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MPEAIOBOP

[parv onepaLmoHn NCTPaxmBaum,

Ca orpoMHMM 3a/10BO/LCTBOM BaM NPeACTaB/baMo 360pHMK pagoBa ca jyunapHor 50. cumnosujyma
0 onepauvoHuM UcTpaxmsarimMa - SYM-OP-1S 2023. Oaj gorahaj He camo fa noTephyje Haluy
KOHTUHYMpaHy nocBeheHOCT OMepauvoHNM WUCTpaXuBarkMa, Beh npefcTaB/ba M NOTBPAY [a
onepaLMoHa UCTPaXXUBakba U farbe NpyBiaye Naxby Y HayYHUM 1 MPOGECHOHaTHAM KPYTrOBUMA.

"NaBHY OPraHM3aToOPX OBOFOAMLLFLET CUMMO3UjyMa cy MUHKUCTApCTBO of6paHe 1 Bojcka Cpbuje, a
HOCWNalL, opraHu3auyuje je Ynpasa 3a cTpaTerujcko nnaHupare CekTopa 3a MOAMTUKY ofbpaHe
MwuHUCTapcTBa Ofi0paHe.

Op camor no4veTka, SYM-OP-IS je cnykvo Kao LeHTap HayuyHOr Aujaiora, pasmeHe 3Hawa U
noeesuBarka Mefly WCTpaXMBayvMMa, MpodecroHanUMmMa W  eHTy3ujacTMa  OnepaumoHnX
UCTpaXyBara. TOKOM MPOTEKNUX MNeT fAeleHunja, CUMMO3WjyM je OKym/bao unaHoBe fomahe u
mehyHapogHe akagemMcke U HayyHe 3ajefjHuLe Ca LUM/bEM [a UX MOTUBMLLE fa U farbe UCTPaxyjy
C/OXKeHe Npo6/iemMe YHyTap orepaLyoHnX NCTPaXKMBaH-A.

Op 1974. roguHe, Kafa je NpBM CUMNO3WjyM OfpXKaH, Na CBe A0 AaHac, OBaj CKyn je npuByKao
Buwe of 13.000 aytopa Koju Cy npeAcTaBWnM pesyntare CBOjUX WUCTPaKuBarba Kpo3 BuLUe 0f
10.000 pasoBa. OBO MMNPeCMBHO Hacnehe cBefouy 0 NocTUrHyhuma v ytuuajy koje je SYM-OP-IS
0CTBapNO TOKOM CBOje UCTOpuje.

OBe rogyiHe ca NOHOCOM caornwTaBaMo fa 360pHMK obyxBaTta 157 pagoBa, Koje je Harmmcano 375
ayTopa. CBakn paf MpeAcTaB/ba He caMO pe3ynTaT MCTpaXuBakba M paja nojeguHua, Beh u
JonpyHOC 3ajefHULUM 1 6o/beM pasyMeBarby Npobnema Kojuma ce 6ase onepauyoHa NCTpaXKuBarba.
PafjoBM cy opraHu3oBaHW Yy 27 CTaHOapAHUX CeKumja Koje UCTpaxKyjy pasnmumTe acrnekTe OBe
AuCUMNnHe.

Takofe, »enumo Bac 06aBecTUTU Ja CMO OBe roAuHe JOJann jow jedHy cekuwjy ,,Mctopuja
orepaLMoHUX UCTPaXMBakba - Y 3HaK jybuneja®. Kpos Ty CeKLmjy CMO Xenenu UcTpaxxuTu Hacnehe
OrnepaLMoHUX UCTpaXkmBarba, NCTahn K/byUHE MPEeKPeTHULE U AONPUHOCE, Kao M Aa pasmMoTpuMo
KaKo Cy ce NpoMeHe TOKOM BpeMeHa 0/pa3u/ie Ha 0By 06nacT.

Y 3Hak ceharba Ha MpemuHyne onepauyoHe ucTpaxkusade, npod. Ap CeeTo3apa BykagnHosuha,
JobuTtHuka Moseme u npod. Ap KatapuHy C. BykaguHosuh, unaHa lMporpamckor og6opa, Ha
no4eTKy 360pHUKa Cy NpefCcTaB/beHe HUX0Be brorpadguje.

Pesyntaty koje CMO NOCTUFAN He 61 6unn moryhu 6e3 NpefaHoOCTM CBUX YYECHMKA, peLieH3eHaTa,
ayTopa ¥ opraHv3auyoHor TUMa Koju Cy YNOXWAN BENNKU TPYA Kako 61 oBa MaHudecTaumja buna
ycnewHa. XBaia BaM LUTO CTe CBOjUM PajoBrMa JONpuHenn ycnexy jybunapHor 50. cumnosujyma
0 OnepaLyoHNM UCTPaXKMBaUMA.

Heka oBaj 360pHVK pagoBa 6yfe MHCNMpaLmja 1 N3BOP 3Hara 3a CBe Bac. Kpo3 pasHOBPCHE TeMe,
ugeje n npuctyne, Bepyjemo ga he cBako NpoHahn HELITO LITO ra MOTVBULUE [ja fa/be UCTpaxyje,
YU 1 JONPUHOCK YHanpeherby onepaLmoHnX NCTPaKMUBatbA.

C noLuToBaHEeMm,
YpeaHuum:

[JejaH CTojkoBuh
[Jann6op Metposuh
CphaH Jumuh



PREFACE

Dear operational researchers,

It is our greatest pleasure to present the conference proceedings for the 50th anniversary of the
symposium on operational research SYM-OP-IS 2023. This event signifies our ongoing
commitment to operational research and affirms that operational research continues to hold
significance within scientific and professional spheres. The principal organizers of this year's
symposium are the Ministry of Defence and the Serbian Armed Forces, with the Strategic Planning
Department of Defence Policy Sector in charge of the organization.

From the beginning, SYM-OP-IS has been the center of scientific dialogue, knowledge exchange,
and connection of researchers, professionals, and enthusiasts in operational research. In the last five
decades, the symposium has gathered domestic and international academic and scientific
community members to motivate them to research complex problems inside operational research.

From 1974, when the first symposium was held, until today, this event has attracted more than
13.000 authors who presented the results of their research through more than 10.000 papers. This
impressive heritage confirms the achievements and influence that SYM-OP-IS has had throughout
its history.

This year, we proudly announce that the proceedings includes 157 papers written by 375 authors.
Each paper represents not only the result of research and an individual's work but also a
contribution to the community and a better understanding of the problems dealt with by operational
research. The papers are organized into 27 standard sections that explore different aspects of this
discipline.

Also, we would like to inform you that we have added another section in this year’s proceedings,
“History of operational research - to mark the anniversary.” Through this section, we wanted to
explore the legacy of operations research, highlight key milestones and contributions, and consider
how changes over time have affected the field.

In the memory of deceased operational researchers, professor Dr. Svetozar Vukadinovi¢, recipient
of the Charter, and professor Dr. Katarina S. Vukadinovi¢, a member of the Programme Committee,
biographies are presented at the beginning of the proceedings.

The achieved results could only be accomplished with the dedication of the participants, editors,
authors, and the organizing team who put the effort into making this event successful. Thank you
for contributing to make this 50th anniversary of the symposium on operational research successful.

Let the proceedings be the inspiration and source of knowledge for us all. Diverse topics, ideas, and
approaches will motivate everybody to keep on researching, learning and contributing to advancing
operational research.

Yours sincerely,
Editors:

Dejan Stojkovi¢
Dalibor Petrovi¢
Srdan Dimi¢
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INMEMORIAM

Mpod. sp CBETO3AP BYKAIVHOBUT
1932-2023

,,He ymupe oHaj Koju je nocne cBoje CMPTU CNOMEH OCTaBKo™ — NaTUHCKA NOCN0BULA

Mpodecop CeeTo3ap BykagnHOBWN, KOjU je HeAaBHO OTMLLAO W3 Halle CPefiuHe, OCTaBuo je
BULLIEC/IOjHM Tpar Y CB0joj Teopuju BeposaTHohe, Ha CaobpahajHOM (haKynTeTy, Y CBOjoj NOpoauLm
1y CBIMa Hama Koju ce 6aB1MO UCTOM WM C/IMYHOM HayKOM.

Mpodecop BykagnHosuh pofeH je 1932. roguHe y Huwy. M'MHaswnjy je 3aBpLUro ca OA4ANYHNM
ycnexoMm y AnekcuHuy. FogmHe 1951. ynucao ce Ha [MpupogHo matemaTuuku hakynteT y
Beorpagy, Ha MaTeMaTUyKOj rpynu 1 AunaoMmpao y poky. Bojcky je oacnyuo y Toky 1955/56.
roguHe. LLikoncke 1956/57. rogmHe pagmo je kao npodecop matemaTtuke y AsekcuHuy, a cnegehe
[iBe LUIKO/CKE rOAMHe HacTaBMO je paj Kao npodecop MaTemaTuke Y Cpeamoj Xemujcko-
TEXHOJOLLKO]j KoM y beorpady. ¥ TOM Nepuogy je NofoXuo WU CTPYYHW UCMUT 3a npodecopa
maTematuke. LLIkoncke 1958/59. n 1959/60. rogmHe 610 je cTuneHgucta CaseTa 3a MPOCBETY U
Kyntypy CP Cpbuje Ha nocnegunaoMckim ctyaujama Ha MprpogHo MaTeMaTtuykom (hakyntety y
Beorpagy, rae je nof pykoBoACTBOM npod. Ap Aparosby6a Mapkosuha npoyyasao pasHe obnactu
Teopuje BepoBaTHONhe, MaTemaTuuke CTaTUCTMKe 1 CTOXACTUUKMX NpoLieca.

LLikoncke 1960/61. kao ctuneHgmcta lMo/beke Bnage 610 je Ha Hay4yHoj crieumjanmsaumnjy y
Bpouiasy Ha CemuHapy npumerseHe Matematuke. Ha osoMm CemuHapy je, moj PYKOBOACTBOM
npod. ap JynujaHa lMepkana, 3amoye0 paf Ha NpoydaBaky /byfCKe Monynauuje y OfHOCy Ha
MakCMManHU apTepujcKu  KpBHU nputucak. [oguHe 1963. opbpaHwo je Ha [pupogHo
MaTemMaTUUYKOM (hakynTeTy y beorpagy Marnctapcku paf nog HasveoMm: ,,Pacrogena MakcuMaiHor
apTepmjcKor KPBHOT NPUTUCKA Y /bYACKOj nonynaumju.”

Mpe ognacka y MosbCKy, a Ha NO3MB 3aBoja 3a reosiolika 1 reodmamyka uctpaxusarwa CP
Cpbuje, 3amocnmMo ce Kao CTPYYHM CaBeTHWK W pajuo Ha npumeHama Teopuje BeposaTHohe U
MaremaTnuke CTATUCTWMKE Y TEOMOLKUM W Teodu3NYKUM WCTpaxkuBamKMa. o MnoBpaTky K3
Morbcke, cenTembpa 1961. roguHe m3abpaH je 3a acUCTeHTa 3a MpeaMeT Buiwa matemaTuka Ha
CaobpahajHoM (hakynTeTy, a 3aTuMm geuembpa 1962. rogmHe usabpaH je 3a npefasada Ha UCTOM
Pakyntety 3a npeAmeTe: Buwa marematuka M MaTemaTtuyka CTaTMCTMKa Ca EKOHOMETPUjOM.
lMoanHe 1967. n3abpaH je 3a [OLEHTa Ha UCTOM (hakynTeTy 3a ucTe npegmeTe. PensabpaH je y
3Bawe pgoueHTa 1972. Ha CaobpahajHom hakynTeTy 3a npegmete: Buwa matematvka u
MaTemaTnyke MeTOAE Y onepaLyoHOM ucTpaxmsarwy. MapTta 1979. rogmHe npod. BykaguHosuh je
046paHNo JOKTOPCKY AucepTaumjy Ha EnekTpoHcKom dakynTeTy y Huy, ¢ Hasueom ,,lpunosu
pasfBajarby MellaBMHa CTaTUCTUUKUX momynaumja“. JyHa 1979. rogvHe NoHOBO je pensabpaH 3a
[oLUeHTa, a Kpajem 1979. roguHe n3abpaH je 3a BaHpegHoOr npodecopa 3a npeamete: MaTtematuka |,
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Matematuka Il, MaTemaTnuka ctatucTmka u OnepaumoHa UcTpaxkmeara. 3a pefoBHOr npogecopa
3a ucte npeameTe 6upaH je 1981. roguHe. lNopen HacTaee, Ha CaobpahajHoMm (hakynTeTy je
o6aB/bao ¥ cnefehe Oy)XXHOCTW: MNpofeKaH 3a HacTaBy, NpefcefHVK KOMUCUje 3a M3faBauky
[enaTHocT, Wwed jeanHuLe 3ajefiHAYKe HacTase 1 Led KaTefpe 3a MaTeMaTUyKe HayKe.

[lyro BpemeHa M3BOAWMO je HacTaBy Ha cnefiehvm LukonaMa u hakyntetuma: Builua xenesHuuka
wkona, paheBuHckun thakynteT y Cy6otuum, MpupogHo-maTemaTuykm akynteT y MpuwtnHn,
BojHa akagemuja y beorpafy Kao v HacTaBy Ha nocneguMnaoMckum ctyamjama Ha CaobpahajHom
thakynTeTy, MalwumHckom akynTeTy y KparyjeBuy, Ha BojHum akagemujama y 3arpeby wu
beorpagsy v Ha I"'paheBnHCKOM hakynTeTy y CapajeBy.

MaKo je ocTBapuno 3aBuAHE Hay4YHe pe3ynTare ¢ 063VPOM Ha OHJaLLIHe BPEME U YC/IOBe Y KojuMa je
XKMBEO W CTBapao, HeroB rMaBHM M UMMO3aHTHW XXMBOTHK ONyc 610 je BULLE YCMEPeH Ha HacTasy W
nucarse yLibeHrKa. Y BpeMeHy kafa je CaobpahajHu thakynTeT Tek Tpacupao cBoj NyT v ajupmMauujy,
OH je npothunmcao npeameT ,,BeposaTHoha 1 MaTemMaTyKa CTaTUCTMKA cxBaTajyhu 3Ha4aj 1 nprmeHy
OBe MaTemMaTUyKe AMCUMNMHE Ha Npobneme caobpahajHe CTpyke. YBeo je y caobpahajHy CTPYKY W
npegMeTe Koju Cy npefcTas/banyt  AMPEKTHY MNpuMeHy Teopuje BepoBaTHOhe M MaTemartuuke
cratucTuke: MaTemaTuyke mMeToge y caobpahajy 1 TpaHcnopTy, OnepaumoHa ncTpaxueama, Teopuja
MacOBHOI OMC/Y)XuBarba, Teopuja MOY3AHOCTU W O6HaB/barbe TEXHWYKMX cucTema u fap. MHoru
(hakynTeTn y OHAALIHbO0] ApXaBM Cy NPeno3Hann Taj HeroB MHOBATVBHW Paf, Y HacTaBu W HEroBe
yubeHVKe, Ma je 3aTO Npeaasao Ha NOCNeAMNIOMCKUM CcTyanjama (Taga Tpehem cTeneHy cTyauja)
wmpom Jyrocnasmje. Hoerosu yuibeHuuy ns Martematvike v Teopuje BeposaTHohe n Maremartuuke
CTaTUCTUKe UMajy TpajHY BPeAHOCT 1 farbe Ce KOpUCTe Ha (hakynTeTuma.

O6jaBuo je BuLLE YIIGEHNKA N KHUFa, CAMOCTAJTHO M Kao K0ayTop, Kao 1 Be/IMKK 6poj pajoBa.
HajsHauajHuju yybeHnumn (3gasaunm HayyHa Kura, MpuspedHu npernef, 3aBof 3a u3faBare
yubeHuka Cpbuje) cy my cnepehu: MacOBHO OMCAyXuBawe, TPaHCNOPTHW 3afaTak fIMHeapHor
nporpamvipara, EnemeHT Teopuje Noy3faHoCT! 1 06HaBsbarba TEXHUUKUX cucTeMa, MaTemaTuyka
cTatucTuka, MartemaTuuko nporpamuparse, OnepaunoHa UcTpaxmsarwa, Metoga MoHTe-Kapro,
MatemaTtnka 1, MaTemaTvka 2 ca 36MpKOM 3ajaTaka, BepoBaTHoha M CTaTUCTMKA 3a YYEHUKe
Cpedbux LWKona, 36MpKa pelueHnX 3afaTaka U3 mMateMaTuyke ctatuctuke, OpabpaHu 3ajaum 3a
UeTBPTU pa3pes cpedre Lwkone, CnydyajHM MpouecM W HUXoBa MNpuMeHa y caobpahajy wu
TpaHcnopty, CTaTucTvKa 3a HemaTemaTuyke (hakyntete, Matemartvika 3a Tpehu paspef cpegrer
ycMmepeHor obpasoBata caobpahajHe CTpyke M MaTemaTuka 3a 4YeTBPTM paspel Cpearer
yCcMepeHor o6pasoBarba caobpahajHe CTpyKe.

HayuHu, CTpyyHM, METOACKM 1 NOMynapHW pafoBu Koje je 06jaBvo M CaonwTuo npunagajy
obnactma MaTemaTuyka cTaTucTmka n OnepaumoHa ucTpaxuara. Of Moce6HOr cy 3Havaja v
HEroBM NPWUM03N UCTOPUjU pa3Boja OnepauyoHNX UCTPaXKMBaHa y Jyrocnasujun Kao M pag Ha
TEPMUHO/MOLLKOM PeYHWKY M3 OnepaumoHuX ucTpaxkuBara. CBoj npBu pag Ha CumMosnjymy o
onepauyoHnM UCTPaXXMBarbKMa je 06jaBno 1974. roguHe.

Mosogom 30-roguwmue CaobpahajHor hakynTeTa [06MO je OpfeH 3ac/yra 3a Hapog ca
cpebpHOM 3Be3foM. [OGUTHMK je M nosesba [pyLluTBa ONepauMoHMX UCTpaxkuBava WM [pyLitsa
maTemaTunyapa Jyrocnasmje.

Ha cemuHapvma 1 KOHrpecuma Koje je opraHv3oBaio [pyliTBO Matemartuyapa, (msuyapa v
actpoHoma Cpbuje, npod. BykagnHosuh je y4yecTBOBaO Ca MnpejaBarbMma M3 METOAMKE HacTase
Teopuje BepoBaTHohe M MaTeMaTUyKe CTaTUCTUKE Y CPeAH0j WU OCHOBHOj LIKonW. Takohe je
yyecTBOBaO Yy pagy Penybnunuke komucuje 3a 06pasoBatbe Y petiopMn Cpedtber yCMepeHor
obpasoBarba. CacTaBnMO je MporpaM MaTemaTvke 3a Cpefwe caobpahajHe LUKOMe M Hanmcao
ogrosapajyhe yy6eHvke. Bro je rnaBHuM U OAFOBOPHU ypeaHWK 360pHMKA pafoBa HacTaBHUKA U
capagHuka dakynteta n MoHorpaduje nocseheHe uctopmnjaty CaobpahajHor hakynTeTa. buo je
unaH nporpamckor og6opa SYM-OP-1S-a. [lMeHsnoHucaH je 1. oktobpa 1997. rogvHe, a
OBO3eMa/bCKM XMBOT je 3aBplumo 18. mapta 2023. roguHe. HberoBo CTBapanallTBO OCTaje Kao
MOACTPEK, Y30p 1 Mepa BPeJHOCTU HeroBUM 6UBLUMM CTYAEHTUMA - caobpahajHUM VHXerepnma, a
Takohe 1 cagalkbum 1 byayhum cTyfeHTMa caobpahaja.
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IN MEMORIAM

Mpod. ap KATAPUHA C. BYKAAVHOBW|

1961-2023

Y cy6oTy 4. mapta 2023. rogvHe, y 62. roayHu XUBOTa, U3HeHada je npemuHyna ap KatapuHa
BykaguHoBuh, aunn uHX. caobpahaja, peaoBHM npodecop YHusepsuteTa Yy beorpagy -
Cao6pahajHor hakynTeTa u gyroroguilmuy ynaH Mporpamckor ogéopa SYMOPIS-a.

KatapuHa BykagumHosuh je poheHa 1. jyHa 1961. roguHe y Beorpagy. Oppactana je y
NPOCBETUTE/LCKO] MOPOAMLM, Y KOjoj je Majka Jynmja 6una yBakeHa Npodiecopka HaupTHe
reomeTpuje y MatemaTuukoj rumHasuju, a otal, Ceetosap npodgecop BepoBaTtHohe 1 cTaTUCTUKE U
OnepaumnoHnx ncTpaxmsara Ha CaobpahajHoM (hakynTeTy.Y pogHoM rpafy KartapuHa 3aspLuasa
OCHOBHY LUKO/Y M MaTemaTuyKy rMmMHasujy ca O4/IMYHM YCreXoM.

Cryauje Ha YHuBep3uTeTy y beorpagy - CaobpahajHom thakynTeTy, KatapuHa BykaguHosuh,
3anountbe 1979. roguHe, Ha OfceKy 3a ApyMcKu caobpahaj u TpaHCnopT, 4a 61 NOTOM npeLusia Ha
O[iCceK 3a peyHu 1 NoMopckn caobpahaj Ha Kome je u gunnomupana 1985. rogunHe ca NMPOCEYHOM
oueHoMm 9,50 o6paHMBLLK AUNAOMCKI pag nof HasueoMm ,,OapehuBarbe HajroBOSLHUUX AUMEH3MNja
kaHana [yHas-MKC ca rneguiita TexHUuUKe ekcnnoarauuje 6pogosa 3a CHabaeBarbe MeTanypLUKOr
kombuHata CmefepeBo (MKC)“. YHuBepauTeT y Beorpagy jy je Tpu nyTa Harpahjueao 3a usyseTaH
ycnex TOKOM CTyAuja, Kaga je yyecTByjyhu n y MefyHapoaHOj pasmeHu CTyfeHaTa nposefa fABa
MeceLia Ha CTPYYHOj npakcu Ha IHCTUTYTY 3a nyTeBe y KoneHxareHy.

Mo 3aBpwleTky cTyamja, y nepuogy 1986-1987. rogmHe, KaTapuHa je Kao Mnag UHXerep
nposena 15 meceuy y pagHoM ogHocy y Mpeaysehy 3a BogHe nyTtese ,,VBaH MunyTrHosuh-NMAM®.
Mnoswmna je [lyHaBoM 1 OCTa/IMM pekama 1 pago ce npucehana Tor BpeMeHa y KOMe je cTekna Bp/o
3HaYajHa NpaKTM4yHa 3Harba 0 BOAHOM caobpahajy 1 TpaHCMoPTY, a HeMocpeAaH KOHTAKT ca BOZAOM
u ,,6pogapmma‘” yTMLao je Aa AOAATHO 3aBOU CTPYKY, Y KOjoj OANyUyje Aa ce fasbe ycaBpLUaBa.

Mocnegunnomcke cryauje Ha Ofceky 3a BogHM caobpahaj U TpaHcnopT, KatapuHa BykaguHosuh
ynucyje 1988. roguHe v 3aBpLuasa 1993. roguHe ca NPoceyHoM oueHoM 10, ofbpaHMBLUM MarucTapcky
Tesy Mog, HasveBoM ,,Mogenmparbe MpeBo3a PeyHoOM MOTMCKMBaHOM (HoTOM MpuMeHoM Teopuje thasm
CKynosa”. [JoKTopcKy aucepTtaumjy ,,Ynpas/barbe NpoLecma y BogHoM caobpahajy kopuhersem Teopuje
(hasn CKyrnoBa M HEYPOHCKMX Mpexa ca MpyMeHOM Ha apyre BuaoBe caobpahaja”’, ogbpaHuna je 1997.
rofviHe, Nof, MEHTOPCTBOM akafieMunka [yiuaHa Teogopouha, Takohe Ha CaobpahajHOM (hakynTeTy.

MapanenHo ca ynucmBarem locneaunnomckux ctyauvja, KatapuHa 3anoumte cBojy MOCMOBHY
akafeMcky kapujepy Ha CaobpahajHoM (hakynTeTy, rge je 6upaHa y cBa 3Bawa, MO4YeB Of
acucTeHTa npunpasHuka 1988. roguHe, fo pegoBHOr npodecopa 2010. roguHe. TOKOM Mocneame
JeueHnje XX Beka 0f/1asuna je Ha ycaBpluaBakba Ha YHUBEP3UTETE Y MHOCTPAHCTBY Ha KojuMma je
CTULANa MNWOHMPCKA 3Haka O MPUMeHama pavyHapCKe WHTENUreHuuje Yy peluasarby COXEHWUX
caobpahajHux npobnema, Koja he nocne HecebUYHO AennTW ca Konerama u ctyfeHtuma. Ha
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MHCTUTYTY 3a caobpahaj TexHuukor chakynteTa y KoneHxareHy nposena je Tpu Meceua Ha
creuujanunsaumjy Tokom 1989. rognHe. Ha YHueepsuteTy y [lenasepy je Kao CTYAEHT JOKTOPCKUX
cryamja, of 1992. po 1994. roguHe, 6wna aHraxxoBaHa Ha ApXKakby BeXOW Ha npeaMeTty
»,CuUCTeMcKa aHasm3a” u u3pagu e CTyAuje, [OK je y LleHTpy 3a HanpefHe TexHonoruje
YHuBep3uTeTa Jy>kHe KanmgopHuje npoBena y 3saky McTpakmBaya Lkoacky 1999/2000. roguHy
yuecTBYyjyhu y uspagu fge ctyguje.

Mpow. KarapuHa BykagnHosuh noce6Ho ce nctuuana y nocseheHoCTn HacTasu v CTyfieHTMMa.
PasBsujana je v npefasana npeAMeTe Ha CBUM HMBOMMA CTyAuja. Ha OCHOBHUM akafeMCKUM
cTyamjama 6una je aHraxxoeaHa Ha npegmetuma: ,,OnepauyoHa ucTpaxueamwa*, ,,OpraHusaumja u
ekcnnoataymja nyka v npucTaHuwTa“, ,JJIy4ko MpojekToBakbe W ynpaB/bawe“, ,,MnaHnparwe u
pa3Boj nyka W npuctaHuwTa“ u ,JIy4kn OnTUMMU3ALMOHW MoZenun™; Ha MacTep: ,,Mogenn 3a
caobpahajHO TEXHO/OWKO TPOjeKTOBame /yYKMX TepMmuHana“, ,,JeTepMUHUCTUYKN MOAEeNU
onepauMoHuMX UCTpakmBawa“ W ,,KBaHTUTATMBHE MEHALIMEHT METOAe Y TPaHCnopTy U
KOMyHVKaumjama“; M Ha [OKTOPCKUM akafeMckum cTyaujama: ,,Mogenm 3a caobpahajHo
TEXHOJOLLKO MPOjEKTOBAtbE W yMpaB/barbe PeYHUM M MOPCKMM flykama“, ,,CucTeMu 3a NOApPLUKY
of/lyumBatby y caobpahajy m TpaHcnopTy“ u ,®a3n cuctemy ca npumeHama y caobpahajy u
TpaHcnopTy*. Benmku JONPUHOC Aaia je Kao MEHTOP GPOjHUM CTYAEHTVMA U Kao Y/iaH KoMUCHja 3a
OLEHY 1 0A6paHy HUXOBUX AUNIOMCKMX, 3aBPLUHMX, MarncTapckux v mMacTep pagosa. buna je
MEHTOP MpW M3pagy LUeCT AOKTOPCKMX Te3a W unaH jefaHaecT Komucumja 3a HUXOBY OLEHY W
of6pany. Mpodh. KatapmHa BykaguHoBuh Huje cTyfeHTUMa 6una camo npegasad u/uam MeHTop,
OHa Ce MHTepecoBana 3a hIxoBe NoTpebe, NpobreMe 1 farbe NpogecroHanHe cyabuHe. Benuku je
6poj CTyfeHaTa Koju Cy Ce Ha OCHOBY HEHMX MO3HAHCTaBa 1 Mpenopyka 3anocamam n/unm gobunm
MPUANKY fAa Ce ycaBpLuaBajy WU OCTBape 3aBMAHe Kapujepe Ha YHWUBEP3UTETUMA Y WHOCTPaHCTBY.
BpojHuM Konerama 6una je y komucvjama 3a 1360p y HaCTaBHUUKa W CapafHMYKa 3Batba.

Tokom CBOr CTBapanaykor paga npod. KarapuHa BykaguHosuh o6jasiia je BuLue of 100 Hay4HMX 1
CTPYYHVX PaJoBa, Of Yera je YeTPHaeCT y BPXYHCKUM MefyHapOoAHUM HayYHUM YaconucvmMa, a octanm y
gomahum yaconmcvMa 1 360pHUUMMa ca MehyHapogHWMX W HAaUMOHaHUX KOH(epeHumja. OHM cy
[OMUHAHTHO MocBeheHn MPUMEHH OMepaLMoHNX UCTPaXKMUBaHA U PaiyHAPCKe UHTENMIEHLMje Y peLLaBaby
CNOXeHWX Npobniema opraHu3auyje 1 ekcnioaraLuje yka u NpucTaHuLLITa, anm n apyrux caobpahajHyx n
TPaHCMOPTHKX NpobsieMa. KoayTop je Tpu HaumoHariHe MOHorpadmje 1 jeaHe MefyHapogHe nog, Ha3vBoM
,» Traffic Control and Transport Planning: A Fuzzy Sets and Neural Networks Approach®, y usgary Springer
Science & Business Media. Mpema 6a31 Google Scholar, ykynHa uptupaHocT npod. BykaguHosuh y
CBETCKOj uTepaTypy U3HocK 930 1 MHAEKC Hay4YHe KOMMETEHTHOCTM je h = 13.

Mpod. KarapuHa BykaauHosuh je pykoBoauna u3pafoMm fBe CTyAuje 1 jeHOT TEXHO/OLWKOr
npojekTa 1 y4yecTBoBala y u3pagu oko 40 cTyamja n npojekata. VimeHoBaHa je 2000. roguHe y
3Batbe 3aMeHUKa CTaNHOr npefcTaBHMKa Cpbuje u LipHe Mope y [lyHaBCKOj KOMUCUjX ca CeAULITEM
y ByaumnewTn. YuectBoBana je y uspagu CTtpaTervje passoja BogHor caobpahaja Peny6nvke
Cpb6uje of 2015. go 2025. roguHe. buna je unaH VHxerepcke komope Cpbuje u gyroroguibu
n3secTunay, Peny6imuke peBU3NOHE KOMWCHje 3a CTPYUHY KOHTPO/Y TEXHUYKE [OKyMeHTauuje.
buna je unaH CaBeta CaobpahajHor chakynteta y Tpu MaHgaTa u Beha Hay4yHux 06nacTu
TEXHUUYKUX Hayka YHusepsuTeTa Yy beorpagy. O6aB/bana je [Y>XHOCT npofekaHa 3a
nocneguniomcke cryauje, weda Ofceka 3a BOAHW caobpahaj M TpaHCNOpPT W Weda 34pyxeHe
KaTeZpe 3a 6pof0Be 1 GPOACKY eHepreTuKy, opraHusauunjy paga 6pofosa n NPUCTaHULLITA U MIOBHE
nyTeBe y BuLIE MaHAaTa. buna je unaH Mporpamckux ogéopa KoHdepeHumja SYMOPIS n LOGIC.

Y nporpamckom opoopy SYMOPIS-a, npog. KatapuHa BykagmHosuh je og 2008. roguHe.
[JeueHnjama je pefoBHo yuyectBoBaia y pagy SYMOPIS-a n nogctuyana mnahe Konere a 10 Y/He.
YpeaHuK je 360pHUKa pagoBa 13 2008, 2014. n 2020. rogyuHe.

Mpod. KatapnHa BykafauHoBuh, nopes CBOjUX HAaCTaBHMX, HAyYHWUX W CTPYYHUX pe3ynTara,
ocTahe ynamheHa no €B0joj NocBeheHOCTW, HEHAMET/bUBOCTU U HeCcebUUYHOM [aBaky eHepruje u
BPEMeHa MHOTVM /byfiuMa Y CBOM OKpYXewy. HensmepHy /by6as npyxkana je cuHy Muxanny,
nopoauLmM 1 npujatersnma.
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TATIJAHA JABNAOOBUH
Hay4Hu caBeTHUK Matematuukor nHctutyta CAHY

[Op TatjaHa [asvposuh guniomupana je, MarucTpupasia v Jokropupana Ha MaTemaTnykom
(hakynTeTy YHuBep3uteTa y beorpagy. Y nepuogy 1987-1993. roguHe ap TaTjaHa Oasupgosuh je
paguna y Jlabopatopuju 3a poboTuky NHCTUTYTa Muxamno MynuH Ha npobnemyvMa Be3aHUM 3a
ynpas/barbe 6eCnUIOTHUM NeTenmnuama, poboTma 1 poboTCKMM crUcTeMUMa. Y TOM nepuogy 6una
je crno/bHU capagHuUK MatemaTuykor mHcTuTyTa CAHY, aHraxoBaHa Ha MpPOjeKTy BeLuTauke
VHTENWreHUMje y OKBMPY KOjer je paguna Ha MMNAeMeHTaumju ayToMaTcKMX [oKasvBaya Teopema.
Of 1993. roguHe ap TatjaHa [asugosuh je 3anocneHa y Matematuukom MHCTUTYTY CAHY, rae je
npowna n3bope y CBa MUCTpaXMBayka M HayyHa 3Barba. Y 3Barbe HayYHW CaBeTHWK 3a 06nact
payyHapcTBO M3abpaHa je 2018. roguHe. UnaH je M TEXHWYKM je cekpeTap JyrocnoBeHCKOr
YApY)Xerba 3a NpUMerbeHy U MHAYcTpujcky matematuky (JYTINM) og 2000. roguHe. Y feuembopy
2021. roanHe n3abpaHa je 3a YnaHa Ofesberba NPUPOAHO-MaTEMaTUUYKUX Hayka HayyHor gpyLuTea
Cpbuije.

[p [Jasvposuh pagn Ha Mofenupatby pasHuMx npo6nemMa KOMOUHATOpHe onTumMusauuje,
VMM/IEMEHTaUMjU VM napanenusauunju anroputama 3a HUX0BO peluasare. basu ce v pasBojem
METaxeypucTUUYKMX W XWOpUAHMX MeTofa ONTMMM3aLMje, TEOPETCKOM U eKCNepUMEHTaTHOM
aHanM3oM e(MKacHOCTW CeKBEHUMjaAHUX W MNapanesHWX anroputama, npobnemmma pyTuparba
BO3Wna, npobremMuma pacrnopehuBarba y padyHapcTBy WM TPaHCMOPTY, JIOKaLMjCKUM npobnemvma
Kao 1 npobneMuMa KOHTUHyanHe onTuMusaumje. Paguna je v Ha WCMUTKBakbY MOY34aHOCTM
pesyHAaHTHUX cuUcTeMa NPUMEHOM CTOXaCTUUKMX CUMYy/aumja, Kao U Ha NPUMEHW CrekTpaHe
Teopuje rpagoBa Yy pavyHapCTBY Ha [AM3ajH W aHaM3y e(MKacHUX U MOoy3faHux
BYLLIENPOLIECOPCKUX cuCTeMa. TOKOM CBOje UCTpaxuBauke Kapujepe, Ap [asugosuh je octsapuna
3HauajHy MehyHapoaHy capaftby, Kako ca MHOCTPaHUM UCTPaXMBa4MMa, Tako 1 ca HayUYHULMMa 13
Cpbuje Koju XunBe 1 page Yy nHocTpaHcTBy. Capahyje ca eMUHEHTHUM UCTpaxkmBadnma u3 KaHage,
bpasuna, Ayctpanuje, Ntanuje, dpaHuycke, Pycuje, Mpuke, Mapoka u CjeanmeHnx AMeEpUUKNX
[Jpxasa.

HajsHauvajHuju pesyntat koje je ap JasupoBuh OCTBapuna Be3aHW Cy 3a AOMpUHOCe
passojy ¥ napanenusaumjn MeTaxeypuctUykux MmeToga OnTumusaumje KosmoHujom nyena (Bee
Colony Optimization, BCO) n MeTtoge npomeHssusux okonvHa (Variable Neighborhood Search,
VNS) Koje cy npefnoxunu uctpaxusadn n3 Cpbuje, ka0 1 pesynTat 06jaB/beHN Ha Temy
pacnopehuBara 3afaraka y payyHapckum cucteMmmnma. O TOMe je fpxkana npegasara no nosuey Ha
MehyHapogHWM KOH(epeHUMjaMa M Yy HayYHUM WHCTUTyUMjamMa LIMPOM CBeTa. PesynTate
UCTpaXuBarba My6smMKoBaia je y MNPeCTXXHMM HayyHUM yaconucuMma kao wrto cy OMEGA,
Computers and Operations Research, Applied Soft Computing, Applied Mathematical Modelling,
Applied Mathematics and Computation, Journal of Heuristics, Annals of Mathematics and Artificial
Intelligence, International Journal on Artificial Intelligence Tools, Operational Research,
Optimization, Symmetry, ITOR, IJAIT, APJOR. AyTop je wanM Koaytop 5 nornasma Yy
MOHorpathmjama meflyHapo4Hor 3Hadaja, 37 pagoBa y MefyHapoAHUM Yaconucuma, og dera 27 y
yaconucmma ca CLIM nncte, 37 pagosa y 360pHMLMMa pafoBa ca MeflyHapoaHUX KOH(epeHLmMja 1
51-Hor pafa y 360pHMLUMMa ca HauMoHanHMX KoHgepeHuuja. Mpema 6a3n Google Scholar pagosu
ap Oasuposuh uututanm cy 1270 nyta (550 nyTta 6e3 ayTouuTara), a weH h nHgekc je 18.

Op [Oasmposuh je y4yecToBOBana Yy HauMOHANHWM MNPOjeKTMMa Koje (uHaHcupa Braga
Peny6nnke Cpbuje HenpekmgHo of 1987. roguHe. Y nepuiogy 2016-2019. roguHe 6una je
pykosogunau, npojekta 174033: Teopuja rpachosa 1 MaTeMaTMWUYKO NporpaMuyparse ca npuMeHama
Yy XeMuju W padvyHapCcTBY (MHaHCcMpaHor of cTpaHe MuHMCTapCTBa MPOCBETE, HayKe U
TEXHO/OLLKOr pa3Boja. buna je pykosogunay npojekta Al4TrustBC: HanpeaHe TexHWKe BellTauke
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VHTEAUreHLyje 3a aHanmsy u Au3ajH CUCTEMCKUX KOMMOHEHTY 6asupaHnx Ha noysnaHoj 6nokyejH
TexHonoruju (2020-2023.), NpBOM NPOjeKTy Koju je Matematuukom nHCTUTYTY CAHY 0f06peH 3a
(hHaHcKparbe of cTpaHe doHaa 3a Hayky Peny6nuke Cpbuje. PykoBoguna je M npojekTom
Development of innovative Al based solution for a Blockchain technology in Maritime Supply chain
(ABMarSupply), koju je dmHaHcupaH npeko H2020 SMART4ALL - 3rd KTE nporpama y nepuogy
OKTOobap-feLembap 2022. rognHe. YuecTBoBana je U 'y MehyHapogHUM npojekTnuMa MatemaTuukor
nHctutyta CAHY: DEUKS-TEMPUS, y 6unatepanHum npojektmMa ca Peny6a1MkoM CnoBeHMjoM
n ca Penybnnkom XpBaTcKOM, a pyKoBogwna je 6unatepanHum npojektom The Development of
Hybrid Heuristics for Combinatorial Optimization Problems 13 MNasne Casuh nporpava capagte
nsmehy Peny6nnke Cpbuje n Penybnmke ®paHuycke y nepmogy 2016-2017. roguHe.

[Op Aasvpgosuh je og 2013. rofnHe aHraxoaHa Ha CTyAMjCKOM nporpamy MaTemaTwvka y
TexXHUUM [OKTOPCKUX cTyaunja Pakynteta TEXHUUKWMX Hayka YHuBep3uTeTra y Hosom Cagy.
YK/byyeHa je vy pag [OKTOpcKe LKone maTemaTuke. bBuna je MEHTOp WM KOMEHTOp 3a 6
[OKTOPCKMX AgncepTaumja, Kao v unaH 6pojHNX KOMKCHWja 3a JOKTOPCKe KaHAuAaTe U KaHauaaTte 3a
1360pe y 3Barba, He camo Ha PakynTeTy TEXHUUKMX Hayka YHuBep3uTeTa y Hosom Cagy, Beh 1 Ha
CaobpahajHoM 1 MatemaTnukom (akynTeTy YHuBep3uTeTa Y Beorpagy, kao u Ha NpupogHo-
MaTeMaTUUYKOM (hakynTeTy YHuBep3uTeta y Kparyjesuy. YuecTsoBana je M Yy opraHusaumjm
[OKTOPCKMX KypceBa M3 06/1acTW anroputaMa, KOMOUHATOpUKE M ONTUMM3aLWje Koju cy ABa
umknyca 3a pegom (y nepuogy 2010-2014. roguHe) apxaHu y MatemMaTnukom MHCTUTYTY CAHY
3a CTyfleHTe ca pasHWX YHuBep3uTeTa y Cpbuju. Of ocHuBara NeThe MNpakce 3a CTy[eHTe
pesoBHUX 1 NOCNeaMnIoMcKMX cTyaumja 2020. roguHe, 6una je MeHTOp 3a 11 ycnelwHnx kaHanaara.
UnaH je komucuje 3a gogeny logvwmmx Harpaga Matematuykor nHcTuTyTa CAHY 3a MacTep
pafoBe y 06nacTV payyHapcTBa. YUecTBYje PeAoBHO Yy MaHudgecTaymjm M3 - Maj Mecey,
MatemaTuKe 1 Kpo3 npefasara ¥ UHTEPBjyE JOMPUHOCK Monynapusaumjn matemMaTuke. AKTUBHO
yyectByje y pagy Oge/bewa 3a MaTemMaTuky (BULIErofullby cekpeTap) M Oferbera 3a
payyHapCcTBO Y NPUYMeHeHY MaTeMaTKy (3aMeHVK YNpaBHMKa), Kao 1 BuULLE TEMAaTCKUX ceMuHapa
Martematunukor nHctutyta CAHY.

[Op [Oasnpgosuh je pepoBaH yuyecHnk CUM-OMM-UC-a og 1998. rogvHe. Ko-npefcegHuk
OpraHusaumoHor og6opa 6mna je 2003. rogvHe 1 of, Tafa je akT1BHO YYeCcTBOBaNa Y opraHu3aumju
CKyMa ¥ TO He camo Kafa je Matematnyuku nHcTutyT CAHY 610 rnasHu opraHmsaTop. Og 2015. je
ynaH Mporpamckor ogéopa CUM-OM-MC-a. MoTuBmcana je MHOrobpojHe gomahe M MHOCTpaHe
UCTPaXMBaye, a NOCe6HO LOKTOpaHTe 1 apyre Mnade Konere fa ce yK/byye y paj CUMMO3njymMa.
Kao unaH nporpamckor n/vnm opraHusauyoHor og6opa, y4ecTBoBaa je y opraHu3aumjn s3HauajHux
nomahux 1 meflyHapogHux ckynosa (BALCOR, FutureTech, InfoTech, ICTTE, ICVNS, OPTIMA,
MOTOR, ICORES, SGA 2016). Ap [Jasvposuh je unaH ypehusaukor ogbopa vaconuca IJTTE u
YUJOR. PeueHavpana je Benuku 6poj pagosa 3a MehyHapogHe u pgomahe daconuce U
KOH(bepeHLyje, Kao v NpojeKTe MUHUCTapCcTBa Hayke Peny6nnke Crnosauke.

npod ap Bepa Kosauesnh Byjuuh

npod. ap MupjaHa YaHranosuh
akafeMuk Aparow LiBeTkoBuh
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MHHHUCTAPCTBO OJBPAHE
H BOJCKA CPBHJE

50.
\ o s
50 TONHA CMIMO3NJYMA O OMNMEPALNOHUNM

NCTPAXKNBAHBVMA, SYM-OP-IS

50 YEARS OF THE SYMPOSIUM OF OPERATIONAL RESEARCH,
SYM-OP-IS
MWPJAHA YAHTAJTOBUHR !, MUA MAPUHOBUF *

! YHuBep3uTeT y beorpagy, ®akynTeT opraH13alnoHnx Hayka, beorpag,
mirjana.cangalovic@alumni.fon.bg.ac.rs, minja.marinovic@fon.bg.ac.rs

Pesume: OBaj paf nMpeAcTasmba NPWIOT M Ca>KeTW MPUKa3 HEKUX UMHEHMLA 3HAYajHUX 3a UCTOpUjy
Cumnosujyma o ornepauyoHnM ucTpaxkusawinma (SYM-OP-IS), koju je npunpemsbed nosogom 50 roguHa
Cumnosujyma. C o63upom fa je SYM-OP-IS, csux 50 roguHa CBOr nocTojarba, Urpao KibyudHy ynory y
pa3Bojy OnepauMoHNX UCTPa>KkuBatba Ha HaluMM MPOCTOPUMA, W3N0>KEHW Mpukas npefcTas/ba 3HavyajaH
npunor M MCTOPMjU pasBoja OMepauuoHMx ucTpadkueaka y Cpbuju, kao un y 6mBWOj Jyrocnasmju
(peTasbHMju nogaum o ceakoj o4 50 ogp>kaHnx KoHdepeHumja mory ce Hahu Ha cajTy SYM-OP-IS-a).

[NpBe opraHuW3oBaHe akTMBHOCTW Ha OKyM/baky OMNepauuoHuX WUCTparkusaya JyrocnaBMje, Kao 1 Ha
ycnocTas/baky HUX0BE Mehyc06He capafbe, 3anoyene cy novyeTKoM 60-TwvX rogyHa NpoLusor Beka.

JefHa of TakBWX aKTUBHOCTU je 6WUN0 opraHusosawe pafa CTanHe KOH(epeHuuje 3a ynpas/batbe
nocnosHum cucTemmuma (CKYTIC) Koja je ocHoBaHa 1967. roguHe u of 1968. ao 1974. pefoBHO 0Ap>KaBaHa
y Bpwaukoj Barwu. Ha Hekum cekumjama CKYTIC-a caonwTasaHn cy pagosu u3 obnactu OU 1 HuxoBux
npumeHa (Hnp. Ha cekumju TMnaHuparbe 1 ONTUMMU3aLMja y NOCN0BHOM CUCTEMY).

lFoguHe 1974., y3 nocnefmwy KoHepeHuujy CKYTIC-a , ofp>kaH je npBu JyrocnoBeHCKM CUMMO3WjyM O
OrnepauvoHnM UCTpadKuBawbUMa Ha WHULMjJATWBY M Yy OpraHusaumjyu OonepaupoHnMx WCTpadkueaya 13
WHcTuTyTa “Munxajno MynuH’ u3 bBeorpaga n NHCTUTYTa 3a eKOHOMUKY MHAYCcTpuje U3 beorpaga (kacHuje
EkoHomckn nHCTUTYT). Cnegehe 1975. roguHe ce npsu nyT dopmupa lMporpamcku ogbop Cumnosnjyma, a
1976. n ®akynTeT OpraHu3aLMoHNX Hayka nocTaje jefaH o cyopraHuzaTopa SYM-OP-IS-a.

| CMno3njym o onepaumoHnm nctpaxmsamwmma, SYM-OP-1S 1974

MecTo 1 gaTym ogp>kaBarba: Xepuer Hosu, 22 - 24. 10.

OpraHuszatopu: WHctutyT "Mwuxajno Mynun", beorpag;, WHCTUTYT 3a €KOHOMUKY
nHAycTpuje, beorpag

360pHUK pagoBa: dopmaT: b5; Bpoj cTpaHa: 512; YkynaH 6poj pagosa: 39; YKynaH 6poj
aytopa: 48

OpraHusaLmoHu oa6op:

¢ PagwmBoj Metposuh, npeacegHNK
* Bboxugap Ayunh, cekpeTtap

* [MaBa XXueotuh

e Cnob6ogaH KpuesunHay,

e CnobogaH PagomaH

e Bnactumup Matejuh
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11 Cnmnosnjym o onepawumoHnmMm ncTpaxmearwmma, SYM-OP-IS 1975

MecTo 1 gaTym ogp>kaBarba: Xepuer Hosu, 22 - 24. 10.
Beorpag; WHCTUTYT 3a eKOHOMWKY

OpraHuzatopu: WHCTUTYT "Muxajno  MynunH",

nHaycTpuje, beorpas
360pHUK pagosa: ®opmar: b5; bpoj cTpaHa: 224; YKynaH 6poj pagosa: 49

Mporpamcku ogbop:

Anoj3unj BagHan
[parocnas Mupkosuh
JoBaH lMeTpuh
Jby6omup MapTuh
Mwnojko Jepuh
Paguvsoj MeTposuh
Papocnas CtaHojeBuh
Togop Kpanes

OpraHusaLmoHu oa6op:

Cno6ogaH KpyeBnHau, npeaceaHuK

boxungap Auuh

Jenka Jlekuh

MaBa XXusotuh
PaguBoj Metposuh
Papocnas CtaHojesuh

111 Cumno3ujym o onepaumoHnm nctpaxmsawnma, SYM-OP-1S 1976

MecTo 1 gaTym ogp>kaBarba: Xepuer Hosu, 20 - 22. 10.

OpraHuszatopu: WHctutyT "Mwuxajno Mynun",

beorpag;

uHpycTpuje, beorpag,; ®akynTeT opraHu3aUMoHNX Hayka, beorpap
360pHUK pagoBa: dopmaT: b5; Bpoj cTpaHa: 473; YKynaH 6poj pafgosa: 34; YKynaH 6poj
aytopa: 58

Mporpamcku ogbop:

38

Anoj3unj BagHan
[Jparocnas Mupkosuh
JoBaH [MeTpuh
Jby6omup MapTtuh
PaauBoj Metposwuh
CnobopaH KpuesnHal,
Togop Kpanes
Tomucnas 3eyesmh

OpraHusauuoHu og6op:

boxxugap Aymh, npeacefHUK
AnekcaHgap LLleH6opH
[JaHnno Obpagosuh

JoBo Byneta

O6pag Mukuh

Cno6opgaH PagomaH

Bepa Kosauesunh

WHCTUTYT

33 EKOHOMUKY



TOKOM CBMX OBMX roAmMHa MNocTojaka 6poj 3BaHWYHUX oOpraHmsatopa Cumnosvjyma je
KOHCTaHTHO pacTao v gaHac nx uma 13. bux YnHe eMVHEHTHe akafeMCKe 1 Hay4He YCTaHOBe Koje
Ce ycnewHo 6aBe TeOPWjCKMM pa3BojeM OMepaLMoHUX UCTPaXMBarba U HUXOBUM MNpYMeHaMa Y
npakcw.

/13 pefoBa OBUX YCTaHOBa 6Gupa ce CBake rOAMHE FNMaBHW opraHmsatop Cumnosunjyma 3a Ty
TOANHY.

OPrAHV3ATOPU

WHctutyT “Muxajno MynuH”, beorpag, og 1974

VIHCTUTYT 3a eEKOHOMUKY MHAYCTpUje (KacHnje EKOHOMCKM MHCTUTYT), Beorpag, og 1974
PakynTeT opraHu3aLMoHnx Hayka, beorpag, og 1976
CaobpahajHu thakynTeT, beorpag, og 1987

EkoHoMckm thakynTeT, beorpag, og 1990

Pypapcko-reonolku gakyntet, beorpag, og 1993

JOMNC- ApywtBo onepaumoHmx nctpaxmsada Cpbuje, og 1995
MwuHucTapcTBo ofbpaHe, Bojcka Cpbuje , og 1999

MaTtemaTnukm akynTeT, Beorpag, og 2000

MaTtematnukm nHcTuTyT, Beorpag, o 2003

Buicoka rpaheBrHCKo-reogeTcka WwKkona, beorpag, og 2011
MatumnHckm thakynTeT, Tutorpag, 1985

EkoHoMcKu thakynTeT, 3arpe6, og 1989 go 1991

MawmHckm thakynTeT, beorpag, og 1998 fo 2010

YHueep3uTeT y bara Slyum, og 2013

PakynTeT TeXHNUYKUX HayKa, Hoeu Cag, of 2014

TTABHW OPTAHU3ATOPW (oa 1986.)

dakynTeT opraHM3aLMoHNX Hayka, 7 nyTa (86, 90, 94, 99, 2007, 2013, 2019)
EKOHOMCKM MHCTUTYT, 2 nyTa (87, 97)

WHctutyT "Muxajno Mynux", 4 nyTa (88, 92, 98, 2006)

Cao6pahajHu thakynTeT, 6 nyTa (89, 93, 2000, 2008, 2014, 2020)
EkoHoMCKm thakynTeT, 6 nyTa (91, 96, 2005, 2011, 2018, 2022)
Pypapcko-reonowku dakyntet, 2 nyta (95, 2004)

MuHucTapcTBO 0abpaHe, Bojcka Cpbuje, 4 nyTa (2001, 2010, 2016, 2023)
VIHCTUTYT 3a MCTpaXKuBara 1 NpojeKToBama y Npuepeamn, MatumHekm dakyntet, 2002
MatemaTnukn MHCTUTYT, 4 nyTa (2003, 2009, 2015, 2021)

Buicoka rpaheBrnHCKO-reofeTcka Lwkona, 2 nyta ( 2012, 2017)

MartemaTnukm (pakynTeT, 2 nyTa (2015,2021)

YKynaH 6poj MecTa y Kojuma je [0 cafia OpraHvw3oBaH 1 peann3osaH Cumnosunjym je 17. Mpeux
14 rogmHa cBor noctojakba CMMNO3njym je ogpxaeaH y Xepuer Hosowm.

MECTA OAPXXABAHA

Xepuer Hosu — 1974- 1987, 1991, 1998, 2003
Bpuonn - 1988

Kynapu - 1989, 1990

Beorpag - 1992, 1993, 1999, 2000, 2001, 2020
Kotop - 1994

[Jown MunaHosay, — 1995

3natunbop - 1996, 2007, 2011, 2013, 2017, 2018
Beunhu — 1997

Tapa - 2002, 2010, 2012, 2016, 2023
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¢  ®pywka Nopa — 2004

* Bpmauka bawa — 2005, 2022
* bama KoBubaua - 2006, 2021
» Coko bawa — 2008

e Bamwuua - 2009

e [mBunbape — 2014

» CpebpHo jesepo - 2015

e Knagoso — 2019

YKynaH 6poj pafoBa 06jaB/beHNX Y 360pHULMMA pagoBa CMMMNO3njyma, 3akibyyHo ca 2023.
rogvHoMm, je 10007, fok yKynaH 6poj ayTopa 0BUX pafoBa n3Hocu 12855.

Y nepuogy 4o pacnafa Jyrocnasuje, Mako cy opraHusatopy CUMnosnjyma 6unm yrnaBHom w3
Cpbuje, ogHocHO 13 beorpaga, yyecHUUM v ayTopn pagosa 6unu cy 13 cBuMX KpajeBa Hekafallbe
3em/be, Tako da je CMMMO3Wjym y TOM Mepuody MMao OrMLITEjyroc/ioBeHCKU KapakTep. Hberoso
OpraH13oBarbe 1 PeflOBHO 0ApXKaBatbe NPeLCTaB/baso je Tafja KbyUYHW TPEeHYTaK 3a yCreLlaH passoj
1 npumeHy metoga OW Ha oBMM npocTopuma.

300

250

200

150

100

50

0
<t ©W 0O N < © 0O N T © 00O N O©OW WO N O 0o N
I~ I~ I~ 00 00 00 00 X0 OO O OO O O O O ™ o o o 4 NN N
QAR Q932238282228°9

Cnwuka 1: bpoj pagosa no roguHama
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Cnvka 2: bpoj ayTopa no roguHama
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CvMMo3njyM, Kpo3 CBOje Mporpame W Cekuuje, rogMHama KOHTMHYMpaHO MpaTu pasBoj
caBpeMeHUX 06/1aCTV OMepaLMoHUX NCTPaXKMBakba, KaKo TEOPUjCKMX, Tako 1 061acTy pasHOpPOaHe
npvMeHe. TpeHYTHO ce pagoBu opraHusyjy y 30 cekuwuja, MOYEBLUM Of OHUX KNacUyHuX (Ha
npumep, MatemaTU4Ko Nporpammparse) 4o BP0 akTyenHux obnact (Meko pavyHapcTso, Hayka o
nogauuma, MocnoBHa aHaIUTHIKA).

Monasehn o ykynHor 6poja 06jaB/beHVX pafjoBa Mo NojeguHuM obnacTuma, 4O caja je Ha
Cumnosnjymy 06jaB/beHO HajBuLLE pagoBa U3 06nacti Caobpahaj 1 TpaHCNopT, BojHe npuMeHe 1
WMHhopmaumoHmn cuctemu.

YKynaH 6poj pagoBa no o6nactuma (oa 1985. no 2023.)

> Caobpahaj 1 TpaHcnopT 469 pagosa (o 1985.)

> BojHe npumeHe 443 paga (og 1985.)

> VHopmaumoHn cuctemmn 436 pagoBa (og 1985.)

> MaTemaTnyko nporpamuparse 319 pagosa (o 1985.)

> JlorncTtuka, noysgaHoct 317 pagosa (o 1985.)

> EKOHOMCKM MOfenu 1 ekoHomeTpuja 262 paga (og 1986.)

> @uHaHcKje 246 pagosa (04 1990.)

> PypapcTso v reonoruja 241 pag (og 1989.)

> BuLlekputepujyMcka aHasm3a 1 onTMmusaumja 224 paga (og 1985.)

> CuncTeMu 3a NogpLUKy oanyymsary 205 pagosa (o4 1986.)

> KombuHaTopHa onTummnsaumja, rpagosmu n mpexe 182 paga (og 1986.)

> Cumynaumja n ctoxactuuku cuctemm 178 pagosa (of 1985.)

> YnpaB/bake NponssogwomM 173 paga (o4 1985.)

> Cratuctnyku mogenu 164 paga (og 1988.)

> dasmn CKynosu, Meko padyHarbe 121 pag (og 1992.)

>

Op 1983. roguHe MMporpamckn ogbop Cumnosujyma yctaHoBuoO je MoBesby 3a 3acnyre y
pasBojy M MpUYMeHM OnepaumoHUX UCTPXKMBaka Koja ce fojerbyje foMahuM HajucTakHyTUjUM
UCTpaXMBa4nmMa 13 061acTy onepaLMoHNX UCTPXMBakba, a Ypydyje TokoM paga Cumnosujyma. [o
cajja je 0BO Npu3Harbe 10610 31 onepauyoHn UCTPaXKMBaAY.

AJOBUTHULIV MOBEJBE

> 1983 KpayTt boxugap, BagHan Anojsuj, Mupkosuh [dparocnas

> 1984 /BaHoBuh BpaHucnas, Maptuh Jby6omup, MeTposuh PaamBoj

> 1988 MeTpuh JoBaH

> 1990 3no6eL, Car0

> 1991 CraHojeswuh Pagocnas

> 1993 BykagnHosuh CeeTo3ap, KpueBuHay, CnobogaH, MNy6epmHnh CnobogaH, Byneta Joso
> 1998 Kosauesuh-Byjuuh Bepa, Teogoposuh AyLuaH

> 2000 Martejuh Bnactummp, Byjoruesuh Mupko

> 2001 Boposuh CuHuLa, 3eyesuh Tommcnas

> 2003 Byjuh Cno6ogaH

> 2006 Pafojesuh OparaH

> 2010 YaHranosmh MupjaHa, MnageHoBuh HeHag, Myun6abuh Cnacoje
> 2012 MapTtuh MunaH
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> 2013 LgeTtkosuh [paroLu

> 2017 Hophe Ayrowwja, MopaH Fivposuh
> 2019 Mwunopag Bugosuh

> 2021 [paraH Ypoluesuh

> 2023 TartjaHa Jasvgosuh

Of 2013. roguHe CvMMNO3WjyM ce peanu3yje Kao HaumoHanHa KOHgepeHumja ca
MmefyHapogHumM ydeluhem, ga 6v 2015. go6umo ctatyc mefyHapogHe HayuHe KoHgepeHumje. Y pagy
Cumnosujyma y4ecTBoBao je 1 Benmku 6poj aytopa 13 nHoctpaHcTea. CBoja npegaBarba Mo nosuney

Cy Lp>Xanun HajnosHaTuju cTpyyraum us obnactm OW us uenor ceeta.

CTPAHUTOCTWN N MO3BAHW MPEAABAYI
Hans-Juergen Zimmerman
Jean Pierre Brans

Bernard Roy

Pierre Hansen

Jacob Krarup

Dominique de Werra
Attila Chikan

Jonathan Rosenhead
Tony Christer

Ray Paul

Costas Pappis

Rainer Burkhard

Alexis Tsoukias

George Nemhauser

Byron Papathanasiou
Vangelis Pashos

Laureano Escudero
Francois Soumis

e Sanjo Zlobec

Capagtba Mefly UCTpaXmBauMMa Koja Ce OCTBapuBaiia TOKOM pasa CuMMosnjyma, Kao W
pa3MeHa HUXOBUX TEOPUjCKMX U NPAKTUYHWX 3Hakba, OMOryhuna je MHULMpake HEKUX akTUBHOCTM
M3y3eTHO BAXKHKX 33 [a/bi Pas3Boj OMEepaLyoHUX UCTPXMBAKbAa Ha HaWMM NpOCTOpPUMMa, Kao 1 3a

HNXOBO MNpU3HaBake y CBETY.

NHVLIMPAHE AKTVBHOCTU

« O6jaBmyBare TePMUHOMOLLKON PeYHUKA 13 OMepaLyMoHNX UCTpakmBama, 1983., Ha 4
CBETCKa je3nka M 6 jesMKa Hapofa M HapOAHOCTM, Ha Hemy cy capafjuBana 64 onepaumoHa

NCTPaXKnBa4a 13 Lene HeKagjallhbe 3eM/be.

»  dopmupare BrbnmnoTeke “OnepaynoHa NCTPaXMBaka U MHGHOPMaLMOHN CUCTEMU™, Y

OKBUpY 0Be 6ubnmoTeke je of 1983. fo cafa 06jaBrbeHo BuLle o 40 Krbura.

e OcHuBaHe MefyHapogHOr Hay4HOr Yaconuca o0 onepaumoHMm nctpaxmeariva YUJOR

(Yugoslav Journal of Operations Research), yaconuc usnasu og 1991., nsgasauu: 8
EMUHEHTHUX PaKynTeTa U HayUYHUX MHCTUTYTa, YnaHoBM M3gaBayukor 0460pa U peLeH3eHTU:
HajyrnegHUju CBETCKM CTPYYH-ALIM M3 0671aCTH OMEpaLOHNX NCTPXKMBatbA.

. OcHuBare JpyLuTBa onepaumoHnx nctpaxusaya (4OMNC), hopmupaHo npso 1982.

Kao CeKLmja y OKBupy jyrocnoBeHckor apywwitea ETAH, a og 1994. kao camoCTanHO ApYLUTBO,
unaH je eBporcke n ceeTcke MmehyHapogHe acoumjaumje 3a Ol- EURO u IFORS.
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Mop okpubem CuUMMNO3njyma OCTBapuBasa Ce W capafisba onepalnoHMX nctpaxmsada Cpbouje
Ca eBPOMCKMM U CBETCKUM OMepaLMoHNM UCTPaXKMBaUMMa 1 HUXOBUM MHCTUTYLMjaMa. Y OKBUPY
OBe Capafitbe Hally UCTPaXMBauu Cy GUIN OpraHW3aTopu jefHe eBPOMCKe W [jBe MWUHMW eBPOMCKe
KOH(bepeHLuMje O onepauMoHUM UCTPXMBabMMa, Kao M Tpu 6GankaHCKe KOH(epeHuuje o
onepaLMoH1M UCTPXKMBarbUMA.

MEBYHAPOAHA CAPALHA

» OpraHusoBare X European Conference on OR, EURO 10, y beorpaay 1989.
* OpraHun30Bare M1UHY EBPOMNCKNX KOH(epeHLuja:

. I Mini Euro conference, OR methods in transport planning and traffic control,
Xepuer Hosu, 1987.
. IX Mini Euro conference, Fuzzy sets in Traffic and Transport Systems, byaga, 1997.

» OpraHu3soBare bakaHCK1X KOH(epeHLmja o OU:
. VI Balkan Conference on Operational Research, beorpag/3natu6op, 2007
. X1 Balkan Conference on Operational Research, beorpag/3natuéop, 2013
. X111 Balkan Conference on Operational Research, beorpag, 2018

BankaHcke koHgepeHuyje 2007. 1 2013. cy opraHv3oBaHe 1 ogpaHe 3ajegHo ca SYM-OP-1S-om.

e Buwe of 10 Hawwmx MaaguMx orepaLmoHMX MCTPaKMBava Y4veCcTBOBA/IO je, Ha MO3uB
eBporncke acoumauuje EURO, y pagy EURO neTsmX v 3MMCKUX MHCTUTYTA (LUKO/IA), Ha KOjuMa
Cy Kao npegasayn OWAM MNO3MBaHW W YrNedHW npodecopy M3 06nacTv  OnepaLmoHnX
ncTpXmBarba 13 Cpbuje.

HaBefeHe akTBHOCTU Koje je CUMMNOo3ujyM 0CTBapuo TOKOM CBOje, 50 rogmHa gyre, uctopuje,
roBOpe O HEeroBOM MW3y3eTHOM 3Hauajy 3a pas3Boj, Mmonynapusauujy v npuMeHy onepauyoHux
UCTPXKMBakba Yy Halloj cpeauHn. OH je yBeK 6MO, a U Ha fJa/be he GUTM, MECTO 3a pasMeHy
aKTYeNHUX HayYHUX 1 CTPYYHUX 3Hakba, Pa3soj U NpoBepy HOBMX WAeja, Kao M MecTo 06pasoBarba
MNaux WCTpaXmuBaya W um3narakba HUXOBMX NpBUX pagosa. 3ato je SYM-OP-1S yBsek 6uvo
MHCNVpaymja n MoTuBaLuja 6pojHUM UCTPaXKMBAYMMA KOjU CY, TOKOM OBMX FOAMHA, YYeCTBOBANIN Y
Herosom pagy. Cygehu npema n fasbe 3HaTHOM 6pojy roguilibe U3N0XKEHWX PajoBa U HUXOBMX
ayTopa, Crumno3ujym he 10 61TK 1 3a 6yayhe reHepauuje Halwmx onepaLMoHMNX NCTPXMBaYa.

NNTEPATYPA

[1] Byjowesuh, M., n MeTpuh, J. (1997). Operational Research and its Applications in Yugoslavia,
IV BALCOR conference, ConyH.

[2] BykagmHosuh, C. (1993). 20 rognHa SYM-OP-1S-a 1 53 rogmHe OU 'y Hac, SYM-OP-1S’93,
beorpag, 8-17

[3] pyna ayTopa. (2019). JoBaH lNMeTpuh — »uBOT 1 feno, PakynTeT OpraHM3aLUOHUX Hayka,
Beorpag.
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MHHHUCTAPCTBO OJBPAHE \ g“oﬂf'lrgggg&ycmlw
H BOJCKA CPEHJE

HCTPAXHBABUMA

SYM-OP-IS 2023
‘ Tapa, 18-21. 9. 2023.

METAXEYPUCTUYUKUN MPUCTYTT ONTUMUNSALIMOHUM
MPOBJIEMNMA

METAHEURISTIC APPROACH TO OPTIMIZATION PROBLEMS

TATJAHA JABUOOBUR!
! Matematnukun uHcTuTyT CAHY, Beorpag, tanjad@mi.sanu.ac.rs

Pesnme: MHoru npo6bnemun y cBakogHEBHOM >KMBOTY NpeAcTas/bajy npobneme onTumusaumje. Mpumepn
Taksux npobnema cy KyhHe noceTe nauujeHTUMMa, focTasa pobe KOPUCHWLMMA, NnaHupatbe nokaumja 3a
pasHe ycny>kHe 06jekTe U cn. HbuxoBa nocTaska YeCTO nofgpasymesa jefHOCTAaBHy hopmynaumjy, am je
npoHana>keke peLlewa Beoma Telwko. OnTuMuzauuja ce 6asn nNpoHana>kereM onTuManHor (Hajoorber)
i 6apem HeKor AOBO/BHO A00pOr pellera 3a pasmaTpaHu npobnem. ocToju MHOro meTofa 3a
onTumMu3aLoHe npobneme, Koje ce rpybo Mory nofenMTy Ha ersakTHe U npubamd>kHe. ErsakTHe MeToje
rapaHTyjy ONTUMaHOCT FeHepucaHor pellera 3a pasmMaTpaHu npobnem, amm cy Hajuyelhe BPpeMeHCKM K
MEMOpPWjCKI BeOMa 3aXTeBHe Na PeTKO YCreBajy fa reHepully onTUManHO peluewe. Mpubnnd>kHe MeToge
Tpeba fa omoryhe fobujarbe KBaIMTETHUX pellera 3a BeOMa KpaTKO Bpeme Koja MOry fa 3afi0BO/be
3axTeBe KOPUCHUKA. Ta pellera 06MYHO HUCY ONTUMaIHA U HEe MOXKE Ce MoKa3aTu KOMMKO Cy NoLumnja of
ONTUMATHOI peLlera, aan Cy YeCcTO Hajbosbe WTO Ce MO>Ke reHepucaTy y pasyMHOM BpemeHy. MocebHy
BPCTY MPUBAMMKHUX MeTOAAa YMHe MeTaxeypucTuke. OBe METOLe Cy YOMNWTEHU CKyn npasuia koja ce
NPUIMKOM WMMNNeMeHTauuje npunarohasajy CBAKOM KOHKpeTHOM npobnemy. Osge Cy W3ABojeHe fge
MeTaxeypucTuyke MeTOAe Koje Cy NPefoXKuIN cTparknsauun u3 Cpbuje 1 npeAcTas/beHn cy pesyntaTy
HMXOBE NPUMEHE Ha HEKOMIMKO OMTUMMU3aLMOHUX Npobnema.

KrbyuHe peun: KoM6uHaTOpHa onTuMM3aLpja, MaTeMaThiKa hopmynauumja, Npubam ikHa peLuetba,
MeTO/a NPOMEH/BIBUX OKO/IMHA, ONTUMM3ALIM]a KONOHWjOM Nuena.

Abstract: Many problems in everyday life are optimization problems. Examples of such problems are home
visits to patients, delivery of goods to users, location planning for various service facilities, etc. Their setting
often implies a simple formulation, but finding a solution is very difficult. Optimization is concerned with
finding the optimal (best) or at least some good enough solution for the considered problem. There are many
methods for optimization problems, which can be roughly divided into exact and approximate. Exact
methods guarantee the optimality of the generated solution for the considered problem, but they are usually
very demanding in terms of time and memory, so they rarely succeed in generating an optimal solution.
Approximate methods should allow obtaining quality solutions in a very short time that can satisfy the user's
requirements. These solutions are usually not optimal and cannot be shown to be worse than the optimal
solution, but they are often the best that can be generated in a reasonable amount of time. Metaheuristics are
a special type of approximate methods. These methods are a general set of rules that are adapted to each
specific problem during implementation. Here, two metaheuristic methods proposed by researchers from
Serbia are singled out and the results of their application to several optimization problems are presented.

Keywords: Combinatorial optimization, mathematical formulation, sub-optimal solutions, variable
neighborhood search, bee colony optimization.

1. YBO/,

OnTMmnzaumoHn npobnemun aeduHuwy ce 3adaBarbeM (i) ckyrma objekata (ca npunagajyhum
[OMNprYHOCKMA) YnjM M360pPOM MK pacnopesoM ce opmupa peluetbe, (ii) dyHKUMje Lu/ba KojoM
ce u3payvyHaBa KBanuTeT oapeheHor nofcKyna nnu pacnopega objekata, u (iii) npaeBmna Kojuma ce
onucyjy [03BObeHN (AOMyCTMBK) NOACKynoBu/pacnopeamn objekara [59]. Haj6orbe peluere je OHO
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unju 06jekT (KOMMOHEHETE) 3aA0BO/baBajy NpaBwna (penaumjy) AOMYCTMBOCTM W OArOBapajy
Hajmarb0j/HajBehoj BpeAHOCTU thyHKUMje Lnba Melly caum Moryhnm KombrHauujama. OBO peLlere
HasnBa Ce ONTUMANHO pellewe (onTumMym). CBa OCTasla pellera Koja 3af0BO/baBajy penauujy
[OMyCTUBOCTM Ha3nBajy Ce [OMyCTUBA UK CyDONTUMAHA PeLLerba.

$opmanHo, npobnem ONTUMM3aLMje MOApasyMeBa HanakKere MUHUMAaHE WM MaKCUMaslHe
Bpe4HOCTM Heke ¢yHKumje f(X) nog ycnoBoMm pfa Baxe Heka 3afata orpaHuyersa. O6nact
JedurHucaHocTn yHKUmje f obenexasa ce ca S v MpefcTas/ba NPOCTOP PeLlera OnTUMU3aLMOHOr
npo6nema. CKyn CBMX NPOMeHbMBUX X € X(S | Koje npunagajy o6nactu aetmHucaHocTy dyHKumje f,
a uvje BPEJHOCTU CYy YCNOB/bEHEe penauunjama (orpaHuuerumMa) [OnyCcTMBOCTU HasuBa Ce CKyn
[O0MNyCTVBMX peLLersa Um fonycTusM fJoMeH X. [lakne, cKyn X onucyje orpaHuyersa Koja npoMeH/buBe
X Tpeba fa 3a0BO/baBajy Aa by ce cmaTpasie 4ONYCTUBUM peLlersuma. ApryMeHT X (yHKumje uumba f
Ha3uBajy Ce MPOMEH/bMBE OA/yuMBatba. [POMeH/bMBE OANyUMBatba Hajuellhe y3vuMajy HeHeraTviBHe
BPEAHOCTMW, @ HEKe WM CBe Of HMX MOory 6utn auckpetHe (Tj. fa y3uMajy LefobpojHe vy Yak
6uHapHe BpegHocTy). BehuHa onTuMM3aumoHMX npobnema wuma jegHo wan Bulle (KOHaYHKX)
ONTUMa/IHMX peLlera, Mafa MocToje M Mpobremu Kof Kojux je AOMyCTMB CKyn npasaH wm
HeorpaHuyeH (kaga ce ONTUMa/HO peLLerse Hanasn Mefly 6eCKOHaYHO JaneKMM TauKama).

"no6aiHO OMTUMAHO pelletbe X € X' npobrema MUHUMM3ALMjE je OHO peLleHe 33 Koje BaXU
f(x*) f(x) 3a ceako * € X | x x*. MNpobnem mMakcummsaLmje yHKUmje f(x) MoXxe ce CBeCTU Ha
MUHUMU3aLM)Y pyHKumje f(x), Tako ga ra Huje noTpebHO NocebHO pa3maTpaTy.

Y HacTaBKy paja onucaHe Cy MeTofie onvmum3saumje, noce6HO Cy U3ABOjeHe OHe Ymnju ayTopu cy
ncTpaxuneaun 13 Cpbuje 1 NpukKasaHu cy pesynTati ayTopa y Be3u ca NMPUMEHOM TWX MeTofa Ha
Heke onTUMM3aLMOoHe Npobieme Koju UMajy NPUMEHE y peaiHOM XXUBOTY.

2. METOAE ONTUMU3ALNIE

Hajonwtuje, MeTode onTuMm3aLmje Mory ce NoAenuTyh Ha:

ErsakTHe (Koje rapaHTyjy OnTUMAaSHOCT J06MjeHOr peLleHa)

MpnbnmkHe (XxeyprcTuuke): (MOX/IENHE) KOHCTPYKTUBHE METOAE, SIOKa/Ha npeTpara

ANpPOKCUMATUBHE: XeYPUCTUKE KOje rapaHTyjy KBa/IMTET peLletba

MeTaxeypucTuyKe: yoruTeHe NpubmkHe MeToge

XnbpugHe: KOM6MHaLMja paHWje HaBeleHUX MeToaa

ErsaktHe MeTOfe 3acCHMBajy Ce Ha MNOTMyHOj NpeTpasuM MnpocTopa pellewa. Camum TUM
3axTeBajy MHOro pecycpca 3a CBOje U3BpLUaBarbe, MPBEHCTBEHO BpeMeHa M Memopuje. 360r Tora
nocTajy MnpakTUYHO HeynoTpebrbmMBe kafa Tpeba fJa Ce M3BpLIe Haj NpUMepUMa  BEMKMX
OvmeH3mja. T1ocToje ersakTHe MeToAe KOje KOPUCTe WHTENMIeHTHUJU NPUCTYN MpeTpaxusarwy, Tj.
nMajy yrpaheHe MexaHU3Me 3a yCMepaBarbe NpeTpare ka KBa/IMTETHUUM peLLewuma 1 n3berasatbe
MCMNTUBAHA PeLLIeba Koja Cy noLumnjer KsamreTa. MNprmMepn TakBux MeTofa Cy: MeTofe rpaHama
orpaHuyaBsawa (branch-and-bound, B&B), meToga rpaHara 1 ofceuarba (branch-and-cut, B&C),
OMHaMUYKO nporpaMmupatbe, anroputam A* [56, 59] n gpyre. MeRyTuM, YecTO HU OHe HUCY
[0BO/LHO e(hMKacHe, Na ce y npakcm 06M4HO KOPUCTE MeTOZe U3 HeKe Off MPeocTa/inx rpyna.
XeypucTtuuke meToe [34] npeAcTaB/bajy TEXHUKE pelliaBakba HEKOr nMpobiema Koje y3umajy y

063up a priori 3Hate 0 TOM nNpobnemy. CacToje ce 04 KOHAYHOI CKyrna Kopaka Koju omoryhasajy
fobujarbe HeKMX peluewa npobnema ontumusaumje (6e3 rapaHuuje HKUXoBe ONTUMANHOCTK) 3a
penaTuBHO KpaTKo Bpeme. Ta pelliera 061yHy 6yay 3a40BosbaBajyher KBauTeTa, Tj. ynoTpe6/bmsa
Cy Y NpakTW4HUM nprMeHama. OCHOBHA NPeAHOCT XeYPUCTUUKNX METOAA je HbIXoBa 6p3nHa, LITO
omoryhasa fo6ujarwe ynoTpeb/bvBMX pellera WM 3a NpobneMe BeNUKWMX AVMEH3Mja Kaksu ce
Hajyewhe jaB/bajy y peasiHUM NpuMMeHama. HefocTaTtak je LWTo 3a JO6MjeHO peLlere, He camo fa He
nocToju rapaHuvja ONTUMATHOCTU, Beh Ce He MOXEe HUM MPOLEHWTW KOAMKO Cy fowuvja Of
OnTUMa/HOT pellerba. MeRyTuMm, 3a npobieme BeMKUX AWMEH3Wja OCHOBHM LW je ga ce y
pasyMHOM BpeMeHy [o6uje 6MN0 KakBO peluere, 6e3 063upa Ha HeroB keaimTeT. Kaga pellere
Beh NOCTOjW, MOy Ce MPUMEHUTU pasHe TEXHUKE 3a HeroBo Nobosbllatbe, WTOo je Y CyWwTuHy buna
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OCHOBHa Mfieja 3a pasBoj MeTaxeypucTuka. XeypucTuke MeTofe Hajuewhe ce KopucTe 3a
KOHCTPYKUWjy (reHepucare) peLuewa U camuMm TUM Ce TOKOM HWXOBOT W3BpLUABatba AOHOCE
Of/lyKe Ha OCHOBY HeMoTNyHWX WH(opMmauuja. ocToje M uTepaTMBHe MeTOAe Koje YHarpeg
JedHMCaHUM  TpaHc(opmaumjama MOKyllaBajy [Ja MompaBe Heka Mo3HaTa pellerwa. Te
TpaHacopmMaLmje cy yrnaBHOM NOKa/THOT KapakTepa, Tj. oMoryhasajy reHepucare peLuera Koja cy
611cKa nonasHoM.

Mefly XeypucTMykuM MeTofiaMa MocebHO MeCTO 3ay3VMajy TakO3BaHW anpoKCUMaTUBHY
anropnTMK, Tj. XeypuCTUKE Koje rapaHTyjy KBauTeT gobujeHor peluera [66, 67]. 3a TakBsa
peLLera Cce U farbe He 3Ha fa 1 Cy ONTUMasIHa, an Cy CUTYPHO ,,He BULLE Of  NyTa Jiolluja of
onTuManHor”. Tako Ha NpyUMep, No3HarT je anpoKCUMATUBHY allropyTam 3a Haslaere MUHUMaNHOT
YBOPHOI MOKpMBada rpaga ca KoeuumjeHTOM anpokcumaumje = 2 [64]. To 3Haum pda je
pe3ynTyjyhu rpa cagpXu Hajsuile gynno BuLle YBOPOBa O ONTUMaHOT peLuewa. HajnosHatuju
anpoKCVMMaTMBHU anroputaM 3a pacnopefvBarbe HE3aBUCHWX 3afaTaka Ha WMAEHTUYHE MpoLecope
(Largest Processig Time first with Earliest Start scheduling rule, LPT-ES) uma koethuumnjeHT
anpokcumauuje = 4/3 - 1/(3m) rge m npefctae/ba 6poj nmpouecopa [22]. AnpokcMmaTvBHe
MmeTode (Kaja nocToje) MMajy 3HauajHy ynory y reHepucary MOYETHUX peLleta Koje ce 3aTuM
MOry ronpae/baT MNPUMEHOM WTEpPaTUBHUX ONTUMU3ALMOHMX MeToga. To Ham omoryhasa
fobujarbe pellewa 3a Koja je moryhe npouUeHWTW KBanuWTeT, ma caMmuM TUM HMXOBa MNpYMeHa
(nopeg, NPakTUYHOr) “Ma U TEOPUJCKIN 3HAYa].

Pa3Boj XeypuCTMUKWMX MeToAa Yy HOBMje Bpeme KPeHyo je Yy CMepy TMpPUMEHE HEKMX
YHUBEP3UTHUX NPUHLMNG, KOjU HE 3aBUCe 0f CBAKOI KOHKPETHOr npob/iema Koju ce peluasa. To je
[0BENI0O M [0 pasBoja YHUBEP3aHWX XeypucTuka wuau T3B. MeTaxeypucTuka [4, 59]. Ose
YHUBEp3a/He MeTOfe CacToje Ce 0f YOMWTEHWX CKynosa npaBuna Koja ce MOry MpUMEHUTU 3a
pellaBare Pa3HOBPCHWMX MNpobrema onTvMM3aupje M nopgpasymeBajy MNpUMeEHY WTepaTUBHUX
MocTynaKa y Ln/by U3rpagrbe HOBUX 1 60/bUX peLlera Unv nonpassbarba HeKux noctojehux. Tpeba
HamoMeHYTU Ja je OCHOBHa MaHa MeTaxeypucTvKa LITO (Y OMNwTeM Cyyajy) He MOry Aa rapaHtyjy
KB/IMTET [OOMjeHOr peLlera, OCMM ako HMWXO0BO W3BpLUaBarbe He MNofasn 0f XeypucTUUKOr
pellera [A06MjeHOr anpoKCHMaTMBHOM MeTOAOM. Y TMpakcu ce MoKasaio fJa pasivyuTe
MeTaxeypucTuyKe MeTOde, 3a PenaTMBHO KpaTko BpeMe, YycrneBajy Aa MpoHafy KBaMTeTHa
cybonTUMa/IHa peLLersa 3a CNI0XKeHe NpobieMe UM MHCTaHLe BENMKUX AUMEH3M]a, LUTO je YTULano
Ha HbIIXOBY LUMPOKY NPUMEHY NOC/EAHNX ABafeceTaK rofnHa.

MeTaxeypucTuke ce MOry KnacufuKoBaTh Ha HEKONIMKO HaumHa. MpBa Knacuhukaumja ysmma
y 0631p MHCMMpauwjy 3a pa3Boj MeTofe, Ma Tako pa3/IMKyjeMo MeTofe MHCNMpucaHe NPUPOAHNAM
npoLecma 0f, OHUX Koje Cy MaTeMaTuuKu 3acHoBaHe. Mpema Apyroj Knacugurkaumjyu pasnmkyjeMo
MeTO/le KOje KOpUCTe jefjHO peLLere Of OHOr KOje pafe Haf nonynauujom peluera, 4ok ce Tpeha
Knacugukaymja ogHOCK Ha TO Aa /i ce TOKOM paja MeTaxeypucTUUKMX MeTOfa peLletba u3rpahyjy
UK ce MoAMGUKyYjy Heka nocTojeha peLuersa.

Y HacTaBKy pafjia onucaHe Cy [Be MeTaxeypucTuuke MeTofe, jefHa Koja KOpPWUCTW jeaHO
peLuewe ¥ jefHa NonynaumoHa, Ynju cy aytopu uctpaxusaum ns Cpbuje. Takohe, npeacTaB/beHm
Cy MpumMepu MNpuMMeHa TUX METOAA Ha HeKe MNosHaTe ONMTMMM3auuOHe npobnieMe Kpo3 Nperneq
ofrosapajyhvx pafosa U3 nutepaType.

3. METOJA NMPOMEH/BNBUNX OKOJTIMHA

Y 0BOM Ofe/bKy NpBO je onucaHa MeTofa MNPOMEH/bMBMX OKONWMHA Kojy cy 1997. roguHe
npegnoxunu MnageHosuh 1 XaHceH [51], a 3aTuM je gaT npernes HeKUX pafosa y KojuMa je osa
METO/a YCMELLHO NMPUMeHeHa Ha HeKe 3HauajHe ONTUMK3aLMoHe npobneme.

3.1. KpaTtak onuc metoge

OcHoBHe vgeje meTofe npomeHsbmBux okonvHa (Variable Neighborhood Search, VNS) n3noxene
cy 1995. roamHe [49]. HakoH npBor paga y Yaconucy [51], nojaeune cy ce MHore ny6nukayumje y
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KojumMa ce onucyjy ycnewHe npumeHe VNS MeTofle, alm U OHe Yy KojuMa ce Mpesnaxy
mMogudmKaumje am HoBe BapujaHTe. MeToja ce 3acHMBa Ha CMCTEMATCKOj MPOMEHW OKONMHa
YHYTap /IOK&/THOT NpeTpaxuBara MHCNupucaHa cnegehmm jefHOCTaBHUM YnkbeHMLama [29]:

(i) nokasHM ONTUMYM Y OAHOCY Ha jeAHY OKOMAMHY He mopa 6uUTW W NoKanHW ONTUMYM Y

OJHOCY Ha HeKy ApYry OKOJMHY;

(ii) rno6anHy oNTUMYM je NOKanHW ONTUMYM O OAHOCY Ha CBE OKO/IMHE; U

(iii)3a BehnHy npob6nema NOKasHU ONTUMYMW Y OAHOCY Ha pa3He OKO/MHe cy Mehyco6HO

61mcKu.

MpBa uMbeHMLA onpasaasa yBoherwe BuULLe OKONMHA, JOK ApYry yCTBapu Tpeba TyMaunTn Ha
cnefiehn HauuH: aKo HeKO peLUeHe Huje JIOKaIHW ONTUMYM Y OfHOCY HAa HeKy OKO/IHY, OHJAa
CUTYPHO Huje HW rnobasHK ONTUMYM. Pellere KOje je SIOKanHUM ONTUMYM Y OAHOCY Ha CBe
pa3marpaHe OKO/IMHe U Aasbe He Mopa BUTK rnodanHK onTUMyM. YnkeHunua 3 je camo eMnupujcka,
He BaXKV TEOPMjCKM Y OMLITEM CNy4ajy 1 Tpeba je KOPUCTUTM YCNOBHO. YKONMKO Ce NPOoLeHn Ja je
OHa OnpasfaHa, Mpenopyyyje ce AeTa/bHO NPeTPaXuBatbe Hajoke OKOMMHE TIOKATHUX ONTUMYMa
jep ce Ty ouekyje nonpas/barbe Tekyher Hajbosber pelerba. [akne, 3a ycrnewHy uMnaeMeHTaunjy
VNS MeToze HEOMNXOLHO je YBECTU BULLIE OKOMMHA, BUNO0 fja ce Meka MeTpuKa y 0OfHOCY Ha Kojy ce
JethrHnLLIEe oKoNMHa, 61no aa ce nosehasa pacTojarbe y OAHOCY Ha UCTY METPUKY.

Heka je x (X NPOM3BO/bHO [OMYCTMBO PELUere U HeKa je M, (k = 1,2, . kpmax—), KOHAYHA

Konekupja yHanpes aetrHUCaHMX OKoNMMHa. Taaa je M (¥ ) cKyn pelletba y & -Toj OKONMHM 0f X,
Tj. CKyn peLlera Koja Ce Yy OAHOCY Ha YCBOjeHy MeTpuKy (6poj TpaHcopmauumja) Hanase Ha
pacTojamy k Of peLuera X.

MHore MeTaxeypucTuuke MeTofe 6asvpaHe Ha NIOKAIHOM NPeTPaXUBary YrNaBHOM KopucTe
jeqHy, ABe MM TpW OKOMMHE, PETKO ce jae/ba noTpeba 3a Behum 6pojeM OKONWMHa, anu ce mory
Hahu y nnTepaTypu 1 Taksu pagosu [47].

OcHosHa BapujaHTa VNS mMeToge, (Basic Variable Neighborhood Search, BVNS) cactoju ce
o4 Tpu Kopaka: (1) pasmpgasarba, Tj. ClyvajHOr usbopa mnoyveTHor pelera y Tekyhoj (k-Toj)
OKO/IMHW TPEHYTHO Hajbosber pellerba, (2) nodosbluaka, Tj. NPUMEHe Heke npoueaype noKaiHe
npeTpare rnoyes Of TOr pellera U (3) nomepawa, Tj. CUCTEMATCKE (LETEPMUHUCTUYKE) NPOMeHe
OKOJ/IMHE 33BWCHO 0f, KBanTeTa A06ujeHor nokanHor ontumyma. OBO je HajpacrnpocTpareHunja v
jediHa of HajjefHOCTaBHWjUX BapnjaHTX MeTOAe NMPOMEH/bUBMX OKONMHA. OCHOBHM Kopauy BVNS
MeTO/e W3BpLUaBajy ce y NeT/bW CBe AOK He Oyfe 3a40BO/bEH HEKU KPUTEPUjyM 3ayCTaB/batba.
IMoYeTHO peLUere Y OKOMMHM K reHepuile ce Ha ClyyajaH HauMH Kako 6u ce 06e36eamsno
MpeTpaXknBare pasMuMTUX PervoHa npuankom cnegeher pasmatpara okosmHe k. OkonuHe ce
MOry pasfIMKoBaT¥ MO OCHOBY pacTojarha (6poja TpaHchopmaLmja) Uan No OCHOBY MeTpuke (BpcTe
TpaHcgopmauwja). BaxHo je HaNOMeHy TV [a OKOMHE 3a pasmphasare (M360p CyyajHOr peLuetba)
1 NOKaHO NpeTpaXxkmBarbe He Mopajy 6uTn uctor Tuna (He Mopajy 6UTK Be3aHe 3a UCTY METPUKY).
OnwucaHy Kopawy UyCcTpOoBaHW Cy NceyioKOL0M MPefCcTaB/beHUM ANropuTMom 1.

VNS meToga y TOKy CBOr M3BpLUaBatba NpUMErbyje MOX/enHy CTpaTernjy nomepara, LUTO
3HauM fAa yBeK npenasu y 6o/be pellewe M TO YuMM Ce OHO npoHahe., Tj. meToga je First-
Improvement (FI) kapaktepa. OcHoBHY napameTap VNS meToge je k_ .. - MakcumanaH 6poj
OKO/MMHa Koje ce wuctpaxyjy [27, 51]. Kputepujym 3aycTaB/batba MOXEe OWUTU MaKCUMasHO
[I03BO/bEHO BPEME M3BpLUAaBaka anropuTMa, MakcuManHu 6poj wWTepauuja, Tj. KOIMKO nyTa ce
[OCTUTHE K max ™, MakcUManHu 6poj NpoMeHa BpeaHoCTY 3a k (6poj U3BpLUEHUX Pa3MpaBarba 1
NOKaNHMX npeTpara) unM 6poj wTepauuja (pasmpfaBara M NOKalHWMX MpeTpara) usmehy ase
ronpaske rnobasiHo Haj6osber peLlerba. YKONMKO Ce JIoKa/IHa NpeTpara BpLUX KPo3 BULLIE OKOMNHA,
LITO MHa4ye MpeTcTaB/ba MeToAy npomeHsbuBor cnycta (Variable neighborhood Descent, VND),
Jobuja ce yonwTeHa MeToda NpomeH/buBMX okonmHa (General Variable Neighborhhod Search,
GVNS). MNpu TOMe OKOMMHE Y KOjuMa ce 6rpa MOYeTHO pellere U OKOJIMHE Y OKBUPY KOjuX ce
n3spliasa VND npouesypa Mory 6Uty fileivHCaHe Ha pasnuymTe HaumnHe.
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Anroputam 1: MNceyaokod 3a BVNS metogy

procedure BVNS(instanca, ¥ma«7, STOP)

x InitSolution()
xpbest (x
fibest ( f(x)
repeat
k(1
repeat
X' RandomSolution(Xpest, M) [/l Pa3amppaBare
X LocalSearch(x’) // To6orbLware
if (F(x™) < fibest ) then // Momeparbe
xbest (x-
fibest (f(x7)
kc1
else
k(k+1
end if
term  StoppingCriterion(STOP)
until (K > Kmax term)
until (term)
return (Yvese , foes:)
end procedure

VNS meToga je fO caja YCMewHO NpumerbeHa Ha BeMKW 6poj npobremMa KOMOUHATOpHe
onTMMM3aUMje W BeliTauyke WHTenureHumje. T[IpPeanoXkeHO je HEKOAMKO Mogudukauymja u
nobosbLuakba, YrnaBHOM HaMereHUX YCMeLHOM peLlasarby npobnema Bennkux aumeHsuja [27, 28,
29, 30]. OBe MogutmKaunjy MOry YK/byumBaTM HOBE MapaMeTpe, aiM W HOBe cTpaterunje
NpeTpaxuBara. Y HaCcTaBKy Cy MPUKa3aHW HeKy MpUMepW MpUMeHa, YrnaBHOM Kao Mperfes
pesynTarta ayTopa 1 capagHuKa.

3.2. Mpumepu npnumMmeHe VNS meTtoae

WcTpaxkmBaum winpom ceeta npuxsatnaun cy VNS MeTogy U NOCTOju Ha Xubaje pajosa y Kojuma
Ce ONwuCyjy MMMNeMeHTaLmje pasHUX BapmjaHTX 3a peLlaBarbe MHOTVX NO3HATUX ONTUMMU3ALMOHNX
npobnema Kao 1 MHOTMX HOBUX Npo6iemMa Koju Umajy NpuMeHy y peasiHoM >XuBoTy. MpBa npumeHa
BVNS wmeToge 6una je Ha npo6siem TProBaukor NyTHWKA W OnucaHa je y Beh MOMEHYTOM pagy
MnageHoBuha n XaHceHa 13 1997. roguHe [51]. Mehly npBe nprMepe NpuMeHe MeToAe Cnagajy w
npobnemn p-meaunjaHe [26] n p-ueHTapa [53], npu yemy je 3a npBu Npobnem pasmaTpaHa W
napanenHa sepsunja metoge [10].

3HayajHM pe3yntatym MNOCTUTHYTM CY W Ha pPasHAM ONTUMMW3AUMOHWM npobnemuma Ha
rpajosuma [5, 6, 7, 31, 48, 52, 65], npobnemuma pacnopehusawa [1, 2, 13, 16, 33, 41],
KnactepoBama [8, 38], pyTuparba [47], ayTOmMaTCKOr fokasvBawa Teopema [37, 55] u pasHuM
npobaemMma KOHTUHyanHe ontummsauuje [9, 21, 50].

VNS wmeToja ycnewHo je KopuwheHa W 3a pellaBare pasHWX YOMNWTeHWX npobnema
MELLOBUTOr LeN106pojHOr nporpamuparsa [3, 25], a Ha OBy Temy Haj3HayajHuju pe3ynTatu
NMOCTUTHYTU Cy XMOPWAN3aLMjOM Ca er3akTHUM coneepuMa [32, 24, 23, 39, 42].

OBge Cy HaBefjeHM CamMO HeKV pafoBM Be3aHW 3a pesy/iTaTe ocTBapeHe Yy Besu ca VNS
MeTOAOM. VcupnaH npernieg nuTepatype npesaswiasv OKBMpe OBOr pafa. BaxHo je camo
HamoMeHyTU fia MeToZly KOPUCTE UCTPaXKMBAUM Ca CBUX KOHTWUHEHaTa, CBOje pesysTaTe 06jas/byjy y
Hay4HWM Yaconucuma, nybnmkaumjama MOHOrpad)CKor KapakTepa, Ha HayYHUM CKyrnoBuMMa Of
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KOjUX je HajBaKHMju MeflyHapoAHa KoH(epeHLumja nocseheHa metoam (International Conference on
VNS, ICVNS) yctaHoB/beHa 2005. roguHe Ha K0joj Ce OKyMN/bajy UCTpaKmnBauu 13 Lienor ceeTa a
pasmeHe UCKYCTBa Y pasBojy 1 uMmnemeHTaumnju VNS metoge.

4. ONTUMN3ALUNIA KOJTOHNIOM MYENA

MeToga ontummusaumje KonoHujom nuena (Bee Colony Optimization, BCO) je meTaxeypucTuka
MHCMMpKUCaHa NoHallakeM nyesa y notpasu 3a XxpaHom. TO je jeaaH of NpBuX anroputama Koju
KOPUCTM OCHOBHE MPUHLWME KONEKTUBHE WHTENUreHUMje nuena Yy peluasarwy npobnema
KOM6MHaTOpHe onTuMu3aumje. BCO MeToga NpBOGWUTHO je NpeanoXeHa 3a NPUMEHY Ha Mo3HaTe
Telwlke npo6ieme KOMOGMHATOPHE ONTUMU3ALM]E Kao LITO Cy Npo6aeM TProBaykor NyTHWKa [43, 44,
45] v pyTupame Bosuna [46], am je kacHMje MpoLUMpeHa Ha MHOre Apyre npob6neme, ma U Ha
npobneme KOHTUHyanHe onTummsaumje [54, 63]. To je uTepaTMBHa CTOXacTMYKa MeTofa (KopucTtu
TEXHWKY CNy4ajHe mpeTpare) U pagn Haj nonynaunjom pellesa. Hcnmpauwmja 3a pasBoj MeToge
HacTafia je yCrocTaB/batbeM aHasorvje uaMelly MoHalawa nyena y noTpasy 3a XpaHoOM W
MoHallawa ONTMMU3ALMOHOr anroputMa TOKOM MpeTpaxuBatba MpOCTOpa pellewa  AaTor
KOMOUHaTOpHOT npo6nema [20].

4.1. Kpatak onnc BCO meTtoge

OcHOBHa MAeja MeTofe je hopMuparbe cucTeMa My/TU-areHTa (KOIOHMje BeLUTauKMX n4yena) Koju
61 ce epmKacHO NMpUMeHKBA0 Ha Tellke NpobneMe onTuMuU3aumje. BewTayuke nuene npeTpaxyjy
MPOCTOP peLlera Yy MoTpasn 3a AONyCTUBUM peLleriMa Aator npobsieMa. Y uu/by nonpas/barba
KB/IMTETA TlEHEepuCcaHWX pellera, ayTOHOMHe BeluTauke nyene capahyjy W pasvemyjy
nHdopmaumje. [erberbeM [LOCTYMHUX UWHGpOpMaumja U KOpULheHeM KONEKTUBHOI  3Hakba,
BELUTauYKe Nyesne KOHUEHTPULLY NpeTpary Ha 061acTu Koje NoTeHUMjanHo cagpke 60/ba peLletba, a
HanywTajy pellewa cnabujer ksanmteta. OBakBUM MOCTYNKOM BeLUTayKe Myefie KOMEKTUBHO
reHepuLy cge 60/ba U 60/ba peLlerba.

BCO anroputam pagv y uTepaumjama CBe [0 3a[0BO/bera HEKOr yHanpes LeuHucaHor
KpuTEpUjyma 3aycTas/barba. Hajuelwhe KopuwheHn Kputepujymm 3aycTasbarba (Kao 1 Ko Apyrux
MeTaxeypucTUYKMX MeTofa) CYy MaKCMMa/lHO [03BO/bEHO BPEMe, MakCuManHu 6poj utepauuja,
MakcuManHu 6poj utepauyuja 6e3 nobosbllarba TPEHYTHO HajOOs/ber pellerha, MakCuMaaHu 6poj
n3padyHaBatba BPeAHOCTU (DYHKLMje L/ba U MHOTW ApYTY, a NMOHEKas ce KOpUCTe U KOMOUHaumje
BUWe KpuTepujyma. llocToje gBe oOcHOBHe BapujaHTe BCO MmeTode, KOHCTPYKTMBHa (KOja,
MoyeBLIM Of NpasHWX pellerba, marpahyje pellersa npumeryjyhn Heky BPCTY CTOXaCTUUKOR
MoX/ienHor 13bopa HOBMX KOMMOHEHTW) M BapujaHTa ca nonpaBkOM (KOja Mofasv Of HEKMX
KOMMMIETHUX peLlera U MOKyLlasa fa UX nobosblia NPUMEHOM CTOXaCTUYKWUX Mpasuia 3ameHe
KOMMOHeHTW). BapujaHTa ca NonpaBkoMm je y nuTepaTypu nosHata kao improvement BCO (BCOi)
[17, 54, 57].

Monynaumja BelTayKMX Nuena cacToju ce of B areHaTa koju 3ajedHO Tparajy 3a peLuerem
pasmarpaHor onTMMmM3aumMoHor npobiema. CBaka BelUTauka nyena reHepuLle no jefHo peLuerbe 3a
nati npobnem [18]. Mceygokog BCO meToge npeactaBbeH je AnroputmoM 2. Pag anroputma
0fiBMja Ce KpO3 UTepauuje, a cBaka Utepauuja ce cactoju of NC Kopaka. Kopak BCO anroputma
fenn ce Ha gge ase: net yHanpeg (eHrn. forward pass) n net yHasag (eHrn. backward pass).
[Jakne, y okBupy jefHe utepauuje ose ase ase ce cMewyjy NC nyTa, Tj. JOK Ce He U3reHepuLLy
KOMMNJIeTHA pellera, Y KOHCTPYKTVMBHOj Bep3vju anroputMa, waM Aok ce He u3spwm NC
mMogudurKaumja noyeTHMX petlera, y BCOI Bep3nju. TOKOM fieTa yHanpes CBe BeLUTauke nyesne cy
YK/byyeHe y WCTpaXwuBatbe MpocTopa pelewa. [10 aHatormju ca NPUPOAHUM  MPOLLECOM
NpUKyn/barba HekTapa, KBamTeT (MapumjanHor) peLuera MOXe Ce MOMCTOBETUTM Ca KOMUYMHOM
CaKyr/beHOr HekTapa u/unu ca yfabeHolwhy KOLUHMLE Of U3BOpa XpaHe, a MpoLec cakyr/barba
HekTapa y npupogn oaroeapa (hasu neta yHanpeg y BCO anroputmy. OBa (hasa anroputma
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AVPEKTHO 3aBUCU O npobneMa Koju ce pellaBa M Mopa Ce MPUIMKOM WMM/eMeHTaUmje
MaKCcMasHO NPUMaroanTyi ToM NpoGnemy.

AnropuTam 2: lNMceyaokog 3a BCO metomy

procedure BCO(instanca, B, NC, STOP)

while =(Terminate — StoppingCriterion(STOP)) do
forb —~ 1,Bdo [/l OppehmBarbe MHULMjanHe nonynauuje
Solution(b) ~ Initialize()
end for
Update(Xpest, f(Xbest))
foru < 1,NC do
forb — 1,Bdo I/l NeT yHanpeq,
Transform(Solution(b))
end for
forb ~ 1,Bdo /I NeT yHa3zap,
Loyalty(Solution(b))
end for

forb NonLoyal do

Recruitment(Solution(b))
end for
end for
Update(xbest: f(Xbest))
end while
return(Xpest, f(Xoest))
end procedure

Y ha3n neTa yHasaj BelUTauke nyene pasmerbyjy UHGopMmauuje 0 KBanUTETy NpoHaheHuX
peLLera M TO KOPUCTe 3a [JOHOLUeHE Of/TyKe KOja peLlera Cy NepcrneKTUBHA U 3acnyxyjy faba
UCTPaXMBakba, a Koja Tpeba 046aLnTh 1 3aMeHUTH 1X NepcnekTUBHUMA. PUTyanHu niec nyenay
Npyvpoay y anropuTMy MpeTpaXmBatba 3aMereH je NpoLeMBakeM (EBayvparbeM) KeanuteTa
CBaKOr reHepucaHor (mapuujanHor) pellerwa pPenaTtMBHO Yy OJHOCY Ha Haj6o/be M Hajnolinje
pelletbe y TPEHYTHOj nonynaumju. KBamMTeT pellerba McKasyje ce peanHMM 6pojem Koju npunaga
uHTepsany [0,1]. HajkBanuTeTHuje peluewe MeRly CBUM BewlTauykuMm nuenama fobuja 03HaKy
kBasmTeTa 1, a Hajnowwmje 0 (Mnm HeKy BpegHOCT 6aMCKy Hynm). Kaga ce cBa peLletha eBanympajy,
CBaKa BeluTayka nyena Tpeba aa ogpean ga nv he octaTy nojanHa cBoM (NapumjaHOM) pellery U
HacTaBUTW HEr0BO UCTPaXKMBare. Ta 04/lyKa JOHOCK Ce Ha OCHOBY BepoBaTHONE, KOja 3aBUCU 0f
OflHOCa KBa/iMTeTa TPEHYTHOI pellera faTe BellTayke Myefie U KBaauTeTa peLuera ,,Hajoorbe”
BewTayke nuene. Hajbormba Nyena je oHa Koja TPeHYTHO MOceayje HajkBanuTeTHWje (NapuujaiHo)
pewere. OHa je yBeK fiojalHa TOM CBOM peLLewy, jep je HeHa BepoBaTHOha NOja/IHOCTM YBEK
jeoHaka jegnHuum. BeluTayuka nyena Koja HanycTu (ogbaun) csoje (MapumjanHo) peluere nocraje
HenojasHa 1 Mopa fja npeysmMe HeKO Of PeLlierba N0jaiHUX BELUTAauKUX Nuena npu vyemy nyene Koje
noceflyjy KBanMTeTHMja peLLera MMajy Behe LiaHce Aa TO peLlere 3aapXKe (fa ocTaHy fojanHe) u
peknaMupajy ra octanumMa. 3a pasnvkKy of nuenay npupoau, Koje He Mopajy Aa u3Boge putyanHu
M/7ec U peknamupajy cBoje WM3BOpe XpaHe ApyrvMa, BelTayke ryene Koje OCTaHy /0jajiHe CBOM
(napumjanHom) peLlery Y UCTO BPeMe MoCTajy W perpyTepu, O4HOCHO, MeRly wuma he HenojasHe
BeLUTayke nyese 6npaTy 3aMeHy 3a pellerba Koja cy ogbauune. Y TOM MOMEHTY M3ABajajy ce ABe
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BpCTe Nyena R perpyTepa v npeoctanmx B-R HenojanHux (HeonpefesbeHnx) nyena [18]. Ognyky
KOje Of peknammpaHux pellewa he MpeyseTw, Heonmpefe/beHa BellTauka Nyena [OHOCK ca
BEpOBaTHONOM KOja je MpONopLMOHanHa KBa/IMTETY ofrosapajyher peknamumpaHor pellera v Ta
OfyKa ce peanusyje nomohy pyrneta.

M3Bpwasawe BCOi meToge wnycTpoBaHO je Ha cnvum 1. Ha neBoM feny nosykpyra
UNyCTpOBaHa je (haza feTa yHanpes Y KOjoj CBaka BeluTauka myena Moaudukyje CBOje peLuetbe.
Kako cy mopudumkaumje ctoxactuuke, nuene he Ha Kpajy oBe (hase MmaTy pasnnynTa peluerba.
HakoH ¢ha3se neta yHasaj (esanyaumje, ofpefuBarba 10jaIHOCTU U perpyTtauuje) HenojasHe nyene 1
n 4 (koje cy opbauune cBoja pellersa) npeysehe pellerba Of HEKMX PerpyTepa W 3aTo Ha JEeCHOM
neny nonykpyra nyene 1 n B 1 nuene 2 u 4 umajy ucta pellera. Y HapefHOM NeTy yHarpes,
mMogudurKaumja he NPOMEHUTU UCTa PeLLerhba Ha pasnymTe HaumHe 1 onet he cee nyene UMaTm
pasnunTa (MoTeHUMjaHO No6O0sbLIaHA) PeLLeHsa.

— B

. /

7

3 4 [

2@
1 # 5

2 @ L] 2 @
1 & i 1 $E

Cnuka 1: inyctpaumja paga BCO meToze

4.2. Npumepun npumeHe BCO meToae

HakoH npBux pafoBa ca onucoM u npumeHama BCO Mmetoge [43, 44, 45, 46], nojasuio ce jow
HEKO/IMKO pajioBa Y KojuMa je oBa MeTofa MpuMerrBaHa Ha TpaHCMOpPTHe npo6neme. MoueB of
2007. rogvHe nojae/byjy Ce pafoBM y KojuMa ce pasmatpajy fokauujcku npobnemu [16, 17],
npo6nem pacnopefuearba [19, 18] 3a Koju je pasBujeHa M MapanenHa Bep3nja ose MeToge [15],
npobnem popgene BesoBa 6pofoBuma y nyum [40], mpobnem knactepoBawa [12], mpo6nem
33/10BO/LUBOCTY Y KNACUYHUM [35] 1 He-KnacuyHum norvkama [57,58] n MHoru gpyru.

Ocum napanenusaupje, 3a BCO meTody je M3BpLUEHa M TeopujcKa aHanm3a, Tj. AoKasaHu cy
noTpe6HN W [OBO/LHW YCMOBM NOJ, KOjUMa pelletba reHepucaHa OBOM METOLOM aCMMTOTCKM
KOHBEPrMpajy Ka onTuManHoM peluewy [36]. 3a 0BakBy KOHBEPreHUwWjy, HEOMXOAHO je da ce
NPUINKOM UMMIEMEHTALMjE METOLE YK/bYUU U NPOLIEC YUerba U3 Beh noceheHnxX peLlersa LWTOo Huje
yobuuajeHo 3a BehMHY MeTaxeypucTnykmx Metoga. OBakaB KOHLENT oMOryhuo je ga ce Teopujcka
aHanm3a NpYMEHU 1 Ha Apyre, yriaBHOM MONynalunoHe, MeTaxeypucTuyke mMetoge [14].

MpernegHu pagosn [11, 20, 60, 62], cagpxe feTasbaH Npernes NuTepaType Be3aHe 3a pas3soj u
npumeHe BCO meToge.

5. BAK/bYUAK

MeTaxeypucTuuke MeTofe NpeLCcTaB/bajy, He caMo MohaH, Hero YecTo U jeJMHN aaT 3a pellaBare
TELKMX ONTUMM3AUMOHMX Npobnema. Y pafy Cy MpeAcTaB/beHe ABe MEeTaxeypucTuyke MeTofe
uujun cy ayTopu McTpaxmeaum u3 Cpbuje: MeToga NMPOMEH/bUBMX OKOMMHA U METOAa ONTUMM3aLmje
KOMIOHMjOM Muyena. YKpaTKO Cy OMMCaHM OCHOBHM KOpauu OBKMX METOA@, NMpUMEpW HUXOBIUX
MpPUMeHa Ha Heke 3HauajHe nNpob6ieMe KOMOMHATOPHE N KOHTUHYaHe ONTUMM3aLMje 1 yKasaHo Ha
nnTepaTypy M3 Koje Ce MOXe Ca3HaTW BuLUe AeTasba O pPasBojy v NprMeHn oBUX MeTofa. OCHOBHA
Hamepa je monynanusauuja MeToda UM MOACTULAHE WCTPaXMBAYa, HapouuTo Mnmafux Konera u
[OKTOpaHaTa fia KopucTe OBe MeTOAE, YYecTBYjy Y HMXOBOM [Ja/beM pasBojy M MpPOMOBHULLY
HIXOBY LLUMPY YMOTPebY Kpo3 CBOje pe3ynTaTe.
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3AXBAJTHVLA

WcTpaxknBarba ayTopa onuncaHa y 0BoM pafy (MHaHcupaHa cy of cTpaHe MUHMCTapCTBa 3a HayKy,
TEXHOMOLLKW pa3Boj 1 MHOBaLMje, MO OCHOBY HEKOMMKO NpojekaTta. TpeHYTHO (uHaHCUparbe je Ha
OCHOBY yrosopa 6p. 451-03-47/2023-01/200029. HaBeaeHa UCTpaxXmBara HEMPEeKUAHO ¥ 3HaYajHO
nogpXaeajy Moja mnopoauua M capagHWUM ayTopa M OBUM MYyTEM WM M3paKaBaM OrPOMHY
SaxBasIHOCT.
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FROM POLICY TO PRACTICE:

THE UTILITY OF Al IN ADAPTIVE CHALLENGES

Ifti Zaidi*
! Cranfield School of Defence and Security, Cranfield University, i.zaidi@cranfield.ac.uk

Abstract: Al ushers a revolution in human affairs, challenging paradigms across a wide range of human
activity. Using frame-based knowledge representation to support decision making is not new and we know
that Al can encapsulate aspects of intuitive knowledge behind decision making, draw on vast amounts of
data, identify patterns, trends, and correlations to provide analytical outputs. Al is already replacing human
agency in many walks of life. This research examines the utility of Al for policy and strategy. The central
question is, can Al replace human agency, and can Al-powered forecasting models help policymakers
predict potential outcomes of events; support scenarios analysis and evaluate the impact of different policy
options to produce strategy and plans? | examine Al’s ability to replicate, surpass and replace human
creativity, innovation, and intuition in dealing with novelty and in tackling wicked problems and adaptive
challenges to produce useable policy and strategy. In terms of context and scope, this paper addresses
national security and military strategy. The research finds that while policy and plans have processual and
mechanical dimensions to them, competitive strategy require novelty, creativity, and innovation. Al,
presently and foreseeable, lacks the element of creativity and intuition which are essential in strategy. In
conjunction with human faculty, Al can be applied for testing robustness of policy and model outcomes, war
game strategy, as a red-teaming aid, and to eliminating groupthink and other biases.

1. INTRODUCTION

Using quantitative and qualitative frameworks as knowledge-based tools to support decision
making is not new. The potential of Al driven process technology to transform data and information
into knowledge was recognised by several commentators in the late 1980s and early 1990s who also
envisaged that Al could encapsulate the intuitive knowledge of high-level decision makers, crunch
vast amounts of data, build, or identify patterns and trends, identify correlations to inform action.
There was, and remains, a general optimism in academia on the potential of coupling Al and
robotics to replace the human being in the action loop and while there have been sceptics, these
voices are heavily subdued (Raj & Seamans, 2019; Pagallo, Corrales, Fenwick, & Forg6, 2018;
Bhaskar, et al., 2020; Kortenkamp, Bonasso, & R., 1998; Maravall, de Lope, & Martin, 2009;
Murphy, 2019). Al-powered forecasting models (according to Open Al) can help policymakers
predict potential outcomes and evaluate the impact of different policy options (Warner et al.,
2020).With the rapid expansion of machine-based decision making and the competition advantage
the technology offers, Al is fast becoming a sine qua non in all walks of human engagement. A new
revolution is in the making (Chakraborty, Banerjee, Saha, Sarkar, & Charaborty, 2022; Howard,
2019). We are edging quicky towards a world conceived by the sci-fi novelist, E.M. Forster, in his
masterpiece, The Machine Stops (1909). The story was written in response to the fiction novel by
H. G. Wells, A Modern Utopia, that set out his doctrine of social progress. Forster, however, warns
us of the potential consequences of diminished human agency through gradual erosion of human
agency and connection to fundamental decisions required to address complex and adaptive
problems. These contrasting perspectives, albeit from works of fiction, provide an excellent
foundation for discussion on technical and human aspects of absorbing Al in our organisational
affairs; particularly where human-action becomes less and less needed overtime and machines more
difficult to replace with human agency.
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Al can deal with complexity and make sense of complex system flows (feedback).
Notwithstanding Forester’s concerns with system fragility the utility of Al based decision support
tools for Operational Research (OR) and strategic management (as subject of critical research) is
continually growing, as too is the application of Al, whether experimentally or as formal practice in
a variety of organisational contexts, including government and governance. Concurrently we are
also beginning to recognise the threat posed and across the world, leaders are waking up to the
challenges. The current debates range from mushrooming applications of Al to the legal
frameworks and social impact to the moral and ethical issues we foresee. Al is big, its going to be
disruptive beyond anything we have witnessed in earlier industrial revolutions. We have evidence
of this in the way governments are responding to this revolution like none other that preceded it, for
example the in May 2023, Joe Biden brought together tech CEOs at the White House to discuss
issues around Al, stating that "...what you're doing has enormous potential and enormous danger
(to nations, governments and society)". As he was hosting this event, deep fakes of Trump and
Biden also surfaces, that expose the very challenges Biden was alluding to, in this instant, the
dangers in sophisticated Al generated mimicry (Burgess, 2023). The Fourth Industrial Revolution
(Philbeck & Davis, 2018) combines elements of what we understand as a Revolution in Military
Affairs, a Military Revolution, and a Social Revolution; collectively Al ushers a revolution in
human affairs. It is related to Industry 4.0 but also distinct. It entails a series of significant shifts
away from paradigms in economic, political, and social values that span our digital, physical, and
biological world.

This exploratory paper addresses the question, can Al replace human agency, and can Al-
powered forecasting models help policymakers predict potential outcomes of events; support
scenarios analysis and evaluate the impact of different policy options to produce strategy and plans?
Does Al have the potential to inform policy and action? The short answer is ‘yes.” To answer this
question, I will first look the historical utility of decision models and their ability to handle
complexity and unstructured nature of decisions at the strategic level. | will then examine creativity
and novelty and how these characteristics impact policy, strategy plans.

2. WHAT IS AI?

Klaus Schwab (2015), the founder and executive chair of the World Economic Forum, points out
that the preceding three industrial revolution created major societal changes, but describes the
fourth industrial revolution (4IR) as fundamentally different from the three that preceded it. 4IR, he
argues, is moving at an unprecedented pace and will compel us to reconsider traditional ways of
living, doing business and coping to keep up with technology. While 4IR is not Al alone, but Al sits
at the heart of this and catalyses and accelerates the disruptive change (Philbeck & Davis, 2018).
The previous industrial revolution shave had a profound and direct impact on military affairs, 4IR
will be no exception. Militaries around the world have been using machine learning as a planning
aid and planning tool for some time. As an example, the Joint Theatre Level Simulation System
(JTLS), a hex based simulation modelling of joint combat forces, has been in use with the US
military since the 1960s.These older systems used machine learning as foundation for their analysis
(Bolling, 1965). Prior to this, various forms of predictive modelling, for example the quantitative
approach using the Lanchester Equation (Engel, 1954; Lanchester, 1916) and a blended model
proposed by Dupuy (1979), were gainfully employed to predict outcomes of battles and
engagements. Today, more advanced form of learning is possible, such as deep learning and
generative learning.

There are no agreed definition or classifications of Al. As Krafte et al. (Kraftt, Young, Huang,
& Bugingo, 2020) suggest that definitions are contextual and vary between policy and practice
communities. Poole and Mackworth define Al as a field that studies the ‘synthesis and analysis of
computational agents that act intelligently’ (2023, p. 3). It is not in the scope of this paper to
exhaustively examine these perspective, classifications, and definitions, nor to propose such frames
of reference. | begin with the proposition that Al enables machines to emulate human-like functions
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such as intelligence and thought and even feel and act. From this perspective alone, Al is interpreted
variously in scholarship. For example, Wang (2009) proposed a classification based on structure,
behaviour, capability, function, and generalised principles. Joshi (2019) summarises from a
practitioner perspective, the four principal classifications offered by Hintze (2016). Of these, the
two that exist, and we can experience today are Reactive Al, also called Machine learning, that
emulates human responses to stimuli and produces automatic response to based on a limited set of
inputs; and Memory Learning Al where reactive Al is enhanced with learning from historical date
to generate decision, it is also referred to as Deep Learning. Another two futuristic Al capacities,
and with them classification in the making, are Theory of Mind and Self-Aware Al. Theory of Mind
Al or artificially intelligent Al would be capable of understanding human needs, emotions, beliefs,
and thought processes. Joshi argues that such Al will manifest emotional intelligence. It could, for
example, adopt a personality and undertake type spotting in its interaction with humans, or from
data and study of personalities; something we do intuitively in our social and professional lives.
Self-Aware Al is the final frontier and a hypothetical extension of Al trajectory in emulating
human-like qualities and one that could potentially surpass human intelligence and transition to
genuine intuition and creativity. For the purpose of this paper, | will focus on Memory Learning Al
and its utility on the policy, strategy, and planning fields. There are other reference that are used and
becoming increasingly popular, for example Generative Al, which employs deep learning to
develop various types of content. Such classifications are based on not what how Al functions but
what it produces. The range of successful applications for Al is growing and encompasses and
pervading our everyday life. Booch et al. (2020) argue that we are still at the narrow end of Al
applications. They assert that current applications are focused on a very goal limited and
constrained by our paradigms.

Al has the potential to assume agency. An agent is someone or something that acts within an
environment and context; ‘it does something’... by extension, ‘worms, dogs, thermostats, airplanes,
robots, humans, companies, and countries’ are agents. However, in international relations, it
requires operation and instrumentality; ‘it is the capacity, condition, or state of acting or of exerting
power’, it includes “a person or thing through which power is exerted or an end is achieved’(Royo,
2012). A computational agent is an “agent whose decisions about its actions can be explained in
terms of computation” (Poole & Mackworth, 2023), where the decision can be broken down and
examined, and can be implemented in a physical device, a computer for example. An agent is
intelligent when:

What it does is appropriate for its circumstances and its goals, considering the short-term and
long-term consequences of its actions.

It is flexible to changing environments and changing goals.

It learns from experience.

It makes appropriate choices given its perceptual and computational limitations.

Poole & Mackworth argue that “all agents are limited’. This extends to both human agents and
machines as no ‘agents are omniscient or omnipotent’. They conclude that agents can only observe
that which sits within the scope of their experience and knowledge. Agents have finite memory
which applies to machines, albeit human memory, in terms of demonstrated useability, has its limits
too. In the real world, time is of the essence and as is the one factor that strategy cannot retrieve.

3. Al AND ITS UTILITY IN POLICY, PLANNING AND STRATEGY

Understanding typology of problems and Al’s utility against each of the typologies is essential in
advancing an understanding of the utility of Al in decision analysis. Rittle and Webber (1973)
identified two type of problems, Tame and Wicked. They defined tame problems as problems that
are scientific or technical in nature, such problems follow rules, and if the rules are understood, a
solution can be posited. This largely aligns with the concept of Technical Problems (Heifetz,
Grashaw, & Linsky, 2009). Wicked problems on the other hand are problems that are socially
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constructed and associated with the human angle, these sit at the intersection of human behaviour,
and experience. Such problems have no finite solution and can be approaches from a variety of
standpoints. Human beings have evolved dealing with these kinds of problems. A less fatalistic
view of such problems is the use of Adaptive Challenges, where the solution sits in zone of creative
discomfort, a very subjective and people centric notion advance that Heifetz et al. advance.

While Al has demonstrated ability to absorb non-linearity well, it remains limited in its ability
to create something new that outside of the trajectory from the past. While this limitation of Al may
be overcome with the realisation of the hypothetical transition of Al to what Hintze (2016) refers to
as Self-Aware. At present, machine learning or deep learning create only an illusion of human-like
intelligence but are essentially packaging data in very much a predictable manner that other
machine systems or Al approaches could also arrive at. In that sense, Al represents an efficiency in
logic rather than true intelligence. The latter brings elements of constructivism, intuition and bias
that are essential in human behaviour. It is in this backdrop of current state and scholarship that |
will examine the utility of Al in policy, strategy, and planning. Limited memory-Al lacks many
capabilities that suggest real intelligence. Machines and Humans approach problems of
‘generalisability, robustness, explainability, causal analysis, abstraction, common sense reasoning,
ethics reasoning differently’ (Booch et al., 2020). It is not a matter of which is better, particularly
when we deal with adaptive challenges or wicked problems.

Policy, strategy, and planning, while connected and hierarchical dependent, are very different.
The relationship is illustrated below:

Intent

Aspiration Action

Figure 1: Relationship Between Policy, Strategic Planning, Strategy and Plans

Of the three, planning, whether at the strategic level or lower down is the most mechanical and
adept for system integration. It is what militaries have done through various military decision-
making tools such as JTLS discussed earlier and other automated planning tools that use Al
effectively. Policy and strategy as significantly different.

Policy is an adaptive challenge and frequently a wicked problem. It is concerned with balancing
ambitions drawn from an aspiration against resources. However, policy is politically prismed, and if
perspectives and politics were removed, policy would become a mechanical undertaking and by
implication and extension, challenge the very nature of government and politics in a democratic
framework. Al modelled Policy could be effective but human oversight at every stage of decision
analysis will remain a political necessity to ensure that the intuitive angle where Al can faulter is
tackled by through human agency. Practitioner would therefore resit Al interference beyond
providing inputs and analysis in the formulation of policy.

Planning at all levels relies on quantifiable and qualitative elements that frame-based analysis
can support and even optimise. This is where Al can potentially offer the greatest support and
potentially, once we edge towards Theory of Mind and Self-Aware Al, replace the human agent in
the chain. There are areas where strategy, particularly competitive strategy, is concerned chiefly
with being different and intuitive. The element of surprise is essential (Kalistratov, 2008). Strategy
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is dynamic, logical, and conceptual, pitted at every stage against an active, intelligent, and opposing
mind set, to advance policy. Strategy creates moral and physical effects to facilitate the continuation
of politics through the development and application of instruments of power. It achieves (current
and future) ends of policy through the development and application of ways and means. Efforts to
make strategy mechanistic have resulted in disasters and led towards a general atrophy and robbed
strategy of its true purpose, where to compete and how to overcome mitigate the opposition’s ability
to resist. What strategy seeks to achieve is beyond the scope of what Al capabilities currently offer.

5. CONCLUSION

Al is rapidly evolving and any attempt to forecast its frontiers is likely to fall short of what it may
one day offer. It comes with possibilities but also poses challenges. This paper focussed narrowly
on the utility of Al in policy and planning, both of which were presented with dominant
components that classify them as technical problems. The research finds that while policy and plans
have processual and mechanical dimensions to them, competitive strategy require novelty,
creativity, and innovation. Al, presently and foreseeable, lacks the element of creativity and
intuition which are essential in strategy. In conjunction with human faculty, Al can be applied for
testing robustness of policy and model outcomes, war game strategy, as a red-teaming aid, and to
eliminating groupthink and other biases. | have drawn strategy away from that continuum based on
the premise of the degree creative strategy development is currently beyond what Al offers.
However, competition will drive nations and militaries to adapt Al, despite the challenges and as
Forester’s exploration of humanity suggests, we may delve connection with technologically that can
be unhealthy for society. The cautionary tale in the Machine Stops highlighted over a century ago
the realities we are fast approaching, the dangers of excessive technological dependence and the
erosion of individual freedom.
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Pesume: Y npeTxogHux 50 roguHa je Ha CuMNO3ujyMy O OnepaLMoHUM UCTpadkuBatrbiiMa npe3eHToBaHO
pellaBare BeAMKOr 6poja npobnema M3 pasaMuMTUX 06nacTu NPUMEHOM TEXHWKA OnepaLmoHux
ncTpaxkmeara. OBaj paj faje nperned n cucTemaTnsaumjy 51 caonwTeHor paga U3 061acTy BasayLIHOT
caobpahaja, KOHKpeTHMje NocnoBarka aBmo-Komnaxuja.

KibyuHe peun: asno-KoMmnaHuje, TeXHUKe onepaLynoHnx UCTpa>kusara, Sym-Op-Is.

Abstract: In the past 50 years, at the Symposium on Operational Research, OR techniques have been
presented as solutions to a large number of problems in various fields. This paper provides an overview and
systematization of 51 published papers in the field of air transport, more specifically, airline business.

Keywords: Airlines, Operations Research (OR) Techniques, Sym-Op-Is.

1. YBO/J,

Y oBOM pagy ypaheHa je cucTemaTv3aumja pafosa M3 061acTu UMBUAHOT Bas3dyLIHOr caobpahaja,
caonwuTeHnx Ha CMMMNO3ujymy O OnepaLMoHnM UCTpaxKmBarbiMa y npoTeknmx 50 roguHa. Kako ce
cucTem BasgyLUHOr caobpahaja cacToju 13 Tpy noBe3aHa NMoAcKCcTeMa U TO MHAPACTPYKTYpe, aBuo-
KOMMaHWja 1 KOHTPOe fieTetsa, Tpeba HanoMeHyTU Aa je y 0BOM npukasy (hoKyc Ha npobnemuma
ca KojuMa Ce aBMO-KOMMaHuje CBaKOAHEBHO cycpehy, a Koju ce MOry peluaBaTu MpUMEHOM
Pa3MUMTUX METOAA ONepaLyOHNX UCTPaXMBatba.

2. BACTYM/bEHOCT PALOBA MO NMEPNOANMA 1 AYTOPUMA

YKynaH 6poj pagosa 13 06/1aCTy NocnoBarba aBMOKOMIaHuja, NiaHnparba NPeBoXekba, yrnpas/bakba
pecypcuma 1 npoLecrma y aBmo-KoMnaHuju, y nepmogy of 1974. no 3akbyyHo ca 2022. roguHoM
je 51. Mp.u pag je o6jasuo npod. AywaH Teogoposuh 1979. rognHe.

Teonoposuh, /. N 19

16
15
1 Kanuh, 1. I |
12
A
10 Babuh, /1. 10

10

Rowh, C. I
8
. s e Pagosuh, M. I 5
a Monosuh, ). NN 5
2 1

Naskoswi, . I 5
, W

1979 1980-1989  1990-1999 20002009 20102019  2020-2022 [ 5 10 15 20

Cnuka 1: bpoj pasfosa no nepuogmMma Cnuka 2: Aytopu/koayTopu ca Hajsehum
6pojem pagoBa y 0Boj 0651acTn
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Ha yKynHO TpuaeceT KOH(epeHLMja caonwiTaBaHW Cy pafjoBu M3 oBe 06/1acTv y Kojuma cy
NpUMENBaHE TEXHWKe OMepauyoHNX WCTpaXuBaka. HajBulle pagoBa je CaoMWTEHO Ha
KOH(pepeHUMjK Koja je oppxaHa 1998. roguMHe M TO YKYMHO LlecT pagosa. bpoj pagosa no
JeueHvjama je Bapupao (cnuka 1). Aesefecetnx roguHa 20. Beka U Yy Apyroj geueHunju 21. Beka
CaoMLUTEHO je 1 06jaB/beHO 16, 0aHOCHO 15 pagoBa pecrneKTUBHO. Y MpBOj AeleHuju 21. Beka je
CaoMLUTEHO 1 06jaB/bEHO camo NeT pajoBa.

Y nepuogy oa 1979. go 1998. HajucTakHyTUju ayTop Y 0BOj 06nacTy 6o je npod. AyliaH
Teopoposuh, Koju je Kao ayTop wau KoayTop 610 3acTym/beH y 19 pagosa. 3aTum cneaw npod.
Mwunuua Kanuh ca 18 pafosa, Koja je cBoj npsu pag o6jasuna 1991. roguHe. Mpod. OaHnua Babuh
1 npodh. Cnasmua Joxuh cy caonwTune n objasmne 10, ogHocHO 9 pagoBa. Ca nNo neT pagosa cy
3acTynsbeHu npod. JosaH Monosuh, MopaH Maskosuh n MapujaHa Pagosuh (cnvka 2).

3. PACIMOAENA PAOOBA MO TEMAMA 1 TEXHVKAMA

Y Tabenn 1 cy npukasaHe rpyne Tema M3 06/71acTU NOcCnoBarba aBMO-KOMMaHWja, MpeumsHuje
ynpae/batba MpouecrMa W pecypcuMa aBuo-koMMaHuja. Tema [MyTHMUYKa noTpaxkwa W
cerMeHTaumja TPXULLTA OAHOCU Ce Ha MPOrHO3e W OLEeHe MYTHUYKE MOTPaXHe, MoAenunparbe
noTpaxe y (basama cTBaparba MyTOBaka WM pacnofene nyToBara, M360OpP aepoapoma Monacka,
MoHallae ¥ MOBUAHOCT MYTHUKA M MOAenupare M3bopa aBuO-KOMMNaHuje of, CTpaHe MyTHUKa,
oapehuBarbe cermeHata (rpyna) u npotuna NyTHUKA Ha OCHOBY aHKETHUX UCTPaXXMBaHba.

Tabena 1: Pagosu no TeMama

Paposu

Teme Bpoj FoguHe
papoBa | objaB/buBarba paja
1996, 1998 (2), 2002, | Kanuh, Teogoposwuh, Pagosuh, CTaHojeBuh,
11 2011 (2), 2014, 2015, | MackoTa, AHApuh, NBaHoB, Ky/baHuWH,
2020, 2021, 2022 [Loxwh, babuh [., Kykuh

1994, 1996, 1997 (2), | Teomoposuh, Monoswuh, Maskosuh,

9 1998, 2009, 2014, Paposuh, Kanuh, babuh [., Joxuh,
2017, 2018 Nesajkosuh, LLlenmuh, Mauypa
Teopoposuh, MBo3aeHoBuh, 3opuh,
Crtojkosuh, Pagnsojesuh, Kanuh,
Maskosuh, Joxuh (aes. Heaerbkosuh),
JakumoBcka, babuh O., YaHranosuh

1985, 1991, 2010, Teopoposuh, Kanuh, CTojkosuh, babuh, [.,

AyTopu/KoayTopu

[MyTHWMYKa NOTpaXxHa u
cermeHTaLuja TpXuMLLITa

Pe3epBaLioHn cuctemu
1 aBMO-KapTe

1979, 1980, 1981,
Pep netetba 9 1983 (2), 1989, 1998,
2003, 2004

Mpexa nnHuja 6 2017, 2018 (2), 2021 | berosuh, JleBajkosuh, Joxuh, TumoTuh

NI0TA aBMOHA 6 1984, 1989, 1998, Teogoposuh, MBo3geHoBwh, 3opuh,

1999, 2000, 2010 Paposwuh, oxuh, Kanunh
OnepaTmBHYM npoLecy y 5 1985, 1986, 1996, Teogoposuh, babuh O., Slyuuh,

aBNO-KOMMNaHujama 1997, 2013 BykaguHosuh K., KyrbaHuH, Bykuhesuh

Mocnosarbe asvo- 1098, 2015, 2020, | Mpocasesuh, loxuh, Baoun, A,

- 4 Onmuntpunjesun, Kanuh, Mony6osuh,

KOMMaHwuja 2022

JaHkosuh, ¥Y3enau, MnageHosuh

Pe3epBaUMOHN CUCTEMW M aBUO-KapTe YK/by4yjy MpOjeKTOBae pe3epBaLMoHOr CUCTEMa,
ynpaB/batbe NPOAajoM CefyLiTa Kao U ynpas/batbe NPUXOLOM Of NPoAaTuX aBKo-kapaTa, anu u
MPOjeKTOBakbe UHTENMIEHTHOT pe3epBaLMoHOr cucTeMa. Mopeg Tora, pasmaTpaHe Ccy W LieHe aBuo-
KapaTa Kako 6y ce npukasana fucnepsuvja. Pen neTera ce yrnaBHOM OfHOCW Ha OMepaTUBHU
[HEBHW pef neTera WM pellaBare nopemehaja 4o Kojux Aonasv 360r NOWKUX METEOPONOLLKUX
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YCNOBa, TEXHUYKE HEMCNPAaBHOCTY aBMOHa, 3aryLlerba Ha aepofpomMmma UTA. 3aTo, aBuo-KomnaHuja
MOpa [ja UCMPOjeKTyje HOBW HEBHW OMNepaTUBHY pej NeTera y kome he nojesuHu NeToBu 4a KacHe
n/mnun ga 6ygy oTkasaHu. Mpexa nHnja obyxeaTa NpojeKToBabe MPEXe SIMHMja Y CMUCTY HeHe
CTPYKTYpe 1 MNOBE3aHOCTU (AWPEKTHW U WHAVPEKTHW NEeTOBM) Kao M ofpehmBare (hpekseHLmje
neTera Ha Mpexu W nvHujama. PioTa aBvoHa je rMaBHU TEXHUYKM Pecypc Kojum ce 06aB/ba
OCHOBHM 3aJaTak aBWO-KOMMaHwuje, NpeBo3 MyTHWKA U pobe. 3aTo je of noceGHe BaXHOCTU
OAPEAUTN CTPYKTYPY W BENUYMHY (hnoTe (TUMOBE aBMOHa, Kao M 6poj aBMOHa Mo CBaKOM TUMY).
Moa onepaTMBHMM MpOLECMMa Yy aBUO-KOMMNaHWjama ce nofpasymMeBajy niaHupare 1 Bohere
caobpahaja Kpo3 pacnopehuBare TEXHUYKNX U JbYLACKMX pecypca Ha pagHe 3agaTke. Y TOM cMucny
pelasajy ce npobnemMu pacnopefuBara YnaHosa rnocaga Ha poTauuje BasgyXxornnosa, BpLUK Ce
pacnopehuBate aB1oHa Ha pyTe, a Takohie n pacnopehuBatbe aBYOHa MO rejTOBMMA Ha aepojpoMmy.
Ha Kpajy, u3ggojunna ce u TemMa Koja ce O4HOCU Ha MOKasaTesbe Noc/oBaka aBro-KoMnaHuja u Ty
cnajajy nckopuwheHoCT NYyTHUYKE KabyHe 1 yTULaj Ha eKOHOMUKY MOCN0Baka, ePUKACHOCT aBno-
KOMnNaHwja, 6e36eHOCT aBMO-KOMMNaHwWja, Kao 1 Npo6/eM Kallkera N1eToBa.

Ha cnmum 3 cy nprkasaHyn Mogenu 1 TeXHWKe Koju Cy KopulheHW 3a peluasare pasmaTpaHmx
npobnema y 0671acTM nnaHvpawa W ynpae/bata NpoLecrmMa v pecypcrmMa aBmo-KomnaHuja. Y
nojefuHMM pafoBMMa je kopuwheHo BuLLE TEXHMKA, Na je 3aTo 36up pagosa Behu o 51 (cnuka 3).
VcTo Tako, Tpeba HamoMeHy T fa Cy fBa pafa 6vna npernefHor KapakTepa [43, 49].

AHanNUTUYKN Mofenu cy y Hajsehem 6pojy pa3BujaHu ocameceTx rogvHa, Maga uma v Lwect
pagoBa 13 nepuoga 2010 — 2018 [1, 2, 3, 4,5, 7, 8, 9, 10, 13, 22, 32, 39, 41, 42, 44, 45]. MNMprumeHa
hasn NOrMyKMX cucTema W yonwuTe Teopuje dasm cKynosa je obenexxuno pesefecete roguHe 20.
Beka [12, 14, 15, 16, 19, 20, 23], a TeK jefaH paj je jeaHUM CBOjUM Aenom 6o 6asmpaH U Ha
Teopujun thasm ckynosa 2010. roguHe [33]. CTaTUCTUUKe aHaNU3e, pasnnynTe MeToge, HanpegHe
TEXHUKE W anaTu Koju cy KOpWWReHW Yy MCTpaXuBarbiMMa Cy PerpecroHa aHanusa, aHaavsa
BPEMEHCKUX Cepuja, KnacTep aHanm3a, aHainsa rnaBHUX KOMNOHeHTU utg. [21, 28, 34, 35, 38, 47].
Mopes Tora, y OKBMPY KBA/IMTATUBHOI UCTPaXMBara KopuiheH je n Oendu metog [48].

17
8 8 7 7
4
2 2
. = —
\e N & o & o
o & s & &

©

N
,\\F\ +®Q

Cnuka 3: Mogenu u TexHuKe y pagoBima u3 ose 061acTu

Y maTemaTU4KO Mojenuvparbe cnafajy /MHeapHO M LenobpojHO nporpamuparse, Kao u
OVMHaMWuKO nporpammparbe. OBakBMM MaTeMaTUYKUM MOZJenMMa ce MOry peLuasatu npobremu
anokauyje pecypca 1 pasnnumMTMX OnepaTMBHUX NpoLieca y aBuo-koMmnaHujama. Cegam pafosa je
6uno 6asvMpaHo Ha MaTeMaTMYkKoM nporpaMupary (onTuMM3aumjama), yriaBHoOM M3 061acTu
npojeKTOBara PefoBa NeTera, pesepBalLMoHNX CUCTEMA U Mpexe fuHuja [12, 18, 19, 23, 24].
XeypuUcTuke U MeTaxeypucTuke cy passujaHe y nepuogy of 1989. go 2013. roguHe. CneumjanHe
XeYPUCTMKe Cy 3acTyn/beHe MPUIUKOM pellasarba Npobnema nopemehaja y M3BplUaBamy pefa
neTewa, pasBoja WHTENIMIEHTHOr pPe3epBaLMOHOr CKUCTeMa, MPOjeKTOBara OrnepaTuBHOr pefa
NeTerba W NnaHuparsa (iote asno-komnaHuje [11, 19, 29, 30, 33]. Of meTaxeypucTuka KopuiheHe
Cy CUMYy/MMpaHO Ka/betbe, ONTUMM3aumMja KonoHujom nuena wth. [17, 36]. MeToge
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BULLEKPUTEPUjYMCKOT 0f/1y4MBakrsa, Kao Wto cy TOPSIS, AHP, meTtog jeaHakmx pasmeHa (Even
Swap method) cy Hajuewhe KopuwheHW npwaMkoM uK3bopa Twna asumoHa [6, 33, 40, 46].
MalUMHCKO yuyerse, Kao MojobnacT BelTauke WHTeNUreHumje, 3acTyn/beHa je Ha KOH(epeHuujm
Koja je ofpxaHa 2022. roguHe [50, 51]. PayyHapcka cumynauuja je ynoTpeb/beHa 3a
ofpehyBarbe HajrmoBO/bLHMjE KOMOMHaLMje Ba3AyX0omn/ioBa Ha IMHUjW Kao U MpuW ayKUMjCKOj npoaaju
aBuo-kapara [27, 31].

4. 3BAK/bYYAK

Ha ocHOBY mMcTopurjcKor npernefa pagosa Koju cy 06jaB/beHn 1 caonwiTeHn Ha CUMNO3njyMuma o

ornepauyoHM UCTpaXMBarbMa y nepuogy o4 1979-2022. roguHe MoXe ce 3ak/byuutu cnegehe:
Hajuewuhe ncTpaxkvBaHe Teme Cy NyTHUYKA NOTPaXKHa 1 CerMeHTauuja TPXMLLTA, PeoBu
neTera U pesepBaLMoHmn cucteMn. Pagosm 13 0BMX 061acTy MPOMCTEKIN CY U3
MarmcTapckmx Tesa u JOKTOPCKMX aucepTaLmja.
3a peLasarbe Npobnema y 0Boj 06/1aCTH, Y NOYETKY Cy HajBuLLE KOPULLhEHW aHIMTUYKK
mogenu. Ca pa3BojeM XeypucTuKa 1 MeTaxeypucTuka, pacTe 6poj pagoBa ca hUX0BOM
nprmMeHoM. Teopuja hasm CKynoBa, ykbyuyjyhu u hasu 1orvky Hanasm BenvKy npuMeHy y
pasnuunTy NpobaemMmMma NocnoBaka aBMo-KoMMnaHuje (Mogenvpare NyTHUYKE NOTPaXkKHse,
nnaHvparbe (oTe, Pa3Boj MHTEIMIEHTHOT Pe3epBaLOHOr CUCTEMA, MPOjeKTOBaMbE MPeXXe
NVHWja Ba3AyLwHOr caobpahaja, pacnopehuBare aBMOHA Ha pyTe, UTA).

Y 6yayhHocTu ce mMoxe odekumsaTu Behu 6poj pagosa y Kojuma he ce nomohy MalUMHCKOr
yyerba 1 HOBMX TEXHUKa 6a3vpaHnX Ha BeLUTauyKoj MHTENUreHUMjN peLlasat NpobieMu ca Kojuma
Ce aBMo-KomnaHuje cycpehy.
3axBaniHMUa. OBO MCTpaXXMBare NOAPKAHO je 04 cTpaHe MUHWUCTApCTBO Hayke, TEXHOMOLIKOr
pa3Boja 1 MHoBawmja Penybnmke Cpbuje Kpo3 npojekat TP36033 (2011-2023).

NNTEPATYPA

Y cnucky nuTtepatype, pafoBu cy mnopehaHu XpOHOMOLWKWM pesoM. CBM HaBeAeHU pafoBu ce
Hanase y 36opHuuumMa KoHdepeHumje Sym-Op-Is, na cy 3aTo pafoBu HasHaveHu ca cnepehum
MHhopmaLmjama: UMeHa ayTopa/koayTopa, roAvHa U Hasus paja.
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Pesume: Y pafly cy aHanusupaHa WUCKYCTBa W3 NPUMeEHe MeToZda OrnepauuoHnX UCTpPadkueara TOKOM
peain3aumje BeXKOU jeauHMLA TakKTUYKOr M OMepaTUBHOI HMBOA, TOKOM W3pafie HayuHWX U CTPYYHUX
pafosa. Ha OCHOBY aHannse HayyHO-CTPYYHUX KOH(EepeHuWja, TakTUUKMX U OnepaTuBHUX 3aTajaka,
mMacTep pajosa M JOKTOPCKMX AucepTauumja Koje ce peannsyjy Ha YHuBep3nTeTy ofbpaHe 4OLINO Ce 40
3aK/byyaka O yTuuajy onepaupoHWMX MCTpadkueara Ha pas3Boj Teopuje M mpakce BOjHUX Hayka. Pagu
yHanpeherwa Teopuje W Mpakce BOjHWX Hayka, MOCEOHO pasBoja MeTofa Koje ce MpUMeryjy Y BOjHUM
Haykama, npegsuhajy ce npasLy Aasbe NPUMEHE OnepaLyoHnX UCTpa>kuBarba Yy BOjHUM Haykama.

KrbyuHe peun: OnepauuoHa UcTpaykueatba, Teopuja, npaka, BojHe Hayke.

Abstract: The paper analyzed experiences from the application of operational research methods during the
implementation of exercises of tactical and operational level units, during the preparation of scientific and
professional papers. Based on the analysis of scientific-professional conferences, tactical and operational
tasks, master's theses and doctoral dissertations that are realized at the University of Defense, conclusions
were reached about the influence of operational research on the development of the theory and practice of
military sciences. In order to improve the theory and practice of military sciences, especially the
development of methods applied in military sciences, directions for the further application of operational
research in military sciences are foreseen.

Keywords: Operational research, theory, practice, military science.

1. YBOJ,

OnepaLmoHa NCTpaxXmBara Kao CKyn MeToda v anata Aajy noapLuKky (noMaxy) CUcTemy Kao LUTO je
MwuHucTapcTBo ofbpaHe n Bojka Cpbuje y npouecrma [OHOLWeHa OfJ/lyKa Of HajHWXKer [o
HajBuLler HWBOa. JefilaH CErmMeHT MOAPLUKE YCMepeH je npema npupeMu n n3sohewy BOjHMX
onepayyja (opyxaHe 6op6e). OpyaHa 60p6a NpefcTaB/ba 06jeKaT UCTPaXKMBakba BOjHUX HayKa a
npeaMeT UCTPaXKuBaka BOJHMX HayKa Cy nojase, MPOLECH M OOHOCK Koju ce gorahajy y OKBupy
opy>aHe 60p6e 1y Be3n ca opyKaHoM 6op6oM.

Pagn yHanpehera Teopuje M mpakce BOJHWMX HayKa, KOpPWUCTe Ce OnwTe U nocebHe HayuHe
MeToje, U3Mely ocTanmx 1 onepaLmoHa NcTpaxmsarba. OnepaLmoHUM NCTPaXMBarbMMA Ce NMOMaXkKe
KO4, naeHTU(MKaumnje ogpeheHnx BOjHUX (TaKTUUYKMX W onepaTMBHOX) Npobnema, aHanmse TUX
npobnema 1 npegiora pellewa WAEHTUPUKOBAHUX W aHau3uMpaHux npobnema. OnepauyoHa
UCTpaXKMBara Ce NMOMUKbY Of CMMMO3MjymMa O BOjHUM Haykama 1971. roguHe y Bbeorpagy na fo
2023. roguHe, Kpo3 pasnuuute 06/IMKe MPUMEHe OnepauyoHUX MUCTpaxkusarwa Yy opdpaHu. 36or
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TOra rnaBHM A€o paaa 06yxBaTa aHa/I13y MPUMEHE ONepaLMoOHNX UCTPaXUBatba Y BOjHUM HayKama
y nocnearux 50 roamHa 1 TeHAEHLMje NPUMEHe OMepaLMoHNX UCTPXMBAHA Y BOjHUM HayKaMma.

2. MPUMEHA OMEPALIMIOHVX CTPAXMBAHSA Y BOJHVM HAYKAMA Y MOCNEAHMX
50 FOJVHA

WcTopujck nocmatpaHo, Cykobu Cy WCrosbaBaiv MHOFe CheuuuYHOCTU Of, HEOPYXKaHWUX U
HebopbeHMX aKTMBHOCTM [0 6GopbeHux AejctaBa. CreuuduuHocTM cykoba cy npegver
UCTPaXKMBarba MHOTUX HayKa W3 pasnuuutux mnosba (4PYLUTBEHO-XYMaHWUCTUYKO, TEXHUYKO-
TEXHO/OLLKO, MeAMUMHCKO 1 Ap). BojHe Hayke, Takohe, npoy4aBajy Cykobe ca TeXWLUTeM Ha
OpY>KaHW acnekT cykoba.

BehuHa BOjHMX TeopeTuyapa je carnacHa fga cy 6asnyHe BojHe Hayke: (BojHa) CTpateruja,
Onepatuka 1 TakTuka. [1, 2, 3, 4, 5] ObjekaT UCTPaXMBatba BOJHUX HayKa je opyxaHa 6op6al, 1ok
npeLMeT UCTPaXXMBara BOjJHUX Hayka 06yxsaTa CreLnguuHOCTM opy>kaHe 6op6e Ha pasnuunTuMm
HMBOMMA KOje HUCY MUCTpaxkune apyre Hayke. MNpeameT uctpaxusawa (BojHe) CTpaterunje cy cse
OHe CcreuunhnyYHOCTU Koje Ce UCMosbasajy Y OKBUPY Opy>KaHe 60p6e Y LienHM a Koje [0 cafa Hucy
[OBO/bHO MCTpaxeHe. [pegmeT uWCTpaxuBara TakTMKe Cy CBe CrneuuuyHoCTU Koje ce
UCNosbasajy y OKBUpY nojeanHadHnx 6opbeHnx aejcTasa, AOK NpegmeT ucTpaxkvsara OnepaTuke
Kao BOjHe Hayke 6M 06yxBaTao creuMMYHOCTM Koje noBesyjy 60pbeHa fejcTBa ca Opy>KaHOM
6op6om y uennHu. BojHa Teopuja of nonoBuHe 20. Beka 1y 21. BeKy 3a 06jekaT orepaTuke y3uma
BOjHY onepauujy koja objeaumasa 1 nose3yje 6opbeHa fejcTBa Y jedHY LENUHY, U LONpUHOCK
[0CTU3akby UnrbeBa Koje je noctasuna (BojHa) CTpaternja. Ha ocHoBY Tora npeAMeT UCTpaXMBarba
OnepaTuke Kao BOjHE Hayke 0OyxBaTa CBe OHe CMeLM(UYHOCTM KOoje Ce MCMos/baBajy TOKOM
npunpeMe 1 n3BoNewa BOJHMX OMepaumja a HUCY [0 cafja WCTpaxeHe. BojHe Hayke uvmajy
crneyunguyaH jesnk 1 Teopujy Koju cy passujeHu oapeheHnM cumbonuma n TepMUHUMA a 0CoBeHN
Cy CaMo 3a BOjHe Hayke (HMnp. cuM60nu 3a BOjHe jeAuHULEe, cMM60K 3a 6opbeHa AejcTea, 6opbeHe
TaKTUYKe pafre, TePMWUHW: OnepaTUBHW Pa3Boj, CafejCTBO, MaHeBap W cn.). BojHe Hayke Hucy
[OBOSBHO M3rpagune cneumgpuryaH MeTod cTpaxmaarba Koju je 3a hbux 0cobeH Beh KopycTe onwTe
Hayy4He MeTOZe U MEeTOAE UCTpaXmBarba APYrux Hayka. YecTo ce MOMUHE Ja METO/A PaTHUX urapa
noMaxe y pasymeBatby BOjHMX oOrepaumja u 6opbeHMX fAejcTaBa aM Aa jow Huje [OBOSBHO
pasBujeHa ga 61 noctana nocebHa Hay4Ha MeToja.

Ha pa3Boj Teopuje 1 Mpakce BOjHUX HayKa BEMMKW yTuLaj OCTBapyjy UCKYCTBa U3 60p6eHmX
[ejcTaBa TOKOM cykoba. BopbeHa vckycTBa Cy yrpafvsaHa y [OKTMHApPHA AOKYMEHTa, JOKTPUHE,
npaswna, ynyTcTBa, MPUPYYHUKe, YII6eHrKe 1 cn. Ha OCHOBY JOKTPUHA, NpaBuia v ynyTcTasa cy
nnaHupaHe BOjHe oOnepauuje Ha pPasNyUTUM HMBOMMA. TOKOM MnaHWpara BOjHWX Onepauuja, y
MUpY Uy paTy, YecTo Cy KopuliheHe MeTOAe OMepauyoHMX UCTPXMBaba pagy 13paje cueHapuja
6opbeHnx fecTaBa (OnepaTVMBHMX 3afaTaka) M pagu MOAPLUKE KOMaHAaHTMMa 3a [OHOLUEHE
04/lyKa, pellaBara OfpeheHUX NOrucTuukux npobnema, npopadyHa MoryhHocTM 60op6eHnx
cucTeMa, n3Boherba paTHUX Urapa, NpoLeHe erkacHOCTW 60p6beHNX cucTema v Ch.

TOKOM peLUaBarba CTPaTerujcKmx, onepaTMBHUX 1 TaKTUUKUX Npob6aeMa BeNNKK LONPUHOC CYy
Jane BullekpuTepujymcka ontuMmusauumja, Teopuja urapa, PefoBu uekawa W TpaHCMNOPTHM
npobnemu. ¥ nocnefwoj feueHunjn 21. Beka, 3a NOAPLUKY peLlaBakby OnepaTuBHO-CTPATErnjcKMX
npobnema kopucTe ce MeToge W anatm nonyTy [eorpadckor WH(OPMALMOHOr CUCTEMa,
Cumynaupje, AHANUTUYKOT XujepapXu1cjkor npoueca n Fuzzy noruvke.

3aCTyn/beHOCT OrnepaLMoHMX WUCTpakMBara Yy OMBLLUOj JyrocnoBEHCKOX HApPO4HOj apmuju,
6uBLIOj Bojumn Jyrocnasmje n 6mswoj Bojcum Cpbuje n LipHe rope uCTpaxuBanu Cy MojeauHm
ayTtopu [6]. Y nepvogy of 1974. roguHe fo 1991. roguHe, CTaTUCTUYKK Y3€BLUW, HWje B1UN0 MHOrO
pazoBa Ha CMMMO3WjymMrMa a Of KYNHor 6poja pafoBa, pafoBu NpunagHuKa Tagallkbe Bojcke 6unm
CY 3aCTyrn/beHu, NPoLEeHTYanHo, og 5% ao 10%. Of 1992. rogvHe go 2005. roavHe npunagHULn
Tajawre Bojcke Jyrocnasuje u Bojcke Cpbuje cy Ha CMMMO3MjymrMMa W3 ONepauyoHUx

! Behuna ayTopa je carnacHa fia 06jekaT BOjHUX HayKa Moxe 61UTh opyxaHa 6op6a.
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UCTpaXuBarba Ny6MKoBann of, opujeHTUpHO, 10% fo 20% of yKynHor 6poja pagosa. Y nepuogy
0g,2006. go 2012. rogmHe npunagHuum Bojcke Cpbuje cy nybamkosanu og 20% go 25% Hay4Ho-
CTPYYHMX pajoBa Ha CUMMNO3WjyMMMAa 13 ONepaLiMoHnX UCTPaXKMBakbA.

Y nocrnefux feceT roguHa npunagHuuy MuHucTapctBa ofbpaHe u Bojcke Cpbuje cy
nyo6nMKoBa/M BuULLE AeCeTWHa pafoBa M3 06/1aCTV OMepauyoHNX UCTpakuBawa Yy (yHKUMju
ofbpaHe Ha cuMnosnjyMmumMa m3 OnepauyoHnX UCTpaXKmBamwa. Y cekumju MpumeHa onepaLumoHmx
UCTpaXmBama y oadparu, npunagHuum MO n BC cy ny6nmnkosann 96 Hay4HO-CTPYYHMUX pajoBa a
BaH Te cekuuje cy ny6amkoBanm oko 30 pagoBa. 3a BuLle 0f MO/0BMHE NMy6AMKOBaHMX pajoBa ca
curypHoluhy ce MoXe TBPAMTW [a MOBE3yjy orepauyoHa UCTpaXuBatba U BOjHE Hayke. Tume cy
orepauuoHa UCTpaxmBara oCcTBapuia ofpeheHn yTuuaj Ha pa3eoj BojHUX Hayka. Ha rpadmky 6poj
1. npukasaH je 6poj Ny6nnkoBaHNX pasfosa npunagHuka MO 1 BC Ha KoHgepeHumju SYMOPIS y
cekumju MNMpuMeHa onepauyoHnX UCTPaXKMBatba y 0406paHn 3a nocnegmwnx 10 roguHa.

18
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padimk 1: Mpurka3s 6poja ny6nmkoBaHMX pagosa Ha SYMOPIS-u 3a nocneawnx 10 roguHa
y cekuujju MpumeHa onepawmoHNX NCTPXMBatba Y 0fA0paHn

AHanunzom rpagmka 6poj 1. moryhe je yountu TpeHg nopacta 6poja pagosa npunagHuka MO u
BC 1o 2017. roguHe a og 2017. roamHe TpeHA onadaka 6poja Ny6/IMKOBaHUX pajoBa U3 061acTy
ornepaLmoHnX UCTpaxuBara. TpeHz nopacTa 6poja pafosBa W3 ONepaLmoHUX UCTPaXKWBHama [0
2017. roguHe MOXAAa NEXMN Yy YMbeHULM fa je Y TOM nepuogy 6uo Hajsehun 6poj npujaB/beHNX U
06parbeHNX LOKTOPCKUX ancepTaumja u3 OX nosma (BojHe Hayke U MeHalMeHT y 046paHm) Ha
YHuBep3nTeTy ofbpaHe. [Mpum. ayT]

Y npeTxogHOM nMepuwogy, Ha YHuBep3uTeTy opbpaHe Peny6nuke Cpbuje, y  BehuHu
[OKTOPCKMX AucepTaumja u3 ApYLUTBEHO-XYMaHUCTUUKOr nosba (BOjHE Hayke v MeHayMeHT y
ofbpaHu) Ccy MpuMerbeHe METOAe OMepauyoHUX uWcTpaxusawa. [npum. ayT]. Ha npuwmep,
Mwupocnas Tep3uh y [OKTOPCKOj AucepTaumju noj Hasveom MogenoBarwe BOjHOOGaBeLLTajHe
jeanHULEe 3a NOAPLLKY OfNyuMBakbY Y Onepaunjama 3apyXeHnX cHara, u3mehy octasor, npumetbyje
MeTody AHANUTUUKMX XUjepapxXMjCKMX npoueca 3a MOAPLUKY Y [OHOLLeHY ofJflyke Ko u3bopa
afleKkBaTHOr Mojena BojHoo6aBeLUTajHe jefuHuLe. [7]

Opf 2016. roguHe y MO 1 BC MHTEH3MBHO ce KopucTh MeorpadickM MHHOPMAaLMOHN CUCTEM
Kao BeOMa KOpWUCTaH anaT TOKOM Mpoueca OnepaTMBHOP MaHupara BOjHWMX oOnepauuja Ha
0rneaTMBHO-CPATErMjCKOM HMUBOY. "eorpadiCki MH(HOPMALLMOHK CUCEM MNPeACTaB/ba BEOMa KOPUCTaH
anar 3a obaselUTajHe aHa/M3e U pasHe BPCTe npoueHa (o4 AoMeTa pafvo-KOMyHVKaumja, foMeTa
€/IEKTPOHCKOT OMeTama, 30He 13Buhaa, (In3nMuKo-reorpacke U coumnjanHe KapakTepucTuke 30He
onepauuje u cn.) unme ce noeehaBa e(MKaCHOCT paja KOMaHAe TOKOM MpoLeca OnepaTUBHOr
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nnaHupara 1 eukacHocT ynoTpebe jeauHuua. HactasHuuy w3 LLkone HauvoHasHe oabpaHe
»,BojBoga Pagomup TyTHWMK" TOKOM MOJeNoBara OnepaTMBHO-CTPATErnjcKuX 3ajaraka KopucTe
aurutanHe Kapte n F'VIC 3a ogpehuBarbe rpaHvuUa 30He ornepaumje W MoYeTHe MpPOLEeHe CBUX
[VIMeH3Mja OMepTUBHOT OKPYXKerba, HempujaTesbeBrx 1 CONCTBEHNX CHara y 30HU1 onepaupuje.

3a [OuMeH3VoHMCae M 06NMKOBakbe BOJHUX OMepauyja BeOMa je BaKHa aHanms3a YmHMoua
BOJHMX oOnepaumja koja o6yxBaTa: Lwb Onepauumje, CHare y onepaumju, npocTop, Bpeme W
nHdopmauuje. CHare y onepaumjv NpeAcTasbajy YKYMHOCT /bYACKUX U MaTepujaiHUX pecypca 3a
npunpemy ¥ n3sohewe ornepauuje. Jbyacku pecypc je Beoma 3HauajaH (Haj3HauajHWMju) YmMHMUNAL,
onepaumje. Y caBpeMeHUM CyKo6MMa CBe BuLle Ce ynoTpeb/baBa CaBpeMeHa paTHa TexHUKa
po60TM30BaHOr TWMa KOjOM Ce ynpas/ba NMOMONY BelUTauyke WHTENUreHuuje v TUMe ce CTBapa
NpvBMA Ja je JbYACKU pecypc Makbe 3HayajaH. MefyTuMm, JbyACKU pecypc y KBaHTUTATMBHOM
CMUCTY MOXE OMajaTh ann 3aTo y KBaIMTaTUBHOM CMUCY JbYACKU pecypc Tpeba HanpegosaTu. To
nofpasymesa fa ce /byfACKM NOTEHUMjan, 0f BOjHMKA [O KOMaHAe Koja nnaHupa onepauujy v
KOMaHAaHTa Koju LOHOCU OAnyKy, Tpeba nepmaHeHTHO ycaBpluaBaTy fa ynpaB/ba CaBpeMEHOM
60p6eHOM TEXHMKOM W [OHOCU ONTUMAIHEe OfJyKe Y KpaTKOM BPEMEHCKOM POKy nomohy
PasnMuUTUX TEXHWKA U METOAa.

ToKOM peanm3auuje HacTaBe, BeXOM M 00yKe MojeAuHaua, jeauHuua u komaHgu, y BC ce
nnaHupajy M u3sode Bexk6e nofpkaHe payyHapCKyM CUMMy/aumjama 3a peluaBarbe TaKTUUKMX,
onepaTMBHUX W CTpaTerujckmx 3afgataka. Mpunpema, opraHusaumja 1 n3soherwe BeXx6y Tpeba fa
06e36ean NPUGAMKHO peasiHe YCNoBe Y Kojuma he ce 1 M3BOAMTU Onepalumje OpyXXaHWX CcHara.
HakoH 3aBplueHe Bexxbe peanusyje ce MOCTyrnaK Koju Ce HasvBa AHaiv3a Nocne akTUBHOCTW.
AHam3a nocrnie akTMBHOCTU MPeACTaB/ba HOB HauMH yHanpehera 06yke y Bojcum Cpbuje Ha Kojoj
ce naeHTUPUKyjy cnaboctu Koje 6u Tpebano npesasuhn. C 063Mpom ga CuMynauymoHn coqpraep
uMa MOryhHOCT MOAenoBaka PasnMuMTUX BPCTa BEXOW, annm WCKbY4YMBO Y3 CarjacHocT
MPeTnocTaB/beHe KOMaHAe W y3 capadky Ca eKCrepTuMa M3 HasefieHe 061acTi, UCKYCTBO HAaKOH
3aBpLUEHUX BEXOW (HayyeHe NeKumje) MOXe yTULaTK Ha npunarofaBare ogpeheHnX ynyTcTasa,
npaswna u LOKTpuHa. OBaj HauMH nposepe n yHanpehera SOKTPUHAPHUX MPUHLIMMA je 3aKMBEO Y
OpY)XaHUM CHarama cTpaHux fpxasa (Hnp. OC CA[l) a pesyntatu gobujeHW Ha OBaj HauvH
npefcTaB/bajy peneBaHTHe MokasaTesbe KOjU YTWUYY Ha MPOMeHY WW fopagy AOKTPUHapHWX
MPUHLMNAa KPO3 CUCTEM BpejHOBaHa UCKyCTasa. [8, cTp. 11]

3. TEHOEHUWIE MPUMEHE ONEPALIIOHUX NCTPAXNBAHA Y BOJHVIM HAYKAMA

Y [ocajalikb0j Teopuju M Mpakcu npunpeme u usBohewa opyXaHe 6opbe, onepaumoHa
UCTpaxXuBara Aajy oapeheHn JonpyuHOC, HapOUMUTO Y NPOLECY AOHOLLEHA OANYKa Ha OnepaTuBHO-
TakTUYKOM HuBOY. Cykobu of kapaja 20. Beka 1 y npBe ABe AelieHunje 21. Beka ykasyjy, usmehy
OCTasIor, Ha TeHAeHUwWjy cBe Behe ynoTpebe ayTOMaTu30BaHUX 6OpGEHMX CMCTEMA M BeLUTauke
uHTenureHumje. Ta unkbeHMLA yKa3yje Ha HEeONXOo4HOCT edieKTHe MpoLeHe cuTyaumje, AOHOLLEHA
afiekBaTHUX OAnyKa Yy Kpahem BpemMeHCKOM nepuogy, 6p3o npunarohaBarbe HOBOHACTa/IMM
cuTyaumjama. CX0HO TOME pa3IMunTe TEXHUKE 1 METOLE OnepaLyoHnX NCTpaXKuBaka fo6wmjajy Ha
3Havajy Kafa je y nuTarby HhUX0oBa NPUMEHa Y BOjHUM HayKama.

JenaH of npumepa yHanpehera NpUMeHe MeTOAa OMepaLMoHNX UCTPaXKMBatba Y CaBpeMeHNM
BOjHMM OrnepaLjama MoXe Ce OAHOCUTM Ha NpumeHy [endmn metoae” ymecto AXI MeToge paav
NOAPLLKe ofyumBarby. Ha npumMep, y npoLecy onepaTuMBHON NiaHuparba Kaga nocTojyu [OBO/bHO
BpemeHa, Off NPBOr [0 MeTor Kopaka (Of, MHMLMparba [0 nopehera BapujaHaTa ynoTtpebe) n3HoCH
ce npobnem, aHamM3npa ce UAEHTU(MKOBaHN NPobaemM U peasnsyjy ce pedepucarba Ha Kojuma ce
MOTy 4YyTV MULL/bEHA CBMX 4YfaHOBA KOMaHe (CneuujaMcTuykmx wWtabHnx oduumpa). AKo je

2 enr. Delphi method noapasymesa mpouec npesufjama 1 CTPYKTYPUPaHU KOMYHMKALMOHM OKBUD 3aCHOBaH Ha

pes3ynTaTuma BULLE PYHAM YMUTHWKA KOjU Cy MOCNaTW MNaHeny CTpyuytbaka. HakoH cBake pyH [Ae YMUTHUKA,
CTpyYHaLMMa ce npeacTas/ba 36MPHN pe3umMe Mocnefwe pyHae, omoryhaBajyhn CBakOM CTpyYtbaKy Aa npunarogu
CBOje 0ZrOBOpe Mpema OAroBopy rpyre.
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KOMaH/a Koja MiaHvpa BOjHY onepauujy Aobuna noyeTHe mogaTke Koju yKasyjy fa Henmpwjatesb
pacnonaxe [Aa/bMHCKW MWNOTMPaHUM  BasfdyXonjoBuMa ofpehieHe BpcTe, Tafja eKcrnepTy
(cneumjanncTnykm WTabHU oduumpm), Koju Beh MMajy Heka 3Harwa W Heke nogaTke O TUM
netenvuama, usHoce oppeheHe npoLeHe (CBako ca CBOr acrekTa). HakoH mpoueHa  aHraxyjy
oapeheHe opraHe 3a MNpuKyrn/bakbe ObaBelITajHUX MojaTaka O TUM JfleTenvuama, pasmewyjy
nogatke mamely cebe n fgonase 40 HOBMX CasHawa O TOM Mpobnemy. [akne y OBOM npumepy
noctoju MoryhHocT npumeHe [endwm metoge, camo Tpeba Hahu HajeMKaCHWMjM HauMH Kako je
NPUMEHUTI Y TOKY MAaHMpawa BOjHMX onpaumja. Of noyeTka 21. Beka NOjeAMHN UCTPaXMBaum
UCTMYY fa je 3a MOAPLUKY OfJ/lyumBamy Y KOH(MIMKTHUM CuTyalumjama Beoma KopucHa Fuzzy
meToga. [9, cTp 136]

Y nocnegrem nepuogy npuMerbyje ce cBeoOyXBaTHWjW MPUCTYN Y peLLaBatby MojeduHNX TaKTUHKNX
1 onepaTuBHMX Mpobnema no XmMbpuaHOM KOHLUENTY rae ce KoMouHyjy Fuzzy-AHP metoga u Fuzzy-
TOPSIS metoga. OBe meTofe Cy KopuwwheHe Kog —u3bopa afiekBaTHOr HauMHa Obyke BOjHMKA 3a
n3Bofere 60pOEHNX fgjcTaBa y CTPECHMM cuTyauujama. Takohe Fuzzy norvka ce npumerbyje KoOA
1360pa aieKBaTHOI Mogena (anropuTma) 3a 60p6y NPOTMB 6ECMIMNIOTHUX NIETENMLA U C.

eorpadcky MH(OPMALMOHN CUCTEM ako je 61aroBpeMeHO axypupaH ca nojaumma Koju ce
MOry MPUKYMUTU U3 APYTWUX M3BOPa MNPefCcTas/ba BeoMa MohaH anat TOKOM Mnpunpeme 1 n3sohera
BOjHMX orepauuja. pouec onepaTvBHOr MiaHWpawa Huje moryh 6e3 obaseluTajHe npunpeme
6ojulITa Koja NpefcTaB/ba MPOLEHY OKpYXXewa (30He onepauuje), NpoLeHy COMCTBEHMX CHara,
npoueHy Henpujaterba U UHTerpaunjy (yTuuaj) OKpy>xewa Ha HenpujaTesbeBe cHare M yTuuaj
OKpY)XEHa Ha COMCTBEHe cHare. Kof MpoLeHe OKpyXXera BeOMa je BaXKHO NocesoBaTV aKTyesHe
(aoxypuvipaHe) nogatke 0 (hM3NYKO-reorpadiCKMM KapaKTepUCTKama, COLMOMOLWKOM, EKOHOMCKIM,
VH(OPMAUMOHNM 1 nonnMTuUTYKUM. CBKU Tu nofauu ce Hanase y M'MC-y a 3a gogaTtHe nogartke u
HenpoBepeHe MojaTke MiaHvpajy ce oapefeHn HauMHU NpUKyn/bara 06aBeLuTajHUX MmojaTaka.
PesynTtaTv aHanusa 1 npoLeHa TOKOM OMepaTuBHOT NnaHupara ce y3 nomoh MMC-a npukasyjy y
061Ky  nejepa  KOMOWMHOBaHWX  MOLM(MKOBAHMX  Mpenpeka, Jfejepa  KOMOGMHOBaHWX
eNeKTpoOMarHeTHNX Mpenpeka, nejepa gorahaja, nejepa cynosvumja, eneKTPOHCKe cinke 6ojuLITa,
onepatuBHe cnuke 6ojuwTa (30He onepauuje). [Jakne, reorpadcky MHHOPMALMOHM CUCTEM
npeacTas/ba HesaobunasaH anat Koju ce KOPCTWM y MNpouecy OMnepaTMBHOI NfaHuparba BOjHUX
oneapauyja 1 of Yujer axyprpara 3aBucu euKacHOCT NPOoLeHe cuTyauuje.

CaBpemeHn HauMH 06yKe pafu npunpeMe nojeAuHaula, jefuHMLa N KOMaHay 3a NiaHupare 1
n3Bohere BOjHUX onepauuja, M3Melly ocTanor, 3axTeBa yBeXxbOaBarbe y3 Kopulihewe Heke BpCTe
cumynaumja. Cumynaumje aajy Benvku AonpuHOC y 06yum kopuwherwem cumynatopa (Hajuewhe
cumynaumoHor cogteepa). CumynaumoHu codpteep Tpeba ga byae axypaH U Aa faje afeksaTHe
04roBope Ha cBe gorahaje u cynosuumje. TOKOM peanu3aumje BexK6U y3 nomoh CUMynalyoHor
copTBEpa WAEHTUPUKYjY Ce OnepaTMBHO-TaKTUYKM Npo6nemy YMjuM  pasymMeBareM U
U3HaNaKerbeM pellerba je Moryhe yHanpeautn Teopujy v npakcy npurpeme u U3Bohera BOjHUX
onepaumja. YHanpefuBarbem Teopuje M MNpakce BOjHMX Onepauuja y3 nomoh CryMynaLmoHKX
cohTBEpa YTUYE Ce U Ha Pa3BOj BOjHUX HayKa.

4. 3BAK/bYYAK

MuHUcTapcTBO 0AbpaHe 1 Bojcka Cpbuje y npeTxofHux 50 rofvHa ynaxy Benuke Hamope pagu
pasBoja 1 MpMMeHa MeTofa M anata onepaLyoHWX MUCTpaxmBakba Kpo3 yuellhe y opraHusauuju
Cvmno3njyma 0 OnepalyioHUM UCTPaXuBamKMa 1 Ny6anKoBare HayuHO-CTPYUHWUX pafoBa Koju
noBe3yjy oOnepauyoHa WCTpaXuBara W CUCTeM OfbpaHe. Y nocnedwnx MefecetT rofnHa
npunagimum MO u BC cy ny6nvkoBaM BuLle CTOTMHA pafoBa Ha CUMMO3MjyMMMa W13
ornepaLMoHUX WCTpaxuBarba. [loped Tora y Bule [eceTWHA [OKTOPCKUX AucepTauuja u3
[PYLUTBEHO-XYMaHUCTUYKOT NO/ba Cy NPUMeH-eHe METO/E OMEepaLyOHNX NCTPaXMBatba.

MpaBuy gasber yTuaja onepaumoHnX UCTpaXKnBaka Ha BojHe Hayke (CtpaTernjy, OnepaTvky u
TakTuky) obyxsaTtajy:
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- M3Hanaxewe MOryhHocTU cBeobGyXxBaTHOr MPUCTYNa y peluaBakby OnepaTvBHO-TAKTUYKMX
npobnema nomohy KoMOGMHaupje pasnuymMTX MeTofda OnepauMoHMX UCTpakmBawa (HMp.
Fuzzy-AHP, Fuzzy-TOPSIS v cn);

- MNepamMaHeHTHO axypupawe W npuMeHa [eorpad)cKor WMHGOPMALMOHOr CUCTeMa Kao
He3a06u1a3HOr anata Koju mpyXxa MoMoh y MpoLeHu cuTyauuje v BU3yenmsaumju 30He
onepauuje TOKOM npunpema 1 n3soherba BOjHUX onepauuja;

- ynotpe6a cuMynauuoHor codTeepa pagu 06yKe MojeanHua, jeauHMLE M KOMaHge 3a
n3Bofere BOjHUX onepauuja.
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YNOIrA SYMOPIS-A'Y PA3BOJY N MPUMEHN OMEPALVOHNX
NCTPAXNBAHA Y BOJCUWN Y MPOTEK/INX 50 TOAVNHA

THE ROLE OF SYMOPIS IN THE DEVELOPMENT AND APPLICATION OF
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Pesume: Op camor noyeTka CuMMO3MjyM O OMepaLMoOHUM UCTpadKuBawuma npeacTasba jejaH of
Haj3HauYajHUjUX Hay4yHOCTPYYHUX CKynoBa 3a cucTem oabpaHe u 6e36egHocTu Penybnuke Cpbuje. Ha
CUMMO3NjyMMa O OMnepauyioHNM UCTpPa>KmBamliMa Ce KOHTUHYMpPaHO M3HOCE Haj3HavajHuju npobnemu u
pellewa y 06nacTW BOjHe MpUMeHe Mofena W MeTofa OnepauyMoHnX MCTpa>kusawa. Y 0BOM pagy
Hanpas/beH je aHa/MTUYKN OCBPT Ha Jocafallte yyelhe npunagHnka MuHucTapcTsa ofbpaHe u Bojcke
Ha CUMMO3WjymMUMa W HUXOBOM [OMPUHOCY CBOjUM CTPYYHUM pajosuma, pPa3sojy 06nacTu ornepauuoHuxX
ncTpaxkmearwa. MNpoTeknux 50 roguHa Tpajaka SYM-OP-IS-a, ca cTaHOBMLWTA HEroBor 3Havaja 3a
Bojcky, moryhe je nocMaTpaTy Kpo3 Tpu KapakTepucTuyHa nepuoga. OBK Neproam Cy YCKO Be3aHu 3a
Ha3nee Bojcku 13 ByBLLMX Ap>Kasa y Kojuma cy nocTojane. Y pagy je AaT npukas noCTUrHy TUX pesynTaTa
Mo nojesMH1UM nepuogumMa

KrbyuHe peun: OnepaunoHa ncTpaxkusawa, SYM-OP-IS, KapakTepucTudHu neprnoam yyewha.

Abstract: The symposium about operational researches, from its very beginning, represents for the Army,
one of the largest scientific and professional gatherings during which the most significant problems and
solutions in the military application of models and methods of operational researches have constantly been
treated. This work also deals with the participation of the members of the Ministry of the Defence and Army
in symposium and their contribution to the development of operational researches through their expert
works. Last fifty years of SYM-OP-IS, viewing its Importance for the Army, can be observed through three
particular periods. These periods are tightly connected to the titles of the Armies which existed in the former
republics. In this work the achieved results in certain periods have been given

Keywords: Operational researches, SYM-OP-IS, characteristic periods of participation.

1. YBOZ,

Beh 50 roguHa, HenpeknaHo, ogpxasa ce CMMMNO3njym 0 onepauoHMm nctpaxusarwima (SYM-OP-
IS), fonpuHocehn aupmaLmju MHTeNeKTyanHe U CTPYYHe BUTAIHOCTM ONepaLyoHMX UCTpaXmBaya
KOju fenyjy y 061acTv onepauyoHnX NCTPaXKMBakba.

Cumnosunjym npeacTaB/ba HaUWMOHaIHY KOHepeHUujy ca MehyHapogHum ydelshem, Koja
jeiHOM roAuiUkbe OKyr/ba OrnepauyoHe UCTPaXKMBAYe, Kako TeopeTuyape Tako M CTpyYrake n3
npakce, ca LubeM fia ce pa3MeHe Hay4He 1 CTpyyHe nHGopMauyje, NpeHecy 1CKyCcTBa 1 caomnLuTe
HOBM pesynTaTu MOCTUrHYTW Yy passBojy W MPUMEHU MeToda OnepauyoHuX WCTpaXuBamba Yy
pasnMunTUM 061acTUMa JbY/ICKe [eNnaTHOCTU.

Ha ocHoBy NpuKyn/beHnx 1 obpaheHnx nogataka o yyelwhy npunagHika MO v Bojcke, Ha fio
cafja 0fpPXaHUM CUMMOo3njyMMa, Moryhe je U3fBojuTy TpU KapaKTepUCTYHA BPEMEHCKA Neprosa,

7



KOj Cy YCKO MOBE3aHW Ca Ha3vWBOM BOjCKE M GMBLUMX ApXaBa Y KOjoj je OHa noctojana. Tu
nepuogw cy cnegehm:

| nepuog — nepvog nocTojarba GuBLIe JyrocnoBeHcke HapogHe apmuje — JHA (og moyeTka
paga SYM-OP-1S-a 1974. roguHe o 1992. roaunHe);

Il nepuop — nepuog noctojarba Bojcke Jyrocnasuje n Bojcke Cpbuje n LipHe Mope wTo je
noBe3aHo ca NepvodoM MocTojakba GuBLIMX ApxaBa Case3He Peny6nvke Jyrocnasuje u [pxasHe
3ajegHuue Cpbuja n LipHa Mopa (o4 1992. roguHe o 2006. rogvHe) n

111 nepyog — akTyenHu nNeprog nocTojarba Bojcke Cpbuje (og 2006. roguHe Ao caga).

2. BACTYIM/bEHOCT OMNEPAUMOHNX NCTPAXNBAHA Y BMBLLOJ JHA

Mpuka3 fena CTaTUCTUYKMX NofaTaka 0 3acTyN/beHOCTY NPUMEHE OnepaLyoHnX UCTpaxkuBara y |
nepuogy, Tj. nepmoay noctojarba 6melie JHA, gat je y Tabenu 1. Y 0BOM nepuogy je ogpxaHo 18
CYMMO3MjyMa, 1 Ha CBaKOM 0f X Cy y3enun yuewhe npunagHuuy 6vswe JHA (y gasbem TeKCTy
Bojcke). EBUAEHTHO je, Ha OCHOBY nojaTaka 13 obpafeHnx 360pHMKa pafoBa, fa ce of AeceTor
cumnosnjyma (ogpxkaHor 1983. roamHe y Xepuer HoBom), Bojcka nojae/byje Kao CyopraHusarop,
LUTO Tpaje HenpekWaHO A0 oBoroavwmer jyéunapHor 50. SYM-OP-I1S-a. 3a oBaj nmepuop je
KapaKTepucTMYHO aa ce Ha SYM-OP-IS-y, nounte opmmpaTi 1 NOBPEMEHO paay CeKuuja nog
Ha3nBoM ,,BojHe npuMeHe”, Koja je paguna Ha Tpu ofpXaHa cumnosunjyma (1985, 1986. 1 1990.).
[Jakne, ga ce 3ak/byunTu fa MOCTOjatbe OBE CEKUMje Y OBOM Mepuogy Huje y KOHTUHYWTETY
noBe3aHo ca yuelhem Bojcke Kao jegHor of cyopraHusatopa SYM-OP-1S-a.

Y Tabenn 1. cy HaBedeHW nofaun Koju ce OfHOCe Ha: pefdHu 6poj No pely OApXKaHor
CUMMO3MjyMa, TOANHN OfpXKaBatba, MMaBHOM OpraHu3aTopy, MecTy 1 AaTymy OApXaBawa, YKYNHO
06jaB/beHM (y 300pHMKY LUTaMMaHWM) pagoBMMa, O 0Opojy o6jaB/beHUX pajoBa 0f CTpaHe
npvnagHuka Bojcke 1 6pojy ayTopa Koju cy Hanucaau Te pafose, 3aTWM O BPCTU UCTPaXKMBaka
(ocHOBHa WM nNpUMereHa) Kao M MNpUNagHoCTU paga (061acT BOJHUX HayKa, TEXHUYKO-
TEXHOJOLLKO No/be M MpeameT noructuke). Mperneq ckpahenuua KopuwheHux y Tabenu fart je
HenocpeaHo ncnog Tabene, y3 HaMoOMeHy fa ce ucte ckpaheHuue 04HOCe 1 Ha ocTase Tabene. [a ce
NpUMETUTU [a Cy Y OBOM MEPUOLY CKOpPO CBM CUMMO3NjymMU ofpxaHu y Xepuer Hosom ca
M3y3eTKOM TpM CMMMNO3MjyMa KpajeM OcamMaeceTux rofuHa, 04 KOjux je jefaH oapkaH Ha
BpvoHnma, a gga y Kynapuma.

Tab6ena 1: CtatucTuku nogaum 3a | nepvog

Bpcta
; O6nacTn npuMeHe
o5 | ron | Cprawsarap | (T Yo Guoer | ol notpansasa

ARTYV) | paa ! YIOP& | om | i | BH | TTH | N
Xepuer Hosun

1. 11974 | MM, NEJ (22-24.10.) 39 2 2 2 - - 2 -
Xepuer Hosu

2. (1975 | MMN (22-24.10.) 49 5 7 4 1 - 4 1
Xepuer Hosu

3. (1976 | UM, MEJ, dOH (20-22.10.) 34 3 4 2 1 - 3 -
Xepuer Hosun

4. 11977 | UMM, NEJ, dOH (19-21.10.) 46 4 6 3 1 1 1 2
Xepuer Hosun

5. (1978 | UM, MEJ, dOH (19-21.10.) 30 1 1 1 - 1 - -
Xepuer Hosu

6. [ 1979 | UM, MEJ, dOH (17-19.10.) 37 1 1 1 - - - 1
NMI,MEJ,®OH Xepuer Hosun

7. 11980 | M (22-24.10.) 74 2 4 2 - - 1 1
Xepuer Hosun

8. (1981 | UM, MEJ, dOH (30.9-22.10.) 28 3 3 3 - - 2 1
Xepuer Hosun

9. (1982 | M, MEJ, dOH (13-15.10.) 66 10 15 7 3 2 3 5
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MecTo | YkynHo| PagoBu | Bpoj Bpera ObnacTy npumere
PE | o, Oprarusarop (natym) oBa | Bojcke |ayTtopa METPDUBAILE
hary paq J YIOP& 1 om | i | BH | TTH | n
Xepuer Hosu
10. | 1983 | M1, NEJ, ®OH (04-07.10.) 68 5 5 4 1 1 2 2
Xepuer Hosun
11. | 1984 | M, VEJ, ®OH (08-10.10.) 89 7 7 7 - 2 3 2
Xepuer Hosun
12,1985 | MIT, NEJ, dOH (01-04.10.) 84 11 13 11 - 3 2 6
Xepuer Hosu
13.11986 | MIT, NEJ, DOH (07-10.10.) 118 14 16 10 4 2 6 6
NMIT, NEJ, Xepuer Hosun
14. 11987 | pOH, C6® (06-09.10.) 135 12 17 2 10 1 8 3
NMI,MEJ,®OH BpvoHn
15. | 1988 C6®, ED 3r (06-09.10.) 138 17 31 13 4 2 1 14
NMMN,NEJ,®OH Kynapu
16. | 1989 | ced, Ed 3r (10-13.10.) 147 9 17 7 2 1 - 8
NMIM,El,®OH, Kynapu
17. 11990 C6®, Ed 3r (09-12.10.) 167 16 25 10 6 3 - 13
M, El, ®OH, Xepuer Hosu
18. | 1991 | o (08-11.10.) 117 6 6 3 3 - 1 5

WM = NHeTuTyT ,,Muxajno MynuH— Beorpag,

VIEJ — VIHCTUTYT 3a EKOHOMUKY Jyrocnasuje

®OH — dakynTeT opraH13aLMoHNX Hayka beorpas

MW — MaremaTnyku MHCTUTYT Beorpag,

C6® — CaobpahajHu thakynTeT beorpag,

E® 3r — EkoHoMCKM thakynTeT 3arpeb

EWN — EkoHoMCKM IHCTUTYT Beorpas

E® — ExkoHoMcku hakynTeT Beorpag

PIr® — Pygapcko-reonoLuky akynTeT beorpag,

MO 1 B — MuHncTapcTBO 0A6paHe 1 Bojcka

M® Br — MalmHckm (hakynTteT beorpag

MM — MprpoaHo-MaTeMaTyky hakynTeT beorpas

CAHY - Cpricka akafjeMuja Hayka n YMETHOCTU

BI'TLU Br — Brcoka rpaheBrHCKO-reogeTcka Lwkona beorpag

OW — OcHoBHa UCTpaXmBarba

M — MprmereHa UCTpaXKKBaHa

BH — O6nacT BojHux Hayka (TakTuka, CTpateruja, Onepatuka, PyKoBoherbe 1 KOMaH0BakbE)
TTH — TexHWYKO-TEXHO/OLLIKE MOo/be

N —MpegmeT Nornctuka (CHabaeBarbe, OapxaBarbe, PUHaHCK]je, TpaHCropT)

Tpeba nocebHo wnctahwm, ga ce of 1991. roguHe, 360r pasbujarba Jyrocnasuje, noynky Aa
0fp>KaBajy fiBa CUMMO3ujyMa 13 OrnepaLyoHNX NCTpaXKmnBama, jefaH y okeupy Cpbuje u LipHe Mope
N opyrn'y oksupy XpsaTcke 1 CnoseHuje. Tako da ce pagosn y Tabenm 1, 3a 1991. roamHy ogHoce
Ha pajioBe of cTpaHe ayTopa u3 Cpbéuje v LipHe Nope [1].

Moce6HO je KapakTepucTWyHO 3a | nepuof fa cy ayTopu M3 pefoBa OpraHM3aLuoHMX
CTPYKTYypa Bojcke MHAMBUAYANHO y3Many yyellhe Ha CBUM OApXKaHUM crMno3ujymuma. OBo joLu
BYLLIE 0MA3K [0 M3paXaja, ako ce y3me y 063up Aa ce Bojcka Kao cyopraHv3artop rojas/byje HakoH
JleceTak OfpXKaHMX CMMMNO3njyma u fa je cekumja ,,BojHe nprmeHe” y OBOM Mepuogy Yy 3a4eTky
(hopmuparba 1 paga. Mpaduukn npukas 6poja pagosa npunagHuka MO u Bojcke y ofHocy Ha
YKYMHO 06jaB/beH 6poj pagosa y | nepuogy, Aat je Ha camum 1. Ha ocHOBY OBOr npukasa fa ce
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3aK/bYUMTU Ja je CKOpO Y MPOMOopLMOHaIHOM OfHOCY mopacT 6poja pafosa npunagHuKa BOjcKe
npaTuno yKynaH 6poj 06jaB/beHNX pafjoBa Ha CUMMO3NjyMUMa.

- | nepHog,

Bpoj objsaenny pagosa npHmaannKa MO « Boj ke

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

loAMHA OAPHABALA CKYNA

—g==Bp0j p2a0Eans MO Bojche  emgem)rynHO pagosa

Cnvka 1: Npadmykm npukas 6poja pagosa npunagHuka MO v Bojcke y
0[HOCY Ha YKYMHO 06jaB/beH 6poj pagosa y | nepuogy

3. BACTYT/BEHOCT OMNEPALMNOHNX NCTPAXNBAHA Y BMBLLIOJ BOJCLIA
JYIrOCJIABMNIE N BOJCUM CUI

Mpuka3 gena cTaTUCTUYKMX NofaTaka 0 3acTyn/beHOCTU NPUMEHE OMepaLMoHNX ucTpaxneamwa y |l
nepuogy, Tj. Nnepuogy noctojaka 6usLle Bojcke Jyrocnasnje n Bojcke Cpbuje n LipHe ope, gaT je
y Tabenu 2. Y 0BOM Mepuogy je 0apxaHo YKynHo 14 cumnosujyma, u To og 1992. roguHe o 2005.
rogvHe. Ha cBakom of wux Bojcka je 6una y ynosu cyopraHusatopa y3 HanomeHy ga je 6una
rnaBHW opraHusaTop Asagecetocmor SYM-OP-1S-a, ogpxaHor 2001. roguHe y beorpagy. Ako ce
nocmaTpa MecTO OfipXKaBara, 3a OBaj MEepuoj je KapaKTepuCTUYHO fa Ce YecTO Metaio MecTo
ofp>kaBarba Kao 1 Aa je HajBuLle MyTa ogpxaH y Beorpagy. OBO je 1 pa3yM/bMBO, ako ce AeTabHuje
aHanm3Mpajy onwTn YCroBM y 3eM/bM Yy 0BOM Nepuogy (nepuof pacnaga 6usle CPPJ, paTHu
ycnoBu, Bpeme 6ombapgoBara 1999. roguHe).

Tab6ena 2: CtatucTuyky nogaum 3a Il nepunog

Bpcta
MecTo YKynHo|Pagosu| Bpoj |uctpaxuarba
(natym) pagosa | Bojcke | ayTopa ou o BH |TTH| &

O6nactn npumeHe
PB | log. | OpraHusarop

19. 1992 | UM Beorpag, Beorpag 96

20. |1993|C6® Beorpag (0559_‘15‘.’;”&) 113 4 5 1 3 1] 1 2

MM, EN, ®OH| KoTop

21. |1994|c60,Eo,Pro | (0407.00) | 27° | 19 | 3% 14 1 5 | - 6] 13
22. |1995 | Pro Beorpag /J"«')\g'_"g;q%f‘f” 253 13 22 9 4 | 2| - | n
23. | 1996 | E® Beorpag (ggaggi%p) 236 19 33 9 10 2 - 17
20. |1997 |EmBeorpan | (oraomoy |23 | Y | 20 |1 | 4 |3 |7 |7
25 |1998 | M Beorpan | "ot om0y | 234 | 32 | 50 | 25 | 7 | s | 7| 1
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Mecto  |YKynHo|PagoBu| Bpoj |ucT Ppere ObnacTy npumete

PB | Toa. | Opratmsatop (naTym) pagosa | Bojcke | ayTopa Peyeea
oV | M | BH |TTH| N
26. | 1999 | ®OH beorpag Beorpag 134 13 21 11 2 3 6 4
27. | 2000 | C6® Beorpag (1%%2;?2‘8_) 133 16 23 13 3 5 | 3 8
28. | 2001 | MO u BJ (052%82?2'8_) 168 49 | 79 | 26 | 23 | 28 | 6 | 15
20 |2002 | Mo Beorpan | (ooaa0y | 164 | 42 | 58 | 25 | 17 | 4 |5 | =
20. |2003|Cary | aaoanoy |87 | 22 | s |1 | 5 | 6 | 3| 13
31. |2004|Pro Beorpan ‘D(‘f}_”l';a_org?;’a 151 20 30 14 | 6 6 | 5| 9
32. | 2005 |E® Beorpag ?2”7"’35835; 167 31 46 7| 14| 4|5 | 2

padhmukn npukas 6poja pagosa npunagHuka MO 1 Bojcke y 0fHOCY Ha YKYMHO 06jaB/beH
6poj pazosa y Il nepunogy, Aat je Ha cavum 2. Ha ocHOBY OBOT MpuKasa Aa ce 3aKkbyunTu cnegehe:
na 1992. rognHe aytopm 13 Bojcke HUCY y4eCTBOBa/IM Ca CBOjVM pajoBuMa; ga je of 1993. mo
1998. 3HaTHO BwWLe 6WM0 pafoBa 0f CTpaHe ,,LMBWUIHUX OMepauyoHUX UCTpaxueada“; ga je
1999. roguHe 360r 6ombapaoBara 610 Mann 6poj pagoBa Kako M3 LMBUAHMX CTPYKTYpa Tako U 13
pefosa Bojcke; ga og 2000. rogvHe umamo nopacT 6poja pafoBa of cTpaHe ayTtopa 13 Bojcke v ga
Tafja CKOpo Yy MPOMOpUMOHANHOM OAHOCY nMpaTv YKynaH 6poj o6jaB/beHMX pafjoBa Ha
cumnosnjymmma. Tako 2001. rogmHe (opraHusaTop 6una Bojcka), 49 pafgoBa je 06jaB/beHO 0f
CTpaHe MpunagHuKa Bojcke, WTO y 0AHOCY Ha YKYMHO 06jaB/beH 6poj pagoBa Te roguHe (168)
nsHocu 29%.

= Il nepHog,

Bpoj ofijaE/peHHY pAJ0ED NPHMAAHHKS MO H Boke

1995 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

logwMHa ofp#asakea cHyna

—g—FEpoj pagoeaus MO W BOjcHE  ——ge=YHyNHO pagoea

Cnwuka 2: panyku npukas 6poja pagosa npunagHuka MO 1 Bojcke
Y 0AHOCY Ha YKYNHO 06jaBbeH 6poj pagosa y |l nepuogy

4. MEPNO 3ACTYTI/BEHOCTWN ONMEPALMOHUNX NCTPAXNBAHA Y BOJCUMA
CPBWNIE

MpukKa3s fena CTaTUCTUYKMX MojaTaka O 3aCTYM/beHOCTU MPUMEHe OMepaLoHUX UCTPaXMBaba y
HajHoBujem 111 neprogy — nepuofy noctojaka Bojcke Cpbuje, aaT je y Tabenu 3. Y oBOM nepuogy
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je ogpxaHo 17 cumnosvjyma, Ha Kojuma cy Takohe opraHusaumoHe cTpyktype MO u Bojcke
Cpb6uje y3enu akTUBHO yyellhe Kao CyopraHusaTopu y3 nogatak ga je MO u Bojcka 6una rnaBHu
opraHusaTop Tpugecetcegmor n yetpgecettpeher SYM-OP-IS-a, ogpxaHux Ha Tapu 2010. u
2016. roguHe.

Tab6ena 3: Ctatuctuuku nogaum 3a Il nepuog

. BpcTa 06
PE | Fon, | Opranmsatop | MECTO | YKynHo| Pagosn| Bpoj | uerpaxvsarea 1aCTV NprMeHe
(natym) pagosa | Bojcke | ayTopa - m BH | TTH n
Bara Kosw/b.
33. | 2006 | IMM Beorpag | (03-06.10.) | 162 37 60 | 23| 14 | 7] 5 25
3natnéop
34. | 2007 | ®OH Beorpan | (16-19.09) | 178 35 51 | 23| 12 |17]| 4 14
Cokobara
35. | 2008 | C6® Beorpan | (14-17.10) | 168 31 48 | 14| 17 |11| 6 14
VBarmua
36. | 2009 | MV CAHY (27-30.09) | 189 43 68 | 14| 29 |15]| 3 25
Tapa
37. 2010 |MOunBC (21_22_10_) 206 51 100 | 33 | 18 71 s 39
3natnéop
38. | 2011 | E® Beorpag (04-07.10) | 197 44 84 | 21| 23 |14]| 2 28
Brru Tapa
39. | 2012 | peorpag (25_22.09_) 154 40 88 | 31 9 |16]| 3 21
40. | 2013 | ®OH Beorpag (gg‘jg%%p) 193 30 63 | 10| 20 |14 4 12
41. | 2014 | C6® Beorpan ﬁ"é‘*:gﬁgg;} 136 21 37 6 15 |15| 4 2
MW CAHY, M® | CpebpHo jes.
42. | 2015 | geo o U500y | 166 22 41 6 16 |10]| 8 4
43. | 2016 MO n BC (ZOT;I)P%Q) 135 24 45 | 8 6 | 7] 11 | 6
Brriu 3natubop
44, | 2007 | o (528.00) | 146 20 46 4 16 |11] 8 1
45. | 2018 | £ Beorpan (fgalg%%p) 101 16 38 | 5 T I A 2
46. | 2019 | POH Beorpag (g’fiﬂs"gg) 132 17 40 5 22 |6 9 2
47. | 2020 | C66 Beorpag (2%6_3?8@) 82 7 15 | 2 5 |1 s 1
M® Beorpag, Bara KoBu/b.
48. | 2021 | PO (202300 | 126 13 30 1 2 | 1] 10 2
49. | 2022 | E® Beorpan BFEZ";”Z'?O%’";""" 01 15 a1 | 2| 13 |4 o 2

pacuukn npukas 6poja pagosa npunagHuka MO un Bojcke Cpbuje y OfHOCY Ha YKYMHO
o6jaBrbeH 6poj pagosa y Il nepuogy, Aat je Ha cnuum 3. Ha ocHoBy OBOr npuKasa fga ce
3aK/byUMTU fa je Y KOHTWHYMpaHOM Mepuogy mpucyTaH 6naru nopacT 6poja pagosa Of CTpaHe
npunagHuka MO n BC, WTo je nocebHO m3paeHo y BpeMeHy of 2009. roguHe fo 2012. roguHe.
MpoueHTyanHo Yypgeo oBWMX pagosa wu3Hock: 2009-22,7%; 2010-24,7% (opraHuszaTop 6uno
MwuHucTapcTBo ofbpaHe); 2011-22,33% u 2012-25,9%. Y nepuogy of 2012. rognHe go 2017.
rogviHe fonasu Ao ctarHauuje 6poja pagosa of cTpaHe npunagHrka MO n BC, a 3atum og 2018.
rogviHe nag 6poja pagosa npunagHvka MO 1 BC go 6poja cegam 2020. roguHe WwTto n3Hock 8,5 %
0[] YKynHor 6poja pagoBa Te roanHe.
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MO u Bojexe

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

loauHa oapwaBakka chyna

—g=—FEpoj pagosaus MOu BC  ==@e=Yrkynxo pagoBa

Cnuka 3: patnykm npukas 6poja pagosa npunagHuka MO 1 BC y ogHocy Ha YKyNHO o6jaBbeH 6poj
pagosay Il nepnoay

pachuukn nprkas 6poja 06jaB/beHUX pafioBa of cTpaHe ayTopa 3 MO un BC y ogHocy Ha
0651acT UcTpaxkmBara AaT je Ha camum 4. Tako ga 55% 06jaB/beHNX pafjoBa Ce OfHOCK Ha obnacTt
OCHOBHUX MCTPaXXMBarba 0K je 45% 13 0611acTh NPUMEHEHNX UCTPKMBaAHbA.

pachuukn nprkas 6poja 06jaB/beHUX pafoBa of cTpaHe ayTopa U3 MO n BC y ogHocy Ha
0651acT Hayke AaT je Ha camum 5. Hajsue o6jaBrbeHNX pafosa je U3 npegmeta Jloructuke — 49%,
3aTVM 13 061acTn BojHMX Hayka — 29% 1 13 nosba TEXHWYKO-TEXHOMOLKMX HayKa — 22%.

I

!
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e T —
— | —
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m OCHOBHA HCTPRMHBAHA
m MpHMEEHE HCTPEKHESH:A

Cnuka 4: MpunagHocT pagosa 06/1acTy Cnuka 5: MpunagHocT pasoBa 06/1acTy Hayke

5. BAK/bYUAK

Op camor no4yeTka opraHusoBata SYM-OP-1S-a, npunagHuum Bojcke Cy Yy KOHTUHYUTETY, ca
n3y3eTkom 1992. rogmHe, ca CBOjUM pafioBMMa MPUCYTHW Ha OBOM BeOMa 3HayajHOM Hay4HOM
cKyny. 3anaxeHo je ydewhe npunagHuka MuHucTapcTBa oabpaHe ¥ Bojcke U3 pasnunumTnx
OpraHM3auyoHNX CTPYKTYpa, Kako W3 BOJHWX BWCOKOLLIKO/ICKMX W  Hay4YHOUCTPaXKMBAYKMX
yCTaHoBa, Tako M U3 KOMaHAHUX W OnepaTvBHMX cacTaBa. OnepauyoHn UCTPaXmuBaun U3 pefoBa
MO wu Bojcke Cpbuje cy cBOjUM AocafallibvM CTPYYHUM pafoBUMa, KPO3 pasmMeHy HayuHor W
CTPYYHOT 3Hatba, JONPUHENN peLlaBarby 3HauajHUX npobiema y 06/1acTv BOjHe NpyMeHe Mogena u
MeTO0/a OnepaLyoHNX NCTpaxmBatba. OBM PafioBK, CBOjUM CaapXajeM 1 akTyenHoLwhy HenpeKngaHoO
noTtephyjy fa BojHa NpyvMeHa mMogena onepauyoHnX UCTPaXXMBaHa NPeLCTasba NyT PaLMOHaIHOT,
peasiHor, BULLEKPUTEPUjYMCKOT, KOMMPOMUCHOT M HAay4YHO YTeMerbeHOr npuniasa npy peluasamy
pasnMuuTux npobnema, npe csera, y JOHOLLEHY OfJlyKa U ONTUMM3aLje cucTeMa KOMaHAOBaka,

83



opraHusauuje paja, Hay4yHOWUCTpaXuBauke [enaTHOCTW, BOjHOr 06pasoBarba, 06yKe W Apyrux
COXEHMX PyHKUMja y Bojcum.

[a 6u onepaumoHa ucTpaxusarwa y 6yayhHOCTWM UCMyHUNA CBOjY (DYHKUMjY, HEOMXOAHO je
06e36eaMTV [OBO/bAH 6POj OMepauMoHMX UCTpakuBaya Koju he npefaHo paguTi Ha MpPUMEHU
onepaLMoHUX UCTpaXmBarba y Npakcu y Mypy, BaHPeAHUM cuTyauujama v paty. He fo3sonuTtu fa
ce Opoj vacoBa Yy HacTaBM M3 OBOr MpeAMeTa CMawyje, Beh HanpoTVB fAa npatu NpUMeHy
NHHOPMaLMOHNX TEXHONOTMja.

Y o6nacTv MeTofia NpYMeHe NpaBLy pa3Boja Mory 6uTu:

2. Pa3B0j HOBMX METO/a 3aCHOBAHWX Ha MPUMEH XeYPUCTUKE — ,,MEKMUX™ MeTOa.

3. Mpumeny MMC HacTaBUTU y 061aCTW AUTUTANHOM NpUKasuMBarkba ONepaTUBHO-TaKTUUKe
CUTyalmje y NpocTopy, ann YBeK Kao pe3epBHY BapujaHTy UMaTh KapTy — TBPAM MNpuKa3s
TepeHa.

4. HactaBuTu ca NPYMEHOM HOBWX anaTta, Koje pa3BumjaTi TEXMLLHO CaMoCTasIHO KopucTtehu
fomahe 3Harbe U UCKYCTBO UMW paBHOMPaBHY pasMeHy ca NapTHeprMa U3 MHOCTPaHCTBa.
Anate NpvMerKBaTW Y HacTaBu M 06yuM Of NojeauHUA MPEeKo TUMA [0 34PYXKEHUX
OrnepaTuBHUX W CTPaTernjcKnX KOMaHamW 1 jefnHuLa.
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Pesume: Y npeTxogHux 50 rognHa je Ha CuMNO3njymy O OnepaLyioHnM UCTpadKuBarbMa npe3eHTOoBaHO
peluaBate BenMKor 6poja npobnema u3 pasnnunTux o6nacTu caobpahaja NPYMEHOM TeXHMKa OnepauuoHnx
ncTpaxkmeara. OBaj pag Aaje npernes v cucTemaTmsauujy 87 pafosa u3 o6nacTy BasgylwHor caobpahaja,
KOHKpeTHWje aepopoMa U KOHTPOne neTerba.

KrbyuHe peun: aepoapoMu, KOHTpona neTekwa, TeXHUKE OnepaLmoHuxX UCTpadkueara, Sym-Op-Is.
Abstract: In the past 50 years, at the Symposium on Operational Research, OR techniques have been
presented as solutions to a large number of problems in various fields of transport and traffic. This paper

provides an overview of 87 papers in the field of air transport, more specifically, airports and air traffic
control.

Keywords: Airports, Air Traffic Control, Operations Research (OR) Techniques, Sym-Op-Is.

1. YBOZ,

Y 0BOM pafly NpeAcTaB/beHN Cy pafoBU M3 0611aCTU LIMBUMHOT BasfyLUHOr caobpahaja, ca (hoKycom
Ha npo6/eMe Koju ce OAHOCE Ha aepoApoMe WU KOHTPONY fleTewsa, CaoniuTeHn Ha CUMNo3njymy o
onepaLMoHUM MCTpaXmBarbMMa y npoteknux 50 roguHa. pBu pafoBu u3 0BUX 06nactu cy
npegcrasbeHn 1980. roguHe y Xepuer Hosom Ha VI SYM-OP-IS-y.

2. BACTYM/bEHOCT PAAOBA MO NMEPNOANMA 1 AYTOPUMA

YKynaH 6poj pagoBsa 13 0611acTi aepoapoMa 1 KOHTPOE fieTewa, Y neprogy o 1974. 3ak/byyHo ca
2022. roguHom je 87, npu Yemy je pacnofena pafosa no feleHnjama nprkasaHa Ha cavum 1. Ha
CMMUM 2. NprKasaHu cy ayTopu ca HajsehrM 6pojeM pagoBsa.

Ha ykynHo 34 KoH(epeHLMje caonwiTaBaHW Cy PajfoBU M3 MOMeHYyTMX o6nactu. Hajsumiie
pazoBa je CaomnwITeHO Ha KoHdepeHumjama ogpxaHum 1980., 2014. n 2021. rogmHe n TO No neT
pagoBa. bpoj pagosa no AeleHnjama je Bapupao (cavka 1). Y npeoj feleHnju 21. Beka caonTeHo
je n o6jaBrbeHo 33 pafa, LWTO je YrNaBHOM pe3ynTaT UCTPaXMBatba JOKTOpaHaTa U MefjyHapogHMX
UCTpaXMBaYKUX Npojekarta.

Mehy HajucTakHyTUjuM ayToprMa y 0BOj o6nactu 6unm cy npodg. O6pag Babuh, Koju je kao
ayTop unmn koaytop 610 3acTyn/beH y 32 paga u npod). BojuH Towwh ca 19 pagosa. 3aTum cnege
npog. ®eha Hetjacos ca 22 paga (koju je cBoj npeum pag o6jasuo 2003. roguHe) n npod. BojaHa
Mupkoswuh ca 12 pagosa (koja je cBoj npsu paf objasuna 2009. roguHe), a Koju Cy TPEHYTHO
HacTaBHULM Ha npegMeTuma KoHTpona neterba (Mpod. HeTjacos) 1 BasgyxonnoBHa NpucTaHULLTa
(npodh. Mupkoswuh) Ha CaobpahajHoM hakynTeTy (cnuka 2).
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Cnvka 1: bpoj pagosa no feLeHnjama Cnuka 2: Aytopu/koayTopu ca Hajsehum 6pojem
pafoBa y 0B0j 061acTu

3. PACIMOAENA PAOOBA MO TEMAMA I TEXHVKAMA

Ha cnvum 3 npukasaHe cy rpyne Tema M3 06/1acTM aepofpoMa U KOHTpOne feTerwa. Tema
BasgywHn caobpahaj (omwiTe) ofHOCM Ce Ha npernef MeToda M MoAena 3a MOAenvpare
6e36efHOCTM oOnepauuja Ha aepoOApPOMUMA, Y KOHTPOAM fNeTea W FeHepaHO Yy BasfAyLUHOM
caobpahajy, 3aTUM Ha npernes cucteMa 3a NOAPLLUKY OfJTyuMBaky Y BasgyLHOM caobpahajy, u cn.

Ynpas/batbe Bas/yLUHAM NPOCTOPOM (KOHTPONa NeTetba)
Ynpasrbarbe TOKOBMA caobpahaja (KOHTpona neteta)
Onepauyje y KOHTPONM NeTekba (KOHTpoNa neTerba)
MnaHuparbe aepoapoMcke NMyTHUYKE 3rpage (aepoApomm)
MnaHupare aepoapoOMCKIX KanauuTeTa (aepoapomu)
AepofpomMcke onepauyje (aepogpomm)

BasaywwHu caobpahaj (onwTe)

0 5 10 15 20 25 30 35
Cnvka 3. PagoBu no Temama u3 oBe 06/1acTu

Mpobnemu Koju ce TUy aepogpoma NofesbeHn cy y Tpu kateropuje (cnunka 3). Aepofpomcke
orepaumje yK/bydyjy MoJenupare npoleca Oncayre aBMoOHa Ha nnatdopmama aepoapoma;
mMofenvpare ofujara caobpahaja Ha aepogpomMuma ca Uubem Mosehawa 6e3befgHOCTU ©
TPOLUKOBHE e(hIKacHOCTY, CMarberba ByKe M eMUCHje LITETHKUX FracoBa; MPOjeKToBakbe CHUCTeMA 3a
noApLLKy Bohera caobpahaja; uth. lMnaHvpare aepoApPOMCKMX KanauuTeTa Ce YrnaBHOM
OIHOCM Ha MOfenvipare Kanauuteta aepoapoMCKMX MOACUCTEMA Kao LUTO CYy: MOMEeTHO-CeTHe
cTase M nnattopme, KanmauuTeTa CKiafvwiTa ropusa, NoTpe6Hor 6poja cpefcTaBa 3a yToBap U
1CTOBap TepeTa W3 aBMOHa, MOTPeBHOr 6poja pagHKKa 3a ONCAyry aBWoHa; ogpehuBare nokaLmje
aepoApoMa WM u3nasHuua ca MONETHO-CMETHE CTase; U CAMYHO. lnaHuWpare aepogpoMCKe
NyTHUYKe 3rpage obyxBaTa Mofenvpare onTepeherba enemeHara nyTHUYKe 3rpage aepoapoma,
06/MKOBarbe NYTHUYKE 3rpage, BpefHOBabe 3rpafe Cca CTaHOBMULUTA OPUjEHTUCAHOCTW NYTHUKA,
MOJennparbe JoferbyBatba 13/1a3a IETOBMMA Ca LiM/beM MUHMMU3MPatba MeLladetba MyTHUKa, UTA.

Mpo6nemmn Koju ce TUYY KOHTPO/E NeTera Takofe Cy NnoferbeHn y Tpu kateropuje (cnuka 3).
Onepaumje y KOHTPO/IN feTerwa YK/byuyjy Mogenuparbe pagHor onTepehera KOHTpOMopa
neTetba; 3aTUM KanawuTeTa TEPMUHAHOT Ba3AyLUHOM NPOCTOPa Kao 1 0611aCHUX LieHTapa KOHTpore
NeTeba; MOAeNMpare KOMNIEKCHOCTU caobpahaja, ehukacHOCTY 1 6e36eHOCTY HOBMUX KOHLenarta
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onepauuja, U CAMYHO. YNpaB/bare TOKOBMMA caobpahaja obyxeaTa mMogenvpare onTepeherba
MpeXxe BasgyLUHUX NyTeBa; pyTupawe TOKOBA caobpahaja Ha Mpexu Bas3gylHUX NyTeBa; 136op
caobpahajHor TOKa; ynpaB/bakbe TOKOBUMMA Y MPOCTOPHOM W BPEMEHCKOM [AOMEHY Kao U Ha
CTPaTELLKOM W TaKTUYKOM HWMBOY. YNpaB/bakbe Bas3fyLIHWM MPOCTOPOM YK/byuyje peLuaBatbe
npobnema cekTopusaumje Ha JHEBHOM HUBY; yNpaB/batba BasAyLLUHUM NPOCTOPOM Ha CTpaTeLlKoM,
TaKTUYKOM W ONepaTVBHOM HMBOY Ca CTaHOBMLUTA 6e36eA4HOCTW onepaumja; Kao U Mofdenuparbe
thnekcnbunHe ynotpebe BasgyLLHON NpPocTopa.

Ha cnmum 4 cy nprkasaHyn MoAenu 1 TeXHWKe Koju Cy KOopuLheHW 3a pellaBare pasmaTpaHmx
npobnema y 0651acT aepofpoMa U KOHTPO/Ie fieTera. Y NojeauHnM pajoBrma je KopulheHo BuLle
TEXHWUKa, a/in Cy CamMO OCHOBHE TeXHMKe nobpojaHe (cnunka 3). HajsuLue ce UCTUYY fBe KaTeropuje:
aHaNUTUYKN MOAEMN M CUMYMaUMOHN MOZenn. AHanMTUUKKM Mogenn (23 paga) cy y Hajsehem
6pojy pasBujaHn ocaMpeceTux 1 aeBegeceTux rognHa XX seka [1, 3, 4, 5, 6, 9, 10, 11, 12, 15, 19,
22, 24, 26, 38, 42, 45, 46, 47, 53, 54, 59, 64]. CumynaumoHn mogenu (23 paga) cy ce nokaszamm
BEOMa KOPUCHMM 3601 Npupoje peLlaBaHyx npobneMa (AMHaAMUYKKW, CTOXaCTUYKM, AUCKPETHNM) [2,
7, 8, 16, 20, 35, 37, 40, 43, 44, 49, 55, 56, 63, 69, 71, 73, 76, 78, 82, 83, 84, 85]. Xeypuctuke (10
pazfoBa) Cy pa3BujaHe 3a peluaBare MHOMMX npobnema Koj Kojux je 6p3vHa fobujarba peLuera
BEOMa BaXKHa, HMp. ynpas/batbe caobpahajem y peasHOM BpeMeHy, anv ¥ 3a npobneme 3a Koje cy
pellera BaXKHa Ha CTpaTewwkom HuBoy [21, 23, 25, 29, 30, 31, 33, 34, 39, 72]. ¥ maTemMaTn4kKo
Mogenuparbe (7 pagosa) crnagajy MoZenu nnMHeapHOr W LenobpojHor nporpamuparba, Kao u
AMHaMMYKO nporpamupare, TOPSIS MeTofa, KOMAPOMMUCHO nporpamuparse [13, 14, 18, 28, 32,
36, 67]. CTatuctnuka aHanmsa (7 pafosa), 06yxBaTa pa3MunTe MeToAe, TEXHUKE U afaTe Koju cy
KOpULWNEHN Y UCTPaXKMBabMMa Kao LUTO Cy perpecuMoHa aHanvsa, aHaim3a BPEMEHCKWX Cepuja,
KMacTep aHanu3a, aHaiM3a rnaBHWX KOMMOHeHTW uth. [17, 27, 48, 50, 62, 68, 81]. MocebHy
KaTeropujy 4vHe KaysasHu mofenun (6 pafoBa) Kao LITO cy cTabna oTkasa, [eTpu mpexe u
bajecoBe Mpexe, Koju cy ce y Apyroj feueHuju XXI Beka MokasanM MOCE6HO BaXHUM 3a
mofenvparbe 6e3befHoCTU ofBujarwa caobpahaja [51, 60, 65, 75, 77, 80]. Fuzzy noruka je
npumverbeHa y Tpu paga [41, 61, 74], AEA meToga y asa [57, 79], MalUMHCKO y4ehe y fBa [86,
87], KoHUeNnTyasTHO Mogenuparse y Asa [52, 70] a o6jae/beHa Cy 1 ABa npernegHa paga [58, 66].

25

20 -

15 4

10 +

Cnvka 4: Mogenu v TeXHUKe y pafjoBumMa n3 obnactu aepogpoma 1 KOHTPO/E NeTeba

WHTepecaHTHO je BUAETM fia je 3a NojeauHe rpyne U KaTeropuje Tema 13 06/1acTv aepoapoma u
KOHTPO/IE NleTerba MPUMEHMBAHO BULLE Pa3NUUUTMX METOAA W TeXHWKa Moaenmparba (Cnvka 5).
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EBMAEHTHO je fla Cy aHIMTUYKN MOJENM NMPUCYTHU Yy CBUM rpyrnama Tema, [OK Ce CUMY/aLOHM
MOZEeNu n3aBajajy Kof MoAenmparba ornepaLija Ha aepopoMyMa 1 Y KOHTPO/IN NIETekba.

BasayLwHu cao6pahaj (onwTe)

Aepogpomcke onepauuje (aepogpomm)

MnaHnpar-e aepoApOMCKYX KanauuTteTa (aepogpomm)
MnaHupatbe aepofPOMCKe MyTHUYKE 3rpaje (aepospomi)
Onepauuje y KOHTPONW NeTera (KOHTpoNa NeTeba)
Ynpae/batb€ TOKOBMMA caobpahaja (KOHTpOna neTeta)
Ynpag/batbe BasgyLUHUM MPOCTOPOM (KOHTPONA NleTekba)
YKYNHO[ 23 23 10

W W o w w N s |AHUUTUYKN MOAEN
e o w e B o|Cumynauronn mogenu

P UOoOOoONNO Xeypuctuke
<|o w = o - v o|Marematuuko nporpamptoe

ook o r~o CraTucTnyka aHanmsa

olo o w o o w o|Y3P0UHM Moaenn
vlo o v o o o o|KoHuenTyanHo mogenvparse

vlo o o o o o w|MPerneaHn pagosn

wlo o = o o - - |Fuzzy norvka
NOOHDOD—‘O'U'EAMETOAa
vlo o 6 o = = o|MalmHeKo yuetse

Cnuka 5: Mperneg Mofena 1 TeXHUKa KopuwwheHnX y pagoBuma y cneumduyHum rpynama Tema

4. 3AK/bYYAK

Ha ocHoBy mcTopujcKor npernefa pafosa Koju cy 06jaB/beHu 1 caonwTeHn Ha CMMNO3njyMumMa o
ornepauyoHnM UCTpaXMBarbMa y nepuogy o4 1980-2022. rofuHe MoXxe ce 3akbyuutu cnegehe:

Hajuewhe ncTpaxmBaHe Teme Cy aepofpoMcke onepauuje (29 pagosa) v onepaumje y
KOHTPO/M neTerba (22 pagfa). MHOMM of, 0BUX pafoBa Cy MPOUCTEKN U3 MarncTapcKux Tesa
1 [OKTOPCKUX AycepTauymja Kao U MefyHapoAHWNX Hay4HUX npojekara.
3a pelwaBatbe npobnema y 061acTW aepofpoMa U KOHTPOMe fieTewa, HajBulle cy
KopuwheHn aHanMTuKK (23 paga) u cumynaumnoHn (23 paga) Mogenu.

MpaheHe cy caBpeMeHe MeTo/e U TEXHUKE Y MOZIeNMpatby pasmunTux npobnema y o61acty
aepo/ipoMa 1 KOHTpOeE NeTerba.

3axBasiHUUa. OBO MCTpaXMBake je NogpKaHo of CTpaHe MUWHMCTapcTBa Hayke, TEXHO/IOLLIKOT
pa3Boja 1 nHosaumja Peny6nuke Cpbuje kpo3 npojekat TP36033 (2011-2023).
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Pesnme: Kako 64 opp>kane CBOjy KOHKYPEHTCKY NpPefHOCT, KOMMaHuje Ce CBAKOAHEBHO TakMuue 3a
BONCTBO Ha TPXKULWITY. 360r NPUCY THOCTU KOHKYPEHLM]je, HauH NpuMeHe Mepa erkacHOCTMW KoMnaHuja
y MpUBATHOM CEKTOpy MO>Xe Aa Bapupa. Llumb oBor paja je upeHTuduKauumja KbyyHuX hakTopa
yHanpehvBara NoCnoBHMUX NpoLeca Koje NpuMekbyjy KomnaHuje 3a CTulambe KOHKYPEHTCKe NpejHoCTU Ha
OCHOBY e(hMKacHOTU. Y MCTPa>KuBawy je MHTerpucaH npucTyn yHanpehusawy npoueca W aHamsy
obasujarba nofaTaka. Mofaum 3a nCTpa>rkusare ce NPUKyN/beHN oHAnHe (online) aHkeToM. EdimkacHocT
KOMMaHWja je MepeHa nNpUMEHOM Mofena ca BapujabunHAM NPUHOCOM Ha 06uMm, 6asnpaHor Ha
n3paBHaBajyhum npomeH/bMBaMa M MOpefeHn Cy OCTBapeHU pesynTaTy MPOU3BOLHUX, YCMYy>KHUX W
MPOM3BOAHO-YCNY>KHUX KOMMaHuja. AHanM3oM je yTBPHEHO Aa MULL/beHE UCMMTaHWKa 0 yHanpehusary
npoueca pasMuuTOo YyTUYy Ha Mepewe eduKacHOCTU KOoMnaHuja. PesynTaTw nokasyjy fa edukacHe
KOMMaHuje ocTBapyjy nogjefHaky WM 4ak M 60/bY KOHKYPEHTCKY NPeAHOCT Of Mate eqmKacHuxX
KOMMaHuja Koje cy Behy na>ky npuaasane ogpeheHum nHuupjaTueama yHanpehuearwa npoeca. Ha ocHoBy
pe3ynTaTa, HaBefleHe Cy NPenopyke 3a KOMNaHuje Koje X<ene fa OApMKe WK yHanpeae CBOjy KOHKYPEHTCKY
npeaHoCT, NpuKasyjyhn npakce ycnewwHux KoMnaxmja.

K/byuHe peun: KOHKYypeHTCKa MpeAHOCT, K/byuHu (DakTopu, Meperwe equUKacHOCTW, yHanpehusarbe
npoueca.

Abstract: In order to maintain their competitive advantage, companies compete daily for market leadership.
Due to the presence of competition, the way of applying the efficiency measures of companies in the private
sector can vary. The aim of this paper is to identify the key factors of business processes improvement for
achieving competitive advantage of companies based on efficiency. The research integrates a process
improvement approach and data envelopment analysis. Data for the research was collected through an
online survey. The efficiency of the companies was measured by applying a model with variable returns to
volume, based on smoothing variables, and the achieved results of manufacturing, service and
manufacturing-service companies were compared. The analysis found that respondents' opinions on process
improvement have different effects on the measurement of companies' efficiency. The results show that
efficient companies achieve an equal or even better competitive advantage than less efficient companies that
paid more attention to certain process improvement initiatives. Based on the results, recommendations are
given for companies that want to maintain or improve their competitive advantage, showing the practices of
successful companies.

Keywords: competitive advantage, key factors, efficiency measurement, process improvement.

1. YBO/J,

Kako 61 ce yuBpCTWNE CBOjy KOHKYPEHTCKY MPEAHOCT, KOMMaHuje CTaTHO TPaXKe HauuH 3a
no6osbLake MPOAYKTUBHOCTY U KBanMTeTa MPOW3BOLA WM YCYra, Y3 CMatbere TpoLikosa [7].
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KoHKypeHTCKa NpesHOCT NpefcTaB/ba jejaH Of rMaBHWX NoKpeTaya 3a yHarnpehuBarbe MOCMOBHUX
npoueca [1], wWTo HaBOAW KOMMNaHWje Aa ce hOKYCupajy Ha pasinumTe cTpaTernje KOHKYpPeHTHOCTH
1 pa3moTpe LUTa MOXe J0BeCTU [0 ycnexa yHanpehuBara npoueca. 'ybutak KOHKYpeHTHOCTM 360r
Hee(hMKaCHOCTM MeHalIMeHTa je 3abeneXeH y MHOMMM Be/IMKMM KoMnaHujama [14]. 36or Tora je
OCMULLbEH KOHLENT Ynpas/bata MOCMOBHUM npoLecumMa (eHr. Business Process Management —
BPM) 3a uaeHTUMKaLKMjy, NPOjeKTOBake, M3BpLUABaHbe, AOKYMEHTOBae, Mepewe, npaherse,
KOHTPONY 1 yHanpefuBarbe aKTUBHOCTW Y NPOLIECMMA KOMMaHWje U y CKnagy ca TUM eUKacHO
ncnytbaBatkbe NOCNOBHMX Ln/beBa. KomnaHuje Koje cy yKibyueHe y MHULMjaTMBe 3a yHanpehmBarbe
npoueca (eHr. Business Process Improvement - BPI), dhokycupajy ce camo Ha H1BO OnepaTuBHUX
npoueca [15], gok 6y npomeHe Ha 6Go/be 3axTeBasie [AOAATHY YK/bYYEHOCT MeHalMeHTa, Y3
MWHUMU3ALM]Y BPEMEHCKMX TybuTaka, W MakcMMu3aunjy YK/bYyUYeHOCTM CBUX 3amoC/eHuX Yy
aKTMBHOCTVMMa CMarbMBawa TpowkoBa [2, 16]. Mobosbluawa ce Mory pocTuhu ynoTpe6om
pasnnMuUTUX KOHLIeNaTa 1 anara 3a NoApLUKy nobosbluaky nephopMaHcy KomnaHuje [23].

YnpaB/bate MOCMOBHUM MpOLECHMa Ce CMaTpa XOMUCTUUKMM MPUCTYNOM OpraHu3aLMoHor
MeHaLIMeHTa, rae cy (yHAamMeHTasHW (hakTopy 3a NMOCTU3atbe XEe/beHNX pe3ynTata: pasyMeBatbe W
YK/bYYEHOCT HajBULIEr MeHalMeHTa KOMrMaHuje, jaCHO Ae(MHMcaHe ynore, TEXHWKE YK/anara,
[106p0 06y4eHO 0co6/bE 1 KyNTypa OKPeHyTa Ka nocnoBHUM npouecuma [9]. Mpema MuoH (Pyon) n
capagHuumma [17], obyxBaTta M Manupatbe npoLeca, AOKYMEHTOBarbe aKTUBHOCTW, Mepetbe
neptopMaHcy 1 ONTUMM3auMjy npoueca, Kopuwherwem Haj6o/buUX npakcu 3a nobosbluake
KOHKYPEHTCKe MpefHOCTM W MPUCTYN 3a MPOMeHY oOpraHu3auuoHe Kyntype. Mpema TpkmaH
(Trkman) [22], npouecHW npucTyn MOXe noMohv Yy W3BpLUEHY CTpaTewkor nporpama,
omoryhasajyhn no6osbllaHy KOpecrnoHAeHuujy u3melly cTpaternje KoOMnaHuje ¥ MOC/IOBHUX
rnpotieca.

Ca gpyre ctpaHe, YapHec (Charnes) n capagHuum [3] cy gaBHe 1978. roamHe uctakim ga mepe
eKacHOCTM KOMMaHWja y MpWMBAaTHOM CEKTOpPY MOry fda crabe y Mepu y KOjoj je MpucyTHa
KOHKypeHUpja u cnobofa pacnopehuBarwa pecypca U3 jefHe MHAYCTpuWje Yy Apyry, Hasogehu ga
npoueHa edrkacHoOCTM Tada Tpeba fa YK/byumn pasnnuunTe alTepHaTViBe 3a Meperbe nepopmMaHcy.
Kpeunpanu cy npeu MeTog aHam3e obaBujara nogartaka (eHr. Data Envelopment Analysis — DEA),
KOja ce MoKasasa Kao KOpMcHa MeTofda 3a u3padyHaBare e(MKacHOCTW jefuHWLA 3a [OHOLUEeHe
oanyka (eHr. Decision-Making Unit — DMU) [11] u WMpoKo je pacnpocTpakeHa Kao anat 3a
no6osslwarbe neptopmaHen AMY [3, 13]. Aytopu, kao wto cy LWao v JSluH [18], aHanm3upajy
yTuuaj ynotpebe WHGHOPMaUMOHMX TeXHOMOrMja Ha equKacHOCT MNpPOM3BOAHMX Npoueca Yy
KOMMNaHKWjaMa, Y KOM6uHaumju ca npumeHom JEA meToge.

MeRyTnm, npernesom pacrionoXxviee nutepaType je npumeheH HegocTaTak MCTpaXmBarba O
UHTerpaumjn anata yHanpehumBarba npoueca U aHanu3e obaBujarba NogaTaka, Kao v NPaKTUYHKX
nprYMeHa y pasnnymm MHAYCTpujama y Kojuma komnaHuje nocnyjy. 360r Tora, 0Baj pag MoXe aatu
[06pe cMepHMLE KOMNaHWjaMa Koje >xene Aa nobosbluajy Wan ofpXke HUBO KOHKYPEHTHOCTW Ha
TPXUWTY. Y HapefHOM MOrnae/by je npukasaHa MeTogonorunja, y Tpehem nornae/by pe3yntatu
UCTpaXKBaka, [OK Cy Y YeTBPTOM NOr/aB/by 3ak/byyak 1 nieje 3a 6yayha nctpaxusara.

2. METO40NTIOTNIA

OBUM UCTpPaXXMBatbeM aHanM3vpaHa je equMKacHOCT KOMMaHuja MPUMEHOM MeTOde aHause
obaBmjarba nogataka (AEA). MNopeheHn cy ocTBapeHW pesynTaTty NPOU3BOLHWX, YCAYXHUX W
MPOU3BOAHO-YCY>KHUX  AeNaTHOCTM KOMMaHWja, Koje Cy Y4eCTBOBale Yy aKTMBHOCTMMA
yHanpefuBarba MOCNOBHMX MpoLeca Y LUWby OCHaXMBarba KOHKYPEHTCKe mpegHocTu. Pag
npefcTaB/ba HacTaBaK MpPETXOAHOr WCTPaXuBarba O aHaiM3n equKacHOCTM KomnaHuja [10].
CnposegeHa je online aHketa nytem e-mail-a n LinkedIn-a. MpukynsbeHn cy nogaum o 82
UCNWUTaHWNKa, KOju NpyXkajy [o6py OCHOBY 3a aHanm3y TpeHAa eUKacHOCTM KOMMaHuja Koje
nocnyjy y pasnuyuTiM CeKTopuMa 1 6aBe ce pasnMunTuM enatHocTima. OapeheHe KoMnaHuje cy
UCK/byYeHe U3 [a/be aHanu3e 6Or HefOBO/LHOI 3anaraka ucnutaHuka [10]. WcTpaxusarbe
npegcTasmba Aeo Beher MCTpaxmBara O ynpaB/bakby MOCAOBHUM MpoLecuMa, NnH (eHr. Lean)
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TpaHchopmaLmju, KOHKYPEHTCKO] MPesHOCTU W WCMYHEeHY MOCNOBHUX Un/beBa. EdmkacHocT
KOMMaHWja je MepeHa NMPUMEHOM Mofena ca BapujabuIHUM MPUHOCOM Ha 06MM, GasumpaHor Ha
u3paBHaBajyhum npomeH/mbmBama (eHr. SBM VRS DEA) [20] cucTeMOM CaMO-OLieHMBatba.
AHKETOM Cy UCMIUTAHWLM M3Pa3naN NIMYHK CTaB O MOCNOBakby KOMMaHWje, a aHKeTa je cnposefeHa
Tako [ja CBaKM UCMUTaHWK byae n3 pasnuuute fomahe WauM cTpaHe KOMMaHwmje. 360r Tora, CBaku
UCNUTAHUK je aHam3upaH Kao nocebHa AMY (Cnuka 1). Ynasu cy ¢opmupaHu Ha OCHOBY
TPMHAeCT MUTakba 0 Mpakcama yHanpehuBarba npoLeca y KoMnaHujama, MOgU(UKOBaHUM npema
ucTpaxuBamy [24]. N3nasn npeacTtasbajy CTaBoBe 0 KOHKYPEHTCKO] MPeAHOCTM KOMMaHuje, rae cy
UCMUTAHULM W3jaBUAM Ja AW KOMMaHWja MOXe Aa Ce TaKMWUM Ca KOHKYPEHLMjOM MO LEeHW,
KBaNNTETY, 3a[40BO/BCTBY KMjeHaTa M N1acMaHOM MpoM3BOfa Yy KpaTKoM poky. OBe cTpaTteruje
npeLcTaB/bajy HajBaXKHMje NoKasaTe/be KOHKYPeHTHOCTH [4, 12, 21].

VIIA3U W3JIA3U
Vuanpehusame | Komn aHM]a/UCTIMTAHUK R Konxypentcka
npoueca > IMy) g MPEAHOCT

Cnuka 1: JEA mogen 3a yTBphuBare emkacHOCTV KOMMNaHuja

OBaj pap ce ocnarba Ha UcTpaxmsarbe [10], y KOMe Cy MAEHTUUKOBAHN OMLITK Pe3ynTaTu
aHKeTe U uMmnaemeHTVpaHa cy asa SBM DEA mogena pagy yTBphuBatba eprkacHOCTU KOMMaHKja.
Mojaun 0 MPOMeH/bMBMMA Cy TakOfe HaBefeHW y ucTpaxuBawy. Kao HacTaBak MCTpaXuBarba,
UCNWTaH je NojefuMHaYaH yTulaj MyLLberba MCnuTaHuKa 0 yHanpehuBarby npoLeca Ha edmkacHoCT
KoMnaHmje. To 61 omoryhuno KomnaHvjama fa ce (hokycupajy Ha opapeheHe cermeHTe CBOr
MOC/I0Batba 1 TaKo OAPXKE CBOjY KOHKYPEHTCKY MPeAHOCT Ha TPXKULLTY.

3. PESYNTATU NCTPAXNBAHA

Y Tabenu 1 je nprKaszaHa emKacHOCT KOMMNaHKWja gobujeHa npumeHom SBM VRS DEA mogena [10,
20], Kao 1 Knacudukaumja KOMnaHmja npema fenaTHoCcT. YKynaH 6poj edmkacHMX KomnaHwuja je
6vo 14. Op Tora cy LecT Npom3BoAHNX (29% of YKyMHOr 6poja MPOM3BOAHUX), LUECT YCAYXHUX
(50% op ykynHor 6poja yCny»Hux) v fBe Npou3BOLHO-YCNyXHe komnaHuje (33% of, yKymnHor
6poja MPOM3BOAHO-YCAYXHMX). MMpoceyHa eMKacHOCT MPOM3BOAHMX KOMMaHuja M3HocK 87%,
yCny>kHMX 85% A0K je NpoceyHa eKacHOCT NPOU3BOLHO-YCMY)XXHUX KOMMNaHwuja 78%.

Tabena 1: Mpepnoxenun npuctyn obyxsata SBM VRS DEA mogen 3a npoLeHy erkacHOCTH

EdmkacHocT EdumkacHocT
KomnaHunja - SBM VRS [JenaTtHocT KomnaHuja - SBM VRS [JenaTtHocT
DEA DEA

KomnaHuja 1 0.873820 npoussogHa KomnaHuja21 | 1.000000 YCNy>XHa

KomnaHuja 2 0.857143 npounssofHa Komnaxuja 22 | 1.000000 npounssofHa
Komnanwuja 3 0.748552 npousBofHo-ycnyxHa | KomnaHuja 23 | 1.000000 Npov3BOAHO-YCNY>KHa
KomnaHuja 4 1.000000 npovssogHa Komnanuja 24 | 1.000000 YCNyXXHa

KomnaHuja 5 1.000000 npovssogHa Komnanuja 25 | 0.940325 npovssogHa
KomnaHuja 6 0.713365 npovssogHa Komnanuja 26 | 0.848552 YCNyXXHa

KomnaHuja 7 0.773125 YCNyXKHa Komnaxuja 27 | 1.000000 NPOV3BOAHO-YCNYXXHA
KomnaHuja 8 0.794471 npou3BoAHo-ycnyxHa | Komnanwja 28 | 0.663972 npov3BogHa
KomnaHuja 9 0.889638 npovssogHa Komnanuja 29 | 0.495533 YCNyXKHa

Komnanuja 10 | 0.814941 npovssoaHo-ycnyxHa | Komnanuja 30 | 1.000000 npovssogHa
Komnanmja 11 | 1.000000 YCNy>KHa Komnanuja 31 | 0.720721 npovssogHa
Komnanmja 12 | 1.000000 YCNy>KHa Komnanuja 32 | 0.733427 YCNyXXHa

Komnanuja 13 | 0.776948 npov3sogHa Komnanuja 33 | 0.721149 npovsBogHa
Komnanuja 14 | 0.701444 npov3BogHa Komnaxuja 34 | 0.839513 YCNy>XHa

Komnanuja 15 | 0.533927 YCNyXKHa Komnanuja 35 | 0.313725 NPOV3BOAHO-YCNYXXHA
Komnanuja 16 | 1.000000 npovssogHa Komnanuja 36 | 1.000000 npov3sogHa
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EdmkacHocT EdumkacHocT
KomnaHunja - SBM VRS [JenaTtHocT KomnaHunja - SBM VRS [JenaTtHocT
DEA DEA
KomnaHuja 17 | 0.871898 npounseofHa Komnanuja 37 | 0.924444 npounseofHa
Komnanuja 18 | 0.797153 npounssofHa Komnanuja 38 | 0.897381 npounssofHa
Komnanuja 19 | 1.000000 yCnyXHa Komnanuja 39 | 0.873950 npounssofHa
Komnanuja 20 | 1.000000 yCnyXHa

Y3 nomoh HenapameTtapckor Kpyckan-BonucoBor TecTa, WMCMUTaHa je jefHakocT u3mehy
MPOCEYHUX BPeHOCTY e(hKaHOCTM 3a OBe Tpu rpyne. PesynTatu cy npukasaHu y Tabenm 2. Huje
OTKPMBEHa CTaTUCTUYKY 3HaYajHa pasnmka y erkacHOCTY 3a TPU aHanusvpaHe rpyne 4enatHoCTH
(p>0.05). Mako cy npBo6buTHKU pe3yntaty [10] yKasmBaan Ha TO fa [AeNaTHOCT KOMMaHuje MOoXe
61TK (haKTop KOju yTHYe Ha edMKaHOCT, 0BMjeHn pesynTaTi Cy Nokasanv fa To Huje Cyyaj.

Tab6ena 2: Pesyntatn Kpyckan-Bonvcosor TecTa 3a Tpu rpyne fenaTtHocTy

[HenatHocT Bpoj KomnaHuja Cpefba BpeHOCT paHra x* p-BpegHOCT
npon3BoAHa 21 20.14

ycnyxHa 12 21.08 0.461 0.794
NPOW3BOAHO-YCYXXHa 6 17.33

HapegHa aHanu3a koja je W3BpLUEHa O4HOCKM Ce Ha WCMWTMBAKbE KOjU ynasn Cy Ce MoKasau
OUTHNjUM 3a eMKaCHOCT KOMMNaHuja. Y aHann3n crnposedeHoj y [10] ynasu cy npeacTaB/beHn Kao
[iBa KOMMO3WTHa WHAMKAaTopa Koja cy (opmupaHa Ha OCHOBY TpUHAecT nuTawa. Tabena 3
npukasyje pesynte CnvpmMaHOBMX Koe(huuMjeHaTa Kopenauuja n3mehly oarosopa Ha nuTaka W
JobujeHe edmkacHocTV. CMep Besa M3mely CBUX NPOMEHIMBUX M eDMKACHOCTY je HeraTuBaH LUTO
je y cknagy ca JEA meTofoM jep 61 ce 3a Mawe ynase npu 3agpkaHoM HUBOY M3nasa equKaHoCT
nosehasa.

Tabena 3: CTaBoBM 0 yHanpehmBarby npoLeca, MoanrnkosaHo npema [10, 24]

CraBoBu CnupmaH p
1. | MeHayMeHT npy)ka NogpLUKy 6yLIeTOM, aKTUBHOCTUMA, UTA, -0.089
2. | MeHalMeHT NoLuTyje opraHun3aLnoHe UubeBe, NPUopUTETE U cTpaTerunje -0.307
3. | ¥ moryhHOCTM MO fja MAeHTUgMKYjeMo npenpeke yHanpehvBatkba npoLeca -0.040
4. | Y moryhHoCTM CMO fa npeBasuiemMo npenpeke yHanpehusarwa npoueca -0.044
5. | MocTaB/beHn Cy KpaTKOPOYHM W AYTOPOYHU LIMbEBUN YHanpehmBatba npoLeca -.0323"
6. | [loKymeHTOBaH je NnaH yHanpehvBakba npoLeca -0.298
7. | Tpeba feTasbHuWje pa3pagnTyv NnaHoBe yHanpehyBarba npoLeca -0.004
8. | 3anocneHu cy CBECHV MUCWje 1 BU3Mje yHanpeRuBawa npoueca -.0350"
9. | OcTBapuBarbe NOAPLUKE MOAPLUKE 3aM0CNeHNX 3a YHanpehmBatbe npoLeca je ycrneluHa -0.273
10. | Csw 3anocneHu pasymejy HEONXOAHOCT yHanpeRuBara npoueca -0.243
11. | Csv 3anocneHv BuAe CBOjy yNory y MHMuUmjaTneama yHanpehvsatrba npoLeca -.0398"
12. | JetasbHo cy 06jalutbeHe ynore y yHanpehvBakby npoueca cBakoM 3anoc/ieHOM -0.278
13. | Ha gyropoyHe uubeBe yHanpehmBatba npoLeca ce 0Aapaxasajy CONCTBEHN LIWbEBN -.0368"

* pesynTar je 3HauajaH Ha HuBoYy of 0.05

3a neT nuTara Ce MoKasano Aa CTaTUCTUYKM 3HAYajHO YTUYY Ha equUKacHOCT. JaumHa Be3e KOf
CBUX kWX je cpefer nHTeHsuTeTa [5]. OBakaB pe3ynTaT ykasyje Ha TO 4a KOMMaHuje Koje HUCy
MHOI0 NaxKwe npufasane nutawuma 5, 8, 11 1 13 1 MMajy HUCKe BPeAHOCTM OAroBopa 3a Ta
niTaka OCTBapyjy MoAjedHake WM Yak U 60/be M3Mase Of KOMMaHuja Koje cy Behy nNaxmby
npugasane TUM CTaBKama.

4. ANCKYCWJIA N SAK/IbYYAK

AHa/M3a yKasyje Ja MULL/beHA UCMMTaHWKA O aKTWBHOCTMMA KOMMaHWja pagu yHarpehvBarba
mpoleca pasMuuTo YTUYY Ha e(rKacHOCT KOMMaHwuje. Pe3yntaTu WUCTpaXMBatba yKasyjy [aa
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ekacHe KOMMNaHmje MOry fja 0CTBapyjy NoAjeAHaKy Wau 4ak 1 60/by KOHKYPEHTCKY MPegHOCT Of
Marbe eiMKacHMX KOMMaHmja Koje cy Behy naxmwy npugasane ogpeheHnm BPI akTmBHOCTVMA.

Mpema EnsuHra (Elzinga) n capagHuumma [6], noyeTHa (pasa mpumeHe MPOLLECHOr Mojena
obyxBaTa fedmHucare BU3Mje, MUCUje N LWUbeBa KOMMaHuje, 1 ofpehyjy ce KpUTUYHKU akTopu
ycnexa. YpuoHa (Uriona) n capagHvum [23] cy npenosHain pasnuky u3mely Bu3mje Koja ce
NpeHocu Of CTpaHe MeHalMeHTa Ka 3anocfieHuMa, W 06pHYTO, Yy KOMMaHuju, LWTo je
MAEHTU(DNKOBAHO Kao jefjaH 0f rNaBHMNX Y3pOKa HeafeKBaTHUX nobossLiara. MefyTim, Ha oCHOBY
pe3ynTarta ce MOXe 3aK/byunTu Aa edmKacHe KOMMaHuje Koje Marbe yNaxy y akTUBHOCTU nosehatba
CBECHOCTY 3aMoCNeHNX 0 MUCUjU U BU3WjX YHanpehuBaka npoLeca, 0CTBapyjy nogjefHake nam Yak
1 60rbe pesynTare y NMocTu3ary KOHKYPEHTCKe NMPefHOCTM 0 Makbe eUKaCHUX KOMMaHwuja Koje cy
Behy Maxwy ynoxwne y Te akTMBHOCTWM. CnuMyHa je CWTyauuja 3a CTaB O MOCTaB/bakby
KPAaTKOPOUHMX W OyropoYHMX Ln/beBa yHanpefmBara npoLeca. AyTopu ce Cnaxy fAa je 3HadajaH
Ha4yMH Ha Koju he ce CNpPOBOAMTM LMW/bEBU, OAHOCHO aKUMOHW NnaH KOMMaHuje, U Aa je camo
MOYETHO AethmHMCaE LbeBa HeJOBO/LHO 33 NoBehate KOHKYPEHTHOCTMU.

Mpakce yHanpehuBarba MpoLeca YKasyjy Ha B@KHOCT MNOCTW3arba KynType CTaiHor
nobosbllaba Of0340 MpemMa rope Y Xujepapxujckoj CTPYKTYpW, Tako pfa 3anocneHu Ha
OrnepaTMBHOM HWBOY CTyMajy y WHTEpakuujy ca MpoLecoM paja, Merajy ra, nobosbluasajy u
ayTomatmsyjy [8]. Pe3ynTatu nctpaxunsarba yKasyjy a KoMrnaHuje Koje cy ynarane Marwe eHepruje
y TO [ja CBM 3anoc/fieHn Buge cBojy ynory y BPl uHuuUwnjaTBama, ocTBapuimn cy nofgjefHaky wumm
yak 1 60/by KOHKYPEHTCKY MPefHOCT Of KOMMaHuja Koje cy nocTynane CyrnpoTHO. TO MOXe fAa
3Hauu Ja cy KoOMnaHuje TpOLLMe eHeprujy 1 pecypce Aa yK/byye CBe 3amoc/ieHe Y MHULpjaTuBe 3a
yHanpehuBare npoueca, fOK je (hoKyc Tpebao ga byae camo Ha 3anocfieHuMa Koju Cy AUPEKTHO
WU MHAMPEKTHO YK/by4YeHn Yy BPI nHuumjatmee. Tpeba cTBOPUTU KyNTYpy Y KOMMaHuju Koja he
CTaHO TEXUTU Ka No6o/bLIakMMa, Ca MakbuM (HOKYCOM Ha MHAMBKAYE Koje 06aB/bajy akTMBHOCTY
y MpoLecy, a BULLE Ha HauYMH OpraHW3oBatba npoLeca. To MokKasyje U CTaB UCMUTaHKMKa O TOMe fa
Ce Ha [AyropoyHe uwbeBe yHanpefuBarba npoueca OfpaxaBajy COMNCTBEHW LWBLEBW, jep Cy
KOMMaHwvje ocTBapwuie rnogjefiHaky uMnu Yak v 60/by KOHKYPEHTCKY MPefHOCT aKo cy npujasaie
Matby NaXKwy 0BOM CTaBy 0 yHanpehuBatby npoLieca.

Pesyntatn ucTpaxusarwa Cy MNokasaim fa ce npumeHom SBM VRS DEA wmogena, kao u
KnacuumKaumjoM aHanm3vpaHMX KomnaHuja npemMa AenaTtHoOCcTW, fobuja YKYynHO 14 edmKacHUX
KoMMaHuja: 29% npousBofHuX, 50% ycny>kHuX 1 33% NPOMn3BOAHO-YCYXXHUX Of YKYMNHOT 6poja
KOMMaHWja no pgenatHocTu. [poceyHa e(MKaCHOCT MNPOU3BOAHMX KOMMaHuja u3Hocu 87%,
ycnyxHux 85% 0K je npoceceyHa eqimKaCcHOCT NPOM3BOAHO-YCNYXXHUX KOMMNaHnja 78%.

OBMM WCTPaXKMBatbeM Cy MOCMATPaHW OCTBAapeHW pesynTaTu W yTuuaj Ha erkacHOCT 3a CBe
KOMMaHuje, oK 61 Byayhe nctTpaxusare 06yxBaTaso yTuLaj CTaBoBa 0 yHanpehusarby npoueca 3a
MPOV3BOAHWN, YCNYXHY W MPOU3BOAHO-YCNY)XXHY [JenaTtHOCT rojefuHaqHo. [IpowmpuBarem
ucTpaxuBarba 6M ce [obuna KOMMAETHMja CAMKa O BapujauujamMa Koje [OHOCe pasuyuTe
[enaTHOCTW, jep Ce W HauuH OCTBapyBatba KOHKYPEHTCKe NPeAHOCTH pasnukyje 360r yyecHUKa Ha
TPXMWTy. Takohe, y 6yayhem ucTpaxuBakby MpoLEHa yTuuaja €KCTEPHWX MNPOMEH/bUMBUX Ha
e(hMKaCHOCT MOXe BUTK ncnuTaHa NprMeHom agoetanHor JEA mogena [19].
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Pesnme: pafosu ce mMOry cMaTpaTy CNOXKEHUM CUCTEMUMA BONEHUM MaTEePUjaHUM W eHepreTCKUM
TOKOBMMA, KOju 06yxBaTajy MOTPOLWWY pecypca W CTBapawe OoTnaga y norTpasn 3a eKOHOMCKUM
GnarocTameM W [pylWTBEHAM HanpeTkoMm. [la 6u ce nocTurna ypbaHa OAP>KMBOCT, HEOMXOAHO je
WHTerpucaTy eKoNoLUKe, APYLUITBEHE N eKOHOMCKe MHAMKATOpE y npoLece ypbaHor nnaHupara. Vimajyhn y
BMY HaBefleHo, 0Baj paj uma 3a Lyb Aa NpoLeHn eUKacHOCT W OAPXKMBOCT rpagosa y Peny6auum Cpbuju
npumeHoM npucTyna ,,Benefit of the Doubt*. VcTpa>kusare ce (hokycupa Ha NeT K/byYHUX UHAWKATOpa:
npoceyHe 3apafie, CTOMNe 3anocneHocTy, 6poj AUNNOMUpaHUX CTYfAeHaTa, OYeKMBaHO Tpajatbe XKMBOTa U
3anpemuHa oTnagHux soga. OBaj NpUCTYN onakllasa UaeHTUUKaLMjy HEOAP>KUBKX rpagosa yumajyhu y
0631p MHAMKaTOpe cBa TPU CTyba OAP>KMBOCTU. Pe3ynTaTu ncTpadkusara nokasyjy fa mawe og 20%
rpagosa y Cpbuju nocTu>Ke afieksaTaH HABO OAP>KMBOr passoja. OBu pesynTaTu Npy>Kajy BpefaH ysug y
penaTuBHy eMKacHOCT M OAP>KMBOCT rpagosa y Penybnuun Cpbuju. VaeHTudmkyjyhu npegHocTu u
obnacTy 3a nobosbliake y CBAKOM rpajy, KpeaTopu noiuTuKe, ypbaHUCTW U 3aMHTepecoBaHe CTpaHe
MOry AOHeTW MHopMUCaHe 0A/yKe 1 OCMUCAMTM afeKBaTHe cTpaTeruje ycMepeHe ka ocTeapemy ypbaHe
OAP>KMBOCTU.

Krby4He peumn: yp6aHa 0Ap>KMBOCT, OP>KVBI PasBoj, aHanu3a eqiMKacHOCT Y, KOMMO3UTHM MHAEKCH.

Abstract: Cities can be recognized as intricate systems propelled by material and energy flows, necessitating
the consumption of resources and generation of waste materials to foster economic prosperity and societal
advancement. To realize urban sustainability, the integration of environmental, social, and economic
indicators into urban planning processes becomes imperative. Bearing in mind the above, this paper aims to
evaluate the efficiency and sustainability of cities in the Republic of Serbia by applying the "Benefit of the
Doubt" approach. The research focuses on five key indicators: average wages, employment rates, number of
graduates, life expectancy and volume of waste water. This approach facilitates the identification of
unsustainable cities by taking into account the indicators of all three pillars of sustainability. The research
results show that less than 20% of cities in Serbia achieve an adequate level of sustainable development.
These results provide a valuable insight into the relative efficiency and sustainability of cities in the Republic
of Serbia. By identifying strengths and areas for improve mentin each city, policy makers, urban planners
and stakeholders can make informed decisions and devise adequate strategies directed towards achieving
urban sustainability.

Key words:urban sustainability, sustainable development, efficiency analysis, composite indices.

1. YBOZ,

MoueB of NefeceTVX rofuHa NPOLL/IOT BeKa AOLUAO je [0 ybp3aHor nmopacTa ypbaHux nogpyuja npu
yemy ce npema npojekumjama ouvekyje ga he 6poj ypbaHnx ctaHoBHMKa nopactu 3a 30% go 2050.
roguHe (Beloin-Saint-Pierreetal., 2016). MpagoBn nNpefcTaB/bajy CNOXEHE CUCTEMM KOju Ce MOry
cMaTpaTi XXVBMM OpraHusMuMa BONEHUM MaTepujaHUM W eHEpreTcKuM TOKOBMMa, Npu Yemy
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BpLUE pa3nnmunTe ypbaHe (yHKUMje ycMepeHe Ha 06e36eferbe afleKBaTHOT KBa/IMTETa XXMBOTA 3a CBE
rpahaHe, WTO noppasymeBa 06e3befere afeKBaTHUX 00Pa3’OBHMX W 34PaBCTBEHMX YCTaHOBA,
objekata KynType, BnafjasuHe npasa 1 MoryhHocTu 3anolubaBara (Gonzalez-Garcia et al., 2018).
Ca fpyre cTpaHe, eBWUfEHTaH je HeraTMeaH JOMPUHOC rpagoBa MoropLiawy OGPOjHUX EKOMOLLKUX
neptopmaHcy ypbaHux nogpydja (Goldsteinet al., 2013), wTo ykasdyje Ha MOTpeby TemesbHOr
aHanmsMpara MHTepakumja uMehy pasamunTux AUMeH3vja ofpxuBocTu. Mmajyhu HaBefeHo y
Buay, npahere 04pXXMBOCTN YpbaHMX Nogpydja nocraje MMMNepaTuB.

CBeTCKa KOMUCUja 3a XXMBOTHY cpeauHy u pa3soj (World Commission on Environment and
Development, 1987) npegnoxuna je cBeobyxsaTHY AethUHULM]Y OLPXMBOr pa3soja No Kojoj je
OfpXXVBN pa3Boj ,,pa3Boj Koju 3a40BO/baBa MOTpPebe cajallwbMX reHepauuja 6e3 yrpoxxaBara
crnocobHocTM 6yayhux reHepauuja fa 3a0Bosbe CONCTBeHe NoTpebe”. KOHLEeNT o4pXu1BOr passoja
obyxBaTa TpW acrekTa: eKOHOMCKW, APYLUTBEHU W €KO/OLIKW, MPW YeMy MOCTOjU MHTepakuuja v
npeknanare n3mehy oBux umeH3nja. KoHkpeTHo, Tanguay u capagHuum (2010) HaBofe fa pa3Boj
Mopa 6UTU npaBuyaH (MHTEpakumMja M3MeRy eKOHOMCKE W [pYLUTBEHe AUMeH3Wje), afeKBaTaH 3a
XMBOT (Npunarohasare XXMBOTHE CPeAnHe ApYLUTBEHWM noTpe6ama, LUTO Ce MOXe OAHOCUTU Ha
KOHLENT KBaUTeTa XMBOTA) U OAPXKMB (EKOHOMCKM pa3Boj mopa 6WUTK 3acHOBaH Ha noctojehum
KanauuTeTMMa eKocucTema, Npu Yemy ce WCLpr/bMBarbe HeOBHOB/LMBMX pecypca Mopa u3behu).
Kaga je pey o ypb6aHoj ogpxmeoctu, moryhe je getmHMcaTv LW/bEBE OAPXKMBOCTM Y rpagy Kpo3
CMarbere Kopuwhera NpUMpPogHUX pecypca 1 NPOU3BOAE 0TNada Y3 UCTOBPEMEHO MO6OsbLLaHe
KBa/IMTETA JKMBOTA, Kako 6W ce rpaf 60/be YKNONMO Y JOKasHe, PervoHasiHe W rnobanHe
kanaumteTe ekocuctema (Newman,1999).0O4pXXMBOCT rpafa ce OAHOCK Ha CMOCOBHOCT rpaga unu
ypbaHor nogpydja fa 3af0oBO/bM MOTpebe CBOr Cajallker CTaHOBHMLITBA 6e3 yrpokaBarba
Cnoco6HocTK 6yayhux reHepaumja ga 3afoBosbe CBoje noTpebde. To YK/byUyje cTBapare rpagosa
MOrOfHMX 38 XKMBOT, EKOHOMCKYV OTMOPHMX 1 eKOMOLLIKM OfF0BOPHMX KOjW MPOMOBWLLY EKOHOMCKM
NpocrnepuTeT, APYLUTBEHO 6naroctate W 3aWTUTY >KMBOTHE CPeduHe.YKbyuyjyhu ekonoLuke,
JpYLWTBEHEe M eKOHOMCKe acrekTe y yp6aHo nnaHvpare, rpagoBu MOry Kpeupatv MnoauTuke
yCMepeHe Ka OfpKMBOM pa3Bojy. OBO nofpasymesa MPOMOBUCaHE edrKacHOr Kopuluhera
pecypca, MUHUMU3NPaEe EKOMOLLIKUX YTuLUaja U NOACTULAMbe APYLUTBEHOr 6naroctamwa YHyTap
ypbaHor nogpyuja.

MeRhyTum, Ha NyTy Ka OCTBapery OAPXMBOCTU, IPafioBK Cy Cyo4eHu ca 6pojHV M 13a30BKMa,
npv Yemy je jefiaH Of kX afeKBaTaH HauvMH KBaHTU(MKaLuuje JOCTUITHYTOr CTeNeHa OAPXMBOCTM
pagv eeanyaumje noctojehmx cTparteruja ogpXnBOCTY, anu 1 pagw nopeherba ca ApyruM ypbaHum
noapyYjuma, y uumby UAeHTU(MKOBaka Hajbo/mbux npakcu. CTora je Uwb OBOr paja u3paga
KOMMO3WUTHOI WMHAEKCA OAPXMBOCTW rpagoBa Ha npumepy 21 rpaga y Peny6nuum Cpbujn,
Kopuwwherwem MeTofonorvje 6asmpaHe Ha aHaM3y 0baBujarba NogaTaka.

2. METOO0JTOMMIA UCTPAXUBAHA W NMOJALN

Mocnearnx roguMHa AOLINO je L0 WHTEH3MBMpatba Hanopa 3a nobosbluakbe Mepera OLPXKUBOTD
pas3Boja, Mpu Yemy ce cse Behy 6poj MHAMKATOPa OAPXKMBOT pa3Boja KOpUCTY 3a npaherbe HampeTKa
Ka OcTBapewy ofpXmBocTW. OBW WHAMKATOPU YeCTO 00yXBaTajy pasinuuiTe [AuUMeH3uje
oApxmeocTu. MehyTum, Kafia ce npoLeryje YKYMHMU YUMHaK, KOPUCHO je arpernparu nojefuHayHe
WHANKATOPE OAPKMBOT pasBoja y KOMNO3UTHU MHAeKe (Shwartzet al., 2009). KoMno3nuTHW nHAEKC
npy>a MHopMaLmje 0 ToOMe Yy K0joj Cy Mepu KpeaTtopu MosMTMKa CTBOPWUIN afleKBaTHe yc/oBe n
OCMUCIUAM MpOLieCe Kako 6y ocurypanu KeaMTeTaH >KMBOT 3a CBE CTAHOBHWMKE LUMPOM
nocmatpaHe obnactu (Lafuenteet al., 2022). [loHocvouu offiyka v Hay4Ha 3ajefHula Mmory aa
KOPUCTE KOMMO3UTHE MHAEKCEe 3a YnopehuBatbe YYMHKa Yy pasinyMTuM 061acTuma, a Kpeatopu
MO/IMTUKE MOTY [la KOPUCTe KOMMO3WUTHE MHAEKCE 3a Kpempare afieKBaTHWUX Pa3BOjHUX MOMMTUKA
(Mahdiloo et al., 2023). MpWAMKOM OLeHMBaa OAPXMBOCTY ofpeheHOr Noapydja HeOMXo4HO je
y3eTn y 0631p NHAMKATOpe Be3aHe 3a CBe TPW AUMeH3Mje ogpKunBocTw. MocTojeha nuTepaTypa kao
WHAMKATOPE XXUBOTHE CpeauHe Hajyeluhe naeHTUQMKYje MHAMKATOpe Koju 00yxBaTajy acnekTe Kao
LUTO CY MOTPOLUH-a EHEPrUje, YNpaB/barbe 0TNajoM, KBA/IMTET BasfyXxa 1 o4yBare 61oamBep3nTeTa.
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Moa ApywTBEHUM MHAMKAaTOpuMa 06yxBaTajy Ce (PaKTOpu Kao LUTO Cy MpMcTyn 06pa3oBamby,
34paBCTBEHO] 3aWTWUTW, MPUCTYMAYHOM CTaHOBakwy W COLUMjANIHO] WHKNY3UjU, [OK EeKOHOMCKM
rnoKasare/by yrniaBHoOM 06yxBaTajy eKOHOMCKW pacT, CTOre 3aroC/ieHOCTH, U pacrofeny npuxoga.
WHTerpucare 0BUX WMHAMKATOpa Y npouece ypbaHor nnaHupara omoryhasa WAeHTUDMKALN]Y
NOTEHLMjaTHUX KOMNPOMMCA U CUHEpPruje u3Mehy eKosoLLKe, APYLUTBEHe N eKOHOMCKE AUMEH3Mje
oapxmeocTh. Kpevipare KOMMO3UTHOT MHAEKCa KOoju 06yxBaTa CBe TpW [UMeH3Mje 04PXMBOCTU Ha
HMBOY rpafgoBa omoryhaBa KpeaTopuvMa MOAWMTMKA fa YCBOje CTpaTervje koje 6anaHcupajy
KOHKYPEHTCKE WHTEepece M ONTUMM3Yjy anoKauujy pecypca ca LW/beM OCTBapetba OApXMBOT
pasBoja.

Pa3BujeH je Benmky 6poj NpUCTyna 3a Kpeuparwe KOMNO3UTHUX nHAekca. Nardo u capagHuum
(2005) y cBoM npernegy MeTofa 3a KOHCTpyMCare KOMMNO3UTHUX MHAEKCA Kao jefaH of npuctyna
pasmaTpajy npuctyn ,benefit-of-the-doubt“. Cherchye wn capagHuun (2007) HaBoge pa je
KOHLIeNTyanHa ocHoBa npuctyna ,,benefit-of-the-doubt” y Tome fa penatuBHM yunHak jeanHuLe
O4NyuMBatba Ha CKymy WHAMKaTopa MpeAcTaB/ba OTKPMBEHY MpedepeHumn)y Te jeauHuue o
penaTuBHOj BaXXHOCTU uHAMKaTopa. KoHkpeTHo, npuctyn ,benefit-of-the-doubt” npenosHaje ose
OTKpUBEHe NpedepeHLje fofe/bMBabeM BENNX TEXMHA OHUM UHAMKATOPUMA Ha KOjuMa jeauHuLa
OfyuBarba MMa 60/bM YUMHAK, a HUXKMX TEXWMHA UHAMKATOPUMA Ha KOjuMa jefuHuLa UMa ropu
YUMHaK, OfHOCHO, TEeXMWHEe Ce [Ofe/byjy Ha HauMH fa ce ONTUMU3Yje KOMMO3UTHW WHAEKC
(Shwartzet al., 2009). Mpuctyn ,benefit-of-the-doubt npeactasmajegaH of o6nmka aHanuse
obaBujatba NogaTaka passujeHe of ctpaHe aytopa Charnes, Cooper n Rhodes (Charneset al., 1978).
AHannsa obasujatba Nojaraka ce NpuMerbyje 3a Mepere e(hMKacHOCTU OpraHU3aLmMoHnX jeanHnLa,
rie je epMKacHOCT NnpefCcTaB/beHa OAHOCOM MOHAEpUCaHe CyMe PasnymMTuX n3nasa v NoHA4epucaHe
CyMe pas/IMYnTVX ynasa y3 orpaHuyerbe fa Mepa eukacHoctv Huje Beha of 1 3a 6wUno Kojy
jeanHuLy koja ce pasmatpa (Montalban-Domingo et al., 2022). MprMerbeHO Ha M3padyHaBarbe
KOMMO3UTHUX WHAEKCa OJPXMBOCTY IpajoBa, M3Nasn NpeLcTaB/bajy WHAMKATOPE OApXMBOT
pasBoja, a yna3 3a cBaku rpag je ,,naxHa (dummy) Bapujabna“ Koja y3uma BpegHocT 1.

Mpunvkom Kpeuparwa Mofena 3a CrpoBoOhere aHanuM3e OAPXMBOCTY rpafgosa y Penybnuuu
Cpb6ujun nsabpaHo je nNeT MHAMKaTopa ogpxueor passoja (Tabena 1). M360p nHAMKaTOpa M3BPLLEH
je y cknagy ca npernefom peneBaHTHe nuTepatype M3 oBe 06M1acTV Ha HauvH fa opabpaHu
VHOMKATOPW PenpeseHTyjy oOarosapajyhe aumeHsnje OfPXMBOCTM. KOHKPETHO, eKOHOMCKa
[VIMeH3nja OAPXMBOCTY NpeACTaB/beHa je MyTeM MpOCeYHUX 3apafa W CTomna 3arnocneHocTw,
[PYLUTBEHA AMMEH3Mja OAPXKUBOCTY NMyTeM Bpoja AUNIOMUPaHNX CTYAeHaTa U O4EKMBAHOT Tpajarba
XMBOTA, [OK je eKo/oWKa [AUMeH3Mja OAPXMBOCTW NpeAcTaB/beHa WHAMKATOPOM 3arpeMuHa
OTMagHuX Bofa. AHanu3a je CnpoBefeHa Ha Y30pKy Koju uumHu 21 rpag y Peny6auum Cpouju.
HaBeaeHn y30pak je nsabpaH y3umajyhu y 063vp AOCTYNHOCT nofgataka, npy Yemy je aHanmsvpaHa
nocnefta roguHa 3a Kojy cy 6unm goctynHu nogauy (2021 rogmHa).

Tabena 1:0nuc nHAMKaTopa YKbYYeHUX y Mogen

MHamkartop JetdmHuumja 3Bop

MpoceuHe 3apage oaunwwke npoceyHe 3apafe 6e3 nopesa OnLUT_MHe 1 pernoHu y Penybnmum
1 [ONPMHOCA, NO 3aroC/IEHOM Cpbuju, 2022

CTona 3anocneHocTu Bpoj 3anocneHnx Ha 1000 cTaHOBHMKA OnITUHE 1 PervoHu y Peny6nuuy

Cpbujn, 2022

Bpoj AMNNOMMpaHKX CTyAeHaTa Ha

Bpoj AMnnoM1paHux -
BMCOKMM LUKO/IaMa, akaziemujama i

OnLWTUHe 1 permoHn y Peny6Gnnum

cTyjAeHaTa (bakynTeTMMA Cpbujn, 2022
OyekvBaHoO Tpajate [MpoceyHO 04eKMBaHO Tpajare XMBoTa OnLuUTWHE 1 pernoHn y Penybnuum
KNBOTA XvBopoheHe fele 2019-2021. Cpbujn, 2022
3anpemvHa oTnagHMX YKynHe ncnyLiTeHe oTnagHe Boge No OnLTKHE 1 pernoHn y Penybnnum
BOJA CTaHOBHUKY Cpbuju, 2022
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3. PESYNTATU NCTPAXNBAHA N JUCKYCUNIA

Kpenpare KOMMO3UTHUX WHAEKCA OAPXMBOCTM rpagosa y Peny6nvum Cpbuju U3BpLUEHO je
npvmeHom EMS cogTeepa. Pe3yntaTu nctpaxmsarba NprkasaHu ¢y Ha Cnmum 1 v ykasyjy Ha 10 ga
je ofi mocmaTpaHux rpafioBa afiekBaTaH HVMBO OLPXMBOCTM OCTBapeH camo Yy beorpagy, Hosom
Cagu, MaHueBy ¥ YXunuy, OAHOCHO, Aa Buwe of 80% aHann3vMpaHux rpagosa Huije MoCcTMIOo
3afoBo/baBajyhm HUBO YypbaHe ofpxmeBocTu. [loped Tora, Kao npumep Hajborbe npakce
ngeHTuguKosaH je Hosm Cag, 6yayhn ga npefcrasmba benchmark 3a 17 rpagosa. Kao Hajsehu
M3BOPM Hee(MKacHOCTM rpagosa y Penybmvuy Cpbujn naeHTUGNKOBaHe Cy NMPOCEYHE TOAULLIHE
3apafie 1 cTona 3anocneHocTw, byayhu fa pesyntatv aHanmse Kof CBUX Hee(MKacHUX rpajosa
yKa3syjy Ha MoryhHoCTU 3a no6oJsbLuiake y 0BUM UHAMKATOpUMA.
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Cnvka 1: KoMnosnTHM NHAEKC OAPXXMBOCTM FpagoBa y Penybamum Cpbuju

XeTeporeHoCT y KOH(UIypaumju KOHKYpeHTCKe edimkacHOCTM Melly rpafosuma y Peny6aumum
Cpbuju je y cknagy ca umktbeHUUOM fda je Penybnmka Cpbuja cyouveHa ce HeyjefHAueHWUM
pervuoHasHMM pasBojeM, MpU 4Yemy Ce jaCHO MOXe WAEHTUPMKOBATU [OMMHALMja BENKKX
rpagckmx ueHtapa y HCTJ 1 jeanHuum Cp6buja-Cesep. [obujeHn pesyntatu cyrepuvwly ga 6u ce
NpuMcTyn  Kpeupawa CUTyauuoHo-npunarofeHe NOAWTWKe 3acHOBaHe Ha MHGopmaumjama
reHepucaHum npegioxeHum ,.benefit-of-the-doubt“ mopenom mory pgonpuHetTn no6osbllakby
e(hMKacHOCTH, a caMuUM TUM 1 No6osbLUIaky ypbaHe 04pXKMBOCTU rpagosa y Peny6nuum Cpbuju.

4. 3AK/bYYAK

CaBpemeHa MTepaTypa jacHO HarnallaBa BaXXHOCT M3padyHaBarba KOMMO3UTHUX HAEKCa paau
06e36ehera ONTUMANHOT AM3ajHa MONMTMKA YCMEPeHUX Ha noBehare OApPXMBOCTU TepuTopuja.
KOMNO3nTHM MHAEKCK NpeACcTaB/bajy jedaH of BeOMa KOPUCHMX anaTa 3a aHannvparbe NonuTuka
6ynyhn fa omoryhasajy nopeherbe u3Mehy pasiMunTux jefuMHMUA Y3 UCTOBPEMEHO Y3uMarbe Y
063vp BuMLLUE pa3BOjHMX acnekata. MocebHO ce HarnawaBa BaXXHOCT Kopuihera KOMMO3UTHUX
MHAeKca y CTyAujamMa OAPXWMBOCTW, UMajyhu y BuAY fa je Y NuTawby BULLEAUMEH3VIOHANHU
npobnem rge nopehere jeAMHMUA MO OCHOBY MOjeAVMHAYHUX WHAMKATOpa He fJaje afeKBaTHe
WH(opMaLmje HEOMNXOLHe 3a OLEeHY TPEHYTHWMX W Kpeupawe Oyayhux nonmMTvka yCMepeHux Ka
0CTBapety OAPXMBOr pas3soja. CTora je OCHOBHW Lu/b OBOT paja 6v0 fia YKaXe Ha BaKHOCT
afleKBaTHOT KBaHTU(MKOBaHa JOCTUTHYTOr HUBOA ypbaHe 0APXKMBOCTY, Kao M Npegnarate Mogena
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3a OuUeHy ypbaHe OApPXKMBOCTM 3acHOBaHOT Ha ,.benefit-of-the-doubt” npucTyny.YkmbyumBarse
MHOMKaTOpa OfPXMBOCTM y Yp6aHO nnaHuparbe MOACTMYE [YrOpPOYHY OTMOPHOCT, No6osbluasa
KBa/INTET >KMBOTA CTAHOBHWKA W [ONPMHOCK OMLTeM Gnaroctamwy rpaga. [oHoLlewe OAnyKa Ha
OCHOBY KOMMO3WTHWX WHAEKCa MOACTMYE NPUMEHY MOMMTKKA, NPOnMca U MHWULMjaTUBa Koje cy Y
CKMagy ca UMbeBMMa OLPXMBOr pa3Boja, MOLCTMYY NpaBuyaH pacT W ybnaxasajy Aderpajaumjy
XMWBOTHE CpeduHe. JpyrvmM peyuma, aHaimsa KOMMO3UTHWX WHAEKCa MpefcTas/ba MOTEHLMjasHO
OANyuyjyhn 13Bop MHopMauumja 3a OMTUMATHO Kpeuparse pasBojHUX MOAUTUKA YCMEpEeHWX Ka
OCTBapery OAPXKMBOr pa3soja. [peno3HaBarbeM Mefy3aBUCHOCTU U UHTEpaKLnje 13Mehy eKOoMOLLKKX,
JPYLUTBEHMX 1 eKOHOMCKMX (hakTopa, rpagoBu MOry YTpTv NyT Ka oapxumeujoj byayhHocTu. Byayha
UCTPaXKMBaKba Y 0BOj 06/1aCTM MOy GUTW yCMepeHa Ka aHanusvparby BuULLEe MNeprofa Kako 6u ce
VAEHTUKOBAO TPEHS, KpeTakba 0APXKUBOCTM YpbaHux nogpydja y Peny6nuuy Cpbuju.
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Abstract: The paper presents a hybrid model of choosing a combat unmanned ground platform using the
Defining Interrelationships Between Ranked criteria (DIBR) and grey - Evaluation based on Distance from
Average Solution (G-EDAS) method. This model has been tested and confirmed on a case study in which
combat unmanned platforms for the needs of the military were optimized. The criteria were defined, and then
the DIBR method was used to determine the severity of the criteria. The ranking and selection of the most
favorable alternative (combat unmanned ground platform) was carried out using the G-EDAS method. The
proposed model has proven to be stable and is a reliable tool for the decision maker when choosing.

Keywords: Defining Interrelationships Between Ranked criteria (DIBR), Evaluation based on Distance from
Average Solution (EDAS), grey number, unmanned ground platform, MCDM.
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Mpadmk 2: MNybamkaumje M HUXOBM UMTATU Y KojuMa ce nojas/byjy KbyuHe peun “flood” AND
“environmental risk” AND “model” ny6nmkosaHu og 2003. — 2023. roguHe
W3Bop: EnaGopyrpaHo of cTpaHe ayTopa

Tabena 1: 3em/be/pervoHn U3 Kojux cy aytopu nybnukauuja

3emsba/pervioH Bpoj nojasbusarba MpoueHaT og 94 nybnvkaumje [%]
nyénukaumja

HapogHa Peny6nvka KuHa 20 21,277
YjeantbeHo KparbeBCTBO 16 17,021
CjeanrbeHe Amepuuke [ip>xase 14 14,894
Wtanuja 10 10,63
Hemauka 8 8,511
AycTpanuja 7 7,447
dpaHuycka 6 6,383
XonaHauja 5 5,319

M3Bop: EnabopupaHo o4 cTpaHe ayTopa

MoTom je ypaheHa 6MGNMOMETPUjCKA aHanM3a cagpXkaja pagn WAeHTU(MKOBaHa rNaBHUX
TEMaTCKMX KaTeropuja Koje ce Mojae/byjy y 06nacTv mnonniasa, eKOMOLWKWUX pU3MKa 1 Mogena.
My6nukaumje cy wmnoptoBaHe Yy VOSviewer CcohTBEpCKM anat pagu KOHCTpyucarba W
BM3yenm3aumnje OUGNMOMETPUjCKE Mpexe Yy aHanu3n knactepa. Of yKynHo 94 wcTpaxeHa
AokyMmeHTa 13 WoS 6ase, nytem kopuiwhewa VOSviewer-a, MAEHTU(MKaALMjOM je JOOMjEHO YKYMHO
13 K/byUYHMX peumn Koje Cy aHa/M3npaHe KnacTepaBakeM, [OK je Manuparbe HUXOBOT 3ajeaHNYKOr
nojas/bMBarba y Nybnmkaumjama y ucTpaxmsaHum KbydHum pednma “flood” AND “environmental
risk” AND “model” npukazaHo Ha Cinum 1.

UBOpOBM Ha CAMUM NpeAcTaB/bajy K/by4dHe peun. HbuxoBa BeMUMHA je  MHAMKATOP
(hpekBeHUMje nojaB/bMBarba 0ApeheHNX K/bYUHUX pedn y nybnvkaumjama Koje Cy aHanmsvpaHe.
UBopoBM Cy MOBE3aHW fMHWjaMa Koje MnpeAcTaB/bajy WHAMKATOpe 3ajefHNYKOr MNojaB/biBar-a
K/bYYHMX peun y nybnukaumjama, a eb/bmHa NMHMje ykasyje Ha 6poj 3ajeAHUYKUX NOjaB/bMBakba.
AHanunsa je kao pe3ynTar gana Apa Knactepa, Tj. ABe pa3iuunTe TeMe — 3e/IEHN U LIPBEHN.
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Cnuka 1: KoHcTpymncaHnu knactepu kibyuHux peumn “flood” AND “environmental risk” AND “model”
W3Bop: EnabopupaHo of cTpaHe ayTopa
*AHanu3a je cniposegeHa 29.04.2023. roanHe

LipeeHn knactep (Knactep 2) je Hajsehu jep cagpXu cefam K/bYyYHUX peyn, ako OHe UMajy
Matby (DPeKBEHLMjY MojaB/brBatba 0f KibYUHUX peyn y 3eneHoM knactepy (Knactep 1). Cactoju ce
og cnegehnx Kby4HMX peun: climate change (kiumartcke npomeHe), decision making (goHoLwere
oanyka), flood risk (pusnk og nonnasa), model (Mogen), uncertainty (HecurypHocT), environmnetal
risk assessment (oLieHa €KOMOLIKOr pu3mnKa), river (peka). KibyyHa pey ca Hajsehom (hpeKBeHLMjoM
je KnMMaTCcke NpoMeHe Ha Kojy je 0Baj KnacTep ycmepeH. KnacTep 2 ce 0f 0Be K/byUHe peun Luvpu
y Knactep 1. Takohe, cBe K/by4He peun 13 0BOT Knactepa Lumpe ce y Knactep 1.

3eneHn knactep (Knactep 1) je cnefehn no BeNMUMHW jep CafpXXy LUECT K/bYUYHUX peyn:
environmental risk (ekonowku pusuk), impact (ytuuaj), risk (pusuk), vulnerability (patbunsocT),
perception (nepuenuuja), flood (nonnasa). KmbyuHa pedy ca HajBehom (DPEKBEHLMjOM Y OBOM
KNacTepy, a 1 reHepanHo nocmarpaHo, je ekonowku pusnk. Of we ce Knactep 1 wupn y Knactep
2. CBe K/by4He peun ce wupe y Knactep 1.

OHO LWITO je 3aHUM/BMBO je fJa Ce Of MUCTpaXuBaHWX Kby4yHux peun “flood” AND
“environmental risk” AND “model” pobuja ga cy nonnase nosesaHe ca Knactepom 2 kome
npunagajy, a fa ca [pyruM KnactepoM Cy camo MoBe3aHe ca KAMMAaTCKUM MpomeHama W
HecurypHowhy. Takofje, aHa/M3a je Nokasana HeAo0BO/LHO Ny6/vKalmja Koje ce 6aBe mogenvuma u
MOJefioBakbeM Yy 0611acTW Monnasa, jep OBe [BE K/byUYHe peunm HUCY [VPEKTHO MoBe3aHe
(MVHAMPEKTHO Cy MoBe3aHe NPEKO K/bYYHWUX Peyn eKOMOLLKU PUSKK 1 KIIMMATCKE NPOMEHE).

4. 3AK/bYYAK

YNpPKOC YnkbeHNUM Aa pacTe 6poj NpupoaHMX katacTpodia, Kao U 6poj pagoBa 06jaB/LeEHUX Ha OBY
TeMy, U Ja/be je eBWAEHTaH HegocTaTak AOBO/LHOI 6poja pagoBa. Takohe, 3abpurasajyha je
YnkbeHMUA da je NpUMeTaH U HepocTaTak Ny6aukalmja o MofdenoBaky U3 oBe ,,ropyhe* 1 KpusHe
06nacTn. Ha »anoCT Lenor YOBEYaHCTBa, Y He Tako Aanekoj byayhHocT Mohu he ga ce npumeTtu
MHOro Beha (pekBeHUMja Hay4yHO-UCTPAKMBAYKUX pajoBa O MPUPOAHWUM KaTacTpodama W
HUXO0BAM MNOCMEAUYHUM €KOOLKMM pu3nuMMa, JOK he umcToBpemeHO cBe Behu npoleHaTt
YOBEYAHCTBA CMafaTh y yrpoxeHy nonynauujy — 6uhe T0 HOBa CTBapHOCT HeABOjOMBO M3a3BaHa
rno6aHUM 3arpeBarbem 1 KIMMATCKUM NpoMeHama.
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MHHUCTAPCTBO OJBPAHE
H BOJCKA CPBHJE

CHMMO3HJYM
0 OMNEPALMOHHWM
UCTPAXKHBAUMA

r SYM-OP-IS 2023
‘ Tapa, 18-21. 9. 2023

OBHOBA PECYPCA XOPOMETAJTYPLUKNX MPOLUECA N HHNXOBA
OMNEPALMNOHA ONTUMN3ALUNIA 3A NMPOLECE NMPON3BOAHE
AJNNTEPHATVBHE EHEPTVJIE N SAWUTUTE XXUBOTHE CPEAVHE — NMPVKA3
OxyRePair MPOJEKTA ®OHAA 3A HAYKY PENYBJIMKE CPBENJE

RENEWAL OF THE RESOURCES OF HYDROMETALLURGICAL PROCESSES
AND THEIR OPERATIONAL OPTIMIZATION FOR ALTERNATIVE ENERGY
PRODUCTION AND ENVIRONMETAL PROTECTION — AN INTRO TO
OxyRePair PROJECT OF THE SCIENCE FUND OF THE REPUBLIC OF SERBIA

MAJA CTEBAHOBUR!, MAPUIA MUXAUNOBUR?, MAPKO CTEBAHOBUR®, FABPU/IO
LUEKY/TAPALZ, KATAPUHA BOXUR?**, MAPUIAHA MAHTOBWT NMABJIOBUR**, MUPOC/IAB
MNABJIOBUR**, 30PAH PALJOVYNTR®, JACMUHA CTEBAHOBUR*, BNAANMUP MAHU R4

! Minoaumonm LueHTap TexHONOLWKO—-MeTanypLIKor dakynTeTa, beorpas
2 YumsepauTeT y beorpafy, VIHCTUTYT 3a XeMujy, TEXHONOTMjY 1 METanyprutjy, IHCTUTYT o HaumoHanHor
3Hauvaja 3a Penybnuky Cpbujy, beorpaa, marija.mihailovic@ihtm.bg.ac.rs
3 PAM - PakynTeT 3a MeHayMeHT, Cpemckun Kapnosum
* IXTM LleHTap 13y3eTHUX BPeAHOCTY 3a XeMU]y 1 MHXEHEPUHT XNBOTHE CpenHe, beorpag,
® baKyNTeT OPraHM3aLMOHNX HayKa, YHUBep3nuTeT y beorpaay
6 [pxasHu yHnBep3uTeT y HoBoM Ma3apy, Hosu Ma3ap

Pesnme: WHOyCTpWjcKM nmpoLecu MpoW3BOAHE /MMEHWX KOHTEjHepa 3a nakoBare XpaHe, eKcTpakuuje
NIEMEHUTUX MeTana, caHauuje WHAYCTPWUjCKMX OTNajHUX BOAA W KOHTAMUHMPAHOr 3eMbulTa U
MPOW3BOAHE BOLOHNYHOT ropyBa U3 06HOB/BMBUX U3BOPA EHEPruje 3axXTeBajy XeMUjCKM CTabunan/eKonoLwku
npuxsaT/bMB MaTepujan cnocobaH Aa oKcuanpa Body 1 OpraHcke 3arafusade y3 Manu yTpoLak eHepruje.
OBW NpoLecn cy TUNNYHU XUAPOMETaNypLUKN ca NOTPOLLUHKOM eNeKTPUYHe eHepruje, Koju KopucTe Kao
€HepreTCKN pecypc aHofe 04 TWTaHa ca akTUBHAM U CKYNUM NPemasoM Of, OKCUAa NNeMeHNTUX MeTana
OrpaHuYeHor Beka Tpajawa. HakoH ferpapauuje, aHoge Tpeba OLNOXKMTM Kao NPOLECHU oTnag wm
aHofHW npema3s Tpeba 0OHOBUTY Y3 BeNMKe TPOLLKOBE. PafiHu BeK, aKTUBHOCT U LieHa HOBUX/O6HOB/LEHMX
npeMasa 3aBWCe Off HMWXO0BOr cacTasa, CTPYKType U feb/biMHe M HauMHa HaHoLlewa Mpemasa ca
yjegHayeHoM pebbuHe. [MpojekaT OxyRePair ®onga 3a Hayky Penybnuke Cpbuje Koju peanusyje
VHCTUTYT 3a xeMujy, TeXHONOrujy 1 meTanyprujy ucTpa>kuhe Hosy npoLefypy npou3sofre/o6Has/barba
aHoga ca ONTMMM30BAHOM MeTOZONOTMMjOM 3a AVPEKTHY MPUMeHy Yy MOroHMMa [foMahux Komnauja.
Mpoueaypa he 6UTK onepaunoHo onTumMmusosaHa Fuzzy nornmukum Takagi-Sugeno npucTynom wu
npeno3HasarmeM LWabN0Ha 3a MPOW3BOAMY HOBMX aHOAA 3a eKOMOLIKW NpUXBaT/buee NpoLece TpeTmaHa
Tna 1 OTNagHuX BOJA, KaTOfHe 3aWTuTe y 3eMBUWTY, MOPCKOj BOAU W BETOHCKUM METaIHUM
KOHCTPYKLUMjama, Kao 1 aHofa BOLEHUX efleKTPOon3epa 3a Npou3sofby BOLOHUYHOT ropuBa U3 06HOB/LUBNX
13Bopa eHepruje. PesynTaTu he yTULaTK Ha CMarere UHAYCTPUJCKOT 0TNaja, 0P KMUBY NOTPOLLY U
NPOM3BOAY EHepruje, kao M TPOLUIKOBE MNPOW3BOAME Y MpexpambeHoj WHAYCTPWju, MeTanypruju u
3aWTUTY Of KOpo3uje, y3 WCTOBPEMEHW OAP>KWMBM Hanmpedak Ka uMcTUM TexHonorujama y TeLkoj
UHAYCTpUjU.

Krby4He peun: 0fp>K1BM UHAYCTPUjCKN CUCTEMU, YNCTMje TEXHONOTMje 3a CKNaauLLITetbe eHeprije ns
OAP>KMBUX U3BOPA, yHanpehere NOCN0BHUX MOAEeNa CMarbereM NPOLIECHOr 0Tnaja, noseharbe eHepreTCKe
ehukacHOCTU, NPOjeKTOBakEe NPOLECHUX MaTepujaia NPoJy>KeHOr BeKa Tpajara CMaree 3araherma
TpeTMaHOM OTNajHUX MHAYCTPUjCKNX Bofda 1 3arafeHor 3eM/bULLITa, CMakbeHa emucuja 3arahyjyhmx
maTepuja.
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Abstract: Industrial processes of the production of tin containers for food packaging, precious metal
extraction, remediation of industrial wastewaters and contaminated soils and hydrogen fuel generation from
renewable energy sources require a chemically stable/environmentally-friendly resources able to oxidize the
water and organic pollutants with low energy consumption. These processes are typically
hydrometallurgical with electrical energy consumption, which employ titanium anodes with an active and
expensive coating of precious metal oxides of limited service life. Upon degradation, the anodes are to be
disposed as process waste or the anode coating should be repaired externally with high costs. Service life,
activity and prize of the new/repaired coatings depend on their composition, structure and thickness and
application method for imperatively uniform-thickness coatings. A novel anode production/renewal
procedure will be investigated within OxyRePair project of the Science Found of the Republic of Serbia
realized by the Institute of Chemistry, Technology and Metallurgy of the University of Belgrade, involving an
optimized easy-to-use methodology for in-site procedure for the reparation of waste anodes of improved
service characteristics. The procedure will be validated by operational research applying Fuzzy logic
analysis by Takagi-Sugeno approach and pattern recognition for the production of new anodes for the
environmentally-friendly processes of wastewater soil treatments, cathodic protection of in-soil, sea water
and concrete metallic constructions, as well as the anodes of water electrolyzers for hydrogen fuel
production. The results will impact the reduction of industrial wastes, sustainable energy consumption and
production, as well as production costs in food industry, metallurgy and corrosion protection, with
simultaneous self-sustainable progress toward clean technologies in heavy industry.

Keywords: sustainable industrial systems, cleaner technologies for energy storage, improvement of business
models by reduction of process wastes, increase in energy efficiency, design of process materials of
increased service life.

1. YBOZ,

VMHoBaTMBHa npouefypa 3a MOTNyHy o6pady W penapauujy OTMagHUX TUTAHCKUX aHoja Yy
VHAYCTPUJCKMM MPOLIECMMA KOjU YK/byuyjy CMOpefHy peakuujy OKCupaumje BOAe Y3 YTpoLuak
e/leKTpPUYHe eHepruje NpefMeT je onepaLyoHOr UCTpaXkMBarba y OKBUpY npojekta OxyRePair koju
he y nepuogy 2023-2025. ¢mHaHcmpatn doHA 3a Hayky Penybnvke Cpbuje. lMNpojekat he
MOHYAUTWU MpoLeaypy jeAvHCTBeHY Yy fomaheM W PerMoHanHoOM WHAYCTPUjCKOM MOCTIOBHOM
OKpY>Xetby. TpeHyTHO, o6pafja W penapauuja 3axTeBajy 3HaTHe TPOLLKOBE 3a WHAYCTpUjCKe
KOMMaHWje Koje MpaKTVKyjy npoLece ca oKcuiaumjom Boge. Moctynak penapayuje he no npsm nyTt
61T onepaLyoHO ONTUMM30BaH Kako 61 ce npeaBuAen napamMeTpu 3a NPOV3BOAKY HOBUX aHoAa
6uno Kor 0651MKa Koju 3axTeBajy cneuuduyHu npoueck. Ouekyje ce aa he CTpaXMBare YTBPAUTH
CBe Kopake 3a MmpunpemMy/npon3BOAtbY: MeXaHUYKY penapauujy, hopmynaumjy npemasa u pexum
TepMuuke 06page npemasa. MnaBHM LW/ je npesBuiarbe YCioBa CBakor MojefyHauYHOr Kopaka Kako
6u ce [OCTUrao NPUXBAT/LUB PafHN BEK Pecypca 3a eKOHOMCKY MPUXBAT/bYB NOCTYMNaK penapayyje.

MocTynak he 6UTK TecTMpaH Kako O Ce OMepaLMOHO MOCTaBW/ia Kopenauuja napameTtapa
MOCTYNKa ¥ MpoLecHnX nepgopmaHcy pecypca. OBO he YK/bYUMBATU  EKCMEPUMEHTA/IHO
NCMINTUBAME K/bYUYHWMX CBOjCTaBa OGHOB/LEHOr pecypca Y (YHKUMjU napameTapa MocTynka
npunpeme 1 06HoBe. AHanmsa Fuzzy normukum Takagi—Sugeno (TC) NpucTynoMm 1 CTaTUCTUYKUM
npeno3HaBarbeM LuabnoHa he 6GUTW NprUMerbeHa 3a Kopenaumjy napameTtapa NocTynka v cacrasa
pecypca ca HherosuM 0CHOBHVM MPOLECHWM CBOjCTBIMa MaLLVHCKO Yuere SIMHeapHOM PerpecujoM
6uhe npumereHo 3a npedsuharbe W NPOLEHY MepdopmaHcK pecypca 3a pasnnumTe MpoLiece.
AKTVBHOCTY NpojekTa 6v Tpebano ga fgocturHy TPJ1 HMBO 5, fa 61 ce omoryhunu TPJ1 HuBom of, 6
[0 9 y eBeHTyanHoj Tpehoj rofuHn peanunsaluje NnpojekTa.

MpegnoxkeHa npouedypa he omoryhut Kpajium  MHLYCTPUJCKMM  KOPUCHULMMA  Aa
KOMNNeTUpajy LMpKYyIapHy eKOHOMWjY Y Be3n ca ynoTpeGoM pecypca y CBOJUM MPOM3BOAHUM
npouecvma. [leakTvBMpaHU pecypc, Koje ce offlake Kao MNpoLecHW oTnag, obHas/bahe camu
KOPUCHULM Mpema npegioXeHoM noctynky. OBo he 3HayajHO CMawbWTW TPOLLKOBE Be3aHe 3a
oAnararbe n 6pury o oTnagHWM pecypcuma, HabaBKy NpoLecHe onpeme v penapauujy oTnagHuX
pecypca.
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OCHOBHY Lw/b je Aa ce nNpoLedypa reHepanvsyje n onTuMuU3yje 3a CBe acrnekTe nNpuUMeHe, Kao
WTO je KaToAHa 3alTWTa YeNMYHUX KOHCTPYKUMja Yy 3eM/bULLTY, MOPCKOj BOAM W GETOHY
HaMeTHYTUM CTpyjama, TpeTMaH WHAYCTPUjCKMX oTnagHux Bofa [1, 2] u enekTponusa Bofe 3a
3eN1eHOr  BOAOHWYHOr ropvBa W3 OOHOB/BMBUX W3BOpa EHepruje, Kao LITO Cy conapHa K
BeTpoeHepruja. Llnmb npojekTa ce 0AHOCK HajBuMLUE Ha CneunduyHe MHAYCTpUje Koje NpuMerbyjy
eN1eKTPOXeMmjCKe NpoLiece 3a MPOM3BOAKY W TaNnoXewe MeTana. Y OBUM MpoLecuma, CynpoTHa
peakuuja eBONyLMje KUCEOHWMKA W3 KUCenux pactBopa. KommaHwje 3a npousBogwy MeTana,
noce6HO OHe KOje MPOM3BOAE Mpax M/JEMEHUTUX MeTaa U ambanaxy 3a XpaHy, He MpakTUKyjy
penapauunjy Kao Kopak 3a OApXWBW 3aTBOPEHM Kpyr ynotpebe aHoja Kao pecypca, Beh 6upajy
n3mely KynoBuHe HOBMX W penapauyje AeaKTUBMPaHUX aHOAA, Y 3aBUCHOCTW Of UCMNATUBOCTM.
CxofiHO TOMe, [eaKTVBMpaHe aHode Ce akyMynupajy Kao MNpOLecHW oTnag W 3ay3umajy
npoussogHu npoctop. Mpoueaypa he omoryhnTn KomnaHujama fa 3aTBope Kpyr ynotpe6e aHoja
ONTMMM30BaHOM METOAO0JIONMjOM KOja je jefHOCTaBHa 3a Kopulherse 3a Mpouedsypy penapaumje
0TMafgHUX aHoda Ha nnuy mecta. Mopeg Tora, NPojeKTHe akTUBHOCTW he NPeanoXUTU creLnuduyHy
npoLieaypy 3a [aTo MPOM3BOAHO OKPYXXEHe Kako 61 Ce NPoAyXXMo pafHW BeK aHoAe, a CaMvuM TUM
M CMawWia Y4ecTanocT MOBPEMEHUX MpeKkuia mnpoueca MPOM3BOAHE 3a 3aMeHy aHoja.
Cneundmuna npouedypa Ha nuuy mecta he Ha Taj HauMH 3HauyajHO CMambWTW TPOLUKOBE
MpOW3BOAHE M NOBOSBLLIATY YNPaB/batbe MHAYCTPUCKUM O0TMagoM Yy NOMeHYTUM npeay3ehuma.

[nobanHo, aHofe 3a oKcuAauujy BOAE CY YK/byUYeHE Yy Mepe 3a CMaree emMucuje YribeH-
AVOKCUAa anTepHaTMBHOM ¥ OGHOB/LMBOM MPOM3BOAKOM eHepruje. AHode Cy [e0 eKOHOMMje
3eN1eHOr BOJOHWMKA, jep Ce 3efleHN BOAOHWK NMPOM3BOAM UCK/BYUMBO Y BOAEHUM €fleKTPOnmn3eprnma
ca aHogama 06/10KeHNM OKCMAOM KOju ce Hamajajy 13 06HOB/bMBUX M3BOpa EHEPruje Kao LUTO Cy
BETpOreHepaTopu uau conapHe henuje.

2. KOHUENT N METOA0M0IM’MJA OMNEPALINOHNX UCTPAXVBAHA

OCHOBHY NpeAMET akTUBHOCTU Ha MpojekTy OxyRePair jecTe npumeHa caBpeMeHUX MeToja Hayke
0 MaTepujaniuMa y Crpesu ca onepalvoHUM UCTpaXmBarkbyMa 3a ONTUMM3aLuMjy npoueca 06HoBe
VHAYCTPUjCKMX pecypca u3 oTnaga. OHa obyxBarta U3HanaKee ONTUMaIHOr cacTaBa U CTPYKTYpe
06HOB/LEHOI pecypca WHOBATMBHOM XEMWjCKOM CMHTE30M Y3 MWHUMAIHW YTPOLUAK CKYMUX
KOMMOHEHTW KOpenawujom CTPYKTYpe, cacTaBa W nepdopmaHcm 3a NoTeHumjanHy npumeHy nomohy
METOZ0N0rvje Mpero3Hasama LabnoHa U MaLLVHCKOr yuera. ako noctoje 6pojHW nuTepaTypHu
nojaun Koju ce OHOCE Ha aKTMBMpaHe TWTaHCKe aHOAEe W Pecypce Ha TPXWULITY NO3HaTe Kao
OVMEH3MOHO CTabunHe aHofe KOju M3BellTaBajy O pas3MuMTUM TUMOBMMA UM KOHCTPyKUMjaMa
aHofa 3a pasnuuuTe MpUMEHe, He MOCTOje jaCHe MeTOfOMornje M KOHLEMTU KOju Lnbajy Ha
Kopenauuje usmehy gopmmparsa aHoda U bUX0BMX nepdopMacy 3a JaTu npoLec, a nocebHo 3a
cTabunHOCT Mmpoueca W BeK Tpajawa aHode Kao pecypca. CylITUHCKA Besa M3MeRy CTpyKType v
mopdonoruje pecypca, MeTofa CMHTE3e 3a MOTNYHY KOHTPOy nepopMaHcK aHofe je YrnaBHoM
Herno3HaTa. OBM MapameTpu AVPEKTHO YTWYy Ha MOTPOLUbY eHepruje y AaToM WHAYCTPUjCKOM
npouecy. Ha pagHu Bek A0AaTHO yTuYe yjeAHAY4eHOCT akTuBHe AebsbuHe pecypca. Kao pesyntat
M30CTaHKa Moy3faHe Kopenaupje, pafiHi BeK WHOYCTPUJCKMX aHOAa MOXKEe GUTU 3HATHO HUXMW Y
OAIHOCY Ha OHe HaBefleHe Yy /mTepaTypyu W cneuuduKkaumjn adHoga ycnef CreuupnyHoCcTv
napametapa npoueca y AaTtoM okpyxewy [3, 4]. Mo npasuny, OyXW BeK Tpajarba 3axTeBajy
NNEMEHUTUjE N CKyM/be KOMMOHeHTe Yy opMynauujamMa npemasa, LITO 3HayajHo nosehasa
TPOLLIKOBE NPUNpeMe aHofa Un peakTuBaLmje NCTPOLLEHNX OTNaAHUX aHoa.

MpojeKTHEe aKTUBHOCTU CY YCMePeHe Ha UCTPaXKuBatbe NOrofHOr MOCTyMKa 3a 06HOBY pecypca
KOju 61 UMao feduHMcaHy CTPYKTYpY Ca HajMawum MOryhmm cagpyxajeM AparOueHuX U CKymnux
KOMMOHEHTW. CTaTUCTUYKIN NOTUYKM aiaTh U MaLLMHCKO yyerbe he 6UTW NpuMereHn fia ce Josesy
y Kopenaumjy (M3MyKo-XeMmjcKa CBOjCTBa pecypca M MocTynak OBHOBE OTMafHWMX aHofja ca
nepdopMaHcama pecypca Koju yTuuy Ha NoTPOLUHY eHepruje 1 pafHu BEK aHOAe.
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2.1. KoHuenT ctatncTuuke kopenaymje nepcopmaHcu pecypca, cBojctasa 1
napameTapa nocTynka o6HoBe pecypca

Kopenauuje n3melly napavetapa Koju yTuuy Ha crneuuguyHe nepgopmaHce pecypca Cy CKOpo
Herno3HaTe, a HeKN 0f KX Cy MOTMYHO Ha eMMUPUJCKOM HUBOY. PafHu BeK aHofe Y peneBaHTHOM
OKPYXEhY, Ka0 HajBaXHWje MuTarbe, UUMHM Ce HajTeXe 3a MpOjeKToBawe Ha OCHOBY
nabopaTopujcKMX ekcnepuvmeHarta u npefsuharba ca NpyMxBaT/bMBOM TauyHowhy. AHanusa Fuzzy
norvkom nomohy (TC) npuctyna he 6UTK NpuMerseHa y 0By cBpXy [5]. Ouekyje ce fa aHanmsa
6yae kopucHa v 3a npeasuharbe U NPoLEeHy nepgiopmMaHcy pecypea y pasnuynTuM npolecma u
nprMeHaMa y Kojuma ce ofmrpasa OKcuiaumja Boge nof ofpeheHVM MpOLECHUM YCMoBUMA
(npeunwhasarbe OTNaAHWMX BOAA, PEMeAMnjaLmja 3eM/bULLITA, 3e/IEHN BOLOHUK U3 CYHUYEBE U BETPO-
eHepruje, UTg.).

Y 0KBWpY Nornykor npuctyna 6uhe 3abenexxeHe noysgaHe YnMkbeHULE W 3aK/byULM Y 06INKY
npaBuna. 3a MoBe3uBawe WUCKasa KopucTuhe ce ornepatop MoBesvBawa (t-Hopma) “min”.
KombuHaumja noBe3aHOCTM CBUX M3pasa ofpefyje CTereH WCNyHEHOCTW MpaBuia Wan cHary
nokpeTara npasuna (rule firing strength) nowTo n3paxasa KonMKo A06PO NPeTNocTaBKa OAroBapa
JaTVM BPeAHOCTVMA YNa3HWX NPOMEH/bMBKX. 3a Lieo Fuzzy cucTem, BaXHWM Ce CMaTpajy camo
CTeneHn ncnymwera Behn off Hyne. HakoH LITO Ce M3padyHa CTeneH UCMYHEHOCTU NojeAnHaYHOr
npasuna, AONPUHOCK NojeAMHaYHNX NOCNEANYHUX CermMeHaTa Mopajy ce OAPeauTH W CKIoNUTK Aa
6u1 ce akymynaumjom gobuo pesyntar Fuzzy cuctema M KOHa4yHO NPeHeTW Y y3aK JoMeH de-Fuzzy
KopakoM. TC mpucTyrnom ce u3padvyHasa CTEMeH NPUNagHOCTV CKyny 3a CBe WcKase Wi(x;), i =
=1..,Muj=1,..,p, rge je M 6poj npasuna Fuzzy cuctema, a p je 6poj ynasHux napamerapa X;.
Vcxog Fuzzy mogena je Tafa feMHUCaH Kao:

M
fiXiX

rfe je x ynasHu Bektop, a fi(X) = Wio + WiiX1 + WiXa +...+ WjpXp PYHKLUWja NMHeapHe perpecuje.
AKo ce Fuzzy mofien npuKaxe Y KOHjyKTUBHOj HOPMasHOj hopmuy 1 min (hyHKLMja UCKOPUCTK 3a t-
-HOPMY, OHAa Ce CTeMNeH UCMYHEHOCTY Npaswia AeuHuLLE Kao:

i X mln[ ij Xj ] 2

3a aHasm3y napameTapa y npojekTy kopuctuhe ce Maycosa (yHKUMja 3a AerHULM]Y YnaHoBa
cKyna:

2
C G 2
i Xj e XiGi /2§ 3

rfie je Cij 04eKnBaHa BpeAHOCT [aycose (yHKUMje, a  Z BapujaHca.

Fuzzy mogen onTmm3yje NpeTnocTaB/beHe He/lMHeapHe napameTpe — napameTpe y Yy3pOoUHOM
Jeny npaswna Koju ogpehyjy (yHKUMje NpUnagHOCTU, Kao WHWXOBE MOM0XKaje W LUMPUHE W
NnHeapHe napametpe (Wip) y MOCNeAMYHOM fAeny npaswuna. JIMHeapHW napameTpu ce Nlako
npoLewyjy MeTofoM HajMarbUx KBagpata. OnTuMuMsalmja CTPYKType npasuna je KOMOUHaTOpHM
Mpo6nem Koju Ce MOXe PeLUMTV BasbaHUM WM3BOPOM JIMHEeapHWX MOACKYMOoBa WM HelMHeapHOM
rnobasHoOM ONTUMK3ALUMjOM, Ha MPUMep ONTUMW3ALMJOM Ca TEHEPUYKUM anroputMoM Unu
ONTMMM3aLUMjOM  3HAYajHUX HaKymnuHa nojegMHayYHMX NpoOMeH/bMBMX — particulate  swarm
optimization .

PesynTtatn Fuzzy NOrMykor HenvHeapHOr NpUcTyna aHain3y napamerapa 6uhe akTMBHOCTMA
npojekta [oAaTHO yropehieHn ca pesyntatMa MeTOfe MAlUMHCKOT Y4eta Ha OCHOBY
npeno3HaBarba LWabnoHa. MallMHCKO yuere Y 0BOM Crlyyajy 3aCHMBA Ce Ha MOAENoBatkby 0fHOCa
n3Mefy 3aBUCHUX 1 HE3aBMCHMX MPOMEH/BUBMX Y3 NPUMEHY SIMHeapHMX yHKLMja npeavikuuje [6].
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Kao He-napameTapcKv HafrnefHN anropuTMmn MalLMHCKOT yuewa 6uhe KopuwheHu anroputmu k-
-Haj6nmKmx cycegHux napametapa (K-NN). Yna3 3a anroputaMm YMHM 03HAYeHW CKyn nojataka 3a

nposepy:
D {Xilyi }yl 1..,n 4

rge je Xj BEeKTOp perpecuje, yi 03HaKa Knace WM KOHTUHyalHa M3na3Ha NpoMeH/buBa, a n 6poj
ynasHUX NMPOMEHBMBUX Y CKyny nofaTtaka. Kako 61 notBpavnu npegukumjy (03Haky kiace uim
KOHTUHYMpaHy LWbHY NpoMeH/buBy), anroputmu Tna k-NN npoHanase k Hajonvmkux cycefHux
napaverapa Tauky ynuTa X; W MpenosHajy 03Haky knace (Tj. KnacuuKyjy) wav npenosHajy
KOHTUHYMpaHy LW/bHY NPOMeH/bMBY (Tj. perpecmpajy) ca Hajsehum 3HavajeM. Y perpecuju tuna
k-NN, npeasuhare 13nasa je 3aCHOBaHO Ha Ba/baHOM O3HauaBawy k Hajonvdkux cycega. VM3nasHa
3aBMCHO MPOMEH/bIBA Y je Tafa NPOCeK 3Ha4ajocTu k Haj6nvkmnx cyceaa:

9j L 5

Haj6orby n3bop BpedHoCTM K 3aBMCK 0f KBasMTeTa YnasHWX Mojataka. YOnwTeHo, Behe
BpeAHOCTU K cMatbyjy HenoysfaHoCT Knacudukauumje, anv josoge Ao Beher npeknanarwa rpaHuua
n3Mehy Knaca — OHe Cy HenpeumsHuje fedmHucaHe. ONTMaHa BpegHOCT 3a k ce Moxe n3abpatu
pasHUM XeypuCTUYKUM TexHukama. MpomeHoM BpefHOCTM k yTuue ce M Ha cnoxeHocT K-NN
mofena. Mopa ce npoHahu fo6ap KoMnpoMuc uamelly ,,MPUCTPACcCHOCTM® (MOAEN HUje [OBOSbHO
C/TOXEH Aa Jo6po YKIOMM NofaTke Kaja je K NpeBenvkK) 1 Benvke BapujaHce (MoLen ce npesuLle
yKnana y nogatke kafa je k npemano). JegHa og rnasHux npegHoctu k-NN npuctyna je fa je
penaTMBHO Nak 3a WMMJEMeHTauujy W uHTepnpeTauujy. Ocum Tora, CBOjUM MPUCTYMNOM
anpoKCcMMaLMjun CNOXEHNX TN06aTHNX (hYHKLMja NIOKAHO, MOXe 6UTWM MohaH NPeayKTUBHU MOZEN.
Jow jegHa nmpegHocT je wTo k-NN nmpuctyn uma pesyntate focnegHocTv. Kako ce KonmumHa
nogaTaka npmbénmkaea 6eckoHa4HOCTH, ABOKMacHM K-NN anroputam faje CTony rpeLuke Koja Huje
Beha of ABOCTpyKe BajecoBe cTone rpeluke (faje MUHUMaNHy AOCTUXKHY CTOMY rpeLuke 3a paty
ANCTpMbyLMjy nopaTaka).

3. BAK/bYYAK

MpefcTaB/beH je MPUCTYN ONepaLMoHUM UCTaXMUBabMa Ha NpojekTy OxyRePair koju unHaHcupa
doHp 3a Hayky PC y okBupy “3efieHor mporpama”, Koja MMajy 3a Lb [a KOpenuvLly napameTpe
CVHTE3e U CBOjCTaBa 0GHOB/LEHOI MHAYCTPUjCKOT pecypca, ca BEIMKMM NOTEHLMjaNIoOM NPUMeHe 1
Yy BUWLE 3HAYajHUX [PYruxX WHAOYCTPUJCKMX W eHepreTckux 06n1actu, ca  3axTeBaHWUM
nepgopmaHcama y 6yayhoj 06nacTvi nprMeHe.

TpaHc-ancumMnInHapHa NCTpaXKmBsarba Y NPOjEKTHUM aKTMBHOCTMMa 00yXBaTajy efemMeHTapHo
NnabopaTopujcKO  UCMUTUMBAME Y  PENeBaHTHOM  OKPYXXehwy Martepujasia  CUHTETU30BAHMX
CaBpeMEHVM WHOBATMBHMM mocTynuuma. [lMepdopmaHce [o6ujeHMX MmaTepujana gobujajy ce
aHaNM30M eeKTPUYHUX CBOjCTaBa M3 [OMEHa eNeKTPOTEXHUKE, [OK Ce aHaimsa (uU3nuKo-
XEMMjCKMX CBOjCTaBa 3aCHMBA Ha MOCTY/IaTUMA HayKe O MaTepujasumMa U UHxXerepcTBy. KoHauHo,
3a npeasuhare Kopenauwje, U weHe Noy3aaHocTW, namely nepopmaHcy 06HOB/LEHMX pecypca
Kao yna3sHUX NpOMeH/bMBMX M CBOjCTaBa 1 NapameTapa CMHTEe3e Kao y/asHux nogaraka ynorpeéuhe
Ce Mo MpBU MYT Y WHXEHEPCKO-HayyHOoj Npakcy anatv /orvke, CTaTUCTUKE W BeluTauke
VHTENUTEHLM]e Ko AUMUTaSHO-MATEMATUYKMX AUCLMMINHA.
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Abstract: In recent years, more and more attention has been paid to the environmental suitability of
packaging and packaging materials. In order to reduce the amount of packaging waste, many manufacturers
pack their products in biodegradable or recycled packaging. In order to check the opinions and habits of
consumers in purchasing products packed in ecological packaging, a survey was conducted. The paper
presents the statistical results of a survey on the impact of packaging on the environment and consumer
habits, which show the extent to which people are ready to use ecological packaging, all in order to preserve
the environment.

Keywords: Importance of packaging, ecology, ecological packaging, consumer habits

1. INTRODUCTION

With the development of society, the needs of the population also grow, which results in the
production of an increasing amount of products and, therefore, packaging, whose role is to "save
and protect” the product, to enable the product to be used and manipulated more easily, and to
communicate with potential customers and to attract them with its appearance.

The packaging developed together with the products and today we have a market full of
conventional packaging materials that meet all the requirements prescribed by law and have become
the standard. This motivated many manufacturers to launch new and more creative packaging in
various shapes, sizes and colors in order to improve their position on the market. However, trying to
attract as many customers as possible with as little financial expenditure as possible, fulfilling only
the basic requirements that packaging must meet, manufacturers often neglect the environmental
function of packaging. Packaging materials are chosen to be economical, easy to process and to
protect the product well until the product is used.

In developed countries, where, in addition to economy, an important role is also given to the
environmental factor of packaging, more and more innovations are made in the field of packaging
with reduced environmental impact. Thus, today we have groups of packaging called
"environmentally sustainable packaging", which must meet certain conditions that contribute to the
preservation of the environment. Such advancements open up many possibilities for further
development and represent the hope of preserving the environment by using less polluting types of
packaging.

2. THE ROLE OF PACKAGING IN ENVIRONMENTAL PROTECTION

Packaging is a product made of materials of various properties, which serves for accommodation,
storage, handling, delivery, presentation of goods and protection of contents, and includes items
used as auxiliary means for packaging, wrapping, tying, sealing, preparing for shipment and
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labeling of goods [12]. With the development of the industry, more and more packaging waste is
created. If the packaging is not properly disposed of after use, it represents a major environmental
problem.

The most important element when making packaging is the choice of packaging material.
Depending on the material, packaging can be paper, metal, glass, ceramic, textile, packaging made
of polymer materials and packaging made of composite materials. The choice of materials further
affects the choice of production technology, quality, shape, purpose and price. Packaging has
several functions: protective, storage-transport, commercial, use and environmental functions [11].
The protective function of the packaging is reflected in the protection of the product during
transportation, storage, sale and its use [11].

Packaging arouses the desire of consumers to buy products and creates satisfaction. With its
color, shape, originality, construction, it draws attention to itself and mentally prepares the customer
for shopping [10]. Recently, special attention has been paid to the impact of packaging on the
environment. In the beginning, the environmental suitability of packaging was determined based on
the impact of used and discarded packaging.

However, the environment is not only affected by used and discarded packaging, but also the
processes of obtaining raw materials, packaging production, as well as procedures with used and
discarded packaging [9, 11]. The least acceptable is packaging made of polymer materials because
it breaks down very slowly and is practically indestructible. The only way to dispose of waste from
polymer packaging is recycling [8].

Globally, the use of plastic packaging for consumer products has steadily increased. In 2012,
the global plastic production volume was 288 million tons. In 2015, this figure increased to 448
million tons, 40 per cent of which was single-use plastic, mostly applied for food packaging [6].

In industry, polymer packaging is increasingly used for packaging due to its good properties
[3]: Easy to process - Plastics are suitable for mass production, and objects of very complex shapes
can be successfully produced in large series at a low cost; Low weight — objects made of plastic
materials are light; Corrosion resistance - Most plastic materials are corrosion resistant, so they can
be used in aggressive environments; Electrical insulating properties - Many polymer materials are
good electrical insulators; Thermal insulation — As a rule, plastics are weak conductors heat, and in
the form of foam they represent unsurpassed thermal insulators; Decorative effects — Polymer
masses can be transparent and opaque, and can be dyed in an unlimited number of colors and
shades. Correctly selected and shaped plastics can give exceptionally good decorative effects.

Hence, a paradox exists between the impacts and benefits of packaging choices, with industry
heads pushing to increase plastic use while governments are increasingly banning or restricting
single-use plastics. The acceptability or otherwise of these opposing motivations to consumers is
still not known [7].

Many countries in the world are starting to consider the impact of packaging on the
environment. Among them is China. In recent years, with the continuous development of China’s
economy and its rapidly growing internet and social activities, e-businesses, especially online
shopping, have become increasingly popular. The quantity of packages continues to surge, and the
problems of excessive resource consumption and mounting environmental pollution have become
increasingly acute [4]. As the biggest developing country in the world, China is facing great
pressure at home and abroad to achieve ecological balance and environmental protection. Because
the packaging industry is closely related to environmental protection and sustainable development,
green packaging is a new pursuit of consumers to achieve a balance between economic growth and
ecological development [6].

Green packaging, a new eco-friendly product, has contributed to various aspects of
environmental protection. To some extent, consumers tend to use green packaging and are willing
to pay for it [4].

Ecological marketing claims have been criticized for confusing or misleading buyers, leading to
calls for more rationality in promoting and evaluating ‘green’ products. However, emotions are
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important drivers influencing pro-environmental purchase decisions. There are studies in Norway
that have investigated consumers' emotional and rational evaluations of environmentally friendly
packaging [5].

Consumers are regularly confronted with apparently conflicting arguments about the ecological
merits of alternative consumption patterns. As an example, there has been contradictory evidence
about the ecological benefits of ‘one use’ plastic carrier bags versus ‘long-life’ bags, with claims
that a ‘long-life’ bag may in fact be more ecologically harmful because materials needed to extend
the life of a bag may eventually take much longer to decompose than a ‘one-use’ bag made from
decomposable materials [13].

Most consumers are not able or willing to synthesize the competing claims of scientists and
consequently may be most amenable to the argument which is most cogently expressed or which is
in accordance with their prior beliefs. Companies seek to make ecological claims for their products
based on partial analysis of the underlying science, and in the expectation that a large segment of
consumers will not have the ability or desire to critically assess theirs claims [13]. One approach
points to personal background factors such as age, income or education as predispo sing individuals
to environmental concern [1]. According to [2], ecologically designed retail packaging is important
for retailers in order to respond to the growing consumer attitude towards the environment.

The term “ecological packaging” has become more familiar to the market only in the last two
decades. Today, ecologically justified packaging represents packaging that is made of materials
whose production, application and recycling requires less energy and less environmental pollution
than other materials with the same purpose [14].

3. RESULTS AND DISCUSSION

In order to obtain data on the awareness of the population regarding the preservation of the
environment and the role of packaging in this, a survey was conducted. The research was carried
out online by surveying the population of different age groups and genders and different levels of
education. 215 respondents from the territory of Vojvodina participated in the survey. Of the 215
respondents, 98 (45.58%) were male, and 117 (54.42%) were female. According to age, there were
6 respondents (2.89%) under the age of 18, 164 respondents (76.28%) aged 19 to 29, 43 (20%) aged
30 to 49, and only 2 respondents (0.93%) were older than 50. The survey was anonymous, which
contributed to more honest answers, and therefore a better result of the survey. Answers were
offered to the questions, for which the respondents had to decide. The survey consists of 7 questions
and suggested answers, which were compiled by the authors. The aim of the survey is to assess
whether consumers think about the environment when shopping and whether they are ready to
contribute to environmental protection by choosing products in ecological packaging. The answers
to the questions included in the survey are displayed graphically.

The aim of the research was to show the impact of packaging on customers, their buying habits
and customers' knowledge about the impact of conventional packaging that they buy every day on
the environment. Also, with the help of the survey, the respondents expressed their willingness to
accept ecological packaging. In the rest of the text, the summary results of the examination on each
question are presented without dividing the respondents into groups.

To the question "How important is packaging to you when shopping?" (Chart 1), the largest
number of respondents, even 72%, answered that packaging is not important to them, 18% that
packaging is important to them but not in the first place, while only 10% answered that packaging is
very important to them when shopping.

To the question "Do you know how packaging affects the environment (from production to
disposal)?" (Chart 2), half of the respondents (50%) answered that they know and think that
awareness should be raised about it. They are followed by the answer "I don't know, but I would
like to know more about it" with 24% and the answer "Yes" with 21%. The least chosen answer is
"I don't know and I'm not interested" with 5%.
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DO YOU KNOW HOW PACKAGING AFFECTS THE

HOW IMPORTANT IS PACKAGING TO YOU WHEN ENVIRONMENT (FROM PRODUCTION TO DISPOSAL)?

SHOPPING?
Very important Itis important I'mnotand I'm
10% to me, but itis not interested
not in the first 5%
Place when I haven't, but
choosing a I'd like to know
product more about it
18% 24%
Yes, and | think
people should
be educated
more about it
50%
Chart 1: Answers to the question “How important Chart 2: Answers to the question “Do you know
is Packaging to you when Shopping?” packaging affects the environment (from production

to disposal)?*

When asked "Do you think that ecological packaging affects the attractiveness of products?”
(Chart 3), almost two-thirds of respondents (63%) believe that ecological packaging has a positive
effect on the attractiveness of products. Exactly 30% believe that ecological packaging does not
affect the attractiveness of the product, while the smallest percentage of respondents (7%) believe
that ecological packaging negatively affects the attractiveness of the product.

To the question number four "Do you think that ecological packaging affects the price of the
product?" (Chart 4), the largest number of respondents (64%) answered that they think that
ecological packaging makes the product more expensive. Then 25% of respondents believe that
ecological packaging does not affect the price of the product. The least respondents (11%) believe
that products in ecological packaging are cheaper.

DO YOU THINK THAT ECOLOGICAL DO YOU THINK THAT ECOLOGICAL
PACKAGING AFFECTS THE ATTRACTIVENESS PACKAGING AFFECTS THE PRICE OF THE
OF THE PRODUCT? PRODUCT?

No
30%

Yes, products
with ecological _
packaging are
cheaper
11%

Yes, ithas a
negative
impact
7%

Chart 3: Answers to the question “Do you think Chart 4: Answers to the question “Do you think that
that ecological packaging affects the attractiveness  ecological packaging affects the price of the product?*
of the product? *

Answers to the question "Does ecological packaging affect your decision to choose a product?”
are shown on Chart 5. In this question, the differences between the answers are the smallest,
compared to the answers to the other questions. The largest number of respondents (43%) declared
that ecological packaging would have an influence on their decision on choosing a product. A
slightly smaller percentage (37%) would choose products with ecological packaging only if the
products they already buy would start using ecological packaging. The smallest percentage (20%)
of respondents declared that ecological packaging would not have an influence on product selection.
Answers to the question "Would prize games or humanitarian actions encourage you to buy
products in ecological packaging?" are shown on Chart 6. More than half of the respondents (52%)
declared that the mentioned activities would encourage the purchase of products in ecological
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packaging. A slightly smaller percentage of respondents (42%) declared that they would buy
products with ecological packaging unrelated to the mentioned actions, while only 6% of
respondents declared that they would still not buy products with ecological packaging.

DOES ECOLOGICAL PACKAGING AFFECT WOULD PRIZE GAMES OR HUMANITARIAN ACTIONS
YOUR DECISION TO CHOOSE A PRODUCT? ENCOURAGE YOU TO BUY PRODUCTS IN ECOLOGICAL
No, I still PACKAGING?
Only if the wouldn't buy
products | them
already use 6%

would start

using ecological

packaging
37%

No, | would buy _/
them

regardless
42%

No
20%

Chart 5: Answers to the question “Does ecological ~ Chart 6: Answers to the question “Would prize
packaging affect your decision to choose a product?* games or humanitarian actions encourage you buy
products in ecological packaging?*

The answers to the question "Do you think that you, as an individual, can contribute to the
preservation of the environment by buying products with ecological packaging?" (Chart 7), show
that the largest number of respondents (84%) answered "Yes", while 16% the respondent answered
"No".

DO YOU THINK THAT YOU, AS AN INDIVIDUAL,

CAN CONTRIBUTE TO THE PRESERVATION OF
THE ENVIRONMENT BY BUYING PRODUCTS

WITH ECOLOGICAL PACKAGING?

16%

Chart 7: Answers to the question “Do you think that you, as an individual, can contribute to the preservation
of the environment by buying products with ecological packaging?*

The majority of respondents declared that they would buy a product in ecological packaging
even if it is more expensive. They are aware that packaging affects the environment and that they
can protect it by buying green packaging. Respondents think that as individuals they should change
their habits to protect the environment. The research shows that it is necessary to educate the
population more about the impact of packaging on the environment and ways to reduce the negative
impact. Buying environmentally friendly packaging is significantly influenced by personal norms,
attitudes, environmental concerns and willingness to pay more. Most consumers want to use green
packaging and are willing to pay for it.

The evaluation results of this research reflect the attitude of the consumer market and can help
manufacturers to produce green packaging that is better accepted by combining technological
requirements and consumer preferences. The dataset on consumers' willingness to pay for green
packaging was created based on data collected directly from consumers. This paper shows that
emotions are important for changing environmental purchasing behavior. This research is of
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practical importance and in line with future trends in packaging production. These data can serve as
a reference for further research.

4. CONCLUSION

Considering the pollution of the environment and the fact that there is a large amount of packaging
waste in municipal waste, it is necessary to use packaging that has a smaller negative impact on the
environment as much as possible. Analyzing the results of the conducted survey, it is concluded that
most of the respondents are influenced by the appearance of the packaging when purchasing. The
majority of respondents also believe that ecological packaging has a positive effect on the
appearance of the product. This leads us to the conclusion that manufacturers would not necessarily
lose old or stop attracting new customers if they started packaging their products in ecological
packaging, as long as it does not significantly affect the price of the product.

A significant majority of respondents believe that their actions can contribute to the
preservation of the environment, no matter how small they may be, which represents a good basis
for the preservation of the environment in the future.
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