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MO TEJICKOMYHHUKAIIHHK M TMTOILIH

1. AkTyajiHocT Ha pa3paboTeHHs1 B AHCEPTANHOHHHS TPYA npodiem
AKTYyaJIHOCTTA HA Pa3riIekKAaHus U3CIeloBaTeICKU NpodiieM e TACHO CBbp3aHa
¢ rnobanHusg M yckopeH npexoj kbMm kKonuenuusara 3a Muaycerpus 4.0, xosro
M3MCKBAa  OT  mpeanpusitusata  gyHaaMeHtanHa  tpaHchopmauus  Ha
TPAZAMIMOHHUTE CTPYKTYPH Ha BepUrata Ha CTOMHOCTTA B WHTEJIMICHTHH,
MHTErpupaHd M OpPUEHTUPAHM KbM JIaHHM cuctemu. B cbhBpemenHara
MPOM3BOJACTBEHA Cpeja, XapakTepusupaiia ce ¢ BHUCOKAa CIOKHOCT W
(parmeHTalMs, AUrUTaNHaTa TpaHcopMalMs 4YecTo OocTaBa OrpaHuveHa 10
MOCTUIAHETO Ha M30JIMPAaHM TEXHOJOrMYHM pesyiratd, Oe3 Te aa Obaar
CTpaTernyeckd CHHXPOHW3MpaHU [0 1lslara Bepura Ha jodaBeHaTa CTOMHOCT.
Tosa Boau 10 HeeeKTUBHO pasrpejie/ieHne Ha pecypcuTe W BBH3NPernsTcTBa
MOCTUIAHETO HA YCTOWUMBA BJINOCPOYHA KOHKYPEHTOCTIOCOOHOCT.

B To3u kourexct koHuenuuara 3a J/Jdururanen aBoiinuk® (Digital
Twin, DT) ce yrBbpikKIaBa KATO KJIIOYOB M TEPCHNEKTUBEH HMHCTPYMEHT,
OCUI'ypsiBalll CHHXPOHM3ALMA B peajiHO Bpeme Mex1y (PU3MUecKuTe akTHBH M

TeXHUTE BHUPTYaJIHM KOIMHS upe3 HenpekbcHaT oOMeH Ha JaHHH. Bbrpexu



JloKazaHuTe 1oJi3u or npuiaranero Ha DT B cexTopu Karo cTpoUTENCTBOTO M
aBTOMOOMJIOCTPOEHETO, HErOBOTO CUCTEMATHMYHO BHEJApsBaHE 3a MMOBUIIABAHE
Ha ornepaTuBHaTa e(PeKTUBHOCT ,,0T Kpai 10 Kpaii* (end-to-end) BbB Bepurure
Ha CTOMHOCTTA OCTaBa HEJOCTATHYHO M3CIIEBAHO KAKTO B TEOPETUYEH, TaKa U B
eMITUpUYeH acnekT. JlucepraiMoHHuaT TpyA aapecupa UMEHHO TO3U KPUTHYEH
M3CIIeIOBATEIICKH NTPONYCK, pasriexaaku , JMrHTaIHus JABOHHUK™ kKaTo 6azoBa
MHPpACTPYKTYypa 3a XOPHU3OHTAIHA W  BepTHKAIHA MHTErpalus, KosATo
nojrnoMara MHTEeJIMIeHTHOTO B3eMaHe Ha pelieHus.

AKTYAJHOCTTA HA M3C/IEABAHETO CE 3aCHIIBA 3HAYMTEIIHO U OT HErOBMs
cieunpuyen pervonaned (Gokyc Bbpxy ObGeannenurTe apabeku eMHpPCTBa
(OAE). He na nocieno MAcTo, akTyaJHOCTTa Ha Tpyjla ce MOoTBbpXK/1aBa U OT
Heropara npska oOBbP3aHOCT CbC CTPATErHYECKH HALMOHAIHH MHULMATHBH
kato UAE Vision 2031 u Dubai Industrial Strategy 2030. WMscnensanero
npejiara Hay4Ha M METOJI0JIOTMYecKa OCHOBA 3a peajiu3upaHe Ha Te3H
cTpaTeruu, Karto JAeMOHCTPHpA Kak CHHEprusita Mexcay MHCTUTYLHMOHA/IHATa
Teopusi, Kubep-PU3nYHUTE CHCTEMU U CHCTeMHOTO HHKeHepeTBo (MBSE) Moxke
Jla reHepupa MKOHOMHMUYECKa CTOMHOCT, Jla HaMalu OTHaAblLUTe W Ja MOBULIM
YCTOMUMBOCTTA HA MHIYCTPHATHUTE €KOCUCTEMHM KbM BbHIUHM cMmylieHus. [To
TO3M HAYMH JIMCepTalMsiTa ce SBsSBAa HE CaMO TEOPeTHYEeH MPUHOC, HO M
NpaKTHYECKH HapbuyHUK 3a nudpoBa TpaHchopMmaums B KOHTEKCTAa Ha

Muaycrpus 5.0.

2. Crenen Ha nMo3HaBaHe CHLCTOSIHHETO HAa NpobieMa H TBOpPYECKa
HHTEPNPeTAIHS HA JIMTEPATYPHHS MATEPHA

JlOKTOpaHTbT AeMOHCTpUpa 3aAbi004YeHO Mo3HaBaHEe HA ChbBPEMEHHOTO
ChCTOSIHME Ha u3caeaBaHus npobseM, karo e anaausupan obuwo 175
autepatypHu  u3tounuka. B I'maBa mnbpBa e  u3BbpuieH 3aQb00YeH
JITEpATYpeH Nperie], Ha OCHOBAaTa KOMTO ca WAEHTU(UIMPAHHU MET OCHOBHM

U3CNEA0BaTC/ICKH [MpoITycKa, BKJIFOYHUTEJIHO JIUTIcaTa Ha HAJIOCTHH



CTpaTerMyecku paMKu 3a MHTErpauus Ha ,Jlururannus 1BOHHUK™ BbB BepHUraTta
Ha Jo0aBeHaTa CTOMHOCT. ABTOPBHT YCHEIIHO MHTErpUpa MPUHLMIATE Ha
MHCTUTYLIMOHANIHATA Teopusi, KuOep-(pU3MYHUTE CHCTEMH U CUCTEMHOTO
MHIKeHepcTBO, Oazupano Ha mozenn (MBSE), 3a na usrpazaun cosita TeopeTHiHa

pamka.

3. CwoorsercrBHe Ha un30paHaTa MeTOJAMKA Ha H3C/eBaAHEe ¢
MOCTABEHATA LeJ H 3a/1a4H

M36panara uscieoBarescka METOI0JIONMS € aZleKBaTHA U ChOTBETCTBA Ha
[1eJITa 3a aHAJIM3 W OLEeHKAa HA Bb3/AeHCTBUETO HA ,, JUTHTATHUS JIBOMHUK" BbPXY
BepHraTa Ha CTOMHOCTTA W MOCTABEHUTE M3C/e0BaTe/ICKu 3a1aun. M3nonsean e
CMECEH MOJIXOJ, ChyeTaBalll KayeCTBEHH W  KOJMYECTBEHH  METOJIH.
EMOupuuHOTO M3C/IeABaHE € MPOBEACHO 4Ype3 CTPYKTypHpaH BbLIPOCHUK (C
nercrenenda Jlukeprosa ckana), nomnbiHeHn or 373  cneudanucTH  or
npoussojcTBerust cektrop B OAE. Cratuctuueckara obpaboTka Ha JaHHUTE €
u3BbpuIeHa cbe codryepa SPSS, karto ca npuiokKeHW perpecHoHeH M
KOpeJIallMOHEH aHalIu3 3a MpoBepKa Ha XUIOTE3UTE.

Moxke na ce o0oOwM, ye B auceprauMsTa € rnokazaHa MHoro jgobpa
u3clieioBarencka pabora, KOETo CUUTaM 3a €/HO OT OCHOBHUTE JIOCTOHHCTBA Ha

Tpyaa.

4. KpaTka aHa/IMTHYHA XapaKTEePHCTHKA HA IMCEPTALHOHHUS TPY/]

[IpeacraBenusaT auceprauuonen Tpya € B obem ot 173 crpanuium u
BKJIIOYBA BbBEJCHUE, YEeTHUPH TIJIaBM, M3BOAM M npenopbku. I'masa nbpsa
nocmags MemooonocuMHama pamka u oeunupa uzcredosamenckus npobiem.
B ananuTuuen nian nmbpBaTa rjiaBa JAeMOHCTPUpPA 3abJ00OYEH MOAXO/ KbM
KOHLIENTYaJIM3UPAHETO  HA  W3CIE/0BATE/NCKOTO  [10Jle, KATo ACHO ce
MACHTU(PUIMPA HAYUHUAT MpobsieM, CBLP3aH € HEAOCTATHYHO H3CIE/BAHOTO

MNPHJIOKECHUE Ha KOHLECIIMsTa 3a ,JUIHTalHK JIBOMHMK"™ B KOHTEKCTa Ha



Bepurata Ha JjobaBeHa  CTOMHOCT. ABTOPBT  YCHEUIHO  apryMEHTHpa
AKTyaJlHOCTTa Ha TeMara 4dpe3 oOBbpP3BaHETO M ¢ MpOLECHTe Ha JUIHTalIHA
Tpanchopmaunsg u Uuaycerpus 4.0, Kato chlIleBpEeMEHHO MPAaBU MPEXO/ KbM I10-
HoBata napaaurma Ha Muaycrpus 5.0. CblilecTBeH NpUHOC HA riaBa MbpBa €
CHUCTeMaTH3MPAHUAT TeopeTHueH 0030p, KOHTO 00XBalla KIYOBH KOHUENIUK
KaTo , JAMrHTaseH ABOHHUK", KHOep-PpU3MUHN CUCTEMH W BEPUIH HA CTOHHOCTTA.
B MeT0/1010rHUHO OTHOLIIEHHE BIIeUaTIeHUE MPaBd UHTErpalMaTa Ha pa3IuuHu
TEOPETHUHU pPAMKK (MHCTUTYLMOHAIHA TEOpPHs, TEOpHUs Ha ,JAUTHUTAIHUS
napoitnuk®, CPS), koero ocurypsBa HHTEpAMCUMIUIMHAPHA [IbJIOOYMHA HA
u3cieBaHeTo. SlcHo (opmynMpaHuTe XHMIOTE3W, LeJW W 3aJa4d Ch3JaBar
COJIM/IHA OCHOBA 3a rocjeaBallids emnupuyeH avanus. Kpurnuno moxe na ce
oT0eeK M U3BECTHA OMUCATENIHOCT B YacT OT TEOPETUUHHS Iperyiel, KoaTo Ou
moria jaa Objae JA0mbJIHMTENHO o0orarteHa upe3 I0-CHIHO KPUTHYECKO
CpaBHEHHE MY PazjinyHu HAYYHH MTOAXO/HM.

I'naBa Bropa e noceemena na koHyenmyanuzayuama Ha UHmMe2pupanus
moden, bazupan Ha Hemupu KIOHO8U KOMROHEHMA: aHaius Ha OauHu,
akmyamopu, cucmemua unmezpayusi u ungopmayuonro obedunenue. Bropara
rnaBa  NpPeJICTaBiIsiBA  ChIIMHCKUAT — TEOPETHUKO-IIPUIIOKEH  [IPUHOC  Ha
AucepraimaTa, ThH KaTo apTopbT pa3zpaboTBa MHTErpupaH Mojiel, KOHTO
CHUHTE3Mpa OCHOBHHUTE (PAKTOPH, BIUSCILIM BBPXY e(EeKTHBHOCTTA HA Bepurara
Ha CTOMHOCTTA Ypes3 , AUTUTAIIHU JIBOMHUIIN".

MopenbT € KOHUenTyaqHo JgoOpe CTPYKTYpUpPaH ¢ JIOTMYECKH
nociejoBare/ieH, KaTto 4YeTHMPUTE KOMIIOHEHTAa ca apryMeHTHpaHu KakKTo
TEOPeTUYHO, Taka U PpyHKUHOHATHO. OcobeHo cuiiHa cTpaHa e 00BbP3BAHETO Ha
Mojiesia ¢  KOHKPeTHHM HW3MEpUMH [POMEHJMBH W pa3paboTBaHeTo Ha
M3CIIC/IOBATEIICKM  MHCTPYMEHT (BBIIPOCHMK) ¢ JIOKAa3aHW [CUXOMETPUYHH
XapakTepUCTUKHU (BATUIAHOCT M HajexaHocT). ToBa cBuaeTeNncTBa 3a BHCOKA
cTerneH Ha METO0J0rMYHa npeusHocT. Moxke 1a ce Kaxe 4e TyK JUCepPTaHThT

JAEMOHCTpHpPpa SCHO pa‘36upa1~|e Ha CIOKHOCTTA Ha JAUTHTallHaTa MHTErpalus B



HHAYCTpHUAJIHK  CHCTEMH, KaATO OTYUTA KaAKTO TEXHOJOI'MYHHUTE, TaKa H
OpPraHu3allMOHHUTE  AaCIICKTH. anpeku ToBa, OM MO0 Jla Cce 3acHiIH
000CcHOBKaTa Ha H360pa Ha TOYHO TE3M HECTUPH KOMITOHCHTA Ype3 [10-1eTanjHO

CpaBHEHME C AITePHATHUBHU MOJIENIU B JIMTepaTypata.

I'naBa rTpera npedcmasnsiea emnupuynomo A0po, KbOemo upes
cmamucmuyecku Memoou € OOKA3aHo GUSHUEMO HA ,, OULUMATHUS 0BOUHUK "
6LPXY ehexmuenocmma Ha eepucama Ha cmounocmma. Tazu eraéa e Haud-
CHJIHATA B EMITUPUYHO OTHOILEHHE U JIeMOHCTpHUpa crocobHOCTTa HA aBTopa J1a
nMpuJjara KoJUYECTBEHU METO/IM 3a MPOBEPKa Ha MU3CJIE/IOBATEIICKUTE XHUITOTE3H.
M3non3BaHusaT cTaTMCTHYECKH anapaT e ajJieKBaTeH Ha MoCTaBeHuTe 1esIH, KaTo
pesyJiTaTUTE ca MpeJICTaBeHH CUCTEMATHYHO W MHTEPIPETUPAHU B KOHTEKCTA Ha
TeopernyHara pamka. OcobeHo LieHeH € aHaIu3bT Ha BIUSHUETO HA OTIETHUTE
KOMITOHEHTH (aHaJIM3 Ha JaHHHW, aKTyaTopH, MHTerpaius, nHhopmalus) BbpxXy
e(eKTUBHOCTTA HA BEpUraTa Ha CTOHHOCTTA, KOCTO M03BOJIsBA AH(EpeHIInpaHO
pasOupaHe Ha MeXxaHM3MMTEe Ha Bb3jaeicTBue. JlombiaHuTeNHa CTOHHOCT
npujaasa paspaborenara ,npejjlokeHa Busms™ (proposed perspective), KosTo
HaArpaxk/la eMIMPUYHHUTE pe3ysTaTh U ' TpaHchopMUpa B IMPAKTHYECKH
MpUIOKUM Mojel. BrilouBaHero Ha (akTopu Karo pecypcH, orpaHuvyeHust u

Oapuepu rnpu BHEpsIBaAHE 1MOKA3Ba KOMIUIEKCEH M PealnCTHYEH MOIXO0/.

Yersbprara  rnasa  cunmesupa — pezyaimamume — u  hnpeonaca
empamezuiecku nPenopvku 3a UHOVCMPUATHO BHEOPABAHE 6 KOHMEKCmAa Hd
Hnoyempust 5.0, 3akmouurennara riasa ycrnemno o0o0u@aBa OCHOBHUTE
pesyjTaTH OT W3C/e[ABAHETO M I'M MHTEpIpPeTHpa B MO-IIMPOK CTpaTernyecKu
KOHTEKCT. ABTOPBT AEMOHCTPHUPA CIIOCOOHOCT J1a IPpeMHUHE OT aHAJTUTUYHO KbM
CUHTETHYHO paBHHILE, KaTO (POPMYJIMpA NPAKTHUECKH HACOUEHH MPeropbku 3a
MHLYCTpHaNHUTe opraHu3aunu. OcobeHo 3HAYUM € NMPUHOCHT B KOHTEKCTa Ha

Mupycrpus 5.0, kbeTO ce akLeHTHpa BbPXY CHUHEPrUsTa MEXKIy TEXHOIOTHUTE



OcHoBHMTE pe3ysaTaTH ca nyOoJMKyBaHn B 3 HayuyHu [yOiMKaluu,
MHJIeKcHpanu B cBeroBHata ©Oaza ganum  SCOPUS.  IlyGnukaumure
KOpPECHOHMpaT NpSIKO ¢ Temara Ha Juceprauusta W [peiAcTaBiT HeHHUTe
KJIIOYOBH aclieKTH Ipeji MeXAyHapoaHara HayuyHa 0O1HOCT.

8. M3noa3Bane Ha pe3yJiTaTHTE OT AMCEPTAUHOHHHUSA TPY/

[Tocturnarure pesyiaTard MMar sACHa [PAKTHYECKAa HACOYEHOCT.
[TpepnioxeHUsT MOJEN MOXKe Ja CIYKH KaTo Hapb4yHUK 3a MHJIYCTPUAIHU
NPeANpUITHS M JbPXKABHU OpraHd npu (GopMyaupaHeTo Ha MOJUTHKH 3a
auruTanHa Tpascopmauus. Pesyiararute noanoMarat OnNTUMHU3alMsTa Ha
pecypcuTe M MOBHIIABAHETO HA KOHKYPEHTOCIIOCOOHOCTTA HA MPOU3BO/ICTBEHHUS

CeKTOop.

9. Onenka Ha CLOTBETCTBHETO HA aBTOpedeparTa
AsropedeparbT € M3roTBeH B CbOTBETCTBME C W3MCKBaHMATA Ha
Texunveku yuuepcurer-Codusi W ajekBaTHO OTpassiBa  CTPYKTypara,

CbABPKAHUETO U OCHOBHHUTE NPHHOCH HA IMCEPTALITHOHHUA TPYI.

10. Muenusi, npenopbkH 1 He/1eKKH

JlncepraunonuusT Tpy/ e paspaboren Ha BUCOko HMBO. KaTto 3abenexka
MOJKE Jla ce MOCOYMTOBA, Ye B JMCepTALMATA Ce cpellla H3BECTHA OMUCATEIHOCT
B 44cT OT TeopeTudyHus npersied, kosaro OW morna ja Obie JOMBIHUTETHO
oborareHa 4pe3 MO-CHJIHO KPUTHHYECKO CPABHEHHE MEXKAY Pa3MuyHW HayuyHH
MOJAXO/1H.

Karo npenopbka 3a Obaewa pabora OGMX nocouns pasiupsBaHeTo Ha
MOJieJla 4pe3 BKJIIOYBAHE HA eTHYHM M PeryJaTopHd acrekTH, KakTo |
JULJIFOCPOYMHO [poyYBaHe Ha Bb3BpbliaeMoctta Ha uuBectuuuure (ROI) B

pasjiIniHU HHAYCTPHAIIHHW CEKTOPH.

11. 3akimwuenune



Bb3 ocHoBa Ha 3ano3HaBaHeTO MM € JAMCEPTALMOHHMA TPy WM
MarepuajuTe KbM HEro, cuYuTam, 4e € [OCTUrHaTa IocraBeHara el W ca
peleHd BCHYKHM M3cie/loBaTeICKy 3ajauu. Jluceprauusra npurekasa Hay4yHa
HOBOCT M 3HAYMMH HAYYHO-TPHIIOKHHU NpUHOCK. Ts oTroBaps Ha M3UCKBaHUATA
Ha 3aKoHa 3a pa3sBUTHETO Ha aKaJeMH4Hus cberaB B Penybiuka bouiarapus u
[IpaBunnuka 3a Herosoto npuiarave B TY-Codus.

C ybenenoct paBaM IMOJOKHTEIHA OLEHKA HA JAMCEPTALMOHHUS TPYJ W
npejiaram Ha rnountaemoro HayuHo kypu aa npuchbId Ha mar. HHXK. 3usij
Moxammen AobGayaamup oOpazoBaresnHatra v HayvHa crened ,,/Jlokrop* B
npogecuonanno Hanpasienue 5.13 OO0 MHIKEHEePCTBO, JIOKTOPCKa nporpaMa

»Oprauuzaius 1 yrnpasjaeHHe Ha NPOU3BOJICTBOTO .
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1. Relevance of the Research Problem
The relevance of the research problem addressed in the dissertation is closely
linked to the global and accelerated transition towards the Industry 4.0
paradigm, which requires enterprises to fundamentally transform traditional
value chain structures into intelligent, integrated, and data-driven systems. In
contemporary manufacturing environments, characterized by high complexity
and fragmentation, digital transformation often remains limited to isolated
technological achievements without strategic alignment across the entire value
chain. This results in inefficient resource allocation and hinders the achievement
of sustainable long-term competitiveness.

In this context, the Digital Twin (DT) concept has emerged as a key and
promising tool, enabling real-time synchronization between physical assets and
their virtual counterparts through continuous data exchange. Despite the proven
benefits of DT implementation in sectors such as construction and automotive
manufacturing, its systematic application for enhancing end-to-end operational
efficiency across value chains remains insufficiently explored, both theoretically
and empirically. The dissertation addresses precisely this critical research gap by
considering the Digital Twin as a foundational infrastructure for horizontal and

vertical integration, supporting intelligent decision-making.



The relevance of the study is further reinforced by its specific regional
focus on the United Arab Emirates (UAE), as well as its alignment with
strategic national initiatives such as UAE Vision 2031 and Dubai Industrial
Strategy 2030. The research provides a scientific and methodological basis for
the implementation of these strategies by demonstrating how the synergy
between institutional theory, cyber-physical systems, and model-based systems
engineering (MBSE) can generate economic value, reduce waste, and enhance
the resilience of industrial ecosystems. Thus, the dissertation represents not only
a theoretical contribution but also a practical guide for digital transformation in
the context of Industry 5.0.

2. Knowledge of the State of the Art and Interpretation of the
Literature

The doctoral candidate demonstrates a thorough understanding of the
current state of the research problem, having analyzed a total of 175 literature
sources. Chapter One presents an in-depth literature review, on the basis of
which five major research gaps are identified, including the lack of
comprehensive strategic frameworks for integrating the Digital Twin into value
chains. The author successfully integrates the principles of institutional theory,
cyber-physical systems, and model-based systems engineering (MBSE) to

construct the theoretical framework.

3. Adequacy of the Research Methodology

The chosen research methodology is adequate and corresponds to the
purpose of analyzing and assessing the impact of the “digital twin” on the value
chain and the research tasks set. A mixed approach was used, combining
qualitative and quantitative methods. The empirical research was conducted
using a structured questionnaire (with a five-point Likert scale), completed by

373 specialists from the manufacturing sector in the UAE. Statistical data



processing was performed using SPSS software, with regression and correlation
analysis applied to test the hypotheses.

[t can be summarized that the dissertation shows very good research work,
which I consider to be one of the main advantages of the work.

4. Analytical Overview of the Dissertation

The dissertation comprises 173 pages and includes an introduction, four
chapters, conclusions, and recommendations. Chapter One establishes the
methodological framework and defines the research problem.

Analytically, the first chapter demonstrates a comprehensive approach to
conceptualising the research field, clearly identifying the scientific problem
related to the underexplored application of the Digital Twin concept in value
chain contexts. The author convincingly argues for the relevance of the topic by
linking it to digital transformation processes and Industry 4.0, while also
transitioning towards the more recent paradigm of Industry 5.0. A significant
contribution of this chapter is the systematic theoretical review covering key
concepts such as Digital Twin, cyber-physical systems, and value chains.
Methodologically, the integration of various theoretical frameworks provides
interdisciplinary depth. The clearly formulated hypotheses, objectives, and tasks
establish a solid foundation for subsequent empirical analysis. A minor critique
concerns a degree of descriptiveness in parts of the theoretical review, which
could be further enhanced through more critical comparison of different
scholarly approaches.

Chapter Two is devoted to the conceptualisation of an integrated model
based on four key components: data analytics, actuators, system integration,
and information integration. This chapter represents the core theoretical and
applied contribution of the dissertation, as it develops a model synthesising the
main factors influencing value chain efficiency through Digital Twins.

The model is conceptually well-structured and logically consistent, with

its components substantiated both theoretically and functionally. A notable



strength is the linkage of the model to measurable variables and the development
of a research instrument (questionnaire) with proven psychometric properties
(validity and reliability), reflecting a high level of methodological rigour. The
candidate demonstrates a clear understanding of the complexity of digital
integration in industrial systems, addressing ® both technological and
organisational dimensions. However, the justification for the selection of these
four components could be further strengthened through more detailed
comparison with alternative models in the literature.

Chapter Three constitutes the empirical core of the dissertation, where
statistical methods are used to demonstrate the impact of the Digital Twin on
value chain efficiency. This chapter is particularly strong in empirical terms and
highlights the author’s ability to apply quantitative methods to test research
hypotheses. The statistical tools employed are appropriate, and the results are
systematically presented and interpreted within the theoretical framework.
Especially valuable is the analysis of the influence of individual components on
value chain efficiency, enabling a differentiated understanding of impact
mechanisms. Additional value is provided by the proposed perspective, which
builds upon empirical findings and translates them into a practically applicable
model. The inclusion of factors such as resources, constraints, and
implementation barriers reflects a comprehensive and realistic approach.

Chapter Four synthesises the vresults and offers strategic
recommendations for industrial implementation in the context of Industry 5.0).
The author successfully transitions from analytical to synthetic reasoning,
formulating practically oriented recommendations for industrial organisations. A
particularly significant contribution lies in emphasising the synergy between
technology and the human factor, as well as sustainability and adaptability of
production systems. This positions the dissertation within contemporary

scientific and applied discourse. The proposed directions for future research are



relevant and demonstrate awareness of the study’s limitations and development
potential.

Overall, the four chapters form a logically consistent and
methodologically sound structure, encompassing theoretical justification,
modeling, empirical validation, and practical interpretation. The research is
characterized by its interdisciplinary nature, high relevance, and strong applied
potential.

5. Contributions of the Dissertation
The candidate claims a total of five contributions. | accept and positively
evaluate the scientific-applied and applied contributions formulated in the
dissertation. These contributions relate to the enrichment of existing knowledge,
the development of new research methods, and the application of scientific
achievements in practice.

6. Assessment of the Candidate’s Personal Contribution

I consider that the research presented in the dissertation has been
conducted independently by the author. The proposed model, the data collection
and analysis methodology, and the conclusions are the result of the independent
work of MSc Eng. Ziad Abdulamir under the methodological guidance of his
SUpervisors.

7. Evaluation of Publications

The main results have been published in three scientific publications
indexed in the SCOPUS database. These publications correspond directly to the
dissertation topic and present its key aspects to the international scientific
community.

8. Practical Applicability of the Results

The achieved results have clear practical relevance. The proposed model
can serve as a guideline for industrial enterprises and public authorities in

formulating digital transformation policies. The findings support resource



optimization and the enhancement of competitiveness in the manufacturing
sector.

9. Evaluation of the Abstract

The abstract has been prepared in accordance with the requirements of the
Technical University of Sofia and adequately reflects the structure, content, and
main contributions of the dissertation.

10. Opinions, Recommendations, and Remarks

The dissertation has been developed at a high level. A minor remark
concerns the somewhat descriptive nature of parts of the theoretical review,
which could be further enriched through more critical comparison of different
scholarly approaches.

As a recommendation for future work, I suggest extending the model by
incorporating ethical and regulatory aspects, as well as conducting long-term
studies on return on investment (ROI) across different industrial sectors.

11. Conclusion

Based on my review of the dissertation and the accompanying materials, |
conclude that the stated objectives have been achieved and all research tasks
have been successfully fulfilled. The dissertation demonstrates scientific novelty
and significant scientific and applied contributions. It meets the requirements of
the Law on the Development of the Academic Staff in the Republic of Bulgaria
and the corresponding regulations of the Technical University of Sofia.

I confidently give a positive evaluation of the dissertation and recommend
that the esteemed Scientific Jury award MSc¢ Eng. Ziad Mohammed
Abdulamir the educational and scientific degree Doctor in Professional
Field 5.13 General Engineering, Doctoral Programme Organisation and
Management of Production.

Reviewer: .........ccooiiiiiiiininnn..
/Prof. Plamen Pavlov, PhD, Eng./
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