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TeXHU4KN 3axXTeBM U ynyTCTBO ayTopnma

NYT U CAOBPARAJ
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Hay4HO-CTPYYHM YacONMC 3a NYTHO UHXXEHEPCTBO

Yacormc llym u caobpahaj je Hay4HO-CTPYYHW 4acomuc u3

obnactu nytHor wWHxetepcTa. CBpxa, LUWb W TEMaTcko

ogpefiese Cy YCMEpPEeHM Ha Teopujcka W MpUMeHeHa

UcTpaxmsarsa y obnactuma kao Lo cy:

1. Caobpahaj u exoHomuja

2. [pojekToBarbe NyTeBa M rpaackux caobpahajHuua,
aepogpOMCKMX M CTa W NyTHe MHAPaCTPYKType

3. Opnpxasarbe nyTeBa v rpaackux caobpahajimua

4. TlpojekToBare MOCTOBA, TyHeNa W rpaheBUHCKUX
KOHCTpYKLMja

5. Ekonoruja 1 npoCTOPHO nnaHupame

6. BesbenHoct caobpahaja

7. TyTHa MHchopMaTHKa M ynpaBrbake NyTeBnMa

8. TeotexHuka

9. KonoBosHe KOHCTpYKLMje

10. TpaheBnHCKM MaTepujanm

11.  HayuHe uHopmaumje

12. TlyTapcke Bectu

13. Hoge nybnukauuje

UnaHum ce pa3spcTaBajy y pybpuke 0AHOCHO HaBeaeHe obrnacty.

Yaconuc ym u caobpahaj objaBrbyje M MHGopMaLpje koje He

noanexy peueHauju, a cepcraBajy ce y cnegehe pybpuke:

npuvKasW, HayyHW, CTPYYHM CKynoBu U u3noxbe, CTpydHa

MUWIbEHa,  NOMeMWKka,  HayyHa  capadra, — W3gaBadke

WHcbopmaLmje u cn.

MpUMIBbEHM YnaHLM NOANEXY aHOHUMHO]j PELIEH3UjM Y cknagy C
npenopykama 3a MefyHapogHe HayyHe daconuce. [1pu Tome ce
CBaKu paf CBPCTaBa Y jeaHy of cnepehux kateropuja:

HayuHm ynaHup:

- opurmHanaH HayyHu pag, (Original scientific paper);
OpurvHamHu HayyHW pag y KOMe Ce WM3HOCe MPEeTXOAHO
HeobjaBrbMBaHM  pe3ynTaTM  COMCTBEHWX — WUCTpaxuBarba
Hay4YHUM METOLOM.

- npernepaHu pag, (Review paper); Mpernegnu pag je HayuHu
paf Koju cagpxXu OpuriHanaH, AetarbaH W KpUTUYKM Npukas
“cTpaxuBaykor npobnemMa wnu nogpydja y kome je aytop
octBapuo  ogpefieHn [OMPWHOC, BWATBMB HAa  OCHOBY
aytouuTara.

- MNpeTxopHo caonwTeke, (Preliminary communication);
MpeTxoQHO CaomwWTere je OpUrMHaNHW HayyHW pag myHor
cdopmaTa, anu Mawer obuma WM MPEnUMUHapHOT
kapakTepa);

- HayyHa KpuTUKa, nonemmka (scientific criticism); pacnpasa
Ha ogpefjeHy Hay4Hy TeMy 3aCHOBaHa MCKIbYUMBO Ha HayuHO)
aprymeHTaLuju) 1 0cBpTH

CTpy4HM unaHum:

- cTpyyHu pap (Professional paper); npuror y kome ce Hyde
MCKYCTBA KOpUCHA 3a yHanpehewe npodecoHanHe npakce,
aInw Koja HUCY HY)KHO 3aCHOBaHa Ha Hay4HOM MeToay;

- MHdOPMATVBHU NPUNOT (YBOAHWK, KOMEHTAP M CI1.);

- MpuWKa3 (KibWre, padyHapckor mporpama, Cryyaja, HayuyHor
porahaja, u cn.).

TEXHUYKW 3AXTEBU U YNYTCTBO AYTOPUMA
YnyTcTBo ypehyje HaumH obnmkoBara W [OCTaBIbakba Hay4YHUX 1
CTPYYHWX YnaHaka pepakumjn lym u caobpahaj. Mpunosn 6u
Tpebano ga Byay HanucaHn AvpunnuUom (M3yaumajyhn HeomxoaHe
TEpMUHE M ckpaheHuLe, Kao U TEKCTOBE ayTopa YWy MaTepHsu
JE3nK HUje CPNCKM) MMM NATMHULIOM, ONPEMIBbEHU (hyCHOTaMa,
NMTEPaTypoM, HACroBOM, KIbyY4HWM peYAMa UM CaxeTkoM. Y3
Mpuror ce AOCTaBrba NPEBOL HACIoBa, CaKeTKa U Kiby4HIX peu
Ha EHIMEeCKoM jeauky. Ako ayTop cmaTpa fa je noTpebHo, Moxe da
[OCTaBM HACMOB, CaXeTak M KibyyHe peuu Ha ol jesHom
13abpaHoM jesnky.

Mpunpema pykonuca
HacnoB paga mMopa ca LWTO Mate peyn TauyHo, jacHo U CaxeTo
onucatu cagpxaj unaxka. Mopa 6ut pasymrous.

Mopauu o aytopuma: ume u npesume, CTpyyHa cnpema (Hnp.
AWNN. WHr. rpafjeBnHapcTBa), 3Bakbe (HMP. AOKTOP TEXHMKMX
Hayka), e-Maun agpeca, Has3vB WHCTUTYUMje MIW KOMNaHuje y
K0joj je 3anocneH n agpeca UHCTUTYLIM|E UMK TBPTKE.

CaxeTaKk je je3arpoBMT npuka3 paja Koju YKpaTkO FOBOpU O
3Havajy Teme, CBPCM W LMIby WUCTPaXmBatba, HOBOj CriO3HajW,
METOZONOrMj, MOCTUrHYTUM pesynTatuma U1 3akibyduuma. Y
WHTEPECY je ayTopa Aa CaxeLu Cagpxe TEPMUHE KOju Ce YeCTo
KOpWCTe 3a MHAEKCUpakLEe W NpeTpary YnaHaka. CaxeTak cagpu
no 150 peun 1 Hema chopmyna Hu Gubnmorpadmje. YnaHak mopa
YIMaTH CaXXETKE Ha CPIICKOM W HA EHITIECKOM jE3NKY.

KrbyuHe peum: KrbyuHe peun cy TepmuHu unm ¢ppase Koju
Hajborbe onucyjy cagpxaj YnaHaka 3a notpebe mHOeKcuparba U
npeTpaxueara. bpoj kiby4HUX peun He moxe 6utn Behm of 8.

Paon koHumsHocTw, pag Tpeba nogenuT Ha HymepucaHa

nornaerba C yBOAOM Ha NOYETKY M 3aKiby4kOM Ha Kpajy TekcTa.

Y800 Mopa cazipxaBaTit MH(hOpMALje O 3aMUCTM (MPOMULLITbakSY),
noctynuAmMa W MOCTUTHYTUM — pesyniTatMa  npeamerta
uctpaxueatba. Liub M cBpxa ucTpaxweara Mopajy 6utu
jacHo onucanm ¢ oLieHOM ocafalLHbEer UCTPaXMBaHbA.

lMocmaerbeHa xunomesa koja Ce [okadyje pagoOM OBHOCHO
UCTpaxuBat-eM ayTopa Mopa 6uTM moruyHo paspafeHa y3
KOH3WCTEHTHY Mporpecuy.

Pesynmamu ucmpaxusatba 1 npukasn MeTofa OHOCE CE CaMo Ha
rMaBHe W PEMPE3EHTATUBHE KOjU CaAPKe ayTOpOBE 3aKrbyuke
0 NpeaMeTy UCTPaxuBakba.

[fuckycuja Tpeba roBopuTM 0 3HaueHy pesynTata UCTPaxKMBaHba.
Objawwr-aBajyhn pesyntate uctpaxmearba. Cepxa auckycuie je
npukasaTu ogHoce Msmef]y OnaxeHux pesynrara 1 YakeHuLa.

3akibyyak Tpeba cagpkaBaTi jacHo M3peyeHe TBPAHE ayTopa M
OMTHa OTBOpEeHa MNuTatba ka0 W Mperopyke 3a [Jarba
UCTPAXUBaHHE.

Oncer papga (33jegHo ca cnvkama M UpTexuma) Tpeba

OrpaHuuMT MakcumanHo Ha 12 crtpanuua. CtpaHule mopajy

outn Hymepucane. Mpenopyka je 4 fo 8 cTpanuua.

MopewaBawe cTpaHuue BenuyuHa nanupa je A4, MapruHe:
ropwa W gowa 2,5 um; nesa 4 fdecHa 2 um; [Mpunore
chopmatupati y 2 ctybua (konoHe) ca pasmakom 0,5 um.

Tekct Tpeba GuTM rpamatuuki ucnpasaH, 0e3 Tunorpadckux
rpewaka, nucaH y aga crynuya nporpamom Word Office. Tpeba
kopuctutn cnosa Apuan senuumHe 10 3a Tekct, 10 3a Hacnose
nornaema M 11 3a HacnoB unaHka. CkpaheHuue — Tpeba
00jacHUTI YnM Ce nojaBe Y TEKCTY.

Myt n caobpahaj, LIX, 1/2013



TeXHU4KM 3aXTEBM U ynyTCTBO ayTopuma

®opmyne u jepgHaumHe, Tpeba mucatTM y jegHoM pepy C
ofroBapajyhoM HymepauwjoM Ha [EeCHO] CTpaHWM Y OKPYrnoj
3arpaay: (1). ObasesHa je npumena Sl cuctama MepHUX jeanHuLa.

Cnuke mopajy umaTi Hacrnos u BuTi o3HayeHe Bpojem, a ncnog
crvke mopa 6uTM HaeedeH w3Bop. Pesonyuuja crvke ce
npenopyuyje Ha MuH 300a0m.

Tabene mopajy MMaTh HacrnoB 1 OuTM 03HaueHe Bpojem. Mcnog
Tabene ayTop Mopa HaBeCTM M3BOP MoJaTtaka.

HanomeHe (¢pycHoTe): HanomeHe ce aajy npu gHy CTpaHe Y Kojoj
Ce Harase KOMeHTapucaHu feo Tekcta. Mory cagpxatu marbe
BaXHE [eTarbe, AomnyHcka objaltbetba, HasHake O KOpULAEeHWM
W13BOPUMA, anv He Mory 61T 3aMeHa 3a LMTUPaHy NUTEpaTypy.

MpetxoaHe Bep3uje papa: AKo je YnaHak y NpeTXoaHoj Bep3ujn
B1O N3NOXeEH Ha CKyny y BUAY YCMEHOr caonwTera (nog 1eTum
WNK CIIMYHMM HacrnoBoM), nogatak o Tome 6w Tpebano ga Oyae
HaBedeH Yy mocebHOj HamoMeHW, Mo npaBumy Npu AHy MpBe
CcTpaHe ynatka. Pag koju je Beh objaBrbeH y HEkoM yaconucy He
Moxe BuTi npewwTtamnaH y Iym u caobpahajy.

Nucra pedpepeHum (nutepatypa): LutmpaHa nutepatypa
obyxsarta bubnuorpadcke U3Bope (4naHke, MoHorpaduje v ci.) u
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Original scientific paper
Abstract: When Adaptive Traffic Control Systems
are evaluated their safety benefits are rarely
investigated. This ‘lack of interest’ in safety
performance may be attributed to two major
factors: 1) field assessments of safety
improvements are impractical (i.e. time consuming
and costly), and 2) methods for obtaining safety
metrics from microscopic simulation models are
uncommon. While collecting and analyzing field
safety metrics (e.g. crash rates) remains
operationally and analytically challenging, new
tools are becoming available to provide surrogate
safety measures based on microscopic simulation
program outputs. The framework of this study uses
a microsimulation model connected to Sydney
Coordinated Adaptive Traffic System (SCATS) to
generate vehicular trajectories which are fed into a
Surrogate Safety Assessment Model. Real-world
data from two Utah state routes are collected to
reflect crashes before and after the adaptive
system was deployed in 2006. The crash data are
analyzed and compared to relevant surrogate
safety measures to detect potential correlations
between the two data sets. Results show that
SCATS generates fewer rear-end and total conflicts
than traditional traffic control while traditional
control generates fewer crossing and lane-
changing conflicts. Field crashes have increased in
the last few years likely as a consequence of more
numerous road construction activities. Correlation
indicators between field crashes and simulated
conflicts are not very strong but follow trends
reported by other studies.

Keywords: adaptive traffic control, safety surrogate
measures, microsimulation, crash statistics.
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Originalni nauc¢ni rad
Rezime: Kada se adaptivni sistemi kontrole
saobracaja vrednuju, koristi od bezbednosti se retko
istrazuju. Ovaj "nedostatak interesovanja" za
bezbednosne sapekie moze se pripisati za dva
glavna faktora: 1) terenske procene bezbednosnih
poboljSanja su neprakti¢ni (tj. dugotrajan i skup), i 2)
metode za dobijanje pokazatelja bezbednosti iz
mikroskopskih simulacione modele su retki. Dok
prikuplia i analizira na terenu pokazatelja
bezbednosti (npr. cena SN) ostaje operativno i
analitiCki izazovno, novi alati postaju dostupni koji
mogu da obezbede parametre bezbednosti iz
surogat mera na osnovu rezultata simulacije
mikroskopskih programa. Okvir ove studije Koristi
microsimulation model povezan na Sidnejski
koordinirani Adaptivni sistem saobracaja (SCATS)
da generiSe saobracajne putanje koje se ubacuju u
surogat model za procenu bezbednosti. Realni
podaci sa dva Utah drzavna puta se prikupljaju da
prikazu stawe pre i posle adaptivnog sistema koiji je
instaliran 2006. Podaci o saobrac¢ajnim nezgodama
se analiziraju i uporeduju sa odgovaraju¢im surogat
merama bezbednosti za otkrivanje potencijalne
korelacija izmedu dva skupa podataka. Rezultati
pokazuju da SCATS generiSe manje SN tipa. ¢elo-
rep i ukupno konflikata nego tradicionalne kontrole
saobracaja, dok tradicionalni kontrola generi$e maniji
broj SN uzrokovan prelazima iz saobracajnih traka.
Realni podaci o broju SN se povecéaju u poslednjih
nekoliko godina, verovatno kao posledica trajanja
aktivnosti na izgradnji puteva. Korelacija izmedu
indikatora na terenu i simuliranih podataka nije
veoma jaka, ali prati trendove registrovane i od
strane drugih studija.

Kljuéne re€i: adaptivna kontrola saobracaja,
za8titne surogat mere, microsimulacijea, statistika
saobracajnih nezgoda.
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INTRODUCTION

There is a long history of Adaptive Traffic Control
System (ATCS) evaluations, both in field and
microsimulation (Stevanovic, 2010). However, when
performance of an ATCS is evaluated the safety
benefits of its signal timings are rarely evaluated and
documented (Sabra et al., 2010). This ‘lack of
interest’ in the safety performance of an ATCS may
be attributed to two major factors: 1) field
assessments of safety improvements are impractical
(i.e. time consuming, costly, and possibly lacking
definitive results), and 2) methods for obtaining
safety metrics from microscopic simulation models
are still uncommon.

Field safety assessments of traffic signal designs
are often inconclusive because relationships
between safety metrics (such as crash rates) and
‘controlled’ variables are often relatively low, even
when ‘controlled variables’ (such as weather,
geometrical design of the roads, and presence of
work zones) have much higher impact on traffic
safety than signal controllers’ timings. Due to these
problems very few studies have addressed impact of
safety on signal timings on arterial roads. And until
recently, there was no widely-available tool to
estimate potential conflicts associated with various
signal timing designs. Breakthrough research was
initiated by the Federal Highway Administration
(FHWA) (Gettman and Head, 2003) which led to
development of the Surrogate Safety Assessment
Model (SSAM) - software that calculates surrogate
safety metrics based on conflicts between vehicular
trajectories from traffic simulation outputs.

Numerous ATCS  evaluation studies (see
(Stevanovic, 2010) for a list of studies) show that
ATCSs usually outperform conventional traffic signal
systems. However, performance measures delivered
by these evaluation studies rarely go beyond
common metrics of traffic efficiency (such as delays,
stops or travel times) and almost never include
safety metrics. On the other hand, it is important to
investigate impact of ATCSs on safety aspects of
traffic performance. Do dynamically changing signal
timings from ATCSs, by responding to fluctuations in
traffic demand, increase ‘disturbances’ in traffic
flows and maybe negatively impact safety? Or do
these dynamic signal timings make traffic flows
smother with fewer stops and larger gaps enabling
safer execution of conflicting movements? These
are questions that have not been answered so far.
Furthermore, most of these questions could not be
answered through practical field data collections.
Field crash data are difficult to correlate with signal
timings due to noise from all other variables that
may impact traffic safety. Thus, investigating the
impact of ATCS signal timings on surrogate safety
measures in a virtual and controlled environment,

where all other variables are kept constant, is a valid
approach. By comparing ATCS signal timings with
those delivered by conventional Time-of-Day (TOD)
offline-developed signal timing plans one can
understand the marginal impact of changes in signal
timings on number and potential severity of conflicts.

Scant effort has been made to investigate impact of
ATCS on safety metrics. While there is a promising
ongoing project (sponsored by FHWA) to
incorporate safety assessment into an ATCS (Sabra
et al., 2010) this project is still in its initial stage; and
practical importance of its findings needs to be
evaluated in the future. In addition, there has not
been a single study that evaluates safety surrogate
performance of a major ATCS in microsimulation.
This study bridges that gap in existing knowledge by
evaluating benefits of Sydney Coordinated Adaptive
Traffic System (SCATS) over a conventional TOD
system in terms of surrogate safety measures. The
study also briefly analyzes field data and draw
conclusions between findings from microsimulation
and the field.

LITERATURE REVIEW

Field Safety Evaluation of Traffic Signals

When evaluating impacts of traffic signals on road
safety, impacts of signal phasing (e.g. left-turn
phasing design; Brehmer et al., 2003) or physical
structure of traffic signals (e.g. position and
reflectivity; Miska et al.,, 2002) on road safety are
more commonly investigated than impact of signal
timings. A major exception is intergreen time (amber
+ all-red), as there is abundance of research on how
amber and all-red timings impact red-light running
problems. For more information on this topic readers
should see, among other studies, the following
research: Jenkins, 1969; Stimpson et al., 1980;
Wortman and Matthias, 1983; Finlay, 1984; Stein,
1986; Green, 2000; Bonneson and Zimmerman,
2004; and Zimmerman and Bonneson, 2005.

When attempting to estimate the direct impact of
modifying signal timings (other than intergreen) on
road safety, current field practice (Howard/Stein-
Hudson Associates, Inc., 2010) is to apply one of the
crash reduction factors reported by FHWA (FHWA,
2008). However, this approach is not very reliable
because crash reduction rates may be based on a
limited number of research studies. This is further
documented by the Highway Safety Manual
(AASHTO, 2010) which recognizes that the following
crash-reduction treatments (related to signal timings
but excluding any phasing, intergreen, or multimodal
treatments) have unknown effect on crashes:
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e Converting pre-timed phases to actuated
phases

Modifying cycle length

Modifying phase durations
Implementing split phases
Implementing or improving
coordination

signal

Surrogate Safety Measures and Field Crash
Statistics

History of correlating traffic conflicts with traffic
accidents is relatively long (Zegeer and Deen, 1978)
but unfortunately somewhat unsuccessful. While
researchers have not been able to show that traffic
conflicts (either from microsimulation or from the
field) are strongly correlated to traffic accidents,
three major arguments are used to justify continued
interest in analyzing traffic conflicts as a mean to
estimate traffic accidents:

e Although using traffic conflicts to estimate
accidents is not significantly better than using
past accident data, both approaches generally
produce similar results (Migletz et al., 1985;
Gettman et al., 2008).

¢ Conflicts should be used to estimate an expected
rate of accidents, as opposed to predicting the
actual number, because actual numbers can
significantly vary by year (Migletz et al., 1985).

e Others, non-safety related variables (e.g. volume,
speed, or occupancy) are not reliable estimators
of accident rates either (Zhou or Sisiopiku, 1997).

Surrogate Safety Measures from Microscopic
Simulation

Although there are many studies which investigated
development of surrogate safety models to estimate
number of crashes (see for example Son et al.,
2008), this review focuses on those studies which
address surrogate safety measures derived from
microscopic simulation models.

One of first studies using a widely-available
simulation model (for earlier studies see Cooper and
Ferguson, 1976; Fazio and Rouphail, 1990;
Kosonen and Ree, 2000) was conducted in 2002 by
Drummond et al. when the authors found a high
correlation (0.54 < R? < 0.89) between traffic
efficiency performance measures (e.g. delays and
stops) from simulation and field crash rates.

The following year saw a major breakthrough in
research on surrogate safety measures based on
microsimulation outputs. Gettman and Head (2003)
developed functional requirements and algorithms
for a software tool that analyzes surrogate measures
generated by the simulation model. This research
led to development of publicly-available SSAM
software a few years later (Gettman et al., 2008).

The surrogate measures generated by SSAM are
based on the identification, classification, and
evaluation of traffic conflicts that occur in the
simulation model. An open-standard vehicle
trajectory data format was designed and support for
this format has been added as an output option by
major simulation software vendors/developers.

Almost simultaneously with  FHWA research on
SSAM, a group of researchers from Ecole
Polytechnique Fédérale de Lausanne in Switzerland
developed their own surrogate safety measure
based on microsimulation outputs (Torday et al.,
2003). Unlike SSAM, this measure reported only
rear-end conflicts and was applied in a ramp-
metering case study.

Several other studies followed with their own
developments of surrogate safety measures or
proposed modifications to the existing ones. Klunder
et al. (2006) proposed development of a better
framework for generating safety performance
measures based on the Multi-Agent Real-time
Simulator (MARS) interfaced with Quadstone
Paramics microsimulation software. Ozbay et al.
(2008) emphasized a need for well-calibrated and
validated microsimulation models from which safety
surrogate measures are collected. They developed a
new crash index and modified an existing one, and
proved that both indices match field data both
temporally and spatially. Tarko et al. (2009) wrote a
white paper to clarify concepts and definitions of
surrogate safety measures. They also summarized
past research, offered new ideas, and identified
future research directions.

Safety Evaluation of Adaptive Traffic Control
Systems

A literature review on safety evaluations of ATCSs
does not reveal many studies. Moore and Lowrie
(1976) investigated impact of ftraffic signal
coordination on the number of traffic accidents in the
field. They compared numbers of accidents from
areas with and without coordinated signals and
estimated a 23% reduction in number of accidents
following traffic signal coordination. These findings
were further utilized by Bastable (1980) to calculate
economic and social impacts of reduction in accidents
following a deployment of SCATS in Sydney.

Anzek et al. (2005) investigated the impact of
converting operations at a signalized intersection
from pre-timed phases to some sort of adaptive
traffic control. Although authors introduced a
feedback mechanism which changes phase
durations in (near) real-time fashion, it seems that
this sort of adaptive control was more similar to
vehicle-actuated control (as used in the US) than to
fully adaptive traffic control. The authors observed a
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35% reduction in number of crashes after the
conversion took place. However, the analysis was
based on a relatively small sample size (data for one
year before and one year after) and there was no
indication whether observed rate of improvement
differed from normal year-to-year variations in accident
frequency. Similar findings (with smaller improvements
of ~15%) were observed by others (Bamfo and Hauer,
1997) when right-angle accidents were analyzed at
signalized intersections with vehicle-actuated phases
as opposed to fixed-time phases.

Zimmerman and Bonneson (2005), from Texas
Transportation Institute, developed and evaluated the
Detection Control System (DCS). This system detects
the type of vehicle (e.g. heavy vehicle or passenger
car) approaching an intersection and modifies the
clearance time of the service phase appropriately to
reduce the occurrence of large trucks caught in the
dilemma zone. Although this system adaptively
changes clearance times for heavy trucks, the system
can hardly be considered a full ATCS which is known
to modify multiple signal timing parameters (e.g. cycle
length, offsets, and phase splits) on demand.
Nevertheless, the DCS showed a significant reduction
(~ 80%) in red-light running of heavy trucks without
negatively affecting traffic efficiency.

Barcelo et al. (2003) investigated how a custom-built
adaptive traffic control strategy can improve safety
conditions in a major tunnel at the France-Spain
border in Europe. Although authors did not use any
surrogate safety measure (they used a control
strategy to alternate platoons of heavy trucks
entering opposite sides of the tunnel) the findings
showed that adaptive control is a better option than
fixed-time control.

Sabra et al. (2010) started a study, sponsored by
FHWA, to incorporate surrogate safety measures
into an ATCS (ACS Lite). The first phase of this
effort was foundational because it provided a better
understanding of how individual signal timing
parameters (e.g. cycle length, offset, and splits)
affect surrogate safety measures delivered by
SSAM. However, the second phase, which is
supposed to incorporate safety aspects into ATCS
operations, is yet to be completed.

Finally, the most recent research on safety evaluations
of an ATCS represents an effort by Midenet at al.
(2011) to investigate exposure to lateral collisions at
signalized intersections for two traffic control strategies.
Authors compared exposure captured through video
recordings from an intersection operating under both
an adaptive real-time strategy called CRONOS
(ContRol Of Networks by Optimization of Switchovers)
and a time-plan strategy to vehicle-actuated ranges.
The results showed that CRONOS reduced exposure
to lateral collisions by roughly 5 min/h.

Summary of Past Research

Research studies do not present surrogate safety
measures as reliable estimators of real-world
crashes but they are still considered valid measures
with a lot of potential for improvement. Available
studies on surrogate safety measures from
simulation modeling show the continued interest
from research community. Except for a recent
FHWA report (Sabra et al. 2010) there are
practically no studies which address impact of (non-
intergreen) signal timings on surrogate safety
measures. There are no studies which show how
major ATCSs perform in terms of safety, either in
microsimulation or in the field.

METHODOLOGY

Methodology of this study, which is shown in Figure
1, follows a traditional way to evaluate performance
measures from two operational designs in
microsimulation environment. A microsimulation
model was built, based on extensive field data
collection, and then calibrated and validated. Two
types of traffic control systems, SCATS and
conventional TOD control, are modeled to closely
resemble their field counterparts. Uncommon for this
type of study, several procedures were developed to
replicate variability of traffic flows observed in the
field during a week in September of 2007.

Build, Calibrate & Validate
Microsimulation Model

v

Develop Conventional &
SCATS Traffic Controls

v

Develop Field-like Variability of
Traffic Flows in Model

v

Perform Simulation Runs

v

Post-process Vehicular
Trajectories in SSAM

v

Perform Statistical Analysis

v

Collect & Analyze Field Crash
Data

Figure 1 Workflow diagram
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The reasoning behind this additional task was to
overcome lack of simulation’s ability to replicate
variability of field traffic flows and expose two traffic
control regimes to field-like traffic conditions in the
virtual environment. After numerous simulations
were executed in VISSIM, vehicular trajectories
were exported to SSAM and processed to calculate
various surrogate safety measures. Results of the
SSAM analysis were analyzed and statistically
tested. Finally, findings from field crash statistics
were reported and their similarity to simulation
conflicts were briefly analyzed and discussed.

Microsimulation Model of Signalized Arterials in
Park City

Park City Arterial Network

The Park City road network shown in Figure 2 consists

of two suburban arterials, state routes (SR) 224 and

248, and many cross streets. SR 224 is a 5-lane major

arterial while SR 248 is a 3-lane minor arterial. Both

arterials have a median left-turn lane. Posted speed
limits on SR 224 range from 55 mph along sparse
sections with widely spaced intersections to 35 mph in

the downtown area. Speed limits along SR 248 are 35

mph in the downtown area to 50 mph as the road

leaves the network. Recent traffic counts have shown
that SR 224 and SR 248 carry around 30,000 and

16,000 vehicles per day, respectively. SR 224 is the

primary route for recreational traffic from Salt Lake City

and other areas to ski resorts and recreational areas in

Park City, and serves as a connector between

Interstate 80 and U.S. Route 40. The network can be

further divided into three distinct parts on the basis of

prevailing traffic conditions:

¢ Kimball Junction is a single point urban interchange
for SR 224 and 1-80 followed by neighboring
signalized intersections (Landmark Drive and
Olympic Park). This area hosts many local
businesses generating work-related and shopping
traffic. It has the highest traffic demand throughout
the day with Level of Service (LOS) C at the three
intersections during the PM peak. The close
proximity of the intersections dictates the need for
coordination.

e Bobsled Drive, Bear Hollow, Sun Peak Drive,
Canyons Drive, Payday Drive, and Thaynes
Canyon comprise six intersections in the middle of
the network and at the beginning of the downtown
area providing access to residential and
recreational areas. Intersections in this area have
LOS A or B during the PM peak. Spacing between
intersections allows some signals to run
uncoordinated.

e Park Avenue and SR 248, Park Avenue and Deer
Valley, Deer Valley and Bonanza Drive, Bonanza
Drive and SR 248, and SR 248 and Comstock
Drive are five intersections that form a small
gyratory system providing circulation for traffic to

access cultural and historical downtown Park City.
The LOS for these intersections is B-A during the
PM peak. Spacing warrants coordination between
these intersections, but it is not mandatory because
traffic flows can be very low.

In fall 2005, the Utah Department of Transportation
(UDQOT) installed and fine-tuned SCATS on all (then
12) signalized intersections in Park City. However,
soon after initial SCATS was deployed two new
intersections (at Bobsled Dr and Sun Peak Dr) were
signalized and added to the existing system of 12
signalized intersections. Also, one of the existing
signalized intersections (at Canyons Dr) was
redesigned from a three-leg into a four-leg
intersection. The three modified intersections were
eventually brought under the SCATS umbrella and
fine-tuned within a year and a half since the start of
the SCATS installation.

Figure 2 Signalized Intersections in Park City, Utah

Model Building & Data Collection

A VISSIM model of Park City was built based on
extensive data that was collected in the field before
SCATS was installed. PTV software (VISSIM) was
selected as one of the few simulation platforms that
interfaces both SCATS and SSAM. Data collected
(under fair weather and dry pavement conditions) in
a 3-week campaign included: geometry surveys for
each intersection, stopped delays, saturation flow
rates, turning movement counts, corridor travel times
along the route (11.8 km) covering all signalized
intersections, spot speeds, and vehicle
classification. Data covered AM and PM peaks as
well as mid-day traffic conditions. A detailed
explanation of the data collection and methods used
is provided elsewhere (Kergaye et al., 2010).
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Calibration and Validation of the Model

The Park City VISSIM model was calibrated based

on driving behavior captured through multiple traffic

metrics collected in the field. A calibration process
was performed manually through adjustments to the
following elements of the VISSIM model:

e VISSIM’s speed distributions and desired speed
decisions were based on speed limits, spot speed
data from the field, and preliminary travel time
runs on segments of the network;

e Saturation flows at links approaching intersections
in VISSIM were adjusted to represent saturation
flow values collected in the field. Saturation flows
in VISSIM are not explicitly (and accurately)
defined but they can be tuned by adjusting
relevant driving behavior parameters such as the
additive and multiplicative parts of desired safety
distances (PTV, 2010).

e VISSIM’s routing decisions reflect traffic counts
collected in the field. VISSIM’s traffic inputs were
adjusted to ensure that ftraffic demand
approaching each intersection is high enough to
generate traffic counts in VISSIM which match the
traffic counts in the field.

The model was validated through a comparison of

modeled (10 randomly seeded runs) and field travel

times, measured along segments between
signalized intersections. Figure 3 shows results of
the validation process.

Modeling Traffic Control in VISSIM

Conventional TOD Traffic Control

Conventional TOD traffic control in Park City, before
SCATS was deployed, was predominantly actuated-
coordinated with two intersections that run an
uncoordinated regime (SR 248 intersecting Bonanza
Drive and Comstock Drive). The first three
intersections in the Kimball Junction area were
running on 128-second cycles. The other
intersections all ran on 106-second cycles with
exception of Deer Valley and Bonanza Drive which
was double cycling (53 sec.). Conventional TOD
signal timing data for the original 12 intersections
were provided by UDOT in two forms: SYNCHRO
files and detailed layouts of detectors and signal
controller outputs for each intersection. Signal
timings from the 12 field controllers were compared
with those from the SYNCHRO files resulting in a
few discrepancy corrections. Three modified
intersections (Bobsled, Sun Peak, and Canyons)
warranted development of new signal timings to
consistently compare their performances with
SCATS. New signal timings for these intersections
were developed (in SYNCHRO) in such a way that
traffic performance is optimized while keeping signal
timings from the rest of the network unaltered.
Finally, all signal timings from SYNCHRO were
exported to VISSIM’s RBC (Ring-Barrier Controller)
platform and inspected manually for inconsistencies.
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Figure 3 Results of validation process: travel times
between intersections

SCATS Adaptive Traffic Control

SCATS is a two-level hierarchical ATCS developed
in Australia in the 1970s by the Road and Traffic
Authority (RTA) of New South Wales, Australia
(Lowrie, 1982; Luk, Sims, and Lowrie, 1982).
SCATS uses information from vehicle detectors,
located in each lane immediately in advance of the
stop line, to adjust signal timings in response to
variations in traffic demand and system capacity. At
a simple level, SCATS can be considered a
feedback system that adjusts signal timings on the
basis of changes in traffic flows from previous
cycles. The SCATS strategy assumes that higher
cycle lengths mean greater intersection capacity.
This strategy advocates splits proportional to
approach demand and longer offsets for increased
volumes (and slower traffic flows). For more
information about SCATS logic and features,
readers are referred to the literature (Lowrie, 1992).

The SCATS traffic control was modeled in VISSIM
through SCATSIM to represent an exact copy of the
field-deployed SCATS in Park City. SCATSIM is a
version of SCATS that is used to model SCATS
operations in a microsimulation environment.

10
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SCATSIM (as well as SCATS) is developed and
maintained by RTA of New South Wales. Florida
Atlantic University (FAU) enjoys the privilege of a
SCATSIM license, which was used in these
experiments.

The SCATS-microsimulator (in this case VISSIM)
connection is established through a combined
Software-in-the-Loop (SIL) and Emulation-in-the-Loop
(EIL) combination. The central SCATS server, SCATS
region, and SCATS Access (version V6.7.2.0) were
installed on the same computer running VISSIM. The
interface  between SCATS and VISSIM was
established through an EIL application (WinTraff). The
same concept was documented in earlier studies
(Wilson et al., 2006; Kergaye et al., 2010).

The actual SCATS configuration that runs in the field
was copied and deployed in SCATSIM at FAU.
Adjustments and fine-tuning of SCATS were performed
by SCATS experts from TransCore over eighteen
months following system installation. Detectors and
other geometric conditions in the VISSIM model were
adjusted to match those in the field closely. Use of the
fine-tuned SCATS signal control from the field
eliminated a need for extensive and lengthy fine-tuning
in the lab. Figure 4 shows screen shots from VISSIM
and SCATS depicting how vehicles activate detectors
as they approach an intersection.

Modeling Variability of Field Traffic Flows

Microsimulation programs have improved significantly
over the last few decades. However, these tools are
predominantly used to comparatively evaluate
(relative to each other) performance measures of
various operational scenarios. Their ability to
accurately resemble field traffic conditions is still
questioned though. Of special concern is the inability
of microsimulation tools to replicate variability of field
traffic conditions. For example, although VISSIM is
known as one of the tools with the best capability to
fluctuate traffic load in its network, it was shown that
its internal traffic generators could not resemble traffic
variability observed in the field (Stevanovic and
Kergaye, 2010).

a1 amd

Figufe 4 Vehicular activations of d.etectors in
VISSIM (left) and SCATS (right)

It was the authors’ particular interest to investigate
performance of various fraffic control regimes in
fluctuating traffic demand.

ATCSs are known as systems which should be able to
respond to fluctuations in traffic demand, so it was an
imperative to capture their behavior in such a varying
traffic flow environment. In order to do so, authors
developed a set of procedures which manipulated
outputs from the field SCATS in Park City and used
those outputs to recreate traffic in the virtual VISSIM
environment. Although details about these procedures
are documented elsewhere (Stevanovic and Kergaye,

2010) here are major steps that depict the process:

» Field 15-minute traffic counts were obtained from
the SCATS Strategic Monitor (SM) outputs (not
available for right turns)

» Hourly traffic counts were obtained from two other
sources: manual data collection (available for all
turns) and automatic traffic records (limited to few
turns)

» All of the ftraffic counts were imported into a
spreadsheet which reflected the structure of Park
City network’s traffic input points and turning
movements

» Traffic counts from various sources were checked
for consistency and combined to create a complete
set of hourly turning movement counts

* A traffic flow balancing algorithm was applied
(coded in spreadsheet form) to preserve
conservation of flows in the network

* Resulting volumes were exported as a set of
traffic inputs and routing decisions (elements of
VISSIM network) into VISSIM’s files

» The entire process was repeated for PM peak
hours for five consecutive days representing a
week of traffic variation between September 17"
and September 21, 2007.

This process represented an effort to recreate field
traffic volumes in the microsimulation model to
closely resemble variability of field traffic flows.
Figure 5 shows the correlation between modeled
traffic flows (VISSIM) and those from the field
(SCATS outputs), for a pair of turning movements.
Similar correlations were achieved for most of the
other turning movements with exceptions for right
turns used for volume balancing.
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Simulation Runs

Simulations of SCATS and coordinated-actuated
traffic control regimes were executed in VISSIM’s
version 5.3 through 10 randomly seeded simulation
runs for each of the five days representing field
traffic flows. Each simulation run was one hour and
15 minutes long, which corresponds to the PM peak
hour with additional 15 minutes for simulation warm-
up. Each of the 100 (5 days x 10 runs x 2 scenarios)
simulation runs reported conventional performance
measures (delay, stops, etc.) as well as trajectory
files for all vehicles in the format suited for further
processing in SSAM (*.trj files).

Post-Processing Simulation Outputs in SSAM

After VISSIM generates files (*.trj extension) with
individual trajectory data for each vehicle, SSAM
calculates  surrogate  measures of  safety
corresponding to each vehicle-to-vehicle interaction.
Based on positions of individual vehicles during the
course of simulation, SSAM filters those vehicular
interactions to satisfy user-defined conflict criteria,
and reports them as vehicular conflicts. Definition of
SSAM’s surrogate measures and workflow are
presented in the literature (Gettman and Head,
2003). Authors’ focus in this paper is mainly on
number and type of conflicts reported by SSAM.

Conflict type is determined based on angle between
headings of two vehicles causing the conflict as
documented in the Surrogate Safety Measure report
(Gettman and Head, 2003),. Based on the angle
SSAM recognizes three types of conflicts: rear-end,
lane-change, or crossing movement. The conflict
type is classified as a rear-end conflict if
[|ConflictAngle|| < 30 degrees, a crossing conflict if
[|ConflictAngle|| > 85 degrees, or otherwise a lane-
change conflict (Gettman and Head, 2003). Degree
values for determination of these conflict types are
user configurable. Authors used default values for all
conflict thresholds (including TTC of 1.5 sec and
PET of 5 sec) with exception of crossing angle (8,)
which was selected to be 85° (default SSAM value
is 80°). Once SSAM processed trajectory files from
VISSIM simulation runs, data were exported to
spreadsheets for further analysis.

Statistical Analysis of Safety Benefits from ATCS

SSAM raw data and summary statistics were
exported to MS Excel spreadsheets where further
statistical analysis was performed. Similarly, VISSIM
outputs depicting mostly efficiency performance
measures of the two traffic control regimes, were
exported in the spreadsheets. For each of the
performance measures (safety from SSAM and
efficiency from VISSIM) a statistical test was
performed to investigate similarity of the counterpart

simulation runs for SCATS and Conventional TOD
control. Paired T-tests (for the same random number
seeds) were used to test the null hypothesis that
means of performance measures from SCATS and
Conventional TOD Control runs are equal, with 95%
confidence level.

Collection and Analysis of Crash Data from the
Field

Field crash data were collected from UDOT's
database (called Safety Management System).
Entries into this database are provided by the Utah
Department of Public Safety (law enforcement) via
electronic or hard copy format. The collected data is
over 85% compliant with Model Minimum Uniform
Crash Criteria, which represents a national
guideline. The form was revised in 2006, although
the data used in this study prior to 2006 was not
affected by the change.

Three types of crashes were retrieved for analysis
with traffic conflicts from simulation. These were
coded by manner of collision 1, 2, and 4, and
respectively represented Angle crashes, Front to
rear (F-R) crashes, and Sideswipe (S-S) (same
direction) crashes. Obviously, these three types
were considered the best field crash matches to
crossing, rear-end, and lane-changing conflicts
reported by SSAM, respectively. Although these
matches between conflicts and crashes are not
perfect, they represent the best assumptions
considering availability and classifications of both
data types.

Out of 14 intersections that were eventually
operating under SCATS, after it was deployed, 4
intersections were eliminated from the data analysis
because of changes to the intersections or
surrounding areas after the SCATS system was
installed. The traffic signals at two of these locations
(Bobsled Dr and Sun Peak) were installed after the
SCATS system. The traffic signal for Canyons Drive
was moved and changed from a T-intersection to a
4-leg intersection. Additionally, the intersection on
SR-224 at Bear Hollow was excluded from data
analysis because it is surrounded by two of the new
traffic signals.

Automatic Traffic Recorders provided Annual
Average Daily Traffic along each route at two
specific locations: SR 224 at milepost 8.92 (or 0.1
mile north of the Canyons intersection), and SR 248
at milepost 2.561 (or 0.5 miles west of SR 40). Due
to construction, traffic counts along SR 224 for the
first two months of 2007 were not recorded. In this
case the remaining 10 months were used as
representative data.
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RESULTS AND DISCUSSION

Simulation Experiments

Table 1 shows various metrics collected from
simulation and SSAM outputs for the two traffic control
regimes. Table 1 is vertically divided into three parts to
consecutively show information about vehicular
conflicts (total and by type), other SSAM metrics, and
conventional performance measures of traffic efficiency
such as delay and number of stops, etc.

Results for vehicular conflicts show that SCATS
reduced the total number of conflicts by more than
11%, a reduction that can be totally attributed to a
reduction (of 13%) in number of rear-end conflicts.
However, SCATS increased the number of crossing
and lane-changing conflicts by 28% and 5%,
respectively. These results are expected considering
operational changes that were made by SCATS
deployment. Most of these differences in conflicts
pertain to the area of Kimball junction — the busiest
in the network. SCATS contributes to the differences
in two ways, each of which can be attributed to one
of the three conflict types:
1.SCATS’ limit for maximum cycle length in peak
hours is 150 seconds versus 128 seconds from
Conventional TOD control. Increased cycle length
(whose major portion is allocated to main-road
traffic) facilitate better progression between
intersections in the Kimball Junction area (Table 1
shows that the number of stops is reduced by 14%).
Better arterial progression and fewer stops cause
fewer rear-end conflicts. These results confirm
findings from a recent FHWA report that correlates
longer cycle lengths to fewer rear-end conflicts
(Sabra et al., 2010).
2.In order to better facilitate traffic progression on the
main-road, side-street protected left turn green times
were slightly reduced when SCATS was deployed.
This modification caused fewer side-street left turns
during the protected phase, which consequently
increase the number of left-turning vehicles waiting
for a gap from opposing traffic during the permitted
left-turn phase. Although this strategy does not
significantly impact efficiency of left-turn ftraffic it
seems that the number of crossing conflicts is
increased. One should note here that others
reported that crossing conflicts are the least reliable
of all SSAM estimates (Gettman et al., 2008).

Increase in number of lane-changing conflicts
cannot be firmly attributed to any obvious change in
signal timings. A potential reason for this increase
may be that vehicles waiting longer in queue (due to
longer cycle lengths) may be prone to conduct more
lane-changing maneuvers. When it comes to other
SSAM metrics, the high number of observations (on
average more than 11,000 conflicts per experiment)
justifies statistically different results between SCATS

Table 1 Performance measures of SCATS and
Conventional TOD traffic control

Conventional TOD

SCATS Control
Control
Mean Standard Mean Standard Relative
Deviation Deviation  Difference

Conflicts
Toalnumber 154003 3ap018  109726° 151703 -1167%
of conflicts
Crossing 86.86 10.31 111.48* 19.15 28.34%
conflicts
Rear-end 11462 326942  9943.88* 14395  -13.24%
conflicts
Lane-changing  g7a49 47449 1724  88.46 5.02%
conflicts
Other SSAM
Metrics
TTC 1.05 0.46 1.03* 047 -1.90%
PET 26 12 2,53 1.24 -2.69%
MaxS 551 3.31 5.60* 3.36 1.63%
DeltaS 353 212 3.56* 2.18 0.85%
DR -3.46 2.88 -3.39* 2.89 -2.02%
MaxD 5.3 242 5.18* 2.51 -2.26%
MaxDeltaV 1.85 147 1.87* 1.21 1.08%
VISSIM
Metrics
Total Delay 26444 2027 25286° 1824 -438%
(hours)
gzg“sbemf 545339 1611949  46809.48° 695921  -14.00%
Throughput 44596 4 8298 1108084 8831  -0.14%
(vehicles/hour)
Total stopped
delay (hours) 134.97 14.48 135.19 12.22 0.16%
Average speed 26.9 0.74 27.211* 049 1.16%
(miles/hour)
Total travel 968.34 3073 955.19* 19.11 -1.36%
time (hours)
Number of 50 50
simulation runs
* - statistically different (at 95% confidence level) from corresponding
Conventional TOD control value
Where (Gettman and Head, 2003):
TTC -the minimum time-to-collision value

observed during the conflict.
PET -the minimum post-encroachment time

observed during the conflict.
MaxS - the maximum speed of either vehicle

throughout the conflict.
DeltaS - the difference in vehicle speeds as
observed at tMinTTC.

DR - the initial deceleration rate of the second
vehicle, recorded as the instantaneous
acceleration rate.

MaxD - the maximum deceleration of the second

vehicle.
MaxDeltaV is the maximum DeltaV value of either
vehicle in the conflict.

Finally, when two traffic control regimes are
compared for their efficiency SCATS outperforms
Conventional TOD control in almost every aspect.
SCATS reduces total delays by ~ 4% whereas
number of stops is reduced by 14%. These results
correspond to a range of performance measures

> ) that were collected in the field (Martin and
and Conventional TOD control even in cases where .
: X - Stevanovic, 2007).
differences are practically negligible.
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Finally, results for throughputs show that neither
SCATS nor Conventional TOD control ‘process’ more
vehicles than the other regime, which proves that
efficiency improvements from SCATS are not a result
of constraining vehicular access into the network.
Again, due to the relatively large sample size, results of
statistical tests show significant differences even for
those metrics whose differences are smaller than 2%
(average speed & total travel time).

Field Crash Data

Table 2 shows crash frequency for each year based
on various crash types. Data presented in Table 2
does not include any other types of crashes except
the three which were mentioned above. Traffic
volume data (AADTs) show that traffic increased
about 2,000 vehicles per day on SR 248 in the last
4-5 years. On the other hand, there is no obvious
increase in traffic on SR 224.

When looking at the average number of crashes per
year the data shows that the number of crashes

increased after 2006. However, due to a smaller
sample size it is difficult to extract reliable indicators
of dispersion for these crash numbers. Standard
deviations from these limited samples show that
difference in number of crashes (before and after the
ATCS deployment) falls within 1-2 standard
deviations.

It is interesting to observe that the highest number of
crashes both on SR 224 and SR 248 occurred in
2007 and 2008, most likely due to the significant
road construction activities in the area. Before 2007,
a year with the highest number of crashes on SR
224 (and the second highest on SR 248) was 2002 —
most likely due to traffic before and during the
Winter Olympic Games (Park City was one of the
major venues). Overall, in spite of the fact that the
number of crashes increased after SCATS
deployment, authors would be very reluctant to
associate this increase in crashes with deployment
of an ATCS. More analysis is needed to find out
what could be potential reasons for the increase in
crash frequency after 2006.

Table 2 Field crash data and AADTs before and after SCATS deployment in Park City, UT

SR 248 SR 224

Before Total Angle F-R S-S AADT Total Angle FR S-S AADT
2002 38 17 17 4 12,254 67 13 43 11 28,612
2003 29 13 15 1 12,349 42 6 29 7 27,787
2004 35 15 17 3 13,338 50 6 35 9 29,176
2005 40 19 18 3 13,827 64 17 40 7 30,499
< May 2006 15 9 4 2 15,023 13 8 4 1 23,545
Total 157 73 71 13 66,791 236 50 151 35 139,619
Average 36 17 16 3 13,358 54 12 35 8 27,924

After Total 1 2 4 AADT Total 1 2 4 AADT
>Jul 2006 19 9 8 2 15,023 31 13 14 4 23,545
2007 56 29 25 2 15,919 89 3 50 8 29,525
2008 50 27 20 3 15,209 75 36 36 3 29,253
< Nov 2009 5 1 4 0 14,655 38 17 20 1 27,582
Total 130 66 57 7 60,806 233 97 120 16 109,905
Average 39 20 17 2 15,202 71 29 36 5 27,476

Field Crashes versus Simulated Conflicts

Intersection crashes and conflicts were singled out
of the entire data set to correlate field crashes with
simulated conflicts. For most of the intersections,
field crashes within 0.1 mile of the intersection were
used. Exceptions were the intersections of SR-224
at Kimball Junction, Landmark Dr., and Olympic
Park which were combined because the spacing
between the intersections is less than 0.2 miles,
which made it difficult to determine to which
intersection to associate a crash.

The same approach was used for simulation data.
Filtering zones were defined in the SSAM map
window for each intersection with approximately the
same limits (0.1 mile before and after the
intersection). The filter in SSAM was applied and the
data were extracted for further analysis. This was
repeated for 5 representative days (mimicking traffic
variability in the field) each of which had 10 random
seed repetitions. Data for SCATS and Conventional
TOD control were combined to get more points for a
meaningful analysis. The objective of this task was
not to draw differences between SCATS and
Conventional TOD data but to show if there is a
strong correlation between field crashes and
simulated conflicts.

14
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Figure 6 shows results from the analysis for all conflicts
together and each of the conflict types separately.
There are a few things that can be deduced from Fig.6:

» None of the correlations show a very strong trend
between field crashes and simulated conflicts.

» Attempts to remove a few outliers (see Figure 6)
have not improved the relationships - the opposite
happened: coefficients of determinations are lower
for cases without outliers.

* Correlation between rear-end crashes and conflicts
is just slightly higher (0.52) than those from the two
other conflict/crash types (0.49 & 0.47). The total
conflicts and crashes exhibited the lowest correlation
of all cases (0.199).

» Although these findings do not show a high
correlation between field crashes and simulated
conflicts, the results are not worse than what was
observed in previous studies (Gettman et al. 2008). It
seems that the underlying problems within
microsimulation tools govern quality of estimated
conflicts and remain a major source for future
improvements.

CONCLUSIONS AND FUTURE RESEARCH

When ATCS are evaluated, safety aspects of their
performances are usually neglected due to difficulties
in extracting meaningful conclusions from field crash
data and/or limited availability to perform evaluation
through simulation-driven surrogate safety measures.
This study uses a software-in-the-loop approach to
investigate quality of an ATCS deployed in the field
(Park City). Signal timings representing SCATS and
Conventional TOD control are modeled under varying
traffic conditions based on field data. Simulation
outputs are processed in SSAM for surrogate safety
measures. Field data, from periods before and after
SCATS was deployed, were retrieved and compared
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with simulated surrogate safety metrics. The following

conclusions are reached based on the results of this

study:

» SCATS outperforms Conventional TOD control in
almost all performance metrics that measure
efficiency of the traffic (e.g.stops, delay, travel time).

o SCATS generates fewer numbers of rear-end and
total conflicts than Conventional TOD control, which
can be attributed to longer cycle lengths deployed by
SCATS.
Conventional TOD control generates fewer crossing
and lane-changing conflicts.
* Most of the differences between SCATS and
Conventional TOD control are statistically significant
and most of the findings can be reasonably attributed
to operational characteristics of SCATS and
Conventional TOD control.
Field crash data shows an increase after SCATS
was deployed in Park City. More analysis is needed
to reveal reasons for this increase and find out
whether the increase is significant. Authors
speculate that multiple road construction activities
during 2007 and 2008 may be a major reason for
increase in crash frequency.

Correlation indicators between field crashes and

simulated conflicts are not very strong. However, for

individual conflict types, they fall within the range (0.4

— 0.5) of correlations which were observed with

traditional crash-prediction models and previous

findings for SSAM surrogate safety measures.

More research is needed to investigate whether

achieved benefits from SCATS can be sustained over

long term. Considering that SCATS is a system that
adapts to changes in traffic conditions (which have
both efficiency and safety impact), it is speculated that

SCATS would outperform TOD signal timings even

over long term.
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Pregledni rad
Rezime: Osnovni parametri saobracajnog toka sluze
za opisivanje tokova i zakonitosti kretanja vozila,
odnosno  saobracajnih tokova na drumskim
saobracajnicama, pa tako 1 na raskrsnicama
regulisanim svetlosnom signalizacijom. Vremenski
interval sledenja vozila je jedan od osnovnih
parametara saobracajnog toka koji ima veliki znacaj
za definisanje karakteristika saobracajnog toka.
Analiza navedenog parametra je specificna kod
povremeno prekinutih saobracajnih tokova koji se
javljaju na svim tipovima povrsinskih raskrsnica. U
ovakvim uslovima na prilazima raskrsnice stvaraju
se redovi ¢ekanja zbog Cega se javljaju razlike u
vrednostima ovog parametra u zavisnosti od
karakteristika  raskrsnice, nacina  regulisanja
saobracaja, konfiguracije prilaza, prioriteta, strukture
saobracajnog toka itd. U okviru ovog rada izvr§ena
Jje analiza vremenskog intervala sledenja na
signalisanim raskrsnicama u zavisnosti od vrste
manevra i pozicije vozila u koloni. Istrazivanje je
sprovedeno na $est signalisanih raskrsnica u N.
Sadu, a matematicka analiza obuhvatila je uzorak
od nekoliko hiljada izmerenih vrednosti parametra,
sa razli¢itom konfiguracijom ulivnih grla raskrsnica.
Kljuéne reéi: saobracajni tok, vremenski interval
sledenja, signalisana raskrsnica, ulivno grlo
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Review paper
Abstract: The main parameters of the traffic flow
are used to describe the flows and principles of
vehicle movement at all road facilities, as well as at
signalized intersections. Follow-up headway is one
of the basic traffic flow parameters. It is very
important  for definition of the traffic flow
characteristics. Analysis of the follow-up headway is
specific if traffic flow is interrupted. This case occurs
at all types of intersections. In conditions of
interrupted traffic flow, queues on intersection
approaches are present, so follow-up headway may
vary depend on intersection character, way of traffic
regulation, approach configuration, defined priority
on intersection, structure of traffic flow, etc... In this
paper an analysis of the value of follow-up headway
at signalized intersections was made, depending on
the type of maneuver and position of the vehicle in
the queue. Research of the follow-up headway
characteristics was conducted at six signalized
intersections in Novi Sad. A mathematical analysis
included is a sample of several thousand measured
values of this parameter, with different configuration
of intersections approaches.
Key words: traffic flow, follow-up headway,
signalized intersection, intersection approach

1 UuUvOD

Parametri saobrac¢ajnog toka koji su definisani kao
karakteristi€ne vremenske sekvence prilikom izvodenja
pojedinih manevara na raskrsnicama predstavljaju
polaznu osnovu u postupcima proracuna kapaciteta,
definisanje geometrije i regulativnih mera [6].
IstraZivanja ovih parametara su veoma retka, a u
postupcima proracuna prihvataju se parametri koji su
preporuceni u okviru primenjenih postupaka [1], [2]. U
teoriji saobrac¢ajnog toka je poznato da na vrednosti
ovih parametara utiCu specifiCnosti sredine koji se
manifestuju kroz navike vozaca i nacin njihove voznje,
nacin regulisanja saobracaja i standardi iz ove oblasti
[3]. Istrazivanja koja su vr§ena u ovoj oblasti pokazala
su da na vrednosti ovih parametara utiCu i polozaj
raskrsnica na putnoj i uli€noj mrezi, veli¢ina grada,
struktura saobracajnog toka, veliCina zahteva za
protokom, poloZaj objekata u zoni raskrsnice, peSacki i
biciklistiCki saobraéaj, itd [5].

Raskrsnice regulisane svetlosnom signalizacijom,
koje su predmet istraZivanja ovog rada, su
karakteristicne zbog toga 3to se na njima javljaju
tokovi koji se u teoriji saobracajnih tokova nazivaju
slozeni, povremeno prekinuti tokovi [7].

Istrazivanja koja su obuhvatila analizu karakteristika
vremenskog intervala sledenja u uslovima realnog
saobracéajnog toka kod nas i u svetu su bila prilicno
retka. Poznavanje karakteristika vremenskog
intervala sledenja ima kako teorijski, tako i prakti¢ni
znacaj u postupcima definisanja kapaciteta prilaza
signalisanih raskrsnica.
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2 INTERVAL SLEDENJA VOZILA

Sa prakticnog aspekta interval sledenja vozila, kao
parametar saobracajnog toka, predstavlja vreme
izmedu prolaska prednjeg dela dva uzastopna
vozila, u jednom smeru za jednosmerne
saobracajnice, odnosno u oba smera za dvosmerne
saobracajnice, kroz zamisljeni presek posmatranog
odseka puta [3].

Osnovni simbol za iskazivanje jedini€nog vremena
putovanja saobra¢ajnog toka je (t,), a oshovna
jedinica za iskazivanje intervala sledenja vozila je
sekund.

Interval sledenja vozila ima veliki znacaj za
opisivanje uslova saobracaja na putevima, a takode
i u inzenjerskoj praksi kao jedan od repernih
indikatora kvaliteta saobra¢ajnog toka. Pored
protoka, zbog svojih karakteristika, vremenski
interval sledenja je jedan od prvih parametara
saobracajnog toka koji je meren i istrazivan.

Izmerene vrednosti parametra vremenskog intervala
sledenja vozila mogu posluziti za definisanje
kapaciteta i drugih parametara saobrac¢ajnog toka na
posmatranoj deonici puta ili na raskrsnici. Minimalna
vrednost intervala sledenja prakticno je mera
kapaciteta posmatrane saobracajnice.

U uslovima realnih neprekinutih saobraéajnih
tokova, parametri saobra¢ajnog toka pa vremenski
interval  sledenja  zavisi od  karakteristika
saobracajnog toka i stepena interakcije izmedu
vozila, dok se uticaj karakteristika puta izrazava u
zavisnosti od karakteristika popre¢nog profila,
nagiba i karakteristika horizontalne trase. Medutim
na raskrsnicama, u uslovima prekinutih i ometanih
saobracajnih tokova, vrednosti vremenskog intervala
sledenja zavise i od sledecih faktora:

e tipa dolaska, odnosno da li su vozila kroz
sredidte raskrsnice proSla bez zaustavljanja na
prilazu;

e geometrijskih karakteristika raskrsnice,
odnosno konfiguracije prilaza;
e naclina regulisanja saobra¢aja, odnosno

vremenske raspodele prava koris¢enja srediSta
raskrsnice od strane vozila sa razli€itih prilaza;

e distribucije tokova po smerovima voZnje,
odnosno vrste manevra koje vozilo vrSi na
raskrsnici.

3 METOD RADA

U postupku analize obuhvaéen je uzorak od 6.462
vrednosti vremenskog intervala sledenja, koji je
formiran obradom prethodno sacinjenog video
zapisa realnog saobradajnog toka. Merenje
parametara saobra¢ajnog toka obradom snimaka je
jedna od najstarijih (slika 1.), ali i najsigurnijih
metoda [11], [12].

L
E N n <

Slika fMerenja Greenshielda 1933. godine |

Istrazivanje [4], Ciji rezultati su delimi¢no
prezentovani u ovom radu sprovedeno je na ukupno
Sest raskrsnica regulisanih svetlosnom
signalizacijom primarne uli€noj mrezi grada Novog
Sada i to na 9 prilaza. Zbog pojednostavijenog
prikaza podataka, raskrsnicama su dodeljene
oznake — Sifre: R1 — R6. (slika 2).

Raskrsnice na kojima je vrSeno istrazivanje su
sledece:

e R1 - raskrsnica Bulevara oslobodenja i Ulice
Narodnog fronta;

e R2 -raskrsnica Bulevara oslobodenja i
Bulevara Cara Lazara;

e R3 - raskrsnica Bulevara oslobodenja, Ulice
Maksima Gorkog i Ulice Bra¢e Ribnikara;

e R4 - raskrsnica Bulevara oslobodenja,
Jevrejske ulice i Futoske ulice;

e R5 - raskrsnica Bulevara Cara Lazara i Ulice
Sekspirove;

e R6 - raskrsnica Ulice Narodnog fronta i Ulice
Sekspirove.
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Slika 2. Mapa Novog Sada sa oznacenim lokacijama
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Analiza karakteristika vremenskog intervala sledenja na semaforisanim raskrsnicama

Odabrane raskrsnice za analizu su snimane iz
perspektive, naj¢eS¢e sa krovova okolnih zgrada,
kako bi se pokrilo $to vece vidno polje. Takav pogled
daje pregledniju sliku raskrsnice i smanjuje
mogucnost greske prilikom obrade snimaka i kasnije
analize dobijenih podataka [13]. Za snimanje je
koriS¢ena digitalna kamera, fiksno postavljena kako
bi moguénost gresSke pri prikupljanju podataka bila
svedena na minimum [14].

Istrazivanje je izvrSeno u vremenskim uslovima sa
suvim kolovozom i dobrom vidljivo$cu.

Za obradu video snimaka i analize su koriSceni
sledeéi softverski alati: Nero ShowTime, Adobe
Premiere Pro 1.5, Microsoft Excel i Minitab 14. Nero
ShowTime je koriSéen za pregled video zapisa, kao i
za utvrdivanje protoka vozila koji je ostvaren na
posmatranim lokacijama po saobrac¢ajnim trakama
ulivnih grla prilaza. Adobe Premiere Pro 1.5 je
koriS¢en za obradu video zapisa jer je video zapis
moguce usporavati i zaustavljati sa greSkom od 0,04
sekunde, Sto omogucava postizanje velike tacnosti.
Ovaj softver takode omogucéava postavljanje linija
kao "layer'-a preko video zapisa (slika 3). Kao
rezultat, vremena  prolazaka vozila  preko
postavljenih linija su identifikovana, zabelezena i
kasnije uneta u program Microsoft Excel, gde su se
racunale vrednosti parametra vremenskog intervala
sledenja vozila.

Za svako vozilo, u prethodno pripremljene tabele u
programu Microsoft Excel unoSeni su podaci o
raskrsnici, kraku, traci, manevru kao i o kom periodu
je vr8eno snimanje. Prilikom odredivanja parametara
vodilo se racuna o interakciji vozila u prilaznom toku.
Na kraju, podaci su statistiCki obradeni u softveru
Mini Tab.

Slika 3. Obrada video zapisa u softveru Adobe
Premiere Pro 1.5

4 REZULTATI ISTRAZIVANJA

Na osnovu izraCunatih parametara zaklju¢eno je da
se razlikuju vrednosti intervala sledenja u zavisnosti
od pozicije vozila u koloni. Tako "t;" predstavlja
vremenski interval sledenja izmedu prvog i drugog
vozila u koloni, "t,"predstavlja vremenski interval
sledenja izmedu drugog i tre¢eg vozila u koloni itd.
Poslednji interval sledenja koji je posebno analiziran
je izmedu petog i Sestog vozila. Intervali sledenja za
ostala vozila su objedinjeni u jedinstven uzorak.

Vozila koja su vrSila desna skretanja na
raskrsnicama nisu formirala red, jer je planom
tempiranja definisana dopustena faza, odnosno
uslovno desno na svim posmatranim prilazima
raskrsnicama. Dopustena faza omogucéavala je
vozilima da bez zaustavljanja napuste prilaz i izvrSe
manevar desnog skretanja. Iz tog razloga, u radu je
prikazana samo proseCna vrednost intervala
sledenja za manevar desnih skretanja lzuzetak
predstavlja raskrsnica R6, na kojem nije formirana
dopustena faza za desna skretanja. Traka koja sluzi
za desna skretanja, namenjena je i za smer pravo,
tako da je ona izuzeta iz analize.

Prilikom startovanja vozila iz mesta prilikom vr3enja
manevra levog skretanja u okviru dopustene faze
vozila formiraju redove c¢ekanja u srediSnjem delu
raskrsnice. Ovo se de$ava iz razloga §to vozila koja
skrec¢u levo, moraju da propuste vozila koja nailaze
iz suprotnog smera. Odredeni broj vozila, u
zavisnosti od geometrijskih karakteristika raskrsnice,
prolazi preko zaustavne linije i formira red u srediStu
raskrsnice, dok veoma Cesto ostala vozila formiraju
red iza zaustavne linije.

Iz tog razloga ovakvi slu€ajevi su iskljuCeni iz
rezultata analize prikazane u ovom radu, iz razloga
S8to su vrednosti intervala sledenja za ovakve
slu¢ajeve imale veoma veliko rasipanje oko srednje
vrednosti. Ovakve karakteristike intervala sledenja
su po midljenju autora rezultat razli¢itog pona$anja
vozaca $to ¢e biti predmet analize drugih radova.

Prilikom analiza formirani su uzorci intervala
sledenja za vozila koja su stajala u redu ¢ekanja na
prilazu i vozila koja su prosla kroz raskrsnicu u tzv.
lete¢em startu.

4.1 Intervali sledenja za leva skretanja

Prilikom levog skretanja na raskrsnicama,
analizirano je 602 vrednosti u prvom i 578 u drugom
periodu snimanja. Te vrednosti su Kklasifikovane
prema mestu koja su vozila zauzimala u koloni, pa je
prvi mereni interval t,,; izmeren izmedu 1-2 vozila, tp,
izmedu 2-3 vozila, dok t,s predstavlja intervale
izmedu vozila koja su se u redu ¢ekanja nalazila iza
Sestog vozila, odnosno 6-7, 7-8 itd.. Analizom su
utvrdene slede¢e proseCne vrednosti intervala
sledenja:
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Tabela 1: Vrednost ty,; pri levom skretanju

1. Period 2. Period

thi [s] thi [s]
1-2 3,536 3,535
2-3 3,103 3,088
3-4 3,360 3,341
4-5 3,607 3,213
5-6 3,104 2,730
26 2,957 3,077

Prose¢ne vrednosti intervala sledenja, za oba
intervala snimanja kre¢u se u slede¢im granicama:

Tabela 2: Odstupanja ty,; pri levom skretanju

Minimalno Maksimalno

thi[s] thi [s]
1-2 3,049 3,980
2-3 2,345 4,408
3-4 2,287 5,369
4-5 2,222 7,440
5-6 2,123 4,560
>6 2,442 5,928

Kako $to rezultati analiza pokazuju, interval sledenja
se menja u zavisnosti od polozaja vozila u koloni.
Moze se primetiti da t;,; ima najmanje odstupanje od
srednje vrednosti, dok kod ostalih intervala, rezultati
osciluju i po vise sekundi. Razlog je taj $to u okviru
dopustene faze skretanje u levo zahteva
propudtanje vozila iz suprotnog smera koja prolaze
kroz raskrsnicu pravo. 1z tog razloga prva dva — tri
vozila predu preko zaustavne linije i zaustavljaju se
u srediste raskrsnice. Ostala vozila ne mogu da udu
u raskrsnicu pa se kre¢u poprili€no sporo, a kao
posledica dobijaju se vece vrednosti intervala
sledenja. Kada produ vozila iz suprotnog smera,
dolazi do praznjenja srediSta raskrsnice, Sto je
razlog pojave Sirokog dijapazona vrednosti intervala
sledenja vozila.

Za utvrdivanje normalne raspodele interval sledenja
vozila koja vrSe leva skretanja, izuzete su vrednosti
veée od 3est sekundi i definisane su kategorije
podataka Sirine 0,4 sekunde.

U skladu sa Normalnom raspodelom (Slika 1.), za
interval sledenja vozila na ulivnom grlu pri skretanju
u levo, utvrdeno su sledece vrednosti :

e srednja vrednost vremenskog intervala

sledenja t,iznosi 3,037 s,
e standardna devijacija iznosi 0,9745,

e 90% vrednosti intervala sledenja se nalazi
izmedu 1,45si4,55s.

Normalna raspodela intervala sledenja za leva skretanja

145 3057 4.55
Mean 5037
HrDev 02745

200
| VJ.:_ N 1051
Al
100 - N\

=0 - [0 twakim = 05: B = 3.6 4]

ucestalest

08 1.2 1.6 28 24 28 32 346 40 44 48 52 246 60
inrerval sledenja (5)

Slika 1. Normalna raspodela intervala sledenja na
ulivnim grlima pri levom skretanju

4.2 Intervali sledenja za kretanje pravo

Prilikom kretanja pravo kroz raskrsnicu, analizirano
je 2.081 vrednosti u prvom i 1.642 u drugom periodu
snimanja. Vrednosti su Kklasifikovane prema
kriterijumu da li su vozila bila u koloni ili ne. Ako
jesu, ona su dalje kategorisane po mestu koje su
vozila zauzimala u koloni. Pri tome utvrdene su
sledece prosecne vrednosti intervala sledenja:

Tabela 3: Vrednost t,; pri levom skretanju

1. Period 2. Period

ty [S] ty [S]
1-2 3,098 3,010
2-3 2,388 2,402
3-4 2,222 2,395
4-5 2,232 2,337
5-6 2,078 2,221
26 2,212 2,010

Za vozila koja su prosla u leteCem startu u prvom
periodu vrednost intervala sledenja je iznosila 4,370
s, a u drugom 5,248 s. Analizom je utvrdeno da
postoji velika razlika izmedu intervala sledenja kod
vozila koja su bila u koloni u odnosu na vozila koja
su proSla preko zaustavne linije u leteéem startu.
Stepen interakcije izmedu vozila koja su proSla
raskrsnicu u leteCem startu je znatno maniji, sto je
razlog Sirokog dijapazona vrednosti intervala
sledenja.

Prose&ne vrednosti intervala sledenja za vozila koja
su se kretala pravo kre¢u se u sledeéim granicama:

Tabela 4: Odstupanja ty; pri levom skretanju

Minimalno Maksimalno

thi[s] thi [s]
1-2 2,593 3,837
2-3 1,938 2,793
3-4 1,840 3,486
4-5 1,680 4,872
5-6 1,573 3,040
26 1,640 3,601
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Za vozila koja su prosla u letecem startu u prvom
periodu minimalna vrednost intervala sledenja je
iznosila 3,275, a maksimalna 11,873 s.

Analiza je pokazala da pozicija vozila u koloni
znacajno uti¢e na veli¢inu intervala sledenja. Kako
su vozila dalje u koloni, odstupanje minimalne od
maksimalne vrednosti je vece.

Prilikom utvrdivanja normalne raspodele intervala
sledenja za vozila koja prolaze kroz raskrsnicu
pravo, u obzir su uzete samo vrednosti intervala
sledenja vozila koja su se nalazila u koloni. Pri tom,
u obzir nisu uzete vrednosti ovih intervala koje su
vece od pet sekundi.

Normalna raspodela intervala sledenja za prava Kretanja

1,15 2.301 3,45

400

Mean 2,301
§tDev 0,7360

N 1007

300 -

2004
100+ 7

0,00 0,75 1,50 2,258 3,00 3,75 4,50
interval sledenja (s)

ucestalost

Slika 2. Normalna raspodela intervala sledenja na
ulivnim grlima pri kretanju pravo

U skladu sa Normalnom raspodelom (Slika 2.), za
interval sledenja vozila na ulivnom grlu pri kretanju
vozila pravo kroz raskrsnicu, utvrdeno je sledece
e srednja vrednost vremenskog intervala
sledenja t,, iznosi 2,301 s,

e standardna devijacija iznosi 0,7369

e 90% vrednosti intervala sledenja se nalazi
izmedu 1,15 s 3,45 s [9].

4.3 Intervali sledenja za desna skretanja

Prilikom vrSenja manevra desnog skretanja na
raskrsnicama, analizirano je 791 vrednosti u prvom i
768 u drugom periodu snimanja. Pri tome u prvom
periodu snimanja utvrdena je prose¢na vrednost od
13,520 s, a u drugom periodu 15,642 s. Na osnhovu
analize zakljueno je da vremenski interval sledenja
za desna skretanja na signalisanim raskrsnicama u
situaciji kada je za njih definisano uslovno desno
skretanje zavisi jedino od veliine zahteva za
protokom.

5 ZAKLJUCAK

Analizom rezultata utvrdeno je da karakter manevra
utiCe na veli€inu intervala sledenja vozila na
signalisanoj raskrsnici. U situaciji kada je signalnim
planom definisano wuslovno desno skretanje,
vremenski interval sledenja ovog manevra najvise
zavisi od veli¢ine zahteva za protokom i eventualnog
ometanja od strane peSaka, dok uticaj ostalih faktora
nije identifikovan.

Za vozila koja su se kretala pravo na ulivnim grlima,
prilikom analiza posebno su razmatrani intervali
sledenja za vozila koja su bila u koloni i za vozila
koja su prolazila raskrsnicu u leteéem startu.
UocCena je velika razlika izmedu intervala sledenja
vozila za ove dve grupe podataka. Na veli€inu
intervala sledenja vozila koja su raskrsnicu prolazila
u lete¢em startu uticala je veliCina zahteva za
protokom. Analizom je utvrdeno da pozicija vozila u
koloni utiCe na veli€inu vremenskog intervala
sledenja. Sto je pozicija vozila u redu &ekanja
udaljenija od zaustavne linije, rasipanje od srednje
vrednosti je vece.

Prilikom skretanja levo na raskrsnici, interval
sledenja zavisi od polozaja vozila u koloni. Analizom
je utvrdeno da interval sledenja izmedu prvog i
drugog vozila u koloni ima najmanje odstupanje od
srednje vrednosti.

Put i saobracaj, LIX, 1/2013, 19-24
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MpernegHun pag
Pe3ume: JasHo npusamHo napmHepcmso (JII1) je
Memoda pearsu3ayuje rnpojekma Koja ce Kkopucmu y
MHo2uM 3emsbama. [nasHa npedHocm oge memode
y nopeherwy ca mpaduyuoHasiHOM MemoodoM je y
Kopuwhery npusamHux ¢oHOOBa 3a jasHe
npojekme. Y cnyyajy JII npojekama 3a nymese,
yobuyajeHu MexaHu3am cepgucuparba npueamHux
uHeecmuuyuja je OpPeKo Hafname  fnymapuHe
KOpucHuUyuma ryma. Mlako eucuHa nymapuHe Moxe
6bumu odpeheHa 00 cmpaHe Opxaee, nocmoje
o0OpeheHa oOepaHu4Yera Koje MUHUMasiHa 6ucuHa
nymapuHa mopa da 3adoeosbu. Osa ogpaHuU4YeH-a ce
yarnasHoM 00HOCe Ha (bUHaHCUjCKe napamempe Kao
wmo cy UHmMepHa cmona peHmabunumema
rnpojekma unu UuHOeKc cepsucupara Oyea. U
ocmarnu rnpojeKmHu napamempu Kao Wmo cy UeHa
u3dzpalme npojekma unu Hueo y4yewha OJpxase
Kpo3 cybeeHyuje makohe umajy ymuuyaja Ha 8UCUHY
nymapuHe. Lurb oeoe pada je da ce ucmpaxe
3agucHocmu u3MeRy sucuHe nymapuHe U HEeKOJIUKO
MexHUYKUX napamemapa rnpojekma.
KmbyyHe peyu: nymapuHa, nymHe KoHuecuje, jagHo
rnpusamHa napmHepcmea, KoegbuyujeHm
enacmu4Hocmu
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Review paper
Abstract: Public private partnership (PPP) is a
project delivery method which is used in many
countries. The main advantage of this method
compared with traditional method is in the allocation
of private funds which are used for public goods.
Under road PPP projects a commonly used
mechanism for the repayment of the private
investment is charging tolls to the facility users.

Although the toll rate may be set by the government,
there are certain constraints which the minimum toll
rate has to meet. These constraints are mainly
related to financial parameters such as project’s
internal rate of return (IRR) and debt service
coverage ratio (DSCR). In addition to these
constraints, other project’s parameters such as
construction cost, or level of government subsidies
also have an impact on toll rates. The objective of
this paper is to investigate the relationship between
the level of toll rates and several project technical
parameters.

Key words: toll rates, road concessions, Public
private partnerships, elasticities

1. YBO4

CyouyaBajyhm ce ca npobnemmma orpaHuyYeHnx
OyLeTa, jaBHM CEKTOp je Y KOHCTaHTHOj noTpasu 3a
Hajb6orbum pelweruma Koja omoryhaBajy
oapXaBare noctojehe MHGPaCTPYKType "
peanu3aumjy HOBMX npojekata. [open HaBegeHor
npobnema orpaHudeHux OyueTta, Takohe je
NpucyTaH W MPUTUCaK jaBHOCTU Ha CMakbEeHe
caobpahajHux ryXBU M MocrneguMyHor yrtuuaja Ha
XMBOTHY cpeauHy. CBM OBM pasnosu cy AOMNPUHENN
3HavajHujem  ydewhy npuBaTHOr cektopa Yy
peanu3auuju npojekaTa jaBHe NHPACTPYKTYpe.

Oanyka ga nu he Hekn npojekat 6Gutn peanu3oBaH
kao JaBHO npuaTHO napTHepcteo (JIIM) unn He
OOHOCK Ce oA CTpaHe jaBHOr CekTopa, Ha OCHOBY
cBeobyxBaTHe aHanm3e TeXHWYKUX U PUHAHCUjCKNX
napameTtapa npojekTa, Koja Bpfio 4YecTo YKIbyyyje n
KOMMNapaTuMBHY aHanu3y LeHe MpojekTa Nno jaBHU
CeKTOp Yy 3aBUCHOCTM Ja nn ce u3BoAM Kao
KnacuyaH npojekat pmHaHcupaH us byyeta unm kao
JMN npojekat. da 6u npojekaTt 61MO M3BEAEH Kao
JIMMN, noctoje oapeheHn 3axTeBu Koje OH Mopa Aa
ucnyHn ga 6m 6mo ucnnatMB Koju ce CBOAe Ha
aHanu3y TPOLUKOBa M MpUXOda W y BEMKOj Mepu
3aBM1Ce 0 OYeKMBaHOr HMBOa caobpahaja.

WpoeHTudukauvja n ynpasrbamwe pusmumnma je jegaH
o krbyyHux genosa JIIM npojekaTta. HMBO pusuka
jegHor npojekTa ce Besyje 3a MoryhHocCT npojekta aa
octBapu npodut. Mehy HajsaxHuje pusuke y JII
yroBopvMma cnagajy pusunum caobpahaja u npmxoga.
Llena oBUX pusmMka ce odpaxaBa Yy LeHU
nosajMrbMBarka HOBLA Ha TPXWAWTY, Tj. Y BUCUHU
kamaTtHe ctone. [Nopen nporHo3upaHor caobpahaja,
y yTBphuBamwy pusuka npuxopa jaBHU U NPUBaTHU
CEKTOp Ce Yy BEeNIMKOj Mepu ocrakajy Ha BUCUHY
nytapuHe mnyTeM Koje ce OocTBapyje npuxog
npojekta. Y HekUM criyyajeBuma, nytapuHa Moxe
6uTK nocTaBrbeHa oA CTpaHe jaBHOr CeKTopa Koju, y
dasn TeHaepa, MoTpaxyje of npuBaTHOr cekTopa
BPEMEHCKM OKBMP Kao MNOHydy 3a KOoHUecujy, Tj.
Tpajake KOHLEecuje Kojy je KOHLlecMoHap BorbaH Aa
npuxeaTtu 3a 3agaTy BUCUHY NyTapuHe.

Pap npeseHToBaH Ha koHdepeHumju Transport Research Arena— Europe 2012, 23-26 anpun, 2012, ATuHa, Mpyka noa HaausoMm ,Estimating minimum toll rates in

Public Private Partnerships”
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Y Aapyrum crniyqajeBuma, nytapuHa Huje ogpeheHa of
CTpaHe jaBHOr cektopa W MoOxe Outu npegmet
nperoeopa. JaBHM cekTop Texu pJda obesbeau
MUHUMarHy NyTapyHy Koja je coumjanHo NpuxeBaTtibuea
n koja he npumeyhn KopucHuke ga kopucte nyT. Ca
Apyre cTpaHe, npvBaTHU CekTop oapefyje BUCUHY
nyTapuHe Ha OCHOBY MporHo3e caobpahajHe
NnoTpaXKre, MPOLEHEHNX  TPOLUKOBA  M3rpagme,
ofpXaBara U ynpaBrbaka U Tpajakba KoHLecuje Koja
he 3a00BOrbMTU (PUHAHCU|CKM acnekT npojekTa.

Linrs oBor paga je ma ce nctpaxe penauuje nsmehy
BMCUHE nyTapuHe N Apyrnx PUHAHCUCKMX N TEXHUYKNX
napameTtapa Koju geduHuwy NyTHY KOHUecujy. Y OBy
CBpXY, pasBujeH je MaTemaTuyku mogen nomohy kora
ce npouewyje MUHMManHa BUCUHA MNyTapuHe Koja je
HeonxodHa ga ©v npvByKkna npvBaTHE WHBECTUTOpPE
yaumajyhm y 003up QuHaHCWjcka oOrpaHuyeHsa.
MpucTyn koju je nzabpaH 3a NcUTMBaHE OCETIBUBOCTU
nsabpaHux napameTapa Ha MoTeHuujarHe NPOMEHe y
ynasHMM BPEAHOCTMMA, Tj. TEXHUYKUM MapameTpuma
npojekTa, je oapehnBane Koed. enacTtm4HocTu.

2. NPEMMEQ NUTEPATYPE

Swan u Belzer [1] cy cnpoBenn emMnupujcky cTyaujy
O npepacnogeny TeLWKUX TEepeTHUX BO3una ca
ayTonyTeBa ca CMCTEMOM Hannate Ha nyteBe 6e3
HannaTe 300r 3HayajHOr nopacTta LeHe MyTapuHe.
Pesyntatn aHanuse nyteBa y gpxasu Oxajo, CAL,
Cy nokasanu ga TeluKkn TepeTHu caobpahaj npenasn
Ha nytesBe 6e3 Hannate gonasu ykonuko ce noseha
LeHa nytapuHe, Koja npoy3pokyje nosehara ykynHe
ueHe TpaHcnopta. [loBehawe 6poja Tewwknx
TepeTHUX BO3wWMna Ha nyteBuma 6e3 HannaTe
nytapuHe npoy3pokyje 1 nosehawe  UeHe
ofpXaBatba OBWUX [EOHMLA LTO NpOYy3poKyje
JodaTHu nputucak Ha Beh orpaHuyveHe OyueTte 3a
n3rpagry 1 ogpxxaBare NyTHE Mpexe.

AHanuaupajyhu enacTtMyHOCT UeHe caobpahajHe
notpaxwe, Hirschman un oct. [2] cy aHanuaupanu
OCeTIbUBOCT caobpahajHor ontepehexa y
3aBMCHOCTU Of BWUCWMHE nyTapuHe. 3a aHanusy cy
KOPUCTUNWM  BULLIECTPYKY FMHEaApHY pPerpecuioHy
aHanuay Kojy cy NpUMEHUIM Ha BPEMEHCKY cepujy
nogataka o0 caobpahajHom onTepehewy Ha
mMoctoBuma u TyHenuma y New York-y. Aytopu cy
nopeg nytapuHe y MOAEN YKbydunu 4eTupu
He3aBWCHE MPOMEHSbMBE: 3arOCMNEHOCT, KaTeropujy
BO3uNna, UeHy KapTe jaBHor caobpahaja (MeTpo) wu
ueHy ropmsa. AHanu3a je nokasana BeoMa HUCKe
BpeAHOCTU KoeduumjeHTa enactnyHoctu. OBakaB
pesyntaT nokasyje pfga, 3a obOpafeHe nopaTke,
nosehare LeHe NyTapuHe Hema 3Ha4ajaH yTuuaj Ha
caobpahajHo onTepeheme, WTO je kKapakTepuCTUYHO
3a ,JlokanHn“ NyTHNYKM caobpahaj, WTo je yrnaBHOM
n criyyaj ca moctoBuMa n TyHennma y New York-y.

Mehytum, Heke cTyauje nokasyjy Adpyradvje
KoeduumjeHTe  enacTMdyHOCTM  nyTapuHe. Ha
npumep, Matas n Raymond [3] cy wuspavyHanm
pasnuunTe koedUuMnjeHTe enacTU4HOCTU NyTapuHe
3a pasHe pfeoHuue aytonyteBa Yy LUnaHunju, y
pacnoHy oa -0.21 go -0.83. 3akrbyuunu cy ga oBaj
pacnoH 1 BapujabunHOCT y BpegHoCTUMa MoXe Aa
ce 06jacHM NpOMEHIbMBMUMA KOje Ce OJHOCE Ha HMBO
ycnyre antepHaTMBHUX NpaBaua, AyXuWHe OeoHuue,
U nokauuje JdeoHuue (HNp. TYpWUCTMYKa 30HA).
YKONUKO cy antepHaTMBHW NpaBum 3arylieHu, Beha
je ywTena BpemeHa npu kopuwhewy AeoHuue ca
nyTapuHoOM, na je NnoTpaxHa Mare enacTuyHa.

Noland [4] je cnpoBeo emnunpujcky CTyaujy Yy Kojoj je
ucnutmeao ga nv nosehawe kanauuTeTa AeoHuue
aytonyta nogpasymeBa W noBehawe obuma
caobpahaja. AHanmMsa je ykibyduna nogaTke o
OYXUHM NOo Tpaum aytonyta v npefheHux murba no
Bosvuny y CAL. Y BWWECTPYKO] JMHEAPHO]
perpecuoHoj aHanuam Takohe Cy YKIbydeHn wu
nogauu o nonynauuju, NPOCEeYHMM npuxoamma no
CT@HOBHMKY W LEHW TrOopMBa Kao HEe3aBUCHUM
npomensremeuMm.  OpgpehuBakem  koedumumjeHTa
ernactmyHocTn je  ytBpheHo ga  noBehamne
KanauuTeTa ayTonyTta uma ytuuaj Ha 0poj npefheHnx
MuIba Mo BO3Wy, LWITO 3Ha4M Aa ce noehasa oOum
caobpahaja Ha ayTonyTy.

3. NoOALUMN U METO[LE

Mogaunm 3a Mogen cy wu3padyyHatM nomohy
annukaumje Toolkit for PPP in Roads and Highways,
Koja je pasBujeHa op cTpaHe CBeTcke OGaHke U
Public-Private  Infrastructure  Advisory  Facility
(PPIAF) [5]. OBaj anat omoryhaBa poHocuouuMma
oanyka npenuMuHapHy duHaHcujcky aHanusy JIT1
npojekata y NyTHOM ceKTopy. Annukauunja ykrbyudyje
rpapuykm 1 Hymepudkn PUHaHCUCKU CUMYyNaLnoHn
mopen. [paduykm Mopen ce  KOpUCTM  Kao
OMjarHOCTUYKM anaTt 3a npenvMuMHapHe aHanuse,
OOK je HymMepuykum Mofen HewTo AeTarbHuju u
CnyXkvn 3a npBe aHanu3e npojekaTa Ha HUBOY
cTyauvje onpaBgaHOCTU.

Npaduykn mMopen je kopuwheH 3a u3padvyHaBawe
MUHMMarnHe BUCUHE nyTapuHe Kao dyHKuuje
NPeTnocTaBibeHUX  ynasHUX napameTapa  Koju
kapakTtepuy noteHumjanHu JMIM npojekat. MNocToje
4YeTUpW pasnuyuTe rpyne ynasHux napamertapa ca
YKYMHO 18 ynasHux nogaTaka Koju ce ogHoce Ha:

a) TexHudke napamMeTpe MpojekTa,  YKbydyjyhu
Tpajakbe KoOHUecuje, UeHy usrpagwe, Bpeme
usrpagre, nogerny TPOLLKOBA 3a BpEME M3rpagHse,
TPOLWKOBE ynpaBrbaka, Mo4YeTHn caobpahaj,
roguwkeK pact caobpahaja, 1 BUCWMHY NyTapuyHe;

6) domHaHcuKjcKy CTPYKTYpy MpojekTa ca Asa ynasHa
napameTpa: npoueHaT ydewha jaBHOr cektopa y
YKYMHUM  TPOLUKOBMMAa W MNpOLeHaT COMCTBEHOr
KanuTana KoHuecuoHapa (npoueHaT yKynHor ayra
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ce npopadvyHaBa Tako ga je ykynaH 36up jegHak
100%);

B) CTPYKTYpY Ayra, koja obyxearta 4eTvMpu napameTrpa:
Tpajawe KpeauTa, KamaTtHy CTOMy, Ha4MH oTnnaTe
Jayra v rpejc nepuog;

r) eKoHOMCKe mapameTpe crneumdudHe 3a OpxaBy y
KOjoj ce npojekaT wu3Bogu: CTOony WHdnauuje,
BMCWHY Mope3a, KamaTHy CTomMy, U CToMy nopesa Ha
AofaTty BpeaHoCT.

padmykm mogen mspadyHaBa kibyvyHe (puHaHcujcke

napameTpe 3a gedwvHucaHe ynasHe nogatke. Osu

bUHaHCKjCKN NapameTpu Cy:

e (UHaAHCHjCKA WHTEepHa cTona peHTabunuTeTa
npojekta (project financial internal rate of return,
FIRR),

e WHTEpPHa CcToMa peHTabunuTeTa  YroOXeHor
kanutana (equity internal rate of return, return on
equity, ROE),

e TrOAVWHKN WHAOEKC cepBucupakba gyra (annual
debt service cover ratio, ADSCR) u

e UHAEKC cepBucuparsa LenokynHor ayra (loan life
cover ratio, LLCR).

Heto capawra BpegHOCT npojekTa, nopesa u

cybBeHuvja gpxaBe ce Takofe oOpaudyHaBajy y

mogeny.

Mogenom ce moxe oapeauTV MMHUManHa BUCUHA
nytapuHe koja he 3agoBOSfbUTM MOCTaBIbEHE
uHaHcujcke ycrose. Opyrum peunma, 3a nsabpanu
CeT ynas3HuWx napameTapa, MoXe ce npoHahu
nytapuHa Tako ga cy FIRR, ROE, ADSCR un LLCR
n3Hag MUHUMarHuxX 3axTeBaHNX BPEOHOCTMU.

Kopuctehn matematuuke penauuje geduHucaHe y
"padmykom mogeny, HOBU OeTEPMUHUCTUYKN MOAen
Koju je pasBujeH y OKBMpPY OBOr paga uspadyHasa
MUHUMarHy BWCWHY MyTapvHe 3a 3agatnm ceT
ynasHux MpojekTHUX napameTtapa M 3a MUHUManHe
3axTeBaHe BPEeAHOCTN (PUHAHCUJCKMX OrpaHuyersa.
MogudukosaHa Bep3vja wmogena je Takohe
pasBujeHa 3a u3payvyHaBake MaKkCMMarHe LeHe
nsrpagke Koja je [O03BOSbeHa Kako Ou  BUCUHA
nyTapuHe octana y OKBUPY NPeTXo4HO NocTaBibeHe

BpegHocTW. [pyrum peuuma, ako je BUCUHA
nyTapuHe yHanpen deduHncaHa, mogen
M3payyHaBa  MakcuUMarHy — [03BOSbEHY  LeHy
narpagte kKako 6uM  ce npojekaT  OApxao

bUHaHCHjCKN ncnnaTMBUM.

OceT/bMBOCT NyTapuHe W LUEHe u3rpagke Ha
NpoMeHe HeKor of MpojeKTHWX mnapameTapa je
yTBphleHa nomohy koeduumnjeHTa enacTUYHOCTU.
EnactuyHocT g, napametpa ,X“ Ha nNpPoOMeHy

napameTpa ,y* MoXe ce U3pasuTi Kao:

AX

X

ngy = Ay (1)
Yo

roe je:

AX - npomeHa napameTpa X",

Xo - HWLUMjanHa BpegHocT napameTpa X,
Ay - npomeHa napameTtpa ,y“ n

Yo - HULUMjanHa BpegHoOCT NapameTpa Y.

WNapauyHaTte BPELHOCTH €nacTUYHOCTHU
npeacTaBrbajy NpoueHTyanHy MNpOMEHY Yy BUCUHU
nyTapuvHe Unu LieHe narpagke ycnepn npoueHTyanHe
NPOMEHE HEKOr 0of TEeXHUYKMX WUNn PUHAHCUCKMX
napameTtapa, Kao LWTO je HMAp. MPOCEYHU roauLLHU
OHEBHU caobpahaj (Mrgc). C ob6bsvpom pa
€rnacTUYHOCT nyTapuMHe Yy OJHOCYy Ha 0bum
caobpahaja moxe ga Bapupa of He-enacTuiHe [0
enacTuyHe, TeWKO je oapeauTn y dasm passoja
npojekta koja he enactuyHoCcT OUTM OHAOA Kagda je
npojekat y CBOjoj onepaTtuBHO] pasn. N3 osor
pasnora, y OBOM pagy je MpeTnocTaBibeHO Aa je
OOHOC BWCWMHE nNyTapuvHe Y OJHOCY Ha obum
caobpahaja He-enacTuyaH, Tj. NMPOMEHE Yy BUCUHMU
nytapuHe Hemajy 3HayajaH yTuuaj Ha obum
caobpahaja. OBakBa npeTnocTaeka je nNnpuMeHrb1Ba
HMp. Ha caobpahaj ka/ca nocna unn AeoHuUe Yuju
anTepHaTMBHK, GecnnaTtHM npaBuM Cy Beoma
3aryweHn. Pesyntatu aHanuse cy npeacTaBrbeHU y
cnegehem nornaerby.

4. AHAINU3E

3a ytBphuBame Be3e M3MmeRy BUCKMHE MyTapuHe U
TEXHUYKMX NapameTapa caMor npojekTa ypaheHo je
HEeKONMKO  aHanusa. Mpso, nytapuHe  cy
aHanuaupaHe y QyHKUMjU of UeHe wu3rpagwe u
noyeTHor gHeBHOr caobpahaja. OBa aHanu3a cnyxm
Kao OCHOB 3a 0Oorbe pasymeBawe OCETIbMBOCTU
LueHe nyTapuvHe Yy OOHOCY Ha Bapujauuvje LUeHe
nsrpagmwe n gHeBHor caobpahaja. NovyeTHU gHEBHM
caobpahaj je wuspaxeH npeko [MIOC-a y npBoj
roAvHM MyTHe KOHUecwje, OOK je ueHa nyTapuHe
n3paxkeHa Kao nNpoceyHa nyTapuvHa wuspaxeHa Yy
amMepuyKUM aonapuma no BO3UNY.
MpeTnocTtaBrbajyhu ga ce ctpyktypa caobpahajHor
TOKa Ha nocMaTpaHoj [OeoHuuM cacToju oA
NyTHUYKUX BO3WNa, TepeTHUX Bo3una u aytobyca,
npocevyHa nytapvHa Moxe Aa ce u3padvyHa nomohy
cnepgeher nspasa:

WATR = (%C *TR, +%T *TR, +%B*TR,)/100 (2)

roe cy:

o %C - npoueHaT NyTHUYKMX ayTomobuna,

e %T - npoueHaT TepeTHUX BO3una,

e %B - npoueHat ayTobyca;

e TR., TRy n TR - nytapnHe 3a nNyTHU4YKa Kona,
TepeTHa Bo3una u aytobyce, pecneKkTMBHO.

Y T1abenu 1 cy cymupaHu ynasHu napameTpu U
orpaHuyera Koja cy kopuwheHa y aHanmsu.
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Ha cnuum 1 cy npeacTtaBrbeHn pesyntatu aHanuse.
Ha xopu3oHTanHoj ocu cy patu npoueHeHn
TPOLIKOBM  u3rpagwe [eoHuue Ao nywTawa Yy
onepatuBHy ynotpeby, a Ha BepTMKarHoj Ocu
nyTapuHe u3paxeHe MpPeko MNpPOoCeYHUX nyTapuHa.
Ca nopactom TpoOWKOBa Wu3rpagwke pacre u
MUHUManHa 3axTeBaHa nyTtapuHa. [lpu TOoMme 3a
Hwke BpeaHocTu MNITAC-a (u3paxeHo y BO3unmMMa Ha
OaH — B/g), nytapuHa pacte 6pxe. AHanusa
ernacTMYHOCTM npyxa Buwe unHdopmaumja o
OCETILUBOCTU MyTapuHe Yy OAHOCY Ha MpOMEHe Yy
ynasHuMm napameTtpuma. EnactuyHoCT gy . NyTapuHe
(TR) y opHocy Ha nMpoOMeHe Yy TpOLUKOBMMA
narpagwe (ACC) je gedbmHucaHa kao:

Tab6ena 1. YnasHu napameTpu

MapameTpu npojekta

Tpajane koHuecuje = 20 roguHa

Mepuvopg narpagke = 2 rognHe

TpoLukoBu ogpxaBara 1 agMuHucTpaumje = $100,000 no km
roguwkse (6e3 BapunjabunHmnx TpoLLKoBa)

Pacnogena pagosa uarpagte =Y 1. rognHmn 50%, y 2. rog. 50%
Kanutan = 40% of TpoLwKoBa n3rpagHhe

OpxxaBHa cybBeHUuja TpoLkoBa usrpaghe = 40% of TpoLuKoBa
narpagwe

lognwmm pacT caobpahaja = 4% roguwwse

WHdnauuja = 4% rogniime

Mopes Ha popaty BpeaHocT (MAB) =18%

Mopes Ha gobuTt npaBHMX Nuua = 10%

PeanHa gnckoHTHa cTona y apxasu = 4%

Ycnosu kpeauta

HomuHanHa kamaTtHa ctona =15% roauilrse

Tun oTnnaTte = Ha roAuLIHbEM HMBOY (OCHOBMUA + kKamaTa =
KOHCTaHTHO)

pejc neproa= 2 roauHe; MNepuoa otnnate=14 roguHa

®DuHaHCcHjcKa orpaHuyera

duHaHcKjcKa MHTepHa ctona peHTabunuteTa npojekta (FIRR)
212%

WHTepHa cTona peHTabunuteta ynoxeHor kanutana (ROE) 216%
WHpekc cepsucupatba LenokynHor gyra (LLCR) 21.2

loanwhm nipekc cepsucrparsa gyra (ADSCR) 21.2

0.8

0.7 5,000-8/z
< 0.6 /
0.5

10,000 8/n

15,000 B/g,
0.2 -

MyTtapuHa ($/Bo3una-km)
o
w

0.1 7

40,000 B/g,

1 2 3 4 5 6 7 8
T poLukoBu nsrpape($ MunmoHa/km)

Cnuka 1. lpoceyHa nyTapvHa Yy 3aBUCHOCTU O
TpowkoBa nsrpaghe u NracC-a

ATR
RCC TACC 3
cc,

roe cy:

ATR - npomeHa LeHe nyTapuHe,

TRq - NyTapuHa y HUUMjanHoj Taykm aHanuae
ACC - npomeHa y LeHu nsrpagre v

CCy - HMUMjanHa ueHa uarpaghe.

N3payyHaTta enactmyHocT 3aBucu of u3bopa
WHULUMjanHe Tadke. Ha npumep, ako je uHuumjanHa
npoueHa ueHe usrpagkwe 5 munmonHa US$/km, oHpa
je enacTM4yHOCT BMCMHE nNyTapuvHe Yy O[HOCY Ha
npomMeHe oBe BpeaHOCTU UueHe wu3rpagkwe 0.89.
Opyrum pednma, ako ce nHuumjanHa ueHa nsrpagmwe
on 5 munuoHa US$/km npomeHn 3a 1%, BuCMHA
nytapuHe he ce npomenutn 3a 0.89%. CnwnyHo,
€nacTMYHOCT NyTapuvHe y OAHOCY Ha WHWUUWjarHy
LueHy narpagmwe og 4 munmoHa US$/km je 0.85, gok
je 3a ueHy wusrpagwe oA 7 mMunmoHa US$/km
enacTtudHoct 0.91.

Y npBoj aHanusu, TPOLUKOBU ofpXaBawa MU
agMUHMUCTpaumje cy nocMaTpaHu Kao KOHCTaHTHU 3a
cBe aHanuse, 6e3 063unpa Ha TPOLLKOBE M3rpaghe.
Kao peanHuju npuctyn, y JOpyroj aHanuau
NPeTnocTaBibEHO je Aa Cy TPOLLKOBU odpxaBara U
agMuHMUCTpaumvje Ha rogumwmwem  Humeoy (OC)
dyHKUMja of YKYMHWMX TpowkoBa usrpagwe (CC),
nspaxeHo kao OC=0.1*CC. Crnm4yHO Kao u y npBoj
aHanuau, npocevyHa nyTapuHa je aHanuaupaHa y
dyHKkunju oa MrAaC-a, ueHe msrpagre M TPOLLUKOBA
ofpxaBawa W agmuHucTpauuje. Ha cnuum 2 cy
NpeacTaBibeHW CyMapHW pesyntatym OBe ppyre
aHanuse.

11
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o
©
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s 08
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g o7
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©

g 06

% o / 10000 8/3_
g. 0.4 / /
© 15,000 8/,
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TpowkoBy nsrpagwe ($ MunuoHa/km)

Cnuka 2. lpoceyHa nytapuHa y yHKUMju og
TpowkoBa nsrpaghe, NMNrAC-a n tpowkosa
o4pXaBara U agMUHUCTpaLmje

o
IN)

20,000 e/n

o
[

40,000 /8

0

MwvHumanHa BMCMHa NyTapuHe noTpebHa 3a yyelwhe
npmBaTHNX UHBECTUTOPA pacte ca nopacTtoMm
TPOLUKOBa u3rpagmwe, a onaga ca nopacrtom MNIrAC-
a. Hwxe BpegHoctn T[IFIOC-a y3pokyjy Behe
nyTapuHe kako 6u ce ocTBapvnm NpUxoan SOBOSbHU
0a ogpxe npojekaT PUHAHCUjCKM UCMNNIaTUBUM.

Ynopehusawem cnuka 1 u 2 yBuha ce pa je
nytapuHa Beha y gpyroj aHanusn. Ha npumep, 3a
Mraoc op 20,000 B/m u ueHy wusrpagwke o 5
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munmoHa US$/km, y npBoj aHanuan u3padyHaTa
nytapvHa je 0.1 US$ no Bosuny no km, gok je y
apyroj aHanusm 0.15 US$. C ob63mpom fa je jeanHa
pasnuka y OBMM aHanu3ama Yy npoLeHu TpOoLUKoBa
ogpXaBaka M agMuHWUCTpauuvje (y npBoOj aHanusm
OBM TPOLUKOBM CY KOHCTaHTHW, OOK CYy Y ApYroj
dyHKUMja  TpOLIKOBA  W3rpagke), Moxe ce
3aKbyuMTM Aa  Mopen kopuwheH 3a npoueHy
TPOLLKOBA oOJpXxaBaka W agMUHUCTpauuje Moxe
nmaTu 3HavajaH yTuuaj Ha BUCUHY NyTapuHe.

EnacTtnyHoCT je Takofe nspadyHarta 3a oBy aHanuay
3a CBe BPEdHOCTM TPOLUKOBa uW3rpagke u cBe
n3payyHaTte BpeaHOCTH koedeumjeHaTa
€nacTU4YHOCTM Cy jedHake jeavHuun. [Opyrum
peynma, ako ce BPeAHOCTU TPOLUKOBa W3rpagwe
npomeHe 3a 1%, nytapuHa he ce Takofe NpoMeHnTn
3a 1%.

Tpeha aHanusa je ypaheHa pagn yTBphuBawa Bese
namely uUeHe wusrpagwhe W Apyrux  TeXHUYKMX
napametapa. [loBog 3a oBaj npuctyn je vy
NpoHanaxeky MakCMManHuX TPOLUKOBA W3rpagwe
3a nporHo3aupanu MNIAC v 3agaty BUCKMHY nyTapuHe
koju he 0be3beanTn MHAHCKjCKM OAPXUB NpojeKar.
Pesyntatn oBux aHanusa cy NpencTaBibeHW Ha
cnuum 3. Ha XopusoHTanHoj ocu je npeacTtaBibeH
MrOC, p[gok cy Ha BepTMKanHoj ocu  gatm
MaKCMMarnHu TPOLLKOBU W3rpagwe MO KUITOMETPY.
OcTtann napameTpu cy kao y Tabenu 1.

8

TR=$0.10/km
7 X

\

TR=$0.05/km

\\

|

e

TpolwwkoBu usrpagte (SMUNUoH/km)
N w

o

5,000 10,000 15000 20,000 25000 30,000 35,000 40,000
nrac (s/n)

Cnuka 3. MakcMmarnHu TpOLUKOBM U3rpagHe y
dyHKkumju og MracC-a n BucuHe nytapuHe

Kaga je nytapuHa 3apgarta, wu [TIFIOC pacre,
MakCUManHuW [O03BOSbEHW  TPOLLUKOBU  U3rpagHe
Takohe pacty. lNpumeHa oBe aHanuse je Hapo4yuTo
KOopucHa y npouecy [AOHOWeHa Ooanyka o
noTeHuujanHoj basHoj peanusaumju npojekra. Ako je
MakcuManHa LueHa wu3rpagwe gobujeHa oBOM
aHanM3oM [OBOSbHa 3a MONy-ayTonyTHW npodwun,
npojekat Tpeba pasmartpaTti Kpo3 ha3Hy nsrpagmy.
EnactuyHocT y cBUM cny4vajeBMMa je jegHaka
jeanHunun. Opyrum pedmma, ako ce MNIAC npomenn
3a 1%, MakcumanHu TPOLIKOBM um3rpagwe he ce
npomeHunTn Takohe 3a 1%.

5. 3AKIbYYAK

CTtBapHa uUeHa nyTapuHe koja ce Hannahyje
KOpUCHMUMMa OOWYHO je pes3ynTaT npoHanaxewa
KoMnpommuca uamefy OOCTYMHOCTU KOPUCHULMMA U
OOPXMBOCTU MpOjekTa ca HeroBoM ucnnatmeowhny
3a NpvBaTHU cekTop. Y dasu nraHnpaka Moxe ce
MNPOLEHNTM MUHMManHa BUCUHA NyTapuvHe Koja
3a00BOSbaBa OBE 3axTeBe.

Lnre oBor paga je 6uMo ga wucTpaxum 3aBUCHOCT
nsMmeny nytapvHe M TEXHUYKMX MapameTtapa camor
npojekta. Emnupwujcke  cTyamje wn  aHanuse
enacTMYHOCTW MyTapuHe W3 nuTepaTtype yrnaBHOM
YKIbY4yjy ,CMnorbHe“ NPOMEHSbMBE Kao LWTO Cy LieHa
ropMBa M npoueHaT He3anoCMneHOCTW, Tj. pu3numn
KOju Cy BaH KOHTpOMe npvBaTHOr naptHepa. Y OBOM
pagy, OKyC je Ha MpOMEHSbMBUMA Koje ce Mory
KOHTpOMMCaTU M KOjUM Ce MOXe YnpaBrbaTu Ha
HMBOY NPOjeKTa Kao LITO Cy TPOLUKOBW U3rpagHe u
ogpxasaka, Tj. ,yHyTpalwHN“ napameTpmn npojekTa.

Pesyntatu nokasyjy pQa je BMCMHa nyTapuHe
OoCeTrbMBa Ha MPOMEHE Yy TPOLLUKOBUMA M3rpagHe U
ofpxaBakba npojekta. AHanusa je Takohe ypaheHa
pagn yTBphuBara Be3e M3mehy LeHe uarpagme,
MrAC-a n 3axTeBaHe BWUCWUHE NyTapuHe koja he
06e36eanTn prHaHcKjckn oapXue npojekaT. AKo cy
CBU OCTanu napamMeTpu HENpPOMEHEHU, NyTapuHa
3aBWCKY Of LieHe 13rpaghe, TPOLLKOBA ofp)KaBara U
agMuHucTpaumje, n Nrac-a.
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"VIA PROJEKT" d.o.o0.

Ustanicka 128a, 11000 Beograd
Tel/faks: +381 11 347 41 84; +381 11 347 41 85;
+381 11 304 88 86; +381 11 304 88 89;
e-mail: viaprojekt@viaprojekt.rs

ejiohalni put R234
deonica Sebimilje - Kuti

vodimo neke od bitnijih projekata kao $to su:

lzrada Glavnog gradevinskog projekta na magistralnom putu M-21, deonica: Borova Glava — Uvac, od km 258+552,00
do km 276+125,00- L=17,57 km

Izrada Glavnog projekta rehabilitacije puta M-21, deonica: Uvac - Nova Varos, L=10 km

Izrada Idejnih i Glavnih projekata 6 mostova na deonici Borova Glava-Uvac

Izrada tehni¢ke dokumentacije radova na poja¢anom odrzavanju (poboljSanju) javnog puta M-22, Us¢e — Biljanovac,
L=14,63 km

Izrada projektne dokumentacije za nivo Generalnog i Glavnog projekta rekonstrukcije magistralnog puta za Niksic —
Podgorica, deonica: Paprati-Bogetici

Izrada Glavnog projekta regionalnog puta R-226, deonica: Kraljevo — Cadak, L= 12km

Izrada izmene projekta rehabilitacije puta M-5, Kraljevo — Krusevac, L= 37 km

Pored projektovanja, firma je angaZovana na kontroli -
nadzoru nad izvodenjem radova.

Ovako formirano preduzece "Via Projekt" d.o.o ima
potrebnu opremu i ljude za samostalno obavljanje vecine
poslova.

Trudeci se da se ne samo odrzi korak za drugim firmama,
ve¢ da se radi na novim tehnologijama, standardima i
dostignucéima, prihvatamo i nudimo raznovrsnu saradniju,
kako Investitorima, tako i lzvodacima, projektantskim
kuc¢ama, uz napomenu da imamo kontakte i ponude za
saradnju sa znacajnim firmama uz Italije, Spanije i Crne
Gore.
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Pregledni rad
Rezime: Ovo istraZivanje ima za cilj da ispita uticaj
rehabilitacije kolovoznog zastora drzavnog puta
prvog i drZzavnog puta drugog reda na ponaSanje
vozata u pogledu brzine kretanja. Efekti
rehabilitacije ispitivani su na osnovu podataka
dobijenih sa brojada saobracaja stacioniranim u
Lukovu (drzavni put prvog reda) i sa brojaca
saobracaja stacioniranim u LeStanima (drZzavni put
drugog reda), za period pre i period posle
rehabilitacije. Analiza rezultata brzina kretanja
51 604 vozila snimlijena na brojacu saobracaja za
drzavni put prvog reda ukazuje da se posle
rehabilitacije povecava prosecna brzina za 13 km/h,
a 85% percentil prosecne brzine za 9 km/h, dok se
standardno odstupanje prosecnih brzina smanjuje
za 3,1 km/h. Rezultati istraZivanja brzina kretanja
216 227 vozila snimljena na brojacu saobracaja za
drzavni put drugog reda ukazuju da se posle
rehabilitacije povecava prosec¢na brzina za 5 km/h, a
standardno odstupanje prosec¢nih  brzina se
smanjuje za 4,1 km/h.

Kljuéne reci: rehabilitacija, prekoracenje brzine,
ogranicenje brzine, drZzavni put, broja¢ saobracaja.
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Review paper
Abstract: The aim of this research is to examine the
influence of road rehabilitation at roads of first and
second order to the driver behavior in terms of speed.
Effects of road rehabilitation are examined using data
received from traffic counter situated in Lukovo (first
order road), and from traffic counter situated in LeStani
(second order road), in period before and after
rehabilitation. Data analysis about speeds of 51 604
vehicles at first order road shows that after
rehabilitation average speed is increased for 13 km/h,
and 85% percentile of average speed is increased for 9
km/h, while standard deviation of average speeds is
reduced for 3,1 km/h. According to the results received
from 216 227 vehicle speeds at traffic counter at
second order road, average speed is increased after
rehabilitation for 5 km/h, and standard deviation of
average speeds is reduced after rehabilitation for 4,1
km/h.
Keywords: rehabilitation, speeding, speed limit, state
road, traffic counter.

1. UuvOD

Prema podacima Svetske zdravstvene organizacije
svakog dana viSe od tri hiljade ljudi smrtno strada u
saobracajnim nezgodama. Posmatrano na godiSnjem
nivou, u saobracaju strada 1,3 miliona ljudi (WHO,
2012"), a izmedu 20 i 50 miliona ljudi (WHO, 20097
biva povredeno u saobra¢ajnim nezgodama.
Ekonomski troskovi saobraéajnih nezgoda dostizu 500
milijardi americkih dolara, a nacionalne budzete
saobracajne nezgode opterecuju najéesc¢e u nivou od
1% do 3% bruto nacionalnog dohodka (WHO, 2009).
Prema istrazivanju (Antic et al. 2012), troSkovi
saobracajnih nezgoda u Srbiji na nivou 2008. godine
su iznosili 516 miliona evra, odnosno 1,4% GDP-a, Sto
odgovara nivou troSkova saobracajnih nezgoda
zemalja u tranziciji.

NajCedc¢a okolnost nastanka saobraéajnih nezgoda, a
neretko i uzrok je nepostovanje ogranic¢enja brzine.
Brzina je uvek u direktnoj vezi sa nastalim posledicama
i direktno utiCe na tezine nastalih povreda u
saobracajnim nezgodama. Sa povecéanjem
prekoratenja brzine raste i rizk od nastanka
saobracajne nezgode, a time i rizik od nastanka
povreda. Odluka vozaCa o poStovanju ogranienja
brzine na pojedinim deonicama puta, je njegova li¢na
odluka, a koju voza& donosi na osnovu sopstvenih
utisaka o bezbednosti. Na odluku vozaCa da li ¢e
poStovati ograni€enje brzine i u kojoj meri ce
prekoracavati ogranienje, izmedu ostalog, uti€u faktori
puta i putne okoline, kao Sto su izgled puta, stanje
kolovoza, Sirina saobracajnih traka, izgled okoline i
slicno (WHO).

TWHO (2012) Global Status Report on Road Safety, 18.03.2012. intemet adresa:
http://www.who.int/violence injury prevention/road safety statusfen/index.html

2\WHO (2009) Global Status Report on Road Safety, 18.03.2012. intemet adresa:
http://www.who.int/violence injury prevention/road safety status/2009/enfindex.html
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Kako je brzina jedan od naj¢eScih uzroka teskih
posledica i smrtnih stradanja u saobracajnim
nezgodama, to bi bolje primenjivanje ograni¢enja
brzine i bolje upravljanje brzinama spasilo 5800
poginulih i 185000 povredenih na putevima u
Evropskoj uniji (ETSC, 2007).

U zavisnosti od stanja kolovoznog zastora uoceno je
razliito ponasanje vozaca, odnosno uoceno je da
sa degradacijom stanja i voznih karakteristika
kolovoza dolazi do smanjenja brzine kretanja vozila.
Imajuéi u vidu ovakvu zavisnost, moguée je
pogre$no zakljuciti da nema potrebe poboljSavati
stanje kolovoza, niti vrsiti rehabilitacije. LoSe stanje
kolovoza s jedne strane uti€e na smanjenje brzina,
dok s druge strane, moze biti uzrok nastanka
saobracajnih nezgoda, tako da se pozitivan uticaj na
smanjenje  brzine veoma brzo kompenzuje
stvaranjem opasnosti i nastankom povreda. Imajuci
u vidu zavisnost brzina kretanja od uslova odvijanja
saobracaja (put i putna okolina) neophodno je
prepoznati sve faktore puta i okoline i utvrditi uticaj
svakog pojedina¢nog faktora na nacin ponasanja
vozaCa. Definisanje klju¢nih faktora koji utiCcu na
vozate bi u daljem radu omoguéilo stratesko
planiranje primene Zeljenih mera. Primena Zeljenih i
adekvatnih mera je neophodna u svim fazama, od
izvodenja idejnog projekta do realizacije, kao i
prilikom rehabilitacija ve¢ izgradanih kolovoza, a sve
u cilju povecanja bezbednosti saobracéaja.

Leden i saradnici (1998.) su u istrazivanju vrSenom
u Finskoj tokom 1991. i 1992. godine pokazali da za
razliCite vremenske uslove dolazi do razligitog
povecenja brzine. Pokazano je da za suv kolovoz
posle rehabilitacije proseCna brzina raste za 0,6
km/h, dok posle perioda prve zime prose€na brzina
raste za 0,5 km/h u odnosu na brzine pre
rehabilitacije. U ovom radu su autori takode dosli i
do zaklju¢ka da se rizik od saobracajnih nezgoda
povecava nakon rehabilitacije za 7%, a zatim opada
nakon prvog zimskog perioda (od 3% do 7%).

Istrazujuéi uticaj rehabilitacije na bezbednost
saobracaja, Perez (2005.) je doSao do zakljucka da
rehabilitacija kolovoza na vangradskim putevima, u
kiSnim uslovima, umanjuje broj saobracajnih
nezgoda od 15% do 70%, dok na vangradskim
putevima u suvim vremenskim uslovima povecava
broj saobracajnih nezgoda za 10%.

Analizirajuéi uticaj rehabilitacije puta u naselju na
brzine kretanja vozila, Trifunovi¢ (2013.) je doSao do
zaklju¢ka da posle rehabilitacije dolazi do povecanja
85% percentila prosecne brzine vozila za 5 km/h, pri
¢emu dolazi do povecéanja 85% percentila prose¢ne
brzine: putnic¢kih automobila za 4,7 km/h, mopeda za
2,6 km/h, teretnih vozila za 3 km/h i autobusa za
2,8 km/h. Istrazujuéi uticaj rehabilitacije puta na
standardno odstupanje prose¢nih brzina, autor

zakljuuje da posle rehabilitacije dolazi do
povecanja standardnog odstupanja prosecnih
brzina: putni¢kih automobila za 1,2 km/h, mopeda za
1 km/h, teretnih vozila za 2,6 km/h i autobusa za
0,1 km/h. U ovom radu autor je takode doSao i do
zakljuCka da posle rehabilitacije dolazi do povec¢anja
broja vozaCa koji prekoracuju ograni¢enu brzinu
kretanja sa 34,7% (pre rehabilitacije) na 51,2%
(posle rehabilitacije).

Uzimaju¢i u obzir dosadasnja istrazivanja o uticaju
brzine na bezbednost saobraéaja neophodno je
definisati metod kojim bi se ispitao samo uticaj
rehabilitacije na brzine kretanja u zavisnosti od
kategorije puta. Cilj ovog rada je da pokaze da li
dolazi do promene ponaSanja (u pogledu brzine
kretanja vozilom) vozaCa pri razliCitom stanju
kolovoznog zastora u zavisnosti od kategorije puta i
definisanje stepena rizika za svaku od kategorija
puta. Analiza je vrSena na oshovu podataka
dobijenih  snimanjem brzina pomodéu brojaca
saobracaja stacioniranim na dve lokacije, na
drzavnom putu drugog reda u mestu Lestane, i na
drzavnom putu prvog reda u mestu Lukovo. Na
deonicama na kojima je vr$eno brojanje saobracaja,
u zoni brojata, brzina kretanja je ograniCena
postavljenim saobracéajnim znakom do 50 km/h.

2. METOD

Istrazivanje brzina kretanja vozila vrSeno je na
osnovu podataka dobijenih sa brojata saobracaja
"JP Putevi Srbije”, stacioniranim u Lestanima, na
drzavnom putu drugog reda i u Lukovu na drzavnom
putu prvog reda. Brojali saobracaja prikupljaju
informacije o saobracéajnim tokovima koji se kreéu
posmatranom deonicom, pri ¢emu su za ovu analizu
koriS¢eni podaci o brzinama kretanja vozila. Osim
podataka o brzini svakog zabeleZzenog vozila,
koriS€eni su i podaci o prosecnoj, minimalnoj i
maksimalnoj brzini kretanja kao i podaci o raspodeli
brzina kretanja vozila.

Za analizu uticaja rehabilitacije kolovoza na brzinu
kretanja vozila na drZzavhom putu drugog reda
(brojaé u LeStanima) uzeti su podaci pre
rehabilitacije u periodu od 08.10.2012. godine do
21.10.2012. godine, a za brzine kretanja posle
rehabilitacije podaci od 10.12.2012. godine do
23.12.2012. godine. Za analizu uticaja rehabilitacije
kolovoza na brzinu kretanja vozila na drzavhom putu
prvog reda (broja¢ u Lukovu), za period pre
rehabilitacije  koristice se podaci snimani od
06.12.2010. godine do 19.12.2010. godine, a za
brzine kretanja posle rehabilitacije koristice se
podaci snimani od 01.10.2012. godine do
14.10.2012. godine.
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Na osnovu prikuplijenih podataka sa brojata na
drzavnim putevima prvog i drugog reda formirana je
baza podataka u programu Microsoft Excel, u kojoj su
posebno izdvojene prose¢na, minimalna i
maksimalna brzina kretanja vozila, po satima u toku
dana, za posmatrani period. Primenom 85%
percentila i standardnog odstupanja, analizirane su
prosecne brzine kretanja vozila pre rehabilitacije i
posle rehabilitacije.

Tokom posmatranog perioda, na brojacu saobracaja
u LeStanima, snimljene su brzine 216 227 vozila, od
Cega je brzina 123 119 vozila snimljena pre
rehabilitacije i 93 108 vozila posle rehabilitacije. Na
brojacu saobrac¢aja u Lukovu u posmatranom periodu
su snimljene brzine 51 604 vozila, od ¢ega je brzina
21 238 vozila snimljeno pre rehabilitacije i 30 366
vozila posle rehabilitacije. Usled raspolozivih
podataka sa brojaCa saobracaja, ograniCenja ovog
rada bi bila nedostatak podataka o vremenskim
uslovima u vreme brojanja (uticaj vremenskih uslova),
kao i razlike u uzorcima sa istog brojaca, za period
pre i posle rehabilitacije.

3. REZULTATI

3.1. Rezultati prosecnih brzina, sa brojaca
saobracaja na drzavnom putu drugog reda
(LesStane)

Analiza brzina kretanja vozila sprovedena je za
rezultate prosecnih brzina, za period pre i posle
rehabilitacije ~ kolovoznog zastora. Raspodela
prosecnih brzina kretanja vozila (Slika 1) pokazuje da
su prose€ne brzine vozila pre rehabilitacije nize u
odnosu na prosec€ne brzine vozila posle rehabilitacije.
UoCena je razlika u proseCnim brzinama kretanja
vozila u toku dana, pri €emu su prosecne brzine pre i
posle rehabilitacije priblizno jednake u periodu od
1:00 do 07:00 sati. Nakon navedenog perioda u toku
dana dolazi do povec¢anja proseCne brzine u periodu
posle rehabilitacije, sve do 18:00 sati kada dolazi do
iziednaCavanja prose¢nih brzina kretanja vozila.
StatistiCka analiza rezultata prosecnih brzina kretanja
vozila, pokazuje da je prose¢na brzina kretanja vozila
pre rehabilitacije 63 km/h, dok je 85% percentil
brzine 71 km/h. ProseCna brzina vozila posle
rehabilitacije je 68 km/h, dok je 85% percentil brzine
posle rehabilitacije 71 km/h i nije promenjen u odnosu
na period pre rehabilitacije.
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Slika 1. Prosec¢ne brzine kretanja vozila

Analiza rezultata pomocu standardnog odstupanja,
pokazuje da je standardno odstupanje prosecnih
brzina, posle rehabilitacije (6 = 5,8 km/h) nize u
odnosu na standardno odstupanje prosecnih brzina
pre rehabilitacije (6 = 9,9 km/h).

Analiza brzina kretanja ucesnika u saobraéaju
ukazuje na to da se posle rehabilitacije povec¢ao broj
vozacCa koji prekora€uju ograni¢enu brzinu kretanja
(Slika 2). Pre rehabilitacije 18,2% vozaca prekoracilo
je ograni¢enu brzinu kretanja, dok je posle
rehabilitacije 47,2% vozala prekoracilo ograni¢enu
brzinu kretanja.
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Slika 2. Procentualno u€eSce prekoracéenja
ogranicenja brzine kretanja

Na osnovu prikazanih rezultata prosecnih brzina
kretanja vozila, dobijenih sa brojata saobracaja u
LeStanima, moZe se zakljuciti da su prosecne brzine
posle rehabilitacije pove¢ane za 5 km/h, pri ¢emu su
85% percentili brzine ostali nepromenjeni, a
standardno  odstupanje prose¢nih  brzina je
smanjeno posle rehabilitacije za 4,1 km/h. Brzine
vozila, snimljene brojatem saobracéaja u LeStanima,
ukazuju na to da se posle rahabilitacije povecao i
procenat vozaca koji prekoracuju ograni¢enu brzinu
kretanja.

3.2. Rezultati proseénih brzina, sa brojaca
saobracaja na drzavnom putu prvog reda
(Lukovo)

Analizom prosecnih brzina kretanja vozila utvrdeno
je da prosecne brzine, za period pre i posle
rehabilitacije, odgovaraju priblizno ravnomernoj
raspodeli (Slika 3). Tokom posmatranog perioda u
toku dana dnevne oscilacije prosecnih brzina se
priblizZno menjaju, tako da prate pad i porast
prose¢ne brzine pre i posle rehabilitacije. Na oshovu
analiziranih podataka uocena je znacajna razlika u
prose¢nim brzinama kretanja vozila pre rehabilitacije
i posle rehabilitacije.

Analiza rezultata prosec€nih brzina kretanja pokazuje
da je proseCna brzina vozila pre rehabilitacije 70
km/h, dok je 85% percentil brzine 79 km/h. Prose¢na
brzina vozila posle rehabilitacije je 83 km/h, dok je
85% percentil brzine posle rehabilitacije 88 km/h.
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Slika 3. Prosec¢ne brzine kretanja vozila
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Slika 4. Procentualno u¢eSc¢e prekoracenja
ograni€enja brzine kretanja

StatistiCka analiza rezultata pomocu standardnog
odstupanja prosecnih brzina vozila pokazuje da je
za period pre rehabilitacije standardno odstupanje
0 = 9 km/h, dok je za period posle rehabilitacije
standardno odstupanje prosec¢nih brzina 6 = 5,9
km/h, odnosno moZe se zaklju€iti da je posle
rehabilitacije niZze standardno odstupanje prosecnih
brzina u odnosu na period pre rehabilitacije.

Posmatraju¢i broj vozata koji  prekoraduju
ograni¢enu brzinu kretanja pre rehabilitacije i posle
rehabilitacije (Slika 4), moze se zakljuciti da viSe
vozata prekoraCuje ogranienje brzine kretanja
posle rehabilitacije. Pre rehabilitacije ogranicenje
brzine kretanja prekoracilo je 39,9% vozaca, a posle
rehabilitacije 62,3% vozaca.

Na osnovu izvrSenih analiza prosecnih brzina
kretanja vozila uo€eno je da su posle rehabilitacije
prose¢ne brzine povecane za 13 km/h, pri ¢emu je
85% percentil brzine povetan za 9 km/h, a
standardno  odstupanje prose¢nih brzina je
smanjeno posle rehabilitacije za 3,1 km/h. Rezultati
snimljenih brzina vozila sa brojata saobracaja u
Lukovu, takode ukazuju na to da se posle
rehabilitacije povecao procenat prekrSioca
ograniCene brzine kretanja.

Uporednom analizom prosecnih brzina kretanja na
drzavnom putu prvog reda i drzavnom putu drugog
reda, moze se zakljuCiti da je na drzavnhom putu
prvog reda proseCna brzina posle rehabilitacije
povec¢ana za 13 km/h (15,7%), dok je prosecna
brzina na drzavnom putu drugog reda povecana za
5 km/h (7,3%). Rezultati standardnog odstupanja
pokazuju da se posle rehabilitaciie na drzavnom
putu prvog reda standardno odstupanje prosecnih
brzina smanjeno za 3,1 km/h (34,4%), dok se na
drzavnom putu drugog reda standardno odstupanje
prosecnih brzina smanjilo za 4,1 km/h (41,4%).
IstraZivanje takode ukazuje da je posle rehabilitacije
na drzavnom putu prvog reda veci procenat vozacCa
koji prekoracuju ograni¢enu brzinu kretanja (62,3%)
u odnosu na drzavni put drugog reda (47,2%).

3. ZAKLJUCAK

Rezultati istrazivanja sa brojacke stanice za drzavni
put drugog reda (LeStane) su pokazali da se posle
rehabilitacije povecCala proseCna brzina kretanja
vozila za 5 km/h. Uoleno je da se posle
rehabilitacije  standardno odstupanje prosecnih
brzina smanjilo za 4,1 km/h i da je 85% percentil
brzine posle rehabilitacije ostao nepromenjen u
odnosu na period pre rehabilitacije. Broj vozaca koji
prekoraCuju ograniCenu brzinu kretanja posle
rehabilitacije povecan je sa 18,2% (pre rehabilitacije)
na 47,2%.

Imajuéi u vidu prethodno sprovedenu analizu za
brzine kretanja vozila sa brojacke stanice za drzavni
put prvog reda (Lukovo), dobijeni rezultati pokazuju
da se posle rehabilitacije prose¢na brzina povecala
za 13 km/h, a 85% percentil brzine povecao za 9
km/h. Standardno odstupanje prosec¢nih brzina posle
rehabilitacije smanjeno je za 3,1 km/h. Broj vozaca
koji prekoraCuju ograni€enu brzinu kretanja posle
rehabilitacije povecan je sa 39,9% (pre rehabilitacije)
na 62,3%.

Analizirani rezultati ukazuju da rehabilitacija uti¢e na
promenu ponaSanja vozata u pogledu brzine.
IstraZivanje je pokazalo da posle rehabilitacije dolazi
do povecéanja proseCne brzine i broja prekrSioca
ograniCenja brzine, a do slicnih rezultata su dosli
Leden i saradnici (1998) i Trifunovi¢ (2013).

UocCeno je da rehabilitacija na drzavnim putevima
smanjuje standardno odstupanje prosecnih brzina,
za razliku od rezultata do kojih je dodao Trifunovié
(2013), a u kojima je uogeno da rehabilitacija puteva
u naselju poveéava standardno odstupanje
prosecnih brzina.
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IstraZivanje pokazuje da postoje razlike u proseénim
brzinama, standardnom odstupanju prosec¢nih brzina
i procentu vozaca koji prekoracuju ograni¢enu brzinu
u odnosu na kategoriju puta na kome se vrsi
rehabilitacija. Rezultati, takode ukazuju da su
proseCne brzine, standardno odstupanje prosecnih
brzina i procenat vozaca koji prekoracuju ograni¢enu
brzinu kretanja posle rehabilitacije veéi na drzavnom
putu prvog reda u odnosu na drzavni put drugog
reda.
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MpernegHu pag
Pe3ume: Yecmo ce npunukom epedHoBaH-a rnpojekma
y MymHOM UHXeH-epcmey rnocmaerbajy 3axmesu 3a
8pedHoB8ar-€e crieyuuyHUX rpojekama. CrneyuguyHu
rnpojekamu cy Hajyewhe KOMIMIUKOBaHU MPEXHU
modesu, obunasHuue, nemsbe, PackpcHUUe (KpyxHe,
T unu Kpcmacme), myHenu, Mocmosu, eujalykmu,
HarnamHe pamre u ¢ri. Y makeum criyqajesuma Huje
moeyha dupemHa rnpumeHa cmaHOapOHUX
memodorsioeuja u cogmeepa, eech je nompebHoO
rocmojehy memodorsioaujy npunazodumu
crieyugpuyHocmu npobrema. Y osom pady je Kpos
npumep  cnyyaja Oam  rfpuka3  e8pedHosar-a
crieyugpuyHoe npojekma obunasHuue, ¥ KOHKPemHom
cnyyajy padu ce o obunasHuyu Komop Bapouwu.
Uecmo ce npunukom epedHosarba rpojekama
obunasHuuya nuwy MoepewHU U HeadeKksamHu
npojekmHu 3adauyu u rnpubezasa U3 He3Harba
Hapyduoua u obpahueada KoMmrukogary rnocmojehea
npobnema Kpo3 pa3Ha HerompebHa aHKkemuparba U
ucmpaxuearsa npeobumHux W-L| mampuua Koja ce
o0Hoce Ha uerny Opxasy, na 4ak u cycedHe Opxaee U
peauoH, a npobnem ce 0OHOCU Hajdyewhe Hrp. Ha
npona3ak M nyma kpo3 Hacesrbe unu gpad. Yecmo ce
3axmese U rpumeHa Headekasmux cogpmeepa 3a o8y
spcmy npobrnema. lNpumeHa HasedeHux coghmeepa
0o8o0u 0o HemayHux 6pedHocmu onmepehera
obunasHuue, me ce ymephusar-e pacriodesie mokosa
Ha obunasHuyy u nocmojehy caobpahajHuuy y
fpuHyurly ceodu Ha OUPEKMHO  Kopu2oear-e
HeseposamHux pesynmama 0obujeHux cogphmeepom,
Hajuewhe Kpo3 ynpaerbake uMmnedaHcama U
ogpaHuyerbuma murna bo4yHe cmemHe, Oa bu ce
0obuo xerbeH pesynmam. [lpuHyun epedHosarba
obunasHuua je Hajborbe objawireH y numepmypu [15]
20e ce pacrniodena ¢ 063upom Ha U-L| aHkemy padu o
npuHyurly Oa ce cae mpaH3umHuU mok u 0eo U-L]
Kpemarba npemecmu Ha obunasHuuy. Kpos npumep
8pedHogara obunasHuuye Komop Bapowu 6uhe
OeMoHcmupaHa memodornoauja u3 krkuze [15] koja
KpO3 KpeamueHU nrnpucmyrn pewasa pobrem
8pedHoB8aH-a obunasHuuya.

KrbyyuHe peyu: obunasHuya, cmyduja onpasdaHocmu,
CBA, spedHosame, RUC, VOC, TTC, creyugpuyHu
npojekam, V-L| mampuya aHkema.

FEASIBILITY STUDY OF SPECIFIC
PROJECTS - CITY BYPASS

- Feasibility case study of Kotor Varos bypass -

Drazenko Glavic, Ph.D. T.E.
Faculty of Traffic and Transport Engineering, University of Belgrade

Slobodan Stanarevi¢, M.Sc. C.E.
Civil Engineering Institute "IG" Ltd. Banja Luka

Nebojsa Knezevic, M.Sc. Technology
Civil Engineering Institute "IG" Ltd. Banja Luka

Review paper
Summary: When evaluating projects in road
engineering, often is the case to encounter the
evaluation of specific projects. Specific projects are
usually complicated network models, bypass roads,
loops, junctions (circular, T or cross), tunnels,
bridges, viaducts, toll gates and other. In such cases
it is not possible direct application of standard
methodologies and software's. Instead it is
necessary to adapt the existing methodology for
specific problems. This paper presents a case study
of a specific project evaluation of bypass road, in
this particular case it is the bypass Kotor Varos.
Often when evaluating bypass projects faulty and
inadequate written terms of reference are produced
from the client. Using this TOR consultant usually
complicating existing problems through various
surveys and studies with unnecessary large scale O-
D matrix, which is usually related to the whole
country and even neighboring countries and regions,
and the problem is for example, often passage of
road through small settlement or city. Often
inadequate software for this type of problem are
applied. Application of the inadequate software
causes incorrect AADT volume on the bypass, and
the determination of the distribution of flows to
bypass and to the existing road. Basically AADT
volume on the bypass is directly corrected thby user
often through impedance control and such as lateral
interference in order to get the desired result. The
principle of evaluating bypass is best explained in
literature [15] where the distribution with respect to
the O-D survey is in the line with principle that the
entire transit flows and part of O-D movement from
exsisting road is transferred to bypass. Through
example of Kotor Varos bypass case study this
methodology from the book [15] will be presented.
This methodology through a creative approach solve
problem of the bypass evaluation.

Keywords: bypass road, feasibility studies, CBA,
evaluation, specific projects, RUC, VOC, TTC, O-D
matrix, interview.
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1. yBO[4

MpunukoM BpegHoBaka o0OMMa3HMUa Hacerba W
rpagoBa Hapyuunau u obpafhuBay npojekat npase
YecTO M3 Heno3HaBaka HaBedeHe npobremartuke
rpewke. Hapyuyunay 4ecto He Hanuwe agekBaTaH
NpojekTHW 3agaTak. [JJok KoHCcynTaHT Tpyaehu ce ga
UCMyHW CTaBKe MpOjEeKTHOr 3ajaTtka, Kao peluene
BUAN NPUMEHY pas3HUX, YecTo HenoTpebHux
aHkeTupara u uctpaxusawa W-L| matpuua koje ce
OfHOCe Ha ueny gpxasy, pervoH na n Ha EY, a
npobnem ce ogHocu Hajuelwwhe HMAp. Ha nponasak M
unun P nyta Kpo3 Hacerbe unu rpag. Yecrto ce
3axTeBa W MNpuMMeHa Hajyewhe HeagekaBTHUX
codhTBEPA 32 OBY BPCTY NpobnemMa, 1 To y NpuHuuny
y caobpahajHom pgeny VISSIM u VISUM. HaBeaehun
cobTBEpM Cy nNnaHepcka anatka 3a pellaBake
MpexXHMX npobnema pacnogene caobpahajHnx TokoBa
N Kao TakBM Ce MpUMekyjey 3a Ty BpcTy npobnema.
HakoH yHowena W-L| maTpuua u nogataka o Mpexu
caobpahajHuua u octanuMx nogataka HaBedeHu
copbTBepm Hajuewhe Aajy HeBepoBaTHe pesynTaTe. Ha
Kpajy ce npumeHa HaBefeHux codpTBepa cBOAM Ha
OVPEKTHO KOpUroBaw€ HEBEPOBATHMX pesynTara,
Hajyewhe Kpo3  ynpaBrbakbe UMNegaHcaMm U
orpaHuyersMma pga ©oum ce pobvo T3B. "kerbeH
pesyntat”. lNpumaHa HaBefeHnx codpTBepa y BehnHm
cny4yajeBa [faje HeBepoBaTHe pes3yntate, Na je y
CTPYYHO] jaBHOCTM Mo3HATO fa nomohy “"MouynHor"
anata VISSIM n VISUM-a je moryhe gokasatu cee u
[obutn 6uno koje xerbeHo onTtepeherwe unu T3B.
"XerbeH pesynrtat".

OcHoBHU NOBOA M3rpagHe 0bunasHuLa Kao 1 HMxoBa
CBpXa je M3MmeLuTame TEeLLKOr TpaH3uTHOr caobpahaja
n3 Hajuyewhe LeHTpa rpaga, O4HOCHO obunasHuue ce
npase y PyHKUMjU n3mMeLLTaka TPaH3UTHMX TOKOBa ca
rpagckux caobpahajHuua u reHepanHo, ca nogpydja
rpaga. Npobnem kop BpegHoBaka obunasHuua ce
ceogn Ha W-U wmatpudy koja he nokasatu
npoueHTyanHo yyewhe TpaHautHux, W-L| n nokanHux
KpeTansa. MpuHUMn BpegHoBaka obunasHuua je aa ce
caB TpaHauT u pgeo W-LI kpetawa npemectn Ha
obunasHuuy. Ecbektn HaBepeHe npepacnogene cy
HOBM YCMOBM KpeTakba 3a TpaH3WTHE TOKOBE, Kao U
noborbllakbe ycroBa kpeTawa 3a npeocTane
caobpahajne  TokOBe Ha  CTapoj  TPaH3WUTHO]
caobpahajHuum kpo3 rpag. OBu edektu ce kacHuje
KBaHTUUKYjy KPO3 EKOHOMCKO BpeaHOBaHe 1nu cost-
benefit aHanu3y.

HaBegeHn cneumdunyHn npobnem BpegHoBaka je
npukasaH Kpo3 npumep cnyyaja obunasHuue Kotop
Bapowumn. BpegHoBamwe obunasHuue Kotop Bapowun
peLleHo M3pagoM afekBaTHOr Mogerna-anroputma y3
kopuwhene agekBaTHMX codbTBepa Kao anarta y pagy
npu cBakoj NojeauHadHoj hasu npojekTa.

1.1. NPEOMET

Mpeamer pasmatparkba paja je npukas peluera
BpedHOBaka creumguyHnx npobrema Kpo3 npumep
cneundunyHe aHanuM3e onpaegaHoCcTU obunasHuue
Kotop Bapowun.

1.2. UWNIb

OcHoBHM LMIb paja je npukas KpeaTuBHOr MpucTyna
pelwasarwy npobnema BpegHOBawa CreunuuyHnX
npojekata-obunasHula rpagosa.

2. ONUWTE O NPOJEKTY

LnbeBn wusrpagwe obunasHuue Kotop Bapowm
ornefajy ce, npe cBera, y OTKMakaky WUCMOSbEHUX
OCHOBHMX nNpobrema caobpahaja y noctojehem cTamy.
OBu npobnemn he ce OTKNOHWUTU MpeycMepaBaH-eM
TPaH3WUTHUX 1 genummyHo W-L n nokanHmnx TokoBa ca
noctojehe caobpahajHuue koja nponasy Kpo3 LieHTap
rpaga Ha obunasHuuy Kotop Bapoww. Mpemelutansem
TPaH3WTHUX TOKOBa CcTBOpuhe ce MNOTMyHO HOBMU
YCMOBM Ca BUCOKMM HMBOOM ycnyre-HY 3a TokoBe Ha
obunasHuun. Takohe he ce y opapeheHoj mepu
noborbwat ycnoBu caobpahaja 3a nokanHe wu
MoYeTHO 3aBpLUHE TOKoBe, Koju he ocTatm Ha
noctojehoj, caga pactepeheHoj caobpahajHuLM HaKoH
narpagwe obunasHuue. [lpenackoMm  TpaH3WTHOr
caobpahaja Ha obunasuyy Kotop  Bapolum
noborbliahe ce ycrnosu y caobpahajy, a UICTOBpEMEHO
he ce cmawunTn Oyka n aepo 3arahere, kao u 6poj
caobpahajHux He3roga Ha CBEYKYMNHOj rPaacKoj Mpexm
a nocebHo Ha noctojehem nyTy.

OnwTta «kapaktepuctuka noctojehe caobpahajHe
Mpexe Ha npegMeTHoOM noapydjy rpaga Kotop
Bapowu je Aa He nocToju agekBaTHa caobpahajHuua y
rragy koja 6u Morma ga npuxeBat TpaH3WTHA
KpeTawa, Beh ce mncta ofsujajy kpos LeHTap Kotop
Bapowwn u Tako ponpuHoce noBehaHOM BpeMeHy
nyToBaha Kpo3 rpaf, noBehawy BpeMeHCKMX rybutaka
N CMamehy eKkcrnnoaTauuoHux ©Op3vHa, Kao w
CMameny 0e3bemHocTM ogHocHO noeehawy 6poja
caobpahajHux Hesroga Npoy3pPOKOBAHUX KOHAINKTOM
BO3uro-newak. ponasak Tewknx TepeTHWX Bo3wna
Kpo3 Hajyxu ueHtap Kotop Bapowwm pogatHo
noeehaBa HeraTMBHO [€jCTBO TpaH3MTHOr caobpahaja
Kpo3 noBehaHy OyKy, Bubpaumje Kao 1 aeposarahemse.

Tpaca Oyaoyhe obunasHuue Kkpo3 nogpydje rpaga
Kotop Bapolwun nge uctodHum oboguma rpaga u Tako
JonpuHocu 60rboj NMoBE3aHOCTU OBMX AerioBa rpaja
kao 1 60rboj noBesaHoCTK criegehux NyTHUX Npaeaua:

- MaructpanHu nytHu npasay, M-4 YenuHau-
Kotop BapoLwu.

- MaructpanHu nytHu npasau M-4 Kotop BapoLu-
Tecnuh.

- Pervonannu nyt P-413 Kotop Bapow-KHexeso.
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MowTo caB caobpahaj y nocrtojehem cramwy nponasu
rmaBHOM caobpahajHuuoM Kpo3 LueHTap rpaga, nonasm
MoroToBo y caobpahajHyM wnuueBMMa A0 3aryliera
caobpahajHux  TokoBa, HenoTpebHOr  mporacka
TPaH3WTHUX TOKOBA KPO3 LEHTparHe rpajcke 30He,
cMamerne 0e3beqHOCTM nelwaka unje je KpeTawe
BEOMa MHTEH3MBHO Yy LIEHTPanHoj 3oHu rpaga. OBakeo
CTake YCIOBUIO je npennuTawe rpagckux-nokKanHux,
MOYETHO-3aBPLUHMX KAo W TPaH3UTHUX KpeTara WU
neLlayknx TOKOBa, Koju CBU MMajy pasnuunte 3axTeBe
3a OCTBapeH-eM TPaAHCMNOPTHE ychyre.

Pewene oBako He3sagoBorbaBajyher crawa je
nsrpagwa obunasHuue Koja 6m npeysena Ha cebe
LUernokynaH TpaH3MTHM caobpahaj n AenuMuYHO
MOYeTHO-3aBpLUHA W JlOKanHa KpeTawa W Ha Taj
HauMH pacTtepeTuna rpagacko nogpydje Kotop
Bapown wu 3HaTHO noborbwana ycrose Yy
caobpahajy Ha TepuTopuju Luenor rpaga.

2.1. OcHOBHM 3agaum cTyauvje onpaBAaHOCTU

OcHoBHM 3agaum CTyanje onpaBOaHOCTU U3rpaghe

obunasHuue Kotop Bapowwm cy:

1.0a npyxu cBe penesaHTHe uHdpOPMaunje o
nocTojehoj Mpexm rpagckmx caobpahajHua;

2. [la npyxu nogaTke O NpOjeKToBaHoj obunnasmuw;

3. [a npyxun peneBaHTHe nogaTtke O AOCTUTHYTUM Wt
NporHo3npaHum caobpahajHMm TOKOBUMa;

4. la npyxun nogaTke O pacnogenu caobpahajHux
TOKOBa Ha obunasuuy Kotop Bapowwu u noctojehy
caobpahajHuuy kpo3 Kotop Bapoly;

5. 0a npyxn ogroBop ga nu je noctojeha rpagcka
caobpahajHuua cnocobHa aa YOOBOSBU
nporHo3upaHe caobpahajHe TokoBe M OO0 Kada,
nocMaTpaHo ca KBaHTUTATUBHOT (kanauuTteTta) u ca
kBanutaTueHor (HuBoa Ycnyre) acnekra;

6.0a yTBpOM ekoHOMCKe TpoLlkoBe ynoTpebe
(ekcnnoataumje) T3B. Mpexe 6e3 uHBecTMUMja ©
T3B. MpEXe Ca UHBECTULMjOM;

7. a yTBpan o4veknBaHe ekoHomcke kopuctu y 20-To
roauLLK:0j ekcrnnoaTaumjy Mpexe ca MHBECTULIM|OM
y obunasuuy Kotop Bapowuu;

8. [la aHanusmpa nojaBy HOBOCTBOpeHor caobpahaja
Kao M yTuuaj obunasHuue Ha OPYLUTBEHO-
ekoHomckm pa3soj Kotop Bapouwuy;

9. la npyxm oueHy O EKOHOMCKOj OnpaBAaHOCTU
ynarawa Yy peanusauunjy obunasnuue Kotop
BapoLuu, ca gpyLITBEHO-EKOHOMCKOr acnekTa.

3. MPUMEHEHA METOLOOJIOTNJAY
PELLUABAKY CMNEUNOUYHOTI NMPOBJIEMA
BPEOHOBAHA OBUNA3HULIA

,D,prJTBeHO-eKOHOMCKa oueHa npojeKTa Ce 3acHuBa
Ha aHann3nm TpoLwKoBa W KOPUCTU OO AUNPEKTHUX

ecbekata wm3rpagwe obOuNasHuMue, ca onuTe
OpYyLUTBEHOT acnekra. To nogpasymeBa
naeHTudmrKaumjy, KBaHTUMKaumMjy ©n  HOBYaHY

BanopusaLujy npomMeHa Koje npoy3pokyje uarpagha
obunasHuue. Cnuka 1. npukasyje meTogonorujy
NpUMEH-EHY Y BpeAHOBakY.

NHoupekTHn edekTn unarpagwe obunasHuue, Kao
WITO Cy: yTUUaj Ha yop3aHn pa3Boj rpaga, CMakbere
emMucuje WTEeTHMX racoBa, cMakerwe byke u gp., ce
He YKIbydyjy Y aHanuay TPOLLKOBa M KOPWUCTWU, OOK je
yTMuaj obunasHuue Ha yOp3aHu pasBoj rpaga
OENVMMUYHO KBaHTU(MKOBAH Kpo3 nojaey
HOBOCTBOpeHoOr caobpahaja. KoHauyHu pesyntatm
aHanuse Cy  WUCKasaHW  WHTEPHOM  CTOMOM
peHTabunHoctn-ICP (Internal Rate of Return) u
HeTO cafawrwoM BpegHocTn npojekta-HCB (Net
Present Value).

MeToponoruja

Mportxo3a cao6pahaja

Ucry n (o] nokasaverbu
Ha TepeHy [PYLUTBEHO-eKOHOMCKOT
Da3Boia

[emorpad)cku napameTpu:
6poj, CTPYKTYpa, NPOCTOPHY
pa3MelLTaj CTaHOBHULITBA

CHumatba napameTapa
noctojener pexuma
caobpahaia

MeToa nporHose

CHuMatba TEXHUYKO-
eKcnnoaraumoHnx
napametapa

MporHo3a HopmanHor
caobpahaja

EKoHOMCKI napameTpu:
BAN, 0bum u cTpykTypa
NPOU3BOAH-E ¥ NOTPOLLIKLE,
2anneRAHACT

WL aHkeTa n cHumarba
KapakTepucTuka
ranfnahaikuy TokoRA

AHanm3a HOBOCTBOPEHOT U
npeycmepeHor caobpahaja

Ocranu napameTpu
MoTopu3aLyja, MoBUnHoCT,
TYPUCTUYKA aTPaKTUBHOCT,

nnocTODHA VDEheHOCT.

Pacnopena cao6pahajuux
TOKOBa

Cao6pahajHe aHanuse pah 0 Ei . e

pewetse CcBA

CHumarba napameTapa
caobpahaja, caobpahajHe
aHanuse y XIM-4

CuTyaLVOoHO peluete MeTogonoLwuku npuctyn

AHanu3a HuBoa ycnyre
mpexe 6e3 nHBecTULmja

Honywm W nonpeyHu
npocun

AHarnn3a ekoHOMCKIX KOpUCTH
3a BO3UNa Ha 06unasHm1Ly n
Ha nocToiehoi caoboahaiHmun

AHanusa H1Boa ycryre
MpEXe Ca MHBECTULMOM

IMpeppayyH TpoLLKoBa
peanu3saupje

WHTepHa cTona
penTabunHocTy

Hero capatutba BpesHOCT

AHanuaa oceTrb1BoCTY

Cnuka 1. MeTogonoruja BpegHoBawa
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4. OCHOBHM NOOALIKA O MPOJEKTHOM 4.1.2. NMoayxHu npodun
PELWWEHY OBUNTA3SHULIE

OcHoBHM NogaLm y NpojekTy Cy NprKasaHu Kpoa:
- CutyauuoHo peLuetme;

- TogyxHu npocdmn obmnnasHuue Kotop
Bapouwwy;

- MMpeppauyH TpoLikoBa peanusaumje; I
- VIHAUMjanHW NnaHepcku nepuos narpaakse. I

4.1.1. CnTyaumMoHo peluewe

NErEHOA
TNggrojshu nyT M-4

LB
O6unamuua

<

e —

HOeownua 2

e A |\
— N

Cnuka 2. byayha mpexa ca 0bunasHuiom u noctojehum nytem
M-4 Ha nponacky kpo3 Kotop Bapow ca nogenom Ha aeoHunue
T3B. Mpexa ca uHeecTuLmjom (M3sop: Ckuua KoHCynTaHTa)

-

Cnuka 3. CutyaumoHo pelete obunasmuue (M3sop: MaejHo z
pjeLLetbe) il

Cnuka 4. MopgyxHu npocoun obunasHuue Kotop Bapolum
(M3Bop: NnejHo pjewwetse)
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Cnuka 5. Monpeynu npocoun obunasquue Kotop Bapolum
(V3Bop: MpejHo pjeletse)
4.1.3. MNpegpayvyH TpOLIKOBa peanusauuje

Tabena 1. PekanuTtynauuja okBMpHe NpoLjeHe TpoLLKoBa
uarpagre obunasuue Kotop Bapouuu

MpunpemHu pagosu 43.725
[Jowu cTpoj 2.929.510
Paposw Ha cuctemy 3a 0aBOAH-aBaH-E 482.880
[opkbm CTPOj 4.761.850
O6jexTu 1.166.000
CaobpahajHa curHanuaauyja u onpema nyta 79.500
Henpeasuhexu pagosu (5%) 473173
CBE YKYMHO: ( 1+2+3+4+5+6+7) 9.936.638
naB (17%): 1.689.229
CBE YKYIMHO CA M[B-om: 11.625.867

4.1.4. UHmumjanHn nnaHepcKu nepuoa

e [InaHupaHun nepuoa uarpagwe obunasHuue
je 2013.-2014. roguHa.

o [lepunog 20-To roguvwme ekcnnoartauuje je
oa 2015. no 2034. roavHe.

5. AHAJIN3A U NMPOITHO3A CAOBPARAJHUX
TOKOBA

5.1. OJocTturHyTtu cao6pahajHu TokoBM

BennunHa caobpahajHux TokoBa Ha noctojehem

nyty M-4 Ha nponacky kpo3 Kotop Bapow y 6a3Hoj

2012.r. ytBpheHa je Ha ocHOBYy [ABa Wu3BOpa

nogaTaka u To:

1) [BoOHEBHOr KOHTPOMHOr Gpojata caobpahajHux
TokoBa U TO Yy netak 06.04.2012. n noHegesrbak
09.04.2012. y nepuogy of 8 oo 18 yacosa.

2) MNybnukaunja JaBHor npegy3eha  “lyTeBwu
Penybnvke Cpncke”, bpojarbe 8o3una Ha Mpexu
nymesa y Penybnuyu Cprickoj, 2008. rogmHa

5.2. MporHo3a caobpahaja

Oa 6u ce npuctynuno nporHo3u caobpahajHux
TOKOBa aHanusmpaHu cy cnegehu coumo-ekoHOMCKM

napameTpu, Koju  MMajy yTuuaj Ha  pacT

caobpahajHux ToKoBa:

- hakTopmn aemorpacpckor  pasBoja (6poj,
CTPyKTYypa n NPOCTOPHMU pasmMeLuTaj
CTaHOBHWLITBA),

- eKOHOMCKM napamMmeTpu (B4n, cTeneH
MoTOopu3saumje, 0bMM n CTpyKTypa Npomn3BoaHe 1
NnoTpoLLH-E, 3anocneHocT, TypucTUyKa
aTpPaKTUBHOCT, nNpPoCcTOopHa ypeheHocT,
MOOMMHOCT  CTAHOBHMLUTBA, EOTPAHCNOPTHU

nonoXxaj n yrnora nogpyyja y LUMPEM OKPYXeHyY,
TPXULIHA M MpaBHa CTabWNHOCT, pa3BWjeHOCT
caobpahajHe WH@pPaCcTpPyKType U1 NOojeAnHMUX
caobpahajHux rpaHa u gpyro).

Takohe, ocMM  aHanu3e  COLUMO-EKOHOMCKMX
napameTapa aHanuaipaHe Ccy WM cTone K3
peneBaHTHUX CTyauja pafeHnx npe ose cTyauje.

OcHoBHM oObpasay 3a MPOrHO3y OYeKMBaHOr
caobpahaja no OCHOBY HOpManHor pacta
peneBaHTHUX COLMO-EKOHOMCKMX pakTopa METOA0M
npoceyHor dakTopa pacta kopuwheH y cTyamju
rnacw:

PGDSy5, = PGDS,, -

ij
roe je:

PGDSgp, - nporHosupaka  BenuyMHa  MpoceyHor

[HeBHor caobpahaja OCHOBHE BPCTe BO3UNa
(i) ¥ (n)-Toj roamHm Ha nocTojehem nyTy,

PGDS;,, - mocturHyta BenuuMHa NpoOCEYHOr AHEBHOT
J

caobpahaja ocHoBHe BpcTe Bo3uma (j) y
6a3Hoj roguHn Ha noctojehem nyTy,

i - NPOrHo3Ha rogunHa,

Fij - NPOCEYHI-jeAUHCTBEHN

COLIMO-EKOHOMCKM
(hakTopM pacta penesaHTM 3a pacT
caobpahajHux  TOokoBa MO OCHOBHWM
Bpctama Bosuna (j) y (i)-Toj roguHn Ha

Mpexu noctojehux nyTesa,

5.2.1. MepogaBHa cTona nopacTta caobpahaja

Ha ocHoBy aHanu3e TpeHaa,
€KOHOMCKUX MapameTapa, perpecuoHe aHanuase,
aHanuse koeduumjeHTa enactudHoctu  BAI,
moTopusaumje n IMIrAC, kao v aHanuse pocapa
KopuwheHnx cTonma Yy peneBaHTHUM CTyaujama,
YKIbyyyjyhm 1 yTuuaj CBETCKE EKOHOMCKe Kpuse
cTone pacTa KopuwheHe y cTyauju cy:

aHanmise couno
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Tabena 2. [NporHoaupare cTone nopacta caobpahaja [%]
ﬂporHosMpaHa crona BPEMEHCKU UHTEpBan
nopacra 2010-2015. | 2015-2020. | 2020-2025. | 2025-2030. | 2030-2035.
NAuEBYC 3,0 35 3,0 25 2,0
B 25 3,0 25 25 2,0

MpumeHOM HaBefdeHux ctona pacta caobpahajHux
TOKOBa, Kao M nogataka p[obujeHnx 6pojamsem
caobpahajHux TOkOBa, pfobujeHa je cnepeha
nporHo3a caobpahajHux TokoBa.

Tabena 3. lMporHo3a caobpahajHux TokoBa Ha nyTy M-4 He
nponasky kpo3 Kotop Bapow

roauHa NrAcC sos/gax
MNA BYC | NTB | CTB | TTB | AB | ykynHo
2015 6.048 67 746 66 27 | 52 | 7.006
2034 10.299 | 114 | 1295 | 115 | 46 | 91 | 11.961

5.3. Pacnogena nporHo3supaHor caobpahaja ca
noctojeher nyta M-4 Ha mpexy ca
MHBECTULUNjOM

Ha oOcCHOBYy npOrHo3vMpaHnx BeNMYMHE  YKYMHOr
caobpahaja Ha mpexu 6e3 nHBecTULMja OOHOCHO Ha
noctojehem nyty M-4, Ha ocHoBy U-LI maTtpuue, Ha
OCHOBY MnofaTaka aHKeTe W KOHTponHor OGpojawsa,
Kao M Ha OCHOBY OMWTMX 3aKOHUTOCTM O yyelhy
TpaH3uTHor caobpahaja y ykynHoMm caobpahajy Ha
YNUBHO W3MMBHUM MyTEBUMA Yy rpag, ¢ 063npom Ha
BENMWYMHY rpaga, pAeduvHucaHa je BenuynHa
NpOrHo3upaHor TpaH3uTHor caobpahaja.

Tabena 4. BenvnyuHe caobpahajHux TokoBa Ha 0BuUnasHULm

Nrac sos/pax
TORMHA ™™ T5yc | o | CTB | T1B | AB yKyMHO
2015 | 2117 | 24 | 261 | 23 9 18 | 2452
2034 | 3605 | 40 | 453 | 40 16 | 32 | 4186
5.4. MPOrHO3A OYEKUBAHOI T3B.
HOBOCTBOPEHOI' CAOEPATRAJA
3a NporHosy HOBOCTBOpPEHOT caobpahaja
kopywheHa je Teopuja EKOHOMCKOr  BULLKA.

Pesyntatu aHanu3e cy npukasaHu y Tabenum 5.

Tabena 5. BenuunHe o4ekmBaHor T3B. HOBOCTBOpPEHOI

caobpahaja
NrAC.0: (Bo3una/aax)
2015 2034
414 707

6. CAOBPAThAJHE AHAJIU3E

KrbyuHn napameTpu 3a Cost Benefit AHanuay-CBA
cy edeKkTn uamellTaka TpaH3UTHOr caobpahaja Ha
obunasHuuy " pactepehere nocrtojehe
caobpahajHuue kpo3 Kotop BapoLw.

HeonxogHn ynasHu nogaum 3a Cost Benefit
AHanun3y-CBA  koje je noTtpebHO  yTBPAUTM
caobpahajHum aHanusama cy: 6p3vHe, BPEMEHCKU
rybuun, 6poj 3aycTaBrbaka, MPOCEYHO YeKamwe Yy
pedy, OyxuHa peda wu gp. HaBegeHu napametpwu
HMBoa ycnyre cy pobujeHn npumeHom XOM-4
nporpama, Kao U CHUMakMMa Ha TEPEHY.

Ha noctojehoj mpexu rpagckux caobpahajHuua
[o3BorbeHa npocedHa 6p3vHa je 40-50 km/x.
MpakTMyHO ocTBapMBa MpocevHa eKchnoaTauMoHa
Op3uHa kpeTawa BO3MMa je HWXa of [O03BOSbeHe,
WTO je n yTBpHeHo CHUMarnma BpemMeHa nyToBama,
Op3vHa u BpeMmeHcKUx rybvtaka Ha TepeHy, Kao u
nobunjeHo payvyHckm (cnvka 6 oo 12).

HakoH wu3rpagwke obunasHuue gonasv  Oo
noborbliarwa ycrnoBa Ha noctojehoj caobpahajHuum
(cnuka 7) ycnep pactepehemna ncre.

TpaH3utHn TokoBM WM geo W-LI TokoBa koju cy
npewnu Ha obunasHu NyT Umajy BUCOK HUBO yCnyre
(cnwuka 8).
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Cnuka 7.HuBO ycnyre MepeH ekcnnoaTauuMoHoM Gp3uHOM
Bo3una Ha noctojehoj caobpahajHuum y Mpexu ca
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Cnuka 8.HuBo ycnyre MepeH ekcnnoaTaumMoHoM Gp3uHOM
BO3WMa Ha 06MNAa3HULM Y MPEXM ca NHBECTULMjOM
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Cnepehe cnuke unycTpyjy ycrnose y caobpahajy
yTBpfeHe NpUNUKOM CHMMaha BpeMeHa nyToBaw:a,
Op3nHa U BpeMeHCKMX rybutaka Ha TepeHy.

Cnwuka 9. MBUYHO Napkupatbe Y 30HM LieHTpa

Lkone

Cnuka 12. TepeTHa Bo3una Ha'nponacxy kpo3 Kotop BapoLu

7. EKOHOMCKO BPEOHOBAHE NMPOJEKTA

EkoHOMCKO BpefHOBatbe MpojekTa npeacTaBiba
aHanu3y  eKOHOMCKMX  TpollkoBa  ynoTpebe
(ekcnnoaTauuje)  peneBaHTHUMX  Mpexa  (6es
nuBectnumje (MBWM) n ca wuHBectuymjom (MCW),
OOHOCHO Yy KOHKPETHOM cry4yajy Mpexe 6e3 u ca
06MNasHMLOM Y MHULMjANIHOM MfIaHCKOM nepuoay.

Ha ocHoBy aHanusupaHux TpolwlkoBa ynoTpebe
peneBaHTHUX Mpexa [obujajy ce eKOHOMCke
KOpWCTK peanvsauuje npojekta obunasHuue.

EkoHOomMcKke «kopucTu opf npojekta obunasHuue,
3ajeQHO ca EKOHOMCKUM TPOLUKOBMMA peanusauuje
y COST-BENEFIT aHanu3n, pajy oparoBope mno
nuTawy  EKOHOMCKe  OnpaBAaHOCTW  npojekTa
obunasHuue ca [OpyLTBEHO-EKOHOMCKOr acnekra
npeko napametapa EWPP (ekoHomcka uWHTepHa
ctona peHtabunHoctn) u1 EHCB (ekoHOMcka HeTo
cafalHa BPeOHOCT).

CneuundmyHo Koq cTyavja onpasAaHoCTu
obunasHuua, TPOLWKOBU OAHOCHO KOPUCTU  CYy
aHanuampaHu Kpo3 ABe KOMMOHEHTe (cueHapwja):

¢ [MMpumapHa kKomnoHeHTa: Kopuctu 3a Bo3una
Koja cy ca wusrpagwoM obunasHuue
npewna ca noctojehe caobpahajHuue
Ha obunasHuuy.

¢ CekyHpapHa komnoHeHTa: Kopuctm Hactane
noborblaweM ycnoea y caobpahajy
3a TOKOBE KOjU Cy OCTanum Ha
noctojehoj caobpahajHuun.

7.1. MeToponowku npucTtyn

MpumerweHa je meTofdonorvja  ApyWTBEHO-
€KOHOMCKOI Bpe[iHOBah-a 3acHOBaHa Ha aHanuau
TPOLUKOBA W KOPUCTW KOje KOPUCHULUM WMajy KOA
onuuja ca wu 6e3 peanu3oBaHOr MpojekTa
obunasHuye. OCHOBHU eneMeHTU KOpULWREHN y OBOj
Cost-Benefit aHanusm cy:
"  eKOHOMCKM TPOLLKOBW peanunsauuje npojekra,
"  TPOLLKOBW BpEMEHa NyToBaH-a,
- 10 OCHOBY KpeTaHa Bo3una
- MO OCHOBY UMKNWYHMX NpomeHa Op3uvHa u
BPEMEHCKMX 3acToja,
"  EeKOHOMCKM TPOLLUKOBU caobpahajHux He3roaa,
= EKOHOMCKM TPOLLIKOBK ofpxaBaH-a
obunasHuue.

HakoH yTBphuBara HaBegeHMX KaTeropuja TPOLLKOBA,
BPLUM Ce n3payvyHaBaH-e TOka EKOHOMCKMX TPOLLKOBa U
€KOHOMCKMX KOPUCTW yHyTap nepuoga BpeaHOBaH-a
npojekta, npu 4Yemy Ce TPOLIKOBA OOHOCE Ha
€KOHOMCKe TpOLLUKOBE peanusauvje npojekta, a
KOPUCTW Ha ywTeae Kao pasnuka namehy onuuja ca un
6e3 peanusoBaHor npojekta obunasHuue.

Myt v cacbpahaj, LIX, 1/2013, 37-46

43



Opaxenko Masuh, Cnobopan Ctanapesuh, Hebojwa Knexesuh

7.1.1. NMpumer-eH MeToA NpopayvyHa

3a npopadyH TpoOLUKOBa ekchnnoaTauuje MOTOPHUX
BO3UNa y YycroBuma KpeTawa, Ha pasmaTpaHvuMm
mMpexama (MBU n MCW) je npumerseH mogen X[OM-
4. TwnoBM  OCHOBHMX BpCTa BO3WNa MU
penpes3eHTaTMBHUX Mapku cy KopuwheHn 13 mogena
XOM-4, ¢ TMM WITO CYy OCHOBHW eKcnnoaTauuoHn 1

eKOHOMCKM  napameTpu  (ueHe)  npunaroheHu
Aomahum ycrnosuma.
3a npopa4vyH TpOLUKOBA BpemMeHa MyToBaHa,

caobpahajHux Hesroga y 20-TO rogullikemM nepuoay
Ha pasmaTpaHum Mpexama (MBW n MCW) je
npuMereH pasBujeHa annukauuja Ha 6Gasu Excel
nporpamcke nnaTdopme.

MpopayyH oOYeKkMBaHMX AMPEKTHUX EKOHOMCKMX
KopucTU je ypaheH Ha 6a3u pasnuka y TPOLKOBUMMA
ynotpebe 13B. MBU 1 MCU y 20-TO roguwitem
MHULMjanHOM Nepuoay ekcnnoaTtauuje.

Mokasaterom EMPP 1 EHCB cy nogBprHyTv n tecty
ocCeTrLnBOCTH, C 003mMpom Ha Moryha oactynawa y
OCTBapeky OYEKMBAHMX EKOHOMCKUX TPOLLKOBA 3a
n3rpagky obmnnasHuLe 1 EKOHOMCKUX KOPUCTW.

OueHa onpaBgaHoCTU um3rpagke obunasHuue ca
OPpYLUTBEHO-EKOHOMCKOr  acnekta je  ytBpheHa
nopehewem BpegHocTn EWPP ca OLK=6-8% wu
nopehenem BpegHoctn EHCB ca Hynowm.

MpumeHa wmopgena XOM-4 je «kopuwheHa 3a
ytBphuBawe VOC. [a 6u ce pobune BpegHOCTU
VOC no roguHama M MO KaTeropujama Bo3una
HEONxo4Ho je 6uno NPUMEHUTU Nporpam y Ty CBPXY
W HanpaBuUTW HaBedeHe CLieHapuje y OKBUPY camor
copTBepa M Kao OCHOBHO YHETM CBe nojaTtke
Be3aHe 3a TEXHNYKO-eKCNoaTaumoHe
KapakTepucTuke nyTta, caobpahaj, BO3HM napk, u ap.

Codpteep XOM-4 nma moryhHoOCT WTamne Benukor
6poja n3BewTaja, a 3a NoTpebe OBOr paga npukasjy
Ce KapakTepuCcTuyHe Cnuke ©3  u3BewTaja
kopuwheHa y Cost Benefit aHanM3m u 10 rpaduk
npomeHa BpegHoctn VOC y nnaHepckoMm nepuoay
cnuka 13 go 15.

BpegHoctu VOC w3 XOM-4 cy «kopuwheHe 3a
npopadyH n V-0-to-0-V TpolukoBa KOju MOCTOje Ha
nponacky kpo3 ueHtap Kotop Bapowwu. Tpeba
HanomeHyT™m pga mogen XAM-4 Hema moryhHOCT
aHanuse TPOLLKOBA MPOY3POKOBAHUX BPEMEHCKUM
rybuumma un 3actojuma tuna V-0-to-0-V 1 norpeluHa
npMMeHa HaBegeHor codTBepa 6u  Bogwna
HeTa4yHUM pesyrnTaTuma eKOHOMCKOr BpeJHOBaHa.

Annual Average Vehicle Operating Cost per veh-km

Cost per veh-hm

Cnuka 13. VOC Ha noctojehoj caobpahajuuun y mpexu 6e3
MHBECTULM}a

Annual Average Vehicle Operating Cost per veh-km
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Cnuka 14. VOC Ha nocrtojehoj caobpahajHuum y Mpexu ca
MHBECTULIMOM

Annual Average Vehicle Operating Cost per veh-km
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Cnuka 15. VOC Ha 0bunasHuum y Mpexu ca MHBECTULMOM

7.2. AHanusa eKOHOMCKUX KOPUCTU Y
MHULMjanHOM NNaHCKOM nepuoay

EkoHOMCKe KopuCTW npeacTaBrbajy pasnuky nsmeny
TpowkoBa ynotpebe MBW u MCW. Tlperneg
ONPEKTHUX eKOHOMCKMX KOpUCTY je gaT y Tabenu 6.

Tabena 6. ExoHOMCKe KOPUCTM MO OCHOBY MPOTHO3WUPaHOr
HOPMarHOT M HOBOCTBOPEHOr caobpahaja

ExoHomcke kopuctu (BAM/rog)
FoguHa 10 OCHOBY T3B. 10 OCHOBY T3B.
HopmarHor caobpahaja | HoBocTBOpeHor caobpahaja YKYIHO
2015 568.872 46.912 615.784
2034 1.621.807 135.531 1.757.338

7.3. EKOHOMCKO BpeaHOBaHh€e

OCHOBHM LWL €KOHOMCKOr BpedHOBawa je [Aa
NpykM OAroBOp Ha nNuTawe: MNocToju  fu
3agoBorbaBajyha ekoHoMcka onpaBgaHocT  3a
ynarate HOBYaHWX cpefdcTaBa Yy peanusauujy
npojekta obunasHuue ?

Y eKOHOMCKOM BpefHOBawy CYy
cnefehn OCHOBHM NokasaTerbu:

- eKOHOMCKa MHTepHa cTona peHtabunHoctn (EVMPP);
- eKoOHOoMcKa HeTo cafaluna BpeaHocT (EHCB).

NpUMeHEeHU

OnopTyHUTETHA LieHa KanuTana u3Hocu 6-8 %.
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7.3.1. UIHTepHa cTona peHTabunHocTun

lNpopa4vyHoM je yTBpheHa cnegeha BpegHoct EVPP:
-  EWNPP=8,06%

7.3.2. HeTto capawmra BpeaHoOCT

MpopayyHowm je yTBpheHa cnepeha BpegHoct EHCB:
-  EWPP=1.705.525 BAM

7.4. AHannsa oceTrbUBOCTU

MowTo cy KapakTepucTuMKe MpojekTa TakBe ga cy
ofcTynawa Moryhmx Kopuctu mana M 3a notpebe
aHanmse OoCeTSbMBOCTU yCBOjeHa je BpegHocT 10%,
OOK je ca ofcTynawuma TpolkoBa rpafhewa
npumereHa criegehm pacnoH BpegHocty 1 1o +10%
n -20%. OBakBa oacTynawa TPOLUKOBA peanusauuje
npojekTa Cy yCBOjeHa M3 pasmnor LTO Cy BPeAHOCTU
TPOLLKOBa 13 npegmjepa v npegpadyHa geo NaejHor
pewewa, Te cy Moryha Benuka oOAcTynawa C
0630pOM Ha HM3aK HUBO NPOjEKTHE AOKyMeHTauuje.

AHanmaom pesyntata  TecTa  OCET/bLUMBOCTU
3aKkrby4yeHo je ga je VpejHo pjewere obunasHuue
Kotop Bapowwn €KOHOMCKM onpasajaH.
M3pBojuhemMo OBa KapakTepucTuUdHa cnyyaja u3
TecTa OCeTIbUBOCTHU

- Ako TpouwlkoBu rpahewa aytonyTta Bapupajy 3a
+10 un kopuctn Bapupajy 3a -10% WpejHo

pjelwlewe ce Hanasnm Ha [OH0j rpaHuum
onpaBgaHoCTy.

- Y cnyyajy cmaneHla TpOoLIKoBa peanusauunje 3a
20% onpaBgaHocT je wuspaxeHa. OBy
YnkbeHuLy Tpeba yBaXWTUM NPUIMKOM [Jarbe
paspaje NpojeKTHe AOKyMeHTaumje.

8. 3AKIbYYLMU

3akrbyuum ctyauje koja je kopuwheHa kao Case
study

» [lobGujeHn pesynTtatu y HaBeOeHOoj CTyauju cy
nmokasanuM  anconyTHy  onpaBdaHoCT  ca
caobpahajHor acnekra.

* VYnarawe Yy wu3rpagwy ob6unasuuue Kotop
Bapowmn ca ekoHOMCKOr acnekTa je onpaBaaHo
ann npojekaT uMMa [PaHUYHY EKOHOMCKY
onpaBgaHocT jep je EISR=8,06% wTo je Behe
o OLK (6%-8%).

* [lowto ce oBa aHanu3a OnpaBAaHOCTU
crnpoBoan Ha WpgejHom pelwweny. CtaB aytopa
cTyavje je Oa NpojekTaHTW Yy Jarboj paspagu
Tpace ¥ enemeHTa npodwuna yTuyy Ha
CMateH-e TPOLUKOBa peanusauuje npojekra u
Tako  TPEHYTHO  [PaHU4YHy  onpaBAaHoCT
nosehajy 40 HMBOA ancofnytHe €eKOHOMCKe
onpaBAaHOCTW.

3akrbyuum oBor paga

KpeaTBHM npuUCTyn KpO3 aHanu3y CBakor
UHOMBMAYAIHOT Crlyyaja BpedHOBaka MYTHUX
objekaTa nocebHO Kpo3 u3pagy, anroputMa,
Mofena BpeaHoBaka, CLeHapuja NporHose Koju
Cy npunarofeHn nojeaguHayHum 3axTeBuma
BpeAHOBaka je jeauHu HauuH peluaBaha
HaBedeHWX aHanuaa.

He noctoju HujegaH codTBEp HaMeweH
BpeaHoBaky obunasHuua rpagosa.

TpeHyTHO OoCTynHa nuTepaTtypa Koja ce Moxe
KOpUCTUTM NpW  BpedHOBaky obunasHuua
rpagoBa je passujeHa of ctpaHe Jb. Kysosuha
[15].

OvpekTHa npumeHa "lMpaBunHuka o cagpxajy un
HauvHy wu3page Crtyamje onpaBgaHOCTN W
Crtyavje onpaBgaHoCTK 3a u3rpagky objekarta”
je HenmpumewmBa y wuspagama Cryauvja
onpaBAaHOCTM NyTHUX objekaTa, a MOroToBO
cneundunyHmMx nNyTHUX objekata Kkao LWITO
obunasHuua rpaga.

Hapyunoun ctyavja onpasgaHoctn 6u  36o0r
cneumdunyHocTm npobnema Tpebano
aHraxoBaTtu CTpy4He nojeauHuUe WU UHCTUTYLMje
koje 61 y cknagy ca aHanM3oM KOMMIEKCHOCTU
npobrnema pJeduHcane HauvH BpeAHOBaHa
obunasHuua.

KoHcynTaHT Yy HepgocTaTKy npaBor MnpojeKkTHor
3agaTaka 4YecTo BpLue npeobrMHa aHKkeTupama
n uctpaxueawa W-L| matpuua koja ce ogHoce
Ha uUeny pApxasy, pernoH, na u Ha EY, a
npobnem ce ogHocuM Hajuyewhe HOp. Ha
nponasak M wunn P nyta Kpo3 Hacerbe unu
rpag.

Hajuewhe ce 3axTeBa M npumMeHa codTBepa
VISSIM u VISUM. HaeepgeHu codtBepu cy
nnaHepcke anatke 3a peluaBakbe MPEeXHUX
npobnema pacnogene caobpahajHnux TOKoBa, U
Kao TakBu Ce MpMMEHVBU Camo Yy CryyajeBuma
obunasHuua BenukMX rpagosa, LITO je pepak
cnyyaj y BpegHoBamwy, jep Y 90% cny4yajeBa ce
pagn o obunasHuuama Makwux rpagoBsa Wnv
Hacerba.

YeCTo KOHCYNTaHT BpLUM MOrpELUHE aHKeTe, a
noHekag v npeobumHe W-L| matpuue y ogHocy
Ha peneBaHTHY MpEeXy, Koje Kag Ce YHecy Y
copTBEp QAajy HeBepoBaTHe pesyntate. Ha
Kpajy ce nmpumeHa HaBegeHux codTBepa CBOAM
Ha ONPEKTHO Kopuroeaw-e Henorm4Hnx
pesyntaTta, Hajdewhe Kpo3  ynpasrbake
uMmnegaHcama W orpaHuderwsnva ga 6w ce
[obuo T3B. "KerbeH pesynrart".
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= [lpumaHa HaBegeHux codTBepa Ha norpeluaH
Ha4YMH M Ha MOrpeLHOM MPOjeKTHOM 3a4aTKy Y
BehuHK cnyyajeBa naje HeBepoBaTHe
pesynrtaTte, na je y CTPYYHO] jaBHOCTU NO3HATO
aa nomohy "mounHor" anarta VISSIM n VISUM-
a je moryhe gokasaTtu cBe 1M gobuTtu 6Mno koje
XerbeHo ontepehewe wnu  T3B.  "XKeSbeH
pe3ynTaTt", a Kao Hay4HO MU CTPY4YHO onpaBhah-e
pesyntata ce kopuctn cpasa 10 je VISUM
nokasao.

= OcHOBHM NOBOA, M3rpagwe obmnasHuua Kao u
HbMXOBA CBpXa je u3MewTawe  TeLlkor
TpaH3uTHor caobpahaja 13 Hajuyewhe uUeHTpa
rpaga. OpHocHo, obwnasHuue ce npaBe Yy
byHKLUMjM M3MeLllTawa TPaH3UTHMX TOKOBaA W

JeNMMYHO U-l|  TokoBa ca rpagckmx
caobpahajHMua W TreHepanHo ca nogpydja
rpaga.

*» BpegHoBawa obunasnuua ce csogun Ha W-L
maTpuuy koja he nokasatM npoueHTyarnHo
yyewhe TpaH3uTHux, U-LI n nokanHmx kpetama
kojy he «kopuctutn obunasmumyy. OAHOHO,
npuHUMN BpedHoBawa obunasHuua je ga ce
caB TpaH3uT 1 geo U-L kpetara npemectu Ha
obunasHuuy.

= Edektn HaBegeHe npepacnogene cy HOBMU
YCIOBW KpeTawa 3a TpaH3UTHE TOKOBE Ha
obunasHmumn, kao un noborbwakwe Yycnosa
KpeTawa 3a npeocrtarne caobpahajHe TokoBe Ha
CTapoj TpPaH3UTHOj caobpahajHuum Kpo3 rpag.
OBu edhekTn ce KBaHTUMUKYjy KPO3 €KOHOMCKO
BpegHoBakwe Yy COST-BENEFIT aHanusn.

. anJ'IVIKOM BpegHoBaHWa obunasHuua I'IOCG6Hy

naxmy Tpeba NnocBeTUTU aHanmam
HOBOCTBOpPeHOr caobpahaja
» OcuM  OMPEeKTHMM  KopucTuMa  Koje  Ccy

npvkasaHe y OBOM Mpumepy naxwy Tpeba
MOCBETUTM aHanM3n UHAUPEKTHUX edpekTa
NPOy3pOKOBaHUM U3rpagHoMm obunasHuue kKao
WTO cy ybBp3aHM eKoOHOMCKM pasBoj rpaja,
OoTBapare HOBMX TPXKHUX LieHTapa, oTBapane
poOHO TPaHCNOPTHUX LEeHTapa, CToBapuviTa M
pa3HMX Apyrux nocrnoBHUX objekaTa y 30HU
obunasHuue. OBM MHOMPEKTHU edekTn Mmory
MUMaTu 3HaYajHy ynory y BpeqHoBamYy.
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MpernegHu pag
Abstract: Multi-criteria and multi-attribute  decision
making refer to specific process that support decision
makers faced with multiple and sometimes conflicting
criteria. Many decision problems at tactical and

strategic levels, such as strategic transportation
planning problems, involve multiple conflicting
objectives or criteria. This paper focuses on

methodology for applying multi-attribute decision
making methods on the problem of optimal motorway
corridor selection. Presented are selected Multi-
attribute decision-making methods, along with their
applicability. Goals, attributes, attribute weights and
other parameters needed for motorway corridor
selection using multi-attribute decision making are also
pointed out in this paper.

Keywords: Multi-criteria decision making, multi-
attribute decision making, decision methodology,
methods, attributes, alternatives, motorway corridor.
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Review paper
Pe3ume: Buwekpumepujymcko 8pedHo8aH-€
npedcmaerba crieyuguyaH anam Koju ce Kopucmu
Kao nnodpuwika o0ryqusarsy y crlydajeguma rnocmojarb-a
suwecCmpyKux  Kpumepujyma  Koju cy  4Yecmo
MeRycobHOo  KOHGriukmHu.  MHoeu  npobnemu
odriyquearba Ha MaKmMuykuM U  Cmpamewkum
HUsouMa, Kao wmo cy npobremu nnaHuparba
caobpahaja, yKkrbydyjy ynpaso makee yurbeee usnu
Kkpumepujyme. Oeaj pad pasmampa MemodornowKu
oK8Up 3a rnpumeHy odpeheHux memooda
suweampubymusHoe 8pedHosara y  Uu/by
pewasarba rnpobriemMa  u3bopa  HajrnosoOsbHUjE
sapujaHme kopudopa aymonyma. lNpedcmaerbeHe cy
odabpaHe memoode sueampubymueHoe
8pedHoBara U aHanu3a HbUX08€ PUMEHIbUSOCU.
Pad ce 6asu u uurbesuma, Kpumepujymuma,
mexuHama Kpumepujyma u ocmanum napamempuma
Koju ce kopucme npuniukom odabupa HajrososbHUje
eapujaHme  kopudopa aymoriyma  yriompebowm
Memoda suweampubymusHo2 8pedHo8aH-a.

KbyyHe pedu: suwiekpumepujyMcKo epedHo8aH-e,
suweampubymusHo epedHo8aH-e, Memodosioauja,
memode, Kpumepujymu, 8apujaHme, Kopudop
aymonyma.

1. INTRODUCTION

Contemporary managing problems are rarely
evaluated on the basis of one and/or simple criteria
e.g. profit maximization. Nowadays, managing
systems are more complex, with strong tendency of
reaching multiple goals which are likely to be conflict
to each other. Therefore, analysis of each solution
alternative and defining convenient criteria is a
necessity.

Term multi-criteria decision making (MCDM) and
analysis refers to decision making process in the
presence of multiple and conflicting criteria [1].
Methods for solving MCDM problems are
scientifically determined and defined more than 30
years ago, although they existed earlier in the
human past [2].

There are two types of criteria: objectives and
attributes. Therefore, the MCDM problems can be
broadly classified into two categories:

- Multi-objective decision making (MODM);
- Multi-attribute decision making (MADM).

The main difference between MODM and MADM is
that the former concentrates on continuous decision
spaces, primarily on mathematical programming with
several objective functions, while the latter focuses
on problems with discrete decision spaces [1].
MADM considers several different alternatives that
need to be evaluated and ranked according to same
chosen attribute [3]. Every attribute has a different
significance (weight) in particular MADM problem. It
is hecessary to emphasize that any MCDM problem
refers to either MODM or MADM. However, in the
MCDM literature, term MCDM is more used for
MADM.

Many improvements in the field of MCDM processes
are close related to the development of information
technology (IT). Computer support of decision
making processes became one of the basic
requirements of decision makers. This computer
support was especially emphasized considering
large number of elements with variables, functions
and parameters which are structural part of most
common decision problems. On the one side, strong
IT development enabled analysis of complex multi-
criteria problems. On the other side, the widespread
use of the computers, Internet and other
communication technologies enabled availability of
various relevant information which are crucial for
purposeful decision making tools and methods.
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One of today’s characteristics of MCDM process is
utilization of computer and communication
technologies. Other characteristics are explicit
requirements of various complex information, which
are necessary for proper usage of MCDM methods.
The key is to obtain relevant information as
precondition to defining criteria and their numerical
weights for further evaluation steps.

2. MULTI-ATTRIBUTE DECISION MAKING
MODEL

There are various MADM problems in real life that
manifest in different spheres of technology and
society. Appropriate methodology for addressing
these problems is usually developed from previous
experience. With more or less modification, this
methodology can be used for solving MADM
problems and it bases on six steps.

Before applying these steps, goals, priorities and
MADM tools (methods) need to be defined. The
most disagreements are about priorities, because
they reflect interests and attitudes of different
stakeholders. Priorities have strong impact on
attributes weight values and thus they could affect
the final ranking of alternatives in particular MADM
problem. Six common steps [4] of solving MADM
problem are presented as following:

- Step 1: Identification and definition of attributes
that are going to be used in MADM problem
solving process;

- Step 2: Determination of the values of attributes
and optimization methods (minimum or maximum
values requested);

- Step 3: Determination of attribute weights;

- Step 4: Selection of the MADM methods for
addressing particular MADM problem;

- Step 5: Evaluating and ranking among
alternatives;

- Step 6: Feedback; in some cases attribute
weights need to be redefined — iteration at steps
3,4 and 5.

Figure 1 shows a general framework for using
MADM. This framework depicts basic principles for
solving the MADM problem. Explanation of steps
may differ depending on nature of particular decision
problem.

g — MADM
é_ GOALS —*| PRIORITIES | TOOLS
- |
— h 4
a Identification and B
P Definition of Attributes |
~ \ 4
o Attribute | Methods of
b Values Optimization
©
§ :I Attribute Weights |4--
b 1
I
I
A 4
- |
a MADM .| MADM |
2 Methods Analysis| !
(7] I
I
I
‘g_ I Choosing
] I Alternatives Ranking 7 Optimal
N 1 | Alternative
| I
© ! 1
& Feedback | —————-.
n

Figure 1. Framework for MADM usage [4]

MADM refers to process of making unique decision
(selection, evaluation or prioritization) among
multiple and conflicting alternatives. The important
characteristic of MADM is that usually there are a
limited number of predetermined alternatives which
need to reach certain attributes. Final decision need
to be made based on the chosen attributes. Also,
final alternative selection is done by the mutual
comparison among attributes.

Typical MADM problem can be mathematically
modeled as follows:

Select: Ay Ay, ..., A
(MADA/,){ s.t.: C1’ C2, . C

n

", (1)

where A = (A, A, ..., Ay) refers to m alternatives
and K = (C4, C,, ..., C,) refers to n attributes (set of
attributes) for representing decision situation. The
selection is normally based on maximizing a multi-
attribute value (or utility) function elicited from the
stakeholders. Basic parameters used in this model
can be expressed by the decision matrix as follows:

C, G, C o
Arr Xq1 Xg2 o Xy X1n]
A2 | Xo1  Xoo e X L. Xop
D =Ai | X,‘—; 3(,‘2 X,j X‘,'n ! (2)
Aml Xm1 Xm1 - Xmj anJ
W = [wy, Wa, ..., W], (3)

48

Put i saobracaj, LIX, 1/2013, 47-56



Methodological framework for applying multi-attribute decision making in the process of motorway corridor selection

where A = (A3, A, ..., Ap) refers to m alternatives
among decision makers choose the optimal one. Cy,
C,, ...,C, represents n attributes for measuring
alternative performances. x;, i= 17, ..., m,j=1, .., n
is rating of the alternative Ai with respective to
attribute C;. w; is the weight of the attribute C; [1]. In
a strict mathematical interpretation, solution of one
MADM problem is set of effective actions — un-
dominated actions (alternatives).

3. MULTI-ATTRIBUTE DECISION MAKING
METHODS

This section describes some of the most used
methods for solving MADM problems in practice.

3.1. Simple Additive Weighting (SAW)

One of the most well-known and widely implemented
is SAW. SAW is a MADM technique whose
evaluation principle is to select an alternative having
the largest utility [5]. Each attribute has assigned
importance weights (as coefficients to the variable).
The total score for each alternative is calculated by
multiplying the attribute value by the importance
weight and then summing over all attributes.
Assuming a set of importance weights as W = [w;,

Wy, ...,w,], the most preferred alternative A* is
selected as:
A" = (A | maxi S wix; / S}, @)

where x; is the outcome of the i" alternative about
the jth attribute with a numerically comparable scale.

Usually the weights are normalized as Zj’=1Wj=1, in

order to obtain comparable scores. Therefore, in the
maximization case, the best alternative is the one
that corresponds to the largest preference value.
The first step is the assignment of numerical values
to qualitative attributes in a decision matrix. The
seconds step is the calculation of a comparable
scale for elements in the decision matrix, as:

X;

rij=_* ' (5)

%

where x; is value of j" attribute for i alternative,

while xj* is the maximum value for a particular

attribute for all alternatives. After this, the analyst
assigns weights for groups of attributes. Finally,
weighted average values for all of the alternatives
are obtained as transformation of a vector to an
appropriate scalar value. The scoring model selects
an alternative with the highest score (i.e., highest
utility).

3.2. Analytical Hierarchy Process (AHP)

AHP was developed to model subjective decision-
making processes based on multiple attributes in a
hierarchical system. AHP structures process as a
hierarchical decomposition, reducing complex
problems into sub-problems. AHP procedure has
following five steps [6]:

1) Decompose a problem into an interrelated
hierarchy of goal, attributes, sub- attributes, and
alternatives.

2) Collects data from the experts or decision-
makers, as a pairwise qualitative comparison of
attributes (equal, marginally, strong, very strong,
extremely strong). This step should create a
reciprocal matrix.

3) Organize pairwise attributes comparison into a
square quantitative matrix. If the value is greater
than 1, the attribute in i row is better than the
attribute in the | column.

4) Evaluate matrix consistency. Consistency Index
(Cl) is calculated as:

_ (Amaxn)
Cl= Tt (6)
The principal eigen value (Anax) and the
corresponding normalized right eigen vector of
the comparison matrix give the relative
importance of the various attributes compared.
The elements of the normalized eigen vector are
termed weights with respect to the attributes and
sub- attributes. Obtaining an index from a
random matrix (RI), is compared with ClI to obtain
ration CR = Cl / Rl and it should be less than 0.1.
The smaller the value of CI, the smaller the
deviation from the consistency.

5) The rating of each alternative is multiplied by the
weights of the sub- attributes and aggregated to
obtain local ratings with respect to each attribute.
The local ratings are then multiplied by the
weights of the attributes and aggregated to obtain
global ratings.

3.3. Elimination and Choice Expressing Reality
Method (ELECTRE I)

ELECTRE | is essentially concerned with identifying
dominance relations. It seeks to locate a subset of
options E, such that any option not in E is outranked
by at least one member of E. The goal is to make E
as small as possible and for it to act as a shortlist.
Within this shortlist a good compromise option
should be found. ELECTRE | implies two phases.

In the Phase 1 concordance and discordance need
to be defined. The starting point is to define what are
termed the concordance and discordance indices.
The concordance index c(i, j), can be calculated for

Put i saobracaj, LIX, 1/2013, 47-56
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every ordered pair of options (i, j) simply as the sum
of all the weights for those attributes where i option
scores at least as highly as |" option. The
discordance index d(i, j), is a little more complex. If
i" option performs better than |" option on all
attributes, the discordance index is zero. If not, then
for each attribute where j outperforms i, the ratio is
calculated between the difference in performance
level between j and i and the maximum observed
difference in score on the attributes concerned
between any pair of options in the set being
considered. This ratio (which must have value
between zero and one) is the discordance index.
Defined this way, the discordance index is only of
real value in later stages of the analysis if attributes
are of roughly equal importance. However, it is
possible to refine the discordance definition to avoid
this difficulty, albeit at the cost of inducing some
element of subjective judgement. It is the
discordance index that captures the notion of an
option’s unacceptability if it records an outstandingly
poor performance, even on just one dimension.

In the Phase 2 concordance and discordance need
to be combined. To bring the two sets of n(n — 1)
indices together for all n options being considered,
the next phase is to define a (relatively large)
concordance threshold c*, and a (relatively low)
discordance threshold d*. An option then outranks
another option overall if its concordance index is
above the chosen threshold value and its
discordance index is below the threshold value. The
set of all options that outrank at least one other
option and are themselves not outranked contains
the promising options for this problem. If the set is
too small, perhaps even an empty set, it can be
expanded by appropriate changes to the
concordance and/or discordance thresholds.
Similarly, if the set is too big, it can be made smaller

[7].

3.4. Preference ranking organization method for
enrichment of evaluations (PROMETHEE)

The evaluation table is the starting point of the
PROMETHEE method. In this table, the alternatives
are evaluated on the different criteria. These
evaluations involve essentially numerical data. The
implementation of PROMETHEE requires two
additional types of information, namely:

- information on the relative importance (i.e.,the
weights) of the criteria considered;

- information on the decision-maker’s preference
function,which he/she uses when comparing the
contribution of the alternatives in terms of each
separate criteria.

The above information determines the preference
structure of the decision-maker. The preference

function (P;) translates the difference between the
evaluations (i.e. scores) obtained by two alternatives
(a and b) in terms of a particular criteria, into a
preference degree ranging from O to 1. Let:

Pi(a, b) = G; [fi(a) - fi(b)]. @
0<Pi(a b)<1, (8)

be the preference function associated to the criteria,
fi") where G; is a nondecreasing function of the
observed deviation (d) between fi(a) and fi(b). In
order to facilitate the selection of a specific
preference function, six basic types have been
proposed (Brans,1982; Brans and Vincke,1985;
Brans and Mareschal,1994).

PROMETHEE permits the computation of the
following quantities for each stakeholder r (r = 1, ...,
R) and alternatives a and b:

m(a, b)=Y 1 Pia,b)w,,
@ (@=Yxeam(x,a),
| P@=Xxeam(@x),
¢(@)=¢; (a)-9,(a).

©)

For each alternative a, belonging to the set A of
alternatives, mm(a, b) is an overall preference index of
a over b, taking into account all the criteria, ¢;(a)

and ¢ (a). These measure respectively the strength
and the weakness of a vis-a-vis the other
alternatives. ¢ (a) represents a value function,
whereby a higher value reflects a higher
attractiveness of alternative a. We call /¢ (a) the net
flow of alternative a for stakeholder k [19].

For each stakeholder the two main PROMETHEE
tools can be used to analyse the evaluation problem:
the PROMETHEE | (providing partial alternatives
ranking) and the PROMETHEE Il (providing
complete alternatives ranking).

4. SELECTED MULTI-ATTRIBUTE DECISION
MAKING METHODS APPLICABILITY FOR
MOTORWAY CORRIDOR SELECTION

All MADM methods claim that they can accurately
solve MADM related problems. However, a major
criticism of MADM is that different techniques may
yield different results when applied to the same
problem. In other words, different MADM methods
can result in different ranking (relative importance) of
alternatives with the same input data. This occurs
even at solving simpler MADM problems having
small number of alternatives and attributes.
Determination of attribute weights is the weakest
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and most sensitive part of all MADM methods.
Dissimilarities in  weights produced by these
methods become stronger in problems with few
alternatives; however, the corresponding final
rankings of the alternatives vary across methods
more in problems with many alternatives. The
inconsistency in such results occurs because [8]:

- The techniques use weights differently in their
calculations;

- Algorithms differ in their approach to selecting the
"best” solution;

- Many algorithms attempt to scale the objectives,
which affects the weights already chosen,;

- Some algorithms introduce additional parameters
that affect which solution will be chosen.

Other researchers have argued the opposite,
namely that, given a type of problem, the solutions
obtained by different MADM methods are essentially
the same [9-12].

Today’'s MADM methods applicability analysis are
usually introduced by computer simulations.
Computer simulation methods are flexible and
versatile tools that can quickly generate and present
various problems. Experiment iteration and changing
input parameters are also possible in these
simulation. In this way, creation of extensively
databases of simulation results is possible, so
MADM methods can be compared. Results
sensitivity is usually measured by changing next
parameters:

- Number of attributes;
- Number of alternatives;
- Distribution of attribute weights.

Each MADM method has certain advantages and
disadvantages. These advantages and
disadvantages are related to next characteristics of
methods: problem structuring; alternatives ranking;
clear representation of MADM problem, goals and
attributes (problem visualization); generating various
future scenarios; changing input parameters
(method flexibility); software and applications
availability. Next table shows advantages and
disadvantages of selected MADM methods by
presented characteristics [13].

Table 1. Comparison of selected MADM methods

MADM methods
Characteristics
SAW | AHP | ELECTREI | PROMETHEE
Problem B o B N
structuring
Alternthes + o+ + +
ranking
.Protl)lenj B o+ + +
visualization
Future +
scenarios
Flexibility + — + +
Software + + ++ ++

As Table 1 has shown, SAW and AHP methods
provide complete ranking of the alternatives, while
ELECTRE | provides partial alternative ranking.
PROMETHEE method can provide final results in
terms of both partial and complete alternatives
ranking. AHP method shows the best results in
problem structuring and visualization because of its
possibility to establish an interrelated hierarchy of
goals, attributes, sub- attributes, and alternatives in
a simplistic way. Also, by making changes in the
hierarchy levels, it is possible to perceive some
future scenarios.

Motorway corridors and infrastructure projects
usually include three or four possible alternatives
with ten to fifteen attributes to which different
weights are assigned. All presented MADM methods
are appropriate for selection of the optimal motorway
corridor using MADM techniques, but a few
distinctions can be made. Motorway attributes can
often be divided into several attribute sets for
problem simplification. If decision makers prefer
these attribute sets and want to represent problem
structure in detail and establish a certain hierarchy,
AHP method is optimal choice for MADM problem
solving. Possible grouping of attributes in attribute
sets in motorway corridor selection problem is
shown later in this work. The simplest way to
complete rank motorway alternative is by using SAW
method, but this method does not provide problem
structuring. On the other hand, if decision makers
want to disqualify some motorway alternative(s) from
further evaluations, ELECTRE | will provide this.
Software availability is an important advantage of
ELECTRE | and PROMETHEE methods. Motorway
corridor selection problem contains many input
parameters, therefore one of the decision maker’'s
usual preference is possibility to change them in
easy way (SAW and ELECTRE I). Next figure shows
presented MADM methods corresponding to some
specific decision maker’s preferences in the process
of the motorway corridor selection.
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Decision Maker's MADM
Preferences Method
v

Complete Ranking
of Motorway
Corridor Alternatives |\"

Creating Attribute
Sets and Easy
Problem Structuring

Easy Change of
Input
Parameters

Motorway Corridor
Alternative
Disqualification

Figure 2. Choosing MADM methods by decision
maker’s preferences

Recommendation is to use several method for the
same MADM problem and carefully choose attribute
weights. Which MADM method is going to be used
on particular problem in practice is up to preferences
of the decision makers, methods complexity,
software and related applications availability.

5. MULTI-ATTRIBUTE DECISION MAKING
METHODOLOGY FOR OPTIMAL MOTORWAY
CORRIDOR SELECTION

MADM can be applied in general design phase of
the project for selecting optimal motorway corridor
among several alternatives. More precisely, it is
possible to rank alternatives of corridors using one
or more MADM methods and to choose the optimal
one.

Realization (construction and operating) each of the
analyzed corridor alternative has a series of different
direct and indirect, positive and negative impacts on
society and environment [14-17]. One of the
purposes of using MADM techniques is to identify
the most significant impacts for each alternative.
Later, these impacts are transformed into attributes.
General goal is always maximizing benefits and
minimizing negative effects [18]. Clearly, it is not
always possible to achieve this, for example,
minimal costs of construction and operation of
motorway, minimal negative impacts on environment
and maximum benefits for the motorway users. Also,
short-terms benefits may be in conflict with the long-
terms benefits, e.g. minimizing of investment costs
can be profitable in the beginning of motorway
project realization, but can increase future

maintenance and managing costs. By following
methodological steps for implementation of MADM
in process of motorway selection, decision makers
have potential to attenuate conflict nature of goals
and attributes.

Selected motorway corridor and its project elements
are going to be elaborated throughout further project
documentation and represent basic input for the next
project phase.

The part of project documentation in general design
phase, which introduces MADM techniques for
selecting optimal motorway corridor should contain
the following steps:

- Representation of motorway corridor alternatives
and related parameters;

- MDMA methodology — definition of specific goals,
attributes, related values and variables that are
going to be used in MADM process;

- Implementation of MADM methods;

Results of MADM implementation.

Following figure represents MADM methodological
framework for optimal motorway corridor selection. It
implies listed steps with specific elements and links.
This framework is based on the framework on Figure
1, but it is modified for the purpose of motorway
corridor selection problem.

Motorway Graphlcalv Inputs
Alternatives Representation
|
Technical and
Operating
Motorway
Characteristics
MADM Identification and
Methodology Definition of Priorities,
Goals and Attributes

Method of attribute

Alternative

optimization
(MAX or MIN)
r

Attribute Weights M= = = = = = = — — — — |
|
|
Implementation |
of MADM S ot S | o
Methods 0 moions :
|
MADM |
Analysis |
|
4 |
Resulits of Motorway . !
MADM Alternative Cgott'_)smlg :
Implementation Ranking puma |
T Motorway {
|
|
|
|

Additional Sets
of Weights

Figure 3. Methodological framework for optimal
motorway corridor selection
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The proposed methodological framework is
elaborated to be easy, understandable, flexible and
to comprehend all elements relevant to making
choice, i.e. selection of appropriate motorway
corridor.

These steps are going to be explained in detail in
the next sections of the work.

5.1. Representation of motorway corridor
alternatives and related parameters

This part of project documentation describes detail
technical and traffic characteristics of corridor
alternatives, predicted traffic volumes, as well as
existing road network in the area of planned corridor.
General design project phase usually contains three
to four corridor alternatives.

Technical representation of alternatives contains
precisely geographical locations of corridor
alternatives and their relative position considering
other location of interest (cities, water surfaces,
landmarks, mountains, etc.). Main similarities and
dissimilarities among alternatives need to be
highlighted too by comparative means. One possible
example of the graphical representation of corridor
alternatives (from hypothetical point A to point A') is
shown on the following Figure 4.

7]
ol
O
s
S
©
o
<
LEGEND
@  Locality
A Location of interest
—  Alternative 1
— Alternative 2
w—— Alternative 3
Alternative 4

Figure 4. Example of the graphical representation of
corridor alternatives

For each motorway corridor alternative, technical
and operating characteristics need to be point out,
usually in tabular form. Following characteristics of
alternative are usually presented and analyzed:

- Total length of motorway alternative (L;, km),

- Overall design speed (Sop, km/h),

- Motorway segment length (L;, km),

- Number of lanes(N) and lane width (LW, m),

- Emergency lane width (LWg, m),

- Horizontal alignment minimum radius (Ry min, M),

- Degree of horizontal curvature (Dy),

- Average upgrade level per segment (UGayq, %),

- Maximum upgrade level (UG, %) and
maximum upgrade length (Iypmax, Km).

Analysis of existing traffic flow volumes are based
on annual average daily traffic (AADT) records with
traffic flow structure data per years of motorway
operating. On the AADT basis, it is possible to
calculate future expected traffic flow volumes (by
using average annual traffic growth rate) and
standard volumes [20]. Calculations are done for
total length of motorway corridor alternative per
segments. Future predicted traffic flow volumes are
basic inputs for functional and economical
evaluation processes and are usually presented for
1%, 10", 15" 20" and 25" year of motorway
operating. It is assumed that these traffic flow
volumes will exist in the future period of time on
motorway corridor alternative that are going to be
selected. As mentioned before, AADT and structure
of these traffic flow volumes per years of motorway
operating need to be presented (percentage of
passenger car, trucks, buses and recreational
vehicles in traffic flow).

5.2. MADM methodology

Goals, attributes, values of parameters, and attribute
weights need to be identified and defined here.
Framework presented on Figure 3 can be used for
this purpose. Therefore, goals of motorway
construction, as a highway of great importance for
wider area of influence, are often defined as
following:

- Optimizing level of service (LOS) for future
predicted traffic flows on selected motorway
corridor;

- Optimizing road safety for future predicted traffic
flows on selected motorway corridor;

- Reducing operating costs of users for future
predicted traffic flows on selected motorway
corridor;

- Enabling optimal accessibility of populated
localities and surrounding road network;

- Maximum environment preservation in the area
under motorway influence;

- Enabling rapid development of area under
motorway influence.

Based upon these specified goals, attributes and
optimization methods need to be defined. Attribute
sets also can be defined at this stage. Usually, 10 to
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15 different attributes for selecting optimal motorway
corridor alternative are defined and used in MADM
analysis. Motorway alternative that obtains the
highest results by the define attributes is considering
as the optimal one [21]. For purpose of simplification
and better understanding of MADM problem,
attributes can be grouped in attribute sets which can
also be used in MADM analysis. One example of
possible attributes grouping (with optimization
methods, i.e. minimum or maximum) is given in
Table 2.

Table 2. Possible grouping of attributes in 4 sets
Costs User benefits

- Capital construction costs
(min)

- Maintenance costs (min)

- Total traffic accidents costs
(min)

- Travel time (min)
- Vehicle operating costs (min)

- Quality of motorway users
supporting services (MAX)

Spatial planning and

AT EEEE economic aspects

- Negative ecological impacts
(min)

- Cultural and environmental
degradation risk (min)

- Impact on future spatial
planning og relatyed areas
(min)

- Ability to connect different
areas and to activate economic
development of areas (MAX)

- Social deployment and indirect
economic development
impacts (MAX)

List of attributes and corresponding attributes sets
for selecting optimal motorway corridor alternative
vary and depend on the nature of specific problem
that need to be solved in practice. Therefore,
presented content of Table 2 is not definite and it is
used as an example for this work purpose.

Each attribute gets weight coefficients different for
each alternative. Those attribute weights (i.e.
coefficients) represent relative importance of
attribute and priorities made by decision makers and
stakeholders. Normalized attribute weights take
values from zero to one and total summary for each
alternative should be one. Attribute weights
assignment is of the crucial importance for final
alternative ranking in the MADM process.
Determination of attribute weights is a subjective
action and it reflects system of values in particular
MADM problem. Although there is several scientific
methods for determining attribute weights, direct
human influence (subjective action) make this issue
guestionable no matter which MADM method is
used for problem solving. Methods for assessing
weights can be e.g., Eigenvector, Weighted Least
Square, Entropy method, etc. The weighting usually
bases on the explicit conversion of expert
knowledge obtained through interviews or public

surveys (ranking method,
comparison method).

rating method and

5.3. Implementation of MADM methods

Selection of MADM methods that are going to be
used for solving specific problem is not always a
simple task. Selection of MADM methods is also
multi-attribute problem of choosing among existing
MADM methods and this is called “decision
paradox”. However, as shown in Section 4, it is
possible to compare different MADM methods by
various characteristics and to choose suitable
methods for solving corridor selection problem.

Today, various computer applications and software
are commonly used for solving MADM problems by
one or more MADM methods. Availability and
flexibility of computer technologies are the reasons
for their usage for solving MADM problems which
are sometimes very complex. Also, usage of
computer technologies often means significant time
and financial savings.

Decision makers usually are an experts in the field
of particular MADM problem. Therefore, they are
well informed and familiar with nature of that
problem and the best ways for solving it. Decision
makers choose an appropriate MADM method for
problem solving mostly on the basis of their own
experiences. For selecting optimal motorway
corridor alternative, SAW method is often used
mostly because of its simplicity. However, for more
reliable results, beside SAW method one or two
more MADM methods should be used for selecting
optimal alternative. It is up to decision makers to
choose between different methods depending on
their preferences or some earlier practices. As
specified before in the paper, final result of MADM
methods is complete or partial alternative ranking.

5.4. Results of MADM implementation

Results of MADM process of evaluating and
selecting optimal motorway corridor contains
information and description of used MADM methods,
computing procedures and final ranking of the
alternatives. Credibility of these results mostly
depends on two elements:

- Input data (technical and operating motorway
characteristics for existing and future conditions);
- Weight coefficient assigned to attributes.

As showed in Figure 3, there is possibility for
additional sets of weights assessment. However,
decision makers should carefully choose new
attribute weights since it can effect final alternative
ranking and usage of methods for assessing
attribute weights is mandatory. Concise comparison
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and explanation of results obtained using different
MADM methods can be pointed out here.

6. CONCLUSIONS

MADM techniques and methods are useful tool for
supporting decision making process when decision
making is containing multiple and conflicting
attributes. Decision makers need to be aware of all
consequences of their decisions and actions. They
have to be able to predict future behavior of the
system affected by their present actions (decisions).
Besides using expert knowledge, appropriate usage
of MADM procedures depends on organization’s and
stakeholder’s willingness to accept and apply MADM
principles.

Main goal of this paper was to establish
methodological framework for MADM
implementation on motorway corridor selection
problem. Also, it is pointing out the active role of
MADM in process of optimal motorway corridor
selection. Crucial tasks are providing valid input
data, identifying relevant alternative attributes and
assessing attribute weights. Input data are technical
and operating characteristics of the motorway
alternatives, alternatives attributes reflect
motorway’s impacts on environment and society and
attribute weights represents decision maker’'s
priorities. Presented methodological framework for
implementation of MADM in process of motorway
corridor selection is guideline for decision makers for
including all relevant elements to make decision, i.e.
to choose optimal corridor. Many of the motorway
corridor attributes listed in this work are conflicting
which means that final decision based on that
attributes is compromise solution. This paper shows
how different decision maker's preferences
determine which MADM methods are going to be
selected and used in corridor selection.

Following conclusions and recommendations can be
made:

- MADM techniqgues and methods are tool for
decision supporting process where human factor
(decision makers and stakeholders) has active
role; MADM should not be considered as some
unmistakable or default algorithm for automatic
problem solving;

- In transportation network planning and designing
processes, MADM is taking part in selecting
optimal motorway corridor in general design
phase of the project as a component of project
documentation;

- Methodological framework for implementation of
MADM in process of motorway corridor selection
presented in this paper should support decision
makers in attenuating conflict nature of goals and

attributes and to include all relevant elements for
making decision;

Decision makers choose MADM methods for
solving motorway corridor selection problem by
their preferences and specific methods
characteristics; recommendation is to use several
method for the same MADM problem;
Determination of attribute weights is decision
maker’s subjective action which effects on final
alternatives rankings, therefore these weights
should be assessed carefully;

Attributes can be divided into attribute sets which
also can be used in MADM analysis; in this way,
MADM problem is better structured and easier to
solve; as shown in this paper (Section 5.2)
attribute grouping is convenient especially in
MADM problem of optimal motorway corridor
selection;

Multidisciplinary problem approach is one of the
important characteristics of MADM analysis
where various scientific fields experts are taking
part in; it is of great importance to provide and
respect multidisciplinary principles within working
team;

There is no MADM problem solution optimizing
all the preset attributes at the same time (an ideal
solution) and decision makers have constantly to
search for the compromise solution.
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CTABOBU KOPUCHUKA AYTO-NYTA
NMPEMA EJIEKTPOHCKOJ HAIJIATU
NYTAPUHE
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MpernegHu pag
Pesume: [Jocadawr-a npakca je nokasana 0Oa je
MPOMoYHOCM 8o3ura Kopulwherem KOH8EHUUOHaIHe
Hariname rymapuHe cMmar-eHa. CXO00HO rpemxo0Hoj
YuHeHUYU U HU30M Opyeux roeosbHOCMU, Kao Wmo
Cy CMareHU MpOWKosU Harname rymapuHe, kpahe
8pemMe 4Yekarba Ha HarnamHuM pamrama KOpUCHUKa
aymo-nyma U CMarere 3azaherba KUBOMHe
cpeduHe, y Penybnuuyu Cpbuju je ysedeHa
efnleKmpoHcka  Harniama — nymapuHe.  Moayha
HeuHghopmucaHocm,  He3auHmepecosaHocm  unu
HecuaypHocm y pad 0802 cucmema cy nomeHyujanHu
pasno3u Oa ce KOPUCHUUU aymo-rlyma pemko
o0nyyyjy Oa npehy Ha Kopuwhere HO802 Ha4yuHa
nnahawa rnymapuHe. HaduHe 3a mnoborbware U
yHanpehierlse cucmema Harniame nymapuHe y
Penybnuyu Cpbuju, usmehy ocmanoe, mpeba
mpaxumu  ucrumueareMm  UHghopmucaHocmu U
cmaeosa 2pafjaHa npema Kopuwherwy cucmema
efIEKMPOHCKe Harname nymapuHe. Y pady je
npedcmasrbeHa OupekmHa aHanu3a pesynmama
MPUKYM/BEHUX ymeM OHIajH aHKeme, Koju rnpukasyjy
cmaeoee 2pafjaHa npema yrnompebu efieKpoHCKe
Hariname nymapuHe. NpesacxodHO ucmpaxusare je
yCcMepeHo Ka olpehusarsy cmereHa UHmepecosara
KopucHuka aymo-riymesa 3a ynompeby cucmema
€JIEKMPOHCKE  Harislame rymapuHe U  Mmoayhux
pasnoza 3a [MOMeHUujasiHo rpuxeamare 0802
cucmema Hariiame y 6riuckoj 6ydyhHocmu.
Kiby4yHe peyu: cucmem efleKmpoHCKe Harname
rnymapuHe, Cpbuja, cmasosu KOPUCHUKa,
npuxeamarse cucmema EHI

USER ATTITUDES TOWARDS ELECTRONIC
TOLL COLLECTION SYSTEMS
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Review paper
Abstract: In recent years, with the aim of enhancing
the efficiency of highways and reducing traffic jams,
traditional manual toll collection methods have been
widely replaced by electronic toll collection (ETC)
systems. While they could recover road construction
and operation costs, decrease the fiscal burden of
the government, and more importantly, cut down
gueuing and delays due to enhanced road capacity,

remove severe bottlenecks and reduce travel times
outside the peaks, Electronic Toll Collection
Systems were introduced in Serbia. Because the
distance-based freeway ETC system is new, it is
particularly important to understand the ETC
adoption and usage behavior of future freeway
users. The online survey was performed in order to
address several issues as: interest in subscriptions
to the ETC service, preferred types of transponders
or automated vehicle identification tags, preferred
location or placement of transponders on the
vehicle, desired method of payment for the ETC
service, and perceived benefits of ETC. Since ETCS
promises alleviation of congestion problems,
reduction of toll management costs, and cash-free
convenience for drivers, effectiveness for reaching
broader transport policy objectives such as
modification of users’ habits, internalization of road
externalities, infrastructure usage optimization and
ecological impact limitation, it is necessary to
evaluate public interest and willingness for its
adoption, among users, as well as among non-
users, and to consider the possible means how to
increase the ETC usage rate.

Key words: Electronic Toll Collection Systems,
Serbia, ETC adoption, Usage behavior

1. yBOAO

WHTenurenTHn  TpaHcnoptHn  cuctemm  (UTC)
npegctaerbajy MefyHapogoHy WHUUMjaTVBY NpUMEHe
MHPOPMALMOHNX M KOMYHMKALMOHMX TEexXHorormja Ha
TPaHCMOPTHY WHMPACTPYKTYpy U BO3uWMa Ca LUMIbEM
yHanpeferwa 6e36egHocTn caobpahaja 1 NOTpOLH-E
ropvBa, LUTO Y KpajH0j MHCTaHLUM JOBOAM A0 CMameHa
BpemeHa TpaHcrnopTa 1 nytosawa. ['eHepanHo, y UTC
annukauvjama Huje 6uno notpebe 3a
naeHTUKoBakeM NojeMHayYHUX Bo3una, Mehytum,
MPYMEHOM Yy Hamnatu nyTapuvHa, HEeOMNXodHo je
kopuwherwe  No3vUMOHMpawa W payyHapcke
nHdpacTpykType ga bu cuctem enekTpoHCKe Hannarte
nytapuHe Morao fga QyHKUMoHWWe, Tj. ga ce
perynuwly 3agyXewa PerncTpoBaHuWX BriacHUKa
Bo3una [1]. OBo yBoau npobnem 3awTuTe nogataka u
npuBaTHOCTW, KOju MOXe Aa Oyae jegjaH op pasrora
cnabvjer npuxeBaTaka CUCTEMa ENEKTPOHCKE Hannare
nyTapvHe.

Jocagawma crnpoBefeHa UCTpaxvBama
npenosHana cy noTeHuujanHe pasnuke wusmehy
TEOPETCKMX MOBOJBHOCTU CUCTEMA ENEKTPOHCKE
HannaTe nyTapvHe U CNocOOHOCTW jaBHOCTW Aa Te
MOBOJBHOCTM Mpeno3Ha M NpuMxeBat NPUMEHY HOBOT
cuctema. CeTcka nutepartypa, Koja npukasyje
pesyntaTe WCTpaxuBaka Koja Cy CrnpoBedeHa Hag
KOpUCHWLUMMA ayTo-MyTa ca HannaTom nyTapuHe,
Kao 3aKkrbyyak M3[Baja YMkbeHWUUY [a Huje peariHo
oyekMBaTM o0f BO3aya gda MpeumsHo uspadyHa
ONPEKTHe n WHONPEKTHEe TpoLlKkoBe HanmnaTte
nyTapuHe Koju Cy HacTany TOKOM NyToBak-a.
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CeetnaHa Yuyesuh, Anekcangap TpudyHosuh

N3bop wuamehly pydyHOr W EenekTPOHCKOr HavuHa
nnahawa nyTtapuHe, 3aBucu o Tora  Koja
antepHaTMBa KOPUCHWMKY npyxa Behy ywreny
BpemMeHa M HoBua. M3Gop Takohe 3aBucm u o
nonycra y LEeHU KOojy Hyau enekTpoHcka HanmnaTa
nyTapvHe, ydectanoctM kopuwhewa ayTo-nyta wu
MOrogHOCTU Koje npyxa 6e3roToBuHCKO nnahamse.
lNocToje M pasnuuuTe Mepe Koje MOoXe ChpOoBEecTu
npenysehe koje ce 6aBn HannaToMm nytapuHa, ga 6u
ce CTUMynucanu BO3a4M [a KOPUCTE EneKTPOHCKY
Hannaty nytapuHe. HajnonynapHuja mepa ce ogHocu
Ha pegykoBawe Opoja caobpahajHux Tpaka 3a
BO3WMa 4unju BOo3aun nnahajy nyTapuHy roTOBMHOM,
OOk ce 6poj cabpahaHux Tpaka 3a Bo3una Koja umajy
nocTtaerbeH ,Tar ypehaj nosehasa.

Y 2010. roauHun Ha ayTo-nyTeBuma kpo3 Cpbujy camo
1,06% yKkynHe nyTapuvHe HannaheHo je nyTem
enektpoHckmx TAI  ypehaja. OmoryheHa 2007.
roguHe, HajaBrbMBaHa Kao 3Ha4dajHa HOBWHA, Koja je
jeaHocTBaHuWja, Opxa W wucnnatuBuja, Hannara
kopuwherwa ayto-nyta 6e3 3aycTaBrbarba jOll Huje
3axvBena. Peanusaunja enekTpoHCke Hannarte
nytapvHe nytem TAl-0Ba je y nopacTy Ha AeoHuun
Beorpag-lUng rge nopact wusHocn 133%, u Ha
aeoHmumn Huw-JleckoBay, roe je 3abenexeH nopact
oA 4Yak 571%, wTo je AnpekTHa nocneauua ysohewa
eNeKTPOHCKe HanmnaTe nyTapuHe Ha  OeOHWLM
Beorpag-Huw. Takohe, nnahawe nytapuHe nnaTHUM
KapTvuama je cse ydectanuje. Y 2010. rogunHu, y
oaHocy Ha 2009. rogunHy, 3abenexeHo je nosehare
yyewnha Hannate nytem MNOC 6aHKkapckux kaptuua, y
OOHOCY Ha OCTBapeHu ykynHu npuxod, ca 5,1% y
2009. roamHn Ha 6,24% y 2010. rognHn. Y ogHocy Ha
2009. roamHy BpegHocT NOC TpaHcakuuja je Beha 3a
25,46% (3a oko 177,76 MmunvnoH guHapa) [2].

Y nornegy npumeHe EHI ypehaja, jasrbajy ce
npobnemn kod nojeOuHMX KaTeropuwja BO3wna, Ha
npumep: y TpynyM BO3una MoTouuMKana nocToju
HeKonuKo npobrema koju 6u ce mMornu pegykoBaTu
yBoNjeeM [OAaTHUX TEXHUYKUX enemMeHaTa Kopg
cuctema EHM-a. Kao npegnor yHanpehewa
notpebHo je pgeduHMcaT no3vumjy npunasa
MOTOUMKNUCTa ypeNajy 3a ouyuTaBarwe nofaTtaka ca
.Tar* ypehaja kao n npeanor yupraBawa HasHayeHe
nosuumje Ha KOnoBo3y Ka npunasy yutady. Y cknagy
ca nosuumjom ,tar‘ ypehaja Ha moToumkny Hamehe ce
notpeba craHgapamsaumje Te nosvumje 6e3 obsmpa
Ha KOHCTpyKUMjckn obnuk camora moTouukna [3].
HaBepeHa koHCTaTauuvja npeactaBrba npobnem ko
ynotpebe EHIM-a 3a moTtoumknucte, 360r TEXHUYKNX
npobnema y nocTaerbaky camor ypehaja Ha
MOTOLMKIT, Ma je OBa kaTeropuwja Bo3uria ayTomMaTcku
oHemoryheHa [a KOPWUCTM ENEeKTPOHCKY Hannaty
nyTapuvHe.

Buaeswun ga ce kopucHuuun EHI cuctema cyoyaBajy
ca TEeXHWUYKMM npobremMuma oKo MecTa y BO3UIy Ha
kome Tpeba pa ce noctaBum Tar® ypehaj,
CNpoBedEeHO je MUIOT UCTpaxuBarwe ca uurbem ga
Ce MCcnuTajy CTaBOBU KOPUCHUKA ayTo-MyTeBa npema

yBohewy ETL| cepsuca. Y pagy cy npeacraBrbeHu
CTaBOBW rpafaHa no nuTakwy Ha Kojem Aeny Bo3una
Ou Hajpaguje noctaBunu ,Tar® ypehaj, ysumajyhm y
063up ga ce y cBeTy ,Tar‘ ypehaju mory MoHTUpaTtu
Ha pasnnunUTUM MecTMMa Yy BO3MITy.

OBo je Owno jegHO o4 MuTakwa MOCTABILEHWX Y
OHMajH aHKeTM Koja je je umana 3a uwb ga ucnuta
CTaBOBE KOpWUCHMKA npemMa enemeHTuma ETL,
cMCTeMa Kao LWTO CYy - MHTepecoBawa KOPUCHWKA
ayto-nyteBa 3a npetnnaty Ha ETL cepsuc,
npedepupaHy BPCTY TpaHcnoHaepa, T,
ayTomMaTM30BaHMX TaroBa 3a wuaeHTudukauumjy
Bo3una, Beh noMeHyTy nokauujy nocTaBrbama
TaroBa Ha BO3uMy, XerbeHn meTton nnahawa ETL,
cepBuca, Kao U NPEeOHOCTU KOje KOPUCHWLM OYEKYjy
oa ETL cepsuca.

2. MATEPWJAIN U METO[LE

NcTpaxunBame je BPLUEHO UCKIbYYMBO NMYTEM OHMajH
aHKeTe Yy KOjoj cy ucnuTaHuum OGupanu jegaH oA
noHyfeHnx ogrosopa Ha nuTawa. [a 6u ce gobuo
penpe3eHTaTMBaH Yy30pak aHkeTHe obpacue je
MOrao Jda nonykwaBa CBaKM KOPUCHUK WHTEpPHeTa,
AobposorsHo. Mimajyhu y Buay mpexy ayto-nytesa y
Peny6nvum Cpbujn, craHoBHuuuma Hosor Caga,
Beorpaga v Huwa cy HaMeHCku nocrnaTtu NMHKOBM
Npeko KOojuX Cy MOMMM [a YYecTBYjy Y aHKeTu.

AHkeTa koja je kopuwheHa 3a o0BO nWNOT
UCTpaxvmBake He cagpXu nuTawe O MecTy
CTaHOBaka WCNUTaHWKa, Tako Jda aHanusa

AobujeHnx nopataka Huje ycMepeHa Ha CTaBoBe
CTaHOBHMKa Tpu Hajeha rpaga y Cpbuju, Beh cBux
KOPWCHUKa ayTo-nyTeBa.

AHKeTa ce cacTojana of LWeCT nuTawa, Koja ce
O[HOCE Ha UCNUTMBaHe CTaBOBa KOPUCHMKA ayTo-
nyta O CUCTEMY ENEeKTPOHCKEe HanmaTte nyTapuHe.
UuheHnua ga je 3a Tpu AaHa npukynkweHo npeko 70
@HKETHMX JIMCTOBa rOBOPM ga  CTaHOBHULM
Peny6bnuke Cpbuje umajy nHTepecoBake 3a CUCTEM
EHIM. MNogaumn 13 aHkeTHUX NUCTOBA YHELLEHU CY U
obpaheHn y 6Ga3n nogataka Koja je ypaheHa y
nporpamMmckom nakety MS Excel.

OcHoBHM npobnem oBakBe BPCTE WUCTpaxuBama
npeacTaBrba nNUTawe Aa Nu je NPUKynibeH ysopak
3aucTta penpeseHTatMBaH. He nocToje TexHUKe Koje
Mory rapaHToBaTu 06jekTBaH pesynTtat
UcTpaxmBawa, HUTU je moryhe  ybnaxuTu
MPUCTPACHOCT MCNUTaHMKa y AaBakwy OAroBopa Ha
nuTaka Koja ce ogHoce Ha NnyHe ctaBoBe. [locToju
mMoryhHOCT ga cy nonywaBakbe  YNUTHMKA
nsberaBannm KOPWCHWUM ayTo-nyTa Koju umajy
NMo3nTMBHA WCKYCTBA Ca ENeKTPOHCKOM HanmnaTtom
nytapuHe. CBpxa UCTpaxuBarwa je [a npoueHu
jaBHM unHTepec 3a kopuwhewe EHIT cuctema 3a
HannaTty nytapuHe [4].
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3. MPUKA3 PE3YJNITATA NICTPAXUBAIBLA
N OUCKYCUJA

[ypektHa aHanu3a oproBopa Ha nuTawa Wu3
cnpoBefeHe aHKeTe O CTaBOBMMa KOPUCHMKA ayTo-
nyTa O erieKTPOHCKOj Han/iaTh nyTapuHe npukasaHa
je Ha rpadwumkoHuma y garbem TekcTy. Ha ocHoBy
oaroBopa WUCMMTaHWKa Ha NpBO NuTakwe, BehuHa
(74%) xopucHMKa ce msjacHWna ga cy CnpeMHu Aa
KOPWUCTE CUCTEM €EreKpOHCKE HannaTe nyTapuHe,
WTO YyKadyje Qda MnocToju BENUKO WHTepecoBaHa
KOpuUCHUKa ayTo-nyTa 3a oBakaB Bua nnahawa
nytapvHe. OcTanu uCNWTaHMUWM, OAHOCHO HeLTOo

Buwe opa 1/4 wcnutaHuka, HUCY UMCKasanu
3auHTepecoBaHoCT npema OBakBOM HavYnHy
nnahaka nytapuHe.
‘\
i fla
|
\ H He
74%

Cnuka 1. OaroBopw Ha aHkeTHO nuTawe [la nm cte
3anHTEpecoBaHM 4a kao NpeTnnaTHuK kopuctute EHM ?*

Pesyntatu npukasaHu Ha Cnvum 2. roBope y npunor
YMHEHMUM Oa  KOpUCHWUMMa BuwWe oarosapa
ynoTpeba npeHocusor ,Tar‘ ypehaja (80%
ucnutaHuka). TpajHo noctaBrbeH ,Tar‘ ypehaj, koju
ce kopuctn y Penybnuumn Cpbuju, npedepupa 1/5
ncnutaHvka. [obuvjeHn pesynTtat nokasyje ga 6w
Hajpehem ©Opojy wcnuTaHuMka ofrosapano Jda
kopucTe npeHocuBu ,Tar’ ypehaj koju obesbehyje
HM3 MOBOSBHOCTU, MOYEB Of Tora fa jegaH ,rar”
ypehaj MOxe Oda ce KOpUCTU Ha BuWe BO3una u
caMuMM TUM HYAM ywTeny KOPUCHUUMMA KOju umajy
BYLUE BO3WNa Yy BMACHULITBY, Kao M KOPUCHULMMA
KOju He KOpUCTe YeCTOo ayTo-MnyT, Koju 6um mornu ga
nosajme oBaj ypehaj gpyruma kaga uanase Ha ayTo-
nyT ca HannaToM.

I

H TpajHo
nocTap/beH |
EHIN , Tar”
\ K Mpexocus EHN
| 80% STar
“

Cnuka 2. OaroBopy Ha aHKeTHO nuTame ,[la nu Bam BuLle
ogrosapa EHIT ,tar koju ce TpajHo nocTaBba Ha ayTomooun
unw 6u Bam BuLe oaroeapao EHI ,tar" koju Moxe pa ce
KOpuCTU Ha BuLLE ayTomMobuna (MpeHocK ce ca ayTomobuna Ha
ayTomobun)?*

HobujeHe pesyntate je noTpebHO pAeTarbHuje
aHanuaupaTtu 1 yTBpOMTU fa Nu je MOoXaa jeaaH o
pasnora LWTO Ce KOpPUCHUUWM y BenukoMm 6pojy He
oanydyyjy Ha kKopuwhewe cuctema EHIl-a,
HenocTojakbe NpeHocuBor ,Tar‘ ypehaja y cucremy
HannaTe nyTapuHe.

Oprosopu Ha nuTakbe ,Ha koju oeo Bawer Bo3una
O Hajpagnje noctaBunn EHM ,Tar* koju je
npaBunHOr  o6nuMka W BenMYMHE  MOOBUIHOr
TenedoHa?“, 73% ucnuTaHuka je oaroBopuno Aaa je
3a bUX Hajborba nokauuja ga nocrtase ,Tar ypehaj
yHyTpallka CTpaHa BO3Wna, Ha  npegrem
BeTpobpaHckom cTakny (npeHocus EHIT ,Tar®).
UuwbeHnua ga ce ,Tar’ ypehaj koju ce Kopuctn y
Cpbuju MOHTUPa Ha yHYTpaLlH0j CTPaHW BO3una, Ha
npegkeMm BeTpoOpaHCKOM  CTakny, yka3yje Jda
nzabpaHa nokaumja Ha Kojoj ce mnocTaBrba ,Tar’
ypehaj y aytomobuny oparoeapa Hajgehem Opojy
ucnutaHuka. Ha peructapckoj Tabnvum Bo3wna,
.,7ar ypehaja noctaBuno 6u 11% wncnuTaHuka.
Hajmawem Opojy mcnutaaHvka ©u ogrosapano ga
.Tar‘ ypehaj nocrasreajy ucnog Bosuna wnu y geny
MOTOpPHOr npocTopa (TpajHo noctaBreeH EHI ,tar®),
OOHOCHO ca CnosbHe cTpaHe npeagwer
BeTpobGpaHckor crtakna (TpajHo noctaerbeH EHI
,Tar), 0ogHOCHO 7% v 9% pecnekTUBHO.

[

Ca yHyTpawme | | |
cTpaHe npegkser
BeTpobpaHcKkor 73
cTakna (npeHocus
EHM ,Tar) [ [

Ca cno/bHe cTpade
npepHer
BeTpobpaHcKor
crakna (TpajHo

nocragseeHd EHM =

,rar”)

1 %

Mcnog so3una niun y
Aeny MOTOPHOr
npocropa (TpajHo
nocragsmeHd EHN

wTar"

Ha perucrapcroj
Tabnuuu Bosuaa
(TpajHo nocTag/beH
EHM ,Tar”
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Cnuka 3. OaroBopy Ha aHkeTHO nNuTame ,Ha koju feo Baller
Bo3una bu Hajpaguje noctasurv EHI ,tar* koju je npasunHor
obnvka n BennumnHe mobunHor Tenedona?"
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CeetnaHa Yuyesuh, Anekcangap TpudyHosuh

OproBopu Ha oBo NuTake NoTBphyjy Aa je Hajsehu
Opoj ucnutTaHvka 3auvHTepecoBaH 3a kopuwhene
npeHocueor ,Tar‘ ypehaja koju ce MOHTMpa ca
yHyTpalhe CTpaHe BO3una, Ha nNpegHem
BeTpoOGpaHCKOM cTakny. TpajHO nocTaBibeH “Tar
ypehaj, ca Tpu pasnuuMta MecTa MOHTMpawa Ha
aytomobun, 6u kopuctuno 27% wucnutaHuka, Ynme
ce noTBphyje KOHCTaTauumja w3 [pPYror aHKeTHor
nuTawa fa Cy KOPUCHWUM 3auHTEepecoBaHW 3a
kopuwherwe npeHocusor ,Tar‘ ypehaja koju ce He
ynoTtpebrbasa y cuctemy EHIMM-a y Cpbujn.

AHanusom oaroBopa Ha MuTakbe Ha KOjU HauvuH
KOpUcHWUM ayTo-nyTa Hajuyewhe nnahajy nytapuHy,
MOXe Ce 3aKkibydyuTn ga Hajsehu 6poj mcnutaHuka
nytapuHy nnaha roToBum HoBueM, Yak 91%
ucnutaHvka. Hu jegaH mMcnutaHuk Huje oaroBopuo
da kao cpeactBo nnahakba MyTapuHE KOPUCTM
OoHoBe. [lmaTHOM  KapTMLOM  HakHagy 3a
kopuwhewe ayto-nyta nnaha 4% wcnuTaHuka.
EnektpoHckum nytem, nomohy cuctema EHI-a, koju
je 1 npeameT uUCTpaxvBara y OBOM pady, HakHagy
3a kopuwhere ayto-nyta nammpyje 1% ucnutaHuka.
3Hajyhun pasHe NoBOSbHOCTYU KOje 3a KOPUCHMKA Hyan
cuctem EHM-a v unwennuy pa je vak 74%
ncnuTaHvka ogroBopwro ga Cy 3anHTepecoBaHu 3a
oBaj BuA nnahawa nytapuHe, NOTPebHO je AeTarbHO
aHanuaupatu pasnor 36or kojer camo 1%
ucnMTaHuvka y npakcm kKopuctu cuctem EHI-a.
JegaH op pasnora Moxe OWTU M HEMOKPUBEHOCT
CBMX AeoHuua ayto-nyta y Cpbuju cuctemom EHI1-
a. MowTo y pagy HUCY NPUKYNIbEHM Nogaun O MecTy
CTaHOBawa WCNWUTaHWKa, Huje Moryhe wucnutaTtn
HaBedeHy nMpeTnocTaBKy, anu [owno ce Ao
3aKkrbyyka y KoM npasuy Tpeba ycmepuTn HapegHe
KOpake y UCTpaxuBamy.

I
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Cnuka 4. OroBopu Ha aHKeTHO nNuTame ,Ha Koju HauuH
nnahate nytapuHy?*

WNcTpaxunBsare Koje je cnposeno npeaysehe ,[lyTesu
Cpbuje” y 2010. rognHun, oowno ce Ao pesyntarta aa
ce oko 1% op yKkynHe HamnaTe nyTapuHe obaBwu
nomohy enekTpoHckux ,Tar ypehaja [6]. AHannaom
JobuvjeHnx pesyntata U3 aHkeTe M NojaTaka
nobunjeHnx wnctpaxmBarwem npegyseha ,llyteBu
Cpbuje“, ponasu ce go nopaxaeajyhe unwbeHuue ga
TpeHg ynotpebe cuctema enekpTudHor nnahara
nytapuHe Huje pacTtyhu, ynpkoc 4vkeHuun fa je
Opoj peoHumua Ha kojuma noctoju EHIN 3HaTHO
noesehaH og 2010. roguHe.

Buwe o4 nonoBuHe wucnutaHuka, TadHuje 52%
UCNUTaHMKa ayTo-NyT KOPUCTN HEKONNKO NyTa y TOKY
jeaHe roguHe. Hekonuko nyta MeceyHO ayTo-nyT
KOpUcTu 36% MCNUTaHMKa. OBu nopgaum
onpaBfaBajy erby MWCNUTaHUKa 3a MNPEHOCMBUM
,Tar ypehajem, koju 6u mMorao ga ce KOpUCTM 3a
BMLWIE ayToMobuna pasnuuuTuX BRacHuWka WU Koju
ogroeapa BO3ayMma KOju peTko KopucTe ayTo-nyT.
HOo pBa nyta HeperbHo ayto-nyt kopuctn 11%
ucnuTaHuka, Aok je camo 1% ucnutaHuka ayto-nyTt
Kopuctn namehly Tpum n Yyetupu nyta HegerbHo. Hu
jemaH og ucnuTaHuka Koju Cy y4ecTBOBarnm y aHkeTu
HWje HaBeO [da KOpUCTM ayTo-NyT CBaKOOHEBHO.
HdobujeHn pesdyntatm Ha nutawe O Yy4yecTanocTu
kopuwhewa ayTo-nyTa, cTajy y opbpaHy wmanor
Opoja kopucHuka cuctema EHI, jep cy y aHkeTn
NPeTeXxHO y4yecTBOBanM MCMMTaHMUM KOju ayTo-nyT

Kopucte nap nyta mMeceyHo wu pehe (88%
NCMNTAHMKA).
[ . !
Map nyTa roguilree | 52
i .
Map nyTa mece4Ho 36
1-2 nyta HegesbHO ‘ 1§
| &%
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3-4nyTa HegesbHO ‘ 1
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Cnuka 5. OaroBopu Ha aHKETHO NuTake ,Konmko 4ecTo
kopucTuTe ayTo-nyT?*

Pekpeauuja, 3abaBa wnvM ogMop ce u3aBajajy Kao
Hajyewhn pasnosu kopuwhewa ayTo-nyTa Koje cy
HaBenn 34% wcnuTaHuka, WTO yKasyje ga cy TO
yrnaBHOM MEePMOANYHM KOpUCHULUM ayTo-nyTa. Pagu
npucTyna MecTy LIKONoBaka ayTo-nyT Kopuctun 22%
ucnutaHuka. Wmajyhm y Bugy pa cy y npouecy
LIKONoBaka Mnagu reyau, Koju Hajuyelwhe 3a npesos
kopucTe ayTtobyc, 1 OBaj mogaTtak roBopw y nposnor
WHTepnpeTaumje Manor npoueHTa kopuwhena
cuctema EHIM y oBom uctpaxusamy.
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Y3aumajyhu y 063vp nogaTke u3 npeor nutaka aa je
74% wvcnuTaHuKa 3aMHTEpPeCcoBaHO [da KOpUCTU
cuctem EHI1, gonasMmo go 3akrbydka ga u3 oBe
KaTeropuje vcnutaHuka Ttpeba npomssectn Oyayhe
kopucHuke EHIM-a. TlMowTo wucTpaxuBawkemM HUCY
caKkynibeHu Nofaun o CTapocHoM oby ncnuTaHuka,
He MOXe ce nporHo3upaTtu 6yayhu pactyhu TpeHga,
anu ce UCTpaxuBawa MOry yCMEpWUTU Ka aHanuau
CTaBOBa Mragux Bo3daya npema cuctemy EHIT n
pesyntaTe ynotpebutn 3a genosakwe Ha OBY rpyny
Bo3aya fa ce onpegene 3a kopuwhewe EHI
cuctema. AyTo-nyT KOpuUcTe M3 pasnora nytoBaha
Ha nocao ¥ u3BplUaBawe npuBatHor nocrna 8%,
OHOCHO 12% UCNuUTaHuKa, pecneKTBHO.
HdeTarbHOM aHanM3oM NPUKYNIbEHUX MNoJdaTaka,
4onasun ce Ao 3aKkiby4ka

T
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Cnuka 6. OaroBopu Ha aHkeTHO nuTare ,Koja je Bawwa ocHoBHa
cBpxa Kopuwhera ayTto-nyta?“

aa 6% vcnutaHuka, Koju 36or ognacka Ha nocao unu
npuBaTHOr Mocna KopucTe ayTo-nyT, KopucTe
cuctem EHIN. OBe gBe kateropuje ncnuvTtaHvka 6m
Tpebano fa ydecranuvje kopucte ayTo-nyT, na je
jacHo Oa oHe npeAcTaBrbajy UWUIbHY rpyny Ha Kojy
On Tpebano pa Oyme ycmepeHa kamnawa 3a
npomoBucawe ynotpebe cuctema EHI. KynosuHy
Ka0 OCHOBHY CBpXy kopuwhewa ayTo-nyta
naasojuno je 3% wucnutaHuka, gok 3a 21%
ucnvTaHvka HW jegHa of noHyheHux anTepHaTuBa
HWje npeacTaBrbana OCHOBHY CBpXYy Kopuwhewa
ayTto-nyta. Tpebano 61 nocraButM ynuT O TOME Y
Koje cBpXe OHV KOpUCTe ayTo-nyTeBe.

MpumeHa HOBUX BpcTa Meauja, Kao LWTO je
WHTepHeT, nokasyje npegHOCTM Yy nopehewy ca

TpaguuMoHanNHUM Meauvjuma NPUNNKOM
ornawasaka W  ynos3HaBawa KOPUCHMKA ca
JetarbMMa 1 npegHocTMMma Kopuvwhewa cuctema
€IeKTPOHCKe HamnnaTe nyTapvHa, Kao HauvMHa ga ce
noseha cteneH npuxeaTawa oBe ycnyre. [lokasano
Ce [[a CTaBOBM, [pywWTBEHE HOpME, oOnaxeHa
BuxejBnopanHa KOHTpona 1 OYEKMBaHM PU3NK, Kao U
npegsuheHa nakoha kopuwherwa wnmajy OupekTaH
yTMUaj Ha Hamepe ga Cce MpUXBaTtu HOBU CUCTEM
HannaTe nytapuHa. [pyrum  peduma, Kaga
noTeHUMjanHu KOpWUCHUUM (KOju TO paHuje Hucy
6unun) oanydyjy da npuxeate HOBW CUCTEM, Y
dokycy he um BT oveknBaHa KOPUCHOCT K nakoha
ynotpebe. 3ato 6u, Bnactu u1 ETC nposajoepu,
Tpebano pa ce notpyae ga nobGosrbliajy oBe
OCHOBHE KapaKTepucTuke cuctema. McTpaxumBana
nokasyjy ga TpagvumnoHanHm meamjn, kao wrto cy TB
W paguo, umajy OUPEKTHOr yTuuaja Ha CTaBOBe
npema npuxeataky ETC, [Ook HOBM Meauju
(MHTepHeT) noka3syjy 3HavajaH yTuUa@j Ha OAHOC
n3meRy cnpemMHOCTM Aa ce NpuxBaTh U CPEMHOCTU
Aa Ce KOpUCTM CUCTEM €ernekTpOHCKe Hannarte
nytapuHa. [la 6u ce oBO OCTBapwurno HeonxogHa je
nobpa MapkeTuHr ctpaTterwja, OQHOCHO ajekBaTHa
cermeHTaumja TpxuwrTa [5].

4. 3AKIbYYAK

N3 HaBegeHor npousunasu 3akrbyyak, ga je
Hajborbe ynoTpebuTn K TpaguuMoOHanHa W HoBa
cpefAcTBa ornallaBakba NpPUIIMKOM  cnpoBofera
Kamnawa koje umajy 3a uwrb nosehawe 6poja

KOPUCHUKA  CUCTEMA  €rNeKTPOHCKE  HannaTe
nytapuHa [6].
AHanuM3oM nopataka MPUKYNIbEHUX  aHKETHUM

UCTPaXMBaHeM, MOXe Ce 3aKibydnTu Aa KOPUCHWULU
ayTo-nyTa HUCY npenosHanv NpegHocTU Koje npyxa
TpeHyTHU cuctem EHI-a. Pasnor tome mMoxe ce
TPaXnTn y YnikbeHnumM ga Hajpehu 6poj ucnutaHmka
He KOpUCTM YeCTOo ayTo-nyTese (nap nyra MeceyvHo u
pehe), na camMum TUM  HWUCY MpuUxBaTUNU
BesrotoBMHCKO nnahawe kopuwherwa ayTo-nyTa.
Wcnutanuum cy nokasanu uHTepecoBawe pJda Yy
oyoyhHoctn  kopucte cuctem  EHIM-a, amm
oynrnegHo Aa wuma He ogroeapa noctojehm ,tar
ypehaj koju ce kopuctn y Cpbuju. Benukm 6poj
ucnuTaHvka je wmspasvo notpeby 3a npeHocuBMM
,Tar ypehajem, koju Moxe ga ce KOpUCTM Ha BuLIE
Bo3una. OBa uYukeHMLa ce MOXe UCKOPUCTUTU 3a
npuenavewe Beher Opoja KopucHuKa cucTema
eneKkTpuyHe HanmnaTe nyTapuHe, U caMuMm TUM
edmkacHujem kopuwhery ayto-nytesa y Cpowuju.

Y TOKy je HOBO aHKeTupaH€e KOPUCHKKa ayTo-nyTesa
y okBupy kora he 6utn obyxsaheHn gemorpadcku
nogaum koju 6u mornu omoryhutu getarbHuju yBua
y CTPYKTYPY TPXWLWITa U MOTMBAaLMjy KOPUCHMKA, Kao
M rorasHe OCHOBE 3a [MaXSbMBO Kpeupawe
ageKkBaTHUX KaMmnamba.
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SISTEM KVALITETA

Ugli¢ Mirsada,dipl.grad.inz.
A.D. "Novi Pazar - put"

Strucni rad
Rezime: Rad prezentuje primenu sistema kvaliteta u
okviru kompanije A.D. "Novi Pazar — put" kroz
Sertifikat ISO 9001. Rad takode prikazuje i sistem
menadZmenta kvalitetom primenjen u A.D. "Novi
Pazar — put".

Kljuéne reci: Sertifikat SO 9001, sistem
menadZmenta kvalitetom, PDCA planiraj — uradi —
proveri — deluj

SYSTEM OF QUALITY

Ugli¢ Mirsada B.Sc. C.E.
A.D. "Novi Pazar - put"

Professional paper
Abstract: This paper presents the application of the
quality of the company's A.D. "Novi Pazar-put”
through the ISO 9001 certificate. The paper also
shows the quality management system implemented
in A.D. "Novi Pazar-put".

Key words: ISO 9001 certification, a quality
management system, the PDCA plan - do - check —
act

uvoD

Uspesnost svakog posla se ogleda u efektivnosti i
efikasnosti realizacije postupka proizvodnje koja se
verifikuje kroz kvalitet krajnjeg proizvoda, odnosno
kroz stepen zadovoljenja zahteva investitora -
kupca kao krajnjeg korisnika proizvoda odnosno
usluga.

Sertifikat ISO 9001 koji A.D. ,Novi Pazar — put
poseduje od 2004. godine je potvrda da je A.D.
.Novi Pazar — put ovladao zahtevima medjunarodnih
standarda o sistemu menadzmenta kvalitetom, tj. da
su proizvodi A.D. ,Novi Pazarput-a na nivou svih
registrovanih procesa u preduzecu ( asfalt, kameni
agregati, put, ulica, plato ) zadovoljavaju zahteve u
pogledu kvaliteta kako one postavljene od strane
Investitora tako i zahteve zakonskih i tehnickih
propisa.

ORGANIZACIJA

Posedovanje sertifikata podrazumeva da
organizacija mora da uspostavi, dokumentuje,
primenjuje i stalno odrzava sistem menadzmenta
kvalitetom i da stalno poboljSava njegovu
efektivhost, u skladu sa zahtevima ovog
medunarodnog standarda.

Organizacija mora da:

a) Utvrdi procese neophodne za sistem
menadzmenta kvalitetom i da ih primenjuje u
celoj organizaciji.

b) Utvrdi redosled i medjusobno delovanje ovih
procesa.

c) Utvrdi kriterjume i metode potrebne da se
obezbedi da izvodenje ovih procesa i
upravljanje njima bude efektivno.

d) Osigura raspolozivost resursa i informacija
neophodnih za podrSku izvodjenju i pracenju
ovih procesa.

e) Prati, meri kada je to primenljivo i analizira ove
procese, i

f) Primenjuje mere potrebne za ostvarivanje
planiranih rezultata i stalno poboljSavanje ovih
procesa.

MENADZMENT KVALITETOM

Princip menadzmenta kvalitetom je, za rukovodenije i
operativnost jedne organizacije, sveobuhvatno i
fundamentalno pravilo ili postulat, ¢ija je svrha da
neprekidno i dugorofno unapreduje ucinak,
usmeravaju¢i  se na kupce, istovremeno
ispunjavajuci potrebe svih drugih interesnih strana.

Osnovu sistema menadzmenta kvalitetom ¢&ine
osam principa sistema menadzmenta kvalitetom
koje je 1SO (Medjunarodna organizacija za
standardizaciju) donela jo§ 1997.godine, a u okviru
kojih je postavljen procesni sistem.

Osam principa sistema upravljanja kvalitetom su :

1. Usmerenost na kupca
Organizacije zavise od svojih kupaca i zato sve
njihove aktivnosti treba da budu usmerene na
zadovoljenje zahteva kupca i ¢ak da se trude
da u tome odu i dalje, tj. da prevazidju njihova
oCekivanja.

2. Liderstvo
Lideri uspostavljaju jedinstvo cilja i rukovodenja
organizacijom. Oni kreiraju ambijent u kome svi
zaposleni  bivaju ukljuéeni u realizaciju
postavljenih ciljeva.

3. Ukljuéivanje zaposlenih
Zaposleni na svim nivoima €ine osnovu jedne
organizacije i njihovo potpuno uklju€ivanje u
proces realizacije ciljeva predstavlja uslov da
njihove li€ne sposobnosti budu pravilno
uklju€ene za potrebe organizacije.
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4. Procesni pristup
Zeljeni rezultati se postizu mnogo brze i lak$e
ako se odredenim resursima i aktivnostima
upravlja kao procesima.

5. Sistemski pristup upravljanju
Identifikovanje, razumevanje i upravljanje
meduzavisnim  procesima kao sistemom
doprinosi efektivnosti i efikasnosti organizacije
u ostvarivanju njenih ciljeva.

6. Neprekidno pobolj$anje
Neprekidno  poboljSanje  ukupnih  ucinaka
organizacije treba da bude stalni cilj organizacije.

7. Donosenje odluka na bazi ¢injenica
Efektivne odluke se moraju bazirati
analizama podataka i informacija.

na

8. Obostrano korisni odnosi sa isporu¢iocem
Organizacija i njeni isporucioci su medusobno
nezavisni i samo obostranim korisnim odnosima
se mogu stvarati hove vrednosti na obostrano

Da bi shvatili funkcionisanje sistema menadZmenta
kvalitetom treba poc¢i od Cinjenice da se poslovanje
nase organizacije mozZe posmatrati kao sprega
medusobno zavisnih procesa i da se sistem
upravljanja kvalitetom projektuje na te procese.
Svaki proces ima svoj pocetak i kraj. Pri tome kraj
jednog procesa predstavlja pocetak drugog.
Sagledavanje svih procesa i njihovih interaktivnih
veza predstavla , osnovu procesnog modela
upravljanja“.

Na ovom modelu prikazani su svi zahtevi standarda
upravljanja kvalitetom bez detaljnijeg prikazivanja
procesa. Polazna tacka ulaz su zahtevi korisnika.
Realizacijom zahteva dobija se proizvod kao izlaz
uz adekvatno angaZovanje resursa. | u toku
realizacije radova i nakon realizacije proizvoda vrSe
se odgovarajuta merenja i analize stepena
zadovoljenja zahteva korisnika nakon ¢&ega se
donose odluke o preduzimanju akcija u cilju daljeg
usavrSavanja i poboljSanja sistema kvalitetom.

Konsmcn

g

 E—

zadovoljstvo.
Stalna pobolj3anja
sistema menadzmenta kvalitetom
4. _______
. Mendd/mcnl

Konsmel & .

I | Ulaz s by s [zlaz
axi »Recalizacija . ) P

Zahtevi : ™| proien a& : Proizvod

Legenda

———= aktivnosti koje stvaraju dodatnu vrednost

— — — »= tok informacija

Slika 1 — Model sistema menadZmenta kvalitetom zasnovanog na procesima
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Sistem kvaliteta

Ovaj model se kratko moZe opisati skracenicom
PDCA : planiraj — uradi — proveri — deluj.

Planirati — utvrditi ciljeve i planirati aktivnosti u cilju
realizacije zahteva korisnika.

Uraditi — primeniti procese za realizaciju zahteva
korisnika.

Proveriti— pratiti i meriti procese i proizvode i
analizirati postignute rezultate poredeci
ih sa planiranim i zahtevima korisnika.

Delovati — Pruzeti mere i aktivhosti za stalno

poboljSanje performansi procesa.

Procesi koji su identifikovani u nasoj organizaciji su
podeljeni u sledeée kategorije:

1. upravljacki procesi ( UP)

2. glavniprocesi (GP)

3. procesi podrske (PP)

4. procesiiz, autsorsa , (AP ).

Upravljacki procesi su planiranje, upravljanje
dokumentacijom i upravljanje resursima (ljudskim).
Ovo su procesi koji se odnose na najvisSe
rukovodstvo. To su procesi koji omogucéavaju
rukovodstvu da na osnovu planiranin i
dokumentovanih  postupaka i resursa vodi
preduzece i da na osnovu dokaza i Cinjenica donosi
odluke i zaklju€ke, a sve u cilju stalnih poboljsanja.

AD «NOVI PAZAR - PUT»
MAPA PROCESA

Glavni procesi su ugovaranje, proizvodnja i
odrzavanje. Ovo su procesi koji su direktno upuceni
na investitora.

Procesi podrske su : nabavka, odrzavanje opreme
i transport, kontrolisanje i ispitivanje, upravljanje
neusaglasenim proizvodom, upravljanje
infrastrukturom i radnom sredinom, interne provere,
merenje, analize i poboljSanja, preispitivanje koje
vrSi rukovodstvo i korektivne i preventivne mere.
Sam naziv ovih procesa kaze da su ovo procesi koji
su u sluzbi glavnih i upravljackih procesa, t.
omogucavaju da se oni lakSe realizuju.

Procesi iz ,, autsorsa ,, su procesi koje koji su
neophodni za funkcionisanje preduze¢a ali je
organizacija odabrala da taj proces obavlja druga
organizacija umesto nje. U nasSem slucaju, zbog
iskljuCenja tacke 7. Projektovanje i razvoj Standarda
ISO 9001 to se odnosi na izradu projektne
dokumentacije koju za nas rade druge projektne
kuce. Takode se to odnosi i na deo laboratorijskih

ispitivanja  koja za nas obavljaju druge
specijalizovane laboratorije.

Pri tome, prema zahtevima standarda, naSa
odgovornost u pogledu zadovoljenja zahteva

investitora kod projektne dokumentacije nije nista
manja od izradivata dokumentacije, odnosno od
vrS§ioca pomenutih ispitivanja.

DO 02
UGOVARANIJE
C GP1
Ar 4 4
UPRAVLJANJE
DOKUMENTACHOM
uP2
KOREKTIVNE |
w - - UPRAVLIANJE RESURSIMA PREVENTIVNE
= . B MERE
=] hudsks PP8
k- uP3 —
4
R e ]‘ 1
=
UPRAVLIANIE
NEUSAGLASENIM PREUSEFTTVANIE
PROIZYODOM KOJE VRS
o ODRZAVANIE RUKOVODSTVO
OPREME | PP7
TRANSPORT -
PP2
LEGENDA: PROIZVODNJA [ &
AP — Autsors procesi ODRZAVANIE 2
- Ilzgndnja puteva 1 ulica E
Z 7 - proizvodnjo asfaline me3avine 2
- proizvodnjs betona =
Upravljagki procesi - proizvodnjs kamenog materjala g -
- odravanje (redovno 1 zimsko) NABAVEA
— s
= - MERENJE, ANALIZE
Glavni procesi 1 POBOLISAVANIA
- Q
Procesi podrike AP
KONTROLISANJE |
O ISPITIVANJE
’ «od strane
Veza sa procesom > - unutar p PP3
korektivne i preventivne mere \
4> —>»
Interaktivne veze
izmedu procesa
<« >
Tokovi informacija
Slika 2. Mapa procesa
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Odnos identifikovanih procesa i interaktivnhe veze
izmedju njih su date dokumentu Mapi procesa koji
sa dokumentom Prikaz procesa ¢&ini osnovu
procesnog modela QMS.

Prikaz procesa je Dokument u kome su tabelarno
prikazani procesi, definisani njihovi vlasnici,
navedena dokumentacije kojom su ti procesi
definisani, date performanse koje se prate i mere po
procesima kao i period izrade izvestaja po datim
performansama.

Sistem menadzmenta kvalitetom mora biti
dokumentovan. Hijerarhija dokumentacije koja se
koristi u sistemu menadZzmenta kvalitetom je
sledeca:

- sistemska dokumentacija

- osnovna dokumentacija.

Sistemsku dokumentaciju €ine:

Dokumentovana izjava o politici kvaliteta i ciljevima
kvaliteta,

Poslovnik o kvalitetu,

Procedure,

Uputstva,

ZAPISI

Izjava o politici kvaliteta je dokumentovan dokaz
opredeljenosti organizacije i svih zaposlenih za
poslovanje na principima kvaliteta.

Poslovnik o kvalitetu je dokument koji prikazuje
sistem poslovanja preduzeca.

Procedure su dokumentovani prikazi nacina
realizacije odredenih procesa i njihove medjusobne
povezanosti.

Uputstva su dokumenta kojima se prikazuje kako se
sprovode odredene aktivnosti u okviru jednog
procesa i kako se njima upravlja.

Zapisi su dokumenti koji objektivho evidentiraju
sprovedene aktivnosti ili ostvarene rezultate.

Osnovnu dokumentaciju Cine:

- tehnicko — tehnoloSka dokumentacija,

- ekonomsko — finansijska dokumetacija,

- interna dokumetacija ( pravilnici, ugovori sa
investitorima i dobavljacimai sl. ),

- dokumeta spoljnjeg porekla ( zakonski propisi,
medunarodni, regionalni, nacionalni standardi,
tehni¢ki pravilnici i preporuke i druga primenljiva
dokumentacija ).

Dokumentaciju sistema menadZzmenta kvalitetom u
nasoj organizaciji ¢ine 31 procedura i 11 uputstava.

Kroz ovu dokumentaciju je opisan na$ sistem
poslovanja. Procedurama i uputstvima su
dokumentovani svi procesi u organizaciji, odnosno
sve pojedine faze u njihovoj realizaciji. Zapisi koji su
procedurama i uputstvima predvideni da se vode su

dokumentovani dokazi o realizaciji pojedinih faza
procesa, odnosno o merenjima potrebnim za njihovu
realizaciju. Oni su polazna osnova za sve analize i
razmatranja i donoSenje zakljuCaka o stepenu
uspesSnosti realizacije procesa i odluka o daljim
postupcima, odnosno o aktivnhostima u cilju
pobolj$anja.

Osim sertifikata 1SO 9001 naSa organizacija
poseduje i sertifikat ISO 14001. Ovaj sertifikat znadi
da smo naSe poslovanje uskladili sa zahtevima
sistema upravljanja zastitom Zivotne sredine,
odnosno da smo zahteve ovog medunarodnog
standarda ugradili u sistemsku dokumentaciju koju
pored 6 osnovnih procedura Cine 14 uputstava.
Zapisi koji su predvideni ovim uputstvima i koji se
vode na nivou identifikovanih podru¢ja za aspekte
registrovanih aktivnosti dokumentuju nasu
opredeljenost da proizvodnjom i nasSim redovnim
radnim aktivhostima budemo uvek u granicama
dozvoljenih delovanja na okolinu.

Savremeni tokovi trziSta zahtevaju posedovanje ovih
sertifikata. Nove tendencije zahtevaju i posedovanje
sertifikata ISO 18001 sistem upravljanja zasStitom
zdravlja radnika i bezbedno$c¢u na radu ( OHSAS ).

ZAKLJUCAK

Svi moramo biti svesni neophodnosti da naSe
poslovanje mora biti u skladu sa zahtevima sistema
menadzmenta kvalitetom i sistema upravljanja
zastitom zivotne sredine. Sustina ovog zahteva je da
svako od nas radi u skladu sa zahtevima tehnickih i
zakonskih propisa koji se odnose na oblast nasSeg
delovanja, tj. da svako od nas svoj deo posla obavlja
savesno i kvalitetno.
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HAYYHU YACOMNWUC nyT U CAOBPARAJ U
HEMoB 3HAYAJ
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onbnuotekap

WHctutyT 3a nytese All beorpag, Kymogpalika 257, beorpag,
Cpbwja, E-mail: jelena.poetic@gmail.com

CTpy4Hu pag
Pe3ume: Yaconuc llym u caobpahaj je NOKpeHyT
1955. rogMHe C UMIbEM [[a OKYNW Hajlumpu Kpyr
CTpy4YHaka Koju ce GaBe npobrnemumma y obnacTtu
nytesa. >eneno ce pa cCTpydysaum U3HOCe
3anaxaka W MCKycTBa M3 obnactu  nyTHoOr
MHXewepcTBa. Yaconmc [lym u caobpahaj je
cepuvjcka nybnukaumja y kojoj ce objaBrbyjy
Hay4YHOUCTpPaXMBaAYkKM U  CTPYYHM pagoBu. Y
yaconucy je cBoje pagoBe obGjaBuno npeko 900
CTpyywaka M3 obrnacTm nyTHOr WHXeh-epcTBa.
PagoBu cy peueH3npaHn u cagpXe OLEHY HayyHor,
CTPYYHOr W MNpakTUYHOr 3Havaja. Yaconuc lMym u
caobpahaj cnaga y KaTeropuvjy Hay4yHux 4aconuca
o4 HaumoHanHor  3Havaja (M52). Yaconuc
HaUMOHamnHOr 3Hayaja jecTe HayyYHu Yaconuc
gomaher mMsgaBada Koju MO YTULAJHOCTM Y CBOjOj
avcumnnuHn  cnaga Mmefly npsux 50% gomahumx
Yyaconuca.

Krbyu4He peuu: yaconuc lym u caobpahaj,
KaTeropusaumja 4aconmca, UMnNakT akTop.

SCIENTIFIC JOURNAL OF ROAD AND
TRAFFIC ENGINEERING AND IT'S
SIGNIFICANCE

M.Sc. Jelena Dobrilovié€, prof.; senior librarian

The Highway Institute, Kumodraska 257, Belgrade, Serbia, E-
mail:jelena.poetic@gmail.com

Professional paper
Abstract: The journal Road and Traffic Engineering
started in the year 1955. with the aim to bring
together the broadest range of experts who deal with
problems in the road. They wanted experts amount
to observations and experiences in the field of road
engineering. The journal Road and Traffic
Engineering is a serial publication wherein scientific
and professional papers are published. More than
900 experts from the road engineering field
published their papers in the journals. The papers
were reviewed and contain the assessment of
scientific, professional, and practical relevance. The
journal Road and Traffic Engineering falls into
category of scientific journals of national significance
(M52). Journal of national importance is the
domestic scientific journal publishers who by their
impact in their discipline is among the top 50% of
national journals.

Key words: Journal of Road and Traffic
Engineering, categorization of journals, impact
factor.

NCTOPUJCKU PA3BOJ YACOINUCA YT U
CAOBPARAJ

Cpncko gpywTBo 3a nyteBe VIA VITA je oag cBor
OCHMBaH-a cMaTparo ga je noTpebHO ¢ BpeMeHa Ha
BpemMe msgasaTtu rracuno y kome 6u ce nucano o
npobnemuma npojeKkToBamsa, rpahera 7]
ogpxasara nyTesa, U y kome 6u ce obaseluTaBano
o pagy OpywTsa.

MpBa cTpyyHa nybnukauuwja unsawna je 1953.
roguHe, nocne ocHuBakwa Cpnckor gpywiTea 3a
nyteee VIA VITA. Ta nybnukauuwja ce 3Bana:
Bunmen [pywmea 3a nymeee Cpbuje. bunmeH je
nmao obnuk HoBuHe. Popmart je Gro 21 X 29 um.
Hajuyewnhe je wtamnaH Ha YeTupu ctpaHe. bunteH je
nsnasmo o 1955. rogMHe u NybrMKoBaHO je LecT
OpojeBa. [naBHM ypegHuk je 6Ouo [LoOGpuBoje
CrteBaHoBwh, gunn.uHx.rpaf)., Koju je yjegHo 6uo u
npen npegcegHvk [fpywTtBa. Y TOM nepuoay
BunmeHx je ogurpac  3HayajHy  ynory y
WMHpopMUCarby MyTapCKe jaBHOCTU O TEXHUYKUM W
agMVHUCTpaTMBHUM forahajuma Koju cy ce y To
BpeMe gellaBanm.

paherwe HOBUX NyTeBa M noTpeba 3a caBpeMeEHUM
ofpXaBateM MyTHE Mpexe, 3axTeBanu cy uanasak
jeaHor obuMMHMjer nytapckor Yaconuca, Koju 6u 6uo
Heka BpCTa TexXHWYKor uHdopmartopa M Boguy 3a
oyayhHoct. Opgnykom  CkynwTuHe  [pywTea,
ogpxaHe 1955. roguHe y beorpagy, OCHoBaH je
yaconuc llym u caobpahaj. Mpen 6poj je m3awao
anpuna 1955. roguMHe. [NaBHM U OOrOBOPHMU
ypeaHuk uvaconuca [llym u caobpahaj, og npsor
Opoja na go mapTta 1963. roaunHe, 6uo je [Jobpumeoje
CreBaHoBwuh, gunn.nHx.rpah.

Yaconuc Tyt n caobpahaj y pobpoj mepu je
3aCHOBaH Ha Tpaguuuju MNPETXOAHUX MNyTapCKUX
yaconuca: [nacHuka JyaocrnoseHckoe Opywmea 3a
rnymese (koju je nsnasuvo of 1934. go 1941.rogunHe)
n bunmena [pywmea 3a nymeee Cpbuje. MNMpBux
yeTpaeceT roguHa mMsgasaH je Hajyewhe jegaHnyT
Mece4yHO, a MoHeKad je 1M3nasvo ABOMECEYHO WUNn
TpomeceyHo. KacHuje ce nsnasak yaconmca ycranmo
Ha Tpu 8o YeTmpu 6poja roguilse.

MpBux OBageceT rogvHa, A0 Kpaja 1976. roguHe
yaconuc Mym u caobpahaj je nsgaesaH y copmaTty
17 X 24 um. lMoyeTkomM 1977. rogmMHe nNpeLusio ce Ha
Behn cdopmat 20 X 29 um. lNosehawem copmaTa
NoCTUrHyTa je 6orba yHKUMOHANHOCT, NpernegHocT
W nenwmn uarnen 4vaconuca. Yaconuc je yrnasHom
wramnaH  AvpunuMuUOM, OCUM Y  U3Y3eTHUM
cny4vajeBuma Kaga je 6o nocseheH
MaHudecTaumjama Ha HuBOY GmBLIe Jyrocnasuje u
Kaga je 6uo wramnaH naTUHULIOM.


mailto:jelena.poetic@gmail.com

Jenena Jo6punosuh

3a KBanuTeT N KOHTUHYUTET U3Naxera 4vaconuca
lMym u caobpahaj Hajpehe 3acnyre umajy rmaBHU U
OLrOBOPHW YpeaoHULN:

- [obpueoje CteBaHoBuh, gunn.uHx.rpaf)., og
1955. go 1963.roguHe.

- Mwuogpar heHucujesuh, gunn.mHx.rpaf)., oa
1963. oo 1968. roanHe.

- JKueka Casuh-Mujatosuh, rpaf).tex., og 1968. oo
1976. rognHe.

- [Mpodh. ap 3apasko Jokeuh, gunn.nHx.rpaf)., og
1976. po 1999. roguHe.

- [Mpodh. op hophe Yzenau, aunn. ukx.rpah)., og
1999. oo 2003. rognHe.

- ap Netap Mutposuh, gunn.unx.rpaf., og 2004.
0o 2011. roguHe.

- pou. ap OpaxeHko Mmaswuh, gunn. nHx.caob., oa
2011. roguHe.

Yaconuc lNym u caobpahaj je NOKpeHyT ¢ unrbem ga
OKyMW HajlUMpU  Kpyr CTpyywaka koju ce 6Oase
npobnemuma y obnactu nyteBa. XKeneno ce Aa
CTpy4YHaUM WU3HOCE 3anaxawa W WUCKycTBa U3
obnactn nyTHor uHxewepcrtea. cto Tako, yaconuc
lym u caobpahaj je mecto roe ce adupmuy u
nonynuily Hay4YHO-UCTPaXXUBAYKN U CTPYYHN pagoBu
W roe ce npukasyjy HoBe MeToAe, MOoAepHe
TexHonoruje n CaBpeMEHM rpaneBmnHCKN
Martepujanu, Koju ce npuMekyjy npu rpagku un
ofpKaBatby MyTeBa.

Cepxa, Unrb U TemaTcko ogpehere cy ycMepeHu Ha
Teopujcka U NpUMeeHa  UCTpaxkuBawa Y
obnacTvMma Kao LTo Cy:

1. Caobpahaj n ekoHomuja.

2. T[lpojekToBame nyTesa n rpagckmx
caobpahajHuua, aepogpoMCKMX MUCTa U NYTHE
UHpaCTPyKType.

3. OppxaBatbe nyTeBa u rpagckmx
caobpahajHuua.

4. TlpojekToBak-e MOCTOBA, TyHena u
rpafeBUHCKNX KOHCTpYyKLUMja.

5. Ekonoruja n npocTopHO nnaHnpame.

6. bBbes3begHocTt caobpahaja.

7. TlyTHa nHdpacTpykTypa 1 yrnpaerbame
nyTesunmMa.

8. [eoTexHuka.

9. KonoBo3He KOHCTpYyKLMje.

10. "'paheBuHCKN MaTepujanu.

11. Hay4He nHdopmaumje.

12. lMNyTapcke BeCTU.

13. Hoee nybnukauuje.

UnaHuum cy pasBpcTaHn Yy pybpuke OOHOCHO
HaBegeHe obnactn. Yaconuc [llym u caobpahaj
objaBrbyje M wuHGOpMauMje Koje He nognexy
peLeH3nju, a cepctaBajy ce y cregehe pybpuke:
npuKkasu, Hay4yHW W CTPYYHW CKYrNoBWM U um3noxobe,
CTpyYHa MULWIbEHA, MOMEeMuKa, HaydHa capagha,
n3gaBadke MHgopmavmje u cn.

BUBJIIMOITPA®UJA YACONMUCA NYT U
CAOBPARAJ

Yaconvcy cy rnaBHO CpeacTBO 3a CaomliTaBahe
Tekyhnx HayyHux uHopmaumja n eBuaeHTUpare
HanpeTka y Hayuu, 3aTo LITO Cy TakBe UHdopmaumje
3HaTHO Mawer obuma of KwUra u LTO Yaconucu
Opxe nanase.

Bubnuorpadmja je Hayka koja uMa COMNCTBEHE
Hay4He meToae, dubnuorpadcke "
KnacupukaumoHe, W  KOPUCTM UX Yy  LUIby
cucTtemaTmsauuje JbyACKOr 3Hawa W HEroBux
pasHopogHux npogykata. Cuctematmsauujy rpahe
ogpehyjy npeamer n HameHa OGubnuorpadumije.
MoysgaHocT 6ubnuorpaduje je 0OCHOBHM Npeaycros
HeHe BPeaHOCTW.

Yaconuc lMym u caobpahaj je cepujcka nybnukaumja
Yy Kojoj je cBoje pagoBe obGjaBuno Buwe og 900
CTpydwaka K3 obracT MyTHOr WHXeh-epcTBa.
PagoBu cy peueH3mpaHu 1 cagpxXe OLEeHY Hay4Hor,
CTPYYHOT U MPaKTU4YHOT 3Ha4aja.

bubnuoepagujy vaconuca lNym u caobpahaj 1955-
2008 je Hanucana wmp JeneHa [oGpunosuh.
Bubnuorpadujy je wmsgano Cpncko OpywTBo 3a
nytese VIA-VITA 2009. roguHe.llpunvukom uspage
oubnuorpadmje nopen peHomea vaconuca, jegad
on mepuna msbopa 6mo je n npoBepaBame, Koju je
Yyaconuc HajBulle TpaXeH of CTpaHe CTpy4yhaka
unu nomukwaH y nutepatypu. Mepuna cy w
LUUTMparse YnaHaka Yyaconuca u kuxoBa yyecTtanoct
y 36opHMLMMa pagoBa u pedepeHTHUM BunTeHma.

Bubnuorpadwuja yaconuca lNym u caobpahaj je npsu
oubnuorpadckm nonuc CTPydHMX pagoBa  OBOr
yaconuca, paheH de visu, n obyxsata nepvoa og
1955. go 2008. roguHe. bubnuorpaduja uma 2538
bubnuorpadpckmx jegnHuua.  YpaheHa je no
mefiyHapogHom cTaHgapagy ISBD (CP). Tlpea
oubnuorpadcka jeanHnua je noTnyH
oubnuorpadpckm onuc, a cBe ocTane ckpaheH.
Bubnuorpadcka rpaha je KnacmdurkoBaHa
KOMOVHOBaHO, andgabeTckn-a3byyHn nopegak no
npesumeHMMa ayTtopa (y ogpegHuum) unu Hacrosa,
N XPOHOJOLWKN — BULIe Gubnuorpadckmx jeamHuua
jeaHor aytopa cpeheHo je No BpeMeHy msnaxera
OO HajcTapujer paTyma [Jo HajHoBujer. Y3
dubnuorpadujy ypaheHun cy peructpu, ayTopcku K
npegMeTHN.

Bubnvorpadumja je nokasana pa uvaconuc lym u
caobpahaj npeacTaBrba MecTo rae ce aupmuLly m
NonNynuLly Hay4YHO-UCTPaKUBAYKM U CTPYYHW pagoBu
Hajwwuper kpyra cTpyywaka. [lopeg HayuHo-
CTPYYHOr KapakTepa, 4aconuMc Mma W eaykaTuBHM
Kapaktep, [Aa TMOoAMXKe 3Hakbe UHXeweprMa Wu
TEeXHMYapuma, U3 CBUX KOMMIIEKCHMX obnactu koje
npunagajy w3rpagwu W ogpxaBaky nyTeBa WU
objekaTa Ha nyTeBMMa. 3a nepeceT M ocam roguHa
usgaesawa yvaconuc lMym u caobpahaj je onpasgao
CBOje NnocTojame.
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Hay4Hu yaconuc Myt u caobpahaj u Heros 3Hayaj

Mepuoavka npeacTtaBba HEMEPIbUBO — AYXOBHO
6naro, n crtora 6Gubnuorpadpckn MNOMUC CTPYYHUX
pagoBa M TEKCTOBa jegHe cepwujcke nybnukauuje,
kakBa je [lym u caobpahaj, 3Haun JONPUHOC HayLIn.

KATEFTOPU3ALUJA U YIIOI'A HAYYHUX
YACOIUCA

MuHMCTaApCTBO 3a Hayky W TEXHOSMOLWKN pasBoj
Penybnuke Cpbuje wnma ocamHaecT MaTU4HMUX
Hay4yHux opbopa, Kojuma je jeaHa OA4 OCHOBHUX
aKTMBHOCTU BpedHOBawe  Hay4YHOUCTPAXMBAYKMX
pesyntata ucTpaxusada (HaydHUX pagHuka) Ha
Teputopuju Penybnuke Cpbuje. Kao ocHoB TOr
BpegHoBawa cnyxu "lpaBumnHUK O MOCTYNKy W
HaunHy BpeaHOBaHa " KBAHTUTaATVBHOM
NCKasMBaky  Hay4YHOUCTpaXKuMBaykMx  pesyntaTa
nctpaxmeada', koju je npema ogpenbama 3akoHa o
Hay4YHouCTpaxkuBaykoj  genatHocTn  (CnyxbeHn
rmacHuk PC  6p.110/05 wun 50/06), ycBojuo
HaunoHanHu caBeT 3a Hay4YHU 1 TEXHOOLLKM pasBoj
21. mapta 2008. roguHe, a koju je objaBrbeH y
CnyxbeHom rnacHuky PC 38/2008. LenokynHa
Hay4yHa W CTpyyYHa npoaykuuja ucTpaxusada Yy
Cpbwuju npouemsyje ce npema KpuTepujymmma gartora
"MpaBunHuKa", n TO NO NPaBUNY y OKBUPY MaTUYHNX
ogbopa, 36or Tora WTO Cy OHM 3agyXeHu 3a
BpedHOBake pe3yntata Ha Hay4YHOUCTPaXKMBaAYKUM
npojekTuMa, y OKBUPY KOjux ce ocTBapyje Hajsehu
Ae0 Hay4HOWUCTpaXMBaykux pesynraTta.

Y oksupy "lMpaBurHMKa O MOCTYMNKY W Ha4MHy
BpedHoBaka W KBAHTUTATMBHOM  WCKa3nBaky
Hay4yHOUCTpaXunBa4ykMx pesynrara ucTpaxusaya',
Jatn cy kputepujymm 3a opgpehewe kaTteropuje
Hay4HWUX nybnvkauwmja.

,Hay4yHum 4aconmcom cmartpa ce nepuoanyHoO
rnacuno nocseheHo Hay4YHOUCTPaXMBaYKOj
npobrnematnum, Koje u3gaje peHoMmupaHu m3gasad,
Hay4yHO [pYWTBO, Hay4yHe YcTaHOBE Yy CBETY W
3eMIbM Y Kojem ce objaBrbyjy pagoBu cHabaeBeHU
Hay4yHOM anapaTypoM W peLeH3npaHu of CcTpaHe
KOMNEHTETHUX CTpy4YHaka ca HayyHuM 3Bamuma.
KaTteropvje Hay4HuUX pagoBa y Yaconucy cy:

1. opwurnHamnHu HayyYHu pag;

2. MoHorpadcka cTyavja;

3. npernegHu YnaHak;

4. HayyHa KpuTKKa, MOfIEMUKa N OCBPTH.

BpegHocT HaydHOr paga ogpehyje ce Ha OCHOBY
KaTeropwuje 4aconuca y Kojem je pag objaBrbeH.

MyHn edpekTBHM Opoj NoeHa 3a pag npuxsaTa ce
ako HemMa BulEe Of Tpu koayTopa (Teopujcku
padoBK), OOHOCHO nNeT koayTopa (HymMepuuke
cvmynaumje), O[HOCHO cefam KoayTopa
(ekcnepumeHTanHn pagoBu). YKONWKO uMa BuLle
ayTopa of HaBeZeHor Opoja 3a gaTy BpCTY pajoBa,
Opoj noeHa ce ogpehfyje npema npaBunuma
BaXehuMm 3a paTy HaydHy obnacTt koja ytBphyje

HagnexHn MHO (MatuyHu HaydyHu opbop) a
Bepudukyje MH  (MuHuctapctBo  Hayke). Y
cneundunyHMM cnydajeBuma (MynTuanCUMNIIMHapHU
KapakTep paga u cn., a y3 geTtarbHo obpasnoxene
KOayTOpPCKOI [JOMpUHOCa M HEOMXOOHOCTWU TaKBOT
o6pauyHa), 6poj noeHa ce MoXe BpeaHOBaTK nNpema
npasunuMma BaxehuMm 3a nojegnHe Hay4He obnacTtu
koja yTtBphyje Hagnexum MHO, npuxsata MH a
Bepudumkyje HC (HaunonanHwu caser).

MehyHapoaHu Yaconucu ce paHrupajy
(koedpmumjeHT M) npema ISI nybnukaumjama Journal
Citation reports SCI, SSCI ( y parbem TekcTty: ISI
nuctama). Y MOCTYNKy BpedHoBakwa 4vaconuca ce
Mory npumewmsatu u gpyre ISl nucte koje
npuxeata MH 3a cBaky obnact a Bepudukyje HC. Y
TEXHUYKMM Haykama MHO mMoxe npennoxumtu no
jenaH yaconuc BaH ISI nucTe y Kateropunjy M24, 3a
CBaKy HayyHy AUCUMMINHY Koja je Y HeroBoj
HagnexHoctn. Mpegnore MHO npuxeata MH, a
KOHa4yHy JnMcTy uJaconuca Bepudmkyje HC. Y
nojeauHUM OpYyLITBEHO-XYMAHUCTUYKMM Haykama W
nojeauHum  cneunudHM  gucumniaMHaMma  uumjm
Yaconucu HWCy 3HadvajHuje 3acTynibeHn Ha |SI
nuctama, MHO mory npeanoxuTu y kateropujy M24
popataH ©poj uyaconuca, wTo npuxBata MH a
Bepudukyje HC.

[NpomeHe y jegHom npuxBaheHuM
yaconuca npegnaxe MHO, npuxBaTa
Bepudukyje HC.

nuctama
MH a

HaBepeHa kaTeropusaumja yaconuca koju cy BaH ISI
nicTa a 0OBMM uYNiaHoM cy gobunu ctatyc M24 Baxu
npvBpeMeHo, Ao Hoee oanyke MH, kojy Bepndukyje
HC. YTuuajHoct gomahux yaconuca ytephyje ce Ha
OCHOBY oubnunomeTpujcke aHanuse "
npenvMeHapHe kaTeropusaumje kojy cnposogu MH
Ha OCHOBY LMTaTa OCTBapeHuXx Yy MeRyHapOoaHUM
UMTaTHAM UWHOEKCUMA M HauMOHANHOM LMUTaTHOM
leLl,eKcy.“l

Kateropusauuja je cnegeha:

1. BpxyHcku mefyHapaoHu yaconuc (M21)
2. WctakHyTtn mehyHapogHu yaconuc (M22)
3. MehyHapogHu yaconuc (M23)

4. Yaconuc mehyHapoaHor 3Ha4vaja u

BepudmkosaH nocebHum oanykama (M24)

o

Bogehwu yaconuc HaumoHanHor 3Havaja (M51)
Yaconuc HauuoHanHor 3Havaja (M52)

HayuyHu yaconuc (M53)

" MpaBUnHKK 0 MOCTYMKY U HAYMHY BPEAHOBaka W KBAaHTUTATMBHOM
VICKa3uBakby HayYHOMCTPaXMBAYKNX pedynTata uctpaxueava. (2005).
Cnyx6enu rmachuk, 110.
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Y 6ubnuotekapckoj Hayun yaconuc ce peduHue
Kao BpCTa cepuvjcke nybnukauuwje ca CcTaHoOBMLITA
yyecTanoctM usanaxewa WM ca CTaHOBMLITA
onbnmoteuke obpage. Y WHGPOPMAaLMOHO] Hayuum,
yaconuc ce nocmartpa Kao KOMYyHUKaLmMjckn oBjekT y
OKBMPY KOMYHUWKaLMOHMX Mpoueca Yy Hayuu wu
UCTpaXuMBakwMma 1 y OOHOCY Hayke ca APYLUTBEHUM
OKpYXEHEM.

BaxHO je roBopuTM O KOMYHMKaUWjCKOj DYHKUMjW
yacornMca a He caMO O TPEeHoCy Hay4yHuX
MHpopmMaumja kKao OCHOBHO] ynosn. CBpxa Hay4yHor
ynaHka Huje y ToMe ga npeHece rotoea, NpoBepeHa
N HenpoMeHsrbMBa 3Hawa, Beh Aa yHyTap HayydHe u
UCTpaXXMBayke 3ajeHuLe NOACTaKHE pasMeHy naeja
M KOMyHVKauujy O ofpefleHOM Hay4yHOM W
NCTpaxmeaykom npobnemy.

KATETOPU3ALUJA YACONMUCA NYT U
CAOBPARAJ

Yaconuc [lym u caobpahaj cnaga y kaTeropujy
Hay4yHux 4aconuca (M52). Yaconuc HauunoHanHor
3Ha4vaja jecTe HayyHuM 4yaconuc gomaher msgaBadva
KOju MO yTMUAjHOCTW Yy CBOjOj AUCUMMAMHW cnaga
mefly npeBux 50%  pomahmx 4aconmuca u
NCTOBPEMEHO 3ag0BOSbaBa 3axTeBe
oubnuomeTpujcke  aHanuse U NperMMeHapHe
KaTteropusauuje kojy cnposoan MH.

Yaconuc HaumnoHanHor
HaaneXHu MHO Ha
oubnuomeTpujcke  aHanuse U NperMMUHapHe
Kateropmsaumnje gomahux daconuca. Y 0By
kateropujy HagnexHm MHO moxe yBpcTMTU u
Yaconuc WHOCTpaHOr usgasaya, y3eBwu y o063up
cTaTyCc Koju Taj yaconuc mma y 3emrbu rge ce
nsaaje. MMHMManHu ycnosB je peloBHOCT uanaxema.

3Hayaja  npeanaxe
OCHOBY  pesynTarta

M3y3eTHO, y OBy KaTeropujy Moxe ce YBpPCTUTU
Yaconuc Koju He 3a0BOSbaBa ropke YCrioBe, ako je
HOBO MOKPEHyT (OO NeT roAvHa u3naxewa), a
npoueHn ce pfa [onpuvHOCKM pasBojy ogpeheHe
Hay4He obnacTtu y 3emrbu.

PasBpctaBatkbe 4aconuca y octane (Buwe)
KaTeropvje BpWM Ce Ha OCHOBY MNPMMEHe CBWUX
napametapa Yy ogpeflewy BpeaHOCTU  HeKor
yaconuca, nNpu 4Yemy Cy Haj3HayajHuju KBanutet
pagoBa y TOM 4aconucy (OCTBapeH Yy AyXeMm
BPEMEHCKOM nepuody), cacTaB pefakuuvje, HaydHa
KaTeropuja HaBedeHUX peueH3eHaTa, ,onpema‘
pagoBa (ancTpakT, Kiby4yHe pedn, pe3nmen), cTaTyc
nsgaBava, M 3Hayaj Yaconuca 3a pasBoj AaTe Hayke.
Mpwu kaTeropmsaumjn yaconmca, MHO ce pykoBoau n
KpuTepujymuma wu3 ,Akta o ypehuBawy HaydHUX
Yaconuca“ Koju je OOHEO MUHUCTap 3a Hayky u
TEeXHOMOLLKM pa3Boj Penybnuke Cpbuje.

3AKIbYYAK

MwuHMCTapCTBO 3a HayKy M TEXHOMOLUKU pasBoj je
nogpxano wuspagy npojekta Cpnckor uyuTatHor
nHgekca — SCI nHgekc-a y capagwun ca HapogHowm
onbnmnotekom Cpbuje n LleHTpom 3a eBanyauujy u
obpasoBake Yy Hayum — CEON-om. WHaekc
obyxBata Oubnuorpadpcke nopaTke, caxeTke WU
UUTMpaHy nuTepaTypy 3a u4naHke objaBrbeHe Yy
Aomahmm Yaconucuma, a Koju CryXe 3a oLeruBarke
NPOAYKTUBHOCTM 4aconuca Kao W MNpoayKTUBHOCTU
camnx 4vaconuca. Ca cajra HapogHe 6GuGnuoteke
Cpbuje (www.nb.rs) MOXe ce BMAOETH
oubnuomeTpujcka aHanmsa 4vaconuca [lym u
caobpahaj koju nma umnakt cdatop M52.
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FrEHE3A KINA3ULWLUTA HA AECHOJ
OBAJIN AYHABA KOO HOBOI' CAOA

gp Jby6omup Pokuh, npogh emepumyc

Mpernegxu pag
Peaume: [losHamu meopemcku npuHyuUnu passoja
nysujanHe  eposuje, eesaHu 3a  odpefjeHe
rpasuIHoCMU U 3aKOHOMEPHOCMU U3MeRy epO3UOHUX
U aKymynauyuoHux rpoueca, MoCayXunu cy 3a
ycriocmaerbarbe 8e3e  u3smelly odpefjeHux ¢basa
passoja pe4Hoz Kopuma U  HecmabumHocmu
rnpupodHuUX NaduHCKUX cmpaHa caspeMeHux peka. Ha
o8aj Ha4uH, MoKywiaea ce ycriocmasumu ee3a u3menhy
OuHamuykux  ¢hbasa  paseoja  EepO3UOHUX U
akymyrnayuoHux rpoueca, C jeOHe U 2eHe3e U
OuHeMuKe pa3goja K/U3HUX rpoueca, ca Opyee
cmpaHe. AHanusa je ypaheHa 3a cny4yajese
repcmpamueHe, KOHCMpamueHe U UHcmpamusHe
¢asze passoja peyHo2 Kopuma, a ymepheHe
3aKoHUmMocmu  nocnyxune cy 3a objawrere
HacmaHKka CrioKeHuUx OyboKuX KIu3uwma, HUxoee
gasHe akmueHocmu, MakcumasiHe OybuHe KIuXer-a,
riofioxaja u Kapakmepa KusHUx OUCKOHMUHyumema
U rpoeHo3e Odarbe akmueHocmu. Ycrocmassbare
meopermcKe 3aKoOHUMOCMU [IPOBEPEHE Cy KpPO3
yriopedHy aHanu3dy pacriofioxusux rodamaka o
2eor1owKomM cacmasy, epalju u 0ebrbUHU anysujanHux
ceduMeHama Ha 1e80j, U ucmpaxXueaHux Kuduwma
Ha OecHoj obarnu peka Case u [JyHasa.
Krby4He peyu: 2eHesa knusuwma, rysujanHa
epoauja, epo3uoHuU pad Mamuuye, KUHeMamuka u
OuHaMuKa Ku3Hoe npouyeca

ORIGINS OF LANDSLIDE THE DANUBE
RIVER NEAR NOVI SAD

Ljubomir Roki¢, Professor Emeritus

Review paper
Summary: Well-known theoretical principles of
development fluvial erosion associated with certain
patterns and regularities between erosion and
accumulation processes have been used to establish
the link between certain stage of development of the
riverbed and the natural slope instability by modern
rivers. In this way, trying to establish a connection
between the dynamic phase of development of
erosion and accumulation processes on the one hand
and the genesis and development dinemike sliding
process, on the other hand. The analysis was done
for cases perstrativhe, konstrativne instrativne and
development phases of the riverbed, and established
principles were used to explain the emergence of
complex deep landslides, their activity phase, the
maximum depth of sliding, sliding position and
character discontinuity and forecasts further action.

Establishing a theoretical principles are tested
through a comparative analysis of available data on
the geology, structure and thickness of alluvial
sediments on the left, and the studied landslides on
the right bank of the Sava and Danube rivers.
Keywords: genesis landslides, fluvial erosion,
erosive work of nuts, kinematics and dynamics of
mechanical processes

1. yBO[

OcHoBHa nNpemMuca HacTaHka KnusuLTa y OBOM pagy
0asnpa ce Ha NO3HATO] TEOPUjU AMHAMUYKUX hasa y
HacTaHKy peyYHWX KopwuTa, Koja mnogpa3ymeBa
CMHXPOHO  oOfBuWjake  npoueca  epo3uvje U
akymynauuje. MocmaTpajyhm 'y BpeMEeHCKOM
KOHTMHYWUTETY, KpO3 OBY aHanu3y [onasu ce [o
paumoHanHor objawrera HacTaHka KIusuwTa,
ynosHaBaka npupoae TuxX Mpoueca, HMUXoBe
KMHEMaTUKe M AMHaMuKe, MOrioXaja WM Kapakrepa
KNM3HUX 30Ha W nporHo3e parber passoja. Csu
AobujeHn pesyntatM NpoOBEpeHu Cy Ha npumepy
knnsmwTa “Moct Cnoboge” y Hosom Cagy.

2. OCHOBHE KAPAKTEPUCTUKE
EPO3MNOHO - AKYMYJTALUMOHUX
NPOLECAY PEUU OYHAB

[lyHaB je y HegaBHOj reonoLLKoj NPOLLMOCTM 40 AaHac
CTanHo MeHao CBOj MOroXaj y mnpocTopy a
MopchoreHeTCKM MnpoLecu obnukoBakwa MagvHa nog
yTuuajem Tor TpeHga Ounum cy BpMO MHTEH3WBHW.
Monasehn o u3HeTe KOHCTaTauuvje, NOCTaBrbeHa je
XWrnoTe3a O HacTaHKy knuauwwTa 6asvpaHa Ha Teopuju
OWHaMHWYKMX basa npoueca eposuje U akymynauuje,
KOja nogpasymMeBa [a ce NocTaHak 1 eBonyLmja CBakor
Jena peyHe [OONVMHE  ofBuja  3aKOHOMEPHUM
pegocrnenom y3 UCTOBPEMEHM HACTaHaK €pO3UNOHUX
MOPCONOLLKMX 0BnMKa 1 aaekBaTHUX aKyMyraLMOHNX
dopmMu anysujanHmx dauuja.

MNpema Jlamakuny B.B. (1948,1950-nu7-10,11) vy

CBaKOj] peyHoj OONWHU pasnukyjy ce TpU OCHOBHa

cTagujyma pasBoja:

— WHCTPaTMBHU - 3a rOpHEe W3BOpULLHE AefioBe
BOOEHWX TOKOBA, rae npeosnafyje HEOTEKTOHCKO
n3gusarse 1 HarnalwleHa BepTukanHa eposuja;

— MNepcTpaTMBHU - Yy TPOLUMPEHMM [EeNoBMMa
OOHUX N cpeftbuX TOKOBa peka Y3 UCTOBPEMEHY
epo3ujy 1 akymynawujy;

— KOHCTpPaTMBHM - Cca  aKymynaumjom  Ha
pasnuUunTUM AyOMHCKMM HMBOMMA NpPOCTPaHUM
anysvjanHum  paBHuma. OH  HacTaje npu
cryliTaky [OOMMHCKOT OHA WU U3AM3akby PeyvHor
KopuTa, Npy YemMy je akymyrauuoHu LyKNyc jeaHe
(aze norpebeH HOBUM Hacnarama nJpyre, Y3
ctanHo noeehawe aebrouHe.



Jby6omup Pokuh

Kaga ce roBopu 0 epo3voHOM pajy v npemeLlTary
noroxaja KopuTa, CYLITMHCKW 3Ha4aj v yrory uma
Matuua peke U HeH epo3noHM pafd Ha obanckum
cTpaHama n gHy. Koa HopmanHor pexuma oTvuama,
Matuua peke ce yBeK Hamasu Ha cpeauvHu peyHor
TOKa, ycned 4vera ce M epo3vioHn npouecu oasujajy
3HaTHO YycropeHuvje. MefyTum, ako 360r 3acunarba
AHa peyHor koputa HaHocoM Ha ywhuma Behux
npuTOKa WNM CcTBapaweM CrpygoBa Of ByYeHor
mMartepwvjana, matuua peke NpoMeHu npaeaw, KpeTama
n ogbwje ce ka jegHoj oa obana, Taga ce pagvkanHo
HapyLlaBa npvpoAHa paBHOTEXa. YAapom Ha jedHy
obany matuua m3spwn ogpeheHn eposvoHu pag u
onbuja ce Ha CynpoTHY rae ce npouec noHaerba. Ha
MecTy yaapa maTuue o obany 6pavHa Boae y peum je
Hajgeha, a Ha cynpoTHOj obanu je MUHMManHa unm
jeQHaka Hynmu, Te ce CaB HOWEHW WU ByYeHU
matepuwjan, 36or rybutka TpaHcnopTHe Mmohwu
BOJOTOKA, NOCTENEHO TaroXwu, AHO PEYHOr Koputa ce
3acvna martepujaniom a obarncka nuHuja ce nosnaym
npema cycegHoj obamm. Ha Taj HauH ce
NPaBOSIMHMJCKO KOPUTO MOCTENEHO mpeTBapa Y
KpuBonuHujcko. CTBapawe KpuBMHA Yy BOOOTOKY
yKkasyje MU Ha WHTEH3MBHY MOMPEeYHy UMpKynauujy
BOAE KOja AOBOAM He camo J0 eposuje obana seh n
Bydetba npogykata pacnagara npema CynpoTHO]
obanu rge ce Tanoxe 360r cMaweHe XOpU3OHTarnHe
Op3uHe. Y crydajy BPEMEHCKA KOHTUHYMpaHor paga
matuue, Ha jegHoj o obamna, 6e3 BepTUKanHUX
ocumnauuja, HEOTEKTOHCKOI  mM3gMsama  WUiu
cnywtawa TepeHa, [eno3vuMoHM nakeT uMa
KOHCTaHTHY AebrbuHy 1 eBugeHTaH npupawiTaj mace
y 6oyHom cmucny npema geny obane HanagHyTe
epos3uvjoM. Ha oBaj HauuH HacTaje nmepcmpamueHu
anyeujym paBHMYapCKux peka. HberoBa cymapHa
aebrbmHa ogpehyje ce kao cyma Hajsehunx gybuHa
peke 3a BpeMe HeHOr BOAOCTaja M  BUCKHE
MakcvManHor HvWBOa MOMMaBHOr Bana. YKOMWKo je
TEepeH paBHUYAPCKM Taga NPaKTUYHO HEMa HUKaKBUX
orpaHuyera y nornegy creapara KpUBOSIMHWCKOT
TOKa peke, Te ce npouec dnysujanHe eposuje oasuja
CMOHTaHO CBe J0Tre AOK Ce YMTaB TOK He NPeTBopu y
cnreT MeaHOapCKuxX KpumBuHaA. Ako ce mehytum, y
Aeny obane HanagHyTe epo3vjom, Hanasu naguHa
Taga he eposvoHu npouec 3aBuCMTU 0f HpojHUX
dakTopa Kao LWTO Cy: reonowka rpaha TepeHa.
cteneH w pgybuHa pacnagHyTocTM  MaTWUYHOT
cyncTpaTa, Monoxaj nnaHapHuxX eremeHarta ckrona
(cnojeButocTtu, honuauumje, NyKOTUHa W CM.), pexnma
1 AMHaMKKe NOA3EMHUX BOAa Y NPUPOAHO]j reosOLLKO]
KOHCTPYKUMjU TepeHa, pexuma u Op3vHe Boge Y
BOOOTOKY W CMf. Y HOXWYHUM [erioBMMa naguHa
HanagHyTUX MaTuuoMm peke Tpeba ouekmBaTtu
npouece HecTaburnHoctTM, [OK Ce Y WCTOM
BPEMEHCKOM LMKIYCYy Ha HacnpamMHUM CcTpaHama
ogBvja MmMpHa akymynauumja. 3Hadu, ga ce u3mehy
OBe cyceaHe MeaHOapcKe KpMBUHE Ha UCTOj obanckoj
CTpaHn yBeK Hanasu crtabunadH nojac obGane
3awTtuheH anysujanHMM HaHOCOM KOjU crnpevasa
OVPEKTaH KOHTaKT MaTuue ca NOAHOXjeM NaanHe.

Kapga ce eposuja y BOOOTOKY BpLUM Y KOMBUHALMjK ca
HEOTEKTOHCKMM CnylTakeM MOBPLUMHE TepeHa W
penaTVBHMM U3aM3akeM PEYHOr KopuTta, Taga ce 3a
CBakMm €po3voHM kopak wunm a3y, nopeg
npemellTakba KopuTa peke Yy XOPU3OHTarHOM
npasLy, noBehaBa 3anpemuHa 3acyTtor matepujana u
eroBa gebrbuHa. NpomeHoMm gebrbvHe anyBujyma
MeHsa ce 1 werosa rpaha, jep ycneq Haromunaeana
MaTepuvjana u rnobanHor HeOTEKTOHCKOr cryliTaka
nonasu go 6o4He murpaumje camor koputa. Ha Taj
HayvH ce anysujanHa Tepaca nocTeneHo pasapa, a y
npocpuny npeosnahyje daumja koputa. NosehaHa
AebrbvHa  anyBujanHMX Hacnara y OgHOCYy Ha
HopManaH nNpodmn pPeYHor KopuTa ogroBapa YKymnHoj
BETMYNHN HEOTEKTOHCKOI TOH-EHba, @ XOPU3OHTamHU
MoMaK KOpuTa 3a WUCTU BPEMEHCKU LIMKMYC, YKYMHOM
edeKkTy epo3noHOr paga Matuue peke. YBaxaajyhu
OBE€ YMHEHULIE MaKo Ce MOXEe PEKOHCTpyucaTtu
MOPJOOSOLLKN CKITOM TEpPEHA Mpe noyeTka epo3noHOor
paga y peyHOM KOpUTY, YTBPOAUTM KapaKTep U yKynHa

BenuumHa u Op3nHa HEOTEKTOHCKOr KpeTawa W
CyMapHu yuumHak dnyBujanHe eposumje. YkynHa
BENMYMHA HEOTEKTOHCKOr TOHseHa, Ha cn. 3,

ogroBapa BenuuuHM [, a XOpWU3OHTamHW nomak
kopuTa gobuja ce kao 36Mp epo3MOHMX Kopaka 3a
CBaKy pa3BoOjHy epo3noHy ¢haldy nocebHo e = A e; +
Ae, + Aes;. Koca nuHuMja Koja noBesyje AHa cTapux
KkopuTa HasuBa ce epo3vnoHu npar. OH ycTBapu
npegcrasrba rpaHnyHK nojac M3mehy 3oHa eposuje u
akymynauuje y pe4yHoM TOKy, a MOAMHa KBapTapHUX
anysujanHux TBOPEBUHA €PO3VOHO] MOANHN.

3. YTULAJ EPO3UOHOI' PAOJA PEKE
AYHAB HA HACTAHAK KITU3ULLUTA

OecHa obana [yHaBa wuarpafeHa je oa je3epckux
NAMTKOBOAHWNX CeAMMEeHaTa NiMoLEeHCKe CTapocTy y3
OOMWHaAHTHY 3aCTynbeHOCT NanopoBUTUX [MMHA,
anespuTta, MECKOBUTUX rNMHa W neckosa. [lpeko
NMOMEHYTUX ceduMMeHaTa, kao HajMnahe TBOpeBWHe,
nexwu nec. Npema nutepatypHuMm nogaumma (nut. 3,
24, 33) nnuoueHckn nonudaumjanHy  KoMMnekc
oaNMKyje ce CMeHMBaheM FUTOMOLLKUX YraHoBa Yy
XOPU3OHTanHoOM " BEPTUKANHOM cMucny,
mMaTepujanHom xeTeporeHowhy, 1 aHusoTponHowhy,
pasnUunTMM CTeneHoM auvjareHese, MPOMEHIbMBMM U
HeyjeQHaYeHUM OU3NYKO-MEXaHUYKUM CBOjCTBMMA Y
pas3nUunTUMm CTeneHoM pacnagHyToCcTh "
ncnyuanocTu. Y NOBPLUMHCKUM OEernoBuMa TepeHa, Ha
NPOCTOPY KNU3WLLITA, HEOTEH je MackupaH iecoMm U
pacTpecuTUM NPOAYyKTMMAa pacnajara XeTeporeHor
mMaTepwujarnHor cacTtaea ernyBujanHor, AenysujanHor
W1 KonyBwWjanHor nopekna npoMeHr-nee gebronHe.

[a 6n ce wWTo peanHuje morna carnegartu npvpoaa
epo3uHor paga peke [yHaBa w nocneguue Tor
npoueca, obpaheHa cy Tpu Moryha wematcka
MoZena peakuuje TepeHa:
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— Mopen A — epos3voHn pap peke [yHaBa 6e3
HEeOTEKTOHCKe aKTUBHOCTW.

— Mopmen B — eposvoHn pag peke [yHaBa y
KOMOMHaLMjK ca HEOTEKTOHCKUM TOHEH-EM.

— Mopen L - eposvoHn pag peke [yHaBa y
KOMOMHaUMju ca HEOTEKTOHCKUM U3an3aHeM.

MpukasaHe cTagujyme passoja KNM3HOr npoueca Ha
cn. 1, 2 n 3 Tpeba nocmaTpaTi camo Kao jedHy Crmky
TPEHYTHO 3ayCTaBIbeHOr (unma Koju KOHTUHyMpaHO
Tpaje.

3.1. MopgenA
Epo3uoHu pad peke [JyHae 6e3
HeomeKmoHCKe aKkmueHocmu

YBaxasajyhv n3HeTy rpafly npupoaHe KOHCTpyKumje
TepeHa Ha aecHoj obanu [lyHaBa, y dasu ctBapamwa
MeaHgapa, kaga maTtvua OUpPeKTHO Hanaga obany, y
NoOAHOXjy naguvHe jaBrba ce cneuuduyaH BUa
MopdooreHeTcKor obrnukoBakba obarcke nuHuje.
Haume, yceuarwem kopuTa peke y HOXWYHOM Aeny,
peMeTn ce npupogHa paBHoTexa 36or rybutka
MOAVHCKOI OCIOHLA LWTO 32 cOBOM NoBMayn peakumnjy
naguHe Yy  UWby MOHOBHOr  YyCMoCTaBrbaka
HapyleHor cTawa. Y noveTHum pasama, y Kopwu
pacnagaka HEOreHUX M KBapTapHuX ceguMmeHTata
nouMHe noasiokaBake W MojaBa MNykoTMHA Ha
naguHu, a 3atmMm  ONOKOBCKO  OTKMAake WU
rpaBMTaUMOHO KpeTawe OTKMHYTMX Maca npema
peyHom TOKy (cn. 1). Taj mpouec ce CyKUEeCMBHO
LWMpW, o4 roKarHor rpaeBuTaumoHor Gasuca npema
XWUNCOMETPUjCKN BULLIMM AEerioBUMa MaguHe, cBe [0
ycrnocTaBrbawa MNpuBMAOHE paBHOTExXe. M3aseaHu
MOKPEeTW KNumxewa MOry ce OABWjaTu y jedHOM unu
BMLLE HMBOA No OyOuHW, a Hajoybree nomepare Tna
y OBOM cCflyyajy odBuwja Ce Yy HMBOY JIOKarHor
rpaBuTaumoHr 6asnca, OgQHOCHO AHAa peyvHor KopuTa.

stadijum ,0"
"Ou - -

—Y -

erozioni korak stadjum 1 .
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stadijum 2 .-~ .
- =i

e

stadijum 3

+4€37 <

eroziona podina (dno)

Crnuka 1.

lMpema npukaszaHOM HauMHy peakuuje TepeHa O4YUTO
je oa ce oBAe pagu O HOXWYHUM MaHudecTaumjama
Knu3ama. 3a cry4yaj, npukasaH Ha cnuum 1 kaga ce
peyYHM TOK KOHTUHYMpaHO ycela, noMepa y jeqHOM
npaBly, cCTawe cTabunHoctm he ce cBe Buwe
noropwasatn, wto he y HapegHOM LUKIycy
aKTUBHOCTM yOp3aTu, He camo Beh NOKpeHyTe mace,
Beh he ce knNM3uWITe MNOCTEMEHO LWUPUTU npema
BPLUHUM aenosuma naguHe ao rlokarnHe
BogopenHuue. [pouecu knukewa y MNOYETKY Ce
oaBujajy gocta B6ypHO M CNOHTaHO, a 3aTuMm ycnen
onnuhaBawa [Ha KOpuUTa KIAM3HYTOM Macom W
onbujakbem matuue peke of obane, Taj npouec ce
odBMja 3HATHO YCMOpeHuje, yrnaBHOM y Buay
AndoepeHLUmjarnHo - NNacTUYHOT TeYeksa-ny3ara Tna.

Kagpa wmatmua 36or HoOBoHacTanmor cTawa U
HaMeTHyTe MonpeyHe uupkynaumje Boge, ,0unUcTn®
HaromunaHe Mace y KOpWTY, ¥ NMOHOBO ce NMpuonmkKu
camoj obanu, MoYnke HapedHU KIU3HM LUWKIYC Y3
3HayajHMje Momepare 3eMibaHux Maca Oyx
noctojehnx unu HoBOMOPMUPAHUX KIU3HWX PaBHW.
Ha cnuum 1, gaT je wematcku npukas nomepara
KopuTa peke W MporpecuBaH passoj npoueca
KnwKewa, y3 MOCTENeHO ybnaxasBawe NpUPOAHOTr
Harmba naguHa. 3a cBaku HapedHW UMKITYC KINU3He
aKTMBHOCTM je OWTHO, Aa ce MNOKpeTu oAdBuvjajy ca
HOXUYHUM CMMLaHeM M fa knuauwTta noeehasajy
CBOjy MOBPLUMHY, YKYMHY 3anpeMuHy w aOyouHy
KIvKeka.

Peakuuja cynpoTtHe obane 3a NCTU epO3MOHN LMKITYC
je paneko jepHocTaBHuja. Haume, Ha cCynpoOTHO]
obann ce ogBuwjajy akymynauuoHu npouecu, ca
KOHCTaHTHOM [AebrbMHOM anyBujanHuX cedvMeHata
draumje koputa nepcTpaTUBHOr TuMa, W MOCTENEHO
nosehawe 3anpemMuvHe 3aBWCHO o  Op3svHe
npemeLuTaka Kopura.

Pa3seoj krnu3Hoe npoueca 3agUCHO 00 XOpPU30HMAaIIHO2 NpeMewmara pPeyHoe Kopuma
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3.2. Mogenb
Epo3uoHu pad peke [JyHae y kom6uHayuju
ca HeOMeKMOHCKUM CriywimaHem

MexaHn3am HacTaHKa KnuM3uwTta Yy ycroBuma
KOMOMHOBaHOr cafejcTBa €po3VOHOr paja Matuue
peke N HEOTEKTOHCKOr TOHEHa U U3gmusara koputa
peke, 3HaTHO je KOMMNMMKOBaHWjU. Y MoYeTHOj dasn
nopes XOpU3OHTAarnHOr noAacelara nogHoXxja nagvHe
NnoYMH€ W naraHo TOHEeHe, LWTO Ce Kao U Yy
NPeTXO4HOM Cryyajy HEMoBOSbHO OApaxaBa Ha
CTabUNHOCT TepeHa Yy HoxudHOM geny (cn. 2).
KnusHn npouec ce akTuBuMpa Yy HMBOY FlOKarHor
rpaBuTaumoHor Gasvca y BuOy OTKMOawa Makux
6rokoBa, LWKOSbKaka, MojaBama MNyKoTMHa Ha
3aTe3ane 1 KnmM3ama OTKUHYTUX Maca NpemMa peyHoM
koputy [yHaBa. [darbe ce oOBaj npouec CMOHTaHO
LUMpX npema BWWIMM [JeroBMMa NagvHe cBe [0
ycnocTaBrbama fokanHe paBHoTexe. [okpetn y Tny
CY KINMaCW4HOr rPaBUTALMOHOr TUMA Ca HOXUYHUM
CMUUaHeM, OABWjajy Ce Yy KOHTUHYUTETY KPO3 AYXU
BPEMEHCKM nepuod, a wuxoBa Op3vHa u dasHa
aKTUBHOCT 3aBWCHW Cy of Op3vHe HeOTEKTOHCKOr
TOH-EHA Y AUHAMUYKOT PeXMMa y CaMOM BOLOTOKY.

Ha cnuum 2, lwemaTcku cy npukasaHa Tpu ctagujyma
peakuuje NpupoaHe NaguHe Koju MOry KOPeKkTHO Aa
WNycTpyjy pas3BOjHM TOK Mpoueca Kikewa Y
noMeHyTuM ycrnoBuma. [Hakne y cragujymy 1, 36or
TOHwEHa TepeHa W u3au3akba Koputa  peke,
nNpBOBUTHO KOPUTO TOHE, a Ha naguHama ce
nctoBpemeHo ofgujajy OypHu npouecu Knvkena
ONPEKTHO u3asBaHu MaTuLoM peke. Hosodopmumpanm
rpaButaLmoHn 6asuc, y ogHocy Ha ,0“ ctawe caga je

Qa8 aq

Eroziona podina

BMLUW, A CE N FPaHNYHe, KPUTUYHE 30HE KIn3amsa Mno
OyOuHM, NpemMeluTajy Ha HMBO HOBOYCMOCTaBIbEHOr
OHa pedHor kopuTa, To 3Hauu ga y oBOM cTtagujymy
Jonasn A0 CroXeHujux MaHudecTauumja Krvbkensa
ONOKOBCKOr TuUnNa Y3 W3paXeHO TpaHCraToOpHO
noMepame N MUCTOBpPEMEHY poTauujy OrnokoBa, Ayx
HoBOGhOpPMUMpPaHE KINN3HE PaBHM.

Y Il n lll ctagnjymy noHaBrba ce UCTU MexaHu3am
nokpeTa 4uvje ce nocneguue pednekTyjy BUCOKO Ha
naguHu y Buay HarnaweHmx npomeHa npBobUTHor
perceda. Hactaje Tuncka knu3Ha mopdpornoruja ca
nojaBama WHBEpPCHOr perbeda, BMOSBMBUM
JeHuBenauvjama y MOOYKHOM Harmby nagwvHa,
KIMM3HMM YEOHUM OTCeuMmMa 1 TepacmMpaHum KImnsHnM
3apaBHUMa, nojaBamMa 3abapuBara u cn. lNpouec ce
oABMja  CTUXMjCKM, anuM unak y3  ogpeheHy
3aKOHOMEPHOCT 3aBMCHO Of, OOCTUIHYTOr cTagujyma
pa3Boja peyHor Koputa W YKynHe amnauTyge
HEOTEKTOHCKOT TOHeH-a. TO MPaKTUYHO 3Ha4M a ce 'y
CBaKOM HapeaHOM LMKIycy HOBOGOpMMpPaHa Krmn3Ha
paBaH uNW 30Ha HamasM usHag npeTxoaHe u ga
npema onwTemM CTakwy MNpUPOAHE KOHCTPyKuuje
TepeHa He NMoCTOoje YCroBM 3a HacTaHaK MOAHOXNYHOT
cnoma. Crtape knmMsHe noBpwuHe ctagujyma | un ll,
nexe jeagHa nsHag apyre. MehycobHo cy napanenHe,
CyOXOPW3OHTANHOr 40 XOPMW3OHTarHOr Cy npyxama
unu 6raro HarHyTe npema peum [yHaB n Hanase ce
ucrnon cajallker Ha Koputa peke. YMEecTO jacHo
npenapucaHe KnusHe MOBpLUMHE, Y Hajaybrboj 30HM
KnuM3awa CBakor Of MpuKasaHux cTagujyma, mory
OMTK NpucyTHe 30He knusawa AebreuHe 1,5 - 2,0 m
jep je 3a noctojehu pexnm yHKUMOHMCaka cuctema
Hemoryhe yBek jacHO gedmHucaT pasHy aKTUBHOCT.

Criuka 2. Pa380j kru3Hoe rnpoueca 3asUcHO 00 HEOMEKMOHCKO2 Criywimaka U epo3UoH02 pada Memuue peke

BuTHO je HarmacuTh ga ce NpemeLuTareM KIM3HNUX
noBplwuMHa y nnuhe HUBOE Meha PEXUM U Bp3vHa
Knmxkerwa 3emrbaHMx Maca. Hajgehn nokpetn
oasujahe ce yHyTap ¥ AyX Hajunahe copmupaHe
KnM3He paBHW, OoK he y aybreum “HanyuteHum”

KMM3HMM paBHUMA, MOA yTULAjeM akTUBHe MobuniHe
Mace aohu camo o audpepeHumjanHo - nnacTuyHor
Teyewa - Nysawa Tna. BenvumHa oBor nysawa ce
3Ha4yajHO CMakbyje U MOTMNyHO racu ca nopacToMm
aybuHe.
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Ha ocHoBy wu3HeTOr MOXe ce 3akibyyuTu ga cy
KNMU3He MOBpLUMHE WCNOA [OHa KOpuTa, YCIOBHO
peyeHo “OesonacHe”, y norneny pfarber passoja
KMM3HOr npoueca W [da He TMoCToje  HUKaKBK
npeaycrnoBu Aa ce oHe Y BMAY NOAHOXWYHUX PaBHU
cMuLara akTMBupajy u jaBe y koputy [yHaBa.
UctuHa, Takem cnydajeen cy moryhm camo
cTBapaweM BeluTavykux Ganacta y KOnMHeHOM aeny
HoXwuue, WTo OM 3a nocneguuy MOMMO MMatu
reHepucate HOBUX [JyOrbMX KIU3HWX paBHM ca
NOAHOXMYHUM CITIOMOM.

Ha cnvum 2. ce BMAM Oa akTVBHE MpoLece Kmkeha
Ha OeCHOj, NpaTh MUpHa akymynauuja anysujanHor
HaHoca, Ha NneBoj obanu, y3 MocTeneHo nomepane

Oeno3numMoHOr naketa mnpema CynpoTHOj obGanw.
MpukasaHo cTawe pasBoja KIM3HOr npoueca,
ctagujyma lll ekBuBaneHTaH je YKynHO] OebrbuHK

KBapTapHWX anyBujanHux cegvmeHaTa. AnysujanHe
Hacnare Ha neBoj obanu gpXe Yy paBHOTEXWM OO0
npoduna ucnog KoTe AHa caBpeMeHor kopuTta, na je
W TO jedaH oA pasnora npemMeluTaka akTUBHE 30He
Knu3aka y HMBO aKTyemnHor rpaBuTauuoHor 6asuca.
Moxe ce rpybo pehu ga Te Hacrnare npeactaBibajy
KOHTpabanacT y HOXWUM KOju Ce CynpoTCTaBriba
nokpeTnma no AyovHw. MNMpukasaHn epo3noHN LIMKIYC

R T T S

1
Crniuka 3. Passoj

MowTo je 3060or usgusara TepeHa PEeyvHO KOopWUTO
cnyLwTeHo y ogHocy Ha ,0“ ctawe, knu3Ha paBaH he
ce MnocTerneHo npemMeLlTaTM y HUBo HoBoopMmpaHor
rpaButaumoHor 6asmca, 3Haum aybrbe y ogHocy Ha
npeTxoaHo crtawe. igeHTuyHa npouenypa noHosuhe
ce UM Yy HapegHum Gasama y3  CrioXeHuje
MaHudecTaumje Knusawa, Y HEKONMKO HuoBa Mo
OyOuHM MOKpeHyTor knu3Hor Tena. Ha cn. 3,
npvkasaHa je cykuecuja pasBoja knusuwra og ,0¢
ctawa go crtagujyma lll, roe ce 3anaxa, ga he Ha
Kpajy jegoHOr KOMMMETHOr UuuKnyca, Yy OKBUPY
dopMupaHor  KnuauwTa  noctojaT  HEKONWKO
XOpU3oHaTa, 30Ha WM paBHW KuM3awa Of KOojux
CBakuM ofroeapa, ogpefeHom cTagujymy pasBsoja
peyHor koputa 3aBUCHO of Op3vHe U  yKynHe
BPEOHOCTN HEOTEKTOHCKOr U3am3amsa.

ca CrioXXeHuM MaHudecTaumjama Knmketa Ha SeCHO]
n noeehaHoM [ebGSfbMHOM anyBuWjanHUX HaHoca Ha
neBoj obanu ogroBapa KOHCTPATMBHO] AWHAMMWYKO]
drasn pasBoja pedHor Toka.

3.3. Mogenl

Epo3uoHu pad peke [JyHae y kom6uHauyuju
ca HeOMeKMOHCKUM U30u3aH-em

Tpehn wmogen peakuuwje npupogHe  naguHe,
npeactasfba KOMOMHaLUMjy epo3voHOr paga pevHor
TOKa M HEOTEKTOHCKOr usamsarba TepeHa, OOHOCHO
cnywrtawa pHa koputa. MexaHusam yceuawa WU
NpoLUUpMBaHa KopuTa peke 1 y 0OBOM Crny4ajy je uctm
camMoO LWTO ce rpaBuTaumoHn 0Oasnc 36or ausara
TepeHa, nocteneHo cnywrTa (cn. 3).

Y wuHuuMjanHoj dasm 3anoymke npunaronaBame
NnaguHe HOBOHACTANlOM CTaky, OOHOCHO MNOYUH-E
npouec knu3awa o epo3noHor 6asuca npema
BMWMM fenosuMa naguHe. Kao u y npeTxogHom
cnyyajy, OH Cce MaHudecTyje Yy OTKuaamwy,
obpywaBarwy W KnNusaky MOBPLUMHCKMX U OyOrbux
JenoBa MNpUPOOHE  KOHCTPyKuuje TepeHa ca
HOXWYHUM  KapakTepOM  CMULaHA.

NCKIby4nBO

KITU3HO2 Mpoueca 3a8UCHO 00 HEOMEKMOHCKO2 U30U3arba U epo3UoHO2 pada Memuue peKe

3Hauun, 3a pasnuKy of HEOTEKTOHCKOr CryLluTaHa
Kaja ce KIu3He paBHW, 3aBUCHO Of CcTaaujyma
pa3Boja npemeLUTajy Ha Bulle, oBae 360r nsgusara
TepeHa 1 cnywTawa [Ha KopuTa, KNU3He paBHU ce
npemMeLlTajy Ha Huxe.

Ha cynpoTHoj obanu 3a pasnuky og mogena b, Bpwn
ce pefykauvja KBapTapHOr anyBujarnHor nMokpoBa Wnu
HEroBo MOTMYHO epofdoBaHe U CTBapawe AyOoknx
€po3noHUX 3aceka. Micto Tako ctapa peyHa kopwuTa
ctagnjyma “0”, | n Il genMMuM4HO mMnM MNOTAYHO ce
yHAWTaBajy W 3acunajy 3emibaHuM  Macama
dopMMpaHnx  KnusuwTa.  YKynHa — amnnutyda
HEOTEKTOHCKOr M3gu3ara MOXe Ce oapeamuTn Kao
BMCMHCKa pasnuka usmefy HajBulie pevHe Tepace u
CaBpeMeHOr KopuTa.
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Mpema npupoou npoueca, mopen LU, cnaga vy
KaTeropujy WHCTPaTMBHOr OMHAMMWYKOr CTaavjyma
pa3Boja peyvHor Toka. Y pa3martpaHoM MpOCTopy OBaj
Cry4aj ce MOXe jaBUTU camMO Yy OHUM JeroBMMa ToKa
rae nojeavHu CTPYKTYpHU BrnokoBu umajy TeHaeHUujy
n3gmsama. bpavHa nomepara KnM3HOr Tena, Kao u
nepviogy nosehaHe UM cMareHe akTUBHOCTU YHyTap
chopmmpaHor KnmaunwiTa y AUPEKTHOj Cy 3aBUCHOCTU 04
KOMMYMHE KIn3aeM MNOKPEHYTUX U HaroMunaHux
3eMIbaHnX Maca y HOXuULM ucnog nospLUvHe Boae, Ha
AHy [lyHaBa, n pacrnonoxmBe KWHETUYKE eHepruje
pe4yHe Boae, cnocobHe ga ,oumcTu” AHO of TMX Maca.
Y no4eTHOM CTaavjymy Kaja matvua peke OUPEKTHO
Hanaga jegHy og obana, ogHoc usMehy eposvoHor
paga v akymyrnauumje Ha npoTuuajHoM npodouny je
ypaBHoTexXeH. To 3Haun, fa he y 30HKM gejctBa matuue
gonasutn o gedwvumta, a y 30HM akymynauuje
cydmuuta maca. loTkonaBakeM K MNOAJSIOKaBaH-EM
obane y geny HanagHyTe NagvMHe NOYuH-e OTKUOAHE U
oOpoH-aBake MaTepujarna Ha MagvHM U HEroBO
OErnoHOBake Yy PEYHOM KOPUTY Y3 MWCTOBPEMEHO
aKTMBUpaHE KNKeHa Y HoXMUM. HarommnaHe mace y
NOJHOXjy nNaguHe, YHyTap Koputa MpUBPEMEHO
yCcropaeajy epo3voHe Mnpouece jep je matviua peke
,00rypHyTa“ op obane. [Jarbum passojeM KIn3Hor
npoweca, y HOXWYHOM [erny Cce HaroMunaBajy cBe
Behe KonuuvMHe Knu3Hor Tena, AHo y obanHom peny
onnvhaea, a Boda Yy peuy uma 3aHemaprbuBy yrnory
Kao epo3VoHOr areHca jep ce MaTviua peke ogbuja
npema cpeavHu BodoToka. 3aBpLUeTKOM oBe dhase
Tpeba o4vekMBaTM CTagujyMm CMMpMBaHa KrM3HOr
npoueca, nNa 4Yak W TanoXewe CyCneHOOBaHOr W
By4eHOr HaHoca y obanckom nogpydjy. Bpewme
MUpoBaka Tpajahe cBe OOTNe OOK ce MaTuua peke
MOHOBO He npubnwku obanu, OOHOCHO He opHece
Behn Oeo KIu3HyTor matepujana w3 koputa. Kaga ce
TO [JECU MOYNHE HOBM KIM3HW LIMKIYC, Y MOYETKY ca
pagukanHuMm nomMeparuma Tra y obanckom nogpydjy,
a 3aTMM ca MOCTEMNEHNM CMMPVBaHkeM MoKpeTa Mo
OyOvHM U1 noBpwWHU TepeHa. W3  pocapalimsmx
orcepBaumja MOXe Ce 3aKiby4uTh Aa je epo3voHn pag
MaTULe peke [MaBHM Y3POYHUK HacTaHKa KM3uULTa,
HMXOBE MPOCTOPHO-BPEMEHCKE €eBofyLMje U pexuma
W OWHaMUKEe akTMBHOCTW. Taj npouec Moxe ce
oABujaTn y cagejcTBy ca HEOTEKTOHCKOM aKTMBHOLWhY
(KoHCTpaTMBHa WM WHCTpaTMBHa pasa), anm WCTo
Tako n 6e3 we (nepcrpatmBHa pasa), WITO je BPro
3Ha4ajHO y OOHOCY Ha Heke JocajallHe CTaBOBE U
MULLIbEHA.

4. MPOBEPA XUNOTE3E HA NPUMEPY
KIMA3SULLTA “MOCT CNIOBOAE" Y
HOBOM CAQY

KnuaunwTte “Moct Cnobope” Hamasu ce Ha [EecHO]
obann peke [yHaBa, Hu3BogHO op Cpemcke
KameHuue, y LMPEM OKpYXXEHY OKO MOMEHYTOr
MocrTa. Mpeko cpeanHe KnNMauwTa npenasy MocT Koju

crnaja cpemcky ca 6aykom CTpaHOM, OJHOCHO CTapu
Aeo Hosor Caga ca Muwwenykom.

MaguHckn peo TepeHa Ha pecHoj obanu uamehy
KopuTa peke [lyHaBa W fniecHor nnatoa, Ha kot 106 -
120 m. H.B. uMa CRNoXeHy MoOpdONMIacTumky,
KapakTepuctudHy 3a TUNWYHE KIIM3HE  pejoHe.
OpnnuKyje ce NPOMEHIbUBMM MOZYKHMM Harmbom ca
YECTUM CKOKOBWUTWM Npenasvma, BUOSbUMBMM JTY4HO
3acBoheHUM oTceumma, TpOyLacTuMm ucnynyewmma,
OoBarnHuUM  yayOrbewuma, WHBEPCHUM  obnuuuma
pereepa ca  KOHTpa  Harmbuma, nojaBama
3abapuBatba 1 cn. lNpocedyaH HarmMb nagvHe y Tom
neny kpehe ce o 4 - 5° petko 8°.

[yHaB npeacrtaBrba rnaBHM BOOOTOK. Y HELABHO]
reofIoLKoj MPOLUSIOCTU, OH je CTasiHO MeHao CBOj
MPOCTOPHM MOMOXaj a HEeroBO MPBOOUTHO KOPUTO
Hanasuno oko 20 km ceeepHuje og Hoeor Caga. Ha
OBO YyKasyje U HM3 POCUITHUX MeaHZapCKMX JykoBa
KOju Cy ce MOCTENEeHO NpemeLlTanu o ceBepa npema
jyry. PasmaTtpaHa nokaumja Knuauwita Hanaswm ce y
Jeny TepeHa rge mMaTvua y AUPEKTHOM KOHTaKTy ca
obanom BpLUM 3HaYajaH epo3noHK pag.

KnuanwTte je copmupaHo Ha naguHu, Of camor
koputa peke [lyHaBa o necHor nnartoa Mwuwenyk.
OyxvHa nojase je 400 m, wwmpuHa 300 m, koTa yena
je Ha 95 - 106 m. H.B., KOTa HOXMLE Ha 65-70 M H.B.,
a BMCMHCKa pasnuka uamehy yena n Hoxuue U3Hocu
30 - 36 m. TllpoceyaH Harmb TepeHa yHyTap
dopmupaHor KnusHor tena kpehe ce og 4 - 5°.
UcTpaxmnBawnma je yTBpPHEHO HEKONMMKO KIM3HUX
30Ha No AyouHW 1 Hajoybrea 3oHa moryhux nokpeta
(rmT. 3, 24, 33 n 34). eogeTcknm ockynTauunjama
ctybosa mocTa (cTyboBu 17-22) ytBpheHo je, oa ce
OHW nomepajy y npasuy [lyHasa, roauHe npoceyvHo
5 - 35 mm. (npocek 3a nepvog of 12 roguHa).
Hajsehu nokpeTu no AyorHM yTBpheHu
WHKNMHOMETaPCKUM MepereM Hanase ce Ha 26,0 -
35,0 m, og nospLunHe TepeHa (koTa 56 - 60 m). Y
OBOj 30HW aKTMBHWUX MOKpeTa KymyrnaTUBHU MOMak
KnusHor Tena msHocu 9 -12,0 mm (3a 4 roguHe).
lMpema noctojehrm nogauuma, HoXuua KnusnwTa je
NoAHOXWYHOr Tuna m Hanasm ce oko 100 - 150 m.
yAarbeHa of obane, y peum [yHas.

4.1. Pe3yntaTtu nomepama

[MpoBepa xvnoTese O HACTaHKy KNM3ULITa Ha OECHO)
obann [yHaBa m3BpLUEHA je KpPO3 KOMEHTap
pesynTarta gocafallhbnx UCTpaXmnBara Ha Knu3nwTy
“Moct Cnoboge” kog Hosor Caga, 1 oueHy Y KOjoj
MepM ce OHM yKknanajy y Aate TeopeTcke OKBUPE.

TpeHyTHO HajBehe auneme ko4 MOMEHYTOr KNU3uLiTa
Cy: Ja nu ce ucnopj AHa KopuTta peke Hanase gyboke
KIn3He noBpLunHe ca NOAHOXMUYHUM
MaHudecTaumjama Knwkewa, ga nv ce ycrnepq tora
OHo [lyHaBa wu3gwke W rae je rpaHuvba Hoxuue
knmaunwrTa y koputy [yHaBa.
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l'eHe3a knuauwTa Ha aecHoj obanm lyHasa koa Hosor Capa

Mpema npupoan €epo3voHOr npoueca U npukasaHor
MexaHu3ma peakumje NpUpoAHe naguHe, O4UrneaHo je
4a ce MpoLeC Krvkehwa passuja of rpaBuTaLMOHOr
Gasuca npema XWNCOMETPUjCKM BUWMM OefioBMMa
nagvHe M TO yBEK ca MaHudecTaumjama HOXUYHOT
cMuuawa. MakcumanHa fgybvHa Kwkewa y TOM
criydajy mMopa ogroBapaTy KOTU MoguHe KBapTapHUX
anyBuvjanHnx cegMmeHaTa Ha neBoj obanu [yHaea. Ha
OCHOBY pesyntata WCTpaxHor Oywerwa y camom
KOpuTy peke, yTBpheHo je, aa of pexu byHapa RB-III,
Ha neBoj obGann, AyX exocoHaapckor npocduna
ynpaBHOIr Ha TOK peke, Ha AyxuHM 257,0m, npema
aecHoj obanu, y rpafu gHa yyecTByjy MNECKOBUTO-
LWrbYHKOBUTK CeauMeEHTU dpaumje Koputa, yjeaHadyeHe
nebrbuHe, Ynja ce noamHa Hanasu Ha kot 60,61- 62,2
m H.B. MakcumanHa OybuHa KivKewa Ha [OEeCHO)
obanu Hanasn ce Ha kotu 55,6m H.B. (BI-6) - 60,2m
H.B. (BI-2) Ha wHknMHomeTapckom npodouny 1 (IP-T),
OAHOCHO 56,6-65,5m H.B., Ha IP-2. Pasnuka uamehy
KOTe MNOAMHE KBapTapa Ha IleBOj M MakcumarHe
aybuHe knwxkewa Ha aecHoj obanu, og 0,41 - 479 m
Hanasn ce y rpaHviuamMa TeopeTcke TonepaHuumje. Y
BE3M C TUM CUFYPHO Ce MOXe 3aKbyduTu, ga ce
koputo peke [yHaBa HamasM Yy nNepcTpaTuMBHO)
AvHaMunukoj a3 passoja. 3a camoO KIM3uwTe TO
3HayM, Oa ce MakcumanHa OybvHa Krnvkerwa Mopa
HarasuTM Yy HMBOY MoAMHE cegumeHaTta daumje
kopuTta (cn. 4). MNoTonorbeHn Oeo HoXuue, u3Hag
KPUTUYHE KNN3HE MOBPLUMHE, KOjU cada npeacTaBrba
[OHO peke, y CTBapM je KIM3HO TEeNOo KOje je KIKEHEM
CMakHYTO Yy BOJOTOK, MPEKPUIO W  MacKvparo
NpUPOOHO OHO M OArypHYro matuuy peke of obane
npema cpeguHn koputa. WctaHyaBamwe [ebrbuHe
KIMM3HOr Tena y TOM MNOTONSbEHOM Aerny HacTarno je
pagoM MaTtuue peke y asm npogybrbaBara Koputa u
nornpeyHMm cTpyjaem Boge. Ha ocHoBy npoceyHe
BpeaHocTn 6p3vHe Boge MoOXe ce 3aKbyduTu da je
epo3vja OHa Bpro Wu3paxeHa, M Oa je Hoxuua
KnuMauwTa y wupnHu nojaca, 50m, n Ha ygarseHocTu
100-150m, op obane, ckopo NOTMYHO ogHeTa.

MpaHyua HoxuUe knu3nwTa y [lyHaBy, 3a caga je jow
yBek HepeduHucaHa. lMNMpema noctojehum nogaumma
CUIYpHO je KOHCTaToBaHO, Aa ce y OywoTtuHu B-8,
yoaroeHoj 85 m, og aecHe obane y camoj peum, UCMog
OHa cajawser kopuTa Hanase jJerpagvpaHn wu
nopemeheHn matepujanu ropkwer nauoleHa, a ucnog
bera pacnabroeHa 3oHa UCTMX ceauMeHata. Ha
NCTOM MHXXEH-E€PCKOreoroLKoM Npoduny y 6yLoTuHu,
S-16 ynarseHoj oko 140m, og B-8 npema nesoj o6anw,
yTBphEeHU Cy LUIbYHKOBUTM MECKOBU dhalumje KopuTa.
Mpema oBMM nogauyMa cnegu ga ce T3B. ePO3MOHU
npar Kao rpaHvga n3melhy epo3noHe 1 akymynaumoHe
30He Hanasu Ha yaarbeHoctn oko 110-130m of gecHe
obane y kopuTy peke. Y Tom aujanasoHy Tpeba ga ce
Hanasu rpaHvua Hoxuue knuauwTa. [paHuua namenhy
€po3MoHEe W aKymynauuoHe 30He npeacTaBrba, Y

KOHCTaHTHOI MoAyXHOr nomepara koputa [yHaBa
npema jyry yKynHo nomepare obancke nuHuje
nsHocuno je 120 - 130 m. unemy ga nun ce wmcnog
koputa [lyHaBa Hanasu jow jegHa wunum Buie Oy6okux
30Ha KNKera ca NOAHOXMYHUM CMULakeM 3a caja
Tpeba onbaunTtn 13 apa pasnora. MpBu pasnor je T3]
LUITO MHKITMHOMETAPCKMM MepereM, Te ayboke KnmaHe
NnoBpLUMHE HWUCY KOHCTaToBaHe. [pyrn pasrnor je, WTo
npema M3HeToj XMNoTesun, NPUCYCTBO AyOOKMX KIU3HNX
noBpLIMHa uUCMopg, rpasuTaumMoHor 6asmca mopa fa
Oyoe  KOMneH3oBaHO  agekBaTHOM  AebrbuHOM
anysujanHux cegumeHata daumje kKopuTa, OOHOCHO
HEOTEKTOHCKMM TOH-EHEM TEpPEeHa W penaTtuBHUM
n3am3awem gHa koputa peke. [NpeBegeHo Ha cTamwe
Ha TepeHy, TO 3HauM Ja uWCnoA KOHCTaToBaHor
epo3noHor 6asnca, Ha kotM 55,62 m H.B., OAHOCHO
60,61 m H.B., Ha AecHoj obanu He Mory nocTojaTu
KINM3He NoBpLUMHE.

AKTVMBHOCT KIM3HOr MpoLieca OLEH-eHA je Ha OCHOBY
cegaMm  yrpaheHMx  WHKIMHOMETApPCKUX  COHAM
nouMpaHux Ha [OBa KapakTepucTudHa npodwmna,
OOHOCHO 13 M3BpLUEHMX Mepersa y nepuody of cca
3,5 roguHe. Npema oBum nogaumma yTBpheHo je aa ce
nokpeTn y TNy OABWjajy reHepanHo y npa 3acebHa
XOPW30HTa. Y MpeoM XOpU3OHMY- aKTUBHOj 30HM
KNUXewa, MOKPETU Cce Yy penaTMBHUM OJHOCUMA,
[JellaBajy Ha pasnuunTtMMm HuMBouMma no AyowvHu: 3,5 -
7.0- 16,0 m (BI-1); 17,5 m (BI-5); 25 - 28,50 (BI-3, Bl-4
n BI-6) n 34,5 m. (BI-2). MehyTtnm, koTe Hajoybree
aKTUBHE (KPUTUYHE) KNN3HE MOBPLUUHE Y anconyTHUM
BpeaHocTuma Kpehy ce y pacnoHy 55,62 - 60,20 m, Ha
WHKNMHoMeTapckoMm npocouny 1 (IP-1), go 56,58 -
65,50 m (IP-2). YkynaH kymynatmBaH nomak 3a 3,5
roguHe msHocu 9 - 15 mm. Opyrn XOpW3OHT - 30Ha
ny3aka TNna no3vuujCku je CMelUTeHa Ucnog akTUBHE
30HE KIWKEewa W JHa KopuTa peke, ca YKYNHUM
KyMynaTMBHUM Momauuma y Tiy og 3 - 4 mm, 3a uctu
BpEMEHCKM nepuod. Y KOHTaKTHOj 30HW Ca 30HOM
KNWKera, kao peakuuja Tra Ha MOKpeTe M3 aKTUBHE
30He, AndhepeHLmjanto - NIIacTUYHO TEYEHE - My3are
Tra, uma HewTo Behe BpegHOCTH (2 - 4 mm), a 3aTuM
ce OHO ca nopacToM aybvHe nocTteneHo ryoun. 3oHa
nysara npotexe ce no gybuHn go kota 55,62 — 60,0
m H.B., yKynHe gebrounHe 37,0 — 48,0 m. Vicnoa 3oHe
nysawa Hanasum ce crabunaH TepeH 06e3 KKakBuUX
perncTpoBaHux nokpeTa (cn. 4).

KnusHu npouec, kako je To paHuje HarnaweHo, oasuja
Ce CMOHTaHO oA rpaBuTaumoHor 6asnca npema BULLMM
AernoBuMa TepeHa, AyX jeANHCTBEHE KPUTUYHE KITU3HE
MOBpLUMHE,  TPAHCNATOPHWUM  MNOMeparem  Tpu
He3aBuCHa knu3Ha Ornoka. M3Hag rmaBHe KpuTNuHe
KrnM3He NoBpLUUHE, Y KNU3HOM Teny ce oasujajy nnuhu
MOKpeTn 3emsbaHux Maca Mawux pasmepa. C
0031poM Ha KBanuTaTVBHO — KBAHTUTATWBHA CBOjCTBA
NpupodHe reomnoLKe KOHCTPyKUMje, KOA4 KMauwTa

“ ,. .MocTt Cnoboge“ He Tpeba ouekmBaTn Heke
CTBapy €pO3NOHU npar. OOHOCHO “HynTy” obancky ALVKATHUG ﬂOK oTe F; M3Ho  Teno  Kkao
nuHWjy OecHe naguwHcke cTpaHe [yHaBa opakne je Pan ) pere, A
! jeonHcTBEeHa Maca knusHe y [yHas, Beh camo
noyeno HEeHO yHasagHO nomepare npema jyry. Og MCbEPEHLIMANHO-NACTUMHO TENeHsS Ta
MOMeHTa dopMupara KIMauwta Wy  TOKY A PEHLM ’
Myt u caobpahaj, LIX, 1/2013, 71-79 77



Jby6omup Pokuh

lMopen HaBeoeHWx y3poka HacTaHka, Ha aKTUBHOCT
KnuM3aunwTa 3Ha4yajHO yTudy noA3eMHe Bode U3
,CPeMcke cepuje“ HenocpegHor 3anefa n obopuHcke
BOOEe Koje ce penatMBHO 6p30 MHAMNTPALMOHO
npouehyjy y noasemroe usmehy 6rokoea 1-2 n 2-3,
rae OVPEKTHO NpUXpakbyjy KNM3HY paBaH akTVBHE 30He
knvkerba. Mopep Tora 650K 2, y MOMEHTY OOHOLLEHA
MaTtepujana y noTonybeHOM Aeny HOoXuLe, NoHalla ce
Kao ,KMWH" KOjU TPaHCNAaTOPHO MOTUCKYjEe KMU3HO Tero
npema peun [yHas.

MpopayyHoM CTabunHOCTWM KrM3HOr Tera Ha cn. 4.,
curypHo je, ga he ce no CBUM TEOTEXHUYKUM
napameTpuma, Oobutn ga je oHo crtabunHo. To je
Ta4yHO Kagja ce CTabunHOCT aHanuMTUYKM TpeTupa
no3Hatum un npuxsaheHnMm meTogama u MocTynumma
npopayyHa UTepaumjoMm reoTeXHNYKNX napameTtapa 3a
pasnuuMTe YycnoBe [JOK ce He pobuje nornyHo
peweke. CywTuHa npopadyHa cTabunHocTM 3a
OyHaBCKa  KMM3WWTa, METOZOMOWKM Cce  Mopa
pasnukoBaTM Of [JocajalliMX KOHBEHLMOHAMHUX
meTtoaa, NCTOBPEMEHOM MynTUnapameTapckoM
cMMmynauujom  eposvoHor paga peke [yHasa,
reoTeXHWYKMX NapameTapa Yy KIusuwwTy, yTuuaja
nog3emMHMX Boda M OCuMIoBama BOAOCTaja y KOpUTY
peke. Ha paHawrwem HMBOY pasBoja padvyHapcke
TEXHMKe 0Baj Npobnem je 0bjekTnBHO Moryhe peLumnTu.

5. SAKIbYYAK

Ha ocHoBY u3HeTVx CTaBOBa M KOHCTaTauuja Mory ce

nssectu cnegehm sakbyyum:

—leonowka rpaha TepeHa npema cBOM nuToO/
dauujanHom cacTasy, CTPYKTYPHO-TEKCTYPUM
KapakTepucTvkama, cTeneHy  OujareHese n
KBanMTaTVBHO -  KBaHTUTaTMBHUM  CBOjCTBMMA
HeOreHVX ceduMMeHaTa, MpeacTaBiba MOBOSbLHY
CpeavHy 3a pa3Boj era3oreHo-reosioLKnx npowueca u
rnojasa.

—ImaBHK y3pok HacTaHka knusumwTa ,Moct Cnoboge”
W OyHaBckux knuauwTa oko H. Capa je eposvioHu
pag peke [dyHaBa. KnuaunwTte je npema BpemeHy
HacTaHka, cTapo, Ayboko go Bpro Ayboko, ca
MaHudecTaumjama nokpeTa y BMAY TpaHCraTopHOr
noMepawa  OTKMHYTUX  OMNOKOBa,  HOXWMYHUM
CMULUA@HEM W MOTOMSBEHOM HOXMWLIOM Y  KOpPUTY
OyHaBa.

—YHyTap chopMMpaHor KnmMauwTa, akTMBHOCT KMM3HOr
npoLeca Be3aHa je 3a MoA3eMHe BOoAe W3 BULLINX
JernoBa  naguHe, OOHOCHO M3  MECKOBUTO-
LbYHKOBUTUX Hacnara ,Cpemcke cepuje”, u3 saneha
M MIMOLEHCKMX ceagMMeHaTa y M M3BaH KIM3Hor
Tena. Ha pexum noasemMHUMx Boda yTMdy MU
obopuHCcke BOOE Koje CBOjOM  rpaBUTaLMOHOM
WHUNTPaLMjOM ca MNOBPLUMHE TepeHa, Yy AOMEHY
ctyda C-21, [UpPeKTHO Mpuxpamyjy  KInsHy
MOBPLLMHY.

—CaHauuja knu3nwTa Moxe ce nNocTuhu 3axeBaTareM
Nnoa3eMHMX BOAA OPEHAXHWM KOHCTpyKuujama u

n3pagom oaroapajyhe obanoyTepaHe rpafheBuHe 3a
HeyTpanuncahe epo3nNoHOr pada peke [yHaB.

—Kop npopadyHa cTabunHoCcT! AyHaBCKUX KIU3ULLITA,
KNmKee Cce Mopa TpeTupaTn Kao BPEMEHCKU
OyroTpajaH KOHTUHYMpaHW MNpOoLEeC, OOHOCHO Kpo3
WUCTOBPEMEHY CUMyrNagujy eposunje Yy KOpuTy,
JeHvBenaumje BOOOCTaja,  (PUBNYKO-MEXAHMNYKNX
CBOjCTaBa CTEHCKOI MacuBa 1 NoA3eMHMX Boa.
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l'eHe3a knuauwTa Ha aecHoj obanm lyHasa koa Hosor Capa
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IN MEMORIAM

dr Ljubomir — Petar — Rokié, Prof. emeritus
(1938 — 2012)

U subotu 22. decembra 2012. godine, ovozemaljski Zivot napustio
je Prof. dr Ljubomir Rokié, u porodici, kod prijatelja i kolega zvani
Ljuba, jedan od vrio znaCajnih geoloskih inzenjera (uZa specijalnost
inZenjerska geologija i geotehnika) u drugoj polovini XX; i pocetkom
XXl veka na prostoru Srbije, odnosno bivse SFR Jugoslavije.

Zivotni put Ljubomira Rokica, tipican je za jedno vreme i mnoge
Zivote u tom vremenu. Roden je u Sremskoj Mitrovici 28.07. 1938.
godine. Osnovnu Skolu i gimnaziju zavrsio je u Sremskoj Mitrovici, a
Rudarsko-geoloski fakultet u Beogradu. Nakon odsluZenja vojnog
roka, 1964.g. zaposlio se u Sarajevu, u Zavodu za inZenjersku
geologiju i hidrogeologiju Gradevinskog fakulteta, gde je radio na
fundamentalnim geoloskim, inZenjersko- geoloskim i geotehnickim
istrazivanjima za potrebe izgradnje raznovrsnih gradevinskih
objekata: hidroenergetskih, vodoprivrednih, posebno putnih i
Zeleznickih saobracajnica, a zatim za potrebe prostornog i urbanog
planiranja, te istrazivanja i sanacije klizista.

Uporedo sa strucnom aktivno§cu posvetio se naucno — nastavnom
radu na Gradevinskom fakultetu u Sarajevu, gde je 1970. god.
izabran za asistenta na geoloskim predmetima, a nakon odbrane
doktorske disertacije u Zagrebu, 1978. godine izabran je za docenta,
a kasnije za vanrednog, . redovnog profesora na predmetima
“Geologija”, “InZenjerska geologija” i “InZenjerska geologija i
hidrogeologija”. Pored Sarajeva povremeno je drZao nastavu na
Rudarsko — geoloskom fakultetu u Tuzl, na redovnim i
postdiplomskim studijama iz predmeta “InZenjerska geologija” i
“InZenjerskogeolosko projektovanje”.

1981. godine prelazi u Zavod za geotehniku i fundiranje
Gradevinskog fakulteta u Sarajevu, a 1991.godine u Zavod za
vodoprivredu BiH. Ratne godine proveo je u Sarajevu, a 1995.,
nakon izlaska iz Sarajeva, zaposlio se u Institutu za puteve u
Beogradu, gde ostaje do 1999. god., kada se iz porodicnih razloga,
ponovo vraéa u Sarajevo.

Dolaskom u Beograd, 1995. god. pored rada u Institutu za puteve
na inZenjerskogeoloskoj i geotehnickoj problematici za potrebe
puteva, izabran je za profesora Gradevinskog fakulteta u
Beogradu, na redovnim studijama iz predmeta “Osnove
geologije” i “Inzenjerska geologija”.

Po povratku u Sarajevo, ponovo zasniva radni odnos u Zavodu za
geotehniku i fundiranje Gradevinskog fakulteta u Sarajevu, odakle
2006.9. odlaziu penziju.

U toku svoje strucne i naucne aktivnosti objavio je jednu knjigu, Cetiri
monografije, preko 110 naucnih i struénih radova u zemlji ili
inostranstvu, 30 studijskih projekata, istraZivanja za preko 300
Klizista na teritoriji Srbije i Bosne i Hercegovine, i preko 600 strucnih
elaborata, za razlicite objekte, radi definisanja njihovih uslova
projektovanja i izgradnje. Zatim je ucestvovao u brojnim analizama i
ekspertizama, kao i radu vise strukovnih i naucnih asocijacija i
udruZenja, kako na prostoru bivse SFRJ, tako i na medunarodnom
nivou. Znacajan deo tih radova i njegovih drugih ostvarenja, kao i
brojne knjige, preko 500 primeraka publikacija i broura, koje se
odnose na Sire strucne oblasti kojima se Ljuba bavio, a koje su
namenjene kao poklon za koricenje i edukaciju, buducih struénih
pokolenja, posebno mladih — nalaze se u arhivi strucne i naucne
dokumentacije, odnosno u Biblioteci Instituta za puteve AD
Beograd.

Ovo kratko nabrajanje je, u stvari, prikaz impresivnog Ljubinog
radnog i Zivotnog puta, a rezultat fog rada, bio je veoma
znacajan trag u nauci i struci, fj. znacajan i vredan doprinos teoriji
i praksi istraZivackog rada za potrebe graditeljstva. Zato je njegovo
delo ostavilo prepoznatljiv trag u nasoj memoriji i inZenjerskoj
praksi, odnosno op$toj kulturi. Iz Ljubine bogate naucne i strucne
aktivnosti, kao autora i koautora, posebnu paznju zasluzuju njegovi
struéno-naucni radovi, koji se odnose na reSavanje geolosko —
geotehnicke problematike za potrebe putne i druge saobracajne
infrastrukture. Ovom prilikom, iz mnoStva radova, koji su ostavili
traga u razvoju geotehnicke struke u Srbiji, izdvajamo samo jedan.

Po odlasku u penziju Ljuba je i dalje u struénom smislu bio aktivan.
Prakti¢no, sve do svoje smrti interesovao se, pomagao mladim
kolegama i radio na aktuelnim problemima iz primenjene geologije.

Za njega se slobodno moZe reéi da ljudski Zivot vredi, samo onoliko
koliko vrede ostvarenja i rezultati tog zivota. Inae, Prof. dr
Ljubomir Roki¢ je imao naporan i radan Zivot, kao i sre¢u da u tom
Zivotu ostvari, daleko nadprosene vredne rezultate. Zahvaljujuci
tome, Ljubomir Roki¢, je bio jedan od vrlo znadajnih inZenjera
Srbije i bivse SFRJ, i ostatée u trajnom secanju, svih onih koji su
imali €ast i zadovoljstvo da rade i saraduju sa njim. Za svoj rad je
dobio brojna stru¢na i drustvena priznanja.

Mr Viadeta Vujanic, dipl.inZ.geol.
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KALENDAR SKUPOVA

Domadi i iz regiona struéni skupovi:

“‘PRVI SRPSKI KONGRES O PUTEVIMA ”
April/Maj 2014. SDP “VIA-VITA”

O mestu i tatnom datumu informiSite se preko www.via-vita.org.rs/

Struéni skup “Zakonska regulativa i standardi u putogradnji ”

Maj 2013. SDP *VIA-VITA

O mestu i tatnom datumu informiSite se preko www.via-vita.org.rs/

Godisnja skupstina Srpskog drustva za puteve VIA-VITA
Maj 2013. SDP “VIA-VITA”

O mestu i tatnom datumu informiSite se preko www.via-vita.org.rs/

"Novi horizonti saobracaja i komunikacija 2013", Doboj, 22.i23.

Novembar, 2013.godine, www.novihorizonti.rs.ba

Internacionalni skupovi:

IRF World Meeting 2013
Riyadh, Saudi Arabia, 09 November 2013 - 13 November 2013
http://lwww.irfnet.org/

20th International Symposium on Transportation and Traffic
Theory (ISTTT)
Noordwijk, The Netherlands 17 - 19, 07.2013. www.isttt20.org

XIVth International Winter Road Congress
Andorra la Vella, 4-7 February 2014, http://www.piarc.org

ITA-AITES World tunnel congress
Geneva, Switzerland, May 31 - June 07 2013. www.wtc2013.ch

International Highway Technology Summit
Beijing, China, 16 April 2013. - 18 April 2013.
www.gclt.chinahighway.com

7th IRU Euro-Asian Road Transport Conference
June 12-13, 2013
Amman (Jordan) http://www.iru.org

AASHTO Annual Meeting
Denver CO, USA, 16 October 2013 - 21 October 2013
www.aashto.org

FIDIC Centenary Conference
Barcelona, Spain, 15 September 2013 - 18 September 2013
www.fidic.org/node/970

Asecap Annual Study & Information Days

Dubrovnic, Croatia, 26 May 2013 - 28 May 2013, www.asecap.com

19th International Conference on Urban Transport and the
Environment
Kos, Greece, 29 May 2013 - 31 May 2013, www.wessex.ac.uk

The 13th World Conference on Transportation Research
Rio de Janeiro, Brazil, 15 July 2013 - 18 July 2013,
www2.wctr2013rio.com

5th Transport Research Arena TRA2014 Transport Research
Arena 2014

Paris-la-Defense, France, 14 April 2014 - 17 April 2014
www.tra2014.sciencesconf.org

IZ ISTORIJE PUTARSTVA

Kolovozna struktura rimskih puteva

|||||||

£o 70

Slojevi imskog puta

Rimski drumovi su bili sagradeni da budu izdrZljivi u svim klimatskim
uslovima i da u svako doba godine omoguée sigumu komunikaciju
legionarima u mar3u i brzim glasnicima na konju, taljigama i kolima.
Sastojali su se od dva dela razli¢itog sastava, fj. od osnove i povrSinskog
segmenta. Sirina puta odredivana je kopanjem dva paralelna jarka, a zatim
je prostor izmedu njih praZnjen sve do Cvrste podloge, tj. zdravice. Potom su
formirani nasipi razli¢itih debljina, koji su omogucavali drenaZu kolovoza.
Takav sistem drenaZe bio je od presudne vaznosti za odrzavanje
kompaktnosti i &vrstine puta, ma kakva bila struktura tla. Te nasipe ispod
kolovoza Rimljani su nazivali terminom ager (.Agger, lat.). Ageri su se
razlikovali prema Sirini i visini. Ponekad se radilo samo o zemljanom nasipu,
a na nekim mestima paZljivo su izgradeni od slojeva kamenja i drugog
materijala. Kod manje vaznih puteva nije bilo agera i put je bio postavijan
direktno na izravnato tlo. Ager je predstavljao osnovu puta i sastojao se od
Cefiri sloja, koji su se redom nizali preko zdravice: 1 je podloga odnosno
posteljica puta (u zavisnosti od vrste terena), 2 statum, 3 rudus, 4 nucleus i
5 summum dorsum (odnosno, pavimentum)

Osnovi sloj, statum, debljine 30-60 cm, bio je nacinjen od ulomaka i vise
redova posebno slozenog plo¢astog i oblog kamena, dobro zalivenog
malterom. U nekim sluCajevima sastojao se samo od viSe slojeva dobro
nabijene gline.

Nakon izvodenja Cvrste osnove puta, pristupalo se postavijanju dva srednja
sloja, rudusa i nukleusa.

Rudus, debljine od 25¢cm, &esto je imao izgled betona sainjenog od redova
dobro nabijenog $ljunka, lomlienog kamena, katkad i fragmenata opeke.

Nukleus, debljine 30-50cm, je fini imski beton od slojeva peska i kre¢nog
maltera. Poznato je da se nukleus ponekad sastojao samo od finog peska.
Sredniji sloj bio je uvek paZljivo graden od finijih i dobro obradenih materijala.
Kod saCuvanih segmenata rimskih puteva uoCava se da je nasipanje iznad
statuma ¢€injeno u viSe uzastopnih slojeva, koji se u poprenom preseku
vide kao slojevi Sljunka i drugog materijala.

PovrSinski stratum, odnosno kolovoz (summum dorsum), razlikovao se od
puta do puta i Cesto je bio ograni¢en kamenim ivi€njacima sa obe strane.
Zastiran je $ljunkom, mada rimski putevi nisu uvek bili pokrivani, pogotovo
na tezim deonicama. Mali komadi kremena ili lomlienog kamena neke
druge vrste takode su kori§¢eni za izradu kolovoza, a upotrebljavane su i
kamene ploce (debljine 20-30 cm).
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ZANIML;IVOSTI

Ovako se Cisti autoput od snega

Pogledajte kako voznja autoputem izgleda u Srbiji, a kako u Hrvatskoj

Srbija
Komentar nije potreban slike govore sve.........

Hrvatska

Jo§ jedan slika iz Hrvatska pod naslovom jos "malo"
snijega iz Like

Sliku je uslikao na$ ¢italac iz Like Damir Klasnja dana 24.2.2013. Slika nosi
naziv " jos malo snijega iz Like". Kao $to vidite kolovoz je cm a sa strane 2
metra snega.

Putarina i za seoske puteve - Medugorje uvodi vinjete za
lokalne ceste ?!?

‘MOSTAR - Svi koji zele posjetiti Svetiste
. kalice mira u Medugorju, od 1. marta ove

.godine morati ¢e platiti vinjetu za koriStenje
fElokalnih  cesta na podrutju  Medugorja.
s Opstinsko vece opstine Citluk donelo je Nacrt

odluke o placanju naknade za prekomjernu
upotrebu lokalnih puteva na podruéju turistickih naselja Medugorie,
Bijakovici i Vionica.

Tektonski kruzni tok u Sloveniji

Struktura  kruZnog toka  koja  koristi
karakteristicne betonske blokove je izgradena
u PodCetrteku u Sloveniji. Kruzni tok od 380
kvadratnih metara je zavrSen je 2012. godine.
Smesten je na prometnoj saobracajnici i nalazi
se izmedu lokalne sportske hale na jednoj
strani i brojnim hotelima na drugoj strani.

Raskrsnlca kola pravi" pare
| 11j1jRaskrsnica u londonskom kvartu Fulam na prvi
Sl pogled ni po ¢emu se ne razlikuje od ostalih u
-~ |britanskoj metropoli - na njoj uglavnom viada
gguzva i nesnosne kolone automobila, motora i
autobusa. Ali, podaci objaviieni u "Sandej
tajmsu" otkrivaju da su proSle godine Cak
40.634 vozaca kaznjena poSto su uhvaceni kako se zaustavijaju unutar
zabranjene zute mreze.

Najludl semafor na svetu

Deset hiljada turista je bilo zbunjeno u pokusaju
da ispostuju signale koje daje ovaj semafor jer
: ma 14 signala. Ovaj ludi semafor zbunjuje ljude
=05 od maja proSle godine, iako su u
Siministarstvu saobracaja naglasili da je on tu
amo radi atrakcije i da ne treba da se poStuje.

Asfaltiranje sa recikliranom plastikom

Tim gradskih zvani¢nika Vankuvera, ukljucujuci
. Pitera Bremnera i DZefa Markovi¢a iz preduzeca
ssmrent Services, su radili sa kompanijom Green
= Vantra iz Toronta kako bi razvili novi proces koji
pretvara 100 odsto reciklirane kuéne plastike u
osak koji se zatim meSa u toplu asfalthu
eSavinu. ,Topla asfaltna meSavina nie u
potpunosti nova stvar, ali ono Sto je jedinstveno u na3oj aplikaciji jeste
koriS¢enje voska koji je proistekao iz reciklirane plastike®, rekla je Karin
Magnuson iz Vankuverske gradevinske direkcije.

Most od transportnlh kontejnera
. Most ,Econtainer arhitektonskog biroa Yoav
lesser Architects ¢e postati prvi most na svetu
apravien od rashodovanih  transportnih
=S kontejnera. Most ¢e premostiti reku Ajalon, i bice
—svojevrstan portal u planirani park Ariel Sharon
kaji ¢e transformisati 2.000 hektara deponije Hirija u prirodni rezervat na
jugoistoku Tel Aviva.

TuneI za becke vodozemce kao zastita od saobracaja

: azlicite vrste Zaba, dazdevnjaka i retkih alpskih
rmoljaka Zive duz ulice Amundsenstrase u
bredelu Sotenvald, delu beckog Vinervalda.
osebno na prolece kada vodozemci idu do
jihovih mrestilista AmundsenStrase predstavija
eliku i opasnu barijeru koju zivotinje moraju
bremostiti. U cilju zastite Zivotinja Grad Bec je
z finansijsku pomo¢ Evropske unije napravio
unel koji Ce zivotinje spasiti od sigurne smrti na
lici. U Be€u ve¢ ima nekoliko tunela ¢ime grad
homaze zivotinjama da bezbedno predu s jedne
btrane ulice na drugu.
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HoBuHcke BeCTH 13 nyTorpagke

Grci prekidaju radove na Koridoru 10 ?
Ukoliko se greke kompanije povuku sa Koridora 10, Srbija
bi mogla da izgubi 66,9 miliona evra za finansiranje
deonica na jugu zemlje. Viada Grcke razmislja o tome da
povuce vedi deo donacije od ukupno 88,7 miliona evra iz
irme "Helenik plan”, koja gradi auto-put od D. Neradovca
do Levosoja.

Nemacki "Herrenknecht" zainteresovan za izgradnju autoputa Bar-Boljari
[pm— 'Nemacka kompania "Herrenknecht", Gjia je specialnost
izgradnja tunela, zanteresovana je za deonicu auto-puta
Bar-Boljari od Smokovca do MateSeva, saopsteno je iz
Ministarstva pomorstva i saobrataja Crne Gore. Sa
predstavnicima te kompanije razgovarao je ju¢e ministar
- pomorstva i saobracaja Ivan Brajovic.

Kobna preticanja na "obilaznici smrti"

Deonica beogradske obilaznice od Dobanovacke petlie do
mosta Ostruznica po broju saobracajnih nezgoda i
apoginulih  vozata moze se uporediti sa Ibarskom
magistralom. Vozadi, koji tuda svakodnevno prolaze ovaj

-put zovu “obilaznica smrti”, a na toj deonici dogodi se 5
saobracajnih nezgoda mesecno.

Terna Zavrsetak tunela kod Dimitrovgrada za 15 meseci

B Grcka kompanija Tema ¢e u narednih 15 meseci zavrsiti
tlizgradnju dva velika tunela kod Dimitrovgrada na istocnom

kraku Koridora 10, rekao je izvrSni direktor Teme zaduZen

7a poslovanje u inostranstvu, Statis Natsis. Tema je

=ugovorila gradnju tunela za 3,83 milijarde dinara, a radovi

se finansiraju iz kredita Svetske banke.

Putari nezadovoljni, vlada usvojila program isplate budzeta

Samostalni sindikat putara Srbije upozorio je da se zbog
nedostatka sredstava u budzetu ova privredna delatnost
nalazi pred kolapsom. U Vladi Srbije je re¢eno da je na
sednici Vlade usvojen program o koris¢enju sredstava za
ovu godinu.

Pocmje obnova mosta na Drini

z::Od 1. aprila poCinju radovi na rekonstrukciji mosta
“Mehmed-pase Sokolovica. Cuvena na Drini ¢uprija

izgradena 1571. godine, od 2007. se nalazi na listi svetske

kultume bastine Uneska. Rekonstrukcija u koju ¢e biti

ulozeno 10 miliona evra, trajace 600 radnih dana. Radove

Ce izvoditi firma ERBU iz Turske.

,,Alplna” nastavila radove na Koridoru
Austrijskoj,Alpini“ zasada ne preti otkaz na deonici
Koridora 10 od Pirota do Dimitrovgrada, posto je u
g, dogovorenom roku nastavila sa radovima, otkriva Dmitar
yDurovic, direktor Koridora Srbije”. Zbog kadnjenja od 18
Imeseci Austrijancima je zapre¢eno raskidom ugovora i
" poviadenjem bankarskih garancija.
Beograd: Tuneli pet godina u mraku!
T Pet godina skoro je proslo, a vozadi kroz tunele "Lipak” i
s {'Zeleznik" prolaze po mrklom mraku. NadleZni iz "Koridora
Srbije" kazu da bi problem trebalo uskoro da bude resen,
jer su se stekli uslovi za nastavak radova, pa bi od marta
trebalo da krene sanacija i opremanje.

T|h| asfalt i zastitne barijere spas od buke
Nivo buke u Beogradu Visi je za 10 do 15 decibela od
- dozvoljenih vrednosti. U skladu sa Zakonom o zastiti od
 |buke, planirano da se izrade nove strateske karte buke i to
sdo 2015godine, kako bi se utvrdila podrudja s
prekoraenim graniénim vrednostima. Na oshovu th
karata planirace se mere za smanjenje buke.

Pocinje izgradnja regionalnog puta od Pribojske Banje do Zlatibora

U Ministarstvu saobracaja potvrdeno je da ¢e na leto 2013.
poceti izgradnja regionalnog puta Banja-Durcici-Leskovac-
Uvac. Projekat je uradio beogradski CIP, a na pribojskoj
Steritoriji asfaltni kolovoz bice dug 12,5 km, dok su znatno
manjeg obima radovi u opétini Cajetina.
Putarina duplo skuplja u Hrvatskoj
Srbija ukupno ima 610 kilometara auto - puteva, upola

== MANjE NEgO susedna, po broju stanovnika i povrSini manja
Hrvatska. Na tim putevima naplacuje se putarina upola
jeftinija nego u Hrvatskoj i znatno jeftinija nego u drugim
zemljama Evrope.

—

KOI'IdOI' 10 - Lane zavrSeno 9km, a ove godlne u planu dvadesetak ??
_Koridoru 10 bice zavrSen tek krajem 2015.g., a, mozda i
2016?. Lane je na drumskom Koridoru 10 zavrSeno
svega 9 km, a ove godine, ako "Alpina" ne "zakaze", plan
—je 20-tak kilometara. Nadlezni izlaze sa cifrom od 220
kilometara u protekle 4 godine, ali nema tu nijednog
kilometara auto-puta u punom profilu.
Most Zemun - Bor¢a se gradi po planu
‘ Radovi na izgradnji mosta Zemun-Bor¢a teku prema
predvidenim rokovima, pa bi posao trebalo da bude
gotov do okt. 2014. "Misim da bi, ako ne bude
nepredvidenih problema, posao mogao da se zavrsi u
roku. Ugovoreni rok istice 27. oktobra 2014. godine", kazao je menadzer projekta,
predstavnik kineske firme CRBS Kang Si Fej.
Prodor srpskih gradevinaca u Angolu

,Potpisian  protokol sa viadom Angole i njenim
__ ministarstvom odbrane o projektovanju, opremanju i
izgradnji viSe objekata u naredne Cetiri godine. Drzavnu
delegaciju je predvodio prvi potpredsednik vlade i
ministar odbrane Aleksandar Vucic.

Svajcarska znacajno poskupljuje vinjete

Svajcarski parlament prihvatio je da se cene vinjeta za
autoputeve, podigne s 33 eura na 82 eura u 2015.
godini. To povecanje cena koje je zatrazila viada, a
parlament usvojio u ponedjeljak sluZit ¢e za finansiranje
gradnje dodatnih 400 kilometara autoputeva. Radi se o
prvom povecaniju cena vinjeta u poslednijih 20 godina.

Kineski CMEC Zeli da gradi obilaznicu oko Beograda

Kineska drzavna kompanija Cajna masineri inZinjering
koroprejSn zainteresovana je da bude izvodac radova
na izgradniji obilaznice Beograda. Dokument o saradniji,
trebalo bi da se potpise izmedu CMEC-a, preduzeca
Koridori Srbije i Ministarstva sacbracaja.

Turski Dogus Holding zainteresovan za izgradnju Koridora 11

- Turska  gradevinska  firma  Dogu$  Holding
zainteresovana je za gradnju dela Koridora 11, saopstio
fie kabinet ministra bez portfelia Sulejmana Ugljanina.
“#Kako se navodi u saopStenju, regionalni menadzer
Dogus gradevinske grupe razgovarao je sa Ugljaninom i
predlozio mu saradnju u izgradnji puteva Srbije.

Kalanowc i Pajti¢ o gradnji autoputa Novi Sad-Ruma

e Ministarka regionalnog razvoja i lokalne samouprave
razgovarala je u Novom Sadu sa pokrajinskim
premijerom o poetku realizacije projekta gradnje
autoputa Novi Sad - Ruma, sa tunelom kroz Frusku
Goru. Rok za izgradnju autoputa Novi Sad - Ruma s
tunelom je ambiciozan, do 2015. godine.

Brdani: Prvi tunel ka moru

U mestu Brdani, nedaleko od Gomjeg Milanovca, radnici
gradevinskog preduzeca ,Planum*” zapoceli su probijanje
tunela, koji Ce biti na trasi buduceg auto-puta Beograd -
(Cacak, od Preline do Takova. Predvidena duzina duZina
tunela iznosi 455 metara.

BiH i Hrvatska: Da li je blizu reSenje za most na Savi?

lzgradnja mosta na rijeci Savi kod Gradiske, veza
sautoputa Banjaluka-Gradiska i autoputa Zagreb-Beograd,
nece poceti pre pocetka 2014. godine. Potrebno je
napraviti reviziju celog projekta, Ciji su troSkovi 42 miliona
B cura. Reviziju ¢e uraditi radna tela resomih ministarstava
BiH iRH.

RUSKA GORA

Beograd Osvetljavanje opasnih raskrsnica

X Sekretarijat za saobracaj ¢e ispitati koje su najopasnije
raskrsnice u gradu i utvrditi da li postoje uslovi da se na
L tim mestima ugradi poja¢ano osvetfienje. Tokom protekle

BANJALUKA - Konzorcijum tri gradevmska preduzeca
predvoden "Integral inzenjeringom" iz Lakta$a, gradice
dionicu koridora 10 na jugu Srbije nakon $to je pobijedio
na tenderu u Zestokoj konkurenciji 10 konzorcijuma i
kompanija iz nekoliko evropskih i azijskih zemalja.
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http://via-vita.org.rs/index.php?option=com_content&task=view&id=1254&Itemid=58
http://via-vita.org.rs/index.php?option=com_content&task=view&id=1239&Itemid=58
http://via-vita.org.rs/index.php?option=com_docman&task=doc_details&gid=53&Itemid=93
http://via-vita.org.rs/index.php?option=com_docman&task=doc_details&gid=53&Itemid=93
http://via-vita.org.rs/index.php?option=com_docman&task=doc_details&gid=53&Itemid=93
http://via-vita.org.rs/index.php?option=com_docman&task=doc_details&gid=53&Itemid=93
http://via-vita.org.rs/index.php?option=com_docman&task=doc_details&gid=53&Itemid=93
http://via-vita.org.rs/index.php?option=com_docman&task=doc_details&gid=53&Itemid=93
http://via-vita.org.rs/index.php?option=com_content&task=view&id=1209&Itemid=58

24

SAOBRACAJNI INSTITUT

[MPOJEKTYJEMO
3A
6YOYRHOCT

Hematuua 6/1V, 11000 Beorpaa, Peny6nuka Cpbuja, Ten: 011/361 69 29, 361 82 87, Fax: 011/361 67 57
website: www.sicip.ce.rs, E-mail: office@sicip.co.rs

Expertise
at every level

Cutting-edge solutions for a connected world

Services of Consulting Engineers

_ Tunnelling and Geotechnics
_ Infrastructure
_ Environment

_ Buildings e o I
[ ——

o T—

Basler & Hofmann

www.baslerhofmann.sk



