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3axpaaHocer: Jleo mnpukazaHuUX MCTpaxuBama W OpraHuzauuja MUHHU-CUMIO3UjymMa
“HenokanHa Teopuja y CTPYKTYPHOj MeXaHMUM Cy MOJp>KaHU Of cTpaHe MaTemMaTHykor
nnctutyra CAHY u MunucrapcTsa 3a o0pa3oBarbe, HayKy U TEXHOJIOIIKY pa3Boj Pemybnnke
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OM 174001: Project “Dynamics of hybrid systems with complex structures. Mechanics of
Materials” is coordinated through the Mathematical Institute of the Serbian Academy of
Sciences and Arts . Project Leader is prof. dr Katica (Stevanovi¢) Hedrih.

OMU 174001: Tlpojekar “JluHamuka XUOPUAHMX CHCTEMa CJIOKEHUX CTPYKTypa. MexaHuka
maTepujana’ je KoopauHucaH npeko Maremartnukor uHctutyra CAHY. PykoBoawmnan
npojexta je npod. ap Karuua (CreBaHoBuh) Xeapux.
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Program of Mini-Symposium

“Nonlocal theory of mechanical structures*
Mathematical Institute of the SASA and Project O1 174001,
Belgrade, 25th April 2017., from 11:00-16:00 h, first floor, Kneza Mihaila 36.

[Tporpam Munu-cumiiozujyma

""HeJiokaJiHa TeopHja y CTPYKTYPHOj MeXaHULHN"
Maremarnuku uHctutyT CAHY 1 ITpojekar OW 174001,
Beorpan, 25. anpun 2017., ox 11,00h -16,30h, npeu cnpar, Knez Muxauna 36.

Organizers:
dr Danilo Karli¢i¢, Mathematical Institute of the SASA, Belgrade, Serbia
Milan Cajié, Mathematical Institute of the SASA, Belgrade, Serbia

OpraHusaropu:
np Aanmno Kapamunh, Maremariaku uaetutyT CAHY, Beorpan, Cpouja
Munan Hajuh, Maremaruaku unctutyt CAHY, Beorpan, Cpouja

Welcome address:
Professor dr Katica Hedrih, Leader of the project OM 17400 at Mathematical Instittute of the SASA

MMo3apaBHa peu:
ITpod. mp Karnna Xenpux, pykosoaunan rnpojexra OM 174001 na Maremarmakom uaetutyty CAHY

Opening remarks by organizers:
dr Danilo Karli¢i¢, Mathematical Institute of the SASA, Belgrade, Serbia

YBoaHa peu opraHusaropa:
np Janwno Kapauuuh, Maremaruuku uncrutyt CAHY, Beorpan

EE

First Session chair by:
dr DuSan Zorica, Research Assosiate Professor, Mathematical Institute of the SASA, Belgrade
Prof. dr Marko Petkovi¢, Faculty of Sciences and Mathematics, University of Ni§

IpeacenaBajyhu npse cexuuje:
np dywan 3opuiia, BULIM HayYyHH capaaHuk, Maremarnuku uHcTutyT CAHY, Beorpan
ITpod. mp Mapxko ITerkouh, [TprpogHo Maremarnuky axynrtet, YHUBep3uTeT y Humry

First Session: Invited lectures 30 minutes

* A review: Two models of transversal vibrations of axially moving
sandwich multy-belts system
Katica (Stevanovi¢) Hedrih,
Mathematical Institute of the SASA, Deparment of Mechanics,
Kneza Mihaila 36, 11001 Belgrade, Serbia
Email: khedrih@sbb.rs
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JeuaH nperJjea: ABa Moaeja TpaHCBEP3aJTHUX OCIIHJ'lalllrlja aKCHjaJ'lHO
NOKPETHUX CEHJABHY CHCTEMA Ca BHIIIE TPAKa
Katica (Stevanovi¢) Hedrih,
Mathematical Institute of the SASA, Deparment of Mechanics,
Kneza Mihaila 36, 11001 Belgrade, Serbia
Email: khedrih@sbb.rs

* Wave equation: non-locality and hereditariness
DusSan Zorica,
Mathematical Institute of the SASA, Deparment of Mechanics,
Kneza Mihaila 36, 11001 Belgrade, Serbia
Department of Physics, Faculty of Sciences, University of Novi Sad
Novi Sad, Trg D. Obradovic¢a 4, Serbia
E-mail: dusan_zorica@mi.sanu.ac.rs

TajlacHa jeAHAYHHA: HEJOKAJTHOCT H HCTOPHjCKH e eKTH
Hyiuan 3opuiia,

Maremarudku nHCTUTYT CAHY, Onememne 3a MeXaHuKy,
Kne3a Muxaunna 36, 11001 Beorpan, Cpouja
Jenapt™man 3a ¢usuky, [IpuponHo-mMarematiuuku (akynrer, YHuBep3urer y Hosom Cany
Hoewu Can, Tpr [. O6panosuha 4, Cpouja
E-nmomrra: dusan _zorica@mi.sanu.ac.rs

* Iterative methods for computing generalized inverses with applications
to mechanics

Marko Petkovi¢,
Faculty of Science and Mathematics, University of NiS,
ViSegradska 33, 18000 NiS§, Serbia

E-mail: dexterofnis@ gmail.com

I/ITepaTHBHH METOAM 3a U3pavYyHaBalh€ rcHEpaJIuCaAaHUX UHBEP3a U
NpuMEHa Yy MEXaHUIIA

Maprxo IletkoBuh,
[MpupoxHO MaTeMaTHykH (axynrer, YHUBep3uTeT y Humry,
Bumerpancka 33, 18000 Huw, Cpouja

E-nowra: dexterofnis @ gmail.com

* Active vibration suppression of smart flexible structures using piezoelectric
actuators: from idea to realisation
Nemanja Zori¢,
Faculty of Mechanical Engineering, University of Belgrade,
Kraljice Marije 16, 11000 Belgrade, Serbia
E-mail: nzoric@ mas.bg.ac.rs

AKTHBHO NpUrymemnhe BUOpanuja naMeTHUX eJACTHYHUX CTPYKTypa momohy
nue30eJIeKTPUYHHUX aKTyaTopa: o/ uaeje 10 peajusanuje
Hemama 3opuh,
MammHckH akynrer, YHUBep3uTeT y beorpany,
Kpamuue Mapuje 16, 11000 Beorpan, Cpouja
E-nowta: nzoric@mas.bg.ac.rs
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KOKTEL - COCTAIL (approximately from 13:00 — 13:30h)

Second Session chair by:
dr Ivana Atanasovska, Research Assosiate Professor, Mathematical Institute of the SASA, Belgrade
dr Nemanja Zori¢, Assistant Professor, Faculty of Mechanical Engineering, University of Belgrade,

IpeacenaBajyhu apyre cexuuje:
np VBaHa ATaHacOBCKa, BULIM Hay4YHU capagHuk, Maremaruuku uHctutyT CAHY, Beorpan
np Hemama 3opuhi, nouent, MawmmHcku akynrtet, YHUBep3uTeT y beorpany

Second Session: Invited lectures 30 minutes

* Phenomenom of contact of deformable bodies within their movements and
interactions in the space
Ivana Atanasovska,
Mathematical Institute of the SASA, Department of Mechanics,
Kneza Mihaila 36, 11001 Belgrade, Serbia
E-mail: iatanasovska @ mi.sanu.ac.rs

@deHOMeH KOHTaKTa AeopMaOHIHUX TeJIa y CKIONY KpPeTamha U HHTEepaKIuje TeJa y
MpoCTOpYy
HMBana AtaHacoBcka,
Maremarudku nHcTUTYT CAHY, Onememne 3a MeXaHuKy,
Kne3a Muxauna 36, 11001 Beorpan, Cpouja
E-nomra: jatanasovska@mi.sanu.ac.rs

* Global minimum of the time for the motion of a particle and mechanical systems
Radoslav Radulovi¢,
Faculty of Mechanical Engineering, University of Belgrade,
Kraljice Marije 16, 11000 Belgrade, Serbia
E-mail: rradulovic@mas.bg.ac.rs

I'no6asHn MUHHMYM BpeMeHAa KpeTamha MaTepHjajiHe TAuKe H MEXaHUYKHX CHCTeMa
Panocnas Pagynosuh,
MarmHcky ¢axynrer, Y HuBep3uter y beorpany,
Kpamuue Mapuje 16, 11000 Beorpan, Cpouja
E-nmomra: rradulovic@ mas.bg.ac.rs

* Hydraulic effects of natural convection in real rectangular tanks under
external influences

Sadoon K. Ayed
University of Technology, Department of Mechanical Engineerig Baghdad, Iraq
E-mail: sadun_kad @yahoo.com
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Xuapayanuku eeKTH NpUPoOAHe KOHBEKIHje Y peaJJHUM NapaJieonuneIHum
pe3epBoapuMa H3JI0KEHUM NPHPOJIHUM YTHIAjHMA

Sadoon K. Ayed
University of Technology, Department of Mechanical Engineerig Baghdad, Iraq
E-nowrra: sadun_kad @yahoo.com

Coffee break (approximately 10 minutes)

* Nonlinear parametric vibration of a functionally graded nonlocal nanobeam in
thermal environment by using incremental harmonic balance method
Danilo Karli¢i¢,

Mathematical Institute of the SASA, Department of Mechanics,

Kneza Mihaila 36, 11001 Belgrade, Serbia
E-mail: danilok @mi.sanu.ac.rs

AHa/IN3a HeJINHEAPHHX NAPAMETAPCKHX ocHIIANUja GYyHKIIMOHAIHE HAHOTPE/Ie MO
J1€jCTBOM TepMHYKOT onTepehema NPUMEHOM HeJIOKAJIHE TEOPHje eIacTHYHOCTH H

HHKPEMEHTAJIHEe XaPMOHHK 0ajlaHC MeTo/1e
Januno Kapnuuuh,
Maremarnuku ntHCTUTYT CAHY, Opnesberme 3a MEXaHUKY,
Kne3a Muxaunna 36, 11001 Beorpan, Cpouja
E-nowrra: : danilok@mi.sanu.ac.rs

* The free vibration problem of classical and nonlocal stepped beams
Nikola Nesi¢,
Mathematical Institute of the SASA, Department of Mechanics,
Kneza Mihaila 36, 11001 Belgrade, Serbia
E-mail: nnesic@mi.sanu.ac.rs

IIpo6Jem c1060aAHNX OCHMIANNja KIACHYHUX U HEJIOKAJTHUX CTeMeHACTHX Ipea
Hukona Hemwh,
Maremarnuku ntHCTUTYT CAHY, Opnesberme 3a MEXaHUKY,
Kne3a Muxauna 36, 11001 Beorpan, Cpouja
E-nowrra: nnesic@mi.sanu.ac.rs

* Analysis of combined sub-harmonic and super-harmonic resonances of a nanobeam on
fractional visco-Pasternak foundation using nonlocal elasticity theory
Milan Caji¢,
Mathematical Institute of the SASA, Department of Mechanics,
Kneza Mihaila 36, 11001 Belgrade, Serbia
E-mail: mcajic@mi.sanu.ac.rs

AHau3a KOMOMHOBaHe CYy0-XapMOHHjCKe U cyNep-XapMOHHjCKe pe30HAHCe HaHOrpeae
Ha QppakuuoHoj BUcKo-IlacTepHak MoAJI034 IPHMEHOM HEJIOKAJIHE TeopHje
€JIACTHYHOCTH
Munan Llajuh,

Maremarnuku ntHCTUTYT CAHY, Onesberwe 3a MEXaHUKY,

Kne3a Muxaunna 36, 11001 Beorpan, Cpouja
E-nowrra: mcajic@mi.sanu.ac.rs




)
m Mini-Symposium “Nonlocal theory of mechanical structures”

Mathematical Institute of the SASA and Project OU 174001, Belgrade, April 25, 2017.

PREFACE OF THE ORGANIZERS

The understanding of the mechanical response of nanoscale structures (small-scale
structures of nanometer dimension) such as bending, vibration, and buckling is indispensable
for development and accurate design of nanostructures based nanodevices. So far
experimentation on the study of actions of structures at the nanoscale is achievable, but quite
difficult. Further, computer simulation method such as molecular dynamics modelling and
simulation of nanostructures is computationally very expensive and time consuming for
macro-scale material systems. One approach is to utilize the enriched knowledge of available
classical continuum mechanics. The continuum structural mechanics models continue to play
an essential role in the mechanical study of CNT and graphene based systems. However, the
application of the local elasticity theory in the context of nanoscale objects has been questions
repeatedly in various research articles over the past decade. The conventional continuum
mechanics fails to predict size-effects, which is present at small length scales. At small-scale
the material microstructure becomes increasingly significant and its influence can no longer
be ignored. Thus updated size-dependent continuum-based methods are required in modelling
of nanostructures. Nonlocal elasticity theory become popular size-dependent method
frequently used to model bending, vibration and buckling behaviour of one- and two-
dimensional nanostructures. The beauty of the nonlocal method is that it can capture atomistic
effects at the nanoscale and yet impart results for the whole body. The new structural nonlocal
method can bridge the gap between molecular dynamics and scale-effect-free continuum
mechanics, to provide a viable means of studying such important nanoscale objects beyond
CNTs and graphene.

The aim of this mini-symposium, supported by the Project OM 174001 ,,.Dynamics of
hybrid systems with complex structures. Mechanics of materials®, is that researchers present
their results achived on this project and other projects in Serbia funded by the Ministry of
Education, Science and Technological development. These results regards mainly to the fields
of dynamics of hybrid systems of complex structures, application of fractional calculus in
constitutive equations of materials, and other common results of the researchers mainly from
Serbia.

Organizers:

dr Danilo Karlicié,

Milan Cajié,

Mathematical Institute of the SASA, Belgrade
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HNPEATOBOP OPTAHU3ATOPA

[IpoyuyaBarbe MeXaHMYKOr TOHAIlakha MHMKPO- W HAHO- CTPYKTypa, CTaTHUKUM WIIH
JNIMHAMWYKKUM Hampe3ameM U nedopmaligjamMa, Kao MTO Cy aKCHjaJIHO Halpe3ame, N3BUjambe, YBUjamhe
WM TIPaBO M KOCO CaBHjarbe, je HEOMXOJaH KOpak y pa3Bojy M MPOjeKTOBalkY HOBUX MHKEHEPCKUX
cucremMa M ypehaja MajaMx OUMeEH3Wja, WM (PUHUX CTPYKTypa Ha MUKPO- WM HAHO-METapCKUM
ckanama. JIo caja ce mokaszalio Ja je u3Boherme eKCrepuMeHara 3a aHaIN3y MEXaHWYKOr TOHAIIAbha
OBaKBHUX CTPYKTypa H3BOAJBMB alld YjeIHO M KOMIUTMKOBaH 3aaarak. Takole, aTOMUCTHYKE METOe
Kao IITO je MOJIeKyJlapHa AWHAMUKA 3aXTeBajy M3BONEHE pauyyHapCKUX CHMYNalyja 3aXTEBHHUX MO
MUTaky padyHapCKUX pecypca W AYKHWHE CHUMYJalldja, HApOYMTO KOJ CTPYKTypa Behux auMeH3uja.
Jenan on HaumHa jna ce mpeBasul)ly oBU TpoOieMU je yBohewme KIACMUHUX METoja TeopHje
€IaCTUYHOCTH, MEXaHUKE KOHTHHYyMa, Kao W PEOoJIOTHje WIM HayKe O HACJCOHUM CBOjCTBUMA
Marepujaja 3a aHalu3y TaKBUX CHCTeMa W CTPYKTypa, y3 Tmparelie MpeTrnocTaBke OrpaHuveHha,
ycpenmaBama, WIH OcpelibaBama MapaMerapa CBOjcTaBa Marepujaiia. Monenu ITHUCKPETHOT
KOHTHHYYMa, OJJHOCHO MOJENM AUCKPETHUX CTPYKTYpa ampoKCHMMAal{joM y Mojele KOHTHHyyMa ca
YCpeNeHUM TMapaMeTpuMa, OAYBEK Cy OWIM MpUMEHMBAaHUW, alv W JaHaC Wrpajy BaxHY YJIOTY Y
TEOPHjCKOj aHANM3M MEXaHWYKHX CBOjCTaBa cucreMa Oa3vpaHWX Ha YIrJbeHHWYHHM HAHOLEBMMAa U
rpadeny. Unak, y nocnenwoj ACCHUjU je IpUMEHA JIOKAIHE Tj. KJIaCUYHE TeOpHUje eIaCTUYHOCTU Y
aHau3u 1eOopMabUIHUX Teja MUKPO- M HAHO-METapCKUX JTMMEH3Mja MOABPrHYTa KPUTHIM HaydHe
3ajeHUIIE.

Hawume, kacudHa Teopuja enacTUYHOCTH HHje Y MOTYRHOCTH N1a peaBUAM HeloKallHe edekTe
Tj. MeljyaTomcke cuie Koje HemMajy JIOKAIHM KapakTep a Koje Jojla3e 10 u3pakaja Tek Koja o0jexara
MHUKPO- U HaHO-MeTapcKuX auMen3uja. C Tora, HEOMXOAHO je MOAM(MUKOBATH KJIACHMYHE METOJe
MEXaHUKE KOHTHHYyyMa Tako Ja y3uMmajy y 003up OBe HENOKalHe edekTe y CTpyKTypama MaiuxX
nuMaH3uja. HermokanHa Teopwja enacTUYHOCTH je y OBOM MOTJIENY IMOCTaja aKTyelHa MOCIEeTbUX
rofiMHa M 4ecTo KopuiifieHa 3a MOAENIHUPakbe CTaTUUKKUX M JMHAMUUYKUX Hamnpesama U faedopmaliyja
jemHO- M MBO-IMMEH3MOHAJHUX CTPYKTYpa, yBoaehM HelokallHe eeKTe y KOHCTUTYTHBHE pelialje
Marepujaia ONHOCHO CTPyKTypa. [IpemHOCT OoBe MeTofe je TO INTO y3uMma y o03up edekre Ha
aTOMCKOM HHBOY, @ YjeIHO MOXK€ Na MPEABUAM M TOHAIIAmke IeJor MmocMarpaHor Teina. Moxe ce
cnobomgHo pehu na ce METOmoJIOrvja HENOKaJTHE CTPYKTYpHE MEXaHWKe CBe uellnlie mpuMemyje y
Pa3B0jy HOBUX HaHO-HHXEmhepckuX cucrema. OHa mpemolnhyje pasjike MeTona U Mojeia KiIacHuHe
MeXaHMKe KOHTHMHyyMa W MoJIeKylapHe IWHAMMKE Y aHalu3d MMKPO M HaHO-CTPYKTYpa Kao IITO CY
yrJbeHUYHE HAHOLICBH, TpadeH u ap.

[usms oBor MuHK-cUMTIO3Ujyma y opranmsanuju [Ipojekra O 174001 "JlunamMuika XUOpUAHUX
CHCTeMa CIOKEHUX CTPYKTypa. MexaHuka Marepujana’ je Ia MpUKaKe pe3yiaTare MOCTUTHYTE Yy
HCTpaKWBakbUMa Ha OBOM TMPOjeKTYy, Kao W APYrMM MpojekTuma koju ce page y Cpbuju, Kpo3s
MpefaBama UCTpaXBaya ca THX Mpojekara. Pe3ynTartu ce OfHOCE Ha TMHAMUKY XUOPUIHUX CHCTeMa
CIOKEHUX CTPYKTypa, MPUMEHE M3BOJa HEUEIor pefa y OMMCHBamby KOHCTUTYTMBHHX penalyja
Marepujaia, NPUMEHY HEJOKaJHEe TeOphje eNacTHYHOCTH, Kao W Ha Jpyre CpPOAHE pe3yirare
ucrpaxusaua u3z Cpouje.

Opranusaropu:

np Aanuao Kapanuuh,

Muaan Hajuh,

Maremarnuku nactutyr CAHY, beorpan



