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Digital Twins in Logistics
A. S. Asadchii
Siberian Transport University, Novosibirsk
E-mail: asadartem380@gmail.com
Abstract. In this study, we will get an overview of the digital twins technology, examine
the history of its emergence and, as a result, draw conclusions about its effectiveness by an
example of foreign and domestic companies.
Key words: digital twins, data flow, Internet of Things.

Цифровые двойники в логистике
А. С. Асадчий
Сибирский государственный университет
путей сообщения, Новосибирск
В данном исследовании мы познакомимся с технологией цифровых двойников,
изучим историю ее появления, и, в результате, сделаем вывод о ее эффективности на
примере зарубежных и отечественных компаний.
Ключевые слова: цифровые двойники, поток данных, интернет вещей.
Introduction

Modern world is changing rapidly and new ways to control production or
transporting process are needed. Digital Twins is an innovative and prospective
technology which will definitely helps to optimize a control procedure.
Theoretical framework

A Digital Twin is a digital informational construct about a physical system,
created as an entity on its own and linked with the physical system in question.
While the terminology may have changed over the years the concept of
creating a digital and physical twin as one entity has remained the same since
its emergence. While its commonly thought to be developed in 2002 [1], digital
twin technology itself has actually been a concept practiced since the 1960s.
NASA would use basic twinning ideas during this period for space
programming. They did this by creating physically duplicated systems at
ground level to match the systems in space. An example is when NASA
developed a Digital Twin to assess and simulate conditions on board Apollo
13. This incident gave us 2 basic rules of digital twins. Firstly, Digital Twins
are most useful when associated with physical objects that are inaccessible to
direct human exposure. They require constant feedback from the physical
object to update information and make decisions (Fig. 1).
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Secondly, the digital twin must
be flexible enough to respond to
changes in its associated physical
object.
Digital Twins may be used in
many spheres, e.g., in technological
Fig. 1. Data flow in a digital model
processes of different industries and
even to create individual products. Specifically, сar manufacturing is
abandoning crash tests of new car models, replacing them with virtual tests. In
the construction industry they can be used to develop a model of a new traffic
interchange for seeing how traffic flows, modelling a new traffic pattern for
pedestrians near the metro and assessing how efficient it is and whether it can
speed up traffic.
Digital Twins is divided into 2 types
such as DTP (digital twin prototype)
and DTI (digital twin instance).
DTP describes a prototypical physical
artefact. It includes the informational sets
necessary to describe and produce a
physical version that is being duplicated.
Fig. 2. 3D model of a train
These sets include a 3D model of an
object and a material specification (Fig. 2).
DTI describes a specific corresponding physical object that a Digital
Twin remains linked to throughout the life cycle [3] of that object.
However, Digital Twins are not only used in complicated manufacturing.
We can meet them in our daily life. For instance, when using map app on a
smartphone. Routes are being built using Digital Twins technology. A
system scans information about traffic jams, car crashes or construction
works and gives us the best route. Further there is an example of how Digital
Twins technology might be helpful in our life.
DT are now commonly used by many companies, e.g., Yandex, Google,
GazProm, GLONASS.
The fact that this technology has become widespread in the world means
that large companies using it have calculated all possible risks, and also analyzed the advantages of using this technology (Table 1).
As we can see from Table 1 there are advantages and disadvantages as
well. But DT technology is still prospective enough in the modern digital
world. Experts also assess the prospects of this technology for the coming
years (Fig. 3).
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A good example of using DT in domestic production is creating the
Yaiskii Refinery Digital Twin (Fig. 4).
Table 1
Advantages and Disadvantages of Digital Twins
Advantages and Disadvantages of using Digital Twins
Advantages
Disadvantages
1) a new level of control of the
1) long-term return on investment
production process
2) improving the quality of products by
2) the need to master a wide range of IT
changing the approach to production
competencies
3) getting closer to the full level of pro3) the need to cover the production area
duction control
with high-speed wireless networks

Fig. 3. Market value of digital twins (billion dollars)

Fig. 4. Yaiskii Refinery DT

Creating DT in this case helped to improve effectiveness of production
and increased the degree of protection of the enterprise.
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Methods and results

In this research the following methods were used: analysis, visualization,
comparison. As a result, we are able now to designate advantages and
disadvantages of Digital Twins, and have an idea of the digital twin
technology purpose.
Conclusion

To sum up, DT is a very essential technology that would definitely help
manufacturers to optimize processes of transportation or keeping cargos. In
future, our purpose is to consider Digital Twins utilization by logistic companies
and compare software used in domestic production with foreign one.
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Supply Chain Management Disruption:
Causes and Effects Via Coronavirus and Other Negative Events
A. А. Akhpash, I. S. Lepehin, L. V. Komarova
Moscow Automobile and Road Construction State
Technical University (MADI), Moscow
E-mail: nastya170009@mail.ru,
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Abstract. This article deals with some problems of disruption the supply chain for
various unforeseen circumstances: namely coronavirus, blocking of the Suez Canal by a
ship, lock down of a seaport in China, as well as the effect all these situations have on
maritime transport and the global economy.
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Нарушение управления цепочками поставок:
причины и последствия, вызванные коронавирусом
и другими негативными событиями
А. А. Ахпаш, И. С. Лепехин, Л. В. Комарова
Московский автомобильно-дорожный государственный
технический университет (МАДИ), Москва, Россия
В данной статье рассматривается проблема прерывания цепи поставок по различным непредвиденным обстоятельствам: из-за коронавируса, блокировки Суэцкого канала судном, закрытием морского порта в Китае, а также то, какое последствие все эти ситуации оказывают на морской транспорт и мировую экономику.
Ключевые слова: разрыв цепи поставки, перевозочный процесс, коронавирус,
морская перевозка.
Introduction

World trade and international economic relations are directly dependent
on the level of development of civilization. Currently, it is impossible to name
any such country that would not have any external ties with another country.
The level of globalization is growing every year. Now in the stores «at home»
you can easily find imported goods and this is not surprising. People do not
have to stand in long queues to buy something, and prices for them are
sometimes even lower than for goods produced domestically.
Many countries have close economic relations with each other, and
some even depend on imported goods. Globalization and the global division
of labor have led to the fact that all countries interact with each other, acting
as an importer of one product and an exporter of another.
The purpose of this research is to study the impact of supply chain
disruption on the economic situation within the country, as well as to consider
the increase of inflation throughout the world as a result of this disaster.
Theoretical framework

Currently, there are companies that have joint production in several
countries at once. Such companies are called multinational corporations. The
award of this status means the highest degree of international cooperation of
legal entities. Examples of such companies are: Apple, General Electric,
Toyota Motor Corporation, Aeroflot, Gazprom.
Such mutual dependence between countries has led to the fact that in
the event of a breakdown of one element of this system, the lack of this
element is felt by others. That's what happened in December 2019, when the
7

whole world faced a new danger – the coronavirus. As everyone knows, at
the initial stage of the spread of the disease, Hubei Province was closed in
China, from where the epidemic began. In the future, an increasing number
of Chinese provinces were in the quarantine zone, as well as other countries
began to close their borders.
Methods and results

Multinationals operate in such a way that their many factories for the
production of parts and components are located in China. This is due to
relatively cheap labor. In this regard, the closure of Chinese borders led to
the fact that global manufacturers of electronics, machinery, cars could not
get the spare parts they needed, for example, Hyundai had to suspend
production of its cars for this reason. And companies such as General
Motors and Toyota have temporarily closed their production in China.
Due to the unwillingness of the governments of countries to recognize
the potential threat, many problems related to the transportation process have
arisen.
Among the main reasons for the supply chain disruption, the following
situations can be distinguished:
1) International companies are used to the fact that the materials they
need move freely from one point of the world to another, therefore, they did
not have a plan in case the supply chain could be interrupted for some reason;
2) The concentration of a huge number of resources in one place at a
sufficiently large distance from the sales market, i.e., the concentration of
resources in China when their consumers are in the USA and Europe;
3) Quarantine of transit countries, as well as the countries themselves
participating in bilateral trade [1].
The companies also expected that the demand for many goods would
fall during the period of self-isolation, but in the end the opposite situation
turned out: in connection with the transition to remote work, people began
to buy electronics in large quantities. However, given that the production of
most IT companies is located in China, there was a shortage in the market
of personal computers and phones, which was eliminated with the
resumption of supplies from this country.
The coronavirus has caused serious damage to the entire global
economy, which can be estimated using the global GDP of the world: in
2020, GDP fell by 3.65 % compared to GDP in 2019 [2].
Container cargo transportation was slowed down. Containers in huge
quantities were unused in the depot. Due to the decrease in the volume of
cargo transported, it was decided that it was necessary to reduce the number
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of ships plying the sea. Thus, the system of transportation and operation of
seaports was disrupted, because they were used to a certain number of ships
per day. There was also a huge amount of cargo in the depot, which could
not be sent to the end user due to quarantine measures. There was such a
picture that new ships were arriving, but there was not enough space in the
port to unload them. It is also worth considering such a factor that the
unemployment rate also increased: many firms went bankrupt, employees
were dismissed, which means that a much smaller number of people could
participate in unloading goods at the port.
World GNP
100
90
80
70
60
50
40
30
20
10
0

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
trillion dollars

Fig. 1. World GNP [2].

There is a Drewry index, which shows the composite global average
cost of shipping a standard 40-pound container by sea. As we can see from
the graph below, at the very beginning of the pandemic, the index fell and
its decline continued until May 2020, after which there was a rise. This rise
is explained by the fact that by this time the first wave of coronavirus had
ended, states began to open their borders and transportation resumed.
By the time the borders were opened, a huge amount of goods were in
warehouses awaiting shipment, as a result, this led to a shortage of empty
containers for transportation. Cainiao has opened a service for booking
empty containers, where the queue stretched for months. And due to the high
demand in the market, the cost of containers has increased dramatically,
which has affected the index [3].
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Coronavirus has caused the shutdown of many international projects.
One of these projects was the construction of a bridge between the Russian
city of Blagoveshchensk and the Chinese city of Heihe. The main purpose of
its construction was to reduce the distance that goods pass between these
two countries by 1.5 thousand km.

Fig. 2. World Container Index – Assessed by Drewry $ per 40 ft container [4].

The construction of this bridge began in two countries simultaneously
in 2016, towards each other and ended at the end of 2019. 2/3 of the bridge
was built under a public-private partnership agreement by the Russian
Federation, and the remaining 1/3 by China. It is assumed that the toll
collection on the bridge will be set for 16 years [5].
However, despite the fact that the construction of the bridge was
completed on time, it still has not been opened due to the coronavirus. Thus,
we observe 2 types of costs:
1) there is a simple bridge, which by the time it is opened, will require
inspections and possible repairs, since several years have passed since the
end of its construction. This means that the states, as well as the private
partner from the Russian Federation, not only do not receive the expected
profit for the operation of the bridge, but also have to incur additional costs
before its commissioning;
2) cargo transportation, which has already been restored, although not
in full, takes more time and money resources than it could take if the bridge
was opened.
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The crisis in the supply chain of goods caused a sharp rise in prices for
consumer goods. Inflation in Russia was 4.9 % in 2020 compared to 3 % in
2019 [6].
In connection with these changes, the Prime Minister of the Russian
Federation Mikhail Mishustin signed the Government Decree of the Russian
Federation № 2094 dated December 14, 2020 «On agreements between
Federal executive authorities and economic entities on reducing and
maintaining prices for certain types of socially significant food necessities», on
the basis of which the Government had the right to set maximum permissible
prices for products if prices for them increased by more than 10 % in 60 days.
Prices for food and other goods were rising not only in Russia, but also
around the world. In the online magazine «Business insider. Australia»
published an article titled «From houses to cars and bikes, everything is getting
more expensive as supply-chain issues cripple the economic reopening», which
states that people are forced to pay more because America is reopening to a
more expensive economy than the one that existed pre-pandemic [7].
However, the coronavirus was not the only problem over these 2 years
that hit both the global economy and the global supply chain. On March 24,
2021, the container ship Ever Given, reaching a length of 400 m, got stuck
in the Suez Canal, stranded. The Suez Canal accounts for about 10–12 % of
the world's sea cargo turnover. It was only on March 29 that they were able
to clear the way and move it from its place. During this time, more than 400
different vessels have accumulated on both sides of it. According to
Bloomberg, every minute of downtime brings a $6.66 million loss, and the
daily loss is $9.6 billion [8, 9].
After that, on June 15, 2021, the Yannian terminal was closed in the
Chinese port of Shenzhen. This event threatens the global container
transportation. The port was closed due to an outbreak of coronavirus in
Guangdong Province. Because of this, cargo was redirected to other ports.
But the problem is that they cannot cope with such a volume, and each port
has its own rules. The delay in handling cargo containers increased by 7
days, and transit time increased by 15 [10].
Due to the losses and delays incurred, the freight cost increases. The
Drewry index rose to $10,129.72 in October 2021, 4 times compared to
August 2020 [11].
Conclusion

Thus, in conclusion, it is necessary to noticed that all of the above
events had a significant impact on the economy of each country, as well as
on the global economy as a whole. The trend of globalization in this case
11

had a detrimental effect on the humanity, the supply chain was disrupt
precisely because too much responsibility for it was assigned to the «other»
country. Of course, it is impossible to exist separately, because in the end
you can lose a lot more. But these examples should show humanity that it is
important to always have a backup plan for any situation, even with the most
trusted partners. As a result, in the possible future we will be able to observe
a new model of the world economic development.
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The Russian Railroad Scent
A. Yu. Bezverkhov
Siberian Transport University, Novosibirsk
E-mail: yuryevich1701@yandex.ru
Abstract. This paper considers neuromarketing instruments and their introduction at
Joint-Stock Company Russian Railways (JSC RZD). The main problem is described as lack
of methods which can affect the human sense of smell in relation to enhancement of the
company’s attractiveness for the customers. The options are proposed to sort out the problem.
Key words: neuromarketing, scent, passenger transportation, carriage, customer
loyalty.

Аромат российских железных дорог
A. Ю. Безверхов
Сибирский государственный университет
путей сообщения, Новосибирск
В работе рассмотрены инструменты нейромаркетинга и их внедрение в компании ОАО «Российские железные дороги» (ОАО «РЖД»). Основная проблема
касается отсутствия методов, которые могут воздействовать на субъективное чувство обоняния, чтобы повысить привлекательность компании для потребителей.
Для решения проблемы предложены варианты ее решения.
Ключевые слова: нейромаркетинг, аромат, пассажирские перевозки, вагон,
потребительская лояльность
Introduction

Primarily, the railway transport in Russia developed as passenger
transportation. Currently, the volume of passenger transportation achieved by
JSC RZD is conceded only to China, Japan, and India. The passenger
transportation plays a significant role in operating the Russian railways. That
is due to the highest social and economic importance for the society.
Investigation of opportunities and options on how to increase competitiveness
of passenger transportation pose significant scientific and practical interest.
The purpose of this study is to find out the ways on how to attract
customers to the company. Nowadays, various options exist. According to
the international experience, neuromarketing instruments are the most
prospective and universal.
Today, JSC RZD is at the stage of development and adoption of
neuromarketing instruments. The main direction of introducing these
instruments in the railway industry is influence on sensorium (senses of
smell, vision, touch, etc.) through upgrading carriage’s interior and exterior
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including use of music inside. At the same time, one of the most important
instruments, such as a sense of smell is devoid of attention.
The corresponding survey was conducted among STU students. It
showed that the transport university students associate a railroad with sounds
of railway wheels. An associative scent is a ramen noodle scent. The results
of the survey are given in Figure 1 and Figure 2.
What do you assosiate railway
passenger transportation with?
6,96
10,44

How do you assosiate railway
passenger transportation today?

20

25,23
47,82
11,3
26,95

51,3
Ramen noodles
Safety
Wheel's bang
Other factors

Comfort
Disgusting smell

Fig. 1. What do you associate railway
passenger transportation with?

Сreosote
Other smells(eggs, disgusting scent, etc.)

Fig. 2. How do you associate railway
passenger transportation today?

Theoretical framework

Martin Lindstrom, the prominent neurobiology and neuromarketing
scientist states that affecting a sense of smell is a key part of business
success. The scent has a distinctive power. It gets into inner space creating
associations, evoking memories and touching human senses.
The first option is to develop a unique scent specifically for JSC RZD
that will become its new symbol. The second one is to use existing scents.
The particular aroma can be chosen for all types of carriages. Suburban
passenger transportation companies will use odour neutralizers. Natural
aromas and monoaromatics will be used in sleeping cars and compartments.
The passengers of luxury and tourist wagons will get a chance to select
which aroma they want to smell during their trip.
We have studied several options. The most appropriate scents for JSC
RZD are the following ones:
− in the morning – a coffee scent. It can help to perk passengers up;
− in the afternoon – citrus scents, which provide feeling of energy
during a day;
− in the evening – soothing aromas like sea salt.
14

A comfort level might be generated at the stage of a sense of smell. To
prevent allergic reactions, hypoallergenic components, natural oils and
odour neutralizers can be used.
Using this aroma in carriages will boost comfort of passenger transportation
and enhance the service quality. When people smell that scent outside the
railway, they will get pleasant associations with the railways and desire to
become loyal customers. This project will enable to change the existing
stereotypes: «the Russian Railways company is a low-level service company»
to «the Russian Railways company is a high-level service company».
We have discussed the issue related to the impact of a sense of smell on
the customer loyalty in foreign railway companies including the USA, the UK,
Japan, Taiwan and Canada. We used data from available Internet sources. The
analysis of the data enables us to conclude that such technologies do not exist
in overseas railway companies.
The situation in Russia is the same. However, there is the Singapore
Airlines company that is a great example of sensitive marketing. Moreover,
this factor has become a key part of the company’s long-standing success.
The company developed its recognisable scent and has been using it for
decades. The company’s loyal customers remember it once they are on board
the aircraft. The customers have begun to associate it with the other
company’s elements: flight attendants, perfect service, etc.
Another example is Starbucks. One of the secrets of the company’s outgoing success is that its cafes have always been appealing to client’s emotions.
The music and colour lights are important. But the distinguished feature of
Starbucks is a coffee scent. It directly contributes to the company’s success.
Methods and Results

Fig. 3. A perfume machine

It is possible to achieve an expected result with minimum expenses.
Costs on installation are given in the table below.
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Table 1
Costs on aroma system installation
Number
of carriages
4 (2 sections)
6 (3 sections)
8 (4 sections)
10 (5 sections)

Amount
of equipment
8
12
16
20

Batteries
for full
Installation
Price, rub
costs, rub exploitation
term
56000
84000
112000
140000

5000
8000
10000
15000

5000
7500
10000
12500

Total,
rub
66000
99500
132000
167500

The table shows that at the initial stage, the railroad has to invest in
installation of aroma systems, but it will reimburse all its costs in a few years.
Conclusion

The invention and implementation of the new scent will allow
increasing the following indicators:
− qualitative indicators – growth of demand for business-class, tourist
and luxury carriages;
− quantitative indicators – passenger’s upsurge, demand for businessclass and deluxe carriages;
− economic indicators – profit growth.
Thus, the introduction of neuromarketing instruments will attract
passengers using other types of transport to railway transportation.
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The Role of Distribution Logistics
for the Modern Business
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Abstract. The paper discusses the distribution logistics concept. The purpose of
this business activity type is explained, some definitions of distribution logistics in
modern scientific literature are reviewed. The functionality of distribution logistics is
described. The impact of distribution logistics on the environment is considered.
Key words: distribution logistics, logistics activities, environmentally friendly
transport, channels of distribution.

Роль логистики распределения
для современного бизнеса
С. П. Безрукова, Е. А. Рязанова
Сибирский государственный университет
путей сообщения, Новосибирск
В статье рассматривается понятие распределительной логистики. Объясняется
цель данного вида деловой активности, проводится обзор некоторых определений
распределительной логистики в современной научной литературе. Описывается
функционал логистической дистрибуции. Рассматривается влияние логистики
распределения на окружающую среду.
Ключевые слова: логистика распределения, логистическая деятельность, экологически чистый, транспорт, каналы сбыта.
Introduction

Nowadays, any enterprise has to deal with the issue of optimizing its
activities and reducing costs. The efficient logistics allows the company to
work more successfully compared to its competitors to gain the upper hand
in the market struggle.
One of the most difficult decisions being in the basis of the goods
distribution is the choice of the distribution channel. A distribution channel
is understood as a set of links in the logistics chain to realize the delivery of
goods from a supplier to a consumer. The proper choice of distribution
channels is carried out according to certain economic criteria which we will
consider in this article.
The goal of study is to consider the concept of logistics distribution. To
achieve this goal the following tasks are set: to find out what a logistics
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distribution is, to designate its functions, to consider the essence of
distribution channel, to consider the impact of the physical block of
distribution logistics functions on the environment and suggest ways to
minimize environmental pollution.
Theoretical framework

The results of literature analysis indicate that logistics distribution is a
central component of the value chain of industrial and trading companies. It
is the link between production and the company's sales market.
Individualized storage and transport processes, information, management
and control measures characterize it [1].
The main task of distribution logistics is to design and control all
processes so that the products in demand can be delivered from the company
to the customer as quickly as possible. Distribution logistics is therefore
responsible for external market supply to be used existing customer
relationships. On the other hand, the logistics activities (from order picking
to driver work) must be designed to be cost-effective [2].
There are several functions of distribution logistics that can be divided
into following blocks [3]:
– exchange functions, such as accumulation, sorting and placement of
stocks of finished products; building organizational distribution channels;
consolidation and dispersal of goods;
– physical distribution, such as transportation of finished products,
returnable containers; establishment of economic ties for the supply of
goods; choice of rational forms of commodity circulation and the
organization of trade;
– support service, such as determination of consumer demand and the
organization of its satisfaction; maintaining quality standards for finished
products and logistics services; monitoring and informational support of
distribution [4].
A logistics channel is a partially ordered set of various intermediaries who
carry the material flow from a particular manufacturer to its consumers [5]. The
choice of the channel directly affects the speed, time, efficiency of movement
and the safety of products during their delivery from the manufacturer to the
end consumer [6].
Indirect channels can further be divided into three levels channels that
based on the number of intermediaries between manufacturers and
customers [7].
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Methods and results

We applied to the following scientific methods for theoretical research
such as the analysis of up-to-date scientific publications and regulatory
documents.
Direct Channel or Zero-level Channel. It is distribution from
Manufacturer to Customer i.e. direct selling. This is one of the oldest forms
of selling products that does not require the involvement of an intermediary,
and the manufacturer communicates directly with the buyer at the point of
sale. Example of direct channels are peddling, brand retail stores, taking
orders on the company’s website, etc. Direct channels are usually used by
manufacturers selling perishable goods, expensive goods, and whose target
audience is geographically concentrated. For example, bakers, jewelers, etc.
The advantage of direct distribution is close contact with the customer.
It also saves the costs of manufacturers for intermediaries. However, this
option is expensive enough and requires accurate and prudent calculation.
Indirect distribution sales are made through so-called sales
intermediaries. There are, firstly, single-level processing that is a contact
with only one sales agent, secondly, two-level processing with two sales
agents and, thirdly, multi-level processing that is a cooperation with several
sales agents [8].
The problem with indirect distribution is that each sales agent needs to
be persuaded over and over again about the product and its benefits.
There is no universal set of criteria that would apply to everyone
organizations in any conditions. Typically, there are fundamental principles
that any organization can use it. The more selective the marketing policy is,
the more rigid it will be and vice versa. Based on the analysis of the
literature, we identify the following criteria for choosing a distribution
intermediary [9]:
– the supplier's confidence in the interest of intermediaries to establish
a relationship with for the sale of goods;
– a sufficient degree of reliability of the position of an enterprise in a
particular industry;
– availability of storage capacities at the intermediary and his
willingness to keep stocks of the supplier's products;
– reliability in the stability of the financial position of the intermediary
and the validity of the price policy pursued, etc.
Having looked at the functional blocks in distribution logistics, we paid
particular attention to the physical block. We noticed that this block is
closely related to the environment. Currently environmental protection is
playing a particularly important role. Legislative projects at the national and
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European level are forcing companies to reduce CO 2 emissions and move
to more sustainable vehicle models. However, depending on these vehicles,
huge emissions are currently occurring, not least due to the rapidly growing
e-commerce market. The most environmentally friendly type of distribution
logistics is sea transportation. Environmental imbalances and growing
demand from customers and governments for sustainable solutions have
created an urgent need for sustainable practices in supply chains, from raw
material extraction to product end-life management. Together with
streamlined processes, zero-emission mobility and carbon offset solutions
for businesses, this momentum will help the logistics industry go greener.
At present days, many cargo owners tend to ship them in small batches,
thereby reducing costs by reducing the volume of warehouse stocks. Such a need
creates a demand for groupage transportation, which ensures almost full vehicle
loading, saves money, since the transport is used by several senders at once,
therefore, organizational costs are conditionally divided equally among all
participants in a particular transportation. As a result, the number of unnecessary
shipments is reduced, because the vehicle is fully loaded by several shippers.
This will reduce carbon dioxide emissions into the atmosphere, and will have a
beneficial effect on the ecology of the whole world.
Conclusion

Thus, distribution logistics create the intangible product and as a result, a
unique service-offer-product-service model appears in the commodity market.
The goal and tsks of study have been achieved, namely, what logistics
distribution is, its functions, the essence of a distribution channel and the impact
of a physical block of distribution logistics functions on the environment. A way
to minimize environmental pollution has been proposed as well.
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Abstract. With the increasing intensity of air transportation, research aimed at
minimizing the negative impact of aviation on the environment is becoming more and
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engines are considered.
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Негативное воздействие авиации
на окружающую среду
и способы его ослабления на примере
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С увеличением интенсивности авиаперевозок, все более актуальными становятся
исследования, направленные на минимизацию негативного воздействия авиации на
окружающую среду. Рассматриваются возможности снижения эмиссии загрязняющих веществ авиационными двигателями
Ключевые слова: авиационная отрасль, окружающая среда, эмиссия двигателей
воздушных судов, оптимизация планирования полетов, метеорологическая информация.

These days our planet is facing a serious environmental crisis and the
damage caused by pollution from aviation is not an exception.Every year, more
and more aircrafts (hereinafter referred to as AC) are taking off into the air,
more and more cargo-carrying operations and more passengers are
beingcarried, but the anthropogenic impact on the environment is increasing as
well. Researches show how negative the consequences of such rates of human
activity in the air are. An increase of the greenhouse effect, pollution of the
atmosphere, soil and, as a result, wastewater.
Over the past few years, the focus on ecology has significantly increased
around the world. More and more attention is paid to the reduction of the
anthropogenic impact on the environment and getting new ways to make less
the amount of resource consumption. This trend covers absolutely all aspects
of our life, and aviation as well.
To reduce the negative impact from the air transport industry on the
environment, plans are developed to minimize the negative effect in the
following areas: reducing the emissions from aircraft engines into the
atmosphere; improving the technology of using de-icing fluids (hereinafter
referred to as DIF), or abandoning their use in favor of environmentally
friendly means; reducing noise pollution. Currently, a number of technologies
are used to improve the environmental friendliness of aircraft flights.
In order to reduce the emission of pollutants from aircraft engines, the
research is developed to improve fuel efficiency. Advanced engines that
consume less fuel per unit of effective work andmake less noise are created.
Reducing DIFs poisoning effect is carried out by changing the composition
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of liquids in favor of more environmentally friendly substances that are
efficientin use.
The authors propose a comprehensive approach to solve the problem of
aviation emissions, where, along with already developed technologies to
improve fuel efficiency.a helpful suggestion would be to direct efforts to
prevent excessive fuel consumption, saving the financial costs of the airline.
Moreover, it would be a good idea to install a waste water collection and
treatment system at all airfields of the Russian Federation.
All in all, the author solved the following tasks:
– The influence of meteorological conditions and aviation pollution on
environment using the example of Pulkovo and Khurbaairports;
– Proposals to reduce the negative impact on the environment based on the
use of Meteorological information.
Theoretical framework

The works of such authors as A. R. Ivanova, O. S. Korobova,
D. V. Filippova, O. B. Popovicheva, A. M. Starik and others are devoted to the
analysis of the impact of aviation on the environment and the development of
measures to reduce the negative impact. The research is focused on noise and
chemical pollution of the environment from the aviation industry, as well as on
the study of the consequences of such influence. The paper also highlights the
need to introduce new technologies in the aviation industry that help to reduce
the negative impact of aviation emissions on the environment.
Methods and results

While considering suggestionshow to use the structured approach to
make less negative impact from aviation on environment, statistical
information about the reasons of balked landing, airborne holding, landing
on the alternate field was analyzed and it was cleared out that such flights
are accompanied by an increase of aircraft engine emissions because of
excessive fuel consumption. However not all the reasons that cause
atmospheric pollution are of human nature It was pointed out that the main
reason was adverse Met. conditions. In particular.
On 21.02.2018Yak-42D of Saratov Airlines stayed for two hours in
airborneholding near thePulkovoairport due to the implications of weather (i.e.
low visibility, dense and a high probability of falling into theicy area). As a
result? it had to land on the alternate airfield.
At the same time, excessive fuel consumption was:
3 · 0,317 (kg/s) · 7200 (s) = 6847 (kg) = 6,85 (t)
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An increase of air pollution emissions was also associated with fuel
overspending.
During approximately 2 hours of flight in the holding area the aircraft
emitted carbon monoxide CO and nitrogen oxides into the environment NOx:
MCO= 3 · 0,25 · 0,317 · 7200 = 1712 kg = 1,712 t
MNOx= 3 · 13 · 0,317 · 7200 = 89014 kg = 89,014 t
Fig. 1 shows the trackof the Yak-42D aircraft on 21.02.2018.

Fig. 1. Yak-42D track

To optimize the route and have more detailed information about
meteorological conditions for Air Traffic Management as well as the aircraft
crews, such science as Meteorology will help them to understand the
implications of weather on their flight plan as well as their aircrafts.and they
would avoid these consequences.Weather conditions concern all aspects of
ATM operations, for example by variations in head and tail wind components,
through changes in pressure and temperature values at airports, and in imposing
low visibility operating conditions. Adverse meteorological conditions have
the greatest impact on the ATM system creating disruption and the consequent
problems, disturbed flow rates, lost capacity and induced additional costs.As
for the environmental safety and fuel economy, it would be a good idea to go
immediately to an alternate airfield. Thus, to know properly what effect or
influence Met conditions have, to take competent decisions when facing
different Met phenomena, when planning and performing flights by aircraft
crews is becoming more and more urgent. At the same time, the great attention
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should be paid to the presence of phenomena that impair visibility and the state
of atmosphere stability. It should be noted that it was the stable stratification
that prevented both the dispersion of fog and pollutants in the atmospheric air.
Let's look at the process of the de-icing procedure. These measures are
takenin case of possible icing. Competent execution of such processes will help
to avoid the ingress of pollutants contained in the DIF. Let's look at this question
illustrating the example of the airfield in Komsomolsk-on-Amur (Khurba).
Most airfields in the central part of Russia are equipped with a system for
collecting and treating wastewater after de-icing of the AC, unlike airfields in
the Far East, whichinclude Khurba airdrome too. Table 1 shows an analysis of
icing data for the period from November 2020 to February 2021.
Table 1
№ observations
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Date
01.11.20
02.11.20
02.11.20
08.11.20
09.11.20
12.11.20
13.11.20
14.11.20
15.11.20
19.11.20
20.11.20
28.11.20
10.12.20
11.12.20
12.12.20
13.12.20
25.12.25
21.01.21
26.01.21
16.02.21
19.02.21
24.02.21

Icing intensity
Mild to moderate
Mild to moderate
Mild to moderate
Weak
Mild to moderate
Mild to moderate
Mild to moderate
Weak
Mild to moderate
Weak
Weak
Weak
Weak
Weak
Weak
Weak
Weak
Weak
Weak
Strong
Weak
Weak

Layer (km)
From 3 to 4.5
From LCBto 2.5
From LCBto 3.5
From 1 to 3
From 1 to 3
From 1.5 to 3
From 1.5 to 3.5
From LCBto 4.5
From 1.5 to 3.5
From 1 to 3
From 2.5 to 5
From 0.5 to 2
From LCB to 1.5
From LCBto 1.5
From LCBto 2
From LCBto 3
From LCBto 2
From LCBto 2.5
From LCBto 2.2
From LCBto 5
From LCBto 2.4
From LCBto 1.5

Conclusion

The Environmental Science research made it possible to draw a number of
conclusions:
1. Meteorological conditions have a significant impact on the level of
environmental pollution;
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2. Proposals have been developed to reduce the negative impact on the
environment based on the use of Meteorological information.
Further research will be aimed to develop new ways of reducing the
negative impact from aviation by applying modern numerical models for
estimating the scattering of pollutants and atmospheric processes.
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Abstract. This article is devoted to the problems of using information systems in
railway transport, it represents the history of the introduction of the automation system
on the railway and characterizes the current state of this industry. The author comes to
the conclusion that at present the Russian Railways are equipped with an information
technology complex for the implementation of technological processes in making up,
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breaking up trains, movement of train flows, which allows them to be highly demanded
in the transport services market.
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Информационные системы
в железнодорожном траспорте
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Данная статья посвящена проблемам использования информационных систем
в железнодорожном транспорте, она знакомит с историей введения системы автоматизации на железной дороге и характеризует современное состояние этой отрасли. Автор приходит к выводу, что в настоящее время «Российские железные дороги» оснащены информационно-технологическим комплексом для осуществления технологических процессов при формировании, движении и расформировании поездных потоков, что позволяет им быть высоко востребованными на рынке транспортных услуг.
Ключевые слова: система, поезда, автоматизация, транспорт.
Introduction

Information systems represent a set of information technology tools and
people combined to achieve specified purposes or for management goal.
Information systems in railways are really important branch of big and wide
network which embraces a whole sphere of railroads. Information as it is, is
a very serious type of data that contains all sort of records about trains, roads
and even about persons who use railways services. It’s important to protect
this information from those who try to use it against people or use it in their
own interests. Passports data, credit cards, location, and other information
can be stored. That’s why it’s important to maintain the whole system for
everyone’s safety. Without information network, it is not possible for a rail
system to operate in the way of safety, comfort, high speed, convenience and
economy. The information environment allows to create a unified
information space, in which any interested person will be provided with
information in time and in a comfortable way.
Theoretical framework

Before introducing Information systems in railways transport, the first
stage of usage computers and some economical-mathematic methods was
implemented. In this period decisions were made, that the first computers
which could control a part of a great railroads system would be put as one,
creating a big center of branch which we see nowadays. The first
development began in 1973. At the beginning of this way there were such
scientists as Charles Babbage who created an «analyze machine» which then
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became the first computer; Ada Lovelace who is a pioneer in computing
programming. She worked with Babbage and helped him to create a famous
machine that soon became famous all over the world.
It preceded creating and successful starting a Moscow railway system
of automatic accounting and fast controlling transport process. From 1976
accomplishing individual task from now on is carried by automatic system
of controlling railroads. Developing and introducing the complex of
technical systems for transiting data, as a main part of the first network. The
system included a technical center of the road, remote data transition in
Moscow-Kursk ways. In 1988 the first network connections were made, for
management cargo roads for trains – the most important branch of the whole
system. As this system was, first of all, marked for those who work at
stations. Data sharing and the common platform are ensured and established.
Dispatching of application software execution is accomplished by the
management system [1]. This system allows to operatively control how
many cars the train has, its weight, length, what the train transports, where
the train is at the moment, the train status and more valuable data. In 19902000 the system started to function with other systems, like: dislocation,
analyzing, counting and regulating car parking on railroads of Russia. In
1990-2000 as a part of the automated control system of ZhT, many
information systems began to function: number accounting, control,
dislocation, analysis of the use and regulation of the car fleet on the railways.
Russia (DISPARK) [2] Operational activities include such parameters as
long periods, years, quarters, months, and operative plans for cargo and
passenger trains for work, creating timetables, plan for train-make up,
repairmen timing, controlling factories who creating parts for trains, and more.
The purpose of this article is to analyze the modern state of using
information systems in railway transport and to prove their efficiency for
operation, to show how it influenced on our modern world, and how
important it is to work in these sphere, carefully and with care.
Figure 1 shows graphically the scheme for determining economic
efficiency of functioning of the automated control system and proves the fact
that usage of information systems on railways is profitable.
Railway transport is an object of automation, which possesses some
unique trait that makes it special and different from other big fields that have
national importance. Even if you consider air transport (where automation
was developed first for ticket purchase) compared to railroads, it is greater
with so many data and it will blow your mind how hard and tangled the
whole system is. If we choose the well-known information system called
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«Nalog» in contrast with information systems in railways, it’s only for readonly data, and by the way it doesn’t have any executive devices.

Fig. 1. General scheme for determining the economic efficiency
of functioning of the automated control system

In the process of realization of structural railway system, that was
started at the end of the 20th century there was a need to form a single
information space in the transport sector. This determines the development
of a new information technology basis for the functioning of Russian
railways. The efficiency of railway transport depends on the coordinated
operation of these systems based on end-to-end technologies and unified
integration solutions.
Methods and results

In writing the article, the following aspects were used as a
methodological basis: the method of analysis of a modern state of applying
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information systems in railways and comparison of it with the earlier period.
Deductive method – a method from the general to the particular, in this work
the deductive method means the procedure for the logical conclusion of
certain facts from predetermined axioms (patterns, rules) and facts.
Considering the methodological basis of information system
application in railways, we should mention designing that implies creating a
kit of standard documents, enough to creating the system on a base of the
first information systems in a technical way.
Technology of designing is series of methods that help the system to
cooperate in a wide network, and perform some other objects, making things
easier for those who will work with it in long-ranged time. Methodology of
creating information systems provides a realization of all stages of designing
and development – from formation requirements and technical tasks,
integration, implantation, controlling of escort and development. Methods
of updating information systems is usability of models and technologies for
creating open systems and applications. The main development tools are for
IS (Information systems in short) is CASE-resources. CASE is a resource of
software and technical means form a complete IS development environment.
With CASE’s it’s much easier to control and work with its components. The
general scheme of automation is to make fully automatic control system with
the help of IS. The system that will make its own decision without humans
controlling it. Nowadays people have a problem to make this whole system
unite, that all the data in the whole web would be available fast and easy.
However, it’s not so easy to do, every system for now has its own rules and
basis, so connecting all them into one for now is impossible, but maybe
someday we will achieve this goal.
Today every person has an access to a deep web, so called «Internet».
Internet is a vast network that connects computers all over the world.
Therefore, the solution of effective operation of railways comes from it – to
make the whole railroad system on internet space. It will give us countless
opportunities, buy tickets in any point in the world wherever you are, you
will never have to use passport or take tons of paper that you need to get a
ride. All information about you will be in the internet. All passages, trips,
places, trains, all of data will always be here with you in a blink of an eye.
Many people rely on trains, as their main mode of transport, especially in
large cities. Nevertheless, it can cause problems, because internet is not a
safe place, and we can’t imagine what a man with an access to different data
can do in this case. Your personal stuff such as credit number, passport,
every step you make in that sphere will be in their hands. And you can’t do
much about it actually. Every side of internet is dangerous, and for right now
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we can’t see when internet will be a safe place, where everyone will be
guarded and will not worry about their persona. For their safety special units
of data were created called databases, which contain various useful and the
most importantly protected data.
For IS, there are the databases to support its operation. The databases
can be divided into the two types: static and dynamic databases. The static
one includes data for the rail network and the rolling stock. Data in the static
databases can’t be changed. For the maintenance a specialist of software
engineering is necessary with special permissions. Because after line
maintenance is done, or new cars, trains were bought, data in the databases
are modified. Static type includes only the data to block, station and rolling
stock. Data for each block should include length, radius, position, weight,
and signals that come from train.
Application
System 1

Data
Collection
System

Application
System 2

Application
System n

Management system platform
Static data
Base

Dynamic data
Base

Fig. 2. Database position

Dynamic databases are established in a certain time unit, or with
operation of a train. It includes a train dynamic data, for line and for station.
Every train has its dynamic database. It includes the train speed, when it
starts, arrives, departs, stops at a station, its route and other related
information about the train, the line, the station. Every information is
recorded for 24 hours, and when time expires data delete themselves.
Figure 2 gives us a position of the data in IS. It is the foundation of the
system. All the systems should operate on the databases. Every data format
has its own standard of controlling their objects. Thus, we can conclude that
the key for a right operation is to follow that figure.
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Conclusion

Our research shows that information systems are widely used in railway
transport in our country. Currently, Russian Railways have created an
information technology complex that uses electronic data exchange to carry
out technological processes in the formation, promotion and disbandment of
train flows. As the basis for the infrastructure of this complex, a fiber-optic
backbone digital communication network of domestic railways is used. The
RZD communication network is compatible with similar networks of other
types of transport, which indicates that Russia has a unified transport
information space. In conclusion, we can note that the role of the railways
now is very high, so it’s very important to provide this sphere with
everything necessary things. Because this field will be useful for a long time,
even now it would be hard for all of us without trains, and services they
provided. Development of railways will take a big role in our lives.
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Abstract. The problem of preventing accidents on the ground is a great concern
for the aviation community. A significant number of rollouts and collisions on runways
required creation of on-board active protection and crew alerting systems. However,
existing solutions do not ensure complete flight safety and require improvements. An
analysis of these systems and options for their improvements are given below.
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Аварии на взлетно-посадочной полосе.
Выкатывания и столкновения – главная угроза
глобальной безопасности на транспорте
А. И. Волынчук
Московский государственный технический
университет гражданской авиации, Москва
Проблема предотвращения инцидентов на земле остро стоит перед авиационным сообществом. Значительное число выкатываний и столкновений на взлетно-посадочных полосах потребовало создания бортовых систем активной защиты и предупреждения экипажей. Однако существующие решения не гарантируют полную
безопасность и требуют доработок. Ниже представлен анализ этих систем и варианты их доработок.
Ключевые слова: авиационная безопасность, выкатывания с взлетно-посадочных
полос, столкновения на земле, бортовые системы, коммерческие воздушные суда.
Introduction

Major accidents upon landing and take-off have long been rather low
on the safety issues list. However, with the remarkable improvements in
other areas, they are getting higher up and deserve careful attention. The
analysis of actual cases allows for useful conclusions and enhanced
preventive measures.
Nowadays any pilot will tell you that the most critical stages of a flight
are during take off and landing. The margins for errors, in both circumstances,
are narrow. If anything goes wrong, the result may have fatal consequences.
Another common accident is collision on the runway. Low visibility,
ATC errors and high crew workload may lead to collisions for both aircraft
and ground vehicles. In any case, high speed leads to significant damage and
potentially to a large number of victims [1].
In order to reduce the role of the human factor, it is advisable to have a
system on board the aircraft that predicts and prevents a dangerous situation
associated with rolling out and ground collisions.
Theoretical framework

In the framework of this article, a runway excursion is: any aircraft
exceeding runway ground markings, whether it gets off the runway pavement
or not.
This definition is as valid as any other for describing facts. However,
when it comes to enhancing safety and more specifically prevention, this
definition is of little help. Indeed, the analysis of runway excursion events
corresponding to this definition combines situations that are so different in
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terms of their underlying phenomena that it is extremely challenging to
derive efficient preventive measures.
Generally speaking, the most safety critical (as a result of likelihood
and severity of consequences) overrun events are the runway excursions
upon landing where the aircraft goes off runway ground markings during the
roll-out phase. This article will focus more particularly on this.
According to a study published by Boeing Commercial Airplanes,
nearly half of all aviation accidents occur during the final approach or
landing and 14 percent occur during take off or initial climb [2].
For decades, accident statistics have kept highlighting the three same
accident types at the top of the list of contributors, namely: Loss Of Control Inflight (LOC-I), Controlled Flight Into Terrain (CFIT) and Runway Excursion
(RE). If virtually all CFIT and LOC-I accidents lead to both fatalities and hull
loss, other accident categories generate mainly only material damage. As an
example, 15 % of RE accidents cause fatalities, and are the third source of fatal
accidents. Yet, RE have become the main source of hull losses.
A closer look at the evolution of the figures and tendencies over the past
20 years shows that CFIT and LOC-I have significantly decreased whereas
Runway Excursion remains relatively stable.
These are the most common scenarios leading to runway overrun.
1. A departing aircraft fails to get airborne before end of the runway
due to: inappropriate aircraft handling technique or decision to reject a take
off taken at a speed exceeding V1 or reported runway conditions differing
from actual conditions or aircraft weight and/or trim used for setting
thrust/power or pitch trim position is wrong; or aircraft system malfunction.
2. A landing aircraft is unable to stop before end of runway due to:
touch-down speed is excessive or threshold crossing height is too high
and/or the touchdown point is beyond the normal touch down zone or
reported wind velocity or runway surface conditions differ from actual
conditions or aircraft system on which landing performance is predicated
such as brakes or spoilers malfunctions or significant aquaplaning occurs.
Speaking about ground collisions, itshould be mentioned that both
aircraft/aircraft and aircraft/ground vehicleare categorized as runway
incursion. It is any occurrence at an aerodrome involving the incorrect
presence of an aircraft, vehicle or person on the protected area of a surface
designated for the landing and take off of aircraft [3].
When collisions occur off the runway, the aircraft and/or vehicles
involved are usually travelling relatively slowly: in contrast, when a
collision occurs on the runway, at least one of the aircraft involved will often
be travelling at considerable speed, which increases the risk of significant
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aircraft damage and the severity of the consequences therefrom, including
serious or fatal injury.
According to the analysis of a sample of investigated accidents and
serious incidents involving runway incursions, which occurred in the period
2014–2016, the following generic types can be distinguished:
Incorrect entry of an aircraft or vehicle onto the runway protected area,
incorrect presence of a vacating aircraft or vehicle onto the runway protected
area, incorrect runway crossing by an aircraft or vehicle, incorrect spacing
between successive arriving or arriving and departing or departing and
arriving aircraft, landing/take-off without ATC Clearance [1].
Methods and results

As a preventive measure, the largest of commercial aircraft
manufacturers such as Airbus and Boeing have developed active protection
systems, the main purpose of which is to recognize and alert the crew about
the potential threat of rolling out. Airbus has developed the Runway Overrun
Prevention System (ROPS) as a response to runway overrun events during
the landing phase.
ROPS is made up of two sub-functions, Runway Overrun Warning
(ROW) and Runway Overrun Protection (ROP). The ROW function
generates alerts, which incite the flight crew to perform a Go-Around
whereas the ROP function generates alerts which incite the flight crew to
apply available deceleration means.
ROPS is an Airbus system designed to continuously calculate whether
the aircraft is able to safely stop in the runway length remaining ahead of the
aircraft. If at any point the system detects there is a risk of a runway overrun,
flight deck alerts are generated to help the crew in their decision-making.
ROPS is hosted in the aircraft avionics. The system has access to the
parameters which affect an aircraft’s stop distance (aircraft position, weight,
ground speed, air temperature, slat/flap configuration, true and calibrated
airspeed, wind) [4].
ROPS is also connected to a runway database. The source of the runway
database may be the Terrain Avoidance and Warning System (TAWS) or
the Onboard Airport Navigation System (OANS). ROPS automatically
detects the current landing runway using the runway database.
On Airbus A380, A330 and AIRBUS A-320 family, ROW
continuously calculates two stopping distances, the stopping distance on a
dry runway and the stopping distance on a wet runway. If the stopping
distance on a wet runway becomes longer than the available runway length,
the system triggers an amber message on the PFD «IF WET: RWY TOO
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SHORT». If the stopping distance on a dry runway becomes longer than the
available runway length, the system triggers a red message on the PFD
«RWY TOO SHORT» and a below 200ft an aural message «RUNWAY
TOO SHORT».
ROP becomes active on-ground after transition from ROW and remains
active until taxiing speed. ROP uses the aircraft’s current deceleration and
aircraft characteristics to determine where the aircraft can safely stop on the
runway. If ROP detects a risk of runway overrun, aural and visual alerts are
triggered. On the PFD the red visual alert «MAX BRAKING, MAX
REVERSE» is displayed. Aural alerts are prioritized: «BRAKE, MAX
BRAKING, MAX BRAKING» aural alert is triggered until pilot application
of pedal braking, then aural alert «SET MAX REVERSE» if maximum
reverse thrust has not been selected. If overrun condition still exists at 70kt,
the aural alert «KEEP MAX REVERSE» will trigger to remind the flight
crew to keep maximum reverse thrust [4].
Boeing in their turn has created the RAAS (Runway Awareness and
Advisory System) as a response to runway overrun events during the landing
phase.
The RAAS (Runway Awareness and Advisory System) provides both
auralcallouts and alerts to inform the flight crew where the airplane is
relative tothe airport runways. The alerts will also be displayed on the ND
(NavigationDisplay). RAAS uses the GPS data and a runway database to
determine the airplane position in relation to the airport runways [5].
These are the callout options available:
The approaching runway − in air callout is provided to make the flight
crew aware of which runway the airplane is lined up with on approach.
The approaching runway − on ground callout is provided to the flight
crew as the airplane approaches a runway during taxi operations. The on
runway callout is provided to make the flight crew aware of which runway
the airplane is lined up on.
The extended holding time on runway callout is provided to make the
flight crew aware of an extended holding period on a runway.
The distance remaining − landing rollout and rejected take off callouts
both provide the flight crew with enhanced awareness of the approaching
runway threshold.
The runway end callout makes the flight crew aware of the airplane
position relative to the end of the runway.
These are the callout plus alerts, which are available:
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The insufficient runway length − take off alert makes the flight crew
aware that the available runway length for take off is less than the required
length.
The taxiway take off alert makes that flight crew aware of a take off on
a taxiway.
The approaching short runway − in air alert makes the flight crew aware
that the available runway length is less that the nominal required runway
length.
RAAS provides callouts, alerts to supplement flight crew position
awareness and is not intended for navigation purposes.
RAAS DOES NOT:
• Enhance airport traffic awareness
• Include NOTAMS, or ATIS information or ATC clearances
• Ensure that the airplane can be stopped before entering a runway
• Ensure that the airplane can or cannot safely take off and/or land [5].
So as you can see both systems have their own drawbacks. Some require
flight crew inputs for proper operation, some can not take into accounts
ambient parameters thus greatly reducing efficiency.
Moreover, these systems do not prevent ground collisions at all. For
example, in the air flight crew can rely on TCAS system which is a «must
have» for all commercial jets.
TCAS is an aircraft system based on signals from transponders of
nearby aircraft (intruders) and from the replies tracks their altitude and range
and issues alerts to the pilots, as appropriate. TCAS will not detect
transponder-unequipped aircraft and will not issue any resolution advice for
traffic without altitude reporting transponder.
Unfortunately, nowadays TCAS cannot work on ground and the only
hope for flight crew and passengers is pilot and ATC eyes.
In order to reduce the role of the human factor, it is advisable to have a
system on board the aircraft that predicts and prevents a dangerous situation
associated with rolling out, while it is necessary to minimize the interaction
of the system and the crew by introducing automated input of initial data.
In general, the algorithm of its operationcan be represented as follows
(Fig. 1):
1) receiving signals from aircraft location systems and information
about aircraft movement parameters;
2) receiving information from ground stations about the condition of
the runway (wind, coefficient of adhesion)
3) calculation of the distance required for stopping for the current values
of speed and acceleration;
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4) implementation of the function of objective determination of the
threat of rolling out of the aircraft;
5) prevention of rolling out due to timely warning of the crew.

Fig. 1. Enhanced overrun and ground collision protection system architecture

In addition, it is advisable to combine it with the TCAS subsystem,
which will allow the system to be used on ground. By equipping ground
vehicles with transmitters, the system will receive full information about the
traffic in the airport and thus could warn the crew about an attempt to take
off from an occupied runway or the threat of a collision on the run with
equipment on the ground.
Conclusion

Ensuring flight safety during landing remains an important and urgent
scientific and technical task that requires solving at the current level of
development of science using promising approaches to the synthesis of
control laws and software. Creation of an automatic system that ensures a
significant increase in the timeliness and objectivity of the assessment of the
threat of aircraft rolling out of the runway and the introduction of monitoring
of the ground situation will eliminate serious consequences and thereby
increase the overall level of safety of the aviation industry.
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Abstract. Currently, the aircraft can proceed to any point without using groundbased navigation guidance devices. The concept of performance-based navigation allows
the aircraft to fly along any desired trajectory and thereby realize the advantages of
increased navigation accuracy, which entails simplifying air traffic services and reducing
operator costs. The article considers the main components of the zonal navigation
equipment and assesses the implementation of the application of the PBN concept ideas
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Экплуатационная реализация концепции PBN –
навигации, основанной на характеристиках
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университет гражданской авиации, г. Москва
В настоящее время воздушное судно может следовать в любой пункт без использования наземных навигационных средств наведения. Концепция навигации,
основанной на характеристиках позволяет воздушному судну выполнять полет по
любой желаемой траектории и тем самым реализовать преимущества повышенной точности навигации, что влечет за собой упрощение обслуживания
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воздушного движения и сокращение расходов эксплуатантов. В статье проводится
рассмотрение основных составных частей оборудования зональной навигации и
оценка реализации применения идей концепции PBN в Российской Федерации.
Ключевые слова: авиация, навигация, зональная навигация, управление воздушным движением.
Introduction

Nowadays the majority of scheduled flights are performed using RNAV
principles. The main idea is that the flight route doesn't have to be planned
depending on ground navigational aids, each operator can choose the most
suitable track himself. To establish the general precision requirements and
specifications, ICAO has developed PBN – performance-based navigation.
According to the concept, at least 95 % of the time en route the aircraft must
be within the so-called precise box, for example, +– 5 nm from the route axis.
Such degree of precision can be achieved using RNAV equipment.
Theoretical framework

The PBN concept includes two main navigation specifications –
RNAV and RNP. The RNP ones have a requirement to monitor compliance
with the specified precision degree and automatically warn about deviations,
while this is not obligatory for RNAV specifications. This allows the
navigation system to maintain the necessary guidance accuracy in the lateral,
longitudinal and vertical directions.
According to ICAO doc. 9613, there can be following sources of
position information: VOR and DME systems, LORAN systems, inertial
navigation equipment, altitude and speed sensors and GNSS systems. The
RNAV equipment must also include the on-board aeronautical database and
a sensor for coordinates determination in WGS-84 system.
Initially guidance was provided only by VOR stations, later VOR/DME
and more accurate DME/DME beacons were used to determine the direction
and distance from the beacon. The systems convert polar coordinates to
geographical ones and solve simple navigation tasks. Their disadvantage is the
limited range and low accuracy depending on the capabilities of the VOR
beacons. The method of determining coordinates from two DME beacons
provides higher accuracy of position determination. This is due to the high
accuracy of measuring ranges and the slow increase in errors as the distance
increases itself. The DME system contains an airborne UHF (L-band)
transmitter/receiver and a UHF (L-band) receiver/transmitter on the ground,
while the VOR receiver uses frequencies in the VHF band.
GNSS receivers, which belong to external navigation systems, most
effectively meet the accuracy characteristics of PBN. For example, SDR
receivers allow you to determine the location and parameters of the ship's
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movement with high accuracy and at any distance from the navigational aid.
The use of SBAS and GBAS augmentations is being actively implemented.
The disadvantage is weak noise immunity and the associated lack of
continuity of service. In other words, there is a high probability of satellite
signals loss due to industrial or artificial interference.
The inertial navigation systems operate autonomously and provide
information about the pitch, roll, true heading, position and speed of the
aircraft. Modern aircraft are usually equipped with three units ADIRS, for
example, Airbus uses systems from Honeywell. The main drawbacks are the
high cost and complexity, as well as the accumulation of error over time and,
as a result, the calculated coordinates have to be corrected. Strapdown
inertial systems provide a radial error of calculating the position of the
aircraft no more than half a nautical mile per hour. Periodical correction is
carried out using other navigation tools (GNSS, DME, etc.).
Integrated RNAV and RNP systems include inertial reference systems
and flight managements systems IRS/FMS. Their components are airborne
sensors, receivers, calculators, aeronautical databases and aircraft
performance data. The FMS provides data on the position of the aircraft and
signals for controlling the track on the NDs and to the trajectory control
system. But the total cost of FMS and databases can be extremely high.
However, the safety of navigation using FMS is ensured by following the
standard operating procedures- and the quality of the database used.
Implementation and development in Russia

In Russian Federation airspace, the introduction of PBN is gradual. The
procedure of free routing has been recently introduced in the Magadan
Centre. This means the possibility of the flight along the preferred track
between the entry and exit waypoints of the RNAV route, provided that the
vessel is equipped with CPDLC and ADS-C equipment.
In December the new airspace structure was put into operation at the
Moscow ACC. One of the significant changes was the prevailing use of
RNAV routes of the RNAV 5 specification on the Control and RNAV 1 on
the SID and STAR procedures. The calculations showed that despite the
increase in the intensity of air traffic by 1.5 times, the duration of the flight
in the Moscow Area will decrease by 15 %, the routes have become shorter
by 21 %, and fuel efficiency has also been improved by 14 %. Among the
obvious advantages, there are conflict-free departure and arrival procedures
at the airports of the Moscow Hub, if only the aircraft follow the constrains
and restrictions. This reduces the load on the ATC staff of the MC. This has
become possible because of the strict requirements for the accuracy of
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following the route in the range of + – 1 nautical mile from the axis. Now it
is also possible to perform independent RNP landings on parallel runways
at Sheremetyevo Airport, as the approach routes have been developed
according to the RNP APCH specification, allowing a deviation of only + –
0.3 nautical miles from the axis.
Conclusion

However, it is not yet possible to stop using traditional ground-based
navigational aids. The operating minima for RNP and GLS approaches
remain higher than the ILS, so their use is limited by good visibility. The
solution of the problem may be additional certification of airborne and
ground equipment, including the installation of Local-area augmentation
system stations, to perform precise approaches like ICAO Category III. In
general, in Russia, elements of the PBN concept continue to be implemented
in every Center. This undoubtedly increases the level of flight safety, makes
air transportation more affordable and efficient.
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Abstract. Dieser Beitrag befasst sich mit den Umweltproblemen in Russland und
einigen Ländern der Welt, insbesondere mit den Auswirkungen von Kraftfahrzeugen auf
die Atmosphäre und mit Möglichkeiten zur Verringerung der Umweltverschmutzung durch
die Verwendung alternativer Kraftstoffe.
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Экологические проблемы автомобильного транспорта
в России и за рубежом
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Московский автомобильно-дорожный государственный технический университет (МАДИ), Москва
В этой статье рассматриваются экологические проблемы России и некоторых стран мира, а именно влияние автотранспортных средств на состояние атмосферы, и способы уменьшения загрязнения окружающей среды посредством использования альтернативных видов топлива.
Ключевые слова: экология, электромобили, автомобили, окружающая среда.
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Einführung

Das Problem der Ökologie und der Umweltbelastung ist heute akuter als je
zuvor. Ganz oben auf der Liste der größten Luftverschmutzer steht der
Straßenverkehr. Ein großer Teil der Weltbevölkerung nutzt täglich das Auto, um
zur Arbeit, nach Hause und zur Universität zu gelangen, ohne sich Gedanken
darüber zu machen, welchen Schaden sie sich und der Umwelt damit zufügen.
Theorie

Die Menschheit ist auf dem Weg, die ökologischen Probleme zu lösen.
Eine der ersten Lösungen ist die Entwicklung alternativer Kraftstoffe. Heute
sind Elektroautos am beliebtesten. Ab Oktober 2021 gibt es in Moskau rund
800 Elektrobusse, die teilweise Oberleitungsbusse und Busse mit
Verbrennungsmotoren ersetzt haben. Es ist erwähnenswert, dass die Zahl der
Elektrobusse von Jahr zu Jahr zunimmt, bis der gesamte bodengebundene
öffentliche Nahverkehr in Moskau mit wiederaufladbaren Batterien betrieben
wird [1]. Obwohl Elektrobusse den Ausstoß von Emissionen in die
Atmosphäre erheblich reduzieren, haben sie auch ihre Nachteile [5]:
• Hohe Kosten – für die Herstellung eines Elektrobusses müssen derzeit
zwischen 30 und 56 Millionen Rubel aufgewendet werden;
• Empfindlichkeit gegenüber niedrigen Temperaturen, die in Russland
nicht ungewöhnlich ist. Wenn die Außentemperatur unter –5 Grad Celsius
liegt, fallen die Elektrobusse aus, und es werden Diesel-Zusatzheizungen
eingesetzt, um sie voll einsatzfähig zu machen;
• Kurzlebige Batterien;
• Mangel an funktionierender Batterieentsorgungstechnik.
Methoden und Resultate

Wenn man über Elektrofahrzeuge spricht, kommt man nicht umhin,
auch Elektroautos zu erwähnen. Laut Statistik wird der Anteil der
Elektroautos Anfang 2021 bei 0,7 % aller Autos liegen [2]. In Russland ist
diese Art von Auto aufgrund des schlecht ausgebauten Netzes von
Ladestationen nicht sehr beliebt, aber die Situation ist weltweit anders:
• China hat die größte Anzahl von Elektroautos in der Welt, nämlich
etwa 1,8 Millionen, trotzdem gibt es nur 1,26 Elektroautos pro 1.000
Einwohner. Das Netz der Ladestationen umfasst rund 111.000 Ladepunkte
auf dem gesamten Staatsgebiet;
• Norwegen ist auch das Land mit der höchsten Anzahl von
Elektroautos, etwa 55 pro 1.000 Einwohner. Eine Strategie zur schrittweisen
Abschaffung von Fahrzeugen mit Verbrennungsmotor bis 2025 erklärt die
Beliebtheit von Elektrofahrzeugen. Um diese Politik zu fördern, sind
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batteriebetriebene Autos von den hohen Einfuhr- und Mehrwertsteuersätzen
befreit. Außerdem sind die Besitzer von Elektroautos von der Zahlung von
Straßen- und Parkgebühren befreit. Außerdem können sie den öffentlichen
Nahverkehr nutzen;
• In Japan sind Autos, die zwei Energiequellen – brennbare
Erdölprodukte und Elektrizität – kombinieren, weit verbreitet. Da Japan seit
langem führend im Bereich der Hybridfahrzeuge ist, ist auch die Flotte
dieses Fahrzeugtyps mit 9 Millionen Fahrzeugen, die 20 % des
Gesamtbestands ausmachen, recht umfangreich;
• In Frankreich kommen derzeit 8,4 Elektroautos auf 1.000 Einwohner
[3]. Es ist erwähnenswert, dass im letzten Jahr die Verkäufe von Elektround Hybridfahrzeugen 1/5 aller Pkw-Verkäufe in Frankreich ausmachten
und sich verdreifacht haben. Dies ist auf die Politik der nationalen Regierung
zurückzuführen, die die staatlichen Subventionen für den Kauf von
umweltfreundlichen Autos und «Hybriden» erhöht und das
Recyclingprogramm für alte Autos verstärkt;
• Heute gibt es in Deutschland mehr als 1 Million Elektroautos, mehr
als die Hälfte davon sind reine Elektrofahrzeuge, der Rest sind Hybride und
Brennstoffzellenfahrzeuge. Im Einklang mit den Klimaschutzzielen der EU
werden bis 2030 voraussichtlich mehr als 14 Millionen solcher Fahrzeuge
auf den Straßen unterwegs sein. Die Käufer erhalten vom Staat eine Prämie
zwischen 5.625 und 9.000 Euro und je nach Fahrzeug auch einen Bonus in
Form einer Befreiung von der Kfz-Steuer für 10 Jahre nach der Zulassung.
Derzeit haben die deutschen Hersteller von Elektrofahrzeugen einen Anteil
von 17 % an der weltweiten Produktion solcher Fahrzeuge erreicht.
• In den Vereinigten Staaten ist Tesla beheimatet, der weltweit
führende Hersteller von Elektrofahrzeugen, aber es ist erwähnenswert, dass
immer mehr Hersteller von Elektrofahrzeugen, darunter auch chinesische
und deutsche Firmen, auf den Markt drängen, um mit Tesla zu konkurrieren.
Daraus lässt sich schließen, dass die Elektrofahrzeugindustrie ein
enormes Potenzial hat, obwohl sie noch in den Kinderschuhen steckt.
Gleichzeitig ist sie bereits recht wettbewerbsfähig und hat eine große Anzahl
von «Spielern». Um sich ein klares Bild von der Beliebtheit von Elektround Hybridautos zu machen, schauen wir uns das Diagramm an, das zeigt,
wie viel Prozent der Autoverkäufe im Jahr 2020 auf den Verkauf der
betrachteten Verkehrsmittel entfallen.
Laut einer Analyse der Firma McKinsey&Co. wird es bereits 2024
weltweit mehr als 600 neue Modelle von Elektrofahrzeugen geben, wobei
deutsche Unternehmen führend sein werden. Bis 2030 werden weltweit etwa
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125 Millionen Elektroautos auf den Straßen unterwegs sein, und mindestens
30 % aller Fahrzeuge werden elektrisch sein.
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Abb. Anteil der Verkäufe von Elektroautos und Hybridautos
in verschiedenen Ländern der Welt [4]

Ein Erdgasfahrzeug verwendet entweder Methan oder Biomethan als
Kraftstoff. In den letzten 5 Jahren ist der Absatz von Erdgasfahrzeugen in
Russland um das Fünffache gestiegen. Erdgasfahrzeuge sind vor allem im
Nordkaukasus zu finden. Auf diesen Fahrzeugtyp entfallen 2,6 % aller
Autos in Russland. Die Regierung bietet eine Reihe staatlicher Subventionen
an, insbesondere die Übernahme von 60 % der Kosten für die Umrüstung
von Fahrzeugen von Benzin auf Erdgas, aber auch diese Maßnahmen haben
nicht dazu beigetragen, die Zahl der Fahrzeuge mit Verbrennungsmotoren
zu verringern.
Russland verfügt über die größten Erdgasreserven, gehört aber bei der
Nutzung von Gas als Kraftstoff nicht einmal zu den zehn wichtigsten Ländern.
Auf dem Markt werden gasbetriebene Fahrzeuge aufgrund der
unterentwickelten Infrastruktur, der starken Konkurrenz durch Hybridfahrzeuge
und der Schwierigkeit, Zylinder zu installieren, negativ wahrgenommen.
Außerdem hat das Fahrzeug eine durchschnittliche Fahrleistung von 400–500
km, die weit unter der von Fahrzeugen mit Verbrennungsmotor liegt.
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Erdgas ist einer der umweltfreundlichsten Brennstoffe, mit 25 %
weniger Kohlendioxid und 75 % weniger Kohlenmonoxid. Ein Vorteil ist
der niedrige Preis, aber er hat auch erhebliche Nachteile:
• Die Leistung des Fahrzeugs sinkt um etwa 20 %;
• Erhöhter Motorverschleiß;
• Hohe Kosten für Gasanlagen;
• Ein schlecht ausgebautes Netz von Tankstellen.
Entgegen den Befürchtungen der Menschen hinsichtlich der Sicherheit
von gasbetriebenen Autos sind diese nicht gefährlicher als Autos mit
Verbrennungsmotoren.
Es ist auch erwähnenswert, dass die Anzahl der Erdgasfahrzeuge
weltweit führend ist:
• Iran – 3,3 Millionen Fahrzeuge;
• Brasilien – 1,73 Mio.; Indien – 1,5 Mio.;
• Indien – 1,5 Millionen Fahrzeuge.
Zusammenfassung

Der Verkehr spielt eine entscheidende Rolle bei der Verknüpfung der
Wirtschaftstätigkeiten aller wichtigen Sektoren in einem einzigen System.
Ein gut ausgebautes Verkehrsnetz ist für die Gesellschaft von Nutzen, hat
aber negative Auswirkungen auf die Umwelt. Der Straßenverkehr
verursacht den größten Schaden für alle lebenden und nicht lebenden Dinge,
da er die Luft mit giftigen Bestandteilen verschmutzt.
Die in Russland verabschiedete Strategie für die Verkehrsentwicklung
in der Russischen Föderation bis 2030 widmet der Entwicklung des
städtischen Verkehrs und der Verkehrsinfrastruktur große Aufmerksamkeit.
Die Frage des umweltfreundlichen Verkehrs wurde nicht vernachlässigt.
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В статье рассмотрены потенциальные выгоды от введения системы совместного принятия решений при организации вылета и прилета в аэропорты московской воздушной зоны.
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Introduction

The Global Air Navigation Plan accepted by the International Civil
Aviation Organization declares the need to modernize air navigation systems
in order to increase the efficiency of the airspace usage. To increase
efficiency, it is necessary, among other things, to increase the airspace
capacity while saving or increasing the level of flight safety [1].
The complexity of the organization of conflict-free and well-sequenced
air traffic in the area of responsibility of the Moscow AirHub Control Center
(MAHCC) is caused by the presence of several nearby international airports,
as well as a number of large airfields of experimental and state aviation. At
the same time, the departure flows of aircraft from different airfields move
along conflicting standard departure routes (SIDs). We must not forget that
when a new version of the airspace structure was introduced (09.2021),
holding patterns have the potential to become conflicting.
The possibility of conflicts between departing aircraft is generated by
two factors: firstly, the presence of conflict points and sections on the SIDs
of different airports, and, secondly, the lack of coordination between
airfields in order to adjust the departure flows on time. In such conditions,
the air traffic controller is forced to take additional measures to ensure safe
intervals between departing aircraft, while quite often there is a need to
change the course or route of the aircraft, because it is impossible or
impractical to ensure a vertical interval. Accordingly, the air traffic
controller’s workload increases, which limits the capacity of the airspace [2].
An attempt to completely eliminate the conflict between SIDs by
establishing strict height restrictions for each point was made in the first
edition of the New Airspace Structure (NAS). However, practice has shown
that this approach is untenable – aircraft enter cruising flight levels too late,
which reduces fuel efficiency and increases flight time. In subsequent
editions, this approach was abandoned, which is why there was a conflict on
SIDs and STARs again.
Therefore, it is necessary to develop a concept of a collaborative
decision-making system (CDM) at the airfields of MAHCC, which would
allow for the adjustment of departure flows in time in order to create a
sequence of passing conflict points on departure routes.
Theoretical frameworks

The procedure of collaborative decision-making includes a set of
measures necessary to coordinate supply and demand. Collaborative
decision-making is not an aim in itself, but a tool. It should be understood
that this procedure does not imply isolated cases of using data for decision49

making. CDM includes strictly formulated instructions for various users:
airfields, aircraft crews, air traffic controllers.
An example of successful management of the CDM's part is the
implementation of the airport collaborative decision-making procedure in
Sheremetyevo. This process has three main stages: submission of the flight plan,
determination of the order of maintenance, release of the aircraft. The next step
in the development of the overall structure of CDM will be coordination between
air traffic controllers in determining of the SID. At the same time, it is impossible
not to take into account the decisions of the pilot-in-command when choosing
SID, because the flight performances of a particular aircraft may not allow one
or another departure route to be performed.
Advantages of implementing a CDM system at Sheremetyevo Airport:
1. For the airport operator:
– reducing the total number of flight delays (increasing accuracy of
flights);
– more efficient use of resources;
– more detailed information about the flight status;
– advantages of using for the environment;
– optimal use of infrastructure.
2. For the airline:
– improved accuracy;
– early detection of problems;
– improving the slot allocation procedure;
– reduction of taxiing time.
3. For air traffic services:
– flight sequence planning optimization;
– improving of the airport slot performance;
– reducing the number of flight delays.
4. For a ground handling company:
– efficiency.
5. For air traffic management:
– improved «slot execution» of the airport;
– conflict-free departures.
However, when introducing CDM, a number of risks arise, the main of
which are listed below [3].
Methods and results

Represented risks include definitions and risk mitigation strategies.
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Risk 1: inaction with respect to the A-CDM system.
Definition: the A-CDM system is not implemented for the airport.
The result: a low level of efficiency remains, the requirements for
improvements become stronger, which may lead to the need to use more
expensive solutions. Mitigation: dissemination of information about the ACDM system by all available means and to all possible partners, while
explaining that the implementation of such system is not a complicated or
expensive process, and the benefits of using it are significant.
Probability/influence – low/strong.
Risk 2: conflict of interests of partners.
Definition: despite the fact that all partners are focused on improving
the performance of air traffic management, their priorities and/or interests
may differ and even contradict each other.
Result: expenditure of efforts and resources in attracting partners to
participate in the project, possible refusal of partners to participate.
Mitigation: continuous lobbying with good argumentation and using
presentation material. The project should be objective, and the freedom
should be given to consider new ideas and solutions.
Probability/impact – average/average.
Risk 3: strict non-disclosure requirements.
Definition: partners refuse to provide data.
Result: the project may be on the verge of failure, the implementation
may become segmented or inconsistent.
Mitigation: more effective organization of marketing activities and
interaction aimed at highlighting one of the principles of the A-CDM system
on data privacy protection. Facilitating the signing of a standard non-disclosure
agreement in the form of a memorandum of understanding. Demonstration of
the security tools used during the operation of the A-CDM system (for
example, user profiles, passwords). Probability/impact – medium/high.
Risk 4: The data collection system does not meet the requirements.
Definition: poor data quality or inefficient data collection.
Result: unreliable project results, insufficient profitability.
Mitigation: more effective marketing activities interaction between
partners. Assuring partners of data confidentiality. All partners should use
standard abbreviations and definitions. A suggestion to use a standard nondisclosure agreement. Providing assistance to airports where the system is
being tested in the preparation of contracts.
Probability/impact – average/average.
Risk 5: Data accuracy decreases over time.
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Definition: after the implementation of the project, the accuracy of data,
their timeliness and availability decrease.
Result: the level of achievement of the initial goals decreases.
Mitigation: agreements on the level of services provided (Service Level
Agreement, SLA) and continuous analysis and quality control. Regular
meetings of partners to discuss issues of quality reduction. Determine in
advance the parameters for which further improvement of the accuracy of
the characteristics may be required. Probability/influence – low/strong.
The data shows that the implementation of the CDM in June 2017 for
landings and in February 2017 for departures increased the predictability of
landing and take-off times, which affects the predictability of conflicts and
helps in building of sequence for landing and departure (Fig. 1).

Fig. 1. Percent of the predictability
accuracy of landings/departures
operations in 2017–2018

Fig. 2. Ratio of percent
of the predictability accuracy
of landing/departures operations
in 2017–2018

Figure 2 represents the ratio of the predictability accuracy calculated
according to the equation given below:
𝐶𝐶 =

𝑎𝑎𝑎𝑎𝑎𝑎(𝑑𝑑𝑑𝑑𝑑𝑑)

𝑁𝑁𝑛𝑛2018

𝑎𝑎𝑎𝑎𝑎𝑎(𝑑𝑑𝑑𝑑𝑑𝑑)

𝑁𝑁𝑛𝑛2017

.

This ratio indicates the raise of predictability after implementation of
A-CDM in Sheremetyevo airport.
Conclusion

Despite a number of serious risks after the implementation of the CDM
Sheremetyevo has seriously improved its accuracy indicators which
indicates the success of the used procedures.
The implementation of CDM will lead to increasing of the capacity of
the MAHCC sectors, as well as it will help to reduce the number of conflicts
of the current airspace structure and to create a well-sequenced airflow.
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В статье сравнивается один из самых важных и прогрессивных видов общественного транспорта – метро – в Санкт-Петербурге и Мюнхене. Целью исследования является проверка на удобность метрополитена в современном мире.
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The metro is one of the most popular forms of public transport, used
by millions of people every day. I decided to compare the underground in
St. Petersburg and Munich. My choice fell on these cities, because I was in
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both of them and used the metro in both. Both cities are not capitals, but at
the same time they are the pearls of their countries. The population of
Munich is three times less than the population of St. Petersburg. In St.
Petersburg live a little more than five million, and in Munich about one and
a half million people. This means that in St. Petersburg there should be more
metro stations and more developed public transport, but is this really so?
Let's start with the history of the underground in both cities. In the
1950s, Munich was increasingly busy with trams. The city center was stuck
in traffic jams. To solve this problem, the construction of a metro was
conceived. The first line was laid down in February 1965. The underground
was planned to be opened in 1974. The turning point in the history of the
Munich subway was 1966, when the city was chosen to host the XX Summer
Olympic Games. The city authorities decided to open the Munich
underground for this event. On October 19, 1971, the first 13 stations were
inaugurated. The metro can be called relatively young.
The history of the St. Petersburg underground began in the 19th
century, when the direction of the Baltic railway developed a metro project.
This meant that an underground line would be laid, which would connect all
St. Petersburg railway stations. This project was developed and entered into
force in 1889. Since that time, many engineers have started designing metro
lines and stations. In 1955, the metro started to work. The first stations were
built 17 years earlier. Many of the stations of that time are still preserved
and visiting them can be equated with a visiting of a museum.
But what is about our time? The Munich subway today has about a
hundred stations on eight lines, two of which are additional. In St. Petersburg
there are about 72 stations on 5 lines. In the near future, it is planned to open
another line. But the deadlines are constantly being postponed and new lines
and stations are not opening. It is due to corruption. The money allocated for
the construction of new stations disappears. In Munich, the development of the
metro is also planned, namely the extension of many lines. Also in Munich,
subway and electric trains are connected and often leave the same stations.
The similarity between the Munich metro and St. Petersburg is that
almost all stations are underground. Therefore, it is very important that the
stations were well designed to comfortably wait for the townspeople. Many
of Munich's stations are designed in a style that is pleasing to the eye. There
are stations that are popular with tourists, for example: Westfriedhof,
Candidplatz, Am Moosfeld… In general, all stations are comfortable and
clean. There are many more stations in St. Petersburg, which are made in a
unique style. Many more stations are popular with tourists, and some of them
even lead excursions.
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Convenience for people. The Munich underground, like the metro in
other European cities, is more convenient for citizens. Almost at every station
there is an elevator. There are ticket machines everywhere that have replaced
people. At each station there is a board that shows how long the train will
arrive. The schedule is very important, because trains go from one station in
different directions and for tourists this may be a surprise. Also, there are no
turnstiles and tickets have to be pushed out by ourselves. If you do not do this,
and you are caught, then you will be obliged to pay a fine of 40 euros. In my
city there are no schedules and elevators, but there are ticket machines. But
elevators in St. Petersburg are impossible due to the great depth of most
stations. The deepest station in the world is located in St. Petersburg –
Admiralteyskaya. Its depth is 86 meters. The St. Petersburg metro is the
deepest in the world with an average of 45 m. Turnstiles are still in operation
in St. Petersburg, which reduces the chance of a ticketless passage.
St. Petersburg has a big problem compared to Munich. Quite often
there are a lot of people in the underground. During rush hour, you almost
never find free place and you have to stand in the crowd. In Munich most
often there is no such problem and there are almost always free places. Most
likely this is due to the fact that there are more stations in Munich than in St.
Petersburg, and there are fewer people. Therefore, in order for people to ride
in comfort, more stations and lines need to be opened.
The trains themselves in the Munich underground are designed
conveniently for the townspeople, somewhat similar to the electric trains in
St. Petersburg and run almost silently. Unfortunately, the St. Petersburg
metro cannot boast of such silence and the trains are often very loud.
Tickets. The fare in Munich does not depend on the type of transport
(there is a single ticket for all types of transport), but on the distance, more
precisely, on the zone within which you need to ride. There are 4 zones in total.
1. White Zone, or Innerraum is the center of the city, where the main
attractions are located. Tourists who come to Munich most often travel along it.
2. Green + White Zone, or Munchen XXL.
3. Outer Zone called Ausserraum.
4. Gesamtnetz – all four zones (if you need to get from the center to
Munich Airport).
Insofar as Munich's transport forms are a system, a single ticket is valid
for all types of transport, the price of which depends on the distance and time
of ride. With a single ticket, you can change from one transport to another
within the paid zone. There are a huge number of types of tickets that a person
can buy in Munich. Each of the ticket types is beneficial in its own way.
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There is no such wide variety of tickets in St. Petersburg. There are no
zones with different ticket prices.
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There is no shared ticket for the metro and electric trains because they
are not connected. But for students, pupils and retirees there are monthly
tickets that will allow them to use all public transport in the city. It is much
more profitable than buying tickets every day.
By the way the underground in Munich operates on weekdays at 21:00
and on weekends at 22:00. In St. Petersburg, the metro operates for about 18
hours every day, if you do not take into account the holidays, when the
subway operates all day and all night.
To sum up, it can be noted that, unfortunately, the St. Petersburg metro
loses in many aspects to Munich. Metro development is one of the most
important contributions to a successful future. The underground allows
people to get from one end of the city to the other in a short time. Also, the
use of the subway, instead of conventional cars, improves the environment,
which is very important for the modern world.
It is necessary to focus on the development of the metro: the development
of new trains, the construction of new stations and lines, the proposal of new
types of tickets to attract people.
We can only hope that in the near future the St. Petersburg underground
will begin to develop and thereby pave the path to a better future.
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Перевозки речным транспортом
в условиях пандемии
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В статье отражены актуальные проблемы внутреннего водного транспорта в
период развития пандемии, состояние водного транспорта период развития пандемии, исследованы принятые профилактические меры на водном транспорте,
меры государственной поддержки водной отрасли.
Ключевые слова: проблемы внутреннего водного транспорта в условиях развития пандемии, речной транспорт, грузовые перевозки.
Introduction

This report will outline the urgent problems of water transport, namely
inland waterway transport in the context of a pandemic.
Theoretical framework

A. V. Lebedev – The history of Russian transport in the 19th – early 20th
centuries., The state of the transport complex of Russia during the 19th century
and the beginning of the 20th century is analyzed, the problems of the
development of transport and, in particular, water transport are reflected, which
allows us to assess in more detail the cause-and-effect relationships of
problems and development of river transport in modern economic conditions.
Sending goods by water transport. URL: http://www.gks.ru/bgd/regl/
b13_01/IssWWW.exe/Stg/d12/2-1-7.htm (date accessed: 10/08/2020). The
mechanism of freight transport by water transport, regulatory requirements for
freight transport, ships, are indicated, the economic advantages of freight
transport by water transport are indicated.
Transport and communications in Russia, 2016. URL: http://www.gks.ru/
free_doc/doc_2016/transp-sv16.pdf (date accessed: 09.10. Provided
statistical and analytical data characterizing the state, including water
transport in Russia.
On the federal target program «Development of the transport system of
Russia (2010–2020)": Resolution of the Government of the Russian Federation
of December 5, 2001 № 848. URL: http://www.gks.ru/free_doc/
doc_2016/transp-sv16.pdf (date access: 10/12/2020). The state, represented by
the Government of the Russian Federation, has made a decision to support and
develop Russia's water transport for the next decade.
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The official website of Rosstat –. – Electron. Dan. – Access mode:
http://www.gks.ru, used to obtain statistical data on the state of inland
waterway transport during the development of a pandemic.
Methods and results

Russian river transport has a long history. The first settlements of the
ancient Slavs were located along the coastline of rivers and lakes, which were
used as communication routes.
In order to understand the cause-and-effect relationships of the decline in
the transport industry and the way out of the economic crisis, it is necessary to
analyze the history of the development of this industry in the period of the 19th
and early 20th centuries. The problems of water transport have something in
common with the current crisis [1].
Starting from the 90s of the last century and up to the present, the river
fleet has significantly reduced its positions both in the carriage of goods and in
the carriage of passengers. This is largely due to the discovery and
implementation of new technologies and new types of vehicles. Air, rail and
pipeline transport has largely replaced river transport for the transportation of
goods and passengers to remote regions of Russia [2].
This report will outline the urgent problems of water transport, namely
inland waterway river transport, in the context of a pandemic.
If we analyze recent years, then the dispatch of goods by water transport
in domestic traffic is about 90 million tons per year, by rail – about 2200 million
tons, and pipeline – over 2500 million tons [2]. As you know, river transport is
limited by two things – seasonality and the impossibility of delivering cargo to
the point of destination (if it is not a sea / river port, the cargo has to be
transferred to another mode of transport).
Despite the disappointing indicators of the state of the inland water
transport market, the river fleet of Russia, in the presence of serious
investments from the state and large private companies, has development
prospects.
Analysts believe that the maintenance of river communications requires
50 times less investment than roads and railways. Important factors are that
water transport is hundreds of times safer than road transport, and their impact
on the environment is minimal, which is especially important in densely
populated regions. In autumn, when cargo transportation by road is increased
by one and a half times, the transfer of cargo traffic to water will free up
congested highways and reduce the harm caused to the environment [3].
Taking into account the above data and the need to develop this industry,
the Government of the Russian Federation in October 2019 approved the
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Strategy for the development of the shipbuilding industry until 2035. The
purpose of the Strategy is to ensure the creation of modern ships and increase
the production volume by 2.2 times. To do this, by 2035, the main production
assets of the industry must be loaded by 80 %, it is also planned to double labor
productivity and increase the share of domestic components in the cost of final
civilian products to 75 %.
However, in 2020, humanity is faced with a new disease that swept the
entire globe, called COVID-19. Around the world, there has been a decline in
economic development. We had to urgently develop measures aimed at
protecting the population. The main thing was to protect the population, to
prevent serious consequences, since the disease spread quickly, causing severe
health consequences, including high mortality. Enterprises were closed for
quarantine, which lasted almost two months. In this connection, the Ministry
of Transport of Russia predicted a significant decrease compared to the level
of 2019 in both passenger traffic (by 75 %) and cargo (more than 30 %) by
inland waterway transport.
During the spread of the pandemic, in transport, including river transport,
measures were developed to protect passengers and employees from
coronavirus infection. Basically, preventive measures coincide with the
general developed measures applied everywhere. The additions are related to
the specifics of the work of water transport. For example: In the regime of the
current restrictions on vessels admitted to work, the watch service strengthens
the control of access to the vessel.
On the shore, mooring with a second side is not allowed, and the flows of
passengers from different vessels should not intersect. When parked, the
number of visitors to the vessel should be minimized as much as possible; the
same requirements apply to visitors as to the crew.
All persons entering the ship or port facility, excluding the ship's crew,
passengers and port personnel, are subject to entry in the ship's or port facility's
visit log. Access to the ship or port facility by persons not associated with its
activities is not allowed.
In places where this is permissible by the design features of the vessel,
markings are applied to maintain a distance of at least 1.5 meters between
visitors and any persons entering the vessel or port facility, including on the
gangway or other device for entering the vessel, at the checkpoint port
facility. The watchkeeping watch's instructions on actions to prevent the
spread of infection on the ship or port facility should be kept in a place
accessible to all watchkeepers.
The means of communication with the health service authorized to arrive
at the ship or port facility for appropriate medical assistance or evacuation, and
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telephone numbers for calling the health service, should be readily available to
watchkeepers.
A supply of PPE (face masks, gloves) must be provided for all crew
members and port workers. An adequate supply of FFP3 filtering half masks
(respirators), disposable waterproof protective suits or aprons, shoe covers and
headgear is also provided for the emergency team and medical personnel.
Sufficient virucidal disinfectants (eg 0.5 % soda hypochlorite solution or
similar bleach solution at 1 part to 99 parts water) should be provided for
cleaning the premises. There must be an adequate supply of soap, water, wipes
and antiseptics for personal hygiene for the crew and passengers.
On flights lasting 4 hours or less, provision of food services to passengers
and the sale of food products are not provided. On flights lasting more than 4
hours, meals are organized in cabins (if any), passenger rooms. It is
recommended to use disposable tableware.
If necessary and depending on the current epidemic situation in the region,
it is planned to test crew members for coronavirus with the frequency
recommended by the sanitary authorities.
All these measures require additional funds, and taking into account
changes in the work in the industry as a whole, in accordance with the proposal
of the Ministry of Transport of Russia, the list of the most affected industries
should be supplemented by three segments of water transport, namely:
1. Activities of sea passenger transport, including:
– carriage of passengers in vehicles designed to operate in sea or coastal
waters.
2. Activities of inland waterway passenger transport, including:
– carriage of passengers on inland waterways on ships not intended for
sea transport;
– transportation of passengers along sea routes on vessels of mixed (river
– sea) navigation.
3. Activities of inland water cargo transport, including:
– carriage of goods by inland waterways on ships not intended for sea
transport;
– transportation of goods along sea routes on ships of mixed (river – sea)
navigation.
The inclusion in the list of the sectors of the Russian economy most
affected by the spread of the new coronavirus infection provides the relevant
enterprises with the opportunity to take advantage of the extensive toolkit of
federal targeted support in accordance with the appendix.
The Ministry of Transport of Russia noted how the pandemic affected the
operation of various types of transportation in 2020. Air transportation
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decreased by 46 %. At the same time, the companies received subsidies from
the state for 55 billion rubles, which made it possible to avoid bankruptcies and
save jobs. The volume of traffic by water transport fell by 31.8 %, by road –
by 28.6 %, by rail – by 27.1 %. Freight turnover decreased by 2 %.
According to Rosmorrechflot, thanks to the measures taken, despite the
pandemic, in 2020 the carriage of goods by inland water transport increased by
0.7 %, and did not fall by 0.1 %, as previously assumed. A total of 108.9
million tons were transported, it follows from the data of Rosmorrechflot. The
largest growth in traffic was recorded for grain, construction cargo, metals, ore
and timber also showed positive dynamics.
The volume of cargo transportation in domestic traffic remained almost
at the level of the previous year (78.6 million tons), in foreign traffic, an
increase of 2.7 % was noted, mainly due to the transportation of grain for
export, according to the final report. However, the delivery of goods by
dispatch to the regions of the Far North decreased by more than 4 % and
amounted to 17.6 million tons.
Demands for energy resources (oil products and coal) in the regions of the
Far North decreased, population displacement was reduced in the context of
the pandemic, passenger transportation companies reduced or stopped their
work, service enterprises (small and individual) were closed, the document
explains.
By basins, the largest share of freight traffic of the total volume falls on
shipping companies registered in the Volga (45.7 %), Moscow (9.5 %) and
Azov-Don (8.9 %) basins of the European part of Russia, Siberia and In the
Far East – to shipping companies operating in the Ob and Ob-Irtysh basins
(9.9 %), Yenisei (5.2 %) and Lensky (3.7 %).
The largest growth in traffic in 2020 was observed for grain (plus 1.4
million tons), their volume reached 8 million tons due to a high grain harvest
and the possibility of deliveries both in domestic traffic and for export by inland
water transport to the countries of the Azov-Black Sea and Caspian basins from
the grain regions of the Volga region, Volgograd region, Krasnodar region.
Passenger traffic by inland waterways fell by 30.2 % to 7.7 million.
Water transport organizations received assistance in the amount of more
than 3 billion rubles, he said. As follows from the report, 320 million rubles.
from the budget received the company «Vodolet» and «Vodokhod» for
compensation of leasing costs.
Transport – a branch of the national economy, is a connecting link in
the formation of national and world socio-economic systems, determining
the pace and structure of their development. The tasks that transport solves
are multifaceted and are aimed at meeting the needs of the economy and
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social sphere. In the context of the development of a pandemic and the
dominance of the export-raw material model of the national economy, the
role of transport as a key link in economic growth is increasing, since the
further development of Russian regions, especially remote ones, depends on
the volume and quality of traffic.
Conclusion

Considering the above, inland river transport in the context of a pandemic
was able to maintain its position, thanks to government support, as well as an
increased demand for food products from foreign countries. In this connection,
the fact of the need for innovative development of the industry, including
technical re-equipment and the introduction of modern management and
control systems, as well as engineering and hydrological work to improve river
navigation, remains unconditional. At the same time, in my opinion, it is
necessary to apply the experience of management in water transport before
1990 – vertical organizational ties and mainly administrative-command
management methods. And to continue the activities outlined by the federal
target program «Development of the transport system of Russia."
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Abstract. Der Artickel wird darauf gezielt, logistische Unternehmen in Nowosibirsk zu
analysieren. Aufgabenbereiche jeder Logistikart werden sachlich betrachtet. Wirtschaftliche
Kennzahlen von Nowosibirsk als eines der wichtigsten Verkehrsknotenpunktes Russlands
werden untersucht. Die Attraktivität der logitischen Unternehmen in Nowosibisk werden in
Bezug auf Güferumsatz, Gewinn und Fahrzeugbestand einer Analyse ausgewertet.
Schlüsselwörter: logistische Unternehmen, Logisitk, Beförderung, Güferumsatz,
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Логистические предприятия Новосибирска
K. A. Кислых
Сибирский государственный
университет путей сообщения, Новосибирск
Статья посвящена анализу деятельности логистических предприятий Новосибирска. Рассмотрен круг задач логистики в зависимости от ее видов. Изучены экономические показатели Новосибирска в качестве важнейшего транспортного узла России. Проанализирована деятельность пяти логистических предприятий г. Новосибирска по показателям грузооборота, прибыли и парка подвижного состава.
Ключевые слова: логистические предприятия, логистика, перевозки, грузооборот, парк подвижного состава.
Einleitung

In einer globalisierten und vernetzten Welt nimmt die Logistik in allen
Geschäftsbereichen einen wichtigen Platz ein. Logistik ist (fast) überall, 365
Tage im Jahr, 24 Stunden am Tag. Aber nicht an allen logistischen Vorgängen
steht auch «Logistik» daran. Und darum wird dieser Wirtschaftsbereich in der
Wahrnehmung häufig auf «Transport, Umschlag und Lagerung» reduziert.
Logistik ist ein System, das zunächst im Unternehmen, aber auch
unternehmensübergreifend mit Lieferanten und Kunden, eine optimale
Versorgung mit Materialien, Teilen und Modulen für die Produktion – und auf
der anderen Seite natürlich der Märkte bedeutet.
Theoretische Grundlagen

Selbst der Begriff der Logistik setzt die Vernetzung einer Reihe der zu
diesem Bereich angehörenden Aktivitäten (Abb.1).
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Abb. 1. Aufgabenbereiche der Logistik

Die Abbildung 1 weist darauf an, dass die Logistik viele Aufgaben zu
erfüllen hat.
Der Bereich Logistik verändert sich ständig und bringt aufgrund der
andauernden Ausdifferenzierung immer wieder neue Aufgabenfelder
hervor. Zur besseren Unterscheidung logistischer Aktivitäten hat sich eine
begriffliche Einteilung etabliert (Abb. 2).

Abb. 2. Arten der Logistik
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Methoden und Ergebnisse

Alle Grossstädte der Welt sind von logistischen Prozessen aktiv betroffen.
Nowosibirsk als einer der wichtigsten wirtschaftlichen Städten Russlands kann
auch als ein wichtiges Logistikzentrum bezeichnet werden. Die geographische
Lage der Stadt selbst und Nowosibirsker Gebiets ermöglicht es, die Funktion
des größten Transport-, Verteilungs- und Transitknotenpunkts auf dem
Territorium Sibiriens und Russlands zu erfüllen. Die Stadt Nowosibirsk liegt
an der Kreuzung der wichtigsten Verkehrsstraßen Russlands – der
Transsibirischen Eisenbahn und der föderalen Autobahn «Russland».
Ausserdem folgende Verkehrswege sind dazu zu zählen: Eisenbahnausfahrt
nach Kasachstan und Zentralasien; föderale Autobahn M-52 «Chuysky Trakt»,
die den Ausgang in die Mongolei und China gewäahren. Eine wichtige Rolle
spielt eine solche Wassersstraße wie der Ob, die den Zugang zur
Nordseewegstraße gewährleistet, die die natürlichen Ressourcen reicher
nördlichen und östlichen Gebiete mit den industriellen südlichen und
westlichen Gebieten verbindet.
Um die Effiktivität der Stadt in Bezug auf Wirtschaftlichkeit zu
bestimmen, muss man einige Kennzahlen sammeln, studieren und
analysieren. Der Transportkomplex ist einer der Zweige der Spezialisierung
der Wirtschaft des Gebiets, sein Anteil am regionalen Bruttoprodukt beträgt
12,5 %, was 4,3 Prozentpunkte höher ist als die föderalen Indikatoren. Der
jährliche Anstieg des Frachtumsatzes der letzten 5 Jahre beträgt 5-9 %. Die
aktuelle Dynamik wirkt sich positiv auf die Entwicklung der
Verkehrsinfrastruktur des Gebiets aus, das Investitionsvolumen in den
letzten 5 Jahren um das 2,5-fache gestiegen ist
Der aktuelle Transportbereich zählt etwa 1510 Kilometer der
Gleisanlagen, 647 km Binnenwasserstraßen, 13508 km Straßen, mehr als
10.000 km städtische Straßen, 199 km Straßenbahn-und Obus-Linien, 15,8
km der U-Bahnstationen, 13, 74 Bahnhöfe, 19 Bushaltestellen. Der
Frachtumsatz von Nowosibirsker Gebiet beträgt 16 % des gesamten
Frachtumsatzes des sibirischen Föderalen Bezirks.
All diese Angaben lassen uns Nowosibirsk als ein grosses logistisches
Zentrum betrchten. Als Ziel der vorliegenden Arbeit hatten wir es vor, die
Leistungsfähigkeit der Stadt als logistisches Zentrum anhand der
wirtschaftlichen Tätigkeit der logistischen Unternehmen zu bewerten. In
diesem Zusammenhang wurden fünf logistische Unternehmen in
Nowosibirsk ausgewählt und nach ihren Güterumsatz, Gewinn und
Fahrzeugbestand analysiert.
Die Wahl eben dieser logistischen Unternehmen ist darurch zu erklären,
dass sie einen wichtigen Platz auf dem logistischen Markt der Stadt und der
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Region einnehmen: «RZD Logistik» ist das größte Logistikunternehmen in
Novosibirsk, das sich mit dem Transport der Frachten mit der Eisenbahn
beschäftigt. Das zweitgrößte Logistikunternehmen in Nowosibirsk ist
«PEС», eines des größten Frachtführers, der auf die Beförderung der
vorgefertigten Güter spezialisiert. Neben der Haupttätigkeit engagiert sich
das Unternehmen für Sportsponsoring in Russland. Es sponsert den
Hockeyclub «Lokomotive» und den Fußballklub «Lokomotive». Das nächte
zu analysierende Unternehmen «Business Lines» ist der größte
Autotransporter in Novosibirsk. Das Logistikunternehmen «Energie»
beschäftigt sich mit dem Straßenverkehr. Transporte werden in ganz Sibirien
und den GUS-Staaten durchgeführt.
Die Angaben der Analyse sind in der Tabelle 1 dargestellt.
Tabelle 1
Analyse der logistischen Unternehmen in Nowosibirsk
Unternehmen

Güferumsatz

RZD Logistik

61 Millionen
Tonnen Fracht

PEC

29 Millionen
Tonnen Fracht

Business
Lines
Energie

12 Millionen
Tonnen Fracht
2 Millionen
Tonnen Fracht

Gewinn
Fahrzeugbestand
39
80000 Container
Milliarden
40000 Wagen
Rubel
19 Mil15000 Auto, 400000 Quadratmeter
liarden RuLagerfläche, Fuhrpark, Container
bel
und Bahnanlagen
6 Milliarden
4000 Lastwagen und
Rubel
Spezialmaschinen
187 Millio600 Wagen
nen Rubel
Schlussfolgerung

Wie Sie aus der Tabelle sehen können, ist das größte
Logistikunternehmen «RZD Logistics«ist, es übertrifft die anderen
Unternehmen in allen Kennzahlen, dies liegt an dem größten
Fahrzeugbestand. Das zweite Unternehmen für alle Kennzahlen ist die
Firma «PEC», bei der das gesamte Fahrzeugbestand Autos ausmachen.
Weiter kommen Unternehmen mit kleineren Kennzahlen.
Somit dominiert der Schienenverkehr auf dem Logistikmarkt in
Nowosibirsk, dies liegt an der Nähe der westsibirischen Eisenbahn. Darüber
hinaus sind es die meisten Unternehmen, die im Schienenverkehr tätig sind.
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Abstract. The growth of international cargo transportation in the world is gradually
encountering a complex of organizational, managerial and technological problems.
Often, the solution to many problems can be possible only with the participation and
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Рост международных грузоперевозок в мире постепенно сталкивается с комплексом проблем организационного, управленческого и технологического характера. Зачастую решение многих проблем может быть возможно только при участии и большом внимании государственных органов.
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Introduction

International cargo transportation, in turn, is extremely important for
the development of international trade relations. Cross-border rail
transportations – this is any movement of goods from an area under the
national jurisdiction of one state to an area or through an area under the
national jurisdiction of another state.
The article describes the main problems of cross-border transport on the
exampleof Russia and two neighboring countries (Germany and China). For
this purpose, an analysis was carried out of processes conducted by these in
the field of cross-border transport. As part of the conducted research,
potential solutions and improvements were also proposed.
The main purpose of this study can be considered a detailed study of the
processof cross-border transportation.
In the process of considering this issue, such tasks will be solved as, the
definition of the main problems of this type of transportation, the differences
in cross- border transportation between different countries will be considered
and possible ways to solve the existing problems will be identified.
Theoretical framework

This type of transportation is one of the most difficult for the railway due
to the fact that crossing the state border of another country has many features.
These complexities are due to a number of factors, such as different control
systems, high level of security of the country and regulations regarding traffic
control or the problem of communication due to different languages.
In connection with the active development and modernization of the
railway industry in many countries, these factors begin to seem not as
difficulties, but as real problems hindering the efficiency of transportation.
The need of technical unification and clarity in the organization of
railway communication has caused the need for legal unification of the
relevant standards. It’s especially important in the field of international
transportations.
Interstate unification of legal regulation of railway transportation began
at the end of the 19th century in Europe. In 1890 the Berne Convention on
the International Carriage of Goods by Rail (CIM) was adopted and in 1923
– the Berne Convention onthe Carriage of Passengers and Luggage by Rail
(IPC). And already in 1980 instead of these agreements the Agreement on
International Carriage by Rail was adopted.
Methods and results

Problems that can arise during international cargo transportation:
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• Customs problems. For example, customs services will delay the

shipment for several days. This is a problem for both the client and the
logistics company.
• Costs due to delays at the border will increase significantly when it
comes to perishable goods – delay will lead to the loss of the entire
consignment.
• Lack of up-to-date infrastructure. Another problem with international
road transport is bad roads. Thanks to the autobahns, it is convenient to
deliver goods across Europe, but in Russia and Asia the roadbed is often
destroyed.
• Bad roads stale vehicles faster and as a result expensive repairs or
replacement of equipment are required.
• Problems with documents. Documentation confusion is a common
international shipping problem. Papers are issued not only for goods and
vehicles – the driver must also have accompanied documents and permits.
• Risk of loss or damage of cargo. Natural disasters like floods, earthquakes, military coups – are dangers that cannot be influenced. This includes
the human factor – theft, accidents, etc.
Germany is the largest economic partner of Russia in the EU, therefore,
a wide range of goods are constantly transported between the countries –
from sophisticated
equipment to food. Many goods from other European countries are
delivered to Russiain transit through Germany [2].
The German transport system is at a high technical level, therefore,
sending cargo to Russia is easily accomplished from any major economic
center – Berlin, Hamburg, Munich. The main flow of goods to Russia from
Germany goes to Moscow,Yekaterinburg, St. Petersburg, Kazan, Omsk.
Customs payments make up a significant part of the transportation
budget. The unified rate of customs duties and taxes is officially applied at
the rate of 30 % of the customs value of these goods, but not less than 4
euros per 1 kg. Transport companiesin Germany usually handle all customs
clearance. In this case, customs duties may be included in the paid
transportation price.
Routes through Belarus to central and western Europe are especially
popular. Despite the uniformity of EU transport rules, Germany has a
number of special requirements:
• When traveling in transit through Poland at the border with Belarus,
an additional declaration may be required;
• The rolling stock must be equipped with a digital tachograph;
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• Complicated registration of groupage cargo transportation through

Belarus, inconnection with which it becomes necessary to lay a route through
the Baltic States [3].
China is actively developing cross-border transportation but this process
is muchmore difficult than in the EU countries. China faces almost all of the
problems that were described earlier in the report.
There are two key rail routes from China: the first goes north of China
and at Zabaikalsk connects to the Russian Trans-Siberian Railway, the
second goes west through Kazakhstan before heading across the TransSiberian Railway to Yekaterinburg.

Fig. 1. Railway transportations from China

The development of a rail freight network to Europe – an important part
of China's «One Belt to One Road» policy – is opening up a new path to
market for the poorest regions. The main idea of this project is the constant
expansion and development of land transport networks between China and
the EAEU countries and the EU, the construction and maintenance of freight
road and rail links between these parts of the continent (the Silk Road
Economic Belt program).
The constant development of commercial activities between China and
Russia and the increase in the flow of goods required the creation of new
routes in the field oflogistics. Such a solution, which made it possible to take
into account the wishes of consumers regarding the speed of movement of
goods and the cost of transportation, was rail transportation from China.
The development of the railway system in China, an increase in the
number of railway stations of departure to the PRC, the work of a policy to
provide benefits and financial support to Chinese railway carriers and other
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measures made it possible to transform railway freight traffic from China
into a competitive mode of transport fromChina [4].
The main advantages of transportation by train from China:
• Wide network and constantly growing number of railway stations in
China;
• Insignificant influence of weather conditions on railway delivery of
containersfrom China;
• The cheapest type of transport for cargo transportation after sea
transport;
• Existence of a subsidy policy in every province of China. (It is
important tonote that China has done much better than Russia at this point)
Subsidies and state subsidies from the leadership of the PRC, a program
of measures for state support for the development of railway transport in
China provided an opportunity to bring the cost of railway transportation
from China to an equal amount of sea freight.
• Fast transport time in comparison with sea transportation.
• Ability to work with various types of goods. Delivery by train from
China issuitable for handling perishable or seasonal goods.
The main disadvantages of railway transport from China to Russia:
• The need for reloading at the border. This is due to the different gauge
of therailway in Russia and China;
• Deficit of platforms in Russia, which is seasonal;
• The need to develop customs posts at destination stations in Russia
and theneed to increase the size of temporary storage warehouses.
Conclusion

To stimulate cross-border traffic, the following areas can be
distinguished:
– the emergence of bonded warehouses in Russia and Europe;
– development of exports to the EAEU;
– transit through Russia from China to Europe.
The growth of international transit, the subsequent construction of
multifunctional warehouses with appropriate infrastructure and communications
along the entire route will, in turn, provide a multiplier effect for other sectors of
the economy and will require attracting new labor.
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Настоящая статья посвящена инновациям в железнодорожной сфере мира
путем использования технологий искусственного интеллекта и машинного обучения, в отдельности. Успешность внедрения таких технологий определяет будущее
отрасли в виде уровня ее безопасности и надежности, эффективности работы и
влияния на технический прогресс общества в целом.
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Introduction

Artificial intelligence has become popular relatively recently and is
already being actively used in many areas of technical orientation. We are
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witnessing the Third Digital Revolution, a sign of which is the transition
from analog to digital technologies.
The main changes took place in the second half of the 20th century and
they were associated with the ubiquitous spread of information and
communication technologies. The main driving forces are the widespread
use of computer technology, primarily personal computers, widespread
Internet penetration and the massive use of personal portable communication
devices. It was revitalized by the economic feasibility and attractiveness of
improving the quality of life. This revolution allows for completely different
approaches that fundamentally change the way people interact and
cooperate, as well as between information systems and humans.
Artificial intelligence can be applied in many ways. In the transport
sector, technologies are in great demand that are capable of analytical
assessments and forecasting by collecting a large amount of information and
analyzing it. Forecasting and predictive analytics technologies are in high
demand in the transport sector. Such opportunities allow reducing the cost
of operating machinery and equipment, which ultimately will increase
competitiveness.
Artificial intelligence technologies such as hybrid models, artificial
intelligence, machine learning and deep learning can optimize the logistics
of transport resources, which gives a great impetus to the development of
the industry.
For example, machine learning is a class of artificial intelligence methods,
a characteristic feature of which is not a direct solution to a problem, but
learning through the application of solutions to many similar problems. That is
why this tool allows you to automate human activities on the railway and helps
in solving applied problems. These technologies allow you to optimize
transport resources, thereby increasing the efficiency of transportation.
In most developed countries, the development of the railway industry is
based on the design of a new generation of rolling stock and the introduction
of intelligent transport management systems. In addition, the introduction of
complex systems using artificial intelligence is relevant for all types of
transport.
The purpose of this article is to analyze artificial intelligence on the
railway, to consider the theoretical basis of artificial intelligence technologies,
methods and results of its application on the railway and plans for its use in the
future, and also to summarize the use of such tools in the area we are
considering.
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Theoretical framework

In order to understand what is at stake, we need to get acquainted with
the most important definition for us. Artificial intelligence (AI) is the
intelligence that the information machine manifests in its work, and differs
from natural intelligence, which is manifested in biological beings.
There is such a concept as «intelligent agents», which defines the area
of study of the system, which perceives the environment, trying to make
such decisions that will lead it to success. As we know, there is also such a
term as «artificial intelligence», imitating the cognitive functions of a
biological organism, usually associated with human intelligence. Things like
«learning» and «problem solving» are associated with this concept.
The researcher John McCarthy at the conference in 1956 expressed his
definition of this technology at the University of Dartmouth, which is not
directly related to understanding human intelligence. According to McCarthy,
AI researchers may also use techniques that are not similar to the human mind.
Commenting on his words, John McCarthy says the following: «The
problem is that until now we generally cannot determine which computational
procedures we want to call intelligent. We understand some of the mechanisms
of intelligence and do not understand others. Therefore, within the framework
of this science, intelligence is understood only as a computational component
of the ability to achieve goals in the world» [1].
Some scientists also associate artificial intelligence tools with
biological phenomena.
Already at the beginning of the first half of the 20th century, there were
many prerequisites for the emergence of «artificial intelligence». Before
that, for many years, there were disputes between philosophers about the
process of knowing the world and human nature. Psychologists and
neurophysiologists have worked on a number of theories about how thinking
and the human mind work. Mathematicians and economists conducted their
research in the field of optimal calculations, knowledge of the world in a
formalized form. After the theory of algorithms appeared, as the foundation
of the mathematical theory of computations, the creation of the first
information systems in the form of a computer began.
The capabilities of new machines in terms of computing speed turned
out to be greater than human ones, so the question arose in the scientific
community: what are the limitations of computers in their work and can a
machine reach the level of human intelligence? The famous British
mathematician Alan Turing, already in 1950, wrote a famous article on the
problem «Can a machine think?» There was described the well-known test
he created called the Turing test.
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A number of machine learning issues concerns the process of independent
acquisition of knowledge by an intelligent system during its operation. This
direction has been central from the very beginning of the development of
artificial intelligence. In the landmark year of 1956, at a summer conference in
Dortmund, Ray Solomonoff wrote an article about an uncontrolled
probabilistic machine, calling it the «Inductive Inference Machine».
Unsupervised Learning allows patterns in the input stream to be
recognized. Regression analysis and classification are also encountered in
supervised learning. In order to determine which category a particular image
belongs to, we use a classification. The branch of theoretical computer
science, which is also called the theory of computational learning, is the
mathematical analysis of machine learning algorithms.
Also, a number of image recognition tasks can be attributed to the field
of machine learning, which include handwriting, character recognition,
speech and text analysis. Many problems are successfully solved using
biological modeling. Computer vision is particularly worth mentioning,
which is also associated with robotics.
Methods and results

The methodological basis of the article served the following: empirical
methods of collecting necessary information, the methods of analyzing the role
of artificial intelligence on railways and its synthesis that helps to get a general
idea of the phenomenon under study, the methods of induction, generalization,
etc. All these methods used in the process of researching the problem of AI on
railways allow us to state that artificial intelligence technology has a powerful
impact on the transportation sector as well as our personal and professional lives.
In particular, powerful new AI-powered applications help to spur and revive the
global rail industry, which has long been deprived of innovation.
Artificial intelligence in rail transport is once again gaining acceptance for
its non-pollution, efficiency and competitiveness compared to other modes of
transport. To take the full advantage of the benefits of digitalization, railways
need to expand the use of AI in both rail operation and rail infrastructure.
AI can help to reduce traffic congestion, identify risks, manage
transport, analyze travel needs, and even reduce greenhouse gas emissions.
Today, we see AI being used in rail applications to improve train scheduling,
train speed control, accident prevention, predict delays, improve asset
management, and more. And users of the railway system are already
beginning to come into contact with all these possibilities.
New methods of developing this sphere should be actively developed in
Russia. In 2020, it became known about the technologies for sorting rolling
stock in Chelyabinsk. A shunting dispatcher using the capabilities of artificial
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intelligence monitors the general operational situation, determines the sequence
of making up and breaking up trains, affects the resources of brigades and
locomotives, maintaining the balance of rolling stock between the parks of
stations. It is impossible to take into account all the factors influencing the work.
The service «Digital Assistant to Shunting Dispatcher» is a part of the
multiservice platform of the first project in the network, «Digital Railway
Station», is being implemented at the Chelyabinsk-Glavny station. The
Department of Management of the Railway Transport and Infrastructure
Business Block, which oversees the project, decided that to digitize the
functionality of the dispatcher, artificial intelligence is required. It is capable of
analyzing a large amount of data, independently developing optimal solutions
to the tasks before it, finding improvement options without human prompting,
discovering opportunities that man is not in a state of construction.
In October 2021, it became known about the first automated train presented
in Germany. Engineers have calculated that it can carry more than 30 percent
passengers. This train is described as more efficient thanks to the use of artificial
intelligence, which helps the train to follow the schedule and meets the increased
travel needs more efficiently than the human driver. Four trains will run on the
S-Bahn network in the north of Hamburg. The train was designed and built as a
part of the modernization of the Digital Rail Germany project.
The new train will be fully automated, although a human operator will
be present every time passengers are on board for safety reasons. Maneuvers
such as unfolding a train can be performed without anyone on board. The
firm also claims that the new automated train technology will be used across
the country in regional and mainline rail systems.
Also in 2020, it became known that the Russian developer of self-driving
systems Cognitive Pilot announced the beginning of tests of railway locomotives
with artificial intelligence. Artificial intelligence trains, which have no analogs
in the world, are already being tested by the «Russian Railways» company.
The locomotives are equipped with the Cognitive Rail Pilot system,
which includes a technical vision to detect objects on the railway (other
trains, turnouts, tracks, people, traffic lights, etc.). Artificial intelligence
assesses the environment and, if necessary, sends warning signals to the
locomotive driver about danger, and if a person does not react to them, the
artificial intelligence independently makes the necessary decisions, which
allows optimizing work that was previously difficult for a person.
Conclusion

As a result of the research we can conclude that nowadays we see the
real benefits of using the first artificial intelligence technologies in rail
transport at an early stage. This is due to a lack of investment, a lack of
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specialists (engineers, AI programmers), as well as its current reality, far
from the creative potential of the human mind. The technology currently
works quite well with statistical data that help optimize the logistics of the
transport network and work with the customer base, but it is not yet capable
of providing high-quality passenger safety.
The disadvantages of artificial intelligence today can also be found in
the following. Even the slightest miscalculations in the design of intelligent
systems can lead to disastrous consequences today. The accumulation of
errors can lead to severe disruption in the system and even to the loss of data,
which can sometimes be critical.
Perhaps, the machines will not be able to notice people right away. This
requires a large amount of capital investment, but in the long term, many
types of jobs intended for humans today are likely to massive extinction. The
concept of «human factor» is not familiar to a functioning robot, therefore
its work cannot lead to serious consequences.
Science is not a financial priority for most countries, as mentioned
earlier, and it can take years to develop something really important. Few
people are ready to spend money on this, that is why the development of
artificial intelligence has stood still for a long time.
However, we see that AI is actively being introduced into this process,
since there are periodic news about the new place of application of these
technologies, which stirs up the interest of the public and young researchers
to touch this technology in their technical field.
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В данной статье рассматривается тяжеловесное движение на примере одной
из крупнейших сортировочных станций Сибири. Предлагается улучшить станцию
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Introduction

The further development of railway transport implies an increase in the
weight standards of freight trains and is one of the most important directions
in ensuring the increasing volume of cargo transportation and improving the
efficiency of the entire railway network as a whole. Increasing the carrying
capacity of the lines due to the organization of heavy traffic reduces the time
for cargo delivery to the customer.
Nowadays, the weight of trains departing from loading sites is
constantly increasing. With such a further increase in traffic volumes, the
development of heavy traffic on the railway network will be promising. The
formation of freight trains of increased weight and length can significantly
increase the carrying capacity of the highway, optimize the use of existing
infrastructure and significantly reduce operating costs. The organization of
the promotion of car traffic in heavy-weight routes provides a significant
reduction in the number of trains needed to transport the projected volumes
of cargo and leads to an increase in the efficiency of cargo transportation.
We will consider the A station, which is a one-way classification
station, it performs the change of locomotives and locomotive crews for
transit trains. It is one of the largest classification station in Siberia.
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The purpose of the article is the construction of additional tracks in the
park «G» at the railway station A, for the formation of heavy trains.
To achieve this goal, it is necessary to perform the following tasks:
analyze the available data, describe the park «G» at the station, and propose
options for station development.
Theoretical framework

Taking into account the nature of the train traffic coming into processing
at A station and the expected smooth growth of the planned coal production
volumes, it is advisable to consider the development project of the «G» park,
where heavy trains are processed. Since the formation of heavy trains helps to
reduce the number of trains allowed to pass at the established size of the car
traffic, and also allows you to increase the capacity and carrying capacity of
individual directions.
According to JSC «Russian Railways» data, up to 9 heavy trains (weighing
8000 and 9000 tons) per day are currently being sent from the «G» park.
Given the nature of the train traffic entering processing and the constant
smooth growth of the planned coal production volumes, it is advisable to
consider the development project of the «G» park. Since the formation of
heavy trains helps to reduce the number of trains allowed to pass at the
established size of the freight traffic, and also allows to increase the capacity
and carrying capacity of individual directions.
Such events include:
– increasing the number of tracks of the park;
– lengthening of the receiving and sending paths;
– reduction of the time spent by trains in the park;
– measures to strengthen traction resources.
These measures have their advantages and disadvantages, but within
the framework of the article, the laying of additional tracks will be
considered as the most comprehensive and effective solution that allows
increasing the number of heavy trains sent and creating a reserve of the
capacity of the «G» park.
According to JSC «Russian Railways», the capacity utilization factor
of the tracks of the «G» fleet is 0.826, which corresponds to an acceptable
coefficient equal to 0.85. However, the reserve is small enough, new
reserves need to be created to increase the size of heavy traffic.
Thus, it is concluded that track development is a bottleneck of the «G»
park for increasing the number of heavy trains being formed. Therefore, it is
proposed to lay additional tracks in the «G» park, which will reduce the
power utilization factor of the tracks and increase the capacity of the park,
which will also increase the number of heavy trains being formed.
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Methods and results

With the help of the program «SAS Planet» (a navigation program that
combines the ability to download and view maps and satellite photos of the
Earth's surface of a large number of cartographic online services) and the
drawing program «COMPASS-3D», the terrain of the G park was recorded
with the imposition of paths and the calculation of lengths (Fig. 1).

Fig. 1. Possible places for laying additional tracks in the park

Since the minimum distance is 4.8 m, we need to have at least 9.6 m of
free space for an additional path. It can be seen from Figure 1 that four intertracks can be considered for laying additional tracks:
– 11 meters wide between tracks № 1 and № 11;
– 10 meters wide between tracks № 9 and № 7;
– 12 meters wide between tracks № 7 and № 3;
– 11 meters wide between tracks № 2 and № 10.
Conclusion

In conclusion it should be noted that the current situation of heavy trains
is gaining momentum and it is very important to develop this promising
direction. The indicators of the G park are analysed, a satellite diagram is
given and the places where additional tracks could be laid are identified. For
further work, a prospective project scheme will be proposed and discussed.
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Introduction

The main problem of today's railway industry, as the head of the West
Siberian Railway, Alexander Valeryevich Gritsai, noted at a face-to-face
meeting at the STU, is the carrying capacity. Increasing the weight of trains
solves this problem. The problem is solved by reducing the trains required to
transport certain car traffic. That is, if about 18 ordinary trains are needed to
transport 100,000 tons of coal, then only 12 heavy trains are needed. To reduce
number of trains means to decrease the load of stations, crossings and the entire
network as a whole. However, during the formation of heavy trains, a small
problem appears – the tracks. As trains get heavier, therefore they get longer.
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And every station cannot afford the formation of a heavy train. That is why the
heavyweight movement is one of the most promising directions today.
In a previous article entitled «Ways of development of the heavyweight
traffic on Siberia», a project for the development of one of the parks of the
A classification station was proposed. It was found that at the moment the
park is working at the limit of its capabilities, and it will not be able to
withstand the formation of additional heavy trains. Therefore, it was
proposed to lay additional tracks. With the help of the «SAS Planet» and
«COMPASS-3D» programs, we fixed the terrain at the A station – G park
and found the interstices in which additional tracks can be laid.
The purpose of this article is to lay additional tracks in the park G.
Tasks of the article: development of a constructive scheme, calculation
of the length of the necessary tracks, laying additional tracks.
Theoretical framework

The main limitation for the construction of additional tracks is their
useful length, since a useful track length of at least 1233 meters is required
to form a train of 85 conventional cars. We present the calculation of the
necessary useful length of tracks for the formation of trains weighing 8000
and 9000 tons:
(1)
𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑙𝑙𝑤𝑤𝑤𝑤𝑤𝑤 ∗ 𝑛𝑛𝑤𝑤𝑤𝑤𝑤𝑤 + 𝑙𝑙𝑖𝑖𝑖𝑖
where 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 − is the length of the locomotive; 𝑙𝑙𝑤𝑤𝑤𝑤𝑤𝑤 – is the length of the
wagon, 14 м; 𝑙𝑙𝑖𝑖𝑖𝑖 – is the distance to the inaccuracy of the installation of the
train, 10 м; 𝑛𝑛ваг – is the number of wagons.
Then for a train weighing 8000 tons:
𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 33 + 14 ∗ 85 + 10 = 1233 𝑚𝑚;
And for a 9,000 ton train:
𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 33 ∗ 2 + 14 ∙ 95 + 10 = 1406 𝑚𝑚;
Therefore, we need to lay at least 2 paths with a length of at least 1233
m and 1406 m, respectively.
Methods and results

In the last article, with the help of the program «SAS Planet» and
«COMPASS-3D», the terrain G park was recorded. Let's try to draw a
constructive scheme of the station with track lengths (Fig. 1).
Previously, it was found that additional tracks can be laid in:
– 11 meters wide between tracks № 1 and № 11;
– 10 meters wide between tracks № 9 and № 7;
– 12 meters wide between tracks № 7 and № 3;
– 11 meters wide between tracks № 2 and № 10.
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Fig. 1. Constructive scheme of G park before changes

85

Fig. 2. Constructive scheme of G park after changes

The most rational way is to lay the tracks so that they are next to each
other for the convenience of formation, these will be the tracks between №
1 and № 11 tracks, and the tracks between № 9 and № 7.
To lay two new railway tracks, we will need:
1) remove the concrete platform with a length of 1115 and a width of 8
meters. Then lay a new track № 9.
2) remove the concrete platform with a length of 1008 meters and a
width of 8 meters and a lay new track № 15.
The distance between tracks № 1 and № 15 will be 6 m, and between
tracks № 15 and № 13 will be 5 m. which corresponds to the projected
standards.
Here is a modified constructive scheme with additional tracks (Fig. 2).
As you can see, new tracks are marked with red lines, and the
dismantling of past structures, including two concrete platforms and one
exit, is marked with red crosses.
The length of the tracks was 1,233 m and 1,438 m, respectively, which
corresponds to the standards calculated earlier.
Conclusion

As a result of two articles, we have done work on the analysis of the A
railway station and heavy trains as a whole, identified places where
additional tracks could be laid, a constructive scheme was drawn and
additional tracks were laid, including the dismantling of some structures.
As a result, we conclude that the laying of additional tracks in the park
G is real and perhaps the Russian Railways company should adapt this
project.
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Résumé: Le transport routier est d'une grande importance dans le système de transport
général de la Russie. C’est un élément essentiel de l’infrastructure, qui est compris par les
secteurs de l’économie nationale. Sans ce réseau de transport, la circulation des biens et des
personnes serait moins rapide, moins sûre, moins fiable, moins efficace et, au contraire, plus
coûteuse.
Mots-clés: les transports routiers, l’économie nationale, l’industrie, les camions
légers, les véhicules électriques.

Роль транспорта в повышении эффективности
народного хозяйства
А. С. Кононова
Новосибирский государственный университет
экономики и управления, Новосибирск
Автомобильный транспорт имеет большое значение в общей транспортной системе России. Это важный элемент инфраструктуры, включающий секторы народного хозяйства. Без транспортной сети перемещение товаров и людей было бы менее
быстрым, менее безопасным, менее надежным, менее эффективным, а напротив, более дорогостоящим.
Ключевые слова: автомобильный транспорт, народное хозяйство, промышленность, легкие грузовики, электромобили.
Introduction

Les transports jouent un rôle fondamental car ils affectent tous les aspects
de l’économie, y compris la mobilité de la main-d’œuvre et l’environnement.
Le transport est une branche importante destinée au transport de marchandises
et de passagers dans le système du complexe économique national unique.
Évidemment, son importance est vraiment énorme. Le bon fonctionnement des
activités de production et du marché, la concurrence entre les producteurs, la
division des tâches aux niveaux national et international entre différents
facteurs de production et entre différents lieux se heurtent à un obstacle sous
forme de distance, la restriction spatiale que le transport parcourt.
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Théorie

Il est évident qu’on ne peut pas parler de l’augmentation de la production
publique, de l’expansion des domaines, de l’utilisation industrielle des
ressources naturelles, du développement des liens économiques et culturels et
des exigences de la capacité de défense du pays sans développement puissant de
tous les modes de transport.
Les transports constituent la base matérielle de la division du travail
dans la société et établissent des liens multiples entre la production, la
consommation et l’agriculture, les industries extractives et manufacturières,
entre différentes zones économiques. Ils ont une grande influence sur le
développement et le placement de la production publique, sur la création et
le développement de nouveaux complexes territoriaux, affectent l’ensemble
du processus de reproduction élargie.
Dans les conditions actuelles, l’importance économique des transports
augmente dans tous les domaines de la vie de société en raison de la production
et de la circulation à grande échelle. Par conséquent, son développement et son
amélioration ont vu une grande attention. Les transports sont confrontés à la
tâche de répondre pleinement, en temps opportun et à la qualité des besoins de
l’économie nationale et de la population en matière de transport. Le
renforcement de la base matérielle et technique des transports, l’introduction de
hautes technologies modernes, l’amélioration de la coordination de tous les
modes de transport et leur interaction avec d’autres branches de l’économie
nationale devraient contribuer à la résolution de ce problème.
Méthodologie et Résultats

Le transport routier jouit d’une grande importance pour le système de
transport russe en général, car il représente plus de 2\3 de tous les camionnages
de marchandises de l’économie nationale. Les principales directions du
développement économique du pays sont la maîtrise et l’expansion de la
production de camions, de véhicules spécialisés et d’autobus, principalement
diesel, ainsi que l’augmentation de la production de véhicules électriques et
leur intégration dans le système de transport urbain.
Le transport est un élément essentiel de l’infrastructure, qui est compris par
les branches de l’économie nationale assurant son fonctionnement général. Le
transport a une influence évidente sur le processus de reproduction élargie, sur
la quantité de réserves, de matières premières, de combustibles et de produits
industriels, ainsi que sur la capacité de production des entrepôts, c'est-à-dire sur
l’efficacité du fonctionnement de diverses branches de l’économie nationale.
Le transport routier a ses avantages et inconvénients dans le cadre des
activités agricoles. Les avantages comprennent la maniabilité, c’est-à-dire la
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possibilité de concentrer le transport là où cela est nécessaire. L’urgence et
la régularité de la livraison sont assurées grâce à ce mode de transport.
En outre, le transport routier se caractérise par une grande sécurité des
marchandises et, bien sûr, par l’utilisation de véhicules ce qui permet
d’assurer le rythme des envois.
Malgré un grand nombre d’avantages de ce mode de transport, les
inconvénients existent encore parce que tout d’abord, il y a une grande
dépendance du réseau routier, car ce n’est que dans un petit nombre de régions
du pays, les routes permettent à la voiture de se déplacer à grande vitesse.
En outre, la compacité confère aux véhicules une faible capacité de
charge, ce qui ne laisse pas fonctionner à grande échelle.
Le secteur des transports est d’une importance primordiale pour le
développement économique et social d’un État, voire d’une communauté
économique, ou même d’un continent parce que premièrement il apporte une
contribution directe et substantielle à l’économie nationale ou au Produit
Intérieur Brut (PIB), puis en raison de son impact fonctionnel ou de son rôle
auxiliaire ou dérivé par rapport aux autres secteurs de la vie économique de
l’état. Tous les pays du monde dépendent d’un bon fonctionnement et de la
prospérité des transports. D’ailleurs, les transports absorbent une part
importante d’énergie et des budgets des États.
Ainsi, le transport est l’un des secteurs vitaux de l’économie du pays
pour plusieurs raisons, parmi lesquelles:
– sans infrastructures et/ou moyens de transports, il n’y aurait pas
d’échanges commerciaux entre des économies distinctes, du déplacement
des individus d’un lieu vers un autre. Bref, la rencontre entre les producteurs
et les consommateurs serait tout simplement impossible et inexistante;
– sans infrastructures et/ou moyens de transports, la circulation de biens
et de personnes seraient moins rapide, moins sûre, moins fiable, moins
efficace mais en même temps plus onéreux. Tous ces éléments constituent
les principaux critères de compétitivité et de différentiation des économies
et même des entreprises de nos jours.
Conclusion

Les réformes économiques en Russie au cours de la dernière décennie ont
considérablement modifié les conditions du fonctionnement des transports et la
nature de la demande de services de transport. Tout d’abord, le rôle systémique
des transports s’est accru et les liens entre les objectifs de son développement et
les priorités de la transformation économique se sont renforcés.
En termes de réforme de l’économie de plus en plus interdépendante de
l’évolution des transports avec le développement des entreprises d’autres
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branches de l’économie et de la sphère sociale, qui n’est pas seulement de
déterminer les besoins en transports à l’égard de la disponibilité, des volumes
et de la qualité du trafic, mais aussi d’élargir les opportunités de son
développement.
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Wireless Sensors on the Railway
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Abstract. The paper considers the problem of applying the technologies for the
use of wireless industrial automation sensors in the organization of monitoring systems
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for railway automation devices. The aim of the paper is to describe a monitoring system
for various structures on the railway based on wireless industrial automation sensors and
wireless data transmission.
Key words: railway; wireless sensors; monitoring system for railway automation
devices; non-contact data transmission.

Беспроводные датчики на железной дороге
Ю. С. Нови
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путей сообщения, Ростов-на-Дону
Рассматривается проблема по применению технологий использования беспроводных датчиков промышленной автоматизации при организации систем мониторинга устройств железнодорожной автоматики. Целью статьи является описание системы мониторинга различных структур на железной дороге на основе беспроводных датчиков промышленной автоматизации и беспроводной передачей данных.
Ключевые слова: железная дорога; беспроводные датчики; система мониторинга устройств железнодорожной автоматики; бесконтактная передача данных.
Introduction

There are many types of sensors used in condition monitoring, data
collection for the analysis of various structures, network equipment and
technology. The technology of batteryless wireless condition monitoring,
combined with a powerful analytical software engine, facilitates the diagnostics
of the condition of the rolling stock, as well as monitoring and forecasting of
hardware failures.
Capacitive proximity sensors are popular as keypads on household
appliances such as hobs.
Pyrometric proximity sensors are widely used in building security
systems.
Ultrasonic sensors are most often found in parking assistance systems
and in territory security systems.
In industrial automation, proximity sensors are widely used: as end
sensors in machine tool construction; to register items on conveyors.
Many models are capable of: controlling the switching on and off of the
light; adjusting its brightness; controlling the operation of heating devices;
opening / closing the shutters; controlling the switching on of household devices.
Digital railroad

The digital railway is a whole complex of information and analytical
systems, railway station process control systems, intelligent systems for traction
rolling stock, etc.
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The transition from a planned service model to a state-of-the-art service
model; integration of the diagnostic system with the business process and
procurement management system; the traffic control system, equipped with an
additional function of automatic recovery after a failure by automatic routing
and bypassing sections with failed devices are combined in the digital railway
traffic control system that provides the ability to exclude the operator from the
control loop and introduce a number of additional qualities such as an increased
level of automation, an increased railway track capacity, optimal traffic
control, integration into a unified traffic control system.
Smart car

When creating the concept of a smart car, four possibilities of using
different systems on it are determined.
The first area is monitoring the condition of the rolling stock.
The second is controlling the infrastructure technical condition by
measuring indicators by means of the systems installed on the cars.
The third is controlling the compliance with the operating conditions of
the car.
The fourth is resource control.
Since most of the measurements must be carried out directly in the car
itself, only wireless sensors which read all the necessary data can cope with
the task.
Placing electronic systems on a freight car or as part of an infrastructure
could have an economic effect in improving transportation in the market
environment.
Smart locomotive

The key functions of the «Smart Locomotive» system are as follows:
on locomotives, equipped with the microprocessor control systems (MCS),
special sensors are installed and the data from them are sent to the intelligent
analysis platform.
Thanks to the implementation of the system, specialists can quickly
monitor the technical condition of the locomotive fleet without waiting for
serious breakdowns and heavy repairs. They can save resources, money and
time for both the service company and the main customer. The ability to
predict faults will improve the efficiency of the fleet and infrastructure.
Smart building

Smart building is a system that ensures safety, resource efficiency and
comfort for all users. In the simplest case, it must be able to recognize the
situations occurring in the building, and respond appropriately to them: one
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of the systems can control the behavior of others according to algorithms
developed in advance. Besides, the automation of several subsystems
provides a synergetic effect for the entire complex.
In the automated mode, in accordance with external and internal
conditions, the operating modes of all engineering systems and electrical
appliances are set and monitored.
The technical basis of smart buildings is the Automated Building
Management System.
General operating principles

Structurally, the sensors consist of: Control unit; Power supply; Reader
element.
The general principle of operation of the wireless sensor is as follows:
data via the wireless network enters the information concentrator where it is
accumulated, processed and analyzed. Most railway sensors fall under the
umbrella type of MEMS. Further, the collected information is sent to the
dispatcher at its own specific frequency. The proposed system does not have
cable data transmission paths.
A lithium-ion battery pack is used as a power source for modern
wireless sensors.
The minimum restrictions on the placement of sensors make it possible
to implement and modify their network at an operating facility without
interfering with the operation process. The reliability and fault tolerance of
the entire system as a whole in the case of breaking individual connections
between nodes simplifies not only the installation process itself, but also
makes it possible to control the process in more detail.
Specific sensor types
Sensors for measuring the distance between two elements of the structure

Today in the industry the following principles are widely used to
measure distances, linear positions and displacements of objects: inductive;
ultrasonic; magnetic principles; the optical radar principle and so on.
The principle of operation of the sensors is based on the measurement of
the flight time of the beam in combination with the measurement of the phase
difference between the outgoing signal and that reflected from the object. This
scheme allows you to measure distances with high accuracy and over long
distances.
Sensors for monitoring the integrity / destruction of metal / non-metal

The system is designed to prevent the departure of a train with disfunctions
in the brake line and to minimize the human factor when checking and
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controlling the brakes. It includes a brake line integrity monitoring device; a
measuring tank; three pressure sensors; a solenoid valve; a traction circuit
analysis relay; a bypass relay for switching on the compressor.
Sensors for measuring the level of magnetization
of the conductor or the space / level of the magnetic field

Magnetic field sensors are devices that measure a magnetic field in a
scalar or vector format. They are used to control movement, position, speed,
direction, current, level and other parameters. The main purpose of magnetic
field sensors is to determine the speed of rotation and angular absolute or
other position in various mechanisms, machines, devices. Magnetic field
sensors are also used for simple ON / OFF switch functions, current
measurement and as compasses. The technical applications of magnetic field
sensors include automotive, consumer, industrial, medical and other uses.
Sensors for measuring environmental parameters (temperature, humidity)

Non-contact temperature sensors are designed to monitor the temperature
of remote or hard-to-reach objects. The absence of the need for touching allows
non-contact sensors to measure very large temperature ranges.
According to their operating principle modern non-contact temperature
sensors are detectors of infrared radiation. The sensor is capable of detecting
temperature by detecting the level of electromagnetic energy emitted by the
test object in the infrared range.
In industrial environments, hygrometers that measure relative humidity
are more commonly used to determine the relative humidity of soils,
materials or premises. They are equipped with built-in signal converters and
can be easily integrated into the corresponding measuring system. Also,
these devices can have a built-in temperature sensor in order to carry out
complex control of the microclimate and establish a real connection between
the levels of temperature and humidity.
Sensors for measuring acoustic signals

A mechanical or acoustic wave is used as a detection mechanism. When
a wave propagates inside or over a material, any changes in the characteristics
of the wave path will affect the velocity and amplitude of the wave. Frequency
and phase characteristics indicate the change in wave velocity.
During contact measurement of partial discharges, acoustic sensors
register vibrations of structures or equipment. In the non-contact
measurement of partial discharges, an acoustic sensor registers vibrations
transmitted directly through the air.
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The principle of operation is as follows: when a sound wave is found,
the acoustic sensor starts analyzing its parameters – amplitude and velocity,
and then transmits the result.
Smart sensors

Smart sensors are adaptive sensors, containing operation algorithms
and parameters changeable by external signals, in which the function of
metrological self-control is implemented. A distinctive feature of smart
sensors is the ability to self-heal and self-learn after a single failure.
Today, a smart sensor is understood as a sensor with built-in electronics,
which includes: an ADC, a microprocessor, a digital signal processor, a system
on a chip and a digital interface with support for network protocols for
communication. So, the smart sensor can be included in the wireless system,
thanks to the function of self-identification in the network along with other
devices.
In recent years, the development of smart sensors has taken several
directions. Wireless sensors are undeniably promising. Moving objects,
distributed in space, require wireless communication with the means of their
automation, with controllers. Wireless communication is often more
economical than wired one. Each sensor can transmit information during its
individual time interval at its own frequency or with its own coding.
The operating principle of smart sensors

The incoming analog signal is amplified and then converted to a digital
signal. The ROM contains calibration data, the microprocessor correlates the
received data with them, corrects them, and converts them into the required
units of measurement –this compensates for the error associated with the
influence of various factors, such as temperature influence, etc. At the same
time the condition of the primary converter is evaluated, which may affect
the reliability of the result obtained. The information received as a result of
processing is transmitted via a digital communication interface, using the
user's protocol. The user can set the measurement limits and other
parameters of the sensor, as well as receive information about its current
state, and the results of the measurements.
Applications in railway transport.
Wireless level crossing control systems

As a rule, at controlled level crossings, special wired sensors are used
to timely detect an approaching train. When they detect the train, they trigger
an electrical system that activates the warning lights and lowers the barrier.
It was decided to improve the system by adding tiny wireless sensors.
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Multiple sensors combined into one network will «collect» energy from the
vibration of the rail and transmit the signal further along the chain.
This power generation method provides a «free» power source for
relatively inexpensive sensors attached to rails near the level crossing. These
sensors form a wireless network, with the help of which a message is formed
and sent to the driver and to the crossing control panel. If one of the sensors
fails, the network will redirect the signal bypassing it.
Wireless sensors can be installed quickly, without any wire or cable
requirements. Consequently, disruptions in rail traffic caused by installation
and maintenance will be minimized. Another advantage is that wireless
sensors not only detect trains, but, as they react to vibrations, they can also
be used to monitor track and rail conditions.
Monitoring train movements using ultrasonic sensor technology

As soon as the train departs from the platform, the information on the
scoreboard is deleted. This operation is performed automatically and does
not require intervention from the control center, since the sensor that detects
the movement of the train is installed directly on the platform and is
connected to the scoreboard system. However, the signal from this sensor is
also analyzed for higher-level train control. The train control system uses an
ultrasonic sensor to detect the presence of a train on the railway track.
To efficiently use the tracks and provide passengers with accurate
information, the control center needs reliable information about whether the
track is clear or busy.
Problems with the use and performance of sensors

Batteries have a limited lifespan. However, even with extended service life,
battery installation and replacement is not always possible in remote and hardto-reach railway locations. Nodes can also be built into the controlled structure
or mechanics of the train where battery or wiring cannot be accessed.
Consequently, alternative energy sources for the nodes are being developed.
Special attention should be paid to the problem of noise immunity of
sensors. This is due to the fact that in real production conditions they are
affected by broadband noises arising from the operation of various mechanisms
and machine tools. The communication system must be designed so that it has
the ability to best resist the interfering actions.
Conclusion

The development of technologies in the management and monitoring of
technical means of automation follows the path of improving the methods
and principles of management, reducing the human influence on the
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processes occurring in systems, increasing the reliability, safety and
availability of devices. These achievements make it possible to install
diagnostic sensors directly on distributed and remote diagnostic objects, and
transmit the received information using wireless data transmission channels.
The organization of monitoring systems for railway automation devices
using wireless sensors makes it possible to abandon the traditional structures of
monitoring systems, to simplify the process of their design and operation, as well
as to develop technical solutions that expand the set of diagnostic features and
thereby increase the completeness and depth of diagnosis and forecasting.
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Abstract. Air traffic management stands to benefit significantly from artificial
intelligence by virtue of its reliance on repetitive activity – which lends itself to analysis
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and machine learning. Main objectives are: identify gaps and limitations for a broader
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Управление воздушным движением значительно выигрывает от искусственного интеллекта в силу его зависимости от повторяющейся деятельности, которая
поддается анализу и машинному обучению. Основными целями являются: выявление пробелов и ограничений для более широкого внедрения ИИ во весь спектр
авиационных/ОВМ операций. Ускорить и интенсифицировать развитие ИИ и содействовать его использованию в авиации.
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Introduction

Everybody knows that datasets and so called ‘big data’ play a big role
in the modern world which is getting increasingly more and more digitized.
Not only does it matter in computer sciences, but across all major industries
that you can possibly imagine. Those industries are: energy, food, ecommerce, construction, space, real estate, and of course aviation industry.
All of them require processing large amounts of data to support performance
of ever more sophisticated tasks as well as improvement of technological
processes, which, hopefully benefits every stockholder involved. That’s
what we call technological progress. But we don’t see it being broadly
applied in Air Traffic Control field for enhanced decision support.
We also know that air traffic control, air traffic management, each
airport itself, are incredibly complex structures on their own. And the
objective of an ATC officer (ATCO) is to make them work together as an
orderly system, where everything functions as it should, in real time. And as
the air traffic volume continuously increases, with every incremental
operation per hour, the amount of information expands exponentially. For a
controller to make a decision, all this information from numerous sources
has to be continuously and almost instantaneously processed (Fig. 1). It
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quickly starts to look obvious that some help from a computer algorithm
might be needed. Because no human is ever capable of collecting individual
data points from so many sources and then making 100 % accurate decision
based on that data inputs like a computer would. And that’s where we
understand that we need to leverage the capabilities of modern technology
in order to get to a desired end state, where we have all systems work safely
in harmony and ATCO’s decision-making process is supported by forward
looking and predicting computer algorithm.
So, what’s the ATCO’s job after all? It is to modify the trajectory of each
aircraft in order to maintain a minimum distance between them at all times – to
avoid «loss of separation» (LoS) between aircraft – while getting them safely to
their destinations. Meanwhile, they must also maintain a range of backup plans
to ensure safety in the face of the unexpected. Then there are other
considerations like the orderly transfer of planes between sectors, fuel efficiency
and environmental improvements, landing sequence optimization, and more.
To optimize these elements, it requires looking into each flight’s
potential future, predicting possible conflicts and issuing timely instructions.
And there are many sources of uncertainty, from aircraft mass to individual
pilot behavior, airline preferences and variations in weather conditions. Any
decision-making system applied in air traffic control has to account for these
uncertainties while optimizing for the other objectives. In other words, this
is an exceptionally complex arena which offers rich opportunities for highimpact developments in machine learning [1].

Fig. 1. Sources of information for ATCO
Theoretical framework

So, let’s move onto the main subject of today’s topic, which is exploring
the idea of applying concepts of modern tools such as machine learning and
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Artificial Intelligence in ATC field and looking for potential benefits of
doing so.
Artificial intelligence in broader terms is defined as any system that
perceives its environment and takes actions that maximize its chances of
achieving its goals. Based on this definition, we can see that air traffic
management and control indeed require taking actions for maximization of
shared goals. So far, we covered two important points: a) of air traffic system
complexity and b) of how much data has to be processed in order to come
up with the right decision for every aircraft, of which there could be
thousands for every ATC unit during a day. All of this leads us to think of
putting together an algorithm, which would use all of the data inputs it
receives, then would do a quick calculation and suggest the best action or
decision for an ATCO to make within seconds or even in real time in order
to avoid diminishing returns on time spent (Fig. 2).
Artificial intelligence or data-driven decision-making algorithm could be
used to remove randomness and subjectivity from the equation as much as
possible. Because we know that human beings tend to make different decisions
in the same setups under different circumstances. Even if we removed any
subjectivity and expected the judgment process on paper for a decision to be the
same, we would still have humans making different decisions at different times.

Fig. 2. Quality of decisions over time

That’s a human element, but what does an artificial agent ‘care’ about?
From a data science perspective, it's all about defining what actions an AI
agent can perform – such as issuing an instruction to change an aircraft’s
speed, altitude or heading – and how to find out if a situation is good or bad,
expressed as a number. But to get to that point, we have to understand the
challenge very well. We need to define some boundaries for Artificial
Intelligence applications to operate inside. It can be something like
identifying what data inputs should be used and what actions, within legal
and safety frameworks, can be recommended to operator.
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Methods and results

The other subset of AI is called Machine learning (ML). Machine learning
refers to the ability of algorithms to learn [2]. Machine learning is the study of
computer algorithms that can improve automatically through experience and
by the use of data. It is seen as a part of artificial intelligence. Machine learning
algorithms build a model based on sample data, known as «training data", in
order to make predictions or decisions without being explicitly programmed to
do so. In ATC it can be used as a great tool for studying every air traffic
situation and finding the best possible solution by running millions of iterations
on simulator (Fig. 3). Which definitely would not be possible to do and then
compare the results against other possible courses of action in real life. It’s
called the reinforcement-learning approach.
The reinforcement-learning approach may be more promising. Here, an
AI agent would have an overview of the ATC environment (i.e. the information
available to an air traffic controller) that it would consider, looking for potential
safety problems and so on, and then issue commands to its various aircraft. It
then receives information about the new state of the ATC environment, and
receives «rewards» if the situation is improved, or penalties for, say, creating
conflicts between aircraft or issuing too many instructions. This approach
essentially treats the ATC environment as a geometric problem to solve: the
algorithm makes a plan and executes it. Constant updates and feedback will
teach an AI what approach works best to meet given goals, hopefully providing
valuable insights for human air traffic controllers.

Fig. 3. Artificial Intelligence prospects in ATC

This way we can start from two aircraft – which would be simple for a
human air traffic controller to manage – to enormously complicated
situations beyond the limit of human-decision making and comprehension.
Ultimately exploring the limits of AI agents and capacity of ATC
sectors. And, finally, turn these insights into practical tools.
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The first aim is to find out if machine learning can be usefully applied to
air traffic control, to both understand the current limitations of the technology,
and to begin to pave the way towards automation. In the nearer term the
research will also provide critical insights which could contribute to the
development of new tools and decision aids for air traffic controllers [3].
The following research should ultimately contribute to new and better
tools and decision aids for air traffic controllers in the critical role they play
as guardians of the air, as well as laying the groundwork for future
investigations into the broader potential of automation for the industry. The
results of this research will, hopefully, guide future work in this area,
expanding the capacity and safety of the airspace. For now, though, the main
goal of the project is simply to enable AI to spread its wings in commercial
aviation, where there is huge potential for beneficial impact.
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Business Architecture as an Important Element
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Abstract. The article discusses the «business architecture» concept. Business
architecture application areas in companies are highlighted. Its development process is
explained. Further, the study reveals how business architecture is used in real-life
companies by an example of Apple and JSC Russian Railways. Particular attention is given
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to the professionals responsible for these issues. Then an example of a business architecture
developed for an imaginary company, the Sweet Dreams Company, is given.
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В статье рассматривается понятие «бизнес-архитектура», выделяются области применения бизнес-архитектуры в компаниях и объясняется процесс ее создания. Далее раскрывается то, как бизнес-архитектура используется в реально существующих компаниях на примере компаний Apple и ОАО «РЖД». Отдельное
внимание уделяется специалистам, ответственным за эти вопросы. Далее приводится пример бизнес-архитектуры, разработанной для некоторой абстрактной
компании – the Sweet Dreams Company.
Ключевые слова: бизнес-архитектура, бизнес-архитектор, компания, деятельность, управление, бизнес, стратегия.

Today, an individual entrepreneurship sphere is one of the market
economy foundations in many countries. Therefore, more and more people
want to open their own business. However, just a few companies can
withstand a high level of competition in an oversaturated market for the
goods and services production. Due to this, many managers apply to
business architecture for maximizing their business development.
According to the latest estimates, more than 90 % of large companies
around the world apply to business architects’ services. A so-called 'structure' of
the whole company is required for the development of a more efficient business.
This is necessary to see all the elements and connections to make the proper
managerial decisions. Obviously, a company as a system becomes too complex,
and a large number of documents which are difficult to group together contain
all the information needed. In such cases, a business architecture is used [4].
A business architecture based on the mission, development strategy and
long-term business objectives of a company helps to define the required
organizational structure, the structure of sales channels, the functional model
and the documents used in the product development and implementation
process. The functional model describes the business processes aimed at
achieving current objectives and long-term goals [1].
Thus, the business architecture develops a comprehensive visualization
of the company's structure for a manager. It helps to develop both short-term
and long-term work scenarios. It also gives understanding for the prospect
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expansion or, on the contrary, reduction of turnover in order to spend capital
more efficiently [8].
Both small companies and multibillion-dollar corporations have used
this solution since 2001. Further the following example will be considered.
The Apple Corporation had released its legendary brand – the iPod
portable media player. The device worked with iTunes software to transfer
music files and other information from an iPod to a computer. This software
also maintained constant communication with the Apple online store to
purchase and download content of interest to users.
This combination of the device, software and online store revolutionized
the music industry and brought Apple to a dominant position in the market. But
Apple wasn't the first company to manufacture and sell portable media players.
Competitors like Diamond Multimedia with the Rio player had success until
Apple beat them. How did Apple manage to become a leader? It created the
best business model at that time. The company assessed its own strengths and
capabilities, also analyzed the behavior of competitors and offered users a way
to enjoy music without any problems by combining in one offer a unique iPod
device, iTunes software and access to an online store. This value proposition
made it easier to find, buy, and listen to music [2].
In Russia business modeling is also famous. It applies, for example, to
improve the quality of services provided by companies, as well as to reorganize
the management core. For example, a model of the Russian Railways describes
its comprehensive structure with the divisions from the top management to
down to each employee. This helps to achieve maximum efficiency in
management, since the business architecture allows a comprehensive analysis
of the company's activities and, if necessary, a complete reorganization. To
improve the quality of services, Russian Railways develop business models to
determine which specific areas are dominates, which directions are necessary
to be developed, and which technologies should be mastered [9, 10].
As understanding the foundations of business lets see its necessary changes,
a business architect role requires high level of competency. Nowadays the
business architecture is not just a set of concepts and a visual map of company
work. So, business architects are the initiators of changes in any company. The
business architecture helps an organization to manage its development strategy,
ensure the work of initiatives and form a vision for the development [5].
In order to understand precisely how a business architecture is
developed, it is necessary to consider the basic concepts and principles of
this process. To describe the basics of business architecture, three aspects
should be taken into account:
– Subjects (organizational and staff structure);
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– Types of activities (business processes, functions and services);
– Objects (the result of activities and materials (both physical and
informational) required.
But still, this is not enough for deeper understanding of the business
architecture. This requires consideration of the following basic concepts and
principles.
The most famous is a «Three types of activity» principle. According to
this principle, the company work includes three components:
– Management activities, which controls the system operation;
– The main (operational) activity as the basis of company's business for
the main revenue stream;
– Supporting activity which serves the main business activity.
However, how does these components interact all together?
The Deming cycle helps to answer this question. It includes the following:
– Planning;
– Action;
– Check;
– Adjustment.
A specific example of its work is manufacturing a product or providing
a service.
The other questions should be answered to develop a company business
model:
– Who planned a process?
– Who performs an action?
– How is the control process carried out?
As the next step, the decision-making concept must be considered.
Decision-making can also be seen as a universal approach to solving
management tasks and project management. It refers to:
– a problem’s understanding;
– a situation’s assessment;
– solutions’ development;
– choice of the best solution.
This approach is used in planning and making adjustments.
And one more question: How is the management provided with
information regarding the adjustment and assessment of the situation? One
should remember that the business architecture development must comply with
the guidelines and stakeholders’ support. A business architect should know all
the people whose actions, behavior or decisions could affect the success.
And yet, what is the final definition of a business architecture? The best
answer to this question gives the Special Interest Group of the Architecture
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Council (BASIC) (OMG Special Architecture Board): «An enterprise plan that
provides a common understanding of the organization and is used to coordinate
strategic goals and tactical requirements». If the definition is given, the role of
an architect becomes clear that is to develop and manage the business
architecture. He or she must make a decision to gather all the other decisions
into a single system.
Taken into consideration all the information given above, the business
architecture of an imaginary company called the Sweet Dreams Company
has been developed (Figure) [3].
The Sweet Dreams entered the market in 2015 as a small cafe with fresh
pastries. However, suppressing competitors in the nearest district, it was able
to grow into a chain of cafes throughout Novosibirsk. As the next step, the
company needed more efficient management and, therefore, it was decided
to hire specialists to develop the company's business architecture.
To begin with, its whole organizational structure was studied and
divided into the following departments:
– Logistics Department;
– Purchasing Department;
– Management;
– Financial and Economic Department;
– Human Resources Department;
– Production department.
As the figure shows, these departments are divided into the smaller
components. So, the model includes all information about the company’s
organizational structure. Each department has the head to manage the company
effectively. However, there is no the head of the Procurement Department. This
department has only specialists, and this situation is a clear drawback the
company must eliminate. The model is only the first stage to start a full-fledged
business architecture. A truly effective business architecture requires
knowledge of all the nuances in the company. A more comprehensive model
will help to determine whether the company could expand or dwelling its
business on, as well as make decisions to optimize its activities [6, 7].
Having developed the Sweet Dreams Company model, we can conclude
about the business architecture’s advantages. It might help to understand
which business details require a more thorough approach and what can be
done about the company in the future.
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Figure. Business architecture of the Sweet Dreams company
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В статье отражена история развития железнодорожной системы в Великобритании и России. Целью этой работы является сравнение того, как, с какими темпами
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Introduction

The modern world can no longer be imagined without the use of
transport. He is so tightly merged into our life that every person is faced with
its different types on a daily basis. Over the years, transport has not only
become a popular means of transportation, but also acquired its own unique
history. For a long time, people have tried to come up with a variety of
devices to make their life easier, but the invention of the steam engine gave
a new impetus to the development of mechanical engineering.
For the first time, the steam engine was invented in the 17th century
by the French physicist Denis Papin and was a cylinder with a piston that
rose under the action of steam, and fell by atmospheric pressure after the
exhaust steam was condensed. Further significant improvements to the
steam engine were made by the American Oliver Evans in 1786 and the
Englishman Richard Trevithick in 1800. This served as the development of
a new type of transport in the world.
A prototype steam locomotive was built in France in 1769 by the
military engineer Nicolas-José Cugno. The first rail steam locomotive was
built in 1801 by Richard
Trevithick. However, iron in
those years was too expensive,
and cast-iron rails could not
withstand a heavy machine.
In subsequent years, many
engineers tried to create steam
locomotives, but the most
successful of them was George
Stephenson, who in 1812–1829.
not only proposed several
successful designs of steam
Fig. 1. Plan of the railway route Stockton –
locomotives, but also managed
Darlington. 1821
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to convince the mine owners to build the first railway from Darlington to
Stockton (Fig. 1), capable of supporting a steam locomotive.
Thanks to the advent of railway transport, heavy industry, mainly
metallurgy, began to develop actively. This invention pushed the world to
development, and it began to become the way we see it now.
Theoretical framework

Rail transport in the territory of modern Britain is considered to be the
oldest in the world. Initially, the railway network was a mixture of small
branches operated by private companies, but in the 1840s, during the railway
boom, the network developed into a general one, although dozens of
companies still existed. In the 19th and early 20th centuries, companies
developed, and the larger and more successful ones bought out the smaller
ones until only a few large companies remained. During World War I, the
entire railway network was under government control, and the benefits of
centralized management were even highlighted, although the government
resisted nationalizing the industry. In 1923, the remaining companies
merged into the Big Four and existed until December 31, 1947.
On January 1, 1948, the Big Four was nationalized and merged into
British Railways. Despite seemingly minor changes, the popularity of rail
transport has grown substantially and the industry has become profitable. In the
1950s – 1960s, due to massive transformations in the railway system, many
branches and stations were closed. In the 1970s – 1980s, the first electric trains
appeared, and the development of high-speed intercity communication, the
subway and trams began.
In 1993, the privatization of British Rail began and passenger growth
increased and the system became more secure. At the moment, railways in
the UK are the second safest in the world, after Luxembourg.
In Russia, at the moment, one of the largest railway complexes in the
world. It all started with the construction of the Cast Iron Wheel Pipeline –
the prototype of the industrial railway. It was invented in 1788, which is
much later than the UK. Since the 1800s, the Russian government has been
preoccupied with the construction of railways.
As for passenger trains, their history dates back to the 1830s. In 1834,
the Austrian engineer Franz von Gerstner was invited, who proposed to
Emperor Nicholas I to build a railway line. At the end of 1837, the official
opening of the first railway in Russia took place, which connected St.
Petersburg and Tsarskoe Selo.
The most active railway network was formed in the second half of the
nineteenth century. This was due to the needs of the economy, as well as the
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military interests of the state. Even one of the main reasons for Russia's
defeat in the Crimean War is considered the absence of railways, which
made it possible to quickly move the armed forces around the country.
In 1891, construction
began on the world's longest
railway, the Trans-Siberian
Railway, which was fully
opened to traffic only in 1916.
After the events of the October
Revolution, all railways were
nationalized. Since 1929, the
railways began to electrify, Fig. 2. The first Soviet electric locomotive VL19
and in November 1932 the first
Soviet electric locomotive VL19 was produced (Fig. 2).
By 1943, a large circular ring was also built, which stretched for 558
kilometers – a railway around the main part of Moscow at a distance of 2580 kilometers from the Moscow Ring Road. During the war, the railway
played a very important role: the evacuation of citizens began from the first
hours; troops and weapons were also transported by rail; transported the
wounded and food.
In the late 1950s – early 1960s, the accelerated development and
introduction of electric and diesel traction began in the USSR. In 1970,
locomotive traction was completely eliminated on most of the main lines. In
1992-1999. in Russia, 218 km of new railway lines were built and 1,962 km
of railways were electrified.
Methods and results

Despite the country, there are currently quite a few advantages to using
rail transport. For example, it has less drag than cars, allowing more cargo
or passengers to be transported, creating longer trains. Also, rail transport is
safe for the environment. In addition, it is on trains that it is most convenient
to transport heavy loads over long distances. Equally important is the fact
that railway transport works stably in almost any weather, which gives it an
advantage over other modes of transport.
Of course, everything has its drawbacks. The distinctive disadvantages of
railway transport can be attributed only to the low speed of transfer of goods.
For the future, rail transport is likely to remain popular. If we consider
the average price for tickets in Russia, then rail transport is not much cheaper
than air transport. For example, the average price of a ticket for a direct flight
Moscow – Vladivostok is slightly more than 13 thousand rubles. A passenger
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spends eight and a half hours on this road. You can do a similar journey on the
train in six days by buying either a reserved seat ticket, costing from 7.5 to 9
thousand rubles, or a ticket in a compartment or suite (the price for a
compartment starts from 16 thousand rubles, a suite starts from 55).
At the moment, many different projects have been launched, the
purpose of which is to improve, simplify the railway system, develop more
environmentally friendly types of trains, and build high-speed rail lines on
which significantly higher speeds can be developed. For example, in 2015,
Highways England was created in the UK, which is responsible for finding
funding in order to maintain the country's roads in good condition and invest
in their development. Also, thanks to the emphasis on the railway system in
England, since 2017, free Wi-Fi access has been available to passengers on
trains in England and Wales.
In Russia, there are already started projects to improve railways in the
regions of the country. For example, the development of the railway
infrastructure of the Eastern range, as well as on the approaches to the ports
of the Azov-Black Sea basin and the North-West of Russia. Most of the
projects in Russia are being implemented by Russian Railways.
Summing up, we can say: the development of railways around the world
shows that railways are not an experience of the past, but, on the contrary, a
confidently developing sphere of transport, which will reliably remain in our
lives for decades to come. Every country in the world is at its own unique level
in the development of this industry, but there is no country with an ideal system.
For countries to achieve economic success, it is important for them to develop.
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resource-saving technical means and technologies that allow saving material, fuel and
energy, labor and, ultimately, financial resources. The main directions of this strategy
are highlighted and specific measures are contained in a number of federal and sectoral
programs approved by the government and the leadership of the ministry. The article
presents various ways of saving resources on the railway in Russia and statistics on the
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В работе представлены отличительные особенности развития отечественного
железнодорожного транспорта на современном этапе. Описано внедрение ресурсосберегающих технических средств и технологий, позволяющих сэкономить материальные, топливно-энергетически, трудовые и, в конечном итоге, финансовые ресурсы. Выделены основные направления данной стратегии и конкретные меры содержатся в ряде федеральных и отраслевых программ, утвержденных правительством и руководством министерства. В статье приведены различные способы сбережения ресурсов на железной дороге в России и статистика расходов ресурсосберегающей отраслевой программы.
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Introduction

The relevance of the issue of studying rational resource conservation lies in
the tendency of constant growth of consumption, and, consequently, production.
The increase in production volumes leads to excessive consumption of
resources, which negatively affects both the economic state of the enterprise and
the environmental aspect.
The main goal of the work is to analyze the indicators of resource
expenditures in the railway industry.
Tasks:
1) to consider the innovations introduced on the railways in order to
save resources,
2) to analyze the indicators of resource saving in the locomotive
industry over the past 30 years,
3) to consider the development prospects.
Theoretical framework

First of all, let's understand the concept of resource saving.
The use of «resource saving» concept in the scientific literature is
relatively new. Earlier in economic theory and financial and business
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practices were actively used terms such as «resource saving», «economic
austerity» or «efficient resource exploitation». As of today, all of the terms
of accumulated. In the interpretation of the term «resource-saving» some
scientists are limited to saving of the material and fuel and energy resources.
Other terminology studies are based on the set of technical and economic
characteristics and organizational and technical plan package of production.
Let’s give the definition to the term «resource saving». Resource saving is
an organizational, economic, technical, scientific, practical and informational
activity, including methods, processes, a set of organizational and technical
measures and measures that accompany all stages of the life cycle of objects and
are aimed at rational use and economical use of resources [1].
Methods and results

It should be noted that 4 main methods for managing the resource
saving process at the enterprise is discussed here:
• Administrative;
• Engineering and technological;
• Economic;
• Socio-psychological.
A distinctive feature of engineering and technological methods of
managing the process of organizing production is their applicability within
the internal environment of an industrial enterprise. This is due to the fact
that engineering services practically do not work outside the enterprise.
In recent years, an industry program has been implemented as a
resource-saving one, affecting the interests of several farms. However, in
many respects it is focused on the locomotive economy, since about 70 % of
the measures are aimed at saving fuel and energy spent on traction needs.
From 1995 to 20200, the unit costs for electric traction decreased from 141
to 124.5 kWh/10 thousand tons / km gross, i.e. by 13 % [2].
This was achieved as a result of the purposeful work of the Ministry of
Transport, Railways and industry scientists on the introduction of high-tech
technologies, as well as the implementation of a number of organizational
and technical measures. Among them are:
* solving a fundamental problem, which has no analogues in the world
practice, of calculating the energy-optimal trajectories of the train movement
mode, taking into account the plan and profile of the track, movement speeds
and their limitations, a given travel time;
* development of an intelligent system for automated train driving
based on microprocessor technology;
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* implementation of systems for optimizing the operation of auxiliary
equipment of an electric locomotive;
* large-scale application of lubricants.
The total energy savings for 1997–2000 amounted to about 9 billion
kWh (about 1.5 % of the annual electricity generation in Russia).
Considering the innovations introduced on the roads, it is necessary to
name the system of auto driving of electric trains and passenger trains
(SAVP). This progressive technology is being implemented for the third
year. The driver of a train equipped with a SAVP is practically exempt from
all operations of controlling it. Only at the stopping points for the departure
of the train, he is obliged to press the «Start» button. The SAVP complex
uses motion parameter recorders (RPDA), which record all the information
that is important for the analysis of the train following the schedule, traffic
safety, electric energy consumption and temperature in the cars. Another
highly efficient work implemented within the framework of the resourcesaving program is the regulation of the speed of rotation of the motor-fan,
depending on the power used by the electric locomotive. The proposed
solution allows you to reduce electricity consumption by up to 30 %, which
will give significant savings on the network scale. Currently, about 2000
electric locomotives have already been equipped with the corresponding
systems. In 2024, it is planned to install another 490 such installations.
Resource-saving technologies are also being introduced abroad. A
combination ETCS with ATO is a promising solution for future fully-automated
operation for mainline services. ETCS monitors the train’s movement to ensure
it adheres to the local speed limit and its own permitted top speed. Technically,
this means that ETCS is a train control and protection system that acts as an
intermediary between the vehicle and the track to ensure railway safety and that
conveys driving instructions from the track to the vehicle. s. ATO, on the other
hand, is a control system which, like a train driver, controls acceleration and
braking along with such functions as door movements, and translates the
calculated energy-optimized trip profile into precise control commands to the
train’s drive and braking systems. It does all this within the secure framework
defined by the ETCS, which is why the system is referred to as ATO over ETCS.
The advantages when ETCS is combined with ATO are particularly through
improved energy efficiency and greater line capacity. Aided by ATO, the train
uses line data, schedule data and real-time information from the infrastructure to
drive at an optimized speed profile, thus making additional energy savings [3].
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Conclusion

In conclusion, we want to say that resource conservation in the locomotive
industry plays an important role both for JSC «Russian Railways» and for the
country's economy as a whole. In 2022, it is planned to further expand the
landfill for the introduction of energy-saving technical means and technologies,
for which 4 billion rubles are allocated. According to experts, it is expected that
from 2024 the economic effect of the introduction of resource-saving
technologies in JSC «Russian Railways» will amount to more than 480 million
rubles annually. Thus, the introduction of resource-saving technologies is one of
the key areas of innovative development of railway transport.
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В работе рассматривается проблема целесообразности строительства безбалластного пути в России. Изучены примеры зарубежного опыта строительства и применения безбалластного пути, выявлены преимущества и рассмотрены его недостатки. В ходе исследования на основе сравнения с балластной конструкцией верхнего строения пути были выявлены преимущества безбалластного пути для возможного перспективного строительства в России.
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Introduction

It's evident that in the era of the development of new technologies, it
becomes necessary to keep up with progress and improve all industries that
affect the country's economy. And the rail service is no exception. Every day,
new elements are being created that allow more efficient and economical use of
the resources of the railway. One such element is the ballastless track.
The topic of our research is «Ballastless track and its possible
construction in Russia». The research studies the advantages and
disadvantages of a ballastless track in comparison with a ballast one, as well
as the possibilities and prospects of building of a ballastless track in Russia
based on the experience of foreign countries.
The primary aim of the study is to determine the advisability of building
a ballastless track in Russia. To achieve the aim we’ll explore the ballastless
track and its classification; compare the ballastless track with ballast one;
study foreign experience and make conclusions about the necessity of its
construction in Russia.
Theoretical framework

It is obvious that the traditional construction of the railway track has been
used since the beginning of the construction of railways. But it should be noted
that with the high-speed train traffic development, such a design does not meet
the new requirements of the track. Therefore, for high-speed sections of the
railways, as well as sections that are intended for the transportation of bulky
goods, a ballastless track structure came into use.
Before to consider the main points of our research, we’ll give the basic
definitions of the terms of ballasted and ballastless track:
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Ballasted track is a type of traditional railway track. It is commonly
consists of steel rail, railroad ties, railway fasteners and ballast bed.
Ballastless track is a railway track in which the ballast layer is replaced by
a monolithic concrete layer. It is made of steel rails, railway fasteners and slab.
Ballastless systems use a variety of designs. They can be divided into
two classes:
• with a point rail support (available on sleepers / blocks and slabs). When
rails are laid on prestressed slabs with liners embedded in them, e.g. 1)
Modified double-block sleepers with protruding reinforcement Rheda
(RailOne Company); 2) Reinforced concrete half sleepers (blocks) without
tension with rubber covers and shock-absorbing pads Low Vibration Track
(LVT) (Companies Sonneville, VigierRail, RZDstroy); 3) Japan Reinforced
Concrete Subrail System
• with a continuous rail support. Full support of rail threads on a
monolithic base – a concrete slab support, e.g. 1) Paved Concrete Track
(PACT) is a continuously reinforced concrete pavement laid by a specially
designed ‘slip-form’ paver; 2) Embedded Rail System (ERS) is that the rail
is attached without the use of traditional rail fastenings. Instead, it is
anchored in a concrete or steel channel.
Currently, ballastless track is used mainly on engineering structures
(bridges, overpasses and tunnels). The use of such a structure on the roadbed
is possible only if it is completely stabilized.
Particular attention was paid to comparison of two track constructions
according to several criteria:
Non ballasted track is characterized by high construction costs, low
maintenance costs, inability to alignment the track gauge, increased stability of
the continuous track, low suppression of noise and vibration, ease of use on
engineering structures and under cramped conditions (bridges, tunnels,
overpasses).
Table 1
Criteria of track construction
Low construction costs
Low maintenance costs
Possibility to alignment the track gauge
Increased stability of the continuous track
Noise and vibration damping
Ease of use on engineering structures and in
cramped conditions (bridges, tunnels, overpasses)
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Ballast track
+
+
+

Ballastless track
+
+
-

-

+

While the ballasted track is characterized by low construction costs, high
maintenance costs, possibility of adjusting the rail track, low stability of the
continuous welded track (accumulation of permanent deformation during use),
noise and vibration damping, difficulty in application on engineering structures
and in cramped conditions (bridges, tunnels, overpasses).
It is important to note that a ballastless track will have a longer service
life, less weight and is more environmentally friendly than a ballast track.
Methods and results

Of great interest for the research is foreign experience. The Shinkansen
non ballasted track design had been used in Japan since 1972. The track
constructed using this technology today has excellent performance in terms
of current maintenance, stable track geometry, and a trend towards lower
operating costs.
In 1987, the PACT track was laid in the tunnels of the Rogers Pass line
in Canada, passing through the highlands. This track perfectly withstood
heavy train traffic.
In 2001, a ballastless track of the RHEDA 2000 type was used in
Germany for the first time. This experience has shown that the cost of
building a ballastless track Rheda is 20–40 % higher than the cost of
traditional track construction.
In 2009, high-speed rail lines were commissioned in China. During the
construction, a ballastless technology for fastening the track grid was used,
which made it possible to provide speeds of more than 350 km / h.
In France, in the Channel Tunnel, which carries out the most intensive
transport in Europe, the ballastless LVT track has been taking heavy loads
since 1994 without any problems.
Speaking about the application of a ballastless track in Russia, we can
say that it is hampered by the severe climatic conditions. A ballastless track
is not recommended for use in areas of potential subsidence of the surface,
seasonal freezing of soils with a high level of groundwater, in the presence
of a layer of soils with low bearing capacity and other specific geological
conditions.
However, Russia has experience of non-ballasted track application. In
2014 together with foreign partners experimental sections of a ballastless
track were constructed. An agreement was reached with 4 companies on the
laying of ballastless track structures on the II ring track of the Experimental
Ring of the All-Russian Institute of Railway Transport: TINES company
(Poland), ALSTOM company (France) company Max Bӧgl (Germany),
company JSC «RZDstroy» (Russia, license of Swiss firms).
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The tonnage passed through the experimental section of four structures
amounted to 600 million gross tons. As the result tests made it possible to
confirm the working capacity of ballastless track under the conditions of the
Russian railways, and also showed that the ballastless track can be used not
only for high-speed traffic, but also for freight transport.
In 2013, it was announced to build the first high-speed highway
Moscow-Kazan in Russia. It was planned to use Chinese technologies for
the construction of a ballastless track. This choice was due to the availability
of operating experience under similar to Russian climatic conditions.
However, the project has not yet been implemented due to the high cost of
construction, which illustrates one of the main disadvantages of the
ballastless track.
Our results make it possible to perform a study how profitable the use of a
ballastless track will be on the example of the West Siberian Railway. In 2020,
more than 500 km of the railway track was updated on the West Siberian
Railway. The «Russian Railways Company» has invested over 37 billion rubles
in the repair of the railway. However, this is not enough: the road needs an
annual increase in reconstruction and overhaul up to 700 km. Thus, have
calculated track maintenance cost, we may define another problem: to replace
the ballast track on the West Siberian railway by a ballastless track, as it does
not need to be repaired practically. According to our calculation of the costs
during its service life, it was found out that the repair costs will be reduced by
30-80 %, that is, the economic benefit of a ballastless track operating on this
railway network will be 11.1-29.6 billion rubles. The money that will be saved
on repairs can be directed to the development of railways in Russia.
Conclusion

Thus, we analyzed the advantages and disadvantages of using a ballastless
track, studied the examples of its use in Russia and foreign countries, and came
to the conclusion that a ballastless track is more appropriate for use in Russia,
since maintenance costs in the long term showed that the initial excess of
capital investments in construction are amortized over the time due to increased
service life, lower maintenance and repair costs, high operating capacity, that
is, a ballastless track allows to increase the volume of freight traffic and speed
without enhancing the wear of the railway. Also, the experience of foreign
countries, in particular, China and Canada, with which we have similar climatic
conditions, has shown that the successful use of a ballastless track under
difficult climatic conditions is quite possible.
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Abstract. One of the main tasks of current track maintenance is to carry out work to
ensure safe and uninterrupted movement of rolling stock without speed limitations. The
article considers the condition of the main element of track structure – rails. Single failure
of rails is one of the main criteria for the appointment of overhaul. Respectively,
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Одной из главных задач текущего содержания пути является выполнение работ,
обеспечивающих безопасное и бесперебойное движения подвижного состава без ограничений скоростей. В статье рассмотрено состояние основной элемент верхнего строения пути – рельсы. Одиночный выход рельсов является одним из основных критериев
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к назначению капитального ремонта. Соответственно выявление основных дефектов
и разработка мероприятию по их сокращению является актуальной темой для путевого хозяйства. В результате анализа получен график нарастания дефектов от пропущенного тоннажа на выбранных участках.
Ключевые слова: железнодорожный путь, содержание, дефекты рельс, особогрузонапряженные участки, верхнее строение пути.
Introduction

Every year, data showing freight turnover carried by railways is
increasing. This is achieved by the introduction of both innovative wagons
(axle load of 250 kN or more) and long-distance trains [1, 2]. The entire load
of rolling stock is taken up by the track structure which condition has a direct
impact on traffic safety.
The need for periodic repair work is due to the difficult operating
conditions as the constant impact of dynamic loads from rolling stock and
climatic conditions (temperature changes, precipitation, thawing and
freezing of the ballast bed, presence of hollows etc.) leads to the formation
of derogations, defects and faults of the track.
Theoretical framework

During the operation of railway track in terms of rail facilities, an important
indicator that affects the frequency of repairs is the number of rail failures [3, 4].
The assignment of repairs of railway track on Russian railways is carried out in
according with [5], and the main criteria are missed tonnage (not less than 100 %
of the normative) and single rail failure (depending on track class).
In order to ensure the safe movement of trains at the regulation speeds,
routine track maintenance is carried out throughout the period between repairs.
The main type of repair for Class 1 track is track overhaul (CRO) using new
materials.
At present, for the first-class track on extra heavy-duty sections the
overhaul period is 1400 mt gross provided that a Level 3 (RS or RP) overhaul
is carried out in the middle of the overhaul period. Classification of rail defects
detected within systematic inspections by diagnostic tools is carried out
according to [6]. The number of rail defects is increasing in the context of
increasing freight and axle loads, and according to the development strategy of
JSC Russian Railways to increase axle loads and freight traffic volumes. The
Russian Railways management is faced with the task of increasing the life
between repairs of railway tracks, so the issue of defectiveness of rails on
especially stressed sections remains urgent.
Currently, differentially hardened rails (DT), in particular DT-350 and
DT-370, are being laid on the especially loaded sections. However, taking
into account the fact that this category of rails is relatively new on the studied
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sections, the run of the passed tonnage does not allow to fully analysed
defectiveness of rails of this category during the whole inter-repair period.
Methods and results

For the subsequent analysis of rail defectiveness, the sections of SredneSibirskaya and Irtyshskaya – Sredne-Sibirskaya directorates were selected
(Table 1). Average rail yield at the considered sections in 01.01.2020 were
23 pcs/km, 16 pcs/km and 6 pcs/km respectively.
Table 1
Main characteristics of the study sites
Site number
1
2
3
979
869
978
2011
2012
2011
10
10
18
1О (heavy-duty)
130
T1
Straight sections
pass. – 100 / freight. – 80
jointless

Main features
Passed tonnage as of 01.01.2020, million tonnes gross
Year of laying
Section length, km
Class and code of path group
traffic density, million tkm br/km per year
Rail category
Line plan
Set speed, km/h
Track construction

The results of the analysis of the main rail defects in the first, second
and third section are shown in Figures 1–3 respectively.
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16 code
10 code

14%

98 code
52%

20%

46 code
11 code

11%
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Fig. 1. Main defect codes
in the first section
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Fig. 2. Main defect codes
in the second section
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Fig. 3. Main defect codes in the third section
Conclusion

Based on the analysis results the graphs have been obtained. These
graphs show that the number of defects increases accordingly as the tonnage
skipped increases (category of rails – T1, continuous track, freight intensity
in the range of 105–140 million ton-km gross ton-km per year, passed
tonnage corresponds to especially freight-stressed track group).
It can be seen that the main share of defects on the sections of the MidSiberian route is metal pitting on the rolling surface in the welded joint area
after missing the warranty tonnage (code 16–40 to 52 %). In addition, there
is a large number of controllable rails due to pitting and cracks on the rail
rolling surface (code 19).
It is noteworthy that the most common (over 42 %) defect on the sections
along the neighbouring directorate (Omsk – Novosibirsk) of the Trans-Siberian
Railway with similar operational characteristics over the period from 2011 to
2016 was code 10, when this defect accounts for 13 % on these sections.
The dynamics of rail defect growth, as can be seen in Figure 4, began to
change after 2016. This increase could be due to the introduction of new
innovative railwagons with axle loads of 250 kN and more. It is also worth
noting the increase in rail defects after the passage of the regulatory tonnage
(700 million tonnes), so on sections 1 and 2, the average rail yield by 2020 was
from 15 to 22 pieces/km. In 2021, a section 3 overhaul is planned for these
sections, which implies complete replacement of the track strands.
The formation of defects in the welded joint area after missing the
warranty tonnage can be a consequence of the aluminothermic welding use,
which quality performance is affected by a number of factors. The presence of
human error in the welding process resulted in a non-uniform welded joint can
lead to cracks, as well as weather conditions combined with increased stresses.
According to research carried out on the Chinese railway network,
approximately 52.6 % of rail defects are in the area of welded joint defects [7].
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Fig. 4. Main defect codes in the third section

Figure 5 shows the distribution of detected defects by year from 2011
to 2018. It is also noted that the number of defects can be influenced by the
passing temperature of the wheelset.[8] It can clearly be seen that the total
number of defects detected has increased significantly since 2017, with a
particularly dramatic increase in the number of Code 16 defects. This figure
indicates metal pitting on the rolling surface of the rail head in the welded
joint area after missing the warranty tonnage. According to the warranty
lifetime for T1 rails is 450 Mt gross, which is 1.5 times lower than the
standard missed repair tonnage.

Fig. 5. Percentage of rail defects detected by season for section 1

The obtained results allow us to conclude that to improve the reliability of
railway track and increase the time between repairs, it is necessary to develop
complex measures aimed at improvement of track condition using new
technologies (inductive and differential hardening of rails) and, respectively,
125

to reduce the influence of human factor and influence of weather conditions
during aluminum-thermite welding production.
References

1. Akimov, S. Stability of the Supporting Subgrade on the Tracks with Heavy Train
Movement / S. Akimov, S. Kosenko, S. Bogdanovich // Advances in Intelligent Systems
and Computing, VIII International Scientific Siberian Transport Forum TransSiberia. Vol. 2.
Vol. 1116 (2020) DOI: 10.1007/978-3-030-37919-3. 2020. Рp. 228–236 s.
2. Kosenko, S. A. Design of track structure for corridors of heavy-train traffic /
S. A. Kosenko, A. A. Akimov // MATEC Web of Conferences. 2018. № 239. Pp. 1–12 s.
3. Sokolov O. M., Kosenko S. A., Akimov S. S. Monitoring of operational
performance of differentially heat-strengthened rails on the West Siberian Railway /
O. M. Sokolov, S.A., Kosenko S. S. // Transport infrastructure of Siberian region:
materials of VIII international scientific and practical conference – Irkutsk: publishing
house IrGUPS, 2017. 473–478 s.
4. Sevostyanov A. A. Increase of service life of continuous steel track on the
sections with excessive tonnage // Proceedings of the 54th International Scientific
Student Conference MNSC-2016. 2016. 35 s.
5. Strategy of scientific-technological development of Russian Railways Group for
the period till 2025 and for the perspective till 2030 (White Book of Russian Railways).
128 s [Electronic/resource].
6. National Standard of the Russian Federation. Rails for tracks of industrial
railway transport. General specifications. GOST R 51045-2014. As amended from
21.06.2018. М., 2014. 36 s.
7. Rail weld defect prediction and related condition-based maintenance / N. Yao,
Jia Y, Tao K // IEEE Access. 2020. Vol. 8. 1746–1758 s.
8. Steišūnas, S., Bureika, G., Vaičiūnas, G. et al. Estimation of ambient temperature
impact on vertical dynamic behaviour of passenger rail vehicle with damaged wheels. J Mech
Sci Technol 32, 5179–5188 (2018).
Research supervisor: A. A. Sevostianov, Senior Lecturer, Siberian Transport
University, Novosibirsk
Language advisor: I. S. Volegzhanina, Head of Foreign Languages Department,
Doctor of Education, Ass. Prof., Siberian Transport University, Novosibirsk

126

Содержание
Asadchii A. S. Digital Twins in Logistics .............................................................. 3
Akhpash A. А., Lepehin I. S., Komarova L. V. Supply Chain Management
Disruption: Causes and Effects Via Coronavirus and Other Negative Events ............... 6
Bezverkhov A. Yu. The Russian Railroad Scent ................................................... 13
Bezrukova S. P., Ryazanova E. A. The Role of Distribution Logistics
for the Modern Business ............................................................................................... 17
Bogomolova E. I. Negative Impact of Aviation on the Environment
and Ways to Reduce it on the Example of Airports Khurba and Pulkovo ................... 21
Budennyi N. A. Information Systems in Railway Transport ................................ 26
Volynchuk A. I. Runway Accidents. Overruns and Collisions – a Major
Threat to Global Transportation Safety ........................................................................ 32
Gasparyan G. A., Kulakov M. V. Performance-Based Navigaiton (PBN)
Concept Realization ...................................................................................................... 39
Goryunova A. V., Tsaryova V. S., Zabolotskikh L. V. Umweltprobleme
des Strassenverkehrs in Russland und Im Ausland ...................................................... 43
Drachenko E. A., Nevretdinov R. R. The Results of the Implementation
of the Collaborative Decision-Making System at the Sheremetyevo Airport
and the Potential Risks of Application at Airports of the Moscow Flight
Information Region (FIR) ............................................................................................. 48
Eremin V. S. Comparison of the Metro in Munich and St. Petersburg ................ 53
Zubkov A. A., Khokhlova M. A. Transportation by River Transport
in Pandemic Conditions ................................................................................................ 57
Kislych K. A. Logistische Unternehmen in Nowosibirsk ..................................... 64
Kozlobaeva D. M. Problems of Railway Cross-Border Transport ....................... 68
Kolesnik D. I. Artificial Intelligence on the Railway ........................................... 73
Kolesnikov N. O. Ways of Development of the Heavyweight Traffic in Siberia...... 79
Kolesnikov N. O. Development of the Heavyweight Traffic in Siberia............... 82
Kononova A. S. Le Rôle Des Transports Dans L’amélioration De L’efficacité
De L’économie Nationale De La Russie ...................................................................... 87
Novi Y. S. Wireless Sensors on the Railway ........................................................ 90
Panferin A. P. Modern Tools for Enhanced Decision-Making in Air Traffic
Control .......................................................................................................................... 97
Antonov M. A., Pryanichnikov I. S., Mikhailov V. I. Business Architecture
as an Important Element of the Company's Development Strategy ........................... 102
Revina A. A. From the Past to the Present and Future ....................................... 108
Smolina E. V., Ronzhina V. A. Resource Saving in the Locomotive Industry ... 112
Solopova D. D., Solomennaya Y. S. Ballastless Track and its Possible
Construction in Russia ................................................................................................ 116
Timofeev E. N. Analysis of the Main Rail Defects on Heavily Loaded
Railway Sections ......................................................................................................... 121

127

Научное издание

Актуальные проблемы транспортной отрасли
в России и за рубежом
Материалы III Всероссийской
студенческой научно-практической конференции
(Новосибирск, 29 октября 2021 г.)

Печатается в авторской редакции.
Компьютерная верстка А. С. Петренко
Изд. лиц. ЛР № 021277 от 06.04.98
Подписано в печать 24.12.2021
8,0 печ. л. 9,6 уч.-изд. л. Тираж 100 экз. Заказ № 3693
Издательство Сибирского государственного
университета путей сообщения
630049, Новосибирск, ул. Дуси Ковальчук, 191
Тел./факс: (383) 328-03-81. E-mail: bvu@stu.ru
128

