
adaptive behavior of an intelligent virtual assistant in a risky environment, and adaptive evacuation
strategies.

9. Opinions, remarks and recommendations

The dissertation is carefully prepared, reflecting the candidate's high level of competence in:
• Machine learning methods and algorithms for modeling intelligent agent behavior in

hazardous environments;
• The application of virtual reality for training specialists in such contexts;
• Implementing and evaluating agent architectures, algorithms, and models.
Minor editorial remarks:
• The term virtual reality appears both as "BP" and "VR" in the dissertation—this should be

standardized.
• Abbreviations and terms in the List of abbreviations should be alphabetically ordered.
Recommendations:
• The author should continue research by extending applications of artificial intelligence and

intelligent systems.

• Research results should be published in international Q-rankedjournals.
10. Conclusion

The dissertation fully complies with the requirements of the Law on the Development of the
Academic Staff in the Republic of Bulgaria, its regulations, and the rules of the Technical
University of Sofia. The research addresses an important and highly relevant problem of strong
scientific and practical interest.

The results contain scientific, applied-scientific, and practical contributions, which have been
disseminated through publications and presentations at international forums. Based on these
achievements, I propose that eng. Velyo Enev Vasilev be awarded the educational and scientific
degree "Doctor" in the field of Higher Education 5: "Technical Sciences", professional field 5.3:
"Communication and Computer Engineering," with a specialization in "Artificial Intelligence
Systems".

30.08.2025
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