PELLEH3UA

Ha AUCepTaLMOHEH TPYA 3a NpUCbXKAAHe Ha 06pa3oBaTesiHa U HAay4yHa CTeneH ,,A0KTop” Ha
Tema ,U3cnepBaHe Ha TOMJIMHHUTE PEXMMM HA YECTOTHO ynpaBaAemM aCUHXPOHEH
asuraren’, paspaboreH ot uHXX. MapuH Togopos MapuHos

OncepTauMoHHUAT Tpyg e B obem oT 136 cTpaHWuM, KAaTo BKAKOYBA YyBOA, 5 rnaswy,
NPUNOMKEHWSA, CMUCBK HA OCHOBHUTE NPUHOCK, CMUCHK Ha NybAMKauMmTe No ANCepTaumMATa U
n3non3BaHa Antepatypa. Auncepraymarta Brkatoysa obwo 155 ¢urypu n 17 Tabanym.

1. AKTyanHocT Ha pa3paboTBaHuA B gUCepTauMOHHUA Tpya Npobaem B HayyHO U HayyHO-
NPUNOXKHO OTHOweHue. CTeneH U mawab Ha aKTyasHOCTTa Ha Npobsema U KOHKpeTHUTe
3agauun, paspaboTteHu B gucepTaymaTa.

TemaTa 3a TOMMHHUTE PEXMMWU HA YECTOTHO YNPaABAAEMWUTE ACUHXPOHHW ABUraTeNnn e
M3KNIOYUTENIHO aKTya/lHa NOpaAM MACOBOTO HAB/AM3AHE HA YeCTOTHM WHBEPTOPU B
NHAycTpuATa. OCHOBHUTE NPUYMHK, NOPALM KOUTO TOBA M3CNEeABAHE € BAaXKHO Ca BAIOWEHOTO
OX/NlaX[aHe Npu HUCKM 06OPOTH, Ab/KAWO Ce Ha TOBa, Y€ ACUHXPOHHWUTE ABUraTenu
06MKHOBEHO MMAT COBCTBEHO OXNaXKAaHEe U KOraTo YeCTOTHUAT perynatop Hamanum obopotuTe,
AebuTbT Ha Bb3AyXxa Cnaga pPA3KO, KOETO BOAM A0 KPUTUYHO NperpABaHe, OOpu Npu
HOMWHANEH MOMEHT, CbLLO TaKa XapPMOHMYHUTE CbCTaBAABAWIM HA HANPEXEHWeTo u
CBbp3aHUTE C TAX 3arybu, Tbih KAaTO 4eCTOTHUTE npeobpasysaTenu 3axpaHBaAT ABUraTensa c
HECMHYCOMAANHO HamnpeXeHne, NpuM KOETO Ce reHepupaT BUCLWKM XAaPMOHULMU, KOUTO
NPUYNHABAT AOMBAHUTENHM 3arybu B CTOMaHaTa M MeATa, NpeBpblUaliM ce B TOMAMHA.
ONTUMM3NPAHETO HA TOM/IMHHUA PeXuMM HBU NO3BOAIMIO HA MalIMHATA Aa paboTn B Hawn-
epeKTMBHaATa CM TOYKA, HaAMaNABAMKM pasxoamTe 3a EHeprMa W NpeaoTBPaTABANKM
NPeXAeBPEMEHHOTO CTapeeHe Ha M3o0nauuATa. TOYHOTO MOAEeNMpaHe Ha Te3n npouecu
CbliecTBEHO 6M CNOMOrHano 3a u3b6ArBaHe Ha aBapUMHU CMMPAHUA HA 4YeCTOTHO
yNpaBiAeMOTO aCMHXPOHHO e/1eKTPO3a4BUKBaHE.

3aToBa BCAKO M3cneaBaHe B Tasu 06NacT e aKTya/lHO U UeHHOo. [AucepTaumMoHHUAT Tpya,
pasrne)kaa KOHKPeTHM npobnemu, CBbp3aHU C M3CNeABaHEe Ha TOMAMHHUTE PEXMMMU Ha
YeCTOTHO YynpaBAsem acUMHXPOHEH ABuraten, KOUTO NpeacTaBAABaT HayyHa HOBOCT M ca
HECbMHEHO NONE3HU N aKTyaHM.

2. No3HaBa /M [UCEPTAHTBLT CbCTOAHMETO Ha nNpobnema U OUEHABA /1N TBOPUECKM
NUTepaTypHUA matepuan.

Mpn un3AcCHABaHe CbCTOAHMETO HA npobnema, aBTOPBLT Ce No3oBaBa Ha ronam 6pown
NUTEPATYPHU M3TOYHMUM — 122, u3gafeHu B WMPOK nepuog, oT Bpeme. Ton e ycnan ga
06paboTn 1 aHanmnsmnpa ronam obem ot MHPopMaLMA, KOETO My € NMOMOrHaN0 NPABUAHO 43
dopmynmpa CbLHOCTTA HA Npobaema OT refAHa TOYKa Ha NpeaMeTa Ha U3cneBaHeTo.

N36paHUTe MeTOAUKM HA M3cneaBaHe ca NPaBWAHU U AaBaT OTrOBOP HA NOCTaBeHaTa Len u
3a/la4M Ha ANCEePTALMOHHUA TPYA.



3. U36paHaTa meToaMKa Ha U3CeBaHe MOXKe N Aa AaAe OTrOBOP Ha NOCTaBeHaTa uen u
3a4a4uM Ha gUCcepPTaLUOHHUA TPYA.

dopmynnpaHaTa OCHOBHA L Ha AMCEPTALMOHHMA TPYA €:

N3cnepBaHe Ha NPOCTPAHCTBEHOTO pasnpenefieHMe Ha TeMnepaTypHOTO None B YeCTOTHO
yrnpaBasieM aCMHXPOHEH ABUIaTeN NPU PA3INYHU PEXMMU Ha paboTa.

3a U3NbAHEHWe Ha Tasu uen ca GopMy/IMPaHN N PeLLEHN CeaHUTE 3a4a4K:

e Pa3paboTtBaHe Ha NogobpeHa MeToAMKa 3a MOAe/NMpaHe Ha TemnepaTypHOTO none B
4eCTOTHO-YNpPaB/AAEM aCMHXPOHEH ABUraTen.

e TeopeTMYHO M3cneaBaHe Ha pa3npeneneHMeTo Ha TeMnepaTypHOTO Nojie B YeCTOTHO-
yrnpaBasiem aCUMHXPOHEH ABUraTen npu CTAUMOHAPEH PEXMM W MNPEXOAEH PEXMM Ha
HarpsiBaHe.

e Pa3paboTBaHe M peannsmMpaHe Ha CTeHA, 3a EeKCNnepuMeHTaNHO W3cneaBaHe Ha
TEMMNEepPaTypPHOTO Nose B YECTOTHO-YMNPaBAsSeM aCUHXPOHEH ABUraTen.

e CpaBHUTENIHA aHAMTMYHA OUEHKA Ha pe3ynTaTuTe MOAYyYEeHW MNpU CUMynaummuTe U
eKCnepumeHTUuTe.

Lenta Ha pgucepTaumaTa € ACHA, KOHKpPETHa W OpMEeHTUPAHA KbM uM3CnepBaHe Ha
TEMMEpPATYPHOTO NoJie B YECTOTHO-YNPABAAEM aCUHXPOHEH ABUraTeN NPU PA3IUYHU PEXKUMM
Ha paboTa. 3agaunTe 3a HEMHOTO NOCTUraHe ca OPMyIMPaHM TOYHO U B MPaBUIHA METOANYHA
nocnefoBaTeNHOCT.

4. KpaTKa aHa/IMTMYHA XapaKTepUCTUKa Ha eCcTeCcTBOTO M OLEeHKa Ha AOCTOBEPHOCTTa Ha
maTtepuana, BbpXy KOMTO ce rpagaT NPUHOCUTE Ha AUCEPTALMOHHUA TPYA.

B AucepTauMOHHMA Tpya, Cca NpPeacTaBeHW Pe3ynTaTM OT TEOPETUYHO U eKCnepMMEHTaIHO
n3cneaBaHe Ha TemnepaTypHOTO MOJie Ha YeCTOTHO ynpasBnsem TpudaseH acCUHXPOHEH
ABUTaTeNn Npu pasanuyHU pexuMmMmn Ha paboTa Ha ABUratens M Npu PasvyHU YeCcTOTU Ha
3aXpPaHBALLOTO HanpexKeHue.

B nbpBa rnaBa Ha AucepTaLMOHHMA TPYA € HanpaBeHa KnacuduKauma Ha HEM3NPABHOCTUTE
NPW eKCN0aTauUA Ha aCUHXPOHHWU ABUFATENM U HEU3MPABHOCTUTE Ca CUCTEMATU3MPAHU MO
4yecToTa Ha nponaBaBaHe. CbCTaBeHa e gMarpama Ha pasnpeseneHMeTo Ha HeM3NPaBHOCTUTE B
AaCMHXPOHHUTE ABUraTeNn, 3aXpPaHBaHM Ypes YecToTHM NpeobpasysaTtenu, Ha 6a3aTa Ha KOATO
Ca MAeHTUPULMpPAHM U3TOYHMUMTE HA TONIMHA B ABUraTens. HanpaseHa e Knacudpukauma Ha
codTyepHUTE NPUNONKEHMA 32 MOAENNPAHE HA AaCUHXPOHHW ABUraTenun, KaTto Hal-Nnoaxo4ALWm
3a M3cnepBaHeTo ca onpegeneHn coptyepHUTe NPOAYKTH, 6asnpaHn Ha MeToaa Ha KpanHuTe
enemeHTun. MNpeactaBeH e CPaBHUTENEH aHANM3 HA COPTYEpPHUTE NPUNONKEHUA, NOoNaAalun B
nsbpaHaTa Kateropma. B Tabnanuen Bung ca npeactaBeHn NpeauMCcTBaTa U HeAOoCTaTbLUUTe Ha
KOHTAKTHOTO M 6e3KOHTAKTHOTO M3MepBaHe Ha TeEMNEePATypa B aCUHXPOHHUTE ABUIATENN U €
HanpaBeH CPaBHUTE/IEH aHA/IM3 Ha CEH30pUTE 3a U3MepPBaHE Ha TemnepaTtypa.

BbB BTOpa MaBa Ha AMCEPTALMOHHMA TPyA € NPeANoXKeHa OpurMHasHa MeToAMKa 3a
MOJEeNnpaHe Ha TeMNepaTypHOTO MoJie B aCMHXPOHEH ABuraTten, cbyeTaBawa T-obpasHa
3aMecTBalLa CXema M MOAEN, U3rpaZeH Ha 6a3a meToZa Ha KpaiHUTe enemeHTH. MapameTtpurte



no T-obpa3HaTa 3amecTBalla CxeMa Ha M36paHuA 3a M3c/ienBaHe aCMHXPOHEH ABWraTen ca
onpeaeneHn No WM3BECTHa OT /iMTepaTypata MEeTOAMKA 33 MPOEKTUPAHE HA eNeKTPUYECKM
Asuratenun. Ha tasum 6a3a ca U3unMcaeHM BCUYKM 3arybu B ABUratens npu NPomMsAHa Ha YectoTaTa
Ha 3axpaHBalLOTO HanpeeHue. [eHepupaH e TemnepaTypeH MOAeN Ha ABuratens 4pes
MeTo4a Ha KpalHuTe enemeHTU B nporpamHa cpega Comsol Multiphysics. U3cnepBaHo e
TONIMHHOTO NOJIe HAa ABUraTeNA NPU CUMYAMPAHE Ha Pa3IMYHU PAaBOTHU peXMMMU.

B TpeTa rnaBa Ha AWCEPTALUMOHHUA TPYA ca pasriefaHn pesyntaTute OT CUMYNaALMOHHUTE
n3cnenBaHus, U3BbPLLUEHN NOCPeACTBOM OMNMMCaHUA BbB BTOpa rnaBa mogen. PasrnepaHu ca
CUMYNAUMN Ha CTALUMOHAPEH M MpPEexoAeH TOMAMHEH MPOUEeC Ha ABUraTens B Pas/INyHU
PeXUMM Ha paboTa M NPU PasNIMYHM YECTOTM HA 3aXPAHBALLOTO HaNpeXeHMe.

B yeTBbpTa rnaBa Ha AMCEPTALMOHHMA TPyA, € pa3rnefaHO U3rparkAgaHeTo Ha OpUrMHaneH
eKCNepuMMEHTaIeH CTeH/, 3a U3c/e[BaHe HAa TEMNEPATYPHOTO NOEe HA aCUHXPOHEH ABuraTen,
KOMTO eKcnepuMeHTanHO Aa anpobupa CMMyNauMOHHUTE pes3ynTaT 3a TemnepaTypHOTO
pa3npegeneHue B udcneasaHua asuraten. MposegeHn ca MHOTOH6POMHN eKCnepUMEHTU Npu
Pa3IMYHN PEXMMKU Ha paboTa Ha ABMraTena M NpuU PasIMYHU YeCTOTU Ha 3axpPaHBaLLOTO
HanpexeHue.

B neta rnaBa Ha AMCEpPTaUMOHHMA TPYA € HanpaBeH CPaBHWUTENEH aHanu3 MexXay
€KCMepPUMEHTAIHUTE U CUMYNALMOHHUTE pe3ynTatu npu onpegenaHe Ha paboTHute
XapaKTePUCTUKN Ha Asuratens. HanpaBeHW ca CPaBHWUTENHUM aHANU3M HA TeMMnepaTypuTe,
MONYYEHU OT MOAE/IMPAHETO U MPU EKCNEPUMEHTUTE MPU PA3NIMYHU PEXMMM HA paboTa Ha
ABUTaTeNnss M Npu pasanMYHM YeCcTOTM Ha 3axpPaHBALLOTO HanpexkeHwe. OnpepeneHn ca
CTOMHOCTUTE HA OTHOCUTENIHUTE U CPEAHUTE TPELLKMN.

5. HayuyHu M HaAy4YHO-NPUNOXKHMU MPUHOCKM HA AUCEPTALUOHHUA TPyA. 3HAYMMOCT Ha
NPUHOCUTE 3a HayKaTa U NPaKTUKaTa.

Mpw peannsnpaHeTo Ha pa3paboTKaTa ca U3BBbPLUEHN MHOTO EKCNEPUMEHTATHU U3CNeABAHUA.
MN3non3saH e cbBpemeHeH codTyep 3a NpPOBEXLAHE Ha TEOPETUYHW M3CNeABaHUA ypes
mogenunpaHe n cumynaumm kato Comsol Multiphysics.

Bb3 OCHOBa Ha nNpeacTaBeHMA gMcepTauMOHEH Tpya M NybanKaumMmTe MmoxKe ga ce Hanpasu
Hal-06LW,0 M3BOABT, Ye Ca NOCTUTHATU peamLLa NONOKUTENHN PE3yNATaTH C NPUHOCEH XapaKTep,
NO-3HAaYMMMUTE OT KOMUTO Cca:

e HayuyHO-NPUNOXKHM NPUHOCHU:

1. PaspaborteHa e nogobpeHa mMeToAMKa Bb3 OCHOBA Ha M3BECTHM TEOPETMYHW MOAXOAM,
flaBallla Bb3MOMKHOCT 3a onpefensHe Ha TemnepaTypHOTO Moje B YeCTOTHO-ynpasasem
aCMHXPOHEeH ABuraTen. PesyntaTute oT M3cneABaHETO YTBbPXKAABAT NPea/ioXxKeHaTa MeToAMKa
KaTO MHOBAaTMBHA M YCMEWHO MpPUAOXKMMa 3a noaobpaBaHe pexumuTe Ha paboTta Ha
aCMHXPOHHM ABUraTeNN NMPU YECTOTH, PA3/IUYHN OT HOMMUHAHATA.

2. NonyyeHn ca NOTBLPAUTENHN OAHHU NPU U3BBLPLIEH CPABHUTENIEH aHA/IM3 HAa MEeToaM 3a
onpeaensHe Ha 3arybute B aCMHXpPOHeH Aguraten. MosyyeHun ca NOTBBLPAUTENHU AAHHW 3a
BMAHMETO Ha WM3TOYHMUWUTE HA TOMAMHA B ABUraTens OT YecToTaTa Ha 3axpaHBalLOTO



HanpexeHue. MNonyyeHn ca NOTBbPAUTENHWN AAHHU NPU U3BBPLLEH CPABHUTENIEH aHaNWU3 Ha
CopTyepHU peLIeHUs 3a CUMyIMPaHe Ha NOeTa B aCUHXPOHHU ABUraTeNu.

3. TeHepupaHu ca HoOBM M nopobpeHM Mogenu 3a CUMMYNAUMOHHO WM3cCneABaHe Ha
pasnpegeneHneTo Ha TemnepaTypHOTO NoJjie B aCMHXPOHEH ABUraTen B YeCTOTEH AManas3oH oT
30-70Hz 3a cTauMoHapeH pexMm U npexodeH pexXuMm Ha HarpasaHe. [loayvyeHu ca
NPOCTPAHCTBEHM TemnepaTypHU pasnpeneneHua B YecTOTHO — YMpaBafemM acUHXPOHeH
ABuraTen 3a yectoteH gmana3oH 30-70Hz 3a cTauMOHapeH U NPEXOAEH pPeXMMm Ha paboTa.

4. Pa3paboTteHa e nogobpeHa NOCTaHOBKa 3a CMMynaLmMa paboTaTa Ha aCMHXPOHEH ABuUraTen
B nporpamHa cpega Comsol Multiphysics. B npoueca Ha nNpoeKkTMpaHe, a CbWo W npu
[EeNCTBAlM aCUHXPOHHU ABUraTenn e AOoNyCTUMO M LenecbobpasHo napameTpuTte U
XapaKTEPUCTUKUTE MM A Ce MOAENMpPaT U CUMyAUpaT C uen obnekyaBaHe WAM OTKas oOT
n3cnenBaHe B peasHu ycnosus. Pesyntatute oT M3cneaBaHeTo NOTBbPXKAABAT, Ye Ha 6asa Ha
Cb343a4AEHOTO MOZeNNpPaHe, MOXKe Aa ce pa3paboTu peaneH gsuraTen ¢ No-A4ob6pu Nnokasatenu
N XapaKTEPUCTUKMU.

e [pUNOXKHU NPUHOCK

1. Pa3paboTeH e nogobpeH eKCcnepumeHTaNieH Noaxo 3a uscneaBaHe Ha TemnepaTypHOTO
nose B CTaTopa M pOTOpa Ha aCUHXPOHEH ABuraTen. Pa3paboTeH e HOB OpUTMHANEH AaTa iorep
(data logger), no3BonsBall U3BexKaAaHeTo Ha MHGOPMaLMATA 3a TeMmNepaTypuTe Ha ABuratens
B Npoueca Ha paborTa.

2. Pa3pa60TeH € HOB OpUrnMHaneH eKcnepumeHtTaneH CcreHa 3a wmu3cieaBaHe Ha
TEMNEPATYPHOTO MNOJSI€ Ha ACUHXPOHEH ABuUraten npn pasinyHn pexmmum Ha pa60Ta Ha
ABuUratena n npn pas3inyHn 4eCTtoTm Ha 3aXpPaHBALWLOTO HanpexXeHune.

6. Moxe nu pa ce oUEHM B KaKBa CTeneH AUCEePTauUOHHMA TPya M NpPUHOCUTE
npeacTaBnABaT IMYHO AeN0 Ha gucepTaHTa?

AHaNUTUYHOTO W3/IOXKEHWE HA MaTepuana, KPUTUYHOTO OTHOLWIEHME KbM COBCTBEHMTE
Pe3yNTaTh M CTPEMENKDBT Te Aa 6baaT CpaBHEHW C TaKMBA Ha APYrM aBTOPWU, MHOMKECTBOTO
YACNEHM UM  HATypasHU EKCNEePUMEHTM Cca CBUAETENCTBO 33 OPUIMHANHOCTTA Ha
ANCePTaLMOHHMA TPYA M HEFOBUTE HAYYHO-MPUNOXKHU MPUHOCH.

JoKa3aTencrtso B ToBa OTHOLLEHWEe Ca U I'IY6J'IMKyBaHMTe pe3yntatn no AnceptalmAaTta, KOUTO
MMaT CBOETO 3HAYMMO NPUCHCTBUE Cped MaTepuannte B Ta3n Ba)XHA U aAKTya/lHa 06ﬂaCT,
KaKBaTO € YeCTOTHOTO ynpaBaeHne Ha aCUHXPOHHN eNneKkTpo3aaBUKBaAaHUA.

OcseH ToBa WHX. MapuH Togopos MapWHOB e NpeacTaBUAN AeKnapauna 3a OPUrMHANHOCT Ha
Hay4YHUTE NPUHOCKU CbINACHO Y. 27, an. 2 ot lpaBuaHKKa 3a npunoxxeHue Ha 3PACPB.

7. MpeueHKa Ha Nyb6AuKauMuTe NO AUCEPTALMOHHUA TpyA: 6poii, XxapaKTep Ha u3gaHuATa
(mexxayHapoAHU, HaUMOHANHU, BEeAOMCTBEHU, cyXKebHU 6loNeTUHU U T.H.), B KOUTO ca
oTneyataHu. KakBo e OTpaXKeHUETO MM B HAyKaTa — U3MON3BAHE M LUTUPaHe OT Apyru
aBTopM, B Apyru nabopatopuum, cTpaHu u np.?



OCHOBHW NOCTUXKEHUA U PE3YNTATH OT AMUCEPTALMOHHNA TPYA ca Ny6ANKYyBaHW B 4 CTaTUW, KaTo
BCMYKM Ca MHAEKCMpaHM B Scopus. EQHa cTaTMA e camocToATeNnHa, a OCTaHaauTe ca B
CbaBTOPCTBO. MMa pernctpupaHo 1 He3aBUCMMO UUTMpPaHeE B Scopus.

N3nbaHeHU ca MUHMMaNHUTE HaLMOHANHWN U3MCKBAHKUA 3a NpuaobusaHe Ha OHC ,goKTop”,
onpegeneHu ot lNpaBnaHMKa 3a npuaoxkeHue Ha 3PACPB.

8. Pe3yntatute OT AUCEpPTALMOHHUA TPYA U3NONA3BAHU /1M Ca BeYe B Hay4yHaTa U couuManHata
npaKTUKa?

HAma npeacTaBeHM A0Ka3aTeNCTBA 32 BHeAPABAHE Ha pe3yaTaTuTe Ha AMCEPTALMOHHMA TPYA,

9. MoTuBMpPaHM NPenopbKu 3a 6baeL0 M3Non3BaHe Ha HayYHUTE U HAaYYHO-NPUIOXKHUTE
NPUHOCU: KaKBO U Kbje Aa ce BHegpw.

Bux npenopbYan pesyntatute OT AUCEPTALMOHHUA TPYA Aa 6bAAT M3NON3BAHU 33 KOHKPETHU
NPenopbkM KbM MPOU3BOAUTENUTE HA TPUGDA3HU ACMHXPOHHM ABUraTe/IM C YECTOTHO
ynpas/ieHue.

Pesyntatute oT M3cneaBaHuATa B AucepTauMata moraT ga 6baat M3non3BaHuM U B y4ebHUs
npouec.

10. AsTopedepaTbT HanpaBeH M € CbIaCHO M3UCKBAHWATA, NPaBU/IIHO NIM OTPas3ABa
OCHOBHUTE NONOXEHUA U HAaYYHUTE NPUHOCU Ha AUCEPTaLMOHHUA Tpya?

ABTopedepaTsT e pa3paboTeH CbrMacHoO M3NCKBaHMATA Ha MpunoxkeHune 4 Ha MNpaBuaHMKa 33
npuemaHe, obyyeHne Ha JOKTOPAHTM M NpmnaobmBaHe Ha obpa3oBaTenHaTa U HAay4YHa cTeneH
»AOKTOP” M Hay4yHa cTeneH ,, AOKTOpP Ha Haykute” Ha TY — BapHa. Toit npaBuaHO OTpasnBa
OCHOBHUTE NOJIOXKEHWUA U HAYYHUTE NPUHOCK Ha AMUCEePTALMOHHUA TPYA,

AsTopedepaTbT gaBa AcHa NpeacTaBa 3a CbWHOCTTA Ha npobnema, UenTa U 3agayunte Ha
AVcepTaumMATa KaKTO M 3a NbTA MO KOWTO Te ce peluaBaT. KpaTKO M ACHO cCa W3/0MKEHU
pe3ynTaTuTe OT aHaNn3a, MOAENMPAHETO U EKCNEPUMEHTUTE, U3BOAUTE U NPUHOCUTE.

11. KputuuHu 6enexxkm no AuceprauuaAta, BKAUYUTENHO W NO JAMTepaTypHaTa
0CBEeA0MEHOCT Ha KaHaupaara.

CoblLecTBEHM 3a0ENeKKM KbM AUCEPTALUMOHHMA Tpya HAmam. [paBu BhnedyatieHue, ye
ANCEPTAHTBLT KaTo LANO ce e Cbobpaswn C HanpaBeHUTe MPEenopbKM B NpeaBapuTenHaTa
peueHsus.

MMmam HAKOM TEXHUYECKM NPENOPBbKK, Kacaewm opopMAHETO Ha gucepTaumaTa:

1. NpenopbyBam U3TOUYHULMTE B BUbAMOrpadckata cnpasBKa Aa ce M3NUWaT eagHO06pasHO
CbrNacHo Wu3UCKBaHuATa Ha bBAC 17377-96 ,bubnunorpadcko umtupaHe” m aa 6baat
noapeaeHun nam no asbyveH pes uaun No pega Ha LMTUPAHETO UM B AucepTaumATa.

2. Ha mHoro mecra B AncepTtaumnATa ce roeBopu 3a pexxmm Ha HaToBapBaHe Ha ABUratena, 6es
Aa € N3ACHEHO TOYHO 3a KaKBO HaTOBapBaHe CTaBa BbMPOC — HOMWUHANIHO WU PA3/IM4HO OT
HOMMHANHOTO. [TpenopbYyBam HaBCAKbAE, KbAETO € OTHOCMMO, Aa Ce YTOYHU ronemmnHaTta u
BUAa Ha HAaTOBApPBAHETO.



3. MpenopbyBam Aa ce KOMEHTMPA 330 B AMCepTaLMATa € pasrnedaH caMo eauH NPexoaeH
peXum Ha paboTa Ha ABUraTena — TO3M Ha MyCKaHe, a He ca pas3riegaHn U ApYru NPexoaHu
PEXUMM.

4. MNpenopbyBam B OCHOBHUTE M3BOAM WM 3aKNOYEHMA HA AMCEpTaUMATa Ja Ce KOMEHTUPaA
Pa3nNpPOCTPaHEHUETO Ha MOJIYYEHUTE B AMCEPTALMATA PE3YNTaTU BbPXY MPOEKTUPAHETO U
n3cnenBaHeTo Ha TPUda3HU aCUHXPOHHM ABUIraTENM U A3 Ce HAaNPaBAT KOHKPETHU NPENOPBKM.

5. MpenopbyBam M3MN0ON3BAHOTO B HAKOW M3BOAM C/IOBOCbYETAHUE ,HEeABY3HAYHO onpeaens”
[la Ce 3aMEeHMU C ,,HeABYCMUC/IeHO onpeaena”.

6. MpenopbyBam KbM gucepTaumaTa Aa ce gobasu cnmMcbKa ¢ NybanKaumMmTe No TemaTta Ha
ANCePTaLMOHHMA TPYA.

7. MpenopbyBamM Oa Ce OTCTPAHAT MPABOMUCHUTE M CTUAUCTUYHU TPELIKM OT TEeKCTa Ha
ancepTaymaTa.

BbI'IpEKVI HanpaBeHUTE NPENOPDHBKUN CHUTAM, Ye pe3ynTaTute oT U3CNegBaHETO Ca TEOPETUYHO
3Ha4YUMUN N NPUNOKNUMU B NMPAKTUKATA.

MpaBu Bnevyat/ieHUe Cbllo, Ye U cnes NpeacTaBAHe Ha AUCEPTALMOHHUA TPYA, MHX. MapuH
Topopos MaprHOB Npoab/XKaBa Aa paboTn No TemaTUKaTa Ha gucepTaumsaTa U npeanara nnaH
3a 6baelLm M3cneaBaHuA.

12. Apyru Bbnpocu, No KOUTO peLeH3eHTbLT CYUTA, Ye cieaBa Aa B3eme OTHOLIeHMe.

JInyHMTE MM BNeYaTeHmA OT Haj 5-rognWHOTO MM NO3HAHCTBO B NpodecroHanHaTta cdepa ¢
nHX. MapuH Togopos MapuHoB ca mHoro aobpu. Kato otroBopeH m3cnegosaTen Tou ce
CTPEMM KbM M34epnaTesIHOCT M TOYHOCT Ha W3CNeABaHMUATA, Ha TAXHOTO odopmAHe u
nybavkyBsaHe.

3a MeH KaTo peueH3eHT HAMa CbMHEHWe, Ye OCHOBHUTE HAYYHO-NMPUAONKHN U MPUIOXKHU
NPUHOCK B ANCEPTALMOHHUA TPYA Ca IMYHO AEN0 Ha AUCEPTaHTa.

Bux xenan ga otbenerka, Ye Cbm BrevaT/ieH oT 0bxBaTa M U34yepnaTeIHOCTTa Ha NPOBeAeHUTe
nscneaBaHuna. MHoro 4o6po BneyaTaeHne NpaBu U CPaBHEHUETO HA NOYYEHUTE TEOPETUYHM
pe3ynTaTu C aHHM OT NPOBEAEHW PEASTHN EKCMEPUMEHTH.

3AK/TIOMEHUE

Bb3 OCHOBA HAa M310XEHOTO MO-FOpPe OTHOCHO aKTYa/IHOCTTA, CbAbPKAHNMETO N 3HAYMMOCTTA
Ha Hay4YHUTE U HAYYHO-MPUNONKHUTE MPUHOCU Ha AMCEPTALMOHHUA Tpya ,M3cnepBaHe Ha
TONNUHHUTE PEXMMM Ha YECTOTHO YyNpaBAsieM ACUHXPOHEH Aguraten”’, HerosuAT obem wm
KayeCcTBOTO HA MOCTUTHATUTE Hay4YHW Pe3ynTaTh, CYMTaMm, Ye TON NPeacTaBasABa 3aBbPLIEHO
Hay4yHO u3cnenBaHe.

MonyyeHu ca peanua NoNOKUTENHU Pe3yNTaTh C HaYYHO-NPUNONKEH XapaKTep, NpeacTaBeHu
Ha BMCOKO Hay4YHO HMBO MO NoaxoAAl, HauyMH. OCHOBHUTE pe3ynTaTn ca Aobpe anpobupaHu
Ha peauua HauMOHaNHU U MeXAyHapoAHU GOpyMKM M OTMeYaTaHn B pepepupaHn nUsaaHus.



PaspaboTkaTa cboTBeTCTBa Ha M3UcKBaHuATa Ha 3PACPBE u [MpaBuiHMKa 3a HEroBoTo
NPUIOXKeHWe 3a NoaydyaBaHe Ha obpa3oBaTeniHa M Hay4YHa cTeneH “aokTop”.

Mpeanaram Ha yBarkaemoTo HayyHO Xypu ga npucbam obpasoBaTenHaTa M Hay4dyHa cTeneH
“nokTop” Ha MHK. MapuH Togopos MapuHOB.
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REVIEW

of a PhD thesis for the award of the educational and scientific degree of "Doctor" (PhD)
Subject: "Investigation of the Thermal Regimes of a Frequency-Controlled Induction Motor"
Developed by: Eng. Marin Todorov Marinov

The thesis consists of 136 pages and includes an introduction, 5 chapters, appendices, a list of
main contributions, a list of publications related to the thesis, and a bibliography. The thesis
comprises a total of 155 figures and 17 tables.

1. Relevance of the problem addressed in the thesis from a scientific and applied-scientific
perspective. Degree and scope of the relevance of the problem and the specific tasks developed
in the thesis.

The topic of thermal regimes in frequency-controlled induction motors is highly relevant due to
the widespread adoption of frequency inverters in the industry. The main reasons why this study
is important include degraded cooling at low speeds. This is due to the fact that induction motors
typically rely on self-cooling; when the frequency regulator reduces the speed, the airflow drops
sharply, leading to critical overheating even at nominal torque. Furthermore, voltage harmonics
and their associated losses are critical, as frequency converters supply the motor with non-
sinusoidal voltage. This generates higher harmonics that cause additional losses in the steel and
copper, which transform into heat.

Optimising the thermal regime would allow the machine to operate at its most efficient point,
reducing energy costs and preventing premature aging of the insulation. Accurate modelling of
these processes would significantly help avoid emergency shutdowns of frequency-controlled
induction motor drives.

Therefore, any research in this field is relevant and valuable. The thesis addresses specific
problems related to the study of thermal regimes in a frequency-controlled induction motor,
which represent scientific novelty and are undoubtedly useful and topical.

2. Knowledge of the state of the art and creative evaluation of the literature by the PhD
candidate.

In clarifying the state of the art, the author refers to a large number of literature sources — 122,
published over a wide period of time. He has successfully processed and analysed a large volume
of information, which has helped him correctly formulate the core of the problem from the
perspective of the subject of research.

The chosen research methodologies are correct and address the established aim and objectives
of the thesis.



3. Ability of the chosen research methodology to address the established aim and objectives of
the thesis.

The main aim of the thesis is formulated as follows:
Investigation of the spatial distribution of the temperature field in a frequency-controlled
induction motor under various operating regimes.

To achieve this aim, the following tasks have been formulated and resolved:

. Development of an improved methodology for modelling the temperature field in a
frequency-controlled induction motor.

. Theoretical investigation of the temperature field distribution in a frequency-controlled
induction motor under steady-state and transient heating regimes.

. Development and implementation of a test bench for experimental investigation of the
temperature field in a frequency-controlled induction motor.

. Comparative analytical assessment of the results obtained from simulations and
experiments.

The aim of the thesis is clear, specific, and oriented towards investigating the temperature field
in a frequency-controlled induction motor under various operating conditions. The tasks for its
achievement are formulated precisely and in a correct methodological sequence.

4. Brief analytical description of the nature and assessment of the reliability of the material
supporting the thesis contributions.

The thesis presents results from both theoretical and experimental investigations of the
temperature field of a frequency-controlled three-phase induction motor under various operating
regimes and at different supply voltage frequencies.

In Chapter One of the thesis, a classification of operational faults in induction motors is provided,
and faults are systematised by their frequency of occurrence. A distribution chart of faults in
induction motors supplied via frequency converters is compiled, based on which the heat sources
in the motor are identified. A classification of software applications for induction motor modelling
is presented, identifying software products based on the Finite Element Method (FEM) as the
most suitable for the study. A comparative analysis of software applications falling into the chosen
category is presented. The advantages and disadvantages of contact and non-contact
temperature measurement in induction motors are presented in tabular form, along with a
comparative analysis of temperature sensors.

In Chapter Two of the thesis, an original methodology for modelling the temperature field in an
induction motor is proposed, combining a T-equivalent circuit and a model built using the Finite
Element Method. The parameters of the T-equivalent circuit for the induction motor selected for
the study are determined using an electrical motor design methodology known from the



literature. On this basis, all motor losses are calculated as the supply voltage frequency varies. A
thermal model of the motor is generated using the Finite Element Method within the Comsol
Multiphysics software environment. The thermal field of the motor is investigated by simulating
various operating regimes.

In Chapter Three of the thesis, the results of the simulation studies performed using the model
described in Chapter Two are discussed. Simulations of steady-state and transient thermal
processes of the motor under various operating regimes and at different supply voltage
frequencies are examined.

In Chapter Four of the thesis, the construction of an original experimental test bench for
investigating the temperature field of an induction motor is described, aimed at experimentally
validating the simulation results for the temperature distribution in the investigated motor.
Numerous experiments were conducted under various operating conditions of the motor and at
different supply voltage frequencies.

In Chapter Five of the thesis, a comparative analysis between the experimental and simulation
results is performed to determine the motor's performance characteristics. Comparative analyses
are made regarding the temperatures obtained from the modelling and the experiments under
various operating conditions and at different supply voltage frequencies. The values of relative
and mean errors are determined.

5. Scientific and applied contributions of the thesis. Significance of the contributions to science
and practice.

A large number of experimental studies were carried out during the implementation of this work.
Modern software, such as Comsol Multiphysics, was utilised to conduct theoretical research
through modelling and simulations.

Based on the presented thesis and publications, it can be generally concluded that a number of
positive results with a contributing character have been achieved, the most significant of which
are:

Applied-Scientific Contributions:

1. An improved methodology has been developed based on known theoretical approaches,
enabling the determination of the temperature field in a frequency-controlled induction motor.
The research results validate the proposed methodology as innovative and successfully applicable
for improving the operating regimes of induction motors at frequencies other than the nominal
one.

2. Confirmatory data were obtained from a comparative analysis of methods for determining
losses in an induction motor. Confirmatory data were obtained regarding the influence of the
supply voltage frequency on the heat sources within the motor. Confirmatory data were obtained
from a comparative analysis of software solutions for field simulation in induction motors.



3. New and improved models have been generated for the simulation study of the
temperature field distribution in an induction motor within a frequency range of 30—-70 Hz for
steady-state and transient heating regimes. Spatial temperature distributions in a frequency-
controlled induction motor were obtained for the 30-70 Hz frequency range under steady-state
and transient operating regimes.

4, An improved framework for simulating induction motor operation within the Comsol
Multiphysics software environment has been developed. During the design process, as well as for
operational induction motors, it is permissible and expedient to model and simulate their
parameters and characteristics to ease or bypass real-world testing. The research results confirm
that, based on the created model, a real motor with improved indicators and characteristics can
be developed.

Applied Contributions:

1. An improved experimental approach has been developed to investigate the temperature
field in the stator and rotor of an induction motor. A new original data logger has been developed,
allowing the extraction of motor temperature data during operation.

2. A new original experimental test bench has been developed to investigate the
temperature field of an induction motor under various operating conditions and at different
supply voltage frequencies.

6. Assessment of the extent to which the thesis and its contributions represent the candidate’s
personal work.

The analytical presentation of the material, the critical attitude towards one’s own results, the
effort to compare them with those of other authors, and the multitude of numerical and physical
experiments bear witness to the originality of the thesis and its applied-scientific contributions.

Proof of this is also found in the published results of the thesis, which hold a significant presence
among the literature in this important and relevant field of frequency-controlled induction motor
drives.

Furthermore, Eng. Marin Todorov Marinov has submitted a declaration of originality regarding
the scientific contributions in accordance with Art. 27, Par. 2 of the Regulations for the Application
of the Development of Academic Staff in the Republic of Bulgaria Act.

7. Evaluation of the publications related to the thesis: number, nature of the publications
(international, national, institutional, official bulletins, etc.) where they were printed.
Reflection in science — usage and citation by other authors, in other laboratories, countries, etc.

The main achievements and results of the thesis have been published in 4 papers, all of which are
indexed in Scopus. One paper is single-authored, while the remaining ones are co-authored.
There is 1 independent citation registered in Scopus.



The minimum national requirements for obtaining the educational and scientific degree of
"Doctor" (PhD), as defined by the Regulations for the Application of the Development of Academic
Staff in the Republic of Bulgaria Act, have been met.

8. Have the results of the thesis already been applied in scientific and social practice?
No evidence of the implementation of the thesis results has been presented.

9. Motivated recommendations for future application of the scientific and applied
contributions: what should be implemented and where.

| would recommend that the results of the thesis be used to provide specific recommendations
to manufacturers of frequency-controlled three-phase induction motors. The research results in
the thesis could also be utilised in the teaching process.

10. Is the extended abstract (autoreferat) prepared in accordance with the requirements, and
does it correctly reflect the main propositions and scientific contributions of the thesis?

The extended abstract has been developed in accordance with the requirements of Appendix 4
of the Regulations for Admission, Training of PhD Students, and Awarding of the Educational and
Scientific Degree "Doctor" and the Scientific Degree "Doctor of Sciences" at the Technical
University of Varna. It correctly reflects the main propositions and scientific contributions of the
thesis.

The extended abstract provides a clear overview of the core of the problem, the aim, and the
tasks of the thesis, as well as the path taken to resolve them. The results of the analysis, modelling,
experiments, conclusions, and contributions are presented briefly and clearly.

11. Critical remarks on the thesis, including the candidate's literary awareness.

I have no substantial criticisms of the thesis. It is noteworthy that the PhD candidate has generally
complied with the recommendations made in the preliminary review.

| have some technical recommendations regarding the layout and formatting of the thesis:

1. | recommend that the sources in the bibliography be formatted uniformly in accordance
with the requirements of BDS 17377-96 "Bibliographic Citation" and arranged either
alphabetically or in the order of their citation within the thesis.

2. In many places in the thesis, the motor loading regime is mentioned without clarifying
exactly what load is concerned — nominal or otherwise. | recommend specifying the magnitude
and type of load wherever relevant.

3. | recommend commenting on why only one transient operating regime of the motor —
namely starting — was considered in the thesis, and why other transient regimes were not
explored.



4, | recommend that the main findings and conclusions of the thesis comment on the
extension of the results obtained to the design and investigation of three-phase induction motors,
and that specific recommendations be made.

5. | recommend that the phrase "unambiguously determines" (HeaBy3sHayHO onpepaens)
used in some conclusions be replaced with "unequivocally determines" (HeasycmucneHo
onpeaens).

6. | recommend adding the list of publications on the topic of the thesis to the thesis text.
7. | recommend correcting spelling and stylistic errors within the text of the thesis.

Despite the recommendations made, | consider the research results to be theoretically significant
and applicable in practice.

It is also impressive that even after submitting the thesis, Eng. Marin Todorov Marinov continues
to work on the topic and proposes a plan for future research.

12. Other matters on which the reviewer considers they should express an opinion.

My personal impressions from my professional acquaintance with Eng. Marin Todorov Marinov
spanning over 5 vyears are very good. As a responsible researcher, he strives for
comprehensiveness and accuracy in his investigations, as well as in their presentation and
publication.

For me, as a reviewer, there is no doubt that the main applied-scientific and applied contributions
in the thesis are the personal work of the PhD candidate.

| would like to note that | am impressed by the scope and comprehensiveness of the research
conducted. The comparison of the obtained theoretical results with data from real physical
experiments also makes a very good impression.

CONCLUSION

Based on the foregoing regarding the relevance, content, and significance of the scientific and
applied-scientific contributions of the thesis "Investigation of the Thermal Regimes of a
Frequency-Controlled Induction Motor", its volume, and the quality of the achieved scientific
results, | consider it to be a completed scientific study.

A number of positive results of an applied-scientific nature have been obtained, presented at a
high scientific level and in an appropriate manner. The main results have been well validated at a
number of national and international forums and published in peer-reviewed journals. The work
complies with the requirements of the Development of Academic Staff in the Republic of Bulgaria
Act and the Regulations for its application for obtaining the educational and scientific degree of
"Doctor" (PhD).



| propose to the esteemed Scientific Jury to award the educational and scientific degree of
"Doctor" (PhD) to Eng. Marin Todorov Marinov.

Date: 21 July 2026 REVIEWER:
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