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ABTOp Ha AucepTauUOHHUA TPyA: npod. A-p uHxX. Togop Crounos Toaopos
Tema Ha aucepTaUMOHHUA TPYA:
AWHAMUKA HA MEXATPOHHU CUCTEMU, BA3UPAHU HA YMHU MATEPUAU

PeueH3eHT: gou. A.H. AHacTtac UBaHoB UBaHoB

1. AKTyanHocT Ha pa3paboTBaHuA B AUCEPTALMOHHUA TPy4 NPoGneM B Hay4yHO
M HAy4YHO MPUNIOXKHO OTHoweHMe. CTeneH U HMBA Ha aKTyasnHOCTTa Ha
npobnema n KOHKpeTHUTe 3aauu, pa3paboTeHu B AUcepTaLUATA.

AKTyanHocTTa Ha npeaocTaBeHUss MU 3a pPeELEeH3WpaHe AUCepTauuoHeH Tpya ce
yCTaHOBABA B CNEeAHUTE NO-BaXKHU HanpaBneHus.

Beuukn  uscneaBanusi,  OTpaseHM B AWCEPTaALUMOHHWA  Tpyd, YnecHsear
paspaboTBaHeTO Ha aganTUBHW, CaMOPErynvpawyn ce W BUCOKONPOU3BOAUTENHM
YCTPOWUCTBA, KaTO MO TO3W Ha4YMH OTIOBapsAT Ha CbLEPEMEHHUTE WU3UCKBAHUA Ha
TexXHonorniTe B peguua obnactu Ha nponssogCcTBOoTO.

U3cnepgaHute npobnemu otpasssaT U3UCKBAHUATA 3a MYNTUMYHKLWUOHANMHOCT U
MUHUaTIOpU3aUus B obnacrtra Ha MEXaTPOHHUTE CUCTEMMU, KITIOYOB ENEeMEHT 3a Pa3BUTUETO
Ha UHOBaUWUUTE.

[ageHu ca pelweHus Kak UHTENUreHTHUTE MaTtepuanu, KoMmbuHupalwym cnnaseu ¢ nameT
3a dopMmata W MNUE30EneKTPUYHU MaTepuanu, nokaseaTr PeakTUBHOCT KbM BbHLUHU
CTUMYNU, YNECHSBaAWKN WHTErpUPAHOTO 3a[BUMXBaHE CbC CEH30PHW 0OpaTHU BPBL3KU U
KOHTPOS B KOMMAaKTHU apXUTEKTYPMU.

MonyyeHun ca BaXKHU NO3HAHWA 3a cTabunHoCcTTa, eHepruiHaTa eqeKTUBHOCT WU
NPeuMs3HOCTTa Ha ynpaBneHneTo Ha peguua cuctemu. [NpoeeneHn ca NbnHU Npoy4vBaHus
Ha AWHAMW4YHOTO UM NoBeAcHUE, BKINOYBALLO NOKa3aTeNn KaTo YeCTOTHA XapaKTepPUCTUKa,
XUCTEPE3UC, XapaKTEPUCTUKN Ha 3aTUXBaHE W HerMHeWHOCTU. [loka3aHo e NPAKOTO UM
BIIUSIHUE BbPXY NPOEKTUPAHETO Ha 0BpaTHU BPb3KK, anropuTMu 3a ynpasneHue B peanHo
Bpeme U cTpaterum 3a CTpPYKTYpHa UHTEerpaums B MEXaTPOHHW NPUNOXEHUS.

[lokasaHO € Kak YCTaHOBEHWUTE [UHAMW4YHM XapaKTEePUCTUKU  ynecHasaT

paapa60TBaHe'ro Ha npeackassaily Moaenv n cuMynaunu, KaTo no To3n Ha4yuH nossonAaegar



Ha UHXeHepuTe f[a onNTUMMU3MpaAT NPOU3BOAUTENHOCTTA NPUA  MNPOMEHAWM ce
eKcnnoaTauuoHHW YCIoBUS.

Bcuukn n3bpoeHun Hai-cbliecTBeHU npobnemu, paspaboteHn B OucCepTaLMOHHUS
TPYA AoKa3BaT HAW-BMCOKO HMBO Ha aKTyarHOCT.

2. CreneH Ha no3HaBaHe CBLCTOAHMETO Ha npobnemMa W TBOpYeckKa
WHTEepPnpeTauua Ha NUTepaTypHUA MmaTtepuan.

AducepTtaunoHHmnaT Tpya e ¢ 06w obem 287 cTpaHuum, KOWTO BKNoYBa 7 rnasn, 215
churypu, 15 Tabnuum, 148 unTUpaHu NUTEPATYPHU U3TOYHULU, OT KOUTO 2 Ha KUpUNMLUa, a
OCTaHanuTe Ha natuHuua. JlutepatypHusaTt o630p, ¢ HasBaHne ,AHaNU3 Ha CbBPEMEHHOTO
Hay4HO HWBO B oDnacTTa Ha MexaTpoHHUTE eHeprogobvBHU U eHeproeeKTUBHU cUcTeEMU”,
obxsalya 34 ctpaHuuu. Tyk B CUHTE3UPAH U CTErHAT CTUS, Ca pasrnefaHn CbCTOsHUATA Ha
peauua MexaTpoHHU eHeprofobuBHU U eHeproeeKkTUBHU CUCTEMKU, noanexauu Ha
MoaenupaHe. YTOYHEeHW ca BWAOBETE MOAENM WU TexHuTe U3NKo-MEXaHUYHU
Xapakrepuctukn. HanpaeeH e 0030p Ha eHepruiHuTe KoMGanHW C YMHW MaTtepuanu u
TEPMOMEXaHUYHU CaMOoBb30YX4alluM OCLMNaTOPU, KakTo U MeToauTe 3a MOAEeNupaHe Ha
cnnaeu ¢ nameTt Ha copmaTta (€OHOMOCOYEH, ABYNOCOYEH U Cynep enacTtudeH edexr).
OnucaH e XUMUYHUA CBLCTaB U CBOWCTBA Ha Te3u CnnaeBu, a Taka CbLLUO MeToguTe 3a
TepMogMHaMu4HO mogenupane. Pasrnegadn ca ob6CToMHO meToauTe 3a uscnensaHe Ha
NUe30eneKkTPUYHU reHepaTopu Ha HanpexeHue. Hakpasa e doopMynupaHa oCHOBHaTa LUern
Ha AncepTauuoHHUA TPy, Bb3 OCHOBA Ha KOATO ca onpeaerneHn cegem OCHOBHU 3afayn.

[lo3HaBaHETO CbLCTOAHMETO Ha npobrnema w TBOpYEcKaTa WHTepnpeTauus Ha
nUTepaTypHUSs Matepuan oLueHsBaM C Halk-BUCOKa CTENEH.

3. CnhorBeTcTBME Ha U3bpaHaTa MeToAMKA Ha u3cneaBaHe C NocTaBeHaTa uen u
3a/lauM Ha AucepTalUuoOHHUA TpyA.

CbrnacHo noctaBeHaTa Uen, a UMEHHO Cb3faBaHe Ha MPUNOXHU MYNTUMDU3UHHM
TEOpPETUYHW MOAENn Ha YCTPOWCTBa C OCLUMMALMOHHO AeUcTBUE, DasupaHu Ha yMHM
MaTepuanu, Kato crnaBu C nameT Ha dopmarta U NuesoenekTpuun, ¢ oKyc BBPXY
BITUSHUETO Ha XUCTepesucute, Aa ce U3paboTAT peanHu YCTPOWCTBA, Ypes KOUTo da ce
BanuaupaT TeopeTUYHUTE U3BOAM, B AUCepTaumaTa ca hopmynupaHu Ase XunoTesu, YMeTo
noTBbPXKAEHNE BOAM A0 pa3paboTBaHe Ha E€HepruviHu kombBanHu, uanonsgawy asosu
TpaHchOpMaLMKM Ha cnnaeu € nameT Ha copmarta v NUE30ENEKTPU4EH ecthekT 3a
npeobpasyBaHe Ha MNOCTOAHHA TOMMUHA B ENeKTpU4ECcKa EHEepruA. OcBeH TOBa ca
Cb3dafeHNn HOBW METOAM 3a MOAENUpaHe W eKCnepuMEHTaNHo nscneasaHe Ha cnnaeu ¢
nameT Ha chopmaTa v NMe3oenekTpuyHn matepuanu. NpeanoxeHn ca HoBi NOCTaHOBKN 3a

MogenupaHe Ha XUCTEpPE3UCHUTE npouecu B cnnasu C rnamet Ha popmarta, Kakto W



OPUrMHaANHU MYNTUOU3NYHKM  MeToau OonuceallM AuHaMuUKata Ha ocuunupawm u
KBa3uocLuMnupaLm CUCTEMM.

Toea nokasea, 4e usbpaHata MeTOAMKA Ha u3cnenBaHe CbOTBETCTBA HANMbNHO C
NocTaBeHaTa OCHOBHa Len U 3afayun B guceprauumaTa.

4. Kpatka aHanMTU4YHa XapaKTepPUCTHUKa Ha EeCTeCTBOTO M OLUEeHKa Ha
DOCTOREPHOCTTa Ha MaTepuarna, BbpXy KOUTO ce rpagsit NpUHOCUTE Ha
AUCepTalUuOHHUA TPyA.

B guceptauMoHHWUS TPy4 Ca HanpaBeHW aHanuau U ONTUMU3aUUK Ha MHOXECTBO
ynpaBnsaemMum TEPMOMEXaHUYHU EHEepPruiHn cuctemun, 6asmpaH Ha yMHU MaTepuanu KaTto
cnnaev ¢ namert Ha copmarta U nuesoenektTpuun. Te ca noakpeneHun OT MHOXECTBO
nybnukauuu. PaszpaboTteHu ca nbpBOHaA4YanHM NpoOTOTUMNU U eKCNEPUMEHTaNHU YCTaHOBKU
3a TEXHOTO MU3CneaBaHe, KaTo eHOBPEMEHHO C TOBaA Ca Cb3AafeHU ANHAMWUYHU MOLENM,
ONUCBALLUX TAXHOTO NOBEAEHUE U XapakTepucTuku. MNokasaHo e, Ye eKCnepuMeHTanHuTe v
TEOPETUYHU pe3ynTaTtu CbBNagaTt C BUCOKa CTENEH Ha TOYHOCT.

OTkposiBaT Ce Cb34aBaHETO Ha [BEe HayyHu XUnoTeswn, KOUTO u3gurar
AncepTaunoHHUA TPy Ha U3KNIOMUTENHO BCOKO HUBO.

Mbpeara, HapedeHa usndecka, TBbpaK, Ye ako CbLUECTBYBA KBA3UCTaLMOHapHO Unu
CTaLMOHaPHO TOMMMHHO None ¢ NPOMEHNUB TEMNEpPATypeH rpagueHT No OTHOLUEHWE Ha
NOMOXEHMETO B NPOCTPAHCTBOTO, B KOETO CE& HaMMpa U3TOYHUKBLT U NpeobpasyBaTenaT oT
cnnaBu ¢ nameT Ha dopmara, € Bb3MOXHO Aa Ce Cb3fage ocuunupalla MexaHu4Ha
cucTemMa, YNATO eHeprus Aa ce npeobpasysa B enekTpuyecka.

BtopaTa, HapeYeHa MaTemaThyecka, TBbPAMW, Ye ako CbLUeCTByBa (PyHKLMOHAN Ha
KaueCTBOTO, € Bb3MOXHO Aa ce onpefensT napameTpute My B 40nNyCTUMUTE AnanasoHn v
NPy HanWyue Ha OrpaHUYEHWs, Taka 4Ye Aa ce NOCTUrHe MUHUMANHO 3HaYeHWe Ha TOosW
chyHKUWOHan.

[IBeTe xunoTesu ca AokasaHu ¢ nomolta Ha 10 Teopemu n 4 nemu.

OCHOBHUAT U3BOA, KOWTO MOra [ja KOHCTaTupam e, Ye rnpeaBapuTtesnHo HabenssaHarta

Len Ha AUCEePTaUMOHHUA TPYA € U3NbITHEHa.
5. Hay4Hu Wunu Hay4HO NPUNOXKHU NPUHOCHK Ha AKUCEPTaLIMOHHUA TPYA.

MpuHocuTe B eOuWH AucepTauuMoHeH Tpya npeacrasnasat HaW-BaXXHUTE MY
koMmnoHeHTU. TyK Mora onpefeneHo Aa noayepTas, e BCUHKW NPUHOCH, HayHHH N HaYy4HO-
NPUNOXHK, Ca W3KNIOYUTENHO Aobpe opmynupaHy, oBSOCHOBaHU W NOAKPENEHU C

pesynratute oT U3CneaBaHnsTa B AuceprauunTa.
Hay4Hu NpUHOCHK:

5.1. DopMynupaHe U 060CHOBKA Ha HOBU XUMOTE3W,



ToBa ca gBeTe xunoTtesu, husndecka n maTteMmaTuyecka, KoMTo onucax B npeaxoaHaTta
TOuYKa.

Hay4HO-NpUNOXHA NPUHOCHK:

5.2. [loka3BaHe ¢ HOBMU CpeACTBAa HAa CHLIUWECTBEHW HOBU CTPaHU B
CbllecTBYBallu Hay4HU NpoGnemMu u Teopuu;

[lokazaHO € TEeOpeTUYHO ¥ BanuAKpPaHO EKCNepUMEHTANHO, Ye NpU Hanuume Ha
TONMWUHHO NONEe C MOHOTOHHO MPOMEHNUB MNPOCTPAHCTBEH TemnepaTtypeH rpagueHT e
Bb3MOXHO fla ce Cb3aaje ocuunupatlla MexaHm4yHa CUCTEMa Ypes HULLIKA OT Chnae Cc nameT
Ha d¢opmaTta. Cb3gageHa e ¥ e BanuaupaHa €eKkCnepuMeHTanHo HoBa Teopusa 3a
MoAenupaHe Ha XUCTepe3ncu B cnnaBu C NameT Ha dopmaTta 4pes3 KoedUUMEeHTU Ha
nponopuuoHanHoct. Cbhb3gageHn ca U ca BanugupaHu OpUrMHanHW maTemaTu4ecku
MOAENW 3a ONUCBaHe Ha AWHAMUYHOTO MNOBEAEHUEe Ha TepMOo-enacTU4YHU enemMeHTU OT
CnnaBu ¢ NaMmeT Ha hopmara B ocuuMnupaLlm pexmnmin. Ypes ypasHeHuaTa Ha JlarpaHx ca
N3BEeOEeHN OPUrMHANHU MYNTUPUIUYHN MOAENN, CBBP3BALLN MEXAHUYHU, MUE30ENEKTPUYHU
M TONMIUHHU CBOWCTBA NPU Hanu4ne Ha XucTepesucu.

5.3. NMonyyaraHe Ha NOTBRBLPAUTENHU (haKTH;

EkcnepumMeHTanHo € noTBbpAeHa TeopusTa 3a NponopuMoHanHoTo MoaenupaHe Ha
OCHOBHW XWCTEPE3UCHU W NOJ XUCTEPE3UCHU ABMNEHUs B ChnasBu C nameT Ha copmara.
MoTBbpAEHU ca eKcnepumMeHTanHo MaTemaTuyeckuTe moaenu 3a onuceaHe Ha
NUHAMUYHOTO NOBEAEHME Ha TEPMO-ENAaCTUYHN eNIEMEHTU OT CNNaBsu ¢ NamMeT Ha hopmaTa
B OCUMNMpaLLM pexumMin. EKCnepuMeHTanHo ca BanuaupaHy ypasHeHnATa Ha Jlarpaqx sa
BCUYKU MYNTUPU3INYHU MOAENW.

5.4. Cu3paBaHe Ha HOBU MeTOZM Ha W3cnenBaHe;

Cb34afeHn Ca YUCNEHW PpelWeHUs Ha MynTuusndHuTe Moaenu, Kouto ca
noTBbLPAEHU ekcriepumeHTanHo. Cb3gafeHn ca HOBM eKCnepuMeHTanHW MEeToan 3a
e0HOBPEMEHHO M3MEpBaHe Ha HAKOMKO (U3UYHWU BENUYMHW B peanHo Bpeme U TAXHOTO
3anucBaHe C Bb3MOXHOCTW 3a ynpaBfeHue Ha ekcrnepumeHTa. Ha ocHoeaTa Ha
pa3paboTeHuTe CTeH0Be 3a €[iHOBPEMEHHO U3MepBaHe U 3an1CBaHE Ha HAKOIKO PU3NYHN
BENUYMHU C BUCOKA YECTOTa Ha OMCKPETU3aLMs Ca Cb3AafeHW cepus OT nabopaTopHu
yrpaXKHeHUs1 MO MHOXECTBO y4eOHU ANCLIMMNNHN B 4 cpakynTeTta Ha TY-Cocpus.

5.5. Cb3pnaBaHe Ha HOBU KOHCTPYKLUHK;

MpoekTupaHu ca U ca u3paboTeHn pasHOBUAHOCTU Ha EHepruiHn xapeBecTtepn Cbe
caMoBb3byxaaly ocuunauum MHAYUMpaHu OT W3TOYHUK Ha MOCTOAHHA Temnepartypa.

Cb3aafeH e eHeprueH BubpauuoHeH xapBecTep C HULLKa OT CMnask ¢ NameT Ha cdopmara.



[NpoekTupaH e u e uspaboTteH cTerg 3a U3NUTBaHE Ha cnnaBu ¢ NaMeT Ha dopmaTa,
4Ype3 KOUTO Ce W3MepBaT EOHOBPEMEHHO B peanHo BpeMe npemecTBaHe, cuna,
TemnepaTtypa, TOK €NeKTPUYECKO HanpeXeHue U MHOXECTBO NPOU3BOAHU BENMUYUHMN.
Cb3gageHu ca onuTHU oBpasum 3a ynpaBneHue Ha NpornopLWoHanHy KnanaHu 3a crpagHa
aBToOMarTusaums. [NpoekTnupaHu ca nponsBeaeHn onNTUMU3NPaAHK ONUTHU obpasun 3a on/off
ynpaBneHue Ha knanasu Ypes3 buctabunHm mexaHmamu.

6. OueHka 3a cTeneHTa Ha NIMYHOTO YyYacTUe Ha AUCEPTaHTa B NPUHOCUTE.

Cunutam, Yye NUYHOTO y4acTue Ha AucepTaHTa BbB (hOpMyNUpaHe Ha NPUHOCUTE B
AVCEPTaUVOHHUA TPYA HE NOASEXN HA HUKAKBO CbMHEHWe. ToBa € gucepTaunsa 3a Hay4Ho
3BaHWe ,[OKTOpP Ha HayKUTe", KOATO ce paspaboTBa CaMOCTOATENHO, a B KOHKPETHUSA
cnyyaw, ToBa e Tpynd, KOUTO dhmHanuavpa M nNpencraensaBa 3aBbpLUEK Ha USANOCTHATa
TBOpYECKa AeWHOCT Ha KaHguaaTa.

7. [peueHka Ha ny6nukauuuTe no AucepraluoHHUS TPYA.

Mo auceptauuaTa ca npunoxenu obuwo 13 HayyHu nybnukauuu. MNbpeute 4 ca C
uMnakT hakTop Haj 2.2, kKaTo efHa oT Tax e B kBapTun Q1. a octaHanute 3 — B KBApTUnN
Q2. OT ny6nukauuute ¢ MMNakT chakTop Hag 2.2 B Scopus ca nony4eHun obujo 18 bposn
HEe3aBUCUMM LUTaTK (aBTO LMTUPaAHUATA ca U3BAAEHN U He ce BKNio4Bar). PedepupaHuTe
B Scopus nybnukauumu ¢ umnakt daktop nog 2 ca 9 6pos. OT nybnukauuute ¢ UMNAKT
chakTop noa 2 B Scopus ca nonyyeHn obuio 46 HesaBucumu uutupaHus. OBLmAT Bpon
uuTUpaHus B Scopus e 99. Ot tax 35 6pos ca camouuTupaHua. HesasucumuTe LUTMpaHns
B Scopus ca 64. [1o MomeHTa ca Hanuue 5 6posa 3alluUTeHU NaTeHTU Unu nogageHn 3anekn
3a NaTeHTU No TemaTa Ha gucepTauunaTa.

HayyHaTa npoayKuusi, CBbp3aHa NpsaKo ¢ AUCEePTaLMOHHUA TPYA, € Ha USKITIOHYUTENTHO
BUCOKO HUBO U HAABULLABA B MbTU MUHUMANHUTE ObPXXaBHU U3NCKBAHWUA.

8. Ws3nonaBaHe Ha pe3ynTaTute OT AUCEpPTaLUOHHUA TpyA B HayyHata ¢
couManHaTta npakTruka.

MexaTpOHHUTE CUCTEMW, KOWUTO BKMOYBAT cnnasu C NameT Ha cdopmata u
NWe30eneKkTpUYHN Martepuanu, npeanarart 3HauuTenHu npeaumMcTea no OTHOLUEHME Ha
MUHWaTIOPU3aLUsA, MHOTO(YHKLMOHANMHOCT M aAanTUBHO ynpasneHne. WUHTerpupaHeTo Ha
Te3an WHTENWreHTHUW maTtepuanu ynecHsea paspaboTBaHETO Ha KOMMNAKTHW, Nnekn W
eHepruiiHoO eeKTUBHI yCTpolicTBa, 060pyABaHN C UHTErPUPaHN CEHIOPHN U 3ajencreawm
Bb3MOXKHOCTW. [MonesHocTTa Ha cnnaBuTe C NameT Ha ¢opmaTa e ocobeHo uspaseHa B
cueHapuu, kbaeTo GeswymHaTa paboTa u BUCOKUTE CLOTHOLLEHWA MOLLHOCT-TErno ca ot

NbpBOCTENEHHO 3HauyeHue. B gucepTaunoHHUA Tpya TE3N cBoOMcTBa ca KOMBWHUpaHu C

hyHKLMMTE 3@ NpeobpasyBaHe Ha EHeprus Ha Me30ENeKTPUHECcKUTE mMaTepvani, npu



KOETO AMHaMuKaTa Ha BUBpaLMOHHO 3aABWKBaHUTE reHepaTopu npeobpasysaTt TonnuHaTa
B enekTpuyectBo. Cb3naneHun ca GeslwyMHu ynpaBneHns Ha KnanaHu 3a npunoxeHus 3a

UHTENUIreHTeH A0M.

Bcuuiko ToBa fokassa, Ye pesyntatuTe OT AUCEPTALMOHHUA TPYA Le Ce NON3BaT B
ObAelue, KaKTo B HayyHaTa, Taka U B coLpanHaTta npakTuka.

9. OueHka Ha CcbLOTBeTCTBKWETO Ha ABTopedepaTa C MIUCKBAHMNATA 22
U3roTBAHETO MY U afeKBaTHOCT Ha OTpa3sABaHe Ha OCHOBHUTE NMOJIOKEHUSA U
NMPUHOCH.

ABTOpedepaTbT OTpassiBa HaNbIHO W afeKBaTHO OCHOBHUTE MOCTUXKEHUS B
AncepTaunoHHusa Tpya. ToW e u3rotBeH CbLOOPa3HO M3WCKBAHMATA U HOPMATUBHUTE
AOoKyMeHTH B TY-Codhus.

10. MHeHuA, NpenopBLKU KU Benexku.

[lo cera He CbM uUman Hay4yHW UNKU y4eBHO-MEeTOAUYHN KOHTAKTU C Npod. A-p WUHX.
Topgop Ctounos TogopoB. B nocneaHUTe HAKONKO roAWHW, WHAMPEKTHO, CE& AOKOCHAaX A0
OrpoMHaTa My Hay4yHa NpoAayKUMUSA. YOUBEH CbM OT HEroBaTa KOMMNETEHTHOCT B MHOTO LLIMPOK
AnanasoH Ha Hay4yHOTO nosHaHue. NpeanoXXeHuaT gucepTaunoHeH Tpya € eauH NornudeH
3aBbpLUEK HA MHOTOro4ULLHUA MY TBOPYECKU NbT. TOW € NPUMEpP 3a MNaguTe Hay4Hu Kaapw,
kak TpsbBa ga ce oTaaaaT ¢ usnara cu AyxoBHa U husnyecka eHeprua B UMeTO Ha HaykaTa
N YyoeeLwkus nporpec. VIckpeHo ce Bb3XULLAaBaM OT HEroBUTE HaYYHU MOCTUXKEHUR U My
noxxenagam Kpenko 3apaee U TBOPYECKO AbNroneTue.

11. 3aknioveHue

MNpenctaBeHusaT gucepTauuoHeH Tpya JuHamuka Ha MExXaTpPOHHUM CUCTEMM,
6asupaHu Ha YMHW MaTtepuanu’ oTroBaps Ha BCUYKWA USUCKEAHWUA Ha 3akoHa 3a pasBuTUe
Ha akageMuyHus cbeTae B PenyGnuka Bbnrapus u cboTBeTHUS [paBUNHUK, KaKToO U Ha
nanckBaHuATa Ha [MpaBunHuKa 3a ycnoeusTa u pega Ha npujobveaHe Ha Hay4YHU CTENEH!

B TexHu4yeckn yHueepcutet — Codcus.

Mpeanaram Ha npod. a-p uHx. Togop Crounos Togopos
Aa ce NPUCBOM Hay4HaTa cTeneH
,OOKTOP HA HAYKUTE".

Oara: 08.01.2026 r. PELUEH3EHT:
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1. Relevance of the problem developed in the dissertation in scientific and applied
terms. Degree and levels of relevance of the problem and specific tasks developed in
the dissertation.

The relevance of the dissertation submitted to me for review is established in the
following more important areas.

All research reflected in the dissertation facilitates the development of adaptive, self-
regulating, and high-performance devices, thus meeting the modern requirements of
technologies in a number of areas of production.

The researched problems reflect the requirements for multifunctionality and
miniaturization in the field of mechatronic systems, a key element for the development of
innovations.

Solutions are given on how smart materials combining shape memory alloys and
piezoelectric materials show reactivity to external stimuli, facilitating integrated actuation
with sensor feedback and control in compact architectures.

Important knowledge is obtained on the stability, energy efficiency, and precision of
control of a number of systems. Complete studies of their dynamic behavior, including
indicators such as frequency response, hysteresis, damping characteristics, and
nonlinearities, are carried out. Their direct impact on the design of feedback loops, real-time
control algorithms, and structural integration strategies in mechatronic applications is
proven.

It is shown how the established dynamic characteristics facilitate the development of
predictive models and simulations, thus allowing engineers to optimize performance under
changing operating conditions.

All the listed most significant problems developed in the dissertation work prove the
highest level of relevance.

2. Degree of knowledge of the state of the problem and creative interpretation of the
literary material.

The dissertation work has a total volume of 287 pages, which includes 7 chapters, 215
figures, 15 tables, 148 cited literary sources, of which 2 are in Cyrillic, and the rest are in the
Latin alphabet. The literature review, entitled "Analysis of the modern scientific level in the
field of mechatronic energy-generating and energy-efficient systems", covers 34 pages.
Here, in a synthesized and concise style, the states of a number of mechatronic energy-
generating and energy-efficient systems subject to modeling are examined. The types of
models and their physical and mechanical characteristics are specified. An overview of
energy harvesters with smart materiais and thermomechanical self-excited oscillators, as
well as methods for modeling shape memory alloys (one-way, two-way, and super elastic
effect) is given. The chemical composition and properties of these alloys are described, as
well as methods for thermodynamic modeling. Methods for studying piezoelectric voltage
generators are examined in detail. Finally, the main goal of the dissertation is formulated,
on the basis of which seven main tasks are defined.

| evaluate the knowledge of the state of the problem and the creative interpretation of

the literary material to the highest degree.



3. Compliance of the selected research methodology with the set goal and tasks of
the dissertation.

According to the set goal, namely the creation of applied multiphysics theoretical
models of devices with oscillatory action, based on smart materials, such as shape memory
alloys and piezoelectrics, with a focus on the influence of hysteresis, to develop real devices
through which to validate the theoretical conclusions, the dissertation formulates two
hypotheses, the confirmation of which leads to the development of energy harvesters using
phase transformations of shape memory alloys and piezoelectric effect for the conversion
of constant heat into electrical energy. In addition, new methods for modeling and
experimental study of shape memory alloys and piezoelectric materials have been created.
New formulations for modeling hysteresis processes in shape memory alloys, as well as
original multiphysics methods describing the dynamics of oscillating and quasi-oscillating
systems, have been proposed.

This shows that the chosen research methodology fully corresponds to the main goal
and tasks set in the dissertation.

4. Brief analytical characterization of the nature and assessment of the credibility of
the material on which the contributions of the dissertation are buiit.

In the dissertation, analyses and optimizations of multiple controllable
thermomechanical energy systems based on smart materials such as shape memory alloys
and piezoelectrics have been made. They are supported by numerous publications. Initial
prototypes and experimental setups for their research have been developed, while dynamic
models describing their behavior and characteristics have been created at the same time. It
has been shown that the experimental and theoretical results coincide with a high degree of
accuracy.

The creation of two scientific hypotheses stands out, which elevates the dissertation to
an extremely high level.

The first, called physical, claims that if there is a quasi-stationary or stationary thermal
field with a variable temperature gradient with respect to the position in space in which the
source and the shape memory alloy converter are located, it is possible to create an
oscillating mechanical system, the energy of which can be converted into electrical energy.

The second, called mathematical, claims that if a quality functional exists, it is possible
to determine its parameters in the permissible ranges and in the presence of restrictions, so
as to achieve a minimum value of this functional.

Both hypotheses are proven with the help of 10 theorerns and 4 lemmas.

The main conclusion that | can state is that the previously set goal of the dissertation
work has been fulfilled.

5. Scientific and/or scientifically applied contributions of the dissertation work.

The contributions in a dissertation work represent its most important components. Here

| can definitely emphasize that all contributions, scientific and scientifically applied, are
extremely well formulated, justified and supported by the results of the research in the

dissertation.
In short, the contributions are systematized as follows:

Scientific contributions:

5.1. Formulation and justification of new hypotheses;
These are the two hypotheses, physical and mathematical, that | described in the

previous point.



Scientific and applied contributions:

5.2. Proving with new means of significant new aspects in existing scientific
problems and theories;

It has been theoretically proven and experimentally validated that in the presence of a
thermal field with a monotonically varying spatial temperature gradient, it is possible to
create an oscillating mechanical system through a shape memory alloy thread. A new theory
for modeling hysteresis in shape memory alloys using proportionality coefficients has been
created and experimentally validated. Original mathematical models have been created and
validated to describe the dynamic behavior of thermo-elastic elements of shape memory
alloys in oscillating modes. Original multiphysics models have been derived using Lagrange
equations, connecting mechanical, piezoelectric and thermal properties in the presence of
hysteresis.

5.3. Obtaining confirmatory facts;

The theory for proportional modeling of basic hysteresis and subhysteresis
phenomena in shape memory alloys has been experimentally confirmed. The mathematical
models for describing the dynamic behavior of thermo-elastic elements made of shape
memory alloys in oscillating modes have been experimentally confirmed. The Lagrange
equations for all multiphysics models have been experimentally validated.

5.4. Creation of new research methods;

Numerical solutions of the multiphysics models have been created, which have been
experimentally confirmed. New experimental methods for simultaneous measurement of
several physical quantities in real time and their recording with possibilities for experiment
control have been created. Based on the developed stands for simultaneous measurement
and recording of several physical quantities with high sampling frequency, a series of
laboratory exercises have been created in multiple academic disciplines in 4 faculties of TU-
Sofia.

5.5. Creation of new structures;

Varieties of energy harvesters with self-excited oscillations induced by a constant
temperature source have been designed and manufactured. An energy vibration harvester
with a shape memory alloy filament has been created.

A test stand for shape memory alloys has been designed and manufactured, through
which displacement, force, temperature, current, voltage, and multiple derivative quantities
are measured simultaneously in real time. Experimental samples for controlling proportional
valves for building automation have been created. Optimized experimental samples for
on/off control of valves using bistable mechanisms have been designed and manufactured.

6. Assessment of the degree of personal participation of the dissertation candidate in
the contributions.

| believe that the personal participation of the dissertation candidate in formulating t.h_e
contributions in the dissertation work is beyond doubt. This is a dissertation for the scientific
title of "Doctor of Science", which is developed independently, and in this particular case,
this is a work that finalizes and represents the culmination of the candidate's overall creative

activity.
7. Assessment of publications on the dissertation work.

A total of 13 scientific publications have been attached to the dissertation. T_hg first .4
have an impact factor above 2.2, with one of them in the Q1 quartile, and the remaining 3in
the Q2 quartile. A total of 18 independent citations were received from 'pubhcatlons with an
impact factor above 2.2 in Scopus (self-citations are excluded and not mcludeq). There are
9 referenced publications in Scopus with an impact factor below 2. A tote_ll of 46 independent
citations were received from publications with an impact factor below 2 in Scopus. The total

number of citations in Scopus is 99.



35 publications are self-citations. independent citations in Scopus are 64. To date,
there are 5 protected patents or submitted patent applications on the topic of the
dissertation.

The scientific production directly related to the dissertation work is of an extremely high
level and exceeds the minimum state requirements many times over.

8. Use of the results of the dissertation work in scientific and social practice.

Mechatronic systems that include shape memory alloys and piezoelectric materials
offer significant advantages in terms of miniaturization, multifunctionality, and adaptive
control. The integration of these smart materials facilitates the development of compact,
lightweight, and energy-efficient devices equipped with integrated sensing and actuation
capabilities. The utility of shape memory alloys is particularly pronounced in scenarios where
silent operation and high power-to-weight ratios are of paramount importance. In the
dissertation, these properties are combined with the energy conversion functions of
piezoelectric materials, where the dynamics of vibration-driven generators convert heat into
electricity. Silent valve controls for smart home applications have been created.

All this proves that the results of the dissertation will be used in the future, both in
scientific and social practice.

9. Assessment of the compliance of the Abstract with the requirements for its
preparation and adequacy of reflecting the main points and contributions.

The abstract fully and adequately reflects the main achievements in the dissertation
work. It has been prepared in accordance with the requirements and regulatory documents
of TU-Sofia.

10. Opinions, recommendations, and notes.

Until now, | have not had scientific or educational-methodical contacts with Prof. Dr.
Eng. Todor Stoilov Todorov. In the last few years, indirectly, | have come into contact with
his enormous scientific production. | am amazed by his competence in a very wide range of
scientific knowledge. The proposed dissertation work is a logical conclusion to his many
years of creative path. He is an example for young scientists of how they should devote all
their spiritual and physical energy in the name of science and human progress. | sincerely
admire his scientific achievements and wish him good health and creative longevity.

11. Conclusion

The presented dissertation "Dynamics of Mechatronic Systems Based on Smart
Materials" meets all the requirements of the Act on the Development of Academic Staff in
the Republic of Bulgaria and the relevant Regulations, as well as the _requirements of the
Regulations on the Conditions and Procedure for Acquiring Scientific Degrees at the

Technical University - Sofia.
| propose that Prof. Dr. Eng. Todor Stoilov Todorov

be awarded the scientific degree
"DOCTOR OF SCIENCES".
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