
Vuanep:nrer y Eeorpa4y

EnexrporexH H.{KH Sa r<ynrer

HACTABHO.HAYI{HOM BEhY

flpeAruer: floaodnocr reMe Ir KaHAI4.iIara Haxole KHexeerha 3a r43paAy .(orcopcKe.ancepr:auuje.

oanyxoNt HacrasHo-HayqHof aeha ErexrporexHlrr{Kor saxynrera 6p. 1290157 ot 12.0g.2023.
ro'{plHe uMeHoBaHI4 cMo 3a qraHoBe Korrluclrje 3a olreHy nono6uocr}r reMe r4 KaHrr,rAara Hzrole
KHexesnha, Macrep r4Hxer6epa e.[eKTporexHr,rKe vr paqyHapcrBa, 3a u3pa*y AoKTopcKe
aucepraqaje pr Hayr{He 3acHoBaHocrrz reMe rror HacJroBoM:

,,Ynpan'rame pooora y Qurnuroj nnrepanunju ca oKoJrHHoM rr capaArLr ca rroBe*oM
3acHoBano Ha rexHrrxaMa yqerra rr orrr[rM[3aquje".

(erur' ,,Control of robots in physical interaction with the environment and cooperation with
humans based on rearning and optimization techniques,,).

Ha ocuony rraarepnja.ra trpunoxeHor y3 3axreB KaHAr.rnara, Kouucnja flo.qHocn c:reaehn

I,I3BEIIJTA.I

l.l.

Ifoaauu o KaHAHAarv

6uoroa6cxs uoaaripr

Huxola Knexenuh je pofen 11.01.1993. roauHe y Kpa.meny. 3anpruuo je fruHa:ujy y
Kpa'rseny, cueuuja,rusoBaHo MareMarl,IqKr,r cMep, ca oAJrrqH,rM ycnexona. E,,rerrporexHr,rqKr,r
Saxymer je ynncao 2012' ronuHe rAe je ruunonaupao 2016. sa oaceKy cr.rrHiuru u cprcreMr,r ca
[pocer]HoM oueHoM 8,93. Oqronue cryanje je :anpuruo oa6paru4Btrrpr Ar4[noMcKr4 paA nor
HacnoBoM ,,HaA:op H yrrpaBJbame Q:rexcz6ulHe po6orcxe he;ruje ca.qBa uuaycrpujcxa po6ora,,.
Macrep cryauje yrucao 2016. ro.{rHe, a 3aBpurro 201g. roAprHe, ca rpocer{HoM orIeHoM 9.67. yz
3aBpIIrHI'I Macrep pan noA HacJIoBoM .,Ayronotrlno penporpaMr,rparbe po6ora reMoHcrpr.rpaHo Ha
rpouecy na'rerzsall'Ije". .{oxropcxe cryarje ua E"uex'rporexHuqKoM $arynrery.je ynucao 201g.
roAI,IHe, rae je rror.roxuo cBe vcnr,rre ca [pocer{rroM oqeHoM 10. yxa o6.nacr Hayr{Hor
I'IcrpaxI,IBarLa My je po6oruxa. AHraxonau je Kao capa.qHr,rK y HacraBrr Ha Oacexy cvrturru vt
cI4creMH npBH ryr y aeuerra6py 2016. roAI4He, a c;rerehe ro,4lrHe noHoBo usa6paH y r{cro 3Barie.Y ssabe aclrcreHra je n:a6paH y Se6pyapy 2019. roruue. @oxyc paAa Huxore KHexeeuhalra
roKTopcKI'IM ctyarajaura cy xona6oparunuz po6oru, uoce6no ,rcrpaKr,rBarbe y o6racru

t.



ylpaBJEaILa po6orcl(I4M cplcreMuMa ca [oflycrr'b,Br,rM 3rno6oBr4Ma r4 r,I3yqaBa]Le TexHHKaMaur,Hc*or yqerLa roje ce Mory npI'IM e,vtrlr Ha po6orc*e c,creMe xo.jrr ce Kopr4cre 3anHrepar<r1ajy qoBeKa u po6o'ra, 6ao-uncnnpprcaH,rx po6ora n nonycrJbr.rBr.rx aKTyaropa.

Koayrop .je Hacrannor vrarepnj ura 3a npeAMer po6orura H ayroMar uzaguja_ po6orprra:
:6uprca perxeHr.rx 3a/iaraKa, y xojoj cy [pvKa3aHr,r lz peueHr,r 3a.(arrz xoja upare rroMeHyrr4 Kypc.Taxole Kao yqecHl4x sa Erasmus+ npoiexry ,,?lHonar,BHr4 [pr4cry[ yqe]6y y pa:nojy coQrnepcrcuupojexroaaHe l4HcrpyMeHrauprie I4 rbeHa rrpr4MeHa y cucreMrrMa xojn pa.4e y peiurHoM BpeMeHy..,
Paruto je ua [pE[peMI4 HacraBHor uarepuja,ra us o6racrz rr,ro6urue po6orure. yvecrayje yopraHr'r3arrzju cryrenrcKor ra*Mr,rqerba ABB Robochallenge, xoje ce oApxaBa nocneAr'e rpr4ronaHe y capa.qlLr ca xounaHnjona AEF Cp6zja.

Huxola KHexesHh.je aytop 2 paaay qacor,cy ca SCI Jrr.rcre (M2z),2 puluy qaconr4c,Ma BaHSCI JILIcre, 8 paaona ca lrebynapoaHux roHsepenuvja (M33), 5 paaoaa ca nouahzxrcou0epeHqaja (M63) w 2 yuleruwxa.

Ayrop je narpaleHor pana ua xonQepeHuujr4 IcEtran 2019 rcao uaj6onu paA ypo6orzry u $lexc}r6l4nHy ayrouarnsaqrajy ror Ha3vBou ,,End-Effector cartesian
Optimization: Sequential euadrating programing Approach,,.

cecuju za

Stiffness

1.2.

Kas.qular Hurola Kuexenzv je oA 2016.
E,rexrporexHr4qxoM Qaxy.rrrery. Ol 201g.
@axynrery.

Ha oacexy 3a cur,aJre r.r cucreMe Huxora K'exesuh je auraxonau

. Po6orvrnaH ayroMaru3 ar$ja_ l3E053pA;

. Ayro'oMHr.r r,ro6zlHl,r po6oru _ 19E054AMP, l9M054AMp;

. Censopu u aKryaropu - 13E053CA;

Ha clerehuM r(ypceBaMa:

. Xurpuyrr,rrrKa r,r flHeyMar]rq*r,r cucreupr _ l3E053XIIC;

. Po6orcKlr cucreMn _ l3M05lpC;

' Cneuujaluz po6orcxr4 cr,rcreMn _ l3M05lCpC;
' crrsar, r'r cprcreMw - r91O52cr4c, r31)5zcuc, r3E052c?ICp;
' ocHosu,rcreMaynpaBr'alLa- 19E053ocy, I3E053ocy, r3E053ocyE;
' UHU cracreMr.r u Q.rerca6unua ayroMaru3aqaja l9E054UHU, l3E054UHU,l9M054rlHrl;
. flparrrlKyM r43 coQrrepcxux urrra_ l3E052IICA;

roruHe 6Ino anraxosaH
ro.U4He je aHraNoaau

Kao capa,{Hr{K y HacTaBlr Ha
KAO ACI,ICTCHT HA I,ICTOM



Cucreuu ayroMarcKor ynpaBrbama I _ 13E053CAVI;
Crzcreuu ayroMarcKor yupaBrb a*a 2_ I 3 E053 C Ay 2;

Hzxo:ra KHeNesuh je aHraNoaaH Ha HexoJrr,rKo Hayr{Hux a rrlefynaponHr.rx npojerara y o6lacrnpo6oru Ke Ha r(ojaMa cflpoBo.{u HaBeneHa ucrpaxr4BarLa, or xo.iux ce Mory z:gnojura:
t Melynaposnu npojerru:

o MUSAE" A Human-centered Factory for o Future Technological sustainable
Development Driven by Arts (Horizon Europe; 06.2023.-0g.202s.) _ pea-nu:auzja
anrop,raMa 3a KoHTpoly po60ra 3acHoBaHy Ha Jby.{cKt4M [OKperuMa.c Artificial Intelligence for Dimensional and surface euatity Control of cut part,s(Horizon
2020 cascading; SHoP4cF project; 09.2022.-03.2023.) - pasaoj v rMrrreMen.raqraja
cr'rcreMa 3a KOHTpOny KBaJrurera Ko.q flocrynra o6paAe xoxe (nonpurr,rHcKa r4 nvMeH3r,ro,axoHrpola) xopuurherreM cu creMa uusuj e r{ BerrrraqKe r4HTeJrHreHrIVj e.o Brain watch- Human Centered Robotics for Connected Factories (rlorizon 2020cascading; sHoP4cF project; rr.2o2r.-os.zozz.) - pa:uoj v r4Hrerpauaja po6orcxehenuje ca xola6oparI4BHLIM po6orort 3a anruxaqujy xola6oparr4BHor cKJra[arba
QucranHnx xaca;

o Bowl-Boosting widening Dlgital Innovation Hubs - for robotics and embedded systems(Horizon 2020; 07.2021.-06.2023.) - rexunqxu MeHrop rrp, raurerpauuju HoBrrxrexuo:roruja u uHoBarI4BHI'Ix pe,,e*a y o6.rracra Ar4r,TaJ,rlr3aur.rje, BerrrraqKe
r{HTeJrrrreHuuj e u po6oruxe;

o DIH-HER?:Digital Innovation Hubs in Healthcare Robotics (Horizon 2020;01.2019.-
12'2022') - flpyxarLe rexHI'ItIKe llo.qplrr*e npunr,rKoM uurerpaquje po6orcrux crrcreMa y
Me.4prrluHcxraM arrnr.rxaullj aura;

t DIH2- A Pan European Network of Robotics DIHs for Agile production (Horizon 2020;01.2019.-12.2022.) _ uenrop rpu pea,rzraqraj, .*.r.prreHara rrpuJr,r(oM unrerpauuje
HoBI4x po6oru:onaHl4x cucreMa vt nnrlrraJrHr.rx ula:rSopMr4 3a e6axacuzje npaherse
[o.[araKa cHCTeMa;

o Reconcell (Hotizon 2020 cascading; 09.20 18.-02.2019.)- paa na pasnojy Qrexcu6uruepo6orcxe he'nuje 3a ayroMarl'I3oBaHo Jre[Jbe,e cBeraJra 3a aBr.roHc*e rrprcre:

{. louahu prcrpaxvBavxu npojexru:
o Modular and versatile collaborative intelligent waste management robotic .system .forcircular economy _ CircuBor ((Doua 3a HayKy pC; O5.ZOZ3._05.2025) _ paA Hapea'rusauuj[ clcreMa :a e(puxacHo coprr.rparre cueha ropuruhe*eu xora6opar]rBHr4x

po6ora.
o ForNextCobot ((DoHn 3a Hayrry pc; 07.2020.-07.2022.)_ paa ua pa-:nojy a.nropr,rraMa 3ao6.rruxosarLe Kpyrocrn 3aBprxHor ypefaja po6ora 3a 3aAarKe rcola6oparuBHor panapo6ora pr qoBeKa:



,

. I4cmpa){uqatue u pa3so-i au6ujeumanuo uHmefluzeHmHux cepsucHtx po6oma

aHmponoMopQuux KapaKmepucmuKa (MuuracraprBo npocBere, HayKe LI TexHoJIoIrIKor

pa:noja; 03.2019.) - LrcrpaxuBame 14 pa:eoj po6orcxux peuerLa y cepBI.IcHr{M 3a,[aIII4Ma

ca aKrIeHToM Ha aHTpononrop$ne po6ore y cepBI{cHI,IM arlJlllKauniav.a

Kovrepuuj anu npoj exrn :

o Inovacije i nove tehnologije u MSP u centralno.i i zapadnoj Srbiji (Hayuno Texnolotuxtl

flapx t{auax / UNOPS; 10.2022.-04.2023.) - o6yxe n: o6racru po6oruxe, peanu:auuia

uAejHr.rx peuerba 3a ayroMarusaurajy/po6orr,r:auujy rpoLI3BoAHIix npoueca y ManHM H

cpeAlLI4M npe.uy:ehurtra.

c Razvoj dijagnosticnog modula za efikasno upravljanje transformatorom (Comel Doo;

10.201 9.-03.2020.)- peanu:auuja cucreMa 3a MoHlrropr.rHr u .qnjarnocrlrxy 6asupaHou ua

lpr4MeHr.r BerrrraqKe r.rHTeJrureHuuje:a npHMeHy na rpanc$opMaropllMa cpeAlbe cHare;

Eurarepa,ruu npoj exru :

o Razvoj PREDIKTivnog kontrolera sa promenljivom lcrutoscu za ind.ustrijskog

KOlaborativnog roBOTa(PREDIKT-KOBOD (Muuucraprno rpocBere, HayKe v

rexHoJrorlrxor pa":noj a; 04.2023 .)

o Serijski manipulatori kao covekovi asistivni sistemi u industriii (HUMAN-COMAN)

(MunncraprBo rpocBere, HayKe u rexHonouxor pasnoj a ; 06.2020)

o Razvijanje novih pristupa za olaksavanje kolaborativnog rada robota najnovije generaciie

i coveka u zadacima zajednicke manipulacije objehima (MuuzctaprBo upocBere, HayKe

pr rexHoJrorrxor pa:aoja - 10.2018.)

tr4cnuru u o6anere rrpegnlrlleHu [!'IaHoM [r nporpaMoM aol(-ropcrcux cryAuja:

1 Moropna KoHrpona u pexa6ulnraquja 10 9

2 HeypanHe Mpexe 10 9

J ElroueAlrul.tHoKH ceH3opa H nperBapaqH l0 9

4 Teopuja po6orcxnx cxcreMa t0 9

5 Yaoa y HayqHr4 paA l0 6

6 K,r acuSurcauuja u ecrruaunj a cHrHaJIa l0 I

1 Caapenleue MeroAe sa npojexroBalbe peryJlaropa y cHcreMHMa

yI]paBJbalba
10 9

8 Meroae Mo.[eJroBa]ba 3ByqHor- fioJba 10 9

9 AyrououHn po6orcxn cHcreMH 6e:,nyAcxe [ocaAe t0 9

l0 Cneur,rjanHn po6orcxu chcreMH 10 9

P.EP. Ifritu* OiieNa ECTIS



crynHjcKH HcrpaxHBar{KH pan I

HayqHo crpyqHLr paA

cryAH.icKH r.rcrpaxHBaqKH paA II

Cnncar paAoBa:

o Knure rr MoHorpaQnje:

1. K. JoeaHoeuh, H. Kuexennh, Po6oruxa - 36upxa pelreHux 3a.rlaraKa, Axagertcxa Mucao,

I4CEH 97 8-86-7 466-87 6-4, 202t.

2. E. .Iaxos,'beruh, C. Joqlrh, T. Honax, X. KoxolaHcKr{, B. Berxoecru, D. Tefelski, A. Tefelska,
M. JaHxosuh, M. Eapjaxraponuh, K. JoeaHosrah, H. Knexennh, fI. Aranacnjenuh, M.
Honuvuh, Control, virtual instrumentation and signal processing use case practicum,
University of Novi Sad, Faculty of technical sciences, ISBN 978-86-6022-211-6,2019.

. PaAonn y qacorrrlcuMa ca rrMrraKT Qaxropour:

H. 3arpalaur4H, A. flauyuap, K. JosaHonuh, H. KHexesuh, E. flanxonuh, Autonomous
Exploration in a Complex Environment Based on Multi-Criteria Decision-Making and Using
the Dt Lite Algorithm for Path Planning, Intelligent Automation & Soft Computing,Yol.32,
No. 3, pp. 1369-1386,2022. ISSN: 1079-8587 (print), ISSN: 2326-005X (online), Impact
Factor: 3.401,M22

A. Byxnherrnh, M. fle'rponuh, H. Knexesrh, K. Josauosuh, Deep Learning-Based
Recognition of Unsafe Acts in Manufacturing Industry,IEEE ACCESS, Vol. I l, pp. 103406 -
103418, Sep, 2023,lmpact Factor: 3.9,M22

o PaAosn y qacofiHcrlpra 6es HMnaKT Sarcropa:

i. H. Knexesuh, E. Jlyxuh, K. Jonanoeuh, L. Zlajpah,T. Petrid, End-effector Cartesian stiffness
shaping - sequential least squares programming approach, Serbian Journal o.f Electrical
Engineerine, Vol. I 8( 1 ), pp. l - 14, JaHyap, 2021 .

2. H. Ksexenuh, M. Ejenuh, K. JosaHosuh, Automated Sound Intensity Measurement With
Robot And intensity Probe, International Journal of Electrical Engineering and Computing,
Vol. 2, No. 1, pp.20 - 28,10.7251AJEEC1801020K, Jyu 2018.

l.

Z.
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. PaAoBu ca MebyHapoAHrrx KoH(0epeHrlrja:

B. Jlyruh, H. Kuexesnh, K. Josauonrh, Robot'S Cartesian Stiffness Adjustment Through the
Stiffness Ellipsoid Shaping, Advances in Service and Industrial Robotics - Proceedings of the

32th International Conference on Robotics in Alpe-Adria Danube Region (RAAD 2023),pp.
289 -296, Springer, Bled, Slovenia,2023

H. Knexennh, M. Tpyuuh, A. Fagiolini, K. JosaHoauh, Input-Observer-Based Estimation of
the External Torque for Single-Link Flexible-Joint Robots, Advances in Service and Industrial
Robotics - Proceedings of the 32th International Conference on Robotics in Alpe-Adria
Danube Region (RAAD 2023), pp.97 - 105, Springer, Bled, Slovenia,2023

H. 3arpalaHuu, H. KHexenuh, K. JoeaHosuh, E. flanxoauh, Autonomous Robot Exploration
in Gazebo Simulator, I0'h International Scientific Conference on De.fensive Technologies.

OTEH 2022.

E. Jlyxuh, K. JosaHosnh, H. Knexennh,L. Zlajpah. T. Petrid, Maximizing the End-Effector
Cartesian Stiffness Range for Kinematic Redundant Robot with Compliance, Advances in
Service and Industrial Robotics. RAAD 2020. Mechanisms and Machine Science, Springer,

Cham,2020.

H. Knexenuh, E. Jlyxuh, K..TosaHosnh, T. Petrid, L.Zlajpah,End-Effector Cartesian Stiffness

Optimization: Sequential Quadrating Programming Approach, IcETRAN 2019,.[pyrurao :a
ETPAH, Cpe6pno Je:epo, Jyu,2019.

H. Knexennh, B. Jlyxuh, K. JosaHosprh, Feedforward Control Approaches to Bidirectional
Antagonistic Actuators Based on Learning, Advances in Service and Industrial Robotics -

Proceedings of the 28th International Conference on Robotics in Alpe-Adria Danube Region
(RAAD 2019),pp.337 - 345, Springer, Kaiserslautem, Germany,2019.

H. Knexenuh, M. Honuuuh, H. Karuh, M. Janxosuh, K. JoeaHoslrh, Real-time control of
human-like robot joint based on online measurement of joint position and muscle activity,

IcETMN 2018, pp. 1044 - 1047,.{pyurno sa ETPAH, fla,tuh, JyH, 2018.

H. KHexenuh, K. JoeaHosuh, 3. fop,Uuh, B. florxomax, M. Majcroponuh, Hazard
Identification, Risk Assessment and Safety Integration for Flexible Robotic Cell, IcETRAN

2017,.{pyrurno aa ETPAH, Jyu, 2017 .

o PaAonu ca Aoruahux rcoHQepeHuuja:

.{. Klacanosuh, JI. Jyronnh H. Knexesuh, Realization And Model Identification Of Variable

Stiffness Actuator Based On Torsion Springs, ETRAN 2023,,{pyulrno :a ETPAH , JyY,2023.

H. Knexesuh, A. CeHuuuh, K. JosaHouuh, Toward Open-Source Robotics - ROS Use Case

in Industrial and Mobile Robotics, PSSOH, Oxro6ap, 2019.

b. Ilanuu, A. Joquh, H. Knexenuh, M. Ejennh, K. JosaHosl,Ih, A. IIIynapaU llauoeuh,
Pea:ru:aquja ayroMarr{3oBaHor cucreMa 3a cHrrMarbe aKycrI{qKI,Ix KapaKrepLIcrI,IKa My3I4t{K[x
prHcrpyMeHura ea pe3oHaropcxorr,r xyrujou nouohy po6orcxe pyKe, 18th Intemational

Symposium INFOTEH-JAHORINA, Jaxopuua, 201 8.

2.

J.

4.

5.

6.

7.

8.

1.

2.



4.

5.

M. Ejenlrh, H. Ksexenuh, K. JosaHosuh, Automatizovano merenje intenziteta zvuka pomoiu
robota i intenzitetske sonde, Infoteh, pp. l7 - 22, laxoplasa, 2018.

3. fopauh, H. Knexenuh, M. Majcropoeuh, K. JosaHoauh, Pealu:auuja Ar.rAaKrr,rr{Ke
rIpoH3Bo,(He he:rzje ca lBa zuaycrpujcxa po6ora, [Ipuueua Ho6ux mexuonoeuja u udeja y
aKor'tcKoM UHJ{etue pc xou o 6pas o6 qhy, floxera, Cp6uja, Maj, 20 17 .

Oueua uo.{o6uoc'ru xasnu.4ara ga paA ua nDe.(loxeuoi reun1.3.

Konancuja je pa:nrorpuJla cBe rperxo.(Ho HaBeAeHe pe3ynrare papLa v creqeHa rrcxycrBa
KaH.u4.{ara Hnxole KHexesuha. Ha ocHosy npprnoxeHr4x AoKyMeHara r.,r ycMeHe npe:enraunje
reMe AoKropcKe Arrcepraqnje, Kolaucuja je crexla yBprn y cnoco6socrr4 KaH,qu.rlara 3a HayqHo-

I4crpaxl4Baqu pan\ Lr rreroBe uoryhuocur .(a roKoM r43paAe AoKTopcKe 4raceprauuje ocrBapr,r

pe3ynrare rojra he 6uru npurasaHu H ouerLeHr,r o.rl crpaHe laefyHapoaHe HayqHe saje4nuqe. Cran
Konucuje je la xau.qu.(ar Hnrcora Knexeerh ucnymaBa cBe lo'rpe6ne cyrurr.rHcKe u Sopr',ra,rue
ycnoBe Aa rrpHcTynv v3pa!l"I AoKTopcKe rroA HaBeAeHoM reMoM.

2. flpearrer u urrJb rrcrpaxrrBarba

Y nporexrr4x HeKo:rr.rxo .ueueuuja, $oxyc unaycrprajcxor pasnoja ce 3acHraBao Ha noneharu,y

nponyKrI,IBHocrLI u etpuxacnocrrr ocJrarLajyhu ce Ha panr4AaH pasnoj rexuororzja y o6racru
BeluraqKe unremareuquje, po6orure v ayroMaru3auraje U-3]. I4axo je r.rMrJreMeHrauuja

KoHIIerra I,fuuycrpuje 4.0 aonpusera cneo6yxnarnoj ayroMarr.r3auuju rEnaycrpuje, saAauu roju
:ax'renajy BeJrr.rKr.r Hanop no lr.rrarty KorHr{TrrBHux u Qu:uuKr,rx Hanopa najuernhe o6an:rajy J:syArl

[4,5]. 36or rora ce y rporeKnoM rrepuoAy pa/Ir,r Ha pa:rojy r,rHoBarr4BHlrx KoHqerara KoA xojr.rx

he qoser 6raru qeurpanna rpurypa ayroMarr{sauuja (I,IHaycrpnja 5.0). I{zrs I,ln,aycrpr.rje 5.0 je aa

lope.Il e$uxacuocrr.r y [po[3BoArLr{ 3aAoBoJ6r{ 14 ocHoBHe JbyAcKe uorpe6e Kao rxro cy

6es6eaHocr, 3ApaBJbe r{ 3aAoBoJbcrBo npr4nr{xou o6anrsar6a r{HAycr"pnjcxux nocnoea [6,7].

I-{urs aracepraulrje he 6nru auanu3a u au:ajH pa.[Hrx craHr,rua xoje he rroBeKy ouoryhuru Aa ca

ruro Marte crpeca, $u:uuxor r,I KorHr,rrr4BHor orrrepehema r,r3BprrraBa 3aAarKe :aje4uo ca

xola6oparl,IBHllM po6orornl Kao u pa:noj KoHue[ara r{ anropr4Taua roju he onoryhurlr 6e:6eaHy

nnrepaxuujy qoBeKa ca po6oruua.

Ha npzr'aepy 3a.qarxa cKJlanal+,a 6uhe leuoHcrpr,rpaH pa.[ Kooneparr,rBHor c]rcreMa 3a MaHyenHo

cKJIaraBe Qncra:ruux ypelaja. Y xoHrexcry 3anaraKa cxJranalba r,rHAycrpraja 5.0 rpe6a aa
trpennoxu LrHoBarLIBHa petuena Kao rrrro cy xola6opauuja po6ora u qoBeKa, .ua cMarLu

KoII4HI4rHBHI4 Hanop [pr4nr4KoM nsnolersa MoHoroH]rx u penererr,rBHr,rx 3aAaraKa r.r cJrHqHo.

Irlnoearusua pa.[Ha craHr.rqa rpe6a.rla caApxr4 HeKoJrr,rKo KJbyqHHx KoMrroHeHTrr:



' I4stepQejc Ma[Il4Ha-r{osex lu:ajHrzpaH raKo Aa rrrro Marbe oMera eeh uocrojehy
pyrr4Hy paAHr4Ka;

' ArryaropcKe je.uunuqe xoje caunrranajy po6orcKr,r cr{creMr,t Kao u ayAr.ro-

BI,I3yenHr.r cvcreMr{ xojra he uo.qcrahu unrepaxqujy r{oBera ca oKpyxe}reM;

. flrarSopura 3a pa3MeHy roAaraKa
pa3MeHy flo.qaraKa y ur.{Jby rrpr.rMeHe

nporr3BoIrsu.

xoja he Ha noy3AaH n e$uracau Haqr.rH Bpurr4rr.r

coSrnepa 3a rraMerHy a;roxauujy pecypca y

Tarofe, oBa Allceprauuja he o6paanru pr pa3nuqure po6orcKe cr,rcreMe r,r anropr4TMe KaKo 6u ce

ocrBapllne 6es6erHa Susn.rxa unrepaxuuja ca troBexou ulutu oKpyxerbeM, KaKo 6u ce

LlcKopr{crrro nyH noreuqujar HeypoeproHoMcKrrx paAHrrx craHprua y Llslycrpuju 5.0.

Pa:nojerr,t po6orcxnx rexHoloruja (rona6oparr.rBHr4x po6ora, ceH3opa, unrep$ejca...), po6orra cy

npr4MerLeHr,r y Benr.rKon 4ajaua:oHy 3aAaraxa. Melyrr/rM, KaKo 6u po6orrz pal:,rnv y He-

crpyKTyt4paHoM oKpyxemy, rvropajy 6urn curypHr{ 3a pan ca rroBeKoM, oKpyxemeM, u 6es6eAHLI

no ce6e. fia 6u ce ocurypana 6es6e.urocr usuefy po6ora u qoBeKa [8], xao u po6ycuocr y
KoHraKrHr.rM 3aAaur{Ma, po6or rpe6a aa caApxr{ cuoco6nocr Aa KoHrponulxe tpzsuvxy

ranrepaxqnjy ca oKpyxelr,eM Kpo3 xapABepcKr,r peanLr3oBaHy uluttu coQ'raepcxr4 KoHTponplcaHy

MexaHur{Ky rrofiycrJbr,rBocr, oaHocHo Kpyrocr Kao rLeHy peulaflpoqHy Mepy. llocroje rp]I rnaBHa

lpr.rcryrra 3a KoHrpoJrucarLe Marpr{ue Kpyrocr}r 3aBprxHor ype!aja y .{exapronoM KoopAI,IHarHoM

cr4creMy oAHocHo norycrJbr,rBocru 3aBprrrror ypefaja, rojuu ce .uerpuuuuy u nepSopvance

zHrepaxuuje po6ora ca oKoJrr,rHoM, rAe ce rparfuuKa perpe3entaquja oBI4x MarpIrIIa Moxe

lprrKa3aTr.r eJrr4rrcouIoM KpyTocTr4 :

l) CoSrsepcxn r(oHrponncaHa (axrunna) rpyrocrr4 npr,r .reuy je nroryhe KopIrcrLIrI4

r4MrrJreMeHraur,rjy cavilLr 6es ceusopa cr,rJre r,r MoMeHra Ha 3aBprxHou ypelajy [9,10];

2) Corfrnepcnr{ Kourponr4caua (arruena) xpyrocr xo,u po6ora rojn roce,uyjy ceH3ope

MoMeHra Ha cBaKoM srlo6y [1 I ];

3) Xapanepcxu KoHrponrcaHa (nacnnna) Kpyrocr rAe ce npunaemyjy LIHoBarLrBHr.r

rprrcrynn y auaajny caMr.rx axTyaropa (axryaropu ca cepujcroM eJracrl,Ir{Hourhy o.[HocHo

aKryaropr4 ca rrpoMeHJr,r4BoM Kpyrourhy) [1 2].

flpucryn 1) ce sauruBa Ha KoHrpoJrrr Kpyrocrlr 3aBpurHor ypelaja y ,{exapronoM KoopAr,IHarHoM

cr{creMy, noK ce rprzcryflr4 2) u 3) saurunajy Ha KoHrponr{ Kpyrocrr.r Ha Hr,rBoy srro6a po6ora.

Cnaxaxo, cBa rpr{ [prrryna Mory rrMarr.r AoAaraH 6eHe$ur oA eKc[Jroarauuje peAyHAaHrHocrr4

(uynror upocropa) 3a Kr4HeMaruqKr4 peAyHAaHrHe 3a,{arKe. OsuNa rpr{cryroM je uoryhe Bprxurr.r

o6rnrosarbe Kpyrocrr4 Ha Hr{Boy 3aBprrrHor ypelaja ycnajajyhu o,upeleHa orpaHrqema Kao rrro
cy reoMerpuja u xoutfrarypaunja po6ora, 6poj creneHr4 c:ro6oAe norpe6uux 3a pr3BprrraBame

3a.(arKa r.rnr4 ocrBapuBe Kpyrocru Ha Hr{Boy :uo6a po6ora [13,14].



Taxofe, Kpyrocr 3aBp[IHor ypelaja ce Moxe rroAenr,rrr.r Ha oHy xoja :anucra o4 xousurypauzje
po6ora (enr: configuration-dependent stiffness CDC) 14 oHy xoja sanucu o.q saje.u{z.{ror yruqaja
Kpyrocrll Ha HI'IBoy srro6a (enrl.: common mode stiffness CMS) [5]. CDC rrMa cMr.rcrra
pa3Marparl'I KoA peAyHAaHrHpIx po6ora ra najnehz yrurlaj r.rMa Ha opujenrauujy enurconla
I(pyrocrl'I, .(oK CMS yrlrqe Ha 3anpeMI.IHy enrncol,z.xLa. Kpyrocr 3aBpuHor ypetlaja 3aBr4cr4 oA
xoHSrarypaurzje y xojoj ce po6or Hana3v (oc:ruxana ce Kpo3.laxo6rajau Marpr.rqy) v or Kpyrocrrr
Ha HlIBoy 3rlo6a, H rlpelcraBJba HeJrHHeapHy nery usvrefy nosnunje r.r Kpyrocru :uo6a no
Kpyrocrr,r 3aBprxHor ypefaja flexapronoM Koop.ilr{HarHoM cucreMy I l,l6].

Kourpo.rrucame rar{Hr.rx BpeAHocru Kpyrocru 3aBprrrHor ype!aja po6ora y lexapronou
KoopnI{HarHoM cl,IcreMy (enrn.: end-effector, EE) npercraBJba r.r3a3oBaH 3araraK :6or reurxoha y
ecrultaqujn caMe Kpyrocrl4 Ir trloryhuocrlr KoHTponr4carra KoMrrJrerHe Marpr.rue Kpyrocrg
3aBpuHor ype!aja. Melyrnru, y nehunu [paKTr4lrHr.rx [pr.rMeHa cy norpe6ne caMo KBaHrr4rarr4BHe

BpeAHocrI{ Kpyrocrl,I (ancoxa/nucra) y rpaBuy Kperama EE-a (utu npaBqy rojn je HopManaH Ha

raj upanau). flotnyua KoHrpona Marpr{ue Kpyrocrr4 3aBpruHor ypefaja y [erapronou
Koop.IILIHarHoM cllcreMy 3axreBa BeJruKr,r 6poj ronrpoJrr,rcaHr4x yr.a3a [ 6], urro je rerrrKo nocrprhu
y peanHr.rM an:ruraunjaua.

Kaxo 6u ce ocurypana eQuxacuocr npr4 KoHrponu Kpyrocrr, 3aBprxHor ypelaja y flexaproeolr
KoopAuHarHoM cl,IcreMy, 3a pa3nlrqr4Te pe.uyHAaHrHe po6ore, Marpraua Kpyrocr 3aBpruHot
ypelaja ce Moxe rpeAcraBLIrH eJrlucorrAoM Kpyrocrr.r. Onaj upucryr flpyxa raHryrrr]rBHujy pr

BI,I3yanHo upujevr.rnay perpe3enrauujy Kpyrocrr.r. llprauenou orrilMr43arluje :acuonaHe Ha

cexeeHuujanHoM KBaIparHoM rporpaMrapamy (eurr.: sequential least square programming,
SLSQP) oBaKBI{ HenuHeapHu npo6reur4 Mory 6nru peureHr4 y peanHoM BpeMeHy [17 ,18]. Ilzrs je
orITI.IMLI3oBarI{ BperHocrl4 Kpyrocrr,r grlo6ona v rryra}by guo6osa po6ora, xopucrehu
rlcrpaxl4BarLe Hynror rpocropa (eurr.: null space) sa oape!eHn 3aAaraK, noruryjyhu orpaHr.rqerLa

roja ce narr,rehy o,q crpaHe caMor po6ora ululu 3aAarKa [19,20].

Kopucrehu AexoMno3lluujy concrBeHr,rx Bpe.{Hocru Marpr,rue Kpyrocrr4 3aBpixHor ypelaja y
lerapronoM KoopAI,IHarHoM crrcreMy, anroprrraM rpe6a Aa Mr.rHlrMr.r:yje pa:lnxy y opujeuraur,rjH
rJraBHe oce rpeHyrHe I'I xeJbeHe er[flcor4,rlHe Kpyrocrr.r, Kao u Sarrop cKanuparra usr.aefy rJraBHe

u cflope.qHzx oca eJllrncortAe. Oeaxas npr{cryn ce Moxe r{cxopr4crt4ru sa o6rraKoBarLe Kpyrocrt4
y 3aAau[Ma MoHraxe, ceqerba, tpune o6paae noBprxrrHa) vtrn. Ognocuo, KoA oBaKBr4x 3a.{araKa

Ayx rlpaBua xperamaje norpe6uo uocruhn o.uroeapajyhe oco6ase uo ru,rrarly Kprocrr,r 3aBpruHor
ype!aja (aucoxa xpyrocr), aox je no 6o.rHrrr\,r ocaMa [oxeJbHo uMaru Hr,rcKe BpeAHocrr4 Kpyrocry
xaro 6u po6or 6uo cnoco6aH ,qa ce rpr.uraroAr4 He-crpyKrypr,rpaHr{M npoMeHaMa y oKpyxemy vnv
nppr cyAapy. Taxole, onaj npracryn he olroryhuur Kopr,rcHuunua 6ore pa3yMeBarbe n KoHrpoJry
po6ora, 6es o6:upa Ha FbI,IxoBo 3HarLe o pacnoHy Kpyrocrr{ roje je uoryhe ocrBapuru Ha Hr.rBoy

:rro6a./:aeplrlHor ypefaja u ue!yco6ru,rM 3aBrrcHocrrMa eJreMeHara Marpr{qe Kpyrocrr4 3aBprxHor
ypelaja y,{er<apronoM Koop.rluHarHoM cncreMy.



Kaxo 6u ce noMeHyrr.r 3a.[arlr t43Bprx]rnrr Ha npeABuleulr uauuH HeoIIxoAHo je I,I3BpuII4rI4

[poqeHy BeJrr,rquHa oA r{Hrepeca Kao rrrro cy Kpyrocr 3aBprrrHor ypefaja po6ora H eKcrepHe cune

xoje aenyjy Ha 3aBpuHra ypelaj po6ora roKoM unrepaxuzje ca oKoJII4HoM.

Taxo!e, la6u ce ouoryhula 6e:6e.qHa lrHTepaKrluja r.rsnrely po6ota u EeroBe oKoJIIiHe, norpe6uo

je y peannoM BpeMeHy nparr,rrrl excrepHe cure v MoMeHTe xojn aelyje ua po6ora, raxo 6u ce y

cnyuajy rolusuje Mouro pearoBarr{ Ha o.(roBapajyhn Har{}IH. Yxoluxo je r<o.nz:uja ueu:6exHa

norpe6Ho je .ua po6or ocurypa 6er6eAsocr [21], r{ .(a npu roMe ynpaBrsa no:zuujou u xpyroruhy

Ha oAroBapajyhu Har{I4H 122,23).

I,IHr.rur.rjalur4 Koparlr4 :a oapelranarle Ha xojtl uaunn je norpe6no 4a po6or oAloBopl4 Ha cyAap

jecre .qereruuja aa ce cyAap 3arpaBo Aecr{o, H3oJroBarI,I noKaul4jy ua rojoj ce raj cyAap Aecl{o, u

r43Bprxrrrr4 ecrrar'rauujy aMnnr4ryAe eKcrepHe cl4ne oAHocHo MoMeHra 1241. 3a AetexroBalLe I4

ecrlrMrrparbe eKcrepHr,rx cuJra H MoMeHara nocroju HeKoJII{Ko rlpe.(noxeHllx peuerba Kao Ixro cy

noce6se Bpcre HaBJraKa ra po6ore [25] xao r4 pe[Ierba 6azupaua Ha npuxynJbalby un$oprvrauuja

ca ceH3opa cure v MoMeHTa MoHrprpaHor lrJrr4 ua :uo6y po6ora v\vt Ha 3aBpIIrHoM ypelajy [26].

Taxole, nocroje u pemerba roja na ocHoBy oncepnaunja eueprraje, 6psuue rIJrI4 MoMeHra

peKoHcrpyuury uusopuaunjy o ercrepnoj cplJtvt u MoMeHTy, ocnarrajyhl4 ce Ha ranQoprr,rauuie ca

ceH3opa no:uuuje u crpyje [25].

Kopracrehu HcxJbyqr.rBo eHr(oAepe H noAarKe o crpyju 6rahe u:npuleHa rlpoueHa eKcrepHl'Ix

MoMeHara xoju lenyjy ua po6ora ca jeanr,rr.a Snexcrz6ralupttu suo6oM, axryaropoM npoMeHJb14Be

Kpyrocrr4 y aHraroHr.rcrrauxoj roH$urypauujz. Crpareruja ectuuaunje ce cacroju oA ABa KopaKa:

npBo ce peKoHcrpyuuy enacruuuu o6prH[ MoMeHTu xoje reHep]Iuy Moropu yHyrap aKTyaropa

npoMeHJbr,rBe Kpyrocrr,r, a 3arr4M ce npoqemyje cnorsnu o6prnu MoMeHT xopucrehu noAarKe o

flperxo.rlHo peKoHcrpy[rcaHr4M eJracrurrHI,rvr o6pruuu MoMeHTI4Ma g LlaHav.lITIKI,IM MoAeJIoM

po6ora. 3a pexoucrpyruujy/ecrrauaurajy eJracrr4llHor MoMeHTa Kao I4 caMor eKcrepHor MoMeHra

6uhe xopr.tuheu oncepnep ca Heno3HarI4M yna3I'IMa.
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3. floraure xunore3e

Ilolasne xrrnore3e AoKropcKe 4ucepraqnje cy:

o Kola6opauuia ra:rr,rely po6ora u qoBexa Moxe noeeharu eSuxacuocr flpunr,rxoM
o6aeJbalLa MoHoroHlrx/reurrux/onacHux ilocJroBa aJrvt u no6orsruaru olrrJTe vcJroBe u
3aro Bo Jbc'rBo pa.{Hr.rxa npLrnHKoM o6 asJba}ba rr.rx 3 aAaraxa.

o EQnxacuocr y Kooneparr,rnnuu/xora6oparunnuM 3aAaurlMa ce Moxe yHanpearrrr{
xopltmheneM I4HoBaTI,IBHI{X peruema [onyr aAalrr4BHr{x ranrep$ejca, Hanpe.rlHux
cen3opcl(I4x cllcreMa, anropl4TaMa 3a ecrrrMarlujy qoBeKoBr,rx HaMepa u [cr4xo-

$u:uuxor crarba.
o Kopuruherreu Mero,rla Marrrr,rHcKor yqer6a, Moren arTyaropa npoMeHJbr4Be Kpyrocrr.r

ce Moxe yHarrpeAr4Tr,r r,r 3aTVM KOplrcTIrTr,r y ynpaBJbaqKr.rM 3aAarlr,rMa.

o Texsure ureparlIBHor ytlema npyxajy uoryhuocr KoHTr.rHyanHor yqerba napaMerapa
MoAeJIa qLIMe ce clr.rarryje :uavaj v npoMeHa MexaHuqKr.rx KapaKTepr,rcrr.rKa MoAena.



flporrreua Kpyrocrr4 3aBprrrHor ypelaja pe.[yH.rlaHrnor po6ora ce Moxe nocrnhu

[poMeHoM Kr4HeMarr4rrKe xonSurypauuje po6ora vilv rpoMeHoM Kpyrocrl,I y
suo6oer.rN,ra po6ora.

Zuryurunua rpa$ra.ma pelpe3eHrauuja eKBr.rBaneHTHe Kpyrocrl,I 3aBpluHor ypelaja

Moxe ouoryhlrru jeguocraruuje v uuryurunnuje ynpaBJralse Qurraurorra

unrepaxunjou po6ora y oAHocy na o6ftmoearbe rrornyHe Marp]IqHe I,IHrepnperauuje

MexaHuqxe Kpyrocrr.I. O6ruxosalLe enuncol,IAa Kpyrocrl{ y ,{exaptonolr
KOOpAUHaTHOM Cr4CTeMy Ce MOXe [OCMaTpaTr4 KaO HeIII4HeapHI4 O[rI4MI43aUHoHlI

npo6reu ca orpaHr,rqerbuMa.

PexoHcrpyxUujy eJIacTIrt{HoI MoMeHra ruroryhe je o4pa1uru novohy oflcepBepa

Herro3Haror yna3a (eHrrt.: Unlrnown Input Observer).

Ysurrrajyhrz y o6sup Ar4HaMr.rKy JrLrHKa r4 eJracr[rLrHLI MoMeHr srro6a po6ora rraoryhe je

oApe.qr4Tr.r eKcrepHl{ MoMeHr xoju 1e:ryje na srro6 po6ora.

4. MeroAe Hcrpaxl{Barba

Tpra pasnuqr.rra eBanyarlproHa oKpyxeba he 6uru pea,'II,I3oBaHapanv aHiIJII'I3e I{ npoBepe

rrocraBJ6eHux xv [ore3a. Banuaauuja xuuore:a he ce npBo I,I3BecrLI Ha olronapajyhrzvr

cr,rMynauuoHr.rM Mo,rleJrr{Ma peaJrr43oBaHlrx xopucrehu MuIoCo c}IMynauuoHo oKpyxeme pr ROS

(enrn..: Robot Operating System) a 3arrrM r,r Ha peanHllM eKcnepIrMeHraJIHI'IM rocraBKaMa'

flpnra .rleo ,(rlcepraunje he ce 6asu:rpr aHaJrlr3oM Kooleparl4BHor pa.ua po6ora I,I qoBeKa rlpl4

3anarlqMa MaHyenHor cKJra[arLa o.[HocHo MoHTaxe. flpno6urno he 6uru Au:ajunpaua u

peanr43oBaHa paAHa craHr.rua 3a MaHyenHo cKJlallalbe flornoMorHyro xola6opatl'IBHlTM po6orou

ca 7 creneuu clo6oAe (enrl.: degrees of freedom, DoF) Franka Emika Panda. flopea rora,6uhe

peaJrr.r3oBaHr{ cr4creMr4 xoju he rroApxarr{ pa.[ r{oBexa u po6ora 6a:npau sa Fiware coQreepcxor,r

perxelby, clrcreM 3a npyxame npaBoBpeMeHr.rx ynyrcraBa pa,(HLIKy (ADIN - Adaptive Interfaces),

cr4creM 3a He-lrHBa3r4BHy uxreparcunjy lroBeKa ca uenoKynHuM cl{creMoM 3acHoBaH Ha

LeapMotio,r? ceH3opcroM cr,rcreMy, crrcreM 3a ecrr4Mauujy ureura-rrnor Soxyca, 3a,uoBoJbcrBa I'I

KorHrrruBHor onrepehersa Koplruhemeu EEf ypelaj a (MBTrain Smartphones). Kaxo 6u ce

yrBpgnne nep$opuance cr4creMa xopucruhe ce cy6jexu,IBHI4 recroBl{ Kao v Mepe}ba cl{creMa 3a

ecruurauuj y MoxAaHe aKTIrBHocrI4.

Apyru Aeo Ar.rcepraullje he o6paanru oaa6paue MeroAe MaIIrHHcKor yqelLa noroAHl4x 3a

yqebe HenrrHeapHLtx Mo.rlena Kao rrrTo cy MoAenLI aKTyaTopa [poMeHJbvBe Kpyrocrl4.

Oaronapajyhu noAaqu sa o6yuanar6e MoAeJra he 6uu.t [pI.{KynJbeHI4 ca peanHor aKryaropa.

Pa:lrarpaHu rr.r[ aKTyaropa ca npoMeuJbr,rBoM xpytourhy vua HenI,IHeapHe onpyre y
aHraroHprcrnvxoj xonsrarypaqlrjz. KonrperaH MoAeJI alffyaropa je QB Advanced Pro. Kol,
oBaKBrrx aKryaropa Henr{HeapHe orpyre y aHTaroHracru.rxoj xonQrarypaunjn ornloryhanajy

nr4HeapHy npoMeHy Kpyrocrlr uenoKylHor cucreMa. Baru4aquja MoAena he 6urH lI3BpIIreHa Ha

peaJrHHM arTyaropuMa xoju ce Hr,rcy (oplrcrr,rnpr 3a flpuxynJbame o6yuarajyher cryla roAaraxa.



3arnlt he ce xoptzcrlrra ,rreparr4BHo yr{er6e raxo 6u ce Monen ar$yaropa Morao flpr4naroaurrl Ha

eBeHryaJIHe rpoMeHe y MexaHr.rqxoj crpyrrypr,r Hacrane eKcnJroaraqrajou aKTyaropa.

3aruu he y re:u 6uru o6pafeH ar'rropurMuMa sa o6r[KoBarLeM uarpzue/e;urncoure
Kpyrocrr4 3aBprxHor ypelaja y leraproBoM KoopAr4HarHoM cr,rcreMy. I,Inraqujanno je uorpe6Ho

pa3Br4rr4 cr4Mynaur4oHe Lr MareMarr,rqKe MoAeJre xaro 6u ce eBanyaunja anropuraMa u3BpIrI:alraHa

oarooapajyhu Haqv H. Kao anropt4rMr,r 3a rrorerxaBarbe Kpyrocrl{ 3aBp[IHor ype!aja y
lexapronoM KoopArrHarHoM cr4creMy pa:rtaarpahe ce oAroBapajyha florrpyfia o[rI4MI{3auL.IoHI,Ix

anropr.rraMa troto1Hux 3a Henr,rHeapHe c]rcreMe. Pesymaru ao6njenu y crIMynaIII4oHI4M

oxpyxerrrrrrla 6nhe eKcnepr4MeuTaJrHo nornplenz Ha peanHoM [naHapHor MaHpllynaropy ca 4

crereHa c;ro6o.ue u Frqnka Emika Panda po6ory.

llocleAn a Aeo re3e he ce $oxycraparr{ Ha ecruMaunjy Kpyrocru LI eKcrepHllx cvila v
MoMeHara po6ora ca aKryaropr.rMa ca [poMeHJr,r4novr xpyrouhy. Karo 6n ce H3Bpu]Hno

Tecrr4palLe nocrr,rrHyrHx pe3ynrara rrprrJrrzKoM npr4MeHa anroplrraMa 3a rrnaHLIpame/o6.nzxoBarLe

Kpyrocrr{ 3aBprrrHor ypelaja po6ora y .{exaproBoM Koop,rlraHarHoM cllcreMy 6ahe pea-nn3oBaH

aJrropr4raM 3a ecrr.rMauujy rcpyrocru. Kopucrehz Franka Emika Pando po6ota Aa I,I3BpIxn

nepryp6auraje Haa po6orou ca axryaropr.rMa ca npoMeHrbt4BoM Kpyromhy (4DoF QB Advanced

Pro) 6uhe cHtrMJbeHH norrlepajy z cruehroueuru rcoju ce roM rlpunlrKoM reHeplltuy usrvrely ana

po6ora. Ha ocHosy oBr.rx Mepema he 6uru usnpureHa npoueHa Kpyrocrll 3aBpuIHor ypelaja.

3aruu he 6wru o6palenu aJrtopr{rMr4 sa ecrurrralrqjy eracrl,IqHor MoMeHra I4 eKcrepHe

cule/uouesra. flpuueuou oncepBepa Heno3Haror yna3a usnpuruhe ce peKoHcrpyxulrja

eJracrrlrrHor MoMeHra a 3arr.rM r{ eKcrepHe cure/uoueHTa, oflcepnaunja he ce ocra]barll Ha

unQoprnraunje ca ceH3opa nosraqnje 14 AI,IHaMI4TIKoM MoAeny po6ora.

5. OqerusaHlr HayqHIr AoflplrHoclr

O.rexr,r s aH ra H ayqH r,r .qo[pr,r Hocu,uu ceprauuj e cy :

CucreuarurraH nperne.{ nr.rreparype r,r3 o6racru Koolepar}IsHor/xora6oparllBHor
pa,ua po6ora r{ qoBeKa, HoBI{x MoAena axTyaropa u EI'IxoBor Mo,[enllparua u

ynpaBJbalba 3acHoBaHor Ha yrlelby LI [puMeHI4 TexH[Ka onrvMu3auuje.

Pa:noj HeypoeproHoMcKe paAHe craHr,{ue 3a MaHyenHo crJlafla[be nornoMorHyro

xona6oparuBHlrM po6orou.

Peannsaur,rja anropuTMa Marrrr,rHcKor yqerr,a 3a yrrerbe MoAena aKTyaropa [poMeHJbHBe

Kpyrocru Kao lr r4Teparr{BHor anropuTMa 3a KoM[eH3aurajy necasprueuocru xoje

nacrajy ycneA eKcnnoaralluje anryaropa.

Parnoj HoBux ilnropllTaMa 3a y[paBJbarLe po6oruua y 3aAaIILIMa (fu:ra'lre

uureparquje 3acHoBaHr,rx Ha KoHTponr MoMeHra ulutru Kpyrocrl4 srro6a po6ora u
pexou$urypauui u po6ora.



o Pasnoj rexHLIKa ynpaBJbarba Kpyrocrr.{ 3aBprrHor ype!aja y ,{exapronoM cr,rcreMy Ayx
oca npuMapHl'Ix 3a etpuxaurnje u 6es6eanuje lr:nofeme runurrHr,rx LrHAycrpnjcrcux
34.(aTaKa.

o Pea,ru:aurzja cr4creMa 3a ecrr,rMaunjy xpyrocrr,r 3aBpunor ypefaja y lexaproBoM
r(oopAlIHaTHoM cr,rcTeMy.

o Pearusauuja I4HoBarI4BHLIx anropr,rraMa 3a ecruauurajy excrepHe cu.leluouenra
3acHoBaHr,rx Ha oncepBepy Heno3HaTor yniBa.

6. fl.nan [rcrpur(HBarba

I,lcrpaxueama he 6uru o6asJbeHa y HeroJrrrKo KopaKa:

1) flper;rea HayqHo-crpyr{He nr,rreparype pa4r4 aHattt:re nocrojehux npaaaqa rrcrpaxr.rBarba
y o6lacru Kooneparv eHo/xora6oparuBHol paaa po6ora H qoBeKa;

2) flperle.u HayqHo-crpyqHe nl4Teparype parr{ aHirnr43e MeroAa Marur,rHcxor yqerLa 3a
norpe6e yqema MoAeJra aKryaropa npoMeHJbr4Be Kpyrocrr{;

3) flperne.u HayrlHo-crpyqHe nr.rreparype pa.(r aHaJru3e Mero.{a ga o6rrxosa}be Kpyrocrr,r
3aBprxHor ype!aja;

4) Pasnoj Ir recrrlpame po6otcre henuje 3a norrroMorHyro MaHyeJrHo cKnalarbe;

5) Pa:noj MoAyJIa sa e$uracnr.rjy xoouepaurajy usuefy po6ora u qoBeKa (a1anrrsuu
lucnlejz, Her,rHBa3r,rBHr{ ceH3opcKr{ cucreMr{, ct4creMu 3a nporleHy crarla qoBeKa npr4nuKoM
uHrepaxuuje ca po6oroM, ...);

6) Pa:noj aJrropuTaMa MarrrrrHcKor yqerba 3a yqelLe Mo.[ena aKyroaropa ca rpoMeHJEHBoM
xpyroruhy (QB Advanced Pro);

7) Ilpr.ruperr,ra cllMyrauuoHor I{ eKcnepr,rMeH'raJrHor oKpyxerLa 3a recrr,rparle anropr4raMa
MaurHHcKor yqel-ba;

8) Pea-nu:auuja cvuyraquoHllx 14 MareMarlrqKrlx MoAena norpe6nux 3a recrr.rparLe
anropllraMa orruMl,I:aunje 3a o6rurosalbe Kpyrocrr,r 3aBprrrHor ypelaja y flerapronou
KOOpnr,rHaTHoM CHCTeMy ;

9) Pa:noj onrr.rMr,r3arlrloHnx anropr,rraMa ca orpaHr.rqerbvMa 3a uorpe6e o6rnxosa6a
Kpyrocrr4 3aBprrrHor ype!aja y .{exapronoM KoopAHHarHoM cr4creMy;



l0) ExcnepllMeHrarHa enaryauraja pe3ynrara .uo6njenux Ha cprMynaunoHoM oKpyxerby
3a.(auvMa o6ruxosalsa Kpyrocrl,I 3aBpuHor ype!aja y .{exapronoM Koop.rlr4HarHoM cr,rcreMy;

11) Pa:noj anropr4TaMa 3a .{ereK\ujy u ecruuauujy eKcrepHe culeluorrleHra 3a cr{creMe
jeannu creneHoM cno6oae;

l2) Pasnoj aJIropLIraMa 3a AereKuzjy n ecrrauauujy eKcrepHe cure/uoueHra 3a cr,rcreMe ca
Br4rrre crelreHr,r clo6ore.

7. 3axmyvax H rpeAJror

Ha ocnony I43Jroxeuor, KotrttEcnja xoncraryje Aa KaHAu.qar Huxola Kuexenrh, uacrep
plHxerrep eneKTporexHl,IKe I{ paqyHapcrBa, r,rcnyrbaBa cBe [orpe6ue yclone 3a r,r3pa,uy AoKTopcKe
azceprauuje noA HacJIoBoM "Yupaurame po6ora y Qusuvxoj an:repaxunju ca oxoJrrrHoM r{
capaArLI,I ca rIoBeKoM 3acHoBaHo Ha rexHr,IxaMa yqerra r4 orrrr4Mr{3aquje". flope4 vcrryrLeHocru
Qoplaannux ycJIoBa, xau4uAa'r je AeMoHcrp[rpao cloco6soc'r crrcreMarr.rqHor npr{cryila a:eufir3u
upo6leua u reoplljcxllM r4 [paKTr,rqHVM 3uarr,r.rMa y ynpaBJbany po6orcKr.rx crrcreMa, Kao H

Ll3nararby pe3ynrara y nay.+roj saj e.qHr.rur.

Kouucraja flpeAnaxe HacrasHo-HayqHoM nehy EnexrporexHilr{Kor Saxynrera YHunep3r.{rera
y Eeorpaay na KaH.(HAary Huxolpr Kuexeruhy, Macrep HHxerLepy enexrporexHur(e vr

par{yHapcrna, o.4o6pu r{3paAy AoKTopcKe aucepraunje noA HacnoBoM "Ynparrsarre po6ora y

Qusuuroj nnrepaxuujfl ca oKoJrr4HoM r,r capa.[rbr,r ca qoBeKoM 3acHoBaHo Ha rexHprKaMa yrrerba ri

onrnuu3aqraje", noA MeHTopcrBoM Ap Kocre Jonanonuha, BaHpe.uHor npo$ecopa Ha

EaemporexHr4qKoM t[arylrery Yuunepsurera y Eeorpa.uy.

Y Eeorpaay, 11.10.2023. roAprHe

Ynueep:urer y KparyjeBuy - (Daxyrrer r,rHxeriecKr,rx

HayKa

a,/l*l., H -

ap HeHaa Yonuvuh, BaHpeaHr,r upoSecop,

Yuusep:urer y Eeorpaty - ErerrporexHur{Klr Qaxynrer

r{J'IAHOI}I'I KOM H C I{JE

nffi peaonuu npo$ecop,

YHunep:zrer y Eeorpaily - ErexrporexHr.rrrKr.r Saxyrrer

ap ApCo By'xuhenrah, Brrurpr HayqHH capaaHuK,



I43JABA

Kao npe4.noxeHr.r MeHTop AoKropcKe 4ucepraquje "Ynpaurame po6ora y (fusu.rxoj

uureparquju ca oKoJII,IHoM r.I capaAlLu ca r{oBeKoM 3acHoBaHo Ha rexHptKaMa yqelra H

orrrprMr,r3arluje" xan4nAara Huxore Knexeeuha, cartacaH caM ca Irlsseurrajervr Korrazcuje sa

orleHy uoAo6uocu.r reMe v Kaurprruta.

Y Eeorpa4y, 30. 10.2023.

{1O,n,,0-t
Kocra JoeaHoellh, BaHpeAHr,r upo$ecop


