N -
XXVI INTERNATIONAL SCIENTIFICNCONEERENCE
| ON TRANSPORT, ROAD-BUILDINGYACRICURIURAL
\ 7 HOISTING &HAUENG
™ AND MILITARY TECHNICS AND'TECHNOPOEIES

- .
* 4 '}‘ Y

=~

v PI¥, b .
@ ; 5 P il ot
b SYFA - e L
¥ b A oy = =P R

w4
4
» 9

-

P N

@@DE[%BF C _

\*.



XXVI INTERNATIONAL SCIENTIFIC CONFERENCE

transS& MOTAUTO ’18
PROCEEDINGS

ISSN 1313-5031 (Print), ISSN 2535-0307(Online)
YEAR I, USSUE 2 (4), SOFIA, BULGARIA 2018

SECTION I

TRANSPORT. INTELLIGENT TRANSPORT SYSTEMS.
LOGISTICS AND MANAGEMENT

RAILWAY ENGINEERING AND TRANSPORT.

INFORMATION TECHNOLOGIES. TRAINING,
EDUCATION AND
SCIENTIFIC RESEARCH.

27.06. —30.06.2018
BURGAS, BULGARIA

Publisher: Scientific-technical union of mechanical engineering
,,industry-4.0”



INERNATIONAL PROGRAM COMMITTEE

CHAIRMAN:Dr.h.c. Prof. DSc Petar Kolev, BG

Assoc. Prof. Aleksandar Kostikj, MK
Prof. Massimo Borghi, IT

Assoc. Prof. Andrey Ferenets, RU
Prof. Miho Mihov, BG

Prof. Angel Dimitrov, BG

Prof. Murat Dogruel, TR

Assoc. Prof. Beti Angelevska, MK
Assoc. Prof. Naser Lajgi, KO

Assoc. Prof. Boyko Gigov, BG
Assoc. Prof. Natalia Sidenko, LV
Prof. Dainis Berjoza, LV

Assoc. Prof. Natasa Tomic-Petrovic, RS
Prof. Dan Scarpete, RO

Prof. Nikolay Georgiev, BG

Prof. Daniela Todorova, BG

Prof. Nikolay Ovchenkov, RU

Prof. Emilia Andreeva-Moschen, AT
Prof. Oleg Sharkov, RU

Prof. Gordana Marunic, HR

Assoc. Prof. Pepo Yordanov, BG
Prof. Hristo Stanchev, BG

Acad. Polatbeg Zhunisbekov, KZ
Assoc. Prof. Igor Penkov, EE
Assoc. Prof. Rinat Kurmaev, RU
Prof. Igor Smirnov, UA

Prof. Rosen Ivanov, BG

Prof. Igor Taratorkin, RU

Prof. Teymuraz Kochadze, GE
Colonel Prof. lliyan Lilov, BG
Prof. Vadim Zhmud, RU

Prof. Lech Sitnik, PL

Prof. Valyo Nikolov, BG

Prof. Ljudmila Boyko, UA

Prof. Wolfgang Fengler, DE

Prof. Madaminjon Aripdzanov, UZ

Assoc. Prof. Zoran Jovanovic, RS
Assoc. Prof. Martin Kendra, SK
Assoc. Prof. Ahmet H. Ertas, TR

CONTENTS

TRANSPORT. INTELLIGENT TRANSPORT SYSTEMS. LOGISTICS AND MANAGEMENT

RUMOBIL - PUBLIC TRANSPORT SOLUTIONS IN SPARSELY POPULATED REGIONS
Ing. Martin Stach, Ing. Zuzana Jelinkova, Ph. D, M.Sc.Dana Sitanyiova, PhD., Ing. Jiti Cejka, PN. D. .....cccoiiiiiiiiiieceeece e 99

APPLICATION OF GEOGRAPHICAL INFORMATION SYSTEMS TO EVALUATION A CONCENTRATION OF CHLORINE
RELEASED INTO AN ATMOSPHERE IN THE CASE OF ROAD ACCIDENT
Prof. M.Sc. Brzozowska L. PhD., Prof. M.SC. Drag L. PRD. .....ccoiiiiiiei bbb srenis 101

QUALIMETRIC FORECASTING OF AVIATION PERSONNEL’S PROFESSIONAL DEVELOPMENT LEVEL WHILE
SOLVING AIRPORT’S AVIATION SECURITY PROVISION ISSUES
INLL OVCRENKOV ..ottt ettt et e etbeebeesbe e be e beeaeesa s eabeesbeebeeehseebeesbeeaeeaseesbeesbeeabeesbeabes Sesbesssesssenbeesbeetee et baesssenbeentesnres 105

PROSPECTS FOR THE TRANSPORTATION OF LIQUIFIED GAS FROM THE CASPIAN REGION TO EUROPE
Prof. Dr. Kochadze T., Doctoral candidate Gvarishvili B., Doctoral candidate KOChAdze . .........cveeveiiiiiiiiiicieeie e e 109

OPTIMIZATION OF CUSTOMS PROCEDURES IN THE SOUTH CAUCASUS TRANSPORT CORIDOR
Prof. Dr. T. Kochadze, Prof. Dr. R. Mamuladze, Doctoral candidate A. GUAAAZE ...........ocueeveiiiieiiiccee ettt e 111

SMART CITIES - DEPENDENCE OF INTELLIGENT TRANSPORTATION SYSTEMS ON CLOUD COMPUTING AND
TECHNOLOGIES
Assist. Prof. Dr. Eng. Galia Novakova Nedeltcheva, Denitsa KOZAN0OVA ..........cccoiiiiiiiiiiiiee et et e ene e 114

BY MANAGING THE REQUIREMENTS AND INTERNAL STANDARDS OF RENOWNED CUSTOMERS TO BETTER
BUSINESS RESULTS IN THE MOTORCYCLE INDUSTRY
Prof. M.Sc. BoZiE S., Prof. GOMDBDAC E., BOZIE L. ..eccuiiiiieiiiiicitieis ettt ettt ettt st et e st e bt e sttt abtsabaesbe s ete et e ebessatebeeabeabesebeesbeestesneesre reeseeanes 119

INFLUENCE OF THE WORKING ENVIRONMENT ON SAFETY AND HEALTH PROTECTION AT WORK AND
PERFORMANCE OF THE EMPLOYEES IN AN OFFICE SPACE
prof. Ing. Milan Oravec, PhD., doc. Ing. Michaela Balazikova, PhD., doc. Ing. Marianna Tomaskova, PhD. .........ccoccoceiiiinincinennienne 124

AN APPLICATION OF A NETWORK SCIENCE TOOL FOR EXAMINING AND ANALYSING THE STRUCTURE AND
TOPOLOGICAL PROPERTIES OF PUBLIC-TRANSPORT NETWORKS: A CASE STUDY
Dr. Dimitrov S. PhD., Prof. Ceder A. PhD., MEngSt. Mathieson G1, BSC. VICtOr R. ......cccviiiiiieiiiic e e 131



MODELLING AND SIMULATION OF HIGH-FREQUENCY AUTONOMOUS PUBLIC-TRANSPORT SERVICE
Dr. DImitrov S. PhD., PrOf. CEUBN A. PRD. ....cuiiiiitiiciiiieieite sttt st sttt h e b et e s b e s b e s b et e s b e sbe b et e st e beebesbesbesbeebesbesbesbeebe et 2ebesteereereereans 137

LOGISTICAL RISKS OF MARITIME TRANSPORT PROCESSES
Prof. Dr. Kochadze T. , Doctoral candidate Devadze M. , Master TUrMANIAZE T. ...cooeiiiiie ettt ettt ste s ebae e e s sbaesebe e e e 145

A PORT COMMUNITY SYSTEM OF GEORGIA AND ITS ROLE IN WORLD MARITIME TRANSPORT
Prof. Dr. Purtskhvanidze G.,Assoc.Prof. Dr. Gvetadze V.,Doctoral candidate VVarshanidze A., Master Turmanidze T. .....ccccoeveevivrevireennen. 148

APPLICATION OF RISK FACTORS EVALUATION METHOD FOR ASSESSMENT OF VOYAGE EFFICIENCY IN TRAMP

SHIPPING

Sen. ASSIStANt Prof. VarbanOVa A. PHD ...ttt sttt ettt eebe e teebe st e ebeebeebaebeebeebsebs s s esbessetsersenbessers e s entenes sbesbessenrens 152
RO-RO SHIPPING NETWORKS IN THE BLACK SEA REGION AND PORTS CONNECTIVITY: COMPARATIVE
ASSESSMENT

Sen. ASSIStant Prof. VarbDanoVa A. PRD ........ouo ittt sttt ettt ettt e et e s e beestestteebe e beaeteesbesaeesaeanbesstesaeesbsanbesseessessne sbeeneas 156

CUCTEMATA BOJAY- ABTOMOBUJI -CPEJA U YYACTHUETO HA NIEWIEXO/JLUTE B HESL
ASSOC. Prof. ENQ. DragneVa N. PND. .......c.ciiiiiiiiieiicti ettt ettt ettt s 4 a1 bt s 41 e a4 et e s b e b e s b e st e be s s et e b be et es 4eteebessate s e e abe st etensenennan 160

INFORMATION SUPPORT FOR DECISION-MAKING WHILE FORECASTING AVIATION PERSONNEL’S PROFESSIONAL
DEVELOPMENT LEVEL
I RO AV g [=T0] o) 2 163

DEVELOPMENT OF THE MARKET OF AVIATION TRANSPORTATION IN UKRAINE: PROBLEMS AND PROSPECTS
Zhavoronkova G.V., Doctor of Economic Sciences, Professor, Zhavoronkov V.O., PhD (Economics), Associate Professor,
VOIVACH NUNL, GrA0UALE STUAENT ...ttt ettt sttt s et a et bt s e R et b et £ e b bt a e b ke Rt ee et eb e ene e £ et ebene e teneses 169

FRESHWATER SUPPLY FOR SHIPS DESALINATED BY METHOD OF ELECTRODIALYSIS
Prof. Dr.Rukhadze Sh., Assoc.Prof. Dr.Kamkamidze N., Assoc.Prof. Dr. Gobejishvili L.,Assoc.Prof. Dr. Khazaradze N.,
(DTS 107 Lo b= N SRR 174

IMPACT OF TECHNICAL VALIDITY MOTORCYCLE FOR ROAD SAFETY IN THE REPUBLIC OF CROATIA
Prof. DSc. Zovak G., PhD.Stud. Kosir G., Dr. Sisko 1., PRD.StU. MAGUNIE M. ..eeeeeeeeeeeeeeeeeeee ettt eee et ee et eeeeeeeeeeeseeneerenanas 177

COMPARISON BETWEEN THE PURSUIT GUIDANCE AND THE PROPORTIONAL NAVIGATION GUIDANCE LAWS
REGARDING A PREDETERMINED SCENARIO
B.Sc. Yilmaz Baris Erkan, Assoc. Prof. Dr. NEVSAN SENGL ......cciiriiiiiiiieesere et ettt sttt sttt st ebe e sesbe e nteseanen 180

EXPEDIENCY OF USING MULTIFUNCTIONAL GAS DISTRIBUTION STATIONS IN TRANSPORT INFRASTRUCTURE
Prof. D.Sc. Vasiliev Gennady G., As.prof. PhD Leonovich Igor A., As.prof. PhD Salnikov Anton P., Eng. Kukurina Kalina K. ................ 184

THE PROBLEMS OF URBAN ROAD TRAFFIC MONITORING
ASSISE. PrOF. WIAGIMIT IVANOV ...c.viiiiiiciiii ettt ettt e s b e e te st e st e e b e s abeea b et e eabeeheeebeesbeesbeeaseerteebeebeeabeetseebeeebeeabeestesnseaten sheesseentens 186

TPAHCIIOPTHT B CUCTEMATA HA TYPUZMA
JIOKTOPAHT MAHUEBA-AITIH O. ..e.viiviiuiiuiiuiitiitietteeteet sttt e it et e testeete et et eeb e esbe st es s e sseabenbes s e aseabe s b es b e ae e b e aben b e eE oAb e b e e be e h e b e eb e ebeeh e b e ebeebesb e nbe s sheebe et enenneenes 190

RAILWAY ENGINEERING AND TRANSPORT.

THE NUMERICAL INVESTIGATION OF HIGH SPEED TRAIN-TUNNEL INTERACTION AT ENTRANCE AND EXIT
Res.Assist. Ahmet Y., Res.Assist. Taner C., Prof. DI NUMEN V. ..ottt et 193

VEHICLE PRODUCTIVITY IN NEW OPERATED RAIL-SERVICES
INg. Vit Jan0s, PR.D., ING. IMHIAN KFIZ ..ot et bkt b e ek e bt e ae e e b ee e bt e bt b b e s b e bt e b ettt b e st e be e neeneee 196

INTERACTION BETWEEN ROLLING STOCK AND RAILWAY TRACK WITH OF THE ELASTIC PROPERTIES OF THE
BASE
Prof. Dr. Myamlin S., AsSOC. Prof. DIr. BONGAIENKO L. ....cveuiuieiiiiiiiiee ettt sttt st bes 2 ebe e nbe et enbe e e besseseneenas 199

WAYS OF IMPROVING THE EFFICIENCY OF WIGON PARK USE WITH ACCOUNTING QUALITY INDICATORS
EIYAZOV ISFAIT SPUKUFOGIU ...ttt ekt b e bt e et e e b e R b e £ e b e e b e e e b eb £ es £ esbebe et ebentebe b ebeneebeaeenenn sreabens 202

MOBBIIIEHUE HAJTEKHOCTHU KAHAJIOB KEJE3HOIOPOKHOM ITOJABUKHOM PATAOCBSI3N
KT H., IOIL EJIHBAPEHKO AL ..o.oiiiiiitiitiietiititiit ettt stttk sttt bbb 2o h e 0 b 488 220 e b8 eh e A E b £ 48 e s e e £ b eh e R b A0 e b bbb e e b s e bbb e e bbb e 207

OPERATING LONG DISTANCE RAIL TRANSPORT ON BRATISLAVA - BANSKA BYSTRICA LINE BY PRIVATE
RAILWAY UNDERTAKING
doc. Ing. Gasparik J. PhD., Ing. Mesko P. PhD., Ing. ZAWUMENSKA Z. .......c.coeririiiriieirisieieiissieiee sttt et snenenes 210



METHODOLOGY FOR RATING QUALITY STANDARDS IN REGIONAL PASSENGER RAIL TRANSPORT
Ing. Peceny, L. PhD. - doc. Ing. Ga$parik J. PhD.- Ing. Zitricky V. PRD. .....ccoiiiiiiii e 214

EXPRESSION OF RISK THROUGH TARIFF POLICY IN RAIL PASSENGER TRANSPORT
Ing. Cernd L. PhD., Ing. Dani§ J., Ing. ZitricKy V. PRI ....cc.iiiiiiiiiieeee ettt ettt st st ettt et enean 218

LOW-TEMPERATURE DISTRICT HEATING WITH DECENTRALIZED GENERATION BY HEAT PUMPS AT A RAILWAY
STATION: OPTIMIZING THE SYSTEM AND CALCULATING GREENHOUSE GAS EMISSIONS
ENE. CRICHETIN S o.eoiiiiiiiciietctet ettt ettt sttt et et et et e st e s b e b e beebeeseesaessessensansenseeseaseeseeseesseseensensensesseaseaseaseessessensansensessensessesseessensensansans 222

LINE TRACK CAPACITY - ANALYSIS OF THE IMPLEMENTATION OF THE UIC 406 METHODOLOGY IN ZSR

CONDITIONS
Ing. Sulko, P. PhD., doc. Ing. GaSparik J. PhD. Ing. Dedik, M. .....ccocciiiiiiiiiiiiin ettt s sttt nean 225

INFORMATION TECHNOLOGIES. TRAINING, EDUCATION AND SCIENTIFIC RESEARCH.

APPLICATION OF THE THEORY OF INVARIANCE FOR NOISE-RESISTANCE ESTIMATION OF TRANSPORTATION
INFORMATION SYSTEMS
Prof. CREIMEVA G. D.SC. weviieeiieeee et ettt e et e e et e e et e e eteeeeaeeeeateeeaseeeasseeeateeeateeasseeeaseseesseeenseeeasseeseeeesseeenseeeaseeeasseeanes 229

MN3CJEABAHE N OIEHKA HA PUCKA HA EJIEKTPOHHO BASUPAHATA CUCTEMA 3A TUCTAHIIMOHHO
OBYYEHHUE HA HBY ,,.BACWJI JIEBCKN” .
npo¢. a-p umx. Junos U. H., ac. x-p k. Crnupronos C. A., 1-p Hemes W.H., MonueBa X. T., ApHayoB JI. M.....ccccoeininnininninenne. 232

COMPARATIVE ANALYSIS SECURITY OF MOBILE DEVICES
STOYANOVA V. PRD. (.ot e e h et a ettt s b e s bt e bt e bt eh e e st e st e st et et e sb e bt e bt e bt ebeeseem e e st et e b e ebeeb e eb e e bt eaten b et enbe st enbestenbe e 237

CONTINUED PHENOMENON REPRESENTATION BY REGULATORY MODELS IN GEOINFORMATION TECHNOLOGIES
ASS0S. Prof. MILen IVAnoV PRID. .......c..ooooiiiiiiiiiceee et ettt e et e et e e s e e ae e e eaeeetaeeeaeeeeaseeeaseeeneeeeteeeeareeenaeeeeteeenareeenneas 240

NEW WAYS TO PRESENT INFORMATION AND DATA ON THE WEB
STOYANOV Y. PRD. .ottt ettt ettt ettt a ko2 e bt e st eh e st e s et es e ebeaees e et e s £ b e s ee et e st A et eE et e Rt A en e Rt et e Rt et e st be et en e be e b e neneane 242

ONE WAY FOR CREATING VISUAL EFFECTS
GeorgieV, L., StOYANOVA V. PR ..c.oouiiiiiiiiiee ettt b e e bbbt et e a et et e st et e bt s bt bt e bt e bt ebteaeen e n b et et e eb e bt eb e e bt ea e et enee 244

ANALYSIS OF USING STEGANOGRAPHY AND CRYPTOGRAPHY IN IMAGES
Stoyanova, St., STOYANOVA V. PRD. .....cccociiiiiiiiiieieieeet ettt ettt et et e e s te st e te s s e e st e st ese e st e s essansenseaseeseeseeseesaessessensensensesesseaseaseeneanean 248

AHAJIN3 HA YA3BUMOCTTA HA BE3)KHYHA KOMITIOTBPHA MPEXKA, SAIIMTEHA C KPUIITOI'PA®CKH
IMPOTOKOJI WPA2
Maiop TI. ac. A-P HHK. JIHHKO . HEKOITOB .....couiiiiiiiiiiiiiiiitietietiet ettt h ettt b e bbbt bt et ea et et e st e et e sbesbeebeebeententeeenbeneens 252

A MODEL FOR IMAGE BASED INFORMATION SECURITY
Koleva, D., StOYAN0Va V. PRD. .....cciiiiiiiiieieiceee ettt sttt ettt et e e st e s b e b e s bt e st et e estes e e st et ensesaesseebeeaeesee st ensenbe s e be b eebeeheeneeneeneenes 254



RUMOBIL — PUBLIC TRANSPORT SOLUTIONS IN
SPARSELY POPULATED REGIONS

interreg

D. CENTRAL EUROPE European Union

European Regional
Development Fund

Ing. Martin Stach  (stach@jikord.cz), Ing. Zuzana Jelinkova, Ph.

(rumobil@jikord.cz), JIKORD, Czechia, M.Sc. Dana

(cejka@mail.vstech.cz), Czechia.

Sitanyiova,
(dasit@fs}av.uniza.sk), Faculty of Civil Engineering — University ofVZiIina, Slovakia.
Ing. Jiti Cejka, Ph. D. The Institute of Technology and Business in Ceské Budgjovice

b RUMOBIL

Abstract: Demographic change is one of main problems in the rural areas of the Central Europe region. Young and active people are
moving to bigger towns and cities due to the lack of attractive opportunities and older and less educated people usually remain at the
countryside. To attract economically active group of people to rural areas, appropriate public services must be offered there. Public
transport offer is of high importance, since its high quality can improve quality of life, better reachability and can also attract more tourists
to visit area. The European project RUMOBIL funded by Program Interreg Central Europe (Project number CE55) deals with various
options for solving the problem of public transport service in the countryside.

KEYWORDS: RURAL AREAS, PILOT PROJECT, DEMOGRAPHIC CHANGE, PUBLIC TRANSPORT.

1 Introduction

RUMOBIL is based on transnational cooperation between public
authorities and their transport entities who are confronted with a
similar challenge to respond to pressures on regional public
transport systems caused by demographic change in peripheral
areas. Working together in RUMOBIL provide them a platform to
exchange their knowledge, to generate learning through launching
pilot applications of state-of-the-art tools and solutions and revise
their regional transport policies to better suit changing mobility
needs. Main outputs of RUMOBIL are therefore pilot actions, the
elaboration of a RUMOBIL Strategy and policy-decisions to
implement it in the eight partner regions through an improvement of
their transport plans. Pilot actions have allowed testing a number of
innovative applications during a period of years 2017-2018, how
sparsely populated peripheral areas can be better linked to a
primary, secondary or tertiary transport node (access to European
and national passenger transport networks). The transnational
RUMOBIL Strategy indicates to CE regions innovative and
transferable public transport approaches - based on jointly analyzed
good practices, the combined knowledge of the partners and
involved stakeholders, learning from the pilots, and fresh ideas put
forward through a transnational social media-based competition. All
outcomes are jointly assessed in site-visits, transnational workshops
and a coordinated evaluation under the hospices of research
institutions participating in RUMOBIL.

2 Demographic changes

The substantial problem in rural regions within Europe is
demographic change and its repercussion to a population. In many
regions, there is a displacement especially of the younger generation
migrating to cities. Some areas were also affected by the violent
removal of the indigenous population, for example, from the
borderland of the Czech Republic, where, after the World War
Second, many people, especially Sudeten German, were deported to
Germany. Nowadays, these regions are not so popular for living
especially among young families, who are leaving this area. Good
quality of public services including transport ones could stop this
trend, and the number of inhabitants in rural areas could increase.

3 Contributions of JIKORD to the RUMOBIL project

JIKORD (South Bohemian coordinator of public transport), an
organization established by the South Bohemian Region, is
responsible for planning regional transport (bus and rail in public
service obligation) operation and expansion of the integrated
transport system, and preparation of tenders for the provision of
public transport. JIKORD, has implemented pilot action in the low
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density populated rural area of South Bohemia. Pilot action of
JIKORD is introducing bus line, which connects rural region around
Kaplice village, with the main TEN-T line of international express
trains Praha — Linz, or semi-fast trains Ceské Budgjovice — Linz,
which have stop in Kaplice railway station. People got fast and
comfortable connection with regional capital, city of Ceské
Budéjovice and interchange possibilities to long-distance and
regional trains in Ceské Bud&jovice to other destinations. Second
benefit of this bus line is enhancement of tourism. New connection
leads through an attractive tourist area with possibility to visit old
castle ruins, or to hike in hills — Slepi¢i hory.

Pilot activity — implementation phases

1) Selection of suitable area — Based on the requirements of
municipalities with insufficient transport services, the Kaplice
region was selected in autumn 2017 for pilot project. This
region met all requirements - low population density, negative
demographic developments, and access to TEN-T network.
Collecting of indicators before pilot implementation — Before
pilot operation data about the area (no. of inhabitants, usage
of public transport service, traffic volumes,...)were collected.
Planning of the operation and informing local stakeholders —
Based on the needs of municipalities timetable of new bus
line was prepared. Line connects area with main-line trains
(all categories, from regional to long distance).

Tender procedure for bus operating company was finished.
Advertising campaign to inform citizens was performed.
Operation of bus line started in April 2018.

Collecting and evaluating of indicators. The bus line success
will be evaluated in August 2018 with the aim to optimize
service and decide on further operation, or replication.

2)

3)

4)
5)
6)
7

4 Pilot projects of the other partners

Focus of the all pilots is on innovative approaches and modern
public transport solutions. These started to be tested in the
participating partner regions through experimentations since spring
2017. Eight different measures have been implemented. Pilots
concern three main objectives:

1) introducing new transport services (buses, microbuses and
trains in rural areas),

2) developing IT applications for passengers and transport
operating companies,

3) renovating/modernization of transport infrastructure for

passengers at transport terminals/stops.



Ministry of Regional Development and Transport of Saxony-Anhalt
— MLV (Lead partner)

Pilot project of lead partner is introducing a new bus service to
connect towns of Osterburg and Mdser and their surroundings
operated by volunteering drivers driving a local microbus in their
free time. The concept of the project consists of deploying buses for
8 people (optimum size for sparsely populated areas). Drivers are
organized in an association and their voluntary work is supported
and framed by local PT operators and regional authorities.
Residents who are not able to use conventional forms of transport or
do not have access to them can stay independent and active in their
local communities. In this manner the project raises the residents’
awareness for local public transport offers and encourage them to
participate in it. The concept will be tested for 1,5 year.

HZ putnicki prijevoz d.o.o. - Croatian railways

New thematic trains, connecting Croatian capital, City of Zagreb
and rural region Ozajl, were introduced by Croatian railways. The
principle is to introduce tourist trains on the main line to the city of
Karlovac, alongside the regional and underused rail line to the town
of Ozajl, especially on weekends and public holidays. Each ride is
promoted and is always associated with another program (such as a
tour of the castle, city festivals, or local events). Trains within the
RUMOBIL project offer fast connections from the capital, support
tourism and regional development and economy. Thanks to a good
information campaign, the region is more frequently visited and
visitors are using public transport instead of car.

Vysocina Region

The ambition of Vysoc¢ina Region was introducing new bus service,
especially in the weekends, connecting rural areas with bigger
towns in the regions and tourist destinations, as a castle of Lipnice
nad Sazavou.

Mazowieckie voivodeship

Polish region, Mazowiecke voivodeship equipped regional trains
with GPS sets providing real time information on location and delay
of regional trains. The mobile application was developed, enabling
to get information about train operation. Also digital interactive
kiosks were introduced on the stations.

Modena Region

Public transport service Prontobus is operated in the town of
Castelfranco Emilia and its surroundings . It is based on dial-a-ride
transit with no fixed lines. Operating of such a system is usually
complicated. To simplify it the new software system was developed
consisting of:

e web portal (www.rumobil-modena.eu) for the users of the
Prontobus service with information about the service and
the situation of reservations updated in real time with the
possibility to register in order to receive mails or SMS
about interesting services recognized for the day after;
web site dedicated to the management of reservations for
the call center;

app for users of the Prontobus service to view
reservations updated in real time and with the ability to
book an existing trips directly from the app;

app for drivers of the Prontobus service to get information
about reservation in real time and the trips to be made.

The increase of travelers registered after the activation of the
RUMOBIL project was significant and exceeded expectations
providing valuable information to be used for the definition of the
RUMOBIL strategy (Fig. 1).
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Fig. 1 Number of passengers per month before and after RUMOBIL
in Modena Region

Positive feedback came also from the primary stakeholder, the users
of the Prontobus service, that in contacts with call center reported
appreciation in particular for having real-time reservations
available. Another good result is for the call center that has
improved the management of reservations. Through a reporting tool
it is now possible to elaborate detailed statistics that was not
available before. This information is indispensable in order to be
able to intervene in the services for a better tuning in future. The
drivers also expressed satisfaction, as they now receive the
information faster and safely and are no longer distracted from
driving by the calls received from the call center if there are any
changes to the bookings.

Hungarian towns of Nagykallo and Nyiregyhiza and Zilina region
in Slovakia have started modernisation of bus stops and rebuilding
and intermodal rural transport hub. Main benefit of these projects is
better information for passengers in real time, more comfort at
waiting area, support of inter-modality and better access to disabled
people.

5 Conclusions

All pilot projects have ambitions to support public transport in the
rural areas. The pilot projects are still in operation and final
evaluation will be done in the second half of the year 2018. First
outputs show, that pilot projects are successful and can be replicated
in other European rural regions. For more information visit
http://www.interreg-central.eu/Content.Node/rumobil.html.
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APPLICATION OF GEOGRAPHICAL INFORMATION SYSTEMS TO
EVALUATION A CONCENTRATION OF CHLORINE RELEASED INTO AN
ATMOSPHERE IN THE CASE OF ROAD ACCIDENT
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Abstract: Modelling propagation of hazardous substances released in road accidents is important issue from the point of view of safety
in road transport. The paper presents use of the Geographic Information Systems to analyse the impact of the emissions of hazardous
compounds in the built-up area. In the paper dispersion of pollutants released in a road accident, involving a chlorine tanker truck, followed
by chlorine spillage has been analysed. It is assumed that the accident took place in a mountainous area on a bypass within a built-up area.
Concentrations of pollutant have been calculated in the own program. The calculation of field of wind speed was taking into account the
terrain elevation and type of land cover. The package Idrisi Taiga has been applied in the pre-processing stage. It was used to generate a
site map with buildings and aerodynamic roughness map. Meteorological conditions were also taken into account: wind speed and direction,
temperature, atmospheric pressure and atmospheric stability class. The computer program consist two basic modules: diagnostic model of
air velocity field and Lagrangian model of particles, being the original implementation of the Lagrange model of particles. In both models,
some elements of mathematical modelling were applied. The models have been successfully validated and verified. The results of the
calculations of concentrations of chlorine have been analysed in the Geographic Information System. The following analyses have been
made, among others: designation of hazardous zones AEGL 1-3, determination spatial size of built-up areas within the zone, analysis of
changes in pollution concentrations over time. The proposed analyses allows to determine areas exposed to deadly and highly dangerous
concentration of chlorine.

Keywords: COMPUTER MODELLING, ROAD SAFETY, ROAD TRANSPORT, POLLUTION DISPERSION, HAZARD
MATERIALS, GIS ANALYSIS

: The safety of road transport is regulated, among others, by the
1. Introduction provisions of the European Agreement for the International Road
Modelling the propagation of hazardous substances released as ~ Transport of Dangerous Goods (ADR). It is a widely used standard,
a result of a road accident is an important element in the assessment  subject to constant amendments in the forum of the United Nations
of hazards resulting from the use of transport means to transport ~ Economic Commission for Europe. In Poland, there is also the Act
chemical substances. Determining the probable effects of a tanker ~ of 19 August 2011 on the transport of dangerous goods (Journal
collision that results in leakage into the air is possible due to the use ~ of Laws 2011 No. 227 item 1367), which defines the rules for the
of computer programs such as ALOCHA or HPAC, but they do not  transport of dangerous goods.
take into account many elements, such as the complexity of the
topography of the terrain. These elements can be taken into account
thanks to the use of proprietary computer models and programs.

According to the analyzes carried out by the Supreme Audit
Office (NIK, 2012), irregularities were detected in about 5%
of the vehicles inspected, most of them related to incorrect security

Computer simulations for the case analyzed in this paper  in the event of a fire.
regarding a sudden road accident with the participation of a chlorine
tanker were carried out in proprietary programs based on the
diagnostic model of the air velocity field and the Lagrange model
of particles. In both models, elements of mathematical modelling

The subject of the problem of transport of dangerous substances
is taken by many authors. At work (Oggero et al., 2006), an analysis
of 1,932 cases has been made, which occurred during road and rail
were applied. These models were validated and verified transport of hazardou_s substancgs from the be_ginning of t_he _20th
(Brzozowska é013, Brzozowska, 2014a) century to Jl_JIy 2004 in Great Brlta}ln. Th(_a obtaln_ed_results indicate

' ' ' : an increase in the frequency of major accidents (incidents) over the

An analysis of the spread of pollutants as a result of a road  time. Over half of the accidents happened on roads (63%). The most
accident involving a tank carrying chlorine is presented, common accidents were related to the releases - 78%, then with
accompanied by a leak of substance into the air. The occurrence  fires - 28%, explosions - 14% and gas clouds - 6%. The causes of
was simulated in the city of Bielsko-Biala (Poland), on the bypass  accidents were analyzed, the type of substances and the
road in the built-up area. consequences for the population (number of people killed, injured

. o or evacuated).
At the stage of pre- and post-processing, the GIS Idrisi Andes

Spatial Information System was used. In the United States (Erkut et al., 2007) the most cases
concerned flammable materials - over 42%, caustic materials

2. Modelling the effects of releases of hazardous - 37.5%, poisonous - more than 5%, oxidants - 3% and mixed

substances in transport - almost 4%. Other accidents - more than 8% related to other
hazardous substances. About 40% of accidents involving hazardous
2.1. Serious accidents in road transport materials were caused by human error and also as a result of road

. . L accidents, and almost 20% were related to the failure of containers.
According to data provided on the European Commission's 0

Eurostat websites, in the years 2012-2016, in the European Union, Welles et al. (2004), based on research carried out in New York,
road transport carried from 74 billion t km to 84 billion t km states that: 21% of accidents related to hazardous substances occur
of hazardous goods. Also in Poland, the transport of hazardous in relation to transport, 39% due to faulty equipment and 33% due
goods from year to year is growing (according to the same to human error.

commission) and in 2012 it amounted to 6 801, in 2015 already

9 174 million t km, and in 2016 8 444 million t km, which was ca. Th_e assessment of th? effects of this type of events is
3% of the total amount of goods transported by road (Transport, a considerable task and requires the use of appropriate tools.
2016).
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2.2. Modelling the effects of major accidents in road transport

The impact of accidental releases of toxic chemicals can be
minimized by providing accurate information and organizing the
work of the team to prevent the effects of major accidents. This is
possible thanks to the use of programs and computer systems that
allow to estimate the effects in real time. They are a key tool to
support decision-makers in the planning of pre-trial and rescue
proceedings in case of an accident (Alhajraf et al., 2005, Quaranta
et al., 2002, Zhao et al., 2012). An example of such a system may
be ARAC (Atmospheric Release and Advisory Capability)
developed by Lawrence Livermore National Laboratory (LLNL)
(Ermak et al., 2002). In these systems, one of the necessary modules
is the dispersion module. Spatial information systems are also used,
among others to estimate the number of people in the range
of danger (Chakraborty and Armstrong, 1995, Fisher et al., 2006).

A variety of computer programs are used to model the effects
of releases of hazardous substances. In the programs used in Poland
by the State Fire Service to assess the toxic zones of vapours
hazardous to health and life arising during chemical spills, the
direction and speed of the wind, the class of atmosphere stability
and air temperature are usually taken into account. The most
frequently used programs include: ALOHA (Areal Locations
of Hazardous Atmospheres), a program for estimating hazardous
areas in the event of emergency release of hazardous substances
(NOAA, 2013); ALOFT-FT (A Large Outdoor Fire Plume
Trajectory Model - Flat Terrain - Mcgrattan (2003)); FDS (Fire
Dynamics  Simulator McGrattan et al. (2007)); CFAST
(Consolidated Model of Fire Growth and Smoke Transport -
Peacock et al. (2013)). The ALOHA program is mainly used
because of its ease of use. The results are presented in the form of
graphic zones whose boundaries can be defined individually. In the
program, indirect construction can also be taken into account by
selecting one of three possible types of aerodynamic roughness
of the ground.

In this work, we used our own computer program based on
independently operating models: air velocity field and dispersion
of pollutants. The first of them belongs to the group of diagnostic
models, the second is the original implementation of the Lagrange
model of particles. The flow chart is shown in Fig.1.

‘Aerodynamic roughness map
Land topography map

| Geographic Information System
‘ (Idrisi-Andes)

Meteorological data:
* wind velocity and direction

* temperature [
+ atmospheric pressure

+ atmospheric stability class

Computational model of air velocity field
« variable size of discretization grid

Area’s map:
* altitude

* land cover

+ build-up area

Air velocity field

C model of
and pollutant propagation
* chemical reactions

* settlement of particulates

Source data:

« intensity of emission
+ type of emitted substance

‘ ‘

Post-processing data (ldrisi-Andes)
* profiles of poluttant concentrations

* poluttant concentration at a given distance
* AEGL zones

Results of computations

Fig.2. Stages of proceedings in the custom program

The description of mathematical models is presented in
Brzozowska L., (2013) and Brzozowska L., (2014a), and their
implementation and application to the simulation of the effects
of dangerous substances, among others, in: Brzozowska L., (2014b)
and Brzozowska L. (2016).

3. Analysis of the effects of the sudden release of
chlorine resulting from a road incident

This chapter presents the use of the Spatial Information System
to analyze the effects of the sudden release of a dangerous
substance resulting from a road accident involving a tanker carrying
chlorine (Brzozowska L., 2016). Analysis and visualization
of results was carried out in the Idrisi Andes program.
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3.1. Chlorine as a hazardous substance

On the one hand, chlorine, used for the production of industrial
and consumer products, helps improve the quality of everyday life
(Clugg, 2012, Dandrieux et al., 2006), on the other is also very toxic
and considered one of the most dangerous materials from the
hazardous materials group. Classified as Toxic Inhalation Hazard
(TIH) and Poison Inhalation Hazard (PIH). Gaseous chlorine
becomes particularly dangerous when released into the air. The risk
of exposure depends on how close the source of release is to a given
person. Chlorine is easily dispersed in atmospheric air and can
therefore be a threat to a large population. Ultimately, the
consequences of the release depend on the intensity of the emission,
the location of the source, the shape and type of surrounding terrain
and meteorological conditions. Any unintentional release that is not
associated with an accident is called 'Non-Accident Releases'
(NARs) (Clugg, 2012).

One of the major disasters associated with the transport
of chlorine was the train accident on January 6, 2005, in
Graniteville, South Carolina, which resulted in the car bursting and
the release of 54 tons of chlorine (Railroad Accident Report, 2005).
Over 5,000 people were evacuated in a sparsely populated area;
over 500 people required treatment; nine people died. Both this
accident and others caused that urban planners and emergency,
transport and chemical industries had to deal with the issue of the
sudden release of chlorine. In addition, the transport of dangerous
substances may become the target of terrorist attacks in the urban
area (Bauer, 2013, Buckley et al., 2012).

The simulations of spreading in several prognostic models
carried out by Hanna et al. (2008) suggest that lethal concentration
from large chlorine releases (50+ tons) will be maintained in a toxic
cloud more than 10 km long in the wind.

3.2. The analyzed case

In the calculations, it was assumed that the accident occurred on
the Bielsko-Biala bypass, on the S69 road (Fig. 2). There is a sharp
turn here. As Fabiano et al. (2005) points out, the areas where
traffic accidents most frequently occur are curves as well as tunnels,
uphill slopes and high downhill slopes.

3000~ :
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100031000
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Fig.2. Modelled area with buildings - a) and terrain - b) the place of the
collision and the route of the bypass road were marked

As a result of the collision of a tanker carrying 20 tons
of chlorine, chlorine leaked into the air in the amount of 10 tons.
It was assumed that the leak had a Gaussian curve, and most of the
substance was extracted within the first hour of simulation (70%),
the duration of the simulation was set to two hours. The maximum
leakage is 4500 g/s.

The emission took place at a height of 1.5 m above the ground
surface - roadway, in a place with coordinates xXP= 2500 m and
x®@= 2250 m (this place is marked in figure 2), in built-up area.
The wind direction at the time of chlorine leakage is the eastern
direction, the wind velocity taken as input to the diagnostic model
(when calculating the initial air velocity field) is u= 2 m/s.
Atmospheric condition, air temperature 20°C. Two wind directions
were considered: Case 1: east - E (UY=-2 m/s, u®=0 m/s) and Case
2: south-east - SE (u® = -1.5 m/s, u®=1.5 m/s).



3.3. Assessment of the effects of chlorine emission as a result
of an sudden road accident

A series of analyzes of the simulation results obtained in the
custom computer program were carried out. The analyzes were
performed in the spatial information system Idrisi Andes.

Chlorine threshold values compliant with the 30-minute
chlorine exposure standards - AEGL, as well as the value of 0.1
mg/m°®, as the maximum permissible 30-minute concentration
specified in Polish law, were adopted for the analysis. The limit
values for AEGL are: AEGL-3 — 81 mg/m®, AEGL-2 — 8.1 mg/m®,
AEGL-1 - 1.5 mg/m®.

Figure 3 shows the simulation area where the concentrations
reached values above 0.1 mg/m®. Profiles selected for further
analysis were also marked. In contrast, Figure 4 presents the results
of modelling with marked built-up areas under the influence of
AEGL-1 ... 3 concentrations.

Both wind directions were considered.
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Fig.3. The modelled area under the influence of the pollution cloud and the
analyzed profiles for two wind directions: a) case 1, b) case 2.
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Fig.4. The modelled area under the influence of pollutant concentrations
with different values, for two wind directions: a) case 1, b) case 2.

Table 1 shows the percentage of the risk of sudden release of
chlorine as a result of a traffic accident.

Table 1. The area under the influence of pollutant concentrations above the
threshold values for both wind directions

AEGL Build-up area [%]

zZones Case 1 Case 2
AEGL-1 2.8 3.2
AEGL-2 11.9 23.2
AEGL-3 15 10.1

The following figures (Fig. 5) present simulation results for
selected profiles. The profile of building and pollution
concentrations is presented.
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Figure 6 shows the values of average concentrations in the
building area depending on the distance from the emission source.
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Fig.6. Pollution concentrations at a distance from the source for both
analyzed cases.
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4. Summary

Import of simulation results into the spatial information system
enables to perform a series of spatial analyzes of calculated
distribution of pollution concentration in it. The GIS software has
built-in modules that are used during the development of charts and
maps presenting information relevant to the surface of the earth.
The maps developed as part of the work illustrate areas exposed by
the occurrence of above-normative concentration levels
(endangered areas). They can be used for taking action during the
crisis (unsealing of the tank in which the toxic substance is
transported).

After the computer simulation, it was found that the chlorine
pollution cloud, in which the concentration of pollution exceeds
0.1 mg/m?®,, covers 24.3% and 24.9% of the entire area. Built-up
areas under the influence of this concentration constitute 33.8% and
42% of the building area, respectively for case 1 and case 2.

Detailed analysis of the concentration of contamination in the
streak axis (profile 1) and across the streak (profiles: 2 and 3)
shown in Figure 5 indicates that the highest values of the pollutant
are emitted in the immediate vicinity of the emission source. The
maximum value of pollutant concentration for profile P1 in both
cases exceeds 9 g/m°>. Also, large concentration values are observed
in the graphs for P2 profiles (S> 3 g/m®). Only at a considerable
distance from the source (P3 profiles) the concentration
of contamination is clearly smaller. The maximum concentration
then does not exceed 360 mg/m®. But it is more than 4 times the
threshold value of AEGL-3.

In both analyzed cases, about 3% of the development area is
within the pollution concentration range in the AEGL-1 zone.
Built-up areas with a concentration threatening the health of living
organisms (AEGL-3) constitute 15% (case 1) and 10.1% (case 2)
of the whole area of buildings. Rescue operations (zone AEGL-2)
can be taken at 11.9% and 23.2% of the area.

The analysis of average values of concentration of pollution in
the area of buildings at a given distance from the source of emission
testifies to the occurrence of high chlorine concentrations over 1 km
(207 mg/m3-casel; 134 mg/m®-case 2) from the place
of unsealing the tank. Therefore, from the point of view of health
care for residents, using the discussed software one should develop
a map of the threatened areas, draw up maps of evacuation plans
and indicate places of road blockade.
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QUALIMETRIC FORECASTING OF AVIATION PERSONNEL’S PROFESSIONAL
DEVELOPMENT LEVEL WHILE SOLVING AIRPORT’S AVIATION SECURITY
PROVISION ISSUES
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Yaroslavl, Russian Federation

Abstract: The paper relates to the field of research of "human factor"” in civil aviation. It concerns the influence of human factor on the
procedures aimed at aviation security provision in airports. The work continues a series of the author’s articles on the problem of "human
factor" in Russian civil aviation. In this paper, special attention is devoted to the methodology of qualimetric forecasting professional
development level of aviation personnel who is involved into aviation security provision in airports. Confidence that at this time the aviation
personnel is certainly ready to perform professional functions is obligatory. Appropriate certificate must confirm it. In this case, the problem
of forecasting the level of aviation personnel’s readiness for some perspective becomes important and practically meaningful.

KEYWORDS: AVIATION SECURITY, HUMAN FACTOR, AVIATION PERSONNEL’S PROFESSIONAL DEVELOPMENT LEVEL,

FORECASTING, QUALIMETRIC FORECASTING.

BBEJEHUE

VYauteiBas T€ OCOOCHHOCTH, KOTOPHIE BO3HHMKAIOT IIPH
peLIeHNH 3afa4d MpPOTHO3HPOBAHHSA YPOBHS MOOHMIM3AIIMOHHOI
roroBHOCTH (YMI') mepconana ciry>x0 aBHaniiOHHOW 0€30MacHOCTH
(CAB) crarucTHYecKUMH METOJNAMH, IeJIecoo0pa3Ho eme pas
MIPOAHAIN3UPOBAaTh  CMBICIOBYIO IIOCTAaHOBKY OTOH  3aj1aud,
MIOCTABHB I1€JIb MAKCHMAJIbHO BO3MOXXHOTO €€ YIIPOLICHHS.

VlcxomHBIM IYHKTOM TaKOTO aHaJH3a CIeAyeT CUUTATh TO,
yTOo B IpakTHyeckoil nesrensHocTH CADB  ManoBeposTHO
HCIIOJBb30BaHHUE CIIOKHBIX, TPOMO3JKMX METOJOB KOMITBIOTEPHOTO
HCCIENOBAaHMA, KOTOPOTO TpeOyIOT CTaTUCTHYECKHE METOMBL
VYrpomeHHsle METOABI, HPH YCIOBUH OOECIEUeHHs 3aqaHHOM
TOYHOCTH, BIONHE MOTYT  yJOBJICTBOPHTh  COBPEMEHHBIE
TpeOOBaHMs K pEIICHWI0 yKa3aHHOW mpoOiembl. Kpome Toro,
ClieyeT MOMHHTb 00 SKOHOMHYECKOH 3()(EKTUBHOCTH BHEIPEHHUS
pa3pabaThIBa€MbIX METOJIOB, KOTOpasi, BEPOSITHO, HEBO3MOXKHA TPH
craTucTudeckom noxaxonue [1,2,3].

B Takom ciyuae mpelaraercs —pemath  3agady
MIPOTHO3MPOBAHUST YPOBHS NPOGECCHOHATBHONW ITOJrOTOBKU WM
VYMI' aBHalMOHHOTO MEpPCOHaNa HAa OCHOBE KBAJMMETPUUYECKOTO
moAxoda, Uil 4ero  Tpe;jiaraeTcss — MeToh  JKCIIpecc-
TIPOTHO3MPOBAHMUSL.

INOCTAHOBKA 3AJAYU U METO/1bl UCCJIEJOBAHUSA

Pypmax

gt

Pucyvaox 1. Junavmxa uamenenns YMI (kpueag eeimvemna)

Ha pucynkax 1 m 2 mpencraBieHBl THIIOTETUYECKHE, HO
OCHOBAaHHBIE Ha PEaJbHOM IIPOHM3BOJICTBEHHOM OIIBITE, KPHUBEIE,
MOKa3bIBAIOIINE AUHAMHUKY YPOBHS MOOMIM3AIIMOHHOI TOTOBHOCTH
nepconana CAB u oxpausi [4].

PaccmoTpum nepBslii BapuaHT, rae kpusas P,.(t) Hocur
MOHOTOHHO-YOBIBAIOIIMI  XapakTep H  SBISETCS  BBIIYKJIOH
(Pucynok 1.). Ilpocrelimmii BapuaHT ammpoKCHMAlMHd — MpsMas
muauA. Ecnm mcnonb3oBaTh mpsiMylo, TO, MPOBENS €€ depe3 ABe
TOYKU t, M t;, C HEKOTOPOH MOTPEIIHOCTHI0 MOYKHO OTOOpa3HTh
XapakTep M3MeHeHus kpuBod P,.(t), HO mpU 3TOM BaXHO y4YecTh
J[Ba MOMEHTA: peanbHas KpHBas B TOUKe t, ObICTpee MpUOIIKaeTCst
K 3Ha4eHHIO P, YeM IpsiMasi, ¥ OZHOTO H3MepeHus (KpoMe Havaa
oTcueTra) SBHO  HEJOCTATOYHO, IIOCKOJIBKY IIpH  Takod
aNIpPOKCUMAIIMY OYeHb BaKEH IIar M3MEPeHUsI 3HaUeHUH P ;.

Bropoii BapuaHT omTinMYaercs TeM, uTo KpuBas P, (1)
BorHyTas (Pucynok 2). [Ipn aHanornyHoi anmpoKcHuManuy mpsiMoit
BO3MOXKEH Cllyyall, Korja mpsiMas yKe Iepeceder JHHUI0 P,
(Touka t,), a peasbHasi KpUBas 3TO CHIENACT TOJIBKO B TOUKE ty.

Takum o00pa3oM, 3agada YIPONIEHHOTO IPOTHO3a C
MOMOIIBIO ANIPOKCHMAIMH MPSMOIl CBOJMTCS K PELICHHIO 33/1a41
BbIOOpa KOJHMYECTBA TOYEK AaNNPOKCHMALlMM M BPEMEHHOT'O
UHTEepBaja MeXAy HHUMH. Hmke moka3zaHo, YTO TIPH YCIOBHHU
ONTHMAJIFHOTO BBIOOpPA YKa3aHHBIX TApaMeTPOB TOYHOCTH IPOTHO3a
MOKET OBITh BIIOJIHE yJOBJIECTBOPHTEIHHON.

o Bt

Pucvaox 2. Junanmka namenenns YMI (xpueas roruvTa)

[Ipenmonoxum, 4TO KpUBasi U3MEHEHHs P OT BpeMeHHM ammpokcHUMHUpyeTcsi mpsMoii Py - P, Tak, kak 1moka3zaHo Ha pHCYHKe 3.
Hauvano orcuera /i mporHo3upoBaHusl HaXOAUTCS B T. Py, YTO COOTBETCTBYET MaKCUMaJIbHOMY YPOBHIO P, B TaHHBIX peaibHBIX YCIOBHUSAX
u npubmmkaercs K Py, .. OlieHka ypoBHs P, mpoBezena B T. t;. Bropast onenka P, mpoBoauTcst B T. t uepe3 HHTepBan BpeMenu (t; — tp),

OHpeIIeIIeHHLIﬁ COOTBETCTBYHOLIMMU HOPMATUBHBIMU JOKYMEHTAMMU.
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Pucynok 3. 3aoaua xkeanumempuuecxkozo npoenosuposanusn YMI nepconana CAB
Torma anmpoxkcumupyromass —mOpsiMasi, IPOTHO3Has, B mepBom BapmanTe mporHosHas npsimasi Ps', Pg pesko

npoiaer yepe3 P1,P,,P3,Py. Ilpu nTOM KpuTHuecKkuii ypoBeHsb P,
(Pyry) JOCTHTaeTCS B MOMEHT BPEMCHH t3, a MHHUMAJIBHO
JIOITY CTHMBI B t;. OTO 3HAYUT, 4YTO KOPPEKTHUPYIOLIHE
MEpOTPUSTUS 10 JUKBHIALUN OIMACHOTO CHWKEHHS ypoBHS Py, B
COOTBETCTBUM C JTHM IIPOTHO30M HEOOXOAMMO MPOBECTH IO
HACTYIJICHUS MOMEHTa BpeMeEHH t3. OIHAKO, U3 PUCYHKA CIIEAYET,
YTO annpokcuMupytoas npsimas PP, nepecekaer P, TONbKO B T.
P,, T.e. 3HauurespHO mo3xHee. OTcloga BO3HUKAET 3adada
MPOBEPKH TOYHOCTU MPOTHO3A, JJISI Yero HEOOXOMUMO OYepeIHOe
u3mepenue P, n0 Hacrymnenus t;. Ilpeamonoxkum, 4to Takoe
u3MepeHre ObUI0 TMPOBEAECHO B T. ts. [Ipy 3TOM BO3MOXKHBI 1B
BapuanTta: P, cootBerctByeT T. «N» (Ps') m P, cooTBercTByeT T.
«my (P5 ).

B mepBom BapmaHTe IPOrHO3HAS MPsIMasi MPOXOJHUT Yepe3
Touku P,,Ps’, P, P3 (HkHAs). B 3TOM citydae mporHo3 cTaHOBUTCS
0onee  KPUTHYECKMM U KOPPCKTHUPYIOIIHE  MEPOTPHSITHSL
HEOOXOIMMBI 10 HACTYIUICHUS MOMEHTA BPEMEHH tg.

Bo BTOpoM BapuaHTe MPOTHO3HAS TMpsMas MPOXOJUT
gepe3 Touku P, Ps', P;. B 3TOoM cimydae MOMEHT BBEICHUS
KOPPEKTHPYIOIUX MEPONIPUATHIA OTOJBUTACTCS IO BPEMEHH t7.

Crnenyrommii 3Tall  MPOTHO3WPOBAHWS HAuyMHAETCA B
MOMEHT BPEMEHH ts, TIPH 3TOM BO3MOXKHBI JIBa BapuaHTa: T. n(ps' ) U
1. m(Ps""). Ilpemmomoxxum, dYro odepenHoe wu3MepeHue P
IPOBEJICHO B T. tg, T.€. paHblIe t;, YTO COOTBETCTBYET TPEOOBAHUAM
TIEpPBOTO MPOTHO3A.

Paarlto) Ergr(tn)

-

Pucynok 4. [IporHosupoEaHHe — 3Tan |
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MEHSET CBOIl HaKIOH M HHUKOIJAa He Iepecedercs ¢ JuHUeH P,.
OTO roBOpUT O TOM, 4YTO IPOrHO3 HEBO3MOXKEH. B 3ToM ciyuae
HCIIOB30BaHME ISl POTHO3a T. «N» MCKIIOYAeTCs] ¥ HEOOXOIUMO,
KaKk MHHHMYM, €Ille OJHO H3MepeHue P, B mpomexyTke BpeMEHH
(ts —ta).

Bo BrOopoM BapmaHTe 3a Haudalo HpOTrHO3a Oepercs T.
«mp». Torma mnporHo3Has mpsMas HPOXOAUT dYepe3 TOUKH
P5"",Pg,Pg,P1o. B 3TOM cnydae mporsos BIoJiHE yI0BJIETBOPUTEIICH,
a KpUTHYECKasi TOUYKa OTO/IBUTAeTCs 10 TOUKH tg.

PaccMOTpyM ~ HEKOTOpBIE  KOHKpPETHBIE  HPOOJIEMBI,
KOTOPBIE BO3HUKAIOT B PEANbHOI MPON3BOJCTBEHHOH NeATeTbHOCTH
cotpynunkoB CAB u oXxpaHBI, 1 TIOKakeM KaK OHH YYHTHIBAIOTCS
IOpH TIPOTHO3UPOBAHMH YPOBHS MOOWMIN3AIMOHHOW TOTOBHOCTH.
[Ipu sTOM, mnpeamonaraeM, 4TO OLEHOYHBIE mpoueaypsl YMI
HCTIOJB3YIOT KBAJIMMETPUUECKUE METOIbI WITH TECTHPOBAHHE.

[IpennonoxkumM, YTO ypOBEHb MOOMIM3AIIMOHHOM
rotoBHoct (YMI') B HauyanbHBIE MOMEHT BpeMeHH t, Oymer
MaKCUMaJIbHBIM Ul JaHHOTO COTpyAHMKa. Uepes IIecTb MecsAleB
ompenenum YMI B touke t;. C momomsio nByx touek P, (ty) u
P,.(t1) mpoBexem mpsimyto uepes 3tu Touku (Pucynok 4). B MoMent
BpeMEHH ty OHa  TepecedeT  KPUTHIECKHH  ypOBEHb
MOOMIM3anMoOHHOW roToBHOCTH. Ilom mepecedeHmeM ciemyeT
MOHUMATh TOJIBKO T€ CIydad, Korja tX jJexxuT B 00JacTH MPOrHO3a,
T.e. Tekyuiee 3HaueHne YMI IOmKHO ObITh MEHbIIE MPeabIayIIero
3HA4YCHUA.

Par(to) Pur(ty)

Pur(ty)

< 6 mec.

2

L

Pucymox 5. [Ipornozuporanue — 31amn
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Pucynoxk 10. Tlpornosnposanne — stan 7 Pucyrox 11 Ilporrozmpoeanne — stam §
CymecTByer MUHUMAJTbHBIH YpOBEHB P.(t2)). Bropasi cutyariusi MaoBepOsITHA, HO BCe-TAKH BO3MOXKHA U

MOOMITN3AIIMOHHON TOTOBHOCTH (P, ;1min) TIPH TOCTIKEHHH KOTOPOTO
COTPYAHHK aBHAIMOHHON 0E30MacHOCTH He JTOJDKEH JOITYyCKaThCS K
pabore. Ho Bo3MOXHBI cuTyarmu, korga oomuit YMIT corpyaHuka
HIDKE, YeM B MOMEHT M3MEPEHHMs, T.€. MPOU3OLLIO €ro JOKAIbHOe
MOBBIILICHNE (3MOIMOHANBHBIA BCIUlecK). Ha 3ToM ocHOBaHHMH
COTPYAHHK JOIycKaeTcsi K paboTe, HO ero peanbHbii YMI' (Tpenn)
npubIKaeTcss K MHUHMMYMY M, BO3MOXKHO, 4YTO CleAyoIlee
TECTUPOBAHUE COTPYIHUK MPOMAET y’kKe B MOMEHT, Korja ero YMI'
OynmeT HIKe MHHMMYyMa, O3TOMY, BBEIEM HOPMAJBHBIH ypOBEHb
MOOMITN3AIIMOHHON TOTOBHOCTH (P,;), KOTOPBIA OyIET pacmoiokeH
BEIIIIE MUHHUMAJBHOTO YPOBHSA, a Pa3sHOCTb MEXIY Py B Pyrmin
SIBJIIETCS 3amacoM. B panmpHeiimeM OyaeM paccMarpuBaTh TOJIBKO
Pyre- UTOOBI ONpenenuTh MOMEHT BPEMEHH, KOrJa COTPYIHHKY
HEOOXOJMMO TPOMTH TECTHPOBAHHE, BO3bMEM IATYIO YacTh OT
oTpe3Ka BpeMeHH [1y; t,] 1 OTMEpUM ee OT MOMEHTa BpEMEHH ty. DTO
u Oyner BpeMeHeM, KOTJa HYXHO IIPOBECTH CleAyloliee
TectipoBaHue - t, (PucyHok 5). Bo3MoXHEI cirydan, Koraa npsmas
mporHo3a OyJeT Tmosioras W TepecedeHHe INPSIMBIX IPOU30HIET
4yepe3 HeCKOJIBKO JIeT. B Takom cirydae ciemyromiee TeCTHpOBaHHE
ClleyeT IPOBOJHUTH Yepe3 6 MecAIleB, 3T0 U OyIeT t,.

B MoMeHT BpemMeHM t, COTPYOHHMK IPOXOIUT
TeCTUpOBaHWe, T.c. mosBisiercss  Touka  Py(t).  Bymem
paccmartpuBath TOYkd P (t;) u Py(t)), oTKyna BO3MOXHBI JaBE
cutyauun: YMI' B mMoMeHT BpemeHu t; Bbiie YMI' B MOMEHT
BpeMeHH tp (To ecthb Py (t;) > Py(t)) 1 YMIT B MOMEHT BpeMeHH t;
HIDKe WM paBeH YMI B MOMEHT BpeMeHHU tp (TO ecTb P, (t;) <

B 9TOM ClIy4yae mpsiMasi PoTHo3a He mepecedeT P,,,. Takoi ciydait
paccMOTpUM TO31HEE, a ceiiyac OCTAaHOBHMCS Ha MEPBOM BapHaHTe,
koraa P, (t;) > P, (t,) (Pucysox 6).

Yepes Touku P,.(t}) u P, (t,) nposemem mpsmyio u
Haiimem ee mepeceuenue ¢ P,.,. Jlamee HEOOXOAMMO OIpENEIUTH
BpEMEHHOU MHTepBai oT {p 10 ty. Eciu oH Gonblie uiK paBeH JByM
MecsnaM, 3HauuT YMIT coTpynHuKa HaXOAMTCS Ha MPUEMIIEMOM
YpOBHE, TOCIIE YEro OIpeleisieM MOMEHT, KOTAa HEOOXOIMMO
MIPOBOJNTE CIIEMYIOIIEe TECTUPOBAHNUE, U TIOTy4aeM HOBBIE TOUKH K
nporHo3bl. Ecim mHTEpBaN ot 1, 10 ty MeHbIe IBYX MECSIEB, TO B
Ommkaifiee BpeMs HEOOXOIUMO MPUHUMATh MEPHI 110 TIOBBIIICHHIO
YMI'. [lns Toro, 4ToObl HE OTCTPAHATH COTPYAHHKA OT PadoOTHI,
HEOOXOAMMO BCE MEPOTIPUATHS 110 MOBbIIeHHI0 YMI mpoBecTH 10
HACTYIUIEHHsI MOMEHTa ty, T.6 HeoOxoaumo, uToObl YMI
COTpPYIHHKA HE OIyCTHICS HIXKE MHHHMYyMa J0 OKOHYaHUs
NPOBOJUMBIX MeponpusaThid. [lociae yero MoXHO CTPOUTH MPOTHO3
cuavana (PucyHoKk 7).

Temepp BepHeMCss K TOW CHTyallMd, KOTAa HpsMas
nporuo3a He mepeceder Py, (to ectb P (t;) < P, (t)). Ecmu
snauenne P, (t;) Oymer wmensme P,.(t;), TO mpsmas, wux
COCNMHSIONIAs, TMONHAET BBEpX W He mepecedercs ¢ P, HHUKoraa
(Pucynok 8), Touka P, (t1)). Bo3MoxkeH ciydaii, Kora 3HauCHHE
P.(t1) Oymer paBHOo P, (t;), Torma mpsimas moWmeT mapamieabHO
JUHUU P, M, COOTBETCTBEHHO, TOXXE HE IepecedeT ee (Touka

PMr(tZZ))'
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Tak Kak 3TH CHUTyalUH MPAKTHUYECKH OJUHAKOBBI IS
HPOrHO3a, Oy/IeM PACCMATPUBATH TOJIBKO BApUaHT ¢ TOYKOM P, (to1)
U o6o3HaunMm ee Kak P, (t;). [Ipy BO3HUKHOBEHHH MOMOOHOM
curyaiuu ¢ To4koi P, (), creqyer mocTymurs Tak ke, KaKk B
ciydae ¢ Toukoi P (tyy).

Ecnu 3uauenue P, (t;) menbme P, (t,), To omHO# u3
9TUX TOYEK JOBepsTh Henb3s. Ho Touky Py (t;) MBI mpoBeputh He
MOXEM, TaK KaK 3TO yXe B IPONUIOM, HEOOXOANMO IPOBEPUTH
TouKy P, (t). st 3TOrO Yepes HemeNto Mocie MOMEHTa BpeMeHH tp
MPOBEJIEM JOMONHUTENFHOE TECTHPOBAHUE U HaiaeM Touky P (t5).
IIpoBoauTh MOBTOpPHOE TECTUPOBAaHME Ha CIEAYIOUIMH JE€Hb HE
CTOMT, TaK Kak ecid 3Hadenue Touku P, (t)) sBiasercs
3aBBIILICHHBIM, TO 3TO MOXET OBITh CBSI3aHO C JACHCTBHEM Ha TPEH[
OJHOTO WM HECKOJIBbKHX (DaKTOPOB M UX JCHCTBHE MOXET
MPOJIOJDKATEC M Ha CIEAYIOIMI JeHb. A BpPEMEHHOH IepHOX
paBHBIH Hezelne, Kak NeproJl OXKHUAAHUs, He SBISETCs] OOJBIINM, HO
BIIOJIHE JIOCTaTOYEH, YTOOBI OBITH YBEPEHHHIM B JIOCTOBEPHOCTH
pe3yabrara.

Wtak, BO3MOXHBI JBa BapHUaHTA: 3HAYCHHE TOYKHU
P.(ty) Oymer maxomutbes muke Py (t;) (Pucynox 9, Pwmr(ty);
3HayeHue To4Ku Py (t,') Oymer HaxoqUThCs MPUMEPHO HA TAKOM KE
ypoBHe, kak u 3Hauenue P,.(t,) [Pucynox 3, Pwmr(ty")]. Dto
03Hayaer, 4to B Touke P, (t,) moaTBepskmaeTcs mporHos.

B nepBom citydae BO3HHMKaeT CTaHIAapTHAs CUTyauus -
P.c(t) > Py(t1). Heobxomumo coemuuuts Touku Py (t) u Py (121"
psIMOH, HaliTh mepeceuenue ¢ P, — MoMmeHT t,, ompeaeanuTth
BpeMEHHOI mHTepBal OT 1p;' 10 t,. Ecnu oH Oomblne mimm paBeH
OBYM MecslaM, OCTaBIsIeM COTPYIHHKA JO  CIEAYIOIIEro
TecTHpOBaHusl. J[anee MOXKHO CTPOUTH MPOTHO3 COTIIACHO PHCYHKY
4. Ecmm wumHTepBan or tp;' mo ty MeHbIIe ABYX MecsIeB, TO
HEoOXOMMO NPUHHUMATh Mepbl IO MoBbIIeHHI0 YMI' nanHOTO
coTpyanuka. [locie 4Yero MOXXHO CTPOHTH HPOTHO3 COTJIACHO
PHUCYHKY 7.

Bo BropoMm ciyuae cutyarmst nosropsiercst - Py (t;) <
Pur(t22). Ho 3T0 siBisieTcss OKa3aTelibcTBOM TOTO, YTO M TOYKA
P.(t2) u Touka P,(ty') sBmsiorcs BepHbiMH, a Touka P, (t;) —
cnyuaiinas. Tak kak wuMenHo touka P,(t»,') coorBercTByer
TeKyleMy 3HadeHuo YMI', B nanbHeiiem OyzneM paccMaTpuBaTth
ee, a He TouKy P, (t,) 1 n3menum ee Ha3anue Ha P, (t,") (PucyHok
10).

Teneps HEOOXOMMO HCKATh TOUKY, 3HAUCHHE KOTOPOi
Oyner Gonbine 3HaYeHus Touku P (1,'). B manHOM ciydae, Tak Kak
MPOTHO3MPOBAHUE HAYaJIbHOE, ITO eAWHCTBeHHas Touka - P, (to).
Ecmu Gpr Mbl mpom3Benu OOJbIIE 3aMEPOB M pacCMaTPUBAIH OBI,
Hanpumep, Touku P (tg) u P, (tg"), To cHayama 6s1 MBI CpaBHHIH
touku P, (t7) u P, (ty"). Eciu 661 Touka P, (t;) Oblia 661 HUKE TOYKH
P..(t"), To MBI GBI paccmoTpenu Touky P, (tg) u cpaBHmMIM GBI €€
P..(t"). Ecitu 661 Touka P, (t5) Obuia 661 HIKEe TOukH P, (y"), MBI GBI
paccmorpenu Toukd Py (ts) u P, (tg"). U Tak no Tex mop, moka He
Hauu Obl TOYKy, Kotopas Obuia Obl Bhime P (tg"). HaubGonee
BEPOSITHA CUTYalHs, KOTAa Y)Ke MpeIbaylas ToYKa Oy/eT BbIIie
TEKYILeH, TO eCcTh Kak B HarieM ciyuae P (to) u P, (2.

Takum o6pazom Bmecto Touek P, (t}) u P (ty) mbr
paccmarpuBaem P (ty) u P (ty"). X MOXHO COETUHUTDH TPSIMOW U
OHa TOYHO IepeceyeT ypoBeHb P, O0603HAUYUM 3TOT MOMEHT
BpeMeHH Kak t, (Pucynok 11).

Ocraercs onpeAenuTb BpeMEHHON uHTepBan [t ty] u
CPaBHHUTH €ro c JAByMs Mecsiuamu. Ecnm oH Gonbllie MM paBeH
IBYM MeCsIaM, OCTaBIsieM COTPYIHHKA JIO  CIEAYIOIIEro
TECTHPOBAHWs. 3aTeM CHOBAa HaxomuM t, - MATYI0 YacTth OT
uHTepBana [t; t] muOO TPOMEXYTOK BpEeMEHH paBHBIA IMIECTH
mecsimam oT t'. Ecmm ke mHTepBanm ot tp' A0 ty MeHbIme IBYX
MECSIIEB, TO HEOOXOIUMO MPUHUMATL MEPhI MO TMOBBIIeHHIO YMI
JaHHOTO COTpyIHMKa. I[lociae Yero MOXHO CTPOHTH IPOTHO3
COIJIaCHO PUCYHKY 7.

AHAJIN3 PE3YJbTATOB

Takum 00pa3oM, MBI PAacCMOTpPENIM  BO3MOXKHBIE
CUTyalluW, KOTOpbIE MOTYT BO3HHKHYTh Ha HadaJbHOM JTare
nporuosupoBanuss YMI' corpynuuka CADB. Jlanee mponecc
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MIPOTHO3UPOBAHUSA OyIeT NMPOXOAUTH IO OAHOMY U3 OIHCAHHBIX
BBILIIE CIEHAapHeB. 3ajadya NpPOTHO3MpOBaHUS YpoBHI Py, ¢
JIOCTATOYHOH CTENEHBI0 TOYHOCTH, OINpenesieMOd BhIOOPOM
BpeMEHH u3MepeHus P, pemaercs ¢ IMOMOIIBIO KyCOYHO-
JIMHEMHOM armpoKCUMAIUH.

IIppu  Bcell  BUIMMOM  CIOXKHOCTM  pealu3aluu
MPEJUI0KEHHOTO METOoJIa 3a/laya IMpPOTHO3a pelIaeTcsl JOCTaTOYHO
MPOCTO, €CJIHM IOMHHUTb O TIJIABHOW 1M KBAJUMETPUUYECKOTO
MPOTHO3a, a HMMEHHO: OIICHUTH CTENeHb NPHONMKEHUS YPOBHS

MOOMIM3aLIMOHHONH TOTOBHOCTHM aBHALIMOHHOTO IIEpCOHaTa K
KPHUTUYECKOMY YPOBHIO, 3a npeaesaMu KOTOPOTO
npodeccuoHanbHas JIeSITeTbHOCTh crieuanicra CAB
HEZIOMyCTUMA.

Becema BakHBIM ~ OcTaeTcs BONpOC O  BEIOOpe
BPEMEHHOTO HHTepBaja s aHanmuza YMI. Touka otcuera
onpezenseTcs myTeM HCCIICIOBAHMS JIOCTaTOYHO

MPE/ICTAaBUTEILHOTO MHOXKECTBa (DaKTOPOB, KOTOPHIE CIEAyeT
NPUHUMATh BO BHUMaHHE. DTO MOTYT OBITh YCIOBHS peaau3aliu

MPOM3BOJACTBEHHOW  AEATENBHOCTH, aJTOPUTM  (CTaHAApTHAs
9KCIUTyaTallHOHHAS Tporeaypa) JIESITEIILHOCTH, CTCTICHb
OTBETCTBEHHOCTH ¥ MHOTHE JApYyrHe, BKIIOYas CE30HHBIE
KOMITOHEHTHI.

Emie OXMH BaXHBI MOMEHT CBSI3aH C TOYHOCTHIO
oueHkn YMI, T.e. co cTemeHb0 JA0BepUs K IOIYYEHHBIM
KOJIMYECTBEHHBIM OLCHKaM. [TOCKOIBKY yKa3aHHBIC OLICHKH MOTYT
OBITH TOJIy4CHBI TOJBKO OKCHEPTHBIMH METOJaMM, BecbMa
OCTOPOJKHO ~ CIIEAyeT TMOAXOIUTh K BBIOOPY JIOBEPUTENBHBIX
MHTEPBAJIOB, BKJIIOYas IpPUEMIEMbIe OTKJIOHEHHMS B JHAla3oH
Ppa3peleHHBIX pe3yabTaToB [5].

PesynbraTel TpOrHO3a ClIEAyeT paccMaTpUBaTh Kak
UHGOPMALIMOHHYIO TOJICPXKKY [UIsl MPUHATHS YIPABICHYSCKOTO
pemieHus. B yo6oM cirydae OTBETCTBEHHOCTh 3a PacCTaHOBKY U
UCHOJIb30BAaHME  aBMALMOHHOTO  IIEPCOHAla  HeceT  JIHMIIO,
HNPHHUMAIOLIEE PEIICHHS.

3AKJIIOYEHHUE
IIpakThyeckass MPUMEHHUMOCTh pPa3pabOTaHHOH METOIMKU

OIIpeIEeNIeTCsI CIEAYIOINUMH (haKTOpaMu.

1.  JlocTraTouHasi IPOCTOTA IPOLEAYpP Pealnu3aliy adropHTMa METOIUKH,
He TpeOyiomas B KauecTBE HCIIOJIHHTENEH CIenUaIuCTOB BBICOKOU
KBaIN(UKAIIN.

IMpuemnemas TOYHOCTb Ppe3yIbTaToB IIPOTHO3HPOBAHMUS,

ompezemnseMas 9KCIIEPTHBIMU MeToaMHU MOTyIeHUS

KOJIMYECTBEHHBIX OIEHOK YMI', NOCKONBKY IPYTHX METOIOB HX

HOJTyYeHHUs B IAHHBIX YCJIOBHSAX He CylecTByer [6].

Paspabotannas METOIHKa npernoaraeT KOMIBIOTEPHYIO

pEaN3alHI0 COOTBETCTBYIOIINX AITOPHTMOB, YTO IPEICTaBIICTCS

JIOCTATOYHO  MPOCTOM  akuumed W He TpedyeT  CIOXKHOro

MaTeMaTHYeCKOTo ¥ IPOrpaMMHOI0 00ecIeyeHHUsI.

4.
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Abstract: Georgia proposes to supply Caspian liquefied gas to the European market via the alternative route - by building a terminal for
exporting liquefied gas on the Black Sea coast. Compressed gas will be delivered from Georgia to the Romanian port of Constanta on tank

vessels.

Kazakhstan regards this route as an option of delivery of liquefied gas to the world market.
Turkmenistan is also studying options for exporting liquefied gas through Azerbaijan and Georgia.
To participate in the project as a vendor, Turkmenistan could supply liquefied gas by the Caspian sea to Azerbaijan for its further transit

through Georgia to Europe.

KEY WORDS: KULEVI TERMINAL; BLECK SEA PORTS; MARITIME TRANSPORT.

1.Introduction

The government of Georgia proposes to supply Azerbaijani
gas to the European market via the alternative route — through the
construction of a terminal on the Black Sea coast for exporting
liquefied natural gas.

Azerbaijan and Romania signed an agreement on the
exporting liquefied gas to Europe across the Black Sea, and in order to
implement this project, it is necessary to construct a plant for the
compression of natural gas in Georgia, and Georgia is interested in
becoming a part of a new transport corridor. The delivery of natural
gas from Azerbaijan for the compression can be carried out through
the South Caucasus gas pipeline, through which gas is currently being
transported to the north of Georgia. There must be constructed a gas
compression plant with an initial capacity of 5-10 billion cubic meters
[1].

According to data from the Ministry of Energy of Georgia,
compressed gas will be delivered from Georgia to the Romanian port
of Constanta by tankers, and the Romgaz company is already working
on the creation of a receiving terminal. At present, the project is at the
initial stage. Official negotiations and development of a feasibility
study still lie ahead. In the future, this route will be used by other
suppliers from the Caspian basin, including Turkmenistan, which
exports mainly through the territory of Russia. In this case, the
capacity of the plant should be brought to 15-20 billion cubic meters.
At the same time, liquefied gas can also be exported from Romania to
other countries.
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Azerbaijan is interested in supplying compressed gas to
Europe, since it does not require transit costs and SOCAR (the State
Oil Company of Azerbaijan) already owns the Kulevi terminal on the
Black Sea coast in Georgia. Recently, during a visit of the
Azerbaijani delegation to Romania, the Ministry of Industry and
Energy of Azerbaijan and the Ministry of Economy, Energy and
Tourism of Bulgaria signed a memorandum of cooperation in the field
of energy. Some directions were taken as a basis, one of which is
transportation of liquefied natural gas from Azerbaijan to the
Bulgarian port of Varna.

If this project would be rational, the Azerbaijani side will
construct a terminal for liquefied gas in the Georgian port of Kulevi.

2. Preconditions and means for resolving the

problem

According to SOCAR, in January 2017, Azerbaijan
exported 8,876 tons of liquefied gas - 25.5 times more than in the
same period last year. In 2016, Azerbaijan exported 58.843 thousand
tons of liquefied gas. Liquefied gas in Azerbaijan is produced at the H.
Aliyev Baku Oil Refinery and at the Azerbaijani Gas Processing Plant
[2].

Bulgaria confirms its deep interest in the implementation of
the Southern Gas Corridor (SGC) project, designed to transport
Azerbaijani gas to Europe.

Last year, Ukraine imported 740 tons of propane-butane
mixture from Azerbaijan. Prior to this, Azerbaijani liquefied gas was
not delivered to Ukraine.

The first importers were the companies “"Nadezhda" and
SOCAR Energy Ukraine, which contracted respectively 530 and 210
tons of propane-butane mixture.

Liquefied petrol gas (LPG) was imported in Ukraine by rail
from the City Gas terminal, which is located in the free economic
zone of the Romanian port of Galati. In turn, the propane-butane
mixture was delivered to the terminal in Romania by tanker from the
Black Sea port of Batumi. According to the latest data, Kazakhstan
allowed for the possibility of transit of its liquefied gas through the
territory of Azerbaijan. Kazakhstan offered Azerbaijan to explore the
idea of creating transit opportunities for the transportation of
Kazakhstani liquefied and compressed natural gas through the Caspian
and the territory of Azerbaijan and further to the global market.



The Southern Gas Corridor (SGC) is a project designed to
expand the South Caucasus Gas Pipeline (Baku-Tbilisi-Erzurum), as
well as to construct the TANAP gas pipeline in Turkey and extend it
through Europe. The estimated length of the pipeline is 3500 km.

It is expected that the SGC will increase security of gas
supply to Europe by reducing the share of Russia as a gas supplier,
and by excluding Ukraine as a gas transit State. The declared cost of
the project is about $ 45 billion.

In 2018, the first phase of the Southern Gas Corridor with
the final destination in the EU zone will be launched. This event, in
addition to Turkmenistan, was very interested for Kazakhstan. At a
recent meeting of the intergovernmental commission, the Minister of
Energy of Kazakhstan said that Astana is exploring the possibility of
supplying its gas through the territories of Azerbaijan and Georgia to
the global markets, including shipments of liquefied form by tankers

3].

In 2017, Kazakhstan extracted 50 billion cubic meters of
natural gas, and further growth is expected. In connection with plans
to increase gas production, Kazakhstan regards Azerbaijan as one of
the options for delivering liquefied gas to the world market. Together
with Azerbaijan, a working group is being formed on this issue, whose
experts will analyze in the next few months how competitive is this
project.

As part of the implementation of this idea, Kazakhstan is
exploring the possibility of constructing a liquefied gas plant in the
west of the country. In the State Oil Company of Azerbaijan, the idea
of Kazakhstan on transit of liquefied and compressed natural gas
through the territory of Azerbaijan has been accepted for
consideration. The SOCAR notes that, at present, they do not have
required infrastructure, and it is also necessary to think over the
logistical aspects of transit [4].

Turkmenistan is also exploring the possibility of exporting
liquefied gas through the territories of Azerbaijan and Georgia.
Currently, the issue of supplies of Turkmen liquefied natural gas to
Europe through the Romanian port of Constanta (Black Sea region) is
being under consideration. It is planned that liquefied natural gas will
be delivered in special containers by the ships of maritime merchant
fleet of Turkmenistan to the port of Baku, and then - to the ports of
Batumi or Poti (Georgia, Black Sea region), by rail (Fig. 2).
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Fig. 2. A route for the transportation of liquefied and pressurized
natural gas from Kzakhstan and Turkmenistan to Europe.
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Further, from the Georgian ports, containers will be
delivered by sea to Romania or other countries of the Black Sea basin.
The same scheme can be applied to the other Turkmen goods that can
be transported by containers.

Earlier, Turkmenistan had expressed interest in the AGRI
gas pipeline project (Azerbaijan-Georgia-Romania Interconnector)
(AGRI), which provides for Caspian liquefied gas supplies gas
through the Black Sea coast of Georgia to Romania. The project is
inherently suited under transporting Azerbaijani natural gas through
the gas pipelines to the Black Sea coast of Georgia, where this gas will
be liquefied at a special terminal, after which tankers will be delivered
to the terminal in Romania.

Further, liquefied gas will be brought into the state of
natural gas, and using the gas infrastructure existing in the country, it
will be directed to the needs of Romania and other European
countries. To participate in the project, Turkmenistan as a supplier
could supply liquefied gas through the Caspian Sea to Azerbaijan for
its further transit to Europe [5].

3. Conclusion

But the most important thing in implementing the idea of
transporting gas from Central Asia to the EU, is that infrastructure for
exporting the large quantities of Caspian gas to the global markets has
already been built on the territory of Azerbaijan. Now we can safely
say that starting from 2020, the first Caspian gas will be transported to
the European markets, and then the process of stage-by-stage
expansion of this gas main line will evolve in the future. That is why
the countries having sufficient volumes to supply gas to the external
markets, as well as planning to export it in the future, for example,
Israel and Iraq, have begun to consider the possibility of joining to
"Southern Gas Corridor".
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Abstract. The rational use of convenient geographical location, the organized

transport-communication and customs-logistics

infrastructure, is the key for any country s integration into the world economy and the expansion of foreign economic ties.

The South Caucasus transport corridor connecting the Asian and European markets, has an important strategic role in the trade-

economic context of East-West relations.

Today the formation of a common control of customs and signing between the countries of the South Caucasus is one of the priority

tasks, which will facilitate harmonization of transit procedures in the region
KEYWORDS: SILK ROAD; TRANSPORT CORIDOR; CUSTOMS CONTROL OF THE TRANZIT.

1.Introduction

Contemporary  globalization is a qualitatively new
phenomenon of world development that covers all areas of public life.
The reconciliation of national and global-economic relations is exactly
what is characteristic to globalization. Due to globalization
development, the leading, priority role of international economic
relations is increasing — today, it is very important to develop a single
rule for the world economic systems and introduce it in the economy
of each country, but this process is quite complex, and even the
economic systems of powerful countries are hardly adapted to the
challenges of the global economy [1].

The sustainable use of the advantageous geographical
location, expansion of the frontiers of national markets, well-
organized transport-communication and customs-logistics
infrastructure, the creation of favorable conditions of export-import
and transit operations, are significant factors for any country to
integrate into the global economy and expand the liinternational
economic relations [1,2].

International transport corridors fulfil at least two tasks: the
first, they create the fundamental premise of involving in a single
economic and cultural space of large area; the second, under
conditions of deepening the globalization processes, for the
macroeconomic regions, which are characterized by the fragmented
nature of production forces in all fields of production and services,
international transport corridors make up the uniform, economically
far more efficient transport and logistics systems, for the rational
exchange of the means of production and products [2].

2. Preconditions and means for resolving the
Problem

The desire to use the transit potential of the South Caucasus
Transport Corridor for their own benefit has also Afghanistan, which
is deeply interested in opening an alternative corridor of roads leading
to Iran and Pakistan. And the railroad line passing through the Central
Asia and the South Caucasus, particularly, via Turkmenistan,
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The South Caucasus, as an energy-intensive region and
transport corridor linking the markets of Asia and Europe, has long
played an important strategic role in the trade, economic and political
context of East-West relations.

In addition to significant energy load, the corridor’s transport-
transit function also takes a particular form that makes its content
more valuable and more intensive. Accordingly, both its economic
and geopolitical significances are increased. These include the Baku-
Thilisi-Kars railway line, whose transport-transit potential is of great
interest not only to countries involved in the project and their partner
countries in Central Asia and Europe, but also to more distant
countries, particularly China and Afghanistan, as well as the United
States of America.

Uzbekistan and Turkmenistan, whose future plans are largely
related to the implementation of the Navoi-Turkmenbashi-Baku-
Thilisi-Kars transport project, which can provide their products with a
much broader access to the European markets, are interested in using
the potential of the China-Central Asia-South Caucasus-Turkey
transport corridor [3].

The Baku-Thilisi-Kars new railway transport corridor, which
will unify the railway lines of Azerbaijan, Georgia and Turkey, is an
important challenge for meeting the growing demand for trade flows
existing between Europe, Caspian Region, Central Asia and China, as
well as for the formation and improvement of the relevant transport
corridor [4].

Azerbaijan, Georgia and Turkey, is what is considered by it to be such
a corridor, which will provide it with access to the Black Sea. It is
only also natural that this project has a lot of support in the United
States. Due to this, in November 2017, in Ashkhabad, there was
signed an agreement on the establishment of a new Lapis Lazuli



transport corridor from Afghanistan to Europe crossing the territories
of Turkmenistan and South Caucasus. The document was signed by
representatives of the countries involved in the project - Afghanistan,
Turkmenistan, Azerbaijan, Georgia and Turkey. The Agreement
envisages the promotion of transport relations between the countries
involved in the project, which involves fostering the smooth
movement of goods and passengers, harmonization of administrative
issues and customs procedures related to transit movement, and so on.
[5].

In 2016, the lifting of sanctions on Iran has created the needs
for the launch of the North-South Transport Corridor, which will
naturally increase the transit potential of the South Caucasus. The
Georgian side is interested in joining the Mumbai-Bandar Abbas
Transport Corridor, which implies the rapid shipment of cargo through
from the Mumbai port, crossing through the territories of Iran,
Azerbaijan and Georgia using the ports of Poti and Batumi.

According to the agreement between Russia and Georgia, the
transport corridors passing through the territory of Abkhazia and
South Ossetia will be put into operation in the nearest future, which is
a part of the North-South Corridor and links countries of South-West
Asia (mainly Iran and India) to countries of Northern Europe. This
will, in turn, facilitate the increase of cargo traffic flows and
improving the capacity of transit traffic.

Trade-economic relations between Europe and Asia and more
economic integration contribute significantly to the "Silk Road"
direction, which is now considered to be the economic corridor with
the greatest potential. Within the framework of the "Silk Road"
development, great importance is attached to close cooperation
between Georgia, Turkey and Azerbaijan in the field of transport and
logistics.

Due to the favorable geopolitical situation and the location
between the several major international and regional transport
corridors (TRACECA, North-South, Lapis lazuli, a new silk road
“One Belt and One Road”), Georgia and other South Caucasus states
represent an integrating link between two macroeconomic continents -
Europe and Asia, which provides movement of goods by the shortest
route with a minimum amount of time [6]

Experts forecast that by 2020, the total volume of transit traffic
through the territories of the South Caucasus countries is expected to
increase. At the same time, according to experts, only half from the
transit potential of the South Caucasus transport corridor is currently
utilized.

The main direction of the development of the customs
regulation mechanism of Georgia’s international trade is, first of all,
the improvement of the customs transit procedures and technologies.

Despite the fact that in Georgia has a number of measures
have been taken aiming at improving the customs legislation and
procedures: the modern customs registration centers — registration
economic zones (REZ) have been built and put into operation, the
cargo and vehicles registration procedures have been simplified, the
prior declaration mechanisms have been introduced, thus redicing
considerably the costs and time for registration, there are still a
number of barriers that affect the shipping companies.

Recently, the loss of competitiveness of the South Caucasus
Transport Corridor has resulted in redirecting transit traffic flows to
alternative routes, which is due to a number of reasons, as follows [7]:
Different tariff policies between the countries of the
Caucasus, and high tariffs for transportation.
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Inadequate and ineffective infrastructure. For
example, complicated geographical sections, where
the road transport infrastructure is characterized by
low throughput; sea ports, which that cannot
accommodate large vessels.

Low level of logistics development. Logistics
companies cannot ensure improvement of services
and provide comprehensive logistics services.
Different customs legislation in the countries of the
South Caucasus, when there is no uniform customs
policy for control of goods and vehicles, and the
shipping companies encounter different customs
regulations when crossing the border.

The lack of effective information technology, which
significantly hinders the exchange of comprehensive
information on transit goods between the customs
authorities in each country, which negatively affect
the time required for customs registration.

The lack of bilateral coordination in this regard, and the policy
of ensuring the “sovereignty” of institutional information from
regulatory bodies inevitably lead to the the cardinal differences
existing in customs transit control systems, complicating their
interactions that are required for the establishment of a single
economic space, which significantly hinders the effective utilization
of a high transit potential of the South Caucasus.

Formulation of common approaches to the customs control
and clearance within the framework of the economic cooperation
between the countries of the South Caucasus, is one of the priority
tasks, which will facilitate the harmonization of transit procedures in
the region; in addition, it creates the possibility of the realization of
the attributes information technology of customs clearance and
control. Full use of the transit potential of the South Caucasus
countries based on information and communication technologies is
possible through the integration into the electronic information system
within the framework of customs cooperation, as well as by
organizing information exchange by the customs authorities in each
participating country with other countries and allies.

One of the most important directions in the reduction of
administrative barriers, while performing transit operations, is the
improvement of customs regulatory mechanisms of foreign economic
activity. Inadequacy of customs control procedures and technologies,
agencies and State interaction in customs checkpoints reduces the
transit potential, contributes to an increase in financial expenditure at
border crossings.

Effective utilization of the country's transit potential by

customs authorities should be carried out within the framework of
interconnected and contradictory transformation processes, of which
the main ones are:
Substantial modification of the rules for the
functioning of customs authorities in close
connection with the creation of a union similar to a
customs union of Georgia, Azerbaijan, Turkey and
Armenia (if only for promoting the customs transit
and transit cargo movement), which will be
associated with reduction or cancellation of the
certain customs and other types of control
procedures, within the borders of this Union.



Formulation of the development strategy of the
South Caucasus economic space, including the
creation of an integrated transport, customs and
logistics network, and development of the
international  transport  corridor infrastructure
crossing through the territories of the countries of
the South Caucasus.

Enhancing the coordination between customs
authorities of the bordering states, and providing the

3. Conclusion

Within the framework of economic cooperation between the
states of the Caucasus, the creation of a single automated information
system for the customs control of transit is necessary for the exchange
of information on goods and vehicles in real time.

The implementation of these approaches will facilitate the
effective utilization of transit potential of the South Caucasus
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Abstract: With the development of Cloud technologies we finally have the tools and the solutions needed to start planning and executing
an efficient urban transportation. The paper presents concepts and ideas toward Smart City intelligent transportation and traffic, namely
agent-based traffic management systems and vehicular Cloud computing. It discusses their main characteristics, architecture and provides
examples where such technologies are already implemented. Lastly, it outlines some challenges that arise from the application of Cloud

computing and the change of the city into a Smart City.
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I. Introduction
We live in the era of Big Data, where knowledge lies inside of
an unstructured, heterogeneous pool of information. In this regard,
the rise of cloud computing makes it possible to build up a frame
and infrastructure for analysis, storage and management of data and
to unlock its full potential. Furthermore, this pool of resources will
be available to everyone on-demand.

Cloud computing holds also great promises to solve global and
local issues that are impossible with small-scale data." The concept
of smart cities, for instance, relies mainly on using big data for
deeper insights about population behaviors and patterns to tackle
today’s biggest challenges in the urbanized world. According to
IBM, it requires further mobile and social technologies to address
problems immediately and for better engagement.? It should be,
however, noted that there are also considerable number of
challenges that should be solved to unleash the potential of this big
data, including: managing diverse sources of unstructured data with
no common schema, real-time analytics, suitable visualization, etc.

Intelligent infrastructure would improve the capacity, efficiency
and quality of life in the city to make it more “livable”. It could
enhance travel experience, solve traffic and pollution issues and
increase safety and security.® Barcelona is setting out a notable
example in this regard. The city has stated that it will use smart
technologies to reduce traffic and in addition to that to offer smart
parking technologies. It will also setup sensors throughout the
whole infrastructure to fight air pollution and noise. In this way, the
city government plans to reduce traffic by 21% in the next years.
This result only comes to show that cloud computing and big data is
used to understand problems and trends related to the city traffic
and infrastructure and to properly address them by processing in
cloud-enabled large-scale sensor networks for gathering and
analyzing relevant data.*

! Villars, R. L., Olofson, C. W., Eastwood, M. (2011). Big Data: What It Is and
Why You ShouldCare. IDC, 6, 1-14.

2 Harrison, C., B. Eckman, R. Hamilton, P. Hartswick, J. Kalagnanam, J.
Paraszczak, and P. Williams. "Foundations for Smarter Cities." IBM Journal
of Research and Development 54, no. 4 (2010): 1-16.
doi:10.1147/jrd.2010.2048257.

® Cuzzocrea, A., Fortino, G., Rana, O. (2013). Managing data and processes
in cloud-enabled largescale sensor networks: State-of-the-art and future
research directions. Proceedings - 13" IEEE/ACM International Symposium
on Cluster, Cloud, and Grid Computing, CCGrid 2013, 583-588.

% Cuzzocrea, A., Fortino, G., Rana, O. (2013). Managing data and processes
in cloud-enabled largescale sensor networks: State-of-the-art and future
research directions. Proceedings - 13" IEEE/ACM International Symposium
on Cluster, Cloud, and Grid Computing, CCGrid 2013, 583-588.
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The paper presents concepts and ideas toward smart city
transportation and traffic, namely agent-based traffic management
system and vehicular cloud computing. It discusses their main
characteristics, architecture and provides few examples where such
technologies are already implemented. Lastly, it outlines few
challenges that should arose from the usage of cloud computing and
the turning of the city into a smart city.

1. Smart Cities and Cloud Computing

Cisco offers a general definition of the emergence of
digitalization, calling it the “Internet of Everything” (IoE). IoE
brings together “people, process, data, and things to gather relevant
and valuable data and to turn information into action™.® In this
sense, cities globally have the potential to claim $1.9 trillion in
value from IoE over the next decade, according to Cisco’s study. In
the smart city, everything will be optimized and improved, from
education, health services and government to infrastructure,
transport and traffic.

Smart urban transportation systems use secured cloud
technologies to produce big data, involving billions of devices that
communicates, computes and updates real time all together. By
relying on cloud computing to store, manage, modify data, we could
find numeral solutions for most of our society’s transportation
problems such as traffic, pollution inefficiency, etc. These problems
would be tackled with service-generated-big-data and big-data-as-a-
service that use cloud computing and effectively manages the data
with a reduced cost.

In 2013, Zimmerman proposed integration model for service-
oriented architecture (SOA) for systematic development,
diagnostics and optimization for big data applications. His
conceptual framework of urban smart city is based on multilayered
Internet of Things (IoT) - vehicular data cloud platform with an
intelligent parking cloud service and a vehicular data mining cloud
service. Fig 1. describes the whole architecture.®

I11. Agent Based Traffic Management System

Technology
Nowadays, the use of motor vehicles is a widespread practice
with people owning several different vehicles. This results in
problems in infrastructure and traffic all over the word.
Furthermore, traffic leads to environmental issues, financial loses
and waste of time and above all, a significant increase in car
accidents. Therefore, there is an urgent need to improve traffic

® "The Network." Internet of Everything (IoE) | The Network. Accessed April
29, 2018. https://newsroom.cisco.com/ioe.

& Zimmermann, A., Pretz, M., Zimmermann, G., Firesmith, D. G., Petrov, .,
El-Sheikh, E. (2013). Towards service-oriented enterprise architectures for
big data applications in the cloud. Proceedings - IEEE International
Enterprise Distributed Object Computing Workshop, EDOC, 130-135.



management and cloud computing provides the chance for
intelligent traffic development.

Nowadays, many heterogonous devices are interconnected on
the traffic monitoring system using loT. The major issue of such
systems is the transfer of data over different standards, formats,
hardware, protocols etc. Another issue is the necessity of an
intelligent interface and the ability to access different services and
applications. It seems that mobile agents are a convenient tool to
handle these issues, provide means for communication among such
devices and handle the IoT interoperability. In this regard mobile
agents are a great solution for low bandwidth and disconnection,
passing messages to undefined destinations and across network.

Town planners and
administration bodies

to test the performance of the urban-traffic management system
based on the map showing the distribution of agents.®

In addition to what was said before, the urban traffic
management system requires traffic control, detection, guidance,
monitoring, and emergency subsystems to be completed. As for the
performance, the improvements and the implementation of new
subsystems, new traffic strategies must be introduced constantly.

So, they must generate, store, manage, test, optimize, and
effectively use many mobile agents to support this complex cloud
environment (Fig.3). Moreover, they need a comprehensive,
powerful decision-
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2004, especially when it comes to mobile multi-agent traffic system.”
The characteristics of mobile agents are autonomy, mobile and
adaptive. These features make them suitable to handle problems like
inconsistencies and uncertainties. In 2005, the agent-based
distributed and adaptive platforms for transportation system
(ADAPTS) was proposed as an urban traffic management system.
Currently ADAPTS is part of a system which takes advantage of
mobile traffic strategy agents to manage and update a road map in
real time. The concept of ADAPTs has three layers—organization,
coordination and execution.?

The organization layer is the core of the system (Fig.2). Its
characteristics are four major functions: agent-oriented task
decomposition, agent scheduling, encapsulating traffic strategy and
agent management. As one traffic strategy has been proposed, a
strategy code is saved in the traffic strategy database. Typical traffic
scenes, which are stored in typical intersections database, can
determine the performance of various agents. If the urban
management system cannot deal with a transportation scene with its
existing agents, it will send a traffic task to the organization layer
for help. The traffic task contains the information about the state of
urban transportation. It can be decomposed into a combination of
several typical traffic scenes. With the knowledge of the most
appropriate traffic strategy agent to deal with any typical traffic
scene, the system takes advantage of the strategy agent and
manages a road map. The last part is setting up an applicant testing

” Chen, Bo, and Harry H. Cheng. "A Review of the Applications of Agent
Technology in Traffic and Transportation Systems." IEEE Transactions on
Intelligent Transportation Systems 11, no. 2 (2010): 485-97.
doi:10.1109/1its.2010.2048313.

8F.-Y. Wang, “Agent-Based Control for Networked Traffic Management
Systems,” IEEE Intelligent Systems, vol. 20, no. 5, 2005, pp. 92-96
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Fig.2. Organizational Layers of Agent Based Distributed
Transportation System (Wang, 2005)

support system with a friendly interface to communicate with traffic
managers. To achieve this superior performance, however, testing a
large amount of typical traffic scenes requires enormous computing
resources.™®

As an example, the transport for London (TfL) manages all
public transportation in the capital, gathering data across all the
city’s transit services. Data collection keeps the transport sensitive
to issues within the subway system. And in a case of an issue, it
deals with the warnings from passengers about the disruptions along
their route via their mobile device. This service is found by 83
percent of Londoners to be very useful.

Ridership data could also prevent overcrowding, as real-time
updates about ridership and space on public transit could encourage
people to re-think their route, clearing up some of the issues caused
by volume in the major transit hubs.

® Yu, Xi, Fuquan Sun, and Xu Cheng. "Intelligent Urban Traffic Management
System Based on Cloud Computing and Internet of Things." 2012
International Conference on Computer Science and Service System, 2012.
d0i:10.1109/csss.2012.539.

%Yy, Xi, Fuquan Sun, and Xu Cheng. "Intelligent Urban Traffic Management
System Based on Cloud Computing and Internet of Things." 2012
International Conference on Computer Science and Service System, 2012.
d0i:10.1109/csss.2012.539.
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Architecture

According to the basic structure of cloud computing, an
intelligent traffic clouds have four architecture layers: application,
platform, unified source, and fabric.!* The application layer
contains all applications that run in the clouds, such as agent
generation, agent management, agent testing, agent optimization,
and traffic decision support (Fig. 4).

The platform layer is made of advanced transportation system,
or ATS. It runs a population synthesizer, weather simulator, path
planner, 3D game engine, etc. to provide services to upper traffic
applications and agent development. The unified source layer
administrates the raw hardware resource in the fabric layer and
provides infrastructure as a service. It uses virtualization
technologies such as virtual machines to hide the physical
characteristics of resources, ensuring also safety of data and
equipment. Lastly, it provides an access to interface for the upper
computing resources.

All those will help solve information silo problems in urban
traffic and help gather useful information in the traffic data. Lastly,
the fabric layer contains the raw hardware level resources such as
computing, storage and network resources. The intelligent traffic
clouds use these resources to provide the demand of urban-traffic
management systems and testing, storage, and performance.*?
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Intelligent traffic clouds have fabric, unified source layer, platform and application layers.

IV. Vehicular Cloud Computing

Improvements in city infrastructure, traffic and safety
management would also require enhanced design and functionality
of vehicles. Therefore, in the past years the concept of Vehicular
Ad-Hoc Network (VANET) has gained attention. VANET is a set
of moving vehicles in a wireless network that apply the Information
and Communication Technology (ICT) to provide an advanced
service of traffic management and transportation.®3

There are a few solutions that have been proposed to tackle the
challenges of these networks. Vehicular Cloud Computing (VCC),
for instance is one such solution that could has a significant impact
on traffic management and road safety by using resources, such as
computing, storage and internet for decision making. This solution
is an innovative approach that takes advantage of cloud computing
to offer the drivers of VANETS in a pay-as-you-go way. VCC aims
to minimize traffic as well as accidents travel time, pollution and to
ensure energy safety and real time to drivers. Furthermore, VCC
provides a technically feasible incorporation with the network for
better road safety and secured intelligent urban traffic systems.

1. Architecture

The architecture of vehicle cloud computing is based on three
levels: in the vehicle, in communication and in the cloud. As shown
in Fig. 5, the first layer is the inner layer of the vehicle, which is
responsible for monitoring the health and mood of the driver and
collecting information in the vehicle, such as pressure and
temperature using body sensors, environmental sensors, smartphone
sensors, internal vehicle sensors, inertial navigation sensors (INS),
and driver behavior to predict the driver's intentions.™®

The information is after that collected through sensors and sent
to the cloud for storage or use to software programs in the
application layer. Every vehicle has an on-board-unit (OBU) that
contains a navigation system integrated with a map. OBUs has also
wireless broadband communications to transmit data through 3G or
4G devices, Wi-Fi, WiMAX, wireless access in the vehicle or
dedicated short-distance communications.*®

The next layer is the communication layer, which includes the
vehicular-to-vehicular (V2V) systems via DSRC Dedicated Short
Range Communications, or DSRC. In the case of abnormal
behavior on the road, Emergency Warning Messages (EWMs) will
be created and forwarded to the cloud storage as well as the vehicles
around. The messages will contain all valuable information of
"offender", such as the location, speed and moving direction. The
second component of the communication layer is vehicle-to-
— infrastructure (V2I), which enables the exchange of operational data
among vehicles, infrastructures and the cloud over wireless
networks. The V2l should increase safety level of vehicles on
highways and reduce percentage of crashes, for instance.’

The cloud is the last layer of the VCC architecture, it can
calculate massive and complex data in a minimum time. The cloud
layer itself consists of three internal layers: application, cloud
infrastructure and cloud platform. The application layer considers
several applications to which drivers can access remotely, for
example fuel feedback, environmental awareness, human activity

3 Gu, Lin, Deze Zeng, and Song Guo. "Vehicular Cloud Computing: A
Survey." 2013 IEEE Globecom Workshops (GC Wkshps), 2013.
doi:10.1109/glocomw.2013.6825021.

A Survey on Vehicular Cloud Computing." Journal of Network and
Computer Applications. August 29, 2013. Accessed April 29, 2018.
https://www.sciencedirect.com/science/article/pii/S1084804513001793?vi

AReview of Cloud Computing for Transportation System .
a=ihub.

Fig.4. Architecture of Urban-Traffic Management (Fuguan, Cheng,
2012)

™| Foster et al., “Cloud Computing and Grid Computing 360-Degree
Compared,” Proc. Grid Computing Environments Workshop, IEEE Press,
2008, pp. 1-10.

2 yy, Xi, Fuquan Sun, and Xu Cheng. "Intelligent Urban Traffic Management
System Based on Cloud Computing and Internet of Things." 2012
International Conference on Computer Science and Service System, 2012.
doi:10.1109/csss.2012.539.

' Chung, Tein-Yaw, Yung-Mu Chen, and Chih-Hung Hsu. "Adaptive
Momentum-Based Motion Detection Approach and Its Application on
Handoff in Wireless Networks." Sensors 9, no. 7 (2009): 5715-739.
doi:10.3390/s09075715.

'8 Szczurek P, Xu B, Wolfson O, Lin J, Rishe N. Learning the relevance of
parking information in VANETSs. Proceedings of the seventh ACM
international workshop on VehiculAr InterNETworking. Chicago, lllinois,
USA: ACM; 2010. p. 81-2.

v Bordley L, Cherry CR, Stephens D, Zimmer R, Petrolino J. Commercial
Motor Vehicle Wireless Roadside Inspection Pilot Test, Part B: Stakeholder
Perceptions. Transportation Research Board 91st Annual Meeting2012.
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detection, etc. Furthermore, the cloud infrastructure has two
components: cloud storage and cloud computation. The data
gathered by the inside-vehicle layer will be stored in the geographic
information system (GIS), a road traffic control device or a storage
system based on the type of applications. The computation part is
used to calculate the computational tasks which provides faster
performance. Lastly, the sensors, for example, the health
recognition sensors will send data to the driver behavior database in
the cloud storage.

Recognition

Fig. 5 Architecture of Vehicular Cloud Computing (Lin, Zeng, Guo,
2013)

Vehicular cloud can be deployed by a static infrastructure that
is able to provide support and management of various events. In
urban areas, such infrastructure contains cameras, traffic lights and
utility or street-light poles. In this way, big data is helping for
example Tel Aviv to improve and streamline its traffic through
sensors, cameras and third-party applications that allow traffic
control and the ability to see what is going on across the city. This
gives them power to pinpoint and tackle any issues accordingly.
One thing that is being done, for example, is to rearrange traffic
lights scheme during a traffic jam and in this way to break up the
congestion and potential accidents.

Tel Aviv has in general the potential to become a great
example for road traffic and infrastructure efficiency. According to
the design consultancy Moment, sensors could be placed to form an
accessible transit system for those who cannot drive—children, the
disabled, and the elderly people. To address coming needs, these
sensors would be embedded into the infrastructure of the public
transportation and would enable all parties in the public traffic to
keep track of any dependents as they use public transit. Once a
dependent party uses a public transport and has a device which
sends signals to the sensors in the bus, train, or cab and vice versa,
the caregiver would be able to know where they are in their
journey.®®

V. Challenges of Cloud Computing in Smart
Cities

There are some notable challenges associated with cloud
computing which might have a significant impact over the
implementation of smart transport and traffic. Some of them may
even cause a slowdown when delivering services in the cloud or
security breaches which might be essentially harmful in the contest
of public services and solution. On the other hand, if resolved in the
planning stages, they also represent opportunities and could lead to
greater technology advancements.”® Hereby, some of the most

18 "Optimizing Travel in the Cloud - The Possibility Report." The Atlantic.
Accessed May 21, 2018. http://www.theatlantic.com/sponsored/vmware-
2017/optimizing-travel-in-the-cloud/1437/.

1 Godbole, Achyut S., and Atul Kahate. Web Technologies: TCP/IP,
Web/Java Programming, and Cloud Computing. New Delhi: McGraw Hill
Education (India), 2013.

important challenges towards smart city infrastructure will be
mentioned:

1. Security and Privacy — these are two of the most
mentioned issues surrounding cloud computing. The concern is
related to storing a well-secured data and monitoring the use of the
cloud by the service providers. Breach in security will lead to a
slowdown in the deployment of cloud services.

Issues of such kind could be addressed, for example, by storing
the information internal to the organization, but allowing it to be
used in the cloud. For this to occur, though, the security
mechanisms between organization and the cloud need to be strong.

2. Lack of Standards — cloud interfaces are well
documented, however, no standards are associated with them, so it

. is unlikely cloud technologies to be compatible to each other. The
“Open Grid Forum is developing an Open Cloud Computing
Y Interface to resolve this issue and the Open Cloud Consortium is

working on cloud computing standards and practices. The findings
of these groups will continue to develop over time, but it is
unknown whether they will address the needs of the people
deploying the services. However, keeping up to date with the latest
standards as they evolve will be a step forward in solving the issue.

3. Continuously Evolving — user requirements are
continuously evolving, as are the requirements for interfaces,
networking and storage. This means that a “cloud,” especially a
public one, does not remain static and is also continuously evolving.

4. Compliance Concerns — the Sarbanes-Oxley Act (SOX)
in the US and Data Protection directives in the EU are just two
examples of compliance issues affecting cloud computing, based on
the type of data and application for which the cloud is being used.
The EU has strict laws for data protection across all its members,
but in the US data protection is different and can vary from state to
state. One possible solution to this challenge is a Hybrid cloud
deployment with one cloud storing the data internal to the
organization.

V1. Conclusion

In the recent years, society is starting to understand the impact
and significance of using data collected for our advantage.
Emergent technologies in both big data and cloud storage have the
potential to open possibilities in terms of what cities can do for their
citizens.

Local authorities have long been aware of the need for
integrated land-use transport models to make accurate estimates of
travel and transportation demand and to reduce issue such as high
traffic, pollution and healthcare problems. With cloud technologies
they finally have the tools and the solutions needed to start planning
and executing plans for making urban transportation more efficient.
This process will involve all participants in the transportation
system. Cars, buses, trucks, lights, sensors, infrastructure and even
people will be interconnected to form the traffic management
system of the future. Everything will be able to send and receive
data and this communication will lead to a better transportation,
infrastructure and a city. All of these would be possible only with
the use of Cloud computing technologies, thus its importance will
increase in the years to come.
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Abstract: The effectiveness of the organization depends largely on the ability of managers, employee involvement in clear strategic
orientations and its integrated culture. A successful management system of the organization is no longer dependent just on a process
approach and continuous improvement. Increasingly, risk and opportunity management is at the forefront, taking into account the
requirements of the business environment, particularly the requirements of the largest buyers of the company’s products. It is very important
for the organization to incorporate risk management into its operations, not only to reduce the negative consequences but also to increase its
business opportunities. The paper presents the company’s cooperation with one of the largest motorcycle manufacturers in the world - BMW
Group, which took place while the company was introducing a new steel frame for the BMW F 800 S motorcycle in global markets. Due to
the right approach including a positive risk, compliance with the requirements of the SPQM (Supplied Part of Quality Management) and
last but not least our ardent desire to cooperate with BMW, the company has been given the opportunity to become the supplier of complex
components for BMW and other large manufacturers in this industry.

Keywords: NOMINATION, FUNCTIONAL PROTOTYPE, SPQM, PFMEA

1. Introduction

The organizations that use their quality management systems to
good advantage have a head start over others in the phase of the
introduction of new standards, and later the certification and
internal and external evaluation processes. Continuous changes
require adjustments and new ways of designing and developing
products and services. Therefore, the design and development of
products and services are of vital importance to each organization as
the very existence of the company depends on how successful they
are.

In September 2015, the fifth edition of the 1SO 9001: 2015
Quality Management System was published, giving a new strategic
orientation to the standard by taking into account the fact that more
and more quality management systems are used together and
integrated with the business processes of the organization, that
priority is given to the effectiveness and the results of the
management system and that the requirements of the system need to
be adapted to current and future business circumstances and
requirements. Increasingly, risk management and opportunities are
at the forefront, taking into account the requirements of all
stakeholders. The quality management system should become a tool
for the realization of strategic decisions and the fulfillment of the
mission of the organization®. Among the seven principles of quality
management, there is no longer an explicitly stated systemic
approach that is covered by the process approach, and the principle
of a mutually beneficial supplier relationship has spread to all
stakeholders.

A brief summary of the principle of planning and improving
could be that preventive measures are no longer there because
organizations have to assess and manage risks. Organizations must
prevent key risks or at least reduce unwanted impacts in order to
ensure that the quality management system achieves the expected
results and actualizes the identified opportunities for improvement.
The chapter explicitly sets out requirements for quality objectives
and planning for achieving them. In addition, organizations are
expected to plan and manage change. The principle of improvement
deals with inconsistencies, corrective actions and improvements,
but no longer speaks of preventive measures, which are now
covered by requirements in the planning chapter (risk management).
When measuring, the identified risks and opportunities must be
taken into account.

Entrepreneurial action is full of uncertainty, which can be the
result of changes in the business environment, possible changes in
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the company, the perception of opportunities, or the lack of
information. Therefore, the goal is to identify the potential effects of
the uncertainties and take appropriate action. Contrary to crisis
management or problem management, risk management is
characterized by a distinct focus on the future. With persistent
measures, effective and efficient risk management will contribute to
the prevention of crises and problems in line with the motto: “Good
managers manage risk, poor managers manage problems.”

The paper presents a practical example of opportunity search
and project uncertainty in the nomination phase and
industrialization of the complex product for BMW.

2. Requirements of the customer BMW

The cooperation between a prominent motorcycle factory,
Slovenian company Tomos, and the world-renowned motorcycle
manufacturer BMW date back to the late 1990-ies.

The value of the successful supplier increased when BMW
entrusted Tomos the task to enter the competition with other
companies in the segment of complex welded components. Project
team was entrusted with the management of the project named
BMW K71 with a large format drawing containing dimensional and
technological requirements. The product is the rear frame of the
motorcycle BMW F 800 S/ST made from steel structure, as
indicated in the figure 1.

Fig. 1 Drawing of rear frame BMW F 800 S/ST.



With competitiveness in the manufacturing and supply of
welded components for BMW, Tomos gained advantage over other
companies, which enabled the growth of the company and its new
owner Hidria, not only in the segment of welded components but
also in the segment of smaller aluminium castings.

With good present cooperation, we entered the nomination
process with the rest of other major companies whose aim was
similar to ours: to become manufacturers and suppliers of the
complex welded product. The deadline for making the calculation
was predetermined by BMW. BMW’s development department in
Munich acceded to our request and soon we acquired a 3D model of
the product, made in the program Catia 4.0.

The product was disassembled to single elements and the
indicative value for each of them was determined. The calculations
of technological processes of welding, painting, inspection and
delivery were followed by the final price and its entry into the
BMW system. Our manufacturing costs turned out to be interesting
to BMW auditors and we came to a shortlist of suppliers.

The project team was given a month to prepare for the visit and
assessment by BMW, in the areas of development, industrialization,
quality and logistics. Assessment is carried out using SPQM system
Supplied Parts Quality Management.

2.1 From the prototype through the challenging
SPQM assessment to the winning of the nomination

The BMW engineering and production of quality parts after
calculation process, starts with the nomination of suppliers. During
the selection process, we must prove that we meet the demanding
requirements of BMW Group. The BMW Group Purchasing
Division is responsible for the satisfactory completion of all
supplier selection and contracting activities. Purchasing is supported
by the engineering, parts quality and logistics departments. Supplier
selection is performed in different project phases, depending on the
type of suppliers and the responsibilities they take.

The relationship between BMW and suppliers is based on
partnership and trust. In the supplier selection process, potential
BMW suppliers successfully convince our teams that their concepts
will meet the requirements in terms of specifications, innovations,
quality, and cost. Having signed a contract as a supplier to BMW
Group, suppliers together with BMW engineers share responsibility
for achieving challenging goals.

SPQM is predestined to develop the questionnaire. At the end of
each question assessors appropriately labeled the adequacy of the
response to the “traffic lights”. Figure 2 shows the initial
preparatory form SPQM for carrying out quality management
assessment in the field of development, supply, logistics and
product quality.

[ I \ I [ [ I
BMW Group SPQM
Qualitatsmanagement Massnahmen pro Unifang
Kaufieile

projeie

Uenfang:
antznarmen

Modut2s  [NAEL-

Lisferant: 101222.10
Tomas

Fig. 2 SPQM questionnaire, free form BMW2.

We received the SPQM questionnaire at the same time as other
nomination candidates. The group had a month to prepare for the
external evaluation of BMW experts according to the SPQM
questionnaire. Each individual area of audit consists of a large
number of questions, which enable the auditors to provide the
criteria for the selection of the best among all candidates at the end
of the audit. While waiting for the arrival of the auditors from the
company BMW, the project team decided to manufacture the first
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prototype of the 3D model, which we had received from the R&D
department in Munich.

We decided to take a risk and while preparing for the
assessment SPQM, we invested additional effort into the production
of the first prototype. We were well aware of the complexity of all
the areas of the audit, and the advantages of our business functions
as well as our weaknesses. Having enough experts as well as
knowledge in the field of rapid prototype technology, we
recognized the production of the first prototypes as one of our
advantages. Looking back on the then quick decisions, and on
today's cooperation with BMW, we can conclude that we acted
well.

In its first phase, the future plan included the purchase of the
material, all the tubes and sheets of suitable dimensions, and also
the material on the basis of the drawing of the frame.
Simultaneously with the acquisition of all the materials, from which
we had to manually manufacture the individual frame components,
we focused on components manufacturing via prototyping
technologies.

According to the technologies of rapid prototyping known and
available at that time in Slovenia, we decided on the technology of
laser sintering, DMLS — direct metal laser sintering, to manufacture
both pedals and the exhaust bracket. The device for direct metal
sintering of metal powders was owned by the company RTCZ
Izlake, which agreed to manufacture all three components. The
device enabled a good shape accuracy and mechanical property of
the sintered products, which were later welded together. And what
was then the most important; we received all three parts three days
after sending 3D models to the company RTCZ. The remaining
four, production components — pressed parts — were manufactured
on a lathe and a milling machine in the tool workshop in Tomos.

A lot of knowledge and experience were invested in the
manufacturing of the complex metal sheet components. There are
many ways to manufacture a product by reading a drawing.
However, due to the time limit, we decided to develop all sheet
metal components in 2D shape using the program Catia. This was
followed by the cutting of sheet metal with a water-jet technology,
which, unlike the technology of laser cutting, maintained the cutting
edge without excessive heat load and consolidation of the material.
Consolidation of the material could later in the prototype workshop
complicate the process of bending and adjusting the products to the
requirements of the steel frame drawing.

We managed to purchase and manufacture all the subassemblies
needed to build the frame in time. In the prototype workshop a
colleague manually shaped all prepared sheet metal parts and other
profiles into elements according to the accompanying drawings.
Figure 3 shows the process of manufacturing the element, support
steel sheet from 3D model to 2D cutting, welding and shaping into
the required structure.

F
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Fig. 3 Process of prototyping the complex element.

This was followed by the required phase of adjustment and
welding of all components to get the final product. The frame was
welded manually using MIG procedure, with 3.5 m of welded
joining parts between all the elements. Prototype required a lot of
knowledge in the different welding processes between the different
materials that we use. Construction of such prototypes is a unique
process. Masters of producing such prototypes need a lot of
experience, ingenuity and knowledge of modern technologies.



Figure 4 shows the first prototype, successfully and timely

Fig. 4 First prototype BMW K71 rear frame.

The first prototype was manufactured in good time just before
the arrival of BMW's external auditors. BMW's external auditors'
assessment lasted for three days. The supplier selection process
aims at appointing the best available suppliers in the world, in terms
of product quality, lifetime costs, product innovation, project
management and delivery process capability and supply
performance. Figure 5 shows the completed SPQM form by the
BMW auditors with the decisions shown in the right-hand traffic
light of each individual condition of the audit.
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Fig. 5 SPQM questionnaire, example in Tomos?, 2003.

After the selection procedure from BMW Tomos factory and
our team has been nominated the main product supplier.
Contracting is the next step. The objective of the supplier
contracting process is to create the best supply contract for the
component, in terms of clearly stated requirements, agreed targets,
achievable objectives and compatible terms and conditions. Tomos
as the nominated supplier takes great responsibility for the overall
quality management.

Immediately after the nomination by BMW, the production of
three functional prototypes was one of the indicative priorities. All
three prototypes were demanded to meet the requirements of the
drawing, regional European and internal technical standards of
BMW, among which the following can be mentioned: BMW N
11369.0; BMW N 11399.0; BMW N 11221.0; BMW N11329.0; GS
96003; GS 90006; GS 90011; GS 90013; GS 97010.

Figure 6 shows the process of manual welding of a functional
prototype on a massive steel table. The steel table is made by a fine
grinding process and to tight tolerance, which enables very precise
manufacturing of the first prototypes. All three functional
prototypes were made using CNC milling technologies, cutting all
sheet metal with a water jet, complex manual design of semi-
manufactured products and finally welding individual parts into a
whole.
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Fig. 6 Functional prototype.

All the nominated suppliers were required by BMW to
manufacture three functional prototypes according to their technical
requirements and standards. In this way, three motorcycles were
assembled, ready to be tested on different continents. Due to
different temperature conditions and consequently different road
loads, BMW was able to perform vehicle sustainability and
dynamics testing and received the results that influenced subsequent
modifications in individual motorcycle parts.

Since all functional prototypes had to be precisely designed
according to the dimensions and allowed tolerances in the drawing,
each prototype had to be measured on a 3D measuring machine
before being shipped to Munich. Figure 7a shows the measurement
of the functional prototype on the 3D measuring machine DEA.
Figure 7b shows the partial results of the measurements of some
important points when assembling the sub-assembly.
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Fig. 7 Measuring protocol and measuring results.



3. FMEA analysis

After the functional prototypes were successfully manufactured,
the planning and design of individual processes followed, including
the acquisition of materials and sub-assemblies, the complex
industrialization of the product, and the shipment of the product to
Berlin, where the BMW motorcycle is installed.

The planning and management of implementation processes
included the planning of the realization, capacities, resources and
materials, and the associated integration of external suppliers and
partners. The quality manager at Tomos understood the importance
of planning the operation and risk analysis and was well aware and
capable of managing the opportunities for creating a product value
through the FMEA quality system.

The FMEA Failure Mode and Effects Analysis system, or the
analysis of methods of cancellation and consequences, enables the
use of specific process methods for managing processes of creating
a process network.

Process Failure Mode and Effects Analysis (PFMEA) looks at
each process step to identify risks and possible errors from many
different sources. The sources most often considered are people,
methods, material, machinery, measurement, and environment. All
the steps in risk assessment and business impact analysis using the
PFMEA method are shown in Figure 8 below.

Fig. 8 Steps to conduct Risk assessment and Business Impact Analysis® .

A number of people participated in the PFMEA process,
including the coordinator of FMEA - the director of quality, the
project leader, the sheet metal processing technologist, the welding
and surface protection with varnishing technologist, the quality
assurance technologist, the purchasing and logistics technologists
and the production manager. When manufacturing the BMW
frame, the working group identified possible causes of a possible
defect and the corresponding sequence of errors (what could
happen?).

Figure 9 shows the form into which we entered identified and
collectively received information about the process of
manufacturing the BMW frame. For each function, we determined
the possible method of failure, the potential consequences of errors,
and the probability of detecting the cause of errors.
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Fig. 9 PFMEA obrazec, Tomos, 2004.

PFMEA is a methodical approach used for identifying risks on
process changes. The Process FMEA initially identifies process
functions, failure modes their effects on the process. If there are
design inputs, or special characteristics, the effect on end user is
also included. The severity ranking or danger of the effect is
determined for each effect of failure. Then, causes and their
mechanisms of the failure mode are identified. The assumption that
the design is adequate keeps the focus on the process®.

A high probability of a cause drives actions to prevent or
reduce the impact of the cause on the failure mode. The detection
ranking determines the ability of specific tests to confirm the failure
mode / causes are eliminated. The PFMEA also tracks
improvements through Risk Priority Number (RPN) reductions. By
comparing the before and after RPN, a history of improvement and
risk mitigation can be chronicled.

Risk is the substitute for failure on new processes. It is a good
practice to identify risks for each process step as early as possible.
The main goal is to identify risk prior to tooling acquisition.
Mitigation of the identified risk prior to first article or Production
Part Approval Process (PPAP)will validate the expectation of
superior process performance. Risks are identified on new
technology and processes, which if left unattended, could result in
failure.

4. Conclusions

People who work in organizations, in the private or public
sector, must be aware of the quality policies and their own
contribution to effectiveness, including better quality of
implementation. The introduction of a quality management system
is, of course, the strategic decision of each organization. In order to
achieve high customer satisfaction, customer expectations must first
be met even when they are not precisely defined, presumed or
binding. The challenge is to recognize these requirements, as the
expectations of customers change over time. Requirements are
today becoming defined expectations. By this, in addition to clearly
defined requirements and the application of standards, undefined
and unspoken expectations are also referred to. This change of
perspective is interpreted by successful organizations as a trend, a
direction of development, and a larger focus on customers.


https://quality-one.com/ppap/
https://quality-one.com/ppap/

A few years before the new 1SO 900: 2015 standard was
issued, our project team was already well aware of the fact that risk
and uncertainty can only be the result of perceiving the opportunity.
At that time, we managed to obtain the nomination for the
manufacture of a complex BMW product because of our desire,
ingenuity and knowledge that was then more competitive than that
of the others.The product — the first prototype — made with different
technologies of rapid prototyping was presented to a group of BMW
auditors. The effort we had invested into creating the prototype and
the successful completion of the assessment SPQM and PFMEA
brought us BMW?’s assurance and official nomination for the serial
production of the steel frames BMW F 800 S and BMW F 800 ST.
The nomination for the manufacturing of this complex product still
guarantees the company the serial production of complex steel
components and welded components made from aluminium alloys
not only for BMW but also for other well-known motorcycle
manufacturers.
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Abstract: Currently, most employers ignore the fact that colors affect the behavior and thinking of employees in the work process.
Workers are austere, colors, and they are places where employees only routinely perform tasks. In such an environment, employees can not
feel good, do the best they can and work safely. It is important for employers to realize that by creating suitable working conditions they will
help their employees to better manage their job tasks. Their performance will improve, they will work safely and significantly help in the
development of society. The article deals with experiments that deal with the performance of test people who perform specific activities with
different color backgrounds. This section evaluates the measured values and determines which colors affect the lowest performance, which
colors are disturbing and cause many mistakes, human workplace problems, which can lead to arguments or even aggression. But also
which colors can help achieve the highest efficiency that positively affect staff performance, support thinking and develop creativity, improve

relationships and create a comfortable atmosphere.

Keywords: SAFETY, PERFORMANCE, INFLUENCE OF THE COLOURS, WORKPLACE

1. Introduction

Workplace injury and illness account for a substantial source of
sickness and disability burden in working-age populations. (Lay,
2010). People spend a significant part of a day at the working place
and for delivering the best possible performance it is necessary to
feel nice, to be all right, not to be distracted, not to feel disturbed or
negative. It is colours that have the essential influence on all of
these factors. It matters in what kind of environment the employee
Works (Gilks, 2010). Studies and different surveys and researches
proved that not all colours are suitable for each kind of work. If the
emloyees should perform their best, it is necessary to adjust their
working environment, including choosing the most suitable colour
combination. The article deals with an experiment which looks at
performance of the tested people doing particular activities with an
influence of different colour backgrounds. This part evaluates the
measured values and defines which colours influence the lowest
performance, which colours are disturbing and cause making a lot
of mistakes, interpersonal problems at the working place, which can
result in arguments or even aggression. But also, which colours can
help reach the highest effectivity, which positively influence the
performance of the employees, support thinking and develop
creativity, improve the relationships and create a pleasant
atmosphere.

2. Working environment

Working space and its surroundings influence potential or current
employees. It influences the performance to a great degree, number
of mistakes made, it reduces or minimalizes extreme workload,
exhaustion, illnesses and work injuries. Design, structure, suitable
ergonomic conditions, safety management and health protection
system are listed among the most important factors that make the
company development possible. Management trends highlight
international standards, sucha s quality management system, safety
and health protection or environment protection (Hrehova, 2011).
Space, where machinery, devices, different tools, objects designed
for performing the tasks of employees are placed, is called a work
space. It can be a space where production or administrative
activities are performed. Employees are integrated into a particular
working environment on basis of their abilities and skills. It
comprises of different factors of social, material and general
conditions for work activities (Pikala, 1976).

One of the key factors when choosing ajob is the working
environment. Its positive or negative factors influence the
behaviour, mood but most of all, people’s health and work. (Oravec,
2007). That is why it is extremely essential that the emloyers design
and create asuitable atmosphere and space for work for all
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subordinates in their company and also aim at suitable physical,
organisational, hygienic, aesthetic, socio-psychological conditions
and also safety and health protection conditions (Hrehova, 2011).

Working environment influences people by its factors:

physical:  microclimatic  conditions, radiation, air
temperature, relative humidity, ventilation, lighting, noise,
vibration, colour design of the environment,
chemical: cigarette smoke, formaldehyds,
substances, biocides and other gaseous matters,
biological: insects, viruses, bacteria, fungi, biological
alergens etc.

socio-psychological: motivation to work, kind of work,
way of work organisation, relationships at work,
communication (Hrehova, 2011).

volatile

Eventhough people feel and evaluate well-being in a complex way,
they use individual senses so specifically that we can distinguish
different kinds of well-being:

sound (acoustic) — set limits for noise expositions for
particular activities are not exceeded,

optical — includes the illimunation of the surface, quality
of illumination (blinding glare, stability, regularity),
phototrophic influences (encouragement or attenuation),
artistic aesthetic feeling, especially that of colour design,
thermal — influenced by heating and ventilation, air-
conditioning and air humidity,

clean air — elimination of intensive odours, smells, dust,
pathogenic germs, cigarette smoke, sweat,

psychological — dependant on factors: physical health,
physical or intelectual performance and social
relationships (Hrehova, 2011).

When choosing acolour, it is necessary to take into account
especially sex and age of the workers, temperature of the
environment, possibilities of lighting, whether it is artificial lighting
or natural light, the size of working zones as well as the kind of
work in question (Hrehova, 2011).

Meanings of choosing a colour:

Functional meaning — this means using colours for fast orientation
of an employee in the working space and for reliable handling of the
necessary operations. It also contributes to creation of working
atmosphere needed for performing the work.

Safety meaning — in the area of safety and health protection it is
applied in form of colour markings, where blue colour means an
order, yellow signals warning, red represents prohibition or danger
and green colour marks escape ways.



Aesthetic meaning — colour desing of the working space contributes
to creating working comfort for the empoyees.

Economic meaning — productivity is increased and number of
injuries decreased. Some surveys show performance increase of 25
%. Sometimes, even higher numbers are listed. The fact is, that this
influence exists and demonstartes itself (Berry, 1998) .

3. Legal framework of the European Union related
to factors at work

Given safety regulations, rules and principles must be followed
during working activites, occupations or jobs. What results from the
legal regulations is (see Table 1), that one of the basic obligations of
the employers is to protect and maintain good health condition of
their employees, make prevention measurements regularly, so that
there are no accidents at work and health deterioration and job-
related illnesses do not occur. All working individuals have a right
to know all the risks which can endanger them during performing of
their work and must attend the necessary trainings.

Table 1: Regal regulations of the EU related to factors at work

Directive EU

89/391/EHS

European framework directive about implementation of measurements to
support the improvement of safety and health protection of the
employees at work.

The aim of the dierctive is to set an equal level of safety and health
protection for all emploees. It guarantees the minimal requirements for
safety and health protection in the whole Europe (Council Directive,
89/391/EEC).

2003/10/ES

Directive about minimal health and safety requirements regarding the
risks resulting from exposing employees to physical influences (noise).
The aim is to decrease the risks resulting from exposition of employees
to noise (Directive, 2003/10/EC).

4. Theory of colours

The word colour has many definitions. From the physical point
of view, colour is a visible area of the electromagnetic radiation
with wavelenghts of 380 — 730 nm, see picture no. 2. If aray of
particular wavelenght falls onto the eye, it causes a stimulus in it on
basis of which aperception of colour is created in brain
(Kvasnovsky, 2010).

Cells in retina are receptors of light which change light signal
into perception in neurons and are called rod cells and cone cells.
Rod cells are responsible for perception of light and cone cells for
distinguishing of colours (Woodson, 1992).

Blue, green and red are the primary, or basic colours. Some
authors list yellow to the primary colours as well. If we mix two
primary colours, we get asecundary colour. Tercial colour is
created by mixing primary and secondary colours. It is suitable to
combine all primary, secondary and tercial colours with neutral
colours like white, black, grey and beige (www.suvke.sk).

Color scale divides colours to:
warm colours, which are in the right half of the colour circle,
cold colours, which are in the left half of the circle, (see Fig. 1).
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Fig 1: Colour circle (www.suvke.sk)
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Warm colours in the right half are suitable for smaller spaces, they
will make them look bigger and give them more light. They create
a pleasant and optimum atmosphere for higher work performance of
the employees.

Cold colours in the left half of the circle are suitable for large areas
which we do not need to make optically bigger. They support
positive thinking and creativity of the employees. They will
stimulate asense of authority, seriousness, inteligence and
development of the company, organisation or firm (www.suvke.sk).

Colour models

Colour model describes primary colours and schemes of mixing
these colours to the final colour. Colour in the nature is a mixture of
light of different wavelenghts and various colour models try to
imitate the colour in the best possible way. We use models that are
a suitable compromise between accuracy of the colour image and
complexity of the particular model (Kvastiovsky, 2010).

RGB colour model

It is amodel in which each colour is created with a proportion of
red (R), green (G) and blue (B) colour. These colours are primary
for RGB model. Colours are mixed additively in this model. By
adding a particular element a lighter colour is created. If all of them
are added, white colour comes out. A combination of green and
blue makes turquoise (cyan — C), red and blue make purple
(magenta — M). And last but not least, if green and red are mixed
yellow comes out (yellow — Y). This means that by combination of
the basic colours of RGB additive mixing, basic colours for
opposite subtractional mixing CMY are created, see Fig. 2. RGB
model is used for televisions, monitors and screens. The screen of
the televisions comprises of densely squashed red, green and blue
points (www.suvke.sk).

Table 2: Colours

Fig 2: GB model (www.suvke.sk)

CMY/CMYK Colour model

With this colour model, each colour can be created by
a proportion of turquoise (cyan — C), pink (magenta — M), yellow
(yellow - Y). These colours are the basis for CMYK model. The
colours come from reflected light and are mixed substractively. By
adding a particular element, we get a darker colour. If all are added,
black comes out. This kind of mixing is used in painting. It is
suitable to use this model for printing purposes but from practical
reasons it is necessary to include black colour (black - K), that is
CMYK (Kvasiovsky, 2010).


http://www.suvke.sk/

Fig 3: CMYK model (www.suvke.sk)

5. Material and methods

Many studies dealt and deal with a question of how colours
affect the working environment.

Astudy of how acolour can have a positive effect on
someone’s psychic, which is not that known, is called “pink prison
experiment” and is from the late seventies of the 20th century.
According to the study, the prisoners in Seattle and Washington
were placed in bright pink cells where they showed less agressive
behaviour and characteristics. This result was accepted and quickly
spread to many prisons in the USA and Canada. But when the same
experiment was repeated several years later by a researcher from
Canadian university, it did not have the same result. The new
conclusion was that the change of colour generates less aggressive
effects (www.informedesing.org).

Nancy Kwallek, a researcher from Texas University tested the
influence of colours on the productivity of employees. A chosen
group of people was to solve a given task in three different rooms
which were painted with different colours. The first room was
paited white, second red and third was cyan. The tested employees
were divided into two groups on basis of the results of the
experiment. The first group comprised of so called high-screeners,
which means highly resistant employees and the second group
comprised of so called low-screeners, employees of low resistance.
Colour did not have and influence on the first group. The second
group was significantly affected by colours. The first group, the
high-screeners, did not have any problem with dealing with the task
in the red room. The second group was disturbed by the red colour.
Both groups made the biggest number of errors in the white room.
Best results were reached in the cyan room by both groups
(www.informedesing.org).

The newest studies by Konica Minolta proved that blue colour
can partially negatively influence the mood.

Table 3: Influence of colours research (Hrehovd, 2011)

Positives
Positive mood of  the
employees working in the blue
environment was 72% lower to
those of different colour.
85% of the interviewed listed
that they feel more energy and
can focus on work better.
Psychological well-being of
employees working in yellow
environment was 72% higher.
Employees felt more motivated
by their colleagues (58%),
managers (43%) and feedback
(30%). It is suitable for team
work.

Colour

Negatives
Employees had a
negative perception of
their work and leisure
time proportion (64%).

No significantly negative
effects of this colour
were proved.

Some listed that they felt
irritated in a red office.

A majority of
responderts (52%) had a
lower performance. It is
boring and inexpressive.
It gives an impression of
a meeting room and
respondents  felt strict
and relentless.

It is an ideal choice for a
administrative or office
environment.

Perception of motivation in a
form of financial reward and
professional growth was 40%
higher.
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6. Aims, construction and preparation of an
experiment

The aim of the experiment is to find out how certain chosen
colours affect the person’s performance during their working
activity.

A group of chosen individuals was asked to reach the highest
possible score while playing an online game. Before starting the
game, arespondent looks at a chosen colour for aperiod of 60
seconds. After this period is over, the game starts. During playing
the game, the participant observes the chosen colour.

A group of 20 participants was chosen for the experiment. It is
agroup of homogenous age (20-25 year-olds). Each person was
informed in detail about the course of the experiment.

The experiment took place in a room where all participants had
equal conditions for making the experiment.

The temperature in the room was 22°C. They also had adequate
lighting. Each participant was wearing a so called eliminator on
their eyes, through which they could only see the monitor.

In the beginning of the article, the characteristics of particular
colours are described. As red, green, blue, white, orange/yellow and
black colour have significant characteristics, they are the subject of
the experiment.

Schematic representation of the experiment

The picture (see Fig. 4) shows the preparation, implementation
and evaluation of the experiment.
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Fig 4: Schematic Picture of the experiment
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Fig 5: Red background

Reached score with particular colour backgrounds

In table 4, a reached score of twenty students is listed. They
played the chosen game with a white, red, blue, green and
yellow backgroung.

Table 4: Reached score

White [E1EWY Red Yellow

| Blue Green
Student 1 5478 4698 5420 6544 8136 5661

Student 2 7742 | 6159 7218 7053 6494 7461

Student 3 4638 | 4197 4655 6281 6935 6523

Student 4 3490 | 5233 5786 6454 6935 6523

Student 5 3404 | 4616 5588 6245 6428 5624

Student 6 4661 | 4788 4472 5928 6294 6792

Student 7 4830 | 7646 7626 6878 7010 7491

Student 8 5014 | 5285 6537 5844 6603 7276

Student 9 4386 | 4880 6344 6829 6669 5935

Student10 | 3792 | 4096 6274 6340 7823 6065

Student11 | 4383 | 4753 5429 7262 4131 6894

Student12 | 4180 | 4845 6882 4817 6391 7217

Student13 | 7754 | 6920 6754 6876 7702 6868

Student14 | 5622 | 6473 6595 5885 6083 6908

Student 15 5292 | 6692 5779 8455 7470 7553

Student16 | 3686 | 5644 6190 6676 6039 6376

Student17 | 5715 | 5375 5782 5428 6872 5356

Student18 | 7777 | 5445 6213 8016 6990 6360

Student19 | 4787 | 4657 4277 5623 6034 5992

Student20 | 6758 | 5651 6601 7566 6228 7802

7. Analysis and experiment evaluation

Risks are omnipresent in most human activities. Risk analysis
helps to establish the level of risk of agiven situation, and to
determine if the risk is acceptable, tolerable or unaceptable.
(Tchiehe, 2017). After realisation of the experiment and collection
of data and reached scores of the tested students, an evaluation
follows. Aright choice of suitable analysis is important for
evaluating of the measured figures. It is also necessary to set
hypothesis which will be tested by a suitable analysis. Statistical
analysis will prove or deny whether there are differences in the
reached score among the various colour backgrounds. If it is
proved, then it will be necessary to find out which colours have the
biggest difference. By proving the differences among the reached
scores with individual colour backgrounds, we can assume that
colours can influence performance of employees at work.

Method ANOVA was chosen for evaluation of the
experiment. All statistical counting were realised in Excel 2007 -
Microsoft Office.

We call method ANOVA an analysis of dispersion. It looks at
relation between interval variable Y (reached score) and one or
more nominal variables X, these are factors (individual colour
backgrounds). (KneZo, 2011). It is necessary to find out whether the
reached scores of tested persons (YY) is in relation to individual

colour backgrounds (X). The file is divided into groups according to
individual factors and it is tested whether the measured differences
in score among the colours are only a coincidence or whether they
are also statistically relevant. If the average of the groups is
significantly different, the factor is statistically significant. That
means that the variable X (score) really depends on the factor
(colour). If it is proved that average scores among individual
colours are significatnly different, it is necessary to find out
between which colours are the differences the biggest. Post hoc
analysis is used for it. There is a wide range of Post hoc tests but in
this case, Tukey’s test is suitable. The subject-matter of the test is
comparison of all possible pairs of colours and substantial
differences analysis (Markechova, 2011).

So that we can use the analysis of dispersion, we need to meet
the following conditions:
e the measured file must come from normal division
(Shapiro-Wilk’s test of normality),
e the same measured file must meet the homogenity of
dispersion (Cochran’s test)
Proving or denying of conditions needed for fulfiling analysis of
dispersion
Shapiro-Wilk’s test was used for proving the conditions of
normality. For correct condition check; i tis necessary to set suitable
hypothesis Hq and H;.

Hypothesis statement:
e Hy: The measured scores of the tested participants come
from normal division.
e Hj: The measured scores of the tested participants do not
come from normal division.
In tab. 5 to tab. 10 measured values are compared according to
relevant test formula using Excel programe and table critical values
at significance level of a = 0,01 an=20 (file extent, number of
tested participants).

W = W, (n) 1)
where:
W — counted value according to tested characteristics for counting
normality

W,(n) - table critical value for Shapiro-Wilk’s test of normality
a - the level of significance
n - file extent

Table 5: Normality test for white colour

. . Hypothesis Hy is not
Shapiro-Wilk’s test valid, if
Measured Table W < W1 (20)
value W critical (the calculated value is
according to value smaller or the same as
. formula (5) W01 (20) the table critical value)
L The equasion not
R proved, Ho denied,
measured score values
0,893 0,868 | with white background
come from normal
division. Condition
fulfilled.

Table 6: Normality test for black colour

Shapiro-Wilk’s test Hypothesis Ho is not

valid, if
Measured Table W < Wy (20)
value W critical (the calculated value is
according to value smaller or the same as
formula (5) Wo,01 (20) the table critical value)
Black The equasion not
background proved, Ho denied,
measured score values
0,928 0,868 | with black background
come from normal
division. Condition
fulfilled.




Table 7: Normality test for red colour

Hypothesis Ho is
not valid, if
W < Wo 1 (20)
(the calculated value is
smaller or the same as
the table critical value)
The equasion not
proved, Ho denied,
measured score values
with red background
come from normal
division. Condition
fulfilled.

Shapiro-Wilk’s test

Table
critical
value
Wos (20)

Measured
value W
according to

Red formula (5)

background

0,967 0,868

Table 8: Normality test for blue colour

Shapiro-Wilk’s test Hypothesis H is not

valid, if
Measured Table W < Wo (20)
value W critical (the calculated value is
according to value smaller or the same as
formula (5) Wo,01 (20) the table critical value)
Blue The equasion not
G proved, Ho denied,
measured score values
0,987 0,868 with blue background
come from normal
division. Condition
fulfilled.

Table 9: Normality test for green colour

Shapiro-Wilk’s test Hypothesis Ho is not
valid, if
Measured Table W < Wy (20)
value W critical (the calculated value is
according to value smaller or the same as
G formula (5) W01 (20) | the table critical value)
reen The equasion not
LR proved, Ho denied,
measured score values
0,902 0,868 | with green background
come from normal
division. Condition
fulfilled.

Table 10: Normality test for yellow colour

. sy Hypothesis Hy is
Shapiro-Wilk’s test not valid, if
Measured Table W < Wy (20)
value W critical (the calculated value is
according to value smaller or the same as
Yellow formula (5) Wo,01 (20) the ;ﬁglsqcuriatsiic:rll \r/]acl)ltue)
T T proved, Ho denied,
measured score values
0,952 0,868 with yellow
background come from
normal division.
Condition fulfilled.

From table 5 — 10, i tis clear that the first condition for all measured
values of the colour backgrounds was fullfiled.
For proving the homogenity condition, we used Cochran’s test. For
correct condition check, i tis necessary to set suitable hypothesis Hy
and H;.
Hypothesis statement:
e Hy: The measured scores of the tested participants fulfill
the condition of homogenity.
e Hj: The measured scores of the tested participants do not
fulfill the condition of homogenity.

C = cplkn—1) )
where:

C - value measured according to tested characteristics for counting
homogenity

Cy(K, n-1) - table critical value for Cochran’s test
o - the level of significance
n - file extent

Table 11: Homogenity test

Cochran’s test Hypothesis Hy is not valid,

if

Measured value Table critical C = Co (6,19).
C according to value (the calculated value is the
formula (6) Coor (6,19) greater or the same as the table
A critical value)
The equasion not proved, Ho
033 036 denied, readings scores in all
’ ' color requested meets the
requirements of homogenity.

Table 11., proves that the second condition was fulfilled, too. That
means it is possible to do analysis of dispersion ANOVA.

Use of ANOVA method

The aim of the method is to prove or deny whether individual
colour backgrounds have an effect on the reached score of the tested
participants.

Hypothesis statement:

e H,: Differences among measured scores among various
colours are coincidental (colours do not have an influence
on the score).

e Hj: Differences among measured scores and various
colours are statistically significant (colours do have an
influence on the score).

F=F_4tk-—Ln—k) ®)

where

F — measured value according to the tested characteristics
F> Fy, (k-1,n-K) - table critical value for ANOVA

o - the level of significance

n - file extent

k - number of classes

Table 12: Analysis of colour influence

ANOVA Hypothesis Hy is not valid,
if
F <Fog9 (5,14)
Measured_ value (the calculated value is the
F according to Foo1 (5,14) e
greater as the table critical
formula (7)
value)
The equasion not proved,
Ho denied, readings scores in
8,795 3182 colored backgrounds they are

statistically significant, the
colors affect the score obtained
by the test subjects .

It is clear from Tab. 12, that statistical analysis proved influence of
individual colour backgrounds, which were set during the
realisation of the experiment, on the reached score of the students. It
is necessary to find out where the difference in colour sticks out the
most, that is compare all possible pairs of colours by using Post hoc
analysis.
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Fig. 6: Graphical Picture of average scores for individual colours

Arithmetic averages of reached scores for colour backgrounds are
graphically pictured on Fig. 6. It is clear, that the highest average
was reached by playing the game with a green background. It can
be a result of the fact that human eye perceives this colour the most.
Looking at green colour strengthens thinking which can have a very
positive effect on increasing of the employees performance. Yellow
colour came second. From theoretical knowledge it is known that it
supports creativity, is a source of energy and has a significantly
stimulating effect. Blue colour is third. It supports communicative
skills and has a calming effect. Green, yellow and blue have the
highest score according to the experiment. Based on reached score,
red colour follows. In general, it decreases tiredness, increases
energy levels, but is a colour with which we need to deal carefully.
It can have a positive effect, but also negative or even aggressive
one. The lowest score was reached with white and black
background. Based on the measurements from the experiment and
theoretical knowledge it is possible to propose colour plan for
changing colours during the working hours, see chapter 6.3.

Use of Post hoc analysis

A suitable Post hoc analysis for evaluation of the experiment is
Tukey’s test, which will check the biggest differences in reached
scores among the colour backgrounds.

Hypothesis statement:

Hq: There is no significant difference in score among
individual colours (scores are equal).

H;: There is asignificant difference in score among
individual colours (scores differ).

T = ty(rnn—r) (4)

where:

T — measured value according to tested characteristics

t(rn-r) — table critical value for Tukey's testof ultiple

comparison

r — number of classes

n — file extent

Post hoc analysis showed the most significant differences of the

measured scores for individual colours, see Tab. 13.

The most significant differences in scores are between these pairs of

colours:
e white and blue,

white and yellow,

white and green,

black and blue,

black and green,

black and yellow.
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Conclusion

In relation between colour, performance and safety at the working
place, we can define colour as danger. That means its features can
potentially cause undesired effect or event in case of wrong choice.
Initiator of this event could be stress, tiredness, and unfavourable
working conditions, especially insufficient lighting of the working
place. If colour design of the working place is wrong and initiators
are not avoided, an undesired event can occur. This could result in
performance decline, health deterioration of the employee, injury or
property damage.

The objective of the experiment is to show that colours have an
ability to influence employees when performing their work.

An article was elaborated within VEGA 1/0121/18
Development of methods for implementing and verifying a
comprehensive security solution in Smart Factory as part
of Industry Strategy 4.0

References

Bermudes, A. How Paint Colours Affect Employee Productivity in
the Office. <http://www.getdigsy.com/blog/small-business/how-
paint-colors-affect-employee-productivity-in-the-office/>
(acessed Jan 2017)

Berry, L. M, 1998. Psychology at work: An Introduction to
Industrial & Organizational Psychology. The McGraw- Hill
Companies, 1998.

Council Directive 89/391/EEC of 12 June 1989 on the introduction
of measures to encourage improvements in the safety and health
of workers at work

Designboom: No bad colours Workstation dynamic surface material
technology.  <http://www.designboom.com/design/ron-arad-no-
bad-colours-workstation-dynamic-surface-material-technology/>
(accessed Jan 2017)

Directive 2003/10/EC of the European Parlament and of the
Council of 6 February 2003 on the minimum health and safety
requirements regarding the exposure of workers to the risks
arising from physical agents (noise)

Forbakova, B. Dynamics of colour perception.
Komenského University, Bratislava.
<http://www.sophia.sk/system/files/Barbora%20Forbakova_Dyna
mika_vnimania_farebnych_podnetov_0.pdf?download=1>
(acessed Jan 2017)

Gilks J., Logan, R., 2010. Occupational Injuries and Diseases in
Canada 1996-2008: Injury Rates and ost to the Economy

Hrehova, D., Frenova, J., 2011. Efficiency, quality, aesthetics of the
working environment in acompany and their influence on
employees.  Academic article. Technical University
<http://www.bozpinfo.cz/josra/josra-01-2011/vliv-pracovniho-
prostredi.html> (accessed Jan 2017)

Knezo, D., Andrejiova, M., 1zarikova, G., 2011. Basics of statistical
methods. Study liturature edition, Kosice. ISBN: 978 — 80 — 553 —
0841 - 8.

Kvasnovsky, M., 2010. Theory and psychology of colours in
Internet communication. Brno.
<http://is.muni.cz/th/143241/fi_m/kvasnovsky-thesis.pdf>
(accessed Jan 2017)

Kwallek, N. Color in Office Environments.
<http://www.informedesign.org/_news/jan_v05r-p.pdf> (accessed
Jan 2017)

Lay, A. M., Saunders, R., Lifshen, M., Breslin, F. C., LaMontage,
A. D., Tompa, E., Smith, P. M., 2017. The relationship between
occupational health and safety vulnerability and workplace injury.
Saf. Sci. Vol. 94, April 2017, Pages 85 — 93.

Markechové, D., Tirpakova, A., Stehlikova, B., 2011. Basics of
statistics for teachers. Nitra. ISBN 978-80-8094-899-3.

impulse


http://www.getdigsy.com/blog/small-business/how-paint-colors-affect-employee-productivity-in-the-office/
http://www.getdigsy.com/blog/small-business/how-paint-colors-affect-employee-productivity-in-the-office/
http://www.designboom.com/design/ron-arad-no-bad-colours-workstation-dynamic-surface-material-technology/
http://www.designboom.com/design/ron-arad-no-bad-colours-workstation-dynamic-surface-material-technology/
http://www.sophia.sk/system/files/Barbora%20Forbakova_Dynamika_vnimania_farebnych_podnetov_0.pdf?download=1
http://www.sophia.sk/system/files/Barbora%20Forbakova_Dynamika_vnimania_farebnych_podnetov_0.pdf?download=1
http://www.bozpinfo.cz/josra/josra-01-2011/vliv-pracovniho-prostredi.html
http://www.bozpinfo.cz/josra/josra-01-2011/vliv-pracovniho-prostredi.html
http://is.muni.cz/th/143241/fi_m/kvasnovsky-thesis.pdf
http://www.informedesign.org/_news/jan_v05r-p.pdf

Mayerova, M., 1997. Stress, motivation and performance. Grada
Publishing, Prague. ISBN 80-7169-425-8

Oravec, M., Fischerova, S., 2007. Categorisation of Work Related
Stressors. In: Bezpecna praca. Vol. 38, no.1 (2007), p.6-8. ISSN
0322-8347.

Pikala, 1. et al.,, 1976. Psychological aspects of the working
environment. Bratislava, 1976.

Tchiehe, D. N., Gauthier, F. 2017. Classification of risk
acceptability and risk telerability factors in occupational health
and safety. Saf. Sci., February 2017, Pages 138 — 147

Tkacikova, E. Theory of colours and colour separations.
<http://www.suvke.sk/mvpvs/technologia-propagacna-
grafika/10%20Te%C3%B3ria%20farieb%20a%20farebn%C3%A
9%20separ%C3%Alcie.pdf> (accessed Jan 2017)

Vozza, S. Why You Should Never Paint Office Walls White.
<http://www.fastcompany.com/3044601/work-smart/why-you-
should-never-paint-office-walls-white> (accessed Jan 2017)

Woodson, E. W., Tillman, B., Tillman, P., 1992. Human Factors.
Design Handbook. Information and Guidelines for the Design of
Systems, Facilities, Equipment, and products for Humans Use.
McGraw — Hill, Inc.

Zuckerman, E. The Surprising Effect of Color in the Office.

<http://cpmonesource.com/the-surprising-effect-of-color-in-the-
office> (accessed Jan 2017)

Table 13: Post hoc analysis check

Tukey’s test

Hypothesis Ho is not valid, if
T > t,(6,120-6)

Counted value is higher than table critical value

Not valid, Ho denied.

There is not a significant difference in score between these colours.

Not valid, Ho denied.

There is not a significant difference in score between these colours.

Valid, Ho denied.

There is a significant difference in score between these colours.

Valid, H, denied.

There is a significant difference in score between these colours.

Valid, Ho denied.

There is a significant difference in score between these colours.

Not valid, Ho denied.

There is not a significant difference in score between these colours.

Valid, H, denied.

There is a significant difference in score between these colours.

Valid, Ho denied.

There is a significant difference in score between these colours.

Valid, H, denied.

There is a significant difference in score between these colours.

Not valid, Ho denied.

There is not a significant difference in score between these colours.

Not valid, Ho denied.

There is not a significant difference in score between these colours.

Not valid, Ho denied.

There is not a significant difference in score between these colours.

Not valid, Ho denied.

There is not a significant difference in score between these colours.

Not valid, Ho denied.

There is not a significant difference in score between these colours.

Measured value |  Table critical value
Colour pair compared | T according to
formula (8) to 00 (6,120-6)
1,074 4,87
3,924 4,87
6,361 4,87
Yellow 6,493 4,87
Green 6,773 4,87
2,849 4,87
5,286 4,87
Green 5,698 4,87
Yellow 5,419 4,87
Green 0,412 4,87
Yellow 0,132 4,87
Yellow 0,280 4,87
2,437 4,87
2,849 4,87
2,569 4,87

Not valid, Ho denied.

There is not a significant difference in score between these colours.
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AN APPLICATION OF A NETWORK SCIENCE TOOL FOR EXAMINING AND
ANALYSING THE STRUCTURE AND TOPOLOGICAL PROPERTIES OF
PUBLIC-TRANSPORT NETWORKS: A CASE STUDY
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Transportation Research Centre, University of Auckland, New Zealand*
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Abstract: More than one century network science (NS) has been extensively used in numerous studies of different research fields,
including public transport (PT). This work presents an application of a NS tool enabling to explore complex public-transport networks
(PTNs). This tool explores networks for small-world, scale-free and random network characteristics, in a case study to examine and analyze,
by using NS concepts, two PT systems - Washington DC’s Metro Network (WMN) and Oslo’s Metro Network (OMN). The performed
analyses focused on the structure and the topological properties of the examined networks. As the networks have longer average path
lengths, compared with random networks, and because of not being clustered, these metro networks demonstrated they are not small-world
networks. The analyses also show that in contrast to the OMN the WMN has certain characteristics associated with scale-free networks; that
is, a small number of highly connected nodes (hubs) and node degree distribution that can be represented by a power-law function.
Nevertheless, it still cannot be considered as a pure scale-free network because of its empirical distribution which is better approximated by
an exponential rather than a power-law function. The metro WMN cannot be considered a random network because of having hubs. Thus, it
is concluded that the examined WMN is an evolving complex network.

Keywords: NETWORK SCIENCE, PUBLIC-TRANSPORT NETWORK, NETWORK TOPOLOGICAL PROPERTIES, NETWORK
ANALYSIS, NODE-DEGREE DISTRIBUTION, AVERAGE SHORTEST PATH LENGTH, NETWORK'’S EFFICIENCY

1. Introduction

Network science [1] or the science of networks has revealed
more opportunities for researchers and scientists who work in
different research areas. One of the first attempts for application of
network science as a tool is made by Euler [2] in the 18" century in
resolving the well-known Koenigsberg seven bridges problem and
De Solla Price [3] who pictured the network of scientific papers
through linking each published paper to the papers that are directly
associated with it. While network science is based on graph theory,
it is also comprised of methods and approaches rooted in other
research fields. Basically, network science is a result of the In order to achieve the objective, the following essential tasks
convergence of many fields, such as network analysis [4], social have been completed:
network analysis [5,6,7,8] as well as physical [9] and biological
sciences [10]. Thus, by providing new tools, mechanisms, and
improved methods, NS has enabled exploring, examining,
analyzing, modelling and simulating the existing variety of complex (i) Examining the structure of the observed PTNs and
networks through evaluating their characteristics and properties in ~ evaluating their topological properties and characteristics by
different ways. Recent findings show that NS made it possible to ~ performing network- and statistical data analysis using the NS tool;
understand complex networks’ structure, topological properties and (iii) Drawing reasonable conclusions and outlining the
dynamics [11,12]. In this way, by revealing networks’ strengths and possibilities for a further research work for improving public-
weaknesses, and thereafter, establishing directions to improving transport networks’ operation.
networks’ structure, NS has facilitated overcoming problems that A flow-chart of the tool applied for processing the general
have yet to be solved by applying existing methods. Theories  transit feed specification (GTFS) [16] data used, the calculations
related to NS and the findings of complex systems are a good  made, further data processing as well as all types of analyses
foundation for practical studies of the structure of real-world  performed, is shown in Fig. 1.
networks (including PTNs) through an evaluation of topological

The objective of this study, which is practically oriented, was to
examine and analyse the structure and topological properties of
real-world public-transport networks on a case study by using an
existing NS tool which uniquely combines computer programming
techniques, implementation of known algorithms, network- and data
analysis. A network-science perspective was applied, while seeking
to reveal network strengths and weaknesses.

(i) Collecting, processing and analyzing data on a
comparative basis of a case study;

properties such as average network clustering coefficient (appearing 3. Solution of the examined problem

below only as clustering coefficient, CC), average network shortest

path length (appearing below as an average path length APL), node 3.2. Data collection and data processing

degree distribution (NDD) and network efficiency (local and global) ] S

in different research fields, including public transport network The objects of examination in this case study were the subway
design and operations [13,14]. (metro) networks in Washington DC (USA) and Oslo (Norway).

The first of the observed public-transport metro networks in
problem metro stations serviced by six lines traveling betwee_n the terminal
stations. The second of the observed metro networks in Oslo, OMN,
The limitations of the existing approaches and tools for  also known as T-bane or Oslo Tunnelbane (Fig. 3) is composed of
analyzing real-life complex networks, such as PTNs, place a 101 metro stations serviced by five lines traveling between the
number of new challenges for researchers and scholars in terms of ~ terminal stations. It is interesting to mention that only 17 out of 101
the data required, methods to be applied, and software to be used. of the stations in the Oslo’s metro network are underground or
Recently Dimitrov and Ceder [15] developed a method enabling to indoors.
examine and analyse complex public-transport networks (PTNSs)
incorporating computer programming, large-scale network- and
statistical data analysis techniques. The method was tested on a case
study.
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'
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in Microsoft® Excel
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\
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>

A
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Output:
- Netw ork visualisation
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\
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and
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Fig. 1. Flowchart representing the sequence of steps outlining the logic of the proposed tool for examinining and analysing PT (subway/metro) networks
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Input: comparison and assessment of the models derived

Output: establishing w hether or not the examined
subw ay networkis a scale-free network



3.3. Examining the subway network for small-world
properties

Because of differences in data formats and descriptions used by
the public transport operators within the GTFS feeds [17], in
contrast to Dimitrov and Ceder (2016) who extracted and processed
the required GTFS data by means of a Java program, in this work
the data feeds in the form of text (‘*.txt’) files. The GTFS data
[18,19], provided by the Washington Metropolitan Area Transit
Authority as well as by Ruter — the management company that
plans, coordinates, orders and markets public transport in Oslo, was
directly imported and further processed within the Microsoft Excel®
working environment. As a result, useful information regarding the
subway stations has been extracted, such as station names, codes
(an identifying number), geographical coordinates (latitude and
longitude) and the sequence of stations along each of the metro
lines in the examined networks. Then, the data about the
connections between each pair of stations have been further used to
assign values in the Excel adjacency matrix {a;;}showing the
connectivity between each two nodes within the network, i.e.,
between each two subway stations. For example, if station i is
directly connected by link (railway section) to station j, then the
matrix element a;; = 1, otherwise a;; = 0. As a result, the subway
network examined is represented as an undirected, unweighted
graph within which each node represents a subway station (in this
network the number of stations in both directions is the same and
these stations are located opposite one another) and the edges
(having length 1) represent the connection between two stations.
The presence of a link between two stations means that there is at
least one subway line servicing these stations.
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Fig. 2a. Washington DC Metro system map,
adapted from Washington Metropolitan Area Transit Authority [20]

3.3.1. Evaluation of the average network’s shortest path
length and the average network’s clustering
coefficient

The information extracted from GTFS files and saved in a MS
Excel file is thereafter imported into a developed Java software
program automating and accelerating the processing of the data.
Within the Java program, the imported adjacency matrix data is
then processed, transformed, and as a result exported and saved into
a (“*.dat’) file that served as an input into the software program for
large scale network analyses Pajek [23,7,8] which was used to
visualize the network and perform further analyses. By using Pajek,
topological properties of the examined network, such as average

path length (APL), clustering coefficient (CC) and average
network’s node degree (ANND), have been computed.
Alternatively, apart from Pajek, the average shortest path length for
undirected graphs was calculated within the developed Java
software program by using the following formulae [24]:

_ 2 .yN YN
M L= Nv-1) &=l j=i+1dij
where:
L - APL;

N — number of nodes (stations) in the network;
d; ; — the shortest path (in terms of number of sections) between
any two pairs of nodesiand j, and d;; = d; ;.

Fig. 2b. Washington DC Metro system map,
Planned improvements, adapted from Momentum [21]
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Fig. 3. Oslo Metro system map [22]

Formula (1) was incorporated within the Java program not only
to calculate the average network shortest path length as a number of
consecutive route sections, but also in kilometers by substituting in
d;; the distances between stations along the shortest paths
computed through the Java implementation [25] of Floyd’s shortest
path algorithm [26]. To verify the output results of the software
program developed, the value of the APL (in number of sections)
calculated with the Java program was compared with the APL
computed by using Pajek.

In order to discover whether the examined public-transport
metro networks exhibit small-world characteristics, their properties,
as shown in Table 1 and Table 2, have been compared to those of
random Bernoulli/Poisson [8] networks that were generated with
Pajek using the same number of nodes and average network node
degree as an input, as did Watts and Strogatz [27].

133



Table 1. Washington DC's metro network compared with a random
network generated using the software product Pajek

. Network properties
Public
transport Networks 2 2 [a)
mode £ 51z | g |g
z ] < <
Examined  subway/ < = .
metro network S =] 0
™ A d —
Subway/ b ) N o —
Metro Generated random ©
(Bernoulli/Poisson) * 0 ©
o o o
network 9 N 2 o
Table 2. Oslo’s metro network compared with a random network

generated using the software product Pajek
Network properties
Public a
trarljsport Networks é é % o -
o
mode z| & < o |<
. o
Examined subway/ . g =] 2
metro network - S N = =
Subway/ S
Metro Generated random o ©
(Bernoulli/Poisson) 0 5 5 )
network S i = I
Based on the comparison made between the empirical

(calculated) and the theoretical (generated) values of the topological
properties, it can be concluded that examined metro networks
(Washington DC’s and Oslo’s), characterized with average path
lengths of 11.51 and 14.68 sections, respectively, which exceed
more than twice the APL for the generated random networks, and
both having clustering coefficient equal to 0, cannot be considered
small-world networks. This is because the derived values differ
from what is given as a definition for small world graphs [28]: “A
small-world graph is a large-n, sparsely connected, decentralized
graph (n >> kq. >> 1) that exhibits a characteristic path length
close to that of an equivalent random graph (L = Lyangom), Y€t With @
clustering coefficient much greater (C >> Ciangom).”

3.3.2.

In contrast to Watts and Strogatz [27], examining real life
networks by using average path length (as a global property) and
clustering coefficient (as a local property), Latora and Marchiori
[29] introduced the concept of network efficiency — global and local
— in their work, measuring the communication between the nodes
within a network. In this way, they examined networks’ local and
global behavior with local efficiency E,,. and global efficiency
Eg0p instead of using CC and APL. In other words, Ej,. and Egq),
replace CC and APL. It is known [29] that small-world networks
have both high Ej,. and Egq), .

Evaluation of network efficiency

As the efficiency ¢;; between nodes i and j is inversely
proportional to the shortest path d; ; between these two nodes [30]:

1
(2) &, = 4,

the global efficiency Eg,, was calculated via the following
formulae implemented in the Java program developed:

— N N 1
) Egiop = i:lZ}':i+1E’

N __ 2
i=12j=i+1€ij = N-(N—-1)

2
N-(N—1)
where Eg,;, takes values within the range 0 < Ej;,, <1 [29], i.e,,
Egi05 €[0; 1]. Ideally, the global efficiency, considered [30] as the
efficiency of the whole network, would have the value of Eg;,;, =
1, which could be valid in complete graphs in which there is an
edge between each pair of nodes connecting them.

The results showing that the global efficiencies for both the
metro networks having values Eg;,, = 0.14 (Washington DC) and
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Egi00 = 0.12 (Oslo) means that these networks have only 14% and

12% of the efficiency of the ideal one (Ey;,, = 1), the latter having
a direct line from each station to the others. The obtained low
values are an indication of poor global efficiency of the networks,
lacking direct connections between their stations. The low global
efficiency values only show that possible network improvements
could be achieved in network’s topology (and not by the level of
service it provides) through the construction of new links (sections),
as long as it is proven that the cost incurred for this would be
justified.

Since the network analyses, performed with the software
program Pajek for the metro networks studied, established that they
are not clustered at all (CC = 0), the alternative topological property
of the clustering coefficient (which is the local network’s efficiency
Ej,c) was not evaluated. Again, the value 0 of CC means that there
are no metro stations within the networks having neighbouring
stations connected to one another. Therefore, it can be concluded
that the networks examined are not fault tolerant in the context that
each disruption (disconnected stations) would significantly affect
the transport service as there are no alternative connections between
the stations. This leads to the conclusion that the higher the number
of connections in the networks, the greater the fault tolerance of the
networks. This can be achieved by increasing connectivity between
stations in the network through constructing more sections linking
important subway (transfer) stations — hubs.

The Washington Metropolitan Area Transit Authority’s
(WMATA,) strategic plan [21] for 2013-2025 discusses constructing
a rail track (section) that would serve as a connection between the
Blue and Orange/Silver metro lines (see the Blue line’s Arlington
Cemetery station and the Silver/Orange Court House station as
shown in Fig. 2b), as one of two potential alternatives. This would
be a new edge within the existing subway network enabling
passengers to make one seat (non-transfer) trips between Dulles
Airport, Tysons Corner, Ballston, The Pentagon, National Airport,
and the Alexandria metro stations, thus avoiding the need to travel
through the core of the network. Both alternatives would result in an
increase of train frequency with five more trains per hour, thus
leading to an increase in the vehicle carrying capacity provided for
up to 4000 passengers per direction per hour. People from WMATA
expect the above measures to reduce the average passenger waiting
time by an average of three minutes for around 16000 trips.

To explore how the above constructive changes planned for the
subway network would affect the APL, CC, and the network’s
(global) efficiency, the newly created link was added as an edge
into the adjacency matrix {ai,j}, then the approach described in
sections 3.3.1 and 3.3.2 was applied. As a result, the following
values of the evaluated topological properties of the network
examined were identified: APL = 11.32 sections in the proposed
network as opposed to 11.51 for the existing network, and
clustering coefficients, 0.0252 as opposed to 0, respectively. The
network efficiency remains unchanged (0.14). Even after the
expected changes, the network is still not a Small-world network
(SWN) as it has a clustering coefficient (CCgsp = 0.0252)
commensurate to that of the Random network (RN) (CCgry =
0.0156) and still quite long APL (11.32 sections) compared to that
value for RN (5.06 sections). Thus, as expected, the structural
change above (only one new link added) does not globally affect
network connectivity. The positive effect on the network can be felt
locally as the increased value of CC from 0 to 0.0252 means that the
network would become more faults tolerant. This means that in an
event of a breakdown (a disconnected link in the triangle Arlington
Cemetery, Court House and Rosslyn), the network would still be
functioning because of the presence of an alternative (a newly
constructed) connection.

3.4. Examining
properties.

3.4.1. Data analysis

the subway network for scale-free



Based on the GTFS data processed regarding the metro stations
and the metro lines in the two networks (see Figures 4 and 5) it
turned out that the majority of the stations (76 stations) in the first
(Washington DC’s) network are serviced by only one metro line (48
stations) or two metro lines (28 stations). There are also 13 more
stations serviced by three lines. On the other hand, there are only
two stations serviced by four and five subway lines, respectively,
that can be considered hubs. Thus, the network topology of the
metro network examined resembles the topology of scale-free
networks in which most of the nodes have a small number of links,
with only a small number of nodes (called hubs) having multiple
connections [31], which is in contrast with the second examined
metro network in Oslo. Similar to the Washington‘s metro network,
the majority of the stations in the Oslo’s metro network (89
stations) are also serviced by one metro line (61 stations) or two
lines (28 stations). However, Oslo’s network does not have small
number highly connected stations (hubs). Instead, it is characterized
with 3 stations serviced by 3 lines, another 3 stations serviced by 4
lines, and 6 more stations serviced by 6 metro lines. For the sake of
clarity, the 5" line of the Oslo’s metro network (in green) can be
considered as composed of two separated lines as it runs twice
through nine stations and follows two separate routes. That is, when
a vehicle runs in the direction from Vestli to Sognsvann (see Fig. 3),
it can either pass through the station “Ulleval stadion” and
continues to station Nydalen (the first route), or continues in the
direction station Berg.
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Fig. 4. Distribution of the Washington DC metro stations
according to the number of lines k servicing a station
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Fig. 5. Distribution of the Oslo’s metro stations
according to the number of lines k servicing a station

With the intention of confirming or falsifying the above
supposition, in order to estimate the probability P(k) with which a
randomly selected station is being serviced by k lines, two types of
functions — a power-law [32,33] and exponential were
approximated through performing a statistical data analysis [34] as
shown in Table 3 (for Washington DC’s network) and Table 4 (for
Oslo’s network) below. It is obvious (from Table 3) that the
coefficient A in the power function has value which is close to 1,
i.e.. A =0.948 = 1. Therefore, it can be accepted that the formula
P(k)~k=8 satisfactorily represents the established statistical
relationship between P (the dependent variable) and k (the
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independent variable), i.e., P (k)~k 2! in which the scaling factor
B falls within the range 2 < B < 3 [31]. Based on this result, it can
be accepted that the network examined exhibits characteristics of
scale-free networks. On the other hand, as shown in Table 3, the
results of the least squares fitting procedure performed for the
empirical values also revealed that the observed nonlinear
relationship between P and k is better fitted by means of an
exponential (R? = 0.902) rather than a power-law function (R?
0.813). In contrast to the Washington DC’s metro network the low
R-square value (R? = 0.69) in Table 4 clearly shows for the Oslo’s
network that the probability P(k) is not satisfactorily fitted by a
power-law function P(k)~k=2 describing scale-free networks,
which means that this network does not exhibit the specific
characteristics for scale-free networks. Therefore, it does not appear
that the studied metro network of Oslo is a scale-free network.
Table 3. Derived regression equations with their estimated parameters,
metro network Washington DC

c (&)
3 2 R I g
< o D j<3 > o
= k] 5 S 2| = e
£ S b i = % S o
@ &
A| 0.948
Least | P =AKk B Power 0.813
Subway B| 2.610
lines sguares
fitting BK Al 2149
Pk)=Ae . 0.902
Exponential | g| 1.100
Table 4. Derived regression equations with their estimated parameters,
metro network in Oslo
— 5]
« c 3 ] = 1<
s | E g = gl S | &
- 2 3 g S g
o & = T a 24
Subwa: Least A0S
lines Y| squares | P(k)=Ak® | Power 0,69
fitting B| 165

Regardless of the fact that for the Washington DC’s metro
network examined the presence of a small number of highly
connected nodes (considered hubs) was established, and that a
power-law function satisfactorily describes the node degree
distribution of that network, it still cannot be considered a purely
scale-free network. The fact that the examined network is better
described by an exponential rather than a power-law function
supports this statement. As Barabasi and Albert [35] wrote, “a
common feature of the ER and WS models is that the probability of
finding a highly connected vertex (that is, a large k) decreases
exponentially with k; thus, vertices with large connectivity are
practically absent.” Accordingly, “such networks are called the
exponential networks” [36]. It is known [37] that in RNs, each node
has approximately the same number of links, which means that the
node degree k; of each node i is close to the average network’s node
degree (k), i.e. k; = (k). In the case study, the network was
presented as of bus-station network which “retains the basic
topological features of public transportation networks” [38]. In this
network the average node degree having a value of 1.67 lines
servicing each node is on the average 2.4 and 3.0 times less than the
degree of the two highly connected nodes in the network (serviced
by four and five subway lines, respectively). Therefore, due to the
presence of hubs, the network also cannot be considered as an
entirely random network. According to Albert and Barabasi [39]
who wrote that “if all processes shaping the topology of a certain
network are properly incorporated, the resulting P(k) often has a
rather complex form, described by a combination of power laws
and exponentials”, it can be expected that the network examined
should have a complex form, which shows that the PTN examined
can be considered a complex network. The latter is not valid for the
metro network in Oslo as the P(k) is neither good fitted by an



exponential nor by a power-law function. In accordance with Albert
and Barabasi who wrote that the “evolving networks can develop
both power-law and exponential degree distributions” [39] as the
network examined can satisfactorily be described by a power-law as
well as by exponential functions, it can be expected for it to be an
evolving network.

4, Conclusion

The results of the examination of two real-life metro networks
and the analyses performed as part of this case study, by using the
proposed network science tool, have led to a few general
conclusions that can be summarized as follows:

The network analysis performed in exploring the topological
properties of the Washington DC’s and the Oslo’s metro networks
showed that when represented in an L-space network topology [40],
the networks examined do not exhibit small-world properties, and
hence, they are not small-world networks.

The examination of the Washington DC’s metro network and its
analyses also showed that the network is neither a scale-free nor
random network; this is based on the consideration of network’s
node degree distribution, the number of the metro lines servicing
each station and representing the network as a bus station network.
In contrast to the Oslo’s metro network, the metro network in
Washington appears to be a complex network.

The analysis considering the networks’ global efficiency,
performed by using network science concepts and findings, showed
that both the metro networks examined appear not to be faults
tolerant. In case of a railway section’s breakdown, this would
significantly affect the quality of the transport service provided,
because of the lack of alternative connections linking the
disconnected metro stations. These results illustrate connectivity
weaknesses, thus indicating that there is a room for improving the
connectivity between the stations within the networks.

This case study does not only examine real-world metro
networks with their topological properties, but also performs
network’s reconstruction analysis for the Washington DC’s
network. That is, it considers a hypothetical construction of a
section connecting two stations within the Washington DC’s
network to show that a new link would not sensibly improve the
global network’s efficiency; this is explicated by measuring the
presence of direct connections between the metro stations of the
network.

It turned out that both the metro networks examined have low
valued global network’s efficiencies. This global efficiency does
not take into account the routes of the operational metro lines and
the passenger trips. Thus, the above statement does not necessarily
mean that these networks are inefficient in serving passengers and
covering the existing PT demand.
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Abstract: In this paper, a simulation model of the novel concept of autonomous vehicles is developed for public transport (PT) service.
The model aims to serve PT planners as a tool enabling the simulation of a metro-like, high-frequency service with punctual autonomous
vehicles running on exclusive lanes. The model was applied in a numerical example of a passenger bus, with different scenarios employed.
The outcome of the simulation shows that characteristics of the modelled system are reproduced, with the following results: (i) high-
frequency, metro-like PT service, with reduced passenger waiting time, (ii) reduced vehicle capacity with reduced average dwell time; (iii)
the least number of unserved passengers, across all scenarios, and (iv) better utilisation of vehicle capacity (with fewer unserved passengers)
achieved through a small decrease in vehicle frequency, which led to a negligible increase of the average passenger waiting times. In
addition, the model allows us to examine the system's behaviour under uncertainty, considering passenger arrivals and vehicle headways as
random input variables with predefined probability distributions. The proposed model enables modellers not only to evaluate a system's
performance, but also to examine different working conditions and possible future scenarios.

Keywords: PUBLIC TRANSPORT, PUBLIC TRANSPORT LINE, SIMULATION SYSTEM, GPSS, MODEL, SCENARIO,
VEHICLE CAPACITY, VEHICLE FREQUENCY, AVERAGE WAITING TIME

1. Introduction 1.2. Scope of work

One of the most significant factors influencing people’s lives
nowadays is time. When doing their daily activities, such as going
to work, school, or shopping, people aim to save time, especially
when travelling in private cars or on PT. Therefore, in order to
make PT more competitive, public operators and authorities should
fulfil transport demand [1,2,3] by providing passengers with
adequate transport supply [4] and reliable and regular transport
service. This can be done either by running large-capacity vehicles This work resulted in a flexible simulation model developed
along a PT route or small-size vehicles with increased frequency  that uses the novel concept of autonomous vehicles. This concept
(reduced headways), which reduces the uncertainty and waiting was applied to the PT field through a numerical example of an
times, thus resulting in PT service with greater punctuality. autonomous-bus service. Through the application of the proposed
simulation model, which utilises autonomous vehicles that run on
isolated (exclusive) lanes, our paper answered the question “Which
operational strategy has the potential to improve the reliability of
PT service?” To do so, we performed simulations under different
scenarios and examined the combined impact of parameters such as
(i) rate of passenger arrivals at bus stops; (ii) vehicle headway
(considered to be a deterministic or random variable); and (iii)
vehicle capacity on a) the average waiting time (the most significant
measure of transit service reliability) and b) the unserved demand

In some towns around the world [5] PT is offered free to riders ~ (expressed in terms of the number of passengers who were not
along some routes. Therefore, regardless of the kilometers travelled ~ transported to their destination point by the end of the simulation).
by the vehicles and without taking into account their operating cost ~ The achieved outcome of the presented example is metro-like, high-
and the cost of driver wages, the question that needs to be answered ~ frequency (short headways), punctual autonomous buses running on
in this case would be: Which PT control strategy would provide the ~isolated lanes (no intersections, no traffic lights, and no congestion)
adequate PT supply (with reduced waiting times at stops) to address ~ and arriving at bus stops on time.
the PT demand, by serving as many passengers as possible,

The scope of work is to accurately model a single line of a PT
service and precisely simulate the passengers’ transit process. This
was attained by examining a variety of simulation modelling
systems, simulation programming languages, and simulation tools.

1.3. Significance of work

A small number of large-size vehicles running with lower
frequency is less expensive for the carrier in terms of operating
costs but leads to increased waiting times for passengers at PT stops
(stations). On the other hand, more frequent public transport service
decreases passenger waiting times at PT stations along a route, but
requires more vehicles and drivers, thus leading to increased
operating costs, including wages to drivers, as well as to increased
vehicular traffic and CO, emissions.

regardless of the cost to the operator? The main priority, therefore, 2. Simulation Modelling Framework
is the level of service and reliability. One of the possible and ) ) )
modern ways to achieve this is to implement a PT service operating 2.1. Choice of a simulation tool

autonomous vehicles capable of providing riders with increased
reliability and enough flexibility to accommodate the fluctuations of
passenger demand along the different routes and throughout the
different hours of the day.

Of the rich variety of the existing simulation systems,
programming languages, products, packages and tools reviewed in
[6] and [7] — general-purpose and specialised — the modern and
powerful system for discrete-event and continuous simulation GPSS

1.1. Objective and tasks (General Purpose Simulation System) “World” version for Windows

) o ) ) ) o (also known as GPSS W [8]) was chosen and used as a modelling

The main objective of this study is to improve the reliability of  tq0] to create a model of a PT line route. An alternative of the
PT service by reducing the average waiting time experienced by  Gpss/H [9] version, GPSS W, falls into the group of simulation
passengers. As part of the study, the following tasks were  systems for modelling discrete systems. In GPSS the simulation
employed: (i) conduct a review of articles discussing simulation  model is built by means of consecutively linked (connected)
systems and tools that could be used to build a model for the  standard blocks in a block diagram (flowchart) showing the logical
problem examined; (ii) develop a simulation model enabling the  strycture of the modelled system. The dynamic components in the
modelling of passengers’ transit process; (i) apply the model  simylation model are represented by transactions. According to the
calibrated on a numerical example using different simulation  gig0rithm's logic, these transactions flow in a sequence (sometimes

scenarios; (iv) analyse and discuss the simulation output results; and  simultaneously) from one block into another. Each block in the
(v) draw reasonable conclusions and outline further research work.
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model implements specific functionality such as generating
passenger arrivals, simulating queues, servicing facilities (servers),
processing times, etc. In addition to the existing functionality, GPSS
allows a user, through the built-in programming language (PLUS —
Programming Language Under Simulation), to create and execute
his/her own (customised) procedures.

In addition to the above, it is worth mentioning that the GPSS
World simulation system can be distinguished due to the following
advantages:

e the student version of GPSS World is free to use;

e GPSS W has no high system requirements in terms of
hardware. The installation file is small in size, which makes it easy
and quick to install on the Windows operating system;

o the Graphical User Interface of GPSS is user-friendly;

e GPSS W is accompanied by two manuals, the Reference
manual [10] and Tutorial manual [11], which provide readers with
solid theoretical knowledge and contain plenty of practically-
oriented sample simulation models, which accelerates the learning
process and makes the work with the system more effective;

e GPSS W provides users with the possibility to write, save,
and keep the program code in files that are easy to read with simple
text editors, such as “Notepad”;

o the program code of the model compiles very quickly — it
takes only a couple of seconds to compile and execute even
complex simulation models;

e as already mentioned, GPSS W is equipped with a built-in
programming language (PLUS) allowing users to use functions and
probability distributions as well as enable them to create their own
customised procedures, thus extending the capability of the systems
and making the simulation model that is developed more powerful;

o GPSS W provides graphical tools and reports enabling users
to represent the simulation output results and further analyse them;

e GPSS W also enables users to:

» generate arbitrary sequence of random numbers by
means of the built-in random-number generators;

» perform repetitive realisations (implementations) with
the model;

» check (debug) the program source code for errors;

» observe the flow of the dynamic components
(transactions) from one block to another at run-time
(during the simulation) in accordance with program’s
logic as well as to perform stepwise simulation in a
sequence of steps;

» automatically build a journal (log file) showing the
history of the events;

» produce detailed reports containing the simulation
output results including values of the system’s
parameters evaluated during the simulation as well as
descriptive statistics and representation of the
simulation results in tables;

» build histograms  representing the  probability

distributions of the random variables modelled.

2.2. Simulation model description

The simulation model developed is composed of the following
four segments:

o the “Declaration segment” is used to declare all the constants,
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variables, saved (accumulated) wvalues, functions, procedures,
queuing systems' servers capacities, matrices containing in-vehicle
travel times, and number of passengers who board/alight buses
going through each bus stop;

e the “Passenger arrivals” segment models passenger arrival at
each bus stop. This is the segment that models and implements the
main logic of the passenger transportation process.

Each of the bus stops along the route has been modelled from
two different perspectives: that of passengers and that of vehicles:

» from the passengers' point of view, the bus stops have
been modelled with a queue characterised by an incoming flow of
passengers whose inter-arrival times follow a specific probability
distribution (Uniform, but Poisson arrivals can also be modelled),
which remains unchanged during peak hour. The average time in
the queue represents the average time a passenger spends waiting at
the bus stop for a vehicle to arrive;

» from the point of view of the vehicles, since in theory
more than one vehicle could arrive at the bus stop at a time, bus
stops were modelled as multi-server devices capable of
“accommodating” a predefined number of vehicles. Since vehicles
are not “allowed” to stay outside the bus stop, the “bus bunching”
phenomenon and waiting delays in waiting for other buses to leave
the stop can be avoided;

o the “Simulation clock” segment controls the duration of the
simulation and number of the realisations of the model;

o the “Procedures” segment is where two procedures are called
during the simulation when a bus arrives at a bus stop with the
purpose:

» of checking for the maximum possible number of
passengers (if there are any at all) who can board the bus depending
on the vehicle's capacity, thus making sure that the bus capacity is
utilised as much as possible and ensure that the number of
passengers who board the bus does not exceed the available
vehicle's capacity (depending on how many passengers are already
on the bus);

» of checking for the number of passengers getting off the
bus at each bus stop, thus making sure that the number of
passengers who get off the vehicle does not exceed the number of
passengers in the vehicle.

Each vehicle that has a unique number has been modelled as a
multi-server queuing system for which the server's capacity
represents the vehicle's passenger capacity, and the servicing time is
the in-vehicle travel time. The interesting factor is that in this case
the server (i.e., the bus) is a dynamic element that travels through
the route while servicing (transporting) the passengers.

An illustrative scheme of the system modelled is shown in Fig.
1 and a flowchart of the algorithm of the simulation model
developed is shown in Fig. 2.

Route section 1-2

Fig. 1. Illustrative scheme of the simulation model
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Initialisation of the model's input parameters:
a. constants:
- duration of the simulation: simulation time;
- route's characteristics: number of bus stops (stations);
- vehicles' characteristics: initial bus number, bus headway, number of doors (for passengers to board/alight the bus);
- passengers: passenger inter-arrival imes at bus stops along the route, total number of passengers arriving ateach bus stop, boaming!a\ighnng times;
b. variables: rate of the passengers in the queue awaiting a vehicle atthe bus stop, inthe vehicle (bus number of to board the bus;
c. saved values: initialisation ofthe number of vehicles operating along the route, counters of the number of the passengers boarded al/al\gmed from the bus at each stop,
counters for the total number of passengers boarded/alighted the buses;

d. storages: vehicles' capacity, b ity (number of vehic bus stopsis able to atthe same time );
e matices: matix of the travel tmes between bus stations, matrix of the number of passengers to alight the vehicles/buses ateach bus stop,
number atbus stops along the whole route for the duration ofthe simulation;

f. functions and procedures: function which takes as a parameter the number of the queue in front of the current bus stop and retums as a result its content, i.e.
number of passengers waiing the bus; procedure checking for the maximum possible number of passengers who can board the bus; procedure checking the number of pass engers
getting off the bus at each bus stop

! ]

I Generate the observed rate ofthe ateach bus stop along the route of the bus line with the predefined inter-arrival times I | Evaluate the number ofthe passengers who will alight the vehicle atthe last station ofthe route in function of the number of the |

passengers in the bus

I Generate a vehicle (bus) in accordance with the inter-generation times (bus headways) I ¢

| Increase the total # of the alighted along the whole route with the # of those who will getoff the vehicle atthe last bus stop |
I the momenteach vehicle enters the system (route of the bus line modelled) I

[ Decrease the occupied vehick capadiy ih he evaluated number of passengers alighted the bus atthe temminal staton ]
| Generate a unique sequential number for each bus entering the route through increasing the initial bus number with 1 |

Move the simulation clock ahead with the time needed forall the passengers to getoffthe vehicle atthe terminal station, calculated in
I Assign the nextsequential number of the current vehicle I | functon of the nuIberof he doors available
[ Assign the total number of stops along the route each vehicle will need to pass through (no skip stop is allowed) ] [ The bus \eav‘es he last bus station ]
I Initialise the value of the counter of the number of bus stations along the route before the bus enters the route I ¢
‘i Calculate the number of the passengers who will alight the bus at the current bus station in function of the number of the passengers in the
| Increase with 1 the number of the next bus stop along the route the current bus will pass through | vehicle and the number of the pﬁlﬂ;ﬁﬂ%g&zﬁ:ﬁg :;E:ﬁz:ﬁ';ﬂ?:ﬁ:éz :':zr:ﬂ.e}m%g ofthe total observed number of
[ The next sequental vehicle enters the nextbus station along the route, thus occupying one unitof station's capacity | | Increase the value of the counter ofthe fotal numberofpasser;ters alighted atall bus stops along the whole route for the simulated period
of time with the number of those passengers who will get off the vehicle stopped atthe current bus station

}

Check if the # of the current bus stop the bus is at
is less than the total number of stops along the

NO
I Decrease the occupied vehicle capacity with the number of the passengers who have leftthe bus at the current bus station

route

Move ahead the simulation clock with the time needed for the passengers to alight the vehicle atthe current bus station, which is calculated
in function of the number of doors used

}

Check if the current bus stop visited by the bus is

Calculate the number of the passengers who will be able to board the bus atthe bus stop in function of vehicle's capacity, number ofthe
the 1st one along the ro

passengers in the vehicle and the number of the passengers waiing the bus at the bus staion

!

Increase the value ofthe counter of the total number of passengers boarded along the whole route with the number of those who will bo ard
the vehicle at the current staion

Calculate the number of the passengers thatwill be able to board the bus at the bus stop in function of the vehicle capacity, number o fthe

passengers in the vehicle (which at the 1st stop is 0) and the number of passengers waiting the bus at the 1st bus station

)

¢ Move ahead the simulation clock with the alighting/boarding time calculated in function ofthe number of passengers boarded/alighted the
Increase the value ofthe counter ofthe total number of passengers boarded for the whole route with the number of the passengers who will bus and the number of the doors available

board the vehicle atbus stop number 1 ¢

L |

- Update the occupied vehicle's capacity inthe bus) based on the calculations made in the previous step
Move the simulation clock ahead with the boarding times calculated based on the number ofthe passengers boarded the vehicle atbus stop
1 and the number of doors
¢ | Decrease the number of the passengers queued in front of the bus stop with the number of passengers who goton the vehicle
Based on the calculated number of passengers boarding the vehicle atbus stop 1, simulate the process of occupying the available vehicle's
capacity (number of passengers getting on the bus) | As soon as all the passengers the vehicle is able to have boarded the bus, itleaves the bus station

)

| Decrease the number of the queued in frontof bus stop 1 with the number of boarded the vehicle |

| As soon as the passengers have boarded the vehicle, itleaves the bus staion |

| Move ahead (increase) the simulation clock with the time it takes for e bus o tiavel between the current and the nextstaton along the |

Decrease with 1 the number of stations left for the vehicle to l
visitwhile running from the 1st to the last bus station

Tabulate the system time ofthe vehicle, i.e. the time it
has taken ofthe bus to travel from the 1stto the last
station of the route, including all accompanying imes

|

[ e busleaves te system exits e rove) |

The vehicle goes to the next
sequential bus station along the
bus route

< >

Fig. 2. Flowchart of the modelling algorithm of the simulation model
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3. Numerical Example

The simulation model was applied on a numerical example
considering a PT (bus) line passing through six bus stops in
direction from bus stop 1 to stop 6. The input data used to feed the
model was:
duration of the simulation, seconds;
number of bus stops;
in-vehicle travel times between stops calculated for
predefined distances (sections lengths) and average travel
speed, km/h;
number of passengers boarding/alighting the vehicle at each
stop during the simulated period of time (peak-hour);
boarding and alighting times per passenger, seconds;
bus headway, seconds;
bus capacity, passengers;
bus stations capacity expressed with the number of buses
each stop can accommaodate.

The output data comprises:

Stops:

maximum and average number of passengers who waited
for a vehicle at each stop as well as the number of
passengers at each bus stop at the end of the simulation;
total number of passengers who arrived at each bus stop
during the simulated window of time according to the
demand;

average passenger waiting time at each bus stop;

average time spent boarding/alighting the vehicle at each
stop along the route.

Vehicles:

maximum and average number of passengers in each
vehicle (vehicle's load) during the simulation as well as
utilisation of vehicle capacity;

rate of unused passenger capacity at the end of the
simulation;

vehicle capacity that is in use at the end of simulation;

total number of passengers who boarded each vehicle
during the simulation;

total number of passengers who boarded all the vehicles
during the simulation (which does not necessarily equal the
total number of passengers who arrived at the bus stops);
total number of passengers who alighted all the vehicles
during the simulation;

total number of passenger who have not been served
(transported) by the end of the simulation;

total in-vehicle travel time along the whole route from bus
stop 1 to bus stop 6;

total dwell time accumulated along the whole route.

3.1. Scenarios

Four main scenarios have been created and implemented with
the model to simulate the headway-based PT service provided to
passengers:

Scenario 1: This scenario considers the passengers’
transportation process along the examined bus route serviced by six
buses, each with a capacity of 200 passengers, running with a 10-
minute headway (frequency: 6 vehicles per hour).

Scenario 2: This scenario considers the passengers’
transportation process along the examined bus route serviced by ten
buses, each with a capacity of 120 passengers, running with a 6-
minute headway (frequency: 10 vehicles per hour).

Scenario  3: This scenario considers the passengers’
transportation process along the examined bus route serviced by
twenty buses, each with a capacity of 60 passengers, running with a
3-minute headway (frequency: 20 vehicles per hour).

Scenario 4: This scenario considers the passengers’
transportation process along the examined bus route serviced by
thirty buses, each with a capacity of 40 passengers, running with a
2-minute headway (frequency: 30 vehicles per hour), thus operating

in a metro-like way corresponding to the “think tram — drive bus”
concept [12].

3.2. Input data and assumptions

3.2.1. Assumptions regarding passengers’ demand

Passenger arrivals

Uniformly distributed passenger inter-arrivals times at bus stops
were modelled. In order to introduce uncertainty, the model
proposed allows simulating passenger arrivals according to a
predefined probability distribution such as Poisson distribution [13].

Passenger demand

The number of passengers boarding/alighting at each bus stop
along the bus line route over the simulated period of time is shown
in Table 1.

Table 1. Passenger demand at bus stops (boarding/alighting
passengers)

Bus stops  |Passengers [Passengers | Sections, | Distance, | In-vehicle
boarding  alighting i-j km travel time,

seconds

1 500 0 - - -

2 400 100 1-2 2.0 180

3 300 200 2-3 2.0 180

4 200 300 34 2.0 180

5 100 400 4-5 2.0 180

6 0 500 5-6 2.0 180

Total: 1500 1500 10.00 900
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Boarding/alighting times

Adebisi in [14] found that although alighting takes less time
than boarding, the difference between the two times is less than half
a second per passenger.

Assuming that parameters such as travel time, passenger
demand, number of transferring passengers, and dwell time are
deterministic, in compliance with Dueker et al. [15], Ang and
Mclvor in [16] set default values for the passenger boarding and
alighting times to be equal to 3.5 and 2.2 seconds, respectively.

According to Cats et al. [17] dwell time at the stops along with
departure time at origin stations and travel time between stops is
one of the sources of uncertainty in public transit operations.

Liu and Ceder in [18] and [19] accepted values of 4.0 seconds
and 2.0 seconds, respectively, for the marginal dwell times per each
boarding and alighting passenger.

Nesheli and Ceder [20,21] applied models to case studies in
which they set values of 2.5 and 1.5 seconds for the boarding and
alighting of each passenger.

Tang et al. in [22] set values for boarding and alighting times
per passenger to 2 and 1 seconds, respectively.

Taking into account the finding of Adebisi [14] and that the
vehicles used in the model proposed in this paper have no steps,
values of 2.0 seconds and 1.5 seconds, respectively, were assigned
for boarding and alighting the bus.

Dwell time

In some research works dwell time is considered deterministic
[18] or fixed [14], while in others it is considered a dependent
variable in function of the number of boarding passengers and
alighting passengers during different times of the day and along
different route types [15].

Dueker et al. in [15] examined and analysed the determinants of
dwell time — passenger activity, lift operations as well as low-floor
bus, time of day, and route type. In order to evaluate dwell times
under different operating conditions Dueker et al. used a model that
enabled modeling dwell time at different times of the day, different
route types, and various number of passengers boarding and
alighting a vehicle.



As Liu and Ceder [18] solved the timetable-planning problem
rather than an operations-related one, they considered the dwell
time as deterministic, and not time-varying within the planning
period.

Liu et al. in [23] concluded that “bus dwell time contributes to
travel time and headway variation”.

As defined in the Highway Capacity Manual cited by Dueker et
al. in [15], dwell time is “the time in seconds that a transit vehicle is
stopped for the purpose of serving passengers. It includes the total
passenger service time plus the time needed to open and close
doors”, and therefore it is not constant. It depends on the number of
passengers boarding/alighting and the time it takes for each
passenger to get on/off the vehicle. Therefore, in contrast to some
models in which the dwell time is constant, in the model proposed
in this paper it is in function of the number of passengers wanting to
board/alight the vehicle, i.e., the larger the number of the passengers
alighting/boarding the vehicle, the larger the dwell time, which
sometimes forces vehicles to stay at the bus stops longer than in the
models with a deterministic dwell time, thereby making the model
more realistic.

3.2.2. Operational characteristics

PT line and route characteristics

The PT route servicing the modelled bus line has total length of
10 km. There are six stops in total along the route — two terminal
stations and four intermediate bus stops. The route sections
connecting the stops along the route are each 2 km long.

Vehicles

Depending on the scenarios played (Table 2), the values for the
frequency of the vehicles [1,2] and bus headway varies from 6, 10,
20, and 30 vehicles (buses) going one after another with headways
of 10, 6, 3, and 2 minutes, respectively. For the purposes of the
simulation, buses with total capacity of 200, 120, 60, and 40
passengers (including seats and standing room) were considered for
scenarios 1-4. The buses running along the route while servicing the
bus line, depending on the vehicle’s capacity, are equipped with 4,
3, and 2 doors for scenarios 1, 2, and 3-4, respectively. The
accepted discipline of servicing passengers is such that they can
board the vehicle through all the doors available including the front,
intermediate (if any), and rear doors.

Operating speed [3] and sections travel times

The in-vehicle travel times along the sections between the bus
stops is calculated for a distance between the bus stops equal to 2.0
km and bus operating speed 40 km/h.

Based on the above, the main assumptions that have been made
can be summarised as follows:

o vehicle headway is deterministic, i.e., it does not reflect any
possible deviations due to traffic congestion (although the model
enables modelling it as a random variable);

e passenger arrivals at bus stops are uniformly distributed
throughout the modelled period of time;

e at bus stops passengers get on the first arriving vehicle. If the
arriving vehicle is full, then passengers get on the next vehicle
(which results in increased waiting time);

* a bus does not leave the bus station before all the passengers
have boarded as long as the available vehicle capacity allows this to
happen;

e since buses run along a lane considered isolated (separated)
from the other vehicular traffic, there is no traffic congestion and
traffic signals incurring delays;

 since buses go one after another according to the sequence by
which they have entered the system (route), keeping a distance (one
headway), one bus cannot bypass another.

A comparison of the observed (actual) and the simulated
(reproduced) number of passengers who alighted the vehicles at
each stop along the route of the examined bus line is shown in Fig.
3.

The simulated average waiting times were compared with those
that were analytically calculated by the formula:

(1) AWT = (AWT a0 — AWTin)/2 = H/2, seconds,
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where:

H — vehicle (bus) headway, i.e., the time interval between two
vehicles going along the route [1];

AWT in — the minimum time (in seconds) passengers wait the
vehicle at the bus stop, which is AWT,,, = 0 seconds when a
passenger comes at the time when bus arrives;

AWT.x — the maximum time (in seconds) passengers spend
waiting when they arrive at the stop at the moment the bus departs
the stop. In that case, passengers need to wait for the next bus,
which arrives after time equal to H.
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Fig. 3. Total observed vs. simulated number of passengers
who alighted at each bus stop (in scenarios 1-4)
The simulated average waiting times at each bus stop, excluding

stop 6, which is the last for the route, for each of the above four
scenarios are shown in Fig. 4 below.
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Fig. 4. Average passenger waiting times at the bus stops along the route
“Bus stop number 6 is not displayed in the chart as it is the last stop for the
route, and there are no passengers waiting there to board the vehicle.

Let us, for example, consider scenario 1 in which the bus
headway is 600 seconds (10 minutes). Theoretically the minimum
time each passenger will wait for a bus at the bus stop is AWT;, =0
seconds and the maximum is AWT., = 600 seconds; on average a
passenger waits 300 seconds, i.e.:

AWT = (600 — 0)/2 = 300 seconds, which is almost equal to the
average waiting time of 339 seconds evaluated as a result of the
simulations performed as a weighted average of the passenger
waiting times at the bus stops along the route. For scenarios 2-4, the
analytical average waiting times have values:

AWT = 180 seconds for scenario 2, 90 seconds for scenario 3,
and 60 seconds for scenario 4.

The above formula (1) does not take into account:

- any possible deviations due to bus delays or early arrivals;

- the time passengers spend due to a missed bus, i.e., if they
have waited AWT 5 for the bus, and after the bus has arrived if they
did not board because the vehicle was full.

The average dwell time (ADT) shown in table 2 below
accumulated along the whole route was calculated as a difference



between the average total travel time (ATTT) from the first to the
last bus stop and the total in-vehicle travel time (TIVTT).

As can be seen in table 2, the comparison between the simulated
weighted average waiting times and those times calculated via

formula (1) shows that the model satisfactorily reproduces the
waiting times at all bus stops along the route.

Table 2. Scenarios played (Direction: From bus stop 1 to bus stop 6)
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! Includes the total passenger seats and the total number of standees

2Weighted average passenger waiting time calculated as a weighted sum of the simulated average waiting times at bus stops multiplied by the number of

the passengers waiting these times

® Number of unserved passengers calculated as a difference between the total simulated passengers who boarded and alighted the bus

Below are charts showing the relationship of the simulated
average waiting time in function of vehicle frequency (Fig. 5) and
the dwell time in function of bus capacity (Fig. 6) for scenarios 1-4.
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Fig. 5. Relationship between simulated average waiting time
and vehicles' frequency
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Fig. 6. Relationship between dwell time and vehicles' passenger
capacity

Based on the results above, it can be concluded that variant 4
(with high-frequency, small-size vehicles) would not only provide
PT users with decreased average waiting times due to the small bus
headways, but also with reduced total travel times along the route
due to the operation of small-capacity vehicles spending less dwell
times at bus stops. Moreover, as can be seen in Fig. 7, in contrast to
the three other scenarios, the highly frequent small-vehicle service
(scenario 4) results in the lowest number of unserved passengers
(those who have not alighted and are still traveling in the vehicles at
the end of the simulation) (46 passengers), followed by scenario 3
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with 51 passengers, and scenarios 2 and 1 with 63 and 112
passengers, respectively. In other words, compared to the scenario
1, in scenario 4 the number of the unserved passengers is more than
2 times less.
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Number of unserved passengers

Sc.1(6x200)  Sc.2(10x120)  Sc. 3 (20x60)

Scenario number

Sc. 4 (30x40)

Fig. 7. Number of the passengers who have not been served
by the end of the simulation

If we consider in detail the simulation output results for
scenario 4, it can be seen in Fig. 8 that the PT operator satisfies PT
demand entirely with a large number of small-size vehicles. The
minimum and the maximum bus load along the sections are 24 and
36 passengers, which expressed as a percentage is 60% and 90%
capacity utilisation, respectively. The average bus load is 29.3
passengers, which represents a capacity utilisation of 73.3%,
indicating that around % of the available passenger capacity is used.
The model was used to evaluate and analyse the vehicles’ capacity
utilisation (Fig. 9) in a scenario with a reduced by 20% number of
operating vehicles (from 30 to 24 buses) and reduced frequency in
which the bus headway has been increased by 25% from 2 to 2.5
minutes. The purpose of this scenario was to answer the PT
planners’ question What is the number of vehicles and the time
interval between them that meet the existing PT demand, thus
allowing PT planners to achieve improved bus utilisation and a
small number of unserved passengers at the price of slightly
increased average passenger waiting time?
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Fig. 9. Maximum vehicle capacity utilisation reached for the vehicles along the bus route
(scenario 4.1: 24 vehicles with capacity of 40 passengers going along the route with a 2.5-minute headway)

The scenario with reduced number of vehicles (from 30 to 24,
i.e., by 20%) and increased bus headway from 120 sec. to 150 sec.
(25% increase) led to an increase in the average passenger capacity
utilisation of the vehicles from 73.3% (29.3 passengers on average
on the bus) to 92% (36.8 passengers on the bus), which is around a
20% increase at the cost of increased average passenger waiting
time at the bus stops along the route from 65 sec. to 90 sec. (by
38.5%). The number of the unserved passengers has slightly
decreased from 46 to 40 (13% decrease), which is insignificant and
can be ignored. The average total travel time remains almost
unchanged — it has been slightly increased from 968 to 985 seconds.

As can be seen in Fig. 10 and Fig. 11 representing the passenger
load in vehicle # 7 (in scenario 4 with 30 buses running one after
another with 2-minute headway) and vehicle # 3 (in scenario 4.1
with 24 buses running one after another with 2.5-minute headway)
even for the most-loaded vehicle # 7 (Fig. 10) the maximum bus
capacity utilisation has not been reached. The higher passenger load
has been observed in 1 of the 5 route sections (# 3 between stops 3
and 4). In contrast, in the scenario with 6 fewer vehicles (24 rather
than 30 buses) for vehicle 7, which is 1 out of 12 vehicles whose
capacity has been reached (for half of the vehicles along the route,
the maximum passenger capacity has been reached), is highly
loaded in more than one section (section 3-4 between stations 3 and
4, followed by section 4-5 between bus stops 4 and 5). This shows
how the proposed decreased number of buses running leads to better
vehicle utilisation.
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Fig. 10. Passenger load by sections along the route for bus # 7 (scenario 4)
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Fig. 11. Passenger load by sections along the route for bus # 3 (scenario
4.1)

The above example shows the power of the model that could be
easily applied for planning the operations along a PT route. In the
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example considered, the application of the model helped to better
plan the PT service with reduced vehicle frequency, which resulted
in better vehicle utilization and decreased number of the unserved
passengers along the route.

4, Conclusion

Based on the analysis of the simulation output results, the
following main conclusions can be drawn, and recommendations
offered:

Although the choice of modelling framework depends on the
purpose of the work, the characteristics of the system, and the
existing constraints, models should:

o be easily implementable within at least some of the existing

simulation systems, languages, and tools;

e be detailed enough to describe the system, reproduce the

system’s processes, and give accurate results;

e have a small number of input variables, which would make
it possible to feed the model with data and directly apply it in

practice;

e be easily maintainable, which would allow modellers to
quickly adapt the model for different PT routes and transport

conditions.

It turned out that among the large variety of existing simulation
systems, programming languages, and tools, the GPSS World
simulation system, used in this work, is a powerful tool enabling
modellers to precisely design, easily build, and quickly implement a
very flexible (in terms of the possibilities to be extended), and
detailed enough model; after compiling for a couple of seconds, it
provides modellers with output results and accumulated statistics in
the form of generated reports that present the results in tables and
graphs.

In light of the rich variety of simulation models and tools, this
simulation model stands out because of:

e the small number of input variables, which makes the

model’s usage and subsequent application realistic;

o its flexibility, which enables, through minor modifications,
relatively easily and quickly reworking the model and thus adapting
it for modelling the passenger transportation process along a public-
transport line characterised with specific parameters with regard to
the route, the vehicles carrying passengers, and the variability of

passenger demand,;

o the ability of the model to enable evaluating the existing
system’s performance and efficiency along the route of a PT line
under simulation, which would allow PT planners to effectively
plan the PT service under different (existing and forecasted)

conditions and scenarios.

The results from the simulation scenarios showed that the model
satisfactorily reproduces the parameters of the system modelled,
which allows us to summarise the simulation output results as
follows:

e Among the scenarios, scenario 4 simulating a highly
frequent, metro-like PT service, due to the small vehicle headways,
provides passengers with a minimum average waiting time at bus

stops;

e Due to the small capacity of the highly frequent vehicles
used, which means less time for boarding/alighting (in contrast to
the large-vehicle scenario), scenario 4 offers the lowest estimated

average dwell time along the whole PT line;

e The highly frequent public-transit service provided in
scenario 4 is the one that leaves the smallest number of unserved

passengers along the route of the modelled PT line;
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e A small decrease in the frequency of the vehicles (less
operating vehicles) when a highly frequent, metro-like service is
provided (scenario 4.1) leads to better utilisation of vehicle capacity
(i.e. fewer unserved passengers) at the cost of an insignificant

increase in the average passenger waiting time at bus stops.
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Abstract: Risk exists objectively in any marine enterprise, since the human presence of a person on the sea is accompanied both by circumstances
caused by the irresistible forces of nature and directly by activities in the sphere of trading navigation. Risk management in the logistics supply
chain is a complex multidimensional problem addressed in the process of identifying and assessing the risks and taking measures of protection

against them.

In logistics, risk refers to the likelihood of an insured event occurring, as well as the possible damage caused by this event. Risk and an
insured event can be described by using methods of the reliability theory. In this case, reliability is the probability of operation of the logistics

system with failure or with no failure.

In order to identify rational methods and techniques for insurance, it is advisable to construe the logistics system as the process of

movement of material resources.
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1.Introduction

An increase in cargo-turnover has been recently observed in
water transport, the functioning of which is influenced by numerous
factors of the external and internal environment and involves risks that
arise at different stages of the logistical transport process. Risk exists
objectively in any marine enterprise, since the human presence of a
person on the sea is accompanied both by circumstances caused by the
irresistible forces of nature and directly by activities in the sphere of
trading navigation. Negative events can occur when a ship is in the sea
or in a port, but risks also exist at the decision-making stage on the
choice of sea traffic, freight rates, etc. Reliability of the carriage and,
consequently, risks, while adhering to the logistical principles "just in
time", “in a cost-effective manner” and “necessary qualities and
quantities” become problematic issues. Accordingly, if the activities
of transport as an object of increased danger were not subjected to
various negative impacts, including risks, the transport component in
the price of the goods, taking into account logistical technologies,
could be significantly reduced.

Risk management in the logistics supply chain is a complex
multidimensional problem addressed in the process of identifying and
assessing the risks and taking measures of protection against them. As
a result of its solution, it is possible to balance potential losses and
benefits, avoid costly mistakes and ensure the stable operation of the
logistics chains involving maritime transport.

Transport and logistical risks in the field of the carriage of
goods by sea represent a combination of conditions and factors posing
a real and potential threat (challenge, risk) to the sea logistics cargo
supply chain. Unfortunately, at present, practical activities on
revealing, identifying and assessing risks are not been expanded as
they should be. At the same time, risk management and their
minimization can be ensured on the basis of the logistical approaches,
which allow fore diminishing the danger of choosing poor decision at
the time of its adoption, as well as for mitigating the possible negative
consequences of making decisions at the stage of their
implementation.

The so-called “logistical” specification is considered as an
important indicator of transport and logistical risks, that is, their
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belonging to the specific types of flows, by means of which the links
are established and implemented in the system. Moreover, the main
components of the marine logistics supply chains will be the channels
of trade, supplies, logistics and their corresponding information,
financial and cargo flows.

2. Preconditions and means for resolving the
problem

Researchers make distinction between four main sources of risk
in the supply chain involving maritime transport:

Environment (natural, regional-geographical factors, as well
as terrorism threats);

Regulatory and political sphere;

Networking environment — interaction of the organizations
in the supply chain (relationships between suppliers and
customers, the influence of their problems on the
counterparties);

Internal (organization) environment (inadequate preparation
of a ship and cargo for the carriage, defects in a ship and
equipment, labor troubles,  curtailment or stoppage of
production by the supplier).

The least manageable risk factors arise in the environment and in
the regulatory and political sphere. Natural factors are often combined
with regional-geographical factors or are conditioned by the latter. For
example, because of insufficient depth, the Georgian Black Sea ports
are unable to receive tankers with tonnage larger than 130-150
thousand tons, the similar restrictions exist in many European ports;
also, on busy routes of the intercontinental seas, the use of large
tankers is undesirable from the environmental standpoint, since the
probability of accidents in such water areas is considerably higher
than on ocean voyages. More commonly, such factors can be
controlled out only by way of operational and strategic adjustments in
the shipping business itself.

The dangerous natural risks (risks of the sea itself and other
natural disasters) are generally insured, but this does not solve the
problem for the logistics system, since insurance only compensates for



losses once the timeliness and the quality of supply have already been
violated. Therefore, risk management in the context of logistics should
be oriented towards comprehensive control and prevention.

Another external source of risk is represented by the regulatory
and policy decisions taken unilaterally, and which are beneficial to
companies in one country or region. So, in order to ensure its own
environmental safety, Turkey has set limits on the passage of the ships
across the Bosphorus; in particular, tankers over 200 m long or the
with dangerous types of cargo are permitted to pass through the straits
only in daytime.

Consequences of such restrictions for transportation of Caspian oil
and oil products from Georgian ports through these straits are
unfavorable, especially considering that the volume of Caspian oil is
expected to grow [1].

Risks caused by regulatory and political factors are generally not
insurable, and their management tools should be methodologies for
analyzing and reviewing the decisions, changes in business processes
and structural changes that are carried out with the most efficient use
of the competencies, knowledge and ties that the company has.

The phenomenology of the third ("networking™) source of risk in
the supply chain has been studied the least to date, despite its critical
nature in creating the risk situations. The main problem is the
complexity of risk assessment, since risk factors are rooted in the
complex organizational and business interrelationships. Until recently,
the issues of risk assessment and control in transport systems were
addressed mostly in the context of individual organizations, but not in
a systemic, "networking" context. Attention to this context is
strengthened due to the following circumstances [2].

The increasing complexity of infrastructure and processes in
transport logistics systems inevitably leads to a weakening of attention
to their quality and control. In the maritime transport systems, the
consequence of this the increased number of catastrophes with large
damages and strengthened factors threatening life and health of people
at sea.

In logistics, risk refers to the likelihood of an insured
event occurring, as well as the possible damage caused by this event.
Risk and an insured event can be described by using methods of the
reliability theory. In this case, reliability is the probability of
operation of the logistics system with failure or with no failure.

creates the possibilities of failures. In a broader sense, these cases are
called risks.

Multiplicity of links is also associated with the infinity of the

logistics system, which can be measured by initial entropy

H = —2(p; logp; +qiloga),

where n — number of operations of the logistics system or chain;

pi — probability of failure-free performance, or reliability of

operations to be carried out;

gi - probability of failure, or risk of operations to be carried

out;

The formula p + g = 1 shows that the logistics system is
characterized by a high level of potential risks, which is significantly
decreasing, first of all due to the reasonable management of material
flows, or in order to maintain the minimum level of entropy for the
purpose of influencing adequately on the operation of the logistics
system.

Computer-aided management by highly qualified personnel
can increase reliability of the logistics system and bring it closer to 1.
Sound management requires a lot of information, which complies with
the following condition

1= Hpr7 Heir when Heir— 0,
where H, and Hg;r — are initial and final entropies. This circumstance
defines information as a risk to eliminate or minimize the risk.

For the participants of logistics process, particularly for the
suppliers (sellers), consumers (buyers), consignors and consignees,
wholesale intermedia, transporters, etc. First of all, there is need for
information on the situation existing in the market and in its separate
segments, where the given logistical process is implemented. In
addition, there is also need for current and predictable information on
the specific situation of material flow.

At present, the seaports represent a set of disparate business
entities (in fact, competitors) that do not have organizational unity and
body coordinating their joint activities. Their uncoordinated actions
result in decreasing the port’s capacity. In this regard, a new logistics
mechanism is needed that allows for coordinating the interests of all

In general, insurance constitutes a justified system of ensuring participants in the transport process, as well as the body that brings

the interests of natural or legal persons with a particular risk.

In order to identify rational methods and techniques for
insurance, it is advisable to construe the logistics system as the
process of movement of material resources in the spheres of
production and circulation. Considering this, a logistics system
would consist of two subsystems. These are:

together their efforts [3].

3. Conclusion

The ability to manage the risks, that is, to reduce, compensate and

1) Commercial subsystem, that is, the movement of material Prevent losses, is determined after identifying the nature of the risk of

and financial flows in the spheres of circulation.

2) Production subsystem, that is physical movement or
change of material and supplies immediately before receiving finished
products in the production, and all kinds of logistics equipment
(vehicles, transshipment machinery, etc.).

The commercial subsystem comprises the following
operations or elements: procurement, sale, transportation, storage,
production and information services and so on.

The production subsystem comprises the basic and
support technological operations of the creation and movement of
finished products. Multiplicity of links of the logistics system is what

146

obtaining its quantitative and qualitative estimates. When assessing
the risks, there are used several basic approaches and numerous
methods [5].

According to the theoretical approach, the risk is calculated as
follows:

- based on the logical reasonings, empirically - by extrapolating the
past situations, and predicting them for the future;

- based on statistics - by studying statistics on losses, with
establishing the frequency of the occurrence of the certain loss levels;



- expertly - based on the assessments and information received from

experts;

- calculative-analytically - by constructing the loss probability
distribution curve.
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1.Introduction

The paper provides an overview of a port system of Georgia
and its development opportunities and options.

Ports constitute one of the most important nodes of transport
networks, and they represent the border control points and the freight
handling points, the administrative service centers, place of the
implementation of trade procedures, as well as the link connecting the
land and maritime routes. The functioning of the international
transport corridor depends to a large extent on the ports and maritime
transport efficiency

Despite significant investments, the operations of port and
ships are mostly non-standard, which hinders the development of the
maritime transport sector. However, infrastructure is not the major
obstacle to maritime transport development. National regulatory
policy should be revised in keeping with the growing popularity of the
concept of economic globalization and supply network. It is necessary
to reform the relevant roles of the private sector and the State, where
the latter is represented by stateowned companies and state
monopolies [1].

2. Preconditions and means for resolving the
problem

Georgia is an integral part of the Eurasian transport corridor.
The location of Georgia creates unique opportunities for socio-
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economic development: the seaside allows us for developing
intensively sea transport, ports, the area of marine products — fishing,
tourist and recreational infrastructure. Georgian ports terminal
throughput is guaranteed by the current trade-economic and transport
processes occurring across the enormous Eurasian land mass.

Georgia's port system comprises 2 ports of Poti and Batumi, as
well as Supsa and Kulevi specialized oil terminals [2].

Poti and Batumi represent an intermodal gateway to the
eastern coast of the Black Sea, from where the road goes west to the
Black Sea, Turkey and Europe, and east to the Caucasus and Asia.
Both ports serve regular ferry and container routes linked to other
ports of the Black Sea and Mediterranean Sea.

Batumi port is a significant link in the Europe-Caucasus-Asia
Transport Corridor, which originates in Europe and after crossing
Bulgaria, Romania and Ukraine through the Black Sea, it ties the
Caspian Sea region countries - Azerbaijan, Kazakhstan, Turkmenistan
and so on.

The main competitors of Batumi port in the Black Sea region
are: the ports of Odessa and Ilyichevsk in Ukraine, and Novorossiysk
and Tuapse in Russia.

The advantage of Batumi port is that Ukraine's maritime
territory freezes in the winter, and in the Russian ports, the strong
winds are often blowing in the winter.

Batumi port has a container terminal and a harbor complex for
servicing of ferries, as well as the dry cargo and passenger terminals.
Figure 1 illustrates Batumi port scheme.



Fig. 1. Batumi port scheme

Container terminal throughput is 100,000 TEU per year. This
terminal has the open storage spaces and load-carrying equipment,
which are specialized in the handling of containers for the intended or
storage purposes.

The ferry runs between Varna, llychevsky and Batumi
harbors. The ferry system is completely automated. Nominal annual
throughput of terminal is approximately 700,000 tons.

Dry cargo terminal provides servicing of large and small
ships. It is specialized in handling of scrap metal (intended or storage
purposes), bulk, liquid, general and breakbulk cargo. Dry cargo
terminal’s maximum throughput is 2,0 million tons per year.

The passenger terminal is located in the center of Batumi,
along the coastal boulevard. The terminal's throughput is
approximately 180 000 passengers per year. The passenger harbors
provide servicing of passenger ships and the Ro-Ro type passenger-
cargo ferries.

The main factor for the development of port was and remains
the Caspian Sea oil. The Batumi Oil Terminal offers its customers the
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services for transportation of oil and oil products from Kazakhstan,
Azerbaijan, Turkmenistan, Georgia and other countries.

The total area of the terminal is about 90 hectares, where five
tank parks and oil discharging complexes. The main advantage of the
oil terminal is the convenience of storage and transportation of various
types of oil and oil products. The terminal transport up to 22 types of
oil and oil products. Qil is supplied to Batumi Oil Terminal via
Georgian Railway, by railroad tank cars, unloading of which is carried
out at the modern railway overpasses.

The oil terminal’s throughput is up to 15 million tons per
year. The terminal is specialized in handling of crude oil and
practically all types of oil products - diesel fuel, petrol, heating oil,
etc.

Poti Port is a connecting link for cargo transportation from
Turkey, Middle East and Europe to Central Asia countries and
Afghanistan. Figure 2 illustrates the cargo harbors of Poti port.



Fig. 2. Cargo harbors of Poti port

Poti Port carries out the carriage in three main directions:

- the carriage from the border strip adjacent to Azerbaijan and
Russia — Samur-Yalama;

- the carriage to Turkmenistan, Afghanistan, Tajikistan and
Uzbekistan by a ferry Baku-Turkmenbashi;

- the carriage to Kazakhstan, Uzbekistan and Kyrgyzstan by a
ferry Baku-Aktau.

The continuous delays in the ferries Baku-Turkmenistan and
Baku-Aktau, as well as in the border zones adjacent to Afghanistan (in
the direction of Serhetabat-Turgundi and Galaba-Khairaton)
significantly increases transit time from the port of Poti.

Kulevi Oil Terminal

The Kulevi LLC "Black Sea Terminal™ construction began in
2000, and it was opened on May 16, 2008. The terminal's throughput
is up to 10 million tonnes of oil products per year, including: 3 million
tons of oil, 3 million tons of diesel and 4 million tons of heating oil.
The overall storage capacity of the tank park is 320 thousand cubic
meters, with the prospect of increase up to 380 thousand tons. There
are two berths in the terminal for discharging oil products, which
provide servicing of tankers with tonnage up to 100 thousand tons.
Hourly loading performance is from 1000 to 8000 cubic meters per
hour. The object has its own port-approach railway station, where 180
oil tank cars be placed simultaneously waiting for discharging. The
railway overpasses allow for discharging 168 oil tank cars
simultaneously.
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Supsa Marine Terminal

The Supsa Marine Terminal, the last point of the Baku-Supsa
pipeline, was opened on April 17, 1999, in a SupsaVillage The
terminal has 4 tanks, with tonnage of 40000 tons each. The quantity of
cargo handled in 2015 was 4,2 million tons. Annual throughput is 7
million tonnes.

.In the first seven months of 2017, Georgia's ports and the
marine terminals handled 9.6 million tonnes of cargo, which was 3%
less than in the previous year.

The absence of a deep-water port is considered to be one of
the weaknesses of the transport corridor connecting Europe and Asia.
Large ships cannot enter the ports of Poti and Batumi. Chartering of
small-size ships costs almost the same amount as servicing of a much
larger ship. This increases the cargo owner’s costs of shipping, and
consequently, this somewhat devalues the positive side of a physically
shorter route.

As a result of the analysis, it has been established that the
possibility of servicing of large ships in the case of the existence of a
deep-water port will reduce shipping costs by about $160 per
container.

Realizing this need, on December 24, 2017, there was started
the construction of the Anaklia's deep-water sea port, which is being
implemented by the Anaklia Development Consortium [3]. The
Consortium comprises the "TBC Holding" and the American
Investment Holding "Conti International”, which implements
infrastructure and construction projects. The contractors of the
Anaklia Development Consortium are also the well-known sea-port
design company "Moffatt & Nichol" and Dutch consulting company
"Maritime & Transport Business Solutions", which is specialized in
the issues of port transactions. Figure 3 illustrates Anaklia port
scheme.



Fig. 3. Anaklia port scheme

In the longer term, the port is expected to reach 100 million
tons of throughput, but at the first stage it is planned to construct three
phases are planned. The first 3 phases should be constructed within 12
years. For the first three years, the port’s throughput will be 7 million
tonnes, and by the 12" year, it will reach 40 million tons of cargo.

3. Conclusion

The construction of the new ports in Georgia, as well as the
development and expansion of the existing ones will result in the
necessity of a new resettlement policy, which involves the creation of
the new port settlements, and in some cases, the creation of new city
or cities, terminals and technical service zones. If we continue mrk
currrexH in this direction, Georgia’s economy can be developed very
quickly, moreover, in case of increasing cargo flows, we may need
additional labor resources.
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1. Introduction

Maritime transportation demand is derived demand as it
depends mainly on the demand for certain commodities or products.
Considering that the fee for transportation by sea is represented by
freight rates (in general) same are affected both market factors
(ration between supply and demand in the freight market) as well as
the costs structure of transport activities. Tramp shipping is
considered as highly risky business activity as freight rates and
prices of bunker are characterized by volatility against the
increasing costs for shipowners and maritime operators. The
revenue and profit of shipowners and maritime operators are
influenced by a number of factors that pertain to the external
(market) parameters and internal (cost) parameters. The said
uncertainty of tramp shipping operations can be attributed to the
state of the freight markets, economic activity for a certain group of
commodities, political events and economic cycle. The market risk
for shipowners and operators is an object of analysis and
measurement in view of its potential impact on revenues and
profits. The purpose of the present article is to study in detail the
main risk factors affecting voyage efficiency in tramp shipping. The
income and costs structure of voyage implementation is presented
along with details of each element thereof. Consequently, the risk
factors for efficient voyage implementation are identified as cost
and time parameters which value depends on the duration of the
voyage and market prices of bunker fuel. The value-at-risk (VaR)
approach is applied to evaluate the expected losses due to a
prolonged voyage and/or increase of bunker prices. The results
show that the proposed method serves as an applicable tool in
controlling and evaluating the voyage efficiency in tramp shipping.

2. Voyage efficiency in tramp shipping and risk
factors

Tramp shipping is generally characterized by volatile demand.
Being an industry of high commercial risk, shipowners and
maritime operators strive to apply new approached for evaluation of
transportation efficiency. There are several studies for assessment
of the market risks effect on voyage efficiency [4]. However, a few
are focusing on voyage efficiency from an operational point of
view. Policy implications for risk averse shipowners with a choice
of employing ships between the spot and time charter markets, point
to preferring the lower risk time charter market over the spot market
in general [2].

The objective of this article is to develop a conceptual model for
analyzing the effect of the market risks on the results of vessels’
operations and to quantify the deviation of planned results versus
actual results in voyage operations. As a first stage the most
important market risks are identified and their impact on the voyage
results. The system approach allows for structuring a conceptual
model for evaluation of voyage efficiency under the effect of
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market risks (Figure 1). The empirical analysis concerns the actual
performance of voyages thus all the commercial factors are
constants including freight rate, loading and discharging rates at
ports, commissions and the cargo quantity margins. According to
the established practice all elements of the voyage implementation
are planned in advance via voyage estimating. Due to the latter we
can assume with a high level of probability that the expected result
will be close to the planned. The latter refers to the time and costs
parameters as well. The time components (parameters) include:
steaming time between ports (laden and ballast legs), port stay time
(cargo handling operations and unplanned delays) as well as
unplanned delays during the passages between ports.

Risks affecting voyage efficiency

Ar/\u

— Cost parameters — Time parameters —
I S
Runningcosts  <—]
— Freightrate i
l —> Voyage costs <«
) v
Cargo quantity
l — Unforeseencosts <+—
Ly Gross freight Total costs
(income)
|
v

Revenue (profit)

Figure 1. Conceptual model for evaluation of risk factor impact on
voyage efficiency

The time components can be formalized as follows:

Ty =Ts+ T+ T, 1)

Where T, represents the total voyage duration (number of days),
Ts the steaming time both vessel being laden and in ballast, T,
represents the duration of time in port (number of days) and Tu is
the duration of unforeseen delays (number of days).

The costs components (parameters) include the costs of
disbursement accounts in ports, bunker costs, costs for passing
canals as well as the running costs of the vessel. The costs for



bunkers, disbursements and costs related to cargo operations (in
case same are for owners account) form the variable (voyage costs).
The voyage implementation is also related to running costs, i.e. all
costs that are incurred regardless of vessel’s employment during the
operational period. The level of voyage costs will depend mainly on
the fuel prices, the current level of disbursement accounts in ports,
etc. Running costs are also affected by the duration of all time
components of the voyage as well as by the set budget of daily
running costs. As voyage (variable) costs are mainly determined by
time and costs parameters of the voyage depending on the bunker
prices, disbursements and canal tolls. Thus we can assume that the
most important parameters in evaluation of vessels’ efficiency are
the cost and time values given the agreed value of gross freight
income. Therefore we can define the total costs of the voyage as
follows:

T,=VC+FC @)

The gross income basis the agreed freight is based on the total
quantity loaded multiplied by the freight rate plus the due
demurrage (if any).

R=Q.f+dm (3)

where R represents the gross voyage revenue, Q is the Bill of
Lading weight of the cargo, f — freight rate and dm — the gross
amount of demurrage due to the owners.

The net voyage revenue can be represented as follows

(Q.f + dm) *K
100

R,=(Q.f +dm) — ds

4)
where R, is the net voyage revenue, K — total amount of

commissions agreed and ds — the amount of dispatch (if any).

Commissions are due on gross freight, deadfreight and demurrage.

As an efficiency indicator the voyage revenue is used that can
be presented as the difference between the net voyage revenue and
total voyage (variable costs):

R,= [(Qf +dm) —

where R, is the voyage gross profit and VC, are the variable
(voyage costs) of the voyage.

(Q.f+dml K
100

ds] —ve, ©)

On the basis of the net result of the voyage the daily financial
results can be derived as follows:

Q. f+dm) <K

o ds| - vq,]

[[(@-f+dm}—
TCE =

Tp

(6)
where TCE is the timecharter equivalent for the voyage.

The timecharter equivalent characterizes the profitability per
day for a specific voyage and a specific ship. This indicator allows
to perform comparison between different options of voyage
employment of ships. As a rule, the planned timecharter equivalent
should be higher than the rate of the daily running costs thus
ensuring for a certain percentage of profit taking into account the
pertaining risks during the voyage implementation.

The actual circumstance for implementation of the voyage as
well as the risk factors may lead to the change of the time and cost
parameters and thus to a change of the planned profit level. In
practice, the planned result differs from actual result in a negative
interrelationship, i.e. voyage revenue is lower than planned. Tramp
shipping operations are affected by a number of external factors and
risks [4]:

- change of bunker prices

Bunker prices are closely related to the state of the freight
market. In the case of high market conditions the freight rates
increase more slowly than the bunker prices. Conversely, the freight
rates decrease sharply following the decrease of bunker prices
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which shows a lower state of the freight market. Figure 2 presents
the dynamics of bunker prices (IFO 380 cst) at Bosporus for the
period November, 2017 to April, 2018. As evident, the bunker
prices can vary by more than 25% within a month only;

- delays in ports of loading and discharging

These refer to issues of discrepancies regarding cargo delivery
in port, lack of cargo documents preventing customs clearance, etc.
The latter can directly affect the port stay time and thus the overall
duration of the voyage. Also these factors include the delays due to
servicing of the ships in ports (activities of ship agents, pilots, tug
companies, port authorities, etc.);

- change of port disbursements

These refer to the local price policy of port tariffs, most valid
for larger ships performing longer voyages due to the longer time
span between sailing from load port until arrival at discharge port.
This factor affects the cost parameter in terms of voyage costs;

- weather conditions during the voyage

These factors refer to the weather conditions during sailing time
and during port stay time. These may affect the safety condition of
the ship and thus incur additional costs and time loss for unplanned
repairs and/or supplies;

— human error

These refer to omissions of the crew that can affect negatively
the operation of the ship and lead to loss of time due to incidents
and delays. On the part of shore personal, with reference to the ship
management activities, human errors can be related to improper and
untimely decisions to/not to supply the ship or to decisions leading
to loss of time due to unavailability of cargo, cargo documents,
delayed formalities at ports, etc.

Factors described above can affect the time parameters of the
voyage in terms of increase of steaming and port stay time.

US $ per Metric Tonne

Price

3,2017 Jec 8, 2017 Jan 12, 2018 Feb 16, 2018 2018

Figure 2. IFO 380 cst prices for bunker supplied at Istanbul [6]

As a result of the costs change (increase of bunker prices and/or
port disbursements) and time parameters (increase of steaming time
and port stay time) the voyage costs increase. It should be noted,
however, that apart from the bunker prices and port disbursements,
the weather delays are considered extreme external factors that are
not liable to initial evaluation. The increase of voyage duration
leads to increase of the running costs. The increase of running costs
is often related to crew errors, ship management errors and delays
of ships in ports. Therefore, when a voyage is planned, the entire
system of affecting factors must be taken into account in order to
evaluate correctly the expected voyage efficiency. Moreover, the
decrease of daily revenue is due not only to the cost increase but
also to the decrease of daily income.

Bunker consumption is planned in advance according to
empirical evidence from ship’s operation and to the technical
specification of ship’s engine. They are set separately for the sailing



period and for the port stay. It should be noted that the relationship
between speed and bunker consumption is not linear therefore
careful considerations should be made for the trade-off between
time saved and bunker costs saved as concerns speed management.

Bunker costs will increase due to the increase of sailing time or
time in port as well as due to the increase of bunker prices. As
concerns disbursement accounts some of their elements are
dependent on the duration of port stay — for example berth dues,
anchorage dues, agency fee, etc.

3. Evaluation of risk factors impact on voyage
efficiency

For the purposes of risk factor evaluation, we assume the
commercial elements of the voyage, i.e. the charter party terms, are
constant. The latter refers to the cargo quantity, freight rate and
agreed brokerage. The margin of voyage elements values has been
ascertained via statistical study of voyage implementation of a 5300
mts DWAT general cargo vessel performing contract voyages
between Constanta and Ravenna for the period April, 2017 to April,
2018 (Table 1).

Table 1. Characteristics of 5000 mts DWAT general cargo vessel

DWCC (bulk grain cargo) 5000 mt
Freight rate [7] 36 $ per mt (net)
Service speed (average) 10 knots

Voyage rotation Constanta — Ravenna

Distance (nm) 1312 nm
Total sailing time (incl. ballast) 10,93 days
Total time in port 5 days
Bosporus passage (one way) 1 day
Total voyage duration 16,93 days
Price of 1FO 380 cst [6] 430 $/mt
Price of MGO [6] 670 $/mt
Total D/As and canal fees 26000%
Daily running costs 3500%/day

Models for estimation of market risks are of the purpose to
predict potential losses as an outcome of external factors changes.
One of the best-known and most widely used of risk measurement
tools is value at risk (VaR) [5]. The findings of the present study
can be applied in vessel’s operations for short sea shipping in the
Black Sea and the Mediterranean region particularly for the
financial risk management in shipping.

A main concern for the market risk manager is the choice of the
most appropriate market risk measurement method amongst a
number of alternative models developed in the literature [3]. Value-
at-risk method (VaR) is the maximum amount of loss that can be
sustained with a given probability over a certain period of days. It is
typically calculated within a 95% or 99% confidence interval. VaR
is defined as the dollar (or percentage) loss to be exceeded with a
certain probability (known as confidence level) over a given time
horizon [1]. For the purposes of this study we strive to understand
the overall risk factors structure for tramp shipping. The values of
VaR measures are calculated for above mentioned period. The
realized a-level VaR measures are computed as the 1-« quantiles of
the past n observations of X, as in the following equation [5]:

VaR(a ) = Quantile’™ ({ X, 1=t ) @)
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VaR method is based on the determining of certain deviations
(losses) at given probability. In order that the application of this
method is correct it is necessary that the studies values of the cost
and time parameters are random values with normal distribution.
For the purposes of the latter we have conducted statistical study of
the bunker prices and duration of port stay for a sequence of
voyages performed by a general cargo vessel as described in
Section 2 of the present article. Figure 3 presents the hypothesis test
of the random value distribution type as concerns port stay in ports
— as evident it is subject to normal distribution. The Pearson’s test
confirmed the on-contradiction to the initially adopted hypothesis of
normal distribution with 0 2 with value 4,0655 and p with value
0,0678 which is acceptable for such analysis.
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Figure 3. Statistical analysis of port stat time (number of days)

As a result it has been ascertained that the mean value of port
stay time is T, = 5.06 days that can be assumed as planned value. In
accordance with (7) we have calculated with 99% and 95%
probability the potential losses on case of deviation of the port stay
time from the mean value. The results are presented in Table 2.

Table 2. Voyage VaR for a 5300 DWAT general cargo vessel
(Contanta-Ravenna) for increase of port stay time
Increase of

Total costs per Profit/Loss per

days in port 99% VaR 95% VaR voyage (USD) voyage (USD)
4% 0.196 0.112 $ 174,084 $ 5,916
8% 0.201 0.115 $ 178,557 $ 1,443
12% 0.206 0.118 $ 183,059 $ -3,059
16% 0.211 0.121 $ 187,589 $ -7589
20% 0.216 0.123 $ 192,146 $ -12,146
24% 0.222 0.126 $ 196,732 $ -16,732
28% 0.227 0.129 $ 201,346 $ -21,346
32% 0.232 0.132 $ 205,987 $ -25,987
36% 0.237 0.135 $ 210,657 $ -30,657
40% 0.243 0.138 $ 215,355 $ -35355

It should be noted that the assumed losses in terms of increase
total costs of the voyage will lead to incurring of loss for the
implementation of the voyage. The latter is a direct result of the
increased port stay time. Vessel operators are able to evaluate
efficiently the direct impact of delays of port stay and plan in
advance.

The evaluation of VaR in case of changes of MGO bunker
prices for the presented voyage rotation are presented in Table 3. As
in this case MGO consumption is limited only to port stay time the
sensitivity of this factor is low as compared to the time parameter of
prolonged port stay time. Planning of bunker supply is also
considered as important element of vessel operations and therefore
should be planned well in advance taking into account both the
price of bunker, additional costs for bunkering and time loss
thereof. It should be also noted that bunker prices can be extremely
volatile within a short period of time and there is a large variance of



prices between different ports/regions, even for the same standard
type of bunker fuels.

Table 3. Voyage VaR for a 5300 DWAT general cargo vessel
(Contanta-Ravenna) for increase of MGO price

:)r;c;\r;lec'glsoe 3/9% 95% Total costs per I;;;)f\i/té)l/_;gses

price aR VaR voyage (USD) (USD)

3% 0.195 0.111 $ 172,900.67 $ 7,099.33
6% 0.198 0113 % 176,16333  $ 3,836.67
9% 0.202 0115 $ 179,426.00 $ 574.00
12% 0.206 0.117 $ 182,688.67 $ -2,688.67
15% 0.209 0119 $ 185,951.33 $ -5,951.33
18% 0.213 0.122 $ 189,214.00 3$ -9,214.00
21% 0.217 0124 $ 192,476.67 $ -12,476.67
24% 0.221 0126 $ 195,739.33 = $ -15,739.33
27% 0.224 0128 $ 199,002.00 = $ -19,002.00
30% 0.228 0130 % 202,264.67 = $ -22,264.67

The proposed VaR method allows for realistic conclusions
about the expected deviations of the cost and time parameters for
certain voyages implementation given the expected variations in
MGO prices and port stay time duration. It should be noted that this
method, although being straightforward, has certain drawbacks as
larger losses (beyond the ones computed) are being ignored.
Nevertheless, the application of the VaR method in voyage planning
and operations, especially for shorter sailing distances, is a valuable
tool for assessment of voyage efficiency.

4. Conclusion

Tramp shipping market, being highly volatile, required
metrification of risk and evaluation of vessel operation methods.
The present paper has analyzed the applicability of the VaR method
for evaluation of voyage efficiency in tramp shipping. The findings
have proved that time and cost parameters of the planned voyage
and their variations can lead to significant loss in voyage revenue
and profit. We have ascertained the system of risk factors that affect
the voyage results such as prolonged port stay time, changes in
bunker prices, human errors in ship management, weather
conditions, omissions in vessel’s servicing in ports, delays of cargo
delivery in ports, etc. It has been proved that the abovementioned
factors can affect directly the cost and time parameters of the
voyage. The deviations of the latter lead directly to deviations
between planned and actual result of the voyage. The analysis has
been conducted on the basis of empirical study of data for actual
voyages on the Black Sea and the Mediterranean region for a short
sea shipping transportation. The total costs of the voyage and the
profit/loss have been calculated. For the purposes of evaluation of
the probable deviations of the port stay time and MGO process we
have applied the VaR method in order to determine the maximum
level of deviation of port stay time and MGO process at a given
probability. For the purposes of the correctness of the study
statistical analysis has been carried and its results proved the
applicability of the VaR method for the evaluation of voyage
efficiency. The results can be further used for evaluation of vessel
operation activities based on the probabilistic nature of the cost and
time parameters as part of the vessel’s voyage on the basis of the
proposed method for evaluation of vessel’s voyage efficiency.
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Abstract: The present article presents in detail the concept of ports connectivity of the ro-ro shipping networks in the Black Sea region.
The existing ro-ro services in the region are studied in terms of transportation availability, frequency and capacity. A set of port connectivity
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1. Introduction

Short sea shipping in the European Union has been a focus of
extensive studies during the last three decades. The quality of
European shipping network is being measured by specific
indicators. There are several main measures describing
transportation networks, mainly its connectivity and network’s port
accessibility. It is assumed that networks connectivity shows
whether all nodes are reachable from a certain port. The
connectivity studies of ro-ro shipping in Europe has not drawn
much attention. Connectivity of ports in ro-ro shipping networks is
highly relevant as a lot of ports set forth objectives for expansion
against the underdeveloped road infrastructure in the hinterland.
Due to this reason, Black Sea ports operators strive to increase the
volumes of ro-ro shipments as a tool for expanding their market
coverage. In order to achieve a larger market share of ro-ro
shipments more efficient connectivity between ports is needed. The
latter is feasible in case the connections with the hinterland are
developed. In view of the latter, the development and application of
port connectivity indicators within the European ro-ro shipping
network allows for evaluation of the ro-ro network quality.

The present study presents in detail the concept of ports
connectivity in ro-ro shipping networks. The applied indicators
measure the port performance and the links between the ports in the
region. The ports connectivity indicators within the ro-ro shipping
network is evaluated and presented on a comparative basis for each
country in the region. The results show that the application of such
measurement tools help to outline the strengths and weaknesses of
the ro-ro shipping networks within the region.

2. Ro-ro shipping in the Black Sea region — issues
and challenges

Being part of the European short sea shipping network, ro-ro
transportation has attracted considerable attention for the last
several decades. The network design is affected by the port
operators’ strategies, demand for ro-ro transportation and
availability of ro-ro vessels. Due to this each port location is
determined by the intensity of cargo flows between the ports in the
region. The structure of the ro-ro shipping network, the number of
service providers and the service frequency are dependent on the
status of ports’ development and respective cargo volumes. These
factors will affect the carrying capacity of the ships employed,
number of ports in the service and the schedule. On the other hand,
restructuring of ports to specialize in ro-ro shipments will depend
on the hinterland access to/from the ports, available port
superstructure and infrastructure and the geographical position of
the port. Policy issues concern mainly the issues related to cabotage
transportation in the form of restrictions (for example, cabotage
transportation can be carried out by vessel flying the national flag
only), customs formalities for exports and imports of cargo, policies

for development of European transport corridors and the existing
form of cooperation between the ports. Last but not least, hinterland
connections also matter as these ensure for sustainable and reliable
hinterland transport. Higher density of ro-ro shipping networks
ensures for minimum transshipments and higher capacity
utilization. The service quality is backed up by increased number of
sailings, higher turnaround time at ports and higher reliability of
services.
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Figure 1. Short Sea Sipping in EU in 2016 [11]

Figure 1 present the volumes of different types of cargoes
carried during 2016 via short sea shipping in the EU. Short sea
shipping of liquid bulk cargoes prevailed for all the regions during
the period - over 64 % of total short sea shipping of goods in the
Black Sea [11]. Containerized cargoes accounted for only 5 % of
the short sea shipping in the Black Sea, likewise cargoes transported
in ro-ro shipments accounted for less than 2% in the Black Sea
region.

Unlike the generally adopted perception, short sea shipping has
certain disadvantages as compared with road transportation. It is
necessary that the efficiency and service quality of short sea
shipping is improved as well as the port infrastructure. The latter
objectives should include: integration into multimodal transport
chains or networks, stimulation of new maritime transport
technologies, removal of administrative barriers, creation of reliable
market data on existing land transportation that could be used for
decision making, integration of border crossing systems, automation
of customs and immigration security systems [8]. The advantages of
short sea shipping as compared with land transport are:

- higher energy efficiency and environmental performance;

- favorable geographical location of the ports in the region;
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- enhanced regional development for some of the countries;
- benefits for the ports development and expansion;

- carrying capacity increase for vessels flying the national flag
(cabotage shipping).

As concerns ro-ro transportation in the region there several
fallbacks. The frequency and scheduling of services depends mainly
on the available for transportation cargo volumes and thus there are
imbalances between front hauls and back hauls within the network.
There is also the problem with inefficient integration with other
modes of transport mainly due to the underdeveloped road structure.
The latter impedes the integration of ro-ro shipping into the
intermodal supply chains. It should also be noted that ro-ro vessels
employed in the region are not of high service speed that leads to
longer voyage duration and schedule irregularities. As concerns the
marketing of this type of shipments, it should be noted that it is
difficult to compete with containerized cargoes freight levels.
Figure 2 presents the presently available ro-ro lines in the region,
serviced by several operators.

N

oy

Figure 2. Ro-ro shipping network in the Black Sea region in 2016 [6]

As explained above there are frequency imbalances and
variability of market shares among the main ro-ro operators and
routes. In addition, shipping companies are faced with the issue of
capacity underutilization and therefore general approaches are to be
applied for each route/destination. Higher frequency can increase
the income and decrease the unit costs by allocating fixed costs to a
greater number of departures [7]. Most of the ro-ro operators
maintain weekly departures from starting port and only a few
maintain departures twice of thrice weekly. One of the methods to
increase frequency of service is to include more vessel but the latter
would involve considerable investments in assets which could not
be paid-off given the low cargo volumes. Presently for all routes
low frequency and low extent of capacity utilization are present. We
should also consider the seasonal fluctuations in demand whereas
cargo volumes will be imbalanced during winter and late autumn
periods also due to unfavorable weather conditions. The optimal
level of capacity utilization is directly related with the price levels
whereas the pressure to reduce the prices for transportation would
potentially increase the capacity utilization. Given the high level of
competition between ro-ro companies, it is highly unrealistic that
potential clients will be able to differentiate between companies on
the basis of price other than the routes directions. Another issue is
the routes’ diversification which is unattainable for most of the
companies due to lack of sufficient cargo volumes and lower
frequencies of service. There is also the problem of insufficient
statistics to evaluate both the market shares and levels of capacity
utilization of the ro-ro operators in the region. Table 1 presents the
currently operating ro-ro companies in the Black sea region
providing regular ro-ro services for trucks, rail wagons and
passengers.

Another issue is related with the national jurisdictions as the
companies are based in countries with different national legislation.
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Table 1. Ro-ro operators in the Black Sea region in 2016 [6]

Ro-ro operator Routes Typg of
service
Eregli-Chernomorsk
Akdeniz Ro-Ro (Turkey) Samsun - Novoros.5|ysk ro-ro
Samsun - Gelenzhik
Samsun-Tuapse
Anrusstrans (Russia) Kavkaz - Krym ro-pax
Kavkaz-Varna
PB Management (Bulgaria) Bourgas - Batumi - Novorossiysk ro-pax
Stena Sealines (Turkey)  |chernomorsk - Haydarpasa ro-pax
Chernomorks - Varna
Chernomorks - Poti
Ukrferry (Ukraine) Chernomorsk - Batumi ro-pax
Varna - Batumi
Chernomorsk - Haydarpasa

Other parameters are to be taken into consideration as well.
These include the integration of ro-ro shipping into the existing
intermodal chains (for example transport corridors 1V and VI of the
EU network), selection of optimal routes, the time needed for the
trucks and rail wagons to reach the ports or the final destination
from the port. As for the ports in the area there are certain problems
that are to be overcome: inefficient port infrastructure; lack of
efficient connections with the hinterland and the potential delays in
ports due to that; considerable differences in port charges that result
in different disbursement accounts for the ships, etc. Therefore, ro-
ro operators must focus on the following strategic objectives —
increase frequency and reliability of services, enhance service
quality and achieve cost efficiency via increase of capacity
utilization.

3. Measuring ports connectivity of ro-ro shipping
networks in the Black Sea region

Ro-ro connectivity measures the extent of the ports in the
network being connected to each other [2]. The data used for this
study have been collected from the companies’ websites as
concerns routes, vessels and schedules and refer to year 2018 [9,10,
12,13,14]. It is assumed that the websites of the ro-ro operators
present accurate data as concerns timetables, vessels’ types and
capacity and routes (Table 1). The study uses the following data,
providing the variables needed: travel time, frequency of service,
level of interconnectivity and the number of service operators. As
concerns frequency of service this represents the number of sailings
from the first port every week (officially published timetable of
departures and arrival from/at each port).

In this part of the study we apply a method to measure the ports
connectivity of the ports within the ro-ro shipping network. It is
important, therefore, to establish the components of the connectivity
indicators and how the indicator is calculated [4].

Unlike the feeder networks of containerized cargoes there is
almost no transshipments in ro-ro shipping which is due to the
shorter distances and the direct interrelation between transportation
prices (freight) and time. Therefore, all connections between the
ports in the ro-ro network are direct and are taken into account for
the evaluation of the ro-ro network connectivity and calculation of
connectivity indices.

For the evaluation of the connectivity of the ro-ro network in
the Black Sea region we apply the beta index and gamma index
measures developed by [1, 4, 5]. The first index evaluates the
number of connections for each port being a quotient (Formula 1):

B=L/n @)

where



L = number of links for each port;
n = number of ports in the country, servicing ro-ro shipments.

Gamma index is an aggregate value showing the level of
connectivity of the network being the ratio between the number of
actual links and the maximum number of potential links [5].
Gamma index is expressed by Formula 2:

y=L/[n*(n-1)] @

In addition, on the basis of the data available, for each ro-ro
operator in the region we have collected the following data
presented in Table 2. The number of links presented for each
country are based on one-way directions only.

Table 2. Number of nodes and links of the Black Sea region ro-ro
shipping network [company web sites]

Number of nodes Number of links

Country per country (n) O
Georgia 2 :
Bulgaria 2 °
Turkey ‘ :
Ukraine ! °
Russia 4 !

The applied indices can be used for measuring the connectivity
of various types of transportation networks. For the calculation of
the indices the following limitations have been applied [3]:

- ro-ro service is considered as regular transportation linking a
certain set of ports in the region;

- ro-ro services considered have a minimum of weekly
departure from the first port in the service;

- several of the ro-ro operators are servicing same ports and
nevertheless these are considered as separate ro-ro services;

- intra-national services are considered only in cases where
same is part of an international (regional) ro-ro service.

B index
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320
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2.40
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0.40
0.00

GEORGIA RUSSIA TURKEY UKRAINE

Figure 3. Beta index for each country in the region [own calculation]

As shown in Figure 3, Bulgaria and Georgia have an equal beta
index at 2.5 having two ports each and 5 links respectively. As for
Turkey, the beta index is at value 1.5 having four ports and six links
within the network. Ukraine is present with only one port in the
network (Chernomorsk) and five links thus having beta index equal
to 5. Russia is relatively well presented with four ports and seven
links leading to beta index of 1.75.

As explained above, gamma index represents the ratio between
the number of actual inks and the maximum number of potential
links [5]. Figure 4 present the gamma index for the ro-ro network in
the Black Sea region evaluated on the basis of available data.
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Figure 4. Gamma index for each country in the region [own calculation]

Gamma indices for Bulgaria and Georgia are at the same level
for the described network, while for Russia and Turkey it is about
five times lower mainly due to bigger number of ports and links. An
interesting observation is the gamma index for Ukraine, presented
in this network by only one port but with five links, which clearly
denotes that there is a need for inclusion of other nodes in the
network to improve the country’s ro-ro connectivity.

Ports connectivity in the region can contribute to the increase of
cargo flows and ports throughput. On the other hand, it is proved
that higher connectivity leads to decreased costs of trade flows
between the region and other regions in Asia and Europe. The
higher the number of ro-ro connections, the higher the share of short
sea transportation in intermodal chain. It should be also noted that
the hinterland connections are a vital element of the network in
terms of increasing the quality of port services.

Ports connectivity in the modern ro-ro network in the Black Sea
region is also related to the overall performance of the regional
ports. It promotes intermodal connectivity of the port being
considered as a key element of supply chains. Ro-ro transport and
increased ports connectivity should promote quality customs
formalities to ensure for faster turnover of goods and transfers from
and to the ports. On the other hand, higher levels of port
connectivity will decrease road congestions due to modal shift to ro-
ro shipments.

Ports connectivity of the ro-ro shipping network can be
analyzed also on a comparative basis with adjacent regions (for
example the EU Mediterranean region) or with a group of ports. As
leading indicators, the average values of the indices should be taken
into account to achieve realistic comparison of the ro-ro
connectivity of several regions.

4, Conclusion

The present paper has presented a study on the applicability of
port connectivity indices to Black Sea ro-ro shipping network. Port
connectivity is a valuable tool for policy makers and ro-ro operators
as it provides guidelines for the development of this network
feature.

The applied indices are similar to the already developed by
UNCTAD liner shipping connectivity index (LSCI) related to liner
shipping (containerized cargoes). However, unlike container liner
shipping, ro-ro shipping does not involve transshipments and ro-ro
services are direct services [4]. The main reason behind this type of
transportation via short sea routes is the carriage of goods that are of
high value and are time-sensitive. Over 50% of the ro-ro operators
in the Black Sea region offer service both for freight (trucks and rail
wagons) and for passengers. The application of the beta and gamma
indices to measure the port connectivity of the ro-ro transportation
in the Black Sea region show that the port of Batumi, Georgia is the
port with most connections in the region. The latter is due to its
connections with ports in Bulgaria, Russia and Ukraine. We proved
that the port of Chernomosk has the highest link quality which is



due to the high frequency of ro-ro services. The potential topics for
further research should include: adding additional variables for
development of more complicated indicators to measure ro-ro
connectivity of ports based on frequencies and number of service
providers, expanding the application of port connectivity indices to
include the available links with dry ports in the hinterland and
analysis on the issue whether ro-ro connectivity indices influence
the trade volumes and trade flows.
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CUCTEMATA BOJAY- ABTOMOBUJ -CPEJJA U YHACTHUETO HA
NEMEXOIAIUTE B HEA

THE DRIVER-AUTOMOBILE SYSTEM -THE ENVIRONMENT AND THE PARTICIPATION OF THE
PEDESTRIANS IN IT

BOJAUTEJIb-ABTOIOPOXHAA CUCTEMA 1 YHACTHE TIEHIEXOJ0OB B HEU
Assoc. Prof. Eng. Dragneva N. PhD,
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Abstract: The most vulnerable part of the external environment in the driver-car-environment system is pedestrians. Unpredictable
behavior, the large age range, coupled with inadequate transport culture, place these road users at risk of accidents. With the increase in
road traffic, the problems with the protection of life and pedestrian health require thorough analysis and adequate solutions.

Keywords: PEDESTRIANS, TRAFFIC SAFETY

1. Yeoo

Cucremara BOJAY-aBTOMOOWII-Cpela € CBBKYIHOCT OT
IIEICHACOYCHO B3aMMOJICHCTBAIIM €JIEMEHTH, KOUTO Ca CBBP3aHH
opranuzanuonHo. [loHATHETO cpena BKIIIOYBA B ceOE CH: IIBT,
MPUPOJHU M KIMMATUYHH YCJIOBHS, MHKPOKIMMAT B aBTOMOOMIIA,
yCIOBUS Ha [JBIDKEHHE T.€ .JPYIH YYaCTHHIH B JBIDKCHHETO—
TIPEBO3HH CPEICTBA U TEMIEXOMIH, TPABUIA 33 ABWKCHUE U OPYTH
HOPMATUBHH JOKYMEHTH.

Hammonannarta crpaterus 3a monoOpsiBaHe 0€30MIaCHOCTTa
Ha JIBIKCHUETO MO MbTHINAaTa Ha Pemybnuka briarapus 3a nepuosa
2011-2020r. € MOJUTHYECKUA PAMKOB TOKYMCHT, 33J1aBalll HACOKUTE
3a M3MBIHCHUE Ha TOJNMTHKATa 3a TMOJ0OpsSBaHE YCIOBUATA 3a
JBIDKCHHE 10 MbTUINATA W HaMalsiBAHEC Ha JKEPTBUTC TPH
MIPTHOTPAHCTIOPTHH HMHOUICHTH. CTpaTerHyecKusAT IOOKYMEHT ¢
U3pa3 Ha TOJMTHYECKAaTa AHTAKUPAHOCT HA IMPABUTEICTBOTO Ha
€BpOIEHCKOTO pa3BUTHE Ha bbirapus U € B CHOTBETCTBUE C
HeroBara mporpama 2009-2013 r. u Crparerusra 3a HaliOHaJTHa
curypHoct Ha Pemy6nmka Benrapus 2011-2020r. Crparerusra ce
BITUCBA B KOHTEKCTA HA Pa3BUTHETO HA CBPOTCHCKUTE TMOJUTHKU B
obmacTTa Ha 6€30MacHOCTTa Ha JBIKeHHETO U 00sBeHoTo or OOH
»JleceTuieTHe 3a AaKTHBHU JEHCTBUS 3a 0C30MacHOCT Ha
nBmkeHneTo mo merrimara 2011-2020r [1].

B eBpomeiicku miaH ycunusATa ce KOHIEHTPUpPAT BbHB
BBBEKIAHE HAa CTAHIAPTH 32 aBTOMOOWJIEH AM3aiiH MO OTHOLICHHE
Ha Ka4eCTBOTO Ha IacHBHaTa O€30MacHOCT W B H3TpakJaHe Ha
MOIXOMsIa WH(PPACTPYKTypa 3a HaMajsiBaHE Ha 4YecToTaTta H
texxectra Ha [1TII ¢ yuacTHeTo Ha memexoay. ['oTUITHUTE TaHHU
3a CMBPTHHUTE CIy4ad MPU MEHIEXOIIUTE B AbP)KABUTE-UWICHKH Ha
EC, Ucnanaus, Hopeeruss u IlBeitnapus or 2006 no 2015 r. ca
npeactaBend B Tabn.l. JlatBus, Upnaumus, Cnosenus u Jlanus
UMaT Haii-3HAYUTENIHO HAMaJeHWe Ha CMBPTHHUTE CIydaul TIPH
nmemexonuure Mexay 2006 u 2015 r.(mag 55%). B I'epums,
XwpBatus, Yarapus u [lonma cMBPTHUTE CITydad 3a MEMIEXOINATE
HaMalsIBaT MMOYTH HamoJoBUHA, nokaro B IlIBenus, [lopryramus u
XOJ'[aH}lHﬂ HaMaJIABaHETO Ha CMBbPTHUTE cnyqau IpH nemexoanu €
no-Hucko ot 10% [2].

Ot nmannute B Tabm.l u ¢ur.1=3 ce BWwKIa SICHO AWHAMHKATA W
TIOJIOXKUTCIIHUTE TEHACHI NN 3a HaMaJIsIBaHC Ha )KepTBl/ITe-
remexoau B crpanute ot EC.

Taon.l Jlannu 3a cmvpmuume ciyuau Ha newexooyu 8 CIMpaHume
om EC

TpLEHTHO
Topapn [2006 (2007 2008 (2009 2000 f01L 012 013 (2014|015 | chemoda | avanene cpio
T v v ¥ v v ¥ v v ¥ v\ CTpatan ¥ W0er, ¥

BE | 12 1n % JUl} 106 13 o 9 106 9 10460 U5
86 m m m 198 19 1% 19 1% 1% 19 mn »

g lm | wm [m [ m | w | o[ m | ® | w | m | mw B0
X[ oo [ | % [ [@ | |n | |2 |y |an &)
Eolom | ows [ e e | o6 | e [ | | w | o | sum B
Eloa|w |4 |3 | |6 |8 |8 |5 | |u 050

E no|d ] L} “ L) I i i i 550 55‘94%|

] I u m 1 m mn 151 15 3 19480 06

U 8 50 m | 30 m | om o[ W o| W 40‘23%|
y

5% 561 54 | % bt} LI I 466 50630 129

Bl | s [ w | | n oo [e [ B0 | 8w A0

m 758 ) 46 67 2]} 58 516 551 518 60 621,50 05

ol o | EENE g0 |5 | 8o 5

W | s 158 105 i ] 0 [} n 1 6 9030 581

) )[R N I I N I I T O R T R
Wl o 1 1 I I N Y 3n‘oo%|
Wolm s | s | w [ m ||| w | ® | W] 49‘66%|
i I I ' IS IR | N N IS I WY 5g‘ogn/n|
o6 | % [ % |8 | | & [ [ |9 | |ap g‘og%|
ol [ | w [ w [w o | [ w || u | e B

PL (1802 | 1951 (182 | M67 (186 | M08 U5 | 140 [ 1116 9L 1ordo LA

PT | 156 15 15 148 195 199 13 U} 1% 14 16030 1

RO | o4 |13 | 1067 | f015 868 L m | 691 69| Ss4d0 0%

Sl w{n |» | [ v | |w [0 [w |5 |0 556

K| w | w m i) 126 1% 1% 126 | 1 15040 41

A § |8 58 Ell ¥ L} I} k] 3 2 B0 kL

[ L) i k) 50 Q 5 5 80 5459

UK 697 663 591 U o5 46 L) 405 L) m 508,10 LY

EUofup | 508 | 8350 | 8069 [ 641 [ 60 | 64T | %B% |76 |66 |55 61200 B

Togwusa

060 | ST0% | 14008 SA0% | 190% | 890% [ 0% | L00% | 400%
TpoHa

Wl s s | n |5 [u |6 |2 |6 |8 |2 | o e

H Bl 5 0 % 2} 5 6 ] 58 6630 B

160



@ue.2 INoouwna npomana 8 % 3a nepuooa 20062015 e.

UKk EU BE BG Cz
E 494 0dmo 2% 3% _3% pk

2%

EE

6%
IE

SK 3% 1% %
RO
4%

5% pE

PL
5%
AT_~ 5%
2%
N ES
4%
MT
s HU HR \_FR
5% LulLT cy T 5% 1%
3% 2% 2% 2%

Qu2.3 Hamanenue 6 npoyenmu 3a 20152. ¢ cmpanume 6 Eepona
cnpsmo 2006

OTHOCHTENHUAT AsUT Ha 3aruHanurte nemexoquu mnpu ITTII

B HAIllATa CTPaHA € eIMH OT HaW-BHCOKHTE CIPSIMO CTPAHHTE OT

EBpormeickist chr03 M ¢ OOYCIIOBEH INpeAd BCHYKO OT BHCOKATa

KOHQUIMKTHOCT Ha IbTHaTa MHQPACTPYKTypa B HACEICHHUTE MeECTa,

caboTo pasjieNieHHe Ha TPAHCMOPTHUTE OT MEIIEXOAHUTE TOTOIMH,

HHCKaTa TPAHCIIOPTHA KyNTypa M IMCLUMIUIMHA HA MELIeXOJIHTE,
HeaJleKBaTHAaTa CKOPOCT Ha JABIKEHUE U JIp.

2. Ilpeonocmaexu u HauuHU 3a

paspeuiasane Ha npoodaema

YopewkusT GakTop B cUCTEMATa OT €[jHAa CTpaHa Bojady, a

OT Jipyra mHemexozel, TpsOBa Aa Bb3IPUEMa TOJIIMO KOJIMYECTBO

UHGPOpPMAILKA 32 XapakTepa U PeKHMMa Ha JBHKCHHUETO HA JPYrUTe

YYaCTHHIM B JIBUKCHHETO, ITBTS. U OKOJIHATa cpeia. To3u mporec
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M3MCKBA OIPENEIeHO0 BpEMe, a CHUTyalusATa Ce HPOMEHS MHOIO
OBpP30 M MOXKE Ja ce B3eME IPELIHO PEeIICHHE WM HENpPaBHIIHO
JeiicTBUE TOpaay CICHUTE OOCKTUBHU NPUYNHU:

. HEJOCTaThYHO BpeMe 3a I[poueca ,Bb3NpUEMaHe —
JICUCTBUE;
. BB3NpHUETATa HHpOPMAITIS HE OTroBaps Ha
JICUCTBUTEIIHOCTTA,
. HHpOpMAIHATA € OLICHEHA U ce 00paboTBa HEMIPABUITHO;
. U3ITBJIHEHO € HeMPaBUIIHO JIeiiCTBHE.
CepliecTByBaT ¥ OOCKTHBHU NPUYMHUA KOUTO  CTHMYJIHpAT
JNONMYCKAaHETO  Ha  TpemKd  Karo: Obp3a OpoMsHA  Ha

XapaKTepPUCTUKHUTE HA IBMKEHHETO U IIbTHATA CUTYalLlUsl, CbCTOSHUE
Ha ITbTS, BHE3AICH 0TKa3 Ha aBTOMOOMIIA.

PucksT 32 nemiexojena aa Oble YOUT MpH NPOU3IISCTBHE
Ha ¢JIH NPOMBTYBaH KHJIOMETHP € 9 MMBTH MO-BHCOK, OTKOJKOTO 32
MbTHUKA B MOTOPHO TPEBO3HO cpeacTBo. [lemexomuure U
BEJIOCHIICIUCTATE Ca Hal-ysI3BUMara Trpyma yJYacTHHIU B
JIBIKEHHETO.

Hait-3acTpamenn na ObaaT GIbCHATH OT aBTOMOOWII Ipe3
©CCHHO-3UMHHS IIEPHOJ ca BB3PACTHHUTE MEmIeXoa. B ocHOBHaTa
PHMCKOBa IpyIa nomnajaaT rJIaBHO MBXeTe Ha Bb3pacT Haa 50 roauHH,
HOCCIIUTE THMHH BPBXHHU JpEXH, UMALIUTE OMACHHUS HAaBHK Jaa
MpecuyaT THTHOTO IUIATHO KBAETO W Oa Omino, Oe3 Ja HM34aKBar
MPEMUHABAHETO HA MPHUOIMIKABAIIUTE aBTOMOOWIIH.

®akThT, uY€ ca PErUCTpUpaHU CJIydau Ha 3aruHalu
TMICIIEXOIIH, HAa OYSPTAHU WM HE C TbTHA MapKHPOBKA MEIICXOTHU
MIBTEKU, BOJM JIO 3aKJIFOUCHHETO, Y¢ HHBOTO Ha MbTHA KyJTypa Ha
BOJIaUMTE, TAXHATAa TEOPETHYHA W MPAKTHYECKA MOArOTOBKA, KAKTO
Y TICUXOJIOTHYECKaTa UM 3PsUIOCT cie[Ba Jia Ce OLEHSIT KaTo HUCKH
10 OTHOIICHHE 33aJbDKCHHETO W OTTOBOPHOCTTA Ha BOAAYHTE Oa
Ma3sT KUBOTA U 3APABETO HA YI3BUMHTE YYACTHHUIM B ABHIKCHHUETO
KaKBHTO Ca MEIICXO/IINTE.

besomacHoctra Ha  jenarta-ydacTHHLM B ITBTHOTO
JIBIDKCHHE € €/IUH OT Haif-CIIOKHHUTE MPoOsieMy Ha 001ecTBoTO. Toit
¢ 0cOoOCHO aKTyalieH, Thil Karo ¢ MPSKO CBbP3aH C ONa3BaHe Ha
KMBOTa M 3IpaBeTO Ha Jelara OHEC OT e€IHAa CTpaHa, U C
MOATOTBSIHETO HA 3HACHIM, KYITYPHH U JAUCHUIUTHHUPAHH
YYacCTHHUIIH B IBWKEHUETO yTpE.

Uetupu ca OCHOBHHTE MOMEHTH OT BCEKHIHEBHETO Ha
JieraTa, Koraro € 3acTpalleHa TAXHaTa 0e30MacHOCT Ha MBTS: B
Wrpata Ha yJIMIaTa, Ha BT J0 YYUIHIIEe U 00paTHO, IPH KapaHe Ha
BEJIOCHIIE/, KbHKH, CKeHTOOpA U Ap. U npu n3nomssane Ha MIIC 3a
0OIIIECTBEH MPEBO3.

JletiaTa KaTo y4acTHHIM B IBH)KEHUETO BIHM3AT B Pa3INIHU
pOoNH: Ha MEmEeXOJH, BOJAYM W MBTHUIM B MPEBO3HH CPEICTBA.
Besika emHa OT TAX KpHe cHeOU(UYHU OMACHOCTH 3a 3IPaBETO U
’KMBOTA UM, KOTATO Ca Ha ITBTA.

Bceku nen noseue ot Tpu aena crasar xkeprsa Ha [ITII mo
mpTUIIATAa B Hamarta ctpaHa. Ot 1ax 43.2% Kkaro mnemexo/uH,
39,4% karo NOBTHUIM U 17,4%  xaro Bojgauhn Ha
BEJIOCUIIETU,MOTOIIEIN, MOTOLIMKIIETH, Kapyl1 U ap. Haii-romsama e
CMBPTHOCTTA TIPH  JellaTa [BTHUIM. [IBTHOTPAHCIIOPTHHUTE
MPOU3IIECTBUSl Ca TpeTaTa MO pel MPUYMHA 33 CMBPTHOCTTA Ha
nenara ot 1 1o 14 roaumniHa Bb3pacr.

3. Pe3ynmamu u ouckycus

IIpe3 2010 r. mo mprumara Ha crpanara npu [ITII ca
3aruHanyu 174 u texxko panenu 2030 nemexoauy.
Ort 3aruHammTe mpe3 2015 1. 708 ygacTaunym B nBmkenuero 48,87%
ca Bomauu, 27,82% ca mbpTHHIM U 23,16% ca memexomuu [3].
OCHOBHHMAT OpoH TEXKM TNPOUBLIECTBHS Ca PErUCTPUPAHU B
ronemure HacesneHu Mecrta. [loBeue ot 50% ot xeptBure Ha I1TII
ca xopa Ha BBb3pacT Hax 65 roaunu. lomsama uwact ot IITII c
MeLeXO01 HAaCThIIBAT B ThMHATA YacT OT JeHOHOIMeTo. Bucoka e
MeTeX0/{HaTa aBapUHHOCT B 30HHUTE HA IICMIEXONHUTE IIBTEKH K
crmpxute 32 MIIC 3a o6mecTBeH NpeBo3 Ha MbTHUIIN.

Ilemexonuure ca Haii-3acTpalleHM B IepUOAa OT
HACTBIIBAHETO HAa CyMpaKa U IIpe3 LIOTO BpeMETpAacHe Ha Beuepra.
Hait-mHoro 3nomomyku ¢ 1ax craBar mexnay 17.00 m 20.304.
ITpuunHuTe Haif-uecTo ca chueTaHHE HAa HEChOOpa3eHa CKOPOCT Ha
BOJIaUUTE IIPH IBWKEHHE Ha ()apoBe M HENPABUJIHO ABIKECHHE U
MIPUCHCTBHE Ha MEMEXOAUNUTE Ha INIATHOTO B CHIIUS MOMEHT.



[lo mpuunnHa oTHemMaHe Ha MOpPEeAUMCTBO ¢ur.4 Ha
nemexozaen; HacTbnuwiauTe IITII Hali-uecTo BB3HMKBAT B HACEJICHU
MecTa, B 30HM MEXIY KPBCTOBHIIATA, HA IELUIEXOOHU ITBTEKH,
BCJICZICTBUE HEMPABUJIHO JBM)KEHHE HA IMEIMIEXOJIHUTE 10 IJIaTHOTO
WJIM HETIPaBWIIHO M BHE3alTHA HABJIHM3aHE B 30HUTE HA KPHCTOBUIIIE,
B PallOHUTE Ha CIIUPKHUTE Ha OOINECTBECHHS TPAHCIIOPT.
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Duz.4 Omnemane Ha NPeOUMCMBEO NPU NEUexooyu

Hpyra ocHoBHa mnpuuuHa 3a HacTbnBaHe Ha IITII e mnopamu
HapyleHWs Ha MpaBWiIaTa 3a ABIKCHHWE Ha memexonunu. l[Ipes
2015r. no ta3u npuuuHa ca Hacteruiau 114 IITII ¢ 14 3arunanu u
101 panenu. Ot qaHHUTE 32 HAPYUICHUS] U3BBPIICHU OT MEHIEXO I
ce Hajara U3BOJbT, 4e npeobnamapamuat 6poit [1TII npu To3u BUA
HApylICHUs € TIPH ChBHHA Ha BOJAYUTEC M MEIICXOJIUTE—
HEMPaBWIHO JBH)KCHHE Ha TCHICXOINUTe W HechoOpaseHa WM
MPEBHUIIIEHAa CKOPOCT HA BOAA4a B HACEICHO MSCTO.

CnenBa a ce uMa mpeABU] oOade, Y€ TO3U BHI ITBTHH
WHIUOCHTH Ce Kacae 3a CEpUO3HH TPaBMH, NPUYUHEHH OT
HEPaBHOCTOCH M HECPAaBHHUM II0 CHJIA YIap MEXAY yYacCTHHLUTE B
cOMBCHKaA, KOETO ompeaeis Texectra Ha Buaa [1TII “OmbcBaHe Ha
TIEIIEX0/IeIl,, KATO M3KIIOYUTEITHO BUCOKA.

B pamxure Ha 'TpaHcnmoptHus wmoayn" Ha EC
npeTbprenute Hapanssanus npu [ITII ce 3amucBar Karo MpPONECHT
Ha XepTBHUTE B OOJNHUIIA, CpeTHATA MPOABIDKUTEIHOCT HA MPECTOH,
XapakTep M BH] Ha YBpEIEHATa 4acT OT TSUIOTO M MOTCHIHATHO H
IIBIITOCPOYHU TIOCTICTUIN OT HapaHsIBaHUATA.

Hacreouute IITIIT (pur. 4 u ¢ur.5) B noBedero ciaydan
ca OT MPEXKAECBPEMEHHO JICHCTBHE, KOETO CE OTYMTA MHOT'O MO-YECTO
MpHU TMEIIEXOALNUTE, OTKOJIKOTO TPU BOJAYUTE U CE OIKCBA KaTo
KPUTHYHO CHOWTHE C JCHCTBHE, 3aOYHANIO TBBPIC PaHO, MPEIH
MOJIaBAaHETO HA CUTHAJI WM YCTAaHOBEHU YCJoBUs. T03W KOHTpact
MEeXIy TpyNUTE YYacTHHUIM TOKa3Ba CIEHApUH, MPU KOUTO E€IUH
TIeIIeXo el 3armo4yBa AeHCTBHE TBHPIE paHO Oe3 MpaBo Ha ITBT, a
BOJIAYHTE pearupaT TBHpJE KbCHO, WM HE TpeanprueMaT Bb3MOXKHU
IEeHCTBHUS.

Temexoana nbTeKa THII
"3e6pa"
Ilemexonna nbrexka §
HeoYepTaHa
IMemexonHa MbTeka, O4epTaHa
¢ MbTHa MAPKHPOBKa

crnupKa

CTEeCHEH Y4acTbK OT IbTH

Y4acThK OT I'bTH B PEMOHT

yuuiauue

-‘-‘n[

nelexoeH npeJaes3

0 100 200 300

M panenn H3arunanu HIITII

@uz.5 bpoiu nacmvnuau IITI cvc 3aeunanu u pauvenu Ha
XapaxkmepHu Mecma 6 HaceyleHu Mecma

4. 3aknrwuenue

OCHOBHHTE IIPEYKH Iped MemeXOAHOTO MABIDKCHHE ca
JIOIIUTE TPOTOAPH, HHUCKaTa OE30IaCHOCT, KOH(UIUKTBT MEXIY
MeIeX0AIM ¥ aBTOMOOWIHM, HPEIsTCTBHA B HH(PACTpyKTypara.
BenocunenHoro npuaBmkBaHe /koeTo e enHa 1,8% or BumoBere
TpaHCIOpT/CTpafga OT Joma HWHOPacTpyKTypa, JMIca Ha
6€30MacHOCT, JIIICAa HAa CBBP3aHOCT U MPBCEH BB3AYyX.

Te3u mnpenopbku ca MU3BICUEHU OT aHaAIW3a Ha Hai-
XapaKTepHUTE IBTHO-TPAHCHIOPTHH IIPOM3IIECTBHS, HACTBIIBAIIN
IIpe3 €CEHHO-3UMHUS MepHoA, U OMXa CIOMOTHAIM 3a HU3Trpa)KIaHe
Ha 3aIllUTHO IIOBEJEHHE HAa YYaCTHHIUTE B ITHTHOTO IBIKEHHE,
KOETO OM NMPeROTBPATHIIO 3JIONOIYKH ChC CAMHTE TSAX W APYTUTE Ha
BT

BposiT Ha MHIUIEHTUTE C yJaCTUETO HA NEMIEXOALH MOXKe
na ObIe HaMaleH upes:
® OrpaHUYEHUs] Ha CKOPOCTTA B ONPEAENICHN 30HH;
® HEeMpeKbCHATH TPOTOapH;
® [IOJXOAAIIO YIUYHO OCBETIICHHUE;
® HOCEHE Ha CBETJIOOTPA3UTETHO 00JIEKIIO;
® [IOIXOMAIIO TMPOCKTHPaHA TMpEeJHa YacT Ha aBTOMOOWIHTE (32
HaMaJsIBaHE HA TPABMUTE).
®unancupanu ot EC mpoexTu 3a npenas3paHe Ha MEIIEXOAHTE ca:
Cuctemara ,,Watch-over®, chcrosimmia ce OT CEH30pU C MalbK
00XBaT, CHTHAJIM3Mpa IPH ONMACHOCT OT CONBCHK HA aBTOMOOMIA C
Tenexo/iel, MOo3BOJIIBAKY Ha BOJa4a Jla 3aBHe WIIM J1a CIIpe.
Ipoextn xaro ,,APROSYS* u3cnensar xak npoMeHd BbB GopmaTa
Ha IpegHaTa JacT Ha MPEBO3HO CPEACTBO MOTaT Ja HAMalAT pHCKa
OT HapaHsIBaHMS 3a MEMIEXOUHUTE.

5. Pegpepenyuu:
1. HC 3a mnomoOpsBaHe O0e30MacHOCTTa Ha [BIKECHHETO II0
mbTUIIaTa Ha Penmy6nuka brirapus 3a nepuoma 2011-2020r
2. https://ec.europa.eu

3. bromernn ABTomaru3upaHa WHPOPMAIMOHHA cucTeMa ,,OTder
u a"anu3 Ha ITTIT*
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INFORMATION SUPPORT FOR DECISION-MAKING WHILE FORECASTING
AVIATION PERSONNEL’S PROFESSIONAL DEVELOPMENT LEVEL

N.l. Ovchenkov
P.G. Demidov Yaroslavl State University,
Yaroslavl, Russian Federation

Abstract: The paper relates to the field of research of "human factor" in civil aviation. It concerns the influence of human factor on
the procedures aimed at aviation security provision in airports. The work continues a series of the author’s articles on the problem of "human
factor" in Russian civil aviation. In this paper, special attention is devoted to the information support for decision-making while forecasting
professional development level of aviation personnel who is involved into aviation security provision in airports.

Keywords: aviation security, human factor, aviation personnel’s professional development level, forecasting, information support
for decision-making.

BBEJIEHUE

Ipencrasnennpie paHee pabotsl aBTopa [1,2] B 00MacTd MPOrHO3UPOBAHHS YPOBHS NPO(ECCHOHANIBHOW IOIrOTOBKH
ABHAIIMOHHOTO MEpCOHANIA TPEOYIOT JIOTHYECKOTO 3aBEPUICHHs], B KA4eCTBE KOTOPOTO aBTOp NpesiaraeT MaTepHual, CBSI3aHHbIH C BOIPOCAMH
MH()OPMAIIMOHHOHN MOAAEPKKU TPHUHITUS PELUICHUH NMPH NPOrHO3upoBaHHK. OCHOBHON BOMPOC, pEeHIaeMblii B paMKaX CHCTEMBI MPHHATHS
pelIeHNi, COCTOUT B ONPEAETICHIH METOa IPOTHO3UPOBAHHS, CTATUCTUIECKOTO MM KBAJIMMETPUIECKOTO, YTO ONPENEIAETCS KOHKPETHOM
CHTyaluel B a’poNOpTy, TOYHEE HAIWIMEM HICHTHOUIUPYEMBIX MMapaMeTpoB MPOrHo3a. MeTos sKcHpecc-POTrHO3UPOBAHUS BKIIOYAET
TaKolf aHaNN3 U 1aeT BO3MOXKHOCTh NIPUHSTH Ty, WM HHYIO AIbTEPHATUBY.

IIOCTAHOBKA 3AJAYU 1 METO/IbI PEHIEHU A

Pemenne chopMymmpoBaHHOW 33124l KBUTMMETPHUYECKOTO IPOTHO3UPOBAHHS YPOBHS MOOMIM3AIIMOHHOI TOTOBHOCTH IIepcoHaia
CAB ¢ ucnosb30BaHHEM KYCOYHO — JIMHEHHON aIlpOKCUMALK MOXET OBbITh MOJY4eHO B paMKaxX aJrOPUTMa, MPEICTaBICHHOTO Ha PUCYHKE
1. Hexotopsle 3Tamsl aroputMa TpeOyioT KOMMEHTapusl.

Ha sramax 1-3 pemaercs 3agaqa BEIOOpa MeTo/1a IporHo3upoBanus. Ha stanax 1-2 uneHTuguuupyercss 00beKT NPOrHO3UPOBAHUS
C TOYKH 3peHHs ero (HOPMAIBHOTO MPEACTABICHHUS M HCCIEAYIOTCS MCXOJHBIC JaHHbIC, T.e. Ha JAHHOM 3Tale JIOJDKHBI OBITH MOJIy4eHBI
OTBETHI Ha CIICIYIOLINE BOIPOCHI:
-BO3MO’KHO JIM OITUCAHUE MCCIIEyeMOro IPOoIecca C IOMOIIBIO BPEMEHHBIX PSJIOB,
- JOCTAaTOYHO JIM CTATUCTHYECKUX JaHHBIX JUIS ONPEesIeHHs XapaKkTepa orubaroieii BpeMEeHHOTO psiza,
- BO3MOJKHO JIM ()OpPMUPOBAHHE FK3aMEHALMOHHON U 00y4aroIell BbIOOPOK,
- BO3MOJKHO Jii ()OPMUPOBAHHE U UCIIONB30BAHUE KPUTEPHEB OLICHKH Ka4ecTBa IPOTrHO3a,
- BO3MO>KHO JIi ()OPMUPOBAHHE COBOKYITHOCTH aJIbTEPHATHBHBIX POTHO30B,
- Kakoil ypoBeHb TOYHOCTH NPOTHO3UPOBAHMS SIBISCTCS HEOOXONMMBIM H JOCTATOYHBIM C YY4ETOM HEKOTOPOH HEOHPEIENCHHOCTH IIPH
(OpPMHPOBaHUN HCXOHBIX JIAHHBIX, 3aBUCSIICH OT S9KCIEPTHOTO XapaKTepa OLEHOYHBIX IPOLEYP,
- HMEeT JIU aBUANpeIIPHATHE IOCTATOYHOE KOJIIMYECTBO PECYPCOB JUTS PEIICHNS 33/1a4H IPOTHO3MPOBAHMS CTATUCTUYECKUMU METO/IaMH,
- KaKoOB TOPSI0K COBOKYITHOCTH 00BEKTOB, OIEKAIIUX ITPOTHO3UPOBAHUIO,

- YAOBJIETBOPSAET JIM aBUANPEANPUATUE COOTHOLICHUE «II€HA —

‘ 1. Hemgeranus 0532 Nporsosuposasua ‘ KauyecTBO» s paccMaTpuBaeMoro nporecca
l Pemaercs 3a1ada BeIOOpa TIPOTHO3UPOBAHUS.

2. ABams HCXOJHEIX JaHHEDX ‘

METOOa IIPOTHO3HPOBAaHHA

1 IIpn mnomyyeHuM BCeX NOJOXKUTEIbHBIX OTBETOB
‘ 3. 0123 0T CTATHIECKOrD NPOTHOSa ‘ 3aja4a peraercs CTaTUCTUYCCKIMHU MeToAaMU ¢
I HCIOJIb30BAaHUEM COOTBETCTBYIOIIETO aIrOpUTMA.
‘4.3a:ame3maxeﬂam«om{oﬁsméopm['Pl. P1) ‘ le«l IMOJIYYCHUHN XOTA OBl OOHOT'0 OTPULATCIBHOTO
1 orBeTa Jmuo, npuHumarouiee pemenus (JIIIP), umeer nBe
5. lanefinan ammpoxcenaanas (P, P2 Ps, Pe) ‘ AJIbTCPHATHUBLI:
I 1. TlpoBecTH JONOJHHUTEIBHBIE  HCCIICIOBAHUS,

_)‘ 6. Betoop epessemmtore repraTa (U< 1) ‘ OKCIIEPUMEHTBI ¥ MEPONPHATHS, B PE3YJbTATE BHINOJHEHHS
KOTOPbIX OTBETHI Ha BCE, INPUBCACHHLIC BBLIIIE, BOIIPOCHI

CTaHOBATCA MOJIOKHUTCIbHBIMHU.

2. Orka3arbcs oT HCIIOJIb30BAHUA MCTOJ0B
CTaTUCTHUYECKOI'O IPOTrHO3UPOBAHUSA.

Ilepexon ko BTOPOil ambTepHATHBE O3HA4YaET BBIOOP
IUIs  pEUIeHds  WCXOOHOM 33yl KBAJUMETPHYECKOTO
11. oprmposaHHe COEQKYIHOCTH IIPOTrHO3UPOBAHMS.

7 Ouenea amaTmsa
pesyasTaTos Pygi < Pagiis1y

e 8. BeiGop BpeMeRROr HRTEpEATa olEHOK YposaA MoSHIHIATHORHOR Oranbl  4-5 BKIIOYAIOT IPOLEAYPHl HU3MEPEHUS
rorosmocTi Aepcorana CAB YPOBHS. MOOHMJIM3AIIMOHHOM TOTOBHOCTH KaK MHHHUMYM B JIBYX
expamE TOUKaX, IPOBEJCHUE JIMHCHHOH AamNpOKCUMalUu [0 3TUM

TOYKaM U aHaJu3 IIPOrHO3HOIO 3HAYEHHs BPEMCHHOM TOYKH, B
KOTOpOit ypoBeHb P, omacHO mpuOimkaercst K KpUTHIECKOMY
3HAYCHUIO.

Ha sramax 6-7 ¢opmupyercs ciemyromuii y4acTox
KYCOYHO-TMHEHHON annpokcuManuy. Ecnu Ha 3TOM yuacTke He
COXpaHsEeTCd MOHOTOHHO-YOBIBAIOIIMH XapakTep H3MEHEHUs
anmnpoKkcUMHupyemoil kpuBoil P, mpouenypa mnpuoOperaer

9.IlosropHaA oueHKa

3HATH3A PESVIBTATOE

e ‘ 10. AnmIpOECHMALIHA € HCIOJES0E2HHEN HA4a BHOHA TOUKH HeMepeHHs Pur

Pucynok 1. ATTopHTM KEATHMETDHIECKOT0 3KCOPECC-IPOTHOZHPOEAHEA yporHa YMI
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IUKIMYECKUN BUI U UAET NOCIEN0BaTeIbHOE (OPMUPOBAHUE OTPE3KOB AMMPOKCHMALIUH.
B npoTtuBHOM citydae — mepexos k 3Tanam §8-9 mis peanMsaluu MpoLeayphl BEIOOpa HOBOTO BPEMEHHOTO MHTEPBAla M3MEPEHHS
P,.. IIpu HeynOBIETBOPUTENBHOM pe3yIbTaTe BO3MOXKEH IEPexo]l K HauaabHOU Touke ammpokcumaruu (31an 10). Ha Bcex stanmax aHanusa
(7,9) mpoucxoaut GpopMUpOBaHNE COBOKYITHOCTH CTATUCTUYECKUX OLEHOK Py, (3Tam 11), KOTOpble HaKAIUIMBAIOTCA C LEbI0 JaJbHEHIIEro
HCTIONIB30BAHYS, B TOM YHCIIE U JUIS CTATUCTHYECKOTO IPOTHO3NMPOBAHMS.
Huke npeicTaBiieH alrOpUTM peali3aliii METO/1a KBAJIUMETPUYECKOTro IporHo3uposanust (PucyHok 2).
BBenem HekoTOpBIE 0003HAUCHUSI.
tx — MOMEHT BpeMEHH B KOTOpBIH BINONHsETCS ycioBue: Py, — Py, = 0. T. e. 3T0 MOMeHT nepecedeHus IpsIMOH IPOTHO3a C
HOPMaJIbHBIM YPOBHEM MOOUIM3aLIUOHHON TOTOBHOCTH Py
ty — MOMEHT BpeMEHH MOCIIEAHENR PACCMATPUBAEMOK TOUKH;
t, — MOMEHT BpPEeMEHHM NPEANOCIEIHEH paccMaTpuBaeMol Touku. ty u t,' BBOAATCA 1M TOro, 4TOOBI 3ALMKIMTL JAHHBIH
aJITOPUTM, TaK KaK BO3MOXHBI HECKOJIBKO CIIOCOO0B MTPOTHO3HMPOBAHHS B 3aBUCHMOCTH OT CUTYaLlUH;
t, — MOMEHT BpeMeHH HaXofAuuics 3a 1/5 oT BpemeHHOTO OoTpeska [ty; ty] M0 HacTymienus ty, HO He TO3HEE YeM uepe3 6
MecsLEB OT MOMEHTa ty . B 5TOT MOMEHT COTPYIHHUK JOIKEH OyNeT NPOHTH ClEAYIOIEee TECTHPOBAHUE.
IMomguepkuem, 9T0 BCe M(POBLIE JaHHBIE OCHOBAHBI Ha OIBITE PEAIbHOH IIPOU3BOACTBEHHON JIEATEIBHOCTH H COOTBETCTBYIOT
HOPMAaTHBHBEIM JIOKyMEHTaM 10 aBHAIIHOHHOI1 6€301acHOCTH.
3necs emie pa3 HeOOXOUMO OTMETHTh, YTO TOYHOCTH KBAJIMMETPUIECKOTO ITPOTHO3HUPOBAHUS ONPEAEISETCSI BHIOOPOM BPEMEHHBIX
UHTEPBAJIOB U TOUYEK, B KOTOPBIX NPOHCXOAUT HM3MepeHue (omeHka) P,., W, NpH ymauHOM peEHIEeHMH 3TOH 3ajauu, SBISETCS BIIOJHE
yJIOBIETBOPUTENbHON. CyIIIECTBEHHOE COKpAILlEHHE KOJIMYIECTBA TOUEK U3MepeHus P, o cpaBHEHUIO ¢ paBHOMEPHBIM MOIX0JI0M MO3BOJISIET
TOBOPHTH TAKXKe 00 IKOHOMUUECKOH 3()(DEeKTUBHOCTH METO/Ia.
Ha pucynke 3 mpezacTtaBieHa yKpyImHEHHash CTPYKTypHas cxema MojcucTeMbl mHpopMmaunuonHod nomnaepxkku JIIIP B mporecce
CTATUCTHYECKOTO MPOrHO3MPOBaHus. CxeMa OTpaXkaeT TOJIbKO OCHOBHbIC KOHIICITYalIbHBIC PELICHHUS 110 CO3aHUI0 CUCTeMBI [2,4].
Biok TecTpoBaHMS MPEACTABISIET TEMAaTUUECKUI BOIPOCHUK, KOTOPHIH (POPMUPYET KBAJIMMETPHIECKHE OIEHKH B 3aBHCHMOCTH
OT XapakTepa OTBETOB M BHICTABISIET COOTBETCTBYIOIIYIO OLEHKY B Oamrax. COBOKYITHOCTb THX OIIEHOK CITYXKHT JUIS NPOTHO3UPOBAHUS

ypoBHs P,
PI/ICyHOK 2. AHFOpI/ITM peanm3aluu METoJa KBAJIMMETPUICCKOTO TPOTHO3UPOBAHUS.
HauaneHes: venoEHE

L. — MOMEHT EpSMaHH E EOTOPES ERIT0TES2TCE VCI0ERE: Hsemenermmns BT Pur(ti«n) n BT
Pur —Puma=0; 1

t, — MOMEHT Ep2MeHE mocnaamsil paceuaTpuEasMod Tousm; Pur(ty)
t,' — MOMSHT EpeMeHHTpeITo cTSTHS! paCCUMATPIESSM O TOWE;
1; — MOMEHT EP 2MeHH Haxo ameites 52 1/5 oT Epavemmoro oTpesa [,
1 1] A0 HECTVIINEHHA ,  Ho He M0STHE: 9eM 9spas 6 MECEISE 0T
MoMaHTa 1,

Aa Par(tzn) < Pam(ty') HET

| Brrmen

‘ Hseaeuesme ws BT trn 11, ‘

IIK ¢

CV 4

Il

TECTOM Prltis)

| Berucnemms marepeanaltig) ;] |

HET

[t2+n; t3] 22 nec.

Tproarne pememms ——+ B

Prcyaok 2-1. Pucymox 2-2
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Teerma Hurepzan | megena —— BX
™
Heteuerme Ha B Pur(t 2¢0 ) B
. . . |[&—— B
Par (ty ) [Par (ty = Par (t 240 )]

HET
e
Pam(ta+n) < Parity’)
|
| Bar s | BT ToncrTournus B
l Bl —— SHAYEHHE KOT UpUﬁ,
Soasmedt Pur (t2+ ),
| Hepmewermm s Bt w4, | IyTeMmepedopa or

l

| Baetcnsss wmrrepeans [t 4] |

. HET
[t2+n ; £3] 22 nrec.

Tpeearee pemeses — BT

Prcymox 2-3

CooBmsmus sau. Jupsxropa

0 AF aspomopra

AnropmTy onpagamsEms Pur 3maqsmus
mo Tpemay (opoecomonamaa) —*  Pagm —
CpaEEEHIEE © HOPMETHEHEDL (zpama)
HEusHEE
AnropuTy ompaganaEms Py 3mausmus
T 1aBHBIH onepaTop o0 C2T0HLOME TEPHO THUSCIING Pur (g3
faxTopas napEed)
ARropHTM oTpeasTERT
HToT0ECTO aHaueEmz Pyr B
HTOrOE0Z

CVB]

T ——
fammax

T T T E— Hgopuamts o moseremnt

Hi COTPYIHHER CIPECCOE0E HArpY @

I T

1,2,3,4. _ N-corpyamma
Pucyros 3. CTpysTypHaZ cxenMa noACHCTeMBl HE(OpMaHoHEcd noatepssn JIIF 5 nponecce

CTATHCTHYECKOTO MPOTHOSHPOBAHHA

Berumcmense ty ¢ moMomIBD

HaftneHHOR TowH B Pur{ta+])

Hznswemme uz B

u—anL&

Brmmcnemms HETEpEAT

[tzenlit]

[toeal; 1] 22 nec.

Pucyaor 2-4
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bnok «Cucrema ynpasnenus 6a3oi nanabix (CYB/)» mpencrasnsier coboii 6a3y HaHHBIX, B KOTOPYIO MOMEIIAIOTCSA BCE IETIOYHCICHHBIE
3HAUCHNUS], HEOOXOIMMBIE JUISl peaM3allii COOTBETCTBYIONIUX aIrOPUTMOB. B mpakTrdeckoil peanu3anuy peKOMEHIYETCsI OpHEHTHPOBATHCS
Ha craapTaeie CYB/L.

Biox «ANTOpUTMBI M HpOrpaMMHBEIE peaNu3aldy 110 OIpENeNICHUIO P,;» COCTOUT M3 CHCTEMHBIX DJIEMEHTOB, PEAH3YIOLIHX
COOTBETCTBYIOIINE AJITOPUTMBL: omlpeneneHust P,. mo TpeHnmy; ompexneneHust P, MO CE30HHBIM M TEPUOJMIECKHM COCTABILIOLINM;
o0beuHEeH s BeeX Py M MoyueHne nToroBoro 3Ha4eHuUsI.

brok «[IpuHsiTne pelieHus» KOMIUIGKCHPYET MONydeHHble aaHHble B (opmatel, ynoOueie st JIIIP, u obecrneunBaer

UHGPOPMALIMOHHYIO MOAJEPIKKY TpUHATHA COOTBETCTBYIOIIUX pelIeHuit.
¥
Baox
aHamHsa
TpOTHOSO0E
Y
Baox
BEIYHCIEHHT
TP OTHOSO0E
.
Baox
oBpadoTsy JaHHEX .
3 -
B |ICYBA
3
bBaox
TIOTYHEHHA TAHHBIX
Baox o0paboTsn
PesyIARTATOR
TECTHpOBAHHA
.
IMogcmcTena
»  TECTHPOBAHMA |, Omepatop B
COTPYAHMEOE
.
Cotpyasmmml Cotpvams Cotpvams CoTpvaHHE
1 3 P n

n — 9Hcnoe coTpYIHMECE AR
Prcyeox 5. CTpyEIvpHAA cXeMa MoJCHCTEME! MEGOpMAaITHOHHOH

noaxepsEs JIIP B nponecce EEaIRMETPHELCEOND TP OTHOSH 0E3 HEA.
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maemest omspatop

Y

MreoEsHHO2 oIpegeTeEme Pur

ANE JAHHOT O COTDVYIHEES

¥

CerHan o covyai=HoR
COCTAERAROMISN HA

VIETS

¥

hIrgoesmmoe
zamarepme 25 E B B
EMI= 0annce

Y

ParmeTparmms 28
HAUATEHHEOM CMEHE] FITH
nogpazgensEus CAD

Crpeccoeas

¥

IIpmaTHs pemsmm oo
ZAHHOMY COTPYIHEEY

I~ ARSI s - T

F |

HATPYVIER

Prcynor 4. CHCTEMHEDT 5 IeMeHT, P eATFSVEOITHE Y EEITHH CHOTEMET
TIOH T10 AET EEFTH CTVIETHOH ¢ OCTaETAHOITEN

C uenbto 00ecrieYeH s ONTUMAJTBHBIX HyTeﬁ BHEJIPEHN B IIPOU3BOACTBCHHYIO ACATEIIbHOCTH aBI/IaHpeZ[HpI/IﬂTI/Iﬁ NPEUIOKCHHBIX TTOAXOA0B U

METOZIOB HIDKE NIPECTABIICH AITOPUTM KOMILIEKCHOTO MPOTHO3HPOBAHSI YPOBHS MOOHIM3ALMOHHO# roToBHOCTH niepconana CAB (Puc. 6).

1. ©OPMUPOBAHUE NCXOJHBIX JAHHBIX
! !
2. Onerka yposHS | 3. ®opMUpOBaHUE COBOKYIIHOCTU 4. Amnammi3 COBOKYITHOCTH
MOOHMIN3aIIMOHHON TOTOBHOCTH CTaTHCTUYECKHUX OIL[EHOK yPOBHS CTaTHCTHYECKHX OLICHOK
! ! !
5. ®opmupoBaHue 6. ®opmupoBanue 7. Ilepexon k
U aHanu3 9K3aMEHAaI[HOHHOI CraTHCcTHYECKOMY
BPEMEHHOTO psijia BBIOOPKH MIPOTHO3HPOBAHHIO
! !
8. dopmupoBanue TOpH3OHTA | 9. ITocTpoeHnue 10. Br16op pyHKIMN
MPOTHO3UPOBAHMS COBOKYITHOCTH ITPOTHO30B Jutst orubaroreit
!
13. Iepexon x
11. ®opmupoBanue 12. Ouenka pexon
— KBaJIMMETPHIECKOMY
COBOKYITHOCTH KPUTEPHEB KauecTBa MPOTHO3a
IIPOrHO3HPOBAHUIO
! !
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— | 14. Ilepexox K HOBOMY TOpPU3OHTY . 15. Bei6op HaWIYy4IIero 16. 3ananue
MIPOTHO3MPOBAHUS NIPOTHO3a TOYEK aNmpOKCHMAaLUH <
! |
17. dopmupoBanue u 18. dopmupoBanue 19. KycouHo-nuHelinas

aHaJIU3 pe3yIbTaTOB < | IPOTHO3HBIX <« | ammpokcuManus
IIPOrHO3UPOBAHUS 3HAYEHUH ypOBHsI orubaroei
22. ConocranieHue
20. Ananu3 21. Anamu3
N — | ¢ HOpMaTHBHBIMU
BPEMEHHBIX HHTEPBAJIOB MIPOTHO3HBIX 3HAYCHUM
3HAYEHHUSIMH YPOBHS

23. Tlepexox kK HOBOH TOUYKE aNIPOKCHMALIUU U BEKTOP €€ apaMeTpoB

PucyHok 6. AropuT™ KOMIUIEKCHOTO IporHo3uposanus YMIT
nepconana CAb

Hexotopsle ~ sTamel  anropurmMa  HYXJAAIOTCS B
KOMMEHTapUH.

Oran 1 3akmrouaeTcss B OCMBICIMBAaHMM PE3YJIbTaTOB
HCCIICI0BAHUS (axTopoB, BIMSAIOLINX Ha YPOBEHb

MoOWIM3annoHHOW rotoBHOCTH mnepcoHanra CAB m oxpansl, B
pe3yabTaTe 4Yero pemaercs BOIpoc O (OPMHPOBAaHUH TPEHAA H
JIpYyTUX COCTaBIAIONIMX BPEMEHHOIO psAla B €ro aiJuTUBHOM
pa3noxKeHNu.

Ha sramax 2, 3, 4 popMupyroTcst CTaTHCTHYECKHE OLCHKH
YPOBHS MOOWIM3AIIMOHHOM T'OTOBHOCTH W peIIaeTcs BOIPOC O
BBIOOpE METOJMKH IIPOTHO3UPOBAHUS: CTaTHCTH4ecKoH (7) wim
kBanuMmerpryeckoit (13).

Otanel 5, 6, 8, 9, 10 oTHOCATCA K CTaTUCTHYECKOMY
MPOTHO3UPOBaHUIO. BpiOOp Hammydmiero mporaosa  (3tam 15)
OCYIIECTBIISICTCS KBAIMMETPHUECKUMH METOJaMH Ha OCHOBE
OLEHKM  KadecTBa mporHo3a (dtam 12) ¢ MOMOIIBIO
COOTBETCTBYIOIIHNX KpuTepues (3tan 11). [Iporao3nsie 3HaueHns Ha
ONIpE/IeNICHHBI MepHol BpeMeHH Qukcupyiotess (dtam  17),
AQHAIM3UPYIOTCS H 10 pe3ybTaTaM aHajIHu3a IPUHUMAETCS pelIeHne
00  aJeKBaTHOCTH YpPOBHS  MOOWJIM3ALMOHHOM  TOTOBHOCTH
TpeboBaHMsIM, (dopmupyercst u peanusyercs IJ1aH
COOTBETCTBYIOIIUX MEPOIPHUITHH, IOCIE YEero OCYMIEeCTBIACTCS
Tepexo/i K HOBOMY TOPU30HTY MPOTHO3UPOBaHUs (dTam 14).

Oranel 16, 19, 20, 21, 22, 23 peanu3yloT METOAUKY
KBaJIMMETPUUIECKOTO TporHozupoBanus. [Ipm 3TOoM mHOTydeHHBIE
pe3ynbTaThl  (IPOTHO3HBIE — 3HAYEHHs)  OOBEOUHSIOTCS  C
pe3ynbTaTaMi CTaTHUCTHYECKOIO INPOrHO3upoBaHus (3Tanm 17) u
HCCIIETYIOTCS TI0 TOU JKE CXEeMe.

Crienyer 3aMeTHTh, YTO 3[€Ch OCHOBHBIC pEIICHHS
TIPUHUMAIOTCS KOMIETeHTHBIM CTIEIHAICTOM WITH
COOTBETCTBYIOIIUM YNpPaBIEHUYECKHM oOpraHoM. KommiekcHsri
QITOPUTM MPUMEHHM KaK Ui PEHICHHs IOCTATOYHO CIIOXKHBIX
3a7a4 B YCIOBHSAX M30BITKA CTATUCTHYECKUX NAHHBIX, TaK W I
pelIeHHsT MPOCTBIX 3aJad JKCIOpPecC - IPOTHO3UPOBAHUS IIPH
OTCYTCTBHH TaKoBbIX [5,6].

3AKJIIOUEHUE

[IpennoxeHHble pemieHUs 00pa3ylOT EOUHYI0, C TOYKH
3peHHs MPOTPAMMHOT0 KOHTCHTA, HHPOPMAIIMOHHYIO CUCTEMY. DTO
B2)KHO, IIOCKOJIbKY BOMNPOCHI, CBfA3aHHBIC C MpoOJIeMaMu
«4eNoBEYECKOro (akTopa», TeM 0oJiee ¢ MpodIeMaMu yIIpaBICHUS
YpOBHEM npodecCHOHATBHOM MOATOTOBKH aBHAIIMOHHOTO
MEPCOHANA, pEHIamero 3agadn  oOecredeHus aBHAMOHHON
0e30MacHOCTH a’pPOINOPTOB, MOTYT OBITH pPEATU30BaHBI TOJIBKO B
YCIOBUSX aBTOMATU3UPOBAHHOTO yIpaBICHHSA, rae
WHPOPMAIIMOHHAS ~ TOAJCPKKAa  MPOUEenyp MPOTHO3WPOBAHUS
MPECTaBISIeT JOKAaJIbHYIO (PYHKIHIO B COBOKYITHOCTH MHOXKECTBA
¢byHKUMi, ONpeIeISIOLIIX 1[EJIEBOM GbyHKIMOHAT BCeEH
aBTOMAaTU3UPOBAHHOM CUCTEMBI yIpaBJIeHUs CITy>x00H
aBHAIMOHHOM 0€30MMacHOCTH.
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DEVELOPMENT OF THE MARKET OF AVIATION TRANSPORTATION IN
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Abstract: It is determined that civil aviation in Ukraine has a number of problems that are the result of a chronic crisis in the deep fields of
the industry. It is revealed that the "open sky" policy acts as an incentive to increase competition. The analysis of dynamics of the air
transportation market of Ukraine is carried out. The decline in demand for air transportation in Ukraine is considered as a continuation of
the negative trends in the national economy. The analysis of the Ukrainian airlines market has showed that the share of 4 leading airlines in
the total volume of passenger traffic was almost 93 %. Regular flights between Ukraine and rest of the world were carried out by 9 domestic
airlines (to 39 countries of the world) and 35 foreign airlines from 29 countries of the world. The ratio between international and domestic
transportations of Ukrainian carriers during the year amounted to 85 % and 15 % in favor of international ones. It was found out that
leading aviation carriers do not meet the modern requirements of the world aviation community. The study of the air transportation market
in relation to specialization by types of business has revealed that nine major types of air carriers were formed. Functioning of Low Cost
business model on the market provides a significant change in the structure of aviation. The main specific features of the stages of
development of Low Cost business-model airlines are determined. The analysis of the situation on the air transport market was conducted on
the basis of PEST-analysis. Measures that make it possible to intensify the process of development of the market of aviation transportations
are listed: renewal of the airport infrastructure; establishment of high technical standards for airplanes and air services; security
enhancement; modernization of air traffic control procedures; updating sectoral legislation. The prospects for the development of the air
transport market of Ukraine are the creation of new organizational forms that fully meet the requirements of the market. Consolidation can
occur in several areas: the formation of a national carrier-flagship, merger with foreign companies or consolidation with domestic players
in the market.

KEYWORDS: AVIATION, AIR TRANSPORTATION MARKET, BUSINESS-MODEL, AIRPORT INFRASTRUCTURE, PEST-
ANALYSIS

1. Introduction There were 33 domestic airlines operated on the passenger
and freight market in 2016. According to the statistics, during the
A number of problems, that Ukrainian civil aviation now  Year, 66,300 commercial flights were performed (by 2015 — 74.8
faces, are, in fact, a consequence of the chronic crisis in the  thousand). The number of passengers carried decreased by 2.7
underlying areas of the industry. Organizational crisis is a  Percent compared to the previous year and amounted to 6302.7
condition in which forms of organization of market entities do not ~ thousand people (Table 1). The volume of cargo and mail was 69.1
allow them to function effectively in conditions where the external  thousand tons (in 2015 - 78.7 thousand tons).
environment is positively adjusted to these entities.

The "open sky" policy, to which Ukraine aspires, acts as an _Table 1. Volumes of transportations by air transport of
incentive for competition and, accordingly, an increase in the  Ukraine [2] - _
number of operators (mostly European ones). It will lower the fares Total including international
and increase the quality of service. However, Ukrainian carriers Indicat Units 7 ones 7
may lose their positions. In response to increased competition, it is ndicators 2015 | 2016 16/"15 2015 | 2016 16/"15
necessary to increase capacity and_ improve the_eff|C|ency c_Jf Passengers | thousand 64752 | 63021 973 | 5828,6 | 5678.0] 97.4
airlines. It is possible to reach this goal in various ways, in transported | people
particular through consolidation with other participants in the 'rgghlllg;"l?ngg — |4553,9 |4629,8 | 101,7| 3924,7 | 4018,3|1024
aviation transport market [1]. Passengers- | i

The study of problems and organizational and economic kilometers plasl.oknrh 11,6 | 11,4 | 983| 11,3 | 11,1 |98.2
changes in air transport should begin with the diagnosis of a market ”fgm'ﬁéegn T 5T e 3 PRI
situation, because this factor is the most important in eliminating regular lines - ' ' ' ' ' '
the problems that exist in Ukrainian airlines. Cargo and maillthousand | 787 | 69,1 | 87,8| 782 | 688 | 88,0

transported | tons
. . . includingon [ _ 109 | 138 1266 | 106 | 135 [1274
2. Analysis of dynamics of the air transport Orﬁrggllgrlcl)lgees
. . -KI| -
market in Ukraine ters completed million | 2393 | 2110 | 882 | 2389 | 2108 |882
(cargo_lz)ind tkm
. . . . . mal
In Ukraine, 78 aviation organizations engaged in fcluding on — 304 | 396 [1303] 302 | 395 |1308
transportation or aeronautical chemical works were registered in regular lines
January 2017. Almost a third of carriers specialize exclusively in Cofﬂ&'ttge" thousand| 74,8 | 663 | 886| 613 | 56,0 | 91,4
passenger transportation. According to experts, more than 85% of including on ~ 503 | 458 | 911| 396 371 | 937
passenger traffic is carried out on regular flights and only 15% — on regular lines

charter flights, with the freight traffic the opposite is the case —
almost 90% is on charter flights.

169



The decline in demand for air transportation is a continuation
of the negative trends of 2015, which arose because of an unstable
military-political and economic situation in the country and
stoppage of air services between Ukraine and the Russian
Federation from October 25, 2015.

A general overview of air transportation by Ukrainian
companies is important for analyzing the airline's operating
environment (Figure 1).

9000 8106.3
:qf; 8000 75048 - - %_—_l_—_._éllﬂ14
S 7000 .= i SN 61752
2] 618 61065, . = .&Qﬁ"- oA ’6302,?
E _ 6000 - - 3 <
2a ‘S SIBll v -~ Y il |
5, & 5000 ... Y _ 51443 : 78
— -
g g 4000 4934,8 “*ﬁqqnq == 4+ Total :
g5 == & = [nternational
b 3000 e=mge [nternal
5
g 2000 12452 9952 962.2 1176.3 Leg 1210.1
2 1000 | - - <545 ;
O T T T T T T T 1
2009 2010 2011 2012 2013 2014 2015 2016  years

Figure 1. Volumes of passenger transportation by air transport of Ukraine (2009-2016), thousand people [2]

Commercial flights of domestic and foreign airlines were
served by 20 Ukrainian airports in 2015. According to statistics, the
number of the aircrafts sent and arrived during the year was 120.7
thousand (versus 142,400 in the previous year). Passenger traffic
through Ukraine's airports decreased by 1.8% and amounted to
10695.2 thousand people, mail traffic — by 9.5% and totaled 34.4
thousand tons. At the same time, 68 percent of all serviced
passengers and almost 88 percent of cargo flows fell on the
Boryspil airport. According to the results of 2016, passenger traffic
through the main airport of country, Boryspil increased by 5.6%
compared to 2015. There was also growth in passenger traffic at
airports in Odessa (at 9.8%), Zaporizhzhya (at 69.9%), and Kherson
(by 7.8 times). Passenger traffic through Dnipropetrovsk airport
decreased by 22.5%, Kharkiv - by 14.6%, Kyiv (Zhulyany) - by
13.6%, Lviv - by 2.5%. According to the results of 2016, passenger
traffic through the Boryspil airport increased by 5.6% compared to
2015.

3. Analysis of the market by types of air carriers

Passenger traffic was performed by 21 Ukrainian airlines in
2016. The share of 4 leading airlines (Ukraine International
Airlines, Azure Air Ukraine (Utelier Ukraine), Rose of Winds and
Dniproavia) in total passenger transportation accounted for almost
93 percent (Figure 2). At the same time, the growth of volumes of
transportation took place only in the airline "International Airlines
of Ukraine" (by 28.2%). Passenger transportation of the Azure Air
Ukraine (UTair Ukraine) decreased by 12.2% compared to 2015,
Dniproavia - by 13.5%, Wind Rose - by 54.9%.

Regular flights between Ukraine and other countries were
carried out by 9 domestic airlines to 39 countries of the world and
35 foreign airlines from 29 countries of the world. Ukrainian
Airlines transported 4,018.3 thousand people (growth - by 2.4%),
and foreign airlines — 3769.3 thousand people (reduction - by 1.1%)
(Figure 3). During 2016, five new international airlines were
launched on a regular basis: Dniproavia airline from
Dnipropetrovsk to Bourgas and from Odessa to Batumi, Ukraine
International Airlines from Odessa to Vilnius and from Lviv to
Bologna, Atlantic airline Ukraine from Zaporozhye to Istanbul.
Passenger transportation between nine Ukrainian cities was carried
out by 5 Ukrainian airlines on domestic regular lines, and 611.5
thousand people were transported (versus 629.2 thousand people in
2015).
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The average percentage of passenger load on international
regular flights of Ukrainian airlines in the reporting period
increased compared with the previous year by 6.4 percentage points
and reached 79.4%, and on domestic regular flights — by 6.1
percentage points and was 71%.

Transportation of goods and mail in the reporting period was
carried out by 19 domestic airlines, 76% of the total volume of
traffic was performed by ANTK “Antonov”, “Ukrainian
International Airlines”, “Maximus Airlines”, “Zeta Avia” and
“Urga”. Most of the transportation was carried out by charter flights
in other states within the framework of the UN humanitarian and
peacekeeping programs, as well as contracts and agreements with
other customers.

The correlation between international and domestic
transportations of Ukrainian airlines was 85% to 15% in favor of
international ones in 2016.

Unlike international regular flights of Ukrainian airlines,
which have not fully recovered compared to the indicator of the
previous 2016, a significant increase in traffic volumes was
observed in the segment of international charter flights (Figure 4).
According to statistics, in 2015 domestic airlines carried out 26.1
thousand commercial charter flights against 23.2 thousand flights in
previous year, the number of passengers transported increased by
18.1% and amounted to 2.5 million passengers. Significant volumes
of chartered transportation were carried out by the following
airlines: "Roze of Winds", "Ukrainian International Airlines",
"Utelier-Ukraine", "Aviatrans K" and "Kharkiv Airlines".
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Fig. 4 Ukrainian charter flights market in 2016 (%) [5]

4. Business models in the air transportation
market

In the air transportation market, there is a certain
specialization in the types of business, resulting in the formation of
nine major varieties of air carriers: network airlines; regular
international carriers and regional carriers; charter transportation
airlines; combined express carriers; cargo operators; mixed airlines;
isolated airlines; low cost airlines.

The operation of the relatively new Low Cost business-model in the
market makes significant changes to the structure of air
transportation, since it is aimed at minimizing costs by refusing
additional service. The arrival of low-budget airlines in the market
forces national carriers to lower their tariffs, as well as to implement
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customer loyalty programs. All this affects the general level of
competition of Ukrainian carriers.

The Table 2 demonstrates the main features of development
stages of Low Cost airlines.

Table 2. Characteristics of development stages of Low Cost

airlines [6]

The name of the
business-model -
Stage at the develop- Characteristics
ment stage
Oriented on max minimizing costs and lack
of free service. Flights are carried out to
Classical Low | secondary airports at an awkward time,
1 Cost (70s, 20th | passengers carry luggage independently, the
century) distance between the seats is reduced, and
money is not returned to passengers in case
of cancellation of the flight.
. Flights are carried out from major airports,
Iz;((j)(\jl\ilti((:)ﬁztl with soft drinks and light snacks are distributed
- during the flight, transit flights through hub
2 services h ffored. E le: Ameri
(80s, 20th airports are offered. Example: American
! "Frontier", British "EasyJet”, German "Air
century) ‘o
Berlin".
Low Cost with | Airlines use exclusively new aircrafts, the
a full set of distance between the seats in the cabin is
3 services increased, television and the Internet are on
(90s, 20th board. Example: American "JetBlue",
century) Canadian "WestJet".
Airlines offered business class travel at
. prices 30-50% lower than traditional
Low Cost with irlines: fliah ied |
Business Class | airlines; flig ts were carried out long
4 (20005, XXI distances (Europe-Asia, Asia-USA, Europe-
Centu ! ) USA). They did not survive the competitive
. struggle with traditional companies and left
the market.
Reduced costs are due to the same type of
Long Range - .
aircraft, reduced costs for ticket sales, low
Low Cost - . ] o
5 tariffs ~ for  intercontinental  airlines,
(2010s, XXI - § - le Asian "Ai
Century) minimum free service. Example: Asian "Air
Asia X", Australian "Jetstar".

It should be noted that the competitive pressure on the
Ukrainian airlines by foreigners causes certain concerns not only to
weak regional companies, but also to leaders. Unlike foreign
competitors, regional airlines, as a rule, do not occupy significant
positions in the international market and attract for flights to the
cities of Ukraine for some reason far from being the best aircrafts
and commercial potential. First-class foreign airlines ("British
Airways", "Lufthansa™), as well as airlines of the CIS countries,
offering world-class services with almost dumped prices
("Transaero", "Estonian Airlines", etc.) are competitors of Kyiv-
based airline leaders. Therefore, the confrontation with this pressure
requires the mobilization of all resources of airlines and their
maximum concentration in this direction. The principle of moving
away from internal competition in favor of concentrating maximum
efforts on the external one gets even more urgent.

5. PEST - Analysis of Airlines of Ukraine

Dynamic development of the air transportation market of
Ukraine takes place, despite certain problems related to the
economic situation in the country. To investigate the situation in the
air transportation market, PEST-analysis was conducted, which
made it possible to analyze the conditions of companies in the
domestic aviation market and external factors that affect the
conduct of business at an adequate level. PEST analysis is designed
to identify political factors (P - political), economic impact (E -
economic), social tendencies (S - social) and technological
innovations (T - technologies). The work was carried out in two
stages: at the first stage, the degree of influence of factors on the
activity of airlines in the form of relative normalized weighted
coefficients was determined, and at the second stage - the



probability of their influence on the five-point evaluation system,

with 5 - the greatest impact, and 1 - the smallest (Table 3).

Table 3. The degree of probability of the influence of factors on the activities of airlines

Weight | Direction | Experts (degree of
Factors Coefg- of influ- ianuenC((e) ’ Ave-rage Av_e-rr]age 4
ficient | ence El | E2 [ B3 | E4 | N9 weigh-te
1. Political
Lack of basic state policy for Ukrainian airlines 0,07 + 3 5 2 4 3,5 0,25
Incompatlplllty o_f Ukralr_uan Ieglslgtlon in the field of air 0,01 + 1 5 1 3 175 0,02
transportation to international requirements
Weak state regulation of competition in the aviation market 0,08 + 5 5 4 3 4,25 0,34
Lack of means to combat "oligarchization" in the aviation industry 0,04 + 1 2 3 4 25 0,10
2. Economic
The unstable economic situation in the country 0,04 - 3 2 4 5 3,5 0,14
Weak investment climate 0,05 + 4 2 3 3 3 0,15
High customs duties and tariffs 0,06 - 3 3 2 5 3,25 0,20
Low income level of population 0,08 + 5 4 5 2 4 0,32
3. Technological
An outdated fleet of rolling stock 0,08 - 5 5 4 4 45 0,36
Inapproprlz_ite level of technology in the organization of the 0,07 ) 4 4 0.28
transportation process
!nsufflc_lent Ie\_/el of |nfrastru<;ture development of regional and 0,08 ) 5 3 425 0,34
international airports of Ukraine
Insufficient level of the system of transport-logistic complexes 0,05 + 1 3 4 3 2,75 0,14
4. Social
Age structure of the population 0,07 + 2 4 5 4 3,75 0,26
Training level 0,06 - 4 3 4 2 3,25 0,20
Educational level 0,08 + 4 3 5 5 4,25 0,34
Cultural level 0,06 + 3 2 4 2 2,75 0,17

The following specialists were selected as experts: personnel
policy specialists, marketers of the public relations department,
economists of the economic and analytical department, legal
advisers, leading aviation specialists and employees of the Ministry
of Infrastructure of Ukraine.

Insufficient state support is a major factor among the political
factors. There is no basic state policy for Ukrainian airlines in a
difficult competitive environment. The weak point is also a
discrepancy legislation of Ukraine in the field of air transport to
international and European standards, including the International
Civil Aviation Organization (ICAQO), the European Union, the
European Civil Aviation Conference (ECAC), and the European
Organization for the Safety of Air Navigation (EUROCONTROL).
Gradual displacement of a domestic air carrier to foreigners is due
to weak state regulation of competition in the aviation market.

Regarding "oligarchization", there are no effective market
means to combat this negative phenomenon today. Real methods of
counteracting excessive monopolization and seizing control over
the market by one entity are only direct administrative power and
prohibitive actions, very unpopular and counteracting normal
market laws. Therefore, it is necessary to take measures to prevent
the situation with the prerequisites for the oligarchic seizure of the
market to eliminate this problem.

For Ukraine, "open skies" means the intensification of the
process of the air transportations market development due to:
update of airport infrastructure; establishment of high technical
standards for airplanes and air services; security enhancement;
modernization of air traffic control procedures; updating sectoral
legislation, etc. In order to solve these problems, it is necessary to
implement the provisions of the Concept for the development of the
aviation complex and the development of programs for the period
up to 2020 and to ensure the safety of flights by improving the
mechanisms of supervision and control of transport activities.

Economic factors include: weak investment climate in the
domestic aviation industry; high customs duties and tariffs during
the flight; an increase in the inflation rate that affects the rise in fuel
prices; the growth of fares for flights. The price policy of flights is
controlled and regulated not by the government, but by airlines,
which leads to fluctuations in prices for services of various airlines.
The growth of the rates of conclusion of various types of
agreements with other airline companies for the sale of commercial
rights (interlays, block-space agreements, marketing agreements,
code-ranging agreements, agreements on joint operation of airlines),
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as well as the creation of aviation alliances take place. In
accordance with social factors, here it is possible to note the
regulation of relations in the field of training; taking into account
the age structure of the population, the level of education and
culture.

Among the technological factors, insufficient level of the
system of transport-logistic complexes, insufficient level of regional
and international airports infrastructure development in Ukraine can
be distinguished. It is necessary for the government of the country
to adopt uniform concepts for the development of airports, which
will allow passengers to travel more quickly and with greater
comfort. There is reluctance to use domestic airplanes for air
transportation. There is an inappropriate level of technology in the
organization of the transportation process, insufficient information
provision.

This issue can be addressed through the introduction of CNS /
ATM global satellite systems for air traffic services, automation and
computerization of airlines at international level; the creation of a
system of transport and logistics complexes (to shorten shipping
time, reduce transportation costs and optimize tariffs) and further
development of information and logistics technologies [7].

The result of PEST analysis is the selection of key
environmental factors that will create the ability and smooth out the
threats to companies in the projected period. Analysis of Table 3
allows us to conclude that: the absence of basic public policy for
Ukrainian airlines does not allow opportunities to expand business;
the lack of compliance of Ukrainian legislation in the field of air
transportation with international requirements has little impact;
weak state regulation of competition in the aviation market is a
major threat to companies, as well as the economy as a whole;
economic instability in the country is a threat to the company.

6. Prospects for the development of the air

transportation market in Ukraine

Regarding the structure of the aviation market of Ukraine, it
should be noted that it is quite clearly divided functionally (airlines,
airports, service and provision of structures, aircraft factories, etc.)
and technologically (airlines for general transportation and special
purpose). However, the global trend of civil aviation development
shows that every year in the world aviation practice a large
consolidation and integration of market actors is carried out both on
a functional and a technological basis — powerful consortia and



alliances of air carriers and structures providing them are created.
Alliance forms of interaction have become a necessary condition of
existence on the market under current conditions of the economy.

There are three stages of creating alliances:

I. The first stage focused mainly on the production of
additional revenue by attracting more passengers by expanding
route network and joint marketing.

Il. The second stage focuses on cost savings, as well as the
continuation and strengthening of cooperation in the first stage, and
involves separate agreements in one or more specific areas where
joint activities can reduce costs. The implementation of the first two
stages does not necessarily combine a long-term alliance. Its
disintegration or exit from it are possible; although the longer the
alliance exists, the more it is close, especially if cooperation is
mainly carried out in the area of cost reduction.

III. The third stage is to unite the alliance, when partners start
mixing their assets together and using them jointly, including joint
product development and joint ventures to regulate various aspects
of their activities. The final stage is the full merger of alliance
member companies.

In order to overcome the organizational crisis, it is necessary
to create new organizational forms that fully meet the requirements
of the market, while the principle of integration and consolidation
should become the general line. In the direction of consolidation,
the result should be the unification of air companies under the joint
coordination and supply the creation of "alliances" or
"consolidated air carriers” (at the state level — a national carrier, at
the regional level — regional carrier, at the enterprise level — a
specialized group, for example, a consortiumof airlines).
Consolidation will allow us to solve a number of issues at once,
such as the distribution of a competitive market, optimal use of
unused capacities, etc.

In the direction of integration, the results should be the merger
of air companies with structures whose activities, directly or
indirectly, are aimed at ensuring the process of aviation commercial
operations. Integration will provide a positive solution to marketing
and competition issues, issues of reducing the cost of airline and
tariff policy, the problems of efficient supply, the issue of ensuring
the inflow of financial resources on favorable terms. Economic
mechanisms for solving this are the principles of acquiring (selling)
shares, entering (accepting) into an authorized fund, lease relations,
long-term preferential investment, establishment of subsidiaries,
privatization.

Consequently, consolidation can take place in several areas:
the formation of a national carrier-flagman, merger with foreign
companies or consolidation with domestic actors in the market. Any
reaction to factors of influence will lead to organizational and
economic changes in the airlines themselves.

7. Conclusions

Investigation of the factors of influence becomes important in
the analysis of the airline's activity. To determine the future
behavior of the organization, its management needi to know as the
internal and the external environment, its potential and trends, and
its place among other organizations. The impact of both external
and internal factors on the enterprise is diverse. An analysis of the
environment gives the company the ability to minimize the dangers
and negative effects that it encounters during its operation. Analysis
of the internal environment allows company to identify the
strengths and weaknesses of the enterprise and outline the prospects
for its development. The following specialists were selected as
experts: personnel policy specialists, marketers of the public
relations department, economists of the economic and analytical
department, legal advisers, leading aviation specialists and
employees of the Ministry of Infrastructure of Ukraine.

Insufficient state support is a major factor among the political
factors. There is no basic state policy for Ukrainian airlines in a
difficult competitive environment. The weak point is also a
discrepancy legislation of Ukraine in the field of air transport to
international and European standards, including the International
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Civil Aviation Organization (ICAQO), the European Union, the
European Civil Aviation Conference (ECAC), and the European
Organization for the Safety of Air Navigation (EUROCONTROL).
Gradual displacement of a domestic air carrier to foreigners is due
to weak state regulation of competition in the aviation market.

In sum, it can be argued that the "open sky" policy, increased
competition and ownership change have the most significant effect
on organizational and economic changes.

Expansion of the presence of foreign airlines in the market
significantly affects the competitive situation. The union of
Ukrainian airlines is one of the options for strengthening the
position of Ukrainian civil aviation, another option may be an
alliance with major foreign airlines.

It should be noted that the leading domestic air carriers do not
meet the modern requirements of the world aviation community,
which results in the low competitiveness of our airlines in the air
transportation market in Ukraine and in the world. However, the
achievement of high requirements is possible only with the gradual
harmonization of Ukrainian legislation with the international,
implementation and application of international aviation standards
in Ukraine.
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Abstract: For the purpose of freshwater supply for ships, we have explored the desalination process of sea water by electrodialysis.

From

the analysis of the obtained results, the desalination process of the Black Sea water by electrodialysis has been explored. The average salt
content of the Black Sea water is 15-16 g/l, and the global ocean water - 35 g/l, while the salt content in water from the Baltic Sea is 5.77 g/l.
The Black Sea water was diluted with fresh water up to a concentration of 5.77 g/I.

Electrodalysis is the most effective method for desalination of natural waters with low salinity. So, we have taken water equivalent
to salt water content of the Baltic Sea water. Desalination of this water is effective and requires little energy. To reduce salt content of sea
water, the separation was carried out on reverse osmosis membranes with a selectivity of 70%, and then the penetrant was separated by
electrodialysis. Every 5 minutes, the solution loses 55.8% of salt. During the treatment (45 min), water is desalinated up to a concentration
of 51.2 mg/l, and it can be used for industrial (technical) or household purposes. Calculation have shown that the selectivity of membranes

during desalination was 99.11%.

As a result, on the basis of theoretical and experimental studies of seawater desalination by electrodialysis, there have been
developed the principal circuits of the system of environmental safety of ballast water and water treatment facilities in the port, for
environmental safety of ballast water and for obtaining industrial water.
KEYWORDS: DESALINATION, ELECTRODIALYSIS, CONCENTRATION POLARIZATION.

1.Introduction

The problem of fresh water supply for ships have been
existed over the course of a history of the maritime fleet. The water
on ships has always been limited. This was due to a deterioration of
water quality during a long-term storage, as well as due to the
limitation of fresh water tank volumes on ships. Provision of water
through its obtaining from the shore cannot be considered to be
economically justified, and this is carried out in exceptional cases,
since its cost at the coastal provision stations increases sharply
(coastal water is 5-15 times more expensive than desalinated water),
and when refueling in foreign ports requires large currency
spending (the cost of 1 ton of fresh water now amounts on average
10-15 USD). Therefore, the feasibility of desalination of sea water
on ships is obvious and is beyond questions. It has been established
that the freshwater supplies on ships depend on their type and the
cruising radius and make up 2-8% of deadweight.

In recent years, both in domestic and in foreign practices,
a significant number of freshwater generators have appeared, the
principle of operation and methods of obtaining water in which
differ significantly from the earlier design solutions. The ship power
plants are more and more equipping with the reverse osmosis
freshwater generators, characterized by high ecological quality. The
electrodialysis type installations, especially intended for small
vessels of the fishing fleet also attract attention.

We have studied the process of sea water desalination by
electrodialysis and the problem of freshwater supply for ships.

Just like in any other liquid phase process, in this case,
concentration polarization plays an important role as well. In
presence of concentration polarization, there occurs an increase in
gradient of the concentration potential on the ion-exchange
membrane. At this time, diffusive ion leakage is growing in
membrane. Thus, purely ionic transfer for a given electric potential
is several times decreased. During such concentration polarization
there is considerably increasing in the diluted solution the
difference of the ohmic potential as well, since as a rule, the ohmic
resistance of the electrolyte solution is inversely to its ionic
concentration. Since the dissolved electrolytes flow, which is
intended for separation, is approximately proportional to current
density, the electric power consumed for separation of the solute’s
volume unit goes up proportionally to current density. On the other
hand, the fixed cost of the electro-membrane module for the given
quantity of solution intended for separation is often reducing with
the increase in current density. In consequence of above stated,
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there is always existed the optimal current density, when the total
cost of power inputs and capital expenditures is minimal. At the
same time, this optimal value often exceeds the highest possible
value, which in practice is obtaining for diluted solution during
motion at high-velocity in narrow channel. [1,4]. Thus, and so, in
the first place the working current density is limited by
concentration polarization, but not due to process efficiency.
Proceeding from this, it is reasonable to intensify the process
through the reduction of adverse effect of concentration polarization
that is possible to achieve by action of pulsed pressure in the
channel between membranes [2].

2. Preconditions and means for resolving the

problem

The assigned task requires conduction of theoretical and
experimental investigations for calculation and designing the high-
performance electro-membrane devices that is of high topicality and
represents scientific novelty.

A mathematical model of non-steady and non-isothermal
electro-membrane process we’ve developed, with account for
simultaneous action of gravitational and forced convections, when
meeting the electrical neutrality condition, under the influence of
pulsed pressure, allows for implementing electrodialysis processes
on the rationally designed electro-membrane devices, with optimal
regime parameters [3].

An experimental study of electrodialysis was carried out
on a laboratory installation (Pic. 1) for the purpose of studying the
processes of desalination, concentrating solutions, synthesis of new
substances, pH correction, obtaining highly demineralized water,
amino acid separation, acid and alkali extraction from solutions of
the corresponding salts, removal of inorganic compounds from
organic solutions.

The installation is manufactured in the form of a wall-
mounted bench (1) on which there are mounted: the unit of
mechanical filtration of solutions (2), electromembrane device (3),
pump unit (4) with the electrical power supply sources (5),
hydraulic panel with rotameters (6), manometers (7), control valves
(8), sampling equipment valves (9) and an electrical power supply
source for the device (10). The working tanks are (11) are with the
outlet valves. In the upper part of the working tanks, it is necessary
to provide the inlet holes for filling working solutions with a funnel.
The device is installed on a worktable by analogy with the example
of placement shown in Figure 1.



Fig.1. A laboratory installation of electrodialysis .

For the purpose of seawater desalination by membrane
technology, the paper dwells on studying the electrodialysis
processes of 20,10 and 1% sodium chlorine solutions. As the model
solutions, we used NaCl solutions of different concentrations; the
direct current source is a rectifier HY3005C, which allowed for
obtaining the current density of 15 mA/cm?.

The analysis of the test results shows that when the initial
concentration of NaCl salt is 20.85 g/l. The NaCl solution loses
20% of NaCl during the first 15 minutes, within 20 minutes, the
solution begins to clear faster, losing 70% of NaCl. In the last 5
minutes, desalination slows down again. The solution loses only 5%
of salt. Current almost constantly, but suddenly starts to reduce.
This is because the low-concentration electrolyte is poorer than the
high-concentration electrolyte. Finally, the salt content of the
concentrate is 31.0 g/l, which is close to the limit of NaCl salt
dissolution. This means that the process occurs without dilution of
the concentrate, and crystalline may appear in the salt solution, and
it is possible to obtain two products: NaCl salt and water.
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Fig.2. NaCl concentration depending upon a current intensity

When the concentration of NNaCl was 9.75 g/l, for the
first and last 5 minutes, the concentration was reduced to 50%, for
the test from 10 to 15 minutes, the concentration was decreased by
80%. Entirely in the process of electrodialysis, the concentration of
the solution was decreased from 9.75 g/l to 0.091 g/I. In addition, it
can be noted that a high degree of purification is observed when the
concentration is 1 g/l.

Figure 2 illustrates the dependence of the NaCl
concentration on the a current intesity, from which it can be seen
that the curves are practically identical. This can be explained by
the fact that the chemical compositions of liquids that need to be
analyzed are the same, that is. they conduct electric current in the
same way.

At significantly lower concentration of the solution, the
salt content in the solution is 1.09 g/l and decreases by 50% on
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average every 5 minutes. Based on the results, we can say that if a
salt solution with NaCl concentration is 1 g/l, in order to speed up
this process, it is necessary to use less selective membranes,
increase the voltage or take another new technological solution.
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Fig.3. The rate of electrodialysis of NaCl

Figure 3 illustrates the rate of electrodialysis of a NaCl
solution of various concentrations. We can see that when the initial
concentration is 9.75 g/l, the solution is cleared. At this time, the
first test (initial concentration - 20 g /I) of NaCl concentration in the
solution reaches 10 g/l. Thus, it can be concluded that membrane is
more effective, when the NaCl concentration varies from 10 g/l to 1
g/l.

Comparison of the curves presented in Figure 3
demonstrates that the experimental results are not only in a
qualitative, but also in a very good quantitative coincidence with the
data of theoretical calculations. This means that the mathematical
models we are using, adequately describe the nonstationary
isothermal processes occurring in the chambers of electromembrane
systems.

3. Conclusion

Based on the analysis of the results obtained, we have
studied desalination of the Black Sea water by electrodialysis. The
average salt content of the Black Sea water is 15-16 g/l, in the
global ocean -35 g/l, while waters of the Baltic Sea — 5,77 g/l.
Water of the Black Sea was diluted with freshwater to a
concentration of 5,77 g/l. The results of the desalination process of
the Black Sea water by electrodialysis are presented in Table 1.

Electrodialysis is most effective in desalination of natural
waters with low salinity. Thus, we took water with salt water
content equivalent to the Baltic Sea water, and desalination of this
water is effective and does not require much energy. To reduce salt
content of sea water, the separation was carried out on reverse-
osmosis membranes with selectivity of 70%, and then the penetrant
was separated by electrodialysis. Every 5 minutes, the solution loses
55,8% of salt. During the treatment (45 min), water is desalinated to
51.2 mg/l concentration and can be used for the industrial
(technical) purposes or domestic consumption. Calculations have
shown that during desalination, selectivity of membranes was
99,11%.

The water testing results (diluted to 5,7 g/l).

On the basis of theoretical and experimental studies of
seawater desalination with electrodialysis, we have developed the
flow diagrams of a system environmental safety of ballast waters
and water treatment facilities in the port, for obtaining industrial
water and freshwater supply for ships.
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Abstract: The road traffic safety factor is divided into three basic groups: human, vehicle, road (infrastructure). Technically defective,
poorly maintained and technologically obsolete vehicles endanger road safety. The number of technically defective vehicles that are involved
in traffic accidents, when checks are carried out by officers of traffic police, is 0.2%. Considering that 21.31% of vehicles are found to be
defective by periodical technical inspections of vehicles (PTI), it is expected that the number of technically defective vehicles in daily traffic
is considerably higher. By analyzing the data collected by PTI and comparing them with the data obtained during the conducted research
"Inspection of the technical safety of vehicles involved in road traffic accidents with fatalities" the real state of the technical condition and
safety of vehicles on the roads in the Republic of Croatia is presented here. Two-wheel vehicles (mopeds and motorcycles) represent a

particularly risky group.
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1. Introduction

Reducing the number of traffic accidents can only be achieved
through active involvement of all traffic participants, optimizing the
relationship between safety factors human, vehicle, road
(infrastructure). Action measures to better road safety include
legislation, education, information, maintenance, modernization and
infrastructure construction, increasing passive and active safety, the
technical safety of vehicles and the reaction speed of the emergency
services. Technically defective, poorly maintained and
technologically obsolete vehicles endanger road safety. The Center
for vehicles of Croatia (CVH) organizes and conducts periodical
technical inspection of vehicles (PTI) in the Republic of Croatia.
With the aim of presenting the actual state of technical validity of
vehicles on the roads of the Republic of Croatia, the CVH with the
Ministry of the Interior (MUP), the Croatian Automobile Club
(HAK), the Faculty of Transport and Traffic Sciences (FPZ), the
Faculty of Mechanical Engineering and Naval Architecture (FSB)
has initiated the research project "Inspection of the technical safety
of vehicles involved in road traffic accidents with fatalities"[1]. The
aim of the research project is to show the impact and frequency of
technical malfunctions in traffic accidents with fatalities in the
Republic of Croatia, and propose measures related to the technical
validity of the vehicles to further increase traffic safety based on the
results of the research. During drivers’ everyday use of the vehicle,
malfunctions can easily be recognized and detected on critical parts
of the vehicles such as tires, suspension, braking system, steering
mechanism and light signaling equipment.  Although these
malfunctions are relatively easy to remove in the average
automobile workshop without special tools, the owners are not
prone to correct them in the timely manner. Instead, the most
common defects are removed just before PTI and some of them
only after being identified by the PTI. Therefore, the driver's
responsibility is a big gray zone when it comes to the lack of
maintenance.
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Fig. 1 Mopeds and motorcycles in the Republic Croatia

177

2. Periodical technical inspections of vehicles

All vehicles involved in road traffic must be without technical
malfunction and it must be ensured that their use has minimal
impact on the environment. In Croatia, all motor vehicles and trailer
based on the Law on Road Traffic Safety are subject to PTI. The
period required to conduct the review, the content and scope of the
review, as well as the requirements for qualified staff and
equipment, are prescribed [2]. The purpose of the vehicle's technical
inspection is to detect vehicle defects that could affect the safety of
the vehicle and passengers as well as other traffic participants.

2.1. Results of PTI

Vehicles, all their parts and equipment must be completely in
working order, but from the safety point of view some circuits are
more important than others because they directly affect traffic
safety. In 2017, 2.065.038 PTI were carried out [3]. The average
percentage of vehicles with malfunctions was 21.31% and the
average age of the vehicles was 13.99 years (Fig. 1). Considering
the high average age of the vehicle and the fact that the majority of
vehicle owners prepare and remove malfunction on the vehicle
immediately before the technical inspection, it is realistic to expect
a significantly higher percentage of defective vehicles in daily
traffic, therefore we consider these data to be the starting point of
the research.
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Fig. 2 Distribution of the most common malfunctions by mopeds and
motorcycles

There are 143.439 two-wheeled vehicles: 79.873 mopeds, and
63.566 motorcycle. Mopeds and motorcycles in total represent
6.94% of road traffic vehicles and 8.16% of all defective vehicles
the highest percentage of deficiencies on PTI of mopeds and
motorcycles refer to control and signaling devices 30.28%, lighting
devices 23.99% wheels, tires and suspension 16.30%, brakes



11.52%, devices for normal visibility 6.51%, other defects are
represented by 3.49%, frame 3.00%, engine 2.94%, environment
protection 1.05% and steering of 0.91% (Fig. 2). The age of the
vehicle and its usage over time has a significant impact on vehicle
malfunction. The average age of mopeds and motorcycles in the
Republic of Croatia is 12.3 years, and the average annual travel
time is approx. 1.400 km for mopeds and approx. 2.800 km for
motorcycles.

3. Research, "Inspection of the technical safety of
vehicles involved in road traffic accidents with
fatalities™

According to statistical data from the Republic of Croatia,
94.8% of traffic accidents are caused by the human factor, while
only 0.2% of accidents are caused by technical malfunctions [4]. In
the Republic of Croatia, a technical inspection of the vehicle is not
carried out after a car accident, unless there is doubt in the technical
malfunction of the vehicle or the competent state authority is
requiring the technical inspection. Given the large number of traffic
accidents in Croatia, the research project targets groups of vehicles
that participated in traffic accidents with fatalities. The technical
inspection of the vehicle's technical validity after the car accident is
significantly different from the PTI of the vehicle since the vehicles
are usually significantly damaged and therefore disassembly,
assembly and, if necessary put into operation. It gets carried out as
soon as possible after an accident in the field or a workshop with
the tool and equipment of an automobile workshop. The results of
the inspection are noted on a specially prepared vehicle inspection
form, and all collected data and photos are archived in a special
application. The aim of the research project is to show the impact
and frequency of technical malfunctions in motor accidents with
fatalities in the Republic of Croatia, and suggest measures that
impact technical vehicle correctness to increase traffic safety based
on the results.

3.1. Research results

The data was collected by a team of experts who conducted a
vehicle inspection after a traffic accident with fatalities. After
reviewing the vehicle, based on the collected data, the members of
the expert team gave their opinion on the technical condition of the
vehicle and its parts and equipment - classified into three categories

(Fig. 3):
- technically adequate,
- technically inadequate,

- it is not possible to determine the condition before the accident.

= technically adequate
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itis not possible to
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Fig. 3 Structure of vehicles involved in traffic accidents with fatalities
according to technical condition.

During the research, 166 vehicles were involved in traffic
accidents with fatalities and according to the procedure described,
85 vehicles or 51.20% were technically correct, while 70 vehicles of
the vehicle inspected or 42.17% were shown to be technically

inadequate, which is twice as high as on a PTI of the vehicle. The
average age of these vehicles was approximately the same 14.54
years, which is in the range of expected values due to the average
age of vehicles in the Republic of Croatia and the fact that most
vehicle owners service the vehicle before the PTI. For 11 vehicles
or 6.63% it was not possible to determine the condition before the
accident.

A total of 23 mopeds and motorcycles were inspected, 13 or
56.52% of which were defective and one or more malfunctions
were identified on them. By comparing the proportion of mopeds
and motorcycles with other vehicle categories and taking into
account the extremely small average annual travel distance, these
vehicles are a particularly risky group in terms of technically
defectives. Although technical malfunctions can often not be
identified as a direct cause of a traffic accident, some of the
malfunctions are extremely serious and dangerous, the so-called
"dangerous mistake". The highest percentage refers to wheels, tires
and suspension, 38.46%, brakes 30.77%, engine 30.77%, frame
23.08%, lighting devices 7.69% (Fig. 4). If we compare the data on
PTI of mopeds and motorcycles with data determined by research, it
is shown that statistical data correlates with the data obtained during
the research although there are variations in the order of frequency.
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Fig. 4 Overview of " dangerous mistake " on mopeds and motorcycles

4. Conclusion

Technically defective, unmaintained and technologically
outdated vehicles compromise road traffic safety. The numbers of
the technical malfunctioning of wvehicles involved in traffic
accidents is 0.2%, when checked by traffic police officers and it is
published in the bulletin of the Ministry of the Interior. Research of
traffic accidents with fatalities for mopeds and motorcycles, which
account for only 6.94% of road traffic vehicles, indicate that in
14.3% of traffic accidents technical failure is a possible cause of
traffic accidents. The differences in the values determined from
inspection carried out by traffic police officers can primarily be
attributed to the different methodology of data collection and
analysis, the way of keeping statistics, the conduct of the evidence,
the determination of the causes of the accident, the record of the
cause of the accident and due to the fact that police officers
organize extraordinary technical examinations only if they doubt
that there are technical defects of the vehicles involved in a car
accident. The high percentage of established malfunctions through
the conducted research confirms the experience and expertise of
team members as well as the advantages of individual analysis of
the possible technical causes of the accident. Technical
malfunctions are certainly not the main cause of accidents involving
mopeds and motorcycles. Much more accidents happen due to
human error, however, accidents due to technical malfunctions can
be avoided (or reduce the consequences) if these malfunctions were
detected on time and fixed or if the vehicle is maintained in a
technically correct condition. Through the research we established
that mopeds and motorcycles are technically defective, which alone



with their short annual period of use and a small distance travelled
makes them exceptionally risky, also enhanced by their
performance and unprotected drivers. Motorcycle aging has a very
negative impact, and it is very likely that a malfunctioning or
insufficiently maintained motorcycle will be the cause of a traffic
accident or is more likely to affect an adverse event.

The results of the research, data on the causes of the accident,
the technical condition of the vehicle and the methodology of
vehicle inspection should be directed towards reducing the number
of accidents in road traffic. It is necessary to carry out promotional
campaigns and educational actions with the aim of informing the
public about the importance of technical correctness of vehicles,
maintenance and control and the fatal consequences of the use of
technically defective vehicles. The formation of a multidisciplinary
team of professionals who will use their skills and with special
equipment will be able to reconstruct the course of traffic accidents,
analyze the technical validity of the vehicle, the driver's behavior
when driving and the impact of the infrastructure is necessary,
propose measures to increase traffic safety. It is recommended to
increase the number of technical inspections of the motorcycle in
everyday traffic as well as to carry out technical roadside
inspections, and raise attention to critical parts and motorcycle
assemblies during PTI of the vehicle. Pointing to the fact that
increased age and distance traveled increase the possibility of using
a defective vehicle, measures to stimulate the purchase of new
vehicles should be proposed.
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Abstract: In tactical missile design, it is highly crucial to select the proper guidance method in order to meet the scenario requirements. As it
is applicable in every aspect of life, trade-off conditions should be measured meticulously to reach the most advantageous and economical
outcome. In this study, a particular scenario with a manoeuvring target is taken into consideration. Two of the guidance laws, namely, the
pursuit guidance and the proportional navigation guidance are then implemented and compared. Lastly, the effect of the missile acceleration
is examined within the proportional navigation guidance to consolidate the study.
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1. Introduction

The concept of Tactical Missile Design (TMD) is in the special
interest of the Defence Industries, therefore, it should come as no
surprise that the main objective is to accomplish this task with the
most efficient way as possible in order to reduce the cost and
development time. This design process requires a tedious analysis
of various considerations, such as the scenario that is expected to
be met, development and production phases of the missile, and its
economical aspect to the customer.

Generally speaking, guidance laws are separated into 3
different categories. These are line-of-sight guidance (LOSG),
pursuit guidance (PG), and finally proportional navigation
guidance (PNG) [1] . Each of these guidance laws have trade-offs.
Electronic systems of the LOS guidance missiles is relatively
simple. However, LOS guidance requires commands from a
control station, and therefore, susceptible to jamming. Seekers
used in the pursuit guidance missiles are quite simple and durable
against the noise. But their efficiency against fast moving targets
is not as high as the proportional guidance missiles [2].

This study focuses on the two major guidance methods of the
tactical missiles, pursuit guidance (PG) and proportional
navigation guidance (PNG). In the forthcoming sections, these
guidance laws are examined closely within a certain scenario, and
their suitable utilizations are presented in the results and
discussions section. Also, there is another section in which the
impact of the acceleration of the missile is analysed in proportional
navigation guidance method.

2. Prerequisites and Definition of the Scenario

Even though there are various specifications that need to be
handled in designing a tactical missile, the very first step that
should be considered is the threat analysis of the target. Professor
Lindsley claims that experience has proven one missile cannot be
designated for all types of threats without seriously compromising
performance of effectiveness [3]. For this reason, PG and PNG will
be performed within the same scenario, and they will be compared.
For the rest of the study, subscript “M” will refer to the missile,
and subscript “T” will refer to our target.

Missile that is going to be operated must meet certain functions
to complete its mission. It should detect the threat, and seek it. This
is achieved by the various optical instrumentations that missile
includes, which will detect the target, and acquire the angular
location of the target relative to a fixed system. The acquisition
process provides us the radial distance between the missile and the
target, r, and the angle that velocity of the target makes with the

line-of-sight of the missile, a;. Angle ¢ which is the angle
between the line-of-sight and the horizontal line and angle a,,
which is the angle between the velocity of the missile and the line-
of-sight are determined according to the angle a; and to some pre-
established criteria. Angles 8; and 6,,, which are the angles
between the velocity vectors and the horizontal line, can be
determined from Fig. 1 and Fig. 2. For our case, the following
values are selected:

e ¢ =1354rad

e ar=0.750rad

e ay = 0.848 rad for PNG and a), = 0 for PG.

o 1 =2000meters

e Vr,=300m/s

o Iy =600m/s

e Navigation ratio k = 4 isfor PGN and k = 1 is for
PG.

In these guidance methods, we need only one additional
parameter for the sake of the simplicity of calculations and
derivations. For convenience 6, rate of change of the angle
between the target and the horizontal line, is set to value 3.2981 x
10~ rad/s.

3. Additional Scenario for the Effect of Missile
Acceleration in PNG

Apart from the first scenario that is defined in the last section,
the scenario that is going to be presented here will reinforce our
previous understandings. Every value defined in the section 2 is
also valid here, except the missile velocity. For the first case, the
missile velocity starts with 400 m/s and it will reach to 600 m/s
at the end of the propagation. The second case is the exact opposite
of the first one, missile velocity decreases from 600 m/s to
400 m/s over the course. After the brief introduction of PG and
PNG laws, results and discussions will take place.

4. Pursuit Guidance (PG) Law

In pursuit guidance, missile velocity vector is always directed
towards the target, and the rate of turn of the missile is always
equal to the rate of turn of the line-of-sight. As a result, missile
constantly moves along the line-of-sight from the missile to the
target whose path describes a total pursuit [4]. This is often
regarded as tail-chase situation. From the Fig. 1, missile and target
relationship can be visualized with the corresponding angles.
Apart from the translating coordinate system, there is assumed to
be an external inertial coordinate system. Leaving aside further
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comments and discussions, PG kinematics will be briefly
introduced.

It is evident from the basic kinematic relationships, the
velocity of the target with respect to the missile is given by [3],

(1) 17T/M = 17T - VM

Writing absolute velocities of the target and the missile as well
as the relative velocity,

2 Vi = Vycosaré, — Vp sinarég
®3) Vi = Vycosay e, —Vy sinay ég
4 Vi = 7€, + 108
ar I’T
[
r

X
Translating Coordinate System

Fig. 1: Pursuit Guidance Kinematics

Inserting equations (2), (3) and (4) into the equation (1), we
get our fundamental relation and the following terms [3],

(5) 7 =Vrcosar —Vycosay

(6) rp = —Vycosar + Vy sinay

These equations are general and can also be applied to PNG
law. It can be readily seen that in PG, ¢ angle is equal to the 8,
and a; + 6 separately. In this case, second term of the right-hand
side of the equation (3) vanishes, since there is no a angle for
missile. Below relations are also useful ones in the pursuit
guidance law,

7 Oy = pand 6y =
Also,
(8) 9M=aT+9Tand9M=dT+0T

Since d,, = 0 for PG, only time derivations of values 7, 6y,
and 6, are required. Using equations (5), (6), (7) and (8), these
parameters can be achieved. With these time derivations, it is
possible to find each angle at each time step, which will enable us
to propagate the guidance method.
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5. Proportional Navigation Guidance (PNG)
Law

In Proportional Navigation Guidance method, the line-of-sight
from the missile to the target does not changes direction as the
distance between two objects closes [5]. In other words, if we were
to connect all the positional points of the missile and the target at
respective times, we would get a parallel set of line-of-sights over
the course of action. Therefore, the rate of turn of the missile is
proportional to the rate of turn of the line-of-sight from the missile
to the target [6]. This proportionality is shown by the following
relation,

©) Ou = ko

The multiple that is seen in the equation (9) is called navigation
ratio, and it is typically between two and six. As distinct from
equation (7), we have the following angular relations,

.6 . —k
(10) ¢=7M and 9M=(k_1)on

It can be observed that PG can be attained by setting the ratio
k = 1. Therefore, PNG is designed in such a way that other
guidance methods can be achieved by changing this constant.
Other than above equations, since equations (5) and (6) were
general relations, they are also used in this method. Recalling those
equations,

(12) 7 =Vrcosar — Vy cos ay
And,
(12) ¢ = [~Vr cos ar + Vy sinay]/r

Fig. 2: Proportional Navigation Guidance Kinematics

Again, time derivations 7, ¢, 8, 7, dy, and d are required.
These parameters can be reached by utilizing equations (9), (10),
(11) and (12). In the next section, these findings will be integrated
into an algorithm, and that will be briefly introduced.

6. Euler’s Method and Algorithm

For manoeuvring targets, the equations should be solved
incrementally with time. Euler’s method presents an adequate
approximation for starters. Assume we have the following initial
conditions, (0), ar(0), ay(0), ¢(0), 87(0), and 6,,(0). Then
the algorithm used is as follows [3]:



(13) r(t + 4t) = r(t) + 7(t)At Target and Missile Positioning in PNG

(14) ay(t + 48) = ap () + dy (DAt 0 Tage
(15) ot + 4t) = d(t) + d()At =
3000
(16) Oy (t + At) = 6, (t) + 6,,(t)At 200
7) Or(t + At) = 0,(t) + 6p(t)At 2000

Finally, we have the trajectory of the missile and the target as
following:

(18) Xu(t + 4t) = Xy () + V) cos 6,,(¢) At
(19) Yy (t + At) = Yy (t) + Vyy sin 0y, (¢) At
(20) Xp(t + At) = X7 (t) + Vrcos ), (t) At
(21) Yr(t + At) = Yr(t) + Vpsin 0,,(t) At
Where the initial conditions are X,(0) =Y,(0) =0,

X7 (0) = 714 cos ¢, and Y3 (0) = 1, sin ¢py. Since the algorithm
have been provided with the relevant equations and the necessary
information, scenario can be analysed.

7. Results and Discussions

The algorithm used in this study is implemented in the MatLab
with the Euler’s method, as mentioned in the preceding section.
Entering the pre-determined values from the section 2, and setting
the initial time and the time step to 0 and 0.1 seconds respectively
will give us the following results and plots:
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Fig. 4: Positioning of target and missile in the given scenario (PNG).

As it can be seen from the figures, even though the target
movement is same, missiles have different attitudes in PG and
PNG. Pursuit guidance paths are highly curved near the end of the
propagation, therefore, missiles need to attain much higher
accelerations. However, acceleration may reach to a point which a
certain missile may not afford that specific manoeuvre. For
example in Fig. 3, the maximum acceleration of the missile is
calculated as 148.1 g, and this value may not be supported by the
missile structure and electronics. For this reason, the most
common application of the pursuit guidance is against slow
moving targets. Also, since the target position is in special interest
in PG, position determining depends on looking and pointing,
therefore, avionics and control is simple relative to PNG [3]. This
is called target heading, and it can be considered as inexpensive
and light.

On the other hand, in Fig. 4, missile propagates on a less
curved path, and does not tail-chase the target. Instead, it
anticipates the targets future position and tries to cut its way at all
times. Maximum acceleration of the missile is calculated to be
30.03 g which is also in the reasonable range. The lead angle of
the missile in this procedure is regulated by the navigation ratio.
Moreover, since the line-of-sight changes throughout the course of
action, it has to be sensed by the missile avionics. Thus, avionics
required in PNG is more complex and expensive than other
guidance methods.

The following figures, namely Fig. 5 and Fig. 6, present the
results for the scenario that is defined in the section 3. It is seen
that there is a slight difference in the terminal phase (last phase) of
both cases. It is also found that the maximum magnitude of the
acceleration attained in accelerated case is 10.2 g, while the
maximum magnitude of the deceleration case is 30.1 g.
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Fig. 6: Decelerated missile scenario in PNG.

As it is obvious from the figures, there is no significant visual
distinction between accelerated and decelerated cases. However,
this is due to small amounts of acceleration; as the acceleration
increases in magnitude, the target is hit much earlier in the
accelerated case with respect to the decelerated case. This is also
illustrated in the Fig. 7.
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Fig. 7: Highly accelerated missile scenario in PNG.
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In the case of the highly accelerated missile, magnitude of its
maximum acceleration is 35.1 g. These specifications purely
dependent on the scenario and on the mission that is meant to be
met. Last, but not least, these attained maximum acceleration
values can be deceptive; bear in mind that that this value is the
resultant magnitude of the radial and the angular components of
acceleration.

8. Summary and Conclusion

In this study, PG and PNG laws are compared for the constant
speed missile first, then variable speed missile is examined within
the PNG method. Besides from comparisons between PG and PNG
in the previous section, missile acceleration affects arrival time and
miss time. It can be observed that highly accelerated missile
reaches the target faster than any of the situation that are
mentioned before. For gradually accelerating and gradually
decelerating cases, there is no obvious distinction, there is only
small change in the missile behaviour.

In the light of above findings, it can be stated that PG performs
poorly against accelerated targets, while PNG is more decisive.
The situation is not different with target heading accuracy.
However, complex avionics of the PNG generates much more
noise relative to PG. Even though these methods are examined and
compared in terms of superiority in this study, there are way better
guidance methods utilizing the newest technologies. However,
examination of PG and PNG is vital in terms of understanding the
basics and the concept of tactical missile guidance.
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Abstract: The article is discussing the possible options for the implementation of potential energy, which is contained in the gas pipeline in
the form of pressure, which is actually lost when the gas is reduced at the GDS. Improving energy efficiency is a major challenge for
Bulgaria's economic development. The extensive development of Bulgaria's gas pipeline network and the increase in the level of gasification
also increases the energy that is actually released into the atmosphere. Are considered various options for the implementation of
overpressure for the purpose of increasing energy efficiency, the realization of which will not only improve the efficiency of the construction
of the distribution network of gas pipelines, but also will partially solve the problem of the widespread introduction of road transport on
electricity and liquefied gas.
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BULGARIA

1. Introduction

Bulgaria is implementing a project to develop its gas
transmission network, including the possibilities offered by projects
of interconnection with neighbouring countries through the
construction of Interconnector gas pipelines. Works on them are in
different degree of readiness. The construction of the gas
intersystem connection between Bulgaria and Romania was
completed in the autumn of 2016, until the end of 2020 it is planned
to be put into operation interconnectors Greece-Bulgaria and a
similar gas pipeline with Serbia. In perspective is considered the
increase in the volume of gas supplies to Bulgaria when would be
implemented the projects "Southern gas corridor” and "Turkish
stream".

Today, the consumption of natural gas in Bulgaria is about 3
billion m3 per year, of which about 10% is natural gas extracted in
Bulgaria, and 90% is imported gas. The structure of consumption of
primary energy resources in Bulgaria today is dominated by coal-
37% and nuclear energy — 22%, as well as oil — 21%. Natural gas
pertains about 12%, while the territory of Bulgaria is gasified by
about 3% [1]. As the costs of using coal resources increases,
Bulgaria's need for natural gas will increase significantly.

2. Results of discussion

The concept of the implementation of promising projects for the
development of the Bulgarian gas industry, including the
implementation of the gas hub project, should be based on the most
effective solutions at all stages of the creation of the gas
transportation infrastructure. Gas in the main gas pipelines contains
a significant amount of potential energy of the excess pressure of
the gas flow, which is irretrievably lost when reducing gas at gas
distribution stations to pressures in distribution networks.

At present time the technologies of complex use of energy of gas
on GDS for power generation are known.

On GDS is made a pressure drop of the transported natural
gas from 7.5 to 1.2 MPa. For use of physical energy of gas received
at the expense of decrease in pressure of gas on GDS, instead of
using traditional throttle devices it is supposed to use expander-
generator aggregates (EGA), the schematic diagram of work is
specified in figure 1.

The use of EGA provides not only a reduction in pressure, but also
the generation of electricity, which is produced by an electric
generator installed behind the expander. The potential for energy
production due to excess pressure is directly proportional to the
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energy potential of the gas, which is determined by the technical
work of adiabatic expansion.

Phigh i Plow

Regulator

Pipeline

Post-Heating

Turboexpander

Generator

Pre-Heating

Fig 1. Schematic diagram of EGA

From the point of view of energy saving in the gas
transportation system is promising the utilization of this potential
energy. EGA are produced by many manufacturers, for example,
ABB and Atlas Copco, Corporation "Rotoflow”, the RMG
company, JSC "Turbogaz", LLC "Kriokor", STC "MTT".

The first experiments on the installation of turbo expanders in
Europe began in the mid-70s of the 20th century in Germany, the
Netherlands and France. For the first time, a EGA was set in
commercial operation in the USA in 1983 (table 1).

Table 1. The first implementation projects of EGA in the industry
3]

Location Application Size, Hp, (kW) | Design Flow and Year Installed
Pressure Drop

San Diego, CA City Gate 365 (260) 11 MMCF/D 1983
(SDG&E) (810 — 390 psia)

Memphis, TN Chemical Plant 600 (450) 15 MMCF/D 1983
(Memphic Light) (450 — 87 psia)

Stockbridge, GA Comptessor 400 (300) 7 MMCF/D 1984
(Transco Pipeline) | Station (555 — 85 psia)

Hamilton, NJ City Gate 3,862 (2,800) 36 MMCF/D 1987
(Starmark Energy) (635 — 70 psia)

In 2010 was launched in London an ambitious project to equip
the main gas pipelines around the city with a mini-EGA network,
the total installed capacity of the network is expected to be 20 MW
[4].

Are also known technologies of complex use of gas energy
from GDS for filling of vehicles equipped with engines on
compressed and liquefied gas.
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At low-tonnage LNG production, gas liquefaction is generated
at local installations (capacity - no more than 10 t/ h) located near
gas pipelines, for example: gas distribution stations (GDS),
automobile gas-filling compressor stations (AGFCS), gas
compression stations (GCS), - with delivery to consumers (within a
radius of 200 km) for use as gas motor fuel for transport or
replacement of diesel fuel or fuel oil at enterprises with energy-
intensive technology.

If liquefied gas is used, the natural gas with the main line
pressure is supplied to the drying unit, compressed in a turbocharger
located on one shaft with the turbo expander up to 41 kgffcm?,
cooled in a natural gas cooler and divided into liquefied (13.5%)
and expanded (86.5%) flows. The liquefied stream comes through
the cleaning unit, and, further, both streams pass through the
advanced and basic heat exchangers. As a result of expansion in the
turbine expander gas temperature is reduced to -50 ° C. Since this
decrease in temperature is not enough to liquefy the gas, further
throttling is performed, as a result of which the temperature of the
gas decreases to -140 ° C. The gas-liquid mixture enters the
separator to separate the liquid from the vapor phase; the steam
phase passes through the heat exchangers, and the liquid enters the
storage and distribution unit. The schematic diagram of the
installation for liquefied natural gas with a throttle-expander cycle
is shown in figure 2, the specified scheme was implemented at
GDS-4 in Yekaterinburg [5].

Fig 2. Schematic diagram of LNG production plant with throttle-
expander cycle

In case of using compressed gas, natural gas purified from
impurities and moisture comes from external networks (gas
distribution substations GDSS) to the compressor inlet under
pressure 0,3 — 0,6 MPa. In the compressor, the gas is compressed in
series with a moisture separation. During the compressor operation,
the pressure and temperature of the compressed gas are controlled
by stages. After cooling, the gas is sent to the separator, where it is
removed from the condensate and oil trapped in it during
compression and cooling. Gas compressed to 25 MPa fills the inner
cylinders (pressure compensators) in the volume of about 1120
liters. Compressed natural gas from the pressure compensator is fed
to the filter connector located in the transfer column and then
through the ball valve and solenoid valve, filter and enters the flow
meter. After that, the gas flows through the pipeline to the filling
connection and further — into the cylinders of the refueled car. The
cost of production of CNG is much lower than the cost of
production of fuel from crude oil: to prepare natural gas for use as a
motor fuel, it does not require pre-processing, the gas is transported
through pipelines directly to the gas station. According to the
international natural gas vehicles association (NGVA), currently
programs for the development of the gas motor fuel market are
being implemented in 86 countries.

Work on liquefaction and compression of natural gas may also
be executed partially or fully due to the transformation of energy of
excessive pressure of main gas flow.

In principle, it is possible to implement the scheme of
multifunctional gas distribution stations combined with gas filling
and electric charging stations.
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The use of electricity generated from autonomous sources is
always faced with the problems of synchronization of these sources
with existing electricity networks. In addition, in order to run a
charging station on the gas station and start trading with electricity,
it must enter into contractual relations with electricity supply
organizations. These problems are sometimes intractable due to the
expensive hardware for synchronization or unwillingness of the
suppliers of electricity to prevent interference in the operation
modes of their own networks. Therefore, when generating
electricity by autonomous sources, it is desirable to have the same
autonomous consumers. These consumers can be vehicles equipped
with electric motors and the GDS itself. In this case the project of
creation of the multipurpose gas-distributing stations providing not
only reduction, but also complex use of energy of gas on GDS for
generating the electric power for own consumption and gas station
of vehicles, and also production of the liquefied and compressed gas
as gas-engine fuel can be realized that will allow to utilize potential
of pressure which is now bleached from main gas pipelines in the
atmosphere and to provide direct additional profit. A special
advantage in this case have GDS, located in close proximity to
industrial enterprises and large settlements, thanks to the presence
of potential consumers.

Conclusions: The new construction of a network of natural
gas main and distribution pipelines in Bulgaria creates unique
opportunities for the implementation of promising ideas, one of
which is the idea of energy saving and increasing the efficiency of
primary energy resources consumption. Electric drive and natural
gas used as motor fuel, reduce the consumption of liquid fuels,
provide energy saving, increase the life of motor vehicles, reduce
environmental pollution.
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THE PROBLEMS OF URBAN ROAD TRAFFIC MONITORING

Assist. Prof. Vladimir lvanov

Institute of Information and Communication Technologies
e-mail: ivanov.vladi@gmail.com

Abstract This article discusses the problems of urban road traffic monitoring and investigation. A brief description of a video system for the
traffic observation is presented. As an illustration of it use, the density of a road traffic calculated from a video is given.
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1. Introduction

Road transportation plays an important role for each
country. Yearly, it completes approximately 80% of freights and
75% of passenger transportation. Until recently, the problems of
coordination and controlling the transport flows on the street-road
network (SRN) were not used with high actuality. In conditions of
not-so-high loads, the SRN functioned efficiently enough and
their activity did not lead to serious shutdowns and service
denials. During the last few years, the increasing number of
automobiles and the mobilization of the population has led to a
saturation of urban streets, which became a reason to re-evaluate
the principles for controlling transportation flows [4,11] and
requires special attention towards reconstructing the SRNs in order
to improve their functionality. The yearly increase in
transportation load of the networks leads to a decrease in the
speed of the flow and the appearance of traffic-jams.

The appearance of the latter, even when there is a surplus
of free passages, is due to the unclear and uncoordinated processing
of traffic lights, which increases the length of vehicles in service
queue at crossroads. When the conditions are similar to a traffic
jam, the vehicle queue may not be able to fit into the time
interval needed to traverse two consequent crossroads. This
situation is known as network congestion [2], and leads to
disturbances in the work regime of the previous crossroad’s traffic
lights. The main priorities in the organization of road traffic
are the issues of controlling them in the conditions of a traffic jam
[4,10]. They require special attention when developing new
principles and control norms in high levels of auto mobilization and
dense traffic flows, which require the solution of new civil
engineering and technical tasks.

2. BASIC FLOW MONITORING INDICATORS.

Traffic monitoring plays an important role for increasing
the efficiency of traffic flows through the SRN. The information
received by it is of significant importance for deciding the
placement of road signs, traffic lights, information labels, when
evaluating the driver’s behaviour, which also introduces a
certain influence in the functionality of the SRN, and other
factors. In order to interpret the results correctly, the
classification and exploitation characteristics of the vehicles play
an important role. Usually, the vehicles are divided into several
categories — cars, trucks, buses, trams, motorcycles and bike.
A useful criteria, which generalizes the exploitation
characteristics is the mass-power ratio. It determines the rate
of acceleration and stopping, which are important factors to
take into account when designing the traffic lights’ signal
schemes, fuel economy readings and evaluating the ability of the
flow to resume its movement after stopping [2].

When buses and trams are present in traffic, the time
required for serving their stops also has to be taken into account.
The latter varies with regard to the loading/unloading zone, the
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number of passengers, the door configuration and the payment
method.The presence of bicycles in traffic also requires special
attention, as their drivers can execute various and often
surprising mmaneuvers, unlike car drivers. The behaviour of
pedestrians has a similar characteristic, and they are generally
considered a factor in road traffic, due to the fact that the traffic
light schemes have to be adjusted with regard to their mean
velocity.

3. INDICATORS, DERIVED FROM THE TRAFIC FLOW
MONITORING INFORMATION.

The flow load is an indicator which varies depending on the
month, the day of the week and the hour. It depicts the social
and economic activity in the area, served by the traffic. The
variations in the load during the different days of the week depend
on the type of the route on which the traffic is conducted. An
important part in the process of analysing the passage ability
is given to the maximum load in certain time intervals (rush hour).
They are the most crucial interval of the route’s function and
require the greatest passage ability. The load during rush hour is
not constant. It varies in different days and seasons and leads to the
formation of long queues. The traffic distribution in directions and
lanes in a given route is another important part in analysing the
passage ability. During each hour, the traffic in a given direction
can differ greatly from the traffic in another direction. A typical
example is the urban radial streets, for which the level of balance of
flows in directions can reach a ratio of 2:1. The directional
distribution is not a statistical characteristic and varies with regard
to years, hours of the day, days of the week and seasons.

As an example the one day trafic flow distribution captured amnong
8 till 14 o’clock from crossroad of Shipchenski prohod” blvd. and
“Ivan Dimitrov” str. (in front of block 2 of IICT, BAS), is
presented on figurel.

Fig.1. Distribution of the number of cars that have traversed the
monitored area.



The distribtion of the first week of june trafic flow passed through
the same crossroad is shown on figure 2.
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Fig. 2. The first week of june trafic flow distribtion.

When the movement in one direction is conducted in 2 or more
lanes, the traffic distribution varies greatly. Generally, it is
dependent on the movement rules, the flow’s speed and
intensity, the number and placement of conduits, transportation
routes and others. The passage ability is given in terms
characterizing the maximum intensity of the flow, which can be
served by the given road part in dominant conditions. Its direct
monitoring is difficult due to the fact that fixing the maximum
intensity of the flow for the given part does not guarantee that a
high intensity flow will not be present at another time.

4. TRAFFIC CONTROL

In urban conditions the flow of vehicles can be considered
continuous only in the segments between crossroads. A main role in
the successful serving of these areas is given to traffic lights. In
more cases, this mode of crossroad regulation is based on the
principle of time division. Its use does not provide the necessary
bandwidth, as they operate as a closed system in terms of the
external environment and do not adapt to the changes of the road
conditions.

A more modern and effective way to regulate intersections through
traffic lights is adaptive control [3,8]. Their strategy offers a
configuration according to the current road situation, depending on
many factors, and allows for the introduction of a local intelligence
traffic light that determines the dynamics of switching on the signal
groups according to queue length and flow velocity [1,5,7].A
convenient approach to achieving optimization of a transport
network according to the mode of transport traffic is the use of
video information. It provides an opportunity to build an adaptive
traffic control mechanism within a junction. Effective use of the
obtained video information requires prior photogrammetric
attachment of the observed stretch of the track with the observed
image in the terms of the television broadcast standard. This
ensures that correct performance of the operations intended to
determine transport traffic parameters .A major drawback of video
information systems is their dependence on light change and
atmospheric conditions. When night or fog occurs, visibility and
contrast in the image fall, which do not permits its reliable
processing. The presence of rain or snowfall brings noise, which
also reduces the contrast of the resulting image. Reduced
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illumination can be compensated by signal amplification or an
artificial illumination use.To reduce the glare from the road and the
vehicles themselves, cast shadows and merging objects, the use of
polarization and anti-infrared filters is a good approach. The
introduction of control sections in certain areas of the frame to be
analyzed also contributes to the reliability of the information
retrieved from the incoming video stream.

Generally, to improve contrast and visibility, the processing of the
received video sequence is done digitally within two interrelated
stages.

At the first stage, an adaptive background assessment and threshold
detection of fragments that have made changes that are inherent to
moving objects are performed. In the second stage, the video frame
is framed with fragments that have overcome a certain threshold
using morphological processing.The execution of such processing
is a sufficiently complex task, which can be presented in the form
of several successively executable relatively independent
operations:

* background assessment by tracking its changes;
* background compensation;
« threshold detection of moving fragments;

* Morphological processing using operations erosion, growth and
opening;

« Fixing the crossing times of the control sections from the linked
areas;

As the result of this calculation of the basic parameters of the traffic
flow can be determinate. Late, based on them, the length of the
traffic light cycle can be calculated. In its entirety the traffic control
is a process which requires previous information. In order to
achieve satisfying results in the carrying of this process, a setup was
developed, which allows the monitoring and registering the traffic.
The general appearance of the setup is given in Fig. 3.

Fig. 3. General appearance of the setup for traffic monitoring and
registering.

As a registering device the IP Camera DCS-2330L was used[6].
The camera features a 1/4 "megapixel progressive CMOS sensor, a
3.45mm focal length and a waterproof IP65 housing, and features a
built-in, infrared-free filter, a full-blown LED, and a built-in PIR
motion sensor. It is equipped with H.264 compression, Motion
JPEG, and 10 times digital zoom. Exposure time ranges from 1/7.5
to 1/10,000 sec. Supports a wide range of video resolutions,



interfaces to external Devices, and network protocols. It can be
used with Microsoft Windows 8/7 / Vista / XP operating systems
(see Fig. 4.).

Fig. 4. The IP Camera DCS-2330L

The camera is placed firmly on a vibration safe stand and connected
to a PC. It is used to observe the crossroad of “Shipchenski
prohod” blvd. and “Ivan Dimitrov” str. (in front of block 2 of IICT,
BAS), shown in Figures 5. and 6. The images received from the
camera are stored in the computer. As a main tool for their
processing, the Matlab enviroument is used. Based on its image
prosseing tools, the information for a current momentary condition
of the traffic flow is extracted from the pictures obtained from the
camera. . Later, this information is used to carry out an adaptive
traffic light control. In order to inprove the statistical robastity of
theexpected estimations, the information is averaged over a given
time period. The averaged information is used to conduct an
adaptive control of the traffic light connected to the swarco
controller, shown in Fig. 7.

Fig. 5 lvan Dimitrov str.
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Fig. 6 Shipchenski prohod bul.

Fig. 7. ITC-2 Mini controller

5.CONCLUSIONS

This article presents a tool to monitor the density of traffic.
Management of traffic light to control the measured density of
traffic:
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Abstract: This report examines the importance of transport in the tourism system. An analysis is made of the possible means of
transporting tourists. Transport statistics from national statistics in Bulgaria and Eurostat are presented. Great attention is paid to water
transport, which is of the greatest importance to tourism. The largest cruise ships in the world are presented and conclusions are drawn

based on the data and trends examined.
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1. Bweeoenue

TypusmbsT ce XapakTepusupa CbC CHIHA [UHAMHMKa Ha
HPOLIECUTE KAKTO M 3aBUCUMOCT OT Pa3BUTHETO Ha TpaHcmopra. Toi
CIY’KH 3a NPEJBW)KBAHE HA TYPHUCTH JI0 KOHKPETHA TYPHCTHYECKA
JECTHHALMS WK TPAHCIIOPTHO CPEICTBO, KOMOMHHUPAIIIO NMPEBO3 Ha
OBTHUIM M Tpe;Jiaraimo BHCOKOKAYECTBEHH OCHOBHH U
JOIBJIHUTEIHH TYPUCTHYECCKH YCIYTH.

TsicHata Bpb3ka MeXAy TypHU3Ma M TpaHCIOPTa BOJH JIO
060c00sIBaHETO Ha MOHATUETO , nypucmuyecku mpancnopm™. [6.1]
Yecto HAMAa MHOTO SICHO pasrpaHMYEHHE MEXIy Hero u
IBTHUYECKUS TPAHCIOPT, HO B HAy4yHaTa JIUTEpaTypa ce IpaBH
OIIMTH 3a TOBa M C€ II0COYBa KaTO HEroBa XapaKTEpHCTHKA
OpraHM3UpaHHs XapakTep Ha TypUCTHYECKus TpaHcrmopT. Tosa
pa3bupa ce, He € Hal-TOYHOTO pasrpaHUYEHHE, ITOpagH CHIIHATA
JIMHAMUKA B Pa3BUTHETO U HA J[BETE IEHHOCTH.

Koraro roBopum 3a TpaHCHOPT, U3IOJA3BaH B TYpH3Ma, TO TOM
HMa pa3IMYHHM XapaKTEePUCTHKH KaTro BHJI, KOMQOpPT, TI'OpPHBO,
Obp3rHa, KamauTeT, ePeKTUBHOCT U T.H. 3a Ja ObJe OTHECEH KbM
TpaHCIOpTa OOCIYXKBAlll TYPUCTHYECKUTE IIbTYBaHUsA, TOH TpsOBa
Jla OTroBapsi Ha CJIEAHHMTE XapaKTEPHCTUKH, KOUTO ca CBbP3aHU C
00CITy)KBaHETO, 2 HIMEHHO TO Jia ChIIECTBYBA IPEIH IIBTYBaHE, IO
BpeMe U cief] mbTyBaHe. [6.1]

B wacrosimusi IOKJIaj] Ce TpaBd IpErjie] Ha TPaHCIopTHATa
JNEWHOCT B TypuU3Ma, KAakTO ¥ Hali-3HAYUMHUTE TPAHCIOPTHH
Cpe/ICTBa 3a TYPUCTHYECKHsI OU3HEC.

2. Buoose mpancnopm u 3Hauenuemo my 3a
mypusma ¢ bvncapus

P Bwirapust mma MHTerpupana TpaHCIOpTHa cTparerus (Mait
2017), unsaTo ocHoBHara nen e 1o 2030 r. ma m3rpaay cucreMa 3a
YCTOHYMBO pa3BUTHE HA TPAHCIIOPTA B CTpaHara HU. bbirapckara
cTpareruss € choOpa3eHa ¢ TPHIOKEHHWATAa Ha eBpOIeicKuTe
JIMPEKTHUBHU U CTPATEruH B TpaHcmopra. [6.4]

Tasu cTparerus cromara LsJIOCTHOTO Pa3BUTHE HA TPAHCIOpPTa
B CTpaHaTa HH, a TOBAa OT CBOS CTPaHa JOMpPHHACS 3a MOBHIIABaHE
KauecTBOTO Ha TyPUCTHYECKHs MPOAYKT. Pazbupa ce, Tyk TpsiOBa na
OBb/ie OTUETEeH peaHuUs HANPEABK 110 U3ITBIHEHHETO Ha CTPATerusTa
" J1a ce pabOTH 110 MpeopoIsIBaHEe Ha TPYIHOCTUTE 3a ObIrapckara
CTpaHa.

B wnammonamnata Hu cratucrmka (HCU), TpanCcmopTsT B
cucTeMara Ha TypU3Ma Ce HapekJa Ha BTOPO MACTO Cliej
pa3xo/MTe Ha TYPUCTHUTE 3a XpaHeHe (ocoYeHr Ha Tabiuia 1).
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Juazpama 1. Cpener pasxo[ 1o BunoBe (03 TypUCTHUECKHU MAKET)
3a TYPUCTHYECKHU ITbTYBAaHMS Ha JIMLa Hajl 15 roaunu 3a nepuoza
2015 - 2017 r. BKL. 32 Boorapus®

33.43%

29%

Ot paHHWTE B AWarpaMara CTaBa sICHO, 4e TypHCTHTE XapdaT
aii-MHOro (hMHAHCOBHU cpeacTBa 3a xpana (33,43%), mocnenBaHu
or tpaHcopT (29%), womyBku (18,83%) wm napyrm yciyru
( 6). JaHHuT EHA 3@ TOCIEAHUTE TPH TONAHA
Bbarapus u ca 100Bp MoOKaszaTels 3a BaKHOCTTA Ha TPAHCIIOPTA 3a
Pa3BUTHETO Ha TYpHU3MA.

18.83%

H

Jlpyr BakeH TMOKa3aTel 3a 3HAYMMOCTTAa Ha TpaHCIOpTa B
Benrapus e m3rpajgeHara TpaHCmopTHa — Mpexa. Ilopamm
CTPATETrHYEeCKOTO CH reorpadcko pas3moioxkeHne, B CTpaHaTa HH ce
Ha0Jro1aBa TYpPHUCTONIOTOK OT BCHYKHM BHJIOBE TPAHCIIOPT: aBTO,
JKEJIe30IIbTEH, BOCH (MOPCKH), BB3IyIICH.

Baxuu 3a aeémo u oswcenesonvmuusa mpawcnopm ca TeTTe
Tpanc-EBponelicku KOpua0pH, Ipecuyallld CTpaHaTa HU, @ UMEHHO:
Ne IV, VII, VIII, IX u X. Te morat na ce mpocnenst Ha ¢ur. 1.

TEAHCEBPOUERCKH KOPHIOPH
HA TEPHTOPHATA HA BRITAPHA

@uzypa 1. Tpanc-Eeponeticku kopudopu npecuuauyu P szeapu;z2

! Jlannute ca oOpaboreHn OT HMH(poOpManusTa KaueHa B caiiTa Ha
Hayuonanen cmamucmuyecku uHCmMUNYym:
http://'www.nsi.bg/bg/content/1996/pazxodu-3a-mypucmuiecku-nvmyeanus-
Ha-Hacenenuemo.



http://www.nsi.bg/bg/content/1996/%D1%80%D0%B0%D0%B7%D1%85%D0%BE%D0%B4%D0%B8-%D0%B7%D0%B0-%D1%82%D1%83%D1%80%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8-%D0%BF%D1%8A%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F-%D0%BD%D0%B0-%D0%BD%D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5%D1%82%D0%BE
http://www.nsi.bg/bg/content/1996/%D1%80%D0%B0%D0%B7%D1%85%D0%BE%D0%B4%D0%B8-%D0%B7%D0%B0-%D1%82%D1%83%D1%80%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8-%D0%BF%D1%8A%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F-%D0%BD%D0%B0-%D0%BD%D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5%D1%82%D0%BE

Te3u TpaHCIOPTHU KOPUIOPHU Ca ChbC 3HAYEHHUE Hal-Bede 3a
TypUCTHTE OT cbheenuHutre HM cTpaHu. Ilo mamam Ha HCU mpes
nepuoza siHyapu — HoemBpu 2016 r., bparapus e mocerena oomo ot
7 855 145  uyxpectpaHHum rpaxaaHu (06e3  TPaH3UTHO
npemuHanute). Texuuar Opoit e ¢ 16,1% mnoBede crpsMO ChIIUS
nepuog Ha 2015 1. Cpmo Taka yBelIMueHME KMa U IpU
TOCETIeHNATA C [IeJT TOYMBKA U BaKaHIM, KaTo peam3upaHuTe ca 4
931 263 mnocemenwus, koeto ¢opmupa pscT oT 19,9% u mpm
MOCEIIEHNATa C 1€ TOCTyBaHe HMa peructpupanun 638 168
nocemnieHus u pueT oT 28,3%. [ocemenusita ¢ nen 6usHec ca 1 320
471, xato TexHHAT pBCT € OoT 18,4%. Haii-mHoro Typuctn B
CTpaHaTa HH MPHCTUTAT OT ChCEIHNUTE CTPAaHM, & UMEHHO PymMbHMS
u I'vprusi, clieiBaHy OT TEPMAHCKHU, PYCKH M TYpPCKH TYPUCTH (KBM
2016 r.). 32 2017 r. nanHuTe 32 mocernieHus (Opoil) Ha YyKJICHIH ca
ot Pymbhus (1 943 436), Typuus (1 437 276), T'epuus (1 272 997)
u Iepmanust (1 046 219).

C Hall-Manko 3HaueHHE 3a TypHU3Ma Boarapus e
JHcene3onvmuUAmM  mpawcnopm, TPH KOWTO ce HaOmoxaBa
HaMaJsBaHE Ha Ma3apHUS U1 B MOCIEIHUTE HAJ JIeceT TOJMHH,
TEXKKO (DHHAHCOBO CHCTOSHHE M HHMCKATa MPHUCIIOCOOMMOCT KBM
HOBHTE M3MCKBAaHMS HA Masapa M KOHKYPEHIMATA IPH MpeBo3a Ha
nbeTHHIM. TOH OcTaBa mpeaodnTaM MpH MpeBo3 Ha TOBAapH, a He Ha
TIBTHHIIN.

B

Bv30ywmnusam mpancnopm Ha THTHHIM OT CBOS CTpaHa
Oenexu pbeT, KoUTO 3a mepuona 2014-2016 r. e 19,33%, koeto
cbcTaBnsgBa okoyo 1,8 muH. aymm (mo gaHHW Ha EBpoctat KeMm
2017 r.). Tlo mawsn wa HCH, mbTHUDUTE W3BBH EBpomneickus
KOHTHHEHT, KOWTO OCBIIECTBIBAT HAH-MHOTO TIIOCEHICHHS B
Bearapus (mymm xkem 2017 1.) ca Uspaen (209 304), CAILL (90 963)
n Kanana (19 113). Ha nmumarpama 2, mMoxe nxa ce Ipociean
MPOUEHTHOTO U3MeHeHue crpsiMo 2016 r. Ha MbTYBalIUTE OT TPUTE
JICCTUHAIHH.

JMuazpama 2. Tpume u36bH e8ponelicku 0bpicasu ¢ HAU-20NAM
0sn Ha mypucmu 6 Bvaeapusa (6 npoyenmuo usmenenue - 2016 xom
2017 2)°

12.20%
I 9.30% 9%
H3zpaea CAILL Kananga

ITpOLIEHTHOTO CHOTHOLICHHE OTrOBaps Ha CIIEAHHUTE AaHHU 32
MOBHIICHHE Ha Oposi Ha MBTYBALIUTE C BB3AYLICH TPAHCIOPT, a
nmenHo: W3paen nosumenue ¢ 25 458, CAILL ¢ 8 498 u Kanana c
1718 aymm.

Boonusm (mopcku) mpancnopm ¢ no-cienudpUUeH 3a
Typu3Ma, ThH Karo OO€IAHMHSIBA TPAHCIOPTHA W TYPUCTHYECKA
JIEHHOCT | Ipejiara KOMILICKCHA TYPUCTHYECKA YCIyra.

3. Booen (mopcku) mpancnopm
mpancnopmovm ¢ 00e0unaeauy npeonazanemo Ha
mypucmuuecku ycayeu u npeeo3vi Ha NbMHUUU.

B Typu3Ma, BOOHHUAT MJIM MODPCKMS TPAHCIIOPT, C€ CBBP3Ba C
BB3MOXKHOCTTA 332 KOMOMHUpAHE HA TPAHCHOPT U TypU3Ma 110 €IHO

2 https://aebtri.com/Img/DBB-map-big.jpg

® Jlanmute ca 06paGoTeHM OT MH(OPMAIHATA KaueHa B caiiTa Ha
Hayuonanen cmamucmuyecku uHCMUNym:
hitp://www.nsi.bg/bg/content/1969/nocewenus-Ha-uyxcoeHyu-6-0vaeapusi-
no-meceyu-u-no-cmpanu.

191

U cbuio Bpeme. Toif e M3MON3BaH OT Hail-AbIOOKA JPEBHOCT C
pa3nYHU 1eiu (ThPrOBCKa, 3aBOEBATEIHA, PeIUTHO3HA). [6.1]

IIpe3 ronuHUTe 10 JHEC, CPEACTBATa 33 Pealu3upaHe Ha TO3H
BHJ TpPAHCIOPT OelieaT TroisiMa EBOJIOLMS, IPEBPbILANKH
koM(popTa Ha NBTHHUOUTE B €JHA OT OCHOBHHTE CH IEIH IIPH
IIBTYBaHe.

MexryHapogHOTO KopaboInaBane peBo3sa nosede ot 80% ot
CBETOBHATA THPTOBHUS HAa XOpa M OOLIHOCTH MO LIeNHs CBAT. Boquus
TPaHCHOPT € Haif-epUKacHUAT W pEeHTAOMIEH METOJ U EBTHHO
CPEICTBO 3a TPAHCIOPT HAa CTOKM B CBETOBEH MaIlal, yJeCHsBAll
THProBUSTA W TIOMaraml 3a Cb3JaBaHE HAa MHPOCIEPHTET Cpel
HapoJUTe.

B Koneenyuama 3a obrecuasane na mMex#coyHapoOHOmMO MOPCKO
Kopabonnagane (cyooxoocmeo) (Ha anrmmiicku: Convention on
Facilitation of International Maritime Traffic (FAL)) ot 1965 r.
TUIABATENTHUAT Ch, M3BBPIIBAI TYPHCTHIECKH KPYH3HU CE€ OTpees
KaTo ,,ChJA, INpEIHA3Ha4eH 3a MEXIYHApPOIHH ITBTEIICCTBUS C
NpPEeBO3BaHE Ha IPTHHULM, YYaCTHHMIM B TIpYIoOBa Iporpama u
HACTaHEHU Ha 6opza, ¢ IeN IUIAHUPAHH TYPUCTHYECKH MOCEIICHUs
Ha €JIHO MM [IOBEYE PA3JIMYHU NPUCTAHUIIA. .. [6.3]

B nayunata sjwmrepaTypa, BOAHHUS TPAaHCIOPT CE€ CBBP3Ba C
KPYM3HUTE IIbTYBAaHHSA, KBJETO NMaMe KOMIUIEKCHO TYypPHCTHYECKO
obciyxBaHe (TIpe/ylaraHe Ha OCHOBHH M JOIBJIHHUTEIHU YCIYTH).
Cnopen M. HemkoB, Kpyu3bT MOXeE Ja C€ ONpEIeNid Karo
OpPTaHM3UPAHO TYPUCTHYECKO IIbTYBaHE C Kopa® IIpH KOETO
YYaCTHHUIIMTE IBTYBAT B TPy, KOSATO CE 3ama3Ba €IHa U ChIla Ipe3
IUTOTO TBTYBaHe, MapIIPyTHT € Oa3upaH Ha BB3MOXKHOCTUTE 3a
CIHMpaHe ¥ MPECTOH HA MPUCTAHHIIATA, & CBIIO Taka ¥ BB3MOXKHOCT
3a MOCEIIeHne Ha TYpHCTHYECKH OOEKTH Ha CyllaTa, KOMTO ca B
6JIM30CT 10 IpUcTaHuIeTo. [6.2]

B nawanoro Ha 2009 r. EBpomeiickara xomucHs IyOIMKyBa
JOKyMeHTa ,,Cmpamezuiecku yeau u npenopvku 3a NOIUMUKAma
na EC 6 obnacmma na mopckus mpancnopm oo 2018 2., B KOUTO
ca NpEJCTaBEeHH OCHOBHH CTPATEIMYECKH LM Ha eBpoIeiickara
CHCTEMa 332 MOPCKU TPAHCIOPT U €€ MACHTHOHULHMPAT KIOYOBHUTE
o0acTy Ha JeiicTBHE 32 NOBUIIABAaHE KOHKYPEHTOCIIOCOOHOCTTA Ha
CeKTopa ¥ Mo00psABaHe HA EKOJOTHYHUTE My pe3ynTaTu. [6.3]

Crparerusta € Hacou€Ha OCHOBHO 3a CBb3J[aBaHETO Ha
KOHLleNuuATa ,,MOpCKU MarucTpanu®, KOsTO LEIU BbBEXJIaHE Ha
HOBU MOPCKH JIOTUCTUYHM Bpb3KU B EBpomna, KOUTO Ie OCUTypsT
nomoOpsiBaHe Ha JOCTBIA JO Ma3apuTe Ha KOHTHMHEHTA M IIe
obnmexyaT HaTOBapeHaTa WbTHa Mpexa. KaTo mpuopuTerHa
JEeHHOCT, CTpaTeTusTa I0COYBa ,,MI3MI0I3BAHE HA ITBIHUS MOTCHITHAI
Ha MOPCKHSI TPAHCIIOPT HAa KBCH PA3CTOSHUS M HA MOPCKHUTE
TPaHCIIOPTHH yCIIYTH 3a On3Heca U rpaxaaHute B EBpoma‘.

3HAYUTENHUAT MMOTEHIMAI Ha PEYHMS TPAHCIOPT MPEACTOH Ja
Opne oOxBaHAaT IO rojsiMa cTeneH. Ako Oble INpearnodeTeH,
TpadUKbBT MO MBTUIATA IIC Hamajiee, a BB3MOXKHOCTTA 32
npeiarane Ha TYPUCTHYECKH YCIyrH MO BOAA I CEe YBEINYH
MHOTOKPATHO.

Ot cBOA cTpaHa, NPHCTAHWIIHATA CHCTeMa B bbiarapus e
CBCTaBeHA OT MOPCKH U PEYHH ITOPTOBE, KATO OCHOBHHTE MOPCKH
MIPUCTAaHUIA Ca pas3moyioxkeHH BbB Bapra m bByprac, a Haii-
roemute peunn ca B Pyce, Buoun, Jlom u OpsixoBo.

KbM anpun 2018 r., 3ad9BKH 3a HOCELIEHUS HA KPYU3HH KopaOu
Ha npucranumara Bapna u byprac msama. Ilpe3 2017 r. roguna
CBIIUTE 3amucaxa peKopIHo ciab KpyuseH ce30H. Kato cpaBHeHHe
3a HeraTMBHAaTa TEHACHIMSA, MOXke na ce mage 2014 r., xoraro
OBJITapCKHUTE IPHCTAHUINA ca IIOCETEHH OT 36 KpYU3HM Kopada, a ¢
TSIX ¥ XWISAN BUCOKO IUIATEKOCIOCOOHH TYPHCTH, KOUTO C IIPECTOS
CH IIOJITIOMOTHAaXa ObJrapckata MKOHOMHKA. Cpes CHeruanucTure
110 KPYM3HH ITBTYBAHMS, C€ PA3IIIeKIAT Pa3INIHN IPHUINHH 33 Ta3H
HeraTHBHA TeHAeHIus. ETo HAKOM OT TsX:

- MaTepuaJHO-TEXHU4YecKa 0a3za W HHpacTPyKTypa
JIMIICBA LSUIOCTHO MOJHOBSBAHE Ha ChOPBKEHHATA 32 0OpaboTBaHe


https://aebtri.com/Img/DBB-map-big.jpg
http://www.nsi.bg/bg/content/1969/%D0%BF%D0%BE%D1%81%D0%B5%D1%89%D0%B5%D0%BD%D0%B8%D1%8F-%D0%BD%D0%B0-%D1%87%D1%83%D0%B6%D0%B4%D0%B5%D0%BD%D1%86%D0%B8-%D0%B2-%D0%B1%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F-%D0%BF%D0%BE-%D0%BC%D0%B5%D1%81%D0%B5%D1%86%D0%B8-%D0%B8-%D0%BF%D0%BE-%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B8
http://www.nsi.bg/bg/content/1969/%D0%BF%D0%BE%D1%81%D0%B5%D1%89%D0%B5%D0%BD%D0%B8%D1%8F-%D0%BD%D0%B0-%D1%87%D1%83%D0%B6%D0%B4%D0%B5%D0%BD%D1%86%D0%B8-%D0%B2-%D0%B1%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F-%D0%BF%D0%BE-%D0%BC%D0%B5%D1%81%D0%B5%D1%86%D0%B8-%D0%B8-%D0%BF%D0%BE-%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B8

Ha KOHTEHHEepH, KaKTO W JHMIca Ha CTpaTerusl 3a MOBHIIABaHE
MHTEPECHT HAa KPYU3HUTE KOMITaHHU;

- CUTYpPHOCT B PETHOHa — YIIOMEHAT € YKPaWHCKM KOH(IIHKT,

BBTPEIIHO-TIONUTHYECKAa oOcTtaHoBKa B  Typnus, KakTo ¢
0eKaHCKUS MOTOK;
- IPUCTAHHUIIHU TakCM — BHCOKM 33 KadeCTBOTO Ha

npemtaranara yciryra. KOHKypeHTHH IpHCTaHUINA B perHOHA KaTo
Koncranma (Pymbans) m Comyn (I'epuust) Bmaratr cpeactBa 3a
MOZEPHH3AIMS U Pa3IIUPsIBaHE HA OCHOBHM ThPTOBCKH MOPTAJH 32
crpanute ot Oromstouna Espoma. ITokasarenen e ¢axrhT, ue
Koncranna o6paboTBa moBeye TOBapH TOAWIIHO B CPaBHEHHE C
BCUYKH OBJITapCKH MPHCTAHUIIA, B3ETH 3a€HO.

Cren KaTo ce YCTAaHOBU 3HAYEHHETO Ha BOAHMS TPAHCIIOPT 3a
Typu3Ma, clleiBa Ja c€ pasriefaT M Hai-TOIeMUTE KpyW3HU
Kopalwu, IpeyIarany OHACTOSIIEM B CBETa.

4. Haii-zonemume KpyusHu KOMRAHUU 8 CGema

3a na 6baaT WACHTH(UIUPAHN HAH-TOJIEMHTE KPYH3HU KOpaOH
B CBeTa, Ce MpoBeXJa OHJIalH mpoyuyBaHe. B Tabmmma 1 ca
MIPEACTaBeHN CBETOBHUTE JIN/IEPU B KPYU3HHUTE MIBTYBAHMS, MIATO H
TOAMHa Ha OCHOBaBaHE, HAW-TOJEMHAT MM Kopab M TroAWHa, OT
KOATO TOM QyHKIHOoHUpa. [JaHHHUTE ca chbOpaHH U 0OOOIIEHN KbM
anpui 2018 1.

Taonuya 1. Ceemosnu kpyusuu auoepu kom anpun 2018 e.

Ne | Kopadna OcHoBaHa Haii- Tomun
KoMMaHus/ roJIsiM axx*
Kopa6na Kopao™*

JaUHAA*

1. | Royal Caribbean | Hopserus, Symphony of the | 2018
International 1968 r Seas

2. | MSC Cruises Heanoxn, MSC Meraviglia | 2017

Uranus,
1987 .,

3. | Norwegian N/A, 1966 r. | Norwegian Bliss | 2018
Cruise Line

4. | Genting Hong | N/A, 1993 r. | Genting Dream 2016
Kong Company

5. | Cunard Line N/A, 1838 r. | Queen Mary 2 2004

6. | Princess Cruises N/A, 1965 r. | Majestic Princess | 2017

7. | P&O Cruises Cayrxemnts | Britannia 2015

H, AHIIIHS,
1837 1.
8. | Carnival Cruise | Masmu, Carnival Vista 2016
Line CAIIL
1972 1.
9. | Costa Cruises Ienya, Costa Diadema 2014
Hranus,
1854 r.
10 | Disney  Cruise | Jlonmow, Disney Fantasy 2012
Line Awnrnus,
1996 1.
11 | AIDA Cruises Pomiox , AIDAprima 2016
I'epmanus,
1960 T.
12 | Celebrity Cruises | I'bprus, Celebrity 2012
1988 r. Reflection

*Toea ca Kopa6Hu KomnaHuu, cmanaiu Obmepnu Ha no-zojiemume
Kopnopayuu 6 KpyusHus 6M3H€C, HO 3ana3uiu HauMeHosarHuemo Cu.

**Kopabume ca xnacupauu cnopeo 6pymuus mouaxc ¢ 0bem Hao
120 000 6pymo mona.

***Hauanna coouna na excnioamayus. B kpyusnume nvmysanus,
nLpeomo nemysawe Ha Kopaba e uzgecmno Kkamo ,,maiden
voyage*‘.

Unrepecen ¢akT OT mNpoydBaHETO €, 4e B Kiacamus 3a
Kopabute criopen OpyTHUS TOHaX, ChlIiecTBYBAaT 47 ¢ obem Hazg 120
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000 OpyTo TOHa KaTo BCHYKH T€ ca COOCTBEHOCT Ha ONHCAHUTE B
TabnuuaTa KopaOHH KOMITaHHH.

OT HampaBeHO H3CJIEBaHE, MOXE Ja ce 0000LAT HAKOU
OCHOBHH (paKTa, a IMEHHO:

- KPYU3HHTE ITbTyBaHHS
TYpPUCTHUYECKHSI TPAHCIIOPT;

ca Haﬁ-ﬂpKOTO HU3paX€HUE Ha

- B CB€CTOBCH Mama6 ce Ha6n10z1aBa OKPYIIHABaHE Ha KPYU3HUTE
KOMIIaHHH

- B KPYM3HHTE KOpabM ce HMHBECTHUpAT royieMd (HHAHCOBH
CpeJCTBa, KOETO € MOKa3aTeN 3a MOBUILIEHO TYPHCTHIECKO ThPCEHE;

- KpYU3HUTE KOMIIAHHM YBEIH4YaBaT MEPUMETBPBT CH Ha
JEHHOCT U OT PETMOHAJHY, TOIAMa YacT Ce MPEBPBIIAT B CBETOBHH
OTepaTopH 1O BOJA;

- BCCKH ClJiCABall] K0p3.6 € MHOI'0 IO-MOACpHHU3UPAH BBHB
BCHYKH aCIICKTU (TeXHH‘{eCKH, TEXHOJIOT'UYHO, 00eMHO 1 T.H.);

- IPHUCTaHUIIHATA CUCTEMA € OT IOJIIMO 3Hau€HUE, Ch3JlaBaliKu
TIOJXOSAIIN YCIOBHS 3a IPECTOM U CIIUpaHe Ha KOpaOuTe.

ToBa ca yacT OT BB3MOXHUTE M3BOAU, HO € (PaKT € TO3U BUJ
TPAHCIOPT € ¢ Hal-TOJISIMO 3HAYEHHE B TYpU3Ma.

5. 3axnrouenue

B 3akmoueHne Moxke mga ce 0000mM, Ye OporpechT B
TPaHCIIOPTa OKa3Ba CHIIHO BIMSHHE BEPXY Pa3BUTHETO HA TypH3Ma.
To3u ¢akr HamMupa U3paKeHHE B MOMYJSIPH3UPAHE U HA HE MHOTO
W3BECTHH MECTa C TYPUCTHYECKH IIOTCHIHMal, KOETO BOIH [0
M0siBaTa HA HOBH JICCTHHAIINH.

Ot npyra cTpaHa, TYpU3MbT BIIHsie HA TPAHCIIOPTA KATO CTHMYJT
32 MOJEPHM3AIUs W YCHBBPIIEHCTBAHE HA IHTHINA, TEXHHUKA,
TEXHOJIOTHH, HOBH BH/IOBE TPAHCIOPTHO OOCIY)KBaHe U Ipe/Jiarad
koMdopT. B HayuyHaTa nuTEpaTypa Ce yCTAHOBsIBA TCHICHUMS Ha
[OBHILIEHHE HA IBTYBAHUSTA C L) TYPU3bM, KOUTO Ca [0-YECTH, HO
3a MO-MaJIbK MepHo oT Bpeme. [6.1]

TypI/I3MT)T 1 TpaHCHOOPTHT Ca JABE B3aMMOCBBP3aHU CUCTEMHU,
KOHTO CbC CBOATA }:[eﬁHOCT CH OKa3BaT I'0JIAMO BJIMAHUC.

6. Jlumepamypa
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THE NUMERICAL INVESTIGATION OF HIGH SPEED TRAIN-TUNNEL
INTERACTION AT ENTRANCE AND EXIT
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Abstract: In the study, the flow pattern due to the interaction between a high-speed train and the tunnel at the model scale was analyzed.
Six different tunnel entry geometries were used variably for a single train speed. The most important issues as a condition of comfort in high
speed trains are noise and vibration. In particular, flow-induced noise is triggered by pressure changes in the flow. For each geometry, the
pressure changes at the tunnel entrance and at the tunnel exit are plotted with depending on time. As a result, the least amount of pressure
change was found in the tunnel entrance model with openings in the side walls.

Keywords: COMPUTATIONAL FLUID DYNAMICS, HIGH SPEED TRAINS, OVERSET MESH, PRESSURE CHANGES

1. Introduction

In recent decades, with the increase of international economic
activities, transportation have become an important issue all over
the world. The amount of passengers and goods that can be carried
in a single time and duration of transportation are critical
parameters in economic transportation systems. For this reason,
railway transportation is an important alternative by being faster
than sea transport and having more load carrying capacity than
airlines. Although the cargo capacities of the vehicles used in
railway are high, as well as marine transport, the transportation time
is not short enough. Thus, there is an increasing afford to speed up
the vehicles on the sea and railway transport. However, the increase
of the speed of vehicles causes some problems, which are mainly
drag, noise and vibration. Especially in high speed rail systems,
most of the energy wasted to overcome the drag of the air with the
speed up of the vehicle. Besides, when the rail systems are
considered, the vibration and the noise are important issues due to
the interaction of vehicles with non-vehicle elements such as
tunnels. This problems creates an undesirable environment
considering the passenger comfort.

In the literature, it is possible to reach some studies examining
this problem. Ogawa and Fujii [1] numerically studied the flow
induced by a high-speed train moving in a tunnel using three-
dimensional compressible Navier-Stokes equations. In time-
dependent solutions, the focus is on the compression wave that
causes the noise burst at the entrance and exit of the tunnel. The
calculated pressure increments in the tunnel are compared with the
measured data. It is stated that the compression wave in the tunnel
depends on the tunnel position. Kwon et al. [2] studied the effect of
the high-speed train nose geometry on explosion in their work and
optimized the nose geometry using axial symmetric Euler equations
and response surface methodology. By using the results of the
study, they have examined the mechanism of train-tunnel
interaction. Shin and Park [3] investigated the compression wave,
which is similar to the piston effect, created at the tunnel entrance
of the high speed train. They have modeled the problem with three-
dimensional, time-dependent Navier-Stokes equations and the
movement of the train with the multi-block slider approach. At the
entrance of the tunnel, the pressure that induced by the piston effect
was increased on region around train nose, and the drag force acting
on the train was 2.7 times higher than the value outside the tunnel.
Xiang et al. [4] have numerically investigated the compression
waves that high-speed trains creates at tunnel entrances. They have
seen that the compression wave is caused by the development of a
large number of waves. Three equations have been proposed to
understand the train Mach number, the ventilation rate and the
effect of the ventilation zone on the compression wave.

When these studies are examined, it is seen that most of these
studies considering the high speeds with compressible fluid. In this
study, the effect of different tunnel entrance geometries on pressure
gradient in train-tunnel interaction at low speed voyage was
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investigated. In this context, six different entrance concepts were
determined and flow analyzes were made for each geometries. The
results were analyzed in terms of pressure changes.

2. Mathematical Model

The equations that model the three-dimensional, incompressible,
time-dependent turbulent flow around the high-speed train, which
are Navier-Stokes equations, are given below. The k-epsilon
turbulence model is used to model the turbulent behavior [5].
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3. Numerical Method

The model train and model tunnel cross-sections used in the
numerical study are shown in Fig. 1 Model height Hy.i, = 980 mm,
width Byain = 900 mm and is length Lyqin = 16000 mm, model tunnel
main dimensions are tunnel diameter Dypne = 1250 mm and tunnel
length Liynner = 47900 mm. Scale factor is chosen 1/10.

H[min

Dunet

Btrain

Fig. 1 Model train and model tunnel cross-section views

The speed of the model train is taken as 3 m / s which is equal
to the 108 km/h for full scale. Fig. 2 shows tunnel entrance
geometry variations.



Case 0
Case 1 Case 2
O
Case 3 Case 4
~ N
Case 5 Case 6

Fig. 2 Tunnel entrance geometry variations

Fig. 3 shows the solution grid for the domain used in the study.
Solution domain is created by using unstructured hexahedral
elements. As a result of solution grid dependency study, 1378300
grid elements were used in domain solution grid. Movement of the
train is modeled with overset meshing technique. All computations
are carried out via commercial code, CD ADAPCO Star-CCM+.

Fig. 3 Domain solution grid scene

4, Results

Fig. 4 shows the time-dependent pressure measurement
locations at the inlet and outlet of the tunnel.

Outlet Section Inlet Section

P e ————

Fig. 4 Measured inlet and outlet cross-sections

The solution is completed with the voyage of the train, which is
started from the outside of the tunnel, passing through it and going
out of the tunnel again. The train's nose was entered the tunnel at
the sixth second of the solution, while the tail was entered at the
eleventh second. Besides, the nose and tail of the train was come
out of the tunnel at the twentieth and twenty-fifth second of the
solution, respectively. Fig. 5 shows the time-dependent pressure
values for all geometries in the tunnel entrance section.
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Fig. 5 Time-dependent pressure values for all geometries at tunnel
entrance section

As can be shown in Fig.5, the same pressure values are obtained
for all geometries at the beginning of the movement at the outside
the tunnel. When the train gets closer to the tunnel entrance, it is
seen that the pressure values are varying for different entrance
geometries. The lowest pressure change was obtained in the “Case
1”, by considering the entrance of both the nose and the tail of the
train. Besides that, when the entrance effects of the nose and tail
regions of the train are compared, it is seen that the pressure
variation is much higher in the tail zone. The maximum pressure
variations were obtained in the "Case 6" geometry. Fig. 6 shows the
time-dependent pressure values for all geometries in the tunnel exit
section.

Qutlet Surface Pressure
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Pressure [Pa)

-15

10 15 20

Time [s]

25 30 35 40

Fig. 6 Time-dependent pressure values for all geometries in the tunnel exit
section

The tunnel exit pressure values are quite different from the
tunnel entrance pressure values. A two-peaks curve is obtained at
the outlet while an oscillatory pressure distribution is obtained at the
inlet region. As mentioned before, at twentieth second, the train's
nose region, and at twenty-fifth second, the tail region of the train
came out from the tunnel. In contrast to the inlet zone, the minimum
pressure variation is found in the "Case 5" geometry. However, it
was observed that the maximum pressure change was obtained in
the "Case 1" geometry.

5. Conclusion

Six different tunnel entrance geometries have been investigated
in the study in order to investigate the high-speed train-tunnel
interaction and to show the effect of different tunnel entrance
geometries. The pressure values against time at entrance and exit of
the tunnel are presented. When the results are examined, the lowest
pressure variation for the tunnel entrance is obtained by the "Case
1" geometry, which has large openings on the top surface. On the
other hand, the lowest pressure change for the tunnel exit is
observed in the "Case 5" geometry, which is a parabolic nozzle.
These sudden pressure variations may be explained by the
aerodynamic structure formed by the movement of the train into a
narrower area. When the optimal cases are considered, at the
entrance of the tunnel, the high-pressured air in the nose region of
the train is balanced by atmospheric air and the pressure change is
reduced by the openings at the tunnel entrance. At tunnel exit,
pressure variations are reduced, by the gradual movement of the
high pressured air at the inside of the tunnel through the
atmospheric pressure level, using the nozzle geometry.
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Abstract: For newly introduced transport services, there's not only the transport aspect that matters what the new service will bring t0
passengers, but also the operating costs are very important. In this area the systematic timetable planning plays an important role. Total
costs of the transport system are significantly affected by the fixed costs, deriving from the number of regular deployed vehicles and drivers,
related to the overall transport performance and total operational productivity. Advanced timetable engineering means a strong link between
timetables, vehicles and infrastructure. The article demonstrates this approach on the example of the introduction of new express trains

Praha - Plzeri - Cheb / Miinchen in the timetable 2017/18.
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1 Introduction

According to the data from Czech Ministry of Transport,
passenger rail transport in the Czech Republic has been
experiencing a great renaissance in recent years. The increase of
passenger transport in passenger kilometers in 2010-2017 is
44%.

The main cause for this sustainable growth is in particular long-
distance rail transport and suburban transport around great czech
cities (Praha, Brno, Ostrava, Plzer).

Several factors contribute to the growth of demand. The first is
improvement the offer of connections, when the structural
changes associated with the implementation of IPT (Integrated
Periodic Timetable) between 2005-2009 brought about a
fundamental change in the structure and frequency of supply, as
well as in the creation of systematic links in IPT nodes. The
second is undoubtedly shortening travel times associated with the
modernization of transit railway corridors. The third major factor
is the improvement of the fleet quality and the improvement of
rail carrier services, which is also reflected in the liberalization of
the passenger rail market.

Due to the increasing demand for transport and the progressive
modernization of the infrastructure, the orderers of public
transport react by expanding of timetable links and connections.

Czech Ministry of Transport, the orderer of long-distance
passanger trains, has in the timetable 2016/17 introduced new
express train segment between Praha - Ceské Budgjovice (- Linz)
and follows in current timetable 2017/18 new express trains
between Praha - Plzeti (- Cheb / Miinchen).

Increasingly, expanding transport performance requires
productivity and efficient deployment of vehicles, so that these
increases in traffic performance were generally financially
manageable - both for carriers and for public authorities.

This approach to achieving operational productivity is
demonstrated in the article on the example of newly established
express trains on the line Praha - Plzen.

2 Prerequisites for solving the productivity problem

In the Czech Republic, over a period of more than 20 years,
intensive renewal of railway infrastructure, primarily transit
railway corridors, has taken place. One of these cases is Ill.
transit corridor leading from Cheb via Praha to Ostrava and to
the border with Poland and Slovakia. Between Praha and Plzen,
the corridor is already completed at 62% of its length, including
the longest newly built railway tunnel in the Czech Republic
between Rokycany and Plzeni (tunnel Ejpovice), which is 4.15
km long and should be completed and put into operation this
year. Czech Ministry of Transport decided to order new express
trains between Praha and Plzen in the Timetable 2017/18, which

will be a new additional passenger service to the current fast trains.

The task was to prepare such an operational concept on the railway
line, which would achieve the highest operational efficiency while
respecting the boundary operating conditions.

These boundary conditions consist of the demand for reaching IPT
nodes, the attraction travel time of newly introduced trains, the lack of
travel time on existing trains and, last but not least, the current state of
infrastructure. The final timetable is thus generated by repeated
iterative steps associated with fine minute tuning, taking into account
transport and operating parameters while maintaining the IPT
principles.

At beginning, there’s necessary to define the transport concept. Until
timetable 2016/17, the operation of long-distance trains on the line
Praha - Plzeti consisted only from fast trains, in which the Praha -
Cheb trains were operated in 2-hour interval, in the 4-hour intervals
trains Praha - Miinchen and in 4-hour interval trains Praha - Klatovy -
all these lines together formed regular 1-hour interval between Praha -
Plzen.

All possible schemes of train paths have been verified as part of the
search for acceptable variants. Under the terms of the periodic
timetable, a solution that is symmetrical by minute 00 has always been
sought.

The timetable constructional principle of the express train path was:

1) Examine the shortest travel time on infrastructure conditions with
all constraints due to the reconstruction

2) Time binding to a time position agreed for passing trains on the
border with Germany

3) From the above to derive the latest possible minute arrival to Plzen
(from Praha) and for this time to find the closest path, realizable
periodically and symmetrically

4) Overlapping of the time scheme of express paths (Ex trains) with
the scheme of fast trains paths (R trains) and identification of
technological collisions

5) Solving the collisions primarily by adjusting the fast train (R) paths
so, that the constraints of the existing connections in the IPT nodes are
respected - the aim of the step was to make as few changes as possible
for existing trains and linkages

6) control of turn-over times of long-distance trains in end stations,
prediction of turn-over times according to the planned works on
corridor track, stabilization of the route

7) Minute fine-tuning of express (Ex) and fast trains (R) paths in the
Praha - Beroun section, within the exact time spacing of 30 minutes
for collision-free timetable construction of suburban regional transport
In the search for variants, it was always proceed first theoretically, by
examining the mathematical conditions of the edge time lengths (in
this case, the edge between the IPT nodes was replaced by an
imaginary edge between the crossing stations) in the presence of both
periodical segments in 1-hour period, by applying the edge equation
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over the sums of 30 min within one segment and over the sums
of 15 min within a combination of both segments.

Proposal of operational concept was verified by FBS - tool for
timetable planning.

The new operating concept preserves only the line Praha - Plzeti
- Klatovy as a fast train line with a larger number of train stops,
while the lines Praha - Plzeii - Cheb and Praha - Plzeii - Miinchen
are transformed into a new segment of express trains.

Classical long-distance fast trains (train category R) are operated
in a basic interval of 120 minutes between Praha - Plzen -
Klatovy, and for most of the working day it is completed for 60
minutes interval between Praha - Plzen. The long distance trains
R are reaching wider IPT node 00 in Praha, the complete IPT
node in Rokycany in the minute 30 and are bounded to IPT node
00 in Plzeni (from Plzen to Klatovy is depart before the whole
node). The suburban regional transport service at Praha is
operated in a basic interval 30 minutes between Praha and
Beroun. At the nearest agglomeration section between Praha and
Revnice the interval is concentrated in peak hours of working
days to 15 minutes. The paths for long-distance fast trains are in
the timetable so designed, to avoid overtaking regional trains in
the section between Praha and Beroun, i.e. to avoid the loss of
time for passengers in suburban transport. From this constraint it
follows logically, that for the new express trains (train category
Ex), the only path which could be used between Praha and
Beroun is shifted exactly 30 minutes to the current fast trains.
There should be found such path for the express train, which
enables as possible to reach IPT node 00 in Plzen. Thus, the
entire timetable interval scheme of the Ex and R trains with
regional trains had only such a time-manipulation space, to avoid
disturbing current IPT nodes while avoiding overtaking regional
trains. The conditions for the timetable construction of the path
for new express trains were such, that a path with the smallest
technological conflicts had to be found, which at the same time
fulfilled the time conditions for passing trains on the border with
Germany (for reaching transfer connections in stations
Schwandorf, Regensburg and Miinchen). By express trains to
Cheb, there were necessary to keep the existing IPT node 30 in
Cheb. In total, there were introduced a 2-hour interval of direct
express trains Praha - Miinchen and 2-hour interval of direct
express trains Praha - Cheb, where both these 2-hour interval
make together 1-hour interval of express trains between Praha -
Plzen.

Overall, this represents an increase of 55%
performance, which is about 600 000 trainkm / year.

transport

3 Operational productivity and efficiency

Productivity is generally defined as the ratio between the output
of the enterprise and the necessary inputs. Since each output
arises from a larger number of input variables, there is used in
measuring the productivity of a larger number of partial
indicators "partial productivity." Changes in output can not
always be assigned to only one factor, and pursued partial
productivity can not be seen as isolated endpoints and there
should be monitored more parameters.

High productivity can be achieved through high efficiency and
effectiveness. The effectiveness can be defined as a measure of
how strongly the system output is produced in accordance with
the desired output.

The efficiency can be described as the ratio between the
produced output and input needed for its implementation
(produced output / input). Some sources describe this difference
clearly as "doing things right" (effective venue) and "doing the

right thing" (effective action). Effective action means: do the right
thing at the right moment in time, while effective venue allows you to
do these things with minimal resources.

Typical input quantities in the measurement of productivity in rail
passenger transport are for example engines, engine-drivers or
passenger cars. The offer in the timetable, expressed by train- or seat-
kilometres means the produced output.

To assess (includes future) success of the TOC (rail carrier - Transport
Operating Company), there is important to monitor important
indicators for the assessment of productivity - there is seat km/car,
train km/engine, train km/staff, train km/engine driver, seat km/train
staff. They display, how well available resources are used to create an
offer in the schedule.

Rail transport is specific to a generally high proportion of fixed costs.
Variable costs are in terms of the Czech Republic about 60% of the
level, when approaching a vehicle operating utilization of 80% (due to
low travel speeds and thus small run over of vehicles). Such utilization
in the Czech Republic is achieved usually on such lines, where it is
consistently applied the IPT.

Certain costs of rolling stock, such as maintenance depend on the
vehicle run over. These costs may be changed due to the
implementation of measures to increase the productivity, although in
comparison with the investment costs would be their impact rather
small. These problems tend to magnify during major investment in the
rolling stock. The acquisition cost of new rolling stock is comparable
in the Czech Republic and abroad.

So the current approach described in chapter 2 applied by creating new
transport concept is focused to offensive offer, where the existing
resources in the field of rolling stock and staff are used to create
higher level of service, while the growth of variable cost components
must be covered by additional revenues.

4 Results

To ensure the original timetable concept, there were needed 9 engines
with an average daily run of 683 km / day.

In the new timetable concept with considerable increase of the the
transport volume, there had to be planned 4 additional engines, with
enhanced productivity of the circulation, increasing the average daily
run of the locomotive to 745 km / day. However, this state is only
temporary, because after the opening of the Ejpovice tunnel, the travel
time of fast trains between Praha - Plzen will be shortened by 7
minutes in each direction. The structure of the operational concept is
so prepared, that at the same time will allow a quick turnaround of the
engines in Praha. Average daily run of locomotives will thus rise to
806 km / day.

Engine fix costs by daily mileage
(engine price 100 Milion CZK, service life 30 years)
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Fig. 1 Influence of the depreciation cost of the vehicle on transport
performance depending on the traffic enforcement

197



Modern rail vehicle with a small mileage represents for each
carrier an economic trap, since its operation by the usual amount
of compensation (in the CR average 130 CZK / train km) isn't
long financeable. The growth in wvehicle productivity thus
contributes to lowering the unit price of transport performance.

On fast trains and express trains, two-system locomotives of the
type CD 362 of the 1980s are currently deployed, but they will
have to be gradually replaced in the following years by new
engines. Even with regard to this future investment, it is still
necessary to monitor the productivity of vehicles and to make
any adjustments to the operational concept to interact between
the timetable - vehicle - infrastructure.

From the point of view of reached travel times, the straightening
looks as follows:

- travel time of fast trains (R) in periodic path in timetable
2016/17: Praha - Plzefi: 1 hour 37 min; Praha - Klatovy 2 hours
40 min; Praha - Cheb 3 hours 11min

- travel time of fast trains (R) in periodic path in timetable
2017/18: Praha - Plzef: 1 hour 42 min; Praha - Klatovy 2 hours
38 min

- travel time of new introduced express trains (Ex) in periodic
path in timetable 2017/18 Praha - Plzefi: 1 hour 25 min; Praha -
Cheb 2 hours 54 min

It is obvious, that the only time-penalized passenger frequency is
in the fast trains Praha - Plzefi, but in this relation the passengers
are reaping the newly introduced express trains running every
hour.

In the case of the fast trains Praha - Klatovy, the current travel
time was hold. Connection to Cheb has become as part of new
express service, and therefore there is significant time saving in
this relation.

In the case of the international connection Praha - Miinchen,
which is newly part of the introduced express segment between
Praha - Plzen, there was an increase in direct trains from 4 pairs
to 7 pairs per day. Travel time in timetable 2016/17 ranged
between 5 hours and 50 minutes to 6 hours, while in the 2017/18
timetable it was unified for 5 hours and 45 minutes.

5 Conclusion

This paper has presented, how timetable technological
combinations could influence engine productivity in passenger
rail services. All technological timetable processes and variants
have been reviewed in the software FBS.

Since the beginning of creating the timetable concept, it is
necessary to plan within the limits of interactions of the triangle
timetable - wvehicle - infrastructure and outside of it the
transportation linkages take into account technological linkages
and possible engine circulation between trains too. So an
increase of the average daily run and of the productivity of the
vehicles could be achieved.

This approach applied by introduction of a new express train
segment between Praha - Plzen led on one side to shorter travel
times, on other side to increasing operational productivity.

From the point of view of travel times, there was found such
solution, which by introducing new express trains (Ex) did not
damage existing fast train segment (R), including its transfer
links.

With further construction works, the constraints for train paths will
also change and the technological solution founded for timetable
2017/18 is only temporary. While in the timetable 2017/18 the
average daily run of the locomotives increased by 9%, the operational
concept is prepared so, that by applying the same approach and
methods will result in next increase of the average daily run in
timetable 2018/19 by another 9% and in saving of one locomotive.

Advanced timetable engineering brings a strong contribution for an
effective use of resources of TOC. Practical application of these tools
makes necessary link between theory and praxis.
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Abstract: The main trend in considering the interaction of the railway track and the rolling stock is the studying of the parameters of the
rigidity of the interaction. For the study, a model of the track design, described using the basic concepts of the theory of elasticity and the
propagation of elastic waves was developed. The study of the peculiarities of the interaction of the rolling stock and the track, taking into
account the elastic properties of the base, allows to expand the possibilities of solving the problems of ensuring their functionally safe

operation with a certain level of operational efficiency.
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1. Introduction

The main trend in considering the interaction of the railway
track and the rolling stock is the studying of the parameters of the
rigidity of the interaction. It is necessary to use not only equivalent
parameters obtained in the experiment, but also parameters related
to specific interaction conditions. The parameters of the railway
track and the rolling stock, are the key to obtaining effective
solutions in the tasks of ensuring their functionally safe operation
with a certain level of efficiency taking into account the real
constructive physical and mechanical features of the interaction.

All the issues related to determining reliable, functional and
safe railroad track operation imply the exploration of dynamic
processes in the track design that occur under the influence of the
rolling stock.

A study of the dynamic process interconnects the following
tasks: determining the types and magnitudes of the forces acting on
the track depending on the position of the wheelset in a track,
location and types of the contact between wheels with rails which
depend on the condition of the wheels and rails, as well as a change
in the stressed-strained state of the track over time. When
describing the dynamic process, the magnitudes of vertical forces
that act on the track were determined as functions of the
longitudinal compressive forces [1]. The magnitudes of transverse
forces — by dependences of the calculation of the rolling stock
aligning with the track [1, 2]. The question on the types of contact
between wheels and rails required separate consideration. Typically,
when analyzing the contact between a rail and a wheel, a rail is
considered either new or with a side wear of 3.5 mm, at which the
rail is believed to be little worn-out, and a side wear of 7.8 mm, at
which the rail is considered to be medium worn-out. Papers [3, 4]
present modern analysis of the wear of wheels for different profiles.
A separate research was conducted by the results of these articles,
the outcomes of which are given in [5].

The time of influence of the rolling stock on the railroad track
depends on the motion speed. The duration of these processes
depends on the physical and structural characteristics of the
elements of design of the railroad track. The existing methods for
the calculation of parameters of the stressed strained state of the
track by the influence of the rolling stock by canons of the method
of finite elements or boundary elements describe physical and
structural characteristics of the track design elements in full. But
they do not take into account such phenomena as the period of the
load passage over the elements of the track, the time of occurrence
of reactions to the load from these elements, and the correlation of
load action time and the duration of processing of this load by
elements of the track design. The lack of a temporal component
does not allow to describe the dynamic processes in full. The use of
quasi dynamic methods changes the essence of dynamic processes.
Thus, the application of quasi dynamic forces causes the track
deformation, at which the sagging of rails and anchor system shifts
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along with the motion of the train despite the divergence of
occurrence, over time, of maximum sagging in the elements of track
design.

In the course of such studies, the calculations are performed for
different values of frequency of quasi dynamic excitation, defined
as the ratio of speed to the magnitudes of distances between the
wheels of one bogie and adjacent bogies, or distance between the
supporting elements of the track. And though all acknowledge that
the speed of motion affects the frequency of excitation but the
magnitude of frequency of excitation, determined by the ratio of the
length of the contact area of the rail with the wheel to the duration
of dynamic load action on the track (motion speed to length of the
contact area) is not used in these calculations. In the physical
essence, excitation frequency, inversely proportional to the
geometric lengths of position of the wheels in the train,
characterizes the recurrence of load occurrence in the examined
track intersection. And for static calculations, it characterizes part of
the force that acts in the examined track intersection in a certain
point in time. When moving the load, the distance between the force
application place and the examined intersection changes. Thus, not
only the part of the magnitude of forces that acts in the examined
intersection also the vector of force changes. And the frequency of
excitation, inversely proportional to the period of action of the load
by physical essence is characterized by an impulse of load, which
acts on the track and allows to apply the basic equation of
dynamics.

Thus, in order to examine the dynamic processes of
deformability of the track, it is necessary to take into account the
differences between static and dynamic characteristics of loads. The
changes proposed will make it possible to evaluate the work of a
railroad track under the influence of the rolling stock depending on
the design features of the track structure over particular period of
time. This will allow us to compare characteristics of the track
operation, obtained by actual parameters, to characteristics of its
work and to determine actual period of its operation. The changes
proposed will also provide for the possibility under the assigned
operating conditions to define, by the criteria of reliability, the
design of the track or measures related to its strengthening with the
provision of certain resource of its work.

2. Problem discussion

Currently, many research have been devoted to the study of the
mathematical description of the impacts acting from railway track
to the rolling stock. In all studies it was believed that the reaction of
the railway track to the impact of the rolling stock is instantaneous.
In addition, the results of the recorded disturbance obtained on the
rolling stock in the experiment are not classified according to the
constructions characteristics of the railway tracks. It is assumed that
the elastic and dissipative characteristics of the path determine the
amplitude-frequency characteristics of the oscillations. But they are
yet not classified according to the physical-mechanical and



geometric characteristics of railway track construction elements. To
create such classification, it is necessary to study the mechanism for
transferring force from the rolling stock to the elements of the track
in time. This problem will be theoretically investigated within this
work. The problem can be formulated as follows: how do the
physic-mechanical properties of railway track elements affect the
process of propagation of force from the rolling stock to the
construction of the track?

3. Objective and research methodologies

The main purpose of this work is to study the process of
transferring force from the rolling stock to the elements of the track
in time.

For the study, a model of the track design, described using the
basic concepts of the theory of elasticity and the propagation of
elastic waves was developed [6, 7].

The mechanism of action of the rolling stock on the track is
represented by pulses that excite the contact areas of the rails with
wheels located along the track. The excitation of contact areas takes
place taking into account the time of occurrence and the effect of
loads in them. The specified intervals of the action time of the pulse
depend on the speed of the trains. The impulse along the
construction of the path is propagated by the power waves. The
propagation of a power wave in the elements of the track structure
is described as the process of excitation and propagation of volume
longitudinal and transverse spherical waves, taking into account
their properties.

These introductions made it possible to obtain analytical
dependencies to determine the features of dynamic load
propagation. These include: two types of transmission frequencies
of dynamic load, variable directivity in time, the relationship
between the amplitudes of oscillations both within the elements and
during the transition from one element to another. That allows us to
describe the process of propagation of a power wave in the
construction of a track in time, taking into account the inverse
reaction of the elements on them.

Underlying this modeling is the existence of wave processes
that are caused by both external and own oscillations.

All oscillations generated by the contacting surfaces, which, up
to the given point, have not touched or have renewed their contact
after a break, propagate by spherical waves. They characterize the
main direction of propagation of the wave process from a new or
renewed contact between surfaces and account for the contact and
local concentrations of stresses and deformations.

All oscillations generated by the contacting surfaces, which, up
to the given point, have touched and established contacts, propagate
by quasi spherical waves. They characterize the basic direction of
propagation of the wave process from the contact point of the
surfaces and account for the non-uniformity of oscillating. But one
spherical wave of incidence that carries the longitudinal and
transverse mode causes four quasi spherical refracted waves: two
longitudinal and two transverse. Each of them is heterogeneous, as
it has vivid dependence of the change in characteristics in its
direction and carries the consequences from the neighboring
refracted waves in other directions.

Since in the process of propagation there is the superposition of
waves, it characterizes the non-uniformity of the whole process of
oscillating. Thus, in every point of the design in a certain period of
action, one will observe either homogeneous spherical and (or) non-
uniform quasi spherical waves. In general, the oscillations that
propagate by quasi spherical waves cannot be predicted based on
approximation.

The use of wave properties in the propagation of force in the
elements of the track structure allows:
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a) to establish that the deformability process in the design of
the track is due to the presence of wave processes, the nature of
which depends on the physic-mechanical and geometric properties
of the track elements.

In order to consider the transfer of force between the elements,
let us consider the contact pair of a rail-gasket with the
characteristics given in Table 1.

Table 1. Physical-mechanical characteristics the contact pair of the rail
- gasket
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1 - the speed of longitudinal; 2 - the speed of transverse waves
in the material.

Angles characterizing the process of transmission of power
waves for the contact rail-gasket pair are given in Table 2. Where p-
inc —longitudinal wave of incidence and s- inc — transverse wave of
incidence, p-refl — refracted longitudinal wave and s-refl —
transverse refracted wave, p-refl — longitudinal wave of reflection
and s-refl — transverse wave of reflection.

Table 2. Characteristics of the angles of the wave process in the contact
air of the rail - gasket

= Angles, degree
g inc
g ide . . critical
S| ne reflection refraction
o

e l‘ 1I ‘ 11T

longitudinal wave

p- inc|p-refl s-refl p-refl s-refl

10 | 10 5,33-5,83 0,68-2,788 | 0,34-0,47

20 | 20 | 10,53-11,54 | 1,33-5,49 0,67-0,94
©| 30 | 30 [ 1550-17,00 | 1,95-804 | 0,98-1,37
§ 40 | 40 | 20,10-22,08 | 2,51-10,36 125-176 | | )
| 50 | 50 | 24,17-26,62 | 2,9-12,379 | 1,50-2,10
‘S| 60 | 60 | 27,58-30,43 | 3,38-14,02 | 1,69-2,37

70 | 70 | 30,15-33,34 | 3,67-1524 | 1,83-2,57

80 | 80 | 31,76-3517 | 3,85-1599 | 1,92-2,69

transverse wave

s- inc| s-refl p-refl p-refl s-refl

10 | 10 | 17,27-18,96 | 1,16-4,88 0,62-0,83
2 20 | 20 | 3579-39.78 | 2,28-9.64 1,22-1,64
(X(@ 30 | 30 | 58,74-69,30 | 3,3-14,174 | 1,78-2,39 82,3
>| 40 | 40 - 3,88-16,52 | 2,07-278 | -| - | -
=| 50 | 50 - 5,12-22,03 | 2,73-3,67 35,8
=| 60 | 60 - 5,79-25,09 | 3,09-4,15

70 | 70 - 6,28-27,39 | 3,35-4,50

80 | 80 - 6,58-28,83 | 3,51-4,72

The results shown in Table 2 demonstrate the collecting ability
of the gasket. That is, if different forces act on the same surface at
angles of 10-80°, the gasket processes them and combines them,
directing the common beam characterizing the p-refl angles (0,68-
28,83°%) for longitudinal waves and s-refl (0,34-4,72°% for transverse
waves further. These angles characterize the angles of the reflection
process from the edge of the gasket. Knowing the values of the
reflection angles at the boundary of the gasket-sleeper contact and
the thickness of the gasket, it is possible to form a geometric pattern
on the surface of the gasket to improve its damping properties and
extend the service life.

For example, Poisson's coefficient for the material (Table 1) of
the gasket can vary from 0.3-0.485. If the value of the Poisson
coefficient is less than 0.4, the transverse waves will not affect the



work of the gasket. Consequently, with values of the Poisson
coefficient, less than 0.4 rail will accept loads transmitted by
reflected transverse waves, and the gasket will perceive loads
carried only by longitudinal waves. The loads transmitted by
longitudinal and transverse waves will be transmitted to gaskets
when the values of the Poisson factor are more than 0.4.
Consequently, the characteristics of the gasket material will impact
the possibility of the destruction of the gasket. In addition, the
consideration of these questions in time allows us to predict the
concentration of waves in the middle of the gasket, characterizing
the concentration of its stress-strain state in time.

b) to determine the direction and amplitudes of oscillations in
the elements of the track and their displacement from the impact of
the rolling stock considering in time.

The oscillation direction of the particle depends on the direction
of propagation and the type of wave (Fig. 1). If the wave is a
longitudinal P, it forces a particle to move in the direction of its
propagation. If the wave is transverse to the vertical mode of SV,
then it forces the particle to move in the plane of propagation, but
perpendicular to the direction of propagation. If the wave is
transverse to the horizontal mode of SH, a particle oscillates in a
plane that is perpendicular to the propagation plane.

Contac

area

Direction of wave
propagation

front

Fig. 1 The scheme of the front of the wave propagation and the
directions of oscillation of the particles relative to the direction of
propagation of the wave: 1 - direction of propagation of longitudinal
waves P; 2 and 3 - directions of propagation of transverse waves S,
respectively SV and SH

Thus, the direction and amplitude of oscillation of particles in
time are formed.

The results shown in Table 3 demonstrate coefficients of
reflection and refraction of the wave process in a contact pair of
rails with gaskets. The values of the coefficients characterize the
change in the magnitude of the amplitudes of the reflection and
refraction of the wave processes relative to the amplitude of the
wave process of the incidence.

Table 3. Coefficients of reflection and refraction of the wave process in
a contact pair of rails with gaskets

Angc:gz rse_emC’ K p-refl K s-refl K p-reflr K s-refir
10 0,847 0,389 0,378 1,943
20 0,467 0,712 0,722 1,824
30 0,029 0,968 0,965 1,725
40 0,708 5,656 0,064 6,964
50 0,799 5,960 0,383 4,774

longitudinal wave

Ang(:g;rpe-elnc, K p-refl K s-refl K p-refir K s-reflr
10 0,941 0,392 1,950 0,380
20 0,820 0,727 1,852 0,732
30 0,646 0,963 1,701 1,047
40 0,450 1,081 1,512 1,302
50 0,272 1,085 1,302 1,482
60 0,148 0,997 1,083 1,558
70 0,131 0,835 0,855 1,485
80 0,318 0,573 0,569 1,120

transverse wave
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As indicated above, if the value of the Poisson coefficient is less
than 0.4, the transverse waves will not affect the work of the gasket.
According to the results shown in Table 3 these conditions
correspond with angles s- inc more than 50°.

c) to regulate energy transfer and the process of oscillation in
the elements of the track design by adjusting the physic-mechanical
and geometric characteristics of the elements of the track design.

The results shown in Table 3 prove that the ratio of the
amplitudes of reflection and refraction amplitude varies depending
on the angle of incidence for one and the same material.

Since the energy transferred by the wave is proportional to the
square of the amplitude, then the ratio of energy values in the
reflected and refracted waves is different at different angles of
incidence. This fact provides the possibility of directed forecasting
of the deformability of the elements of the railway track by
changing the characteristics of materials and the construction of the
elements of the railway track by studying the process of the origin
and propagation of power waves.

4. Conclusion

The study of the peculiarities of the interaction of the rolling
stock and the track, taking into account the elastic properties of the
base, allows to expand the possibilities of solving the problems of
ensuring their functionally safe operation with a certain level of
operational efficiency.
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WAYS OF IMPROVING THE EFFICIENCY OF WIGON PARK USE WITH
ACCOUNTING QUALITY INDICATORS
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Abstract: Ways to improve the efficiency of the car fleet in the present time is an urgent task for the Azerbaijan Railway. The
importance of the car industry in the improvement of freight traffic in the Republic of Azerbaijan is great. In the article, the current state of
the car fleet and the tasks assigned to the carload economy are investigated. In the Azerbaijan Railway, the tasks for the future development
of the carload economy are investigated. Examining the qualitative and quantitative indicators of the car fleet, the tasks of ensuring the
efficient and efficient carriages of the transportation process on the railway are defined.

KEYWORDS: RAILWAY CARRIAGE, SERVICE CENTER, TECHNICAL SERVICE, POINT, DEPOT, PARK, AGRICULTURE,
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[Iytun mobimenns 3Q(EeKTHBHOCTH BAaroHHOTO MapKa B
HaCTOSIIEM BpPEMEHH SIBIISIETCS aKTyanbHOI 3ama4n
nepenA3epOaii/PKaHCKO# JKene3HoW Toporn. BakHoe 3HaYeHHE B
COBEPILICHCTBOBAHHUH IIEPEBO30YHOrO Ipolecca AsepOaiipraHnckon
JKEJIe3HON JOPOTH NMPUHAMJICKUT BArOHHOMY XO3SHCTBY, KOTOPBIH
00BbeMHSCT BaroHbl M MaTepHAbHO-TEXHUUYECKYI0 0a3y mIi uX
SKCIUTyaTallud U peMoHTa.BaroHHoe X03s1CTBO SIBIIsI€TCS] OJHOM U3
BEAYIINX OTPACleH >XeIEe3HOJOPOKHOTO TpaHcmopTa. OCHOBHBIE
(oHABI BaroHHOTO XO3fiCTBa (BaroHBI, 34aHUS, COOPYXKEHHS,
TEXHOJIOTHYECKoe 00OpyIOBaHKE) COCTABISIOT HpuUMepHO 15%
BCEX OCHOBHBIX (POHJIOB KEJIE3HOIZOPOXKHOTO TpaHcmopTa. Ha ero
JIOJII0 IPUXOIUTCS 0KOJI0 12% BceX 3KCIUTyaTallMOHHBIX PacXoJ0B,
a YHCIICHHOCTH pabOTHUKOB COCTAaBISET HpHUMepHO 7% Bcero
KOHTHHTEHTa, PaboTaloNero Ha JKeJIe3HOJOPOKHOM TPAHCIIOPTE,
OCHOBHAsI 4aCTh Pacxo/ia METAIUIONpPOKaTa 1 IPyruX MaTepHanos. B
cBOEH paboTe BaroHHOE XO3SWCTBO B3aUMOJCHCTBYET C APYTHMH
OTpacisIMH W XO3SCTBaMM  (IBIDKEHHE, JIOKOMOTHB, IYyTb,
rpy30Bas W KOMMepueckas paboTa, ciryx0a wHDOpMATH3AIMUd U
cBsI3H, ciIyx0a Ge3omnacHocTH ABMKEHMS U 1p.)[1,2].

I[J'lﬂ COXpaHCHHs BaroHHOro napkKka B HCIPaBHOM
COCTOSIHHU BAaroHHoe¢ XO03SHUCTBO BBITNTOJIHACT ciaeayromue
HanpaBJICHUA JOCATCIIBHOCTU: O30POBJICHHUE BaroHHOro Iiapka,

obecrnieueHre 0€30MMaCHOCTH JBIDKCHHUS II0€3/I0B, TEXHHYECKOE
obcreZloBaHNe  BaroHOB,  HAaMpaBJeHHbIE  MOA  TPY30BbIE
omeparuu.Ha3HayeHHe  BaroHHOrO0  XO3fAHCTBA  COCTOMT B
BBITOJTHCHUHM  TUIAHOBBIX  BHJOB PEMOHTa W  TEXHHYECKOTO
00CITy)KMBaHUSI BarOHHOTO TIapKa >KEIEe3HOW OPOTH M KOMITAHUM-
omepaTopoB  Jyisi  coOMroAeHHs — TpeOoBaHWMM  GE30MACHOCTH
IBIDKCHUsSI, COXPAHHOCTH IMEPEBO3HMBIX TPY30B, a TaKKe B

CO3J]aHMN yI00CTBAa NPH TNEPeMEIeHUH Maccaxupos. st 3Toro
HE00X0 MO MOCTOSIHHO MOAJEeP>KUBATh BaroHBI B
paboTOCTIOCOOHOM COCTOSIHUY, BBINOJIHATH YCTAHOBJICHHBIM IUTaH
pPEeMOHTa BaroHOB, NP JTOM palMOHAIBHO  HCIOJIB30BATh
HMEIOIIHECs] TEXHOJIOTHYECKHE CPEeICTBA, SKOHOMHO pacXoJ0BaTh
noTpeOisieMble  MaTepHallbl W 3amacHble 4acTH, MOBBILATh
3¢ PEeKTHBHOCTH paboTEhI PEMOHTHO-IKCILTYaTaI[MOHHBIX
oipa3AeIeHUN.

B mnacrosmee Bpems Ha AsepOaitmkaHckoi JKenesHoit
JIOpOre IKCILTyaTUpYroTest 0Kosio 10 Thicsd Tpy30BBIX U Oosee 500
MaccaXUpCKuX BaroHoB. M3 Hux okxoino 2090 Baron mucrepHa. [lo
CETH JKEJIe3HOJJOPO’KHOTO TPAHCIIOPTa PYKOBOACTBO BAarOHHBIM
xo3stiicTBOM  ocymiectBisiercs  Jlemapramentom  «I'py3oBas
nepeBo3kan[1,3]. CrTpykTypa HHBEHTap-HOrO MapKa TIpPy30BbIX
BaroHOB TMOKa3aHa Ha puc.l. B uHBeHTapHOM mapke uMeeTcs
okoJ10 10000 rpy30BbIX BarOHOB.

HupenTapHulii NapK rpy30BLIX BATOHOE
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OcCHOBHBIMH ~ UH(PACTPYKTYPHBIMH  OOBEKTaMH
X03gHcTBa  A3epOaliUKaHCKOM  KeJIe3HOW JIOporu
CIICAYIOIINE TPOU3BOICTBEHHBIC TPEANPHATHS:

- Kenummackoe BaroHHOE A€MO0 110 PEMOHTY KOHTEIHepOoB

- banapkapckoe BaroHHOe Jeno

- HOBOE AIIITCKOE pedprnkepaTopHOe BarOHHOE JEIO

- l'ajuxuradysckoe BaroHHOE JIETIO

- I'tHmKUHCKOE BaroHHOE JEMo

- lIupBaHCcKoOE KC. BATOHHOE IEIO

- IMUIIITMHCKOE 3KC. BATOHHOE JIETIO

- Banaukapckasi npOMBIBOYHO-TIPONAPOYHAst CTAHIHU

BAaroHHOTro
SABJIAIOTCA

- bakunckuit BP3.

BaroHopeMOHTHBIE JIEI0O B OCHOBHOM PAaCHOJIOXKEHBI B
ATIIepOHCKOM 3KOHOMHUYECKOM paioHe, SKCIUTyaTallHOHHbIE JETMO
pacroyioxKeHsl B pa3HbIX yroikax PecrmyOmmku. B nannoe Bpems B
BaroHHOM XO3sHcTBe paboTatoT okoso 2000 uenmoBek, U3 HUX B

OCHOBHOM OKoJO 73%  paboTaroT B  3KCIUTyaTaI[HOHHBIX
yuacTkax.OCHOBHOM ()YHKIIMEH BAaroHHOTO XO3SHCTBa SIBISICTCS
OecniepeboiiHoe obecrieueHue TIEPEBO30YHOTO npo1iecca

UCHPaBHBIM U pabOTOCIIOCOOHBIM TTOBIKHBIM cocTaBoM. Ha puc. 2
MOKAa3aHO KOJMYECTBO PEMOHTHPYEMBIX TPY30BBIX BArOHOB.
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Puc. 2.Koruuecmeo pemonmupyemuvix 6a2ono ¢ 2016-2017 ee.

B gactHBIX mpMax u KOMmaHusAX uMmeercs okomo 3200
TPY30BBIX BaroHOB, M3 KOTOpPHIX OKoio 82% (1850 BaroHOB)
SIBJISICTCS] BATOH-IIMCTEPHA.

Otkpseitue B 2017 roxy MexIyHapoAHOTro npoekTa baky-
Tounucu-Kapce u skcrutyataius TpaHcopTHOro kopuaopa «Ceep

IOr» yBemuumiio moTpeGieHHe TPy30BBIX BaroHOB, B HACTOSIIEE
BpPEMS YUCIIO SKCILUTyaTHPYEMBIX BarOHOB NOCTHTaeTcs okoio 6400
mTyK. Bo3pacTHOH coctaB rpy3oBbIX Mapk BaroHoB (Tabm. 1)
HOCTereHHo u3Mensiercs[3,4]..

Tabénuya 1: Bospacmnoii cocmas 2py306blx 8a20H08

Toma KonmaecTBo Baronon Tona KonmaecTBo Baronon
1985 4424 1995 14
1986 880 1998 4
1987 385 1999 9
1988 426 2000 4
1989 469 2001 46
1990 364 2002 51
1991 217 2003 61
1992 28 2015 3031
1993 39 2016 70
1994 2 Hroro: 10016

U3 tabmuupbl BUAHO, 9TO 0K0JO 4500 BaroHOB HOJKHBI
OBITh WCKIIOYEHBl W3 WHBEHTapHOTo Tapka. Ceidac BemgyTCs
paboTHl IS  TIOJNyYeHUS HOBBIX TPY30BBIX BaroHoB, okoilo 48%
BAaroHoB NOCTpPOeHbl A0 1988 roma, U MX HY)KHO HCKIIOUYHMTH W3
napka.

Xopoliee TEXHUYECKOE COCTOSTHUE BaroHHOT'O MapkKa, ero
HaJeXHas paboTa B YCIIOBUSIX PBIHOUHON DKOHOMHKH SIBIISIIOTCS
CerOMHs  OJHHM W3 OCHOBHBIX  (DaKTOpOB  oOecrmedyeHus
OecriepeOOHHOT0 (PyHKIIMOHHPOBAHUS TPAHCIIOPTHOTO KOHBeiepa.
C y4yeToM 5TOro, B paMKax OTpacieBbIX HayYHO-TEXHHYECKHX
MPOTrpaMM JOJDKEH OBITh peali30BaH IMUPOKHN KOMILDICKC MEp IO
JJIbHEHIIEeMy COBEPILIEHCTBOBAHUIO U Pa3BUTHIO BaroHHOI'O
X03gicTBa ceTH. Besd aTa Tpynmoemkas M MHOTOIIaHOBas pabora
BEIETCS O HIDKECJICAYIOIUM TJIaBHBIM HAIpPaBIECHHUAM: IE€pPBOE —
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CO3/IaHHE COBMECTHO C IPOMBIILICHHOCTBIO 0OJiee COBEPILIECHHBIX
N0  IapamMeTpaM  TpY30BbIX  BaroHOB,  YIOBJIETBOPSIONIMX
TpeGOBaHHAM BBICOKOIT HAIEKHOCTH M MPOYHOCTH HECYIIHX Y3JIOB,
HOBBILICHHOH IPY30M0JbEMHOCTH u BMECTHMOCTH,
obecrieyBaOLIMX  YBEIMYEHHE  TEPEBO3HOH  CIOCOOHOCTH
KEJIC3HBIX JIOPOT, TapaHTUPOBAHHYIO GE30MACHOCTH [BHKCHHUS H
JKOHOMHYECKH A(QeKTHBHbIE IOKa3aTeNd paboThl; BTOpoe —
KOMIUIEKCHAs: MOJIEPHHU3ALMSI BarOHOB KCIUTYaTallMOHHOTO MapKa ¢
Henbl0  HPUOJMKCHUS  MX  TEXHMYECKUX  [ApaMeTpoB K
COBPEMCHHBIM TPEOOBaHMSIM M peaIM3allid Ha 3TOH OCHOBE
UMCIOIIUXCSl PE3EPBOB 3a CUET YBEJIMYCHHUs 3arpy3KH BaroHOB;
TPEThE — COBEPIICHCTBOBAHUE CHCTEMBI M OpPraHHU3aLHK PEMOHTA U
TEXHUUYECKOTO 00CITyKMBAaHUsI BarOHOB, CO3JaHNE PEMOHTHON 0a3bl
C LIMPOKUM HMCIIOJIb30BAaHUEM HHIYCTPHAIBHBIX METOJOB TpYJa,



CPEICTB  KOMIUIEKCHOM  MEXaHM3alMHM M aBTOMATH3aLuH,
TEXHUYECKOTO JAMArHOCTHPOBAHUSA; UETBEPTOE — OOHOBICHHUE
SKOHOMHMKH BaroHHOTO XO35fiCTBa, BHEIPEHHE XO3SHCTBEHHOTO
pacdeTa, yKpemieHHe (GHHAHCOBOTO TOJOXKEHUS TPEANPUSITUI,
YCUJICHUE MAaTepHalbHOM 3aMHTEPECOBAHHOCTU B YIYyYIICHUU
COZIepXKaHMsI BaroHHOTO ITapKa M yBEJIMYCHUH 00BEMOB PEMOHTA;
msToe — 00ECIeYeHne COXPAHHOCTHU ITOJBIKHOTO COCTaBa; IIECTOE
— TIpoBeieHHE pe(opMBI OTPACIN C IIENBI0 U3MEHEHUS CHCTEMBI

YIpaBJICHHsT IKEIC3HOIOPOKHBIM TPAHCIIOPTOM, B TOM YHCIE H
BaroHHBIM XO3SHCTBOM — OTHENCHUS (QYHKIHA rOCYAapCTBEHHOTO
ynpasienusi. [ToaToMy 11 pa3BUTHS U MOAEPHH3ALMU TPY30BBIX
BaroHOB MPUHSTHI HOBBIE MPEATIOKEHHUS [0 BATOHHOMY XO3SHCTBY:
CO3JIaHMC  KOMIUICKCAa  TEXHOMapKka BaroHOB, IPHMCHECHUE
WHHOBAIIMOHHOW TexHojornu. CocTaB TEXHOMAapKa TMOKa3aH B
CleayIoleM puc.3.

Komnnexc aroHoE TexH OIIapEa

IenTtp peMonTa
BATOHOE

CepEHCHEX IeHTD
TIPOMEIEKH BATOHOE

CepeucHEIR IIeHTD
JesHHbeKITHH
EArOHOE

Puc. 3. Cmpyxmypa cocmaga mexnonapra

LleHTp peMOHTa BaroHOB COCTOUT U3 CIIEIYIOLIMX
OCHOBHBIX IIEXOB M  YYacTKOB, KOTOpble IIOKa3aHbl B
puc.4.IIpoMBIBOYHO-IIPOIIAPOYHOE  MPEANPHATHE MPEIHA3HAYCHO
JUISL MAacCOBOM MOATOTOBKH IIMCTEPH K HAIMBY HE(TEIPOLYKTOB U

JUIT TIPOW3BOACTBA HX  TEKyIIEro pEMOHTa, a TakkKe Ul
MOATOTOBKM LHUCTEPH K IUIAHOBOMY PEMOHTY. YUHTBIBast
yBeJTUUCHHE TOOBIYH U MIEPEBO3KH HEPTU M HEPTENPOIYKTOB,

IIeHTp peMOHTA BATOHOB
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AszepOaii/pkaHCcKas JKelle3Has Iopora B 3TOM 00JacTH
BHeC OONBLIONW BKIAJ B pPAa3BUTHE TEXHUKH W TeXHOJOTHHU[3].
ITosToMy CO3[jaHHE HOBOTO TPOMBIBOYHOIO H MPOMAPOYHOTO

CEPBHMCHOTO LIEHTPA SBJSIETCA aKTyallbHBIM. B co3/1aBaeMblii HOBBII
LEHTP BXOAHUT cieyroriee (Tabi.2).

Tabnuya 2:Texnuueckue xapaxmepucmuKu CepeUcH020 Yenmpa yucmephsl

Ne HaumenoBanue [Tokazarenu Konnuectso
1 MomHOCTh IpenpusTHIA BaroH 3650

2 KommgectBo paboTHHKOB YeNoBeK 50

3 Pacxo a1, sHeprun kBt/uac 75166

4 Pacxoux BOJbI M 16600

5 Pacxon ToruBa (Ma3yT) TOH 140

VIHHOBanMOHHAsT TEXHOJOTUS B BaroHHOM XO3SHCTBE
TIPUMEHSIETCS B CIIEAYIOMIEM MOPSIKe:

1. Tlpumenenune xoHtposbHON cucrembl KTCM GykcoBoro ysna
BaroHoB

2. ABTOMaTH3MpOBaHHAs
MOAUINITHUKOB

3. ABTOMaTH3UpPOBaHHBIN
OTIPENeNICHUSI  TePMETHYECKIX
TPY30BBIX BarOHOB.

Takum 00pa3oM, BaroHHOE XO3SIHCTBO JKENE3HBIX JOPOT,
pa3BHBas COBPEMEHHYIO TEXHHUECKYIO 0a3y Uil OOCIyKUBaHHS U
pPEMOHTa  BaroHoB, MpUOOpeTaeT MPOYHYI0  HAY4YHYI0 U
UHIYCTPUAIIBHYIO OCHOBY JUIi OOECIEYEHHUs BBICOKOTO YPOBHS
paboTOCIOCOOHOCTH ~ BAarOHHOTO Iapka B  COBPEMEHHBIX U

cucTteMa aKyCTHYECKOI'0 KOHTPOJIA

JTMarHOCTUYECKUit
mapaMeTpoB

KOMILIEKC
KOJIECHOM

TUTSL
mapsl

MEPCIIEKTUBHBIX YCIOBHSX €r0 SKCILUTyaTallHy.
KauectBo
HCITIOJIb30BAHUS BaroHHOTO napka, TJTAHUPOBAHUS u
(DUHAHCHPOBAHKS PACXOJ0B MO MEPEBO3KE M OIICHKE KadyecTBa
SKCIUTyaTallUOHHON eATEeIbHOCTH MPEANPHATUI U MoApa3IeeHUi
BaroHHOT'O XO3SIMCTBA, T.€. HCIIOJB30BAaHHUS €ro BO BpPEMEHH H
MPOCTPAHCTBE,  ONpENENseTCS  CICIYIOUIMMH  ITOKa3aTeIIMU:
000pOTOM, CpETHECYTOYHBIM TMPOOETOM, MPOU3BOIUTEIBHOCTHIO
BaroHa, CTaTU4ECKOM ¥ TUHAMHYECKOM Harpy3Kkoil. DTy nokazaTenu
XapaKTepPH3YIOT Ka4eCTBO TpyJa PabOTHHKOB O] OJHOM Ipy30BOU
omepalnueil U cpeiHee BpeMsl HAXOXKICHHUS BAaroHOB IOJ OJHOMN
rpy3oBoii  omepauueil. Bce paboTHuKHM, ydacTByioIHE B
MIEPEeBO30YHOM IIpOIlecce, B TOM YHCIIE PAOOTHUKH BaroOHHOTO
XO34HCTBa, IOJDKHBI CIOCOOCTBOBAaTh YMEHBIICHUIO BEIMYMHBI
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9TOrO II0Ka3aTels NOCPEACTBOM COKpAICHHs BpEeMEHH 00paboTKU
BaroHOB HAaXO)KJCHHUS BaroHa IOJ OJHON T'Py30BOH omepauueid u
CPEIHEr0 BPEMEHM HAaXOXKJICHHS TPAaH3UTHOTO BAaroHa Ha OJHOM
TeXHUYECKoM cranuuu[4,5].

OOOpoT BaroHa SBIAETCS OCHOBHBIM Ka4eCTBEHHBIM
TOKa3aTeNeM, XapaKTepU3YIOIMM YpOBEHb OpTaHM3alH PaboTHI
HKENE3HBIX JOPOr M CHIDKCHHME 4HCIa 3ajepikek B myTH. OGopoT
BaroHa B IIpe/ieNlaXx CEeTH JKEJNE3HBIX IOpOr BBIPAKAECT BpeMsd,

g2 _1(L

24U 24\ v

p yu

3aTpayMBacMOe Ha BBINOJHEHHE IIOJHOTO LMKJIA OIepalui,
CBSI3aHHBIX C MEPEBO3KAMH, T.C. BPEMs OT Hayajla OAHOH MOrpy3KH
BaroHa 10 Hadana cieayroouieii. OOopoT BaroHa B mpeaenax
JKEJE3HOW HOpOrM — 3TO BpeMs C MOMEHTa IIpueMa BaroHa B
TPY’KCHOM COCTOSHMM WM Hadajga IIOTPY3KH 10 Clexyromei

morpy3ku. OGopoT BaroHa 0 (CyTKH) paccUHMTHIBaeTCS IO
crenyromeit popmyse:

L
bt —le | =3,42 cymru

mp

rae ynT-cyMMapHas 3aTpara BaroHO-4acoB B TEUEHHE U 000POTOB MIIM €IMHMI]

paboThI BarOHOB,

BAaroHOB HJIM €IUHUIL paGOTbI BaroHoOB.

V

Yy -Y4acTKOBasi CKOPOCTH \Y u =30,4 km/uac,

Up-aucio 060poTOB

L -nommerit peiic BaroHa, Km;

t 2p ~BPEMsI HAXOXKJICHHS BATOHOB I10] OJIHO#1 rpy30BOH oreparnuen, yac;

mp CpEeaHEE PACCTOAHUEC MEXKAY TEXHUYCCKUMU CTAHIUAMUA, KM,

t mex -BPEMs HaXO0JKJIEHHsl BATOHOB Ha OIHOM TEXHUYECKOH CTaHIMH, Yac.

KoaddumueHt MecTHOI paboTh K ;- OTO KOJIMYECTBO TPY30BBIX ONIEPALUH, MPUXOAAIIMXCS HA €IUHHILY PAOOTHI, OIPEAETIIEMOE

o opmyue:

K

M

_u,tu,

u

rac u n lu g ~ COOTBCTCTBCHHO YHCJIO IOI'PYKCHHBIX M BBIIPY)KCHHBIX BarOHOB Ha JKEJIC3HOI J0pore B CYTKH,

u - paboTa KeJIe3HOMH TOPOTH B CYTKH, BaroH.

OO00poT BaroHa SIBISIETCSI OCHOBHBIM KaueCTBEHHBIM II0Ka3aTelieM, XapaKTepU3yIOIUM YPOBEHb OpPraHU3aluy paboThI KETe3HBIX
JIOpOT M CHYDKEHHUE YHCIIa 3aJiepiKeK B MyTH. Bee pabOTHMKY, y4acTByOIIME B EPEBO30YHOM ITPOLIECCE, B TOM YHCIIE PaOOTHUKHM BarOHHOTO
XO03s1HCTBa, JJOJDKHBI CIIOCOOCTBOBAaTh YMEHBIICHHUIO BEJIMYHMHBI ATOTO TTOKa3aTels MTOCPEACTBOM COKpAIIeH!Us BpeMEHH 00paboTKH BaroHOB
HaxOX/IEHUs] BaroHa IOJ OJHOM Tpy30BOH omepanueil ¥ cpeiHero BPeMEHH HaXOKIEHHMsS TPaH3UTHOTO BaroHa Ha OJHOM TEXHUYECKOU

CTaHIINN;

U3 rpaduka (puc. 5) BHUIHO, YTO B pe3yiabTaTe NPOBEACHHBIX TEXHHKO-3KOHOMHUYECKHX MEPONPHATHH A3epOaikaHCKOi

JKEJIE3HON JIOPOTH U3MEHHMIICS 000POT IPY30BOTO BaroHa.

5
4,5 4,32 4,26
4 3,69
1 3,47 326 3,45
3 -
2,5 -
2 -
1,5 -
1
0,5 -
0 - ' ' . . . .
2008 2010 2012 2014 2016 2017

Puc. 5. [Junamuxa usmenenus obopoma 2py3068020 6a2ona
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O0o6uIaomumM MoKa3aTeaeM UCIOIb30BaHHS TPY30BBIX BarOHOB SIBISIETCS CPEIHECYTOYHAs! MPOU3BOAUTEIBHOCTh F ¢ » koTopas

HU3MEPSETCS B TOHHO-KWJIOMETPAx ( m-Km ) , HETTO E PI , IPUXOMSIINXCS HA OJIMH BarOH pab0odvero mapka:

> Pl 11058,7-10%m - km
CoII 10016 sazon

)4
K oOCHOBHBIM mOKa3aTelsAM, XapaKTePU3YIOIIUM CTEHEeHb MCIIONB30BAaHUS TPY30BBIX BaroHOB, OTHOCATCS CTaTHYecKas |
JUHAMHYECKasi HarpysKa.

Craruueckast Harpyska P, TOHHa, OKa3bIBaeT, Kakast Macca rpy3a MPUXOJUTCS B CPEAHEM Ha OJMH BaroH MpH MOTPY3Ke:

o > P 11850000mon
“ u,-365 698sacon - 365

U n -4HCJIO NOr'PYKECHHBIX BAarOHOB Ha JKEJIE3HOU N0POre B CYTKHU.

=1104033,5m - ku.

=46,5momn.

Z[I/IH&MI/I‘ICCKB.S{ Harpyska rpyx€Horo Barona P() . TOHH, IMTOKa3bIBA€T, KAKOC KOJMYCCTBO I'py3a NMPUXOAUTCA B CPEAHEM Ha OJJUH

rpy)KeHLIﬁ BaroH B IBHKCHHUH
p o Pl 11058,7-10°m - km
- dn,S, 2126-10°6azon - ku

I/ITaK, pacCcunThiBas KQYCCTBCHHBIC U KOJUYCCTBCHHBIC IMOKA3aTEIM BArOHHOI'O IapKa, ONPEACICHbI 3aa4u obecrnieueHus UCIIpaBHBIMU U
pa6OTOCHOCO6HI:IMI/I BaroHaMu IepeBoO304YHOIO Ipouecca Ha JKEJIC3HON Jopore. C Y4YE€TOM IIOKa3aTeJIM KadeCTBa BAl'OHHOI'O ITapKa MOKHO
IOBBICHUT B(b(l)eKTI/IBHOCTI/I BaroHHOTO XO3SIMCTBO.

=52 1mon.
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MOBBIIIEHUE HATEXKHOCTHU KAHAJIOB KEJE3HOJOPOXKHOM MOJABAKHON
PAIMOCBA3HN

INCREASE OF RELIABILITY OF RAILWAY MOBILE RADIO COMMUNICATION CHANNELS

K.t.1., nou. Enuzapenko A.
YKpauHCKHIA TOCYIapCTBCHHBI YHHBEPCUTET JKEIE3HOIOPOKHOTO TPAHCIIOPTA - T'. XapbhKOB, YKpanHa
E-mail: elizarenkol@ukr.net

Abstract: Based on the results of experimental studies, an improved statistical model for the propagation of radio waves in conditions of
the influence of the railway infrastructure has been proposed. An improved method for calculating the service areas of the channels of the
railway technological radio communication in the frequency bands 150-1500 MHz is proposed. The calculation of the channels is made
directly on the basis of the determination of the energy indices of the radio link without a transition to the field strength indicators and the
propagation curves of the radio waves. The use of a single analytical form of calculations simplifies the procedures for automating the
design of radio networks and provides an increase in the accuracy and reliability of forecasting service areas.

KEYWORDS: RAILWAY RADIOCOMMUNICATION, PROPAGATION OF RADIO WAVES, OKUMURA - HATA MODIFIED MODEL,

SERVICE AREAS

1. Bgeoenue

TexHomoruueckass paguocBsi3b Ha  IKEJIC3HOLOPOKHOM
TPAHCIIOPTE MIPACT UCKIIOYUTENBHO BAKHYIO POJb B 00CCHEUCHUH
0e30macHOCTH ABIKEHUS MOE3/I0B M MOBBIIICHUE 3((PEKTUBHOCTH
yIOpaBICHHUS  HEPEeBO30YHBIM  MHPOIECCOM.  TexHonornyeckas
pPaaMoCBsA3b SBISAETCS OTBETCTBCHHOM CHUCTEMOIl CIEIHAIbHOTO
Ha3HAYeHUs ¥ JIOJDKHA 00ECIEUNTh BBHICOKYIO HaJIEKHOCTh KaHAJIOB
CBSI3M B JIOOBIX YCIOBHAX (yHKIMOHMpoBaHMs. IIpuMeHeHue
COBPEMEHHBIX  PaJHOTEXHOJIOTHH  IIO3BOJSIET  CYIIECTBEHHO
HOBBICUTh HaIE&KHOCTb TEXHHYECKHX CpeICTB. B Toxe Bpems
KaHaJIbl TOJBW)KHOW pPAaJMOCBS3H, B CHIY CJIOXHBIX YCIOBHH
pacrnpocTpaHeHHs PAJHOBOIH U YCIOBHIl SKCIUTyaTalllH, SBISIOTCS
Haubosee ysS3BUMBIM JIEMEHTOM CHCTEM.

B pesynbrate BAMSHUS HHOPACTPYKTYPHI XKEJIE3HBIX JOPOT
YMEHBIIAETCSl HANPSHKEHHOCTh 3JIEKTPOMArHUTHOTO TMOJS B IPH
9KPaHMPOBAHUU 30H PACIPOCTPAHEHMsSI PAJUOBOIH U YXyIIIAIOTCS
JHEpreTHYeCKue XapakTepucTHKH. Kpome Toro, oOBEKTH Ha
Tpaccax pacrnpoCTpaHEeHHs PaIMOBOJIH SBISIIOTCS (G (GEKTHBHBIMU
Mepeus3nydareIssMi  SJICKTPOMAarHUTHONH 9SHEPIUH, YTO CO37JaeT
MHOTOJTy4eBOH Xapaxtep paanoKaHaia u BBI3BIBACT
uHTEp(EpeHIINOHHbBIC MPOCTPAHCTBEHHBIE buykTyarmu
HaNpsDKEHHOCTH mons. B pesynprate co3aroTcst  00JiacTu
NPOCTPAHCTBA, B MpeZenax KOTOPBIX YPOBEHb IPHHHMAEMOTo
CHTHAJla MOXET OBITh HEJNOCTATOYHBIM g OoOecreueHus
YBEPEHHOTO NpHeMa.

B rakux ycnoBusix Hanbosee 3¢ (peKTUBHO TPUMEHEHHE Mep
TIOBBIICHNS] HAaJAE&KHOCTH CHUCTEM Ha JTamax HPOSKTHPOBAHUS U
sKcIuTyaraiuu. 1Ipu onpeieaeHHH 30H o0CTyKUBaHHS pagnoceTeit
HeobOXoaMMa pa3paboTka METOJOB pacyeTa KaHallOB, KOTOpbIE Obl
obecreyrBaiy BEICOKYIO HaIe)KHOCTh TIPOTHO3UPOBAHHS.

2. IlIpeonocwiiku u cpedcmea ons pewienus npooiem

B Hacrosimee Bpems ISl pemIeHHs MpPaKTUYECKHX 3amad
MIPOTHO3MPOBAHUST YPOBHEH CHTHAIOB B KaHANaX IIOJBIDKHOM
paguocBs3M Hamboyiee MIMPOKO HCIONB3YIOT Mopens Okamypa-
XaTta U Meronuky pacyera mo pexoMmenzanuu ITU — R P.1546,
KoTopas siBisercst 6asoBoit [1,2]. B To e Bpems ocraercs
AKTYyaJIbHBIM HCCIIEIOBaHUE PACIPOCTPAHEHUS PaJUOBOJIH C IIETbI0
YTOUHEHUS TapaMeTpoB Mojened Uil KOHKPETHBIX YCJIOBHH
opranusanuu pamdocereii [3,4]. Ho wucnonb3oBaHne METOAUK
pacdera ceTeil paaIrocBs3H OOIIETO IOJIb30BaHUS HEe oOecrednBaeT
Tpebyemoit TOYHOCTH TIPOEKTHBIX pacdeToB cereit
TEXHOJIOTHIECKOH paJfoCBsA3U Ha JKEJIE3HBIX JIOPOTax, YTO CBSI3aHO
C OCOOCHHOCTSIMH pacHpOCTPAHCHUS pAJUOBOIH B YCIOBHUIX
BIUSTHUSI THQPACTPYKTYPHI KEIE3HBIX JOPOT.

JlelicTByIOII€ BEIOMCTBEHHBIE HOPMATHUBHbBIE JTOKYMEHTEHI
HE TpedycMaTpUBalOT pacyeT KAaHAJIOB B IEPCHEKTHBHBIX JUIS
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JKEJIE3HOZOPOKHOTO TpaHCHopTa nosiocax yactor 460 u 900 MI'u u
UCTONIL3YIOT — TpadoaHATUTHYCCKAE  METOABI  pacyera, 4To
3aTpyIHSAET aBTOMATU3ALMIO IPOEKTUPOBaHMsI paauocereit [5].

HeoOxoymMasi TOYHOCTH MPOTHO3HPOBAHUS MOXKET OBITh
MOCTUTHYTa TPH HCIOIb30BAHUH MOJENEH C JIKCIEPUMEHTATIBHO
ONpENENCHHBIMA  [apaMeTpaMu Uil  KOHKPETHBIX  YCJIOBHI
(YHKIMOHHPOBAHUS PAIUOCBSI3H.

3. Pewenue paccmampueaemoii npodiemol

B pabore mpuBeneHBl pe3yNbTAaThl IKCIIEPUMEHTAIBHBIX
UCCIIEIOBAaHUI  PACHpPOCTPAHEHUS] PAJUOBOIH B HOBBIX JUIS
JKENE3HOAOPOKHOTO TpaHcmopTa moiocax gactotr 460 u 900 MI,
KOTOpBIE MPOBOIINCH B PaMKaX KOMIUICKCHBIX HCCIIEIOBAHHUH
BBINIOJTHEHHBIX B YKPaWHCKOM TOCYJapCTBEHHOM YHHBEPCHTETE
KEJIC3HOOPOKHOTO TPAHCIIOPTa (T. XapbKOB).

V3mepeHus HalpsDKEHHOCTH IIOJS BBINOJHSUIUCH Ha psifie
CTaHIMI M  TEpPEeroHOB  JKENEe3HBIX JOpPOr B  YCIOBHSX
JNEKTPU(DUINPOBAHHBIX U HE 3JIEKTPU(PUIMPOBAHHBIX YYacCTKOB.
W3mepsnace HanpspDKEHHOCTH TIONSI CHTHANIOB TIPH BEPTHUKAIBHON
noysipu3armu.  OOpaser; 3amuceil (QuIyKTyanuii HampsHKeHHOCTH
moms ~ Ha ~ KOPOTKOM  OTpe3ke  IyTH B YCIOBHSX
SNMEKTPUGHUIIPOBAHHOHN JKEJIC3HOMOPOXKHOH CTaHIMM MPUBEAEH Ha
¢urype 1. IIpoctpancTBeHHBIE (QIYKTyalliM HAIPSHKEHHOCTH TOJIS
HOCAT CIy4ailHbIIl XapakTep, OJHAKO HaOMNIOIaeTCs peryispHoe

yepe€aoBaHue€ CMEXKHbIX MAKCUMyMOB W  MWUHHUMYMOB, 4YTO
TMOATBEPKAAECT UX HHTepd)epeHL[I/IOHHOG TMPOUCXOXKIACHUS.
I/I3Mep6HI/IH BBIITOJTHAJIMCH C IIOMOIIBIO

CepTUGUIIPOBAHHON aNmapaTypsl ISl M3MEPEHNS HANPSHKEHHOCTH
nois, KoTopass oOecHnedrBaeT BBIMONHEHNE METPOIOTHYECKUX
TpeOoBaHUI IIPH UCCIEAOBAHUAX PACIIPOCTPAHEHUS PaJHOBOIH [6].
B kauecTBe HCTOYHHKOB U3JIy4eHHUS HCIIOJIb30BAHBl THIIOBBIE
pagrocpeaCTBa B COOTBETCTBYIOLIMX TOJIOCAX YACTOT.
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@Due. 1. Onykmyayuu HanpadjiceHHOCMU NOJA HA
INeKMPUPUYUPOBAHHOUL ICENEIHOOOPOICHOU CIMANYUU

CpenHue 3HaYSHUS HANPSHKEHHOCTH IOJIST OTPEEIBIINCE 110
JIUCKPETHBIM HEKOPEIUTMPOBaHHBIM BBIOOpKaM 00bemMoM Oosee 100
3HAYEHUH B KaXKAOM TOouke wusMmepeHus. s onpeneneHus



anmpoKCUMUPYIOMUX 3aBUCHMOCTEH HANpPSHKEHHOCTH MO OT
paccTosHUs ObUIM  YCPEIOHEHbl pPe3ylbTaThl M3MEPEHUH A
THUIOBBIX YCIIOBHUH KENEe3HOAOPOKHBIX CTAHIUI U TIEPETOHOB.

ITo sKcHepuMEHTAIbHBIM JaHHBIM Ha GUrype 2 NOCTPOCHBI
KpHBBIE 3aBHCHMOCTH MEANAaHHBIH 3HaUeHHI HAIPSHKEHHOCTH MOJIS
OT pacCTOSIHUSI Ul ycloBHII cTaHUWil (kpuBas 1) W IeperoHoB
(xpuBast 2) Ha He DJICKTPUQHIMPOBAHHBIX yJaCTKax >KEJIE3HBIX
nopor. [Ins cpaBHeHust kpuble 3,4,5 TOCTPOEHBI IO MOJENIH
Oxamypsl - XaTa A YCJIOBHI: TOpOJA, MPUTOpOIHAs 30HA,
OTKpBITasi MECTHOCTb. Bce KpHBBbIE MOCTPOEHBI ISl OJMHAKOBBIX
ycnoBuil mepemaun Ha yacrore 900 MI'm - mpm MomiHOoCTH
nepefatdyuka 1 BT u BeICOTax yCTaHOBKH aHTEHH CTallMOHAPHON
hy= 20 M u aHTEHHBI NPUEMHON (JOKOMOTHBHOMN) PaJHOCTAHLIHU
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Que. 2. 3aucumocmos HANPANCEHHOCMU NOJISL OM PACCMOSIHUS OJiA
PasHblX MoOenell pacnpocmpaneHus paouooH

DKCIepUMEHTaIbHbIE Pe3yJIbTaThl OTJIMYAIOTCS OT KPUBBIX
paccumTaHblx 1m0 0Oa3oBoit Momenmn Oxamypel —  Xara.
MexayHaponnabsiid  Coro3 JKENe3HBIX JOpOT TpeIiaraeT BECTH
pacdéTsl 30H paguonoKpeIThs 1mo Mozenn Oxamypsl — XaTa mis
YCJIOBHIf TOPOIOB, OJJHAKO MPH 3TOM OYAET CO3/aBaThCs M3IHITHUH
3amac MOIIHOCTH [7], 4TO yXy[UIaeT TEeXHHKO — SKOHOMHYECKHE
HOKa3aTell CeTeH.

Ha ocHOBe OKCIEpUMEHTAIBHBIX KpPUBBIX OINpPEIeTeHBI
napamerpsl MoauduIpoBaHHOi Moxenn Oxamypbl — XaTa Uit
ycioBuit meperoHoB (hopmyna 1) u cranuuii (popmyna 2):

115
(1) Enep =7925-26.05-1g 1 +1382 - Ighy + (L1-1g f ~0.7) -hy (44,9 -655-lghy) - IgR

+478-(Ig )2
@ ey =57.01- 722 Igf +1382-Ighy + (LL-lg f ~0.7)- hy - (449 - 655 -Ighy) - lg R™™
f2
+2-(Ig(—)

28

rae by -BeICOTa yCTAHOBKM aHTEHHBI  CTAllHOHAPHOMN

pamuoctaniuy, M; f -poGoune uactoTel pamgmocereit, MI; h2-

BBICOTA YCTAQHOBKHM AaHTCHHBI MOOWJIBHOM pajavocTaHuuH, M; R -
BIJICTaHb BiJ TiepeaBaya 0 TOUYKH OILIHIOBAHHS BTPAT, KM.
PacueTsl 30H o0ciryxuBaHus paguoceTell yo0Hee BECTH Ha
OCHOBE OIIPEJICICHUs] DHEPreTHYECKUX MapaMeTpoOB CHTHAIOB H
MOTEph NPH PACIPOCTPAHECHUH PAIHOBOJH 03 mepexosia K KPUBBIM
HaIpsDKEHHOCTH mostsi. DOpMyIbl JUIsl pacdeTa OCHOBHBIX IOTEpPh
MOIITHOCTH CHUTHAJIOB JUISl YCIIOBHH paclpOCTPaHEHUS PaJHOBOIH Ha
craHusX L, o (Gopmyna 3) uneperonax Lo, e, (Gopmysa 4):
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(4) Locungp = 3011+ 46,05-Ig £ ~1382-lo(hy) - (L1- 1o ) ~07)- g + (44,9~ 6.55- Iy ) - g Rl
2
)

=52,35+27,22-lg f ~1382-1g(hy) — (L1-lg( ) ~0,7)-hy + (44,9-6,55-Ig hy)-lg R*** =2 (lg(—))?

ocH.cm

- 4,78(1g( ),
Ilpm  pacuerax KaHAMOB  HEOOXOOWMO  yUHTHIBATH
(ITyKTyallMOHHBIE TIPOIECCH], KOTOPHIE BBI3BAHBI Pa3IMIHBIMU
(haxTOpaMy, MOCKOJIBKY 3HAUECHHE HANPSHKEHHOCTH OIS SIBISETCS
CIIyyaiiHOW BeNMYMHOM Mo MecTy M BpemeHu [2]. Ho mmenno
BEJIMYMHA MHTEP(HEPEHLHOHHBIX MPOCTPAHCTBEHHBIX (IIYKTyauuit
SBJISIETCS OTPENENAIoNIeil pU pacueTax 3HAUYCHHH HANPSHKEHHOCTH

OIS c 3aJ]aHHOM HaJIe)KHOCTBIO. HawnbGonee TOJIHO
(IyKTyallHOHHBIE — MPOIECCHl  XApaKTEPU3YIOT — HWHTErPAbHBIC
¢yakmun  pactpenencHus.  OHH  TO3BOJSIIOT  OTPENENATH

BEPOSTHOCTh TIPEBBIIICHUS OIPEIENICHHBIX YPOBHEH CHTHAJIOB,
KOTOpass MOXKET XapaKTepH30BaTh HAJEKHOCTh PaJHOKAHAJIOB IO
THOJIO.

Ha  d¢urype 3 mpuBeaeHbl  SKCIEpUMEHTAIbHbBIC
UHTETpalIbHbIE GbyHKIN pacnpeneneHus 3HaueHUi
HAIPSHKEHHOCTH TI0JSI B PA3IMYHBIX YCIOBHAX PAaCIpOCTPaHEHUS
pamuoBosH. KpuBBle ITOCTpOEHBI Ha OCHOBE CTATHCTHYECKOI
00paboTKH 00O0OIIEHHBIX PE3yIbTaTOB HccienoBanus. [lo ocu
OpJAWHAT NPUBEACHBI YPOBHU CUTHAJIA B OTHOCHTEIIBHBIX €IHHULIAX

B; = ZOIgEE—i :
c3

Mo ocu abcuucc HaHECEHO KOTUYECTBO TOUYEK IMpHeMa P B
NPOLEHTaX, B KOTOPBIX IPUHHMaeMbIH
YpOBeHb, YKa3aHHbIH Ha ocu opauHar. [padukm Moryt
XapaKTepH30BaTh  pacHpeleNieHue  BEPOSITHOCTEH  aMIIUTY.
HAINpPsHKEHHOCTH TIONI Ha JTI00OM PAacCTOSHUM OT TIepefaromeit
AQHTCHHBI.

Hamnbonee riayOokue ¢uykTyanmd HaOMIOAAOTCS Ha
JKEJIe3HOZIOPOXKHBIX ~ CTaHIMAX (kpuBas 1) ®W  meperoHax
ANEKTPUGHUIMPOBAHHBIX YYaCTKOB JKeJIE3HBIX Jopor (kpuBas 2). Ha
HE EKTPUPHUIUPOBAHHBIX JKEJIC3HOIOPOXKHBIX CTAHIMAX TITyOnHA
¢GuykTyanMii HampsDKEHHOCTH IOJsL  yMeHbIaercst (Kpusas 3).
Hanmvenspmas riryOnna QurykTyannii HaOJIOgaeTcs Ha TIeperoHax He
ANEKTPUPHUIUPOBAHHBIX YUACTKOB JKEJIE3HBIX AOPOT (KpHBas 4).
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@uz. 3. Pacnpedenenue yposHeli CUSHALO08 8 3A6UCUMOCIU OM
HAOExCHOCMU PAdUOKAHaNa no noJio

4. Pezynomamol u oucKyccus

PeSyﬂbTaTbI OKCIICPUMEHTAJIbHBIX HCCHC}IOBaHI/lﬁ MOFyT
6])ITI: IMOJIOKECHBI B OCHOBy yCOBepH.IeHCTBOBaHHOP’I METOAUKH
pacuera 30H OOCTy)XHMBaHHS pajuoceTell C HEOOXOAMMOIA
Hag&kHOCThIO. Ha rpanHume 30HBI OOCHY)XMBaHHA JOJDKHO
BBIITOJTHATHCS YCIIOBHE!

LMepe)!(i ngon '

rac L — pCaJbHOC 3HA4YCHHUC IIOTECPL CHUI'HAJIOB B

-Mepedict
KOHKPCTHBIX  YCJIOBUAX  OpraHu3aliun pa/:[HoceTeﬁ,
OIIPEACIAIOT C YYETOM JONOJHUTEIIbHBIX MTOTEPh,

(5) L‘\rtepemd = Locu (f ’ hlv h2) + Bmpac + B[.woe‘

KOTOpOe



L

ocue — OCHOBHBEIE IIOTEPH HA TPAccax PacIpOCTPaHEHHUS
PaIuoOBOIH. OmpeneisieMble Mo Gpopmynam 3,4, TOITYYCHHBIMA IS
YCIJIOBUH CTAHIMIA WM NIEPETOHOB,;

B

‘mpac ~ JONOJIHUTEJIBHBIC MMOTEPU, KOTOPLIC 3aBUCAT OT
KOHKPETHBIX 0COOCHHOCTEH TpaccChl paclpoCTpaHCHUA PaIMOBOJIH B
Pa3JIMYHBIX YCIOBUAX OpraHU3aluM PaJuOCBi3H,

B JOIIOJIHUTCIJIBHBIC TIoTepH,

MPOCTPAHCTBCHHBIC W BPEMCHHBIC (DIYKTyallid HaNpPsHKEHHOCTH
TIOJISl CHTHAJIOB, OMPEICISIOT UCXOAS M3 TpeOyeMoi HaJIe)KHOCTH
CBSI3H 10 TIOJIIO;

L00n7
Tpacce pacnpocTpaHeHust pamHoBOIH, pu KOTOPOM
obecreurnBaeTcss HEOOXOAMMOE KaueCTBO M HAJEKHOCTh KaHAJIOB
PaTuOCBsI3U Ha TPAHUIIC 30HBI 00CITY)KHBaHUS;
(6) Looy =Popo — Pupss + By » AB;

npm nap

inoe YYHUTHIBAKOLIUEC

MaKCUMaJbHO JONMYCTUMBIH YpOBEHb MOTEPh Ha

Pupo — MOIIHOCTD nepesaTinka, Abv;

Pyupy — MHHHMAIBHO JOMYCTHMAs MOLIHOCTh CHTHAIA HA
BXOJie IPHEMHHKA, 1bM;

Brapan— CyMMa  MONPAaBOYHBIX KO3 (HUINEHTOB,
3aBUCAIIMX OT IapaMEeTPOB AHTEHHO-(QUICPHBIX YCTPOHCTB

TepeaaTInkKa U IpUeMHHUKA.
Heo6xomumoe 3HaueHue mompaBku B

rpapukam Ha urype 3. Ilpm 3HAUUTENBHBIX JANBHOCTSX
PaguoCBsI3U JOTONHUTENGHO YUUTHIBAIOT BIMSHUE (IIYKTYyanui,
BBI3BAaHHBIX M3MEHEHHEM YCJIOBHH Ilepeayyl CHUTHAIOB Ha Tpaccax
pactpocTpaHeHUs] PaAHOBONH U pe(PaKIMOHHBIMU U3MEHEHUSIMH B
Tpomocdepe, KOTOPhIE MOXHO OIPEACNIUTh II0 PEKOMEHIAIMSIM
ITU-R.

C ucmonp30BaHUEM IPEATIOKEHHON METOINKH, Ha durype 4
NpUBENEHBl IPUMEPhl PacyeToB IaTbHOCTH JEHCTBUS  CETH
MOE3/IHOM painoCBsI3u METPOBOTO JIuana3oHa Ha yacrtore 150 Ml
Ha u ceth GSM-R 900 MI'y, opraHn3oBaHHOW Ha TEPPUTOPHU
KPYIHOH KeJIe3HOJOPOXKHOM CTaHLIUK AT ANEKTPHU(UIIPOBAHHOTO
ydacTKa jKeJIe3HOM JOpOrH.

MoiHoCTh MpenaTyvka B CUCTEME MOE3AHON PagUOCBA3H
Prnpo =10 Bm (40 nbwm), B CHUCTEME GSM-R

Prnpo =20 Bm (43 nbM); BBICOTBI YCTAHOBKM AaHTEHH 0a30BBIX
craHuuit hy =20 »m ¥ JIOKOMOTUBHBIX aHTeHH h, =5.m . ITonpaska
B

ino0e OMPEACISIIOT 110

1106 OTIPEICTICHA JUIS HA/IEXKHOCTH paJinoKaHana 110 nojo 95 %.
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Due. 4. Pezynomamu po3paxyHKy 0anbHOCMI paoioss sa3Ky
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Hpyrue cocrasnsiomue B ¢opmynax (5,6) ompeneneHsl ¢
Y4eTOM BEJOMCTBCHHBIX HOPMATHBHBIX JOKYMEHTOB [5] u
pexomennanuii MCXK/I o Buenpennro GSM-R [7].

JlaTbHOCTE pafiioCBsI3H ONpeeIsIeTCs TOUKOH IepecedeH s

KpHUBBIX L. U Ly, U NPH HaJAGKHOCTH PaJIHOCBA3H IO IOJIO

95% mns pycioBuil meperoHoB cocTaBisieT 12,1 kM, a s ceTn
GSM-R cocrasur 5,8 km.

Pe3ynpTaThl HMCclieoBaHMI pacpoCTpaHEHHs PaaHOBOJH
BOKHBI HE TOJBKO JUIA pacdeTa ceTeil TeXHOIOTHYEeCKOn
paguocBs3M, HO M A OpraHW3allMd COTOBBIX CeTel oOImero
MOJIB30BaHMsI, KOTOPHIE JOJDKHBI Pad0oTaTh BAOJb JKENE3HBIX JOPOT
JUIsL 00CITY)KUBaHHUS TACCAKUPOB TTOC37I0B.

5. 3aknrouenue

1.  DKCHepuMEHTAIbHO  OIpENETCHBl  3aBUCHUMOCTH
MEJUaHHBIX 3HAYCHUI HAMpPSHKEHHOCTH TOJII OT PACCTOSHHSA B
YCIIOBHSIX JKENIE3HOMOPOXKHBIX CTAHIUA M MEPErOHOB U yTOYHEHBI
mapaMeTphl IPOCTPAHCTBEHHBIX (PIYKTYaIHid paIHOCUTHATIOB.

2. Ilpennoxena ycoBepLICHCTBOBAaHHAs CTaTUCTHUYECKas
MOZENb pacyera HSHEPreTHYECKUX  XapaKTEpUCTHK  KaHaJoB
MOJIBIDKHON PaJMOCBA3HM B YCJIOBHSAX BIUSHHUS HHPPACTPYKTYPHI
JKEJIe3HBIX JIOPOT.

3. Hcnonn3oBanue MOJEIH, OOECIIEUYMBAET IOBLINICHUE
TOYHOCTH H HAASKHOCTH TPOTHO3UPOBAHUS JHEPTreTHUECKUX
XapaKTePUCTUK DPAJANOKAHATIOB B YCIOBHSAX IKEIC3HOIOPOIKHBIX
cTaHIid © meperoHoB Ha §-11 b 1o cpaBHeHHMIO C
pekoMeHTausIMi MexXIyHapOoIHOTO COI03a HKENE3HbIX OPOT.

4. TlpemanokeH MeETOJ pPO3PaxyHKy KaHAIiB pPyXOMOTO
pamio3B’s3Ky, KUl 3abe3neuye BH3HAYCHHS 30H OOCITyrOBYBaHHS
panmioMepex 3 HEOOXiTHOK HAIMHICTh MO TOJNI0, IO JO3BOJISIE
ONTHMI3yBaTH MPOEKTHI PillICHHSI.
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Abstract: The competition between operators in the public tender in ordering process of train paths in long-distance rail passenger
transport is very significant. The partial liberalisation of the rail market in the European Union was already underway in 2010, when all
European railway companies with the necessary licenses gained access to railway infrastructure. One of the current objectives of the
common transport policy laid down in The fourth railway package is to open up the market for national rail passenger services in all
Member States from 2019.1n 2009, the EU Regulation No. 1370/2007 came into force, which sets out the selection procedures for the award
of contracts in public rail transport. There are two forms of contracts for transport services in the public interest, either by tendering the
competition for traffic performance, or by directly entering the selected railway company. The aim of this article is to analyse steps of the
Slovak government in the first public tenders to provide subsidized transport of a selected line and to determine conditions for this tender.
This is a significant moment in the railway market in the Slovak Republic, preparing the opening up of the market for domestic long-distance
passenger rail transport.

Keywords: PUBLIC PERFORMANCE, LIBERALIZATION, RAILWAY PASSENGER TRANSPORT, PUBLIC TENDER, COSTS

1. Introduction 1. The opening up of the market for domestic

The partial liberalisation of the rail market in the European passenger rail transport services In the Slovak

Union (EU) was already underway in 2010, when all European Republic
railway companies with the necessary licences and safety
certificates gained access to railway infrastructure in all Member
States. One of the current objectives of the common transport policy
laid down in The fourth railway package is to open up the market
for national rail passenger services in all Member States from 2019,
while making public tenders for transport service contracts
compulsory, in the public interest.

There are two railway companies with which the State has
concluded contracts for transport services in the public interest for
domestic passenger transport in the Slovak Republic: ZSSK and the
private railway company, RegioJet, Inc. At present, there are two
options of providing transport services in the Slovak Republic. The
first is when a railway company provides transport services at its
own business risk and this principle is applied to lines with

A fundamental step in the liberalisation of the rail freight  sufficient capacity and performance, where there is less risk of
market has been the separation of railway infrastructure managers ~ Potential financial loss to the company. Currently this type of

from railway companies and consequently providing non-  provision of transport service is used by RegioJet Intercity on the
discriminatory access to railway infrastructure to the railway  Bratislava to KoSice line. The second type is when a railway
companies in all Member States. [1] company provides transport services in the public interest. [3]

The biggest problem in the opening up of domestic passenger ~ In January 2012, there was a change on the Bratislava to Kosice
transport is that the tracks upon which traffic is controlled is also  line because of a sufficient number of services and passenger traffic

subsidised by the State, because it is impossible to create a natural ~ flows. ZSSK started to operate its Intercity trains as commercial
competitive market. The situation has improved because of the trains from a contract on traffic performance in the public interest.
impact of European reforms, although the operation of these lines ~ For these trains, there is a separate tariff policy, they are not
remains costly, so it is not possible to create transparent sub§|d|sed_by the State and the railway company operates a_lt !ts own
competition. For this reason, the State continues to control and  business risk. In December 2014, RegioJet started providing the
subsidise traffic performance but the possibility of public ~ same transport services on the same line, with the result that ZSSK
competition to secure operations on selected routes followed by  stopped operating its InterCity trains in January 2016. In December
their state subsidies is increasingly coming to the fore. [2] 2016, ZSSK starts again to again to operate the InterCity trains.

In 2009, the European Parliament and Council Regulation EC 2. Call for public tenders in railway transport in the
No. 1370/2007 came into force, which sets out the selection Slovak Republic

procedures for the award of contracts in public rail transport. The
Slovak Republic's Ministry of Transport and Regional Development There are two forms of contracts for transport services in the
(MTRD) contracted with the best railway company operating rail  public interest, either by tendering the competition for traffic
services (ZelezniCnd spolocnost’ Slovensko, a.s., The Railway  performance following the end of a contract, or by directly entering
Company Slovakia Inc., or ZSSK) to carry out transport services in  the selected railway company. A contract for transport services in
the public interest for a period of nine years (2011 to 2020). This  the public interest by direct assignment to a railway company was
contract also includes operations in regional transport, which are realised on the Bratislava to Komarno line. MTRD carried out a
agreed together with operations in long-distance transport. [2] tender and awarded the transport service to a specific railway
company, RegioJet. The contract was agreed in December 2010 for
a period of nine years from March 2012 to December 2020 and the
contracted transport performance was stipulated at 1.3 million train
kilometres. [4]
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The analysis by MTRD showed that, after RegioJet took on the
railway passenger transport March 2012, there was visibly
increased train traffic on this track (from Dunajska Streda to
Bratislava there is a one hour period during the day, and half an
hour period during peak time), and as a result there is a significant
increase in transport performance. Year on year, in the period
October 2012 to October 2013, there was an increase of 74% in
train kilometres, 146% in passenger kilometres, and 115% in the
number of passengers of. It was also noted that there was a
reduction in the cost per train kilometre of 5.7€, which represents a
cost reduction of 16% when compared with a national carrier. [6]

In September 2015, the first competition for subsidised services
in the public interest started, when advance notice of invitation to
tender for the long-distance Bratislava to Banska Bystrica line was
published and, in November, the tender was declared without
publication of the estimated value of services. The price of the
services, however, is estimated at over 10 million euros. The
deadline for this competition was January 2016 and eight candidates
enrolled. As at November 2016, the competition had not yet been
evaluated. [7]

3. Characteristic of the long-distance Bratislava to
Banska Bystrica line

During 2015, MTRD began to take steps towards the
liberalisation of the long-distance domestic rail passenger service on
the Bratislava to Banska Bystrica line, which opened up the market
for domestic passenger services to a new railway company. The
Bratislava to Banska Bystrica line was chosen because of the
provision of sufficient transport performance and passenger flows.
The liberalisation process of the Bratislava to Banska Bystrica line
is still ongoing, and has entered competitive conditions and criteria
stage, although the tender had yet to be concluded in 2015. [5]

The object of the competition was to ensure safe, effective and
quality transport services to passengers between the cities of
Bratislava and Banska Bystrica by long-distance trains. The
contract for transport services in the public interest will be
concluded with an eventual candidate under the Act of Railroad No.
514/2009. Annual transport performance is expected to be in the
range of about 1.5 million train kilometres and the extent of
transport operations for the year will be specified by a special
addition to the contract. For realised traffic performance, the State
will reimburse verifiable losses to the railway companies. In 2016,
the extent of total transport performance at ZSSK represented
31,304 million train kilometres, thus the competitive amount
represents 4.79% of train kilometres operated by ZSSK. [4]

The Ministry declared that one of the objectives of the
competition was to generate the most favourable economic
conditions for both the State and the passenger, while ensuring the
operation of services achieved the required quality. The State
currently reimburses around 6.7€ per train kilometre to ZSSK.
Provisionally in this contest it envisaged the inclusion of eight pairs
of express trains, which runs daily, and two pairs of extra trains
running on Friday and Sunday.[8,9]

The new 2016/17 timetable on the Bratislava to Banska Bystrica
line operates nine direct express trains, including eight trains in a
two-hour period during the day. Also in the opposite direction there
are nine direct express trains, including three trains in the morning
one-hour period and the remaining six trains in a two-hour period.
The transport has a length of 230 kilometres, achieved travel time is
three hours 24 minutes and the average cruising speed is 67.6
kilometres per hour.

4. Proposal for ensuring rail passenger transport on
Bratislava - Banska Bystrica line
When creation proposal of long-distance rail passenger

transport of Bratislava — Banska Bystrica line we take into account
the conditions, which were set out in the Notice of public tender
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announced by the MTRD. The total extent of the services is defined
as the minimum level. To fulfil the object of the contract it is
required at least 7 trains or train units with a minimum capacity of
530 seats for each train or train unit. It is also required the creation
of at least one operational reserve (one train or train unit). For
ensuring long-distance transport on the Bratislava - Banska Bystrica
line was selected the bi-current locomotive type 363. This
locomotive has four axles, a box shape and it’s design speed is 140
kilometres per hour. It is designed for trains on electrified lines,
where the electricity supply system is changing. To ensure rail
passenger transport in required quality services, they were also
selected second class carriages (Bmpeer type) for passengers. These
wagons are intended for long-distance transport and designed to
meet the requirements of international transport and
interoperability. Bmpeer carriage has open-space interior and the
automatic sliding entrance doors, which speed up passengers
boarding. [5]

5. Calculation of total costs when ensuring rail
passenger transport at the Bratislava — Banska
Bystrica line

Calculation of total costs, which may be incurred when
providing passenger rail transport at the selected relation, is based
on the average costs calculated per year.

Railway infrastructure costs

When calculation railway infrastructure costs, it is needed to
find out the gross train weight according to the formula (1):

Q= Qa+ Qu+ny < 0.08f]
)

where Q is gross train weight [t], Q,,s is locomotive weight [t],
Quo; IS carriages weight, Npiest IS NnUMber of seats available and then
the gross train weight calculation is:

@ =(87+ 7=434+7=76)=008=430562=431¢

Railway infrastructure costs are calculated according to the
Decree of the Railway Regulatory Authority No. 3/2010 setting the
charges for the access to railway infrastructure. These costs include
charge for the minimal access package and charge for the access to
the service devices. There are six line categories in the Decree, and
because of this, lines have to be divided into categories. There is the
first category line Bratislava Palarikovo with its length 81
kilometres and the second category line Palarikovo — Banska
Bystrica with its length 149 km.

First, it is needed to calculate charge for the minimal access
package, according to the formula:

Uﬂi.f.l = UL + U: + Ug (2)

where U, is charge for ordering and allocation of the capacity,
U, is charge for the management and organization of traffic, Us is
charge for ensuring the infrastructure serviceability. Second, there is
needed the calculation of charge for the access to the service
devices, following the formula:

Up = Uppy + Uppe ©)

where Utpl is charge for using of electrical supply device and
Uy, is charge for using railway stations. Charges for the access to
railway infrastructure according to track category are shown in the
Table 1.

Table 1: Charges for the access to the railway infrastructure

Cate- | Track
gory | section Ui U. Us Ut Ui
1 E;?;:?L%‘fo' 1.6767 | 77.598 | 45.76832
Palarikovo — 25.774 | 25.929
2. : 2.831 131.269 | 80.98016
B. Bystrica

Source: authors



Total charges for the access to railway infrastructure is 391.826
€ per one train and 2 823 754.71 € per one train per one year.

Costs of rolling stocks

It was not possible to determine an exact rent of rolling stocks
(because of trade secret) then the rent was based on acquisition cost
of locomotive and carriages. Rental price was set at 60 € per hour
per locomotive and 27 € per hour per carriage. In proposal, there is
one locomotive and seven carriages to ensure the condition of 530
seats available in each train. The cost of the carriages and
locomotive are both calculated by the following formula [6]:

Npy = Bay * Ny * T+ gy [€/year] 4

where Nygr are total rolling stock costs, Pyg is rent for
locomotive/carriages, ny is number of days per year, t is hours per
day, nyg is the number of locomotives/carriages in all trains. Then
the calculation of locomotive costs is:

60=365+24=8=4204B800€

Ny

Ny =27+365=24+«56=13 245 120€

The total rolling stock costs (for locomotives and for carriages
together) are 17 449 920 € per one year.

Costs of locomotive and train crews

Costs of locomotive and train crews are calculated by using the
gross wage of train drivers and conductors. The high of gross wage
is based on analysis of the costs of operating the trains on the
relation Bratislava — Komarno. These data were recalculated by
index. The gross wage is set on 920 € for the train drivers and 750 €
for the conductors. Indirect costs for train drivers is set 500 € and
300 € for the conductors. When formation the working turn for
employees, the number of train drives was set on 22 people and the
number of conductors was set on 88 people. Employer's
contributions are at 35.2 % of gross wages. Costs of locomotive and
train crews are calculated by the following formula:

Nacve = Pacye * (CCP + Ny = Iin £[€] (5)

where N, are costs of train drivers/conductors, P, is the
number of train drivers/conductors, CCP is the total labour cost
(gross wage + employer's contributions) and N, are indirect costs
of train drivers/conductors. Then the final calculations of
locomotive and train crews are:

Npc =22+ (1317,94+500) = (1 +2222) =44 526 ¢

Nyc =88+ (1014+300) + (1+°27) = 128 7331 €

Total costs of all locomotive crews are 512 534.11 € per year
and for locomotive crews are 1 544 797.27 € per year.

Costs of energy

. L
J'.'IE = LDDDHQHLH?HPHS?[:E]

(6)
where Q is total gross weight of train, Le is the length of
crossing electrified tracks, me is energy consumption for specific

type of locomotive and Se is rate of energy (price for 1 kWh of
electricity). Then the calculation costs of energy are:

Ny = ——+431%230% 250,15 = 3717 €/per one train
Energy consumption for the locomotive type 363 is

25kwh/1000 hrtkm according to the Study of the Transport research
centre in the Czech Republic. Total costs of energy are
2 678 527.08 € per year.

Total costs

Total costs are comprised of direct and indirect costs. Direct
costs are calculated above, it means the summation of railway
infrastructure costs, costs of rolling stocks, costs of locomotive and
train crews and costs of energy. Indirect costs include costs of the
tickets selling, costs of services for passengers in railway stations,
insurance costs etc. and comprise 20 % of direct costs. The high of
direct and indirect costs is shown in the Table 2.

Table 2: Calculation of total costs

Total costs [€/year]
Direct costs
Indirect costs
Total costs

Source: authors

25019 133.16
6 254 783.29
31273 916.45

Revenues

The high of revenues was determined based on the current
occupancy of all connections on the relation Bratislava — Banska
Bystica last year. The occupation is divided into three track sections
on this relation (Bratislava — Sala, Sala — Levice, Levice — Banska
Bystrica). There are two tables for occupancy because of
considerably different number of passengers during the peak and
off-peak hours. The occupation, which we consider when
calculating average revenues, was decreased of the number of
passengers using complimentary transport. It was considered the
average rate 0.066 € per one kilometre when calculating the
revenues. The occupancies (with and without the complimentary
transport passengers) and revenues during the peak and off-peak
hours on selected track section are shown in the Table 3 and the
Table 4. Then total average revenues for all trains on the Bratislava
— Banska Bystica line according to current occupancy are
17 205 828.34 € per one year.

Table 3: Revenues during the peak hours

Occupancy
. Occupancy | by paying | Distance Revenues
Track section for one
[%] passengers | [km] in €
%] train [€]
Bratislava — Sala 95 54.15 60 1085.79
Sala — Levice 65 37.05 72 891.49
Levice - B. 50 28.50 98 933.40
Bystrica
E- Bystrica — 60 34.20 98 1121.08
evice
Levice — Sala 70 39.90 72 960.07
Sala — Bratislava | 85 48.45 60 971.50
Source: authors according to [6]
Table 4: Revenues during the off-peak hours
Occupancy | Revenue
Track section Ooccupancy by paying | Distance | s for one
[%] passengers | [km] train [€]
[%]
Bratislava - Sala | 40 22.80 60 451.18
Sala — Levice 35 19.95 72 480.03
Levice — B. Bystrica | 45 25.65 98 840.06
B. Bystrica — Levice | 30 17.10 08 560.04
617.19
Levice — Sala 45 25.65 72
685.76
Sala — Bratislava 60 34.20 60

Source: authors according to [6]

The difference between revenues and costs is shown in the
Table 5. The amount of compensation for provided services on the
Bratislava - Banska Bystrica line ranges from 13.8 to 16.3 million €
per year by available information.
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Table 5: Revenues and costs
Revenues

Direct costs

Indirect costs

Total costs

Difference

Source: authors

18278923.22 €
25019 133.16 €
6254 783.29 €
3127391645 €
-12994 993.23 €

There will be new modern and well equipped trains or train
units on selected line, which will provide good conditions for
passengers while travelling and also ensure the higher quality and
comfort ability [10]. New selected railway undertaking has to
ensure more train connections (in both directions), what will
probably increase the number of passengers. Based on this, there
are expected higher revenues about 10 % in future. Increasing of
revenues will reduce the amount of compensation of economically
justified costs.

6. Conclusion

Nowadays it is expected arrival of a new railway undertaking
that will provide its transport services on selected line. Therefore, it
is important to design appropriate solutions that would be beneficial
not only for new provider of transport services, but also for all the
travelling public. This is a significant moment in the railway market
in the Slovak Republic, preparing the opening up of the market for
domestic long-distance passenger rail transport for competition in
the provision of transport services in the public interest. This is a
comprehensive process that achieves the desired effect only if it is
well prepared. The priority, from the perspective of the passenger,
is transit time and it should be noted that the line for competition
already has a significant competitor in the form of road traffic, with
the completion of the highway R1, where travel time is two hours
and 50 minutes by bus and two hours and five minutes by car.
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Abstract. Quality has a fundamental influence to the services in passenger transport. The main objective of transport is to satisfy
customers’ (passengers’) requirements on the qualitative, flexible, fast and safe carriage of people and goods. Organisers of transport
(public authority), providers of transport services and their customers have a different view on the perception of quality. This fact is
influenced by unsystematic assessment to the quality measurement as well as by ignorance of the interaction of the transportation the
peoples with the transport system. A basic element of transport service is the movement of the rolling stock with the passenger or goods from
the start to end destination. In this point of the technological process of transport, the main bearer of the quality of transport services are the
vehicles and the transport infrastructure. From the perspective of the vehicle, its operation-technical and utility properties are very
important. From the perspective of transport infrastructure, the operating ratios and conditions are important. Due to the content of the
quality concept it is not possible to focus only on the interaction of carriage and transport infrastructure. The paper is focussed on the
quality evaluation of performance in regional passenger rail transport in relation to other modes of public transport. Hereby it is necessary
to know the perception of quality services as well its value for the client (passenger). Consequently it is needed to set a permanent process of
quality evaluation of the provided transport services. The paper is based on the premise that the customer interests present the public

ordering body (authority) of the public transportation services.

Keywords: QUALITY, RAILWAY TRANSPORT, PASSENGER TRANSPORTATION

1. Introduction

The task of quality standards for services in the regional rail
passenger transport are intended to establish a uniform level of
provided services, while drawing inspiration from EN 13816. The
quality standards have to be set according to the strategic needs of
passengers, so that they can be set as a basis of a contract with a
customer to a minimum uniform level of quality of service
provided. Measuring and evaluating the quality of services in
regional passenger rail transport also need to be compared in
relation to other modes of public transport. It is necessary to know
the perception the quality and value of provided services for the
client (passenger) and set the functioning with a permanent process
of evaluation provided services. Important is the view on the quality
provided services in passenger transport by the subject under the
transport market. The role of public authorities is regulation given
the impact of the transport process on the society and environment.
The main aim of clients public services is established on a mutually
intertwined and customer quality and sufficiently simple
comprehensive public transport system while minimizing financial
claims. The intention of the public passenger transport is to build a
competitive system to motorized individual transport. On the
support of these aims it is necessary to establish new methodology
on the definition of quality requirements in the regional rail
passenger transport. This methodology currently does not exist.

2. The proposal of methodology for rating quality
standards

The basic principle of policy quality of services in regional
passenger transport is to satisfy the customer's requirements,
therefore, focus on compliance with the established quality
standards. The role of the order body of the transport services is to
ensure optimal transport accessibility of regions with the effective
use of resources and to implement the principles of transport policy.
The task of the coordinator undertake to fulfil the requirements of
standard EN 1SO 9001: 2009 and STN EN 13816. Based on the
above coordinator shall establish and maintain a quality
management system. Next is necessary to apply the principles of
improvement of all processes affecting the quality of services
provided in public passenger transport. The effective providing of
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quality services requires introducing control processes for the any
activity, which affects the fulfilment of customer requirements.

The task of the provider of the service is to ensure all activities
associated with the provision of transport services in the appropriate
quality to meet all established standards of service quality. The
carrier (railway undertaking) must ensure the safe, convenient, fast
and affordable transport for passenger (customer) at a maximum
fulfilment of their requirements. Railway undertaking (carrier) must
provide the services for passengers in accordance with approved
quality standards at European level in order to retain existing
customers potentially increase the demand for transport services.
The carrier must also ensure the high quality standard of its staff
and technical resources. The most valuable asset of the company is
the professional qualifications and skill of staff. For this reason it is
necessary to monitoring constantly the increasing proficiency as
well career development of employees and in relation to the
fulfilment of defined quality criteria relating to staff and their
approach to customers.

The proposed methodology is based on premise to provide the
maximum value for customers. Realisation of transport services is
the responsibility of the carrier. Ensuring transport service is public
service that must satisfy the transport needs of the population in the
region. The requirements of passenger (costumer) defines subject,
which ordered transport performance. In the proposed methodology
is rated the level of provided services in regional passenger
transport that are ordered by transport body (state or region). This
body is responsible for evaluating customer (passenger)
requirements and coordinating transport performances.

Methodology integrates the solution for the evaluation of
quality standards in regional passenger rail transport on two levels

[1]:

e relationship between order body of transport services
and carrier

e relationship between order body of transport services
and customer (passenger)

e relationship between order body of transport services
and infrastructure manager.

This relationship must be evaluated separately. For drawing up
overall evaluation of quality standards in the regional rail passenger
transport was designed a flowchart. This flowchart is on Figure 1.



As the first step to create the flowchart was necessary to define the
core of the process. The next step was to define the roles of the
process.

3. Evaluation services of rail carriers
Evaluation of service rail undertaking is based on quality
standards setting and subsequent evaluation of its fulfilment.

Selection criteria of quality — search for measurable quality
criteria, which will be part of the contractual obligation of the

carrier in providing the ordered transport services. Especially are
oriented on transport processes.

Incorporation quality criteria in the contract for the provision of
transport services — implementation the defined quality standard
that is measurable in the contract. Defining the standard must be
accurate and must contain defined penalties. This activity includes
the overall concept of the contractual relationship between the order
body and carrier. It comes to the entire agreement and all its terms.
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Figure 1 The methodology of rating quality standards in the regional passenger rail transport
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Periodical control of fulfillment the quality criteria, which are
incorporated into contract - submitter checks at regular intervals
compliance with agreed quality standard. Usually physical check
shall be made in the form of "hidden buying" staff of submitter. The
carrier has to tolerate control, which is also enshrined in the
agreement. The carrier has duties making of traffic statistics, mainly
statistic of selling travel tickets, passenger flows, the number of
cancelled trains and compliance of timetable.

Level of services meets the requirements of the order body — the
order body based to control submitter compares the level of
provided services and according to the contract. In case the
submitter find out failure to comply with the defined quality
standards, can impose the carrier sanctions.

Submitter dissatisfaction: identified deficiencies can be
sanctioned — order body shall examine, whether it is possible to
penalize unfulfilled the quality standards. Deficiencies can be found
based to control of order body or from the realized quality
assessment based on customer survey.

Impose sanctions on carriers under to contract — submitter
imposes sanctions based on identified deficiencies that can be
sanctioned under the contract.

Request for correction of deficiencies — when is impossible to
penalize identified deficiencies, order body invites carrier for
remedial action to restore of quality standards provided services.

Extraordinary control of fulfilment of contractual criteria —
order body shall realize a random controls that are oriented on the
quality standards provided by railway undertaking.

4. Evaluation of passenger satisfaction

Evaluation of passenger satisfaction (customers) with provided
transport services is based on the realization of regular traffic
survey, which also includes quality assessment. This process
implements the proposed steps according to the proposed
methodology for measuring of provided quality services. The
proposed methodology for examining the quality of the customer
and determines the value of the transport service perceived transport
users.

o Selection for criteria of quality — search for measurable criteria
of quality, which are part of the quality assessment transport
services. Is the most important step that allow to get perception
of service quality and to determine customer expectations. It is
realized by survey.

e Selection of the method quality assessment — choice of
objective assessment methods (Saty’s method, benchmarking
etc.). On these methods we can obtain concrete and objective
results.

e Set the importance weights of criteria — setting the weights for
proposed criteria by choosed approach.

e Evaluating the measurement of quality provided services — it is
necessary put the accent on the methodically correct procedure
when we evaluate measurement of quality provided services.

o Level of service meets the requirements of the order body —
there is assessed perceived satisfaction and maximum value of
customer satisfaction. There can be used approach of multi-
criteria analysis. In case the quality level of provided services
meets the customer's perspective, then is processed an
comprehensive assessment. In case when customer is not
satisfied with quality level of provided services, is need to
check the finding dissatisfaction according to the concluded
contract. Then carrier must make remedies for improve
standards of quality.
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o Identified deficiencies are incorporated in the contract with the
carrier — after finding that the customer are dissatisfied with the
criteria of quality standards the procedure continues as in the
case of previous step. It is searching possibility how this
deficiencies to penalise.

e Quality evaluation of transportation serviceability in region —
task of this activity is quality evaluation of rail transport and its
impact to transportation serviceability assessment of region. It is
an activity of order body who responds to the transport needs of
the population. The transport needs of the population come up
from order body’s surveys also from customer transport
surveys.

o Selection criterion of quality — task of this activity is set quality
criteria of rail transportation serviceability in selected region.
Selection comes out from previous activities and from basis
assessment results. Then are choosed a relevant quality
standards, which are measurable.

e Quality standards processing of transportation serviceability of
region — task of this activity is a concretization a detailed
elaboration of quality standards processing in regional transport.

5. Comprehensive evaluation of the quality of
provided services in regional transportation

Methodology of evaluation quality standards in regional rail
passenger transport assesses from point of view of order body and
at some time evaluates request for carrier and includes the
evaluating the measurement of quality provided services. The
generalized methodology is based on successive steps. Task of this
methodology is searching measurable quality criteria.

Quality standards allow monitoring, evaluating and comparing
single criteria of provided services. The evaluating the measurement
of quality provided services brings to measures and help to
continuously improve the quality services. Quality standards of
regional rail passenger transport shall be binding for all railway
undertakings that provide rail passenger services. Infrastructure
manager must participate on fulfil the same standards. Update of
quality standards should be implemented as a rule once a year, after
consultation with all stakeholders.

Method of evaluating must respect requirements of multi-
criteria background, for example if customers (passenger) demand
from carrier fulfilment of a number of quality characteristics at
once.

By providing the transport service is necessary to define service
specifications, evaluation process and then regularly measure and
control the process of providing services.

Part of the methods evaluation of quality must also be creating a
rating scale. A rating scale gives the possibility to compare
measured values and then reconsider quality of provided services.

(3]

Task of comprehensive evaluation is the harmonized assessment
quality of services as from the customer's perspective as well as
from the perspective submitter. Customer satisfaction is achieved if
the level of quality of service provided meets the requirements of
the customer and also corresponds to the required level of perceived
quality from the customer's perspective. These facts could mean
satisfied the submitter and cycle of evaluating should be end in that
period.

In the event that the quality of provided services does not satisfy
the requirements of the customer, it is necessary to take corrective
measures to improve quality standards. It is necessary to repeat the
evaluation process of quality services on the part of the carrier
(railway undertaking).



The task of order body (coordinator of transport performances)
as a key player in the assessment of quality standards, measuring
the quality of services and control contract standards is to represent
the interest of customers by providing the public transport services.

6. Conclusion

At present the offer of provided services in regional rail
passenger transport oriented only on their ordering and financing. It
represents the quantitative view. Quality of provided services is not
monitoring and evaluating systematically. This fact causes
inadequate quality level of provided services. The aim is creating of
transport system with high quality of provided services. High
quality of provided services not only fulfils the expectation of
present customer, but could get new customer.

Quality standards of regional rail passenger transport are
indented for one level of quality. These standards are based on
European’s norms — concrete STN EN 13 816 and respects strategic
requirements customers. Their direct applicability is possible in the
submitter’s contract. Application of quality standards to praxes does
mean makes a new subject — coordinator. Coordinator will be to
work on the ordering performance in the public services. Than is
necessary accept the new contract between the submitter,
coordinator and provider of transport services (carrier).

Proposed methodology of quality assessment can be used for
comparing integrated transport systems by the quality level. The
methodology can be used also as a evaluating of provided services
in the relationships submitter and supplier (railway undertakings,
infrastructure manager). The methodology does not exactly define
the role and mission submitter from coordinator of an integrated
transport system — It perceives their same level.

The proposal of methodology full accept the transport policy of
EU specifically the White paper 2011 - Roadmap to a Single
European Transport Area - Towards a competitive and resource
efficient transport system, also quality norms and transportation
operational programme in horizon 2020. These facts creating a
space to meet the objective of promoting the development of public
railway passenger transport by increasing its quality level.
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Abstract: Risk analysis is a process with a detailed identification of risks, determine their range and examines the interaction of these
risks. Each process or human activity are influenced by many risks. As well as in rail transport there are many risks which hare accrue from
the operation. Risk is defined as the chance that something will happen what will affect the goals and is measuring by results or estimate. We
can also risk defined as the product of the likelihood of an adverse event (phenomenon) and consequences (outcomes). On one side is the risk
connected with the hope of achieving a good financial results, but on the other side with the danger of business failure that brings losses. The
aim of this paper is the proposal of a tariff taking into account the risk from unoccupied capacity of passenger trains. Pricing of selected risk

we will eliminate this adverse event.

Keywords: RAILWAY PASSENGER TRANSPORT, RISK, TARIFF POLICY, COSTS

1. Introduction

The term "risk™ has many meanings, and is differently defined
in the scientific literature, legal norms and various dictionaries.
The meaning of this term depends on the field of activity, for
which it is defined, on the purpose of the risk definition, and on its
subsequent use.

Rail transport as a whole is affected by a number of risks that
may arise in different parts of the process and may diversely affect
various entities involved in the transport. Risk is defined as an
opportunity that it will become something that has an impact on
the goals, and is measured by the consequences or an estimate of
the probability [1 and 2].

2. Risk from Unoccupied Capacity of a Selected
Passenger Train

Risk from unoccupied capacity is one of many risks in the rail
passenger transport which may cause a reduction in profit to the
carrier, even the incomplete payment of its costs and subsequent
loss. This is the risk, when the carrier shares the loss in the
operation of passenger rail transport arising from circumstances
that can occur before the transport or during the process of
transport and that are not included in the final price of transport [3
and 2].

3. Cost Analysis for a Selected Train

Knowing the costs of operations and processes is an essential
tool of economic management in the company. In the market
environment it is necessary to monitor the costs in several ways.
Calculation of own costs in the company should be adapted to the
opportunity to analyse and plan the costs for individual activities
and processes. Currently, the cost calculations are assigned to the
controlling system and are known as cost controlling. It is a
broader term which includes not only the monitoring of the costs
actually incurred in the activities and processes, but also their
planning and control, i.e. we can talk about the cost management
in the company [4 and 5].

Total own costs for transport by rail can be calculated
according to the formulas that take into account indicators of
transport work and relevant cost rates. The basic formula may
have the form [4 and 6]:
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C =Cp +C,+C, +C, +C,+C.+C

where:

Ciotal - Total costs of a train

Cw - Costs of carriages

C, - Costs of locomotives

Cic - Costs of the train crew

Cyc - Costs of the locomotive crew
Cyj - Costs of the rail infrastructure
Ce - Costs of energy

Ci - Indirect costs

In the introduction of the analysis of risk from unoccupied
capacity of the selected passenger train its identification is
important, i.e. detection of all possible effects that cause this risk.
For the proper identification of the risk the detailed analysis of the
costs which enter this process is significant. The risk identification
and analysis of the costs are applied to a model example for the
session Bratislava - Trencin - Zilina - Poprad - Kosice with the
configuration of the train: locomotive 131 + Ampeer + WRRmeer
+ 6x Bmpeer [7,8 and 9]. All needed parameters of the model train
are in Table 1.

Table 1 Basic Parameters of the Model Passenger Train

O e session BA K| Weightid | "ERE T
1x Ampeer 49 54
1x WRRmeer 46 0
6x Bmpeer 44 76
Locomotive 363 87
Total gross weight 446 510
Distance [km] 445 km
Infrastructure fee * €461.47

* calculated with a calculator ZSR [10 and 11]

Division of costs is often modified by a calculation formula.
The transport company may use more these formulas (e.g. for
individual organisational units or for individual business areas).
An essential aspect of the division of costs in the calculation
formula is their division into direct and indirect costs [12 and 13].
Cost analysis for the model train is shown in Table 2.
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Table 2 Calculation of the Costs for the Model Train

> carriage kilometres : 3,560

Costs of the carriages :
€2,848

> train kilometres : 445

Costs of the locomotive :
€289.25

> hourly rates for locomotive
crew : 6

Costs of the locomotive crew:
€84

> hourly rates for train

Costs of the train crew :

crew : 6 €330
> gross tonnage kilometres Costs of the energy :
(GTKM) : 105,198 €287.19

Specific consumption

Indirect costs : €1,842.82

(KWh/1,000 GTKM) : 18.2

Total costs of the train :

Travel time (hour) : 5 €6.142.73

The total costs of the model train from Bratislava via Zilina to
Kosice are €6,142.73.

4. The Proposal of the Tariff Taking into Account
the Diverse Occupancy of the Train

The proposal of an optimal tariff (100% occupancy of seats)
can be obtained based on the proportion of the total costs and total
number of seats when we get the costs of one seat in the whole
session. After rounding up the result to an integer, which
constitutes a reasonable profit, and from the resulting price for
transport over the entire session we will derive prices for transport
in individual sections. This will be the basis for creating the
relational tariff. The price for individual sections is formed with
regards to the distance, but like with the entire session, the results
are rounded up, and that should mean a reasonable profit for the
carrier. Another form of profit growth is to propose a surcharge to
the ticket in the first class, which would mean €4 / one seat.

Revenues are calculated through multiplying the number of
occupied seats in the second class with the price for the transport
throughout the whole session, plus revenues from the first class
(the same way). At the formation of a tariff policy we take into
account the fact that not all passengers do travel across the entire
session; but the price for transport in the individual sections is
higher, and thus the revenues of the carrier will not be reduced.
The revenues are calculated as the lowest possible revenues at a
given occupancy. Profit is calculated as the difference between
revenues and costs (Table 3).

Table 4 The Original Tariff on the Session Bratislava - Kosice
for 80% Occupancy of the Model Train and the Costs of One Seat
€15.0557 in the Entire Line

Original tariff with a lower occupancy (80%):

80% ™ ZA PP KE
occupancy

2. 1. 2. 1. 2. 1. 2. 1.

class | class | class | class | class | class | class | class
Bratislava 5 9 7 11 11 15 13 17
Trencin . . 3 7 8 12 10 14
Zilina . . . . 5 9 8 12
Poprad . . . . . . 3 7

Revenues: €5,476.8
Loss: €-665.93

Table 5 The Changed Tariff on the Session Bratislava - Kosice
for 80% Occupancy of the Model Train and the Costs of One Seat
€15.0557 in the Entire Line

Changed tariff with a lower occupancy (80%):

80% TN ZA PP KE
occupancy

2. 1. 2. 1. 2. 1. 2. 1.

class | class | class | class | class | class | class | class
Bratislava 6 10 8 12 | 11 | 15| 16 | 20
Trencin . . 4 8 10 14 12 16
Zilina . . . . 6 10 | 10 | 14
Poprad . . . 4 8

Revenues after the change of rates: €6,700.8
Profit after the change of rates: €558.07

Table 6 The Original Tariff on the Session Bratislava - Kosice
for 60% Occupancy of the Model Train and the Costs of One Seat
€20.0743 in the Entire Line

Original tariff with a lower occupancy (60%):

Table 3 The Proposal of a Tariff on the Session Bratislava - 60% ™ ZA pp KE
Kosice for 100% Occupancy of the Model Train and the Costs of occupancy
One Seat €12.0446 in the Entire Line 2. 1. 2. 1. 2. 1. 2. 1.
class | class | class | class | class | class | class | class
100% ™ ZA PP KE :
occupancy Bratislava |6 10 8 12 | 11 | 15 | 16 | 20
2| L2 1L (212 )L Trencin | ol 4| 810|144 12] 16
class | class | class | class | class | class | class | class
Bratislava | 5 | 9 | 7 | 12| 12 | 15 | 13 | 17 Zilina : |- |68 )0)10] 1
- Poprad . . . . . . 4 8
Trencin . . 3 7 8 12 10 14 Revenues: €5,025.6
Zilina . . . . 5 9 8 12 Profit: €1,117.13
Poprad . . . . . . 3 7

Costs of one seat in the entire line are €12.0446.
Revenues: €6,846
Profit: €703.27

The prices for transport in individual sections are necessarily
to be adjusted (raised) in order to cover the total costs also in case
the occupancy is not 100%. Total costs are unchanged with
respect to occupancy. The calculations with variable occupancy of
the train are shown in the following Tables (Tables 4 - 9).
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Table 7 The Changed Tariff on the Session Bratislava - Kosice
for 60% Occupancy of the Model Train and the Costs of One Seat
€20.0743 in the Entire Line

Changed tariff with a lower occupancy (60%):

60%
occupancy TN ZA PP KE
2. 1. 2. 1. 2. 1. 2. 1.
class | class | class | class | class | class | class | class
Bratislava 7 11 11 15 11 15 | 21 | 25
Trencin . . 5 9 13 17 15 19
Zilina . . . . 7 11 13 17
Poprad . . . . . . 5 9

Revenues after the change of rates: €6,555.6
Profit after the change of rates: €412.87

Table 8 The Original Tariff on the Session Bratislava - Kosice
for 40% Occupancy of the Model Train and the Costs of One Seat
€30.1114 in the Entire Line

Original tariff with a lower occupancy (40%):

40% TN ZA PP KE
occupancy

2. 1. 2. 1. 2. 1. 2. 1.

class | class | class | class | class | class | class | class
Bratislava 7 11 | 112 | 15 | 11 | 15 | 21 | 25
Trencin . . 5 9 13 17 15 19
Zilina . . . . 7 11 | 13 17
Poprad . . . . . . 5 9

Revenues: €4,370.4
Loss: €-1,772.33

Table 9 The Changed Tariff on the Session Bratislava - Kosice
for 40% Occupancy of the Model Train and the Costs of One Seat
€30.1114 in the Entire Line

Changed tariff with a lower occupancy (40%):

40% ™ ZA PP KE
occupancy

2. 1. 2. 1. 2. 1. 2. 1.

class | class | class | class | class | class | class | class
Bratislava 11 15 16 20 11 15 31 35
Trencin . . 7 11 19 23 22 26
Zilina 11 15 19 23
Poprad . . . . . . 7 11

Revenues after the change of rates: €6,410.4
Profit after the change of rates: €267.67

The carrier may also modify tariff rates with respect to
each day of the week according to the occupancy of the train,
recapitulation is show in Table 10. From the analysis it is clear
that if about 500 people travel in one train from Bratislava to
Kosice, the price for transport would be around €13 per one

person.
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Table 10 Comparison of the Ticket Price on the Session BA — KE

Own proposal
100% 80% 60% 40%

occupancy | occupancy | occupancy | occupancy
(2} [72] [72] (2} (2} [72] [72] [72]
8| 8| 8| 8| 8| = 8| 8
o [&] [&] o o [&] o [&]
- o~ < | & | < | « < |
17 13 | 20 | 16 | 25 | 21 3B | 31

RegioJet

Purchase of a
ticket a week in

Purchase of a

ticket one day in Purchase of a

ticket on Friday*

Comparison of the Ticket Price between BA - KE

advance* advance*
(5] [ [
n o m n o om n o om
12.1- | 15.9- | 20.6- | 12.1- | 15.9- | 20.6- | 12.1- | 15.9- | 20.6-
14 | 187 [ 253215281 (337 | 14 | 187|253
Z8SK, a.s. (state carrier)
w |x3B
7] F)_I
S (23
o~ O <
I
18.76 | 14.07

*Ticket price depends on the time of travel during the
day (5:33 AM, 11:33 AM, 5:33 PM)

5. Conclusion

Own costs in the railway sector are similarly as in the
case of other modes of transport influenced by
external and internal factors. Among the external
factors we can include mainly fees for the use of
railway infrastructure, energy prices, rental (lease
payments) of locomotives, carriages and so on. Good
predictions on the number of transported passengers
and the occupancy of seats on the train are necessary
in order to eliminate the risk from unoccupied
capacity of the train and then it is possible to propose
the tariff which can effectively eliminate this risk. The
carrier may also modify tariff rates with respect to
each day of the week according to the occupancy of
the train. From the analysis it is clear that if about 500
people travel in one train from Bratislava to Kosice,
the price for transport would be around €13.

The ticket price for the session BA - KE with the state
carrier is currently €18.76 (full price, which is
subsidised by the state); private carrier RegioJet offers
the price from €12.1 to €33.7 for this session, however
this price depends on three factors (the day of ticket
purchase, travel time and the class of a carriage). In
our proposal, which takes into account the risk from
unoccupied capacity of a train, the ticket price is
dependent on the occupancy of the train. In the case of
40% occupancy of the train, the ticket price in own
proposal is lower than the price level with a private
carrier in the highest class during the rush hour. At
formation of the tariff policy it is important to take



into consideration the forecast of development of the
number of passengers.
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LOW-TEMPERATURE DISTRICT HEATING WITH DECENTRALIZED
GENERATION BY HEAT PUMPS AT A RAILWAY STATION: OPTIMIZING THE
SYSTEM AND CALCULATING GREENHOUSE GAS EMISSIONS
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Omsk State Transport University, Omsk, Russia
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Abstract: This paper discusses a heat pump subsystem within an existing high-temperature DH system located at a railway station in
Omsk, Russia. The goal is to increase the efficiency of an existing high-temperature DH system by describing decentralized heat generation
from an environmental point of view. We obtain a balance method whereby the heat loss (or the thermal energy loss) is expressed dependent
on the supply and return temperatures so as to reduce operating costs of heat supply. The outcome of calculating the heat loss by this method
is a relation that is valid typically for all DH networks. Findings beneath show that switching to a low-temperature DH can decrease
operating costs and increase overall heat production efficiency. The reason for the latter is a known logarithmic heat flux-temperature
correlation. This paper concludes that the idea of decentralized generation has a great potential for the future, as the implementation of this

concept is closely related to a low-temperature DH.

Keywords: DISTRICT HEATING; NETWORK; OPERATION; TEMPERATURE

1. Introduction

Although district heating networks have a key role to play in
tackling greenhouse gas emissions associated with urban energy
systems, little research has been carried out on district heating (DH)
networks expansion and integrating decentralized thermal energy
generation[1].

Ideas of low-temperature DH [2] with decentralized generation
by means of heat pumps [3] are running high. Nevertheless,
Bolonina et al. [4] found some reasons to increase network
temperature curves. Albeit the paper [5] figures out a leak detection
method based on the idea of total metering, which suits well the
concepts of 4th generation DH, it emphasizes hydraulic rather than
thermal concerns. Zarin Pass et al. [6] contributed the industry a lot
by putting effort into a thermodynamic analysis of a novel

2. Materials and Methods

We first discuss the use of a heat pump in a centralized DH
system (fig. 1).
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Fig. 1 Ilustration of the district heating network configuration used in this
research: (1) steam turbine with an off-take, (2) main heat exchangers, (3) DH
network pump, (4) local heat sources, (5) consumer interconnection, (6) heat

bidirectional district heating and cooling network. Petrovic et al. [7—
9] studied heat demand (load) fluctuations. On the one hand,

Petrichenko et. al. [8] have developed a model for short-term
thermal load prediction. On the other hand, Verrilli et al. [9] made
longer-term forecasting possible.

Guy et al. [10] have made publicly available their development
forecasts for a certain DH system (Hague), which is similar to what
we are doing. Latosov et al. [11] solely address the issue of parallel
energy use with no emphasis on parallel energy production. See
Ref. [12] for an overview of fast simulation of district heating and
cooling networks. Wu et al. [13] proposes that DH systems consist
of CHP units, electrical boilers, and thermal storage facilities, but
excludes heat pumps. Akhmetova et al. [14-16] describe existing
high-temperature systems though being helpful with heat loss
calculation.

The resulting optimization problem shown below is a Linear
Programming (LP) problem that can be generalized to become a
Mixed Integer Linear Programming (MILP) for which lots of
general, robust and scalable approaches exist. The framework
presented in this article is particularly based on a Microsoft Office
Excel sheet and the Visual Basic for Applications macro language.
By way of contrast, Austrian-Swedish researchers [17] have based
their solution on the Modelica simulation language and the Python
scripting language.

Refs [18] u [19,20] do not seem well matched to key topics of
European science, namely advanced engineering and environmental
technologies. Like in our research, Operation & Maintenance
(O&M) is the topic of [21], but that paper dwells upon building-
scale heat distribution systems. Simonovic et al. [22] and
Geysen et al. [23] present a sophisticated but promising approach
utilizing Artificial Neural Networks (ANN) and using machine
learning and expert advice respectively.

network supply, (7) heat network return, (8) consumer pump

A heat-pump system configuration can be categorized as open-
loop or closed-loop. In an open-loop system, water is withdrawn
from a surface water body, passed through a heat exchanger, and
then returned to the surface water body. Closed-loop systems
circulate the same water between a heat exchanger and the
environment. Open-loop systems may be used in almost any
application including urban construction, and sub-urban buildings,
both DH and district cooling systems. However, we dwell upon
economics of scale and therefore consider four ground-source heat-
pump  systems integrated into  urban infrastructure.
Georg K. Schuchardt [24] applied similar concept but his system
consisted of decentralized thermal storages.

Such implementation creates a low-temperature concept [2]
ensuring heat pump operation with the most efficient coefficient-of-
performance values. Historically all DH systems have been
“unidirectional”, meaning that the water in each pipe segment only
flows in one direction. Separate circuits are needed for heating and
cooling. In this paper we refer to a ‘bidirectional distribution’
system [6] as one in which water in each pipe segment can flow in
alternating directions, depending on the net thermal fluxes on the
system. In this case, there is a single network for both DH and
district cooling.

For the sake of simplicity, we consider all the buildings being
Thermostatically Controlled Loads (TCLs) as in [25] or [26] thus
the amount of heat produced matches the amount of heat required at
each moment of time t. A consumer interconnection (fig. 1, 5) is
assumed to be typical even though simulation results show that
controllers tuned to specific operating conditions can’t ensure
operation stability of heating substation if operating conditions vary
in a great range [27].
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The minimization problem is solved by means of Mixed Integer
Linear Programming (MILP). Numeric values are obtained by
means of a Microsoft Office Excel sheet and the Visual Basic for
Applications macro language. See Ref. [17] for an overview of
different numerical optimization methods. The only operating costs
are heat losses and electricity consumption, others are neglected.

What is crucial is the rate of heat flow through the pipe at the
position x, and the moment of time t. There are the two terms on the
right-hand side of the equation related to the thermal energy loss
corresponding to the advective contribution (which may also be
called mass or hydraulic contribution) and convective contribution
(the turbulent one) [16]. M. Chertkov and N. Novitsky measured
heat-flow rate in Watts, however we represent a heat loss measured
in Gcal/h. Heat carrier fluid density and the area of the pipe cross-
section are taken into account. We also make a comprehensive
assessment of the heat carrier (water), eventually re-using their
method. For the present paper as in [23] a certain area (fig. 2) was
used as a case study.
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Fig. 2 Chart of the investigated district
Hereafter we describe a 41.2 MW district heating system at a
railway station in Omsk, Russia, that utilizes a heat pump and coal-
fired CHPP to supply heat to a heating district. With ammonia as
the refrigerant, the three-stage heat pump is able to supply hot water
for a maximal heat output of 10 MW and a designed heat pump
coefficient of performance of 3, using groundwater as its source.

The piping in the network is about 392 m in length, with a total
volume of about 64 m3. The transmission lines (the blue ones in the
figure) became operational in 1988 and are currently fed by CHPP
#5 with a coal burner. In 2004, the main part (the red one in the
figure) was retrofitted to work with lower operating temperature.
Another (green) part is to be installed this year with a capacity of
0.7 MW.

The supply temperature used was based on a conventional linear
relationship of the outdoor temperature [21] taken from a data set
with actual data [28]. A supply temperature of 78 C was first used
to simulate the conventional high-temperature DH system in our
calculations. Then we studied the energy efficiency of a multisource
system where supply temperatures of 62 and 57 C were used for
modeling. For the simulation of an ultra-low-temperature DH
system, supply temperatures of 41 and 39 C were used. [21] The
given approach is still being modified: ANN [22] and using
machine learning and expert advice [23] are probably coming in the
future.

3. Results and Discussions

Figure 3 shows the investigated relation of operating costs
(thermal energy losses) and environmental impact of pollutions that
could be served with DH at a given constraints in a commercially
mature way.
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Fig. 3 Spectrum of heat losses and CO2 emissions vs. supply/return temperature
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The 57/38 curve ended up being the optimal solution because lower
temperatures force heat pumps to operate with a coefficient of
performance (COP) outside its best range. This results in
greenhouse gas emissions increasing up to 0.527 kg CO2/kWh in
case of 41/34 and 39/31 curves; moreover, heat losses stop to
decrease significantly at such curves. The reason for latter is a
known logarithmic heat flux-temperature correlation. These results
are in good agreement with other studies which have shown that
heat losses in Russia [14] are basically higher than, for instance, in
Europe and Czech Republic [15]. Moreover, calculation of GHG
emissions outlines that the values obtained are similar with the
average European CO, emission factor.

4. Conclusions

Calculating heat losses by the approach herein presented has
resulted in a relation that is valid typically for all DH networks. We
have considered the technical aspects such as the energy
performance of a heat pump as well as the environmental ones (e. g.
the evaluation of the greenhouse gas emissions for this or that
temperature performance). Findings beneath show that switching to
a low-temperature DH can decrease operating costs and increase
overall heat production efficiency. Therefore, in the situation where
Thermostatically Controlled Loads (TCLSs) are introduced, the novel
DH system (with lower temperature) becomes the most efficient
option due to heat losses dropping from 0.11128 to 0.101159 Gcal/h
in the optimal case. We have tried to show that the idea of
decentralized generation has a great potential for future, because the
implementation of this concept is closely related to a low-
temperature DH. With the development of energy efficient
networks and renewable-energy facilities at railway stations,
railway companies will be definitely interested in lowering the
temperature parameters of a distribution system, as it can decrease
CO2 emissions by more than 23% as in the case study.
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Abstract. A variety of A variety of methodologies are used across Europe for the estimation of railway infrastructure capacity. This
paper introduces the basic principles of the analytical methodology (e.g. Slovak railways) and UIC methodology. On the basis of these new
approaches, dependencies between occupation time and buffer time is researched. The aim is to compare the needed buffer time and its

impact to the line capacity.
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1. Introduction

In the allocation of the capacity of train paths to railway
undertakings, it is necessary for the infrastructure manager to know
the capacity of the infrastructure. Defining the capacity of the
railway infrastructure (transport route) is relatively difficult and
there are many different approaches to its definition.

In view of the different concepts and procedures relating to
railway infrastructure capacity and the subsequent calculations
applied by railway infrastructure managers, the International
Railway Union (UIC) has developed new one methodology. At the
nowadays the various of methodologies across the Europe are used.
The unification was done so that the results of the assessments on
the corridors are reciprocally comparable. The UIC 406 Code,
called "Capacity" [5], contains the adopted principles for detecting
rail infrastructure capacity using of a compression method with 1T
support for these practices. Unlike theoretical concepts, the
compression method is used in real-time schedules with practical
measures and is designed to create a common basis for
infrastructure capacity determination. In the second edition of the
UIC Code 406 (2013), for the first time there is also a methodology
for determining the capacity of stations and nodes based on the
same principles. The UIC 406 Code is a recommendation, allowing
to the infrastructure managers to use a national methodology for
their own needs. [1]

Therefore the aim of the paper is to analyse the equivalence of
the results determining the line capacity according to the UIC 406
Code recommendation and according to the applicable national
methodology of ZSR.

2. Methodology of capavcity calculation according to
national methodology ZSR D24

In the Slovak infrastructure manager ZSR, the methodology of
the D 24 Regulation is applied, which establishes relations for
calculating the quantitative and qualitative indicators of the
capacity. [4]

Line practical capacity - nprakt defined as practical throughput
performance which is expressed by the number of trains for the
defined time period.

T — (T + Topp)
Tl SfalL) [1:|!.T_L]

n LE =
R Cobe + Emeds 1)

where the variables already referenced on the line (line section) are:

T — calculation time [min]
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T,y — total time in which the operating device within the computing
time is barred from operation for prescribed inspections,
repairs and maintenance [min]

T, — total time of permanent manipulations, i.e. the time in which
the operating device is occupied by other actions than those
for which throughput capacity is calculated [min]

tons- technological time of occupation by one train (or act) in which
the throughput capacity is calculated [min]

tmedz — average buffer time for one average train [min]

As a result of this quantitative indicator, we evaluate the line
practical capacity as well as qualitative indicators, which are in
particular the infrastructure occupancy time rate - ¥z and the usage
of the line practical capacity Kprakt.

T -
So=r =[]
(T + Taear) )
- Norap ,
Rpraie = —— 100 [%]
‘prakt (3)
where:
Tes  — total occupancy time of the line [min]
Npray  — total number of regular trains[vl.T™]

A sufficiently occupied train traffic diagram is considered that
one with the infrastructure occupation rate of 0.5 to 0.67. The
normative capacity is characterised with the usage of the line
practical capacity Kprakt by the regular transport in the range of 80-
90%. [4]

These qualitative indicators constitute an optimal limit between
acceptable use of the infrastructure capacity and time reserves.
These buffers are particularly necessary for compensation of delays
in irregularities and failures in rail transport, as well as the reasons
given in the literature [2] for the average additional times tdod and
the average time of probable interference of runs - trus. The average
time of gaps for one average train (1) tmedz is the parameter for
evaluation and assuring the balance and also the quality of the train
traffic diagram.

Recommendation of the ZSR D 24 Regulation observes to a
great extent to the line section character and the occupancy time.
The average time of gaps for one average train tmedz deposit is
recommended for operating conditions difficult (A), normal (B) and
simple (C) depending on the occupancy time of the railway section
by train. The list of recommended time of gaps is shown in Table 1.



Table 1. Required buffer times tobs [min] according to the Regulations of
ZSR D 24

te. | 5 6 7 | 8 [ 9 [10 |11 12 ] 13 14| 15 16
4,7 57 6,6 74 8,3 9,1 10,0 108 | 11,6 124 | 131 13,9
3,1 3.8 4.4 50 55 6,1 6,7 7.2 7.8 8,3 8,8 9.4
2,5 29 3.4 3.8 4,2 4,6 5,0 54 58 6,1 6,5 6.8

n|® | >

Source: [4], authors

Thus, it is evident from Table 1 that with the increasing tys, the
value of the t,q, is increasing too, but the slower rate. This property
can also be expressed graphically.

Graph 1. Correlation between buffer time tmedz and occupancy time tobs

140 | Ait,.=0,73652+0,83147.t,,
B: .y, = 0,420+ 0,564.t,,,
[ 2 ) =0,6161+0,3937.,

— A (difficult)
e B (NOrmal)

= (simple)

5 6 7 8 9 10 1 12 13 14 15 16
oss [min]

If the calculated value of the buffer time t,.q, for one average
train from the formula (1) ;; lower than the recommended value
according to the ZSR D 24 (Table 1), then there is a high risk of
causing danger of the train traffic diagram quality disruption and its
planned feasibility.

Capacity calculation methodology according to UIC
406 Code

Line capacity utilisation, referred to as "“capacity consumption”,
is assessed on the line section and at defined calculation time

according to this methodology-

Occupancy time + Additional times

Capacity consumption = 0 [9%]

Defined time period

In this case of UIC 406 Code formula, the optimal boundary
between the use of infrastructure capacity and buffer time, it means the
same as tyeq; in the ZSR D 24 methodology, is an additional time.

The criteria necessary for determining and assessing the
"optimal" .qqitional time are based on the operating characteristics of
the existing train traffic diagram and actual delays, as well as in the
case of time of gaps in the ZSR methodology. However,
extrapolation of time series may be time-consuming or impossible.
For this reason, the standard value of the occupancy time rate was
determined as an expression of the required level of services
quality provided and is given in percentage expression:

Occupancy Time

Occupancy time rate = -100 [%]

Defined Time Perion

In the graphical process of the train paths compression, UIC 406
Code recommends the standard values of the occupancy time rate
according to the type of train traffic on the line as follows:

Table 2. Recommended values of the occupancy time rate

Type of line Peak hour Daily period
Dedicated suburban passenger | 85 % 70 %
traffic
Dedicated high-speed line 75 % 60 %
Mixed-traffic lines 75 % 60 %

Source: [5]
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Depending on the occupancy time rate, the recommended
values of the additional time rate are given in the following table 3.
It is derived from the occupancy time rate.

100
Additional Time Rate = [ -
chcupancy Time Rate

—1]-100 [%

Table 3. Recommended values of the additional time rate for the types of line

Type of line Peak hour Daily
period
Dedicated suburban passenger | 18 % 43 %
traffic
Dedicated high-speed line 33 % 67 %
Mixed-traffic lines 33 % 67 %
Source: [5]

Capacity consumption values reflect the basic concepts of
capacity expressed through the train traffic diagram features of
individual train paths. Therefore they are used for bottlenecks
identification. Therefore, the assessment of the capacity
consumption (as well as the recommended weight between the
occupancy time and the additional time) will be made according to
the relationship:

Occupancy time - (1 + Additional Time Rate)
Defined Time Period

Capacity Consumption = -100 [%]

Graph 2. Occupancy time rate
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Source: authors

The occupancy time rate logically increases by the increasing of
occupancy time. It is obvious from the formula (5). But there is
evident from the formula (6) that with the increasing occupancy
time the value of the additional time rate decreases. Thus, the
dependence of the occupancy time rate and the additional time rate
from the occupancy time at the constant defined time period can
also be expressed graphically (see the graph 2)..

For the defined time period (1440 minutes), the recommended
limits for mixed traffic lines(the majority) are indicated in the
graphs 2 and 3 according to tables 2 and 3. The limit values and
their direction, where the value is exceeded, are indicated red in the
graph.



Overall, it can be assessed if the capacity consumption value is
below the 100% limit, some of the line section capacity is still
unutilised. Otherwise, if the recommended limit values are
exceeded (for example Tables and graphs 2 and 3), there is a high
risk of the causing danger of the train traffic diagram quality and its
planned feasibility.

Comparison of methodologies through the
calculations achieved

The presented methodologies for calculating and assessing of
the line capacity use different calculation methods to achieve their
results, although apparently different parameters are ultimately
mutually comparable.

Therefore, the above mentioned methodologies will be referred
in practical calculations. Their aim is to maximize the line capacity
consumption (according to ZSR practical capacity, according to
UIC the capacity utilisation) using the maximum train paths, while
the required quality and stability of the train traffic diagram is
maintained. For both methodologies, the delimited time for capacity
calculation is 24 hours (1440 minutes), and we do not expect to cut
it off by TW'] and Tsld]'

Calculation of thve practical capacity according to the
methodology of ZSR D24

If the occupancy time is tobs = 5 min, and for a line with
complicated ratios (A) is determined average time of gaps for one
average train tpe, = 4,7 min, according to Table 1. Then the
practical capacity according to formula (1) is:

= 1420 = 148,45 = 148 trains during 24 hour,
Myrakt = 3 37— A5 = rains during 24 hours
Because it is done Tgs = N . tops, then the infrastructure
occupancy time rate s,according to formula (2) is:

The usage of the line practical capacity K.k converges to
100% (it is counted with the integer value of the trains number and
not with the exact number). It can be verified with the following
formulas (we put formula 3 into relationship 1 and modify it):

it (Lope + Limeds)

Kyraue = -100 [%] (9)
PRt =T — (Tyjr — Torat) (el
SR Chu LIPSy
proft — 1440 - ' 3(10)

The all calculated values of these indicators for all occupancy
times (tos) from Table 1 are as follows in the table 4.

Table 4. Calculation of indicators

Nprakt = Nprav So Kprakt
tobs A B | C A B [ A B C

5 148 177 192 0,514| 0615| 0,667 99,69% | 99,56% | 100,00%
6 123 146 161 0,513| 0,608 0,671 99,94% | 99,36% | 99,51%
7 105 126 138 0,510 0613| 0,671 99,17% | 99,75%| 99,67%
8 93 110 122 0,517 | 0611 0,678 99,46%  99,31% | 99,97%
2 83 99 | 109 0,519| 0,619, 0,681 99,72% | 99,69% | 99,92%
10 75 89 98 0,521| 0618 0,681 99,48% | 99,51%| 99,36%
11 68 81 20 0,519| 0619, 0,688 99,17% | 99,56% | 100,00%
12 63 75 82 0,525| 0,625| 0,683 99,75% | 100,00% | 99,08%
13 58 69 76 0,524| 0,623 0,686 99,08% | 99,67%| 99,22%
14 54 64 71 0,525| 0,622| 0,690 99,00% | 99,11%| 99,10%
15 51 60 66 0,531| 0,625, 0,688 99,52% | 99,17%| 98,54%
16 48 56 63 0,533| 0622 0,700 99,67% | 98,78%| 98,75%
average: 0,521 0,618 0,682 98,47% 99,45% 99,51%

Source: [4], authors
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Calculation of practical capacity according to UIC
406 methodology

The UIC calculation methodology will be also applied to the
same times of the line section occupancy. If there is the mixed
traffic on the line, the recommended value of occupancy time rate is
60% according to Table 2 and the recommended value of the
additional time rate is 67% during the day according to Table 3.
Then, according to the formula (5), the value of the line occupancy

time is [5]:
Defined time period - Occupancy time rate )
Occupancy time = f P 100 pancy [min]  (10)

1440 -a60

100 = 864 min

Ocecupancy time =

Subsequently the additional time value is 576 minutes. It is
possible to calculate the practical capacity from these values
(similarly as in the previous methodology):

Jeocupancy time

Myrakt = — wl.T™4 (11)
ons

LT

Mprake = —=— = 172,68 = 172 trains during 24 hours

The average additional time tq, for one train according to this
methodology is:

Additional times

tapd = = 3,35 min

Morakt

576
tlil}li = E = 3.35 min

All calculated values of these measures for all occupancy times
tops from the Table 1 are shown in Table 5. Comparison of the
practical capacity calculated according to the UIC methodology and
the ZSR methodology is shown in this table in the differences
between the routes, not only in quantitative expressions in number
of routes, but also in qualitative expressions - percentage
expression.

Table 5. Calculation of indicators

Mixed traffic line Dedicated suburban passenger traffic

[ Nyrose e I paths differences s Ppeaie J e \ paths differences

(min) [(path) |(min) |(path) [(%) (min) | (path) | (min) | (path) [ (%)
5 172 3,35_ -5 97,18% 5 201_ 2,15 | 9 104,69%
6 144 4,00 -2 98,63% 6 168 2,57 7 104,35%
7 123 4,68 3| 97,62% 7] 144 3,00 6|  10435%
8 108| 533 2| 9818% 8 126 3,43 4| 103,28%
9 96 6,00 -3 96,97% 9 112 3,86 3 102,75%
10 86 6,70 -3 96,63% 10 100 4,32 2 102,04%
11 78 7,38 -3 96,30% 11 91 4,75 1 101,11%
12 72| 8,00 3| 96,00% 12 84 514 2 102,44%
13 66| 8,73 3| 95,65% 13 77, 561 1 101,32%
14 61 9,44 3| 9531% 14 72| 6,00 1 101,41%
15 57| 10,11 3| 95,00% 15 67 645 1 101,52%
16 64 10,67 -2 96,43% 16 63 6,86 0 100,00%

96,66% 102,44%
Conclusion

There were practiced two capacity methodologies. Despite the
different computation methods, their results are relatively similar.
Current minor differences between the results of these
methodologies are caused only by the limit of the acceptable line
occupation time, limit of the required time of gaps. Practically, we
can accept the UIC 406 and implement its methodology into
national practices to estimate the practical capacity at ZSR lines.
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1. Introduction in the problem

Information systems in some important production sectors,
such as transport, production and distribution of electricity, etc., are
crucial for their correct and reliable functioning. They required
providing for the relevant security level and functional safety.

The traditional methods, based on multiple reservations,
bringing into use systems for “built-in” control, and elements with
enhanced security level, are insufficient.

For instance, the mobile systems for radio contact in the
railway transport are distinguished on the one hand by functioning
under extremely arduous and complex conditions with complex
influence exerted by strong fluctuative, concentrated, impulse
disturbances [4] in the grid — circuit as well as the operation of
multiple devices while on the other hand by utilizing high level of
reliability of the information being transferred which is related to
the traffic safety. In relation to that, the development of approaches
and methods capable of providing for reliability assigned in
advance and guaranteed level of jamming resistance respectively is
of exceptionally high interest and special actuality.

In the present paper, the mobile communication systems’
capability of preserving characteristics’ qualities of the jamming
resistance property within certain bounds, while altering static
characteristics of the random parameters, as well as varying both
shape and parameters of the signal and the disturbances, is defined
as functional stability [1,2,3].

It means that the given quantity of the system functioning is
achieved thanks to the independency (partial or complete) of the
perform-ance of the noise-resistance from reasons causing the non-
stationary state of the channel of connection. This ability of the
system to oppose resist against the disturbing actions is known as
invariance [2,3].

In this paper the functional stability of the mobile systems for
radio connection in the railway transport is associated with the
possibilities for the realization of the principles of invariance within
signal — noise environment altering itself.

2. Connection between functional stability of the
communication system and theory of invariance

The problem of functional stability of the radio
communication systems for mobile radio connection establishment
has been defined and given proof on in the [1,2]. Besides, as it has
been mentioned in [1], the distinction between the problems of
functional stability of the automatic control systems and suggested
radio — communication systems must be emphasized in particular.

In the automatic control systems, both disturbances and
control signals are spatially divided in main. This allows one to
measure as well as estimate the disturbances regardless its random
nature. Also, this allows one to utilize different compensational
methods to realize their invariance regarding the disturbances
distinguished by conditions and methods being employed in
achieving the invariance [2].

In addition, it is also necessary to mention that the notion
“invariance,” being the main component and the goal the
functionally stable control is to achieve, requires refinement in
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relation to which one of the control system’s numerical
characteristics is an invariant as well as which transformations or
influences the system is invariant towards.

In case of radio — communication systems, the disturbances
themselves in a broad sense play a certain part as disturbances: the
different kind of noise, superposing the received signal, as well as
random alterations of characteristics and parameters of both the
communication channel and the signal influencing the jamming
resistance. In that case, the system’s characteristic that should be
invariant to the disturbances is its jamming resistance being
equalized quantitatively to the error probability during digital
communications.

At the same time, it should be emphasized that in the
communication systems, in contrast to the automatic control
systems, the useful signal and the disturbance react upon the same
point, i.e. the receiver input oftentimes, and could not be divided
thoroughly. In the opposite case, it could be mentioned that the
problem of struggling against the disturbances would not exist.

In the radio — communication systems, it is all about a
composite between a signal and noise since the white noise is
always available as additive. The parameters of the additive
disturbance determine at first hand the jamming resistance of the
communication system. If it were a non-stationary random process,
the level of thrust-worthiness of the information transmitting
process would be altered. For instance, if the disturbance power
increased in time, the error probability of information transmitting
would get increased as well. The non — additive disturbances lead to
relevant alteration of the particular parameters of both signal and
channel. Since the channel parameters alteration could be expressed
through the relevant alteration of signal parameters, the non —
additive disturbances exert influence on the jamming resistance
while the receiving conditions are getting either deteriorated or
improved, yet this alter the error probability.

This is why building functionally stable radio -
communication systems with invariant, in relation to the
disturbances complex influence, parameters and characteristics,
requires for a variety of reasons another formulation and approach
to be met as compared to the problem of functional stability of the
automatic control systems.

Such a fundamental characteristic of the system for official
radio contact with mobile objects, such as the jamming resistance,
could not represent thoroughly the system’s qualitative functioning.
For this purpose, it is necessary to introduce indicators that would
allow the system’s ability to preserve characteristics’ qualities of
the jamming resistance within certain bounds, while altering the
parameters of the signals and disturbances.

On the present level of growth of the mobile radio —
communication systems, operating under conditions of complex
influence exerted by disturbances, development of methods for
increasing the jamming resistance is related to usage of signals with
complex structure, channels with adjustable feedback, and synthesis
of special algorithms [1,3], minimizing the influence exerted by
disturbances on the jamming resistance. On these lines, looking into
algorithms of information being transmitted through noise — like
signals with optimized structure, permitting warranty related to the
working capability of the system in a variety of situations rendering
into account the static characteristics of the signal, the channel, and



the noise environment, is topical in particular. This approach is
related to two — dimensional (frequency — temporal) coding of each
signal parameter: by means of either forming pseudo — stable
switching between the operative frequencies or usage of pseudo —
random sequences manipulating the signal’s phase [5,6]. Using
either of the mentioned complex signals allow one to increase
significantly both the jamming resistance of the radio systems, at
the expense of introducing multiple frequency — temporal surplus
within the signal, and the relevant complication arising during the
signal’s processing by the receiver.

Under conditions of work of businesses radio communication
systems for transmitting information with security reliability in the
railway transport, the decisive factor is the influence of the impulse
disturbances during signals receiving [2,3]. This influence reveals
itself during spontaneous alteration of the dispersion as well as
failures of the adaptive devices of spatial — frequency — temporal
signals’ processing which signals are generated assuming that the
received mixture is quasi — stationary and Gauss one (in common
sense) [7].

As a result of that, the efficiency of the radio system is getting
vastly deteriorated under the influence of these signals. It must be
borne in mind that the indicators of the jamming resistance (the
weighted error of the signal’s reproduction and the probability of
wrong decision to be taken by the demodulator regarding the
discrete message being transmitted) are not completely adequate to
the real conditions the connection is established under. In the non —
stationary channels of the systems for mobile radio connection
establishment, the relation “signal/noise” is altered during the
system’s functioning process. Therefore, the determined in this way
reliability is also getting altered. If these alterations could be
neglected within the time interval of message transmitting, the
channel is considered as locally stationary one. In addition to either
the weighted error or the probability of wrong estimation of the
jamming resistance, it is necessary one to determine what the trust
probability that the values of these variables will not exceed the
limit is. During the effect of impulse disturbances, the constancy of
the ratio “signal/noise” is violated by powerful momentary peaks
within the electromagnetic field of the disturbances. These peaks
dramatically change the ratio and evaluation of the acquired specific
resistance (jamming resistance) traits.

In radio channels, intended to establish connection to mobile
objects, the probability of error is variable quantity (heterogeneous
channel with variable characteristics). In this case, even if securing
the average probability of error less than assigned limit were
successful, the probability of error could be set greater than
permissible value. Furthermore, regarding all mobile channels,
reducing the average probability of error does not show clearly
improving the quality of the system’s functioning. For example, if
the percentage of cases of error probability were getting greater than
admissible value, along with reducing the average probability of
error allowance, the jamming resistance of the system would get
decreased. It follows that, in particular, optimization of the radio
system, in accordance with the widely used criterion for the
minimum average probability of error, does not provide the best
quality of operation of the real system in the radio channel with
variable parameters. To ensure an acceptable quality of functioning
of the real system in the radio channel with variable characteristics,
it is necessary to maintain the probability of error at a level not
exceeding a preset limit. In essence, this means that the specified
quality of the system functioning is achieved due to error likelihood
independence (partial or complete) of causes for non-stationary
nature of the communication channel.

This standard, known as the invariance, is a property of the
system to oppose the disturbing effects.

In the most general case, if the initial system coordinate y(t)
for any point in time t does not depend on the disturbance f(t), the
system will be possessed by absolute invariance regarding f(t), i.e:

y() = invar[f(t)]. 1)
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If this property is fulfilled roughly (in a certain sense) then the
invariance will be accurate up to ¢ and the system will be relatively
invariant, i.e:

y(t) = invar[f()]. @

The concepts of “invariance” and "functional stability" are
interrelated. If one examined invariance of the jamming resistance
characteristics, put in the form of functional dependence of the error
probability of both the signal’s and disturbances’ parameters, in
which case the system has characteristic of the jamming resistance
being absolute invariance in relation to a definite class of
disturbances, the study of functional stability would become futility.
If the system has an invariant characteristic then the relative
invariance and functional stability will be thought as concepts being
largely equivalent.

3. Defining of conditions of invariance of the
performance of noise-resistance

For a radio channel, the typical situation is the one where the
performance of noise-resistance is determined by the presence of
disturbances of several classes (fluctuating, spectrum-concentrated,
impulse). The functional kind [3] of the expression of the error
probability with receiving by elements depends on the sets of signal
parameters, the disturbances and the interaction between them :

o[}z |

= =2
where |’]i and hg express the mean statistical properties of the

ratios between the energies of the i-th signal variant and the j-th
disturbance variant and the white noise spectral density.
The part of parameters of interaction between the signal and

disturbances is played by set {6”2 } i=lsn, j=1+ ng , average

statistical values of the coefficients of the reciprocal differences in
the frequency-and-time area of their structures.

As the degree of the interaction between the useful signal and
the disturbance on the frequency-and-time plane is analogous to
their mutual correlation function, it is suitable to assume the
average statistical value of the mutual difference coefficient in the
position of interaction between them. This value is expressed in the
kind of [3]:

2
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where K , K¢, are the amplitude coefficients of the signal and
: *
disturbance, T=%N is the signal length, S; ('[)and Zé«j ('[) are

the complex functions of the i-th signal and j-th disturbance,
2T
K
P == [sf(t)dt 5)
T 0

is the average power of the i-th signal variant.

The conditions of the invariance of the connection system are
expressed in relation to a certain class of disturbances and in
dependence with the metrics selected on the signal space.

If n(t) and é'(t) are random realizations of fluctuation noise

{N} and quasi-determined interferences {Z} respectively, then the
performance of noise-resistance is a function of both interferences:

P=P(N,Z,). ©)



The system of connection is absolutely invariant to C:(t) if:
P(n,&) =P(n,0) = P(n)
is fulfilled.

0]

When the noise-resistance characterization depends on
interferences = to a certain extent, e.g.:

IP(n,0)—P(n,¢) <e. @®)

then the system is relatively invariant (invariant to ), where ¢
presents the given distance between P(Nn,¢") and P(n,0):

&= m?x|P(n,§) ~P(n0) . )

4, Conclusion

The functional stability is a broader concept which is
associated with the investigation of possibilities opened up by the
development of modern element base for the realization of the
principles of invariance within signal — noise environment altering
itself
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N3CJIEABAHE U OHEHKA HA PUCKA HA EJIEKTPOHHO BA3BUPAHATA
CUCTEMA 3A IMCTAHIIMOHHO OBYYEHUE HA HBY ,,BACHUJI JIEBCKIN”

RESEARCH AND ASSESSMENT OF THE RISK OF VASIL LEVSKI NATIONAL MILITARY
UNIVERSITY'S DISTANCE LEARNING SYSTEM
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inid@nvu.bg, saspirdonov@nvu.bg, toti_daniela@abv.bg, arnaudov19996@gmail.com

Peztome: B nacmoswus 0oxknad ce uzciedgad u oyeHasa pucka Ha e1eKmponHo bazupanama cucmema 3a OUCAHYUOHHO OOyueHue Ha
HBY ,,Bacun Jlescku “ npu maxcumanio namoeapsare kamo ce usnonzeéa SWOT — ananuz. Llenma my e 0a ce oyeHam 8vbHWHUMeE YCI08US
(brazonpusmuu 6b3IMOJICHOCMU - 3ANAXY) U BbMPEUIHUMEe YCI08UsL (CUTHU CMpanu - ciabu cmpanu) Ha opeanuszayuama. IIpedcmaeenusm
SWOT - ananus e paspabomen 6b3 0CHO8A HA eKCHEPMHU OYEHKU, NOIYUEHU 8 Pe3YIMam Ha NPOBeOeHO NPOYUEaHe.

Kuarouosn gymu: IMCTAHIIMOHHO OBYYEHUE, PUCK ITP1 MAKCHUMAJIHO HATOBAPBAHE, SWOT - AHAJIU3

1. Yeoo

WscnenBaneTo Ha €JIEKTPOHHO Oa3WpaHara cucTeMa 3a
IucTaHIMOHHO oOyueHne Ha HBY ,,Bacuin JleBckn™ u oneHKara Ha
pUCKa W3KMCKBAa TECTBaHE HAa CHCTEMaTa B PCAHH YCJIOBHS IPH
MaKCHMAaJHO HaTOBapBaHE MPH MPOBEKIaHE HA IbPBU CEMECTHP 3a
JIMCTAHIIMOHHO O0YYEHHUE B TIET MArMCTHPCKH MPOTPaAMH.

3a menTta ce W3BBPIIM Iperyiefl Ha TEXHOJIOTUYHHUTE H
(GYHKLMOHATIHY XapaKTEPUCTUKH Ha MOJEPHHM3UPAaHHs LEHTBD 3a
JMCTaHIMOHHO  OOy4eHHe M  HErOBHTE BB3MOXHOCTH  3a
NPEeJOCTaBsSHE Ha CJIEKTPOHHM (GOpMH Ha OOydyeHHE B IET HOBHU
MarucTbpcku mporpamu. KIlO4OB eleMEHT B pPaMKHUTE Ha Ta3d
JeiiHocT Gertie moaroToBkaTa Ha 10 aAMUHHUCTPATOPU Ha 3alUTe 32
JMCTaHIMOHHO o00y4yeHHWe, KOUTO TpsiOBa J1a obe3rnedaBar
MPHUCIOCOOSBAHETO M MOAAPBKKATa Ha HHPOPMALMOHHUTE
CHCTEMH IIpH IPEAOCTaBsSHE Ha NUCTaHIMOHHO oOydeHue. Kato
4acT OT JAeHHOCTTa ce M3BbpLIM anpoOupaHe Ha OTACIHU
JMCLUMIUIMHU B PEaJIHU YCIIOBHS, KaTO SIHOBPEMEHHO C TOBa CE
HalpaBu aJeKBaTHA OLCHKA Ha PHUCKOBETE IPH HATOBapBaHEe W
MaKCHMAaJIHO M3IIOJI3BaHe Ha MH(pOpMalnMOHHATa cucTema. IIpuexa
ce 153 cTyneHTH, KOUTO yCHEIIHO 3aBbpIINXa IbPBU CEMECTHP B
JMCTAaHIIMOHHO O0y4YeHHEe B MET MAarkCTbpCKH IPOrPaMu.
[IpoBexxnanero Ha IUCTAaHIMOHHO oOydeHHe € o0O0e3ledeHo ¢
IpernofaBaTeicku cberaB — 30 mpernoaasarens 3a IbPBH CEMECTBD,
10 agMuHHCTpaTOpa, Y4eOHM MaTepuaid 3a IPUCBCTBEHO U
JUCTAaHIMOHHO o0ydeHHe mo 29 y4eOHM IUCLUIUIMHM, KaKTO U C
MaTepuay 3a CaMOIOJrOTOBKA Ha CTYASHTHTE W NPOBEXIAaHE Ha
U3MUTH.

Lenta Ha HacTOsAmaTta pa3paboTka € Ja ce Hu3CcieaBa
CJICKTPOHHO 0a3HMpaHaTa CHCTEMa 32 TUCTAHIIMOHHO OOyYEeHHE Ha
HBY ,Bacun JleBcku” u ga ce OUEHM pHUCKA NPU MAKCHUMAJIHO
HaTOBAapBaHE HA CUCTEMATa IpH MPOBEXJAHE HA IIPBU CEMECTHP B
T MarucTbpPCKH MPOrpaMHu.

ITepBusAT cemecTbp Ha OOydeHHE B TETT€ MAaruCTBPCKH
MporpaMu TMPUKIIOYH KAaTO CPEIHUs yCIleX MO BCAKAa MarucThpcKa
Iporpama e, KakTo cezBa:

O CromaHcka JIorucTuka — 5,38

) HaunwuonanHa ¥ permoHanHa CUrypHocT — 5,13

[J  HunpycrpuaieH MEHUIDKMBHT — 5,49
| AIMUHHCTpaTHBHA U HH(OpPMAIOHHA CUT'YpHOCT — 5,06
] ABHaIMOHHA TEXHHUKA U TeXHOJIOruH — 4,06

OT cpenHUAT ycrex Mo BCsKa OT MEeTTe MarCThPCKU MIPOrpaMu
€ BHJHO, Y€ 00y4eHHETO B JUCTaHLIMOHHA GopMa Ha oOydeHue 1o
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HPOEKTa € MPEMHUHAJIO Ha MHOTO 100pO HUBO C PEallHU Pe3yJITaTH
MHOT'0 7100pa yCreBaeMOCT Ha CTYJEHTHTE.

HW3cieBaHET0 HA CHCTEMATa 3a MpelJiaraHe Ha EJCKTPOHHH
($hopMH Ha IUCTAHIMOHHO 00yYEHHE B PEATHU YCIOBHS M OLCHKATA
HA PHCKA IPH ONTUMAIIHO HATOBApBAaHE IPH MMPOBEXIAHE HA ITbPBU
CeMeCThp 3a JMCTAaHIMOHHO OOy4YeHHe B IETTE€ MATUCThPCKU
nporpaMd ce Hajara OT TIJIeJHa TOYKa HA YCTAHOBSBaHE Ha
e(eKTUBHOCTTA Ha (YHKIMOHMPAHE Ha CUCTEMAaTa, OTYMTAaHE Ha
,,Cl1abuTe” MecTa B Hesl, KOUTO TpsiOBa qa ObIaT KOPUTHpaHH, H300p
Ha BEPHHU CTPATErHYCCKH U ONEPATHBHH PELICHUS U aKTyalM3UpaHe
Ha CTpATeruaTa 3a pa3BHUTHE.

2. Memooonozus 3a uscneosane Ha
dyukyuonupanemo Ha eneKmpoHHO Oazupanama
cucmema 3a OucmaHyuonHo ooyuenue nHa HBY
wBacun Jlescku” u oyenka na pucka.

W360pbT Ha CTpaTErnuecko penieHue u M300pBT Ha CTpaTerys
32 pasBUTHEC H300II0 € U3KIIOYUTEIHO BAXKEH KOMIIOHEHT B
yIpaBieHuYecKarTa JeHHOCT 3a JUCTaHIIMOHHOTO 00y4eHue, 0cOOEHO
B CBBPEMCHHHUTE YCJIOBMS Ha JMHAMHYHO pa3BUTHE Ha
OOIIEeCTBEHUTE MPOIECH, TEXHONOTUUTE W TMOTPeOHOCTHUTE, B
yCIOBHATA HAa CHJIHO KOHKYPEHTHa cpeja, riobaiu3anus u
TpaHChep Ha MPOU3BOACTBEHHUTE, (PUHAHCOBUTE, MATEPHATHUTE U
nHopManmoHHn  pecypcu. LlenechoOpasHUAT — CTpaTErH4ecKH
n300p, OCHOBAaH HAa HaJEXJHA MPOTHO3a, € EJWHCTBEHOTO BSPHO
YCJIOBHE W TapaHIMs 3a YCIIEIIHO Pa3BUTHE B OTTOBOP Ha HOBHTE
HpeN3BUKATEIICTBA. Bceexu YHUBEPCHUTET, npe/uIaray
JMCTAHIIMOHHO OOy4YEHHE JHEC ce HyXJae OT SCHO (OpMyIHpaHd
MHCHSI, LENH, TPUOPUTETH W CTPATErHYeCKH HANpaBICHUS 3a
CBOETO OBJICIIO CHIIECTBYBAHE U IPOCTICPHUTET.

3a ;1a ce oueprae NpaBAMBA M TOYHA CTPATErHYecKa HACOKa 3a
Pa3BUTHETO HA OpraHu3anuaTa (YHHBEPCHTETUTE C€ SIBSIBAT BHJ
opranm3anusi) ca pa3pabOTeHM H  CBIIECTBYBAaT  TOJISIMO
pazHooOpa3ue oT moAxonu U Moze. ChIeCTBYBAT JIeCET OCHOBHU
IIKOJIM, HOAIBPXKAIIM M Pa3BHUBALIM KOHLECIIMUA M METOOH 32
(hopMyIMpaHeTo Ha CTpAaTerMu — OT TaKWBA, KOMTO YKa3BaT, yuar,
HpEINucBar, MPeTeHaupaT aa ca PbKOBOJACTBA 3a......, KaK Ja ce
dhopmupa cTparerusrta, 10 TaKHBa, KOHTO CE CTPEMAT Ja OOSICHAT
KaK crparerusira ce (opmupa (HaKTHYECKH Ha NMPAKTHKA HIH MO
pasTIIeKAaHeTO Ha CTparerusira KaTro IIPoIec, Karo HeIlo
HETIOCTOSIHHO, KOeTO ce (opmupa B 3aBUCHMOCT OT BpPEMETO H
obcrosTencTBaTa M MOXe Ja oOXBalla aHalu3, pPa3sMUILICHHE,
NOJNUTHKA, TUIAaHUpaHe, BU3MS WIM WHTYULMS M BCSKakBa Jpyra
BB3MOXKHOCT 3a CTPAaTErnueckd u300p, 3aBHCEIla OT BPEMETO U
KOHTEKCTa.

ITepBata Tpyna WIKOJM BKJIHOYBAT: ,,CTPATETHs Ha TOJEMHUS
Monen” — Hal-pa3lmpoCTpaHEHWs BB3TIEN 3a TMpoleca Ha



¢dbopMupaHeTo Ha cTpaTerusi, KOHTO ce acouuupa Haii-Bede c
Harvard Business School; ,.crpaterusita xaro miaH” — ¢ Haii-
BIMSITENIHHSL cU mpezacTaButen Urop AHcod u ,.cTparerusita Kato
no3uuus” — ot CyH L[3s 1o bocThHCKaTa MaTpuiia 1 MOJIEIUTE Ha
Maiikbn IlopTbp, KOHTO cu mocTaBsl 3a 3ajlaya Ja OIUIIE ,,KAaKBU
CTpaTerHu Haii-100pe ChOTBETCTBAT HA KOHKPETHH M HA BCSKAKBH
obcTosTencTra”.

Crparerusra e pe3yaraT Ha Ch3HATEJEeH M IIaTeJIeH MUCIOBCH
nporec. TekymuTe menw M 3afgaydl ce MpoOBepsBaT B Haif-moOpa
crerer, ype3 SWOT aHamu3a (CuiHHM, cIa0M  CTpaHw,
BB3MOXKHOCTH M  3aIllaxu), CIeJ KOETO C€  OMNpelemsir
CTpaTeTHYECKUTEe alTepHATHBU. BrocnencTBue Te3w antepHaTHBU
ce OLICHABAT B Pa3lIMYHU aCIEKTH U CE M3BBPIIBA CTPATETHUECKUS

n360p (¢purypa 1).

Matpuua
SWOT

XapakrepucTuka
Ha OBEKTA

XapakrepucTuka
Ha CPEOATA

MUCUA

(=0

CTpaTteruieckv onuMm

Crparternyecku nséop

OCHOBHM HACOKM 3a
peanu3auus Ha cTparermsara

@uz. 1 OcHosHu enemenmu Ha npoyeca Ha cmpamecudeckomo peuieHue

Kit040B MOMEHT B Ipolieca Ha CTPATErMYECKOTO PELICHHE €
SWOT - anamuza. Llenta My e a ce OLEHAT BBHIIHHTE YCIOBHUS
(6maronpuATHH BB3MOXKHOCTH - 3aIUIaXH) M BBTPEIIHHUTE YCIOBHS
(cwyHUM cTpaHU - cnabu CTpaHM) Ha OpraHu3aluATa. Pesynrarurte ot
CUTYAllMOHHHUS aHAJIN3 MO3BOJIBAT J]a C€ YTOYHAT U MO-SICHO Jia ce
OTKpOST TPHOPUTETUTE M IEJIWTe OT eJHa CTpaHa M Ja ce
HOJIIOMOTHE M300pa Ha CTpaTerus — OT Apyra.

Ilpn paspaborBane Ha SWOT - ananu3 Ha cucremara 3a
IUCTAaHIMOHHO oOy4deHue TpsiOBa ga ce naae OTroBOp W Ha
CIICZTHUTE BBIPOCH:

1. Kou ca puckoBere U OrpaHMUYEHHSTAa, KOUTO TMPaBsT
cHCTeMara 3a JUCTAaHINOHHO 0OydeHHe ys3BUMa, IpedaT i aa Obae
MaKCHUMaJTHO e()eKTHBHA ¥ HaMaJIsIBaT HEHHHUTE pe3yaTaTn?

2. Kou ca paucbanancure Ha
oby4enue?

cucrteMara 3a JUCTAHIUOHHO

3. Kowu ca 3amiaxuTe 3a cucTeMaTa 3a JUCTaHIIMOHHO 06yqu1«le
M KaK MOTAaT Jia Ce M3I0JI3BAT KaTO Bb3MOMKHOCTH?

4. 3am0 CHUCTEMATa 3a JUCTAHIIMOHHO 06yLI€HI/Ie € ysa3BHUMa OT
BBHIIIHU U KOHIOHKTYPHH obcrosTencTea?

Jlokonkoro ouakBanute pesynaratm or SWOT - anammsa ca
JOCTaTBYHO KOHKPETHH, HEOOXOAMMO € MPOBEXIAHETO My Ja ce
OCBILECTBU MAKCHMAJIHO TOYHO U MPELH3HO U /12 3aBBPILH C SICHU U
HEJIByCMHCIICHN U3BOAM U IIPETOPBKH.

SWOT-anamu3sT € TOIXOASI] Ja Ce H3MoJ3Ba Ha
MPOMEKAYTHYHMS €Tall Ha M3CJIEABAHETO — 33 33AbJI00YaBaHE HA
aHalM3a 3a CHCTOSHMETO Ha CHCTEMaTa 3a JUCTAHIMOHHO
oOydJeHue.

CTpaTel"I/I‘IeCKOTO YIpaBJICHHE KaTO KaTeropus MW KaTo
q)aKTI/I‘IGCKO MPUJIOKEHUE, BCE€ II0-0CE3aTCJIHO W BCE 1IO-
HAaCTOMYMBO ce HY>XJa€ OT pa3BUTUE HA METOAUTE U TEXHUKUTE 3a
MCTOJUYHO HU3CJICABAHC H I/136p05[BaHe Ha BCHYKH BB3MOXHHU
U3MEHCHMS B IIABHUTE NMPOMCHJIMBH, KaKTO Ha Cpe€laTta, Taka U Ha
camMara CHCTEMa 3a JUCTAHIIMOHHO 06yquHe, a Cpmo Ja ce€
HanpaBu MBJIEH CIIMCbK Ha Bb3MOXKHHUTC QJITCpHATHBU 3a
pa3peiiaBaHe Ha CTPATCIrUNICCKUA HpO6HeM.

OueBuiHa € HEOOXOAMMOCTTAa 3a Pa3BUTHETO HA MOJEIHTE,
MOAMOMAramiy B3eMaHeTO Ha CTPATEeruuecKy pelieHus U Haii-Bede B
MOCOKa HAa YCHBBPIICHCTBAHE HAa TEXHUKHUTE 3 MPAKTUYECKOTO UM
MPUIIOKEHHE.

Oo6wuyaiiHo crienanata npaktnka Ha SWOT - ananmza e cien
pa3KpHBaHe Ha CHJIHHTE U cIa0uTe CTpaHu (BBTPEIIHK PHUCKOBE) Ha
OpraHm3alusATa W BBHIOIHUTE  (aKkTOpH OIaronpusTHA
BB3MOKHOCTH ¥ 3aIlIaxH (BBHIIHK PUCKOBE), a C€ MO3HUINOHUPAT
€JIEMEHTHUTE Ha BBTPELIHHA (OKYC CIPSIMO Te3H OT BHHIIHUA (OKYyC
B TabiauueH wid rpaduueH BHI KaTo ce oOpasyBa T.H. SWot-
MaTpulla WM MaTpULa Ha ChCTOsTHUETO. OuepTaBar ce 4eTHPH 30HU
(KBaZpaHTH) Ha BB3MOXKHH CBCTOSHHSA: CHJIHHM CTPaHU
BB3MOXXHOCTH, CHJIHU CTPAaHM — 3aIulaxu (BBHIIHU PUCKOBE), CIa0u
CTpaHU (BBTPEIIHH PHCKOBE) — BB3MOXKHOCTH M ClabHW CTpaHH
(BBTpEnIHN pUCKOBE) — 3aIUIaxy (BBHIIHM pUCKOBe). Te3n yetnpn
30HM 00pa3yBaT INpPOCTPAHCTBOTO HAa CTPATETHUECKUTE OIIUM.
BB3MOKHHTE CTpaTeTHYECKH pelIeHHs Ce aHAIN3UPaT BbB BCSIKA OT
30HUTE MOOTAENHO M C€ OMpeAeNsIT (MHTYMTHBHO, €BPHCTHYHO)
MEYeMBIINTE CTPATEeTHH — CTPATETHIECKHs MOopTdeiin.

Amnamutnynata uHTepnperanus Ha SWOT - anamm3za ce3gaBa
MHOTO JOOpH TPEIIOCTaBKH 32 CHMYJIAIHOHHO M KOMITIOTBPHO
MOJZIeJIMpaHe Ha MpOIeca M JaBa BB3MOXHOCT 3a INOAPOOHO H
3abI00UCHO M3CJIEABaHE Ha BBTPELIHUTE XapaKTEPUCTUKH Ha
JIUCTAaHIIMOHHOTO OOy4YeHHE M CBHIIOCTaBSIHETO WM C BBHHIIHHTE
yCIIOBHS ¢ 111 opMyHpaHe Ha aJeKBaTHH U HAJEKJHU IPOTHO3U
U CTPATErHUYECKH aTepPHATHBH, KaKTO M 3a ONPEACIISIHE Ha TJIaBHATA
CTpaTeruyecKa HacoKa 3a pa3BUTHE.

BB3MOXKHOCTH Ol MO-YCIIEITHO MOTAT Ja CE pealusupaTr U B
ceernuHaTa Ha AuHamMuaHuS SWOT - amamms. PazpabGorBanero Ha
KOOPAWHATHATE MOJIEIM HAa CHTYalMOHHUS aHANU3 B Pa3iIMIHU
TOYKM Ha BPEMETO IIe JOBEJE 10 PEe3yITaTH, KOUTO IIe OTPa3siBaT
KOPEKTHO Obp30 H3MEHAIMTE CEe YCIOBUS Ha cpejara M Iie
oyepTasT CTpaTerMuecKusl IUIAHOB XOPHM30HT, 3a KOWTO ca
MOCTaBeHH NMPUOPHTETHTE W TJIABHHUTE HENTH HA JHCTAHIMOHHOTO
oOydeHue.

[pennaraausat meton 3a SWOT - aHanm3 nMa 3a 1en Ja yJIecHH
cTpatermyeckuss u300p TmpH pa3paboTBaHE HA JIBIATOCPOYHA
CTpaTerus 3a pa3BHTHE Ha IUCTaHIMOHHOTO oOyuenue B HBY
,,Bacw JleBcku”.

Metogpr SWOT aHanM3 Moxke Ja rnpeoOpasyBa
KOMIUIEKCHATA, TPY/AHA MPOLeypa 3a OLEHKA Ha YeCTO KaYeCTBEHH,
CIIOKHH W B3aMMOBIUSICIIN CH (DAKTOPH, 3a KAKBBTO C€ CHUUTA
CHTYallMOHHUS aHAlM3, B TOYHA W HAAEKIHA, KOMITIOTHPHO
6a3upana mporpama 3a BCeOOXBAaTHO H3CIEqBaHE HAa CHCTOSHHETO
HA OpPTaHW3anusITa U 38 IPOTHO3UPaHEe HA HEWHOTO pa3BUTHE.

I'maBuara ¢ynkuus wa SWOT - anammsza e jga moamgbpxka
npolieca Ha pa3pabOTBaHe Ha CTPATErHsATa, a HE J]a 3aMEHsI Ipolieca
Ha pa3paboTBaHe Ha CTpaTerusra.

3. SWOT ananuz Ha cucmemama
oucmanyuonno ooyuenue 6 HBY ,,Bacun Jleecku’.

3a

[MpencraBenust SWOT - aHanu3 e pa3paboTeH Bb3 OCHOBA Ha
SKCIIepTHU OLICHKH, MOJYyYeHH B pe3yiITaT Ha MPOBEICHOTO
npoyusane (Ta6muma 1.)!. 3a Bcexu oT moKkazaTenuTe, BKIIOYCHH B
SWOT - ananmsa e rmocraBeHa OIEHKa OT 1 [0 5, B 3aBHCHMOCT OT
HeroBata 3HaYUMOCT.

Taénuya 1. SWOT — ananuz na cucmemama 3a OUCMAHYUOHHO 0OYUYeHUe 8
HBY ,,Bacun Jlescku .

CuotHn CTPaHH, OLlEHKa B’I)TpeIIIHl/I PHCKOBE, OLICHKa

1.Puck oT muica Ha JOCTaTBYHO
OITHT HA YaCT OT MPENoIaBaTeNnTe
IUCTaHIMOHHA  (opma

1.0ch3HaBaHe Ha BaKHATa POJIs Ha
JUCTAaHIMOHHOTO  o0ydeHue
U3TOYHUK KOHKYPEHTHH

Kato

Ha B Ha
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1 Ilpoyuenn ca eKCIIEPTHATE MHEHHSA Ha PHKOBOJMTENS H CelHaicTHTe oT LIeHThpa 3a ANCTAHIHOHHO 00ydenne
B HBY ,Bacu Jlescku”, 1Ipeno/iaareiiu, HPOBEJU IIbPBH CEMECTBP HA JIMCTAHLMOHHO 00y4EHHE 10 NETTE MarHCThPCKU

TIPOrpaMu U CTYJIEHTH, 00y4aBallH Ce TPe3 MbPBH CEMECTBP Ha MCTAHIMOHHO 00yUeHHe.




IIPeMCTBA 32 yHUBEPCUTETA - 5

2.CtpeMexk KbM IpeoleHKa Ha
MIPUOPUTETHTE, HOBU KOHKYPSHTHHU
CTpaTerMd U HOBH HAuMHH Ha

00ydeHNe Ha CTY/ICHTHTE B yCJIOBUSITA
Ha UKOHOMHYECKa KpH3a - 3

3.Crpemex KBbM MaKCUMAJIHO
H3MI0JI3BAHE HAa BB3MOXXKHOCTUTE HA
cucTeMaTa 3a JIMUCTaHIIHOHHO

oOydyeHHe c Lel IOBUIIABAHE Ha
YIOBJIETBOPEHOCTTAa Ha CTYIEHTUTE U
MIpUBIMYAHE HA HOBH CTYJCHTH - 4
4.0Ocb3HaBaHe, e
Pa3xoqu M yCHIHs 3a pazpaboTBaHe U
IpejUlaraHe Ha pa3iaudHu GopMH 3a
o0ydeHHe, caMOOLICHKa U OIeHKa ca
omnpaBJIaHu - 3

S.Ilpemmarane Ha pa3HOOOpa3HH H

ITO-BHCOKHTEC

yooOHH 3a KJIHEHTa HAYyuHH 32
KOHTAKT C [PEMnoAaBaTes - 2
6.CtpeMexX KbM OOHOBSBaHE Ha

yueOHuss Matepuanx u ¢dopmurte 3a
o0yueHue, CaMOOLIEHKa U OLIeHKa - 4
7./lHBecTUpaHe B MarepuaiHaTa M

MopaJiHa MOTHBAITUS Ha
MPEToAaBaTeInTe u
aJIMUHUCTPATHBHUS ~ MEPCOHAN  Ha
cucremara - 5

8.0rtunTaHe Ha  BaXXHOCTTAa  Ha
OT/CIHHUTE eJIEMEHTH Ha

JMCTaHIHOHHOTO O0ydYeHHe — MpejH,
10 BpeMe Ha, U CJIe]l IPUKIIFOYBAHE Ha
cemecThpa - 2

9. TouHo oruurane Ha (akTopure,
BIMSICII  BBPXY  pa3pabOTBaHETO
yueOHHUTE MaTepuanu 3a
JIMCTaHIMOHHO O0yueHue - 4

10. Ananmsupane Ha e(EKTUBHOCTTA
Ha JIUICTaHIMOHHOTO OOydYeHHe OT
TJIeHa TOYKa Ha PEHTaOWIHOCTTa 3a
YHUBEPCHTETa U YIOBJICTBOPEHOCTTA
Ha obygaemmure - 4

11.M3mon3Bane Ha pasaMyHM HAYMHH
3a peKJaMHpaHe M MPEACTaBsHE Ha
MporpamuTe, TpeIaraHu B
JMCTaHIMOHHA (opMa Ha OOydeHHE B
YHUBEpCHTETA - 5

12.0cb3HaBaHe Ha BaXXHOCTTa Ha
nobpara TMOArOTOBKAa Ha YyueOHHTE
MaTepHaH, MPOBEXKIAHETO Ha
KOHCYNTAllM¥ C NpenojaBaTeluTe U
opraHu3alysITa Ha Y4eOHHS IpoIec,
ype3 cucTeMara Kato (akTopu 3a
NpUBIMYAaHE W 3aJbp)KaHe Ha
CTyIEHTHTE - 5

13.0curypsiBane Ha onTUMajeH Opoit
MperoiaBaTend U aJMHHHCTPaTHBCH
MepcoHal rIenHa
YIOBJIETBOPEHOCTTA Ha CTYACHTHUTE U
(uHaHCOBHTE CpenCTBa - 3
14.Ilpeanarane Ha KOMOMWHAIMS OT
METOIM W CpeAcTBa 3a oOydeHue,
CaMOOIICHKa M OLEHKa, KOUTO ca
3aIBJDKUTEITHN 32 BCEKH CTYAEHT U
TaKHBa 0 U300p Ha CTyeHTa - 2
15.Hannuue Ha  MOJEPHU3MpaH
LICHTB) 33 AUCTAHIIMOHHO OOy4EHHUE
ner obopynBaHH 3aIH 3a
JMCTaHIOHHO o0yueHue

oT TOYKa Ha

mo
OTACIHUTE MAaruCTbpCKU IIpOrpamu -

oOydenue - 2

2.Puck oT HemocTaTBUHO HOOPO
Ka4ecTBO HSIKOH  y4eOHU
MaTepHaly OT IJeAHa TOYKa Ha
IOBIHOTO CHOTBETCTBHE MEXIY

Ha

TEMH, TECTOBE, 3aJ1a4H U Ka3yCH -
4

3.Puck u3bopa
MOAXOAA1IAaTa ¢bopma
[POBEXIaHe Ha TEKyI KOHTPOJI U
CeMeCTpHAJICH U3IHUT - 5

4. Puck OT HEOCTaThYHO HUBO Ha

Hak-
3a

oT Ha

HUHTETpanus, KOoOpAuHanus n
CHUHXPOH MEXIy
TIPETIOJaBaATEIICKUSL n

aJIMUHUCTPATHBHUS ChCTaB - 4
5.Puck or HegoOCTaTh4EH OMUT HA
[PENOABATENCKUSl  ChCTAaB B
MPOBEKIAHETO Ha  eQeKTUBHU
KOHCYJITALlUHU ¢ 00y4aemure - 2
6.Puck TPYIHOCTH  TpH
HOUIbPXKAHETO HA  ONTUMAJeH
Opoii Ha mepcoHala, W3BbPILIBALL
aIMUHHCTPaTHBHOTO 0O0CITy)XBaHEe
Ha JIUCTAaHIMOHHOTO OOy4eHHe
OCHOBHO  IOpanud  (HHAHCOBU
npobiemu - 3

7.Puck ot npobiieMu ¢ mepcoHana

oT

- IPETIoaBaTEeIICKU u
aJIMHHHCTPATUBEH - 2

8.Puck ot cnabo pazHooOpaszue u
CTpEMEX KbM OOHOBSIBaHE Ha
HpEIaraHuTe METOAN U CPEACTBA
3a oOyueHHE B AUCTAHIMOHHA
tdopma - 4

9.Puck oT snumnca Ha ONHMT TPH
U3MO0NI3BaHE HA HAYYHU METOMH 3a

aHaM3 W ONTHMH3MpAaHE Ha
o0y4eHHeTo B  IHCTaHIIMOHHA
¢dopma - 3

10.Puck oT TEXHUYECKU

npobnemu 1pu GYHKIMOHUPAHETO
Ha cucTemara - 3

11.Puck oT HEJIO0CTaThYHO
HaJIEKIHU JIOCTABYMITH Ha
TEXHHUKA " TEXHUYECKO

oOciy)kBaHe Ha CHCTeMara 3a
JIUCTAHLMOHHO O0yueHue - 4
12.Puck HEJIOCTHUT
(hrHAHCOBH cpescTBa - 2

13. Puck oT TekyuecTBO Ha
MPeroaBaTeICKUs ChCTas - 1

14.Puck or mnpeampueMaHe Ha

oT Ha

HKOHOMHH, KOWTO 3acTpamnaBatr
na3apHUTe TTO3UIHN Ha
YHUBEpPCHTETA U CHOTBETHO
npeyiaraHara oT HETO
JUCTAaHIIMOHHATA dhopma Ha
obyuenue - 3

4
16.0cw3HaBaHe Ha HEOOXOIMMOCTTA
pa3paboTBaHETO Ha MOJUTHKATa 3a
JIUCTAHIMOHHO 00y4eHHE J1a Ce MPaBU
CHBMECTHO OT CHEUHAIUCTUTE OT
LEHTHPA 33 TUCTAHLHOHHO OOy4eHHe,
NPENoAaBaTeIUTe U PHKOBOICTBOTO
Ha YHHBepcuTera - 5
17.Cucremno IIpOoy4YBaHe
CTYJCHTUTE B PA3IMIHU HAIPABICHUS
— YZOBJIETBOPEHOCT OT O00Yy4YCHHETO,
MOTHBH, MPEAJIOKEHUS U IPYTH - 3
18.0cb3HaBaHe Ha HEOOXOJUMOCTTA
OT pa3paboTBaHE HAa MAapKETHHIOBA
mporpamMa  3a  yIpaBliCHUE
B3aUMOOTHOLICHUSITA C HACTOSIIUTE U
OBbeIHM CTyJeHTH - 3

Ha

Ha

19.ITono6psiBane Ha
KOHKYPEHTOCIIOCOOHOCTTa Ha
YHUBEpcHTETA - 5
Bb3MOKHOCTH, OLIEHKA BBHIIHH PUCKOBE, OLIEHKA
1.Motusu Ha CTYJICHTHTE 3a | 1. PUCK OT cuiiHa KOHKYpEHIMs,

oOydyeHHe B IUCTaHIMOHHA (opMa B
YHHBEPCHTETa, CBBP3aHH OCHOBHO

aTPaKTUBHOCTTA Ha IpEIIaraHuTe
MarucTbpcKyu Mporpamu - 4

2.IloBumaBane Ha eeKTUBHOCTTA Ha
00y4eHHeTO B JMCTaHLIHOHHA (hopMa

1 YOOBJICTBOPEHOCTTA HA CTYACHTUTE,

qpe3 IIOBHIIIAaBAHC Ha
KBaJII/[de/IKaLIPISITa Ha
TPETIOAaBATECIICKUAA u

aJIMHHHCTPATUBHUS TIEPCOHAT - 5
3.IlogoOpsiBaHe Ha MO3ULMHTE Ha
VHUBEpCHTETa, Ha OCHOBaTa Ha
00y4eHHEeTO B IUCTaHIMOHHA (opMa,
gpe3 IIOCTEHEHHO YBelIMYaBaHEe Ha
IpeUIaraHuTe MAarucTbpPCKU
nporpamu - 4

4.IlonoOpsiBaHe Ha TO3WLMHUTE Ha
VHUBEpCHTETa, Ha OCHOBaTa Ha
00y4eHHEeTO B JUCTaHIMOHHA (opMa,
ype3 mpemiaraHe Ha oOydeHHe 3a
noxyyaBane Ha OKC ,,6akanaBbp” - 5
S.IlonoOpsiBaHe Ha MO3WLMHTE Ha
YHHBEpCHTETa, Ha OCHOBaTa Ha
00y4eHHETO B JHCTAHIMOHHA (hopma,
uype3 MHpeyaraHe Ha ChOOpaseHH C
W3MCKBAHUATA ¥ BBH3MOXKHOCTHTE Ha
CTyICHTHTE, BKJIIOUUTEITHO
(DMHAHCOBH, YCIIOBHSI HPH BB3MOXKHO
Haii-eeKTHBEH 3a  yHHBEpCUTETa
pa3xoneH Mozen - 4

6.TpaiiHO oyepTaBalla ce TCHACHINS,
KaKTO B CBETA, Taka U B CTpaHaTa KbM
IOpeIIoYuTaHne  OT

CTpaHa Ha

CTYACHTUTEC KbM JAWCTaHIIMOHHA

¢dopma Ha oOyuenue - 4

KaKTO OT OBIrapcKH, Taka M OT
4yXKACCTPAHHH  YHHBEPCHUTETH,
KOUTO Mpeaarat AWCTaHIMOHHA
tdhopma Ha obyuenue - 5

2.Puck

oT (bI/IHaHCOBaTa u

UKOHOMHYECKAaTa KpHU3a, KOATO
peduiekTipa BBPXY (HHAHCOBHTE
BB3MOXKHOCTH Ha CTYJCHTHTE - 3
3.Puck ot memorpagckara Kpusa B
CTpaHaTa, KOATO HamMaisiBa Opos
Ha CTYHCHTHTE B HaI[HOHAJICH
Mamab - 3

4.Puck oT BMraHe Ha LIEHUTE Ha
CYpOBHHHUTE U TOpUBAaTa, KOETO Ce
oTpa3sBa BBPXY pa3XomuTe Ha
YHHBEPCHTETa H CHOTBETHO BIIHsIE

BBPXY TaKCHTE 3a 00ydenue - 1
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Pasrnenanusat SWOT - ananu3 e mpeacraBeH rpaduyHoO Ha
Odurypa 2.

BULTpeLUHM pUCKOBe
5

a
3

Bb3momHOCTH

CunHum cTpanmn

BbHWHM prcKoBe

@ue. 2. SWOT - ananuz Ha cucmemama 3a OUCIAHYUOHHO 0OyYeHue 6
HBY ,, Bacun Jlescku” u puckoseme npu HetiHomo QyHKyuonupane.

Ot Tabmuma 1. ¢ BUAHO, Ye Pa3BUTHETO HAa CHCTEMaTa 3a
JMUcTaHNMOHHO oOydenue B HBY ,Bacun JleBcku” wu3nckBa
1eJicHacoueHa paboTa B CICTHUTE HACOKHU:

[onmepxane W yCHBBPIICHCTBAHE Ha MOJOKUTEITHHUTE
YCIIOBUS U TCHACHIIMH B IMCTAaHIIMOHHATa (hopMa Ha 0OydeHueE;

Habensi3BaHe Ha MEPKH 3a MOCTENICHHO IPEOJIOJIsIBaHe Ha
PHUCKOBETEe M CIa0OCTUTE B CaMOTO IHCTAaHLIUOHHO OOydeHHE W B
YCIIOBHATA 32 HETOBOTO OCBIIECTBABAHE;

HpquBaHe W aHaJIu3 Ha IOJIOXKUTCIIHO BJIUACHIUTC
q)aKTOpI/I OT MaKpocp€aara U BBH3IMOJ3BAHE OT TIX B MaKCHUMaJIHO
BB3MOXXHa CTCIICH,

[MpoyuBaHe U aHaNMM3 HA HETAaTUBHO BiUsiemuTe (GakTopn
OT Makpocpefgata W Halens3BaHe HAa MEPKHM 3a HaMalsiBaHE Ha
OTPHUIIATETHUTE MTOCIIEIUIIH.

Ot ®wurypa 2. e BuzmHo, 4ye HampaBeHuAT SWOT - aHamms
MOKa3Ba MHOTO 100pH BB3MOXHOCTH 3a pa3zButhe. HeoOxoaumo e,
obaue ole IeleHacoyeHa padoTa 3a JOpa3BHBAaHE HA CUIIHUTE
CTpaHH U 32 MUHMMH3HpPaHe Ha BETPELIHNTE U BHHITHUTE PUCKOBE.

4. Oyenka Ha puckoeeme npu yHKUuUoOHepaHemo
Ha  eleKmpoHHO  Oa3upanama  cucmema 34
oucmanyuonno odyuenue na HBY ,,Bacun Jlescku”.

Ha ®durypa 3. ca mpencraBeHH BBTpPEIIHUTE 3a cUCTeMarta
pHCKOBeE.

I Bycoko

CpegHo
I Hucko

—+=BLTpelHm

9

10 11 12 13 14

@Duz. 3. Bempewnu 3a cucmemama puckoge, pasoeieHu no 30HU Ha
medicecm
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Or ®durypa 3. e BHUOHO, Y€ C HaH-TOISIMO 3HAYCHUE ca
CIICZIHUTE, BBTPEILIHH 32 CHCTEMaTa PUCKOBE — OLleHKa 4 ¥ 5:

[l Puck or wuszbopa Ha Haii-moxxomsumiata ¢opma 3a
MPOBEXIaHE Ha TEKYIL KOHTPOJ U CEMECTPHANEH U3MUT — OLIEHKa 5.

O Puck ot HemocTaThuHO JOOPO KaYECTBO HA HAKOM YUEOHU
MaTepualid OT TJeJHa TOYKa Ha ITBJIHOTO CBHOTBETCTBHE MEXKIY
TEeMH, TeCTOBE, 3aJ]auu 1 Ka3ycu — OLIeHKa 4.

0 Puck oT HemOCTaTHYHO
KOOpDAWHALMA W CHHXPOH  MEXIY
aJIMUHHUCTPATUBHUS ChCTAB — OLICHKA 4.

HHUBO Ha HUHTErpanus,
npenoaaBaTeICKUA n

[l Puck ot cnabo pazHooOpasue U CTpeMek KbM 0OOHOBSIBaHE
Ha TpeJIaraHuTe METOIH U CPECTBA 32 00yYCHHE B AUCTAHIIMOHHA
(dhopma — ouenka 4.

O Puck oT HemocTaThYHO HAACKIHH JOCTAaBUMIM Ha
TEXHWKAa W TEXHHMYECKO OOCIy)KBaHe Ha CHCTeMaTa 3a
JUCTAHIIMOHHO 00YYeHUE — OIICHKA 4.

IIpencraBeHuTe pucKoBe ca ynpapisieMH W Ipeomoinmu. Te,
obade M3UCKBAT IIeJIeHAcO4YeHa paboTa, CBbp3aHa C e()EeKTHBHOTO
yIpaBlieHHE Ha CHCTeMaTa Ha IUCTAaHOUOHHO oOydenne B HBY
oBacun JleBckn” 1O  OTHONIEHHE HA  MOTHBAIUATa H
KBAIN(UKANUATAa HA TPEHNOAABATENICKHs ChCTaB, CTUMYJIHpaHE HA
YECTHTE KOHTAKTH MEXy IPETIOaBaTeIICKUsI U a IMUHACTPATHBHUS
CBCTaB, N3UCKBAHE Ha IIEPHOANYHA 00paTHa BPBh3Ka ChC CTYACHTHUTE
U CTPOr KOHTPOJN HpH M300p Ha JOCTAaBYMIM HAa TEXHHKA W
TEXHUYECKO 00CITy)KBaHE.

CbC cpeqHa TeXECT ca pUCKOBETE C OIICHKHU 2 1 3:

[l PHCK OT TPYAHOCTH HpH HOIIBP)KAHETO HA ONTHMAJICH
Opoii Ha TepcoHaja, U3BBPIIBAII AAMUHUCTPATHBHOTO OOCITy:KBaHE
Ha JWCTAaHIIMOHHOTO OOy4YeHHE OCHOBHO IOpamdl (UHAHCOBH
npo0ieMu — OIeHKa 3.

[l PuCK OT JMIca Ha ONUT IpPU HU3IOJ3BAHE HA HAYYHU
METOAM 3a QHaJIW3 W ONTUMU3MpaHe Ha OOYyYEeHHETO B
JMUCTaHIMOHHA GopMa — OIeHKa 3.

[]  Puck OT TeXHWYECKH MPOOJIEMH NpU (YHKIHOHHPAHETO
Ha CHCTeMara — OIleHKa 3.

[l Puck OT mnpemnpueMa€He Ha  HKOHOMHH, KOHTO
3acTpanraBar Mma3apHUTEe MO3WIMHA Ha YHHBEPCHTETA M CHOTBETHO
mpejJiaraHata OT HEro JWCTaHIMOHHATa (opma Ha OOydeHHEe —
oIeHKa 3.

[l Puck OT Jjdrnca Ha JOCTAThYHO ONMT HA YacT OT
HperoiaBaTeNluTe B AUCTAHIHOHHA (opMa Ha 0OyueHHE — OLCHKA
2.

O Puck oT HemocTaThUeH ONMUT HAa MPENOIABATEIICKHS
CHCTaB B MPOBEKAAHETO HA €(DEKTUBHH KOHCYITAIINH C 00YIaeMHTE
— OIICHKA 2.

g Puck ot mpobiemMu ¢ mepcoHana — NpPEnojaBaTesICKu U
aJIMMHUCTPATUBEH — OLICHKA 2.

[l Puck oT HenocTUr Ha GUHAHCOBHU CPEACTBA — OLICHKA 2.

PuckoBeTe ¢hC CpeHa TEXKECT ca MPEOIOJMMH, HO HE TpsiOBa
na ce moaneHsBat. OCHOBHOTO MPHU TAX € J1a Ce 0Ch3HAE POJIsITa Ha
IUcTaHNUOHHOTO oOydyenue B HBY ,Bacunm JleBcku” kato
M3TOYHMK HAa KOHKYPEHTHH MpPEIMMCTBA HA I1a3apa Ha BHCIIETO
obpa3oBaHHe B CTpaHATa W HA Ta3W OCHOBA - HEOOXOIMMOCTTA OT
HWHBECTHLIMU B HETO.

Hali-manpk € pHCKa OT TEKy4eCTBO Ha IperoAaBaTelCKus
cbeTaB — oleHka 1. [[pyHIKMIHO TakbB PUCK CHILECTBYBA, aKO TOU €
C MO-TOJAMA OLEHKA. I 01IMOTO TeKy4ecTBO Ha IMPEMo1aBaTeICKUs
CBCTaB KaTo KpaeH Pe3yaTaT BOJAH JI0 BIOILIaBaHE HAa KAUYECTBOTO Ha
oOy4eHue.

Ho 3a HBY ,Bacun JleBcku” TO3M PHUCK € MHHHUMAJEH, Thi
KaTo TEKy4eCTBOTO Ha INPENoAaBaTeCKUsl ChCTaB € U3KIIOUUTEIHO



Manko. Xabunutupanure npenonasarenu u te3u ¢ OKC ,,Jlokrop”
paboTAT B MPONBIDKEHUE HA TOJUHM, NPOIBIDKABAT TPAJUIMUTE B
00y4eHHETO 1 IIPeAaBaT CBOSI ONUT Ha MO-MJIAJIUTE CH KOJIETH.

He TpsbBa na ce moaueHsBaT M BBHIIHUTE 3a CHUCTEMara
PHUCKOBE — T€3H, KOUTO IPOU3THYAT OT Makpocpenara. — durypa 4.

6

. Bycoko
I E— - Cpeauo
B Hucko

= BbHIHK

Que. 4. Bvuwnu 3a cucmemama puckose, pasoeiieHu No 30HU HA
medicecm.

Ot durypa 4. € BUIHO, Y€ JIOTUYHO, C Hal-rojisiMa TEXKeCT €
pUCKa OT CHJIHA KOHKYPEHIS, KaKTO OT OBJIrapcKd, Taka H OT
Yy)KIECTPaHHH YHHBEPCUTETH, KOUTO IpeiaraT AWCTaHIIMOHHA
¢opma Ha oOydeHme — omeHka 5. To3m pHCK € H3KIIOYUTETHO
CepHO3eH KAaTo c€ KMa B NPEABHI BCE YBEIMYABAIIOTO CE
MpejyiaraHe Ha JUCTaHIMOHHA (hopMa Ha 00yJYCHHUE B CTpaHAaTA U 1O
cBeTa. B chIOTO BpeMme, ThPCEHETO OT CTpaHa Ha CTYICHTHUTE Ha
o0ydeHHWe B IUCTAaHIIMOHHA (oOpMa CHIIO HapacTBa, MOpaId
MpeIMCTBaTa, KOUTO TO Mpeaiara. B pesyirar, pelmieHHETo € B
TpeularaHe Ha KadyecTBeHO oOydeHHWe B IHCTaHIMOHHA (opma B
HBY ,Bacun JleBckn” 1O aTpakTHBHA 3a CTYACHTHTE
CHECUUATHOCTH U CHhOOpa3eHH C BB3MOKHOCTUTE HA CTYACHTUTE
TaKCH 32 00y4eHHe.

PuckoBeTe 0T Makpocpezata ChC CpeiHa TEKECT ca:

Puck oT ¢uHaHCOBaTA MU MKOHOMHYECKATa KPU3a, KOSTO
pedekTupa BbpXy (HHMHAHCOBUTE BB3MOKHOCTH Ha CTYACHTHTE —
oreHka 3.

Puck ot pemorpadckata Kpu3a B CTpaHara, KOSTO
HaMalsBa Opos Ha CTYIECHTUTE B HAIMOHAJICH MaIad — omeHKa 3.

Te3u pHCKOBE ca CEpHO3HH, HO Te TpsiOBa 1a ce IpHeMar oT
YHHBEpCUTETa KaTo (aKTOpH, KOUTO TpsOBa Na MpoydBa M Ja ce
cpoOpa3sBa ¢ TaX. Te3n pUCKOBe ca HEYNpaBISIEMH caMH 110 cebe
CH 3a YHHUBEpPCHTETa, HO C LEJIEHACOUYCHa M  aJeKBaTHa
KOHKYPEHTHOCIIOCOOHA MOJUTHKAa MOXE Ja Ce HaMalll TAXHOTO
HETAaTHUBHO BJIMAHHUC.

MoxkeM ma 0000mmuM, 4e € Ieecho0pa3Ho ma ce 00bpHE
0COOEHO BHMMAaHHE Ha BHTPEIIHUTE W BHHIIHUTE PHCKOBE, KOUTO
BJIM3AT B 30HATA Ha BUCOKHMTE PHCKOBE U Ja CE MPEANPHEMAT MEPKH
3a TAXHOTO HamassiBaHe. ChIara, HO MIO-yMepeHa MOJIUTHKA TPsIOBa
Jia ce MpeIpueMe U KbM BBTPEIIHUTE U BHHIIHU PHCKOBE, KOUTO
MOMA/aT B CPEAHATA 30Ha.

Ha ocHoBata Ha HampaBeHHs aHalIM3 Ha CbCTOSIHHUETO Ha
cucTeMara 3a JUCTaHIHOHHO oOyuenue B HBY ,Bacun JleBcku” u
OIIEHKA Ha PUCKa MOYKEM JIa HalpaBUM H3BOa, Y€ € [eIeChoOpa3Ho
Ila ce pa3paboTH U pearm3upa eGeKTHBHA KOHKYPEHTHA CTPATEeTHs
W TIONUTHKA 32 [ICTAaHIHOHHO OOydeHHWE B YHUBEPCHTETa B
CJICJTHUTE CTPATETMIECKU HATIPABICHHS:

V3yyaBane ©  ompeieisHe Ha  [pakTHKaTa Ha
KOHKYPSHTHHTE YHHBEPCHTETa NPH IHUCTAHIMOHHOTO O0yYCHHE 3a
BCEKH Ma3apeH CerMeHT, 00pa30BaTeIHO-KBATN(UKAIMOHHA CTEIICH
— OakalaBbp M MAarucTbp, NPO(PECHOHAIHO HAIMpPaBICHUE U
CIIELIHAIIHOCT;
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O OmnpenensHe W OLEHKA Ha KIIOYOBHTE €JIEMEHTH Ha
JUCTAaHIIMOHHOTO 00y4YeHHE, KOUTO 1€ MPEBbPHAT YHUBEPCHUTETA B
MpeAnoYnTaH 00pa3oBaTeNeH IEHTBD;

[J OmeHka Ha [AUCTAaHIMOHHOTO OOy4YeHHE 3a BCsKa
o0pa3oBaTelHO-KBATU(HUKAIIMOHHA CTENleH — OakalaBep W
MarucTep, NPOQECHOHATHO HAINPABICHHE W CIEIHAIHOCT IO
OTHOIIICHUE Ha ITa3apeH A U PEeHTaOMIHOCT;

[J  IIpoBepka U OLIeHKA HA BCEKU OT €JIEMEHTUTE U ACICKTUTE
Ha IUCTaHIMOHHAaTa (hopMa Ha 0OyueHHeE;

[ UW3bop um ¢opmynnpane Ha Haif-mogxonfimara 3a
YHUBEPCUTETa KOHKYPEHTHA CTpaTerus 3a JUCTaHLHOHHA (Gopma
Ha oOydyeHHe — IUAEPCTBO B pasxoauTe, AuepeHUuanus HIH
(dokycupane;

[l IlpuemaHe Ha mporpama 3a AWUCTAaHIMOHHa (opMa Ha
oOydeHne, KOSTO Ja OCHUTYpsiBa ONTHMAIHU IPHUXOOH IIpU
3a]Ibp>KaHe U IIOCTOSHHO yBEIMYABAHE HA CTYACHTUTE C B3MOXKHO
Hal-HUCKH pa3XOAW M OTYUTAHE HA OIO/UKETHHTE OTPAHUYCHHS U
OTPaHMYEHHUSATA 110 OTHOLICHUE Ha TAKCHUTE 3a 00ydeHHe;

[l H3pwpiIBaHE HAa CHCTEMEH, LSUIOCTEH KOHTPOJ U OIEHKa
Ha pe3ynTaTuTe OT JUCTAHIMOHHOTO OOYydUeHHE, YCTAaHOBSBaHE HA
OTKJIOHEHMSITa OT INPUETUTE CTaHIAPTH W TpaBWia, KaKTO W OT
cTpaTeruara M IOJUTHKATa HA YHHMBEPCUTETa, pa3KpuUBaHE Ha
OPUYMHUTE 3a Te3M OTKIOHEHUS M IIpUEMaHe Ha peLIeHUs 3a
KOpHT'HpaHe Ha JIeHCTBHATA, ChOOPa3HO KOHKPETHATA CUTYaLHsL.

5. 3aknrouenue

B 3akmoueHue cunMTame, 4Ye pe3yiNTaTHTe OT aHalk3a Ha
cucTemMara 3a AUCTaHIMOHHO oOydenue B HBY ,Bacun JleBcku” u
OLIEHKAaTa Ha pHCKAa [pA MAKCHMaJHO HATOBapBaHE MpPHU
MPOBEKAaHE HA ITBPBU CEMECTHP 32 TUCTAHIIMOHHO OOYYCHHUE B MET
MarucThbpCKU MpPOTPaMH, ca TOJOXKHUTEIHH. PuckoBeTe ¢ Haii-
rojsiMa TEKECT Ca YOpPaBIsAEMH M MPEOJOIUMH, HO H3HUCKBAT
aMOWIIMM ¥ JKETaHWEe OT CTpaHa Ha PBKOBOJCTBOTO Ha
YHHUBEPCHUTETA, [IPETOIABATEICKUS U aJIMUHICTPATUBHUS ChCTAB 32
CHCTEMAaTHYHOTO UM OLICHSBAHE U CIMMHHHUPAHE.
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COMPARATIVE ANALYSIS SECURITY OF MOBILE DEVICES

CPABHUTEJIEH AHAJIU3 HA CUT'YPHOCTTA B MOBMJIHU YCTPOMCTBA
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Abstract: The popularization of smartphones and tablet, and their increasing usage turns them into an attractive target for cyber
attackers. This, together with the fact that many organizations employ a Bring Your Own Device (BYOD) policy, make assessing and
comparing the security of mobile devices a key issue, in particular in what regards user-defined configurations as these have a huge impact
on the potential attack surface. Preliminary results show that Android users neglect important security recommendations while configuring
their devices and that benchmarking is indeed a good way to identify the most secure user-defined configuration.

Keywords: MOBILE DIVICES, SECURITY CONFIGURATION,

1. Bveeoenue.

MobunHuTe ycTpoiicTBa (TabieTd U cMapT(oHH) ca BCe IIO-
TpUBJIEKaTeNHA el 3a kubeparaku [1], mpuumHATa 3a TOBa €
MIOMYISIPHOCTTA ¥ TEKYIIOTO UM HEMpPeKbCHATO m3nonsBane. Hapen
C Ipyrn JeWHOCTH: OHNAWH OaHKUpaHE, COLMAIHH MPEXH,
pa3BiedyeHHs, CHHMKH, OOMEH Ha TEKCTOBH M MYJITHMEIUHHH
CHOOIEHNS, KylTyBaHe Ha MPUWJIOKEHUs, GMIMHU WIM KHUTH, T ca
KIIOYOBO  YCTPOWHCTBO 32  CBhXpaHEHHE Ha  IIOBEpPHUTEIHA
uHpOPMAIHSL, KOETO OT CBOSI CTpaHa Ch3[aBa HOBU MPOOIEMH ChC
CHUTypHOCTTa M moBepHuTenHocTTa [2]. Ha mpakTthka MoOHIHHTE
yCTpoHcTBa MIPUTEXKaBaT MHOTO oT TPaAUIMOHHNTE
XapaKTePUCTUKN Ha IEPCOHAIHUTE KOMIIIOTPH, HO CBINO TakKa
BKJIIOYBAT Pa3sHOOOpa3HM TEXHOJIOTMH 3a CBbp3BaHe kato GSM
(Global System for Mobile Communications), GPRS (General
Packet Radio Service), NFC (Near Field Communication),
Bluetooth u WiFi, kakto W Apyrn CEH30pH W Xapjayep, Karo
sxupockonu, GPS (Global Positioning System), Brpanenu xamepu u
MHKpPO(OHH, KaTo BCHYKO TOBAa € B €IHO IO-MajJKO W IIO-JIEKO
ycTpoiictBo. Thi Karo TakuBa XapaKTEPUCTUKU YJECHSBAT U
yBeNnMUYaBaT IMAHCOBETE 3a araka, KpakOa WM H3ryOBaHe Ha
YCTPOHCTBOTO, TOTpeOUTEINTE HA MOOMITHE YCTPOUCTBA TpsOBa na
ca 3alo3HaTH C pa3KpUBAHETO Ha JAaHHM WK NpoOIeMHTe C
M3THYaHeTO Ha MH(pOpMANWs, KOETO Hajara HeoOXOIMMOCTTa OT
HOBH MEXaHM3MH M HHCTPYMEHTH 32 CHT'YPHOCT, BKIJIFOUHTEIHO
TEXHHKH 32 OIIeHKA Ha J1a/ieHa CUCTEMHA KOH(UTyparys.

3a CpaBHUTENHHUS aHaNW3 Ha JeQUHUpaHa OT MOTPeOHTEINs
KOH(UTYpaIHs 32 CHTYPHOCT Ha MOOMITHUTE YCTPOHCTBa, TpsOBa 1a
MOTaT J1a Ceé CpaBHABAT U JIa ce KJIAaCHpaT MOOMIHHUTE yCTpoiicTBa
criopenl TEXHHUTE XapakTepucTHkW. CpaBHHUTENIEH aHalW3 Ha
KOHUTrypauusTa 3a CHTYPHOCT MOXe Ja ce JedHHHpa KaTo
mpoiiec, KOWTO € TMpeAHa3HaueH Ja OLEHU I/I}leHTI/I(bI/ILU/IpyeMI/I
ACIIeKTH Ha CHT'YpHOCTTa (KaTo Hamp. Ae(UHUPAHU OT MOTPEOUTEIS
HACTPOMKM) Ha cHCTEeMUTe B o0JacTTa Ha MPUIOKEHHETO Ha
MoOmIHUTE ycTpolcTBa. OLEHABAaHHTE CHCTEMH C€ pa3felisT Ha
TIPUEMIIUBY ¥ HETIPHEMIIMBH, TPEIBH]] CHCIU(PUIHATE H3NCKBAHUS
3a CHTYpHOCT B Ta31 00J1acT.

Hacrosmust 1okman mpencTaBst ChbCTOSHUETO Ha MPOYYBAHHUTE
MOOWIJIHM YCTPOWCTBA MO OTHOLICHHE Ha JeQUHUPAHU KPUTEPHH 32
aHAJM3 Ha CUTYPHOCTTa B MOOMIIHHUTE ycTpoiictBa. OCHOBHATa Ues
€ Ja ce CPaBHM HMBOTO HA 3alllUTa HA YCTPOICTBOTO CIIOpEX
KOH(UTypaluuTe, KOUTO MOTpeduTeNnuTe npasst. ToBa Moxe na ce
H3M0JI3Ba HAIPUMEp OT KOMITAHWHM, KOMTO HCKAT Jia MO3BOJIT Ha
MOJYMHEHNTE CH Ja MMaT JOCTBII O KOPIOPAaTHBHHUTE CHCTEMH
4pe3 JIMYHUTE CH MOOHMIHH ycTpoiictBa. C pedepeHTHHs KpUTepHid
(upmaTa MOXKe Jla OIpeNeN AN YCTPOHCTBOTO € 3aIUTEHO U 1a
My ce Jajie JOCTBII 0 CUCTeMaTa, 6e3 1ja MMa CEpHO3eH PUCK Ja ce
paskpue moBepurenHara uHpopmanus. CTaHIapTHaTa MpoLEaypa,
KOSTO TI03BOJISIBA I CE OLIEHST M CPABHAT PA3IMYHUTE CHCTEMH WU
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KOMIIOHGHTH M3MOJI3Ba  CNICHU(DUYHH  XapaKTEPUCTHKH
eeKTHBHOCT, HAACKAHOCT U curypHocT [3] (Bik ¢ur.1).

KaTo

E (ekTHBHOCT ‘

Crmproct e W CEE
3a OeHK A

®ur. 1 Kpurepuu 3a oLieHKa Ha CUCTEMHTE 3a CUTYPHOCT

TeopeTH4yHO, CTAaHIAPTHT 32 CUTYPHOCT HPENOCTaBs IMOKa3aTel
(Wi MaThK HAOOp OT MOKA3aTeN), KOMTO MOXKE Jla XapaKTepu3upa
CTENeHTa, B KOATO Ca M3IBIHEHH IenuTe 3a curypHoct. B [4] e
Npe/ICTaBeHa  TecTBAalla CHCTEMa, KOSITO  MO3BONsiBA  HA
pa3paboTUNIUTe W AAMUHHCTPATOPHUTE a CPAaBHABAT ANTEPHATHUBH
U Ja B3eMaT umHpopMHupaHu pemeHns. OIeHKaTa Ha CHTYpPHOCTTA
OOMKHOBEHO € MHOTO 3aBHCHMa OT TOBa, KOETO HE € W3BECTHO 3a
NPWIOXKEHHsATa  (HampuMep  HEM3BEeCTHH  OBrOBe,  CKPUTH
YSI3BUMOCTH), OTKOJKOTO OT TOBa, KOETO € HM3BECTHO (HampuMep
W3BECTHH (YHKIWY, CHIIECTBYBAIM MEXaHM3MH 32 CUTYPHOCT).
[okazarenmure 3a curypHocT neduHupanu ot LleHThpa 3a 3ammra
na unrepuet (CIS-Center for Internet Security), mpenocrassr Haii-
00pH MPaKTHUKH, KOUTO Jja TOMOTHAT HA OPTaHH3AI[ANTE A OIECHST
u nonoo6psT xkubepcurypraocrra cu [5]. B CIS ca cp3gamu Habop ot
eTAJOHM 32 KOH(QWI'ypHpaHe Ha CHCTEMUTE 3a CHTYPHOCT,
NPEUTOKEHUTE HACOKH € IPENOPBUYMUTENIHO A3 Ce HW3IOJI3BaT OT
aJIMUHHCTPATOPHTE, CIEUUAINCTUTE 110 CUTYPHOCTTA, OAUTOPUTE U
KpaiiHUTe moTpeduTeNu 3a MoAoOpsBaHE Ha CHTYpPHOCTTa Ha
TEXHHUTE CHCTEMH.

B [6] ce mpemmara momxox 3a oleHKa Ha e(EKTHBHOCTTA Ha
cuctemuTe 3a ympasieHue Ha 0Oasm mamHM (CYB]I), xomrto ca
CBBP3aHHU ChC CHI'YPHOCTTA. I10JXOIBT e CHCTOM B H3IMOJI3BAHETO
Ha Habop OT Hai-moOpH NPaKTUKH B 00JAaCTTa Ha CHUTYPHOCTTA,
MOJyYeHH 4pe3 MoApoOeH aHaiM3 Ha Cepusirta OT JIOKYMEHTH 3a
KoHurypupane Ha curypHocrra B CIS. Haii-nobpure npakTuku 3a
CHT'YPHOCT C€ H3IIOJ3BaT 3a TECTOBE HA JajeHa KOHUryparms,
KOUTO MOTaT Ja ObJaT M3MBIHEHH 10 MOTyaBTOMaTH3UpPaH HAYHH.
OCHOBHOTO ~OrpaHM4YeHHe Ha paboTaTta € CIOXHOCTTa Ha
IUIAHUPAHUTE CHCTEMH M HEOOXOJIMMOCTTa OT pPBYCH aHaIu3.
W3mon3BaHeTo  Ha  pPBUCH  aHaNW3,  Ipeapasmnojara  KbM
HOTpeOuTeNCcKa Ipellika U € MOBJIUSH OT ONHTa Ha MOTpeOuTeNns,
KOETO MOXKE Ja W3KPUBH KpaiHHs pe3ynTaT (MOTpeOUTENsIT MoxKe
Jia He pa30upa BCHYKHM HACTPOWKH 332 CHUI'YPHOCT WJIM JOPH J1a HE
3Hae Kak Ja TW oueHu). [Ipoy4yBaHeTo M3MOJI3Ba aBTOMAaTH3MPAHO
cpenctBo (mpuiokenue 3a Android) 3a chOupane M aHamu3 Ha
HACTPOMKHTE 3a KOHQWIypamus, NPEeJOCTaBsm0  KIOYOBA
nHbopMaIys 3a OLEHKA Ha CHTYPHOCTTa M MOAOOpsBaHe Ha
MoOmHHUTEe ycTpolicTBa. ChINO Taka ce Iox4epTaBaT Hal-uecTo
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Cpell[aHUTe  YA3BUMOCTH, TNPEAU3BUKAHU  OT
KOH(UTypanus Ha 3aIurara Ha moTpeOuTenuTe.

HEIpaBUJIHATa

2. H3noorcenue.
Kongueypupane na cueypnocmma

IoaxoxsT ce mombpka OT MHCTPYMEHT, KOWTO HO3BOJISIBA Ja
ce OLICHU CHUTYpHOCTTa Ha ycTpoiictBara ¢ Android Bp3 oCHOBa Ha
neuHIpaHUTE OT MOTPEOUTEINIsT HACTPOHKH, 32 KOUTO Ce 3Hae, 4e ca
KIIFOYOB M3TOYHHMK Ha YS3BUMOCT B CHTYPHOCTTA. MIHCTpyMEHTHT
aBTOMAaTUYHO M3BIM4Ya 41 HACTPOIKM OT MOJJIEkKAIIUTE HAa TECTBAHE
MOOWIIHH YCTPOWCTBA, OT KOUTO 14 ca AeUHUPaHH U MIPEIOKCHU
B [6], a ocTananuTe ca aganTHpaHU OT AOOpE MO3HATUTE KPUTEPUHU
3a CIS. HabopbT OT KOH(}UTypaluy 3a CHTYPHOCT MOXe aa Oble
HamepeH B [7], [8] u uacTpymenTsT B Google Play [9].

B [5] ce ananm3upar 1Ba mokasarens 3a curypHocT Ha CIS 3a
ycerpoiictBa ¢ Android (4.0 u 6.0). 3a na ce pa3bepaT U H3BIEKAT
BCHYKH CHOTBETHH IOTPEOUTENCKH JeGUHHUPAHH  3aIUTHH
KOHUTrypaluu, TpsOBa Ja ce HMa MpeABHI OICHKaTa Ha
CHUTypHOCTTa Ha ycTpoiictBara ¢ Android. [IpeamnsBukaTencrsa 3a
CHUTYpHOCTTa ca MHOTO Ha Opoi, HO 14 oT TiIX MoraT na ce
oTOenexar KaTo 0COOCHO BaKHHU | Te ca 006o3HaueHu ¢ |D Homep:

ID 3AIIUTA HA CUTYPHOCTTA
A2
A3
A4
C5
C6
c7
C8
N10

He nncTanmpa root IpuiIoxeHus;

WHcranupa aHTH-3710HaMepeH codTyep,

He uHcTanupa aHTH-3710HaMepeH codTyep;
OrpannvaBaHe Oposi HA CHUMKHTE;
OrpannvaBaHe Ha Opos Ha ayauo Qaiinosere;
Orpann4aBaHe Ha Opos Ha BUACOKIIHUIIOBETE,
Orpann4aBaHe Opost Ha JOKyMEHTHUTE;

JHeaktuBupane Ha ICMP (Internet Control
Protocol);

Message

N11
P12
P13
PE3
PE4
PES

W3knrouBaHe oTkprBaeMocTTa Ha bluetooth;
AKTHBHpaHe Ha rmapoJia Ha nrabioHa;

V3knroyBaHe Ha BUAUMUS MOJIET Ha 3aKITIOUBAHE;
JleakTHBHpaHe pa3pelieHHEeTo 3a MICaHe B CHCTEMATa,;
3abpaHsaBaHe pa3pelIeHHETo 3a MMCaHe Ha / JaHHUTE;
root ("JailBreak™), nocThIHOCT 3a MPUITOKEHHSATA.

IIpemnoxkeHnTe HACTPOWKH 3a CHTYPHOCT ca clienHute: A2:
HSAKOW TPWIOXEHHS MOraT Ja ce BIPaisiT B YCTPOWCTBOTO
(jailbreak), koero Boaum g0 3aryba Ha rapaHiusATa W HapyllaBa

CHUT'YPHOCTTa, TBH Karo WMa JOCTBI JIO CbXpaHsABaHaTa
unpopmarms, A3: AHTHBHPYCHHTE NPWIOXKEHHMS Morar ja
OTKpMBaT W TMpeMaxBaT 3JOHaMepeH codTyep, HaMmansBailku

aTaKyBaHHTE 00JIACTH Ha YCTPOHUCTBOTO, A4: 3TOBPEIHUAT cOPTyep
MOJKe Jla pa3kpue JndHa HHopManus, TpuanuHsIBaiiku 3aryou, C5,
C6, C7 u C8 ca cHHMKH, ayanO, BHUICOKIHMIIOBE U JIOKYMEHTU C
BakHa HWH(OpMAIMsA, KOHUTO MOraT Ja Cce¢ ChbXpaHsBaT Ha
ycrpoiictBoro, N10: otroBapsineTo Ha 3asBkute 3a ICMP u moxe
Ja JajaT Ha aTakyBallus Bb3MOXHOCTTa Ja Yy3Hae [P Ha
YCTPOWCTBOTO, KAaTo IO TO3M HAauMH CE yBelIHYaBa aTaKyBaHaTa
obmact, N11: ako pgoctembT g0 Bluetooth e HeBuaum,
YCTPOWCTBOTO CTaBa IIO-TPYAHO Ja C€ HaMepH, HaMalsiBa ce
obmactra Ha araka; P12: BpIpekd ye M3MON3BAHETO Ha MIA0JIOH 3a
mapoja € MO-MalKO CHTYPHO OT H3I0JI3BAaHETO Ha OYKBEHO-
udpoBa maposia, mo-100pe € Aa He Ce M3MONI3Ba TAKbB MEXaHU3bM
3a maposia, P13: Buaumara mapona mpocieasBa ABHKCHHETO Ha
HNOTpeOHTENsI, KaTo 0 TO3M HAaYMH MOXKE JIa Ce pa3KpHe Maponara,
PE3 u PE4: nopamu cBosiTa 4yBCTBUTEIHOCT Ha CHCTeMara M
JAHHUTE TpsiOBa Ja MMame pas3pelieHHe caMO 3a YETCHE, KaTo
paspelieHusTa 32 NHCAaHE  yJECHSIBAT  pa3KpHBAaHETO  Ha

undopmarmss  oT ycrpoiictBoto, PE5: ako ycrpoiictBoTo €
nocteriHO (jailbreak), HsiMa rapaHumsi 3a CHUTYPHOCT, Thi Karto
BCAKO TIPWIOKEHHE C pa3pelieHHe HMa JOCThII JIO BCSKA
nHpOpMAIHA Ha yCTPOUCTBOTO.

Oyenka Ha pucka. Kougueypupane na Anopoud ycmpoiicmea.

Ananu3upaHus MOAXOA, MOXKE Jla ce M3IO0N3Ba 3a OIEHKa Ha
pHCKa 3a CHTYPHOCTTA, Ch3JaJICH OT MOTPEOUTENICKH KOH(PUTyparuu
Ha ycrpoictBa ¢ Android. OcHoBaBa ce Ha aHamm3a 3a pHCKa
(BB3IEHCTBUETO U BEPOATHOCTTA) OT HEMPAaBUIIHA KOH(UTYpaIys Ha
noTpeduTeNicku ycrpoiictBa. CTOHHOCTUTE HAa BB3ACHCTBHETO H
BEPOSTHOCTTAa CE ONPEAENAT Bb3 OCHOBA HA aHAJM3 3a B3EMaHE Ha
pewenuss ¢ MHoxectBo kpurepun MCDA  (Multiple-Criteria
Decision Analysis), KoWTO ce W3BBpIIBAT Ha BXOJOBETE,
MPEIOCTaBeHU OT HabOp OT eKCIEPTH 110 CHUT'YPHOCTTA.

Meronpt GRIP (Generalized Regressionwith Intensitiesof
Preference) [10] Moxe na ce M3moi3Ba 3a MOAPEKAAHE HA KpacH
HabOp OT JeHCTBUA (T.e. HOTPEOUTEICKN KOHPHUTYPAlNH), OLICHEHH
mo HsAkonmko kpurepwsi. Ha mpaktuka GRIP  mpemocrasst
uHbOpMaIMsA 3a MHTCH3UTETa HAa NPEANOYUTAHMATA 3a IBOMKH
JeicTBust B KoMIuleKT. ChlmecTByBammsi HHCTpyMeHT, Deck 3a
B3eMaHe Ha pemenus [11], xoliTo Moxe na Obae HM3MON3BaH B
nozakperna Ha cioxHus nporec Ha MCDA, kato m3mon3Ba Merona
GRIP. Moxe na ce moapeasrT qecTBusATa (T.e. KOHPUTYpaI[MUTE 3a
CHT'YPHOCT), KaTO Ce ChoOpa3sBaT C MHOXECTBOTO KPHTEPHU
(BB3IEHCTBHETO M BEPOSTHOCTTA, BB3JIOKEHM OT BBHHIIHUTE
excrieptu) © DM cpaBHeHusTa. TO3M METOX € YCIEUIHO MPUIOKEH
U B JpYrH pa3pabOTKU B o0yacTTa Ha HaaexAgHocTTa [12], KoeTo
MOKa3Ba, 4€ MOXeE []a Ce M3IO0JI3Ba 32 KOHCONUAUPAHE Ha Pa3IHIHU
MHEHHS Ha €KCIIEPTH.

[porechT Ha BKIIIOYBAHE HA BH3ACHCTBUETO U BEPOSTHOCTTA OT
BCSAKA TIpENOphbKa 3a CHTYPHOCT BKJIFOYBA OMNPEACISHETO Ha
BEPOSITHOCTTA, CBHCTABEHa OT pPEUIEHHETO Ha OCEeM eKCIepTa.
W3nom3Banero Ha mo-roisiM  Opod  ekcriepTH  yBenu4yaBa
MPEICTABUTEHOCTTa HA PE3yNTATHTE MO OTHOLICHHE Ha OOIIUTe
BB3MpHATHs. He3aBUCHMO OT TOBa, JANU MPOLECHT TapaHTHPa
pasHooOpa3zue OT ONUTH, KOWTO TpsAOBa nda ce OOMHCIAT.
Bb3MOKHHUTE OTTOBOPH Ha BBIIPOCHUTE BapUPAT OT MHOTO HHUCKH JI0
MHOI'0 BHUCOKM CTOMHOCTH MJIM OT 1 0 5, Karo maimab, KOWTO ce
W3MO0JI3Ba IIUPOK aHanu3 Ha pucka [13], [14]. Ckanata oT merrte
CTOHHOCTH ONpECICHH B CEMaHTHKa OCHUTypsiBaiia MHOTO T00BD
OanaHc ca mpencTaBeHu B Tabumia 1.

Tab6um. 1. CemaHTHKa HAa CTOWHOCTHTE Ha CKajlaTa Ha pUCcKa

Murersu O6mo BeposiTHocTHO Onucanne Ha
BHOCT Ha o Ipumep
onucanue onMcaHue Bb3/eiicTBHEeTO
Mamada
Muoro e wManko | Bmusamero B | PaskpuBane
Mioro Koudurypupane| BeposTHO npa ce | ciydaid Ha | Ha
TO HE € OT H3I10/13Ba ype3 | aTaka e | MysukaieH
Hucka 3HaUeHHE rperHa MHHHUMAITHO Gaiin
KOHQUIryparus
Manko BepostHO | Bw3gelicTBuero PaskpuBane Hal
Konuryphpasie e na uMa | B ciydaid Ha | HEKOH(HICHIH|
Hucko €KCIUIOaTUpaHe B | araka e | amma
TO € OT 3HauUeHHe o
cilyyail Ha TpelHa | OrpaHMYeHo JIOKyMEHTALMs
KoH(HTrypanus
Manko BeposTHO | Bw3aeiicTsuero Paskpusane
IIpenopbunTen | €  HenmpaBWIIHATA | MOXeE na | Ha
Cpema HO € Ja ce KoH(Urypaums na | JOHece HAKAKBA | MECTOMOIONK
BbBE/IC ObJIe U3II0JI3BAHA OIMacHOCT 3a | eHmero  Ha
KOH(Hrypanus noTpebuTens YCTPOHCTBOT
o
BepositHo e ToBa Moxe na Wznpamane
ObJe M3MON3BaHA | JOBeENE JI0 | HAa TEKCTOBH
Koudurypupas| Henpasuiza 3aryba Ha | cboOIeHHs
Bucoxo e1o e BakHo | KOHGHUryparwms BaKHA 10 HOMepa ¢
uHdopmanus u nobaseHa
pasKpuMBaHe Ha | CTOHHOCT
nHdOpMAaIs
MHoro BeposITHO, Tosa moxe na | PaskpuBane Hal
na 6b1e JoBejie J0 | usmara
Meioro  KonQUIYPaunst | psnomspana 3HAYUTEITHH ChbXpaHsIBaHa
BUCOKO | Ta € KpHTHHHA HenpaBUIIHA 3aryou u | nadOpMarms
KoHpuUrypauus pasKpHBaHE Ha | BBPXY
HHPOpMAIUATA. | yCTPOHCTBOTO
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KmrouoBu acnextn Ha GRIP 3a B3emane Ha pemeHus ca
npezncrasenu B [10] u BritouBar:

o HpeIIOCTaBSIHe Ha BXOJHH JaHHH, T.C. HNPCHOOPBKUTE 3a
CUT'YPHOCT M 3aIIMUTa, OIIPEIACICHU OT CKCIICPTUTE,

e pHpOpMANUATA 32 MPEANOYUTAHUITA TPEIOCTABEHA OT
B3E€MaIllsl PELICHUE, KOSITO C€ ChCTOM OT ABOHKH CpaBHEHHUS
Ha JeHcTBUATA, T.€. CpaBHSABaHE Ha [JBE MPENOPHKH 3a
CUT'ypPHOCT;

e  p3uMCIMTENHaTa (a3a Ha Mpolieca Ha B3eMaHE Ha pelleHHe,
KOATO  TpoOBepsiBa  NpelocTaBeHarta  HMHQpopMamus  3a
HPEINOYUTAHUATA, aKO Ce OTKPHE HAKAKbB MpoOJieM, ToraBa
ce IpelocTaBs IOJKpeHna 3a  IpepasriekaaHe Ha
nHpopManusTa;

®  METOIBT M3BEXIAa MHTCH3MBHOCTTA HA IIPEIIOYHTAHMSTA Ha
BCSIKO JICHCTBHE, T.e. KOH(Urypaunusra 3a CHI'YpHOCT, KOSITO
CIIe/I TOBa MOXKE J[a CE M3II0JI3Ba 32 ONPEACIISIHE Ha BA)KHOCTTA
Ha 11enusi Habop OT eHCTBUSL.

IIpyunnata 3a wusnomsBaHero Ha Meroga GRIP e
HEoOXOMMOCTTa Ja Ce YNpaBIIsIBAT pa3iH4MsATa B MHEHHSITA HA
eKCIEepPTHTe W MO TO3M HAYyMH Ja MOXe [Ja € H3YHUCIH
HMHTEH3MBHOCTTA Ha Npe(epeHIUTEe M0 OTHOIICHHE Ha pUCKa OT
BCHYKH KOH(UIypalluy Ha CUTYPHOCTTA.

Kongueypupane ma  6esonachocmma  Ha — MoOUIHUME

ycmpoticmaa.

CpaBHHMTEIHUIT aHAIU3 Ha JeduHHMpaHaTa OT HOTPEOHTENS
KOH(UTypanus 3a CUTYPHOCT Ha MOOWJIHHM YCTpOICTBa ITOKa3Ba, 4e
HOKa3aTessIT TpAOBa a MOXKE Ja ce YIpaBisiBa OT MOOHJIHHTE
ycTpoiictBa cmopen  KoHurypauumure uM. [lpomechkT Ha
mpeylaraie  Ha OCHYUMApKHHT 32 CHTYPHOCT Ha MOOWIHH
YCTPOHCTBA NMa CIEIHUTE MAKPO CTBHIIKHU:

. Unentudukanus Ha AehUHAPAHUTE
KOH(UTYpAIHH 338 CUTYPHOCT;

OT MOTpeOHTeNs

° AHaii3 Ha PpHUCKa Ha Komj)nrypaum«ne Ha CUT'YpPHOCTTa,

o CpaBHHTENICH aHAIN3 Ha KOH(HIYpalMUTEe 32 CUTYPHOCT
BB3 OCHOBA Ha Pe3yNTaTHTE, TeHEpHpaHH OT (hazaTra Ha aHANMM3a
Ha pPHCKa.

BunpocHuk ¢
EKCNEPTH NO
Ha CIS CHIYPHOCTTE

Llenwn Ha
METPHKa

Hpexucpumpare Ha AHanK3 Ha pHCKa Ha CpaBHMTENEH AHAMK3 Ha
KOHCpHTYPaLIHHTE 32 == KOHGMIYDAUHHTE 32 || KOHCDHIYDAUHHTE 3a
CHIYPHOCT, ONPEeneHn ot CATypHOCT .

notpebutena

@ur. 2 CTbIKM 3a IpeAIaraHe Ha aHaIU3 332 KOHGUIypHUpaHe Ha
CUTYPHOCTTa

3a no-n06po pa3dupane Ha CTBIIKUTE MOKa3aHU Ha urypa 2 ce
npe/yiara  €KBMBAJEGHT 3a CHIYPHOCT Ha KOHQHIypaiusTa,
OIIpe/IeNICHH 3a Besika MoTpeOuTencka neduHupaHa KOHGUrypauus,
3a J]a Ce ONpEeNeNy CHUTYPHOCTTa Ha YCTPOHCTBOTO. OCHOBHUST
MOKa3aTelN, KOWTO € Mpe/UIOKEeH 3a pasriiekIaHe Ha pHcKa € Ja ce
HNPUCBOM  ONpeJeneHa OT HoTpedurenst KoHpUrypanus 3a
CHI'YPHOCT. AHAIU3BT HA JISHCTBUTENHHUTE ycTpoiicTBa ¢ Android e
KJIIOYOB MPHHOC 332 OTKPHBAaHETO HA OCHOBHUTE M Hal-4ecTo
CpelaHuTe npolieMH, ¢ KOUTO ce cON'bCKBAT HOTpedUTenuTe,
JIOKaTo KOH(QUTypUpaT CBOUTE yCTPONCTBA.
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3. 3aknouenue.

OpraHuzanuure, KOUTO HUCKAT Jia MO3BOJIIT HM3MOJI3BAHETO Ha
JUYHA MOOWJIHM YCTPOHCTBA 3a JOCTBI JO KOPHOPAaTHBHHTE
CHCTEMH, TaHHH W HMH(pOpMAamus, MOTaT Ia ce pasriexigaT KaTo
HNOTEHLHMAITHU MOTPEOUTENN Ha TO3M MoAxoA. IIo To3M Ha4yuH Te
MOraT Ja M3IBJIHABAT KBaIM(UKALMi 3a 3allUTa, OCHIYpsBalla
MHHMMAJHO HUBO Ha 3allUTa Ha MOOWIHHUTE ycTpoiicTBa. OcBeH
TOBA, T€ MOTAT CHIIO Ja U3BBPIIAT KOJMYECTBEHO ONpEACIISIHE Ha
pHCKa, KaTo OTKPUBAT OCHOBHHUTE MNpOOJIEMH Ha CHCTeMara 3a
HOTPELIHO KOHUTYpUpaHe Ha Ga3aTa Ha aHAIIM3 U Ja OpPraHu3HpaT
CHT'YpPHOCTTa Ha YCTpoOiicTBaTa, KOETO Ja JOBele N0 MomoOpsBaHe
Ha Ae(HUHUPAHUTE OT NOTPeOUTEINS KOHMUTYPAIMH 32 CHTYPHOCT Ha
MOOWJIHHTE YCTPOMCTBA, M3IOJN3BaHH 3a JOCTBI OT TEXHHTE
KHOepcucTeMu.
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CONTINUED PHENOMENON REPRESENTATION BY REGULATORY MODELS IN
GEOINFORMATION TECHNOLOGIES
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Abstract: In this paper a survey of existing approaches for modeling and designing GIS applications is presented. The nature of
design activities in GIS applications is first discussed; some notations and methods related with GIS design are then analyzed; finally an
object-oriented approach, based on design patterns and integrating discrete and continuous data into an uniform design model is shown.
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1. Bweeoenue

T'eorpadckure HH(OPMAUMOHHHI TeXHOJIOTHHU
(reoundopmanuonnurte texnojoruu) - (TAT) ca cbBKYMHOCT
OT METOJH, IPOU3BOACTBEHH MIPOLECH U MPOrPAMHO-TEXHUUECKH
cpencTBa, OOeMHEHH B TEXHOJIOTHYHA BepHra, oOe3redaBaiiy
cOop, peructpanus, o0pabOTKa, HaTpymBaHe, CHhXpaHCHUE,
IpeACTaBsHe, ThPCEHE, aHaIM3, 3alllUTa U pa3slpOCTPaHCHUE Ha
reonHpopMarys. ToBa ompezens OCHOBHHTE W3WCKBAaHUS KbM
TeonH(pOpPMAIIOHHATA TEXHOJIOT U

° Jla OCUTYpH pas3zeiisiHe Ha Imporieca mo o0paboTka
Ha reonH(GOpManys Ha CTaHJAPTU3NPAHU U YHU(DUIMPAHH eTanu
(dasu), onepauuu U IEHCTBUS;

° Jla OCBILIECTBSABA IIEIICHACOYCHO YIIPABJICHHE Ha
HH(POPMAITOHHN TIPOLIECH;
° Ja BKIIOYBA LeaMsi Habop OT cpeicTBa 3a

MOCTHUTaHEe Ha I0CTaBEHa eI,

. J1a IMa PeryJsipeH XapaxTep.

O6o006menusT monen Ha ['UT nama Haif-o01ma npeicTaBa 3a
CBIIHOCTTA, CTPYKTypaTa U MpeIHa3HaueHHeTo Ha cuctemara [7].
Toll moscHsABa BXOAOBETe, U3XOAUTE U Ipoleca Ha
TpaHchopManus, U3BHPIIBAH B CUCTEMATA.

HenpexbcHatuTe sBrneHust (mosieta) ce n3o0passBar 4pes
MOBBPXHOCTHU. [TOBBPXHOCTTA MOXE @ CE€ ONpeAeNH KaTo JacT
OT IIIOCKOCT, MOMIOKEHAa Ha HENpPeKbCHATH JAe(opMaIiin
(pasTsraHe, CBHBaHE, OrbBaHE), BCSIKa TOYKA Ha KOATO ce
MpeiacTaBsl OT 3HaueHWsTa Ha koopauHarure X, Y, Z.
3HaueHHeTo Z Ha MOBBPXHOCTTA C€ NMPOMEHsS IpU Npexoja OT
€IHO MsCTO B Jpyro, o0Opa3yBaiiKM HENpeKbCHATOCT Ha
HPOCTPAHCTBEHHUS TPATUCHT.

Ako mapameTppbT Z ce acouuuMpa € BUCOYMHATA, TO
OlpeeNieHaTa MOBBPXHOCT IIe TMpejcTaBlsiBa peneda Ha
mectHOcTTa. B TUC upe3 mapameTspa Z Morat Jja ce mpeACTaBsT
Pa3NUYHN M3MEPEHH BEIWYMHM, HANpUMep: IeHa, aTMOC(EpHO
HaJIAraHe, TNIOTHOCT Ha HaCceJIeHHUeTo, TeMIepaTypa 1 T.H. B Te3n
Clly4ay, 3HaUeHNeTo Z MOXKe Ja Ce THIKYBa KaTo CTATHCTHYECKO
NpeaACTaBgdHEC Ha BCIWYHMHUTE Ha Pa3rjICKIAHUTE SBJICHUA H
o0exTH, a oOpa3dyBaHaTa TMOBBPXHOCT - CTaTUCTHYECKA
TTOBBPXHOCT.

B I'IC 3a MopnenmpaHe Ha MOBBPXHOCTH C€ H3IMON3BAT
perymsipHH MojenH (pacTepHH W MPEKOBH) W HEPETryISIpHH
MoJienr (TpUaHryIadHu Mojenu) [3].

Taonuya 1 Pesiome nHa npedcmassine Ha 2eoepagpcku
06exmu ype3 pacmepHu MoOeu.

TPUAHTYJIAYHUTE NJaHHU Ca OPHUCHTHPAHU
KbM MOJCIUpAaHE Ha HENPEKbCHATU
SABJICHUA U I/I306pa)KeHI/ISI Ha 3CMHaTa
IIOBBPXHOCT.

¢bokyc Ha MoJena

MaTepHalH oT aepo(hOTOCHUMKH,
KocMuueckn cHUMKH, GPS m3mepBanus,

HU3TOYHHIIN Ha
KOHBEPTHUPAHE Ha TPUAHI'yJIaYHU NaHHHU,

JaHHN
pactepusanys Ha BEKTOPHM JaHHH,
ckaHupaHe Ha ororpaduu U YepTEK.

ChbXpaHEHHUE Ha OT KOOPJIMHATUTE Ha JIOJIHUSA JISIB BI'bJI HA
IIPOCTPAHCTBEHU | pacTepa U pa3Mepa Ha pacTepa ce
JaHHN JIOKQJIM3HUPA BCSAKA KIIETKA.

TOYKOBHTE MPOCTPAHCTBEHH OOEKTH Cce
MPEJICTABAT C €IHAa KIETKAa; JINHEHHUTE
Ipe/CTaBsiHEe Ha
0o0eKTH — 4Ype3 MOpeauia ChCEIHU
POCTPAHCTBEHU )
0BeKTH KIETKH C €IHAKBO 3HAUCHHE; ILIONIHUTE
O0OCKTH ce TMpPEACTaBAT Ype3 PErHOHU
KIJIETKH C €JHAKBO 3HAYECHUE,
ChCeIHUTE KJIETKH MOrat Obp30 aa ce
TOIOJIOTHYHH
JOKanM3upaT €  HapacTBaHE WX
OTHOIIEHHUS
HaMaJIsIBAHE HA PEIOBE M KOJIOHU.
[POCTPAHCTBEHO ChBIIAJICHUE, aHAIM3 Ha
reonpOCTPAHCTBE
OIM30CT, aHaiu3 Ha  IIOBbPXHOCTH,
H aHau3
JICTIEPCHS, ONTUMAIICH ITBT.
pacTepHUTEe [OaHHM ca Hai-nobpu 3a
mpe3eHTanuss Ha  H300pakeHus U
HETPEeKbCHATH SIBICHHUSI C IOCTEIIEHHO
Kaprorpagcka
PO YKL M3MCHCHUE Ha arpuOyTH; Te HE ca
poayK ChBCEM IMOAXOMAIIM 32 W3YepTaBaHe Ha
TOYKOBM, JIMHEWHH ¥ MPOCTPAHCTBEHU
00€eKTH.

2. Pacmepno npeocmassane Ha n08bPXHOCHIL.

Pacrepure npencraBIT IOBBPXHOCTTa BBB BHJI Ha
peryisipHa MaTpuIa OT ABYMEPHH KIIETKH ChC 3HaueHue Z. Beska
KJIETKa ChXpaHsBa CBOE 3HaueHue 3a Z. TpUMEpHHUAT pacTepeH
MOJIelT HA MOBEPXHOCT IPEACTABISABA CHBKYITHOCT OT CHCEIHH
OnokoBe. 3HAYCHUETO Ha Z ce MPEeICTaBs ¢ pa3IHyeH UBAT ((ur.
1).

Morar Ja ce WH3BeJaT CIEIHUTE MPEUMYIIECTBA U
HEIOCTAaThIM Ha PACTEepHOTO MPEACTaBIHE Ha IOBBPXHOCT.

[Ipenmymecrsa:
. TOBA € MPOCT MOJIET;
. Ipulara ce B HPHJIOKEHHS, KBAETO TOYHOCTTA HA

MECTOIIOJIOKECHUE HsAMA MNPEUMYHICCTBEHO 3HAYEHHUEC UM HE CC
U3UCKBa TOYHO NPCIACTaBAHC Ha NPOCTPAHCTBCHUTE 00eKkTH Ha
NOBBPXHOCTTA.

50 45 35

35 40 35 25

20 25 30 20

@uzypa 1. 2D u 3D pacmepno npedcmassane Ha
NOBBPXHOCH.

HenmocraThim Ha pacTEpPHOTO MPEICTABSIHE HA TIOBHPXHOCT
[7]:

e peryisipHata CTPYKTypa He € mpucrnocobeHa KbM
HM3MEHEHUs Ha CII0XeH pened;

® pa3pHBUTE HA HENPEKHCHATOCT HE CE IpeaaBat goope;

® TOYHOTO MECTOIOJIOXKEHHE Ha TOYKU KaTo BPBX, ABHO
ce ryomu.
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http://tuj.asenevtsi.com/Inf%20sistem/IS021.htm

3. Mpesicoeo npeocmasane Ha NOBBLPXHOCHL.

PacrepHOTO mpezncTaBsHe Ha MOBBPXHOCT € CBBP3AHO C
MpPEXOBOTO MpeJCTaBsiHE. 3a Bcska KIETKa OT pacrepa ce
HASHTUQHIPA MECTONONOKEHHEe W 3HaueHne Ha Z. 3a
ONpEleNICHN THUMOBE JAaHHH 3HAUYCHHETO Ha  KIETKaTa
MpeJCcTaBIsIBa U3MEPEHOTO 3HAa4YEGHHE B IIGHTpaJHaTa TOYKa Ha
KJIeTKaTa.

3a MpEeXOBOTO TPEACTaBIHE Ha MOBBPXHOCT 0a3zoBa
CTPYKTypa ce sBsBa Mpexa, oOpadyBaHa OT YCIOPEAHH U
B3aUMHO ICPIEHIUKYJSIPHU JIMHUM, [pPEMUHABAlld  IIpe3
LIeHTpaJlHUTE TOYKM Ha KieTkara Ha pacrepa. B T'MC 3a
n300pa3siBaHe HA MOBBPXHOCTH Ha OCHOBAaTa Ha TakaBa MpeXa,
ce M3M0JI3BAT [[Ba OCHOBHH Mojiesia — rpu u aruc [3], [7], [8].

MpexoBute Momenun ce oOpasyBar Ha 0aszarta Ha
MaTeMaTH4eckaTa TEOpHUs Ha pelIeTKHTe, ONepHpamy ¢
YacTUYHO HOpMaiHU daHHM [4]. Te ca mone3Hu B ciydaiTe,
KOTaTo OTCHCTBA HepapXus Ha 0O0EKTHTE.

Mpesxosusat moxen I'pun (Grid) npeacrasisBa Mojen BbB
BHUA Ha KOJEKIUS OT IEHTPAJHM TOYKM Ha KJeTKarta CbhC
3HAUeHUs] Z, PAa3IOJOKEHNU PEeryspHO Ipe3 XOPU3OHTAIHH
unTepBay (B ommuue or Qopmara Grid ma ESRI). I'pun
mpeiaBa 0COOCHOCTHTE Ha IMOBBPXHOCTTA 4pe3 3HAUYEHHETO B
TOYKH OT TPHUMEPHOTO INPOCTPAHCTBO. AKO 3Ha4deHUsATa Z ca
BHCOYHHU HAa MECTHOCTTA, TPHJ NPEACTABIABA NU(PPOB MOAEI Ha
sucounHute (Digital elevation model — DEM).

| |
__T____T__

B
____T____T__

B
__T____T__

@Duzypa 2. I'puo ¢ 2D u 3D npedcmassne.

Jlatuc (Lattice) mpeacTaBisBa CTPYKTypa OT TOUYKH H
JMHUM Ha MPOCTpPaHCTBeHa pemerka. Jlatuc mpenaBa dopma Ha
MOBBPXHOCTTA, M3MOJ3BANKK JIMHUUTE HA TMPOCTpaHCTBEHATa
pemieTka. AKO 3Ha4YeHUATA Z ca BUCOYMHH Ha MECTHOCTTA, JIATHC
MPECTaBIIsIBa TEOMETPUIECKH MOJIeNl Ha MecTHOCTTa (Geometric
terrain model - GTM).
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@uzypa 3. Jlamuc 6 3D npedcmassne.
B TpuMepHOTO TpencTaBsHe Ha Bh3eNla YCTUPUTE JMHUH
mpefaBaT 3HaYeHWeTo Ha Z. [lpu TOBa 4YETHUPUTE JIUHHH,

CBBP3aHM C TO3M BB3EJN CE pa3TAraT HPONOPLUOHAIHO.
@OyHKIMATa ~ H3MIQKIAHE  [O3BOJISABA  IIPEJCTaBSHE  Ha
MOBBPXHOCTTA C IUIABHO H3MeHsma ce (opma (¢urypa 3).
V3non3BaHe Ha JlaThc oOe3ledaBa IpaBHIHA IIPEACTaBa 3a
MOBBPXHOCTTA.

3a pacTepHHTE MOJAEIM Ca XapaKTepHU CICJHUTE
olepanyy: UASHTU(HUKAIMS Ha 30HH, N3UNCISIBaHE HA IUIOIM Ha
30HH, pa3yeT Ha NePUMETHP, TPaHC(OPMUPAHE HA PACTEPEH CIOH
U Ip.

3akniouenue

ATpHOYTHOTO ONIMCaHUE AOITBIIBA KOOPAWHATHUTE NAHHH, a
CHBMECTHO Ch3/1aBaT ITbJIHO ONHCAHHE Ha IpeAMEeTHara 00jact
Ha [UC. Atpubyrute ™orar na ObIaT CHMBOJH, YHCIA,
rpadMuecKu TMpH3HAIM Ha OOEKTHTE (UBST, PHCYHBK, THUI Ha
3aIrbJIBaHe | 1p.).

Bpb3kaTta Mex 1y aTpuOyTHHTE U KOOPAUHATHUTE IaHHH Ce
M3BBPIIBA pa3nnyHo. YecTo ce u3Moi3Ba YEeTHPUMEPHOTO
MIPOCTPAHCTBO 32 MPECTaBsIHE Ha XapaKTePUCTUKUTE Ha 00EKTa:
IIBPBHUTE JIBE Pa3MEPHOCTH Ca NpeIHa3HAYeHH 3a PaBHUHHHTE
KOOpJMHATH, TpeTaTa — 3a OIHCaTelHUTe aTpuOyTH, a
YeTBbpPTATa — 3a BpPEMEHHHUTE HaOOpHW JaHHU. Tperara W
YeTBbPTATAa CBCTABISBAIM MOTaT Ja ObJaT MHOTOMEPHH
TaOIULHA.
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NEW WAYS TO PRESENT INFORMATION AND DATA ON THE WEB
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Abstract: The way of presenting information on the Web has always been a serious challenge. In some areas, such as politics, journal-
ism, education, this can be crucial for its proper understanding and interpretation. This article presents a list of some empirically selected by
the author contemporary tools for presenting information on the Web.

Keywords: WORDPRESS, WORDPRESS PLUGINS, KNOWLEDGE REPRESENTATION

Characteristics of the term **knowledge"*

The term "knowledge™ has no exact definition. In the different
scientific fields and public spheres it is given a generally coinciden-
tal meaning, with the presence of some semantic accents. For the
purpose of this publication, we assume that the term "knowledge"
refers to a certain amount of information from a subject area de-
scribing a generally accepted scientific opinion with regard to an
object or phenomenon that is being studied.

The definition, which is given, has no relation to the authentici-
ty of the defined knowledge and is not committed to measuring its
final quantity. Knowledge means facts, processes, phenomena,
objects. It can also include concepts, assertions, deductions, and
others. Such amounts of information (knowledge) are components
of instruction manuals, textbooks, lectures, self-study books, as well
as the whole practical experience of a professional. Knowledge is
identified with a key concept as a name and has its own characteris-
tics. Here are some more important ones:

o Knowledge is endless. Mankind knows and uses only part of
it. The boundaries of knowledge are blurred and constantly chang-
ing. There is knowledge forgotten by the human kind. However, it
is significant and is still used. There is also knowledge which is
already known, but is subject to future disclosure and application in
practice.

o Knowledge has its own features located in realistically reach-
able or virtual spatial dimensions. Knowledge is eternal. Back in
time and far into the future, all knowledge is inaccessible to man-
kind, but it exists. The same statement is true of the other two di-
mensions, respectively the macro (socially growing) and the micro
(the individual) level. Knowledge "actually exists" in the "current
window of human knowledge", some kinds of it (most commonly
the latest discoveries and human practices) are particularly relevant
and important for the present time and for the future of mankind.
The spatial and temporal characteristics and the relationship be-
tween all of the above are constantly changing. Knowledge is
constitutive; there is no single or simple knowledge. Even the ac-
cepted axiomatic knowledge now is a matter of time to be perceived
as constitutive.

o By definition, all knowledge is "true" until the emergence of
knowledge that develops, changes or completely compromises it as
such. Changed old knowledge further defines the new "true" know-
ledge.

o Knowledge is connected in different ways with other know-
ledge. The interrelationship between knowledge is the subject of
study in every field of science, and the same applies to links with
knowledge from other scientific fields.

The presentation of knowledge is a particularly important topic
in some areas of human practice. Training is such a field. One of the
main goals of each training is to teach learners a particular amount
of knowledge in a certain area and to explain the links between
them. The motivation for professional realization (in terms of train-
ing) should be considered only in the part motivation for acquiring
new knowledge only for the period of study. The same applies to
professional development. We believe that the last two in terms of
modern training are a matter of historical moment, personal quali-
ties and a competitive environment of development. The transfor-
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mation of each learner during the learning period mainly consists of
forming a tag cloud of knowledge and knowledge of the relation-
ships between them. The motivation for professional realization (in
terms of training) should be considered only in the part motivation
for acquiring new knowledge only for the period of study. The same
applies to professional development. We believe that the last two in
terms of modern training are a matter of historical moment, person-
al qualities and a competitive environment of development. The
transformation of each learner during the learning period mainly
consists of forming a tag cloud of knowledge and knowledge of the
relationships between them.
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Fig. 1. Human knowledge

Fig.1. illustrates some spatial and temporal characteristics of
human knowledge. The following zones and time limits are distin-
guishable (periods): T— a current window of human knowledge;
Ta— a period of particularly current and very significant now and in
the future knowledge; Zone C and B— human knowledge which is
known and used in practice; Zone B- recently discovered, up-to-
date and highly significant knowledge; Zone D— knowledge forgot-
ten by the humankind; Zone A— already discovered but not publicly
disclosed and usable knowledge; Zone E- hypothetical (possible)
change in the limits of human knowledge.

Forms of knowledge presentation

In ancient times the way of presentation and preservation of
knowledge were at the level of mental human activity. The form of
the presentation of knowledge was "associative pictures” stored as
memories of individuals in a community. They have passed on the
knowledge of their heirs from generation to generation.

Because of the growing need for mass use and dissemination of
knowledge, the ways and forms of their presentation and preserva-
tion are evolving. The processes of logging and communication go
through cave paintings, stone inscriptions, architectural solutions, as
knowledge carriers, paper carriers and ... till present day with the
use of various types of technical devices, memories and various
information carriers. The processes described above are manifested
on a macro level (communities inhabiting the planet, entire conti-
nents and countries) as well as on a micro level - the separate indi-
vidual, a professional in a given area, even as a unique biological
carrier of human knowledge.



Just until several decades ago, before the modern era of technic-
al progress, the latest modern descriptive and knowledge storage
capabilities were paper bodies in which the latter were described,
sketched or tabulated. The first sound recording devices were in-
vented. Information carriers were also invented. The technical
progress adds to the level and capabilities of recording and playing
video information. Multimedia is created as a combination of vari-
ous formats, such as text, audio, graphic images, animated applica-
tions, video and interactive content. Regardless of the new oppor-
tunities offered, for a long time people inertially presented know-
ledge in old classical ways in the new technical environment, but
new ideas and ways of work have been formed gradually. User
interfaces are developed to communicate with people and the tech-
nical environment; a new idea of communication and knowledge
exchange between people and between technical devices is also
created. A new type of digital culture and communication is created,
consumers' expectations about how to acquire new knowledge, both
for their acquisition and for their perception, distribution and use,
are changing. At present, the Internet covers ever-wider areas of
people-to-people communication and thus in the presentation and
storage of information.

From the source of knowledge to the user.

Presenting information on the Web is a serious challenge. In or-
der to achieve predetermined goals, this is of paramount importance
for its proper understanding and interpretation. The semantic mes-
sage that is to be transmitted to the audience is crucial. For a long
time there have been actively used environments to create blogs,
forums, social communities and others, which give creative freedom
to the authors. The topical issue in this line of thought now is the
emerging new extensions and extras for the above mentioned soft-
ware environments. They are the ones which support the change
and development of users' ideas for a new vision, design and pres-
entation of Web content. This article contains a list of Wordpress
extensions that have been selected, based on certain criteria pub-
lished below. The main idea is to analyze and select new opportuni-
ties that extend the functionality of a blog towards presenting ob-
jects and phenomena of educational nature. Here is a list of some of
these important criteria that have been used for selection:

o ability to position the object in space and time;

o ability to present objects and phenomena such as vision, de-
vice, behavior, and interaction with the environment;
date of creation, latest update, and rate of updating;
versions and removed bugs in the extension code;
compatibility with the hosted server environment;
compatibility with the latest Wordpress version;
language support;
support of browsers and their versions;
support and help offered on the web site of the extension;
number of active installations and rate of change;
user rating and evaluation;
price.

Taking into account the above criteria and (not) taking into ac-
count some subjective evaluations of aesthetics and functionality, of
all 320 selected and analyzed extensions for Wordpress, the follow-
ing were selected:

Table 1: Selected extensions

Name of plugin and URL
Time
Timetable for Wordpress, http://rikdevos.com

WP SIMILE Timeline,
http://www.simile-widgets.org/timeline

TimelineJS WordPress Plugin,
http://timeline.knightlab.com

Space
Maps Marker Pro, https://www.mapsmarker.com
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Name of plugin and URL
WP Google Maps, https://www.wpgmaps.com
Pictures, albums, sliders
Albums Switcher, https://codeasily.com
Photo Cluster, https://codeasily.com
Phantom Pro, https://codeasily.com
Album Stripes, https://codeasily.com
MetaSlider, https://www.metaslider.com
Master Slider, http://www.masterslider.com
Audio
Wave Surfer, https://codeasily.com
Music Player, https://codeasily.com
Compact WP Audio Player,
https://www.tipsandtricks-hg.com
Video
FV Flowplayer Video Player,
https://foliovision.com/player
YouTube, https://www.embedplus.com
Text, tables and datas, diagrams
TablePress, https://tablepress.org
WP Statistics, https://wp-statistics.com
WP Charts and Graphs Lite, https://themeisle.com
Pages, posts and there design
Elementor Page Builder, https://elementor.com

WP Page Builder—Beaver Builder,
https://www.wpbeaverbuilder.com

Live Composer, https://livecomposerplugin.com

What is the future like?

All processes, applications and practices cited here will contin-
ue to develop. For public bodies, commercial companies of differ-
ent rank and even for the general public, the possibilities of abstract,
accessible and effective knowledge presentation will vastly expand.
At the same time, the virtual presence of people in time and space
will change their real sense and dull their exact judgment of the
authenticity of the new knowledge they gain.
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EJIH HAYVH 3A Cb3/IABAHE HA BU3YAJIHU EOEKTU

Georgiev, ., Stoyanova V. PhD
National Military University, Faculty of Artillery, AAD and KIS,
1 Karel Shkorpil Str., 9700 Shumen, Bulgaria

dark.aurorer@gmail.com, veselka_tr@abv.bg

Abstract: In this article is exposed one way for creating digital illustrations for commercial purpose. The method combines
traditional drawing and calligraphy, 3Ds Max, VRay and Photoshop. The idea of the article is to demonstrate how to build an entire project
from the scratch. The purpose of the article is to show how different software for graphic designing with different purpose can be combined
together with a traditional art in order to achieve maximum as a result
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1.

The images and illustrations take big part in the modern world.
But in order them to be successful and to attract the attention of the
crowd it is needed to be created to different and creative way. All of
the commercial worlds need illustrations for their purpose. In the
article | chose to talk about how to make an illustration for a book
cover. The cover shows different kind of arts — calligraphy, tinted
glass, gems and wooden box. The purpose of is to be a contrast of
the created missing art in the world of the book.

Introduction

2. Main part — Creation of an illustration for
books, magazines and other commercial
activities.

I decided to start the book cover with a hand drawing and later
to continue with two different soft wares — Photoshop and 3Ds Max.
And finally I mixed the work together in the final result. The idea of
the cover is to do a calligram with a circular calligraphy with
several rings. Then placing a wooden box in the middle of the
canvas and disperse gems around the letters. The viewport of
everything will be from above.

The first part of the project is doing a calligraphy. The needed
materials for it are 100x75mm paper sheet, pilot parallel pens —
2.4mm and 6mm (can be found everywhere) and calligraphy ink.
The idea is to make a circular calligraphy. To do this we first need
to do a calligraphy web. To draw it we need to measure the length
of each of the circles by using the formula p=dn (where p is the
length, d is the diameter). After calculating the lengths of each
circle we draw a calligraphy line with the same length as the circle.
To build the calligraphy line we draw lines for the capital letters,
the small letters, the ascending and the descending letters. After
calculating the lengths, the connections between the different circles
and the space between them we draw the circles (including circles
for the capital letters, small letters, ascending and descending) on
the paper sheet (100x75mm) and then draw lines that divide the
circles into sectors.

After the calligraphy web is done we need to work on the
preferable design and to choose a calligraphy font (for example
Fraktur, Textura, Copperplate, etc). Modern varieties of the fond
Fraktur are used in the project. The final step in this part is to do a
scan of the calligraphy.

For the second part we will use 3Ds Max and VRay. Autodesk
3Ds Max, formerly 3D Studio and 3D Studio Max; is a professional
3D computer graphics program for making 3D animations, models,
games and images. It is developed and produced by Autodesk
Media and Entertainment [1]. It has modeling capabilities and a
flexible plugin architecture and can be used on the Microsoft
Windows platform. It is frequently used by video game developers,

! http://slideplayer.com/slide/10560987/
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many TV commercial studios and architectural visualization
studios. It is also used for movie effects and movie pre-
visualization. For its modeling and animation tools, the latest
version of 3ds Max also features shaders (such as ambient occlusion
and subsurface scattering), dynamic simulation, particle systems,
radiosity, normal map creation and rendering, global illumination, a
customizable user interface, new icons, and its own scripting
language [2] 2

Vray is a render plugin. It's a plugin, which means that it adds
functionality to an existing program. Vray's features mainly aim at
creating photorealistic images, together with improving rendering
speed. Currently, VRay exist for 3D Studio Max, Maya, Rhinoceros
3D, Sketchup, Softimage, Blender and there's even a standalone
version available [3]. 3It is developed by the Bulgarian company
Chaos Group and you can find the plugin in their official site.

In 3Ds Max we will create the wooden box and the gems but we
will work on two different projects for them. That’s why I will
divide this part in two smaller parts.

The chosen design for the wooden box is a hexagon. The lid is
built with different colored small pieces of glass. To do it we start
with building a cylinder and we set the sides to 6 so we can get a
hexagon, cap segments — 1 and chose the radius and the height (in
the project r=50, h=45). Afterwards we convert it in editable poly
and start modifying the hexagon. We mark the face and use the
inset tool (amount 5) to make 1 polygon inside then we use extrude
to make the shape concave. This is our box (Fig. 1).
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Fig. 1. The wooden box is a hexagon

Then we create another hexagon with the same radius and
smaller height (in the project h=10). This will be our lid. Again we
need to convert it to editable poly. This time we work on the two
faces beginning with inset two times in a roll (used amount 1 for the
first time and 32 for the second). The idea is with one of them to
create the edge and with the other one the center, that’s why one of
them should be with small amount and the other with proper larger

? https://www.autodesk.com/products/3ds-max/overview
® http://www.aversis.be/tutorials/vray/vray-20-what-is-
vray.htm
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amount. Then we use it again on each segment of the hexagon as
well as the center segment. We need to use again small amount
(amount — 2). Then we mark the inner polygons on the two faces
and delete them. We have a concave figure with empty trapezoids
and an empty hexagon in the center. Afterwards we delete the edges
that are not needed by marking them and using the Remove tool.
We select the edges that are not connected and with Bridge tool we
connect them (Fig. 2).

[+ ] [Perspective ] [Standard ] [Default Shading ],

Fig. 2. Bridge tool

To design the glass pieces for the lid we need to create a simple
box shape with less height than the lid (used Parameters: Length —
40, width — 40 height — 7; L, W, H Segs — 1). We place the box
shape in one of the trapezoids of the figure and convert it to editable
poly and by selecting the vertexes we modify it to a trapezoid. Then
we make copies and rotate each copy in 60° on the Z axis from the
previous and place them in the next trapezoid of the lid. Then we
create a small hexagon with the same height as the box shape and
place it on the proper place in the lid (Fig. 3).

[+][Front] [Standard ] [Wirteframe ]

Fig. 3. The designing of glass pieces for the lid

To create the wooden material we need a prepared wooden
texture in advance. Than we turn the render and light options to
VRay mode so we can use VRay materials. We open the Material
editor and from the Material/Map Browser we choose VRayMtl to
create a VRay material. From the options we change the Reflect
color to middle grey (R: 35; G: 35; B: 35; H: 0; S: 0; V: 35);
HGlossiness — 0,9; RGlossiness — 0,9; turn on Fresnel reflections;
IQR Fresnel — 1,6; Max depth — 5; Refract color — black; Glossiness
—1,0; IQR — 1,6; turn on affect shadows. Afterwards we need to go
to the button of the menu on Maps section. Then we set the Diffuse
to our prepared wooden texture, picking it from the hard drive
location. We drag the diffuse map with the mouse and drop it on
Bump and we use as a method — copy. The bump amount should be
50 (Fig. 4). To finish this step we need to drag the material from the
Material panel and drop it on the hexagon box and on the lid for it.
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Fig. 4. Advance preparation of wooden texture

To create the tinted glass material we need to use again
VRayMtl. From the options we need to change the Reflect color —
white; HGlossiness — 0,9; RGlossiness — 0,9; turn on Fresnel
reflections; Refract color — white; turn on Exit color (on the Refract
section) and change it to blue (R: 17; G: 5; B: 255; H: 172; S: 250;
V: 255); Fog color — blue (R: 17; G: 5; B: 255; H: 172; S: 250; V:
255); Fog multiplier — 0,9 (Fig. 5).
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Fig. 5. Creation the tinted glass material

Since we want our glass pieces to be tinted in different colors
we copy our material 6 times and change the Exit color and Fog
color in each of the copies. (Used colors: Red — R: 255; G: 8; B: 8;
H: 255; S: 247; V: 255; Purple: R: 83; G: 5; B: 170; H: 190; S: 248;
V:170; Orange: R: 255; G: 123; B: 5; H: 20; S: 250; V: 255; Green:
R: 3; G: 181; B: 32; H: 92; S: 251; V: 181; Turquoise: R: 3; G: 227,
B: 247; H: 131; S: 252; V: 247; Yellow: R: 252; G: 255; B: 9; H:
43; S: 246; V: 255;)

We move the lid on top of the box and design hinges by
creating 2 little cylinders and placing them properly.

One of the most useful tools in producing computer animation
is the ability to link objects together to form a chain. By linking one
object to another, you create a parent-child relationship. Transforms
applied to the parent are also transmitted to child objects. A chain is
also referred to as a hierarchy[4].* Common Uses for Hierarchies -
Link a large collection of objects to a single parent so they can be
easily animated and transformed by moving, rotating, or scaling the
parent; link the target of a camera or light to another object so it
tracks the object through the scene; link objects to dummy objects
to create complex motions by combining multiple simple motions;
link objects to simulate jointed structures to animate characters or
mechanical assemblies [5].°

*  https://knowledge.autodesk.com/support/3ds-max/learn-

explore/caas/CloudHelp/cloudhelp/2017/ENU/3DSMax/files
/GUID-0AE92021-9E16-4616-840B-B19773AD9A6E-
htm.html

5 https://knowledge.autodesk.com/support/3ds-max/learn-
explore/caas/CloudHelp/cloudhelp/2017/ENU/3DSMax/files



We want to link the lid with the glasses and the box in a
hierarchy so the lid can open freely. To do that we need to click on
the Select And Link icon on the toolbar, select the glass pieces as
children and then drag the link cursor to the wooden lid as a parent
object. We do another link between the lid and the box. We select
the lid and the hinges and drop the link cursor on the wooden box.
(Fig. 6) Now we can open and close the lid. In the design the box is
open so the light rays can go through the glass pieces of the lid.
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Fig. 6. Select And Link Tool in creation of the hierarchy links

We adjust the light by creating 2 VVRaylIES light and place them
sideways. To design a studio scene we create a plane on the Z axis
and change its color to white and leave the viewport on TopView
(Fig. 7).
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Fig.7. Scene adjustments in preparation for rendering

The final step is to open the Render setup and choose a
resolution (used 1400x1050) and render the image and use to render
the viewport.

The second 3Ds Max project is designing the gems. In order to
do this we start a new project and create 7 box shapes (used
Parameters: Length — 30, width — 30 height — 10; Length Segs: 1,
Width Segs: 10, Height Segs — 1). We need to work on them one by
one by converting them into editable poly and modifying their
vertexes so we can get a shape similar to gems. (Fig. 8) We apply
the same VRay glass materials. We adjust the light by creating 2
VRayIES light and place them sideways. To design a studio scene
we create a plane on the Z axis and change its color to white and
leave the viewport on TopView.

Then we open the Render setup and choose a resolution (used
1400x1050) and render the image and use to render the viewport.

/GUID-0AE92021-9E16-4616-840B-B19773AD9A6E-
htm.html
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Fig.8. Modifying vertexes from box shape into different form

The final part of the project is in Photoshop where we will
connect everything in one and finalize the project. Photoshop is
Adobe's photo editing, image creation and graphic design software.
The software provides many image editing features for raster (pixel-
based) images as well as vector graphics. It uses a layer-based
editing system that enables image creation and altering with
multiple overlays that support transparency. Layers can also act as
masks or filters, altering underlying colors. Shadows and other
effects can be added to the layers. Photoshop actions include
automation features to reduce the need for repetitive tasks. An
option known as Photoshop CC (Creative Cloud) allows users to
work on content from any computer. Photoshop is used by
photographers, graphic designers, video game artists, advertising
and meme designers. The software is available for a monthly fee.
Photoshop CC is compatible with Intel-based Mac computers and
Windows PCs[6].° It can be found on their official web site.

First we open the image with the calligraphy and we need to
erase the white background. In order to do it we click on the eraser
tool from the Tool panel with the right button and a window with
eraser tools will show. From there we need to select the Magic
Eraser Tool. With it we erase the background with a simple click.
We repeat the process in every closed space until the background is
erased. After that we make color corrections from Layer — New
Adjustment Layer — Curves and then Layer — New Adjustment
Layer — Hue/Saturation. By that we add 2 adjustment levels for the
colors and the contrast.

Than we open the image with the box and make color
corrections from Curves. We drag it and drop in on the picture with
the calligraphy which is our main picture and rename the layer to
Box. We change the Blend Mode to Multiple and if needed erase
and blur the background of the layer (Fig. 9).
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Fig.9. Converted Blend Mode into Multiple on the Box layer

® https://whatis.techtarget.com/definition/Photoshop
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We open the image with the gems and make color corrections
from Curves and again drag and drop it in our main picture,
renaming the layer to Gems. We clear the background of the layer
and switch to the normal eraser tool to clear any imperfections
around the gems. To change the positions of the gems we need to
use the Lasso selection tool and mark the gem we want to
reposition. By just using the commands ctrl+x (cut) and ctrl+v
(paste) we cut the gem and place it in new layer (Note: we can find
cut and paste in the Edit menu). We repeat this procedure with all
the gems that we want to reposition. Than we merge the gem layers
into one by marking them in the layer panel and right click — Merge
Layers. Afterwards we need to change the Blend Mode to Darker
Color (Fig. 10).

Fig. 10. Converted Blend Mode into Darker Color on the Gems layer

Final step is to add a layer below the calligraphy layer and to
create a gradient between light and dark grey (d2d2d2 - 8a8989).
We will use this layer as a background (Figure 11).

Fig. 11. End result

3. Conclusion

In the modern world there are many ways of creating an
illustrations. The approach is in the hands of the creator, the one
that builds the entire project. He is the one that organizes the idea
and how to build every part of the project to the moment that he
realize that idea into reality. In the end he is the first person he is
satisfied by his creation and then the auditory that the product is
targeted as well as the commercial purpose that is sought.

In a result of the following steps in the article we achieved a
final illustration that is approved by the author of the book as well
as the creator of the image. We used several different methods
combining them to realize the final project.
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ANALYSIS OF USING STEGANOGRAPHY AND CRYPTOGRAPHY IN IMAGES

AHAJIN3 HA U3IIOJI3BBAHETO HA CTEIAHOI'PA®UA 11 KPUIITOI'PA®IMA B U3OBPAXKEHN A
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Abstract: The process of jumbling up the contents of a secret message so as to secure it, is known as cryptography, whereas the
process of hiding the very existence of a secret message is known as steganography. The contents thus obtained are concealed inside another
image so as to hide its very existence. Both these techniques have been tested and it has been observed that they prevent the possibilities of

steganalysis also.

Keywords: STEGANOGRAPHY, CRYPTOGRAPHY, LEAST SIGNIFICANT BIT (LSB), DES, STEGO IMAGE

1. Bweeoenue.

B enoxara Ha KOMyHHKalusiTa M paborata B MpexaTa,
CHUT'YpPHOCTTAa C€ IIpeBpbIla B KPUTHYEH TIpobieM 3a
npoubdTsBamuTe MpeXu. EMHO OT Hal-Ba)KHUTE M3NUCKBAaHHS € Ja
ce B3eMaT MEpKH 3a IpejoTBpaTsBaHe Ha KpakOaTa Ha naHHH. MMa
pa3IMYHU TeXHHUKH 3a MOJICUTypsiBaHe Ha HH(OpMaIuATa, HO 1o0pe
W3BECTHM W IIHPOKO H3MOJ3BaHUM ca Kpunrorpadusara u
cTeraHorpausTa.

Te3n 1Be TEXHHKH C€ H3MOI3BAT MHOTO YeCTO U HMar
MHOXKECTBO MPHIIOKEHHs KaTo 3amura Ha JudHu  (aiinose,
KOPIIOPATUBHY JaHHH, U3IPAIlaHe Ha MOBEPUTEIHN U KPUTHYHH e-
Mmeiim u T.H. Kpunrorpadusta, Mmoxe na ce nedunmpa xaro mporec
Ha MPEBPBIIAHETO HA TEKCTOBO CHOOIICHHE WM MH(QOpMALUs OT
SIBCH BHJl B HEUCTVINB (HESABEH) TaKbB, 0€3 Ja ce W3MOJ3BAT TaiHU
sHanus [1]. Ts KpUOTHpPa HMCTHHCKOTO CHOOILIEHHE, KOETO €
usnpareHo. ToBa choOmIeHHE MOXe na Obae MmH(pOBaHO MU
KOJUPAHO, W3MO3BARKA DA3INYHA MEXaHH3MH, BKIIIOUYHUTEIHO
MaTeMaTHYeCKH TeXHUKH M alrOPUTMH 33 pa30bpKBaHE HA JaHHUTE
B He4eTIuB (HOpMaT, KOWTO IO MPaBU HEMOAXOASIL 0e3 BCSIKAKBO
taiiHo 3Hanue. llludpupaHoro CchOOIICHHE, CB3AAJECHO OT
kpunrorpadusta Moxe Aa ObJe JCKOJUPAHO WIIH ACKPHIITHPAHO
caMo OT YOBEK, KOSATO MpUTEKaBa TaiHuaT kirod [1]. O6obimenara
KpunrTorpadcka TeXHUKa ¢ Moka3aHa Ha Qurypa 1.

KpunTupaue JeKpHITHpAHE
Taen Ind Ind Taen
reKcr TCKET TCKET » TCRET
Hoama Kaoa

Duz. 1 O606wena kpunmospagcra mexnuxa.

Creranorpadusita ce omnpezens Kato U3KyCTBOTO M HayKara 3a
MMHUCAaHETO Ha CKPUTH CHOOIIEHUS 10 TAKHB HAYWMH, Y€ HUKOU JPYT, C
M3KIIOUCHHE Ha MpeAHAa3HAueHHWAT MOoJydarel Ja He 3Hae 3a
CBIECTBYBaHETO Ha choOmeHuero. Jlymara "creranorpadus” e
OCHOBHO OT T'PBIKHU MPOU3XOJI, KOETO O3HayaBa "CKpPUTO mucaHe",
wraitronue” [2], [3], [4]. Cobiio karo mpu kpunrorpadusra ce Kpue
nH(OpPMAIHs, HO PUHIUITBT Ha cTeraHorpadusTa ¢ 1a KpHe TEKCT
WM TaiHO ChOOLIEHHE B ApYr MeaueH (aiin kaTto u300paxeHHue,
TEKCT, 3ByK WJIU BHJIEO.

B [2], [3] u [4] ce ka3Ba, 4ye uenra Ha "kpunrtorpadpusra’ u
"cTeranorpadusaTa’ € eIHa W ChIla, HO HAYHHBT, IO KOWTO ce
TTOCTHUTA Ta3H IIeN € pa3InieH.

Kpunrorpagusta komupa WIM KpPUNTHpPA IaHHUTE WIN
nHopMarnyATa, Taka dYe Ja S 3alUTH OT NPOTHBHHKA, a
creraHorpagusi OT Jpyra CTpaHa Cce ONWTBa Ja CKpHe
CBIECTBYBAaHETO Ha HMH(OpPMalys MM JaHHU OT INPOTUBHHKA.
KomOuHupaneTo Ha Te3W JBe TEXHUKU MO3BOJIIBA MO-100pa JIMUHA

KOMyHUKanus. JloKiIagpT ce OCHOBaBa Ha KOHIENIUATA 3a
KOMOMHHpAaHE Ha Te3U JIBE TEXHOJOTHH.

O6o0bmieHaTa creraHorpad)cka TeXHHUKA € MOKa3aHa Ha Gurypa 2.
[IpuspHEame

30 CEEHEE

i

Creranorpacticssr | Crero

ANTOPHTEM 33 o bpaxeie
Crobmermie | —» | KOmIpaHe
L
Kanan
Creranorpatcrn
ANT OPHTEM 33
Crobuiermie | 4 | mexomipane
Crero
mrobpaEeHe

Duz.2. Ob06wena cmeeanozpagdcka mexHuka.

MHOro HOBM WJAeM W TEXHHKH Cca TNpEeUIOKEeHH 32
MOJCUTYpsIBaHE Ha JaHHUTE, TJIABHO 3a J1a Ce CKPHAT TEKCTOBUTE
JaHHM B M300paxkenns. Taka ce mpeaarar Ba HOBU MOAX0JA KbM
cTeranorpadusaTa B H300paskeHHUSI.

2. PASITIE[JAHU AJITOPUTMU:

DalreT ¢ TUPPOBH M300paKEHHUS MOKE J]a CE pa3riekaa KaTto
Gdaiil ¢ MHOXKECTBO IIBETOBE M DA3NIMYHH WHTCH3UTETH Ha
CBETJIMHATA B Pa3jIMYHUTE 00NacTH OT U300pakeHuero. Taka Moxke
Ja ObJe MpeiCTaBeHO M300pPAKEHHUETO KaTo KOMOHMHAIMs OT
MUKCENIH, CBXpaHSABaHU B TaONM4YeH BHJ, KaTo OOMKHOBEHO
MaTpHUIaTa IoMara 3a ro-JecHo 00padoTBaHe Ha H300pasKeHHUETO.

Axo ce pasriena u3zobpakeHue, koeTto uma mukcenn "i"' B
XOPU3OHTAIHA MOCOKa ¥ "j" MUKCENd BHB BEPTHUKAJIHA MOCOKA, a
cIieT ToBa 001110 OPOAT HAa MHUKCENUTE B MaTpHiara e owae [i * j] u

Ta3W CTOMHOCT € U3BECTHA CHIIO KAaTo pa3sMep Ha I/I306pa)KeHI/IeTO.

JIOIBIIHUTENTHO  BCSKA CTOMHOCT Ha MHKCEN B  €JHO
M300pakeHHe, ChIIO MOXKE J1a Ob/Ie TMPEICTABEHO KaTO KOMOMHAIHS
ot OurtoBe. Illo ce oTHacs 10 M300pakeHHWATAa ChC CHBA CKala,
OpoAT Ha OMTOBETE B H300PAXKECHHUATA, HEOOXOIUMH 32 TIPEICTABIHE
Ha IHKcedn ca §.

[lpuunHata e, 4e B cHBara cKala H300paKEHHATA HMAT
WHTEH3UBHOCT Ha I[BETa Ha ONpeEJIeNeH MMUKCeN U TS Bapupa ot 0 10
255, xpneto croifHocrTa "0" CHOTBETCTBA Ha YEPHO U CTOMHOCTTA
"255" cwoTBercTBa Ha Osmo. ToBa o3HayaBa, 4e MaKCHMallHATa
CTOMHOCT, KOSATO €IMH IIHMKCEd MO)XKe na 3aemMa € 255 wu
CIIEZIOBATEIHO ca HYXHHM 8 OuTa, 3a na ce oOpasyBa MHUKCENbT.
[MukcenbT B cuBaTa ckajga MoXke Ja ObJe MPEICTaBeH KAaKTO €
MoKa3aH Ha purypa 3.
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@ue. 3. [Muxcen Ha u306pa9fcenuemo 6 cusama ckaia.

IlBeTHOTO M300pakeHWE OT Jpyra CTpaHa € CBhCTaBEHO OT
MHUKCEH, CHCTOSIIIM C€ OT TPH IBETOBH KOMIIOHEHTH, KOHTO ca
YepBeH, 3€JeH U CHH KOMIIOHEHT. VHTeH3MBHOCTTa Ha I[BETa Ha
MHUKceNa Ie ObAe B 3aBUCUMOCT OT 3aBHCHMOCTUTE Ha T€3U TPHU
KOMIIOHEHTa. 3a Jla ce MpEICTaBH BCEKH LIBETEH KOMIIOHEHT ce
HM3HUCKBAT 8 OWTa, KOETO O3Ha4aBa, 4e 3a Jla CC ChXpaHSIBA BCCKHU
MUKCEeNl B IBETHO M300paxkeHWEe ca HeobOxomumu 24 Ourta. Topa
H300paKeHUE € TIPEJICTABEHO, KAKTO € IOKa3aHo Ha ¢urypa 4:

RGB HiodpaxeHne _

HEPE eHA KONMITOHEHTA ZE8MeHA KORTIOHEHTA CHHA KOMITOHEHTA

i(a o1 @ 1|00 |0

z
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@uz.4. [Tuxcen Ha yeemno uzobpasicerue.

CreoBatesHO MOXeE [Ja Ce Kaxe, Y€ H3MpAllaHeTo Ha
U300paKEHUE € HUILO JPYro OCBEH M3IpAIlaHe Ha MMUKCEIHUTE MY
CTOMHOCTH. AKO 10 HSKAKbB HAYMH € BB3MOKHO TE3U IMHKCEIHH
CTOHHOCTH Ja ce mudpoBaT, IUIOTO H300pakeHHE Ine ObIe
KPUIITHPAHO.

TakoBa kpunTHpPaHO H300paKEHHUE MOXKE JJa ObJe U3IPATEHO O
JKeTaHWsl TIoJydaTes, NPSKO WIM HENpsSKo, KaTo Ce CKpHe
mudpoBaHOTO M300pakeHWE B JApyra cpega. TexHHKaTta 3a
KpHUITUpPaHe, KOATO € mokazaHa e S-DES anropursm.

To3n anropuTpM mpuemMa KaTro BXon - 8-OMTOB ONOK OT
HEKPHINTHPAH TEeKCT (plaintext) U KIIFOY 3a KOTUpaHe, KOUTO € JbIbT
10 6uta u ch3naBa 8-OMTOB OJIOK OT KPHUIITHPaH TEKCT (ciphertext)
kaTo m3xoA. S-DES anropuTbMBT ce ChCTOM OT €T pa3iIHudHU
(YHKIMY, KOUTO MpUeMaT 8-OMTOB HEKPHNTHPAH TEKCT KaTo BXOJ
Y MIPOM3BEXAa 8-0MTOB KPUNTHPAH TEKCT KaTO M3XO/I.

Tesn ¢yHKIMM ca: MBpBOHAYANIHA MEPMyTalMOHHA (DYHKITHS
npencraBero ot (IP); mo-cinoxna dyHkuus, npeacraseHa ot (fK)
BKITIOYBAINY, KaKTO IIEPMYTal[MM, Taka ¥ 3aMecTBaHUA. Te3n
TepMyTallid M 3aMECTBAHHSA 3aBUCAT CIWHCTBEHO OT BXOMHHSA
KJII0Y, CIIPaBe/UIMBa M IMpPOCTa MEPMyTalHOHHA (DYHKIWS, KOSTO
3aBbpTa ABETE 4acTH oT BXoxuuTe naHHy; (fK) ce u3monssa 0THOBO
u Hakpas oopatoro (IP-1), kosTo Bpblua mIBpBOHAYATHATA
croiiHoct [6]. [lpuniuneT Ha anroputrbMbT S-DES e nokazan BbB
¢urypu 5 u 6.

ENCRYPTION DECRY PTION

#-bit Plainvext B-bit Plaiotext

e

i 1

@Du2.5 S-DES ancopumom.

AnroputrsMbT S-DES Moxke na 0b1e u3pas3eH Kato:
Ciphertext = IP(fK, (SW (fK1 (IP (plaintext)))))
Kl = Pg (Shift (P19 (key)))
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K2 = Pg (Shift (Shift (P4 (key))))
Plaintext =IP™ ( Fk, (SW(fK; (IP (ciphertext))))) [7]

Bbir ol Yo

<2

“a

% bir Ciphertext

®@ur. 6 Iloopoben S-DES ancopumvm.

Axo ce pasriena nsetHo 24 BMP nzo0paxkenue, To mme Obae
pa3ieNieHo0 Ha TPU MATPUIM WM IPABOBIBIHH PAaMKH, KBACTO
BCSIKAa paMKa WM Marpulia ChAbp)Ka MHUKCEIH, BCEKH OT TE3H
NHUKCEH C ONpelesicHa WHTCH3UBHOCT HAa YEpPBEH, 3€JCH M CUH
KOMITOHEHT.

AKO ce TpeamoNoXKH, Y€ C ] Ce O3HauaBa pa3MephT Ha
M300paKEHUETO, TOraBa MOKEM JIa KaxeM, ue e uMa (i*j) Ha 6poit
mUKcenn B ToBa m300pakeHne. OCBEeH TOBa O3Ha4YaBa, dYe
MaTpHUIMTe WJIH TPAaBOBI'BIHUTE pPaMKH CHOTBETCTBAIM HA
MPOIOPIUKTE Ha YEePBEHO, 3€JICHO M CHHBO LIBETOBE III€ UMAT ChHIIIO
(i*j) Ha 6poi muKceny.

A. Iloxxon 1: - Kpuntupane Ha n3o0pakeHue, 3a 1a ce Brpaan
TEKCTOB (ailin (BK ¢ur.7.).

ANTOpUTHMBT U3IIOJI3BA:

Bxo0: 24 BMP uBetHO n300paxeHHE U TacH KITIOY.

Uzx00: KomupaHo m300pakeHne, ChIbPIKAIIO TEKCT.

Hauano

* U36epa ce nBeTHO H300pakeHue ¢ 24 bmp U TacH KJII0Y;

* Illudpupa ce Bceku OalT OT BCHYKHUTE TPU MaTPHIHU
[uepBeH, 3eseH U cuH], u3non3Baiiku anroputbMa S-DES 3a
Ch3/laBaHe Ha MaCHB OT KPUIITHPAHH MHUKCEIH;

* Paznens ce BCEKM €IEMEHT Ha MacMBa Ha JBE YaCTH.
[IppBara wact nma ChObpKa MBPBUTE YETUPU Haii-ctapmm Owra
(MSB) u BrOparta gacT ocraHanuTe dYeTHpu Hai-mmagmu (LSB);

* 3amaBa ce croiinocT Ha "A"="0000" u "P"="1111" u 3agane
3a BCsAKa Apyra CTOMHOCT Ha IHKCeNa, ChOTBETHaTa OykBa OT
asOykara ot A 110 P;

* [IpoapmkaBa ce MO TO3U HAYMH, JOKATO LETHMAT MacUB

He ObJie IPeBbPHAT B TEKCT, ChAbpKaI OYKBH OT A 110 P.

Kpaii

PasmepsT Ha komupanust macuB ¢ [1, i*j] 3a Bcsika ot TpuTe
Mmarpuin u chabpxka (i*j*8) 3a Bceku OT emmH OT OUTOBETE.
OOmusT O6poit Ha 3HanUTE WK OYKBHUTE, KOUTO CE€ CHABPKAT B TO3H
KOJMpaH Macus, 1e 0b1e (1*j*8/4). O6umsaT 6poii Ha 3uanure (TC)
IpeCcTaBeH B KpailHUAT Hdbp e Obae:

TC = [bpo#i 3Hamu B yepBeHaTa MaTpuua + bpoil 3Hanm B
3eneHara Marpuia + bpoii 3Hauu B cuHATa MaTpuIa]

TC = [(i*j*8/4) + (i*j*8/4) + (i*j*8/4)]

TC = (i*])[8/4 +8/4 +8/4]

TC = (i*))[24/4]

TC = (i*))[6]

TC = (i*j*6).



OpurvHagTHUTE JaHHU B TO3H ClIy4dail (caMOTO M300pakeHue) e
Bb3MOXKHO J1a ObJaT ACKPUNTHPAHH KaTO CE HM3IO0JI3BA CHUIUAT
KJIF0Y, KOITO ce u3moi3Ba 3a anropuTbMbT S-DES 3a kpuntupane.

b. Ioaxon 2: Kpuntupane Ha wu3o0paxeHue dpe3
H3IIONI3BAHETO Ha KIFOUOBO M300paxkeHUe (BHK QUr.8.).

ANTOPUTHMBT H3IIOI3BA:

Bxo00: 24 BMP uBetHO n300paxeHue.

H3x00: N300paxkeHne ¢ KpUITHPAHH ITHKCEITH.

Hauano

* U36epa ce 24-BMP uBetHo nzobpaxenue;

* [Iudpupa ce Bceku 6GallT OT BCUYKUTE TPU MATPHUILHU [YepBeH,
3eJieH M CHH]|, u3noi3Baiiku anroputbMa S-DES 3a cb3naBane Ha
KPUITHPAHHU ITHKCEIH;

* [1o TO3M HAUMH BCHYKY OCTAHAIN ITMKCEIN HA H300paKEeHNETO
ce KpUITHpaT.

Kpaui

KirousT, KOHWTO ce M3Mo3Ba 3a KPUNTHPAHE Ha BCEKU ITHKCET
OT H300pakeHneTo e ¢ apokuHa 10 GaiiTa u ce mosy4aBa OT CaMOTO
KIII040BO M300paxkeHue. ToBa ce mpaBy MO CIEHUS HAUMH:

. KomOuHMpaT ce CTOHHOCTHTE HA YepBEHUTE, 3EICHUTE U

CHHHTE L[BETOBE Ha BCEKM MMHKCEN Ha KIIOYOBOTO M300paKeHHE, 3a
na ce nmonyuyn 24 BMP nBetHO n300pakeHwue.
Pazpmens ce croiiHocTuTe Ha Te3u 24 OUTa B TPyNHU OT 11O
Tpu u Te uMmar mo 10 OuTa 3a KOmMpaHEe HA YEPBEH, 3€JCH U CHH
KOMIIOHCHT Ha BCEKH ITMKCE] Ha OCHOBHOTO H300paxeHue. Taka
TIOJy4CHUTE KOJMPAHH JAHHH C€ MPEICTABAT KaTo U300pakeHHe U
Morar ja OblaT CKpUTH B JPYro W300pa’keHHe, KaTo ce M3I0J3Ba
creranorpadusra [8], [9], [10].

CKpHBaHETO Ha KPUNTHPAHOTO M300pakeHHe CTaBa 10 CICAHUS
HayMH:

» N36epa ce xoaupanus O0aiT, KakTo € MOJTydeH MPH U3MOI3BaHE
Ha MbpBaTa TEXHHWKA WIM NUKCEIHUTE CTOWHOCTH Ha KPUITHPAHO
n300paxKeHHe, NOJIyYeHH IIPU BTOpATa TEXHUKA,

* M3bepa ce H300paKeHHMETO, KOETO MIe Ce W3OpaTH U ce
CKpHMBAT NHUKCEJIHUTE CTOWHOCTH Ha KPUITHPAaHO H300pa)keHHe B
MHUKCEITHUTE CTOWHOCTH Ha HOCHUTENISI Upe3 BrpaXkIaHe;

e IlpompmkaBa ce MO TO3M Ha4yMH, IOKaTO C€ MOIY4H
KPUITUPAHO M300paKeHUE, CKPUTO B H300paKEHNETO, KOETO IIE Ce
U3MPAaTH.

PasmepsT Ha M3MpamanoTo n300pakeHne TpsioBa aa Obae
MOHE OCeM IbTH MO-TOJSIMO OT pa3Mepa Ha KpPHUITHPAHOTO
n300pakeHne. AKO He € Taka TpsOBa J1a ce MPOMEHST pa3MEpUTe Ha
¢aitmosete [13].

Input
Image
i
Outpuc S-DES
Image - Algorithm |

Que.7. [lemaiinen npezned Ha novpeus memoo.

-
= T
I-J i
!
Image ::f.?l
| Key I
Mipe
] e

Du2.8. [lemaiinen npe2ned Ha 8Mopust Memoo.
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3. Pesynmamu.

JIBata HOBU MeToza ce peanusupar ¢ nomoira Ha MATLAB.

A. Pesynmamu om memoo 1.

N3o0pakeHnero, koero TpsOBa Ja ObAe KPUNTHPAHO, €
noka3zano Ha ¢Qurypa 9a. IlukcenuTe Ha TOBa H300pakeHHE ca
mmdpoBanu ¢ nomomnra Ha S-DES anropurbma. TeKCThT, MOTydYeH
cliell KpHUNTHpaHe Ha H300pakeHHETO e moka3aH Ha Qurypa 10.
To3n momydeH TEKCT € U3BECTEH OIIE KaTo KPHITO TEKCT
(ciphertext). ITo To3u HaunMH TO3M MU(PHPAH TEKCT MOXKe Aa Obae
M3IPATeH [0 KaHAIBT Ha IPHEMAIIATa CTPaHa.

-~y

¢uz. 9. a)Opueunanno u 6) dexpunmuparno uzodpasicenue

[MudpoBuAT TekCT mMoIydeH OT IpHEMalnaTa CTpaHa ce Iojiara
Ha JEKPUNTHpaHe, KAaTo Ce H3MOJ3Ba CBHINUAT TaeH KIIOY 3a

IoJIy4aBaHE€ Ha I/I306pa)KCHPIeTO.
KKKKPDODEHDDINDD I KD IKGIDIDDFKH
GHDARINIKLHGEBNABEBAABACDFHH
L H L e o F ST IS R ———

KIPPEEEBCMMNMMADDHEGLRAMMNIKIL
@uz.10. maiino cvobweHue

Ha ¢urypa 96 e moka3aHo AEKPHUITHPAHOTO H300paKCHHUE,
MOJY4€HO B mpuemanius kpail. ToBa m300pakeHHe B CpaBHEHHE C
n300paXEHUETO, B KOETO HE € BrpajcHa HH(GOpMAaLus, pe3ynTaTbT
HE MMOKa3Ba HUKAKBH Pa3MK{ B KAaUeCTBOTO HAa N300PaKEHUETO M
MHUKCEITUTE.

[Mony4eHUAT KpUITUpPAH TEKCT MOXKe Aa ObJe CKPUT U B APYTH
N300paXKeHHs, BMECTO J]a C€ M3IIpala AUPEKTHO. TO3W MPHHIHII,
ChHIIO ce M3IbIHsBA ¢ Tomonra Ha MATLAB 2014a.

Ourypa 11 moka3Ba OpHUTHHATHOTO H300paxeHue (Oe3
BrpajiecHa WHPOPMAIMsI) W KOAHPAHOTO H300paKeHHE, KOETO Ce
MoJy4aBa 4pe3 mpmiarane Ha anropuTbMbT S-DES. U Hakpas
MOJYYSHOTO KPHITHPAHO M300pakeHHe € CKPUTO B KIIIOYOBOTO
u3oOpaxkenue. [lonyd4eHOTO KIIOUOBO W300paKeHHE M CTEro
n300paKEHNETO ca Mmoka3zaHu Ha durypa 12.

Original Image

S DES Encrypted Image

@ue. 11. Opueunannomo uzobpagicenue u KOOUPAHOMo uzodpadcenue ypes
S-DES aneopumamvm

Key Image Stego Image

gue. 12 Kniouogomo u cmeeo uzo6pasicenusma

3alensi3Ba ce, 4e MMa Majka pas3idKa MEXIy KIHYO0BOTO
U300paKECHHUE U CTEr0 U300PaKEHHETO, HO TS € HE3HAYMTENHA U €
CHIIO Taka HEBHIMMa 3a YOBECIIKOTO OKO. IIOJy4eHOTO CTEro
U300paKEeHHE € U3IPATECHO 10 KaHaJl KbM IOJTy4aTelis.

N300paskeHUEeTO MOJIy4YEHO Clie]] ACKPHIITUPAHEe B NpHeMalaTa
CTpaHa, CbBIIAJa C I'bPBOHAYAIHOTO M300pakeHHe, KoeTto e 0Oe3



BrpajeHa nH(opmarus u ¢ 6e3 HUKakBa rpemka. 13o0paxkeHnero,
MOJIYYEHO CJIe ASKPUITHpPAHE € MoKa3aHo Ha ¢urypa 13.

¢ue. 13. Hzobpasicenuemo, nonyueno om noayuamens u cleo
O0eKpUnmMupanemo

b. Pesynmamu om memoo 2.

IIpn u3nmoa3BaHeTO HAa TO3W METO Ca HY)KHH J[BE H300pakeHH,
OT KOUTO €IHOTO € OPUTMHAIHO HM300pa’keHue, KOeTo TpsOBa aa
Oblle KPUNTHPAHO, a APYroTO € KIHYOBO M300paKeHUE, KOEeTO ce
H3M03Ba upe3 anmropuTbMbT S-DES 3a menute Ha KpUNTHPAHETO.
Beska mnukcenHa CTOMHOCT Ha OPUTHHATHOTO H300paXKeHHE ce
KOOMpa C IIOMOINTa HA CHOTBETHATA IHMKCEIHA CTOWHOCT Ha
KIIFOYOBOTO M300pakeHNe, KOSTO CITY)KH KaTo TaeH KIII0Y.

AKO KIIOYOBOTO HM300paKeHHE HE € CHBMECTHMO II0 pasMep
(KaKTO € ONHCaHO B AITOPUTHMA) C OPUTHMHAIHOTO H300paKeHHE,
TpsaOBa KIIOYOBOTO M300pakeHHe Jga OblIe INpeopa3sMepeHo.
OpUrvHAMTHOTO  HM300pakeHHWe, KIIOUYOBOTO H300pakeHHE |
TOyYEHOTO KPUIITHPAHO H300paKeHUE ca MoKa3aHu Ha ¢purypa 14.

Payload Image Keylmage

5-DES Encrypted Image
v T o

i

¢ue. 14 Knouosomo uzobpadicenue,
usobpasicerue

opueuHaiem u Kpunmupanomo

Tonyuenoro S-DES xkpunrtupaHo n3o0pakeHHE € CKPHTO B
OPUTHHAIIHOTO M300paXKeHHeE, 3a J1a Ce MOJIy4H CTEro H300paKeHHe.
@urypa 15 mnoka3Ba OpPHIMHAIHOTO U300paXKEHHE U CTEro
H300paKEHUETO, Karo Moke Ja ce 3a0enexu, dYe JBeTe
N300pakeHUSI HIMAT HUKAKBa Pa3inKa.

Crero msobpaxeHie

IIpuxpueano msobpaxerie

¢ue. 15 Hzobpasicenuemo, Koemo ce usnpawja u cmezo uzoopasiceHueno.

Crex Karo TPHKIIOYH KPHUINTHPAHETO, H300paXKEHHETO ce
H3Mpama 1Mo KaHal KbM IIpueMamara crpaHa. [Ipum mocturane no
npuemamiata crpaHa ot S-DES kpuntupanoro usobpaxeHue ce
U3BJIMYA CTEr0 H300pPXCHHETO M CJel KaTo Ce H3BIede, TO Ce
JEKPUINITHPA, KaTO CE M3MOJI3BA €IHO U ChILO H300paXEHHE, KOETO €
U3IOJI3BAaHO 3a KpunTHUpaHeTto. OpPUTHHAIHOTO H300pakeHHe,
n3BiedeHo oT S-DES kpuntupanoTo m3o0paskeHne € MoKa3aHo Ha
¢urypa 16.

Ot mosry4eHOTO N300paKeHNe CTaBa sICHO, Y€ OPUTHHATHOTO €
0e3 pasmuka B CTOHMHOCTTa Ha mukcenute. ClemoBaTeIHO
000011eHHATa, KOUTO MOTaT Jia C€ HalpaBAT NPH U3IOI3BAHETO HA
JBaTa MOAX0/a ca:

e [lpu mepBHUA moaxox H300pakeHHETO, KOoeTo TpsibBa nTa ce
KPHIITHpA, ce MpeoOpa3yBa B TEKCTOB (hailil U ClIe]l TOBa TO3H
TekcToB (aitn Moxe nga ObAe H3IpaTeH AMPEKTHO KbM
npueMamara CTpaHa MM MOXe Ja ObAe CKPUTO B JAPYro
U300pakeHue npeau 1a ObJe U3IPaTeHO;

Jloxato
KPUITHPAHO

. BbB BTOpUS MOAXOJ H300pakeHHETO €

nupexktHo ype3 S-DES  amropursma. Torasa
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KOJIMPaHUTE JIaHHU CE€ CKPUBAT B APYro U300pa’keHHe MpEeau Ja ce
U3IPATAT [0 KaHalla KbM IIpHeMalliaTa cTpaHa.

$-DES Encrypted Image Extracted Payload Image

gue. 16 Hzobpadicenuemo, koemo e HACIAZHAMoO U U300padiceHuemo 3a
62padicoare.

4. 3aknrouenue.

B To3m poxnaxm ce aHanmum3upaT [Ba HOBM IOAXOAAa 3a
creraHorpagus Ha n3oOpaxkeHus. VM nBara moxxona H3MOI3BAT
KOHIICIIIMATA 32 KOMOWHAIMS OT Kpunrorpadus U creraHorpadus.
IToaxonute ca peanusupanu ¢ nomoira Ha MATLAB.

Pesynratute, kouTO ca IONTyYeHM NPEAOCTaBAT BB3MOXKHHU
BapUaHTH, Ype3 KOUTO MOXKe Aa ObJe M3IMpallaHa W IMOJy4aBaHa
Taitna wHpopmarnus. CremBaml eralm Ha H3CIEABAHETO € Ja ce
pasriena, Kak Te3W [Ba MOAXOJa MPEOJOJSIBAT MPOOJIEMUTE ChC
cTeraHajiusa.
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AHAJIN3 HA YA3BUMOCTTA HA BE3’KUYHA
KOMIIIOTBPHA MPEXKA, SAIIUTEHA C KPUIITOI'PA®CKU TPOTOKOJI WPA2
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Abstract: Wireless networks are extremely wide deployed all over the world. The future of Internet communications passes through
Internet-of-Things (1oT) and furthermore: Internet-of-Everything (IoE). But nevertheless, most important in the development of networking
technologies is the security issue. Computer and networking security will be the great wall built over systems and networks. In this scientific
research paper the weakness of Wi-Fi passwords over protocol WPA2 in a controlled network environment is tested. The open source
operating system KALI LINUX is used by the means of instrument “aircrack-ng”.

Keywords: Wi-Fi, WPA2, WIRELESS HACKING, ETHICAL HACKING, CYBERSECURITY, KALI LINUX

1. Bveeoenue

VecHeHOTO MHCTaNMpaHe Ha HHTEPHET [OCTBI OIpeein
IJIABOJIOMHOTO Pa3NpOCTPaHEHHUE HAa TEXHOJOTHATA 32 U3TPaKIaHe
Ha Oemkmynn  Mmpexu: Wi-Fi.  OcHOBeH  MOMEHT  mpH
¢yHKIMOHMpaHeTO Ha OexknMYHAaTa Mpeka obade CH OcCTaBa
3alIMTaTa Ha JOCTBIIa JO Hes. [loryiemHaTto B XPOHOJOTHYEH
aCIIeKT, IBPBHAT MIPOTOKOJI, OCHIYpsIBAL 3aI[TaTa HA JOCTBIA JI0
Oe3KMYHATA KOMITIOTBPHA Mpexa, ¢ mportokoin ,,Wired Equivalency
Privacy“ (WEP), xoiiTo ¢ mMai 3a e/l IOCTUTAHETO Ha 3alllHTa,
CKBUBAJICHTHA C Ta3W Ha KaOCNHUTE MHTEPHET MpEexH. HsKoIKo
TOJIMHH CJIe]l BHEAPSBAHETO My obaye ce 0Ka3Ba, ye TO3HM MPOTOKOI
¢ M3KITIOYHTEITHO YsA3BUM Ha KUOep aTakh OT THma ,,rpyba cuma“
(brute force attacks). ITopaau Ta3u HpuyKMHA, OT IJIEJHA TOYKA Ha
kubepcurypHocrra, nporokona WEP e mpemopruano nma He ce
u3noi3Ba. [IpOTOKOIBT OT CIEABAIIO MOKOJeHUe ce siBsiBa ,, Wi-Fi
Protected Access* (WPA), 1 o-To4HO — IIbpBata BepcHs Ha TO3M
npoTokoi. He crien nparo obave u Toit ce oka3Ba ysI3BUM Ha aTaKH,
Mopajy M3MOJ3BaHETO Ha cinabW OT TIJeAHa TOYKa Ha
Kpunrorpagusara Xeu-aaropuTMu. MHXeHepUTe W eKCIepPTHTE I10
KOMIIOTBPHA U MPEXXOBa CUTYPHOCT pa3paboTBaT HOBO MOKOJIEHHE
Ha TO3W MPOTOKOJ, KaTO € MOCOYeHO, Ye TOH e M3MOJI3Ba Xelll-
anropuThM OT BHAA ,,Secure Hash Algorithm®“ (SHA). U mo To3u
Ha4yMH, MPOTOKOJIa 32 OOMEH Ha mapojata 3a JOCTBI MpUI0oOHBa
HanMeHoBanueTo WPA-2. Ha ¢ur. 1 e mokazaHa cTpykTyparta Ha
AHHUTE B MH(POPMALMOHHHUTE TIOJIETa OT TO3W MpoToKod. OOekra
Ha araka ce sBiBa CCMP xembpa, upe3 KOWTO BIIOCIEACTBHE ce
n3uucisiea T. Hap. ,,MIC* kox (Message Integrity Code).

Indposan TekcT
Header MAC CCMP Header Dzita (POU) ‘MIC8octets FSC 4 octets
8 octets >= 1 octets
Ext| ID
‘ PNO ‘ ‘ PN1 ‘ peseps ‘ peseps | [ 10
b0 b4 b5 b6 b7
Key ID octet

@uez. 1 Ungpopmayuonnu norema, usepasxcoawu npomokona WPA-2 [1].

[lpy wuHCTanMpaHe Ha OE3KMYHOTO MpPEKOBO 0OOpyIBaHe,
CICIMAIUCTUTE TOCOYBAT HEOOXOAMMOCTTa OT AehHHHpaHE Ha
mapoia 3a JOCTBI 1O Mpexkara, C LeJ OCHTypsiBaHE 3alluTa
MpeIaBaHeTO Ha KOMITIOTBPHH M MHTEPHET JTaHHU. BaxkeH MOMEHT B
3alMTaTa ce OKa3Ba CJIOXKHOCTTa B M3IMCBAHETO Ha Mapojara 3a
IOCTBII. Bbpekn kpunrorpadcku 3alUTEHATe METOOH 32 OOMEeH
Ha mapojiaTa Mexay KpaiiHoto ycrpoictBo (STA) u Toukara 3a
GexxuyeH noctbi (AP), M3MOJI3BaliKK METOAM Ha rpydara cuia,
WM PeYHHKOBA KHOEep aTaka, mapojaTa MOXe Ja ce KOMIPOMETHpa
U JIa Ce peann3npa HepermaMeHTHPaH JOCTHII 10 MpeXKara.
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B To3m wu3ciemoBaTencku OOKNAA Ie OBAAT MpeACcTaBEeHH
BpeMeHaTa 3a pa30MBaHE Ha HAKOJKO MOJela Ha Iapoil d4pe3
MHCTPYMEHTH 3a aTaka OT TUII Tpy0a CHJIa M pEeYHUKOBA aTaka.

2. Mooen na KOHMPOIUPARA MPEIHCO8aA CPeda

3a mpoBexgaHe Ha W3CIEABaHMATa IIe ObAe W3IOJI3BAHO
MyNTH(QYHKIIMOHAIHO YCTPOWCTBO 32 OCUTYpsSBaHE Ha Oe3KHICH
JOCTBI M MapIIpyTH3WpaHe Ha MakKeTUTe ¢ JaHHU: ,,Huawei
HG530“ na ¢gupmara npoussoauten ,,Huawei Technologies®. Karo
KpaiHO yCTPOMCTBO € M3M0JA3BaH MOOMIICH Tele(oH ¢ onepalMoHHa
cucteMa AHapouna Bepcus 4.2.2, a KaTo arakyBallla CHCTeMa €
u3M0M3BaH  mpeHocuM  kommioTep ¢ 2GB RAM  mamer u
onepannonHa cucrema KALI, kosto e muctpubyunms na LINUX.
Omnepanmonnara cucremMa KALI ce wm3momsBa mmpoko oOT
EKCIIepTHTE II0 MPEXOBa ¥ KOMITIOTEPHA CUTYPHOCT, OJlarogapeHne
Ha (akTa, 4ye B Ta3M CHCTEMa Ca MHTETPUPAHH TOJIIMO KOJINYECTBO
MHCTPYMEHTH, KOMTO ce OOHOBSIBAT CBOEBPEMEHHO. Be3IIaTHOTO if
pa3npocTpaHeHHe CIocOOCTBA 3a MPOBEKIAHETO HA M3CIICIBAHUS
OT ayAWTOpHs B LIMPOKA BBH3PACTOBA IPAHHIA U C PANIUYHH IO
crienuduKka MO3HAHUS B 00JacTTa Ha KOMIIIOTBPHHTE MPEXH H
cuctemu. OGoOIIEHaTa TOMOJIOTHS 32 M3CNIE/IBaHE Ha Ys3BUMOCTTA
Ha Oe3KMYHATa MpeXa € BCeu3BecTHara artaka Tun ,,Man-in-the-
Middle, MITM“. B uHTepec Ha MpaBHHTE aCMEKTH W ETHYHOTO
XaKepcTBO TpsiOBa na ce OTOENeXH, 4e Ch3/aBaHaTa Mpexa e
KOHTPOJIMPaHa ¥ He ca KOMIIPOMETHPAHH JIMYHH JaHHH. Y CIIOBUSTA
3a MPOBEXKIaHE Ha U3CJIEBAHETO ca JabOPaTOPHHU, KaTO PECYPCHUTE
ca orpanudeHd. OrpaHHYeHHTE pECypcH B H3CIEJOBaTEICKaTa
mammaa ¢ OC KALI LINUX kato nmpouecopro Bpeme, 2GB RAM
namMeT W Jp. ONPENeNsAT BapuHallid BbB BB3MOXKHUTE IOJTy4aBaHH
pe3yaTaTy.

Ipoueca Ha pa3OuBaHe Ha MapoJa M3UCKBA U3IIOI3BAHETO WM
Ha CpaBHSABaHE Ha XCEUI-CTOWHOCTH, IPOW3BEJCHH OT IapoJH,
HOJIPEACHH B PEYHUK, WM 4pe3 KOpeJalus Ha IICeBIOCHy4YailHo
TeHEepUpPaHH CTPHHTOBE C XEUI-CTOHHOCTTA Ha TEKyIlaTa rnapona 3a
Mpekara. OT cBOOOIHOTO MPOCTPAaHCTBO B VHTEpHET € M3TerieH
peunnk ,,.BIG WPA LIST® ko#ito ¢ B TekcToB (opMaT W HMa
pasmep okoio 16 GB.

B mpotoxon WPA-2 ca pa3rpaHudeHH 1B€ Pa3HOBHIHOCTH Ha
0OMeHa Ha KJIF0Y0Ba HH(POPMAITHSL:
JUYHa OOMSHAa MEXIy JBETe acCOLMMpAlId Ce yCTpoicTBa
(WPA-2 Personal) u
oOMsiHa, KOHTpoJupaHa oT crenuaned cbpbp (WPA-2
Enterprise).

B Tekymioro uscienBaHe mie ObJie M3MOJI3BAH IIBPBHS BAPHUAHT,
a MIMEHHO - IIPH JIMIICA Ha LEHTPAIU3UPAHO YCTPOHCTBO-CHPBBD Ha
KmoyoBe. OOMsHATa Ha Mapojid 1€ Ce HU3BBPIIBA EIUHCTBEHO
Mexay ycrpoicrBoro-3asButen (Supplicant; Station; STA) wu
Toukara 3a gocTel (Authenticator; Access Point Station; AP STA).
B pexum ,,WPA-2 Personal® mpenBapuTenHO CIIOISICHUST KITIOY
ce KomMOuHHpa ¢ upeHTH(UKaTopa Ha Mpexara (SSID), 3a ma ce
ch3maze ABOWHMAT riaBeH kimou (Pairwise Main Key, PMK).
KiueHTsT M TOYKAaTa 3a JOCTHII OOMEHAT CHOOLICHHUSTA, KATO



m3nomBar PMK, 3a ga cb3gamaT [OBOMHHS NPEXOJEH KIIOY

(Pairwise Transient Key, PTK).
STA AP STA

IEEE 802.11 Probe Request

IEEE 802.11 Probe Response (Security Parameters)

IEEE 802.11 Probe Response (Security Request)

IEEE 802.11 Open system Authentication Response

IEEE 802.11 Association Request (Security Parameters)

IEEE 802.11 Association Response

IEEE 802 1X Controlled
Port Blocked

IEEE 802 1X Controlled
Port Blocked

@ue. 2 IIpoyec Ha acoyuupane Ha Kpaiino yempouicmeo (STA) ¢ mouka 3a
oocmwvn (AP STA) upes napona (Security Parameters) [1].

ATaKyBaHETO Ha IapOoJUTE ce MPOBEXK/A Ype3 MOACIYIIBAHE
KOITMpaHe TOYHO Ha TO3M OOMEH Ha CIY)XeOHH CBHOOIIEHHS OT
nporokoina CCMP, karo vact ot cepusta WPA-2. Baxno e na ce
IOBTOPH, Y€ 3a IelTa Ha U3CICABAHETO, IPUXBAIIAHETO Ha
MAKCTHTE C€ HW3BBPIIBA [0 KOHTPOJMpAaHA Mpexa H HE ce
HapyllaBaT HUKAKBH MpaBHJIa Ha CEKPETHOCT MM Kpaxba Ha
naHHM! B HMKaKkbB cilydaii TO3M JIOKIA HE e IPEICTaBs MyOIHIHO
C IeJ W3ydaBaHE HAa METOAW 3a aTakd Ha Oe3kKWYHH Mpexu!
OcHOBHa Len TyK € IIOCOYBaHE BpeMeHara 3a pa3OuBaHEe Ha
HapOJINTe, 3alIUTaBaIlH JOCThIIA O MPEeXaTa.

3. Peo 3a npoeexncoane Ha uscieoeanemo u
UBHDAHUMU KOMAHOU

3a W3BBpIIBAHE HA PEYHUKOBA aTaka Ha IApOJIH, Ha ITBPBO
MSICTO € HeOOXOIMMO aTaKyBalllaTa CHCTEMa Jia Cce MO3UINOHHUPA B
MPOCTPAHCTBEH 00CeT, OCUTypsIBalll 00XBAT Ha EIEKTPOMAarHUTHUTE
CHTHAJIM, OOMEHSHHM MEXIy TOYKaTa 3a JIOCTBIl U JaJeHO KpaiHO
ycrpoiictBo. Kakto e mocoueHo Ha ¢urypa 3, mpuxBaHara e
KOMYHHKAllMOHHA cecusi ¢ HUBO Ha mpuemane -31 dBm. 3a
TEXHHYECKO YTOYHEHHE I¢€ C€ MOCOYM, Y€ Ta3M CTOIHOCT Ha
HHBOTO HAa MNPHEMaHWs CHTHAJ € M3KIIOYMTEIHO BHCOKA, KOETO
JOKa3Ba MO3WIMATa Ha araKyBallara CHUCTeMa, a HMMEHHO Ha
pascrosiaue He moBeue oT 200 cm.

root@kali: ~ e ® 0 |

File Edit View Search Terminal Help

CH 9 ][ Elapsed: 4 mins ][ 2018-05-29 12:29 {[ WPA handshake: 10:C6:1F:6D:0C:B4

BSSID PWR RXQ Beacons #Data, #/s CH MB ENC CIPHER AUTH ESSID

F:6D:0C:B4 -50 100 2561 1188 © 9 54e WPA2 CCMP PSK Linko 1

STATION PWR  Rate Lost Frames Probe

8C:72
SF:50
03:90

-31
-44
-53

Oe- 6
0e-11
fle=RG

0
0
420

409
906
254

-c 9 --bssid 10:c6:1f:6d:0c:b4 -w PAROLA wlan

airodump-ng

e

@uez. 3 [lpuxsawane Ha acoyuupane na Kpatinomo ycmpoticmeo (STA) ¢
mouxama 3a docmon (AP STA) no npomokon WPA-2.

Cnen xaro Ob/ie MpUXBaHATa KOMYHHKAIIMOHHA CECHs, LEJITa €
IIeJICHACOYEHO aTaKyBaHE M W3BIMYaHE KOHKPETHO Ha IaKeTUTe,
ChABPIKAIIN HHPOPMAIUS 32 U3MOI3BAHUTE CECHITHU Kirodose [3],
KOUTO OT CBOs CTpaHa OuBaT TEHEpUpPaHU IOCPEICTBOM
BBBEXKJAaHATa OT IMOTPEOHTENs IMapoyia 3a JOCTBII JI0 MpeKaTa.
TakuBa makeTH ce OOMEHAT MPH MBPBOHAYAIHO ACONUUPAHE KbM
TOYKaTra 3a JOCTBII OT CTpaHa Ha KpailHoTto ycrpoictBo. Ho
CBIIIECTBYBAT CEpHsi KOMaHH ,.aireplay-ng“, upe3 kouro Moxe 1a
ce aTaKkyBa KpailHOTO yCTpOMCTBO U TO J1a U3BBPIIU IPUHYAUTEIIHA
JleaBTEHTUKAIMA C TodkaTa 3a JocTel. Cnen eBeHTyalHa
JIeaBTEHTUKALUS, YCTPOMCTBOTO aBTOMATUYHO CTapTUPA MPOLEC 110
HOBa aconmanus ¢ AP, mpu KoeTo ¢ Bb3MOXKHO MPUXBAIIAHETO OT
araKyBaliarta cucreMa Ha T. Hap. ,handshake* wunpopmarms.
Wwmaiiky 3ammcana Ta3u MHGOpMANUs B H3PUYHO HOCOYEH (aiii,
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MOMECTeH B arakyBalllaTa CHCTeMa, 3armo4sa mpoiec Ha ,,0ffline
JNeKpUNTUpaHe W pa3duBaHe Ha mapojara 3a JOCTBI dpe3
PE4YHMKOBA aTaka.

W3non3Banure KOMaHIM B aTaKyBalllaTa CUCTEMA Ca B CIEIHUS
pen:
1: airodump-ng —c 9 --bssid 10:C6:1F:6D:0C:B4 -w PAROLA wlanOmon
2: aireplay-ng -0 1 —a 10:C6:1F:6D:0C:B4 —¢ 84:2E:27:F6:8C:72 wlanOmon
3: aircrack-ng —w spisakpass.Ist -b 10:C6:1F:6D:0C:B4 PAROLA.cap

IMocnenHaTa KOMaHa U3BbPIIBA aTaKa YPe3 CPABHABAHE MEKILY
3amucaHus  (Qain, cpOppKaml  KIoyoBa  HMH(popMmammsa, H
NPEIOCTABCHHUS PEYHUK.

4. Omkpumu cnabocmu

Va3BuUMOCTTa Ha Mpekara INe ce OIpeielsi OT BpeMeTo,
HeoOXOJMMO Ha aTaKyBallaTa CHCTEMa 3a OTraTBaHe Ha IapoJiaTa
3a poctpl. Tabmuma 1 m3o0passBa HarjaegHo HWHPOPMAIHMATA OT
U3BBPIICHUTE H3CIICIBAHMS.

Taonuya 1. Bpeme 3a pazbusane na naponama 3a 00OCHbA.

IapoJia Kato HU3 OT
cuMBOITH / C p€YHHUKOBaA C ataka OT BUaa
aTaxa [sec] ,Tpyba crma“ [sec]
BpeMe 3a pa30uBaHe
1gaz!QAZ 5650 7560
qwertyuiopQWERTYUIOP 9890 ©
1234!@#$ 6180 8820
1gaz2wsx!QAZ@WSX 6940 o0
054886034 7010 9370
telefon054853647 0 o
napi6ete3sigurniparoli 0 0
IstinskiSigurni3Paroli? 0 0

*3abenesxcka: Bpemenama 3a pazbusare ca oeparuyenu 00 mpu
acmponomMuiecku yacd.

Ot aHanm3a Ha BpeMeHaTa 3a pa30MBaHE Ha IAPOJIUTE CTaBa
SICHO, Y€ Ha IPBB TOTJIe/l CJIOXKHH MapoJId MOTaT MHOTO OBP30 Ja ce
pa30uAT upe3 M3MOI3BAaHETO HAa PEYHUKOBA aTaka M rojeMH 10 o0eM
6a3u JaHHU 32 MapoJu. BIpekn MOMyYeHUTe CPAaBHUTEIHO KPATKH
BpPEMEHa, YacT OT M3CJCIBAHUTE MApOJH He OsXa BHOOIIE pa3OouTH
(nocnemuure Tpu OoT Tabm. 1). [IpuymHa 3a TOBa ca CTPUHTOBE C
Obarapcka CeMaHTHKA, HANMCaHH Ha JIATHHUIA U C JOCTAThYHA
nbokuHa (Hag 16 cumBona). 3a ga ObAaT MpeXUTE 3alllUTEeHH Ou
OWI0 mMOIXOINIO Ja C€ W3MON3BAaT Mapojd CbhC CIyYailHU
CTPHUHTOBE, TEHEPUPaHH HAPUMeEp 4Ype3 MPEeIBAPUTEIIHO MOCOUCHU
W3UCKBAHMUs, OTPAHUYCHUS M Pa3MHTa JIOTHKA, KaKTO € MOCOYEHO B
[2] 3a B3emane Ha pemnreHwe.

MsnomsBanero Ha WPA-2 Personal e pombiHHTENHA
HPENOCTaBKa 3a ylecHsBaHe Ha pa3buBaHeTo. M3MONM3BaHETO Ha
QITOPUTMH 33 TOBEPUTEIHOCT 4Ype3 LEHTPaJU3UpaH ChPBBDP, B
CpaBHEHHE C JIOKAIHOTO YIpaBieHHe, OU 3aTPyAHHIO Mpoleca Ha
M3UUCIIABaHE Ha XeII-CTOWHOCTHTE B Tpoleca Ha OOMEH Ha
KimodoBeTe. [10aX0A1I0 OT IileiHa TOYKa Ha KHOSpCUT'YPHOCTTA €
M3II0JI3BAHETO Ha LIEHTPATU3UPaH Kpunrorpadcku CbpBbp 3a 00MeH
Ha wmodosere (WPA-2  Enterprise). Mexanusmure  3a
MOBEPUTEITHOCT M IIENOCTTa Ha JaHHUTE ca JJOCTAaThYHO CTAOMIHU
npu usnon3Baneto Ha xexppu CCMP, HO camMo B KOMIUIEKT C
VHHKAJHU [0 poAa CcH cTpuHTroBe 3a mapoinu. I[Iporoxonr WPA2
3aegHO cbc craHmapT AES oTroBaps Ha 3aIbJDKUTEITHHUTE
U3UCKBAaHUA B PETJIAMCHTUTE, HO CBIICCTBECH IMPUHOC B 3allMdTaTa €
YHUKAJTHOCTTa M YecTaTa CMsIHa Ha MapoJIUTe 3a AOCTHII.

H3nonzeana numepamypa:

1. Crangapr IEEE 802.11i, UuTepHer caiit:
https://standards.ieee.org/findstds/standard/802.11i-2004.html

2. Slavyanov, K., An Algorithm of Fuzzy Inference System for
ISAR Image Classification, Rezekne, Latvia, ISSN 1691-5402

3. OmmcaHue Ha KOMaHIu cepus ,,aircrack, Marepuer caiir:
https://www.aircrack-ng.org/doku.php?id=aircrack-ng#wpa
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A MODEL FOR IMAGE BASED INFORMATION SECURITY

MOJEJI 3A CUT'YPHOCT HA UTHOOPMAILIUATA HA FA3ATA HA U30BPAKEHUA

Koleva, D!, Stoyanova V. PhD.!
National Military University, Faculty of Artillery, AAD and KIS,
1 Karel Shkorpil Str., 9700 Shumen, Bulgaria

@icloud.com, veselka_tr@abv.bg

Abstract: Images not only represents the information itself but also work as the carrier to keep the information in it. These kind of
images work as the cover objects to hold secret communicating information over public network. To perform the compression bit encoding
scheme is suggested in this work and finally to hide the information data, LSB scheme is used. The results are applied on real time images
and the analysis of work in performed based on MSE and PSNR values.

Keywords: STEGANOGRAPHY, CRYPTOGRAPHY, BIT-ENCODING

1. Bwveeoenue.

B epara Ha KOMyHHKaIUWTE, ITOBEYETO OT NOTPEOUTENICKHUTE
JaHHMU Ce pas3NpoCTpaHsBaT upe3 IMyOIMYHAa Mpeka, HO 3a Ja ce
3ama3d TAXHATa KOH(QUIEGHIMATHOCT € HYKHO Ja ce CHa3H
H3UCKBAaHETO 3a CHI'YPeH KOMYHHKAIIMOHEH IOAXO0J, TaKbB KOHTO
MOXKE€ Jla OCHUTYPH CHUTYPHOCT Ha HMH(OpManusiTa OT BBTPELIHU U
BBHIIIHY aTaku. TO3W BHJ CUTYPHOCT MOJXKe Jja ObJe IoJTydeHa upe3
M3II0JI3BaHE Ha PA3JIMYHM IOJIXOJM 32 CHTypHA TpaHc(opMalys Ha
nHpopManuaTa. BKiIIOYBaT ce MOAXOAM 3a CKpUBaHE Ha JAHHU U
nmpexoj Ha TakuBa. Llenrta Ha mpexoa Ha HH(OpPMAIHA € He caMo aa
ce TMOCTHIHE HAJEeXKIHOCT, HO U Ja Ce MOCTUTHE e()eKTUBHOCT Ha
KOMYHHUKALUATA.

3a a ce MOCTUTHE CHTYPHOCT M e€(EeKTUBHOCT IPH IperaBaHe
Ha MH(pOPMaNUITa, CHIIECTBYBAT PeIUNa MOAXOAN, alalTHPAHH 32
OCBILIECTBSBaHE Ha IpexoJa KbM HHpopMmanus. Tpu moxxona 3a
NOCTUTAHE Ha CUTYPHOCT W HAJAeXKIHOCT TNpPH IpeaaBaHe
nuH(popmalys, ca nokasanu Ha ¢urypa 1.

Kpunrorpadgmn —_—
Creranorpadnn
| Komnpecuna

@Due. 1. [lpeoasane na ungpopmayus

Kpunrorpadusta ce nepuHupa Karo KOAUpal] MEXaHH3BM,
KOHTO OCHOBHO C€ M3II0JI3Ba 3a NPOMSIHA Ha ChOOIICHUATA, TaKa Ue
neiicTBuTeNHaTa WHGOpManusa na He Obae pa3dOpaHa OT HUKOH
OCBEH JIBETE KOPECIIOHAMPAIIH CH CTpaHH. TS BCHIIHOCT IPOMEHS
camata uHdoOpMalys B KoaupaH Qopmar, KOHTO Moxe aa Oble
JIeKOZIMpaH o0paTHO B opuruHanHata cu gopma. Tst ocurypsisa mo-
CHUTYpeH ¥ HaJeXKIeH HauyuH 3a KoaupaHe u TpaHcdep Ha
uHdopMalMATa 1O Mpexara. 3a Ja Cce U3BBPLIM CUTypHA
CJICKTpOHHAa KOMYHHUKallUsl Ha JaHHA HWMa HW3UCKBaHE Ja Cce
U3I10J13Ba MEXaHU3bM 32 KoaupaHe. To3M MeXaHH3bM 3a KOAUpaHe
ce neduHupa kato Kpuntorpad)Ckv IMOIXOA 33 W3BBPIIBAHE HA
CUTYpHH TpaH3aKIMKM KaTro IUIALIaHWs C KPEAWTHH KapTw,
SJISKTPOHHU TpaH3aknuu U Apyrd. Ilo To3m Hauwmh, cpmo SMS n
eJICKTPOHHATA KOMYHHUKAIHS CE OCBILIECTBSABAT [0 CUTYPEH KaHal.
Kpunrorpadckure aniropuTMH ce Mpuiarat OT JBETE CTpaHH Ha
KaHaJa.

Hpyr Bux Tpanchopmariys Ha MHGOPMANKUsITa Ce U3BBPILIBA MO
(dbopmara Ha anropuTHM 3a Kommpecus. Kommpecusta HamassBa
pa3Mepa Ha cbhoOIIaBaHUTE AaHHU. [lOIXOIHMTE 32 KOMIIPECHs
Morar aa Obxar ¢ 3aryom win Oe3 3aryOm. 3a Ja ce IOCTUTHE
KOMIIpECHsATa Ha TEKCTOBaTa MH(OpMAIHs, ce U3UCKBA KOMITPECHS
0e3 3ary6a. ToBa o3HauaBa, 4e Korato wnHpopmarusaTa Obuae
BB3CTAaHOBCHA OT CTpaHaTa Ha IOJydaTels, HaMa Jia uMa 3aryba Ha
unpopmarms. Korato HsimMa 3ary0u OT KOMIIPECHs Bb3CTAHOBEHUST
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(haiin e TOYHA peIUTiKa Ha OpUTHHATA, 3ary0aTa OT KOMIPECHS BOJIU
JI0 BIIOIIABAaHE Ha KayeCTBOTO, KaTo ce HaOJI0AaBa NPEAUMHO 3a
ayauo u rpaduyunu ¢aitose. be3 3aryba Ha koMIIpecusi, O3Ha4aBa,
4ye cjel KOMIIpeCHpaHe Ha JaHHUTE W JEKOMIPECHPAHETO WM,
3aBbpIIBATE C TOYHUTE JJAaHHH, C KOUTO pasroiarate. AJTOPUTMHTE
c 3aryba OT KOMIpecHsl ce BB3IOJI3BAaT OT OrPaHHYEHHs Ha
YOBEIIKOTO OKO M IIPeMaxBaT HeBUAUMATA HH(OpMaLus , TOBEYETO
QITOPUTMH 32 KOMIIpECHpaHe II03BOJISABAT pas3iMYHM HHUBA Ha
Ka4ecTBO (KOMIIpECHsi), Te3M HHBa MOTaT Ja C¢ yBeIH4aBaT, a
pa3MepbT Ha (aitnoBere Aa ce HamaisgBa. 3arydaTa OT KOMIPECHS
03HauaBa, 4Ye KOMIPECUPAHUAT (ailil nMa IO-MajKo JaHHU B HETO
CPaBHEHO C OPUTHHAIHHUS (aiii.

CreraHorpad)CKHAT MOAXOA IO3BOJSIBA CKPUBAHE Ha HIKaKBa
nHdopMalys, Taka 4e Ja ce M3BBPIIM CHI'YpHO M 0e30macHo
npenaBade. CreraHorpadusara ce U3MOI3Ba OCHOBHO 34
NPEXBBPISIHE HAa Mallka M KPUTHYHA WH(OpPMAlOHHA EIHMHHMIIA,
KaTo ce cmoiens ¢ mnomomra Ha mapoiu. CreraHorpadusra
BCBITHOCT Brpakaa HHPOPMAUITA B APYT HHHOPMALIMOHEH OOEKT,
KaTo HalpuMep M300pakeHHus1, ayauo, Buaeo U Apyru. CKpuTocTTa
npelyiaraHa OT METOJMTE Ha cTeraHorpaduara € OCHOBHOTO H
HPETUMCTBO Mpea KpunTorpadusra, KaTo JABeTe TEXHUKH ChYeTaH!
B e€JHa TallHa KOMYHHKAllUs C€ SBABaT MOIIHO OpPBXKHE 3a
npenaBaHe Ha KOH(puIeHIHATHA HHPOpManust [7].

WudopmanmoHHaTa CHTYPHOCT € €IHa OT Hal-)KelaHUTe
(GYHKIMM  M3MCKBAaHM OT TOTPEOMTENS TIPH U3BBPIIBAHE Ha
KOMyHHKalss B TmybnmuHa wmpexa. B [1] ca mpencraBexu
u(bpPOBUTE TEXHOJIOTHH, BKIIOYBAIIN BOJCH 3HAK 3a MOJ00psSBaHEe
Ha MH)OPMAIHOHHATA CHTYPHOCT U [SUIOCTHOCTTA Ha ITAHHHUTE.

OT cBOs cTpaHa, [2] ompezens CleKThpa Ha H300PaKEHUETO 32
Ja ce CKpue uHpoOpManusTa B HEro. ABTOPBT aHAINU3UPA
n300paxxeHusTa B yecrotuure Jientd LL u HH, Taka ue no-goopure
CHEKTPaHA obmactu Ha N300paKEHUETO na Obaar
uaeHTudumpany. Ompenens eTHOTHIIHATA WH(QOPMAIHS BBPXY
n300paKCHUETO, Taka Ye CTeNeHTa Ha W3KPHUBSIBAaHE N1a HE ce
yBelW4YaBa, JOKAaTO Ce Brpaxknaa TaiiHata wuH(popMmanusaTa. Tesn
M3CIEAOBATEINTE Cca TPEICTAaBWIM HOBa BB3MOXKHOCT 32
IPECTaBSIHETO Ha CUT'YPHOCTTA.

B [3] e mpencrasen kpurrorpad)cku Moaxo1, Karo ce JehuHIpa
BB3MOJKHOCT 3a M300p Ha pa3Mep, HACHTU(UIUpAT ce eheKTHBHUTE
o0JyacTd Ha M300paKEHHETO M Ce KOAMpa CaMOTO H300paXkKeHHe.
TeopeTndHO ce Ompeelss HOB MOIXO/ 3a 3ala3BaHe Ha KauyeCTBOTO
Ha M300paKEHHEeTo. llepapXuMueH MOAXOA 33 KOJAMpaHE Ha
n3obpaxenue e npencrased B [4]. B [5] ce mpencrasst BusyanHa
kpunrorpaduss Upe3 M3BBpIIBAHE Ha OJOKOB aHAIW3 Ha
n3obpaxxeHuero. V3Bamua ce BusyanHa wuHpopMauus U ce
M3MBIHSABA KOAMpaHe Ha uHpopMmanusara 0e3 paslIupsBaHe Ha
criektbpa. B [6] e mpencraBen mMeTon 3a MOJOOpSABAaHE KAYECTBOTO
Ha N300paXKeHNETO NP M3BbPIIBAHE HA KPUITTOrpadusTa.


mailto:veselka_tr@abv.bg

2. H3nooxcenue.

Moxe J&a ce HaMepH CXOJICTBO IIPH OCHTYpSIBAHETO Ha
HH(OpPMAIIOHHA CUTYPHOCT Ype3 METOJWTE Ha KPHITOTpaduara,
creraHorpaguara W KOMIIPECHpaHETO. 3a IelTa € CHHTEe3HpaH
TPUM3MEPEH  MOJEN, U3MOJ3BAlll pa3IMYHU  IOAXOOH  3a
TpaHchopMals Ha U300paXkeHHs, C KOETO ce IIoCTUra
UHGPOPMAIIMOHHA CHTYPHOCT M e(eKTHBHOCT. TpuTe acrekra Ha
TO3U MOJIENI ca MPEACTaBeHU Ha purypa 2.

npunaraHe Ha
cupuT obexr
ocUrypABaHe Ha

HMHpOpMalHMoHHE
curypHocT/uAanocT

Kpuntorpadua g

GuTosa
pazbrnpraHa cxema

npuAaradHe Ha
cHpMT obewxT
ocHMIypAsaHe Ha

prrdopraumonHaa
edeHTMBEHOCT

SMTOE KOOMPELLY
mMeXxaHHM3bpmMm

npwWnaraHe
Ha cHpuBaHe

Homnpecwusa

0)

ocHMrrypAasaHe Ha
MHdoprMaLMOoOHHS
CRMYRHOCT

Creranorpadma

raAaoie G

(LSB)

B)

Due. 2: Tpuusmepen mooden- a) Kpunmoepagus, 6) Komnpecus u
8) cmezanozpapus

AHanmu3upaiky MojeNna U mpocieasiBaiiku Gurypa 2, Moxe 1a
ce Kaxe, Y€ CUTYPHOCTTa C€ VIpaBisBa B TpU paziIUuHU
HanpanuieHus.

Kpunmozpagusn

Kpunrorpadusrta e exuH oT Hal-TPaAUIMOHHUTE U €()EeKTHBEH
TOJXOA 32 TpaHC(OpMHUpaHe Ha JEHCTBUTEIHHUTE BXOAHH JaHHU B
pasnmmuHa 1o BHUI TpaHcopmupana dopma, 3a Ia ce H3BBPIIU
KOJIMpaHeTo Ha u3oOpakeHue. 3BbpuiBa ce KoAMpaHe upe3
M3MBJIHCHHE Ha cXemara 3a pa30bpkBaHe Ha OHTOBETE.
Pa30bpKkBaHeTO Ce M3BBPILBA [0 HAYMH OKa3aH Ha durypa 3.

<_pazoea TpaHchopMaLMA

BuTOBa

@ue. 3: Cxema 3a pazdvprseane na bumoge

Twif Karo BCHYKO Ce OCHOBaBa Ha CXeMaTa 3a KOJMpaHe,
U3NBJIHABAHA BbPXY BXOAHUTEC MHaHHUW MW H3IM0J3BaHAa 4YpeE3
MaTEMaTH4eCKH OIEPaTOPH, HAIBJIHO MOCTHXKUMO M JIECHO IIE
MOXeE Ja ce u3Biede oOparHO HHGPOpMALUATa OT KOJUPAHO
n3zobOpaxenue. Ilapamerpure Ha TpanchopmanusaTa e padOTAT
KaTO KJIFOY KbM KPHITOrPadCKUsl METO.

Cera ciex TO3W Tpouec Ha TpaHchopMmanus Ha Owura,
KOIMPAHUAT OOeKT Ine ObAe MoiaydeH. 3a Ja Bb3CTAHOBU
neiicTBUTeNHaTa HHPOpMamMs OT OOeKTa, Ie Cce MPUIOKHU
obOparHarta TpaHChOpMAaIHL.

Komnpecusne

Bropusar eram Ha wuHpOpMAalMOHHAaTa CHTYpPHOCT €
komnpecusta. Kommpecupanero HamaisiBa pasMepa Ha IpeaaBaHus
o6ext. KomupanmsaT MexaHU3bM, KOWTO € neHHUpaH € KoJUpaHe
0e3 3aryba, Taka dYe pasMepbT Ha uHH(popmauusta ma Obre
HaMmaJieHa, 0e3 Jia ce 3acsira camara nHpopmauus. Komnpecusra mie
ce W3BbpIIBa Ipu IMpeoOpasyBaHe Ha pa3Mepa B OJIOKa, KOHTO
paboTH 3a U3BBpIIBaHE Ha OIOKOBA TpaHCHOPMALIHSL.

3a Ja ce OCHLIECTBH TO3H IPOLIEC Ha KOAUPAHE, IIe Ce MPHIIOKH
IpoLechT Ha KOAMpPAHE B3 OCHOBA Ha BEKTOPHO KBaHTYBaHE.
ChrilacHO TO3M MOAXOA CTOWHOCTHTE Ha JaHHHTE Ine ObaaT
KOHBEPTHpaHH oA opMaTa Ha MACHBHH JaHHU C pa3Mepa Ha OJIOK
N. Pasmepa na 610k N me O0bae mpeobGpasyBan B M O0KOBH
naHHU. Penykuusra Ha OutoBere e Obae U3IbIHEHA ¢ pasmep N-
M.

Cmezanozpagpusa

IlocnenoBaTenHOCTTa, KOATO CE€ Cla3Ba NpW NpWIAaraHe Ha
creraHorpaguira 3a Ja ce YCTAaHOBH e(QEKTHBHOCTTAa H IIpU
ocurypsiBaHe Ha HH(pOpPMAIIIOHHA CUT'YPHOCT € CJIeJHaTa:

e [IpeoOpasyBaHe Ha MPUKPUBAIIUSA O0EKT M 0OEKTa 3a
KpHEHE B JIBOMYCH KOJ W CpaBHsSBaHE IIOOMTOBO Ha
croiiHocTuTe Ha Hal-muagmms 6ut (LSB) Ha Bceku
HHKCET;

e 3awmsna Ha LSB Ha mpukpuBamms o0ekT ¢ Ourta Ha
KOH(HICHIIHATHATA HHPOPMAITHS,;

e JlobaBsHe Ha KIIOY, C KOHTO ce TapaHTHpa U
e(eKkTHBHa 3alUTa Ha HHQOpMaIHATa;

e  KomOuHmpaHeTO Ha cTeraHorpaguiITa ¢ KPUITHPAII
ITOPUTHM TapaHTHpa M0-BHCOKa 3all[UTa Ha TAHHUTE
W ocUrypsiBaHe Ha HH(OPMALMOHHA CUTYPHOCT, KOETO
€ [leJT Ha BCsIKa CKPUTa KOMYHHUKALHS;

o HezabenexumocTa oT npujlaraHeTo Ha
CTeFaHOFpa(.JpI/IﬂTa € OCHOBHA 3aja4a.

B nocnenuust eram Ha paboTa KOMIIPECHPAHUAT U KOAWPAH
obemeH OOk e OBIE ChXpaHEH B MPUKPHUBAIIOTO H300pakeHHE,
3a ga ce TreHepupa creraHorpadusra. IIpm TO3M MOAXON
nHpOpMaImATa ce ChXpaHsiBa B 9 OWTa Ha BCEKH ITHKCEIL.
W3nom3Banust nsetoBu Mozen e RGB.

Te3u n300pakeHus ce U3BIMYAT OT yeO M3TOUYHUK, U3IMOI3BAH
OT JpYrH u3cienoBarein. AHaau3bT Ha paboTara ce H3BBpIIBA
KaTo Ce CPAaBHABAT OCHOBHM CTATHCTUYECKH Xapakrepuctuku MSE
(Mean Squared Error ), PSNR (Peak Signal to Noise Ratio),
€/IHaKBOCT, TIPEMOPBUUTENHO € Ja CEe M3CNIe/IBa M KOpEeNaIusiTa Mpu
BB3MOKHOCTT. AHAJIM3BT U OIEHKaTa ce M3BBPINBA C TOMOIITA HA
MIECT PA3IMYHU TPHKPHUBAIIM H300pKCHUS C CIHAKBH pa3MepH,
256x256 nukcena, a BrpaXJaHOTO H300paxenue e ¢ pazmep 50x20.

Taon. 1. Cpaeimmeﬂen anaiuz cmamucmuvecKu xapakmepucmuxku

oGk | wospucene | MSE | PSNR | Eavamnocr
Tipeg 50x20 291362 | 312168 | 04721
2jpeg 50x20 312375 | 331840 | 0.6995
3peg 50x20 304333 | 332973 | 0.6810
2jpeg 50x20 305768 | 332769 | 05874
5.jpeg 5020 302942 | 333172 | 0.6622
6.peg 50x20 304298 | 332978 | 05513
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B Ttabmuna 1 ca mpeacraBeHH pe3ynTaTUTE OT CPAaBHUTEIHUS
AHAJIM3 HA CTAaTUCTMYECKUTE XapaKTePUCTHKH Ha BCAKO OT
TECTOBUTE M300paxkeHus1, a ¢purypa 4 BU3yalnu3upa ¢ MOMOILITA Ha
Matnabd cpotHomennero Ha PSNR 3a Bcsgko or miecrre
H300paKeHNSL.

PSNR Analysis on Diffent Images

S\

@uz. 4. Cpasnumenen ananusz na PSNR

3. 3aknrouenue.

B T03u noxnag ce pasriexia MoJeNn Ha CUTYPHOCTTa, KOWTO
MO3BOJIsIBA €()EKTUBHO M 3AIIWTEHO TNpelaBaHe Ha M300paKEHHS.
Tlomxonpr, KOHTO chueTaBa KpunrTorpadus M cTeraHorpadus B
H300paKeHUsT ce XapakTepu3hpa ¢ Haii-BUCOKa e(EeKTUBHOCT.
CraTHCTHYECKUTE XapaKTePUCTHKU ca IOJIYYeHH C HOMOINTAa Ha
MATLAB. Pesynrature moka3BaT e(EKTHBHOTO KOJHWpaHEe Ha
JAaHHWTE, HE3aBHCHMO OT IPUKPUBAIIUS OOEKT CTaTUCTHUYECKUTE
XapaKTepUCTUKN MMaT cXOJHU croiHocTH. Pasmuka mpu PSNR ce
HaOII0ZaBa B JIECETUTE, KOETO € MPHMEP CXOAHOCT B OYKBaHHUTE
pe3yATaTH Ipu npuiarane Ha creraHorpadusra. Ciexsaln eTan Ha
H3CJIEAIBAHETO € Jia Ce pasriesa, Kak Te3W IOJIXO0Aa HPEoJoIIsIBaT
po0GJIEMHUTE ChC CTEraHaIM3aTa.
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