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UNIVERSITY OF BELGRADE
Faculty of Civil Engineering

To the Academic Council

Topic: Report on the submitted doctoral dissertation of the candidate Nevena Vajdic MSc CE

Based on the decision No 45/9-13 from 25.03.2016, we are nominated to be members of the
Committee for the review, evaluation and defense of the doctoral dissertation of the candidate
Nevena Vajdic MSc CE, under the title

STOCHASTIC MODEL FOR THE ASSESSMENT OF ACCEPTABLE TOLL RATES
After reviewing submitted dissertation and other relevant materials and interview with the
candidate, Committee has comprised the following

REPORT

1. INTRODUCTION

1.1. Chronology of dissertation development and approval

Proposal of the doctoral dissertation of the candidate Nevena Vajdic MSc CE was submitted
28.01.2013. at the Faculty of Civil Engineering in Belgrade under the title "Development of a
methodology for estimating optimal toll rates for highway concessions".Based on the decision of
the Academic Council of the Faculty of Civil Engineering No. 45/2 from 14.02.2013., the
Committee for the approval of the proposed title of the doctoral dissertation was nominated with the
following members: Associate Professor Goran Mladenovic, Cesar Queiroz (visiting professor at
the Faculty of Civil Engineering, University of Belgrade), Associate Professor Ivan Damnjanovic
(Texas A&M University, College Station, USA), and Associate Professor Nenad Ivanisevic.
Positive report of the Committee for the approval of the proposed doctoral dissertation has been
approved at the meeting of the Academic Council of the Faculty of Civil Engineering hold on
04.04.2013. (decision No. 45/4 from 08.04.2013.). The Academic Council for Civil Engineering
and Urbanism University of Belgrade at the meeting hold at 28.05.2013. has postponed evaluation
of the request for the approval of the proposed doctoral dissertation due to suggested change of the
title (decision No. 61206/1999/2-13 from 28.5.2013.). At the meeting hold on 20.06.2013. the
Academic Council of the Faculty of Civil Engineering, based on the proposal from the Chair for
road, railroad and airport engineering, has approved the changed title of the proposed doctoral
dissertation ,,Stochastic model for the assessment of acceptable toll rates (decision No. 45/7 from
21.06.2013.) and sent further to the Academic Council for Civil Engineering and Urbanism of the
University of Belgrade. The Academic Council for Civil Engineering and Urbanism at the meeting
hold on 24.09.2013.(decision No. 61206/1999/5-13 from 24.09.2013.) has approved the proposed
doctoral dissertation of the candidate Nevena Vajdic with the changed title"Stochastic model for the
assessment of acceptable toll rates".

Candidate has submitted doctoral dissertation to the Student service at the Faculty of Civil
Engineering on 17.03.2016.



1.2. Dissertation scientific area

Subject of doctoral dissertation belongs to the scientific area Civil engineering, specific scientific
area Construction and maintenance of roads and airports and Construction management which are
defined in the Statute of the Faculty of Civil Engineering, University of Belgrade.

Scientific papers which qualify Supervisor, Associate Professor Goran Mladenovic for doctoral
dissertation supervision, published in international scientific journals are:

Category M22

1. Cirilovic, J., Vajdic, N. Mladenovic, G. Queiroz, C.: Developing Cost Estimation Models for
Road Rehabilitation and Reconstruction — Case study: Projects in Europe and Central Asia,
Journal of Construction Engineering and Management, 140(3), 2013.

Category M23

2. Cirilovic, J., Mladenovic,G., Queiroz, C.: Implementation of Preventive Maintenance in
Network-Level ~Optimization: Case Study of the Serbian Low-Volume Road
Network,Transportation Research Record: Journal of the Transportation Research Board, No.
2473, National Research Council, Washington D.C., USA, pp. 49 — 55. DOI: 10.3141/2473-06,
2015.

3. Queiroz, C., Vajdic, N. and Mladenovic, G.: Public-private partnerships in roads and
government support: trends in transition and developing economies, Transportation Planning
and Technology, Vol. 36, No. 3, pp. 231-243, 2013.

4. Mladenovic,G., Cirilovic, J., Queiroz, C.: Network-level pavement management: The case of
Serbian low-volume roads,Transportation Research Record, No. 2205, National Research
Council, Washington D.C., USA, pp. 221 — 228, 2011.

5. Mladenovic, G., Jiang,Y.J., Selezneva, O., Aref, C., Darter, M.:Comparison between As-
Constructed and As-Designed Flexible Pavement Layer Thicknesses, Transportation Research
Record. No. 1853, National Research Council, Washington D.C., USA, pp. 165 — 176,2003.

Scientific paper in international journal indexed in SCOPUS

6. Mladenovic, G., Vajdic, N., Wundsch, B., and Temeljotov-Salaj, A. Use of Key Performance
Indicators for PPP Transport Projects to Meet Stakeholders’ Performance Objectives, Built
Environment Project and Asset Management, 3(2), pp. 228-249, 2013.

1.3.Candidate short bio

Nevena Vajdic is born 20.01.1976. in Belgrade where she completed her primary and high school.
She started her studies at the Faculty of Civil Engineering in 1994 and graduated at 2002 at the
Department of road, railway and airport engineering with grade 10by defending her final work in
Road design "Preliminary design of the interchange "Batajnica" at the intersection of the highway
E-75: Dobanovci - Batajnica and Lenjin Boulevard ". She has completed her studies with the
average grade 7,40. From 2007 t02009 she lived in Texas, USA, where she completed her graduate
studies at the Texas A&M University. She defended her master thesis "Network based evaluation
method for financial analysis of toll roads" at the Department of Civil engineering, Construction
Engineering and Management. Her thesis has been nostrified at the University of Belgrade with the
decision No. 06-613-30/4-10 from 22.02.2010. She submitted her doctoral dissertation proposal at
the Faculty of Civil Engineering, University of Belgrade, in January 2013.



After her graduation, she started working in 2002 in Institute IMS, Belgrade. From 2007 to 2009
she worked as a researcher at the Texas Transportation Institute, USA. From 2011 she has been
employed at the Airport Nikola Tesla, where she works at Technical maintenance department.

From 2010 to 2014 she participated in COST actionTUD1001 “Public Private Partnerships in
Transport: Trends and Theory”, and since2014 she participates in CEDR (Conference of European
Directors of Roads) project X-ARA “Cross Asset Risk Assessment”. Currently, she participates in
Horizon 2020 project BENEFIT “Business Models for Enhancing Funding and Enabling Financing
for Infrastructure in Transport”, as a member of the Faculty of Civil engineering team.

She is married and has two daughters.

2. DISSERTATION DESCRIPTION

2.1. Dissertation content

Doctoral dissertation "Stochastic model for the assessment of acceptable toll rates" of candidate
Nevena Vajdic has in total 128 pages, out of which the main text has 107 pages. Dissertation is
written on English language. Dissertation has seven chapters:

Introduction

Literature review

Research methodology

Deterministic approach

Stochastic approach

Case studies

Summary, conclusions and recommendations

NNk W=

Dissertation has 17 figures and 20 tables. Reference list has 90 titles. Summary is provided on
English and Serbian at the beginning of dissertation, with key words and UDC number. Dissertation
has two appendices. Author's biography is provided at the end of dissertation.

Dissertation is structured according to the requirements of the University of Belgrade Senate and
separate guidebooks for preparing in print and electronic forms of dissertation. It has all necessary
chapters and forms: authorship responsibility, statement about the identical content of in print and
electronic forms, and copyright transfer.

2.2. Short summary of chapters

Main body of the text has seven chapters, reference list and two appendices. Dissertation content
and lists of figures and tables is provided at the beginning.

In the chapter "Introduction", the background of the research topic is provided along with the
overview of specific research area under which the given research is conducted. Problem of
financing transport infrastructure is presented and importance of the Public-Private Partnerships
(PPP) as one of models used for the project delivery. Complexity of long term agreements for PPP
projects is recognized based on number of involved stakeholders and uncertainties involved in the
long term contractual obligations. Setting the basic problem in this dissertation is based on the
existence of different objectives of key stakeholders and risks accompanied with these agreements:
which toll rate fulfills financial terms, on one side, and, on the other side, covers project risks with
certain probabilities. Research objective is methodology development for the assessment of toll
rates which is acceptable for all stakeholders taking into account multiple uncertainties. Expected
benefit in the scientific area is in the application of probabilistic approach in management of
multiple risks in PPP road projects. It is recognized that probabilistic approach can be beneficial for
road state agencies, decision makers, development banks, concessioners, investment funds, and
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academic users. At the end of the chapter, brief summary of dissertation with short description of
chapters is presented.

The Chapter "Literature review" provides an overview of research papers and information about
parameters related to this research. Review starts with an overview of available tools for analysis of
infrastructure projects based on PPP principles, and continues with literature related to topics of
estimation of toll rates, traffic demand elasticities, and risks in PPP road projects. Detailed literature
review is given on the risk modeling such as traffic risk, construction costs risk, and operation and
maintenance costs risk. In chapter conclusion, the availability of advanced multi objective models
for project evaluation and models for optimization of parameters such as section capacity and toll
tariffs is recognized, but the lack of wide application of these models due to their complexity is
highlighted. This problem is further analyzed in this research.

The Chapter "Research methodology" defines framework within which the research is conducted.
The following four aspects considered in this research are: (i) project time frame, (ii) risk
management context, (iii) stakeholder’s network, and (iv) implementation context.All these aspects
are described in detail in the context of conducted research and thus defining the model boundaries.

Methodology of model development is presented through four steps. First step is defining the start
which, in this research, is based on the financial model of the tool which was developed by the
World Bank and PPIAF in 2009 - Toolkit for PPPs in Roads and Highways. Second step is defining
deterministic model for calculation of toll rates. Based on this deterministic model, calculation of
elasticities of parameters of interest enables consideration of the system sensitivity to changes, as
well as assessment of correlation existence among parameters. Third step is development of
stochastic model by applying the probability theory in parameter modeling process. Data from
Monte Carlo simulation are further analyzed in fourth step with statistical tools. Final result which
is determined from the chosen distribution is the toll rate's expected value and standard deviation.
Developed methodology is validated in the literature as the traditional approach in Monte Carlo
simulation techniques.

Procedure applied for the model validation is based on testing for logical inconsistencies in
mathematical models, and on the model application on two case studies of projects which are under
operation.

In the chapter "Deterministic approach" mathematic basics for model development are defined. 18
input parameters in total are divided into four groups: technical parameters, financial structure
parameters, parameters of debt structure, and country specific economic parameters. Four financial
constraints which project must fulfill are also introduced: project's financial internal rate of
return,the equity internal rate of return (return on equity), the annual debt service cover ratio, and
the loan life cover ratio. Through development of mathematical model it is assessed that the
constraint of the level of loan life cover ratio is always fulfilled if the constraint of the level of
annual debt service cover ratio is fulfilled, thus the former is no longer considered in dissertation.

Deterministic model is validated with parallel analysis of toll rates obtained from the model and
from the World Bank Toolkit. It is assessed that there is no statistically significant difference
between the two. Model is also tested for logical inconsistencies by applying the extreme values
scenario and results are along with the expectations. In this chapter, the model limitations are also
presented.

Application of the deterministic model is presented on numerical example. Sensitivity analysis is
conducted as well as calculation of elasticities. Based on the sensitivity analysis and elasticities
values, it is determined that there is correlation between the needed toll rates and traffic volumes,
construction costs, and operation and maintenance costs. With this analysis, these parameters are
confirmed as parameters of interest.

In the chapter "Stochastic approach" selected parameters of interest are further analyzed and defined
as random values where the traffic volume parameter is defined as a stochastic random value.
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Modeling parameters as random values represents quantification of risks as one of steps in risk
management strategy. Monte Carlo method is mathematically defined as basis for the stochastic
model simulations. Methods for parameter estimation from simulation data are also defined. Last
step in the presentation of stochastic model is probability assessment that the socially acceptable toll
rate is financially feasible. This probability is an information easily understandable to wide
stakeholders network and, as such, applicable in project evaluation.

Development of stochastic model is conducted step by step, i.e., parameters are changed one by one
from deterministic value to random variable. For each step, results are provided so it is possible to
observe change in toll rate expected value and standard deviation. Model is validated with testing
for logical inconsistencies. It is tested by changing all random values back to deterministic and it is
confirmed that all values are the same as in the deterministic model. Model limitations are
discussed. Numerical example is presented along with the discussion of results.

In chapter "Case studies" application of stochastic model is presented on two road projects
delivered in Greece and Serbia. Case study Olympia Odos Motorway Concession in Greece is
presented as an example of road concession with current under performance due to financial crisis
in the country. Data for case study are gathered from the literature. Out of 19 input data, seven are
assumed and others are known from the literature. Values for three financial constraints are also
assumed. Results show that there is a probability of only 10% that toll rate defined in the contract is
financially sufficient. In other words, for assumed risks of traffic volume, construction costs, and
operation and maintenance costs, only 10% of financial risk is covered with the predefined toll rate.

Belgrade Bypass, as second case study, is analyzed as an example of project which was, in the
development phase, considered as a potential PPP. Out of three sections which make Belgrade
Bypass, two sections which are build or under construction are considered. Out of 19 input
parameters, 13 values are assumed. Remaining values are known from the literature and project's
Feasibility study. Results show that, if the Belgrade Bypass is delivered as a PPP, socially
acceptable toll rate covers only 0.01 of assumed risks. In other words, there is probability of 1% that
the acceptable toll rate is financially sufficient. Application of stochastic model on both case studies
revealed that impact of risks under consideration has consequence that financially needed toll rate is
significantly higher than the socially acceptable.

The Chapter "Summary, conclusions and recommendations" starts with the research summary. It is
followed with research findings such as, for example, that more risks utilize more money to manage
those risks. Main conclusion is that timely and easily understandable information about potential
risk scenarios is crucial in raising awareness among decision makers about potential costly
downturns. Chapter concludes with recommendations for further research. Some of
recommendations are to include more parameters as random variables, i.e., to introduce more risks
in the model, to include periodic road rehabilitation or reconstruction capital expenses, to analyze
stage development, etc.

Reference list is provided at the end of dissertation.

Dissertation has two appendices. In the first appendix, overview of input parameters is provided as
short instruction for users. Second appendix is a code written in MATLAB for the stochastic model
simulation.

3. DISSERTATION EVALUATION

3.1. Actuality and originality

In state of limited budget for development and maintenance of transport infrastructure, important
role have alternative options of sustainable financing, construction, and maintenance of road
network as one of preconditions for economic development of regions and country in general. One



of the options for financing main road sections in the road network is with PPPs. Application of
PPP models in financing of transport infrastructure had began in 1990s in developed countries, and
there are more and more developing countries which use this model due to its advantage in more
efficient project implementation and innovations that brings along.

Feasibility assessment of road projects is a complex task which requires detail analysis of large
number of parameters and large effort in data processing. Parameters include technical parameters
which are related to the project and characteristics of the section as function of the expected traffic
volumes, treatment choice, and defining optimal maintenance strategies with the objective to
minimize total construction and maintenance costs during its whole life cycle, with the special
emphasis on PPP contract time frame.

Analyses of this problem so far are based on the use of all input parameters as deterministic values.
However, most of input parameters depend on the number of influencing factors and they can be
described more realistic with the use of distribution of input values which requires probabilistic
approach to the problem analysis that can capture most important risks related to the
implementation of PPP projects in transport infrastructure.

Optimal level of toll rates needs to be socially acceptable, i.e., not to cause divert of traffic and
avoidance of toll roads. At the same time, toll rates should ensure the financial feasibility of the
project for the private partner, i.e., it should fulfill certain levels of project's financial parameters as
constraints so private partners will be willing to participate.

High levels of toll rates can have significant effects on road network condition, traffic safety, and
environment impact in toll road corridor since they can cause toll road avoidance and shift of heavy
traffic to alternative roads which are not necessarily designed and built for acceptance of additional
level of heavy traffic.

Research objective is methodology development for assessment of acceptable toll rate based on the
probabilistic approach. Acceptable toll rate, in this research, is the toll rate acceptable for all
participants in the project. Research includes analyses (a) elasticity coefficient of toll rate levels and
chosen parameters: traffic volumes, construction costs, and operation and maintenance costs as
deterministic model approach, and (b) statistical analysis of stochastic model results for assessment
of toll rates as probabilistic model approach.

3.2. Overview of references and used literature

In this dissertation 90 bibliographic titles are used. Most of references are scientific papers
published in leading international journals such as: Transport Reviews, Transportation Research,
Part A, Transportation Research Record, Transportation Science and others, papers published on
major international conferences such as Transportation Research Board Annual Meetings, Transport
Research Arena, International Conference on Public-Private Partnerships and others, reports of
World Bank and other financial institutions, or reports from research projects(COST Action TU
1001, NCHRP). Most of references are up to date: 85 references are published after 2000, out of
which 49 is published between 2010 and 2015.

3.3. Description and adequateness of applied scientific methods

Mathematical modeling is used in this research as well as economic analysis of costs and benefits,
along with the calculation of project's financial parameters such as internal rate of return, net
present value, and loan cover ratios.

In this dissertation, traffic is modeled as stochastic process with the application of geometric
Brownian motion. Monte Carlo method is used for simulations of level of required toll rates based
on the estimation of traffic volumes, construction costs, and operation and maintenance costs
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modeled as random variables. Based on the data sample obtained from simulations, toll rate
distribution is determined using statistical methods. Chosen distributions are further analyzed using
statistical tests such as Chi-square or Kolmogorov-Smirnov test.

Scientific methods are contemporary and adequate for application in this research.

3.4. Application of achieved results

Developed methodology and tools in this dissertation directly can be used in ex-ante analysis of
potential PPP projects in road infrastructure, especially for planned projects with toll rates charged
directly from users, as well as for projects based on so called "shadow tolls", or yearly annuities
based on availability, i.e., "availability fee".

Methodology can be used for projects where level of toll rate is one of main criteria for
concessionaire selection. Public sector can use this approach to assess the level of risks that the
potential concessionaire is willing to accept with offered level of toll rates. On the other side,
concessionaires can use this methodology to advance their estimates of potential impacts that
forecasted traffic, construction and maintenance costs, as well as operational costs,can have on
project's success.

Developed software will help in better understanding of interrelations among project's parameters,
risks related to these parameters, and their change over time.

Developed model can use rating agencies, as well as commercial and development banks, to
examine the financial capacity of potential PPP project based on toll rates distribution.

3.5. Assessment of achieved candidate's capabilities for independent research work

In this dissertation, candidate has evaluated and critically analyzed available references, developed
stochastic model for assessment of acceptable toll rates, used Monte Carlo method for simulations,
used statistical methods, and analyzed the simulation data sample. With systematic approach and
linking different segments of scientific research work, Nevena Vajdic has successfully solved
problems and proved she has capability for independent scientific research work.

4. ACHIEVED SCIENTIFIC CONTRIBUTION

4.1. Summary of achieved research contribution

In Nevena Vajdic doctoral dissertation following research contributions are achieved:

1. Methodology for analysis of toll rates is developed which takes into account possible
variability of traffic volumes, construction and maintenance costs, and operation costs, for
defining the acceptable level of toll rates which, in the same time, have to fulfil project's
financial feasibility and to be socially acceptable. Developed methodology represents
significant step forward in risk management practices in PPP projects in road infrastructure.

2. Deterministic model for assessment of minimum required toll rates which fulfils financial
constraints is developed.

3. Stochastic model which enables analysis of impacts that uncertainties of main input
parameters have on needed toll rates and assessment of impact that certain risks may have
on project's success is developed.

4. Code in programme MATLAB is created for stochastic model simulations.



4.2. Critical analysis of research results

Nevena Vajdic research work on development of stochastic model for the assessment of acceptable
toll rates contributes to limitations overcome of existing widely applied deterministic models which
do not take into account possible variability of traffic volumes, and, consequently, revenues of
potential PPP project, as well as costs variability, including construction costs, operation and
maintenance costs.

Research has shown that main input parameter which have the highest impact on toll rates, such as
traffic volumes, which has direct impact on revenues that project generates, as well as costs related
to the construction, maintenance, and operation, can successfully be modeled as random values.

Traffic volumes are modeled as stochastic model geometric Brownian motion, while the
construction costs are modeled with application of distribution of ratio of actual and estimated
construction costs, based on the evidence from the literature. With this approach, more realistic
modeling of construction costs is enabled compared with the use of deterministic values which are
exceeded during the construction phase because of unforeseen costs. Operation and maintenance
costs are modeled as a function of traffic volumes and construction costs.

Conducted sensitivity analysis has shown that operation and maintenance costs have certain impact
on project's financial dynamic. Increase of these costs have impact on "inner" elasticity of the
system by increasing the level of required toll rates indicating the sensitivity to changes in "inner"
parameters.

It is concluded that when the uncertainties in estimated traffic volumes are introduced in stochastic
model, it results in increase in toll rates needed to maintain project's financial parameters. In
dissertation, it is concluded that each risk (related to the traffic volumes, construction costs,
operation and maintenance costs) has its share in the price of toll rates.

As a general conclusion of the research, it is highlighted the importance of risks recognition which
one project has as well as simplicity of information which is presented to decision makers. In this
dissertation, this information is provided as level of toll rates which is acceptable to all project's
participants. Toll rates are simple and understandable parameter already in wide application and
recognized by all stakeholders. Thus, the developed methodology in this dissertation has unique
contribution to risk management in road concessions.

4.3. Verification of scientific contribution

During the work on dissertation, Nevena Vajdic has presented her work to international and
domestic, academic and expert public in the following publications:

Category M23:

Queiroz, C., Vajdié, N., and Mladenovi¢, G.: Public-private partnerships in roads and government
support: trends in transition and developing economies, - Transportation Planning and Technology,
vol. 36, no. 3, pp. 231-243, 2013(1F=0.512) (ISSN:0308-1060)

PanoBu v mehiyHapoaanm yaconucuma uaaekcupaanuM v SCOPUS-y

Mladenovi¢, G., Vajdi¢, N., Wundsch, B., and Temeljotov-Salaj, A.:Use of Key Performance
Indicators for PPP Transport Projects to Meet Stakeholders’ Performance Objectives, -Built
Environment Project and Asset Management, vol. 3, no. 2, pp. 228-249, 2013(ISSN:2044-124X).

Pellegrino, R., Vajdi¢, N., and Carbonara, N.: Real Option Theory for Risk Mitigation in Transport
PPPs, - Built Environment Project and Asset Management, vol. 3, no. 2, pp. 199-213,
2013(ISSN:2044-124X).

CategoryM33



Vajdi¢, N., Mladenovi¢, G. and Queiroz, C.:"Capturing Uncertainties in Estimating Toll Rates", -
Advances in Public-Private Partnerships: Proceedings of the 2nd International Conference on
Public-Private Partnerships, Austin, TX, USA, 2015. (in print)

Sudari¢, M., Vajdié, N., Mladenovi¢, G. and Bozovi¢, M.:"Valuing an Option to Abandon a PPP
Toll Road Project", -Transport Research Arena (TRA) 2014 Proceedings, Paris, France, 2014.

Vajdié, N., Mladenovi¢, G. and Queiroz, C.:"Estimating Minimum Toll Rates in Public Private
Partnerships", -Transport Research Arena 2012 Proceedings, 48, Athens, Greece, 2012,pp. 3400-
3407.

Category MS51

Vajdic, N., Queiroz, C., and Mladenovic, G.:"Estimating minimum toll rates for road
concessions",Put i Saobracaj, 1, pp. 25 - 29, 2013. (ISSN:0478-9733)

5. CONCLUSION AND RECOMMENDATION

In doctoral dissertation “Stochastic Model for the Assessment of Acceptable Toll Rates”
methodology and associate model has been developed for the analysis of required toll rates which
fulfill financial criteria for project's feasibility, and also enables the assessment of acceptability of
these toll rates for users. Methodology developed in this doctoral dissertation presents original and
valuable research contribution in the area of financing the construction of road infrastructure and
project management, especially for ex-ante road project's evaluation.

Committee considers that doctoral dissertation prepared by the candidate Nevena Vajdic fully
satisfies all required criteria and that the candidate has proved capability for independent scientific
research work in all phases of work on this dissertation.

Committee recommends to the Academic Council of the Faculty of Civil Engineering to accept the
doctoral dissertation "Stochastic Model for the Assessment of Acceptable Toll Rates" of the
candidate Nevena Vajdic, MSc CE, disclose it to the public, and send for the final approval to the
Academic Council for Civil Engineering and Urbanism of the University of Belgrade, and to, after
the completion of this procedure, invite the candidate to defend dissertation in front of the same
Committee.

Committee Members

Goran Mladenovic, Associate Professor
University of Belgrade, Faculty of Civil Engineering

Ivan Damnjanovic, Associate Professor
Texas A&M University, Zachry Department of Civil Engineering

José Manuel Vassallo, Associate Professor
Polytechnic University of Madrid, Civil Engineering School

Nenad Ivanisevic, Associate Professor
University of Belgrade, Faculty of Civil Engineering
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Omrykom Op. 45/9-13 ox 25.03.2016. roguHe MMeHOBaHU CMO 3a wWwiaHoBe Komwucuje 3a mperien,
OlLlIeHY U oJ0paHy JOKTOpCKe aucepranyje kannuaara Mmp Hesene Bajauh, aum. rpal). umx., noxn
HaCIIOBOM

CTOXACTUYKHA MOJEJ 3A YTBPBUBAIE OIITUMAJIHE IYTAPUHE
[Tocne mpermena nocTtaBjbeHE aUCEpTaIlje W APYrHMX Mparehux marepujaja ¥ pasroBopa ca
KaHIuaaTkumboM, Komuchja je caunamna crienehu

PEDPEPAT

1. YBOJ

1.1.XpoHosoruja oxo0paBama U U3pajie AUCepTaLje

Hokropcka aucepraunja Mp HeBene Bajauh npujasibena je 28.01.2013. ronune Ha ['paleBuncKOoM
dakynrety YHuBep3utera y beorpamy mom HacioBom "Pa3Boj metomosioruje 3a yTBphuBame
ONTUMAJIHE BHCHUHE IyTapHHE 3a NyTeBe ca CHCTeMOM Hamjare" (Ha EHIJIECKOM je3UKY
"Development of a methodology for estimating optimal toll rates for highway concessions").
Onnykom HacraBHo-nayunor Beha ['paheBunckor daxynrera Op. 45/2 ox 14.02.2013. roamune,
onpehena je Kommcuja 3a mpujeM Teme TOKTOPCKE AWCEpTalldje y cacTaBy: IOI. np [opan
MuanenoBuh, mnpod. np Cesar Queiroz (roctyjyhu mnpodecop I'paheBunckor ¢akynrtera
VYuusep3utera y beorpany), B. mpod. ap. Uean JlammanoBuh (Texas A&M University, College
Station, CAl), u gou. ap Henan WBanumesuh. Ilo3utuBan usBemraj Komucuje 3a npujem teme
JIOKTOPCKE JUCEpTaIHje yCBOjeH je Ha ceaauiu HacraBHo-HayuHor Beha ['paheBunckor dakynrera
onpxkanoj 04.04.2013. rogune (omnyka Op. 45/4 ox 08.04.2013. ronune). Behe nayunux oGnactu
rpal)eBUHCKO-ypOaHHCTHUKUX HayKa YHUBep3uTeTa y beorpany Ha cequuiu oapskanoj 28.05.2013.
TOJMHE j€ OJUIOKUIIO Pa3MaTpame 3aXTEBa 3a CarJlaCHOCT Ha MPEUIOT TEME TIOKTOPCKE ucepTaluje
y3 TIPEJIOT 3a KOpeKIrjy Teme (ommyka op. 61206/1999/2-13 on 28.5.2013. rogune). Ha cequuium
onpxkanoj 20.06.2013. roaune HactaBHo-nHayuno Behe I'paleBuHCKOr (akynTera Ha Hpeasor
Karenpe 3a myTeBe, aepoapoMe W KEJIE3HUIIE j€ YCBOJWIIO M3MEHCH MPEIJIOr TeMe JHCEpTallnje
,,CTOXacTHYKK MoJen 3a yTBphuBame omTuManHe myrapuHe” (omryka Op. 45/7 onm 21.06.2013.
ronuHe) u ymytuio ra Behy Hayunux o6mactu rpal)eBUHCKO-ypOaHUCTUUKUX HayKa YHUBEpP3UTETA
y beorpany. Behe obnactu Ha cennum oapkanoj 24.09.2013. rogune (oamyka 6p. 61206/1999/5-
13 ox 24.09.2013. roguHe) YCBOJHIIO j€ TIPEAJIOT TeMe JOKTOPCKE NHUCEpTaIrje KaHAUIATKHEE MP
Hesene Bajauh mon m3memeHuM HacioBoM "CTOXacTHUKHM MOJEN 3a YTBphUBame ONTHMAIHE
nmyrapuHe".

Kangunatkuma je ypaheHy mokropcky nucepranujy mnpeaaita CrnyxOM 3a CTyJEHTCKAa MUTamba
I'paheBunckor dakynrera 17.03.2016. rogune.



1.2. Hayyna o0Osact gucepraryje

Tema mokTOpcke AucepTaluje npuraga HaydyHoj oomactu ['palheBuHApPCTBO, Y>KO] HAY4YHO] 00JIaCTH
I'paheme u oxpkaBame myTeBa M aepoapoma M ['palleBUHCKHM MEHaIMEHT Koje cy aeduHUCcaHe
Craryrom ['paheBunckor ¢akynrera YHuBep3utera y beorpany.

PanoBu koju kBanmudukyjy meHtopa B. mpod. np I'opana MnanenoBuha 3a Boheme IOKTOpCKE
nucepTaryje, myoIMKoBaHH Y Mel)yHapOIHUM 4acoIucHuMa Cy:

Kareropuja M22

1. Cirilovic, J., Vajdic, N. Mladenovic, G. Queiroz, C.: Developing Cost Estimation Models for
Road Rehabilitation and Reconstruction — Case study: Projects in Europe and Central Asia,
Journal of Construction Engineering and Management, 140(3), 2013.

Kareropuja M23

2. Cirilovic, J., Mladenovic,G., Queiroz, C.: Implementation of Preventive Maintenance in
Network-Level —Optimization: Case Study of the Serbian Low-Volume Road
Network,Transportation Research Record: Journal of the Transportation Research Board, No.
2473, National Research Council, Washington D.C., USA, pp. 49 — 55. DOI: 10.3141/2473-06,
2015.

3. Queiroz, C., Vajdic, N. and Mladenovic, G.: Public-private partnerships in roads and
government support: trends in transition and developing economies, Transportation Planning
and Technology, Vol. 36, No. 3, pp. 231-243, 2013.

4. Mladenovic,G., Cirilovic, J., Queiroz, C.: Network-level pavement management: The case of
Serbian low-volume roads,Transportation Research Record, No. 2205, National Research
Council, Washington D.C., USA, pp. 221 — 228, 2011.

5. Mladenovic, I'. Jiang,Y.J., Selezneva, O., Aref, C., Darter, M.:Comparison between As-
Constructed and As-Designed Flexible Pavement Layer Thicknesses, Transportation Research
Record. No. 1853, National Research Council, Washington D.C., USA, pp. 165 — 176,2003.

Pax v mehjyaapongom yacomucy nanexkcupadoM vy SCOPUS-y

6. Mladenovic, G., Vajdic, N., Wundsch, B., and Temeljotov-Salaj, A. Use of Key Performance
Indicators for PPP Transport Projects to Meet Stakeholders’ Performance Objectives, Built
Environment Project and Asset Management, 3(2), pp. 228-249, 2013.

1.3. buorpadcku monamy o KaHAUAATY

Mp Hesena Bajnuh pohena je 20.01.1976. rogune y beorpany, rae je 3aBpiiuia OCHOBHY IIKOJIY U
rumHaznjy. Ha I'paheBuncku daxynrer ce ynucana 1994. ronune u aumuiomupana 2002. ronuHe Ha
Opncexy 3a myTeBe H kele3HuIle ca omeHoM 10, ca rumuioMckuM pajioM u3 npeamera [IpojekroBame
myTeBa MmoJ HacioBoM "MaejHO pelieme JeHUBeNncaHe packpcHulle "barajHuna" Ha yKpmTajy
ayronyta E-75: Jlo6anoBuu-barajauna, u bynesapa Jlewuna". Ctyauje je 3aBpmuia ca yKyITHOM
npoceyHoM onenom 7,40. Ox 2007. mo 2009. rogune GopaBu y Tekcacy, CA/l, rae 3aBpiiaBa
MarucTtapcke cryauje Ha YHuBep3utTery Texas A&M. Marucrapcky Te3y nmoja HacioBoM "Network
based evaluation method for financial analysis of toll roads" je omOpanmna na Opceky 3a
rpaljeBUHCKM MeHaUMeHT. Marucrapcka Te3a je HocTpu(ukoBaHa Ha YHUBEp3uTeTy y beorpamy
pememem Op. 06-613-30/4-10 ox 22.02.2010. roaune. JIOKTOPCKY AMCEpTALUjy je NpUjaBUIa Ha
I'paheBunckom dakynrery YHupepsuteta y beorpany y janyapy 2013. rogune.

PagHO UCKYCTBO y CTPYLH 3al0YMIbGE MO 3aBpUIETKY OCHOBHHX cTyauja 2002. rogune y MHCTUTYTY
HNMC, Bbeorpaa. Ox 2007. rogune g0 2009. rogune panu kao uctpaxupad y Texas Transportation
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Institute, CAZl. Ox 2011. ronune je 3anocnena y Aepoapom Hukomna Tecna, beorpan, rne u ganac
pamu y CexTopy ojpkaBama 00jeKkaTra U HHCTaJaIuja.

VY nepuony ox 2010. no 2014. rogune ydectBoBasa je y COST akumju TUD1001 “Public Private
Partnerships in Transport: Trends and Theory”, a om 2014. yuectByje y CEDR (Conference of
European Directors of Roads) mpojekty X-ARA “Cross Asset Risk Assessment”. TpeHyTHO
yuectByje y Horizon 2020 nmpojekty BENEFIT “Business Models for Enhancing Funding and
Enabling Financing for Infrastructure in Transport”, kao unan Tuma ['paheBuHCKOT akynrera.

VYnata je.Majka je 1Be 1eBOjUHIIE.

2. OIIMC JUCEPTALIUJE

2.1. Cagprkaj qucepraryije

JlokTopcka nucepranyja "CTOXacTHUKH MOJIEN 3a YTBphHUBame onTuMaiiHe myTapune', Mmp Heene
Bajauh, cagpxu ykynHo 128 crpana, on kojux je ocHoBHU TekcT Ha 107 crpana. {ucepramnuja je
MHACaHa Ha EHTJIECKOM je3UKy. TeKCT nmucepTaliije je moAesbeH y ceaM MoTiiaBiba:

1. VYBog

[Ipernen nureparype

Mertoponoruja uCTpaKkuBarmba

JleTepMUHUCTUYKHU IPUCTYII

CroxacTU4Ky IpUCTYTI

Cryauje ciyvaja

7. Pe3ume, 3akJbyUIM U IPEMIOPYKE 32 Jajba UCTPAKUBAHA

SRR

Hucepranuja caapxu 17 cnuka u 20 Tabena. Crimcak nutupane aureparype caapxu 90 naciora.Ha
MOYETKY JUCepTalMje je JaT pe3uMe Ha SHIVIECKOM U CPIICKOM je3HKy, cakJbydHuMpeunma u Y JIK
opojeM. Jlucepranuja caapxu aBa npuiora. buorpaduja ayropa nara je Ha Kpajy JUcepTaIuje.

Jucepranyja je TeXHWYKH oONMKOBaHa mpeMa ymyTcrBuMa Cenara YHuBep3uteTa y beorpany u
MMOCEOHUM YIYTCTBHUMA 3a OOJIMKOBAHk-€ IITAMIIAHE M EJIEKTPOHCKE Bep3uje moktopaTta. Campxu
obaBe3Ha TOrJaBjba M oOpacie: Hu3jaBa O ayTOPCTBY, H3jaBa O HCTOBETHOCTH EJEKTPOHCKE WU
mTamMIaHe Bep3uje U u3jaBa 0 KOpHuIihemy.

2.2. Kparak 1puka3s nojeInHayYHuX IOIIaBJba

OCHOBHHU TEKCT pa3MmarpaHe JOKTOPCKE IHcepTalHje uMa celaM IOTNIaBJba, Mperyiea KopuurheHe
JaUTeparype u aBa npuiora. Ha modetky Tekcra je naT caapikaj U CIIMCKOBH CIIMKa U Tabena.

VY mornaepy "YBoa' cy mara pa3marpama 0 TEMH HCTpaXHBama Kao W IMPHUKa3 yke 00jacTu y
OKBHpY KOj€ je HCTpakuBame crpoBeneHo. [IpencraBibena je mpolOiiemaTuka (UHAHCHpamba
caoOpahajue wHbpacTpykType W 3Havaj jaBHO-mpuBaTHor mnaptHepctBa (JIIII) kao jemHor on
MoJiesia KOjU Ce KOPHCTHU 3a peanu3aiujy npojexra. KommiekcHoct nyropounux yrosopa 3a JIIIT
MPOjeKTEe je TMperno3HaTa Ha OCHOBY Opoja YKJbYYEHHMX CTpaHa, Ka0 U HEU3BECHOCTH KOJy HOCH
IYTOPOYHH BPEMEHCKH OKBUpP YrOBOpPHHMX o0OaBe3a. IlocTaBKaOCHOBHOT TmpoliieMa Yy OBOj
JMCEpTallju 3aCHMBA CE YNPaBO Ha IOCTOjalby Pa3IMUMTHX HHTEpeca KJbYYHHX YYECHHKA H
pHU3UKa KOje OBa BPCTa yroBopa HOCH: KOja BUCHHA ITyTapyUHE 33J]0BOJbaBa (PMHAHCH]CKE yCIOBE, ca
jeIHe cTpaHe, a ca Apyre cTpaHe, IOKpPUBa MPOjeKTHE pu3nke ca oapehenom BepoBarHohom. Iuimb
UCTPAXMBama j€ pa3BOj MeETOJoJoruje 3a onpehuBame BUCHHE NyTapuHe Koja he Ourtu
MPUXBAT/bUBA 3a CBE YYECHHUKE y TMPOJEKTy y3uMajyhm y 003up BHUIIECTPYKE HEHU3BECHOCTH.
OuekrBaHa KOPUCT y 00JIACTH UCTPaXKHMBamba Ce Oriie/ia y MPUMEHU MpoOadMIUCTUYKOT IPUCTYTA Y
ynpaBbawky BUIIeCTpykuMm pusunuma y JIIII nmyraum mnpojektuma. [lpemosnato je nma
poOAOHIIMCTUYKY TPUCTYI MOXKe OUTH KOPHCTaH Ip:KaBHUM arcHIMjaMa 3a IMyTeBe, JOHOCHOIIMMA



OJUTyKa, pa3BOjHUM OaHKama, KOHI[ECMOHAPUMA, WHBECTULIMOHMM (OHIOBMMA, U aKaJIEeMCKUM
kopucHunimMa. Ha kpajy mornaBipa JaT je MpuKa3 cajaprkaja JAWcepTalnja ca KPaTKUM OIMHUCOM
OCTaJIMX MOTJIaBJba.

[TornaBme "llpermen nurepaType" caapKu MpUKa3 JOCTYIHUX pajgoBa W HHopManuja o
napamMeTpuMa peJeBaHTHHUM 3a MPEIMETHO HCTpaXkuBame. llperien 3amounmmbe ca IMpersiefioM
noctojehux anaTku 3a aHanu3y HHOPACTPYKTYpHUX Tpojekara o npuHiuny JI1I1-a, a HacTaBba ce
ca pajoBuMa u3 o0nacTu oxpehuBama BUCHHE IMyTapuHe, eTaCTUYHOCTH caoOpahajHe moTpaxme u
pHU3MKa y MyTHUM KOHIlecHjama. [TocebaH OCBPT je Ha Mperyieny JIUTepaType O MOACIUPaky PU3UKA
Kao IITO Cy pHU3HMK caoOpahajHe MOTPaXKiE, PU3MK TPOILIKOBA HM3TPAIE, M PU3HUK TPOIIKOBA
OJlp’)KaBamka U yIpaBjbabkha MyTeBHUMA. 3aK/bydaK IMOTJaBjba MPENO3Haje MOCTOjambe HampeIHUX
BUIICKPUTEPHjYMCKUX MOJIENa 32 BPEIHOBAI-E MpojeKaTa U MOJIeNa 3a ONTUMU3AIM]Y IapaMerapa
Kao LITO Cy KalaluTeT ACOHUIIE U BUCHHA IyTapuHe, all UCTHYE MPOOJIeM IIUPOKe IPUMEHE OBUX
MoJieNia yclell BUXOBe KoMIUIeKCHOCTH. OBaj HemocTaTak je Jajbe paspalleH y mIpeaMeTHOM
UCTPAXKUBAY.

[Tornassbe "Metonosoruja" nepuHUIIE OKBUPE y KOjUMa j€ IPEIMETHO HCTPAKUBAE CIIPOBEICHO.
[Ipeno3Hara cy 4eTUpH acrekTa Koja Cy aapecupaHa y OBOM HCTpaXHBamwy: (a) BPEMEHCKH OKBUP
npojexta, (0) ympaBipame pU3MIUMa, (B) Mpexka 3aMHTEPECOBAHMX CTpaHa, W (T) moapydje
umIieMeHTayje. CBU acleKTH Cy JIeTaJbHO OMMCAHU Y KOHTEKCTY CIIPOBEICHOT MCTPAKHBAKA H
CaMHM THM Cy Jie(UHUCaHE TPpaHUIle MOJIENa.

Meropomnoruja pa3Boja Mojienia je mpeAcTaB/beHa Kpo3 YeThpu Kopaka. [IpBu kopak je nedunucame
MoJla3HE OCHOBE KOja Ce, Yy OBOM UCTpPaXUBamwYy, 3aCHUBA Ha (PMHAHCHU]CKOM Mojeny anata u3 2009.
roauHe koju je pa3pmia Ceercka banka - Toolkit for PPPs in Roads and Highways. JIpyru xopak je
neuHuCambe TETePMUHUCTHYKOT MOJENa 3a MpopauyH myrapuHe. Ha OCHOBY JeTepMHHUCTHYKOT
MoJiesia, IPOpadyH eIacCTHYHOCTH Mapamerapa oJl HHTepeca oMoryhasa carieqaBame OCETIJEUBOCTH
crcTeMa Ha IIpOMEHe, Kao M YyTBphuBame NocTojama Kopenamuje u3mel)y mapamerapa. Tpehu xopak
j€ pa3BOj CTOXAaCTUYKOT MOJIeNa Kpo3 MPUMEHY TE€OpHje BepoBaTHOhE y Monenupamy n3abpaHux
napametapa. Ilogauu nobujenu Monrte Kapno cumynanujama ce najbe aHaJIM3UPAjy Y YETBPTOM
KOpaky IpUMEHOM CTaTUCTUKHX anaTta. KoHauHu mojaTak Koju ce 100uja U3 yCBOjeHE pacmoerne je
OYEeKMBaHa BPEJHOCT NMyTapUHE U HEHA CTaHaapaHa aesujaudja. [Ipumemena meroponoruja je
BAIMANMPAHA Yy JTUTEPATYPH Kao TPaAUIMOHAIHU NPUCTYN 3a TexHuke Monte Kapio cumymnanyje.

[Tporenypa ycBojeHa 3a BaJdHIaIMjy MOJIENIa C€ 3aCHMBA Ha MPOBEPU U aHAJIU3U HEIOTHYHOCTH Y
MaTeMaTH4YKUM MOJEIMMAa Yy TNPBOM KOpaKy, M Ha IPUMEHH MOJENa Ha JBe CTyAMje Clydaja
IpojeKaTa KOju Cy pealu30BaHH.

VY nornasipy "JleTepMUHUCTHYKH NpUCTYN'" je neUHMCAH MaTeMaTHYKHA OCHOB 3a pa3BOj MoOJea.
VYkynHo 18 ynazHuX mapamerapa je MOJeJbeHO Yy YETHPH IpyIe: TEXHUUKE MapaMeTpe, nmapamerpe
(bUHAHCH]CKE CTPYKTYpE, MapaMeTpe CTPYKType ayra, i eKOHOMCKE TOKa3aTeshe 3eMJbE Yy K0jOoj ce
npojekaTt peanusyje. IIpencraBibeHa cy M yeTupu (puHAHCHjCKa yClloBa KoOje MpojekaT Mopa Ja
3a7I0BOJbM: BHCHHA TOUIIEET Paluo IMOKpuha xyra, BHCHHA HHTEPHE CTONE pPEHTAOMIHTETa
NpojeKTa, BUCHHA MHTEpHE CTOIEe MoBpahaja yIOKEHOr KamWTana, W BHCHMHA panua Mmokpuha
ykynHor ayra. Kpos paspamy mMaTeMaTHYKOT MOela YCTaHOBJREHO je J1a je YCIIOB BHCHHE panna
nokpuha yKyImHOT Jyra YBEK HCITYHEH aKo je UCIYHhEH U YCIIOB BUCHHE TOJUILIHET panna nmokpuha
nyTa, Ta OBaj yCIIOB BUIIIE HUjE pa3MaTpaH y IUCEPTaIlU]U.

JIeTepMUHUCTHYKH MOJENl j€ BalUAUpaH YIOPEIHOM aHAIM30M pe3yliTaTa BUCUHE IyTapHHE
n00MjeHUX MPOPAYYHOM M3 MOJIENIa U pe3yjTaTa BUCHHE IyTapuHE HOOHJEHHX METOIOM Mpodarma
npuMeHoM anara CBeTcke 0aHKe. YCTaHOBJLEHO j€ Ja HE MOCTOjU pa3liuKa y pe3yiraruMa Koja je
CTATUCTUYKU 3aHayajHa. Mojen je Takohe TEeCTUpaH W Ha HEJIIOTMYHOCTH NMPHUMEHOM CIICHapHja
eKCTPEMHHUX BpPETHOCTH W JOOMjeHH Yy CKIaAy ca OuYeKHWBamHMa. Y OBOM TIOTJIaBJBY CY
MPECTaBIbeHA H OTPAHUYCHA MOJIENa.



[TpuMeHa AeTepMUHUCTUYKOT MPHUCTYIIA je IPUKa3aHa Ha HyMepuukoM npumepy. CrpoBeneHa je u
aHamM3a OCETJPMBOCTH W TIpopavyyHa KoeduiujeHata ejacTUYHOCTH. Ha ocHOBY aHamm3ze
OCETJBMBOCTH M BPEIHOCTH KOe(UIMjeHTa eNacCTHYHOCTH YTBpHEHO je Ja IMOCTOjH Kopemaluja
n3mely morpeOHe BUCHMHE TMyTapuHe W caoOpahajHe MOTpakeke, BUCUHE TPOIIKOBAa HM3TPAlkHe U
BHUCHHE TPOIIKOBA OJ[pXKaBama M YIpaBjbama IMpojekToM. OBOM aHAIU30M Cy OBH IMapaMeTpu
MMOTBphEHM Kao ImapaMeTpH O] 3Ha4daja.

VY nornasspy "CTOXaCTHUKH MPHUCTYI" MapaMeTpH OJ1 3Ha4aja Cy Jjajbe aHAIM3UPaHU U AepuHuCaHU
Kao Ciy4yajHe TMPOMEHJbMBE OJ KOjUX j€ Mapamerap caoOpahajue moTpaxme nepuHUCaH Kao
CTOXaCTHYKa CIy4yajHa NPOMEHJbMBA. Mojenupame MapaMerapa Kao CilIydajHe MPOMEHJbHBE Y
MOJICNTy CYIITHHCKH TIPEJCTaB/ha KBAaHTHU(MUKAIM]y pPHU3MKA KAao jedaH OJ KOpaka CTpaTeruje
yhnpaBibame pusunuma. Meroma Monte Kapno je maremarnuku aeduHucana kKao OCHOB 3a
CUMyJIallje CTOXacTU4YKor Mozena. Takohe cy nedpuHHCAaHM M METOAE NPOLEHE CTaTUCTHUKUX
mapameTrapa U3 y30pka Koju ce no0uja cumynanujoMm. llocnenmu Kopak y THpeacTaBibamby
CTOXaCTUYKOT Mojena je oapehuBame BepoBaTHOhe N1a je COIMjaTHO MPUXBATJbHBA IyTapUHA
¢uHaHcHjcku 3am0BoJbaBajyha. OBa BepoBaTHOha je MoJaTak KOjU je pa3yMJbUB LIMPOKO] MPEXHU
3aMHTEPECOBAHUX CTPaHa U Kao TaKaB IPUMEHJbUB y €BalTyallljH IIpojeKaTa.

Pa3Boj cToxactuukor Mozena je ypal)eH Kopak Mo KOpak, Tj. HapaMeTpu Cy MEHhaHH jeJlaH 10 jeAaH
U3 JIETCPMHUHHUCTHYKE BPEJAHOCTH y CIydajHy NPOMEHJbHBY. 3a CBakM KOpaK Cy NpPHUKa3aHU
pe3yaTatu Tako na je Moryhe carjenaTé MpOMEHY OYEKHMBAHE BPEAHOCTH BHCHHE IyTapHHE H
CTaHJap/lHE JEBHjalldje Kpo3 CBakW Kopak. Mojen je BaMaupaH MO TPHUHIMIY YTBphUBama
HEJIOTUYHOCTU. TecTHpaH je Tako HITO Cy CBE MPOMEHJBHBE MPETBOPEHE OIET Y JETEPMHUHUCTHUKE
BPEIHOCTH W MOTBplEHO je a ce mo0ujajy UCTH pe3yaTaTH Kao U KOJ ACTCPMHUHUCTHYKOT MOJea.
Jlat je mperjen orpaHuuera mozena. I[IpukasaH je ¥ HyMEpHUKH MPUMEP NMPUMEHE CTOXACTHUKOT
MoJIelia ca JUCKYCHjOM pe3yJiraTa.

VY oxBupy mnornasiba "Cryauje ciiydaja” mpuKazaHa je NMPUMEHAa CTOXAaCTUYKOI MOJeNa Ha JiBa
nmyTHa mpojekta peanmm3oBaHa y I'pukoj m Cpomju. Crynuja ciaydaja Olympia Odos Motorway
Concession y I'pukoj je ngara kao mpuMep IyTHE KOHIIECHje Ca TPEHYTHO HEMOBOJbHUM
nokazaTesbuMa yciea (UHAHCHjCKE Kpu3e Koja je moroawia oBy 3emiby. [lomamm 3a crymujy
cllyyaja Cy NpUKYIUbeHM u3 Jmteparype. On 19 ynasHuxX mnoparaka, cegaMm BpETHOCTH je
IPETIOCTaB/BEHO J0 Cy OCTaluM NOoJalM HPUKYIUbEHM U3 Jureparype. Bpeanoctu 3a Tpu
¢uHaHCHjCKa OrpaHMYeHa Cy Takohe mpernocraBibeHe. Pe3ynTartu mokasyjy za je BepoBaTHoha na
je myrapuHa neduHICcaHa yroBopoM (HMHAHCH]CKHU 3a70BoJsbaBajyha camo 10%. JIpyrum peunma, 3a
MPETIOCTaB/bEHE pU3MKE caoOpahajHe MOTpaKibe, TPOIIKOBE U3TPAhe H TPOIIKOBE OJIp)KaBama U
ympasibama, caMo 10% ¢GuHaHCH]CKOT PU3HKa j€ TOKPUBEHO YTOBOPEHOM BUCHHOM ITyTapyHE.

Oo6unasnuna beorpana, kao nIpyra cTyauja ciydaja, je aHalu3upaHa Kao IpuMep IpojeKkTa Koju je y
(da3u mpurnpemMe NpojeKTa pasMaTpaH Kao MOTEeHIMjaiaHa KoHIiechja. Om TpU EOHUIE KOje YUHE
Oo6unasnuny beorpana, pasmarpane cy JBe I€0HHIIE KOje Cy WM u3rpaleHe uiu y ¢paszu u3rpaime.
On 19 ynazuux mapamerapa, BpenHoctH 13 mapamerapa cy npernocTtaBibeHe. OcTtaiv napaMeTpu
Cy mpey3eTH u3 JAocTymHe aureparype u CTyauje M3BOIJBMBOCTH. Pe3ynraTu mokasyjy na, y
ciydajy na je 3a Ob6wmnasnuity beorpaga mpumemen JIIII cmopasym, comujanHo MpuXBaT/bHUBa
nyrapuna nokpusa camo 0,01 mpernocraBibeHUX pu3uKa. Jpyrum peunma, BepoBatHoha je 1% na
Ou mpuxBaTJhbMBa MyTapuHa Owmiia puHAHCHjCKH 3a70BoJbaBajyha. [IpuMeHa cToxacTHYKOr mMojesna
Ha o0a mpuMepa je Mokasaja Ja yTUIAj pa3MaTpaHUX PH3UKA MMa 33 MOCIECIUIly (PUHAHCH]CKU
MoTpeOHY BUCHHY MTyTapUHE BUIIECTPYKO Behy O/ COIMjaTHO TPUXBATIHUBE.

IlornaBpe "Pe3ume, 3aKkibydllM M TpENOpyKe' IOYMEE ca pe3UMEOM HcTpakuBama. Crene
3aKJbYUIM HCTpaKMBama, Kao HIP. Ja BUIIE PU3UKa 3aXTEBa BUIIE HOBLA 32 YIPaBJbalkbe TUM
pusunMa. ONIITH 3aKJbyYakK je Ja je MPaBOBpEMEHA U pa3yMJbUBa HH(POpPMAIIHMja O MOTECHIHjaTHUM
CIleHapHjuMa pHU3WKa je KJbyYHa Yy TOJM3amky CBECTH KOJ[ JIOHOCHOIA OJJIyKa O TMOTEHIH]jaTHO
CKymnuM rnpoMainajuma. Ha kpajy mornassba cy jaare mnpenopyke 3a Aajbu paa. Heke on npenopyka
Cy Ja ce joIl mapameTapa MpeICTaBh Kao CiIydajHe MPOMEHJBHBE, Tj. J1a CE YBEIE oIl pU3HKA y



MOJIEI, /1a Ce Y TPOLIKOBE OJIp)KaBamba yBEAY U MEPUOANYHM KAITUTAIHU TPOIIKOBU pexaOuinuTaryja
WU PEKOHCTPYKIIH]ja, 3aTUM Ja C€ aHAIM3UPaj]y MOTYhHOCTH (a3He U3TpaImke UT/.

Ha kpajy nucepranuje ce Hanasu mperiies KopuutheHe aureparype.

Hucepranyje caapKu U ABa Ipuiora. Y MpBOM MPUIIOTY je JaT Mperjie] yiaazHuX IapaMerapa
MOTPEOHMX 3a CHUMYJAILH]Y CTOXAaCTUYKOT MOJeNia Kao KpaTKO YIMYTCTBO 3a KopucHHKE. [pyru
MpWJIOT je mporpaM HamucaH y mporpamckom makety MATLAB 3a cumymanujy CTOXacTHYKOT
Mojena.

3. OHEHA JUCEPTAIIMJE

3.1. CaBpeMeHOCT ¥ OPUTHHATIHOCT

V ycrnoBuMa orpaHMyeHHX OylieTa 3a pa3Boj M oAp:kaBame caoOpahajHe HHPpacTpyKType, 3HaUajHY
yIOTYy WMajy alTepHAaTHBHE OIIHje OIPKUBOT (hMHAHCHpama, M3TPalkbe W OJpKaBama ITyTHE
Mpexe, ¢ 003MpoM Jia je TO jelaH OJ MpeayclioBa 3a €KOHOMCKH Pa3Boj oJpeheHux moapyyja u
3emMJbe y 1enuHu. Jemna o MoryhHOCTH 3a (PMHAHCHpamkhe Haj3HAYajHUX MyTHUX JCOHMIIA HA ITYTHO]
MpexH je myTeMm jaBHo-mpuBatHor naptHepctBa (JIIII). IMpumena monena JIIII y ¢unancupamy
myTHe HHppacTpyKType je 3anoyena 90-TUX roguHa Npouwior BeKa y pa3BUjeHUM 3eMJbaMa, a CBE €
BUIIIE 3e€Majbad y Pa3BoOjy KOje MPHUMEHYjy OBaj MOJIEN 300T MPEAHOCTH y MorieAy edukacHe
MMILIEMEHTAIIH]j€ MpojeKaTa i MHOBAaTUBHOCTH KOj€ ca COOOM HOCH.

VYTBphUBame ONMpaBIaHOCTH M MCIUIATUBOCTH TpojeKaTra MyTHE MH(pacTpyKType je KOMIUIEKCAaH
Mporiec KOjH 3axTeBa JeTajbHY aHalM3y BEJIMKOr Opoja mapameTapa W oOMMaH mpolec obpaje
nojgataka. llapamerpu yKJbydyjy TEXHHUYKE IapaMeTpe KOjU Cy BE3aHM 3a IpojeKkaT u
KapaKTepHUCTHKE caMme caoOpahajHuiie y ¢GyHKIHMjU 01 O4YeKMBaHOT caoOpahajHor omrepehema,
n30op TperMaHa U JepUHHCAKE ONTHMAJHE CTpaTerhje OJplKaBama ca LHWJbeM Jia ce
MUHHMH3UPAJy YKYIMHH TPOIIKOBU W3TPaImkEe U OJpXkKaBama caoOpahajHHIIE TOKOM HEHOT
KUBOTHOT BEKa, ca TOCEOHUM aKIIEHTOM Ha TIEpUOJI Tpajama yrosopa o JIII.

Jlocananime aHau3e OBOT Mpo0JieMa 3aCHUBAIE Cy Ce Ha aHAJIM3aMa Koje Cy KOPHUCTHIIC CBE YIIa3He
napameTpe Kao JAeTepMHHUCTHUYKE BenuuuHe. MelyTum, BehrnHa ynasHUX mapamerapa 3aBHCH O]l
YUTABOT HU3a YTHUIAJHUX (DaKTOpa M MOKE C€ MHOTO PEATHH]e OMUCATH MPEKO pacrojiena yiIa3Hux
BEJIMYMHA, IITO 3aXTeBa MPOOAOMINCTUYKYU MPUCTYI NMPOOJIeMy Kpo3 KOjH ce MOry OOyXBaTUTH U
Haj3HAYajHUJU pU3KLK Be3aHu 3a umruieMentanujy JIIIT npojekaTta y myTHO] HHGPACTPYKTYpH.

OnTumalHd HHUBO IyTapuHe Tpeba na Oyne NPYyHMITBEHO NPUXBAT/FUB, OJHOCHO TakaB Jia HE
y3pOKyje mpepacmozeny caoopahajaor onrepehema u n3deraBame MmyTa ca HaljaTOM IyTapuHe. Y
UCTO BpeMe, HUBO IyTapuHe Tpeba na o0e30enu MCIUIATUBOCT MpPOjeKTa 3a MPUBATHOT IapTHepa,
OJTHOCHO Tpeba Jia 3a710BoJbH ofpeleHe rpaHuYHE BPEeAHOCTH (DUHAHCH]CKUX MapaMeTapa MmpojeKTa
Kako OW MPUBAaTHU MapTHEPU OWIIM 3aMHTEPECOBAHU Ja Y lbeMY yUECTBY]Y.

CyBuiie BHCOKE BPEJHOCTH ITyTapuHE MOTY MMAaTH JAJEKOCEXKHE IOCIEIUIe Ha CTamke IyTHE
Mpexe, 0e30eqHOCT oaBHMjama caoOpahaja M yTWIQ) HA OKOJMHY Yy 30HM caoOpahajHuie ca
HAIJIaTOM NyTapHHE, jep MOTY IPOY3pOKOBaTH H30eraBame IyTa Ca HAMIaTOM IyTapHHE H
npebanuBame TEIKOT caoOpahaja Ha anTepHaTHBHE JICOHUIIE KOj€ HE MOpajy OMTH MPOjeKTOBaHE U
u3rpaleHe Tako J1a MOTY Ha 3aJI0BOJbaBajyhul HAUMH J1a TPUXBaTe T0JaTHU caoOpahaj.

[Ipenmer ucTpakuBama je pa3Boj METOAOJIOTHjE 3a ojpehuBame onTUMaNHE BUCHHE ITyTapUHE 32
onpeheHn TyTHW TpaBal] 3aCHOBaH Ha MpoOaOHIMCTHYKOM mpucTymy. OnTumaiHa NyTapuHa, y
OBOM HCTpaXMBamy, je€ IyTapuHa NPUXBAT/bUBA 3a CBE YYECHUKE y MpojekTy. VcTpaxuBame
oOyxBaTa aHanu3y (a) KoeuIMjeHTa eTacTUYHOCTH BHCHUHE MyTapuHE M M3a0paHUX IapameTapa:
caoOpahajHe MOTpakmke, TPOIIKOBA M3rPaaibe, TPOIIKOBA OJpXKaBamba M ONEPATHBHHUX TPOIIKOBA
Kao JETePMHHHUCTHYKH TPUCTYNn Meromoyioruje u (0) cTaTHCTHYKA aHalW3a pe3ylitara



CTOXAaCTHYKOI Mojena oJpehuBama BUCHHE MyTapHHE Kao MPOOAOMIIMCTHYKUA MPHUCTYII
METO/I0JIOTH]E.

3.2. OcBpT Ha pedepeHTHY U KOpHUIThEeHY JIUTEPATYPY

VY wu3pagu oBe NOKTOpcke aucepTanuje kopumrheno je 90 Oubnuorpadcekux jenuuuna. Behuny
pedepeHIM YMHE pPaZoBU 00jaBJbEHU Y BPXYHCKUM Mel)yHapoIHUM YacomucHMa, Kao INTO CY:
Transport Reviews, Transportation Research, Part A, Transportation Research Record,
Transportation Science W ApyruM, 00jaBJbeHHM Ha 3HAYajHUM Mel)yHapogHUM KoH(epeHIujama
MONyT TOAWIIKBUX cacTaHaka Transportation Research Board-a, Transport Research Arena, Int.
Conference on Public-Private Partnerships u npyre, usBemraju CBercke OaHKe W APYrHX
(bMHAHCH]CKUX WHCTUTYIHja, WK U3BemTaju ucrpaxkuBadkux npojekara (COST Action TU 1001,
NCHRP). Hajsehu 6poj pedepenun je Houjer naryma: 85 pedepenuu je Hacrano nocie 2000.
ronuue, oxa yera je 49 macrano uzmehy 2010. u 2015. rogune.

3.3. Onuc ¥ aIcKBaTHOCT IPUMEHCHUX HAVUYHHUX METOIA

VY pany je xopuimheHO MaTeMaTHYKO MOJENUPABE M CKOHOMCKA aHajIM3a OJHOCA TPOIIKOBA H
I00MTH, KAa0 W TpopadyyH (PHUHACHJCKUX MapaMeTapa IMpOjeKTa, Kao IITO Cy HHTEpHa CTOMa
pEeHTaOMINTETa, HETO Ca/Iallliba BPETHOCT M MHIEKC moBpahaja ayra.

VY oBoj aucepTanuju je caodpahaj MogenupaH Kao CTOXaCTHUYKU MPOIIEC, TPUMEHOM I'€OMETPH)CKOT
BbpaynoBor kperama. Meroga Monte Carlo je mpumemeHa 3a CHUMYJAIWjy MOTPEOHHX HUBOA
ImyTapuHEe Ha OCHOBY IpOLEHEHOT caoOpahajHor onrtepehema, Kao M TPOIIKOBA H3TPAIHHE,
OJlp’KaBamka U ONEPATUBHUX TPOLIKOBA MPEJCTAaBJbEHUX Ka0 ciydyajHe NMpoMeHsbuBe. Ha ocHOBY
IOOHMjeHOT y30pKa M3 CHUMYIallWja, CTaTUCTUYKUM MeTojnama ojpeleHa je pacrmojena myTapuHa.
JlobujeHe pacnojene cy AeTabHO aHAIM3MpaHe MPUMEHOM CTaTUCTHUYKHUX TECTOBA, KAao IITO CY
Pearson-oB unu Kosnmoropos-CMHpHOB TecCT.

HaBenene wmetone ucTpaxuBama Cy CaBpeMEHE U aJleKBaTHE 3a MPUMEHY Yy IPeIMETHOM
HUCTpaXUBAY.

3.4. IIpuMeHJEUBOCT OCTBAPEHUX PE3YIITATA

Pa3BujeHa MeTo0I0THja U alaTh Y OKBUPY OBE JUCEPTAlLlMje MOTY C€ TUPEKTHO MPUMEHHUTH Y eX-
ante aHajguM3aMa TOTEHIMjaHUX I[IpOjeKaTra jaBHO-TIPUBATHOT TAPTHEPCTBA y  IYTHO]
MHPACTPYKTYpH, TTOCEOHO OHMX 3a Koje ce InpenBuba Hamjgara MyTapuHE O]l KOPUCHHKA, alld U
nmpojekara koju ce 6asupajy Ha T3B. shadow tolls, i Ha TOAWIIHBUM aHYUTETUMA IO OCHOBY
nocrynHoctH (availability fee).

Merononoruja ce MOXe MOCeOHO KOPUCTUTH 3a MPOjeKTe TNIe j€ BHCHHA IyTapUHE OCHOBHH
KPUTEPHjyM Ha OCHOBY KOra ce BpPIIM M300p KOHIIECMOHApa. JaBHU CEKTOP MOXKE KOPUCTUTHU OBAj
MOCTYIIAK Jia TPOLICHH HUBO PU3UKA KOJH j€ TIOTSHIM]jaTHU KOHIIECHOHApP CIPEMaH Jia Mpey3Me Kpo3
nonyheny Bucuny nyrapune. Ca apyre crpane, KOHIIECHOHAPU MOTY KOPHCTUTH OBY METOJIOJIOTH]Y
Kako OW yHampeawiau CBOjy TPOIEHY pa3JIuYuTHX MOryhux yruimaja, TOMYT OYEKHBAHOT
caoOpahaja, TpOIIKOBa U3rPaAHE U OAPKABAKHA, KA0 M ONIEPATHBHUX TPOIIKOBA, HA yCIIEX MPOjEKTa.

PazBujenn codrtrep he momohu y 6ospeM pazymeBamy 3aBHCHOCTH m3Mel)y mapamMmerapa MpojeKTa,
pHU3MKa Be3aHUX 3a MapaMeTpe U lUXOBE MPOMEHE TOKOM BPEMEHa.

Pa3Bujenn Mojien MOTy KOPUCTHTH M areHIIMj€ 3a PeJTUHTE, Kao ¥ pa3BOjHE U KOpMEpIIHjaTHe OaHKe
Kako OW Ha OCHOBY JUCTpUOYyIMje NyTapuHa HMajie yBHAA Y (PHUHAHCHjCKY pPOOYCTHOCT
noteniyjanaor JIIIT npojekTa.



3.5. OneHa JOCTUTHYTHUX CIIOCOOHOCTH KAHAMUAATA 334 CAMOCTAJIHY HAYYHHU DAL

Kangunatkuma ce y OKBHUPY CBOje JIOKTOPCKE AHcepTanuje OaBuia M3ydyaBambeM M KPUTHUYKOM
aHAIN30M JOCTYMHE pe(epeHTHE ITUTEepaType, M3paZoM CTOXACTHYKOT MOJENa 3a YTBphuBame
ONTUMAJIHE MyTapuHe, cuMyianujama npuMeHoM metoze Monte Carlo, CTaTUCTHUKUM METOJama,
aHAIM30M W o0pamoM nob6ujeHuX pesyatata. CHCTEMaTHYHUM TPHUCTYIIOM IOCTaBJHEHOM
npobneMy, moBe3yjyhu pa3inyuTe CerMeHTe HayuHO-UCTpaXuBaykor pana, Mp Hesena Bajauh je
YCIICIITHO pEelIMia IMOCTaBJ/bEHE 3a/JaTKe M JOKa3aja Ja IOCeIyje CIIOCOOHOCT 3a CaMOCTAITHH
HAYYHO-UCTPAKUBAYKU PA.

4. OCTBAPEHU HAYYHU JONTPUHOC

4.1. ITpuka3 ocTBapeHNX HAYYHUX JOOPHUHOCA

VY okBupy noktopcke auceptaruje Mmp Hesene Bajauh octBapenu cy cneaehun HaydyHU AOTIPUHOCH:

1. Pa3BujeHa je MeTOJOJOTrMja 3a aHaiIM3y IMyTapuHa Koja y3uMa Yy o03up Mmoryhy
BapujaOuiaHOCT caoOpahaja, TpomkoBa rpahiea W OAp)KaBama, Kao U OINEPATUBHHUX
TPOIIKOBa TNpHU JepUHHCABY ONTUMAIHOT HHBOA IyTapUHE KOja y HMCTO BpeMe Mopa
00e30emuTH  (UHAHCHJCKY HWCIUIATUBOCT TMPOjeKTa, ajdd Mopa OWUTH U JPYIITBEHO
npuxBaTJbuBa. Pa3zBujeHa MeTONI0NIOTHja MpeACcTaBba 3HAUajHO yHarpeheme y ynpaBibamy
pusuiuMma npojekara JIII y myTHoj nuHppacTpyKTYypH.

2. Pa3BujeH je AeTepMUHUCTHYKU MOJIEN 3a oApehuBame MMUHUMAIHOT HUBOA MyTapHHE KOjU
3aJI0BOJbaBa y MOTJIEAY OTpaHnuYeHha ((MHAHCH]CKHUX TTapameTapa.

3. Pa3BujeH je CTOXacTMYKM MoOJe] KOjU oMoryhaBa aHanmu3y YTHIaja NPOMEHJbUBOCTH
Haj3HAYAJHUJUX YJIa3HUX I[1apaMeTapa Ha TOTpeOHE HWUBOE NyTApUHE M Ccarje/IaBame
oJrosapajyhux pusmka 1o ycrneurHocT MpojeKTa.

4. Pa3BujeHn je mporpam HamucaH y mnporpamckom mnakery MATLAB 3a cumynamujy
CTOXACTHYKOT MOJIeNa.

4.2. KpuTryka aHajmsa pe3yiarara HCTPAKUBAba

UctpaxuBauku pax Mp Heene Bajaunh na pas3Bojy croxacthykor Mojnena 3a onpehuBame
ONTHMAJHOT HHUBOA ITyTapMHE JONPHHOCH TIPEBa3WIAXKEHy OrpaHHYeHma 0 Cafa IIHPOKO
NPUMEHUBAHUX JETEPMUHUCTHUKUX MOJIENIa KOjU HE y3UMajy y 003up Moryhy BapujaOMiIHOCT y
MoTJiely O4YeKWBaHOT caoOpahajHor omtepehema, ma camMuM THM W TpHXOAa MOTCHIHjaTHOT
npojekta JIIII, ka0 u BapujaOUIHOCT TPOIIKOBA, YKJbYUyjyhu TPOILIKOBE M3Tpajibe, OJlpKaBamba 1
OIIEpaTHBHE TPOILIKOBE.

HcTpaxxuBameM je MoKa3aHO Ja ceé OCHOBHHU YJIa3HU MapaMeTpU KOjU HAjBUILIE YTUYY HAa BUCUHY
MyTapuHe, Kao IMTO cy caoOpahajHo omtepeheme, Koje NMPEKTHO YTHUYE HAa BUCHUHY NpHXOa
IPOjeKTa W TPOUIKOBHU BE3aHH 3a HM3TPaliby, OAPKABAKE, KA0 U ONEPATUBHH TPOIIKOBH, MOTY
YCIIEIITHO MOJEIHNPATH Kao CIydajHe MPOMEHIBHBE.

CaoOpahajuo onrtepeheme je MOAETMPAHO MPUMEHOM CTOXACTUYKOI MOJENa T'€OMETPHjCKOT
BpayHoBOr Kperama, TOK Cy TPOUIKOBU HM3TPaIbeé MOJEIHMPAHU MPHUMEHOM pAacIofeie OIHOCA
CTBApHUX W TPOIECHEHUX TPOIIKOBA y (a3u H3rpajme IMpOojeKTHE JOKyMeHTauuje, Ha Oasu
JOCaallllbUX MCKYCTaBa Koja Cy MpUKa3zaHa y jauTeparypu. Ha Taj HaumH je omoryheHo peannwuje
MOJICJIUPae TPOILIKOBA M3TPabe Y OTHOCY Ha MpUMEHY oJpelheHe NeTepMHUHUCTHYKE BPEIHOCTH,
KOja ce MO TpaBWiy IpeBa3ulhe TOKOM H3BOhema pajoBa 300T HENMPEABHNEHHX TPOIIKOBA.



TpouikoBu onpkaBama U ONEPATUBHU TPOLIKOBU Cy MOAETHpaHH y (GyHKUUjuU ox caobpahajHor
ontepehema 1 TPOIIKOBA U3rpaIEbe.

CrpoBenieHa aHaiM3a OCETJFMBOCTH je TOKa3ana Ja TPOIIKOBH OJ[pKaBamkbka W ONEPaTUBHU
TPOIIKOBU HMajy oapehenu yruiaj) Ha (uHAHCHjCKY nuHAMHUKY mpojekTta. [loBehaBame oBHX
TPOIIKOBA YTHYE HA ,,YHYTpAIlby * eaCTUYHOCT cUcTeMa rnoBehamem noTpeOHe BUCHHE ITyTapHHE
yKa3yjyhu Ha BEeroBY OCETJBMBOCT Ha IIPOMEHE ,,VHYTPAlIBUX * TapaMeTapa.

VYTBpheHo je na Kaja ce y CTOXAaCTHUKM MOJIENI yBele HEM3BECHOCT Yy MOTrjeay mpeaBui)eHor
caoOpahajHor ontepehema, To pe3yaTupa norpedom 3a nmosehame MyTapuHE Kako OU ce OIpKayu
(uHAHCHjCKU TapaMeTpu MpojeKTa. Y IuCepTalMju je 3aK/bY4eHO Ja CBaKd PHU3UK (BE3aHO 3a
caoOpahajHo ontepeheme, TPOUTKOBE U3TPalkhe, OpiKaBamka WIN ONIEPATUBHE TPOIIIKOBE) MMa CBOT
ylena y LeHH IyTapHhHe.

Kao ocHOBHM 3ak/byuak HMCTpakMBama j€ UCTAaKHyTa BAXHOCT IMPEMO3HaBama PU3HMKaA KOje jefaH
IpojeKaT HOCH Kao U Pa3syMJBMBOCT MH(pOpMaIMje Koja ce MpeacTaBsba JOHOCHOIMMA OJJIyKe. Y
OBO] AWCEpPTANHju 0Ba HHPOPMAIIH]ja je MPECTaBJbeHa Kao BUCHHA ITyTapHHE KOja je MPUXBaT/bHUBa
3a CBE yuecHHKe y mpojekty. Ilyrapuna cama mo ceOu je jenHOoCTaBaH M pa3yMJbHB Iapamerap Koju
j€ y MHUPOKOj MPUMEHH M KOJHU TPETO3Hajy CBH YYECHHUIIM Yy MpojekTy. Ha oBaj HaumH pa3BujeHa
METOOJIOTHja Y OBOj AMCEPTALUjU MMa JeAUHCTBEHU IONPUHOC Yy OOJACTH YIpaBJbamba PU3MKA Y
MyTHUM KOHIIeCH]jama.

4.3. Bepudukanuja HaVyYHUX JOIPUHOCA

VY Toky uspane nucepramnuje, Mmp Hesena Bajnuh je melhynaponnoj u momahoj, HaydyHOj] B CTPYYHO]
JaBHOCTH TpeCTaBUIIa CBO]j paj Kpo3 cieaehe mybaukarmje:

Kareropuja M23:

Queiroz, C., Vajdié, N., and Mladenovi¢, G.: Public-private partnerships in roads and government
support: trends in transition and developing economies, - Transportation Planning and Technology,
vol. 36, no. 3, pp. 231-243, 2013 (IF=0.512) (ISSN: 0308-1060)

PanoBu v meliyHapoaaum yaconucuma uaaekcupaanuM v SCOPUS-y

Mladenovi¢, G., Vajdié, N., Wundsch, B., and Temeljotov-Salaj, A.: Use of Key Performance
Indicators for PPP Transport Projects to Meet Stakeholders’ Performance Objectives, -Built
Environment Project and Asset Management, vol. 3, no. 2, pp. 228-249, 2013 (ISSN: 2044-124X).

Pellegrino, R., Vajdié, N., and Carbonara, N.: Real Option Theory for Risk Mitigation in Transport
PPPs, - Built Environment Project and Asset Management, vol. 3, no. 2, pp. 199-213, 2013 (ISSN:
2044-124X).

Kareropuja M33

Vajdié, N., Mladenovi¢, G. and Queiroz, C.:"Capturing Uncertainties in Estimating Toll Rates", -
Advances in Public-Private Partnerships: Proceedings of the 2nd International Conference on
Public-Private Partnerships, Austin, TX, USA, 2015. (y mtammmn)

Sudari¢, M., Vajdi¢, N., Mladenovi¢, G. and Bozovi¢, M.: "Valuing an Option to Abandon a PPP
Toll Road Project", -Transport Research Arena (TRA) 2014 Proceedings, Paris, France, 2014.

Vajdi¢, N., Mladenovi¢, G. and Queiroz, C.:"Estimating Minimum Toll Rates in Public Private
Partnerships", -Transport Research Arena 2012 Proceedings, 48, Athens, Greece, 2012,pp. 3400-
3407.

Kareropuja M51

Bajauh, H., Mnanenosuh, I'., u Queiroz, C.: [IpolieHa MHHMMAalHE BUCHHE MyTapyHE 3a MyTHE
koHuecwje, Ilym u Caobpahaj, 1, ctp. 25 - 29, 2013. (ISSN: 0478-9733)



5. 3AKJbYYAK " ITPEIJIOT

VY noktopckoj amcepranuju 1moa HaciaoBoMm "CTOXacTHUKH MOJEN 3a yTBphHUBame ONTUMAaTHE
nyrapuHe” (HacloB Ha eHIJIeCKoM je3uky “Stochastic Model for the Assessment of Acceptable Toll
Rates”) pa3BujeHa je MeToAoJioOTHja W OATOBapajyhm Mozen 3a aHanu3y NOTPeOHWX HHUBOA
nyTapuHe, Kako OM ce 33aJ0BOJbIIIM (PMHAHCUJCKH KPUTEPHUjYMH OMNPABIAHOCTH IPOjeKTa, add U
oMoryhmio cariemaBame NPHXBATJBUBOCTH THX HHBOA ITyTapuHA 3a KOPHCHUKE. Metomonoruja
IpHUKa3aHa y 0BOj JOKTOPCKO] IMCEpPTAIMjH IPEACTaB/ba OPUTMHANIAH U BpelaH HAYYHU JOIPUHOC Y
obOnacTu (uHAHCHpama M3rPaJiibe MyTHe MH(MACTPYKTYpE U yIpaBbama MPOjeKTHMa, TTOCEOHO 3a
ex-ante eBajlyalujy MyTHUX MIpOjeKaTa.

Kommcuja cmatpa na ypahena nmoktopcka mucepranuja kKaHaumata mp Hesene Bajnuh,
aurL.rpal).MnHXK. y MOTIIYHOCTH HMCIyHhaBa CBE 3aXTE€BaHE KPHEPHjyMe M JIa je KaHIUAAT UCIOJbHO
CIIOCOOHOCT 3a caMOCTallaH HAYIHO-UCTPAXKUBAYKH pajl y CBUM (a3zama u3pajie OBe AUcCepTaluje.

Komucuja mpenmaxe HacraBHo-HaydHOM Behy ga ce JOKTOpCKa JucepTandja o] Ha3uBOM
"CtoxacTH4KH MOJIeT 3a yTBphuBame onTuManHe myrapuHe' KaHauaaTkumkbe Mp HeBene Bajmmh,
aur.rpal).MHK. TPUXBAaTH, M3JI0KM Ha YBUJ JaBHOCTH M YIYTH Ha KOHA4YHO ycBajame Behy
Hay4YHUX oOxacTH rpal)eBHHCKO-ypOaHHCTHYKHX HayKa YHHBep3uTeTa y beorpany, kao u 1a HAKOH
3aBpIlIeTKa OBE MpoIlelype MO30BE KaHAUAaTa Ha yeMeHy o0pany auceptauuje npea Komucujom y
HCTOM CacTaBy.

YJIAHOBHU KOMUCHJE

B. mpo(.1p I'opan Mnanenosuh,
VYuusepsuteT y beorpany, ['paheBuncku dakynrer

B.1pod. np MBan JlammanoBuh,
Texas A&M University, Zachry Department of Civil Engineering

B. mpod. ap José Manuel Vassallo,
Polytechnic University of Madrid, Civil Engineering School

B. ipod. np Henan MBanumesuh,
VYuusepsuret y beorpany, I'paheBuncku daxynrer
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IT'PABEBUHCKU ®AKVYJTET
YHUBEP3UTETA Y BEOTPAZY

byneBap kpasba Anekcanjpa 73

11001 beorpan,

I1. dax 39-42

Tenepon (011) 321-86-06, 337-01-02
Tenedaxc (011) 337-02-23

E momra dekanat@grf.bg.ac.rs

Ha ocHoBy unaHa 58. ctaB 2. Tayka 23. CtaTyTa 'paheBuHckor chakynteta YHuBep3uTeTa y
beorpagy, HactaBHo-Hay4yHO Behe [paheBuHckor hakynteta YHuBepauteTa y beorpagy, Ha
CBOjoj ceagHUum oapxaHoj oaHa 19.05.2016. roguHe, OoHeno je

oaNnyKY

MpuxeaTta ce m3BewTaj Komucuje 3a oueHy u ogbpaHy AOKTOpPCKe AucepTauuvje kangugarta
Mmp HeBeHe Bajauh, aunn.uHx.rpaf)., nog HacnoBoMm:

,» CTOXACTUYKU MOAEN 3A YTBPHUBAHE ONTUMAITHE NYTAPUHE®

Mpouenypa cTMuarwa Hay4YHOr cTeneHa AOKTopa Hayka cnposellhe ce y cknagy ca 3akoHOM
0 BUCOKOM obpasoBamy ("Cn.rmacHuk PC", 6p.76/05,100/07-ayTeHTN4HO TyMadere, 97/08 un
44/10 n 93/12), onwTtuM akTomM YHuBep3auteta u [paBUNHUKOM O OOKTOPCKUM cCTyaunjama
"paheBuHckor chakynteta y beorpaay.

Behe Hay4HMx obnacTtu rpafeBMHCKO - ypbaHUCTUYKMX Hayka YHuBepauTeTa y beorpagy, Ha
cegHuum ogpxaHoj 28.05.2013. rognHe, gano je carnacHoCT Ha npeanor Teme OKTOpcKe
OucepTauuje.

Y TOKy n3page OOKTOpcke aucepTtauuvje objaBrbeH je jegaH pag y HaydyHOM 4aconucy ca
nucte Koja je ytBpheHa Kao perneBaHTHa 3a BpeJHOBawe HayyHe KoMneTeHuuje y
oapeheHoM Hay4YHOM MosbY:

1. Queiroz, C., Vajdi¢, N., and Mladenovi¢, G.: Public-private partnerships in roads and
government support: trends in transition and developing economies, - Transportation Planning
and Technology, vol. 36, no. 3, pp. 231-243, 2013 (IF=0.512) (ISSN: 0308-1060)

Oanyka je noHeTa jegHoOrnacHo.

JEKAH TPABEBUHCKOI ®AKYIITETA

Mpodb. ap bpaHko Boxuh, annn.nHXx.reog.

[Hoctasntu:

- YHuBepsuTeTy

- CrypeHTCKOj cnyxoum
- apxuBmu

- MMeHOBaHo]
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