PEUEH3UA

BbpPXy AnCepTaunoHeH TpyAa 3a npuaobuBaHe Ha obpa3oBaTenHa u
Hay4yHa cTeneH ,,aokrop”

ABTOP Ha p[JuUCepPTaUMOHHUA TpyA: Mar. WHX. KoHcTaHTuH Jlio6omMupos
OumuTtpos

Tema Ha awvcepTauvoHHWs Tpya: MopenupaHe W w3criefBaHe 4pes BUPTYarHO
NPOTOTUNUPaHE Ha BUCOKOCKOPOCTHU AMHAMWYHU NpoLecu

PeueHseHT: gou. A-p vHX. BaneHTnH AtaHacoe AtaHacos, JITY — Codus, kateapa
+AbpBoobpaboTealym MalWwnHK®, onpeaeneH 3a YneH Ha Hay4yHOTO Xypw cbe 3anoseg Ne:
OX-5.1-21 o1 17.02.2026 r. oT PekTopa Ha TY — Codus

1. AKTyanHocT Ha pa3paboTBaHus B AUCEepPTaLMOHHUA Tpya npobnemM B Hay4yHO
W HAY4YHOMNPUITOXHO OTHOLWEHUE

AKTyanHocTTa Ha pasrnexgaHusa B AucepTaunoHHus Tpya npobnem ce onpenens oT
HapacTBaljaTta HeobXoQUMOCT OT U3cnenBaHe U aHanu3 Ha BUCOKOCKOPOCTHU OUHAMUYHM
npouecun, XxapakrepHn 3a CbBpeMeHHUTE UHXEeHEePHW CUCTEMU N TEeXHONOrnn. nplfl TakmBa
npouecun AIBNeHUsTa NpoTudaT B U3KMNIYUTENHO KPaTKu BPEMEBU UHTEpBanu U 4YecTo ca
CbrposogeHnn CbC CroXHu AOunHaMU4YHWU 3aBUCUMMOCTU, KOETO 3aTtpyaHABa TAXHOTO
eKkcnepumeHTanHo wuscnegsaHe. B TO3W  KOHTEKCT METOAWTE Ha BUPTYarHOTO
NPOTOTUNMPAHE MPEAOCTaBAT eMeKTMBEH WHCTPYMEHT 3a Cb3gaBaHe Ha afekBaTHU
MOZEeNu U 3a [eTauneH aHanus Ha NnoBegeHNeTo Ha CUCTEMUTE NMPU PasnuYHU YCIroBUA Ha
HaToBapBaHe W ekcnnoartaums. [lpunaraHeTo Ha nogobeH noaxod cbaencTsa 3a
HamansBaHe Ha HeobxoAMMOCTTa OT MHOrobpoMHM U CKBMOCTPYyBaWM PUINHECKU
eKCNEPUMEHTU, CbKpallaBaHe Ha BPeMeTo 3a pa3paboTka W noBulaBaHe HageXaHocTTa
Ha UHXEHEPHWUTE peLLeHUs. ToBa onpefens AucepTauvoHHWA TPpyd KaTo akTyaneH, a
NONy4YeHUTEe pes3ynTati — KaTto 3Ha4YMMW KakKTo B HayyHO, Taka U B Hay4yHOMPUIOXHO
OTHOLWUIEeHWe.

2. CreneH Ha no3HaBaHe ChbLCTOAHWMETO Ha npobnema W TBOpuecka
MHTEepnpeTauusa Ha NnuTepaTypHUA Mmarepuan

CrteneHTa Ha nNO3HaBaHe Ha CBLCTOAHMETO Ha pasrnexgaHus npo6neM oT
LAOKTOpaHTa MoXe fa 6bae oueHeHa kaTo BUCOKa. ToBa ce NoTBbpKAasa OT U3roTBEHUSA
nurtepatypeH o63op, konTo obxBalla 123 U3TOYHMKA, OT KOUTO 2 Ha Dbnrapcku esuk u
121 Ha aHrmWUCKM e3unk. BxnoyeHuTe mMaTepuann ca akTyanlHa W oTpasssar
CbBpeMEHHOTO pasBuTUeEe Ha W3cnegsaHuATa B obnactra Ha MoaenupaHeTo w
BUPTYanHOTO  npoToTunupaHe. [onbnHUTENHO  [okasaTencrso 3a  fobpara
OCBEAOMEHOCT Ha aBTopa ca nybnukyBaHUTe HayyHW TpyAoBe MO Temartukara Ha
avceprauuaTa, B KOUTO AOKTOPaHTBLT y4acTBa KaTto CbaBTOp, KOETO CBUAETENCcTBa 3a
3apbnbo4eHo no3HasaHe W TBOpPYECKa WHTepnpeTauvsa Ha pasrnexgaHua HaydeH



npobnem.

Hesasucumo oT nonoxurenHaTa oueHka cregsa ga ce oTbenexu, Ye CnUCHLKBLT Ha
u3nonseaHara nurepatypa Oum moren ga Obhge CTPYKTYpupaH ¥ OOPMEH MO-SICHO.,
Cb0oOpasHO YTBbPAEHUTE U3NCKBAHWA NPW NPEACTABSHE Ha HayuYHW Tpyaose.

B nuTepatypHOTO npoyyBaHe AOKTOPaHTLT M3BBLPLIBA 33abLNOOYEH aHanU3 Ha
BWCOKOCKOPOCTHATE AUHAMWYHW MPOLIECH, KaTO pasrmexga TAXHOTO CUMYNaLUOHHO
MOAEvpaHe, CblyecTByBaluMTe CTaHAAPTW W MPUNOXEHUETO UM B UHAYCTPUATA.
AHanusnpa CbCTOAHMETO Ha U3CNeaBaHUATa B 06n1acTTa Ha BUPTYarHoTo npoToTUnupaHe,
BKNIOYWTENHO noaxoauTe 3a BanvpgupaHe u BepuduUMpaHe, KakTo M CbBpPEMEHHWUTE
NporpamMHn CpefcTsa v WMHCTPYMEHTW 3a MogenvpaHe Ha Tesu npouecn. B kpas Ha
nbpBaTa rnasa aBTopbT PopMynMpa M3Boamn, Ha 6asaTta Ha KOUTO OLEHSBA HepeLLeHNUTe
I 4acT4HO pelsern npobnemu n obocHosasa LienTa v 3agadvTe Ha HacTOALMS TPYA,.

3. CboTBeTCTBME Ha n3bpaHaTa MeTOAMKA Ha U3CneABaHe C NOCTaBeHaTa Len u
3agavyu Ha AUCEpPTaLMOHHKA TPYL

Llenta Ha gucepTauvoHHus Tpyg € Aa ce cbagage paboTewy noaxon 3a Mogenvpaxe
W n3cnefsaHe Ha BUCOKOCKOPOCTHN AUHAMUYHMN NPOLIECH Ypes NPoBeXaaHe Ha UHKEeHEPHW
aHanuan ¢ nanonssaHe Ha BanuavipaHu BUpTyarnHu npototunu. Taka opMynupaxaTa Len
e nornyeckn obocHoBaHa v NPOU3TUYE OT HanNpaBeHWTe WU3BOAM B NUTEpPaTypHUs 0630p,
KaToO NOCTaBeHWUTe 3aja4yn ca Haco4YeHN KbM HEAHOTO NocneagoBaTenHo peanvanpate.

3a NOCTUraHeTo W AOKTOPaHTBLT paspaboTBa MeTOAOMOrUA, KOSTO 06XBalla KaKTo
W3rpaXXAaHeTo Ha BUPTyanHu nNpOTOTUMNKM 3a MNPOBEXAAHE Ha YUCNEHU WHXKEHEPHU
aHanuvsn, Taka un mMerogonorusa 3sa eKCnepumMmeHTanHn U3annTeaHMAa C uen sanugauusa Ha
nonyvyeHute pesyntatu. [lpeactaBeHa e nocnegoBaTenHoCcT 3a Cb3gaBaHe Ha
us4ucnuTeneH Mopen, BkMo4ysalla AeduHUpaHe Ha reoMeTpusTa, U3bop Ha YUcneHu
METoaMW, 3ajaBaHe Ha rpaHUYHW YCNOBWUA W HATOBApPBaHWA, KaKTO W aHanuis Ha
ANHaMWYHOTO noBedeHWe MNPV BUCOKOCKOPOCTHW Bb3AeicTBMA. TO3W MNogxoh ocurypsiea
cucTeMmaTMyHa M BBL3NPOU3BOAMMA OCHOBa 3a M3rpaxiaaHe Ha BUPTYanHu npoToTUMnM,
N3NON3BaeMn KaTto MHCTPYMEHT 3a WHXEHEePHW aHanwau.

PaspaboTeHa e v METOLOMOrMA 3a NPoBeXaaHe Ha eKcrnepuMeHTanHU u3cnenBaHus
Ha PU3NYECKN MPOTOTUNW MPW BMCOKOCKOPOCTHW AMHAMMW4YHW npouecu. PasrnenaHu ca
U3MEepBaTENTHUTE METOAM, HaYUHWUTE 3a perncTpupaHe Ha KMHemMaTUYHUTE napameTpu u
noaxoguTe 3a OUeHKa, KOeTo Mo3BOMsABa CbMOCTaBAHE HA EeKCrNepuMeHTanHuTe W
yucneHute pesyntatu. 1o To3n HauuH ce ocurypsiea Heobxoaumara sBepudukaumsi u
Banuaaunsa Ha BUPTyanHUTe NpoTOTUNWN U Ce rapaHTupa AOCTOBEPHOCTTA HA U3BBLPLLEHUTE

MHXXEHEPHW aHannsun.
Cuutam, ve npegnoXeHarta MeToAonorna e B CbOTBETCTBUE C nocraseHara uen v

3afjlaum Ha pguceptauumoHHus Tpyd. KoMOBuHupaHuaT nogxod, BKMOYBALL, YUCNEHO
MoaenupaHe U ekcnepumeHTanHa Banugauuns, cb3gasa HeobxoaumMuTe npeanocTasky 3a
paspaborBaHe Ha paboTew| v HagexaeH Noaxod 3a w3cregBaHe Ha BUCOKOCKOPOCTHM
AVHaMWYHKU NpoLecu Ype3 BanvaupaHu BUPTYarnHu NpoToTUnw.

4. Kpatka aHanMTU4yHa XapaKTepucTMKa Ha €ecTecTBOTO M OUeHKa Ha
OOCTOBEPHOCTTa Ha Marepuana, BbPXy KOWTO ce rpagfT MpUHOCUTEe Ha
AUCEepPTaLUMOHHUA TPYA

OVcepTauNoHHWAT TPYA CbAbpXKa YBOA, LWECT rnaBv, OCHOBHW W3BOAW, MPWHOCH,
CMUCBLK CbC CBbP3aHW C Hero nybnukauwmn, CrNMCbK Ha OCHOBHUTE CbKPAaLUEeHWUs |
nanonssaHata nutepartypa. O6wuAT o6em Ha Tpyga e 204 ctpaHuuun. C Len no-necHoTo



Bb3NPMEMAHE Ha M3NOoXeHWeTo ca BKoYeHn 54 durypy v 5 tabnuum, KouTo noanomarat
NoO-ACHOTO NpeACTaBAHE Ha pe3ynTaTuTe.

YBOABLT Ha AWNCEPTALMOHHUA TPya He e 060coBeH KaTo camocTosTenHa yacT, a e
BKIKOYEH B NbpBaTa rnaea, o3arnaeeHa ,JlutepartypHo npoyusaHe’. B Hes ca npeacTaseHu
obwu ceefeHVss 33 BUCOKOCKOPOCTHWUTE AMHAMUYHM npouecn, aHanuauvpaHu ca
Bb3MOXHOCTUTE 3a TAXHOTO CUMYNAUWOHHO MOZENMPaHe W UHAOYCTPUANHOTO WM
NPWNOXEHNE, KaKTo W noaxoaute 3a BepudVKauWA W Banuaauus Ha BUPTYanHWTe
npoToTuUnuW. Pasrnefanu ca cbLyo NporpamMHUTE CpeacTBa, M3Non3saHu 3a MoaenupaHe Ha
uscnenBaHuTe npouecn. Hai-CbLUECTBEH NPUHOC B CbAbPXKATENHO OTHOWEHWE Wuma
4acCTra, noceeTeHa Ha aHanu3a Ha CbllecTByBawuTe u3cnegBaHus B obnactra Ha
BUPTYyanHOTO NPOTOTUNNPaHE Ha BUCOKOCKOPOCTHU SUHAMUYHU NPOLECH.

MbpBaTta rnasa e cpasHWTENnHO oBemHa v No moe MHeHue 6 mMorna ga 6bae
npeacTaBeHa B No-COUT M KOHUEHTPUpPaH BuA,.

Bbe BTOpa rnasa e dopmynupaHa KoHuenuus 3a MoadenvpaHe u uscnegsaHe Ha
BMCOKOCKOPOCTHM AAMHaMWYHN NpOLIECK Ype3 BUPTyanHo npoTtoTunupaHe. MpeacraseHa e
pamka, obxealyala W3rpaxaaHeTo Ha W3YWCNWTENEeH Moden, nsbopa Ha meTog 3a
YNCNEHO pelleHne u npouenypuTe 3a Bepudukauuma u Banupaumws. PasrnepnaHu ca
OCHOBHWTE W3NCKBAHUA NpuU AeduHUpaHe Ha reoMeTpusiTa, MarepuanHuTe Moaenu,
rPaHNYHUTE YCNOBUS W HACTPOWKUTE Ha aHanu3a, Kakto W pakTopuTe, BIUSELWM BbpPXY
TOYHOCTTa U JOCTOBEPHOCTTA Ha pe3ynraTuTe.

B Tpeta u 4etBbpTa rnaea e paspaboTeHa METOOONOrMS 3a MOAEnupaHe W
nscnefsaHe Ha BUCOKOCKOPOCTHU ANHAMWYHKW NPoLecH Ype3 BUPTYanHO NpoToTUNMpPaHe U
eKkcnepumeHTanHu wnacneasanus. lNpepcraseHa e nocnegoBaTeNnHOCT 3a uarpaxaaHe Ha
n3sucnuteneH mogern, HasvpaH Ha BupTyaneH NPOTOTWM, U NPOBEXOaHe Ha YUCNeHU
WHXXEHEPHW aHanu3un, ocurypssailla cuctemaTmyHa U Bb3npou3BoanMa OCHOBA 3a OLUEeHKa
Ha NoOBEAEHUETO Ha KOHCTPYKLMK NPU BUCOKOCKOPOCTHU Bb3aencTaus. MNapanenHo ¢ Toea
e paspaboteHa MeTodOnOrMS 3a NPOBEXAaHe Ha eKCrepuMeHTanHu W3NUTBaHWUA Ha
(busnyeckn MpoToTUNK, KOATO rMO3BOMsIBA Nony4aBaHe Ha 0OeKkTMBHa WMHAOpMaUWs 3a
peanHoTo noseaeHue Ha uscneasaHuTe obekTu U cb3aasBa NpeanocTaBkU 3a Banuaauus
Ha BupTyanHuTe mogenw. Mo To3an HayvH ce ocurypsiBa Bpb3ka Mexgy 4YWUCNEHOTO
MoaenvpaHe U ekcnepumeHTanHuTe pesynrtatu. Cuurtam obaue, ye no-noruyHo 6u 6uno
ABeTe rnasu Aa 6vaar obeanHeHn B eqHa obua, noceeTeHa Ha UANocTHaTa MeToAonorms
Ha U3cneaBsaHeTo.

B nocnepgHuTte gBe rmasu e pasrnegaHa Banupauusita Ha BUPTYanHWTE MpoTOTUMMK
Ype3 eKCNepuMeHTanHn wu3cneABaHWsA, KaTo Ce OueHABa CbOTBETCTBUETO Mexay
YuCNEeHMA Moden W peanHoTo noBegeHne Ha obpasuute. [lpunoxeHweto e
AEMOHCTpUpaHo Ype3 aHanua Ha ceoBogHO nagaHe Ha GaTtepueH MOAYN 3a eNeKTPU4Yecko
NPeBO3HO CPeACTBO, KaTO AVMHAMUYHUTE BL3QENCTBUA cnegeat ctaHaapTm ISO 16750-3 v
UN/ECE-R100, pasiwimnpeHn ¢ ONbNHUTENHW CUEHapun 3a HayvHa OLeHKa, OCUTypsiBanku

HaZexaHa OCHOBa 3a BepuduKaLMs Ha mogenure.
B 3saknwdenne ca o0000wWeHn OCHOBHWTE W3BOAM OT OTAEeNnHWTe rnasu Ha

OucepTaumMsaTa, CUHTE3NPalku pesynTtaTuTe W NOCTMKEHUATAa Ha MpoBefeHoTo
uacnepsaHe.

5. Hay4yHu w/unu Hay4yHONPUINOXHU NPUHOCU Ha AUCEPTALUOHHUA TPYA

OucepTtaHTbT Mar. uHX. KoHcTanTuUH JlioboMupoB [UMUTPOB npeTeHaupa 3a Tpu
HaY4YHO-NMPUNOXHU U NeT NPpUnoXXHu npuHoca:



Hay4Ho-npunoxHu npuHocu:

1 Paspabotena e meToponorus 3a nposexaaHe Ha eKCnepuMeHTarnHu
W3CNEABAHNA OTHOCHO MOBEAEHMETO Ha (WU3MHEeCKN NPOTOTUMM MPU BUCOKOCKOPOCTHM
AVWHaMWYHU npoLecu.

2. PaspaboteHa e meTofonorva 3a uarpaxaaHe Ha M3YUCIUTENEH Mogen 3a
M3BBPLUIBAHE HAa WHXEHePHW aHanusn Ha BMCOKOCKOPOCTHWM AWHAMWYHM NPOLECU Ha
6aszata Ha BupTyaneH npoTtoTun.

3. PaspaboTteH e wHTerpupaH nogxop 3a BanuavpaHe W uM3cnegBaHe Ha
BACOKOCKOPOCTHU AMHAMUYHK NpoLieck, KOMTO CbYeTaBa METOAONOrMUTE 33 BUPTYarHO
NpoTOTUNMPaHEe U eKCnepuMeHTanHn n3cneaBaHna Ypes AopassBuThe Ha MeToaa ,YepHa —
6sna KyTna“ B eauHHa noruyecka CTpykTypa.

MpunoxHu npuHocu:

i PaspaboteHata MmeTofonorMAa € npunoXeHa YcnewHo npun peanHu
SKCNepPUMEHTaNHN U3NNTBaHUA OT TN cBOGOAHO NagaHe, BKMIOYUTENHO BbPXY OMPOCTEHW
PeepeHTHN 06eKTU 1 BLPXY U3MYECKU NPOTOTMN Ha BaTepueH MoAyYn 3a eneKTPUHECKO
NPEeBO3HO CPEACTBO.

2. Vi3rotBeHn ca nNpakTU4EeCKW HACOKM 3a nnaHWpaHe W npoBexnaHe Ha
EKCNepUMEHTaNHNn  U3NUTBAHUA NPW  BUCOKOCKOPOCTHU AWHaMUYHU Bb34EVCTBUS,
OTHUATaLLN OrpaHWYeHUsATa, CBBLP3aHW C pPaspyLUMTENHUS XapakTep Ha TecToBeTe,
orpaHu4eHns 6poin NPOTOTUNK U cNeunMdUKITE Ha M3MepBaTenHaTa TEXHUKA.

3. AHanuaupaHo € BIUAHWETO Ha EeKCrepuMeHTanHaTa TexXHUKa BbpXY
BBL3NPOU3IBOAUMOCTTa Ha pes3yntaTute, Kato ca uaeHTuduumpanu daktopu, BrvseLm
BbpPXYy OpPUEHTauuATa W KUHEeMaTukaTta Ha nagawute Tena, Ha YUATO OCHOBa ca
dbopMynMpaHn npenopbku 3a nopobpsiBaHe Ha TOYHOCTTA MPU WU3NUTBAHUA OT TWN
csobogHo napaxe.

4. “Ypes npunaraHeTo Ha BanugupaH BUpTyareH NpoTOTWN Ca OCbLLUECTBEHM
NOTBBLPAUTENHA U ONTUMUIALIMOHHN TECTOBE Ha MHOBATUBHO usgenve — GatepueH Moayn
3a eNeKTpUYecKn NPeBo3HN CPeACcTBa.

o: NsBnedeHn ca nonsw 3a pgertavnHarta paspabotka v ontuMusauus Ha
Au3alHa Ha usgenvero batepueH Moayn B CbOTBETCTBUE C Mogena ,uepHa-6ana kytus".

6. OueHka 3a cTeneHTa Ha NMYHOTO y4yacTue Ha AUCepPTaHTa B NPUHOCUTE

He nosHaBam nNW4HO gucepTaHTa, HO cnej 3ano3HaBaHe C AUCEPTaLUVOHHUA TPYyA,
aBTopedeparta v npeacTaBeHUTe nybnukauum cynuTam, Ye MMam JOoCTaTbyHO OCHOBaHWA
fa npuwema, ye OpMynUMpaHUTE MPUHOCK ca pe3ynTaT OT HEeroBOTO NWUYHO Yy4acTue.
HaunHbT Ha npepctassHe Ha paspaboTkaTa v ChAbpXalUTe ce B HeA pe3ynTaTh AaBaT
OCHOBaHWe fa ce cyMTa, Ye [OKTOPAHTBLT € MMan OCHOBHA POSA NpU peanusnpaHeTo Ha
W3CrneABaHETO MoA PbKOBOACTBOTO Ha HayYHWUTE MY PbKOBOAUTENN.

7. NpeueHka Ha nybnukauMuTe NO AUCEPTALUMOHHMA TpyAa: GpoM, xapakTep Ha
M3LaHNUATa, B KOUTO ca oTnevyaraHu

Mo AucepTauvoHHWA Tpya [AOKTOPAHTBT € nNpeacTaBun uYeTtvpu nybnukaumm,
pedepupaHn U UHAEKCMPaHN B CBETOBHOMU3BECTHU 0a3sun faHHM C HayyHa MHMOopMaLus.
Tpu ot TAX ca B cOopHUUM OT KOHcepeHUUU, a egHa — B HaAy4yHO CrUcaHue.
MuHuManHuaT nsnckyem Bpoi ToukM 3a npuaobusaHe Ha obpasoBaTenHaTta U Hay4yHa
cTeneH ,A0KTop", CkrnacHo 3akoHa 3a pasBUTUE Ha akafemMu4yHus cbetas B Penybnuka
Benrapusa v MNpasBunHuka 3a ycnoBusTa v peaa 3a npuaobueaHe Ha Hay4YHW CTeneHu B



TY — Codhua (obnact Ha Bucle obpasosaHve 5. TexHu4ecku HayKku, npodecuoHanHo
HanpasneHne 9.1. MawuHHO uHxXeHepcTBo), € 30. CymapHWsT 6poil ToukM oOT
npeacTaseHuTe nybnukauum no aucepTtaunoHHus Tpya e 41,33,
[MybnukaumuTe ca Ha [0OPO HayyYHO HUBO M OTPA3SBAT CLLLECTBEHU MOMEHTU OT
ANCEPTALMOHHMA TPyA, KOETO crnomara 3a ycnewHaTa My anpobauus.

8. WsnonsBaHe Ha pesynTtaTuTe OT AMCEPTALMOHHWA TPYA B Hay4yHata M
coumarniHaTa npakTuka

Pesyntatute oT gucepTauLMOHHUA TPya AOMPUHACAT 3a Pa3BUTUETO Ha nogxoau 3a
MoAenupaHe U uscrnefBaHe Ha BUCOKOCKOPOCTHU AUHAMWHHM MPOLECH YPEe3 M3NOoNn3sBaHe
Ha BanuaupaHu BUPTyanHu npoToTunu. Te moraT aa 6bAAT NPUMOXKeHU B UHXeHepHaTa
npakTuka npu paspaboTBaHe W oOuUEHKA Ha KOHCTPYKUWW, MOAMOXEHW Ha YAapHU W
AVMHAMW4HW HaTOBapBaHWsA, KaTo NoAMnomaraT OonNTUMU3ALMATA Ha M3AENWUA OLE Ha eTan
npoekTupane. lMonyyeHnTte pesynTatin MoraT ga ce W3Non3sart v B y4ebHUA Npouec npu
NOAroToBKaTa Ha CTYAGHTU OT MHXEHEePHU CheuuarnHocTh, CBbp3aHW C BUPTYanHo
NMPOTOTUNMUPAHE N YUCTIEHO MOAennpaHe.

9. OueHka Ha cvoTBeTCcTEBMETO Ha aBTopedhepaTa ¢ U3IUCKBAHUATA 3a
N3roOTBAHETO MY, KaKTO WM Ha ageKBaTHOCTTa Ha OoTpa3siBaHeé Ha OCHOBHMUTE
MONOXEeHUA U NPUHOCUTE Ha AUCEPTaLMOHHUA TPYA

ABTOpedepaTtsbT e ¢ 06em 30 CTPaHULIM W € U3rOTBEH ChIMACHO W3UCKBAHUSTA Ha TY
— Codoma. Toi npeactaes B 0600LWeEH BUAL CTPYKTypaTa, CbAbPXAHUETO W OCHOBHUTE
NPUHOCK Ha AUCepPTaLUNOHHUS TPYA.

10. MHeHuUs, npenopbku U 6enexku

Kato usano Hamam culyectBenn 3abenexku, ¢ Kouto aa ocnopsam nocTurHaTure
NPUHOCK Ha AOKTOPaHTa. Bbnpeku TOBa LWe CU No3Bons fAa otbenexa HAKou HabnwaasaHu oT
MEH MpOomnyCcKu:

- B TexkcTa Ha aucepTaumaTa ca AONYCHaTU TEXHUYECKU rPEeLLKW, KaTo HanpuMep HETOUHU
HOMepa Ha urypu n Tabnuum:;

- YacT ot curypute 1 Tabnuuute He ca CnOMeHaTV B TeKcTa:

- Mpw HAKOU hOpMyNK HE ca NOCOYEHN pasMepHOCTU Ha U3NON3BaHNUTe napameTpu,

- b morno GposAT Ha rnasute fa 6bae peayuupaH ypea obeAuHSIBaHE HA TEMaTWUYHO
Onu3kn pasgenu;

- CnucekbT Ha w3nonseaHarta nuTepatypa He € OQOPMeH HanbfHO CbrhacHo
BubnuorpadcknTe N3ncKBaHUS.

MocoyeHnTe 3abenexkn He ca OT TakbB XapaKTep W 3Ha4YMMOCT, Ye Aa MPOMEHSAT 06LWoTo
MW NOMOXWUTENHO BrneYartneHne 3a AucepTaunoHHusa Tpyd. Te umaT NpeanuMHO pefakLUOHEH U

ocdopMUTENCKM Xapaktep 1 Guxa mornu ga Gbaart oTcTpaHeHn npu Gbaewm paspaboTku Ha
LOKTOpaHTa.

11. 3aknioyeHue ¢ SCHA MNONOXWUTENHa WNKU oOTpULATeNHA OUEHKa Ha
AWNCepPTaLUNOHHUA TPYA

B 3akntoueHwe cmsaTam, Ye npeacTtaBeHUAT MU 3a peleH3npaHe gucepTaunoHeH Tpya

Ha Tema ,MogenupaHe W uW3cneaBaHe 4Ype3 BUPTyanHO NpPOTOTUNUpaHe Ha
BMCOKOCKOPOCTHMU AUMHaMW4HWU npouecun”, paspaboteH oT Mar. wuHX. KoHcTaHTuH

loBomupos [OuMUTpoB, € W3rOTBEH MNPEeuns3HO C YMEHWE WM KOMMETEHTHOCT, TpeTtupa
aKkTyaneH npobnem u ca noCcTUrHaTM HeobXoaAUMWUTE HayYHOMPUMOXHU U MPUMOXHK
pesyntatu. C TOBa TOW OTroBaps HA U3NCKBAHUATA Ha 3akoHa 33 pasBuUTUe Ha



aKkaaeMn4HnA cbeTas Ha Penybnuka Bwnrapus, Ha MpaBurHuka 3a HEroBoTo NPUNoXeHne
W Ha [lpaBunHMKa 3a pega M ycrnoBusTa Ha npuaobueaHe Ha Hay4YHu cTeneHu B

TexHndyeckn yHuBepcuteT — Codus. ToBa MU [gaBa  OCHOBAHMeE Aa o0 oueHs
MNOJIOXWUTEJNTHO.

MoseonsiBam cv pfa npegnoxa Ha mnounTaemoTo HayyHo Xypu pna rnacysa
MONOXWUTENHO W [Oda npuUCLAM Ha mar. WHX. KoHcTaWTuH JlloGomupos [umuTpos
obpasoBaTenHa u Hay4yHa cTeneH ,A0KTOp" Nno Hay4Ha cneuwanHocTt ,ABTOMaTU3aLuA Ha
VHXEHepPHWA Tpyd W CUCTEMM 3a aBTOMAaTU3MPaHO MpoekTupaHe', B npodecuoHanHo
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1. Relevance of the problem developed in the thesis in scientific and scientific-
applied terms

The relevance of the problem addressed in the dissertation is determined by the
growing need to study and analyze high-speed dynamic processes typical of modern
engineering systems and technologies. In such processes, phenomena occur within
extremely short time intervals and are often accompanied by complex dynamic
relationships, which makes their experimental investigation difficult. In this context, virtual
prototyping methods provide an effective tool for creating adequate models and for detailed
analysis of system behavior under various loading and operating conditions. The
application of such an approach helps reduce the need for numerous and costly physical
experiments, shortens development time, and increases the reliability of engineering
solutions. This defines the dissertation as relevant, and the obtained results as significant
both scientifically and in terms of practical application.

2. Degree of knowledge of the state of the problem and the literature material
and creative interpretation of the literature used

The degree of familiarity with the current state of the problem demonstrated by the
PhD candidate can be assessed as high. This is confirmed by the prepared literature
review, which covers 123 sources, including 2 in Bulgarian and 121 in English. The
included materials are up to date and reflect the contemporary development of research
in the field of modeling and virtual prototyping. Additional evidence of the author’'s good
awareness is provided by the published scientific papers related to the dissertation topic,
in which the PhD candidate participates as a co-author, indicating an in-depth
understanding and creative interpretation of the scientific problem under consideration.
Despite this positive assessment, it should be noted that the list of references could
be structured and formatted more clearly in accordance with established requirements
for the presentation of scientific works.
In the literature review, the PhD candidate performs a thorough analysis of high-
speed dynamic processes, examining their simulation modeling, existing standards, and



their application in industry. The state of research in the field of virtual prototyping is
analyzed, including validation and verification approaches, as well as modern software
tools and instruments for modeling these processes. At the end of the first chapter, the
author formulates conclusions on the basis of which unresolved or partially resolved
problems are identified, and the aim and objectives of the present work are justified.

3. Compatibility of the chosen research methodology and the set purpose and
objectives with the achieved contributions of the PhD thesis

The aim of the dissertation is to develop a workable approach for modeling and
studying high-speed dynamic processes by conducting engineering analyses using
validated virtual prototypes. The formulated aim is logically justified and follows from the
conclusions drawn in the literature review, while the defined tasks are directed toward its
consistent implementation.

To achieve this aim, the PhD candidate develops a methodology that includes both
the creation of virtual prototypes for numerical engineering analyses and a methodology
for experimental testing intended to validate the obtained results. A sequence for
creating a computational model is presented, including definition of geometry, selection
of numerical methods, specification of boundary conditions and loads. as well as
analysis of dynamic behavior under high-speed impacts. This approach provides a
systematic and reproducible basis for building virtual prototypes that can be used as a
tool for engineering analyses.

A methodology for conducting experimental investigations of physical prototypes
under high-speed dynamic processes is also developed. Measurement methods,
approaches for recording kinematic parameters, and evaluation procedures are
discussed, allowing comparison between experimental and numerical results. In this
way, the necessary verification and validation of the virtual prototypes are ensured, and
the reliability of the performed engineering analyses is guaranteed.

| believe that the proposed methodology is consistent with the stated aim and
objectives of the dissertation. The combined approach, including numerical modeling and
experimental validation, creates the necessary prerequisites for developing a workable and
reliable approach for studying high-speed dynamic processes through validated virtual
prototypes.

4. Brief analytical description of the nature and assessment of the credibility of
the material on which the contributions of the PhD thesis are based

The dissertation consists of an introduction, six chapters, main conclusions,
contributions, a list of related publications, a list of main abbreviations, and references.
The total length of the work is 204 pages. To facilitate understanding, 54 figures and 5
tables are included, supporting a clearer presentation of the results.

The introduction is not presented as a separate section but is incorporated into the
first chapter entitled “Literature Review.” This chapter provides general information on
high-speed dynamic processes, analyzes the possibilities for their simulation modeling
and industrial applications, and discusses approaches for verification and validation of
virtual prototypes. Software tools used for modeling the studied processes are also
reviewed. The most significant contribution in terms of content is the part devoted to the
analysis of existing research in the field of virtual prototyping of high-speed dynamic

processes.
The introductory part is relatively extensive and, in my opinion, could be presented



in a more concise and focused form.

The second chapter formulates a concept for modeling and studying high-speed
dynamic processes through virtual prototyping. A framework is presented covering the
development of a computational model, the selection of numerical solution methods, and
the procedures for verification and validation. The main requirements for defining
geometry, material models, boundary conditions, and analysis settings are discussed,
along with factors influencing the accuracy and reliability of the results.

The third and fourth chapters develop a methodology for modeling and studying
high-speed dynamic processes through virtual prototyping and experimental research. A
sequence for building a computational model based on a virtual prototype and
performing numerical engineering analyses is presented. providing a systematic and
reproducible basis for evaluating the behavior of structures under high-speed impacts. In
parallel, a methodology for experimental testing of physical prototypes is developed,
allowing objective information to be obtained about the real behavior of the studied
objects and creating prerequisites for validation of the virtual models. In this way, a link
between numerical modeling and experimental results is established. However, | believe
that it would be more logical for these two chapters to be combined into a single chapter
devoted to the overall research methodology.

The last two chapters examine the validation of virtual prototypes through
experimental investigations, assessing the correspondence between the numerical
model and the actual behavior of the specimens. The application is demonstrated
through the analysis of the free fall of a battery module for an electric vehicle, with
dynamic impacts following ISO 16750-3 and UN/ECE-R100 standards, extended with
additional scenarios for scientific evaluation, thus providing a reliable basis for model

verification.
In the conclusion, the main findings from the individual chapters of the dissertation

are summarized, synthesizing the results and achievements of the conducted research.
5. Scientific and/or scientific-applied contributions of the dissertation

The PhD candidate, M.Sc. Eng. Konstantin Lyubomirov Dimitrov, claims 3
scientific-applied and 5 applied contributions:

Scientific-applied contributions:

1. A methodology has been developed for conducting experimental research to
study the behavior of physical prototypes under high-speed dynamic processes.
2. A methodology has been developed for building a computational model for

engineering analyses of high-speed dynamic processes based on a virtual prototype. '
3. An integrated approach for validation and investigation of high-speed dynamic

processes has been developed, combining the methodologies of virtual prototyping and
experimental research through further development of the “black-white box” method into
a unified logical structure.

Applied contributions:

1. The developed methodology has been successfully applied in real experimental
free-fall tests, including simplified reference objects and a physical prototype of a battery
module for an electric vehicle.

2. Practical guidelines have been prepared for planning and conducting
experimental tests under high-speed dynamic impacts, taking into account limitations



related to the destructive nature of the tests, the limited number of prototypes, and the
specifics of the measuring equipment.

3. The influence of experimental techniques on the reproducibility of results has
been analyzed, and factors affecting the orientation and kinematics of falling bodies have
been identified, on the basis of which recommendations for improving accuracy in free-
fall tests have been formulated.

4. By applying a validated virtual prototype, confirmatory and optimization tests of
an innovative product, namely a battery module for electric vehicles, have been carried
out.

5. Benefits have been derived for the detailed development and optimization of the
battery module design in accordance with the “black—white box” model.

6. Assessment of the degree of personal involvement of the PhD student in the
contributions

| do not personally know the PhD candidate, but after reviewing the dissertation, the
abstract, and the submitted publications, | believe there are sufficient grounds to accept
that the stated contributions are the result of his personal involvement. The manner in
which the work is presented and the results contained therein suggest that the PhD
candidate had a leading role in carrying out the research under the supervision of his
advisors.

7. Evaluation of dissertation publications

Four publications related to the dissertation have been presented by the PhD
candidate, indexed and abstracted in internationally recognized scientific databases. Three
of them are published in conference proceedings, and one in a scientific journal. The
minimum required number of points for obtaining the educational and scientific degree
“Doctor,” according to the Law on the Development of the Academic Staff in the Republic
of Bulgaria and the regulations of Technical University of Sofia (field of higher education 5.
Technical Sciences, professional field 5.1. Mechanical Engineering), is 30. The total
number of points from the presented publications related to the dissertation is 41.33.

The publications are of good scientific quality and reflect essential aspects of the
dissertation, which contributes to its successful dissemination and validation.

8. Using the results of the PhD thesis in scientific and social practice

The results of the dissertation contribute to the development of approaches for
modeling and studying high-speed dynamic processes through the use of validated virtual
prototypes. They can be applied in engineering practice in the development and evaluation
of structures subjected to impact and dynamic loads, supporting product optimization at the
design stage. The obtained results may also be used in the educational process for training
students in engineering disciplines related to virtual prototyping and numerical modeling.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and contributions

of the PhD thesis

The abstract is 30 pages long and has been prepared in accordance with the
requirements of the Technical University of Sofia. It presents in a concise form the
structure, content, and main contributions of the dissertation.



10. Opinions, recommendations and notes

Overall, | do not have any major comments that would challenge the contributions
achieved by the PhD candidate. However, | would like to note some shortcomings
observed:

- The dissertation text contains technical errors, such as incorrect numbering of
figures and tables;

- Some figures and tables are not mentioned in the text:

- In some formulas, the units of the parameters used are not specified;

- The number of chapters could be reduced by merging thematically related sections:

- The list of references is not fully formatted in accordance with bibliographic
requirements.

The above remarks are not of such nature or significance as to change my overall
positive impression of the dissertation. They are mainly editorial and formatting issues and
could be addressed in future work by the PhD candidate.

11. Conclusion with a clear positive or negative assessment of the dissertation
work

In conclusion, | believe that PhD thesis submitted for review on the topic “Modeling
and Research through Virtual Prototyping of High-Speed Dynamic Processes”, developed
by M.Sc. Eng. Konstantin Lyubomirov Dimitrov, has been prepared precisely with skill and
competence, treats an actual problem and the necessary scientific-applied and applied
results have been achieved. With this, its meets the requirements of the Law on the
Development of the Academic Staff of the Republic of Bulgaria, the Regulations for its
Application and the Regulations for the Order and Conditions of Acquiring Scientific
Degrees at the Technical University of Sofia. This gives me reason to evaluate it
POSITIVELY.

| take the opportunity of proposing to the honorable Scientific Jury to vote positively
and award M.Sc. Eng. Konstantin Lyubomirov Dimitrov educational and scientific degree
"Doctor" in scientific specialty "Automation of engineering work and systems for automated
design”, in professional field 5.1 Mechanical engineering, field of higher education 5.
Technical sciences.
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