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Annotation. The multivariance of the methods of
developing investment and construction projects leads to
the need to analyze existing and construct new economic
and mathematical models that take into account the
likelihood of the implementation of certain options, and
also take into account the conditions of uncertainty and
risk. In the field of motor transport infrastructure,
investment and construction projects are always large-
scale and costly, because their implementation affects
different components of socio-economic development of
territories. Investment-building projects of toll roads, in
general, are difficulty managed systems that change their
configuration in the course of multi-step processes. The
ability to manage such a system causes the problem of
choosing one or another action and inevitably leads to the
task of finding the optimal solution in terms of
management.

In the article an algorithm of the economic-
mathematical model of optimization of expenses of
investment-construction project of a paid motorway in the
conditions of uncertainty and risk is developed. The
description of the system's work is based on the
"Markovian" decision-making processes, and
optimization of expenses was carried out by methods of
discrete and dynamic programming, in accordance with
the general concept of analysis and optimization of multi-
step tasks.

The proposed model can be a tool in the operational
management of the process of developing an investment
and construction project, on the basis of which will be
further developed the schedules and calendar plan for its
implementation.

Key words: costs, dynamic programming,
investment-construction project, economic-mathematical
model, paid motorway, risk.

Introduction

To date, the multivariate ness of the options for the
development of investment and construction projects
leads to the need for an analysis of existing and building
new economic and mathematical models that take into
account the likelihood of the implementation of certain

options for project development, and also take into
account the conditions of uncertainty and risk.

Formulation of problem

Taking into account the adoption of the law aimed at
improving the legislative regulation of the construction
and operation of public roads of state importance on the
terms of concession in the near future (in 2019) there will
arise a need to develop and implement investment-
construction projects for toll roads, hence the need to
develop new and improve existing decision-making
models as a result of their implementation.

Analysis of recent research results

Issues of investing in transport infrastructure objects,
in particular regarding financing of socially important
projects in this area, were studied by Ukrainian and
foreign scholars Y. Bastia [6], T. A.Vorkut [1],
I. V. Heyets [4], P. Drucker [7], K. Eigenram [8].

The purpose of research. Development of algorithm
of economical-mathematical model of optimization of
expenses of investment and construction project toll road
with using “Markov” processes of decision making and
methods of discrete and dynamic programming.

Results of research

On February 27, 2018, the Verkhovna Rada of
Ukraine amended the law "Concessions"”, "Concessions
for the construction and operation of highways", "About
auto roads", "On sources of financing of road economy of
Ukraine", "On the alienation of land plots of other objects
of real estate, which are located on them, which are in
private ownership, for public needs or from the motives of
social necessity.” Adoption of certain legislative norms
opens up new opportunities for attracting capital, in
particular private, for the development of modern motor
transport infrastructure of Ukraine.

The practice of attracting private investment for the

construction of concession roads is not new. Thus, in such
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developed countries as France and Italy, financing of road
infrastructure development is mainly done through public-
private partnership. For example, in France, at the
expense of private investment, a network of highways
with a length of about 7 thousand km is being built, which
are serviced at the expense of usage fees in accordance
with established tariffs. In Germany, only certain areas of
roads are paying that lead to the recreational areas of the
Alpine Mountains are paid. At the same time, on the
territory of the EU, the fee for using the network of
highways is strictly charged. [3, p. 60]

When considering investment projects in the area of
motor transport infrastructure, it should be noted that they
are always large-scale and costly; therefore their
implementation affects different components (economic,
socio-cultural, ecological, industrial and others) socio-
economic system of the territory. However, road
construction projects are a special case of investment
projects, which differ from most projects with such
characteristic features:

1. Project product.

2. Number of investors.

3. Level of state regulation.

4. Risks of funding sources.

5. Number of projects.

6. Dependence of the project on the time of work and
weather conditions.

7. Strategic constraints on the transfer of the project
to private ownership [2, p. 58].

And, the investment and construction project of a toll
road, in general, is a complex managed system that
changes its configuration in the course of multi-step
processes. The ability to manage the system leads to the
emergence of a problem of choice of actions and
inevitably leads to the task of finding the optimal solution
in terms of management. This type of task is a task of
dynamic programming, built on, the so-called principle of
optimality: According to him, optimal behavior is
characterized by the fact that, whatever the initial state
and decision at the initial moment, the following solutions
should be an optimal behavior relative to the state
obtained as a result of the first decision.

The method of dynamic programming is that optimal
management is built gradually. At each step, only this
step is optimized. At the same time, at each step the
management is selected in the light of the consequences,
since management, optimizing the target function only for
this step, can lead to a non-optimal effect of the entire
process. Management at every step should be optimal in
terms of the process as a whole. Whatever the initial state
of the system before the next step, the management at this
stage is chosen so that the gain at this step plus the
optimal gain at all subsequent steps was maximal.

The general optimization task can be described as a
model of dynamic programming in the following
conditions:

1. The task can be interpreted as a n-step process of
management, and the overall performance can be
presented as the sum of performance indicators at each
step;

2. The structure of a task must be defined for any
number of steps n and not depend on that number.

3. At each step, the state of the system is determined
by the finite number of “m” state parameters and
controlled by the finite number of “r” variables, with m
and “r” not depending on the number of steps “n”.

4. The choice of “k” step does not affect the previous
steps, and the state at the beginning of this step is the
function of only the previous step and the control selected
onit.

Dynamic programming processes can take different
forms. We propose an analytical model of the process of
making a well-founded solution, which will be both fairly
general and computational. This model is conditionally
stationary because it assumes that the investment-
construction project of a toll road is executed for a short
period of time. To describe the work of the system,
Markov processes of decision-making are used, and for
optimization - methods of discrete and dynamic
programming, in accordance with the general concept of
analysis and optimization of multi-step tasks.

Markov problem of decision, described in R.
Howard's work [5], is the task of mathematical
programming, which is applicable to multi-step decision-
making tasks at risk.

In them, the process of changing the state of any
system is that at random moments of time to, ty, ta, ..., t«
the system is manifested in one or another prior known
discrete state in a consistent manner.

This random sequence of events is called the Markov
chain, if for each step the probability of transition from
one state “S¢"* in any other “S;” does not depend on when
and how the system went into “S;”.

The Markov chain is described with the help of
probability states, and they form a complete group of
events, so their sum is equal to one.

Consequently, an investment and construction
project of a toll road will be a system that at any fixed
time can be in one of the numerical states (stage of project
execution), which is numbered as Ej = 1, 2, ..., N and
assume that at discrete moments of time t = 0,1, the
system moves from one state to another.

In addition, processes of state change are not
deterministic, but stochastically controlled by a transition
matrix:

P = (Pgigy),
where: Pg;.g the probability of transition of the condition
from the stage "i" to the stage "j" of the investment and
construction project of the toll road.

We introduce the following functions: X: (E;) — the
probability that the system at the time (t) is in the state of
Ei=1,2,.., N, provided thatt=1,2, ...

Then, according to the theory of probability:

N
XM(E].) = i+1PE.:E, ><X1(Ei),Ej=1,2,...N
X (E) =C;.
Given that in the theory of Markov processes, the

asymptotic behavior of a function is considered X, (E;),

at T —>o0 and if all transitional probabilities Pg;z
positive then the definite functions approach the values

X, (E;) , satisfying the equation of "stationary regime":
N
X(E) =2 Poe xX(E)E;=12,.N



ECONOMIC-MATHEMATICAL MODEL OF OPTIMIZATION OF EXPENSES INVESTMENT-BUILDING ... 75

edetermine the sequence of work

Stage 1. Selection of the main set of works:

eappointment of the initial vertices of the graphs
edetermine the vertices of the graphs in which the decision should be made

Stage 2. Expert determination of the probabilities of transition
from one job to another, the possibility of skipping work

eduration
ecost
eability to re-work

Stage 3. Estimation of the basic parameters of work:

Stage 4. Search for the critical (maximal) path

Stage 5. Formation of scenarios of possible development of

investment and construction project:

eoptimistic
erealistic
epessimistic

project for a given set of works

Stage 6. Optimization of the cost of investment and construction

Fig. 1. Algorithms for constructing an economical-mathematical model for optimizing the costs of an investment-

construction project of a toll road.
Source: compiled by the author.

In this model, at each step, one of the sets of such
matrices can be selected as a transition matrix,
accordingly, we can select a matrix for determining the
policy o (P = (Pri(@)).

Next, let's assume that not only the fortune changes
at each step, but also the costs associated with the
development of the project, which is the function of the
initial and final state and decision. In this case, the
expression Ry = (re;gi(e)) is a cost matrix..

The process described above is the Markov process
of decision making, therefore, the essence of the problem
solution is to choose a sequence of decisions, which
minimize the mathematical expectation of the costs
incurred in the N-step process, at a given initial state of
the system.

Let it af; a;; a: - alternative variants of
implementation of the investment project in period “I”
and hl; hy; hi - the corresponding expenses for the
implementation of the project for these options in period

pr

Since alternatives to the implementation of the
project arise at each of the stages, designate for the Il
period alternate project implementation and their costs

af; af; aland h?; hZ; hZ. Then for the Il period,
alternative variants of the project implementation and
their costs will be &2; a2; aland h3; h3; hd.

The solution to the task of minimizing costs is
carried out in stages and begins with the search for a
minimum number of costs in the Il period. Then such
procedures are repeated for the Il and | periods. The final
decision on the development of the project is formed from
a consistent choice, starting with the first period of such
alternatives, at which the cost index is minimal.

Uncertainty and risk factors are assessed by experts
as possible additional costs at each of the stages of the
development of an investment and construction project
and determined using non-formalized  subjective
assessment methods. In some cases, the magnitude of the
influence of these factors can be determined on an
objective basis (for example, on the basis of statistics on
the progress of adverse events on similar objects).

Accordingly, the main task is to build an optimal
solution in all three stages of choosing a minimum cost
indicator taking into account the component of
uncertainty and risk. To do this, the probability of its
occurrence and the value of gain (the cost minimization,
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taking into account the component of uncertainty and
risk) is calculated, which can be obtained taking into
account this probability. The calculation is performed for
each vector of decisions from the initial node of decision-
making to the final node of the corresponding result, with
the selection of the branch, which leads to the maximum
gain and return to the previous decision node, which
assigns this value to the winnings.

Construction of the economic-mathematical model is
reduced to the task of managing the process of developing
an investment project, the algorithm for solving which
consists of the following main stages.

Conclusions

1. Investment and construction projects in the sphere
of motor transport infrastructure are always complex,
large-scale and costly. Their realization affects the various
components  (economic,  socio-cultural, ecological,
industrial.) of the socio-economic system of the territory
and accordingly requires the application of various
models of management of them both at the design stage
and in the process of implementation.

2. The proposed model may prove to be a powerful
tool in the operational management of the project
development process, on the basis of which the graphs
and the plan for its implementation will be built in the
future. Thus, interested parties (public or private
partners), using the developed model, are able to quickly
make decisions not only before the start of the investment
and construction project, but also during its
implementation, as well as to receive detailed information
about possible losses at the decision points.
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MO/JIEJIb OTITUMI3ALIIL BUTPAT IHBECTULIIIMHO-
BYAIBEJILHOI'O I[TPOEKTY IIJIATHOI
ABTOMOBUIBHOI JOPOT'U
O. M. 3azypcokuii, B. B. Kykanos

AHoTamnisg. BaraTtoBapiaHTHICTH METOIIB PO3POOKH
IHBECTHLIHHO-0Y/IBEJIbHUX TPOEKTIB MPHU3BOAUTH 10
HEOOXiJTHOCTI aHalli3y ICHYHUYMX 1 MOOYZOBH HOBHX
€KOHOMIKO-MaTeMaTHYHUX MOJEJICH, IO BPaxoOBYIOTh
HMOBIPHOCT] 3HIMICHEHHS THX YM IHIIMX BapiaHTIB, a
TaKOX BPAaxOBYIOTb YMOBH HEBH3HAYEHOCTI 1 DPU3HUKY.
y ctepi ABTOTPAaHCIOPTHOT 1HppPaCTPYKTYypH
IHBECTHLIHO-OyNiBEeIbHI MPOCKTH 3aBXKIM MacIITa0HI Ta
3aTpaTHi, TOMy, IO iX peami3amis BIUIMBAaE Ha pi3HI
CKJIaJI0B1 COIiaJIbHO-€KOHOMIYHOTO PO3BUTKY TEPUTOPiil.
[HBeCTHIIITHO-OYAiBEBbHI MIPOEKTH IUIATHUX
aBTOMOOUTBHHX JOpIr, B3araji SBISIOTBCS CKJIAIHO
KEPOBaHUMH  CHCTEMamM, 110  3MIHIOIOTb  CBOIO
KoHQIrypamiro B XoAi 0araTOKpOKOBHX TIPOIIECIB.
MoXJIHBICTh 3IMCHIOBATH YIPABIiHHS TaKOI CHCTEMOIO
3YMOBIIIOE€ BUHUKHEHHS PoOJIeMH BUOOPY THX UM 1HIIMX
Oiff 1 HEMHHydYe TPU3BOAUTH IO 33a4adi MOIIYKY
ONTHMAJIBGHO JIOIJILHOTO  DIlIEHHS 3 TOYKH 30pYy
YIpaBIiHHS.

B crarri po3poOiieHO  aNrOpUTM  €KOHOMIKO-
MaTeMaTUYHOT MOJIeJli ONTHMI3allii BUTPAT iHBECTHUITIHHO-
OymiBeTFHOTO MPOEKTY IUTaTHOI aBTOMOOLIEHOI TOPOTH B
YMOBaX HEBH3HAYCHOCTI Ta pu3nKy. Ommc poOiT cructeMu
BHKOHAHO HAa  OCHOBI  «MapKOBCBKHX»  IPOIIECIB
MPUAHATTS PpIillIeHb, a ONTWUMI3allii BUTpAT 37ilicHEeHa
METO/IaMH JHMCKPETHOTO Ta JIMHAMIYHOTO
OporpaMyBaHHS, BiJIOBITHO O 3arajJibHOI KOHIICTIIIIT
aHai3y 1 oNTUMI3alii 6araTOKpOKOBUX 3aB/IaHb.

3anpornoHoBaHa MOJIeJIb MOXKE OyTH IHCTPYMEHTOM B
OMEpPaTUBHOMY  YIpPABIiHHI  OPOIECOM  PO3POOKH
IHBECTHLIHHO-0YIiBEIBHOTO TIPOEKTY, HA OCHOBI SIKOTO B
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noJajabpuIoMy OynyTh moOyoBaHi rpadiky i KaneHIapHUN
IuIaH Horo peajizarii.

Kiarouosi cjaoBa: BUTpATH, IMHAMIYHE
MpOrpaMyBaHHs, IHBECTHLINHO-OYAiBEIbHUNA  MPOCKT,
€KOHOMIKO-MaTeMaTHyHa MOJIeJb, IJIaTHa aBTOMOOIJIbHA
JIOpOra, pU3HK.

MOJEJIb OIITUMU3ALINU PACXO/JI0B
WHBECTULIMOHHO-CTPOUTEJIBHOI'O ITPOEKTA
IUTATHOM ABTOMOBWJIBHOM JIOPOI'U
O. H. 3aeypckuii, B. B. Kykanog

AHHOTAIMS. MHOTrOBapUaHTHOCTh METOJIOB
pa3pa60TKl/1 WHBCCTUIIUOHHO-CTPOUTCIIBHBIX IPOCKTOB
MPUBOJIUT K HEOOXOAMMOCTH aHAlIn3a CYMICCTBYIOIIUX U
MOCTPOCHUA HOBBIX 3KOHOMHKO-MAaTEMAaTHYCCKUX
MOﬂeﬂeﬁ, YYUTBIBAOMIUX BCPOATHOCTU OCYHICCTBIICHUSA
T€X WJIM WHBIX BAPUAHTOB, a4 TAKXKe YUYHTHIBAIOIINX
YCIIOBUSI HEOTPE/ICIIEHHOCTH U PUCKA.

B chepe aBroTpaHCHOpPTHOW HUH(PACTPYKTYPHI
HMHBECTHIIHOHHO-CTPOUTEIbHBIC MIPOCKTBI BCeraa
MacuTabHbIe U 3aTPaTHBIC, TOITOMY, YTO MX Pealn3alius
BIMSET HA pa3liUYHbIE COCTABISIONUE COLUATIBHO-
SKOHOMHYECKOTO pas3BUTHA TEPPUTOPHUH.
I/IHBCCTI/IL{I/IOHHO-CTpOI/ITeJ'H:HLIe TIPOCKTHI IUIaTHBIX
aBTOMOOMJIBHBIX JOPOT, BOOOIIE SBJISIOTCS CJIOKHO
YpaBiIA€MbIMU CHUCTEMaMU, U3MCHSIOIITUMHN CBOIO
KOH(UTypalmuio B XOIE€ MHOIOIIATOBBIX IPOIIECCOB.
B0O3MOXHOCTE  OCYILECTBIATH  YIPABIEHUE  TaKoOH
CHUCTEMO# O0O0YCIIOBIIUBAET BO3HHKHOBEHHE MPOOIEMBI
BBIOOpPA TEX WM HHBIX JIECHCTBUM U HEM30EKHO MPUBOIHUT
K 3aJ1a4e TIOMCKa ONTHMAJIBHO IeTIECO00Pa3HOTO PEIICHHS
C TOYKH 3PCHHS yIIPABIICHHUS.

B cratee pa3zpaboTaH aIrOPUTM  SKOHOMHKO-
MATEeMAaTUYCCKOW  MOJENTW  ONTUMU3AIMH  3aTpaT
WHBECTHLUOHHO-CTPOUTEIBHOTO  TPOEKTa  IUIATHOU
aBTOMOOMJIBHON JOPOTH B YCIIOBUSIX HEONPEICICHHOCTH
n pucka. OmnmcaHue padOThl CHCTEMBI BBITIOJHEHO Ha
OCHOBE MapKOBCKHX IIPOIIECCOB MPHHSTHS PEIICHUH, a
ONTHMHU3AIMSA  PACXOJOB  OCYLIECTBICHA  METOJaMHU
JMUCKPETHOTO ¥ JUHAMUYECKOTO IMPOrpaMMHUPOBAHUS,
COMIacHO OOIIeH KOHIICTIUN aHaIW3a W ONTUMHU3AINH
MHOTOIIATOBBIX 3a7ay.

[pemnoskeHHast MOIEITh MOXKET OBITh HHCTPYMEHTOM
B OICPAaTHBHOM VIPABJICHUU MPOIECCOM Pa3pabOTKH
HHBECTUIMOHHO-CTPOUTEIILHOTO TPOEKTa, HAa OCHOBE
KOTOPOTr0 B JasibHEHIeM OYJIyT MOCTPOCHBI TpaduKu U
KaJICH/IapHbIH [UIaH €ro peaan3alii.

KawueBble cioBa:  pacxoipl, JIMHAMHYECKOE
MpOrpaMMUpPOBAHUE, WHBECTHIUOHHO-CTPOUTEIbHBIN
MPOEKT, SKOHOMHKO-MATEeMaTHYECKash MOJEINb, IUIaTHas
aBTOMOOWIIbHASL JIOPOTa PHCK.
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