EKOHOMIKA TA YNPABJIIHHA

UDC 656.21.001.57
0O.1. Kharchenko, Cand. Sc. (Tech.)

Dnipropetrovsk National University of Railway Transport
named after Academician V.Lazaryan, Dnipro, Ukraine,
e-mail: olesiakh100@ gmail.com

MATHEMATICAL MODEL OF RAILWAY FUNCTIONING
FROM THE PERSPECTIVE OF SUSTAINABLE DEVELOPMENT

JHinponerpoBcbkuii HallioHanbHUIT yHiBEpCUTET 3a1i3HUY-
HOTO TpaHCIOPTY iMeHi akanewmika B.Jlazapsina, m. JIHinpo,
YkpaiHa, e-mail: olesiakh100@gmail.com

MATEMATNYHA MOJEJIDb ®YHKIIOHYBAHHA 3AJII3HUILD
3 IIO3UIIII CTAJIOTO PO3BUTKY

0. 1. XapyeHko, KaH/l. TeXH. HAYK

Purpose. The article is aimed to ensure the most efficient variant of railway functioning from the perspective of
sustainable development.

Methodology. A comprehensive analysis of works in the field of increasing the functioning of railway transport
subdivisions and implementing the principles of sustainable development was carried out. This analysis makes it pos-
sible to identify the main directions of increasing the efficiency of railway functioning from the perspective of sustain-
able development. The model of railway functioning was developed using the mathematical apparatus of the theory
of sets and graphs that allows structuring the railway as a complex system. The basic stages and the relationships dur-
ing the simulation of railway functioning processes at the macro and micro levels were shown.

Findings. A mathematical model of the railway functioning was developed on the basis of which the simulation of
the railway functioning process is carried out at two levels. The macro level is the simulation of the car traffic volume
displacement in the transport network within the railway and the micro level is the simulation of processing the car
traffic volume at the stations of the railway.

Originality. The article includes an adequate description of the process of railway functioning from the perspective
of sustainable development, based on the apparatus of the theory of sets and graphs.

Practical value. On the basis of the proposed model of the railway functioning at the macro level it is possible to
solve the problems of optimal distribution of freight operation not only between the stations encompassing the ap-
proach lines of the mining enterprises, but also between all railway stations perating local car traffic volumes. Using
the proposed model of functioning of the technical freight station at the micro level the problem of determining the

optimal quantitative characteristics of the production capacities of the stations is solved.
Keywords: mining industry, railway transport, sustainable development, mathematical model

Introduction. One of the main directions of foreign
policy of Ukraine is to join the European Union. For
Ukraine, European integration is a way to modernize
the economy, overcome the technological backward-
ness, improve the competitiveness, and enter global
markets. The modern development of Ukraine is aimed
at economic growth, whereas the social protection of
society and environmental issues lack proper attention.
European standards are already guided by the laws of
sustainable development, so considering the issues spe-
cific for sustainable development is an important step to
strengthen the positions in the European system. The
issues are as follows: reducing the negative impact on
the environment, introduction of resource-saving tech-
nologies, and improving the social security of employ-
ees. In theory, the sustainable development of the coun-
try is provided by the entire national economic complex,
and by every branch of it, respectively.

Unresolved aspects of the problem. The task to ensure
the sustainable development of the mining industry in-
cludes not only the implementation of the principles of
sustainable development in the industry, but also the
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optimal use of transport modes for the transportation of
goods. According to the analysis, the mining products
(ore — 21 %, coal — 17 %, petroleum and petroleum
products — 35 %, ferrous metals — 6 %) constitute a ma-
jor part of the cargo transported by the railway transport
(79 %). However, the attractiveness of railway transport
for the mining industry has been decreased lately. This is
due to the tariff imbalances, irregularity of car delivery
to industrial enterprises, considerable wear of the rolling
stock, which entails a significant loss of cargo during
transportation. Reduction of railway transport competi-
tiveness in transportation of mining products can lead to
increase in environmental pollution and, thus, to in-
crease in costs associated with the transport operation
(as of 2012 the external costs associated with the opera-
tion of motor vehicles totaled 43.2 bin. UAH, and the
costs associated with the railway transport operation —
12.4 bln. UAH). The above mentioned data actualize
the problem of implementation of principles of sustain-
able development when using the railway transport for
transportation of goods of the mining complex.
Analysis of the recent research. A. A. Bosov, Yu. S. Ba-
rash, T.V. Begun, Yu. V. Kosov, S.N. Bobylev, N.V. Os-
trovskii, N. P. Tarasova, O. L. Kuznetsov considered ap-
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plication of the concept of sustainable development and
its implementation in the management of complex sys-
tems in their works.

Research in the field of increasing the efficiency of
the railway transport subdivisions is described in the
works of domestic and foreign scientists, such as
A.O.Muradian, P. A. Novikov, D. V. Lomotko, N. V. Pa-
nova, A.A.Anchugina, T.V.Polishko, M. M. Sergiien-
ko, V.I1.Pasichnik, A.M.Maslov, D.I.Kochneva,
A.S.Miroshnik, M. M. Chekhovskoy, U.V.Antoniuk,
V.N. Ponomarev, Ye. L. Kuzina, A. A. Mashukov, etc.

Comprehensive analysis of works allowed identifying
previously unresolved aspects of the general problem. The
analyzed works do not contain models which allow pro-
posing the measures, which account the essential re-
quirements for sustainable development in the complex
to the full extent. Thus, the relevance of the research is
determined by the necessity to ensure the efficient func-
tioning of the railways on the way to implementing the
concept of sustainable development.

Objectives of the article. The article is aimed to de-
velop a mathematical model of the railway functioning
to solve the problem of finding the most efficient variant
of the railway functioning from the perspective of sus-
tainable development.

Presentation of the main research. The work [1] pro-
poses a problem statement of sustainable development
of the railways which is defined as the problem of deter-
mining the optimal distribution of capital investments in
the direction of sustainable development. The solution
of this optimization problem allows provision of such
variant of railway development, at the implementation
of which the railway functioning is characterized by the
maximal value of the proposed integrating efficiency in-
dicator. An efficient way to solve the problem of finding
the rational ways to improve the railway efficiency in-
volves mathematical models.

The railway represents a set of elements (railway sta-
tions) with a corresponding complex structure. Mathe-
matically, it is advisable to describe such an object using
the apparatus of the set theory [2]. Software implemen-
tation of the objects that make up the system is carried
out at the class level, at this the properties of the objects
are described as the corresponding fields of classes, and
the processes of their functioning are implemented in
the class method [3].

At the upper hierarchical level, the system represents
a set of stations unified by the communication lines, and
in the process of functioning they create and ensure the
promotion of material flows [4]

RW={S; CL; Fy}, (1)

where S is a set of stations of the railways; CL is a set of
objects of the communication lines; F), is material flows
circulating in the system.

The station is a subsystem including the group of ele-
ments that directly support the processes of promotion
of material flow (station tracks, shunting locomotives,
the area of cargo handling operations, sorting devices)
[5]. The elements of the railway station as a serving sys-
tem operate in the process of meeting the requirements
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for transport services, which are formalized in the mod-
els like freight train traffic volumes plying between the
stations, and arriving at the stations.

At the same time the railway stations are divided into
intermediate, district, marshalling and freight ones ac-
cording to the type and volume of the performed tech-
nological operations. Stations of different types have
similar basic elements, at the same time types of stations
are determined by the presence of certain elements or
their different sizes (power).

In the model of a station as a railway subsystem in
general terms it is proposed to allocate a set of elements
that directly provide the processes of promotion of mate-
rial flow, as well as the demand for the station services [6]

S={As; Qg Lg; Ss; Dy}, (2)

where Ag is a set of the station tracks; Qg is a set of de-
pots located in the territory of the station; Ly is a set of
shunting locomotives of the station; Sy is a set of sorting
devices of the station; Dy is the demand for the station
services.

The absence of any element for the station of a cer-
tain type in the station model is represented as the in-
clusion of the corresponding empty set in the expres-
sion (2).

The approach line A as a station element is a subsys-
tem of the following hierarchical level, which consists of
a set of locomotives serving the approach line, the cargo
handling area related to the approach line, and freight
depots, served at this approach line. Moreover, the
transport demand satisfied by the track resources refers
to the model of the approach line. In general, the ap-
proach line represents the following set [7]

A={Ly; Qp; A; Dy}, (3)

where L, is a set of locomotives serving the approach
line; Q, is a freight depot served at the approach line; A
is the cargo handling area of the approach line; D, is the
demand satisfied by the track resources of the approach
line.

If the shunting locomotives of the station can serve
several approach lines, then

=
I~

L =(]L., “4)
I

-
I

where N, is the number of approach lines of the freight
station.

The model of the cargo handling area A is formalized
as a set of objects of the cargo handling mechanisms,
which are part of it

4=JG, (5)

where G; is the i-th cargo handling mechanism in the
cargo handling area; N is the number of cargo handling
mechanisms in the cargo handling area.

The model of communication lines between railway
stations can be represented as a set of the sections U, the
characteristics of which are as follows:
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- the length of section L, km;
- the type according to the number of tracks N, (sin-
gle-track N, =1, double-track N,=2);
- availability of electrification of the section p,; (non-
electrified p,, = 0, electrified p,;= 1);
- the points of transport network, limiting the sec-
tion: SO and .
Thus,
Nsec
CL= U, (6)
i=1
where U; is the i-th section of the transport network
within the railway

U, ={L,N,.p,,S",S”}. (7)

The hierarchy of the objects that are used to describe
a complex system during development of the models of
its functioning is represented in Fig. 1.

It is advisable to carry out the simulation of railway
functioning process at two levels:

- the macro level: simulation of the displacement
process of the car traffic volume along the transport net-
work within the railway;

- the micro level: simulation of processing of the car
traffic volume at the railway stations.

Model of railway functioning at the macro level. Within
the described hierarchy of objects used during simulation
of the railway functioning processes, the system model at
the macro level can be represented as a directed graph
Grw [8]. The graph nodes are objects of the type S — the
stations, and the graph links are the objects of the type U
— the sections of communication lines (Fig. 2).

The demand for transport services within the trans-
port network is formalized by the matrix of correspon-
dences which displays the volumes of the departure and
arrival of freight trains at the freight stations. The ele-
ments of the matrix are the values that display the num-
ber of freight trains that are dispatched from the i-th
freight railway station to the j-th one.

The task of increasing the efficiency of the railway
functioning at the macro level is defined as the determi-
nation of such a variant of the distribution of the car
traffic volumes along the transport network, which will
provide minimal total time expenditures 7 for displace-
ment of all correspondences

Nc
T,=> T — min, (8)

i=1

where T, is the total time of displacement along the sec-
tions of the transport network of the car traffic volume
of the i-th correspondence, h; N, is the number of cor-
respondences.

The solution of the problem (8) is carried out by
finding the optimal route for each correspondence. It is
advisable to use the Dijkstra’s algorithm [8, 9] as the ba-
sic method of solution. At this, the passage time along
the section of the transport network can be used as the
weight values of the graph links. If for the railway trans-
port network it is fair the assumption about the constant

116

Fig. 2. A fragment of the graph model of the railways

value of the average service speed for all links of the net-
work, then it is sufficient to use the lengths of the railway
hauls of the transport network as the weight coefficient.

It is advisable to consider the correspondences with
the highest values as the priority correspondences
(which are considered first of all when determining the
route), since the correspondence of smaller capacity can
be divided into the longer routes with smaller losses of
the total time in the criteria (8). Introduction of prioriti-
zation is required due to the limited bandwidth sections
of the transport network. The priority ranking is re-
quired due to the limited working capacity of the trans-
port network sections. The section of transport network
loaded to the limit value of working capacity on the basis
of the route determination for the previous correspon-
dences is not considered in the graph model of the
transport network in determining the route for the next
correspondences.

The vector A = &y, Ay, ..., Ayse, Whose elements A,
represent the values of traffic intensity at the k-th sec-
tion of the transport network, is a result of solving the
task of operational management on the determination of
the route for freight trains in the transport network of
the railway.

These values are used as a result of network optimi-
zation in order to improve the quality of customer ser-
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vice. The values of the vector A for non-electrified sec-
tions of communication lines within the railway can also
be used as a criterion to choose the section of transport
network for electrification (according to the maximal
value of the car traffic volume intensity).

Operation model of the freight technical station.
Freight technical stations perform technological opera-
tions for processing inbound and outbound material
flows. The random variables of the number of freight
cars in the supply N, and interval between car supply
[7] are the basic characteristics of the demand to per-
form the freight station operations. Numerical charac-
teristics Nw and ( are conditioned by parameters of the
matrix of correspondences describing the demand for
transport services.

The problem of increasing the efficiency of the rail-
ways and providing their sustainable development at the
micro level (the level of functioning of the separate sta-
tions) is formulated as the determination of the quanti-
tative characteristics of the transport modes of the sta-
tion.

It is advisable to consider the amount of shunting lo-
comotives of the station N, and the number of handling
mechanisms N,. as the basic quantitative characteristics
of the transport vehicles, which provide the processing
of material flow. Then the problem of minimizing the
operational costs can be represented as follows

Eop = E[ok(]vl) + Ehm(Ng) - min, (9)

where E,,. () is the dependence of operational costs for
the station locomotive functioning on their quantity;
E,,.(N,) is the dependence of the operational costs for
the functioning of the handling mechanisms of the sta-
tion on their quantity.

The technological process of servicing the material
flow at the stations is stochastic, which is caused by the
influence of a large number of environmental factors on
the individual sub-processes. In the model of station
operation this fact is taken into account by considering
the duration of the certain technological operations as
random variables.

Thus, in general terms from the point of view of the
system approach the model of functioning of technical
freight station is described by the following functional
dependence

Eyy=f(Nj, Ny, N,,, ©). (10)

The proposed model considers N, and N, as con-
trol variables, and the incoming influences of the ex-
ternal environment are described by random variables
N, and C.

If we consider the process of car traffic volume ser-
vicing as the process of servicing the combination of
units with similar technical and economic characteris-
tics (or if we use the weighted average values of the tech-
nical and economic characteristics) at this to describe
the service means we use a similar approach (consider
the locomotives as the units with the same technical and
economic characteristics), then the mathematical mod-
el of the station functioning as part of the railway system
takes the following form
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The optimal from the point of view of sustainable
development of the railway quantitative characteristics
of transport vehicles and handling operations of the sta-
tions can be determined on the basis of this model. The
optimal number of shunting locomotives of the station
and cargo handling machines as part of the handling
operations area are defined as the values of the extrema
of the function (11) by solving the system of equations

JoE

op

N,
JE

op

oN
g

It should be noted that the problem of determining the
optimal quantitative characteristics of transport vehicles
and handling operations of the stations is solved by using
the results of solving the problem of optimal distribution
of freight operation between the railway stations as an in-
put data. At this the principle of hierarchical pattern of
planning the process of system functioning is preserved —
from the macro level to the level of the separate elements.

The proposed model of railway functioning based on
the mathematical apparatus of the theory of sets makes
it possible to structure the railway as a complex system.
This approach allows us to formulate a number of tasks,
the solution of which makes it possible to determine the
optimal parameters of the system functioning relative to
the components of the integrating efficiency indicator
proposed in the work [1].

Conclusions and recommendations for further re-
search. On the basis of the proposed model of railway
functioning at the macro level it is possible to solve the
problems of optimal distribution of freight operation not
only between the stations serving the approach lines of
the mining industry, but also between all the railway sta-
tions serving the local car traffic volumes. Using the pro-
posed model of operation of the freight technical station
at the micro level one can solve the problem of deter-
mining the optimal quantitative characteristics of the
production capacity of the stations.

In prospect the simulation results can be used as a set
of basic data to solve the problem of optimal allocation
of capital investments to ensure the most efficient vari-
ant for sustainable development of the railways, which is
described in the work [10], as well as to solve the prob-
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lem of increasing the efficiency of interaction between
the railway transport and mining enterprises.
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Mera. 3abe3neueHHsT HaOLTbI e(DEeKTUBHOTO Ba-
piaHTy (OYHKIIOHYBaHHS 3aJIi3HUIb 3 TTO3UIIIi CTaJIOTO
PO3BUTKY.

Metomuka. BUKOHAaHO KOMIUJIEKCHUI aHai3 pobiT
B 00J1acTi (DyHKIIOHYBAHHS MiAPO3IilTiB 3a7i3HUIHOTO
TPAHCIIOPTY Ta BIPOBAIKEHHSI TMPUHLMUIIB CTAJIOrO
po3BUTKY. Lle 103BOIMIIO BUAIAUTY OCHOBHI HAIIpSIMU
MiIBUILEHHS e(@EeKTUBHOCTI (DYHKIIOHYBaHHS 3aJli3-
HULb 3 MO3ULIil cTajoro po3BUTKy. Po3pobdka moaeni
(byHKIIIOHYBaHHS 3aJ1i3HULb TPOBOAMIACS 3 BUKOPUC-
TaHHSIM MaTeMaTUYHOTO arapaTy Teopii MHOXKMH i Tpa-
(iB, 110 TO3BONSIOTH CTPYKTYPYBaTU MOHSTTS ,,3aJ1i3-
HULS“ 9K ckianHy cuctemy. [Toka3aHi OCHOBHI eTanu
Ta B3a€EMO3B’SI3KU TIPU MOJIEJTIOBaHHI MPOIIeciB (PyHK-
LIIOHYBaHHSI 3aJli3HULIL HA MAKPO- 1 MIKPOPiBHSIX.

Pesyabratu. Po3pobieHa maremMaThyHa MOJIEIb
npoiiecy (QYHKIIOHYBaHHS 3ali3HUIb HA JBOX PiBHSIX:
MaKpOpiBeHb — MOJEJIIOBaHHSI MPOIIECY NepecyBaHHS
BaroHOITOTOKY IO TPaHCHOPTHIi MepexXi B paMKax 3a-
JII3HULII; MiKpOpiBeHb — MOJEJIOBaHHS Mpoliecy 00-
POOKHM BarOHOIOTOKY Ha CTaHUisSIX Y CKJIadi 3a1i3HULII.

HaykoBa HoBM3HA. AJEKBaTHUII OIMC TIpOLIECY
(yHKIIOHYBaHHS 3ali3HULb i3 MO3UILii CTAJIOrO PO3-
BUTKY, OCHOBaHMI Ha armapari Teopii MHOXUH i rpadis.

IIpakTiyna 3naummicts. Ha 6asi 3ampornoHoBaHO1
Monesi (pyHKUIOHYBaHHS 3ajli3HMIb Ha MaKpOpiBHi
MOXKJIMBE DIllleHHS 3aBIaHb ONTUMAIBLHOTO PO3ITOMITY
BaHTaXKHOI pOOOTHU HE JIMILIE MiX CTaHLIiSIMU, OOCIIyTO-
BYIOUMMM T1i/1"13Hi KOJIii MiATTPUEMCTB TipHUYOI00YBHOT
IMPOMUCJIOBOCTI, ajie i yciMa CTaHLIisIMU 3aJ1i3HULb TIPU
00CIYyrOBYBaHHI MiClLIeBUX BarOHOIIOTOKiB. 3 BUKOPUC-
TaHHSIM 3alpOTNOHOBAHOI MoJedi (PYHKIIOHYBaHHS
BaHTAXXHOI TEXHIYHOI CTaHIIil Ha MiKpPOPiBHi BUPillly-
€TbCS 3a7aya BU3HAYEHHSI ONTUMATbHUX KiJTbKiCHUX
XapaKTepUCTUK BUPOOHUYMX TTOTYKHOCTEI CTAHIIIiA.

Kmouosi ciioBa: eipruuo0obyséna npomucaosicms, 3a-
ABHUMHUI MPAHCROPM, CIMAAUE PO3BUMOK , MAMeMAamuH4-
Ha MoOdensb
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eab. O6ecrieueHne Hanboree 3(PHeKTUBHOTO Ba-
praHTa PYHKIIMOHNPOBAHMS XKEJIe3HBIX TOPOT C TTO3U-
LIUY YCTOMYMBOTO Pa3BUTHSI.

Metoauka. BrinmoiHEeH KOMIUIEKCHBINM aHaIU3 pa-
00T B obnacty (PyHKIIMOHUPOBAHUS MOApa3AeICHUI
JKeJIE3HOOPOXKHOIO TPAHCIIOPTA U BHEAPEHUS TIPUH-
LIMITOB YCTOMYMBOTO Pa3BUTHUSI. DTO MO3BOJIMIIO BbIAC-
JINTb OCHOBHbBIE HampaBJIcHUs TOBBIIICHUS 3P deK-
TUBHOCTU (DYHKIIMOHUPOBAHMST XKEJIE3HBIX TOPOT C
MO3ULIMKU YCTOMYMBOTro pa3Butus. Pazpaborka Moze-
T GYHKIMOHUPOBAHUS KEJIE3HBIX JOPOT IPOBOMM-
JIach C MCTIOJIb30BAaHMEM MaTeMaTHUUEeCKOTO arapaTa
TEOPUM MHOXECTB U rpadoB, KOTOpas IO3BOJSCT
CTPYKTYpHUPOBATh TOHSITUE ,KeJe3Hass gopora” Kak
ciaoxHyio cucremy. I[lokasaHbl OCHOBHBIC 3TaIlbl U
B3aMMOCBSI3M IPU MOJEIMPOBAHUHU ITPOIIECCOB (PYHK-
LIMOHUPOBAHUS XKEJE3HBIX 1OPOT Ha MAKPO- U MUKPO-
YDOBHSIX.

Pe3syabratbl. Pa3paboraHa MaTeMaTtuyeckasi Mo-
IeJib mpolecca MYHKIMOHNUPOBAHUS KEJIE3HBIX 10-
pOT Ha ABYX YPOBHSIX: MAKPOYPOBEHb — MOJEITUPOBA-
HUE TIpollecca TEePeABIKEHUsS BaroHOIIOTOKA IIO0
TPAHCIIOPTHOM CETH B paMKax KeJe3HOU IOpOTH;
MUKPOYPOBEHb — MOIEJIHMPOBAaHUE IIporecca odpa-
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OOTKM BaroHONOTOKA Ha CTAHIIUSIX B COCTaBE XKeIe3-
HOI TOPOTH.

Hayunast HoBH3HA. AleKBaTHOE OIKMCAHME TIPOIIeC-
ca (yHKIMOHUPOBAHUS KEJIE3HBIX JOPOT C TMO3UIINU
YCTOMUMBOIO pa3BUTHSI, OCHOBAaHHOE Ha arrapare Te-
OpUU MHOXECTB U rpadoB.

IIpakTuyeckas 3naunmMoctb. Ha 6aze nmpenioxeHHO
MOJENU (PYHKLIMOHUPOBAHMSI KEJIE3HBIX JOPOr Ha Ma-
KPOYPOBHE BO3MOXHO pellleHre 3aJa4 ONTUMAJIbHOIO
pacripenesieHusi Tpy30BOl pabOThI HE TOJBKO MEXIY
CTaHUMSIMM, OOCTYKMBAIOIIMMU TOIbE3AHbIE ITyTU
MPEANPUITUI TOPHONOOBIBAIOIIECH MPOMBIIIIEHHOCTH,
HO ¥ BCEMU CTAHITUSIMU KeJIE3HBIX TOPOT IIPU 00CITYKM-
BaHUM MECTHBIX BaroHOITOTOKOB. C HCITOIh30BaHUEM
MpeAIOKEHHON Moaen (DYHKLIIMOHUPOBAHUST TPY30BOIA
TEXHUYECKON CTAaHLIMKA HA MUKPOYPOBHE pelIaeTcs 3a-
Jlaya OIpeneeHusT ONTUMAaIbHBIX KOJTUYeCTBEHHBIX Xa-
PAKTEPUCTUK MTPOU3BOACTBEHHBIX MOLLIHOCTEM CTAHIIVA.
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FORMATION FOR ROCKS TRANSPORTATION IN OPEN-CUT MINING
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JJIA TPAHCIIOPTYBAHHSA T'TPCBKHUX ITOPIJ Y KAP’EPAX

Purpose. Economical implementation of competitive strengths of haul trucks by the generalization of scientific
thoughts, tenets and principles forming a high level of competitiveness of the trucks.

Methodology. Results are received through the application of several methods: critical analysis and systematiza-
tion were used in order to determine the notion of competitiveness and indexes of quality evaluation; ABC-analysis
and mathematical statistics were exploited in order to rank the indexes of competitive strength evaluation depending
on technical characteristics of a vehicle; economical and mathematical modeling were applied in order to determine
the expenditures concerning the transportation of rocks; finally, the method of network modeling assisted to the op-
timization of staffing and interrelated projects.

Findings. Special aspects regarding competitive strengths of the haul trucks which are designated for exploitation
in open-pit mines were revealed. This identifies technical characteristics of the trucks which are adjusted to special
conditions and rules of roach transportation according to the requirements of mining enterprises.

It is demonstrated that practicality concerning the substitution of certain haul truck models and means of develop-
ing their competitive strengths should be determined according to the integrated index of competitiveness which is
supposed to be calculated as a ratio between group economical indexes and group technical indexes. The economical
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