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IlpencraBennsar nucepranuonen Tpyx e opopmeH B 7 riaBu u obu 06em ot 287 CTPaHMIH,
cpabpxa 215 durypu u 15 tabnuuu. Brousa CIipaBKa 3a NPHHOCHTE, CIIUCHIM Ha M3I0JI3BaHATA
IMTeparypa, Ha MyOIMKALUMKUTE H TATCHTHTE [0 JHCEPTANMATA ¥ TEXHUTE OUTHPAHHUS, Ha Qurypure
u Tabmumure. Ilo mucepramusra ca npencrasenu 15 nmyOnMKanyu, OT KOMTO 13 ca B H3JaHus,
pedepupann B Scopus, KakTo ¥ 5 maTeHTa.

1. AkTyajgHocT Ha paspaborBaHus B AHCEPTAUHOHHHS TPYA mpobjieM B HAY4YHO H
HayMHONPHIOKHO oTHomeHHe. CTenmeH M HHBAa Ha aKTyaJlHOCTTa Ha mnpoGieMa wu
KOHKPETHHTE 3a1a4H, pa3padoTeHH B AHCEPTALHUATA,

AKTyalHOCTTa Ha W3CIEIBAHETO HAa IHHAMHYHHUTE CBONCTBA HA MEXaTPOHHH CHCTEMH,
OasHpaH# Ha HHTCIMICHTHH MAaTepHaTH, CE OMNpeaeNs OT HApacTBAIIUTE H3UCKBAHUA KbM
MPOU3BOMUTEIHOCTTA, AJANTUBHOCTTA M HAJEKIHOCTTA HA CHBPEMEHHHTE MHTEIMICHTHH
TEXHHYCCKH CHCTEeMH. B HaydYeH acmeKkT HHTENTHIeHTHHTE MATEPHAIH C KOMOMHUPAHO H3MOI3BaHE
Ha criasu ¢ mamet 3a ¢opmara (CIID) u nue3oeneKTpuyny MarepHamy MpeacTABISBAT 3HAUMM
H3CICNIOBATCIICKH HHTEPEC MOpaiau CIOCOOHOCTTa WM Ja pEeArHpaT Ha BHHIUHH CTHMYIIH,
YNECHABAHKH HHTCTPHPAHOTO 3a/JBHIKBAHE CBC CEH30DHH OOpETHH BPBb3KH H YIPaBJICHHE B
KOMITaKTHH MEXaTPOHHHU CTPYKTYPH.

I/I3yanaHe Ha JHHaAMH4YHOTO IIOBCACHHE HA TaKUBa CHCTEMH HMa CbIIICCTBCHO 3HAYEHHUE 3a
PAasIIMpABAHC HA HAYYHWTC 3HAHUS OTHOCHO TsXHATa CTAOMIHOCT, €HEpruiiHa e(heXTHBHOCT u
NPCIU3HOCT Ha ympapiaeHueTo. [loiydeHnre pe3ynTaTu MONMPHHACAT 3a Pa3BHTHETO HA aIeKBaTHH

ITPpEIICKa3BaIlld MOICIN H CUMYJIAllUH, KOUTO Ca KJIFOUOBH 324 aHAJIM3a U OIITUMH3ALHUATA HA CIIOKHH
HHTCJ/IMICHTHHU CUCTEMHU IIPH ITPOMEHSLIH C€ eKCIJIoaTallHOHHU YCJIIOBHA.

OT HayyHONpHIOXHA TIJeAHA TOYKa, I10-JETAMIHOTO MO3HABaHE HA IHHAMHYHHTE
XapaKTCPUCTHKH Ha MHTEJIMICHTHUTE MaTepHalu € OT 0Co0eHa 3HAYMMOCT 3a pasjIM4HH 061acTH
KaTo HampuMep poOOTHKATA, AEPOKOCMHYECKATA TEXHUKA M GHOMEMIUHCKUTE YCTPOHCTBA, KBAETO
CC U3HCKBAT BUCOKA TOYHOCT, HAACKIHOCT U KOMIIAKTHOCT.

B TO31 CMHCBII, B yCIIOBUATA HA HAPACTBAIIA MY/ITHGYHKIHOHATHOCT H MHHHATIOPH3ALIAS HA
MEXATPOHHUTE CUCTEMH, U3CJIEIBAHETO HA JTUHAMHYHHUTE CBOMCTBA HA UHTEIIUTeHTHUTE MaTepuaiu
€ KIOYOBO 3a pa3BUTHETO HA WHOBATHBHM, QJaNlTHBHH, CaMOpPETYIHMpalld C€ M
BHCOKOTIPOU3BOJAUTEIHA YCTPOHCTBA, OTroBapsAlld Ha HOBOBB3HUKBAIUTE TEXHOJOTHYHHU
U3HCKBaHHSI.



2. CTenen Ha no3HaBame CHLCTOSIHUETO HA II

pobiiema u TBOp4Yecka HHTEepHpeTanusa Ha
JHTEPATYPHHUA MaTepHal.

B pamxute na mucepranmonnus TPYA €a IMTHPAHU JTHTEPATYPHU H3TOYHUILM MPeobianaBanmio

OT nocienuure 10-15 roguan. O6mmsaT um Opoii e 148, oT xouto 144 Ha JTaTUHHULIA, a OCTAHAJIUTE
Ha KHPUJTULIA.

B nmreparyproto [IPOYyYBAHC € MPOBEIEH aHAIM3 HA CHCTOSHHSTA Ha €HEeprogoOHUBHU U
CHEPTOC()EKTUBHE MeXaTPOHHH CHCTCMH, TIOJUIeXKala Ha Monenupade. Tyk e pasrienas BHIA Ha
MOACTa, MpeACTaBeHH ca 0030pu Ha CHEPrUHHE KOMOA¥HH ¢ yMmuH MaTepuaid, Ha
TEPMOMEXaHHYHH CaMOBB30YK1amu OCLIMIAaTOpPH, HA METOOHUTE 3a MOJEIHpaHe Ha CII®, Ha
MCTOMHTE 3a H3C/IC/IBAHE HA IME30€IEKTPUYHH I€HEpaTOpH Ha HalpeXeHHe.

Jlureparypuust 0030p chaBpIKa apryMCHTHpDAHH aHAJIU3M U HM3BOAU, KOUTO JIOTHYECKH
000CHOBABAT MpPELH3HOTO bopmynupane wa menra u 3amaurre Ha AUCEPTAlHOHHUA TPY/I.
JIureparypnoTto MPOyYBaHEC II0OKa3Ba, Y€ AaBTOPHT AEMOHCTpHUpa 3aabA00YEHO I[103HABAaHE HA
H3cneBaHaTa npoliieMaTiKa, KOMIIETEHTHO H3I0JI3BaHE W KPUTHYCH aHAIM3 Ha JIMTEPaTypHHUTE
H3TOYHHIHM, KaKTO W MHOro a00pa OCBEZOMEHOCT OTHOCHO CBBPEMEHHOTO CBCTOSHHE HA
pasriexianus Hay4yeH npobiaem. [IpeacraBeHusT JUTEpaTypeH 0030p € JOCTaThYHO U34epIiaTesex

H OCHrypsBa H€O6XO£[HMaTa TECOPETHYHA M METOJO0JIOTMYHA OCHOBA 3a IPOBEXKIAHETO Ha
AHCEPTAHOHHOTO H3CJIe/IBaHE.

3. CLOTBQTCTBHC Ha 1136paHaTa MCTOAMKA HA H3CJICIBAHE U MOCTABEHATA HeJ H 3aJa4u
Ha JTHCEPTAHOHHHSA TPYA € NOCTUIHATHUTE IIPDHHOCH.

Teopernunusar Mogen wHa CHCPrUHHUS XapBeCTep ChYETaBa TPH OCHOBHH o6nactH,
MCXaHWYHa, TOIUIMHHA M eNeKTpUYecka W/WIH Nue3oedeKTpuura. Hammumero o6ave ma CIID
BBEBCHAA B MOJIC/Ia KPHCTAIOrpaCKu TpaHC(OpMAlHH, B CIECACTBHE HA KOHTO B TOILIMHHATA
00/1aCT BB3HHKBAT XHCTEPE3HCH, pA3NPOCTPAHABAINM BIHSHHETO CH K B MEXaHH4YHaTa H
CJICKTpHYecKaTa oOmactu. Chb3JafieHH ca HOBH METOIM 3a MOJCTHPAHEe M €KCIEPUMEHTAIHO
U3CIACABAHE Ha CIUIABH € TaMeT Ha (opmara M MHE30CICKTPHYHH MAaTepHAH. TeopeTnunoTo
H3CJIC/IBAHE CC€ MPOBEXk/Ia ¢ METOXH OT MEXaHMKaTa Ha TBBPAOTO TS0, MEXaHOMATEMATHIHOTO
MOJIC/IHPARE, METOIHN 3a KHHCMATHYCH U CUJIOB AHAIIN3 HA MEXAHU3MH M JIp. PelenusTa i unclieHn
CKCIICPUMCHTH C€ peaiu3upar C METOIM U TPOIEeRypH, GA3HpPaHW HA YUHCIEHHS aHATM3 M HA
TCOPHSTA Ha IIPOrPAMHUPAHETO.

M30panara MeTonuka Ha HayYHHTE H3CIICABAHHSA € TTOIXOMSINA 32 TOCTABCHATA LeT U 3a0a491
Ha THCCPTAHOHHNA TPY/I ¥ IO3BOJISIBA JOKA3BAHETO HA IIOCTUTHATHTE Pe3yJITaTH.

4. Hayunu u/n/id HAyYHONPHIIOKHH PHHOCH HA AUCEPTAUHOHHHSA TPYH.

Hayunute npunocu B AUCCPTAUOHHMA TPYJ Ca IPYNUPAaHH B CIEIHUTE TPH KATETOPHH:
®opmyupane H 000CHOBKA HA HOBH XUIOTe3w; JIOKa3BaHe ¢ HOBH CpeACTBa Ha CHILECTBEHU HOBH
CTpaHM B CBLIECTBYBAILU HAYUYHU IPOOJIEMU U TEOPUH; [Tomyuansane na NOTBBPAUTEIHU (HAKTH.
Hay4YHONPHIOKHUTE IPHHOCH B AUCEPTAlMATA C€ OTHACAT [0 Kareropuure: Cp3naBaHe Ha HOBU
METOIH Ha u3cie/Bane; Chp3aBaHe HA HOBH KOHCTPYKIIHH '

[Ippemam mpetoKeHUTe OT aBTOpa HAYYHH K HayYHONIPUJIOXKHH IPHHOCH KATO KOPEKTHO M
JOCTOBEpHO (GOpPMYyJMpaHH, Tbil KaTO aJeKBaTHO OTPa3fiBaT CHIIECTBEHUTE pesynratd H
IOCTHXKCHHA Ha NMCCPTAMOHHUS TPyA. Te ca SCHO apryMEHTHpaHH H JIOTHYECKH NPOU3THYAT OT
[IPOBCACHUTE H3CICIBAHMS U HANPABCHUTE AHATHU3U. AKTYaATHOCTTA M 3HAYMMOCTTA HA TE3H
NPUHOCH ca 0e3CIOpHH, KATO CBIIUTE MMAT MOTEHLWAT Na JONpPMHEcaT KaKTo 3a Pa3sBHTHETO Ha
ChOTBETHATA Hay4YHa 00JacT, TaKa ¥ 3@ HEHHOTO IPAKTHYECKO MPHUIIOKEHHE.



S. Ilpeumenka ma myO/IMKAlHHTEe 110 AHCEPTALMOHHKSA TpPya: Opoi, XapakTep Ha

H3JaHHSATA, B KOHTO €A OTHEYATAHHN. OTtpaxkenne B HAYKAT4 — H3N0/I3BaHEe H NUTHPaHe OT
APYTH aBTOpPH, B Apyru J1abopaTopun, CTPAHHU U mp.

ITo Temara Ha muceprammsra ca NPEACTaBEHN 15 KonekTHBHM myGmukanmm, B 4 or KOHTO
npo¢. Togop Tomopos e IbpBH aBTOp. [Ipeobnanasama yacr ot mybmukauuute (13 Ha 6poit) ca B
HMPECTIOKHN H3nanus, pedepupann B Scopus u Web of Science, a ocTaHanuTe B OBIrapcku u pycku
u3fanus. C ummakt ¢pakrop Hag 2.2 ca 00O 4 myOnMKaumM, emHa OT TAX e B kBaptuia Ql, a
OCTaHAJIUTE 3 B KBapTHJ Q2.

Iutupanusita Ha nyGnukanuute mo AUCCPTalUATA OT CTaTHH B Scopus ca 64 Ha 6poit.

Ilo mucepramusra ca npencraseny u 3 MaTeHTa M 2 3asiBKH 3a maTeHT. 1o exmmus or
[aTCHTUTE HMa 2 LHUTaTa 10 MOMEHTA.

Hayunata npomykums ma mpod. Tomop Tomopos, mpsko CBBp3aHa C IpeCTaBeHHS
AUCCPTALHOHEH TPYH, CE€ XapaKTepu3upa ¢ BHCOKO HayqHO pPaBHHMINE W CHLIIECTBEH NPHHOC 3a
PAa3BUTHETO Ha pasriexaaHara Hayuna o6nact. bpost na NyONUKAMATE ¥ LUTATHTE € I0CTAThYCH
3a NpUI00MBaHe HA HAayYyHATA CTENeH "JloxTop Ha HayKuTe” ¥ Ipe/CTaBs B rONSIMA CTCIEH IIpolieca

Ha pabd0Ta M MOCTUTHATHTE pesynraty. HaykomerpuunuTe mokasaTens HanBHImIaBaT 3HAYUTEIIHO
H3UCKyemuTe TakuBa 3a [TH 5.1, |

6. MHeHHs1, NPenoOpBLKH U Ge/IesKKH.

OueBunHO e, ye MMCepTALHOHHUSAT Tpyx Ha mpo¢. Tomop Tomopos nmpexncrasnssa pesyiarar
OT TPOAB/DKMTENIHA, CHCTEMAaTHYHAa M leJeHACOYeHa HayqHOM3CJIEIOBATENICKA ' NEHHOCT,  KaTo
CBUICTCIICTBA 3a MHOrO 3aJbJIOOYEHO II03HABAHE HA npeameTHara o0nacT oT asropa. Kato
PE3YJITaT Ca MOIy4CHH 3HAYUMK HAay4YHU ¥ Hay4YHOIPHIONKHH PE3YNTATH C ACHO U3pa3eHa CTONHOCT
3a pasriie)knanaTa HayyHa oOsact. [IpaBu monoskureHo BIICYATJICHUE, Y€ NIPOBEICHUTE B PAMKHTE
Ha THCEPTALIMOHHUS TPYJl H3CJIEABAHHS CH3AABAT MPEANOCTABKH 3a [T0-HATATHIIHO pa3BUTHE, KaTO
HacT OT pasrlelaHUTe acleKTH Morar na Obaar HICHTH(GULUUPAHH KaTo MEepPCIEeKTHBHH
HalpaBJIeHHus 32 OBbJelia HayYHOH3CIIeI0BATEICKA pabora. PTGt Uk .

HsiMam kputnaan Gesesxku 110 ChIecTBo KbM NPCACTaBCHUA TUCCPTALIMOHEH TPYL. | 4111« ~

7. 3aK/II0YeHHe ¢ SCHA MOJIOKATENHA W OTPULIATE/IH: OlEHKA HA JAMCePTAIHOHHNS
TpyAL.

MosiTa kpaiina oneHKa OTHOCHO CHABPIKAHHETO H IIPAHOCUTE HAa JAHCEPTALHOHHHA TPYI €
KaTeropuvHo MonoxKuTenHa. CuuTaM, Ye MPEACTaBEHUST JUCEPTAMOHEH TPy OTroBapsl HAN'BJIHO
Ha M3UCKBaHUATAa Ha 3aKOHa 3a pasBUTHE HA aKaJIEMHYHHS CHCTaB B Peny6nuka Bwiarapus, Ha
IIpaBuiiHyKa 32 HETOBOTO MPHIIOKEHHE, KAKTO M HA M3UCKBAHUSTA 33 NpuaoOHBaHe HAa HAayyHaATa
creneH ,,JIokTop Ha HaykuTe” B TexHuuecku Yuusepcuter - Codus. -

I'open3noxkeHoTo MH JaBa OCHOBaHHE YOEIeHO na NpenopbpyaM Ha YBajkaeMOTO Hayuno
KypH 1a mpuchIu Ha npod. J-p HHK. Tomop Cronnos Toxopos Hayunara crenen »JlOKTOp Ha
HayKHTe” B HayuHa obmacT 5. TeXHHYECKH HayKH, npodecHoHaIHO Hampasienue 5.1. MammaHO
HH)KCHEPCTBO, Hay4Ha crenuaJHocT “TeopHs Ha MexaHH3MHTE, MAIIMHHTE H aBTOMATHYHHTE
JIMHUH, '

H 2 HImOoMLIs g

Codus, 11.01.2026 . YJIEH HA XYPUTO:
/mpod. n-p unxk. KOmusaua Ssoposa/



OPINION

of a dissertation for awarding the scientific degree "Doctor of Science"

Scientific area: 5. Technical sciences

Professional field: 5.1. Mechanical Engineering
Scientific specialty: “Theory of Mechanisms, Machines, and Automatic Lines”

Author: Prof. Dr. Eng. Todor Stoilov Todorov

Dissertation topic: “Dynamics of mechatronic systems based on smart materials”

Member of the scientific jury: Prof, Dr. Eng. Juliana Javorova Georgieva, UCTM Sofia

The presented doctoral dissertation is structured into 7 chapters, with a total length of 287
pages, and includes 215 figures and 15 tables. It contains a summary of the scientific contributions,
lists of references, publications and patents related to the dissertation along with their citations, as
well as lists of figures and tables. The dissertation is supported by 15 publications, of which 13 are
in journals indexed in Scopus, and 5 patents.

1. Relevance of the problem developed in the dissertation in scientific and scientific-
applied terms.

The relevance of studying the dynamic properties of mechatronic systems based on intelligent
materials is determined by the increasing demands on the performance, adaptability, and reliability
of the modern intelligent technical systems. From a scientific perspective, intelligent materials that
combine shape memory alloys (SMA) and piezoelectric materials represent a significant research
interest due to their ability to respond to external stimuli. facilitating integrated actuation with
sensor feedback and control in compact mechatronic architectures.

The study of the dynamic behavior of such systems is essential for expanding scientific
knowledge regarding their stability, energy efficiency, and control accuracy. The obtained results
contribute to the development of predictive models and simulations, which are crucial for the
analysis and optimization of complex intelligent systems under varying operational conditions.

From an applied perspective, a more detailed understanding of the dynamic characteristics of
intelligent materials is particularly important for areas such as robotics, aerospace engineering, and
biomedical devices, where high precision, reliability, and compactness are required.

In this context, in the context of increasing multifunctionality and miniaturization of
mechatronic systems, the investigation of the dynamic properties of intelligent materials is a key to
the development of innovative, adaptive, self-regulating, and high-performance devices that meet
emerging technological requirements.



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

Within the framework of the doctoral dissertation, the cited literature sources are
predominantly from the last 10-15 years. Their total number is 148, of which 144 are in Latin script
and the remaining in Cyrillic,

The literature review includes an analysis of the state of energy-generating and energy-
efficient mechatronic systems that are subject to modeling. It addresses the types of models,
presents reviews of energy harvesters with smart materials, thermo-mechanical self-excited
oscillators, methods for modeling shape memory alloys, and methods for studying piezoelectric
voltage generators.

The literature review contains well-argued analyses and conclusions, which logically justify
the precise formulation of the aim and objectives of the dissertation. It demonstrates that the author
possesses a thorough understanding of the investigated problem, competent use and critical analysis
of the literature, as well as very good awareness of the current state of the relevant scientific field,

The presented literature review is sufficiently comprehensive and provides the necessary theoretical
and methodological foundation for conducting the dissertation research.

3. Correspondence of the chosen research methodology and the set goal and tasks of the
dissertation with the achieved contributions.

The theoretical model of the energy harvester integrates three primary domains: mechanical,
thermal, and electrical and/or piezoelectric. The presence of SMA, however, introduces
crystallographic transformations into the model, which result in hysteresis effects in the thermal
domain that also propagate into the mechanical and electrical domains. New methods have been
developed for modeling and experimentally inyestigating shape memory alloys and piezoelectric
materials. The theoretical analysis is carried out using approaches from solid mechanics,
mechanomathematical modeling, methods for kinematic and force analysis of mechanisms, etc..
The solutions and numerical experiments are implemented using methods and procedures based on
numerical analysis and programming theory. {

The chosen research methodology is appropriate for achieving the stated aim and objectives
of the dissertation and provides a reliable basis for validating the obtained results.

4. Scientific and/or scientific-applied contributions of the dissertation work

The scientific contributions of the dissertation are grouped into the following three categories:
formulation and justification of new hypotheses: demonstration of significant novel aspects within
existing scientific problems and theories using new methods: and obtaining confirmatory evidence.
The applied scientific contributions of the dissertation fall into the categories of: development of
new research methods and creation of new designs. TE B BecH

[ accept the proposed scientific and scientific-applied contributions as correctly and reliably
formulated, as they adequately reflect the essential results and achievements of the dissertation.
They are clearly argued and logically follow from the conducted research and analyses. The
relevance and significance of these contributions are indisputable, with clear potential to advance
both the development of the respective scientific field and its practical applications.

S. Assessment of publications on the dissertation work

Within the topic of the dissertation, 15 co-authored publicatior:s have been presented, four of
which list Prof. Todor Todorov as the first author. The majority of these publications (13 in total)



appear in prestigious journals indexed in Scopus and Web of Science, while the remaining are
published in Bulgarian and Russian Journals. Four publications have an impact factor above 2.2,
one of which is in Q1, and the other three in Q2.

The publications related to the dissertation have been cited 64 times in Scopus-indexed
articles. In addition, the dissertation includes three patents and two patent applications, one of the
patents having been cited twice to date.

The scientific output of Prof. Todor Todorov, directly related to the presented dissertation,
demonstrates a high scientific standard and makes a significant contribution to the development of
the respective research field. The number of publications and citaticns is sufficient for obtaining the
scientific degree “Doctor of Science” and largely reflects the research process and achieved results.
The scientometric indicators significantly the required thresholds for professional field 5.1.

6. Comments, recommendations and remarks.

It is evident that the dissertation of Prof. Todor Todorov represents the result of prolonged,
systematic, and focused scientific research. reflecting the author’s profound knowledge of the
subject area. The work has yielded significant scientific and scientific-applied contributions with
clearly demonstrated value for the respective field of study. It is a positive impression that the
research conducted within the framework of the dissertation work creates prerequisites for further
development, as some of the aspects examined can be identified a< promising directions for future
research work.

[ have no substantive critical remarks regarding the presented dissertation.

7. Conclusion with a clear positive or negative assessment of the dissertation work, .

My final assessment regarding the content and contributions of the dissertation is
categorically positive. I consider that the presented dissertation fully meets the requirements of the
Law on the Development of Academic Staff in the Republic of Bulgaria, the Regulations for its
implementation, as well as the requirements for acquiring the scientific degree "Doctor of Sciences"
at the Technical University - Sofia. ’ |

The above gives me a reason to confidently recommend to the Honorable Scientific Jury to
award the scientific degree "Doctor of Sciences" to Prof, Dr. Eng. Todor Stoilov Todorov in the
Scientific area 5. Technical Sciences, Professional field 5.1. Mechanical Engineering, Scientific

specialty "Theory of Mechanisms, Machines and Automatic Lines".

Sofia, 11.01.2026 JURY MEMBER: vt

/ Prof. Dr. Eng. Juliana Javorova/



