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PELUEH3UA

BbpXYy ANCEpPTaLMOHEH Tpya 3a npuaobmBaHe Ha obpasoBaTesiHa U Hay4Ha
cTeneH ,A0KTop”

ABTOp Ha AucepTauoOHHUS mar. nHx. LiBeta CBetnuH TogopoBa

TPYA!

Tema Ha gucepTaunMoHHNSA CbBpeMeHHU aAUTUBHU TEXHOJIOrNM Npwu

TPyA: PEKOHCTPYKUMATA U MOAepHU3aLMATa Ha
AeKkopaTuBHU pacagHM eneMeHTU

Hay4Ha obnacr: 5. TexHNn4YeCKUn HayKu

MpodecnoHanHo 5.13. O6LWo UHXEeHepCTBO

HarnpasrieHune:

[loKTOpCKa nporpama: EproHomMmus u npoMuLuneH an3amH

PevueH3eHT: npod. a-p uHX. AHren KocraguHos
Tep3ueB

1. AKTyanHocT Ha pa3paboTBaHMs B AMCepTaLUMOHHMA Tpya npobnem B
Hay4HO U Hay4HO-NPUSIOXHO OTHOoLWeHMe. CTeneH 1 Mawab Ha aKkTyanHOCTTa
Ha npobnema n KOHKpeTHUTe 3aaayum, paspaboTeHn B AaucepTaumsTa.

Pa3spaboTBaHMAT B ANCEPTAUMOHHUA Tpya Npobrem e akTyaneH B Hay4Ho-
NPUNIOXKHO WU  UNHXEHEPHO-NMPUSTOXKHO OTHOLWIEHWE, TbW KaTo € Haco4YeH KbM
CbXpaHsBaHe Ha apxuTeKTypHata WAEHTUYHOCT Ha crpagHna  dqoHg WU
YCbBbPLUEHCTBAHE HA MPOLECUTE MO PEKOHCTPYKUMA Ha OeKopaTuMBHU dhacagHu
ernieMeHT 4pe3 WU3MNoSi3BaHe Ha CbBPEMEHHW aguUTMBHU TexHonoruu. Tosa
HanpaBneHue npuaobusa BCe NO-roNsiMoO 3Ha4YeHMe B YCIOBUATa Ha gurntanusaums
N YyCTOMYMBO pa3BUTUE Ha rpagckaTta cpeaa.

N3cneaBaHeTo Ha npunoxeHneTo Ha 3D ckaHupaHe, gurMtanHo mogenupaHe
N aguTMBHO MPOU3BOACTBO MNPM Bb3CTAaHOBsIBAHE Ha acagHW OpHAMEHTU €
CBBbP3aHO C peguua HepelleHn BbNPOoCK, CBbpP3aHu C BIMSIHUETO HA TEXHONOMMYHUTE
napamMeTpy W WU3NON3BaHUTE MaTepuanu BbpXy TOYHOCTTA, aBTEHTUYHOCTTA U
YCTOMYMBOCTTaA Ha MNoslyyeHuTe pesyntatu. B TO3M KOHTEKCT TemaTa npuTexasa
Hay4yHa akTyanHOCT, OCOBGEHO MO OTHOLUEHME Ha WHTerpauusita Ha AuruTanHu
METOAN B TPagULMOHHO KOHCepBaTuUBHa obnacT.

Hay4Ho-npunoxHaTa CTOMHOCT Ha Tpyda ce u3passiBa B pa3paboTrBaHETO Ha
nocnegoBatesiHa MeTOOMKA 3a PEKOHCTPYKuusi, obeguHsaBalla eTanute OoT
AUrMTanHoO 3acHemaHe OO0 (bmM3n4ecko Bb3npoumsBexaaHe Ha eriemeHtTute. CunHa
CTpaHa Ha wu3crnegBaHEeTO € CbyeTaBaHETO Ha eKcrnepuMMeHTanHuM noaxoan ¢
NpakTnyecka peanusauns, KOeTo No3BorsiBa NPOBEPKa Ha NPeanoXeHUTe peLleHns
B pearnHu ycrnoBuda, makap 4Ye obxBaTbT Ha u3crnegBaHuTe obekTn moxe ga 6vae
paswmpeH. JonbHUTENHA 3HAYMMOCT NpuaaBa pasrfnexaaHeTo Ha Bb3MOXHOCTUTE
3a nogobpsBaHe Ha QYHKUMOHANHUTE XapaKTEPUCTUKM Ha Bb3CTAaHOBEHUTE
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€NeMeHTHN, BKIIYUTENHO TEXHUTE TOMMNOMU30NaLUOHHN CBOWCTBA, B CbOTBETCTBUE
CbC CbBPEMEHHUTE U3NCKBAHUSA 32 eHeprurHa ePeKTUBHOCT.

KaTto ugano npobnembT Moxe aa 6bae oueHeH KaTo akTyareH KakTo OT HaydHa
rnegHa To4ka, Taka U B NPAaKTUKO-MHXEHEPEH acnekT, KaTo MOCTaBEHUTE LENN U
3agayun ca 060CHOBaHU N agekBaTHO POpMynnpaHn, BbNPeKN Bb3MOXHOCTUTE 3a No-
HaTaTbLUHO pa3BUTUE HA U3creaBaHeTo.

2. CteneH Ha no3HaBaHe CbLCTOSAHUETO Ha npobnema M TBOpYECKa
MHTepnpeTauusa Ha nuTepaTypHUAa matepuan

OT npeacrtaBeHUTe Matepuanu ce YyCTaHOBSBa, Ye OMCEePTaLMOHHUAT TPYA ce
OCHOBaBa Ha 3aabsibodeH nutepaTypeH 0630p, Bknoysaw, 146 Gubnuorpadckm
n3ToyHuKa. OT Tsx 62 ca Ha naTuHULA, KOeTo npeacTaBnsaBa okosio 42% OT BCUYKK
N3TOYHMLM M NMOoKa3Ba JOOPO No3HaBaHe Ha MexAyHapoaHaTa HaydHa nutepaTtypa.
M3TouHMUMTE Ha Knpunuua CbLO Ca CbLUEeCTBEH AdAN, KOeTO cBuaeTenictea 3a
N3Mnon3BaHe Ha HaLMOoHaIHUS Hay4YeH OnNnuT U NOCTUXKEHUS B pasrnexaaHaTta obnacr.

[MpaBu BnevatneHue, 4Ye Hag 30% OT U3NonN3BaHUTE NUTepaTypHU N3TOYHULN
ca nybnukysaHu crieq 2020 r., KoeTo e nokasaTer 3a akTyanHoCT Ha u3nonseaHaTta
MHOPMaLUMA 1 3a LieneHaco4YeHo npocnegsBaHe Ha CbBPEMEHHUTE TeHOeHUUN B
obrnactta Ha aguTMBHUTE  TEXHOMOrMW,  OUrMTarHoTO  MoAenuvpaHe U
PEKOHCTPYKUMSTA HA apXUTEKTYPHU eneMeHTn. ToBa No3BonsBa AUCEPTaUNOHHUAT
Tpya Aa 6bae No3MuUMOoHMpaH agekBaTHO CrpsMO TEKYLLOTO CbCTOAHNE Ha HayYHUTE
n3crnenBaHus.

N3BBbpLIEHNAT aHanui3 nokassBa, 4Ye [OucepTaHTbT € Jobpe 3ano3HaT CbC
CblLUEeCTBYBalLLNTE METOAN 3a PEKOHCTPYKUUA Ha AekopaTuBHU dpacagiHu efleMeHTU
— KaKToO TpaAuUMOHHMW, Taka U CbBPEMEHHW OUrMTariHu U aguTUBHU TEXHOSOMUM.
[leMOoHCTpupaHn ca 3aabnbovYeHn MO3HAHWSA NO OTHOLLUEHME Ha TEXHOMNOrnYHUTE
npouecu, TaxHaTa NPUNOXKMMOCT U OrPaHNYEHMS.

Bb3 ocHOBa Ha HanpaBeHus nutepatypeH o630p, uenTa U 3agadnte Ha
AncepTaunoHHNA Tpya ca (hopMyIiMpaHn ICHO MU KOPEKTHO, KaTo TAXHOTO peLLaBaHe
€ NIOrM4yecKkn NpocneaeHo B N3N0XEHNETO.

HanpaBeHnsaT aHanu3 nokassa, 4e WHX. TogopoBa uMa 3aabrboyeHu
NO3HaHMA MO pasrnexgaHaTta npobrnematvka M ymee ga pabotm KPUTUYHO C
Hay4HaTa nuTepartypa.

3. CboTtBeTcTBME Ha n3bpaHaTta MeToAMKa Ha uscnegBaHe ¢ NnocTaBeHaTa uen
M 3a4auM Ha gucepTauMoOHHUA TpyAa

N3bpaHaTta meToaMKa Ha u3cnegBaHe € ajekBaTHa W CbOTBETCTBA Ha
dopmynupaHata uen wu MnocTaBeHUTEe 3adayn, KaTo Ce XapakTepusupa c
nocnegoBaTenHoOCT M flormyecka OOBBbP3aHOCT MeXay TeopeTU4HUs aHanua,
pa3paboTBaHETO HA METOAMKA N eKCNePUMEHTANHOTO M BannanpaHe.

MoaxoOobT cbuyeTaBa nUTepaTypeH aHanua, aurutanHu TexHomnorum (3D
CKaHMpaHe W MoAenupaHe), eKcnepumMeHTanHu u3cnegBaHust M NpakTudecka
peanunsaums, KOeTo No3BonsBa npocneasiBaHe Ha Lenusi NpoLec — OT AUrUTanHoOTO
3acHemaHe Q00 Cb3daBaHeTo Ha dwu3ndecka pennuka. ToBa JdonpuHacsa 3a
AOCTOBEPHOCTTA Ha pe3yntaTtuTe U TaxHaTa npakTnyecka NpunoXmMmMocT.

CnepgBa ga ce otbenexu, Ye B U3NOXEHNETO ca BKITHOYEHU N eNEMEHTU C MNo-
onucaTerneH xapakTep, KaTo Hacoku 3a paboTa cbC cneyunanmampad cogTyep, KOUTo
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MMaT Mo-CKOPo OByuYUTErHa HACOYEHOCT M He ca MPSIKo CBbp3aHW C OCHOBHaTa
Hay4yHa uen Ha Tpyaa. BbaMoxHo e MeToavkaTa Aa 6bae AoNbNHUTENHO oboraTteHa
ype3 npunaraHe Ha KOJNMYECTBEHW KPUTEpUM 3a OLEHKa U paslivpsiBaHe Ha
eKkcrnepuMMeHTanHuTe nscneaBaHus. PaspaboTteHata MeToamka 4eMOHCTpUpa CBOSATa
e(peKTUBHOCT MO OTHOLLEHME Ha NOCTUraHe Ha uacnegoBaTenckaTa Len.

4. Kpatka aHanuMTtu4yHa XapakTepucTMka Ha eCcTeCcTBOTO U OLeHKa Ha
AOCTOBEPHOCTTa Ha mMaTtepuana, BbpPXy KOMTO ce rpagat npuHoOCcUTe Ha
AncepTauMoHHUA TPyA.

[MpencraBeHUAT guceptauuoHeH Tpyn e ¢ obem 127 cTpaHuuM M BKOYBa
BbBeAeHMe, YeTUPU OCHOBHW MaBu, U3BOAM W 3aKNOYEHME, KaKTO M CMUCHK Ha
nsnonasaHata nutepatypa . CTpykTypata e normdecku nocrnegoBatenHa u
CbOTBETCTBA Ha MOCTaBEHUTE LIENM U 3aJayun, Kato ocurypsiea nnaBeH npexop ot
TEeOpeTUYHUS aHann3 KbM pa3paboTBaHETO U eKCNepUMEHTANTHOTO NOTBbPXAEHNE
Ha NpegnoXxeHaTa MeToauka.

BbBeageHMeTo aprymMeHTUpa akTyanHoCcTTa Ha uscnegBaHua npobnem,
CBbpP3aH CbC CbXPaHABAHETO Ha apXUTeKTypHaTa MOeHTUYHOCT U HeobxoaumMocTTa
OT BHepsiBaHE Ha CbBPEMEHHM TEXHOSTOMMM MPU PEKOHCTPYKUMSATA Ha OeKOpaTUBHM
dacagHu enemeHTn . NpeacTaBeH e LWMPOK KOHTEKCT, 06xBalLLall, KakTo KynTypHUTe,
Taka WU TEXHONOMMYHUTE acrnekTn Ha npobrema. Bbnpekn ToBa, MU3NOXEHWETO Ha
MecTa nma no-obuy xapaktep n 6u morno ga 6bAe No-KOHKPETHO POKYCMPaHO BbpXY
NHXXEHEPHUTE N TEXHOSTOIMYHUTE Npeau3BuKaTesicTBa, CBbp3aHu C NpunaraHeTo Ha
agNTUBHU TEXHONOMUMN.

B nbpBa n BTOpa rMaBa e wu3rpageHa Heobxogumata TeopeTudHa W
aHanuTM4YHa OCHOBa Ha u3crneaBaHeTo. HanpaBeH e 0OCToeH npernen Ha
pasBUTMETO Ha (pacagHUTe TEXHOSMOIMU, KaKTO M Ha CbBPEMEHHUTE MeToau 3a
PEKOHCTPYKUNSA, BKIMHOYUTENHO BB3MOXHOCTUTE Ha agUTUBHUTE TEXHOMOrMMW.
AHanu3bT e p[obpe CTpPyKTypupaH UM no3BonsiBa SCHO hopmynupaHe Ha
nacnegoBaTtesickusa npobnem, KaTto apryMmeHTnpa HeobxoanmMocTTa oT pa3paboTBaHe
Ha HoBa MeToauKa. HacT OT M3NOXEHWEeTO MMa onucaTerlieH XapakTep, KoeTo e
TUMWUYHO 3a 0030pHUTE pasgenu, Ho He Hamansasa obLaTta My CTOMHOCT.

B TpeTa rnaea e npeacraBeHa paspaboTeHaTa MeTOAMKA 3a PEKOHCTPYKLUMS Ha
AekopaTtMBHW hacagHW eneMeHTU 4Ype3 M3MNoSi3BaHe Ha AUrUTanHu M aguTUBHMU
TexHosnormm. Onucann ca nocregoBaTenHo OCHOBHUTE eTann — oT 3D ckaHupaHe u
MoAenunpaHe 0O Cb3gaBaHe Ha omsndeckn mogenu n otnmekn. Metogukata e gobpe
CTPYKTYpUpaHa M SICHO MnpeAcTaBeHa, KaTo BKIOYBA U KOHKPETHU yKasaHusa 3a
paboTa cbC crneumanuampaH codptyep. Tean enemMeHTU noBuaBaT NpakTnyeckarta
NPUNOXMMOCT Ha paspaboTkata, HO B M3BECTHA CTeneH OTKIOHsBaT pokyca OT
OCHOBHWUS U3crenoBaTenckm NpuHocC.

B yeTBbpTa rmaBa e nNpeAcTtaBeHO eKCNepuUMEHTANHOTO MOTBbPXAEHWEe Ha
paspaboTeHaTa MeToAMKa Ype3 peannsnpaHe Ha LUASIoCTEH TEXHONOMMYEeH npoLec 3a
Bb3CTaHOBsIBAHE Ha AekopaTuBeH dpacaneH enemeHT. N3sbpueHo e 3D ckaHupaHe,
nocrnegBaHo ot obpaboTka Ha Mogena u cb3gaBaHe Ha PM3MYECKM NPOTOTUN Ypes3
CNC dpesoBaHe. Ha Tasnm ocHoBa € wu3spaboTeHa matpuua 4pe3 BaKyyMHO
dopmMoOBaHe, B KOATO € peanu3anpaHo JleeHe Ha pensivka oT nonmmepbeToH.
HanpaBeHa e oueHKa Ha NonyyYyeHns Mmogen no OTHOLLEHME Ha reOMeTpUYHa TOYHOCT,
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OEeTalNHOCT U BM3yanHO CbOTBETCTBME C OpuUrMHana, KaTo pesynTtaTtute nokassaT
nobpa Bb3NPOU3BOAMMOCT Ha dacagHus enemeHT. B cblOTO Bpeme He e
[OCTaTbYyHO SACHO pa3srnegaH o6xBaTbT Ha MPUIOXUMOCT Ha npeanoxeHaTa
MeToAMKa, Mo OTHOLWIEHWE Ha pasnuyHM TunoBe dacagHuM enemMeHTn, Malwabdu u
mMaTepuanHu pelleHusi, KoeTo by OonpuHecno 3a Mo-MbfiHa OLEeHKa Ha HelHaTa
YHUBEPCAIHOCT M NpakTUyecka npuoXmnmoct.

MNpoBeneHnTe un3cneaBaHus nasaT ybeauTenHo [JokasaTencTtBo  3a
paboTocnocobHOCTTa Ha MeToauKaTa U Bb3MOXHOCTUTE 1 3a BHeApsiBaHe.

5. Hay4Hu u/unun Hay4HONPUNOXHU NPUHOCU HA AUCEePTALMOHHUA TPpyA

Onpegensm npeTeHanpaHUTe NPUHOCK B ANCEPTALMOHHNS TPy O KaTO OCHOBHO
Hay4YHO-NMPUIOXHN N MHXEHEPHO-NPUNoXHU. Te moraT ga 6baat 0600LeHn KakTo
cnepga:

Hay4Ho-npnnoXxHu npuHocu:

» PaspaboteHa e nocrnegoBaTtenHa METOAMKA 3@ PEKOHCTPYKUMS Ha
AekopaTuBHM dacagHM €enemMeHTM 4pe3 WHTEerpupaHe Ha CbBPEMEHHMU
aaAUTUBHM TEXHONMOrMu, BKMNHOYBALWlA eTanu OT AUIMMTanHO 3acHemaHe Ao
dusmyecko Bb3nponssexaaHe. [NogobeH noaxoa MMa NpUNoXHa CTOMHOCT, HO
B 3Ha4YMTENHa CTeneH CTbNBa BbpXy Be4e YTBbPAEHU TEXHONOMMYHN peLLeHNs
N MO-CKOPO nNpeacTaBnsBa TAXHA cCuUcTemMatmsaums UM agantaumsa  KbM
KOHKpeTHa obnacrt.

» [NpennoxeH e KpUTEepPU 3a OLIEHKa Ha CbCTOSIHMETO Ha dhacagHUTe eNneMeHTH,
KOUTO noanomara m3bopa Ha noaxond 3a PEKOHCTpyKuus. To3m npuHOC €
noneseH OT npakTuyecka rnegHa Toyka, HO Owm morbn ga 6bae no-
3aabnbo4eHo 060CHOBaH M KONMYECTBEHO hopManunanpaH.

» AHanm3npaHM ca Bb3MOXHOCTUTE 3a KOMOMHMpaHE Ha TPagULUMOHHU WU
CbBPEMEHHW TEXHOMNOIMM NMpU Bb3CTAaHOBSIBaHE Ha dhacaHn eNneMeHTH, KaTo e
HanpaBeH onuT 3a obobuwaBaHe Ha Oobpu NpakTukK. NMPUHOCHT € No-CKopOo
0030pHO-aHaNUTUYeH W uMa noanomarailia pons CnpsiMo  OCHOBHAaTa
paspaboTka.

NHXXeHepHO-NPUNOXHU NPUHOCH:

» PeanusnpaHa e npaktuyecka anpobaumsa Ha npeasiokeHata MeToauka ypes
KOHKpeTeH ekcrnepumeHTaneH mogen, BknwoyBaw, 3D ckaHupaHe, CNC
obpaboTka, BakyymMHO opmoBaHe M reeHe Ha nonumepbeToH. Tosa
npeactaBnsgBa CbWECTBEH TMPUHOC C  Orfed AEMOHCTpUMpaHe  Ha
NPUNOXNUMOCTTa Ha paspaboTkaTa.

> lNokazaHa € Bb3MOXHOCT 3a nopjobpsBaHe Ha  (YyHKUMOHANHUTE
XapaKTEpUCTMKM Ha Bb3CTAHOBEHUTE €NeMEHTU, BKIIOYUTENHO 4Ype3
N3nons3BaHe Ha CbBPEMEHHMN MaTepuann u NOKPUTUS, KOETO MMa 3HAYEHUE 3a
eHeprmnmHaTa eqPeKTUBHOCT Ha hacaguTe.

> [lNpepnoxeHaTa MeToauka nma noTeHuuman 3a BHeLpsiBaHe B NMpakTukaTta npu
PEKOHCTPYKUMA Ha dacagn, KaTto CbLEBPEMEHHO HEeWHUAT obxBaT W
YHUBEPCANHOCT He Cca HambfHO M3CreABaHW MO OTHOLIEHME Ha pasfinyHK
TMNoBe ODEKTU 1N YCNOBUS.
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B 0606LLeHNe MOxe Aa ce 0TOenexu, 4e NPUHOCUTE ca SICHO POPMYNMPaHA U
MMaT peariHa npakTtuyecka HacodeHocT. OcHoBHATa MM CTOMHOCT € CBbp3aHa CbC
cucTemaTmManpaHe, aganTupaHe 1 ekcrnepyMMeHTarnHo npunaraHe Ha CblecTBYBaLLM
TEXHOMOMMN B KOHKpPeTHa obnact. B cbloOTO BpemMe HaydyHaTa HOBOCT € [Mo-
orpaHU4YeHa, KOETO He HamarnsiBa 3Ha4MMOCTTa Ha Tpyaa, HO NOCTaBs akLEHT BbpXy
HEeroBMsl MPUNOXKEH XapakTep.

6. OueHKa 3a cTeneHTa Ha NMYHOTO y4yacTue Ha AucepTaHTa B NPUHOCUTE

OT npenctaBeHMTE MaTepuanu MOXe Aa Ce 3aKrun, Ye AucepTaumoOHHUAT
TpyAa u dbopMynmnpaHuTe NPUHOCK B 3HAYMTENHA CTENEH NpeacTaBnsaBaT NIMYHO Aero
Ha pgucepTaHTa. PaspaboTeHaTta MeToAMKa W HEWHOTO eKCNepUMEHTAarHO
NPUNOXeHne nokaseaT caMOCTOATENEH NOAX0A, KAaTO € Hanuue akTUBHO y4YacTue B
npakTuyeckata u nscnegoBaTtenickata Yyact Ha pabotata. KaHangatbT nputexasa
YMEHUS 3a cucTemaTusMpaHe M aganTupaHe Ha CbLUeCcTBYBaLUN TEXHOMOMMU KbM
KOHKPETEeH npakTudeckn npobnem. Moxe pga ce npueme, 4Ye ca M3MbIHEHU
N3MCKBaHMSITA KaKTO KbM 06pa3oBaTenHaTta, Taka U KbM Hay4YHO-u3cregoBartenckaTa
KOMMOHEHTa Ha AokTopaHTypaTta. [MpnaobuTute 3HaHMS U yMeHust B obnacTrta Ha
aguTUBHUTE TEXHOMNOIMM U OUIUTANHOTO MoAenvpaHe moraT ga 6baaT ycnewHo
n3nonaeaHu B 6baeLuarta n npodecnoHanHa u Hay4yHa aeHocT. KaTto usno nuyHuaT
MPMHOC Ha AuUcepTaHTa e SICHO Mnpocneaum U gocTaTtbyeH 3a npuaobuBaHe Ha
obpa3soBaTenHaTta u Hay4yHa cTeneH ,JOKTop".

7. lNpeueHKa Ha ny6nuKauMuTe No AUCEPTALMOHHUA TPYA.

Mo AucepTaumMoHHMA TPya ca nNpeacTaBeHW 4eTvpu nyoGnmkauumn, KouTo
oTpa3siBaT OCHOBHUTE pe3ynTaTi OT NPOBEAEHOTO n3creasaHe. Te BkNovBaT cTatum
B MEXAYHapOOHWN peLeH3npaHn n3gaHusl, Kakto 1 ydacTus B HayYHM KOHdepeHLumu,
KOETO MoKasBa CTpPeMeX KbM MOonynspu3vpaHe Ha nocTurHatute pesyntatm B
Hay4yHaTa obwHocT. MNybnukaummMte ca TeMaTU4yHO CBbP3aHM C ANCEPTaAUMOHHUSA
Tpya M obxBallaT KIKOYOBWM acnektu oT paspaboTeHaTa MeToaMka M HenHaTa
anpobaumnda. Yact ot Tax ca nyGnukKyBaHW B M3gaHuMs C MEXOYHapoOHO y4acTtue,
KOETO AonpuHacs 3a No-lMpoKa BMAMMOCT Ha pesynrtatute. He ca npencraBeHu
AaHHW 3a LMTMPYEMOCT UM U3non3BaHe Ha pesyntatuTe OT Apyrn aBTOpU, KOETO e
00sICHNMO NpeaBua CPaBHUTENHO KpaTkus nepuog ot nybnukyBaHeTo um. Bbnpekn
TOBa, HanMMuMeTo Ha nybnukauum B peueH3MpaHn wu3gaHuss M ydactue B
MeXxayHapodHn ¢opyMn MoXe Aa ce oueHu nonoxutenHo. [lpepcraBeHuTe
nyGnukaumm ca A[AocTaTbyHM Mo OporM M CbAbpXaHME W CbOTBETCTBAT Ha
N3NCKBaHMATA 3a NPUCHXOAaHe Ha CcTeneHTa ,,00KTop®

8. UsnonsBaHe Ha pe3ynrtatute OT AUCEPTAUMOHHUA TPyA B HayyHaTa M
couunanHarta npakTuka

Pesyntatute oT  guceptauuoHHus  Tpya ca  anpobupaHn  4pes
eKCnepuMeHTanHu uscneaBaHMa U OEeMOHCTpUpaT Bb3MOXHOCT 3a MNpaKTU4eCcKo
NpunoXxeHne B obnacTtra Ha PEKOHCTPYKLUMATaA U MOAepHM3aUmMaTa Ha AeKopaTUBHA
dacagHu enemeHTn. PaspaboTeHaTa MeToguka e npuroXeHa npu peanuvsaumnsa Ha
Moden, KOoeTo MNOoTBbpXAaBa HeWHata paboTocnocOBHOCT M NPUNOXUMOCT B
NHXeHepHaTa npakTtuka. KbM MOMeHTa He ca npefcTaBeHW KOHKPETHW OaHHU 3a
LUMPOKO BHeOpsiBaHe Ha pes3ynrtatute B peanHu O6eKkTM unm 3a nocTurHat npsk
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MKOHOMUYECKM edbekT, KoeTo e OBsICHMMO C orrfed Ha eTana Ha paspaboTkaTa.
Bbnpekn TOBa, NpeanoXeHMAT MOAXO4 WMa MnoTeHuuan 3a nNpunoXxeHuve B
apxuTekTypHaTa WU CTpouTenHata npakTuka, OCOOeHO MNpu Bb3CTaHOBSIBAHE Ha
dacagHun enemMeHTH CbC CroXxHa reomeTpus. PesyntaTtute oT gucepTaumoHHUs Tpya,
MMaT SICHO M3pa3eHa MPUIIoXKHa HAaCOYEHOCT U NoTeHuman 3a 6baeLLo BHegpsiBaHe
N pasBuUTHe.

9. MNpenopbku 3a 6bAELWO U3NON3BaHe Ha Hay4YHUTE U Hay4HO-MPUIOXHUTE
NnpUHOCHU

Pesyntatute ot anceptaumnmoHHna Tpya v paspaboTeHaTa MeToauMKa MoraT aa
HaMepsAT MpUMoXeHWe B nNpakTukata nNpu PEeKoHCTPYKUUS U MoaepHu3aums Ha
AeKkopaTUBHM (pacaHn eneMeHTN Ha crpagu cbeC CTuUnoBa uaeHTU4YHocT. OcobeHo
NoAXOAALLO € TAXHOTO BHeapsiBaHe B AEeMHOCTTa Ha apXUTEKTYPHU U MPOEKTaHTCKU
blopa, pecrtaBpauMOHHU (PUpMU U OpraHmsauuu, aHraxupaHu c¢ obHoBsBaHe Ha
crpagHusa doHA.

MeTtogukata 6u morna ga ce uanonsesa n B obpasoBaTernHus npouec, B
ONCUMNNNWHKW, CBbP3aHW C uHAYyCTpuaneH [Ou3aviH, apxuTtektypa Wn AurntarHo
MOAenupaHe, KaToO OCHOBa 3a MpakTuyeckn obyyeHuss M paspaboTBaHe Ha
CTYLEHTCKN NpoekTu. lNMpenopbunTenHo e 6baewo pasBuTMe Ha U3CcrneaBaHeTo B
nocoka paswupsiBaHe Ha MPUNOXMMOCTTa Ha MeToaukata npu pasnuyHu TUMNoBe
dacagHn enemMeHTM U Matepumanu, KakTo U UHTErpupaHe C OpPYrM CbBPEMEHHMU
TexHosnoruu, kato BIM cpegn v aBTOMatmsanpaHu cuctemu 3a mogenupane. Kato
LSS0 NpeanoXeHuTe pelleHnss uMmaT noTeHuuan 3a HagrpaxaaHe u BHegpsiBaHe B
NpakTukaTta, KaTo CbLUeBPEMEHHO MoraT Aa NocrnyXaT Kato OCHoBa 3a ObaeLum
Hay4YHW U3cneaBaHus B pasrnexgaHaTta obnact, ocobeHo Npu NOCTOAHHO pacTawmTe
N3NCKBaAHNA KbM eHeprurHaTa n pecypcHa epeKkTUBHOCT.

10.OueHKa Ha CBLOTBETCTBUMETO Ha aBTopecdhepaTa C M3NCKBAHUATA 3a
MU3roTBAAHETO MY

ABTOpedepaTbT € M3rOTBEH CbINAaCHO U3MUCKBaHUATA U OTpassiBa KOPEKTHO
CbAbpPXaHNEeTO Ha gucepTauuoHHua Tpya. B Hero ca npencraBeHM OCHOBHUTE
NONOXEHWS, LenTa n 3agaynuTte Ha u3cnenBaHeTo, KakTo M NOCTUrHATUTE Hay4yHU U
HaY4YHO-MPUNOXHN MpuHOcKU. CTpyKTypaTa € siCHa U JIorm4yeckn nocrenoBaTtenHa,
KaTo ocurypsaBa gobpa npeactaBa 3a obxBaTa M pesyntatute OT NPOBEAEHOTO
nscneagBaHe. [lpeactaBeHata WMHGoOpMauMa e gocTaTbyHa 3a opMuMpaHe Ha
obeKTnBHa OLEeHKa Ha ancepTaumMoHHus Tpya. Moxe aa ce otbenexmu, Ye B OTAENHU
4YacTu U3MOXEHNETO MMa No-obobLLaBall xapakTep, HO TOBa HEe HaMarnsiBa HeroeaTa
MHdopmaTmMBHOCT. CbabpxaHneto Ha aBTopedepata € CcbobpaseHo C
N3NCKBaHUATa U OCUTypsiBa SiCHa NpeacTaBa 3a AUcepTaumMoOHHUS Tpya.

11. MHeHuA, NnpenopbKU, Genexku.

KbM npencraBeHus aucepTauMoHeH Tpy4d mMorat fa ce OTNpaBAT crnefHute

BGenexkn n NpenopbKu:

- B otpenHn vyactm Ha Tpyda W3NOXEHMETO uMa Mo-onucaTerneH Xxapakrep,
ocobeHo B nuTepaTtypHusi 063op M Npu nNpenctaBasHE Ha TEXHONOTMMYHUTE
npouecun, koeto 6u Morno ga 6vae peayuMpaHo 3a cMeTka Ha no-3agbnboyveH
aHanuTn4eH Noaxon;
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- BknouveHn ca getannHu ykasaHusi 3a paboTta cbC cneumanuanpaH codTyep,
KOUTO noBuLUIABAT MNpakTnyeckata CTOMHOCT Ha paspaboTkaTta, HO He ca NpPSAKo
CBbP3aHN C OCHOBHUSA HAy4YeH NPUHOC;

- KonunyectBeHaTa oueHka Ha pesynrtatute (Hanpumep TOYHOCT, TEXHOSOorMyHa
eeKTUBHOCT, BpeMe 3a u3paboTka) e orpaHumyeHa, KOeTo 3aTpyaHsiBa no-
00eKTUBHOTO CpaBHeEHME N 0006LEHE HA NOCTUTHATUTE pe3ynTaTy;

- He e poctatb4HO AICHO pasrnefaH 06xBaTbT HA NPUIIOXMMOCT Ha NpeanoXxeHaTta
METOAMKA MO OTHOLIEHME Ha pas3nnyHu Tunoee dpacagHn enemMeHTn, mawabu n
MaTepuanHu peLleHns;

- Hay4HaTa HOBOCT e No-CKOpO CBbp3aHa CbC cucTeMaTusanpaHe 1 agantupaHe Ha
CbLLEeCTBYBaLLMN TEXHOMNOrMMK, OTKOMKOTO C pa3paboTBaHe Ha MPUHUMMHO HOBU
MeToau;

- B ctunuctnyHo oTHoweHne Ha MecTa ce Habnwgasa pasnoOKbCAHOCT Ha
N3NOXEHNETO, NPU KOSTO ejHa NO-CIIoXXHa MUCHST € NpeAcTaBeHa Ypes nopeguua
OT KpaTKM MNPOCTM U3PEYEeHUsi, KOeTO 3aTpydHsiBa npocnensiBaHeTo Ha
normyeckata Bpb3ka U Bb3NpMeMaHeTo Ha CbabpPXXaHMETO.

[MocoveHnTe 6enexkn umat npenopbyYUuTENEH Xapaktep M He Hamanssat
obLiaTa nonoXxuTenHa oueHka 3a gucepTauuoHHUs Tpya.

3AKITIOYEHUE

[MpeactaBeHUAT gucepTaunoHeH Tpyd Ha uHX. LiBeta CeeTnnH Togoposa e
MOCBETEH Ha aKTyarleH W 3Ha4YMM HaydHo-npunoxeH npobrnem, cBbp3aH C
N3MNON3BAaHETO Ha CbBPEMEHHW afUTMBHUM TEXHOSOMMU MPU PEKOHCTPYKUMATA WU
MOAepHM3auuaTa Ha aekopatmBHM dacagHu enemeHTun. PaspaboteHa e
nocrnegoBaTtesiHa MeToAuKa, KOSITO € eKCrnepuMMeHTanHO MnpoBepeHa WM nokassa
Bb3MOXHOCTW 3a MPaKTUYECKO NMpUNoXeHune. [IncepTaumMoHHUAT TPyA ce oTniMyaBa C
nobpa CTPYKTYpUpaHOCT, Normyecka nocreaoBaTenHoOCT U SiCHA HAaCOYEHOCT KbM
pewaBaHe Ha noctaBeHuUTe 3agayu. [locTurHatuTe pesyntatm u opmynupaHmuTe
NPUHOCK MMaT MPUNOXEH XapakTep M cb3gaBaT NPEeAnocTaBkM 3a BHedpsiBaHe B
NHXXeHepHaTa NpaKTuKa, KaTo CbLUEBPEMEHHO Ca Hanuue Bb3MOXHOCTU 3a ObaeLLo
pa3sBuTMe N 3agbndboyvyaBaHe Ha mscnenBaHusaTa. HanpaBeHUTe KpUTUYHU Benexku
He HamansiBaT Hay4yHaTa U npakTuyeckaTa CTOMHOCT Ha Tpyaa.

Ha ocHoBaHWe Ha U3NOXEHOTO cuuTam, Ye OUcepTauMOHHUAT Tpya OTroBaps
Ha M3NUCKBaHWATaA Ha 3aKoHa 3a pasBuUTUE Ha akadeMuyHus cbcTaB B Penybnuka
bbnrapua v [llpaBunHMKa 3a HEroBOTO MpwuraraHe, KakTo U Ha BbTPELUHUTE
HOpMaTMBHM akToBe Ha TY — BapHa. [HaBam nonoxutenHa oueHka Ha
ANCEePTaUMOHHUA TPYA W NpeasiaraM Ha yBaKaeMoTO HayyHO XXypu Aa npucbam Ha
mar. uHx. LiBeta CBeTtnnH TogopoBa obpasoBaTenHaTa n Hay4yHa cTeneH ,JoKTop”
B obnact 5. TexHn4YecKn HayKu, no npodecnoHanHo HanpasneHue 5.13. ,,06wo
MHXeHepcTBO®, [lokTOopcKa nporpama: EproHoMmusa u npomMuLuneH Au3aunH.

07.04.2026 PELIEHBEHT: e
Codouna /npod. ao-p nHx. AHren Tep3aues/
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1. Relevance of the problem addressed in the dissertation in scientific and
applied terms. Degree and scope of relevance of the problem and the
specific tasks developed in the dissertation.

The problem addressed in the dissertation is relevant from both scientific-
applied and engineering-applied perspectives, as it is focused on preserving the
architectural identity of the building stock and improving the processes of
reconstruction of decorative facade elements through the use of modern additive
technologies. This field is gaining increasing importance in the context of
digitalization and sustainable urban development.

The study of the application of 3D scanning, digital modeling, and additive
manufacturing in the restoration of facade ornaments is associated with a number
of unresolved issues related to the influence of technological parameters and
materials on the accuracy, authenticity, and durability of the obtained results. In
this context, the topic demonstrates clear scientific relevance, especially with
regard to the integration of digital methods into a traditionally conservative field.

The scientific-applied value of the work lies in the development of a
consistent methodology for reconstruction, covering all stages from digital
acquisition to physical reproduction of the elements. A strong aspect of the
research is the combination of experimental approaches with practical
implementation, which allows validation of the proposed solutions under real
conditions, although the range of studied cases could be expanded. Additional
significance is provided by the consideration of improving the functional
characteristics of the restored elements, including their thermal insulation
properties, in line with modern energy efficiency requirements.

The problem can be assessed as relevant both from a scientific and a
practical engineering perspective, with well-justified and appropriately formulated
objectives and tasks, despite the possibilities for further development of the
research.
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2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material

The dissertation is based on a comprehensive literature review including 146
bibliographic sources. Of these, 62 are in Latin script, representing approximately
42% of all sources, which indicates good familiarity with international scientific
literature. Sources in Cyrillic also represent a significant share, demonstrating the
use of national scientific achievements in the field. It is noteworthy that over 30%
of the sources have been published after 2020, indicating up-to-date knowledge
and awareness of current developments in additive technologies, digital modeling,
and architectural reconstruction.

The analysis shows that the candidate is well acquainted with both traditional
and modern methods for reconstruction of decorative facade elements and
demonstrates solid knowledge of technological processes, their applicability, and
limitations. Based on the literature review, the objectives and tasks are clearly and
correctly formulated and consistently addressed throughout the dissertation. The
analysis indicates that Eng. Todorova possesses in-depth knowledge of the
subject and demonstrates the ability to critically analyze scientific literature.

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

The selected research methodology is appropriate and consistent with the
defined objectives and tasks, characterized by logical coherence between
theoretical analysis, methodology development, and experimental validation.

The approach combines literature review, digital technologies (3D scanning
and modeling), experimental studies, and practical implementation, enabling full
tracking of the process from digital acquisition to physical reproduction.

It should be noted that the dissertation includes elements of a descriptive
nature, such as guidelines for working with specialized software, which have an
instructional orientation and are not directly related to the main scientific
contribution. The methodology could be further enhanced by incorporating
guantitative evaluation criteria and expanding the experimental scope. The
developed methodology demonstrates effectiveness in achieving the research
objective.

4. A brief analytical description of the nature and assessment of the
credibility of the material on which the contributions of the dissertation
are built

The dissertation comprises 127 pages and includes an introduction, four
main chapters, conclusions, and references. The structure is logical and consistent
with the defined objectives and tasks.

The introduction justifies the relevance of the research problem related to
preserving architectural identity and the need to apply modern technologies in the
reconstruction of decorative facade elements. A broad context is presented,
covering both cultural and technological aspects, although in some parts the
exposition remains rather general.
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Chapters 1 and 2 provide the necessary theoretical and analytical
foundation, including a comprehensive review of facade technologies and
reconstruction methods, including additive technologies.

Chapter 3 presents the developed methodology, including stages from 3D
scanning to physical model production. The inclusion of software-related
instructions increases practical applicability but partially shifts focus from the
scientific contribution.

Chapter 4 presents experimental validation through 3D scanning, model
processing, CNC machining, vacuum forming, and polymer concrete casting. The
results demonstrate good geometric accuracy, detail, and reproducibility.
However, the scope of applicability of the methodology is not sufficiently discussed
in terms of different types of elements, scales, and materials.

The conducted studies provide convincing evidence of the functionality and
applicability of the methodology.

5. Scientific and/or applied scientific contributions of the dissertation work
The contributions can be defined as mainly scientific-applied and
engineering-applied and can be summarized as follows:

Scientific-applied contributions:

» A consistent methodology has been developed for the reconstruction of
decorative facade elements through the integration of modern additive
technologies, covering stages from digital acquisition to physical
reproduction. The approach has practical value but largely builds on existing
technologies and represents their systematization and adaptation;

» A criterion for assessing the condition of facade elements has been
proposed, supporting decision-making in reconstruction;

» The possibilities for combining traditional and modern technologies have
been analyzed, with a focus on best practices.

Engineering and applied contributions

» Practical validation of the methodology has been carried out through an
experimental model involving 3D scanning, CNC machining, vacuum
forming, and polymer concrete casting;

» Improved functional characteristics of reconstructed elements have been
demonstrated, including thermal performance;

» The methodology shows potential for practical implementation, although its
scope and universality are not fully explored;

In summary, the contributions are clearly formulated and practically oriented,
with emphasis on application rather than fundamental novelty.
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6. Assessment of the degree of the dissertation candidate's personal
participation in the contributions

The materials provided indicate that the dissertation and the stated
contributions largely represent the personal work of the doctoral candidate. The
developed methodology and its experimental implementation demonstrate an
independent approach, with active involvement in both the practical and research
aspects of the work. The candidate possesses the ability to systematize and adapt
existing technologies to specific practical problems. It can be considered that the
requirements for both the educational and the research components of the doctoral
program have been fulfilled. The acquired knowledge and skills in the field of
additive technologies and digital modeling can be successfully applied in her future
professional and scientific activities. The personal contribution of the doctoral
candidate is clearly identifiable and sufficient for the award of the educational and
scientific degree “Doctor”.

7. Assessment of dissertation publications.

Four publications related to the dissertation have been presented, reflecting
the main results of the conducted research. They include articles in international
peer-reviewed journals as well as participation in scientific conferences, which
demonstrates an effort to disseminate the achieved results within the scientific
community. The publications are thematically related to the dissertation and cover
key aspects of the developed methodology and its validation. Some of them have
been published in internationally recognized outlets, contributing to wider visibility
of the results. No data on citations or use of the results by other authors are
provided, which is understandable given the relatively short time since their
publication. Nevertheless, the presence of publications in peer-reviewed journals
and participation in international forums can be assessed positively. The presented
publications are sufficient in number and content and meet the requirements for
the award of the “Doctor” degree.

8. Using the results of the dissertation in scientific and social practice

The results of the dissertation have been validated through experimental
studies and demonstrate potential for practical application in the field of
reconstruction and modernization of decorative facade elements. The developed
methodology has been applied in the implementation of a model, which confirms
its functionality and applicability in engineering practice. At present, no specific
data are provided regarding large-scale implementation of the results in real
projects or the achievement of direct economic impact, which is understandable
given the stage of development. Nevertheless, the proposed approach has
potential for application in architectural and construction practice, particularly in
the restoration of facade elements with complex geometry. The results of the
dissertation have a clearly expressed applied orientation and potential for future
implementation and development.



@ Technical University of Sofia

9. Recommendations for future use of the scientific and scientific-applied
contributions

The results of the dissertation and the developed methodology can find
application in practice in the reconstruction and modernization of decorative
facade elements of buildings with stylistic identity. Their implementation is
particularly suitable in the activities of architectural and design offices, restoration
companies, and organizations involved in the renovation of the building stock.

The methodology could also be used in the educational process, in disciplines
related to industrial design, architecture, and digital modeling, as a basis for
practical training and the development of student projects. Further development of
the research is recommended in the direction of expanding the applicability of the
methodology to different types of facade elements and materials, as well as its
integration with other modern technologies, such as BIM environments and
automated modeling systems. The proposed solutions have potential for further
development and practical implementation, while also serving as a basis for future
scientific research in the field, particularly in view of the continuously increasing
requirements for energy and resource efficiency.

10.Assessment of the compliance of the abstract with the requirements for

its preparation

The abstract has been prepared in accordance with the requirements and
accurately reflects the content of the dissertation. It presents the main points, the
aim and objectives of the research, as well as the achieved scientific and scientific-
applied contributions. The structure is clear and logically consistent, providing a
good overview of the scope and results of the conducted study. The presented
information is sufficient for forming an objective assessment of the dissertation. It
may be noted that in some parts the presentation is more general in nature;
however, this does not reduce its informativeness. The content of the abstract
complies with the requirements and provides a clear understanding of the
dissertation.

11. Comments, recommendations, and remarks

The following comments and recommendations can be made regarding the

presented dissertation:

- In certain parts of the work, the exposition has a more descriptive
character, particularly in the literature review and in the presentation of
technological processes, which could be reduced in favor of a more in-
depth analytical approach;

- Detailed instructions for working with specialized software are included,
which increase the practical value of the work but are not directly related
to the main scientific contribution;

- The quantitative evaluation of the results (e.g., accuracy, technological
efficiency, production time) is limited, which makes objective comparison
and generalization of the results more difficult;
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- The scope of applicability of the proposed methodology is not sufficiently
clarified with respect to different types of facade elements, scales, and
material solutions;

- The scientific novelty is primarily related to the systematization and
adaptation of existing technologies rather than the development of
fundamentally new methods;

- From a stylistic point of view, in some parts the exposition appears
fragmented, where a more complex idea is expressed through a sequence
of short simple sentences, making it more difficult to follow the logical flow
and understand the content.

The above remarks are of a recommendatory nature and do not diminish the
overall positive evaluation of the dissertation.

CONCLUSION

The presented dissertation of MSc Eng. Tsveta Svetlin Todorova is devoted
to a relevant and significant scientific-applied problem related to the use of modern
additive technologies in the reconstruction and modernization of decorative facade
elements. A consistent methodology has been developed, which has been
experimentally validated and demonstrates potential for practical application. The
dissertation is characterized by good structure, logical consistency, and a clear
focus on solving the defined objectives and tasks. The achieved results and
formulated contributions have an applied nature and create prerequisites for
implementation in engineering practice, while also offering opportunities for further
development and deepening of the research. The identified critical remarks do not
diminish the scientific and practical value of the work.

Based on the above, | consider that the dissertation meets the requirements
of the Law on the Development of Academic Staff in the Republic of Bulgaria and
the Regulations for its implementation, as well as the internal regulations of the
Technical University of Varna. | give a positive evaluation of the dissertation and
recommend that the respected scientific jury award MSc Eng. Tsveta Svetlin
Todorova the educational and scientific degree “Doctor” in the field of 5.
Technical Sciences, professional field 5.13. “General Engineering”, Doctoral
Program: Ergonomics and Industrial Design.

07.04.2026 Reviewer:

Sofia /Prof. Angel Terziev, Ph. D/
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