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CtonaHcku cpakynrteT
KaTteppa ,,MkoHOMUKaA, MHAYyCTPUanNeH UHXEeHEePUHr U
MEeHUOXMBHT"

Mar. nHXx. 3uag Moxammen A6aynamump

,~A3CINEOBAHE N OLIEHKA HA NMPUNTOXEHUETO HA
KOHLEMNUUATA ,,AUrNTAITHU BNTIU3HALN” 3A NOBULLABAHE
HA E®PEKTUBHOCTTA HA BEPUIATA HA IOEABEHATA
CTOMHOCT*

ABTOPE®EPAT

Ha gucepTauma 3a npuaobrsaHe Ha obpasoBaTernHa 1 Hay4yHa cTenex
"AOKTOP"

O6nacT: 5. TexHU4Yeckn Hayku
[MpodecnoHanHo HanpaeneHue: 5.13 OBbLWOo NHXEHEPCTBO

Hay4yHa cneunanHocT: OpraHnsaums n ynpasreHne Ha NpoM3BOACTBOTO

HayyHu pbKkoBoauTenu:

| Npod. A-p nHx. OrusH Angpees)

Adou. a-p vHx. Hatanna Konesa

COoUd, 2026 1.



OncepTaunmoHHMAT Tpya € oOCbOeH M HacoyeH 3a 3awuTta oT
KaTegpeHna cbBeT Ha kategpa ,/IKoHOMuKa, NHOYyCTpUaneH NHXEHEPUHT K
MEHNIKMBHT® kbM CTonaHcku pakynteT Ha TY-Codma Ha penoBHO
3acefaHuve, nposefeHo Ha 9.02.2026 .

[MybnuyHaTa 3awmta Ha OUCepPTaUMOHHUS Tpyd Le ce CbCTOM Ha
09.06.2026 r. ot 15.00 yaca B KoH(epeHTHaTa 3ana Ha bWL Ha
TexHudeckn yHuBepcuteT — Codma Ha OTKPUTO 3acefaHne Ha HayyYHOTO
Xypu, onpegeneHo cbc 3anoBeg Ne OXK-5.13-05 / 23.02.2026 r. Ha
PekTopa Ha TY-Codus B cbCTaB:

1. Mpodb. a-p NopaaHka AHrenosa — npeacenarten
2. pou. a-p MiHa Hukonea - AaH — Hay4yeH cekpeTtap
3. Mpodb. a-p MNnameH MNasnos

4. Mpod. a-p Kpacummnp KpbctaHos

5. Oou. aH BecenuH Mutes

PeueHseHTH:
1. Mpod. A-p NopaaHka AHrenosa
2. MNpod. ao-p NnameH lNasnos

MaTepuanute no 3awmuTaTta ca Ha pasnosioKeHNe Ha UHTepecyBalmTe
ce B KaHuenapusata Ha CtonaHcknm dpakynteT Ha TY-Codwms, 6nok Ne,
kabuHeT Ne 3235.

[ucepTaHTbT € penoBeH [OOKTOpaHT KbM  Kategpa ,/IKoHOMMKa,
WHOYCTPUAnNeH WHXEHEPUHr U MeHUMKMBHT® Ha CTonaHcku pakynTter.
N3cnegBaHuaTa no gucepTtaumMoHHaTa paspaboTka ca HanpaBeHu oT
aBToOpa.

ABTop: mar. uHx. 3nag Moxammen A6aynamup

3arnaBsue: ,M3crnedeaHe U OUEHKa Ha T[PUJIOXKEeHUemo Ha
KoHuenuussma ,oOua2umanHu 6nu3Hayu” 3a MnoeuwasaHe Ha
eghpekmueHocmma Ha eepuzama Ha O0obaseHama cmoUlHOCM

Tupax: 30 6pos

OtneyaTtaHo B AMNK Ha TexHnyeckn yHnsepcuteT — Codoms



|. OBLUA XAPAKTEPUCTUKA HA OUCEPTALUWOHHUA TPYA

AKTyanHocT Ha npobnema
AKTyanHoCcTTa Ha pasrnexgaHusa macnegoartencku npobnem ce obycnaes OT ycKope-
HUA npexon KbM KoHuenumata 3a Nugyctpusa 4.0 u oT HapacTBalwiata HeobxoanmocT
npeanpusaTMaTa ga TpaHcdhopmupaT TpaauvuMOHHUTE CTPYKTYpU Ha Bepurata Ha
CTOMHOCTTA B MHTEINUIEHTHU, UHTErpupaHn n opueHTUpaHu kbM gaHHu cuctemun. C yse-
nu4yaBaHeETO Ha CIOXHOCTTa, dyparMeHTauuaTa M nogaTnvMBoCcTTa Ha MPOU3BOACTBe-
HUTe cpean KbM HeedeKTUBHOCT U onepaTUBHMN CMYLLEHNd, npeobnagasalwuTe noaxo-
AN KbM gurutanHaTta TpaHcdopMaumsi 4ecTo OCTaBaT KOHLEHTPUPaHW BbPXy MNOCTU-
raHeTo Ha oTaenHu pesyntatu, 6e3 ga 6baart cTpaTernyeckm MHTerpupaHn no usnarta
Bepura Ha gobaBeHaTa CTOMHOCT. ToBa orpaHu4aBa peanHaTa MKOHOMWYECKa edek-
TMBHOCT Ha HanpaBeHUTe TEXHOMOMMYHN MHBECTULMU N Bb3NPENATCTBA NOCTUraHETo Ha
yCTOMYMBa ObIITOCPOYHA KOHKYPEHTOCMOCOOHOCT. B TO3M KOHTEKCT KoHuenuuaTa 3a
anrntaneH gsorHuk (Digital Twin, DT) npeactaBnsiBa CbBPEMEHEH U NEPCNEKTUBEH
noaxon, KOWTO OCUrypsiBa CMHXPOHM3aLMs B peariHo Bpeme Mexay (Ouandeckute u
AUTUTanHUTE CUCTEMMU, BB3MOXHOCTM 3@ YCbBBLPLUEHCTBAHO MOAeNMpaHe U CuMy-
naumsa, npeaukTMBEH aHanuns3 u HenpekbCcHaTa ONTUMM3aLumMs Ha npouecuTe B obnactra
Ha cHabasBaHeTo, MPON3BOACTBOTO, NIOMMCTUKATA U CEPBU3HOTO 0BCNyXBaHe.
Bbnpekn gokasaHuTe npeguMcTBa OT NpunaraHeTo Ha AurMtanHy ABOMHMUM B obnacTu
KaTo CTpPOUTENICTBOTO, 3[paBeonasBaHeTo M aBTOMOOUIIOCTPOEHETO, TAXHOTO CUCTe-
MaTUYHO BHeApsiBAaHE BbB BEPUIMTE HA CTOMHOCTTA, M NO-CneLmanHo no OTHOLWEHWE Ha
WHTEerpaumsita Ha cHabguTenHuTe Mpexu u NoBULLABaAHETO Ha onepaTMBHaTa edek-
TUBHOCT ,,O0T Kpan OO Kpamn®, ocTaBa HeOCTaTb4yHO M3CMeaABaHO KaKTO B TEOPETUYEH,
Taka U B eMnMpuYeH acnekT. AHaNU3bT Ha CblUeCcTBYBaLlaTa Hay4Ha nuTepaTypa no-
KasBa (pparMeHTapeH xapaktep Ha BHeApsABaHETO, NUMNca Ha LSNOCTHU cTpaTernyecku
paMKn 1 OTCbCTBME Ha KOMIMIEKCHW MOAEeNu, Kouto Aa obBbp3BaTt (PYHKLMOHANHUTE
Bb3MOXXHOCTU Ha OMIrMTanHMa ABOMHUK C NOoKasaTenuTe 3a e(PeKkTUBHOCT Ha Bepwurarta
Ha CTOMHOCTTA. HacToAwoTo M3cnegBaHe € HAacOYeHO KbM MpeofonsBaHe Ha Tesu
OorpaHvyeHust Ype3 pasrnexgaHe Ha OuruTanHus OBOMHMK KaTo 6as3oBa MHpaCTPyK-
Typa 3a XOpW3OHTanHa W BepTUKanHa WMHTerpauusi, U3nori3BaHe Ha OaHHW B pearsiHo
Bpeme, nognomaraHe Ha UHTENMMIeHTHOTO B3eMaHe Ha peLLeHns N AbArocpovHa onTu-
MU3aLuMsa Ha NPOM3BOACTBEHUTE U NOrMCTUYHUTE NPOLECUM B paMKUTE Ha uHOycTpuan-
HUTE EKOCUCTEMM.
AKTyanHocTTa Ha M3crneaBaHeTo Ce 3acunBa OMbIHUTENHO B kKoHTekcTa Ha OAE u
permoHa Ha CbBeTa 3a cbTpygHudectBo B [lepcuinckua 3anue (GCC), kbaeto
3HaAYUTENHN MHBECTULMKN B OurMTanHa MHgpacTpyKkTypa ce cbyeTaBaT C HavarneH eTan
Ha BHegpsiBaHE Ha TEXHOMNOMMW 3a AUrMTaneH ABONHWK BbB BEPUIMTE Ha CTOMHOCTTA B
NPOM3BOACTBEHMSA CEKTOP. Bbnpekn Bucokata CTeNeH Ha TEXHOMNOrMYyHa rOTOBHOCT Ha
Te€3M UKOHOMWKM, OrpaHUYeHMAT obemM Ha eMnNUpPUYHM U3cneaBaHusi, He4oCTaTbYHOTO
OpraHu3auuoHHO W YynpaBfeHCKo pasbupaHe, KakTo M nuncata Ha YTBbpAEHU
cTpaTernyeckn Moaenu 3a BHeApsiBaHe, Bb3NPEnAaTcTBaT NbSIHOTO peanuanpaHe Ha
noTeHUMana Ha guvrutanHute AsoviHuuM. ToBa obycnaBsa HeobxoaumocTTa OT uene-
HaACOYEeHM Hay4YyHU Mn3cnefBaHusi, KOUTO Aa MOAeHTUdUUMpAT KA4voBUTE hakTopu 3a
BHeApsiBaHe, CblyecTByBalmTe Gapnepun, MHCTUTYUMOHANHUTE NPeanoCTaBku U U3Me-
pumuTe edpekTn Bbpxy epekTUBHOCTTa Npu NpunaraHeTo Ha TEXHOMNOrMM 3a aurntaneH
ABOVHUK B MHAyCTpUanHa cpeaa.

OT Hay4Ha rneaHa Todka U3crneaBaHeTo AonpuHacs 3a 3aabniboYyaBaHe Ha UHTEp-
OVCUMNIMHaApHaTa WHTerpauus Mexay TeopusiTa Ha AurutanHata TpaHcdopMauus,
WHCTUTYUMOHanNHaTa Teopusi, knbep-pumsnyHnTe cMctemMmn u ynpaBneHMeTo Ha Bepurata
Ha CTOMHOCTTa. B npakTuKo-NMpunoXeH acnekT pe3yntatuTe OT M3cnegBaHeTo npe-
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[0CTaBAT eMNUPUYHO 06OCHOBAHM HACOKM 3a MpeanpuaTuaTa U opraHuTe, OTroBOP-HU
3a hopMUpaHETO M NpunaraHeTo Ha NyGrMYHU NONUTUKM, HACOYEHN KbM NMOBULLA-BaHe
Ha edeKTMBHOCTTa, YCTOMYMBOCTTA U KOHKYPEHTOCNOCOOHOCTTa Ype3 BHeApsiBaHe Ha
WHTENUIeHTHWU NPOM3BOACTBEHN cucTEMU. B coumanHo-MKoHOMUYECKU acnekT uacnepn-
BaHETO nmogrnomara OonTMMM3auMsTa Ha M3MNON3BaHETO Ha pecypcuTe, Hamans-BaHeTo
Ha OoTnNaabuuTe, NOBULLIABAHETO Ha YCTOMYMBOCTTA Ha WHAYCTpUANHUTE CUCTEMWU KbM
BbHLUHM U BbTPELLHN CMYLLEHWS!, KaKTO U MOCTUraHEeTO Ha AbNTOCPOYEH MHOYCTPUaneH
pactex. B pesyntaTt Ha ToBa M3crneABaHEeTO Ha Bb3OEeWCTBMETO Ha TEXHONorMuTe 3a
AVMTUTaneH OBOWHMK BbpXy edeKTMBHOCTTA Ha Bepurata Ha CTOMHOCT-Ta ce siBsiBa
aKTyarnHo 1 Heob6xoQuMO 3a pa3BUTUETO Ha CbBPEMEHHATa MHAYCTpUanHa ctTpaTerusi u
YCTONYMBOTO MKOHOMMUYECKO pasBuTume.

OGeKkT Ha u3cnegBaHe B AUCEpPTALMOHHUA TpPyA: Bepurata Ha cToMHOCTTa Ha
NHAYCTpUanHuTe NpeanpusTus.
OcHoBeH u3crnepgoBaTenickm Bbnpoc: Kak npunaraHeTo Ha KoHuenuusita 3a

aurvtaneH ABOWMHMK Bnusie BbPXY ereKTI/IBHOCTTa Ha Bepurata Ha cTonmHocTTa?

LUEN HA AUCEPTAUMOHHUA TPYO, OCHOBHU 3AO0AYM U METOOMN 3A
M3CNEABAHE

LlenTa Ha aucepTtauuMoHHUsA TpyAa e 0a ce aHasu3upa U oyeHuU eb3delicmeuemo om
npunazaHemo Ha aHanu3a Ha cmoluHocmma U KoHuenuyusma 3a duaumarneH 080UHUK
(Digital Twin, DT) ebpxy eghekmusHocmma Ha eepueama Ha cmouHocmma Ha
UHOycmpuanHume npeodnpusmusi.

3a nocturaHe Ha NnocTaBeHTa Len ca opMynupaHn 3a nsnbiHeHe crnegHNUTe OCHOBHU
3apauu:

1.15.1 AHanuM3 Ha cblUecTBYBaALUUTE TEOPETUYHM W MPUSIOXKHM Nogxoaum 3a
BHeOpsiBAHE W MHTerpauus Ha KoHuenuuaTa 3a gurutaneH OBOWHUK B npouecute Ha
Bepurata Ha CTOMHOCTTA.

1.15.2. PaspabotBaHe Ha WHTerpupaH MoLen 3a OueHKa W BHeapsiBaHE Ha
auruTaneH [OBOWHUK BbB Bepurata Ha CTOMHOCTTa C Uen MoBvWaBaHe Ha
edeKTMBHOCTTa Ha npouecuTe, BKMIOYUTENTHO METOAN 3@ MOHUTOPWHE U yrpaBrieHune.
OCHOBHUAT n3cneno-BaTesickn BbNPOC, CBbp3aH ¢ paspaboTeHns moaen, e: 1o kakbe
Ha4uH ripuraz2aHemo Ha aHanusa Ha cmouHocmma eriusie 8bpxy egpekmusHocmma Ha
gepueama Ha cmouHocmma? OT TO3XM BBMAPOC NpousTUYaT  cregHuTe
noamscnenoBaTeriCku BbNPOCHU:

1.15.2.1. KakBO € paBHULIETO Ha npunaraHe Ha KoHuenuusiTa 3a AuruTtaneH
ABOWHWK (aHanu3 Ha [[aHHM) 3a MoBMWAaBaHe Ha e(MeKTUMBHOCTTa Ha Bepurata Ha
cToMHocTTa?

1.15.2.2. KakBO € paBHULLETO Ha npwuraraHe Ha KoHUenuuaTa 3a aurutaneH
ABOVHUK (M3NBAHUTENHN MEXaHU3MKM) 3a NoBuLIaBaHe Ha e(PeKkTUBHOCTTA Ha BepuraTa
Ha CTOMHOCTTa?

1.15.2.3 KakBo € paBHMLLIETO Ha npunaraHe Ha KoHuenuudata 3a AurutaneH
ABOVHWK (MHTerpauus) 3a noBuWaBaHe Ha edqeKkTUBHOCTTa Ha Bepurata Ha
cToMHocTTa?

1.15.2.4 KakBO € paBHMULLETO Ha npunaraHe Ha KOHuUenuusTa 3a aurutaneH
ABOVHUK (MHOPMaUMOHHO OCUrypsiBaHe) 3a MoBuWABaHe Ha eJqeKTUMBHOCTTa Ha
BepuraTa Ha CTOMHOCTTa?

1.15.3 PaspaboTBaHe Ha pamKa 3a aHanu3 Ha NPUIIOKMMOCTTa Ha NPeaSIOXKEHNS
MoJen n 3a BanuaupaHe Ha HeroBuTe KITto4OBU NPOMEHNBN.

1.15.4. TecTBaHe 1 OUEHKa Ha pa3paboTeHNTE METOANYECKN MHCTPYMEHTH.

C uen uanbfiHEHME Ha NOCTaBEHUTE 3aayvn B HACTOALLOTO M3creaBaHe ca npuso-
XXEHW KaKTO Ka4yeCTBEeHW, Taka N KONM4eCTBeHN nscnegoBartencku metoaun. MisanonssaHu
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ca BTOPWYHWM AaHHW OT Hay4yHM pas3paboTKM, KakTO U MbPBUYHW OaHHWU, CbOpaHu Ypes3
opobpeHa aHkeTa, BKMoYBaLwa neTcreneHHa JlukeptoBa ckana. M3cnegBaHeto obxBa-
la BCUYKM 3aMHTEpPEcOBaHW CTpaHu B npousBoacTBeHusi cektop Ha OAE, kato 3a
cbbupaHe Ha OTroBOpUTE € M3non3BaHa clyvyaHa u3Bagka. AHanu3bLT Ha JaHHUTE e
N3BbPLUIEH Ype3 codpTyepa SPSS BbpXy CTPYKTYpUpaHUSi BLMNPOCHUK, KaTo e npea-
BMOEHO CbLLO CpaBHEHWe Mexay apabckaTa M aHrnuickaTa BEpCUst Ha BBMPOCHMKA C
Lien NoCTUraHe Ha KOHCUCTEHTHOCT M HaOeXaHOCT Ha pe3yntaTure.

Hay4yHa HOBoOCT
Hay4HaTta HOBOCT Ha gucepTauMOHHOTO U3creaBaHe ce nspassiBa B U3MNoSi3BaHETO Ha
KOHUenuuaTa 3a pgurmtaneH pgeounHuk (Digital Twin, DT) 3a pa3paboTBaHe Ha
MHTerpuMpaHa KoHuenTyasniHa paMka, KoATo N0o3BosisiBa LUMpPOKOMaLLabHOTO BHeapsiBa-
He Ha aurnTanHusa OBONHUK B Npou3BoacTBeHus cektop Ha OAE, KOMTO e C orpaHMyeHo
eMMNUPUYHO n3credBaHe B YCIOBUATA Ha WKOHOMWKUM B pasButue. 3a pasnuka oT
noBeYyeTo npeaulHN U3CnefBaHWsd, HACOYeHW KbM OTAENHM  MNPUNOXKEHUS Ha
AUMUTanHns OBOMHUK (Hanpumep NpeauKTMBHa NoagpbXKa WM ONTMMM3aums Ha
€MHWYHWN eTanun), NpeasioxkeHata paMka e siCHa B CBOMTE YeTupu B3aMMHO3aBUCUMU
KOMMOHEHTa — aHanu3 Ha OaHHW, U3MbAHUTENHU MEeXaHU3MW, UHTerpauus Ha cucte-
MuTe U obegmHeHe Ha MHpopMaunaTa Ha NPeanpUATUEeTO, KOMTO Ca BHEAPEHU B YHU-
duumpaHa cTpykTypa, obxBallalia etanute Ha cHabasaBaHe, MPOM3BOACTBO, TPAHCNOPT
W gocTaBka. 3HAYeHMETO Ha TO3M XOMUCTUYEH NOAXOon Ce CbCToM B TOBa, 4Ye TOW
3anbfiBa KPUTMYHO BaXkHa MpasHuMHa B nuTepaTtypaTta, KaTto pasrnexga sBepurata Ha
CTOMHOCTTa KaTO KOMIMSIEKCHa cuctema, a He Kato Habop oT yHKuun, paboTelim
He3aBucMMmo egHa ot gpyra. MopgenbT npencrtasa nocnefosaTteneH npouec Ha
NPUYNHHO-CNEACTBEHN BPBH3KWN, KONTO AEMOHCTpUpa Kak: pesdysimamume om aHasusa
Ha OaHHU 8 peallHO epeMe 800sim 00 MOYHU orepamugHuU U3800u; supmyarHume
npozHosu ce npeobpadysam 6 ¢pusudecku Oelcmeusi 4Ype3 U3Mb/IHUMeTHUme
MexaHU3MUu, UHgopMayUuOHHUMe cusio3u ce rpemaxeam 4ypes cucmeMHa UHmeapayusi;
UHbopMayuoHHomo o0beduHeHuUe o38orsisiea bopMupaHe Ha UHMENU2eHmMHU U
adanmueHu yripasrieHcku peweHusi. KombuHauusaTa oT CMeCeH MeToq Ha uacnensaHe
— KONMYECTBEHO NpoyYBaHe cpef crneumanuctn ot npomnssoacTeeHust cektop Ha OAE un
KayeCTBEHO YyCbBbpLUEHCTBaHe 4pe3 POKyC rpynu — nos3sosnsBa eMnuMpuyHa Banuaa-
UMS1, KOSITO 4O TO3U MOMEHT e Buna OTHOCUTENHO orpaHnyeHa, ocobeHo 3a permoHa Ha
Mepcunckna 3anus. [JonbrAHUTENHA Hay4YyHa CTOMHOCT NpeacTaBnsiBa M3MepBaHETO Ha
obLwmMs cMHeprnyeH eekT Ha YeTMpuTe KNYOBM KOMMOHEHTA, KaTo € 4EMOHCTPUPaHO,
ye TAXHaTa B3aMMO3aBMCUMOCT OCUTypsiBa NO-BUCOKA €PEKTUBHOCT OT MpunaraHeTo Ha
BCEKM OT KOMMOHeHTUTe nootaenHo. OTkputueTto ce 6asmpa Ha cbliecTByBallaTa
Teopus 3a OUrnTanHua OBOWMHUK W KMBep-pusmyHuTe cuctemu, Kato npeaocTaBs
MHOrou3amepHa, Bb3npou3BoarMa pamka, cneuyndudHa Kakto 3a MHCTUTY-LMOHanHaTa,
Taka n 3a onepaTuBHaTa peanHOCT Ha npousBoacTBeHus cektop B OAE. Busuata 3a
BHeOpsiBaHe, u3rpageHa BbPXy TeCTBaHUA Mogen, neduHuMpa KakBu pecypcu ca
HeobXxooMMN — TEXHOMNOMMYHM, YOBELLKN, OPraHN3aunoHHN, (PMHAHCOBM U perynaTtopHu
— M KaK cbliecTByBawmuTe HGapuepn morat ga 6baat npeogoneHu. Mo To3n HavmH ce
npeogonsdsa nponactra Mexay Teopus W MpakTuka, KOeTO MOo3BOSfiiBa MacoBO WU
MawabHo npunaraHe Ha kKoHUuenuudaATa 3a aurnTanedH [ABonHuK. KaTto uano,
n3cnegBaHeTo AOMpPUHACA 3a Hay4y-HOTO 3HaHME 4Ype3 3anbliBaHe Ha Mpornyckute,
CBbp3aHM C parMeHTUPaHUTE NPUMO-KEHUA Ha OUrUTanNHUS OBOMHMK, nuncaTta Ha
WHTErpupaHy Mogenn Ha KNn4yoBUTE KOMIMOHEHTU, OrpaHUYEHNTE eMMUPUYHU MOodEenNN,
cneuncuyHn 3a OAE, KakTO M HedocTaTbYyHUA aHanmM3 Ha ObJITOCPOYHUTE edeKTn
BbpXy e(eKTMBHOCTTa Ha Bepurata Ha CTOMHOCTTa. [lncepTauMOHHOTO u3crnenBaHe
nocTura ToBa 4Ype3 CBOUTE MPUHOCK, KaTO npeanara He caMoO TeOpPEeTUYEH Hanpeabk,
HO WM MPaKTUYECKU peLleHUsl, HAaCOYeHU KbM peanuampaHe Ha yCTOWYMBU Ha CMyLle-
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HUSA N KOHKYPEHTOCNOCOOHN BEpUrn Ha CTOMHOCTTa B KOHTEKCTa Ha MPOW3BOACTBEHM
cuctemu, opueHTupanu kem NHgyctpus 5.0.

MNMpakTuyecka NpuUoXnNmMocT

MpakTuyeckata MPUNOXHOCT Ha MpeafiokeHuss Moden Ha Bepura Ha CTOMHOCTTa C
avrutaneH asovHuk (Digital Twin, DT) ce noTBbpxaaBa OT SICHO doopMynuMpaHus,
noeTaneH Mpouec Ha BHeApsiBaHe, KOWTO AMPEKTHO ajpecupa uaeHTuduumpaHute
cnaboctn Ha nponsBoacTBeHus cektop B OAE, cBbp3aHu ¢ HeedbekTuBHOCTUTE. MogensT
NO3BOMSIBa Ha opraHM3auumnTe fa 4eMOHCTpUpAT CTOMHOCTTa Ha AUrMTanHus OBONHUK Npuy
MUHMManEeH pUCK Ypes CTapTMpaHe Ha NUOTHU NPOEKTK, KakTo € HabniogaBaHo B pearnHu
crnyyam kato passutneto Ha Dutco Tennant u Nakheel Mall, kakto n ga reHepupar
namepummn nonan (obmkHoBeHo 15-20% HamaneHue Ha pas3xoam, oTnagbum n gedexktn B
Ka4eCTBOTO Ype3 cumynauusa B peasnHo BpeMme, NpeauKTMBHA aHanutika 1 onTuMmnsaumns
Ha npouecuTe) 1 Aa crnevenaT AOBEPUETO Ha 3auHTE-pecoBaHUTE CTPaHW Npeau MacoBO
BHeapsiBaHe. [1peanoXeHnsaT noetaneH NOAXOA4 He camo npeacrasnsasa 6bp3 meToa 3a
AEMOHCTPaUMs Ha Bb3BpbLLiaemMocT Ha uHeecTu-uumte (ROI), HO 1 € HaMbNHO CbobpaseH
c Vision 2031 Ha OAE u HauuoHanHata ctpa-ternsa 3a Mugyctpusa 4.0, kato mM3nonssa
CblUecTByBalmTe nnaTdopmmn 3a aurutaneH ABOWHWK, MHCTPYMEHTU 3a ynpaBreHne Ha
pucka, ynpaBnsiBaHN Ypes3 U3KYCTBEH MHTENEKT, NnogobpsiBa CBbp3aHOCTTa Ha CUCTEMUTE U
NO3BOMSIBa M3MNOM3BAHETO HA CbLLECTBYBALUNTE NPABUTENCTBEHM CTUMYNN 3a Cb3aa-BaHe
Ha ycToMuMBa, MHOBATMBHA M YCTOMYMBA HA CMYLLEHWUSI MPOU3BOACTBEHA €KOCUC-TeMa.
MMNOTHO-OPMEHTUPAHUAT NoAaxond, KOWTO € LeHTpanHUAaT (POKyC Ha mopdena, npaswu
BHEOPSIBAHETO NPUMOXMMO 3a OpraHM3auum C pasfuyeH pa3mep U TEXHOMOMMYHO HUMBO,
KaTo MMHUMU3MpPA OMepaTUBHUTE CMYLLEHUSA U OCUTYpsiBa MakCUMarHu paHHW pesynTatu
MO OTHOLLEHWEe Ha edeKTUBHOCTTa U KOHKYpeHTocnocobHocTTa. PamkaTta npeobpasysa
TEOPETUYHNTE BBH3MOXHOCTM Ha OUTUTANHUSA OBOVMHWK B MNPAKTUYECKU, KOHTEKCTyanu-
3MpaHun pesyntaTin, KOUTO B AbIFOCPOYEH NMaH LWe NognoMorHaT MKkoHoMu4eckaTa amBep-
cMduKaums n NOCTUraHeTo Ha uenu 3a ycronymsocTt B OAE.

Anpobauusn

Anpobaunsata OT rnegHa Todka Ha NPUIIOXKMMOCTTA € M3BbPLUEHa Ype3 Hay4vyHa
ekcnepTmnsa n noneso ogobpeHue. PoKyc rpyna, CbCTaBeHa OT cedeM npeacraBuTenu
Ha MHOYCTpUSITa Ha ronsiM eMumpaTcku MHaycTpuaneH obekT, o6Ccban peneBaHTHOCTTa
Ha mMofena, OueHsABarkM CbOTBETCTBME, NPUITOXUMOCT, XU3HECNOCOBHOCT U MaLadu-
PyeMOCT, KaTO CbLUEeBpPEeMEHHO 0Tbens3a Bb3MOXHOCTM 3a NoA06peHUst, BKIIOYUTENHO
BbBEXJaHe Ha KN4yoBwW nokasatenun 3a edektuBHocT (KPI), obyvyeHne u nunoTHo
TecTBaHe. LLUnpoknte nonnutnyeckn npenopbKN, NOAKPENEHN CbC CTaTUCTUYECKU OaHHU
(R? = 43,7% o6wo; 71% 3a aHanu3a Ha JaHHM) N CPaBHEHUS C MOAENWU OT nuTe-pa-
TypaTa (Hanpumep Nada n Dawood, 2022; Mohammed et al., 2024), nony4nxa ekcnept-
HO ogoGpeHue 3a noeTanHo BHeApsiBAaHE C Bb3MOXHOCT 3a ObAeLlo paswm-pe-Hue KbM
CEKTOpu KaTo HepToaobme, hapmaueBTUKa U aBnaLms.

My6nukaunn
OCHOBHM NOCTUXEHUS U pe3ynTaTh OT ANUCepTauMOHHUS Tpyad ca nybnvkyBaHu B 3
Hay4Hu nybnukaumm, komto ca nHaekcmpanm B SCOPUS.

CTpykTypa u o6em Ha AMcepTaLNOHHUSA TpyA

HdncepTaumoHHMAT Tpya € B obem OT 173 cTpaHuum, KaTo BKMYBa BbBeaeHue, 4
rnaBu 3a pelaBaHe Ha POPMyNMpaHNTE OCHOBHU 3a4a4yu, CNUCHK HA OCHOBHUTE NPUHOCH,
CNMCbK Ha nybnukauuuTe No AgucepTauusata M u3nona3saHa nuTepatypa. Lutupanu ca
o6wo 175 nuTtepaTypHu n3todHuumn. PaboTarta Bkntousa obwo 38 courypm n 26 Tabnmum.
Homepata Ha durypute u Tabnumuute B aBTopedepaTa CbOTBETCTBAT Ha Te3n B
AVNCEPTALMOHHMA TPYA.



Il. CbAbPXAHUE HA AUCEPTALMUOHHUA TPY[]

MABA 1. METOOOJNTOM'M4YHA PAMKA U CTPYKTYPA HA U3CINNEOBAHETO

MbpBa rnaBa ycTaHoBsBAa MeTOOOSIOMMYHATa pamMka, TEeOpeTUYHUTE OCHOBU U
normyeckaTta CTPyKTypa Ha AucepTaumoHHuUs Tpya. Ts gedwuHupa nscnegoBaTerickus
npobrnem, nNpousTu4aLy OT OrpaHUYEeHOTO M (pbparMeHTUpaHO npuraraHe Ha KOHUer-
uuata 3a gurutaneH asonHuk (Digital Twin, DT) ¢ uen nosBuwasaHe Ha ePeKTUBHOCTTA
Ha Bepurata Ha gobaseHata ctonHocT (VC), ocobeHO B paMKnTe Ha NpoM3BOACTBEHUS
cektop Ha ObeaunHeHuTe apabckn emmpceTBa. naBa nbpBa ce 6a3npa Ha pas3bupaHeTo,
Yye BepuraTa Ha gobaBeHaTa CTOMHOCT € AMHaMU4yHa cucTema, YMeTo HMBO Ha edek-
TMBHOCT 3aBWUCW OT CTEeMeHTa Ha TEXHONorn4Ha, MHopMaunuoHHa 1 opraHn3aLMoHHa
WHTerpaunss Mexay oTAaenHuTe n etann. Bbnpekn 4e uHuumatMeBuTe 3a AurntanHa
TpaHcdhopMaums, CBbp3aHn ¢ KoHuenuuaTa 3a NHayctpusa 4.0, 3Ha4YMTenHo paswunps-
BaT W3MNON3BaHeETO Ha HanpegHanu TEexXHOMNoruu, cbliecTByBallMTe MOOAXOAM YecTo
NOCTaBAT NPUOPUTET HA KPATKOCPOYHM pe3ynTaTtu, a He Ha CTpaTermM4ecko U CUCTEMHO
BHegpsABaHe. To3n pOKyC BbpXy U3XOO4HWUTE pe3yrnTtaTtm 4ecTO BOAU 0O HeeddeKTUBHO
pasnpegeneHve Ha pecypcuTte M nogonTMManHa Bb3BpPbLiAaeMOCT Ha MHBECTUUUUTE B
AUTUTanNHN pelleHns. B To3M KOHTEKCT TexHomormata Ha AurutarnHua OBOWHUK ce
NpeacTaBs KaToO KMHOYOB MHCTPYMEHT 3a B3auMMOOEeNcTBME B pearniHO Bpeme Mexay
du3nYecKNTEe aKTMBU N TEXHUTE BUPTYarHuU eKBMBANEeHTU 4pe3 AByCTpaHeH obmeH Ha
AaHHW. [NaBa nbpBa pasrnexga olle esonoundara, geduHuLMnTe, XapakTepucTukmTe
N OCHOBHUTE KOMMOHEHTU Ha TexXHomnoruaTa Ha AUrMTanHusg ABOWHUK, KaTo akueHTupa
BbpXy HenHaTa ponsd B MOHWTOPUWHI, CMMynauusi, npeackasBaHe WU OnTUMU3auus Ha
nHaycTpnanuute npouecu. AUrMTanHUAT ABOWHWMK ce u3crnegBa KaTo WMHCTPYMEHT,
cnocobeH fa nognomara B3eMaHeTO Ha YMpaBreHCKU peLleHus U KoopAuHauusaTta Ha
onepauuMmTe Mo usnata Bepura Ha pgobaBeHata CTOMHOCT — OT MNpOeKTUpaHe U
NPOM3BOACTBO A0 NOMUCTMKA, nogapbxkka u obcnyxsaHe.CblLuyecTBEHa YacT OT TO3M
pasgen e nocBeTeHa Ha TeopeTuyHaTa pamka, BbpXy KOSTO Cce OCHOBaBa u3crenBa-
HeTo. MIHCTUTYyuMoHanHaTta Teopus ce 13nonsea 3a 06sCHeHMEe Ha OpraHU3aunoOHHUSA 1
BbHLUHUA HATWUCK, KOWTO BfMsie BbPXY MPUEMaHeTO Ha TexXHONormm 3a aururarneH
ABONHUK. [MPUHYANTENHUAT, HOPMATUBHUAT U MUMUTATUBHUAT HATUCK Ce pasrnexaart
KaTo KM4YoBU (hakTopn, doopMupalLn pelleHnaTa Ha upMmnTe B KOHTEKCTa Ha
avrutanHata TpaHcdopmaumsa. Tean TeopeTUdHW NepcnekTMBM ce AonbfiBaT OT Teo-
pusiTa Ha QUrnTanHusa OBOMHUK, TeopusaTa 3a Knbep-pusmyHUTEe CUCTEMU, UHXEHEPCT-
BOTO Ha cuctemute, 6basupaHo Ha mogenu (Model-Based Systems Engineering, MBSE),
M CEeMaHTU4YHOTO MOAenupaHe, KOWTO 3aefdHO MpefoCTaBAT TexHonormyHata u
MHXeHepHaTa OCHOBa 3a pa3bupaHe Ha TOBa Kak cuctemuTe 3a gurntaneH ABONHUK ce
npoekTupaT, BHeApsBaT U UHTerpupart npes uenvs UM XU3HeH uukbn. B T1asm nbpsa
rmaBa ce u3cnegsa KoHuenuuata 3a Bepurata Ha gobaseHata ctomHocT (VC), kato ce
ovyepTaBaT HENHUTE OCHOBHM KOMMOHEHTU N CTPATErM4eCKOTO N 3HaYEHME 3a KOHKYPEH-
TocnocobHocTTa Ha npomssoactBoto. OcobeHO BHMMaHME ce OoTAens Ha Bpb3kaTa
Mexay AuruTanHusa BOVMHUK U BepuraTa Ha gobaBeHaTa CTOMHOCT, KaTo ce nogvep-Ta-
Ba noteHumana Ha TexHonornmte Ha DT 3a noBuwaBaHe onepaTyMBHaTa NPO3pPaYHOCT,
oNTUMMU3MpaHe M3MNoMn3BaHeToO Ha pecypcu, HamansiBaHe pasxoauTte U nogobpsisaHe Ha
MBKaBOCTTa W YCTOMYMBOCTTA Ha MPOM3BOACTBEHUTE cuctemn. Bb3 ocHoBa Ha
KOMMMeKCeH nperneq Ha nutepaTypaTta. B nbpBa rnasa, CbLUO Taka ce ngeHtuuumpar
HSIKOW HepeLLeHn 3adadn U uacrnegoBaTtencku nponyckn — gurypa 1-13-1. Bunpekun ve
TEXHOMNOIrMNTE Ha OUrnTanHua OBOWMHUK ca Gunu npunaraHyn 3a nosuwaBaHe Ha edek-
TMBHOCTTA, ONTUMM3ALMsS Ha NPoOLleCUTE U HamansiBaHe Ha BPEMETO 3a U3nusaHe Ha
nasapa B CEKTOPW KaTo CTPOUTENCTBO, aBTOMOOMIOCTPOEHE 1 3apaBeona3BaHe, TAXHO-
TO MNPUMOXEHMEe B paMKUTE Ha MO-LUMPOKUS KOHTEKCT Ha Bepurata Ha pobaseHaTa
CTOMHOCT OCTaBa HeOoCTaTbyHO MNpoy4yeHo.ChblUecTByBalLUMTE MNPaKTUKX 3a aurvTanHa
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TpaHcdopMaumst OGUKHOBEHO MOCTaBST aKLEHT BbpXy MOCTUraHETO Ha KOHKPETHM pesyri-
TaTh, a He BbpXy CTpaTernyeckoTo BHeApsiBaHe, KOETO BOAW A0 HeedEKTMBHU WUHBECTU-
LIMOHHW peLLEeHUst U pparMeHTUpaHo npunaraHe Ha TexHonornmTte. OCBeH ToBa He CbLLECT-
BYBa LISANIOCTEH MOAEN, KOWTO Aa UHTerpupa TeXHOMNOrMaTa Ha AUrMTanHMs BOVHUK C aHa-
113 Ha CTOMHOCTTa 3a noaobpsiBaHe Ha epeKTUBHOCTTa Ha Bepurata Ha fobaBeHaTa CTou-
HOCT, HUTO € SICHO [0 KakBa CTeneH TpsioBa Aa ce M3nori3esa Avrutanius 4BoNHUK B obnac-
TUTE Ha aHanu3 Ha AaHHW, U3MTbIHUTENHU MEeXaHU3MK, CUCTEMHa UHTerpaums n nHdopma-
LIMIOHEH MOTOK.

HepelweHnun 3agayv (M3cneposaTencku nponycku)

1. CbuwecTtByBawnTe MeToau 3a OurMTaneH [OBOWHWK He pasnofarat C sCHa
cTpaterms 3a wWHTerpauusa BbB Bepurata Ha pobGaseHata ctonHoct (VC),
dokycupatr ce noBeye BbLPXY AUrUTaNHUTE pesynTtaTh, OTKOMKOTO BbPXY
CTPYKTYPHOTO BHeApSABaHe.

2. He cbwectByBa Mmogen, KOWTO ga KoMOWMHMpa aHanmu3 Ha CTOMHOCTTa +
AvruTaneH ABOMHWMK 3a nopobpsiBaHe Ha eqeKTMBHOCTTa Ha Bepurata Ha
pobaBeHaTa CTOMHOCT, OCTaBSMKN KOHLENTyanHn 1 MeTOA0NOrMYECKN MPOMYCKM.

3. CteneHTa Ha npunaraHe Ha [OUIMTanHWs OBOWHWK — aHanmM3 Ha daHHW,
NHTEerpauusa n MHGOpPMaLMOHEH NOTOK — He e Ouna n3mepBaHa B paMKuTe Ha
BepuraTta Ha fobaBeHaTa CTOMHOCT B NpeauLLIHM U3CneLBaHus.

4. [ObnroCpouHUAT e@eKkT Ha AUruTanHua OBOWMHUK BbPXY eqeKTUBHOCTTa Ha
Bepurata Ha OOCTaBKM M Bepurata Ha gobaBeHaTa CTOMHOCT OCTaBa HESICEH,
ocobeHO WO ce oTHacs A0 HamansiBaHe Ha pasxoguTe W BbINepoaHust
oTneYyaTbK.

5. WscnegBaHusTa Ha aurntanHua  OBOMHUMK B paMkuTte Ha CbBeTa 3a
CbTpyOHUYecTBO Ha cTpaHute oT [lepcuicknsa 3anus (GCC) Bce ouwe ca
orpaHuyeHn, ocobeHO B NPOM3BOACTBEHUSI CEKTOP, BbBMPEKM HanMynMeTo Ha
BMCOKA guruTanHa rotToBHOCT.

®urypa (1-13-1) Hepemenn 3agaun (U3cjienoBaTe1cK1 NPONYCKH)

B oTroBop Ha maeHTUMUMpaHUTE M3cneaoBaTernicku Nponycku, rmasata opmMynupa
OCHOBHAaTa Len Ha gucepTauusta, uscnenoBaTerickute 3agadvm U XUrnotesuTe Ha us-
crnenBaHeTo. Te3n enemMeHTM OCUrypsiBaT KOXEPEHTHa KOHLenTyarnHa M MeTodoso-
rMYHa OCHOBa 3a MocrieaBaluMTe rnaBu, KoUTo ce pokycmpaT BbpXy pa3paboTBaHETo U
eMnupuyHaTa Banuaauus Ha UHTerpupaH Moaen 3a npuraraHe Ha TexXHonorusTa Ha
AUTMTanHUS OBOWHMK C Len noBullaBaHe Ha edpeKkTMBHOCTTa Ha Bepurata Ha gobase-
HaTa CTOMHOCT B NPOU3BOACTBEHUTE NpeanpuaTus.

NMABA 2. AHAJIU3 HA OB30PA U U3ITOTBAHE HA KITACUPUKALIUA

B Tasn rmaea uscrnepoBaTenar ce ooKycupa Bbpxy BTOpata 3ajadya Ha guceprta-
LUMOHHMSA TpyA, KOSTO MMa 3a uen ga geduHnpa TeopeTvyHaTa pamka Ha MHTerpumpan
MoAern, NnpegHa3HayeH 3a oueHKa 1 rnpunaraHe Ha KoHuenuusTta 3a gurntanHuire OBOK-
HUUM BBbB Bepurata Ha CToMHOCTTa. BbB BTOpUA naparpad e npefcraBeHa KOHUENTY-
anusauuaTa Ha WHTerpupaHus mogen — pasgen 2.1.1. lpeanoxeHnat wuscnepno-
BaTenckn mogen ce 6asmpa Ha WHCTUTyuuoHanHaTa Teopusi, KOSTO npeaocTaBs
LUSSIOCTHA KOHLUENTyanHa pamka 3a 064CHeHMe Ha NpUYnHUTE, Nopaam KoOUMTO opra-Hu-
3aumnTte Bb3NpMemMaTt HanpegHanu gurutanHu TexHonormn. B KOHTekcTa Ha npowus-
BoacteeHust cektop B OAE gurntanHata tpaHcdopmaums ce obycnaBa B no-marska
CTerneH OT YACTO TEXHUYECKa MoL4epHU3aUnsa 1 B NO-rongma cTeneH oT HopMaTUBEH Ha-
TUCK M HaUMOHAamNHM cTpaTermyeckn BMU3NKN, KaTO UHULMATMBMU, CbriacyBaHW C KOHUenN-
umnarta 3a ,Mugyctpus 4.0“ UHctutyynmoHanHaTa Teopus € ocobeHo noaxoasila B TO3u
crny4vaun, Tb KaTo oBsCHABA KaK MHAYCTpUanHuTe NpeanpuaTus ce CTPeMAT KbM Jerun-
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TUMHOCT M KOHKYPEHTHO MpeanMCTBO Ype3 CbobpassiBaHe C BbHLIEH HATUCK, BKITHOYN-
TENHO ObpXKaBHW perynauuu, oTpacrioBn ctaHaapTh u obLiecTBeHn oyakBaHus. ToBa
rapaHTvMpa, Ye MoA4eNbT € KOHTEKCTyanHo 060CHOBaH M OTpassiBa NO-LUMPOKaTa OpraHu-
3aLMOHHa eKocucTemMa, B KOATO YNpaBreHUEeTOo, KynTypata W perynaTtopHute Mexa-
HU3MW OKa3BaT BNUAHME BbPXYy BHegpsiBaHeTo Ha [urutanuu [OsovHunum. C uen
TpaHcopMmnpaHe Ha Tasu OpraHu3auuoHHa cpefa B TeXHMYecKka peanusauus, uscre-
AoBaTtenaT nHterpupa TeopusaTta Ha AUrnTanHus OBOWHUK U CUCTEMHO MHXEHEepCTBO,
6asmpaHo Ha mogenu (Model-Based Systems Engineering — MBSE) kbM TO31 MOAEr.
Teopuarta 3a gurutanHusa ABOMHUK YCTAHOBSABA NPUHUMNA HA OrfedanHo npeacraBsiHe,
NPy KOUTO (PU3NYECKN aKTUBU — KaTO MaLUMHW, NMPOU3BOLCTBEHU NMMHUM U OPYrK pecyp-
CM — Cce pennukupaT BbB BUpTyanHa cpeda NOCPeAcTBOM CEH30pPM U 3a[BUKBALLM
MexaHu3Mn. Bbnpeku ToBa, CrOXHUTE MHAOYCTPUanHu BEpuUrn 3a cb3faBaHe Ha CTOWn-
HOCT M3MCKBaT noBede OT OOMKHOBEHO CbOMpaHe Ha AaHHW; nopagu Tasyn npuvvHa
MBSE ce nsnonasa 3a ocurypsiBaHe Ha CTPYKTypupaHa n UHTerpupaHa CUCTEMHa apxu-
TekTypa. TpeTUsT 1 Han-CbLLECTBEH KOHLUENTyasieH Crov MHTerpMpa CEMaHTU4YHO Moae-
nnMpaHe 1 OHTOSOMMYHa pamka, KOUTO OCUrypsiBaT UHTENUIEHTHOCT Ha cuctemara. Toan
Crnov agpecumpa CeMaHTM4yHaTa onepaTtMBHa CbBMECTUMMOCT, KaTO MO3BOfsiBa Ha
cuctemata pa WHTepnpeTupa ronemum obemn HeobpaboTeHM CEeH30pHM [OaHHU B
3aBUCMMOCT OT KOHTEKCTa M notpebHocTute. Ypes nanonssaHe Ha OHTOMOIMS, OPUEH-
TMpaHa KbM pellaBaHe Ha npobnemu, mMoaenbT CBbp3Ba (PUNYECKUTE CbOUTUS C
TAXHOTO ONepaTMBHO 3HadeHne. B 0606LieHre, NpeanoXeHMaT Mogen € TeoOpeTUYHO U
KoHUenTyanHo o060CHOBaH Ha BCAKO HWMBO. [lpUHYAUTENHWAT HaTUCK nNpousTuya
OCHOBHO OT pegepanHu nnuumatmem kato UAE Vision 2031 n Dubai Industrial Strategy
2030. HopmatmBHMAT HaTUCK ce obycnaBs OT MeXAyHapOoAHW CcTaHAapTW, KaTo
Hanpumep 1ISO 23247 3a gurntanHn ABONHULUN. YCMNELWHOTO BHeAPsIBAHE HA OUrMTaneH
ABOMHUK OCUrypsiBa KOrHUTUBHA, nNparMaTu4Ha n MopanHa nermTmmMHocT. CUCTEMHOTO
NHXXeHepcTBo, BbasnpaHo Ha mogenn (MBSE) ce peanuaupa ypes nsnons3saHe Ha e3nka
3a cuctemHo MmogenupaHe SysML. CemaHTnyHaTa onepaTMBHa CbBMECTUMOCT Ce
noctura ypes oHTosnorusi, paspaboteHa Ha 6aszata Ha OWL 2 DL, cbrnacysaHa CbC
cbulecTByBawWmTe cranHgapti. B pasgen (2.1.1.1) e pasrnegaHo CBbp3BaHETO Ha
NPOMEHNNBUTE, XapaKTepusvMpaw AUruTanHuTe AOBOWHMUM, C edEeKTUMBHOCTTa Ha
Bepurata Ha CTOMHOCTTa, KOETO € OCHOBaTa Ha NpeasfioXeHUss UHTerpupaH mopen.
HanpakTtnka 4pe3 Hero cb3gaBaHEeTO Ha CTOMHOCT Ce OnucBa KaTo pesyntar oT
OUMUTanHO yrecHeH aHanM3 Ha [daHHW, CUCTEMHA WHTerpauus, akTyauus wu
MHOPMaLUMOHHA NPO3pavyHOCT Mexay OenHOCTUTe BbB Bepurata 3a ctonHocT (Value
Chain — VC). WamepeHuaTa Ha AaurntTanHus ABOVHWK He QYHKUMOHMpPAT KaTo
aBTOHOMHW eneMeHTn, a B KomOBuHauua obpaboTBaT, MHTepnpeTMpaT 1 npeanpuemar
AENCTBUS BbPXY AaHHUTE Ha cuctemaTa.

OcBeH TOBa, NpouUECHLT Ha UHTErpaumMs ce noacwurBa Ypes3 HernpekbcHaTaTa Bpb3ka
MEeXay CEeH30puTE U NPOMEHMMBUTE Ha Bepurata 3a CToMHOCT. CnepoBaTenHo edek-
TMBHOCTTA Ha Bepurapa Ha CTOMHOCTTa Be4Ye He Ce OCHOBaBa Ha hUKCUpaHW npeano-
NOXEHNHA, a Ha akTyanu3upaHu CbCTOSIHMS Ha cuctemata. AuUruTanHusaT ABOMHUK
cb3gaBa MHopMaUnNa KaTo LEeHTpanHoO KOOpAMHMPALLO n3MepeHune, koeto obeanHsiBa
aHanusa, UHTerpaumsitTa n aktyauusaTa B NOCTUraHeTo Ha e(heKTMBHOCT Ha BepuraTta 3a
CTOMHOCT. Bucokata crteneH Ha uvHTerpauus Ha Mogena ce u3passiBa B HeroBaTta
3aTBOpEHA OrvKa, Npun KOSITO CEeH3MpaHe, aHanu3, B3eMaHe Ha peLleHns 1 akTyaums ca
B3aMMOCBbP3aHM U BCUYKM Ca HAaCOYEHM KbM e(PEKTMBHOCTTa Ha BepuraTa 3a CTOMHOCT.
MO TO3M HaYMH QUrMTaNHUAT ABOMHMK HE NPOCTO noAromara Bepurata Ha CTOMHOCTTa
KaTO BbHLIEH WHCTPYMEHT, a NpeacTaBnsBa CTPYKTYpPEeH KOMMOHEHT Ha npoueca Ha
Cb3aBaHe Ha CTOMHOCT.



MopgenbT Moxe Aa 6bae OOMbNHUTENHO UMCTPUPaH Ype3 Bu3yarHa OeMOHCTpauus,
NPUAPY)XeHa OT KpaTbK npernen Ha OCHOBHUTE KOMMOHEHTU Ha AUrMTanHUs OBOWHUK U
eeKkTMBHOCTTa Ha BepuraTa ca CTOMHOCT KakTo crieasa — cpurypa 2-1-1-1:

Jurvtaned 4BOWHMK

' - - N
AHanuz Ha AxTyatopwu
OAHHK
- - -
d N ' N
HMHTErpauMa NHGOPMaLMA
- — - -
™ - )
NPOMEHAMBH Ha MHTepdeiicu =
CTOAHOCTHaTE BERKWIa
I~ . -
. >~ =
.[CEHEGFJM AKTYaTOpK -
. . J
b

eQeKTMBHOCT Ha BEPKIaTa Ha
CTORHOCTTA

®urypa (2-1-1-1): UaTerpupan Moaes1 Ha U3CJIeBaHETO,
H3rounuk: (M3rorBeHo oT u3cjaeaoBaTesis)

1. OurntaneH aBonHuk (Digital Twin — DT)
e B ueHTbpa Ha mogena e NocTaBeH AUIrMTaNHUAT ABOWHUK, KaTO OCHOBa
Ha KoHUenums.
o Cnepggat 4eTMpyM OCHOBHWN KOMMOHEHTA:
o AHanu3 Ha pgaHHm (Data Analysis) — obpaboTka 1 aHanua Ha gaHHW OT
dm3ndeckata cucrtema.
o AkTtyatopm (Actuators) — MexaHu3Mu, KOUTO WM3BbLPLUBAT OENCTBUSA
crnopepg HyxauTe Ha cuctemara.
o WHTerpaumnsa (Integration) — cBbp3BaHEe Ha pPas3fIMY4HM KOMMOHEHTU Ha
cucTemaTta 3a koopauHupaHa paboTa.
o WHdopmauma (Information) — reHepupaHe Ha 3HaHUA U NPO3PEHUs 3a
B3eMaHe Ha peLleHus.

2. EcpbekTBHOCT Ha Bepurata 3a ctouHoct (VC Efficiency) - [OurutanHuart
ABOVHWK gonpuHacs npsiko 3a edekTMBHocTTa Ha BuptyannaTta komwucums (Virtual
Commissioning — VC), KoATO wu3MepBa eqeKTUBHOCTTa Ha cumynaumsatra wu
onTUMM3aLmMaTa Ha cuctemmnTe npean usmyeckara UM peanusauus.

3. O6patHu Bpb3ku (Feedback Loops)

e CeH3opu (Sensors) (CbbupaHe Ha gaHHM) — cbbupaT gaHHM 3a onepauunTe Ha
cuctemarTa.

o [lpomennuen Ha VC (OnepaTtuBHu nokasatenu) (VC Variables) — gaHHute oT
CeH3opuTe ce TpaHcopMupaT B nokasaTenu, KOMTo oTpassasaT npeacTtaBsHeTo
Ha cucrtemara.

« Te3n gBa enemeHTa B3aMMoaencTBaT B obpaTHa Bpb3ka, 3a Aa ce Habnogasa u
nogobpsiea NOCTOAHHO ehekTUBHOCTTA.

e AxtyaTopu (M3nbnHUTENM Ha OENCTBUS) — U3BbPLUBAT AEMCTBMA B (hmu3mdeckata
N1 cumynupaHarta cucrema.

e WHTepdbenicn (BzanmopencTeme cbC cuctemarta) — aktyatopute paboTaT 4ypes
nHTepdercnTe, 3a Aa B3anmMogencTeaT cbC cuctemaTa.

o Te3an OBa enemeHTa CbWO B3aMModencTBaT B UMKbM, 3a [da Ce OCcurypu
npaBureH KOHTPON N U3MbIIHEHME Ha OeNCTBUATA.
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B o606LeHne, nHterpmpaHnat mogen ot dwurypa 2-1-1-1 Ha m3cnegBaHeToO Mokassa
Kak pamkaTta Ha gurutanHusa asovHuk (DT) nogobpsiea edektnBHocTTa Ha VC. DT ce
CbCTON OT YETUPWU OCHOBHW erlieMeHTa — aHanui Ha AaHHW, akTyaTopu, MHTerpaumsa u
MHpopmauusa — KoMTo nognomarat no-npeumnsHa cumynaumsa Ha cuctemaTta U B3emaHe
Ha peweHus. Te3an enemeHTU JornpuHacAT 3a edekTuBHocTTa Ha VC, KOSATO CbLUO
3aBUCKM OT [ABa MNOACUCTEMHU KOMMOHEHTa: ceH3opu W aktyaTopu. CeHsopuTte ce
n3nons3eart 3a cbbMpaHe Ha JaHHU U reHepupaHe Ha onepaTuBHM NpoMmeHnuen Ha VC, a
aKkTyaTopuTe UM3NbIHABAT [LOENCTBUA U B3auMogenctBar C  uHTepdencute Ha
cuctemarta. B pasgen 2.1.2 e npeacraBeHa CTpyKTypaTa U OCHOBHUTE NMPOMEHSIMBU Ha
NpeanoXeHnsa UHTerpupaH Moger, kato no-noapobHo e 06siCHeHO kapTo-rpadu-paHeTo
N BIIMSIHMETO Ha npoueca Ha HenpeKkbCcHaTa CTPYKTYpHa UHTerpauus — durypa (2-1-2-
1). Moxe pa ce Kaxe, Ye TyK € npeactaBeHa MeTofjosiormdeckata dasa Ha
ANCepTaUNoOHHOTO U3cnenBaHe.

KapTtupaHe/ BnusHue

HenpekbCcHaTa CTPYKTYpHa MHTErpaums

MNpomexnnuen Mpomennuen Mpomexnuen
Ynpasnssaiia Crpykrypha g WHTEAMrenTHO
norunka UHTerpauwna ynpasnexue
| Kaptupane l
W
Eranu Eran
A D ~
s ®
b E E
L
) |
KaptupaHe
B Bnuanwne N E J
¢ WHTerpayusa l'

v

C Bnuanne F

durypa (2-1-2-1): dyHKUMOHaNHa cxema Ha NoToKa
N3TouyHuK: U3rotBeHo oT uscnegosaTens

durypa (2-1-2-1) unoctpypa mogern, KOMTO CBbp3Ba CUCTEMA, OpUEHTUPaHa KbM
npoektnpaHe (DT System), ¢ koHkpeTHM eTanm Ha npoueca (VC Model). NMo-gony e
npeAcTaBeHO 0BSCHEHME Ha KIMOYOBUTE eNeMEHTU Ha N30bpaxeHneTo:

e Cucrtema (DT System): BknouBa NpOMEHNNBKN KaTO KOHTPOSHA NOrnka, CTpyk-
TYpHa VHTEerpauusa n UHTENUIreHTHO yrpasrieHne. Te3n enemMeHTn nokassaTt Kak cucTe-
MaTa PyHKLUMOHMPA KaTo LANOCTEH OPraHU3bM.

e« Mopen (VC Model): MNpencrasnsea etanuTte Ha npoueca, obxsallalim HAKOMKO
cTbnku (ot Etan A po Etan F). MogenbT nokassa kak npouechbT NpeMmnHaBa OT eAuH
eTan KbM Jpyr.
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« ®dyHKuMOHanHa Bpb3Ka: [lokasBa Kak cuctemaTta e CBbp3aHa C Te3u eTanwu,
KOeTO npegnonara HeNpPeKkbCHATO B3auMMOLEWNCTBUE MEXAY MHTerpupaHus AnsavH u
CTPYKTYPUPAHOTO U3MNbIIHEHUE Ha eTanuTe.

HacTtoswoTo nscnegsaHe Bb3npvema MHOroOCTeNeHHa MHTerpaTMBHa pamka, B KOATO:
Makpo HMBO (MHCTUTYUMOHANHO): MHCTUTyunoHanHaTa Teopus obscHABa 3aLlo Npous-
BoacTBeHuTe npeanpusatusa B OAE BHeapsaBaT AUrnTanHy OABOWHUUM, KaTo ce B3emar
npeasua NPpUHyaUTENHW, HOPMATUBHU U MUMETUYHU HATUCKWU, KaKTO N NoBedeHue, Ha-
COYEHO KbM MOCTUraHe Ha nerMTMMHOCT. Me3o HMBO (TeXHOMOrMyHo): Teopusita Ha
AUMUTanHnsa OBONHUK U knbep-pumsmyHute cuctemm (Cyber-Physical Systems — CPS)
ocurypsisaT ocHOBaTa 3a TEXHOSIOrMYHOTO AP0, rapaHTUparku OBYNOCOYHO B3aMMO-
AeNCTBME B peariHo Bpeme Mmexay puandeckute akTMBM N TEXHUTE BUPTYyasriHU OBOW-
HUuM. MeTtogonormyHo HuBo: CUCTEMHOTO MHXEHepCTBO, 0GasupaHo Ha Moaenu
(MBSE), peanuaupaHo 4ype3 SysML, crnyxu kaTo MeTO4oNorMyHa onopa, KOSATo CTPyK-
Typypa U CUHXPOHU3NPA BCUYKM KOMMOHEHTU Ha cuctemata. CeMaHTUYHO U OHTOMO-
MYHO HUBO: MN3non3eaHeTo Ha oHTonormn OWL mn ctaHgapt kato OPC UA rapaHTupa
CEMaHTMYHa onepaTMBHa CbBMECTUMOCT MEXAY XeTePOreHHN CUCTEMM.

Tasn nepapxuyHa wHTerpauusi, npegcraBeHa Ha durypa 2-1-1-1, cb3gasa nocne-
AoBaTeneH 1 KOOPAMHUPaH MbT OT BbHLWEH UHCTUTYLMOHANEH HAaTUCK KbM BbTPELUHOTO
TEXHOSIOTMYHO BHeApSABaHE U, B KparvHa CMeTKa, KbM M3MepumMn nogobpeHunsa B edoek-
TMBHOCTTA Ha Bepurarta 3a CTOMHOCT. [lpoueaypHaTa norvka Ha u3crneaBaHeTo e npea-
cTaBeHa Ha durypa (2-1-3-1), a KOHUenTyanHaTa v onepaTMBHaTa CTPYKTypa Ha UHTer-
pupaHus MOAEnN, KOSATO € TSACHO CBbp3aHa, € nokadaHa Ha durypa (2-1-1-1). bnok-
cxemarta npeBpblla TeopeTMyHaTa OCHOBa, MpeactaBeHa OT WMHCTUTyuMoHanHaTta
Teopusa u TeopuaTa Ha AUTUTanNHUS OBOVHUKK, B KONIMYECTBEHO U3MEPUMU NPOMEHIIUBN,
KaTo AUrMTanHUAT OBOMHUK Ce pasrnexga KaTo He3aBucuma npoMeHnuBa, a edek-
TMBHOCTTa Ha Bepurata 3a gobaseHa ctomHocT (Value-Added Chain — VAC) — kaTo
3aBMCMMa MPOMEHNIMBA, BKIOYEHA B MHTerpupaHus mogesn. OnepaumoHanuanpaHeTo
Ha mMofena ce M3BbpLUBA Ype3 MeToaonoruaTa n etanute Ha eMnUPUYHOTO NPUNoXe-
HWe, KOUTO onpeaensaT Kak KOMMOHEHTUTE Ha Modena ce naeHTuguumpaTt n TecTeaT B
KOHTEKCTa Ha npou3soacTBeHnte npeanpusatms B OAE.

MpencraBeHTa Ha urypa 2-1-3-1 6nok-cxema nNpeacraBnsgBa NbTHA KapTa 3a NPOBEeX-
AaHe Ha nscnenBaHeTo, AOKATO MHTErpupaHuAT MOAen € aHanuTuyeH u obsacHUTeneH
An3anH Ha uacnegsaHeTo. Vinu kasaHO MO Apyr HaYMH - TS NpeacTaBs npouegypHata
noruka Ha macneaBaHeTo, gokato durypa (2-1-1-1) noka3Ba KoHUeNTyanHaTta u onepa-
TMBHaTa CTPYKTypa Ha WHTErpupaHusi Moger, KaTto ABeTe ca TACHO CcBbp3aHu. brok-
cxemaTa 3arnoyBa C TeopeTudHata OCHOBa, KOATO MPSKO WH(opMupa KOMOBUHMPaHWUSA
Moaesn, TbM kaTo Ton ce 6asmpa Ha WHcTuTyumMoHanHaTa Teopusa U Teopusita 3a
AUrUTanHus OABOMHUK. TeopeTuyHaTa OCHOBa 3a BHeApsABaHE Ha OUruTanHu OBONHULN
N OYaKBaHUAT N edeKT BbpXy e(eKTMBHOCTTa Ha Bepurata 3a CTOMHOCT, UMMIEMEH-
TMpaH B UHTEerpupaHns mogern, € nogpobHo obsicHeHa. Tean Teopun ce npespbLLAT B
N3MepuMmM MPOMEHNMBM MO BPEME Ha eTana Ha NpPOeKTMpaHe Ha u3cnefoBaTericKus
mMogen B Grok-cxemara, npu KoeTto AUrUTanHuaT OBONHUK ce pasrnexna Kato He3aBu-
cMMa npoMeHNniMBa, a e(eKkTMBHOCTTa Ha Bepurata 3a gobaseHa cTtonHocT (Value-
Added Chain — VAC) — kato 3aBMCUM pe3ynTaT, BPb3KW, KOUTO Ca SICHO OTpaseHu B
nHTerpupaHms moaen.OcBeH ToBa, METOOOMOMMYHUAT eTan Ha Bnok-cxemaTa peanusun-
pa NpakTUYeCKN MHTErpupaHna Mogern, Kato onpegens Kak Heropute enemMeHT — aHa-
N3 Ha AaHHW, CEH30pPU, akTyaTopu, MHTerpauusa n nHtepdencu — we 6vaaT emnmpmy-
HO M3MepBaHW N TeCTBaHU.ETanbT Ha eMNUPUYHO MPUNOXEHWE BKITOYBA NpuraraHeTo
Ha MHTerpupaHust mogen BbpXxy npounssoacteeHn npeanpuatna B OAE, ¢ uen onpege-
NAHe Ha Bb3OEWCTBMETO Ha KOMMOHEHTUTE Ha OUrUTanHus OBOWHUK BbpPXY edeKkTuB-
HocTTa Ha VAC. ETanbT Ha npuHoc obxBalla npaktnyeckata gobaseHa CTOMHOCT, KaTo
BKMOYBA BanugupaHe Ha UHTErpupaHus MoAesn 4Ypes peanHu gokasaTtesncrsa M [oKas-
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BaHe Ha HeroBaTa e(eKTUBHOCT OTBb[ TeopeTudHata pamka.Hakpas ce cdopmynupat
3aKknYeHns N nNpenopbky, 6asnpaHn Ha Briok-cxemarta, kKaTto Te ca NpsaK pesyntaTt oT
pas3bupaHeTo, MONy4YeHO 4Ype3 MHTerpupaHums mogen. ToBa ce Ob/KM Ha dakTa, 4ye
Grok-cxemarta ce pasrnexaa kaTo MbTHa KapTa 3a U3MbJSIHEHWMETO Ha M3cnenBaHeTo,
AOKaTO MHTErpupaHuAT MoAen npeacTtaBnsiBa MbTHa KapTa 3a aHanu3a n obscHuTen-
HaTa YacT Ha u3cnegBaHeTo.

.~

TEOPETHUYHA OCHOBA
MHCTMTYLMOHANHA TeopuAa + TeopMa 338 OUIMTaNHKTE

\ ABoMHUuUM + MBSE (KoHuenTyanHa v cTpykTypHa ocHoBa)

r"}r MPOEKTUPAHE HA M3CNEAOBATENCKKM MOEN

- MaeHTUGMUMpaHe Ha OCHOBHM NPOMEH/TUBM:
- HE3ABWUCHMA NPOMEHNMBEA: [IMTMTanHK ABOHHMUM (DT)

- 3aBMcMma NnpomMmeHAWBa: EECIJEHTP‘IBHDCT Ha BEpPWIaTa 3a

Cb3faBaHe Ha nobaBeHa cToMHOCT
k\;HSMEpEHMH Ha DT: AHanM3 Ha SaHHW-aKTyaTepu-MuTerpaumna-Hudopmauma

1l

METOLONOMAA HA U3CNIEABAHETO
- CMeceH KOMMYECTBEH M Ka4YeCTBEH NOAXOS,
- CobupaHe Ha AaHHK
- BanwaMpaHe Ha MHCTPYMEHTapMYMa/HaaeMAHOCT U BaNUaHOCT

- CTAaTCTHYECKK aHanus [SPSS/

Il

'd EMMMPHMYHO NPHMMOKEHME
- CobMpaHe Ha AaHHK OT NPOM3BOACTBEHKM NPeanpHATHMA B OAE

- Mi3MepBaHe Ha Bb3AeHCTBMETO HA KOMNOHEHTHTE Ha DT Bbpxy
BEpHraTa Ha fJobaBeHarta cToHHoCT

- AHANKWM3I Ha pe3ynTaTHTe,/ Kasyca
\_ pesy. frazy J
NMPAKTHMHECKM NPHMHOC N

- PazpaboTEaHE Ha PAMKa 33 OLEHKA 33 BHeapABaHe Ha DT BbB BepMraTa
33 Cbh3AaBaHEe Ha CTOWHOCT
- MoEHTMGWUMPaHE Ha KIHOYOBK GaKTopK M Dapuepw
- BanuaupaHe Ha MOAena YUpes KOTMUECTBEHM PEIUATATH Y,

1y

4 SAKNHOHEHMA M NPENOFBEA
- 0emMOHCTPHMPAHO Bb3AeHACTEME HA DT Bbpxy edeHTMBHOCTTaHA

BEpMIraTa 3a Cb3daBaHe Ha CTOMHOCT
- anHTW-IECHE MbTHA KapTa 3a MHAYCTPWMaAHO BHELPDABAHE

W - MIHTErpupaHe Ha TEOPETHUHW M MPaKTHUYECKH DEIYITATH

durypa (2-1-3-1): briok-cxema Ha uscnegsaHeTo

3a uenute Ha emMnuMpUYHOTO M3crnegBaHe (pasgen 2.4) e u3nonsBaHa onucartenHa
METOAONIOorMs, NoaBuL Ha KONMUYECTBEHUTE W3CNeABaHWUS, Xapaktepusupawa ce C
LSINOCTHO M3cnenBaHe Ha AadeHo sIBNEHWe B paMKUTe Ha onpeaeneHa rpyna, rokaums
N BPEMEBM KOHTEKCT. Ta npeacrtaBnsiBa CUCTEMATUYEH NOAXO4 KbM HayyYHOTO
n3crnegBaHe N MHTepnpeTauns, Haco4YeH KbM NOCTUraHe Ha KOHKPETHW LIenn, CBbp3aHn
CbC coumaneH npobnem. N3cneagsaHata CbBKYNHOCT (pa3gen 2.5) ce geduHupa kaTo
CbBKYMHOCTTa OT BCUYKN €ANHULM Ha M3BagkaTa, KbM KOUTO Ce OTHAcs M3cnenBaHeTo,
npu AcHO nageHtTudmumpaHe Ha eguHMuaTa Ha HabnogeHwe, nscrnegBaHUTe xapakre-
PUCTUKN N N3Mon3BaHuTe npomeHnuen. OnpeaensHeTo Ha reHepanHaTa CbBKYMHOCT €
00yCcnoBeHO OT UeNnTa Ha u3cneaBaHEeTo, KaTo ce rapaHTupa CbOTBETCTBUE C U3cnen-
BaHaTa 0OWHOCT. HecbOTBETCTBMETO Mexay u3crneaBaHaTta M LenesaTta CbBKYMHOCT
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npaBuM Hay4yHO HeBanugHo o6oOwaBaHEeTO Ha pesynTaTuTe OT u3BagKkata KbM
uenesara rpyna. HacrosiwaTa nacnegsaHa CbBKYyNHOCT ob6xBalla BCUYKM nyua, 3aeTu B
nponsBoacTBeHnsa cektop B ObeanHeHnte apabckm emupcetea. [lopagn 3HauMTENHUS
pasmep Ha Ta3n OBLLHOCT M TPYAHOCTTa NpU ycTaHoBABaHe Ha obuiata M YUCeHoCT,
n3crnegoBaTenaT npunara u3BagkoB noaxon, kato e noabpaHa cnyyamHa m3Bagka oOT
npeacTtaBUTeENn Ha uacrnegBaHata CbBKYNMHOCT C ONUT B MPOWU3BOACTBEHUS CEKTOP B
OAE B pasnuyHu obnactu, Bb3nua3awa Ha 384 nuua, 4ype3 cb3gaBaHe Ha eNekTpoHHa
aHkeTa B Google Forms n pasnpocTpaHeHWEeTO M NOCPELCTBOM PasfnnYHM CouMariHu
Mpexu. M3BagkaTa Ha M3cnegBaHeTo BKMOYBaA rpyna OT pasHoobpasHM MHAYCTpUarHm
npeanpusatua B OAE — kakTo ronemu, Taka u cpeHun — BKITIOUYUTENHO OT XPaHUTENHO-
BKycOBaTa, MaLUMHOCTPOUTENHaTa, NeTponHaTa U xapayepHaTta nHgycrtpus. Tasum rpyna
e nogbpaHa Bb3 OCHOBa Ha MNpeanonaraemMoTo M Bb3L4EWUCTBME BbpPXY Pa3BUTUETO U
npuvnaraHeTo Ha AUrMTanHuTe ABONHUUM U BIIOKYENH TEXHOMNOTNNTE.

“Tabnuua (2-5-1) Bpon 1 NpoueHT Ha pa3aaaeHUTe U cCbOpaHUTe BLNPOCHULN
Handed out questionnaires Collected valid questionnaires %
384 373 98.95%

B pasgen 2.6 ca npeacraBeHu XxapakTEPUCTUKUTE HA PECMOHAEHTUTE.
A. CermeHTUpaHe Ha pecnoHAeHTUTe No Non:

“Tabnuua (2-6-1) CermeHTauusa no non”

Variable Segments F % Total
Gender Men 194 %52 373
Women 179 | %48

MpenocraBeHNTe [OaHHM MOKa3BaT, Y€ CEerMeHTbT Ha MbXeTe 3aemMa Hal-BUCOK
oTHocuTeneH asan no non — 52%, cnegBaH OT cerMeHTa Ha eHute ¢ 48%.

B. CermeHTMpaHe Ha peCnoHAeHTUTe No Bb3pPacCT:

Table (2-6-2) CermeHTauusa no Bb3pacT

Variable Categories Frequencies Percentage Total
Less than 30 years
142 %38.1
old
Age From 30 to 40 years 178 %A47.7 373
From 41 to 50 years 43 %11.5
51 years and above 10 %2.7

MpeacraBeHNTe gaHHW NOKa3BaT, Ye Har-BUCOK OTHOCUTESNEH Asin No Bb3pacT Mma rpynara
ot 30 go 40 rogunmn — 47,7%, cnegsana ot nuuarta nog 30 roamHn — 38,1%, gokato Hau-
HUCbLK € OenbT Ha PECMNOHAEHTUTE Ha Bb3pacT 51 1 noeeye roguHn — 2,7%.

C. CermeHTauma no roguHu npocecrMoHaneH onur :

Table (2-6-3) CermeHTauus no roamHun npocgecruoHaneH onuTt

Variable Categories Frequencies Percentage Total
Less than 5 years 103 %27.6
Years Of From 5 to less than
195 %652.3 373
Experience 10 years
10 years and more 75 %20.1

MpencTtaBeHWUTe AaHHWU NOKa3BaT, Ye Ha-BUCOK OTHOCUMTENEH AN No TPyaoB CTax uma
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rpynata ¢ onut ot 5 go nog 10 rognHn — 52,3%, cnegsaHa OT nuuarta ¢ onuT nog 5
roanHn — 27,6%, AokaTo Han-HUCbK e AenbT Ha pecrnoHaeHTuTe ¢ 10 n noBeye roguHn
onnt — 20,1%.

B naparpad 2.7 ca npeacrtaBeHM WHCTPYMEHTBLT M npouenypaTta 3a nNpoBepka Ha
NCUXOMETPUYHUTE MY XapakTepucTuku. B Tasm Bpb3ka e paspaboTeHa un npunoxeHa
aHkeTa C uUen uacnenBaHe WM OUEHKa Ha CTeneHTa Ha npunaraHe Ha gurntanHuTe
ABOWHWUM 3a noBuLlaBaHe Ha ,BepuraTa Ha ctomHocTTa“ (VC).

BbTpellHa KOHCUCTEHTHOCT U BarIMAHOCT Ha OCUTe Ha BbLNPOCHMUKA
3a pa ce ycTtaHoBM BbTpellHaTa KOHCUCTEHTHOCT WM BanWAHOCT, W3criegoBaTenst
n3yncnsiea KoeuUMEHTUTE Ha Kopernauust Mexay pesyntaTute 3a BCSIKO TBbpAEHUE U
obLwusi pesynTat 3a cboTBETHaTa OC.

Oc (1): OurutaneH aBonHuUK (DT)
BanugHocTTa Ha BbTpellHaTa KOHCUCTEHTHOCT Gelle oueHeHa 4pes M3yucnsiBaHe Ha
koedUUMEHTUTE Ha Kopenauus Mexay pesynTtatute 3a BCSKO TBbpAeHne u obims
pe3ynTtaT 3a CbOTBETHOTO M3MEPEHME Ha NMbpBaTa OC Ha BbNpocHuka. Cnegpaiuarta
Tabnuua (2-7-2-1) npeacrass NonyyYeHnTe pesyntaTu:

Ta6nuua No. (2-7-2-1) KoedbmumeHTn Ha kopenaumsa Ha NMubpctH 3a Oc (1)

Ser. | r. | Ser. | r. | Ser. | r.
Dimension (1): Data Analysis
1 713** 2 .833** 3 782%*
4 731** 5 .828** 6 .780**
7 751** 8 721%* 9 799**
10 .843**
Dimension (2): Actuators
11 .765** 12 T73** 13 .869**
14 787** 15 T78** 16 .824**
17 .823** 18 775%*
Dimension (3): Integration
19 719** 20 .736** 21 712%*
22 .830** 23 .804** 24 .740**
25 TTL** 26 782** 27 .789**
Dimension (4): Information
28 739** 29 781** 30 .780**
31 847+ 32 .868** 33 775%*
34 T74%*

**CraTtuctmnyeckun aHayumm npm (0,01)

MpeaxogHuTte paHHKM, cnopen Tabnuua (2-7-2-1), nokaseaT, 4ye KoedUUNEHTUTE Ha
kopenauma (r) mexagy pesyntatute 3a oTAenHuTe TBbpAeHMs M obwmsa pesynTtaT 3a
CbOTBETHOTO M3MepeHne Ha Octa (1), OurutaneH gsoviHuk (DT), ca 6unu BCuYkK
CTaTUCTMYECKM 3HaAYUMU. BCUYKM r-CTOMHOCTM 3a wu3MepeHuata Ha Oca (1) ca
cnegHute:Iamepenne 1 — AHanua Ha gaHHu: r = 0,713* — 0,843, amepeHne 2 —
AktyaTopwm: r = 0,765** — 0,869**, MUamepeHune 3 — NHTerpaums: r = 0,712** — 0,830**
N3mepeHnue 4 — NHdopmaums: r = 0,739** — 0,868**

Tean pesyntatm nokasBaT BWUCOKA CTEMeH Ha BanNMOHOCT Ha BbTpelHaTa
KOHCUCTEHTHOCT 3a CbOTBETHUTE TBbPAEHMS.

Oc (2): EchekTMBHOCT Ha ,,Bepurara 3a ctonHocT"
BanngHocTtTa Ha BbTpelwwHaTa KOHcUMCTeHTHocT 3a Oca (2) Gewe HanpaBeHa 4pes
n3umcnsaBaHe Ha koeduumeHTa Ha Kopenaumsa Ha lMbpCbH Mexay pesynTatute 3a
BCSAKO TBbpAeHMEe UM 00wmns pes3yntaT 3a BTOpUS WU3MEPUTEN Ha BbMNPOCHMKA.

15




PesyntatuTte ca npegcraBeHun B crieasawiata tabnuua (2-7-2-2):

Tabnuua (2-7-2-2): KoecdumumeHT Ha kopenauma Ha [lMubpcbH 3a Oc (2):
EcdekTnBHOCT Ha ,,Bepurara 3a ctonHocT"

Ser. r. Ser. r. Ser. r.
35 721** 36 .793** 37 .805**
38 .843** 39 .831** 40 .855**
41 .818** 42 .845** 43 .842**
44 .817** 45 741 46 .708**

** Ctatuctmnyeckm 3Hadmmm npu (0,01)

MpeaxogHuTe paHHKM, cnopen Tabnuua (2-7-2-2), nokaseaT, 4ye KoedUUNEHTUTE Ha
Kopenaums (r) mexay pesynratute 3a otaenHuTe TBbpaeHus n obwms pesyntat 3a Oc
(2), EdpekTuBHOCT Ha ,Bepurata 3a ctonHocTt” (VC), ca BCUYKM CTAaTUCTUYECKN 3HAYMMN
npu (0,01), kato cTtomHocTuTe BapupaT mexgy 0,708 mn 0,855**. Toa paskpusa
BMCOKa CTeneH Ha BanuMAHOCT Ha BbTpellHaTa KOHCUCTEHTHOCT 3a TBbpAEHUATa,
BKITIOYEHU B CbOTBETHaTa OC.

B paspen 2.7.3 ce kOMeHTMpa obLiaTa KOHCTPYKTMBHA BarIMQHOCT Ha NbpBaTa oc.
ObLwaTta KOHCTPYKTMBHA BanuOHOCT Ha OCUTE Ha BbLMPOCHUKA BGelle npoBepeHa ype3
n3ymcnsaBaHe Ha KoedUUMEHTUTE Ha Kopenaunsa mexay obmsa pesynrtar 3a BCska OC U
cpeaHus pesynTart 3a uenusa BbnNpocHuK. Pedyntatute ca npeacrtaBeHn B Tabnuua (2-
7-3-1):

Ta6bnuua (2-7-3-1): MaTtpuua Ha Kopenaumsita Ha U3MepeHusTa ¢ obLua pesynTtar
OT BbIPOCHMKA

Total Dimension | Dimension | Dimension Dimension
Dimensions score (1): Data (2): 3): (4):
Analysis Actuators Integration Information
Total score 1 - -- -- --
The first dlmen§|on: Data 9%+ 1 B B B
Analysis
The Second Dimension: 920% 948+ 1 B B
Actuators
The Tl:it:jg?;?;mio”: 878 678 681 1 -
The F?nl;::‘m?i't:zins'on: 843+ 6315 627 785% 1

HaHHuTe, cnopen Tabnuua (2-7-3-1), Nnokasear, Ye KoedUUMEHTUTE Ha Kopenaums (r)
Mexay obwua pesyntart 3a BCAKO M3MEpeHMe W cpefHus pesyntart 3a uenus
BbMPOCHUK ca 6unu BuCOKM, Bapupawm mexgy 0,627** n 0,948**, kaTo BCUMYKM ca
ctatuctmyeckn 3Hadmmm npum (0,01). Toea paskpmBa BMCOKaTa KOHCTPYKTUBHA
BaNMAHOCT Ha BbMPOCHMKA.

B pasgen 2.7.3 ce auckyTMpa obwata KOHCTPYKTHa BanMAHOCT Ha nbpBaTta ocC:
avrntanium asonHuum (DT).

MpencraBeHnte paHHW, cnopeq Tabnuua (2-7-3-1), nokasBaT, 4ye CTOMHOCTUTE Ha
kopenauwmarta (r) mexagy obima pesyntaTt 3a BCAKO M3MEpPEHME U cpeaHaTa CTOMHOCT 3a
Lenusa BbMNPOCHMK ca BUCOKKM, Bapupalim mexay 0,627** n 0,948**, kaTo BCUYKM Te ca
ctatuctmyeckn 3Hadimu npy Hueo 0,01. ToBa paskpuBa W3KMIOYUTENHO BUCOKA
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KOHCTPYKTHa BaJiIMgHOCT Ha BbIPOCHUKA.

Ta6nuua (2-7-3-1): MaTpuua Ha KopenauuuTe mMexay U3MepeHusiTa u ooms
pe3ynTtaTt Ha BbNPOCHUKA

Total | Dimension | Dimension | Dimension | Dimension
Dimensions (1): Data (2): (K} H 4):
SCOre
Analysis | Actuators | Integration | Information
Total score 1 - - — -
The first dimension: Data gy7es i
Analveis - — B —
The Second Dimension: R P
Actnators 420 548 I B B
The Third D@mamn: g7R* 57 a1 i .
Integration ) o '
The Fourth Du_t.enﬂ-:u]l: a3+ 6315 f275% Jg5es i
Information ] ' T T

Pasgen 2.7.4 pasrnexpa HaaeXAHOCTTa Ha wu3cnenoBaTeNiCKUA WMHCTPYMEHT
(BbNpOCHUKA)

CTpemexbT € Oa ce npoBepu HaaeXOHOCTTa Ha M3CrneaoBaTefiCKUst MHCTPYMEHT,
n3crnenoBaTensaT M3YMCNM HadeXaHoCTTa Ha BbMpocHuka 4pe3 KpoHbaxoB anda
KoepuumeHT M MeToda Ha pasgensHe Ha nonoBuHu (split-half). YpaBHeHneTo Ha
KpoHbaxoBusa anda koeduuneHT ce OCHOoBaBa Ha AUCnepcumnTe Ha TBbPAEHUSATA BbB
BbMPOCHUKA U M3NCKBaA M3MEPBaHUATA Ha BCSAKO M3MEpPEHME Aa oTpassBaT camo edHa
xapakTepuctuka. [lopagn TOBa wu3cnegoBaTenaT € WU34Mcnun kKoeduumeHTa Ha
HagQeXOHOCT 3a BcaAka oc nootaenHo.llpy meToga Ha pasgensiHe Ha MOMOBUHM
n3cnenoBaTensaT n3vncnsiea koeduumeHTa Ha kopenauus 3a BCska OC crieq pasaensiHe
Ha TBbPAEHMSTA N HA ABE YacTu (paBHU, ako BPOAT HA ENEMEHTUTE Ha OCTa € YETEH, U
HepaBHM, ako € HeyeTeH). Cnea ToBa KOeUUMEHTBLT Ha Kopenauus ce BbBexaa B
dopmynata Ha Spearman-Brown 3a meToga Ha pasgensiHe Ha NonoBMHU U B
ypaBHeHneTo Ha Guttman, 3a ga ce onpegenu HagexaHocTTa Ha M3MepBaHeTo.
PesyntatuTte ca npeacraBeHu B crieaBallarta tabnuua (2-7-4-1):

Ta6bnuua (2-7-4-1): KoedomumeHT Ha HAAEXKAHOCT Ha OCUTE HAa BbNPOCHMUKA

Reliability Coefficients Values

: : Statements Cronbach's Spearman-
Axes Dimensions Guttman
No. alpha Brown Coefficient
Coefficient Coefficient
The first
dimension: Data 10 .927 .948 .948
Analysis
The Second
Dimension: 8 919 .923 .923
. . Actuators
The f||r38-|t- AXis: The Third
Dimension: 9 910 .865 .854
Integration
The Fourth
Dimension: 7 901 .926 901
Information
Total score 34 911 .823 .928
The Second Total score 12 949 987 987
Axis: The
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efficiency of the
HVCH

TabnuuaTta (2-7-4-1) nokasea, Ye BCUYKM KoedULMEHTUN Ha HagexaHocT no KpoHbaxos
anda koeduumeHT ca Gunu Bucokn. 3a mbpBata oc — [urntaneH asonHuk (DT),
cTonHocTuTe BapupaT mexay 0,901 n 0,927, a obwaTta HagexxaHoOCT Ha ocaTa gocTura
0,911. 3a BTOpaTa oc — EpektnBHOCT Ha ,BepuraTta 3a ctonHoct” (VC), cTOMHOCTTa Ha
HaZeXaHocTTa e Bucoka, gocturamkm 0,949.KoeduumeHtnte Ha HagexgHoCT 3a ocuTte
Ha BBMPOCHUKA, U3YUCIIEHU Ype3 MeToda Ha pasgendHe Ha nonosuHu (split-half) c
n3nonsBaHe Ha ypaBHeHMETO Ha Spearman-Brown, cblo ca BUCOKKU: 3a NbpBaTta OC —
DT, mexgy 0,865 n 0,948, a 3a Btopata oc — VC, 0,987. KoeduumeHtnte Ha
HaJeXOHOCT, U34McneHn 4pes3 ypaBHeHWeTo Ha Guttman, BapupaT 3a nbpBaTta oC
mexay 0,854 n 0,948, a 3a sTopata oc — VC, 0,987. Te3un pesdyntatu nokassaT BUCOKa
HaOeXOHOCT Ha nscnefoBaTesiCKUS UHCTPYMEHT, HeroBaTa NPUrogHOCT 3a NPUITOXeHWe
1 NOTBBbPXKAABAT HAAEXKAHOCTTA Ha NOSyYeHUTe pesynrtaTtu

B pa3gen 2.10 ce KOMeHTUpPAT OCHOBHUTE pe3ynTaTu OT rnaea 2.

[(naBa BTOpa nokasea, Ye npeanoxeHarta macnegoBaTtenicka MeToA0sI0rMst € TeopeTny-
HO 060CHOBaHa B MHOrocTerneHHa KoHuenTyanHa CTPyKTypa, KoaTo obeanHsaBa opraHu-
3aLMOHHN, TEXHOSOMMYHN N CEMAHTUYHN NEPCNEKTUBN, 3a Aa 0OSICHN Kak CUCTEMUTE Ha
AUrMTanHus ABOMHUK MoraT ga nogobpaT edpekTMBHOCTTA Ha BepuraTa 3a CTOMHOCT. B
Tasn rmaea ce OEMOHCTpUpa, Y€ BHEApPSABAHETO Ha AUrMTanHW ABOWHWLM B MPOU3-
BoacTBeHust cektop Ha OAE He e MpoCTO TEXHUYECKO pelueHune, a ce hopmupa oT
WHCTUTYLUMOHANHN CUNK, Kato HauumoHanHu nporpamu 3a umndpoBa TpaHcdopmMaums,
perynaTtopHu U3ncKBaHNA U HeobxoaMMoCTTa OT OpraHu3aunoHHa NermTMMHOCT. ToBa
noTBbpXKaaBa, Ye BHEApPSABAHETO Ha AUrnTaneH ABOVHUK TpsibBa ga ce pasrnexja B
KOHTEKCTa Ha No-LUMpoKa COLMO-OpraHn3auMoOHHa cpeaa, a He KaTo YMCTO MHXEeHepHa
NHTEepBEHUMSA. NHTerpupaHmaT mogen, paspaboteH B [naBa BTOpa, BOoAM OO0 edMHHA
TeopeTnyHa 1 onepaumoHHa pamMka, KosTo 0BSCHABA Kak gurntanHute ABOMHUUNM MoraT
cucTemMaTtu4yHoO Aa nosuwasaT edPeKTMBHOCTTa Ha Bepurata 3a CTOMHOCT. Ha koHuen-
TyarHO paBHULWLE MOAENHbT MHTErpypa MHCTUTYLUMOHANMHU (PaKTopu, NHXEHEePHU MPUH-
UMNU M CEMaHTUYHA MHTENUIEHTHOCT B €AMHHA CTPYKTypa, KOATO CBbp3Ba OpraHu-
3aLMOHHNTE MOTUBU C TEXHOSTOMMYHOTO MU3MbITHEHME.

Tasn mHTErpauus nokasea, 4Ye YCMEWHOTO BHeApPsiBAHE Ha OuruMTaneH ABOMHUK ce
nocTura, Korato MHCTUTYLMOHaNHaTa fiormka, CUCTeMHaTa apxXuTekTypa U KOrHUTUBHaTa
NHTepnpeTaums PyHKUMOHMPAT CbBMECTHO B B3aUMHO noacunealy ce unkbn. Mogenst
nokasea, 4Ye nogobpeHusita B epeKTMBHOCTTA Bb3HMKBAT B pe3ynTaT Ha HenpekbCcHaT
KOHTYp 3a obpaTHa Bpb3ka, KOUTO CBbp3Ba CbOMPAHETO Ha AAHHW, CEMAHTMYHATa UM
MHTepnpeTauus, UHTerpauusaTa Mexay oTtaenute M (PuU3n4eckoTo U3NbIIHEHME 4pe3
akTyatopu. BmecTto aa npeacrassa gurMtanHuTte ABOMHULM KaTO CTaTUYHU MHCTPYMEHTU
3a BM3yanusaums, MoaenbT M pasrnexga kato AUHaMUYHU CUCTEMU, KOUTO TpaHcdop-
MupaT CypOBM OnepaTMBHW CUrHaNIM B CMUCNEHa MHMopmMaumda, a BNocneacresve — B
KOOpAWHMpPaHU Oencteus. Ypes ToBa LUKIMYHO B3anMOOENCTBME MOAenbT 0bsiCHSABA
KaKk opraHu3aummTe moraTt da nocTUrHat onTuMu3auus B peariHo Bpeme, Mexay-
dyHKUMOHaNHa KOopAUHALUMS U CUHXPOHU3MpPaHW onepaTuBHU peakumn. LleHTpaneH
pe3yntart OT WHTEerpupaHuMsa Mogesli € YCTaHOBSBaHETO Ha SCHO AeuHMpaH NbT OT
BbHLUHUTE CpPEeaoBM BbL3AEUCTBUS KbM BbTPELIHOTO MOBMLWIABAaHE Ha oOpraHu3a-
UMOHHaTa edekTMBHOCT. MogenbT nokasea, Ye BbHLIHUTE MHCTUTYLMOHANHN HAaTUCKN
MOTMBMpPAT NpeanpusaTusaTa Aa Bb3npuemMaTt YCbBbPLUEHCTBAHW AUTMTANHA CUCTEMMU;
TeopusaTa 3a gurMtanHna ABOVHUK U MHXEHEPCTBOTO Ha cuctemun, 6asmpaHo Ha moae-
nnm (MBSE) ocurypsiBaT CTPYKTYPHUTE MEXaHU3MK 3a MPOEeKTMpaHe U usrpaxgaHe Ha
TE3N CUCTEMMU; @ CEMAHTMYHOTO MOJenuMpaHe rapaHTMpa KOHTeKCTyanHa WHTESIUIeHT-
HOCT, KOSTO CbrnacyBa TEXHUYECKUTE pe3ynTaTtu CbC CcTpaTerndeckute Lenn Ha
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opraHusauusaTa. B cBosTa CbBKYMHOCT Te3n enemMeHTU MokKa3BaTt, 4Ye AurntanHute
ABONHMLM Ce NMpeBpbLUaT HE CaMO B CPEACTBO 3a TEXHOMOMMYHO YCbBbPLUEHCTBAHE, HO
N BbB (haKTOp 3a u3rpaxgaHe M nogabpXXaHe Ha opraHmsaumoHHa NerMTUMHOCT. B
3aKrnyeHne, MoaensT BOAU 4O LUSMOCTHO pa3bupaHe 3a HauMHa, No KOUTO AUrUTanHu-
Te [OBOWHWUM [OMpuUHAcAT 3a e(ekTMBHOCTTa Ha Bepurata Ha CTOMHOCTTa, KaTo
CBbp3BaT BMpTyanHaTa MHTENUIEHTHOCT C n3nYeCKOTO n3nbiHeHne. NogyepTtasa ce,
ye nogobpeHuaTa B e(peKTUBHOCTTA HE NPOM3TMYAT €4MHCTBEHO OT YCbBbpPLUEHCTBAHA
obpaboTka Ha AaHHKW, a OT CNOCOBHOCTTa Ha cucTemaTa ga UHTepnpeTMpa MHgopma-
UMATa MO CMUCIIEH Ha4YvH, Aa A pa3npocTpaHsaBa nocrnegoBaTesniHo No uanarta Bepura
Ha CTOMHOCTTa 1 Aa A NnpeobpasyBa B KOOPAMHUPAHM ONepaTUBHU OENCTBUS.

To3n TeopeTnyeH pesynTtaT ocurypsiBa KoHuenTyanHata o60CHOBKa 3a €MMMPUYHOTO
TecTBaHe Ha mogena B [naBa TpeTa.

MABA TPETA: UAJNTOCTHA OLEHKA U UHTEPIMNPETALUA HA NMPEANOXEHUA
MOAEN Bb3 OCHOBA HA EMIMUPUYHO U3CIEABAHE

MaBa TpeTa npeacTaBnsBa eMNUPUYHOTO SAPO Ha AUCEePTaUUOHHUS Tpya, B KOETO
KOMOVHMpaHaTa KoHUenTyanu3aumMss Ha Bepurata 3a pobaBeHa CTOMHOCT Ha
AurMTanHus OBOMHUK, pa3paboTeHa B [NaBa BTopa, € noanoxeHa Ha 3aabnbodeHa
npoBepka W WHTeprnpeTauMss Bb3 OCHOBaA Ha peanHu eMnUPUYHU JaHHUM  OT
npogecMoHanucT B Npou3BOACTBEHUA cekTop Ha ObeauHeHuTe apabckn emupcTsa.
[maBaTa 3anoyBa C OMpeaensHe Ha KpUTepuh 3a cpedHa CTOMHOCT (mean-score),
n3non3BaH 3a OOEeKTMBHA OUEHKa Ha Bb3NPUATUATA Ha PeCrnoHOEHTUTE MO BCEKU
€rNeMEHT M BCAKO M3MEpPEHME Ha aHKeTHUS WMHCTPYMEHT, KaTo MO TO3M HayuH ce
ocurypsiea nocriegoBartesieH, npo3padeH U Bb3Npou3BOoAMM aHanui, cbobpaseH C
BanuaupaHnTe MNCUXOMETPUYHU XapaKTEPUCTMKU Ha M3MON3BaAHUA WUHCTPYMEHTapUyM.
Cnen TOBa norn4ecknm ce pasrfnexga CUCTEMaTUYHO YeTUpUTE OCHOBHU hakTopa
(eHenbnbpu) Ha aurMTanHUa ABOWHWK: aHanuad Ha OaHHM (ocurypsBall aHanuTudHa
WHTESNTIUIFEHTHOCT N NPeaNKTUBHU NPO3PEHUS), U3MbIAHUTENHU MeXaHn3Mu (akTyaTopwu),
npeaocTaBsAlLM Bb3MOXHOCT 3a 3aTBOPEH KOHTYp Ha (U3MYEeCcKo W3MbIHEHME,
WHTerpaumst  (ocurypsiBalia [OBYNOCOMHA  Bpb3ka Mexay onepaTuBHUTE ¢
KOprnopaTuBHUTE AaHHW) U MHpopMauusa (nogkpensawa UHTENMIEeHTHOTO U YCTONYMBO
B3eMaHe Ha pelleHuns). AHaNM3bT € OCbLLECTBEH Ype3 onucaTesiHa CTaTUcTuka, KoaTo
NoKasBa CUMEH KOHCEHCYC OTHOCHO MPMHOCA Ha BCSAKO M3MEPEHNE KbM ePeKTUBHOCTTA
Ha BepuraTa 3a gobaBeHa CTOMHOCT.

XvnoTeanTe Ha W3CrnedBaHETO Ca TeCTBaHU 4pe3 MHGEepeHuuanHu CTaTUCTUYECKU
MeToau(MeToan 3a CTaTUCTMYecKa NpoBepka Ha XUNoTe3u), OCHOBHO perpecuoHeH
aHanus, KOMTO MNOTBbPXAaBa HaNMYMETO Ha CTAaTUCTUYECKU 3HAYUMU MOMOXKUTENHM
3aBMCUMOCTN MeXay OTAeNnHuTe haktopu 1 obuwiata e(peKkTMBHOCT Ha Bepurata, kaTo
KOMOUHUPAHUAT CUHEPrMYeH eeKT 3HaYUTEeNnHO HaaBuwWaBa BVUSHUETO Ha BCEKU
otaeneH daktop nootaenHo. B 3aknioueHune, rnaBata obobuwiaBa emMnupuyHmuTe
pe3yntatn 4pes OUCKYCUS, KOATO M CbIMOCTaBA CbC CblLUECTBYBaLLUTE TEOPETUYHMU
NOCTaHOBKW, (hopMynupa UAnoCcTHa BU3NA 3a NPaKTUYECKO BHeapsiBaHe, cbobpaseHa C
N3NCKBaHUATaA U OrpaHUYEHUATa Ha peanHaTta cpefa, W 3aBbpliBa C BanvaupaHe Ha
CTPYKTypHaTa yCTOMYMBOCT Ha Mofena, onepaTtMBHaTa e(PeKTUBHOCT U TOTOBHOCTTa My
Aa nogkpenu mawabHO BHegpsiBAHE Ha KOHUenuudata 3a gurutaneH OBOWHWK B
npounssoacTBeHnsa cektop Ha ObegmHeHnTe apabckm emupcTBa.

3.3.1 Npernea, o6sicHeHne n aHanu3 Ha pe3ynTaTute oT Bbnpoc Q (1): B kakBa
CTeneH npunaraHeTo Ha KOHUeNnuuaTa 3a AUrMTanHuM ABOWHMUM (aHanu3 Ha
AaHHW) noBuLwaBa ePpeKTMBHOCTTa Ha BepuraTta Ha ctonHoctTa (VC)?

MpencraBeHnte gaHHM Ha durypa (3-3-1-1) paskpuBaT, Ye NbPBOTO U3MEpeHue, a
WMEHHO ,aHanu3 Ha [JaHHK®, nonyyaBa cpegHa CToMHocT (3.89) u craHgapTHO
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oTknoHeHne (0.423), koeTo Noka3Ba (BMCOKa) CcTeneH Ha cbrnacue. Ha nbpBo MACTO ce
Knacupa TBbpaeHne Homep (7): ,AHann3bT Ha AaHHW naeHTuduumpa npobnemm, KOMTo
BNUAAT BbPXYy Ka4eCTBOTO Ha NpoAykTa“, cbC cpefHa CTOMHOCT (4.56) n ctaHgapTHO
oTknoHenune (1.019), nHaukmnpawo (MHOro BMCOKa) CTeneH Ha cbrnacve. Ha BTOpoO
MSACTO e TBbpAeHue Homep (1): ,JaHHuTe ce cbbupaT yYpes3 CeH30opu, UHTerpupaHu B
obopyaBaHeTO U MawmHUTE®, CbC cpeaHa CTOMHOCT (4.15) n cTaHgapTHO OTKIOHEHMWe
(1.272), nokasBallo (BUCOKA) CTeneH Ha cbrnacue. Ha nocnegHo MSACTO ce Hapexaa
TBbpAeHne Homep (10): ,AHanM3bT Ha AaHHK Nomara 3a ePEeKTUBHOTO CbTPYAHUYECTBO
C OpyrM napTHbopu®, cbC cpeaHa cTomHocT (3.07) n ctaHgapTHO OTKNoHeHue (1.386),
KOeTo noka3Ba (ymepeHa) cTeneH Ha cbrnacve. CTaHOapTHUTE OTKIOHEHMs 3a
TBbpAeHNATa B nbpBata oc Bapupat mexagy (1.019 mn 1.605), koeTo npencraensisa
BMCOKM CTOMHOCTW, MHAWKMpALLM Bapuauusa B MHEHUSTA Ha u3creaBaHaTa u3Bagka
CrnpsIMO Te€3n TBbPAEHMS.

Data Analysis

Data analysis helps to collaborate effectively ==,

with other partners.
Data analysis ensures product quality
consistency across all stages of the value...
Using data analysis helps in understanding
customer behavior and preferences.
Data analysis identifies problems that affect
product quality.
Data analysis can share information with all
stakeholders.
Data analysis can track the flow of money and
goods across the value chain.
Data analysis technology has contributed to
identifying gaps in the supply chain.
The data analysis process helped analyze
performance, contributing to improved...
Multiple data and information are integrated
from various sources to ensure a...
Data is collected through sensors embedded
in equipment and machinery.
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®durypa (3-3-1-1) npeacraBa cpegHUTe CTOMHOCTU MO NokKasaTens ,,AHanu3 Ha JaHHuU

3.3.2 Npernea, obsicHeHne n aHanu3 Ha pe3ynTaTuTe oT Bbnpoc Q (2): B kakBa
CTeneH NpunaraHeTo Ha KOHLUenuuAaTa 3a AUrutanHu ABOMHUUM (M3non3BaHe Ha
aKkTyaTtopu) noBuwwaBa epeKTUBHOCTTa Ha Bepurata Ha ctonHocTTta (VC)?

®urypa (3-3-2-1) nokasea, 4Ye BTOPOTO U3MepeHue, ,3afBMKBaLLM MeXaHN3MK®, nony4a-
Ba (BMCOKA) CTeMNeH Ha cbrnacue CcbC cpedHa cTonHocT (3.60) n ctaHgapTHO OTKIOHe-
Hue (0.579). Ha nbpBO MACTO ce knacupa TBbpaeHue Homep (16): ,3agsuxkBawmrte
MexaHu3Mn nopobpsasaT paboTHMA Mpouec Ype3 CBbp3BaHe Ha PasfnUyHU CUCTEMMU
efHa c gpyra“, cbC cpeaHa CTOMHOCT (4.54) n ctaHaapTHO oTkNoHeHue (1.086), nHankn-
pawo (MHOro BUCOKa) CTeneH Ha cbrnacue. Ha BTopo MSCTO e TBbpaeHne Homep (17):
,23afBWKBaALLMTE MEXaHN3MMN MoMaraTt 3a HamansBaHe Ha PUCKOBETe Ype3 ennumuHupa-
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He Ha YOBELUKN rpeLLKku, KaTo Hanpumep HapaHsBaHusA“, CbC cpeaHa CToMHOCT (4.41) n
CTaHOapTHO OTKNoHeHne (1.134), KoeTo CbLOo MNoKasBa (MHOrO BMCOKA) CTEMeEH Ha
cbrnacue. Ha nocnegHo MACTo e TBbpAeHue HoMep (14): ,3agBuxBalimTe MexXaHU3Mum
ocurypsiBaT CbOTBETCTBME CbC CTaHOAPTUTE 4Ype3 MOHMUTOPUMHI Ha KavyecTBOTO Ha
npoaykra“, cbC cpefHa CTOMHOCT (2.64) u ctaHgapTHO OTkNoHeHwne (1.470), UHOMKK-
paLlo (yMepeHa) CTeneH Ha cbrnacue.

Actuators

Actoators help improve collaboration by providing a shared platform
for data exchange.
Actuators help reduce risks by eliminating human errors such as
infuries.
Actuators improve workflow by inking different systems together.

Actuators help perform tasks such as packaging, sorting, and
assembly.
Actuators ensure compliance with standards by monitoring product
quality.
Actuators help improve product quality by ensuning consistency in
production processes.
Actuators can reduce production time by improving maintenance
prediction and diagnostics.

Actuators enhance the flow of data and insights at all stages of the

process.
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W Actuators

durypa (3-3-2-1) npeacraBs cpeaHUTE CTOMHOCTHU 3a ,,3a4BMXKBaLLUM MEeXaHU3MU*“
(actuators)

3.3.3 Mpernen, o6sicHeHue M u3cnegBaHe Ha pesynTtatute oT Bbnpoc 3 (Q3),
KouTo Gewe: [1o KakBa cteneH KoHuenuuata 3a DT (mHTerpaumus) ce npunara 3a
noBuwaBaHe Ha edpeKTUBHOCTTA Ha ,,VC“?

MpencraBeHnte gaHHn Ha durypa (3-3-3-1) paskpusart, Ye obliata cpegHa CTOMHOCT
3a TPEeTOTO M3MepeHue, ,MHTerpaumsa®, nonydyaesa (BUCOKA) CTENEH Ha Cbrnacue Cbe
cpegHa ctomHocT (4.05) u crtanHgapTtHO oTkrnoHeHuwe (0.514). Ha nbpBO MACTO ce
Knacupa TBbpaeHue Homep (21): ,MHTerpaumsata nogobpsBa CbTpyAHUYECTBOTO Ypes3
ocurypsiBaHe Ha cnofefneHa nnatgopma 3a oOMeH Ha AaHHU®, CbC cpedHa CTOWMHOCT
(4.27) n ctaHpapTHO OTKMoHeHne (1.244), nHaukupawo (MHOro BMCOKa) CTEneH Ha
cbrnacue. Ha BTOopo MAcTo e TBbpaeHwe Homep (20): ,MHTerpaumata nogobpsiBa
NPOrHO3MpaHeTo Ha noggpbXKaTa Yype3 aHanu3 Ha AaHHUM OT CeH3opu“, CbC cpefHa
cTOMHOCT (4.19) n cTtaHaapTHO OTKMNOHeHWe (1.338), nokassallo (BMCOKa) CTeNeH Ha
cbrnacue. Ha nocnegHo MACTO ce Hapexaa TBbpaeHue Homep (22): MHTerpauusTa
crnomara 3a nogobpsiBaHe Ha Ka4eCTBOTO Ha NPOAYKTa Ype3 MOHUTOPUHI Ha yCnoBusiTa
Ha cpepaTa“, cbC cpegHa ctonHocT (3.51) u crtaHgapTHO oTknoHeHue (1.602), koeTo
CbLLO MOKa3Ba (BMCOKa) CTEMEH Ha cbrnacue.
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Integration

There is integration between real-world data and digita L. . ||
Enterprise data is comprehensively analyzed to improve...
Data-connected sensors are used to monitor and analyze...
Digital twin technology is applied to improve resource...

Integration reduces risks by monitoring changing...

Integration enhances collaboration by providing a shared...

|
|
]
|
Integration helps improve product quality by rmonitorin. .
|
Integration improves maintenance prediction by ana lyzin:.. . |
|

Integration aids in control by linking real-time data with...
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H Integration

dPurypa (3-3-3-1) npeacraBa cpegHUTE CTOMHOCTU MO OTHOLLUEHME Ha
,UHTerpaumara“

3.3.4 lMpernen, obsicHeHMe U u3cneaBaHe Ha pe3yntatute oT Bbnpoc 4 (Q4),
KkouTo bewe: [lo KakBa cterneH KoHuenuuaTa 3a DT (vHdopmauums) ce npunara 3a
noBuwwaBaHe Ha edpeKTUBHOCTTA Ha ,,VC“?

MpencraBeHnTe gaHHM Ha durypa (3-3-4-1) nokaseart, Yye obwiaTa cpeHa CTOMHOCT 3a
YEeTBBbPTOTO M3MEPEHUE, ,MHGPOpPMaLMa“, nonyvyaBa (BMCOKA) CTEMNEH Ha Ccbrnacue CbC
cpegHa ctonHocT (3.98) n ctaHgapTHO oTknoHeHne (0.764).

Information
Digital transformation in the industry
contributes to tangible. ..

Information integration helps achieve a
balance between profitability and. ..

Information integration helps in
implementing smart production..

Operational and production
information can enhance production..

Greater safety is achieved by
combining information from sensors..

Artificial intelligence is leveraged to
improve production and reduce costs.

The integration of operational
information provides continuous...
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durypa (3-3-4-1) npeacrtaBsa cpegHUTE CTOUHOCTM NO OTHOLLEHME Ha
»NHdopmauumsaTa“.
Ha nbpBO MsACTO ce knacupa TBbpaeHue Homep (29): ,U3kyctBeHnaT nHtenekT (Al) ce
nsnonsea 3a nogobpsiBaHe Ha NPOM3BOACTBOTO W HamansBaHe Ha pasxoguTe®, CbC
cpegHa crtonHocT (4.45) w ctaHgapTtHo oTknoHeHnne (1.105), uHaukmpawo (MHoro
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BMCOKA) CTerneH Ha cbrnacue. Ha BTOpo MACTO € TBbpaeHue Homep (34): JdurntanHata
TpaHcopMmaumsa B MHAYCTpUATa [OnNpuHaca 3a oce3aeMn nogobpeHus B ynpas-
neHuweTo Ha BepuraTa Ha ctomHocTTa (VC)*, cbeC cpegHa cTonHoCT (4.17) n cTaHgapTHO
oTknoHeHwne (1.230), nokassalLo (BMCOKa) cTeneH Ha cbrnacue. Ha nocnegHo MACTo ce
Hapexaa TBbpaeHne Homep (32): ,MHdopmauuoHHaTa wuHTerpauma nomara npwm
BHEAPSIBAHETO Ha MHTESNIMreHTHU MpOM3BOACTBEHU MeToau®, CbC cpefHa CTOMHOCT
(3.34) v ctaHgapTHO oTkNoHeHue (1.198), nHankupalLo (ymepeHa) cteneH Ha cbrnacue.

1.3.5MNpernen, o6sicHeHne U nscneaBaHe Ha pe3ynTaTute oT Bbnpoc 5 (Q5):

MpencraBeHnte aaHHM Ha Purypa (3-3-5-1) paskpmsar, Yye obLiaTta cpegHa OueHka 3a
edekTmBHOCTTA Ha ,VC" Bb3nu3a Ha cpegHa ctonHocT (3.90), cTaHgapTHO OTKITOHEHME
(0.399) n cteneH Ha cbrnacue (Bucoka). TebpaeHue Ne (44): ,[Mpon3BoaCTBEHUAT CeK-
TOp UMma no-ronsiMa cnocobHOCT Aa pearvpa Ha nasapHUTE NPOMEHU U KOHKYpeHuunsaTa“,
Ce Kracupa Ha NbpBO MSICTO CbC CpefHa apuTMeTU4Ha CTOMHOCT (4.55), ctaHgapTHO
oTknoHeHne (1.022) n creneH Ha cbrnacne (MHoro Bucoka). TebpaeHne Ne (35):
,[IPOM3BOACTBEHUAT CEKTOP € aHraxmpaH C MOHUTOPWUHI Ha MpeacTaBsHEeTO Ha
CAYXUTenute M naeHTUUUMpaHe Ha TexHuTe Hyxaum oT obydeHue®, 3aema BTOpO
MSICTO CbC CpedHa apuTMeTMYHa CTOMHOCT (4.45), ctaHgapTHO OTknoHeHne (1.110) n
cTeneH Ha cbrracue (MHoro Bucoka). TebpaeHue Ne (45): ,[1pon3BOACTBEHUAT CEKTOP
ce CTpeMu fa MOTMBMpa CRyxuTenuTte 4Ypes obpaTHa Bpb3ka, bHasupaHa Ha peanHoTo
npeacTaBsHe®, ce Hapexada Ha NnocrnefHo MSACTO CbC cpefHa apuTMeTWyHa CTOMHOCT
(3.14), ctangapTHO oTknoHeHue (1.388) n cteneH Ha cbrnacue (ymepeHa).
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Figure No. (3-3-5-1) The means regarding the efficiency of the “VC”

3.4 Cekuums (2): Xunotesn

3.4.1 He cbwecTBYBa CTaTUCTUYECKU 3HAYNMMO BIIUSIHME NPU HUBO Ha 3HAYUMOCT
(a = 0,05) Ha pgurmtanHua aBouHuK (DT) BBbpxXxy edekTtuBHoctTa Ha ,,VC“
(Bepurata 3a go6aBeHa CTOMHOCT).

3a npoBepka Ha Ta3n xunoresa € MNpPWUIOXKEH MeToAbT Ha NPOCTUA JNNHEEH
perpecuoHeH aHanua, Kakto € nokasaHo B Tabnuua (3-4-1-1).3a npoBepka Ha Tasu
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XMnoTes3a e NpUNoXeH MeToabT Ha MPOCTUS NIMHEEH PErpecUoHEH aHanms, KakTo e
nokasaHo B Tabnuua (3-4-1-1).

Tabnuua (3-4-1-1) npeacTaBsa BNMAHUETO HA AUTMTaNHUA ABOMHUK BbpPXY
ecekTuBHOCTTA Ha ,,VC“

Independent Variable B Beta |R R2 T.value Sig. T
DT 682 | 661 | .66la | .437 16.974 .000
Dependent Variable The efficiency of the “VC”
Constant Coefficient 1.247
Adj R2 436
Value F 288.111
Sig F .000b

HaHHuTe, npeactaBeHn B Tabnuua (3-4-1-1), nokassaT HanuMymMe Ha CTaTUCTUYECKM
3HaYMMO BNUSIHWE Ha AUrnTanHuUs AOBOVHUK BbpXy edekTuBHocTTa Ha ,VCY, kaTo
CTOMHOCTTa Ha KoedwmumeHTa Ha kopenaumsa (R) e 0,6612 npu HMBO Ha 3HA4YMMOCT
0,000°. OcBeH TOBa AOUrMTanNHUAT OBOWMHUK ObscHaABa 43,7% OT BapuauuaTa npu
noeHtTudmumpaHeTo Ha npobnemn, CbrnacHo CTOMHOCTTA Ha koeduumeHTa Ha
aetepmunHaumnsa (R?), a ctomHocTTa Ha F-kputepusa pgoctura 288,111. Ha 6asata Ha
ropemnsnoXeHoTo Ce YCTaHOBSBA, Ye AUTUTANHUAT ABOMHUK BNusie Bbpxy ,VC* ¢ 66,1%,
koeTo Boan Ao 43,7% npomeHn B npomeHnueata ,VC*. OctaBawmaTt gan ot 56,3% ce
ObIKN Ha BIMSHUMETO Ha Apyrn (pakTtopu, KOUTO He ca pasrnefaHn B paMKuTe Ha
HacToAWOTO uscneaBaHe. CnepoBaTenHo HyneBaTa XunoTtesa, Cnopes KOATO He
CbLLECTBYBa CTATUCTMYECKM 3HAYMMO BRUSAHME NPU HUBO Ha 3HaummocT (a = 0,05) Ha
AurnTanHus BOMHUK BbpPXy edekTUBHOCTTa Ha ,VC, ce oTxBbprns, a antepHaTtMBHaTa
XunoTtesa ce npvema.

3.4.2. Nbpeo: MNMpernen, UNKCTpUpPaHe U aHaNMUTUYHO ThIIKyBaHe Ha pe3ynTtaTuTe
no nogxunortesa H-1(sub-H (1)),

He cblecTByBa CTaTUCTMYECKM 3HAYUMMO BNUAHUE NPU HUBO Ha 3HavumocT (0,05
2 0) Ha aHanuM3a Ha [aHHUM Bbpxy edekTMBHOcTTa Ha ,VC“. 3a npoBepka
BanuAHOCTTa Ha Ta3u noaxunoTesa € M3NOon3BaH NPOCT JIMHEEH perpecuoHeH
aHanus, KakTo e nokasaHo B Tabnuua (3-4-2-1).

Ta6bnuua (3-4-2-1) npeacTaBsa BIMAHUETO Ha aHanu3a Ha faHHU BbpPXY
edekTMBHOCTTA Ha ,,VC*

Independent Variable B Beta R R2 T.value Sig. T
Data Analytics (or Data Analysis) 791 | 843 | .843a | .710 30.124 .000
Dependent Variable The efficiency of the “VC”
Constant Coefficient 822
Adj R2 709
F Value 907.485
SigF .000b

HaHHuTe B Tabnuua (3-4-2-1) paskpvsaT HanMyne Ha CTaTUCTUYECKN 3HAYUMO BNSTHUE
Ha aHanuM3a Ha JaHHW BbpXy edpekTmBHOCTTa Ha ,VC®, kaTO CTOMHOCTTa Ha Koe-
duumeHta Ha kopenaums (R) pgoctura 0,8432 npu HMBO Ha 3HayumocT 0,000P.
AHanun3bT Ha gaHHK obsicHsaBa 71,0% oT Bapuaumsita npu ngeHTnuumpaHeTo Ha npob-
neMu, CbrnacHO CTOMHOCTTa Ha KoedumumeHTa Ha getepMmmnHaums (R?), kKato CTOMHOCTTa
Ha F-kputepua goctura 907,485.Bb3 ocHOBa Ha MoONyyYyeHUTe pesynTaTtn ce yCTaHoBSA-
Ba, Y€ aHanNu3bT Ha JaHHM OKa3Ba BNusiHMe Bbpxy ,VC* B pasmep Ha 84,3%, KoeTo
Boau 0o 71% npomeHun B npomennuearta ,VC*. OcTtaBawute 29% ce abmkaTt Ha gpyrm
dakTopu, KOUTO He ca NpeaMeT Ha HaACTOALWOTO u3cnensade. CnegosaTtenHo Hynesarta
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XMnoTe3a, cnopes KoATO He CbLeCTBYBa CTAaTUCTUYECKN 3HAYMMO BIIUSIHWE NPU HMBO
Ha 3Ha4mmocT (a = 0,05) Bbpxy edekTuBHOCTTa Ha ,VC*, ce 0TXBbpIis, a anTepHaTuBHa-
Ta XunoTesa, cnopes KOSATO CbLUEeCTByBa CTaTUCTUYECKM 3HAYMMO BNUSAHME NPU HUBO

Ha 3Ha4mnmocT (a = 0,05), ce npuema.

3.4.3 Bropo: lNpernea, unoctpupaHe 1 aHaNMUTU4YHO ThIIKyBaHe Ha pe3ynratute
no noaxunoTte3a H-2 (sub-H (2)),

He cbuwecTByBa CTaTUCTUYECKU 3HAYUMO BIIMSIHUE NPU HUBO Ha 3HavyumocrT (0,05
2 d) Ha akrtyatopute BbBbpXYy edekTuBHoctTa Ha ,VC*“.3a npoBepka Ha
BanuMAHOCTTa Ha Ta3u XxunoTe3a e NPUIIoXKeH NPOCT IMHEEH perpecMoHeH aHanus,

KaKTo e nokasaHo B Tabnuua (3-4-3-1).

Ta6bnuua (3-4-3-1) npeacTaBs BNMAHUMETO Ha aKkTyaTopuTe BbpXy e(heKTMBHOCTTa

Ha ,,VC*
Independent Variable B Beta R R2 T.value Sig. T
Actuators 194 | 282 | 282a | .079 5.658 .000
Dependent Variable The efficiency of the VC
Constant Coefficient 3.197
Adj R2 077

F value 32.008
Sig F .000b

[aHHWTe nokasBaT CTATUCTMYECKM 3HAYMMO BIIMSIHWE Ha akTyaTopuTe BbPXY
edekTMBHOCTTa Ha ,VC*, KaTo CTOMHOCTTa Ha koedmuneHTa Ha kopenaums (R) gocTtura
0,2822 npn HMBO Ha 3Ha4mmocTt 0,000°. OcBeH ToBa akTyaTtopute obscHaBaT 7,9% oT
BapuauusTa npym gednHMpaHeTo Ha npobnema, CbrnacHo CTOMHOCTTA Ha KoeduumMeHTa
Ha pgeTepmuHauusa (R?), a ctonHocTTa Ha F-kputepus goctura 32,008.Bb3 ocHOBa Ha
Te3n pesynTtaTu ce yCTaHOBSIBA, Ye akTyatopute BauasaT Bbpxy ,VC* ¢ 28,2%, koeTo
Boan no 7,9% npomeHn B npomennueata ,VC*. Octananute 92,1% ce gbmkaT Ha
BNUSAHMETO Ha Apyrn bakTopu, KOMTO HE ca pasrnefaHn B HACTOSILLOTO M3criedBaHe.
CnepoBaTtenHo HyneBaTa XunoTtesa, cnopen KosTo akTyaTopuTe He oKasBaT CTaTUCTU-
YeCKM 3HaYMMO BNUSIHME BBbPXY edpekTuBHOCTTa Ha ,VC* npu HMBO Ha 3HA4YMMOCT (a <
0,05), ce oTxBbpPNS, a anTepHaTUBHATa XMNoTe3a, cnopen KosATo akTyaTopuTe oka3BaT
CTaTUCTMYECKM 3HAYMMO BIMSHME BbPXYy edekTuBHocTTa Ha ,VC“ npy HMBO Ha
3HauumocT (a < 0,05), ce npmnema.

3.4.4. Tpeto: lNpernea, uncTpupaHe U aHaNUTUYHO ThbJIKyBaHe Ha pesyntaTuTte
no noaxunote3sa H-3 (sub-H (3))

He cbuecTByBa CTaTUCTUYECKM 3HAYMMO BIRUSHUE NPU HUBO Ha 3HauumocT (0,05
2 d) Ha wuHTerpauusaTa BbpXy edekTuBHocTtTa Ha ,VC“. 3a npoBepka Ha
BanuAHOCTTa Ha Ta3u XxunoTesa e MpuUnoXeH NpPocCT JIMHEEH PErpecMoHEH aHanusa, KakTto
€ nokasaHo B Tabnuua (3-4-4-1).

Ta6nuua (3-4-4-1) npeactaBsa BNMAHUETO HA MHTErpauusita Bbpxy
edekTMBHOCTTA Ha ,,VC*

Independent Variable B Beta R R2 T.value Sig.T
Integration 213 273 | .273a | .075 5.472 .000
Dependent Variable The efficiency of the “VC”
Constant Coefficient 3.034
Adj R2 072
F Value 29.938
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[aHHMTe nokasBaT CTATUCTMYECKM 3HAYMMO BIIMSIHME Ha WHTerpauusTa BbpXy
edekTMBHOCTTa Ha ,VC*, KaTo CTOMHOCTTa Ha KoeduumneHTa Ha kopenauma (R) goctura
0,2732 npu HMBO Ha 3HauyumocT 0,000°. NHTerpauusaTa obsicHsaBa 7,5% oT Bapuaumsta
npu naeHtTupununpaHe Ha npobrnemmTe, CbrinacHO CTOMHOCTTA Ha KoeduumeHTa Ha
netepmuHauunsa (R?), a ctomHocTTa Ha F-kputepus goctura 29,938.Bb3 ocHoBa Ha
rOpensnoXeHOTO ce YyCTaHOBSABA, Ye UHTerpaumsTta snusie sbpxy ,VC* ¢ 27,3%, koeTo
Boan 0o 7,5% npomeHn B npomennueata ,VC*. Octananute 92,5% ce gbmkaT Ha
Apyrn bakTopu, KOUTO He ca pasrnefaHu B HacTosaWwoTo u3creasaHe.CnegosaTenHo
HyneBaTa XuMnoTe3a, Criopeq KOATO MHTerpauusata He Oka3Ba CTaTUCTUYECKM 3HaYMMO
BNUsSIHWE BbPXy edpekTuBHocTTa Ha ,VC“ npu HMBO Ha 3HaummocT (a < 0,05), ce
OTXBbPNSA, a anTepHaTMBHaATa XuUNoTes3a, CMNopead KOATO WHTerpaumnatra okassa
CTaTUCTMYECKM 3HAYMMO BIUSHME BbPXY edekTuBHocTTa Ha ,VC“ npu HMBO Ha
3HauyumocT (a < 0,05), ce npnema.

3.4.5. YetrBbpTto: [pernen, wunwcTpMpaHe UM aHaNUTUYHO TbIIKyBaHe Ha
pesyntaTtuTte no nogxunortesa H-4 (sub-H (4)),

He cblecTByBa cTaTUCTUYECKM 3HAYMMO BNUAHUE NPU HUBO Ha 3HauumocT (0,05
2 a) Ha nHpopmaumaTa BbpXy ecekTuBHocTTa Ha ,,VC*“

3a npoBepka Ha BanMAHOCTTa Ha TasuW XunoTesa € MNPUIIOXeH MpPOoCT JUHEEH
pPEerpecuoHeH aHanms, KakTo e nokasaHo B Tabnuua (3-4-5-1).

Ta6bnuua (3-4-5-1) npeactaBs BNMAHMETO HA MHOpMaLMATa BbpPXY
edekTMBHOCTTA Ha ,,VC*

Independent Variable B Beta R R2 T.value Sig. T
Information 247 A72 | AT2a | 223 10.309 .000
Dependent Variable The efficiency of the “VC”
Constant Coefficient 2.916
Adj R2 221
F Value 106.281
Sig F .000b

[aHHuTe, npeactaBeHn B Tabnuua (3-4-5-1), nokasBaT CTaTUCTUYECKM 3HAYMMO BIUSI-
HMe Ha WHdopMauusTa Bbpxy edekTMBHocTTa Ha ,VC* kaTo CTOMHOCTTa Ha Koedwu-
umeHTa Ha kopenauma (R) moctura 0,4722 npyu HMBO Ha 3HadmmocTt 0,0000. Cnopepg
CTOMHOCTTa Ha koeduuuneHTa Ha getepmmHaums (R?) nHdopmaumaTa obacHasa 22,3%
OT BapuauustTa npu gedvHnpaHe Ha npobrnema, a CTOMHOCTTa Ha F-kputepusa goctura
106,281.Bb3 ocHOBa Ha Te3u pesyntaTu ce YCTaHOBsIBa, 4e uHGOpmauusita Bnvsie
BbpXy ,VC* ¢ 47,2%, koeTo Boaun o 22,3% npomeHu B npoMenHnueaTta ,VC*. OctaHanu-
Te 77,7% ce gbmkat Ha ApyrM ¢akTtopu, KOUTO He ca pasrfefaHu B HacTosLWOTO
nscneaBsaHe. CnegoBaTenHo HyneBaTa XxunoTesa, cnopepn KosTo uHdopmauusata He
oKa3Ba CTaTUCTUYECKM 3HAYMMO BNMSHUE BbPXY edeKTMBHOCTTa Ha ,VC* npy HMBO Ha
3Ha4mmocT (a < 0,05), ce oTxBbpnsA, a anTtepHaTMBHaTa XuMNoTe3a, cnopepn KosTo
MHpopmauuaTa okasBa CTAaTUCTUYECKM 3HAYUMO BNUSHME BbPXYy e(eKTUBHOCTTa Ha
,VC* npn HMBO Ha 3HaummocT (a < 0,05), ce npuema.Hakpas, rnaBaTa npeacrasnsisa u
USANOCTHA W AeTannHa eMnMpuyHa OLEeHKa Ha MHTerpupaHus mogen Ha Bepurata 3a
pobaBeHa CTOMHOCT C gurutaneH ABOMHUK. TS npefocTaBs CTPUKTHO TECTBAHE Ha Xu-
noTesnTe U MHTepnpeTaTMBEH CMHTE3 Ype3 ObLIMPEH onucaTeneH aHanusa, nokasBamku
Kak TeXHOnorvaTa Ha gurnTanHusa OBOMHMK MOXe CUCTeEMaTMYHO Aa 6bae uanonasaHa
3a yBenvMyaBaHe Ha CTOMHOCTTa Ha Bepurata 3a gobaBeHa CTOMHOCT B MPOM3BOACT-

BeHna cektop Ha OAE. BsaumogenctBveTto Mexgy emnupuyHuTe [JokasaTerncrsa,
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TeopeTnyHnTe KoHuenumn wn npakTtn4ecknTe Cb06pa>|<eva npegocraBa conngHa
OCHOBa 3a 3aKJ4veHudaTa, npunHoca M HaCoOKUTe 3a Obaelwm nacnegBaHusi, KOMTO ca
npegcrtaBeHn B nocrieaHara rfnaBa Ha agncepraumnara.

3.15 OcHoBHM pe3ynTaTtu oT (NaBa Tpeta

[MmaBa TpeTa nokasea, Ye YeTUpuTe U3MEPEHUs Ha AUrMTanHua OBOWMHWUK — aHanu3 Ha
AaHHW, aKTyaTopW, MHTerpaumsi 1 MHopMaums UrpasT UeHTpanHa 1 B3anMHOCBbp3aHa
pons 3a rnoBuLaBaHe Ha ePeKTMBHOCTTa Ha BepuraTa 3a gjobaBeHa CTOWMHOCT B NPOuU3-
BoacTBeHusa cektop Ha OAE. O6cbxaaHeTo Ha MbpBUSt U3CneaoBaTesncki BbNPOC NokKas-
Ba, Ye aHanNu3bT Ha AaHHW NpeacTaBnsiBa OCHOBEH ABuraTen Ha (PyHKUMOHANHOCTTa Ha
AVMMTanHua OBOMHUMK, KaTo npeobpasdyBa CypoBUTE OMEPATUBHU CUrHamMmM B 3HAYMMMU
npo3peHus, KOUTO noaKkpenatT  onepaTuBHUTE peLleHus, naeHtTuguumpat
HeedEeKTUBHOCTM, NO4OBPSBAT NPOrHO3UTE U NO3BOSMISBAT HENPEKbCHATO HabnoaeHne no
usnata Bepura 3a gobaBeHa CTOMHOCT. PesynrtatuTe, CBbp3aHU C BTOpUS M3crenoBa-
TENCKN BBLMPOC, MOKa3BaT, Ye akTyaTtopuTe npeacraBnasBaT NPaKTUYECKOTO, (PU3NYECKO
npoabiKeHne Ha aurMTanHua OBOMHUK, NPeBPbLUANKN BUPTYanHUTE NPO3peHns B peasiHu
onepaTuMBHU OENCTBUS, NO40OPSBaNKN KAYECTBOTO Ha NPoAyKTa, HaMansiBanku YOBELLKUTE
rpeLKkn, OoCUrypsiBalkm noOCnefoBaTeNIHOCT Ha paboTHUTE npouecu U yrnecHsBanku
aBTOMaTU3NpPaHN peakuun B pamMmKUTE Ha NPOU3BOACTBEHUSA LIMKBII.

OTHOCHO TpeTns nscrnegoBaTenckM BbMNpocC, pesyntatute paskpuear, Ye UHTerpaumndara
Nno3BONsIBa CUHXPOHM3AUMATA Ha onepaTtMBHUTE [aHHW B peanHoO Bpeme C
KopropaTuBHaTa WHdopmauus, nognomMara npeaukTMeHaTa NoAApbXKKa, ONTMMU3MpPa
KOHTpOSla Ha npouecuTe, 3acunBa CbTPYAHUYECTBOTO M MNO3BOSISIBA OUMUTANHUAT
ABOWMHMK Oa (OYHKUMOHMpA KaTo ednHHa ekocucTema. Pesyntatute no 4eTBbpTUS
n3cnegoBaTencku BbMPOC noavepTaBaTt, 4Ye WHopMauusita — 4pe3 OUruTanHu,
CEH30PHU N KOPNopaTUBHU UHTESNTUFEHTHU CUCTEMU — Ocurypsia no-4oobp KOHTPO-,
nogobpeHo NporHo3npaHe, NO-CUITHO B3EMaHe Ha peLLeHnNd, YCTOMYMBOCT U NOBULLEHO
KayecTBO Ha nNPOOYKTUTE 4Ype3 UHTerpupaHe Ha  CEH30pHWUTE [aHHUM C
opraHusaunoHHuTe 6asn gaHHuW.

KpanHuTte pesyntatv noTBbpXgaBaT, Ye 4YeTupuTe U3MepeHust (PyHKUMOHMpAaT KaTo
B3aMMO3aBMCUMa CUCTEMA: aHaNU3bT Ha AaHHW OCUrypsiBa NpoO3peHue, akTyatopute
no3sonsBaT OenCTBMEe, MHTerpauuaTa rapaHtMpa CbrnacyBaHOCT, a WHdopMaundara
nogkpens WHTENUreHTHOCTTa, Cb3daBavikM LUMPOBO OBflacTeHa MNPOM3BOACTBEHA
cpepa, cnocobHa Ha nogobpeHa edeKTUBHOCT, NO-BMCOKA afanTUBHOCT U MO-FONAMO
Cb3aBaHe Ha CTOMHOCT.

NMABA 4: CUHTE3 HA PE3YNTATUTE, 3AKITIOYEHUA U CTPATEMM4YECKU
NMPEMOPBLKU

UeTBbpTa rnaeBa n3nbriHABa PyHKUNATA HA CUHTE3 Ha uanaTta guceprauus, kato o606-
llaBa Han-BaXXHUTE U3BOAM OT MPeAxXo4HWUTE rMaBu U 3akniovaBa, Ye TeopeTudHaTta
ocHoBa ([maBa nbpBa), METOOONOMMYHATa pamka U UHTerpmpaHmaT mogen (naea BTO-
pa) u emnupuyHaTa Banugmsaumsa (Fnaea TpeTta) 3ae4HO 4EMOHCTPUPAT, Y€ CUCTEMHO-
TO BHeApsiBaHe Ha AurntaneH ABONHUK MOXe 3Ha4MTenHO Aa nogobpu edpeKkTMBHOCTTA
Ha BepuraTta 3a gobaBeHa CTOMHOCT B npounsBoacTBeHus cektop Ha OAE. Tasu rnaea
BKIMOYBA CTpaTermvyeckn rnpernopbky, Kato HaUMOHANHU KamnaHuM 3a fnosuvLlaBaHe Ha
0CBeOMEHOCTTa, 0byyeHne Ha paboTHaTa cuna, NUAOTHO BHeLpsiBaHe, pa3paboTBaHe
Ha CbBMEeCTMMM nnaTtgopmMuM WM cbrnacyBaHe c uenute Ha UAE Vision 2031 wu
nonutukute Ha Industry 4.0/5.0. OcBeH TOBa ce noco4BaTt O4YakBaHUTE NpeauMcTBa Ha
npegnoxeHata pamka B cpegata Ha Industry 5.0, BknouYuTenHO rnosulleHa
YCTOMYMBOCT Ha Bepurata 3a A0CTaBku, NO-406p0 CbLTPYAHNYECTBO MEXAY 3aunHTepe-
COBaHUTE CTpaHu, no-6bp3a MHOBauusi, NOAOOPEHO MOTPEBUTENCKO W3XKUBSIBAHE W
yCTOMYMBWN orepauum C¢ edpekTMBHO W3Mnons3BaHe Ha pecypcute. TykK CbLWO Taka ce
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oyepTaBaT Bb3MOXHOCTM 3a Obaewm nscneaBaHnd, KaTo: ObNITOCPOYHU U3CnenBaHus
Ha Bb3Bpbwaemoctta Ha wuHBecTuummte (ROI), AONBNHUTENHO BHeAPsSIBaHE Ha
TexHonormn (reHepatmBeH MWW, 6nok4erH), crtaHaapTU3aMpaHu WU3CnefBaHUa Ha
3pSANOCT, n3cneaBaHns Ha eTUYHN U perynaTopHn acnektn n cpasHeHne mexagy MCI1 un
ronemu npeanpuaTtus. B kpas, rmaBaTa ce NoTBbpxgaBa edeKTUBHOCTTA Ha BCUYKK
npegBapuTenHo geduHMpaHn mnscrnegoBaTesickM 3agadun, gasa obuia npegcraBa 3a
onepatMBHuUTe N akagemuyHute nonsm (15-20% nosuwaBaHe Ha eeKTUBHOCTTa Mpu
NMAMIOTHWU BHELPEHUA, MPaKTUYEeCKM HapbYHWUK 3a peanusauus n TeopeTUYEeH MPUHOC
KbM XOSIUMCTUYHW MOEenn Ha Bepurata Ha CTOMHOCTTa C gurutaneH ABOWHWUK) WY
3aBbpllBa C NpeAcTaBAHE Ha KIHYOBUTE MPUHOCK, MPaBEWKW AucepTaumsaTa MoCT
Mexgy TeopusiTa W MNpakTukata B YycToMyuMBaTa UuudpoBa TpaHchopmaumsa Ha
npoun3BoacTBOTO. B Tasu rnaBa ce obobLiaBaTt gokasatencreata OT BCUYKM NPEOXOaHM
rmaBu, 3a Qa MNokKaxe, 4e 4YeTupuTe B3aMMHO3aBUCUMMK aKTopa-eHenbnbpn Ha
AUrNTanHMs OBOMHMK — aHanui3 Ha [OaHHW, akTyaTopu, CUCTEMHA MWHTerpaumsa u
CnMBaHe Ha KoprnopaTuBHa MHMOPMaUMUs — OCUrypsiBaT CUHEPIrUYHU edeKTn, KouTo
HagBuLWIaBaT TE3N Ha BCSAKO OTAENHO M3MEPEHMe, KoraTo ce BHegpsiBaT CTbMKa Mo
CTbMKa 4Ype3 NUNOTHU NPoeKkTU. Pesyntatute u npakTnyeckata BU3US, MOMydYeHU ypes
EMMNMPUYHOTO n3cnensaHe, AaBaT OCHOBA 3a CTpaTernyeckn Npenopbku, 6asmpaHu Ha
npuopuTeTMTe 3a MOBMWLIABAHE Ha OCBEAOMEHOCTTA Ha HauMOHANHO HUBO,
noBuaBaHe Ha kKBanudukaumsaTa Ha paboTHata cuna, MUWNOTHU NPOEKTH,
AEMOHCTpUupawn 6bp3a  Bb3BPBLLWAEMOCT Ha MWHBECTMUMUTE, paspaboTBaHe Ha
CbBMECTMMM nnaTtopmm 3a aurnTanHu BOVHULN, ObPXKaBHU CTUMYMU U CbrnacyBaHe
¢ UAE Vision 2031 u nnuymatmeata Operation 300bn, 3a ga ce yBennum ckopocTTa Ha
npuemMaHe, ga ce HamanaT pUCKOBETE M da Ce rapaHTupa yBepeHocTTa Ha
3avHTepecoBaHuTe cTpaHu. B pamkute Ha Industry 5.0 e nokasaHo, 4e ToBa NO3BONSABA
NnoBuLLIEHA [bBKABOCT Ha Bepurmte 3a [[OCTaBKW, B3aMMOAEWCTBME  MeXAy
3aMHTepecoBaHUTEe CTpaHu, No-6bp3a MHoBaUUS Ypes BUPTYyanHo TecTBaHe, NnogobpeHo
NnoTpPedUTENCKO UIKMBABAHE U HUCKOBBLITIEPOOAHM Onepaumm C MUHMMAIHU pecypcu,
nognomarawy ObharocpovHaTa HauuoHanHa AauBepcudukauusi Ha MKOHOMUKaTa W
yCTOMYMBOCTTA. [NaBaTa CblLUO Taka odepTaBa Obaewmn HanpaBneHus Ha uacnenBaHe,
KaTo: ObArOCPOYHM MNPOYyYBaHUS Ha Bb3BpbluaemMocTTa Ha wuHBectuuuute (ROI) n
Bb3AENCTBMETO BbPXY YCTOMYMBOCTTA, MHTErpaums ¢ HOBOBB3HMKBALLM TEXHOMOMU
(reHepatnBeH WU, GRok4enH, KBAHTOBO CEH3WpaHe), CTaHgapTM3vpaHu Mogenu 3a
3pEenocT, U3cneaBaHnsl Ha €TUYHU U perynaTopHM acnekTu, KakTo U CPaBHEHUSA MexXay
MCIT n ronemun npegnpuaTtus. Benykn npegeaputenHo geduHUpaHm nacnenoBaTterncku
3agaun obaye 6sAxa ycnewHo MOCTUrHaTh, KOeTo YTBbpXKAaBa ABOEH MNPMHOC Ha

aicepTauuaTa: oT edHa CcTpaHa — ornepaTMBHA CTOMHOCT, KOATO Moxe Aa Gbae
peanuavpaHa oT npakTuuute B npomssoacTBeHusi cektop Ha OAE ouwe gHec, n ot
Apyra cTpaHa — ObIrOCPOYHO aKafeMWYHO pasBUTME Ha XOnucTMYHaTa Teopus U

NPUNOXEeHNeTo Ha Mopenute Ha Bepurata 3a gobaBeHa CTOMHOCT C guruTaned
JBOMHUK.
B pasgen 4.2 Bb3 OCHOBa Ha pasnuyHUTE U3BOAM W 3aKIOYEHUs, OOCTUrHaTU B
HacCTOAWOTO M3cneaBaHe, ca npeacTaBeHn CregHuTe Npenopbku, CBbp3aHu C
n3y4yaBaHeTO W OuUEeHKaTa Ha NPUITOXKEHUEeTO Ha KOHuenuuaTa 3a gurutaneH OBOWHUK
(DT) ¢ uen nosuwaBaHe Ha eekTMBHOCTTa Ha ,VC*. Te3n npenopbkn ca nogpeaeHn
criopeq TAxXHaTa BaXXHOCT Bb3 OCHOBA Ha pesynratvte OT MOSieBOTO u3cnenBaHe u
CTaTUCTMYECKUS aHanus, KakTo creaga:

e [la ce N3TbkHe 3Ha4YeHWEeTO Ha 3aabnbovyeHOTO pasbupaHe Ha TexHonornsTa
DT, 3a ga ce Hacbpyn HEMHOTO NPUIIOXEHWEe B pasfiMyHU MHOYCTPUKN 1 a ce noakpenu
TEXHUAT pacTex.
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e [la ce opraHmsmpat pasnuyHu cemuHapu B OAE n gpyrm apabckn abpkasu 3a
npeacraBsgHe Ha npeguMmcTBaTa Ha TexHonoruaTta ,aurutaneH AsovHuK( DT) n
HaYMHUTE 3a HEMHOTO M3NONI3BaHe B NPOU3BOACTBEHUS CEKTOP.

e [la ce npocnegaT BCUMYKM MOCTUXKEHUSA Ha pasBUTUTE Abpxasu B obnactra Ha
TexXHosnormmTe 3a uudpoBa TpaHcopMauus U Kak Tes3u TexXHONormu morat ga ce
YCbBbPLUEHCTBAT B NPOU3BOACTBEHATA MHAYCTPUS.

e [la ce npuBnekaT ekcnepTn n npodecuoHanucTn, ¢ uen ga ce nodepnu ot
TEeXHWs1 oNUT B obnacTTa Ha U3KYCTBEHUSI MHTENEKT 1 no-cneumanHo DT.

e [la ce npoBexgaT pasnuMyHM OOy4MTENHW nporpamMm 3a paboTHUUM B
NPOM3BOACTBEHMSA CEKTOP, 3a Aa ce obyyaT Kak Aa M3nonssaT CbBPEMEHHU TEXHOMNOMNn
3a nosuLaBaHe Ha edekTUBHOCTTa Ha ,VC*.

e [la ce paboTu BbpXy UHTErPUPAHETO Ha OAHHW OT PasfVYHU 3anHTEPEeCOBaHU
CTpaHu, KaTto [OCTaByMUM, FIOTUCTUYHM onepaTopu U TbproBuu Ha gpebHo. Tosa
WHTErpypaHe LWe Mo3BOMN MO-UHTENIUFEHTHO B3eMaHe Ha pelleHud, no-ePekTUBHO
ynpaBneHne Ha 3anacute, HamaneHnm CpoKoBe 3a [JocTaBka W MOBULIEHO
yAOBMNETBOPEHNE Ha KINEHTUTE.

e [la ce nopobpm TexHonormata DT, 3a pga ce yeBennuu nogapbXkkarta,

HageXaHocTTa U e(peKTMBHOCTTa Ha (PU3NYECKUTE aKTUBU, CUCTEMU N NPOU3BOLACTBEHM
npowecu.
B pasgen 4.3 ca npefcTtaBeHn o4akBaHUTE MOMN3N OT NpeanoXeHata pamka B KOHTEKCTa
Ha Industry 5.0. Bb3 ocHOBa Ha rOpeunsnioXeHoTo W pesyntaTuTe, NOCTUrHaATKU OT
nacnegosaTens, ce cyuTa, 4Ye cred BHeApsBaHETO Ha npefroxeHata pamMka oT
KOMMNaHunTe Wwe 6baaT NOCTUrHaTU CrieaHuTe pesynTaTtu:

e lopobpsiBaHe Ha Bepurata 3a pocrtaBku: dPopmynupaHata MeTOAONOrmns
Moxe fa 6bae m3non3eaHa OT KOMMAHMMTE 3a MNOBULLABaHe Ha e(eKTMBHOCTTa Ha
BepuraTa 3a JOCTaBKW, Tbi KaTO NpeaocTaBs CTPYKTYpupaH Mmogen 3a paspaboTBaHe 1
nsrpaxgaHe Ha T.Hap. AurMtaneH ABOMHUK, KOWTO MMWUTUPA MpoLecuTe U cuctemuTe
BbB Bepurata 3a 40CTaBKu.

¢ [loBuwaBaHe Ha ycToMyMBocCTTa: [AUrnTanHUSaT BOMHUK MOXe Aa gornpuHece
3a NoBULIABaHE Ha YCTOMYMBOCTTA Ha KOMMNaHUUTE, KaTo MM NO3BONSABa Aa cumynupart
pasfivyHn cueHapum 1 aa B3emMat NpaBuUiTHU peLleHns 3a peakumnsa npu HapyLleHus unm
NPOMEHN B TbPCEHETO.

e 3acunBaHe Ha CbTPYAHUYECTBOTO: [urMtanHuMaT OBOVMHMK MOXe Oa 6bae
M3Non3BaH 3a nogobpsiBaHe Ha KoonepauuaTa Mexay pasfMyHUTe 3auHTepecoBaHU
CTpaHu.

e PaspaboTrBaHe Ha HOBU NPOAYKTU U ycnyru: JurntanHuaT ABOMHUK MOXeE Aa
nogNOMOrHe KOMMnaHuuTe nNpu paspaboTBaHETO Ha HOBW NPOAYKTU U YCIYrn, Kato UM
no3BoMsiBa Ja CUMynupart NpeacTaBsaHEeTO Ha HOBW MPOAYKTU UMW yCyrn Npyu pasnnuyHu
yCIOBMUS.

¢ [lopgobpsiBaHe Ha KNUEHTCKUA onuT: JUrntanHuaT ABOMHUK MOXe [a NOMOrHe

Ha KoMnaHuuMTe Aa nofobpsaT KAMEHTCKUMS ONUT, KaTo npefocTaBa MHgopmauma 3a
Ha4yMHa, MO KOWTO KIMEHTUTE W3Nons3saT MpoAyKTU WM  YCIyrn, Mno3BONSABaANKM
LeneHacoyeHu nogobpeHust.
B paspen 4.4 ce pasrnexgaT 6baelum HanpaBreHUs Ha M3cnegBaHe B KOHTEKCTa Ha
NHuoyctpusa 5.0. Hanpaktuka ce npegnara pamka M Habop OT WMHCTPYMEHTU, KOUTO
AOMpUHACcCAT 3a 3anbfiBaHe Ha waeHTMdUUMpaHuTe Mponycku B u3cregoBarterickaTa
00nacT, KaTo CbLUEBPEMEHHO OTKpMBAT Bb3MOXHOCTU 3a 6bAeLn Hay4YHn uscnenBaHus u
NO-HaTaTbLUHO pa3BUTME Ype3 BKIKOYBaAHE Ha OOMbIHUTENHU acnekTn Ha pasrnexaaHus
npobnem:

-~ WHTerpupaHe Ha guvrutanHua OBOWHUK C Apyrn TexHonoruu: /3cnegsaHe Ha
Bb3MOXHOCTUTE 3a UHTerpvpaHe Ha DT c Opyry TEXHOMOMW, KaTto U3KYCTBEH MHTENeKT

29



(Al) n NHTepHeT Ha Hewara (loT), ¢ uen gonbAHUTENHO NogobpsBaHe Ha edPEKTUBHOCTTA
Ha ,VC*.

- NMopobpsiBaHe Ha ycTonumBocTTa Ype3 DT: M3cnegsaHe Ha ToBa kak DT moxe
Aa ce n3nornsea 3a nosuLlaBaHe Ha YCTOMYMBOCTTA B ,BepuraTta 3a LOCTaBKU®, Hanpumep
ypes3 HamarnsiBaHe Ha oTrnagbumuTe 1 NoBuLIaBaHe Ha eHeprumHaTa e(peKkTMBHOCT.

- PaspaborBaHe Ha DT nnatdopmu: W3cneaBaHe Ha cb3gaBaHeTo Ha DT
nnaTtopmMu, KOUTO yIecHABaT Cb3[jaBaHeTO, YrpaBneHMeTo N B3aMMHaTa CbBMECTUMOCT
Ha DT.

- MWs3yyaBaHe Ha craHpaptute 3a DT:. W3cnegBaHe Ha paspaboTBaHETO Ha
ctaHgapt1 3a DT, 3a ga ce rapaHtMpa CbBMECTUMOCT WU MHTepOonepaTUMBHOCT Mexay
pas3nuyHu DT cuctemu.

- AHanus Ha etnyHuTe acnektu Ha DT:. W3cnegBaHe Ha eTUYHUTE BBLMNPOCH,
CBbp3aHn ¢ n3non3eaHeTo Ha DT, kaTo NOBEPUTENHOCT, CUrYPHOCT U OTYETHOCT.

- TlpoyuyBaHe Ha npeau3BUKaTerncTeata npu BHeapsiBaHe Ha DT: NpoBexaaHe Ha
Obaewm nscnenBaHnsi OTHOCHO Npeau3BuKaTencTsBarta npu npuraraHeTo Ha TEXHONOMMU
3a OUrMTanHn OBOWMHULUM M HayMHUTE 3a TAXHOTO NpeofonsBaHe B MPOM3BOLCTBEHUS
cektop Ha OAE.

B pasgen 4.5 ca npeactaBeHM U3NbMHEHUTE 3a4a4M, KOUTO ca YacT OT NPaKTUYECKOTO
NPUNOXeHNe Ha LenuTe Ha u3cneaBaHeTo.

Peurenu 3agaun

1. Ourutannute asovHuum (DT) gokasaHo noBuvwaBaT ornepatmBHaTa €EKTUBHOCT 4pes3
ONTMMU3aUUSA Ha MpoLecuTe, HamansiBaHe Ha HMBaTa Ha HEU3NPaBHOCTM U yCKOpsBaHe Ha
BPEMeTO 3a A0CTUraHe 4o nasapa.

2. DT Beye ce wu3non3Bar B HanpegHanu MHOYCTPUM  KaTO  CTPOUTESICTBOTO,
aBTOMODBMITOCTPOEHETO M 30paBeona3BaHETO, KaTo ca AEMOHCTPUMPaHN MON3n 3a MHOBaUunTE U
onTUMM3aUmsiTa Ha npouecuTe.

3. CobluecTBYBaLMTE UHCTPYMEHTU 3a MOLENUPaHe U CUMynauusa yrecHsiBaT aHanmsa u
onTMMU3aUU—aTa Ha CUCTEMUTE, KaTo AONPUHACAT 3a No-406po B3eMaHe Ha peLLeHus.

4. AHanu3bT Ha CTOMHOCTTa € NPU3HaT 3a CPEACTBO 3a NogobpsiBaHe Ha OpraHWM3auMoOHHUTE
npouecu, MoAaKpensawo edgeKTMBHOCTTa M cuctematuyHata OueHka (MMNAMUMTHO MOCOYEHO B

nuTepaTyparta, CBbp3aHa C e(peKTUBHOCTTA).

durypa 4.1: Npernepn Ha pelweHUTe 3a4a4u U TsIXHaTa Bpb3Ka C
u3scrnepoBaTerickusi paboTeH npouec

Tean 3agaum umar 3a uen fa nokaxar Kak npegrioXxeHara MeTogornornsi € u3rnonssaHa Ha
npakTuka 1 ga NoTBbpAAT HENHaTa NPUNOXMMOCT U edekTMBHOCT. OT naeHTuuumpaHeTo
Ha npobnema n NogrotoBKkaTa Ha AaHHUTE OO0 U3MbIHEHNETO Ha MoAesna U BanMaupaHeTo
Ha pesyntatute, BCsKa 3ajadva NpeacTaBnsiBa KOHKPETEH eTan OT u3crefoBaTernCKus
npouec. N3mbnHeHUTe 3agayn NpefocTaBaT NPOBEPUMN AoKa3aTerNcTBa, Ye TeopeTuyHaTa
pamMKa Ha n3cregBaHeTo e e(peKTMBHO NpeBbpHaTa B onepaTtueHM npoTokonn. OcBeH ToBa
Te nokaseaT KakK M3bpaHUTe WMHCTPYMEHTW, CTpaTerMm U aHanuTUYHU TEXHWKM ca Gunm
NPUNOXEHN 32 CUCTEMAaTUYHO paspellaBaHe Ha u3cnegosaTenckusa npobnem. Pesynrature
OT Te3n 3aJa4n CbLUO Taka CryxaT KaTo MEXOWUHHM KOHTPOSTHU TOYKW, 3a da ce rapaHTupa
CbOTBETCTBME MeXAy KpanHuTe pes3yntaTym u uscrnegoBaTterickua avsanH. M3cnegsaHeTo
nogodpsea Npo3pavyHoOCTTa U Bb3NPOM3BOAMMOCTTA Ype3 JOKYMEHTUPAHE Ha U3MbIHEHUTE
3aJauv, KOeTo Mo3BoNisiBa Ha Apyry wuscriegosatenu da criegsaT CbluyMTe CTbhkn. B
obobLieHre, Ta3n cekuns NOTBbPXKAABA, Ye U3cregosartenickiTe Lenu ca éunmn nocturHati
KaKTO Ha MpaKTU4ecKo, Taka M Ha TEeOPETUYHO HMBO 4Ype3 BHUMATENHO MIiaHnpaHn u
BanuavipaHu 3agaqu.
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HAYYHO-NMPUNOXHU U NPUINTOXHU NMPUHOCH

1. Cb3pageHa e UANOCTHA KOHUeNnTyanlHa pamKa, BKMuYBala MHTerpupaH
Mopgen, KOSTO onpeaens HayvMHa, No KOWTO TexHomnorusta Ha ,JurutanHus OBOMHUK
Moxe ga 6bae BHegpeHa Mo usinaTa Bepura 3a AgobaBeHa CTOWHOCT, BKITHOYUTENHO
cHabasiBaHe, NPOM3BOACTBO, TPAHCMOPT U A0CTaBKa.

2. PaswunpeH e 06xBaTbT Ha CblieCTBYBawmTe pa3paboTku 3a UHTerpupaHe
M npunaraHe Ha TexHonoruATa Ha ,JlurmtanHua OBOMHMK’ BbB Bepurata 3a
pnobaBeHa CTOMHOCT, Ype3 BKMOYBaHE HA Bb3MOXHOCTUTE, KOUTO TOM NpPeaocTaBs 3a
noBuLLIABaHe Ha HeNMHaTa e(EeKTUBHOCT, ornepaTuBHaTa KoopamHaumss N B3eMaHeTO Ha
pelleHuns, 6asmpaHn Ha AaHHKW, B eANHHA TeopeTUYHa paMKa.

3. NMpunoxeHuneTo n edpukacHOCTTa Ha NpeasioXeHaTa KOHUeNnTyasriHa paMka,
BKIOYBaLLa MHTErpupaH mopersn, ca eMnMpUYHO NPoBEepPEeHn Ype3 CMECEH NOAXOA U
n3cnegBaHUTE XUMNOTE3M Ca [OoKasaHM 4Ype3 KaydeCTBEHW U KOMUYECTBEHW MeETOAW.
Coblwo Taka, € nMNpuUNoXeH eMnNUpPUYeH noaxod, nNPU KOWTO KONMUYECTBEHUTE
CTaTUCTMYECKM TECTOBE Ca AOMbIIHEHN OT Ka4eCTBeHa MHTeprnpeTaund Ha pesynraTute,
KOeTo no3BonsdBa nMo-4bfboko pasbupaHe Ha KOHTEKCTa Ha BHegpsiBaHe Ha
TexHonoruaTa Ha ,JurntanHua OBOMHUK™ B Npou3BoacTBeHUTE opraHmsauum B OAE.

4. NedpmHnpaHmn ca cbLeCTBEHNTE TEXHOSTIOMMYHM U OpraHu3aLMoHHN hakTopm 3a
yCNewHOTO BHegpsiBaHe Ha ,JurutanHuma ABOWHMK’, KaTO aHanuM3 Ha AaHHW,
CEH30pWU, aKkTyaTopu, CUCTEMHA MHTerpaumnsa n obmMmeH Ha nHdopmauusa B peasiHo Bpeme
N € OLIEHEHO TSAXHOTO BIUSIHME.

5. [loKka3aH e NOJIOXUTESIHUAT MPUHOC Ha TexHomnorusaTa ,AdurutaneH ABOUHMUK"
BbpXy eceKkTUBHOCTTa Ha Bepurara 3a gob6aBeHa CTOMHOCT, B T. Y. MOBULUEHA
e(eKTMBHOCT Ha npouecuTe, No-4obpo u3non3BaHe Ha pecypcute, nogobpeHa
KoopaMHaumsa n HamansaBaHe Ha onepaTUBHUTE HAPYLLEHUS U TPELLIKN.
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SUMMARY

“RESEARCH AND EVALUATION OF THE APPLICATION OF THE DIGITAL TWINS
CONCEPT TO INCREASE THE EFFICIENCY OF VALUE-ADDED CHAIN”

PhD Student: Zeyad Mohammed Abdul Ameer

The research subject of the study is Value chain of the industrial enterprises

The research question is: How does the application of the DT concept impact the
efficiency of the “VC”?

Organizations adopt tech like 'digital twins' for competitiveness and sustainability.
This study explores how digital twins improve the value chain for growth, asking,
‘“How do digital twins impact efficiency?” via surveys and case studies in UAE
manufacturing. It used random sampling of experienced participants, focusing on
digital twins and value chain efficiency for practical insights. A descriptive design
analyzed current practices, attitudes, and applications. Recommendations include
increasing awareness, training, and expert involvement to promote digital twins,
especially in the UAE and Arab regions. It stressed integrating new technologies and
stakeholder data with global best practices to improve efficiency and making digital
twin applications more asset-reliable, sustainable, and competitive. Digital twins can
improve supply chains with real-time data, monitoring, and optimization, resulting in
better performance, resource savings, waste reduction, and decision-making. In the
UAE, their implementation enhances manufacturing efficiency through data analysis,
actuators, and IT integration connectivity. These highlight digital twins” importance
for effectiveness, accuracy, and competitiveness. The study concludes digital twins
enhance efficiency, predictive models, and sustainability, giving companies a
competitive edge. However, it warns organizations to consider costs and
cybersecurity risks to maximize benefits.

The goal of the dissertation research is to analyze and evaluate the impact of
applying value analysis and the Digital Twin (DT) concept on the efficiency of the
“WVC” of the enterprises. In achieving this goal, the following main tasks are
accomplished:

1. Analysis of existing theoretical and applied approaches to the

implementation and integration of the DT concept in the processes of the “VC”.

2. Develop an integrated model for the evaluation and implementation of DT in
the “VC” with the aim of improving process efficiency, including methods for
monitoring and management.

3. Development of a framework for examining the applicability of the model
and validating its key variables.

4. Testing the methodological tools
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|. GENERAL CHARACTERISTICS OF THE DISSERTATION

Relevance of the Research Problem

The relevance of this research problem emerges from the accelerating shift toward
Industry 4.0 and the growing necessity for organizations to transform traditional value
chain structures into intelligent, integrated, and data-driven systems. As manufacturing
environments become increasingly complex, fragmented, and vulnerable to
inefficiencies and disruptions, conventional digital transformation efforts often remain
outcome-focused rather than strategically embedded across the entire value-added
chain. This gap limits the real economic value of technological investments and
constrains long-term sustainability. The Digital Twin (DT) concept offers a
transformative solution by enabling real-time synchronization between physical and
digital systems, advanced simulation, predictive analytics, and continuous process
optimization across procurement, production, logistics, and service functions.

Despite proven benefits of DT in sectors such as construction, healthcare, and
automotive manufacturing, its systematic application within value chains—particularly in
supply network integration and end-to-end operational efficiency—remains insufficiently
explored both theoretically and empirically. Existing literature highlights fragmented
adoption, limited strategic frameworks, and a lack of comprehensive models linking DT
capabilities with value chain performance outcomes. This research directly addresses
these gaps by examining DT as an enabling infrastructure for horizontal and vertical
integration, real-time data utilization, intelligent decision-making, and long-term
performance optimization within manufacturing ecosystems.

The relevance is further amplified in the context of the United Arab Emirates and the
broader Gulf Cooperation Council (GCC) region, where substantial investments in
digital infrastructure coexist with early-stage implementation of DT technologies in
manufacturing value chains. While these economies possess strong technological
readiness, limited empirical evidence, organizational understanding, and strategic
deployment models restrict the realization of DT’s full potential. This disconnect
underscores the urgent need for research that clarifies enablers, barriers, institutional
drivers, and measurable efficiency impacts of DT adoption in industrial environments.

From a scientific standpoint, the study advances interdisciplinary integration
between digital transformation theory, institutional theory, cyber-physical systems, and
value chain management. Practically, it offers evidence-based guidance for firms and
policymakers seeking to improve efficiency, sustainability, and competitiveness through
intelligent manufacturing systems. Socially and economically, the research supports
resource optimization, waste reduction, resilience, and long-term industrial growth.
Consequently, examining how Digital Twin technology enhances value chain efficiency
is both timely and essential for advancing modern industrial strategy and sustainable
economic development.

Research Subject: Value chain of the industrial enterprises
Research question: How does the application of the DT concept impact the efficiency
of the “VC”?

Goal of the Dissertation, Main Tasks, and Research Methods

The goal of the dissertation research is to analyze and evaluate the impact of
applying value analysis and the Digital Twin (DT) concept on the efficiency of the “VC”
of the enterprises.



For this main goal to be achieved, the following main tasks have to be done:
1.15.1 Analysis of existing theoretical and applied approaches to the
implementation and integration of the DT concept in the processes of the “VC”.

1.15.2. Develop an integrated model for the evaluation and implementation of DT
in the “VC” with the aim of improving process efficiency, including methods for
monitoring and management. The primary inquiry related to the model is: In what
manner does the implementation of value analysis influence the efficacy of the "VC"?
Several subsidiary inquiries arise from this principal question, as follows:

1.15.2.1. What is the level of the DT concept application (data analysis) to
increase the efficiency of the “VC”?

1.15.2.2 What is the level of the DT concept application (Actuators) to
increase the efficiency of the “VC”?

1.15.2.3 What is the level of the DT concept application (integration) to
increase the efficiency of the “VC”?

1.15.2.4 What is the level of the DT concept application (information) to
increase the efficiency of the “VC”?

1.15.3 Development of a framework for examining the applicability of the model
and validating its key variables.
1.15.4. Testing the methodological tools

For the purpose of fulfilling the assigned tasks this study employed both qualitative
and quantitative research methods, which is why it is mixed-method. It entailed
secondary data on dissertation and journals as well as primary data on an approved
survey that included a five-point Likert scale. The research covered all stakeholders
within the manufacturing sector of UAE where a random sample was used to collect
responses. The analysis of the data was carried out by SPSS on the structured
guestionnaire and a comparison between the Arabic and English versions was intended
to be conducted to be consistent.

Scientific Novelty
The scientific novelty of the dissertation is that it uses the concept of a Digital Twin (DT)
to develop an integrated conceptual framework that will pervasively implement the
concept of the Digital Twin (DT) in the UAE manufacturing sector, which has little
empirical coverage in emerging-economy settings. In contrast to the majority of the
previous works dedicated to separated DT applications (e.g., predictive maintenance or
single-stage optimization), the proposed model is explicit in its four interdependent
enablers, i.e., data analysis, actuators, system integration, and enterprise information
fusion, which are embedded in an unified structure (procurement, production,
transportation, and delivery stages). The importance of this holistic approach is that it
fills an extremely important gap in the literature by considering the VC as a complex
system and not a set of functions operating independently. The model provides a
seqguential process of causes that highlights how the insights of real-time data analytics
are the cause of accurate operational insights, virtual predictions are converted into
physical actions through actuators, information silo is removed through integration, and
information fusion is developed to create intelligent and adaptive decisions. The
combination of the mixed-method design (quantitative survey of UAE manufacturing
professionals with qualitative refinement in focus groups) would allow empirical
validation that has hitherto been relatively limited specifically to the Gulf region. What is
also added to the dissertation is a measurement of the overall synergistic impact of the
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four enablers, where it has been demonstrated that their interdependence yields higher
efficiency returns than any of the dimensions separately. The discovery builds on the
existing DT and cyber-physical systems theory by providing a multi-dimensional,
replicable framework that is specific to both institutional and operational realities of the
UAE manufacturing. The implementation vision that is based on the tested model states
what is required (technological, human, organisational, financial, regulatory) and how
the proposed barriers can be mitigated, thus, the gap between theory and practise that
can allow scalable adoption of DT is established. On the whole, the work contributes to
the scientific knowledge by sealing the gaps associated with fragmented applications of
the DT, absence of integrated enabler models, scanty UAE-specific empirical models,
and inadequate analysis of the long-term effects of VC efficiency. The dissertation
accomplishes this through its contributions by offering not only theoretical progress but
also practical recommendations towards the realisation of sustainable, resilient and
competitive value chains in Industry 5.0-driven manufacturing contexts.

Practical Applicability

The viability of the proposed Digital Twin (DT)-value-added chain model is evidenced by
the articulated, step-by-step implementation process that directly deals with identified
weaknesses of the UAE manufacturing context in terms of inefficiencies. The model
allows organisations to prove the value of DT at minimal risk by initiating pilot projects,
as has been experienced in real-world projects like the development of Dutco Tennant
and Nakheel Mall, as well as, to generate measurable returns (usually, 1520 percent
cost, waste, and quality defect reduction through real-time simulation, predictive
analytics, and process optimization) and gain the confidence of stakeholders before
mass deployment. The proposed stepwise approach is not only a quick method to
demonstrate return on investment (ROI) but also completely compliant with UAE Vision
2031 and national Industry 4.0 to use the existing DT platforms, risk management tools
that are operated by Al, improve connectivity of systems and allow leveraging the
existing government incentive programmes to create a sustainable, innovative and
resilient manufacturing ecosystem. The pilot-led adoption which is the centre of focus of
the model makes it available to organisations of diverse sizes and technological
sophistication with minimal disruption but maximum early wins in the operational
efficiency and competitiveness. Finally, the framework converts the theoretical DT
capabilities into practical, contextualised results that will, in the long term, facilitate
economic diversification and sustainability goals in the UAE.

Validation

Perspective validation used scientific arbitration and field approval. A focus group of
seven industry reps at a major Emirati industrial site discussed its relevance, rating fit,
feasibility, viability, and scalability while noting improvements like KPIs, training, and
pilot testing. Its broad policy recommendations, supported by statistical data (R2=43.7%
overall, 71% in data analysis) and model comparisons (e.g., Nada and Dawood, 2022;
Mohammed et al., 2024), received expert approval for phased deployment, with
potential expansion to oil and gas, pharmaceuticals, and aviation.

Publications
Three publications have been produced in connection with the dissertation, which are
indexed in Scopus.

Structure and Volume of the Dissertation
The dissertation comprises 173 pages, including an introduction, 4 chapters addressing
the defined objectives, a list of main contributions, a list of publications related to the
dissertation, appendices, and a list of references. In the dissertation, 175 bibliographic
sources are mentioned. All mentioned sources are written in Latin script; some of them
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are obtained via internet scientific platforms and databases. The dissertation contains a
total of 38 figures and 26 tables. The numbering of figures and tables in the author’s
abstract corresponds to those in the dissertation.

IIl. CONTENT OF THE DISSERTATION

CHAPTER 1: METHODOLOGICAL FRAMEWORK AND RESEARCH STRUCTURE
OF THE DISSERTATION
Chapter One establishes the methodological framework, theoretical foundations, and

logical structure of the dissertation. It defines the research problem arising from the
limited and fragmented application of the Digital Twin (DT) concept for improving the
efficiency of the value-added chain (VC), particularly within the manufacturing sector of
the United Arab Emirates.

The chapter is grounded in the understanding that the value-added chain is a dynamic
system whose efficiency depends on the degree of technological, informational, and
organizational integration across its stages. Although digital transformation initiatives
associated with Industry 4.0 have significantly expanded the use of advanced
technologies, existing approaches often prioritize short-term outcomes rather than
strategic and systematic implementation. This outcome-oriented focus frequently results
in inefficient allocation of resources and suboptimal returns on investments in digital
solutions.

Within this context, Digital Twin technology is introduced as a key enabler of real-time
interaction between physical assets and their virtual counterparts through bidirectional
data exchange. The chapter reviews the evolution, definitions, characteristics, and core
components of Digital Twin technology, emphasizing its role in monitoring, simulation,
prediction, and optimization of industrial processes. Digital Twin is examined as a tool
capable of supporting decision-making and operational coordination across the entire
value-added chain, from design and production to logistics, maintenance, and service.
A significant part of the chapter is devoted to the theoretical framework underpinning the
study. Institutional theory is employed to explain the organizational and environmental
pressures influencing the adoption of Digital Twin technologies. Coercive, normative,
and mimetic pressures are discussed as key drivers shaping firms’ decisions in the
context of digital transformation. These perspectives are complemented by Digital Twin
theory, Cyber-Physical Systems theory, Model-Based Systems Engineering (MBSE),
and semantic modeling, which together provide the technological and engineering
foundations for understanding how Digital Twin systems are designed, implemented,
and integrated throughout their lifecycle.

The chapter further examines the concept of the value-added chain, outlining its main
components and its strategic importance for manufacturing competitiveness. Particular
emphasis is placed on the relationship between Digital Twin and the value-added chain,
highlighting the potential of DT technologies to enhance operational transparency,
optimize resource utilization, reduce costs, and improve flexibility and resilience within
manufacturing systems.

Based on a comprehensive review of the literature, Chapter One identifies several
unresolved tasks and research gaps — figure 1-13-1. Although Digital Twin technologies
have been applied to improve performance, optimize processes, and reduce time-to-
market in sectors such as construction, automotive, and healthcare, their application
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within the broader value-added chain context remains insufficiently explored. Current
digital transformation practices tend to emphasize outcomes rather than strategic
implementation, resulting in ineffective investment decisions and fragmented adoption.
Moreover, there is no comprehensive model that integrates Digital Twin technology with
value analysis to enhance value chain efficiency, nor is it clear how extensively Digital
Twin should be utilized across data analysis, actuators, system integration, and
information flow.

Unsolved tasks (Research gaps)

1. Current DT methods lack a clear strategy for VC integration, focusing more on
digital outcomes than structured implementation.

2. No existing model combines Value Analysis + Digital Twin to improve value
chain efficiency, leaving conceptual and methodological gaps.

3. The levels of DT application-data analysis, integration, and information —
have not been measured within the VC in previous studies.

4. The long-term impact of DT on supply chain and VC performance remains
unclear, especially regarding cost reduction and carbon footprint.

5. DT research is still limited in the GCC, particularly in manufacturina sector

Figure (1-13-1) Unsolved tasks (Research gaps)

In response to the identified research gaps, the chapter formulates the main goal of the
dissertation, the research tasks, and the study hypotheses. These elements provide a
coherent conceptual and methodological foundation for the subsequent chapters, which
focus on the development and empirical validation of an integrated model for applying
Digital Twin technology to improve the efficiency of the value-added chain in
manufacturing enterprises.

CHAPTER 2: INTEGRATED MODEL AND RESEARCH METHODOLOGY
In this chapter the researcher focuses on the second task of the thesis, which aims to

define the theoretical concept of the integrated model designed to evaluate and apply
the concept of digital twins within the value chain.

In the second paragraph the conceptualization of the integrated model is presented
(2.1.1.). The researcher's proposed model is grounded primarily in the Institutional
Theory, which provides a comprehensive framework for understanding why
organizations adopt advanced digital technologies. In the context of the UAE
manufacturing industry, digital transformation is driven less by mere technical
modernization and more by normative pressures and national strategic visions, such as
initiatives aligned with the "Fourth Industrial Revolution." Institutional Theory is
particularly suitable here because it explains how industrial enterprises pursue
legitimacy and competitive advantage by conforming to external pressures, including
government regulations, industry standards, and societal expectations. This ensures
that the model is contextually anchored, reflecting the broader organizational ecosystem
where governance, culture, and regulatory systems influence the adoption of Digital
Twins. To operationalize this organizational environment into a technical
implementation, the researcher incorporates Digital Twin Theory and Model-Based
Systems Engineering (MBSE) into the model.
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Digital Twin Theory establishes the principle of mirroring, whereby physical assets—
such as machines, production lines, and other resources—are replicated in a virtual
environment using sensors and actuators. However, complex industrial value chains
require more than mere data collection; therefore, MBSE is employed to provide
structured, integrated system architecture. The third and most critical conceptual layer
integrates Semantic Modeling and an Ontological Framework to provide system
intelligence. This layer addresses semantic interoperability, enabling the system to
interpret large volumes of raw sensor data in context. By utilizing a problem-solving
ontology, the model links physical events to their operational significance. In summary,
the proposed model is justified at each conceptual layer. Coercive pressures arise
primarily from federal initiatives such as UAE Vision 2031 and Dubai Industrial Strategy
2030. Normative pressures stem from international standards such as ISO 23247 for
Digital Twins. Mimetic pressures are evident when leading firms publicly implement
Digital Twins. Consequently, successful Digital Twin adoption confers cognitive,
pragmatic, and moral legitimacy. Model-Based Systems Engineering (MBSE) is
operationalized using the Systems Modeling Language (SysML). Semantic
interoperability is achieved through an OWL 2 DL ontology aligned with existing
standards.

In paragraph 2.1.1.1. the linking DT variables to value chain efficiency is described. The
suggested integrated model describes the value creation as the outcome of digitally
facilitated data analysis, system integration, actuation and information transparency
between the value chain activities. The DT dimensions do not work as autonomous
functions but rather, in combination, process, interpret, and act on system data.
Moreover, the process of integration is strengthened with the uninterrupted connection
between sensors and VC variables. Consequently, VC efficiency is no longer founded
on fixed assumptions, but updated system states. The DT creates information as a
central coordinating dimension uniting analysis, integration and actuation into VC
efficiency. Therefore, the high degree of integration of the model is its closed-loop
nature whereby, sensing, analysis, decision-making, and actuation are linked and are all
aimed at VC efficiency. Thus, the DT does not simply provide support to VC as an
external instrument, but it is a structural component of the VC process. Thus, the model
can be further outlined through a visual demonstration along with a compendious outline
of the main components of DT and VS efficiency as follows - Figure (2-1-1-1):
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Figure (2-1-1-1): Depicts the Integrated Model of the Study
Source: (Conducted by the researcher)
1. Digital Twin (DT)
e At the top, the Digital Twin is the central concept.
e |t consists of four main components:
o Data Analysis — Processing and analyzing data from the physical system.
e Actuators — Mechanisms that perform actions based on the system’s needs.
e Integration — Connecting various system components for coherent operation.
¢ Information — Generating knowledge and insights for decision-making.

2. VC Efficiency
The Digital Twin contributes directly to Virtual Commissioning (VC) Efficiency, which is
the effectiveness of simulating and optimizing systems before physical implementation

3. Feedback Loops
e Sensors (Data Acquisition) — Collect data from the system’s operations.

e VC Variables (Operational Metrics) — The data from sensors is transformed into
metrics that represent system performance.

e These two interact in a feedback loop to continuously monitor and improve
performance.

e Actuators (Action Execution) — Execute actions in the physical or simulated
system.

e Interfaces (System Interaction) — The actuators work with interfaces to interact
with the system.

e These two also interact in a loop to ensure proper control and execution.

In summery the integrated model (figure 2-1-1-1) of the research, where the Digital Twin

(DT) framework improves the efficiency of (VC). The DT is composed of four main

elements, namely, the data analysis, actuators, integration, and information

components, that would assist in a more precise system simulation and decision-

making. These elements contribute to VC efficiency, which is also dependent on two

subsystems that are important: sensors and actuators. Sensors are used to obtain data
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and produce VC operational variables, and actuators are used to perform actions and
communicate with the interfaces of the system.

In paragraph 2.1.2 is presented the structure and most important variables of the
proposed Integrated model and the mapping/influence continuous structural integration
is explained | more details — figure Figure (2-1-2-1). In other words, here is presented
the methodological phase of the dissertation research.

Mapping / Influence

Continuous Structural Integration

Variables Variables Variables

Control _, Structural _; Intelligent

Logic Integration Control
lMapping l
Stages Stage
A = E)
S
i
XS & X o
= T
- «w
B | — E ]
5
3 Mapping - 3
Influence
B > Bl
4 Integration 3
C Influence o F

Figure (2-1-2-1) Functional Flow Diagram
Source: Conducted by the Researcher
The figure (2-1-2-1) illustrates a model linking a Design-oriented System (DT System)

with specific process stages (VC Model). Here's an explanation of the key elements in
the image:

e System (DT System): This includes variables such as control logic, structural
integration, and intelligent control. These elements indicate how the system
operates as a whole.

e Model (VC Model): This represents the process stages, comprising several
stages (Stage A to Stage F). The model indicates how the process transitions
from one stage to another.

e Functional Relation: It shows how the system is connected to these stages,
implying that there is a continuous interaction between integrated design and the
structuring of stages.

The present study adopts a multi-level integrative framework in which Institutional
Theory operates at the macro (environmental) level to explain why UAE manufacturing
firms adopt Digital Twins (coercive, normative, and mimetic pressures, plus legitimacy-
seeking behavior). At the meso level, Digital Twin Theory and Cyber-Physical Systems
(CPS) provide the core technological foundation, ensuring real-time bidirectional
interaction between physical assets and their virtual counterparts. Model-Based
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Systems Engineering (MBSE), implemented through SysML, serves as the
methodological backbone that structures and aligns all system components. Finally, the
semantic and ontological layer (using OWL ontologies and standards such as OPC UA)
guarantees semantic interoperability across heterogeneous systems. This hierarchical
integration, illustrated in Figure 2-1-1-1, creates a coherent pathway from external
institutional pressures to internal technological implementation and, ultimately, to
measurable improvements in value-chain efficiency. The procedural logic of the
research is depicted in Figure (2-1-3-1), and conceptual and operational structure of the
integrated model, which is closely related, is in Figure (2-1-1-1). The flowchart converts
the theoretical basis, which is the Institutional Theory and Digital Twin Theory into
quantifiable variables, in which Digital Twin is the independent variable and Value-
Added Chain (VAC) efficiency is the dependent variable as incorporated in the
integrated model. The operationalization of the model is done through the methodology
and stages of empirical application, which establish how the model components are
indicated and tested in the context of the UAE manufacturing companies. In general, the
flowchart is the map of conducting the research, and the integrated model is an analytic
and explanatory design of the research. Figure (2-1-3-1) is the procedural logic of the
research and Figure (2-1-1-1) shows the conceptual and operational structure of the
integrated model and they are strongly aligned. The flowchart starts with the theoretical
basis that directly informs the combined model because it is based on the Institutional
Theory and Digital Twin Theory. The theoretical basis of implementing Digital Twins and
its anticipated impact on the value chain efficiency, which is implemented in the
integrated model, are explained. These theories are converted into measurable
variables during the research model design stage of the flowchart in which the Digital
Twin is the independent and Value-Added Chain (VAC) efficiency is the dependent
outcome, relationships that are explicitly represented in the integrated model.

Moreover, the methodology phase of the flowchart operationalizes the integrated model
because it defines how its elements (data analysis, sensors, actuators, integration, and
interfaces) will be empirically measured and tested. The empirical application phase
would be application of the integrated model on UAE manufacturing companies in order
to determine the impact of Digital Twin components on VAC efficiency. Contribution
stage involves the practical contribution which incorporates the validation of the
integrated model using real evidence and proving its effectiveness beyond theory.
Lastly, conclusions and recommendations based on the flowchart are made as a direct
result of the understanding that was produced by the integrated model, and this is
because the flowchart is considered the roadmap of research execution whereas the
integrated model is considered the roadmap of analysis and explanatory piece of the
study.
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Figure (2-1-3-1) Research Flowchart

For the purposes of empirical research (paragraph 2.4) is used a descriptive
methodology, a subset of quantitative research, characterized as a comprehensive
examination of a phenomena within a particular group, location, and temporal context. It
is a systematic approach to scientific research and interpretation aimed at addressing
specific objectives related to a social issue.

A study population (paragraph 2.5) is delineated as the entirety of sample units to which
it pertains, with explicit identification of the sampling unit, the attributes to be examined,
and the employed variables. The identification of the study population is contingent
upon the study's purpose, ensuring alignment with the intended community. The
discrepancy between the study population and the target population renders the
generalization of the sample results to the target group scientifically invalid. The present
research population comprises all individuals engaged in the manufacturing industry
within the UAE. Owing to the substantial size of the community and the challenge of
ascertaining their overall population, the researcher employed a sampling strategy,
where a random sample of the study community was selected from those who have
experience in the manufacturing sector in the UAE in various fields, amounting to (384)
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individuals, by creating an electronic link on Google Form and distributing the link
through various social networking sites.

The study sample included a group of diverse industrial entities in the UAE, both large
and medium-sized, including food, engineering, and petroleum industries, as well as
hardware industries. This group was selected based on its perceived impact on DT and
digital blockchains.

“Table (2-5-1) Number and Percentage of Handed out and Collected
Questionnaire”

Handed out questionnaires Collected valid questionnaires %
384 373 98.95%

In paragraph 2.6 the respondend charachteristics are described.
A. Segmentation of respondents as per gender:

“Table (2-6-1) Gender Characteristics”

Variable Segments F % Total
Gender Men 194 %52 373
| Women 179 | %48

The foregoing data, indicated that the (Male) segment obtained the uppermost
percentage as per gender, which amounted to (52%), followed by (48%), which was
yielded by the (female) segment.

B. Segmentation of respondents as per age:

Table (2-6-2) Segmentation of respondents as per age

Variable Categories Frequencies Percentage Total
Less than 30 years
142 %38.1
old
Age From 30 to 40 years 178 %47.7 373
From 41 to 50 years 43 %]11.5
51 years and above 10 %2.7

The foregoing data, indicated that the uppermost percentage, as per age, was (47.7%)
yielded by the (30 to 40 years of age) segment, followed by (38.1%), attributed to (less than
30 years), while the lowest percentage was (2.7%) or (those aged 51 years and above).

C. Segmentation of respondents as per years of experience:

Table (2-6-3) Segmentation as per years of experience

Variable Categories Frequencies Percentage Total
Less than 5 years 103 %27.6
Years Of From 5 to less than
195 %652.3 373
Experience 10 years
10 years and more 75 220.1

The foregoing data, indicated that the uppermost percentage, as per years of
experience, was (52.3%), attributed to (from 5 to less than 10 years), followed by
(27.6%), attributed to (less than 5 years), while the lowest percentage was (20.1%),
attributed to (10 years and more).
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In paragraph 2.7 the tool and procedure for verifying its Psychometric properties are
presented. In this respect a questionnaire was designed and administered to investigate
and evaluate the extent of the application of DT to increase the “VC’.

Internal Consistency Validity of the Questionnaire Axes”
To ascertain "internal consistency validity," the researcher reckoned the correlation
coefficients between the scores of each statement and the overall score of the
corresponding axis.

Axis (1): DT
The validity of internal consistency was assessed by estimating the correlation
coefficients between the scores of each statement and the total score of the relevant
dimension of the first axis of the questionnaire. The subsequent table (2-7-2-1)
determines the outcomes:

Table No. (2-7-2-1) Pearson correlation coefficients of Axis (1)

Ser. r. | Ser. | r. | Ser. | r.
Dimension (1): Data Analysis
1 713** 2 .833** 3 782%*
4 731** 5 .828** 6 .780**
7 751** 8 721%* 9 799**
10 .843**
Dimension (2): Actuators
11 .765** 12 TT73** 13 .869**
14 787** 15 T78** 16 .824**
17 .823** 18 T75%*
Dimension (3): Integration
19 719** 20 .736** 21 712%*
22 .830** 23 .804** 24 .740**
25 TTL** 26 782** 27 .789**
Dimension (4): Information
28 739** 29 781** 30 .780**
31 847+ 32 .868** 33 775%*
34 T74%*

**Statistically indicative at (0.01)

The foregoing data, according to table (2-7-2-1), revealed that (r.) values of the
statements and the overall of the corresponding dimension of axis (1), DT, were all
statistically indicative. All (r.) values were indicative in the dimension (1) : Data Analysis,
falling in the range of (.713**-.843**), in the dimension (2): Actuators, between (.765**-
.869**), in the dimension (3): Integration, between (.712**-.830**), and in the dimension
(4): Information, between (.739**-.868**), revealing surmount degree of Internal
consistency validity for the relevant statements.

Axis (2): The efficiency of the “Value Chain”
Internal consistency validity was calculated by calculating the Pearson correlation
coefficient between the scores of each statement and the total score for the second axis
in the questionnaire. The results are shown in the following table (2-7-2-2):
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Table (2-7-2-2) Pearson correlation coefficients of Axis (2): The efficiency of the
“Value Chain”

Ser. r. Ser. r. Ser. r.
35 721%* 36 .793** 37 .805**
38 .843** 39 .831** 40 .855**
41 .818** 42 .845** 43 .842**
44 .817** 45 T41%* 46 .708**

** Statistically indicative at (0.01)

The foregoing data, according to table (2-7-2-2), revealed that (r.) values of the
statements and the overall of axis (2), The efficiency of the “VC”, all (r.) values were
indicative at the (0.01), ranging between (0.708**-0.855**) in axis (2), revealing
surmount degree of Internal consistency validity for the phrases of the corresponding
axis

Paragraph 2.7.3 dicussed the Overall construct validity of the first axis: DT The
overall construct validity of the questionnaire's axes was verified by finding correlation

coefficients between the total score for each axis and the overall mean for the
questionnaire as a whole. The results are shown in the following table (2-7-3-1):

Table (2-7-3-1) Matrix of the correlation of the dimension with the total score of
the questionnaire

Total Dimension Dimension Dimension Dimension
Dimensions score (1): Data (2): (3): (4):
Analysis Actuators Integration Information
Total score 1 - -- - --
The first d|men§|on: Data gk 1 3 3 3
Analysis
The Second Dimension: 920% 948+ 1 3 3
Actuators
The TI?]'tredg?;?oenns'O”: 878 678 681+ 1 -
The Fourth Dimension:
In‘;mma'tion ! 843+ 631+ 627 785%* 1

The preceding data, according to table (2-7-3-1), revealed that (r.) values between the
total score for each dimension and the overall mean of the questionnaire as a whole
obtained high value, ranging between (.627**-.948**) and they were all statistically
indicative at (0.01), unveiling a surmount score of construct validity for the
questionnaire.

Paragraph 2.7.3 discussed the overall construction validity of the first axis: DT

The preceding data, according to table (2-7-3-1), revealed that (r.) values between the
total score for each dimension and the overall mean of the questionnaire as a whole
obtained high value, ranging between (.627**-.948**) and they were all statistically
indicative at (0.01), unveiling a surmount score of construct validity for the
questionnaire.
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Table (2-7-3-1) Matrix of the correlation of the dimension with the total score of
the questionnaire
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Total Dimension | Dimension | Dimension
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Paragraph 2.7.4 discussed Reliability of the Study Tool (Questionnaire)

To verify the reliability of the study tool, the researcher calculated the reliability of the
questionnaire using Cronbach's alpha and split-half methods. Cronbach's alpha
equation relies on the variances of questionnaire statements and requires that the
questionnaire dimensions measure only one characteristic.Therefore, the researcher
calculated the reliability coefficient for each axis separately. In the split-half method, the
researcher attempts to measure the correlation coefficient for each axis after dividing its
statements into two sections (equal if the number of axis items is even, unequal if the
number of axis statements is odd). The correlation coefficient is then entered into the

Spearman-Brown prophecy formula for split-half and Guttman's equation. As shown in
the table (2-7-4-1):

Table (2-7-4-1) Reliability Coefficients of Questionnaire Axis

Reliability Coefficients Values
Axes Dimensions Statements Cronbach's Spearman- Guttman
No. alpha Brown Coefficient
Coefficient Coefficient
The first
dimension: Data 10 927 .948 .948
Analysis
The Second
Dimension: 8 919 .923 .923
The first Axis: Actuatqrs
DT The Th_lrd
Dimension: 9 .910 .865 .854
Integration
The Fourth
Dimension: 7 901 .926 901
Information
Total score 34 911 .823 .928
The Second
.AXIS: The Total score 12 .949 .987 .987
efficiency of the
“W/C”

The previous table (2-7-4-1) shows that all the Cronbach's alpha reliability coefficients

values were high, ranging in the first axis: DT between (0.901-0.927). The first axis’

reliability value was high, reaching (0.911). The second axis reliability value: the

efficiency of the “VC” was high, reaching (0.949). The reliability coefficient values for the
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guestionnaire axes, using the split-half method using the Spearman-Brown equation,
were high, ranging in the first axis, DT, between (0.865-0.948). The second axis: the
efficiency of the “VC” was (0.987). The reliability coefficient values, estimated by
applying the Guttman equation, ranged on the first axis between (0.854-0.948). The
second axis, the efficiency of the “VC” (0.987), indicates the reliability of the tool and its
suitability for application and confirms the reliability of its results.

In paragraph 2.10 the main findings from Chapter 2 are discussed.

Chapter Two demonstrates that the proposed research methodology is theoretically
grounded in a multi-layered conceptual structure that brings together organizational,
technological, and semantic perspectives to explain how Digital Twin systems can
enhance value-chain efficiency. The chapter shows that the adoption of Digital Twins in
the UAE manufacturing sector is not merely a technical decision but is shaped by
institutional forces such as national digital-transformation agendas, regulatory
expectations, and the need for organizational legitimacy. This confirms that Digital Twin
implementation must be understood within a broader socio-organizational environment
rather than as a purely engineering-driven intervention.

The integrated model developed in Chapter Two leads to a unified theoretical and
operational framework that explains how Digital Twins can systematically enhance
value-chain efficiency. At the conceptual level, the model integrates institutional forces,
engineering principles, and semantic intelligence into a single structure that connects
organizational motives with technological execution. This integration demonstrates that
successful Digital Twin adoption occurs when institutional logic, system architecture,
and cognitive interpretation operate together in a mutually reinforcing cycle.

The model shows that efficiency improvements arise from a continuous feedback loop
that links data acquisition, semantic interpretation, integration across departments, and
physical execution through actuators. Rather than presenting Digital Twins as static
visualization tools, the model illustrates them as dynamic systems that convert raw
operational signals into meaningful insights and then into coordinated actions. Through
this cyclical interaction, the model explains how organizations can achieve real-time
optimization, cross-functional coordination, and synchronized operational responses.

A central outcome of the integrated model is the establishment of a clear pathway from
environmental pressures to internal performance enhancement. The model
demonstrates that external institutional pressures motivate firms to adopt advanced
digital systems; Digital Twin Theory and MBSE provide the structural means for building
these systems; and semantic modeling ensures contextual intelligence that aligns
technical outputs with strategic objectives. Together, these elements show that Digital
Twins become agents of both technological advancement and organizational legitimacy.

Finally, the model leads to a comprehensive understanding of how Digital Twins
contribute to value-chain performance by linking virtual intelligence to physical action. It
highlights that improvements in efficiency do not stem solely from advanced data
processing but from the ability of the system to interpret information meaningfully,
distribute it coherently across the value chain, and convert it into coordinated
operational actions. This theoretical outcome provides the conceptual justification for
empirically testing the model in Chapter Three.
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CHAPTER 3. COMPREHENSIVE EVALUATION AND INTERPRETATION OF THE
PROPOSED MODEL BASED ON EMPIRICAL RESEARCH

Chapter Three is the empirical heart of the dissertation in which the combined
conceptualization of Digital Twin-value-added chain as the conceptualised concept in
Chapter Two is rigorously tested and interpreted based on actual real-world data of
UAE manufacturing professionals. It starts by determining a mean-score criterion of
objectively assessing the respondent perceptions at every questionnaire item and
dimension, such that it is consistent, transparent, and replicable analysis in tandem with
the validated psychometric characteristics of the instrument. The chapter then logically
examines the four main Digital Twin enablers; data analysis (to provide analytical
intelligence and predictive insight), actuators (to provide the ability to perform closed-
loop physical execution), integration (to provide the ability to establish the bi-directional
linkage between operational and enterprise data), and information (to support intelligent
sustainable decision-making) on a systematic basis using descriptive statistics which
show a strong consensus on what each dimension adds to the value-added chain
efficiency. The hypotheses of the study are then tested using inferential techniques,
mostly regression analysis which confirms statistically significant positive relationships
between the enablers and overall chain performance with the combined synergistic
effect being much higher than any of the individual factors. Lastly, the chapter
summarises these empirical findings into an experimental discussion relating the
findings to existing theory, the creation of a comprehensive practical implementation
vision which meets the requirements and obstacles, and ends with the validation of the
structural soundness of the model, operational efficiency, and readiness to support a
scaled implementation of Digital Twin adoption to the UAE manufacturing setting.

3.3.1 Review, Explanation, and investigation of the results of Q (1): To what extent
does the application of the concept of DT (data analysis) enhance the efficiency
of the VC?

The foregoing data in Figure (3-3-1-1) revealed that the first dimension, data analysis,
obtained a mean of (3.89) and SD of (0.423), indicating a (high) response degree.
Ranked first was statement number (7): Data analysis identifies problems that affect

product quality, with a mean of (4.56) and SD of (1.019), indicating a very (high)
response degree. In second rank was statement number (1): Data is collected through
sensors integrated into equipment and machines, with a mean of (4.15) and SD of
(1.272), indicating a (high) response degree. In the last rank was statement number
(10): Data analysis helps effectively collaborate with other partners, with a mean of
(3.07) and SD of (1.386), indicating a (moderate) response degree. The SDs for
statements in the first axis ranged between (1.019 and 1.605), which are high values
indicating variation in the study sample's opinions towards these statements.
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Data Analysis

Data analysis helps to collaborate effectively ==,

with other partners.
Data analysis ensures product quality
consistency across all stages of the value..
Using data analysis helps in understanding
customer behavior and preferences.
Data analysis identifies problems that affect
product quality.
Data analysis can share information with all
stakeholders.
Data analysis can track the flow of money and
goods across the value chain.
Data analysis technology has contributed to
identifying gaps in the supply chain.
The data analysis process helped analyze
performance, contributing to improved...
Multiple data and information are integrated
from various sources to ensure a...
Data is collected through sensors embedded
in equipment and machinery.

o
—
N
w
IS
3]

W Data Analysis

Figure (3-3-1-1) illustrates the means regarding Data Analysis

3.3.2 Secondly: Review, Explanation, and investigation of the results of Q (2): To
what extent does the application of the concept of DT (Actuators) enhance the
efficiency of the VC?

Actuators

Actuators help improve collaboration by providing a shared platform
for data exchange.
Actuators help reduce risks by elininatmg human errors such as
injuries.
Actoators mprove workflow by linking different systems together.

Actuators help perform tasks such as packaging, sorting, and

assembly.
Actuators ensure compliance with standards by monttoring product
quality.
Actuators help improve product quality by ensuring consistency in
production processes.
Actuators can reduce production time by improving maintenance
prediction and diagnostics.

Actoators enhance the flow of data and insights at all stages of the

process.
0 03 1 15 2 25 3 33 4 45 5
B Actuators

Figure (3-3-2-1) illustrates the means the Actuators.

The figure (3-3-2-1), indicated that the second dimension: actuators received a (high)
response degree, with a mean of (3.60) and SD of (.579). In the first rank was statement
number (16) Actuators improve workflow by linking different systems together with a
mean of (4.54) and SD of (1.086), indicating a (very high) response degree. In second
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rank was statement number (17) Actuators help reduce risks by eliminating human
errors such as injuries with a mean of (4.41) and SD of (1.134), also indicating a (very
high) response degree. The last order was statement number (14) Actuators ensure
compliance with standards by monitoring product quality, with a mean of (2.64) and SD
of (1.470), indicating a (moderate) response degree.

3.3.3 Third: Review, Explanation, and investigation of the results of Q (3), which
was: To what extent is the concept of DT (integration) applied to increase the
efficiency of the “VC”?

The foregoing data in Figure (3-3-3-1) revealed that the overall mean for the third
dimension: integration, received a (high) response degree, with a mean of (4.05) and
SD of (.514). In the first rank was statement number (21) Integration enhances
collaboration by providing a shared platform for data exchange, with a mean of (4.27)
and SD of (1.244), indicating a (very high) response degree. In second rank was
statement number (20) Integration improves maintenance prediction by analyzing data
from sensors, with a mean of (4.19) and SD of (1.338), indicating a high response
degree. The last in order was statement number (22) Integration helps improve product
quality by monitoring environmental conditions, with a mean of (3.51) and SD of (1.602),
also indicating a (high) response degree.

Integration

There is integration between real-world data and digital...
Enterprise data is comprehensively analyzed to improve...
Data-connected sensorsare used to monitor and analyze...

Digital twin technology is applied to improve resource...

Integration helps improve product quality by monitoring...
Integration enhances collaboration by providing a shared...

|
]
]
|
Integration reduces risks by monitoring changing. .. |m"m"m5m
.|
|
Integration improves maintenance prediction by an:a ly iz . . |
|

Integration aids incontrol by linking real-time data with...
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

| Integration

Figure (3-3-3-1) illustrates the means regarding integration

3.3.4 3.3.4 Fourth: Review, Explanation, and investigation of the results of Q (4),
which was: To what extent is the concept of DT (information) applied to increase
the efficiency of the “VC”?

The data in Figure (3-3-4-1) indicated that the overall mean for the fourth dimension:
information, received a (high) response degree, with a mean of (3.98) and SD of (.764).
In the first rank was statement number (29) Al is leveraged to improve production and
reduce costs, with a mean of (4.45) and SD of (1.105), indicating a very (high) response
degree. In second rank was statement number (34) Digital transformation in the industry
contributes to tangible improvements in VC management, with a mean of (4.17) and SD
of (1.230), indicating a (high) response degree. The last in order was statement number
(32) Information integration helps in implementing smart production methods, with a
mean of (3.34) and SD of (1.198), indicating a (moderate) response degree.
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Information
Digital transformation in the industry I
contributes to tangible. ..

Information integration helps achieve a
balance between profitability and. ..

Information integration helps in
implementing smart production..

Operational and production
information can enhance production..

Greater safety is achieved by
combining information from sensors..

Artificial intelligence is leveraged to
improve production and reduce costs.

The integration of operational
information provides continuous...
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Figure (3-3-4-1) illustrates the means regarding information

3.3.5. Fifth: Review, Explanation, and investigation of the results of Q (5):

"Efficiency of Value-Added Chain"

"The manufacturing sector tests multiple models..

"The manufacturing sector is keen to motivate..

"The manufacturing sector has a greater ability to..
"The manufacturing sector is characterized by..
"The manufacturing sector has the ability to..

"The manufacturing sector is characterized by..

"The manufacturing sector relies on accurate data..

"The manufacturing sector achieves higher quality..
"The manufacturing sector is characterized by the..
"The manufacturing sector is characterized by the..

The manufacturing sector is characterized by..

The manufacturing sector is concerned with..
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Figure No. (3-3-5-1) The means regarding the efficiency of the “VC”

The foregoing data in Figure (3-3-5-1) revealed that the overall average for the
efficiency of the “VC” came in at a mean of (3.90), SD of (0.399), and a response
degree of (high). Statement No. (44) (The manufacturing sector has a greater ability to
respond to market changes and competition.) came in first rank, with an arithmetic
mean of (4.55), SD of (1.022), and a response degree of (very high). Statement No. (35)
(The manufacturing sector is concerned with monitoring employee performance and
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identifying their training needs) came in second place, with an arithmetic mean of (4.45),
SD of (1.110), and a response degree of (very high). Statement No. (45) (The
manufacturing sector is keen to motivate employees through feedback based on actual
performance) came in last rank, with an arithmetic mean of (3.14), SD of (1.388), and a
response degree of (moderate).

3.4 Section (2): Hypotheses

3.4.1 Main H-1: There is no statistically significant effect at the significance level
(a=0.05) of DT on the efficiency of the “VC”

To verify this hypothesis, simple linear regression analysis was adopted, as illustrated
in the following table (3-4-1-1):

Table (3-4-1-1) illustrates the impact of DT on the efficiency of the “VC”
Independent Variable B Beta |R R2 T.value Sig.T
DT 682 | 661 | .66la | .437 16.974 .000
Dependent Variable The efficiency of the “VC”
Constant Coefficient 1.247
Adj R2 436
Value F 288.111
Sig F .000b

The previous data revealed in table (3-4-1-1) indicated that there is a statistically
significant effect of DT on the efficiency of the “VC”, as the (R) value was (0.661a) with
a significance level of (0.000b). DT also make a 43.7% of the variance of problem
identification according to the (R?) value, and the value of (F) reached (288.111). Based
on the above, it was found that DT affects VC by 66.1%, which results in changes in the
VC variable by 43.7%, and the remaining percentage, which amounts to 56.3%, is due
to the effect of other factors that were not addressed in the current study. Therefore, the
null hypothesis, which states that there is no statistically significant effect at the
significance level (a=0.05) of DT on the efficiency of the “VC”, is rejected, and the
alternative hypothesis, which states that there is no statistically significant effect at the
significance level (0=0.05) of DT on the efficiency of the “VC”, is accepted.

3.4.2. First: Review, illustration, and analytical explanation of the results of sub-H
(1), There is no statistically significant effect at the significance level (0.052a) of
data analysis on the efficiency of the “VC”.

Simple linear regression analysis was adopted to verify the validity of this hypothesis, as
shown in Table (3-4-2-1)

Table No. (3-4-2-1) illustrates the effect of data analysis on the

efficiency of the VC”
Independent Variable B Beta R R2 T.value Sig.T
Data Analytics (or Data Analysis) 791 843 | .843a | .710 30.124 .000
Dependent Variable The efficiency of the “VC”
Constant Coefficient 822
Adj R2 709
F Value 907.485

Sig F .000b

The previous data in table (3-4-2-1) revealed that there is a statistically significant effect
of data analysis on the efficiency of the “VC”, with the (R) value reaching (0.843a) at a
significance level of (0.000b). Furthermore, the data analysis explains 71.0% of the
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variance in problem identification according to the (R2) value, with the F value reaching
(907.485). Based on the above, it was found that Data Analytics (or Data Analysis)
affects VC by 84.3%, resulting in 71% of changes in the VC variable. The remaining
29% is attributed to other factors not addressed in this study.

Therefore, the null hypothesis, which states that there is no statistically significant effect
at the significance level (a=0.05) of DT on the efficiency of the VC, is rejected, and the
alternative hypothesis, which states that there is a statistically significant effect at the
significance level (a=0.05) of DT on the efficiency of the VC, is accepted

3.4. Second: Review, illustration, and analytical explanation of the results of sub-H (2),
There is no statistically significant effect at the significance level (0.05>a) of actuators on

the efficiency of the “VC”.
Simple linear regression analysis was adopted to verify this hypothesis validity, as
illustrated in the table (3-4-3-1)

Table (3-4-3-1) illustrate the effect of actuators on the efficiency ot the ,,VC*

Independent Variable B Beta R R2 T.value Sig. T
Actuators 194 282 | .282a | .079 5.658 .000
Dependent Variable The efficiency of the VC
Constant Coefficient 3.197
Adj R2 077
F value 32.008
Sig F .000b

The precedent data revealed a statistically significant effect of the actuators on the
efficiency of the “VC”, with the (R) value reaching (0.282a) at a significance level of
(0.000b). Furthermore, the actuators explain 7.9% of the variance in defining the
problem according to the (R2) value, with the value of (F) reaching (32.008) .

Based on the above, it was found that actuators affect VC by 28.2%, resulting in 7.9%
changes in the VC variable. The remaining 92.1% is attributed to other factors not
addressed in this study.

Therefore, the null hypothesis, which states that there is no statistically significant effect
of actuators on the efficiency of VC at the significance level (a < 0.05), is rejected. The
alternative hypothesis, which states that there is a statistically significant effect of
actuators on the efficiency of VC at the significance level (a < 0.05), is accepted.

3.4.4. Third: Review, illustration, and analytical explanation of the results of sub-H
(3), There is no statistically significant effect at the significance level (0.052a) of
integration on the efficiency of the VC.

Simple linear regression analysis was adopted to verify this hypothesis validity, as
illustrated in the following table (3-4-4-1):

Table No. (3-4-4-1) illustrates the effect of integration on the
efficiency of the VC

Independent Variable B Beta R R2 T.value Sig. T
Integration 213 273 273a | .075 5.472 .000
Dependent Variable The efficiency of the “VC”
Constant Coefficient 3.034
Adj R2 072
F Value 29.938
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The precedent data revealed a statistically significant effect of integration on the
efficiency of the “VC”, with the (R) value reaching 0.273a at a significance level of
(0.000b). Integration also explains 7.5% of the variance in problem identification,
according to the (R?) value, with the F value reaching 29.938. Based on the above, it
was found that integration affects VC by 27.3%, resulting in 7.5% changes in the VC
variable. The remaining 92.5% is attributed to other factors not addressed in this study.
Therefore, the null hypothesis, which states that there is no statistically significant effect
of integration on the efficiency of VC at the significance level (a < 0.05), is rejected. The
alternative hypothesis, which states that there is a statistically significant effect of
integration on the efficiency of VC at the significance level (a < 0.05), is accepted

3.4.5. Fourth: Review, illustration, and analytical explanation of the results of sub-
H (4), There is no statistically significant effect at the significance level (0.052a) of
information on the efficiency of the “VC”.

Simple linear regression analysis was adopted to verify this hypothesis validity, as
illustrated in (3-4-5-1):

Table No. (3-4-5-1) illustrates the effect of information on
the efficiency of the “VC”

Independent Variable B Beta R R2 T.value Sig.T
Information 247 AT72 A72a | 223 10.309 .000
Dependent Variable The efficiency of the “VC”
Constant Coefficient 2.916
Adj R2 221
F Value 106.281
Sig F .000b

The precedent data in table (3-4-5-1) revealed a statistically significant effect of
information on the efficiency of the “VC”, as the (R) value came to (0.472a) with a
significance level of (0.000b), and integration explains 22.3% of the variance of defining
the problem according to the (R?) value, and the value of (F) reached (106.281). Based
on the above, it was found that information affects VC by 47.2%, resulting in 22.3% of
changes in the VC variable. The remaining 77.7% is attributed to other factors not
addressed in this study. Therefore, the null hypothesis, which states that there is no
statistically significant effect of information on the efficiency of VC at the significance
level (a < 0.05), is rejected. The alternative hypothesis, which states that there is a
statistically significant effect of information on the efficiency of VC at the significance
level (a < 0.05), is accepted.

Finally, the chapter also represents a holistic and detailed empirical assessment of the
integrated Digital Twin-value-added chain model. It provides a rigorous testing of
hypothesis and interpretative synthesis through extensive descriptive analysis to show
how the Digital Twin technology can be systematically used to give value to the value-
added chain in the UAE manufacturing industry. Incorporating the empirical evidence
closely with theoretical constructs and practical considerations, the chapter lays a solid
ground of the conclusions, contributions, and future research directions, which were put
forward in the last chapter of the dissertation

3.15 The main findings from Chapter 3
Chapter Three demonstrates that the four dimensions of Digital Twin—data analysis,
actuators, integration, and information—play a central and interconnected role in
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enhancing the efficiency of the value chain within the manufacturing sector of the UAE.
The discussion of the first research question shows that data analysis constitutes a
foundational driver of Digital Twin functionality, transforming raw operational signals into
meaningful insights that support operational decisions, identify inefficiencies, enhance
forecasting, and enable continuous monitoring across the value chain.

The findings related to the second research question indicate that actuators represent
the practical, physical extension of the Digital Twin, translating virtual insights into real-
world operational actions, improving product quality, reducing human errors, ensuring
workflow consistency, and facilitating automated responses within the production cycle.
With regard to the third research question, the findings reveal that integration enables
the alignment of real-time operational data with enterprise information, supporting
predictive maintenance, optimizing process control, enhancing collaboration, and
allowing Digital Twin technology to operate as a unified ecosystem. The results of the
fourth research question highlight that information—through digital, sensor-based, and
enterprise-level intelligence—enables better control, improved forecasting, stronger
decision-making, sustainability efforts, and enhanced product quality by merging sensor
data with organizational databases.

Overall, the findings confirm that the four dimensions operate as an interdependent
system: data analysis provides insight, actuators enable action, integration ensures
coherence, and information supports intelligence, creating a digitally empowered
manufacturing environment capable of improved performance, higher adaptability, and
greater value creation.

CHAPTER 4. SYNTHESIS OF FINDINGS, CONCLUSIONS, AND STRATEGIC
RECOMMENDATIONS

The fourth chapter acts as a synthesis of the whole dissertation, as it summarises the
most important findings of the previous chapters, concluding that the theoretical
foundation (Chapter One), the methodological basis and integrated model (Chapter
Two), and empirical validation (Chapter Three) combine to show that systematic Digital
Twin implementation can considerably improve the efficiency of the value-added chain
in UAE manufacture. It includes strategic recommendations such as national awareness
campaigns, workforce training, pilot-led implementation, interoperable platform
development, and alignment with both UAE Vision 2031 and Industry 4.0/5.0 policies.
The chapter provides the expected advantages of the proposed framework in the
Industry 5.0 environment, including improved supply-chain resilience, stakeholder
cooperation, faster innovation, better customer experiences, and sustainable resource-
efficient operations, and offers avenues of further research such as longitudinal ROI
research, further technology implementation (generative Al, blockchain), standardised
maturity research, ethical/regulatory research, and SME vs. large-enterprise research.
Lastly, the chapter reconfirms the effectiveness of all the pre-constructed research
tasks, gives a general insight into the operational and scholarly benefits (15-20%
efficiency gains in pilots, practical implementation guide, and theoretical contribution to
holistic DT-value-chain models), and concludes with the key contributions, making the
dissertation a bridge between theory and practise in sustainable digital transformation in
manufacturing.

In Chapter 4 are discussed the final synthesis and recapitulation of the whole
dissertation, showing that the suggested integrated Digital Twin (DT)-value-added chain
model has had significant and empirically tested benefits to operational efficiency,
resilience, and sustainability throughout the entire value-added chain in the UAE
manufacturing industry. The chapter summarises the evidence of all the previous
chapters in order to show that the four interdependent DT enablers, including data
analysis, actuators, system integration, and enterprise information fusion provide
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synergistic effects that are greater than those of any isolated dimension when
implemented step-by-step using pilots. The findings and practical vision obtained
throughout the empirical research yield strategic recommendations based on the
priorities of creating awareness on the national level, upskilling the workforce, pilot
projects that would demonstrate quick ROI, the development of interoperable DT
platforms, government incentives, and alignment with the UAE Vision 2031 and
Operation 300bn to increase the adoption speed and reduce the risks and ensure that
the stakeholders are confident. It has been illustrated in the Industry 5.0 framework that
it allows improved agility in supply chains, cross-stakeholder interaction, faster
innovation by using virtual testing, improved customer experiences, and low-carbon
operations that require minimal resources to support long-term national economic
diversification and sustainability objectives. The chapter also outlines its future research
directions such as longitudinal ROI and sustainability impact investigations, integration
with emerging technologies (generative Al, blockchain, quantum sensing), standardised
maturity models, ethical/regulatory investigations and comparisons between SMEs and
large-enterprise studies have been clearly defined, but all the previously defined
research tasks were achieved, as this establishes the twofold contribution of the
dissertation to operational value that can be obtained by the UAE manufacturing
practitioners today and long-term scholarly development of holistic DT-value-chain
theory and application.
In paragraph 4.2 based on the various findings and conclusions reached by the current
study, the following recommendations related to studying and evaluating the application
of the concept of DT to increase the efficiency of the “VC” can be presented. These
recommendations are ranked according to their importance based on the results of the
field study and statistical analysis, as follows:

— Emphasize the importance of deepening the understanding of DT technology to

encourage its application across various industries and support their growth.

— Organize numerous seminars in the UAE and other Arab countries to introduce
the advantages of DT technology and how to utilize it in the manufacturing
sector.

— Keep up with all advancements in developed countries regarding digital
transformation technology and how to enhance this technology in the
manufacturing industry.

— Engage experts and professionals to benefit from their expertise in Al, particularly
concerning DT.

— Conduct various training programs for workers in the manufacturing sector to
train them on how to leverage modern technologies to increase the efficiency of
the “VC.”

— Work on integrating data from various stakeholders, such as suppliers, logistics
providers, and retailers. This integration enables smarter decision-making, more
effective inventory management, reduced lead times, and increased customer
satisfaction.

— Enhance DT technology to maximize the maintenance, reliability, and efficiency
of physical assets, systems, and manufacturing processes.
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In parahraph 4.3 Expected benefits of the proposed framework in the context of Industry
5.0 are presented. Based on the above and the results reached by the researcher, the
researcher believes that after companies implement the proposed framework, the
following results will be achieved:

Enhancement of supply chain: The formulated methodology can be used by
companies to enhance the efficiency of the supply chain since it offers a
formulated framework for developing and establishing the so-called DT that
mimic processes and systems within the supply chain.

Building resilience, as DT may contribute to making companies more resilient by
allowing them to simulate a variety of scenarios and make the right decisions on
how to react to disruptions or demand changes.

Enhancing cooperation, DT can be used to enhance cooperation between
various stakeholders.

Developing new products and services, where DT can help companies develop
new products and services by enabling them to simulate the performance of new
products or services under different conditions.

Improving customer experience, where DT can help companies improve
customer experience by providing insights into how customers use products or
services, enabling companies to make targeted improvements.

In paragraph 4.4 a framework and set of tools that contribute to filling the identified
gaps in the research field, while simultaneously opening opportunities for future
scholarly research and further development through the inclusion of additional
aspects of the addressed problem are presented:

Integrating DT with other technologies, by exploring how to integrate DT with
other technologies, such as Al and the loT, to further improve the efficiency of
the “VC”.

We will use DT to improve sustainability by investigating how DT can be used to
improve sustainability in the “supply chain”, such as by reducing waste and
improving energy efficiency.

Developing DT platforms by investigating the development of DT platforms that
facilitate the creation, management, and interoperability of DT.

Studying the development of DT standards to ensure compatibility and
interoperability between different DT.

Analyse the ethics of DT by exploring the ethical issues associated with the use
of DT, such as privacy, security, and accountability.

Conduct future studies on the challenges of implementing DT technologies and
ways to overcome them in the UAE manufacturing industry.

Investigate the requirements to enhance the efficiency of the “VC” in the
manufacturing industries in the UAE.

In pargrah 4.5 are summarized the solved task in the dissertation.
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Solved tasks

1. DT is proven to enhance operational efficiency by improving
processes, reducing failure rates, and accelerating time-to-market.

2. DT is already used in advanced industries such as construction,
automotive, and healthcare, with demonstrated benefits for
innovation and process optimization.

3. Existing modelling and simulation tools facilitate system analysis
and optimization, contributing to better decision-making.

4. Value analysis is recognized for improving organizational
processes, supporting efficiency and systematic evaluation
(implied across efficiency-related literature).

Figure 4.1: Overview of the solved tasks and their relationship to the research
workflow.
The completed tasks that were part of the practical application of the study objectives
are shown in this section. These tasks are intended to show how the suggested
methodology was used in practice and to confirm its viability and efficacy. From problem
identification and data preparation to model execution and result validation, each task
represents a particular stage in the research process. The completed tasks offer
verifiable proof that the study's theoretical framework was effectively converted into
operational protocols. Additionally, they show how the chosen instruments, strategies,
and analytical techniques were applied to systematically address the research problem.

Additionally, the results of these tasks act as intermediate checkpoints to guarantee
consistency between the final results and the research design. The study improves
transparency and reproducibility by recording the completed tasks, making it possible
for other researchers to follow the same steps. All things considered, this section attests
to the fact that the research goals were both practically and theoretically accomplished
through carefully planned and verified tasks.
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SCIENTIFIC-APPLIED AND APPLIED CONTRIBUTIONS

1. A comprehensive conceptual framework (including the Integrated Model) was
created that defines the way that Digital Twin (DT) technology is implemented in the
whole value chain including procurement, production, transportation, and delivery.

2. The current Digital Twin and value chain theories were expanded through
incorporating the capabilities of DT with value chain efficiency, operational coordination,
and data-driven decision-making into a single theoretical framework.

3. The applicability and efficacy of the suggested Digital Twin framework (including the
Integrated Model) were empirically provided through the mixed-method approach, and
the hypothesis of the study was approved through quantitative and qualitative methods.
Further the dissertation strengthens empirical validation through a mixed-method
perspective, where quantitative statistical testing is complemented by qualitative
interpretation of findings, enabling deeper contextual understanding of Digital Twin
implementation in UAE manufacturing organizations.

4. The essential technological and organizational enablers of successful implementation
of the Digital Twin to increase the efficiency of value-added chain, such as data
analytics, sensors, actuators, system integration and real-time information exchange
were determined and evaluated as well.

5. The good operation contribution of Digital Twin technology to value chain
performance such as the increased efficiency of the processes, improved usage of
resources, better coordination and decreased operational disruption was provided..
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SUMMARY

“RESEARCH AND EVALUATION OF THE APPLICATION OF THE DIGITAL TWINS
CONCEPT TO INCREASE THE EFFICIENCY OF VALUE-ADDED CHAIN”

PhD Student: Zeyad Mohammed Abdul Ameer

The research subject of the study is Value chain of the industrial enterprises

The research question is: How does the application of the DT concept impact the
efficiency of the “VC”?

Organizations adopt tech like 'digital twins' for competitiveness and sustainability.
This study explores how digital twins improve the value chain for growth, asking,
‘“How do digital twins impact efficiency?” via surveys and case studies in UAE
manufacturing. It used random sampling of experienced participants, focusing on
digital twins and value chain efficiency for practical insights. A descriptive design
analyzed current practices, attitudes, and applications. Recommendations include
increasing awareness, training, and expert involvement to promote digital twins,
especially in the UAE and Arab regions. It stressed integrating new technologies and
stakeholder data with global best practices to improve efficiency and making digital
twin applications more asset-reliable, sustainable, and competitive. Digital twins can
improve supply chains with real-time data, monitoring, and optimization, resulting in
better performance, resource savings, waste reduction, and decision-making. In the
UAE, their implementation enhances manufacturing efficiency through data analysis,
actuators, and IT integration connectivity. These highlight digital twins” importance
for effectiveness, accuracy, and competitiveness. The study concludes digital twins
enhance efficiency, predictive models, and sustainability, giving companies a
competitive edge. However, it warns organizations to consider costs and
cybersecurity risks to maximize benefits.

The goal of the dissertation research is to analyze and evaluate the impact of
applying value analysis and the Digital Twin (DT) concept on the efficiency of the
“WVC” of the enterprises. In achieving this goal, the following main tasks are
accomplished:

1. Analysis of existing theoretical and applied approaches to the

implementation and integration of the DT concept in the processes of the “VC”.

2. Develop an integrated model for the evaluation and implementation of DT in
the “VC” with the aim of improving process efficiency, including methods for
monitoring and management.

3. Development of a framework for examining the applicability of the model
and validating its key variables.

4. Testing the methodological tools

31



