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FORMALIZATION OF ROLLING STOCK DISTRIBUTION PROCESSES
BY USING DYNAMIC MODEL

Purpose. The scientific article formalized process improving the efficiency of rolling stock distribution in
railways for loading goods by introducing concentration of loading at the terminal by using a dynamic model.
Methodology. According to the experience, the distribution of rolling stock by the infrastructure operator is
a complex process. The questions on transport expeditionary service, working technologies of separate subjects of
railway industry and the question of forming organization principles of running carriages with different patterns of
ownership are considered. The system of rolling stock distribution based on logistical control principles on railways
should meet the next methodological criteria: reduction of empty run and waiting time under one freight operation,
forming the correct informative area for all participants of the transportation, arranging conditions for rapid and
maximally profitable decision-making as for the further movement of the rolling stock. Findings. Created a list of
the necessary conditions under which there must be a dynamic development of the transport sector and meet the
current market requirements. The algorithm and process logistic control allocation of railway rolling stock are
considered. Proved that relationship between the participants of the transportation process of initial conditions for
reform be composed based on non-discriminatory access to cargoes resources. Originality. The work of dispatcher
staff in transportation process management as an employee of the transportation department in terms of demand for
rolling stock at all stages of transportation management analyzed. For the first time proposed a dynamic model, that
reproduces the information field for all participants in traffic. It established that the railways have to create a system
of distribution of rolling stock, which must meet the following criteria: reduction in empty mileage and waiting time
under one cargo operation; create conditions for rapid and most profitable decision for further movement of rolling
stock. Practical value. Application of the developed method of rolling stock distribution for the formation of unit
trains will significantly reduce the logistics costs in the supply chain and increase its competitiveness in foreign
markets. The development of such a system is intended to create a truly independent regulator of the logistic —
transportation process in the conditions of creation of the unified information space.

Keywords: logistics technology; rolling stock; railway transport; management of railway; dynamic model of
resource distribution

Rational use of infrastructure resources [12] in
Introduction general and the rolling stock resources in particular
is the absent chain in the branch reforming now. So
nowadays according to the LLC Ukrzaliznytsia
data the total waiting time of technological
operations is nearly 30% more than the execution

Increasing the efficiency of cargo transporting
by rail and water transportation is one of the key
tasks that be addressed to reduce logistics costs.

Creative Commons Attribution 4.0
International doi: 10.15802/stp2018/154410 © D. V. Lomotko, D. V. Arsenenko, N. A. Nosko, O. V. Kovalova, 2018


mailto:kozachenko@upp.diit.edu.ua
mailto:kozachenko@upp.diit.edu.ua
mailto:kozachenko@upp.diit.edu.ua
mailto:kozachenko@upp.diit.edu.ua

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayka Ta nporpec tTpancropty. BicHuk JIHIpOneTpoOBCKOro
HaL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOTrO Tpancnopty, 2018, Ne 6 (78)

PYXOMMUI CKJIA 3AJI3HULIB I TATA TTOI3/11B

time of these operations, while this index is 60%
less than in the European countries. This statistics
visually displays the level of operating
consumptions, which connected with the
infrastructure maintenance in waiting time.

Taking into account a swift tendency to
integrate railway industry into market conditions,
which related to considerable reduction of the
majority of the qualitative work indexes and deficit
of budgetary investments, the guidance of the
industry had to solve questions for overcoming this
problem as soon as possible. The most important
task is to create favorable conditions for involving
investors and to set up preconditions for logistic
infrastructure development.

Purpose
The scientific article formalized process
improving the efficiency of rolling stock

distribution in railways for loading goods by
introducing concentration of loading at the
terminal by using a dynamic model.

Methodology

The main regulations of a new law «On the
railway transport of Ukraine» [1] worked out
exactly for the solution of the question. So, it is
planned to substitute the term «railway» into the
new one « infrastructure operator», to form a new
organ the National Commission on Transport
Adjusting (NCTA) for correcting the rate
compound and involving private ferrymen for
transportation. Now days there are a lot of non-
solving problems which concern investment
constituent, calculation of the railway rate (NCTA)
without customer and others like that, but the
obvious thing is to solve problem concerning the
creation of equivalent terms for ferrymen in the
real conditions of the operative transportation
planning.

Findings

The distribution of rolling stock by the
infrastructure operator is a complex process. A list
of scientific sources that contain solutions to the
problem of rolling stock management analyzed.
Having regarded to the setting task in the context
of reformatting in modern terms, the questions on

transport expeditionary service [4], working
technologies of separate subjects of railway
industry and the question of forming organization
principles of running carriages with different
patterns of ownership [1], [10] are considered. The
economic constituent at forming the transport-
logistic system of carriages control taking into
account the internal generalize economic
efficiency and corresponding quality of services
are important [6]. This approach takes into account
the economic component and can used by
developed EU railways. The geographical position
of Ukrainian railways as a whole obligates to
examine any innovations in management with
a review on further integration of the accrued
system into international transport network [5, 7]
using the up-to-date information and intellectual
technologies.

Taking into account the orientation of today's
reformation and raising of our task as one of the
basic principles is introduction the EU railway
experience to the existent realities [13]. For this
reason, reform the rolling stock distribution
process along with European railways.

Thus, make the system of rolling stock
distribution based on logical control principles on
railways. The system should meet the next criteria:

— reduction of empty run and waiting time
under one freight operation;

— forming the correct informative area for all
participants of the transportation;

— arranging conditions for rapid and maximally
profitable decision-making as for the further
movement of the movable unit.

Developing of such system is to make really
self-contained regulator of transporting process
without changes in staff constituent and significant
[8].

Relations between the participants of the
transportation ~ process  under  reformation
conditions must base on the principles of non-
discriminatory access to the infrastructure
resources [9].

According to the prospective state of the
relationship  between  participants of the
transportation [11] on the domestic railways, each
of them is able to influence on the transportation
quality in whole. The participants of the
transportation process as for the degree of
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responsibility and influence on the transportation
insurance in right quality distributed in relationship
shown in Figure 1. This approach can use as
a basis to ground the distribution of financial
results in terms of improving quality, due to rolling
stock supply.

Shown in Figure 1 system on the today's stage
of the industry reformation divides the functions of
infrastructure management and rolling stock
management, the eventual result must be the
acceptance of existent EU directives within the
framework of the real conditions of LLC
«Ukrzaliznytsia» (UZ). New methods in client
relations, fundamentally new strategic approach in
transportation planning [7], cooperation of the
comprehensive efforts of the industry with
economic strategy of the country development on
the whole, and others like that belong to the basic
requirements and standards of the railway system
which must be formed as a result of the
reformation process.

As the infrastructure owner (UZ) is responsible
for the compliance of the main indicators quantity
of the transportation quality, it is the owner has the
priority right to financial result. However, it means
that the most cost of transportation activity be take
into account in the results of the participant work.
Thus, when applying specific transport technology
and providing rolling stock for each participant of
the transportation process, the share of financial
results (revenue rate) for freight transportation be
calculate individually depending on the performed
transportation work and activities.

The practical objective of this system is to
create conditions for putting the carriage under
loading which is under unloading at the particular
ground.

Look at the work of dispatcher staff in
transportation process management as an employee
of the transportation department in terms of
demand for rolling stock at all stages of
transportation management.

Taking into account, the existing operational
management model the hierarchical scheme of
rolling stock management levels on the railway

and the allocation of responsibilities for
commitments show in Figure 2. In this context, the
ground of active work that subordinates to the
employee who associated with transportation
within his competence is considered as hierarchical
level of transportation.

The process of the system running begins with
the instructions on the freight operation completion
provided by the consignee, after unloading car or
group of cars. For the time that remains to prepare
the car commercially (removal mounting elements,
removal of freight residues, etc.), to supply
shunting locomotive, the employee of the
transportation department must make the right
decision on further «destiny» of the car. A similar
problem concerns the distribution of empty rolling
stock on the sorting and polling stations but in
reverse hierarchical direction.

The authors suggested presenting and
formalizing information as to distribution of the
rolling stock on the operating domain using the
method of dynamics of averages. The choice of the
method is due to the possibility of its application to
practical purpose in the form of the system of
automated workplace. Taking into account the set
tasks, the rational method of solving the problem
will be the application of the classical Runge-Kutt
method. Among many methods for solving tasks
with method of dynamics of averages the most
common in practical application will be Runge-
Kutt method of the fourth order, which has
necessary parameters. It is this method that allows
to obtain necessary results required by the
accuracy of the calculations and it differs from
others by relative simplicity.

Model activities of the dispatcher staff as
a queuing model system, which aims to create a
right market competitive condition of using rolling
stock. Thus, an approach to modeling operational
activities of the dispatcher staff according to the
distribution of cars based on the principles of the
gueuing theory. The main objective of the model is
to get an important information to assess transition
probability of the cars state from empty to load
considering initial system parameters.
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Fig. 1. Rolling stock management operator in the existent railway system on the way of reformation.
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Fig. 2. Hierarchical scheme of rolling stock management levels on the railway.
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Fig. 3. Structural — logical model of the infrastructure
operator work of rolling stock distribution
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In the model (1):
U\ (t) — part of loaded cars involved in the i-th

loading area, which is equal n; UiE (t) — part of

empty cars that can be used in the i-th loading area
is accepted that > UF(t)=1; W, ; — probability
n

that the empty car of the i-th loading area will be
used for loading in the loading area j in the time
interval (t; t + At); W, — probability of discharging
the loaded car in the loading area i, is accepted
that Y W, =1.

For calculating the model work the conditional
data are taken, W, parameters are hypothetical,
calculations in real time scale are connected with
heavy implementation expenses and can be used
without big error.

The system (1) is linear, in matrix form can be
written U(t)=WU(t) and was shown in normal
Cauchy form. The problem of the stability
simulation in providing loading resource of
railway ground is come to a range forecasting of
eigenvalues in W matrix. An important task of the
system is that the railway ground saved not only
resistance of some of its state as a whole and will
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have stable operation at the variation of
parameters, which consists of the following:

— type of freight and its transportation
requirements;

— car specifications, such as type, carrying
capacity, design features, etc. ;

— technological requirements for loading;

— economic component as the primary goal of
customer and owner of rolling stock.

For calculating the model work the conditional
data are taken, W parameters are hypothetical,
calculations in real time scale are connected with

heavy implementation expenses and can be used
without big error.

U@ = [ (B.B,-B, ), ®], ¥

where B,, — vector constraint requirements for

a car.
One of the most important examples of the
restriction on space 1520 mm is the index of
throughput and estimated capacity.
The states matrix is:

(—Wl 0 ‘s 0 1,1 2,1 v n,1
O _WZ - 0 1,2 2,2 e n,2
0 0 e =Wy 1n 2,n nn
=< 4 ’ ) 3
L2 e —Wi——Wiy 0 0 @)
1 2 n 0 _WZ,l_--_WZ,n 0
1 2 e n 0 0 e T n,l_--_Wn,n

When solving this problem, modeling of stable
and control system of the particular ground
acquires eigenvalues A; from possible probabilities

of the W; and W,; matrix (3). Characteristic
feature of this dependence is function A; from W,
and W, ; that can be evaluated through its own

vectors Ri and Si of the W matrix.
Vector of loading resources N (t) can be shown

as
n
u (1) => ceM'n ;. ke[Lm], (4)
i=1
where 1,; — components with number k of
eigenvector Ri, m — matrix dimension (2),

¢ =S'U, — is determined by the initial values
vector of loading resource (loaded, empty) U0 and
eigenvectors Si of the transpose matrix state (3).

Examine the conventional railway ground E,
which consists of three directions and has
a working gondola park numbered 1000 units.
Assume that all gondola cars are interchangeable.
If using cars on each direction is equal for rolling
stock operator ( U,/ (t)=U, (t)=UJ(t)=1/3),
then the system come to a relatively steady state in
10 hours from the beginning the cars distribution
actions with a coincidence of all three schedules in
one (Figure 4).

Table 1

Tabulating general given data for subsequent
calculations in evident comparison.

Directorate on the Distribution of Distribution of
conventional ground | rolling stock in the | rolling stock in the
first variant second variant
Uln 1/3 1/2
U 217 1/3 3/10
U 317 1/3 1/5
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Fig. 4. The simulation results for conventional ground IT and
three equal- weighted directions (U,” (t) =U, (t) =U. (t) =1/3)

If using cars on each direction is not equal for
rolling stock operator, the first conventional
direction has the highest priority, the third one has

through the day from the starting the cars
distribution actions (Figure 5) the system will not
come to a steady state (the state of the gondola

— the least priority (i.e is approved distribution comes to a relatively steady state only
U/ (t)=05U(t)=03 U7 (t)=02 ), even In30hours).
//AM*H‘M
w0 et
)
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Fig. 5. The simulation results for the conventional ground IT and three directions
with different weight characteristics (U,” (t) =0.5,U." (t) =0.3,U. (t) =0.2)

It points out to the necessity to consider the
uniformity while reallocating rolling stock along
the ground in terms of non-discriminatory access
to their infrastructure.

Originality and Practical value

Thus, the model allows conclude about the
ability to manage some parameters over time that
is it will characterize the process stability to ensure
railway ground by the loading resource. Further
development of the model may be carried out by
taking into account the interchangeability of
rolling stock and its state.

The task set solve owing to the modern
methods of statistics and mathematical simulation.

The analysis of methods and facilities, which use
by the author of the thesis work for solving the set
task, afford ground for the conclusion as for the
authenticity of results, received in the researches.
It can be confirmed by the representativeness of
the statistical material selection, considerable
amount of grounds researches and carrying out the
verification model test for adequacy and accuracy
according to the known criteria.

This result used as a basis to ground the
distribution of financial effect in terms of
improving quality. Model of decision support
system for optimal distribution of rolling stock in
the transportation process shown in Figure 6.
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Fig. 6. Model of decision support system for optimal distribution of rolling stock.

Conclusions

The offered logistic model, in terms that
formed towards restructuring the rail transport,
allows developing optimal technology work of the
concentration point with rational use of rolling
stock and the work of locomotive with all transport
network requirements. Using the offered models
allows infrastructure operator to reduce operating
costs while managing (W) rolling stock, to reduce
local car circulation and as a result, the period of
delivery. The offered approach is its use in the
intellectual control system of optimal distribution
of rolling stock. The model allows us to predict
rolling stock location by the type and stat in each

period of time that will significantly increase the
rate of useful work on the railway ground.

Conclusions, methods and practical
recommendations are collect personally by the
author at the direct analysis of the work of the
Railway Transport Directorate. The authors
developed the main functions of the automated
workplace, improved the model for the distribution
of rolling stock using the method of dynamics of
averages, taking into account the condition of the
car, identified the basic conditions for forming new
approach to the management of rolling stock
among which the creation of a competitive market
of grain cargoes transportation.

LIST OF REFERENCE LINKS

1. [Hdambko, H. M. Pa3zpaboTka OpraHM3allMOHHO-TEXHOJOTHYECKOW MOJIEIH YNpPABICHUS MapKOM TI'PY30BBIX
BaroHoB pasHoi popmer cooctBenHoctr / H. . [lanpko, 1. B. JJomoTsko, B. B. Kynemos // 'HHOBalnOHHBIN

tpancnopt. — 2012. — Ne 4. — C. 8-13.

2. Jlomoteko, . B. ®opMyBaHHS HEYiTKOI CHCTEMH MiATPHUMKH NPUHHATTS DilllEHHS IIOJ0 HPHIATHOCTI Y
KOMEpIIIfHOMY BiJTHOIIEHHI pyXoMoro ckmamy mpu #oro posmoxini / J[. B. Jlomoteko, A. O. Kopannos,
0. B. Kosanposa // Cxing.-€Bpor. xypHan nepemaoBux texHomorid. — 2015, — T. 6, Ne 3 (78). — C. 11-17.

doi: 10.15587/1729-4061.2015.54496

3. TIpoekr 3akoHy mpo 3amisHWYHHNA TpaHcmopT Ykpairu Bim 17.11.2017 p. Ne 7316 [Electronic resource] /
Bepxosna Paga Ykpainu. — Available at: http://wl.cl.rada.gov.ua/pls/zweb2/webproc4 1?id=&pf3511=62929

— Title from the screen. — Accessed : 06.03.2018.

4.  YOCKOHaJEHHsI TEXHOJIOTil opraHizalii BaroHONOTOKIB HUITXOM ()OPMYBaHHS aBTOMAaTH30BaHOI CHCTEMH
po3paxyHKy 1 3a0e3rnedeHHs BUKOHaHHS IutaHy ¢opmysanHs noi3nis / C. B. [lanuenko, T. B. Byrsko,
B. M. IIpoxopos, JI. O. ITapxomenko // BicH. CxizHOykp. Hau. yH-TY iM. B. Jans. — 2017. — Ne 3. — C. 136-

142,

5. Bielecki, M. Total logistics management concept and principles in manufacturing enterprise / M. Bielecki,
B. Galinska // Business Logistics in Modern Management : 17-th Intern. Sci. Conf. (Oct. 12-13, 2017, Osijek,

Croatia). — Osijek, 2017. — P. 93-107.

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154410

© D. V. Lomotko, D. V. Arsenenko, N. A. Nosko, O. V. Kovalova, 2018



ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayka Ta nporpec tTpancropty. BicHuk JIHIpOneTpoOBCKOro
HaL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOTrO Tpancnopty, 2018, Ne 6 (78)

PYXOMMUI CKJIAZ 3AJII3HULIB I TAT A TTOI3/11B

6. Hao, C. Optimization on Combination of Transport Routes and Modes on Dynamic Programming for a
Container Multimodal Transport System / C. Hao, Y. Yue // Procedia Engineering. — 2016. — Vol. 137. —
P. 382-390. doi: 10.1016/j.proeng.2016.01.272

7.  How planners’ use and non-use of expert knowledge affect the goal achievement potential of plans:
Experiences from strategic land-use and transport planning processes in three Scandinavian cities / A. Tenney,
L. Hansson, E. Lissandrello, P. Nass // Progress in Planning. — 2016. — Vol. 109. — P. 1-32.
doi: 10.1016/j.progress.2015.05.002

8.  Jarasiiniené, A. Analysis of Application Management Theories and Methods for Developing Railway
Transport / A. Jarasinien¢, G. Sinkevi¢ius, A. Mikalauskaité // Procedia Engineering. — 2017. — Vol. 187. —
P. 173-184. doi: 10.1016/j.proeng.2017.04.363

9.  Kozachenko, D. M. Creation of export-oriented network of grain elevators in Ukraine / D. M. Kozachenko,
R. V. Vernigora, R. S. Rustamov // Hayka Ta mporpec tpancmopty. — 2017. — Ne 2 (68). — C. 56—70.
doi: 10.15802/stp2017/99952

10. Lomotko, D. V. Methodological Aspect of the Logistics Technologies Formation in Reforming Processes on
the Railways / D. V. Lomotko, E. S. Alyoshinsky, G. G. Zambrybor // Transportation Research Procedia. —
2016. - Vol. 14. — P. 2762-2766. doi: 10.1016/j.trpro.2016.05.482

11. Nikitinas, V. The Models of Management of Railway Companies in the European Union: Holding, the German
Experience / V. Nikitinas, S. Dailydka // Procedia Engineering. — 2016. — Vol. 134. — P. 80-88.
doi: 10.1016/j.proeng.2016.01.042

12. Scheduling preventive railway maintenance activities with resource constraints / R. Macedo, R. Benmansour,
A. Artiba [et al.] // Electronic Notes in Discrete Mathematics. — 2017. — Vol. 58. — P. 215-222.
doi: 10.1016/j.endm.2017.03.028

13. Stefancova, V. Connection of Dynamic Quality Modeling and Total Service Management in Railway
Transport Operation / V. Stefancova, E. Nedeliakova, C. Lopez-Escolano // Procedia Engineering. — 2017. —
Vol. 192. — P. 834-839. doi: 10.1016/j.proeng.2017.06.144

14. The Impact of Human Resource Management on the Competitiveness of Transport Companies / N. Batarliené,
K. Cizianiené, K. Vai¢iuté [et al.] // Procedia Engineering. — 2017. — lss. 187. — P. 110-116.
doi: 10.1016/j.proeng.2017.04.356

15. Zahumenska, Z. Supporting the Connection the Logistics Centers to Rail Network / Z. Zahumenska,
J. Gasparik // Procedia Engineering. — 2017. — Vol. 192. — P. 976-981. doi: 10.1016/j.proeng.2017.06.168

JI. B. JOMOTBKOY, JI. B. APCEHEHKO? H. A. HOCKO?, O. B. KOBAJIbOBA*

YKad. «TpaHcropTHi cHCTeMH Ta TOricTHKa», Y KpaiHChKHMil NepKaBHUN YHIBEPCHTET 3aTi3HHUHOTO TPAHCIIOPTY,

. Oeiiepbaxa, 7, Xapkis, Ykpaina, 61050, ten. +38 (057) 730 19 55, en. momrra den@Kart.edu.ua,

ORCID 0000-0002-7624-2925

%Kad. « TpaHCTIOPTHI CHCTEMH Ta JIOTICTHKa», YKpaiHCHKHH epKaBHHil YHIBEPCHTET 3ai3HIYHOTO TpaHcmopty, . deitepbaxa,
7, XapkiB, Ykpaina, 61050, ten. +38 (057) 730 19 55, en. momra TSL@Kart.edu.ua, ORCID 0000-0001-7757-8706

3Kac]). «TpaHCTIOPTHI CUCTEMH Ta JIOTICTHKa», YKpaiHCBbKUi AepKaBHUI YHIBEPCHTET 3aIi3HUYHOTO TpaHCHopTy, . Oeitepbaxa,
7, Xapkis, Ykpaina., 61050, Ten. +38 (057) 730 19 55, en. nomrra TSL@Kart.edu.ua, ORCID 0000-0002-4741-5890

*Kag). «YIIpaBIiHHS BAHTAXKHOIO Ta KOMEPLIHHOO POGOTOI0Y, YKPATHCHKHIA AepKABHHUIT YHIBEPCHTET 3aTi3HHIHOTO TPAHCIOPTY,
1. Oeitepbaxa, 7, Xapkis, Ykpaina, 61050, tex. +38 (057) 730 10 85, en. morura kovalova.uvkr@kart.edu.ua,

ORCID 0000-0001-5342-0795

POPMAJIIBALIS TPOUECY PO3IIOALLY PYXOMOI'O CKJIALY
3 BUKOPUCTAHHAM JUHAMIYHOI MOJIEJIT

Meta. CtarTs cripsiMoBaHa Ha (opMalizallito MpoIecy MmiIBHIEHHS e(PEeKTUBHOCTI PO3MOIITY PYXOMOTO CKIaxy
Ha 3aJTi3HUIIX 1] 3aBaHTAKEHHS NUITXOM KOHIEHTpaIlii HaBaHTKyBaJbHUX POOIT HA TepMiHaIaX 3a JOMOMOTOIO
IuHaMigHOT Mozemi. MeToamka. Sk moka3ye IOCBil, Ui ornepaTopa iHGPaCTPYKTYPH PO3MOIUT PyXOMOTO CKJIary
€ CKJIAJHUM TIpolecoM. Y poOOTI MpoaHai30BaHO TPAHCIOPTHO-CKCIEAMINIHHE OOCIYrOByBaHHS, TEXHOJIOTIIO
poboTn okpeMux CyO’€KTiB 3ali3HMYHOI ramy3i i (opMyBaHHS OpraHizalliiHUX MPUHLHWIIB KePyBaHHSI BaroHAMHU
MIAPUEMCTB Pi3HHX (OPM BIIACHOCTI. YCTAHOBJIEHO, MIO CHCTEMa PO3MOJTy PYXOMOTO CKIIANy, 3aCHOBaHAa Ha
MPHUHIUIIAX JIOTICTAYHOTO KOHTPOJIO Ha MUIAXY NPSMYBaHHS, IIOBUHHA BiIOBINATH HACTYIHHM METOOIOTIYHIM
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KPHUTEpIisIM: CKOPOYEHHS Yacy IPONYCKy W OYIKYBaHHS BaHTa)XHUX oOIllepanid, (OpMyBaHHS JOCTOBIPHOTO
iH(pOPMAIIHOTO CEepeOBHIIA IS BCIX YYaCHHUKIB TPAHCIIOPTYBAaHHS, CTBOPEHHSI YMOB JUIS NPUHHATTS IIBUIKOTO
1 MakCHMaJbHO BHTITHOTO PillIeHHs MIOA0 MOAAJIBIIOTO PYXy pyXoMoro ckiaxy. Pesyapraru. CTBOpEHO Ieperik
HEOOXiTHUX YMOB /ISl TUHAMIYHOTO PO3BHTKY TPAHCHOPTHOTO CEKTOPA BIAMOBITHO IO MOTOYHHX BHMOT PUHKY.
Po3risHYTO anropuT™ JIOTICTUYHOTO YIIPABIIHHS IPOLIECOM PO3IOILUTY 3aJIi3HHYHOTO PyXOMOTo cKiany. JloBeneHo,
10 BiTHOCHHH MK yYaCHHKaMHU TPAHCIOPTHOTO MPOIIECy Ha MOYATKOBHX eTanax pedopM GpopMyrOThCsS Ha OCHOBI
HEIMCKPUMIHAIIHOTO JOCTymy 10 pecypciB BaHTaxiB. HaykoBa HoBu3Ha. IIpoanamizoBaHa poOora
JHUCIETYEPCHKOTO MEPCOHATY 3 TOYKH 30pY IOIMHUTY Ha PyXOMHH CKJIaJ| Ha BCIX eTarax yNpaBiiHHS TPaHCIIOPTHUM
mporecoM. YTepiie 3arpolloHOBaHa IWHAMi4HA MOJEJb, SKa BIATBOPIOE iH(OpMaIlliiiHe moJie JUIs BCIX y4aCHHKIB
MepeMillieHHsI PYXOMOTo CKJaay. 3a il JOMOMOrol0 BCTaHOBJIEHO, IO 3aJ3HMLI MOBHHHI CTBOPIOBATU CHCTEMY
PO3MOITy PYXOMOTO CKJany, sika Ma€ BIANOBINATH HACTYHMHHUM KpPUTEpisM: 3MEHIIEHHs NpoOiry i TpuBanocti
OUiKyBaHHS BaHT)XXHHX ONEpalliil, CTBOPEHHS! YMOB IPUUHSATTS IIBUKOTO i BUTIHOTO PiLlIEHHS I10]10 NOAAIBIIOTO
IpoCyBaHHS pyxoMoro ckiaany. IIpakTuyHa 3HauymMicTh. 3acTOCyBaHHA pPO3POOJIEHOrO METOAY PO3MOILLY
pyxomoro cknangy misi (GOpMyBaHHS OJUHMYHMX IIOI3IIB JO3BOJIMTH 3HAYHO 3MEHIUUTH JIOTICTHYHI BHTpPATH
B JIAHLIOTY ITOCTaYaHHA W MiIBHIIMTH HOTO KOHKYPEHTOCIPOMOJKHICTH Ha 30BHILIHBOMY PHHKY. PO3BHTOK Takoi
CHCTEMH MOKJIMKAHMI CTBOPUTH CIIPaBAi HE3aJEKHHUH PEryisTop TPaHCIOPTHO-JIOTICTUYHOrO MPOLECy B YMOBAaX
(hopMyBaHHS €IMHOTO iH)OPMAIIHHOTO CepeOBHUIIIA.

Knrouogi cnosa: noricTHYHA TEXHOJIOTIS;, PyXOMUH CKJIalm; 3aji3HUYHHMI TPAHCIOPT; YHPABIIHHS 3aJi3HULCIO;
JUHAMIYHA MOJEIb PO3MIOALTY pecypciB
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POPMAJIMBALINA NPOUECCA PACIHPEEJEHWA HOABUKHOI'O
COCTABA C UCITOJBb30OBAHUEM IUHAMHNYECKHUX MOJIEJIEN

Hens. Crates mpegmoiaraet (QOpMaIH3alHI0 TIpolecca NOBHIMCHUS 3(PPEKTHBHOCTH pacIlpeIeIeHuUs
MIOJIBIDKHOTO COCTaBa Ha J>KEJNE3HBIX JOporax IMOJ MOTPY3KYy IyTeM KOHIIGHTPAIMM TMOTPY30YHBIX paboT Ha
TEepMHHAJIaX C T[IOMOIIbI JAMHAMHUYecKOM Mojenn. Meroauka. Kak mokasbiBaeT OIBIT, ISl omepaTropa
UHQPACTPYKTYpPHl  pacmlpeiesieHue TMOABIKHOTO COCTaBa SIBISAETCS CIOXKHBIM — TIporieccoM. B pabore
MIPOAHATM3UPOBAHO TPAHCTIOPTHO-IKCIIEAUIIMOHHOE OOCTY)KUBaHUE, TEXHOJOTHS pabOTHl OTIENBHBIX CYyOBEKTOB
JKEJIE3HOJJOPOKHON OTpaciu U (OPMHUPOBAHKUE OPTaHU3AIMOHHBIX MPUHITUIIOB YIIPABJICHUS BarOHAMH MPEATNPHUATHI
pasTuIHbIX GOPM COOCTBEHHOCTH. Y CTAaHOBJIEHO, YTO CHCTEMa paclpeaesieHus MOABMKHOTO COCTaBa, OCHOBaHHAs
Ha IPUHIMUNAX JOTUCTUYECKOTO KOHTPOJIS B IIyTH CJIEAOBAaHUS, I0JKHA OTBEYATh CIEAYIOUIUM METO0JIOTHYECKUM
KPUTEPHSIM: COKpAIlEHUE BPEMEHH IIPOIyCKa W OXKHUIAHUS TPY30BBIX orepanuii, GopMUpOBaHHE JOCTOBEPHOU
WH(POPMAIMOHHOW CpPEABl JUIS BCEX YYACTHHUKOB TPAHCIIOPTUPOBKH, CO3JaHUE YCIOBHU IJIsI MPHUHATHS OBICTPOTO
M  MAaKCUMaJlbHO  BBITOJAHOIO  pEUIeHHs MO  JalbHEeWlIeMy  TMpPOJABIKEHHIO  MOJBHUXKHOTO  COCTaBa.
PesyabstaTsl. Co3an niepedyeHb HEOOXOAUMBIX YCIOBHU JIJIsl TMHAMUYECKOTO PAa3BUTHS TPAHCIIOPTHOTO CEKTOPa B
COOTBETCTBUSL C COBPEMCHHBIMH TPEOOBaHUSIMH pPBIHKA. PaccCMOTpPEH alrOpUTM JIOTUCTHYECKOTO YIIPABICHHS
MPOIIECCOM  pacCIpeAesIeHHs] JKEJIE3HOJOPOKHOTO TOJBUKHOIO cocTaBa. Jloka3zaHO, YTO OTHOLIEHUS MEXIY
YYaCTHHKAaMH  TPAHCIOPTHOTO TMpollecca B  HAYAIbHBIX  YCIOBHAX pedopM  CTPOSATCS HA  OCHOBE
HEJUCKPUMHUHAIIMOHHOTO JIOCTyna K pecypcam Tpy3oB. HayuHas HoBu3Ha. I[Ipoanamm3upoBana pabora
JACTIETIYSPCKOrO TEepCOoHaja ¢ TOYKHM 3pEHMsl cIpoca Ha TOABIKHOM COCTaB Ha BCEX JTallax yIpaBJICHHS
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TPaHCIIOPTHBIM  IIpOLIECCOM. BriepBble MpeanokeHa JWHAMHUYECKas MOJeNb, KOTOpas BOCIPOHM3BOAUT
nH(pOpMaMOHHOE MPOCTPAHCTBO JUISI BCEX YYACTHHKOB IIEPEMELICHUS IMOJBIKHOTO cocTaBa. C ee MOMOIIBIO
YCTAQHOBJICHO, YTO JKEJE3HBIE IOPOTH [OJDKHBI CO3MaBaTh CHUCTEMY DACIPENCNICHHs MOIBHXHOTO COCTaBa,
COOTBETCTBYIOIIYIO CIEAYIONINM KPUTEPHAM: YMEHBIICHHE NMPOOera W BPEMEHHU OKHMIAHUS TPY30BBIX OINCpalHi,
CO3JIaHNE YCIIOBHH ISl IPUHATHS OBICTPOTO M BBITOJHOTO PEIICHHS IO JaTbHEHIIEMY MPOIBIDKCHUIO TTOIBHKHOTO
coctaBa. IIpakTHuyeckass 3Ha4YMMOCTb. lIpuMeHeHHE pa3pabOTaHHOTO METOAA PACIPEAEICHHS ITOABMKHOTO
coctaBa sl (POPMHUPOBAHHMA OAMHOYHBIX IOE3I0B IO3BOJHUT 3HAYUTENHBHO YMEHBIINTH JIOTUCTHUECKHE 3aTPaThI
B IIETIOYKE MMOCTABOK M MOBBICUTH €r0 KOHKYPEHTOCHOCOOHOCTh Ha BHELIHEM pHIHKE. Pa3BHTHE Takoil cHCTEMBI
NIPU3BAHO CO3/aTh JICHCTBUTEILHO HE3aBUCHMBIH PETYJISTOP TPAHCHOPTHO-JIOTHCTHYECKOTO MPOIECCca B YCIOBHAX
(bopMUpOBaHUs eAMHON NHPOPMAIIMOHHOHN Cpebl.

Kniouegvle crosa: noructudeckass TEXHOJOTHS; IOJBIDKHOM COCTaB; IKEJIE3HOJOPOXKHBIA TPAHCIIOPT;
yIIpaBJIeHUE )KEJIE3HO! IOPOToif; AMHAMUYECKast MOZIEb PACIpeeNICHNs] pECYpCOB
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