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5. lpocTHpame aKyCTHYKHX Tajaca y MeTaMaTepujainMa CTHIIJLHBOCTH 0,1u3y Hye /
Near-zero propagation of acoustic waves: compressibility near-zero metamaterials

6. HoBa pe3oHaHTHA jeinHu4YHA heslija ca HEraTHBHOM TYCTHHOM U H-eHe mpumene/ Novel
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Vv BPEJHOBAIE IOJEAUHHUX JEJOBA JOKTOPCKE JUCEPTALIUMJE /
Evaluation of certain parts of the PhD thesis:

HacJjioB paaa jacHo je ¢opmyincan U pa3yM/bUB, PEHH3HO ONMKCYje MpeAMeT HCTPAKUBAHA U Y
NOTIYHOCTH YKa3yje Ha caJp:kaj paaa.

Title of the thesis is clearly formulated and understandable, accurately describes the subject of the
research and fully indicates the content of the work.

Y mornae/by YBoA AaTa €y yBOAHA pa3MaTpamba Koja MMajy 3a OW/b /a YKaxKy Ha 3Hayaj
aKyCTHKHX MeTaMaTepHjajia, Kao M Ha morpedy 3a yHnampeljeleM HHUXOBHX mHepdopMaHCH.
Hayuynu nonpuHoC Te3e MpeacTaB/bajy cy TPH HOBa THIIA MO/I0BA Mponaraiyje Tajaca 1 lbHX0Ba
KOHTPOJIa HOBMM TNpOjeKTOBaHMM jeamHnyHuM henmjama meramarepujana. Ilopen yBogHux
pasMaTpamka W KPaTKOr NPHKa3a HAYYHOI JONPHHOCA JTOKTOPCKe JucepTanuje, y NPBOM
Norj1aB/by NMPHUKA3aHA je W OPraHM3alMja Te3e W AAT KpaTakK IperJiell cBaKor oJ INOIJaB/ba
JOKTOPCKe AucepTaluje.

The chapter Introduction gives basic information on acoustic metamaterials and points out their
significance, as well as the need for their improvement. The scientific contribution of this dissertation
comprises three new types of wave propagation modes and their control with newly designed
metamaterial unit cells. Besides introductory information and short overview of scientific contributions
the organization of the thesis is given in this chapter.

Y noraasmy IlpocTHpame aKyCcTMYKHX Tajaca JaT je KpaTak Iperjel TeopHje aKyCTHYKHX
Tajgaca. Ilornae/be Jaje OCHOBHe NOjMOBe €JIEKTPOAKYCTHUYKHMX AHAJIOTHja M TeopHje aKyCTHY-
KHX BO/IOBA.

In the chapter Acoustic wave propagation a short overview of the theory of acoustic wave propagation
is given. Basic concepts related to electroacoustic analogies and the theory of acoustic transmission
lines are outlined.

Y poraaB/by AKYCTHMYKM MeTaMaTepHjajJu JaT je Mperjex cTramba TeXHHKe Yy 00JacTu
jenuHu4yHux henuja akycTHYKHMX MeTamaTepHjajia, M lbUX0Be IPUMeEHe.

The chapter Acoustic metamaterials gives an overview of the proposed state-of-the-art metamaterial
unit cells, single negative and double negative acoustic metamaterials and their applications.

Ilornap/be AHaiM3a aKyCTHYKHX MeTamMaTepHjajia oONMCyje MeTole M MoJele TOHAIIama
jenmnuyHux heamja akycTHYKHMX MeTaMaTepHjajia y aKyCTHYHMM CHCTeMHMa pa3BHjeHe TOKOM
HCTpaKNBama, YK/bYuyjyhu merone 3a m3pauyHaBame aKyCTHUKHMX NapaMeTapa pacejamba M
MeToJa 3a eKcTpakuMjy edeKTHUBHUX mnapamerapa jeaMHu4yHMx heamja axkycTrmukmx
MeTamarepujaia. OmnucaH je MeTOJ KOHAYHMX eJieMeHaTa 3a MOJAeoBame aKyCTHYKHUX
meramarepujaia y COMSOL Multiphysics cumysiaTopy U MareMaTHYKH Mojes (a3upaH Ha
TeopHjHu BOAABA.

The chapter Analysis of acoustic metamaterials describes developed methods and models during
research into the behavior of metamaterial unit cells in acoustic systems, including a method for the
calculation of acoustic scattering parameters and a method for the extraction of effective material
parameters of metamaterial unit cells. The principles of finite element method modeling of acoustic
metamaterials in COMSOL Multiphysics simulator and a mathematical model based on the
transmission line theory.

Y noruasby IIpocTupame aKkyCTHYKHX Tajaca y MeTaMaTepHjajJiuMa CTUILJBMBOCTH 0JIUM3Y HYyJIe
NpeICTAaB/beHA je HOBA KJIaca jeTHOAMMEH3HOHAJHMX NEar-Zero akyCTHYKHX MeTaMaTepHjajia ca
e¢()eKTHBHHM BpEIHOCTHMA CTHILBHBOCTH OJIM3y HyJie, peajln3oBaHa NoMohy jeaxmHMYHHX
henuja XeJmxoanoBor pe3oHaTopa. YcI0BH NMOTPeOHH 32 NMPOCTHPame Tajdaca y MeTamMaTepH-
januMa CTHILBHBOCTH 0J1M3y HyJie Cy TEOPHjCKH NeTAJbHO AHAIM3UPAHHU U eKCIEPHMEHTAIHO
nposepenn. IlporoTun je kapaktepucan kopumhemeM pa3BHjeHOT METOJAa 32 eKCTPAKIUJY
aKyCTHYKHUX IapaMeTapa pacejama 32 ABONPHCTYIIHH CHCTEM.

In the chapter Near-zero propagation of acoustic waves: compressibility near-zero metamaterials is
presented a novel class of one-dimensional near-zero acoustic metamaterials based on near-zero
values of effective compressibility, realized using resonant-type metamaterials (Helmholtz resonator).
The conditions needed to support compressibility near zero propagation have been theoretically
analyzed in detail and experimentally verified. The fabricated prototype was characterized using the
developed method for extraction of the acoustic scattering parameters for two port systems.




Y noraasby HoBa pe3oHanTHa jenuHu4Ha hejuja ca HeraTHBHOM IyCTHHOM M H-eHe IpHMeHe
NMPHUKA3aHA je HOBa jeIMHMYHA henuja aKkyCTHYKUX MeTaMaTepujaja 0a3MpaHa Ha eJeKTPO-
AKYCTHMYKOj aHAJOTHjH KoOja [aje HeraTHBHY TIyCTHHY pe3OHaHTHOr Tuma. M3BeneHa je
aHAJMTHYKA dopmya 3a epeKTHBHY I'YCTHHY NpeJiokeHe jerununuHe henuje, morBphyjyhu aa
je y onpellenom omcery ydyectaHocTu epekTHBHA rycTtuHa henuje 3amcra HeratuBHa. Ilomohy
HOBe jeqMHNYHe heuje peann3oBaHy Cy jeAHOCTPYKH M BHIIECTPYKH AKYCTHYKH HeNPOIYyCHHIU
orncera, JBOCTPYKO HeraTMBAaH MeAHjyM M aKYCTH4YKAa Ipomnaranuja y Meamjymy ca rycTHHOM
0sIM3y HyJ1e.

In the chapter Novel negative density resonant metamaterial unit cell and its applications is
demonstrated a new acoustic metamaterial unit cell based on a simple electro-acoustic analogy with
the typical resonant-permeability unit cell from the domain of electromagnetic metamaterials, which
was shown to be an efficient means to provide negative mass density to acoustic metamaterials. A
closed analytical formula for the effective density of the proposed cell has been developed, confirming
that at a range of frequencies the value of this parameter is indeed negative. The versatility of the
proposed approach has been demonstrated through examples including single- and multi-stopband
acoustic media with steep roll-offs, as well as left-handed and density-near-zero acoustic wave
propagation.

IloraaB/be AKYCTHYKH INOBPHIMHCKH Tajlach HAa u30pa3gaHuMM NOBPIIMHAMA, NpPeICcTABba
YBOJHO MOrJIaB/be JAPYroM [Jeldy JAWcepTanuje, W Jaje Mperyel TeopHje IOBPIIMHCKHAX
aKyCTMYKHX TajJaca Ha M30pa3siaHMM TBPAMM MOMJIOraMa, Kao W IperJieJ cTama TeXHHKe Yy
obdiacTn ypehaja 3a KoHTpoJly TajacHOr Opoja MOBPIIMHCKHMX aAKYCTHYKHX Tajaca MPOMEHOM
reomerpuje. Ilpennoxkene cy moryhe npumene, Kao ITO €y KOJMMALMja 3BYYHHUX Tajaaca WM
MPOCTOPHA AHAJIN3A CIEKTPA.

Chapter Acoustic surface waves on grooved surfaces is the opening chapter of the second part, gives
the theory of acoustic wave propagation on grooved hard surfaces as well as an overview of the
proposed state-of-the-art structures to control the wavenumber of the surface acoustic waves by
changing geometrical parameters of the grooves. Possible applications, such as sound wave
collimation or spatial spectral analysis, are also presented.

IoraaBme TeMnepaTypHa KOHTpPoJa AaKYCTHYKMX MNOBPIIMHCKHX Tajaca mpolmpyje
MoryhHocTH 3a KOHTpOJIy MOBPIIMHCKHMX Tajaca. HejenHakocTH y TeMmImepaTypH OKpYHkKeHa
yTHYe Ha KOHCTAHTY MPOCTHPama MNOBPIIMHCKOr AaKyCTHYKOI Tajaca, IITO 3HAYM Ja ce
NMOBPUIMHA MO’Ke KOPUCTHTH KAa0 CEH30p TeMmeparype, WJIHM KAao TeMIepaTypoM MOJeCHBH
NPOCTOPHH CIIEKTporpa¢ 3a aHajm3e CIeKTPa aKycTHYKOr Tajaca. IlokasaHo je 1a ymorpeoom
pazanuuTux npoduia gucTpudyuuje TeMneparypa, CTpyKTypa ca CTaJIHOM reOMeTpHjoM MOKe
Ja ce KOPHCTH 32 Pa3juYMTHM NMPHMEHAMa, Ka0 LITO Cy CaBHjame aKyCTHYKHMX MOBPLIIMHCKHX
Tajgaca Wid lUX0BO OKYCHpPam-e ca MO0JeCHBOM KHKHOM Ja/bHHOM.

Chapter Temperature-controlled acoustic surface waves expands the opportunities for surface wave
control on grooved surface. Temperature inequalities in the host medium affect the surface acoustic
wave propagation constant, which means that the surface can be used as a temperature sensing
element or as a spatial acoustic spectrograph tunable by modifying only the temperature gradient
along the structure, rather than any geometrical change of the structure. It is shown that using
different temperature distribution profiles, the structure with constant geometrical parameters can be
used to realize tunable applications such as bending acoustic surface waves or their focusing with
tunable focal length.

Ioraapmbe 3ak/by4lid ¥ MPAaBIHU JA/bHX HCTPAKUBAA CAJAPIKH 3aBPIIHE HAIIOMEHe H 3aK/bY4Ke.
Y meMy je aaT Kparak nperief paaa, (GpopMyJaHCaHM Cy 3aK/bYYNHM Yy Be3H ca IpeIMeToM
HCTPAKABakha U MOCTUTHYTHX Pe3yJITATA H YKA3aHO je Ha IpaBIe Aa/bUX HCTPAKHBaKba.

The chapter Conclusions and future work contains final remarks and conclusions. It gives a brief
overview of the work, and conclusions regarding the case studies and the results achieved are
formulated and pointed to future work.

VY nonarky cy natu Matlab kogoBu xoju cy 6unu pa3Bujenu u kopuuiheHn y HucTpaKuBamy.
In appendices the Matlab codes which have been developed and used in research are given.

Onemak buoaunorpaduja cagpxu 146 gurepaTypHa HaBoAa KOjH Cy MperjeIHO CHCTEeMATH30-
BaHu. KopumheHna aurepartypa je o6umMHa, caBpeMeHa H NPaBUJIHO oia0paHa nMpeMa 3aXTeBHMA




TeMe Koja ce pa3marpa.

Section References includes 146 citations that are clearly systematized. Bibliography is comprehensive,
modern and properly selected according to the requirements of the topics under consideration.

VI CIHHACAK HAYYHUX U CTPYUHUX PAJTOBA KOJU CY OBJABJbEHU WU
NMPUXBAREHHU 3A OBJAB/BUBAILE HA OCHOBY PE3YJITATA HCTPAJKUBAIbBA Y
OKBUPY PAJIA HA JIOKTOPCKOJ TUCEPTAIMJIN / Candidate’s publication list

M22 - Pan y uctaknyrom meh)ynapoanom uacorucy / Article in prominent international journal

N. Cselyuszka, M. Seéujski, V. Crnojevi¢-Bengin, ,Novel negative mass density resonant
metamaterial unit cell, Physics Letters A, Vol. 379, No. 1-2, Pp. 33-36, January 2015, Elsevier

N. Cselyuszka, M. Secujski, V. Crnojevi¢-Bengin, ,,Compressibility-near-zero acoustic
metamaterial®, Physics Letters A, Vol. 378, No. 16-17, Pp. 1153-1156, March, 2014, Elsevier

V. Crnojevi¢-Bengin, N. Jankovi¢, N. Cselyuszka, R. Geschke, “Mu-near-zero propagation in quasi-
TEM microstrip circuits” , Journal Of Electromagnetic Waves And Applications, VVol. 27, No. 17, pp.
2198-2212, September 2013, Taylor & Francis

M33 - PapoBu caommureHu Ha ckyny Mel)yHapoaHor 3Hauaja mramMmaHd y ueaunu /
International conference publications

P. Krivic, S. Birgermajer, N. Cselyuszka, M. Pieper, ,,Multilayered Spiral Coils with Air Core
fabricated in LTCC technology“, IMAPS Nordic 2015 Conference-IMAPS Europe, Helsinger,
Denmark, 8-9 June 2015

N. Cselyuszka, N. Jankovi¢ and V. Crnojevi¢-Bengin, ,,Dual-Band Microstrip Filter Based on Near-
Zero Propagation 14th Mediterranean Microwave Symphosium, Marracesh, Morocco, 12-14
December 2014

V. Crnojevi¢-Bengin, R. H. Geschke, N. Jankovi¢ and N. Cselyuszka ,,On the Nature of Transmission
in Resonant Metamaterial Transmission Lines*, METAMATERIALS, St. Petersburg, Russia, 17-22
September 2012

N. Cselyuszka, M. Secujski, V. Crnojevi¢-Bengin ,, Analysis of Acoustic Metamaterials -Acoustic
Scattering Matrix and Extraction of Effective Parameters, METAMATERIALS, St. Petersburg,
Russia, 17-22 September 2012

M63 - PaoBH caomuTeHH HA CKYNy HAHMOHAJIHOr 3Havaja mramMnanu y mesumnu / Domestic
conference publications

N. Cselyuszka, S. Birgermajer, N. Jankovi¢ and V. Crnojevi¢-Bengin ,,Grounded Open-Loop
Resonator as a Dual-Mode Structure and Its Applications in Filter Design“, TELFOR, Belgrade,
November 2013.

Vasa Radoni¢, N. Cselyuszka, Vesna Crnojevi¢-Bengin ,,Jmprovement of microstrip patch antenna
characteristics using zero refractive index metamaterials®, ETRAN Zlatibor, 11-14. jun 2012.

N. Cselyuszka, Milan Secujski, Vesna Crnojevi¢-Bengin ,, Analysis and synthesis of acoustic
metamaterials based on Helmholtz resonator, ETRAN Zlatibor, 11-14. jun 2012.

Vil 3AKJbYUIIU OJHOCHO PE3YJITATU UCTPAKUBAIbA / Conclusions and research
results in the thesis

Y nucepranMju je TEOPHjCKH aHAJIU3MPAHA U eKCINEPHMMEHTAJHO NMOKa3aHa HoBa kjaaca CNZ
(enr. compressibility-near-zero) akycTuuke mpomaranuje HOCTUTHYTe  XeJMXOJIIOBHM
pe3oHaropoM. /laTa je 3aTBOpeHa aHAJIMTHYKA (popMy.ia 32 edeKTUBHY CTHII/LHBOCT jeIMHUYHE
henuje, a 3aTUM je moka3aHo Ja nocroje ABe ppekBeHnuje Koje noap:xkapajy CNZ nponaraumujy.

In the thesis, a novel class of compressibility-near-zero (CNZ) acoustic propagation, achieved by using
Helmholtz resonators, is theoretically analyzed and experimentally demonstrated. A closed analytical
formula for the effective compressibility of the proposed unit cell is presented, and the existence of two
frequencies which may support CNZ propagation is shown.




Takolje, mpensioxkena je HoBa jenmHuuHa heauja ca edpekTuBHOM ryctuHom JlopeHuoBor Tuma,
U3BeleHa je 3aTBOpPeHa aHAJUTHYKA GopMmyaa 3a eHY e(peKTHBHY TYCTHHY M NOKa3aHe Cy
»JIeBOpyKa“, eaHecuenTHa u DNZ (enr. density-near-zero) mpomnaramnuja akycTHYKAX Tajgaca.

Furthermore, a new unit cell with effective mass density with Lorentzian type behavior is proposed, a
closed analytical formula for its effective mass density is found, and the evanescent, left-handed
propagation and density-near-zero acoustic wave propagation are demonstrated.

Ha kpajy, no npBu nyT je moxa3ano Aa ce MOBPIIHMHCKH aKYCTHYHHU TAJac KOjH ce MPOCTHpe Ha
rpanunu u3melhy ¢uynna m uBpcre m3dpasnaHe MOBPUIM MOKe e(PUKACHO KOHTPOJHUCATH CaMO
NMPOMEHOM TeMIlepaType, J0K reoMeTpuja u30pa3faHe MOBPIIM ocTaje HempoMemweHa. OBo
orBapa MoryhHocTH 3a OpojHe HOBe PUMeEHe I/ie je MOTpedHAa Jakoha ekcTepHOr MoJelIaBamha.
[parehn u3a0keHy TeopHjy, HyMEpHYKUM MeToAaMa JeMOHCTPHPAHO je 3apod/baBame 3BYKa
KOHTPOJIMCAHO TeMIepaTypoM, Ka0 M HeroBa NPUMeEHa Y aKYCTHYKOj CHEKTPAJIHOj aHAIN3U U
Mepemy Temmepatype. Takole, mpe3eHTOBaH je, myTeM CHMYJalHja, aKyCTHYKH MeIHjyM ca
TeMIepaTypoM KOHTPOJIHCAHUM IPaJHjeHTOM HHJeKca NpejaMama, Ka0 U KHeropa NpuMeHy y
TeMIepaTypHO KOHTPOJHUCAHOM aKyCTHYKOM (OKYyCHpPamby.

In the end it is demonstrated for the first time that a surface acoustic wave propagating at the
boundary between a fluid and a hard grooved surface can be efficiently controlled by varying only the
temperature of the fluid, while the geometry of the grooved surface remains unchanged. This opens up
a way for a number of new applications, all easily tunable by external means. Following theoretical
considerations, we numerically demonstrate temperature-controlled sound trapping and its
applications in acoustic spectral analysis and temperature sensing. We also present, using numerical
simulation, a temperature-controlled gradient refractive index (GRIN) acoustic medium and apply it to
achieve temperature-controlled acoustic focusing.

Pazmarpajyhu menoxynHny AoKTopcky aucepranmjy, Komucuja je 3ak/byumiia 1a oHa CBOjUM
cajp:KajeM, NOCTUTHYTHM Pe3yJTaTHMAa W 3aK/bYYlMMa NpeBa3snja3u cBe KpUTepHjyMe KoOju ce
NMOCTaB/bajy MpeJ AOKTOPCKY AMCEePTALMjYy Te Aa NMPeACTaB/ba OPUTHHAJIAH HAYYHH JONPHHOC O
3HayYaja y 00J1acTH aKyCTHYKHX MeTaMarepujaJja.

Considering this doctoral thesis as a whole, the Committee has concluded that the content, achieved
results and conclusions exceed all the set criteria, and that presents an original scientific contribution
in the field of acoustic metamaterials.




VI OLIEHA HAYUHA NPUKA3A U TYMAUYEILA PE3YJITATA UCTPAKUBAIbA /
Assessment of the interpretation of the research results

ExcnnunuTHO HaBECTH MO3UTUBHY WM HETaTUBHY OLIEHY HAuMHA [IPUKa3a U TyMadewa pe3yiraTa
HCTpaXUBamba.

Kangunar HopGept Yesbycka y mesIocTH je 00aBHO HMCTPa:kKMBamka Koja cy Ouiaa mpeasulena
NJIAHOM JaTHM Yy NMPHjaBH AOKTOpPcKe Aucepranuje. Ha ocHOBY mperJiena u anajamn3se J0KTOpcKe
aucepranuje Kommcuja cmarpa fna je nejJokynaH NpHKa3 Jucepranmje J00po W jacHo
CTPYKTYpPHpaH, NperjeiaH, cHCTeMaTH4YaH M y CKJIaay ca TemoM aucepramuje. Tymaueme
pe3yJiTaTra je BHCOKOCTPYYHO M NOKa3yje /1a KaHAMAAT BJajAa MaTepHjoM M Moceayje BUCOK
HHBO 3Hamba H3 obaactu. Pesyarar wucrpaxuBama norBplyjy mnocraBbeHe Xumorese
ucrpaxkuama. Kopummhena sureparypa yka3yje Aa cy pa3sMOTpPeHM aKTYeJIHM CTaBOBHU Y
o0JjacTH aKyCTHYKHMX MeTaMaTepuajaja W mmpe. Y CcKJIagy ca HaBedeHuM, Kommucuja
NMO3UTHBHO OLiebYje HAYMH NMPHKA3a U TyMaueha pe3yJITaTa HCTPAKUBaKA.

Candidate Norbert Cselyuszka entirely conducted the research that was included in the plan given in
the doctoral thesis application. Based on review and analysis of the doctoral dissertation the
Committee considers that the entire dissertation is well and clearly structured, transparent,
systematic and consistent with the topic of the dissertation. Interpretation of the results is highly
professional and shows that the candidate has a high level of knowledge in the field. The research
results confirm the research hypothesis. References suggest that current attitudes in the field of
acoustic metamaterials and beyond were considered. Accordingly, the Committee positively assesses
the interpretation of research results.

IX KOHAYHA OLHEHA JOKTOPCKE JIJUCEPTAIIMJE / Final thesis assessment:
EKCIIMIMTHO HABECTH J1a JIK UCEPTALMja jecTe WK HUje HANKMCaHA Y CKIIally Ca HABEJICHUM
00pa3ioKemeM, Kao U J1a JIM OHa CaJp KK WK HE Caip)Ku cBe OMTHE enemente. JlaTu jacHe, mperusHe
1 KOHIIM3HE OATOBOpE Ha 3. U 4. nuTame:

1. Jla v je nucepTanyja HamKcaHa y CKIIaay ca o0pasiokKemeM HaBeJCHUM Yy npujaBu Teme / 1S
the thesis written in accordance with the threads set out in the application.
JokTopcka aucepranuja y NOTHYHOCTH je HANMCaHA y CKJIQAy ca 00pa3iioikKemeM
HaBeJeHUM Yy NPUjaBH TeMe
The doctoral thesis was written completely in accordance with the threads set out in the
application.

2. Ha nu aucepranuja caapxku cBe outhHe enemente / Does the thesis contain all the essential
elements
Jucepranuja caap:ku OpurMHajIHe HAy4YHe JONPHHOCE KA0 U CBe ejieMeHTe MoTpedHe 3a
pasyMeBame oOpalene Temaruke M a00MjeHux pe3yarara. Jlat je oOumaH mnperJieg
JuTepartype, a pe3yJaTaTd MCTPAKHUBakbA Cy NPUKAa3aHW M TyMadyeHHM Ha oArosapajyhu
HA4YMH.
The dissertation contains original scientific results and all elements necessary for
understanding the topic. Extensive review of the literature is given and the research results
are presented and interpreted appropriately.

3. Tlo uemy je mucepramuja opuruHaian monpunoc Haymu / What is the original contribution to
science in the thesis
Y oBo0j Aucepranuju Nnpe3eHTOBAHM CY Pe3YyJTATH Y HOBOM MYJITHIMCUHMIJIHMHAPHOM
NMo/by MeTaMaTepHjada y aKyCTHOIH H peaJn3aldja HOBe HEKOHBCHIHOHAIHE
npomaranmje Tajgaca MPHMeHOM jeanHum4yHux heamja meramarepujana. Hayunn
JAONPHUHOC OBe JUCepTaluje cy TPHM HOBA THIA MOJ0BA MpoNaramuje Tajaca U HUXOBA
KOHTPOJI2 HOBUM NPOjeKTOBAHUM jelMHHYHMM henmjama meramartepujaia.
In this thesis results in a new multidisciplinary field of metamaterials in acoustics and
realization of non-conventional wave propagation applying novel metamaterial unit cells are
presented. The scientific contribution of this dissertation comprises three new types of wave
propagation modes and their control with newly designed metamaterial unit cells.
OpuruHajdHu pe3yJiTaTH U3 00JIacTH KOjy o0yxBaTa oBa aucepTanuja 00jaB/beHU Cy Y
Mel)yﬂapozumm HAyYHUM 4YaconmucumMa ca HMIOaKT (l)aKTOpOM H CAaoNnIUITEHU Ha
Mel)yHapoaHUM CKYNOBHMAa, 4uuMe ce Jaa/be NoTBphyje na mokrTopcka aucepranmja
npeacraB/ba OpUrnHaJIaH J0NMpUHOC HAYIIH.
Results from the field covered by this dissertation have been published in international
scientific journals with impact factor and presented at international conferences, which

further confirms that the doctoral thesis is an original contribution to science.




4.  Hemocramu auceprandje W BHUXOB YTHIQj Ha pe3yiTar ucTpaxkuBama / Shortcomings and
their effects on the research results
JducepTanuja HeMa OUTHe HEAOCTATKE KOjH YTHYY HAa pe3yJITaTe HCTPAKUBAMHA.
In the thesis there are no significant shortcomings that affect the research results.

X MPEIJIOT / Suggestion:

Ha ocHOBY yKyIHe omeHe mucepTammje, komucuja npemiake / Based on the evaluation of the
thesis, the committee proposes:

Ja ce JOKTOpcKa qucepranuja kanauaata HopOepra Yemycke, nox HaciosoMm ,,HoBe cTpykType
MeTaMaTeijaJIa 3a HEKOHBCHIHUOHAJTHO MPOCTUPAKBLE AKYCTUYKHX Tajgaca“ npuxsaTu, a
KaHAMIaTy 0100pu og0paHa

that the PhD thesis of the candidate Norbert Cselyuszka entitled " Novel metamaterial stuctures for
non-conventional propagation of acoustic waves " is accepted and the defense of the thesis approved.

INOTIIMCHU YITAHOBA KOMUCUIE /
Committee members’ signatures
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