PEIEH3HUS

epTalHOHEH TPY] 32 NpHA0OHBaHe HA 00Pa30BATETHO-HAYYHA CTENEH ,,JOKTOP*
ABTOD Ha AMcepTANMOHHHUSA TPyA: Mar. un:k. Mo Horos Moros
Tema Ha qHcepTalMOHHHSA TPY:
MOJEJIMPAHE H U3CJIEIBAHE HA CUCTEMM 3A IIPEOBPA3YBAHE
HA EHEPI'US, BASUPAHU HA CIVIABHU C IAMET HA ®OPMATA

PeneHsenr: aou. A.H. Anacrac UsanoB UBanoB

1. AxTyanaHocT Ha pa3paGoTBaHHs B AMCEPTANHOHHMSA TPy NPo6/ieM B HAYIHO W HAYYHO
NPpHJIOKHO OTHOmeHHe. CTemeH H HMBA Ha aKTyaJHOCTTa Ha mnpobieMa M
KOHKPeTHHTE 3a1a4H, pa3paboTeHH B JHCEPTANMATA.

Maructsp uaxk. MBo MoTor MoToR, ¢ Hayunu pBrKOBOIATEH npod. n-p unxk. Tomop Tomopos
¥ aou. A-p uHXK. Enuna ['vesa, npencrass aucepranuoneH Tpyn ,,MolelupaHe U W3CJIEJBAHE HA
CHCTEMH 3a ipeobpasyBane Ha eHeprus, 6asupaHu Ha CIUIaBH ¢ maMeT Ha popmaTa, KOMTO € HaCOYEH
KbM paspaboTkaTa M KOHCTPYWPAHETO Ha HOBATOPCKH CHCTEMHM 3a mpeobpa3yBaHe Ha €HEprus.
TpyasbT e akTyasneH ¢ orien yI0BIETBOPsIBaHE CTpeMeEKa Ha ChBPEMEHHOTO OOIIECTBO 32 BHEAPSBAHE
Ha pa3HoOOpasHH ¥ €(pEKTHBHU €HEPrHHHHM W3TOYHHULM U OT TaM peai3upaHe Ha MKOHOMHM OT
YCBOSIBaHE Ha OTIaJHa TOIUIMHA, KOATO O Mora aa ce npeobpa3yBa B €JIeKTPOEHEPIUsl.

CreneHTa ¥ HHBOTO Ha aKTyalHOCTTa Ha MpoblieMa, pa3paboTeH B JUCEPTALIMOHHHS TPYI. B
Hay4YHO U HAYYHO-TIPUJIOKHO OTHOLIEHHE, € U3KIKOYUTEIHO BUCOKA M TS C€ YCTAaHOBSBA OT SICHO
(opMynupaHaTa 1€ H OT TaM JIOTHYHO AeUHUPAHUTE U BIIOCICACTBHE PELICHH 3a/1auH.

2. CreneH Ha NO3HABaHE ChCTOSHHETO HA MPOG/IeMa M TBOPYECKA MHTEPIPETALHS Ha
JUTEPATYPHUS MaTEepPHAJ.

JlucepTaldOHHUAT Tpya € ¢ o6eM 144 crpaHmimM, KOWTO BKMoYBa 6 riasu, 30 ¢urypu, 6
Tabnuuy, 186 uuTHpaHu IMTEpaTypHH H3TOYHHIM, OT KOMTO JBa Ha KMPHIIHMLA, a OCTaHATHTE Ha
nartununa. [Ipasu 106po Bnewarnenue obmupHus auTeparypes o63op, obxsamam 30 cTpaHHIM, B
KOMTO JUCEPTAHTHT MOAPOOHO ONMMCBAa OCHOBHUTE CBOMCTBA M €DEKTH Ha CILUIABHUTE C IaMeT Ha
(popmara — eTHONOCOYHUSL, IBYTTOCOYHHS U CyIep enacTuunus edert. Tyk e OTpa3eHo H34eprnaTesiHo
H 3a4BI00YC€HO XHMHYHMA CbCTaB M (PU3HKO-MEXAHWYHUTE CBOMCTBA Ha Hai-ymoTpeOsBaHHUTE
CILIaBHU ¢ laMeT Ha ¢opmara.

JIMCePTaHTHT MOKa3Ba 3aJbI00YEHH 3HAHHUS B 00NIACTTa HAa (DM3UKO-MEXaHWYHUTE H TEPMO-
MEXaHWYHUTE OCHMJIALMM, CaMOBBL3OyKLAiiui¢ Ce TPENTEHHs, AHUCHUIIATHBHHUTE CBOMCTBA Ha
H3CJICIBAHUTE CHCTEMH. YCHOPEAHO C UHUTHPAHHUTE JIUTEPATYPHH M3TOYHHIM, JMCEPTAHTHT HHU

BbBEJK/Ia HEYCETHO B IIpobiieMaTKaTa Ha TeMaTa, KOETO HaTBJIHO YAOBJIETBOPsIBa 00pa3oBaTEIHHS

KOMITOHEHT Ha TUCEPTALMOHHUA TPY L.



M xato dhuHan Ha OOCTOHHUSA TUTEpaTypeH 0030D. TUCEPTaHTHT € GopMyIHpall CTErHATO LETa
Ha TpyJa ¥ NoApoOHO € onucall HIECT OCHOBHH 3a/Iayy 3a pellaBaHe.

JlaBaM MHOTO BHMCOKa OLIEHKA 10 OTHOIIEHHE CTENEHTa Ha M03HaBaHE CBHCTOSHUETO Ha
npoGieMa ¥ TBOpYECKaTa HHTEPIIPETALMs HA IATEPATy PHHUS MaTePHal.

3. CnorBercTBHE Ha H30paHaTa METOAMKA HAa HM3C/JeJBaHe C MOCTABEHATA LeJ U 33124l
Ha THUCEPTALMOHHUS TPYI.

W30panata MeTonMKa Ha H3CICIBAHE € MEXaHO-MAaTEMAaTHYHOTO MOIEIMPAHE Ha TPHTE
M3CJIEIBAHU YCTPOUCTBA: CaMOBB30Y:KIalll C€ TEPMO-MEXaHHYEH OCIMJIATOP CHC CIUIABH C [TAMET Ha
(popmara (CII®), camoBB30y:xaal ce BUOpHpaIll XapBecTep MOCPEACTBOM TOMIMHHA €HEPIUs ChC
CII® u PVDF xon3omu cbec U 6e3 MarHuTHM W3TOYHMIM. V3M0M3BalikM M3BeCTHH 3aKOHM Ha
MEXaHMKaTa Ha UEaJHO €JJaCTUYHOTO TAJIO U Ha (PU3UKaTa Ce U3BEKIaT HEIMHEHHH U epeHIIHaTHA
YPaBHEHHS, OITUCBAIIY KHHETHYHHUTE U [(MHAMUYHUTE [IPOLIECH Ha VCTPOMCTBaTa. Te ca MHTerpupaHu
C IOMOIIITAa Ha U3rOTBEHH MPOrpaMH B CpeflaTa Ha MaTeMaThuyeckus naket Maple, ver. 16. Ycnopeano
C TOBa Ca KOHCTPYMPaHU MHOrOQYHKIMOHAIHHA YCTAHOBKH, KOMTO HE CaMO J0Ka3BaT aJIeKBaTHOCTTA
Ha MOJIEJIUTE, HO U CaMH I10 ceO€ CH NpeACTaB/ISIBAT MOCTHKEHUE B 00/1aCTTA HA EKCTIEPUMEHTATTHATA
MeXaHHUKa, eJIEKTPOTeXHUKa H H3MepBaTelIHaTa CeH30pHA €IEKTPOHHKA.

CbBrnaileHHETO HA YUCIICHUTE M EKCIIEPUMEHTATHHE PE3YITATH, KOMTO Ca HAJIUIIE B IOITYCTHMH
MHIKEHEPHU OTKJIOHEHHUS, KaKTO U U3ITBIHEHUETO Ha BCUYKH MOCTABEHH 33/1a4i MU JaBaT OCHOBAHUE
Ja 3aKir04a, 4e u3bpaHara METOAMKA HA U3CIIEABAHE € YCIICHIHA.

4. Kparka aHaJIHTHYHA XapaKTePHCTHKA HA €CTeCTBOTO M OLleHKAa HA JOCTOBEPHOCTTA HA
MaTepHajia, BbPXY KOWMTO ce rpaJfiT NPHHOCHTE HA JHCEPTALIHOHHMS TPY.

JIucepTaHThT € ChCTABUJI MHOTO INMpPEUU3HU U aJIeKBaTHU [(MHAMWUYHU MOIENH, KOUTO MUMaT
MyJTHQHU3UYEH XapakTep. MHOro ToyHo ca u3bpaHu o6oOmenute xoopauHatd. Ha 0aszara Ha
HU3BCCTHH (l)OpMy.III’I oT Teoperntma'ra MECXaHHUKa U C’prOTI/IBJICHHC Ha MaTe€pHalIUTe JUCEPTAHTDHT
MoJIy4aBa U3pa3Hu 3a KpaifHu MpeMeCTBaHUSI, OTHOCUTENIHM AeQopMallii, KHHETHYHA U [TIOTEHI[MaIHa
eHepruu u apyru. [Ipu MoaenupaneTo Ha caMOBB30Y Kaallus ce BUOpUpalll XapBeCTbp AUCEPTAHTHT
MHOTO YMEJIO0 BKJIOYBA €HEprusAra Ha nueszoenexkrpuyHute PVDF KOH30/M ¥ 1O TO3M HA4MH
MOJTy4aBa €JMH YHUKaJIeH u3pa3 3a Jlarpawxkuana. M3nomn3Baiiky ypaBHeHUsATa Ha Jlarpanix oT BTOpH
pPOI IUCEPTAHTHT M3BEXKIA HEIMHEHHU CUCTEMU IUPEepeHIHATEM YpaBHEHHUs, KOMTO CIIEN TOBa
HHTETPHpa YHUCJIEHO Ype3 HesBHUS MeToa Ha Oiinep B cpejata Ha nakera Maple, ver. 16.

JIOCTOBEpHOCTTa ¥ aneKBaTHOCTTa Ha MEXaHO-MaTeMaTHYHOTO MOJEIHpaHe, I0ApoOHO
ONHCAaHO B JUCEPTALIMOHHUS TPYA. € J0Ka3aHa 4ype3 ChIOCTABAHE Ha YHCJIEHHUTE pe3yJITaTH C
AaHAJIOTMYHUTE UM OT €KCIIEpUMEHTATHUTE H3ClIeABaHus. 1e ca IPOBEIEeHHM 3a BCHUKU YCTPOMCTBA:

34 C&MOB’B36Y)K,[[8J.HPISI C€ TEPMOMEXAaHHUYEH OCILIMJIATOP C U3II0JI3BaHE Ha CIlJIaBH C IIaMET Ha (])OpmaTa



(CII®), 1 3a camoBB36yKIalMs ce BUOpUpALI XapBecTep, U3IOI3BaRKH TOILTMHHA €HEePIrus, CIjaBy
¢ namet Ha popmara u PVDF xonzomu.
S.  Hay4Hu u/maM HAY4HO NPHJIOKHH IPHHOCH HA IHCEP TAHOHHHS TPY/I.

[Ipensoxennte mpuHOCH B AMCEPTAMOHHHS TP T'H BB3IIpHEMaM, KaTO HaYUH Ha OMHCAHHE
1 (HOpMyYITMPOBKa, HO Te 61 TpAGBAJIO 1A Ce OLEHST C eHA CTENeH Ha MO-HUCKO HUBO. MHEHHETO MH
C, 9C HayYHUTC NMPUHOCH Ca BCBHLIHOCT HAYYHO-IPHIIOKHHU. a NPEITOKEHHUTE HAyYHO-TIPHIIOKHH
MPUHOCH — NPHUJIOKHU. Taka, Te 1ie ChOTBETCTBAT Ha caMara CHINHOCT Ha AMCEPTAlMOHHHUS TPYIL,
KOHTO CIyXH 3a INpuUIoOHBaHE HA 00pPA306AMENHO-HAYYHAMA CTETICH »J1OKTOp®. OYeBHIHO
AoMmyCHaTaTa HETOYHOCT € MPOJABIKEHNE HA HETOYHOCTTA OTpa3eHa B CaMOTO 3arlaBUe Ha HayaiHATA
CTpanuna Ha JaWcepTanMaTa, KbACTO € 3alHCaHoO ,...3a NpUIOOMBaHE Ha HAYYHAMA CTElEeH

el

»1OKTOp™. He3aBuCHMO OT TOBa, ONMCAaHWTE OT JWCEPTAHTAa NPHHOCH OTPa3sBaT OBGEKTHUBHO
IIOCTUTHATUTE B TUCCPTALMOHHMSA TPy pe3yJITaTH, KOMTO B CHHTE3HpaHa opma ca OTpa3eHH U B
obocobena 3a nenra ['naga 5.

6. OueHka 3a cTeNeHTa HA JMYHOTO YYACTHE HA JHCEPTAHTA B IPHHOCHTE.

KbM npunoxeHuTe nyOauKaliy 1o IUCEPTAMOHHUS TPy, KOMTO MpPECTaBIsABAT SAPOTO H
CbpLEBHHATA MY, HE € NMPHJIOKEH IIPOTOKOJI 38 CTENIEHTA HA y4YacThe Ha JucepTaHTa. [Ipuemam. ge
AUCEPTAHTHT € IMOJTy4aBall IIOMOILl OT CBOMTE HAyYHU PHKOBOJUTEIIM U APYTH KOJIEH, HO TOBA HE
HamajsiBa HA Hal-MaJiko CTENEHTAa Ha JIMYHOTO MY yYacTHE.

7. IlpeneHkKa Ha myOJHKALHHUTE 110 JHCEPTAIHOHHHSA TPY .

JIUCEepTaHTBT € MpeACTaBHI TpH MyOMMKAlMM [0 TeMaTé Ha aHIVIMHCKH €3uK. Te ca B
ChaBTOPCTBO C HAYYHUTE MY PHKOBOJIUTEIIM U IPYTH KOJIETH, KATO Ha BCHYKUTE CTATUH TOM € BOJIEIII
u3cnenoBareln. Te ca mybaMKyBaHU B peHOMHPAHH CIIUCAHUA ¢ UMMAKT ¢akTtop. [Tybmukanuure ca
IPSAKO CBBP3aHU C AUCEPTALMOHHHUS TPY /1, OTpa3sBaT ChLISCTBEHH PE3YyJITaTH OT U3CIICIBAaHUATA U Ca
Ha BHCOKO HAy4HO HMBO. JlMCEpTaHTHT HsMa caMocCTosiTeNnHa ImyOnukanus. ToH € MOCTUrHA MeT
LHUTUPAHUS OT MEXIYHAPOIHN aBTOPH B CTATHH OT IPECTHKHM CITUCaHUs ¢ UMMaKT ¢akrop. Tosa
MU JlaBa OCHOBaHHE Ja 3aKiilo4ya, 4e JUCEePTAHTBHT € OBJIAJS.1 OTJIMYHO IIBJHUS IIPOLEC Ha
H3clieioBaTeickaTa JEHHOCT: OT MEXaHO-MaTeMaTHYHOTO MOJS/IMpaHe Ha CIOXHHUTE MYITH-
(pM3UYHU MPOLIECH, TPEBPBIIAHETO UM B CHCTEMH HETHHEHHH TUQepeHIIHATHE YPaBHEHHUS, YACIIEHO
MHTETPUPAHE C M3rOTBEHH M CHEUU(UYHU [porpamMH, KOHCTPyHpaHE Ha YHHUKATHH OIHUTHH
YCTAaHOBKH, IIPOBEKJAHE Ha EKCIICPUMEHTAJIHHM U3CJIEIBAaHUA CbC CHBPEMEHHA CEH30pHa

e/IEKTPOHUKA, U Hakpas copryepHa oOpaboTka H aHal¥3 Ha MOMYYCHUTE HUCIICHU PE3YJITATH H

OITUTHHU JaHHH.



8. M3noa3Bane Ha pesyaTaTHTe OT JIMCEPTANMOHHHS TPYJ B HAy4YHATa H COIHA/THATA
NpaKTHKA.

W3cnenBanusata B 1ucepTalMoOHHKS TPYl OMXa MOIJIM /1a Ce M3IION3BaT KbM Ch3JaBaHe HA I10-
e()EKTUBHH U yCTONIHBH €HEPTHHHN CHCTEMH, KOHTO JIa ¥ IOBIETBOPAT HapacTBalIUTE NMOTPeOHOCTH
3a €KOJIOTHYHA M yCTOHYMBA eHeprus. EHepro-npeobpa3yBalure CUCTEMH ChC CIUIABH C IIAMET Ha
(hopMaTa Morar 1a HaMepsT MPUJIOKEHHE B MHOKECTBO €HEPrHIiHH CHCTEMH, CEH30DH 3a H3MEpPBaHe
Ha TEMIICPATYPH U HANIPEKECHUS, TEPMAIIHU aKTyaTOPU, MEXaHHYAH PE30OHATOPH M JpyrH. Bcuuku
M3CICIBAaHUA B JMCEpTaUMATa YCHCIIHO HaMHUpaT INPHJIOKEHWS B CONMANHATA MpakTHKa. KaTo
AOKA3aTCJICTBO 3a TOBA € TOJYYECHOTO IMHCMO C IpEUIOKEeHUE 32 Harpaga oT OpraHuM3alMOHHUS
KOMUTET Ha Harpaaum 3a npeBb3XOIHH MHKEHEPHH H3cnensaHus (Superior Engineering Research
Awards).

9. Ounenka Ha CHOTBETCTBHETO HA ABTOpedepaTa ¢ HIHCKBAHHATA 32 HITOTBSIHETO MY M
aJIeKBAaTHOCT HA 0TPa3siBaHe HA OCHOBHUTE MOJ0KeHHA W NMPHHOCH.

ABTopedepaThT OTpsA3Ba CPABHUTEIHO J0OPE OCHOBHUTE Pa3pabOTKH, MOCTHKEHUA U IPUHOCH
B Juceprauusara. 3abens3BaTr ce HIKOW HECHOTBETCTBHS, HO TOBA I'O OTYHUTAM 3apaJd W3UCKBAHETO
ABtopedepaTsT 1a He HaJIBUINABa eqHa Kona (32 crpanuiiy). HezaBucMMoO OT TOBa, YMTATENAT OH
MOI'b] Ja puaobue npeacrasa oT ABTopedepara 3a ChIIHOCTTA Ha JUCEPTALMATaA, HO OLIEHKaTa MU
TYK HE € Hal-BUCOKA.

10. MHeHu#, NpeNnoOPHKH H (eJIeKKH.

[IpeacTaBeHUAT QUCEPTALIMOHEH TPYA. KaTo LAUIO, € Ha BUCOKO HAYYHO-TIPUIIOKHO HUBO. Tok
Ce pa3IpoCcTHpa B HAKOJIKO HayYHH 00JIaCTH, KaTO JUCEPTAHTHT U310JI3Ba TEOPHATA OT MEXaHHKa Ha
HACATHO TBBPAOTO H HACATHO €JIaCTUYHOTO TANO0, (U3MKara, XHMHATA, TOIUIOTEXHHKaTa.
eJIeKTPOTEXHUKATA, CEH30pHAaTa M3MepBaTellHa  eJIEKTPOHHMKA, UYHCIIeHaTa  MaTeMaTHhKa,
POrpaMUPAHETO U APYTH. B TO3M CMHUCHI TPYABT € MHTEPIMCIHUIMHAPEH W TOBA, CIIOPEJ MEH, €
H3KIFOYUTETHO LIEHHO U IO U3JUra Ha CBETOBHO PaBHHMIIIE.

Pa3paboTeHnTe npobiieMy B AMCEpTaLUsLTa He ca H3deprnanu. Te 6ruxa MOIJIH Jla C€ JOPa3BHAT.
Eto 3ammo npenopbyBaM Ha AUCEPTAHTA Jia IPOIBIDKA H3CIEIBAHUATA CH B Ta3U 00IacT.

K®BM Taka MpeICTABEHHS 3a PEIleH3upane INCEPTALMOHEH TPyl HMaM H3BECTHH 3a0€NIC/KKH.

1. B 3arnaBHaTa CTpaHWIIa BMECTO ,,Hay4Ha" CTENEH TPAOBa [a & HAHUILE ,,o0pa3zoBaTesHa-

Hay4yHa'* CTEIEH;

He e wu3non3BaHo }’IIOGCTBOTO OeJieKKu Hal yepra 3a Ja MOKE IIpH BCjdKa OTBOpPCHaA

b

CTpaHMIIa OT JUcepTalyiTa ja ce 3Hae KbM KOs IlaBa IpAHaJICHKH,
3. He e u3non3paHo y106CTBOTO 32 HOMEpallks Ha GOpMYITATE C ABOCH (P poB KO, KBIETO

nbpBaTa HUQpa MpeacTaBIsiBa HOMEpa Ha ChOTBETHATA I'71aBa. Ta3u ImIca Ha NPenU3HOCT



7.
8.

© TOBMANa M Ha JONyCHAaTOTO HECHOTBETCTBHE E HOMeparta Ha (OPMYIHMTE OT
ABTOpe(epaTa i IMCEPTALULTA;

ABTOpedepaTsT OH MOrBI Ja OTpa3siBa MHOTO MO-ILIHO OUCEPTALlMOHHUA Tpya Oe3
U3IUIIHO HOBO JehUHUpaHE Ha BeUe U3SCHEHH MOHATHS B JUCEPTALIAATA;

Hamucano e [Tpunoxkenye 1, a BCHIHOCT NpHUIOKeHHsTS ca TpU. B TpsiOBaso 3arjiaBHETO

na e [IpunoseHns, a cliel ToBa a ClieIBaT TPUTE MPHUIIOKEHUS KATO OTAETHH [JIABH:

CrpaHuinTe Ha MPHUITOKEHUATA HE Ca HOMEPUPAHH;
Ha tpute durypu. 2-1, 3-1 u 4-1, BMecTo 03Ha4eHHETO A, € HanHCcaHo By;

HaJIHI.IC Ca U HJIKOH (I)HIIOJIOF HYECKH, I'PAMAaTHYCCKHU U U2 IATECJICKH HETOYHOCTH.

Benuku 3abenexky HY Hall-MaJIKO HE U3MEHST MOSATA OIIEHKA 33 06pa3oBaTeHOTO U Hay4YHO-

IIPHUITOKHO MOCTHIKCHUE B JIUCEPTALITHOHHUA TPYA.

11.

3akioYeHue

Crien KaTo mpoyeTox NpeICTaBeHNs MU 3a PElleH3UpaHe JUCEpPTAHOHEH TPy I ,,Moetupane

¥ U3CJICIBAaHE Ha CHCTEMH 3a IIpeobpa3yBaHe Ha eHeprus, 6a3upaHy Ha CIUIaBH C maMeT Ha Gpopmara’,

KOHCTaTHupax H3MBbJIHCHHE Ha Habens3aHaTa OCHOBHA LIEN U CBBD3aHHTE C HEA 3aaa4vH. O,Z[O6pPIX

(GopMynHpaHUTEe NPHUHOCH, 3aMO3HAX Ce€ C NPHUIOKEHHTE HAyYHHM NyOIMKAUMH M ITUTHPaHMUI,

KOHCTaTHpax:

1.

M3nbiaHEeHH ca BCHYKM HW3MCKBaHHSA Ha 3aKoHa 3a Pa3BUTHE Ha aKaJIEMU4YHHs CHCTAaB B

PenyGnuka beiarapus u cboTBeTHHSA I IpaBUIHUK:,

M3nbnHeHH ca U3MCKBaHUATA HA HpaBHJ'IHI/IKa 3a YCJIOBMATA H p€la Ha HpI/IIIO6HBaHe Ha

Hay4YHHU CTeneHU B TexHuuyecku yHUBEpcUTET — Codusl.

ETo 3a110, ¢ IBIHO OCHOBaHHUE U HAIIBJIHO YOEAEHO Ipeiaram:

4 ’ @
Ha mar. unx. iBo MotoB MoTOB J1a ce MpucBOM Hay4HO-00pa3oBaTeIHaTa CTENEH ,, A0OKTOp .

Hara: 24.11.2025 1. PEILIEH3EHT:



REVIEW

sertation for acquisition of the educational and scientific degree "doctor"

Author of the dissertation: M.Sc. Eng. Ivo Yotov Yotov

Topic of the dissertation:
MODELIZATION AND RESEARCH OF ENERGY CONVERSION SYSTEMS BASED ON
SHAPE MEMORY ALLOYS

Reviewer: Assoc. Prof. D.Sc. Anastas Ivanov Ivanov

1. Relevance of the problem developed in the dissertation in scientific and scientifically
applied terms. Degree and levels of relevance of the problem and the specific tasks
developed in the dissertation.

Master of Science Ivo Yotov Yotov, with scientific supervisors Prof. Dr. Eng. Todor Todorov
and Assoc. Prof. Dr. Eng. Elitsa Gieva, presents a dissertation, "Modeling and research of energy
conversion systems based on shape memory alloys", which is aimed at the development and
construction of innovative energy conversion systems. The work is relevant in order to satisfy the
aspiration of modern society for the implementation of diverse and efficient energy sources, and from
there to realize savings from the absorption of waste heat, which cculd be converted into electricity.

The degree and level of relevance of the problem developed in the dissertation, in scientific and
scientific-applied terms, is extremely high and is established by the clearly formulated goal and the
logically defined and subsequently solved tasks.

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

The dissertation is 144 pages long, including 6 chapters, 30 figures, 6 tables, 186 cited literature
sources, two of which are in Cyrillic, and the rest in Latin. The extensive literature review. covering
30 pages, in which the dissertation author describes in detail the main properties and effects of shape
memory alloys - the one-way, two-way and super elastic effect, is impressive. Here, the chemical
composition and physic-mechanical properties of the most commorly used shape memory alloys are

comprehensively and thoroughly reflected.

The dissertation author demonstrates in-depth knowledge in the field of physic-mechanical and
thermo-mechanical oscillations, self-excited oscillations, and dissipative properties of the studied
systems. Along with the cited literature sources, the dissertation author imperceptibly introduces us
to the issues of the topic, which fully satisfies the educational component of the dissertation.

And as a finale to the extensive literature review, the dissertation candidate has concisely

formulated the purpose of the work and described in detail six main tasks to be solved.



I give a very high score in terms of the degree of knowledge of the state of the problem and the
creative interpretation of the literary material.

3. Compliance of the chosen research methodology with the set goal and objectives of the
dissertation work

The chosen research methodology is the mechano-mathematical modeling of the three studied
devices: a self-excited thermo-mechanical oscillator with shape memory alloys (SMA), a self-excited
vibrating harvester using thermal energy with SMA and PVDF cantilevers with and without magnetic
sources. Using known laws of mechanics of an ideally elastic body and physics, nonlinear differential
equations are derived, describing the kinetic and dynamic processes of the devices. They are
integrated using programs prepared in the environment of the mathematical package Maple, version
16. In parallel, multifunctional installations have been constructed, which not only prove the
adequacy of the models, but also in themselves represent an achievement in the field of experimental
mechanics, electrical engineering, and measuring sensor electronics.

The coincidence of the numerical and experimental results, which are available within
permissible engineering deviations, as well as the fulfillment of all the tasks set, gives me reason to
conclude that the chosen research methodology is successful.

4. A brief analytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are built.

The dissertation candidate has compiled very precise and adequate dynamic models that have
a multi-physical nature. The generalized coordinates have been chosen very precisely. Based on well-
known formulas from Theoretical Mechanics and Strength of Materials, the dissertation obtains
expressions for ultimate displacements, relative deformations, kinetic and potential energies, and
others. In modeling the self-excited vibrating harvester, the dissertation very skillfully includes the
energy of the piezoelectric PVDF cantilevers and thus obtains a unique expression for the Lagrangian.
Using Lagrange's equations of the second kind, the dissertation derives nonlinear systems of
differential equations, which it then integrates numerically using the implicit Euler method in the
Maple package, version 16.

The reliability and adequacy of the mechano-mathematical modeling, described in detail in the
dissertation, have been proven by comparing the numerical results with their analogues from
experimental studies. They were conducted for all devices: for the self-excited thermomechanical
oscillator using shape memory alloys (SMA), and for the self-excited vibrating harvester using
thermal energy, shape memory alloys, and PVDF cantilevers.

S. Scientific and/or scientifically applied contributions of the dissertation work.
I perceive the proposed contributions in the dissertation as a way of description and formulation,

but they should be assessed one degree lower. My opinion is that scientific contributions are actually



scientific-applied, and the proposed scientific-applied contributions are applied. Thus, they will
correspond to the very essence of the dissertation, which serves to acquire the educational-scientific
degree "doctor". Obviously, the admitted inaccuracy is a continuation of the inaccuracy reflected in
the very title of the home page of the dissertation, where it is wriiten "...for acquiring the scientific
degree "doctor"". Nevertheless, the contributions described by the dissertation candidate objectively
reflect the results achieved in the dissertation. which are also reflected in a synthesized form in
Chapter 5, set aside for this purpose.

6. Assessment of the degree of the dissertation candidate's personal participation in the

contributions.

The attached publications on the dissertation, which constitute its core and core, do not include
a protocol on the degree of participation of the dissertation candidate. I accept that the dissertation
candidate received assistance from his scientific supervisors and other colleagues, but this does not
in the least diminish the degree of his personal participation.

7. Assessment of dissertation publications.

The doctoral candidate has presented three publications on the topic in English. They are co-
authored with his scientific supervisors and other colleagues, and he is the lead researcher in all of
the articles. They have been published in reputable journals with an impact factor. The publications
are directly related to the dissertation work, reflect significant research results and are at a high
scientific level. The doctoral candidate has no independent publication. He has achieved five citations
from international authors in articles from prestigious journals with an impact factor. This gives me
reason to conclude that the doctoral candidate has mastered the full process of research activity
perfectly: from the mechano-mathematical modeling of complex multi-physical processes, their
transformation into systems of nonlinear differential equations, numerical integration with prepared
and specific programs, construction of unique experimental setups, conducting experimental studies
with modern sensor electronics, and finally software processing and analysis of the obtained
numerical results and experimental data.

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

The research in the dissertation could be used to create more efficient and sustainable energy
systems that would meet the growing needs for ecological and susta:nable energy. Energy conversion
systems with shape memory alloys can find application in many energy systems, sensors for
measuring temperatures and stresses, thermal actuators, mechanical resonators and others. All the
research in the dissertation successfully finds applications in social practice. As evidence of this is
the letter received with a proposal for an award from the Organizing Committee of the Superior

Engineering Research Awards.



9. Assessment of the compliance of the author's abstract with the requirements for its
preparation and adequacy of coverage of the main points and contributions.

The author's abstract summarizes the main developments, achievements and contributions of

the dissertation relatively well. Some inconsistencies are noticeeble, but I take this into account

because of the requirement that the author's abstract not exceed one car (32 pages). Nevertheless, the

reader could gain an idea from the author's abstract about the essence of the dissertation. but my

assessment here is not the highest.
10. Opinions, recommendations and notes.

The presented dissertation work, as a whole, is of a high scientific and applied level. It extends
to several scientific fields, as the dissertationist uses the theory from the mechanics of the ideally rigid
and ideally elastic body, physics, chemistry, thermal engineering, electrical engineering, sensor
measuring electronics, numerical mathematics, programming and others. In this sense, the work is
interdisciplinary and this, in my opinion, is extremely valuable and elevates it to a world level.

The problems developed in the dissertation are not exhausted. They could be further developed.
That is why I recommend that the dissertationist continue his research in this area.

I have some remarks regarding the dissertation work presented for review in this way.

1. On the title page, instead of the "scientific" degree, the "educational-scientific" degree

should be written;

2. The convenience of notes above the line has not been used so that on each open page of the
dissertation it is known to which chapter it belongs:

3. The convenience of numbering formulas with a double-digit code, where the first digit
represents the number of the corresponding chapter, has not been used. This lack of
precision has also influenced the discrepancy in the numbers of formulas in the author’s
abstract and the dissertation;

4. The author’s abstract could reflect the dissertation work much more fully without
unnecessary new definitions of concepts already clarified in the dissertation;

5. Appendix 1 has been written, but in fact there are three appendices. The title should be
Appendices, and then the three appendices should follow as separate chapters:

6. The pages of the appendices are not numbered;

7. In the three figures. 2-1, 3-1 and 4-1, instead of the desigriation A4, By 1s written;

8. There are also some philological, grammatical and publishing inaccuracies.

All the remarks do not in the least change my assessment of the educational and scientific-

applied achievement in the dissertation work.



11. Conclusion

After reading the dissertation work "Modeling and research of energy conversion systems based
on shape memory alloys" submitted to me for review, I found that the main goal and the tasks related
to it have been achieved, I approved the formulated contributions. I familiarized myself with the
attached scientific publications and citations, I found that:

1. All requirements of the Law on the Development of the Academic Staff in the Republic of
Bulgaria and the relevant Regulations have been met;

2. The requirements of the regulations on the conditions and procedure for acquiring scientific
degrees at the Technical University - Sofia have been met.

Therefore, with full reason and complete conviction, I propose:

To M. Eng. Ivo Yotov Yotov that the scientific and educational degree "doctor" be awarded.

Date: 24.11.2025 REVIEWER:



