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1. AKTyaHHOCT Ha pa3pa60TBava B ANncepTauMoHHUA TpyAa npo6neM B Hay4yHO U
HAy4HO - NPUNTOXXHO OTHOLUEeHMUe.

Bes3xnyHuTe KOMyHUKaLMK ca HepasgernHa YacT OT CbBPEMEHHUS! CBAT, KaTo onpeaensTt
He caMO HayMHa Ha XXMBOT Ha XopaTa, HO U KOPEHHO MPOMEHMXa Ha4MHa Ha NPOU3BOACTBO M
ynpaBreHne Ha WKoHoMuKaTa. Te nossonsBaT Obp3 M NeceH AOCTbMN A0 WHGOpMauus,
CBbp3BaT XOpa M YCTPOMCTBa B peariHo BpPeMe M Cb3faBaT HOBU Bb3MOXHOCTM B PasfnyHM
chepu Ha xuBoTa. MNpoyyBaHMsiTa NokasBaT EKCMOHEHUMAanHO HapacTBaHe Ha M3non3BaHuTe
Pasnn4HM No BUA U TEXHONOMMS 6e3KNYHM YCTPONCTBA U HyXaaTa OT AOMbIIHUTENHA eHeprus,
HeobxoaMma 3a TaxHata paboTa. [losiBMXa ce MHOXEeCTBO M3cneaBaHust U pas3paboTku,
CBbp3aHM C OCUrypsiBaHe Ha anTepHaTUBHO €EHepruiHo 3axpaHBaHe. EgHa oT MHoroto
anTtepHaTVBM € M3MNON3BaHEeTO Ha eHeprusita OT M3KYCTBEHO Cb3dafeHV eneKkTPOMarHUTHU
norneTta oT paguo npegasaTenu.

MpencTtaBeHUsT 3a peLeH3vpaHe AWCepTauMoHEH Tpya pasrnexpa npobnemartuka,
CBbp3aHa C MPOEKTUpPAHETO Ha aHTEeHHU CTPYKTypu 3a fnpuemMaHe W npeobpasyBaHe Ha
eHeprusiTa Ha enekTPOMarHUTHW norieta OT WM3KYCTBEHM M3TOYHWULM, M Bb3MOXHOCTUTE 3a
N3NoN3BaHETO MM 3a 3axpaHBaHe Ha Bb3Nu B GEKUYHM NEPCOHANHU MPEXM.

OT Ka3aHOTO [0 TyK crieasa, Ye paspaboTeHuTe npobremun B AMCEPTALMOHHUS Tpya ca
akTyanHu M “MaT CBOSITA 3HAYMMOCT B Hay4yHO MPUNOXKHO OTHOLLUEHWE 3a OcurypsiBaHe Ha
anTepHaTUBHN EHEePruiHN U3TOYHULIM 3a 3axpaHBaHe Ha Bb3Nnu OT BEIKUYHN KOMYHMKALIMOHH
MPEXU.

2. CreneH Ha No3HaBaHe CbCTOSIHUETO Ha NpobrieMa U TBOpYEeCcKa UHTepnpeTauus Ha
nuTepaTypHUs matepuan.

CoblHoOCTTa Ha gucepTauundarta e usnoxeHa B yetupwu rmasu Ha 110 ctpaHmum. MNbpBa rnasa
npeactaesa 0030p Ha BGE3KUYHMUTE MEPCOHASNTHU MPEXU U TexXHonormuTe 3a cbbupaHe Ha
eHeprus oT anTepHaTUBHU U3TOYHULM 3a 3axXpaHBaHE Ha Bb3NM OT BE3KMYHM NEePCOHAHN
mpexun. OcTaHanuTe Tpu rMaBun ca CBbp3aHu C pellaBaHe Ha NoCTaBeHUTe 3agadqun, KOeTo e
AeduHNpaHO B TeXHUTe HauMeHoBaHua: MeTogonorma 3a MNpoekTUpaHe Ha aHTeHHa



CTPYKTYpa 3a cbbupaHe Ha pagMoyecToTHa eHeprusi OT OKonHata cpefa; lNpoekTnpaHe u
n3crnegBaHe Ha pEeKTEeHW 3a 3axpaHBaHE Ha KOMYHMKALMOHHW Bb3NM B BE3KUYHM
nepcoHanHn Mpexu; XapakrepusmpaHe Ha aHTEHHU CTPYKTYPU Ha PEKTEHW 3a 3axpaHBaHe
Ha KOMYHWKALMOHHN Bb3NN B BE3KMYHM NEPCOHANHN Mpexu. MNpeacTtaBeHNAT cpaBHUTENEH
aHanu3 BbB BCUYKM IMaBN AEMOHCTPMpPA OTIIMYHO NO3HaBaHe Ha uacnensaHuTe npodbnemu,
3aW0TO ca onpefeneHn npasHWTe noneta B M3crnedBaHata TemaTuka, a OT Tam W
3agaynTe 3a peluaBaHe B McepTauuoHHUSA TpyA.

AHann3bT M nocTurHaTuTe pesyntatm ce OasvpaT Bbpxy u3cnegsaHusta ot 121
nuTepaTypHU U3TOYHUKA, KaTo Hag 90% oT Tax ca npes nocnegHute 10 roanHu. Cmstam, ve
AOKTOPaHTbT OTNMYHO MoO3HaBa paspaboTBaHWUTe MpobnemMnm M TBOPYECKM WHTEprpeTupa
nony4YeHuTe pesynTaTtu.

3. CvoTrBeTcTBMe Ha M3bpaHaTa MeToAMKa Ha U3creaBaHe C NocTaBeHaTa uen u
3aa4u Ha QUCepTaLMOHHUA TPy,

[vcepTaumMoHHMAT TpyAa UMa 3a uen paspaboTBaHeTO Ha HOBM METOAMKM U NOXBaTh 3a
NpoeKTMpaHe W XapakTepuavpaHe Ha peKTeHW 3a 3axpaHBaHe Ha KOMYHWMKAUMOHHM. 3a
NoCTUraHe Ha NocTaBeHaTa Lien ca peLleHn crnegHnTe 3aaadu:

1. PaspabotBaHe Ha MeTOAOMOrMs 3a MPOEKTUpaHe Ha PEeKTeHW 3a 3axpaHBaHe Ha

KOMYHUKALMOHHWN Bb3NN.

2. TecTBaHe U u3cneaBaHe Ha NpeanoXeHaTa METOAONOrNS 3a NPOoeKTUpaHe U u3crnensaHe
Ha aHTEHHW CTPYKTYpWY 3a 3axpaHBaHe Ha KOMYHUKALIMOHHU Bb3N.
3. PaspaboTBaHe Ha MeTOAOmNorMsa 3a OLeHKa Ha OTAEeNHUTE eNeMEHTU Ha PEeKTEeH, C LUen

JoKasBaHe Ha Bb3MNPOM3BOACTBOTO M MOBTOPSAEMOCTTA Ha pe3yntaTtuTe OT M3MepBaHe.
4. AnpobupaHe Ha npeanoxeHata MeTodosorus.

Kakto ce Bwxga OT CTpykTypata Ha AucepTauusita M nocTaBeHaTa Uen W 3agaqu
N3NON3BaHUAT NOXBaT MpU HEeMHOTO paspaboTBaHe € CbCTaBeH OT LMKbN C ABa npoleca:
npeAcTaBsHe Ha HOBa KOHLUENuuUs, MeTodOomnorusi, MeToAuKa M MocnedBawo TecTBaHe,
anpobupaHe, aHanuM3 1M cpaBHEHWe Ha nony4yeHuTe pesyntaTtu. ManonsBaHu ca CbBpeMEHHU
MEeTOON 3a MPOEKTMPAHE M CUMyNauMs Ha aHTEHHU CTPYKTYpuW, NOOKPENneHw C pesynTtatu oT
peanusaumMs U peanHu u3mepBaHusi. WM3bpaHaTa MeToaMka 3a U3cnenBaHe HambIlHO
CbOTBETCTBa Ha MOCTaBeHaTa Len U 3ajayv Ha auceptaumsita. Hewo noeeye, nonyveHute
pearnHu pesynTtat OT U3MEPBaHUS Ha pa3paboTeHUTe CTPYKTYPWU HOCST CbOTBETHATa Hay4yHO
NPUNOXHA 3HAYMMOCT U1 JOCTOBEPHOCT Ha MONyYeHUTe pesynTaTy.

4. KpaTka aHanuMTM4YHa XapaKTepUCTUKa Ha eCTeCTBOTO U OLleHKa Ha [OCTOBEPHOCTTA
Ha MaTepuana, BbpXy KOUTO ce rpagasaT NpMHOCUTE Ha AUCepTaLMOHHUA TpyA.

B nbpBa rnaBa Ha avcepTauusiTa e HanpaBeH npernen Ha cTaHaapTUTe 3a 6e3XUYHN
MepcoHanHy MpEeXu, KaTto ca aHanmMavMpaHu pasnMyHuM Bb3MOXHOCTU 3a MPOEKTUpaHe W
nscrnegBaHe Ha aHTEHHUTE CTPYKTYpU 3a npeobpasyBaHe Ha eneKTPOMarHUTHUTE norneta
OT U3KYCTBEHU U3TOYHWLM M TAXHOTO MPUITOXKEHUE 3a 3axpaHBaHe Ha Bb3nu B GEe3KNYHM
nepcoHanHu Mpexu. MNMpeacraBeHa e knacudukauma Ha Bb30GHOBAEMUTE U3TOYHULM Ha



eHeprmss M ca pasrnegaHn Bb3MOXHOCTUTE 3a MPUMAOKEHMETO MM B Be3XudHuTe
nepcoHanHn Mpexu. HanpaBeH e aHann3 Ha pasnU4YHN CbLLECTBYBALUM aHTEHHN CTPYKTYpU
3a 3axpaHBaHe Ha yCTPOMCTBa C Masika KOHCymMauus.

BbB BTOpa rnaBa e npeacraBeHa obobuieHaTa OnNokoBa cxema Ha pPeKkTeHa,
npegnoXxeHa € MeToguka 3a MPOEKTMPaHEe Ha PEKTEeHW, MPUNOXMMW 3a 3axpaHBaHe Ha
KOMYHMKaUMOHHN BbBb3NW. [lpeactaBeHn ca pesyntaTtu OT NPOBEOEHM W3MEPBaHMA Ha
WHTEH3UTETa Ha eNeKTPMYeCcKoTo nore B rpagcka cpega [A1] n Te ca cpaBHeHU C Tesw,
nony4eHn OT ApYrv u3cnegoBaTenuy B pasnnyHu Yactu Ha ceeTa. 36paHn ca Tononormm Ha
eneMeHTuTEe Ha npeobpasyBaTen Ha eHeprusi 3a pellaBaHe Ha MNOCTaBeHMTE 3ajayn B
cnejBaluTe rrnasu Ha gucepTaumMoHHUS Tpya.

B Tpeta rmaBa Tpya ca npeacTaBeHu pe3yntaTtuTe OT NPOEKTMPaHETO Ha ABe aHTEHHU
CTPYKTYpPU BbBbPXY [IbBKaBM TMOAMOXKW 3a pPEKTeHM Bb3 OCHOBA Ha NpeasioxeHa
MeToAonorus, npeacTtaBeHa BbB BTopa rnaesa. PaspaboTeHun ca cuMynaumMoHHM MOAenu 1 ca
n3paboTeHn NpOTOTMNKN 3a BCsKa CTPyKTypa. M3cnegBaHn ca napamMeTpuTe Ha aHTeHHuTe
CTPYKTYpK. 3a Aoka3BaHe Ha NPUIOXMMOCTTa Ha METOAONOrUSATa € NPoeKTUpaHa CbrnacyBallo
TpaHcdopMupalla 1M usnpaBuTeNHa Bepura CbC CbCPEAOTOMEHW napameTpu. MacneaBaH e
n3paboTeH NpPOTOTUN, K Ca NPOBEAEHN N3MepBaHMs B YecToTeH o6xBaT oT 2 GHz no 3 GHz npwu
pas3nM4HO CbMNPOTMBIEHME Ha ToBapa. Pe3yntatute ca npeacrtaBeHu B aBTOPCKU nybnukauum
[A2, A3].

YeTBbpTa rmaBa € npeanioxkeHa M nscnegBaHa MeToauka 3a OUeHKa Ha oTaernHute
erleMeHTU Ha pPEeKTeH, Ype3 U3MepBaHus C LeN Bb3NPOU3BOAUMOCT M MOBTOPSEMOCT Ha
pesyntatute. MetogvkaTta BKOYBa M3NCKBAHUSA KbM ONUTHaTa NOCTaHOBKA 3a U3MepBaHe,
npouenypa 3a NpoBexaaHe Ha n3aMepBaHusiTa 1 npouenypa 3a obpaboTka Ha pesynraTtuTe.
Coblwarta e TectBaHa npu u3crneaBaHe Ha OCHOBHUTE MapameTpu Ha [Be HOBU aHTEHHU
CTPYKTYpPU BbpXy MbBKaBW MNOASIOXKKM, KAKTO M HaA CbrnacyBaulata U TokousnpasuTenHarta
BEPUIN HA PEKTEHUTE.

Pesyntatute, ¢ KOUTO ce [oKa3Ba MPUNOXMMOCTTa Ha pa3paboTeHnTe MeToauKM ca
NOny4YeHn Ypes NPOEKTMPaHE U U3MEPBAHE NapaMeTpUTE Ha NPOTOTMMNM HA HOBM CTPYKTYpu. Mo
TO3M HAYMH SICHO Ce OEMOHCTpUpa, Ye MPUHOCUTE Ha AUCEPTAUMOHHMA TPy4 umaTt cBosiTa
TEXECT U ce NoTBbpXAaBa JOCTOBEPHOCTTA HA HanpaBeHWUTe U3cneaBaHus.

5. Hay4yHu u/unun Hay4yHO-NPUNOXHU NPUHOCK Ha AUCEePTALMOHHUA TPYA.

MpuHOCUTE B AncepTaumaTa MMat nNpeay BCUYKO HayYHO-NPUIOXKEH U MPUIOXEH XapakTep.
CoblwunTte ce oTHaACAT OO Cb3aBaHe Ha HOBWU CTPYKTYpPU U anroputMu 3a npuaobuBaHe Ha HOBU
N YCBbBBbPLUIEHCTBAHE HA CbLUECTBYBAWM (PYHKUMOHANHM MapamMeTpu Ha aHTeHHU 3a
3axpaHBaHe Ha Bb3Nn B BE3XMYHW nepcoHanHu Mpexu. Te moraT ga 6bagart obobuieHn no
CNeaHnst HauuH:

1. Hay4HO—NpUNoXHu npuHocu:
- Pa3spaboTteHa e meTogonorvs 3a NpoOeKTUpaHe Ha PEeKTeHW, OEeMOHCTpupaHa ypes
anroputbMm, BKOYBaLLa cneunuyHnTe OCOBEHOCTM Ha KOMYHMKALMOHHUTE Bb3NW,



paboTelwn B nepcoHanHu Mpexu, uarpageHun no craHgaptu IEEE 802.15.1, IEEE

802.15.4 vinn IEEE 802.15.6.

- MNMpeanoxeHa e MeToaMka 3a OLEHKA HA OCHOBHUTE MapamMeTpu N XapakTePUCTUKN Ha

OTAENHUTE €NEeMEHTU Ha PeKTeH, Lensiuia Bb3rnpoM3BOAMMOCT N MOBTOPAEMOCT Ha

pe3yntaTtute oT U3MepBaHe.

N nBete mMeToaoMKm ca TeCTBaHW W U3CnefBaHW 4vpe3 NpPOoeKTUMpaHe, peanusaumst u
n3mepBaHe NapameTpuTe Ha HOBW aHTEHHW CTPYKTYPU BbpXy MbBKaBa NoasoXKa.

2. NpunoXxHu NpuHOCK:

- MpepnoxeHa e NnocTaHOBKa 3a OLEHKA Ha MHTEH3UTETa Ha erlekTPUYecKoTo none
OT W3KYCTBEHM WU3TOYHMUM B rpajcka cpefa, nossonssBalia MoBTOPSEMOCT W
CPaBHMMOCT Ha pe3ynTtatute OT mamepBaHe. [MocTaHOBKata e anpobupaHa 4pes
N3MepBaHus.

- [lpoekTupaHn un mnacneaBaHn ca [BE€ HOBW aHTEHHW CTPYKTYpU BbPXY bBKaBu
NnoanoOXKN 3a PEKTEHW 3a 3axpaHBaHE Ha KOMYHMKALMOHHM Bb3NU B OE3Xn4HM
nepcoHanHn Mpexu.

- Upe3 meTogukaTa 3a OUEHKa XapaKTepUCTUKUTE Ha PeKTeH ca OueHeHW OBeTe
HOBWM aHTEHHW CTPYKTYpU BbPXY [IbBKaBM MOASIOKKM 3a 3axpaHBaHe Ha
KOMYHVKaLUMOHHN Bb3NN 1 e4Ha ANMNOSIHA aHTeHa BbpXy TPUCIIOMHA NOANOXKA.

6. OueHka Ha cTeneHTa Ha NIMYHO y4yacTue Ha AucepTaHTa B NPUHOCUTE

MpuHOoCKMTE OT AucepTauusiTa ca KOPEKTHO AedMHUPaHM M HambfHO CbLOTBETCTBAT Ha
nonyvyeHmte pesyntatu. Cobwute nputexasar Heobxogumarta  nybnuyHocT  4pes
npeacTaBeHUTe Aoknaau, nyénukaumMm m NMYHO yvacTMe Ha [OKTOpaHTa B [Ba HaUMOHamHU
Hay4HM nNpoekTa. TemaTta Ha auceptaumsita e oT obnacTrta Ha KOMMNEeTEHUUN Ha AOKTOpaHTa U
HsIM@ CbMHEHME 32 HETOBOTO aKTMBHO y4acTue, a pe3ynTtaTute HECbMHEHO NMOKa3BaT, Ye Tou e
paswmpun n 3agbnbounn CBoUTe KOMMNETEHLUN.

7. MHeHue 3a ny6nukaumMmuTe No Temarta Ha AMCEepPTaLMOHHUA TPYA.

Hay4ynute nybnukauun, nonyydyeHute pesyntatu u paspaboTeHuTe umaenm ca geno Ha
AvceptaHTa C MoAkpenata Ha pbkoBoauTens My. B pesyntat Ha pguceptauusata ca
nyénukysaHm 4 Tpyga. Tpu OT Tax ca nNybnvkyBaHM B HaLMOHANHW KOHepeHuun ¢
MexayHapoaHo ydactue, uHgekcmpanm B SCOPUS. NUma egHa camocTtosTenHa nybnvkaums B
HauuMoHaneH HayyeH OpyM Ha Mnagu yyeHwu. [iBe oT nybnukauuute ca uUUTUpPaHW OT
MeXayHapoaHu aBTopu B m3gaHus, pedepupann B SCOPUS. EgHata [A3] e ot 2019r. n e
uuTUpaHa 6 nbTK, a gpyrata [Ad] ot 2022 eavH NbT.

[OoKTOpaHTLT € yyacTBan B [Ba YCMEWHO MPUKIYUAM  HAUMOHAMHW  Hay4yHO-
n3cnegoBaTtericku npoekrta. ToBa € No3BONUMO Ha AOKTOpaHTa Aa nonynsapusvpa pesynratute
OT AncepTaumsaTa cu.

8. MHeHus, npenopbKu U Genexku.



ColuecTByBaT MHOXECTBO TEPMUHOSTOMMYHN HETOYHOCTU B AncepTauusaTa. Hanpuvep:

- WM3nonsea ce NOHATUETO ,JlTaMUHAT’ BMECTO NPUETOTO ANENEKTpUYHA MOANIOXKKa CTp.
72, 73;

- B rnaea 3 ce roBopu 3a ,4McrneHn mopenu’, a B OEMCTBUTENHOCT cTaBa BbLMPOC 3a
CUMYMALUNOHHKN, TONOSTOMMYHN MOLENN;

- He e Heob6xo0anmo NpoOCTpaHHOTO M3cnenBaHe NapaMeTpuTe Ha MUKPONEHTOBA NNHUS
C BbIIHOBO cbnpoTmereHne 50 oma B obxeaTta Ha 2.4GHz 3a gMenekTpryHa noanoxka
FR4 - dwmr. 3.2-1,3.2-2, Tabnuua 3.2-1. CbWOTO € HanNbHO [JOCTbMHO WU
n34yepnarTenHo n3cnegBaHo B MHOXECTBO Nybnukaumm, oule ot cpegata Ha 20 Bek;

- He e peduHupaH 4ecTtoTHUS o0OXBaT Ha M3MepBaHMSTA HanperHaTocTTa Ha
€eneKkTpoMarHMTHOTO none — naea 2. lNonesHo e ga ce NpeacTaBaAT pesynTtatn u
aHanu3 3a pasnpeneneHMeTo Ha eHepruiHUsE CnekTbp B YecToTHa obnact. Toea 6u
nogkpenunno obocHoBaHUS n3bop Ha 4ecToTHUTE 0OxBaTy 3a paboTa Ha aHTEHHUTE
CTPYKTYPU U peHTabunHoCTTa Ha NnpeobpasyBaTenuTe Ha eHeprus.

9. 3aknoyeHue U oLeHKa Ha AucepTauMOHHUA TPyA.

MpencraBeHata pabota uMma HeobxoouMmMuTe KadecTBa Ha [gucepTaumoHeH Tpya.
[OKTOpPaHTBLT ce € U3sIBUN KaTo M3rpageH HayydyeH paboTHWMK, CnocobeH camMoCTOATenHo Aa
peluaBa CnoxHu 3agaydn. MNMonyvyeHn ca CbLLECTBEHN HAYYHO-NPUMNOXHU N NPUIOXHWU NPUHOCK C
ronsam noTeHuman uM 3HavyeHue 3a O6bAELOTO Ha BGEe3KUYHUTE TEXHOMOrMKU N anTepHaTUBHU
N3TOYHMUM 3a 3axpaHBaHe. 1o Tasu npuynHa HanpaBeHuTe no-rope 3abenexku N Npenopbku
He omanoBaxasaTt obLiaTa MU NONOXUTENHA OLEeHKa.

CwmsATam, 4e gucepTaumsita HanbfHO CbOTBETCTBA Ha M3MCKBaHMATA Ha 3akoHa 3a
B/uCwWe ob6pa3oBaHMe K 3akoHa 3a pas3BMTMETO Ha akagemuyHus cbcTaB B Penybnuka
Bvnrapusa. 3atoBa 6e3 cbMHeHWe Aeknapvpam npeg HayyHoOTo Xypu, 4e auceptauuaTa
CbabpXXa BCUYKM €reMEHTM KaTO TakaBa, AaBaM MOJIOXKUTENHA OUeHKa Ha gucepTaums Ha
maz. MaHon ABpamMOB ¥ npegnaraMm Ha Hay4yHOTO Xypu ga My Obae npucbaeHa
obpasoBaTenHo-Hay4YHa cTeneH ,JoKTop”.

Oata 03.04.2025 YINEH HA HAYYHTO XYPWU:
Inpodb. a-p Hx. Unna Unues/
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1. Relevance of the research problem in the dissertation in scientific and applied
terms.

Wireless communications are an integral part of the modern world, defining not only
people's lifestyles but also fundamentally changing the methods of production and economic
management. They enable quick and easy access to information, connect people and devices
in real-time, and create new opportunities in various fields of life. Studies indicate exponential
growth in the use of different types and technologies of wireless devices, leading to an
increased need for additional energy for their operation. Numerous studies and developments
have emerged, focusing on providing alternative energy sources. One of the many alternatives
is the use of energy from artificially created electromagnetic fields from wireless transmitters.

The dissertation submitted for review addresses issues related to designing antenna
structures for receiving and converting the energy of electromagnetic fields from alternative
sources and their potential use for powering nodes in wireless personal networks.

From the above, it follows that the problems developed in the dissertation are relevant
and have scientific and practical significance in ensuring alternative energy sources for
powering nodes in wireless communication networks.

2. Level of familiarity with the state of the problem and creative interpretation of
the literature.

The essence of the dissertation is presented in four chapters covering 110 pages. The
first chapter provides an overview of wireless personal networks and energy harvesting
technologies from alternative sources for powering wireless personal network nodes. The
remaining three chapters focus on solving the defined tasks, as indicated by their titles:

- Methodology for designing antenna structures for harvesting radio frequency energy
from the environment;

- Design and investigation of rectennas for powering communication nodes in wireless
personal networks;

- Characterization of rectenna antenna structures for powering communication nodes in
wireless personal networks.



The comparative analysis presented in all chapters demonstrates an excellent
understanding of the researched problems, as the knowledge gaps in the studied field have
been identified, forming the basis for the dissertation tasks. The analysis and obtained results
are based on studies from 121 references, with over 90% of them from the last 10 years. |
believe the doctoral candidate has an excellent command of the researched problems and
creatively interprets the obtained results.

3. Compliance of the chosen research methodology with the dissertation’s
objectives and tasks.

The dissertation aims to develop new methodologies and approaches for designing and
characterizing rectennas for powering communication nodes. To achieve this goal, the following
tasks have been addressed:

1. Development of a methodology for designing rectennas for powering communication

nodes.

2. Testing and investigation of the proposed methodology for designing and analyzing

antenna structures for powering communication nodes.

3. Development of a methodology for evaluating individual rectenna components to

verify reproducibility and repeatability of measurement results.

4. Validation of the proposed methodology.

The dissertation structure and the defined objectives and tasks show that the approach
used in its development consists of a cycle with two processes: the introduction of new
concepts, methodologies, and techniques, followed by testing, validation, analysis, and
comparison of obtained results. Modern methods for designing and simulating antenna
structures are used, supported by results from real implementations and actual measurements.
The selected research methodology fully corresponds to the dissertation's objectives and tasks.
Moreover, the obtained real measurement results of the developed structures contribute to the
scientific and practical significance and reliability of the results.

4. Brief analytical characterization and assessment of the reliability of the
material supporting the dissertation's contributions.

The first chapter of the dissertation reviews wireless personal network standards,
analyzing various possibilities for designing and researching antenna structures for converting
electromagnetic fields from artificial sources and their application for powering nodes in wireless
personal networks. The classification of renewable energy sources is presented, and their
applicability in wireless personal networks is discussed. An analysis of existing antenna
structures for low-power device powering is provided.

The second chapter presents a generalized block diagram of the rectenna, proposing a
design methodology for rectennas applicable for powering communication nodes. Measurement
results of electric field intensity in an urban environment are provided and compared with those
obtained by other researchers worldwide. Topologies of energy conversion elements are
selected for solving the tasks in the following chapters.



The third chapter presents the design results of two flexible substrate antenna
structures for rectennas based on the proposed methodology. Simulation models and
prototypes for each structure are developed and examined. The parameters of the antenna
structures are studied. To prove the applicability of the methodology, a matching and rectifier
circuits with lumped elements are designed. A prototype is tested, and measurements are
conducted within the frequency range of 2 GHz to 3 GHz under different load resistances. The
results are published in academic articles.

The fourth chapter proposes and investigates a methodology for evaluating individual
rectenna elements through measurements to ensure reproducibility and repeatability of results.
The methodology includes requirements for the experimental setup, measurement procedure,
and data processing. This has been tested by studying the primary parameters of two new
flexible substrate antenna structures, as well as the matching and rectifying circuits of the
rectennas.

5. Scientific and applied contributions of the dissertation.

The contributions in the dissertation are primarily of scientific and applied nature. They
introduce new structures and algorithms for acquiring and enhancing functional parameters of
antennas for powering nodes in wireless personal networks. The contributions can be
summarized as follows:

Scientific and applied contributions:

- Development of a rectenna design methodology, demonstrated through an algorithm
incorporating the specific features of communication nodes operating in personal
networks under IEEE 802.15.1, IEEE 802.15.4, or IEEE 802.15.6 standards.

- Proposal of a methodology for evaluating the main parameters and characteristics of
rectenna elements, ensuring measurement result reproducibility and repeatability.

Both methodologies have been tested and validated through the design, implementation,
and measurement of new flexible substrate antenna structures.

Applied contributions:

- A setup for estimating the electric field intensity from artificial sources in an urban
environment has been proposed, allowing repeatability and comparability of measurement
results. The setup has been tested through measurements;

- Two new antenna structures on flexible substrates for rectennas for powering
communication nodes in wireless personal networks have been designed and
investigated;

- Using the methodology for evaluating the characteristics of a rectenna, two new
antenna structures on flexible substrates for powering communication nodes and one
dipole antenna on a three-layer substrate have been evaluated.

6. Assessment of the degree of personal participation of the doctoral candidate in
the contributions

The dissertation contributions are correctly defined and fully correspond to the results
obtained. They have the necessary publicity through the presented reports, publications, and
personal participation of the doctoral candidate in two national scientific projects. The topic of
the dissertation is the field of doctoral candidate competence and there is no doubt about his



active participation. The results undoubtedly show that he has expanded and deepened his
competencies.

7. Opinion on the Publications on the Topic of the Dissertation

The scientific publications, the obtained results, and the developed ideas are the work of
the doctoral candidate with the support of his supervisor. As a result of the dissertation, four
papers have been published. Three have been presented at national conferences with
international participation, indexed in SCOPUS. There is one independent publication in a
national scientific forum for young scientists. Two of the publications have been cited by
international authors in SCOPUS-referenced journals. Publication [A3] is from 2019 and has
been cited six times, [A4] is from 2022 and has been cited once. The doctoral student has
participated in two successfully completed national research projects. This has allowed him to
disseminate the dissertation results.

8. Opinions, Recommendations, and Notes:

There are numerous terminological inaccuracies in the dissertation. For example:

- The term “laminate” is used instead of the accepted term "dielectric substrate" (pp. 72,
73);

- In Chapter 3 the term "numerical models" is used, but in real it concerns simulation
and topological models;

- Itis unnecessary to extensively study the parameters of a microstrip line with a wave
impedance of 50 ohms in the 2.4 GHz range for a dielectric substrate FR4 — Figures
3.2-1, 3.2-2, Table 3.2-1. This topic has been fully covered and extensively studied in
numerous publications since the mid-20th century;

- In Chapter 2 the frequency range for measuring the electromagnetic field strength is
not defined. It would be useful to present results and an energy spectrum distribution
analysis in the frequency domain. This would support the justified selection of
frequency ranges for the operation of antenna structures and the efficiency of energy
converters.

9. Conclusion and evaluation of the dissertation work.

The presented work has the necessary qualities of a dissertation. The doctoral student
has shown as a well-established researcher, capable of solving complex tasks on his own.
Significant scientific and applied contributions have been obtained with great potential and
importance for the future of wireless technologies and alternative power sources. For this
reason, the above remarks and opinions do not belittle my overall positive assessment.

| believe the dissertation fully meets the requirements of the Low on the Development of
the Academic Staff in the Republic of Bulgaria. Therefore, | am without a doubt declaring before
the Scientific Jury that the dissertation contains all the elements as such, | give a positive
assessment of the dissertation of mag. Manol Avramov, and | propose to the Scientific Jury that
he be awarded the educational and scientific degree "doctor".

Date:03.04.2025 Member of the Scientific Jury:...................
/Prof. Dr. Eng. llia lliev/



