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Abstract. Features of the structure of the road economy, as part of the country's economy, affect the
creation of a systematic methodology for assessing its property, when individual components will determine
the peculiarities of the use and development of road infrastructure. To this end, for the purpose of assessing
the property status of highways, which are the main component of the road economy, it is recommended to
develop different models of approach to the definition of property valuation of highways.

In the article the directions and models of estimation of the property condition of highways are offered,
with the use of different concepts of determining their needs in the infrastructure of the region's economy and
the need to maintain them in the proper operating condition. The combination of needs and the state of high-
ways is used as a conceptual criterion for the formation of models for their evaluation as property in the struc-
ture of the region's economy. According to this criterion, a road is considered as an object which:

A - provides social and administrative needs for the organization of motor transport in the region and
the implementation of passenger transportation;

B - can make a profit as a result of its use;

C - is a part of the main productive assets of the region and the state as a whole, which should be
maintained in good condition;

D - a national economic object of a specific purpose, which is used to provide activities of individual
sectors of the economy.

The proposed structural classification of highways according to the conceptual criterion of their needs
and conditions - A, B, C and D - is the basis for the formation of different models for assessing their property
status, the peculiarities of which are discussed in the article. The main principle of such a classification of
motor roads and transport facilities in general for the purpose of their property assessment is that they are
considered as objects or sub-entities in the models of calculating the property of owners or users of transport
facilities.

Keywords: need for roads, road condition, conceptual criterion, model of estimation, property.

Presenting main material

The property of the road economy is formed by a complex infrastructure of elements for different
purposes, for example, roads - objects of operational nature, production enterprises (factories) - elements of
the system for ensuring the implementation of labor processes products, machines and mechanisms - these are
steel parts of the main production assets of enterprises, and so on. Therefore, the creation of a single method-
ology for assessing the state of the property of the road economy appears not only as a complex, but also labor-
consuming task. Obviously, there is a need to create a systematic methodology for assessing the property of a
road economy, the individual structural elements of which (subsystems) will reproduce the features and nature
of the development of a particular component of the road economy.
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In the process of assessing the property status of the main element of the road economy - roads - should
use the conceptual criteria that form the approaches to the goal of such an assessment. In this case, the motor-
way is considered as an object that provides certain needs (criteria), that is, an automobile road is regarded as
an object which:

A - provides social and administrative needs for the organization of motor transport in the region and
the implementation of passenger transportation;

B - can make a profit as a result of its use;

B - is part of the main productive assets of the region and the state as a whole, which should be main-
tained in good condition for the purpose of widespread use in the national economy and the provision of vital
activity in the region;

G - is a national economic object of a certain purpose, which is used to provide activity of individual
branches of the national economy.

The directions of the use of highways are given and form different models of property status assess-
ment, since the criteria and limitations used in determining the needs, the assessment of the state and volume
of road maintenance of roads in accordance with the directions of the status of roads (A, B, B and D) should
be taken into account in these models. In terms of system analysis are the relationship between these models:
model B is focused on obtaining resources for maintenance in a proper condition of the property - roads and
transport structures on them, model C evaluates the state of this property, model D - determines the directions
of improvement of the state of roads for account of the implementation of complexes of construction works
and repair and restoration measures, model A - focused on the definition and assessment of the needs of prop-
erty (roads), taking into account current and future conditions development of a particular region.

The development of the model A of the property state of roads is formed under conditions determined
in the process of solving certain engineering and economic problems, such as the task of forming rational
routes (transport corridors) or reproduced in models of the region's development. Thus, models for the for-
mation of rational routes (or rational networks of roads or the model for determining short distances of vehi-
cles) have one characteristic feature - it is obtaining data on the expediency of operating an existing or the need
to design a new road that would meet the purpose of the problem - set of shortest routes, a minimum the cost
of transportation of goods and passengers.

The ideas of the rational development of the networks of roads in the structure of the national economy
of the country or the administrative district have always been the subject of theoretical research and practical
direction of the activity of individual scientists of the road industry, as well as of entire scientific groups of the
relevant branch services, educational establishments and research institutes. In scientific developments and in
the practical results that have been achieved in this respect, it is possible to identify several areas in the devel-
opment of road networks.

The first direction of the development of the network of roads is marked by its physical modeling,
when each component of the road is considered as an engineering structure that combines settlements in the
structure of the overall system of transport links in the region. In essence, such models use fairly simple opti-
mization approaches aimed at minimizing construction and repairs and reducing losses, both from traffic flows
and from negative impacts on the external environment. The most characteristic development of such a prin-
ciple of modeling the development of the network of roads comes from 1955 to 1985, for example [1,2], which
is a characteristic feature of the time of economic development of countries. One of the groups of such models
involves the creation in general terms of an "economic and mathematical model of optimization of an inte-
grated transport network", which combines the ideas of the development of all types of transport, and the role
of connecting elements of communication is assigned to highways. The rational length of the network of roads
of the region in the enlarged form is determined by a simple equation, which uses such parameters as popula-
tion size, area of the territory, gross volume of agricultural products.

But such simple approximation approaches to the development of the transport network were very
simple to determine a truly well-founded network of roads. Therefore, the creation of optimization models for
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determining the rational configuration of the network of highways was more viable and practically feasible. In
these models, considerable attention is paid to the study of the minimum value of road transport costs with
careful study of the processes of formation of relations between the main parameters that influence the devel-
opment of the network of roads, as the length of the route between the correspondent points i and j, the volume
of freight between points i and j, road expenses, which ensure the transportation of goods at the site ij, transport
costs in the same direction, the average speed of transport of vehicles.

The development of mathematical optimization models uses a number of complementary approaches,
which, for example, include the use of a system for determining the best transport connection in the regional
network, determining the impact of transport on the environment. In turn, solving such auxiliary tasks in global
optimization models caused the conduct of such studies, such as, for example, the definition of the system of
additional connections in the transport network, the definition of rational adjacency of congresses on main
roads, etc.

The second direction is based on the theory of development of variants of work on the network of
roads in order to improve both the structure of the network itself and the quality of its transport status, based
on the use of models of rational use of capital investments in order to improve their technical level. At the
same time, as the main indicator, which determines the best option for the implementation of work, the value
of total deductible costs and the profit growth rate, the use of which uses information about the work of
transport and the dynamics of work on the merely roads. In recent studies, the use of reduced costs has been
expanded to a large number of parameters that are taken into account in models for assessing variants of the
development of the network of roads, including the costs of developing competitive types of transport - rail-
ways, water transport.

The third direction of the development of the network of roads is based on the use of economic and
then socio-economic models. In most of these models, the road is regarded as an element of the general
transport system whose task is to organize the reliable transportation of goods and passengers by road. On the
other hand, the road is considered as an element of the infrastructure of economic relations between the main
functional types of activities that can be developed in the region and satisfies all social needs of the population,
including individual residents.

The best example of such models is the implementation of special projects by a consulting firm with
a road profile (PM-Consult - Germany, GeoConsult - Austria), which consists in identifying long-term pro-
grams of road works in the system of development of the national economy of the region. In general, the idea
of a better combination of economic, social and technological and resource opportunities in the development
of regional road networks is constantly improving and continues to be used at the level of organization of the
work of administrative structures, as evidenced by the activities of the special 15th section of the World Road
Congress - PIARC.

The formation of models of the development of the network of roads on the basis of ensuring all the
requirements of individual residents for transport connections throughout the year, as a rule, is aimed at devel-
oping a local network of roads. In this case, options for the potential development of individual families that
can use the appropriate network of roads on the train of their lives are considered. In such models literally
there is a simulation of the behavior of individual family members, their labor activities, the development of
their own interests, implemented with the use of transport services. The above directions of the formation of
the need for highways in certain regions of the country can be taken into account when creating models for
assessing their property according to different criteria.

In models of type B the road is considered as the object of obtaining profit from its use. The most
widespread forms of development of such models are the development of so-called concession programs and
the formation of programs of payment for travel on the roads of a certain destination and certain groups of
vehicles. The second direction is considered as more realistic as it is dynamically developing in many countries
of the world.
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So in 2011-2012, Kapsch Traffic COM AG, in support of the European Integration Program of
Ukraine in the Trans-European Transport Network, carried out work on the creation of an electronic payment
project for transporting certain groups of transport vehicles by motor roads of specified categories. During the
company's cooperation with the employees of Ukravtodor, a concept for the implementation of the electronic
payment for travel through 2014 was created. Thus, projects have been created to determine the technical
equipment of this system, defined fees for the payment of the train, conditions and plan for organizing work
on collection of funds, forms of control and accounting of the work of the system, and so on. But this project
has not been realized and is at a stage of possible development.
Conceptual position of the model of payment for transportation of vehicles consists in the formation
and solving of such an equation:
Il = (Nijx Fix Tj) - (BT + PV), @)
where /7 - the desired profit from the work of the electronic payment system for road transport, UAH / year;
i - number of groups of vehicles, i = 1, 2, ..., n;
j - number of types of payment terminals for fare,j =1, 2, ..., m.

BT - primary expenses for the project realization (creation of terminals of account, control service and
account of expenses, expenses for technical devices of cars, expenses for installation and maintenance of cash
registers and other = measures of  technical and organizational nature), UAH;

PV - current expenses for servicing the electronic system of organization and automatic accounting
for payment for road transport (maintenance of software, expenses for communication services, current repair
and restoration work of equipment) and other costs, which are determined by the method of expert analysis of
the work of such systems, UAH;

Nij - is the intensity of traffic of vehicles of the type whose fare on the road should be paid to the
j-terminal;

Fi - fare for car and other types of vehicles;

Tj - is the number of ; - th type terminals.

Of course, model (1) is presented in a generalized form, since it lacks the time factor, the coefficient
of traffic growth, the parameter of inflation and other parameters that can develop the model. But in this model
there is essentially one parameter that regulates and evaluates the efficiency of this model - this is the value of
the fare - and this parameter is determined in the process of solving the model (1) at the given value of I1. In
turn, the value of T (the meaning of the implementation of the system fare) can be set in the range of 15 - 20%
of the total value (BT + PV).

In type C models, the road and its associated transport facilities are considered as part of the main
productive assets of the region and the state as a whole. The state of highways and their transport facilities
determines the volume of certain road construction works and repair and restoration measures, the totality of
which determines the general needs for financial resources and determines the residual value of the object.
Determination of the residual value of the objects of the road economy is formed on the basis of the following
principles:

- each and every element of the road (i = 1, 2, ..., n) or s - and the transport structure (s = 1, 2, ..., S)
has its initial cost, which was fixed at the cost of execution works on its creation or was determined by the
rules of the market price - respectively Voi or Vos;

- each element of the road or its related transport facilities has certain service life, that is, the terms of
validity in terms of their suitability for use - respectively, Toi or Tos. These terms of service are best defined
using the advanced expert appraisal method, since the use of so-called degradation models for most elements

and transport constructions is seen as a virtually impossible approach. The research carried out in this way
on previous stages of the implementation of the scientific works [3] made it possible to compile tables of
terms of service of elements of roads and transport constructions.

- at the time of evaluation of property - the residual value of an element of roads and structures - each element
is on a certain period of service (a: this term has not yet come, b: just ended, c: already passed);
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- for each item and transport structure that are components of a particular object, the possibilities of
road construction works or repair and restoration measures performed to improve their condition are consid-
ered and fixed costs of their implementation. Possible fixing of different options for carrying out works and
repairs - I: were carried out in different situations of fixing the service life of elements of roads or transport
facilities - a: b: ¢; 2 - work and measures were not implemented- using existing methods of estimating the
residual value of the main production facilities of the road economy, the residual values of each element or
transport structure are calculated - respectively Zoi or Zos;

- the total residual value of the object as part of the property of the road economy is defined as the sum
of the residual value of each element or transport facility - Zoi or Zoi.

Obtained values of the total residual value of the object (part of the property) are used to solve various
practical tasks related to the formation of the resource supply system of the object necessary for its maintenance
in the proper operating condition, the formation of the accounting and reporting system and other tasks .

Models of type D are focused on the decision of tasks of planning of resource provision of property
objects in order to provide activity of certain branches of the national economy. Models of resource planning
for maintenance processes in the normal operating status of distributed objects in Europe should include the
model HDM-IV, various models of the PMS type and the Ukrainian model of the SUSP (CYCII), the basis of
which was developed in 1996-2001 [4], and the reproduction of this model takes place during the year 2017
for Ukravtodor.

In the latest version of the SUSP model, as in its previous versions, the planning of resource provision
of road objects is carried out through a repair system - capital and medium - as well as certain current mainte-
nance repairs. In the latest version of the SUSP model, seven repair strategies are considered, namely:

Strategy 1, which defines the so-called standard terms for repairs of non-rigid type of road surface,
consists of two middle repairs between adjacent major repairs, the basis of which is determining the develop-
ment of the value of the modulus of elasticity of road clothing and forecasting the volume of annual destruction
of the travel section.

Strategy 2, which is aimed at fulfilling the condition of non-exodus of road wear outside the permissi-
ble (project in accordance with category and traffic flow). Thus, the criterion of the formation of repair strate-
gies in this case is the equality of coverage. According to this strategy, two middle repairs are carried out, and
the terms of their carrying out, as well as the power of repairs are calculated autonomously, that is, inde-
pendently of each other. But the equality of coverage should have the same acceptable value in these two cases.

Strategy 3, which is also focused on the implementation of the condition of non-exodus of road wear
beyond the permissible, but with the condition of three average repairs in period 0 - T.
Strategy 4 defines the conditions for carrying out two stages of capital repairs and a series of average repairs
in the same period 0 - T, provided that the regulatory equality of coverage is observed.
Strategy 5, which determines the conditions for major repairs in the period Tk <= 6 years and which develops
in two directions:

Strategy 5a: Defined by the fact that at first one average repair is carried out before major repairs are
carried out. Then, two average repairs are made on conditions of non-exodus of road clothes beyond the per-
missible value of strength. If the definition of such a strategy for the implementation of road repair measures
is targeting the permissible equality of road coverage.

Strategy 5 b: Determined by the fact that at first one average repair is carried out before major repairs
are carried out in the event of non-exit of the transport condition of road wear (strength) under admissible
conditions, then one major repair is carried out, and then, at regular intervals, two average repairs are made
with the cost respectively .

Strategy 6, considering the possibility of major repairs in the period Tk> 6 years. The development of
such a strategy includes the following steps: first, 2 average repairs are carried out during the period of over-
haul, that is, in the period 0 - Tk, in the estimated year Tk, the capital repairs are carried out by value, and then
one more average repair after the Tk period is performed.
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Strategy 7, which deals with mathematical models of the justification of two stages of capital repairs
without carrying out mid-repairs of average repairs.

The main requirement for determining the terms and capacity of major repairs is the desired equality
of coverage, and the implementation of major repairs is accompanied by work on the current minor repairs and
maintenance of the road as a whole. In the process of planning average repairs, as the main limitation, the
equality of coverage and the coefficient of adhesion of the coating to the surface of the road is taken as the
main limitation. The criteria for choosing a better strategy for carrying out road repair work are the values of
road and transport costs, and the choice of the best value of this criterion is determined in the process of
interactive dialogue.

The above directions for determining needs, assessing the state and establishing resource support for
maintenance in a reliable operational condition of highways should be used in the development of a system of
models for their property valuation. Such models of property status assessment can be developed as stand -
alone for further practical use, and used in the light of information that will be obtained from other models. In
any case, the complexity of the solution to the problem of property valuation of motor roads is evident and
comprehensively reflects the dynamics of requirements for the movement of property - the quantity and quality
of transport and operational condition of highways.

Conclusions

Features of the structure of the road economy determine the various approaches to valuing the property
of'its constituent elements. In order to assess the property of roads as the main component of the road economy,
various approaches and techniques may be developed where a road is considered as part of the regional econ-
omy's infrastructure as an object of income or as the state's main assets requiring its maintenance of resources.
But the prospect of developing such stand-alone approaches to property valuation requires the creation of a
comprehensive strategic model for the property valuation of individual roads and network of roads of a certain
destination.
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AnoTtaniss. Oco0JIMBOCTI CTPYKTYPH TOPOKHBOTO TOCTIONAPCTBA, K CKJIAJ0BOI YACTUHH EKOHOMIKH KpaiHH,
BIUTMBAIOTh HA CTBOPEHHS CUCTEMHOI METOJMKH OLIHKH HOro MaifHa, KOJIM OKpeMi CKJIaZoBi OyAyTh BH3HA-
YaTH 0COOJMBOCTI BUKOPUCTAHHS Ta PO3BUTKY IOPOKHBOT IHPPACTPyKTYpH. 3 I[I€F0 METOO JIJIS OI[IHKU Maii-
HOBOTO CTaHy aBTOMOOUTHHHX JIOPIT, SIKi € OCHOBHOIO CKJIaJ0BOI0 YACTHHOIO JOPO’KHBOTO TOCIIOIapCTBA, Pe-
KOMEHAYEThCS PO3pO0Ka PI3HUX MOJIENIEH MiAX0My 10 BU3HAYCHHS MAifHOBOI OI[IHKH aBTOMOOITHHUX JOPIT.

B crarTi 3amponoHoOBaHI HANIPSAMKHA Ta MOJIEI OIIHKK MalHOBOTO CTaHYy aBTOMOOITBLHUX IOPIT MpH
YMOBI BHKOPHCTaHHS Pi3HMX KOHIICTIIIH BHU3HAYCHHS iX MOTpeOH B iHGPACTPYKTypi €KOHOMIKH PETIOHY Ta
HEOOXIAHOCTI y MIATPUMAaHHS iX B HAJIEKHOMY eKCIUTyaTamiiiHoMy cTati. Criojy4eHHs moTpedu Ta CTaHy aB-
TOMOOITIBHUX AOPIl BUKOPUCTOBYETHCS SIK KOHIIETITYANbHUH KPUTEPii 0 POpMyBaHHS MOJIENeH 1X OLIHKH SIK
MaifHa B CTPYKTYPi eKOHOMIKH PETiOHy. 3a TAaKHM KpUTEPiEM aBTOMOOLTEHA TOpOTa PO3TIAIAETHCS IK 00’ €KT,
SIKUMN:

A - 3a0e3meuye coLianbHO — aIMiHICTpaTUBHI MOTPEeOH B OpraHizamii pyxy aBTOMOOLIEHOTO TPaHCIIO-
PTY B perioHi Ta 3MIHCHEHHI MACAKUPCHKUX TIEPEBE3EHb;

B - moxxe npuHecTy IpUOYTOK B PE3YJIbTaTi CBOIO BUKOPHCTaHHS;

C — SIBISIETHCS YACTUHOIO OCHOBHUX BUPOOHMUYMX (OH/IB PETIOHY Ta AEPKaBH B I1JIOMY. SIKi TOBUHHI
OyTH miATpUMaHi B HAJIE)KHOMY CTaHi;

D — HaponHo-TOCIIONApUUil 00°€KT IEBHOIO LiIbOBOIO NPU3HAUCHHS, SIKUM BUKOPUCTOBYETHCS IS
3a0e3MeYeHHs AiSIIbHOCTI OKPEMHX rally3eid HapOJHOTO rOCHOAapCTBA.

3amponoHOBaHa CTPYKTypHa KIacuQikamis aBTOMOOUILHUX JOPIT 32 KOHLENTYaJIbHUM KPUTEPIEM iX
notpedu Ta crany - A, B, C ta D - € 0CHOBOIO 1151 (hOPMYBAHHS Pi3HUX MOJICJICH OLIHKKM X MaiHOBOI'O
CTaHy, 0COOJIMBOCTI PO3BUTKY SIKHUX 1 PO3IVIAIAIOTHCS B CTATTi. ['OJIOBHUM MPUHIIMIIOM TaKOi Kiaacupikarii
aBTOMOOUIFHUX JIOPIT Ta TPAHCIOPTHHUX CIIOPY[ B LILIOMY 3 METOIO iX MaifHOBOI OLIIHKH € Te, 10 BOHH PO3T-
JIJAI0THCS K 00 €KTH a00 Cy0”’€KTH B MOJCIIAX PO3PAaXyHKy MaliHa BIIACHUKIB YU KOPUCTYBAYiB TPAHCIIOPT-
HUX CIIOPYI.
KirouoBi ciioBa: motpeba B 1oporax, cTaH JOPOrd, KOHIENITYaNbHUI KpUTEPii, MOAET OL[IHKH, MaiHO.
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