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Moje yuemhe y pany oBe TpaauimoHaidHe MelhyHapoaHe KoHGepeHIUje Mo
HasuBoM: 3th Conference on DYNAMICAL SYSTEMS Theory and Applications- DSTA
2015, £6dz, December 7-10, 2015, POLAND, y opranuusaumjum Lodz University of Technology, Faculty

of Mechanical Engineering Department of Automation, Biomechanics and Mechatronics je
peain30BaHO Ha OCHOBY IIO3MBa OpraHu3aropa KOH(i)epeHLII/Ije aa 6yI[eM YJiaH

Hayunor komutera Kondepenuuje.

VYuemthe ce ornenano y cienehuM akTHBHOCTUMA:

* UnanctBoM y Hayunom komutery Kondepennuje DSTA 2015, +6dz u yuenrthem y ceqHuIM
Hay4Hor koMuTeTa, Ka0 U y OLEHH KBAJIUTETa U OPUTMHAIHOCTH HAYYHUX JOMPHHOCA Yy pajioBUMa
NPUCTUTIMX PYKOMHCa 3a MPOrpaM W IITaMIaHUM Y TpeKoH(epeHIjckuM 300pHHULMMA pPajoBa
Koudepenmuje;

*Yyemhem nutamuMa U KOMeHTapuMa Ha ceaHunama Kondepenmuje, ka0 1 KOMyHUKaljama
ca Kojerama y Toky naysa Kondepenuuje

* OppxaBamky TpU HaydyHa caommrTema y ceknujaMa CaOWiaHOCT M ynpaBibamke U
MareMaTHUKd U HYMEPUYKH TMPHUCTYNH, Ka0 M KOAyTOPCTBY HaJ jEJHUM pPaJOM CaOICTEHUM Y
OKBHpY ceKIinje buomexanuke.

CaommTema, Koja caM oJpKaina, cy rmoj cieaehum HacinoBuma:

Katica R. Hedrih (Stevanovié), (2015), Vibro-impact dynamics of the rolling disks along rotate circle
in vertical plane ( cekuuja CtabunHoct 1 ynpassbatbe);

Katica R. Hedrih (Stevanovié), (2015), Dynamics of impacts and collisions of the rolling balls
(cekumnja CTabMNHOCT M ynpas/barbe);

Katica R. Hedrih (Stevanovié), Angular velocity and intensity change of basic vectors of position
vector tangent space of a material system kinetic point - four examples (cekuvja MatemaTykn U HyMepUYKK
npuctynu);



KoayTopcku pag nos Hasnsom:

Andjelka Hedrih, Katica Hedrih (Stevanovic), (2015), Deformation work of Zona Pelucida in
process of fertilization (cekyuja Hayka o #usum cucmemma u buomexaHuKa)
CaoNLITMO NPBU ayop U MHCMINMPATOP UAEje U caaprKaja TOr paja y CeKumju bruomexaHumka.

VY mpusiory cy natu 6ubnmorpadcku nojgany o oAronapajyhumM myoiaukanujamMa u 'y Kojuma cy
IITaMIIaHH allCTPAKTU PaJioBa, KA0 M CAMU PaJIOBH, @ HA3HAYEHO j€ U Jia Cy y NMPOILIUPEHOM CapKajy
nmo3BaHM 3a Moryhe mrammame y CIEIUjaTHHUM OpojeBHMa yacomuca, OAHOCHO CHIpPHUHIEepOBHX
TEMaTCKUX 300pHHUKA.

CaommTeHn pe3ydyTaTd Ccy JA0OWjeHH y OKBUPY HCTpaxuBama Ha mnpojekty OH174001.
[ToceOHO uWHTEpecoBambe Cy HM3a3BAIM PE3YITaTH KOJU IPENCTaBjbajy 3HAuajaH W OPUTHHAIHU
JOMIPUHOC TEOPHjU CyJapa KoTpibajyhux ce KpyTuX Tena U HoBojoOHujeHe Gopmyre 3a oapehuBame
OJUTa3HMX YraOHMX Op3MHA Teja MooCie CyAapa, Kao M HKHXOBa MPUMEHA Y W3ydaBamby KHHETHUKUX
napameTapa BUOTOyJaTHE TUHAMMKE Kiace BHOPOYZAapHUX CHCTEMa ca KOTpJbajyhuMm ce KpyTum
TeNUMa y cyaapay.

Takohe u campxkaj pasga U3 OMOAMHAMHUKE, KOjU C€ OJHOCH Ha ojpehuBame KOMIIOHEHATa
TEH30pa HaloHa U TeH30pa Jedopmanuje, Kao U cnenuGuIHoT 1eGOopMaloOHOT paja y Taykama 30He
nenyuaa y npoiecy GepTuin3saiuje, je n3a3Bao HHTEPECOBAmE CIyIIanala y T0j CeKIIH]H.

[Topen nmporpama Kondepenuuje, myonukoBaH je 300pHHK arcTpakaTa, ¥ TPH TOMa TEMATCKUX
300pHUKA LENUX aJI0Ba, M Y MOCTIIKY j€ JOJATHO PELEH3UPame M03BaHUX PasioBa 3a MyOIMKOBAKE Y
CelMjaIHUM OpojeBMMa HHTEpHAIIMOHAIHUX vaconuca M IlnpuHrepoBUX TeMaTCKUX 300pHHKA
paioBa.

3a yuewhe y pagy KoHdepeHumje npujasmbeHo je 315 papmosa, og uera je 164 papa
OWTaMMNaHoO y TPpM TOMA  KOH}epeHUUjCKUX TemaTckux 360pHMKA pagoBa noa Ha3UBOM:
Proceedings of the 13th Conference ,Dynamical Systems - Theory and Applications" Vol. 13/1
Mathematical and numerical approach Vol. 13/2 , Mechatronics and Life Sciences, Vol. 13-/
Control and Stability. 60 pagosa je nnaHupaHo 3a nybaukoBarbe Yy TemaTckom Springer
Proceedings-y.

Opranuzanuja Kondepenmuje je 6una go0pa, mpenaBama U CaoNCTeHa HA BUCOKOM HAYYHOM
WIN alUTMKaTUBHOM M €KCIIepUMEHTaIHOM HuBOY. Ha 0Boj koHpepenuju je Omno Behu 6poj mimaaux
y4eCHMKa HErO paHMjuX rojauHa, mTo nocedbHo paayje. Oxo 50% pamoBa je OMIIO MPENCTaBIbEHO Y
BUJy KpaTKUX TpeAaBama, JIOK je Ipyru J1eo OMO MpelcTaBJbeH Y BUIy HocTepa y nmoceOHoj [TocTep
cexknujul.

HATIOMEHA: TpomkoBe myra u yuemha y KoHdepeHuuju caMm MOKpHIIa COIICTBEHUM
CpeACTBUMA O] TIEH3U]E OJ] KOj& Ce U3pIKaBaM.

C HoIITOBamEM,

VY beorpany, 15 nenembpa 2015. Katica R. (Stevanovi¢) Hedrih
PykoBoaunar mpojexkra OM174001



Ancrpakr 1:

Katica R. Hedrih (Stevanovié), (2015), Vibro-impact dynamics of the rolling
disks along rotate circle in vertical plane , 13th Conference on DYNAMICAL SYSTEMS
Theory and Applications DSTA 2015 ABSTRACTS, EDITORS J. Awrejcewicz, M. Kazmierczak, P.
Olgnik, J. Mrozowski, £ 6dz, December 7-10, 2015, POLAND, Lodz University of Technology, Faculty
of Mechanical Engineering Department of Automation, Biomechanics and Mechatronics, 2015, p. 150.
http://abm.p.lodz.pl, ISBN 978-83-7283-705-9.
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Ancrpakr 3:

Katica R. Hedrih (Stevanovié), (2015), Vibro-impact dynamics of the rolling disks
along rotate circle in vertical plane, DYNAMICAL SYSTEMS, Control and Stability,
Thematical Proceedings Editors> JAN AWREJCEWICZ, MAREK KAZMIERCZAK, JERZY
MROZOWSKI, PAWEL OLEJNIK, 2015, Vol. 13/3, pp. 251-262. © Department of
Automation, Biomechanics and Mechatronics. ISBN 978-83-7283-708-0

Raa 1 je, og peueHseHaTa oueneH oueHom "exellant” n y npowmpeHom o6nvKy no3eaH, 3a
moryhe nocT kKoHdepeHumjcko nybnukosawe, y cneuuwjanHoMm 6pojy 4aconuca International
Journal Non-Linear Mechanics (M21) , nosHaTor nsgasaya Hay4Hux 4daconuca Elsevuier -a,
koju he ypeoutn kao rocT ypeaHuk npodgpecop JAN AWREJCEWICZ, uepmen
KOH(pepeHIIHje.

Katica R. Hedrih (Stevanovié), (2015), Dynamics of impacts and collisions of the
rolling balls, 13th Conference on DYNAMICAL SYSTEMS Theory and Applications DSTA 2015
ABSTRACTS, EDITORS J. Awrejcenicz, M. Kazmierczak, P. Olgjnik, J. Mrozowski, +.8dz, December
7-10, 2015, POLAND, Lodz University of Technology, Faculty of Mechanical Engineering Department
of Automation, Biomechanics and Mechatronics, 2015, p. 149, http://abm.p.lodz.pl, ISBN 978-83-
7283-705-9.

Rap 2 je, y npowumpeHomM obnuvky nossaH, 3a moryhe noct koHdepeHumjcko nybnunkoBame, y
TematckoMm 3060pHUKY Mathematics and Statistics (for nore details you can
follow the link http://ww.springer.coniseries/10533, no3sHator nsgasava
HaynyHe nuTepaTtype Springer, Koju he ypeouTn Kao roct ypeaHuk npodecop JAN
AWREJCEWICZ, uepmeH KoH(epeHiuje. Osa cepuja  Springer-oBux 360pHMKa ce
npukasyje n uutupa. (Proceedi ngs are abstracted in Conference Proceedings
Citation Index - Science (CPCl-S, Thonmson Reuters, Wb of Science)
and are fully citable).

Katica R. Hedrih (Stevanovié), Angular velocity and intensity change of basic
vectors of position vector tangent space of a material system kinetic point - four
examples, 13th Conference on DYNAMICAL SYSTEMS Theory and Applications DSTA 2015
ABSTRACTS, EDITORS J. Awrejcenicz, M. Kazmierczak, P. Olgjnik, J. Mrozowski, +.8dz, December
7-10, 2015, POLAND, Lodz University of Technology, Faculty of Mechanical Engineering Department
of Automation, Biomechanics and Mechatronics, 2015, p. 148, http://abm.p.lodz.pl, ISBN 978-83-
7283-705-9.
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npukasyje n uutupa. (Proceedi ngs are abstracted in Conference Proceedings
Citation Index - Science (CPCl-S, Thomson Reuters, Wb of Science)
and are fully citable).

Andjelka Hedrih, Katica Hedrih (Stevanovic), (2015), Deformation work of
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Theory and Applications DSTA 2015 ABSTRACTS, EDITORS J. Awrgjcewicz, M. Kazmierczak, P.
Olgnik, J. Mrozowski, +£6dz, December 7-10, 2015, POLAND, Lodz University of Technology,
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2015, Vol. 13, p. 147, http://abm.p.lodz.pl, ISBN 978-83-7283-705-9.
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Andjelka Hedrih, Katica Hedrih (Stevanovic), (2015), Deformation work of Zona
Pelucida in process of fertilization, DYNAMICAL SYSTEMS, Mechatronics and Life
Sciences, Thematical Proceedings Editors: JAN AWREJCEWICZ, MAREK
KAZMIERCZAK, JERZY MROZOWSKI, PAWEL OLEJNIK, © Department of Automation,
Biomechanics and Mechatronics, 2015, Vol. 13/2, pp. 217-226. ISBN 978-83-7283-707-3

Raa 4 je, og pelLeH3eHaTa OLEHEH OLEHOM BMCOKOM OLI€HOM M Y NMPOLUMPEHOM OBMUKY
noseaH, 3a Moryhe nocT KOHepeHumjcko nybnukoBawe, y cneuujanHoMm 6pojy 4aconuca
Applied Nonlinear Dynamics, (ISSN:2164-6457 (print) , ISSN:2164-6473 (online), Home L
& H Scientific Publishing) koju he ypeautn kao roct ypegHuk npodecop JAN
AWREJCEWICZ, 4yepMeH KoHhepeHLmje.

https://lhscientificpublishing.com/jour nalsyJAND-Default.aspx

LUuTtar u3 npearosopa 36opHuumma pagosa KooHdepeHumje:

It is a great pleasure that our invitation has been accepted by so many people, including good colleagues and
friends as well as a large group of researchers and scientists, who decided to participate in the conference for
the first time. With proud and satisfaction we welcome nearly 170 persons from 32 countries all over the
world. They decided to share the results of their research and many years experiences in a discipline of
dynamical systems by submitting many very interesting papers.

This booklet contains a collection of abstracts, which have gained the acceptance of referees and have been
qualified for publication in the conference proceedings. Included abstracts belong to the following topics:



* asymptotic methods in nonlinear dynamics,

e bifurcation and chaos in dynamical systems,

e control in dynamical systems,

* dynamics in life sciences and bioengineering,

* engineering systems and differential equations,

* non-smooth systems

* mathematical approaches to dynamical systems
e original numerical methods of vibration analysis,
* stability of dynamical systems,

e vibrations of lumped and continuous systems,

e other problems.

Proceedings of the 13th Conference ,Dynamical Systems - Theory and Applications" summarize 164 and the Springer
Proceedings summarize 60 best papers of university teachers and students, researchers and engineers from whole the
world. The papers were chosen by the International Scientific Committee from 315 papers submitted to the conference.
The reader thus obtains an overview of the recent developments of dynamical systems and can study the most
progressive tendencies in this field of science.
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13% INTERNATIONAL CONFERENCE

Dynamical Systems - Theory and Applications
December 7-10, 2015. Lodz, POLAND.

paper id: ENG96

Dynamics of impacts and collisions of the rolling balls

Katica R. Hedrih (Stevanovic)

Abstract: In the paper the theory of dynamics of impacts and collisions of the rolling
balls is presented for different types of impacts and collisions depending of balls
configuration in kinetic state of impacts and collisions. By use analogy between
central impacts or collision of balls in translator motion and balls rolling motions
before impacts or collisions corresponding relations between outgoing velocities and
outgoing angular velocities of rolling and impact velocities are expressed. Also,
change of impact impulse (linear momentum) and moment of impulse (angular
momentum) of ball rolling motion after and before impacts and collision are
expressed. By use phenomenological mappings between a set of elements dynamics
of balls impact and collisions for central and skew impacts as well as collisions
corresponding analogies are identified. Different ball rolling traces before and after
of skew impacts and skew collisions as a set of different elements of kinematic for
each type of impacts and collision are discussed and kinematical plans of impacts and
corresponding outgoing translator and angular velocities are graphically presented
by series of Figures. In conclusion, dynamics of elliptic billiards is presented.
Keywords: Theory, rolling balls, impact, collision, impulse, moment of impulse, impact
forces, impact couple, rolling trace, impact angular velocity, outgoing angular
velocity, theorems.

1 Katica R. Hedrih (Stevanovic), Professor: Mathematica Institute of Serbian Academy of Science

and Arts (SANU),Belgrade, Serbia, ul. Vojvode Tankosica no. 3, Stan 22, 18000-Nis, SERBIA
(khedrih@sbb.rs), the author presented this work at the conference.



13" INTERNATIONAL CONFERENCE

Dynamical Systems - Theory and Applications
December 7-10, 2015. Lodz, POLAND.

paper id: STA109

Angular velocity and intensity change of basic vectors of
position vector tangent space of a material system
kinetic point - four examples

Katica R. Hedrih (Stevanovic)

Abstract: Paper starts from author’s previous published results about nonlinear
transformations of coordinate systems, from affine space to functional-nonlinear
curvilinear coordinate system and corresponding geometrical and kinematical
invariants along nonlinear transformations their coordinates from one to other
coordinate system. In a curvilinear coordinate system, coordinates of a geometrical or
kinematical point are not equal as coordinates of its corresponding position vector.
Expressions of basic vectors of tangent space of kinetic point vector position in
generalized curvilinear coordinate systems for the cases of orthogonal curvilinear
coordinate systems are derived and four examples are presented. Next, expressions
of change of basic vectors of tangent space of kinetic point vector position with time,
also, are done. In this paper, new and original expressions of angular velocity and
velocity of dilatations of each of the basic vectors of tangent space of kinetic point
vector position, in for orthogonal curvilinear coordinate systems are presented. List
of these curvilinear coordinate systems are: three dimensional elliptical cylindrical
curvilinear coordinate system; generalized cylindrical bipolar curvilinear coordinate
system; generalized elliptical curvilinear coordinate system and Generalized oblate
spheroidal curvilinear coordinate system. Keywords: Nonlinear, transformation,
mapping, curvilinear coordinate systems, basic vectors, vector position, tangent
space, angular velocity of basic vector rotation, velocity of basic vector dilatation

1 Katica R. Hedrih (Stevanovic), Professor: Mathematical Institute of Serbian Academy of
Science and Arts (SANU) , ul. Vojvode Tankosica no. 3, Stan 22, 18000-Nis, SERBIA
(khedrih@sbb.rs), the author presented this work at the conference.















Deformation work of Zona Pelucida in process of fertilization
Andjelka N. Hedrih, Katica R. (Stevanovic) Hedrih

Abstract: Zona pelucida (ZP) is an extracellular mantel that surrounds mammalian
oocytes. This structure is important for fertilization, especially for gamete recognition
and integrity of the embryo. ZP 1s highly sulfated and glycosylated polymer gel that
exhibit visco-elastic properties and changing in diameter in different maturation
stages. In the process of fertilization numerous spermatozoa impact its external
surface giving some energy to the structure. The aim of this paper is to present a
possible approximate mechanical model of the ZP in the form of elastic body bound
by two concentric spherical surfaces loaded by discrete continuum distribution of
spermatozoa impacts in radial directions. Using theory of elasticity for this
approximate model, expressions for component stresses and strains are presented, as
well as expressions for specific and total deformation work of the model deformation
under external constant pressure. On the basis of obtained expressions an analysis of
possible stress and strain state and a model of ZP deformation work some conclusions
are derived. A specific deformation work as criteria for determination area of possible
open put for passing spermatozoa through ZP is proposed.

1. Introduction

Zona pelucida (ZP) 1s an extracellular, 3D mash —like structure that surrounds mammalian oocytes. It
is highly sulfatated glikoprotein gel 2-6% (w/v) where the glikoproteins are interconnected with non-
covalent bounds [1]. The structure is important for fertilization. gamete recognition and integrity of
the embryo. It is formed during the process of oocyte maturation [2] and change mechanical and
structural properties during oocyte maturation and fertilization process [3]. During these processes it
change its diameter. In fully-grown oocyte ZP is the thickest. This structure exists till the early
blastocyst stage of an embryo. ZP 1s mechanically responsive structure [3, 4]. Using atomic force
microscope and Arruda-Boyce eight-chain model visco-elastic properties of ZP could be modeled
[4]. A computational model of impact of one sperm to the ZP was done in [5]. The ZP can be
considered as an oscillatory structure that exhibits transition in oscillatory behavior before and after

fertilization [6. 7]. Dissipation of its oscillatory energy occurs when it exhibits visco-elastic properties

[7]-

1.1. Effect of sperm velocity and its arrangement on mouse ZP oscillatory behavior

During the process of fertilization many spermatozoa will influence the surface of ZP. Spermatozoa

. . . . 6 . . e ..
are motile cells and in ejaculate there are many spermatozoa (in range of 10) with different velocities
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YyecHuum HayvHe KoHbepeHumje 13th INTERNATIONAL CONFERENCE Dynamical Systems - Theory and
Applications — DSTA £6dz 2015, December 7-10, 2015 £6dz, POLAND



Ha cegHuum HayuHor ogbopa HayuHe KoHdepeHumje 13th INTERNATIONAL CONFERENCE Dynamical
Systems - Theory and Applications — DSTA t6dz 2015, December 7-10, 2015 £6dz, POLAND



YnaHosm HayuHor ogbopa HayuHe KoHdepeHunje 13th INTERNATIONAL CONFERENCE Dynamical Systems -
Theory and Applications — DSTA t6dz 2015, December 7-10, 2015 +6dz, POLAND

Ca npodecopom JaHom Aspejuesnhem, uyepmeHoM HayyHe KoHdpepeHumnje 13th INTERNATIONAL
CONFERENCE Dynamical Systems - Theory and Applications — DSTA t6dz 2015, December 7-10, 2015 t6dz,
POLAND, nopeg, noctepa Koju NpuKasyjy kopuue nyb6auMkaumja Koje je Hanucao uam ypeamo.









Ca cekuuje CTOMNHOCT 1 ynpas/batbe HayvyHe KoHpepeHumje 13th INTERNATIONAL CONFERENCE Dynamical
Systems - Theory and Applications — DSTA £ddz 2015, December 7-10, 2015 t6dz, POLAND: ca npodecopom
Harry Grigg-om, npodecopom n3 Y.K. , npeacenaBajyhom cekuuje, Koju ce nocne ogprKaHWX caomncTera
MHTEpPecoBao 3a HOBe MPWJIOre TEOPUjU cyaapa KOTpsbajyhnx ce Kyram n KpyTux Tena, rMasHUM SONPUHOCOM
KOju cam npepcrasuia.



Y nay3sama Hay4yHe KoHdepeHumje 13th INTERNATIONAL CONFERENCE Dynamical Systems - Theory and
Applications — DSTA £6dz 2015, December 7-10, 2015 £6dz, POLAND ca unaHoBuma HayuHor Komureta
KoHdepeHumje NMpodecopom JlaMapkom u nporecopom Mauagom.



[eTa/bn apxXUTPKTYpe U MPOCTOpa Y KOME Cy Ce KpeTanu y4eCHUUM U ogpiKaBaje HayyHe U ApyLuTBeHe
aKTMBHOCTU HayyHe KoHdepeHumje 13th INTERNATIONAL CONFERENCE Dynamical Systems - Theory and
Applications — DSTA £6dz 2015, December 7-10, 2015 £6dz, POLAND



[JeTtarmun ca jeaHogHeBHe eKcKypsumje “Poland Jura” yyecHuka HayuHe KoHdepeHumje 13th INTERNATIONAL
CONFERENCE Dynamical Systems - Theory and Applications — DSTA t6dz 2015, December 7-10, 2015 t6dz,
POLAND



Jetasbm 13 3amKka ca jegHopHeBHe eKcKypsuje “Poland Jura” yyecHuka HayydHe KoHdepeHuuje 13th
INTERNATIONAL CONFERENCE Dynamical Systems - Theory and Applications — DSTA t6dz 2015, December
7-10, 2015 £6dz, POLAND



OeTtarbn 13 nocete ydvecHuka HaydHe koHdepeHumje 13th INTERNATIONAL CONFERENCE
Dynamical Systems - Theory and Applications — DSTA £6dz 2015, December 7-10, 2015 £06dz,

POLAND, nabopatopujama MexaTpoHuke u 6uogmHamuke Lodz University of Technology, Faculty of
Mechanical Engineering, Department of Automation, Biomechanics and Mechatronics.



OeTtarbn 13 nocete y4vecHWka HaydHe koHdepeHumje 13th INTERNATIONAL CONFERENCE
Dynamical Systems - Theory and Applications — DSTA £6dz 2015, December 7-10, 2015 £06dz,
POLAND, nabopatopujama MexaTpoHuke u buogmHamuke Lodz University of Technology, Faculty of
Mechanical Engineering, Department of Automation, Biomechanics and Mechatronics.



Hosoroguwbun mnsrnes ynuua tédz-a y Kome ce oaprkaBana HaydyHa KoHoepeHumja 13th INTERNATIONAL
CONFERENCE Dynamical Systems - Theory and Applications — DSTA t6dz 2015, December 7-10, 2015 t6dz,
POLAND



http://www.dys-ta.com/




