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. y rIocJIe.{ILe, BpeMe BeJII{Ka rraxrba r,rcrpaxr4Bar{a je ycrnrepeHa Ha r.r3yrrBarbe HaHo-Marepwjata, xao ul
:ILI4xoBa IIpLIMeHa y caBpeMeHLIM HaHo-eneKTpoMeXaH[rrKr{M ypefajuua u cr4cTeMr,rrraa. Kao ocHoBHt4 HaHo-
:MaTepI4JaJII,I oA Kola Cy caqult,eHe cTpyKTypHe KOMII0HeHTe HaHo-cI4cTeMa, pa3MaTpajy ce ,uro-qa", ,i
:rpaQeHcKI,I HaHo-JII4crLIhu xoju ce cacroje oI aroMa yr,rbeHr,rKa rr rbr.rxoBr.rx zurepaxqraja [peKo xerraajcrzxi
lne:a. flpenaa 6pojy 3l4roBa, nocroje je4no-su4lle, ABo r4 Blrue 3r.rAHe HaHo-rIeBr4. .{no u Bprrle 3rrAHra c}rcreMu cel

'nrory nperlo3Harll Kao rcou6unaquj a 4.Ba r.rJrrr Br.r[re je4no 3LrAH]rx HaHo-ueBra, r<oju rraefyco6orr gejcrnyjy jeanu
,ca ApyrLIM npeKo Bau 4ep Barcoerx cura. Tarofe, rpaQeucKe HaHo-Jrucruhe je nroryhe xou6unonaru yl
lxounrercue BI{IIe crojne HaHo-crpyKType ca eracrr4r{Hr.rM r{Jrrr Br.rcKoeJracrrrqur,rM cnojcrnuua, Kao rxro cy,
:HaHO-pe3OHaTOpr,I r,r HaHO-KOMfIO3ITTHIT ClICTeMr4. Y anarUSU MeXaHI4r{Kr4X CnOjCTBa yUbeHI4qHr,rX HaHO-rIeBr,r I,I,

:rpa$encxux HaHo-Jrr.rcruha ropucre ce excnepr{MeHTaJrHe ra reopnjcrce MeroAe. Irl:noferre eKcrrepr4Menara !1
:sano o6racrulta je neoua cKyn r4 3axreBaH 3aAaraK, jep uuje iraoryha KoHTpona cBr4x napaMerapa HaHo-
:cl{creMa. Pe:ylrar rora je clop HarIpeAaK eKcrrepr,rMeHTanHr.rx MeroAa roje ce flpr4Merbyjy y aluru3kr,
:MexaHI4r{KOl TIOHaIIIaILa CI4CTeMa, TaKO Aa Cy eKCnepUMeHTanHe MeTOAe O6U.rHO OrpaHl,{qeHe Ha Mepelbe cauoj
:HeKI,lX MeXaHITqKI,IX OCO6Una KaO [rTO Cy: JynrOn MOAyn eJlacTr.IrrHocTr,r, 3aTe3Ha unpcroha, tpaHl,Iua norr.ra. 36or]
:oBIlx HeAocraraKa, vcrpa)Kprnarra he 6uru ycuepeHa Ha pa:noj reopujcrux MoAena y a]/^aJfir3Lr 4,rnairauurorl
:noHalxal5a HaHo-cTpyKrypHl4x eJleMeHara. Teopujcxe MeToAe yrcryuyjy cznynaquje npeKo aroMHcrr,rrrKHx
:uo4ela 14 MexaHIrKe KoHTr4Hyylra. Pa-:nur{r4Te aToMrzcTprrrKe MeToAe Kao rrrTo cy cToxacTzrlKa MoJrexypa-nual

iAI{HaMIaKa, ropuja Synr<quouaJrrHe rycruHe r4TA., cy BeoMa BaxHe y anurugtr A[HaMuqKor nonaurarra]
je4uocrannr,tjux nauo-crpyxTypHlrx eJreMeHura. Llnax, oBe MeroAe cy BeoMa 3axreBHe y norneAy pa.rynapcxori
rBpeMeHa TaKo Aa 3a cr4creMe ca BeJrr.rKr.rM 6pojeu qecrvrla (aroir,ra r.{ MoneKyna ) nncy [p[rMeJEr.rBe. 36or rora, yj
:rlocne.qBe BpeMe reopajcrca r4cTaxHBarsa AI4HaMr.rqKor rroHarrrarLa KoMnrreKcHr.rx HaHo-cTpyKTypa 3acHoeana cyl
:na uero4aua MexaHI,IKe KoHTI4Hyyua roja s6or cnoje je4nocrannocrpr r4 yuorpe6DnBocTr4 lo6ujajy cne szmel
na sHa.{ajy. floruro uauo-xap6oHcre rIeBH r{ rpa$encxu HaHo-Jrr.rcruhu no rp}rpoAr{ wuraly Ar{cKperHy,
rcrpyKTypy Kao H ocra!'rr{ HaHo-Marepujwm, EpranreH je upourupr4o KraclaqHy MexaHr.rxy KoHTr4Hyyrraa yeo4ehui
iMarepujanHrM rlapaMerap, xojra y3lrMa y o6:up 4,rcxperHy crpyxrypy caMor lrarepujana, rj. Mebyl

:uonexynapHe cr{Jre u yrnqaj HaHo-cKaJre - flama, LrcTpaxr.rBaH,a cy rroKa3aJra uoryhuocr xopuruhema nenor<annei
iuexauuxe KoHTI4HyyMa y aHaJ:rzgu u guzajuy KoMrrJreKcHrzx HaHo-cucreMa ua 6asu yubeHr,rrrHux HaHo-ueBH r.r

rpaQencxlrx HaHo-JrI{ctuha ca eJracrr4rrHr.rM t4lrkt BlrcxoeJracrr4qHr4M caojcrnuua. Y nopelemy ca cnrraylaqajalra
'uoreryrane lr.rHaMr,rKe, HeJroKEUrHa MexaHLrKa KoHTr..rHyyMa r4Ma nehe npe4uocrra y norneAy 6pNer ao6ujarrai
pe3ynrara Kao I{ Marblrx xounujyrepcKrrx pecypca norpe6nux y o6pagu pe3ynrara.

I Ilo3HaBaILe ocqunaropHor rroHarrrarLa u cra6umrocru Kperarba je4ue raJrrr Br,rlrecrp).Ko rroBe3aHr4x

rylJEeHntIHIrx HaHo-rlenra u rpa(peHcKrrx HaHo-Jr4cruhay KoMnJreKcHr.rM HaHo-cr4creMr4Ma orraoryhyje salr 6orsz

1Bug y MexaHlrqKo noHarxarLe, a caMr.rM rnnr je4Hocrannuje npojexronarre HaHo-eneKTpoMexaHr4rrxklx ype\aja.;
.Y onaxnlarvt crlcreMr4Ma yuleHr.rr{He HaHo-ueBr4 ce MoAeJrr4pajy xao rpe.4e AoK cy rpa$ericru uano-;rucruhul
:perlpe3eHToBaHr{ Kao nnoqe. floce6na [axcLa je nocneheua y ogpehnBarry aHaJrr{Tr.rqKr.rx peruema coucrseHuxi
i$perneHquja H KprrlrqHzx cura uztujawa crlcreMa, caqr4rbeuux oA neher 6poja HaHo-crpyKrypHr{x eJreMeHara,
,(Heroxa,rHl4x rpeAa Ia n:roua) Kao r.r cuequjannz cnyuajenu raKBrrx cr4creMa, caqurreHr.r o4 je4ne r{Jrrr rBe HaHo-
rpeAe oAHocHo HaHo-[JIor{e, flo6ujena aHaJwrrv.uKa peuerba cy nornpleHa npr.rMeHoM HryepuqKr,rx MeroAa xao]
ilr pe3ynarraua 4o6ujeHlrx MoJreKynapHo Ar.rHaMr.{r{Kr.rM cr4Mynaunjatta, rge je nora3aHo o4nurrHo cJrararLe

1pe3/nrara. Taxole 6zhe anaru3r{paHe noruTyAr,rHanHe ocqunarll,tje cprcreMa xojn ce cacroje o4 je4He, ABe unrr
B[IllecrpyKo rroBe3aHrzx HaHo-[ITanoBa, ropuuherreM. HeJroKaJrHe eJracrr,rqHe rr BrrcKoenacrraune reopujel
I(oHTLrHy),r\{a. I peba rrcraKHyrra la Je amuru3rrpaH yrr4rlal rrpoMeHe reMrreparype Kao r{ crroJrarrr}ber MarHerHori

rnoJba Ha Ar{HaMr.rrrKo noHa[raFbe Br,ruecrpyKo cnperHyrr{x rap6oncKzx HaHo-ueBr{ 14 rpaQencr<ux nano-i
,m,Icruha ca eJIacrLIqHr,rM r.r Br4cxo-eJracrur{HuM oco6unaua, rI€ cy Ao6ujeHe co[crBeHe (fpernenqnje ui):
:xprmuune cuxe useujarLa y aHaJrr.rrrrrrKou o6rur<y. Cnyuaj Henr,rHeapHux c.no6oAHlrx ocrII{JIa\uja Ia 4Iauaum.rxei

;cra6u.nnocru rap6oncKr.rx HaHo-rIeBu ra rpa(feucKr.rx HaHo-Jrncrnha uoA AejcrsoM BpeMeHcKpI npoMeHrflsuxi
,axcaja-uHrax cr4Jra rr cnoJrarrrLer MarHerHor rroJba, rrpr,rKa3aH je na [paMepy jegne HeJroKaJrHe HaHo-rpeAe

ioAHocHo jegne HenoKaJrHe HaHo-rrJroqe ca reoMerpujcr<ou Henr4HeapHoruhy, yMerHyre y Bl4cKoenacruunyi

:cpeAr{Hy. lo6ujeHrz cy arpoKcr{Marr{BHr{ aHarururrKrr v3pa3hr 3a Herrr,rHeapue $exneuquje a aun:ruryAuo-l

1(fpexneurnr{ oA3r{Be MeroAoM Br{rrecrpyKr4x BpeMeHcKr.rx cKa,ra, a rarole o4peleue cy o6racru cra6umrocrz u
necra6ulnocrr{ crzcreua. floxa:ana je uoryhnocr us6erasarba pe3oHaHTHrrx crarba Kao r,r [poMeHa o6racru]
,cra6ramrocrr4 14 Hecra6ramrocrz cprcreMa, ycpeA npoMeHe caMo cnoJbalrrrber MarHerHor rroJba, 6es upouenei

i

6u:ro xor Apyror crpyKTypHor napaMerpa crlcreMa 
I

IlpBu Aeo HCTpil(HBarba oAHocrahe ce Ha npo\ {aBarbe rtorlpeqHHx frpaHcsepsarurax-) ocqn"naqnie



iKao 14 cta1utuocr HaHo-I{eB:4 v cvlcreMa HaHo-LIeBr,r rroBe3aHr,rx eJracrr,rqHr4M orojerrn Wilklei;;. ilil]
,vurvr Bt'lcKoeJracTHqHzu caojeru, a Ha ocHoBy HeroKaJIHe reopxje enacrlzqHocTyt v Bgc6oeJracra.iHoctu.l-
,Ha crll'{aH HaqHH Kao H y KracHqHou c"rryrajy, Kopr4cruhe ce HeJroKaJrHe Euler-Bernoulli, Rayleigh,i
Timoshenko, Reddy u Huu-Thai-jena r:eopraja rpeAe, a Kao KoHTHHyM MoAeJrH yubeHr,rr{H. nrro-,1eur.i
,Euler-Bernoulli-jesa reopraja rpeAe He y3HMa y o6sr,rp 4eQopvrarlujy crutuqat$a v rzHeprlrajy poraqnje
inonpevuor rpeceKa roKoM ocIII4JroBaFba, AoK Rayleigh reoprzja rpeAe y3r4Ma y o6zzp car,ro r.ruepqzjy'
:poraquje flonpeqHor npeceKa.Yruqaj cMarlarba ronpeLrHor npeceKa Kao r4 yruqaj uHepqnje poraqvjei

'nonpevHor 
npeceKa pasuatpajy ce y Timoshenko-noj reopuja rpe4e. Taxof e, aHailH3vpahe ce yrrzqaji

l4eQopuaquje crtuqatba BHIIrer peAa rpeKo Reddy u Huu-Thai-jeea reopuje. I4crpaxunama he 6uru
:ycMepeHa H Ha rlopebemy He"IIoKaHe reopraje eracrr4qHo crr4 ca pa3:r.ul;arrar"r rpa4rzjeHTHr4M reopnjar,,ra
'e/IacrHt{Hocru Ha npaMepy [onpeqHor ocrIHJroBarba v cra6u"nHocru je4ue HaHo-rpeAe, Kao z yrHqajai
npoMeHe reMneparype H JIoHrvry4nHaJlHor MarHerHor rroJba Ha cr,rcreMr4Ma rroBe3aHHx HaHo-rpe4a. Vl

,o6a c.nyva ja cy golujeue concrneHe Qperneuquje H KpHTHT{He cr,rne usauja*a y aHalrh-rr4qKoM o6arar<y.
Kao Apyru BaxaH pelKHM ocIIHJroBaFba cy "[oHrHTyAHHanHe ocqraaaqaje rap6oHcxr,rx HaHo-qeBH,
.MoAennpaHe Kao HaHo-lIITarIOBu ca KOHCTaHTHHM no[peqHl4M rIpeCeKoM. Pasrrratpahe ce pa3JrH:uvTAl
lrpaHuvHtl ycJtoBH ocnarbarba cucreMa BufluecrpyKo cperHyrux HaHo-rrrranoBa Kao u yruqajj
:TpaHcBep3aJrHor MarHerHot noJba Ha AHHaMHqKo noHauaFbe cu crerr,ra. Tarcof e, aHanlvtgtpahe ce yruqaj
lpa3/rLt[url'Ix KoHcrHTyrHBHHx pelaqzja, rj. ueroxaJrHa reopuja elacrzvHocrg H Br.rc6oe.[acrg.{Hocrt4:

i:Ha corrcTBeHe QpexneHquje cHcTeMa. 
i' Apyru Aeo HCTpaxI4Barba ce o4uocuhe ce Ha H3yqaBarie ocqanaquja u cra6unHocrrzl

.rpaQeHcxux'tucruha MoAeJIHpaHHx Kao HenoKaJrHe HaHo-[ror{e H KoMnJrexcunjn cHcreMZ naro*rrrr"i
'HaHo-IIno'{a. Pasluarpahe ce yruqaj pa3JlLlsurvx KoHcrHTyrHBHrzx peaaquja HaHo-ruroqa u vrarpraqei
HaHo-KoMno3HTHol- cHcreMa Ha concrBeHe Qper<eeHrlaje v KpHTr4qHy cvily usnujama. Taxofe,l
:aHa[Ir4sLrpahe ce yrnqaj npoMeHe reMneparype H paBaHcl(or MarHerHor rro.rba Ha yKylHo fHHdMHeKor
ifloHauarbe cl'IcreMa. flo6nhe ce aHaJ]HTHqKH vpa3v 3a co[crBeHe Qpernenquje r,r Kpr.rrt4qne cr.rre]
it43BHiarba 3a eJIacrHr{HI4 cHCTeM Kao I4 npHryrxeHy corrcrneHy QperceeHqnjy H oAHoc npHryrxerba 3a

' y rpeheu Aeny v crpaxr.rBaFba pasuarpahe ce yrr4r{aj reor,lerprajcxe neluueapHocrr4 na oro6o4Hel
ocqaaaquje v A]/-HaMtzvrcy cra6vtHocr, Ha nnuMepy je4He He.rroxaJrHe HaHo-rpeAe oAHocHo saso-n"no.le
:yMerHyre y BHcKoeracrvrsHt4 ue4ujyu. AnporcuuaraBHa aHailvrv.una pemerba 3a ueazHeapHyi
lQpexneHqviy Lt aMnJIHTyAHo - QpereenrHu oA3rzB, 4o6rahe ce rpr,rMeHoM MeroAe rr*..*py*r"i
:BpCMOHCKHX CKaJIa. 

I

. npHMeHa HeJIoKaJIHe reopuje KoHTI4HyyMa y aHaJrH3H MexaHur{Kor rroHarrrarba HaHo-crpy*ryprj
ce HHTe3T4BHO [pOr{aBa 3aArbnx Aecrax foAHHa, tuTO Ce MOXe 3aKJby {r.rru uz ny6tHKoBaHHX UayuHraxi
,pa{oBa y no4ehravr uefyuapoAHlzM qaconucr4Ma. Taxofe BeJrHKy yro.y y cBeMy roMe ,ru .rpr4*ri
'ucTpaxHBaqa H3 pa3rHqHTux o6nactH Hayxe Ha noJby HaHo-TexHoloruja H oTBaparbe BeJrr4Kot 6pojai
HayqHHx IIeHTapa Be3aHHx 3a npo) {aBarbe HaHo-Mareprzja. Ha ocHoBy cBeta HaBeAeHor-, ruoxe cel
:3afla3vTr Aa cy nJIaHHpaHa HcrpaxHBaFba y oKBHpy npeAnoxeHe AoKTopcKe 4racepraqaje,,
rxorunaru6vnHa ca caBpeMeHHM Hayr{Hr4 M npaBrIHMa HCTpaXr4Barba. 

i

2. Ilum Hayq:ror ucrpaxrrBaFbz. i,t,, -\,tt! Jri,\,1

iY clcna4y ca reMoM rlpeAnoxeHe AoKTopcKe Arrceprauuje, qu,rsenw ucrpal1wBarba cy: 
l

- I'Isnoferre uapqr,rjanunx 4n(pepeuqajaJrHr,rx je4uauzua Kperarba Ha ocHoBy D'Alembert-oBo*i
Hamilton-oBor rIprIHIILtDa,3a cr{creMe Euler-Bernoulli, Rayleigh, Timoshenko, Reddy u Huu-Thai-jenai
HaHo-rpeAa oAHocHo Kirchhofllove-osux HaHo-IIJIoqa Ha ocuoBy HenoKanHe reopuje eracrr4r{Ho 

"r, ^iBI,ICKOEJIACTIIqHOCTIZ. 
i

- flplarraenoM aHanIarLIqKI{x MeroAa y pelxaBarry crrcreMa napUujannax ga(pepeHqujannux j.O"urrrrui
lo4peAuhe ce corlcrBene @pexneunje u Kpr.rrzr{He cure usnuj alba 3a nr{HeapHo enacrr,rqaH oAHocHoi

npl4rylrleHa (fpercneHqaja Ia oAHoc rpuryrrema 3a nr.rHeapaH BzcKo-eracrr.rtraH cnyuaj. 
,

l
:- Asa-nu:oM TaKo 4o6Iajeuux pe3ynrara yrnpgnrlrhe ce yruqaj pa3nvrrr.rrr.rx Szsu.rxux u reoMerprajcrcux]

flapaMerapa Ha AI{HIIMLIT{Ko rIoHaIIraBe u cralwtrtocr ct4creMa Br,rue cnperHyrr,rx eJlacrr.rqnzx nj
_ -Br9_S,ogn?^c:4-y;1l15 qago:fpeAa o,{HocHo HaHo-rnoqa. 

i



J.
i

i

iIlpraxa:ahe ce aczMTorcKe BpeAHocrtl cofrcrBeHr{x Spexnenryuja u Kpr.rrr4trHr.rx cuxa uzsujat1;a 3a.
nuHeapuo eracrl4r{aH, oAHocHo rrpr4ryrrreHa $percnenquja v oAHoc [pr{rylxerra 3a nuueapanl
BIrcKoeiIacrI4rIaH cncreu y cnyuajy Ka,ua 6poj nao4a ra 6poj HaHo-crpyKTypHrax KoMrroHeHTra y crcrenayi
reNr.r 6ecxoHaLlHocrl,r. t

I

i

i

Y cny'rajy HenI4HeapHIax cro6oAHrrx oqr.rJrarJuja u.ur.rHaMr.rqKe cra6umrocua jeAHe HaHo-rpe.{e olrocnoj
HaHo-rIJIoqe ca reoMerpujcxorra HeJll4HeapHourhy, .qo6zhe ce alporcrdMarr,rBHa aHarr,rrr.rqKa peuerLa 3a
Henl4HeapHy Sper<neHllIajy ocquJloBarba Kao rr sa $pexnenrHo aMrrJrr.rryAHr4 o,43r.rB npr.rMenoM n 

"ro4e]Br,ruecTpyKr4x BpeMeHcKr.rx cKaJra 
i

O,lercHeaHH pe3ynrarH HayqHor HcrpaxHBaFba

, Pea-rruaaqujon q[IJbeBa [ocraBJbeHr4x y oxBr{py ca4pxaja rpernoxeHe AoKTopcKe 4r,rcepraqzje,;
:IIpI4MeHoM [oMeHyTLIx aHaJIIITLIT{KLIX MeToAa, lo6ujeuu pe3ynTaTra he uuaru Hayr{Hkr r.r npaKTuq;glu snauaj yi

'upojexronamy 
r{ a:aanfir3t4 HaHo-eJleKrpoMexaHr.rsxr{x crzcreMa v ypelaja. Taxofe ao6njeuu auwrnruixu,

pe3]nTarl'I Mory nocnyxl{TH H Kao [orIeTHa rarrra y [IcTpaxr4Balb[rMa AuHaMr,rrrKot IroHaIrIaBa KoMrlJreKcnujrax]
:H?Ho-KOMIIO3I{THIIX cI{cTeMa 3acHoBaHLIM Ha yrubeHur{H[M HaHo-UeB:avra u rpa(fencruu mtrzhuMa, rroA
l4ejcrnou pa3nurlrTktx $usz.rtcax noJba. 3a cee [poyr{aBaHe MoAene cnperHyrr{x yrubeHr.rrrHt4x HaHo-rleBrri
,oAHocHo rpa$eucxzx HaHo-JILIcruha, 4o6vjeuz cy oAroBapaJyhu MareMarrrqKr{ Mo.qenr{ nouohy xojax cyi
:pa3MarpaHu ytugajw pa3nlaqurllx $u:uuxtEx r4 reoMerpujcr<ux napaMerapa Ha 1vraaMurrKo noHarrarbe kr,

,cra6ulHocr oAroBapajyher clacreMa. CxoAno roue 4o6rajeHr{ cy rrorrryHo HoBrr aHaJrraTr.rqKrruspasra :al
,concrnene rIpHpoAHe $pexnenqraje I{ KpLITI,IqHe cr.rJre uzsujatra 3a eracr[qaH cr4creM Kao r.r nprz.y-erai
Sper<neuquja rI oAHoc rlpuryuema 3a Br4cKoenacrr4r{aH cucreM. Tarole rroKa3aH je uauzn sa 4o6ujarre:
lacI'IMToTcKIrx coIIcrBeHI4x BpeAHocrI4 cl,IcreMa KaAa 6poj MoAa ulutm 6poj Hauo-rpe4a,/noua rexraj
6ecxouaqsocru. ITI:ro ce rlrrre Henr.rHepaHHr.rx ocur,rJraropHt4x nojana Kao ra A[HaMr{qKe cra6ursocru ycpeai
,BpeM€HCKH [poMeHJbI,Ine axcuja,rHe cl4rle I,I crroJbarxBer MarHerHot rroJba, uoxasaua je uoryhnocr ug6eranarra
ipe3oHaHTHIax no4pyrja Kao I{ [poMena IrI[pI4He o6racru cra6ulnocrr,r oAHocHo necra6ulHocrr{ o4ronapajyher
HaHO-CTp).KTypHOr CrrCTeMa.

: 4. IlpulrelseHe HayrIHe MeToAe t.),, it.),:,,, ,i, j

Y oeoN'I pary ttocryflaK rtpoyllaBalba rlrHaMraqxor- floHaurarba HaHo-crpyKTypHr.rx eJreMeHara rj. uauo -
rpena II HaHo-IIJIo'Ia 6uhe c[poBeleH aHaJTurr.rrrKr{M MeroIaN{a. AoK he ce HyMepuqKe MeloAe u cul,ry;raquje
NtoJ-IeKyIaHe nuHaMLIKe KopTICTLITH caMo Kao IIorBpAa Ao6ujeuux aHaJrHTHr{Kr.rx pelxelta. OA aua,rurl,Ir{Ktrx
Merona xoptlcruhe ce Bernoulli-Fourie-ova, Navier-oBa r{ Tpr.rroHoMerpujcxa MeroAa, .qoK 3a pettraBarre
HerII'IHeapHux AuQepeuurda,rnux jennauaua Koprrcruheuo Meroly Br4rrrecrpyKrlx BpeMeHcKr.rx cKa!'ra. 3a
HyMepliqKe eKcrlepuMeure 6nhe xopuurheu co(trnepcxu naKer Wolfram Mathematica.
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Ha cplcxov je::uxy:

i--^:*---------iI IIo3HaBaT{,e ocq}InaropHoi noHallralba rr cra6r{nHocrr4 Kperarba je4ue aJrrr Br.rlrecrpyKo cfiperHyrr.rxi
ryrJbeHI'Ir{HI4x HaHo-IIeBI{ LI rpa(beHcKl,Ix HaHo-JILIcruhay KoM[JreKcHr{M HaHo-c[creMr{Ma, oMoryhyje nau 6o.nui
:ywlL y MexaHI'IqKo noHalrralse HaHocrpyKrypa I4 rI4Me 3HauajHo nojeAHocTaBJbyje nocTyrraK [pojeKToBa]ba;
HaHo-eneKTpoMexaHI4tIKW:x ypebaJa. Y osaxnvM cr{creMraMa ytJbeHr,rqxe HaHo-rleBr.r ce MoAeil4pajy Kao rpeAe



i:l_:l rpa+eHcKu HaHo-rll'Icruhra penpe3eHroBaHn Kao rroqe. floce6ua naxma je noceeheHa oapefueamy
iaHanlzrtrtlKl'Ix peuelba concrBeHlrx SpexnenlJujau Kpurl4r{H[x cunauzvujarba crrcreMa, car{}rrbeHr..rx oA eeheri

,6poja HaHo-crpyKTypHI'Ix eJleMeHara (nauo-rpe4a ,r HaHo-n,roua) Kao rr cnequja-nHra cryuajenu rarcnzxl
:cl'IcreMa, casI4ILeHI4 o4 je4ne ,InI4 ABe HaHo-rpeAe oAHocHo HaHo-rroqe. flo6ujena aHurptrvrni paaa*u ay'
rnornpfeua [pI{MeHoM HyMepLItrKLIx MeroAa Kao v pe3ynarr4Ma go6ujeuux MonerynapHo grrurrrnrr,
,cxulnar{[jaua, r4e je rroKa3aHo oAnraqHo cJrararre pe3ynrara. r

Ha esrlecxov jerrary:
i

l

i The study of oscillatory behavior and stability of the one or multiple connected carbon nano-tubes andl

'nano-graphene sheets in complex nano-systems gives a better insight into the mechanical behaviour of
,nanostrustures and significantly reduces the design procedures of nano-electromechanical devices. In such nurro-]
'systems, carbon nano-tubes are modeled as beams while graphene sheets as represented as plates. Particular,
,attention is devoted to determination of the analytical solutions of natural frequencies and critical buckling loadl
'of multiple nano-systems, which are composed of a large number of nano-stiuctural elements (nonlocal beamsl
.and plates)' Also, the special cases of multiple-nanostructure systems composed of one or two nano-structuresl
,elements are also considered. The obtained analytical results are confirmed by the results obtained with
:numerical methods and molecular dynamic simulations, and excellent agreement is confirmed. i
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fl annao Kapnuulrh-Euorpaeuia

flauuno Kapauvrah pofeH je 31.10.1986. ro4nHe y Hrauy. 0cuoeny rrrxorry "ParKo
Byrcnveeuh " y Huruy 3aBpIxHo je ca epno 4o6puru ycnexoM. Cpe4rry,,Maur,rHcKy ruxo.uy" y
Huury, taxole 3aBpruHo ca BpJIo 4o6prana ycnexoM. MaruuHcru Qaryrrer y Huury yflHcao
je ruxoacne 2005/2006 ro4rane, a 3aBprruo 30. cen'reu6pa ZOIO. roAr.rHe Ha npoQuny
MexarpoHlzKa I,I yrpaBJbarbe ca cpeArboM orIeHoM 9.00 (4eeer) o46pauHluru Anr"rroMc6r,r
paA noA Ha3I'IBOM ,,Mo4eluparbe AIzHaMHKe Marrrr.rHcrr,rx ct4creMa" orleHoM 1-0. Y rory
cryguja o6asuo je crpyvuy npaKycy y KoMnaHajr,r ,,pecop" faquH Xau, r4e je yvecrnoBao y
uspaAu rexHl'IrrKe AoKyMeHTaquje 3a rpuKJbyvne ypef aje u MarxHHe. Haxou cryguja
6opaeao je na Texnn.{xo},I yHl,IBep3r.rrery I4auenay, Kao f{ecHHK vrefyHapo4Hor flAA[
npojexta (DAAD project) noA Ha3HBona "Development of methods for the design of
compliant mechanisms and functional integration of sensors in flexible mechanisms", y
repu oAy oa 05.1 0.2 01"0-L7 .L2.2010. lllxorcxe 2010 / ZOLL yr.vcao je 4oxropcre cry4uje
ua Mauruucxorvr QaxyJlTery y Hrauy H no.floxuo cBe Hcflure npe4nrafene nJraHoM H
rporpaMoM Mauruucxor Qaxyarera y Hnuy ca npoceqHoM orIeHoM 10 (4ecer). Kao
AHnJIoMI,IpaHu MaIITHHcKH HHxerbep sacuonao je paAHu oAHoc Ha ,,MareMarr.rqKoM
uHcrhrryry CAHy" y Eeorpa4y , IIpeKo upojexra OVl774001 roA Ha3HBoM ,,,[[HaMrrKa
xn6pn4nux crlcreMa cJloxeHux crpyKrypa. Mexannr<a rvrarepniana", pyKoBoAnoq
npojexra npoO. Ap Karuqa [CrenaHoeuh) Xe4pux. {oxropan4 [aauno Kapnnvuh
aKTHBHO je ytecreoBao y paAy HayqHVx v ceMr.rHapa 3a M.[aAe Hcrpaxr.rBave rojn cy ce
opraHH3oBailu Ha MareuarnqxM uHcrrTyry CAHy. Y nnramy cy ceMr,rHapn xojv ce
o4pxanajy ua Mareuarl,tr{KoM HHcrl,rryry CAHY: Ilpe4aearra Ha ceAHuqarvra O4ernerba 3a
MexaHI'IKy, CeuuHap 3a uc'topvtjy u $unozu$ujy MareMarr,txe r,r MexaHurce, MareuarrqKy
MeroAlI MexaHHKe H ceMLIHapr Hayvuor ApylxrBa Cp6uje noA Ha3r,rBou ,,HayuHu xopr43oHrr.r
npHpoAHo MareMarr.rqKe HayKe ']yre, AaHac u cyrpa". Oa 01. aBrycra 2AT4. roA. npeJra3u Ha
KareApy sa TeopujcKy rI flpLIMeILeHy Mexauuxy MauruHcKor Qarya'rera Yuunepsurem y Humy
Ha pa.4Ho Mecro acplcreHra. llcronpeueHo rrpena3]r u na npojercn OV174011- uo4 Ha3r,rBoM
",([Hauu'Ixa cta6nJlHocr u necta6[IJrHocr MexaHrIrIKrIx crlcreMa rro.( AeicrBoM
croxacr[rrKlrx noperrehaia", pyKoBoAr,roq npojexra npo0. Ap parxo llasaoeHh.
,{orcropanA ,{aHra-rro Kapnuunh je rrecrBoBao ca je4ruau pa,4oM Ha naelynapo4uoj
xonQepenqulu uz MexaHr.{Ke r{Bpcror reJra oApx(aHe y fparly y opraHrmaqujra EUROMECH
(Enponcrco ApyIIIrBo 3a MexaHI4Ky) y Jyiry 2072, Kao rpBr4 ayrop paAa noA Ha3r4BoM ,,Energy
Transfer Analysis of an Elastically Connected Circular Double-Membrane Compound System".
Tarofe, je yvectnoBao Ha naelyuapo4uoj roulpepenqraju Lr3 Henr.rHeapHr4x ocrlr4Jraquja oApxaHe
y Beuy noA Ha3I,IBotrl European Nonlinear Oscillations Conferences (ENOCs) y opraursaquju
Enpoucror ApyIrIrBa 3a MexaHI4Ky (EUROMECH-European Mechanics Society) vrl4nwnyra3a
MexaHI{Ky x Mexarpouury Texuurlror Ynunepsurera y Eeuy (Institute of Mechanics and
Mechatronics, TU VIENNA,Vienna University of Technology) ca paAoM noA Ha3rrBoM

"Nonlinear vibration of nonlocal Kelvin-Voigt viscoelastic nanobeam embedded in elastic



medium". Ha rou(pepeuqujanaa HaIII4oHaJrHor sHauaja je mrole caoflrrrrr4o HeKoJu4Ko paAoBa

rrpeMa flnaHy v rporpaMy AoKTopcKr.rx cry4nja.
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2. Y.reuhe y HayqHo HcrpaxuBarrKlrM rrpoiexTlrMa

2.L

Hayvuo-ncrpalKuBaqKH upojerar xojn 0;rarrcrrp
rexHoJroruror pasn nja Peny6"nuxe Cp6uj e.

,{nxaunxa xr6pu4nux cllcreMa cJroxeHrrx crpyKTypa. Me>rannra uarepuiala OH 174OO]-
pyroBoAr,roq upojerra 4p Karnqa (Creeanonr,rh) Xe4pux pe4. npoQ,

Y neproty o.q 01.01.2011. - 01.08. 20L4.ro1,.

Ll

2.2

Hayvno-Hcrpaxr.rBaqKH upojexar roja QuHaHcupa Muuucrapcr:no npocBere,
rexHoJronrKor pasnnja Peny6lnxe Cp6Hje.
fnxanruuxa cra6u;rHocr u xecra6naHocr MexaHlrtrxr,rx clrcreMa no4 4eicrnoM croxacrr{qr}rx
nopeuehaia OHl7401-l
pyr{oBoAuor{ npojerra 4p Parro llauonr.rh pe4. npoQ.
oA 01".09. 2014. rol.- rpaje

HayKe vI

3. Y.re[he Ha ceMrrHap[rMa

Y'Ieltrhe Ha ceMHHapu rcoiu ce oApx(aBajy na MareMarr,rr{KoM ,rcruryry Ceftyr tlpegauarba
Ha ceAHI'IqaMa OAeJbeIba 3a MexaHrxy, Ceuuuap 3a r,rcropu)y u $uloenrfrajy MareMarr.r6e u
MexaHuKe, Marerurarz.rxl4 MeroAI4 MexaHr,rKe, Kao r,r ceMauapu Hayvnor ApyurrBa Cp6uje uo4
Ha3I,IBoM ,,Ha1n{HH xo -MATEMATHT{KC HAVKE-



Ta6ena 1: [IpeauvruHapHn ocrBapeHr.r 6poj ESPB 6o4oea

ESPB sa ocHoBy 4eQuHrcaHux xprarepujyua ESPB

7.1 fiunnowrpaHr HHxelbep MarlHHcrBa 300 300

1.2 Ilolararre vcr,rTa r.r3 rrpeAMera Ha AoKropcxl.rru cry4ujaua B*10 80

2.1- Yqenhe cryAeHa Ha crpyr{HoM ceMr.rHapy, curr,rnoanjyuy, cKyny r,t3 oBnacrr,t
AoKTopcKr,rx ctyguja Pe<[. 3.1 4

2.2 Vseruhe cryAeHTa y pea/rr.r3ar{nj u HayrHo-l.rcrpaxraBatrKHx lpojerara Pe$.2.1n2.2 10

2.3 Pa4 caorrrrreH Ha cxyny uefyHapo4uor suauaja (rareropr.rja p72) vts olr,acru
TeMe AoKTopcKe Ar.rcepraqraje, urraunaH y x3Bo4y PeQ,1.11 4

2.4 Pag caorrureH Ha cKyrry r'aefyHapo4Hor suavaja fxarenopuja p54) ras o6r,ac-ru
TeMe AoKTopcKe Anceprarlnie, urraurtaH y qenr.rHr,r PeQ.1.12-1.16 1.4

2.5Pa4 o6janreH y no4eheu qacorHcy Har{}roHanHor sHavaja (rareropraja p61) ns
o6 r,acrla reMe AoKropcxe 4ncepraqu j e

Pe<[.1.9 B

2.6Pag o6jannen y qacorrcy Har{?roHaJrHor sHavaja (rareropuja p62) us o6tacrn
reMe AoKropcre 4ucepraquie PeQ.1.10 6

2.7 Pag o6jaareH y r{acorncy r'.relyHapo4Hor aHavaja ( xareropuja P52,M23) Pe$.1.7 u1,.8 15

28Pa( o6janDeH y no4eher,a qacowrcy r.,refyHapo4nor sHa.raja I xareropaja p516,
M22) PeQ. 1.1 15

2.8Pal o6jan.neu y rcraKHyrou no4eheu qacoflHcy r.aefynapo4Hor anavaja I
rareropnja P51a, M21J Pe$.1.2 - 1..6 100

Yxynno x 556



Marrrraucrorrt (parynrery
Yuuaepsurem y Huuy

Anercau4pa MeAeeAeBa |4
18000 Huu

PIsj aBa

Ja, fia:r'u:l'o Kapruvuh n3 Hvnra, JMB|: 3110986730029 usjanrryjervr 4a
HI,IcaM [oAueo 3axreB sa oAo6pelbe npeAnoxeHe reMe apyroj BrrcoKorrrKoncroj ycraHoBr,r y
3eMJbI,I LIJIII I,IHOCTpaHCTBy.

Y Huruy, el..fl-. 2015. roa.

A4peca: Cou6opcra 57 I l, Huta
6p. JIK: 624716



MarurEncxorra (p arynrery
Ynznepsurera y Hraruy

Anercan4pa MeAeeAena 14

18000 Hzru

Usj ar,a

Ja,,{anuno Kapnuur.rh u3 Huru4 JMB| : 3 | I 09867 3 0029 uzjan-rryj en .ua he
AoKropcKa 4racepraquj a 6wru HarrilcaHa r.r o46parreHa Ha cpucxou je3nKy.

Y Hzuy, K.-1[], 2015. ros.

.{auuno Kapnu.rnh
Agpeca: Cou6opcr<a 57 I l, Hum

6p. JIK: 624716
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yH14BEP314TET y Ht4Llly
MA1JI14HCK]4 OAKYIITET Y H14lUY

YBEPEHTE O nOflOXEHl,lM UCnfTf MA

Ha ocHoay qnaHa 161. 3ar<orra o onuJreM ynpaBHoM nocrynKy u cnyx6eHe eargeHqnje Oarynrera, oAHocHo Maruqne
Klbilre cryAeHara, a Ha ocHoBy 3axreBa cryAeHra, norapflyje ce 4a je:

,[auuno (3opax) Kapnra vrh

Maur uxcxo x Hxr4H,epcreo 2008

nonoxfio ncntt're us cne4ehux npeAMera:

Hasl,re npegMera

Mero4e il opraH 143aLlrja uayv no-krcrpaxil Baq Kor paAa ca Haerponorrjou

Hynlteprvxe MeroAe

O4a6pana noTnaBrba il3 Bl4ule MareMarilKe

AnnurarileHu coSreepr y MexaHilLl4

Mexanuxa noMa u ou:rehersa

O.qa6paHa norflaBrba ua reoprje eflacrilqHocn4 n repMoenacrilL{Hocril Tena

Cry4ujcxr ilcrpaxilBaL{xn pag 1

Ocqrnaquje u cra6rnnocr ellacrt4qHilx refla

Ocqunaqrje r cra6rnHocr KoMno3ilrHilx nnoqa LA rbycon

3axruyvno ca peAHlrM
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