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ABSTRACT
Today, the creation and use of powerful information 

systems for managing the raw material flows of a 
metallurgical enterprise transported by the railways 
allow to diminish turn-round of wagons on the house 
tracks of the enterprise, to reduce the stock of raw 
materials in wagons, to create conditions for 
uninterrupted production, as well as to increase the 
level of maturity of cross- functional interaction of 
divisions.

This necessitates the development of a system of 
rapid collection, analysis, and visualization of 
information on the supply of raw materials, which will 
act as a single information space to coordinate the 
actions of all parties involved. Such an information 
system should support decisions at both the operational 
and tactical levels. Operational decisions in this case 

include changing plans for the current period, 
purchasing missing volumes, redirecting raw materials 
to other consumers, prioritization of relevant shipments 
and wagons’ rearrangement. Tactical level includes 
revision of reserve and consumption standards, 
elaboration of special agreements with carriers.

The objective of the study is to investigate the 
possibility of using an information system for controlling 
raw material transportation to reduce the turn-round 
of wagons on the house tracks of a metallurgical 
enterprise. The authors use general scientific methods, 
comparative analysis, mathematical methods.

The article studies the main functionality of such a 
system, presents a methodology for calculating the 
investment attractiveness of a project, and suggests 
further directions for development in the field of 
information interaction between enterprises and rolling 
stock operators.
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Introduction
Integrated (complete cycle) iron-and-steel 

plant is characterized by a significant volume 
of freight transportation, a large range of 
products and sophisticated production 
technology . Daily iron and steel works receive 
various types of cargoes: iron ore concentrate, 
ore, iron nuggets, fluxes, dry- and wet quenched 
coke, coking coal, refractory materials, 
equipment, and others .

The metallurgical industry makes a 
significant contribution to the development 
of the Russian economy . The share of ferrous 
metal industry is just under 2 % in Russia’s 
GDP, it is about 8 % in industrial production, 
and 7 % in export . The industry consumes 
5,3 % of all electricity and 8 % of natural 
gas produced . The share of ferrous metal 
industry freight transportation in the total 
volume of railway freight turnover is 15 % 
[1, p . 31] .

In the modern context large metallurgical 
companies have embarked on a course of 
business development not only by increasing 
the volume of production and expanding the 
range of products, but also by increasing 
production efficiency by optimizing internal 
processes . As already mentioned, railway 
transport is the main mode of transport for 
the industry, therefore, optimization of the 
transportat ion technology cannot  be 
ignored .

The delivery of raw materials for the need 
of ferrous metal industry and the shipment of 
finished products to consumers is carried out 
with the assistance of railway operator 
companies [2, p . 299] . Provision of all-purpose 
and specialized rolling stock for transportation 
takes place on the basis of a contract of freight 
forwarding services, which is usually concluded 
for 5 years and provides for a certain rate for 
wagon engaging . If the turnover of wagons 
increases above the normative value, the 
operator penalizes the enterprise for demurrage, 
on the opposite, if the turnover is lower than 
the normative value, the operator company can 
pay a premium under the terms of the contract 
[3, p . 265] .

It is clear that with such a significant volume 
of freight transportation, a decrease in rolling 
stock turnover will give a tangible economic 
effect and reduce the transport component in 
the cost of finished products, which means that 
the metallurgical plant will have a competitive 

advantage in the market . In addition, the 
digitalization of the economy encourages 
companies to create powerful IT-systems that 
provide employees with complete and up-to-
date information about technological processes 
for making optimal decisions .

This determines the objective of the study 
which is to explore the possibility of using an 
information system for monitoring raw material 
transportation to reduce turn-round of wagons 
on the house tracks of a metallurgical enterprise .

Results.
System purpose
Tasks
The object of automation when introducing 

a decision support system in the field of supply 
chain management of raw materials is the 
activity of all involved departments: supply 
department, logistics division and production 
department . The information system (IS) also 
provides for the construction of an interaction 
interface with other systems existing at the 
enterprise and beyond, and is intended for:

• raw material supply planning;
• development of optimal shipping 

schedules;
• consolidation of information on the use 

of the rolling stock, including that about 
wagons:

– loaded by the consigner;
– arrived at the enterprise;
– unloaded on the enterprise tracks;
• consolidation of information on 

shipments to the enterprise;
• monitoring the compliance with schedules 

of shipment of raw materials;
• monitoring the provision of shipment 

operations with empty wagons;
• monitoring movement of loaded wagons 

on the rail network (in our case, on the network 
of the JSC Russian Railways);

• forecasting the arrival of wagons with raw 
materials based on data on their actual location 
on the network;

• accounting of loaded rolling stock with 
raw materials on the house tracks of the 
enterprise during the period;

• informational support of the process of 
shipment of raw materials in terms of providing 
information on possible adjustments to the 
loading schedule when the number of wagons 
with raw materials on the house tracks of the 
enterprise deviates significantly from the 
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normative value upwards or downwards, taking 
into account the rolling stock located on the 
public network;

• forecasting the balance of loaded wagons 
with raw materials on house tracks at the end 
of the reporting period .

Thus, among the main objectives of the 
development and implementation of the said 
system, it is necessary to highlight the following 
objectives:

• organization of automated accounting of 
loaded and unloaded volumes of raw materials;

• providing operational control and 
analysis of the provision of shipment of 
declared volumes of raw materials by empty 
rolling stock;

• exclusion of manual filling of documents 
to exclude errors and discrepancies;

• providing operational control of input 
information;

• improving the quality of planning;
• ensuring a high level of reliability and data 

protection;
• development of cross- functional 

interaction of enterprise divisions;
• reduction in the cost of engaging rolling 

stock by reducing the turnover of wagons .

Current system
To study the possibility of using an 

information system for control of raw materials 
in order to reduce the turnover of wagons on 
the house tracks of a metallurgical enterprise, 
it is necessary to analyze the current system 
revealing its advantages and disadvantages . As 
a result of a comparative analysis of the current 
state of basic theory and practices in the field 
of traffic control at metallurgical enterprises, 
the authors compiled a diagram of the existing 
framework if interaction between the carrier, 
the operator company and the enterprise 
(Pic . 1) .

All commercial information regarding the 
waybill, i .e . the names of the freighted goods 
according to the Single Tariff and Statistical 
Nomenclature of Goods (ETSNG), of the 
consignor, of the consignee, of the destination 
station, the weight of the goods, is transmitted 
directly from the Electronic Transport Waybill 
(ETRAN) system . All information on the 
ground location, i .e . the station of location, the 
railway of location, the last operation, the time 
of the last operation, the wagon number, comes 
from the Main Computer Center (MCC) of 
Russian Railways . In the Operator IS, all 
received data are mapped and then the 
dispatcher of the operator company downloads 
them and transfers to the employees of the 
metallurgical plant . In turn, the plant’s 
dispatching office downloads data from the 
internal IS and consolidates all the information 
necessary for decision making .

The disadvantages of the current system are 
the lack of access for the plant’s employees to 
the Operator IS, the information gap between 
the internal and external transportation control 
systems, the great influence of the human 
factor, which inevitably leads to errors and 
discrepancies in the information used .

The proposed «Control of raw materials 
freights» IS (Pic . 2) is a link that integrates the 
internal and the operator systems into a single 
whole and allows the dispatching office (and 
other employees of the company) to see the 
entire logistics chain, while significantly 
reducing the amount of operational interaction 
with representatives of the operator company 
and not restricting access to the previous 
internal IS .

System functionality
Based on the desired goals, we can 

distinguish the functions that the information 
system should perform (Pic . 3) .

ETRAN

MCC

Operator
IS

Internal IS

JSC 
Russian Railways 

Operator
Metallurgical

Enterprise

Location information
«Wagon»

Commercial information
«Waybill»

Information about rolling
stock movement

Mapping of
«waybill–wagon» link

Operator’s
dispatcher

Dispatching office 

Information about internal movements,
arrival, departure, unloading

ACS-to-ACS
interaction

User-to-ACS
interaction

Operational
cooperation

Pic. 1. The existing scheme of interaction.
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The functionality of the system allows full 
control over the material flow throughout the 
chain: «origin of freight flow»–«transportation 
to the consignee»–«consumption» .

A) Formation of schedules of shipment of raw 
material

At this stage, all data necessary for optimal 
shipment schedules should be entered into the 
system . The following should be taken into 
account: the planned volume of transportation 
of each type of freight and for each consignor, 
shipping type, the type of rolling stock, the 
production capacity of the consignor and the 
consignee, standard delivery time, application 
numbers for freight transportation (i .e ., form 
GU-12) . Depending on the type of raw 
material, its shipment should be planned either 
on certain days (if the freight is to arrive at the 
metallurgical plant on a specific date), or so 
that to ensure a uniform delivery of raw 
materials during the accounting period taking 
into account the delivery time .

After that, the obtained schedule is subject 
to coordination with all involved divisions both 
in the metallurgical enterprise, and with 
operators of a rolling stock and suppliers of raw 
materials . The agreed and approved shipment 
schedule is «uploaded» in the IS for subsequent 
shipment accounting .

It should be noted that the Information 
System «Control of raw material haulage» 
should provide for the possibility of adjusting 
the shipment plan .

B) Control of availability of empty rolling 
stock to the consignor

Constant monitoring of the availability of 
rolling stock to suppliers is possible only on the 
basis of information interaction between the 
operator company and the metallurgical 
enterprise in «Automated control system to 
Automated control system» mode (ACS-to- 
ACS) and should allow to determine in advance 
the risks of breaking the schedule due to the 
lack of wagons at the consignor’s side .

«Control of
raw material 
haulage» IS

Information about
 raw material haulage

ETRAN

MCC

Operator
IS

Internal IS

JSC 
Russian Railways 

Operator
Metallurgical

Enterprise

Location information
«Wagon»

Commercial information
«Waybill»

Information about rolling
stock movement

Mapping of
«waybill–wagon» link

Operator’s
dispatcher

Dispatching office 

Information about 
internal movements,

arrival, departure, unloading

ACS-to-ACS
interaction

User-to-ACS
interaction

Operational
cooperation

«Control of raw material haulage» IS

Formation of schedules of shipment 
of raw materials

Control of availability of empty rolling stock
to the consignor

Shipment schedule execution control 

Provision of information on the location
of loaded wagons

Formation of arrival schedules 

Prediction of remaining raw materials

Pic. 3. Functions of «Control of raw materials freights» IS.

Pic. 2. Proposed interaction scheme.
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Data on the available rolling stock on the 
consignor’s house tracks and at the junction 
station are transmitted from the Operator IS . 
In the presence of approaching empty wagons 
the « Control of raw material haulage» IS 
automatically predicts the date of arrival to the 
consignor .

Shipment is considered secured if:
m

sender 
+ m

j .st 
+ m

coming 
≥ m

planned
,  (1)

where m
sender

 is the number of wagons on the 
consignor’s house tracks;

m
j .st

 is the number of wagons at the junction 
station;

m
coming

 is the number of wagons that will 
arrive by the specified date;

m
planned

 is the number of wagons planned for 
loading .

Otherwise, the system signals the risk of 
failure of the shipment plan with a color- coded 
indication .

C) Shipment schedule execution control
Information on shipment of each type of 

freight and each consignor is received for the 
calculated previous railway day after 18:00 . 
Information can be transmitted either directly 
from the Electronic Transport Waybill 
(ETRAN) system or indirectly from the 
Operator IS . The obtained values are compared 
with the planned indicators,  and al l 
discrepancies upward and downward are 
indicated by a certain color .

D) Provision of information on the location 
of loaded wagons

The information transmitted from the 
Operator IS must contain the following 
attributes:

• the name of the railway of location;
• the name of the station of location;
• the name of the departure station;
• the name of the last operation;
• the date of the last operation;
• the train index;
• the wagon number;
• the waybill number;
• the name of the destination station;
• distance to the destination station from 

the location;
• the name of the consignor;
• the name of the consignee;
• empty or loaded wagon indication;
• the name of the type of rolling stock;
• the name of freight according to the 

Unified Tariff and Statistical Nomenclature of 
Goods;

• the weight according to the waybill;
• the date of departure .
Based on the above data, the predicted 

arrival time is automatically determined . It can 
be determined, firstly, as the average of 
historical data on the arrival of each type of raw 
material for the previous period, and secondly, 
by calculation on the basis of regulatory 
documents (order of the Russian Ministry of 
Transport No . 245 dated 07 .08 .2015 «On 
approval of the Rules for calculating the time 
of delivery of goods, and of empty freight 
wagons by rail» [4]) . In the first case, it is 
necessary to first analyze the information about 
the movement of loaded wagons within the 
railway network, in the second case, the 
«Shipment type» attribute should be added to 
the transmitted information, so that the system 
can distinguish between single wagon, grouped 
and route deliveries for the correct choice of 
daily mileage . In both cases, seasonality of 
transportation (summer and winter periods) 
should be considered .

At present, there are also other approached 
to predicting the arrival time, which were 
described in the publications [5, p . 120; 6, 
p . 74] .

E) Formation of arrival schedules
The arrival schedule is automatically 

generated based on the approved shipment 
schedule . The date of arrival for each freight 
and consignor is then determined as:
ti

arrival
 = ti

shipment
 + ti

delivery
,  (2)

where ti
arrival

 is the date of arrival of the i-th 
freight at the metallurgical enterprise;

ti
shipment

 is the date of shipment of the i-th 
freight by the consignor;

ti
delivery

 is standard delivery time of the i-th 
freight .

If the freight is to cross the border, then one 
more day should be added to the obtained time 
for customs operations .

The completed arrival plan should include 
both the volumes that have arrived and the 
predicted volumes, which are calculated based 
on data on the location of loaded wagons within 
the railway network . Real and predicted values 
should be differently imaged for ease of 
perception .

F) Prediction of remaining raw materials
Visualization of data on the estimated 

balances of raw materials (an example of 
calculation for a ten-day period is given in 
Table 1) until the end of the estimated period 
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allows to make informed decisions to accelerate 
or leave loaded wagons that are within the 
network, shift the dates of shipment of raw 
materials by suppliers and reduce/increase the 
declared volumes of supply .

The actual balance of wagons at the 
beginning of the day (m

actual
) in the «ACS-to- 

ACS» mode is transferred from the existing 
system of accounting of wagons at the 
enterprise . The expected arrival date of the 
dispatched wagons (m

arrival
) is automatically 

calculated with the formula (2) .
Due to the complexity of modeling the blast 

furnace smelting operation [7, p . 576] and the 
resulting difficulties in predicting the exact 
volumes of unloading over a long period, and 
also taking into account the relative constancy 
of the consumed volumes of raw material by 
the blast furnace plant, the expected unloading 
of each delivery (m

unloading
) can be determined 

by the formula:

_

10

i
ten daysi

unloading

m
m =  (3)

where mi
ten_days

 is total unloading of the i-th 
delivery for the previous ten-day period .

Based on the values obtained the predicted 
balance of wagons is calculated (m

predicted
):

mi
predict

 = mi 
actual

 + mi
arrival

 –  mi
unloading

 . (4)
This information can be also graphically 

interpreted indicating the minimum balance of 
raw material for ease of perception .

Data transfer from the Operator IS and 
recalculation of predicted values and balances 
are carried out every hour . If there is a technical 
capability and production need, the speed of 
updating information should be increased .

It should be noted that the interaction of 
information systems of the enterprise and the 
operator of the rolling stock may have some 
difficulties in controlling the movement of 

wagons that are not owned by the operator 
company . In this case, when using the «Waybill» 
data array for the given registration number of 
the wagon, a situation may arise when the 
information on the past period is displayed, that 
is, the fact that this wagon has already carried 
out the transportation of any freight a few 
months or years ago . To avoid such situations, 
it is possible to exclude the automatic transfer 
of data on transportation in the wagons of other 
owners and to plan the coming wagons in 
manual mode . Since the bulk of the freight of 
metallurgical plants (98–99 %) is transported 
by wagons of one and the same company, this 
assumption will not affect the accuracy of 
planning and production activities of the 
enterprise .

Evaluation of economic effect
Investment attractiveness of projects and 

their economic efficiency are normally 
assessed by a set of indicators . For correct 
evaluation mathematical methods and 
comparative analysis of the proposed options 
are used . Many experts distinguish the net 
present value (NPV) as the main indicator [8, 
p . 113; 9, p . 557], which is the amount of cash 
payments resulting from the implementation 
of the project, reduced to the current day at 
the discount rate .

For the purpose of the economic assessment 
of the implementation project of the «Control 
of raw materials freight» IS, the net present 
value should be determined by the formula:

 .  .  .  .  .

1 (1 ) (1 )

T
reduct ad oper costs cap exp

t t
t

F AC C
NPV

r r=

−
= −

+ +∑ , (5)

where F
reduct

 is fund flow owing to cost reduction, 
rub .;

AC
add .oper .costs .

 means additional operating 
costs, rub .;

Table 1
Predicted Balance Information Output Form

Date

01 .01 02 .01 03 .01 04 .01 05 .01 06 .01 07 .01 08 .01 09 .01 10 .01

1 2 3 4 5 6 7 8 9 10 11

Balance at 00:00 (beginning of 
day), m

actual

310 289 332 311 290 205 184 227 270 249

Predicted arrival, m
arrival

64 128 64 64 0 64 128 128 64 64

Unloading, m
unloading

85 85 85 85 85 85 85 85 85 85

Balance at 00:00 (end of day), 
m

predicted

289 332 311 290 205 184 227 270 249 228
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C
cap .exp

 are capital expenditures on the 
project, rub .;

r is the discount rate, %;
t is number of years of expected fund flow, 

years .
A) Cost reduction
Improving the quality of operational 

cooperation of all participants in transportation, 
automation of monitoring of compliance with 
shipment schedules of raw material and 
monitoring the movement of the rolling stock 
over the network on the basis of a single 
information field will reduce the turnover of 
wagons, and hence reduce the cost of utilization 
of a wagon fleet . Taking into account the fact 
that a significant part of the rolling stock is 
returned empty from the plant to the network, 
it is advisable to use the weighted average 
turnover of wagons for accounting and control 
of the turnover of wagons on the industrial 
railway transport for metallurgical production 
(Pic . 4) .

In this case, the reduction in operating costs 
is as follows capital expenditures:
F

reduct 
= n•∆t•e

fr .wagon-hr
•365,  (6)

where n is the average number of wagons 
arriving at the enterprise per day;

∆t is the decrease in turn-round of wagon, 
freight wagon-hour;

e
fr .wagon-hr

 is the cost of 1 freight wagon-hour, 
rub ./hour .

If fewer locomotives can be used because of 
implementation of the IS, then the effect 
obtained should be added to the savings owing 
to cost reduction .

The predicted decrease in the turnover of 
wagons on the territory of the production area 
after the implementation of the information 
system is 3–5 % .

B) Additional operating costs
In this case the additional operating costs 

will include the following cost items:
• depreciation cost;
• the cost of electricity consumed by the 

equipment;
• payment to the rolling stock operator for 

the provision of data, if such a service is not 
stipulated in the contract of freight forwarding 
services .

Depreciation cost is calculated by the 
formula:

 .  .  .
 . 100

cap exp depr rate
depr cost

C N
DC =



, (7)

where N
depr .rate

 is depreciation rate, % .
Electricity cost is as follows:

C
el
 = W•C

el
•24•365,  (8)

where C
el
 is the cost of 1 kW•h of electricity, 

rub .;
W is total watt-hour consumption of the 

equipment, kW•h .
Then:

AC
add .op .cost

 = DC
depr cost

+ C
el 

+ C
pn .opr

,  (9)
where C

pn .opr
 is the payment to the power 

network operator, rub .
The introduction of additional staff is not 

required, therefore, an increase in the salary 
fund is not provided .

C) Capital expenditures
Capital costs for the implementation of the 

decision support system will consist of the cost 
of server equipment and of its installation and 
commissioning, equipment of workplaces for 
employees, as well as of the purchase of licensed 
software (if necessary) .

D) Payback period of the project
An important indicator of the economic 

evaluation of the project is its payback period: 

Δt
One freight
operations

X, %

Before unloading 

Two freight
operations

Y, %

From the moment of arrival at the 
plant to the end of unloading

From the moment of the end 
of unloading to the moment of beginning

of loading

From the moment of the beginning 
of loading to the moment of return

to the network

From the moment of the end 
of unloading to the moment of return

to the network

Before 
implementation

of IS

After
implementation

of IS

Pic. 4. Weighted average turn-round of wagon.
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the lower it is the more attractive is the 
investment:

 .  .

 .  .

cap exp
payback

reduct add oper costs

C
Т

F AC
=

−
 . (10)

Conclusion
The implementation of the «Control of raw 

material  haulage» IS at metallurgical 
enterprises will bring economic benefits 
thanks to the technical effects of improving 
the quality of operational work, making 
optimal schedules for the supply of raw 
material and monitoring implementation of 
these  schedules,  t imely  provis ion of 
transportation services to the plants [10, 
p . 66], reducing the turnover of wagons on the 
house tracks, ensuring a more lean time 
distribution of arrival of trains at the adjacent 
station .

It is possible to outline the main directions 
of further development of the system:

1) application of the system may be 
extended to cover of finished products 
(shipment, location within the network) as 
well;

2) increasing the accuracy of predicting 
the movement of material flows due to the 
improvement of the apparatus of mathematical 
modelling .

Today, under favorable conditions on the 
external and internal markets, large companies 
of ferrous metal industry of Russia are showing 
a steady increase in production volumes and 
intend to maintain this trend in the future [11, 
p . 19] . Hence it appears that transportation 
volumes will also increase, which will entail 
an increase in the economic effect of the 
introduction of the information system and a 
reduction in the payback period of the project .

In our opinion, the proposed methodology 
and the overall design of the information 
model can be also applied to the conditions 
of transport systems in other countries, subject 
to the necessary adaptation [12, p . 38; 13, 
p . 635] .

REFERENCES
1 . Guljaev, A . A . Consideration of the role of ferrous 

metal industry in the world and Russian economy at present 
and in the near future in the courses of technological 
education in educational institutions of the Moscow region 
[Rassmotrenie roli chernoj metallurgii v mirovoj i rossijskoj 
ekonomike v nastojashchee vremja i v blizhajshej perspective 
v kursakh tekhnologicheskogo obrazovanija v obrazovatel’nykh 
uchrezhdenijakh moskovskoj oblasti] . In: Proceedings of the 

4th regional scientific and practical conference . Moscow, 
Diona publ ., 2017, pp . 28–34 .

2 . Khmelev, A . S ., Popov, A . T . Review of the railway 
freight market [Obzor rynka zheleznodorozhnykh 
gruzoperevosok] . In: School of young scientists on problems 
of engineering sciences: Collection of proceedings of the 
regional sectorial seminar . Lipetsk, LSTU, 2018, pp . 298–
302 .

3 . Khmelev, A . S ., Popov, A . T . Optimization of the 
interaction of industrial enterprises and operator companies 
[Optimizatsija vzaimodejstvija promyshlennogo predprijatija 
i operatorskikh kompanij] . In: Infocommunication and 
intelligent technologies in transport: IITT, 2018 . 
Proceedings of the 1st international scientific and practical 
conference . Lipetsk, LSTU, 2018, pp . 262–269 .

4 . On approval of the Rules for calculating the time of 
delivery of goods, and of empty freight wagons by rail [Ob 
utverzhdenii Pravil ischeslenija srokov dostavki gruzov, 
porozhnikh gruzovykh vagonov zheleznodorozhnym 
transportom] . Order of the Ministry of Transport of the 
Russian Federation No . 245 dated 07 .08 .2015 . [Electronic 
resource]: http://www .consultant .ru/document/cons_
doc_LAW_195371 . Last accessed 12 .05 .2019 .

5 . Igumnov, A . O ., Sonkin, D . M . Development of a 
methodology for prediction of arrival time using statistical 
and actual data on the movement of vehicles on the 
principle of pattern selection [Razrabotka metodiki 
postroenija prognoza vremeni pribytija s ispolzovaniem 
statisticheskikh i fakticheskikh dannykh o dvizhenii 
trnsportnykh sredstv po prinzipu podbora shablonov] . 
Naukovedenie, 2016, Iss . 3, p . 120 .

6 . Lysikov, M . G ., Olshansky, A . M . On some 
approaches to prediction of arrival of trains at marshalling 
yard [O nekotorykh podhodakh k prognozirovaniju pribytija 
poezdov na sortirovochnyje stantsii] . Vestnik transporta 
Povolzhija, 2014, Iss . 4, pp . 74–81 .

7 . Ivanov, E . B ., Parenkov, A . E . Analytical research 
in the blast- furnace process using methods of logical 
modelling [Analiticheskije issledovanija v oblasti domennogo 
protsessa s  ispolzovaniem metodov logicheskogo 
modelirovanija] . In: Hardware and software tools of control, 
monitoring and measurement systems: Proceedings of the 
conference with international participation . Moscow, 
V . A . Trapeznikov Institute of Control Sciences of the 
Russian Academy of Sciences, 2010, pp . 575–578 .

8 . Grafova, V . F . Net profit and net present value: 
indicators of efficiency of an investment project [Chistyj 
dokhod i chistyj diskontirovannyj dokhod –  pokazateli otsenki 
efektivnosti investitsionnogo proekta] . Innovatsii, 2006, Iss . 4, 
pp . 113–115 .

9 . Nikitina, L . N ., Ozheredov, V . V . Justification of the 
amount of investments and calculation of indicators of 
effectiveness of the same for an investment project 
[Obosnovanije ob’ema investitsij i raschet pokezatelej ikh 
effektivnosti dlya investitsionnogo proekta] . Economics and 
ecological management, 2012, Iss . 2, pp . 556–560 .

10 . Popov, A . T ., Voronina, O . V . Estimation of 
consequences of untimely transport services of shops of 
the enterprise . World of transport and transportation, 2018, 
Vol . 16, Iss . 1, pp . 66–81 .

11 . Markaryan, Yu . A ., Shevchenko, E . I ., 
Krikunova, I . V . Assessment of the market of ferrous metals 
[Otsenka rynka chernykh metallov] . Vector of Economics, 
2018, Iss . 3, p . 19 .

12 . Parunakjan, V ., Sizova, E . Designing of logistical 
chains inside production and transport system of 
metallurgical enterprise . Transport problems,  2013, Vol . 9, 
Iss . 1, pp . 35–45 .

13 . Bowersox, D . J ., Closs, D . J . Supply chain logistics 
management . 2nd ed . Moscow, Olymp- Business publ ., 
2008, pp . 635–637 . •

WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 5, pp. 228–243 (2019)

Popov, Alexey T., Suslova, Olga A., Khmelev, Artem S. Information System for Control of Raw Material 
Transportation of an Iron and Steel Plant


