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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
awhole.... 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 O6uOIO3H, JIeKapH, MOJIEKyJapHH Ouoso3u, OuoxemuuyapH, (HU3NKO-XEMHYAPH, TEXHOJIO3H,
(dusnYapu, MAIIMHCKA HHXKCHEPH, EINCKTPOHHKCHEPH, MaTeMaTHYapH, CKOHOMHUCTH..... Caaku
caryiefaBa OHOJIOIIKMA CHCTEM WIM FHECOB /€0, OpraHu3alujy, HauyuH (YHKIHOHHCAWmA Y
(U3HONIOIIKMM ¥ TATOJIOIIKMM ycioBuMa o00e30ehyjyhu  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 Pa3IMYUTHX 00JacTH. 3a TO je
BXHO J]a CE CTpUmAIl KOju ce 0aBe XUBUM CHCTEMHMa MeljycoOHO pa3Memyjy CBOja 3Hama, a
OCHOBHH TIPEIyCJIOB jeé OTBOPEHOCT 32 MCKYCTBO W JPYrauju Ha4WH pasMHUIUbama OJ KIHIIea, 1
roBope Mel)ycoOHO pa3yMIBHBHIM jE€3HKOM.
bruomexaHuKa je BeJMKa 00JacT Koja ce U Jajbe MIMPU M IMa HEOTPAaHWIEHO MHOTO MOTYHHOCTH Kako
3a 6a3WvHa Tako M 3a IPHMEHEHa NCTPaKUBama: O MOJISKylapHe OHoMeXHanKe-HIIp.OnOMeXaHHKe
JJHK wmosnekyna, MHUKpOTyOyma, cyOhenmujcKux CTpyKTypa, OuoMexaHuke henuja, AMHAMUKE
henmujckor KOHTakTa, UHTepakiuje Mehy henujama, mpoMeHe MEXaHHUYKUX CBOjcTaBa hendja TOKOM
mporeca pacra, mudepeHjamje, kperama henja y ¢uyuauma (Hop Oelnnx U MPBEHUX KPBHUX
3pHaNa y KpBH, JIUKBOPY, CIIEPMATO300HMIa Y CEMEHO] TEYHCTH W TEYHOCTH jajoBOMA), IMPEKO
OnoMexaHUKe TKUBA, OpraHa, OPraHCKUX CHCTEMa, 10 YUTABOT OPTaHW3Ma U HEeroBe HHTEpaKuuje ca
JPYTUM jeANHKaMa.
ITocebny obmact umHM OuMOMexaHHKa (UIynna-poydaBambe OHOMEXaHHKE KapIHOBACKYJIApHOT
cucTeMa y (PU3HOIOYKUM U IAaTOJIOMIKUM YCJIOBHMA INTO 32 MOCIEIUIly UMa U TEXHUYKA Pellemna 3a
UMIUIQHTE-BEIITaUKe KpPBHE CyJOBE, BEIITAUKe 3aJUCKE, BELITAUYKO CpUE... bHomexaHMka
JIOKOMOTOPHOT CHCTEMa je jeAHa O] 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. bHoMexaHHMKa pPECIUpaTOpHOr, YPUHAPHOT U
PENpOIYKTUBHOI CUCTEMA Jaje Cy CBOj JONPHUHOC y KOHCTPYyUCamy amapaTta 0e3 KOjUX ce JaHac He
6K MOrja 3aMHCIHTH CaBpeMEHa MeAHWIIMHCA Mpakca. [IpoydaBame OpraHu3alije KHBOT CBETa Y
(HU3MONOMIKIM U TATOJIOMIKAM YJICOBUMAa M T€HEPUCAIe MAaTEeMATHYKHX MOJENA KOjHMa Ce MOXKe
00jacHUTH TaKBa OpraHu3alyja Takohe je ol BeJIMKOr 3Hauaja.
CaxyIypeHO je MHOTO 3Haba, IIOJIAIY CY TY, TUTame je Kako heMo MX KOMOWHOBATH. ..
JKuBu cucremu mpoiiaze TpaH3UTOPHE /WK TpajHEe IPOMEHE TOKOM CBOje €BOJYILHMje. 3aCHUIypHO je Ia
JIe0 TUX MPOMEHA OCTaje 3alMcaH y CTPYKTYpH M OpraHM3allijd Kao jeJMHKE TaKO W YHTABOT CHCTEMA.
IlIto 6u Dick Swab, dyBeHu XOMaHICKM HEYPOESHIOKPHHOJOT KOjH j€ TPBH OCHOBAO OAHKY JBYICKHMX
MO3rOBa y HCTP&)KHBAYKe CBPXE, jeHICTBEHY y EBporm u cBety pekao ,We are our brains', ucrakasmm
TaKo 3Ha4aj MopQoreHeTCKUx U MomupuKyjyhux dakropa Ha GpU3HOIIOTH]y HEPBHOT CHCTEMA.
3a Oosbe pasymMeBame KOMIUIEKCHOCTH YKMBHX CHCTEMa I1a M HaC CaMHUX HEOIXOJaH j€ XOJIHCTUYKU
npuctym. Jegan on obehapajyhux npuctyna Hyan (U3MKa ca KBAaHTHO-XOJOTPA(QCKUM MEXaHU3MUMa
MIOBpAaTHE KOHTPOJIE jOII Y MOP(HOTeHEe3 .
OBaj MHUHHCHMIIO3UjYM je TIOKYIII3j Jla CE MPUKaXy HEKE aKTyelieHe TeMe M3 OMOMEXaHHWKE M CTaKHY
PA3IIMYUTH PHUCTYITY y IPOYYaBarby )KHBUX CHCTEMA.
XKemm na ce 3aXxBaNMM CBHM IIpelaBadylMa KOjH Cy C€ OJa3BaJld IO3UBY M y3enH ydemrha y OBOM
MHHHCHMITIO3H]yMY.
VjenumeHn y pasMYUTOCTHMA, MYITHIMCIMIUIMHAPHUM TIPUCTYIOM Moryha je HHTerpanja 3Hama,
pahame HOBUX HJ€ja 1 HalpelaK HayKe.

Amnhenka Xenpux
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Iporpam
MHUHHACHMITO3H]jyMa
, BoMexaHuKka 1 MojejioBame GHOJIOIMIKUX cHcTeMa”
Ipojexar OM174001 y Matematuukom unctutyty CAHY, Beorpan, Cpouja,
7. neuembap, 2016,
y Matemarnukom uncturyry CAHY, Kuesa Muxauna 36
oz 10:00-20:30h, cana Il, npBu crmpar,

Organizer:
dr Andjelka Hedrih,-Department of Mechanics, Mathematical Institute of Serbian Academy of
Sciences and Arts, Belgrade (M1 SANU), Serbia,

Opranusarop:
ap Aubenka Xenpux, Oneneme 3a Mexanuky, Maremarnuku ety Cpricke akajieMuje HayKa u
ymetnoctn (MU CAHY), Beorpan, Cp6uja

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 pey opraHu3aropa:
np Anhenka Xeapux, opraHu3aTOp MUHUCHMITO3H]yMa
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| 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-Universitat Erlangen-Nirnberg (FAU),
Erlangen, Germany, E-mail: andreas.wierschem@fau.de

Andreas Wierschem!, Haider Mohammed Ali Dakhil. hemmjcka peomerpuja mnomohy
POTAIHOHOI' YCKOKAHAJIHOI peoMeTpa.
Institute of Fluid Mechanics, Friedrich-Alexander-Universitat Erlangen-Nirnberg (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

Anexcanapa. JaykoBwh , J[lpenka TpuBanosmh, Tamapa Kykom, J[lmana Byrapcku.
Buomexannuke oco0nHe Me3eHXUMCKUX MaTHYHUX heanja — ynora y perenepanuju TKusa
JlabopaTopwuja 3a eKcriepruMeHTaITHy XeMaToJIoTHjy 1 MaTiaHe henuje, HCTUTYT 32 MeAMIIMHCKA
ncTpakuBama, Y HuBep3uter y beorpany, beorpan, Cpouja, E-mail: aleksandra@imi.bg.ac.rs,

1
Stevo Najman , Sanja Stojanovi¢, Jelena Zivkovié, Jelena Najdanovié, Vladimir Cvetkovig,

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 Ni$, Ni§, Serbia, stevo.najman@gmail.com

1
CreBo Hajman , Cama CrojanoBuh, Jenena JKuBkoBuh, Jenmena Hajmanosuh, Bmagumup
[IBetkoBuh, Mapuja Bykennh-Hukonuh.” Tpujaga y koHIeNTHMA HHKeH-€PCTBA KOCTH.
WHCTHTYT 3a OMOJIOTHjy M XyMaHy reHeTHKY U Onesbere 3a Nennjcko U TKHBHO HHKEHEPCTBO,
Meautuackn dakyirer, Yausepsurer y Humry, Humr, Cp6uja, stevo.najman@gmail.com,

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

Cama CTOjaHOBl/Ihl u Creeo Hajman. IIpumeHa in vitro heamjckmx Monena y TKHBHOM

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

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

AndreasWierschem, Institute of Fluid Mechanics, Friedrich-Alexander-Universitat 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$, Ni§, 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. HeanHeapHn Monesm y GHOMeXaHMIM: KBa3HperyapHa M XaoTH4YHA
AUHAMHUKA

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
alropuT™me.
dakynrer 3a KomIjyrepcke Hayke, [lon Hesout VYuusepsuter, beorpam, Cpbuja, E-mail:

tuba@ieee.org
1

MiloS Lj. Nikoli¢ , Jasenka Rakas , DuSan B. Teodorovié. 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
Muiiomt Jb. Huxoauh , Jacenka Pakac u {yman b. Teogoposuh. OapehuBame moJieTHo-

CJIeTHHX CTa3a W BpeMeHa MpH CcJeTalkbUMa aBHOHA TNPHMEHOM MeTaXxeypHuCTHKe
ONTHMH3ANHja KOJOHHjOM MYeia.

Cao0Opahajuu daxynrer, Yuusepsuret y beorpany, beorpan, Cpouja,

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

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

3opuua B. CranumupoBuh. 'eneTcku ajJropuTMu: o eBoJIylHje 10 ONTHMHU3ALKje
Karteznpa 3a HyMepHuKy MateMaTHKy M ONTHMH3aLHjy, MareMaTHuku (Gakynrer, Y HUBEP3UTET Y
Beorpany, beorpan, Cpbouja, E-anpeca: zoricast@matf.bg.ac.rs,

COCTAIL - KOKTEJI (approximately from 14:15-14:45h)
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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, Bymesap 3opama Pumhuha 81, 18 000 Huur, CpGuja,
mitkovic@gmail.com; www.mitkovic.net; www.mitkovicclinic.org

Murtkosuh b. MI/IJ'IOpa)Il u MutkoBuh M. Munan. O6e30ehnBame oNTUMAIHUX OHOJOLIKUX
U OMOMEXaHMYKHX yC/10Ba 32 3apacTambe H pereHepanujy KOITAHOT TKHBA

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

Degan Rakovi¢é. 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 TMCHXOCOMATCKY WHTerpaTHBHY
MeIMIMHY

Katenpa 3a MUKPOETIEKTPOHUKY U TEXHUUKY (pu3uKy, Enekrporexnuuku daxynrer

Vuusepsutet y beorpany, beorpan, 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.
YInstitute 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 Popovié-Maneski, Vance Bergeron, Amine Metani And Sebastian Mateo. ®ec 3a
6I/IIII/IKJH/BaM HAKOH MoBpeae KHIMEHE MOKIUHE.
'NTH-CAHY, Kne3 Muxauniosa 35/1V, Beorpaxa, Cpbuja, E-mail: lanapm13@gmail.com, web
page: http://www.itn.sanu.ac.rs

Dejan Mir¢ié. 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 KaradZi¢a 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
Kapanwha 66, Hosu I1azap, 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, Vinga Institute of Nuclear Sciences, Atomic Physics Laboratory, University of Belgrade, Belgrade, Serbia
Ana Mitrovié Jovanovié. 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 MurpoBuh-JoBanosuh. HHGepTHINTET Yy3POKOBAH CHHAPOMOM MOJHIHMCTHYHHX
jajunka u Tepamjcke MmoryhnocTn.

Memunuackn  dakynrer, YuuBep3uter |y  beorpaay, beorpan, Cpouja, E-mail:
anamitrovicjov@gmail.com

Ana D. Stanojevic’l, Vladimir M. Markovi¢, Zeljko D. Cupi¢, Ljiljana Z. Kolar-Ani¢ and
Vladana B. Vukojevi¢. Mathematical modeling of testosterone-related differences in The
hypothalamic-pituitary-adrenal axis response to ethanol

University of Belgrade, Faculty of Physical Chemistry, Studentski trg 12-16, 11158 Belgrade,
Serbia, E-mails: ana.stanojevic@ffh.bg.ac.rs; vmarkovic@ffh.bg.ac.rs; Ikolar@ffh.bg.ac.rs

Amna JI. CTaHOjeBI/lhl, Bnamumup M. Mapkosuh, Xesbko [I. Yynuh, Jbubana 3. Konap-Anuh, u
Bnamana b. BykojeBuh. MaremMaTHdyko Moje/JMpamke YTHIAja TECTOCTEPOHA Ha OI3MB
HI0TAIAMO-XUIIO(U3HO-2/IPEHATHE 0Ce HA eTAHOJI.

Vuusep3uter y beorpamy, ®akynrer 3a ¢usnuky xemujy, Crymentcku Tpr 12-16, 11158
Beorpaz, Cpowuja. E-mails: ana.stanojevic@ffh.bg.ac.rs; vmarkovic@ffh.bg.ac.rs;
Ikolar@ffh.bg.ac.rs

Mihailo P. Lazarevié. 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 padyyHa y mMoAeaupamy U YNpPaBbaiby
(6uo)mMexaHHYKHX cHCTEMA

Manmucku @axynrer, Yausepsuret y beorpany, Kpamuue Mapuje 16, 11 120 Beorpag, e-mail:
mlazarevic@mas.bg.ac.rs,

Puro Korugal’z, Lidija Matija, Jelena Munc¢an, lvana 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 , Imatija@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'?, Jlummja Maruja, Jenema Myuhan, Weama Muneycunh, Bupana Jlyunh.
®udoHaYNjeBH CUTHAJIM Y OMOMOJIeKYJIapHUM CHCTEMUMA:CHHEPIHja CTPYKType, eHepruje
u uHopManuje JbYIACKOM y TeTy

"HamoJ1a6, BroMemMITHHCKO HMHKEHepCcTBO, MammHcku (akyiareT YHuBep3utera y beorpany,
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CELL RHEOMETRY WITH A NARROW-GAP ROTATIONAL RHEOMETER
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lInstitute of Fluid Mechanics
Friedrich-Alexander-Universitat Erlangen-Nurnberg (FAU)
Erlangen, Germany
E-mail: andreas.wierschem@fau.de, web page: www.lIstm.fau.de

2Faculty of Engineering

University of Kufa
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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 [OHANIAkhEe OHONOMIKKX helnja, CTEIeH BIX0BE aTXe3Hje 32
CYNCTpaT W BeNUUYUHY onrepeliera Koje MOry Ja mogHecy. Y OBY CBPXy CMO MOAHU(HKOBAIM KOMEPIIHjaTHH
peomerap na Ou HoOMIH MapajieiaHy KOH(GHrypalujy AUCKoBa ca nperm3Houhy ox oko lum, mro npeacTasiba
no6ospiname ca pakropom ox 30-100 y oxHOCy Ha KOMepLHjaiHe peomeTpe [1].

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

Jakie, henuje y Meaujymy cy GUKCHpaHe 3a IIode y BUAy MOHOCIIOja, a CTeNEeH IOKPUBEHOCTH u1oue henujama
je onpehena momohy diryopectenTHor Mukpockomna [2]. OBo omoryhaBa KBaHTH(HKAIK]y YTHIIAja JEKOBa 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
NPETXOJHOT U3Jarama fienuja MpUTUCKY Ha CKIIAIUIITehe 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
Mmerabonusam hemwje [3]. [Topen Tora, peomeTap oMoryhaBa OTKpHBambe cTeneHa hemunjcke atxesuje 3a CyrcTpar
Yy MeIMjyMy MaJjie BUCKO3HOCTH LITO je Of KJbYYHOT 3Hayaja 3a UMIUIaHTe 1 OHo(pUIMOBE.

Kibyune peun: Thenujcka peonoruja, JluHeapHa BHCKOENACTHYHOCT, YCKOKaHAIHM peoMeTap, hemmjcku
MOHOCJIO]j, TPaHNYHA aTXe3Hja, TpaHUYHO onTepehemse.
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BIOMECHANICAL PROPERTIES OF MESENCHYMAL STEM CELLS —ROLE IN
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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.

REFERENCES

[1] Trivanovi¢, D., Jaukovi¢, A., Popovi¢, B., Krsti¢, J., Mojsilovi¢, S., Oki¢-Djordjevi¢, 1., Kukolj, T.,
Obradovi¢, H., Santibanez, J.F., Bugarski, D. (2015), “Mesenchymal stem cells of different origin:
Comparative evaluation of proliferative capacity, telomere length and pluripotency marker expression,”
Life Sci. 15, pp. 61-73.

[2] Hao, J., Zhang, Y., Jing, D., Shen, Y. Tang, G. Huang, S. Zhao, Z. (2015),
“Mechanobiology of mesenchymal stem cells: Perspective into mechanical induction of MSC fate,” Acta
Biomater. 20, pp. 1-9.

[3] Chen, Y.Q. Liu, Y.S, Liu, Y.A., Wu, Y.C., Del Alamo, J.C., Chiou, A., Lee, OK. (2016) “Bio-
chemical and physical characterizations of mesenchymal stromal cells along the timecourse of directed diff
erentiation,” Sci Rep. 16, pp. 31547.

10



70 years of the Mathematical Institute of SASA, Belgrade, Serbia
Mini-symposium “ Biomechanics and Modelling of Biological Systems”
Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016

BUOMEXAHNYKE OCOBUMHE ME3EHXNUMCKUX MATHUYHUX REJINJA —
YJOT'A Y PETEHEPAIINJU TKUBA

A JayKOBﬂhl, A TpuBaHOBnhl, T. KyKOJ‘bl, A Byrapclml

1J'IaGopaTopMja 3a eKCIIEPUMEHTAIIHY XEeMAaTOoJI0THjy U MaTu4He henuje
WHCTHUTYT 32 MEIUIIMHCKA UCTPaXKHBatbha, Y HUBep3uTeT y beorpany,
Beorpax, Cpbuja
E-mail: aleksandra@imi.bg.ac.rs, web page: www.imi.bg.ac.rs

AIICTPAKT

Mesenxumcke maruyne hemmje (MMR) npumanajy momysiandju agyITHAX MaTHYHHX helnja CTPOMATHOT
Mopekiia Koje MMajy BaXHY YIOTY Yy XOMEOCTa3d TKUBAa. 3axBasbyjylin CBOM MOTEHIHjally CaMOOOHOBE H
KanamuTeTy OCTEOreHe, aiuroreHe u xoHaporexe mudpepenunjaumje [1], MMA ce cmaTpajy MmorogHuM 3a
NpUMEHY Y pereHepaTuBHOj MeAuHU. Mel)yTum, ycrocraBibame Npelu3Ho yeMepene audepernujaiuje MMh
NpencTaB/ba BEJIMKH H3a30B, C 003MpOM Ja MexaHu3Mu peryiamuje ¢yHkimja MMTA Hucy 10BOJBHO
pasjaimbeHu.

bpojHa ucTpaxuBama yKasyjy Ha BaXHy YOIy MEXaHHYKHX CHTHAala Y perylanyji yCMEpeHe
mudepennnjaimje MMA. [open Tora mro je yTBphjeHO Aa CHoJballtbi MEXaHUYKH CUTHAIH (MPOTOK TEYHOCTH,
HAIoH) WHAYKYyjy octereHesy MMM, nokaszaHo je na audepenuujarja MM y pasnuunte henujcke jo3e
3aBHCH OJ MEXaHHYKHX OCOOHMHA EKCTpALeNyJlapHOT MaTpukca (Tomorpadwja, KpyTOCT), NMPH 4YeMy BelHKa
KpyroctT (aBopu3yje OCTeOreHesy, a MeKumle mogiore ajgumoreHesy [2]. Axxesmja mnocpemoBana
TpaHCMEMOpPaHCKUM IIPOTEeHHUMa — HHTETPUHUMA, TIOBE3aHUM ca CTPyKTypama IuTockenera, omoryhyje MMh
Jla IETeKTYjy MeXaHn4Ke OCOOMHE MAaTPHUKCA U CTBApajy KOHTPAKTHIIHE CUJIE HHTEPAKIMjOM aKTHHA U MMO3UHA.
Oge cuite oapelhyjy mopdonorujy henuja u yruay Ha BUXOBY anxe3uBHOCT. [lopen Tora, oHe ce mpeHoce Ha
HYKJIEYC, KOjH je MOBE3aH Ca MUTOCKICTOM, MOIyIuInyir OpraHu3anujy XpOMaTHHA W TPAHCKPHIIH]y TeHa.
IIpeHoC MeXaHMYKUX CHIIAa 3aBUCH M OJ BHCKOEIaCTHYHMX ocobOuHa henuja. HenaBHa ctyamja je mokasana na y
carJacHOCTH ca NMpoMeHama ajaxesuBHoctu/mmrockenera MM TokoMm octeorenese, henmuje mocrajy kpyhe u
BICKO3HE, IOK TOKOM aJIUIIOTE€HEe3¢e 0CTajy Mekie [3].

V3ydaBama CHUTHAIHMX IIyTeBa KOHTPOJIMCAHMX MEXaHMYKUM CHUTHaIMMa Cy YyKasaja Ha 3Hayaj
FAK/Rho/ROCK curHanse xackajge, ka0 M MEXaHMYKHM CHTHAJIMMa peryiucaHor Tpancmopra YAP/TAZ
TPAaHCKPUIIMOHKUX (akTopa u3Mely jeapa M LUTOIUIA3Me, Y perylaldju KOHTPAKTHIHOCTH IHMTOCKENeTa U
yemepeHoj audeperuujannju MM, C 063upom 1a MexaHu3Mu perynanuje Onomexanuukux ocobuna MM y
KOHTEKCTY pereHepanyje TKHBa HHUCY Y IOTIYHOCTH Ae(UHHUCAHH, HEONXOAHO je KPO3 MYJITHAMUCHUMIUTMHAPHU
MPUCTYI YHATIPEAUTH U3yYaBambe HHTEPAKIHje OMOXEMUjCKHX 1 OMOMEXaHUYKUX CHIHAJIA y eKCIIEPUMEHTATHUM
MoemMa Koju 60Jbe moipakasajy in Vivo mukpocpenutay MMA.

Kibyune peun: Mesenxumcke marnuHe henuje, Ycmepena mudepenuujanuja, bruomexanuuke ocoOHHE,
Iurockener, Konrpakriine cusie, CHrHaiHa TpaHCAYKIHja.
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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 oaroBapajyhux henmja, TKMBHMX ckadoiga M peryjgaTOpHHX CHTHAJla y CBPXY 3aMEHe,
ycnocrapJbama, 00HaBJbakha WM NMOOOJbIIAkA OHOJONMIKE (YHKIHMje TKMBAa U OpraHa. TKUBHO HHXEHESPCTBO
HYAX MHOTOOpOjHA pelieikha y pereHepaTHBHO] MEIUIMHU 3a YCIEUIaH TPETMaH MalldjeHTa, Mamby TpayMy H
JaKIe Npoueaype, alkd ¥ Hyau Mojele 3a (yHIaMeHTalHa HCTpaKMBamba O YJIO3M CBAaKe OJl TPH OCHOBHE
KOMIIOHEHTE HHKCHEPHCAHOT 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 henmjama 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 MOTy KOPUCTHUTH Kao H3BOP OCTEONpPOreHMTOpHuX henuja. PasHu dakropu pacrta cy
WHCTPYKTUBHU CHTHAJIM 3a ycMepaBambe henuja y nudepeHToBamy U IeTepMUHKCARBY MMOHAIIama y GOpMUPAY
U OJprKamby CTPYKType U (DYHKLHjE TKHBA KOCTH. Y HALIUM HCTPAXHBamBHMa CMO KOMOMHOBAIY pasHe in Vivo u
in vitro mMozierne 3a MCIUTHBAKE YIIOTE TOjeIMHIX KOMIIOHEHTH TPHjajie Y HHXCHEePCTBY KocTH. buomarepujaie
Ha Oa3m kamuujym ¢docdaTa CMO KOPHUCTHIM KAao 3aMEHHMKE KOCTH HMIUIAHTHpajyhinm WX came WiIH Kao
KOMITOHCHTE MMIUIAHTa Ja OMCMO HCTPaKHMBAIH HHXOBE OHONIOIIKE KapaKTepHCTHUKE. Me3eHXHMMCKE MaTHYHEe
henuje W30/0BaHe M3 MAcHOT TKMBAa CMO HMHIyKOBalH iN Vitro y ocreoreHe mian eHporeiHe hemwje wim cy
NpUMeBUBaHe Kao CBEXE M30JI0BaHA CTPOMalHa BacKyiapHa (pakiuuja u3 MacHor TKuBa. [lnazma oborahena
TPOMOOLIMTHMA, KPBHH YrpyLIaK U MaKpodart Mory ka0 KOMIIOHEHTa HHKSHEPHCAHOT UMIUIAHTA J1a CITyXKe Kao
U3BOP pErylaTopHuX (akTopa Yy KPEHpPAaHOM HMIUIAHTY. IIpMMEHOM pas3iIMYUTHX METOZAa aHaJu3e
MHXEHEPUCAHNX HMMIUIaHaTa, Kao INTO CYy MHKPOCKOIICKE M aHalli3a CKCIpPecHje I'eHa MapKepa, MOXe ce
MPOLICHUTH YCIIEIIHOCT y HUXOBO] MOTEHIMjAIHOj MPUMEHH, Ka0 M yjora CBake MOjeJIMHaYHe KOMIOHEHTE
UMILIaHTA.

Kibyune peun: TkuBHO HHXeHBepCTBO KocTd, Marnune henuje, buomatepujamu, MmianT.

JIMTEPATYPA

[1] Najdanovi¢, J.G., Cvetkovi¢, V.J., Stojanovi¢, S., Vukeli¢-Nikoli¢ M.D., Caki¢-MiloZevi¢, M.M, Zivkovié
JM., Najman, S.J. (2016), “Effects of bone tissue engineering triad components on vascularization process:
comparative gene expression and histological evaluation in an ectopic bone-forming model” Biotechnology
& Biotechnological Equipment 30(6), pp. 1122-1131.

[2] Cvetkovi¢, V.J., Ngidanovi¢, J,G., Vukeli¢-Nikoli¢, M.D., Stojanovié, S., Ngjman, S.J. (2015), “Osteogenic
potential of in vitro osteo-induced adipose-derived mesenchymal stem cells combined with platelet-rich
plasmain an ectopic model”, International Orthopaedics 39(11), pp. 2173-2180.

[3] Najman, S., Cvetkovi¢, V., Najdanovi¢, J., Stojanovié, S., Vukeli¢-Nikoli¢, M., Vuckovi¢, 1., Petrovi¢, D.

(2016), “Ectopic osteogenic capacity of freshly isolated adipose-derived stromal vascular fraction cells

supported with platelet-rich plasma: a simulation of intraoperative procedure” Journal of Cranio-Maxillofacial

Surgery 44(10), pp. 1750-1760

13



70 years of the Mathematical Institute of SASA, Belgrade, Serbia
Mini-symposium “ Biomechanics and Modelling of Biological Systems”
Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016

APPLICATION OF IN VITRO CELL MODELS IN TISSUE ENGINEERING

Sanja Stojanovi¢ and Stevo Najman

Department for Cell and Tissue Engineering

Faculty of Medicine, University of Ni§
Ni§, Serbia
E-mail: s.sanja88@gmail.com

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
norpebe 3a 3aMEHOM M pernapandjoM TKHBA Y PEreHepPaTHBHO] MEAMLMHHU. 3a KPeHpambe HHKCHEPHCAHUX
OuoJIOIKKX TKUBA iN Vitro, moTpeOHO je koMOuHOBaTH GHoMmarepujan y ¢dopmu 3] cxadonna, hemuje n
perynaropHe curHajie. [IpBu Kopak y TKMBHOM HHXCHEPCTBY je onabup oaroBapajylier marepujana 3a
npousBoamy 31 ckadoinma. Marepujan ox uHTepeca Mopa Ja uctiyHu oxpeljere ycnose. [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 MMIUIAaHTUPaH, HUTH yYTHIATU Ha BUXOBE OCHOBHE (yHKIMje Ha OUIO
KOji HauuH. Pa3nuuuTy TECTOBH Ce KOPHCTE 3a MCIHMTHUBAIE MMOTEHIIM]ATHO IITETHOT JICjCTBa MaTepHjaia Kao
mTo Cy TECTOBH IMUTOTOKCUYHOCTH u IF'CHOTOKCHYHOCTH. Hcto Taxko, BpJIO BaXXaH aCIICKT je
UMYHOKOMITATHOMIIHOCT UCHHMTHBAHOT Marepujana. Opabup henuja 3a oBe TecTOBE 3aBUCH O]l IOTECHIIMjaIHE
NpUMEHe KOHCTPYHMCaHOT ckadoiga. YTIJIaBHOM C€ KOPHUCTE JBOJMUMEH3UOHAIHHM NENHjCKH CHCTEMH WIN
jennocinojHe henujcke Kynrype. Kanma ce mokaxe aa je mMatepujai o HHTEpeca OMOKOMMaTHOMIaH, MOTpebHa Cy
lajba WCIUTHBAKAa HETOBUX KAPAaKTCPHCTHKA M IOHANIAWka y JKHBOM cHCTeMy. J[pyrd KpHUTEpHjyM Koju
MaTepHjal o]l HHTepeca Mopa Ja HCIIYHH je Ja IOAPXKHU pasnmdure hemmjcke QyHKIMje Kao MTO Cy agxesuja,
Murpamuja, nponudepanuja u qudepeHurjanuja. 3a oBa TectHpama, nopes 2/1 henujckux cucrema, Takohe ce
xopucre u 3JI cucremu henujckux kynarypa. Kajga cy u3BplueHa cBa OBa MCIUTUBAMKa, TKMBHM ckadoiau
HAMEHEHU 32 yNoTpely y pereHepaTHBHOj MEIULUHI MOry OuTH KoHCcTpyucaHu. Kao henmnjcka koMmnoneHnra y
TKABHOM HHKEHEPCTBY, MaTH4He Nenuje U3 pa3inuuTiX H3BOPa Cy Yy HIMPOKO]j yIOTpeOu. Y mocieame Bpeme je
yrnotpeba aJyITHUX MaTHYHUX hienuja, kao mro cy MatuuHe henuje 100MjeHe U3 MAaCHOT TKHMBA, U HHAYKOBaHUX
IUTypPUIIOTEHTHUX helrja BpJIo MOITynapHa U MaKha UCTPAXKIBAYA je yCMEPeHa Ka TOM HOAPYYjy.

Kibyune peun: TkuBHO HHKemBepcTBO, hennje, Marepujamu, Cradonam, in Vitro hemmjcku Mogenn.
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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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AIICTPAKT

Pasnuunte (U3MONOMIKA CUTHAII CE€ MOTY PETHCTPOBATH WM aHAIM3HPATH y MEAWIMHCKE IHjarOHOCTHKE
CBpXE Kao W 3a BaluAalujy oArosapajyhnx OHOMEXaHHYKHX Mojesa. 3a JeTajbHy IHjarHOCTHKY ciiabocTu
KapIHOBacKyJIAPHOT CHCTEMa O] 3aHadaja Cy CHIHAIM Kao IITO cy myicHU mpurtucak P(t), nmHeapHa Op3uHa
kperama kpeu V(t) kao u ocimnanmje qujamerpa KpBHuX cynosa d(t), mietusmorpadcke U peoomke KpUBYIbe
KOje OINCYjy Mymeme KPBHUX CymoBa. lloKa3amo ce Ja PErHMCTPOBAHM CHTHATIH I0Ka3jy DPHUTMHUKY
KBa3UperyJapHy AMHAMHKY, JIOK je XaOTHYHA JUHAMHKA MEPEHHX CHTHala HPHUCyTHa y peHanHoM [1] u
KOPOHapHOM KPBOTPOKy [2], kpBoTOKY mpcrnjy make [3], morum cucremckuMm aprepujama [4] u aprepujama
yHyTpammux opraHa [5]. Mako ce XaoTH4HO TMOHAIIAWme cpyaHe KOHTpakuuje (BapjabWiIHOCT CpyaHe
(pekBeHnHje) cMaTpa 3HAKOM 3IPaBOr CPILIA, XaOTHYHA IMHAMHKA KPBOTOKA MOXE OWTH MOBE3aHA Ca BHCOKOM
nonycribuBoihy 3u10Ba KPBHUX CynoBa (aHeypu3Me, BapHjalje y3pOKOBAHE y3pacToM), AyOOKOM BEHCKOM
TpoMOO030M WM JpyruM marosorujama [6].

V oBoM pazny he 6GuTH MpHKa3aH KpaTak Mperjea JMHEapu30BaHUX M XaOTHYHHUX MOJEIA JbYACKOT KPBOTOKA.
Pa3marpaHu cy HOBU IPHCTYNH y BHILCCKaJHOM MOJCIOBAambY JbYJACKOI KPBOTOKA KOjU CE€ 3aCHHBAjy Ha
KOMOWMHAIN]H MOJIENa ¥ TPAaHNYHHUX ycioBa. Ha MepeHNM monarmMa IoKasaH je 3Hauaj HeMMHeApHUX MOJiela i
peliema Koja MOKa3ujy MeKy HejmHeapHocT 3a aHanmsupane P(t), V(t), d(t) curname. Cnnuan npoGiem je
pa3MaTpaH U y JUajTHOCTHIM M GHOMEXaHHYKOM TyMauewy moctyporpadckux kpusyssa [7,8]. Buhe npukasan u
MO/IEJT JBY/CKOT Tejla Kao MHBEPTHOT KJIATHA Ca JIMHeapPHUM/HEIHHEeapHIM BHCKOCIACTHIHIM OIIpyraMa.

Kibyune peun:buomexannka, KBasuperynapHa qumanuka, /lunamuka xaoca, Henmreapan mogen..
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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
npobiemu nocrany pemusy. Mnak, jenna kiaca npo6ieMa, ca jeHocTaBHUM (GopMyJalyjamMa 1 jeJHOCTaBHUM
aITOPUTMHUMA 3a pellaBamke, OCTaje HemspauyHpuBa. KomOuHaTopHH mpobiemu momyt 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 caBlalaBarbe TAKBHX IpobiieMa je MoHTe-
Kapno meron wiam criyvajHa mperpara, ajad OH 3aXTeBa MHOTO M3pauyHaBama O0jeKTHE (YHKIHje y3 CKPOMHE
pesynrare. Boljena ciyuajua mperpara, rie ce NpeTXOIHU Pe3yITaTH KOopHCcTe Aa yeMepe Oyayhy mpetpary, je
obehaBajyha, anu je nemoryhe Hahu xeypucruky koja 6u 6una 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 Jo0po 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 JIpyTe CIMYHE METaXCypUCTHKE MHCIHPUCAHE PA3HUM IIPHPOTHIM
mporecuMa. BakHa rpaHa TakBUX ajiropuTaMa je WHTENIUreHuuja pojeBa. To je momymanuoHo Oa3zupaHa
CTOXaCTWYKa MpeTpara Koja CHMYJIMpa pOjeBE jEAHOCTABHUX arcHaTa KOjH HCIIOJbaBajy KOJICKTHBHY
UHTEIMTeHIMjy. JelaH o] HajpaHUjUX alropuTaMa HHTEIUreHIMje pojeBa jeé ONTHMH3alMja MpPaBJbUM
KOJIOHHjaMa, yBeZieHa oA JlopHra IeBeneceTHx roAuHa npouuior Beka. OHa CHMyJIHpa Ha4UH Ha KOjH MpaBH, 6e3
WHIUBHYaJHE WHTEIHWICHIMje, MpOoHajda3e Hajkpahin myT AeNOHOBameM XeMHKaluje 3BaHe (EpOMOH Koja
ucriapaBa Ia IIOCTaje Haju3pakeHWja IyK Hajkpahe crase. AKO ce OKOJIMHA IIPOMEHH, CHCTeM ce Op30
npuiarol)asa HOBOj CHUTyallMju W NpOHala3uW HOBU Hajkpahu myr. Y oBoM mpenaBamy Ouhe mpencraBibeHO
HEKOJIMKO HAIIMX YCIEIIHUX NMPUMEHa ONTHMHU3AlMje MPaB/bUM KOJOHHjaMa Ha Heke rpadoBcke npodieme. Tu
PamoBH NMPUBYKIIM Cy MKy M OHOJIOra KOje Cy MHCIMPHCANH 1A IOKYIIajy OOpHYT Ipoliec: Ha OCHOBY HAIIUX
HOJCIIaBakba y MAaTeMaTHYKOM MOJIEIy OHU Cy HCTPaKHBAIIM OAroBapajyhie IOHaIIame y IPUPOIU ca IIPaBUM
MpaBHMa.

Kibyune peun: OnTuMusanuja MpaBJbEM KoJOHHjaMa, MHrenureHnumja pojeBa, Temku ONTUMH3aIHMOHU
npobiemu, ['padoBcku npobiiemu.
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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

Onrumusanuja kojdonujom muena (eng. Bee Colony Optimization (BCO)) je MeTaxeypHCTHYKH alropuTaM
MHCIIMPHCAH TPHPOIOM KOjU C€ KOPHCTH 3a pellaBame TEIIKHX MpodiieMa komMOuHaTopHe ontummsaiuje. BCO
anropuTaM je 6asupaH Ha BEIUTAYKHM ITYeJlaMa KOje TMPETpaxyjy MPOCTOp AOMYCTHBUX pPEIICHa ca UJbEM Aa
npoHally ONTHMAaJHO peliemhe pa3MmarpaHor mnpobiieMa. Bemrtauke myesne HpeTpakyjy MPOCTOP OIYCTHUBHX
peliersa Ha CIMYaH HAYMH Kao INTO MYele y HPHUPOAM BpIIe MOTpary 3a xpaHoMm (HEeKTapom). Y OBOM
UCTPaXMBalby MOKYLIAIA CMO Jia MoMohy Meraxeypuctuke OnrtuMu3aiuja KOJIOHHjOM IT4ena perMo npodiem
oJpeliBama TOJETHHO-CIICTHAX CTa3a W BPeMeHa clietama aBrona (eng. Aircraft Landing Problem (ALP)). V
pa3MaTpaHoM mpoOieMy HOTPEOHO je 3a CBaKHM aBHOH OAPEAUTH IOJIETHO-CIICTHY cTa3y Kojy hie KopucTuTu npu
clieTamy, Kao ¥ BheoroBo BpeMe ClieTama, y3uMajyiin y 003up MUHUMAJHE 103BOJbEHE BPEMEHCKE pa3Make Mpu
cierabuMa aBuoHa. Liuss y ALP npoGniemy je 1a ce MUHUMHU3Mpa YKYITHO OJCTYIName o1 Je(GUHUCAHUX BpeMeHa
crerama aBuOHA. TecTHpama MNPEUIOKEHOr aNrOpUTMa Cy H3BpIICHA Ha NpuUMepuMa u3 Juteparype. Ha
npuMeprMa Maaux auMensuja (ca 10 mo 50 aBuona u HajBuiie 4 monetHo-cietHe crase), BCO anropuram je
BeoMa Op30 Hajla3uo onTHMaiHa periema. 3a npumepe ca 100 no 500 aBuoHa, u HajBUILIE 5 MOJIETHO-CIETHUX
CTa3a, NPEIJIOKEHH AITOPUTAM j€ HAIlla0 HEKOJIMKO OOJBHX pellieha O 0 Taaa HajOO0JbHX MO3HATHUX.

Kibyune peun: OntuMusanyja KoJoHHjoM muena, [Ipobnem ompelhuBama MONETHO-CIETHUX CTa3a M BpeMeHa
clieTamba 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

IMojam renerckor anroput™a (I'A) npsu je yBeo Xonaua y cBojoj Kibusu u3 1975.roauHe Koja ce 6aBu TEOPUjoM
ajantuBHUX cuctema [4]. Xonanz je nmpoy4aBao Mpolec eBoylHje | npuiiarohaBama Ko IPUPOJHUX CHCTEMA
y Wby pa3Boja CHCTEMa BeIITaYKe HHTEIUICHIMje KOjU OIIOHANIAjy Moziele npuiarohasarma u3 npupone. Mako
Cy M paHHje MOCTOjaly 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
O] [IejcTBOM reHerckux oreparopa [1,5]. CBaka jequHka y HOIMyJIALHjH je IPEACTaBIbeHa TCHETCKUM KOJOM H
0JIrOBapa HEKOM pelICHY Y MPETPaAKHUBAYKOM IIPOCTOPY, M CBAKOj jeJMHKH ce Ha ojpel)eH HaumH momesbyje
(dyHkIMja TpHIaroheHoCTH Koja je MEepuIIo KBalIMTeTa jeJMHKE, OJHOCHO oaroBapajyher pemrema. IIpema
CTaHJapIHOM IpucTyny, 1wk ['A je na ce u3 reHepauuje y reHepauujy mo0oJblliaBa NMpUIIaroeHoCcT cBake
jeAUHKE y TOMyNalujH, Ka0 U CPe/iba MPUIIAroleHOCT IieNe MOIyJIalyje, Y3aCTOIHOM HMPHMEHOM TI'€HETCKUX
orepaTopa: CelieKluje, YKpIITama H MyTalldje, CBE J0 3a10BOJbCHa HEKOT KpUTEpUjyMa 3aycTaBibama. ['A je
mocrana IIMPOKO mHpuxBalieHa MeToja ONTHMHM3allMje 3a pellaBame pPasHUX MpoblieMa KOjH NOTHYY U3
HajpasIuYuTHjUX 0o0JacTH >kuBoTa W Hayke [2,3]. VY nmreparypm ce mMmoKasama Kao BeOMa YyCIEIIaH
METaxeypucTHUKM TNpHCTyn 3a pemaBame HII-remkux mnpobnema KOMOMHATOpDHE M KOHTHHYalHE
onTHMHU3alMje, MoceOHO y ciydajeBuMa mpoOiemMa BENMKHX IMMEH3Mja KOjU Cy BaH JloMalllaja er3akTHHX
Merona. JlaHac NOCTOjH BeNWKH Opoj pajoBa U KmUra Koje ce 6aBe OBOM METOAOM, Ka0 U YACOIMCH U
koH(pepeHuuje cnennjann3oBanu 3a ['A.

VY oBom u3naramy Ouhe npecraBbeHH OCHOBHHM M HampeaHu kouentu A, ca moceGHUM OCBPTOM Ha YJIOTY U
THIIOBE T'€HETCKUX ONEpaTopa, Kao M OCTAIMX OWTHUX acliekaTa, Kao LITO Cy HAuyWH KoJupama, (yHKIHja
npuiIarol)eHoCTH, MoJMTHKAa 3aMeHe reHeparwuja, uta. Konment A he Outu wmiaycTpoBaH NpUMEHOM Ha
Hekonuko HIT-Temkux AMCKpeTHHX JIoKalujckux mpobiema. OBH MpoOIeMH UMajy BeIHKHA HPAKTUYHU 3HAYa] y
OpojHUM oOnacTHMa, Kao IITO Cy ONTHMH3allMja TPOLIKOBA TPAHCIIOPTA, AU3AjHUPALE TEIEKOMYHHMKALU]CKUX
MpeKa, ONTHMH3alMja Mpexa CHaOeBaba, XUTHUX CIIY)KOU, CATEIUTCKUX CUCTEMa, pauyHapCKHX MpPEXa, HTI.
VY mpakcu, OBakBe Mpeke MOApa3yMeBajy BEIUKH OpOj YBOpPOBA, T€ er3akTHE METOJE YeCTO He MOTY [a Jajy
OITHMAJIHA PelLICHha 3a PealHe HHCTAHIe NpobiieMa y AOIJICIHOM BPEMEHY H3BpILIABamka, a BPJIO YECTO HE MOTY
Ja 1oOHjy Yak HH JOIYCTHBO PELICH:E yCJe] OrpaHHYeHa BPEMEHCKHX M MEMOPHjCKHX pecypca. 3aTo je of
BEJIIMKOT MPaKTHYHOT 3Havaja pa3Boj ['A mpuiaroljeHnx KapakTepucThkama mpobiemMa Koju Jaajy
BUCOKOKBAJIMTEHTHA WJIM ONITUMAJIHA PELIeHa Y KPATKOM BPEMEHY U3BpILIABaba.

Kbyuyne peun: IIpobnemu ontumusauuje, Juckpernu okauujcku npobiemu, Esonmyuwmja, 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 NiS 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 NiS 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 onTumMaaHu OHONONMIKK U OHOMEXaHMYKH YCIIOBH jOII YBEK HUCY MPELH3HO Ae(pUuHICaAHN.

wp oBOr paja je Aa ce NMpUKaxy pe3yaTatH u gocturiyha y nmomahum u melynaponHum naboparopujama u
KJIMHAKaMa Ha [0JbY 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 MPHUPOAHKUX KocTHjy. Kao Marepujan kopuiheHe cy cepuje eKClepUMEHTAIHUX JKUBOTHEbA 3aTUM
CTaHAApJHU U HEJABHO Pa3BHjeHH MMIUIAHTATH Kao M CEpHje MalijeHaTa Ha KOjuMa Cy TH MEIULIUHCKU ypehaju
NpUMEHUBaHH. XUPYPILIKE HHTEPBEHIM]E Ha )KUBOTHIbaMa 00aBJbeHE CY Y EKCIIEPUMEHTAIHIM Jlaboparopujama
y Humy u HoBom Canmy. BuomexaHumuka HMCTpakKMBara y30paKa >KHBOTHI»A (ONEpucaHe KOCTH) Ouna cy
u3BeneHa y nabopaTopujama MamnHcKor ¢dakyntera y Humy u y AO uncturyry y Hasocy (IIBajuapcka). ¥V
HorJieAy KIMHMYKOT MarepHjajia aHajlu3upaHe Cy cepuje mauujeHara u3 Humia u 5 Apyrux OpTOHeAcKo -
TPayMaTOJIOIIKUX LEHTapa. Y pe3yiraTiMa je MOKa3aHO 1a OYyBame LHUPKYJAlHje KPBH MIPa BPJIO BEIHMKY
yJIOry y 3apacTamy KocTHjy. buomexanmuke kapaktepuctuke ypehaja ca ypaBHoTexxeHom 3J] crabumHoinhy
00e36ehyjy MHOTO O0JbE YCIIOBE 3a 3apacTame KocTHjy. Takolje je mokaszaHo Ja 1oJjaTHe 0OcOOMHE MMIUIAHTaTa 1
ypebhaja, kao mITo je akcujarHa TUHAMH3AIH]ja, CY BPJIO BaXKHHU 3a moBeliambe MPOIEHTA YCIEIHOCTH 3apacTama
koctHjy. buno je morBpheHo u na ypaBHoTexkeHa 3]] crabuimHOCT Bou Ka 00JbeM 3apacTamy npesioMa u 00Jb0j
HPOM3BOKBU KOIITAHOT TKUBA Tj. 0OJBOj pereHepaldju KOLITAaHOT TKHBA 3a BPEME NPOAYKaBama KOCTHjY U
KOpekLHjama 1eopMUTETa.

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

Kibyune peun: Cnossna dukcanuja, YHyrpamma Gukcanuja, Mmianrary, 3apactame KocTy, [pomykeme
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 mpe3eHTalMje je KBaHTHO-HH(POPMALMOHH X0Jorpad)cku XON(UIIOBCKH OKBHP 32 MHTEIPATUBHY
ricuxocoMatrky. OBoO je oj] moceOHOr 3Ha4aja 300r MIMpe NPUMEHE HHTErPATUBHE MEIUIMHE Y PA3BUjCHUM 3eMJbama,
TIOIITO CaBPEMEHA NCTPAKUBAHa TICHXOCOMATCKUX 0OJIECTH YKa3yjy Ha HEOMXOHOCT MPUMEHE XOIUCTHYKAX METO/IA,
OpHjCHTHCAHKX HA JIEUCHE YOBEKa Kao IIe/IMHE a He OOJIeCTH Kao cuMnToMa ropemehiaja oBe LeinHe, MMILTHIMpajyhin
FHXOBO MaKPOCKOIICKO KBAaHTHO MOPEKIIO. Y (hOKYCY OBUX XOIUCTHYKUX METOJIA jeCy TENIECHU aKyIlyHKTYPHH CHCTEM
M CBECT — KOjH Ka0 MaKpOCKOIICKM KBaHTHH OwocucteMu uMajy ((byHzmameHTanHo!) KBaHTHO-HH(MOPMAIHOHY
cTpykTypy Xomorpadcke XonduiamoBe acoupjaTHBHE HEYpOHCKE Mpexke, y OkBupy (DejHMaHOBE MPOMaraTtopcke
Bep3Hje KBaHTHE MEXaHUKe. YHyTap OBOTI KBAaHTHO-MH(OPMAILIMOHOT OKBHpA, MOTyhe je mocMaTpaTé CHXOCOMATCKU
3IpaBO KBAHTHO CTame (AKyIIyHKTYpHOT CHCTeMa / CBECTH) Kao HajjeJHOCTaBHHj¢ MH(QOPMAIMOHO CTAae HAjHIDKE
KBaHTHE CHTpOMHje (Ca jeIHMM MEMOPHUjCKHM aTpaKTopoM), a MICHXOCOMATCKH TopeMelicHa CTamba Kao CIIOXKEeHHja
CTama BHUIIE KBAHTHE eHTpomuje (ca JomaTHUM OOYHHM MEMOpHjCKMM atpaktopuma). OHga OW, Y KOHTEKCTY
XOJIUCTHYKHX TPUCTYNA U TEXHUKA 0a3upaHuX Ha aKyIyHKTYpH M cBecTH [1-3], HUXOB LH/b OWIO0 OHOPE30HAHTHO
noOyhuBare IMIbAaHUX MAIMATOPHO-OO0MHKX / TICHXONIOMIKA-TPAYMATCKIX MEMOPH]CKUX aTPaKTopa aKyIyHKTYPHOT
cucrema / cecr. To oMoryhaBa jia MOYETHH MEMOPHJCKH aTPAaKTOPH IICHMXOCOMATCKH mopemeheHnx crama Oyiy
jemaH Mo jeJaH pe30HaHTHO MMOOyhuBaHM (CIMYHO TOCTYIIKY OJIPEBara y BELITAYKMM HEYPOHCKHM MpeKama),
noctajyhu rumhu 1 mmpH (M KOHAYHO YKIIOKCHHU) Ha padyyH MpoayObiBamba (€HepreTCKH-I0MUHAHTHOT) MEMOPH)CKOT
aTpakTopa IICHXOCOMATCKH 3/IPaBOT CTarba (aKyIyHKTYPHO MAIIATOPHO Ge300ITHOT MITH MICHXOJIOIIKA HETPAyMAaTCKOT).
Jlakie, nmpUMeHa TCHXOCOMATCKHX Tepardja MPUPOIHO CMambyje eHTporwjy (nerpanandjy), OAHOCHO moBehasa
nHbopMaiyjy (opraHusarmjy) MaKpoOCKOICKOT KBaHTHOT IICMXOCOMATCKOI' CHCTEMa, ia OU ce OHJa TO CTarbe MOIIO
KBAHTHO-XOJIOTPa()CKM MPOjEKTOBATH HA HMKU KBaHTHO-XoJorpadcku henujcku HUBO, KOPHTYjylill Tako eKCIIpecHjy
reroma y Mmoporenesu (138. "downward causation"). Tako 61 ce CBU XOJMCTHYKH HPUCTYIIH U TEXHUKE OA3UpaHU Ha
aKyIyHKTYPH ¥ Ha CBECTH MOIJIA TPETHPATH Ka0 KBAHTHO-HH(OPMAIIHOHE Tepariije, HaMeTalheM HOBUX HCIIeIbyjyhnx
IPaHUYHUX YCIIOBA Y MPOCTOPY CHEPTHja-CTakbe aKyIYHKTYpHOT cuctema / cBectr. HaBeieHH MaKpPOCKOTICKH KBAHTHO-
uH(pOpMAIMOHN XoNorpadcku XON(UIIOBCKM OKBHP 33 MCHXOCOMATHKY MOra0 OM MMAaTH 3HAYajHE XOJHUCTHYKE
UMIUIMKALMje 32 00Jbe pa3yMeBame KBAaHTHO-XOJOrpa)CKUX MeXaHW3aMma IOBpaTHE KOHTpojie Yy MoporeHesu,
MPUMEHE UCLEbYjyNHX rpaHUYHHUX YCIIOBa Y MCHXOCOMATHLM Oa3HpaHOj Ha aKyIyHKTYpH M Ha cBecTd — Oauajyhu
HOBO CBETJIO ¥ Ha JYTO OTBOPEHE MPOoGJIeMe aKyITyHKTYPHOT CHCTEMA H CBECTH.

Kibyune peun: Ilcuxocomarrka, HTerpatnBHa MeuimHa, XonduigoBe KBAHTHO-Xoorpad)cke HEypoOHCKE 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

OynkuuoHanHa eiekrpuyHa crumynanuja (®EC) mnpexcraBiba NPUMEHY KpPAaTKOTPAjHUX CTPYjHHX HMITyJIca Ha
HeypoMuIlMhHe CrojeBe YMMe Ce TeHEepHIle KOHTPONIMCaHa KOHTpaKIMja MapaM30BaHUX MMIIMha KO KOjHX je OdyBaHa
uHepBauyja (QyHKUHOHAIHY croj ca HepBHUM cucteMoM) [1]. CTpyjHH UMITyICH ce IpeHOCe M3 CTUMYyJaTopa Ha TKHBO
nomMohy MOBPIIMHCKUX WIIM UMIUIAaHTHOMIHKX enekTpoaa. PEC ce KOpHCTH HAKOH LIIOra, MOBPEAe KUUMEHE MOMKIMHE HIIN
JpYrux OONECTH Koje pesyilryjy Napaiu3oM, Y LHJbY pexaOmINTalyje U HOHOBHOI yCIIOCTaBJbamba (YHKIMja Kao MTO Cy
XBAaTale U CTajame. Y KIMHUYKAM CTyAujaMa Cy IOKasaHH Tepanujcku edextu BexOama y3 OEC [2, 3, 4], te cy
aKTHBHOCTH CTajama, Omimiam3Ma u Becnama y3 ®EC yBenmenm y mporpame pexabuiauraruje. OCHOBHO OrpaHHYEHE
npuMeHe je Beoma Op30 3amapame muminha, MHOro Opke Hero mpu (hU3MONOIIKOj KOHTpakuuju [6, 7], U HemoBOJbHA
CEJICKTHBHOCT AaKTHBAIMje TPUMEHOM KOHBCHIMOHAJIHMX IIOBPIIMHCKHX €JEKTpoJa. Pelieme ce Tpaxu y HPUMEHH
[AMETHHX MAaTPUYHHX EIEKTPOJa ca BEIMKHM OpojeM MalHX IPOBOJHMX I0JbAa KOja Ce MOTY aKTHBHPATH CEKBEHIIUjaIHO
pajil ONITHMAIIHE aKTUBALHje HEypOMHUIIMIHOT TKHBA HCIOX BHX [8]. YOp3aHu TEeXHONOMIKH Pa3Boj je JOBEO 0 APACTHIHOT
CMamemha eJIeKTPOHCKUX KOMIIOHEHTH H yHampelhema MaTepujaga KOjH Ce KOPHUCTE 3a KOHCTPYHCAHh€ eIeKTPOJa HOBUX
TeHepalyja 1 MaJIHX CTHMYJIATOpa BEINKNX CHAra KOju MOry Ja ce Hoce Ha teny [9, 10]. Beoma BaxkaH acmeKT 3a MoCTU3abe
JKEeJBEHOT epekTa Bexbarba [P OKpeTamy Ilejala TPUIHKIA (afanTHpaHoT OUIMKIA 33 XCH/MKEIIMPAHE) je IPaBOBPEMEHO
aKTHBUPAWbE MOjeANHAYHUX Mulinha Ha HOrama y OZHOCY Ha IOJIOXaj IeJlana y CBAKOM TPeHyTKy. To yHocHu morpely 3a
OMOMEXaHHYKOM aHATM30M PasHMX Mumrha Koju yTHdy Ha (UIeKCHjy Kyka M KOJeHa (CBEHTYalHO M CKOYHOT 317100a)
aHaIM30M AuHamuke Tpunukia. Ckopuja nocrurHyha 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.
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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)
cpenunn mosehain Cy, MOCIACABUX TOINHA MHTEPEC HAyYHHMKA 33 MpOydaBame eekaTa MarHETHOT MOJba Ha
OuoJIoIIKe crcTeMe. MarHeTHO T0Jbe yTHYE Ha pacT U pa3Bulie, METabOINYKe IyTeBE, OPHjEHTALH]Y, CTPYKTYPY
1 GyHKIMjy IPOTEHHA, JIUMUIA U MeMOpaHa M TeHeTHYKU MaTeprjai. Unak, ehekTH ce Ha CBUM OpPraHM3MUMa,
Ma U MHCeKTHMa, Hajuemhe orienajy y mpoMeHama QyHKIMOHHUCAA HEYPOCHIOKPHHOT CHCTEMa M POLYKIIHjH
c1000JHUX pajIuKaa.

V HallkM HCTpaKMBambUMa HCIMTHBAH je e(eKaT akyTHOT M XPOHHYHOI JeoBama KoHCTaHTHOT (50
mT, 235 mT i 2,4 T) u npomemsuBor MaruetHor mosjsa (6 MT, 2 MT) Ha pa3anMunTe BPCTE HHCEKAaTa IPUMEHOM
MMYHOXUCTOXEMH]CKHX, XHCTOJIOUIKHX, OMOXEMHUjCKHX H APyrux MeToaa. KOHKPETHO, MCIUTHBAH je YTHUI]
MarHeTHOT 3payca Ha KOMIIOHGHTC aHTHOKCHIATHBHE OfOpaHe (CyHNEepOKCHA IUCMyTas3a, KaTajiasa, YKyIHH
[JIyTaTHOH), KOMIIOHCHTE aJallTHBHE BPEAHOCTH (MOPTAIMTET jaja, pa3BojHa AMHAMHUKA, Maca HUMQU, Tpajambe
MOCTEMOPHOHANHOT pa3Buha JIapBH, ¥ BUjaOMIIMTET jEJMHKH) KAaO M BEJIMYMHA HEYPOCEKPETOPHHUX HEYPOHA W
BHUXOBUX jenapa (mpororepedpaitu qop3omenujanad Al, meaujannu A2 u npoTouepeOpaIHy J0p30aTepaiHu
JI2 HeypoHM) KOJ HEKOJMKO Bpcra mHCekarta: Baculum extradentatum, Drosophila subobscura n Lymantria
dispar.

Pesyaratu Cy mokasaad Aa MPHCYCTBO KOHCTAHTHOI W IPOMEELHBOT MAarHETHOT I0Jba Y KMBOTHO]
CpPE/lMHH, HE3aBUCHO OJ jauHHe, JIOBOJE JI0 CMameha BUjaOMIHOCTH jeIMHKU U ckpahuBama Tpajama pa3uha
kox Drosophila subobscura u Baculum extradentatum. Bemnumna seypocekperoprux Al u A2 HeypoHa H
BHUXOBUX jemapa ce kox Lymantria dispar 3mauyajHo mosehaBajy nok ce BenuuuHa JI2 HEypoHa M H-UXOBHX
jemapa cMamyje. AKTHBHOCT KaTanase, CyNepOKCHA AUCMYyTa3e M KOJIMYMHA YKYIHOI [IyTaTHOHa ce, Takobe,
3HAYajHO MCHajy Y CTPECHUM YCJIOBHMA M3a3BaHUM IIPHCYCTBOM BEIITAYKOT MATHETHOT HOJba.

OBakBHM Hala3W HEJBOCMHUCIICHO MOKa3yjy Ja Cy MHCEKTH BUIIECTPYKO MOTOMHH MOJEI OPraHHU3MH 3a
HCTUTHBakhe edekara eleKTpoMarHeTHor 3araljera Ha OHONIOLIKE CHUCTeMe, Mpe cBera 300r CBOje BHCOKE
OCCTJBMBOCTH YaK U Ha MaJie IIPOMEHE HHTEH3UTETa JENOBaka MAarHeTHOT MOJba aau ¥ 360r MoryhHocti
JIeTeKTOBama e)ekaTa Ha CBIM HHBOMMA GHOJIOIIKE OpPraHU3alije — 01l GHOXEMHjCKOT 0 TOIMYIalHOHOT.

Kibyune peun: MarueTHo nojse, MHCEKTH, EnekrpoMaraeTHo 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

Curnpom nomurmetnaanx jajuauka (IIHOC) je MyATHCHCTEMCKH €HIOKPHHOJIOMIKH opemehiaj u jenan
o HajuemiinxX y3poKa OJIMFO0 M aHOBYJAIMje, & CaMHM THM jelaH OJ HajyemNux y3poKa HEIUIOAHOCTH.
XeTeporeHoCT OBOT CHHIPOMA OTEXaBa U TEPAIHjCKH MPUCTYI ¥ YHHU I'd KOMIUIEKCHHUM.
VY oBoM pany Ouhe npukazaHH TEpPaIlHjCKU MPOTOKOIU U CaBPEMEHE IPENOPOyKe y MHAYKIM]H OBYIANMje KO
uadeprumuanx [MOC nanujentkuma. MHayKIMja oBynamnuje moapa3yMeBa ABa OCHOBHA TePAIUjCcKa MPUCTYIIa:
MEIUKAMEHTO3HH W/WIM XHPYpLIKW. WMHHIMjaqHA Tepanuja je XWUTHjeHCKO JHjeTEeTCKH PEXHM, peayKiuja
TEJIECHE Mace KOJ| TOjasHHMX MNalujeHTKumba M noBehana ¢usmuka aktuBHOCT. [IpBa nmHUMja Tepanmje je
MHIYKIHja OBYJAlHje ca aHTHeCTPOreHoM KiomugeH nurpatoM. [lojenquHu ayTopu cyrepuiny T3B. ajijyBaHTHY
Tepamnujy y3 Tepamujy KiomMudeH UTpatoM H Hajuyemrhe ce Hpernopydyjy: MpeTpeTMaH ca KOMOWHOBaHUM
KOHTpALCITUBHUM MWIyJdama miM aHanosuma I'HPX, nexcamera3oH, 6pOMOKpUNTHH U Haj4elrhe MpUMEHHBAH
MmerdopmuH. Apomarasza muaxuOutopu (AU) ce cyrepuiny Kao alTepHATHBHA Teparija KIOMH(EH mUTpara, a
3HAYajHU Cy MOCEOHO y TpeTMaHy TMalMjeHTKHba ca MAaJUTHOM OOJIeCTH M Tpe3epBauujoM (epTunuTera.
Wunykuuja oyianuje ronagorponuanma (OCX camocranno win y komOunauuju ca JIX) je apyra tepanujcka
JIMHUja U ald HOCH PHU3HK OJl OBapHjalHe XUIICPCTUMYNanuje. Y pamy Cy IOCEOHO HarJIalleHH NPEJHOCTH U
HeJI0CTall CBaKe MpenopyueHe Tepanuje, IpoTOKOIM U IpenopydyeHe fo3e. [Ipenopydyje aa ce roHag0TpONUHU
OpAMHMPAjy y HHCKUM Jo03ama U To Oe3 moBehama o3¢ y TOKy 14 naHa Ko MPBOT IMKYJCa CTUMYJALHje.
Hajuemhe ce npuMemyjy Step up miu step down mpoToxoi.
On XupypHmKux MeTojJa HHIYKIHje OBynamuje kon manujeHTknma ca IIIIOC Hajuemhe ce mpuMmemyjy
JIanapockoncku oBapujanHd apwidar (JIOJI) M KO €eKCTPEMHO TIoOjasHHX IAlMjeHTKUuba OapujaTpucka
Xupypruja.
MoskeMo 3akJbyuydTH Ja Tepanuja uHGepTWIHMX NanujeHTKHBa ca IIIJOC Mopa O6uTH MHAMBHAYyaHA U
npuiaaroleHa CBakoj MAIMjEeHTKUEU y ONHOCY Ha HhEHE HMHIMBUIYaJHE KapaKTEepHCTHKE, Y3 HAIOMEHY Ja
XHUTHjEHCKO JIHjETETCKH PEXKHM je MHULMjATHH KOPaK KOJ CBHX MAllHjeHTKHbA.

Kbyune peun: Uudeprunurer, [onmuuuctnanu jajuuny, Tepanuja.
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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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Xunoranamo-xunopusHo-aapeHansHa (XITA) oca je BakaH HEYPOCHAOKPHHH CHCTEM KOjH IUHAMUYKH
peryiuire Jiydeme TNIyKOKOPTHKOMIHAX XOPMOHa O] crpaHe HanOyoOpexse sxiesge [1]. Ilomne pasmnke y
axtuBHOCTH XITA Ooce cy caMo JCITMMHUYHO pa3jalibeHe Ha MOJICKYJIADHOM HUBOY M HEKOH3MCTEHTHHU Pe3ylTaTu
ce mory Hahu y sureparypu [2,3]. PazymeBame MOJNHHUX pasivka y akTUBHOCTH XIIA oce, je mehyrum, ox
U3Y3€THOI 3Hayaja 3a pPa3BOj IOJHO-CIELU(UUHMX (DApMAKOIOLIKMX INPHUCTYHa 3a JIeYeHhe YOoOMuajeHHX
HEYpPOICHXHUjaTpujcKux Gosectw. [4, 5].

VY ueHTpy maxme OBOr pajga je yTumaj mosa Ha om3uB XIIA oce Ha ankoxos. EkcrnepumenranHa
HCTpaXKHBama Cy MOKa3ajla Jia je yTHIAj aJKoxojia Ha MpoMeHy HuBoa xopMoHa XITA-oce Behu KoJ >KEHKH
maroBa Hero KoJ Myxjaka [4, 5]. Jla GucMo ucnmTany yTuiaj MOJIHIX XOpMOHa Ha o3uB XIIA oce Ha aKoXoJ,
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 ICNTHAHUX M CTEPOMIHUX
xopmoHa [6]. IMonmHe pasimke Cy MpEICTaBbCHE MPEKO pasiHKe y HHUBOY TECTOCTEpOHA. MareMaTH4Ko
MOZEJUpAE je TOKA3aJlIo Jla Pasjiike y HHMBOY TECTOCTEPOHA YCIIOBJbABAjy IOjaBy pa3jiMKa y aMIUIMTYIH
YVHYTapJHCBHHMX OCLWJIAlMja IIYKOKOPTHKOUJHUX 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: Xumnoranamo-xunopusno-aapenanna (XITA) oca, TecrocrepoH, Ctpec, AJIKOXOJI.
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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/D? 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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Henasno, Beha maxma je nocsehena ¢ppaxunornom pauyny (OP) u 1eHOj IPUMEHH Y YIIPABIbaby U MOJIEIUPALY
(610) MexannuKor cucrema (pakipoHor peaa. PpakHOHN U3BOAU M MHTETPaIN MOTCHLUHjATHO HMajy IIHPOKY
HIPUMEHY y OIHMCHUBAIY CIOXKCHUX OCOOMHA MaTepujaia, yKJbydyjyhu nyropodso mamheme, He-HEIOKATHOCTH
THIIA CTETICHOT 3aKOHA U (pakTanHocTd [1]. YV 0BOj mpe3eHTaIrji CMO IPUMEHUITH KOHIIENT QPaKIHOHOT pela y
L1JbY OHOMEXaHHYKOT MOJIENMpPatba AMHAMUKE JbYJICKE PYKe, Ka0 M MEKUX TKUBA, TOCEOHO JbY/ICKE KOXKeE, Kao U
spyncke kpeu. IloceOHo, oBie je mpencraBibeHa Be3a H3Mely QudepeHLHjanHO-UHTErPaHUX OllepaTopa
(pakIMOHOr pela M TOHAlIakba MEMPHCTOPCKHX CHCTEMa IJie Ce HCTH MOTY IPHMEHHTH 32 MOJCIOBAHE
nuHamMuKe (OMO)MexaHWYKHX cuctema. Jlabe, MPEencTaBbeHO je POOYCTHO HTEPATHBHO YIPABJbAEmE IyTEM
yuersa (WJILI), y OTBOpEHOj-3aTBOPEHO] IET/BU 32 PerylapHe W CHHTYJapHE cHCTeMe (pakumoHor pena [2].

Ioce6no, Tom WL PD% / PP D KOjU CaapXH JUPEKTHY W MOBPATHY IpaHy 3a cucTeM (pakIHOHOT pena
(perynapan W CHHryJapaH THI) KOjU YKJ/bydyje Kallibere ce oBie pasmarpa [3]. JloBOJbHHM yCIOBH 3a
KOHBEpreHuujy npeaioxenor ¢pakuuonor pena MIILL 3a knacy ¢pakiuoHoOr pepa cucreMa ca KalllbemeM
JIaTor y IPOCTOPY IICEYNO-CTama Cy JaTH Y BPeMEHCKOM JIoMeHy. KoHauHO, pe3ydTaTH CUMyIaluje HoKasyjy
M3BOUBMBOCT M €(pUKACHOCT MPEIIOKEHOT MIPHCTYTIA.

Kibyune peun: Opaknpionn u3Boja, buomexanmuku cucteM, HWTepaTHBHO ympaBbame IyTeM Ydema,
CHHrynapHu cucTeM
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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 OHOMEIUIINHCKOT HHXKEHEPCTBA je , TeXHUKa 0e3 MeHUIMHE je cliena, MEANLHHA
6e3 texuuke je Hemohna“. Jla Ou MemunuHa Owia mMITO MOMHHU]a y THUjarHOCTUIM WU TEPANHju, OMOMEANUIIMHCKHI
anapartu u ypehaju Tpeba na Oyay mTO KOMIATHOWIIHHMjU ca OHOJIOLIKMM CTPYKTypama ca acleKTa €Hepruje u
nndopmanmje. [lmbeBn oBor ucrpaxusama cy: (1) na ce nsHal)y HajBakHHMje GHONOIIKE CTPYKTYPE OATOBOPHE
3a eHeprercke u nHMopMannoHe mpoiece (MPEHOC XEMHUjCKUX M (PU3MYKKX CHI'HAlA) Ha GMOMOJIEKYJIAPHOM W
henujckoM HEBOY, (2) na ce naeHTH(DHUKY]y BUXOBE CHMETPHje Koje MpeKo cTpykTypa (u/unu nporeca) oapehyjy
CJICKTPOHCKE, BHOpalMOHE W poTauuoHe MozoBe, u (3) ma ce cariacHO EICKTPOHCKHAM, BHOPALMOHHM 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
JoBoleme U OTIyIITake HEyOTPEHCMUTEpa Ha CHHAINCaMa. 3a TPAaHCIIOPT MaTepujana y hellju HajoaroBOpHHje
cy MHKpOTYOyJie, alli OHe Cy OJArOBOpHE U 3a 1eo0y henwja, jep yaase y cactaB qeoOHOT BpeTeHa. MUKpOTyOyIie
yla3e M y CacTaB LCHTPUOJA KOje IMpEeICTaBibajy MHUKPOTYOyJlapHH OpraHau3allioHW LeHTap henuje u
(dopmupajy ,ceBepHH” U ,jy>KHU" 11011 henuje npuavKoM meHe jeobe. Mozenpama U PeUCcIuTanBama yjaore
Bome y OwomH(pOpMANMOHMM TIpollecHMa IOKa3yjy a BoJa HHjEe caMO CpeauHa y Ko0joj ce obe3deljyje
(yHMOHNCaKe OMOMOIEKyIa U TKKBa, Beh je akTMBHH YMHHIIIAL IpeHoca HHDOPMALIOHHUX caapikaja. Pesynratu
HCTpaXKUBama IIOKa3yjy Ja Cy KIAaTPHH, MHKPOTYOyie, IICHTPHONC, BOJA, KOJAreH M JPYTH OHOMOIEKYIH
dubonaunjese cTpykrype [1], jep mocemyjy nxocaenapcky cumerprjy. CariacHO OBOM ca3Hamby IPOjEeKTOBaH je,
HampaB/beH W TecTHpaH ypehaj KOjU TeHepHuile CBETIOCT 4Hju Cy (OTOHH CTPYKTypaiHO ypeheHu o
HKOCAeNapCcKoj CHMETPHjH Kao M HaBeleHH Ouomonexymu [2]. loGujeHu pe3nTaTd Ha ClydajeBUMa akHH,
3apacTama paHa, acTMe, IICOpHjas3e U JIp. IIOKa3yjy 3azoBosbaBajyhe pesyntare. Ha 6a3u Monena ukocaemapeke
CHUMETpHje CTPYKType, cHepruje u uHpopmanuje y OHOJOIMIKMM CHCTEeMHMa HalpaB/beHa je MOoMOohy
HaHOTeXHOJIOTrHja [3] KoMIaTHOWIIHA U KOMIUIEMEHTapHa CBETJIIOCHA CTPYKTYpa (DOTOHA KOja y MHTEpaKIHjH ca
GUOJIOLIKMM TKHBOM BPILIH EETOBY NPEBEHIN]Y, 09yBambe U perapannjy [4].

Kibyune peun: ®udonaunjese 6noctpykrype, 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 Schrodinger 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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AIICTPAKT

Mozekyn JHK je HeCyMBHBO HajCIOKEHHjH MOJEKYN Yy MPHPOAH. Y OGIHMKY je ABOCTPYKE CIIHpAaie IITO
3HAYM JIa Ce CacToju O] J[Ba KOMIUIEMEHTapHa MOJIMMEPHA JIaHIa KOju ce obaBujajy jeman oko apyror [1]. ¥V
OBOM pajly cMaTpamMo Ja je HYyKJICOTHJ OCHOBHa jeauHuna rpabhe, T.. dectuna Oe3 cacTaBHUX JHjeJIOBa.
HykieoTunu Koju IpuUMnajajy UCTOM JIAHITy HHTEpAryjy jakuM KOBaJICHTHHM Be3aMa JIOK Cy JIaHIH Mely cobom
noBe3aHu ciabuM BOJOHMYHUM Besama. Kopucrtumo xenukounanuu Ilejpap-bumonos (XITB) momen [2] koju
HpeacTaBba MoOoJbLIaHy Bep3ujy nperxonHor ITb mozxena. IIpema ToM MOZENy KOBAJCHTHE BE3e CE€ MOJCIY)Y
XapMOHHjCKHM TIOTCHIMjaJOM, JIOK C€ BOJOHHYHE MOJEIyjy HEXapMOHHjCKHUM MOp3€OBHM MHOTEHIIH]jaJIOM.
[pumjemyjyhn ceMuAMCKpeTHY ampokcuMmanujy mobujemo HemuueapHy LllpeauHrepoBy jemHaumHy Yuje
pjememe je mosnaro [3]. CBe To moBomu 10 3akibyuka jga ce ay:xk JHK nania mpoctupy JOKaau30BaHH
MOJIYJINCAaHH CONMTOHCKHU Tanacu. Ty BpCTy comuToHa HasuBamo Opunepuma. XIIb mozmen Moxe na o0jacHH
JOKanHo orBapame danna monekyma JJHK [4]. To ce memraBa Ha CerMEHTHMa Ha KOJUM C€ BPIIH TIPEHOC
nndopmanuje ca monekyna JJTHK na PHK. V Tteopujy ce Moxe yBpCTUTH MjeioBame BHCKO3HOCTH. Y TOM
Cllyyajy HyMEpHYKH paj IOKa3yje Ja BHCKO3HOCT HOHHIITABA MOIYJALMjy INTO j€ O BEIHMKOT OHOJOLIKOT
3Hauaja [5]. CriomeHnMO, Ha Kpajy, Ja CMO Al HEKOJIHMKO TPHjeyiora 3a eKCIIEPUMEHTE Ca IIUIbEM Jia TIOTBP/IC
WK OTIOBPTHY CIIOMEHYTa TEOPHjcKa ouekuBama [6,7]. MoxeMo ce HamaTu 1a hie TH eKCriepMMEHTH MOKa3aTh
[1a JIM Cy CIIOMEHYTH TAJIaCH 3aHCTA COJIMTOHCKU U OAPEAUTH BHXOBY Op3HHY.

Kmbyuyne peun: JIHK, Henuneapuu wmopen, Ilapnujanna nudepenunjanna jenHaunna, 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]
pacrojien reHeTcKor Marepujaia npu aeobu henmje [1]. ITonoxaj HeHTpo30Ma Kao M OpjeHTanja AeoOHOr
BpeTeHa YTWdy Ha monapHocT u (yHkimjy HoBe hemmje [2,3,4]. ¥V nuTeparypu mocToje pasiMYdTH MOICIH
JIMHAMHKE KpeTama XpOMOo30Ma y Je00HOM BpeTeHy kao mto cy mmp. Hill sleeve momen, momenu koju ce
3acHMBajy Ha OaJlaHCy CHJIA KOje KOHTPOJIMILY U3LY)KeHhe JeOOHOT BPEeTCHA, MOJEN H3AYXKeHha 1 KIIaCTepH3aLije
[5]. V oBoM pamy mpemnmaxkeMo OCHIUIATOPHH OHOMEXaHHUYKHA MOJIEN JEOOHOT BPETEHA y KOME CY XOPMO30MH
MIPEACTaBIHEHU Y BUly MaTepHjaliHAX Tayaka oapeleHe, pa3nuunte Mace pacrnopel)eHuX y eKBaTopjaiHo] paBHH.
Ceaku Xpomo3om/MarepHjajiHa Tadyka je MoBe3aH ca (IykTyupajyhuM ocioHieM Ha mnony henmuje mpeko
CTaHAAPJIHOT JIAKOI' €JIEMEHTa KOjH HMa BHCKOETAaCHYHA CBOjCTBA U OAroBapajylie KOHCTHTYTHBHE pellalyje
CHJIa-HU3AYXKEeHhe, a UMjy JUHAMHKY MOXKEMO OINHCATH W3BOAMMA Heuenor pepa. CBaku OJ CTaHIAPIHUX JAKUX
eneMeHaTa (QpakUHOHOr pea 3akjamna crenudryaH yrao ca IpaBLeM Kpo3 IICHTap XpoMo3oMa/MaTepHjaaHe
tauke u Guykryupajyhu ocmonan. CHCTeM—¥MMa je[Hy paBaH cHMeTpHje (Kao o0jekaT M Herosa CIHKa y
oryenany).
Jare cy nudepeHuujanHe jeHAYMHE OCLWIIOBarkba, Ka0 M aHAJMTHYKH HM3pa3H 3a 3aKOHE OCIMIOBama
XpOoMO30Ma/MaTepHjaIHUX TayaKa, Kao U jefIHa4MHE PABHOTEKE CHJIA KOj€ 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 pacHIlama CHepruje ppaKkIuoHOT
penay cucremy.

Kibyune peun: /IeoOHO BpereHo, bromexanuuku ocuuiatopau mozen, Buckoenactuunoct, CTaHmapaHu JIaKu
eneMeHaT (pakLroHor peja, V3o Herernor peaa
Hanomena: Jleo uctpakuBama (PUHAHCHjCKU je MOTIOMOTHYT 0f MHHHCTapCcTBa MPOCBETE, HAyKe M TEXHOJOIIKOT pa3Boja Pemybimke
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