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1. AKTyanHocCT Ha pa3paboTBaHMA B AUCEPTALNOHHUA TPyA Npobnem B Hay4HO
M Hay4YHO-NPUIIOXKHO OTHOLUEHME.

PaspaboTeHnsaT B ANCepTaLMOHHUAT Tpya Npobnem e akTyaneH, cBbp3aH C
pelwaBaHe Ha BbLNPOCU MNpW MOLENMPAHETO W WU3CNeABaHETO Ha npoueca Ha
3anbfiBaHe Ha opmMoobpasyBaLLmM MHCTPYMEHTM Ype3 U3MNON3BAaHETO Ha BUPTYanHu
NPOTOTUNKM 3a MPOLIECHA M TOYHOCTHA onTuMmu3auus. Llennte Ha gucepTauuMOHHUAT
TPYA Ca CBbpP3aHu C U3crneaBaHe M aHanuanpaHe Ha CbLLEeCTBYBaLMTE KbM MOMEHTa
npobrnemMn MO BPeMe Ha LWnNpuUBaHE Ha nMfacTMacoBu WU3OENUs, KaKTo MU
CBOEBPEMEHHOTO WM OTCTpaHsBaHE 4pe3 noMoliTa Ha MOAEPHM NporpamMmHu
codpTyepu 3a cuMynauus Ha NpouecuTe Ha LWNpULBaHE Ha CIOXHU reoOMeTPUYHM
dopmu. AHanmsvpaHuM ca  npegumcTBaTa U HegocTaTbLMTE Ha BUPTYasriHOTO
NPOTOTUNMPAHE nNpPU LWINpUMUBaHE, KaTo ca W3BEOEHM W CbLOTBETHUTE W3BOAM,
0POPMEHUN B HAYYHO-MPUITOXKHN N NPUNOXHN NPUHOCK.

M3non3BaHeTo Ha BUPTyanHM WHCTPYMEHTM B  MALUMHOCTPOUTENHOTO
NpOM3BOACTBO € 0b6nacT, KOATO ce pa3BmBa OCOOEHO MHTEH3WBHO B MOCnegHUTe
roguMHu, KbAeTO BOAELLO HarnpasfeHWe € NMPOEKTUPaHETO Ha BUCOKO-TEXHOSTOMMYHU
npouecn, XapakTepHM CbC CBOSTA MNPELM3HOCT KbM MOBULIABAHE KaKTO Ha
Ka4yeCcTBOTO Ha Npou3BEXOaHUTE U3Lenus, Taka M ocurypsisaliM Bb3MOXHOCTM 3a
TAXHOTO ONTMMWU3NPAHE Ype3 MOLENMPaHeTo W U3CneaBaHeTO MM B NPELU3HO
reHepupaHa BMpTyarnHa pearnHocrT.

2. CteneH Ha nNO3HaBaHe CbCTOAHMETO Ha npob6nema u TBOpYecKa
MHTepnpeTaumMsa Ha nuTepaTypHUsa Mmatepuan.

AncepTaunoHHNAT Tpya € B obem ot 189 cTp., KaTto BKOYBa BbBeAEHUE
(yBog), uyeTtupwm rnasu, oOWKM Kn3BOAW, aBTOpCKa CrpaBka 3a MPUHOCUTE Ha
ancepTaumusaTa, KakTo M CNUCbK ¢ Nybnukauum no anceptaumoHHna Tpya. Untnpanm
ca 93 nuTepaTypHM W3TOYHMKA, OT KouTo 41 Ha natuHuua, 18 Ha Kupunmua u
MHdopMaunoHHn canTtoBe. PaboTtata BknoyBa obwo 189 curypm n 36 Tabnuum.
Homepata Ha curypute n tabnuumte B aBTOpedepaTa CbLOTBETCTBAT Ha Te3n B



AvcepTaumMoHHusa Tpyd. HanpaBeHOTO nutepaTypHO npoy4yBaHe Mnokas3Ba 0BCTOMHO
3ano3HaBaHe Ha [OKTOpaHTa C nocTaBeHusi npobrnem B cboTBeTHaTa obnacTt, a
n3bpaHnss noaxod Ha NpeaBapuUTENHU  TEOPETUMHU U eKCnepuUMEHTarHu
n3cneaBaHusl, Cryxeliy 3a U3crnefBaHe M aHanusvpaHe Ha CbLUeCTBYBaLUTE KbM
MOMeHTa npobrnemMu No Bpeme Ha LnpuuBaHe Ha NnacTMacoBW U3LENUs, KakTo U
CBOEBPEMEHHOTO WM OTCTpaHsBaHe 4pe3 MnomMowTa Ha MOAEPHU MPOrpamMHu
copTyepu 3a cuMyrnauusi Ha NpouecuTe Ha LUNpPULBAHE Ha CHOXHM FeOMETPUYHU
dopMn e npaBunHO popmynupaH. AHanuaMpaHu ca npegMmcTBata M
HegocTaTbUUTE Ha BUPTyanHOTO MPOTOTUNMPaHE Mpu LUNpULUBaHe, KaTto ca
HanpaBeHn OOOCHOBaHM W3BOAM M Ca MOCOYEHM HepelwleHu npobnemu. Ha Tasu
OCHOBa [OKTOPAHTLT NpaBUNHO € hopMynupan uenTta Ha guceptaumnoHHaTta paboTa
1 3agaynTe 3a HEMHOTO NOCTUraHe.

3. CboTBeTCTBUE Ha M3bpaHaTa MeToAMKa Ha M3creaBaHe C NocTaBeHaTa
Len u 3agayv Ha AUcepTaLUOHHUA TPYA.

PellaBaHeTo Ha noctaBeHMTe 3a4ayn B AMCepTaUMOHHUS Tpya ce Gasupa Ha
M3NON3BaHeTo Ha YTBbPOEH CbBPEMEHEH WHCTPYMEHTApPUYM — W3BECTHU
TEXHONMOTMMYHN METOAM U Npoueaypuy, Kputepun n npunoxeH codTyep. PaspaboteHa
e MeTOoAonornst 3a npeaBwxaaHe W ONTUMM3auMs Ha NPOLECHU napameTpu U
TOYHOCTHM MoKasaTenu Npu n3paboTBaHETO Ha CrIOXHW NNACTMACcoBU U3Oenus Ypes
BMPTyariHO MPOTOTUNMPAHE, KaTo Ccned MpakTMdecka WMMeMeHTauus Ha
npegnoxeHaTa MeTOAOMOINMYHA NOCNEeLOBaTENHOCT € YCTaHOBEHO, Ye CblLUeCcTByBaT
peanHn Bb3MOXHOCTM 3a YynpaBreHne Ha AedOopMaLMOHHUTE MpoLecu Ypes
CbOTBETEH MOoAOOpP Ha onpederieHn OCHOBHM MapamMeTpu Ha npoueca. Cren
NpoBeXaaHe Ha ekcrepuMeHTanHn n3crneaBsaHus e yCcTaHoBeHa Hykaa oT aobassiHe
KbM MeTOZoNiornsiTa Ha HoBa CTbMKa, OTHAcsla Ce 3a Mpoueca Ha Banugauus
Mexay BUpPTyanHust U (U3MYECKM NPOTOTWMN, KOSITO BKYBa M3paboTBaHe Ha
npensaputeneH dgopmMoobpasyBall, WMHCTPYMEHT, 4pe3 KOWTO Aa ce MOTBbpAAT
XenaHuTe pesynTtaTv Npeau MNPUCTbMBAHETO KbM OKOHYaTENHO u3rpaxaaHe Ha
WNHCTPYMEHTanHa ekunmpoBka. Cuutam, ye n3bpaHuTe mMeToau 7
eKkcrnepMMeHTariHM NOAXOAM AaBaT [AOCTOBEPEH OTroBOP Ha MocTaBeHaTta Len u
3a4a4un B gucepTaunoHHUS Tpya.

4. KpaTtka aHanuTM4YyHa XapaKTepuUCTMKa Ha eCcTeCTBOTO M OLeHKa Ha
AOCTOBEPHOCTTa Ha MaTtepuana, BbpXy KOMTO ce rpagsaT npUHOCUTE Ha
AUCepTaLUOHHUSA TPpyA.

Pesyntatute oT AUCEPTALMOHHUAT TPyO UMAT Hay4YHO-MPUIOXKEH U MPUIOXKEH
XapakTep C nNpsiko 3HadeHMe 3a npakTukaTa, KaTo [JaBaT Bb3MOXHOCT 3a
noBMLLIaBaHe Ha Ka4yecTBOTO M NMPOU3BOAUTENIHOCTTA NpU N3paboTBaHETO Ha CIOXHM
nnacTMacoBu U3Oenus Ypes BUpTyarHo npotoTunupaHe. Ha ocHoeaTta Ha aHanus Ha
n3BecTHM paspaboTkn e paspaboTeHa MeToAonorMyHa mnocneaoBaTenHocT 3a



npegswvxgaHe n onTMMM3auns Ha NPOLECHUTE NapaMeTpy U TOYHOCTHU nokasatenmu
Ha CINOXHW nNNacTMacoBW U34enua 4Ypes BUPTyanHW NpPoOTOTUNW, KaTo u4pe3
npakTuyecka uMNNeMeHTaumsa Ha npeanoxeHarta MeTOAMKa € YCTaHOBEHO, 4e
CblLeCcTByBaT Bb3MOXHOCTW 3a ynpasrieHne Ha gedopmMauunTe 4Ypes ycTaHOBsSBaHe
Ha npeumseH nogdbop Ha napameTpuTe Ha npoueca. Ha 6GasaTa Ha npoBefeHU
eKcnepuMeHTarnHu n3cneaBaHus € yCTaHOBEHa Hyxda OT JONbIHUTENHA CTbKa KbM
paspaboTeHaTa mMeToaMKa, u3passiBalla ce BbB Banvaaumsa Mexay BUpPTyanHus w
dusmyeckn npoTtoTMn 4pe3 u3paboTBaHe Ha npeaBapuTeneH copmoobpasysaly
WHCTPYMEHT, YNATO Len € a NOTBbPAM XKeraHuTe OT NpoekTaHTa pesynTtaTtu npeau
NPUCTBbMNBaHE KbM OKOHYaTENHOTO U3rpaXkgaHe Ha MHCTPyMeHTanHaTa ekunupoBka.
3a pelwaBaHe Ha 3ajauuTe OT OTAENHUTE eTanu ca MpeasioXeHW noaxoasaLm
cpenctea. OcobeHo MACTO B paboTaTa 3aemaT npeanoxeHute noaxoam 3a 6bp30
onpegensHe Ha paboOTHM napameTpu nNpu npoueca LWnpuuBaHe, MpU KOUTO ce
OTYUTAT OCHOBHWM (HaKTOPU Ha BIMSIHWE NPWU Mpoueca Ha 3anbfiBaHe, KakTo U 3a
HaMmMpaHe Ha YCTOMYMBO pelUeHWe 3a yCTaHOBsiBaHe Ha noaxoaswa dopma u
pasmepu Ha oxnaxpawarta cuctema, KoeTo [a [[oBede [0 W3NOoN3BaHeTo Ha
MUHUMYM Ha 6pon UTepauMOHHU cuMynauuun. [JOCTOBEpPHOCTTa Ha pesyntaTtute oT
HanpaBeHUTe u3cneaBaHUs ca NpeacTaBeHn vpes3 NpakTUYecku npumepu, Kato ca
npeacTaBeHN aHanmM3an Ha Bb3MOXHOCTUTE 3a BMPTyarHO MpOTOTUNUPaHe npu
n3cnegBaHe npouecuTe Ha LWnpuuBaHe Ha UHCTPYMEHT CbC CNoXxHa opma, ¢ uen
n3baresaHe pgedektuTe Ha M3OENUETO, KaKTO U ONTUMU3UPAHE reomMeTpusTa npwu
lwnpuuBaHe Ha TakmBa Mogenu. WM3noxeHveTo Ha nonyvyeHuTe pesyntatm € B
MeTOoAMYHa MnocrnefoBaTeriHOCT, KaTto Te Cca KOMEeHTUpaHu nogpobHo u ca
nogkpeneHn CbC CbOTBETHU rpaduyHM, TabIMYyHM W YUCNEHU [daHHU U
AokasaTtencrBa. Ha TaAxHa oOcHOBa ca HanpaBeHW CbOTBETHUTE U3BOAN U
3aKNIOYEHNS.

[obpata TeopeTnyHa OCBEOOMEHOCT Ha JOKTOpaHTa, M3non3BaHuTe mMetToam
3a u3crnedBaHud, MNonyyvyeHUAT ©Oorat ekcnepuMeHTaneH MaTepuwan, HerosaTta
obpaboTka, NpeacTaBsHe W TBOpYeckata My WMHTeprnpeTauusi, roBOpPST 3a BMCOKa
npocpecnoHanHa kBanumrkaumsa Ha AOKTOpaHTa 1 NnpuaasaTt Ha QMcepTauMOHHUSA My
TPyA KayecTBa Ha LOCTOBEPHO U HAYYHO U3ObPXKAHO TEOPETUYHO-EKCNEePUMEHTArHO
n3crieiBaHe, KOeTo € CbC 3HaYMTeriHa npakTnyecka Haco4YeHoCT.

5. Hay4yHO-NpUNoXxHU 1 NPUNOXHU NPUHOCU Ha AUCEPTaLUOHHUA TPYA:

OCHOBHUTE HaY4HO-MPUMOXHMU U MNPUITOXKHW MNPUHOCKU, CbAabpXawu ce B
AncepTaunoHHUAT Tpya Morat ga 6baat o6o0LeHn No CrieaHnsa HaumH:

5.1. Hay4yHO-NpUNoXHu npuHocu

e PaspaboTteHa e meTogonorva 3a onpegensHe v nocneaBawin CTbMKM Ha
ONTUMU3NPaHE Ha OCHOBHW NapamMeTpu M TOYHOCTHW MoKasaTenu npu npoueca



dhopMoBaHe (LUNpuLUBaHE) Ha CIIOXHWU NMacTMacoBM N3genna Ypes N3non3BaHeTo Ha
BUPTYanHn NpoToTUNM.

e [lpegnoxeH e nogxod 3a onpeaensHe Ha OCHOBHUTE paboOTHU napameTpu
npu npoueca wnpuuBaHe, KOUTO OCUrypsiBa U3rpaXngaHeTo C rongma CTeneH Ha
TOYHOCT Ha BUPTYyaneH NpoToTuM, KbAETO € Bb3MOXHO Aa O6baaT OTYMTaHM OCHOBHMU
drakTopu Ha BNUAHME BbPXY NpoLieca Ha 3anbfBaHe Ha hopmarTa.

e [lpeanoxeH e nogxo4 3a HaMupaHe Ha a[ekBaTHO pelleHve 3a
yCTaHOBsiBaHe Ha Heobxoaumarta oopMa 1 pasMepu Ha oxnaxgaiwiata cuctema ypes
ONTUMMU3NPaHe Ha ABa napameTbpa — AbNO0YNHA HA OXNaxdaluTe KaHanu cnpsiMo
3anbrBallata KyxuHa U CTblKa Ha oxna)kgalimMte KaHann eguH cnpsimo gpyr, Koeto
NMo3BOMsiBa M3MNON3BaHETO HA MUHMMAanNeH 6pon uTepaunoHHN cumynaumMm Ha dasa
BMPTYyanHo NpoToTUNMpaHe.

5.2. NMpunoxHu npnHocu

e [lonyyeHn ca ekcnepuMeHTanHn pesyntaTtn Ype3 BUPTyarieH eKCnepuMeHT,
npu KOWTO € YCTaHOBEHO, 4Ye Mpu 3aJafeHn efHakBu napamMeTpu Ha npoueca
LNpuuBaHe, KOH(POPMHUTE OXNaAUTENHN CUCTEMM MOKasBaT No-4obpu nokasatenu
OT KOHBEHLMOHAITHUTE MO OTHOLWEHME Ha e(PEKTUBHOCT Ha OXJflaguTenHaTta CMCTema,
TemnepaTypu Ha maTtepuana cnepf npouec Ha NbIIHEHE M OXNaXaaHe, KakTo U no
OTHOLLEHMEe Ha AethopMauMOHHN CTONHOCTH.

e [lpeactaBeHn ca pesyntratute OT npunaraHeTo Ha paspaboTteHaTta
METO0NOMMs 3a MNPOBEXOAaHEe Ha u3cnenBaHUst U CUMYMaAUMOHHW aHanuau npu
BUPTYyariHO MNpPOTOTUNMPAHE OTHOCHO W3CcnedBaHe nMpoueca Ha LWwnpuuBaHe Ha
WHCTPYMEHT CbC CIOXHa ¢opma, ¢ uen nsbsreaHe gedektute Ha n3genmeTo, Kakto
N ONTUMM3MPaHE reomMeTpuaTa Npu WNpuuBaHe Ha TakbB Mogen Ha 6asata Ha
eKNnepuMeEHTarnHu n3cneaBaHms.

e [lokazdaHO € nNO €eKCnepuMeHTaneH nbT HECLOTBETCTBME MeXay
BUPTYyanHUTe cuUMynaumm u peanHuTe u3MepBaHus OT uandeckn uspaboteHa
paMKa Ha oyuna oT npeaBapuTeneH TectoB hopmoobpasyBall, MHCTPYMEHT OTHOCHO
CBMBaHETO Ha MaTepuana, M3BbPLIEHO C Uen Banugauus Ha cneumdunyHa
reomMeTpusa ,enactuyHa naHra“.

e O6GocHoBaHa e HeobxogMMOCTTa OT MfaHUpaHe WM OCbLEeCTBsIBAHE Ha
npefBapuTenHo npoToTunupaHe Ha popmoobpasyBall MHCTPYMEHT 3a Banugauus
Ha npoueca U reoMeTpmuaTa Ha u3genueTo Ypes nspaborTesaHe Ha ,MEK“ MHCTPYMEHT,
KONTO [[a nOTBbPAM XKenaHuTe pes3yntatv npeau npeMmHaBaHe KbM asa
OKOHYaTEeSTHO MU3rpaxgaHe Ha MHCTPYMEHTanHa ekMnmpoBKa.

MpusHaTUTE OT MEH TPWU HAyYHO-NPUIIOXKHMU U YETUPU MPUMOXKHMN NpPUHOCa B
ANCEPTaALNOHHUA TPyA Ce OTHAcAT KbM Cb3[aBaHe Ha HOBM Knacudukauum,
AoKa3BaHe C HOBW CpeAcTBa Ha CbLECTBEHN HOBU CTPaHU B CbLLECTBYBALLUN HAyYHN



npobnemu, cb3gaBaHe Ha HOBM METOOMKM UM MOAENu W nofnyvyaBaHe Ha
NOTBBbLPAUTESTHU haKTW.
6. OueHKa 3a cTeneHTa Ha JIMYHOTO y4YacTMe Ha AucepTaHTa B NPUHOCUTE.

YyacTneTo Ha AOKTopaHTa npu paspaboTBaHEeTO Ha NocTaBeHuTe npobnemu e
HeCbMHeHo. Tasn mos ybedeHOCT ce MNOTBbpXKAaBa OT MMYHUTE MU Cpeln Wt
pasroBopu C mar. uHx. Togop TooopoB, KakTO M C HaydHUTE MYy PbKOBOOUTENMW.
Cuutam, 4Ye OMcepTaumoHHUAT Tpya, paspaboTeHuTe naen, HayvyHuTe nybnukauum,
pesyntatute W MpPUHOCUTE Ca JNUYHO [eNnio Ha [JOKTopaHTa, MonydeHn nopg
KOMMNETEHTHOTO PBbKOBOACTBO Ha HAYYHUTE MY PHLKOBOAUTENN.

7. MNpeueHKa Ha nyonukauuuTe NO AUCEPTALUOHHUA TPyA: OpoMn, XxapakTtep Ha
M3gaHUATaA, B KOUTO ca OTnevyaTaHu.

ABTOpPbT € npeAacTaBun  4vetupu  nybnukaumm, OT KOMTO efHa e
CaMOCTOATENHA, @ OCTaHanuTe ca KONeKTUBHU, Ha TP OT KOUTO € MbpPBU aBTop, U Ha
efHa — TpeTu aBTop. Bcuukm ca nybnukysaHn B Bbnrapus, kato gBe OT TSX B
cnucaHve ,MalmMHOCTpoeHe U enekTpoTexHuka“ Ha 6bnrapckn esuk. OcTtaHanuTte
ABe ca nybrnvkyBaHu B HaydHUTe cbopHuum Ha International Conference on Creative
Business for Smart and Sustainable Growth, HannyHa B HayyHaTa 6asa gaHHU
SCOPUS, kakto u Hanuuue Ha uutat, n 29" International Scientific Symposium
Metrology and Metrology Assurance, n ABeTe Ha aHrmuickn es3uk. HanpaseHaTa
crnpaBka B HayyHata 6asa pgaHHu SCOPUS nokasBa Hanuvuve Ha ouwe efHa
nybnvkauma Ha [OKTOpaHTa, KakTo M [ABa uuTaTa, KOeTO MNokassa, Ye Mar. UHX.
Topop TooopoB e Mnag ydeH ¢ ApKo u3paseH Hay4vyeH noteHuuan. lNpeacraBeHnTe
nybnukaumm otpassiBaT B rongma CTeneH NMbJIHO U TOYHO CbLUECTBEHW CTpaHu OT
HENHOTO CbAbpXXaHMe 1 NonNynsipM3mpaT u3BbplleHaTa paboTa OT AOKTOpaHTa.

8. U3non3BaHe Ha pes3yntaTute OT AUCEpPTAUMOHHUA TPyA B Hay4dHata u
couumanHarta npakTmka.

Pesyntatn oT AucepTauuoHHUA Tpyd MoraT CpaBHUTESNHO NecHo ga 6baar
n3nonsBaHM B Yy4yebHMS npouec Ha cTygeHTM ot TY-Codwus, rnaBHO B
MaLUMHOCTPOUTENHUTE crneumnanHocTu. Kato noTBbpXXaeHue 3a NpUnoXuMocTTa Ha
eKcnepumMeHTanHuTe pesynrtaTi oT AMCepTauMOHHUS TPYA Ha AOKTOpaHTa MoraT fa
ce noco4aTt Aeno3npaHnuTe KbM JOKYMEHTUTE Ha KaHAuAaTa y4acTusi B eCeM HayyHO-
n3cnegoBaTencky NpoekTa.

9. OueHKa Ha CbLOTBETCTBMETO Ha aBTopedepaTa C WUIUCKBAHMATaA 3a
MU3roTBAHETO MY.

ABTOopedepaTbT € M3roTBEH CbIMACHO W3UCKBAHWUATA, KaTo oOTpassiBa
USNOCTHO CbLHOCTTA M OCHOBHMUTE MPUHOCHM MOMEHTW OT AucepTauuaTa Ha
KaHauaaTa.



10. MHeHuA, NpenopbKN N 6enexku.

Hamam cblectBeHn 6Genexku, ¢ KOMTO Ja OCnopBaM OCHOBHUTE Hay4HO-
NPUNOXHN N NPUIOXHU NPUHOCK Ha KaHaugaTta. KbM OUCepTauMoHHUAT Tpyd umam
cnegHuTe 3abenexku:

e 3abensassaT ce NPaBOMUCHU N CTUIIUCTUYHN TPELLKN, KaTo hopMaTmpaHeTo
Ha TekcTa Ha onpefeneHn MecTa He e NpeumsnpaHo;

e B cnucbka c nutepatypa nma U3TOYHUUM, KOUTO ca 3adafeHun C HemnbfiHa
WHpopMauua — rogMHa Ha u3gaBaHe, nunca Ha CTpaHuMuM, Heobo3HayeHu KaTo
CTaTUM U KHUTN U T.H.;

e B maea lMvpBa (1. 1.3 - oT cTp. 24 go cTp. 42) ce 3abensiaBa NOCTOSAHHO
uMTMpaHe Ha eguH N3To4YHUK [60], KOeTOo ,,3aMbrnaBa“ CbXAeHUsATa Ha JOKTOpaHTa no
pasrnexnaHuaT TeopeTudeH npobnem. Heobxogumo e eAHO NO-BHUMATENHO W
npeumnsnpaHo U3nonssBaHe Ha MHopMaumsaTa oT LuMTupaHaTa nuTepartypa;

e Heobxogum e no-3agbnboyeH aHanuM3 Ha BbLNPOCUTE, CBbP3aHM C
ONTUMU3NPAHETO Ha Mpoueca Ha 3anbfiBaHeTo Npw LwwnpuuBaHe. Toea e obnacr,
KOATO MOXe fa Obae 0b6eKkT Ha caMOCTOATENHO u3cnenBaHe, OT KOETO MoraT fa ce
nonyyart BaXkHu 3a pasrnexgaHuTte npobnemu pesyntature.

3abenexknte ca OT TakbB XapakTep, Ye He HamanssaT NpUHocHaTa 4YacT U
AOCTOMHCTBAaTa Ha AncepTaunoHHNS Tpya.

3HaunmocTTa Ha npobnemaTukara n nonydeHnTe epekTn ot AMcepTaunNoOHHUS
Tpyad MW [gaBaT OCHOBaHME pJa npenopbyaM Ha KaHougaTta ga npogbinkaBa
nscrnegBaHuaTa B m3bpaHaTa OT Hero obnacTt, KaTo TbpCU Bb3MOXHOCTU 3a
obobuwaBaHe Ha pesynTtatute B noaxoasiwia dopma u nybrnukyBaHeTo UM B
cneunanusnpann n3gaHus.

11. 3akno4yeHwe.

Bb3 ocHoBa Ha 3ano3HaBaHeTO MM C AUCepTauMOHHUA Tpya U
MaTepuanuTe Nno Hero, U3NbfIHEHaTa obpa3oBaTeniHa Ues Ha AOKTOopaHTypaTa U
n3muckBaHusata Ha 3PACB, lNpaBunHuka Ha npunaraHeto My u lNpaBunHukKa 3a
peaa m ycnoBusita Ha npupoo6uBaHe Ha HaydyHu cTteneHun B TY-Codms,
aKTyasiHOCTTa M 3HAa4YMMOCTTa Ha NOCTUrHATUTE HaYYHONMPUNOXHU U NMPUTTOXKHU
npuHocK, npegnaram Ha mMar. uHX. Topop TopmopoB TomnopoB pga 6GbAae
npucbaeHa obpa3oBaTteniHaTa U Hay4Ha cTeneH ,,4OKTOpP” no npocdgecuoHarHo
HanpaBneHue 5.1. MaWMHHO MHXEHEepPCTBO, Hay4YyHa cneymnanHocT ,, TexHonorusa
Ha MaLUIMHOCTPOEHEeTO".
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1. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms.

The problem developed in the scientific work is topical, related to solving problems in
modeling and research of the process of filling shape-forming tools through the use of
virtual prototypes for process and accuracy optimization. The objectives of the
dissertation are related to research and analysis of current problems during injection
molding of plastic products, as well as their timely removal using contemporary
software to simulate the processes of injection molding of complex geometric shapes.
The advantages and disadvantages of virtual prototyping by injection are analyzed,
and the relevant conclusions are drawn, formed in scientific-applied and applied
contributions.

The use of virtual tools in mechanical engineering is an area that has developed
particularly intensively in recent years, where the leading direction is the design of
high-tech processes, characterized by its precision to improve the quality of products
and providing opportunities for their optimization by modeling and exploring them in a
precisely generated virtual reality.

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

The dissertation work contains 189 pages, including an introduction, four chapters,
general conclusions, author's reference for the contributions of the dissertation work,
as well as a list of publications on the dissertation. 93 literature sources were cited, of
which 41 in Latin, 18 in Cyrillic and information sites. The work includes a total of 189
figures and 36 tables. The numbers of the figures and tables in the author’s abstract
correspond to those in the dissertation work. The literature study shows a thorough
acquaintance of the PhD student with the problem in the field, and the chosen
approach of preliminary theoretical and experimental research to study and analyze
existing problems during injection molding of plastic products, as well as their timely
elimination with the help of modern software for simulation of injection molding
processes of complex geometric shapes is properly formulated. The advantages and



disadvantages of virtual prototyping in injection molding are analyzed, and
reasonable conclusions are made and unresolved issues are identified. On this basis,
the PhD student has correctly formulated the purpose of the dissertation work and
the tasks for its achievement.

3. Correspondence of the chosen research methodology with the formulated
goal and tasks of the dissertation work.

The solution of the set tasks in the dissertation work is based on the use of
established modern tools - known technological methods and procedures, criteria
and applied software. A methodology for predicting and optimizing process
parameters and accuracy indicators in the manufacture of complex plastic products
through virtual prototyping has been developed, and after practical implementation of
the proposed methodological sequence of the process. After conducting
experimental research, there is a need to add to the methodology a new step related
to the process of validation between the virtual and physical prototype, which
includes the development of a preliminary shaping tool to confirm the desired results
before starting to build a final instrument equipment. | deem that the chosen methods
and experimental approaches give a reliable answer to the goal and objectives of the
dissertation.

4. Brief analytical characteristics of the nature and assessment of the reliability
of the material on which the contributions of the dissertation are built.

The results of the dissertation have a scientific-applied and applied nature of direct
relevance to practice, providing an opportunity to increase quality and productivity in
the manufacture of complex plastic products through virtual prototyping. Based on
the analysis of known developments, a methodological sequence has been
developed for predicting and optimizing the process parameters and accuracy of
complex plastic products through virtual prototypes, and through the practical
implementation of the proposed methodology selection of process parameters.
Based on experimental research, the need for an additional step to the developed
methodology is expressed in the validation between the virtual and physical
prototype by making a preliminary shaping tool, which aims to confirm the desired
results before the final construction of the tooling. Appropriate means have been
proposed for solving the tasks of the individual stages. Particular place in the work is
occupied by the proposed approaches for rapid determination of operating
parameters in the injection molding process, which take into account the main factors
influencing the filling process, as well as finding a sustainable solution for
establishing the appropriate shape and size of the cooling system led to the use of a
minimum number of iterative simulations. The reliability of the results of the research
is presented through practical examples, as analyzes of the possibilities for virtual
prototyping in the study of injection molding tools with complex shapes to avoid



defects of the product and optimize the geometry of injection molding of such models.
The presentation of the obtained results is in methodological sequence, as they are
commented in detail and are supported by relevant graphic, tabular and numerical
data and evidence. Based on them, the relevant conclusions have been drawn.

The good theoretical knowledge of the PhD student, the research methods used, the
rich experimental material obtained, its processing, presentation and creative
interpretation, speak of high professional qualification of the author and give his
dissertation work qualities of reliable and scientifically sound theoretical and
experimental research has a significant practical focus.

5. Scientific-applied and applied contributions of the dissertation work:

The main scientific-applied and applied contributions contained in the dissertation
work can be summarized as follows:

5.1. Scientific-applied contributions

e A methodology for determining and subsequent steps of optimization of
basic parameters and accuracy indicators in the process of molding (injection
molding) of complex plastic products through the use of virtual prototypes has been
developed.

e An approach is proposed to determine the main operating parameters in the
injection molding process, which ensures the construction with a high degree of
accuracy of a virtual prototype, where it is possible to take into account the main
factors influencing the process of filling the form.

e An approach is proposed to find an adequate solution for determining the
required shape and dimensions of the cooling system by optimizing two parameters -
depth of cooling channels relative to the filling cavity and step of cooling channels
relative to each other, which allows the use of a minimum number of iterative
simulations in virtual prototyping phase.

5.2. Applied contributions

e Experimental results were obtained through a virtual experiment, in which it
was found that with the same parameters of the injection molding process, conformal
cooling systems show better performance than conventional ones in terms of cooling
system efficiency, material temperatures after filling and cooling as well as in terms of
deformation values.

e The results of the application of the developed methodology for conducting
research and simulation analyzes in virtual prototyping on the study of the injection
molding of a tool with a complex shape in order to avoid defects of the product and
optimize the geometry of injection molding of such a model based on experimental
research.

e A discrepancy has been experimentally demonstrated between virtual
simulations and actual measurements from a physically made spectacle frame from a



pre-test material-forming tool on material shrinkage performed to validate a specific
"elastic hinge" geometry.

e The need for planning and implementation of preliminary prototyping of a
forming tool for validation of the process and geometry of the product by making a
"soft” tool to confirm the desired results before moving to the final phase of tooling is
justified.

The three scientific-applied and four applied contributions in the dissertation
work, recognized by my opinion, refer to the creation of new classifications, proving
with new means significant new countries in existing scientific problems, creating new
methodologies and models and obtaining confirmatory facts.

6. Assessment of the degree of personal participation on the author in the
contributions of dissertation work.

The participation of the PhD student (author) in the development of the problems is
unguestionable. This conviction of mine point of view is confirmed by my personal
meetings and conversations with a M. Eng. Todor Todorov, as well as with his
supervisors. | believe that the developed ideas, scientific publications, results and
contributions are the personal work of the author, received under the competent
guidance of his supervisors.

7. Evaluation of the publications on the dissertation work: number, nature of
the publications in which they are printed.

The author has presented four publications, one of which is individual, and the others
are collective, three of which he is the first author, and one - the third author. All
articles are published in Bulgaria, two of them in the magazine "Mechanical
Engineering and Electrical Engineering" in Bulgarian. The other two are published in
the Proceedings of the International Conference on Creative Business for Smart and
Sustainable Growth, available in the SCOPUS, as well as a citation, and the 29th
International Scientific Symposium Metrology and Metrology Assurance, both in
English. The reference made in the scientific database SCOPUS shows the presence
of another publication of the PhD student, as well as two citations, which shows that
M. Eng. Todor Todorov is a young scientist with a pronounced scientific potential.
The presented publications largely fully and accurately reflect significant aspects of
its content and promote the work done by the doctoral student.

8. Using the results of the dissertation work in scientific and social practice.
Results of the dissertation work can be relatively used in the educational process for
students (Bachelors and Master degree) from Technical University of Sofia, mainly in
the field of mechanical engineering. As a confirmation of the applicability of the
experimental results of the dissertation work of the PhD student can be indicated the
participations in eight research projects deposited with the candidate's documents.



9. Assessment of the compliance of the author’s abstract with the
requirements for its preparation.

The author’s abstract is prepared according to the requirements, fully reflecting the
essence and the main contributing moments of the dissertation work.

10. Opinions, recommendations and remarks.

| have no significant remarks to challenge the main scientific and applied
contributions of the candidate. | have the following remarks on the dissertation work:

e Spelling and stylistic errors are noticed, as the formatting of the text in
certain places is not specified;

e In the bibliography there are some sources that are given with incomplete
information - year of publication, lack of pages, not marked as articles or books, etc .;

e In Chapter One (item 1.3 - from page 24 to page 42) there is a constant
citation of one source [60], which "blurs" the author's judgments on the theoretical
problem. A more careful and precise use of the information from the cited literature is
needed;

e A more in-depth analysis of the issues related to the optimization of the
injection molding process is needed. This is an area that can be the subject of
independent research, from which important results can be obtained for the
considered problems.

The remarks are of such a nature that they do not reduce the contribution and merits
of the dissertation work.

The importance of the issue and the effects of the dissertation give me reason to
recommend the candidate to continue research in his chosen field, looking for
opportunities to summarize the results in an appropriate form and publish them in
specialized publication editions.

11. Conclusion.

Based on my acquaintance with the dissertation work and the materials on it,
the educational goal of the doctorate procedure and the requirements of the
Law and the Rules of the procedure for obtaining scientific degrees at
Technical University of Sofia, the relevance and importance of scientific
research and applied contributions, | propose M. Eng. Todor Todorov Todorov
to be awarded the educational and scientific degree "PhD" in the Professional
field 5.1. Mechanical Engineering, specialty "Technology of Mechanical
Engineering"”.

04.05.2022 . ReVIeWer ...,

Sofia /Assoc. Prof. PhD Eng. Grigor Stambolov/



