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MatemaTtnukm MHcTUTYT CAHY, MawuHcku pakyntet y Beorpagy u Bunatepanyu npojekat 3-12, beorpag, 13
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MNpod. ap Muxauno Jlazapesuh, MalumHcku pakynter,YHuBep3nuTeT y beorpaay, KoopauHatop bunaTtepanHor
npojekta 3-12 nsmehy Cpbuje n HapogHe Penybnuke KuHe.
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Fractional and fractal derivative models for the characterization of anomalous diffusion
in magnetic resonance imaging

Aytop: Yingjie Liang, College of Mechanics and Materials, Hohai University, No. 8 Focheng West Road,
Nanjing, Jiangsu 211100, China. Email: liangyj1989 @gmail.com
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Tema: HenokanHo enactmuHun U GpakLMOHO BUCKOENACTUYHU MOAENM HaHorpeaa 1
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Nonlocal elasticity and fractional viscoelasticity models of nanobeams and
nanoplates
Aytopu: Milan S. Caji¢l, Mihailo P. Lazarevi¢2 and Danilo Z. Karli¢i¢3

1Department of Mechanics,Mathematical Institute of the Serbian Academy of Sciences and Arts
Belgrade, 11000, Serbia, e-mail: mcajic@mi.sanu.ac.rs, web page: http://www.mi.sanu.ac.rs/~mcajic/

2Department of Mechanics,University of Belgrade, Faculty of Mechanical Engineering Belgrade,
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3Department of Mechanics University of Ni§, Faculty of Mechanical Engineering,Ni§, 18000, Serbia
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Advanced fractional order modeling and control of dynamic of complex
systems: recent results

Ayrop: Ilpod. np Muxamiao Jlazapesuh,Katenpa 3a Mexanuky, YHusep3urer y beorpany, MammHcku
¢axynrer, beorpax 11000, Cpbuja ,11000, Serbia e-mail: mlazarevic@mas.bg.ac.rs, web page:
http://www.mlazarevic-fracmeh.com/

Tema: AHanv3a eHepreTcKor CTakba AMCKPETHOr GPaKLMOHOr jeflHO - W ABOCNOjHOT MOZENa OCLMAATOpHe
chepHe mpexke zone pelucida-e muwa

Analysis of energy state of a discrete fractionally one- and two -layer oscillatory spherical
net model of mouse zona pelucida

Aytopu: Andjelka N. Hedrih1, Mihailo Lazarevic¢2
L Department for biomedical science, State University of Novi Pazar, Vuka karadzica bb, 36 300 Novi
Pazar Serbia,e-mail: handjelka@hm.co.rs
*Faculty of Mechanical Engineering, The University of Belgrade, Kraljice Marije 16, 11120 Belgrade
35,e-mail: mlazarevic@mas.bg.ac.rs

TEMA: nHamKKa 3ynyaHunKa-nprKkas guHamuKke cuctema GpakumoHor pega y nopeherby ca gpyrum
npucTynuma

Gear Dynamics - Overview of Fractional Order System Dynamics vs. other Approaches

Aytop: Ivana D. Atanasovska, Mathematical Institute of Serbian Academy of Sciences and Arts, Knez Mihailova

36/111, 11000 Belgrade, Serbia, e-mail: iviatanasov@yahoo.com

TEMA: HenvHeapHe NnpuHygHe ocumnaumje GyHKLMOHANHMX HEIOKaNHUX HaHorpeaa y
bpaKUMOHO BUCKOENACTUYHOj CpeanHU

Nonlinear forced vibration of a functionally graded nonlocal nanobeam embedded in a fractional
viscoelastic medium
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1Faculty of Mechanical Engineering, University of Nis, Aleksandra Medvedeva 14, Nis, Serbia
e-mail: danilo.karlicic@masfak.ni.ac.rs

*Mathematical Institute of the Serbian Academy of Sciences and Arts, University of Belgrade, Kneza
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3Department of Mechanics, University of Belgrade, Faculty of Mechanical Engineering, Kraljice Marije
16, Belgrade, Serbia, mlazarevic@mas.bg.ac.rs

TEMA: CTabunnmsaLmoHo ynpas/batbe CUCTEMa MHBEP3HOT KnaTHa nomohy N/ KoHTposnepa
bpaKuMOoHOr peaa 3acCHOBAHOT Ha TexHULUM [1- pasnararba

Stabilization control of inverted pendulum systems by fractional order PD controller based on D-
decomposition technique

Aytop: Ilerap JI. Manauh', Muxano I1. Ha3ape3nh2, Tomucnas b. Hlelcapa3

' Maumnckn dakynrer, Yaupepsuter y beorpany, Kpasuue Mapuje 16, 11120 Beorpan
e-romra: pmandic@mas.bg.ac.rs
*Mammncku ®axynrer, Yausepsuret y beorpany, Kpassuie Mapuje 16, 11120 Beorpa
e-nomta: mlazarevic @mas.bg.ac.rs
? Enexrporexuuuku dakynrer, YHuBep3uter y beorpany, Bynesap kpasba Anekcanmpa 73, 11120 Beorpan
e-nomTa: tomi@etf.rs
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UNDERSTANDING PARTIAL BED-LOAD TRANSPORT: EXPERIMENTS AND
STOCHASTIC MODEL ANALYSIS

HongGuang Sun1

1College of Mechanics and Materials
Hohai University
Nanjing, Jiangsu 211100, China
e-mail: shg@hhu.edu.cn

Keywords: Bed-Load Transport; Stochastic models; Fractional derivative models; Experimental Analysis
ABSTRACT

The complex dynamics of partial bed-load transport in a series of well-controlled laboratory experiments are
explored systematically and simulated by a stochastic model in this study. Flume experiments show that the
leading front of bed-load on a 20-m-long, mixed-size gravel-bed moves anomalously, where the transient
transport rate of the accelerating front varies with the observation time scale. In addition, observations show that
moving particles may experience bimodal transport (i.e., coexistence of long trapping time and large jump
length) related to bed coarsening and the formation of clusters on a heterogeneous gravel-bed, which is
distinguished from the traditional theory of hiding—exposing interactions among mixed-size particles. A
fractional derivative model is finally applied to characterize the overall behavior of partial bed-load transport,
including the coexistence of the sub-diffusion and non-local feature caused by turbulence and the micro-relief
within an armor layer.

Acknowledgments: This research and presentation were supported by the National Science Foundation of China
(11572112, 11528205) and Serbia-China bilateral project under the number 3-12.
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PA3YMEBAILE ITPOLIECA JEJMMHUYHOT KPETATbA PEUHOT HAHOCA -
AHAJIN3A BABUPAHA HA EKCIEPUMEHTHMA M CTOXACTHYKOM
MOJEJY

HongGuang Sun1

1College of Mechanics and Materials
Hohai University
Nanjing, Jiangsu 211100, China
e-mail: shg@hhu.edu.cn

Kibyune peum: Kperame peunor Hanoca; CroxacTHuku Mozped; Mopjemu ca (pakUMOHMM — M3BOJHMA;
ExkcniepuMenTanHa aHanusa.

AIICTPAKT

CrnoxeHa AMHAMMKa JEIMMHUYHOI KpeTama PEeYHOI HAHOCA j€ UCIUTaHAa CEpUjoM J00pO KOHTPOJIMCAHUX
eKCIIepMMEeHAaTa U CUMYJIMpaHa oJrosapajyhuM croxacTuukuM MozenoM. Ha ocHOBY excriepuMeHaTa U3BEAEHUX
y KaHaJly II0Ka3aHo je Jia je AyXHHa IlIaBHOT (poHTa peynor HaHoca 20 MeTapa, y KOMe Ce HJbyHaK PATUUUTUX
BeJIMUMHA Kpehe HenpaBUIIHO, JOK ce TanacHU (QpoHT kpehe yOp3aHO ca IPOMEHIBUBOM OP3MHOM KOja 3aBUCH OJf
IocMaTpaHe BpeMeHCKe ckane. Takole, U3 eKIepHUMEHTAIHHUX I10CMAaTpama Ce MOXE 3alla3suTU JBO-MOAAIHO
KpeTambe YeCTULa HaHOca (Tj. UCTOBPEMEHO IIOCTOjambe YECTUIIA KOje ce Kpelly y TyrMM CKOKOBUMA M OHUX KOje
Jyro MUpPYjy) yciea rpyOe HOBpIIMHE U IOCTOjama KJIacTepa y XETEPOreHOM IIJbYHKOBUTOM KOPUTY, IITO Ce
OGUTHO pasiMKyje off nocTojehe Teopuje CKPUBEHUX-BUJUBMBUX MHTEPaAKIIMja YECTUIIA PAa3IMUUTUX BeauuuHa. Ha
Kpajy, IIPUMEHEH je Mofel ca (paklMOHMM HM3BOAMMA 3a KapaKTepu3alldjy OLITEr KpeTama PEeYHOr HAHOCA,
yKJbyuyjyhH HCTOBPEMEHO HOCTOjame CyO-mudysuje U HEIOKaIHUX CBOjCTaBa Kao IOCIEAUIIE IHOCTOjamba
TypOyJieHLje U MUKPO peJbeha MOBPLUINHE KOPUTA.

3axBanHocT: OBO MCTpaxuBame je MOAPKAaHO oA cTpaHe KuHecke HauuoHanHe (oOHIALUje 3a HAayKy
(11572112, 11528205) u cprcko-KMHECKOr OunarepaHor npojexra 6poj 3-12.
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FRACTIONAL AND FRACTAL DERIVATIVE MODELS FOR THE
CHARACTERIZATION OF ANOMALOUS DIFFUSION IN MAGNETIC
RESONANCE IMAGING

Yingjie Liangl, Wen Chen2 and Richard L. Magin3

1College of Mechanics and Materials
Hohai University
Nanjing, Jiangsu 211100, China
e-mail: liangyj1989 @gmail.com

2College of Mechanics and Materials
Hohai University
Nanjing, Jiangsu 211100, China
e-mail: chenwen @hhu.edu.cn

3Department of Bioengineering,

University of Illinois at Chicago,
Chicago, IL, 60627, USA
e-mail: rmagin@uic.edu

Keywords: Anomalous Diffusion; Magnetic Resonance Imaging; Fractional Derivative; Fractal Derivative;
Spectral Entropy

ABSTRACT

Anomalous diffusion is wide spread in biological tissues where its effects modulate chemical reactions and
membrane transport. When viewed using magnetic resonance imaging (MRI), anomalous diffusion is
characterized by a persistent or ‘long tail’ behavior in the decay of the diffusion signal [1]. Recent MRI studies
have used the fractional derivative to describe diffusion dynamics in normal and post-mortem tissue by
connecting the order of the derivative with changes in tissue composition, structure and complexity [1]. In this
study we consider an alternative approach by introducing fractal time and space derivatives into Fick’s second
law of diffusion [2]. This provides a more natural way to link sub-voxel tissue composition with the observed
MRI diffusion signal decay following the application of a diffusion-sensitive pulse sequence. The result is a
simpler, computationally faster, and more direct way to incorporate tissue complexity and microstructure into the
diffusional dynamics. Furthermore, the results are readily expressed in terms of spectral entropy [3], which
provides a quantitative measure of the overall complexity of the heterogeneous and multi-scale structure of
biological tissues. As an example, we apply this new model for the characterization of diffusion in fixed samples
of the mouse brain. These results are compared with those obtained using the mono-exponential, the stretched
exponential, the fractional derivative, and the diffusion kurtosis models. Overall, we find that the order of the
fractal time derivative, the diffusion coefficient, and the spectral entropy are potential biomarkers to differentiate
between the microstructure of white and gray matter. In addition, we note that the fractal derivative model has
practical advantages over the existing models from the perspective of computational accuracy and efficiency.

Acknowledgments: The work described in this paper was supported by the National Science Funds for
Distinguished Young Scholars of China (11125208), the 111 project under Grant B12032, the China Scholarship
Council (CSC) (Grant No. 201406710047).
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Numerical Simulation 16, pp. 4581-4587.

[2] Chen, W. (2006), “Time-space fabric underlying anomalous diffusion,” Chaos, Solitons & Fractals 28, pp.
923-929.

[3] Ingo, C., Magin, R. and Parrish, T. (2014), “New insights into the fractional order diffusion equation using
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MOJAEJIA CA ®PAKIIUOHUM U ®PAKTAJIHUM U3BOJANMA 3A
KAPAKTEPU3ALINJY AHOMAJIHE JU®Y3UJE Y TOMOI'PA®UIN
MATHETHOM PE3OHAHLOM

Yingjie Liangl, Wen Chen2 and Richard L. Magin3

1College of Mechanics and Materials
Hohai University
Nanjing, Jiangsu 211100, China
e-mail: liangyj1989 @ gmail.com

2College of Mechanics and Materials
Hohai University
Nanjing, Jiangsu 211100, China
e-mail: chenwen @hhu.edu.cn

3Department of Bioengineering,

University of Illinois at Chicago,
Chicago, IL, 60627, USA
e-mail: rmagin@uic.edu

Kibyune peun: aHomanHa nudysuja; Tomorpaduja MarHeTHOM PE30HAHLIOM; (PAKLUOHU U3BOAU; (paKTalHU
U3BOJYU; CIIEKTPAHA EHTPOIH]ja.

AIICTPAKT

Anomanna audysyja je mpouecc KOoju ce 4ecTO jaB/ba y OHOJOIIKUMM TKMBUMAa M uuju edekar ce oriea y
MOJyJaljU XeMHjCKUX peaKlija U TpaHCIOPTYy kpo3 MeMOpane. Tomorpaduja marueTHoM pezoHanuom (TMP)
omoryhaBa kapakTepusalujy Mpoleca aHOMalHe Nudy3uje Kpo3 IpUCYCTBO “Ayradykor pena’ ca clabibemeM
qudysujoror curnana. Henasuo npukaszane TMP cryauje KopucTe U3BOJE 3a ONMCUBAE JUHAMUKE AUdy3uje y
’HMBOM U MPTBOM TKHMBY BE€3MBameM IapameTpa pea (ppaKklLMOHOr M3BOJA 3a IPOMEHE y CacTaBy, CTPYKTYpU U
CJI0KEHOCTHU TKUBA. Y OBOM Pajly CMO IPUMEHUIN alTepHATUBHYU OPUCTYI YBOheweM (PpakTaIHUX BPEMEHCKUX
U IPOCTOpHUX u3Boza y PukoBoM Apyrom 3akoHy aucdysuje. OBak HPUCTYN ce MOKa3a0 HMPUPOJHUJUM 3a
[IOBE3UBalke¢ CyO-BOKCEIAa TKUBAa ca IocMarpaHuM crabibeeM TMP curHama npaheHUX NpUMEHOM
myacupajyhux CeKBeHLU OceT/bMBUX Ha audysujy. doOujeHu pesynrTar je jeJHOCTaBHMjH, pPauyHapCKU
e(UKacHUjU, M [IUPEKTHUJU HAYMH 33 HHKOPIOPUPAEE CIOXKEHE MUKDPOCTYPKTYpE TKHMBAa y JUHAMUKY
qudysuonux mpoueca. Jlaje, pesynTaTd Cy INpuKazaHu Yy (QYHKUMjU CHEKTpaJHe EHTpoIMje, KOjUu je
KBaHTUTAaTUBHA MEPA OIIILTE CI0KEHOCTU, XETEPOreHOCTH U BUILIE CKaJlapHEe CTPYKType Ouonomkux Tkusa. Kao
OpUMep HaBOAUMO INPUMEHY IpPUKA3aHOI MOAENa Ha KapakTepusauujy audysuje y (UKCUpaHUM y30pLUMa
mumjer mosra. JlobujeHu pesynratu cy ynopeheHu ca pesynTaTMMa JOOUjEHUM MOJENIUMA Ca jeAHUM
€KCIIOHEHIMjaJIOM, Pa3ByYeHUM EKCIIOHEHIMjaIoM, (ppakIMOHUM U3BOAUMA U KypTo3uc MozenoM nudysyje. Ilo
cBeMy cynaehu, moxemo pehu na cMO OTKpWIM Ja cy pel (pakTaqHOr BPEMEHCKOI HM3BOJA, AU(Y3HOHOT
Koe(HLHUjeHTa U CIEKTpaIHEe EHTPONHUje NOTEHUUjaIHl OMOMapKepU 3a Pas3iIMKOBambe MUKPOCTPYKTYype Oene u
cuBe Marepuje. Tpeba nogatu na (pakralHu MOJEN UMa MPAaKTUYHUX HOPEJHOCTH y OJHOCY Ha mocrojehe y
HOrJeay TAYHOCTH U e(pUKACHOCTH HyMEPHUKUX U3pauyHaBatba.

3axBanHocT: OBaj pax je noxpxad of crpaHe Kuneckor HanuonanHor ¢onzaa 3a muane TaneHre (11125208),
npojexra 6poj B12032, Kuneckor ogbopa 3a crunencuje (CSC) (Grant No. 201406710047).
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[1] Magin, R., Akpa, B., Neuberger, T. and Webb, A. (2011), “Fractional order analysis of Sephadex gel
structures: NMR measurements reflecting anomalous diffusion,” Communications in Nonlinear Science and
Numerical Simulation 16, pp. 4581-4587.

[2] Chen, W. (2006), “Time-space fabric underlying anomalous diffusion,” Chaos, Solitons & Fractals 28, pp.
923-929.

[3] Ingo, C., Magin, R. and Parrish, T. (2014), “New insights into the fractional order diffusion equation using
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A VARIABLE-ORDER FRACTAL DERIVATIVE MODEL FOR
ANOMALOUS DIFFUSION

Xiaoting Liu1

1College of Mechanics and Materials
Hohai University
Nanjing, Jiangsu 211100, China
e-mail: 1xt5572918 @foxmail.com

Keywords: Variable Order; Fractal Derivative; Anomalous Diffusion.
ABSTRACT

This report pays attention to develop a variable-order fractal derivative model for anomalous diffusion. We
introduce a variable-order fractal derivative diffusion model, in which the index of fractal derivative depends on
temporal moment or spatial position, to characterize the above mentioned anomalous diffusion (or transport)
processes[1, 2]. Compared with other models, the main advantages in description and the physical explanation of
new model are explored by numerical simulation. We also make discussion on computational efficiency,
diffusion behavior and heavy tail phenomena of the new model and variable-order fractional derivative model.

Acknowledgments: This research is supported by the National Science Foundation of China (11572112,
11528205) and partially supported by Serbia-China bilateral project under the number 3-12.

REFERENCES

[1] Sun H., Zhang Y., Chen W., Reeves D.M., Use of a variable-index fractional-derivative model to capture
transient dispersion in heterogeneous media, Journal of contaminant hydrology, 157 (2014), pp. 47-58.

[2] Chen W., Sun H., Zhang X., KoroSak D., Anomalous diffusion modeling by fractal and fractional derivatives,
Computers & Mathematics with Applications, 59 (2010), pp. 1754-1758.

11



Mini-symposium “Fractional Calculus with applications in
problems of diffusion, control and dynamics of complex systems*

Belgrade, July 13, 2016

MOJIEJ AHOMAJIHE JN®Y3UJE CA PPAKIIMOHUM U3BOJINMA
INPOMEHJ/BUBOT PEJA

Xiaoting Liu1

1College of Mechanics and Materials
Hohai University
Nanjing, Jiangsu 211100, China
e-mail: 1xt5572918 @foxmail.com

KibyuHe peun: 13B0J IPOMEHJbUBOT pea; (hpaKkTalHU U3BOJ; aHOHOMAJIHA Audy3uja.
AIICTPAKT

VY oBOM caommTemy AyxHa Naxmba ouhe nocseheHa pa3pojy Mozena aHoMalHe AU(y3uje IPOMEHJBUBOT Peaa.
VBonuMo QpaxtaiHu MoAen Iudysuje IPOMEHJbUBOI pela, TAe UHAEKC (paKkTalHOI W3BOJA 3aBUCU OJf
BPEMEHCKOI' TPEHYTKa WM IO3ULHjE Yy MPOCTOpPY, KaKO OM CMO NPEACTaBUIM INOMEHYTH IPOLECC aHOMAaJHE
qudysuje. ['1apHe NpegHOCTH Y ONUCUBaBky U NOjallmbely (U3MYKUX [10jaBa HOBOI MoJeNa y mopehemy ca
JpyruM MoJeIuMa Cy HUCIHMTaHEe OAroBapajyhuM HyMepUuyKkuM cuMylanujama. Takobe, OGuhe nuckyroBaHa
e(pMKaCHOCT M3padyHaBama, AU(yY3UHOI MOHamIamka U (EHOMEHa TEUIKOI pena y Clydajy HOBOI MoJela U
MoJjena ca ppaKIMOHUM U3BOAMMA IPOMEHIBUBOL pefa.

3axBannocT: OBaj paj je noapxxad of crpaHe Kunecke Hanuonanse gonnanyje 3a Hayky (11572112,
11528205) 1 1eMMUYHO Off CTpaHe CPICKO-KHMHECKOr OMIaTepaaHor npojekTa 6poj 3-12.
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ABSTRACT

Recent years have witnessed a research boom in food engineering, especially in the new foodstuffs, such as
compound foodstuffs and three-dimensional (3D) foodstuffs made from 3D food printer. However, the
thixotropic behavior of semisolid foodstuffs remains confusing [1], because the most existing models ignore the
vital role of “memory” nature in apparent viscosity, which causes dilemma when applied. In the current study,
we propose a novel theoretical model via fractional derivative to address the high demand by food industries.
The physical mechanism underlying the thixotropic behavior is also explored. We find that the parameters a
(fractional derivative order) and K (ideal initial viscosity) can be recognized as unique indexes for foodstuffs,
which directly determine the thixotropic behavior. Since thixotropic phenomenon is a hotspot in soft matter
mechanics [2], the proposed model has a great application potential in characterizing other kinds of soft matters.

Acknowledgments: This research were supported by the National Natural Science Foundation of China
(11572111, 11572112, and 11528205).
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AIICTPAKT

IMocnenwux roauHa JOULIO je 10 IopacTa Opoja UCTPaXXUBAUKUX CTy/Mja Ha TeMY IpeXpaMOeHUX TEXHOIOryja,
HApOYUTO Ha TE€MY U3pajJie HOBUX BPCTa HAMUPHMIA, KAO IUTO Cy CIOXKEHE HAMEPHUIE CaTaBJbEHE O] BUILE
KOMIIOHEHTU U HAMUpPHHUIIE HanpaBibeHe nomohy 3 /1 npunrepa. Mnak, u nopea BeIUKOr Opoja UCTPaKUBAUKHX
pajoBa (heHOMEH TUKCOTPOIIMj€ j€ 0CTa0 HepasjallllbeH jep BehrHa nocrojehux Mojena 3aHeMapyje BaxHy ylIory
“meMopHje”’ KOJ BUCKO3HOCTH, IITO M3a3UBa HEAOYMHMIE KOJA NpUMeHa. Y OBOM pajy, HpeilakeMO HOBU
TEOpUjCKU MOJeNl ca (pPaKLUMOHUM HM3BOJOM y HaMEpU Ja 3aJl0BOJBHMO BEJIUKE 3aXTEBE HHAYCTPHUjE XpaHE.
MexaHu3aM (eHOMEHa TUKCUTpoMnuje je Takohe mocMaTpaH U ucrpaxeH. OTKPUBEHO je Jla ce mapaMeTpu a (pel
¢paxuuoHor usBoza) u napameap K (uieanHa moueTHa BUCKO3HOCT) MOT'Y MHAETU()UKOBATH KA0O jeAMHCTBEHU
HHJIEKCH 32 KOHKPETHE HAMEPHHUIIE, IITO JUPEKTHO ofipelyje CBOjCTBAa TUKCUTPOIMje Y TUM HaMepHUIama. Kako
j€ TUKCUTpOIMja aKTyeJHa TeMa y MEXaHULU MEKUX CYNCTaHLY, IPEJIOKEHH MOJEN UMa BEIMKY IPUMEHY Y
KapaKTepu3aluju APYTHX BPCTH MEKUX CYIICTAHIU.

3axBanHocT: OBaj pan je monpkaH opn crpaHe Kunecke HanuonanmHe donnaunuje 3a Hayky (11572111,
11572112, u 11528205).
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ABSTRACT

Theory of oscillations of the fractional order discrete system with finite number of degrees is presented [1-3,
5]. The generalized function of fractional order dissipation of system energy [4] is presented. For a class of
fractional order discrete systems with finite number of degrees of freedom, main independent fractional order
oscillators are identified and corresponding independent fractional order modes are identified. On the basis of the
energy analysis a serried theorems are defined and presented. For a number of analogous mechanical and
electrical oscillators with finite number of degrees of freedom energy analysis is presented.

Properties of the eigen time functions for a class of discrete continuum hybrid systems containing coupled a
finite number deformable bodies (beams, or plates, or membranes) coupled by discrete continuum fractional
order layers are presented. An analogy between these eigen time functions and generalized coordinates of a
fractional order chain system is identified. Some theorems of independent eigen main fractional order modes of
these eigen time functions are defined.

Eigen main chains, and eigen main surface nets for a class of fractional order discrete continuum oscillatory
models will be presented.

Petrovic’s theory of Elements of mathematical phenomenology is visible on the presented results about
analogous disparate nature fractional order oscillators.
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structures; Mechanics of materials”, and through Faculty of Mechanical Engineering University of NiS.
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AIICTPAKT

Teopyja ocuunanyja AUCKPETHUX cUcTeMa (PaKIMOHOI pela, U ca KOHAuHUM OpojeM CTeHmeHH cnoboje
ocLMIIOBama je npukasana [1-3, 5]. I'enepamicana ¢yHknuja aucunanyje GpakUoOHOr peia eHepruje cucreMa
je npukasana [4]. MnentudukoBaHu Cy HE3aBUCHU COIICTBEHU IVIABHU OCLMIIATOPU (PAKLUOHOr pela 3a jefHY
KJIacy JUCKPETHOr CUCTeMa (PPaKIMOHOr pea, U ca KOHAYHUM OpojeM cTeleHu ci1o0oze, Kao U oArosapajyhu
HE3aBUCHU COICTBEHU IJIABHU MOJOBH (pakiuoHor pera. Ha Ga3u eHeprujcke aHamise, cepuja Teopema je
JneduHucaHa U npejcraBbeHa. lIpencTaBibeHa je eHeprujcKa aHalM3a Ha aHAJOTHUM MOJeIMMa jedHor Opoja
MEXaHUUKMX M EJIEKTPUYHMX OCLMIaTopa (pakIUOHOI pefa ca ca KOHAaYHUM OpojeM CTeHeHu ciobone
OCLIMJIOBAMbA.

CBOjCcTBa COICTBEHUX BPEMEHCKUX (YHKIUja jelHe Kjlace NUCKPETHO KOHTYYaIHMX XUOPUIHHUX CHUCTEMa,
KOjU cajpKe CIpPErHyT KoHauaH Opoj AepopMabuUIHUX Tena (Ipefa, WIM IUIoYa WM MeMOpaHa) CIPErHyTHX
JUICKPETHO KOHTHUHYalIHMM ClojeBUMa (DpakIMOHMX CBOjcTaBa Cy IpHKa3aHa. AHanoruja usmelhy Tux
COICTBEHUX BPEMEHCKUX (P3yHKLHMja M FeHEepaIMCaHMX KOOpAMHATa JlaHala (paklUOHOI pefa je MOoKa3aHa.
Jedunucane cy Heke TeopeMeé O HE3aBHCHMM COICTBEHMM [JIABHUM MOAOBHMMa (PakLHMOHOI peja THX
COICTBEHUX BPEMEHCKUX (yHKILIHja.

Jebunucanu cy U IpuKa3aHU COICTBEHM IVIaBHU JIAHLM U COICTBEHE IIOBPIIMHCKE MPEXKE 3a jeJHY KIacy
JUICPETHO KOHTUHYAIHUX MOJella (pakLUOHOT pea.

INerpoBuhepa Teopuja o EnementiMa MmaTeMaTHuke (PeHOMEHOJIOTH]E j€ BUIJbUBA KPO3 [IPUKA3aHE Pe3yiIrare
y OBOM IpErJIeHOM pajly Kpo3 aHaJIOrHE OCLIUIATOPE (PPAKLUOHOr pea, a AucHapaTHe GU3HYKe IPUPOJE.

Hanomena: Jleo ucTpaxuBama (UHAHCHjCKM je HOTIOMOIHYT O MUHUCTapcTBa IPOCBETE, HAYKE WU
TexHoNowKor paspoja PenyOmuke CpOuje mpeko Maremaruukor uHcturyra CpIcke akajeMuje Hayka U
ymerHoctd mnpojekar OM 174001 “JluHamuka XUOpPUAHUX CHCTEMa CIOXKEHUX CTPYyKTypa. MexaHukKa
Marepujana’, kao u MammHckor ¢axynrera YHuBepsurera y Humy.
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ABSTRACT

Fractional derivative is the non-local operator, represented in case of the Caputo derivative by a convolution
of a power type kernel with the ordinary derivative of the function. Non-locality of the fractional derivative plays
a major role in its applications in modelling hereditary processes, where the current value of some physical
quantity is influenced by its history, as well as in the modelling spatial non-locality, where the value of some
physical quantity in a point of space is influenced by the values of that quantity in other points as well. Both of
these properties will be used in modelling heat conduction phenomena.

The classical heat conduction equation is obtained from the energy balance equation and the constitutively
given heat conduction law (Fourier's law). The energy balance equation is not subject to generalization, while the
constitutive heat conduction law, connecting the heat flux and temperature gradient, is generalized by
introducing history dependent heat flux through the time-fractional derivative, as well as by introduction of
spatial non-locality via generalization of the temperature gradient by employing the space-fractional derivatives.

Diffusion-wave equation, under appropriate assumptions on the constitutive equations, can be regarded as
the generalization of both wave equation and heat conduction (or diffusion) equation. In particular, the fractional
telegraph equation and the distributed-order diffusion wave equation represent the generalizations of the
diffusion-wave equation.
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ABSTRACT

It is well known that nonlocal elasticity models are successfully applied to various nanostructure based systems
to study their stability or vibration behavior [1]. Such modified continuum approach shows to be reliable and
much more efficient way to study complex nano-scale systems and structures compared to atomistic methods
based on discrete nature of nanostructures. Nonlocal elasticity introduces the scale effects into the model via
single material parameter also called nonlocal parameter. Dissipation of mechanical energy in nanostructures is
important feature of nano-scale system that significantly affects their dynamic or stability behavior. Various
rheological models can be applied to describe such effects. However, well known comparison of fractional
derivative rheological models compared to classical integer order one, candidates them for this application [2].
Finally, combination of nonlocal elasticity and fractional order viscoelasticity constitutive relations yield hybrid
models that due to their nonlocal nature can describe nonlocality in space domain as well as
relaxation/retardation processes in time domain. Here, we apply nonlocal elastic and fractional viscoelastic
models to study vibration behavior of nanoplate and nanobeam like structures [3]. Euler-Bernoulli beam theory
and Kirchhoff-Love plate theory are used for nanobeams and nanoplates, respectively. Several fractional
derivative rheological models are shown and some of them applied to given nanostructure models. Governing
equations are derived using D’ Alambert’s principle and solutions for the simply supported boundary conditions
are found using separation of variables, Laplace transform and Mellin-Fourier inverse transform methods as well
as residue theory. Complex poles of unknown functions are determined by finding the roots of the characteristic
equation using technique that is available in the literature. In order to show the effects of fractional derivative
parameters, damping coefficients and nonlocal parameter on complex roots i.e. damped frequencies and damping
ratios as well as on transient response of the systems, several numerical examples are given.
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AIICTPAKT

ITo3Haro je fa cy HEIOKAaIHO eIaCTHYHU MOJENM YCIIEIIHO IPUMEHhEHH Ha U3ydaBambe IpobiaeMa CTabUIHOCTY U
ocuuialyja pazIMuUTUX cUcTeMUMa 0a3upaHuX Ha HaHocTpykTypama [1]. Tako MomudukoBaHH KOHTHHYYM
IOPUCTYI CE MOKAa3ao MOY3JAaHMM U MHOrO €(UKaCHUjUM KOJ H3ydaBarmba CJIOXKEHMX CHCTEeMa U CTPYKTypa Ha
HAaHO cKaau y mopehemy ca aTOMUCTUUKUM MeTojaMa Koju ce 0a3upajy Ha JUCKPETHO] IPUPOAU
HAHOCTPYKTypa. HenokanHa Teopuja €lacTUYHOCTH YBOAM Yy Mozenl edeKTe BEIMYMHE CaMO IIPEKO jeIHOr
mapaMeTrpa MojeNa KOjuU Ce Ha3uBa HeJIOKalHW IHapamerep. Jlucumanuja MeXaHUUKE €Hepruje vy
HAHOCTPYKTYpaMa j& BaXXKHO CBOjCTBO CHCTE€Ma Ha HAHO CKAJlU KOj€ yTUUE Ha BUXOBY CTAOMIHOCT U AUHAMUUKO
HoHamame. Mory ce NpMMEHUTH Pa3HH PEOJIOLIKM MOJENM Aa Ou ce obucamu TakBu edexrd. Mnak, nosHare
IPEIHOCTU PEOJOLIKMX MoAeNna 6a3upaHUX Ha M3BOAUMA (PAKIMOHOr Pela y OJHOCY Ha KJIaCHYHE MOJAENIE ca
LEeI00pOjHUM H3BOAMMA, YMHU MX IPUOPUTEHHM 3a IPUMEHY Y OBOM cilydajy [2]. Konauno, komOuHamuja
HEJIOKAJIHO €JaCTUYHHMX U (PPAKIUOHO BUCKOEIACTUMYHUX KOHCTUTYTHBHMX pelauuja jaje XuOpuaHe Mojene
4yyja HENOKaJdHAa IPHPOJa OIUCYje KAaKO HEJIOKAJHOCT Yy IPOCTOPHOM JOMEHY Tako M IpoLece
pelnakcanyje/peTapianygje y BpeMEeHCKOM JoMeHy. OBzie cMO NPUMEHUIN HEJIOKAIHO €lacTHYHE U (PaKLUOHO
BUCKOEIIACTUYHE MOJelle KOJ OcLMNalyja CTPyKTypa Kao IUTO Cy HaHomiaoda u HaHorpeaa [3]. Eymep-
beproynnu-jeBa teopuja rpege u Kupuxxodd-Jlose Teopuja mioue cy NpUMEHEHE 33 HAHOIPELY OJHOCHO
HaHomtody. IIpuka3zaHa Cy HEKOJIUKO pa3IM4MTa PEOJIOMIKA Mojena (pakLMOHOI pella U HEKU Of HHX
OpUMEHEHY Ha JaTUM MOJEIMMa HaHOCTPYKTypa. V3BelneHe Cy jeHauMHE KpeTama CUCTeMa Ha OCHOBY
JI’Anambepr-oBor IpHUHLMIA U pellemha JaTa 3a Clydaj TIPaHUYHUX YCJIOBA CIOOOJHO OCIOHBEHUX
HAHOCTPYKTYypa Kopucrehu MeToa pasiBajamba MPOMEHJbMBHX, Jlamnacoe u uHBep3He MemmH-Doypuep-ose
Tpanchopmauuje kao u Komujese Teopuje ocraraka. KoMIulekCHU MONOBU Hemo3HaTe GyHKUUje cy oapeheHu
HaJlaXXEeHhEM KOPEHOBA KapaKTepUCTHUYHE jeqHauuHe Kopucrehu merone us mureparype. [a Ou cMo mokaszaiau
edexre GpaKIHOHOr NapaMeTpa, HapaMeTpa IpUryliemha 1 HEJIOKAIHOT TapaMeTpa Ha BPEJHOCTH KOMILIEKCHUX
KOpEHa Tj. IPUrylleHe (PEeKBEeHLUje U ONHOCE MPYTyIIeha Ka0 U BpEMEHCKU OI3UB CHCTEMA, JATO j& HEKOIUKO
HYMEPUYKUX IIPUMEpA.

3axBanHocT: OBO HCTpaxuBame (DUHAHCHjCKU j€ MOTHOMOTHYTO oj MMHHUCTapcTBa IPOCBETE, HayKe U
TeXHONOWKOr pa3Boja PemyOmuke CpOuje, mpojexar 6poj OM 174001 u cprcko-KMHECKOr OuiarepaHor
npojexTa 3-12.
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ABSTRACT

In this presentation, we provide some applications of memristors and mem-systems with a particular focus
on electromechanical systems and analogies that holds great promise for advanced modeling and control of
complex objects and processes. In science and engineering, the ideas and concepts developed in one branch of
science and engineering are often transferred to other branches. In addition to the analogy between mechanical
and electrical systems, it was observed that phenomena from other physical domains exhibit similar properties,
[1]. Representative example is nonlinear element -memristor which was postulated by Chua in 1971 [1] by
analyzing mathematical relations between pairs of fundamental circuit variables. Besides, the relation between
current and voltage which defines a memristive system, the relation between charge and voltage also specifies a
memcapacitive system, and the flux-current relation gives rise to a meminductive system [2]. Here, we give a
short review of available mem-systems integer order. In addition, important property of fractional operators is
that they capture the history of all past events which means that fractional order systems [3] have intrinsically a
memory of the previous dynamical evolution. Particularly, we present the connection between fractional order
differintegral operators and behavior of the mem-systems which can be used for modeling dynamics of complex
systems. Several potential applications of electromechanical analogies of integer and fractional order are
discussed. Further, we investigate and suggest an open-closed-loop P/PDalpha type iterative learning control
(ILC) [4] of fractional order singular complex system [5]. Particularly, we discuss fractional order linear singular
systems in pseudo state space form. Sufficient conditions for the convergence in time domain of the proposed
fractional order ILC for a class of fractional order singular system are given by the corresponding theorem
together with its proof. Finally, numerical example is presented to illustrate the effectiveness of the proposed
open-closed ILC scheme of fractional order for a class of fractional order singular complex system.

Acknowledgments: This research was supported by the research grants of the Serbian Ministry of
Education, Science and Technological Development under the numbers TR35006, 11141006, and
Serbia-China bilateral project number 3-12.
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AIICTPAKT

VY 0B0j Ipe3eHTalMjyu, AaTe Cy HEKe aIUIMKalje MEMPUCTOpa M MEMPUCTHBHUX CHUCTEMa ca IOCEOHUM
HArJJaCkOM Ha €JeKTPOMEXAaHMYKE CHUCTEME M AaHAJOruje KOje CalpKe BEeJIMKM IOTEHLUjal 3a HampenHo
MOJIeNUpamke U yIpaBbalkbe KOMILIEKCHHX oOjekara M mpoueca. I1Io3HaTo je Ja y Haylu U HHXKEHEPCIBY,
pa3BUjeHe HUieje U KOHLENTHU Y jeIHOj TPaHU HayKe M TEXHUKE C€ YECTO MOT'y UCKOPHCTUTH U Y JPYIUM IrpaHama
Hayke U TexHuke [1]. Jenan penpe3eHTaTMBHU IpUMeEp MPEJCTaB/ba HEIMHEAPHU €IEMEHT-MEMPUCTOP, KOjU je
nocryaupad of crpade Uya (Chua), 1971 [1], ananu3upajyhu maTemaTudke Be3e u3Mel)y OCHOBHHMX BEIMUYMHA
crpyjHor kona. OcuMm Tora, penauyja u3Mmely HamoHa U cTpyje KOjU AeQUHHILY jelaH MEMPUCTUBHU CUCTEM,
Be3a u3Mel)y HaeleKTpucama M HalnoHa JeUHUINY caja jeJaH MEMKaNallUTUBHU CHUCTEM, JOK Be3a usMeby
¢ykca u crpyje oapelhyje jenaH MEMUHIYKTHBHU cucTeM [2]. Y TOM cMmuciy, OBE ce Aaje M KpaTak Iperyes
PAcIONIOKKUBUX MEMPUCTUBHUX cHcTeMa Lienor peaa. Ilopex Tora, BaXXHO CBOjCTBO (DPPaKLMOHMX OIEpaTopa
oryefa ce y ocCOOMHM Ja MEMOpHUILE NPETXOAHA MOHAllakha CUCTEeMa INTO APYrMM peduma oMoryhyje [3] na
cucTeMu (PaKLMOHOr pela UMajy MEMOpPHUjY MNPETXOAHOr JUHAMUYKOI MHOHamama cucrema. [loceOHo, oBre je
IpescTaB/beHa Be3a u3Mely audepeHLUjanHO-UHTErpadHUX — omneparopa (GpakUUOHOI pela U IOHAlIamka
MEMPUCTOPCKUX CHCTE€Ma IJ€ Ce UCTU MOrY NPUMEHHMTH 332 MOJENIOBaEkE JMHAMMKE KOMIIIEKCHUX CHCTEMA.
Hekonuko NoTeHUUjadHUX IpUMEHA €JIeKTPOMEXaHWYKUX aHajIoruja Lelor U (pakiUoHOr pega cy HOceOHO
Ipe/CTaB/beHe U AUCKYTOBAHE.

VY npyrom peny, cyrepuiie ce [4] 1 npoydaBa HUTEpaTHBHO YIpaBibame ImyTeM yuewa (WJILL), IV tun
(GpakuuOHOr pefa Yy OTBOPEHO]-3aTBOPEHO] METJbHM 3a jelaH KOMIUIEKCHM JUHAMMYKU CHUCTEM (PPAaKLUOHOT
pena,[S]. IToceOHO ce AUCKYTYjy CHHIYJIapHH CHCTEMH (PaKLMOHOI pena y IpocTopy Iceyno-crama. JJoBosbHI
YCIIOBU 3a KOHBEPIEHLHU]Y Y BPEMEHCKOM JOMEHY IpemnoxkeHor ¢pakuusor pexa MIIL 3a xiacy dpaxuuoHor
pela CUHTYJIapHOI CUCTeMa Cy JaTu oarosapajyhom TeopemoM ca mparehum goxazoM. KoHauHo, HyMepUUKu
IOpUMeEp je MpeAcTaB/beH y LUibY mirycTpauuje ebuxacHoctd npeanoxene WJILL cxeme ¢pakuuoHor pena 3a
KJIacy CHUHTYJAapHOI KOMIUIEKCHOI cucTeMa (pakiMOHOr pefa.

3axBanHuna: OBO UCTpaXHBamkE j€ MOJAPKAHO O] CTpaHe IpojekTa MuHHCTapcTBa 00pa3oBama, HayKe U
TeXHOJIOIKOr pa3Boja Pemybnuke CpOuje, 6p. TR35006, 11141006 u cpricko-KuHECKOr OMIIaTepaiHOT MPOjeKTa
3-12.
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ABSTRACT

As there are experimental evidences that Zona Pelucida (ZP) changes its elasticity during process of
maturation we may supposed that ZP changes its oscillatory states as well. One of biological functions of this
multi-layer mesh-like 3D structure that surrounds mammalian oocytes is selectivity regarding sperm penetration.
On a basis of single-layered oscillatory spherical net model of mouse ZP (mZP) the improved double layer
model is developed. Two new variables were included into the model: double-layered network and visco-elastic
properties between its constructive elements. Due to visco-elastic properties of ZP and its importance for
mechanism of sperm penetration double layered oscillatory net model of mZP has fractional order properties.
Molecules in double-layered oscillatory mZP model are interconnected with standard light fractional order visco-
elastic element defined by constitutive relation force - elongation expressed by fractional order derivatives.

Oscillatory behavior of this double-layered system is discussed. As the sperm has to penetrate ZP it is of
great importance what is the energy barrier it has to pass or what is the energy it has to own to fulfill the
demands of ZP selection criteria. The energy states of one and double layered ZP oscillatory fractional order
model of mZP are analyzed.

Acknowledgements: Authors would like to thank to prof. Katica (Stevanovi¢) Hedrih from the Mathematical
Institute of SASA, Belgrade, Serbia for valuable consultation and suggestions. This work was supported by the
Ministry of Education, Sciences and Technology of the Republic of Serbia through the Mathematical Institute
SANU Belgrade, Faculty of Mechanical Engineering University of Belgrade and State University of Novi Pazar
Grant ON174001 as well as Project III No. 41006.
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CAXETAK

C 003upoM J1a eKcIIiepUMHETaIHU IToJaly yKa3yjy la Zona Pelucida (ZP) Mema cBoja €1aCTUUHA CBOjCTBA TOKOM
mpoleca ca3peBamba, MOXEMO Ja INpeTHocTaBUMO Ja ZP Mema U CBOje OCLWIATOPHO CTame. JegHa of
OGMOJIOIIKUX yJIOra OBE BUILIECIOjHE TPOAMMEH3UOHAIHE CTPYKTYPE HAJIMK MPEXHU KOja OKpyXkKyje jajHy hemujy
cucapa je CeJISKTUBHOCT Ka/ia jé y IUTaHiby IeHeTpalyja CiepMaTo3001a.

Ha ocHOBY jenHOCIIOJHOI MoJena ocuuiaTopHe chepHe Mpexke ZP muma (mZP) mocraBUiM ¢cMo HOOOJbILIAH,
JBOCJIOJHM Mogen. Y JBoclojHu mZP Mojen cy YK/bydeHM HOBU IapaMeTpu: JIBOCIOjHA Mpexa U
BUCKOEIIACTUUHE Be3e M3Mehy BeHMX KOHCTUTYTUBHUX eneMeHaTa- mZP riukonporeuHa. CoG3upom pa ZP
IOKa3yje BHCKOENAaCTHMYHA CBOjCTBA M Jla Cy OHa OJl 3HAauaja 3a MEXaHU3aM IEHeTpaluje CIepMaTO300M1a,
JIBOCJIOjHA ocLUIaTopHa mZP Mpexa uma ¢pakioHa CBOjCTBA. MOJEKYIH Y IBOCIOJHO] OCLMIATOPHO] MPEXHU
mZP cy melycoOHO MOBe3aHU CTaHIApIHUM JAKUM €JIEMEHTOM (PPAaKLMOHOr peAa 4uja Cy BHCKOENACTHYHA
cBojcTBa JehMHUCAHA KOHCTUTYTMBHMM pelalyjaMa CUJIA-U3AYXKEHhE U3PaXKEHHMM IIPEKO oIeparopa
¢paxuuoHor peaa. PazmarpaHo je ocUIATOPHO MOHAIIAKkE ABOCIOjHOT oclIaTopHor mZP mozaena. Co03upom
Jla cepmato3oou]; Tpeba aa nmpohe kpo3 mZP ox BeNUKOr je 3Hauaja eHeprercka Oapujepa kojy Tpeba mpu ToM
Jla caBllaJia MM €Hepruja Kojy crepmaro3noous Tpeba aa nocenyje 1a OM MCIYHHO CEIEKLHOHE KPUTEpUjyMe
mZP. AHanmu3upaHo je eHepreTcKO CTame AUCKPETHOI (PPAKLUOHOr jeAHO- U ABOCIOJHOT MOJENA OCLIKIATOPHE
cdepue mpexxe mZP.

3axBanHuua: Ayropu ce 3axBabyjy mnpod. Jp Karuuu (Crepanosuh) Xenpux ca Marematuuxor Mucrutyra
CAHY, beorpan, Cpbuja Ha KOpPUCHMM CyrecTujama U KoHCydTanujama. HacTaHak oBor paja HOApKaH je
cpencTBuMa MuHHCTapCTBa IPOCBETE, HAYKE U TEXHOJIOLIKOI pa3Boja Impeko npojekata OU 174001 u IIT 41006
Koju ce peanusyjy Ha JpxaBHooM yHusep3uTeTy y Hosom Ilasapy u MamuHckoM (akynTeTy YHUBEp3UTETa Yy
beorpany.
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ABSTRACT

Gear power transmission systems have extensive fields of application last decades. In addition to
conventional applications in operation machines, their modern application in generators of renewable energy
sources with request for high efficiency and noise reduction is very important. These requirements initiate new
research activities in all aspects of gear operating. The all parameters of dynamics behavior of gears are the most
important input for state-of-art application of gears. Therefore, many new or improved approaches for gear
dynamics solving are published during recent years. They all start with the same main mechanical model of gear
pair system, but used different analytical and numerical methods and approximations for model solving.

One of very extensive research attempts to find an analytical solution is certainly the work of Theodossiades
and Natsiava [1], who explain the fundamentals for different analytical methods, but similarly as other authors
concluded that only approximate solutions could be found. One of the new and original approaches to modeling
and solving the gear dynamics is model developed by Prof. Hedrih and Prof. Nikolic-Stanojevic, [2]. This model
of multistep gear transmission dynamics used the assumption that teeth contact could be modeled with standard
light element with constitutive stress-strain relation expressed by members with fractional order derivatives, [3].
The fractional calculus is then used for obtaining the eigen fractional order modes. The same approach is used
for fractional order dynamics of planetary gears, [4]. It is very interesting comparison of this approach with
Finite Element Analysis (FEA) models for gear dynamics, which are developed by different research groups.
The special attention should be dedicated to the discussion of possibilities for building in the new FEA
procedures for periodic varying mesh stiffness, [5, 6], in developed fractional order system dynamics model for
gears, [2].
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Mathematical Institute SANU Belgrade, Grants OI 174001 “Dynamics of hybrid systems with complex
structures; Mechanics of materials”.
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AIICTPAKT

3yn4acTu NPeHOCHULIM CHAre MMajy cBe IIMpYy o0JacT IpUMeHe nocaeamux genenyja. [lopen yooudajeHum
IpUMeHa KOJ IOMOHCKUX MalllMHA, BEOMa jé BaKHA HUXOBA IPUMEHA KOJ IeHepaTopa OOHOBJBMBUX H3BOpa
€Hepruje Koju MMajy BeoMa PUropo3HE 3aXTeBe 3a BUCOKOM edukacHomhy u cMameHoM OykoM. OBH 3axXTeBU
UHULIMpAIU Cy HOBa HCTPaXUBakba y CBUM acleKTHMa paja 3ymyaHuka. CBM HapaMeTpud IMHAMUYKOT
[OHAIIakha 3yMUaHUKA Cy HajBOXXHUJU 32 BbUXOBY CaBpPEMEHY IIPUMEHY, I1a Cy MOCIEABUX FOJUHA MyOIMKOBaHU
MHOTY HOBY MJM NMOOOJBIIAHYU IMPUCTYIH U MOJEIU 3a pelllaBame AUHAMHKE 3ynuaHuka. Tpeba Hariacutu na
CBY OHM Kao I0Ja3HY OCHOBY Y3UMajy MCTH MEXaHMYKU MOJEI CHCTEMA CIPErHYTUX 3yMYaHMKA, ald KOPHCTE
Pa3IMYUTE AaHATUTUYKE U HyMEPHYKE METO/IE U yIpollherma 3a pellaBabe.

JenHO o7 BeOMa OMIIMPHUX UCTPAXKUBAKA KOja €& TUUY IPOHAIAKEH A aHATUTHUKOL pelleha JehUHUCAHOT
npobiema je cBakako paj ayropa Txeomoccuanec anj Harcuaa [1], xoju cy omucanu OCHOBE pPa3IUYUTUX
aHaJIUTUYKUX METOJa M Ha Kpajy Kao U OCTald ayTOpH 3aKJbydWIM Ja caMo MpUONMKHA pelllema MOy Ja ce
npoHal)y. Jenan o HOBUX M OpPUTMHAHUX IIPUCTYIA MOAEIMpAy U pelllaBamy AMHAMMKE 3YIYaHUKA je MOJEI
koju cy passuiae IIpod. Xenpux u IIpod. Huxomuh-Cranojesuh, [2]. OBaj Monen IUHAMMKE BUIIECTENIEHOT
3yI4acTor IPEeHOCHUKA KOPUCTH IPETIOCTaBKY Ja C€ KOHTAKT 3y0alla MOXe MOJEIMPATH CTaHIApIHUM JIAKHM
€JIEMEHTOM Ca KOHCTHTYTUBHUM pelalldjaMa HamoH-AedopMalyja NpHUKa3aHUM 4JaHOBUMA ca M3BOAUMA
¢paxuuoHor pena, [3]. Opakiuuonu padyH je xopumheH 3a 100Mjambe CONCTBEHUX MOAOBA (PaKLUOHOI pena.
Hcru nmpuctyn je xopuliheH 3a OMMCUBambe JUHAMUKE (PAaKLIUOHOr pefa KoJ IUIAaHEeTapHUX IPEHOCHUKa, [4].
Beoma je 3aHUMJBMBO HoOpeheme OBOI IpUCTyHa ca MOJEIMMAa 3a JAMHAMMYKY aHAlM3y METOJOM KOHAuHUX
eJleMeHaTa, Koje Cy pa3BHjal pa3InuuTe UCTpaXXUBaUKe rpyme. Y CKIagy ca TUM, IoceOHa Naxma nocsehyje ce
JMcKycuju MoryhHocTH yrpahuBama HOBE Ipolenype 3a oipehuBame NEpUOIUYHO NPOMEHJBUBE KPYTOCTU
capere KkopumhemeM MoOJENa KOHAuHUX eneMeHaTa [5, 6], y pa3BUjeHUM MojeiMMma 3yN4yaHHKa Kao
JIMHAMUYKUX cUcTeMa (pakHOHOr peaa [2].

Hanomena: [leo ucrpaxuBama (UHAHCUJCKU j€ IOTIIOMOTHYT oOf MHUHUCTApCTBAa IPOCBETE, HAYKE WU
TexHonowKor paspoja PenyOmuke CpOuje mpeko Maremaruukor uHcturyra CpIcke akajeMuje Hayka U
ymerHoctd, IIpojekar OW 174001 “Jlunamuka XUOPUIHMX CUCTEMAa KOMIUIEKCHUX CTPYKTypa. MexaHuKa
Matepujana.”.
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ABSTRACT

In recent years, nonlinear and damping effects have become more important in the study of the dynamic
behavior of micro- and nano- systems and devices. Therefore, investigators direct special attention to the
mathematical modeling of the dynamic behavior of nano-structures such as carbon nanotubes, ZnO nanotubes
and functionally graded beams.

The functionally graded materials (FGM) are types of structures that are composed of at last two-phase
inhomogeneous particulate composite and synthesized in such manner that the volume fractions of constituents
vary continuously along any desired spatial direction. This results in smooth variation of mechanical properties
along desired direction. Nazemnezhad et al. [1] have analyzed the free nonlinear vibration of FG nanobeam
based on the von Karman deformation, Euler-Bernoulli beam theory and nonlocal elasticity. They obtained
approximated analytical solution for the nonlinear natural frequency by applying the multiple scales perturbation
method. Ansari et al. [2] proposed nonlinear dynamic model to analyze the nonlinear forced vibration of FG
nanobeam in thermal environment based on the surface elasticity theory.

Some authors describe dissipation effects in viscoelastic structures and nanostructures using fractional
derivative models [3]. Ansari et al. [4] investigated the nonlinear vibration of a nonlocal fractional viscoelastic
nanobeam using numerical methods.

By browsing the literature, the authors found a small number of studies focused on the vibration analysis of
FG nanobeams embedded in certain type of medium. In this report, we investigated the dynamical model of a
functionally graded (FG) beam modeled as a nanobeam with geometric nonlinearity embedded in a fractional
Kelvin-Voigt viscoelastic medium by using the nonlocal continuum theory. The material properties of FG
nanobeam vary continuously through thickness direction, which is based on the power-low distribution. We
assume that the FG nanobeam has simply-supported boundary conditions and vibrates under the influence of the
transversal periodic load. Based on the nonlocal Euler-Bernoulli beam theory, von Karman nonlinear strain-
displacements relation, we obtain the nonlinear fractional partial differential equations of transversal motion of
the embedded FG nanobeam. By using the assumption of small fractional damping we employed the
perturbation method of multiple-scales to obtain the approximated analytical solution of the governing equation
of motion. The relationships between frequency-amplitude and force-amplitude in the presence of fractional
damping are derived by using the multiple scales method. It is shown that the nonlocal parameter, fractional
damping and material property gradient index have significant effects on the vibration behavior of FG nanobeam
and therefore receive substantial attention.

REFERENCES

[1] Nazemnezhad, R., & Hosseini-Hashemi, S. (2014). Nonlocal nonlinear free vibration of functionally graded
nanobeams. Composite Structures, 110, 192-199.

[2] Ansari, R., Pourashraf, T., & Gholami, R. (2015). An exact solution for the nonlinear forced vibration of functionally
graded nanobeams in thermal environment based on surface elasticity theory. Thin-Walled Structures, 93, 169-176.

[3] Rossikhin, Y. A., & Shitikova, M. V. (2009). New approach for the analysis of damped vibrations of fractional
oscillators. Shock and Vibration, 16(4), 365-387.

[4] Ansari, R., Oskouie, M. F., & Gholami, R. (2016). Size-dependent geometrically nonlinear free vibration analysis of
fractional viscoelastic nanobeams based on the nonlocal elasticity theory. Physica E: Low-dimensional Systems and
Nanostructures, 75, 266-271.

26



Mini-symposium “Fractional Calculus with applications in
problems of diffusion, control and dynamics of complex systems*
Belgrade, July 13, 2016

HEJIMHEAPHE IPUHYJHE OCHUJIAHUJE ®YHKIINOHAJIHUX
HEJIOKAJTHUX HAHOTI'PEJIA Y ®PAKIIMNOHO BUCKOEJACTUYHOJ
CPEJVHU
Januno 3. Kapanunh', Munan C. Iajul’, Mpenpar Kosuh', Muxauno Jlazapesuh’®
'Faculty of Mechanical Engineering,

University of Ni§, Aleksandra Medvedeva 14, NiS, Serbia
e-mail: danilo.karlicic @masfak.ni.ac.rs

*Department of Mechanics
Mathematical Institute of the Serbian Academy of Sciences and Arts, Belgrade, 11000, Serbia
e-mail: mcajic @mi.sanu.ac.rs, web page: http://www.mi.sanu.ac.rs/~mcajic/

*Department of Mechanics
University of Belgrade, Faculty of Mechanical Engineering, Belgrade, 11000, Serbia
e-mail: mlazarevic @mas.bg.ac.rs, web page: http://www.mlazarevic-fracmeh.con/

K/byyHe peum: HelOKanHa €IaCTUYHOCT; (DYHKIMOHAIHM Marepujand; (paklMOHA BHCKOENIACTUYHOCT;
IPUHYIHE OCLUIIaLUje.
AIICTPAKT

Iocnenwux roauHa, HEIMHEApHM U e()eKTH Npurymema Cy IMOCTaad CBE BaKHUJU KOJA H3ydaBamba
JIMHAMUYKOL MTOHAIlaka MUKPO U HAaHO cucreMa U ypehaja. Ctora, HCTpasKUBauU Cy CBOjY MaXKHby YCMEPUIU Ha
MaTeMaTU4KO MOJENMpalkbe AUHAMHUKOL MOHAllakbha HAaHOCTPYKTYpa Kao IITO Cy yIJb€HHYHE HaHouesd, 3HO
(UMHK OKCHJ) HAHOLIEBH U () YHKIIMOHAJHE TPeie.

Oyukiyonanay Matepyjam (OYM) cy TUIIOBH CTPYKTypa KOje €€ CacToje O]l HEXOMOIE€HOI KOMIIO3UTa ca
HajMame JiBe (a3e, KOjU Cy CUHTETU30BaHU Ha TaKaB HAUMH J1a CE 3alPEMUHCKU Y/€0 CBaKe (a3ze KOHTUHYAIHO
Mema IyX xKeJbeHor npasua. OBo Kao pe3ynTaT Aaje IIIaTKy BapHjalldjy y MEXaHUUKUMM CBOjCTBUMA JYK TOT
npasua. HaszemHesxan u xoayropu [1] cy aHanusupanu cnobonHe HenuHeapHe ocuunanuje ®I° HaHorpene Ha
ocHOBY (o KapmanoBux nebopmanuja, Ojnep-bepHynujeBe Teopuje Ipefie U HEIOKAIHE €JIaCTUYHOCTH.
JloOujeHa cy alpoKcUMaTHBHA pelliekha 32 HeNUHeapHe IpUpoiHe (peKBeHIYje NepTyOalluOHOM METOAOM BUILIE
ckana. AHcapu M KoayTopu [2] cy HpeuIoXuiIM HEIUHEeapHU JAUHAMMYKM MOJEN 33 aHalIu3y IPUHYAHUX
ocuunanyja @Y HaHOrpeze oA TEPMUUKUM YTULAjEM CPEAUMHE HAa OCHOBY IOBPLIMHCKE TEOPUj€ €1aCTUUHOCTH.

Hexu ayropu cy edexre nucuUnmanyje y BUCKOEIACTHUHUM CIPYKTypaMa U HAHOCTPYKTypama OHNHMCHBAIU
nomohy Mozena ca ¢pakuuoHuuM u3BoauMma [3]. AHcapu u koayTopu [4] Cy MCTpaXKWwiu HeJIUHEapHe
ocLMIalMj€ HEIOKAIHE (PPaKIUOHO BUCKOEIACTUUHE HAHOIPEIe IPUMEHOM HyMEPUUIKUX METOAA.

IperpaxxuBameM IUTEpaType, ayTOpH Cy HaULLIM HAa Ma Opoj cTyauja Koje ce 6aBe aHalIu30M OCLIIaIuja
OV HaHOrpena yMETHYTHX y HEKy cpeluHy. IIpuMeHOM HelloKallHe KOHTUHYYM TEOpHj€, y OBOM pagy CMO
aHaIu3Upany AUHaMHYKH Mojen ¢yHkiuoHanHe (PY) HaHOrpene ca reOMETPUjCKOM HelMHeapHoulhy Koja je
ymerHyTa y ppakiuony Kensun-BojT BuckoenacTuuHy cpeauny. MarepujanHe kapakrepuctuke @Y HaHorpene
Cy KOHTHHYaJIHO IIPOMEHJbUBE Y NpaBLly AeOJbUHE HAHOIPEJE Ha OCHOBY 3aKOHA moTeHuuje. IIpermocraBuian
cMo 1a je @I' HaHorpena c1o00AHO OCIOBEHA U Ja OCLUILYje 10J], YTULIajeM TpaHcBep3anHe nooye. Ha ocHoBy
Ojnep-bepHynujese Teopuje rpena u ¢pon Kapmanose HenuHeapHe penauyje gedopmalyja-noMmepame 1001jamo
HeJMHEeapHy (paKLUOHY NaplujaiHo JudepeHLjally jeqJHauuHy TpaHCBep3alIHux ocuuianyja @Y HaHorpene.
VBoheme npernocraBke 0 MajoM (pakLUMOHOM MIPUTYLIEHY Aaje HaM MOIYRHOCT IpHMeHe METO/E BUILE CKala
3a J00Mjambe alpOKCUMATUBHOI aHAJIU3UTHUKOI pelllelkha jeJHAauuHe Kperama. Bese usmely Qpexsenurje-
aMIIUTYJIE U CUJIe-aMIUIUTY € Y IPUCYCTBY (DpaKIMOHOT NPUTYIIEeHka Cy 100UjeHe Takol)e METOLOM BHIIE CKaja.
IToka3zaHo je nga HEIOKaIHM MapaMerap, (PakIUOHO INPUTYLIEHE U UHAEKC IpaJujeHTa MaTepHjalHux
KapaKTepUCTUKa CUCTEMA UMajy 3HayajaH YTUIAj Ha noHamame DY HaHOrpene U crora UM je nocseheHo Buiie
HAXKEE.
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ABSTRACT

Many systems in nature are inherently under-actuated, with fewer actuators than degrees of freedom.
However, even with reduced number of actuators, these systems are able to produce complex movements. To be
capable of performing such motions, complex control algorithms must be implemented. Classical benchmark
examples for studying problems of this kind include inverted pendulum systems. This paper deals with stability
problem of two types of inverted pendulum controlled by a fractional order PD controller. Rotational and cart
inverted pendulum are highly nonlinear mechanical systems with one control input and two degrees of freedom.
Detailed mathematical model of both pendulums are derived using the Rodriguez method. Stabilization of
pendulum around its unstable equilibrium point is achieved by using the fractional order PD® controller, in
combination with partial feedback linearization technique. There are several methods for determining stability
region of a closed loop system, and D-decomposition is one of them. Herein, D-decomposition method is applied
to the inverted pendulum case, and determining its stability regions in parameters space of a fractional order PD
controller is presented. D-decomposition for linear fractional systems is investigated, and for the case of linear
parameters dependence. Fractional order control laws are represented by a transfer functions which are not
rational, which gives rise to a problem of practical implementation of the corresponding control algorithms. A
method for rational approximation of linear fractional order systems used in this paper is computationally
efficient, accurate, and relies on the interpolation of the frequency characteristics of the system on a predefined
set of target frequencies. The performance of the proposed method is demonstrated with experimental
verification of the stabilization control of the cart pendulum system.

Acknowledgements: Authors gratefully acknowledge the support of Ministry of Education, Science and
Technological Development of the Republic of Serbia under the project TR 33047 (P.D.M.) as well as supported
by projects TR 35006 (M.P.L.) and TR 33020 (T.B.S) through the Faculty of Mechanical Engineering and
School of Electrical Engineering, University of Belgrade.
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CAXETAK

MHoru cucTeMu y NpUPOAU Cy HEPEAYIaHTHU Ca CTAHOBUIITA YIPaBJbama, Tj. UMajy Mame yIpaB/baukuX
BEJIMUMHA HETO cTeneHu caodoae. MehyTum, oBU cucTeMU CIOCOOHHU CYy 3a U3BOhEmE CI0KEHHUX MOKpeTa. Jla 6u
TO Ouno Mmoryhe, MOpajy ce NPUMEHHUTH CJIOXKEHH YIpaBJbauky alropuTMu. KiacMdHU IpUMeEpU OBaKBUX
cHCTeMA KOje M3y4aBajy HayuHHMIM Cy CUCTE€MM THIIa UHBEP3HOT KJIaTHA. Y OBOM pajly, IPUKa3aHa Cy ABa THUIlA
UHBEP3HOI KJaTHA YNpaBjbaHUX HoMmohy ¢paxuuonor IIJI perymaropa. PorauMoHO M JIMHEApHO UHBEP3HO
KJIaTHO Cy HEJIMHEApHU MEXAaHWYKU CHUCTEMH Ca jeIHOM YIpPaB/bauKOM BEIMYMHOM U J(Ba CTEIEHa CI000JE.
Kopucrehu Ponpuros mpucryn omucanu cy MaTeMaTHdKu Mojenu oba kinarHa. Crabuiusanuja KiaTHA OKO
HECTAOUIIHOT [TOJIOXKAja paBHOTEXKE OCTUTHYTA je ynoTpeboM ¢pakuuonor I1J] perynaropa, y koMOMHaLuUju ca
texHukoM mapuujanHe feedback nuneapuszanuje. Ilro ce Tuue AoMeHa CTAOMIIHOCTHM 3aTBOPEHOI CHUCTEMA
yIpaBJbaa, MOCTOjU BHILIE METOZA 33 HErOBO pauyHame, a MeToia Jl-pasnarama je jenHa on mux. Osge je
Merona Jl-paznarama NpuUMemEeHa 3a Cllydaj MHBEP3HOI KJIaTHA U 3a ofpehuBame AOMEHa CTaOMIHOCTU Y
IapaMeTpackoj paBHU (pakuuoHor perynaropa. Ilpukaszana je nmpumeHa oBe METOAE 3a JMHEapHE (paKIUoHE
CHCTEME, U 3a ClIydaj JUHeapHe 3aBUCHOCTH u3Mel)y napamerapa. YIpaB/bauky alrOpUTMH (HPaKLUOHOT TUIIA CY
IpEeICTaB/beHU HEPAlMOHAIHUM IIPEHOCHUM (YHKLMjaMa, YClel duera ce jaBba INpo0JeM IPaKTUUHE
UMIUIEMEHTAllMje HAaBEJCHUX allfOpUTaMa. Y OBOM pajy jeé NPHMEHEH METO] 3a PallMOHAIHY alpOKCHMAaLy]jy
JIMHEapHUX (PaKUUMOHMX CUCTEMa KOJU je IOrojaH 3a UMIUIEMEHTAlWjy Ha padyHapy, M 3acHUBA ce Ha
UHTEpHoNanuju (pPeKBEHTHE KapaKTEPUCTHKE CUCTEMa HAa OCHOBY HPETXOJHO U3a0paHUX KapaKTEpUCTUYHUX
¢bpexsenuuja. EdukacHocT oBe MeToae AEMOHCTPUpAaHA j€ EKCIEPUMEHTAJIHO Ha IPUMEPY JUHEAPHOT
UHBEP3HOT KJaTHA.
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Description

Recent advances in the field of nanoscience where different nanomaterials (NM) and nanostructures(NS) can
be synthetized from various chemical elements often yields new materials that are having improved electric,
mechanical, thermal and optical properties compared to the conventional materials. All this candidates NM
and NS for a wide range of applications in modern sensors and nanodevices such as nano-electromechanical
systems (NEMS), micro-electromechanical systems (MEMS), micro and nano-optomechanical systems (MOMS
and NOMS). In spite of many theories, there are still many challenges for the scientific community to develop
proper theoretical models that accounts the size effects appearing at nano-scale. Deficiencies and limitations of
experimental and atomistic methods to examine larger and more complex nano-scale systems demands use of
continuum based methods. However, classical continuum theory is not able to consider small-scale effects and
atomic forces that are present at the nano-scale level. For accurate modeling of such systems, one can use
various modified continuum based theories that accounts small-scale i.e. nonlocal effects such as coupled
stress theory, strain-gradient theory or nonlocal theory of Eringen. Recently, many results are published related
to nanostructure systems by using the models based on nonlocal theory of Eringen. These results are often
proved to be in excellent agreement with the results obtained by atomistic methods, which is shown on more
simple NS like nanobeams, nanorods and nanoplates. The small-scale i.e. nonlocal parameter that accounts the
size effects is usually obtained by fitting the results with molecular dynamics simulations or lattice dynamics.
Equations for static deflection, stability and vibration behavior of various elastic and damped nano-scale
systems are solved by utilizing different analytical and numerical methods. Further, problems such as finite-
time stability and control of vibration of smart NS as well as nanoparticles transport are another interesting
problems of investigation. Hence, above mentioned systems with fractional order damping models, finite-time
stability and control using fractional order controllers and nanoparticles transport are still not well explored in
the literature.

Onuc npojeKTa

HeaaBHM Hanpegak y 06nacT HAHOHAYKa M CUHTE3M Pas3IMYUTMX HaHoMaTepujana (HM) n HaHocTpyKTypa (HC)
M3 PasHUX XEMWJCKMX efleMeHaTa 4YecTo AOHOCM HOBe maTtepujasie Koju Mmajy NobosbluaHe enekTpuyHe,
MeXaHW4Ke, TepMUYKe M oNnTUYKe ocobuHe y nopehery ca KOHBEHUMOHAaNHUM MaTepujanuma. Cse oBe
omoryhaBa WKpOK cnektap npumeHe HM un HC y caBpeMeHUMM ceH3opuMMa M HaHoypehajuma nonyT HaHo-
eNlekTpomexaHndykmx cuctema (HEMC), mMuKpo-enektpomexaHuykux cuctema (MEMC), MMKpO M HaHo-
onTomexaHnukux cuctema (MOMC 1 HOMC). YnpKoc MHOrMM Teopujama, joll YBEK NOCTOje MHOIM M3a308BM 3a
Hay4Hy 3ajegHuULy Aa pasBuje oaroBapajyhe Teopujcke mogene Koju objawwmraBajy epekte Be/IMUMHE Koju ce
nojaB/byjy Ha HaHO-CKanu. HepocTauu M orpaHuuera €KCNepuMEHTaZIHUX M aTOMUCTUYKOr meToda 3a
ucnutuBarbe BehUX U CNOXEHUjUX CUCTEMA HA HAHO-CKAaNW 3axTeBa ynoTpeby meTofa 3acHOBaHMX Ha
MEeXaHULLM KOHTUHYYMa. MehyTuMm, KnacuyHa Teopuja KOHTUHYYM HUje y CTaky fAa npeasuam epekre sennunHe
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W aTOMCKe cuie Koje Cy MPUCYTHE Ha HaHO-CKaiW. 3a yCnewHo MoAenunparbe TaKBUX cUCTEMA MOry ce
KOPUCTUTK pasHe MoaudUKOBaHE Teopuje KOHTUHYYMa Koje y3umajy y 063up edpekre BenmumHe Aa ce Kao WTo
Cy Y Cnpesun Teopuja CNperHyTUx HamnoHa, Teopuje 6asmnpaHe Ha rpagujeHTMMa gebopmalnje an HeloKaHa

Teopuja EpuHreHa. Y nutepatypu ce moxke Hahu Bennku 6poj nybamKaumja Ha Temy aHanMse HaHOCTPYKTYpa
Koju cy 6asmpaHu Ha HenoKanHoj Teopuju EpuHreHa. MNMokasano ce ga ce pesyntatn obujeHn oBomM TEOPUjoM
OZ/IMYHO MOKNaNajy ca pesynTatuma gob6ujeHMM aTOMUCTUYKMM MeTogama, Ha Npumepnma jegHoctaBHMjmux HC
nonyT HaHOrpeAa, HaHOLWTanoBa M HaHono4a. MapameTap mane cKane, O4HOCHO HEOKa/NHW NapameTap Koju
y3Muma y 063up edeKkTe BeNnYMHe ce 0b6MYHO oapehyje Ha OCHOBY pesynTaTta [o6MjeHMX MOJIEKYNapHO
OVMHAMUYKMM CMMyAnaluMjama UM Ha OCHOBY Teopuje AMHaMUKe pelleTKe. JefHauumHe 3a CTaTUYKK yrub,
CTabUNHOCT M ocuMnaumje pasaUUuUTUX eNacTUUYHKUX U NPUTYLIEHUX HAaHOCMCTEeMa Ce pellaBsajy Kopuwherem
PasNUUNTUX AHAIMTUYKMX U HYMeEpUUKMX MmeToga. [asbe, npobnemu Kao LWTO cy CTabWAHOCT KOHAUYHWX
BpeMeHa, ynpaB/batbe ocumnaumjama nametHux HC, Kao 1 TpaHCNopT HaHouyecTuua cy Takohe npobnemu of,
WHTepeca 33 UcTpaxkusarbe. CTora, rope NOMeHyTM MOAENU CUCTeMa ca npurylerem ¢dpaKkUMoHOr peaa,
CTabW/IHOCTM KOHAYHMX BPEMEHA W YyMpaB/batba KOHTpoOnepuma ¢paKuMOHOr pega Kao M npobiemu
TPaHCNOPTa HAHOYECTULLA HUCY JOBOJBHO UCTPAXKEHW Y IUTEPaTy pU.

Project objectives
Serbian researchers

The main results of the Serbian researchers are achieved in the modeling, analysis of vibration and stability of
complex nanostructured systems by using the nonlocal theory and analytical methods of solution. Also, Serbian
partner has distinguish competencies on finite-time stability and control based on fractional order controllers
for mechanics systems of integer and fractional order. The objectives for future investigation are to employ
more general fractional order damping models for complex nanostructured systems and to apply fractional
order controllers for vibration damping of nanostructures.

Chinese researchers

The research results and interests of Chinese researchers include fractional derivative modeling of complex
mechanical behavior (such as viscoelasticity, damping, and anomalous diffusion in nanomaterials), numerical
methods of fractional differential equation. Their objectives include: (1) Investigation of stress-strain behaviors
of nanometer material, numerical methods for fractional differential equation models and particle transport
process in nanostructure systems. (2)Efficient numerical methods of fractional differential equation model for
nanomaterials, the new method should have advantages of high accuracy and low CPU expense.

The main project objectives are

- Development of generalized nonlocal fractional order damping models for nanostructures

- Development of proper analytical and numerical methods for finding the solutions of fractional order
equations appearing in generalized nonlocal fractional order models

- Optimal control of smart nanostructure systems using the fractional order controllers

- Development of particle transport models in nanostructure systems and their investigation

- Investigation of stress-strain behaviors of nanometer material, numerical methods for fractional
differential equation models and particle transport process in nanostructure systems

- Efficient numerical methods of fractional differential equation model for nanomaterials, the new
method should have advantages of high accuracy and low CPU expense.
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ANOMALOUS DIFFUSION: FRACTIONAL DERIVATIVE EQUATION MODELS AND
APPLICATION IN ENVIRONMENTAL FLOWS

HongGuang Sun', Yong Zhang', Wen Chen'

'College of Mechanics and Materials, Hohai University, No. 8 Focheng West Road, Nanjing, Jiangsu 211100,
China. E-mail: shg@hhu.edu.cn

ABSTRACT

Heterogeneity embedded in natural media and flow field challenge the application of Fick’s 1st Law in
anomalous diffusion well documented in many disciplines. Anomalous diffusion is one of the major topics in
theoretical physics and statistical mechanics, and it is also the fundamental physical process with good potential
application in environmental and hydrologic sciences and engineering. As a novel modeling tool in mathematics
and physics, the fractional-order derivative diffusion equation models characterize anomalous diffusion with
history-dependence and spatial non-locality, accurately describe the tailing in breakthrough curves of solute
transport. We summarize the recent progresses and discuss the key challenges of fractional derivative diffusion
equation models including the existed research and current development, fractional derivative modeling,
numerical algorithms, and related applications in the field of environmental fluid mechanics. Here also made
some preliminary discussions on issues of fractional derivative diffusion equation model, such as statistical
description, model parameter determination and dimensional analysis, which may contribute to the further study
of anomalous diffusion.
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STRUCTURAL DERIVATIVE, IMPLICIT CALCULUS EQUATION, DIFFERENTIAL OPERATOR
ON FRACTAL, AND THEIR APPLICATIONS

Wen Chen', Yingjie Liang"

'College of Mechanics and Materials, Hohai University, No. 8 Focheng West Road, Nanjing, Jiangsu 211100,
China. E-mail: liangyj1989 @ gmail.com

ABSTRACT

This survey paper summarizes the latest advances of the first author’s group on the three new
methodologies of fractional and fractal derivatives modeling to meet the increasing and challenging demands in
scientific and engineering communities. Firstly, the structural derivative approach was proposed as a significant
extension of the global fractional calculus and the local fractional derivative approaches to tackle the perplexing
modeling problems. The classical derivative describes the change rate of a certain physical variable with respect
to time or space, which rarely takes into account the significant influence of mesoscopic time-space fabric of a
complex system on its physical behaviors. The structural function plays a central role in this new strategy as a
kernel transform of underlying time-space fabric of physical systems. Secondly, we employed the fundamental
solution or probability density function of statistical distribution which can describe the problem of interest to
construct the implicit calculus governing equation. The “implicit” suggests that the explicit calculus expression
of this governing equation is difficult to derive and not required. The fundamental solution or potential function
of calculus governing equation and corresponding boundary conditions are sufficient to do numerical simulation.
We call this strategy the implicit calculus equation modeling. Thirdly, based on the implicit calculus equation
modeling approach, we introduced the concept of fundamental solution on fractal and consequently defined the
fractal differential operator to describe various mechanical behaviors of fractal materials. Fractal calculus
operator significantly extends the application scope of the classical calculus modeling approach under the
framework of continuum mechanics. This is also a step-forward advance of the fractal derivative proposed
earlier by the first author. To demonstrate the structural derivative application, we applied the inverse Mittag-
Leffler function as the structural function to model ultraslow diffusion of a random system of two interacting
particles. On the other hand, this paper uses the fractional Riesz potential as the fundamental solution to establish
the implicit calculus equation of fractional Laplacian modeling the power law behaviors of steady heat
conduction in multiple phase material. Finally, by using the singular boundary method, we made numerical
simulation of the fractal Laplacian equation for phenomenological modeling potential problems in fractal media.
Numerical experiments show that all the three new methodologies are feasible mathematical tools to describe
complex physical behaviors.
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Joint work for the ICFDA2016 conference, July 18-20, 2016, Novi Sad, Serbia

VIBRATION OF AN ORTHOTROPIC NANOPLATE RESTING ON A VISCOELASTIC
FOUNDATION: NONLOCAL AND FRACTIONAL DERIVATIVE VISCOELSTICITY APPROACH

Milan S. Caji¢', Mihailo P. Lazarevi¢’, HongGuang Sun®®, Danilo Z. Karli¢i¢*, When Chen™

! Mathematical Institute of the Serbian Academy of Sciences and Arts,
University of Belgrade, Kneza Mihaila 36, Belgrade, Serbia
e-mail: mcajic@mi.sanu.ac.rs
?Faculty of Mechanical Engineering,
University of Belgrade, Kraljice Marije 16, Belgrade, Serbia
e-mail: mlazarevic@mas.bg.ac.rs
*State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, College of Mechanics and
Materials, Hohai University, Nanjing 210098, China
e-mail: shg@hhu.edu.cn
*Faculty of Mechanical Engineering,
University of Ni§, Aleksandra Medvedeva 14, Nis, Serbia
e-mail: danilozmaj @gmail.com
Institute of Soft Matter Mechanics, College of Mechanics and Materials, Hohai University, Nanjing 210098,
China
e-mail: chenwen @hhu.edu.cn

Key words: Nonlocal Elasticity; Nanoplate; Fractional Viscoelasticity; Damped Vibration

ABSTRACT

Here, we investigate the free vibration behavior of a nanoplate resting on a foundation with
viscoelastic properties using nonlocal elasticity and fractional viscoelasticity approach. Nanoplate is modeled
using nonlocal and fractional viscoelastic constitutive equation and orthotropic Kirchhoff-Love plate theory.
Viscoelastic foundation is represented by the viscoelastic model with fractional derivative operator. Governing
equation is derived using D’Alambert’s principle and solution is assumed in terms of Fourier series using
separation of variables method and satisfying the simply supported boundary conditions for nanoplate. Fractional
differential equation is solved using the Laplace and Mellin-Fourier transforms and residue theory. Complex
poles of unknown function are determined by finding the roots of the characteristic equation using technique that
is available in the literature. In order to show the effect of fractional derivative parameters, damping coefficients
and nonlocal parameter on complex roots i.e. damped frequency and damping ratio as well as on nanoplate’s
displacement, few numerical examples are given.
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CVs of bilateral project 3-12 coordinators in China and Serbia

HongGuang Sun

HongGuang Sun, Professor, PhD
Director of the Institute of Soft Matter Mechanics, Hohai University.

Current research interests: Anomalous diffusion modelling and its
applications, numerical methods for fractional differential

equations.

E-Mail : shg@hhu.edu.cn, sunhongguang08@gmail.com

Education

2002 .9- 2006.6: Computational Mathematics Hohai University Bachelor
2006.9- 2008.1: Water Science Hohai University Graduate student
2008.3- 2012.1: Environmental Fluid Mechanics Hohai University PhD

Experience

2007.9-2007.10: Simula Laboratory Oslo University Visiting student
2009.1-2009.12: Electrical and Computer Engineering Utah State University

Visiting Scholar

2010.9-2011.1: Mechanical Engineering University of Hong Kong Research Assistant
2011.4-2012.3: Division of Hydrologic Science Desert Research Institute Visiting Scholar

Journal Papers

1. Kun Gao, HongGuang Sun, Jian-Zhou Zhu. Disorder and Power-law Tails of DNA Sequence Self-Alignment
Concentrations in Molecular Evolution, arXiv:submit/1119289 [physics.flu-dyn] 20 Nov 2014.

2. Yong Zhang, Raleigh L. Martin, Dong Chen, Boris Baeumer, HongGuang Sun, Li Chen. A subordinated
advection model for uniform bedload transport from local to regional scales. Journal of Geophysical
Research-Earth Surface, 2014, DOI: 10.1002/2014JF003145.

3. Yong Zhang, Li Chen, Donald M. Reeves, HongGuang Sun. A fractional-order tempered-stable continuity
model to capture surface water runoff. Journal of Vibration and Control, 2014, 1-11, DOI:
10.1177/1077546314557554.

4. HongGuang Sun, Yong Zhang, Wen Chen, Donald M. Reeves. Use of a variable-index fractional-derivative
model to capture transient dispersion in heterogeneous media. Journal of Contaminant Hydrology, 157
(2014) 47-58.

5. HongGuang Sun, Mark M. Meerschaert, Yong Zhang, Jianting Zhu, Wen Chen. A fractal Richards' equation
to capture the non-Boltzmann scaling of water transport in unsaturated media. Advances in Water
Resources, 2013, 52: 292-295.

6. HongGuang Sun, Hu Sheng, YangQuan Chen, Wen Chen, Zhongbo Yu. A dynamic-order fractional dynamic
system. Chinese Physics Letters, 2013, 30(4): 04660.
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7. Dong Chen, HongGuang Sun and Yong Zhang. Fractional dispersion equation for sediment suspension.
Journal of Hydrology, 2013, 491: 13-22.

8. HongGuang Sun, Wen Chen, K.Y. Sze. A semi-discrete finite element method for a class of time-fractional
diffusion equations. Philosophical Transactions of The Royal Society A, 20120268.

9. HongGuang Sun, Wen Chen, Changpin Li, YangQuan Chen. Finite difference schemes for variable-order time
fractional diffusion equation. International Journal of Bifurcation and Chaos (2012), 22 (4): 1250085 (16
pages).

10. HongGuang Sun, YangQuan Chen, Wen Chen. Random-order fractional differential equation models. Signal
Processing, 91 (2011): 525-530.

11. HongGuang Sun, Wen Chen, Hui Wei and YangQuan Chen. A comparative study of constant-order and
variable-order fractional models in characterizing memory property of systems. The European Physical
Journal Special Topics, 2011, 193:185-192.

12. Hu Sheng, HongGuang Sun, Calvin Coopmans, YangQuan Chen, Gary W. Bohannan. A Physical experimental
study of variable-order fractional integrator and differentiator. The European Physical Journal Special
Topics, 2011, 193:93-104.

13. Hu Sheng, HongGuang Sun, YangQuan Chen, TianShuang Qiu. Synthesis of multifractional Gaussian noises
based on variable-order fractional operators. Signal Processing, 2011, 91(7):1645-1650.

14.Wen Chen, HongGuang Sun, Xiaodi Zhang, Dean Korosak. Anomalous diffusion modeling by fractal and
fractional derivatives. Computers and Mathematics with Applications, 2010, 59(5): 1754-1758.

15. HongGuang Sun, Wen Chen, Hu Sheng, YangQuan Chen. On mean square displacement behaviors of
anomalous diffusions with variable and random orders. Physics Letters A, 2010, 374: 906-910.

16. HongGuang Sun, Wen Chen, Changpin Li, Yangquan Chen. Fractional differential models for anomalous
diffusion. Physica A, 2010, 389:2719-2724.

17. Wen Chen, Linjuan Ye, HongGuang Sun. Fractional diffusion equation by Kansa method, Computer and
Mathematics with Applications, 2010, 59 (5):1614-1620.

18. HongGuang Sun, Wen Chen. Fractal derivative multi-scale model of fluid particle transverse accelerations in
fully developed turbulence. Sci China Ser E-Tech Sci., 2009, 52 (3): 680-683.

19. Wen Chen, HongGuang Sun. Multiscale statistical model of fully-developed turbulence particle
accelerations. Modern Physics Letters B, 2009, 23(3): 449-452.

20. HongGuang Sun, Wen Chen, Yangquan Chen. Variable-order fractional differential operators in anomalous
diffusion modeling. Physica A, 2009, 388: 4586-4592.

Monograph

Wen Chen, HongGuang Sun, XiCheng Li. Fractional derivative modeling in mechanics and engineering, Science
Press, 2010.

Important Conferences

International Conference on “Fractional Differentiation and Its Applications”, ICFDA ‘14, Universita degli
Studi di Catania, Catania, 23-25 June 2014, Session Chair.

Sino-German Bilateral Symposium on Fractional Dynamics: Recent Advances, Hohai University, Nanjing,
China, May 13-18, 2012, Conference Organization Committee Secretary.

The 5th IFAC Symposium on Fractional Differentiation and its Applications (FDA12), Hohai University,
Nanjing, China, May 14-17, 2012, Conference Secretary.

MESA Fractional differential term and applications (FDTA2011) Washington DC, “MESA-1-9 Numerical
Methods of Fractional Calculus”, Aug.28-31, 2011, Session Co-Chair.

AGU Fall Meeting, Dec. 5-9, 2011, San Francisco, USA.

Academic Day of Fractional Dynamics and Control (FDC-2010), shanghai, China, May 16-18, 2010.

The Third International Conference on Dynamics, Vibration and Control ICDVC-2010, Hangzhou, China,
May 12-14, 2010.

Fractional calculus symposium, 2010 IEEE/ASME International Conference on Mechatronics and Embedded
Systems and Applications (MESA), Qingdao, China, July 15-17, 2010.
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9. Workshop on Flows and Networks in Complex Media, Institute for Pure and Applied Mathematics,
University of California, Los Angeles, United states, Apr.27-May 01, 2009.

10. Fractional calculus symposium, 8th World Congress on Intelligent Control and Automation, Jinan, China, July
6-9, 2010, Invited speaker.

11. Fractional calculus symposium, ASME 2009 International Design Engineering Technical Conferences (IDETC)
& Computers and Information in Engineering Conference (CIE), San Diego, United States, Aug. 30-Sep. 2,
2009, Session Co-Chair.

12. The Second International Symposium on Physics of Fluids, Nanjing, China, June 9-12, 2007.

Honors and Awards

1. PhD joint cultivation program by China Scholarship Council (Utah State University, 2009.01-2009.12)

2. Institute for Pure and Applied Mathematics travel grant “Workshop on Flows and Networks in Complex
Media, Institute for Pure and Applied Mathematics, University of California, Los Angeles, United states”

3. Scholarship for best thesis in Hohai University

4. Atlas Copco Prize, 2010 Professional Service Austin Journal of Hydrology,

Editor

Guest editor, Special issue “Computational Fractional Dynamical Systems and Its Applications”on Advances in
Mathematical Physics

Reviewers of journals: Advances in Harmonic Analysis and Operator Theory, Advances in Water Resources,
Applied Mathematics and Computation, Applied Mathematical Modelling, Applications and Applied
Mathematics: An International, Journal (AAM), Asian Journal of Control, Chinese Physics B, CMES: Computer
Modeling in Engineering & Sciences, Computers and Mathematics with Applications, IEEE Transactions on
Control Systems Technology, International Journal of Differential Equations, International Journal of Thermal
Sciences, Journal of Computational Physics, Mathematical Modelling and Analysis, Mathematical Problems in
Engineering, Neurocomputing, Optimization, The European Physical Journal Special Topics, Water Science and
Engineering.

More information: http://www.ismm.ac.cn/sunhg/
Power Law and Fractional Dynamics: http://www.ismm.ac.cn/ismmlink/PLFD/index.html
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Mihailo P. Lazarevi¢

Mihailo P. Lazarevi¢, Professor, PhD
University of Belgrade, Faculty of Mechanical Engineering
President of the Serbian Society of Mechanics

Research Interests: Robotics and control, Fractonal Calculus with applications to
modelling and control of system dynamics including time-delay, biomechanics

and theory of viscoelasticity.

E-Mail: mlazarevic@mas.bg.ac.rs

Npod. ap Muxauno Jlazapesuh

Mwuxauno M. Nasapesuh je poheH 07.07.1964. rognHe y Beorpagy. OCHOBHY WM cpeamby LIKOAY,NPUPOAHO-
MaTeMaTMYyKMU CMep, 3aBPLIMO je ca OANMYHMM ycnexom. Jo6uTHUK je BykoBe u Anacose guniome. Ha
MawwnHckn ¢darynteT y beorpagy ynucao ce 1984. roguHe u og Tpehe roguHe cTyamja Ha MallMHCKOM
dakynTetry 6M0 je ctuneHaucta YHusep3uTeTa y beorpagy Ha OCHOBY MOCTUrHYTOr ycrnexa y TOKy cTyauja
OZLHOCHO 3a UCTU je MOoXBasbMBaH M HarpahueaH og cTpaHe dakynTeTa. Aunaomumpao je 1990 roguHe Ha Mpynu
33 aepOKOCMOTEXHMKY. FoamnHe 1987 ynucao ce Ha EnektpoTexHuukn dakynter y beorpagy Ha oAceK TEXHMYKA
$u3mMKa, Ha Kom je aunnommpao 1991 roguHe.

Maructapcke cryamje ynucao je 1990 rogmHe Ha MalwunHcKom ¢akyntery Ha Cmepy 3a ayTOMaTCKO
ynpassbarbe. Maructapcku pag “«Cuimesa KanmaHosoe peaynamopa y CAY ca Kawrerem» 0406paHUo je Ha
MawwnHckom dakynTety y beorpagy debpyapa 1994. NoamHe. [LOKTOPCKY AMcepTaumjy nog Hacnosom «[flpusoe
MamemMamu4kom Mooenuparby U yrnpaesrary pedyHOaHMHUM cucmemuma» npujaBuno je 1996. roguHe u Kojy
je ogbpaHmo jyna 1999 rogmHe Ha MawwmHcKkom dakynTety y beorpaay.

Y nepuoay og Kpaja 1992 roanHe go centembpa 1993 rogmHe 610 je 3anocneH Kao capagHuk Ha Kateapu
33 ayTOMaTCKO ynpaB/barbe,EnekTpotexHmyku pakynter y beorpagy. Ha MawuHckom dakyntety y Beorpagy,
centembpa 1993. roamHe n3abpaH je y 3Batbe acUCTEHTa-NpUNpPaBHUKA Ha Kateapu 3a MexaHUKy 1 og Taga je
HENPeKngHO y pagHoOM ofHocy Ha MawuHckom daKkynTeTy. Y 3Batbe acucTeHTa M3abpaH je Ha ucroj Kateapu
Majal996. roguHe.

Y 3Barbe AOLEHTa 33 npeamete mexaHuKa Ha Kategpu 3a MexaHuKy M3abpaH je jyHa 2001. roguHe,
OZLHOCHO Yy 3Bakby AOLIEHTA 3a YKy HayuyHy obnact MexaHuKa npema Pewemny [lekaHa og jyna 2003. roguHe. Y
3Barbe BaHpegHor npodecopa 3a YKy HayudyHy obnact MexaHWKa u3abpaH je geuembpa 2005. roguHe, a y
3Batbe pefoBHOr npodecopa 3a gaty obnact Ha wuctoj Kateapu anpuna 2009. roguvHe WTO NpeacTaB/ba
cajaltbyn NONOXKA;.

3a Weda nabopatopuje 3a MexaHuKy, MalmnHcKor pakynteTa y Beorpaay je mmeHoBaH 2009. roamHe.

Y okeupy mehyHapoaHe 6unatepanHe capagre y nepuogy 2010-2011. roguMHe ocTBapuo je CTyaujcKke
6opaBKe Ha MHCTUTYTY 3a PoboTUKY, YHMBEp3uTeTa PEPU, Mapubop, ChoseHuja.

Capa je KoopAMHATOP NPOjeKTa ca CPMCKe CTpaHe Yy OKBMpPY bunatepanHe capaghe ca H.P. KuHom (2016- ).

YyecTBOBAaO Kao pyKOBOAMNAL, Ca CPMCKe CTpaHe y peanusaumju mehyHapoaHOr Hay4yHOr NpojekTa u3
nporpama EYPEKA (EYPEKA!4930 —2009-2012).

YnaH je Cpnckoe Opywmea 3a MexaHuKy Kao u mehyHapogHe opraHusauvje IUTAM. 3a cekpeTapa
Cpnckor gpywTsa 3a MexaHuky(CAM) nsabpaH je jyHa 2013. roauHe a 3a MpeaceaHuka COM-a jyHa, 2015
roguHe. YnaH je HayuHor oabopa mehyHapoaHor KoHrpeca “International Congress of Mechanics-Serbian
Society of Mechanics”. YyecTBoBao je y pagy Ha OCHOBHWM, TEXHONOWKMM M MHOBALMOHWM NPOjeKTMMa
MuHUCTapcTBa NPOCBETE,HAYKe M TEXHOMOWKOr pasBoja Penybanke Cpbuje Kao M Ha NpPOjeKTUMa y OKBUPY
capagare dakyaTeTa ca NpUBpesoOM.
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Pagno je peueHsuje 3a BuWwe MoHorpadCKux gena, pagoBa 3a nortpebe aomahwux uyaconuca FME
Transactions, Scientific Technical Review, Tehnika, Kao v 3a Yaconuce nHaekcmpaHux Ha SCl auctu "Nonlinear
Dynamics, Journal of Vibration and Control, Asian Journal of Control". Takohe, 610 je npeaceaaBajyhu Ha BuLe
cekumja Ha mehyHapoaHum KoHrpecuma CHISA 2004,206, Serbian Society of Mechanics.YnaH ypehusaukor
onbopa mehyHapogHor yaconuca Theoretical and Applied Mechanics og 2015 roguHe.

Jo6UTHUK je Harpage 3aaybuHe AHgpejesmh 3a 2003 roguHy 13 obnactm PoboTuKe, Kao M 3axBasHULE
33 JONPUMHOC Yy pPasBojy  HayyHO-TeXHWYKOr uaconuca Scientific Technical Review, 2011. roguHe. Ha
mehyHapogHoj KoHdepeHumnju GAA 2012 Kuna, (Fractional Differentiation and its applications) je Kao KoayTop
0OCBOjMO Harpagy 3a Hajbosbu pag NpPes3eHTOBaH Ha KoHdepeHuuju. Takohe,04pKao je BULIe npeaaBarba No
nosuay.

Kao ayTop wnu Koaytop je ob6jasmo:

JeaHy moHorpadujy o mehyHapoaHor 3Havaja

Tpu nornassba y moHorpadpuju mehyHapoaHor 3Hayaja

6 MmoHorpaduja HaLMOHaNHOT 3HaYaja

21 HayyHu pag, y mehyHapogHum yaconmcuma (SCI nucta)

7 HayyHux pafoBa Yy mehyHapoaHUM Yaconucuma

87 Hay4yHMX pagoBa,caoniuTera Ha MehyHapoAHWM CKynoBuMa

29 HayyHux pagoBa y Bogehum yaconucvMma o HauMOHAMHOT 3HAYaja
44 HayyHa pafa,caoniuTerba Ha CKYNOBMMA HAaLMOHAIHOr 3Havaja
JepHy Kroury

JeaHy 36MpKy 3agaTaka, U

JeaaH npupyyHUK 13 npeameTta MexaHuKe 3a notpebe cTyaeHata MalwuHCKor ¢pakynTeTa.

YKynaH 6poj umTata pagosa npod. Slazapesuha je 305 (Scopus) a mHaekc hje 9.

Moppyyja HEroBOr MHTEPECcoBakba U HAYYHO-UCTPAXKMBAYKOr paga MOKPUBAjy 06/1acTM Mogenupara u
ynpas/batba POBOTCKUX (MeXaTPOHUYHNX/aganTPOHCKMX) CUCTEMA, Kao 1 NpobieMaTuky cTabuaHOCTM KpeTakba
nctux. eo HeroBor UCTpaxkuBakba ce OAHOCU M Ha akTyesiHe npobaeme bomexaHuke, (NpMmeHa 6UMONOLIKMX
QHANOrOHA M CUMHEPrMjCKUX MPUHLMMNA Y MOLEAUpaky M MPOjeKToBaky 6uomexaTpoHWYKMx ypehaja u
nomarana). Cafialutba HeroBa rnaBHa 06,1acT MHTepecoBakba U UCTPaXKMBakba Ce 04HOCK HA Pa3BOj U NPUMEHY
T3B. meopuje 2eHepanuszosaHoz pa4vyHa (fractional calculus-a) y npobnemmma moaennparba v ynpas/bakba
AMHAMUUYKUX cucTema ca U 6e3 Kallkbera, AUHAMULM (eNEKTPO)-MeXaHUUYKUX CIOKEHUX CUCTeMa, Y Teopujm
BMCKOE/IAaCTUYHOCTM Kao My 061acT BUMOUHKEHEPUHTa.

1. Cnucak nybaukaumja (List of Selected Publications)
MoHorpadmje og mehyHapogHor 3Hauaja (Monographs)

1. M.Lazarevi¢ Editor of, Advanced Topics on Applications of Fractional Calculus on Control Problems, System
Stability And Modeling, WSEAS, ID 9028,ISBN: 978-960-474-348-3, pp. 202, 2014.

Mornass/ba y moHorpadpujama og, mehyHapogHor 3Hauaja (Book chapters)

1. Spasi¢, A., M. Lazarevié, D. Krsti¢, Chapter:Theory of electroviscoelasticity, pp.371-394 in Finely Dispersed
Particles:Micro-,Nano-,and  Atto-Engineering, Dekker-CRC  Press-Taylor&Francis, Boca  Raton,
Florida,2006,ISBN 1574444638,pp.950, International scientific monograph.

2. M. P. lLazarevi¢, M. R. Rapaic, T.B. Sekara,Introduction to Fractional Calculus with Brief Historical
Background, chapter in monograph,Advanced Topics on Applications of Fractional Calculus on Control
Problems, System Stability And Modeling, WSEAS, ID 9028,ISBN: 978-960-474-348-3,pp. 3-16, 2014.

3. Z. Vosika, M. Lazarevi¢, G. Lazovic, J. Simic-Krstic, Dj.Koruga, Modeling of Human Skin using Distributed
Order Fractional Derivative Model-Frequency Domain,in monograph,Advanced Topics on Applications of
Fractional Calculus on Control Problems, System Stability And Modeling, WSEAS, ID 9028, ISBN: 978-960-
474-348-3,pp.94-105, 2014.
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4. M.Lazarevi¢, Finite-Time Stability of Fractional Time Delay System,chapter in monograph, Advanced Topics
on Applications of Fractional Calculus on Control Problems, System Stability And Modeling, WSEAS, 1D
9028,ISBN: 978-960-474-348-3,pp. 43-66, 2014.

5. S.Stojanovic, D.Debeljkovic, M.Lazarevié, Stability of Discrete-Time Fractional Order Systems considered: An
Approach Based on Stability of Discrete-Time Integer Order Time-Delay Systems, in monograph, Advanced
Topics on Applications of Fractional Calculus on Control Problems, System Stability And Modeling, WSEAS,
ID 9028, ISBN: 978-960-474-348-3,pp.67-87, 2014.

6. M.Lazarevi¢, Some Applications of Biomimetics and Fractional Calculus in Control and Modeling of (Bio)robotic
Systems,in book New Trends in Medical and Service Robots, Series: Mechanisms and Machine Science, Vol. 20,
(Rodi¢ A., Pisla D., Bleuler H.)(Eds.)2014, p.350,ISBN 978-3-319-05430-8.

7. M. Rapaji¢, T.Sekara, M.Lazarevié, On Discrete, Finite-Dimensional Approximation of Linear, Infinite Dimensional
Systems, in book Fractional Calculus, Theory, editors: R.A.Z.Daou,X.Moreau, Nova Science (Verlag) 2015,
pp.275-278. 1SBN: 978-1-63463-002-3.

MoHorpadmje oa HaunoHanHor 3Hauyaja (Monographs in Serbian)

1. M. Nasapesuh, Mamemamuyko modenuparbe U ynpassredrbe pedyHOamHUM cucmemuma-6uomexaHu4Ku
npucmyn, 3agyx6uHa AHapejesuh, 2004, Beorpag, ctp 135, UCEH 86-7244-399-3.

2. M.Nasapesuh [. [Nebemwkosuh, [. Kpctuh, OnmumasaHo ynpasreaHe CUCMEeMUMa €A KAWHeHeM Y
npouyecHoj uHOycmpuju, Hay4Ha moHozpaguja, TM®-dakyntet, Beorpag, Anpun 2003, ctp. 238, ICBH 86-
7401-171-3

3. A. Jebemkosuh, M.Nasapesuh, JuHAMUKG AUHEAPHUX CUH2YAQPAHUX Ccucmemd aymomamcKoz
ynpaeseard, MalnHcku dakynTeT, YHuBep3suteT y beorpagy, 2012,n.447, ISBN 978-86-7083-744-7.

4. M.Na3zapesuh, /b.EyyaHosuh, lMpusnoe modenuparby U OUHAMUYKOj QHAAU3U cUCMeMda HeuesnobpojHoe peda
ca ocHosamMa payyHa HeuenobpojHoe peda, MaWwMHCKN dakrkynTeT, YHuBep3uTeT y beorpagy,2012,n.222,
ISBN 978-86-7083-747-8.

5. M. Nasapesuh, J. Bugakosuh, M. Llajuh, M. Manguh, Mpunoe modenupary u ynpasreary pobomcKux u
ad0anmpoHcKux cucmema, MawuHCKK dakynTet, YHUBep3uTeT y beorpagy, 2014, n.211.

6. M.Nasapesuh, C. batanos, M.}KusaHosuh, JuHamuKa u ynpassreare Kpemarem poboma -00abpaHa
noenassa, MalwmnHcKM dakynTeTt, YHuBep3uTeT y beorpaay, 2014, n.314.

7. 4. Lebemkosuh, T. Hectoposuh, M. 1. /lazapesuh, . CumeyHoBuh, H. Aumutpujesuh, JUHAMUKaG 8eaAUKUX
UHOYyCmMpuUjcKux npoyeca u nocmpojerba, MawuHCckK parynTer, YHuMBep3suteta y beorpagy, 2015. roguHe,
nn.470.

HayuHu pagosu o6jaB/beHn y uaconucuma (Journal Publications on SCI list)

1. Potkonjak V., M. Popovié¢, M. Lazarevi¢ and J. Savanovi¢, “Redundancy problem in writing: from human to
anthropomorphic robot arm”, IEEE Trans. On Systems,Man and Cybernetics: part B: Cybernetics, vol.28,
No.6, pp.790-805, December,1998.

2. M.lLazarevi¢, D. Lj. Debeljkovic, Z. Lj. Nenadic, S. A. Milinkovic, “Finite time stability of time delay systems”,
IMA Journal of Mathematical Control and Information, Vol. 17, No. 2, (2000), pp. 101 — 109.

3. Potkonjak V., M. Lazarevié¢ et.al,Human-like behavior of robot arms: general considerations and the
handwriting task-Part II: the robot arm in handwriting,Robotics and Computer Integrated Manufacturing
17 (2001),pp. 317-327.

4. Spasi¢ M.A., M.Lazarevi¢, Electroviscoelasticity of Liquid/Liquid Interfaces: Fractional Order Model,Journal of
Colloid and Interface Science,282(2005),pp.223-230.

5. M.Lazarevi¢, D. Lj. Debeljkovic, “Finite Time Stability Analysis of Linear Autonomous Fractional Order Systems
with Delayed States”, Asian Journal of Control, Vol. 7,No. 4, 2005, pp. 440 — 447.

6. Debeljkovi¢ D. Lj,M.Lazarevi¢,S.B. Stojanovi¢,M.B. Jovanovié, S.A Milinkovi¢, Discrete Time Delayed System
Stability Theory in the Sense of Lyapunov: New Results,Dynamics of Continuous, Discrete and Impulsive
Systems,Canada,Vol. 12,Series B: Numerical Analysis,-Supplement (2005.c) 433-442.
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M.Lazarevi¢, Finite Time Stability Analysis of PD% Fractional Control of Robotic Time Delay Systems, Journal
of Mechanics Research Communications,Vol. 33, Iss.2, March-Apr., 2006, pp.269-279.
Spasi¢ A., M. Lazarevi¢, A new approach to the phenomena at the interfaces of finely dispersed systems,
Journal of Colloid and Interface Science,316,(2007), pp.984-995.
Spasi¢ A., M. Lazarevi¢, M. Mitrovi¢, D. Krsti¢, Colloid electrohydrodynamics,- Chemical Industry and
Chemical Engineering Quarterly CICEQ 63 (5a) 511-527 (2009).
M.Lazarevié, A.Spasi¢, Finite-Time Stability Analysis of Fractional Order Time Delay Systems:Gronwall's
Approach, Mathematical and Computer Modelling, 2009, 49,(2009), 475-481.
M.Zivanovi¢, M.Lazarevi¢, Using the Decomposition Principle to Stabilize the Nominal Motion of a
Mechanical System with Given Accuracy,Automation and Remote Control,2012, Vol.73, No012,2012,
pp.2001-2020.
Miljkovi¢,Z., Miti¢,M., M.Lazarevi¢, Babi¢,B., Neural Network Reinforcement Learning for Visual Control of
Robot Manipulators, Journal Expert Systems with Applications,(ISSN 0957-4174), Article in press_DOI:
10.1016/j.eswa.2012.09.010 — pp.1721-1736, 2013, Elsevier.
K.Osman, D. Stamenkovié,M.Lazarevi¢,Integration of System Design and Production Processes in Robust
Mechatronic Product Architectures Development — Extended M-FBFP Framework, Chemical
Industry,(Hemijska Industrija), ISSN 2217-7426, DOI: 10.2298/ HEMIND1211090030,2012.
Lj.Bucanovié¢,M.Lazarevi¢, S.Batalov,Fractional PID Controllers Tuned by Genetic Algorithms for Expansion
Turbine in the Cryogenic Air Separation Process, Chemical Industry,(Hem.Industrija),ISSN2217-
7426,D01:10.2298/HEMIND1308821080Z, 2013.
Xiao-Jun Yang, D.Baleanu, M. P. Lazarevié¢,M.Caji¢, Fractal boundary value problems for integral and
differential equations with local fractional operators, Thermal Science, 2013,
DOI: 10.2298/TSCI130717103Y
M Caji¢, M.P.Lazarevié¢, Fractional order spring/spring-pot/actuator element in a multibodysystem:
Application of an expansion formula, Mechanics Research Communications 62 (2014) 44-56.
M.P.Lazarevi¢, Elements of mathematical phenomenology of self-organization nonlinear dynamical
systems: synergetics and fractional calculus approach, International Journal of Non-Linear Mechanics,
Volume 73, July 2015, pp. 31-42.
Lazarevi¢, M. P., & Tzekis, P. (2014). Robust second-order PD type iterative learning control for a class of
uncertain fractional order singular systems. Journal of Vibration and Control, 1077546314562241.
A. Hedrih, M.P. Lazarevi¢, A. Mitrovic- Jovanovic, Influence of sperm impact Angle on successful
fertilization through mZP oscillatory spherical net model, Computers in Biology and Medicine 59 (2015)
19-29. DOl information: 10.1016/j.compbiomed.2015.01.009.
D. Karlici¢, P. Kozi¢, S.Adhikari, M Caji¢, T.Murmu, M. Lazarevi¢,Nonlocal mass-nanosensor model based on
the damped vibration of single-layer graphene sheet influenced by in-plane magnetic field, Int. Journal of
Mech. Sciences, Volumes 96-97, June 2015, Pages 132-142
P. Mandi¢,M. P. Lazarevi¢, T. B. Sekara,D-Decomposition Technique For Stabilization of Furuta Pendulum:
Fractional Approach,Bulletin of the Polish Academy of Sci. Tech.Sci., Volume 64, Issue 1 (Mar
2016),pp.189-196.

OpabpaHu HayuyHu papoBu caonwTeHU Ha mehyHapogHum KoHdepeHumjama (Selected International

Conference Papers)

1.

Lazarevi¢ P. Mih., Mil. Lazarevi¢, D. Krsti¢, Finite time stability control for chemical object with pure time-
delay, 13th International Congress of Chemical and Process Engineering, CHISA 98, 23-28 August, 1998,
Praha, Czech Republic, P5.107-828.

M. Lazarevi¢, D. Debeljkovi¢, D Koruga, S. Milinkovié, M. Jovanovié, Further results on the stability of linear
nonautonomous systems with delayed state defined over finite time interval, Proceedings of American
Control Conference, Chicago, lllinois, June, 2000, pp. 1450-1451.

M.Lazarevié, A. Spasié, Electroviscoelasticity of Liquid/Liquid Interfaces: Fractional Approach, ECCE 4th
European Congress of Chemical Engineering, September, 21-25, 2003, Granada, Spain,P.5.2-033.
M.Lazarevié, A. Spasié, D. Krsti¢, Electroviscoelasticity of Liquid/Liquid Interfaces:Fractional Order Van der
Pol Model — Linearized and Nonlinear Case, CHISA 2006 Congres,Avgust, 27-31,2006,Prague,Czech
Republic, C.7.5-281.
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M. Lazarevi¢, D. Debeljkovi¢, Robust Finite Time Stability of Perturbed Nonlinear Fractional Order Time
Delay Systems,IFAC Workshop,Ismir, Turkey,17-20 May, 2007,pp.375-382.

M. Lazarevi¢, A. Obradovic, M. Joka3,PhD Student, Lj. Bucanovié, Biologically inspired optimal control of
robotic system:synergy approach,, 17th Mediterranean Conference on Control & Automation Makedonia
Palace, Thessaloniki, Greece, June 24 - 26, 2009, 2009 IEEE,pp.958-963.

M.P. Lazarevi¢, Lj. Bu¢anovi¢, Control algorithms of type in process control systems:new results, 2nd
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2009,A-01:1-15.

M. Lazarevi¢, M. Zivanovi¢, M. Joka, Biologically inspired modeling and control of robotic systems ,12-th
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M.P.Lazarevi¢, Iterative Learning Feedback Control for Nonlinear Fractional Order System-PDEEType,
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October 18-20, FDA10-061,2010,ISBN 9788055304878.
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105, Nanjing, China,May 2012.
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