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PELHEH3UA

BBPXY JMCEPTALMOHEH TPyl 32 NPUI0OMBaHe Ha 00pa3oBaTeHa U HayyHa cTeneH ,,JlokTop™ B o0umact
Ha BHcIIETO oOpasoBanue 3. ,, TeXHuYeckr HayKn", MPpodeCHOHAIHO HAllpaBIeHHE 5.2
EnekTporexnuka, enekTpoHuka n asromaruka = (EnekTporexsosnorun)

Tema na mucepranmonnus 1pya: »TEXHOJOIMYHU TTPOUECH M AIIAPATH 3A
EJEKTPOOBJIAKHSABAHE*

ABTOp Ha UCCPTALHOHHUS TPYyI: Mar.uHxK. Momuna lumutpos Llonos

Wsrotsun: npod. a.m. unk. [anuna [erkosa Yepnesa — BTY «Tonop Kadnemkos» Copust

1. Unpopmanus 3a J10KTOpaAHTa

Mar.unx.  Momuun  [HlomoB €  3aJ04eH  JOKTOPAHT 110  JIOKTOPCKa  IPOIpadic
"EJCKTPOTCXHONOrHK ", MPO(pECHOHATHO HamnpapicHue 5.2 EJNCKTPOTEXHHKA, CICKTPOHMKA it
aBTOMaTHKa B Katenpa "Enextpudecku anapati" kbM EnexrporexHuuecku paxynter Ha TexHHuecKH
yiupepen e i-Cogusi.

Mar. vk, Momuui LIomnoB € M30BAHMA BCHYKH W3HCKBAHMS B WHAMBWAYQJIHHS [1HAH Hi
CBOSITA IOKTOPAHTYPA M € TIOJIOKHIT YCTICLTHO BCHUKH HEOOXOAUMH H3ITHTH.

[lpoueaypata no nyOauMuHA 3allMTa HA JAMCEPTALIMOHHMA My Tpya € CTapTHpaHa [0
NPEUIOKEHHE HA KaTeApeHHs ChBET Ha Kareapa ,EnexkTpuueckn amapatu” M pelieHHE Ha
(axynTeTHHs ¢hBET Ha EnekTpoTexHHUcckH (akymTeT.

2 AKTYAJIHOCT HAa pa3padOTBAHHsA B JAHCEPTALMOHHHMA TPYA NpobJjeM B HAyYHO H
HAYYHOIIPUJIOKHO OTHOLIECHHE.

[TpouechT Ha €NEKTPOOBIAKHABAHE CE€ pasliiekaa KaTo CTpaTerduyecka TEeXHOJOrus Ha
ObJCLIETO, KOATO ChbYeTaBa HAyuHa WHOBATUBHOCT, WHAYCTpUAJICH [OTEHUUAl H €KOJOrHYHa
ycToiuuBocT. HeroBara 3Ha4MMOCT ce onpejessi 0T Bb3MOXKHOCTTA 3a IOJIy4YaBaHC Ha yJITPAThbHKH
BJIAKHA C MAMEThP B MUKPO- U HAHOMETPOB JIHAna3oH, KOUTO 00pa3yBaT CTPYKTYPH C U3KITIOYHTEITHO
LICHHM CBOKMCTBA M WIMPOKO npuiokeHue. [lonmyueHure HaHoOMaTepuanu ce OTJIMYABaT C rojsMa
crielMduYHa TIOBBPXHOCT, BUCOKA MOPhO3HOCT, HUCKO TEIJIO U 100pa MeXaHHuyHa ycToituuBocT. Tesn
KayecTBa [PEBPbHILAT €JICKTPOOBIAKHEHHTE MATEPHAIH B KIHOYOB €JIEMEHT 3a pelula HHOBATHRHI!
npunoxenus. OcoOeHO roasiMa € aKTyaJHOCTTa Ha €JIEeKTPOOBJIAKHABAHETO B MEIMIIIEALN
OMOMHIKEHEPCTBOTO, B oOjactra Ha duaTpanusaTa W exojorusata. CbBIIECTBEHO 3HAuCH!iC
TCXHOJIOTHATA MMa M 3@ €HEpreTHKara M eJIEKTPOHUKATa — IIPU MPOM3BOJACTBOTO HA CCMApaTtopH 3a
Oarepuu, CYNEPKOH/JEH3aTOPH, TI'bBKaBM CEH30PH, NPOBOJMMHM TEKCTHJAM M KOMIIOHEHTH 34
HMHTEJIMIeHTHH ycTpoiicTBa. ToBa 1okaspa, 4e eleKTPOOBIAKHIABAHETO HE € CAMO JJA00PATOPEH MCTO L
A peajiHa HHyCTPHAITHA TEXHOJIOTHS ¢ HapacTBAILO MPAKTHYECKO 3HAYCHHE.

PacTsiiumsaT MHTEpeC KbM ENEeKTPOOBIAKHEHHUTE MaTepualid W MEPCHEKTHBUTE 3a TAXHOIO
NPHIIOKEHHE, ONPENENIT aKTyallHOCTTa Ha HacToswus auceptaiuroned tpya (AT). Pazsuruero na
TC3M TCXHOJIOIHH IIOCTaBsd MHOXKECTBO MHXCHEPHH 3aJa4d, CBBP3aHH C MOJCJIHpaHe, aHajlu3 H
ontumusauus Ha npouecure. Ilopaau ToBa mocraBeHara ueia v GOPMYJIUPAHUTE KOHKPETHH 3a/auH,
KOMTO YCIEUIHO pelllaBa NpejicTaBeHaTa pa3padoTka, MMaT IMPOKO HAYYHO U NPUIIOKHO 3HAYEHHUE.

3. AHAINTHYHA XapaKTePHCTHKA HA THCEPTALIMOHHHUS TPy

Tpyast e paspadoren B obeMm or 183 crpaHuuu, Kato chabpxka 55 ¢urypu u 24 Tabnuuu.
CTpyKTypHpaH € B yBOJIHA YacT, YCTHPH TJIaBH, PE3IOME Ha MOIYYCHUTE PE3yJITaTH U 8 MPUIIOKCHHUS.
Chbabpxka omie npeTeHUnd 3a npuHocH Ha JIT, cnuchk Ha myONMKalUM, CBBP3aHU C AMCEpTalMsTa,



JeKJaparusi 3a OpPUTHMHATHOCT W Oumbnumorpaduuna crpaBka. [lojoxkurenHo e, 4ye BCsKa TJiaBa
3aBBPIIBA C OCHOBHH U3BOJM U PE3YJITATH.

VBogHAaTa 4YaCcT aHAIWM3Mpa AaKTYaJlHOCTTa, WHXXCHEPHAa 3HAYUMOCT W TMPUHOC Ha
JMCepTallMOHHATa TeMa. AKIIEHTUPAHO € BBPXY HapacTBallus 00eM H3CIICABAHUSA, IyOJIMKAUUN |
na3apeH MOTCHIIMAT Ha eJICKTPOOBIAKHIBAHETO B CBETOBeH Mamiad. [lepuHupana e ocHOBHaTa e
Ha W3CJIEIBAHMATA, KOSATO € C SICHO M3pa3eHa MPUIIOKHA HACOYEHOCT M € ChoOpa3eHa C aKTyaJ HHTE
TEH/ICHIIMK 33 WHTErpalus B Mpolieca Ha €JIEKTPOOBJIAKHSBAHE HA HOBH TEXHOJIOTMYHH TOAXOIHU 32
nonoOpsiBane Ha MopdosiorusTa U GpyHKIIMOHATHUTE CBOWCTBA Ha MaTepuanuTe. OT mocTaBeHaTa el
MPOU3THYAT 8 OCHOBHHM 3a]1a4d, KOMTO Ca MOJAPOOHO pasmucanu. M3moxkeHu ca U 5 pabOTHU XHUITOTE3H,
KOHUTO OIPEEIAT JIOTHKATa Ha U3CIIEBAHETO.

dopmynupaHuTe 1€l M 33/Ja4d ChOTBETCTBAT Ha m3uckBaHusTa 3a T 3a mpumoOuBaHe Ha
OHC ,,Jloktop*“. ABTOpPBT yMeJIO CBbp3Ba pabOTHUTE XUNorte3u, 3amaunte Ha [T u choTBeTHUTE
TJIaBH, B KOUTO € PEaTu3UPaHO U3CIICIBAHETO.

[IbpBa riasa, o3arnaBeHa ,,JIuteparypen 0030p* cbIbpka TEOPETUUHU CBEJEHUS 32 Mpolieca U
TEXHOJIOTUYHUTE MapaMeTpU Ha eJeKTPOOBJIAKHSIBAHETO M HeoOxoaumara amaparypa. Hampasena e
noJpoOHa kinacudukanys Ha TEXHOJOTHMYHHS MPOLEC M Ha IMOJyYEeHHTE MUKPO- M HAHOBIJIAKHA IO
pa3nuyHM ToKa3zaTenu. V3BoauTe OT HampaBeHHs 3aIbJI0OYeH 0030p ca, 4Ye ChILECTBYBa
HEOO0XOAUMOCT OT pa3paboTBaHE HA CHCTEMAaTHYeH METOJOJIOTHYEH ITOAXO0/] 33 aHAJIN3 ¥ ONTHMHU3AIUS
Ha IIpolieca €JIEKTPOOBJIAKHABAaHE, KOWTO Ja OTYUTA CHBMECTHOTO BIIMSHHME Ha EJIEKTPUYECKUTE,
pPEOJIOTUYHUTE M TEOMETPUUYHMUTE IapamMeTpu. ToBa BKIOYBA pa3paboTBaHe Ha aJeKBaTHU
MaTeMaTUYHU MOJIEIH, €KCIIEPUMEHTAIHA BaIUJallMsl Ha Pe3yITaTUTE U anpodalus Ha NpeaoKeHUTe
pellleHrs IpHU peajlHu arnapaTHU YCloBHA. Bb3 OCHOBa Ha HampaBeHUs JIMUTEPaTypeH aHalIu3 B
clieABaliaTa TIjaBa € pa3paboTeHa METOAOJIOIMYHA paMKa 3a H3CJe/BaHE Ha IIpoleca Ha
€JIEKTPOOBIIAKHsABaHE, Oa3upaHa Ha IUIAHUPAaHE Ha EKCIIEPUMEHTHTE, CTa THCTUYECKH aHAIU3 |
MaTEMaTHYECKO MOJEIINPAHE.

Bropa rnaBa mpencTtaBs METOJOJOTMYHMS MOAXOA U M3MOJI3BAHUTE EKCIEPUMEHTAIHU MU
AHAJIMTUYHM METOJM 3a IPAKTHMYECKO pelIaBaHE Ha MOCTaBeHMTE 3ajaud. [IpencraBeHa € Bpb3kaTa
MEXIy 3a/JadiTe, W3MOJA3BAHUTE METOAM M OCHOBHUTE IIOJydYe€HU pe3yiaraTd. Pasrienanu ca
IpeJuMcTBaTa Ha METOJMKaTa 3a IyiaHupaHe Ha excriepumentute (Design of Experiments - DOE),
KOSITO TMO3BOJIIBA CUCTEMAaTUYHO M €(EKTHBHO H3CIEABaHE Ha BIUSHUETO HAa MapaMETPUTE BbPXY
KayecTBEHUTE MoKa3aTeiau Ha mporeca. OOOCHOBaH € M300pbT HAa EKCHEPUMEHTANIEH IUIaH OT THIa
Box—Behnken, xoiito gaBa noOpu pe3ynTaTu HpH ONTHMHU3ALMS HA TEXHOJOTMYHHU IPOLECU C
HEJIMHEWHO NoBeieHue. Pasriieany ca cTaTUCTUYECKUTE METOIN 3a aHAJIM3 U OLIEHKA Ha PE3yJITaTUTE,
MOJIXOJIUTE 332 MAaTEMaTUYECKO MOJIEIMpPaHe U ONTUMM3AIMS Ha IpoIeca €IeKTPOOBIAKHIBAHE, KAKTO
U M3MO0J3BAaHUTE EKCIHEpUMEHTAIHU CpeACTBAa UM TEXHOJIOIMYHM MeToiau. Upe3 wu3bpaHara
METOJOJOTHYHA PaMKa 3a H3CIIEJIBAHE € OCHUTYypEHa JIOTMYeCKa MOCIEAOBAaTEIIHOCT W HMHTETpanus
MEXIy OTHCIHUTE €Talld Ha UW3CIEABAHETO M ca Cbh3AAJEHU MPEANOCTaBKM 3a HaAeKIHA
eKCIIepUMEHTa IHa arnpoOaus 1 NpakTuyecka MPUIOKUMOCT Ha MOJTYUYEHUTE PE3yITaTH.

B Ttpera rmaBa ca mpeincTaBeHHM pe3yiaTaTH OT aHATUTHUYHA OOpabOTKa, MaTeMaTH4eCKO
MOJIETIMpaHe W MHTEpIpeTalus Ha JaHHHW, CBbP3aHU C Mpolleca €IeKTPOOBIIAKHSIBAHE, KaKTO H
pa3paboreHuTre coTyepHH W HMHKEHEpHU pemieHus. Pa3paboTeHuAT coTyepeH HHCTPYMEHT 3a
ONTHMHU3ALMS, KAKTO U NIpeiokKeHaTa KOHIEMIMS 3a KOHTPOJ W aBTOMAaTU3allUs IMOTBBpPXKAaBatr
BB3MOXKHOCTTA 3a MHTETpalldsd Ha MOJENM, JaHHW WU AJITOPUTMHU B €IMHHA WH)KEHEpPHA paMKa 3a
yIOpaBlieHHE Ha Tpoleca Ha eNeKTpooBiakHsBaHe. Taka e ¢opMupaHa LAJIOCTHATa TEOPETUYHA U
METOJI0JIOTUYHA OCHOBA 3a MOCJIEBAIINTE EKCIIEPUMEHTAIIHU U3CIIEIBAHUS.

YerBbpTa [1aBa  MpeJACTaBs  €KCIIEPUMEHTAIHU  M3CJIEIBAaHUS HA  Ipoleca Ha
€JIEKTPOOBIIAKHSABAHE YPE3 METOANTE, MOJICIUTE U MHKEHEPHUTE PELICHUs, pa3padOTeHH B MPEIHUTE
rray Ha J[T. Pe3ynratuTe OT mpOBENEHUTE EKCIIEPUMEHTH Ca M3MOJI3BAHM 3a KOJWYECTBEHA H
KayecTBEHa OICHKAa Ha BIMSHUETO Ha OCHOBHHUTE TEXHOJOTHYHU MapaMeTpHu BBPXY MOpQOJIOTHsITa U
KauecTBOTO Ha IMOJIyYEeHUTE MUKpPO- U HaHOBJIakHA. [IpoBeseHNUTE €KCIIEpUMEHTH MOTBBPK/aBaT, 4ye



n300pbT U YIPaBICHUETO Ha pabOTHUTE MapaMeTpU Ha Mpoleca ca ONpeAessy 3a GOpMUPAHETO U
YCTOMYMBOCTTa Ha OTJIOKEHATa BIIAKHECTAa CTPYKTypa. IIOTBBpJEHO € ChUIECTBEHOTO 3HAUYEHUE HA
CbCTaBa Ha TMOJMMEpPHUS pa3TBOp 3a YNPaBICHMETO Ha Imporeca. Bcuyuku pe3ynraTd ot
EKCIIEPUMEHTUTE JOKa3BaT TPaKTHUYECKaTa TPUIIOKUMOCT Ha pa3padoTeHaTa METOAOJOTHS 3a
KOHTpPOJIMpaHO (popMHpaHe HA HAHOBJIIAKHECTU MaTEpUaIH.

4. CreneH Ha MO3HABaHe ChCTOSIHUETO HA NMP00JIeMa U TBOPYECKA HHTEPNPeTALMS HA
JIUTEPAaTYPHUS] MaTepuaJ.

OT pjucepranusTa JUMYM  OTJIMYHA JIMTEpaTypHa OCBEJAOMEHOCT Ha JIOKTOpaHTa. B
oubnuorpadusara ca nurupanu 188 nuTepaTypHH HM3TOUYHHIM, OT KOMUTO CamMO 2 ca Ha KUPUJIMIA.
[TpuBexnat 1 00CHKIAT Ce pe3yaTaTH OT U3CIEABAHUSA Ha JIPyI'M aBTOPH, KOETO I10Ka3Ba, 4e Mar.uHxX
Mowmuun [llonoB e 3amo3HaT MHOTO J0Ope Che crierudukara Ha npobdiemMa. J[okazarencTBo 3a ToBa €
HaIpaBEeHOTO 3aKJIIOUEHHE, Y€ B JMTepaTypaTa JIMICBA MHTErPUpPAH MOAXOJ, KOHTO na obenuHsBa
eKCTIEpUMEHTAIHA H3CJICIBAHUS, MaTeMaTH4YeCKO MOJEIHMpaHe M ONTHMH3AIMs Ha Ipoleca Ha
eJIEKTpOOBJIaKHsABaHE. ToBa MOTHMBUpA JIOKTOpaHTa Ja pPa3pabOTH CHUCTEMAaTH4eH METOJOJOTHYECH
MO/IXOJ1 32 QHAJIM3 U YIIPaBJICHHE HA MPOLieca Ha eIEKTPOOBIaKHIBaHE.

5. CrorBercTBHEe Ha H30paHaTa METOAMKA HA HM3CJeJBaHe ¢ INOCTABeHATa LeJ H
3aa4M HA JMCEPTALHOHHUSA TPYA

3a n3nbiaHeHUe Ha nocraseHara uen B T aBTopbT u3o0i3Ba eKCIIEPUMEHTAIHN U AaHAJTUTUYHU
METO/M 3a MPAaKTUYECKO PellaBaHe Ha OCHOBHMTE 3ajaud. OCHOBHHUTE eTanu Ha uscieaBaHeTo (¢dur.4 -
I'J1.2) BKJIFOYBAT N300p Ha MaTepHald U TEXHOJIOTWYEH METOJ, IUIAHWPaHe M aHalM3 Ha eKCICPHUMEHTHTE,
MaTeMaTU4€CKO MOJCIMUPAHEC, OITHMU3AlHA W KOHTPOJI Ha IMPOHU3BOJACTBCHHUTC IIapaMCTpH. BmeaTa
MCXKAY 3aJa4YUTE 3a U3IIBJIIHCHUEC, N3IT0JI3BAHUTC METOAN N OYaKBAHUTC PE3YJITAaTU Ca HOI[pO6HO OITMCaHUu B
T.2.2, Tabn.2. YMeNno ca chbueTaHW METOJM 3a IUIAHUpPAHE HAa €KCIIEPUMEHTHUTE, CTATUCTUYECKHU aHAIN3,
MaTeMaTH4ecKO MOJEIMPAaHe U ONTUMHU3AIMS Ha TEXHOJIOTUYHHUTE NpOoLecH. B oNTUMU3aLMOHHNS eTall ca
NpeABUACHN KOMIPOMHUCHM pEIIEHMs, YJIOBJECTBOPSIBALIM IPEIBAPUTENIHO 33JaJA€HH KaueCTBEHH
KpUTEpHU. 3allo’keHa € M 0OpaTHa BpPb3Ka, Ype3 KOSTO NPHU HAJIUYUE HA HE3aJ0BOJMTEIHU KaueCTBEHU
MIOKa3aTes M Ce OCHIUIECTBSABA BPBIAHE KbM MPEAXOHU €TAIU 3a KOPEKIMS Ha apaMeTpUTe.

6. Hay4nu u/Miam HayYHONPUIIOKHH MPUHOCH HA JMCEPTALMOHHUS TPy

ABTOPBT (hopmynupa 4 HAyUHO-IPUIIOKHU U 5 MPUIIOKHU MPUHOCA B AUCEPTALMATA, KOUTO a3
HambJIHO mpuemaM. Te morar ga ce o0OOIIAT KaTo: Ch3/aBaHE HAa HOBU METOJIU M TEXHOJOTHH,
IMoJIydyaBaHC U JOKa3BaHC HAa HOBU W IOTBHPAUTCIIHU q)aKTI/I.

Hayuno-npunosicnume npunocu oboratsBaT HHpoOpMalMATa 32 TEXHOJOTMYHHUS IpOLEeC Ha
eNIEKTPOOBIIAKHABAHE U JJOKa3BaT HOBH (hakTH. Te ce ChbCTOST B CIIEAHOTO:

- pa3paboTeHa METOAOJIOTHS 3a M3CIIe[BaHE Ha Mpolleca Ha eJIEKTPOOBIIAKHSIBAHE, KOATO
MHTETpupa 1miaHupane Ha ekcriepumeHTH (DoE), cratuctiuuecka oleHka Ha 3HaYMMOCTTa U
MOJIC/IUPaHE Ha BIMSHUETO HA TEXHOJIOTMYHU IapaMeTpU BBPXY XapaKTEPUCTHKUTE Ha
MOJIYUYCHUTEC MHUKPO- 1 HAHOBJIAKHA,

- TIpeUIoKEH HOB MOJAXO/[ 32 MHTEIpUpPaHe Ha Ipolieca Ha eJIeKTPOOBIaKHsIBaHe ¢ 00paboTka
ChC CTyJI€Ha TEXHOJOTMYHA IIIa3Ma NpH aTMoc(hepHO HasIraHe KaTo JOIBIHUTEICH
TEXHOJIOTHYEH €Tall, Ch3/1aBalll IPEANOCTaBKH 3a IeJieHacoueHa MOBbPXHOCTHA aKTHUBAIUS
(BKJI. Ha KOJIEKTOpa/IOpecTUTe Oaprepu) U pa3lupsBall Bb3MOKHOCTUTE 32 TEXHOJIOTHYHO
YCBBBPIICHCTBAHE Ha MPOILIeca;

- Ha 0a3a wu3cneABaHE TMPWIOKHMOCTTa Ha IIOPECTH BIAKHECTH KOJIEKTOPH MU
€JIEKTPOOBJIAKHSABAHE € YCTAaHOBEHO, Y€ T'€OMETPHATa M KOH(UTypalusTa Ha KOJEKTopa
BJIHSISIT BBPXY Pa3NpeIeICHUETO Ha EIEKTPHUECKOTO 0JIe M MOP(HOJIOTUATA HA TTOTyYESHUTE



BJIaKHA, KOETO MO3BOJIABA JAUPEKTHO (popMHpaHe HAa (YHKIMOHAIHU BIAKHECTH CJIOEBE B
€/lHa TeXHOJIOTUYHA OlepaIusi;

- pa3paboTeHW CTaTUCTHYECKH PErpecCMOHHU MOJEIHU 32 KOJUYECTBEHO ONHCAHHUE H
IIPOrHO3MpAHE Ha Ipoleca Ha OTjaraHe IpH €JIEKTPOOBJIAKHSABAHE, KaTO € MOJEIMPAHO
BJIMSTHUETO HA OCHOBHH paOOTHU MapaMeTpu.

Ilpunosicnume npunocu TpeiaraT MPaKTUYECKU PELICHUS Ha ChIIECTBYBAIIM TEXHOJOTHYHU
npoOIemMu:

- paspaboreH W BHeIApeH co(TyepeH WHCTPYMEHT 3a ONTHMHU3alMsi Ha Ipoleca
SJICKTPOOBIIAKHSIBAHE, KOMTO U3MOJI3Ba EKCIICPHMEHTAIHYU JAaHHU M MOJICIIH 32 IOAIIOMaraHe Ha
n300pa Ha pabOTHH PEXKUMH U 33 YCKOpSIBAaHE Ha MHKEHEpHATa HACTPOIKa Ha mpoleca;

- ch3AazieHa padOTHA CXeMa 3a OCHUTYpPSIBaHE, CTPYKTypHUpaHe u 00paboTKa Ha eKCTIEPUMEHTATHI
JaHHH, TIPUTOJIHA 32 MHOTO(AKTOPEH aHAIN3, MOJCIHPAHE ¥ UHTETPALUSI C ONTHUMHU3AIUOHHH U
YIPaBJICHCKHU aJTOPUTMU;

- eKCIEpUMEHTAJIHO  JIOKa3aHa  MPWIOKUMOCTTA Ha  €JIEKTPOOBJAKHABAaHE  IpU
JBYKOMIIOHEHTEH nojumepeH pa3tBop PVA/Amnoe Bepa u Bb3MOKHOCTTA 32 YIpPaBJICHHUE HA
KOJMYECTBEHU XapAKTEPUCTUKUA YPE3 KOHTPOI Ha MPHIOKEHOTO HAMPEKEHUE IMpHU
€JIEKTPOOBIIAKHSIBAHE U €JIEKTpUYecKaTa MPOBOJUMOCT Ha pa3TBOPA;

- pa3pabOTeHH NPAKTUYECKH HACOKM 3a m300p Ha pabOTHU  PEKUMH  IPH
enekTpooBnakusBane Ha PVA (10%) BbpXy IUIOCHK KOJIEKTOD;

- OILICHCHU KOHKPETHU TECXHOJIOI'MYHU PCHICHHA 3a YCBbBBPIICHCTBAHC U BHEAPSABAHC Ha IIpoLeca
CJICKTPOOBJIAKHABAHC.

7. Tlpenenka Ha mMyOJIMKAIUUTE N0 JMCEPTANMOHHUS TPYA

JucepTanThT mpuiara CHOUCBK OT 3 MyONMKAallMKU, KOUTO ChIBPXKAT pPE3yATaTh oOT
M3CIIe/IBAaHMATA B JMcCepTanuara. EaHa oT TiIX € caMOCTOSITENIHa, OCTAaHAJUTE B CHABTOPCTBO C
Hay4yHUs pbKOBoAMUTEN. Bceuuku ca noknmanBanu Ha MexayHapoanu — koHpepeniuu Ha I[EEE,
unnexkcupanu B Scopus u Web of Science - Electrical Engineering Faculty Conference (BulEF),
International Scientific Conference on Information, Communication and Energy Systems and
Technologies (ICEST), Conference on Electrical Machines, Drives and Power Systems (ELMA).

[Ty6nukanuute o AT umar 2 nutupanus B u3naHus, uHAekcupanu B WoS u Scopus, kato
eaHoTO € B criucanue ot Q1.

Upes nmocoueHUTe MyOJIMKALUY Ca U3ITBIHEHU U3UCKBaHUsTA o crienuukanuara Ha HALIU/I.
Pesynrarure ot paborara mo aucepranmsTa ca CTaHAJIW JOCTOSHHE HAa Hay4YHaTa OOIIHOCT y HAacC W B
qyKOuHa.

8. OueHkKa Ha CTENEHTA HA JINYHO y4acTHe HA JMCePTAHTAa B IPHMHOCHUTeE.

Bb3 ocHOBa Ha mpeACTaBEeHUTE U3CIEIBAaHUSA, 3aAbJI0OOYEH aHalIW3 Ha pe3yJTaTUTEe U
aBTOPCTBOTO Ha MyOJMKAIMUTE MO AMCEpTAlUATa, CYMTaM, Y€ TS € CaMOCTOATENIHO JeNlo Ha
JMCepTaHTa, pealu3upaHo Mo PHKOBOJCTBOTO Ha HAyYHUTE pbKoBOAUTENU. [I0TBBpKIEHIE HA TOBA €
Y4acTHETO Ha JOKTOpaHTa B 3 HayuHouscienoBaTescku npoektu: NIS-251T1J10012-01; ITpoext Ne:
BG-RRP-2.004-0005, nayuna rpyna: 3.4.11; Jorosop Ne KIT 06-Puna/7.

He e yctaHOBEHO MuIarmaTcTso.

9. TIpuI0:KMMOCT Ha pe3yJTaTHUTE OT AUCEPTALMOHHHSA TPy

HanpaBeHHTe AHAIIMTUYHU HW CKCICPHUMCHTAJIHHN HU3CICABAHUA MW IOIYYCHUTE PE3YyJITaTH
IOKa3BaT, 4€¢ MNPCJIOKCHHUTC OPHUIMHAJIHHU TCOPCTUYHU INOAXOOU U pa3p3.60TeHI/ITe MOACIN aaBat
BB3MOXHOCT 3a aHAJIM3 U pCIIaBAaHC HA KOHKPECTHU Hp06HeMHI/I 3aaa4u IIpHr U3CJICABAHETO HaA Ipoueca



Ha EJICKTPOOBJIAKHsIBaHe. HampaBeHWTe wW3clenBaHUs, CH3AATCHUTE MOJACTH W TPEATIOKCHHUTE
WHOBATUBHU TEXHUYECKH pEIICHHs, CIOpPE] MEH, Ie HMMaT TOoJIsIMO MpuioxkeHue. ToBa 1aBa
OCHOBAHHE J1a C€ TBHP/IH, Y€ KaHJAUIATHT MPHUTEkKaBa CIIOCOOHOCTTA 32 (OPMYJIMpPaHE Ha WHIKEHEPHU
npoOJIeMH 1 32 IPOBEXkKAAHE HA CAMOCTOSATEIIHN HAYYHU H3CIICABAHMUS.

CwMmsiTam, Ye MpeUIOKEHUAT JUCEPTAMOHEH TPYA NPEACTaBIsiBa €IHA 3a]IbJI00YCHA HAyYHO-
u3cienoBaTelicka pa3paboTka € BHCOKA CTemeH Ha akrtyanHocT. CTeneHTa Ha NPHIOKHMOCT Ha
MIOJTYYCHHUTE PE3yJITATH € BHCOKA.

10. KpurtuyHu 0es1eKKHM M NPeNnopbKH.

JlucepranusTa MpeacTaBisiaBa OONMIMPEH HAy4YeH TPY[ IO HM3CielBaHaTa mpodjemaTthka. Ts e
CTpyKTypupaHa no0pe u TpurieaHo. JucepraHThT € HU3BBPIIMI CEepuo3Ha 1O 00eM Hay4yHO-
M3ciie0BaTelicka padoTa, ChbpiKallla KakTo eKCIIEPUMEHTAITHA, TaKa M aHATMTHYHA YacT.

Hamam 3abenexku.

[TpenmopbuBaM Ha JOKTOPAHTA Ja MPOJBIDKHA M3CIACABAHHMATA CH B Ta3M IEPCIEKTHBHA 00JIACT
Ha TCXHHUKArTa.

11.3ak104enne
IIpencraBenusT ot Mmar.uwx. Momuumn Jumutpor IllomnoB aucepranyoHeH TpyJ ChIbpikKa
AQHAINTUYHU U EKCIIEPUMEHTAJIHU PE3YyJTaTH, Ype3 KOUTO Ca PEIICHU MOCTABEHUTE B HEro 3aJauH.
Hanune ca 1ocTarbuHO HAyYHO-TPUIIOKHU U IPUII0KHH IPUHOCH, KOUTO MOKPUBAT U3UCKBAHUATA HA
3PACPB, IlpaBunnuka 3a Heropoto npuioxxkenue u IlpaBunnuka Ha TY Codus 3a npuckxiaHe Ha
oOpa3oBaTenHaTa U HayuHa cTeneH «J{okTop».

BB3 0cHOBa Ha OCOYEHUTE OT MEH APrYMEHTH IpeayiaraM Ha HaydHOTO Kypu J1a mpuchau Ha
mar.um:k. Momuna J{umutpos LllonmoB oOpa3oBatenna u HayuHa cterneH «/JloxkTop» B oOmact Ha
BUCIIETO 0Opa3oBaHue 5., TexHu4eckn Hayku', MpoeCHOHAIHO HarpaBieHue 5.2. ,,EneKTpoTexHuKa,
eJIeKTpOHMKa 1 aBToMaTHka” (EnexTpoTexHonorun).

Hara: 05.05.2026 IToamuc:........cccoeenee. /mpo¢. nu uax. I'. Yepuea/
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of a dissertation for obtaining the educational and scientific degree “Doctor” in the field of
higher education 5. "Technical sciences', professional field 5.2. ""Electrical engineering,
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Author of the dissertation:

M.Sc. Eng. Momchil Dimitrov Shopov

Dissertation title:

"Technological Processes and Apparatus for Electrospinning "
Author of the review: Member of the scientific jury:

Prof. DSc Eng. Galina Petkova Cherneva

1. Information about the PhD student

M.Sc. Eng. Shopov is a part-time PhD student in doctoral program “Electrical technologies™
professional field 5.2 “Electrical engineering, electronics and automatics” in the Department of
Electrical Apparatus at the Technical University-Sofia.

M.Sc. Eng. Momchil Shopov has fulfilled all the requirements in the individual plan of his PhD
study and has successfully passed all the required exams thus he finished his PhD study.

The procedure for a public defence of his dissertation has started after a proposal of the
Department Council of Electrical Apparatus and a decision of the Electrical Engineering Faculty.

2. Actuality of the problem studied in the dissertation work

The electrospinning process is considered a strategic technology of the future, combining
scientific innovation, industrial potential and environmental sustainability. Its significance is
determined by the possibility of obtaining ultrathin fibers with a diameter in the micro- and nanometer
range, which form structures with extremely valuable properties and wide application. The resulting
nanomaterials are distinguished by a large specific surface area, high porosity, low weight and good
mechanical resistance. These qualities make electrospun materials a key element for a number of
innovative applications. Electrospinning is particularly relevant in medicine and bioengineering, in the
field of filtration and ecology. The technology is also of significant importance for energy and
electronics - in the production of battery separators, supercapacitors, flexible sensors, conductive
textiles and components for smart devices. This shows that electrospinning is not just a laboratory
method, but a real industrial technology with increasing practical importance.

The growing intercst in clectrospun materials and the prospects for their applicativi:
determine the relevance of the present dissertation (DT). The development of these technologies poses
numerous engineering tasks related to modeling, analysis and optimization of processes. Therefore, the
set goal and the formulated specific tasks, which the presented work successfully solves, have broad
scientific and applied significance.

3. Analytical characteristics of the dissertation work

The dissertation is developed in a volume of 183 pages, containing 55 figures and 24 tables. Its
structure includes an introduction, a literature review, four chapters, a conclusion, a summary of the
work's contributions, a list of notations used, a declaration of their originality, a list of publications and
participation in research projects, references. Conclusions are formulated at the end of each chapter.

The introduction analyzes the relevance, engineering significance and contribution of the
dissertation topic. The emphasis is on the growing volume of research, publications and market
potential of electrospinning worldwide. The main goal of the research is defined, which has a clearly



expressed applied focus and is consistent with current trends for integration into the electrospinning
process of new technological approaches to improve the morphology and functional properties of
materials. 8 main tasks arise from the set goal, which are described in detail. 5 working hypotheses are
also presented, which determine the logic of the research.

The formulated goal and tasks correspond to the requirements for the DT for acquiring the
ONS "Doctor". The author skillfully connects the working hypotheses, the DT tasks and the relevant
chapters in which the research was implemented.

The first chapter, entitled "Literature Review" contains theoretical information about the
process and technological parameters of electrospinning and the necessary equipment. A detailed
classification of the technological process and the obtained micro- and nanofibers according to various
indicators has been made. The conclusions from the in-depth review are that there is a need to develop
a systematic methodological approach for analysis and optimization of the electrospinning process,
which would take into account the joint influence of the electrical, rheological and geometric
parameters. This includes the development of adequate mathematical models, experimental validation
of the results and testing of the proposed solutions under real apparatus conditions. Based on the
literature analysis, a methodological framework for studying the electrospinning process has been
developed in the next chapter, based on experimental planning, statistical analysis and mathematical
modeling.

The second chapter presents the methodological approach and the experimental and
analytical methods used for practical solution of the tasks set. The relationship between the tasks, the
methods used and the main results obtained is presented. The advantages of the Design of Experiments
(DoE) methodology are discussed, which allows for a systematic and effective study of the influence
of parameters on the quality indicators of the process. The choice of an experimental plan of the Box—
Behnken type is justified, which gives good results in the optimization of technological processes with
nonlinear behavior. The statistical methods for analysis and evaluation of the results, the approaches
for mathematical modeling and optimization of the electrospinning process, as well as the
experimental tools and technological methods used are discussed. The selected methodological
framework for research ensures logical consistency and integration between the individual stages of
the study and creates prerequisites for reliable experimental testing and practical applicability of the
obtained results.

The third chapter presents results from analytical processing, mathematical modeling and
interpretation of data related to the electrospinning process, as well as the developed software and
engineering solutions. The developed software tool for optimization, as well as the proposed concept
for control and automation, confirm the possibility of integrating models, data and algorithms into a
single engineering framework for controlling the electrospinning process. Thus, the overall theoretical
and methodological basis for subsequent experimental studies has been formed.

The fourth chapter presents experimental studies of the electrospinning process using the
methods, models and engineering solutions developed in the previous chapters of the DT. The results
of the conducted experiments are used for quantitative and qualitative assessment of the influence of
the main technological parameters on the morphology and quality of the obtained micro- and
nanofibers. The conducted experiments confirm that the selection and management of the operating
parameters of the process are decisive for the formation and stability of the deposited fibrous structure.
The essential importance of the composition of the polymer solution for process control has been
confirmed. All experimental results prove the practical applicability of the developed methodology for
controlled formation of nanofibrous materials.



4. Level of knowledge of the problem and creative interpretation

The dissertation shows the excellent literary awareness of the PhD student. In the bibliography
are cited 188 in number literary sources, of which only 2 are in Cyrillic. Based on the first chapter, as
well as on the other chapters of the dissertation, which present and discuss the results of other authors,
it can be concluded that M.Sc. Eng. M. Shopov is very familiar with the issues. Evidence for this is the
conclusion that the literature lacks an integrated approach that would combine experimental research,
mathematical modeling, and optimization of the electrospinning process. This motivates the doctoral
student to develop a systematic methodological approach for the analysis and management of the
electrospinning process.

5.Conformity of the selected research methodology with the aim and tasks of the
dissertation

To achieve the goal set in the DT, the author uses experimental and analytical methods for
practical solution of the main tasks. The main stages of the study (Fig. 4 - Ch. 2) include selection of
materials and technological method, planning and analysis of experiments, mathematical modeling,
optimization and control of production parameters. The relationship between the tasks to be
performed, the methods used and the expected results are described in detail in §2.2, Table 2. Methods
for planning experiments, statistical analysis, mathematical modeling and optimization of
technological processes are skillfully combined. In the optimization stage, compromise solutions are
provided that satisfy previously set quality criteria. A feedback loop is also provided, through which,
in the presence of unsatisfactory quality indicators, a return to previous stages for correction of
parameters is carried out.

6. Dissertation contributions

The author formulated 3 scientific-applied and 3 applied contributions, which I accept. They
can be summarized as: creating new methods and technologies, obtaining and proving new and
confirmatory facts.

The scientific and applied contributions enrich the information about the technological process
of electrospinning and prove new facts. They consist of the following:

- developed methodology for studying the electrospinning process, which integrates design of
experiments (DoE), statistical assessment of the significance and modeling of the influence of
technological parameters on the characteristics of the obtained micro- and nanofibers;

- proposed a new approach for integrating the electrospinning process with treatment with cold
technological plasma at atmospheric pressure as an additional technological stage, creating
prerequisites for targeted surface activation (incl. of the collector/porous barriers) and expanding the
possibilities for technological improvement of the process;

- based on research into the applicability of porous fiber collectors in electrospinning, it was
established that the geometry and configuration of the collector affect the distribution of the electric
field and the morphology of the obtained fibers, which allows direct formation of functional fiber
layers in one technological operation;

- developed statistical regression models for quantitative description and prediction of the
deposition process in electrospinning, modeling the influence of basic operating parameters.

The applied contributions offer practical solutions to existing technological problems:

- developed and implemented software tool for optimization of the electrospinning process,
which uses experimental data and models to support the selection of operating modes and to accelerate
the engineering tuning of the process;

- created a working scheme for providing, structuring and processing of experimental data,
suitable for multifactor analysis, modeling and integration with optimization and management
algorithms;



- experimentally proven the applicability of electrospinning in a two-component polymer
solution PVA/Aloe vera and the possibility of controlling quantitative characteristics by controlling the
applied voltage during electrospinning and the electrical conductivity of the solution;

- developed practical guidelines for selecting operating modes in electrospinning of PVA (10%)
on a flat collector;

- evaluated specific technological solutions for improving and implementing the
electrospinning process.

7. Assessment of dissertation publications

The dissertation results are published in 3 publications. One of them is independent, the rest are
co-authored with the scientific supervisor. All have been reported at international IEEE conferences
indexed in Scopus and Web of Science - Electrical Engineering Faculty Conference (BulEF),
International Scientific Conference on Information, Communication and Energy Systems and
Technologies (ICEST), Conference on Electrical Machines, Drives and Power Systems (ELMA).

The publications on DT have 2 citations in publications indexed in WoS and Scopus, one of
which is in a Q1 journal.

The specified publications have fulfilled the requirements of the NACID specification. The
results of the work on the dissertation have become available to the scientific community in our
country and abroad.

8. Assessment of the degree of personal participation of the dissertation in the
contributions.

Based on the research presented and the authorship of the publications on the dissertation, I
consider that it is an independent work of the dissertation student, realized under the guidance of the
scientific supervisor. This is confirmed by his participation in a 3 research projects related to the
subject of the dissertation: NIS-25111/10012-01; Project No: BG-RRP-2.004-0005, Scientific Group:
3.4.11; Contract No. KP 06-Rila/7. I don’t find plagiarism.

9. Using the results of the dissertation work in science and practice

The analytical and experimental studies carried out and the results obtained show that the
proposed original theoretical approaches and the developed models provide an opportunity for analysis
and solution of specific problem tasks in the study of the electrospinning process. The research carried
out, the created products and the obtained results, in my opinion, will have great application. This
gives grounds to claim that the PhD student has the ability to formulate engineering problems and to
conduct independent scientific research.

I believe that the proposed dissertation work represents a thorough scientific research work
with a high degree of relevance. The degree of applicability of the obtained results is high.

10. Opinions, recommendations and remarks on the dissertation work

The dissertation is an extensive scientific work on the researched issues. It is well structured
and clearly arranged. The dissertation candidate has carried out a serious amount of scientific research
work, containing both experimental and analytical parts.

I have no critical comments.

I recommend the doctoral student to continue his research in this promising field of technology.



11. Conclusion

The dissertation work of Mag. Eng. Momchil Shopov contains analytical and simulation
results, through which the tasks set in it are solved. My overall rating is positive. There are sufficient
scientific and applied contributions that meet the requirements of the ZRASRB, as well as the Rules
of the Law and that of the TU Sofia for the award of the educational and scientific degree "Doctor".

On the basis of my arguments, I propose that the Scientific Jury award to M.Sc. Eng. Momchil
Dimitrov Shopov a PhD degree in professional field 5.2. "Electrical engineering, electronics and
automatics" (Electrical Technologies).

05.05.2026 Reviewer:.....................
/Prof. DSc. Eng. G. Cherneva/
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