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PEUEH3UA

BbPXY AMCepTaunoHeH TpyA 3a npuaobusaHe Ha obpasosartenHa u
Hay4Ha cTenex ,JOKTop".

ABTOp Ha AucepTaunMOHHUA TPYA:
mar. uHx. Momuun Qumutpos LLonos.
Tema Ha gucepTauMoHHUsA TPYA:

 TexHomo2uYHU MPOUecU U arnapamu 3a e/1eKmpooesiakHsieaHe".
Hay4Hu pbKoBOAUTENMN:

npod. A-p uHx. Aunana locnoguHoBa v
pou. a-p uHx. Kocragui MunaHoB.

PeueH3eHT: Mpod. a-p uHx. MeTbp [JoH4yes [uHeB, TeXHUHECKN YHUBED-

cuteT — Codus, EnekTpotexHudecku takynTert, karegpa ,Enexkrpudecku
anapaTtu®.

1. AKTYanHOCT Ha pa3paboTBaHusi B AUCEPTAUMOHHUS TPYA Npobnem B Ha-
VUHO ¥ HAYYHONDPUMOXHO OTHOWeHMe. CTeneH U HUBA Ha aKTYanHOCTTa Ha npob-
fliemMa ¥ KOHKpPeTHUTe 3aaaun, paspaboTeHu B AucepTauusTa

TexXHOMOMMYHUAT NPOLEC Ha eNeKTPooBnakHaABaHe (aHrrl. electrospinning) ce y-
BbpX/AaBa KaTo eAVHCTBEeHaTa MBKasa U e(PEeKTUBHA CbBPEMEHHa TEXHOMOINA 3a na-
6opaTopHO, MUMOTHO W WHAYCTPUAnNHO NPOW3BOACTBO Ha NONUMEPHN HaHOBMAKHA C
ynpasnsBaHv pasmep 1 Mopgonorus, U Ha HeTbKaHN BNAaKHECTU CTPYKTYPY - Matose,
ckacbongu, ckeneta, NOAMNOXKM, Ha TsXHA OCHOBA.

BucokaTta CTeMeH U 3aliMTeHUTe BUCOKU HMBA aKTyanHOCT Ha npobnema u
3apayute, paspaboTeHu B gucepraymsaTa, ce CBbp3BaT KOHKPETHO C: (i) YcTonunsus
WHTEepec Ha Hay4HaTa oBLWHOCT KbM PasBUTUETO HA TEXHONOTMATa Ypes NpexebpiaHe
Ha okyca OT (yHAAMEHTANHN KbM NPUNOXHM HAy4HU N3CneaBaHnsa — MHAYCTpranin
Hay4HU M3CreBaHNS 1 eKCMepUMEHTanHo passntue, mawabupare v paswvpssare
Ha npunoxenHusiTa; (i) Bce no-AcHOTO MO3ULMOHMPAHE Ha EneKTpOOBNAKHABAHETO
KaTo TEXHOMOrus ¢ Bede AoKasaH uHaycTpuaneH noteHuuan; (iif) HannymeTo Ha Kom-
NaHuW, KOWTO Mpeanarat nabopaTtopHU, MUMOTHWU U MHAYCTpUAnHM mnnaropmu 3a
eNeKTPOOBNaKHsIBaHe 1 CBbP3aHu NPoLEecK, Npu HenpeKbCHaToO pasiumpsBane Ha rnpi-
NoOXMMOCTTa Ha npoueca; (iv) HapacTtsalims nasapeH uHTepec ¥ NpunoXxvmMocTTa Ha
eneKTPOoOBNaKHEeHNUTE NPOAYKTH, KOWTO OonpeaenaT HeobxoAuMocTTa OT yrnpasnexne
Ha Ka4eCTBOTO M NOBTOPSIEMOCT Ha XapakTepucTUKUTE Npu YCrosnATa Ha HapacTeatla
MaliabupyemocT; (v) CbliecTByBalLMTe Bb3MOXHOCTU 3a UHTErpUpaHe Ha HoBY TEx-
HOMOMMYECKM W TeXHUYecku pelueHus; (vi) HeobxoguMocTTa OT  UHKEHED:-C
OPUEHTVUPaHU U3CNEABAHNA, HACOYEHN KbM aHanvs, MoaennpaHe u onTuMmnsaLysa rHa
TEXHOMOMMYHUA NpOLEC, C Len nosuwasaHe Ha ynpaBnaemMocTTa Ha TeXHOMOMM4HUA
NpoLEC, B 3aBUCUMOCT OT HACOYEHOCTTa My KbM OnpeaeneHo NpornoxexHne,

(vii) PaspaboTBaHeTo Ha NPUNOXUMK NOAXOAN U MHCTPYMEHTU, KOUTO Aa OCury-
pPAT TbpCceHaTa Bb3npOon3BOAMMOCT Y [1a YNECHAT BHEAPABAHETO Ha TeXHONorvATa npu
HanMuYMeTO Ha rofIIMO MHOXECTBO OT MPakTUYeCKK NPUNOXEHUS.



OcHoBHaTa Len Ha HacTosLWMS AUcepTaUMOHeH Tpya e pa3paboTBaHETo U Npu-
naraHeTo Ha UHTerpupaH Hay4YHOMPUNOXeEH NOAX0A 3a aHanus, ynpaeneHue u onTu-
MU3aUMA Ha TEXHONOMMYHUS NPOLIEC HA eNeKTPOOoBakHABaHEe NPU BUCOKO NOCTOSIHHO
HanpexeHue, KaTto ce udy4yasa HEroBOTO HAaCOYEHO YCIOXHsIBaHe, 3a MoryYaBaHEeTo
Ha NMONMUMEPHU HETBHKaHU HAHOBMNAKHECTU CTPYKTYPU C KOHTponupaHa Mopdonorus u
dYHKUMOHANHN XapaKTepucTuku ypes: (i) BbeexxaaHe Ha NOpecT BNakHecCT (TeKCTu-
NeH) KONeKTOp BbpXy MOBLPXHOCTTA HA  3a3eMEHUs  NPOTUBOENEKTPOA;
(il) YnpaBneHve Ha pasnpefeneHmeTo Ha eneKkTpu4yeckoTo nomne BbpXy NOBbPXHOCTTA
Ha TEKCTUINHUS KONEKTOp Ype3 U3MEHEHNE Ha pa3MepuUTe U reoMeTpusita Ha 3aseme-
HUS npoTtueoenekTpog; (iii) MpeaBapuTenHo AUPEKTHO MOBLPXHOCTHO NNa3MeEHO-XMU-
MWYHO akTuBupaHe ((pyHKUMOHanNU3nMpaHe) Ha NOPEeCcTUs BRAKHECT KONeKTop;
(iv) UsmeHeHne Ha xapaKTepuCTUKUTE Ha MONUMEPHUSI MHOTOKOMMOHEHTEH pa3TBOP
3a eneKkTpooOBnakHsBaHe, KaTo ce U3Non3ea cucTema OT pasTBOpUTENU U JobaBKy.

Bb3 ocHoBa Ha Taka cpopmynupaHa uen ca onpeaeneHu sagavuTte U cpepnct-
BaTa 3a HEMHOTO NOCTUraHe, KaTo Te ce pasnpeaensT B CnegHUTe OCHOBHW Hanpas-
nenus: (1) la ce paspabotu n ekcnepumMeHTanHo Aa ce anpobupa MeTogonornyHa
pamKa 3a u3crneaBaHe Ha TeXHONMOrMYHUS NPoLeC eneKkTPOOBNakHsABaHe, OCHOBaHa
BbPXY UHTErpupaH noaxoa, KOUTO BKMKOYBA NaHMpaHe Ha ekcnepuMeHTa, CTaTuCTy-
Yecku aHanus, MatemMatuyecko ModenvpaHe U oNnTMMU3auns Ha TEXHONOrMYHUTE na-
pameTpu. (2) fla ce pa3paboTu 1 ekcnepuMeHTanHo Aa ce Aokaxe NPUoXMMocTTa Ha
NOPecTU BNakHECTW KONeKTOpU Npu enekTpooBnakHABaHe, KaTo ce NpoBepy Bb3MOX-
HOCTTa 3a ANPEKTHO hopMUpaHe Ha (PYHKLUMOHAMNHN BNAaKHECTU CNoeBe B pesynTar oT
efHa TexHonoruyHa onepauus. (3) fla ce pa3pabotn u ekcnepMMeHTanHo aa ce npo-
BEepU Bb3MOXHOCTTa 3a UHTErpupaHe KbM npoueca enekTpoOBakHsBaHe Ha T.Hap.
AVPEKTHO Nna3MeHO XMMUYHO MOBBPXHOCTHO akTUBUpaHe (PyHKUMOHanNM3nmpaHe) Ha
MOBLPXHOCTTA Ha U3NON3BaHWUTE NOPECTU BNAaKHECTU KONEKTOpU Npu aTMocdepHo Ha-
nsrawxe.

3a npeononsiBaHe Ha OrpaHUYEHUATA, CBbP3aHU C HACOYEHOTO yrnpaBreHve
Ha npoueca Ha enekTpooBakHsBaHe, Ce U3NoMn3BaT: CUCTEMHUS aHanu3 Ha BNUSIHU-
€TO Ha OCHOBHUTE TeXHONOrMYHU NapameTpu; MeToauTe Ha NraHupaHe Ha ekcnepu-
MEHTUTE U cTaTucTU4ecko obpaboTBaHe Ha AaHHUTE; KAKTO U HOBU pa3paboTeHun ma-
TeMaTtu4eckun Moaenu U coPTyepHn MHCTPYMEHTU 3a noanomMaraHe Ha UHXeHepHUTe
Hay4YHU uscneasaHus.

MpakruyeckaTa NPUNOXUMOCT U aKTyanHoCTTa Ha pesyntatute OT OCbLUECT-
BEHUS U3CneaoBaTencku Noaxoa ca OCUrypeHu Ypes NpoBeXaaHeTo Ha eKcriepuMeH-
TanHU u3cneaBaHUs B YyCnoBusiTa Ha Bbanpuertata 6asoBa (CTaHaapTHa) cxema Ha
eneKkTpooBnakHsiBaHe — ,edHa uana—edHa cmpys-eOuH nonumep”.

AucepraunMoHHUAT TpyAa e B 06em oT 157 cTpanuum, c npunoxeHusaTa 183 ctpa-
HULUM, KaTo BKNKOYBA YBOA, YETUPU rMaBu 3a pellaBaHe Ha POpMynnpaHMTe OCHOBHU
3agayu, CNUCbLK Ha OCHOBHKTE MPUHOCK, CMIMCBK Ha NybnukauuuTe nNo auceprauusTa
“ u3nonaeaHara nurteparypa. Liutupanu ca obuwo 188 6pos nuTepaTypHU U3TONHULM,
kaTo 2 6pos (OT TsIX) ca Ha KMpUNMLUa, a ocTaHanuTe ca Ha natuHuua. iHtepHert-aa-
pecu ca 5 6post oT n3TovHuumMTe. Pabortara Bknouea 55 ourypu u 24 Tabnuum.

ABTOPBT Ha AUCepTaLMOHHUA TPyA e cdopMmynupan uenuv n 3agadv, KoMTo ca
afeKBaTHU Ha BUCOKaTa CTENEH Ha akTyanHocT Ha npobrnemMa v cboTBeTCTBaT Ha Aelc-

TBaLUUTE HOPMATMBHU U3UCKBAHWUS KbM AUCepTaLMOHeH Tpya 3a npuaobusaHe Ha 06-
pasoBaTtenHara u Hay4Ha cteneH ,JlokTop".



2. CrteneH Ha NO3HaBaHe CbLCTOSAHMETO Ha n

po6nema u TBOpY .
PeTauus Ha nuTeparTypHus matepuan PHEEKA HHTepn
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pnpeTtauus Ha uHcopmauusTa ot

AOCTBNHUTE BUBNUOrpadhickm N3TOUHULM, AEMOHCTpUpaHu oT Mmar.-uHX. Momuun Lo-

::ya. $1cHo U 060oCHOBaHO ca AeduHUpaHu LenTa v 3agaunTe npen AncepTaLUMOHHUS

.

3HaYMTEeNHa YacT OT U3NoN3BaHUTe Gubnuorpadcku U3TONHULM MO Temara, W3-

NON3BaHW W aHanuauMpaHu B OWCEPTaUMOHHWUS Tpya ca OT nocnegHwuTe 5 roguHu —
59 %, ot nocneaxute 10 roguHn — 83 %, u otnpean 2016 roguHa - 17 %.

3. CvorBercTBUe Ha u3bpaHaTa MeToAMKAa Ha M3CneaBaHe M NocTaBeHarta
uen u 3ajauM Ha AUCePTALUOHHUA TPYA C NOCTUrHATUTE MPUHOCH.

W3bpaHara metoauka Ha u3crneaBaHe, KakTo M NOCTaBEHUTE LN U 3agayum Ha
AUCEPTALMOHHUA TPYA, CbOTBETCTBAT Ha NPOU3BEOEHUTE Hay4yHW pesyntatv U Ha
hopMynupaHuTe Hay4HU U HAY4YHONPUNOXHU NPUHOCKU HA AUCEPTAUMOHHUS TPYA.

OTnnM4HOTO NO3HaBaHe Ha aKTyaNnHOTO CbCTOSAHUE Ha NOCTaBeHWUTe 3a ucnea-
BaHe npobnemu, KakTo 1 3aabLN6o4eHUTe NO3HAHUA BbPXYy NiaHUpaHeTo Ha ekcne-
PUMEHTA, CTaTUCTUYECKUSA aHanus, MaTemMaTu4eckoTo MoaenupaHe u onTuMmsaumsaTa
Ha TEXHONOrMYHUTE NapaMeTpu, NO3BONSBAT Ha AOKTOpaHTa Aa pa3paboTn opurimHa-
NeH UHTerpupaH noaxod KbM NoOCTaBeHUTe 3agayun, Aa noadepe u npunoxu edek-
TUBHA METOAM Ha HAay4YHO U3CneaBaHe, KakTo U aa anpobupa cb3gaaeHaTa MeTogono-
rMYyHa pamka Ha uscneasaHe.

BHUMaTENHUAT NPOYUT Ha AMCEpTauMOHHUS Tpya ybexaasa, Ye usbpaHara ot
NIOKTOpaHTa MeToAMKa Ha u3cneaBaHe € B MbNIHO CbOTBETCTBUE C NocTaBeHaTa uen
Y OnpefeneHnTe oT Hes 3aaadu Ha AUCepTaUUOHHUA TPyA, KOeTO e No3BoNuIIo Aa Ob-
AaT NOCTUrHATU U peLLeHn Ha BUCOKO Hay4YHO NPUMNOXHO HUBO. [oCTUrHaTUTE Hay4YHU
W Hay4YHO NMPWUIOXHU NPUHOCK CHOTBETCTBAT HaMbIIHO Ha POpMynupaHuTe uen v 3a-
[lauu Ha aucepTaunMoHHUS TpyA.

4, KpaTka aHanuTM4Ha xapakTepucTuka Ha eCTecTBOTO M OLleHKa Ha AO0CTO-
BEPHOCTTa Ha MaTepuana, BbpXy KOUTO ce rpagaT NpUHOCUTE Ha AUCEPTaLUOH-
HUS TpyA

MpuHOCKTE Ha AUCEPTaLMOHHUA TPYA Ce rpaasT BbpXy HAKONKO NpaBuIHO B3ETU
PeLUeHs, OCUrypsiBaLLM He caMo AOCTOBEPHOCTTa, HO CTOWHOCTTA, NPUITOXKMMOCTTA 1
aKkTyanHocTTa Ha Nony4YeHUTe Hay4YHu ¥ Hay4HOMPUIIOXKHO pesynTaTti:

4.1, OueHsiBaM NONOXUTENHO B3eTuTe 06OCHOBaHO, 3a LenuTe Ha uscnenea-
HETO, PeLEeHNs!, KOUTO Ce OTHAcsAT A0 06eKTa Ha eneKTpooBnakHsABaHe, T. €. 10 U3-
Gopa Ha Nonm1Mep 1 CbCTaB Ha NONMMEPHWS PasTBOP 3a enNeKTPooBNakHABaHe:

(4.1.1) U36opa Ha noaxoAsiLy, NonMmep Kato xapakTepeH 06eKT Ha nacneasaHe
1 CbOTBETCTBALLMUS MYy pa3TBOpUTEN — NPEANPUeTOTO EKCNEPUMEHTANHO uscneasaHe
ce OCHOBaBa BbpXY EMNEeKTPOOBNaKHABAHETO Ha BOAEH PasTBOp Ha NONWBUHUN anko-
xon (PVA), KOTO NnpeacTaBnsiBa CUHTETUYEH, BOAOPA3TBOPUM NOMUMEP C LXPOK Cnek-
Tbp Ha UHOYCTPUANHN N MEANLIMHCKN NPUTIOXKEHWS;

(4.1.2) EnexTpooBnakHABaHETO ce NPOBeX/a C U be3 yyacTuero Ha onpepe-
NeH OMpeXBall areHT, Npy KoeTo Npou3BefeHaTa HeTbkaHa BrnakHecTa CTpyKTypa ce
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[IOOMpPEXBa TEPMUYHO C U3BpaHUsi OMpeXBaLl areHT kaTo nocneasalyo obpaboreaHe,
3a f1a ce Nnonyyu xapaktepHa OMpexeHa BnakHecTa CTpyKTypa (ckene, ckadong), ko-
ATO BeYe TPYAHO Ce pa3TBaps BLB BOAA;

(4.1.3) U360p Ha byHKUMOHaANHaA aobaBKa (nnacTudukaTop) KbM pa3TBopa 3a
eneKkTpoOBNakHABaHe — ToBa € GUONpPoayKTHLT anoe Bepa (Npax, Cok, ren), KONTO Cb-
AbpXa BbrnexuaparHy nonMmepu, BATaMMHU U aMUHOKUCENUHWA, HacoYeH KbM Cb3aa-
BaHETO Ha ekonorocbobpasHu, Guopasrpagummn U hyHKUMOHANHU eneKTPOoOBNaKHEHN
marepuanu ¢ aHTUMUKpOGHO aencTeune, nogobpeHa mopgonorusaTa Ha HaHOBNakHara,
HamaneHo KONM4ecTBOTO Ha aedektute (Tonyeta); cTabunuavpaH TEXHOMOMMYHO U
TEXHUYECKM NPOLEC Ha eNneKTPOOBNakKHsABaHe; HaHOMaTepuanu, KOUTo MoraTt aa npu-
emMar porisTa Ha NnonuMepHa MaTpuua, Hanpumep Npu Cb3gaBaHETO Ha HOCUTENKU Ha
nekapcTBEeHW CPeacTBa, 3alnTHU obnekna, U T. H.

OueHsiBaM NONOXMUTENHO HanpaBeHVUst U360p Ha TEKCTUITHU MaTepuanu, us-
Nnon3saHu 3a U3paboTBaHETO Ha TEKCTUMHUS (NOPECTUs BNaKHECT) NNOCHK KONeKTop,
KOWTO NpeACTaBUTENHO Ce U3NON3BaT B X0A4a Ha NPeAnpUeToTo ekcrnepuMeHTanHo ns-
cnepsaHe:

(4.1.4) Namy4eH (100 % CO) TbkaH TekcTuneH martepuan - nnar Tun ,JdeHuMm",
npeAcTaBnaABaly TBbpAa Kenbp TbKaH, ¢ nnolHa Maca 380 g/m? u gebenuHa 0,36 mm,
fosamMcaH ¢ TbMHOCKMHBO KIOMHO 6arpuno MHAWro;

(4.1.5) CtaHpapTeH NycTUHEH kamydnaxeH nnat (tun ,BoeHeH”) ot 65 % nonu-
ectep/35 % namyk (PES/CO), ¢ nnowHa maca 200 g/m? u nebenunHa 0,36 mm.

Heuwo noseye, ABeTe (NUueBa 1 onaka) CTpaHu Ha U3bpaHuTe TEKCTUNHU MaTe-
puanu UMart pasnuyHn NOBbLPXHOCTHU XapaKTEPUCTUKU, Tbi KaTo NnuueBarta cTpaHa e
Haco4YeHo (yHKLUUOHanu3upaHa (xuapugobusnpaHa) 3a uenute Ha NpPUNOXeHUETO,

KOeTo No3BonsABa U3cneaBaHeETo Ha YeTUpu npeacTaBUTENHU peann3aunmn Ha TeKCTun-
HWUA KONEeKTop.

OueHsiBaM NONOXWUTENHO TOBA, Ye USNOTO U3cneaBaHe e NpoBeaeHo B yCno-
BUSiTAa HA Bb3npuerara 6aszoBa (cTaHAapTHA) cxeMa Ha enekTPOOBNaKHSABaHe —
,eflHa urna—-eaHa CTpysi-eanH nonumep”.

(4.1.6) DocraBsAwara cuctema ce CbCTOM OT ,MEAULMHCKA CNPUHLOBKA" U ,UH-
(y3rMoHHa noMna‘“, KOSTO OCUrypsiBa 4OCTATBbYHO LMPOK 06XBAT Ha U3MEeHeHue 1 noc-
TOSIHHA CTOMHOCT Ha 06eMHUst eBUT Ha U3non3BaHUTe pa3TBOPU 3a eNEeKTPOOBNaKHSA-
BaHe.

(4.1.7) NocraBsuiaTta cucTema BKNOYBA OLLE CTaHAAPTHA 3aTbNeHa Kyxa urna
OT MeAULUMHCKa CTOMaHa, C onpeaeneH pasmep, KOATO urpae ponsita Ha BUCOKOBOJ-
TOB €NeKTpoa U enekTpooBnakHUTen, hopMupalla xapakTepHa enekTpuyecku sape-
AleHa MUKPOCTPYS 3a eneKTpoOBNakHsiBaHe, KaTo s HAaco4Ba Npe3 Bb3AyLHOTO NPOCT-
PaHCTBO KbM KOnekTopa.

(4.1.8) KonektopHata cucrema vmMa nnocka opmMa, a 3a3eMeHUAT MeTaneH
NPOTUBOENEeKTpoa UMma cneunduyHa reoMeTpus, KOSTO BNMsie NPSiKo BbpXY HacoyBa-
HEeTO Ha ornarawurte ce HaHoBnakHa U GopMMpPaHETO Ha HeTbKaHarta BnakHecTa
CTPYKTypa BbPXY MOBBLPXHOCTTA HA MOPECTUSA KONEKTOP.

(4.1.9) CpaBHUTEeNHUTE U3CneaABaHUA Ce NPoBeXaaT CNpsAMO NNOCHK MeTaneH
3a3eMeH KOSeKTop, KOMTO U3NbliHSABA €4HOBPEMEHHO posisiTa Ha NPOTUBOENeKTpoA.



[lncepTaumoHHUAT TPYA € OCHLLECTBEH B YETUPW rMaBu:

B nbpBa rnaea, Ypes aHanus Ha 4oCTbNHUTE BUbnuorpadCckm U3TOYHULM ce [0-
ka3ea, ye: (i) EnektpooBnakHsBaHETO € CNoXeH, AuHaMU4eH U MHorodpakTopeH npo-
Lec Ha uacneasaHe, CUNHO YyBCTBUTENEH KbM CBONCTBATa Ha NONUMEPHUA pasTBop,
KbM CTPYKTypaTa U enekTpu4eckuTe U reoMeTpu4HUTE NnapaMeTpu Ha anaparHara pe-
anu3aums, KakTto U KbM ycrnoBusiTa ekcnnoarauus; (ii) MpovusseneHUNST BNakHeCT He-
TbKaH NPOAYKT HAMMPA LUMPOKO NPUNOXeEHWe B pasnuyHu obnactu, kato ountpupaHe
Ha pasTBOpY, MeauunHa U apMaums, enekTpoTexHMKa, TEXHUYECKU cpeacTea u Tex-
HOMoOrvu 3a onaseaHe Ha OKonHaTa cpefa U T.H., KaTto NPUNOXEeHUEeTo NocTass Chluec-
TBEHUTE U3UCKBAHUSA KbM Hero; (iii) HeobxoaumocTTa ot pa3paboTBaHe Ha cuctema-
TUYeH (MeTogonoruyeH) Noaxon 3a aHanus U ynpaeneHue Ha npoueca Ha eneKkTpooB-
nakHsiBaHe, KOTo Aa obeauHsBa ekcriepuMeHTanHuTe uacneaBaHus, matemaTuyec-
KOTO MoaenupaHe u oNTUMM3aUMsTa Ha npoleca, ce onpeaens npegu BCUYKO OT OT-
CbCTBUETO Ha 8AMHEH UHTErpupaH NoaxoA, He3aBUCUMO OT 3HaYUTENHUS 06eM Hay4Hu
uscnensaHus u nybnukauuu. CuliecTeyBallnTe Mogeny ca npeau BCUYKO heHOMEHOo-
NOrUYHU NO CBOS XapakTep.

BbB BTOpa rnaBa e paspaboreHa n obocHoBaHa MeToAONOrMYHaTa pamMmka 3a
NPeACTOSLWNUTE U3CNeABaHNS Ha eNeKTPOOBMaKHABAHETO, KOSITO CbyYeTaBa niaHupa-
HETO Ha eKCrepuMeHTa, CTaTUCTUYECKUS aHanu3, MaTteMaTu4eckoTo MoaenupaHe u
onTuMU3auusiTa Ha npoueca. MarpageH e cuctemMeH n MHoOpMaUNOHEH NOAX0A, KONTO
TpsabBa fja ocurypu He camo norvdecka NnocneaoBaTenHocT U CBbP3aHOCT Mexay OT-
AENHUTE eTanu Ha u3crneaBaHeTo, HO Cb3aasa NPeanoCcTaBkU 3a HagexaHaTa My ekc-
NepUMeHTanHa npoBepka U npakTuyeckara NpPUNOXUMOCT Ha NONYYEHUTE Hay4HWU U
WHXXEHEepHU pesynTaTu.

B rpera rnaBa ca paspaboTeHu 1 aHanuanupaHu Moaenu, BKNYUTeENHo usbopa
Ha dakTopu U napameTpu Ha npoueca; METoaAN U UHXEHEPHU pelleHns 3a obpaboT-
BaHe Ha AaHHW OT eKCnepuMeHTa; MoAenupaHeTo, oNnTUMU3aumaTa U ynpasneHneTo
Ha npoueca Ha enekTpooBnakHsBaHe. [peacraBeHuTe pesyntatu oopmupar aHanu-
TUYHaTa U copTyepHaTa OCHOBA 3a NPaKTUYECKOTO UM NPUNOXKEHUE U NOTBbLPXAEHME
Ha Bb3npueTuTe noaxoau Ha uscneasaHe. PaspaboteH e codTyepeH WHCTPYMEHT
(Electrospinning Designer 1.0) 3a onTumMu3aumsi Ha npoueca Ha eneKkTPoOoBIakHABaHE,
peanusupaH Ha nporpamHus e3nk Python, KOWTO WHTerpupa ekcnepvMeHTanHuTe
AaHHW, MaremaTuyeckuTe Mogenu U onNTUMU3aUMoHHUTE anropuTMn 3a nogrnomMaraHe
Ha UHXeHepHUst U3060p Ha TEXHONOrUYHWU bakTopu U napameTpu. MonyyeHuTte pesyn-
TaT YCTaHOBSBAT BPb3ka Mexay eKcnepuMeHTanHu HabnogeHus u ynpaensemute
TEXHONOMMYHU NMapamMeTpu M ca peanHa OCHOBA 3a MocnefBallia ekcrnepvMeHTanHa
nposepka.

B yerBbpTa rnaesa e peanusvpaHa ekcnepvMeHTanHa nposepka Ha usbpanus
NOAXOA KbM Mpoueca Ha enekTpooBnakHABaHe Ype3 HaCOYEeHO NnaHupaHu cepum ot
eKCNepuMeHTH, KOUTO no3sonsiear Aa 6bae oueHEeHO BNUSHUETO HA OCHOBHU TEXHO-
NOrMYHU PaKTOPU BbPXY KONUYECTBEHUTE U KA4YECTBEHUTE XapaKTepUCTUKN Ha Npon3-
BEAeHUTe HaHOBNakHeCcTU Marepuanu. [lokassa ce U ce UNCTpMpa npakTuyeckara
NPUNOXUMOCT Ha pa3paboTeHaTa MeToAoNorus Ha NnaHnupaHe, aHanus u MoaenupaHe
3a KOHTponupaHo opmMoobpasyBaHe Ha HAHOBMAKHECTU NONMMMEPHU NpoayKTU. Cba-
flaBa ce OCHOBa 3a (PopMynupaHe Ha HOBWU Hay4YHW U UHXXEHEPHU NONOXEHUs, OTHa-

CSLM Ce 0 ONTUMMU3ALNSA U TEXHONOMMYHO YCbBbPLUEHCTBAHE Ha NpoLIeca Ha enekT-
pooBnakHsBaHe.



OueHsiBaM NONOXUTENHO HayyHaTa U Hay4HO-NPUOXHaTa CTOMHOCT Ha Npou3-
BEAEHUTE Hay4YHWU 1 HAYYHONPUMOXHU pe3ynTaTi Npu peanuanpaHeTo Ha guceprauu-
OHHUA TPYA, KaKTO U peanHuTe BbL3MOXHOCTU 3a MHAYCTpUanusauus Ha npoussene-
HUTE HaYYHU U HAYYHONPUMOXHU NpoaykTU. OCHOBHUTE pe3ynTaTh OT NpoBeAeHUTe
Hay4YHU WU3CrnedBaHUa ca NPOBEPEHU Ype3 CPaBHUTENHU COPTYEpPHU, aHaNUTUYHU U
eKcnepuMeHTanHu uacneaBaHvs 3a JokasBaHe Ha TsXHaTa HOBOCT, MPUMOXUMOCT U
aktyarnHocrt. [MonyyeHuTe pesyntaTi ca cucTeMaTu3MpaHu B NPUIOXKEHUE MO HauvH,
KonTO ocurypsisa gobpa 6asa 3a NnpoeexgaHeTo Ha CPaBHUTENEH aHanus.

5. Hay4yHu u Hay4YHONPUNOXHU NPUHOCU Ha AUCEPTaLUOHHUA TPYA

Mpuemam, ye e hopmynupaH u o060cHoBaH Hay4yeH npobnem, oTHacsL, ce Ao
HoBa obnacT Ha Hay4yHU U3cnefBaHusi, CBbp3aHa C BbBEXAAHeTO Ha NopecT Bnak-
HecT (TeKCTUNEH) KONeKkTop BbpXy MOBLPXHOCTTA Ha 3a3eMeHUsi NPOTUBOENEKTPOA
NpyY BUCOKO NOCTOSIHHO HanpexeHue. ToBa onpeaens Haco4eHOCTTa Ha NpoBeaeHUTe
Hay4YHW U3CNeABaHUS U XapakTepa Ha NonyYyeHuTe Hay4Hu pesynTtatu — npuaoouTu
Ca HOBW 3HAHUA 3a NPUYMHUTE 3a sIBNEeHUsiTa UNu HabniogaemuTte paktn, a ToBa on-
peaens NpUHaAnNeXHoCTTa UM KbM (DyHAAMEHTaNHUTE HAyYHWU U3CneaBaHNUs U Hay4eH
NPUHOC BBLB BPb3Ka C NOCTUrHaTUTE pesyntaru.

Mpuemam hopMynmMpaHuTe OT KaHauaaTa Hay4HOMPUIOXHU MPUHOCH, KaTo '
OTHacsM KbM: (i) [loka3BaHeTo C HOBU CpeacTBa Ha CbLUECTBEHU HOBWU CTPaHU B Cb-
wecrsyBauw Hayynu npobnemu n teopwuu; (i) Cb3gaBaHETO HA HOBU e€KCNEepUMeEH-
TanH¥ MeToau Ha uscneaBaHe U ynpasneHue Ha npoueca Ha enekTpoOoBMaKHABAHE;
(iii) NonyyaBaHeTo U Aoka3BaHETO Ha HOBM bakTu; (iv) MNonyyaBaHeTo Ha NOTBLPAW-
TeNHU hakTu.

XapakTtep Ha npuHocuTe 3a BHeapsiBaHe: (i) PaspaboTeH e ekcnepumeHTanex
noaxoA 3a uscrieBaHe Ha CrNoXHU, MHOroakTopHWU, OTHOCUTENHO HEYCTOMYUBY TEX-
HonorudHKn npouecu. (i) Cb3naneH M NpakTUYeCcKn e NPUNOXeH coTyepeH UHCTPY-
MEHT 32 aHanu3 U ONTMMU3aUUs Ha Npoueca Ha eneKkTPOOBNaKHABaHe, KOWTO Noano-
mara uHxeHepHuUst U36op Ha hakTopu U NapameTpu, CbKpallaBa BpeMeTo 3a HacTpon-
BaHe Ha npoueca, KOeTo e OT peluaBallo 3Ha4YeHue npu paspaboTBaHETO Ha HOBU Tbp-
roBCkU NpodykTu. (iii) Mony4yeHnTe Hay4yHW pesynTatu [okaseaT NPUNOXUMMOCTTA Ha
cb3pajeHara meroaonorus B nabopaTopHU M NUMNOTHU YCNOBUS, KOETO € Cepuo3Ha
npeanocTaeka 3a paswunpsBaHe Ha UHAYCTpUanu3aunsaTa Ha TEXHONMOrMsATa Ha eneKT-
pOOBNAKHABAHE,

MNpuemam, Ye nponssegeHUTe HAy4YHU pe3ynTaTtn OT OCbLLECTBEHOTO TEOPETUYHO
U eKCnepuMeHTanHO Hay4yHo uscnenBaHe NpeacTaBnsBaT 3HAYUM NPUHOC 3a pasLuu-
PABAHETO Ha Hay4YHWUTE U3cneaBaHUA U UHXeHepHaTa NPUNOXUMOCT, KakTo U 3a 060-

raTaBaHeTo Ha CbBpeMeHHUTe npeacrtaBn OTHOCHO Npoueca Ha eneKkTpooBiakHABaHe
M Herosarta NpuUnoXXmMMocCtT.

6. OueHka 3a cTeneHTa Ha NUYHOTO y4yacTtue Ha AuCepTaHTa B NPUHOCHUTE. .

OTpaxeHue B HayKaTa — M3Non3BaHe U LUUTUpaHe OT APYrU aBTopM, B ApPYru na-
GopaTopuu, CTpaHu U np.

Mpuemam, Bb3 OCHOBA Ha NPeACTaBeHUTE MU 3a peLeH3ns maTepuanu, Ye gucep-
TAaUUOHHUS TPyA W HayyvyHWUTe nybnukauuu, CBbp3aHM C Hero, ca U3UANo Aeno Ha
mar.-uHX. Momuun LLonos ¥ HeroBoTO NMUYHO y4acTue MNpu NPOU3BEXAAHETO Ha



HayYHUTE U HAYYHONPUNOXHUTE pe3ynTaT U OCBLLLECTBABAHETO Ha AUCEePTaLMOHHUSA
TPYA.

OCHOBHUTE pe3ynTaTu U NOCTUXEHUA Ha AMCepTaUMOHHMS Tpya ca nyonuky-
BaHW B TPU Hay4HKU nybnukaumm B COOpHULM OT MeXayHapOaHN Hay4HU KOHdEepeHLun
Ha IEEE, oT kouTo eqHata e caMoCTosTenHa, a agpyrute ABe — C Hay4HUs pbKOBOAU-
Ten. ToBa e ole eHO OCHOBaHWe Aa Npuema HerosaTa Bofella pons B npeanpueTuTe
HayYHW U3cneaBaHuUs, OTpaseHu CbLLO Taka B AUCEPTaUMOHHUA TpyA. CbLUeCTBEHUNT
NPVMHOC B AlafieHa Hay4Ha nybnukauums ce Aokassa no ToBa, Ye AOKTOPaHTLT € eAnHC-
TBEH ABTOP WNW NbPBU B CMUCHKA Ha CbaBTOpPUTE, KOETO € Hanuue B ABe OT TpuTe
Hay4HU nybnukayumu.

Pesynrarure oT Hay4yHUTe pa3paboTku, CBbp3aHU C AUCEpPTaUUOHHUS Tpya, ca
OUEHEHU U BUAMMMU, TbiA KaTo ca AoknaasaHu ( obcbxaanu) npeq Hay4HaTta obuHocT
B CTpaHaTa u B YyxOwuHa, B Hay4HU OOKNaaW, NpeacTaBeHn Ha Tpu MexayHapoaHu
Hay4YHU KOHdEpeHUMMn, OT KOUTO ABe ca npoBedeHu B Bbnrapus u egHa B 4yxbuHa
(CeBepHa Makenonus). KbM TO31M MOMEHT, nybnukauuuTe no AMCepTaunoHHUS Tpya
ca nonyyvnu aoee UMTUpaHus B usaaHus, uHaekcupadm B WoS Scopus, kaTto eaHoTo e
B cnucaHune ot nbpeu kaptun (Q1) Ha WoS, koeTo paskpusa oOLle BeAHbX Hay4HaTa
CTOMHOCT U aKTyanHoCTTa Ha NonyYeHuTe pesynTaTu.

Mo3HaBaM AeMHOCTTa Ha U3CNEeAoBaTENCKUS €KUM, B KOWTO yvacTBaT AOKTOpaH-
TbT U HErOBUSIT HAay4eH PbKOBOAUTEN, - AENHOCT, Haco4YeHa KbM UHAYCTpUanM3aums u
MallabupaHe Ha eneKkTPOOBNaKHABAHETO KaTO TEXHOMOrMsA U anapartHa peanusauus,
nopaau KoeTo Mora oule no-yBepeHo Aa 3aknioya, Ye TyK e Hanuue CbLUeCTBeH npu-
HOC, KOWTO € pe3ynTar OT AeMHOCTTa U NUYHOTO yYacTue Ha mar.-uHx. Momuun LLonos.

7. MpeueHKa Ha nybnukauMmuTe Nno AucepTauMoHHUA TpyAa: 6pon, xapakTep
Ha U3aaHUATA, B KOUTO ca oTnevyataHu. OTpaxeHue B HayKaTta — U3NON3BaHe U
uMTUpaHe OT Apyru asTopu, B Apyru naboparopuu, CTpaHu u np.

Pesynratu oT Hay4HUTe pa3paboTku1, CBbpP3aHK C AUCEepTaLMOHHMS TPYA, ca oLe-
HEeHW U BUOAWMMU, TbIA KaTo ca AoKNaaBaHu (M 06CHXAaHU) Npea HayvyHaTa OGLWHOCT B
CTpaHaTa 1 B Yyx0buHa, obLwo Ha TpyU MexayHapoaHu KoHpepeHunn. BebLyHocT, ny6-
nuKauuuTe no AucepTauMoHHUA TPyA NPeAcTaBnsaBaT TPYU Hay4YHU AoKnaaa Ha Mexay-
HapoAaHu KoHdpepeHuun Ha IEEE: (i) [1Be koHdpepeHuun - Electrical Engineering
Faculty Conference (BUIEF, 2024) n Conference on Electrical Machines, Drives and
Power Systems (ELMA, 2025), npoBenenu B cTpaHara, u (ii) EQHa koHdepeHuus -
International Scientific Conference on Information, Communication and Energy
Systems and Technologies (ICEST, 2025), nposeaeHa B CeBepHa MakegoHusi. Hayu-
HuTe nybnukauum ca ¢ OTBOPeH AOCTHLN U ca Hanu4Hu B IEEE Xplore.

CamocrositenHara nybnukauums, B KosTo mar.-uHx. M. LonoB e Ha NbpBo MACTO
(2024), e untupana npes 2025 roauHa B Hay4yHO U3gaHue, niaekcupaHo B WoS u Sco-
pus. MybnukauusTa (2025), B KOSTO TOM € HA NbPBO MSACTO, € uuTupaHa npes 2026
roavMHa Cbllo Taka B Hay4Ho usnaHue, uHaekcupaHo 8 WoS un Scopus.

8. U3non3BaHe Ha pe3ynTaTuTe OT AUCEPTALMOHHUA TPYA B Hay4HaTa U Co-
uManHarta npakTuka.

Mpuemam, ye bopmynupaHuTe B AUCEPTaLMOHHUA TPYA NPUHOCKU NpeacTasns-
BaT Hay4eH U NPUNOXeH UHTepec, KaTo Te UMaT CbLUECTBEHO 3HaYeHue 3a TeopusTa
“ NpakTUKaTa Ha enekTpOOBMNaKHSABAHeTO. Te AONPUHACAT peariHo 3a pa3BUTMETO U



nosaBarta Ha HOBU TeXHONOrMU U TeXHUYEeCKU cpencTea, Kakto U 3a paslwinpsBaHe Ha

TAXHOTO UHAYCTPUANHO NPUMOXEHWEe Npu NPOU3BOACTBOTO Ha HOBWU NPOAYKTU MU YyC-
nyru.

9. OueHKa Ha CLOTBETCTBUETO Ha aBTopedepaTa C U3UCKBAHUATA 3a U3rOT-
BAHETO MY, KakToO U Ha afleKBaTHOCTTa Ha OTpa3siBaHe Ha OCHOBHUTE NOJIOXEeHUA
U NPUHOCUTE HAa AUCEPTALUOHHUA TPYA

AsTopedepaTbT KbM ANCEPTALMOHHUA TPYA OTpa3siBa HANbITHO U aAeKBaTHO
OCHOBHUTE NONOXEHUS U NPUHOCUTE Ha AUcepTauMOoHHMA Tpya. ABTopedepaTbT MOXe
Aa Obae pasrnexaaH kato CaMOCTOATeNnHa HayyHa nybrnukauusi, KoATo oTpassiBa
afleKBaTHO BCUYKWU acnekTu Ha AMCepTaunOHHUS TpyA.

Cna3eHu ca BCUYKM U3NCKBAHUS U CbOTBETCTBMETO C obpaselia 3a U3roTBsiHE Ha
aBTopedepaT No AUCepTaunOHHU TpyaoBe, NocoveH B canta https:/konkursi-as.tu-
sofia.bg "Pazsumue Ha akadeMu4HuUsi cbcmas. PabomHu dokymeHmu".

10. MHeHuUsA, npenopbku U Benexku.

MonoxurenHuTe pe3ynraTu OT NpeanpUeToOTO Hay4YHO U3cneaBaHe, OTPa3eHn B
AUCepTauUOHHUA Tpya, akTyanHoCTTa, HaCOMeHOCTTa U MNone3HocTTa Ha auceprauu-
OHHUWSA TpyA, AoBpe 060CHOBaHUTE U METOAUYECKN U3ObPXKAHU TEXHUYECKUN peLLeHuns,
- BCWYKO TOBa MU jlaBa OCHOBaHWe Aa fiaM NONOXUTeNHa OueHKa Ha AucepTaluoH-
HUS TPYA.

Cnopenun ¢bM YCTHO CBOUTE MHEHUS, NPenopbky 1 3abenexkn, OTHOCHO npea-
CTaBEHWUS MU 3a NpeABapUTENHO CTaHOBULLE AUCEPTALMOHEH TpyA, Npeaxoxaall pas-
rnexaaHeTo B karegpara, U Hamupam, Ye Te ca yBaXeHu U B3eTU npeasua Npu OKOH-
4aTenHoTo My ohopmsiHe. Hamam 3abenexku no CbLECTBO.

Mora pna npenopby4am Ha Mmar.-uHx. Momuun LLonoe, B nocneasawiara cu usc-
regosaresicka u npenogasaresficka IeNHOCT, Aa 3anoXu Ha MHOBATUBHUSA NOTeHuuan
Ha cb3gageHaTa TeXHONOrMsA Ha enekTPOoOBakHsABaHe C NOPECT BNAKHECT KOMEKTop.
YbeaeH CbM, Ye nonyyeHute pesynTtatu OT npeacTaBeHarta auceprauMoHHa pabota

moraT Aa CcrtaHaTt oCHoBa He caMO 3a HOBWU Hay4HU ny6nvu<auvm, HO 1 3a HOBU NpuUno-
XEeHUx.

3AKNKOYEHUE

Cnepn 3ano3HaBaHETO MY C AUCEPTALMOHHUS TpyA, NPeACTaBeH OT Mar.-uHX. Mom-
yun Aumurpos Wonos.,

NPEANAMAM Ha YBaxaeMOTO Hay4yHO Xypu Aa npvemMe 3a YCTaHOBEHO, Ye:

(1) AncepTaumMoOHHUAT TPyA OTroBapsi HAaNbHO Ha CbLUECTBEHUTE U3UCKBAHUS Ha
3BO, 3PACPB, MNMMN-3PACPBE n MYPMNHC B TexHu4eckus yHusepcuter—Codus;

(2) AucepTauMOHHMAT TpyA, OTne4aTaH B OCHOBHUTE My 4acTW, € OpUrMHanHo
TBOPYECKO HAy4YHO NOCTUXEHUE, NNoA U3LUANO Ha caMoCToATeNnHaTa u3cnegoBarencka
¥ Hay4YyHa AEeNHOCT Ha AOKTOPaHTa;

(3) AncepTauMOHHUST TPYA € HAaCOYEH KbM peLLABAHETO Ha BaXKHW U akTyanHu Ha-
Y4YHONPUNOXHN NpoBnemu 1 e NoAroTBeH U3USN0 B CbOTBETCTBME CbC CbBPEMEHHUTE
NOCTUXEHUA Ha UHXEeHepHaTa Hayka WU NpakTuka;

(4) Hay4HUTE NOCTUXEHWUS Ha OOKTOpaHTa ce u3passsaT B oboratsiBaHe Ha Cb-
ujecreyBalMTe 3HaHUA B 06nacTTa Ha TEXHOMOrnsaTa Ha enNeKkTpooBnakHsaBaHe U umar
CeuwleCTBEeHO 3Ha4eHne 3a UHXXeHepHaTa npakTukara.



Ha Te31 OCHOBaHUS, OLUeHABaAM NONOXUTENHO npeacTtaBeHns oT Mmar.-uHX. Mom-
yun LWonos auceprauyuoHeH Tpya.

NMPEONTATAM Ha YBaxxaeMOTO Hay4HO Xypu, Aa npuemMe 3a pasrnexaaHe npea-
CTaBeHUs auceprauoHeH Tpya, Kato B3eMe NOJIOXUTESNTHO pelueHue OTHOCHO npu-
CbXaaHeTo Ha Mar.-uHxX. Momuun lumurtpos LLlonoB Ha obpasoBaTenHara U Hay4Ha

creneH ,4OKTOp", B npodecnoHanHo HanpaeneHue 5.2 ,EnekTpoTexHuka, enekTpo-
HUKa U aBToMaruka".

Codusa, 10.05.2026 roanHa

CucraBun,

[Tpod. A-p uHX. Netbp [l1oH4eB [IUHEB: ......
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1. The scientific and applied relevance of the problem developed in the

thesis. Degree and level of topicality of the problem and specific tasks developed
in the thesis

The electrospinning is established as the only flexible and effective modern tech-
noiogy for laboratory, pilot and industrial production of polymer nanofibers with con-

trolled size and morphology and of nonwoven fibrous structures based on them such
as (nano)mats, scaffolds, skeletons, pads.

The high degree and high levels of relevance of the problem and tasks developed
in the dissertation are specifically associated with:

(i) The sustained interest of the scientific community in the development of the
technology by shifting the focus from fundamental to applied scientific research - in-
dustrial scientific research and experimental development, scaling and expansion of
applications;

(if) The increasingly clear positioning of the electrospinning as a technology with
already proven industrial potential;

(i) The presence of companies offering laboratory, pilot and industrial platforms
for electrospinning and related processes, with a continuous expansion of the applica-
bility of the process:

(iv) The growing market interest and applicability of electrospun products, which
determine the need for quality management and repeatability of characteristics under
conditions of increasing scalability;

(V) The existing opportunities for integrating new technological and technical so-
lutions;

(vi) The need for engineering-oriented research aimed at analysis, modeling and
optimization of the technological process, in order to increase the controllability of the
technological process, depending on its orientation to a certain application;

(vi() The development of applicable approaches and tools that will ensure the de-

sired reproducibility and facilitate the implementation of the technology in the presence
of a large number of practical applications.
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The main goal of this dissertation is the development and implementation of an
integrated scientific-applied approach for the analysis, control and optimization of the
technological process of electrospinning at high constant voltage, studying its directed
complication, for the production of polymer nonwoven nanofibrous structures with con-
trolled morphology and functional characteristics by: (i) Introduction of a porous fibrous
(textile) collector on the surface of the grounded counter electrode; (ii) Control of the
distribution of the electric field on the surface of the textile collector by changing the
dimensions and geometry of the grounded counter electrode; (iii) Preliminary direct
surface plasma-chemical activation (functionalization) of the porous fibrous collector;
(iv) Modification of the characteristics of the polymer multicomponent solution for elec-
trospinning, using a system of solvents and additives.

Based on the thus formulated goal of the presented dissertation work, the tasks
and means for its achievement are divided into the following main directions:

(1) To develop and experimentally validate a methodological framework for stud-
ying the electrospinning process, based on an integrated approach that includes ex-
perimental planning, statistical analysis, mathematical modeling and optimization of
technological parameters.

(2) To develop and experimentally prove the applicability of porous fiber collectors
in electrospinning, by verifying the possibility of direct formation of functional fiber lay-
ers as a result of a single technological operation.

(3) To develop and experimentally verify the possibility of integrating the so-called
direct plasma-chemical surface activation (functionalization) of the porous fiber collec-
tors used at atmospheric pressure into the electrospinning process.

To overcome the limitations associated with the targeted control of the electro-
spinning, the following are used: systematic analysis of the influence of the main tech-
nological parameters; methods of planning experiments and statistical data pro-
cessing; as well as newly developed mathematical models and software tools to sup-
port engineering research.

The practical applicability and relevance of the results of the implemented re-
search approach is ensured by conducting experimental studies under the conditions
of the adopted basic (standard) electrospinning scheme - "one needle — one jet —
one polymer",

The dissertation is 157 pages, with appendices 183 pages, and includes an
introduction, four chapters for solving the formulated main tasks, a list of the main
contributions, a list of publications on the dissertation and used literature. A total of 188
literary sources are cited, 2 of which are in Cyrillic, and the rest are in Latin. 5 of them
are Internet addresses. The dissertation work includes 55 figures and 24 tables.

The author of the dissertation has formulated goals and objectives that are ade-
quate to the high degree of relevance of the problem and comply with the current reg-

ulatory requirements for dissertations for the acquisition of the educational and scien-
tific degree "Doctor".

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

| positively assess the degree of knowledge of the current state of the problem
under consideration and the creative interpretation of information from available
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bibliographic sources demonstrated by M.Eng. Momchil Shopov. The goal and tasks
set for the dissertation are clearly and reasonably defined.
A significant part of the bibliographic sources on the topic used and analyzed in

the dissertation work are from the last 5 years — 59 %, the last 10 years — 83 %, and
before 2016 — 17 %.

3. Relevance of the chosen research methodology and the stated aim and
objectives of the dissertation to the contributions made

The chosen research methodology, as well as the set goal and tasks of the dis-
sertation work, correspond to the produced scientific results and the formulated scien-
tific and applied scientific contributions of the dissertation work related to them.

Excellent knowledge of the current state of the problems set for research, as well
as in-depth knowledge of the planning of the experiment, statistical analysis, mathe-
matical modeling and optimization of technological parameters, allow the doctoral stu-
dent to develop an original integrated approach to the tasks set, to select and apply
effective methods of scientific research, as well as to approve the created methodo-
logical framework of research.

A careful reading of the dissertation work convinces that the research methodol-
ogy chosen by the doctoral student is in full accordance with the set goal and the tasks
defined by it of the dissertation work, which allowed them to be achieved and solved
at a high scientific and applied level. The achieved scientific and scientifically applied

contributions fully correspond to the formulated goals and objectives of the disserta-
tion.

4. Brief analytical characterisation of the nature and assessment of the
reliability of the material on which the contributions of the thesis are based

The contributions of the dissertation work are built on several correctly made de-
cisions, ensuring not only the credibility, but also the value, applicability and relevance
of the obtained scientific and engineering results:

(4.1) | positively evaluate the decisions taken, justified for the purposes of the
research, that relate to the object of electrospinning, i.e. to the choice of polymer and
composition of the polymer solution for electrospinning:

(4.1.1) The choice of a suitable polymer as a characteristic object of research and
its corresponding solvent - the experimental study undertaken is based on the electro-
spinning of an aqueous solution of polyvinyl alcohol (PVA), which is a synthetic, water-
soluble polymer with a wide range of industrial and medical applications;

(4.1.2) Electrospinning is carried out with and without the participation of a spe-
cific crosslinking agent, in which the produced nonwoven fibrous structure is thermally
crosslinked with the selected crosslinking agent as a subsequent treatment in order to
obtain a characteristic crosslinked fibrous structure (scaffold), which is already difficult
to dissolve in water;

(4.1.3) Selection of a functional additive (plasticizer) to the electrospinning solu-
tion - this is the bioproduct aloe vera (powder, juice, gel), which contains carbohydrate
polymers, vitamins and amino acids, aimed at creating environmentally friendly, biode-
gradable and functional electrospinning porducts with antimicrobial action, improved
morphology of nanofibers, reduced amount of defects (balls); stabilized technologically

12



and technically electrospinning; nanomaterials that can take on the role of a polymer
matrix, for example in the creation of drug carriers, protective clothing, etc.

| positively evaluate the choice of textile materials used for the manufacture of
the textile (porous fibrous) flat collector, which are representatively used in the course
of the experimental study undertaken:

(4.1.4) Cotton (100% CO) woven textile material - "Denim" type fabric, represent-
ing a solid twill fabric, with an area mass of 380 g/m? and a thickness of 0.36 mm, dyed
with dark blue indigo vat dye;

(4.1.5) Standard desert camouflage fabric (type "Military") of 65 % polyes-
ter/35 % cotton (PES/CQ), with an area mass of 200 g/m? and a thickness of 0.36 mm.

Moreover, the two (front and back) sides of the selected textile materials have
different surface characteristics, since the front side is purposefully functionalized (hy-
drophobized), for the purposes of its application, which allows the study of four repre-
sentative implementations of the textile collector.

| appreciate positively that the entire study was conducted under the conditions
of the adopted basic (standard) electrospinning scheme — “one needle—one jet—one
polymer”.

(4.1.6) The delivery system consists of a “medical syringe” and an “infusion
pump”, which provides a sufficiently wide range of variation and a constant value of
the volumetric flow rate of the solutions used for electrospinning.

(4.1.7) The delivery system also includes a standard blunt hollow needle made
of medical steel, of a certain size, which plays the role of a high-voltage electrode and
an electrospinneret, forming a characteristic electrically charged microjet for electro-
spinning, directing it through the air space to the grounded collector. _

(4.1.8) The collector system has a flat shape, and the grounded metal counter
electrode has a specific geometry that directly affects the direction of the deposited
nanofibers and the formation of the nonwoven fibrous structure on the surface of the
textile collector.

(4.1.9) Comparative studies are carried out against a flat metal grounded collec-
tor, which simultaneously plays the role of a counter electrode.

The dissertation work is carried out in four chapters:

In the first chapter, through an analysis of the available bibliographic sources, it
is proven that: (i) Electrospinning is a complex, dynamic and multifactorial research
process, highly sensitive to the properties of the polymer solution, to the structure and
electrical and geometric parameters of the apparatus implementation, as well as to the
operating conditions; (ii) The produced fibrous nonwoven product finds wide applica-
tion in various fields, such as solution in the filtration (air, liquid), medicine and phar-
macy, electrical engineering, technical means and technologies for environmental pro-
tection, etc., as the application sets the essential requirements for it; (iii) The need to
develop a systematic (methodological) approach for analysis and management of the
electrospinning process, which would unite experimental research, mathematical mod-
eling and optimization of the process, is determined primarily by the absence of a single
integrated approach, regardless of the significant volume of scientific research and
publications. The existing models are primarily phenomenological in nature.

In the second chapter, a well-founded methodological framework for the up-
coming research on electrospinning has been developed, which combines
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experimental planning, statistical analysis, mathematical modeling and process opti-
mization. A systematic and informational approach has been built, which should ensure
not only logical consistency and connectivity between the individual stages of the re-
search, but also creates prerequisites for its reliable experimental verification and the
practical applicability of the obtained scientific and engineering results.

In the third chapter, models have been developed and analyzed, including the
selection of factors and process parameters; methods and engineering solutions for
processing experimental data; modeling, optimization and management of the electro-
spinning process. The presented results from the analytical and software basis for their
practical application and confirmation of the adopted research approaches. A software
tool (Electrospinning Designer 1.0) for optimization of the electrospinning process has
been developed, implemented in the Python programming language, which integrates
experimental data, mathematical models and optimization algorithms to support the
engineering selection of technological factors and parameters. The results obtained
establish a connection between experimental observations and controllable technolog-
ical parameters and are a real basis for subsequent experimental verification.

In the fourth chapter, an experimental verification of the selected approach to
the electrospinning is implemented through purposefully planned series of experi-
ments, which allow the influence of basic technological factors on the quantitative and
qualitative characteristics of the produced nanofibrous materials to be assessed. The
practical applicability of the developed methodology of planning, analysis and modeling
for controlled shaping of nanofibrous polymer products is proven and illustrated. A ba-
sis is created for the formulation of new scientific and engineering positions relating to
the optimization and technological improvement of the electrospinning process.

| positively assess the scientific and scientific-applied value of the scientific and
scientific-applied results produced in the implementation of the dissertation work, as
well as the real possibilities for industrialization of the produced scientific and scientific-
applied products. The main results of the conducted scientific research have been ver-
ified through comparative software, analytical and experimental studies to prove their
novelty, applicability and relevance. The results obtained are systematized in an ap-
pendix in a way that provides a good basis for conducting a comparative analysis.

5. Scientific and applied scientific contributions of the dissertation work

| accept that a scientific problem has been formulated and substantiated, relating
to a new area of scientific research, related to the introduction of a porous fibrous (tex-
tile) collector on the surface of the grounded counter electrode at high DC voltage. This
determines the focus of the scientific research conducted and the nature of the scien-
tific results obtained - new knowledge has been acquired about the causes of the phe-
nomena or observable facts, and this determines the affiliation to fundamental scientific
research and scientific contribution in connection with the achieved results.

| accept the scientific and applied contributions formulated by the candidate, re-
ferring them to: (i) Proving with new means of significant new aspects in existing sci-
entific problems and theories; (ii) Creating new experimental methods of research and

management of the electrospinning process; (iii) Obtaining and proving new facts;
(iv) Obtaining confirmatory facts.
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The nature of the contributions for implementation: (i) An experimental ap-
proach has been developed for the study of complex, multifactorial, relatively unstable
technological processes. (ii) A software tool for analysis and optimization of the elec-
trospinning process has been created and practically applied, which supports the en-
gineering selection of factors and parameters, reduces the time for setting up the pro-
cess, which is of crucial importance in the development of new commercial products.
(i) The obtained scientific results prove the applicability of the created methodology in
laboratory and pilot conditions, which is a serious prerequisite for expanding the indus-
trialization of electrospinning technology.

| accept that the scientific results produced from the theoretical and experimental
scientific research carried out represent a significant contribution to the expansion of

scientific research and engineering applicability, as well as to the enrichment of modern
ideas about the electrospinning and its applicability.

6. Assessment of the degree of personal involvement of the doctoral
candidate in the contributions

| accept, based on the materials submitted to me for review, that the dissertation
and the scientific publications related to it are entirely the work of M. Eng. Momchil
Shopov and his personal participation in the production of the scientific and applied
scientific results and the implementation of the dissertation.

The main results and achievements of the dissertation have been published in
three scientific publications in proceedings of international scientific conferences of
IEEE, one of which is independent, and the other two - with its scientific supervisor.
This is another reason to accept his leading role in the undertaken scientific research,
also reflected in the dissertation. The significant contribution in a given scientific publi-
cation is proven by the fact that the doctoral student is the sole author or the first in the
list of co-authors, which is present in two of the three scientific publications.

7. Assessment of the publications related to the thesis: number, type of
publications in which they appear. Reflection in the scientific community - use
and citation by other authors, in other laboratories, countries, etc.

The results of the scientific developments related to the dissertation work have
been evaluated and visible, as they have been reported (and discussed) to the scien-
tific community in the country and abroad, in scientific reports presented at three inter-
national scientific conferences, two of which were held in Bulgaria and one abroad
(North Macedonia). At this point, the publications on the dissertation work have re-
ceived two citations in publications indexed in WoS Scopus, one of which is in a journal
from the first quartile (Q1) of WoS, which once again reveals the scientific value and
relevance of the results obtained. The results of the scientific developments related to
the dissertation work have been evaluated and visible, as they have been reported
(and discussed) to the scientific community in the country and abroad, in total at three
international conferences. In fact, the publications on the dissertation work represent
three scientific reports at international IEEE conferences: (i) Two conferences - Elec-
trical Engineering Faculty Conference (BulEF, 2024) and Conference on Electrical Ma-
chines, Drives and Power Systems (ELMA, 2025), held in the country, and (ii) One
conference - International Scientific Conference on Information, Communication and
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Energy Systems and Technologies (ICEST, 2025), held in North Macedonia. The sci-
entific publications are open access and are available in IEEE Xplore.

The independent publication in which M. Shopov, M.Eng. is in first place (2024),
was cited in 2025 in a scientific publication indexed in WoS and Scopus. The publica-
tion (2025), in which he is ranked first, was also cited in 2026 in a scientific publication
indexed in WoS and Scopus.

| am familiar with the activities of the research team in which the doctoral student
and his scientific supervisor participate - activities aimed at industrialization and scaling
of electrospinning as a technology and hardware implementation, which is why | can
even more confidently conclude that there is a significant contribution here, which is
the result of the activities and personal participation of M.Eng. Momchil Shopov.

8. Use of the dissertation results in scientific and social practice. Existence
of direct economic impact, etc. Documents on which the claim is based

| accept that the contributions formulated in the dissertation are of scientific and
applied interest, as they are of significant importance for the theory and practice of
electrospinning. They contribute to the development and emergence of new technolo-
gies and technical means, as well as to the expansion of their industrial application in
the production of new products and services.

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

its preparation, as well as the adequacy of the coverage of the main points and
contributions of the thesis

The abstract of the dissertation fully and adequately reflects the main points and
contributions of the dissertation. The abstract can be considered as an independent
scientific publication that adequately reflects all aspects of the dissertation.

All requirements and compliance with the template for preparing abstracts of dis-
sertations, specified on the website https://konkursi-as.tu-sofia.bg; "Development of
the academic staff. Working documents" are met.

10. Opinions, recommendations and comments

The positive results of the undertaken scientific research, reflected in the disser-
tation work, the relevance, focus and usefulness of the dissertation work, the well-
founded and methodologically sound technical solutions - all this gives me reason to
give a positive assessment of the dissertation work.

| have verbally shared my opinions, recommendations and remarks regarding the
dissertation work presented to me for a preliminary opinion, preceding the examination
in the department, and | find that they have been respected and taken into account in
its final form. | have no remarks on the substance.

I can recommend to M.Eng. Momchil Shopoy, in his subsequent research and
teaching activities, to rely on the innovative potential of the created technology of elec-
trospinning with a porous fiber collector. | am convinced that the results obtained from

the presented dissertation work can become the basis not only for new scientific pub-
lications, but also for new applications.
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11. Conclusion with a clear positive or negative evaluation of the thesis

After my acquaintance with the dissertation work presented by M.Eng. Momchil
Dimitrov Shopov,

| PROPOSE that the Honorable Scientific Jury consider it established that:

(1) The dissertation fully complies with the essential requirements of the Law on
Scientific Research and Scientific Activity in Republic of Bulgaria (ZRASRB), the
Regulations for the Implementation of the Law (PP-ZRASRB), and the relevant
Regulations of the Technical University of Sofia;

(2) The dissertation, printed in its main parts, is an original creative scientific

achievement, the fruit entirely of the independent research and scientific activity of the
doctoral student;

(3) The dissertation is aimed at solving important and current scientific and ap-

plied problems and is prepared entirely in accordance with the modern achievements
of engineering science and practice;

(4) The scientific achievements of the doctoral student are expressed in the en-

richment of existing knowledge in the field of electrospinning technology and are of
significant importance for engineering practice.

On these grounds, | positively evaluate the dissertation presented by M. Eng.
Momchil Dimitrov Shopov.

| PROPOSE the Honorable Scientific Jury to accept the submitted dissertation
for consideration, making a positive decision regarding the awarding of the educational
and scientific degree "Doctor” to M. Eng. Momchil Dimitrov Shopov, in the field of
higher education “Technical Sciences”, the professional field: 5.2 "Electrical Engineer-
ing, Electronics and Automation", and the scientific specialty “Electrotechnologies”.

Sofia,
15.05.2026

Reviewer,

Prof. Ph.D. -Eng. Peter Dineff: ..................... C—
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