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1. AKTyanlHOCT Ha pa3paboTBaHuUs Npo6riem

TeMaTa 3a NpeobpasyBaHe Ha eHeprua Ypes cnaaBu ¢ NaMeT Ha dopmMaTa (CMND) u
KOMBUHUPaHU TepMOMEXaHUYHU, MUE30ENEKTPUYHU 1 MArHUTHU MexXaHU3IMU e
dKTya/lHa KakKTo B Hay4eH, Taka W B HAy4YHOMNPUNCYXKEeH acnekT. HactoswuTte
TeHAeHUMN KbM aBTOHOMHU eHeprmHM M3TOYHULU, HUCKOEHEPTUIMHK CeH30PM U loT
CUCTEMUN U3NCKBAT HOBU pelleHUd 3a 10BU1B Ha eHeprua 0T HUCKOUHTEH3UBHU cpeau.
Cr® matepuanure, nopagu cneyndUUHUTE CU XUCTEPEIUCHU, TEPMOMEXaHUYHUN U
CTPYKTYPHW CBOWCTBA, MO3BONABAT Pa3paboTBaHETO Ha KOMMaKTHU U edeKTUBHU
eHepPrmmHU xapBecTepu. B TO3W KOHTEKCT MOCTaBeHUTE B ouceptaumaTa 3agaym —
MOLENNPaHe, KOHCTPYMpaHe, eKCneprMeHTanHo muscnejaBaHe UM onTUMM3aumsa — ca
aKTyaslHW1 1 OTroBapHAT Ha HMBOTO Ha CbBPeMeHHUTE pa3paboTKM B obnacTtTa.

2. CTeneH Ha NosHaBaHe Ha CbCTOSHUETO Ha Npo6neMa U TBopuYecKa

UHTepnpeTauua Ha NTuTepaTtypHUa MaTtepuan

B OuvcepTaunoHHMUA Tpyd € BKAOYEH O6GLIMPEH I uTepaTypeH 0630p c 186
U3TOYHUKA. ABTOPBT AEMOHCTPUPA 406PO0 No3HaBaHe KaKTo Ha KNacudeckuTe, Taka U
Ha CbBpPEeMEeHHWTE MU3cnedpaHna B 06nacTTa Ha TePMOMEXaHUYHUTE OCUMIaTOPK,
NUe30eNneKTPUYHUTE eHepPrumH XapBecTepu, XUCTeLe3UCHOTO MoAenuvpaHe U

npunoxeHnata Ha ClNO. ToBa Noka3Ba, Ye aBTOPbLT Ce opUeHTUpPa Jobpe B HayuYHOTO
none v npegnara agekBaTHa UHTepnpeTauna Ha U3Non3BaHuUTe Noaxoan.

3. CboTBeTCTBUE Ha U3bpaHaTa MeToAuKa Ha U3crienBaHe C uenurte u
3ajaunTe Ha aucepTauMoOHHUA TpyA

ABTOPBT M3MOM3Ba MaTeMaTUYecKo MopefIMpaHe KaTo OCHOBEH WHCTPYMEHT 33
OnncCaHne Ha OUHAMUYHUTE nNpouecu B pasrnexoaHuTte YCTpoucTeBa. TepMo-
MeXaHUUHUTe, MMe30eNeKTPUYHUTE N MarHUTHUTE B3aUMOOEUCTBUA Ca NpeacTaBeHu
NOCPEeACTBOM CBbP3aHW HeNMHEeNHU OundepeHunanHn ypaBHeHusa, GopMynmpaHm
vpe3 ypaBHeHUATa Ha JlarpaH»k oT |IP* poa. MNoaxoabT € KOpPeKTeH M CbOTBETCTBa Ha
nocraBeHuUTe 3agadun. Pe3yntatute oOT 4YucneHuTe Moaenm ca CbhnocTaBeHU C
eKCrnepmMMeHTanH1M pgaHHKW, KaTto € Hanuue [obpo cuhBnageHue. MetoaukaTa €
CbobpaseHa ¢ dusmn4ecKaTa NpMpoaa Ha NMpouecuTe M Mo3BONSBa KONMMYECTBEHO
nscnenBaHe Ha BNUAHMETO Ha reoMeTpuYHKW, MaTepumar HU 1 pPaboTHU NapaMeTpPw.
ToBa nokasBa BbTpelWHa Norvyecka MnocnenoBaTeIHOCT Mexay LUen, Metoau u
pe3ynTaTu.

4. HayyHU U HAYYHO-MPUJNTOXXHU NMPUHOCHU

B avcepTauuaTta ca GopMynmpaHn pesynTtatu ¢ Hay“HOMPUNOXEH U MPUNOXKeH
XapakTep. HayuyHO-NPUNOXXHUTE NPUHOCK BKIOYBAT!



- Pa3paboTBaHe u KOHCTPpyMpaHe Ha HOBW TepMOMEeXaHWUYHM ocumIaTopm Cchbe
Cnao;

- PaspabotBaHe Ha HOBM MaTeMaTuuecku MOoOenn Ha TepMoMexaHUYHU
ocumnaTopm cwue ClMNd, oTynTaLLM XUCTEPE3UNCHM 3aBUCUMOCTU U TeMMNepaTtypHu
nonera;

- MopgenupaHe Ha KOMBUHMpPaHu CM®d-nune3o u CMNdO-MarHuTHu CTPYKTYPU C
AaHa/lN3 Ha YeCTOTHW HaCTPOMKN U eHepPrunHY XaPaKTEePUCTUKW.

MprnoXXHUTe NpuHocK ce N3Pa3qaBarT B:

- PeanusupaHe Ha paboTewin eKCNePUMEeHTanHM MakeTu U KusMepsBaTenHu
CUCTEMU Ha TEPMOMEXaHUYHW OCUUNATOPU;

- [eMoHCTpUpaHe Ha MarHuUTHO pPerynupaHe Ha cobCTBEeHUTe 4YecToTU wu
nonobpsiBaHe Ha NpousBoaUTENHOCTTA.

[premaM npuHocuUTe BBLB BUAa, B KOUTO ca bopMyruvpaHn B avcepraumara. Te
MOraT na 6vaaTr KnacuoduumpaHu B8 cnegHmuTte rpynu: 1) [lokassaHe ¢ HOBU cpencrtea
Ha CbLUECTBEHU HOBW CTPaHW B CbLUECTBYBALUM HayyHW Npo6remMu u Teopuu; 2)
Cb3gaBaHe Ha HOBW KacudUKaLUM, MeToam Ha n3cnensaHe, HOBU KOHCTPYKUMUUK; 3)
[MonyyaBaHe Ha NOTBbPAUTENHU DaKTu.

5. MpeueHka Ha ny6nukauuuTe no AucepTaLmaTa

ABTOPBT MMa AocTaTbyeH 6poit Ny6nmkaumm (3 6p.), BCUUKU B U3ZaHUSA C UMMNaKT-
dakTop. MybnukaummTe oTpasaBaT OCHOBHUTE Pe3ynTaTi oT AucepTauuoHHUA TPy,
Hanuue e BMOMM Hay4eH Nporpec 1 akTUBHO y4YacTue B MeXOyHapoaHaTa Hay4dyHaTa
OBLUHOCT. MyBNnKaunmTe OTroBapaT Ha U3UCKBaHMSTa 3a 3alUMTa Ha obpazoBartesnHa

W Hay4Ha cTeneH ,00KTOR" Hanuue ca W neT UUTApaHuga oOT Yy>KaecTpaHHU
nlcnepgoBaTenu,.

6. MHeHUq, NpenopbKU U 6eneXxXkKu

PatoTtata e uanNocTHO fo6pPe CTPYKTYPUPaHa U NPeacTaBiasa NoruyHO CBbp3aH
n3cnenosBaTeNCKMN Tpyd. Bbnpekun ToBa MoraT Aa ce noco4aTt HAKOU 3abenewKu:

— B TeKcTa ce cpellaT TeXHUYECKU rpeLlKu:;

- KMa TepMMHONOrMYHM HETOYHOCTW.

[locodeHUTe Genexkku He MNPOMEHAT MOoNoXKuUTenHaTa oblla oueHKa Ha Tpyaa.
penopbyBaM Ha aBTOpa Aa NPOABLMKKN paboTaTa CU B Tasu akTyanHa U MHTepecHa 3a
MeXAyHapoaHaTa HaydHa obLHOCT obnacT Ha HayKaTa.

3aK/ir4yeHue

[pencraBeHVAT AUCepTaUMOHEH TPYO ChAbPMXa OPUTMHENHN HAYYHO-MPUMOXHU K
MPUNOKHU NMPUHOCK, NONyYeHU 4Ype3 KOPeKTHO MoAeupaHe, eKcrnepuMeHTanHa
paboTa U aHanuTuuyeH nogxoa. ducepraumarta oTroaps Ha 3PACPE, MMN3PACPE 1 Ha
n3nckBaHmAaTa Ha NYyPIMNHC B TY-Codua. MpeanaraM Ha yBaKaeMuTe 4ieHOBE Ha
Hay4YHOTO XXypu Aa 6bae npucbaeHa o6pasoBaTes/iHaTa U Hay4YHa CTeneH ,,A0KTop*
Ha Mar. UHX. UBo WMoTos MoToB no HayyHa cleuuanHocT »Teopua Ha
MexXxaHU3MUTe, MaLUUHUTE U aBTOMaTU4YHUTE nNUHUKUY B8 npodecuoHaAHO
HanpaBAeHue 5.1 MawuHHoO uHYkeHepcmBo.

HaTta: 05.12.2025 MekE Ha I PIATION awwanswinsmbassbis:
npo®. AH NHK. PoceH Mutpes



OPINION

on a dissertation for the acquisition of
educational and scientific degree "doctor"

Title of the dissertation: "Modeling and research of energy conversion systems based
on shape memory alloys"

Member of the scientific jury: Prof. Dr. Eng. Rosen Mitrev

1. Relevance of the problem being developed

The topic of energy conversion using shape memory alloys (SMAs) and combined
thermomechanical, piezoelectric and magnetic mechanisms is relevant both in
scientific and applied science. Current trends towards autonomous energy sources,

low-energy sensors and loT systems require new solutions for energy extraction from
low-intensity environments. SMA materials, due to their specific hysteresis,
thermomechanical and structural properties, allow the development of compact and
efficient energy harvesters. In this context, the tasks set in the dissertation — modeling,
construction, experimental research and optimization - are relevant and correspond
to the level of modern developments in the field.

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

The dissertation includes an extensive literature review with 186 sources. The author
demonstrates a good knowledge of both classical and contemporary research in the
field of thermomechanical oscillators, piezoelectric energy harvesters, hysteresis
modeling and applications of SMA. This shows that the author is well-versed in the
scientific field and offers an adequate interpretation of the approaches used.

3. Compliance of the chosen research methodology with the goals and

objectives of the dissertation work

The author uses mathematical modeling as the main tool for describing the
dynamic processes in the devices under consideration. The thermo-mechanical
piezoelectric and magnetic interactions are represented by coupled nonlinear
differential equations formulated according to Lagrange II"® kind. The approach is
correct and corresponds to the tasks set. The results of the numerical models are
compared with experimental data, and there is a good match. The methodology is
consistent with the physical nature of the processes and allows for a quantitative
study of the influence of geometric, material and operating parameters. This shows
an internal logical consistency between the goal, methods and results.

4. Scientific and scientific-applied contributions
The dissertation formulates results of a scientific-applied and applied nature. The
scientific-applied and applied contributions include:
- Development and construction of new thermomechanical oscillators with SMA;
- Development of new mathematical models of tharmomechanical oscillators
with SMA, taking into account hysteresis dependences and temperature fields;
— Modeling of combined SMA- piezo and SMA-magnetic structures with analysis
of frequency tuning and energy characteristics.



Applied contributions are expressed in:

- Implementation of working experimental models and measurement systems of
thermomechanical oscillators :

- Demonstration of magnetic regulation of natural frequencies and
improvement of performance.

| accept the contributions as formulated in the dissertation. They can be classified

into the following groups: 1) Proving with new means of essential new sides in existing

scientific problems and theories; 2) Creation of new classifications, research methods,
new constructions; 3) Obtaining confirmatory facts.

S. Assessment of dissertation publications

The author has a sufficient number of publications (3), all in journals with an impact
factor. The publications reflect the main results of the dissertation work. There is
visible scientific progress and active participation in the international scientific
community. The publications meet the requirements for the defense of the

educational and scientific degree "doctor". There are also five citations by foreign
researchers.

6. Opinions, recommendations and notes

The work is overall well-structured and represents a logically connected research
work. However, some remarks can be made:

— There are technical errors in the text:

- There are terminological inaccuracies.

The above remarks do not change the positive overa | assessment of the work. |
recommend that the author continue his work in this relevant and interesting field of
science for the international scientific community.

Conclusion

The presented dissertation work contains original scientific-applied and applied
contributions, obtained through correct modeling, experimental work and analytical
approach. The dissertation complies with the ZRASRB, PPZRASRB and the
requirements of PURPNS at TU-Sofia. | propose to the esteemed members of the
scientific jury to award the educational and scientific degree "Philosophy doctor"
to MSc. Eng. Ivo Yotov Yotov in the scientific specialty " Theory on mechanisms,
machines and automatic lines " in professional field 5.1 Mechanical Engineering.
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