YHugepsuret “CB. KiumeHnT Oxpuacku” - burosa
Texunuyku ¢akyaret butosia
- OTcek 3a coo6paKaj M TPAHCIOPT -

Bropa MeryHapogHa KongepeHnuuja

» TpaHcnopmom 80 deHeuIHomo
onuwimecmeo “

360pHUK Ha mpydoeu

17 - 19 Maj 2018

“St. Kliment Ohridski” University - Bitola
Faculty of Technical Sciences Bitola
- Department of Traffic and Transport -

Second International Conference

“Transport for Today'’s
Society “

Proceedings

17 - 19 May



T T | YHueep3umem "Ce. KnumeHm Oxpudcku" - bBumona

TexHu4Ku ¢pakynmem bumona
Omcek 3a coobpaKaj u mpaHcnopm

G
Bmopa MedyHapodHa KoHgpepeHyuja
- "TpaHcnopmom so deHewHOoMo onwmecmao"
KoopaaHuzamopu:

- CoobpakaeH dakynteT benrpag, YHuBep3utet Bo benrpag, Penybnuka Cpbuja;

- dakynTeT 3a TPAHCNOPTHU HayKK, 3arpeb, YHuBep3uTeT Bo 3arpeb, Penybanka XpBaTcKa;

- YHuBep3uTeT 3a TpaHcnopT, ,,Togop Kabnewkos”, Coduja, Penybnunka byrapuja;

- dakynTeT 3a TeXHMYKM Haykn, Hoeu Caa, YHuBep3utet Bo Hoeu Cag, Penybnnka Cpbuja;

- dakynTeT 3a TpaHcnopT, Katosuue, LLnackm TexHONoOWKKW yHUBEp3MTET, Penybnuka MoscKa;

- GakynTeT 3a TPAHCNOPTHM HAYKK, YellKu TEXHUUYKM YHMBEP3UTET BO lNpara, PenybnuvKka YelwuKa;

- dakynTeT 3a NOMOPCTBO U TpaHcnopT, MopTopox, YHnBep3suTeT Bo JbybsbaHa, Penybnmka CnoseHuja;
- CoobpakaeH dakynteT, [o60j, YHuBep3uTeT Bo NcTouHo CapaeBo, bocHa 1 XepuerosumHa;

- BoeHa Akagemuja ,leHepan Muxauno AnocTtonckn” — Ckonje, Penybnnka MakenoHuja;



TEXHHUKH  DARYATET

"St.Kliment Ohridski" University - Bitola
Faculty of Technical Sciences Bitola
Department of Traffic and Transport

I'( 1 Second International Conference

"Transport for Today's Society"
L -

Co-organizers:

- Faculty of Transport and Traffic Engineering, Belgrade, University of Belgrade, Republic of Serbia;

- Faculty of Transport and Traffic Sciences, Zagreb, University of Zagreb, Republic of Croatia;

- "Todor Kableshkov" University of Transport, Sofia, Republic of Bulgaria;

- Faculty of Technical Sciences, Novi Sad, University of Novi Sad, Republic of Serbia;

- Faculty of Transport, Katowice, Silesian University of Technology, Republic of Poland;

- Faculty of Transportation Sciences, Czech Technical University in Prague, Czech Republic;

- Faculty of Maritime Studies and Transport, Portoroz, University of Ljubljana, Republic of Slovenia;

- Faculty of Traffic and Transport Engineering, Doboj, University of East Sarajevo, Bosnia and Herzegovina;

- Military Academy "General Mihailo Apostolski" — Skopje, Republic of Macedonia;



360pHUK Ha TpyA0BU - BTopa MefyHapoaHa KoHdepeHumja
"TpaHCNoOpTOT BO AEHELWHOTO onwTecTso"
17-19 Maj 2018, butona, Penybnnka MakeaoHuja

Proceedings — Second International Conference
"Transport for Today's Society"
17 - 19 May, 2018, Bitola, Republic of Macedonia

U3pgaBau: TexHnukn dakyntet butona
»~MakegoHcka dpanaHra”,37 butona
Penybnuka MakegoHuja
www.tfb.uklo.edu.mk

Publisher: Faculty of Technical Sciences Bitola
Makedonska falanga,37 Bitola
Republic of Macedonia
www.tfb.uklo.edu.mk

Ypeaysauku og6op:
Mapuja ManeHkoBcka TogopoBa - ypeaHUK
Backa AtaHacoBa - KOypeaHuK
JacmunHa byHeBcKa TaneBCKa - TEXHUYKKU YPeaHUK
PobepTo Mawuk — aAn3ajH 1 npesom
CBeTnaHa MujakoBCKa - 413ajH, npenom, Beb egutop

Editorial board:
Marija Malenkovska Todorova - editor
Vaska Atanasova - coeditor
Jasmina Bunevska Talevska - technical editor
Roberto Pasic — design and prepress
Svetlana Mijakovska — design, prepress, web publisher

MNeuar: Mpaduuka nabopatopuja, TexHNUkM parkynteT butona/Lekemspu, 2018
Print: Graphic Lab, Faculty of Technical Sciences Bitola/December, 2018

Tupaxk: 100 konun
Circulation: 100 copies



CIP - KaTanorusaumja Bo nybnvkauuja
HauunoHanHa v yHuBep3uTteTcka 6ubamoteka "Cs. KnumeHTt Oxpuackun", Ckonje

656(062)
625(062)
629(062)

MEIYHAPO/IHA koHdbepeHuuja (2 ; 2018)

TpaHCNOPTOT BO AEHELHOTO ONWTECTBO : 360PHUK Ha TPyAoBK / BTopa mefyHapoaHa KoHdepeHuuja, 17-19 maj,
2018 = Transport for today's society : proceedings / Second international conference, 17-19 May, 2018. - butona :
TexHunuku dakynteT = Bitola = Faculty of technical sciences, 2018. - 750 cTp. : unyctp. ; 25 cm

®YCHOTU KOH TeKCTOT. - Bubnuorpaduja KoH Tpygosute

ISBN 978-9989-786-77-8

1. Hacn. cTB. Hacha.

a) Coobpakaj - Cobupm 6) CoobparajHo nHeHepcTBo - Cobupm B) TexHUKA Ha TpaHCNOPTHU cpeacTtsa - Cobupm
COBISS.MK-ID 107591178



OpraHusaumncku ogbop

Mpetcepaten
Npod. a-p MAJTEHKOBCKA TOAOPOBA Mapuja (MakeaoHuja)

YneHosu:

MNpod. a-p HYCEB CtojaHue (MakeaoHwuja)

Npod. a-p JAHYEBCKA Bepuua (MakeaoHuja)
MNpod. a-p JAHEBCKA loppaHa (MakegoHuja)
Npod. a-p KOCTOB MuTko (MakegoHuja)

Npod. a-p AHTENNEBCKA Betn (MakegoHuja)
Mpoo. a-p BYHEBCKA TAJIEBCKA JacmuHa (MakeaoHuja)
Npod. a-p TEPAMUTYNOCKU Tane (MakegoHuja)
Npod. a-p AYKOCKU Uso (MakegoHuja)

Npod. a-p KPCTAHOCKW Hukona (MakegoHwuja)
MNpod. a-p KY3MAHOB MBo (MakegoHuja)

Mpod. a-p HELLKOBCKA Patka (MakegoHwuja)
Npod. a-p NALIUK PobepTo (MakeaoHuja)
MNpod. a-p CMNPOBCKU Mune (MakegoHwuja)

Mporpamcku Oa6op

MpeTtceparen:
Npod.a-p ATAHACOBA Backa (MakegoHwuja)

YneHosu:

Npo¢. a-p ABPAMOBWK BopHa (XpBaTcka)
MNpod. a-p AHTE/IEBCKA BecHa (MakegoHuja)
MNpod. a-p AHKEK Mapuo (XpBaTcKa)

Npod.a-p BACAPUK BanentuHa (Cpbuja)

MNpod. a-p BAXTOBCKA Enusabeta (MakegoHwuja)
Npod. a-p BOrJAHOBUK Pyxuua (Cpbuja)
Mpod. a-p BAICM/IOBA Emunuja (Byrapuja)
Npod. a-p BACU/BEBUK Mapko (BocHa 1 Xepuerosuna)
Npod. a-p BACOB Jbybuiua (Cpbuja)

Npod. a-p BECKOBUK Cnasko (Cpbuja)

Mpoo. a-p BUNOC Nnnoc (MakegoHuja)

Npod. a-p BYJAHUR MunaH (Cpbuja)



Npod. a-p BYUYNK Bykan (CALL)

MNpod. a-p TEOPTUEB Hukonaj (byrapuja)

Npod. a-p IMABUK [ipasxerko (Cpbuja)

Npod. a-p FOJKOBUK Mepuua (bocHa u XepLerosuna)
Npod. a-p AAOUK Usan (XpsaTcka)

Npod. a-p JECKOBCKU Crojue (MakeaoHwuja)

MNpod. a-p JOHYEBA Pagojka (MakegoHuja)

Npod. a-p 3ANTIOTA Enxkbueta (Moncka)

Npod. a-p 3ENITEHNKA PaTKo (XpBaTcka)

Npod. a-p 3NATAHOBUK TOMALLEBUK BecHa (Cpbuja)
Npod. a-p 3NATKOBCKU Ctoumko (MakenoHuja)

A-p JAKOMWH Urop (CnoseHuja)

MNpod. a-p JOWWEBCKMN 30paH (MakeaoHuja)

Npod. a-p JYPYEBUK MapuHKo (XpBaTcka)

MNpod. a-p KONTOBCKA HEYOCKA faHunena (MakeaoHuja)
Npod. a-p KPAKYTOBCKU 3opaH (MakeaoHuja)
Mpod. a-p KPMALL EBenuH (ChoseHuja)

Npood. a-p KY30BUK Jbybua (Cpbuja)

Npod. a-p KYNOBUK Mupcaa (BocHa 1 XepL,erosuHa)
Npod. a-p MAHYECKU Fopfu (MakesoHuja)

Npod. a-p MAPKOBUK [lejan (Cpbuja)

Npod. a-p MAPKOBUK lopan (Cpbuja)

Npo¢. a-p MAPKOBUK Munan (Cpbuja)

MNpod. a-p MALLEK Japocnas (CnoBauka)

Npod. a-p MNALEHOBUK Munow (Cpbuja)

Npod. a-p MNALEHOBUK CHexxaHa (Cpbuja)

Npod. a-p OTHEHOBUK CnobopaaH (MakesoHMja)
Npod. a-p NAMYYAP AparaH (Cpbuja)

Mpod. a-p NETKOBCKA BukTtopuja (MakegoHuja)
Npood. a-p PUCTUK Bopa (MakeaoHuja)

Npod. a-p CBUTEK Mupocnas (Yewka)

Npod. a-p CEBEP Aparo (CnoseHuja)

Npod. a-p CTALKOBCKU AnekcaHnaep (Moncka)
Npod. a-p COBPECKU 3natko (MakegoHwja)

|I'I po¢.a-p CTOJAHOBCKU Backo (MaKep,OHMja)l
Npod. a-p CTOIMK NopaaH (Cpbuja)

|I'I pod.a-p TAJIEBCKU Jocnd (MaKe,u,OHMja)|

Npod. a-p TULLA CnaseH (Cpbuja)

xi



Npod. a-p TOOOPOBA faHuena (byrapwja)
Npod. a-p KYPTY3 3opaH (bocHa n XepLerosuna)
MNpod. a-p XPUCTOBA Mapuja (byrapuja)

MNpod. a-p LBETAHOBCKM Une (MakeaoHuja)
Mpod. a-p YAMAI Jypaj (Cnosauka)

Npod. a-p BARTLOMIEJCZYK Mikolaj (Moncka)
Mpod. a-p BAZARAS Zilvinas (/lutsaHuja)

Npod. a-p BOUCHNER Petr (Yewwka)

Npod. a-p HYDEN Christer (LUseacka)

Mpod. a-p NINNEMANN Jan (FepmaHnuja)

Npod. a-p PARKHURST Graham (Benuka bputaHuja)
Mpod. a-p STEINER Sanja (XpBaTcka)

Mpod. a-p TWRDY Elen (CnoseHuja)

Mpoo. a-p VARHELYI Andras (LUBseacka)

PeueH3eHTU Ha TpyaoOBUTE:

Npod. a-p ABPAMOBUK 3opaH (Cpbuja)

Npod. a-p AHTENNEBCKA BecHa (MakegoHuja)
Npod. a-p AHTENEBCKWM 3ope (MakegoHwja)
Npod. a-p AHTENNEBCKA Betn (MakegoHuja)
Npod. a-p AHKEK Mapuo (XpBaTcka)

Mpoo. a-p ATAHACOBA Backa (MakegoHuja)
Npood. a-p BACAPUK BanentuHa (Cpbuja)

Npod. a-p BOrAAHOBUK Pyxuua (Cpbuja)
Npod. a-p BPYNK Nasop (XpsaTcka)

Npod. a-p BYHEBCKA — TAJIEBCKA JacmuHa (MakeaoHuja)
Npod. a-p BACU/BEBUK Mapko (bocHa n XepuLerosuna)
Npod. a-p BECKOBUK Cnasko (Cpbuja)

Mpod. a-p BPTAHOCKU Fauropue (MakegoHuja)
Npod. a-p BYJAHUK Munan (Cpbuja)

Npod. a-p FTACKA fJamuaH (Moncka)

Mpoo. a-p TEPAMUTYNOCKU Tane (MakegoHwmja)
Npod. a-p TEOPTUEB Hukonaj (byrapuja)

Npoo. a-p FNABUK Opasxerko (Cpbuja)

Npod. a-p IMAALOBUK Nasne (Cpbuja)

Npod. a-p JAHYEBCKA Bepuua (MakeaoHwuja)
Mpod. a-p AECKOBCKU Crojue (MakeaoHuja)

A-p ANMAHOCKU Kupe (MakegoHuja)

xii



Npod. a-p JOHYEBA Pagojka (MakegoHuja)

MNpod. a-p AYKOCKU UBo (MakegoHuja)

Mpod. a-p 3AJIOTA Enxkbueta (Moncka)

MNpod. a-p 3ENITEHNKA PaTKo (XpBaTcka)

MNpod. a-p 3NTATKOBCKU Ctoumko (MakeaoHuja)

A-p JEBTUK Bnagumup (Cpbuja)

Npod. a-p JOBAHOBUK [iparaH (Cpbuja)

Npod. a-p JOWWEBCKMN 30paH (MakeaoHwuja)

Npoo. a-p JYPYEBUK MapuHko (XpBaTcka)

Mpod. a-p KONTOBCKA HEYOCKA [faHunena (MakeaoHuja)
Npod. a-p KOCTOB MuTko (MakegoHuja)

MNpod. a-p KPAKYTOBCKU 3opaH (MakeaoHuja)
MNpod. a-p KPAMBEPIEP Toma (CnoBeHuja)

MNpod. a-p KPMALL EBenuH (CnoseHuja)

MNpod. a-p KPCTAHOCKU Hukona (MakegoHuja)
Npod. a-p KY3MAHOB MBo (MakegoHuja)

Npod. a-p KYTOBUK Mupcaga, (BocHa 1 XepuerosuHa)
Npood. a-p /bYBUK MPTO/E AHamapuja (CnoseHnuja)
Npod. a-p MAIEHKOBCKA TOAOPOBA Mapuja (MakenoHuja)
Npod. a-p MAHEBCKA Buoneta (MakeaoHuja)

Npod. a-p MAHYECKU [Fopfu (MakesoHuja)

Npod. aA-p MAPUK BojaH (BocHa 1 Xepuerosuna)
Npo¢. a-p MAPKOBUK Munan (Cpbuja)

Mpood. a-p MAPKOCKU AnekcaHgap (MakegoHuja)
MNpod. a-p MALLEK Japocnas (CnoBauka)

Npod. aA-p MUIMHKOBUK Carbun (Cpbuja)

Mpod. a-p MUTPOBCKMU LiBeTko (MakeaoHuja)

Npod. a-p MNAAEHOBUK AywaH (Cpbuja)

Npod. a-p MNALEHOBUK CHexaHa (Cpbuja)

Npod. a-p HYHUK 3apasKo (BocHa 1 XepLierosnHa)
Npod. a-p OTHEHOBUK CnobogaH (MakegoHuja)
MNpod. a-p NTAMYYAP [paraH (Cpbuja)

Npod. a-p NONHUKO/TOBA PALEBCKA Mupka (MakegoHwuja)
Npod. a-p CEBEP paro (CnoseHuja)

Npod. a-p CUMWYEBMK Jenena (Cpbuja)

Npod. a-p CTALKOBCKU AnekcaHnaep (Moncka)
Npod. a-p CTEBUK Xemko (BocHa 1 XepLerosuHa)
[Npod.a-p CTOJAHOBCKM Backo (MakeaoHuija)|

Xiii



NMpod. a-p CTOIMK lopaaH (Cpbuja)

Mpod. a-p TULA CnaseH (Cpbuja)

Npod. a-p TOMALLEBUK 3/ITATAHOBUK BecHa (Cpbuja)
Npod. a-p TYBUK BnagaH (Cpbuja)

Mpoo. a-p TY/bAK — CYBAH [aHuena (ChoseHuja)
Mpoo. a-p XPUCTOBA Mapwuja (Byrapuja)

MNpod.a-p LBETAHOBCKU Nne (MakegoHuja)

Mpoo. a-p HAMAJ Jypaj (ChoBauka)

Npod. a-p BARTLOMIEJCZYK Mikolaj (Moncka)

Mpod. a-p BAZARAS Zilvinas (/lutsaHuja)

Xiv



Organizing Committee Members

Chairman

Prof. MALENKOVSKA TODOROVA Marija, PhD (Macedonia)

Members

Prof. NUSEV Stojance, PhD (Macedonia)
Prof. DANCEVSKA Verica, PhD (Macedonia)
Prof. JANEVSKA Gordana, PhD (Macedonia)
Prof. KOSTOV Mitko, PhD (Macedonia)

Prof. ANGELEVSKA Beti, PhD (Macedonia)
Prof. BUNEVSKA TALEVSKA Jasmina, PhD (Macedonia)
Prof. DUKOSKI Ivo, PhD (Macedonia)

Prof. GERAMITCIOSKI Tale, PhD (Macedonia)
Prof. KRSTANOSKI Nikola, PhD (Macedonia)
Prof. KUZMANOV Ivo, PhD (Macedonia)
Prof. NESKOVSKA Ratka, PhD (Macedonia)
Prof. PASIC Roberto, PhD (Macedonia)

Prof. SPIROVSKI Mile, PhD (Macedonia)

Program Committee Members

Chairman
Prof. ATANASOVA Vaska, PhD (Macedonia)

Members

Prof. ABRAMOVIC Borna, PhD (Croatia)

Prof. ANGELEVSKA Vesna, PhD (Macedonia)
Prof. ANZEK Mario, PhD (Croatia)

Prof. BAHTOVSKA Elizabeta, PhD (Macedonia)
Prof. BARTLOMIEJCZYK Mikolaj, PhD (Poland)
Prof. BASARIC Valentina, PhD (Serbia)

Prof. BAZARAS Zilvinas, PhD (Lithuania)

Prof. BOGDANOVIC Ruzica, PhD (Serbia)

Prof. BOUCHNER Petr, PhD (Czech)

Prof. CAMAIJ Juraj, PhD (Slovakia)

Prof. CURGUZ Zoran, PhD (Bosnia and Hercegovina)

XV



Prof. CVETANOVSKI lle, PhD (Macedonia)
Prof. DADIC Ivan, PhD (Croatia)

Prof. DESKOVSKI Stojce, PhD (Macedonia)
Prof. DONCEVA Radojka, PhD (Macedonia)
Prof.GEORGIEV Nikolay, PhD (Bulgaria)
Prof. GLAVIC Drazenko, PhD (Serbia)

Prof. GOJKOVIC Perica, PhD (Bosnia and Hercegovina)

Prof. HRISTOVA Mariya, PhD (Bulgaria)
Prof. HYDEN Christer, PhD (Sweden)
JAKOMIN lIgor, PhD (Slovenia)

Prof. JOSEVSKI Zoran, PhD (Macedonia)
Prof. JURCEVIC Marinko, PhD (Croatia)

Prof. KOLTOVSKA NECOSKA Daniela, PhD (Macedonia)

Prof. KRAKUTOVSKI Zoran, PhD (Macedonia)
Prof. KRMAC Evelin, PhD (Slovenia)

Prof. KULOVIC Mirsad, PhD (Bosnia and Hercegovina)

Prof. KUZOVIC Ljubisa, PhD (Serbia)

Prof. MANCESKI Gorgi, PhD (Macedonia)
Prof. MASEK Jaroslav, PhD (Slovakia)
Prof. MARKOVIC Dejan, PhD (Serbia)
Prof. MARKOVIC Goran, PhD (Serbia)
Prof. MARKOVIC Milan, PhD (Serbia)
Prof. MLADENOVIC Milos PhD (Finland)
Prof. MLADENOQVIC Snezana, PhD (Serbia)
Prof. NINNEMANN Jan, PhD (Germany)

Prof. OGNJENOVIC Slobodan, PhD (Macedonia)

Prof. PAMUCAR Dragan, PhD (Serbia)

Prof. PARKHURST Graham, PhD (United Kingdom)

Prof. PETKOVSKA Viktorija, PhD (Macedonia)
Prof. RISTIC Bora, PhD (Macedonia)

Prof. SEVER Drago, PhD (Slovenia)

Prof. SLADKOWSKI Aleksander, PhD (Poland)
Prof. SOVRESKI Zlatko, PhD (Macedonia)
Prof. STEINER Sanja, PhD (Croatia)

|Prof. STOJANOVSKI Vasko (Macedonia)l
Prof. STOJIC Gordan, PhD (Serbia)

Prof. SVITEK Miroslav, PhD (Czech)

[Prof. TALEVSKI Josif (Macedonia)

XVi



Prof. TICA Slaven, PhD (Serbia)

Prof. TODOROVA Daniela, PhD (Bulgaria)

Prof. TWRDY Elen, PhD (Slovenia)

Prof. VARHELYI Andras, PhD (Sweden)

Prof. VASILEVIC Marko, PhD (Bosnia and Hercegovina)
Prof. VASOV Ljubisa, PhD (Serbia)

Prof. VAYSILOVA Emiliya, PhD (Bulgaria)

Prof. VESKOVIC Slavko, PhD (Serbia)

Prof. VILOS llios, PhD (Macedonia)

Prof. VUCIC Vukan, PhD (USA)

Prof. VUJANIC Milan, PhD (Serbia)

Prof. ZALOGA Elzbieta, PhD (Poland)

Prof. ZELENIKA Ratko, PhD (Croatia)

Prof. ZLATANOVIC TOMASEVIC Vesna, PhD (Serbia)
Prof. ZLATKOVSKi Stoimko, PhD (Macedonia)

Reviewers

Prof. ANGELEVSKA Vesna, PhD (Macedonia)
Prof. ANGELEVSKI Zore, PhD (Macedonia)
Prof. ANGELEVSKA Beti, PhD (Macedonia)
Prof. ANZEK Mario, PhD (Croatia)

Prof. ATANASOVA Vaska, PhD (Macedonia)
Prof. AVRAMOVIC Zoran, PhD (Serbia)

Prof. BARTLOMIEJCZYK Mikolaj, PhD (Poland)
Prof. BASARIC Valentina, PhD (Macedonia)
Prof. BAZARAS Zilvinas, PhD (Lithuania)

Prof. BOGDANOVIC Ruzica, PhD (Macedonia)
Prof. BRCIC Davor, PhD (Croatia)

Prof. BUNEVSKA - TALEVSKA Jasmina, PhD (Macedonia)
Prof. CAMAI Juraj, PhD (Slovakia)

Prof. CVETANOVSKI lle, PhD (Macedonia)
Prof. DANCEVSKA Verica, PhD (Macedonia)
Prof. DESKOVSKI Stojce, PhD (Macedonia)
DIMANOSKI Kire, PhD (Macedonia)

Prof. DONCEVA Radojka, PhD (Macedonia)
Prof. DUKOSKI Ivo, PhD (Macedonia)

Prof. GASKA Damian, PhD (Poland)

Prof. GEORGIEV Nikolay, PhD (Bulgaria)

XVii



Prof.
Prof.
Prof.
Prof.

GERAMITCIOSKI Tale, PhD (Macedonia)
GLADOVIC Pavle, PhD (Serbia)

GLAVIC Drazenko, PhD (Serbia)
HRISTOVA Mariya, PhD (Bulgaria)

JEVTIC Vladimir, PhD (Serbia)

Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.

JOSEVSKI Zoran, PhD (Macedonia)

JOVANOVIC Dragan, PhD (Serbia)

JURCEVIC Marinko, PhD (Croatia)

KOLTOVSKA NECOSKA Daniela, PhD (Macedonia)
KOSTOV Mitko, PhD (Macedonia)

KRAKUTOVSKI Zoran, PhD (Macedonia)
KRAMBERGER Tomaz, (Slovenia)

KRMAC Evelin, PhD (Slovenia)

KRSTANOSKI Nikola, Phd (Macedonia)

KULOVIC Mirsad, PhD, (Bosnia and Herzegovina)
KUZMANOQV Ivo, PhD (Macedonia)

LJUBIC MRGOLE Anamarija, PhD (Slovenia)
MALENKOVSKA TODOROVA Marija, PhD (Macedonia)
MANCESKI Gorgi, PhD (Macedonia)

MANEVSKA Violeta, PhD (Macedonia)

MARIC Bojan, PhD (Bosnia and Herzegovina)
MARKOSKI Aleksandar, (Macedonia)

MARKOVIC Milan, PhD (Serbia)

MASEK Jaroslav, PhD (Slovakia)

MILINKOVIC Sanjin, PhD (Serbia)

MITROVSKI Cvetko, PhD (Macedonia)
MLADENOVIC Dusan, PhD (Serbia)
MLADENOVIC Snezana, PhD (Serbia)

NUNIC Zdravko, PhD (Bosnia and Herzegovina)
OGNJENOVIC Slobodan, PhD (Macedonia)
PAMUCAR Dragan, PhD (Serbia)

POPNIKOLOVA RADEVSKA Mirka, PhD (Macedonia)
SEVER Drago, PhD (Slovenia)

SIMICEVIC Jelena, PhD (Serbia)

SLADKOWSKI Aleksander, PhD (Poland)

Prof.STEVIC Zeljko, PhD (Bosnia and Herzegovina)

|Prof.

STOJANOVSKI Vasko (Macedonia)l

Prof.

STOJIC Gordan, PhD (Serbia)

XViii



Prof. TICA Slaven, PhD (Serbia)

Prof. TOMASEVIC ZLATANOVIC Vesna, PhD (Serbia)
Prof. TUBIC Vladan, PhD (Serbia)

Prof. TULJAK — SUBAN Daniela, PhD (Slovenia)
Prof. VASILIEVIC Marko, PhD (Bosnia and Herzegovina)
Prof. VESKOVIC Slavko, PhD (Serbia)

Prof. VRTANOSKI Gligorce, PhD (Macedonia)

Prof. VUJANIC Milan, PhD (Serbia)

Prof. ZALOGA Elzbieta, PhD (Poland)

Prof. ZELENIKA Ratko, PhD (Croatia)

Prof. ZLATKOVSKI Stoimko, PhD (Macedonia)

Xix



CoapuHa:

MNMnaHupare Ha coobpakajom

EBANTYAUWIA 3A 4O/TTOPOYHA NMPOTHO3A HA COOBPARAJHMOT TEK CO YNOTPEBA HA MOBEKEKPATHA JIMHEAPHA
PETPECMIA N KNYYHUTE KOMMOHEHTWU HA PETPECUOHUTE MOZE/IN — U380opeH HayyeH mpyo
PamadaH Aypaky, Backa AmaHacosa, (cmp.1-12)

MONGODB BA3SUTE HA NMOAATOLM BO BIG DATA ATNJIMKALMM BO TPAHCINOPTHATA MHAYCTPUIA - CmpyyeH mpyo
Cna2aHa JaHKkosuK, CHexcaHa MnaadeHosuk, CmeghaH 30paskosuk, Cnasko BeckosuK, AHa Y3enay, (cmp.13-22)

MEI'YCEKTOPCKA AHAIM3A HA U3BOPUTE HA NnPUXO4N HA AEPOAPOMMWTE — CmpyyeH mpyd
Enxcbuema Map4uescka, AODam Xo3maH, (cmp.23-32)

NPUMEHA HA PA3/IMYHN METON HA NMOBEKEKPUTEPNYMCKA AHATIN3A 3A EBAJTYALIMIA N KPUTUYKO CMOPEYBAHE HA
TPAHCMOPTHUTE UHOPACTPYKTYPHU NPOEKTU - Cmpyyen mpyd
MeoHa Hedescka, 3opaH Kpakymoecku, apko Mocaaeay, 3namko 3aguposcku, (cmp.33-44)

AHATN3A HA KOPENALMIATA NOMEFY BPOJOT HA MPUCTUTHYBAHA HA TYPUCTU U NMOBAPYBAYKATA 3A NMPEBO3 HA
NATHUUMW - Cmpyyen mpyod
Jycmun lMynasay, (cmp.45-52)

COBPEMEHWTE MOMOPLM JA PASBUPAAT BAXKHOCTA HA MATEMATUYKUTE ANJIMKALKMKW BO NMOMOPCTBOTO — lpeanedeH
Hay4yeH mpyd
TamjaHa CmaHusyk, Ajka Pesva, MieaH by3os, (cmp.53-59)

TPAAOT BUTONIA N YPEAHATA OAPXNIUBOCT - CmpyyeH mpyd
JacmuHa ByHescka Tanescka, Mune busbaHoscku, (cmp.61-70)

NOYKWN O, UCTOPUIATA HA NIAHUPAHETO HA BENTPAL, - Cmpyyen mpyod
BecHa 3namaHosuk — ToMmawesuk, (cmp.71-82)

KAKO A CE KPEMPA FPAACKM TPAHCTIOPTEH CUCTEM COO/BETEH HA BO3PACTA HA NIYFETO? - Cmpyyen mpyd
AHa TpnKosuK, bpaHumup CmaHuk, (cmp.83-92)

WMHTEFTPUPAH N3BELLTAJ —HOB NPEAN3BUK 3A NPETAPUJATUIATA BO TPAHCNOPTHUOT CEKTOP HA PENYB/IMKA BYTAPUIA -
Cmpy4yeH mpyd
Emunuja Bajcunosa, (cmp.93-100)

KOPUCTEHE HA MOXHOCTUTE HA CROWDSOURCING BO NATHUOT COOBPAKAI- Cmpy4yeH mpyd
CmecgaH 30paskosuk, ywaH MnadeHosuk, Cna2aHa JaHKOBUK, AHa Y3enay, (cmp.101-107)

AHATM3A HA OCHOBHWTE KAPAKTEPUCTUKU HA MATYBAHATA KOH YYUNULLTATA — lpeanedeH HayyeH mpyo
Pyxcuya Muekosuk, NopaH KanamaHoa, (cmp.109-117)

CoobpaKajHO UH}eHepcmeo u Npoekmuparse

ONPEAENYBAHE HA HABOTO HA YCNYTA HA BENOCUNEACKUTE TEKOBU, CO MPUMEHA HA MOZE/1 BASUPAH HA PEAJTHA
NEPLEMNUWIA HA NATHUTE U COOBPARAJHUTE YCNOBU BO FPAOOBUTE O CTPAHA HA BEJTOCUNEANCTUTE - U3eopeH
Hay4yeH mpyd

MeenaH buyuaky, lleeam Conu, (cmp.119-128)
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NCKYCTBA 3A B/IMJAHUIATA BP3 }XUBOTHATA CPEOUHA MPU U3rPAOBATA HA ABTOMNATOT AEMUP KAMWIA - CMOKBUUA -
CmpyyeH mpyd
Tane lepamumyuocku, Baadumup Mujakoscku, BaHeenye Mumpeacku, (cmp.129-136)

AHATN3A HA MUCNEHATA HA KOPUCHUUUTE 3A CUCTEMOT HA HANNATA HA MATAPUHA BO PEMYB/IMKA MAKEAOHUIA —
U3eopeH HayvyeH mpyd
ApaxceHko Inasuk, MapuHa MuneHkosuk, Mapuja ManeHkoecka Todoposa, Musaow lMemkosuk, (cmp.137-146)

CNCTEMU HA ONCNYXRYBAHE HA KTMEHTU CO PA3/TMYHO HMBO HA CTPNIMBOCT BO PEAOT: NMPUMEP HA NAPKUHI
TAPAXA ,,CHT” BO HOBW CAL - U380peH HayvyeH mpyod
Mapko Jesmuk, Unuja TaHaykos, 30paH lanuk, JeneHa Mumpoguk Cumuk, (cmp.147-155)

KOMMNAPALMIJA HA HUBOTO HA MPUMEHA HA WHTE/IETEHTHUTE TPAHCMOPTHU CUCTEMMW BO NMATHUOT COOBPAKAJ HA
PENYB/IMKA MAKEAOHWIA U PENYB/IUKA CTOBEHWUIA - Cmpyvyen mpyd
JaHuena Konmoscka Hevocka, EeenuH Kpmay, (cmp.157-166)

OCHOBHW ENEMEHTW HA EBASTYALIMJATA BO MPOLLECOT HA PA3BOJ HA TPAHCMOPTHUOT NPOEKT - Cmpyvex mpyd
Mupcad Kynoeuk, (cmp.167-178)

AHANTN3A HA MUCNEHATA HA KOPUCHUUUTE BO BPCKA CO BK/TYHYYBAHETO HAMIATA HA COOBPARAJHMOT METEX BO
BENTPAL - U3sopeH Hay4yeH mpyd
MapuHa MuneHkosuK, [paxeHko nasuK, AHuya Koyuk, (cmp.179-189)

METOA010TNIA 3A AHAJTU3A HA KANALUUTETOT M HUBOTO HA YCNYTA HA KPCTOCHUUATA BYNIEBAP IOLLE OENYEB U
BYNEBAP KPCTE NETKOB MUCMPKOB — CKOMJE(HCM2000/HCM2010) — Cmpy4yen mpyod
MeaHa Hedescka, Padojka [oH4yesa, Cnob6odaH OzreHoB8UK, Pucme Pucmos, (cmp.191-200)

EBANYALUWIA HA ADANTUBHA N BPEMEHCKN ®UKCHA COOBPARAJHA CUTHAJTHA CTPATETUJA: CTYAWIA HA CNYYAJ 3ATPAL,
CKONJE — Cmpyvyen mpyo
AaHuen Masnecku, aHuena Konmoscka Hevocka, EOoyapd Nearko, (cmp.201-210)

MMNNEMEHTALWMIA HA RSA BO MPOLUECOT HA NMPOEKTUPAHE HA APXKABHUOT NAT Al, AENHUUA APEHOBO — TPAACKO —
CmpyyeH mpyd
Pucme Pucmos, Cio600aH O2reHosuK, Padojka [loHyesa, ieaHa Hedescka, (cmp.211-220)

MPOUEHKA HA TYCTUHATA BO KYCU BPEMEHCKW MHTEPBAZTN KAJ ANCKPETU3NPAH MOZEN HA COOBPARAJ — CTM —
U3eopeH HayvyeH mpyd
ApnauHoa Anumexaj Ppeyaj, (cmp.221-231)

KOMMNAPATUBHA AHA/TU3A HA PA3BOJOT HA TPAHCMOPTHATA MH®PACTPYKTYPA BO PEMNYB/IMKA CTOBEHUIA U
PENYBJ/IMKA MAKELOHWIA — CmpyvyeH mpyd
CebacmjaH LLIkepauk, Bepuya aH4escka, (cmp.233-243)

MHOPACTPYKTYPA 3A BEJTOCUNEOCKM COOBPAKAJ — 3TOJIEMYBAHE HA MOBW/THOCTA HA HACEJIEHWETO BO MPALOT -
Cmpy4yeH mpyo
Mapuja ManeHkoscka Todoposa, JacmuHa byHescka Tanescka, Musne bureaHo8cKu, (cmp.245-254)

AHATM3A HA TOBAPYBAYKATA 3A NMPEBO3 U OBE/TIEXKIATA BAO/1XK BOHIPAAOCKATA APHKABHA MATHA MPEXKA HA

PENYBJ/IMKA CPBUIA - CmpyyeH mpyd
BnadaH Tybuk, Mapujo Budac, Hemarwa CmenaHo8uK, (cmp.255-264)
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TpaHcnopm u ¥cueomHa cpeduHa

METOAO/TIOTUJA 3A CENNEKTUPAHE HA AUCNEP3NOHEH MOAE/ — CmpyyeH mpyd
bemu AHeenescka, AnekcaHoap MapKocku, (cmp.265-275)

NAJAKOBA MPEXA KAKO ANTEPHATUBEH BUOUHOUNKATOP 3A 3ATAOYBAHETO HA BO34YXOT O4 MOTOPHUTE BO3UNA -
UzeopeH Hay4eH mpyd
Hamawa Cmojuk, CHexcaHa LLimp6ay, Mupa Myyapesuk, Ayra Mpokuk, bursaHa MNaHuH, CuHuwa Cpemay, (cmp.277-286)

Bbe3bedHocm Ha coobpaKkajom

OBYKA HA KOHCYNTAHTWUTE 3A BESBEAHOCT HA MPEXKATA U UH®OPMALUUTE BO TPAHCMOPTOT
- CmpyyeH mpyd
Mapuja Xpucmoea, umumap Jumumpos, (cmp.287-292)

CUIYPHOCHMOT NOJAC — LLAHCA AA CE NMPEXWUBEE - Cmpyyen mpyd
3opaH Jowescku, Cmoumko 3namkoscku, lNepo CmegpaHocku, (cmp.293-300)

YTBPAYBAHE HA BAXHOCTA 3A MEPEHE HA UHAMKATOPUTE HA BE3BEAHOCTA MPEKY MPEFAEL HA COCTOJBATA BO
PEMYB/IMKA CPTICKA - Cmpy4ex mpyd
bojaH Mapuk, Kpcmo /lunosauy, ApazaHa HeHaduK, MunaH Tewuk, (cmp.301-311)

OBEJIEXKIA HA BE3BEOHOCTA HA MOTOUWMKAWUTE, COBPEMEHW ENEMEHTW HA AKTUBHA W MACMBHA BE3BEAHOCT -
MNMpeanedeH HayyeH mpyd
AywaH MnadeHosuk, Mnade+H MapuHa, ApazaH Cekynuk, (cmp.313-322)

OBYKA HA KAHOWOATW 3A BO3A4YM BO COOBPAKAIOT U TPAHCMNOPTOT HA PEMYBJ/IMKA MAKEOAOHUIA CNOPEAEHA CO EY
CTAHOAPONTE U ANPEKTUBUTE - CmpyyeH mpyd
Eamup Mycmacgpau, Mepuma Mycmagpau, (cmp.323-333)

NPEANOr-MOAEN 3A TNABHA HALLMOHANMHA ATEHUMIA 3A BESBEAHOCT HA COOBPAKAIOT BO PENYB/INKA MAKEAOHUIA -
Cmpy4yeH mpyo
LisemaHKka Pucmuk, bopo Pucmuk, (cmp.335-340)

TpaHcnopmHa no2ucmuka

NWAEHTUDOUNKYBAHE HA MAPAMETPUTE HA TOTUCTUYKUTE NEP®OPMAHCU NPU ANCTPUBYUUMIA HA NUIANALUU HA CPEOHO
OONTrn NATHW NPABLLM CO CPEAHA TONEMUWHA HA TPAHCNOPTHUTE CPEACTBA

- CmpyyeH mpyo

Ema bepuwa KpacHuku, Meo flykocku, Unup fo4vu, Myxamed KpacHuku, basu CeamaHu, (cmp.341-354)

PA3BOJ HA HOB TIOTMCTUYKUN UHPOPMAUMCKU CUCTEM BO TPAHCINOPTHA KOMMAHUIA
- U3eopeH HayveH mpyd
Hukona Bpkosuk, Mapko Bacureesuk, essko CmjenaHosuk, (cmp.355-362)

COBPEMEHW CPEACTBA 3A MAHUNYTAUWIA BO KOHTEHEPCKUTE TEPMWHANMWU - lpeanedeH HayvyeH mpyo
Une LjgemaHoscKu, Backa AmaHacosa, Bepuua [aHyescka, LjsemaHKka LieemaHoscKa, (cmp.363-370)
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PEBEP3UBUHA TOTUCTUKA BO TELLAH — CUCTEM 3A YMPABYBAHSE CO OTMNA/L, - U380peH Hay4yeH mpyod
Emup lanujawesuk, 30pasko HyHUK, Acub Anuxoyuk, (cmp.371-381)

YNOTPEBA HA 3ALUTUTHA OMPEMA KAKO ®AKTOP 3A NOAOEPYBAHE HA TOTUCTUYKUTE NEP®OPMAHCK HA BE3BEAHOCTA
MNPU PABOTA - CmpyyeH mpyd
MnadeH FaspaHosuk, EHuc Mynanuk, bureaHa Bparwew, (cmp.383-392)

ONPEAENYBAHE HA CTATUCTUYKUTE PACNPELENBUN HA BJIESHUTE NAPAMETPU HA PEAOBU KAJ CKNAOULWIHU CUCTEMMU -
U3sopeH HayvyeH mpyd
EnduHa Maxmymazuk, *esmko CmesuK, 30pasko boruyKkosuK, PaHko boxcuykosuk, (cmp.393-402)

MECTOTO W Y/IOTATA HA COBETHMKOT 3A BE3BEAEH TPAHCNOPT HA ONACHU MATEPUW - CmpyyeH mpyd
Munuya Munu4vuk, TamjaHa Caskosuk, laene lNumka, Mpedpae AmaHackosuk, MeaHa MusneHkosuK, (cmp.403-410)

MAKYBAHE HA MEAUUWMHCKU N KTUHUYKM OTNAL BO MPOMUWAHA AMBAJIAXA - Cmpy4yeH mpyo
bojaH Oxce208uK, CuHuwa Cpemay, Hamawa Cmojuk, Tara Apcuk, JeneHa Xo0ak, (cmp.411-418)

NOBEKEKPUTEPUYMCKM MOZEN 3A NU3BOP HA NPOBAJAEP HA TPAHCMNOPTHW YC/TYTU — NPUCTAN 3ACHOBAH BP3 SINGLE-
VALUED NEUTROSOPHIC NUMBER METOATA - M380peH Hay4yeH mpyo
ApazaH Mamyyap, Becko Jlykoeay, MuneHa ByKuK, (cmp.419-428)

EBANTYALIMIJA HA PYTA 3A NMPEBO3 HA ONACHM MATEPUU, (HAZMAT), BA3UPAHA BP3 BMW-EDAS METOAM - M380peH Hay4eH
mpyd
Mapko Bacurbesuk, bpaHucnaska MapKosuK, esmko Cmesuk, HeHad Bacuseesuk, (cmp.429-438)

YpbaHu mpaHcnopmHu cucmemu

LUEMA HA PABOTA HA METPO CUCTEM CO ABTOHOMHM METPO KOJIN - CmpyyeH mpyd
Aumumep Llobpes, Aumumap Aumumpos, (cmp.439-445)

KOH OAPXNNUBA YPBAHA MOBWU/THOCT: LUTO E HAJTONEMWUOT HEQOCTATOK BO CKOMIJE? - Cmpyyen mpyd
Hukona KpcmaHocku, (cmp.447-457)

AHANTN3A HA HAPYLLYBAHETO HA UHTEPBAJZTUTE HA CNEAEHE BO JABHUOT rPAACKU NPEBO3 — NCTPAXYBAHE BO HOBU
CAL, - Cmpyuen mpyod
Masne MNumka, MunaH CumeyHosuk, TamjaHa CaskosuK, Musba CumeyHO8UK, MeaH LLKureauya, (cmp.459-468)

PA3BOJHU MPAKTUKUN KAJ OBJIMTALMOHUTE 4OTOBOPW BO JABHUTE YC/TYTU - Cmpyyen mpyd
Jakwa Monosuk, MupjaHa by2apuHo8uK, (cmp.469-478)

AHANTN3A HA BPEMUHATA HA YHEKAHE HA NATHULUU HA TMHWK O, JABEH TPAACKW MPEBO3 CO A0O/1T UHTEPBA/IU HA
CNEQEHE - CmpyyeHn mpyd
JejaH Padusojes, MunaH CumeyHOBUK, (cmp.479-484)

3HAYEHETO HA KBAJTUTETOT HA YC/TYTATA BO JABHWOT 'PAACKW MPEBO3 CO LE 3A 3TOJIEMYBAHSE HA MPUCTANHOCTA —

Cmpy4yeH mpyo
MunaH CmaHKo8uK, Maene Madosuk, AejaH bozukesuK, Bnadumup Monoeuk, (cmp.485-492)
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Mene3Huuku coobpakaj u mpaHcnopm

NMPUMEHA HA FUZZY AHP MPUCTAN BO OLLEHKATA HA KPUTEPUYMMWTE 3A EBATYALMIA HA EPUKACHOCTA HA
MPETNPUJATUIATA BO XKENESHULATA - M360peH HayueH mpyd
Anekcandap bnazojesuk, Mickpa CmojaHosa, bopo [akuk, *usoma l'opdesuk, (cmp.493-503)

NPEANOTr- METO40/10TMNJA 3A OUEHKA HA KBATUTETOT HA TPAHCINOPTHUTE PYTW BO MPEBO3OT HA NATHULMNM CO
MENE3HULA - U380peH HayyeH mpyo
MunaH fleduk, Jozegh Mawnapux, Mamyw [nyzow, (cmp.505-514)

CNOPEABA HA MOAENUTE HA BELUTAYKA UHTENETEHLMIA 3A AUMEH3NOHUPAHE HA TPAHCMOPTHUTE KAMALUMTETU NPU
MPEBO30OT HA CTOKA BO MEJIE3BHNUATA - CmpyvyeHn mpyd
Kupe AumaHocku, MlopdaH Cmojuk, Muzopye BpmaHocku, (cmp.515-525)

MHOWKATOPU 3A KBATUTET HA YCNYTATA BO MOAENUTE 3A MPEBO3 HA NATHUUWM CO XENE3HUUA: KPATOK NMPEFIEA HA
NUTEPATYPA — lMpeanedeH Hay4yeH mpyo
JpazaH l'opdesurk, lopdan Cmojuk, CHexcaHa MnaadeHosuk, AHa Bynesuk, (cmp.527-536)

CUNCTEMCKM NMPUCTAN BO BE3BEAHOCTA U HEFTOBA NMPUMEHA BO YINMPABYBAHETO CO MPETNPUJATUIATA BO
YENE3HUUATA - CmpyyeH mpyo
Hukonaj 'eopdues, (cmp.537-547)

NPEABUAYBAHE HA OQHECYBAHETO HA CUCTEMMWTE BO XENE3HULATA - CmpyyeH mpyd
AneKkcaHdpa ojuk, (cmp.549-558)

MPECMETKA HA MATOT HA KOYEHE HA BO3, CO NMPUMEHA HA FUZZY NOTUKA - U3eopeH Hay1yeH mpyd
MunaH Munocasmesuk, ywaH Jepemuk, AywaH Byjosuk, (cmp.559-568)

KOHLENT HA YMPABYBAHE CO PU3NK BO CEKTOPOT HA XKENE3HULATA - CmpyuyeH mpyd
Mupocnas lNpoKuK, bpaHucaae bowKosuk, (cmp.569-577)

SAKTOPUN HA KOHKYPEHTHOCT HA NMA3APOT HA XXENNE3SHUYKU TOBAPEH TPAHCMOPT: C/TYYAJ HA KOPUAOPOT X - U38opeH
Hay4yeH mpyd
Munow CmaHojesukK, bpaHucaae bowkosuk, MupjaHa byaapuHosuk, (cmp.579-590)

LEVEL CROSSING OBEP/IMBOCT CO NMPUMEHA HA FUZZY FAULT TREE AHAJTNU3A - U3sopeH HayyeH mpyd
lopaH Tpuukosuk, MunaH Munocaesmesuk, 3opaH byHdano, Mapko bypcak, (cmp.591-601)

INDUSI AUTOSTOP CUCTEM TUMN RAS 8385 KAKO PELWUEHWE 3A BE3SBEAHOCT BO KOHBEHUWOHAJTHATA XENE3HUUA -
Cmpy4yeH mpyo
Mua Budyka, apko bapuwuk, (cmp.603-612)

NTMBEPANTN3ALUIA HA MA3APOT 3A NMPEBO3 HA MATHMNUMW CO XENE3HNUA N HEJSUHOTO B/IMJAHUE BP3 TPAHCNOPTHUTE

KOMMAHWWU - CmpyyeH mpyd
MapmuH Bojmek, 30eHka 3axymeHcka, MapmuH KeHopa, Jozeg Mawnapuk, (cmp.613-623)

Bo3una

ONHAMMWYKO HAMOJYBAHE HA EJTEKTPUYHUTE ABTOBYCU - U3eopeH HayyeH mpyod
Mukonaj bapmaomuejuuk, (cmp.625-634)
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BNMJAHUE HA NPEBEHTUBHWUOT NPEFNEL HA TEXHUYKATA SYHKUMOHANHOCT HA MOTOPHUTE BO3WU/TIA BP3
3rONEMYBAHETO HA BESBEAHOCTA BO COOBPAKAJOT BO PEMYBJ/IMKA CPMCKA - U3eopeH HayyeH mpyd
Tuxomup ['ypuk, lopde Monosuk, BaadaH ['ypuk, BedpaH bunuk, (cmp.635-645)

YMNPABYBAYKN COPTBEP 3A MOHUTOPUPAHE HA COCTOJBATA HA EANHUUWTE BO BO3HUOT MAPK, KAKO MO4APLLUKA HA
MNMPEBEHTUBHOTO OPXYBAE - Cmpyyen mpyod
Ueo [ykocku, Emen Xamsa LLepugh, Hukonve []. TanescKku, (cmp.647-652)

ONTUMU3ALNIA HA PABOTEHETO HA BO3UNATA MPU NPEBO3OT HA TOBAP BO MATHUOT COOBPAKAJ - CmpyyeH mpyd
JosaH Muwuk, Masne Madosuk, MunaH CMaHKos8uK, (cmp.653-663)

ONPEAENYBAHE HA KOEOGUUMEHTOT HA OTNOPOT HA TPKANAHE 3A BO3WU/10 AUDI A4 - U3eopeH Hay4yeH mpyd
30pasko b. HyHuk, apuo Munemur, Mecyd AjaHosuk, Munar ['ydyposuk, (cmp.665-674)

EHEPTETCKM E®UKACEH CUCTEM HA YIMPABYBAHE KAJ TEXHONNOTUUTE 3A COJTAPHU BO3UNA
- MpeanedeH HayvyeH mpyd
3namko B. Cospecku, CumeoH CumeoHos, ®ema CuHaHu, Eauzabema Xpucmoscka, BaHzenuya JosaHoscKa, (cmp.675-684)

neuiosn
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Traffic Planning

EVALUATION FOR LONG-TERM TRAFFIC VOLUME FORECASTING, USING MULTIPLE
REGRESSION ANALYSIS AND PRINCIPAL COMPONENT REGRESSION MODELS — Original scientific paper
Ramadan Duraku, Vaska Atanasova, (pg.1-12)

MONGODB DATABASES IN BIG DATA APPLICATIONS IN TRANSPORTATION INDUSTRY
- Professional paper
Sladana Jankovi¢, SneZana Mladenovic, Stefan Zdravkovic, Slavko Veskovi¢, Ana Uzelac, (pg.13-22)

CROSS-SECTIONAL ANALYSIS OF AIRPORT REVENUE SOURCES— Professional paper
Elzbieta Marciszewska, Adam Hoszman, (pg.23-32)

APPLICATION OF DIFFERENT METHODS OF MULTICRITERIA ANALYSIS FOR EVALUATION AND CRITICAL COMPARISON AT
TRANSPORT INFRASTRUCTURE PROJECTS

- Professional paper

Ivona Nedevska, Zoran Krakutovski, Darko Moslavac, Zlatko Zafirovski, (pg.33-44)

ANALYSIS OF CORRELATION BETWEEN THE NUMBER OF TOURIST ARRIVALS AND
PASSENGER TRAFFIC DEMAND - Professional paper
Justin Pupavac, (pg.45-52)

MODERN SAILOR UNDERSTANDS EMERGENCE OF MARITIME AND THE IMPORTANCE OF MATHEMATICAL APPLICATIONS—
Review scientific paper
Tatjana Stanivuk, Ajka Relja, Ivan Buzov, (pg.53-59)

CITY OF BITOLA TOWARD URBAN SUSTAINABILITY - Professional paper
Jasmina Bunevska Talevska, Mile Biljanovski, (pg.61-70)

LEARNING FROM THE PLANNING HISTORY OF BELGRADE - Professional paper
Vesna Zlatanovic-Tomasevic, (pg.71-82)

HOW TO CREATE AN AGE FRIENDLY URBAN TRANSPORTATION SYSTEM? - Professional paper
Ana Trpkovic, Branimir Stanic, (pg.83-92)

INTEGRATED REPORT - A NEW CHALLENGE FOR THE UNDERTAKINGS IN THE TRANSPORT SECTOR OF REPUBLIC OF BULGARIA -
Professional paper
Emiliya Vaysilova, (pg.93-100)

USING CROWDSOQOURCING POSSIBILITIES IN ROAD TRAFFIC - Professional paper
Stefan Zdravkovi¢, Dusan Mladenovic, Sladana Jankovic, Ana Uzelac, (pg.101-107)

ANALYSIS OF THE BASIC CHARACTERISTICS OF TRIP WITH THE PURPOSE OF GOING TO SCHOOL — Review scientific paper
RuZica Zivkovié, Goran Kalamanda, (pg.109-117)
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Traffic Engineering and Design

ESTIMATION OF BICYCLE SERVICE LEVEL MODEL BASED ON REAL PERCEPTION OF
CYCLISTS TRAVELING IN URBAN TRAFFIC AND ROADWAY CONDITIONS - Original scientific paper
Mevlan Bixhaku, Xhevat Sopi, (pg.119-128)

SOME EXPERIENCES OF ENVIRONMENTAL IMPACT DURRING THE CONSTRUCTION OF
DEMIR KAPIJA — SMOKVICA MOTORWAY - Professional paper
Tale Geramitcioski, Vladimir Mijakovski, Vangelce Mitrevski, (pg.129-136)

ANALYSIS OF USERS” ATTITUDES ABOUT THE TOLL COLLECTION SYSTEM IN THE REPUBLIC OF MACEDONIA - Original scientific

paper
DraZenko Glavi¢, Marina Milenkovi¢, Malenkovska Todorova Marija, Milos Petkovic, (pg.137-146)

QUEUEING SYSTEM WITH DIFFERENT PATIENCE OF CUSTOMERS IN QUEUE. A
SPECIFIC EXAMPLE PARKING GARAGE "SNT" IN NOVI SAD - Original scientific paper
Zarko Jevtié, llija Tanackov, Zoran Papié, Jelena Mitrovié Simié, (pg.147-155)

COMPARISON OF ROAD TRAFFIC INTELLIGENT TRANSPORT SYSTEMS APPLICATION LEVELS IN REPUBLICS OF MACEDONIA AND
SLOVENIA - Professional paper
Daniela Koltovska Nechoska, Evelin Krmac, (pg.157-166)

BASIC ELEMENTS OF EVALUATION IN THE TRANSPORT PROJECT DEVELOPMENT PROCESS - Professional paper
Mirsad Kulovic, (pg.167-178)

ANALYSIS OF USERS’ ATTITUDES ON THE INTRODUCTION OF CONGESTION PRICING IN BELGRADE — Original scientific paper
Marina Milenkovic, DraZenko Glavic, Anica Koci¢, (pg.179-189)

METHODOLOGY FOR ANALYSING CAPACITY AND LEVEL OF SERVICE FOR INTERSECTION AT BLVD GOCE DELCEV AND BLVD KRSTE
PETKOV MISIRKOV - SKOPJE (HCM 2000/2010) - Professional paper
Ivana Nedevska, Radojka Donceva, Slobodan Ognjenovic, Riste Ristov, (pg.191-200)

EVALUATION OF ADAPTIVE AND FIXED TIME TRAFFIC SIGNAL STRATEGIES: CASE STUDY OF SKOPJE - Professional paper
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Abstract

This paper presents a methodology for route selecting in the planning and
designing of railway alignment based on the Multi Criterion Decision
Process. The proposed methodology provides usage of Multi-Criteria
Analysis, examines the advantages and disadvantages of the considered
methods, and explains how their common applications relate to their relative
strengths and weaknesses. Final result of the Multi-Criteria Analysis is
selection of the most suitable route in accordance with the adopted criterion
and existing constraints. The developed methodology is based on three
different methods for Multi-Criteria Analysis, notably Weighted Sum Model
— WSM, AHP method (Analytic Hierarchy Process) and VIKOR method.
Evaluation is performed for railway alignment of two alternatives on the
Corridor 10, on the section from station Dracevo (Skopje) and station Veles.
The results confirm pertinence and usefulness of Multi — Criteria Analysis.

Keywords: planning and designing, railway alignment, alternative
selection, multi criterion decision making, Weighted Sum Model, Analytic
Hierarchy Process, VIKOR method.
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INTRODUCTION

Multi-Criterion Decision Analysis, or MCDA, is a valuable tool that
we can apply to make many complex decisions. It is most applicable to
solving problems that are characterized as a choice among several
alternatives. It has all the characteristics of a useful decision support tool: It
helps to focus on what is important, is logical and consistent, and is easy to
use. Generally, when the transport infrastructure project is selecting the
usual procedure is to search for a solution by considering various variants.
The most frequently applied selection methods in the first stage of the
project development are based on the technical and socio -economic criteria
and the usage of multi-criterion analysis. In the case when the multi-criterion
decision-making is applied, the results of the technical and socio-economic
analysis (specific costs) are treated as one of the criterion.

The developed methodology is based on usage of three different methods for
multiple criterion decision making, Weighted Sum Model — WSM, AHP
method (Analytic Hierarchy Process) and VIKOR method. The assessment
and selection of a new railway alignment through MCDA concern the
railway section between station Dracevo (Skopje) and station in Veles.
The following criteria are adopted for successful application of these
methods in practice:

- Investment costs for construction,

- Management and maintenance cost,
Capacity of railway line for each alignment,

- Duration of construction works,

- Environmental impact.
In the table below are shown all criteria that are taken into account for
making multi - criterion analysis, and each criterion is expressed in his
natural scale.

Table 1. Considered criteria expressed in natural scale

Criterion
Construction | Cost management | Capacity | Duration of | Impact of the
. Investments and maintenance construction | environment
Alternative
of the rout work
(€*10°) (€*107) (trains) (points) (points)

= = + + +

160 24d 653 591 32.7 20 50

120 24s 530 585 31.1 30 55
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WEIGHTED SUM MODEL — WSM

In decision theory, the weighted sum model (WSM) is the best known and
simplest multi — criterion decision analysis method for evaluating a number
of alternatives. It is very important to state here that it is applicable only
when all the data are expressed in exactly the same unit.

Since the criteria are given in their natural scale, it is necessary to make their
normalization, i.e. transformation of matrix with natural measurements into
zero matrix. In the zero matrix it is important to define if the criterion is best
rated with maximum or minimum value, i.e. to ascertain whether to make
maximization or minimization of criterion. The weight coefficients for each
criterion should be also adopted. The zero multi - criterion matrix is shown
in the following table:

Table 2. Zero multi — criterion matrix

Criterion
Construction | Cost management and | Capacity Duration of | Impact of the
Alternative Investments maintenance of the construction environment
rout work
- - + + +
160 24d 0.81 0.99 1.00 0.67 0.91
120 24s 1.00 1.00 0.95 1.00 1.00
coefficient 32.50% 18.00% 22.50% 14.00% 13.00%

Since the zero multi - criterion matrix has been determined, the next step is
to calculate the global sum for each alternative and select an optimal
alternative solution:

Alignment alternative 160_24d = 0.81*32.50% + 0.99*18.00% +
1.00%22.50% + 0.67*14.00% + 0.91*13.00% = 0.88

Alignment alternative 120_24s = 1.00*32.50% + 1.00*18.00% +
0.60%22.50% + 1.00*%14.00% + 1.00*13.00% = 0.99

Following the calculations for each alternative, it is evident that alternative
120_24s has higher global sum than alternative 160 24d, which means that
alternative 120 24s is higher ranked alternative, i.e. according to the terms
of considered criteria and adopted weight coefficients, it is recommend the
choice of variant 120_24d in the process of further design stage.
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ANALYTIC HIERARCHY PROCESS

Analytic Hierarchy Process (AHP) is a structured technique for organizing
and analyzing complex decisions, based on mathematics and psychology. It
was developed by Thomas L. Satty in the 1970s and has been extensively
studied and refined since then.

Users of the AHP first decompose their decision problem into a hierarchy of
more easily comprehended sub — problems, each of which can be analysed
independently. The elements of the hierarchy can relate to any aspect of the
decision problem — tangible or intangible, carefully measured or roughly
estimated, well or poorly understood — anything at all that applies to the
decision at hand. Once the hierarchy is build, the decision makers
systematically evaluate its various elements by comparing them to each
other two at a time, with respect to their impact on an element above them in
the hierarchy. The four successive steps for application of AHP of the
mentioned railway project are followings:

Step 1. Calculate the selected criterion for assessing project
performance.

Table 3. Criterion in natural scale

Criterion
Construction | Cost management | Capacity | Duration of | Impact of the
. Investments | and maintenance construction | environment
Alternative of the rout work
(€*10°) (€*107) (trains) (points) (points)
= = + + +
160 24d 653 591 32.7 20 50
120 24s 530 585 31.1 30 55

Step 2. Analysis of individual criterion and determining their
weight coefficients
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Intensity of Importance

Table 4. Table of Saaty

Definition Explanation

1

Two activities contribute equally to

Equal importance the objective

Weak importance of one over  Experience and judgment slightly favor

another one activity over another
5 Essential or strong Experience and judgment strongly favor
importance one activity over another
: An activity is strongly favored and its
7 Demonstrated importance : 2 . ‘ : .
dominance is demonstrated in practice
The evidence favoring one activity over
9 Absolute importance another is of the highest possible order
of affirmation
Intermediate values between s
2,4,6,8 o When compromise is needed

the two adjacent judgments

The analysis is done for each criterion separately, depending on the value
that has given appropriate criterion for alternatives. For this analysis is very
important to determine whether the observed criterion is most favourable
when it has maximum or minimum value, ie to determine whether it is
necessary the criterion to be maximized or minimized.

- K1 —Investment for the construction

Table 5. Comparison matrix for K1

Alternative | 160 24d | 120 24s | sum | Average
— — value

160 24d 1.00 020 | 120 | 0.17
120 24s 5.00 1.00 | 6.00 | 0.83
Y 6.00 1.20 | 7.20 | 1.00

- K2 —Management and maintenance costs

Table 6. Comparison matrix for K

Alternative | 160 24d | 120 24s | SUM | Average
- - value
160 24d | 1.00 3.00 | 4.00 [ 0.75
120 24s 0.33 1.00_ | 1.33 | 0.5
D 1.33 4.00 | 533 | 1.00
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- K3 - Capacity

Table 7. Comparison matrix for K3

Alternative | 160 24d | 120 24s | SUM | Average
value
160 24d 1.00 5.00 6.00 0.83
120 24s 0.20 1.00 1.20 0.17
> 1.20 6.00 7.20 1.00

K4 — Duration of construction work

Table 8. Comparison matrix for K4

Alternative | 160_24d | 120_24s | SUM | Average
160 24d | 1.00 | 2.00 | 3.00 | 0.67
120 24s | 050 | 1.00 | 1.50 | 0.33

5 150 | 3.00 | 450 | 1.00

KS — Impact on the environment

Table 9. Comparison matrix for K5

Alternative | 160 24d | 120 24s | SUM | Average
— — value
160 24d 1.00 2.00 | 3.00 | 0.67
120 24s 0.50 1.00 | 1.50 | 0.33
S 1.50 3.00 | 450 | 1.00

Step 3. Creating comparison matrix

Considering the defined purpose, for each pair of criterion should be

submitted value of importance of one criterion over another in the evaluation
matrix (comparison).
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Weight coefficients on the level of criterion
Table 10. Sorting matrix

oferiterion. | ! |2 |©5 |k | K5 | sum | e
K1 1.00 | 5.00 | 3.00 | 7.00 | 7.00 23.00 0.430
K2 0.20 | 1.00 | 3.00 | 3.00 | 4.00 11.20 0.209
K3 0.33 | 0.33 | 1.00 | 3.00 | 7.00 11.67 0.218
K4 0.14 | 0.33 | 0.33 | 1.00 | 4.00 5.81 0.109
K5 0.14 | 0.25 | 0.14 | 0.25 | 1.00 1.79 0.033
Table 11. Normalized sorting matrix
Normalization
Gt |11 12 [ [we [ ks [sum [ o,
K1 055 | 072 | 0.40 | 0.49 | 0.30 2.47 0.494
K2 0.11 | 0.14 | 0.40 | 0.21 | 0.17 1.04 0.208
K3 0.18 | 0.05 | 0.13 | 0.21 | 0.30 0.88 0.176
K4 0.08 | 0.05 | 0.04 | 0.07 | 0.17 0.42 0.083
K5 0.08 | 0.04 | 0.02 | 0.02 | 0.04 0.19 0.039
1.00 1.00 1.00 1.00 1.00 5.00 1.000

Step 4. Calculation with combined weighted with weight coefficients.

The combined weighted with weight coefficients is done by taking the
weight ratios of each criterion provided in table 11 and the weight
coefficients obtained for each criterion separately with his comparison
in terms of both alternatives, which are presented in the above tables
and graphs. The final score and ranking are calculated according
following steps: weighting criterion obtained for each criterion
separately in the analysis of two alternative solutions. Finally
weighted coefficients are summed and the final results are calculated,
based of which can be done ranking of alternative solutions.
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Table 12. Final score

CALCULATION WITH COMBINED WEIGHT WITH WEIGHT COEFFICIENTS

Weight 1 0.494 0.208 0.176 0.083 0.039
Management .
Investment and . Duratlon.of Impact on the
. Capacity construction .
costs maintenance environment
work
costs
Weight 2 - - + + +
€ € trains points points
160_24d 0.17 0.75 0.67 0.75 0.67
120_24s  0.83 0.25 0.33 0.25 0.33
Management .
Investment and . Duratlon.of Impact on the
. Capacity construction N
costs maintenance work environment FINAL
costs RESULT
- - + + +
€ € trains points points
160_24d 0.08 0.16 0.12 0.06 0.03 0.44
120 _24s 0.41 0.05 0.06 0.02 0.01 0.56
From the performed calculations by AHP method, it is evident that

alternative 120_24s is better solution than alternative 160 24d.

VIKOR method is a multi — criteria decision making or multi — criteria
decision analysis method. It was originally developed by Serafim Opricovic
to solve decision problems with conflicting and non commensurable
(different units) criteria, assuming that compromise is acceptable for conflict
resolution, the decision maker wants a solution that is the closest to the ideal,

VIKOR method

RANKING

and the alternatives are evaluated according to all established criteria.
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Table 13. Initial decision matrix

Criteria
Alternative K; K, K; K, K;
(€%10%) (€*10°) (trains) (points) (points)
160 _24d 1.00 1.00 0.00 1.00 1.00
120 24s 0.00 0.00 1.00 0.00 0.00
fi* 530.00 585.00 32.7 30 55
fi- 653.00 591.00 31.1 20 50
Di - 123.00 | - 6.00 1.6 10 5

For further implementation of multi - criteria decision making is required
that all criteria can be assigned relative weights or weight factors that
determine their meaning. In this analysis to define the weighting method
used for the simulation of structural preferences, so that for the values of the
weight coefficients are proposed five scenarios:

Scenario I: All of the criteria have the same importance, so they
have same weight ratio.

Scenario II: Priority is given to the economic and transport criteria,
so that the heist value of weighting is given to the criteria K1, K2
and K3, and lowest value of the criteria K4 and K35.

Scenario III: Priority is given to the economic aspect, so that the
highest value of weighting is given to the criteria K1 and K2, and
lowest to the criteria K4 and K5.

Scenario IV: Priority is given to traffic aspect and the highest value
of weighting is given to criterion K3.

Scenario V: Priority is given to the environmental aspect, so the
highest value of the weighting is given to the criteria K4 and K5.

Table 14. Values of the weight coefficients for the proposed scenarios

Weight Scenarios
Coefficients | SC1 | SC2 | SC3 | SC4 [ SC5
Wi 1 3 3 2 2
W) 1 3 3 2 2
W3 1 3 2 3 2
Wy 1 2 2 2 3
Ws 1 2 1 1 3
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Based on fundamental relations of the program package VIKOR and adopted
weight for strategy making, v=0.5 has been obtained the following final
decision matrix and ranking:

Table 15. Ranked list of alternative solutions for the route of the proposed scenarios

Ranking Scenarios
SCI SC 11 SC 111 SC1v SCV
1 120 24s | 120 24s | 120 24s | 120 24s | 120 24s
0,5) 0) 0) 0,5) 0)
2 160 24d | 160 24d | 160 24d | 160 24d | 160 24d
0,5) A A 0,5 (@)

The results of the ranking show that alternative 120 24s is more favourable
alternative solution for scenarios 2, 3 and 5, while scenarios 1 and 4 rang
both alternatives as same. Summing the results we have come up with a
solution that better solution is alternative 120 24s and it is proposed as a
compromise solution.

CONCLUSION

The most popular methods employed in the process of decision making are
multi criteria analysis (MCA) and cost — benefit analysis (CBA). The usage
of MCA is appropriate in the first planning stage of project, named pre —
feasibility study, while the CBA is often used in the feasibility study and for
final stage of decision making. The common particularity of each MCA
method is that they apply weight coefficients for each criteria, which shall
pose difficulties regarding independence of results coming from MCA.

Finally this paper was intended to achieve several goals. First was described
the application of multi — criteria analysis in making decision to select the
best route for a railroad. Second, multi - criteria analysis were applied on a
present case to choose the route for the rail using three different methods
(Weight Sum Method, AHP method and VIKOR method).

Based on the foregoing it can be concluded that multi — criteria analysis
represent a flexible solution intended for users who can successfully use only
with a specific definition of the appropriate criteria and alternatives.
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