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Moje yuemhe y pany oBe TpaauimoHaidHe MelhyHapoaHe KoHGepeHIUje Moj
Ha3uBoM: 3th Conference on DYNAMICAL SYSTEMS Theory and Applications- DSTA
2015, Lodz, December 7-10, 2015, POLAND, y opraxusaumjum Lodz University of Technology, Faculty
of Mechanical Engineering Department of Automation, Biomechanics and Mechatronics je
peanm30oBaHO HA OCHOBY TMo3uBa opranusaropa Kondepenmuje na OymeM dnaH
Hayunor komuteta Kondepeniuuje.

VYuemthe ce ornenano y cienehum akTHBHOCTHMA:

* UnancrtBoMm y Hayunom komutery Kondepenuje DSTA 2015, L6dz u yuenthem y ceanumm
Hay4Hor xoMuTeTa, Ka0 U y OLEHH KBAJIUTETa U OPUTMHAIHOCTH HAYYHHUX JOMPHHOCA Yy pajioBUMa
NPUCTUTIMX PYKONHCAa 3a MPOrpaM W IITaMIaHUM Y NpeKoH(epeHIjckuM 300pHHULIMMA pPajoBa
Koudepennuije;

*VYuemhem nuTamuMa U KOMEHTapuMa Ha ceqHuiiama Kondepenuuje, ka0 1 KOMyHHKaljama
ca Kojerama y Toky nay3a Kondepenuuje

* QOppxkaBamby TpH HayyHa caommTema Yy cekuujama CaOWIHOCT U ympaBibambe |
MareMaTHUKd U HYMEPUYKH TMPHUCTYNH, Ka0 M KOAyTOPCTBY HaJ JEJHUM paJOM CaOICTEHUM Y
OKBUDY cekije bruomexanuke.

Caommrema, Koja caM oJipkaina, cy rnoj cienehum HacioBuma:

Katica R. Hedrih (Stevanovié), (2015), Vibro-impact dynamics of the rolling disks along rotate circle
in vertical plane ( cekumja CtabunHocT v ynpas/barbe);

Katica R. Hedrih (Stevanovi€), (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 (cekumja MaTemaTUUKN U HYMEPUUKHM
npuctynu);



KoayTopcku pag nos Hasneom:

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

VY mpusiory cy natu 6ubnuorpadcku nojgany o oAroapajyhumM myoiaukanujamMa u 'y Kojuma cy
IITaMIIaHH allCTPAKTU PaJioBa, KA0 M CAMU PaJIOBH, a HA3HAYEHO j€ U J]a CY y NMPOILIUPEHOM CapKajy
NMo3BaHM 3a Moryhe mrammame y CIEIUjaTHHUM OpojeBHMa yacomuca, OAHOCHO CHpHUHIEepOBHX
TEMaTCKUX 300pHHKA.

CaommTeHn pe3ydyTatd Ccy JOOWjeHM y OKBUPY HCTpaxuBama Ha mpojekty OH174001.
[ToceOHO uWHTEpecoBambe Cy H3a3BAIM PE3YITaTH KOJU IPEICTaBibajy 3HAuajaH W OPUTHHAIHU
JOMPUHOC TEOPHjU CyJapa KoTpibajyhux ce KpyTHX Tena u HoBojoOHjeHe Gopmyre 3a oapehuBame
OJUTa3HMX YraOHMX Op3MHA Teja Moocie CyAapa, Kao M HBHXOBa MPUMEHA Yy W3ydaBamby KHHETHUKUX
napameTapa BUOTOyJaTHE TUHAMMKE Kiace BHOPOYTAapHUX CHCTEMa ca KOTpJbajyhuMm ce KpyTum
TeNnuMa y cyaapay.

Takohe u campxkaj pasga U3 OMOJMHAMHUKE, KOjU C€ OJHOCH Ha OJpehuBame KOMIIOHEHATa
TEH30pa HaloHa U TeH30pa Jedopmanije, Kao U cnenuGuIHoT 1eGOopMalroHOT pajia y Taykama 30He
neNnynua y npouecy GpepTuinsaiuje, je 13a3Bao HHTEPECOBamkEe CIylIaiala y T0j CeKLUjH.

ITopen nporpama Kondepennuje, mybaukoBan je 300pHUK arcTpakara, 1 TPH TOMa TEMAaTCKUX
300pHUKA LENUX aJI0Ba, M Y MOCTIIKY j€ JOJATHO PELEH3Upame M03BaHUX pasioBa 3a MyOIMKOBAKE Y
CrelMjaIHUM OpojeBMMa HMHTEpHAIMOHAIHUX vaconuca W IlnpuHrepoBUX TeMaTcKux 300pHHKA
pajoBa.

3a yuewhe y paagy KoHdepeHumje npujasmbeHo je 315 pagmosa, og uera je 164 papa
OWTAaMMNaHO Yy TPM TOMa  KOHPEepeHUMjCKUX TemaTckux 360pHMKa pajoBa noj HasUBOM:
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 ny6nukosarbe Y TemaTckom Springer
Proceedings-y.

Opranuzanuja Kondepennuje je 6una no0pa, mpenaBama U CaoNCTeHa HA BUCOKOM HAYYHOM
WIM alUTMKaTUBHOM M €KCIIepUMEHTaIHOM HuBOY. Ha 0Boj koHpepeHuuju je Ouno Behu 6poj mimaaux
y4eCHMKa HErO paHMjuX rojuHa, mTo nocedbHo paayje. Oxo 50% pamoBa je OMIIO MPENCTABIbEHO Y
BUJy KpaTKUX TpeAaBama, JIOK je Ipyru J1eo OMO MpelcTaBibeH y BUIy HocTepa y nmoceOHoj [Toctep
CeKIuju!.

HATIOMEHA: TpomkoBe myra u yuemha y KoHdepeHuuju caMm MOKpHIIa COICTBEHUM
CpeACTBUMA O] IEH3U]E OJ] KOje CE U3JIPIKaBaM.

C momroBameM,

&;@ w? a (lfx: ;Lém,wé u&) I@g/\wx

VY beorpany, 15 nenemo6pa 2015. Katica R. (Stevanovi¢) Hedrih
PykoBoaunar mpojekra 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.
Olejnik, J. Mrozowski, 1.6dz, 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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ABSTRACTS

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

Rap 1 je, og peueHseHaTa oueneH oueHom "exellant” v y npowmnpeHom o6nvKy no3eaH, 3a
mMoryhe nmocT koHdepeHLumjcko nybnukoBawe, y crneumjanHom 6pojy vaconuca International
Journal Non-Linear Mechanics (M21) , nosHaTor nsgasaya Hay4Hux 4daconuca Elsevuier -a,
kKoju he ypeautn 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. Awrejcewicz, M. Kazmierczak, P. Olejnik, J. Mrozowski, £.6dz, 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 npowmnpeHom o6nvKky no3eaH, 3a Moryhe nocTt koHdepeHLMjcko NyOnnkoBame, y
TematckoMm 36opHuky Mathematics and Statistics (for more details you can
follow the link http://www.springer.com/series/10533, no3HaTor nsgasava
HaynyHe nuTepatype Springer, koju he ypeauTn kao roct ypeaHuk npodecop JAN
AWREJCEWICZ, uepmeH KoH(epeHiuje. Osa cepuja  Springer-oBux 360pHMKa ce
npukasyje n umtnpa. (Proceedings are abstracted in Conference Proceedings
Citation Index - Science (CPCI-S, Thomson Reuters, Web 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. Awrejcewicz, M. Kazmierczak, P. Olejnik, J. Mrozowski, £.6dz, 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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Rap 3 je, y npowmpeHom o6nvky no3eaH, 3a Moryhe nocTt kKoHdepeHLMjCKo NyOnnkoBame, y
Tematckom 300pHMky Mathematics and Statistics (for more details you can
follow the 1link http://www.springer.com/series/10533, M0O3HaToOr usgaeada
HaynyHe nuTepatype Springer, koju he ypeauTn kao roct ypeaHuk npodecop JAN
AWREJCEWICZ, uepmen koHQepeHiuje. OBa cepuja  Springer-oBux 300pHMKa ce
npukasyje n uMtnpa. (Proceedings are abstracted in Conference Proceedings
Citation Index - Science (CPCI-S, Thomson Reuters, Web of Science)
and are fully citable).

Andjelka Hedrih, Katica Hedrih (Stevanovic), (2015), Deformation work of
Zona Pelucida in process of fertilization , 13th Conference on DYNAMICAL SYSTEMS
Theory and Applications DSTA 2015 ABSTRACTS, EDITORS J. Awrejcewicz, M. Kazmierczak, P.
Olejnik, J. Mrozowski, 1.6dz, December 7-10, 2015, POLAND, Lodz University of Technology,

Faculty of Mechanical Engineering Department of Automation, Biomechanics and Mechatronics,
2015, Vol. 13, p. 147, http://abm.p.lodz.pl, ISBN 978-83-7283-705-9.
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Journal of
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Dynamics

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 nocTt KOHdepeHumjcko nybnukoBawe, y cneuujanHoMm Gpojy Yaconuca
Applied Nonlinear Dynamics, (ISSN:2164-6457 (print) , ISSN:2164-6473 (online), Home L
& H Scientific Publishing) koju he ypegutn kao roct ypegHuk npodgecop JAN
AWREJCEWICZ, yepmeH koHdepeHLmje.

https://l1hscientificpublishing.com/journals/JAND-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,

e dynamics in life sciences and bioengineering,

® engineering systems and differential equations,
® non-smooth systems

® mathematical approaches to dynamical systems
® original numerical methods of vibration analysis,
e 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.

2. Tuesday, December 8, 2015
8:00-19:00 Trip to Polish Jura

3. Wednesday, December 9, 2015
Session 5C, 12:20 - 13:35

1. |Kecik K., Mitura A. Non-linear dynamics of a vibration harvest-absorber system

Vibro-impact dynamics of two rolling heavy disks along rotate circle

2. [Hedrih (Stevanovic) K. with constant angular velocity

3. |Hedrih (Stevanovic) K. Dynamics of impacts and collisions of the rolling balls

Experimental determination of eigen frequency and stiffness of

4. |Soukup J., Skocilas J., Skotilasova B. suspension of elastically embedded body — vehicle application

5. |Morais E_, Vigh L, Krahling J. Fragility estimation and comparison using IDA and simplified macro

mode!ini of in-ﬁlane shear in old masong walls

Session 6B, 15:50 - 17:05

1. |Hedrih A., Hedrih (Stevanovi¢) K. Deformation work of Zona Pelucida in process of fertilization

2. |Harlecki A, Urbas A. Dynamics simulations of spatial linkages using the LuGre friction

model
3 Klimina L., Dosaev M., Selyutskiy Y., Hwang |Asymptotic analysis of the model of a wind-powered vehicle
" |S.-S., Lin K--H. moving against the flow

4. |Klaerner M., Wuehrl M., Marburg S., Kroll L. |Efficient FEA simulation of structure borne sound radiation

Angular velocity and intensity change of basic vectors of position
9. |Hedrih (Stevanovi¢) K. vector tangent space of a material system kinetic point - four
examples
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paper id: BIF125

Vibro-impact dynamics of the rolling disks along rotate
circle in vertical plane

Katica R. Hedrih (Stevanovic)

Abstract: Use Petrovic’s elements of mathematical phenomenology, especially
mathematical analogy between kinetic parameters of collision of two bodies in
translator motion and collision of two different rolling disks, new original expressions
of two outgoing angular velocities for each of rolling disks after collision are defined
in author previous papers. Using this new and original result vibro-impact dynamics
of two different rolling heavy disks on the rotating circle trace in vertical plane in
period of series of collisions is investigated. Use series of the elliptic integrals, new
nonlinear equations for obtaining angles of disks positions at positions of collisions
are defined. Phase trajectories of the disks in vibro-impact dynamics are theoretically
presented. Two cases vibro-impact dynamics when phase portraits contain trigger of
coupled singularities and homoclinic orbit in the form of number “eight” as well as
and case without that trigger of coupled singularities are discusses. Keywords:
Theory, rolling disks, collision, pre-impact, post-impact, impulse, moment of impulse,
impact forces, impact couple, rolling trace, arrival angular velocity, impact angular
velocity, outgoing angular velocity, collision of rolling disks on rotate circle line,
phase trajectory, angular velocity discontinuity.

Y 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.
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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.
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paper id: LIF223

Deformation work of Zona Pelucida in process of
fertilization

Andjelka Hedrih, Katica Hedrih (Stevanovic)

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 is 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.

l)AndjeIka Hedrih, M.Sc. (Ph.D. student): State University of Novi Pazar, 36 300 Novi Pazar,
SERBIA (handjelka@gmail.com), the author presented this work at the conference.

2) Katica Hedrih (Stevanovic), Ph.D.: Mathematical Institute SANU Belgrade, Faculty of
Mechanical engineering University of Nls, 11 000 Belgrade, SERBIA (khedrih@sbb.rs).



Vibro-impact dynamics of two rolling heavy disks along rotate
circle with constant angular velocity

Katica R. (Stevanovic¢) Hedrih

Abstract:  Under the authors’ use Petrovic’s elements of mathematical
phenomenology, especially mathematical analogy between kinetic parameters of
central collision of two bodies in translator motions and central collision of two
rolling different disks, new original expressions of two outgoing angular velocities for
each of rolling disks after collision are defined in author previous papers. Using this
new and original result of vibro-impact dynamics of two rolling heavy different disks
on the rotating circle trace in vertical plane in period of series of collisions 1s
mvestigated. Use series of the elliptic integrals, new nonlinear equations for obtaining
angles of disks positions at positions of collisions are defined. Phase trajectories of the
disks in vibro-impact dynamics are theoretically presented. Two cases of vibro-impact
dynamics when phase portraits contain trigger of coupled singularities and homoclinic
orbit in the form of number “eight” as well as in the case without that trigger of
coupled singularities are discussed. Phase trajectory branches of both rolling disks in
period from initial positions to first collision between rolling disks are presented..

1. Introduction

Non-linear differential equations of non-linear dynamics of a rolling heavy disk along rotate circle,
with constant angular velocity, about axis in three different positions are derived and presented in
author’s Reference [1]. From comparison between these three nonlinear differential equations, some
conclusions of nonlinear dynamics of rolling heavy disk along rotate circle with constant angular
velocity about different axis in three different positions are pointed out. For two cases, first that axis
of the circle rotation 1s vertical and central and second that axis 1s vertical and eccentrically,
corresponding equations of phase trajectory portraits depending of kinetic parameters of the system,
are obtained. Existence of trigger of coupled singularities [2-7] and homoclinic orbit in the form of
number “eight” depending on system kinetic parameters and appearance of the bifurcation of relative
equilibrium positions are investigated. For the case that axis of the circle rotation is vertical and
central, functional dependence between angle of disk relative arbitrary position on rotate circle and
duration of time are derived [1]. For obtaining this solution, an elliptic integral [8] is derived. For
solving elliptic integral, a transformation 1s introduced and functions under the elliptic integral are
developed in three series along angle of disk relative arbitrary position on rotate circle [1]. By use

obtained functional dependence between time of disk rolling and angle of disk relative position,

251



positions of two rolling disks at rotate circle trace around vertical central axis with constant angular

velocity, taking into account expression (8) for each disk, that 1s £

following form:

Limper.1 = tljmpcr,l is in the

. .IJ.WPH(T-.] (p Limpact,1? (pl Jdmpact,] )

\

2 outgoing. 1 (PZ.mug:ing. 12 q)Z,wrgum‘g.l )
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Figure 5. Phase trajectory branches in phase portraits of two rolling disks for relative motion in

interval between initial configuration and configurations of pre-first-collision and post-first-collision

between two rolling disks
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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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