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1. AKTyanHocT Ha paspa6oTBaHus B AUCepPTauMOHHUA TPy Npobnem

PasrnexaaHnsT B AucepTaumMoHHUS TPy HayyeH NooBreM e ¢ W3KMIUUTENHO
BUCOKa CTENEH Ha aKTyamHOCT, KaKTO B Hay4YeH, Taka U E Hay4HO-MPUNOXEH acnekT
W3cneasaHnsaTa ca HAaCOYEHU KbM AMHAMUKATA Ha MEXaTPOHHU cucTemu, GasnpaHm Ha
YMHW Martepuanu, kaTo cnnasu ¢ nameT Ha opmaTta W Nu230eneKTPUYHU MaTepuany,

KOUTO 3aemaT KIHYoBO MSCTO B PasBUTUMETO Ha CbBPEMEHHUTE aZalnTUuBHMN,
camoperynupatllm ce v eHeprmmHo edPekTUBHM WHXEHEPHU cuctemu.

B Auceprauuata ca appecupaHun dyHOAMEHTaNHU U NPUNOXHU npobremu,
CBbp3aHi C MyNTU(YHKLIMOHANHOCT, MUHUATIOPU3aLIUS, eHeprumHa edpeKTUBHOCT U
WHTErpUpaHo ynpaerneHue, KOUTO Ca B MbIIHO CbOTBETCTBUE CbC CbBPEMEHHUTE
VISNCKBAHUA KbM MEXaTPOHHUTE cnucTemu. [1okas3aHo e kak MHTENUreHTHUTe MaTepuany

pearupar Ha BbHLIHW CTUMYNN 1 NO3BONABAT Cb3JaBaHEe HA KOMMAKTHU apXUTEKTYpU C
BrpageHun CEH3OPHN 1 ynpasnasawn pyHKLNN.

MscnenBaHeTo Ha AMHAMUYHWTE XapaKTEPUCTUKN — YECTOTHW 3aBUCUMOCTM.
XUCTEPE3NC, 3aTUXBAHE U HEMUHENHOCTI — MMa NPSKO 3HaYeHWe 3a NPOEKTUPAHETO Ha
CACTEMU 3a ynpaeneHwe B peanHo Bpeme U 3a pa3paboTBaHETO Ha NpencKasBaLy

MoZenu u cumynauun. Tosa onpeaens Temara kaTo HayYHO 3HAYUMa U C HAN-BUCOKO
HUBO Ha aKTyanHoCT.



2. CrteneH Ha no3HaBaHe CbCTOsiHUETO Ha npobnema u TBoOpuecka
VHTEPNpeTauus Ha NUTepaTypHUs MaTepuan

HAucepTaumoHHusT TPyA e ¢ obem 287 cTtpaHuum, CTPYKTYpUpaHu B 7 rnaBu, un e
wnitocTpupan ¢ 215 courypu u 15 Tabnuum, kato ca usnonseaHn 148 nutepatypHu
U3TOYHMKa, NpeanMHO OT BogeLu MEXOYHAPOAHU HAay4YHU A30aHus.

JlutepatypHuar o63op, osarnaseH »AHaNU3 Ha CbL8DEeMeHHOMmMo Hay4yHoO HUBO 8
obriacmma Ha MexampoHHUme €HepeodobusHU U eHepzoehekmusHU cucmemu”,
NPEACTaBA 3aAbNOOYEH U KPUTUYEH aHanu3 Ha CbBPEMEHHUTE Hay4YHN MOCTMKEHUS.
PasrnepgaHun ca MOAENMPAHEeTO 1 CBOWCTBAaTa Ha ChnnaBuMTe C nameT Ha chopmara,

UEIOENEKTPUIHNTE  MaTepuanu, KakTO W CbLUECTBYBALUTE nogxoanm  3a
TEPMOANHAMUYHO N MYNTUDUZNYHO ONUCAHME HA TAKUBA CV.CTEMU.

ABTOPBT AEMOHCTPUPA MHOFO BUCOKA CTEeNeH Ha No3HaBaHe Ha npo6nema u
CNOCOBHOCT 3a TBOpYECKa UHTEPNPETALIMS U CUHTES Ha NUTEpaTypHUs MaTepuan, KoeTo

no3BONABa ACHO (hOpMynMpaHe Ha UenTa M ceaemMTe OCHOBHM 3ajaun Ha
AVcepTaLnOHHUS TpyA.

3. CvorBeTrcTBME Ha M3bpaHaTa MeToauKa Ha uicnenoBaHe C nocraBeHara
Les ¥ 3afjla4u Ha aucepTaunoHHUA Tpya

OcHoBHaTa Len Ha AUCEPTaLUOHHUA TPYA € HacouyeHa Kbm cb3gaBaHe Ha
NPUNOXHU MYNTUDUINYHU TEOPETUUHU MOAENU Ha YCTPOIHCTBA C OCLMAALIMOHHO

Aencteue, 6asupaHM Ha YMHW MaTepuanu, KakTo W TsxHaTa eKcnepMMmeHTanHa
Banuaauus.

3a nocTuraHe Ha Tasu Len ca hopMynupaHu ABe OpUruHanHu Hay4HU Xunoresu
— Pu3niecKa 1 mMaTematndecka — KOUTO ca AokasaHu upe3 10 Teopemu u 4 nemu.
M3nonssanara metoauka BKMOYBaA CbYeTaBaHe Ha aHaNUTHYHO MOZEenupaHe, YucneHu
METOAN W eKCNepUMEHTamnHN U3CreABaHNs, KOETO OCUTypsiBa BUCOKA [JOCTOBEPHOCT Ha
NONy4YeHUTE pPe3ynTaTu.

Moxe kaTeropuyHo [ga ce 3afBM, ye wu3bpaHaTa MeToOMKA HaMbAHO
CbOTBETCTBA Ha NOCTaBeHara Liern 1 3aaa4m 1 BoAW 0 NOCTUraHe Ha 3HAYUMU HayuHY
W Hay4HO-NPUMOXHN pesynTaTu.
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4. Hayunu, HayyHoO-npunoxHu u MPUIOXHU NMPUHOCK Ha OUCePTALUUOHHURA
TpyA

MartepuansT, BbpXY KoiiTO Ce rpagsT MPUHOCUTE, € C ACHO M3paseH Hay4yeH u

Hay4HO-NpunoxeH xapakrtep. [ocToBepHOoCcTTa Ha pesyntatute e fokasaHa uypes
TEOPETUYHN aHanuam, YNCRNeHN CUMyNaLMm 1 ekcrepuMeHTanHN uscneasaHus.

4.1. HayuyHu npuHocu

» OQopmynupaHe u oBocHOBKa Ha pBe OPUrMHAJIHW HAYYHU XUNoTesau -—
Ppusniecka n maTemaTuyecka, CBLP3AHU C npeobpa3yBaHeTO Ha ToONAWHHA
CHeprus B enexkTpuyecka Ypes ocuMnMpalLit MexaTpOHHU CUCTEMU.

4.2. Hay4yHo-Npunoxuu npuHocu

« Cb3aaBaHe u ekcnepuMeHTanHa Banuaauns Ha HOBa TEOPMA 3a MogenupaHe Ha
XNCTepesncuTe B CNiasK C NamMeT Ha opmarTa.

« PaspaGotBaHe Ha opurvHanHu MynTudusnYHM  Mogenu, GasupaHum Ha

ypaBHeHUATa Ha JlarpaHx, KouTo O0BeAMHSBAT MexaHWuyHu, TEPMUYHU U
MUE30ENEKTPUYHN eheKTH.

4.3. MpuUnoxHu npuHocu

» [lpoekTupaHe 1 peanusmpare Ha eHEPruitHN XapBecTepy Cbe CamMoBb30YyXKaaLLu
ocuunauuu.

« Cb3nasaHe Ha ekcnepuMeHTanHW CTEHOOBE W ONWUTHYU obpas3umn ¢ npakTuyecko
npunoxeHwe B crpagHaTa aBTOMaTU3aUNUS U UHTENUISHTHATE CUCTEMU.

aneMaM NpPeAcTaBeHaTa cnpaska 3a Hay4yHuTe u HaYy4YHO-NPUNTOXHUTE NPUHOCHK.

Te ca fobpe CTPyKTypUpaHn 1 OTpassiBaT U3MBLIHEHUETO Ha LIENTa 1 BCUMKN MOCTABEHU
3agayu.

5. MpeueHka Ha ny6nukaumuTe no AucepTaLMOHHNUA TPpyo

OvceptaunoHHuaT Tpya e nogkpeneH ¢ 13 Hay4yHn nyonukauumu, oT KouTo
SHAUUTENHa YacT ca B CNUCaHUSA C BUCOK MMNAKT (haKkTop U B NPECTWXKHM U3OaHUS C BUCOK
ksaptun (Q1 u Q2). OTyeTeH e 3HauYMTeneH 6PoOI He3aBVICUMMU UMTUPAHUA, KAKTO U
HaNYneTo Ha NaTeHTU U NaTEHTHU 3asiBKK NO TemaTta Ha /MceprauvsaTa.

HayyHaTa npoAyKUMS 3HAYMTENHO HaABUWABAa MUHUMANHUTE ObpPXaBHU
U3NCKBAHUA 3a NPUCHXAAHE Ha HayyHaTa CTeneH ,JOKTOp Ha HayKuTe".



6. MHeHus, npenopbku U Genexku

AuceptaunorHusaT TPYA npeacraBnsasBa FiOrMYeH u 3aBbplWeH pe3ynraTr oT
AblirorogMwHa HayyHouscnenoBaTencka AenHocT. Toil ce oTnuuyasa C BUCOKO

TEOPETUYHO HUBO, OPUTMHANHOCT N fICHA NPakTU4yecka racovyeHocT. He ce Hanarat
CbLIECTBEHN KPUTUYHU Benexku.

SAKIMIOYEHUE

Bb3 ocHoBa Ha npeacraseHus ANCEPTALMOHEH Tpya, HeroBaTa akTyamnHoCT,
HAay4Ha SHA4YUMOCT, OpPUrMHaNHU NPUHOCKU, MYBNUKALMOHHA AKTUBHOCT U npakTuyecka
MPUNOXNUMOCT, c41Tam, Ye TOW HaMLIIHO OTroBapsA Ha MIUCKBAHUSTA HA 3akoHa 3a

PasBuUTUEe Ha akageMWvyHUsS CbCTaB B Penybnuka Bbrirapus M Ha cboTReTHUTE
NPaBUNHULKM Ha TexHn4Yeckn yHusepcuteT — Codhus.

Mpeanaram Ha Hay4YHOTO Xypu Aa NPUCHAN Ha

npog. A-p nHx. Togop Ctounos Togopos

Hay4yHaTa cteneH ,,[JJOKTOP HA HAYKUTE*

B obnacT Ha Bucue ob6pasoBaHue: 5. TexHuuecku HayKu

B NpodecuoHanHo HanpasneHue 5.1 MawuHHo UHXEeHEepCTBO

Hay4Ha cneuunanHocT ,,Teopusa Ha MeXaHUu3MuTe, MallMHUTE U
AaBTOMaTU4YHUTE NIUHUN®,

8.01.2026 rog. N3roTeun cTaroBUWETO:

Codhus Inpod. A.H. uHx. M. MapuHos/
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on a dissertation thesis submitted for the award of the scientific degree of
Doctor of Science

in Field of Science: 5. Engineering Sciences
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Title of the dissertation thesis:
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Member of the Scientific Jury: Prof. DSc. Eng. Marin Berov Marinov

1. Relevance of the research problem addressed in the dissertation

The scientific problem addressed in the dissertation is of exceptional relevance,
both from a scientific and an applied perspective. The research focuses on the
dynamics of mechatronic systems based on smart materials, such as shape
memory alloys and piezoelectric materials, which play a key role in the
development of modern adaptive, self-regulating, and energy-efficient engineering
systems.

The dissertation addresses fundamental and applied issues related to
multifunctionality, miniaturization, energy efficiency, and integrated control, fully
aligned with contemporary requirements for mechatronic systems. It demonstrates
how smart materials respond to external stimuli and enable the development of
compact architectures with embedded sensing and control functionalities.

The investigation of dynamic characteristics—frequency responses, hysteresis,
damping, and nonlinearities—has direct significance for the design of real-time
control systems and the development of predictive models and simulations. This
clearly establishes the topic as scientifically significant and highly relevant.
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2. Degree of knowledge of the state of the problem and creative
interpretation of the literature

The dissertation comprises 287 pages, structured into 7 chapters, and is
llustrated with 215 figures and 15 tables, supported by 148 bibliographic
sources, predominantly from leading international scientific journals.

The literature review, entitled "Analysis of the Current Scientific State in the Field
of Mechatronic Energy Harvesting and Energy-Efficient Systems”, presents an in-
depth and critical analysis of contemporary scientific achievements. It examines
modeling approaches and properties of shape memory alloys and piezoelectric

materials, as well as existing thermodynamic and multiphysics modeling
frameworks for such systems.

The author demonstrates a very high level of knowleclge of the research field
and an excellent ability to creatively interpret and synthesize the literature, which

enables a clear formulation of the research aim and the seven main objectives of
the dissertation.

3. Correspondence of the selected research methocology with the aim and
objectives of the dissertation

The main objective of the dissertation is to develop applied multiphysics theoretical

models of oscillatory devices based on smart materials and to validate them
experimentally.

To achieve this objective, two original scientific hypotheses—one physical
and one mathematical—are formulated and proven through 10 theorems and
4 lemmas. The applied methodology combines analytical modeling, numerical
methods, and experimental investigations, ensuring a high level of reliability and
validity of the obtained results.

It can be unequivocally stated that the selected research methodology fully aligns
with the defined aims and objectives and yields significant scientific and applied
results.

4. Scientific, scientific-applied, and applied contributions of the dissertation

The material on which the contributions are based is of a clearly defined scientific
and scientific-applied nature. The credibility of the results is demonstrated
through theoretical analyses, numerical simulations, and experimental validations.



4.1. Scientific contributions

Formulation and substantiation of two original scientific hypotheses—physical
and mathematical—related to the conversion of thermal energy into electrical
energy through oscillatory mechatronic systems.

4.2. Scientific-applied contributions

Development and experimental validation of a new theory for modeling
hysteresis phenomena in shape memory alloys.

Development of original multiphysics models based on Lagrange equations,
integrating mechanical, thermal, and piezoelectric effects.

4.3. Applied contributions

Design and realization of energy harvesters with self-excited oscillations.

Development of experimental test rigs and prototype: systems with practical
applications in building automation and intelligent systems.

| accept the submitted references to scientific and applied contributions. They are
well structured and clearly demonstrate the fulfillment of the stated aim and all
research objectives.

5. Assessment of the publications related to the dissertation

The dissertation is supported by 13 scientific publications, a significant
proportion of which are indexed in high-impact-factor journals and are ranked in
the top quartile (Q1 and Q2). A substantial number of independent citations is

reported, as well as the presence of granted patents and patent applications
related to the dissertation topic.

The scientific output significantly exceeds the minimum national requirements
for awarding the scientific degree of Doctor of Science.

6. Comments, recommendations, and remarks

The dissertation constitutes a coherent and complete outcome of long-term
scientific research. A high theoretical level, originality, and a clear practical
orientation characterize it. No substantial critical remarks are required.

CONCLUSION

Based on the dissertation's relevance, scientific significance, original contributions.
publication record, and practical applicability, | conclucle that it fully meets the
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requirements of the Law for the Development of Academic Staff in the Republic of
Bulgaria and the corresponding regulations of the Technical University of Sofia.

| propose that the Scientific Jury award
Prof. Dr. Eng. Todor Stoilov Todorov
the scientific degree of Doctor of Science

in the Field of Higher Education: 5. Engineering Sciences
in the Professional Field: 5.1 Mechanical Engineering

Scientific Specialty: “Theory of Mechanisms, Machines and Automated
Lines.”

08 January 2026 Jury Member:
Sofia [Prof. DSc. Eng. M. Marinov/



