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PEUEH3UA
BbPXY ANCepTaLuoHeH TpyL

BTOP Ha ANCEPTaUUOHHMA Tpya: mMar. uHX. KoHcTaHTuH Jlio6oMupos
AumuTtpos

Tema Ha aucepTaunoHHus Tpya: “MogenupaHe v uscneaBaHe Yypes
BUPTYyasniHoO NpoToTUNMpaHe Ha BUCOKOCKOPOCTHU AUHAMMUYHMU
npouecu”

PeLeH3eHT: gou. A-p uHx. Asop MetpoB CocpoHos

1. AKTyanHocT Ha pa3paboTBaHMA B AOUCEPTALUUOHHUA TpyA
npobnem B HayYyHO W Hay4YHOMNPWUIIOXHO OTHOWeEHue. CTeneH w
HMBa Ha akTyanHoctra Ha npobnemMa M KOHKpPeTHUTe 3aJauw,
paspaboTeHn B guceprauunTa

[ncepTaunoHHUAT Tpya € HacoyYeH KbM  U3cneaBaHe Ha
BMCOKOCKOPOCTHW AWHAMWYHM MPOLIECU, XapaKTEepHW 3a CbBPEMEHHMUTE
WHXXEHEPHW CUCTEMU, KOUTO NPOTUYAT B KPaTKN BPEMEBN UHTEPBANMN U Ce
OTNNYABAT CbC CMOXHU HENUHENHW 3aBUCUMOCTU, 3aTPYAHSBALLM
EKCNEepPUMEHTaNHNA WM aHanu3. B To3n KOHTeKCT BUPTYanHoOTO
NpoToTUNUpPaHe ce YTBbpXAaBa kKaTo edeKTUBEH WHCTPYMEHT 3a
narpakgaHe Ha ageKkBaTHW YUCMEHW MoJenu, HamanssaHe Ha
EKCNnepuMeHTanHnuTe pas3xoan W noBvllaBaHe HaeXxXaHoCcTrta Ha
VHXXEHEPHUTE PEeLLEHUS.

Temara e akTyanHa KakTo B Hay4eH, Taka 1 B NpunoxeH acnekT. LlenTa
Ha [JucepTauusiTa e paspaboTBaHe Ha WHTerpupaH noaxod 3a
MoAenupaHe W Mu3crneaBaHe Ha Te3W Mpouecn 4Ypes BanuaupaHu
BUPTYanHu npoOTOTMNW, KaToO € aHanuanpaHo W BIVSHWETO Ha
N3rpaXxgaHeTo Ha u3uucnuTeneH mogen OasvpaH Ha BuUpTyaned
npoToTUN, NNAaHNPaHEeTO U NpoBeXAaHeTOo Ha qmsmqecm eKCNnepuMeHTH,
KaKTO U aHanu3a Ha pesynraTuTte OT [ABaTa BUfa eKCrnepuMeHTU B euHHa
noruyecka pamka.

2. CteneH Ha no3HaBaHe CbCTOSAAHMETO Ha npobnema u TBOpYecka
MHTepnpeTauna Ha iuTepaTtypHUsA MmaTepuan
NMpeacraBeHnuTe martepuann CBbP3aHN C AUCEPTaAUMOHHUAT Tpyd,
A40OKa3BaT, 4e OOKTOopaHTa KoHCcTaHTHUH ,ﬂVIMVITpOB no3HaBa akKTyanHoToO
CbCTOsiHME Ha npobnema.



B AucepraunoHHuaT Tpya ca pasrnegaHm 123 nuTepaTypHu
W3TOYHWUUN, KaTo OT TAX 2 ca oT Gbnrapcku astopu u 121 ca or
qYyXXOEeCTPaHHMW.

W3BbpLUIEHWAT nperneg Ha nuTepaTypHuTe WU3TOYHULM B rnaea nbpB.a
€ C JocTaTb4eH Nno obem n obxBaT n e ageKkBaTHo aHanuaupaH, KoeTo e
OTpa3eHO B aprymMeHTupaHo npeacrtaBeHuTe uasoau. [1o3HaBaHeTo Ha
CbCTOAHMETO Ha npobnema u TBOpYeckaTa WHTepnpeTauus Ha
nUTepaTypHUAa mMaTtepuan ca B nogkpena Ha opMynupaHeTo Ha uenta
Ha guceprauunaTa 3a HeobxoanmocTTa oT paspaboTBaHe Ha WHTErpupaH
noaxon 3a mofenvpaHe u nscnensaHe Ha BUCOKOCKOPOCTHU AWHAMMUYHM
npoLecn 4Ypes ynucneHu aHanusn, 6asnpaHn Ha BanuaupaHu BUPTYarnHu
NPOTOTUNN.

3. CworBercTBMEe Ha w3bpaHaTa MeToaMKa Ha wu3cneagBaHe C
nocTaBeHara Liesl U 3a4a4M Ha AUCepPTaLMOHHUSA Tpya,

Bsemaiiku npeaBua HatpynaHute nosHaHuss B obnactra  Ha
AVCEPTALMOHHUAT TPYA, AOKTOPAHTLT apryMeHTUpaHo e ajanTupan
uscneposarternickata MeToauka KbM crneundukaTa Ha noctaBeHaTa uen u
3afauun 3a moaenvpaHe u ucneaBaHe Ha BUCOKOCKOPOCTHU ANHAMUYHM
Nnpouecu Ypes aHanuauW Npu U3NoN3BaHe Ha BanuaupaHu BUPTYanHM
NPOTOTUNMN.

N3bpaHata meToanka Ha wscnenBaHe € npaBwWnHoO nogbpaHa, Karto
CbLOTBETCTBA Ha NOCTaBeHWUTe Lien W 3afayn, KOeTo ce NoTBbpXaasa oT
nonyyeHute pesynrtatn. Pesyntatute nokassar paspaboreHa metoauka
3a BUMPTYaneH WHXeHepeH aHanu3 3a MoAennpaHe u uscnensaHe Ha
BMCOKOCKOPOCTHW AWHAMUYHW NPOLIECK Ype3 aHann3u nNpw U3non3saHe Ha
BanuaupaHu BupTyanHu npototunu. OUEHEeHO e BAUSIHMeTO OT
N3rpaxgaHeTo Ha usdncnuteneH mogen, usbopa Ha YyucreH mMeToq U u
cneundukuTe B eTanuTe Ha Bepudukaumsa n sanuaaums. PopmynupaHu
ca NpPUHUMNW U KPUTEPUM 33 OCUNYpsIBaHE Ha TOYHOCT, YCTOWYMBOCT W
¢hranyecka QOCTOBEPHOCT Ha cumynauunTe. CbLo Taka e aHanuanpaHo
BIIUSIHAETO Ha W3MepBaTeNnHUTE MeToAM M Ha eKcrnepuvMmeHTanHaTa
TexHuka. [lpegoctaBeHn ca npenopbku 3a npoBexgaHe Ha
eKCnepuMeHTU, KOUTO Aa OCUrypsABaT HaAEeXAHW AaHHW 3a Banudauus Ha
YUCTEHUTE MOAENMW.



4. KpaTka aHanuTMyHa xapakTepUcTUKa Ha eCTeCTBOTO M OLIeHKA Ha
AOCTOBEpPHOCTTa Ha MaTepuana, BbpPXYy KOWUTO ce rpagsT
NMPUHOCUTE Ha AUCEepPTaLMOHHUA TpyA

[ucepTaumoHHuaT Tpya e paspaboTteH B 6 rnasu ¢ 06em ot 204 cTpaHuumu

U Cbabpxa 54 curypu n 5 Tabnuuwm.

B nbpBa rnaea e n3BbplUEH aHanus Ha CbBPEeMEHHUTe n3cnegBaHus B

obrnactra Ha BUCOKOCKOPOCTHWUTE LUHAMUYHM MPOLIECH U BUPTYanHoTo

npototunupaHe. OBoOLUEHNn ca OCHOBHWTE OU3NYHM OCOBEHOCTM Ha
npouecute, MeToauTe 3a YWCNEeHO MoJenvpaHe U eKcrepumeHTanHa

Banupauus. YcrtaHoBeHa e nuncata Ha cuctemMatuaupaH noaxog 3a

Bannaauusa, KOeTo MOTUBMpa LienTa u 3agadnte Ha aguceprauusaTa.

BbB BTOpa rnasa e paspaboTeHa KOHLENTyasnHa pamka 3a MogenupaHe

Ypes BUpTyarnHo npotoTunupaHe, 6asmpaHa Ha TPU OCHOBHU enemeHTa:

u3rpakgaHe Ha  mMogen, u3bop Ha  uyucneH  meTtond M

Bepudukaumns/sanuaauns. PopMynupaHn ca NpUHLUMUNU U KPUTEPUM 3a

OocuUrypsiBaHe Ha TOYHOCT, YCTOMYMBOCT U PU3MYecka 4OCTOBEPHOCT Ha

cumynauuuTe.

B TpeTa rnasa e cb3gageHa METOL0NOMMSA 3a u3rpaxkaaHe Ha BUpTyareH

NPOTOTUN W npoBexaaHe Ha uyucneH aHanus. MetogonoruaTa e

anpobupaHa 4pes mogen Ha cBOOOAHO najaHe, KaTto e JokasaHa

Bb3MOXHOCTTA 3a nony4vyaBaHe Ha JOCTOBEPHU pesynTaTi, CbNnocTaBUMHU

C eKCNepuMeHTarnHu gaHHu.

B yetBbpTa rnasa e paspaboreHa MeTogonorus 3a nposexaaHe Ha

eKCNepuMeHTanHn wuacnegBaHna TMpPU BUCOKOCKOPOCTHU AWHaAMWUYHM

npouecu. AHanusmpaHu ca u3mepBaTeNIHUTE METOAWN W BIUAHUETO Ha
eKkcnepumeHTanHara TexHuka. [lposegeHu ca ekcnepumeHTu (cBoboaHo
nagaHe), KoUTO ocurypsBaT HageXxaHuW p[aHHW 3a Banujauus Ha

YUCrneHuTe Moaenu.

B neta rnasa e npeanoxeH wuHTerpupaH (xmbpuaeH) noaxon 3a

Banuaauvs, KoMOWHMpaL, YWCREeHW, eKCrnepuMeHTanHW U aHanuTUYHW

metoaun. [lokasaHo € [oOpo CbOTBETCTBME MeXay pesynraTute upes

u3nonspaHe Ha KoedUUUEHTA Ha BBL3CTAHOBABAHE KAaTO OCHOBEH

Banuaupal, napameTtbp. [loagxoabT  no3sBonsiBa  UTEPaTUBHO

YCbBbPLUEHCTBAHE Ha MOOENUTE.

B wecTta rnaBa e oueHeHa NpPUNOXUMOCTTA Ha paspaboTeHus noaxon

ypes peaneH nHxeHepeH obekT — baTtepueH moayn. MNposeaeH e yncnex

aHanu3 Ha ygapHO HaToBapBaHe W € noKasaHo, 4Ye BanuaupaHusT



BUPTYyaneH npoToTun Moxe Aa Ce U3nos3ea 3a pasLunMpeHn N3creasaHms,
ONTUMMN3aLIA U UHXXEHEPHWN OLIEHKW NPW peanHu yCroBus.

5. MNpuHocu Ha aucepTaunoHHusA Tpya

B pesyntat ot paspaboTkata no AuWcepTALMOHHUST Tpya ca

(hOpMynUpaHn 3 Hay4HO — MPUMOXHU U 5 NPUNOXKHY npuHoca.

1

5.1. Hayu4Ho-npunoxHu npuHocu
PaspaboTeHa e meTogonorus 3a npoeexaaHe Ha eKCrnepumMmeHTarnHu
U3CneaBaHns 3a wuscnefBaHe Ha MOBEAEHUETO Ha U3UYECKU
MPOTOTUNN NPN BUCOKOCKOPOCTHN ANHAMUYHW NPOLIECH.

. PaspaboteHa e meTogonorus 3a narpaxaaHe Ha 34UCIUTENeH Moaen

3a W3BbpLIBaHe Ha MHXXEeHEePHW aHanu3n Ha BUCOKOCKOPOCTHM
AVHaMW4HW npoueckn Ha BasaTta Ha BUpTyaneH npoToTunm.
PaspaboteH e nHTerpupaH nogxon 3a BanuaupaHe u uscneasaHe Ha
BUCOKOCKOPOCTHU  AWHAMWUYHW  npouecu, KOWTO  cbyeTaBa
METOA0NOornnTe 3a BUPTyanHO MPOTOTUMMPAHE U EeKCNepUMEeHTarHu
N3cneaBaHnsa Ypes Aopa3BuTUe Ha mMeTtoda ,vyepHa — bsina kytus“ B
efuHHa norn4yecka cTpykTypa.

5.2. TpunoXxHu npuHocwH

. PaspaboteHaTta meToponorus e npunoxeHa ycrewHo rnpu pearnHu

eKCnepuMeHTanHu U3nuTBaHMA OT Tun cBoOOAHO nagade,
BKITIOYNTENHO BBPXY OMPOCTEHU pedepeHTHNn obekTn U BbpXy
cpusmyeckn npotoTun Ha BaTepueH Moayn 3a enekTPUYECKO NPEeBO3HO
cpeacTso.

M3roTBeHn ca npakTU4eckn Hacoku 3a nnaHupaHe v NpoBexgaHe Ha
eKCNepMMEeHTanHn W3NUTBaHWA NPWU BWCOKOCKOPOCTHM AWHAMWYHK
Bb3[AEUCTBUA, OTYATALLW OrPaHUYEHUSTA, CBbP3aHu C paspyLUUTENHUS
Xapaktep Ha TecToBeTe, oOrpaHuyeHuss 6Opol npotoTUnu U
crneunduknTe Ha u3MepBaTenHaTa TexHuka.

: AHaI'IM3leaHO € BIIMAHMETO Ha EeKCNnepumMmeHTanHarta TeXHWKa BbpXy

BL3NPOU3BOAMMOCTTa Ha pesynTaTuTe, KaTo ca WAeHTUdUUMpaHu
dbakTopn, BNUAEWM BBLPXY OPUEHTaAUMATaA W KMHemaTukata Ha

nagawuTe Tena, Ha YMATO OCHOBA ca (hopMyNMpaHU NPEenopbLKK 3a
nopobpsiBaHe Ha TOYHOCTTA NPU U3NUTBAHWA OT TUM cBOBOAHO NagaHe.
Upes npunaraHeTo Ha BanugupaH BupTyaneH npoToTun ca

OCbWECTBEHN NOTBBLPAWUTENTHUM W ONTUMU3AUMOHHW TeCcToBE Ha
MHOBaTUBHO uU3genune — 6aTepMe|-| MOAYI 3a EJNIEKTPUYECKN NpeBOo3HNU

cpencTtBea.



5. U3BneyeHu ca nonsu 3a gertaitnHaTta paspaboTka n onTUMM3aUus Ha
AvsaiHa Ha usgenveto 6aTepueH Moayn B CbOTBETCTBUE C Moaena
,depHa-0sna kyTus",

6. OueHka 3a cTeneHTa Ha NMYHOTO yyacTHe Ha AnucepraHTa B
NPUHOCUTE

OT npefcraBeHuTe YeTupyn nybnukaumm, paspaboTeHn B CbaBTOPCTBO
No TemaTta Ha OUCepTauUMOHHWUA TPyA W FIMYHOTO MU Brne4yaTneHue oT
AOKTOpaHTa, CMATaM Ye NOCTUrHaTUTe Hay4YHU NPMHOCK ca B 3HAYUTENHa
CTeneH pe3ynrar oT fIMYHUSA NPUHOC Ha AucepTaHTa.

7. lNpeueHka Ha nybnukauuuTe NO AMCepPTaLMOHHMS TpyA: GpoW,
XapakTep Ha u3faHusita, B KOUTO ca oTnevyataHu. OTpaxeHue B
HaykaTa — u3nosiaBaHe W UMTUMpaHe OT OpyrM aBTOpPWU, B APYru
nadoparopum, CTpaHu v np.

ABTOpPLT e nybnukysan pesynTtaTuTe OT OWUCEPTALMOHHUA Tpya B 4
Bbpos nybnukauum — 3 oT TAX ca goknaaBaHW Ha CregHuTe Hay4HU
KOH(bepeHumnn: 13-Ta MexayHapogHa Hay4yHa koHdepeHums TECHSYS
2024 - wvHXeHepcTBO, TexHomoruu U cucremu” — [nosgue, ,14-Tu
HauvoHaneH KoHrpec no teopeTnyHa v NpunoxHa mexaHuka“ — Cogus,
»34-TN  MexXayHapodeH HayyeH CUMMO3MyM N0 METPOrnorus W
MEeTPONorM4Ho ocurypsisaHe” — Cosonon. Beuyku cratum ca pedepuparu
W nHOeKcupaHu B cBeToBHUTE 6a3n gaHHn SCOPUS/WoS.

[peacrasenuTe nybnukauum ca no Temarta Ha guceprauusita, kaTto ce
3abensssat n 2 uutupanHus. MocturHatuat Bpoi ot 41.33 Touku, npu
namckyem MuHumym ot 30, MM pgaBa OCHOBaHMe [a 3aknoya, ye
KONMYeCTBOTO Ha nybnukauuuTe e AocTaTbyHO 3a obpasoBaTenHara W
Hay4yHa cTeneH "AOKTOp" W NpeacTaBs B ronsiMa cTeneH nornyvyeHuTe
pesynrarTu.

8. Uanon3BaHe Ha pe3ynrarure OT [OUCEPTALUOHHUA Tpya B
Hay4yHaTa U couuanHara npaktuka. Hanuwyue Ha nocTurHar npsk
UKOHOMMYECKU eheKT n np. [JoKkyMeHTHU, Ha KOUTO ce ocHOBaBa
TBbPOEHUETO

MocTurHaTute B UCEpTaUUOHHUA TPYA pe3ynTaTt AaBaT Bb3MOXHOCT
3a aHanu3 Ha BUCOKOCKOPOCTHU OWHAMW4YHMW NPOLECU Ype3 BUPTYasHo
npoToTunupaHe. Pa3paboTeHUAT noaxopn € anpobupaH ycnewHo 4pes

NpaKTU4ecKkoTo My npunaraHe 3a uacnegBaHe Ha npouec Ha cBobogHo
nagaHe Ha 6artepueH moayn, KknNo4YoB TecT 3a Oe3onacHoctra Ha



CbBPEMEHHUTE enekTpoMobunu. Cuuwo Taka wu3scnegBaHusiTa e
HAMEDAT NpunoXeHue B Hay4vyHo-u3cnegosaTenckata W yyebhaTa
AeWHOCT Ha PakynTeTa No UHAYCTPUATHW TEXHOMOMMMN.

9. OueHka Ha CLOTBETCTBUETO Ha aBTOpedepaTa C U3UCKBAHUATA 33
U3roTBAHETO MY, KaKTO M Ha afleKBaTHOCTTa Ha OTpa3siBaHe Ha
OCHOBHMTE NMOSIOXKEHUSA U NPUHOCUTE Ha AUCEePTALUOHHUA TPy
ABTopedepateT € B obem oT 30 cTpaHuum u oTroBapsi Ha

U3UCKBaHUATa 3a ogpopMmiieHWe crpsiMo npasunata Ha TY-Codus u

OTpassBa NO CLLWECTBO CTPYKTypaTa, MO-CbLLECTBEHUTE MOMEHTU U

NMPUHOCUTE Ha JUCEPTaLMOHHUA TPy,

10. MHeHusn, npenopLKU U Genexku

HabniopaBar ce TexHuveckn n cTunosu 3abenexku, KOUTO He AaBaT
OCHOBaHWe 3a OocCnopBaHe Ha MpeAcTaBeHUTe HayYHOMPUMOXHUA W
NPUOXHN NPUHOCK B AucepTaunoHHaTa pabora.

Cuutam, ye gncepTaunoHHUAT Tpya e eaHa gobpa ocHoBa 3a ObAeLLo

NpobecnMoHanHo pasBUTUE Ha HayYHW W MPUNOXHM paspaboTky B
obnacTTa Ha uscnenBaHeTO Ha BUCOKOCKOPOCTHN AUHAMUYHU MPOLIECH.

11. 3aknwuyeHue

B pesyntar Ha 3anosHaBaHeTO MW C OUCEPTALMOHHUS Tpya W
MaTtepuanite no Hero, W3NbnHeHaTa obpasoBaTenHa uUen Ha
AOKTOpaHTypata W WU3NCKBaHWATA Ha 3akoHa 3a pasBUTUETO Ha
akagemMnyHua cbctaB B Penybnuka bubnrapus, [MpaBunHuka 3a
npunaraHeTo My u lNpaBunHuka 3a ycnosusTa u pega 3a npuagobusaHe Ha
Hay4yHu cteneHn B TY-Codusa, akTyanHocTTa W 3Ha4yuMMmocTTa Ha
MOCTUrHATUTE Hay4YHOMPUMOXHU W NPUNOXHW npuHocKu, ¢ ybepeHocT
AaBaM NonoXuTtesiHa oleHKa Ha gucepTalumoHHaTa pabora.

Ha Te3n ocHoBaHWA npepgnaram Ha Hay4HoTo XXypu, ga npucbam Ha
mar. uHX. KoHcTaHTuH Jllobomupoe [OumuTpoB obpasoBaTtenHarta u

Hay4Ha cTeneH ,40KTOp” no npodgecnoHanHo HanpasneHue 5.1 MaluuHHo
WH)XXEHepcTBO, Hay4yHa cneuuanHocT ,ABTOMaTU3aLUSA Ha UHXEHepHUs

TPYA W CUCTEMW 33 aBTOMATN3NPAHO NpoeKkTupaHe .

Hata: 14.04.2026 PELEH3EHT:
(oou. a-p nHx. A. CodpoHoB)
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of a dissertation
e obtaining of the educational and scientific degree "doctor"

Author of the dissertation: MSc. Eng. Konstantin Lyubomirov Dimitrov
Topic of the dissertation: “Modeling and Investigation through virtual
prototyping of high-speed dynamic processes ”

Reviewer: Assoc. Prof. Dr. Eng. Yavor Petrov Sofronov

1. Relevance of the problem developed in the dissertation in
scientific and applied scientific terms. Degree and levels of
relevance of the problem and specific tasks developed in the
dissertation

The dissertation focuses on the study of high-speed dynamic processes
characteristic of modern engineering systems, which occur over very short
time intervals and are characterized by complex nonlinear relationships
that hinder their experimental analysis. In this context, virtual prototyping
Is established as an effective tool for developing adequate numerical
models, reducing experimental costs, and increasing the reliability of
engineering solutions.

The topic is relevant both scientifically and practically. The aim of the
dissertation is to develop an integrated approach for modelling and
investigating these processes through validated virtual prototypes,
Including analysis of the development of computational models based on
virtual prototypes, the planning and execution of physical experiments, as
well as the analysis of results from both types of experiments within a
unified logical framework.

2. Degree of knowledge of the problem and creative interpretation
of the literary material

The presented materials related to the dissertation demonstrate that the
PhD candidate, Konstantin Dimitrov, is well acquainted with the current
state of the problem.

A total of 123 literature sources are reviewed in the dissertation, of which
2 are by Bulgarian authors and 121 are international.



The literature review conducted in Chapter One is sufficient in scope and
depth and has been appropriately analyzed, as reflected in the well-
justified conclusions. The understanding of the state of the problem,
combined with the creative interpretation of the literature, supports the
formulation of the dissertation’s objective—namely, the need to develop
an integrated approach for modeling and investigating high-speed
dynamic processes through numerical analyses based on validated virtual
prototypes.

3. Compliance of the chosen research methodology with the set goal
and tasks of the dissertation

Considering the accumulated knowledge in the field of the dissertation, the
PhD candidate has convincingly adapted the research methodology to the
specifics of the defined aim and tasks for modelling and investigating high-
speed dynamic processes through analyses based on validated virtual
prototypes.

The selected research methodology is appropriately chosen and
corresponds to the stated aim and objectives, which is confirmed by the
obtained results. The results demonstrate a developed methodology for
virtual engineering analysis for modelling and investigating high-speed
dynamic processes using validated virtual prototypes. The influence of
computational model development, the choice of numerical method, and
the specifics of the verification and validation stages have been evaluated.
Principles and criteria for ensuring accuracy, stability, and physical
reliability of the simulations have been formulated. Additionally, the impact
of measurement methods and experimental techniques has been
analysed. Recommendations are provided for conducting experiments
that ensure reliable data for the validation of numerical models.

4. Brief Analytical Characterization of the Nature and Evaluation of
the Credibility of the Material on which the Contributions of the
Dissertation are Based

The dissertation is structured in six chapters, with a total length of 204
pages, and includes 54 figures and 5 tables.

Chapter One presents an analysis of current research in the field of high-
speed dynamic processes and virtual prototyping. The main physical
characteristics of the processes, as well as methods for numerical

8



modelling and experimental validation, are summarized. A lack of a
systematic validation approach is identified, which motivates the aim and
objectives of the dissertation.

Chapter Two develops a conceptual framework for modeling through
virtual prototyping, based on three main elements: model development,
selection of a numerical method, and verification/validation. Principles and
criteria for ensuring accuracy, stability, and physical reliability of
simulations are formulated.

Chapter Three introduces a methodology for building a virtual prototype
and conducting numerical analysis. The methodology is validated through
a free-fall model, demonstrating the capability to obtain reliable results
comparable to experimental data.

Chapter Four presents a methodology for conducting experimental
investigations of high-speed dynamic processes. Measurement methods
and the influence of experimental techniques are analyzed. Free-fall
experiments are conducted, providing reliable data for validation of
numerical models.

Chapter Five proposes an integrated (hybrid) validation approach
combining numerical, experimental, and analytical methods. Good
agreement between results is demonstrated using the coefficient of
restitution as the main validation parameter. The approach enables
iterative improvement of the models.

Chapter Six evaluates the applicability of the developed approach using a
real engineering object—a battery module. A numerical analysis of impact
loading is performed, showing that the validated virtual prototype can be
used for extended studies, optimization, and engineering assessments
under real conditions.

5. Contributions of the Dissertation

As a result of the work on the dissertation, 3 scientific-applied and 6
applied contributions have been formulated.
5.1. Scientific-Applied Contributions
1. A methodology has been developed for conducting experimental
studies to investigate the behavior of physical prototypes under high-
speed dynamic processes.



2. A methodology has been developed for constructing a

computational model for performing engineering analyses of high-
speed dynamic processes based on a virtual prototype.

. An integrated approach has been developed for the validation and

investigation of high-speed dynamic processes, combining virtual
prototyping and experimental methodologies through further
development of the “black—white box” method into a unified logical
framework.

5.2. Applied Contributions

1.

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

Practical guidelines have been developed for planning and
conducting experimental tests under high-speed dynamic loading,
taking into account the limitations related to the destructive nature of
the tests, the limited number of prototypes, and the specifics of the
measurement equipment.

. 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, forming the basis
for recommendations to improve accuracy in free-fall tests.

By applying a validated virtual prototype, verification and
optimization tests have been carried out on an innovative product—
a battery module for electric vehicles.

Insights 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 Participation of the
Dissertation Author in the Contributions

Based on the four co-authored publications related to the dissertation
topic, as well as my personal impression of the PhD candidate, | consider
that the achieved scientific contributions are to a significant extent the
result of the candidate’s individual contribution.
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7. Evaluation of the Publications on the Dissertation: Number,
Nature of the Publications, and Their Impact in Science - Usage

and Citations by Other Authors, in Other Laboratories, Countries,
etc.

The author has published the results of the dissertation in four
publications, three of which have been presented at the following scientific
conferences: the 13th International Scientific Conference TECHSYS 2024
— Engineering, Technologies and Systems (Plovdiv), the 14th National
Congress on Theoretical and Applied Mechanics (Sofia), and the 34th
International  Scientific Symposium on Metrology and Metrology
Assurance (Sozopol). All publications are peer-reviewed and indexed in
the global databases SCOPUS/WoS.

The presented publications are directly related to the dissertation topic,
and two citations have been identified. The achieved total of 41.33 points,
exceeding the required minimum of 30, provides sufficient grounds to
conclude that the quantity of publications meets the requirements for the
educational and scientific degree “Doctor” and adequately reflects the
obtained results.

8. Utilization of the Dissertation Results in Scientific and Social
Practice. Presence of Achieved Direct Economic Effect, etc.
Documents Supporting the Claim

The results achieved in the dissertation provide the opportunity to analyse
high-speed dynamic processes through virtual prototyping. The developed
approach has been successfully validated through its practical application
in studying a free-fall process of a battery module, a key safety test for
modern electric vehicles. The research will also find application in the
scientific and educational activities of the Faculty of Industrial

Technologies.

9. Evaluation 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 Dissertation

The abstract is 30 pages in total and meets the formatting requirements
according to the rules of TU-Sofia. It essentially reflects the structure, key
points, and contributions of the dissertation.
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10. Opinions, Recommendations, and Notes

Technical and stylistic shortcomings are observed: however, they do not
provide grounds for contesting the presented scientific-applied and
practical contributions of the dissertation.

| believe that the dissertation is a good foundation for future professional
development in scientific and applied research in the field of high-speed
dynamic processes.

11. Conclusion

As a result of my review of the dissertation and its materials, the
educational goal of the doctoral program, and the requirements of the Law
on the Development of the Academic Staff in the Republic of Bulgaria, its
Implementing Regulations, and the Regulations for the Conditions and
Procedures for Acquiring Scientific Degrees at TU-Sofia, the relevance
and significance of the achieved scientific-applied and applied
contributions, | confidently give a positive assessment of the dissertation
work.

On these grounds, | propose to the Scientific Jury to award the educational
and scientific degree “Doctor” to MSc. Eng. Konstantin Lyubomirov
Dimitrov in the professional field 5.1 Mechanical Engineering, scientific
specialty “Automation of Engineering Work and Systems for Automated
Design.”

Date: 14.04.2026 REVIEWER:
(Assoc. Prof. Dr. Eng. Y. Sofronov)
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