(1)

rOOuVHA

MATEMATUNMKOT
MHCTUTYTA CAHY

Project ON174001
in
Mathematical Institute of Serbian Academy of Sciences and Arts,
Belgrade, Serbia, December 7, 2016

Booklet of Abstracts

Mini-symposium
“Biomechanics and Modelling of Biological Systems”

Kwu2a pezumea
MuHucumnosmnjym
,BUomexaHuKa u mogenoBare 6MoONOWKNX cuctema”

Organizer: dr Andjelka Hedrih

Department of Mechanics,

Mathematical Institute of Serbian Academy of Sciences and Arts,
Belgrade, Serbia



Acknowledgment: The International Mini-symposium “Biomechanics and
Modelling of Biological Systems" has been organized by Project ON 174001 in
the scope of the 70th anniversary of the Mathematical Institute of the
Serbian Academy of Science and Arts. The Mini-Symposium was organized
thanks to the financial support from the Serbian Ministry of Education, Science
and Technological Development under the project:

ON 174001 "Dynamics of hybrid systems with complex structures. Mechanics of
Materials”, coordinated through Mathematical Institute of Serbian Academy of
Sciences and Arts with Project Leader prof.dr Katica (Stevanovi¢) HEDRIH.



)
70 years of the Mathematical Institute of SASA, Belgrade, Serbia
FOMMHA Mini-symposium “Biomechanics and Modelling of Biological Systems”

T iy Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016

PREFACE

Study of living systems and their substructures is the work of scientists from various scientific areas —
biologists, medical doctors, molecular biologists, biochemists, physical chemists, technologists,
physical scientists, mechanical engineers, electronics engineers, mathematicians, economist... Each
studies a biological system or its part, organization, functioning under physiological and pathological
conditions thus obtaining valuable knowledge. Diversity of analytical approaches to studying living
systems is necessary in order to understand the complexity of structure and functions of biological
systems, but it is also necessary to take one more step and that step is the synthesis of all these pieces
of knowledge obtained by experts in various fields of science. For this, it is important that experts
who study living systems exchange their knowledge and the main precondition for this is openness to
experience and to a way of thinking that falls out of the cliché, and for them to speak in a language
they all can understand. Biomechanics is a large area that is still spreading and with unlimited possibilities
for both fundamental and applied research: from molecular biomechanics, biomechanics of the DNA
molecules, microtubules, subcellular structures, biomechanics of cells, dynamics of cellular contacts,
interaction between cells, change of mechanical properties of cells during their growth, differentiation,
cellular motion in fluids, (for example of white and red blood cells in blood, liquor to spermatozoa in
seminal and ovary fluids and others), trough tissue and organ biomechanics to biomechanics of entire
organisam iand its dynamics with other individues. Fluid biomechanics is a separate area — study of
biomechanics of cardiovascular systems in physiological and pathological conditions that results in
technical solutions for implants — artificial blood vessels, artificial heart components, and artificial hearts as
a whole. ... Biomechanics of locomotor systems is one of the most developed areas of biomechanics. Study
of behavior of locomotor systems under mechanical load and under electrical stimulation has led to
technical solutions that are applied for diagnostics and therapy of locomotor system disorders.
Biomechanics of respiratory, urinal and reproductive systems have their contribution to constructing
devices without that became indispensable in modern medical practice. Study of living organisms under
physiological and pathological conditions and generation of mathematical models that can explain this
organization is an activity of prime scientific significance. A lot of knowledge has been acquired, but the
question is how to combine all the pieces. Living systems undergo transitory and/or permanent changes in
the course of their ontogenesis and it is quite certain that a part of these changes is written in the structure
and organization of both the individual and entire system. To cite Dick Swab, a famous Dutch
neuroendocrinologist, who first founded a bank of human brains in exploratory purposes, an installation
unique both in Europe and the world — “we are our brains”, pointing out the importance of morphogenetic
and modifying factors for the physiology of the nervous system.

For better understanding the complexity of living organisms and ourselves, a holistic approach is needed.
One of the promising approaches is offered by physics with its quantum-holographic mechanisms of
feedback control as early as morphogenesis.

This minisymposium is an attempt to present some of the current topics in biomechanics and present
different approaches to the understanding of living systems.

I want to thank all the lecturers who answered this call and took part in this minisymposium. United in our
differences, with a multidisciplinary approach the integration of knowledge, creation of new ideas and
advancement of science as a whole become possible.

Andjelka Hedrih
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HNPEATIOBOP

IIpoy4aBambeM KHBUX CHCTEMA U IbHXOBX MOACTPYKTYpa 0aBe ce HAyYHHUIIU U3 PA3IMIUTHX HAYYHHUX
obnactu O6HMONIO3H, JIeKapH, MOJIEKyJapHH Ouono3u, Onoxemuuyapy, GU3UKO-XEMHYAPH, TEXHOJIO3H,
(busnYapu, MAIIMHCKA WHXCHEPH, EICKTPOMHKCHEPH, MaTeMaTHYapH, EKOHOMHUCTH..... Caaku
carie/jaBa OHOJIOIIKM CHUCTEM WM HEroB Jeo, OpraHu3aldjy, HauuH (QYHKIHOHUCAWmA Yy
(U3HONIOIIKMM ¥ TATOJIOIIKMM ycioBuMa 00e30ehyjyhu kopucHa 3Hama. PasHOBpcHOCT y
AHATUTHYKOM MPHUCTYIly MpOydYaBama JKMBUX CHCTEMa je HEONMXOOHA 3apaa pa3yMeBamba
KOMIUTEKCHOCTH Tpahje u PyHKIHje OMONIOIIKUX CUCTEMa alH je MOTPEOHO YIMHUTH jOI jeaH KOpaK
a TO je CHHTe3a CBHX THX 3Hama J0 KOjHX Cy JOLUIM CTYyYAalld M3 Pa3IMIUTHX 00JacTH. 3a TO je
BaXHO J]a CE CTpUmAIl KOju ce 0aBe XUBUM CHCTEMHMa MeljycoOHO pa3Memyjy CBOja 3Hama, a
OCHOBHH TIPEIyCJIOB jeé OTBOPEHOCT 32 MCKYCTBO W JPYrauju Ha4WH pasMHUIUbama Of KIWIIea, 1
roBope Mel)ycoOHO pa3yMIBHBHIM je3HKOM.
bruomexaHuKa je BeJMKa 00JacT Koja ce U Jajbe MIMPU M IMa HEOTPAaHWIEHO MHOTO MOTYHHOCTH Kako
3a 6a3WvHa Tako M 3a IPHMEHEHa NCTPaKUBama: O MOJISKyJlapHe OHoMeXHanKe-HIIp.OnOMEeXaHHKe
JJHK wmosnekyna, MUKpOTyOyma, cyOhenmujcKux CTpyKTypa, OuoMexaHuke henuja, AMHAMUKE
henmujckor KOHTakTa, UHTepakiuje mehy henujama, mpoMeHe MEXaHHUYKUX CBOjcTaBa hendja TOKOM
mporieca pacra, audepeHimjaipje, Kperamwa henuja y duyuauma (Hop OeIux W IPBEHUX KPBHHX
3pHalla y KPBH, JHKBOPY, CIIEPMATO300HJIa y CEMEHO] TEYHCTH W TEYHOCTH jajoBOJA), MPEKO
OnoMexaHUKe TKUBA, OpraHa, OPraHCKUX CHCTEeMa, 10 YUTABOT OPTaHW3Ma U HEeroBe HHTEpaKuuje ca
JPYTUM jeANHKaMa.
ITocebny obmact umHM OuMOMexaHHKa (UIynna-IpoydaBambe OHOMEXAaHHMKE KapIHOBACKYJIapHOT
cucTeMa y (PU3HOIOYKUM U IAaTOJIOMIKUM YCJIOBHMA INTO 32 MOCIEIUIly UMa U TEXHUYKA Pellemna 3a
UMIUIQHTE-BELITaUKe KpPBHE CyJOBE, BEIITAUKe 3aJUCKE, BELITAUYKO CpLE... bHomexaHMka
JIOKOMOTOPHOT' CHCTEMa je jeAHa Ol Hajpa3BHjeHHjuX oOyactu Ouomexanuke. I[IpoyuaBame
[OHAIIakha JAEJNI0Ba JIOKOMOTOPHOT CHCTEMa IOJ MEXaHHUYKMM ONTephemeM U NpU eIeKTPUYHO]
CTUMyJIALUjH JOBEJIO je O KOHKEPETHUX TEXHUUKHUX pelleha Koje ce MPUMEYjy 3a IUjarHOCTHKY U
Tepanujy mnopemehaja JOKOMOTOPHOI cHcTeMa. bHoMexaHMKa pPeCIUpaTOpHOr, YPUHAPHOT H
PENpOIYKTUBHOI CUCTEMA Jaje Cy CBOj JONPHUHOC y KOHCTPYyUCamy amapaTta 0e3 KOjUX ce JaHac He
OM MorJa 3aMHCIIMTH CaBpeMeHa MeauuuHca npakca. [IpoydaBame opraHusaluje >KUBOI CBETA y
(U3HOJIOIKUM U MATOJNOIIKUM YJICOBUMAa M I'€HEpUCAaHke MaTeMaTHYKHX MOJella KOjUMa Ce MOXKe
00jacHUTH TaKBa OpraHu3alyja Takohe je ol BEJIMKOTI 3Hauaja.
CaxyIypeHO je MHOTO 3Hamba, IOJIAI CY TY, TUTambe je Kako heMo MX KOMOWHOBATH...
JKuBu crctemu mponase TPaH3UTOPHE W/WIH TpajHE MPOMEHE TOKOM CBOj€ €BOINYIHje. 3aCHTYpHO je 1a
JIe0 TUX MPOMEHA OCTaje 3alMcaH y CTPYKTYpH M OpraHM3allijy Kao jeIMHKE TaKO W YHTABOT CHCTEMA.
IIto 6u Dick Swab, uyyBeHH XOJAHICKH HEYPOCHIOKPHHOJIOT KOjH je TMPBH OCHOBAO 0OaHKY JbYJICKHX
MO3roBa y UCTPKHBAYKe CBPXE, jeAHUCTBEHY y EBpOIHM M cBETY pekao ,,we are our brains®, HCTaKaBIIH
TaKo 3Ha4aj MopdoreHeTCKUx U MoupuKyjyhux dakropa Ha pU3HOIIOrH]y HEPBHOT CHCTEMA.
3a Oosbe pasymMeBame KOMIUIEKCHOCTH YKMBHX CHCTEMa I1a M HaC CaMHUX HEOIXOJaH j€ XOJIHCTUYKU
npuctym. Jepan on obehapajyhux npuctyna Hyan (U3MKa ca KBAaHTHO-XOJOTPAQCKUM MEXaHH3MUMa
MIOBpAaTHE KOHTPOJIE jOII Y MOP(HOTeHE3H .
OBaj MHUHHCHMIIO3UjYM je TIOKYIII3j Jla CE MPUKaXy HEKE aKTyelieHe TeMe M3 OMOMEXaHHWKE M CTaKHY
PA3IIMYUTH PHUCTYITY y IPOYYaBaby )KHUBHX CHCTEMA.
XKemm na ce 3aXxBaNMM CBHM IIpelaBadylMa KOjH Cy C€ OJa3BaJld IO3UBY M y3enH ydemrha y OBOM
MHHHCHMITIO3HU]YMY.
VjenumeHn y pasMYUTOCTHMA, MYITHAMCIMIUIMHAPHUM TIPUCTYIOM Moryha je HHTerpanyja 3Hamba,
pabame HOBUX HJeja U HalpelaK HayKe.

Amnhenka Xenpux
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Mathematical Institute of SASA, Kneza Mihaila 36, Belgrade, Serbia,
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Iporpam
MHUHHACHMITO3H]jyMa
,»DHOMeXaHHKA U MO/IeJI0OBab€ OMOJIOIIKHUX cHCcTeMAa*
Ipojexar OM174001 y Martematnukom unctutyty CAHY, beorpan, Cpouja,
7. neuembap, 2016,
y Maremaruukom uncturyty CAHY, Kueza Muxauna 36
on 10:00-20:30h, cana II, mpBu cnpar,

Organizer:
dr Andjelka Hedrih,—Department of Mechanics, Mathematical Institute of Serbian Academy of
Sciences and Arts, Belgrade (MI SANU), Serbia,

Opranusartop:
ap Anbhenka Xenpux, Onenerme 3a Mexannky, Maremarnuku MHcTHTyT Cplicke akaaemMuje HayKa u
ymerHoctu (MU CAHY), beorpan, Cpbuja

Welcome address:
Prof. Katica (Stevanovi¢) Hedrih, Project Leader of Project ON174001

Opening remarks by Organizer:
dr Andjelka Hedrih,~Department of Mechanics, Mathematical Institute of Serbian Academy of
Sciences and Arts, Belgrade, Serbia,

VYBoaHa peu opraHu3aropa:
np Anhenka Xeapux, opraHu3aTOp MUHUCHMITO3H]yMa
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I First Session chaired by:

Natalija Kysilova, Institute of Aeronautics and Applied Mechanics, Warsaw University of Technology, Warsaw

Zorica V. Stanimirovi¢, Department of Numerical Mathematics and Optimization, Faculty of Mathematics, University of Belgrade,
Belgrade, Serbia

Milan Tuba, Graduate School of Computer Science, John Naisbitt University, Belgrade, Serbia

First Session. Invited Lectures 30 minutes.

Andreas Wierschem', Haider Mohammed Ali Dakhil. Cell rheometry with a narrow-gap
rotational rheometer.

'Institute of Fluid Mechanics, Friedrich-Alexander-Universitit Erlangen-Niirnberg (FAU),
Erlangen, Germany, E-mail: andreas.wierschem@fau.de

Andreas Wierschem', Haider Mohammed Ali Dakhil. heamjcka peomerpuja momohy
POTAIMOHOT YCKOKAHAJIHOT peoMeTpa.

'Institute of Fluid Mechanics, Friedrich-Alexander-Universitit Erlangen-Niirnberg (FAU),
Erlangen, Germany, E-mail: andreas.wierschem@fau.de

1
Aleksandra Jaukovié¢ , Drenka Trivanovi¢, Tamara Kukolj, Diana. Bugarski. Biomechanical
properties of mesenchymal stem cells — role in tissue regeneration.
Laboratory for Experimental Hematology and Stem Cells, Institute for Medical Research,
University of Belgrade, Belgrade, Serbia, E-mail:aleksandra@imi.bg.ac.rs

1
Anekxcanapa. JaykoBuh , Jlpenka TpuBanosmh, Tamapa Kykom, J[lmana bByrapcku.
Buomexannyuke oco0nHe Me3eHXUMCKUX MaTHYHUX heanja — yiora y perenepanuju TKusa
JlaGoparopuja 3a eKCIIepruMEHTAIHY XeMaToJIOTHjy 1 MaThuHe hienuje, THCTUTYT 3a MeNIMHCKA
HCTpaXKhBama, YHuBep3uter y beorpany, beorpasn, Cpouja, E-mail: aleksandra@imi.bg.ac.rs,

1
Stevo Najman , Sanja Stojanovié, Jelena Zivkovi¢, Jelena Najdanovi¢, Vladimir Cvetkovié,

Marija Vukeli¢-Nikoli¢. Triad in the concepts of bone tissue engineering.
Deparatment for Biology and Human Genetics and Department for Cell and Tissue Engineering,
Faculty of Medicine, University of Nis, Nis, Serbia, stevo.najman@gmail.com

1
CreBo Hajman , Cama CrojanoBuh, Jenena JKuBkoBuh, Jenmena Hajmanosuh, Bmamumup
[IBetkoBuh, Mapuja Bykennh-Hukonmuh.” Tpujaga y koHIeNTHMA HHKEH-€PCTBA KOCTH.
WHCTHTYT 3a OMOJIOTHjy M XyMaHy reHeTHKY U Onesberse 3a Nelnjcko U TKHBHO WHKEHEPCTBO,
Menumacku axynret, Y HuBep3urteT y Humry, Humr, CpOuja, stevo.najman@gmail.com,

Sanja Stojanovi¢' and Stevo Najman. Application of in vitro cell models in tissue engineering
'Department for Cell and Tissue Engineering, Faculty of Medicine, University of Ni§, Nig,
Serbia, E-mail: s.sanja88@gmail.com

Cama Crojanosuh' u Creso Hajman. Ipumena in vitro henmjckux mMogena y TKHBHOM

MHKEHEePCTBY. .
(I)*z[efbe e 3a%ennjcxo U TKUBHO HHXEHEePCTBO, MeanuHcku GakyareT, Y HuBep3uTeT y Humry,

Hum, Cpowuja, E-mail: s.sanja88@gmail.com
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IT Second Session chaired by:

AndreasWierschem, Institute of Fluid Mechanics, Friedrich-Alexander-Universitit Erlangen-Niirnberg (FAU), Erlangen, Germany
Aleksandra Jaukovic, Laboratory for Experimental Hematology and Stem Cells, Institute for Medical Research, University of Belgrade,
Belgrade, Serbia

Stevo Najman, Deparatment for Biology and Human Genetics and Department for Cell and Tissue Engineering, Faculty of Medicine,
University of Ni§, Nis, Serbia

Second Session. Invited Lectures 30 minutes.

Natalija Kysilova. Nonlinear models in biomechanics: quasiregular and caotic dynamics.
Institute of Aeronautics and Applied Mechanics, Warsaw University of Technology, Warsaw,
Poland, E-mail: n.kizilova@gmail.com

Natalija Kysilova. HeauHeapuun Mopeam y OMoMeXaHMIM: KBa3MperyapHa M XaoTH4YHa
AMHAMHUKA

Institute of Aeronautics and Applied Mechanics, Warsaw University of Technology, Warsaw,
Poland

E-mail: n.kizilova@gmail.com

Milan Tuba. Ant colony optimization applied to graph problems
Graduate School of Computer Science, John Naisbitt University, Belgrade, Serbia, E-mail:
tuba@ieee.org

Munan Ty6a. Onrumm3amuja MpaB/bUM KOJOHHjaMa MpUMemeHa Ha rpadoBcke
aJIropuT™Me.
®daxynrter 3a kommjyrepcke Hayke, [lon Hes30ut Yuusepsurer, beorpan, Cp6wja, E-mail:

tuba@ieee.org

1

Milos Lj. Nikolié¢ , Jasenka Rakas , Dusan B. Teodorovi¢. Solving the aircraft landing problem
by the bee colony optimization (BCO) metaheuristic

Faculty of Transport and Traffic Engineering, University of Belgrade, Belgrade, Serbia, E-mail:
m.nikolic@sf.bg.ac, web page: www.sf.bg.ac.rs

1

Muiiomr Jb. Huxoauh , Jacenka Pakac u {yman b. Teogoposuh. OapehuBame moJieTHo-
CJIeTHHX CTa3a W BpeMeHa MpPH CJeTalbHMa AaBHOHA TPHMEHOM MeTaxeypHCTHKe
ONTHMH3ANMja KOJOHHjOM m4eia.

Cao0Opahajuu daxynrer, Yuusepsuret y beorpany, beorpan, Cpouja,

E-mail: m.nikolic@sf.bg.ac.rs

Zorica V. Stanimirovi¢. Genetic Algorithms: From Evolution To Optimization.
Department of Numerical Mathematics and Optimization, Faculty of Mathematics, University of
Belgrade, Belgrade, Serbia

3opuua B. CranumupoBuh. 'eneTcKu aJiropuTMu: o eBoJIylUje 10 ONTHMHU3ALMje
Kateznpa 3a HyMepHUKy MateMaTHKy M ONTHMH3ALHjy, MareMaTHuku (GaKynrTer, Y HUBEP3UTET Y
Beorpany, beorpan, Cpouja, E-anpeca: zoricast@matf.bg.ac.rs,

COCTAIL - KOKTEJI (approximately from 1

EX 3

4:15-14:45h)

(o8]
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Third Session chaired by:

Mitkovi¢ B. Milorad, Medical faculty, Univerity of Nis, Nis, Serba

Dejan Rakovié¢, Department of Microelectronics and Engineering Physics, Faculty of Electrical Engineering, University of Belgrade,
Belgrade, Serbia

Lana Popovic-Maneski, Institute of Technical Sciences of SASA, Belgrade Serba

Third Session. Invited Lectures 30 minutes.

Mitkovi¢ B. Milorad', Mitkovi¢ M. Milan. Providing of optimal biological and
biomechanical conditions for healing and regeneration of bone tissue.

'"Univerity of Nis, Medical faculty, Byneap 3opana Pumhuha 81, 18 000 Hum, CpGuja,
mitkovic@gmail.com; www.mitkovic.net; www.mitkovicclinic.org

Mutkosuh B. Munopaa' u Mutkosuh M. Munan. O6es6ehuBame oNTHMATHUX GHOJOMIKHX
U OMOMEXaHMYKHX yC/10Ba 32 3apacTambe H pereHepanujy KOITAHOT TKUBA

'Vuupepsurer y Humy, Meuruucku daxynrer, Bynesap 3opana Bunhuha 81, 18 000 Hum,
Cpb6uja, mitkovic@gmail.com, www.mitkovic.net, www.mitkovicclinic.org

Dejan Rakovié. Quantum-informational framework for psychosomatic integrative
medicine

Department of Microelectronics and Engineering Physics, Faculty of Electrical Engineering
University of Belgrade, Belgrade, Serbia, E-mail: rakovicd@etf.bg.ac.rs

Hejan PaxoBuh. KBaHTHO-MH(OpPMAIMOHH OKBHP 3a MCHXOCOMATCKY WHTEerpaTHBHY
MeIHUHHY

Karepa 3a MEUKPOCIICKTPOHUKY U TEXHHUKY (Gu3uKy, EnekrporexHudku dakyarer

Vuusepsuter y beorpasy, beorpas, Cpouja, E-mail: rakovicd@etf.bg.ac.rs

1
Lana Popovi¢-Maneski , Vance Bergeron, Amine Metani and Sebastian Mateo. Fes cycling
after spinal cord injury.
'Institute of Technical Sciences of SASA, Knez Mihailova 35/IV, Belgrade, Serbia,
E-mail: lanapm13@gmail.com, web page: http://www.itn.sanu.ac.rs

1
Lana Popovi¢-Maneski , Vance Bergeron, Amine Metani And Sebastian Mateo. dec 3a
OMIMKJIM3aM HAKOH MOBpeJe KHUMeHe MOXKIHHE.
'MTH-CAHY, Knes Muxaunosa 35/IV, Beorpaa, Cpouja, E-mail: lanapm13@gmail.com, web
page: http://www.itn.sanu.ac.rs

Dejan Mirci¢. Effects of constant and alternating magnetic fields on insects as model
organisms in biological reasearches

Department of biomedical sciences, State University of Novi Pazar, Vuka Karadzica bb,

Novi Pazar, Serbia, E-mail: dmircic@np.ac.rs

Jejan Mupuuh. YTHIaj] KOHCTAHTHOT U NPOMEHLUBOT MArHETHOT M0J/ba HA HHCEKTE KA0
Mo/1eJ1 OpranusMe y OHOJOLIKHM HCTPAKMBAKBLUMA.

Jlenaprman 3a OnomennuHcke Hayke, JpxxaBau ynusepsuter y Hosowm ITazapy, Byka
Kapanwmha 66, Hosu I1a3zap, Cp6uje, E-mail: dmircic@np.ac.rs
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Fourth Session chaired by:

Mihailo P. Lazarevi¢, Department of Mechanics, University of Belgrade, Faculty of Mechanical Engineering, Belgrade,
Slobodan Zdravkovic, Vinca Institute of Nuclear Sciences, Atomic Physics Laboratory, University of Belgrade, Belgrade, Serbia
Ana Mitrovi¢ Jovanovi¢. Medical Faculty, University of Belgrade, Belgrade, Serbia

Fourth Session. Invited Lectures 30 minutes

Ana Mitrovi¢-Jovanovié. Inertility caused by polycistic ovary syndrom -therapeutic
possibilities.
Medical Faculty, University of Belgrade, Belgrade, Serbia, E-mail: anamitrovicjov@gmail.com

Ana Murposuh-JoBanosuh. HHGepTHINTET Yy3POKOBAH CHHAPOMOM MOJHIHMCTHYHHX
jajuuka n Tepamjcke MoryhuocTn.
Menunuackun  ¢dakynter, YHuBep3uteTr |y  beorpamy, beorpam, Cpbuja, E-mail:

anamitrovicjov(@gmail.com

Ana D. Stanojevic'l, Vladimir M. Markovi¢, Zeljko D. Cupié, Ljiljana Z. Kolar-Ani¢ and
Vladana B. Vukojevi¢. Mathematical modeling of testosterone-related differences in The
ypothalamic-pituitary-adrenal axis response to ethanol
University of Belgrade, Faculty of Physical Chemistry, Studentski trg 12-16, 11158 Belgrade,
Serbia, E-mails: ana.stanojevic@fth.bg.ac.rs; vmarkovic@fth.bg.ac.rs; lkolar@ffh.bg.ac.rs

Amna JI. CTaﬂojeBnhl, Bnamumup M. Mapkosuh, Xesbko [I. Yynuh, Jbubana 3. Konap-Anuh, u
Bnamana b. BykojeBuh. MaremMaTHdyko Moje/Mpame YTHIAja TECTOCTEPOHA HAa OI3MB
UI0TAIAMO-XUIIO(U3HO-A/IPEeHAIHE 0Ce HA €TAHOJI.

Vuusep3uter y beorpamy, ®akynrer 3a ¢usnuky xemwujy, Crymentcku Tpr 12-16, 11158
Beorparn, CpOwuja. E-mails: ana.stanojevic@ffh.bg.ac.rs; vmarkovic@fth.bg.ac.rs;
lkolar@fth.bg.ac.rs

Mihailo P. Lazarevi¢. Fractional calculus approach to modeling and control of
(bio)mechanical systems

Department of Mechanics, 'University of Belgrade, Faculty of Mechanical Engineering,
Belgrade, 11000, Serbia, e-mail: mlazarevic@mas.bg.ac.rs

Muxaunio II. Jlazapesuh. [Ipumena ¢pakumoHor pauyHa y mMoAeaupamy U YNpPaBbarmby
(0Mo)MexXaHMYKHUX CHCTEMa

Mammncku ®akynrer, Yausepsuretr y beorpany, Kpamnne Mapuje 16, 11 120 Beorpap, e-mail:
mlazarevic(@mas.bg.ac.rs,

Puro Koruga'? Lidija Matija, Jelena Munéan, Ivana Mileusni¢, Biljana Lugi¢. Fibonacci
signalling in biomolecular systems: synergy of structure, energy and information in human

body.
'NanoLab, Biomedical Engineering, Faculty of Mechanical Engineering, University of Belgrade,
Belgrade, Serbia, dkoruga@mas.bg.ac.rs , lmatija@mas.bg.ac.rs , jmuncan@mas.bg.ac.rs ,

imileusnic@mas.bg.ac.rs
BIOPTRON CENTAR, Bulevar Mihaila Pupina 117, 11070 Novi Beograd, Serbia,
biljana.lucic(@zepter.rs

[¥;]
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‘Bypo Kopyra'?, Jluamja Maruja, Jenena Mynhan, Meana Muneycuuh, Bumpama Jlyunh.
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CELL RHEOMETRY WITH A NARROW-GAP ROTATIONAL RHEOMETER

Andreas Wierscheml, Haider Mohammed Ali Dakhill’2
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ABSTRACT

We study the viscoelastic behavior of biological cells, their adhesion and load limits. To this end, we
modified a commercial rheometer to set up a parallel-disk configuration with an accuracy of about 1 um, which
is an improvement by a factor of 30-100 over commercial rheometers [1].

While cell-to-cell variation is typically very large, making it tedious and time consuming to repeat single-cell
studies, this setup allows determining average linear viscoelastic cell properties in single experimental runs.
Therefore, cells in culture medium are fixed to the plates in a monolayer and the cell coverage is detected with a
fluorescence microscope [2]. This permits quantifying the impact of drugs on the cell mechanics without the
need of treating the samples in the rheometer and envisions the use of this method as a fast diagnostic tool. The
method also allows for quantitatively studying of the impact of pre-stress on the storage and loss moduli of the
cells.

The narrow-gap rheometer also allows studying the load limit of cells with respect to shear in low viscous
media without harking back to thickeners, which may have an impact on the cell metabolism [3]. Furthermore, it
allows detecting adhesion limits of cells in low viscous media to substrates, which is of crucial importance for
implants and biofilms.

Keywords: Cell rheology, Linear viscoelasticity, Narrow-gap rheometry, Cell monolayer, Adhesion limit, Load
limit.
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AIICTPAKT

VY 0BOM pajy CMO IIpOy4aBaId BHCKOEIACTHYHO [OHANIAkhe OHONOIIKKX helnja, CTEIeH BIX0BE aTXe3Hje 32
CYNCTpaT W BeNUUYMHYy omnrepeliera Koje MOry Ja moaHecy. Y OBY CBPXy CMO MOAH(HKOBAIM KOMEPIIHjaTHH
peomerap na Ou HoOMIH NapajieiaHy KOH(GHUrypalujy AUCKOBa ca nperu3Houmhy o1 oko 1um, mTo npeacTaBiba
nobospimame ca pakropom ox 30-100 y ogHOCy Ha KOMepuujaiaHe peomerpe [1].

C 003upoM ja cy Bapujanuje y BeaMunHU heuja BeoMa BeJMKe, IITO MOHABJbAKHE MEPEerha Ha MOjeIHHAYHUM
henujama 4YMHM 3aMOpPHMM M BPEMEHCKH 3aXTEBHHM, OBa IMoOcTaBka omoryhaBa ojpelhuBambe ympoceueHHX
BPEIHOCTH BUCKOGJIACTUYHUX CBOjCTaBa helje y jeAHOM eKCIIePUMEHTY.

Jakie, henuje y Meaujymy cy GHKCHpaHe 3a IIIode y BUIy MOHOCIIOja, a CTENEeH IOKPUBEHOCTH u1ode henujama
je ompelena momohy duyopecuentHor mukpockomna [2]. OBo omoryhiaBa KBaHTH(UKAIM]y yTHIIAja JIEKOBa Ha
MeXaHHW4Ka cBojcTBa henuja 0e3 morpebde na ce henuje Tpetupajy y camom peometpy aajyhu moryhHocTH na ce
peoMeTap KOPHCTH Kao Op30 IHjalrHOCTHYKO CPEAcTBO. Peomerap Takohe omoryhaBa m3ydaBame yTHIIAja
MPETXOJHOT U3Jarama fienja MpUTUCKY Ha CKIIAIHUIITehe U ryouTak henwmja.

YckokananHu peoMeTap omoryhaBa mpoydaBame MaKCHMallHE BPEJHOCCTH HAaroHa Kojy hemuja Moxe na
HOJHECE Yy TOKY CMHLAma y MEAHjyMy Maje BHCKO3HOCTH 0€3 HCTameHmha KOje MOXE HMaTH yTlaja Ha
Mmerabonuszam hemnuje [3]. Ilopen Tora, peomerap omoryhaBa oTKpuBame cTerneHa hienmjcke aTxesuje 3a Cyncrpar
Yy MEIMjyMy Majie BUCKO3HOCTH IITO j€ Of KJbYYHOT 3Hayaja 3a UMILIaHTe 1 OHO(pUIMOBE.

Kibyune peun: Thenujcka peonoruja, JluHeapHa BHCKOENACTHYHOCT, YCKOKAaHAHM peoMeTap, henmjcku
MOHOCJIO]j, TPaHUYHA aTXe3Hja, TPaHUYHO onTepeheme.
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BIOMECHANICAL PROPERTIES OF MESENCHYMAL STEM CELLS - ROLE IN
TISSUE REGENERATION

A. Jaukovic’l, D. Trivanovic’l, T. Kukoljl, D. Bugarski1
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ABSTRACT

Mesenchymal stem cells (MSCs) are adult stem cells of stromal origin that play important role in tissue
homeostasis and repair. Due to their self-renewal potential and capacity for osteogenic, adipogenic and
chondrogenic differentiation [1], MSCs are considered as promising candidates for regenerative medicine.
However, providing precisely directed MSCs differentiation for therapeutic use remains challenging since
mechanism regulating MSCs fate have not been fully understood.

Recent evidences point to critical role of mechanical signals in regulation of MSCs lineage commitment.
Beside extrinsic mechanical cues (fluid flow, tension) shown to induce MSCs osteogenesis, differentiation of
MSCs into distinct lineages have been found to depend on mechanical properties of extracellular matrix
(topography, stiffness) with high stiffness favoring osteogenesis and softest substrates favoring adipogenesis [2].
Through adhesions formed by transmembrane proteins — integrins, which connect to cytoskeletal structures,
MSCs sense matrix mechanical properties and generate internal actin-myosin contractile forces. These forces
determine cell morphology and affect adhesions. Moreover, forces propagate to nucleus associated to
cytoskeleton, influencing chromatin organization and gene transcription. Transmission of mechanical forces can
be also influenced by viscoelastic properties of cells. Recent analyses revealed that in relation to
adhesions/cytoskeleton alterations during MSCs osteogenesis, cells became stiffer and viscous, while they
became softer during adipogenesis [3].

Investigations of mechanically regulated signaling pathways indicated importance of FAK/Rho/ROCK
cascade in regulation of MSCs cytoskeleton contractility and lineage commitment. Also, mechanosensitive
nucleocytoplasmic shuttling of YAP/TAZ transcription factors was found as essential for cytoskeleton
modulation and MSCs differentiation. However, as mechanisms regulating MSCs mechanobiology related to
tissue remodeling are still not well defined, multidisciplinary approach is required to analyze biochemical and
biomechanical cues interplay in experimental models that better mimic in vivo environment.

Keywords: Mesenchymal stem cells, Directed differentiation, Biomechanical properties, Cytoskeleton,
Contractile forces, Signaling pathways.
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AIICTPAKT

Mesenxumcke Matinune henmuje (MMTA) npunanajy nomynanuju agyATHHX MaTHYHHMX heidja cTpoMaiHOT
Mopekiia Koje MMajy BaXHY YIOTY Y XOMEOCTa3d TKUBAa. 3axBajbyjylin CBOM MOTEHIHjally CaMOOOHOBE H
KarnauTeTy OCTEOreHe, aauroreHe u xoHaporeHe audepenumjauuje [1], MMA ce cmarpajy morogHum 3a
HpUMEHY Y pereHepaTuBHOj MeuLMHU. MelyTuM, ycrocraBibame Npelu3Ho yeMepene audepennujanuje MMh
Mpe/CTaB/ba BEJIMKHA H3a30B, C 003upoM 1a MexaHuamu peryrnandje ¢yukimja MMRA HECYy A0BOJBHO
pasjalmbeHu.

Bpojua wuctpaxkuBama yKa3yjy Ha BaXHY YJIOTY MEXaHHUKHX CUTHala Yy perylaldju ycMepeHe
nmupepenumjanje MMA. [Topen Tora mro je yrBpheHo a crosballlilbi MEXaHUUKH CHTHAIH (IIPOTOK TEYHOCTH,
HaNoH) UHIYKYjy octereHesy MMM, mokaszano je ma mudepenumjanmja MM y pasnuunte henmjcke 1ose
3aBHCH OJI MEXaHHYKMX OCOOMHA eKCTpalelyJapHOr MaTpukca (Tomorpaduja, KpyTocT), IpU 4eMy BEIUKa
KpyTocT (aBopu3yje OCTEOreHe3y, a MeKIIe [OoIore ajumoreHesy [2]. Anxesuja IoCpemoBaHa
TpaHCMEMOpPaHCKUM IIPOTEeHHUMa — MHTETPUHUMA, TIOBE3aHUM ca CTPyKTypama IuTockenera, omoryhyje MMh
Jla IETeKTYjy MeXaHn4Ke 0COOMHE MAaTPHUKCA U CTBApajy KOHTPAKTHIIHE CHJIE HHTEPAKIMjOM aKTHHA U MUO3UHA.
Oge cuite oapelyjy mopdonorujy henuja u yrudy Ha BUXOBY anxe3uBHOCT. [lopen Tora, oHe ce mpeHoce Ha
HYKJIEYC, KOjH je TMOBE3aH ca UTOCKICTOM, MOIyIUInyiu OpraHu3anujy XpOMaTHHA W TPAHCKPHIIH]y TEHa.
IIpeHoc MeXaHMYKUX CHIIAa 3aBUCH M OJ BHCKOEIaCTHYHMX ocobOuHa henuja. HenaBHa cryamja je mokasana na y
carjlaCHOCTH ca IpoMeHaMa ajaxeszuBHoctu/uurockenera MM Tokom ocreorenese, henuje nocrajy xpyhe u
BHUCKO3HE, JIOK TOKOM aJIUIIOreHe3¢e mocTajy Mexure [3].

V3ydaBama CHUTHAIHMX IIyTeBa KOHTPOJIMCAHMX MEXaHMYKUM CHUTHaIMMa Cy YyKasaja Ha 3Hayaj
FAK/Rho/ROCK curHamHe kackajie, ka0 M MEXaHMYKHUM CHMTHaJIMMa peryiucaHor tpaHcnopta YAP/TAZ
TPAaHCKPUIIMOHKUX (akTopa u3Mely jeapa M LUTOIUIA3Me, Yy perylaldju KOHTPAKTHJIHOCTH ILHMTOCKENeTa U
yemepenoj audeperuujannju MMA. C 063upom 1a MexaHu3Mu perynanuje onomexanuukux ocobuna MM y
KOHTEKCTY pereHepalnyje TKHBa HUCY Y IOTIYHOCTH Ae(HUHHUCAHH, HEONXOAHO je KPO3 MYJITHAMUCUMILTMHAPHU
HPHUCTYI YHATIPEAUTU U3ydaBambe HHTEPAKIMje OMOXEMUjCKUX 1 OMOMEXaHUUKUX CUTHAJIA y eKCIIePUMEHTaTHUM
MoenMa Koju 60Jbe moapaxaBajy in vivo Mukpocpeanny MMh.

Kibyune peum: Mesenxumcke marnude henmje, Ycmepena mudepenuujanuja, bruomexanuuke ocoOHHE,
Hurockener, Kontpaktunne cune, CUrHaiaHa TpaHCIYKIHja.
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ABSTRACT

Tissue engineering is a multidisciplinary field of engineering that deals with the creation of biological
structures from the corresponding cells, tissue scaffold and regulatory signals to replace, establish, restore or
improve the biological functions of tissues and organs. Tissue engineering offers numerous solutions in
regenerative medicine for successful treatment of the patient, less trauma and easier procedure, but also offers
models for fundamental research of the role of each of the three basic components of engineered tissue and their
mutual interactions. In bone tissue engineering, various biomaterials of natural and artificial origin can be used
as scaffold for cells, that should enable cells to adhere, migrate, proliferate and differentiate allowing new bone
tissue to form or mimics the biological structure and function of the tissue. Stem cells of various origins can be
used as a source of osteoprogenitor cells. Various growth factors are instructive signals for directing the
differentiation of cells and determining behavior in the formation and maintenance of the structure and function
of bone tissue. In our research we combined a variety of in vivo and in vitro models for investigating the role of
each component of the triad in bone engineering. We used biomaterials based on calcium phosphate as bone
substitutes and we implanted them alone or as a component of the implant to investigate their biological
characteristics. Mesenchymal stem cells isolated from adipose tissue were induced in vitro in osteogenic cells or
endothelial cells, or were applied as freshly isolated stromal vascular fraction of adipose tissue. Plasma enriched
with platelets, a blood clot and macrophages may be a component of engineered implant to serve as a source of
regulatory factors in created implant. By using different methods of analysis of engineered implants, such as
microscopic analysis and analysis of gene expression markers, the success of their potential applications can be
estimated as well as the role of each individual component of the implant.

Keywords: Bone tissue engineering, Stem cells, Biomaterials, Implant.
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AIICTPAKT

TKHUBHO MHXXEHEPCTBO j€ MYJNTHAMCIHUIUIMHAPHA HHXKEHEpCKa 00J1acT Koja ce 0aBM CTBapameM OUOJIOIIKUX
cTpykTypa ojn oarosapajyhux henmja, TKMBHMX ckadoyga M peryjgaTOpHHX CHTHAJa y CBPXY 3aMEHe,
ycnocrapJbama, 00HaBJbaka WM MM00OJbIIAKA OHOJONMIKE (YHKIHMje TKMBAa U OpraHa. TKHUBHO HHXEHEPCTBO
HYAX MHOTOOpOjHA pelieikha y pereHepaTHBHO] MEIUIMHU 3a YCIEUIaH TPETMaH MalldjeHTa, Mamby TpayMy H
JaKIle Npoueaype, alkd ¥ HyOu Mozene 3a (yHIaMeHTalHa HCTPaKMBamba O YJIO3M CBAaKe OJ TPH OCHOBHE
KOMIIOHEHTE HHKEHEPHCAHOT TKHBA U IUXOBUM Mel)ycOOHOM MHTepakuujama. Y TKUBHOM HHKEHEPCTBY KOCTH
kao ckadosy 3a henuje ce MOry KOPHUCTUTH pa3Hu OHOMATEpHjaTi MPUPOTHOT U BEHITAYKOT MOPEKIIa Koji Tpebda
na oMoryhe henujama nma aaxepupajy, MUTpHpajy, pa3MHOXaBajy ce W audepeHtyjy omoryhasajyhu nma ce
(hopMHupa HOBO KOIUTAHO TKMBO MJIM OHOJIOIIKH OINOHAIIA CTPYKTypa M (yHKIMja TOr TkuBa. Maruune henuje
pa3HOT IMOpEeK/ia Ce MOTYy KOPUCTUTH Kao H3BOP OCTEONpPOreHMTOpHuX henuja. PasHu dakropu pacra cy
WHCTPYKTUBHU CHTHAJIM 3a ycMepaBambe henuja y nudepeHToBamy U IeTepMUHKCARBY MMOHAIIama y GOpMUPAY
U OJprKamby CTPYKType U (DYHKLHjE TKHBA KOCTH. Y HALIUM HCTPAKUBAKBHMa CMO KOMOMHOBAIY PasHe in vivo U
in vitro MoJielie 3a UCITUTUBALE YJIOTe MOjeIMHIX KOMIIOHEHTH TpHUjaje y HHKEHhepCTBy KocTH. bruomarepujane
Ha Oa3m kamuujym ¢docdaTa CMO KOPHUCTHIM KAao 3aMEHHMKE KOCTH HMIUIAHTHpajyhinm WX came WiIH Kao
KOMITOHCHTE MMIUIAHTA Ja OMCMO HCTPaKHMBAIH HHXOBE OHONOIIKE KapaKTepHCTHUKE. Me3eHXHMMCKE MaTHYHEe
henuje M30/MOBaHE M3 MAaCHOT TKHBA CMO HHJYKOBAIU in Vitro y OCTCOTCHE WIM €HIOTENHe henuje mwim cy
NpUMeBUBaHe Kao CBEXE M30JI0BaHA CTPOMalHa BacKyiapHa (pakiuuja u3 MacHor TkuBa. [lnazma oboraheHa
TPOMOOLIMTHMA, KPBHH YrpyILIaK U MAaKpodart Mory ka0 KOMIIOHEHTa HHKSHEPHCAHOT UMIUIAHTA J1a CITyXKe Kao
U3BOP pErylaTopHuX (aktopa y KPEHpPAaHOM HUMIUIAHTY. IIpMMEHOM pas3iIMYUTHX METOZAa aHaJu3e
HWHXEHEPUCAaHNX HMMIUIaHaTa, Kao INTO CY MHKPOCKOIICKE M aHallM3a CKCIpPecHje I'eHa MapKepa, MOXe ce
MPOLICHUTH YCIIEIIHOCT y HUXOBO] MOTEHIMjAIHOj MPUMEHH, Ka0 M yjora CBake MOjeJMHaYHe KOMIOHEHTE
UMILTaHTA.

Kibyune peun: TKHBHO HHKeHEpCTBO kKocTH, MaTtuune henuje, buomarepujanu, Mmmnant.
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ABSTRACT

Tissue engineering has become a very popular and rapidly developing area of research due to the need for
tissue replacement and reparation in regenerative medicine. For creating engineered biological tissues in vitro we
need to combine biomaterial in the form of 3D scaffold, cells and regulatory signals. The first step in tissue
engineering is to choose an adequate material for 3D scaffold production. Material of interest has to meet certain
requirements. The first criterion that material has to fulfill is to be biocompatible which means it must not harm
the cells that are seeded onto it as well as the tissue in which it is implanted nor influence their basic functions in
any way. Different assays are used to examine potential harmful effects of biomaterial such as cytotoxicity and
genotoxicity assays. Also, very important aspect is immunocompatibility of examined material. Selection of cells
for these assays depends on the potential application of engineered scaffold. Mostly, two-dimensional cell
systems or monolayer cell cultures are used. When it is shown that material of interest is biocompatible, further
examination of its characteristics and behavior in a living system is required. The second criterion that material
of interest has to fulfill is to support different cell functions such as adhesion, migration, proliferation and
differentiation. For these examinations, besides 2D cell systems, 3D cell culture systems are also used. When all
of these tests are performed, tissue scaffold intended for the use in regenerative medicine could be engineered.
As a cell component in tissue engineering, stem cells from different sources are widely used. Nowadays, the use
of adult stem cells, such as adipose-derived stem cells, and induced pluripotent cells is very popular and
researchers' attention has been directed toward that area.

Keywords: Tissue engineering, Cells, Materials, Scaffolds, in vitro cell models.
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AIICTPAKT

TKHUBHO WHXEHEPCTBO je MOCTA0 BEOMa IMOMyJTapHa 00JacT MCTpaKMBama Koja ce Op30 pa3Buja ycien
notpebe 3a 3aMEHOM M pernapandjoM TKHBA Y PEreHepPaTHBHO] MEAMLMHHU. 3a KPeHpambe HHKCHEPHCAHUX
OMOJIOLIKMX TKHUBA in Vvitro, 1OTpeOHO je komOuHOBatH Ouomatepujan y dopmu 3]J] ckadomnna, hemuwje u
perynaropHe curHajie. [IpBu Kopak y TKMBHOM HHXXCHEPCTBY je onabup oaroBapajylier marepujana 3a
npousBoamy 31 ckadoima. Marepujan ox uHTepeca Mopa Ja uctiyHu oxpeljere ycnoe. [IpBu kputepujym Koju
MarepHjajl Mopa Aa UCIyHH je 1a Oyne OMokoMnaTuOMIaH IITO 3HAYM Ja HE CMe HAIIKOAWTH henujama koje cy
HacaljeHe Ha Wbera Kao HU TKHBY y KOje je MMIUIaHTUPaH, HUTH YTHIATU Ha BUXOBE OCHOBHE (yHKIHje Ha OUIO
KOji HauWH. Pa3muuuTy TECTOBH Ce KOPHCTE 3a MCIMTHUBAIE MOTEHIIM]aTHO IITETHOT JICjCTBa MaTepHjaia Kao
IITO Cy TECTOBH LUTOTOKCHYHOCTH ¥ TCHOTOKCHYHOCTH. JCTO Tako, BpiO BaXaH acleKkT je
UMYHOKOMITATHOMIIHOCT HCHMTHBAHOT Marepujana. Opabup henuja 3a oBe TecTOBE 3aBUCH O]l IOTECHIIMjaHE
NpUMEHe KOHCTPYHMCaHOT ckadoiga. YTIJIaBHOM C€ KOPHUCTE JBOJMUMEH3UOHAIHHM NENHjCKH CHCTEMH WIN
jennocinojHe henujcke Kynrype. Kana ce mokaxe aa je mMatepujai o HHTEpeca OMOKOMMaTHOMIaH, MOTpeOHa Cy
llajba WCIUTHBAKAa HETOBUX KAapAaKTCPHCTHKA M IOHANIAWka Yy JKHBOM cHCTeMy. J[pyrd KpHUTEpHjyM Koju
MaTepHjal o]l HHTepeca Mopa Ja HCIIYHH je Ja IOAPXKHU pasnmdure hemmjcke QyHKIMje Kao MTO Cy agxeswja,
Murpamuja, nponudepanuja u qudepeHurjanuja. 3a oBa TectHpama, nopesa 2/1 henujckux cucrema, Takohe ce
xopucte u 3/ cucremu henmjckux kynrypa. Kama cy u3BpiieHa cBa OBa WCIUTHBaKba, TKUBHU CKagoiIu
HAMEHEHU 32 yNnoTpedy y pereHepaTHBHOj MEIULUHI MOry OuTH KoHCcTpyucaHu. Kao henmnjcka koMmnoneHnra y
TKABHOM HHKEHEPCTBY, MaTH4He Nenuje U3 pa3inuuTiX H3BOpa Cy y UIMPOKO]j yIOTpeOu. Y mocieame Bpeme je
yrnotpeba aJyITHUX MaTHYHUX hienuja, kao mro cy MatuuHe henuje 100MjeHe U3 MAaCHOT TKHMBA, U MHAYKOBaHUX
IUTypPUIIOTEHTHUX helrja BpJIo MOITynapHa U MaKha HCTPAXKHBAYa je yCMEpeHa Ka TOM HOIPYYjy.

Kibyune peun: TkuBHO nmxemepcTBo, henuje, Matepujanu, Ckadonny, in vitro henujcku Moaenu.
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ABSTRACT

Different physiological signals are registered and analyzed for medical diagnostics purposes and used for
validation of the corresponding biomechanical models. Pulse wave pressure P(t) and linear velocity V(t) signals
as well as oscillations of the blood vessel diameter d(t), plethysmographic and rheographic curves describing the
blood filling are important for detailed diagnostics of the cardiovascular impairments. It was found the registered
signals usually demonstrate a rhythmic quasi-regular dynamics, while chaotic dynamics of the measured signals
has also been detected in the renal [1] and coronary [2] blood flow, in fingers [3] many systemic [4] and
intraorgan [5] arteries. Though the chaotic behavior of the heart contraction (heart rate variability) was accepted
as sign of a healthy heart, the chaotic dynamics in the blood flow may be connected with high compliance of the
vessel wall (aneurisms, age-related variations), deep vein thrombosis and other vascular pathology [6].

In this article a brief review of the linearized and nonlinear models of the human blood circulation system
(BCS) are presented. Novel approaches to the multiscale modeling of BCS based on combinations of the models
and the boundary condition problems are discussed. Importance of the nonlinear models and weakly nonlinear
solutions for analyses of measured P(t), V(t), d(t) signals is shown on the measured data. Similar problem of the
diagnostic analysis and biomechanical interpretation of the posturographic curves [7, 8] is also discussed. The
models of the human body as inverted pendulum with linear/nonlinear viscoelastic springs are presented.

Keywords: Biomechanics, Quasi-regular Dynamics, Chaotic Dynamics, Nonlinear Models.
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JTUHAMMKA
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AIICTPAKT

Pa3nuuutH (QU3HONOIIKY CUTHAIM CE€ MOTY PETHCTPOBATH M AaHAIM3HUPATH y MEAUIHHCKE AMjarOHOCTUKE
CBpXE Kao W 3a BaluAalujy oAroBapajyhnx OHOMEXaHHYKHX MoOjesa. 3a JeTajbHy IHjarHOCTHKY ciiabocTu
KapJIMOBAacKy/IapHOT CHCTEMa O] 3aHauaja Cy CHI'HAJIM Kao LITO Cy IyJICHH nputucak P(t), imneapna Op3uHa
KpeTama KpBU V(t) Kao U ocLunanyje JujaMerpa KpBHUX cynosa d(t), mieTusMorpadcke U peoonKe KPHBYIbe
KOje OINCYjy Iymeme KPBHUX CyaoBa. Iloka3amo ce Ja pPETHCTPOBAHH CHTHAIM IOKa3jy DPHUTMHUKY
KBa3UperyJgapHy AMHAMUKY, JOK je XaOTH4YHAa [MHAMHKAa MEPEHMX CHMIHajla NpPHUCYTHa y peHanHoM [1] u
KOPOHApPHOM KPBOTPOKY [2], KpBOTOKY IpcTHjy Inake [3], MOTHM cHCTeMCKHM aprepujama [4] u aprepujama
yHyTpaimmux oprana [5]. Mako ce XaoTHYHO MOHAIIake CpyaHe KOHTpakuuje (BapjabMIHOCT cpuaHe
(hpexBeHLHje) cMaTpa 3HAKOM 3[paBoOr CpIa, Xa0THYHA JUHAMHUKA KPBOTOKA MOXE OMTH MOBE3aHa ca BUCOKOM
nonyctibupomiy 3u0Ba KPBHHUX Cyl0Ba (aHEYpH3Me, BapHjalllje y3pOKOBaHE y3pacToM), 1yOOKOM BEHCKOM
TpOoMOO30M MK IPYTUM TaTosiorujama [6].

V oBomM pany he 6uTu mpHKa3aH KpaTak Iperses JMHeapu30BaHUX M XaOTHYHHUX MOJeNa JbyACKOT KPBOTOKA.
PasmaTtpanu Cy HOBM NPUCTYNM Yy BHIIECKAJIHOM MOJENOBAaY JbYJICKOI KPBOTOKA KOjU C€ 3acHHMBAjy Ha
KOMOHMHAIIMjH MOJeNa ¥ TPaHUYHHUX ycloBa. Ha MepeHNM IojarnuMa IOKa3aH je 3Hauaj HeIMHEapHUX Mojela ’
pelema Koja MoKa3ujy MEKy HelMHeapHOCT 3a aHamusupane P(t), V(t), d(t) curname. Crnuuan mpobiem je
pa3MaTpaH U y AMajrHOCTHUIN U OMOMEXaHUUKOM TyMademy nocryporpadcekux kpusyssa [7,8]. buhe npukasan n
MOJIel JbYJCKOT Tejla Ka0 MHBEPTHOT KJIaTHA Ca JIMHEeApHUM/HEIMHEAPHUM BHCKOEIACTUYHHUM OIIpyrama.

Kibyune peun:brnomexanuka, KBazuperynapaa qumannka, lnHamuka xaoca, HenmHeapHu MOAETH. .
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ABSTRACT

Development of mathematics during past centuries made almost all hard optimization problems solvable.
However, one class of problems, with simple formulations and simple algorithms for solutions, remains
intractable. Combinatorial problems like travelling salesman problem or global optimization problems with
enormous number of local optima elude standard mathematical methods, while complete search requires
thousands or millions of years of computation on fast computers. One way to tackle such problems is Monte-
Carlo method or random search, but it requires many objective function evaluations for modest results. Guided
random search where previous results are used to direct future search is a more promising approach, but it is
impossible to find heuristic that would be good for all cases. In such desperate situation researches turned to
nonstandard method of belief that simulation of some successful processes from the nature might be a good
guidance for search. Early attempts were made by simulating evolution process which resulted in genetic
algorithms that proved to be very successful. After that, many other similar metaheuristics inspired by some
processes from the nature were introduced. One significant branch of such algorithms is swarm intelligence. It is
population based stochastic search that simulates swarms of simple agents that collectively exhibit intelligence.
One of the earliest swarm intelligence algorithms is ant colony optimization proposed by Dorigo in the 1990’s. It
simulates the way ants, without individual intelligence, find the shortest path by depositing a chemical called
pheromone which evaporates and becomes strongest along the shortest path. If the environment changes the
system quickly adjusts to the new situation and finds the new shortest path. In this lecture few our successful
applications of the ant colony optimization to some graph problems will be presented. These papers attracted
attention also from biologists and inspired them to try the opposite process: from our adjustments in the
mathematical model they searched for appropriate behavior in the nature with real ants.

Keywords: Ant Colony Optimization, Swarm Intelligence, Hard Optimization Problems, Graph Problems.
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AIICTPAKT

Pa3Boj MaTeMaTuKe TOKOM HpOCIEIBHUX cToeha oBeo je o Tora a cy CKOpPO CBH TEIIKHM ONTHMM3ALMOHH
npobnemu nocrany pemusy. Mnak, jenHa kiaca npo6ieMa, ca jeHoCTaBHUM (GopMyJalyjamMa 1 jeJHOCTaBHUM
aITOpPUTMHUMA 3a pellaBame, OCTaje Hem3pauyHpuBa. KomOuHaTopHH mpobiemu momyTt mpobiiema myTyjyher
TProBia WM NpoOJIeMu Tri00aqHe ONTUMH3AIje Ca OTPOMHHM OpoOjeM JIOKAIHUX ONTHMyMa H3MHYY
CTAaHAApPIHUM MAaTeMAaTHYKHM MeToJaMa JOK IOTIyHa IIpeTpara 3axTeBa XIJbal¢ WIM MHIHOHE TOAWHA
u3padyHaBamba Ha OP3UM KOMIjyTepuMa. JelaH HauMH Ja ce MOKYIIIa caBlalaBame TAKBHX IpobiieMa je MoHTe-
Kapno meron wim criyvajHa mperpara, ajad OH 3aXTeBa MHOTO M3pauyHaBama O00jeKTHE (YHKIHje y3 CKPOMHE
pesynrare. Boljena ciyuajHa mperpara, rie ce NpeTXOIHU Pe3yITaTH KOopHCTe Aa yeMepe Oyayhy mpetpary, je
obehaBajyha, anu je nemoryhe Hahu xeypucruky xoja 6u 6mna noOpa y cBUM ciiydajeBuMa. Y TOj HE3aBHIHO]
CHTyallju HCTPAXUBAYH Cy C€ OKPEHYIH HECTaHJapIHOM METOAy BepOBama [a OM CHMyJaldja HEKOT
YCIENHOT Ipolieca U3 MPUPoJie MOoIa OUTH N0Opo ycMepaBame 3a IpeTpary. PaHu mokymaju HanpaBJbeHH CY
CHMYJIalijOM Ipolieca CBOIyLHje IITO je Pe3yITOBAaJO ICHETCKUM AITOPUTMUMA KOjH Cy Ce MOKa3alld BPIIO
ycnemHuM. HakoH Tora pasBujeHe Cy MHOTE JIpYre CIMYHEe METaXCypUCTHKE MHCIHPUCAHE Pa3HUM IIPHPOTHIM
mporecuMa. BakHa rpaHa TakBUX ajiropuTaMa je WHTENIUreHuuja pojesa. To je momymanuoHo Oa3zupaHa
CTOXaCTWYKa MpeTpara Koja CHMYJIMpa pOjeBE jEAHOCTABHUX arcHaTa KOjH HCIIOJbaBajy KOJICKTHBHY
UHTEIUTeHIMjy. JeaH o] HajpaHUjUX alropuTaMa HHTEIUreHIHUje pojeBa jeé ONTHMH3alMja MpPaBJbUM
KOJIOHHjaMa, yBelieHa of JlopHra IeBeneceTHx roAuHa npouutor Beka. OHa CHMyJIHpa Ha4UH Ha KOjH MpaBH, 6e3
WHIUBUYaJHE WHTEIHUICHIMje, MpOHajda3e Hajkpahin myT AENOHOBameM XeMHKaluje 3BaHe (EpOMOH Koja
ucriapaBa Ia IIOCTaje Haju3pakeHWja IyK Hajkpahe crase. AKO ce OKOJIMHA IIPOMEHH, CHCTeM ce Op30
npuiarol)aBa HOBOj CHUTyallMju M NpOHala3W HOBU Hajkpahu myr. Y oBoM mpenaBamy Ouhe mpencraBibeHO
HEKOJIMKO HAIIMX YCIEIIHUX MPUMEHa ONTHMHU3AlMje MPaB/bUM KOJOHHjaMa Ha Heke rpadoBcke npodieme. Tu
PamoBH NMPUBYKIIH Cy MKy M OHOJIOra KOje Cy MHCIMPHCANH A IOKYIIajy OOpHYT Ipoliec: Ha OCHOBY HAIIMX
HOJCIIaBakba y MAaTeMaTHYKOM MOJIEIy OHU Cy HCTPaKHBAIIM OAroBapajyhie IOHaIIame y IPUPOIU ca IIPaBUM
MpaBHMa.

Kibyune peum: OnTuMusanuja MpaBJbEM KoJOHHMjaMa, MHTenureHmmja pojeBa, Temku ONTUMH3aIHOHU
npobnemu, I'padoBcku npobiemu.
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ABSTRACT

The Bee Colony Optimization (BCO) metaheuristic is a naturally inspired Swarm Intelligence technique
which can be applied to solve hard combinatorial optimization problems. The BCO algorithm is based on
artificial bees whose investigate solution space in order to find optimal solution of the considered problem.
Artificial bees investigate solution space in the similar way how honeybees looking for food (nectar). This
simple metaheuristic algorithm has been successfully applied on many combinatorial optimization problems.
We try to solve the Aircraft Landing Problem (ALP) by the BCO. In the Aircraft Landing Problem each aircraft
must land on one of the given runways taking into consideration the minimal prescribed separation time between
all pairs of aircraft. The objective function in this problem is to minimize the total deviation of all aircraft from
their target landing times. We test the BCO algorithm on the benchmark instances from the literature. Proposed
algorithm easily found optimal solutions for the instances with 10 to 50 aircrafts and up to 4 runways. On the
instances with 100 to 500 aircrafts and up to five runways, BCO outperformed some of the best-known solutions.

Keywords: The Bee Colony Optimization (BCO) metaheuristic, Aircraft Landing Problem.
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AIICTPAKT

Onrummsanuja konorujom muena (eng. Bee Colony Optimization (BCO)) je MeTaxeypHUCTHUKH aIropuTaM
MHCIIHPHCAH TPHPOAOM KOjU C€ KOPHCTH 3a pelllaBame TEIIKHX MpobiieMa komMOuHaTopHe ontummsaiuje. BCO
anropurtaM je 6asHpaH Ha BELITAYKUM IT4ellaMa KOje MPEeTpaxkyjy IPOCTOp IOMYCTHBHX PEIICHa Ca LUBEM Ja
npoHal)y ONTUMAanHO pelleme pa3MarpaHor Ipobiiema. Bemrauke mdene mperpaxyjy IPOCTOp JOIYCTHBUX
peliema Ha CIMYaH HAayMH Kao ILITO MUele y HPUPOIM BpLIe IOTpary 3a XpaHoM (HEKTapom). Y OBOM
UCTPaXMBalby MOKYLIAIA CMO Jia MoMohy Meraxeypuctuke OnrtuMu3aiuja KOJIOHHjOM IT4ena perMo npodiem
onpehuBama MONETHHO-CIETHUX CTa3a M BpeMeHa cieTama aBHoHA (eng. Aircraft Landing Problem (ALP)). ¥V
pa3MaTpaHoM mpoOieMy HOTPEOHO je 3a CBaKHM aBHOH OAPEAUTH IOJIETHO-CIIETHY cTa3y Kojy hie KopucTuTu npu
clieTamy, Kao ¥ BheoroBo BpeMe ClieTama, y3uMajyhin y 003up MUHUMaJIHE J103BOJbEHE BPEMEHCKE pa3Make Mpu
cierabuMa aBuoHa. Liuss y ALP npoGnemy je na ce MUHUMU3Mpa YKYITHO OJCTYINambe o1 Je(GUHUCAHUX BpeMeHa
crerarba aBuOHA. TecTHpama MNPEUIOKEHOr aNrOpUTMa Cy W3BpIICHA Ha NpuMepuMa u3 Juteparype. Ha
npuMmepuMa Manux aumensuja (ca 10 mo 50 aBuona u HajBuie 4 moneTHO-cieTHe crase), BCO anroputam je
BeoMa Op30 Hajla3Mo ONTHMAallHa periema. 3a npumepe ca 100 no 500 aBuoHa, U HajBUILE 5 MOJIETHO-CIETHUX
CTa3a, IPEIOKEHH alllOPUTAM je Hallla0 HEKOJIHMKO OOJBHX pelIera Of 0 TaJa HajOOoJbHX IIO3HATHX.

Kibyune peun: OntuMusanyja KoJoHHUjoM muena, [Ipobnem oxpehuBama MONETHO-CIIETHUX CTa3a M BpeMeHa
CclieTamba aBHOHA.
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ABSTRACT

The concept of Genetic Algorithm (GA) was introduced by Holland in its book dating from 1975, dealing with
the adaptation of natural and artificial systems [4]. Holland was studying the evolution process with an aim to
develop an artificial system with a similar adaptation mechanism as in the nature. Although there exists some
earlier studies exploiting similar ideas, Holland is considered as a founder of Genetic Algorithm, and the
concepts from his earliest works on GAs still hold.

The basic idea behind GA is to simulate the process of natural evolution of a population of individuals by
applying genetic operators [1,5]. Each individual in the population is represented by a genetic code and it
corresponds to a solution the search space. Fitness function value is assigned to each individual in order to
measure its quality and therefore, the quality of corresponding solution. According to the classical approach, the
goal of GA is to improve the fitness of each individual, as well as the average fitness of the whole population,
from generation to generation. This is achieved through iterative application of genetic operators: selection,
crossover and mutation, until a stopping criterion is satisfied.

Through the past four decades, the GA has become a popular metaheuristic approach for solving various
problems from different areas [2, 3]. In the literature, GA showed to be successful when solving both discrete
and continuous NP-hard optimization problems, especially in the cases of large scale problem dimensions that
remain out of reach of exact methods. Nowadays, there are a huge number of papers and books on GA theory
and applications, as well as scientific conferences specialized for GAs.

This lecture deals with the basic and advanced GA concepts, with the focus on the role and types of genetic
operators, and other important GA aspects, such as: solution encoding, fitness function, generation replacement
policy, etc. The examples of GA applications on several NP-hard discrete location problems will be provided.
These problems are important for optimization of transportation systems, telecommunication networks,
emergency services, supply networks, satellite and computer systems, etc. In practice, such networks assume
huge number of nodes, and therefore, exact methods often fail to provide optimal solutions for large problem
dimensions in reasonable running time. In many cases, exact methods are unable to give even a feasible solution,
due to memory or time limits. For this reason, the development of GAs adapted to the considered problem that
are able to provide optimal or high-quality solutions in an efficient manner is of great practical importance.

Keywords: Optimization problems, Discrete Location problems, Evolution process, Genetic algorithms,
Population-based metaheuristics.
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AIICTPAKT

[Mojam renetckor anroputma (['A) npsu je yBeo Xonauna y cBojoj kibu3u u3 1975.roguHe koja ce 6aBu TeOpHjoM
afganTuBHUX cuctema [4]. XonaHna je nmpoydyaBao Hpolec €BOyLMje U IpHiarohaBama Ko MPUPOTHUX CHCTEMA
y Wby pa3Boja CHCTEMa BelITaYKe HHTEIUICHIMje KOjU OIIOHANIAjy Moziele npuiarohasarma u3 npupone. Mako
Cy M paHHje IMOCTOjald PaJoBH Ca CIMYHHM HIejama, XOJNaHJ ce cMarpa TBOPLEM OBE METaXCypHCTHUKE U
MOCTAaBKE M3 KErOBUX HajpaHU]HX PaJ0Ba jOII YBEK Baxe.

OcHOBHa HJIeja TeHETCKOT aJlfOPUTMa j€ CUMYJIHparhe MpoLeca IPUPOJIHE eBONIYIMje jeHe TOIyIalnje jeIMHKH
HOJ| IejCTBOM TeHEeTcKuX omeparopa [1,5]. CBaka jequHKa y IOMyIAlUjH je IPeICTaB/beHa TeHETCKUM KOJIOM U
0JIrOBapa HEKOM pelICHY Y MPETPAKHUBAYKOM IIPOCTOPY, M CBAKOj jeJMHKH ce Ha oapel)eH HaumH momesbyje
(dyHkIMja TpHIaroheHoCTH Koja je MEepuIIo KBalIMTeTa jeJMHKE, OJHOCHO oaroBapajyher pemiema. IIpema
CTaHJapIHOM IpucTyly, Imb ['A je na ce u3 reHepauuje y reHepauujy mo0oJblliaBa NpUIaroeHocT cake
jeAMHKE y TOMyNalujH, Kao U CPe/iba NMPUIIAroleHOCT IieNe MOIyJIalHyje, Y3aCTOIHOM HNPHMEHOM TI'€HETCKUX
orepaTopa: CelieKluje, YKpIITama H MyTalldje, CBE J0 3a0BOJbCHa HEKOT KpUTEpUjyMa 3aycTaBibama. ['A je
mocrana IIMPOKO mHpuxBalieHa MeToja ONTHMHM3allMje 3a pellaBame pPasHUX MpoblieMa KOjH NOTHYY U3
Hajpa3IMYUTHjUX O00JacTH >KMBOTa W Hayke [2,3]. Y nureparypum ce moOKa3ajla Kao BeoMa YCIellaH
METaxeypucTHUKM NpHCTyn 3a pemaBame HIl-remxux mnpobnema KOMOMHATOpDHE M KOHTHHYalHE
onTHMHU3alMje, MoceOHO y ciydajeBMMa mpoOieMa BENMKHX IMMEH3Mja KOjU Cy BaH JloMalllaja er3akTHHX
Merona. JlaHac NOCTOjH BeNWKU Opoj pajoBa U KmUra Koje ce 6aBe OBOM METOAOM, Ka0 U YaCOIMCH U
koH(pepeHuuje cnennjanm3oBanu 3a ['A.

VY oBom u3naramy Ouhe npecraB/beHH OCHOBHHM M HampeaHu kouentu A, ca moceGHUM OCBPTOM Ha YJIOTY U
THIIOBE T'€HETCKHX ONEpaTopa, Kao M OCTAIMX OWTHHX acliekaTa, Kao LITO Cy HAuyMH KoJupama, (yHKImja
npuiIaroh)eHoCTH, MoJMTHKAa 3aMeHe reHepaiuja, uta. Konment A he Outu wmiaycTpoBaH NpUMEHOM Ha
Hekonuko HIT-Temkux AMCKpeTHHX JIoKaIujckuxX mpobiema. OBH MpoOIeMH UMajy BEIHKHA HPAKTUYHU 3HAYa] y
OpojHUM oOnacTHMa, Kao IITO Cy ONTHMH3allMja TPOLIKOBA TPAHCIIOPTA, AU3ajHUPAE TENEKOMYHHMKALU]CKUX
Mpexa, ONTHMU3AIHja MpexKa CHa0IeBarba, XUTHUX CIyXKOH, CATCIUTCKUX CHCTEMa, PauyHAapCKUX Mpexa, UT/.
VY mpakcu, OBakBe Mpeke MOApa3yMeBajy BEIHUKH OpOj YBOpOBa, T€ €r3akTHE METOJE YeCTO He MOTY 1a Jajy
OITHMAJIHA PelLICHha 3a PealHe HHCTaHIEe NpobiieMa y AOIJICIHOM BPEMEHY H3BpILABamka, a BPJIO YECTO HE MOTY
Ja 1oOHjy Yak HH JOIYCTHBO PCLICH:E yCJe] OrpaHHYeHa BPEMEHCKHX M MEMOPHjCKHX pecypca. 3aTo je of
BEJIIMKOT MPaKTHYHOT 3Havaja pa3Boj ['A mpuiaroljeHnx KapakTepucThkama mpobiemMa Koju Jaajy
BUCOKOKBAJIMTEHTHA WJIM ONITUMAJIHA PEeLIeHa Y KPATKOM BPEMEHY U3BpIIABaba.

Kbyuyne peun: IIpobnemu onrumusauuje, Jluckpernu Jokauujcku npobiemu, Esonyuwmja, I'eHercku
anropurMy, [lomynanujcke MeTaxeypUCTUKe.
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ABSTRACT

During the past twenty years it has been more clearly defined conditions desirable to be provided during
fractures healing and regeneration of soft tissue. However optimal biological and biomechanical conditions are
still not accurately defined.

The goal of this work is to present result and achievements in domestic and international laboratories and clinics
in the field of bone union and regeneration of bone tissue. Special attention is paid in defining of biomechanical
characteristics of devices construction in regard to natural biomechanics of natural bones.

As material, series of experimental animals were used, standard and new developed implants and series of
patients. Animals have been operated in Ni§ and Novi Sad. Biomechanical investigations of animal's spacemen's
were performed in the laboratories of the Mechanical Faculty University of Ni§ and in AO Institute in Davos
(Switzerland). Series of patients were from Orthopaedic and traumatology clinic of Clinical center Ni$ and five
more Orthopaedic centers.

In the results it has been shown that preservation of blood supply plays very important role in bone union.
Biomechanical characteristics of devices with balanced 3D stability provide much better conditions for bone
union. It has been also shown that additional features of implants and devices as axial dynamisation is very
important in increasing rate of bone union. It has also been confirmed that balanced 3D stability leads to better
bone regeneration during the bone lengthening.

Preservation of blood circulation and balanced 3D biomechanical stability including axial dynamisation leads to
better bone union and regeneration.

Key words: External fixation, Internal fixation, Implants, Bone union, Limb lengthening
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AIICTPAKT

ToxoM mocneamHX [BafeceTak rojuHa Omke cy aedHUHHCAHM YCIOBU Koje Tpeda 00e30emuTH y Luby
3apacrama U pereHepalyje KOMTaHOT TKUBa 300T pesoMa HiId TOKOM Pa3HUX PEKOHCTPYKTHBHUX XHPYPLIKHX
npoueaypa. Mnak onTumManHu OHONOMIKK U OHOMEXaHMYKH YCIIOBH jOII YBEK HUCY MPELH3HO Ae(UuHICaAHN.

wp oBOr paja je Aa ce NMpUKaxy pe3yaTatH u gocturiyha y nmomahum u melynaponHum naboparopujama u
KJIMHHAKaMa Ha MOJbY 3apacTarba U pereHepalije Komranor Tkusa. [loceOHa naxma ce oOpaha Ha neduHuCcame
OMOMEXaHMYKHX KapaKTepHCTHKa ypehaja Koju ce KOHCTPYHIIy ca LW/EM [a IITO BHIIE IOAPKABAjY
OroMexaHHKy MpUPOAHUX KocTHjy. Kao Marepujan kopuirheHe cy cepuje eKClepUMEHTAIHUX )KUBOTHEbA 3aTUM
CTaHAApJHU U HEJABHO Pa3BHjeHH MMIUIAHTATH Kao M CEpHje MalijeHaTa Ha KOjuMa Cy TH MEIULIUHCKU ypehaju
NpUMEHUBaHH. XUPYPILIKE HHTEPBEHIIM]E Ha )KMBOTHIbaMa 00aBJbeHE CY Y EKCIIEpUMEHTAIHIM Jlaboparopujama
y Humy u HoBom Cany. BuomexaHudka HCTpaKMBama y30paka >KHBOTHHA (OMeprcaHe KOCTH) Omna cy
u3BelieHa y jabopaTopujamMa MammHCKor Qakyntera y Humy u y AO uncruryty y Jasocy (ILIBajuapcka). ¥
HorJiefy KIMHMYKOT MarepHjajia aHajJu3upaHe Cy cepuje mauujeHara u3 Humia u 5 Apyrux OpTONEACKO -
TPAayMaTOJIOIIKKX LEHTapa. Y pe3yiraTiMa je MOKa3aHO 1a OYyBame LHUPKYJalHje KPBH MIpa BPJIO BEIHKY
yJIOry y 3apacTamy KocTHjy. buomexanmuke kapaktepuctuke ypehaja ca ypaBHoTexxeHom 3] crabumHouhy
00e36ehyjy MHOTO O0JbE YCIIOBE 3a 3apacTame KocTHjy. Takolje je mokaszaHo Ja 1oJjaTHe 0cOOMHE MMIUIAHTaTa 1
ypebhaja, kao mITo je akcujarHa TUHAMH3AIH]ja, CY BPJIO BaXKHHU 3a moBeliambe MPOIEHTa YCIEITHOCTH 3apacTama
koctHjy. buno je morBpheHo u na ypaBHoTexeHa 3]] crabuimHOCT Bou Ka 00JbeM 3apacTamy npesioMa U 00Jb0j
HPOM3BOKBU KOIITAHOT TKUBA Tj. 0OJBOj pereHepalju KOIITAaHOT TKHBAa 3a BPEME NPOAY)KaBama KOCTHjY U
KopekLHjama 1eopMUTeTa.

OuyBame LHUPKyJTalje KPBH W ypaBHOTexeHa 3J] OnomexaHmuka CTaOMIHOCT yKJby4yjyhin akcujamHy
JIMHAMU3ALHjy BOAU Ka 00JbeM 3apacTamy U PEereHepaniju KOITaHOT TKUBA.

Kibyune peun: Cnosbna dukcanuja, Yayrpamma Gukcanuja, mmanrary, 3apactame kKocty, [Ipomykeme
KOCTH]Y.
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ABSTRACT

The subject of this presentation is quantum-informational Hopfield-like holographic framework for integrative
psychosomatics. This is of special importance because of wider application of integrative medicine in developed
countries, as contemporary research of psychosomatic diseases indicates the necessity of application of holistic
methods, oriented to the healing of man as a whole and not diseases as symptoms of disorders of this wholeness,
implying their macroscopic quantum origin. In the focus of these holistic methods are body's acupuncture system and
consciousness — which as macroscopic quantum biosystems have (fundamental!) quantum-informational structure of
quantum-holographic Hopfield-like associative neural network, within the Feynman propagator version of quantum
mechanics. Within this quantum-informational framework, it is plausible to consider healthy psychosomatic state (of the
acupuncture system / consciousness), as the simplest informational state of the lowest quantum entropy (with single
memory attractor), and disordered psychosomatic states as more complex states of the higher quantum entropy (with
additional side memory attractors). Then, in the context of holistic acupuncture-based and consciousness-based
approaches and techniques [1-3], their goal would be bioresonant excitation of the target palpatory-painful /
psychologically-traumatic attractors of the acupuncture system / (individual) consciousness; that enables disordered
initial attractors to be one by one resonantly excited (similar to annealing procedure in artificial neural networks), by
becoming shallower and wider (and finally removed) on the account of deepening of (energy-dominating) attractor of
the healthy quantum state (acupuncture palpatory painless or psychologically non-traumatic). So, application of
psychosomatic therapies naturally decreases entropy (degradation) i.e. increases information (organization) of the
psychosomatic system, which might be then altogether quantum-holographically projected on the lower quantum-
holographic cellular level, thus changing the expression of genes in morphogenesis (so called downward causation).
Therefore, all holistic acupuncture-based and consciousness-based approaches and techniques could be treated as
quantum-informational therapies, by imposing new healing boundary conditions in the energy-state space of the
acupuncture system / consciousness. The outlined macroscopic quantum-informational Hopfield-like holographic
framework for psychosomatics might have significant holistic implications for better understanding of quantum-
holographic feedback control mechanisms of morphogenesis, and applications of healing boundary conditions in
acupuncture-based and consciousness-based psychosomatics — shedding new light on the long standing open problems
of the acupuncture system and consciousness as well.

Keywords: Psychosomatics, Integrative medicine, Hopfield-like quantum-holographic neural networks, Acupuncture
system, Consciousness, Downward causation.
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AIICTPAKT

Ipeaver oBe mpeseHTalMje je KBaHTHO-MH(POPMALMOHH XOJorpad)cku XOM(UIIOBCKH OKBHP 32 MHTEIPATUBHY
ricuxocoMatuky. OBoO je oj] moceOHoOr 3Havaja 300r MIMpe IPUMEHE HHTErPATUBHE MEIUIMHE Y PAa3BUjCHUM 3eMJbama,
TOLITO CaBpeMEHa UCTPaKUBAHa IICUXOCOMATCKHX 0OJIECTH yKa3yjy Ha HEOIXOJHOCT PUMEHE XOIUCTUYKUX METOJIa,
OpHjCHTHCAHNX HA JICUCHE YOBEKa Kao IIe/IMHE a He OOJIeCTH Kao cuMnToMa ropemehiaja oBe LeinHe, MMILTHIMpajyhin
FHXOBO MaKPOCKOIICKO KBAaHTHO HOPEKIO. Y (OKYCY OBUX XOIUCTHYKUX METO/IA jeCy TEIECHU aKyIlyHKTYPHH CHCTEM
U CBECT — KOjH Ka0 MAaKpOCKOICKH KBaHTHH OHOCHCTEMH HMajy ((yHIaMeHTanHO!) KBaHTHO-HH(OPMALHOHY
cTpykTypy Xomorpadcke XonduamoBe acoupjaTHBHE HEYpPOHCKE Mpexke, y OkBupy (DejHMaHOBE MPOMaratopcke
Bep3Hje KBaHTHE MEXaHMKe. YHyTap OBOTI KBAaHTHO-MH(OPMAILIMOHOT OKBHpA, MOryhe je mocMaTpaTé ICHXOCOMaTCKU
3[paBO KBAHTHO CTame (AKYITYHKTYPHOI CHUCTeMa / CBECTH) Kao HajjeHOCTaBHUje MH(OPMALMOHO CTAHE HAjHIKE
KBAaHTHE SHTpPOIHje (Ca jeAHHM MEMOpPHUjCKUM aTpakTOpOM), a NMCHXOCOMATCKU mopeMmelieHa crama Kao CIOXKeHHja
CTama BHIIE KBaHTHE EHTpOMHje (Ca JOAATHUM OOYHMM MeMOpHjCKMM aTpakropuma). OHzma OH, y KOHTEKCTY
XOJIMCTHYKHX TIPUCTYNIA U TEXHUKA 0a3MpaHMX Ha aKyIyHKTYpH M cBeCTH [1-3], HUXOB LJb OWIO0 OHOPE30HAHTHO
noOyhuBame MIJbaHUX NAJTATOPHO-OONHKX / ICHXOJIOMIKH-TPAYMAaTCKIX MEMOPH]CKUX aTPaKTOpa aKyITyHKTYPHOT
cucteMa / ceect. To omoryhaBa fa MOYeTHH MEMOPH)CKH aTpaKTOpPH MCHXOCOMATCKH mopeMeheHnx crama Oymy
jenaH mo jemaH pe3oHaHTHO NoOyhuBaHM (CIMYHO TMOCTYIIKY OATPEBama y BEIITAYKUM HEYPOHCKUM MpeKama),
noctajyhu rmhu u mmpy (1 KOHAUHO YKJIOEGHH) Ha padyH IpoayOsbHBamba (€HepreTCKU-OMUHAHTHOT) MEMOPH)CKOT
aTpakTopa ICHXOCOMATCKH 3/[PAaBOT CTarba (aKyMyHKTYPHO NMaINaTOPHO 0€300JHOT HITH TICUXOJIOIIKH HETPayMaTCKOr).
Jlakne, mpuMeHa ICHMXOCOMATCKHMX Teparija MPUPOJHO CMambyje EHTPOMHjy (Ierpajaiijy), ofHOCHO mnoBehaBa
uH(popMalyjy (OpraHu3alKjy) MaKpOCKOICKOT KBAHTHOI' TICHXOCOMATCKOI CHCTeMa, 1a OM ce OHZIa TO CTame MOIJIO
KBAHTHO-XOJIOTPa()CKM MPOjEKTOBATH HA HIKU KBaHTHO-XoJorpadcku henujcku HUBO, KOPHTYjylil Tako eKCIpecHjy
reHoMa y Mopdorenesu (38. "downward causation"). Tako O ce CBU XONUCTHYKH MPHUCTYIH U TEXHUKE Oa3upaHd Ha
AKYIYHKTYPH M Ha CBECTH MOIJIU TPETHPATH Ka0 KBaHTHO-MH(OPMALIMOHE Tepallije, HAMETaeM HOBHX HCLEsbyjyhnx
IPaHNYHUX YCIIOBA Y IPOCTOPY €HEPrHja-CTamke aKyIyHKTYPHOT cucteMa / cBecTd. HaBeeHH MaKpOCKOIICKH KBaHTHO-
uH(pOpMAIMOHN XoNorpadcku XON(UIIOBCKM OKBHP 33 MCHXOCOMATHKY MOra0 OM MMAaTH 3HAYajHE XOJHUCTHYKE
UMIUIMKALMje 32 00Jbe pa3yMeBame KBAaHTHO-XOJOrpa)CKUX MeXaHW3ama IOBpaTHE KOHTpojie Y MoporeHesu,
HpUMEHE HCLE/byjyhnx IpaHAYHUX YCJIOBa y NCHUXOCOMATHIM 0a3MpaHOj Ha aKyIyHKTYpH M Ha cBecTd — Oauajyhu
HOBO CBETJIO U Ha IyTO OTBOpEHE Mpo0ieMe aKymyHKTYPHOT CHCTEMA U CBECTH.

Kibyune peun: [Icuxocomarrka, IHTerpaTnBHa MeuiHa, X0nguiioBe KBAHTHO-Xoorpad)cke HEypOHCKE MpEKe,
AxynyHKTYpHH cucteM, CBecT.
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ABSTRACT

Functional electrical stimulation (FES) applied via surface or implanted electrodes uses bursts of short current
pulses to evoke the contractions of paralyzed innervated muscles [1]. FES can assist individuals with upper
motor neuron lesion caused by stroke, spinal cord injury, or other diseases and injuries; moreover, FES can
restore some functional activities, such as grasping or standing. Clinical studies documented therapeutic effects
[2, 3, 4] of exercise; therefore rowing, cycling [5], standing, and ambulation assisted by FES have been
introduced in the rehabilitation. A major limitation of the use of FES required for said exercises is the rapid
onset of muscle fatigue [6, 7] and insufficient selectivity of stimulation with conventional surface electrodes. The
solution can be found in the application of smart multi-pad electrodes with many small conductive surfaces
(array electrodes) that can be sequentially activated to excite the underlying neuromuscular tissues [8]. Recent
technological advances led to the miniaturization of the electronic components and development of the advanced
materials that can be used to build a miniature, wearable, yet potent stimulator and electrodes for non-invasive
application on the skin surface [9, 10]. The other important task for the useful exercise is the timed activation
that is optimal for control of an adapted bicycle (tricycle). Precisely, the timing of several muscles controlling
legs needs to correspond to the rotation of pedals (bicycle). This calls for the biomechanical analysis of various
muscles flexing the hips and knees and dynamics of the bicycle. Recent advances in this domain are most likely
the reason for selecting it as one of six disciplines on the first cybernetic Olympic Games held in Zurich
(Cybatlon), October 7-8, 2016.

Keywords: Functional electrical stimulation, Spinal Cord Injury, Cycling.
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AIICTPAKT

OynkiuonanHa enektpuyHa crumynanuja (PEC) mpexncraBba HpUMEHY KpaTKOTPAjHHX CTPYJHHX HUMITyJica Ha
HeypoMuIlMhHe CrojeBe YMMe Ce TeHEepHIle KOHTPONIMCaHa KOHTpaKIMja MapaM30BaHUX MMIIMha KO KOjHX je OdyBaHa
uHepBauuja ((yHKIMOHAIHY CIIOj ca HepBHUM cucteMoM) [1]. CTpyjHH MMITYJICH ce NpeHOCe M3 CTHMYJIAaTOpa Ha TKHBO
nomohy MOBPIIMHCKUX WIIM UMIUIAaHTHOMIHKX enekTpoaa. PEC ce KOpHCTH HAKOH LIIOra, MOBPEAe KUUMEHE MOMKIMHE HIIN
JpYrux OOJNECTH Koje pesyiryjy Napaiu3oM, Y LHJbY pexaOmINTalyje U HOHOBHOI yCIOCTaBJbaba (YHKIMja Kao MTO Cy
XBaTamkE U CTajame. Y KIMHMYKUM CTyAdjamMa Cy IIOKa3aHu Tepanujcku edextn BexOama y3 DPEC [2, 3, 4], Te cy
aKTHBHOCTH CTajama, Omimiam3Ma u Becnama y3 ®EC yBenmennm y mporpame pexabuiuraruje. OCHOBHO OrpaHHYEHE
NpUMeHe je BeoMma Op30 3amapame Muiinha, MHOro Opxe Hero mpu (U3HOJIOLIKO] KOHTpakuuju [6, 7], U HEZOBOJbHA
CEJICKTHBHOCT AaKTHBAIMje TPUMEHOM KOHBCHIMOHAJIHHX IIOBPIIMHCKHX €JIEKTpoJa. Pelieme ce Tpaxun y HPUMEHH
[AMETHHX MAaTPUYHHX EIEKTPOJa ca BEIMKHM OpojeM MalHX IPOBOJHMX I0JbAa KOja Ce MOTY aKTHBHPATH CEKBEHIIUjaIHO
paau oNTUMAaJHE aKTHUBALHMje HeypOMHUIIHNHOT TKHBA UCHOJ BHX [8]. YOp3aHH TEXHOIOIKH Pa3BOj je JOBEO A0 APACTHUHOT
CMamemha eJIeKTPOHCKUX KOMIIOHEHTH H yHampelhema MaTepujaga KOjH Ce KOPHUCTE 3a KOHCTPYHCAHh€ eIeKTPOJa HOBUX
reHepalyja 1 MaJliX CTUMYJIAaTOpa BEJIMKHUX CHAra KOju MOTy ja ce Hoce Ha Teny [9, 10]. Beoma BakaH acmeKT 3a MOCTH3amke
JKeJbeHOT e(peKTa BexOama U OKpeTamby Hefiana TPHIMKIA (aJalTHPAHOT OHIMKIA 32 XEHIHKEIUPaHe) je IPaBOBPEMEHO
aKTHBUPAWbE MOjeINHAYHUX Mullinha Ha HOrama y OZHOCY Ha IOJIOXaj IeJlana y CBAKOM TPeHyTKy. To yHocHu morpely 3a
OGHOMEXaHMYKOM aHATU30M pasHHX MUmHMha KOjH yTudy Ha (JIeKCHjy KyKa M KolieHa (EBEHTYallHO M CKOYHOT 3TiI06a) U
aHaIM30M AuHamuke Tpunukia. Ckopuja pocrurHyha y oBoM JoMeHY, kao M Moryhu GeHeduTn y pexabuiurauuju, cy
BEPOBATHO IMIaBHH pa3iosu 3amTo je PEC Ourmkam3aM n3abpaH Kao jeHa off IecT JUCIMIIIHHA Ha IPBHM KHOSPHETHIKHM
OJIMMITUjCKUM Hrpama oapkanuM y Llupuxy, 7.-8. okrodpa 2016. roaune.

KibyuHe peun: OyHKIMOHAIHA IEKTPUYHA CTHMYJIALN]a, ONLHKIN3aM, TOBPEAA KHIMEHE MOXKINHE.
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ABSTRACT

Widely increased technological development and greater presence of artificial magnetic radiation in the
environment have over the last couple of decades heightened the scientific interest for studying the effects of
magnetic fields on biological systems. Magnetic field influences growth and development, metabolic pathways,
orientation, structure and function of the proteins, lipids and membranes, as well as the genetic material. The
effects in all organisms and in insects, however, are most commonly evident through the changes in endocrine
system functioning and increased production of free radicals.

Our research deals with the effects of acute and chronic influence of the constant (50 mT, 235 mT and 2.4 T)
and alternating (6 mT, 2mT) magnetic field on different insect species through the usage of
immunohistochemical, histological, biochemical and other methods. Precisely speaking, the effects of magnetic
radiation on the components of antioxidative defence (superoxide dismutase, catalase, total glutathione), fitness
components (egg mortality, development dynamics, nymph mass, duration of the larval postembryonic
development and individuals’ variability) as well as the size of neurosecretory neurons and their nuclei
(protocerebral dorsomedial Al, medial A2 and protocerebral dorsolateral L2 neurons) have all been examined in
this research in several insect species: Baculum extradentatum, Drosophilia subobscura and Lymantria dispar.
Results have demonstrated that the presence of constant and alternating magnetic fields in the environment,
regardless of the intensity, will lead to a decrease of individuals’ variability and shortening of development
period in Drosophilia subobscura and Baculum extradentatum. Size of the neurosecretory Al and A2 neurons
and their nuclei recorded a significant increase in Lymantria dispar, while the size of L2 neurons and their nuclei
is decreasing. The activity of catalase, superoxide dismutase and total glutathione amount displayed significant
changes in stressful conditions caused by the presence of artificially generated magnetic field.

These findings unequivocally demonstrate that insects are widely suitable model organisms for examination of
the effects of electromagnetic pollution in biological systems, most of all due to their hypersensitivity to the
slightest of changes of magnetic field impact, but also due to the fact effects can be detected on all levels of
biological organization — starting from the biochemical to population.

Key words: Magnetic field, Insects, Electromagnetic pollution.
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AIICTPAKT

CBe OpXU TEXHOJIOIIKH Pa3Boj M cBe Beha IPUCYTHOCT BEIITaYKOI MarHETHOT 3pauyeka y XKUBOTHO)
cpenyHH moBehany cy, NOCIEAHX TOJMHA HHTEpeC HaydHHKa 3a MpoydaBame edekaTa MarHeTHOI 1oJba Ha
OuooIIKe crcTeMe. MarHeTHO T0Jbe yTHYE Ha pacT U pa3Bulie, METabOINYKe IyTeBE, OPHjEHTALH]Y, CTPYKTYPY
1 GyHKIUjy IPOTCHHA, JIUMHIIA U MeMOpaHa M TeHeTHYKU MaTeprjain. Unak, ehekTH ce Ha CBUM OpPraHM3MUMa,
Ia ¥ MHCeKTHMa, Hajyerilie orjenajy y npoMeHaMa (pyHKIMOHHUCAka HEYPOCHIOKPHHOT CHCTEMa U IPOLYKIIH]jH
c1000JHUX pajIuKaa.

V HallkM HCTpaKMBambUMa HCIMTHBAH je e(eKaT akyTHOT M XPOHHYHOI JEJOBama KOHCTaHTHOT (50
mT, 235 mT i 2,4 T) u npomesuBor MarHeTHOT noska (6 mT, 2 mT) Ha pa3nu4uTe BpCcTEe MHCEKATa IPUMEHOM
MMYHOXUCTOXEMH]CKHUX, XHCTOJIOIIKHX, OMOXEMHUjCKHX H APyrux MeToaa. KOHKPETHO, MCIUTHBAH je YTHUI]
MarHeTHOT 3payca Ha KOMIIOHGHTC aHTHOKCHIATHBHE OfOpaHe (CYyHNEepOKCHI IUCMYyTas3a, KaTajiasa, YKyIHH
ITyTaTHOH), KOMIIOHCHTE aJ[alITHBHE BPEIHOCTU (MOPTANUTET jaja, pa3BOjHA JUHAMUKA, Maca HUM(H, Tpajame
mocTeMOpHOHANHOT pa3Bulia JapBu, M BHjaOWINTET jeAMHKM) KAO W BEIMYMHA HEYPOCEKPETOPHHX HEypOHA W
BUXOBHUX jeapa (mpoTouepedpainu jop3omenujanau Al, menujanau A2 u nporouepeOpaiHu 10p30JaTepaHi
JI2 HeypoHH) KOJ HEKOJMKO BpcTa MHcekata: Baculum extradentatum, Drosophila subobscura w Lymantria
dispar.

Pesynratu cy mokaszand Jia MpUCYCTBO KOHCTAHTHOT M NPOMEHHUBOT MAarHETHOT MOJbA Y JKUBOTHO]
CpElMHH, HE3aBUCHO OJ jauHHe, JIOBOJE JI0 CMameha BUjaOMIHOCTH jeIMHKU M ckpahuBama Tpajama pa3uha
ko1 Drosophila subobscura v Baculum extradentatum. Benuunna HeypocekperopHux Al u A2 HeypoHa U
BUXOBUX jemapa ce kon Lymantria dispar 3Ha4yajuo mosehaBajy qok ce BennuuHa JI2 HeypoHa W HHUXOBHX
jemapa cMamyje. AKTHBHOCT KaTanase, CyNepOKCHA AUCMYyTa3e M KOJIMYMHA YKYIHOI [NIyTaTHOHa ce, Takohe,
3HAYajHO MCHajy Y CTPECHUM YCJIOBHMA M3a3BaHUM IIPHCYCTBOM BEIITAYKOT MATHETHOT HOJba.

OBakBH HaJa3d HEJBOCMHCIICHO MOKa3yjy Aa Cy MHCEKTH BHILIECTPYKO MOTOJHM MOJIET OPraHU3MH 3a
WCTUTHBakhe edekara eleKTpoMarHeTHor 3araljera Ha OHONIOLIKE CHUCTEMe, Mpe cBera 300r CBOje BHCOKE
OCCTJBMBOCTH YaK U Ha MaJie IIPOMEHE HHTEH3UTETa JENOBaka MAarHeTHOT MOJba aau ¥ 360r MoryhHocti
JIETEeKTOBama e(ekaTa Ha CBUM HHBOMMa OHOJIOIIKE OpPraHu3aIyje — 0] OMOXEMH)CKOT JI0 TIOIMYJIAHOHOT.

Kibyune peun: MaruneTHo nojse, MHCEKTH, EnektpoMaraeTHo 3araljeme
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ABSTRACT

Polycystic ovary syndrome (PCOS) is a multisystem hormonal disorder and is one of the most common
causes of oligo and anovulation, and therefore one of the most common causes of infertility. The heterogeneity
of this syndrome makes the therapeutic approaches difficult and complex.

In this paper, the therapeutic protocols and contemporary recomondations in the induction of ovulation in
infertile PCOS patients will be discussed. Induction of ovulation involves two main therapeutic approaches:
medical and/or surgical. Initial treatment is diet, reduction of body weight in obese patients and increased
physical activity. First line therapy is the induction of ovulation, with the antiestrogen clomiphene citrate. Some
authors suggest adjuvant therapy with clomiphene citrate and amost often recommended are: pretreatment with
combined contraceptive pills and GnRH analogues, dexamethasone, bromocriptine and most widely used
metformin. Aromatase inhibitors (Al) are suggested as an alternative therapy with clomiphene citrate and are
particularly important in the treatment of patients with malignant disease and preservation of fertility. Induction
of ovulation with gonadotropins (FSH alone or in combination with LH) is a second-line treatment but carries
the risk of ovarian hyperstimulation. The paper particularly emphasized the advantages and disadvantages of
each recommended treatment, protocols and recommended doses. It is recommended that gonadotropin should
be administered in low doses without increasing the dose during 14 days in the first cycle of stimulation. The
most commonly applied is step up or step down protocol.

Most frequently used surgical methods of induction of ovulation in patients with PCOS are laparoscopic ovarian
driling (LOD) and in extremely obese patients barijatric surgery.

We conclude that treatment of infertile patients with PCOS should be individual and adjusted to each patient in
relation to its individual characteristics, noting that the diet, the initial step in all patients.

Key words: Infertility, Polycystic ovaries, Therapy
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AIICTPAKT

Cuaapom nommmuctryHux jajauka (IIHOC) je MyaTHCHCTEMCKH €HIOKPHHOIOMKY ropemehaj U jeqan
on HajuemfinxX y3poKa OJIMIO0 M aHOBYJAIMje, & CaMHM THM jelaH OJ HajuemNux y3poKa HEIUIOAHOCTH.
XeTeporeHoCT OBOT CHHAPOMA OTE)KaBa U TEPAITHjCKU HPUCTYI U YMHU r'a KOMIUIEKCHUM.

VY oBoM pany Ouhe npukazaHH TEpPaIlHjCKU MPOTOKOIU U CaBPEMEHE IPENOPOyKe y MHAYKIM]H OBYIANMje KO
uadeprumuanx [MOC nanujentkuma. MHayKimja oBynamnuje moapasymMeBa ABa OCHOBHA TePaIUjcKa MPUCTYIIA:
ME/IMKAaMEHTO3HH W/WIIM XUPYPIIKU. VHUWIMjamHa Tepamnuja je XHUIHjEeHCKO IHMjETETCKH DPEXHM, pPeIyKIuja
TEJIECHE Mace KOJ| TOjasHMX MNalujeHTKumba M noBehana ¢usmuka aktuBHOCT. [IpBa nmHUMja Tepanmje je
MHIYKIHja OBYJalHje ca aHTHeCTPOreHoM KiomugeH nurpatoM. [lojenunu ayTtopu cyrepuiny T3B. ajijyBaHTHY
Tepanujy y3 Tepamujy KiomMudeH UTpatoM H Hajuyemrhe ce Hpernopydyjy: MpeTpeTMaH ca KOMOWHOBaHUM
KOHTpALCITHUBHUM MWIyJdamMa min aHanosuma I'HPX, nexcamera3oH, 6pOMOKPUNTHH U Hajyelrhe MpUMEHHBAH
MerpopmuH. Apomarasa uuHxuOuTopu (AUW) ce cyrepuily kao ajTepHATHBHA Tepanuja KIOMU(EH LUTpaTa, a
3HaYajHU Cy MOCEOHO y TpPeTMaHy TMallMjeHTKHba Ca MAaJUTHOM OOJIeCTH M Tpe3epBauujoM (epTunuTera.
Wunykuuja oBynamuje roHagorponuanma (GCX camocranHo mim y komOunaiumju ca JIX) je apyra tepanujcka
JIMHUja U ¥ HOCH PHU3HK OJl OBapHjalHe XUICPCTUMYyNanuje. Y pamy cy IOCeOHO HarJIalleHH NPEJHOCTH U
HeJI0CTall CBaKe MpenopyueHe Teparnuje, IpoTOKOIM U mpenopydeHe no3e. [Ipenopydyje aa ce roHag0TpONUHU
OpAMHMPAjy y HHCKUM Jo03ama U To Oe3 moBehama o3¢ y TOKy 14 naHa Koja MPBOT IMKYJCa CTUMYJalHje.
Hajuemhe ce npumemyjy step up wiu step down mpoTOKOI.

On XupypHmKux MeTojJa HHIYKIHje OBynamuje kon manujeHTknma ca IIIIOC Hajuemhe ce mpuMmemyjy
nanapockorickd oBapujaiHd apunuar (JIOJI) u ko eKCTpeMHO Toja3HUX MaldjeHTKUba OapujaTpucka
XUpypruja.

MoskeMo 3akJbyuydTH Ja Tepanuja uHGepTWIHMX NanujeHTKHBa ca IIIJOC Mopa O6uTH MHAMBHAYyaHA U
npuiaaroleHa CBakoj MAIMjEHTKUEU y ONHOCY Ha HEHE HMHIMBUIYalHE KapaKTEpUCTHKE, Y3 HAlOMEHY Ja
XHUTHjEHCKO JIHjETETCKH PEXKHM j& MHULMjATHH KOPaK KO/ CBHX MAllMjCHTKHbA.

Kbyune peun: Uudeprunurer, [onmuuuctnanu jajuuny, Tepamnuja.
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ABSTRACT

The hypothalamic-pituitary-adrenal (HPA) axis is a vital self-regulatory neuroendocrine system that
dynamically controls the secretion of glucocorticoid hormones from the adrenal glands [1]. The role of gender in
modulating HPA axis responses is only partially understood at the molecular level and inconsistent results may
be found in the literature [2], [3]. Understanding gender differences in HPA axis activity is however of utmost
importance for the development of sex-specific pharmacological treatments for common neuropsychiatric
diseases.

The focus of our attention here are gender-related differences in HPA axis response to alcohol. In recent
experimental studies, female rats showed greater levels of HPA-linked hormonal and neuronal activation by
alcohol compared to males [4, 5]. To address these questions by mathematical modelling, we have constructed a
stoichiometric network model to succinctly describe biochemical transformations underlying the HPA axis and
employed numerical simulations to model ethanol effects on complex daily changes of blood levels of
cholesterol, and key peptide and steroid hormones that constitute the HPA axis [6]. Gender differences were
represented by differences in testosterone levels. Mathematical modelling reveals that there are testosterone-
related differences in the amplitude of ultradian oscillations of glucocorticoid hormones. Our results support the
experimental findings that sex-related differences modulate the HPA axis response to both stress and ethanol
challenges.

Keywords: Hypothalamic-pituitary-adrenal (HPA) axis, Testosterone, Stress, Alcohol.
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AIICTPAKT

Xunoranamo-xunopusHo-aapenanna (XIIA) oca je BakaH HEYPOCHIOKPHHM CHCTEM KOjU AMHAMHUYKH
peryimmnie Jydemke IIYKOKOPTHKOUIHIX XOpMOHa OJf CTpaHe HanoOyoOpexHe xiesne [1]. Iomne pasmmke y
axtuBHOCTH XITA Ooce cy caMo JCITMMHUYHO pa3jalibeHe Ha MOJICKYJIADHOM HUBOY M HEKOH3MCTEHTHHU Pe3ylTaTu
ce mory Hahu y murepatypu [2,3]. PasymeBame monmHux pasiuka y aktuBHoctH XIIA oce, je mMehytum, on
U3Y3€THOI 3Hayaja 3a pPa3BOj IOJHO-CIELU(PUUHMX (DApMAKOIOLIKUX INPUCTYHa 3a JIeYeHhe YOoOMYajeHHX
HeypoIICHXHjaTpujckux Gonecr. [4, 5].

VY ueHTpy maxme OBOr pajga je yTumaj mosa Ha om3uB XIIA oce Ha ankoxon. ExcrnepumenranHa
HCTpaXKHBama Cy MOKa3ajla Jia je yTHIAj aJKoxojia Ha MpoMeHy HuBoa xopMoHa XITA-oce Behu KoJ >KEHKH
naroBa Hero Koja Myxkjaka [4, 5]. Jla OMcMO HCIUTAaIN yTHIE] HOJHUX XOpMOHa Ha o13uB XIIA oce Ha alkoXoJI,
MH CMO KOHCTPYHCAIIH CTEXHOMETPH]CKUA PEAaKIHOHH MOJEN KaKo OMCMO Ca)XeTO OIHcall OHOXEeMH]jCKe
TpaHcdopMmanyje Koje ce Hanaze y ocHOBH XIIA oce, U KOPUCTWIM HyMEpPHYKE CHMYINAlMje Ja MOJEIYjeMO
YTHI[aj €TaHOJIA Ha CIIOKCHE JTHEBHE IPOMEHE HHMBOA XOJECTEPOJa, M KJbYYHHX ICNTHIHUX M CTEPOMIHUX
xopmoHa [6]. IlonHe pasnuke Cy HpecTaB/beHE NPEKO pasiuKe Yy HHBOY TECTOCTEpOHa. MaTeMaTHuKo
MOZEJUpAE je TOKA3aJlIo Jla Pasjiike y HHMBOY TECTOCTEPOHA YCIIOBJbABAjy IOjaBy pa3jiMKa y aMIUIMTYIH
YHYTapIHCBHHMX OCLWJIAlMja IIYKOKOPTHKOMJHUX XOpMOHa. Hamm pesynratu cy y ckiagy ca
EKCIICPUMEHTAIHUM pe3yJITaTUMa KOjH IMOKa3yjy Ja IoJl yTude Ha Monynanujy oxsuBa XIIA oce Ha cTpec u
nepTypOalije eTaHOIOM.

Kibyune peun: Xunoranamo-xunopusno-aapenanna (XITA) oca, Tecrocrepon, Ctpec, AIKoOXouI.
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ABSTRACT

Recently, an increasing attention has been paid to fractional calculus (FC) and its application in control and
modeling of fractional order (bio)mechanical system. Fractional derivatives and integrals may have a wide
application in describing complex properties of materials including long-term memory, non-locality of power-
law type and fractality [1]. In this presentation we applied the concept of fractional order for biomehanical
modeling of human arm dynamics as well as soft tissues, specially human skin as well as human blood. Besides,
it is also presented the connection between fractional order differintegral operators and behavior of the mem-
systems which can be used for modeling dynamics of (bio)mechanical systems. Further, we present robust
feedback-(feedforward) loop fractional-order iterative learning control [2] for regular and singular fractional

order system. Particularly, a feedback-(feedforward) PD% / PI Bpe type iterative learning control (ILC) of
fractional order system- (regular and degenerate type) which includes time delay are considered [3]. Sufficient
conditions for the convergence of a proposed PD alpha type of learning control algorithm for a class of
fractional state space time delay system are given in time domain. Finally, a simulation results show the
feasibility and effectiveness of the suggested approach.

Keywords: Fractional Derivative; Biomechanical system, Iterative Learning Control, Singular System.
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AIICTPAKT

Henaeno, Beha maxisa je mocselieHa ¢pakipionom pauyny (PP) u meHOj mprMeHn y yripaBibamy U MOJEIHPAkY
(61o) MexaHu4kor cucremMa (pakuuoHor peaa. PpakMOHU U3BOAN M MHTETPAIM MOTEHLH]ATHO UMAjy IIHUPOKY
HIpPUMEHY y OIHMCHUBAKY CIOXKCHUX OCOOMHA MaTepujaia, yKJbydyjyhu nyropodno mamheme, He-HEIOKATHOCTH
THIA CTENEHOT 3aKOHA M (pakTaaHocTy [1]. Y 0BOj mpe3eHTanuju cMO MPUMEHIIIN KOHIIENT (hpaKIMOHOT pena y
L1JbY OHOMEXaHHYKOT MOJIENMpPatba AMHAMUKE JbYJICKE PYKe, Ka0 M MEKUX TKUBA, IOCEOHO JbY/ICKE KOXKeE, Kao U
Jpyncke KpBH. IloceGHO, OBIE je IpencTaBibeHa Be3a u3Mely IH(EpeHIHjaTHO-MHTEIPAIHUX OIepaTopa
(pakIMOHOr pela M TOHAlIakba MEMPHCTOPCKHX CHCTEMa IJie Ce HCTH MOTY IPHMEHHTH 32 MOJCIOBAHE
JnHaMuKe (OMo)MexaHWUKMX cucTema. [lajbe, NMpeACTaBbEeHO je POOYCTHO HTEPATHUBHO YIPABIbAE ITyTEM
yuewsa (MUJILL), y OTBOpEHOj-3aTBOPEHOj METJbU 3a peryjapHe M CHHIyJapHe cucteMe (pakuuoHor penaa [2].

Ioce6no, Tom WL PD% / PI?D* KOjU CaapXH JUPEKTHY W MOBPATHY IpaHy 3a cucTeM (pakIHOHOT pena
(perynapaH W CHHTYJapaH THII) KOjH YKJbydyje Kallmeme ce oBiae pasmarpa [3]. [oBosbHH ycnoBu 3a
KOHBEpreHuujy npeaioxenor ¢pakuuonor pena MIILL 3a knacy ¢pakiuoHoOr pepa cucreMa ca KalllbemeM
JIaTor y IPOCTOPY IICEYNO-CTama Cy JaTH Y BPeMEHCKOM JIoMeHy. KoHauHO, pe3yiTaTH CUMyaluje HoKasyjy
W3BOAJBMBOCT ¥ €(PUKACHOCT MPEIOKEHOT TIPUCTYTIA.

Kibyune peun: Opakmpionn u3Boja, buomexanmuku cucteM, WTepaTHBHO ympaBbame IyTeM Ydema,
CHHrynapHu cucTeM

3axBaaHuna: OBO MCTpaXUBAWKE je€ MOAPKAHO OJ CTpaHe Npojekta MHHHCTapcTBa 00pa3oBarmba, Hayke U
TEXHOJIOLIKOT pa3Boja Pemydnuke Cpbuje, 6p. TR350006, 11141006.
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ABSTRACT

The main motto of the engineers of biomedical engineering is that "Engineering without medicine is blind,
medicine without engineering is feeble". In order to be as powerful medicine in diagnosis and therapy,
biomedical devices should be as compatible as possible with biological structures in terms of its energy and
information. The goals of this research are: (1) to come up with the most important biological structures
responsible for energy and information processes (transfer of chemical and physical signals) on the biomolecular
and cellular level, (2) to identify their symmetry, because symmetry of structure (and / or processes) determine
its the electronic, vibrational and rotational modes, and (3) that in accordance with the electronic, vibrational and
rotational modes of biomolecules structure defines the light whose photons (orbital angular momentum) will
have the same symmetry of order as biomolecules. We studied the structure responsible for the transmission of
neurotransmitters in the brain and it was discovered that clathrin is one of the most responsible for bringing and
release neurotransmitters at synapses. For the transport of materials in the cell microtubules are most
responsible, but they are also responsible for cell division, as included in the spindle. Microtubules are part of
the centrioles, which are microtubule organizational center and form a "Northern" and "Southern" the cell’s
poles in its division. Modeling and reinvestigation water role in bioinformation signalling show that water is not
only the environment in which ensures the functioning of biomolecules and tissues, but is an active factor in
information processing. The results of the research show that clathrin, microtubules, centrioles, water, collagen
and other biomolecules are Fibonacci structures [1], because they have icosahedral symmetry. Pursuant to this
knowledge was designed, built and tested a device that generates light whose photons are structurally (orbital
angular momentum) arranged by icosahedral symmetry of mentioned biomolecules [2]. Preliminary results in
cases of acne, wound healing, asthma, psoriasis and others show satisfactory results. On the basis of icosahedral
symmetry structure, energy and information in biological systems is made, using nanotechnology [3], compatible
and complementary light order of photons that interact with biological molecules and tissues performs its
prevention, preservation and repair [4].

Keywords: Fibonacci biostructure, Energy, Information, Light, Synergy
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AIICTPAKT

OCHOBHH MOTO HHXEHhepa OHOMEIUIIMHCKOT HHXKEHEPCTBa je ,,TeXHUKa 0e3 MeHUIMHE je clIena, MEANLHHA
6e3 texuuke je Hemohna®. Jla Ou MemunuHa Owima MITO MOMHHU]a y THUjarHOCTUIM WU TEPANHju, OMOMEAUIIMHCKHI
anapartu u ypehaju tpeba na Oyay MmTO KOMIATHOWIIHHMjU ca OUOJIOLIKHM CTPYKTypama ca acleKTa eHepruje u
napopManyje. IuipeBr oBor HcTpaxuBama cy: (1) na ce u3Hal)y HajBaxkHUje OHOJIONIKE CTPYKType OATOBOPHE
3a eHepreTcke M nH(popManuoHe mpoiece (MPEHOC XeMHUjCKUX U (GU3MUYKHX CHUTHANIA) HA OMOMOJICKYIApPHOM H
henujckoM HUBOY, (2) na ce nACHTU(UKY]Y BBUXOBE CUMETPH]E KOje MPEKO CTPYKTypa (u/wiu npoteca) onpelyjy
€JIEKTPOHCKE, BHOpalMoOHE M pOTalHOHEe MoJoBe, W (3) ma ce carjlacHO EJIEKTPOHCKUM, BHOPALMOHUM H
POTALIMOHMM MOJOBMMa OMOMOJICKYJIAPDHUX CTPYKTypa AeduHHuIIe CBETIOCT uuju he (OTOHM HMATH HCTO
CHMETPHUJCKO CTPYKTypanHo ypeheme kao u Ouomonexynu. IIpoydaBaHe cy CTPYKType OATOBOPHE 3a NPEHOC
HEYPOTPaHCMHUTEPa y MO3Ty U JOIUIO Ce [0 Ca3Hama [a je KIATPHH je[Ha Of HajOArOBOPHUjUX CTPYKTypa 3a
JoBolheme U OTIyIITake HEyOTPEHCMUTEpa Ha CHHAINCaMa. 3a TPAaHCIIOPT MaTepujana y hellju HajoaroBopHHje
cy MHKpOTYOyJie, alli OHEe Cy OArOBOpHE U 3a 1eo0y henwja, jep yaase y cactaB qeoOHOT BpeTeHa. MUKpOTyOyIie
yla3e M y CacTaB LCHTPUOJA KOje IMpEeICTaBibajy MHUKPOTYOyJlapHH OpraHau3allioHW LeHTap henuje u
(dhopmupajy ,,ceBepHH™ U ,,Jy>KHU 11011 henuje npuiavkoM mweHe jneobe. Mozenpama U PeUCcIuTanBama yjaore
Bome y OwomH(pOpMANMOHMM TIpollecHMa IOKa3yjy a BoJa HHjEe caMO CpeauHa y Ko0joj ce obe3deljyje
(yHIMOHNCAaKE OMOMOIEKYIa U TKKBa, Beh je akTMBHH YMHUIAL IpeHoca HHDOPMALIOHHUX caapikaja. Pesynratu
HCTpaXKUBamka IIOKa3yjy Ja Cy KIAaTPHH, MHKPOTYOyie, IIEHTPHONE, BOJA, KOJAreH M JPYTH OHOMOIEKYIH
dubonaunjeBe crpykrype [1], jep nocenyjy ukocaenapcky cuMmerpujy. CarilacHO OBOM Ca3Hamy MPOjEeKTOBaH je,
HampaB/beH W TecTHpaH ypehaj KOjU TeHepHuile CBETIOCT 4Hju Cy (OTOHH CTPYKTypaiHO ypeheHu o
MKOCAeIapCKOj CHMETPHjH Kao M HaBeleHH Owomonekynu [2]. JloOujeHHM pe3nTaTd Ha CilydajeBUMa aKHH,
3apacTama paHa, acTMe, IICOpHjas3e U JIp. IIOKa3yjy 3anoBosbaBajyhe pesyntare. Ha 6a3u Monena ukocaemapceke
CHMETpHje CTPYKType, cHepruje u uHpopmanuje y OHONOIIKMM CHCTEeMHMa HalpaB/beHa je MOoMOohy
HaHOTeXHOJorHja [3] KoMmaTHOMIHA ¥ KOMIIEMEHTapHa CBETJIOCHA CTPYKTypa (OTOHA KOja y MHTEPAaKLHUjH ca
OMOJIOLIKMM TKMBOM BpIIN HETrOBY IIPEBEHIIN]Y, O4yBabe U penapauujy [4].

Kibyune peun: ®ubonaunjese 6nocrpykrype, Enepruja, Uudopmanuja, Ceernoct, Cunepruja.
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SOLITARY WAVES IN DNA
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ABSTRACT

DNA is doubtlessly the most sophisticated molecule in Nature. It is a double helix, which means that it
consists of two complementary polymeric chains twisted around each other [1]. In this paper we assume that the
elementary mass unit is a nucleotide. The nucleotides belonging to a single strand are connected by strong
covalent bonds, while the strands are coupled to each other through weak hydrogen bonds. We rely on a
helicoidal Peyrard-Bishop (HPB) model [2], which is an extended version of a former PB model. The strong and
the weak interactions are modelled by harmonic and enharmonic potentials, respectively. Within the model we
apply semi discrete approximation and obtain a well-known integrable nonlinear Schrédinger equation [3].
According to the used procedure localized modulated solitary waves, or solitons, propagate along the chain. This
kind of solitons is usually called as breather. The HPB model can explain local opening of the DNA chain [4].
This happens at segments where DNA-RNA transcription occurs. Viscosity effects can be introduced in the
theory and numerical work shows that viscosity destroys modulation, which is of big biological importance [5].
Finally, we have suggested a couple of experiments that should prove or disprove theoretical predictions [6, 7].
These experiments should, at least, check if the waves are really solitons and measure their velocity.

Keywords: DNA, Nonlinear model, Partial differential equation, Semi-discrete approximation, Soliton.
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COJIMTOHCKH TAJIACH Y MOJIEKYJ1Y JTHK

C. 3IlpaBKOBl/Ih1

II/IHCTI/ITyT 3a HyKkJIeapHe Hayke Bunuya, JlJaboparopuja 3a aroMcKy (QU3HKY
YHusep3uret y beorpany
Beorpaxn, Cpbuja
E-mail:szdjidji@vinca.rs

AIICTPAKT

Monexkyn JIHK je HeCyMHBHBO HajClIOKEHHjH MOJEKYN y NPHPOAU. Y OOJHKY je JBOCTPYKE CHMpale LITO
3HA4YM Jla Ce CacTOjH OJ JiBa KOMILIEMEHTapHa MOJMMEpHa JIaHla Koju ce obaBHjajy jemaH oko apyror [1]. V
OBOM pajly cMaTrpamo [a je HyKJIEOTHJ OCHOBHa jenuHuua rpabe, T.j. dectuua Oe3 cacTaBHUX JIHjeNOBa.
HykieoTunu Koju IpuUMnajajy UCTOM JIAHITy HHTEpAryjy jakuM KOBaJICHTHHM Be3aMa JIOK Cy JIaHIH Mely cobom
MoBe3aHH cabuM BoJOHMYHUM Be3ama. Kopuctumo xenukoupanuu Ilejpap-bumonos (XI16) mozmen [2] koju
HpeacTaBba MoOoJbLIaHy Bep3ujy nperxonHor ITb mozxena. IIpema ToM MOZENy KOBAJCHTHE BE3e CE MOJCIY]Y
XapMOHHjCKHM TOTCHIMjaJOM, JIOK C€ BOJOHHYHE MOJCIYjy HEXapMOHHjCKHM MOp3€OBHM MHOTEHIH]jAJIOM.
[pumjemyjyhn ceMuAMCKpeTHY ampokcuMmanujy mobujemo HemuueapHy LllpeauHrepoBy jemHaumHy Yuje
pjemese je mosHaro [3]. CBe To moBoam 1o 3akibydka aa ce nyx JHK nanuma mpoctupy nokannzoBaHH
MOJYJIMCAaHU COJMTOHCKM Tajnacu. Ty BpcTy coiuToHa HasuBamo Opunepuma. XIIb monen moxe na oOjacHu
JIOKaJIHO oTBapame jaHuna moinekyiaa JIHK [4]. To ce pmemaBa Ha cerMeHTHMa Ha KOjUM Ce€ BPIUH HPEHOC
nndopmanuje ca monekyna JJTHK na PHK. V Teopujy ce Moxxe yBpCTUTH MjeioBame BHCKO3HOCTH. Y TOM
Cllyyajy HyMEpHYKH paj IOKa3yje Ja BHCKO3HOCT HOHHIITABA MOIYJALMjy INTO j€ O BEIHMKOT OHOJOLIKOT
3Hayaja [5]. CmoMeHHMo, Ha Kpajy, 1a CMO JIajii HEKOJIMKO IPHjeUIora 3a eKCIIEPUMEHTE ca [IUJbEeM Jia MOTBPIE
WM OTIOBPTHY CIIOMEHYTa TEOpHjCcKa OueKuBama [6,7]. Moxemo ce HamaTu na he TM eKCepUMEHTH MOKa3aTH
[1a JIM Cy CIIOMEHYTH TAJIACH 3aHCTa CONUTOHCKH U OJPCANTH HUXOBY OP3HHY.

Kmbyuyne peun: JIHK, Henuneapuu wmopen, Ilapnujanna nudepenunjanna jenHaunHa, CeMHAHMCKpETHA
anpoxcuManyja, CoIUTOH.
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ABSTRACT

Mitotic spindle is complex molecular machinery which plays an important role in distribution of genetic material
during mitosis [1]. Centrosome positioning and orientation of mitotic spindle affects polarity and function of
new cell [2, 3, 4]. There are different models that describes dynamics of chromosomes in mitotic spindle: Hill
sleeve model, force-balance models for spindle length control, slide and cluster model [5].

In this biomechanical oscillatory model of mitotic spindle is proposed. In this model chromosomes are presented
as material particles of certain, different masses arrange in equatorial plane. Each chromosome/material particle
is connected with fluctuating support (centrosome) on the pole of the cell via standard light fractional order
element that has visco-elastic properties. Each of standard light fractional order element forms different angle
with direction center of the chromosome- fluctuating support. System has one plain of symmetry (like object and
its mirror image).

Differential equation of oscillatory motions and of chromosomes/material particles oscillations as well as
equations of force balance in the system are presented.

Oscillatory behavior of system is discussed for the case that at east only one standard light fractional order
element change its mechanical properties. The results are discussed in context of disorders of mitotic spindle that
causes numerical chromosomal aberration.

Analysis of mechanical energy of the system as well as dissipation of generalized fractional order energy
function in the system is done.

Keywords: Mitotic spindle, Biomechanical oscillatory model, Viscoelasticity, Springs, Standard light fractional
order element, Fractional calculus
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AIICTPAKT
JleoOHO BPETEHO MpEACTaBiba CIOXEHY MOJICKYIApHY MAlLIMHEPHjy KOja MIpa BaXXHY yJIOTYy Y PaBHOMEPHO]
pacnozeny reserckor marepujana npu geoou henwmje [1]. ITomoxaj meHTpo3oMa Kao M OpjeHTauuja JeoOHor
BpeTeHa YTy Ha mojapHocT u ¢GyHKiMjy HoBe hemuje [2,3,4]. ¥V nuTepaTypu 1MOCTOje Pa3iIMYUTH MOJCIH
JUHAMHKE KpeTama XpoMO30Ma y J1e00HOM BpeTeHy Kao wmro cy Hrp. Hill sleeve mopen, Moaenn koju ce
3acHMBajy Ha OaJlaHCy CHJIa KOje KOHTPOJIMILY U3LY’KeHhe JeOOHOT BPEeTCHA, MOJEN H3AYXKeHha 1 KIIaCTepH3aLije
[5]. Y oBoM pamy mpeayiaxeMoO OCLMIIATOPHH OMOMEXaHHYKH MOJIEN ACOOHOT BpeTeHa Yy KOME Cy XOPMO30MHU
MPEACTaBHEHU Y BUly MaTepHjaliHAX Tayaka oxpeleHe, paznnunte Mace pacrnopel)eHuX y eKBaTOpjaiHO] PaBHH.
CBaku XpoMo3oM/MaTepHjaiHa Tadka je ToBe3aH ca (uykryupajyhuM ocioHiieM Ha nony henuje Ipeko
CTaHAAPJIHOT JIAKOI' €JIEMEHTa KOjH HMa BHCKOETAaCHYHA CBOjCTBA U OAroBapajylie KOHCTHTYTHBHE pellalyje
CHJIa-H3IYXKEeHhe, a UMjy JUHAMHKY MOXKEMO OINHCATH W3BOAMMA Heuenor pepa. CBaku OJ CTaHIAPIHUX JAKUX
eleMeHaTa (paKIMOHOT pela 3aKjana crnenupuyaH yrao ca IpaBLEM Kpo3 IIEHTap XpoMO30oMa/MaTepujaiiHe
tauke U Quykryupajyhu ocnonan. CucreM—uMa jeiHy paBaH CHUMeTpuje (Kao 00jeKaT U HeroBa CiluKa y
orJenany).
Jare cy nudepeHuujanHe jeHAYMHE OCLMIIOBarba, Ka0 M aHAJUTHYKH HM3pa3sH 3a 3aKOHE OCIMIOBamba
XpOMO30Ma/MaTepHjaIHUX TayaKa, Kao M jeJIHa4MHE PABHOTEKE CHJIA KOje BIIaJajy y CUCTEMY.
Pa3marpaHo je oCLHIATPOHO HOHANIAEkE CHCTEMA 3a CIIydaj Ja ce HIPOMEHE MEXHHYKa CBOjCTBA 0ap jeaHe on
CTaHAapIHUX JAKUX eleMeHaTa (pakiOHOT pelia U AaTO TyMauewe y KOHTeKeTy nopemehaja qeobHoOr BpeTeHa
KOj€ MOT'y Pe3yJITOBATH 110jaBOM HYMEPUUKHX XPOMO30MCKHX adepanuja.
JlaTa je aHa)IM3a MEXaHUYKE CHEPrUje CUCTEMa, Kao U TeHepaicaHe (yHKIMje pacHIlamka CHepruje ppaKkIuoHOT
penay cucremy.

Kibyune peun: /IeoOHO BpereHo, Bromexanuuku ocuuiatopau mozen, Buckoenactuunoct, CTaHIapaHu JIaKu
enieMeHaT pakuroHor pena, M3sox Heuenor pexa
Hanomena: Jleo uctpakuBama (PUHAHCHjCKU je MOTIOMOTHYT O0f MHHHCTapCcTBa MPOCBETE, HAyKe M TEXHOJOIIKOT pa3Boja Pemybinke

Cp6uje npeko Maremarnuxor unctutyra Cpricke akanemuje Hayka u ymernoct, Ilpojekar OM 174001 ”/Iunamuka XuOPHIHUX cHCTeMa
KOMILICKCHHX CTPYKTypa. MexaHHka MaTepHjaia.”
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Oleg Aleksandrovi¢c Gorosko (Ukrajina) i Katica (Stevanovi¢) Hedrih
(Jugoslavija): Analiticka dinamika (mehanika) diskretnih naslednih sistema,
(Analytical Dynamics (Mechanics) of Discrete Hereditary Systems), University
of Nis, 2001, Monograph, p. 426 (in Serbian), YU ISBN 86-7181-054-2.
(recenzenti: Jeremiah Jaredam Rushickij - Ukrajina, Milivoje Simonovi¢ -
Srbija) UDC 531.011:531.391
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The Colloquium of Mechanics

MATHEMATICAL
INSTITUTE

The Colloguium of Mechanics is one of the two
historic colloguiums of MISANU, together with the
Colloquium of Mathematics. Its formal and essential
role in the organization of the Institute evolved and
changed during the past seven decades, aiong with
the changes of the Institute itself

One of its most distinguished permanent benchmarks
and the most important public activity has been the
organization of the Mechanics Colloguium. The Me-
chanics Colloquium has eamed reputation of one of
the most prestigious regular scientific tribunes in the
broad area of Mechanics, with the longest continu-
ous tradition nationwide.

From the founding of MISANU in 1946, there has
always been an important group of researchers in
the field of Mechanics, whose first leader was the
founder and the first director of MISANU, Academi-
cian Anton Bilimovic.

Up to 1961, the seminar talks in the field of the Me-
chanics, including Theoretical Mechanics, Dynamics
of Fluids, Stability of Motion, Astronomy, were part of
the Mathematics Colloguium. According to Academi-
cian Konstantin Voronjec, the Head of the Colloqui-
um of Mechanics in 1971, the time of 25th anniversa-
ry of the Institute, more than one hundred such talks
were held

The Colloquium of Mechanics was founded in 1961.
Untit March 2016, there were 1283 meetings of its
Mechanics Colloquium. On average, 24 meetings,
with about 4-5 foreign speakers are organized annu-
ally.

The principal tasks of the Colloquium of Mechanics
include:

« organization of weekly lectures, the Mechanics
Collogquium, which range from expository lec-
tures in pure and applied mechanics to original
research reports;

+ organization of public presentation and eval-
uation of scientific projects supported by the
Ministry of Science;

I1. Aaheauh
(19034993)

supporting and organizing visits of foreign scien-
tists,

« organization and support of workshops, mini
conferences, presentations of books, software,
video lectures efc,

« monitoring the seminars and other research
activities in the field of mechanics within the
Institute.

The Mechanics Colloquium meets weekly, keeping
the tradition from the very early days of its establish-
ment, on Wednesday at 6 pm. Currently, The Head
of the Colloquium of Mechanics is Professor Viadimir
Dragovi¢, with Dr. Bozidar Jovanovi¢ as the Deputy,
and Dr. Katanna Kukic as the Secretary.

In the period from 1961 to 1965 the Colloquium of
Mechanics Colloquium was headed by academician
Tatomir P. Andeli¢ (1903-1993) and Prof. Danilo
Raskovi¢ (1910-1985). The Head of the Colloquium
of Mechanics from 1965 to 1973 was Academician
Konstantin Voronjec (1902-1974), from 1973 to 1984,
Prof. Viatko Bréi¢ (1919-2000); from 1984 to 2000,
Prof. Veliko Vujicic; from 2000 to 2006, Academician
Viadan Bordevi¢; from 2006 to 2010, Academician
Teodor Atanackovi¢; from 2010 to 2012, Prof. Katica
Stevanovi¢ Hedrih, and from 2012 Prof. Viadimir
Dragovic.

In the period from 1975 to 1994, the Secretary of the
Colloguium of Mechanics was Dr, Dragi Radojevié
(1947-2015). From 1994 until 2010, the Secretaries
were Dr. Bonislav Gajic, Dr. Bozidar Jovanovic, and
Dr. Milena Radnovi¢; from 2010 to 2012, Dr. Srdjan
Jovi¢, and from 2012 Dr. Katarina Kuki¢.
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