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Preface

This Special Issue of IINM, A Phenomenological Conspectus on Nonlinear Dynamics,
emphasizes the notion that various and different physical phenomena can often be described
by identical or similar mathematical instruments.

In this regard, papers from disparate fields have been compiled in the issue. It is noted
that the concepts of Mathematical Phenomenology and Phenomenological Mappings are
captured in the works of Professor Mihailo Petrovi¢ (1868—1943), a Serbian mathematician
who was one of the doctoral students of Jules Henri Poincare (1854—1912). The specific title of
his book in French is Mecanismes communs aux phénomeénes disparates, Paris 1921. In this book,
Petrovi€ studied (among others) certain elements of multi- dimensional geometry, couplings
between mechanisms and manifestations of phenomena, quantitative vis-a-vis qualitative
images of appearances (phenomena), as well as different kinds of analogies.

It is hoped that this Special Issue comprising papers of different thematic foci will serve
to highlight the role of a “phenomenological” perspective for pedagogical and investigative
purposes in the field of non-linear dynamics in physically disparate systems.









ELEMENTS OF MATHEMATICAL PHENOMENOLOGY OF SELF-ORGANIZATION
NONLINEAR DYNAMICAL SYSTEMS- FRACTIONAL CALCULUS AND
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ABSTRACT

The modern dynamical systems of various physical natures, such as natural, social, economic, and technical ones,
are complexes of various subsystems. Here, the fundamental basis of nonlinear theory of system’s synthesis based
on synergetics as well as fractional calculus approach in modern control theory together with its application will be
presented. Also, mathematical phenomenology of self-organization of nonlinear dynamical systems have been
considered. The difference of synergetic approach from the classical scientific methods is in identification of the
fundamental role of self-organization in nonlinear dynamic systems, and it is necessary to keep the conceptual
correspondence to the main qualities of self-organization: nonlinearity—open systems—coherence. Russian scientist
A.A. Kolesnikov developed a novel synergetic approach based on the ideas of modern mathematics, cybernetics,
and synergetics to the synthesis of control systems for nonlinear, multidimensional and multilinked dynamic systems
of various natures. The synergetic approach to control theory (synergetic control theory) is a novel nonlinear control
method where the nonlinearities of a system are considered in the control design and a systematic design procedures.
On the other side, fractional calculus (FC) has a long history of three hundred years, over which a firm theoretical
foundation has been established. All fractional operators consider the entire history of the process being considered,
thus being able to model the non-local and distributed effects often encountered in natural and technical phenomena
and they provide an excellent instrument for description of the memory, heredity, non-locality, self-similarity, and
stochasticity of various materials and processes. Fractional dynamics can be encountered in various nonlinear
dynamical systems such as visco-elastic materials, electrochemical processes, thermal systems, transmission and
acoustics, chaos and fractals, biomechanical systems, and many others. The fractional dynamic systems with
nonlinear control represent a relatively new class of applications of the FC which certified the FC as being a
fundamental tool in describing the dynamics of complex systems as well as in advanced nonlinear control theory.

Acknowledgments The support of the Ministry of Education, Science and Technological Development of the
Republic of Serbia through projects TR 35006, 41006 is gratefully acknowledged.
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EJEMEHTU MATEMATUYKE ®EHOMEHOJIOI'NJE CAMOOPI'AHU30BAIBA
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Katenpa 3a Mexanunky, Mamncku dakynrer, Yausepsurer y beorpany
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Kibyune peun: Henuneapuu cucremu, @enomenonoruja, Cunepreruxa, Camoopranusaiuja, PadyH Heuenor pena

MozepHu AMHAMHYKH CUCTEMH Cy KOMIUIEKCHU CHCTEMH Pa3iIMUUTHX (DU3MUKHMX MPUPOJA, Kao IITO Cy HPUPOIHH,
JPYLITBEHH, EKOHOMCKH U TEXHHYKH U KOJH CE CacToje OJl pa3inuuTHX moacucreMa. OCHOBE HEMHEAPHHX TEOpHja
CHHTE3€ CHCTEMa 3aCHOBAHOI Ha CHHEPreTHIM Kao M (DPaKI[OHOM MATEMaTHYKOM IPUCTYIY Y CABPEMEHO] TEOPHjU
yIpaBJbarba, 3ajeIHO Ca HEeroBoM npuMeHoM he oBae 6utu npencraBibenn. Takole, pasmaTpaHa je 1 MaTeMaTHYKa
(eHOMEHOIOTHja caMOOPTraHN30Baba HEIMHEAPHUX JHHAMHYKUX CHCTeMa. Pa3inka CHHEPreTCKOr MpPHUCTYNa Of
KIaCHYHUX HAyYHHX METOoJa orjeaa ce y uaeHTHGHUKauuju (yHIaMEHTaHE YIIOre CaMOOpPraHH30Bama Y
HEMHEApHUM JMHAMUYKMM CHCTEMHMa,TJe je HEOIXOIHO Ja Ce 3aJApXKU KOHLENTYaIHO OJHOC IpeMa IJIaBHHM
OJIMKaMa CaMOOPraHH30Bama. HEIUHEAPHOCT - OTBOPEHHM CHCTEM — KOXEPeHTHOCT. Pycknm HaydyHuk A.A.
KonecHHKOB je pa3BHO HOBH CHHEPreTCKH IPUCTYIl 3aCHOBAaH Ha HJejaMa MOJIEpHE MaTeMaTHKe, KHOepHETHKe U
CHHEPreTHKe, CHHTe3¢ CHCTeMa YIpaBjbara 32 HEeJIMHEapHe, MYJITHIMMEH3HMOHAJIHE W BHILECTPYKO IOBE3aHE
JMHAMUYKE CUCTeMe pas3ianuuTe npupose. CHHEepreTcku NpUCTYI TEOPHjH YIIpaBibaba je HOBa HENMHEapHa METOAA
yHpaBJbaba TIe Cy HEIMHEAPHOCTH CHUCTEMa y3eTe Y 003Hp y CUHTE3H yNpaBibamba Kao U MPOLEAYPe CHCTEMATCKOr
npojexroBama. C apyre crpane, peuyH neuesor peaa (PHP) uma ayroroanuismsy HCTOPH]jy TH€ je YCIOCTaB/bEHA
Teopujcka ocHOBa HcTor. CBe (pakuMOHM OlepaTepu y3uMmajy y o03Hp LEJOKYIHY MCTOpPHjy Mpolieca KOju ce
pa3matpa, unMme je omoryheHo caja Ja ce MOZENy]y HelOKalnHH epeKTH M eeKTH TUCTPHOYLHUje KOjU Ce YecTo
cpelly y NPUPOJHUM M TEXHMYKUM IOjaBaMa M OHM oMoryhaBajy Ha Taj HAYMH OIJIMYAH MHCTPYMEHT 3a OIHC
MemopHje, HaciehiBama, HEIOKAIHOCTH, CAMOCIMYHOCTH, M CTOXAaCTHYHOCTH  PA3IMYUTHX Martepujana H
nporieca. OpakiMoHa AUHAMHKA CE MOXKE CPECTH Y Pa3INYMTHM HEJIMHEAPHUM MHAMHYKHM CHCTEMHMa Kao IITO CY
BUCKOEJIACTHYHH MaTepHjalii, eJIEeKTPOXEMH]CKH MPOLECH, TEPMHYKH IPOLIECH,aKyCTHKa, Xaoc W (pakrainm,
OMOMEXaHHYKH CHCTEMH W MHOTH JApyrd. DpakiuyoHH IUHAMHYKH CHUCTEMH Ca HEJIHHEAPHHM YIPaBJbambeM
[PECTaBIbajy peaTUBHO HOBY Kiacy npumena PHP, rne je morBpheno na PHP mpencraBiba OCHOBHO CPEACTBO Y
OMNHKCY AWHAMHUKE CIIOKSHHX CHCTEMa Kao u (popMHparby HalpeaHe HelIMHeapHe TEOpHje YIpaBJbarba.

3axBajgHuIa AyTop 3axBajbyje Ha HCKa3aHO] MOApLIM MHHHCTApCTBY 3a 00pa3oBambe, HayKy M TEXHOJIOLIKH
pa3Boj Peny6inke Cp6uje kpo3 mpojexre TP 35006, 41006.
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DYNAMICAL BEHAVIOR OF COMPOSITE MATERIALS
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ABSTRACT

Among the modern structural materials, fibre reinforced materials play very important role. In last few decades
there has been made big effort in research of behavior of such materials. The low density, high strength, high
stiffness to weight ratio, and remarkably good mechanical behavior, demand studies of such behavior for use in
many structural applications. Fibre reinforced materials find applications in many different areas, and their use is
increasing in such rapid rate that it is necessary to study static as well as dynamic properties.

In study of fibre reinforced materials two types of non-linearity occur. The first type is referred to as material
non-linearity, which is due to non-linearly elastic or plastic behavior, and second type are geometric non-linearity,
which occur when changes of structure are significant. Fibre reinforced composite materials are often made on the
form of thin layers, called lamina. Structural elements are then formed by stacking the layers to form desired
stiffness and strength for specific applications. Different stacking sequences form laminate structures whish are
often used in applications.

Here we are going to examine in-deep bulk wave propagation as well as guided waves in an layer in which
privileged directions are in planes parallel to faces of layer. For composite structures, which are mainly used as
lightweight structures, the geometric non-linearity is more important. Dynamic analysis, as more complex than
static, is lesc examined, and here we are going to study such behavior with important numerical results showing
main features of wave propagation in laminate structures. Study of theoretical formulations and solutions of
governing equations of laminate composite structures constitutes objective of this study.

REFERENCES
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JUHAMHNYKO IOHAITAIBE KOMITIO3UTHUX MATEPUJAJIA
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K}by‘me peuu: Kommno3utu, 1aMuHaTH, BIaKHIMA ojaanH MaTeijanH, JAHaAMUYKO IMMOHAIIalkbE, KPUBE CIIOPOCTH

AIICTPAKT

Mely caBpeMeHHUM KOHCTPYKTHBHUM MaTepHjaIMMa, BIAKHUMA OjayaHH MaTepHjalid Urpajy BPIO BaXKHY YJIOTY.
V HEKONHKO 3a[ibHX JCICHHja YUHICH je BEIMKH HAIoOp Y MCTPaXKHMBamby MOHAIaha TAKBUX Martepujana. Maia
I'YCTHHA, BEJIUKa OTIIOPHOCT, BEIMKH OJHOC KPYTOCT-T&KHMHA, M H3Y3€THO JOOPO MEXaHHYKO IMOHAIIAE TPaKu
n3yyaBame TEKBOI' MIOHAIIAkA 32 IPUMEHE Y MHOTMM KOHCTpYKIHMjaMa. BilakHuMa ojadaHn MaTepujajiy Cy Halllln
MPUMEHY Y pasiMuuTHM 00JacTHMa, U EHUXOBO KopHIifieke pacTe Tako Op30 Ja je MOTpeOHO MpoydaBame Kako
CTaTHYKHX TaKO U TUHAMHUYKHX CBOjCTaBa.

Ipu npoyyaBarmy BIaKHAMA OjadaHUX MaTepujayia jaBibajy ce ABa THIA HEIHMHEApHOCTH. IIpBU THUI Ce OIHOCH
Ha MaTepujaHy HEJMHEapHOCT, Be3aHy 3a HEIMHEAapHO ETaCTHYHO WM IUIACTUYHO IOHAIIAE, a JAPYTH THIl CY
rEOMETPHUjCKe HEJMHEApHOCTH, KOje HACTajy HpH BEIHKHMM IOMepamuMa KOHCTpyKIWje. BrnakHuma ojayaHu
MaTepHjaid Cy YeCTO HampaB/beHH y OONMKY TaHKMX CJI0jeBa, KOjH Ce Ha3uBajy JamuHama. KOHCTpYKTHBHH
€JIIEMEHTH ce 3aTHM (OpMHpajy CrajameM CilojeBa y LIJbY 00Hjamba jKeJbeHe KPYTOCTH U OTIIOPHOCTH 32 JKEJbEHE
npuMene. PaznnunTe cekBeHLe crajamba YMHE JaMUHATHE CTPYKTYPE KOje ce 4eCTO KOpHCTE Y IIpUMeHaMa.

Osze hemo 1a MPOyYHUMO TpoNAraryjy 3alpeMHHCKUX Tajaca Kao M IIpolararyjy BO)eHux Tanaca y ClIojeBUMa
y KOjuMa Cy HPHUBHJICTOBaHM IpaBLH MapajellHH ca CTpaHaMa cjoja. 3a KOMIIO3UTHE KOHCTPYKILHjE, Koje ce
YITIABHOM KOPHCTE Kao JIake KOHCTPYKILHje, TeOMETPHjCKa HENMHEApHOCT je BakHHja. [IMHaMHuUKa aHAIH3a, Kao
KOMIUICKCHUja O] CTaTHUKe, je Mambe HCTpakeHa, Ha fieMo OBje J1a NMPOyYHMMO TAKBO MOHALIAHE Ca BAKHHM
HYMEPMYKHM De3yJITaTUMa KOjH IOKa3yjy INIaBHE OCOOMHE TNpornaraiuje Tajaca y JAMHHATHHUM CTPYKTypama.
[Ipoy4yaBame Teopujckux (opMmynalnuja U pelierha OCHOBHUX jeJHAUYMHA JIAMUHATHUX KOMITO3UTHHX CTPYKTypa
IPE/ICTaBIba LIWb OBOL IIPOy4aBamba.
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DYNAMICS OF MECHANICAL SYSTEMS WITH NONLINEAR NONHOLONOMIC
CONSTRAINTS -ENERGY INTEGRAL

Dragomir N. Zekovié
University of Belgrade, Faculty of Mechanical Engineering, Kraljice Marije 16, 11120 Belgrade, Serbia
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ABSTRACT

The paper analyzes energy relations for mechanical systems, whose motion is restricted by nonlinear
nonholonomic constraints. On the basis of the corresponding Lagrange’s equations, a general law of the
change in energy was formulated for mentioned systems, by the help of which it is shown that there are
two types of the laws of conservation of energy, depending on the structure of elementary work of the
forces of constraint reactions. Also, the condition for existing of the second type of the law of
conservation of energy is formulated in the form of the system of partial differential equations. The
mentioned theoretical considerations are illustrated by a model of a nonlinear nonholonomic constraint,
which consists of two points that are forced to move in such a way that their velocities are perpendicular
to each other. The possibility of the existence of the second type of integral is shown within the
framework of this model. The same model is used to show the existence of a special form of the first type
of energy integral, which is related to the so-called “free motion” of a nonholonomic system.
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Kibyune peun: HelMHeapaH, HEXOJIOHOMAaH, €HEpPruja, HHTErpal.
AIICTPAKT

Ananusupajy ce €HEprujcKM OJHOCH 3a MEXaHMUYKE CHCTEME 4Hje je KpeTame OrpPaHHYeHO ca
HEJMHEeapHUM HEXOJIOHOMHHMM Be3aMa. Ha ocHoBY oarosapajyhux JlarpanxkeoBux jennaunsa popMupaH
Jj€ OIIILTH 3aKOH NPOMEHE EHEprHje 3a HaBeleHe CHCTEME, TIOMONy Kora je oKa3aHo Ja IOCTOoj€ ABa TUIa
3aKOHA OJP)Kama EHEpPruje y 3aBUCHOCTU Ofl CTPYKType €JIEeMEHTapHOI paja Ccuje peakluje Besa.
@opMyucaH je U yCIIOB 3a IIOCTOjambe JPYror THIA 3aKOHA OJp)Kama y OOJIMKY CUCTEMa IaplHujalHHuX
IudepeHnnjaaHuX jefHaunHa. 3a WIYyCTpalujy HaBEIEHHUX TEOPHjCKHX pa3MaTpama HCKOpHUIIheH je
MOJIeNl HEJMHEapHe HEXOJIOHOMHE Be€3€ KOjU Ce CacTOjU OJl JABE TauKe KOje Cy HpHHYyJjeHe 1a ce kpehy
Tako Ja Cy UM Op3uHe ympaBHe. Y OKBMPY OBOra Mojella IoKasyje ce MOryhHocT ersucreHuuje
uHTerpana apyror tuna. Ha ncrom Mozeny mokasyje ce jeiaH cIelMjanaH BUJ er3UCTEHLUje HHTErpaia
€Hepruje NpBora TUMA, KOjU Ce OJHOCH Ha TAKO3BAHO ,,CJI000/IHO KPETamkEe" HEXONOHOMHOT CHCTEMa.
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ABSTRACT
Abstract. Parts of aircraft construction are intensively vulnerable to damage during flight by bird impact. The
theoretical approach and results of numerical simulations of dynamic response of the windshield, wing and engine
loaded by the bird impact are presented. The numerical simulation is carried out using FEM method running in the
solver ANSYS AUTODYN®. As well, some results of experimental data were given.

2 MODELING

2.1 Bird modeling

An important step in the bird strike simulation is the development of an "artificial" bird model. The accurate
modeling of an "artificial” bird includes the shape and material modeling of the bird. Regarding selection of the soft
"artificial" bird material there are different approaches. The wax, foam, emulsions, rubber and gelatin can be chosen.
In this work the porous water (homogenous gas-water mixture) was accepted with porosity 30-40% [1,2].

2.2 Aircraft construction modeling

One-layer windshield geometry is generated as shell part. Equation of state of accepted glass material,
Polycarbonate, is considered to be linear with very small plastic part, so that could treat it like brittle material. A
typical wing leading-edge profile consisting of nose box skin, baffle and two side ribs is selected for this purpose.
Al-alloy was used for skin and baffles and ribs were designed using Kevlar-epoxy composites [3].

3 NUMERICAL SIMULATION AND EXPERIMENTS

There are presented theoretical analysis and results of numerical simulations of dynamic response of the
windshield, wing and engine loaded by the bird impact. The focus is given to the validation of the contact pressure,
stress and strain and possible damage of mentioned aircraft parts.

Fig. 1. Comparison of real test and numerical simulation of wing skin deformation (right)
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AIICTPAKT
JlenoBH KOHCTPYKIUj€ aBHOHA Cy M3JI0)KEHH MHTEH3HBHHM OITehemrMa TOKOM JieTa Kao Mocueanuna Moryher
ynapa nrtuie. PasmaTpaHum cy TEOpHjCKM NPUCTYI M PE3yATaTH HyMepHYKe CHUMYyIalije IMHAMMYKOL OJ3HBa
BETPOOPAHCKOT CTaKJIa, KPMJIA U TIOTOHA M3JIOKEHHUX yhapy nrune. Hymepuuka cuMynaiuja je U3BpIIeHa METOIOM
KOHAYHMX eNeMeHaTa mpuMeHoM Hymepuukor copreepa ANSYS AUTODYN®. Tlpukasamu cy u onpehenn
CKCIICPUMEHTAIHU PE3Y/ITATHU.

2 MOJEJIOBAILE

2.1 MopneoBame nTHIE

KopekTHO HyMepHUYKO MOJIETIOBaE yaapa NTHIE Y KOHCTPYKLH]Y JeTeNule yKbydyje neGuHucame 00nuKa 1
MaTepHjana Mozena nruie. Y u300py MaTepHjaia 3a MeKo "BEIITauyko” TEeNo MTHIE MOCTOje Pa3IHIUTH MPHCTYIIH.
Taxo ce, y Ty CBpXY KOpUCTE BOCakK, IIeHa, EMYI3Hje, TyMa U JKelaTHH. Y OBOM pajy je kopuihieHa mopo3Ha Boja
(xoMoreHa MeraBuHa raca U Bojie), ca crernenom roposnocru 30-40% [1,2].

2.2 MopejioBame 1eJ0Ba KOHCTPYKIIHje JieTeJuie

Jeman cioj BeTpoOpaHCKOr CTakja je TCHEpHCaH Kao JbycKa. JelHauMHa CTama MOJMKapOOHATHOT CTakia je
JIMHEAPHOT THIIa TAaKO Ja Ce CTaKJIO TPETHpa Kao KpTu Marepujai. Hamaxsa nenna npoduna Kpiia, cacTaBibeHa Of
KyTHje YEOHOr IUIAINTA, Y3[Y)KHOT Ojayama M JBa O0o4Ha peOpa, je m3abpaHa 3a OBy aHanu3y. AJ-jerypa je
kopuihieHa 3a IUIAIT, a ojavarba U pedpa Cy [u3ajHUpaHd IPHMEHOM KeBJIap-elOKCHIHUX KomIo3uTa [3].

3 HYMEPUYKA CUMYJIAIIMWJA U EKCIEPUMEHTH

[pencraBibeHu cy pe3ylnTaTH TEOPH)jCKE aHAIM3E U HyMEpHYKE CUMYyJallije INHAMHYKOT OJ[31Ba BETPOOPAHCKOT
CTakia, Kpuia M [OroHa HacTaiu mpH yaapy nruue. Gokyc je cTaB/beH Ha BalHMAALMjy KOHTAKTHOT HMPHTHCKA,
HanoHa U nedopmanyja u Moryher omrehema HaBeIeHUX /I€I0Ba KOHCTPYKIIH]E.

Cunuxka 1. ITopeleme pesuarata peallHOT TecTa U HyMEpUUKe CUMYyIaluje AeopMaluje omare Kpuia
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ABSTRACT

Among the basic working parts in machines, rotors play very important role. Gears, axes and other rotating part
are widely used in many applications including industrial power transmission systems, wind turbine, automotive
transmission, as well as rotor craft. The problem of rotor vibrations has existed for a long time but it is actually still
now.

Dynamical model of rotor presented in this paper is heavy rigid disc skew positioned on the self rotating axis.
This axis rotates around support shaft with constant angular velocity. The shaft is supported at the both end with
rigid bearings. Here are presented two special cases: when the support shaft is vertical and the rotor shaft is
horizontal and when the support shaft is inclined to vertical axis for anglea . In each case axes are without
intersection.

Equations of motion are formulated using vector method based on mass moment vectors coupled for pole and
oriented axes defined by K. Hedrih. The system has two degrees of mobility and one degree of freedom with one
kinematical excitation. For such defined system nonlinear differential equation of the system dynamics in the
gravitational field is obtained.

It is easy to obtain the results numerically giving suitable starting conditions and choosing time step. So,
numerical analysis of obtained analytical solution is performed through Math Cad and MATLAB.

Series of phase trajectory transformations in relation with changes of angle of inclination of rigid body to a self
rigid axis are presented.
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AIICTPAKT

Mel)y OCHOBHMM JeJOBHMAa MalldHA POTOPH HMajy BeOMa BENHMKH 3Hauyaj. 3yNMUYaHWIM, BpaTHiIa U JOPYTH
MAIIMHCKU €IEeMEHTH KOjU POTHpPajy Cy BeOMa PaclpOCTPAEHH y MHAYCTPUjCKUM TPAHCMUCHOHHUM CHCTEMHMA,
TypOrHaMa, ayToMaTCKuM ypehajuma kao u OpomoBuMa. Mako ce ocruiaTopHa KpeTramba IHpO POTOp HpOy4daBajy
JI0CTa JIYTo, OHA Cy U JJaHAC BEOMa aKTyeJlHa.

JlMHaMUYKK MOJIEN pOTOpa KOjH je IPE3EHTOBAH y OBOM pajly je TeXaK KPYTU €KCLIEHTPHYHO ITOCTABJEEH JIUCK
Koju ce oOphe 0Kko oce IPEHOCHE POTAaINje KOHCTAHTHOM YraoHOM Op3uHOM. Bpatuiio je yuspmiheHo JexxumTima.
VY panmy ce pa3MaTpajy ZBa ciiydaja: oca HPEHOCHE POTaliMje je BEepTHKAJIHA JOK je 0ca COICTBEHE pOTalije
XOpHM30HTAJHA U CJIy4aj KajJa je oca MPEHOCHE poTalMje HAarHyTa IOJ YIJIOM Oy OAHOCY Ha BepTHKamy. Y oba
cirydaja oce cy Meh)ycobom oproronanne u melycoOHO ce MIMOMITase.

JennaunHe Kperama Cy J00MjeHEe TNPUMEHOM BEKTOpCKEe Merojie 0a3upaHe Ha BEKTOpHMa MOMEHTa Mace
nebunucanux y 6pojuum pamosuma K. Xexpux. Crucrem mMa JiBa cTerneHa ciio0o/1e 1 jeiaH CTENeH MOKPET/bUBOCTH
ca jelHOM KMHEMaTH4YKOM MO0YI0M, IPOrpaMUPAHOM YraOHOM Op3MHOM HPEHOCHOr KpeTama. 3a Tako JehHMHUCAH
cucreM JJ00MjeHa je HellMHeapHa quQepeHLujalHa jeJHauuHA.

3a 103HaTe MOYETHE YCIOBE Kao U 3a ofabpaHu MHTEpBal JIako ce 100ujajy HyMepuukH pesyarati. Hymepuuka
aHaM3a M3BpIIEHA je mpuMeHoM nporpamckor nakera Math Cad u MATLAB.

VY pany je mpukazana cepuja TpaHchopmanuja (GasHHX TPajeKTOpHja y 3aBHCHOCTH Of yria Haruba Tema y
OJIHOCY Ha OCY COIICTBEHE poTaluje.
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ABSTRACT

A large number of examples, illustrations from nature and history of machines and mechanisms running gear as
an inexhaustible source of research in the field of applied mechanics with the simultaneous use of different
mathematical methods. Due to its complex geometry and modes of movement and power transmission, gear pairs
are real complex mechanical systems on which it is possible to study a large number of non-linear phenomena
separately or simultaneously (contact with variable stiffness, vibration, impact, fatigue).

Gear tooth profile could be formed by different curves. But, the most commonly used are gears with involute
profile — with tooth profile in form of involute curve — curve which is generated when straight line is rolling without
slipping over the circle.

Developing of dynamic model of involute gear pair and calculation of main influential parameters are essential
for studying the gears stability [1]. The described dynamic models can be used for the analysis of the gears
oscillation parameters, only if all time-varying functions are known. The stiffness and load distribution have been
calculated using the developed finite element model. The special attention was paid to define the procedure for time-
varying mesh stiffness calculation [2]. The presented research successfully put together numerical methods for stress
and strain calculations and numerical iterative methods for differential equations solving. The particular gear pair is
chosen for numerical calculation and investigation of dynamics of gears.

A new methodology for analyzing the dynamic behaviour of gear pairs is presented with algorithm which
includes all developed procedures for calculation the main gears characteristics [3]. The main influence factors for
dynamics of involute cylindrical gears are identified and described. The special attention is paid to influence of
addendum modification on gear pairs vibration characteristics. A comparative analysis of spur gears series with
different addendum maodification coefficient is discussed. The possibilities for optimization of tooth profile
characteristics with aspect of low-vibration and stability are shown. The similar analysis is performed for
comparative study of spur and helical gear pairs with same geometric characteristics and in the same load
conditions.
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Benuku 6poj npumMepa, WIyCTpalyja U3 NPUPOAC M UCTOPHje MAIIMHA U MEXaHU3aMa [PUKa3yjy 3yIT4aHHKE Kao
HEHUCLPITHA HW3BOP HCTPaXKUBamba y OONACTH NpPUMEHCHE MEXaHHMKE y3 HCTOBPEMEHY HPHMEHY pasJIHIUTHX
MaTeMaTHYKHX MeTo/a. 300r CBOje CI0XKEHE reOMeTpHje U HaulHa MPEHOIICHha KPeTamba | CHAre, 3yMmiacTd apoBU
Cy peaJiHH CIOKCHH MEXaHHYKH CHCTEMH Ha KOjuMa je Moryhe m3ydaBaTH BENMKU Opoj HenMHeapHHX (heHOMEeHa
OZIBOjEHO HMJIH HCTOBPEMEHO (KOHTAKT MPOMEHJBUBE KPYTOCTH, BUOpaLHje, yAap, 3aMop MaTeprjana).

IMpodun 3ydana 3ynmuannka Moxe ce HOPMHUPATH O PA3IMUUTHX KPUBHMX. Y HAjIIMPO] ynoTpeOu Hayase ce
CBOJIBCHTHH 3yITYAHHIM — OHU KOJ KOjUX Npodiu1 3ydana MpeicTaBiba CBOIBEHTY — KPHBY JIMHHjY KOja HACTaje
KOTpJbameM 0e3 Kilh3ama paBe 10 KPYTy.

Pa3Bujame AMHAMHYKOT MOJIeIa €BOJIBEHTHOT 3YITYACTOr Tapa M MPOpavdyH yTHIAJHUX MapaMerapa, HEOMXOIHO
je mpu m3ydaBamy crabuiHOCTH 3ymuaHuka [1]. OmmcaHn cy DMHAMHYKE MOIETH KOjH CE& MOTY KOPHCTHTH 3a
aHaNIM3y OCLIMIALMja 3yMYaHHKa, ali CaMo Kaja Cy II03HATe CBE BPEMEHCKH NPOMCHJbHBE BenmdnHe. Kpyroct u
pacnonena onrtepehema cy 30or Tora oapehuanu momohy HOCeOHO Pa3BHjEHOr MOZENA Y METOIM KOHAYHUX
enemeHata. IloceOHa maxma je nocBeheHa NeUHHCABY METONONOTHje 3a ofpehuBame BPEMEHCKU NPOMCHIBHBE
KpyTOocTH cpere 3ymyacror napa [2]. IIpukazana ucrpaxuBarma Cy yCIElIaH CIIoj IPUMEeHe HyMEpHYKUX METoJia 3a
onpehuBame pehopManMOHOr W HANOHCKOT CTama M HYMEPMYKHX HWTEPATUBHHX METOJa 3a pellaBambe
nudepeHInjaaHuX jeAHaYrHa. JeJaH KOHKPETaH 3yI4acTy mnap je u3adpaH 3a HyMEPHUUYKH [IPOPAYyH U 32 H3y4aBame
JUHAMHUYKOI ITOHAIIamka.

HoBa Meromonoruja 3a aHaiu3y AMHAMUYKOr IOHAIIAMa 3YMYaCTHX [apoBa NMPHKA3aHA je aJrOPUTMOM KOjH
o0yxBaTa HOBE IIOCTYIKE 3a Npalielhe OCHOBHHX KapakTepucTHka 3ymyaHuka [3]. OcHOBHU yTunajHu (akTopu Ha
JMHAMAYKO [TOHAIIAE SBOJBEHTHHX [IMIIMHAPHIHUX 3YITYaHUKA Cy HICHTH(HUKOBAHH U omucany. [loceOHa maxma
noceeheHa je wM3ydaBamy yTHIAja ToMepama npoduia Ha BuOpanmje 3ymuacTor mapa. JluckyroBana je
KOMIapaTHBHA aHallM3a Cepuje 3yMmyacTuX MapoBa Ca pa3iIHIuTHM KOS(HIMjEHTOM IoMepama Npoduia y by
ycBajarka ONTHMAJHOI MapaMerpa oOiiika 3ybalia ca acHeKkTa cMamema aMIUIMTyaa BuOpamuja M mosehamba
crabunrocTu. CinMyHa aHAIN3a IPUKA3aHa je U KoJ mopeherba mapaMerapa JUHAMUYKOL [IOHAIIAbA 3YMYacTor Iapa
ca IpaBUM 3YMLKEMa 1 3y[YacTor Mapa ca KOCHM 3YIILUMA.
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ABSTRACT

Many modern materials and material systems are layered, and contain interface. An interface is defined as
the surface between the two materials, which has the characteristics of both materials. The interface is a
characteristic of layered materials, as well as inhomogeneities, residual stresses and discontinuity of thermal and
elastic characteristics. Structural properties of layered materials and systems depend just on the interface. Interfacial
fracture mechanics can be applied to a large number of problems in several areas, such as protective coatings,
multilayer capacitors, thin film/substrate systems for electronic packages, structural laminated composites of various
types and adhesive joints.

Resistance to the interfacial fracture depends on the mixed mode, which represents the ratio of forces for the
crack opening and for the sliding ahead of the crack tip. What is characteristic for the interfacial crack in the mixed
mode load conditions is the existence of the high probability that the crack would kink out of the interface into one
of the materials. The "competition" between the crack kinking and propagation along the interface also includes the
material fracture toughness and interface fracture toughness. If there is a crack kinking out of the interface, the in-
plane tensile stresses would cause destabilizing of the kinked crack and its further propagation in the material below
the interface, i.e., the crack would be moving further away from the interface. On the other hand, the in-plane
compressive stresses are stabilizing the kinked crack and are causing it to close.

A crack, that is approaching an interface between the two dissimilar materials, can behave in three different
ways: is can arrest (stop propagating), it can deflect into the interface and continue to propagate along it or the crack
can penetrate the interface and continue to propagate in the material across it. In this case the energy release rate
needed for the crack deflection is compared to the energy release rate needed for the crack penetration of interface.

Depending on the type of loading to which the composite structure is subjected, the failure process can be
dynamic. If the interface were already weakened by existence of flaws, they could act as the initiators for the growth
of a crack, which, under certain conditions, could propagate unstably along the interface. Such situations lead to
necessity of studying the dynamic crack growth at the interface.

In the layers made of different materials, during the environmental temperature change, the thermal stresses
can appear as a result of the difference in the thermal expansion coefficients. Those stresses are causing the
appearance of an interfacial crack. When such a crack is formed, the energy release rate needed for the crack
propagation depends on intensities of stresses in both layers. The driving force of the interfacial fracture in this case
is the energy release rate. The crack trajectory is different for different coatings with different fracture resistance,
various residual stresses and the like.
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AIICTPAKT

MHOrM MOJIEpPHH MaTepujalli U MaTepHjaJIHM CHCTEMHU Cy CJOjeBHTH, OJIHOCHO caipxe HHTepdejc.
Wurepdejc ce nmedunmme kao rpaHnyHa MOBpIIMHA n3Mel)y 1Ba MaTepHjana Koja MMa KapaKTEpHUCTHKE o00a
MaTepujana. MHTepdejc je KapaKTepUCTHKa CIOjeBHTHX MaTepujajia, Kao IITO CY M HEXOMOTEHOCTH, 3a0CTalld
HallOHM U JUCKOHTMHYMTET TEPMHYKUX M EJIACTUYHUX KapakTepuctuka. CTPyKTypHe OCOOMHE CIIOjeBUTHX
MaTepHjana U CHCTeMa 3aBHCE ympaBo of HHTepdejca. MexaHuka yoMa uHTepdejca MOXe Ja ce IPUMEHH Ha
BelHKH Opoj npobiemMa y Buie 00J1acTH Kao IITO Cy: 3alUTUTHE MPEBJaKe, BHILECIOjHH KOHICH3aTOPH, CHCTEMHU
TaHaK cl0j/OCHOBA 3a eJIEKTPOHCKE MAKeTe, Pa3iINYUTH CTPYKTYPHH CIIOjeBUTH KOMITO3UTH U JICTUBCHH CIIOjCBU.

Ornop oMy uHTepdejca 3aBHCH O MEIIOBUTOT MOZIA KOjH MPE/CTaBJba OAHOC CHIIA OTBAparba M KIN3ambha
ucrnpen Bpxa npciarHe. OHO MITO je KapaKTepHCTHUYHO 3a MPCIMHY Ha MHTepdejcy y yCIoBMMa MEIIOBHTOT MOJA
onrepehema je na moctoju Benuka BepoBatHoha na he mpenuHa na ckpeHe ca uHTepdejca y jenan ox MaTepujana.
"Takmuueme" n3mely ckperama U IIMpema NPCIMHE YK HHTepdejca yKibydyje >KHIABOCT JIOMa Marepujana U
JKIJIABOCT JIoMa HHTepdejca. AKO TOCTOjU CKpeTame MpCIMHEe ca WHTepdejca, paBaHCKH 3aTeXyhun HaroHH,
ycnoBulie necrabunusaiujy uHTepdejcHe NMpCIvHe M HBEeHO Jajbe CKpeTame y MaTepujai ucnon uHrepdejca u
ynajeaBame of mera. C apyre cTpaHe, paBaHCKHM NMPUTHCKYjyNHM HamoHM cTaOWiIM3yjy MHTepdejCHY HPCIHHY M
JIOBOJIE /10 3aTBapama MPCIIKHE Koja je CKpeHya ca unrepdejca.

IMpcnuna koja ce npubnmkasa uuTepdejcy nsmely aBa pazanuuTa MaTepHjaaa MOXeE Jia ce TIOHaIla TPOjaKo:
MOXeE Ja Ce 3ayCTaBH NP KOHTAakKTy ca HHTepdejcoM (Ia mpecTaHe Aa ce IIHPH); MOXE Ja HACTAaBU Ja CE IIHPH
peko uHTepdejca WM MOXKe J1a cKkpeHe y uHrepdejc. Y oBoM cirydajy mopeau ce Op3uHa ocinobahama eHepruje 3a
CKpeTame NpciuHe y nHTepdejc ca 6p3uHOM ociiobohama eHepruje 3a npelaxerne IpeKo HHTepdejca.

3aBHCHO Off Ipupoze onTepelierba KOMe je M3JI0KEHa KOMIIO3UTHA CTPYKTYpA, MPOLIeC pa3apamba MOXKe J1a ce
OIBMja M AMHAMUYKM. AKo je uHTepdejc Beh ocnabibeH IHocTojambeM TIpelllaka, OHE MOry Ja IIOCIHYXe Kao
UHHULUJATOPH MPCIMHE KOja MOXe, MO/ oAroBapajyhiuM OKOJIHOCTHMA, Jia Iponarupa HecTabUIHO AyX UHTepdejca.
TakBe cutyauuje I0BOJE 10 NOTpeOe aHaIn3Mpama AMHAMIYKOr pacTa MpcinHe Ha HHTepdejCy.

V crojeBuMa o pasiMYUTHX MaTepHjaja NMPUIMKOM IPOMEHE TeMIIepaType OKOJIHMHE HACTajy TEPMHYKU
HAIIOHH Ka0 Pe3yJTaT pa3iHke y Koe(HIHjeHTHMa TOIUIOTHOT mupera. OBH HAIIOHH yCIIOBJbaBajy M0jaBy MPCIUHE
Ha uHTepdejcy. Kana ce oa npeanua gopmupa, mokperayka ciia pacTa MpCciIuHe 3aBUCH O]l HHTEH3UTETA HAallOHA Yy
oba crnoja. Ilokperauka cuina wHTEpdEjCHOr JIoMa y OBOM ciy4ajy je Op3uHa ocnobahama enepruje. Ilyrama
IPCIIMHE je Pa3IMYuTa 32 Pa3iMYUTe HpEeBllaKe ca PasiIM4UTOM OTMOpHOWNY Ha JIOM, PasiIMYUTHM 3a0CTAIMM
HAIIOHMMa U CIIMYHO.
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ABSTRACT

In this paper poses an original methodology of the analysis of the dynamics of one class of vibro-impact systems
based on oscillators with curvilinear routes and stationary non-ideal constraints. Beginning with integrated
theoretical basis (Theory of imapacts and collision og bodies, Phase plane method applied to nonlinear system
dynamics, Dynamics of heavy mass particle motion along curvilinear rough lines-parabola, cicloid, circle. elipsoid),
along diverse visualizations, a new methodology base is posed, easily applicable for further scientific research and
new classes of vibro-impact dynamics, as well as for the use in engineering practice for the analysis of real vibro-
impact system dynamics, whose abstraction leads to one of the studied vibro-impact dynamics models. Although
this methodology is presented using several examples, it becomes significant, like algorithm, which easily leads to
analysis of kinetic parameters of vibro-impact dynamic system with one or more degrees of freedom of motion. This
paper was compiled as a result of its authors having selected, systematized and applied one part of the new,
authentic research results, which they attained through their individual research work, within scientific research
projects (project OM144002 (2006-2010) and project OM174001 (2011-2016) coorcinated through Mathematical
Institute of Serbian Academy of Sciences and Arts and suported by Ministry of science of Republic of Serbia;
whereby modern information technology (software tools — software package programmes MathCad, MATLAB,
Wolfram mathematica) is used for graphic visuelization of vibro-impact dynamics.

REFERENCES

[1] Babickii V. I.: Theory of vibro-impact systems, Moskva, “Nauka", 1978. (in Russian).

[2] Hedrih (Stevanovi¢) K., Vibrations of a Heavy Mass Particle Moving along a Rough Line with Friction of Coulomb Type,
©Freund Publishing House Ltd., International Journal of Nonlinear Sciences & Numerical Simulation ISSN: 1565-1339,
Volume 11, NO.3, pp.203-210, 2010.

[3] Hedrih (Stevanovi¢) K., Free and forced vibration of the heavy material particle along line with friction: Direct and inverse
task of the theory of vibrorheology, 7th EUROMECH Solid Mechanics Conference, J. Ambrésio et.al. (eds.), Lisbon,
Portugal, September 7-11, 2009, CD —MS-24, Paper 348, pp. 1-20.

[4] Hedrih (Stevanovi¢) K., Raicevi¢ V., Jovi¢ S., Vibro-impact of a Heavy Mass Particle Moving along a Rough Circle with
Two Impact Limiters, ©Freund Publishing House Ltd., International Journal of Nonlinear Sciences & Numerical Simulation
ISSN: 1565-1339, Volume 11, NO.3, pp.211-224, 2010.

[5] Hedrih (Stevanovi¢) K., Raicevi¢ V., Jovi¢ S., Phase Trajectory Portrait of the Vibro-imact Forced Dynamics of Two Mass
Particles along Rough Circle, Communications in Nonlinear Science and Numerical Simulation ISSN: 1007-5704, Volume
16, Issue 12, December 2011, Pages 4745-4755.

[6] Jovi¢ S., Raigevi¢ V., Vibro-impact system based on oscillator, with three heavy mass particles moving along a rough circle,
©Freund Publishing House Ltd. International Journal of Nonlinear Sciences and Numerical Simulation ISSN: 1565-1339,
IINSNS ID-K01- 2010., Volume 12, NO.1, pp.63-82, 2011.

[7] Jovi¢ S., Raicevi¢ V., Vibro-impact forced oscillations of a heavy mass particle along a rough circle excited by a single-
frequency force, Acta Mechanica, ISSN: 0001-5970, Volume 223, Number 6, pp. 1153-1168, June 2012. DOI:
10.1007/s00707-012-0623-2v.

[8] Jovi¢ S., Raicevi¢ V., The phase portrait of the vibro-impact dynamics of two mass particle motions along rough circle,
Kaunas University of Technology, Scintific Journal "MECHANIKA", 2012 Nr 18(6), Article ID-No 526, pp. 657-665, ISSN
1392 - 1207, 2012.

23



JUHAMMUKA BUBPOYJAPHUX CUCTEMA

Cphan JoBuh

DakynTeT TeXHUYKUX Hayka, KocoBcka Mutpouiia, YHusepsuter y [Ipumrunn
V.. Kpassa IMerpa | 6p. 149/12, KocoBcka Mutposuia, CpOuja, e-mamt: jovic003@gmail.com

Kibyune peun: Bubpoynapua quaamuka, Amontons-Coulomb-osa cuna tpema, aHanu3a KHHETHYKUX apaMerapa,
CHHTyJIapHa TaykKa, CHeprijcKa aHaJli3a, Tellka MaTepHjaiHa Tauka, (pa3Ha TpajeKTopHja, ajlTepHalnja cMepa CUiie
Tpema, rpaduuka Npe3eHTaltja, pernpe3eHTaTHBHA Tauka. ..

PE3UME

VY 0BOj pany je mocraB/beHa OPUTHHAIHA METOIOJIOTHja aHAIN3e JMHAMHKE jelHE Kilace BHOPOYyIapHHUX CHCTeMa Ha
0a3u ocuuiaatopa ca KpPHBOJIMHHjCKMM IyTakama ¥ CTal[MOHADHHM HEWJIealHHMM Be3ama. [loueBmm of
HMHTEIPHCAHNX TEOPHUjCKUX OCHOBA, KA0 KPO3 pa3jIMuMTe BU3yelHU3alHje MOCTaB/beHA je HOBA OCHOBA METOJOJIOTHjE
JIaKO MPHMEHJbUBE 32 Jajba Hay4YHa MCTPAKHUBAHa M HOBHX Kiaca BUOPOyJApHUX AMHAMUKA, KAo M 3a IPUMEHE y
HHKEHEPCKOj MPAKCH 33 aHAIM3y JUHAMUKE PealHuX BUOPOYJapHUX CHCTEMa, YHja aIllCTpaKIija BOAU Ka HEKOM O]
MPOYYCHUX MOJeNla BHOpoyJapHe AuHamuke. Mako je oBa MeTomosoruja, mpHkasaHa Kpo3 BHILIE NMPHMeEpa, OHA
no0Ouja Ha 3Ha4ajy M Kao ajropuraM, KOjH OJaKIIAaHO BOAM aHAM3M KHHETHYKHX Iapamerapa BHOpoyaapHe
JMHAMUKE CHCTEeMa Ca jeJHUM M BHIIE CTENEeHH c100oje Kperama. Paj je HacTtao Tako WITO Cy HEHH ayTOpH
W3/IBOjUJIH, CHCTEMAaTH30BAIIK M YIIOTPEOWIH jeaH Je0 HOBHX ayTeHTHYHHX MCTPaKMBAYKHUX PE3YITaTa, J0 KOjUX
Cy JIOIUTH Y CBOJUM HCTPaKMBambUMa y OKBHPY HAy4yHO HCTPaXKMBAuKMX Tpojekara (mpojekat OM144002 (2006-
2010) u npojexar OM174001 (2011-2016), u npu TOME ce KOPUCTE HOBE MH(POPMATHIKE TEXHONIOrHje (COPTBEpCKH
amatd - mporpamu u3 coprBepckux makera MathCad-a, MATLAB-a, Wolfram mathematica) 3a rpaguuky
BH3yeNnHU3alHjy BUOPOyAapHe THUHAMUKE.
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ABSTRACT

A comparative thermal buckling analysis of functionally graded thick square and rectangular plates with and without
the Winkler—Pasternak type of elastic foundation is presented. Mechanical and thermal properties of the functionally
graded material, except Poisson’s ratio, are assumed to vary continuously through the thickness of the plate
according to a power-law distribution of the metal and ceramic volume fractions. Formulations of equilibrium and
stability equations are based on high order shear deformation theory including different type of shape function as
well as von Karman type of nonlinearity with the plate-foundation interaction and thermal effects. An analytical
method for determination of critical buckling temperature for uniform increase of temperature, linear and nonlinear
change of temperature across thickness of plate is developed. Numerical results were obtained in Matlab software
using combinations of symbolic and numeric values. Comparative results of critical buckling temperature for
different type of shape functions are presented. The accuracy of the presented formulation and obtained numerical
results is verified by comparing the results available in the literature. The effects of the foundation stiffness, power-
law index and temperature gradient on mechanical responses of the plates are discussed and appropriate conclusions
are given.
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AIICTPAKT

[pencraBibeHa je yrmopeaHa aHaN3a TePMUYKOT H3BHjamba ()YHKIIMOHAIHO TPaJMjeHTHE KBaApaTHEe U PaBOyraoHe
mwioge ca u Ge3 Bunkmep-IlacrepHak Tuma emacthyHe mnomiore. MexXaHHYKE M TEPMHYKE KapaKTEPHCTHKE
(YHKLMOHAIHO TPAJUjeHTHOr MaTepHjaia, usy3eB IloacoHOBOr Koe(uLHjeHTa, NPETIOCTAaBILEHO je 1a e MeHajy
KOHTHHYAJIHO Y TpaBUy JeOJbHHE IUI0Ye Y CKIIaAy Ca 3aKOHOM KOjH HpeACTaBiba (DYHKIHjY 3alPEMUHCKOT yiena
Meraj/kepamuKa KoHcTuTyeHaTta. PopMynanuja jeHaYMHA PABHOTEXKE M CTAOMIIHOCTH 3aCHHBA CE€ Ha CMHULAjHO]
nehopMaIoHO] TEOPHjU BHIIET pela yKibydyjyhin pasmuuut Tun ¢QyHKIMje oOnuka Kao ¥ BOH KapmaHOB THm
HENUHEAPHOCTH Ca IUIOYa-NOJIora MHTEPAKIMjOM M TEPMHYKUM e(peKToM. AHaIUTHYKa MeTola 3a oipehuBarbe
KPUTHYHE TEMIIpaType M3BHjama 3a yjeIHA4YEH [OpPAcT TEMICPAType, JMHCAPHH W HEIMHEPAHH PacT y MpaBIy
nebspuHe 1UIoue je pas3BujeH. Hymepuuku pesynraTtu cy nobujeHn y coprepy Matinab kopuuihermeM KOMOUHALMjE
CUMOONMYKUX ¥ HYMEPHYKUX BpeqHocTH. IIpeicraBibeHH Cy YHOpPEAHH PE3yNTaTH 3a KPUTHYHY TeMIlepatype
HM3BHjarba 3a pa3niuTe THIoBe QyHKIMje oOnmka. TauHOCT mpencTaBibeHe GopMynalije U JoOHjeHHX pe3ynrara
Bepu(HKOBaHa je mopeljermeM ca pesyaTaTiMa JIOCTYIIHUM Yy JIUTeparype. Y THIA] KPYTOCTH eIacTUYHE MONIOre,
MHJICKCA y/iena MeTan/KepaMuKa KOHCTHTYeHaTa, Ka0 M TEMIICPaTypPHOT TPaijeHTa Ha MEXaHHYKH OJ3UB IUIOYC je
JIMCKYTOBaH M U3HETH Cy OJroBapajyhu 3akibydiiy.
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ABSTRACT

Human reproduction continues to fascinate researches with mechanisms involved in process of creation of new
being as well with dynamics of these processes of which some are still not examined enough. Reproductive
biomechanics include, but are not limited to, a wide area from micro (cellular level) to macro scale, as well as
different hormonal oscillatory processes in both genders. Each phase of reproductive process is a unique challenge
for modeling biomechanical behavior. Due to specificity of the processes in each phase, approaches in solving
biomechanical problems are different. We highlight some specific areas of research like sperm motility
biomechanics, contact biomechanics of reproductive cells, fertilization biomechanics on macro level with gender
specifies, embryo growth biomechanics, uterus birth biomechanics, vaginal childbirth biomechanics, biomechanical
models of pathological processes like erectile dysfunction. All of them use different methodologies and approaches:
finite element analysis, method of discrete continuum, theory of oscillations in chain systems, fluid an structural
mechanics, theory of chaos, atomic force microscopy measurements, resistive force theory, fluid mechanical model
based on immersed boundary method...Different methodological approaches for these reproductive research
problems will be discussed. A new, innovative approach in the study of biomechanics of sperm cell shape
transformation process-spermiogenesis that occur during sperm maturation will be proposed and discussed.
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AIICTPAKT

XyMmaHa penpoayKIHja 1 Jajbe haciHIpa HCTpaKMBade He caMo 300r MeXaHH3aMa yKJbydeHUX y HACTaHAK HOBE
jenuHke Beh u 300r IMHAMUKE CaMMX MpoLeca OJ KOjUX Cy HEKHM jOII YBEK HE[OBOJbHO MpoydeHu. PenpoaykTuBHa
GuomexaHuka o0yxBaTa IIMPOKY 001acT of MUKpo (heamjckor) 10 Makpo HHBOA Ka0 M PA3JIHYUTE XOPMOHCKE
OCLIMJIATOpHE MpoLece Kox jenunku oba moma. Csaka ox (asa y mpouecy penpoiykuuje je mocebaH H3a3oB 3a
6uoMexaHHIKO MojenoBame. C 003UpoM Ha celU(HIHOCTH IPUPOJIE IIpolieca cBake (ase MPUCTYIN y pellaBamby
OHOMEXaHWUKHX IpobleMa Cy pa3nuuuTH. I3nBajaMo moceGHe 007acTH HCTpaKHMBaEma: MEXaHHKY KpeTama
CIepMaTo3001a, OMOMEXaHUKY KOHTaKTa PeHpoayKTHBHHX hernja, OMOMEXaHHKY OIJIONC Ha MaKpO HHUBOY Koja
ca MOJIHUM CrienupUIHOCTHMa, OHOMEXaHUKY pacTa eMOpHOHa, OMOMEXaHUKY KOHTpaKIHja yTepyca mpu mopohajy,
OMOMEXaHHKy Ipojacka IUIoAa Kpo3 mopolajHe kaHaie, MoJene MaTOJOLIKMX IMpolieca Kao IITO je epeKIHIHA
nuchynkimja. CBaka 0O HABSACHHUX OOJIACTH KOPHCTH Pa3IMYMTy METONOJIOTHjY M IPUCTYIE. METOAY KOHAYHHX
CIIEIMEHATA, METONY MMCKPETHOI KOHTHHYYMa, TEOPHjy OCLIUIAlHja y JIAHYAaHAM CHCTEMHMA, METOOJIOLIKH
IPHCTYN CTPYKTYpHE MEXaHHKE M MeXaHHKe (IIyHna, TEopHjy Xaoca, Mepema aTOMCKHX CHIIa IIOCPEICTBOM
MHKPOCKOII4, TEOpHjy OTIOPHUX CHIa, METOAY HHTepakiuje (Iynaa M UBPCTOr Tela 3aCHOBAaHE HA METONH
IPaHMYHUX eJeMeHaTa M JpPYruM KoMOMHalujamMa HaydHMX Mertofa. bulie yKkpaTko H3JIO0XKEHH pasIuduTH
METOJOJIOIIKHM TIPUCTYIIH HAaBEJEHHX OHOMEXaHMUKHX (PEHOMEHA y PENpOAYKTUBHOj MEIHUIMHM KAa0 M HOB
MHOBAaTHBHU MPUCTYI 3a [UHAMHKY CIepMUOreHe3e- TpaHchopMmalja oOIMKa CIEpMaTo300U[a Y HPOLECcy
ca3peBama.
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ABSTRACT

Here, we will present recent results in the field of vibration and stability analysis of nanostructures like nanorods,
nanobeams and nanoplates. Systems with one and more nanostructures embedded in the elastic/viscoelastic medium
are modeled via nonlocal elasticity and viscoelasticity and using corresponding displacement field and linear
deformation-displacement relations. Motion equations are derived using D’Alambert’s principle and shown as
functions of displacement and corresponding parameters of the system. Influences of nonlocal parameter, parameters
of elastic/viscoelastic medium, and structural parameters of nanostructures on natural frequencies of the system and
time response are shown on several numerical examples.

2 NONLOCAL MODELS OF NANOSTRUCTURES

Nanostructures such as nanorods, nanobeams and nanoplates are widely used in modern nano-electromechanical,
nano-optomechanical and other nano devices. Difficulties in performing experiments on nano-scale and limitations
of atomistic methods to nanostructures with small number of atoms brings in the foreground the continuum based
methods and their modifications for the analysis of complex nanostructure systems. Nonlocal theory of Eringen [1]
is a modification of classical continuum theory where the basic assumption is that the stress at a point of an elastic
body is not a function of strain only at that point but also depends on strains at all other points of that body. Latter,
that theory is applied for the analysis of vibration and stability of complex nanostructure based systems as well as
nanostructures subjected to the influence of magnetic and temperature fields [2]. Here, we will summarize recent
results in the field of vibration and stability analysis of complex nanorod, nanobeam and nanoplate based systems [2,
3]. Systems with single or multiple elastica/viscoelastic coupled nanostructures representing carbon nanotubes or
graphene sheets embedded in a polymer matrix are modeled using theories of nonlocal elasticity and classical or
fractional viscoelasticity and corresponding beam or plate theories. Motion equations are derived via D’ Alambert’s
principle and shown in terms of displacement and system parameters. Validation study and influences of nonlocal
parameter, parameters of elastic/viscoelastic medium and other system parameters on frequencies and time response
of the system are shown through several numerical examples.
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Ogzie he OuTn NpUKa3aHU HEJABHU PE3YNTATH U3 0071aCTH aHANN3€ OCLHUIALMja U CTAOMIHOCTH HAHOCTPYKTYpa
Kao IITO Cy HaHOLITAIIOBU, HAHOIpeze ¥ HaHomioue. CHCTEMH ca jeJHOM MM BHIE HAHOCTPYKTYpa Koje ce Hajaze
y CPeIMHY Ca eNaCTHYHUM/BHUCKOCIACTHYHUM CBOjCTBHMA, MOACIUPAHYU Cy IPUMEHOM KOHCTHTYTHBHUX pelalija
HEJIOKAJIHE eJIACTHYHOCTH U BHCKOJIACTHYHOCTH M OArOBapajyhnx mojba HoMepama M JIMHEAPHHUX Be3a m3Mehy
nedbopmanyja ¥ moMepama. JeqHAUMHE KpeTama CHCTeMa Cy H3BeleHe HpuMeHoM J[lamamGepoBOr NpHHIHIA H
npukasaHe y (yHKIMjU HOMepama M OAroBapajyiiux mapamerapa cucreMa. YTHIAjH HEJOKAJIHOT Napamerpa,
Iapamerapa enacTHYHE/BICKOCIACTHYHE CPEAMHE M KPYTOCTH WIH CTPYKTYPHOT MPHUIYIICHa Ha IPUPOAHE
(pekBeHLje cUCTeMa WM BPEMEHCKU OJ3HB CHCTeMa MPHKA3aHU Cy Ha HEKOIMKO HyMEPHUKUX MpHMepa.

2 HEJIOKAJIHU MOJIEJIM HAHOCTPYKTYPA

HaHocTpykType Kao IITO Cy HAaHOIUITAIIOBH, HAHOTPEJE M HAHOIUIOYE CY IIMPOKO HMPHUMEHEHH Y CaBPEMEHHUM
HaHO-EJIeKTPOMEXaHUYKHM, HAHO-ONTOMEXaHHMYKUM M JApyruM HaHo ypehajuma. [loremkohie y wu3Bohemy
eKCIepHMEHATa Ha HAHO CKAIM M OrPaHHYEH-a aTOMHCTHYKHX METOJa CHMYJalje Ha CHCTeMe ca MambHuM OpojeM
aToMa JIOBOZIC Y IPBM IUIAH KOHTHHYYM METOJE M IUXOBe MOIU(MKALMje Yy CBPXY aHAIM3E CIOKEHUX CHCTEeMa
HaHOCTpyKTypa. HenokanHa Teopuja enactuunoctu Epunrena [1] je Moaudukanuja kiacudHe KOHTUHYYM TEOpHje
IJie je OCHOBHA IPETIOCTaBKa Ja HAIlOH y HEKOj Ta4ykd Teia Huje QyHKnmja nedopmanuje camo y Toj Tauku Beh
3aBHCH U 07 JedopMalije y CBUM OCTAIMM Tadykama Tor Tena. KacHuje je Ta TeopHja NpUMEH-CHa 3a aHaIH3y
OCHMJIAIMja U CTAOMIIHOCTH CIIOXKEHHX CHCTEMa HAHOCTPYKTypa Kao M HAHOCTPYKTypa IOJ yTHMIAjeM MarHeTHOT
Wwin TemmepaTypHor nossa [2]. OBme he GUTH CyMHpaHH HEZABHH PE3yNITATH y OOJACTH aHAIM3C OCLWIALMja U
CTaOUIHOCTH CIIOKCHUX CHCTEMa HAHOLITANoBAa, HaHOrpena u HaHomnoda [2, 3]. Cucremu ca jeaHHUM MM BHILE
€IIACTHYHO/BUCKOENACTUYHO CIIPETHYTHX HAaHOCTPYKTYPa KOje MPEACTaBIbajy CHCTEME YIJbeHHYHNX HAHOLCBY WIIH
rpadeHa y HEKOj MOTMMEPHO] CPEIMHH MOJCIUPAHE Cy MPUMEHOM TCOPHUje HENOKAIHE CIAaCTUYHOCTH U KIACHYHE
Wi (paKkoHe BHCKOETACTHYHOCTH U OJroBapajyiux Teopuja rpena U mioda. JeAHauyuHEe KpeTama CUCTeMa Cy
u3BeeHe npuMeHoM [lanamMGepoBor NMpUHIMIA U IpHKa3aHe y GYHKIMjH IOMepama U OroBapajyinx napamerapa
cucremMa. Bamupanuja pesyrata M yTHLIAjH HEIOKAIHOT MapaMerpa, Iapamerapa elacTHYHE/BHCKOCTACTHYHE
CpeMHe M OCTAJIMX MNapaMerapa cHcTeMa Ha ()PEKBEHLMje MIM BPEMEHCKH OJ3MB CHCTEMa HPHMKAa3aHU Cy Ha
HEKOJIIMKO HyMEPHYKHX IIPHMEpa.
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ABSTRACT

The most of existing literature related to stability systems is focused on Lyapunov asymptotic stability, which is
defined over an infinite time interval. However, often, this stability concept is insufficient for practical purposes,
because there are some real systems whose state variables, during the transient period, must not exceed a certain
value when the upper bound of initial condition is given. In such cases, new concept of finite-time stability (FTS) is
introduced. Recently, the concept of FTS is applied to various systems, such as time-delay systems, nonlinear
systems, systems with parametric uncertainties, neural network systems, fuzzy systems, switched systems, etc.

Time-delay, which is a common phenomenon encountered in various engineering systems (chemical systems,
electrical networks, large-scale systems, and long transmission lines) is known to be great sources of poor
performance and instability of systems. The concept of finite-time stability can be also applied to time-delay
systems. In many practical systems, time delay is not constant but time-varying.

Other important factors causing poor performance of practical systems are nonlinear perturbations and parameter
uncertainties of systems. To the best of the authors’ knowledge, the FTS problem for the mentioned classes of the
systems has not been properly investigated so far, which motivates us to carry out this study. In this paper, we
extend recent results and apply FTS concept on the time-varying delay systems with nonlinear perturbations and
parameter uncertainties. Our contributions are given as follows. In order to obtain less conservative results, a new
integral quadratic inequality with exponential function (QIEF) is proposed and applied to the considered systems.
By using LKLF with exponential function, QIEF and estimations of LKLF in the initial and the current time, new
less conservative stability criteria are proposed in the form of linear matrix inequalities, in comparison with the
existing literature [1], [2], [3]. Finally, numerical examples are given to illustrate the applicability of the developed
results.
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AIICTPAKT

Behmna mocrojehe nmreparype, koja ce 0aBH TpOydYaBameM CTAOMIHOCTH CUCTeMa, Kopuctu JbamyHOBY
ACHMIITOTCKY CTaOWIHOCT Ne(UHHCAHYy Ha OECKOHAYHOM BPEMEHCKOM HHTepBady. OBaj KOHLENT CTaOMIHOCTH
YeCTO je HeJOBOJbAH 3a MPAKTUYHY MPHUMEHY, jep MocToje oapeheHn peajHH CHCTEMH Yhje MPOMEHIbUBE CTama Y
IpeTa3HOM PEeXUMY He cMejy Aa rpely ozxpelene rpanuiie, npu yHanpes 3a1aToj TOPH0j TPAHMIM TOYETHUX YCIOBA
crcTeMa. Y TakBHM CIIy4ajeBUMa yBOAHU CE KOHLICNT CTaOMIHOCTH Ha KOHAYHOM BpeMeHcKoM uuTepBaty (SKVI). V
TIOCJIe/IEbe BpeMe, OBaj KOHIIENT CTaOMITHOCTH Ce PHMEbYje Ha PasIMiuTe Kilace CHCTeMa Kao IITO Cy: HEeTMHEapHU
CHCTEMH, CHCTEMH ca I[apaMeTapcKuM HeoApeljeHOCTHMa, CHCTEMH HEYypOHCKMX Mpexa, (a3u cucreMu u
MIPEKUIAYN CHCTEMH.

BpeMeHCKO Kallmbeme, Koje Ce 4eCTO I0jaB/byje y PasinYUTHM TEXHHYKHM CHCTEMHMA (XEMHjCKH CHCTEMH,
CHICKTPHYHE MpPEXKE, BEIUKH CHCTEMM, CHCTEMU Ca IyIHM IPCHOCHHM JIHHHjaMa), MOXKEe OMTH H3BOp JOLIC
nepdopmance u HecrabmwiHoctu cucrema. Konment SKVI ce Moxke NpUMEHWTH M Ha OBY KJIacy CHCTEMa ca
KalmemeM. YecTo, y MHOTUM MPAKTHYHHM CHCTEMHMa BPEMEHCKO Kalllibelhe HHje KOHCTaHTHO Beh BpeMeHCKH
MIPOMEHJBHBO.

Jpyrn BaxkaH u3BOp Jomie mepopMaHce CHCTEMa jecy HenuWHeapHe meprypbamije W mapamerapcke
Heonpehenoctn y cucremy. Ilpema HamuMm cazHambuma, npodmem SKVI 3a moMmeHnyTy kiacy cucteMa HHjE Y
JIOBOJbHOj MEpH HCIUTHBAH 10 caja. 300r Tora cMo, y OBOM pajly, IpOLUpHIHN nocrojehe pe3ynrare npuMeHoM
xonnenta SKVI Ha kiacy cucremMa ca BPEMCHCKU IIPOMCHJ/BUBUM KAIECHEM U INPUCYTHHM HCIUHCAPHHM
neprypbanujamMa U mapamerapckuM Heoxpelhenoctuma. JlonpuHoc paga je cnenehin. Y by HOCTH3ama Mame
KOH3EPBATHBHUX DPE3yJITaTa, NMPEIIOKEHA je HOBAa HMHTErpajHa KBaJpaTHA HEjJEJHAKOCT Ca EKCIIOHEHLHMjATHOM
dyuxmmjom (KNEF) u nmpumMerseHa je Ha pa3Marpany Kiacy cuctema. Kopucrehn ¢yHkuuonan cnuvan JbamyHos-
Kpacoscku ¢dynkuuonany ca excrionenunjaniom ¢pyukuujom (LKFEF), KNEF u npouene LKFEF 3a novernu u
Tekyhn TpeHyTak BpemeHa, NOOMjeHH Cy HOBHM KPHUTEPHjyMH CTaOWIHOCTH y OOJHUKY JHMHEAPHHX MATPUUHUX
HEjeIHAKOCTH, KOjH Cy Mambe KOH3epBaTHUBHH Y nopehemy ca mocrojehinm kpurepujymuma [1], [2], [3]. Konauto,
OMONy HyMEpHYKHX IPUMepa, JEMOHCTPUPAHA je IPUMEHBUBOCT U3BEICHUX PEe3yJITaTa.
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ABSTRACT
This paper deals with the developing and modeling the kinematics and dynamics of Cable-Suspended Parallel Robot
- CPR system. In this paper, we have presented several new types (constructions) of Cable-suspended Parallel
Robot. Each new design requires studious approach and detection of specific phenomena, which needs to be defined
through the process of mathematics modeling. The characteristic features of CPR structures can be grouped as
follows:
1. shape of the work space (plane, spatial (different forms)),
2. number of motors,
3. number of hanging points,
4. total number of ropes for the implementation of the CPR system,
5. number of ropes from the camera carrier to the hanging points,
6. type of motor translational or rotational, translational motors in this paper will not be analyzed, while the rotary
motor can operate in three ways:
% motor with the same side winds or unwinds the rope,
«+ the motor on one side winds the rope but on the other side unwinds the same rope,
« the motor winds or unwinds two ropes at the same time from the same side.

Each of these characteristics differently affects the response of the CPR system. The geometric relations
between the motor and the camera carrier motion are highly important for the kinematic and dynamic modeling of
the system. The mathematical model (kinematic and dynamic) is defined as generally solution. If it assumed
that all the parameters of the considered systems are the same, therefore the comparison of these systems will be
easier. It is evident that the choice of construction of CPR significantly affects the response of this system.

We point out the advantages of novel constructions in comparison with so far published papers. The
development of these systems gives a wide possibility of their application in different areas of human activities:

1. supervision and monitoring the workspace for different purposes: securing and monitoring the area.

2. monitoring and tracking the mass sports (football, hockey, tennis, ...) and culutral events,

3. monitoring and assisting children, elderly and disabled,

4. irrigation in greenhouses, glasshouses and open plantations, and

5. applications for security, police and military purposes.

This paper is an overview of the modeling approaches of different constructions of Cable - Suspended Parallel
Robots, CPR systems.

The so far achieved results on the CPR system project (since the beginning of 2011) have resulted in many
published papers: 2 papers published in international monographs, 4 papers published in international journals from
Sl list, 18 papers published in international conferences, 1 invited paper in international conference, 3 papers
published in national journals, 7 papers published in national conferences, 10 technical solutions (program
packages). The quantity and quality of published papers in the area of CPR system’s development support the
popularity of the subject and the fact that this technology was not yet developed in Serbia and in surrounding
countries.
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CAKETAK
OBaj pan ce 6aBu pasBojeM M MOJCITHPAbeM KHHEMaTHKe M AWHAMEKe KabmoBcku Bohenux cuctema (Cable-Suspended
Parallel Robot - CPR cucrem). V oBoM pany je npexncraBibeHo Buiue HoBux turosu Cable-suspended Parallel Robot -
CPR koHctpykuuja. CBaky HOBM [M3ajH 3aXTEBa CTYAMO3aH NPUCTYI M MPEMO3HABAKE KAPAKTEPUCTHYHUX (DEHOMEHA
koju Tpeba ma Oyay AedMHHMCAHM TOKOM IIpolieca MaTeMaTH4Kor Mojenupama. OcobuHe koje kapakrepuinry CPR
CTPYKType MOry OWTH Tpymnucane Ha cienehn HauuH: 1. 06aHK pagHor mpocropa (paBaHCKH, MPOCTOPHU (pa3Hu OOIHIN)),
2. 6poj moTopa, 3. Opoj Tayaka Bemama, 4. ykyman Opoj kabiioBa koju ce kopucre 3a u3paay CPR cucrema, 5. 6poj
Ka0JI0Ba KOjU MOBE3Yjy Ta4yKe O]l Hocaya TepeTa 10 Tayaka Bellamba,
6. TpaHCIATOPHM YJIM POTALMOHH MOTOp, TPAHCIATOPHH MOTOPH Hehe OMTH aHaJIM3MpaHU Y OBOM pajy, JOK POTALHOHH
MOTOpH MOTY Jia pajie Ha ciefehn HaunH:
¢ MOTOp HaMOTaBa HJIM OJIMOTaBa y)Xe ca HCTe CTPaHe,
¢ cajeqHe CTpaHE MOTOP HAMOTABA YXe 0K ca JPYre CTpaHe OMOTaBa yxKe,
¢ MOTOp HaMOTaBa WJIM OMOTABa J[Ba Y)KETa Ca UCTE CTPAHE.

CBaka 0/] OBUX KapaKTepHCTHKa pa3induto yrude Ha o13uB CPR cucrema. ['eomerepujcka Besa u3mel)y kperama
MOTOpa U HOca4a KaMmepe je Beoma OMTHA 3a (hopMUparbe KNHEMATHYKOT U JUHAMHUYKOr MOJiea CHcTeMa. MarteMaThuku
Mozen (KHHeMaTHIKK U JUHAMHYKH) je Je(HUHICaH Ka0 TeHEPaIHO pelehe. AKO Ce MPETIOCTaBY Aa Cy CBH MapaMeTpu
pa3MaTpaHHX CHCTEMa MACHTHUYHM Taja je YIOpe[Ha aHauM3a IPEeACTaB/bEHHX CHCTEMa OJakmiaHa. EBHIEHTHO je na
n300p koHcTpykuuje CPR crcrema 3HauajHO yTHde HA OJ3UB CHCTEMA.

VYkasyje ce Ha NPEIHOCTH HOBUX KOHCTPYKIMja y OZHOCY Ha 1O caja ITyOJMKOBaHa pellema. Pa3sBoj oBHX
CHCTEMa fiaje IIMPOKY MOryiHOCT BUXO0BE IIPHIMEHE Y Pa3HOPOJHHM 00JaCTHMA JbYACKE ACTaTHOCTH:

1. Hamremame M CHHMame PaJHOT MPOCTOpA 3a pa3iMuuTe HaMmeHe. obe3bclere W Haariename paaHoT
IPOCTOpa,

2. cHumame u npaheme MacoBHHX CHOPTCKUX ((yabaiCKux, XOKEjaCKHX, TEHHCKHX, ..) M KYJITYPHHX
MaHudecranyja,

3. Hay3op 1 moMoh JenH, CTapuM U XCHINKEIHPaHIM ocobama,

4. HABO[HABAE y CTAKIICHHUIINMA, [UTACTCHHUIMMA M OTBOPEHHM IUTaHTAKaMa, 11a CBE 110

5. mprMmeHe 3a 6e30eJHOCHE, TONHUIjCKE U BOjHE HAMEHE.

VY o0BOM pajy mpHKa3yjemMo mperiel MeToia MoIeIupama pa3nminuTix KoncTpykimja Llabme - Suspended Parallel Robots
— CPR cucrema.

Jocanaimbu pe3ynTaTd HCTpakuBama Ha mpojekty CPR cucrema ox mouerka 2011, BepudukoBanu cy Ha
mehyHaponHoj u jgomahoj HaydHO-CTPYYHO] CIIEHM IyOJNMKOBameM HHU3a panoBa. 4 paga myOJdMKOBaHa Yy
HHTEpHAIMOHATHIM YacornucuMa ca S| smcre, 18 pamosa myOnuKoBaHHX Ha HHTEPHALOHATHUM KoH(epeHnujama, 1 pax
TI0 TI03MBY MyOJMKOBaH HAa MHTEPHAIIMOHAIHOj KOH(pepeHnuju, 3 pana mybiankoBaHa y nomahum yaconmcuma, 7 pajoBa
nyonukoBaHux Ha gomahium koHdepenuujama, 10 TexHMYKMX pemerma (nporpaMckux makera). bpoj M KBammTer
my0nnKoBaHKUX pajgoBa y obmactu passoja CPR cucrema uay y IpHIOr akTYelTHOCTH TEME M Y OJHOCY Ha YHICHUILY Aa
0Ba TEXHOJIOrHja HUje 0 cana pa3BujaHa y CpOuju a Takole HH y 3eMJbaMa Y OKPYKEHbY.
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Mihailo Petrovi¢ (6 May 1868-8 June 1943)

Mihailo Petrovié was born on 6 May 1868, in Belgrade, as the first child of Nikodim,
a professor of theology, and Milica (Lazarevic).

Mihajlo Petrovi¢ Alas was a great figure of Serbian Science and Culture. Petrovié
was a very influential Serbian mathematician with nmeoru doctoral students in Serbia. He
was also a distinguished professor of mathematics at University of Belgrade. Petrovi¢ was
a regular member of Serbiain Royal Academy of Scuence. Petrovi¢ contributed
significantly to the study of differential equations and phenomenology, as well as inventing
one of the first prototypes of an analog computer.

He finished the First Belgrade Gymnasium in 1885, and afterwards enrolled at the
natural science-mathematical section of the Faculty of Philosophy in Belgrade. At the time
when Petrovié finished his studies in Serbia in 1889, several Serbian mathematicians who
had acquired their doctorate degrees abroad, like Dr. Dimitrije Nesi¢ (at Vienna and
Karlsruhe Institute of Technology), Dr. Dimitrije Dani¢ (at Jena, 1885) and Bogdan
Gavrilovi¢ (at Budapest, 1887) were beginning to make a name for them. Subsequently, in
September 1889, Petrovi¢ too went abroad, to Paris to receive further education, at the
Ecole Normale Superieure. He got a degree in mathematical sciences from Sorbonne
University in 1891. He worked on preparing his doctoral dissertation titled:
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"Sur les zéros et infinis des intégrales des équations différentialles algébriques”
and on 21 June 1894 he defended his doctoral degree at the Sorbonne. His doctorate was
in the field of differential equations.. His doctoral dissertation was approved by Hermite
(Charles Hermite (1822 -1901)), Picard (Charles Emile Picard (1856 -1941)), Painlevé (Paul
Painlevé (1863 -1933)).

Petrovi¢ received a title "Docteur des sciences mathematiques” (doctor of
mathematical sciences). At the Ecole Normale Superieure in Paris, he got the following
degrees: Licence és sciences mathématiques (1892), Licence és sciences physiques
(1893) and Docteur és sciences mathématiques (1894).

Petrovi¢ was righ French Sorbonne student of famous scientists as Poincaré (Jules
Henri Poincaré (1854 -1912)), Appall (Paul Appell (1855 -1930)), Hermite (Charles Hermite
(1822 -1901)), Picard (Charles Emile Picard (1856 -1941)), Painlevé (Paul Painlevé (1863 -
1933)), Bousinesq (Joseph Valentin Boussinesq (1842 -1929)) and other.

In bio-bibliography of Jules Henri Poincaré Mihailo Petrovic is listed as one of

thre Poincaré’s student doctorantes.

In 1894, Petrovi¢ became a professor of mathematics at the Belgrade's Grande
ecole (which later became the University of Belgrade). When in 1905 the Grande ecole was
transformed into the University of Belgrade Petrovi¢ was among first eight regular
professors, who elected other professors. He held lectures until his retirement in 1938. In
1897, he became a corresponding member of the Serbian Royal Academy and associate
member of the Yugoslav Academy of Sciences and Arts in Zagreb. He became a full
member of the Serbian Royal Academy in 1899, when he was only 31.

Mihailo Petrovi¢ constructed a hidrointegrator,and was laurete of the gold medal at
the World Exposition in Paris 1900. He published a large number of inventions, scientific
works in mathematics and books. He received numerous awards and acknowledgments and
was a member of several foreign science academies (Prague, Bucharest, Warsaw, Krakow)
and scientific societies.

Mihailo Petrovi¢ Alas was a close friend of the prince Dorde P. Karadordevié, the
king's brother, who was arrested in 1925. This is reson yaht in 1927, when Jovan Cvijié
died, members of the Serbian Royal academy proposed Mihailo Petrovi¢ as the new
president of academy, but the authorities did not accept this proposal.

He founded the Belgrade School of Mathematics. All doctoral dissertations
defended on the Belgrade University since 1912 until the Second World War were under
Petrovi¢'s mentorship.

Mihailo Petrovié is laurete of the higher prestigious Sebian church order of Saint
Sava, first class.

He participated in the Balkan Wars and in the First World War as an officer, and
he practised cryptography, and his cipher systems were used by the Yugoslav army until
World War II.On 8 June 1943, professor Petrovi¢ died in his home in Belgrade.

He was a passionate traveller, and he visited both the North and South poles.
Mihailo Petrovi¢ got the nickname "Alas" because of his passion for fishery. His nickname
"Alas" is river fisherman. He played violin, and in 1896, founded musical society named Suz.
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Mihailo Petrovi¢'s Theory:
Elements of Mathematical Phenomenology and Phenomenological
Mappings

Complete theory under the ftitle: "Elements of Mathematical Phenomenology” [11], from
1911, is published on 789 pages and title "Phenomenological Mappings” [2], issued in 1933 on 33
pages, contain fundamental and basic ides, which from time to time appear in current scientific
publications. These cited Petrovié's publications contain general theory of Elements of
Mathematical Phenomenology and Phenomenological Mappings, but both books was published in
Serbian and no visible from other world languages.

Now, let's present some basic parts of the published theory: Elements of Mathematical
Phenomenology (''EnemeHTata matematuuke qpeHomeHonoruje'' [1]). We list only key elements and
titles and sub-titles, for obtaining general view of numerous ideas and organization of this
fundamental book or theory. For this Petrovi¢'s Elements of Mathematical Phenomenology, Milutin
Milankovié (author of wirld known famous Canon of Sun insulation) and one of three important
Serbian, and also, world scientists (first is Tesla Nikola -Unit "Tesla” and second Mihaio Pupin,
Rector of Columbia University in New York) evaluate this book as some important in Petrovié's
scientific results, but understandable only for two persons, both Serbian scientist in this period,
and no readable for other world scientists because is published in Serbian Language. A short
presentation of this book was in France, but not in integral form.

Introducing part is titled: Some elements of multi-dimensional geometry, and then in first
subsection take into presentation Elements for descriptions of phenomena and their mechanisms.
These elements are elements for schematically and analytical descriptions.

Second part is titles: Coupling between mechanisms and manifestation of phenomena in
which present: Basic differential equations for description of simple and complex phenomena. In
next sections general transformations of differential equations are presented.

Third part is dedicated to transformation of eguations for phenomenon in holonomic
systems, and fourth part is dedicated to potential phenomena. In this part are presented and
analyzed systems of Appel's and Lagrange's equations.

Third section is under the subtitle: The immediate consequence of phenomenological
differential equations, in which it is presented, stationary phases of phenomena. In next section,
Petrovi¢ present proper theory of the viva forces and their phenomenological consequences. This
subsection is very important for new quality that Petrovié point out proper separation in its proper
approaches and differences from pure geometrical and introducing approach in dynamics of
systems, usually no understandable for pure mathematicians. This is very important part and point
of view to geometry and dynamics.

In next section action of discontinuous causes is presented.

In the fourth section studies the events of occurrence as a result of its composition
mechanisms are presented. The head of the headlines are: Quantitative and qualitative images of
appearances (phenomenons,).
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Five part is under the title: The composition and patterns of phenomenological mechanisms,
within which combinations and distribution role in the mechanisms of emergence and activation
activity in the mechanisms of occurrence are studied.

The sixth chapter is entitled: Phenomenological analogies which include following heads:
Mathematical analogies and gualitative analogy.

Figure: Tlustration of Mihailo Petrovié interdisciplinary research results.

References
M. Petrovi¢, Elementi matematicke fenomenologije (Elements of mathematical phenomenology), Srpska
kraljevska akademija, Beograd, 1911. str. 789. http://elibrary.matf.bg.ac.rs/handle/123456789/4762?locale-
attribute=sr
M. Petrovi¢, Fenomenolosko preslikavanje (Phenomenological mapp), Srpska kraljevska akademija,
Beograd, 1933. str. 33.  http://elibrary.matf.bg.ac.rs/handle/123456789/475
M. Petrovié.: Mecanismes communs aux phenomenes disparates, Paris 1921.
http://en.wikipedia.org/wiki/Mihailo_Petrovi%C47%87
D. Trifunovié, (1991). Bard srpske matematike Mihailo Petrovié Alas (Bard of Serbian mathematics Mihailo
Petrovi¢ Alas), Prilog intelektualnoj biografiji. Belgrade: Zavod za udZbenike i hastavna sredstva.
Wikipedia: Mihailo Petrovi¢ http://en.wikipedia.org/wiki/Mihailo_Petrovi%C4%87
(Reference: Text from Wikipedia: Mihailo Petrovié¢ http://en.wikipedia.org/wiki/Mihailo Petrovi%C4%87)

Figure 1. Covers of three publications: a* Mihailo Petrovi¢'s theory: Mathematical Phenomenology[3] first
published 1911; b* Roger Penrose: The Emperor's New Mind, concerning Computers [2], Minds and the Laws of
Physics, ISBN 009 977170 S, Oxford University Press 1985/ 199 and c* James Gleick, Chaos: Making a new
Sciences [1], Penguin BOOKS, ISBN 014 00 92501, 1987/1988.
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CuMno3ujyMu M —WIM MUHHCHMIIO3MjyMH  HEJIMHEapHEe MeEXaHWKe W HelnHeapje
nuHamuke y Cpouju:

Hum 1991, Hum 1975, Bpmauka bama 1997, Humr 2000, Humm 2003, Bpmauka Bama
2011, Bbeorpan 2012, Bpmauka bama 2013, Apanhemnosarn 2015, Beorpan 2016
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UctpaxuBaun n3 Matematnukor nHcTuTyTa Ha KoHrpecy mexanuke y ApanhenoBiy 2015

Jenan 6poj yuecunka Munucumno3sujyma; Mini Symposium Nonlinear Dynamics — Milutin
Milankovic, Interdisciplinary and multidisciplinary sciences, Organizer: Katica R. (Stevanovic)
Hedrih , Apanheaosan 2015
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Fundamental Research (2011-2016)
Dynamics of the hybrid systems with complex structures. Mechanics

of materials.
(Project ON174001 in area of Theoretical and Applied Mechanics)

Series of keywords representing nonlinear transformation, rheonomic
obtained original scientific research system, nonholonomic constraints,
results are large and contain all mass moment vectors, gyro-rotor
keywords included in submitted plan dynamics, approximation, amplitude-
of project research for period 2011- frequency characteristic, stability,
2016. These keywords are: Hybrid synchronization, theory of collision,
systems, discrete continuum, vibro-impact system, dynamics of
nonlinear dynamics, phenomenology billiards, energy analysis, non-local
and analogies, phenomenological theory and applications,
mappings, systems of fractional order, biomechanical oscillators, DNA
fractional order modes, generalized helicoid chains, Zona pelucida,

mechanics of fracture and damage,
control motion, patent, technological
solution.

function of fractional order dissipation
of system mechanical energy,
theorems of energy dissipation,

Project Leader
Katica (Stevanovié) Hedrih

Obtained original scientific research results are from following research themes:

1* Elements of mathematical phenomenology and applications (in Mechanics, in nonlinear dynamics in general,
in integration of scientific knowledge and for reduction of number of models of dynamical systems known in
world heritage);
2* Analytical mechanics of discrete fractional order systems; Derived a series of theorems.
3* Nonlinear and rare phenomena in dynamics of hybrid systems with coupled structures rigid and deformable
bodies; Transfer energy through the system and subsystems; Synchronization of subOsystems.
4* Models of biodynamical oscillators; Phenomenon of transfer of signals, information
and energy through their complex structures; Oscillations of DNA helix chains and discrete continuum models
of Zona Pelucida.
5* Mehanics of discrete continuum models. Dynamics of coupled structures of deformable bodies and discrete
continuum layers with different constitutive relations: Linear elastic, nonlinear elastic, visco-elastic, hereditary
and fractional order properties.
6* Phenomenom of dynamics of systems with friction and vibro-impact system; Theory of collision of rolling
bodis; Dynamics of billiards.

7* Mechanics of damage and fracture.

8* Control of system wirh delay and theorems of stability.

9* Continuation of doctoral research in accordance with scientific based themes by young doctorantes which are
included in listed themes of project research 1*-8*.

10* 13 Ph.D. Students , younger them 30 ages, are included in project team and project scientific research, and all
was participants of project starting two years seminar: Mathematical methods on mechanics with applications. 12
Ph.D. Students examined all subject at doctoral study programs ; 5 doctorantes defended doctoral dissertation, 3
Ph.D. Students have official decision of accepted Ph.D theme

Home page of the Project acctivities: http://www.mi.sanu.ac.rs/projects/174001a.htm
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Researchers of the Project Grant ON174001 Dynamics of hybrid systems with complex
structures, Mechanics of materials (2011-2015) , coordinated through Mathematical Institute
SANU Belgrade and financially supported by the Ministry of Educations, Sciences and
Technology of Republic of Serbia.

Name

Katica (Stevanovic)
Hedrih

Milan Caji¢

Danilo Karlici¢
Marija Stamenkovi¢
Nikkola Nesi¢
Aleksandar
Atanasov

lvana Atanasovska
Slobodanka
Boljanovi¢

Ugréi¢ Marinko
Stevan Maskimovi¢
Dusan Mikici¢
Katarina
Maksimovi¢

Tamara Nestorovi¢-
Trajkov

Dorde Musicki
Marinko Ugr¢i¢
Julka Knezevi¢-
Miljanovi¢

Marija Miki¢
Milutin Marjanov
Radoslav Radulovi¢

Dragutin
Debeljkovi¢

Nebojsa
Dimitrijevi¢
NataSa TriSovi¢
Dragomir Zekovi¢
Goran Simeunovi¢
Ilija Nikoli¢

Title
Professor

Research Assistant
Research Assistant
Research Assistant
Research Assistant

Ph.D. Student
Training

Research Associated
Professor

Research Assistant
Professor

Professor
Professor
Professor
Research Assistant
Trainee

Professor

Professor

Professor

Professor

Teaching Assistant
Professor

Teaching Assistant
Professor

Research Assistant
Professor
Associated Professor
Professor

Assistant Professor
Professor

Institution
Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts

Institute of Economz, Belgrade
Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts
and Economic institute, Belgrade
Faculty of Mathematics, Belgrade

Faculty of Mathematics, Belgrade
Faculty of Forestry, Belgrade
Faculty of Mechanical Engineering, Belgrade

Faculty of Mechanical Engineering, Belgrade

Faculty of Mechanical Engineering, Belgrade

Faculty of Mechanical Engineering, Belgrade

Faculty of Mechanical Engineering, Belgrade

Innovation Center, Faculty of Mechanical Engineering, Belgrade
Faculty of Mechanical Engineering, Kragujevac
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Name

Ljiljana Veljovi¢
Milo$ Jovanovié¢
Tomislav Petrovi¢

Julijana Simonovi¢

Jelena Veljkovi¢-
Dokovi¢

Sreten Stojanovi¢
Andelka Hedrih

Vera Nikoli¢-
Stanojevi¢

Srdan Jovi¢

Ivica Camagi¢
Vladimir Raicevi¢
Zlatibor Vasi¢
Vladimir Velji¢

Jan Awrejcewicz

Dumitru Baleanu

Jose Manuel
Balthazar

Matthew P.
Cartmell

Rega Giuseppe

J.A. Tenreiro
Machado

Yuri Mikhlin

Ali Hasan Nayfeh
Subhash C. Sinha
Jerzy Warminski

Hiroshi Yabuno

Title

Professor

Assistant Professor
Professor

Doctor of technical
Sciences, Teaching
Assistant

Associated Professor

Associated Professor
Teaching Assistant

Professor Emeritus

Associated Professor
Assistant Professor
Professor

Professor

Ph.D. Student

Professor

Professor

Professor
Professor
Professor
Professor

Professor

University Distinguished

Professor

Alumni Professor and
Director

Ph.D. D.Sc. Professor

Professor

Institution

Faculty of Mechanical Engineering, Kragujevac
Faculty of Mechanical Engineering, Ni$
Faculty of Mechanical Engineering, Ni$

Faculty of Mechanical Engineering, Ni$

Technical Faculty, Bor

Faculty of Technology, Leskovac
State University, Novi Pazar

State University, Novi Pazar

Faculty of Technical Sciences, Kosovska Mitrovica
Faculty of Technical Sciences, Kosovska Mitrovica
Faculty of Technical Sciences, Kosovska Mitrovica
Faculty of Technical Sciences, Kosovska Mitrovica
Faculty of Mechanical Engineering, Belgrade

Technical University of Lodz, Department of Automatics and
Biomechanics, Poland

Cankaya University, Faculty of Art and Sciences, Department of
Mathematics and Computer Sciences, Balgat 0630, Ankara,
Turkey

UneSP Brazil, Rio Claro, SP Brasil

Department of Mechanical Engineering, University of Glasgow,
Scotland, UK

Dipartimento di Ingegneria Strutturale e Geotecnica, Universita'
di Roma La Sapienza, Italy

ISEP - Institute of Engineering of Porto, Portugal

Department of Applied Mathematics, National Technical
University Kharkov, Ukraine

Virginia Polytechnic Institute and State University
Nonlinear Systems Research Laboratory, Department of

Mechanical Engineering, Auburn University, Auburn, Alabama

Technical University of Lublin, Department of Applied
Mechanics, Poland

Department of Mechanical Engineering, Faculty of Science and
Technology, Kieo University, Japan
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Participants of Symposium Nonlinear Dynamics, Belgade 2012-

Researchers of Projecz ON174001 as participants of Serbian Congress of Theoretical and Applied Mechanics and
Mini’Symposium Nonlinear Dynamics, Arandjelovac 2015.
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IIpBu cumMno3ujym HeJuHeapHe tuHaMuke , Hum 1991

Cumnosujym HeanneapHe ayHamuke, Hum 2000.
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