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Abstract

Urban transport has always been very popular due to the independence in traveling from other
people, high frequency of travel, convenience and low cost of travel. Until recently almost
everybody used it, and almost no one would get to work or school without it. However, in the
recent years, one may notice a smaller number of people using public transport. Transport is a
very important element in every city. The purpose of the article is to assess the quality of urban
mass transport services and propose directions for its development. The tests carried out are
supposed to reflect the real condition of the rolling stock and the noise level occurring in it,
which is an extremely important factor influencing the comfort of the passengers.

Abstrakt

Mestska hromadné doprava bola vzdy vel'mi obl'ibend. Medzi jej hlavné prednosti mozno zaradit’
nezavislost pri cestovani od inych l'udi, vysokt frekvenciu cestovania, pohodlie a nizke cestovné
néaklady. Doneddvna mestskt hromadnua dopravu pouZivali takmer vSetci a takmer nikto by sa bez nej
nedostal nezaobiSiel pri dochddzani za pracou ¢i do Skoly. V poslednych rokoch si vS§ak mozno
vSimnut’ klesajlici trend vyuZitia mestskej hromadnej dopravy. Mestska hromadna doprava je vSak
stale velmi ddlezitym prvkom v kazdom meste. Hlavnym cielom ¢lanku je zhodnotenie kvality
poskytovanych sluZieb mestskej hromadnej dopravy vo vybranom regiéne a navrh jej dalSieho
rozvoja. Jednym z hlavnych atributov, ktory vplyva na kvalitu prepravy je aj hluk, ktorého parametre
boli v jednotlivych dopravnych prostriedkoch porovnané a vyhodnotené. V zavere je vykonany
prieskum spokojnosti 'udi s poskytovanymi sluzbami mestskej hromadnej dopravy.
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INTRODUCTION

Urban transport has always been very popular due to: independence from other people, high
frequency of travel, convenient and above all low cost of travel. Collective transport is treated
as a matter of course, until recently almost everyone has used it, and almost everyone without
it would not get to work, school or other destination. However, in the last years, there is a
smaller number of people using public transport. Transport is a very important element in every
city. It is also noted that it is one of the safest types of transport occurring in the city. It satisfies
human needs and allows you to move from point A to point B people and / or loads. Collective
transport brings with it a lot of benefits, which makes it an interesting subject, and for this
purpose many tests and experiments are carried out to show all its advantages and
disadvantages. A person who uses it occasionally may be fully satisfied and have no comments,
while a regular passenger often looks through a different prism. It evaluates its comfort and
quality during everyday trips [1-3].

The purpose of this article is to assess the quality of urban mass transport services and
propose directions for its development. The tests that will be carried out are intended to reflect
the real condition of the rolling stock and the noise level occurring in it, which is an extremely
important factor creating the comfort of passengers. Delays occurring during each journey will
also be tested as well as a fill factor that will allow to realistically determine the number of
passengers using public transport. Each carrier must ensure that the level of transport services
is at the highest level and meets the expectations of passengers, because they are the main
determinant of the quality of transport services. The rolling stock has to be adapted for both
children, adults, disabled people and the elderly [4,5]. The timetables, ticket machines,
interactive boards informing about lateness are a great facilitation. Disadvantages of urban
transport include: emissions, noise, vibration, air pollution, congestion, although these
problems are undoubtedly multiplied by the movement of passengers with respectable cars.
Nevertheless, the question arises as to what to do to minimize and eliminate possible problems.
Take a look at m.in. whether the rolling stock is exchanged for a newer one [6,7].

Technique is constantly developing, and in the case of transport causes, among others
production of increasingly ecological engines. Among other things, in order to reduce exhaust
emissions in the engine, the exhaust gas recirculation system must be used, and in the exhaust
system a particle filter must be used. An important factor affecting ecology is the used urea
solution - AdBlue, which significantly reduces the emission of nitrogen oxides. The condition
is one - the means of transport must meet at least the EURO 5 combustion standard. It is worth
noting that more and more transport companies are replacing rolling stock with a newer one
often with hybrid drive to protect the environment. The rolling stock must be efficient, effective,
punctual, comfortable, ecological and most importantly — cheap [8-10].

The conducted research and a survey among Pila residents will allow the assessment of the
quality of services provided by the Pila carriers, ie: MTC, CTC, NOVABUS. Then the offer of



these carriers will be compared with the domestic carrier, which is PNR. This assessment can
be based on the frequency of operation, replacement of parts and the use of modern technologies
allowing the development of transport. Each person planning a trip must choose the means of
transport that will get to the destination. It is based on individual needs and is guided by the
quality and services offered by the representatives of means of transport. The choice of means
of transport is made through the prism of communication features such as: frequency of courses,
directness of connections, expense, the availability, information, punctuality, travel time,
rhythmicity, comfort [11-13].

1 TESTING OF PUBLIC TRANSPORT

The research on means of collective transport in Pila was carried out from November 2017
to January 2018. The means of transport of the following carriers were used for measurements:

*+  MTC Pila.

+ CTC Pila.
« NOVABUS.
« PNR.

In the first three cases, measurements were made for each communication line. The main
purpose was to determine the time of arrival of the means of transport at the bus stop and
compare it with the scheduled timetable and the number of passengers was measured, which
allowed to determine the degree of vehicle filling. In the case of PNR, delays of trains were
examined and compared with other carriers.

Then the average percentage of transport means filled was examined. For this purpose, the
number of standing and sitting places in the analyzed means of transport was determined and
then the number of people getting on and off was recorded at each stop. On this basis, the
percentage of bus filling at each stop was determined. In the final part of the study the average
percentage of filling buses on a given route was determined [14].

The noise level was also tested using the AS-200 meter, which is designed to measure the
sounds produced by motor vehicles at a standstill and in traffic (Fig. 1).

Fig. 1 AS-200 sound meter
Source: authors



The meter is designed not only to measure the level of sounds produced by motor vehicles,
but also to assess the volume of audio signals. A microphone stand and measuring cables allow
you to take measurements by one person. Noise measurement was carried out in accordance
with applicable regulations, and the measurement set is certified by the Motor Transport
Institute [15]. The noise in the vehicles was tested in the vehicle axis, in three vehicle locations

(Fig. 2):
» at the front, behind the driver's cab
* in a place located about the center of the vehicle,

» from the rear (last seating of the vehicle).

After three main measurements, the arithmetic mean was drawn. The dominating factor,
which increased the noise level in the bus at the front and in the middle were the boarding /
disembarking passengers, and in addition the sound of the engine located there was heard. In
the drawing below, the places where the measurements were made were marked.

|

Fig. 2 Places for noise measurement
Source: [7]

The Tab. 1 presents the results of tests carried out in MTC transport means containing such
information as: measurement day, communication line, bus brand and model, number of seats,
planned departure, percentage of filling, bus punctuality and average noise level.



Tab. 1 Results of research carried out at MTC

Measurement Hour Line Vehicle nul;flil:r of pei:flizgz of Average I?us Average noise
day number seats filling delay [min] level [dB]
02.11.2017 | 12:31 1 NEOPLAN N4016 65 19,80% 0,63 78,3
07.112017 | 15:19 1 NEOPLAN N4016 65 27.50% 0,70 78,7
10.11.2017 | 11:37 3 NEOPLAN N4016 65 12,00% 0.78 77,1
10.11.2017 | 15:41 3 SOLARIS URBINO10 91 16,10% 061 70,6
13.11.2017 | 08:16 5 SOLARIS URBINO12 105 7,40% 0.17 66,9
13112017 | 14:12 5 SOLARIS URBINO12 105 10,90% 050 72
15.11.2017 | 08:00 15 SOLARIS URBINO12 105 2,00% 0.17 67,3
15.11.2017 | 14:10 15 SOLARIS URBINO10 91 6,50% 0,50 76
02.01.2018 | 15:20 5 SOLARIS URBINO10 91 12,95% 0,14 72,3
03.01.2018 | 15:20 5 SOLARIS URBINO10 91 20.33% 021 72,7
04.01.2018 | 15:20 5 SOLARIS URBINO10 91 7.53% 0,00 72,7
05.01.2018 | 15:20 5 SOLARIS URBINO10 91 17,09% 036 70
08.01.2018 | 15:20 5 SOLARIS URBINO10 91 15.39% 043 68,1
Arithmetic average: 13,50% 0,40 72,5 dB

Source: authors

Analyzing the results of the conducted research at the Municipal Communication Plant in Pila, it
can be seen that the duty ratio of vehicles was definitely higher in the afternoon when passengers
return from work or school. Delays that were recorded did not affect the whole course, and they
resulted only from congestion in the city or traffic lights that slowed traffic. In addition, information
on possible short delays is given on the timetable. The noise level tested did not prevent passengers
from traveling, mainly due to conversations conducted by passengers and was on average 73dB.
According to the PN-90 / S-04052 standard, public transport buses may not exceed 85 [dB (A)] and
the standard has not been exceeded in any of the examined cases.

Another of the surveyed companies is CTC Pila. The table below presents information such
as: measurement day, communication line, bus brand and model, number of seats, planned
departure, percentage of filling, bus punctuality and average noise level. As in MTC, the noise
level was examined in three places (in front, in the middle and at the back of the bus).



Tab. 2 Results of tests carried out at CTC

Measurement . . The Average Average bus delay Ayerage
day Hour Line number Vehicle I(l)l;l:;l;:: pzlt:cgllllit::ge [min] nm{sgl;?vel

07.11.2017 16:45 Pila - Zlotow | DAB 7-1024 86 21,50% 0,88 84,6
08.11.2017 09:00 Zlotow - Pila | DAB 7-1024 86 21,40% 0,85 86,1
16.11.2017 09:10 Pila—Walcz | DAB 9-948 L 64 13% 0,25 86,6
23.11.2017 18:15 Walcz - Pila | DAB 9-948 L 64 2,60% 0,25 87,7
22.11.2017 10:10 Wyrzysk - Pila | DAB 9-948 L 64 24,30% 0,39 83,4
22.11.2017 16:15 Pila - Wyrzysk | DAB 9-948 L 64 41,40% 0,53 88,4
02.01.2018 16:25 Pila— Walcz | JELCZ L-100 60 16,57% 2,00 80,7
03.01.2018 16:25 Pila— Walcz | JELCZ L-100 60 30,89% 5,63 80,1
04.01.2018 16:25 Pila— Walcz | JELCZ L-100 60 31,33% 0,56 78,9
05.01.2018 16:25 Pila— Walcz | JELCZ L-100 60 28,86% 4,75 78,9
08.01.2018 16:25 Pila— Walcz | JELCZ L-100 60 19,66% 1,88 78,4

Arithmetic average: 22,86% 1,63 83,1 dB

Source: authors

Analyzing the above data, it can be concluded that the percentage of bus filling is low and
amounts to only 23%. Despite the vehicle's maximum speed of 60km / h, delays occurred due
to the rotation of passengers, and at the entrance to the city, traffic lights and congestion were
contributing to this. The noise level did not exceed 84dB, did not hinder passengers and did not
interfere with communication. At the beginning of the race, the result was slightly higher, but
with each kilometer it was relatively smaller. Obtained results confirm the fact that older
vehicles have a less-quiet passenger space. According to the PN-90 / S-04052 standard, public
transport buses may not exceed 85 [dB (A)]. In this case, the norm is exceeded.

The next of these carriers is NOVABUS. Similarly to previous carriers, the following table
presents information such as: measurement day, communication line, bus brand and model, number
of seats, planned departure, percentage of filling, bus punctuality and average noise level.




Tab. 3 Results of tests carried out in NOVABUS

Measurement . . The Average Average Arlzli.:eg ¢
day Hour | Line number Vehicle 1(1)}11;];2‘ p(e)li:ctf:llllitlz:gge bu[in czzl]ay level
[dB]
09.11.2017 | 07:00 | Bialosliwie - Pila| MERCEDES-BENZ 614 D 31 49,60% 0,68 83,8
13.11.2017 | 15:35 | Pila-Bialosliwic | MERCEDES-BENZ 614 D 31 37,60% 0,26 98,3
13.11.2017 | 14:45 | Pila-Kaczory | MERCEDES BENZ-MEDIO | 29 52,50% 0,50 83,4
13.11.2017 | 06:50 | Kaczory - Pila | MERCEDES BENZ-VARIO | 33 30,30% 0,50 82,6
03.01.2018 | 14:40 | Pila—Kaczory | MERCEDES-BENZ 614 D 31 30,27% 0,21 76,6

04.01.2018 | 14:40 | Pila—Kaczory | MERCEDES-BENZ 614 D 31 45,15% 0,50 76

05.01.2018 | 14:40 | Pila—Kaczory | MERCEDES-BENZ 614 D 31 29,77% 0,00 75,6
08.01.2018 | 14:40 | Pila—Kaczory | MERCEDES-BENZ 614 D 31 54,58% 1,14 73,5
09.01.2018 | 14:40 | Pila—Kaczory | MERCEDES-BENZ 614 D 31 43,16% 0,29 75,8

Arithmetic average: | 41,44% 0,45 80,6 dB

Source: authors

Analyzing the above data, it can be concluded that the percentage of bus filling is high for
collective transport and amounts to 41%. Delays are insignificant and occurred due to the
rotation of passengers, and at the entrance to the city, traffic lights and congestion have
contributed to this. The noise level did not exceed 81dB, did not impede passenger traffic and
did not interfere with communication. According to the PN-90 / S-04052 standard, public
transport buses may not exceed 85 [dB (A)]. In this case, the norm is exceeded.

The next analyzed carrier is PNR. In this case, the train delay was examined and compared
with the results of delays of other surveyed carriers.

As can be seen in the table above, the average train delay does not exceed 14 minutes. The
above fact should be considered satisfactory. The greatest delay in trains resulted from the
failure of other means of rail transport on the same route. The lowest train delays occur on the
route from Pila to Bydgoszcz, the highest result that was obtained is 2 minutes and it should
not significantly affect the travel time. It can be added that ultimately at the destination station,
the trains arrived almost punctually, one-off delay results were obtained for approx. 1-2
minutes. An exception to the satisfactory result is the transport from Pila to Poznan on
December 15, 2017, which arrived 15 minutes later. Summing up the results obtained during
the measurements, it should be stated that trains reach the destination stations rather punctually,
small delays on the route have no major impact on travel time. The main passengers of the
trains were students, students and employees commuting to centers located up to 40 kilometers
from Pila.



Tab. 4 Results of tests carried out in PNR

Measure day Time Route Average train delay [min]
11.12.2017 15:05 Pila — Bydgoszcz 0,88
12.12.2017 15:05 Pila — Bydgoszcz 0.81
14.12.2017 15:05 Pila — Bydgoszcz 1,94
15.12.2017 15:05 Pila — Bydgoszcz 1,88
16.12.2017 15:05 Pila — Bydgoszcz 0,19
11.12.2017 14:33 Pila — Kolobrzeg 6,18
12.12.2017 14:33 Pila — Kolobrzeg 0,27
14.12.2017 14:33 Pila — Kolobrzeg 0,41
15.12.2017 14:33 Pila— Kolobrzeg 1,86
16.12.2017 14:33 Pila — Kolobrzeg 5
11.12.2017 16:04 Pila — Poznafi 2,95
12.12.2017 16:04 Pila — Poznafi 4,37
14.12.2017 16:04 Pila — Poznafi 1,37
15.12.2017 16:04 Pila — Poznafi 13,68
16.12.2017 16:04 Pila — Poznati 0,16

Arithmetic average: 2,80

Source: authors

Measurements were carried out in unfavorable weather conditions, falling snow and
temperature below 0 °C always brings with it the risk of additional breakdowns of means of
transport, which lead to longer travel times. If people using the type of transport under study
use other branches of public transport, there may be problems with their synchronization.
Persons who also use public transport services due to possible delays must plan their journey
to work, school and home, taking into account several variants of public transport. By relying
only on the means of rail and road transport planned for a minute, there is a high risk that we

will be late for the next transport, the more in the winter.

Tab. 5 Summary of average measurement results

Carrier Average percentage of filling Average bus delay [min] Average noise level [dB]
MTC 13,50% 0,40 72,5 dB
CTC 22,86% 1,63 83,1 dB
NOVABUS 41,44% 0,45 80,6 dB
PNR - 2,80 -

Source: authors

Analyzing the data contained in the table above, it can be seen that the highest average noise
level occurred in the CTC and NOVABUS carriers. Average noise levelin the means of




transport of these carriers it was similar and amounted to 83dB and 81dB respectively.
Definitely lower noise level occurred in modern buses managed by MTC - 73dB. The results
were also influenced by low speeds achieved by vehicles and good technical condition of roads
in the city. The NOVABUS carrier achieved the highest average percentage of vehicle fill. The
aforementioned carrier brings mainly pupils to schools in Pila. The company, by adapting its
schedule to the schedule of classes, thus secured a large number of passengers every day.
According to the PN-90 / S-04052 standard, public transport buses may not exceed 85 [dB (A)].
In the tested means of transport, the average noise result does not exceed the norm.

A filling level of 41% should be considered satisfactory. The result is also affected by
smaller vehicles that can transport up to 31 passengers. The average percentage of filling in
MTC and CTC vehicles is 14% and 23%, respectively. However, the average delays occurring
in MTC buses and NOVABUS from Pila are below 1 minute. Carriers in their regulations
reserve the right to possible small time differences, so they can be completely omitted. Vehicles
of Przedsigbiorstwo Komunikacji Samochodowej and Pily were, on average, late at their
destination by approximately 2 minutes. If we use different branches of means of transport, we
must for our own safety assume the occurrence of possible time differences in the travel plan.
However, the largest average delay occurred in PNR and was about 3 minutes. Such a high
value was mainly due to the train from Pila to Poznan on 15/12/2017, which arrived 15 minutes
late.

2 VERIFICATION OF THE RESULTS

In order to verify the obtained test results, a questionnaire was also carried out. It also
examined the comfort and satisfaction of passengers with the quality of mass transport services.
50 people were interviewed; these were people using the services of carriers such as: MTC Pila,
CTC Pila, PNR, NOVABUS. The questionnaire contained 15 questions, its results may provide
guidance for decision-makers managing the collective transport organization. These were
mainly questions with 'yes' or 'no' answers and the scale of answers. A small-scale pilot study
was prepared for the prepared questionnaire to verify the correctness of the questionnaire
preparation. After minor modifications, the questionnaire was forwarded directly to individual
respondents, asking for a written answer. He was directed to respondents residing in the city of
Pila and around this city. The method of testing incidental communities was used to select
respondents.

The results obtained during the tests are presented in the Tab. 6.



Tab. 6 Summary of the survey results

Questions: Percentage share of respondents:
1. Sex:
a) Woman 46%
b) Men 54%
2. Age
a) 17-20 32%
b) 21-30 20%
c) 31-50 20%
d) 50+ 8%
3. How often do you use public transport services:
a) once a month 16%
b) once a week 34%
¢) daily 50%
4. The services of which company most often use:
a) MTC Pila 50%
b) CTC Pila 28%
¢) PNR 12%
d) NOVABUS 10%
5. Do you think that the bus frequency is too low?
a) yes 62%
b) no 38%
6. How would you rate the comfort of a bus / train ride?
a) good 42%
b) medium 40%
c) wrong 8%
7. How would you rate the punctuality of buses / trains?
a) they are punctual 36%
b) there are minimal delays 36%
¢) there are long delays 28%
8. How do you assess the safety of bus / train driving?
a) good 54%
b) medium 46%
c) wrong 0%
9. Are the buses well synchronized with each other?
a) yes 42%
b) no 58%
10. How do you rate the cleanliness of buses / trains?
a) good 62%
b) medium 34%
¢) wrong 4%
11. How do you assess the noise level in a bus / train?
a) it's too loud 20%
b) moderately loud 60%
¢) it is very quiet 20%
12. Do you think tickets are too expensive?
a) yes 30%
b) no 40%
¢) I have no opinion 30%
13. Do you think that means of transport are sufficiently adapted for people with disabilities?
a) yes 72%
b) no 28%
14. What amenities would you bring to the means of transport?
a) Wi-Fi 22%
b) USB charger 18%
¢) Dynamic Information System 32%
d) Stationary ticket machines 28%

15. How would you rate the organization of public transport in the city of Pila in comparison to other agglomerations?

a) good 20%
b) medium 34%
¢) wrong 46%

Source: authors
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Based on the above table, it can be stated that 50 respondents participated in the study. 54%
of them were men and 46% women. Most of the respondents were between 17 and 20 years
old. The respondents used public transport almost every day and most often public transport in
Pita. They found that the frequency of buses is too low, there is poor synchronization between
buses, while they rated the ride comfort, punctuality, safety, cleanliness, facilities for the
disabled and the ticket price of the analyzed means of transport well. In conclusion, the
respondents proposed the introduction of dynamic passenger information system and stationary
ticket machines in the analyzed city.

In the last question, the respondents had the opportunity to answer the organization of public
transport in the city of Pila and compare it with other cities. The rating was unfavorable for
Pita. This is information for the city authorities that the transport organization in the city should
be changed.

CONCLUSION

A total of 48 transport vehicles were tested, including 15 trains and 33 buses. On the basis
of research, it can be concluded that collective transport in northern Wielkopolska is of a good
standard, taking into account the noise level, delay and the opinions of its users. To improve
the quality of public transport services, it is necessary to constantly monitor the level of
passenger service, travel comfort and follow the news from the public transport industry,
appearing at fairs and in other cities. The latest amenities present in the city of Pily are modern,
ecological vehicles, including hybrid vehicles, and a city card. Both facilities were introduced
by MTC. The main purpose of public transport organizers is to encourage as many passengers
as possible to use their services. In order to increase the interest in public transport, a range of
solutions can be proposed that will improve both the quality of transport and optimize their
costs. These activities include: introduction of smaller buses, ticket machines at most stops,
dynamic passenger information system (which is planning in the near future in Pila), as well as
the introduction of a mobile application that facilitates travel planning and ticket purchase.
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Abstract

The demand for transport services is determined by many factors, each of which has
a different effect. Knowledge of the influence of factors is an important basis for the
procurement of transport services. Also, knowing the influence of individual factors can
help to improve the competitiveness and sustainability of the suburban bus transport
system. In this paper, we deal with the identification of selected factors influencing the
demand for suburban bus transport and the research of the influence on individual factors
in the Zilina self-governing region in Slovakia. The most important factors of demand are
fare, the quality of transport services, incomes of the population, supply of transport
services, number and structure of inhabitants.

Abstrakt

Dopyt po dopravnych sluzbach je determinovany mnohymi faktormi, z ktorych kazdy ma
na dopyt iny vplyv. Poznanie vplyvu faktorov je vyznamnym podkladom pre obstardvanie
dopravnej obsluznosti. Taktiez poznanie vplyvu jednotlivych faktorov mdze napomoct
k zlepSeniu konkurencieschopnosti a udrzatel'nosti systému primestskej autobusovej doprave.
V ¢lanku sa zaoberame identifikdciou vybranych faktorov vplyvajucich na dopyt
po primestskej autobusovej doprave a vyskumom vplyvu jednotlivych faktor v Zilinskom
samospravnom kraji. Medzi najvyznamnejSie faktory dopytu patri cena cestovného, kvalita
dopravnych sluzieb, prijmy obyvatel'stva, ponuka dopravnych sluzieb, pocet a Struktira
obyvatel'ov.

Key words
Demand, transport service, factor, sustainability, bus transport
Klic¢ova slova

Dopyt, dopravna obsluznost’, faktor, udrzatel'nost’, autobusova doprava
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INTRODUCTION

Dopyt po dopravnych sluzbach je determinovany mnohymi faktormi, z ktorych kazdy ma
na dopyt iny vplyv [1]. Na dopyt po doprave vplyva cely rad faktorov, ktorych zmena moze
objem realizovanych preprav zvySovat’ alebo na druhej strane znizovat’. Taktiez cestujuci pri
vybere druhu dopravy zvazuju niekol’ko faktorov, ktoré ovplyviuju ich vyber. Spravanie sa
cestujucich je determinované socialnym prostredim, hospodarskou vyspelostou krajiny resp.
uzemim, dopravnou infrastruktirou a zvyklostami obyvatel'ov.

V ¢lanku sa zaoberame identifikaciou faktorov vplyvajucich na dopyt po primestske;j
autobusove] doprave a vyskumom vplyvu jednotlivych faktorov. Zahrani¢né vyskumy
identifikuju ako najvyznamne;jsie faktory dopytu kvalitu dopravnych sluzieb, cenu cestovného,
prijmy obyvatel'ov a samotny potencial dopytu vo forme a poctu a Struktury obyvatel'ov [2].

Autori ako Blacome a kol. (2004), Berson a kol. (2003), Francis (2002), Lythgoe a
Wardman (2002) su len niektori, ktori poukazali na kvalitu sluZieb ako na faktor s najsilnej$im
vplyvom na dopyt. Bresson a kol. (2003) dospeli k zaveru, ze kvalita sluzby je prinajmensom
rovnako dolezita ako cestovné, ak nie viac.

Cena cestovného je jeden z dalSich faktorov, ktory ovplyviiuje dopyt. Zmeny v cenach
cestovného patria k najpriamej$im a najsilnejSim vplyvom na dopyt. Existuje niekol'ko §tudii,
ktoré sa zaoberaji skimanim vplyvu zmien cien na dopyt [3]. VacSina tychto Studii sa zhoduje
na tom, ze zmeny cien cestovného maju relativne znacny vplyv na dopyt po verejnej osobne;j
doprave. Citlivost' pri zmene ceny cestovného je vSak vysSia v pripade zvySenia cien
cestovného ako pri ich poklese.

Najvyznamnej$im demografickym ukazovatel'om v suvislosti s dopytom po autobusove]
doprave je pocet obyvatel'ov a ich vyvoj v danom uzemi. Jednym z vyznamnych problémov,
ktorym Celi vacSina krajin a oCakéva sa jej zintenzivnenie v najblizSich desatrociach je starnutie
obyvatel'stva [4]. So zmenou vekovej Struktiry obyvatel'stva dochadza tiez k zmene
prepravnych zvyklosti obyvatel'stva, co ma vyrazny dopad na budice fungovanie systému
verejnej osobnej dopravy [5,6]. Zmena Struktury obyvatel'stva v zmysle starntiicej populdcie ma
vplyv na potrebu bezbariérového pristupu v systémoch verejnej osobnej dopravy [7,8].

Vzhl'adom na dostupnost’ informaécii, Statistickych udajov realizujeme vyskum dopytu po
primestskej autobusovej doprave v podmienkach Zilinského samospravneho kraja.

1 METODIKA

Predmetom vyskumu je identifikdcia najvyznamnejSich faktorov dopytu a ich vplyvu na
dopyt po primestskej autobusovej doprave. Vyskum realizujeme v systéme primestskej
autobusovej doprave v Zilinskom samospravnom kraji. Z dostupnych udajov sme ako
najvyznamnejSie faktory identifikovali ponuku primestskej autobusovej dopravy, pocet a
Struktaru obyvatel'ov, cenu cestovné, prijmy obyvatel'stva a kvalitu sluZieb.

Pre skimanie faktorov dopytu, identifikacie ich vplyvu na dopyt jednotlivych skupin
cestujucich st pouZzité metddy korelacnej a regresnej analyzy, vybrané metody teorie Casovych
radov (priemerné tempo rastu).
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Priemerné tempo rastu

B=" (1)

kde n— pocet ¢lenov casového radu,
yn— hodnota n- teho ¢lena ¢asového radu,

y1 —hodnota 1. ¢lena ¢asového radu.

Korela¢na analyza

Korelacna analyza skima tesnost’ Statistickej zavislosti medzi kvantitativnymi premennymi.
Nastrojom korela¢nej analyzy je tzv. koeficient korelacie (ozn. r ). Korela¢ny koeficient je mierou
linedrnej zavislosti dvoch premennych a mézeme ho vyjadrit’ pomocou nasledujiceho vztahu (2):

N ) (vie7
Txy — lel(xl x) (YI. :Y) (2)
[0

Viackriterialna regresna analyza

Viackriteridlna regresnd analyza umoZznuje vyjadrit vplyv viacerych nezavislych
premennych (X,P,Q,R, ...) na sledovany ukazovatel’ (Y) sticasne. Vplyv nezavisle premennych
na zavisle premennych je stanoveny hodnotami parametrov vSeobecného viackriterialneho
regresného modelu, ktory ma vSeobecny tvar:

Yi = bo + byxy; + byxy + bxz; + -+ brxy; + e (3)

a konkrétny model viackriteriadlnej regresnej funkcie ma tvar:

Vi = by + byxy; + baXp; + baxs; + -+ + by (4)

2 VYSLEDKY A ICH INTERPRETACIA

Z dostupnych udajov sme zistili, Ze dopyt po primestskej autobusovej doprave za sledované obdobie
klesa. Pokles dopytu je zaznamenany najma u cestujicich, ktori sa prepravuji za obycajné cestovné ale
taktiez tento trend sme zaevidovali aj u skupiny cestujucich ziaci a Studenti. Naopak v poslednych rokoch
nam narasta pocet prepravenych cestujucich za iné cestovné. Do danej skupiny cestujucich (iné cestovné)
patria obyvatelia vo veku 65-69 rokov, 70 rokov a viac, drZitelia preukazov TZP a TZP-S.

Priemerny medziro¢ny koeficient vyvoja poctu prepravenych osdb v obdobi rokov 2013 az
2018 vypoctitany podla vztahu (1) dosahuje v Zilinskom samospravnom kraji hodnoty:

- pri dopyte osdb prepravnych za Ziacke (osobitné) cestovné hodnotu 0,941339, t.j.
v priemere medziro¢ne dopyt klesal 0 5,9 %,

- pri dopyte 0so6b prepravenych za obycajné cestovné hodnotu 0,954110, t.j. v priemere
medzirocne dopyt klesol 0 4,6 %,

- pri dopyte osOb prepravenych za iné cestovné hodnotu 1,0195377, tj. v priemere
medziro¢ne sa dopyt zvySoval o 2,0 %,

- pri dopyte celkom hodnotu 0,957572, t.j. v priemere medzirocne dopyt klesal o 4,2 %.
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Korela¢na analyza vybranych faktorov dopytu po primestskej autobusovej doprave
v Zilinskom Kkraji

Pouzitim vztahu (2) sme skumali vztah jednotlivych faktorov dopytu na dopyt
po primestskej autobusovej doprave (PAD).

Korelacia dopytu a prijmov obyvatel’stva

Vztah medzi dopytom po primestskej autobusovej doprave (pocet prepravenych cestujucich
v PAD) a prijmami obyvatel'stva (priemernd mesacnd nomindlna mzda, priemerny mesacny
starobny dochodok) potvrdzuju aj vypocitané koeficienty korelacie:

- koeficient koreldcie medzi poftom prepravenych o0s0b za obycajné cestovné
a priemernou mesacnou nominalnou mzdou v Zilinskom samospravnom kraji dosahuje
hodnotu -0,9929, ide o silnt nepriamu Statisticka zavislost,

- koeficient korelacie medzi poctom prepravenych osob za iné cestovné a priemernym
mesacnym starobnym dochodkom v Zilinskom samosprdvnom kraji dosiahol hodnotu
0,8863, ide o silnu priamu Statistickt zavislost’.

Rast priemernej mesacnej] nomindlne] mzdy znizuje dopyt ekonomicky aktivnych
obyvatel'ov po PAD. Obyvatel'om sa stava dostupnej$i osobny automobil a tak v mnohych
pripadoch individualnou automobilovou dopravou substituuju sluzby verejnej osobnej dopravy,
resp. primestskej autobusovej dopravy.

Naopak pri dochodkoch, rast starobnych déchodkov stimuluje ich dopyt po PAD, je to
ovplyvnené aj skutocnostou, ze tato skupina cestujticich sa prepravuje za iné cestovné, ktorého
uroven je niekol’konasobne nizsia v porovnani s plnym cestovnym v PAD.

Korelacia dopytu a poctu obyvatelov
Koeficienty korelacie medzi poctami obyvatel'ov podla ich veku a poctom vybranych
skupin cestujicich dosahuju rozdielne hodnoty, vysledky st uvedené v tabulke 1.

Tab. 1 Hodnoty koeficientu korelicie medzi po¢tom obyvatel’ov a po¢tom prepravenych
0s0b podla vekovych skupin

(o Premenna pocet
Premenna pocet repravenvch
obyvatelov podla prepraveny , Koeficient korelacie Typ zavislosti
cestujucich podla
veku
veku
0 — 15 rokov 0 — 15 rokov 0,5323 Strf:dny priamy
vzt'ah
16 — 25 rokov 16 — 25 rokov 0,9858 Silny priamy vzt'ah
26 — 64 rokov 26 — 64 rokov 20,9504 Silny nepriamy
vzt'ah
70 rokov a viac 70 rokov a viac 0,8539 Silny priamy vzt'ah

Source: spracované autormi na zéklade vlastného vyskumu, tidajov SU SR a ZSK

Vsetky skupiny cestujucich nemaji rovnaky potencidl substituovat’ sluzby autobusovej
dopravy, pouZzitim osobného automobilu. Najvic¢si potencial na presun z autobusovej dopravy
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na individudlnu automobilovi dopravu ma obyvatel'stvo v produktivnom veku, nasleduju
dochodcovia. Najmensi potencidl maji ziaci a Studenti do 18 rokov (maji len moznost prepravy
ako spolucestujuci s dospelou osobou osobnym automobilom). Obyvatelia v produktivnom
veku mozu vlastnit’ vodi¢ské opravnenie na vedenie osobného motorového vozidla a pouzit’ ho
pre realizaciu svojich preprav.

Viackriterialna regresna analyza

Pre navrh multikriterialnej dopytovej regresnej funkcie bolo pouzité programoveé vybavenie
MS Excel, konkrétne nastroj ,,analyza udajov* a jeho viackriteridlnu regresnu funkciu. Tento
nastroj umoziuje na zaklade minulého vyvoja sledovaného ukazovatela (v naSom pripade ide
o pocet prepravenych cestujucich) a faktorov, ktoré ho determinuju, vygenerovat’ funkciu,
ktorej premennymi su determinujtce faktory. Vstupom su teda Statistické subory (Casové rady)
udajov za minulé obdobia.

Vystupom modelu je vystupna zostava obsahujuca koeficienty viackriteridlnej regresnej
funkcie charakterizujucej sledovany jav. Pre navrhnuty model je stanoveny aj koeficient
determindcie, je posudzovand aj Statistickd vhodnost’ navrhnutého viackriteridlneho modelu.

Na zaklade identifikacie faktorov dopytu a Statistickych tidajov za obdobie rokov 2013 az
2018 boli zostavené tri viackriteridlne regresné modely dopytu skupin cestujucich.

Viackriterialny regresny model pre dopyt za Ziacke a Studentské cestovné

Regresné Statistiky modelu st uvedené v tabulke 2, model uvazuje s tromi nezavislymi
premennymi, nezavislé premenné a vypocitané koeficienty nezavislych premennych
sa nachéadzaju v tabul’ke 3.

Tab. 2 Regresna Statistika pre viackriterialny regresny model pre dopyt za Ziacke a
Studentské cestovné

Regression Statistics

Multiple R 0,999931874
R Square 0,999863752
Adjusted R Square 0,666439587
Standard Error 171635,5361
Observations 6

Source: Autori
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Tab. 3 Premenné a koeficienty pre viackriterialny regresny model pre dopyt za Ziacke a
Studentské cestovné

Coefficients
Intercept 0
X Variable 1 Ziaci a Studenti 479,3990607
X Variable 2 Ponuka spojov- km -1,276152337
X Variable 3 ZTavnené cestovné — eur/oskm -206440362,3

Source: spracované autormi na zéklade vlastného vyskumu, udajov SU SR a ZSK

Viackriteridlna regresnd funkcia pre dopyt po PAD za ziacke a Studentské cestovné v
Zilinskom samospravnom kraji ma tvar:

Y =479,3990607X -1,276152337X, -206440362,3X3

Viackriterialny regresny model pre dopyt za plné cestovné

Regresné Statistiky modelu st uvedené v tabul'ke 4, model uvazuje so Styrmi nezavislymi
premennymi, nezadvislé premenné a vypocitané koeficienty nezdvislych premennych
sa nachéadzaju v tabul’ke 5.

Tab. 4 Regresna Statistika pre viackriterialny regresny model pre dopyt za plné cestovné
Regression Statistics

Multiple R 0,99998525
R Square 0,999970499
Adjusted R Square 0,499926248
Standard Error 122467,2479
Observations 6

Source: Autori

Tab. 5 Premenné a koeficienty pre viackriteridlny regresny model pre dopyt za plné
cestovné

Coefficients
Intercept 0
X Variable 1 Ekonomicky aktivne obyvatel'stvo 36,47407986
X Variable 2 Ponuka spojov- km 0,883197002
X Variable 3 PIné cestovné — eur/oskm -214485150
X Variable 4 Priemerna mesa¢na mzda — eur/mesiac -11462,44122

Source: spracované autormi na zéklade vlastného vyskumu, idajov SU SR a ZSK
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Viackriteridlna regresna funkcia pre dopyt po PAD za plné cestovné v Zilinskom
samospravnom kraji ma tvar:

Y =36,47407986X: + 0,883197002X> -214485150X5 -11462,44122X4

Viackriterialny regresny model pre dopyt za iné cestovné

Regresné Statistiky modelu su uvedené v tabul'ke 6, model uvazuje s tromi nezavislymi
premennymi, nezavislé premenné a vypocitané koeficienty nezéavislych premennych
sa nachadzaji v tabulke 7. Model vykazuje spolahlivost’ 99,98 %. Model nezahffia cenu
cestovného, ked’Ze tato skupina cestujucich sa prepravuje za minimalne (evidencné) cestovné.

Tab. 6 Regresna Statistika pre viackriteridlny regresny model pre dopyt za iné cestovné

Regression Statistics

Multiple R 0,999869
R Square 0,999738
Adjusted R Square 0,66623
Standard Error 79288,09
Observations 6

Source: Autori

Tab. 7 Premenné a koeficienty pre viackriterialny regresny model pre dopyt za iné
cestovné

Coefficients
Intercept 0
X Variable 1 Déchodcovia 20,57751
X Variable 2 Ponuka spojov - km 0,070626
X Variable 3 Priemerny mesacny dochodok — eur/mesiac -614,25

Source: spracované autormi na zéklade vlastného vyskumu, idajov SU SR a ZSK

Viackriteridlna regresnd funkcia pre dopyt po PAD za iné cestovné v Zilinskom
samospravnom kraji ma tvar:

Y =20,57751X1 + 0,070626X; - 614,25X3

CONCLUSION

Autobusova doprava predstavuje vyznamny a pre spolocnost’ nenahraditel'ny prepravny systém,
ktory vyuZivaji vsetky vekové skupiny obyvatelov za Gcelom uspokojenia prepravnych potrieb.
Vykony pravidelnej autobusovej dopravy v ostatnych rokoch vyrazne klesaju. Tento pokles nie je
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sposobeny len cenovymi zmenami azmenami v prijmoch obyvatelov, ale aj zmenami Struktary
obyvatel'stva a Struktirou osidlenia uzemia. Populacia ajej situovanie v konkrétnych sidelnych
utvaroch predstavuje potencialny dopyt po sluzbach pravidelnej autobusovej dopravy.

V ostatnych rokoch sa vyrazne meni aj proporcionalita skupin cestujucich, ktori cestuji so zZlavami
a bez zliav. VyraznejSie sa znizuje pocet cestujucich prepravenych za obCianske cestovné v porovnani
s ostatnymi cestujucimi. Demograficky vyvoj a zmeny Struktiry obyvatel'stva ako aj Struktiry osidlenia
ovplyviiuji aj kvalitativne parametre dopravnej obsluznosti uzemia ako aj kvalitativne parametre
poskytovanych prepravnych sluzieb v oblasti primestskej autobusovej dopravy.

Navrhnuté regresné modely je mozné pouzit pre odhad dopytu skupin cestujticich
v budtcnosti. Pouzitie tejto metddy progndzovania je nadro¢né na zber, analyzu a spracovanie
dostupnych Statistickych udajov reprezentujicich minuly vyvoj spolo¢ensko-ekonomickych
javov. Aplikacia metody si tiez vyzaduje vypocet hodndt niektorych determinantov dopytu
konkrétnych skupin cestujicich v PAD (napr. priemerné ceny cestovného).

Prispevok bol vypracovany s podporou projektu: MSVVS SR VEGA ¢&. 1/0566/18
KONECNY, V.. Vyskum vplyvu ponuky a kvality dopravnych sluzieb
na konkurencieschopnost’ a udrzateI'nost’ dopytu po verejnej osobnej doprave
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Abstract

The quality of transport services is one of the key factors in the demand for bus transport. The impacts
of individual demand factors also differ depending on the groups of passengers. The quality of
transport services and quality improving can help stabilize the constantly decreasing demand for bus
transport. The aim is to increase the competitiveness and sustainability of demand for bus transport
by improving the quality of transport services, thus eliminating the negative impacts of passenger car
transport. The research is carried out in the Slovak Republic in the Zilina Region.

Abstrakt

Kwvalita dopravnych sluzieb patri medzi zadsadné faktory dopytu po autobusovej doprave. Dopady
jednotlivych faktorov dopytu sa odliSuju aj v zavislosti od skupin cestujucich realizujicich dopyt
po autobusovej doprave. Kvalita dopravnych sluzieb a jej zvySovanie moze pomoct’ stabilizovat’
neustale klesajuci dopyt po autobusovej doprave. Cielom je prostrednictvom zlepSovania kvality
dopravnych sluzieb zvySovat’ konkurencieschopnost a udrzatel'nost’ dopytu po autobusovej doprave,
a tak eliminovat’ negativne dopady individualnej automobilovej dopravy. Vyskum je realizovany
v Slovenskej republike v Zilinskom kraji.

Key words
bus transport, demand, passenger groups, quality, relational analysis methods
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INTRODUCTION

Dopyt po verejnej osobnej doprave vratane autobusovej dopravy, ovplyviiuje cely rad
faktorov.[1] Medzi najvyznamnejSie faktory vplyvajice na dopyt patria cena cestovného,
prijmy obyvatel'stva [2], ponuka spojov suvisiaca s rozsahom dopravnej obsluznosti, pocet
a Struktira obyvatel'stva, ako aj demograficky vyvoj obyvatel'stva [3] a vplyv bezplatnej
prepravy v Zelezni¢nej osobnej doprave ako konkurenta primestskej autobusovej dopravy.[4]
Ponuka dopravnych sluzieb je tiez vyznamnym kritériom kvality vo verejnej osobnej dopravy.

V stcasnosti je na poskytovatel'a dopravnej sluzby kladenych mnoho poziadaviek zo strany
cestujuceho a to hlavne na kvalitu poskytovanych sluzieb.[5] Prejavuje sa to spokojnostou
cestujucich s kvalitou dopravnej sluzby a ochotou realizovat’ dopyt po verejnej osobnej doprave
aj v budtcnosti. Identifikované poziadavky cestujucich na kvalitu koreSponduju s kritériami
kvality definovanymi v norme STN EN 13 816.

Spravanie zakaznikov (cestujucich) vyrazne ovplyviiuje budicnost’ kazdej organizécie.
Jednym z hlavnych cielov kazdej organizécie, ktora poskytuje dopravné sluzby, by malo byt
predovsetkym zvySovanie miery spokojnosti zdkaznikov. [6]

Do6vodom pre meranie spokojnosti zédkaznikov je kvantifikicia ich nazorov na troven
plnenia potrieb a oCakavani v suvislosti s poskytovanim dopravnych sluzieb. [7] Meranie
spokojnosti zdkaznikov predstavuje nastroj pre ziskanie spitnej vizby za icelom zlepSovania
kvalitativnej urovne produktu. Ugelom merania spokojnosti zakaznikov je identifikacia
konkrétnych nedostatkov v kvalite poskytovanych sluzieb a ich vyuzitie pre prijimanie novych
rieSeni a ndpravnych opatreni. [8], [9]. Len na zaklade takéhoto pristupu dokaze byt’ autobusova
doprava konkurencieschopné individualnej automobilovej doprave.

1 METODIKA

Pre identifikaciu najvyznamnejSich kritérii kvality cestujucich bol pouzity dotaznikovy
prieskum realizovany v Zilinskom kraji v rokoch 2013 —2017. Hlavnou tilohou prieskumu bolo
zistit’ najvyznamnejsie kritéria kvality pre zdkaznika, ako aj dolezitost’ pripisovanu jednotlivym
kritériam. K otazkam bola priradena bodova stupnica, kde jednotlivym bodom zodpoveda
Likertova stupnica (5 — najviac dolezité, 1 — najmenej dolezité). Medzi najddlezitejSie kritéria
kvality sme zaradili presnost’ spojov, informovanost, Cistotu a spravanie vodica. V naSom
pripade sme pre posudenie vplyvu kvality na dopyt pouzili metédy vztahovej analyzy
(koeficient kovariancie, korela¢né analyza a tedria elasticity dopytu).

Metoda kovariancie

O tom ¢i st dve premenné X aY vo vzijomnom linedrnom vztahu (priamom alebo
nepriamom) sa mozeme presvedcit’ na zéklade koeficientu kovariancie premennych X a Y (ozn.
cov xy) definovanom na zaklade vztahu:

COny%'Z?:l(xi_f)'(Yi_y):x'y_f'y (D

e Ak su premenné X a Y nezévislé, potom cov xy=0,
e Ak cov xy>0, medzi X a Y existuje priamy linearny vzt'ah,
e Ak cov xy<0, medzi X a Y existuje nepriamy linearny vztah.
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Velkost kovariancie zavisi od jednotiek, v ktorych boli tidaje merané, tj. hodnoty
kovariancie sa nedaju pre rozne premenné porovnat’, si neohranicené.

Korela¢na analyza

Korela¢na analyza skiima tesnost’ Statistickej zavislosti medzi kvantitativnymi premennymi.
Korela¢na analyza na rozdiel od regresnej nevyjadruje pri¢inno — nasledny vztah. Premennd Y
nezavisi na premennej X, ale dve ndhodné premenné X a 'Y sa spolo¢ne menia. Nastrojom
korelacnej analyzy je tzv. koeficient korelacie (ozn. r). Urcuje mieru tesnosti (stupna) zavislosti.
Korela¢ny koeficient je mierou linearnej zavislosti dvoch premennych a mézeme ho vyjadrit
pomocou nasledujiceho vzt'ahu: [10]

n —x)(yi—y
Tay = X (xi—%) i—y) (2)
IS, e

Teoria elasticity dopytu

Vyuziva sa predovsetkym v oblasti ekonomiky no taktieZ sa s tymto pojmom mdzeme
stretnit’ v sektore dopravy. Elasticita dopytu sa povazuje za jednoduché a zrozumitelné
kvantitativne meranie zavislosti (reakcie) jednej premennej na druhu. VSeobecny vzorec
pre elasticitu je mozné vyjadrit’ aj v tvare:

A
_ %5X

E =

€)

A
%-Y

Elasticita dopytu po doprave je realizovana z hladiska sledovania medzirocnych zmien
dopytu. Sledovanie zmien dopytu po verejnej osobnej doprave sa z ¢asového hl'adiska realizuje:

e Kratkodobo (sledovanie zmien medziro¢ne),

e Dlhodobo (sledovanie zmien v horizonte viac ako 1 rok) [11].

Linearna elasticita

Linearna elasticita predstavuje velmi Casto vyuzivany spdsob pre vypocet elasticity. Je
vhodné ju pouzit’ vtedy, ak sledované ukazovatele nie su vyjadrené pomocou funkcie, ale
prostrednictvom usporiadanych dvojic hodnét ukazovatelov. Je mozné ju vypocitat’ podla

nasledujticeho vzt'ahu:
Y2=Yy1

1
pline — E;C(?’Z_*Zl) — (¥2—=y1) (Xiz+xi1) @)
xi 27 (yp+yy)(xip =)

5'(xiz+xi1)

2 VPLYV KVALITY NA DOPYT PODIA SKUPIN CESTUJUCICH V PRIMESTSKEJ
AUTOBUSOVEJ DOPRAVE V ZILINSKOM SAMOSPRAVNOM KRAJI
V danej kapitole sme aplikovali vybrané metddy a postupy pre postudenie vplyvu kvality

dopravnych sluzieb na dopyt podla skupin cestujucich. Jednotlivé metéody su skumané
vzhl'adom na spdsob stanovenia urovne kvality:

e Alternativa I — uroven kvality zistena redlnym meranim kontrolormi,
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e Alternativa Il — uroven kvality zistend meranim na zdklade udajov od dopravcov
z interného merania kvality,
e Alternativa III — uroven kvality zistend meranim spokojnosti cestujucich na zaklade
vyskumu autora.
a) Aplikacia koeficientu kovariancie a koeficientu koreldcie pre posudenie vplyvu
kvality na dopyt
Pre vypocet koeficientu kovariancie bol pouzity vztah (1) apre vypocet koeficientu
korelacie bol pouzity vztah (2). V tabulke 1 sa nachadzaji vypocitané hodnoty koeficientu

kovariancie a koeficientu korelacie medzi urovitou dopytu podla skupin cestujicich v rokoch
2013 az 2017.

Tab. 8 Hodnoty koeficientu kovariancie a koeficientu koreldcie medzi iroviiou dopytu

odl’a skupin cestujucich

Skupina . |Koeficient Yzajromny Koeficient | Linearna
cro Alternativa c . linearny ‘. .
cestujucich kovariancie vzt'ah korelacie zavislost’

L. 2962148 priamy 0,992816 silnd
Studenti II. 620345 priamy 0,919145 silnd

I11. 2747275 priamy 0,809384 silnd

L. 8052024 priamy 0,933411 silnd
EAO I1. 1881142 priamy 0,964003 silnd

I11. 6337632 priamy 0,645781 mierna

1. 963497 priamy 0,930270 silnd
Dochodcovia | II. 222589 priamy 0,950059 silnd

I11. 964723 priamy 0,818751 silnd

Source: spracované autormi na zaklade merani kvality a udajov o dopyte poskytnutych ZSK

Koeficient kovariancie medzi meranim hodnotenou kvalitou resp. spokojnost'ou cestujucich
a dopytom dosahuje pri vSetkych skupinach cestujucich kladné hodnoty, ¢o mozno
interpretovat’ ako priamy linedrny vztah a teda s rastiicou kvalitou dopyt stupa. Koeficient
korelacie pri skupine ekonomicky aktivne osoby (EAO) v alternative III. dosahuje hodnoty
mensie ako 0,8 ¢o predstavuje miernu linearnu zdvislost. V ostatnych pripadoch sa hodnota
koeficientu korelacie blizi k hodnote 1, ¢o mozno interpretovat’ ako silni lineadrnu zavislost.
Koeficient korelacie dosahuje vo vSetkych pripadoch kladné hodnoty, ¢o znamena, ze
s rastiicou kvalitou dopyt stupa.

b)Aplikacia metody linedrnej elasticity pre posudenie vplyvu kvality na dopyt

V tabul’ke 2 su na zadklade vzt'ahu (4) vypocitané hodnoty linedrnej elasticity pri dvoj a viac
ro¢nej zmene dopytu a kvality, elasticita dosahuje vo vSetkych pripadoch kladné, t.j. logické
vysledky. Tieto logické kladné hodnoty znamenaju, Ze srastom kvality sluZieb autobusove;j
dopravy dochadza k zvySovaniu poctu cestujticich. Zistené vysledky je mozné interpretovat’ na
priklade priemernej hodnoty dvoj a viac rocnej elasticity dopytu a kvality (Alternativa I)
u skupiny cestujucich Studentov nasledovne: priemernd hodnota elasticity dopytu a meranim
hodnotenej kvality je 0,4851, ¢o znamend, ze ak ddjde z kratkodobého hladiska k zvySeniu
kvality dopravnej obsluznosti o 1% dojde k zvySeniu poctu prepravenych cestujucich o 0,4851%.
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Taktiez sme pocitali linedrnu elasticitu aj pri medzirocnej zmene dopytu a kvality, kde
dosahovala zaporné nelogické vysledky. Tieto nelogické zaporné hodnoty znamenaju, ze
so zvySovanim kvality by dochadzalo k miernemu poklesu dopytu, pritom kvalita je
povazovana za faktor zvysujuci dopyt. Dovodom tejto nelogickosti je fakt, ze medziro¢ny
narast urovne kvality dopravnej obsluznosti sa moze prejavit’ oneskorene narastom dopytu
(s odstupom viac ako 1 rok). Tiez to mdze byt’ spdsobené existenciou d’alSich faktorov dopytu,
o vplyv ktorych nebolo mozné dopyt korigovat’.

Tab. 9 Hodnoty linearnej elasticity pre posiidenie vplyvu kvality na dopyt z hl’adiska dvoj
a viac ro¢nych zmien podPla skupin cestujucich

Skupina Dvoj a viac ro¢nd zmena Priemerna|Interval
cestujucich JAlternatival2017/2015 |2017/2014 [2017/2013 [2016/2014 [2016/2013 |2015/2013 |hodnota |hodnoty
L. 0,6874 0,5358 0,4503 0,4386 0,4030 0,3957 0,4851 0,40-0,69
Studenti II. 1,0062 1,4546 2,1849 2,1083 3,1226 4,0761 2,3255 1,01-4,08
I11. 1,7450 1,8559 0,5765 0,2816 0,2818 0,4557 0,8661 0,28-1,86
L. 2,3380 1,4670 1,1090 0,7433 0,7415 0,8308 1,2049 0,74-2,34
EAO 11 3,4221 3,9822 5,3808 3,5727 5,7456 8,5569 5,1101 3,42-8,56
111. 5,9349 5,0808 1,4198 0,4772 0,5185 0,9566 2,3980 0,48-5,93
L. 1,5348 0,7697 0,5052 0,6910 0,4780 0,2701 0,7081 0,27-1,53
Déchodcovia|ll. 2,2464 2,0893 2,4510 3,3212 3,7038 2,7821 2,7656 2,09-3,78
111. 3,8959 2,6657 0,6467 0,4436 0,3342 0,3110 1,3829 0,31-3,90

Source: spracované autormi na zaklade merani kvality a udajov o dopyte poskytnutych ZSK

3 VPLYV KVALITY NA CELKOVY DOPYT V PRIMESTSKEJ AUTOBUSOVEJ
DOPRAVY V ZILINSKOM SAMOSPRAVNOM KRAJI

a) Aplikacia koeficientu kovariancie a koeficientu koreldacie pre posudenie vplyvu
kvality na dopyt

V tabul’ke 3 sa nachadzaju vypocitané hodnoty koeficientu kovariancie a koeficientu
korelacie medzi uroviou dopytu a uroviou kvality celkom v rokoch 2013 az 2017.

Tab. 10 Hodnoty koeficientu kovariancie a koeficientu korelacie medzi aroviiou kvality
a uroviiou dopytu celkom

. Koeficient Vzajomny linearny | Koeficient Linearna
Alternativa c - (.
kovariancie vzt'ah korelacie zavislost’
L. 4376020 priamy 0,912726 silnd
1. 938333 priamy 0,865181 silnd
111 3266180 priamy 0,598814 mierna

Source: spracované autormi na zaklade merani kvality a idajov o dopyte poskytnutych ZSK

Koeficient kovariancie medzi meranim hodnotenou kvalitou resp. spokojnost'ou cestujicich
a dopytom dosahuje kladné hodnoty, ¢o mozno interpretovat’ ako priamy linedrny vztah ateda
s rastucou kvalitou dopyt stupa. Koeficient koreldcie medzi spokojnostiou cestujiicich a dopytom
dosahuje hodnoty mensie ako 0,8, o prestavuje strednti linearnu zévislost. Hodnoty koeficientu
korelacie medzi meranim hodnotenou kvalitou adopytom sa blizia k hodnote 1, ¢o mozno
interpretovat’ ako silni linedrnu zavislost. Koeficient korelacie dosahuje vo vsetkych pripadoch
kladné hodnoty, ¢o znamena, ze s rasticou kvalitou dopyt po dopravnych sluzbach v PAD stuipa.
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b) Aplikdacia metody linedrnej elasticity pre posudenie vplyvu kvality na dopyt
po primestskej autobusovej doprave v Zilinskom kraji

Pre vypocet linedrnej elasticity pri dvoj a viac ro¢nej zmene dopytu a kvality bol pouzity
vztah (4). V tabulke 4 je vypocitana linearna elasticita pri dvoj a viac ro¢nej zmene dopytu
a kvality dosahuje vo vSetkych pripadoch kladné, t.j. logické vysledky. Tieto logické kladné
hodnoty znamenaju, Ze s rastom kvality sluzieb autobusovej dopravy dochédza k zvySovaniu
poctu cestujucich.

Tab. 11 Hodnoty linearnej elasticity pre posudenie vplyvu kvality na dopyt z hPadiska
dvoj a viac roénych zmien

Alternativa Dvoj a viac rocna zmena Priemerna Tnterval hodnoty
2017/2015 |2017/2014 |2017/2013 |2016/2014 [2016/2013 [2015/2013 |hodnota

L 0,4820 0,3262 0,3328 0,0947 0,2080 0,2984 0,2904 0,0947-0,4820

II. 0,7055 0,8854 1,6149 0,4554 1,6115 3,0732 1,3910 0,4554-3,0732

111 1,2235 1,1297 0,4261 0,0608 0,1454 0,3436 0,5546 0,0608-1,2235

Source: spracované autormi na zaklade merani kvality a udajov o dopyte poskytnutych ZSK

CONCLUSION

Ciel'om ¢lanku bolo prezentovat’ navrhnutti metodiku a jej aplikaciu na postdenie vplyvu
kvality poskytovanych sluzieb na dopyt cestujucich v autobusovej doprave v konkrétnych
podmienkach Zilinského samospravneho kraja. Na zaklade analyzy existujiicich metod pre
posudzovanie vplyvu kvality na dopyt po autobusovej doprave boli vzhladom na vhodnost’
analyzovanych metdd a Struktaru vhodnych a dostupnych udajov pouzité nasledujice metody:
koeficient kovariancie, koeficient korelacie, linearna elasticita.

Koeficient kovariancie dosahuje vo vSetkych pripadoch kladné hodnoty, ¢o mozno
interpretovat’ ako priamy linearny vztah a teda s rasticou kvalitou dopyt stupa.

Koeficient korelacie dosahuje takmer vo vsetkych pripadoch hodnoty blizke 1, o mozno
interpretovat’ ako silnu linearnu zavislost’ tzn. s rasticou kvalitou dopyt stipa. NajsilnejSia linearna
zavislost’ bola zaznamenana pri skupine cestujucich — Studenti (Alternativa I). Koeficient korelacie
dosahoval hodnotu 0,993. Naopak najslabsia linearna zavislost’ bola zaznamenana pri skupine
cestujucich — EOA (Alternativa III). Koeficient korelacie dosahoval hodnotu 0,646.

Lineérna elasticita pri medziro¢nej zmene dopytu a kvality dosahuje vo vac¢Sine pripadov zaporné,
t. j. nelogické vysledky. Priemerné hodnoty linearnej elasticity z hl'adiska medziro€nych zmien podl'a
skupin cestujticich s v rozmedzi od -8,7885 po 0,7611. Nelogické zdporné hodnoty znamenaju, ze
so zvySovanim kvality by dochddzalo k miernemu poklesu dopytu, pritom kvalita je povazovana za
faktor zvySujuci dopyt. Dovodom tejto nelogickosti moéze byt fakt, ze medziroény ndrast trovne
kvality dopravnej sluzby sa moze prejavit’ oneskorene narastom dopytu (s odstupom viac ako 1 rok).
Vypocitana linearna elasticita pri dvoj a viac rocnej zmene dopytu a kvality uz dosahuje vo vsetkych
pripadoch kladné, t. j. logické vysledky. Priemerné hodnoty linearnej elasticity z hl'adiska dvoj a viac
roénych zmien podl'a skupin cestujucich st v rozmedzi od 0,4851 po 5,1101. Tieto logické kladné
hodnoty znamenaju, Ze s rastom kvality sluzieb autobusovej dopravy dochadza k zvySovaniu poctu
cestujucich.

Zistenie tohto pozitivneho vplyvu kvality sluzieb autobusovej dopravy na dopyt cestujucich
mdze byt dovod pre d’alSie zvySovanie kvality v oblasti autobusovej dopravy.

Kvalita dopravnych sluzieb vPAD je vyznamnym faktorom dopytu po PAD v ZSK.
Skvalitiovanie dopravnych sluzieb vplyva na dopyt cestujucich po PAD v ZSK a spomaluje jeho
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pokles. Je tiez nastrojom konkurencieschopnosti vo vzt'ahu k individualnej automobilovej doprave.

Na zaklade ziskanych vysledkov je mozné konstatovat’, ze je vhodné pre meranie a hodnotenie
kvality ziskavat’ udaje za dlhSie casové obdobie a k meraniu a hodnoteniu pristupovat’ systematicky.
Ziskanim dlhsich ¢asovych radov udajov o kvalite v PAD na zaklade systematického merania
a hodnotenia kvality bude mozné dosiahnut’ spolahlivejSie a presnejsie vysledky, tiez aplikovat’
metody jedno a viackriteridlnej regresnej analyzy pri vyskume vplyvu kvality na dopyt.

Prispevok bol vypracovany s podporou projektu: MSVVS SR VEGA ¢&. 1/0566/18
KONECNY, V.. Vyskum vplyvu ponuky a kvality dopravnych sluzieb na
konkurencieschopnost’ a udrzatelnost’ dopytu po verejnej osobnej doprave
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Abstract

Traceability and transparency are some of the most important foundations of logistics.
Blockchain technology offers a shared ledger that is updated and validated in real time with
each network participant. It enables equal visibility of activities and reveals where an asset is
at any point in time, who owns it and what condition it’s in. This technology as a foundation
for distributed ledgers offers an innovative platform for a new decentralized and transparent
transaction mechanism in supply chain. Characteristics of this technology enhance trust through
transparency and traceability within any transaction of data, goods, and financial resources.
Blockchain technology can bring breakthroughs in visibility, optimization and demand. The
purpose of this paper is to explore the potential of Blockchain technology in the field of
logistics.

Abstrakt

vvvvvv

Blockchain nabizi sdilenou knihu, ktera je aktualizovana a ovéfovana v realném Case u kazdého
ucastnika sit¢. Umoznuje rovnomérnou viditelnost Cinnosti a odhaluje, kde se majetek nachazi
v kazdém okamziku, kdo ho vlastni a jaky je jeho stav. Tato technologie jako zaklad
pro distribuované knihy nabizi inovacni platformu pro novy decentralizovany a transparentni
transakéni mechanismus v dodavatelském fetézci. Vlastnosti této technologie zvysuji divéru
diky transparentnosti a vysledovatelnosti v ramci kazdé transakce dat, zbozi a financnich
zdrojl. Blockchain technologie mize pfinést prilom ve viditelnosti, optimalizaci a poptavce.
Cilem tohoto pfispévku je prozkoumat potencial Blockchain technologie v oblasti logistiky.
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Blockchain, supply chain, Peer-to-peer (P2P)
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INTRODUCTION

The intricacy of supply chains, with their vast networks of different actors, consists of concealed
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elements for both supplier and consumer, which raise questions about the monitoring of the supply
chains multiple layers. These layers can contain socially and ethically questionable activities, such as
exploitation of natural and human recourses, leaving environmental footprints, contribution to waste
from production and transportation [1]. In most transactions these factors are concealed due to
either or both lack oftransparency in the supply chains and information asymmetries in business
agreements. In parallel, there is a growing interest for knowledge regarding product origins from
consumers, and demand for sustainable transportation. Consider the origins of everyday commodities.
Products are imported and sold with the limited information of a label addressing the manufacturing
or production origins; commonly know as “Made in X [2]. A decade ago neither supplier nor
customer would reflect on the restriction of this information. However, with the expansion of
the global market demand for information has increased. Sellers’ advantage of knowledge, regarding
the demanded products and services, could contribute to low-quality services for high-quality
prices in the pursuit of maximum profit. Consequently, buyers can pay the same amount for a high
respectively low service quality due to their inability to access the same information [3].

To counteract the imbalance caused by asymmetric information, and generate more
knowledge about products, companies should aim to implement and produce more transparency
in their business model. Transparency has been defined as the disclosure of information that
enables fair competition, profitable business ventures and company fulfilment regarding sustainability
efforts. Knowledge concerning the supply chain is also extracted by instilling transparency. Supply
chains need transparency in order to supply all actors with knowledge that equalizes the negotiation
power between parties, and generates more information concerning product origins [4]. This
could in turn fulfil customers demand for more knowledge regarding product origins and demand
for sustainable transportation.

Information is key in the pursuit of improving relationships between actors in the supply
chain because an increase of coordination of transactions could reduce costs, risks and improve
a supply chains’ overall competitiveness. Logistics service providers work in a system with multiple
layers of freight carriers and forwarders that have their sub-hauliers. Which represents a large number
of contracts, clauses and transactions. There is therefore a risk unfulfilled clauses, or contracts, can
be challenged and this can contributes to additional transaction costs and involvement of a third
party that weaker or smaller parties cannot afford [5]. The third party is added due to systems
operating in a centralized model, where all transactions are executed through a trust-based system
making all participants dependent on the third party. To counteract these limitations Nakamoto
introduces blockchain technology as a innovative solution, which is a decentralized digital payment
system, based on cryptography and a public ledger, containing information on every transaction made
within a system. The use of this technology can have a big impact in the world of economics and
finance because it enables transaction execution without the need for a third party in form of a bank
or governmental institution [6].

1 WHAT IS BLOCKCHAIN

Blockchain is an invariable, highly available and distributed database in which all data written in
to it is tamper-proof and can be protected against unwanted access via encryption. It is like a database
in which, similar to in a normal ledger, all transactions are entered chronologically. In order to prevent
manipulation, blocks are formed and then closed with a checksum. The blocks are then arranged one
after the other, each block containing the checksum of the previous block. Thus, a type of chain is
created, hence “Blockchain.” Many copies of this chain are created and distributed. There is therefore
no central unit that has control over the chain.
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The Blockchain ensures that all participants have the same copy of the Blockchain, making
it easy to detect and subsequently exclude altered versions.

The innovation behind cryptocurrency, like Bitcoin, is not the entity itself but the system
that it rests upon and makes it applicable, the blockchain. It is a digital payment system that is
based on cryptographic proof instead of trust, which allows two consenting parties to conduct
a direct transaction between themselves instead of using a trusted centralized intermediate,
such as a bank or governmental institution. In essence, the blockchain is a public ledger
containing information on every transaction made within a P2P-system.

Blockchain is like as a giant global google.doc spread sheet representingthe accounting of
transactions and registry of both tangible and intangible assets such as currency, physical
property or documents. In addition, the technology can be used for tracking and monitoring
assets, communication and information sharing, and executing long-term and conditioned
contracts. The essence of the blockchain is a distributed ledger auditing valuable information.

The establishment and introduction of blockchain technology solved the double-
spending problem that had for a long time been associated with the implementation of digital
currency. The usage of cryptocurrency within a decentralized system could be hazardous
as a consequence of not having a trusted third party to ensure, by keeping a ledger, that the
digital currency being used for one transaction has not already been spent on another
transaction, the double-spending problem. To counteract this problem and enable secure digital
transactions Nakamoto proposes the use of a peer-to-peer distribution server where timestamps
are used to register and confirm transactions in chronological order. These occurrences are
validated by a proofof-work system that has to be implemented. The proof-of-work is
accomplished through the use of hashing. A hash is created from processing original data
(input) in a mathematical algorithm, and the results (output) represent the hash, which is
placed on the blockchain. When input converts to output there is no possibility to reverse the
process due to the cryptographic function of a hash.

Blockchain technology principle

Realising a transaction via a blockchain (illustrated in Figure 1 with cryptocurrency
as the entity) starts with an identity, known as participant A, informing the network of
his arrangement with participant B (another identity). Then B announces its acceptance, by
using his public-key, to the network and simultaneously petitions the peers within the network
to determine the authenticity of the transaction. Validation of a transaction is established by
peer consensus. The verification is conducted with the use of minors (computer power). Minors
extract the information from the block, in which it has been stored after B’s acceptance, and
turn it into a hash by applying a mathematical formula to it. The validity of the hash is then
processed within a proof-of-work system to guard the transaction from double-spending.
When confirmed valid, a timestamp is added and the hash is placed, in chronological order, on
a platform creating a blockchain. Hashes are built off of each other, which grants legitimacy to
every block that is created later on along the chain. In effect, tampering with one block
would alert the whole network because alterations would contradict the proof-of-work
applied in the previous blocks. The only mode of procedure that could overturn a blockchain
is if the culprit bestows 51 % of the network processing power. In essence, transactions that
have been proven solid will be recorded in the public ledger, which makes it irreversible due
to the networks awareness to sed action. When a block is admitted to a chain the transaction
is considered completed [7] [8].
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How a blockchain works
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Fig. 1 Illustrates the different steps of a transaction using a blockchain, the example is based
in the transfer of currency. Source: Financial Times, 2015 [9]

The system notifies the public that a transaction is transpiring. However, it does not
disclose the parties of the transaction, it only states that size of the exchange, much like
information concerning a stock exchange. An extra length of precaution is to use a new set of
keys for every transaction in the notion of concealing ones identity from being linked to
different transactions. Anonymity can be difficult to insure with multi-input transactions
because the inputs show indications of being from the same owner. Exposing ownership of one
key can lead to the uncovering of multiple transactions by linking [6].

The Peer-to-peer distribution system

The emergence of the peer-to-peer (P2P) system is regarded as a paradigm of significance in
regard to digital distribution of services such as information and resource sharing [10]. In a simple
client-server model resources are stored by the server and only shared with the client upon request. It
functions in the form of a one-to-many distribution model, where the client is dependent on the
centralized entity in their quest for information. Whereas, P2P computing consists of an
interconnected network where peers (computers) share resources and information without of the
use of a central server. In essence, peers are identical and all hold the attributes of both the client and
server. Hence, requests placed on the network can be reciprocated by any peer that holds the desired
information. The system has the equivalents of a many-to-many distribution model, where all
participants have the ability to respond to an enquiry in a decentralized manner excluding a
centralized entity. The two models are illustrated below in figure 2. Direct access to multiple
information sources instead of a single one generates faster execution and higher efficiency.
Utilization of this system provides communication and information sharing regarding task
distribution and transaction execution [11].
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Fig. 2 A one-to-many network: where a central server controls and distributes information,
(left). A peer-to-peer network: where every node is both a client and a server, sharing
information, (right). Source: Gigatribe, (n.d.). [12]

The P2P-system is of significance because the results from a search are based on recent data.
This is possible due to the online interactions amongst peers, which generates or reflects real time
pricing and inventory [13]. Research has identified that the P2P architecture is applicable in many
fields, especially concerning exchange and storage of data. The system can be used in areas such as
communication and collaboration, Internet service support, database system and content distribution.
The requirements for partaking in a P2P network are Internet access and P2P software, such as Kazaa
and Limewire. By using the network instead of going through a centralized entity a connection
or relationship between peers is created, which instils a sense of trust and generates new
opportunities. In addition, P2P reforms the conventional hierarchy of information sharing. The
system has no distinction of peers roles and their contribution; there is no emphasis on
identification as producer, consumer or intermediary. However, it should be mentioned that, in
some areas, the absence of a central authority has created disturbances concerning copyright, identity
theft and illegal activities. Other concerns regard the application of the system in a larger scale due to
the insufficient algorithms used in regards to localisation and transactions within the network. In
the realm of P2P-systems, the blockchain can be found.

2 IMPLICATIONS FOR SUPPLY CHAINS

Supply chain has become complicated. Some would say cumbersome. It takes days to make a
payment between a manufacturer and a supplier, or a customer and a vendor. Contracts must be
handled by lawyers and bankers, which means extra cost and delay. Products and parts are often hard
to trace back to suppliers, making defects difficult to eliminate. Whether for industrial equipment,
consumer goods, food products, or digital offerings, supply chains have headaches a-plenty.

Friction in supply chain is a big problem. There are too many go-betweens. The rise in
uncertainty stops supply chains from working well. Suppliers, providers and clients must deal
via central third-party entities, instead of directly with each other. What should be simple
transactions turn into lengthy procedures with many steps.

Blockchain could be the answer to many of these issues. This recent technology is what
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drives bitcoin and other so-called cryptocurrencies. However, it goes much further than a
hackproof way of holding and exchanging money. Blockchain can be used for any kind of
exchange, agreements or tracking. In a supply chain, it can apply to anything from self-
executing supply contracts to automated cold chain management.

Key features of blockchain for a supply chain

e Consensus -All the entities in the chain agree that each transaction is valid. For
supply chain, it could be payment, warehousing, transport or delivery.

e Provenance - The entities in the chain know where each asset came from. They also
know who owned it before and at what time. For supply chain, assets can be anything
from iron ore and wheat to money, machines and copyrights.

e Immutability - No entity can tamper with an entry in the distributed ledger. None
transactions cannot be erased. Only a new transaction can reverse the effect of a
previous one. Supply chain payments cannot be falsified. Neither can records of
inventory, warehousing conditions, delivery times and dates, and so on.

e Finality - The copies of the shared ledger all hold the same version of the truth.

Provenance — Blockchain: the solution for transparency in product supply chain

In their white paper Dr. Jutta Steiner and Jessi Baker, with some insight from Dr. Gavin
Wood at Ethereum, present Provenance, a project with the ability to securely trace
documentation and other information within the supply chain by using blockchain technology.
The prototype “model” enables every physical resource to be embedded with a digital
“passport” or identification that confirms the resource and its origin. This generates a record of
a products journey throughout a supply chain. Registering of the different links would present
business, social and environmental benefits. For example, counterfeit goods could be identified
and stopped in a more efficient way. The model poses as a solution to potential certification
and chain-of-custody challenges by assigning and verifying the warranty of the physical
resources movements in the supply chain. From origin to end consumer the model recognizes
the nature of the product “(what it is), the quality (how it is), the quantity (how much of it there
is) and the ownership of the product (whose it is at any moment)”. These four key elements are
accessible via datasets (barcodes) and placed on a blockchain to be shared in a secure
environment. The reasoning for using blockchain is its ability to monitor and audit all
transactions of a product, and its unquestionable ability to authorise the given information.

Operational benefits generated by the blockchain interoperable, cost-efficient, auditable,
public, real-time and agile, and guaranteed continuity.
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Fig. 3 Blockchain providing the base layer of truth across the supply chain
Source: Provenance, Tracking Tuna on the blockchain, Case Study (2016) []

How it works

The proposed model consists of six modular programs; registering, standards, production,
manufacturing, tagging and user-facing. These are broadcasted and independently controlled
on the same blockchain thereby enabling frictionless co-existence within the same system.

Registering generates access to the system by a public or privet profile with an individual
privet key, and the user regulates the degree of shared information on the profile. By
registering one links the real-world identity to the digital-identity of the blockchain, and
thereby enables interaction on the blockchain.

Standards concerning the manufacturing and production of products must be meet to
gain access to the blockchain. To be granted a certified program one must undergo an inspection
for their facilities and questionings about chosen processes by a certifier or auditor. If deemed
appropriate, the facilitator of the product would gain the equivalent of a physical-product in
digital form (a token), which would be represented on the blockchain.

Production and manufacturing programs are only possible after granted authorization.
The production programs are the producers’ tools for verifying the output of products. It
stipulates and enforces requirements on the facility, such as production capacity, classification
and categorization of the output with information regarding any additional label (fair
trade) or specific trait (fair labour, organic) a product could possess, and proper accounting of
annual production and sales. The requirement of a facility can be adjusted in relation to the
company and the evaluation of a certifier or auditor. As the supplier of products, the producer
programs are the source of traceability of goods, which are linked to the identity “passport”
received when registering. The manufacturing programs are implemented to insure that the
input of materials is used for the creation of output, with no leftovers.
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Tagging for the propose of linking the digital realm with the physical world, and creating
a information “database” which allows for informed purchases, accessible throughout the
supply chain and its end consumer. The technologies used for linking the two worlds on the
blockchain are RFID- and NFC-tags, serial numbers, and QR- and barcodes. Choosing the right
technology for the product is crucial for the identification on the blockchain. Its within the
production and manufacturing programs that identities are assigned, reasonably existing serial
numbers and bar codes should be the chosen form of tagging. The tags contain a hash that links
them to the blockchain.

Linking the digital world with the real one enables user-facing, generating the ability to
inspect a products journey thought the supply chain. This is made possible by the full
auditability and security of a blockchain. Information placed there is deemed trustworthy,
which grants users a sense of assurance in their purchasing decisions. In addition, a guarantee
that the products are genuine might increase the desire to buy. The screening of the supply chain
via the blockchain is potentially done with smartphone applications that scan a tag to gain
access to the information. By using conspicuous hologramatic or RFID tag, a brand or company
could guarantee products authenticity.

CONCLUSION

Innovations in technology are reflected upon multiple areas such as politics, society
and science, and not only economics. Consequently an innovation like blockchain
technology should be regarded and approached on a global scale by all actors. Potential benefits
include surpassing governmental and hierarchical power structures that inflict demanding
regulation within industries, elimination of inefficiencies in the global financial market,
reduction of transaction costs, exclusion of intermediaries which diminishes the risk for human
error by automated processing, and generate a secure platform for global communication,
interaction and trade. New opportunities regarding traceability and control of goods are
provided by the transparency of a blockchain. The recording and peer validation of
transactions, on a public network, generate the possibility of tracking or retracing a
products movement between different supply chains, from origin to end consumer. In addition,
the system could be used to identify the ownership and/or legal rights to products in the supply
chain. Blockchain technology provides a form of supply chain mapping where entities within
the chain can represent currency, property or contracts. Imaging a digital encryption
representing a pallet, container, trailer or barrel and being easily monitored and moved
from one nod to the other.

REFERENCES

[1] Baker, J. and Steiner, J. (2015). Provenance | Blockchain: the solution for transparency in
product. [online] Provenance. Available at: https://www.provenance.org/whitepaper
[cit. 2018-03-20].

[2] Williams, R. & Gerber, J. (2015). ”Could Make Supply Chains More Transparent”
Published on May 31, 2015. Available at: http://www.coindesk.com/how-bitcoins-
technology-could-make-supplychains-more-transparent/.

[3] Akerlof, G. A. (1970). The market for “Lemons”: Quality uncertainty and the market
mechanism. Quarterly Journal Of Economics, 84(3), 488-500.

35



[4] Lamming, R. C., Caldwell, N. D., Harrison, D. A., & Phillips, W. (2001). Transparency in
Supply Relationships: Concept and Practice. Journal of Supply Chain Management, 37(4),
pp. 4-10.

[5] Williamson, O. E. (1981). The Economics of Organization: The Transaction Cost Approach.
American Journal of Sociology, (3). 548.

[6] Nakamoto, S. (2008). Bitcoin: A peer-to-peer electronic cash system. Available at:
https://bitcoin.org/bitcoin.pdf.

[7] Pilkington, M. (2015). Blockchain Technology: Principles and Applications. Research
Handbook on Digital Transformations, edited by F. Xavier Olleros and Majlinda Zhegu.
Edward Elgar (2016).

[8] Swan, M. (2015). Blockchain: Blueprint for a New Economy. O'Reilly Media, Inc.

[9] Financial Times, 2015, Available at: https://www.ft.com/content/eb1{8256-7b4b-11e5-
alfe-567b37f80b64

[10] Rowstron, A. & Druschel, P. (2001, November). Pastry: Scalable, decentralized object
location, and routing for large-scale peer-to-peer systems. In Middleware 2001 (pp. 329-
350). Springer Berlin Heidelberg.

[11] Xiong, L. & Liu, L. (2004). Peertrust: Supporting reputation-based trust for peer-to-peer
electronic communities. Knowledge and Data Engineering, IEEE Transactions on, 16(7),
pp. 843-857.

[12] Gigatribe, (n.d.). What is peer-to-peer (p2p)?. [image] Available at: https://www.gigatribe.com/
en/help-p2p-intro [Accessed 24 Mar. 2016].

[13] Pandurangan, G. P. T. P. N., Raghavan, P., & Upfal, E. (2003). Building low-diameter
peerto-peer networks. Selected Areas in Communications, IEEE Journal on, 21(6),
pp. 995-1002.

36



ANALYTICAL VIEW OF INDUSTRY 4.0
ANALYTICKY POHI’AD NA INDUSTRY 4.0

Ing. Patrik Richnak, PhD.

Department of Production Management and Logistics
University of Economics in Bratislava
e-mail: patrik.richnak@euba.sk

Ing. Filip Fancovi¢
Graduate of Department of Production Management and Logistics

University of Economics in Bratislava
e-mail: fancovic.filip@gmail.com

Abstract

At present, the rapid development of new technologies is dominant. These technologies are
fundamentally changing and affecting the functioning of today's world. Digital technology and
automation conceal the name Industry 4.0, which is called the Fourth Industrial Revolution. Its typical
elements are the industrial Internet of Things and the digital (smart) factory. The implementation of
new technologies is one of the important characteristics of competitive advantage and dominant
position in the market. The main aim of the paper was to create an analytical view of Industry 4.0
through a bibliographic-information apparatus. The partial aims of the paper included to characterize
the development of industrial revolutions, to identify Industry 4.0 and to approach selected key
technologies of Industry 4.0.

Abstrakt

V stcasnosti je dominujuci rychly vyvoj novych technolodgii. Tieto technologie zasadne menia
a ovplyviyju fungovanie dnesného sveta. Digitalne technologie a automatizacia pod sebou skryvajua
oznacenie Industry 4.0, ktoré sa nazyva Stvrtd priemyselnad revolucia. Jej typickym prvkom je
priemyselny internet veci a digitalna (inteligentnd) tovaren. Implementacia novych technologii je jednou
z vyznamnych charakteristik konkurenc¢nej vyhody a dominujuceho postavenia na trhu. Hlavnym
cielom prispevku bolo vytvorit' analyticky pohl'ad na Industry 4.0 prostrednictvom bibliograficko-
informa¢ného aparatu. Medzi Ciastkové ciele prispevku patrilo charakterizovat’ vyvoj priemyselnych
revolucii, identifikovat’ Industry 4.0 a priblizit’ vybrané kl'icové technoldgie Industry 4.0.

Key words

the Fourth Industrial Revolution, Industry 4.0, Industry 4.0 technologies, digitalization, digital
revolution

Kli¢ova slova

Stvrtd priemyselnd revolucia, Industry 4.0, technologie Industry 4.0, digitalizacia, digitalna revolucia

INTRODUCTION

V 21. storo¢i pokracuje rychly vyvoj modernych informacnych technologii. Tieto
technoldgie pomerne zasadnym sposobom ovplyviiuji fungovanie dnesného sveta. V minulych
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obdobiach k Gspesnému podnikaniu stacilo ponuknut’ odliSné produkty a sluzby oproti
konkurencii. V tomto pripade sa darilo podniku najmé v pripadne vel'kého dopytu po jeho
ponuke, alebo ponukou produktov, ktoré boli totozné s konkurenciou, ale s nizSou cenou. Dnes
nestaci konkurovat’ iba cenou, ktord je sice stale dolezitym faktorom pri vybere produktu ¢i
sluzby, ale do rozhodovania vstupuju aj d’alsie faktory ovplyviujice dopyt po produktoch ¢i
sluzbach. Zakaznik je v dneSnej dobe schopny rychlo vyhladat konkurenéni ponuku
produktov, sluzieb alebo substitatov, ktoré mozu byt ponukané za niz§iu cenu a mozu spiiiat
aj dalSie zdkaznicke potreby, ku ktorym patri napriklad dostupnost. St to prave informacie
o dostupnosti, ktoré nadobudaju zdkaznikom coraz vicsiu dolezitost. Vdaka dneSnym
technoldgiam je mozné porovnat’ cenu, dostupnost, kvalitu a spokojnost’ zakaznikov behom
par minut, co moze viest’ aj k zmene kone¢ného dodavatela.

ZlepSovanie podnikovych procesov sa vplyvom tlaku konkurencie stdva Coraz ddlezitejSim
a je jednym z efektivnych néstrojov zabezpeCovania dlhodobej konkurencieschopnosti
podnikov. Tie dnes Celia tlaku zmien zo strany novych informaénych technologii, pri ktorych
aplikacia v priemysle o¢akava dramaticky narast produktivity a vytvorenie novych smerov
rozvoja podniku. VSeobecne sa pre tito transforméciu zacal pouzivat’ termin Industry 4.0.

1 VYSKUMNY DIZAJN

Hlavnym cielom prispevku bolo vytvorit analyticky pohlad na Industry 4.0
prostrednictvom bibliograficko-informa¢ného aparatu. Medzi ¢iastkové ciele prispevku patrilo
charakterizovat’ vyvoj priemyselnych revolicii, identifikovat’ Stvrtii priemyselni revoluciu
a priblizit’ vybrané klIi¢ové technologie Industry 4.0.

Pri spracovani informécii a poznatkov v prispevku sme vychadzali z resSerSe a excerpcie
predovsetkym zahrani¢nych odbornych kniznych zdrojov opisujicich predmetnu problematiku.
Pri spracovani prispevku boli vyuzité klasické metody skiimania: literarna resers, systémova
analyza, komparativna analyza, indukcia, dedukcia a metdda vizualizéacie, ktord sprehl’adnila
charakteristické ¢rty Industry 4.0.

2 VYVOJ PRIEMYSELNYCH REVOLUCII

Uz od zacdiatku industrializacie viedli technologické skoky k zmenam paradigiem v oblasti
priemyslu. Tieto obdobia oznacujeme ako priemyselné revolicie [1]. Tak ako tri
predchadzajtice priemyselné revolucie, aj td dneSna Stvrta priemyselna revolicia postupne meni
nielen priemyselné prostredie [2].

Prva priemyselnd revoltcia prebichala v obdobi rokov 1750 az 1830 a predstavovala
zapojenie parnych strojov, ktoré nahradili manualnu silu a zmenili vyrobné procesy [3]. Druha
priemyselna revollcia zacala zavedenim elektrickej energie, spalovacich motorov, teclcej
vody medzi rokmi 1870 a 1900. PredovSetkym vyuZivanie elektriny a organizéacia vyrobnych
liniek zaloZend na delbe prace umoznili d’alSie rozSirenie vyrobnych moznosti a vyustili
v masovu produkciu od polovice 19. storocia [4]. Elektrickd energia bola hlavnym motorom
investovania do novych technologii, ktoré znizili naklady, zvysili produktivitu, zmenili
Struktaru priemyslu a ovplyvnili vykon ndrodnych hospodarstiev, ktoré vytvorili nové institlicie
- moderné priemyselné podniky. Za tretiu priemyselni revolliciu je povazovany narast
automatizacie vo vyrobnom procese. Zaciatok tejto revollcie sa datuje s prvym pouZivanim
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pocitacov pre komercné ucely v 60. rokoch 20. storocia. Tuto revoluciu sprevadzal
predovsetkym vyvoj internetu a e-commerce v 90. rokoch 20. storo¢ia. Vyuzivanie novych
informacnych technoldgii a internetu v kombinécii s globalizaciou odStartovali silni vinu
industrializacie od 70. rokov 20. storocia [4]. Tuto revoluciu v podstate umoznila digitalizacia
spolo¢ne so zavedenim prvych programovatelnych, logickych ovladacov a zariadeni, ktoré
mali za nasledok automatizaciu vyroby zalozenu na informacnych technolégiach [2].

Dnesné zavadzanie internetu veci a kyberneticko-fyzikalnych systémov do vyrobného
prostredia umozinuje monitorovanie, analyzu a automatizaciu podnikovych procesov, ¢im
sa vytvdara Stvrta priemyselna revolucia. Tieto nové technologické zmeny transformuji vyrobu
a logistické procesy do prostredia tzv. inteligentnej tovarne (smart factory) sprevadzaného
zvySenim produktivity a efektivity.

Existuje niekol’ko dévodov, preco sa prerod vo forme Industry 4.0 nezarad'uje do tretej
priemyselnej revolucie, ale je povazované za novu, Stvrtd priemyselnt revoluciu. Medzi tieto
dovody zarad’ujeme:

e Rychlost’, rozsah a vplyv novych systémov - rychlost’ vyvoja stcasnych technologii
nema historicky precedens.

e Zmeny zasahuju do takmer kazdého odvetvia po celom svete - §irka i hibka tychto
zmien su pri¢inou toho, Ze je potrebnd transformacia celych systémov vyroby
1 riadenia. V sucasnosti su miliardy I'udi spojené mobilnymi zariadeniami naprie¢
celym svetom, tzn. datové kapacity a pristup k znalostiam st takmer neobmedzené.

e Tempo vyvoja — pri komparacii s predchadzajucimi priemyselnymi revoliiciami
sa Stvrtd priemyselna revolacia vyvija skor exponencialnym nez linearnym tempom.

Diferenciaciu s ostatnymi priemyselnymi revoluciam vidime aj v tom, Ze ich pociatok bol
priamo v priemysle, ¢o potom sposobilo spolocenské zmeny, ale u Stvrtej priemyselne]
revolucie je to naopak. Sucasny transformacny proces nie je pohanany samotnym vyrobnym
priemyslom, ale vyvojom socialnych sieti a inteligentnych (smart) zariadeni, ktoré sa dostant
do styku s pracovnikmi a spotrebite'mi. Tento vyvoj sa vd’aka prepojeniu sieti potom premietol
aj do priemyselnej sféry [5]. Vplyv tejto priemyselnej revolucie je rozsiahly a okrem vyrobne;j
¢innosti ovplyvinuje aj d’alSie oblasti. Potencial rastu produktivity spoc¢iva najma v nehmotnych
aspektoch, tzn. vo vylepSovani prace s rozumom.

Na druhej strane existujii aj nazory, ze Industry 4.0 nepredstavuje revolucné zmeny.
Niektori ho vidia ako logicky vyvoj od implementicie automatizicie riadenej elektronikou,
ktord uz do zna¢nej miery definovala tretiu priemyselnt revolaciu. Ini povazuji len urcity
aspekt Industry 4.0 za revolu¢ny. Podl'a mnohych autorov je revoluciou aditivna vyroba. Ak je
pojem Industry 4.0 oznacovany za revoliciu, pretoze zmeni podobu vyroby (kastomizéciou,
vyrabanim malych davok, idealne jedin¢ho kusu, tzv. Batch size one) potom jedina technologia,
ktord to umozni a mdze sa tym padom nazyvat revolu¢na, je 3D tla¢. Vyhodou propagécie
terminu ,,Stvrtd priemyselna revolicia" je vyvolanie pocitu naliehavosti, vd'aka comu sa I'ahsie
§iri posolstvo nutnosti zmeny [6].

3 IDENTIFIKACIA INDUSTRY 4.0
Oznacenie Industry 4.0 bolo vytvorené nemeckou vladou [4] a po prvykrat tento pojem zaznel

na veltrhu v nemeckom meste Hannover v roku 2011 [7]. Hlavaym zdmerom bolo oznacovanie
Stvrtej priemyselnej revolicie. Termin sa rozsiril potom, ¢o ho v Nemecku zacali pouzivat' ako
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oznacenie pre strategicku iniciativu s ndzvom Industry 4.0. Tato strategicka iniciativa zacala v aprili
roku 2013, pricom jej cielom bolo vyuzitie integracie a prepojovania najroznejSich technologii
s vyuzitim ich rychleho apritom trvalého rozvoja asucasne Specifikovat’ investicie do vedy
a vyskumu pre vylepSenie nemeckého strojarskeho a automobilového priemyslu.

Industry 4.0 sa zameriava na vybudovanie inteligentnych vyrobnych procesov [8]. M6Zeme
ho charakterizovat’ vysoko individualizovanymi a zarovei integrovanymi vyrobnymi procesmi,
ako organizaciu produkénych procesov zakladajucich na autonémnej komunikacii
medzi zariadeniami a technologiami. Jeho znaénym prinosom je, Zze transformuje vyrobu
zo samostatnych jednotiek na plne integrované, automatizované a priebezne optimalizované
vyrobné prostredie [9]. Jedna sa o revolu¢ny sposob vyroby, ktory predpoklada prepojenie
jednotlivych medzi sebou komunikujtcich strojov.

V tejto stvislosti ozna¢ujeme Industry 4.0 za technologicky prechod zo vstavanych systémov na
kyberneticko-fyzikalne systémy, ktoré neskér budu vytvarat' zakladny stavebny prvok tychto
inteligentnych tovarni. Radziwon et al. [10] hovori, Ze inteligentna tovaren je také rieSenie vyroby,
ktoré poskytuje pruzné a prisposobiveé vyrobné procesy, ktoré buda schopné riesit’ problémy v rychlo
a neustdle sa meniacich podmienkach. Na jednej strane povedie automatizacia ku optimalizacii
vyroby, zniZeniu zbytocnej prace a obmedzeniu plytvania zdrojmi. Na druhej strane ide o rozvinutie
spoluprace medzi rdznymi priemyselnymi a aj menej rozvinutymi partnermi.

Autori Pfohl, Yahsi a Kurnaz [11] definuja Industry 4.0 ako stthrn inovacii implementovanych
v hodnotovom ret’azci, ktory vykazuje znaky digitalizacie, automatizécie, transparentnosti, mobility,
modularity, virtudlnej spoluprace a socializacie produktov a procesov.

Na Fig. 1 mozeme vidiet, charakteristické Crty Industry 4.0, medzi ktoré mézZeme zaradit’:
digitalizaciu, socializaciu, virtudlnu spolupracu, automatizaciu, transparentnost’, mobilitu a modularitu.

digitalizacia

socializacia automatizacia
Industry
4.0
Vl:l'tuél.l’la transparentnost’
spoluprica
modularita mobilita

Fig. 1 Charakteristické ¢rty Industry 4.0
Source: vlastné spracovanie podla [11]
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Lasi a kol. povazuju za charakteristické znaky Industry 4.0 [1]:

¢ interoperabilitu — kyberneticko-fyzikalne systémy umoziujice interakciu medzi l'ud’'mi
a strojmi,

e virtualizaciu — prepojenie informacii zo senzorov a simula¢nych modelov,

e decentralizaciu — rychlejsie rozhodovanie a odburavanie organizacnych Struktur,
e operacie v redlnom ¢ase — zber a analyza dat v danom okamihu,

e modularitu — flexibilnd adaptacia tovarni podl’a meniacich sa poziadaviek,

e flexibilitu.

Medzi d’alSie vyznamné znaky Industry 4.0 zarad’ujeme individualnu vyrobu podl'a aktualneho dopytu
(tzv. kastomizacia produktu). Dnesny spotrebitel’ pozaduje individudlne vyrabané produkty a sluzby
prisposobené jeho potrebam [12]. Uz niekol’ko desiatok rokov mozeme sledovat’ trend premeny trhu
do stavu, kedy kupujuci diktuje svoje poziadavky na produkt a podmienky jeho nédkupu. Ponuka sa ¢im
dalej, tym viac riadi dopytom [1]. Vd’aka tomu mozeme predpokladat’, ze hromadné vyroba rovnakych
kusov bude klesat’ a premeni sa na kastomizovanu vyrobu. Jednotlivé produkty tak budu mat’ jedine¢nii
charakteristiku podl'a poziadaviek zdkaznika. Na zaklade poziadaviek sa rata s vel'kym zberom dat. Tie
budu analyzované tak, aby mohli byt’ produkty upravované uz v samotnych zaciatkoch vyroby.

V stcasnej dobe sa skracuje Zivotny cyklus mnohych vyrobkov. Kvdli rychlemu vyvoju
a silnému konkuren¢nému boju st ¢im d’alej kratSiu dobu na trhu. Z tohto doévodu, sa podniky
snazia drzat’ krok so svojimi konkurentmi, tym, Ze €o najviac skracuji proces vyvoja produktu, ¢cim
sa umozni technologicky dokonalejsi vyrobny proces za pomoci prvkov Industry 4.0 [5].
Zavéadzanim novych technologii Industry 4.0 sa zvySuje tiez transparentnost’ celého hodnotového
retazca. Cely proces, jeho vystup a vykon, budu sledované v redlnom case. Takyto prehl'ad umozni
kazdému podniku pruzne a rychlo reagovat’ aj na pripadné zmeny na trhu.

Vyznamnym znakom $tvrtej priemyselnej revolucie je tiez tzv. servitizacia. T4 je definovana
ako strategicka inovacia procesov veduca k prechodu od predaja samotnych vyrobkov na predaj
integrovaného produktu, ktory zahfna sluzby pridavajice hodnotu. Servitizacia zdoraziiuje
koncept zamerania sa na zakaznika. Produkt, sluzba, zdkaznicka podpora a vedomosti st
idealnou kombindciou, ktoré méze firma zakaznikovi pontknut’. Nielen sektor sluzieb, ale aj
vyrobny priemysel by sa mal zamerat’ na inovativny vyvoj sluzieb s pridanou hodnotou, aby sa
zvysili kompetencie a tym padom aj pontkané portfolio. Cielom vyrobcov potom v takom
pripade nie je iba jednorazovy predaj produktov, ale permanentny zisk vd’aka celkovym
servisnym rieSeniam, ktoré plne uspokojuju potreby zdkaznikov.

Vyhody plyntuce z Industry 4.0 s rozsiahle. Vyrobné podniky zvysia flexibilitu svojich
vyrobnych liniek implementaciou novych technolédgii ako st roboty alebo 3D tlaciarne. Budu
tak moct’ ponukat’ viac kastomizované vyrobky. Tym sa zvysi ich vykonnost a ziskovost.
Zavedenie novych obchodnych modelov a vyuZitie servitizicie moze navySe firmy viest' k
roz$ireniu portfolia a vstupu na nové trhy. Industry 4.0 zaradujeme medzi priemyselné
revollcie, pretoze prinasa technické a spolo¢enské zmeny [2].

4 KELUCOVE TECHNOLOGIE INDUSTRY 4.0

Ako sme uz spomenuli v predchadzajucich Castiach prispevku hlavnymi myslienkami Industry
4.0 je pocitacové prepojenie vyrobnych strojov, opracovanych produktov a polotovarov, vsetkych
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subjektov zapojenych do procesov (prostrednictvom rozhrania) a vsetkych dalSich systémov
a subsystémov vyrobného podniku. V tejto Casti prispevku sa zameriame na vybrané kI'icové aspekty
v podobe technologii Industry 4.0. K nim zarad'ujeme: Big data, autondomnych robotov, aditivnu
vyrobu a rozsirenu realitu. Kazdému z vymenovanych kIicovych technolégii bude venovany
samostatny odstavec, v ktorom priblizime ich podstatu a moznosti implementacie v podmienkach
Slovenskej republiky.

Ako prvua klIi¢ovu technologiu si predstavime Big data, ktoré je mozno charakterizovat’
pomocou skratky ,,3V*, pismena ,,V* pochadzaju z anglickych slov velocity (rychlost’), volume
(objem) a variety (roznorodost’). Ako objem sa najCastejSie udavaju terabajty, pentabajty alebo
exabajty dat. Takto velké datasety vznikaju vd’aka zberu dat réznorodymi spdsobmi. Casto sa
jedna o data ziskané z obchodnych zdznamov o predaji, data spojené s vedeckymi experimentmi
alebo data ziskané autonomnymi senzormi. R6znorodost’ spociva v rozlicnych typoch stiborov.
MozZe ist’ napriklad o Struktirované data, ako st napriklad databazy, nestruktirované data ako
st napriklad textové dokumenty, datové prudy z rozli¢nych senzorov alebo kombinacia vysSie
spomenutych. Rychlost’ v tejto znacke oznaCuje Casovy usek, v ktorom sa musia data
analyzovat’. Méze sa jednat’ o jednorazové Casové useky, periodické alebo analyzy v redlnom
case [13]. Jednym z hlavnych predpokladov pre rozSirenie Big data do Sirokého spektra
podnikov je dostupnost vykonnej, vypoctovej techniky a zdroven napojenie na rychle
pocitacové siete. Potreby vlastnej a vykonnej vypoctovej techniky sa s rozvojom cloudovych
sluzieb postupne obmedzuju, ale naopak poziadavka existencie rychlej pocitacovej siete
napojenej na vysokorychlostny internet sa stava kl'icovou.

Druhou popisanou technolégiou st autonoémne roboty, ktoré predstavuji vyrazny néstroj
na zvysenie produktivity vyrobnych zavodov. Pokroky v robotike prindSaju nové druhy robotov,
ktoré st univerzalnejSie a pripadne vybavené umelou inteligenciou. Na cele zavadzania novych
robotov su velké podniky, Castokrat z automobilového priemyslu, ktoré si mézu dovolit’ velké fixné
investicie. Bariérou pre podniky, ktoré nemaji s robotizaciou Ziadne alebo vel'mi obmedzené
skuisenosti je tazké odhadnut), a preto je naro¢né urcit, ¢i investovat’ do robotizacie vyroby, alebo ¢i
pre tieto spolocnosti bude vyhodnejSie rovnaku pracu vykonavat' pomocou l'udskej pracovnej sily.
V Slovenskej republike su pouzivané najma roboty navrhnuté pre Specifické tikony. Univerzalnost’
nie je bezna a zvycajne tieto roboty nie si autondmne alebo vybavené nejakou formou umelej
inteligencie. Dal$im limitujucim faktorom v podmienkach Slovenskej republiky je nedostatok
Specialistov, ktori programujt, udrzuju a nastavuju roboty. Nastup novych univerzalnejSich robotov
predstavuje vel’ku prilezitost’ pre slovenské podniky, ktoré ¢asto menia vyrobu a potrebuju sa CastejSie
prispdsobovat’ potrebam trhu.

DalSou technoldgiou je aditivna vyroba. Této technologia predstavuje proces vyroby, kde
vysledny vyrobok vznikd nandSanim jednotlivych vrstiev na seba. Proces aditivnej vyroby
sazvyCajne tieZ nazyva 3D tlac. Velkou vyhodou tejto vyrobnej technoldgie je moZnost’
nekontinualnej vyroby réznych vyrobkov. Dalsou vyhodou tejto technoldgie je moznost presného
urcenia, kol'’ko materidlu bude potrebné na vyrobu konkrétneho vyrobku. V sucasnosti sa ¢oraz viac
presadzuje 3D tlac vyuZzivajica zliatiny kovov. Velkost’ prijmov odvetvi aditivnej vyroby v roku 2016
dosiahla 6,063 mld. USD a oproti predchadzajucemu roku vzrastli 0 17,4% [14]. V s¢asnosti existuje
uz 7 zékladnych technologii aditivnej vyroby. Kvoli cenovej dostupnosti a nenarocnosti je
najrozsirenejsia technologia FFF/FDM. Jej vyuZitie je hlavne pre ndhradné diely, obrabacie Casti
pripravkov, origindlne dekoracné predmety, personalizované vyrobky na mieru a pod. Material
sa voli podl'a pouzitia, narokov na mechanické a tepelné zat’aZenie. Nastavenia tlace sa opét’ volia
podla toho, aku kvalitu produktu chceme dosiahnut’ [15].
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Poslednou popisanou technoldgiou je rozsirena realita (augmented reality). Jednd sa o pojem
oznacujuci umiestnenie digitalnych prvkov do redlneho obrazu sveta. Tento fenomén sa zacal rozvijat’
az v poslednych rokoch vzhl'adom k nutnému predpokladu trovne vykonnosti hardvérového
vybavenia (inteligentné telefony, tablety, priehl'adové okuliare, ndhlavné kamery), ¢o vytvéra
Startovacie podmienky pre tento typ sluzieb rovnaké v Slovenskej republike ako inde vo svete.
K rozvoju rozsirenej reality su kl'icové tzv. priestorové idaje vo forme digitdlnych map, ktoré
umoznuju vazbu informacii ku konkrétnej lokacii. V stiCasnej dobe sa rozsirena realita vyuziva najma
v oblasti reklamy a zabavy (vizualizacia katalégov), pre vycvik armady (virtudlne ciele), ¢i
v automobilovom priemysle (projekcia na celné sklo). Z hladiska budticeho vyvoja a vyuzitia
roz$irenej reality mozno uvazovat' o vyuziti pre vSetky fazy zivotného cyklu vyrobku. Pri plnej
integracii mozno maximalizovat’ okamzity tok dat zo systému ku kone¢nému uzivatel'ovi a tym tak
zefektivnit’ tie Casti procesu, ktorych sucast’'ou je I'udsky faktor (okuliare umoznia vol'né pouzitia rik).
Tato technologiu mozno vyuzit' v ramci skladovych a logistickych operacii pre automaticka
navigéciu v skladovom priestore, navigacia v ramci montaze produktov, servis vyrobkov pomocou
vizualizacie, automaticky preklada¢ manualov a pod. Vel'kou vyhodou rozsirenej reality je to, Ze
nekladie naroky na vzdelanie uzivatel'a, ¢o mdze mat’ pozitivny vplyv na zamestnanost’ v ramci
celého kvalifikatného spektra populacie.

CONCLUSION

Prostrednictvom Stvrtej priemyselnej revolicie st podniky schopné vytvorit’ stabilnu
konkurencntt vyhodu v dlhodobom horizonte a dalej rozsirovat' svoje jedineCné postavenie
implementovanim technoldgii Industry 4.0. Prave Industry 4.0 so svojou znacnou schopnost'ou
produkovat’ na mieru vyrabané produkty, pri ktorych st nizsSie naklady a kratSie vyrobné usilie
predstavuji hlavné hodnoty, ktoré prilakaju novych zakaznikov a vyrazne tak bude ovplyvnena
ziskovost’ poskytovatelov logistickych sluzieb a priemyselnych vyrobcov. Implementovanim
Industry 4.0 v podniku sa umozni efektivne vyuzitie l'udskych zdrojov, prirodnych zdrojov a surovin.
Budu tak ciasto¢ne zniZzené ndroky na zivotné prostredie a vytvoria sa tym aj lepSie Zivotné
podmienky pre budiice generéacie. Co sa tyka ludskych zdrojov, prostrednictvom vyvoja postupov
Industry 4.0 budii moct’ 1 starSie generacie pracovat’ v inteligentnych tovariiach (smart factory),
pretoze budu zaskoleni a mentorovani na riadenie a kontrolu pozadovanych postupov. Okrem toho,
transformacia priemyslu vytvori nové pracovné miesta, a to najméa v oblasti IT. Prispevok poskytol
analyticky pohl'ad na Stvrti priemyselnu revolucia prostrednictvom vymedzenia Industry 4.0 a jeho
vybranych kla€ovych technologii, ktoré budii v nasledujicom dynamickom podnikatel'skom
prostredi zohravat’ neodmyslite'nt1 konkuren¢nu vyhodu nielen na slovenskom trhu.

,Prispevok bol rieSeny v ramci projektu VEGA MS SR ¢&. 1/0375/20 Nova dimenzia
rozvoja manaZzmentu vyroby a logistiky pod vplyvom Industry 4.0 v podnikoch
na Slovensku.*
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Abstract

The aim of the paper is the analysis of the transport chain in a selected company and the
elaboration of proposals for its improvement. The first part defines the basis for optimizing
distribution logistics. The second part characterizes the selected company, analyzes the
distribution routes and optimizes them using linear programming. Finally, the evaluation
compares the current and optimized state of distribution.

Abstrakt

Zameérem prispévku je analyza dopravniho fetézce ve vybraném podniku a zpracovani navrhi
na jeho zkvalitnéni. V prvni ¢asti jsou definovana vychodiska optimalizace distribucni
logistiky. Ve druh¢ ¢asti je charakterizovana vybrana spolecnost, analyzovany distribu¢ni trasy
a provedena jejich optimalizace s vyuzitim linedrniho programovani. Na zavér je v ramci
vyhodnoceni provedeno porovnani soucasného a optimalizovaného stavu distribuce.
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INTRODUCTION

Pteprava materidlu ¢i zbozi jsou velmi vyznamnou soucdasti logistiky. Tyto procesy jsou
nedilnou soucasti zabezpeCeni plynulého a efektivniho pfesunu materidlu nebo zbozi
od dodavatele k odbérateli ¢i do mista spotieby.

Spolecnosti se zabyvaji optimalizaci ndkladli pfepravy materidlu nebo zboZi, které
se vyraznym zpisobem promitaji do cen proddvaného zbozi nebo sluzeb, proto, aby se snazily
snizovat tyto naklady na minimum.

Optimalizace pfepravnich tras miize byt pro firmu zna¢né dilezita, jelikoZ dokaze uspofit
pfepravni nadklady v daném casovém obdobi. Tyto uSetfené zdroje financi investovanych
do dopravy muze uplatnit v dalSich oblastech podniku.
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1 VYCHODISKA OPTIMALIZACE DISTRIBUCNI LOGISTIKY

Distribuce je spojovacim ¢lankem mezi vyrobou a zakaznikem. Tvoii ji veSkeré skladovaci
a dopravni pohyby k zdkaznikovi a také pfislusné informacni, fidici a kontrolni ¢innosti.
Distribuce se podstatné podili na urovni logistickych sluzeb. Cilem distribuce je zabezpecit
pfesun vyrobku na trh v€as, v neposkozeném stavu a v pozadovaném mnozstvi. Pieprava
generuje znacnou cast logistickych nakladii a z toho vyplyva, Ze je pro podnik efektivni
optimalizovat logisticky fetézec, jehoz nedilnou soucsti je prave i distribuce.

Optimalizace distribuce a s ni souvisejici feSeni distribucnich tloh je jednim ze zdkladnich
predpokladii spravné fungujicich podniki a firem. KdyZ naklady na distribuci predstavuji jednu
z nejvetsich polozek, je velmi dilezité spravné ,nastaveni® distribuce z hlediska jejich
minimalizace, ale i ¢asové uspory a uspory distribu¢nich prostiedki. Optimalizaci distribuce je
mozné dosahnout az 50% snizeni nakladl a ¢asu potfebného na distribuci.

Reseni distribu¢nich uloh se sklada ze zakladnich kroktl, které jsou spoleéné pro viechny
typy distribucnich uloh:

- formulace celé feSené ulohy,

- analyza distribuce feSené ulohy - analyza soucasného stavu,

- nedostatky vyplyvajici z analyzy - identifikace a urceni problémi,
- nadvrh moZnych feSeni,

- vybér feseni,

- vyhodnoceni vysledki feSeni a porovnani se sou¢asnym stavem.

Ekonomicka formulace ulohy: v dopravni, resp. distribu¢ni tiloze se jedna o rozvoz
materidlu ¢i zbozi z dodavatelskych mist k odbératelim tak, aby se minimalizovali celkové
naklady na prepravu.

Pro tyto ucely definujeme zékladni pojmy:

- zdroje - dodavatel¢ Z;, 2, ..., Zn,

- kapacity zdroji ay, a, ..., am,

- odbératelé - zakaznici O;, Oy, ..., O,
- pozadavky odbératelt by, b, ..., by

Kazdou dvojici (Zi, Oj), to znamend souvislost i-t¢ho zdroje ¢i dodavatele a j-tého
odbératele ¢i zdkaznika, je potfeba néjakym zpiisobem ocenit. Zpravidla se pouzivaji
vykalkulované ndklady na ptfepravu jednoho kusu zbozi mezi i-tym zdrojem a j-tym
odbératelem nebo kilometrova vzdalenost od zdroje k odbérateli. Zminéné ocenéni se znaci cij.

Cilem dopravni ulohy je napldnovat pifepravu, to znamend stanovit objem piepravy
pro kazdou dvojici cij = (Z1,0j) tak, aby nebyly piekroceny kapacity zdroji (dodavateli) a aby
byly uspokojeny poZadavky odbérateli (zakaznikid). Uvedeny objem piepravy zbozi
se oznacuje Xij.

Jesté, neZz provedeme vypocet, je nutné vzit v ivahu vztah mezi celkovou kapacitou zdroji
ai a celkovymi pozadavky bj. Z tohoto vztahu vyplyvaji dvé moznosti, které mohou nastat:

1. tzv. vyrovnany problém Y ai=Y b,
2. tzv.nevyrovnany problém Y a;# Y. b;.
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Matematicky model k vyteseni dopravni, resp. distribu¢ni ulohy obsahuje:

min £ (x) =§:Zn:cij-xij €y

ucelovou funkci

i=1j=1
a soustavu omezujicich podminek
n n n
X;j = a; nebo inj = a; nebo inj <a; (2)
j=1 j=1 j=1
proi=1,..m
m m m
i=1 i=1 i=1
proj=1,...,n
xij =0 (4)

proi=1,...mj=1,..,n

2 ANALYZA DOPRAVNIHO RETEZCE V PODNIKU MJM LITOVEL

Spolecnost MJM Litovel a.s. je dynamicka firma, ktera sidli ve mésté Litovel. Podnik byl
zalozen roku 1992 za vyuziti zkuSenosti ze zeméd¢lstvi, zeyména aplikace hnojiv a vyrobou
krmnych smési. Od tohoto roku se firma MJM Litovel a.s. stavd spolehlivym a stabilnim
partnerem pro zemedélské podniky, farmy a drobné péstitele.

Hlavnimi ¢innostmi spole¢nosti jsou vyroba krmiv, mlynafstvi, nakup zemédélskych
komodit od subjekti zeméd¢€lské prvovyroby, jejich posklizinova uprava a jejich skladovani
a obchodni ¢innost, kterd je zaméiena na osiva, hnojiva, pesticidy, pohonné hmoty a sluzby
snimi spojené pro zemédélské podniky. V prispévku se zabyvame stézejnimi Cinnostmi
dopravniho fetézce v podniku MJM Litovel a.s., kterymi jsou:

e aplikace vapennych hmot,
e aplikace primyslovych hnojiv,
e aplikace vyzivy rostlin, tzn. posttiki.

Aplikace vapennych hmot

Fig. 1 ndzorné popisuje aplikaci vapennych hmot v pribéhu 1 mésice, tj. 20 pracovnich dnt,
zdroje vapennych hmot s jejich kapacitami, odbératele s jejich poZadavky, ceny za piepravu a
v neposledni fad€ objem piepravy, tj. pocet vozidel od dodavatelt k zakaznikim.

Aplikace priimyslovych hnojiv

Fig. 2 nazorné popisuje aplikaci primyslovych hnojiv v pribéhu 1 tydne, tj. 5 pracovnich
dni, zdroje primyslovych hnojiv s jejich kapacitami, odbératele s jejich pozadavky, ceny
za pfepravu a v neposledni fadé objem piepravy, tj. pocet vozidel od dodavatelll k zakazniktim.
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Aplikace vapennych hmot
1 mésic = 20 dn(

K aplikaci se poutije jeden druh
vapence:;

Jemné miety vapenac pro
zemédélske Oéaly

Maierial poadovany
zakaznikem

Aplikaéni stroj TG 2244

Vapenka Mérotin

—

100 vozidel Stroj o cefkové hmotnosti 32 tun

- = Provozni hmotnost stroje 15 tun
Vapenka Cerlovy schody Tman

pr——

127 vozidel

f Zdroje vapenych hmot
a kapacita dodavatel(

[ Vapenka Kotoué Strambaerk

Podet jizd ze zdroje;

Zdroje a cena na ravi:

Zakaznici a zakazky ©

133 vozidel

[ Vapenka VitoSov

333 vozidel

Handacka zemédalska a.s.
Dolany

Poladavek 100 vozidal

Mavoz

s i Stramberk
Viozidlo o celkove hmotnost 42 tun Skﬂl_nl _51ﬂtek : ramaer
Movy Jigin

Provozni hmotnost vozidla 12 tun

Maximalni dopravni kapacita 30 lun

= 900,- K&
Vitodov

1jizda = 6300,- K&
PoZadavak 90 vozidel

Zhbirokska a.s.
Zhiroh

\_Pozadavek 107 vozidel

1jizda = 1800,- K&

Fig. 1 Aplikace vapennych hmot
Source: vlastni zpracovani
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Aplikace
priumyslovych hnojiv
1 tyden =5 dnu

Aplikatni stroj TG

Material pozadovany
zakaznikem

[ FERTIKOMPLEX®

Nosnost stroje 5 tun
likadni moznosti 50 kg - 1000 kaha

Bocel jizd ze rdrole

[ MJUM agro a.s. Blatec

A

Epedi¢ni kapacita
skiladu je 50 vozidel

[ MJUIM agro a.s. Bludov \
Skladovaci zdroje
Epedi€ni kapacita 4 viastni
skladu je 83 vozidel

MJUM agro a.s
Skalice nad Switavou

—

—

Zakazrnici a rakazky

Zdroje a ceny dopravy

Epediéni kapacita
skiladu je 47 vozidel

ZD Troubky

s
Novy Jies

n

1jirda = 7800,- K&

Poladavek 12 vozidel

Blatec

lizda = 2400.- KE

ljizda = G000, - K&

Skalice nad
Switavo:

ifizda = 4800.- K&

Bures Svabenice

Fig. 2 Aplikace primyslovych hnojiv
Source: vlastni zpracovani
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Aplikace vyZivy rostlin
Fig. 3 ndzorné popisuje aplikace vyzivy rostlin v pribéhu 1 tydne, tj. 5 pracovnich dni, zdroje vyzivy rostlin s jejich kapacitami, odbératele s jejich
pozadavky, ceny za prepravu a v neposledni fadé objem piepravy, tj. pocet vozidel od dodavatelti k uvedenym zakaznikam.

Aplikace postriku:
Vyziva rostlin
1 tyden = 5 dnu

Podet jizd 76 zdroje

Zdroje 3 ceny dopravy

\

\__Po2adavek 7 vozidel

Pozadavek 6 vozidel

Fig. 3 Aplikace vyzivy rostlin
Source: vlastni zpracovani
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3 ZPRACOVANI NAVRHU NA ZKVALITNENI DOPRAVNIHO RETEZCE

Nasim ukolem je nalezeni takové struktury dopravniho planu ze zdrojti k odbérateltim, ktery
podniku MJM Litovel a.s. pfinese co nejvyssi zisk pii respektovani vSech znamych omezujicich
podminek, mezi které patii kapacita zdrojii a v neposledni fad¢ snaha vyhovét pozadavkim
stalych odbératelil.

Abychom mohli tlohu dale fesit, musime vyse uvedené slovni vyjadieni problému pievést
do matematického modelu ulohy. Prvnim krokem je vymezeni hledanych proménnych. Déle
si vyjadiime tvar ucelové funkce a rozebereme jednotlivé polozky, ze kterych je ucelova funkce
sloZzena. Druhym krokem je vyjadfeni omezujicich podminek, které ovliviiuji hodnoty
proménnych, které vyjadiime jako soustavu nerovnic. Poslednim krokem je zajisténi podminky
nezapornosti. Pro prehlednost si hodnoty rozhodovacich konstant s kapacitami dodavatelt
a pozadavky zakaznikl zapiSeme do tabulky vstupnich udaju.

Navrh FeSeni dopravy pfri aplikaci vapennych hmot

Prvni aplikace se provadi u zakazniks: Hanacka zemédélska a.s. Dolany, Skolni statek Novy
Ji¢in a Zbirozska a.s. Zbiroh. Aplikaci spole¢nost MJM Litovel a.s. provadi hnojivy, které
navazi vozidlem o celkové kapacité 30 t z vapenek neboli zdrojii a t€émi jsou: Mérotin, Tman,
Stramberk a Vito§ov. Rozhodovaci konstantou je cena 1 jizdy vozidla realizovana ze zdroje
k zdkaznikovi.

Vstupni udaje

Vstupni tdaje jsou uvedeny v Tab. 1:

Tab. 1 Vstupni udaje

Zdroj/Odbératel Ol Dolany 02 Novy Jicin O3 Zbiroh ~ apacita/mésic
[pocet vozidel]
Z1 Mérotin 2100 5400 0 100
72 Tméi 0 0 1800 127
73 Stramberk 0 900 0 133
Z4 Vitosov 2550 6900 0 333
Pozadavky/mésic 100 90 107

[pocet vozidel]

Source: vlastni zpracovani

Matematicky model
Matematicky model aplikace vapennych hmot ma tvar:

mlnf(x) :2100'X11+5400'x12+0'x13+0'x21+0'x22+1800'x23+
+O'X31+900'X32+O'x33+2550'x41+6900'x42+0'x43
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za podminek

X117 + X172 + %13 < 100
Xoq + Xop + Xp3 < 127
X31 + X3, + x33 < 133
Xg1 + X4y + X453 < 333

X11 + X21 + X31 + Xg41 = 100
X12 + X292 + X32 + X4 = 90
X13 + X33 + X33 + Xy3 = 107

x13 =0
X,1 =0
X0 =0
x31 =0
X33 =0
X403 =0
XUZO

proi=1,2,3,4;j=1,2,3

Vysledek po optimalizaci

Vysledek 483 600 K¢ je cena za celkovou dopravu pii aplikaci vapennych hmot
uskutecnénou za 1 mésic. Optimalizaci v MS Excel byl navrZzen pocet jizd zdroj-odbératel
nasledovné:

x11 =100 (Mérotin-Dolany),
x23 = 107 (Tman-Zbiroh),
x32 =90 (Stramberk-Novy jicin).

Navrh FeSeni dopravy pri aplikaci primyslovych hnojiv

Druh4 aplikace se provadi u zakaznik®i: Zemd&délské druZstvo Troubky, Skolni statek Novy
Ji¢in a Bure§ Svabenice. Aplikaci spole¢nost MIM Litovel a.s. provadi hnojivy, které navazi
vozidlem o celkové kapacité 30 t z vlastnich ¢i cizich skladovacich prostor neboli ze zdroja
a témi jsou: Blatec, Bludov a Skalice nad Svitavou. Rozhodovaci konstantou je cena 1 jizdy
vozidla realizovana ze zdroje k zdkaznikovi.

Vstupni udaje

Vstupni udaje jsou uvedeny v Tab. 2:
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Tab. 2 Vstupni udaje

Zdroj/Odbératel O1 Troubky O2 Novy Ji¢in 03 Svébenice Kapflﬂta/tyden
[pocet vozidel]
Z1 Blatec 1500 4200 2400 50
72 Bludov 4800 7500 6000 83
73 Skalice nad Svitavou 7800 7800 4800 47
Pozadavky/tyden 10 12 g

[pocet vozidel]

Source: vlastni zpracovani

Matematicky model
Matematicky model aplikace primyslovych hnojiv ma tvar:

mlnf(.x) = 1500 " X11 + 4‘200 *X12 + 24‘00 b X13 + 4‘800 X2 + 7500 *Xoo +
+6000 ) x23 + 7800 ) x31 + 7800 b x32 + 4‘800 b X33

za podminek

X171+ X412 + %43 <50
Xp1 + X3 + X953 < 83
X371 + X33 + X33 < 47

X171 + X1 + x31 = 10
X12 + X2 + X3 = 12
X13 + X33 + X33 = 8

xl-jZO
proi=1,2,3;7=1,2,3

Vysledek po optimalizaci

Vysledek 84 600 K¢ je cena za celkovou dopravu pii aplikaci primyslovych hnojiv
uskutecnénou za 1 tyden. Optimalizaci v MS Excel byl navrzen pocet jizd zdroj-odbératel
nasledovné:

x11 =10 (Blatec-Troubky),
x12 =12 (Blatec-Novy Ji¢in),
x13 = 8 (Blatec-Svabenice).

Navrh FeSeni dopravy pri aplikaci postriki

Tteti aplikace se provadi u zdkaznikli: Brno Tufany, Zemédélské druzstvo Drasov a Bludov.
Aplikaci spolecnost MJM Litovel a.s. provadi hnojivy, které navazi vozidlem o celkové
kapacité 30 t z vlastnich ¢i cizich skladovacich prostor neboli od dodavateld a témi jsou: Skalice
nad Svitavou, Litovel a Bludov. Rozhodovaci konstantou je cena 1 jizdy vozidla realizovana ze
zdroje k zékaznikovi.
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Vstupni udaje

Vstupni udaje jsou uvedeny v Tab. 3:

Tab. 3 Vstupni udaje

Zdroj/Odbératel ol }3 MO 02 Drasov 03 ZD Bludov Kapvac1ta/t}.’/den
Tufany [pocet vozidel]
Skalice nad Svitavou 2700 1650 4800 50
Litovel 6000 6900 2400 100
Pierov 5400 6450 4950 67
Pozadavky/tyden 5 7 6

[pocet vozidel]

Source: vlastni zpracovani

Matematicky model
Matematicky model aplikace postiikli ma tvar:

mlnf(.x) = 2700 " X11 + 1650 *X12 + 4‘800 b X13 + 6000 X2 + 6900 *Xoo +
+24‘OO ) x23 + 54‘00 ' x31 + 64‘50 b x32 + 4‘950 b X33

za podminek

X11 + X1 +x43 <50
Xp1 + Xpp + X553 <100
X317 + X35 + X33 < 67

x11 + le + x31 = 5
xlz + xZZ + x32 = 7
x13 + x23 + x33 = 6

xl-j >0
i=1,23;j=1,23
Vysledek po optimalizaci

Vysledek optimalizace 39 450 K¢ je cena za celkovou dopravu pii aplikaci postiiki uskute¢nénou
za 1 tyden. Optimalizaci v MS Excel byl navrZen pocet jizd zdroj-odbératel nasledovné:

x11 =5 (Brno-Skalice nad Svitavou),
x12 =7 (Brno-Litovel),

x13 = 6 (Brno-Pterov),

x23 = 6 (Drasov-Pterov).

4 VYHODNOCENI
Pfi aplikaci linearniho programovani v MS Excel na problém optimalizace dopravy

v podniku MJM Litovel a.s. se ndm z poskytnutych vstupnich tidaji podatilo ziskat nakladoveé
a ziskove vyhodné&jsi rozvrzeni jednotlivych dopravnich tras ze zdroji k odbératelim.
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Aplikace vapennych hmot

Srovnani stavajiciho a optimalizovaného stavu u zakaznika Dolany:

Zakaznik Dolany je obslouzen ze 2 zdrojl, a to Mérotin a VitoSov. Z M¢érotina se jezdi
30krat a z VitoSova 70krat. Cena 1 jizdy vozidla ¢ini z Mérotina 2 100 K¢ a z VitoSova
2 550 K¢&. Cena dopravy v soucasnosti je 241 500 K¢.

Optimalizovany stav dopravy je navazet 100krat pouze z M¢rotina a cena dopravy ¢ini
210 000 K¢&. Pokles dopravnich nékladii je 13 %.

Srovnani stavajiciho a optimalizovaného stavu u zdkaznika Novy Ji¢in:

Zakaznik Novy Ji¢in je obslouzen ze 3 zdroji, a to Mérotina, Stramberku a VitoSova. Z Mérotina se
Jezdi 60krat, ze Stramberku 30krat a VitoSova Okrat. Cena 1 jizdy vozidla prepraven¢ho materialu Cini z
Me¢rotina 5 400 K¢, ze Stramberku 900 K¢ a VitoSova 0 K¢. Cena dopravy v soucasnosti je 351 000 K¢.

Optimalizovany stav dopravy je 90krat pouze ze Stramberku a cena dopravy &ini 81 000 K¢&.
Pokles dopravnich nakladd je 77 %.

Srovnani stavajiciho a optimalizovaného stavu u zdkaznika Zbiroh:

Zde je optimalizovany stav stejny jako soucasny, tudiz ndklady dopravy zlstavaji stejné, Zbiroh
je navazen ze zdroje Tman, néklady na 1jizdu vozidla jsou 1 800K¢. Cena dopravy je 192 600 K¢.

Aplikace primyslovych hnojiv

Srovnani stavajiciho a optimalizovaného stavu u zdkaznika Troubky:

Zékaznik Troubky je obslouzen ze 3 zdroji, a to z Blatce, Bludova a Skalice nad Svitavou.
Z Blatce se jezdi Skrat, z Bludova 2krat a ze Skalice nad Svitavou 3krat. Cena dopravy
v soucasnosti je 40 500 K¢.

Optimalizovany stav dopravy je navazet 10krat pouze z Blatce a cena dopravy cini
15 000 K¢. Pokles dopravnich nakladu této piepravy €ini 63 %.

Srovnani stavajiciho a optimalizovaného stavu u zédkaznika Novy Jicin:

Zakaznik Novy Ji¢in je zavaZen taktéZ ze 3 zdrojl, a to z Blatce, Bludova a Skalice nad
Svitavou. Z Blatce se jezdi 2krat, z Bludova 6krat a ze Skalice nad Svitavou 4krat. Cena
dopravy v soucasnosti je 84 600 K¢.

Optimalizovany stav dopravy je navazet 12krat pouze z Blatce a cena dopravy cini
50 400 K¢. Pokles dopravnich nékladi je 40 %.

Srovnani stavajiciho a optimalizovaného stavu u zakaznika Svabenice:

Zakaznik Svabenice je zavazen ze 3 zdroji, a to z Blatce, Bludova a Skalice nad Svitavou.
Z Blatce se jezdi v soucasnosti 2krat, z Bludova 5krat a ze Skalice nad Svitavou 1krat. Cena
dopravy v soucasnosti je 39 600 K¢.

Optimalizovany stav dopravy je navazet 8krat pouze z Blatce a cena dopravy c¢ini
19 200 K¢. Pokles dopravnich nakladt po optimalizaci je témé&f 52 %.
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Aplikace postriki

Srovnani stavajiciho a optimalizovaného stavu u zdkaznika Brno Tufany:

Zakaznik Brno Tufany je zavazen ze 3 zdroju, a to ze Skalice nad Svitavou, z Litovle
a Prerova. Ze Skalice nad Svitavou se jezdi 1krat, z Litovle 2krat a ze Prerova 2krat. Cena
dopravy v soucasnosti je 26 300 K¢.

Optimalizovany stav dopravy je navazet pouze Skrat ze Skalice nad Svitavou a cena dopravy
¢ini 13 500 K¢. Pokles dopravnich nakladt po optimalizaci je témét 49 %.

Srovnani stavajiciho a optimalizovaného stavu u zdkaznika Drasov:

Zakaznik Drésov je zavazen ze 3 zdroju, a to ze Skalice nad Svitavou, z Litovle a Pferova.
Ze Skalice nad Svitavou se jezdi 3krat, z Litovle také 3krat a ze Pierova 1krat. Cena dopravy
v soucasnosti je 32 100 K¢.

Optimalizovany stav dopravy je navazet 7krat jen ze Skalice nad Svitavou a cena dopravy
¢ini 11 550 K¢. Pokles dopravnich nékladi po optimalizaci je 64 %.

Srovnani stavajiciho a optimalizovaného stavu u zdkaznika ZD Bludov:

Zékaznik ZD Bludov je zavazen ze 3 zdrojii, a to ze Skalice nad Svitavou, z Litovle
a Prerova. Ze Skalice nad Svitavou se jezdi 2krat, z Litovle lkrat a z Pferova 3krat. Cena
dopravy v soucasnosti je 26 850 K¢.

Optimalizovany stav dopravy je navazet pouze 6krat jen z Litovle a cena dopravy cCini
14 400 K¢. Pokles dopravnich nakladl po optimalizaci je 46 %.

Vyhodnoceni nakladi na celkovou pirepravu

V ptispévku uvadime soucasny stav dopravnich tras aplikaci spolecnosti, které jsou stézejni
pro zisk spolecnosti. Optimalizace prokéazala vyznamnou usporu nakladd pii provadénych
aplikacich u vyznamnych a klicovych zakazniki.

NAKLADY NA CELKOVOU PREPRAVU (K)

B Stivajicistav  ® Stav po optimalizaci

785 100,00 K&
’ 483 600,00 K¢

164 700,00 K&

84 600,00 K&

39 450,00 K&

. 85 250,00 Ké

APLIKACE VAPENNYCH HNOT APLIKACE PROMYSLOVYCH HNOJIV APLIKACE POSTRIKU

Fig. 4 Naklady na celkovou pfepravu
Source: vlastni zpracovani
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Pti aplikaci vapennych hmot by spole¢nost MJM Litovel a.s. uspofila az 38 % dopravnich
nakladt. Pti aplikaci primyslovych hnojiv by pfinesla spolecnosti usporu nakladi na tuto
prepravu témét 50 %. Pti aplikaci postiikll by podnik usettil az 54 % nékladi.

CONCLUSION

Pomoci optimalizace maji dopravni trasy od dodavateli k zdkazniktim co nejnizsi ndklady.
Pii optimalizaci dopravy byla pouzita metoda linearniho programovani v MS Excel, ktera
snizila naklady o zna¢ny pocet financi na témét vSech trasach.

Kritériem hodnoceni byla stanovena minimalizace nakladii s ohledem na existujici
omezujici podminky, kterymi byly kapacity dodavatelii s pozadavky zakaznik.

V celkovém objemu byly dopravni ndklady u v§ech hlavnich ¢innosti snizeny téméi o 50 %.

Zéaveérem je tfeba konstatovat, Ze uspofené finance z optimalizaci téchto Cinnosti je tfeba
investovat do dalSiho rozvoje firmy. Madme na mysli, mzdové naklady, investice do propagace
spolecnosti a v neposledni fadé rozsifovani aktivit spole¢nosti MIM Litovel a.s.

REFERENCES

[1] Gros, 1. et al. Velkd kniha logistiky. Praha: VSCHT, 2016. ISBN 978-80-7080-952-5.
[2] Macurova, P. et al. Logistika. Ostrava: VSB-TU, 2018. ISBN 978-80-248-4158-8.

[3] Straka, M. Distribucna logistika. KoSice: TU v KoSiciach, 2005. ISBN 80-8073-296-5.

[4] Mazankova, R. Dopravni retézec v podniku MJM Litovel a.s. Pierov, 2019. Diplomova
prace. Vysoka skola logistiky o.p.s. Vedouci prace: Ing. Michal Turek, Ph.D.

57



