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5.1 ,MawunHHO nHxeHepcTBo"

Hay4yHa cneuuanHocr:

, 1€0PUA Ha MeXaHU3IMUTE, MaLLWHUTE N aBTOMATUYHUTE NIUHUK
PeueH3eHT:

Mpod. a-p nHx. Mapa Kpymosa Kangesa-VBaHosa, TY-Codus

1. AKTyanHocT Ha pa3paboTBaHMA B AUCEPTAUMOHHUA TPyd npo6nem B
Hay4HO U HaY4YHO-NPUINOXHO OTHOLWWEeHuUue

OvcepTauMoOHHMAT Tpya € TMOCBETEH Ha TEeCpeTUYHO MOoAenvpaHe W
eKCNepuMEeHTanHo u3cnegBaHe Ha yYMHW MaTepuann 3a NPUIIOXEeHWETO UM B
UHXEHEepHN cuctemn ¢ BUOPaAUMOHHO W UMKNUYHO geincteue. Llenta e pa ce
PaspaboTAT MNPUMNOXHA MYNTUPUSNHHN TEOpeTUYHU MOAENW Ha YCTPOWCTBa C
ocumnupalwlo gencreme, BasvpaHn Ha YMHU MaTepuany Kato cnnasByv C NameT Ha
hopmaTa 1 NMes3oeneKkTpuUn, C akLUeHT BbPXY BNAHUETC Ha XUCTepes3nucuTe u Ja ce
n3paboTAT peanHu yCTPOWCTBa, Ype3 KOUTO Aa Ce BanuanpaTt TEOPEeTUIHUTE MOAENN.

Temata Ha aguceptauuaTa € USKITIYUTENHO akTyaliHa, 3alloTo MMa npsiko
OTHOLUEHWe KbM HapacTealwuTe WU3UCKBAHUA 33 MYNTUAYHKUMOHANHOCT U
MUHMaTIopusauma B obnacrtra Ha MexaTpoHHUTe cuctema. CUCTEMHOTO mn3cnegBaHe
HA OWHaAMWYHUTE CBOWUCTBA Ha WHTENUIreHTHU Martepuann e KI4YoB ENeMeHT B
pa3paboTBaHETO Ha afanTUBHW, camoperynupalit ce U BUCOKONPOU3IBOOUTENHU
ycTponcTtBa. WM3nonsBaHETO Ha AUHaMUYHaATa XapakTepucTuka Ha maTtepuanure
yrecHasa paspaboTBaHEeTO Ha MporHosvpaw cumynauum wu  mMogenu, KoeTo
no3posnAaBa a ce onTtuMuanpatr cucremMuTe Mnpu rnpomMeHAawn ce eKcrnsjioartaumnoHHU
yCInoBUA. ToBa OT CBOSA cTpaHa € OT CbhblecTBeHO 3HaYeHWE 3a rlO,lJ,O6p$lBaHe Ha
NPOU3BOAUTENHOCTTA, afanTUBHOCTTA WU HageXAHoOCTTa Ha  CbBPEeMEHHUTEe
NHTENUTEHTHN CUCTEMM.



2. CteneH Ha no3HaBaHe CbLCTOAHMETO Ha npobnema wu TBOpYecka
UHTeprnpeTauus Ha nuTepaTypHUs matepuan

ABTOPBLT € U3BBPLUMIT KOMMIEKCHO NPOYyYBaHe Ha CbBPEMEHHUTE uscneaBaHns u
NPaKTU4ECKN pelleHna B obnactra Ha MynTUDUINYHU CUCTEMU 33 reHepupaHe Ha
eliekTpudecka eHeprus upes cnnaeu ¢ nameT Ha cdopmata (CMP). Crneg sagbnboueH
aHalnn3 aBTOPBT € HanpasBuil KOHCTaTauum W W3BOOW, Y€ WU3creaBaHusTa Ha
€HEPrniHU KoMbamHKu, cbAbpXKally crfaBu ¢ nameT Ha popmaTta B KOMOUHaLUKN C
MNEICENEKTPUYHN  UNN - UNTUKTPOMArHUTHU  cuctemn, ce 6Gasuvpatr Ha Bpemesw
TEMNEPaTypHN nykTyauuv wnu Ha OoTnagbyHu BUGpauMM 3a reHepupaHe Ha
CNEKTPUYECKa €eHepruda, Kato nunceaTt uscnegBaHusa 3a uanonspaHe Ha ClMNo 33
npeobpasyBaHe Ha eHeprus OT TOMAWHHU U3TOYHULM C TOCTOSIHHA TOmnuHa. Hsikou
npeasapuTenHn uscneasaHna nokasear, de ClI® nputexasar Heobxoaumus

noTeHunan pa ce camoBb30yXOAaT BUMOPAUMOHHO OT WU3TOUHUK Ha MNOCTOSHHA
TeMnepartypa npu onpeneneHn ycrosus.

Llenta n 3agaunte Ha AMCEPTALMOHHUSA TPYA ca ACHO U TOYHO dopmynupanHun.
LintupaHata nutepaTtypa B obem Ha 148 nuTepaTypHU U3TOYHUKA U U3BOAUTE OT
ob3opa nokasear, 4Ye aeTopbLT AobOpe nosHaBa mpobnemMa B Hay4HO U Hay4HOo-
NPWNOXHO OTHOLUEHWE W OueHsBa NbLMHOUEHHO, C HeoOXOAMMOTO TBOPYECTBO
nuTepaTypHus martepuarn.

Tesn akTm 1 NUYHUTE MW BrneYaTrneHus My faBaT OCHOBaHWE Oa OKavyecTBS

npocp. T. TonopoB KaToO aBTOPUTETEH eKkcnepT B obnactra Ha MyNTUMDUIUYHUTE
MEXaTPOHHU CUCTEMMW.

3. CboTBeTcTBME Ha M3bGpaHaTa MeToAuKa Ha MacrenBaHe C NnocrtaBeHaTa
uen v 3ajauum Ha gucepTaLUOHHUA TpyAa

3cnensaHeTo B JucepTauuoHHaTta paboTa Cce CCHOBaBa Ha TPaAULIMOHHY
METOAM 3a u3crnefBaHe B obGnacTTa Ha TeXHUYECKUTE Haykm U B YacTHOCT Ha
NpUNoXHaTa MexaHuka — MexaHoMaTemMaTU4yHO NOAenupaHe, YUCHEeHU W
eKCNepUMEHTanHn u3crneaBaHns, MOAENNpaHe CbC CneuuannsupaHn cogpTyepHu
nnatdopmu. BneyatneHne npasu paspaboTBaAHETO Ha MNPELW3HN eKCriepuMeHTarnHu
YCTAHOBKU U FONEMUSAT 0OEeM OaHHU OT CEH30pW, MOHTUpPaHU BbPXYy eremMeHTUuTe Ha
yCTPOVCTBATa KaTo TEPMOABONKM, aKCENEPOMETPU N CUTHANN Ha NMe30ENeKTPUYHUTE
KOH30M1. BCUYkn namepBaHus ca NpoBEAEHN C Ka4eCcTBEeHU CUCTEMM 3a CbOupaHe Ha
AdaHHW, no3ponABallin CUHXPOHEH 3annc Ha BCUMKM OaHHW C KOHTPOJST Ha

eKcrnepuMeHTa B pearnHo Bpeme.
N3bpaHaTa MeToauKa HanbfHO CbOTBETCTBA Ha NMocTaBeHaTa Len 1 3agadn Ha

OUCEePTaUNOHHUS TPYA.



4. KpaTka aHanuTMYHa XapaKTepucTUKa Ha eCTeCTBOTO M OLEeHKa Ha

AOCTOBEpHOCTTa Ha MaTepuana, BbpPXy KOWTO ce rpagAT NPUHOCUTE Ha
AUCepTaLuoOHHUA Tpya

AucepTtaunoHHusT Tpya uma obem ot 287 CTp., OT KOMUTO 32 CTp. ca aHanus3 Ha
CbBPEMEHHOTO HayyHO HMBO B 00facTTa Ha MEXaTpOHHUTE eHeproaobuBHU U
eHeproeekTNBHY cuctemn (MbpBa rmaea). [ucepTaumsita € npeacraseHa B 7 rnaseu,
yBOA, 3aKMO4eHWE, Hay4HU 1 HayYHO-NPUNOXHW NpUHOCK, nuTepaTtypa. TS cbabpXa
cnucekk Ha 213 curypn, 15 Tabnuum wn 148 nuUTepaTypHU MU3TOYHMKA. KbM
AucepTaunsaTa nma Tpu npunoxeHunsa c oduy obem 170 ctpaHnuyun. Bus BTOpa rnaea ca
NPeACTaBeHN OBOLLMTE XapaKTEPUCTUKN Ha TePMOMEXaHUUHM BUOpaALUMOHHU cuctemu,
noanexaiwin Ha wuscnepBaHe. B Tpeta rnaBa ca gedMHUpaHW AuanasoHUTE Ha
NPOMEHNMBUTE, OT CbobpaxeHUss aa ce opMynupa npasunHa 3agada 3a aHanusa Ha
CbCTOSIHUETO 1 yCNoBUATa 3a CbLUECTBYBaHe Ha OCLMNALUVOHHN pexumn. B yeTsbpTa
rmaea ce wuscrneBa YCTOMYMBOCTTA Ha TEPMOENeKTPOMVEeXaHUYHU CUCTEMU U ce
AePnHMpaT yCcrnoBusiTa 3a CblLUECTBYBAHE Ha CTALMOHAPHW OCLMNVpaLLm pPEXNMU.
[NaBa neTa e rnoceeTeHa Ha MoAenupaHe Ha CROXHW  MYMTUPUINYHWU CUCTEMU,
Cb4yeTaBalln B €AMHCTBO MEXaHUYHU, TePMOAUHAMUYHA, ENEKTPUYHU MpouecHu u
ePeKT KaTo nuesoenekTpuyeH edekT, edekT Ha namMeT Ha dopmaTta Cbe
CTPYKTYPHO-(pa30BN U3MEHEeHUs 1 xucTepesucn. B wecta rnmasa ca npeacTaBeHu
pe3ynTatn OT eKCrnepuMeHTanHu uscrneaBaHus Npu TECTOBU U3NUTaAHWUSA Ha pearHu
NPOTOTUMN, YPEe3 KOUTO TEOPUATa € yCneLwHo Banuaupada. B rnasa 7 ca npeacraBeHy
MPUNOXEHUSA Ha 3a[BMXKBaHUA Ypes Cnrasun C NameT Ha dopmaTa BbpXy MOAenU U
npotoTunu, paspaboteHn B kKategpa TMM. naBa 8 cbabpxa obobweHne Ha
pes3yntatute OT W3CneABaHuATa Ha TEOPeTUYHUA MOLEN WU eKCNepUMEHTanHuTe
n3cneaBaHWA Ha €eHeprveH xapBecTep W 3akniyeHue 3a uanoctHata pabota no
aucepraumsaTa.

5. Hay4yHO-NpUNoxHu 1 NpUnoXxHu NPMHOCU Ha OVCEePTaLUUOHHUSA TPYA

[Mpuemam cnegHUTEe HayYHU N HAYYHO-MPUMNOXHN NPUHOCK Ha QUCEPTaLMOHHUS
TPYA.
Hay4yHu NpuHOCU HA OUCEePTALUMOHHUSA TpyA
5.1. ®opmMmynupaHe n o60CHOBKa Ha HOBU XUMNOTE3MN:
-  dopmynupaHa e nbpBa xunoTesa, HapeyeHa (husiyecka, Ye ako CbliecTByBa

KBa3nctaunoHapHo wianm CtaunoHapHo TOMMUMHHO none €  MOHOTOHHO
NMPOMEHNUB MNPOCTPaAHCTBEH TeMnepaTtypeH rpaLueHtT, € Bb3MOXHO Oa Ce

cb3gage ocuunupalla mMexaHuyHa cuctema, Koa1o 4Ypes pasoBO-CTPYKTYPHU
KpucTanorpadcku nNpoMeHM C  XUCTepesncu f[a reHepupa eHeprus,
npeobpasyBalla ce B enekTpuyecka.

- dopmynupaHa € BTOpa XunoTesa, HapeyeHa MaTeMaTuyecka, 4e ako
CblLUECTBYBA U MOXe [a ce [JemuHMpa @YHKLMOHAN Ha Ka4yecTBOTO Ha
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TEPMOENEKTpOMEXaHN4YHaTa CuUcCTemMa, € Bb3VOXHO [Ja ce onpenenaT

napameTpute My B LONYCTUMW AMANa3oHU W NPV Hanudyne Ha orpaHuyeHus,
Taka Y€ [da ce rapaHTupa YCTOWYMB OCLMMAUMOHEH PEXUM Ypes
MUHUMU3NPaHE Ha TO3WN PYHKLUMOHAn.

5.2. [lokasapaHe € HOBU CpeaAcTBa Ha CbUIECTBEHW HOBM CTpaHu B

ChbliecTBYBallM HayYHU NPoGrieMu U Teopum:
HokasaHo e TeopeTUYHO U BanuaMpaHo eKCrepuvIeHTanHo, Ye Npu Hanuuve
Ha TOMMWHHO NOre C MOHOTOHHO NPOMEHNMB MPOCTPAHCTBEH TPaJUEHT €

Bb3MOXHO Aa ce Cb3fafe ocumnupalla MexaHu-Ha CUCTeEMa Ype3 HULLKa OT
cnnae Cc nameT Ha hopmara.

Cb3pganeHa e v BanuanpaHa ekcnepuMeHTanHo HoBa TEOpUs 3a MogenvpaHe
Ha xucrtepesucun B Cll® 4ype3 koedpUUMEHTA Ha NPONOPLIMOHANHOCT,
nos3sonsaABally egHa aHanuTudHa copma ga ce ripynara MHOTOKpaTHO KaKTo

38 OCHOBEH MaXOpEeH XUCTepes3nc, Taka W 3& MUHOPHU U CYBMUHOPHU
XUCTEPEINCH.

Cb3gageHn v BanuanpaHu ca opurMHanHy MaTemaTuyHu moaenu (Hanpumep
ype3 u3nons3saHe Ha obpaTHU xunepbonuuHn yHKUUK) 3a onucaHue Ha
AVHaAMUYHOTO MNOBEAEeHWe Ha TepmMoenacTudyHu enemeHtn ot Cld B
ocuUnmMpaLLn pexnmMmu.

Upe3 ypaBHeHUsTA Ha JlarpaHX ca W3BEAEHW OPUrNHaNHU MynTUDUIUNYHU
MOenu, CBbp3Ball MexaHn4yHa, NMes3oeriekTpruyHa n TonnmHHa obnactu npu
Hanuune Ha XUCTepesncu.

5.3. Mony4yaBaHe Ha NOTBLPAUTENHU PAKTU:

EkcnepumeHTanHo e noTBbpAeHa TeopusTa 3@ NPOMOPUMOHaNHOTO
MoLennmpaHe Ha OCHOBHU XUCTEPEe3nCHU U nogxucrepesncHu seneHusa B Clod.
[ToTBbPAEHN Ca eKCrepuMEHTarIHO OpUrMHanHUTE MaTeMmaTu4yeckn moaenu 3a
onucaHue Ha AVMHaAMU4YHOTO NOBeAEeHME Ha TepMOenacTU4HU enemMeHTU OT
Cll® B ocuunupallm pexxmmu.

EkcnepumeHTanHo ca BanuanpaHu ypaBHEHUSTa Ha JlarpaHx n ca usBeneHu
OpUTUHaNHW MYNTUPUIUYHN Moaenu, CBbp3BaLLn MeXaHWn4Ha,
NME30enNeKTpPUYHa 1 TonnMHHa obnacTu Npu Hanu4mMe Ha XucTepesuncu.

Hay4yHO-NPpUIOXHU NPUHOCU Ha AUCepTauMoOHHUA TPpyA

5.4. Cb3paBaHe Ha HOBU MeTO4M Ha U3cnenBaHe:

HamepeHn ca opuUrMHanHu YUCreHu pelleHUs Ha MYMTUMUINYHKU Moaenn,
KOWTO ca NOTBBbPLEHWN EKCNEPUMEHTASHO.

Cb3gafeHn ca HOBW EKCrnepumeHTanHu MeTogu 3a efHOBPEMEHHO
U3MepBaHe Ha HSKOMKO (U3NYHWU BENUYUHW B peanHo Bpeme U TAXHOTO
3anncBaHe ¢ Bb3MOXHOCTY 3a yripaBrieHNe Ha eKcnepumMeHTa.
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- Ha ocHoBata Ha paspaboTeHuTe cTeHgoBe 3a €1HOBPEMEHHO M3MEPBaAHE U
3anuCBaHe Ha HAKONKO MU3NYHN BENUYUHW C  BUCOKA YecToTa Ha
AUckpeTusauma (cemnnupade) no 2 Msps U BUCOKA pasfenvTenHa
CMOCOBHOCT Ca Cb3fafeHn UMKNM OT NabopaTopHU YNpaxHEeHUs no y4yeOHuU
avcuunnuHn  kato ,TexHornorusas u npunoxeHvs Ha MEMC“ sbs DUT,
»OCHOBHW MPUHLIMNW 1 MPUNOXEHNE Ha MUKPO- U HaHocucTemu* Bbs GETT,
;MuKpoTexHuka“ BbB ®M 1 B ANCUMNNUHK, NPEnoaaBaHy Ha aHMNACKA e3UK
kato ,Mechanical Fundamentals of Microelectromechanical Systems‘ BbB

dakynTeTa MO aHrMUNCKO UHXeEHepHo obyyeHune n ,Microelectromechanical
Systems" B M.

5.5. Cb3naBaHe HA HOBU KOHCTPYKUUM:

- [lpoekTnpaHn 1 ca n3paboTeHn pasHOBUAHOCTU Ha EHEepPruiHU xapBecTepu
CbC CamMoBbL3OyXOaln ce ocuunauun, WHOYUMPaHW OT W3TOYHMK Ha
NOCTOsAHHA TemMrnepaTypa, CbCTaBeH OT HAKIMOHEHV CPELLYMNONoXHO enacTUdHu
MUe30eNneKTPUYecKn KOH30MK1, onbBaLlliyn Ypes cBcOoaHUTE CU Kpaulla HULKa
ot Cl®.

- Cwb3gageH e eHeprveH BubpaumoHeH xapsectep ¢ Huwka oT ClMd, kosTo ce
HarpsiBa OT MeXAWHEH pOoTaLUOHEeH EerneMeHT, HarpsaT OT U3TOYHUK C
NOCTOSAHHA TeMMnepaTypa.

- [lpoekTnpaH n e unspaboteH cTeHn 3a uanurtearie Ha Cld, ypes konTo ce
naMepBaT €OHOBPEMEHHO B peanHo BpemMe npemMecTBaHe, Ccuna,
TeMnepartypa, TOK, ENEeKTPUYECKO HanpexeHne M MHOXECTBO MPou3BO4HM
BENUYNHN.

- Cv3pgageHu ca onutHM obpasun 3a ynpaBneHne Ha NPonopuUUOHanHdun KrnanaHu
3a crpagHa aBTomaTusayums.

- [lpoekTupaHn ca u NpousBeAEeHU ONTUMUIUNPAHU ONMUTHU obpasum 3a on/off
yrnpaBneHue Ha KranaHu 4pes bucTabunHmu mexaHusmu.

6. OueHKa Ha cTeneHTa Ha NIMYHOTO y4yacTue Ha AUucepTaHTa B NPUHOCUTE

3arnosHata CbM C Hay4yHaTa peuHoct Ha npod. T. TogopoB, ¢ HeroBuTe
TEOPETUYHN U eKcrepuMeHTanHu unscneasanusa. OT npejcraseHute 13 6p. Tpyaose
KbM OUCEepTaUnOHHUS TPYA B 4 oT Tax npod. Toaopoe e sBogell aBTop. Pasrosopure
MU C aBTOpa, HEroBUAT AbNrorogullieH n borat onut B obnacrrta Ha MexaTpoHHUTe
CUCTEMM ca noKkasaTesl, 4Ye AUCEPTAUMOHHUAT TpYh4 W HEroBute npuHocKU
npeacraBnsasaT JIMYHO EeNo Ha aBTopa.

7. MNpeueHka Ha nybonukauuuTe No AucepTallMOHHUA Tpya

OCHOBHWUTE pe3ynTaT! OT M3CneABaHeTo ca Hamepunu otpaxeHue B 13 6p.
KonekTuBHM nybnukauuun, pedepvpann B Scopus, oT kouto 4 ©p. ¢ IF Hapg 2.2. n 9
6posi c IF noa 2.2. B 4 6p. nybnukaumm aBTopbT € BOAEL aBTOP.
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[lo momeHTa oOWMAT Bpoit Ha uuTuMpaHuaTa B Scopus e 99 6p. OT Tsix
Hes3aBucumMuTe LUMTUpaHus B Scopus ca 64 6p. OT ny€nukaumute ¢ IF Hag 2.2 B
Scopus ca nonyyeHu obwo 25 6p. uutaTa, oT KOUTO 18 Bp. ca He3aBUCUMM LMTaTA.
Ot nybnukauuute ¢ IF nog 2.2 B Scopus obwmsT 6poii Ha untTupaHumaTa e 74, ot
KOWUTO 46 Bp. ca HezaBUCUMU LUTUPaHUA. [TyBnukyBaHa € eaHa cTaTus No Temara Ha
AncepTauuaTa B pedepupaHo Obnrapcko crnucaHue u HSAKOMKO cTaTuuh B PYCKN
nsaanHus. Mima 2 uutupanna Ha eavH nateHT. Mo TematukaTta Ha AuWcepTaumsTa ca
3alnTeHn 4 naTeHTa n NogadeHa efHa 3asBKka 3a NaTeHT.

8. U3nonsBaHe Ha pesynTtaTuTe OT AUCEPTAUMOHHUS TPYA B HayyHata u
couuanHa npakTuka

AvcepTaumoHHOTO wm3crnefBaHe VMa CbLUECTBEHO 3Ha4YeHWe 3a Haykata W
yHUBEPCUTETCKOTO obpasoBaHue npu paspaboTBaHe Ha AUHAMUYHU MOZEenn U
NPOTOTUMU HAa MUKPOESNIEKTPOMEXaHUYHU CUCTEMU, CbAbPXKALIM MaTepmany ¢ namer
Ha dopmata. [puHocute Ha TpyAa XxapakTepusupar aeTopa KaTo epoavpaH

uscneaosarern, npusHart ydeH W npenogaBaTesl Ha BWUCOKO HUMBO, Noni3BaLy
TEOPETUHHUTE U eKCnepumMmeHTanHmn metTogu.

9. OueHka Ha CBHLOTBETCTBUETO Ha aBTopedepara € WU3IUCKBaHUATA 3a
U3roTBAHETO MYy, KakToO U Ha afekBaTHOCTTA Ha oOTpassABaHe Ha
OCHOBHMUTE MOJIOXKEHUA U NPUHOCUTE Ha AUCEePTaLUOHHUA TPYA

ABTopedepaTbT B gocTtaTby4Ha CTEMNEH  oOTpassiBa CbLHOCTTA  Ha

OUCEPTaUUOHHUS  Tpyh, OTroBaps Ha W3UCKBAHUATA U CbAbPXa OCHOBHUTE
MOJTIOXKEHUA N NPUHOCW.

10. MHeHUA, NpenopbLKU U Benexku
Hamam KpuTu4HN Benexkn No CbAbpXaHNETO Ha QUCepPTaLUMOHHNSA TPpyA.

11. SAKJITOYEHUE

Bb3 OCHOBa Ha aHanusa Ha NpeacTaBeHVUs MU AUCepTauuMoHeH Tpya, HerosaTa
3HAYMMOCT M NMPUHOCK, CYUTaM, Ye AUCEPTALMOHHUAT TPYA HambiHO CbLOTBETCTBA Ha
U3UCKBAHUATA Ha 3aKoHa 3a pasBUTUETO Ha akageMUYyHHUS cbcTaB B Penybnuka
Bbnrapusi. BbB Bpb3ka C TOBa CW MO3BOMsSBaM Aa MEenopbyYaM Ha yBaXKaemoTo
Hay4YHO Xypu [a Npucbau Ha asTopa npod. A-p MHX. Togop Crtounos Topopos
Hay4HaTa CTeneH ,AOKTOp Ha HaykuTe",

15.12.2025 T, PeueH3eHT:
Codus /npod. a-p nHx. M. Kangesa-VsaHosa/
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of the dissertation thesis for obtaining scientific degree of Doctor of Sciences

Author of the dissertation thesis:
Prof. Dr. Eng.Todor Stoilov Todorov

TITLE:
"Dynamics of mechatronic systems based on smart rmaterials"

Scientific direction:
5.1 "Mechanical Engineering"

Scientific specialty:
"Theory of mechanisms, machines and automatic lines"

REVIEWER:
Prof. Dr. Eng. Mara Krumova Kandeva-lvanova, Technical University of Sofia

1. Actuality of the problem solved in the dissertation in research and

research & applied aspect

The dissertation is dedicated to theoretical modeling and experimental study of
smart materials for their application in engineering systems with vibration and cyclic
action. The goal is to develop applied multiphysics theoretical models of devices with
oscillating action, based on smart materials such as shape memory alloys and
piezoelectrics, with an emphasis on the influence of hysteresis, and to develop real
devices through which to validate the theoretical models.

The topic of the dissertation is extremely relevant because it is directly related to
the increasing requirements for multifunctionality and miniaturization in the field of
mechatronic systems. Systematic study of the dynamic properties of smart materials is
a key element in the development of adaptive, self-regulating and high-performance
devices. The use of the dynamic characteristics of materials facilitates the
development of predictive simulations and models, whicn allows optimizing systems
under changing operating conditions. This, in turn, is essential for improving the
performance, adaptability and reliability of modern smart systems.



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

The author has conducted a comprehensive study of contemporary research and
practical solutions in the field of multiphysics systems for generating electrical energy
using shape memory alloys (SMAs).After a thorough analysis, the author has made
findings and conclusions that the research on energy harvesters containing shape
memory alloys in combination with piezoelectric or electromagnetic systems is based
on temporal temperature fluctuations or waste vibrations to generate electrical energy,
with a lack of research on the use of SMAs for energy ccnversion from constant heat
sources. Some preliminary studies show that SMAs have ihe necessary potential to be
vibrationally self-excited from a constant temperature source under certain conditions.

The aim and objectives of the dissertation are clearly and precisely formulated.
The cited literature in the amount of 148 literary sources and the conclusions from the
review show that the author is well acquainted with the problem in scientific and
scientific-applied terms and fully appreciates, with the necessary creativity, the literary
material.

These facts and my personal impressions give me reason to characterize Prof. T.
Todorov as an authoritative expert in the field of multiphysics mechatronic systems.

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

The research in the dissertation work is based on traditional research methods in
the field of technical sciences and in particular applied mechanics -
mechanomathematical modeling, numerical and experimental studies, modeling with
specialized software platforms. The development of precise experimental setups and
the large volume of data from sensors mounted on the elements of the devices such
as thermocouples, accelerometers and signals of the piezoelectric consoles are
impressive. All measurements were carried out with high-quality data acquisition
systems, allowing synchronous recording of all data with real-time control of the
experiment.

The chosen methodology fully corresponds to the set goal and objectives of the
dissertation.

4. Brief analytical characterization of the nature2 and assessment of the
realibility of the material on which the contributions of the dissertation
are built

The dissertation has a volume of 287 pages, of which 32 pages are an analysis of

the modern scientific level in the field of mechatronic energy-generating and energy-
efficient systems (first chapter). The dissertation is presented in 7 chapters,
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introduction, conclusion, scientific and scientific-applied contributions, literature. It
contains a list of 213 figures, 15 tables and 148 literary sources. There are three
appendices to the dissertation with a total volume of 170 pages. In the second
chapter, the general characteristics of thermomechanical vibration systems subject to
study are presented. In the third chapter, the ranges of variables are defined. in order
to formulate a correct task for analyzing the state and conditions for the existence of
oscillatory modes.In the fourth chapter, the stability of thermoelectromechanical
systems is investigated and the conditions for the existence of stationary oscillatory
regimes are defined. Chapter five is dedicated to modeling complex multiphysics
systems, combining in unity mechanical, thermodynamic, electrical processes and
effects such as the piezoelectric effect, shape memory effect with structural-phase
changes and hysteresis. The sixth chapter presents results from experimental
research in test trials of real prototypes, through wnich the theory has been
successfully validated. Chapter 7 presents applications of shape memory alloy drives
on models and prototypes developed in the Department of Mechanical Engineering.
Chapter 8 contains a summary of the results of the theoretical model research and

experimental studies of an energy harvester and a conclusion on the overall work on
the dissertation.

5. Scientific and scientific & applied contributions of the dissertation work

| accept the following scientific and scientific & applied contributions of the
dissertation work:

Scientific contributions of the dissertation work

5.1. Formulation and justification of new hypotheses:

- A first hypothesis, called physical, was formulated, that if there is a quasi-
stationary or stationary thermal field with a monotonically varying spatial
temperature gradient, it is possible to create an oscillating mechanical system
that, through phase-structural crystallographic changes with hysteresis,
generates energy that is converted into electricity.

- A second hypothesis, called mathematical, has been formulated, that if a
functional of the quality of the thermoelectromechanical system exists and can
be defined, it is possible to determine its parameters within permissible ranges
and in the presence of constraints, so as to guarantee a stable oscillatory
regime by minimizing this functional.

5.2. Proving by new means significant new aspects of 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 gradient, it is




possible to create an oscillating mechanical sysiem using a shape memory
alloy filament.

A new theory for modeling hysteresis in SPFs using proportionality coefficients
has been created and experimentally validated, allowing one analytical form to

be applied repeatedly for both basic major hysteresis and minor and subminor
hysteresis.

Original mathematical models (e.g. using inverse hyperbolic functions) have
been created and validated to describe the dynamic behavior of thermoelastic
elements from SPF in oscillating modes.

Through Lagrange's equations, original multiphysics models have been

derived, connecting mechanical, piezoelectric and thermal domains in the
presence of hysteresis.

5.3. Obtaining supporting facts:
- The theory of proportional modeling of basic hysteresis and subhysteresis

phenomena in SPF has been experimentally confirmed.

The original mathematical models for describing the dynamic behavior of
thermoelastic elements from SPF in oscillatihg modes have been
experimentally confirmed.

Lagrange's equations have been experimentally validated and original
multiphysics models have been derived, connecting mechanical, piezoelectric
and thermal domains in the presence of hysteresis.

Scientific & applied contributions of the dissertation work

5.4. Creating new research methods:

Original numerical solutions of multiphysics models have been found and have
been confirmed experimentally.

New experimental methods have been created for simultaneous measurement
of several physical quantities in real time and their recording with experimental
control capabilities.

Based on the developed stands for simultaneous measurement and recording
of several physical quantities with a high sampling frequency (sampling) of up
to 2 Msps and high resolution, cycles of laboratory exercises have been
created in academic disciplines such as "Technology and Applications of
MEMS" at the Faculty of Electrical Engineering, "Basic Principles and
Applications of Micro- and Nanosystems" at the Faculty of Electrical
Engineering, "Microtechnics" at the Faculty of Mechanical Engineering and in
disciplines taught in English such as "Mechanical Fundamentals of
Microelectromechanical Systems" at the Faculty of English Engineering and
"Microelectromechanical Systems" at the Faculty of Mechanical Engineering.
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5.5. Creating new constructions:

- Varieties of energy harvesters with self-excited oscillations induced by a
constant temperature source, composed of inclined oppositely elastic
piezoelectric cantilevers, stretching a filament of SPF through their free ends,
have been designed and manufactured.

- An energy vibration harvester has been created with a filament of SPF. which
Is heated by an intermediate rotating element heated by a constant
temperature source.

- Atest bench for the SPF has been designed and rnanufactured, through which
displacement, force, temperature, current, electrical voltage and multiple
derived quantities are measured simultaneously in real time.

- Experimental models for controlling proportional valves for building automation
have been created.

- Optimized prototypes for on/off valve control using bistable mechanisms have
been designed and manufactured.

6. Assessment of the degree of the dissertalion candidate's personal
participation in the contributions
| am familiar with the scientific activity of Prof. T. Todorov, with his theoretical and
experimental research. Of the 13 papers presented to the dissertation, Prof. Todorov
Is the lead author in 4 of them. My conversations with the author, his long-standing
and rich experience in the field of mechatronic systems are an indicator that the
dissertation and its contributions are the author's personal work.

7. Assessment of dissertation publications

The main results of the study have been reflected in 13 collective publications,
referenced in Scopus, of which 4 with IF above 2.2. and 9 with IF below 2.2. In 4
publications, the author is the lead author.

So far, the total number of citations in Scopus is 99. Of these, 64 are independent
citations in Scopus. A total of 25 citations have been received from publications with IF
above 2.2 in Scopus, of which 18 are independent citations. From publications with |F
below 2.2 in Scopus, the total number of citations is 74, of which 46 are independent
citations. One article on the topic of the dissertation has been published in a refereed
Bulgarian journal and several articles in Russian publications. There are 2 citations of
one patent. 4 patents have been protected on the topic of the dissertation and one
patent application has been filed.



8. Utilization the results of the dissertation in scientific and social practice

The dissertation research is of significant importance for science and university
education in developing dynamic models and prototypes of microelectromechanical
systems containing shape memory materials. The contributions of the work

characterize the author as an eroded researcher, a recognized scientist and a high-
level teacher, using theoretical and experimental methods.

9. Assessment of the compliance of the autoreferer with the requirements
for its preparation, as well as the adequacy of reflecting the main points
and contributions of the dissertation work

The autoreferer sufficiently reflects the essence of the dissertation work, meets

the requirements and contains the main points and contributions.

10. Opinions, recommendations and notes
| have no critical remarks about the content of the dissertation.

11. CONCLUSION

Based on the analysis of the dissertation work presented to me, its significance
and contributions, | believe that the dissertation wo-k fully complies with the
requirements of the Act on the Development of the Academic Staff in the Republic of
Bulgaria. In this regard, | take the liberty of recommendirg to the esteemed scientific

jury to award the author, Prof. Dr. Eng. Todor Stoilov Todorov, the scientific degree
"Doctor of Sciences".

15.12.2025 Reviewer:
Sofia /prof. Dr. Eng. M. Kandeva-lvanova/



