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Vizeni citatelia,

casopis Komunikdcie - vedecké listy Zilinskej univerzity poniika prilezitost publikovat vedecko-
vyskumné poznatky. Toto dvojcislo Komunikdcii je venované doprave, postovym a telekomunikacnym
sluzbdam a uvedené clanky prezentujii najmd vysledky vedeckovyskumného projektu C519/2 ,Model komu-
nikacnej obsluhy vizemnospravneho celku - kraja“ Projekt bol rieseny na vsetkych fakultdch Zilinskej
univerzity v spoluprdci s Vyskumnym iistavom dopravaym v Ziline v rokoch 1998 - 2000.

Citanim ¢lankov sa mézete dozvediet viac o problémoch modelovania dopravného procesu, dopravnej
dostupnosti sidelnych miest, kombinovanej dopravy v Zilinskom kraji, integrovaného systému hromadnej
osobnej dopravy, postovych a telekomunikacnych sluzieb, verejnej osobnej dopravy, hodnotenia kvality
dopravnych, postovych a telekomunikacnych sluZieb a hodnotenia cestnej siete. Je tu tieZ problematika
stavebnych konstrukcii pre dopravu (meranie tlaku zeminy, mechanika spevnenych zemin, polymérbe-
tony).

Uspesnd budiicnost dopravy a telekomunikdcii zavisi od vyuzivania roznych druhov dopravy, posto-
vch a telekomunikacnych sluzieb. Efektivny systém je taky, ktory je dostatocne flexibilny, rozpoznd
potreby uZivatela a primerane na ne reaguje. Jeho cielom je poskytniit spolocnosti a jej ekonomike opti-
madlne sluzby. Verime, Ze vedeckovyskumné poznatky o dopravnych, postovych a telekomunikacnych sys-
témoch sa castejsie objavia na strankach ¢asopisu Komunikdcie.

Dear readers,

The journal Communications - Scientific Letters of the University of Zilina is a platform for pub-
lishing outcomes of scientific and research activities.. This volume is devoted to transport, postal and
telecommunications services and the papers deal mainly with the results of the project C519/2 “Model of
Communication Services of a Regional Administration Unit - Region”. The project was solved at all fac-
ulties of the University of Zilina in co-operation with the Research Institute of Transport in Zilina within
the years 1998-2000.

When reading the papers you can get to know more about problems of modelling of transportation
processes, transportation accessibility of regional urban centres, combined transport in Zilina region, an
integrated passenger transport system, postal and telecommunications services, public passenger trans-
port services, quality assessment and its measurement in transportation, info-communication and postal
services, evaluation of road networks. In this volume you can also come across problems of civil engi-
neering structures in transport (soil pressure cells, reinforced soil mechanics, polymer concrete).

The successful future of transport and communications depends on the use of different modes of
transport, postal and communication services. An effective system is such a system that is flexible enough
to identify and respond adequately to users’ needs. The aim of the transport and communications system
is to provide optimal services for society and its economy. Let us hope that outcomes of scientific and
research activities in transport, postal and telecommunications systems will be found on pages of the
Communications more frequently.

Pavol Surovec
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NAVRH DQPRAVNY"GH OKRSKOV PRI MODELOVANI
DOPRAVNEHO PROCESU V UZEMi

LOCATION OF TRANSPORTATION DISTRICTS AT MODELING
OF TRANSPORTATION PROCESSES IN A REGION

Viilohdch dopravného pldnovania je casto prilis velky pocet miest,
v ktorych vznikajii dopravné poziadavky (obci v regione). Preto je
potrebné celkovy pocet miest v dopravnej sieti redukovat na vopred
urceny pocet dopravnych okrskov. V ¢lanku popisujeme algoritmus na
automatické vytvorenie dopravnych okrskov. Problém vytvorenia doprav-
nych okrskov sa da formulovat pomocou matematického apardtu ako
kapacitne neobmedzend lokacnd iiloha, ktorii dokdzeme riesit exakt-
nym algoritmom. Navrhli sme niekolko kritérii, podla ktorych opti-
malizacny algoritmus vytvdra okrsky. Vysledky vypoctov sme porovnali
s ndvrhom experta pre dopravné planovanie.

1. Uvod

Pri modelovani dopravného procesu v izemi sa rieSené izemie
rozdeluje na dopravné okrsky. Dopravny okrsok je z urbanistic-
kého, hospodarskeho a dopravného hladiska homogénne uzemie,
ktoré pozostava z katastralnych uzemi jedného alebo viacerych
sidelnych utvarov [1]. Pocet dopravnych okrskov zavisi od pozado-
vanej presnosti modelu, urbanistickej Struktiry uzemia, Struktury
dopravnych sieti v uzemi a moznosti ziskania demografickych
udajov pre jednotlivé dopravné okrsky. S po¢tom okrskov rastie
rozsah vzorky obyvatelstva, ktori musime zahrntit do dopravno-
sociologického prieskumu. Vysledkom prieskumu je okrem iného
matica zaujmu, ktora udava, kol'ko Iudi cestuje medzi kazdymi
dvoma miestami siete, pricom za vychodisko a ciel cesty povazu-
jeme tazisko okrsku. Na druhej strane pocet okrskov nemoze byt
prili§ maly, aby nedoslo k prili§ velkym odchylkam zatazenia
dopravnych sieti v modeli oproti realnej situacii.

Vyznamnou pomdckou pre odbornika, ktory vytvara dopravné
okrsky, moze byt pocitacovy program, ktory ponuka automatické
vytvorenie zvoleného poctu okrskov. Program vyuziva skutocnost,
Ze problém vytvorenia dopravnych okrskov sa da formulovat ako
uloha umiestnenia stredisk obsluhy na dopravne;j sieti [2].

Transportation planning should frequently work with too many
places, where transportation demands arise (dwelling places in a re-
gion). That is why it is necessary to reduce the total number of such
places in a transportation network on a given number of transporta-
tion districts. An algorithm for automatic location of transportation
districts is described in the paper. The location of transportation dis-
tricts can be defined using mathematical model of the uncapacitated
location problem, which can be solved using an exact algorithm.
Several criteria are proposed according to which an optimal location
of transportation districts is calculated. The results of calculations
were compared with the hand-made solution of an expert.

1. Introduction

Transportation planning divides a region into transportation
districts. Every transportation district should represent a partial
area of the region, which is homogenous from an urban, economic
and transportation point of view and should comprise cadastral
area of usually one or several dwelling places [1]. The number of
transportation districts depends on a demanded precision of
a model, on an urban structure of the region, transportation network
structures and on available sources of demographic data for trans-
portation districts. The more transportation districts will be created,
the more detailed demographic data must be available and the
more data is to be collected by transportation and sociological
surveys. A result of those surveys should provide among others an
O-D (origin-destination) matrix. The matrix says how many people
travel every day between two places in a network, where every
travel is supposed to origin and to end at the center of gravity of
a transportation district. On the other hand, the number of dis-
tricts cannot be too small, so that the workload of a transportation
network in a model will not differ from the real traffic.

A computer program, which offers an automatic creation of
a given number of transportation districts, can be a significant
help for a planner who should design the districts. The program is
based on the fact that the problem of transportation districts
creation can be defined as a problem of location of service centers

in a network [2].

* Prof. Ing. Petr Cenek, Csc., Prof. RNDr. Jaroslav Janacek, CSc., Ing. Ludmila Janosikova, CSc.
University of Zilina, Faculty of Management Science and Informatics, Department of Transport Networks
E-mail: petr@frdsa.fri.utc.sk, jardo@frdsa.fri.utc.sk, janosik@frdsa.fri.utc.sk
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2. Matematicky model

Ozna¢me symbolom n pocet obci na sieti. Zo Statistickych
udajov je znamy pocCet obyvatelov b; kazdej obce. Z idajov o cestnej
sieti vypocitame maticu {d;} vzdialenosti kazdych dvoch obci.
Treba vytvorit p € <p,m-,,, pmax> okrskov (pozostavajucich z jednej
alebo viacerych obci) a pre kazdy okrsok Sy, k = 1, ..., p ur€it
jednu zastupujucu obec (taZisko) i, tak, aby sa sief zloZena zo
zastupujucich obci iy, kK = 1, ..., p s agregovanymi poctami obyva-

= Z b; €o najmenej lisila od povodnej siete. Predpokla-
JES)

telov a;

dajme, Ze sa minimalizovanu odliSnost F siete zastupujucich obci
a povodnej siete podari vyjadrif ako sucet nejakych ohodnoteni F;,
jednotlivych okrskov. Nech navySe moZno ohodnotenie F) uvazo-
vaného okrsku S, vyjadrit ako sucet nejakych nezdpornych ohod-
noteni Cipj vyjadrujucich ,mieru odliSnosti siete“, ktori sposobi
zahrnutie obce j do okrsku S}, so zastupujiicou obcou i;. Tym pred-
pokladame, Ze odliSnost F sieti mozno vyjadrit vztahom

Zavedieme bivalentné premenné y, € {0, 1} vyjadrujuce, ¢i
obec i (ne)bude zastupujucou obcou nejakého okrsku a premenné
x; € {0, 1} vyjadrujuce, ¢i obec j (ne)bude priradend zastupujicej
obci i. Potom mdzZeme ulohu vytvorenia okrskov vyjadrit pomocou
modelu:

2. Mathematical model

Let n stay for a number of dwelling places in a network. The
number b; of inhabitants is known for each place from statistical
data. The data on a road network can be used to calculate the
matrix {d;}, which gives the distances between any two dwelling
places. The goal of the district location will be to create p € (pmm,
pmax> districts (consisting of one or several dwelling places) and to
choose one representing place (center of gravity) i, for each dis-
trict S, k = 1, ..., p, so that the network composed of represent-

ing places i, k = 1, ..., p with aggregated numbers of inhabitants

a, = Z b, will differ as little as possible from the original network.

JES

Let us suppose that the difference F between the network of
representing places and the original network, which is to be mini-
mized, can be given as a sum of costs [ for all districts. Let
further the cost F) for a district S, be defined as a sum of non-neg-
ative costs ¢; ;, which will correspond to an “extent of difference”,
which will be caused by including a dwelling place j into a district
S, with a representing place i,. The difference F among the net-
works can be then given by

P )
F:;le:Z Z"w

k=1 jES;

Let bivalent variables y; € {0, 1} define that a place i will or
will not be a representing place of a district and variables x; € {0,
1} define that dwelling place j will or will not be allocated to a rep-
resenting place i. Then the following model can describe the
problem of transportation districts location:

minimize CyXy ()
i=1j=1
subject to x; =1 forj=1,..,n (2)
i=1
x; =, fori=1,...n j=1..,n )
yi Spmax (4)
i=1
yi = Pmin (5)
i=1
X, 0 € {0, 1} fori=1,..,n j=1,.,n (6)

Tuto ulohu prevedieme pomocou Lagrangeovej relaxacie na
kapacitne neobmedzenu loka¢nu ulohu, ktoru dokazeme riesit
exaktnym algoritmom BBdual [3, 4] zaloZzenym na metode vetiev
a hranic.

Mieru odlisnosti siete sme vyjadrili pomocou siedmich mode-
lov. Najjednoduchsi model vyjadroval ,,posun“ poziadavky, tzn.
minimalizovali sme vzdialenosti zruSenych obci ku zastupujucim
obciam, do ktorych sa presunt poziadavky na prepravu. Prijatelné
rieSenie dalo kritérium vazZenej vzdialenosti, kde vzdialenost bola
vynasobena poctom poZiadaviek (poctom obyvatelov obce). V tomto
pripade je ¢; z modelu (1) - (6) definované vztahom c; = b, d;.

The problem can be reformulated using Lagrangean relaxation
on an uncapacitated location problem, which can be solved using
exact algorithm BBdual [3, 4] based on the branch and bound
approach.

The extent of difference of a representing network against the
original one was calculated according to seven different models.
The simplest model expressed the “displacement” of a transporta-
tion demand, in other words, the distance of dwelling places to
their representing places was to be minimized. A better acceptable
solution was attained using a weighed distance, where the distance
was multiplied by amount of a transportation demand in the

6 + KOMUNIKACIE / COMMUNICATIONS 1-2/2002



Pomerne zlozitym kritériom bolo zachovanie prepravnej prace,
ktoré pozadovalo, aby celkovy pocet osobokilometrov bol rovnaky
pri pévodnom pocte obci a po agregacii poziadaviek do fazisk. Pri
odvodzovani tohto kritéria sme vychadzali z nasledujicej tivahy.
Dopravna praca v povodnej sieti je uréena vztahom

> Z Dy,

Jj=1r=

kde d,, je vzdialenost medzi obcami j a r a p,, je odhad velkosti
zatazema trasy/siete (pocet obyvatelov cestujicich v uvazovanom
obdobi z j do r). Koeficient p;, tu odhadujeme pomocou kvadratic-
kého gravitacného modelu, kde predpokladame, Ze pocet obyva-
telov b; sa na svojich cestach do obei r = 1, ..., n rozdeli v pomere
Lpritazlivosti“ obci j a r. Pritazlivost obci vyjadrime vztahom

b,
(@,
a teda
bib, b,
2
_y (d,) N A%
n b J
q=1 Yjgq q=1

Tuto dopravnu pracu chceme v sieti zastupujucich obci ¢o
najviac zachovat. V zastupujucej obci i, , ktora je faZiskom okrsku

> b;. Prirade-

JESK

S, uvazujeme agregovany pocet obyvatelov bl.k =

nim obce j k zastupujucej obci i, pri zachovani vSetkych ostatnych
obci siete zmenime prepravnui pracu o hodnotu

n
D'Zdikrpjr - rpjr DZ(dIAr - j’)pjr
=1 =1

Ak do tohto vyrazu dosadime za p;,, dostaneme vztah pre c;
z modelu (1)-(6):

b,
()’

n b

q=1

Dalej mozeme spojif ucinky kritéria vazenej vzdialenosti, ktoré
sa snazi zachovat strukturu povodnej siete a kritéria zachovania
dopravnej prace a vytvorit ich konvexnu kombinaciu, kde pre
a € (0, 1) bude

¢; = b;

i J

ad; + (1 — a)

q
Z ( ./'q)2
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dwelling place (by a number of its inhabitants). The coefficients
c; from the model (1) - (6) are defined by c; = b; d;; in this case.
Another more complex criterion is conservation of transporta-
tion work, which demands a total amount of transported person-
kilometers to be retained possibly the same for the original network
model and for a model with representing places in centers of gravity.
The derivation of this criterion is based on the following assump-
tion. The overall transportation work in a network is given by

Z Z irPjrs

Jj=1r=1

where d,, is the distance between places j and r and p;, is an esti-
mation of a traffic volume (of number of passengers traveling
during a time period from place j to r). Coefficient p,, will be esti-
mated using a quadratic gravity model, where the number of inhab-
itants b; is supposed to split on their travels into places r = 1, ..., a
in proportion to an “attraction” of districts j and . The attraction
of districts is given by

b;b,
(d,)
and so
b;b, b,
> (d,)
U] Bl L ’—b

Z() i (d)

This transportation work should be retained as accurately as
possible in a network of representing places, too. An aggregate
number of inhabitants in a representing place i;, which is a gravity

Z b;. Allocation of

=

center of a district S, is supposed to be b; =

a place j to a representing place i, by retaining all others places in
a network in their original positions will change the transportation

work by
ldikrpjr - Z,ld_/‘rp/r (dt,‘r
[L = [L

The value p,, in this expression can be substituted for, and
a following expression for ¢; from the model (1)-(6) will result:

UZ(d,, —d,
Z

)p,,

br
WD

A criterion of weighed distance, which tries to retain the
structure of the original network, can be further added to a crite-
rion of a transportation work and a new criterion as a convex com-
bination (for & € (0, 1>) of both values will be
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3. Zaver

Model dopravnej obsluhy uzemnospravneho celku bol overeny
na tizemi Zilinského kraja. Zilinsky kraj ma 313 obci. Odbornik na
dopravné planovanie rozdelil obce do 139 okrskov tak, ako je zna-
zornené na obr. 1. Okrsky vytvorené odbornikom mézZeme porov-
naf s rieSenim vypocCitanym algoritmom podla kombinovaného
kritéria s hodnotou o = 0.9 (obr. 2).
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3. Conclusions

The transportation model of the region was tested for the region
of Zilina. The region of Zilina comprises 313 dwelling places. An
expert in transportation planning replaced the places by 139 dis-
tricts as shown in Fig. 1. The districts created by an expert can be
compared with a solution estimated by the algorithm, calculated
for a combined criterion with a value of the parameter a = 0.9
(see Fig. 2).
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Obr. 1. Dopravné okrsky Zilinského kraja navrhnuté expertom
Fig. 1. Transportation districts in the region of Zilina designed by an expert

Porovnanie ruéného a automatického riesenia ukazuje prija-
telnu zhodu. Vyhodou automatického navrhu je rychlost rieSenia
a nezavislost od expertnych znalosti rieSitela. Algoritmus navySe
dovoluje generovat presne pozadovany pocet okrskov, zatial ¢o
expertny navrh mozZe dosiahnut vopred zadany pocet okrskov
spravidla len vel'mi priblizne a kazda zmena by viedla k pracnemu
opakovaniu celého postupu vyberu. Preto je popisany algoritmus
vhodny na rutinné vyuzivanie pre urovanie dopravnych okrskov
roznych regionov.

Podobny model, aky sme popisali v tomto ¢lanku, sa da pouzit
aj pri navrhu novych uzemnych celkov pri zmene verejnospravnej
sustavy [5]. Struktura verejnospravnej sustavy ovplyviuje dizku

A comparison of solutions received from an expert and from
the algorithm proves an acceptable compliance of both approaches.
The advantage of the computer solution lies in the speed of cal-
culations and independence of the algorithm on the expert knowl-
edge. Moreover, the algorithm can generate a precise number of
transportation districts, while an expert solution can hardly meet
accurately the demanded number of districts and any change in
the demanded number will necessitate a tedious repetition of the
whole design. That is why the algorithm is convenient for trans-
portation districts determination in various regions.

A model similar to one described in this paper can be used for
design of new territorial regions according to changes in public

8 + KOMUNIKACIE / COMMUNICATIONS 1-2/2002
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Obr. 2. Dopravné okrsky Zilinského kraja vypocitané algoritmom
Fig. 2. Transportation districts in the region of Zilina estimated by the algorithm

cesty, ktoru musi obyvatel prejst, aby sa dostal k sluzbam, ktoré su
umiestnené v stredisku regionu (izemnospravneho celku). Prie-
mernu diZku cesty z miesta bydliska do centra regionu pripadajicu
na jedného obyvatela mozno lahko vyhodnotit a pouzit ju ako kri-
térium na optimalne umiestnenie stredisk regionov. Ak predpokla-
dame, Ze kazdu obec priradime najbliz§iemu spravnemu stredisku,
tak umiestnenie stredisk zaroven definuje aj tvar uzemnospravnych
celkov.
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Pavel Surovec *

VEREJNA OSOBNA DOPRAVA V REGIONOCH

PUBLIC PASSENGER TRANSPORT SERVICE IN REGIONS

Cielom verejnej osobnej dopravy je poskytniit takii dopravnii obsluhu
v danom regione, aby sa zabezpecilo spojenie obyvatelov na vidieku
a periférii s centrom ekonomickych, socidlnych, vzdeldvacich a kultiir-
nych aktivit. Clanok popisuje vysledky stidie ,C519/2/HU1/16 Cestnd
verejnd osobnd doprava v rieSenom tizemi ‘. Definicia dopravnej obsluz-
nosti verejnou osobnou dopravou je vytvorend s pouZitim ddt o tizemi
a doprave v Zilinskom kraji. Tito definicia je velmi dolezitd pre finan-
covanie verejnej dopravy zo Stdatneho a krajského rozpoctu a z roz-
poctu obci z dovodov tihrady preukdzatelnej straty.

1. Uvod

Verejna osobna doprava je neoddelitelnou sucastou fungova-
nia akejkolvek spoloc¢nosti s vyznamnou tlohu v socialnom a eko-
nomickom rozvoji. Hodnotenie a modelovanie verejnej osobnej
dopravy patri medzi najzaujimavejsie vystupy pre dopravnych inzi-
nierov a tych, ktori rozhoduju o doprave. V priebehu celého procesu
uzemného a mestského planovania sa vyskytuju ivahy o doprave.
Tieto tvahy by mohli byt pouzité ako navod pre budice planova-
nie na strategickej, regionalnej a miestnej trovni.

Uspesna budtcnost dopravy zavisi od vyuzivania roznych spo-
sobov prepravy a to verejnou dopravou, osobnymi automobilmi,
motocyklami, bicyklami alebo pesi. Postupné zlepsenie a integro-
vanie systému verejnej dopravy by malo byt v blizkej budtcnosti
vazne posudené. Problematika neefektivneho a nedostato¢ne vyuzi-
vaného systému verejnej dopravy by mala byt adresna a mali by byt
realizované ponukané rieSenia na zlepSenie tohto stavu [2]. Kvalita
v oblasti pohodlia, bezpecnosti, rychlosti, presnosti, spolahlivosti
a v oblasti cien a tarifného systému sa bude zlepSovat, aby viac
cestujucich vyuzivalo verejnu dopravu. Rastica zivotna uroven
a nedostato¢ny pocet spojov verejnej osobnej dopravy v niektorych
oblastiach vedie k vacSiemu poctu osob, ktoré st schopné vlastnif
osobny automobil. Potreby a ocakavania potencialnych uzivatelov
verejnej dopravy by mali byt brané do uvahy skor ako budu zave-
dené nové rieSenia. Efektivny systém je taky, ktory je dostato¢ne
flexibilny, rozpozna potreby uzivatela a primerane na ne reaguje.

2. Ciel stadie

V ramci riesenia studie C 519/2/HU1/1.6. ,Cestna verejna
osobna doprava v rieSenom uzemi“ [9] boli v priebehu 3 rokov

* Prof. Ing. Pavel Surovec, CSc.

Public passenger transport aim is to provide transport service in
a given region to ensure connection for inhabitants in villages and periph-
ery with the center of economic, social, educational and cultural activi-
ties. The paper deals with the results of the study “C 519/2/HU1/L6.
Public Road Passenger Transport in a solved area”. The definition of
public passenger transport service has been created using collected land
use and transport data from Zilina region. The definition is very impor-
tant for financing public transport from state, regional governments and
communities’ budgets because of covering documentary loss probability.

1. Introduction

Public passenger transport is an integral part of the function-
ing of any society. It has played a key role in the country social
and economic development. Evaluation and modeling of public
passenger transport are among the most interesting issues for trans-
port engineers and transport decision-makers. Transport consid-
erations occur throughout the entire process of land use and urban
planning. These considerations could be used as a guideline for
future planning at strategic, regional and local levels.

The successful future of transport depends on the use of dif-
ferent modes of travel, such as public transport, individual auto-
mobile, motorcycle, cycling and walking. Measures to improve and
integrate the public transport system should be seriously consid-
ered in the near future. The problem of inefficient and under-uti-
lized public transport systems should be addressed and solutions
to these problems must be provided and implemented [2]. Improve-
ments in comfort, safety, speed, accuracy, reliability, price, fare
system will go far in attracting more passengers to utilize public
transport. The rising standard of living and not sufficient number
of public passenger transport connections in some area lead to
more people being able to afford owning an automobile. The needs
and expectations of potential public transport users should be
considered before implementing any new applications. An effective
system is one that is sufficiently flexible to identify and respond
to users needs appropriately.

2. Objective of study

In the study C 519/2/HU1/1.6. “Public Road Passenger Trans-
port in a solved area” [9], for three years, detailed traffic and land

University of Zilina, Faculty of Operation and Economics of Transport and Communications, Moyzesova 20, 010 26 Zilina, Slovak Republic.
Tel: ++421-41-5133290, Fax: ++421-41-5651499, E-mail: surov@fpedas.utc.sk
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zbierané podrobné data o izemi a doprave v obciach Zilinského
kraja. Databaza bola analyzovana za ucelom kvantifikacie ucinkov
roznych charakteristik hybnosti obyvatelov. Boli skimané zakladné
matematické vztahy, ktoré popisuju vznik prepravnych poziada-
viek, ich rozdelenie, priradenie na dopravnu siet a podobne. Pod-
mienky ovplyviujuce hybnost boli vyhodnotené v §tudii urobenej
v roku 1999 T. Hollarkom a kol. [3] a J. Kusnierovou - T. Hollar-
kom v roku 2000 [4]. Zodpovedajlice vztahy boli zistené s pouzitim
regresnych Statistickych metdd. Tieto maju schopnost predpove-
dat hybnost vyjadrenu dopravnymi parametrami okrem Zzivotnych
podmienok.

Statisticky bolo hodnotenych niekol’ko foriem modelov a ich
zhoda s oCakavanymi tendenciami zaloZenymi na jednoduchych
studiach a predoslych skusenostiach. Vysledky tohto hodnotenia
naznacovali, Ze viacnasobny model ma najlepsiu schopnost pred-
povedat hybnost. Komplexnost prognozy poziadaviek na prepravu
je opravnena najma pre spojenie medzi obcou a spadovym alebo
okresnym mestom, kde je viac parametrov ovplyvaujucich pre-
pravné poziadavky a kde su vztahy medzi tymito parametrami zlo-
ZitejSie.

Hlavnymi ciel'mi studie [9] bolo:

« S pouzitim udajov dopravnej obsluhy v Zilinskom kraji kvanti-
fikovat vztah medzi parametrami dopravnej obsluznosti a hyb-
nostou.

o Skumat dostupné formy modelov, ktoré by mohli byt pouzité
v prognoze prepravnych poziadaviek.

« Rozvijat jednoduché, spolahlivé modely, ktoré maju schopnost
odhadovat rozsah verejnej dopravy v terminoch parametrov
hybnosti.

o Definovat standardy minimalnej, zakladnej a ostatnej doprav-
nej obsluznosti regionu. Predvidat frekvenciu spojov z dovodov
financii potrebnych na thradu preukazatelnej straty zavaznej
na zabezpecenie vykonov osobnej dopravy vo verejnom zaujme.

3. Zdroje dat

Zozbierané data pre tuto studiu boli su¢astou hodnotenia hyb-
nosti v Zilinskom kraji. Vysledky studie mozu byt pouZité na kate-
gorizaciu obci vo vztahu k urovni dopravnej obsluznosti verejnou
dopravou, aby mohli byt urené priority na stanovenie Standardov
minimalnej, zakladnej a ostatnej dopravnej obsluZnosti v regione.

Udaje pre §tidiu boli ziskané z troch zdrojov:

« Dokumenty dopravnych uradov.

» Terénne pozorovania.

« Cestovny poriadok Slovenskej autobusovej dopravy.

Ziskané data boli Statisticky analyzované pre:

« testovanie dolezitosti kazdého parametra a jeho vplyvu na hyb-
nost,

« testovanie korelacie medzi roznymi parametrami,

« hodnotenie korelacie medzi dvoma parametrami a vzajomného
posobenia vsetkych parametrov na urcenie citlivosti rozvijanych
modelov k r6znym premennym.
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use data were collected from communities in Zilina region. This
database was analyzed in order to quantify the effects of different
characteristics on mobility. Thereby, a fundamental mathematical
relationship was developed that explains travel demands, trip dis-
tribution, trip assignment etc. The effect of mobility conditions
has been evaluated by a study performed by Hollarek et al. in 1999
[3] and by Kusnierova-Hollarek in 2000 [4]. The relationship has
been developed using regression statistical models. They have
capability to predict mobility rates in terms of transport parame-
ters, in addition to living condition. Several model forms were
evaluated in terms of statistical properties and their agreement
with expected trends based on similar studies and previous expe-
rience. The results of this evaluation indicated that multiplication
model has the best capability to predict mobility rates.

The complexity of travel demand prediction is especially true
for connections between community and central business district
where more parameters affecting travel demand and interaction
between those parameters are more complex.

The main objectives of the study [9] were:

« To quantify the relationship between transport service parame-
ters and mobility rate using data from Zilina region transport
service.

« To explore the available model forms that can be used to predict
travel demand.

« To develop simple, reliable models that have the capability to
predict public transport volume in terms of mobility parameters.

« To define the level of minimum, basic and other standards for
transport service in regions. To predict the frequency of conne-
ctions because of finance needed for covering documentary
loss probability. This is necessary for ensuring passenger tran-
sport output in public interest.

3. Sources of data

The collected data in the study have been used to evaluate
mobility in Zilina region. The results of this study can be used to
rank humanities to the level of public passenger transport service,
S0 as to give priority for design minimum, basic and other standards
for transport service in a region.

The data set used in this study was obtained from three sources:
» Transport Departments Records

« Field Surveys

« The Schedule of the Slovak bus company

The collected data were statistically analyzed for:

« testing the significance of each parameter and its influence on
mobility,

« testing the correlation between different parameters,

« evaluating the correlation between two parameters and the inter-
action of all parameters to determine the sensitivity of models to

different variables.
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Z tabulky 1 je zrejmé, Ze uroven verejnej dopravy vyjadrena
poctom spojov v roznych obciach je rozdielna.

The level of public transport expressed by the number of con-
nections differs in various communities as it is shown in table 1.

Dopravna obsluznost v SR v roku 2000 [5] Tab. 1
Transport service in the Slovak Republic in 2000 Table 1
Direction of connections Number of direct connections Number of communities / Pocet obci
Smer spojov per day Working day Saturday Sunday
Pocet priamych spojov za den pracovny den den prac. volna den prac. pokoja

Under 3 / menej ako 3 131 348 378
Direct connections to the 3-5 312 679 718
central district town 6-8 322 462 446
Priame spoje do okresného 9-12 427 374 365
mesta Above 12 / viac ako 12 1483 535 474
Only transfer / iba s prestupom 231 508 525
Under 3 / menej ako 3 135 364 390
Direct connections from the 3-5 322 680 726
central district town 6-8 344 485 495
Priame spoje z okresného 9-12 440 381 333
mesta Above 12 / viac ako 12 1432 456 405
Only transfer / iba s prestupom 233 540 557

Dopravna obsluznost v koncovych obciach musi byt zvazovana
vel'mi starostlivo z dévodov vel'kého vyznamu pre [udi byvajicich
na okraji regionu. Koncové obce lezia pri hraniciach okresu, kraja
alebo §tatu, alebo pod horami a cez ne uz nevedie ziadna cesta.

Pocet autobusovych spojov za defi v Zilinskom kraji v roku
1999 zavisly od poctu obyvatelov je znazorneny v tabulke 2 a na
obr. 1.

Transport service in end villages must be considered very care-
fully because of its great importance for people living in marginal
regions. The end villages lie at the marginal of the district, in region
or state or under mountains and no road leads to them.

The number of bus connections per day in Zilina region in
1999 depending on number of inhabitants is shown in table 2 and
Fig. 1.

Priemerny pocet autobusovych spojov koncovej obce Zilinského kraja Tab. 2
Average number of end village bus connections in Zilina region in 1999 [9] Table 2
Average number of connection per day / Priemerny pocet spojov za den
Number of inhabitants / PoCet obyvatelov Working day Saturday Sunday
pracovny den den pracovného volna den pracovného pokoja

200 17.6 6.2 4.6

400 23.8 9.4 8.2

600 26.6 11.8 10.2

800 29.2 12.6 11.6

1000 30.8 14.2 12.4

Na obr. 2 az 6 su uvedené niektoré vybrané a analyzované
tizemné a §trukturalne data Zilinského kraja.

4. Ciele verejnej dopravy

Riadenie verejnej dopravy sa sustreduje na problémy zabez-
pecenia lepSej dopravnej obsluZnosti, nie iba z prevadzkového hla-
diska ale tiez s ohladom na uroven cestovného, investicii a dotacii
[2], [6]. Doprava bude planovana a prevadzkovana harmonicky tak,

Some chosen and analyzed land use and structure data of
Zilina region are shown in figures below.

4. Public transport aims

Transport management is concerned with the problem of
ensuring a better transport service, not only from an operational
aspect but also with regard to levels of fares, investment and subsi-
dies [2], [6]. Transport will be planned and operated in harmony
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Obr. 1. Pocet autobusovych spojov koncovych obci
y Zilinskom kraji za deri v r. 1999
Fig. 1. The number of bus connections in Zilina region
end villages per day in 1999
2000
_ 1800 ) .
B deti celkom
g 1600 *  all children
lr 7]
T & 1400 A
g s 1200 y=02512x-21.784 =« .
5 2 1000 p ‘
22 800 L
o © a -
28 600 3 —v = iaci zakladnjch 3kol
£ 400 - . . pupils in basic schools
E yy=0.1429x - 21.31
200
0 y . . . . . )

0 1000 2000 3000 4000 5000 6000 7000
pocet obyvatel'ov obce [osoby]
number of community inhabitants [persons]
Obr. 3. Pocet Ziakov zdkladnych skol v Zilinskom regione v r. 1997
Fig. 3. Number of pupils in basic schools in Zilina region in 1997

o podet lekarskych miest v zdravotnickom zariadeni
Number of medical positions in a health service facility
y = 1E-10x’ - 1E-06x + 0.0024x — 0.6728
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Obr. 5. Pocet lekdrskych miest v zdravotnickom zariadeni
Fig. 5. The number of medical positions in a health service facility

aby poskytovala verejnosti integrovanu dopravnu obsluhu vSetkymi

druhmi verejnej osobnej dopravy. Verejna doprava v regionoch musi:

« umoznovat dostupnost k socialnym a ekonomickym aktivitam,
- do zamestnania, §kol, iradov, zdravotnych zariadeni
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Obr. 2. Struktiira obyvatelov v Zilinskom regiéne v r. 1997
Fig. 2. Inhabitants structure in Zilina region in 1997
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Obr. 4. Nezamestnanost' v Zilinskom regiéne v r. 1997
Fig. 4. Unemployment in Zilina region in 1997
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Obr. 6. Pocet podnikov a predajni obci Zilinského kraja v r. 1997
Fig. 6. The number of firms and shops in the communities
in Zilina region in 1997

so as to provide the public with an integrated public transport
service. Public transport service in regions must:
« provide accessibility to social and economic opportunities

- access to jobs, schools, offices, surgeries
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- kultirnych a inych zariadeni

« stimulovat regionalny rozvoj a rast

« umoznovat zvacSovanie obce a minimalizovat rozsah premiest-
novania

« minimalizovat naklady v stlade so zodpovedajucimi dostupnymi
finanénymi zdrojmi a kapacitou
- minimalizovat investicné vydaje
- minimalizovat prevadzkové a uzivatelské naklady

« vyrovnavat a koordinovat vztah medzi vyuzivanim izemia a do-
pravou

« zabezpeCovat rozvoj prepravnych prilezitosti

« minimalizovat vplyvy dopravného systému na Zivotné prostredie
(najma hluku a exhalacii)

« poskytovat flexibilni regionalnu dopravu, ktora zabezpecCuje
prijatelné charakteristiky vykonnosti
- prispdsobivost poZiadavkam prepravy a uzemia
- pohodlie cestujucich
- maximalnu cestovnu rychlost a bezpecnost dopravného sys-

tému

« poskytovat maximalnu Groven dopravnej obsluhy a vyuzitia exis-

tujuceho systému.

Vseobecnym cielom je vypracovat program, ktory moze byt
pouzity na skimanie a analyzu alternativnych dopravnych systémov
a prevadzkovych postupov. Na dosiahnutie tohto ciela sa odporuca,
aby model bol schopny:

« zostavit jednoduchu, jednotnu dopravnu siet s urenim naj-
rychlejsich tras ciest pri pouziti dopravy

« vymedzif delbu prepravnej prace medzi verejnou hromadnou
dopravou a individualnou automobilovou dopravou

« urcit rozsah verejnej dopravy dany poctom prepravenych osob
na kazdej linke dopravnej siete a navrhnut primerant prevadzku
a potrebny pocet vozidiel pre kazdu linku.

Nedostato¢na kvalita fungovania verejnej dopravy moze spo-
sobit rast individualnej dopravy, t. j. vyuzivania sikromnych auto-
mobilov. Pravdepodobnost vyuzivania verejnej dopravy [ 1] zavisi
od jej kvality ako je uvedené v nasledujiicom vzorci

Tije

e
PP = eIi/'f' + eIi/'p (1)
Ly =ty + Cy 1, + 2+ € )

ijm C
2

kde: P, - pravdepodobnost vyberu verejnej dopravy
I, - odpor m = ¢ (osobny automobil), m = p (verejna
doprava) medzi uzlom ,,i* a ,,;/*

- cestovny Cas vo vozidle v priebehu cesty medzi uzlom
Ja

- Cas cesty straveny mimo vozidla medzi uzlom ,,i“ a ,j*

- cena cestovného alebo naklady vydané na cestu medzi
uzlom ,,i“ a ,j“

- koeficient reprezentujuci: (1) - vnimanie dolezitosti casu
mimo vozidla, (2) - hodnotu ¢asu v porovnani s cestov-
nym alebo nakladmi prepravy, (3) - inu mieru kvality

t

ijm

t
Lijm
F,

jm

C.

i

- access to cultural and other facilities
« stimulate regional development and growth
« strengthen communities and minimize displacement
« minimize costs consistent with available financial resources and
implementation capability
- minimize system capital costs
- minimize operating and user costs

« balance co-ordination between land use and transportation

« provide development opportunities

« minimize impact of transport system on physical environmen-
tal and ecology mainly noise and air pollution

« provide flexible regional transport system for acceptable per-
formance characteristics
- flexibility to travel and land use demand
- comfort of passengers
- maximize speed of travel and safety of transport system

« provide maximum transport service level and use of existing
system.

The general objective is to develop a program that could be
used to investigate and analyze alternative transport systems and
operating methods. To accomplish this objective, the following
specifications of the transport model are recommended - the model
should be able to:

« build up a simplified, uniform transport network and determine
fastest trip paths by transport,

« determine modal split of trips between public passenger tran-
sport and private automobile transport,

« determine public transport passenger volumes on each link of
the transport network and suggest appropriate service for each
line and the number of vehicles needed.

Malfunctioning quality of public transport can cause increas-
ing private transport, private car utilization. Probability of utiliz-
ing public transport [1] depends on its quality as it is indicated in
next formula

eliic
Pp:eﬁ/’c+eﬁjp (1)
[i/'m = [i/'m + Cl : t[ + o + C3 (2)

ijm C
2

Where: P, is probability of public transport choice

I, is impedance m = c (private car) or m = p (public
transport) between node “/” and “”

l;m 18 passenger time inside a vehicle during journey
between node “;” and “;”

tfjm is passenger time outside a vehicle between node “i”
and %"

Fy,, is fare or transport cost paid by passenger between
node “/” and “”

C, is coefficient represents: (1) - perception of time

importance outside vehicle, (2) - time value in com-
parison to fare or transport cost, (3) - other quality
measures
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Bolo zistené, Ze na zaklade danych znakov dopravného systému
pri zabezpeCovani dopravnej obsluznosti uzemia vznikaju rozne
prepravné poziadavky. V dotovanej
prevadzke je zname, Ze rovnovaha
poziadaviek na dopravné systémy
zavisi od ich Specifickych prevadz-
kovych znakov. Metody zistovania
prepravnych poziadaviek su stale
zalozené na vysledkoch ziskanych
pri dokonale neelastickych pod-
mienkach pre poziadavky pricom
cena cestovného nie je uvazovana.

45 1
40 1
35
30

passengers / prepravené osoby [mil.]
transport revenue / trzby [mil. Sk]

y=0.0779x* - 1.034x’ + 2.0121x> + 13.192x + 0.4351

y=0.0677x> — 0.8775x> + 1.2594x + 14.379
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It has been recognized that different demand levels may be
generated on the basis of the transport service attributes of different
systems. For subsidy opera-
tion it is known that the
equilibrium demands for
transport systems depend
on their specific service
attributes. Travel demand
methods are still based on
results obtained for perfect-
ly inelastic demand condi-
tions, and fare was not con-

total revenue

]
|
I
1 celkové trzby
]
]
1

number of passengers in public transport
pocet prepravenych osdb verejnou
dopravou

AvSak zmeny v prepravnych poZia- 0 1 2 3
davkach zavisia od ceny cestovného
¢o dokazuje simulacia s pouzitim
modelu ceny cestovného. Vysledok
tejto simulacie pre mestski hro-
madnu dopravu za rok 1997 je zna-
zorneny na obr. 7.

Aby sa urcil podiel vybranych druhov ciest podla ich ucelu je
v dopravnom planovani pouzity odhadnuty pocet cestujucich

(3] [4]:

domov - praca 19,5 % domov - skola 10,9 %
praca - domov 15,3 % Skola - domov 9.4 %
sukromne (zdravotnicke zariadenia, irady, atd.) - domov 9,8 %
domov - sikromne (zdravotnicke zariadenia, urady atd.). 6,7 %

Predpokladana hybnost obce s 500 obyvateImi je 2,04 ciest
pripadajucich na jednu osobu za pracovny den. To zodpoveda
poctu 1020 ciest v obidvoch smeroch za pracovny den. Z toho:

- 56,70 % ... 578 ciest peso

- 10,86 % ... 112 ciest individualnou dopravou (automobil, bicykel,
motocykel)

- 32,44 % ... 330 ciest verejnou dopravou.

Ocakava sa tak 165 ciest v jednom smere s pouzitim verejnej
osobnej dopravy za pracovny den (32 do prace, 18 do §kal, 11 do
zdravotnickych zariadeni a iradov, 104 za inym tucelom).

5. Definicia dopravnej obsluznosti verejnej dopravy

Dopravna obsluznost je schopnost verejnej osobnej dopravy
ponuknut prileZitost pre dopravné spojenie [udi Zijucich v regione
so spadovym alebo okresnym mestom. Dopravna obsluznost je
hodnotena z hladiska:
casu - odchody spojov, Casova dostupnost s pouzitim verejnej

dopravy
priestoru - vzdialenost chodze k najblizsej zastavke verejnej dopravy
kapacity - ponuka poctu spojov a kapacity vozidiel.

Z dovodov spolocenskych poziadaviek je potrebné definovat
Standardy minimalnej, zakladnej a ostatnej dopravnej obsluzZnosti
v regionoch a podiel Statu a miestnej samospravy na ich financo-
vani. Tieto Standardy, ktoré vyjadruju tiez kvalitu osobnej dopravy,

average fare for one journey in urban passenger transport
priemerné cestovné jedného cestujuceho v MHD [Sk]
Obr. 7. Celkové trzby z prepravy zavislé od poctu prepravenych 0sob
a cestovného (mesto strednej velkosti v CR alebo SR)
Fig. 7. Total transport revenue depending on the number of passengers
and fare (an average size town in the Czech or Slovak Republic)

4 5 6 7 8 9 10 sidered. But changes in
travel demands depend on
the fare that has been simu-
lated using a fare model. Its
result for urban mass pas-
senger transport in 1997

year is shown in Fig. 7.

The estimated number of passengers [3] [4] is used in trans-
port modeling to determine the share of chosen kind of journeys
according to their purpose:

Home - Work 19.5 % Home - School 10.9 %
Work - Home 153 % School - Home 9.4 %
Private (health service facility, offices, etc.) - Home 9.8 %
Home - Private (health service facility, offices, etc.) 6.7 %

The predicted mobility of a community with 500 inhabitants
is 2.04 journeys per person per working day. That is 1020 journeys
both directions per working day and from that:

- 56.70 % ... 578 journeys walking

- 10.86 % ... 112 journeys in individual transport (automobile,
bicycle, motorcycle)

- 32.44 % ... 330 journeys in public passenger.

165 one-way journeys using public passenger transport per
working day (32 to work, 18 to school, 11 to health service facili-
ties and offices, 104 to other objects) are expected.

5. Definition of public passenger transport service

Transport service is the ability of public passenger transport
to offer a chance for connection people living in a region with
central business town or District City. Transport service is evalu-
ated from the point of view of:

time - departure of connections, time accessibility destination
using public transport
space - walking distance to the nearest stop of public transport

capacity - offering the number of connections and vehicle capacity

Because of society requirements it is necessary to define mini-
mum, basic and other standards for transport service in regions and
the state and local government quotients on financing. These stan-
dards, that express passenger transport quality, must meet inhabi-
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musia uspokojit potreby obyvatelov a sluzit ako zaklad pre urcenie
rozsahu osobnej dopravy v regionoch. Financovanie dopravnej
obsluznosti predovsetkym znamena ihradu preukazatelnej straty
dopravcov. Uhrada preukazatelnej straty je zavizna pre zabez-
pecenie vykonov osobnej dopravy vo verejnom zaujme.

Standardy minimalnej dopravnej obsluznosti regiénov
Minimalna dopravna obsluznost je pravo pristupu k doprave
kazdého cloveka, nech Zije kdekolvek v danom regione. To musi
Stat zabezpe it a tieZ musi financovat preukazatelnu stratu prislus-
nych dopravcov zo Statneho rozpoctu.
Minimalny pocet spojov verejnej dopravy medzi obcou a spa-
dovym alebo okresnym mestom bol uréeny nasledovne [9]
« pre obec s poctom obyvatelov va¢sim ako 500:
« 5 parov spojov v pracovny den
+ 3 pary spojov v dioch pracovného volna a pracovného pokoja
(soboty, nedele)
« pre obec s poctom obyvatelov mens§im ako 500:
« 3 pary spojov denne a 1 par spojov navyse v dioch Skolského
vyucovania (t. j. mimo Skolskych prazdnin).

Maximalna vzdialenost pesej dochadzky k najblizsej zastavke
verejnej dopravy bola uréena nasledovne [9]
« v pracovny den v ¢ase prepravnej Spicky
« 1,5 km, ¢o zodpoveda 20 min. chodze
« v pracovny den v Case prepravného sedla, v dioch pracovného
vol'na a pracovného pokoja (soboty, nedele)
« 2,2 km, ¢o zodpoveda 30 min. chodze.

Standardy zakladnej dopravnej obsluznosti regionov

Zakladna dopravna obsluznost bude vSeobecne urcena kraj-
skou samospravou konkrétne poctom spojov v zavislosti od miest-
nych podmienok a nesmie klesnuf pod Standard minimalnej
dopravnej obsluznosti. Krajska samosprava musi financovat preuka-
zatel'nu stratu zakladnej dopravnej obsluznosti zo svojho rozpoctu.
UrCenie zakladnej dopravnej obsluznosti je vykonané s pouzitim
znalosti prepravnych poZiadaviek, vzfahov medzi velkostou obci
(poctom obyvatelov), ich Struktury, vybavenosti (pracovné prilezi-
tosti, Skoly, zdravotnicke zariadenia, urady, sluzby a pod.) a vzdia-
lenosti od spadového alebo okresného mesta. Na urenie poctu
spojov zakladnej dopravnej obsluznosti sa odporuca:
« maximalny interval dopravnej obsluhy (obr. 8)
« odporucany interval dopravnej obsluhy (obr. 9)

Ostatnd dopravnd obsluznost je objednana individualnymi zakaz-
nikmi alebo obcou. Objednané spoje st svojim rozsahom nad ramec
zakladnej dopravnej obsluznosti a st financované na komerénom
zaklade. Obce mdzu zo svojho rozpoctu tiez uhradzat preukaza-
tel'nu stratu vykonov dopravy vo verejnom zaujme.

6. Zaver

Cielom dopravného systému je poskytovat dopravnu sluzbu
v danom regione na zabezpecCenie dopravného spojenia obyvatelov
Zijucich v obciach s centrom ekonomickych, socialnych, vzdela-
vacich a kulturnych aktivit. Dopravna obsluha je faktorom, ktory

tant needs and serve as a groundwork for passenger transport range
designation in regions. Financing transport service means to cover
carrier’s documentary loss probability first of all. Covering docu-
mentary loss probability is necessary for ensuring passenger trans-
port output in public interest.

Standards for minimum transport service in a region

The minimum transport service is the access right for every-
body living anywhere in a given region. The state must undertake it
and finance documentary loss probability from the state budget.

The minimum number of public transport connections between
a community and its central business district city was determined
as follows [9]
« for a community with more than 500 inhabitants:
« 5 couples of connections in a working day
« 3 couples of connections on Sundays and Saturdays
« for a community with less than 500 inhabitants
« 3 couples of connections every day plus 1 couple of conne-
ctions in schooldays (e.g. except vacation)

The maximum walking distance to the nearest public transport
stop was determined as follows [9]
« in working days in peak hours
» 1.5 km corresponding 20 minutes walk
« in working days in off-peak hours, on Sundays and Saturdays
« 2.2 km corresponding 30 minutes walk

Standards for basic transport service in a region
Basic transport service will be generally listed by region govern-
ment essentially in the number of connections depending on local
conditions. It may not come down under standards for minimum
transport service. From its budget a region government must finance
documentary loss probability. Determination of the basic transport
service is done using knowledge of travel demand, correlation
among community greatness (a number of inhabitants), their struc-
ture, facilities (job opportunity, schools, surgeon, offices, services
etc.) and the distance from a central business town or district city.
Recommendations listed bellow can be used in determination the
number of connections in basic transport service:
« using the maximum transport service headway as it is shown in
Fig. 8,
« using recommended transport service headway as it is shown in
Fig. 9.

Customers or communities order other transport service in
a region. Ordered connections are above the basic transport
service and are financed on commercial base. From their budgets
communities can also cover the documentary loss probability of
transport outputs in public interest.

6. Conclusion
The transport system aim is to provide transport service in

a given region to ensure connection for inhabitants in communi-
ties with the center of economy, social, educational and cultural
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Obr. 8. Maximdlny interval dopravnej obsluhy pre spoje
medzi obcou a spadovym mestom [9] [10]
Fig. 8. The maximum transport service headway for connections
between a community and central district town [9] [10]

je zalezitostou Statu a regionalnej samospravy, avSak problematika
tykajlca sa financovania verejnej osobnej dopravy nie je stale kom-
plexne vyrieSena. Dopravna politika sa v blizkej budticnosti sustredi
na problémy zabezpecenia lepSej koordinacie zZeleznicnej, autobu-
sovej a mestskej hromadnej dopravy nie iba z aspektov prevadzky
ale tieZ urovne cestovného, investicii a subvencii.
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activities. Transport service is a factor belonging to state and region
government responsibility but problems relating to the financing
public passenger transport services have not been completely solved.
Transport policy will soon be focused on the problem of ensuring
better co-ordination of railways, bus and city public transport ser-
vices, not only from an operational aspect but also from the point
of view of levels of fares, investment and subsidies.
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Peter Faith *

MODEL INTEGROVANEHO SYSTEMU PREPRAVY

0SOB V RIESENOM UZEMi

A MODEL OF INTEGRATED PASSENGER TRANSPORT SYSTEM IN A SPECIFIC REGION

Cldnok popisuje zdkladné principy pri tvorbe integrovanych doprav-
nych systémov v iizemi, zdoraziiuje preco je potrebné pristipit k integrd-
cii hromadnej osobnej dopravy, postup pri jej realizdcii s naznacenim
potrebnych ekonomickych, legislativnych a organizacnych opatren.

Vsetko noveé, co IDS prindsa, st nové, vyssie organizacné a eko-
nomické vztahy medzi subjektmi, ktoré sa zucastnuju hromadnej
osobnej dopravy, ¢i uz ako cestujiici, dopravcovia, alebo okresy, kraje,
mesta, obce alebo stdt.

1. Uvod

Realizovanie integrovaného dopravného systému (dalej IDS)
v uréitom uzemi predpoklada spracovanie zakladnych pravidiel
fungovania. Tieto pravidla patria do Sirokej oblasti problematiky,
ale ide predov§etkym o ekonomicki, organizacnu, legislativnu a tech-
nicku oblast.

Riesené uzemie je z hladiska dopravnej obsluznosti charakte-
rizované tym, Ze Cast ludi je sustredena v centre s hustejSim osid-
lenim a ostatna Cast obyvatelstva Zije v menSich ¢i vacSich obciach
na okoli. Vysoké percento tychto obyvatelov potom dochadza do
centra za pracou, Studiom, kultirou, zdravotnou starostlivostou
atd. Na zabezpecenie dopravy v ramci regionu slizi predovSetkym
Zelezni¢na osobna doprava na regionalnych tratiach a tratovych
usekoch hlavnych trati a verejna pravidelna autobusova doprava.

Potencialni uzivatelia osobnej dopravy zvyknu vahat, ¢i vyuzit
sluzby verejnej osobnej dopravy, alebo pouzit individualny dopravny
prostriedok, teda uprednostnit rychlost. Pri vybere zohladnuju kva-
litativne hladiska, ktorymi su:

« potreba prestupov pocas cesty medzi viacerymi alebo v ramci
jedného druhu doprav,

« cas Cakania na prestup v jednotlivych prestupovych uzloch,

« potreba Casu na realizaciu vlastného prestupu (rozlahlé sta-
ni¢né budovy, podchody, nadchody),

o nutnost zakupenia si dalSich cestovnych listkov (strata Casu
a cena),

« celkovy Cas dopravy do zamestnania.

Ak je niektoré, pripadne viaceré z tychto hladisk vyrazne
nepriaznivé a celkovy Cas cestovania prili§ dlhy, uprednostni cestu-

* Ing. Peter Faith
Transport Research Institute of Zilina, Tel.: ++421-41-5652827,
E-mail: faith@vud.sk

Paper reports on basic principles in development of integrated
transport systems in the region. It explains reasons why integration of
mass passenger transport is necessary, as well as procedures of its
realization with presentation of economic, legislative and organiza-
tional measures.

Everything what IDS brings are new, advanced organizational
and economic relationships between subjects which participate in
mass passenger transport either as passengers, transport operators, or
districts, regions, towns, villages or the state.

1. Introduction

Implementation of the integrated system (further referred to
as IDS) in the specific region assumes preparation of basic rules
of operation. These rules fall within a wide sphere of problems,
however, first of all they concern economic, organizational leg-
islative and technical areas.

The specific region is from the point of view of transport ser-
vices characterized by a concentration of the part of population in
the center with a higher density of settlement while the other part
of population lives in surrounding small or great villages. High per-
centage of this population are commuters - to work, school, culture,
health centers, etc. Railway transport on regional lines and main
line sections and public scheduled bus service serve for ensuring
the transport within the region.

Potential users of passenger transport usually hesitate whether
to use public transport services or individual means of transport,
thus preferring speed. In selection they consider qualitative aspects,
such as:
¢ Need of transfers during the trip or within single mode of tran-

sports,

« Waiting period for transfer at individual transfer nodes Time
needed for execution of transfer itself (spacious buildings, sub-
ways, over-passes),

« Necessity to buy more tickets (time loss and price),

« Total travel time to work.

If one or more of these aspects are considerably unfavorable
and total travel time is too long, the traveler prefers individual
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juci individualnu dopravu. Dochadza k neZiaducemu javu, pretoze
mestské a primestské oblasti zaCinaju byt, a to predovsetkym v Case
dopravnych Spiciek, preplnené dopravnymi prostriedkami. Aktivity
Statu, miest aj dopravcov sa preto zameriavaju na skvalitnenie
a zrychlenie hromadnej dopravy oséb za ucelom presunu znac-
nych vykonov z individualnej dopravy na hromadnu dopravu.

Jednou z ciest skvalitnenia je vytvorenie integrovanych doprav-
nych systémov, ktoré postupne zlucia vsetky druhy verejnej dopravy
posobiace v danom regione bez ohladu na to, i pracuju na sieti
alebo nie, do spolo¢ného prevadzkového prostredia. Dojde k vytvo-
reniu dopravného systému zloZeného z niekol'kych subsystémov,
ktory nemoze zostat uzatvoreny vocCi okoliu, ale naopak, musi
vytvarat pevné vazby s okolim a reagovat na zmeny jeho dopytu.
Dolezité je napojenie IDS na individualnu dopravu (individualny
motorizmus, cyklisticka doprava, peSia doprava) a usilie o jej po-
stupné zaclenenie do Struktury IDS.

V podmienkach SR sa integrovany dopravny systém zacal
uplatnovat v dvoch mestach, a to v Bratislave a Kosiciach. Pocita
sa s dalSim rozsirovanim integrovanych systémov aj na uzemi
ostatnych slovenskych miest a ich blizkeho okolia.

Jednym z podpornych materialov rozvoja integrovanych doprav-
nych systémov je aj ,Metodika postupu pripravy a realizacie integ-
rovaného dopravného systému v hromadnej doprave*, ktora bola
prijata na porade vedenia Ministerstva dopravy, post a telekomu-
nikacii SR.

2. Vseobecna charakteristika IDS

IDS je systém viacerych druhov hromadnej dopravy osob
(vratane riadenych nadvéznosti na individualnu automobilovu
dopravu), smerujuci k zabezpeceniu tcelnej a hospodarnej doprav-
nej obsluhy zaujmového uzemia.

V zasade mozno hovorit o dvoch urovniach integracie:

« na uzemi mesta a jeho blizkeho okolia (mestska alebo primest-
ska doprava)

« nauzemi kraja, resp. regionu (regionalna doprava), vyznacujiica
sa z dopravného hladiska intenzivnymi prepravnymi vzfahmi
realizovanymi obyvatelmi za rdéznymi ucelmi ciest, v ktorom
dochadza ku ,konfliktu“ medzi hromadnou a individualnou auto-
mobilovou dopravou.

V takychto uzemiach sa potom integruje:

» mestska hromadna doprava (MHD)

« regionalna doprava (Zelezni¢na a autobusova) sliziaca k plosnej
obsluhe daného uzemia regiénu. Tato regionalna doprava sa
zaroven stava dopravou primestskou.

Integracia je teda urcité dobrovolné zdruZenie a v tomto zmysle
je zalozené na:
« kombinovanom pouzivani niekol'kych druhov dopravy pre uspo-
kojenie prepravnych potrieb uzivatelov,
« koordinacii v oblasti prepravno-prevadzkovej smerujucej k zabez-
peceniu optimalnych vézieb medzi spojmi a dopravnymi pro-
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transport. Undesirable phenomena occur because urban and sub-
urban areas become congested, especially in peak times. The state,
urban and transport operator activities are oriented at quality
improvement and speed up of public mass passenger transport in
order to transfer considerable performances from individual trans-
port to mass transport.

One way of quality improvement is development of integrated
transport systems which will gradually merge all modes of public
transport, regardless whether they work in the network or not, in
the common operational environment. Transport system composed
of several subsystems will be established, which may not be closed
to the surroundings, but, on the contrary, it must develop compact
bonds with surroundings and respond to changes in its demand.
IDS connection to the individual transport, (individual motoring,
cycling, walking) is important, as well as efforts at its gradual
incorporation into the IDS structure.

In the SR conditions the application of IDS has commenced
in two cities, namely in Bratislava and Kosice. Further IDS exten-
sion is expected also in other Slovak towns and their close sur-
roundings.

One of the supporting materials of integrated transport systems
development is “The Progress Methodology of Preparation and
Execution of IDS in Mass Transport” approved at the Meeting of
the Management of the SR Ministry of Transport, Posts and
Telecommunications.

2. IDS General Characteristic

IDS is the system covering more passenger transport modes
(including controlled references to individual automobile trans-
port) aimed at ensuring the purposeful and economic transport
services of the region.

Basically, two levels of integration can be discussed:

« within the town territory and its close surroundings (urban or
sub-urban transport)

« within the district or region (regional transport) characterized
by intensive transport relationship performed by local residents
for different trip purposes, in which the “conflict” between mass
and individual automobile transport occurs.

In such territories the following will be integrated:

« Mass urban transport (further referred to as MHD)

« Regional (railway and bus) traffic providing services for the par-
ticular region. This regional traffic at the same time becomes the
sub-urban traffic.

Integration is, hence, the specific voluntary association based on:

« combined use of several transport modes to satisfy transport
needs of users,

« co-ordination in both transport and operational fields directed
to provision of optimal relations between connections and tran-
sport means operated by different transport operators and in

common or interconnected provision of related services,
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striedkami prevadzkovanymi roznymi dopravcami a v spolocnom
alebo vzajomne previazanom poskytovani suvisiacich sluzieb,

« koordinacii v oblasti tarifnej, spo€ivajiicej v pouzivani jednotnej
tarify zucastnenych dopravcov, pricom by tym nebola dotknuta
platnost inych tarif pouzivanych tymito dopravcami,

« kooperacii v oblasti ekonomiky, organizacie a riadenia medzi
dopravcami a dalSimi subjektmi zodpovednymi za hromadnu
prepravu 0sob, smerujucej k zabezpeceniu vyssie uvedenej koor-
dinacii a ekonomickych i mimoekonomickych efektov.

Integrovanou dopravou sa blizsie rozumie:

« koordinacia a optimalizacia prevadzky regionalnej, primestskej
a mestskej hromadnej dopravy pri zabezpeceni obsluhy tizemia
a to MHD, vlakovej a primestskej dopravy do vysledného pro-
duktu - ,spolocného cestovného poriadku;

« integracia prestupnej jednotnej tarify a multimodalnych termi-
nalov. Patri sem aj integracia individualnej a verejnej dopravy,
a to napr. syst¢émom Park & Ride. Efektivna integracia indivi-
dualnych druhov dopravy (pesi, bicykle, motocykle a automobily)
do prevadzky verejnej dopravy je vyznamnou a neoddelitelnou
sucasfou rieSenia mobility v uzemi.

Vsetko nové, ¢o IDS prinasa, su nové, vysSie organizacné
a ekonomické vztahy medzi subjektmi, ktoré sa zucastiuju hro-
madnej osobnej dopravy, ¢i uz ako cestujici, dopravcovia, alebo
okresy, kraje, mesta, obce alebo Stat.

Organizacné vzfahy charakteristické pre IDS tiez znamenaju,
Ze do jedného dopravného systému su integrované tradi¢né tizemia
miest, okolitych obci a pripadne celych okresov, najlepSie v ramci
krajov, teda uzemné celky definované podla klasifikaicie NUTS
ako NUTS II alebo NUTS IlI, prekracujice katastralne hranice
miest, jednotlivych okresov alebo krajov.

« IDS teda neprindsa zasadne ni¢ nového v technologiach zabez-
pecujucich prevadzku, ale prinasa nové vztahy v organizacii
a koordinacii osobnej dopravy, a to vo vSetkych jej podsysté-
moch - organizacnom, dopravnom, tarifnom a ekonomickom.

Tym novym, ¢o IDS prinasa, je teda systémovost, systémové
prepojenie existujucich foriem a prvkov dopravy a s tym spojenu
kvalitu, vyssiu racionalnost a efektivnost.

Tymto prepojenim su vyvolané pre IDS S$pecifické procesy
a Struktury, ktoré tito systémovost zabezpecuju. Model icastnikov
v IDS je na obr. ¢. 1.

Tento model zahfna v sebe Styri vyznamné skupiny ucastnikov:

1. Cestujuci, ktori st tou skupinou, pre ktoru sa doprava organi-
zuje a zabezpecuje a ktori existenciu IDS podmienuju. Ces-
tujuci predstavuju spotrebitelov, teda konecnych zakaznikov
v organizme IDS.

2. Zakaznici - objednavatelia dopravnych sluzieb, ktorymi su
zvézky obci, okresy a kraje (vysSie uzemné spravne celky), pri-
padne ich zdruZenia. Zastupuju spotrebitelov, t. j. (cestujucich)
vo formulacii a zadavani dopravnych zakaziek, kompenzuju
dopravcom straty vyplyvajuce z uplatnenia neekonomickej ceny
cestovného a z chybajucej prepravnej frekvencie cestujicich

« co-ordination in tariffs consisting of use of uniform tariffs of
involved transport operators, while validity of other tariffs used
by these transport operators remains intact.

« co-operation in the field of economy, organization and mana-
gement between transport operators and other subjects respon-
sible for mass passenger transport directed to provision for the
above stated co-ordination and economic and out-of-economic
effects.

Integrated transport is more particularly understood as follows:

« co-ordination and optimization of regional, sub-urban and urban
mass transport operation at providing services in the region,
namely MHD, train and sub-urban transport up to the final
product - “common” time-table;

« transfer uniform tariff and multi-modal terminals. It also covers
integration of individual and public transport, namely Park&Ride
system. Effective integration of individual transport modes (walk-
ing, cycling, motor-cycles and automobiles) into public transport
operation is an important and inseparable part of mobility solu-
tion in the region.

Everything what IDS brings are new, advanced organizational
and economic relationships among subjects participating in mass
passenger transport either as passengers, transport operators, or
districts, regions, towns, villages or the state.

Organizational relationship specific for IDS also means that
traditional territories of towns and surrounding villages or districts,
the best within regions - hence regional units - defined according
to NUTS classification as NUTS II or NUTS III, exceeding cadas-
tral town limits, individual districts or regions, are integrated in
the single transport system.

« IDS principally carries nothing new in technologies ensuring
the operation, however, it reveals new relationship in organiza-
tion and co-ordination of passenger transport in all its sub-
systems; namely in organizational, transport, tariff and economic
sub-systems.

The new what IDS brings are systematized, systemic intercon-
nections of existing transport forms and components, and there-
with connected quality, higher rationality and effectiveness.

Specific processes and structures, which provide this system-
atization, are induced for IDS by this interconnection. IDS partic-
ipants model is in Fig. 1.

This model includes four important groups of participants:

1. Passengers - the group, for which the transport is organized
and secured and which conditions the existence of IDS. Pas-
sengers represent consumers, i. €. end users in the IDS organ-
ism.

2. Customers - buyers of transport services, which are unions of
municipalities, districts, and regions (superior territorial admin-
istrative units), or their associations. They represent consumers,
i.e. (passengers) in definition and placing the transport orders
and compensate transport operators for losses resulting from
application of non-economic fare cost and for the missing
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tak, aby preukazatelné naklady dopravy nemuseli byt v plnej
vySke kryté prijmami z cestovného a nezbavili tak verejnu
dopravu atraktivity voci cestujucim v zmysle jej cenovej, kva-
litativnej a kvantitativnej urovne a konkurencieschopnosti.

3. Dopravcovia, prevadzkovatelia dopravy a nositelia vacsiny
vykonnych dopravnych funkcii v IDS.

4. Organizatori (administratori) dopravy, teda subjekty, ktorych
ulohou je koncepéne organizovat, riadit, planovat, kontrolovat
a rozvijat hromadnu osobnu dopravu v danom regione tak po
stranke dopravnej, ako aj organizacnej a ekonomicke;.

3. Zakladné pristupy budovania a rozvoja IDS

Budovanie IDS treba chapat ako strategicky vklad pre dopravnu
buducnost, ktory ma prednost pred zdujmom zabezpecenia okam-
zitych ziskov.

Napriek tomu, Ze dopravni odbornici vo vS§eobecnosti IDS
verbalne podporuju, v praxi pretrvava vysoka miera opatrnosti. Je
tu snaha o okamzité uplatinovanie Standardnych ekonomickych
stavov, ¢o vzhladom na povahu systému nie je celkom mozné rea-
lizovat. Je preto velmi dolezité poznat jednotlivé Casové fazy zava-
dzania systému i jeho postavenie v strategickom vyvoji a perspektivy
jednotlivych dopravcov.

IDS je svojou povahou kvalifikovany ako socio-ekonomicko-
technicky systém. V sucasnej dobe neexistuje legislativa ani uzemné
usporiadanie, ktoré by umoznovalo, aby nejaky subjekt, napr. vlada,
vyprojektovala a zaviedla IDS ,, z moci uradnej“, teda Ziadnym
centralistickym krokom riadenia. I napriek spominanym zakon-
nym upravam nie je mozné ani v buducnosti o¢akavat jednoznacné
formulovanie jednotlivych krokov realizacie IDS.

Iba systémy, ktoré vznikli a funguju na zéklade zhody a vza-
jomnej vyhodnosti vSetkych zacastnenych, maji nadej prospero-
vat. Pre vSetky subjekty konkrétneho IDS je preto Ziaduce, aby si
uvedomili, Ze je nutné hladat neustale cesty k dohode a ze jedinou
cestou, ako riesit ekonomické, organizacné a dopravné problémy,
je cesta partnerstva a dovod.

V IDS neexistuje Ziadny subjekt s nadradenou autoritou nad
ostatnymi subjektmi. IDS moZe dnes vzniknut iba na zaklade vole
a dohody zucastnenych partnerov.

ZaloZenie a rozvoj IDS je vidy proces postupujuci od najnizsich
foriem integracie k vysSim, od mensSieho poctu zucastnenych sub-
jektov k poctu vySSiemu a od mensSieho rozsahu dopravno-tarifného
priestoru k uzemiu rozsiahlejSiemu.

4. Vyvojové etapy IDS

Pre ucel projektovania IDS mozno rozliSit a pre budovanie
IDS v konkrétnom regioéne odporucit pre insSpiraciu tri vyvojové
etapy organizacného usporiadania IDS:

1. Etapa predintegracnd, ked integra¢né snahy st uskuto¢fiované
na zaklade vzajomnych dvojstrannych zmliv a doh6d medzi

transport frequency of passengers in order that the demon-
strable transport costs need not be fully covered by revenue
from fare, thus depriving the passenger from public transport
attractiveness in terms of its price, quality and quantitative
levels and competition.

3. Transport operators who perform majority of IDS transport
functions.

4. Transport organizers (administrators), i. e. subjects, which are
assigned to organize conceptually, manage, plan, monitor and
develop mass passenger transport in the specific region from
transport, organizational and economic point of view.

3. Basic Approaches of IDS Construction
and Development

IDS construction should be understood as the strategic con-
tribution for transport future instead of instant profit making.

Despite the fact that transport experts support IDS verbally in
general, a high rate of caution is outlasting in practice. Effort to
apply standard economic conditions immediately is not all possi-
ble with regard to the nature of the system. Therefore it is impor-
tant to know individual time stages of the system establishment
and its position in strategic development and perspectives of indi-
vidual transport operators.

IDS is qualified by its nature as social, economic and technical
system. At present there is neither legislation nor regional organi-
zation, which would enable some subject, e.g. government, to
design and establish IDS “by virtue of office”, that is, at any cen-
tralized control proceeding. Despite the stated legal adjustments
it is impossible to expect exact definition of individual proceed-
ings of IDS implementation.

Only the systems, which have been developed and operate
pursuant to the conformity and mutual benefits of all participants
have the chance to be prosperous. For all subjects of the particular
IDS is therefore desirable to realize that it is necessary to search
for ways to the agreement and that the only way to solve economic,
organizational and transport-related problems is the way of part-
nership and negotiation.

There is no subject superior to other subjects in IDS. IDS may
originate today only of free will and agreement of involved part-
ners.

IDS establishment and development has always been the
process proceeding from lower forms of integration to higher ones,
from lower number of involved subjects to higher ones and from
low range transport and tariff area to more extensive territory.

4. IDS Development Stages

For IDS design purposes may be differentiated and for IDS
building up in the particular region may be recommended for inspi-
ration three development stages of IDS organizational structure:

1. Pre-Integration Stage, when integration efforts are performed
pursuant to bilateral contracts and agreements between IDS
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subjektmi IDS, neexistuje Ziadna organizacna forma, integ-
racné kroky sa deju na zaklade zovSeobecnenia praktickych
poznatkov v oblasti dopravy a snaha o ich systémové rieSenia
na zaklade dvojstrannych zmluv. Je to etapa hladania naj-
vhodnejsieho spdsobu spoluprace dopravcov, oboznamovanie
sa s dopravnym prostredim, jeho potrebami a moznostami ich
zabezpecenia,

2. Etapa zakladatelskd, kedy dochadza k formalnemu zaloZeniu

IDS cestou vytvorenia, alebo deklaraciou subjektov, ktora
obsahuje prehlasenie zaujmu subjektov na zacleneni do IDS.
V nadvéznosti na deklaraciu je vhodné, aby sa subjekty, ktoré
vyjadrili svoj zaujem o Gcast v IDS, zaviazali k prevzatiu zavaz-
kov, prav a povinnosti vyplyvajtcich pre nich z ¢lenstva v IDS
formou vyznamnych dokumentov, napr. zakladatelskou zmlu-
vou. Zakladatelska zmluva je dokumentom zalozenia IDS
v danom meste alebo v regione. Je vhodné, aby jej sucastou bol
projekt vytvorenia IDS.
V ramci zakladatelskej etapy je vhodné, aby bol zriadeny
administrator IDS. Jeho hlavna ¢innost by mala maf admi-
nistrativny a zjednocujico-organizacny charakter. Nema Ziadne
vykonné pravomoci voci ostatnym subjektom IDS. Adminis-
trator moze byt vyCleneny ako samostatna zlozka niektorého
zo zucastnenych subjektov (mestského uradu, dopravcu, kraj-
ského uradu).

3. Etapa vyspeld, ked je konstituovany ,organizator integrovane;j
dopravy“ ako samostatny organizac¢ny subjekt a do urcitej
miery aj riadiaci utvar IDS. Pre tito etapu su typické stupne
integracie v technologickej oblasti IDS. Moze byt dosiahnuty
jednotny tarifny systém, vysoka dopravna koordindacia, a pod.
Typické pre tuto etapu je existencia organizatora IDS. Je to
spravidla inStitiicia s pravnou subjektivitou zaloZzena v zmysle
Obchodného zékonnika.

5. Zaver

Rozvoj IDS v rieSenom tzemi dava dobré predpoklady na
optimalne usporiadanie dopravnej obsluznosti a udrzanie podielu
verejnej hromadnej dopravy na celkovych prepravnych vykonoch
osobnej dopravy.

Prvotnou poziadavkou je nové naformulovanie dopravno-poli-
tickych cielov na zaklade zmenenych podmienok a ekonomickych
a ekologickych poziadaviek. Spracovanie koncepcie rozvoja verejnej
hromadnej dopravy os6b na ur€itom uzemi je krokom k postup-
nému uskutoc¢iovaniu vytycenych cielov.
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subjects, there is not existing any organizational form, integ-
ration proceedings are done on the basis of generalization of
practical knowledge in the field of transport and efforts at
their systematic solution pursuant to the bilateral contracts. This
is the stage of searching the most advantageous way of co-ope-
ration of transport operators, getting acquainted with transport
environment, its needs and possibilities of their provision.

2. Establishment Stage, during which IDS official establishment
comes about by means of either development of the commu-
nity union or subject declaration, which includes their interest
to be incorporated in IDS. In connection with declaration it
would be suitable if the subjects that discovered their interest
in participation in IDS would commit themselves to assume
obligations, right and duties resulting for them from IDS mem-
bership by means of important documents, e.g. Foundation
Contract. The Foundation Contract is the document estab-
lishing IDS in the specific town or region. It would be reaso-
nable that the project of IDS establishment was a part thereof.
It would be suitable to install the IDS Administrator within
the foundation stage. Its main activity should have administra-
tive, unification, and organizational character. It has not any
executive competence against other IDS subjects. The admi-
nistrator can be selected as an independent component of
some of the involved subjects (town authority, transport ope-
rator, regional authority).

3. Mature Stage - when the “integrated transport organizer” is
constituted the independent organizational subject and to
a certain extent also as the IDS management department.
Integration scales in IDS technological field are typical for
this stage. Uniform tariff system, high transport co-ordination,
etc. may be reached here. IDS organizer existence is typical
for this stage. Generally, it is the institution with legal perso-
nality established pursuant to the Commercial Code.

5. Conclusion

IDS development in the specific region provides favorable
presuppositions for optimum organization of transport services
and retaining the public transport share in overall passenger trans-
port performances. The primary requirement is the new definition
of transport policy objectives following the modified conditions
and economic and ecological requirements. Development of the
concept of public mass passenger transport development in certain
territory is the step to gradual implementation of the set out objec-
tives.

[1] FAITH, P.: Princip tvorby regiondlinej dopravnej politiky- integrovany systém osobnej dopravy, VUD Zilina. 1999
[2] FAITH, P., SARAK, J..KUSKA, V.: Metodika postupu pripravy a realizdcie integrovaného dopravného systému v hromadnej preprave

oséb, MDPT ST, 2001

[3] Sbornik pro seminaf: , Integrovné dopravni systémy v podminkdch krajského fizeni. CS-Project, 2000
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POSTY A TELEKOMUNIKACIE V RIESENOM UZEMi

TERRITORY POSTS AND TELECOMMUNICATIONS UNDER INVESTIGATION

Vyrazny vplyv na obsluhu iizemia z hladiska postovej a teleko-
munikacnej infrastruktiry a sluzieb maji:

» Rast dopytu po produktoch posty a telekomunikdcir.

o Zmeny rozdelenia dopytu po jednotlivych spésoboch spojenia, resp.
zmena podielov na trhu.

o Environmentdlne vplyvy, ktoré vyjadrujii pokracujiici trend presunu
dopytu po prenose informdcii z postovej na telekomunikacnu infra-
Struktiru resp. z pevnej siete na mobilné siete - zariadenia a dyna-
micky rast trhu internetu.

Okrem technologického rozvoja su vyznamné z hladiska skuma-
nia dopytu po produktoch posty a telekomunikdcii nasledujiice cinitele:
o Priestorové - centrd, strediska regionu siu vykonnejsie, inovativnej-

sie, ekonomicky vyspelejsie, co je spojené tieZ s vysSou viroviiou pos-
tovej a telekomunikacnej infrastruktiry a s vyssimi poZiadavkami
kladenymi na tito infrastruktiiru.

o Instituciondlne a ekonomické, ku ktorym v sucasnosti v ramci Zilin-
ského kraja patria najmd integracné procesy v ramci regionu Beskydy
(rozvoj transhranicnej spoluprdce), zniZovanie pouzivania dotac-
nych ndstrojov regiondlnej politiky a dereguldcia mnohych odvetvi
a ¢innosti.

« Socidlno-psychologicke, ktoré odraZajii a zahrnuju otazky Zivotného
Stylu, zamestnanosti, prijmovych skupin, typu byvania a pod. Z hla-
diska dopytu po postovych a telekomunikacnych produktoch sii
vwznamné a vplyvaju na typ i objem pozadovanych produktov, sieti
atd.

1. Uvod

V procese lokalizacie podnikov, resp. domacnosti dochadza
na jednej strane k ovplyviovaniu nakladov, vynosov, hospodar-
skeho vysledku, inovativnej schopnosti ¢i prijmov, na druhej strane
tieto subjekty posobia na svoje okolie, t. j. na lokalizacné rozhod-
nutia dalSich subjektov a na regionalny rozvoj v zmysle zabez-
pecenia prirodzenych zivotnych podmienok.

Z tohto pohladu sa ekonomicka buducnost nezaobide bez
informacnych a komunikaénych technologii, ktoré vytvaraji nové
podmienky pre obchodné ¢i pracovné prilezitosti. Prave tieto tech-
nologie su podla roznych studii tretim najvyznamnejsim faktorom
pri rozhodovani firiem o alokacii svojej ¢innosti, tzn. ze determinuju
kvalitu uzemia z pohladu alokacie ekonomickej ¢innosti spolu

* Prof. Ing. Tatiana Corejova, PhD.

The following factors have a significant influence upon the ser-
vicing of the area from the aspect of the postal and telecommunica-
tion infrastructure and services:

e increase in demand for postal and telecommunication products,

o changes in the demand distribution according to particular ways of
connection, or change in market shares,

« environmental influences which represent the continuing tendency
of demand transmission after transmission of information from the
postal infrastructure to telecommunication infrastructure - from
the fixed networks to the mobile networks - devices, and dynamic
rise in the Internet market.

Besides the technological development, the following factors are
important from the aspect of the observation of the demand for the
postal and telecommunication products:

o the space ones - centers; regional centers are more efficient, inno-

vative, economically more developed, which is also connected with

a higher level of the postal and telecommunication infrastructure,

and with higher requirements on this infrastructure,

the institutional and economic ones that now include, within the

Zilina region, especially the integration processes within the Beskydy

region (development of the cross-border cooperation), decreasing

the use of subsidy tools of the regional policy, and deregulation of
many branches and activities,

o the social-psychological ones that reflect and include the problems
of life-style, employment, income groups, housing type, and so on.
From the aspect of the demand for the postal and telecommunica-
tion products, they are important and they influence the type and
the volume of required products, networks, etc.

1. Introduction

In the process of locating firms, or households, an affection
of expenses, yield, income, innovation process, and profit occurs
on the one hand, and on the other hand, these subjects affect their
surroundings, i.e. they affect location decisions of other subjects
and the development of the region in accordance with natural
living conditions.

From this point of view, our economic future calls for infor-
mation and communication technologies that create new condi-
tions for business or job opportunities. According to various
studies, these technologies are the third most important factor in

University of Zilina, Faculty of Operation and Economics of Transport and Communications, Department of Communications

E-mail: corejova@fpedas.utc.sk
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s dopravnymi spojeniami a fahkostou pristupu na trhy [1]. Vyznam
informaénych a komunikacnych technologii pritom bude dalej
narastat, posiliovat sa v suvislosti s dalsim vyvojom vysoko mobil-
nej spolocnosti. Posta a telekomunikacie plnia nezastupitelné
funkcie v nasledovnych systémoch §tatu: informacnom, preprav-
nom, penaznom, socidlnom a regionalnom.

Posta a telekomunikacie su sucastou hodnotovych retazcov
a st ovplyviované roznymi faktormi alebo trendmi:
« intenzifikdciou - trh s informaciami, trh internetu - si vel'mi
dynamicky rastuce trhy aj v obdobi stagnacie alebo poklesu NH,
« liberalizaciou trhov, Co sa prejavuje v raste poctu subjektov
posobiacich na trhu v regionalnom rozsahu,
« deregulaciou trhov, kedy priame zasahy statu st nahradzované
nepriamymi zasahmi Statu,
» komplexnostou sluzieb a pod.

Posta a telekomunikacie boli v nedavnej minulosti ¢asto riadené
skor byrokraticky a nie ako odvetvie sluzieb. Tento tradicny model
bol charakteristicky (nedostatoénym evidovanim nakladov, pod-
cenovanim tlohy sledovania vztahu naklady - vykony, nizkou kva-
litou sluzieb) okrem iného malou pozornostou venovanou zakaz-
nikom z hladiska ich poziadaviek v regionalnom kontexte - miesto
poskytnutia sluzieb, pristup k siefam atd’, tzn. z hladiska zabez-
pecenia zodpovedajucich sluzieb v danom Uzemi, v zodpovedaju-
cej urovni.

Vysledkom pdsobenia trhovych sil je vstup sikromnych opera-
torov na trh postovych a telekomunikac¢nych sluzieb a zniZovanie
vyznamu verejnych alebo Ciasto¢ne verejnych operatorov. Na druhej
strane rozvoj sieti resp. novych operatorov zvysuju vyuZitie a celkovu
vykonnost povodnych sieti.

Volbu sposobu prenosu informacie zakaznikom ovplyviauju:
Interné charakteristiky:

« Technologia

o Sluzby

» Zakaznici

« Ekonomické a spolocenské prostredie

Externé charakteristiky:

« Siete - geografické rozloZenie, pristup

» Koncové zariadenia

o Operatori

« Socialno-politické prostredie, Statna sprava, samosprava

Pri hodnoteni vplyvu rozvoja poStovej a telekomunikaéne;j
infrastruktiry na ekonomicku uroven, resp. rozvoj a vykonnost
roznych regionov a miest je vhodné vyuzivat praktické pristupy
a meratelné ukazovatele dostupnosti v priestore. Preto prvotnym
zamerom hlavnej ulohy Posty a telekomunikacie v rieSenom uzemi
vedecko-technického projektu Model komunikaénej obsluhy uzem-
no-spravneho celku - kraja tlohy bolo skimat mozné cesty obslu-
hy izemia postovymi a telekomunika¢nymi sluzbami, sietami, sys-
témami a naznacit dalSie moznosti ich vyuzitia v budicnosti pre
rozvoj regionu, resp. optimalnu komunikacnu obsluhu regionu.
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the decision making process of the firms about locating their
activities. It means that the technologies determine the quality of
the territory from the aspect of the location of economic activities,
together with traffic channels and ease of access to the market [1].
At the same time the importance of information and communica-
tion technologies will be growing in accordance with the further
development of the high-developed mobile society. The post and
telecommunications perform very important tasks in the follow-
ing systems of a state: information, shipping, monetary, social,
and regional.

The post and telecommunications are parts of value chains and
are influenced by various factors or trends:

« Intensification - the information and the Internet markets are
rapidly growing markets despite a period of stagnation or economy
decline,

« Liberalization of markets is reflected in an increasing number
of subjects acting in regional markets,

« Deregulation of markets, when direct interventions of state aut-
horities are replaced by indirect ones,

« Complexity of services, etc.

Recently, the post and telecommunications were very often
governed in a bureaucratic way and not as a service sector. This
traditional model was characterized by insufficient supervision
over costs, underestimation of the importance of observation of
the cost - output relation, and by low quality of services. Moreover
this model did not give sufficient attention to customer’s require-
ments (in the region) such as: place where services are provided,
access to networks, etc. That means, from the aspect of providing
adequate services in the region in an appropriate quality.

The result of the action of market forces is the entry of private
operators into the market of the postal and telecommunication
services and decrease of the importance of the public and semi-
public operators. On the other hand, the development of networks
and new operators increase the use and the overall efficiency of
the original networks.

The customer’s choice of a way of information transmission
is influenced by:

Internal characteristics

« Technology

« Networks - geographical layout, access
» Services

» Terminal devices

External characteristics

« Customers

« Operators

« Economic and social environment

« Social - political environment, state administration, self-admi-
nistration

2. Post offices in the territory under investigation

Postal services belong to so-called distributive services. Within

the Slovak Republic, the Slovak Post, a state-owned enterprise,
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2. Posty v rieSenom uzemi

Postové sluzby patria k tzv. distribu¢nym sluzbam. V ramci Slo-
venskej republiky ich poskytuje Slovenska posta, . p. Ide o sietovy
systém, ¢im je zabezpeCena moznost vSeobecne dostupnej komu-
nikacie a jej sluzby st poskytované na celom uzemi Statu.

Slovenska posta, §. p. (SP) prevadzkuje svoju podnikatelsku
¢innost samostatne na zaklade hospodarenia na vlastny ucet
v sulade so zakonom o §tatnom podniku €. 111/1990 Zb. v zneni
neskorSich uprav. Postovy poriadok, ktory ustanovuje prava a povin-
nosti posty a jej klientov v tuzemskom i medzinarodnom posto-
vom styku, vychadza z vyhlasky ¢. 78/89 Zb. v zneni vyhlasky ¢.
59/91 Zb. Slovenska posta, §. p. vystupuje ako samostatny hospo-
darsky subjekt a je zapisana v Obchodnom registri.

Postové sluzby predstavuju Siroku §kalu produktov (cca 80).
Pri poskytovani sluzieb v ramci premiestiovacieho procesu ma
velky vyznam bohato rozvetvena poStova siet, ktora sa vyznacuje
vysokou dostupnostou. Na tizemi Slovenskej republiky je pocet
koncovych bodov postove;j siete relativne stabilny. V sucasnosti je
tu cca 1620 post, ktoré su zapojené do posStovej prepravne;j siete.
Preprava spracovanych zasielok sa uskutoc¢iuje prostrednictvom
postovych kurzov.

Dostupnost’ postovej sluzby je zakladnou poziadavkou na uni-
verzalnu sluzbu, ktoru predpisuje Smernica EP €. 97/67/EC, Akty
SPU [2] a zakon o postovych sluzbach. Smernica EP definuje uni-
verzalnu sluzbu ako sluzbu dostupnt v pracovnych dioch kazdému
za rovnakych podmienok na celom uzemi §tatu, v rovnakej kvalite
a za prijatelnu cenu. Tato poziadavka vsak nie je presne defino-
vana.

Slovenska posta, $. p., pre naplnenie cielov ma spracované
,Standardy kvality postovych sluzieb“, ktoré su verejne publiko-
vané a kontrolované a je nutné ich dodrzat na tizemi celého Statu
i v ramci jednotlivych regionov.

Pri stanoveni Standardov sa vychadza z medzinarodnych skuse-
nosti a odporucani Svetovej postovej unie, ale dolezita je aj dosiah-
nutel'nost sluzieb a aby aj nasledne poskytnuty vykon zodpovedal
nakladom vynaloZenym na poskytnutie danej sluzby. Prijaté Stan-
dardy sluzieb premiestiiovacieho procesu su interné a verejne pub-
likované, spolu s prislusnymi zavédzkami, pokial ide o dodrzanie
dorucovacich lehot.

Zaroven je vSak nutné konstatovat, Ze Standardy kvality uplat-
nované Slovenskou postou su odvodené, resp. zaloZené na jednom
z kritérii kvality, a to rychlost. Nie st uplatiované charakteristiky
priestorovej dostupnosti, nakol’ko stacionarne postové zariadenia,
ich pocet a umiestnenie su v principe stabilizované. Dochadza len
k minimalnym tupravam spadovych oblasti, zvycajne v dosledku
uvedenia do prevadzky novych poStovych zariadeni. Samostatne
je rieSena problematika bezpecnosti, nakol’ko bezpeénost prepra-
vovanych zasielok je jednou z prioritnych uloh v ramci Slovenskej
posty, §. p. Otazky bezpecnosti v rozhodujicej miere determinuju
moZnosti prepojenia systému posty a systému prepravy osob.

provides services. As it is a network system, the possibility of gen-
erally accessible communication is ensured and its services are
provided all over the state.

The Slovak Post (SP), state-owned enterprise, carries on its
business activities independently, on its own account, under the
rule of the State-owned Enterprise Act no. 111/1990 of the Code
as amended. The Post Order, which defines rights and obligations
of the Post and its clients in the national and the international
postal contact, is based on the Edict no. 78/89 of the Code as
amended by the Edict no. 59/91 of the Code. The Slovak Post,
state-owned enterprise, is an independent economic subject and is
registered in the business register.

Postal services are represented by a wide range of products
(about 80). When offering services within the process of rearrange-
ment, a widely branched postal network of high accessibility is
very important. In the Slovak Republic, the number of end points
is relatively stable. At present, there are 1620 post offices, which
are connected to the postal shipping network. The shipment of
processed items is performed by means of postal courses.

The accessibility of the postal service is the main requirement
for the universal service which is ordered by the EP Directive no.
97/67/EC, Acts of the UPU [2] and the Post Service Act. The EP
Directive defines the universal service as a service that is, in all
working days, accessible to everyone, at equal conditions all over
the country, in equal quality, and at afford-able price. This require-
ment, however, is not defined exactly.

In order to meet its objectives, the Slovak Post, state-owned
enterprise, has worked out “The Postal Services Quality Standards”
that are publicly published and controlled. It is necessary to respect
these standards in the whole area of the country and within
particular regions.

When defining the standards, international experience and
advice of the World Post Union are respected; but the attainability
of services is also important, just as it is important that the after-
performance matches the costs invested into the provision of a given
service. The approved standards of the services of the rearrange-
ment process are internal and publicly published, together with cor-
responding responsibilities as far as satisfying the delivery time.

At the same time, however, it is necessary to state that the
quality standards implemented by the Slovak Post are derived
from / based on one of the quality criteria - the speed. The space
accessibility features are not implemented as the stationary post
facilities; their number and location are constant. Only minimal
adjustments of tributary areas take place, usually because of new
post facilities put into operation.

The problem of security is solved independently as security of
the items transported is one of the main tasks of the Slovak Post,
state-owned enterprise. The problems of security significantly deter-
mine the possibilities of interconnection of the postal system and
the system of transportation of people.
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Zilinsky kraj

Slovenska posta, §. p., poskytovala svoje sluzby v Zilinskom
kraji prostrednictvom 185 post, 109 postovych stredisk, 2 experi-
mentalne zriadenych postovni, 6 pojazdnych a 14 vyclievacich
post (udaje r. 1999). Na tzemi Zilinského kraja posobi jedno
Hlavné spracovatelské centrum (HSC) - posta Zilina 2, ktora
vykonava okrem funkcie HSC aj funkciu OSC. Pod HSC Zilina 2
je zapojenych 8 Oblastnych spracovatelskych centier (OSC), pod
ktoré spada 240 post. Z toho na uzemi Zilinského kraja sa nacha-
dza 6 Oblastnych spracovatelskych centier a 5 stredisk postovej
prevadzky.

Postova infrastruktura v Zilinskom kraji
Post infrastructure in Zilina region
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Region of Zilina

The Slovak Post, state-owned enterprise, offered services in
Zilina region by means of 185 post offices, 109 post centers, two
experimentally established postal agency, six mobile and 14 declaring
post offices (1999 data). One Main Processing Center (MPC) -
Zilina 2 post office - functions in the area of the Zilina region.
Except the MPC function, it also performs APC (Area Processing
Center) function. Eight APCs, which direct 240 post offices, fall
within the cognizance of the MPC Zilina 2. Six APCs and five
postal service centers are in the area of the Zilina region.

Tab. 1
Table 1

Okres Pocet post Vymera uzemia km? Pocet obyvatelov Pocet obyv. na 1 postu | Podet km? na 1 postu
District Number of post offices Area in km? Number of citizens Number of citizens Number of km?
per one post office per one post office

Bytca 9 281.62 30 206 3356 31.29
Cadca 20 760.56 92 300 4615 38.03
Dolny Kubin 11 490.30 38936 3540 44.57
Kysucké Nové Mesto 10 173.68 33125 3313 17.37
Liptovsky Mikulas 29 133255 74 736 2571 45.58
Martin 20 735.65 98 015 4901 36.78
Namestovo 19 690.57 53638 2823 36.35
Ruzomberok 16 646.88 59 715 3732 40.43
T. Teplice 9 392.72 16 832 1 870 43.64
Tvrdosin 8 478.70 34123 4265 59.84
Zilina 34 815.19 156 145 4593 23.98
Celkom 185 6 788.43 687 771 3718 36.69

Pre zistenie urovne obsluhy Zilinského kraja postovou infra-
struktirou (siet + sluzby) bol realizovany v mesiacoch november-
december 1998 prieskum zamerany na dve skupiny zakaznikov,
sukromnych a obchodnych. Zakladné zavery pre obidve skupiny
zakaznikov mozeme zhrnut nasledovne:

Obchodni zdkaznici

« V postovych sluzbach prevladaju klasické spdsoby podavania
a dodavania zasielok i klasické poStové sluzby. Inych prepravcov
vyuZziva vac¢Sina podnikatelskych subjektov len prileZitostne.
V mestach su vyuzivané vSetky formy dodavania zasielok, v okoli
miest len dorucovanie prostrednictvom postovych dorucovatelov
a formou odnasky z posty,

« Pri podavani zasielok si uprednostiované formy: podaj v hoto-
vosti, poStovné tverované. Sluzba polepovac je vyuzZivana len
vynimocne.

Mesta Okolie
Postovné uverované 55-60% 18 -24 %
V hotovosti 40 - 45 % 76 - 82 %

« V mestach i okoli prevlada v sucasnosti hotovostny platobny
styk medzi firmou a zakaznikom. Je to podmienené slabou
uroviou platobnej bilancie vacsSiny subjektov. Bezhotovostny

In the months of November and December 1998, a survey
was done in order to investigate the level of servicing Zilina region
by means of post infrastructure (network + services). The survey
was focused on two groups of customers - the private ones and
the commercial ones. Basic findings for both groups of customers
may be summarized in the following way:

Commercial customers

« In postal services, classical methods of item mailing and deliv-
ering, and classical postal services prevail. Most commercial
customers use other carriers’ only occasionally. In cities, all
kinds of item delivery are used; in city surroundings, only deliv-
ery performed by post carriers and delivery/collection at the
counter is used

« The following methods of item mailing are preferred: mailing in
cash, postal subscription. The item coater service is used only

occasionally.
Cities Surroundings
Postal subscription 55-60% 18 -24%
In cash 40 -45% 76 - 82 %

« In cities and surroundings, cash system of payments between
a firm and a customer is dominant. This is conditioned by the

low balance of payments level of most customers. Cashless trans-
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platobny styk uskutocnuju len ekonomicky silnejsie podnikatel-
ské subjekty. Okolo 30 - 40 % opytanych obchodnych zakazni-
kov riesi svoj styk so zakaznikom iba v hotovosti, Co vSak je
ovplyvnené aj Strukturou tychto firiem - vacsina je orientovana
na sluzby a obchod,

Stitkromni zdakaznici

o Z postovych sluzieb vyuzivaji domacnosti v mestach aj na
vidieku predovsetkym klasické postové sluzby, expresné sluzby
inych subjektov ako SP nevyuzivaju. Bezhotovostny platobny
styk sa rozvija pomaly najméa na vidieku, kde obyvatelstvo prefe-
ruje hotovostnu formu platenia, dorucovania dochodkov a social-
nych davok. V mestach sa situacia v sicasnej dobe vyrazne meni
a rastie pocet dochodkov poukazovanych na déchodcovské ucty
v bankach.

« Navstevnost post je nepravidelna, priCom najcastejSim ucelom
tychto ciest je podanie zasielky, prevzatie avizovanej zasielky
a realizacia platieb. Obyvatelia Casto spajaju viac ucelov pri
jednej navsteve posty.

Celkova tiroven obsluhy

« Je mozné konstatovat, Ze je uspokojiva uroven miestnej dostup-
nosti post, pricom vsak vo vac§ich mestach su v niektorych ich
Castiach navrhované zlepSenia (zriadenie podavacich post).
Obsluhu mensich okrskov je nutné posudit z hladiska:

« Casovej dostupnosti existujucich post najma v sidlach s vys§im
poctom obyvatelov v produktivnom veku, tzn. upravit otvara-
cie hodiny pre verejnost.

« Miestnej dostupnosti, ked ¢ast post by mohla byt transformo-
vana na postovne, pripadne by vznikli nové poStovne v mies-
tach, kde doteraz nebola posta. Postovne poskytuju len Cast
sluzieb podavacich post, ¢im zlepSuju obsluhu tzemia, na
druhej strane st to samostatné subjekty od SP, §. p., s ktorou
st viazané len zmluvnymi podmienkami - fransizou.

» 7 hladiska styku obcana s verejnymi institiciamni v mieste byd-
liska resp. okresnymi alebo krajskymi instituciami poSta ma
potencial, ktory by bolo vhodné vyuzit a zapojit ju do komuni-
kacného refazca obCan-§tat intenzivnejsie, nielen v oblasti social-
nych davok, resp. dochodkove;j sluzby.

Osloveni respondenti sa vyjadrili pri prieskume k rozsahu sor-
timentu postovych produktov, priCom im v ponuke chyba najcas-
tejsie:

« e-mail na poste
« faxova sluzba
« $irsi predaj doplnkového tovaru.

Z hladiska styku ob¢ana s verejnymi instituciami v mieste byd-
liska resp. okresnymi alebo krajskymi instituciami poSta ma poten-
cial, ktory by bolo vhodné vyuzit a zapojit ju do komunikacného
refazca obCan - §tat intenzivnejSie, nielen v oblasti socialnych davok,
resp. dochodkovej sluzby.

Posta plni vyznamné funkcie v systéme S§tatu pricom z dlho-
dobého a strednodobého pohladu sa posta identifikuje tiez ako
vyznamny sprostredkovatel toku informacii medzi obyvatelstvom

action is only performed by economically stronger commercial
customers. About 30 - 40 % of the commercial customers ques-
tioned perform the system of payments with their customers only
in cash. This, however, is also influenced by the structure of these
firms - most of them are focused on services and trade.

Private customers

« Households in cities and in the country use mainly classical
postal services; express services of providers other than Slovak
Post are not used. Clearing is developing slowly mainly in the
country where the citizens prefer cash system of payment, deliv-
ery of retirement pension, and social benefits. The situation in
cities is changing significantly and the number of retirement pen-
sions remitted to the pension accounts in banks is increasing.

« The attendance of post offices is irregular; the most frequent aim
of journeys to a post office is to mail an item, accept an advised
item and perform payments. The citizens often meet several aims
in one post visitor.

General level of servicing

« It is possible to state that the level of local accessibility of post
offices is satisfactory, however, in some parts of bigger cities,
improvements are suggested (establishment of mailing post
offices). The evaluation of the level of servicing of smaller zones
has to consider the following aspects:

« Time accessibility of existing post offices, especially in set-
tlements with high number of citizens in productive age that
means adjustment of the opening hours for the public.

« Local accessibility - some post offices could be transformed
into postal agency, or new postal agency could be established
in places where a post office has not been. The postal agency
offers only some of the services that the mailing post offices
offer. This way, they improve the servicing of the area. On the
other hand, postal agencies are independent of the Slovak
Post, the state-owned enterprise; their only bond with the
Slovak Post are the terms of contract - franchise.

« As for the contact of a citizen with the public institutions in
his/her residence, or, with district or regional institutions, the
post has a potential that should be used: it should not only be
involved in the area of social benefits or retirement pensions
service, but it should be more involved in the citizen-state com-
munication chain.

As for the range of postal products, the people questioned in
the survey expressed that most often, they lack:
+ E-mail at the post office
» Fax service
« Wider sale of complementary goods.

As for the contact of a citizen with the public institutions in
his/her residence, or, with district or regional institutions, the post
has a potential that should be used: it should not only be involved
in the area of social benefits or retirement pensions service, but it
should be more involved in the citizen-state communication chain.

The post performs important functions in the state system;
from the long-term and the medium-term point of view, the post is
also identified as an important mediator of the information flow
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a verejnymi inStituciami vo vdzbe na globalizacné a regionaliza¢né
trendy.

Z tohto pohladu sa javi perspektivnou oblastou spoluprace
Statnej spravy a samospravy s postou zabezpecenie obojsmerného
vzajomného styku $tat - obcan na vSetkych urovniach uzemno-
spravneho Clenenia Statu.

3. Telekomunikacie v rieSenom uzemi

V Slovenskej republike sa pri poskytovani telekomunikaénych
sluzieb, budovani a prevadzkovani telekomunikac¢nych sieti vycha-
dza v sucasnosti z nového zakona o telekomunikaciach platného
od 1. 7. 2000.

V zakone je definovana univerzalna telekomunikacna sluzba,
ktorou sa rozumie minimalny subor sluzieb, ktoré su dostupné
v stanovenej kvalite vSetkym uzivatelom na celom tzemi §tatu za
prijatelnt cenu. Univerzalna sluzba je sticastou Statnej doktriny -
stat dava kazdému obyvatelovi krajiny a rovnako jej navstevnikovi
pravo na pouzivanie urcitého suboru sluzieb za definovanych a rov-
nakych podmienok. Na druhej strane Stat prebera zavdazok toto
pravo realizovat prostrednictvom vybraného suboru poskytovatelov
univerzalnej sluzby. Tito poskytovatelia maji nasledne tento zavizok
kompenzovany formou materialnou - prostrednictvom Fondu uni-
verzalnej sluzby - alebo duchovnou - formou exkluzivnych licencii,
vyhradnych prav a/alebo moznostou krizového financovania [3].

Pod univerzalnou sluzbou sa teda rozumie sluzba v§eobecne,
stopercentne:
- rovnako dostupna, t. j. nezavisle od geografického umiestnenia,
- rovnako spoplatnena, t. j. nezavisle od konkrétnych realnych
nakladov,
- rovnako kvalitna, t. j. nezavisle od technického rieSenia, vSetkym
zaujemcom o jej vyuzivanie.

Tento subor sluZieb sa vyvija v Case i priestore, priCom v zakone
je presne definovany tento stibor a zahrnuje:

- poskytovanie verejnej telefonnej sluzby, verejnej telekomunikac-
nej sluzby faksimilného prenosu dat a verejnej telekomunikac-
nej sluzby prenosu dat v kvalite stanovenej Telekomunika¢nym
uradom SR,

- prevadzkovanie operatorskej verejnej telekomunikaénej sluzby,

- poskytovanie bezplatného a nepretrzitého pristupu k verejne;j
telekomunikacnej sluzbe tiesnového volania bez pouzitia minci
alebo telefonnej karty,

- poskytovanie verejnej telekomunikacnej sluzby prevadzkou verej-
nych telefénnych automatov,

- pravidelné vydavanie telefonnych zoznamov a zabezpecenie pri-
stupu k zoznamom uZzivatelov verejnej telefonnej sluzby.

Telefonnu sluzbu prevadzkuju na zaklade poverenia pre pevnu
siet Slovenské telekomunikacie, a. s. a pre mobilné telefony Globtel,
a. s. a EuroTel, a. s. Pre poskytovanie dalSich telekomunika¢nych
sluzieb bolo udelenych viacero povereni, licencii, v niektorych pri-
padoch aj tzv. generalne povolenie, ktoré moze vyuzit kazda fyzicka
alebo pravnicka osoba, ktora:
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between the citizens and the public institutions with link to the
globalization and the regional processes.

From this point of view, the mutual citizen - state contact at
all levels of the territorial administration division of the state; seems
to be prospective area of cooperation of the state administration
and the self-administration with the post.

3. Telecommunications in the territory
under investigation

At present, when offering telecommunication services, and
constructing and operating telecommunication networks in the
Slovak Republic, the new Telecommunication Act July 1, 2000 must
be respected.

In the Act, the universal telecommunication service is defined.
This is a minimum package of services that are available to all
users, in the whole area of the state, in defined quality and at
affordable price. The universal service is a part of the state doc-
trine - the state gives the right to use a certain package of services,
at defined and equal conditions, to each of its citizens and to
a visitor as well. On the other hand, the state takes over the respon-
sibility to implement this right by means of certain providers of the
universal service. These providers then have the responsibility bal-
anced in either material form - by means of the Universal Service
Fund, or in immaterial form - in form of exclusive licenses, privi-
leges and/or the possibility of cross financing [3].

By the universal service is meant service in general, absolutely:

- equally accessible, i.e. independent on the geographical layout,

- equally charged, i.e. independent on the particular real costs,

- of the same quality, i.e. independent on the technical solution,
for all people interested in using it.

This package of services is developing in time and space. It is
strictly defined in the Act and it includes:

- Provision of the public telecommunication service, the public
telecommunication service of facsimile data transmission and
the public telecommunication service of transmission of data in
quality defined by the SR Telecommunications Office,

- Operation of the public telecommunication operator,

- Provision of free and non-stop access to the public telecommu-
nication service of emergency call without using coins or a tele-
phone card,

- Provision of the public telecommunication service by means of
public coin telephone station operation,

- Regular edition of telephone book directories and provision of
the access to the lists of the public telephone service users.

The operation of the telephone service is performed by the
Slovak Telecom, Joint Stock Company (on authority for fixed net-
works), and by Globtel, Joint Stock Company and Eurotel, joint
stock company (on authority for mobile telephones). In order to
provide other telecommunication services, various authorities,
licenses, in some cases also so called general license that can be

used by any physical or fictitious person that:
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je drzitefom koncesnej listiny pre prevadzkovanie telekomu-
nika¢nych sluzieb podla zivnostenského zakona (¢. 455/91 Zb.
v zneni neskorsich predpisov) a

riadne ohlasila Telekomunikacnému tiradu SR dorucenim ohlaso-
vacieho listu podla prislusného generalneho povolenia, ze zacala
poskytovat sluzby podla tohto generalneho povolenia.

V oblasti poskytovania produktov zakladnej hlasovej telefonnej
sluzby maju Slovenské telekomunikacie monopol do 31. 12. 2002
vyplyvajuci z Dohovoru o zakladnych telekomunikaciach. Podni-
katelské prostredie pri poskytovani produktov verejnych radiote-
lefonnych sieti je mozné klasifikovat ako konkurenéné. Tieto sluzby
poskytuju spolo¢nosti Globtel GSM, a. s. a EuroTel Bratislava, a. s.

Zilinsky kraj

V predmetnom uzemi (na uzemi Zilinského kraja) poskytuju
svoje telekomunikaéné sluzby fyzickym i pravnickym osobam: Slo-
venské telekomunikacie, a. s., Globtel GSM, a. s., EuroTel Brati-
slava, a. s.

« Is a holder of the licensed document for operation of telecom-
munication services according to the Trade Act (no. 455/91 of
the Code as amended), and

» Properly notified the SR Telecommunications Office, by an
announcement letter delivery according to an applicable general
license, that the person has started to provide services accord-
ing to the general license.

In the area of provision of products of the basic voice tele-
phone service, the Slovak Telecommunications hold a monopoly
until December 31, 2002, which results from the Basic Telecom-
munications Agreement. As for provision of products of the public
radiotelephone networks, it is possible to classify the business envi-
ronment as competitive environment. These services are provided
by Globtel GSM, joint stock company, and EuroTel Bratislava,
joint stock company.

Region of Zilina

In the territory under investigation (the area of the Zilina
region) the telecommunication services for physical and fictitious
persons are provided by: the Slovak Telecom, joint stock company;
Globtel GSM, joint stock company; and Euro Tel Bratislava, joint
stock company.

Prehlad o wrovni telefonizacie v Zilinskom kraji [1996] Tab. 2
Level of telephone services in the Zilina region [1996] Table 2

Okres Pocet obyv. HTS bytové HTS/100 obyv. HTS podn. subj. HTS/1 subj.

District Number of Citizens [Main lines in household Phone density Main lines in firms Phone density

per 100 citizens per 1 firm

Bytca 30 206 3166 10.48 924 0.71
Cadca 92 300 6 669 722 2893 0.70
Dolny Kubin 38936 5386 13.83 2241 1.02
Kysucké Nové Mesto 33125 2 800 8.45 935 0.47
Liptovsky Mikulas 74736 11 927 15.96 4152 0.93
Martin 98 015 17 313 17.66 5627 1.03
Namestovo 53638 2944 5.48 1213 0.47
Ruzomberok 59 715 8024 13.43 2324 0.86
T. Teplice 16 832 1191 7.08 712 0.89
Tvrdosin 34123 3687 10.81 1332 0.81
Zilina 156 145 28 208 18.07 11 393 0.99
Celkom 687 771 91 915 13.36 33 746 -

Vo vietkych okresoch Zilinského kraja poskytujti pripojenie
na Internet Slovenské telekomunikacie, a. s., spolo¢nost EuroTel
Bratislava, a. s. a spolocnost Globtel GSM, a. s., NEXTRA a dalsie
subjekty podla svojej regionalne;j prislusnosti. Na tomto trhu docha-
dza v sucasnosti k vyraznym zmenam, narast poctu providerov je
spojeny s akviziciami a fiziami medzi existujucimi providermi.

Radiokomunikacie zahrauju problematiku pokrytia uzemia
kraja rozhlasovym a televiznym signalom. Prenos rozhlasového
vysielania je zabezpeCeny v pasmach VKV, SV, DV, pricom v jed-

In all districts of the Zilina region, the Slovak Telecommuni-
cations, Joint Stock Company; EuroTel Bratislava, Joint Stock
Company; Globtel GSM, Joint Stock Company; NEXTRA; and
other providers, according to their regional competence, provide
the Internet connection. Nowadays, this market is experiencing
significant changes; increasing number of providers is connected
with activations and merges among existing providers.

Broadcasting include the problem of coverage of the area with
the radio and the television signals. The relay of broadcast is pro-
vided in the VSW, MW, and LW zones. In particular parts of the
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notlivych Castiach kraja vysielaju na VKV regionalne stanice (Radio
Zilina, Frontinus, Tatry a pod.). Pokrytie izemia kraja televiznym
signalom nie je rovnomerné. Siet STV 1 je dobudovana, kym siete
STV 2 a Markizy nie su dostatocné. V zapadnej Casti kraja je mozné
prijimat vysielanie CT 1 a 2, stanice NOVA a Prima, v severnych
Castiach vysielanie Polskej televizie. Rozvoj CATV sa realizuje
lokalne a na vel'mi roznej technickej urovni.

Na zistenie urovne obsluhy Zilinského kraja telekomunikag-
nymi sluzbami boli spracované otazky do dotaznikov uréenych
pre sukromnych (obyvatelstvo) a obchodnych zakaznikov (podniky,
organizacie) tykajice sa vyuzivania telekomunikaénej infrastruk-
tary. Zistovanie bolo realizované v mesiacoch november - decem-
ber 1998.

Obchodni zdkaznici
Z vyhodnotenia prieskumu vyplyva, ze vo vyuzivani teleko-
munikaénych sluzieb podnikatelskymi subjektmi v mestach a na
vidieku su rozdiely. Tieto rozdiely vyplyvaju z:
« roznej velkosti firiem,
» uzemného rozmiestnenia firiem,
« vlastnictva firiem,
» nizSej dostupnosti telekomunikaénych sluzieb na vidieku,
« geografickej polohy dolezitych obchodnych partnerov,
« rozsahu pdsobnosti firmy,
« vybavenosti vypoc¢tovou technikou,
« financne;j situacie a prosperity firmy.

Na zaklade prieskumu mozno konstatovat, Ze podnikatel'ské
subjekty posobiace v centrach regionu maju najdolezitejSich obchod-
nych partnerov v narodnom meradle a podnikatelské subjekty poso-
biace na vidieku v miestnom resp. regionalnom meradle.

V ramci celého kraja bol zaznamenany rast vo vyuzivani
mobilnej komunikacie, avsak z hladiska hodnotenia kvality posky-
tovanych sluzieb existuju v regione vyrazné rezervy u jednotlivych
operatorov. Podnikatelské subjekty hodnotia poskytovanu roven
zakladnych sluzieb len ako dobru resp. vyhovujicu.

Styk s bankou je vo vdcsine pripadov realizovany klasickymi
sposobmi, t. j. osobné navstevy v bankach, vynimocne vyuzivaju
subjekty posobiace v centrach kraja sluzbu Homebanking. Styk
prostrednictvom EDI nie je vyuzivany i z titulu nizkej informova-
nosti zo strany poskytovatelov. Obdobne styk firma - zakaznik je
uskutocnovany prevazne v hotovostnej forme, na ¢o, samozrejme,
vplyva aj moznost vzniku druhotnej platobnej neschopnosti.

Vyuzivanie informaénych technoldgii jednotlivymi podnika-
telskymi subjektmi sa zvysuje, avSak nadalej prevlada materializo-
vana forma spracovania dokumentov nad prenosom dat priamym,
alebo na disketach ¢i CD diskoch. Pozitivne je, Ze vascina podni-
katelskych subjektov vyuZiva novsie typy personalnych pocitacov,
negativne, Ze si malo vyuzivané siefové systémy (LAN, WAN).
Z toho vyplyva aj nizke percento pripojenych subjektov na inter-
net s vynimkou mesta Zilina, kde je vyrazne zvyseny zaujem o pri-
pojenie na internet.
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region, regional stations broadcast on the VSW (Zilina Radio,
Frontinus, Tatry and other). The television signal coverage of the
area is not distributed regularly. Whereas the STV 1 network is fin-
ished, the STV 2 and Markiza networks are not adequate. In the
western part of the region, it is possible to receive broadcasting of
the CT 1 and 2, NOVA and Prima; in the northern parts, Polish
television broadcast may be received. The CATV development is
implemented locally, and on different technical levels.

In order to find out the level of servicing of the Zilina region
by the telecommunication services, questions for surveys for private
(citizens) and commercial customers (firms and organizations) were
created. These questions were related to the use of the telecom-
munication infrastructure. The survey was done in the months of
November and December 1998.

Commercial customers
From the survey evaluation, it may be concluded that there are
differences in the use of the telecommunication services by com-
mercial customers in cities and in the country. These differences
result from:
« different size of firms,
« area distribution of firms,
« proprietorship of firms,
« lower accessibility of the telecommunication services in the
country,
« geographical position of important business partners,
« range of firm’s activity,
« information technology facilities,
« financial situation and prosperity of a firm.

On the basis of the survey, it may be concluded that the most
important business partners of the commercial customers func-
tioning in the regional centers are considered in the national scale;
and the business partners of the commercial customers function-
ing in the country are considered in the local or regional scale.

As for the whole region, a rise in the use of mobile communi-
cation has been noticed. However, from the aspect of the assess-
ment of quality of services provided, there are significant reserves
in quality of services provided by particular operators. The com-
mercial customers consider the level of the basic services good or
fair only.

Contact with a bank is usually performed in classical ways, i.e.
personal visit of a bank; the customers functioning in the regional
centers only occasionally use the Home banking service. Contact
by means of EDI is not used because of low information supply
from its providers. Similarly, the firm - customer contact is per-
formed in the cash form, which is, of course, influenced by the
possibility of secondary default rise.

The use of the information technologies by particular com-
mercial customers is increasing, however, the materialized form of
document processing predominates over the direct data transmis-
sion or the transmission by means of floppy discs or CDs. A pos-
itive aspect is, that most commercial customers use newer types of
personal computers; a negative aspect is, that the LAN and WAN
network systems are not widely used. From this result a law per-
centage of customers connected to the Internet with the exception
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Obyvatelstvo
Vyuzivanie telekomunikac¢nych sluzieb obyvatelstvom tiez nie
je dostatocné a rovnomerné, ¢o ovplyvauju najmé nasledujuce
faktory:
« zla finan¢na situacia obyvatelstva,
« vysoka miera nezamestnanosti, najma na vidieku,
« vysoké percento obyvatelstva v postproduktivnom veku,
« nedostato¢na informovanost obyvatelstva,
» malo ucinna reklama,
« vysoka cena produktov a sluzieb.

Z kvantitativneho hladiska u obyvatelstva resp. v domacnos-
tiach prevlada vlastnictvo telefonnych pristrojov, televiznej techniky
a osobnych bankovych uctov, pricom zanedbatelné je vlastnictvo
faxov, PC techniky a vyuzivanie sluzby internetu. Telefon povazuje
za bezny komunikaény prostriedok viac ako 90 % respondentov,
avsak jednotlivé sluzby zalozené na pouzivani telefonu respon-
denti obmedzuju.

Samostatnou otazkou je vyuzitie informacnych a telekomuni-
kacénych technologii ako prostriedku pre spristupnenie aktualnych
informacii pre aktérov regionalnej politiky [5]. Vytvorenie integ-
rovanej komunikaénej infrastruktury predpoklada spracovanie
zéakladnych v§eobecnych pravidiel jej fungovania. Tieto pravidla
patria do oblasti ekonomickej, organizacnej, legislativnej, technickej
a technologickej a nadvazuju na nutnost uplatnenia siefovych sys-
témov a zvySenia hustoty pripojenia na internet v uzemi. S tym
bezprostredne suvisi aj nutnost budovania informacnych systémov
miest a obci, inStitucii verejnej spravy, za ucelom informovania
a komunikacie s verejnostou a ich spristupnenie pre vsetky subjekty
v regione, €i uz cez internet alebo vybudovanim informacnych
kioskov.
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of the city of Zilina where the interest in the Internet connection
has increased significantly.

The Citizens
The use of the telecommunication services by the citizens is
not sufficient and regular either. This is mainly influenced by the
following factors:
« bad financial situation of the citizens,
« high unemployment rate, especially in the country,
« high percentage of citizens in post-productive age,
« inadequate supply of information for the citizens,
« inefficient promotion
« high price of products and services.

As for the citizens or households, from the quantity aspect,
ownership of telephones, television technology, and personal bank
accounts is dominant; whereas the ownership of faxes machines,
PC technology and the use of the Internet is nominal. More than
90% respondents consider the telephone a common communica-
tion means, however, they limit particular services based on the
use of telephone.

A separate question is the use of the information and the
telecommunication technologies as a means for accessing current
information for actors of the regional policy [5]. Creation of an
integrated communication infrastructure expects processing of the
basic general rules of its functioning. These rules fall into the eco-
nomic, organizational, legislative, technical and technological areas
and they knot to the necessity of the network systems application
and rise in the density of the Internet connection in the area.
Directly connected with this is also the necessity to create infor-
mation systems of cities and communities, public administration
institutions; with the aim of information and communication with
the public and the access to them for all subjects in the region, either
by means of the Internet, or by creating information kiosks.
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KVALITA A JEJ MERANIE V SLUZBACH DOPRAVY,

POST A TELEKOMUNIKACII

QUALITY AND ITS MEASUREMENT IN TRANSPORTATION,
INFO-COMMUNICATION AND POSTAL SERVICES

Sluzby dopravy, post a telekomunikdcii majii v sektore sluzieb
Specifické postavenie vzhladom na organizdciu a riadenie procesov.
Prispevok je zamerany na popis spolocnych prvkov tychto sluzieb
z pohladu manazérstva kvality, porovnanie zauZivanych kritérii vo
vybranych typoch sluzieb. Su tu taktiez predstavené zdkladné pristupy
merania kvality z pohladu spokojnosti zakaznika a vykonnosti orga-
nizdcie v sluzbdch dopravy, post a telekomunikdcii. Prispevok vychddza
z rieSenia a zo zdverov vyskumnej tilohy 519/2 ,Model komunikacnej
obsluhy iizemnosprdavneho celku - kraja“.

1. Uvod

Organizacie, poskytujuce sluzby dopravy, post a telekomuni-
kacii, boli tvorené tradicne so silnym riadiacim vplyvom §tatu, ktory
sa prejavoval vlastnictvom, pripadne zabezpefenim monopolu pre
urcity druh sluzby. Zmeny, ktoré v su¢asnosti zaznamenavame, su
sposobené predovsetkym tlakom na liberalizaciu trhu tychto sluzieb.
To sposobuje aj odklon od predchadzajucej orientacie tychto orga-
nizacii a sluzieb. M6zeme pozorovat prechod od organizacii, ktoré
sa zodpovedali predovsetkym §tatu (poskytovanymi vykonmi, spo-
trebou nakladov a pod.) ku zakaznicky orientovanym podnikom,
ktoré sa snazia v maximalnej miere uspokojit zname i predpokla-
dané ocakavania zakaznikov. S uritym pribliZzenim je mozZné kon-
Statovat, Ze v oblasti organizacii, poskytujucich sluzby dopravy, post
a telekomunikacii, dochadza k zmene - od riadenia technickych
prostriedkov a infrastruktury ku skutocnému riadeniu sluzieb.

Je viacero dovodov, preco je v sucasnosti pojem kvalita v sluz-
bach dopravy, post a telekomunikacii velmi frekventovany. Je to
predovsetkym dosledok stupajucich narokov na kvalitu Zzivota
a s tym spojené poziadavky na vyssiu uroven kvality sluzieb cesto-
vania, prepravy sprav a veci i pozZiadavky na znesitelné zivotné
prostredie; ako aj dosledok liberalizacie trhov tychto sluzieb a tym
tvorby konkurenéného prostredia; a v neposlednom rade désledok
rozvoja informac¢no-komunikaénych sluzieb a technologii.

Transportation, Info-Communication and Postal Services (TICPS)
have a special position in the sector of services when taking into con-
sideration the organization and management of processes. The paper
describes the common features of services from the quality manage-
ment point of view and compares the common used criteria in selected
types of services. In the paper, the basic approaches to quality mea-
surement in TICPS from customer and organisational points of view
are presented as well. The paper is based on the solution and the con-
clusions of research project 519/2 “The model of a communication
service within a territory administration - region”.

1. Introduction

Organizations that provide TICPS were traditionally created
with a strong influence from the state, which provided a monop-
oly for a certain type of service. Changes that we are facing nowa-
days, are mainly caused by the pressure for liberalization of the
market for services. It also causes departure from the previous ori-
entation of the organizations and services. We can observe change
from organizations which, in particular, assumed responsibility to
the state (for providing outputs, the consumption of the costs, etc.)
to customer oriented enterprises which try to meet the known and
presupposed demands of customers. We can conclude that there
has been a change in the sector of TICPS - from managing tech-
nological assets and infrastructure to managing services.

There are several reasons why the notion of quality in TICPS
is so current nowadays. In particular, this is a result of increasing
demands for quality of life and interrelated demands with it, for
higher quality of travelling, news and objects transportation ser-
vices and demands for a less polluted environment; it is a result of
market liberalization of services and creation of a competitive
atmosphere; last but not least it is a result of development of info-
communication services and technologies.
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2. Hlavné znaky manazérstva kvality v sluzbach
dopravy, post a telekomunikacii

Podniky, ktoré poskytuju sluzby dopravy, post a telekomuni-
kacii maju spolocné poslanie - ucelné a hospodarne prepravova-
nie 0sob, sprav alebo veci z vychodiskového na urCené cielové
miesto. Z tohto spolo¢ného poslania, ktoré sprevadzaji charakte-
ristické znaky poskytovania sluzieb [1], vyplyvaju aj preukazatelne
podobné vlastnosti a taktiez ulohy, ktoré je potrebné riesit pre ich
planovanie a riadenie ich produkcie [2]. Pritom je potrebné brat
do tvahy dolezitu skuto¢nost, ze sluzby dopravy, post a teleko-
munikacii si do ur€itej miery zastupitené, pripadne mozu spolu
efektivne spolupracovat.

Z pohladu manazérstva kvality su dolezité nasledujuce podobné
vlastnosti, ktorych priemet najdeme vo vsetkych typoch zakladnych
sluzieb dopravy, post a telekomunikacii:

« narocnost riadenia produkcie je spdsobovana nematerialnostou
produkcie a stibeznostou produkcie a spotreby sluzby, uzemnou
rozlahlostou organizacie i nahodnostou miesta, ¢asu i poctu
vzniku poziadaviek;

« pri poskytovani sluzby dominuje technika, co umoznuje pomerne
vysoku mieru Standardizacie a materializaciu produkcie, ale na
druhej strane kladie vyssie naroky na spolahlivost a udrzbu zaria-
deni v porovnani s inymi produktmi sektoru sluzieb;

« komplexnost procesov, ktora vyplyva z mnoZstva navzajom pre-
pojenych funkcii (potreba integracie), pre ktoré je mozné zvacsa
pouzit v ramci dopravnych, telekomunikaénych i postovych
sluzieb jednotnu terminolégiu [3].

Tieto podobné vlastnosti, tllohy a poslanie sa prejavuju aj v tom,
Ze refazec poskytovania sluzby v oblasti dopravy, post a telekomu-
nikacii je mozné rozdelit na funkcéné vrstvy. Funkéné vrstvy moézu
byt tvorené tymito Uroviami: generalny manazment a administra-
cia, strategické rozhodovanie, planovanie a marketing, riadenie
prevadzky a poskytovanie zariadeni a infraStruktury. Jednotlivé
funk¢né vrstvy voci sebe vystupujui na jednej strane ako zakaznik
voCi nizsej vrstve, a taktiez ako poskytovatel sluzby voci vyssej
vrstve. Podobny funkcionalisticky pristup je dobre prepracovany
v informaéno-komunikaénych sluzbach (napr. ISO OSI referencny
model, TCP/IP model), ale je mozné ho zovseobecnit aj pre sluzby
dopravy a post.

Jednotnost pristupu k manazérstvu kvality je vyjadrena v SirSom
ramci aj normotvornym pristupom pre systémy manaZérstva kvality,
ktory nerozliSuje medzi podnikom produkujicim hmotné vyrobky
a podnikom poskytujicim sluzby, a ponuka univerzalne principy,
postupy a nastroje manazérstva kvality bez ohladu na druh posky-
tovanej sluzby.

3. Kritéria kvality sluzieb dopravy, post a telekomunikacii

Tradicne sa eSte v nedavnej minulosti posudzovali sluzby
dopravy, post a telekomunikacii podla vykonov a vykonnosti, ktoré
sa tykali predovSetkym [4]:

« jednoduchych vystupov - dizka vybudovanych ciest, pocet pre-
pravenych cestujucich, balikov; tu patria aj ukazovatele typu

2. The main features of quality management in TICPS

Enterprises that provide TICPS have a common function -
effective and economical transportation of people, news and objects
from the place of departure to their destination. Similar features
and tasks, which must be solved for their planning and managing
of their production [2], ensue from their common function, which
is accompanied by characteristic features of delivering services
[1]. It is important to take into consideration an important fact:
TICPS are substitutable to a certain degree, and they can cooper-
ate effectively.

The following similar features, which on reflection we can find
in all types of basic TICPS, are important when taking into con-
sideration quality management:

« pretension of production management is caused by the fact that
a service is relatively intangible; a service and process cannot
be separated at the interface - they occur simultaneously; by ter-
ritorial extensivity of the organization and casualness of place,
time and number of original demands;

« technique dominates the delivery of services; it enables a relatively
high level of standardization and production materialization, but
on the other hand, it places higher demands on reliability and
maintenance of equipment in comparison with other products
of the services sector;

« complexity of processes which ensues from a number of mutu-
ally interdependent functions (demand for integration), for which
it is possible to use homogenous terminology in the sphere of
TICPS [3];

These similar features, tasks and functions are also revealed
by the fact that it is possible to divide the chain of services in the
sphere of TICPS into functional layers. Functional layers can be
built using these levels: general management and administration,
strategic decision making, planning and marketing, operation
control, equipment and infrastructure provision. The separate func-
tional levels behave towards each other like a customer towards
the lower level and also like a service provider towards the higher
level. Similar functionalistic attitudes have been developed in detail
in the info-communication services (e.g. the ISO OSI reference
model, the TCP/IP model). But it is also possible to generalize it
for the transportation and postal services.

The uniformity of the attitude to quality management is
expressed in a wider range by a normative attitude for the system
of quality management. However, the attitude does not distinguish
between an enterprise producing material goods and an enterprise
providing services and it offers universal principles, procedures
and tools for quality management regardless of the type of the pro-
vided service.

3. Quality criteria for TICPS

Until recently, TICPS were traditionally considered according
to their outputs and efficiency, which were mostly related to [4]:
« simple outputs - kilometres of highway constructed, number of
transported passengers, parcels etc.
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pocet nerealizovanych spojov, pocet zmeskanych spojov, pocet
staznosti a reklamacii, pocet nehdd a pod.;

« ekonomickej efektivnosti - s akymi nakladmi boli vystupy dosiah-
nuté, efektivita vyuzivania dopravného parku, pomer hodnoty
odvedenej produkcie na jedného pracovnika;

« inzinierskych Standardov - Sirka ciest, kapacita prenosovych
a spojovacich systémov, udaje, tykajuce sa udrzby pouzivanych
zariadeni.

Ciele dnesného manaZmentu v oblasti uvedenych sluzieb su
oproti minulosti zmenené - dnes je prioritou spravne planovanie
a dimenzovanie poskytovania sluzieb, neustale meranie a zvySova-
nie kvality poskytovanych sluZieb, vzajomné porovnavanie urovne
sluzieb poskytovanych roznymi operatormi. V kone¢nom dosledku
ide o skimanie, ako je mozné z urovne $tatu, prip. regionu, vhodne
investovat do rozvoja tychto sluzieb, aby to o najlepSie ovplyvnilo
kvalitu sluzieb a vo vSeobecnosti, aj kvalitu zivota v spolocnosti
a charakter urcitého regionu.

Vyznamny vplyv na kvalitu poskytovanych sluzieb v skimanej
oblasti ma aj skutocnost, ze v oblasti dopravnych, poStovych i tele-
komunikacnych sluzieb dochadza k oddelovaniu ulohy poskytova-
tela sluzby od vlastnika (prevadzkovatela) infrastruktury. Funkcia
dohadovania parametrov kvality poskytovanej sluzby tak ziskala
§irsi vyznam - poziadavky zakaznika na kvalitu sluzby su adreso-
vané poskytovatelovi sluzby, ten ich musi dalej sprostredkovat
poskytovatelovi infrastruktury [5]. V minulosti teda proces dojed-
navania urovne kvality poskytovanej sluzby prebiehal medzi exter-
nym zakaznikom na jednej strane a konkrétnou organizaciou -
poskytovatelom sluzby na druhej strane, v ktorej bolo zriedkavo
uvaZzované s pojmom interny zakaznik. Je mozné opravnene oca-
kavat, Ze oddelenie tlohy poskytovatela sluzby od poskytovatela
infraStruktury postavi aj poskytovatela sluzby do pozicie externého
zakaznika voCi poskytovatelovi infrastruktury a zo zmeny tohto
postavenia by malo vyplyvat aj zvySenie celkovej kvality poskyto-
vanych sluzieb.

Pojem ,kvalita sluzby“ je potrebné pre presnejsie skumanie jej
urovne dekomponovat, ¢o znamena rozlozZenie tohto pojmu do
urcitych zloziek, ktoré je mozné dalej rozviest na kritéria. Vhodny
ramec pre dekompoziciu pojmu kvalita do zloZiek moZe tvorit
napriklad EFQM model [6], ktory je Siroko vyuzivany ako zaklad
pre samohodnotenie organizacii z pohladu kvality. Kritéria kvality
potom predstavuju znaky (subor znakov) sluzby, ktoré vyjadruju
zname a predpokladané poziadavky zakaznika na vlastnosti pro-
duktu. Pre pojem kritéria kvality je mozné v uzSom vyzname slova
pouZzivat aj pojmy - parametre, indikatory.

Pri uvazovani o kritériach, podla ktorych by sa mala posudzo-
vat kvalita poskytovanych dopravnych, postovych a telekomunikac-
nych sluzieb, musime vychadzat zo zakladnych pohladov hlavnych
ucastnikov tychto sluzieb. Su to predovsetkym [4]:

« politické institucie, ktorych hlavnym cielom je prostrednictvom
tychto sluzieb dosiahnut vyssiu kvalitu Zivota. Medzi ich zakladné
aktivity patri rieSenie uloh, tykajuce sa uréenia hlavnych cielov
a stratégie pre uroven sluzieb, urenie ramca pre tarifnu politiku,
definovanie priorit pre globalne investicie pre podporu tychto
sluzieb a pridelovanie zdrojov zo $tatnej urovne;
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« economic effectiveness - how cheaply the outputs were obtained,
efficiency of car park utilization, the proportion of the produc-
tion to 1 employee;

« engineering standards - lane width, capacity of transmission and
connecting systems, data related to maintenance of used equip-
ment.

The aims of management in the sphere of the TICPS are
changed nowadays in comparison with the past; nowadays, the
appropriate planning and dimensioning of providing services is
a priority, as well as a constant measurement and increase in quality
of the provided services and a mutual comparison of the level of
services provided by various operators. And consequently, it is
necessary now to research how it is possible - from the state and
regional position - to invest efficiently in services development in
order to influence services quality, adequately, also quality of life
and the character of the region.

An important influence on the quality of the provided services
in the investigated sphere is the fact that the task of a service
provider is being separated from an infrastructure owner (opera-
tor) in the sphere of TICPS. The function of negotiating the service
quality parameters has acquired a broader significance - the cus-
tomer demands for the service quality are addressed to the service
provider, s/he must mediate them further to the infrastructure
operator [5]. In the past, the process of negotiating the quality of
the provided service proceeded between an external customer on
one side and a concrete organization on the other side, in which
the notion “internal customer” was seldom taken into considera-
tion. It is by right to expect that the separation of the services
provider function from the infrastructure provider places also the
service into the position of an external customer towards the infra-
structure provider and a total increase in the quality of the provided
services could ensue from the change of the position.

It is necessary to decompose the term “service quality” for
a more detailed research of its levels, it means to decompose the
notion into certain components, which are possible to be further
spread into criteria. E.g. the EFQM model [6] can build a suitable
frame for the decomposition of the notion quality into compo-
nents. The EFQM model is widely used as a base for self-evalua-
tion of an organization in regards to a quality. The quality criteria
then represent a mark (a complex of marks) of a service, which
expresses known and presupposed customer demands towards fea-
tures of a product. In the narrow sense of the word, it is possible
to use the notion - parameters, indicators - for the notion of quality
criteria.

Taking into consideration the criteria by which the quality of
the provided TICPS should be considered, we have to proceed
from the basic views of the basic participants of the services. They
are above all [4]:

« policy bodies - their main aim is to reach a higher quality of life
through services. To their principle activities belong: solving the
tasks concerning determination of their main targets and strat-
egy for a layer of services; determination of a frame for the tariff
policy; definition of priorities for global investments for the
support of the services and resource allocation from state level;
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« verejné institucie, zabezpecujuce organizaciu a koordinaciu do-
pravnych, postovych a telekomunikaénych sluzieb v regione -
ich ulohou je zabezpecit kvalitu sluzieb z hladiska uspokojenia
ocakavani zakaznika. K tomu patri vytvorenie stratégie kvality,
vyuzivanie vhodnych technoldgii, skimanie ocakavani zakaznikov,
monitoring a sledovanie vykonov, sledovanie spokojnosti zakazni-
kov, vyhodnocovanie efektivnosti poskytovania sluzieb;

« poskytovatelia sluzieb - efektivne vyuzivanie zdrojov, sledovanie
kvality vystupu. Ich ulohou je vykon sluzieb a plnenie planova-
nych uloh a funkcii;

» zéakaznici - obcCania, podniky, ktoré v réznej miere vyuzivaju
sluzby pre uspokojenie svojich potrieb prepravit osoby, spravy
a naklad.

Kritéria kvality musia reSpektovat predovsetkym tie charakte-
ristiky sluzby, ktoré si rozhodujtce pre vsetkych ucastnikov sluzby,
ale predovsetkym pre zakaznika. Kritéria kvality je mozZné odvodit
z rdznych zdrojov blizko zakaznika - moze ich definovat poskyto-
vatel sluzby napr. na zaklade skiimania staznosti a reakcii zakazni-
kov a odsuhlasi ich so zakaznikmi (priradenim dolezitosti kritérii).
Jestvuje mnozstvo odbornych nazorov a odporucani, ktoré sa zame-
riavaju na uréenie kritérii kvality v sluzbach vSeobecne i jednotlivo
pre kritéria kvality sluzieb dopravy, post a telekomunikacii. V tabulke
¢. 1. je uvedeny prehlad kritérii (resp. ich skupin), pricom boli
pouZité:

- pre vSeobecny pohlad na sluzby - kritéria (dimenzie sluzby),
navrhnuté podla [7];

- pre oblast dopravy st urCujice odporucania CEN (Comitée
europeéne de normalisation), ktoré pre definovanie tirovne kvality
odporucaju v technickej norme TC 320 pre kvalitu sluzieb verej-
nej hromadnej dopravy;

- pre oblast telekomunikacnych sluzieb odporucania ITU E.800.

- pre oblast postovych sluzieb - zavery 22. Svetového postového
kongresu (Peking 1999), kde sa schvalilo vytvorenie zakladnych
kritérii kvality (Quality of Service Fund - QFS) [8].

Kritéria su v tabul'ke €. 1 usporiadané tak, aby poukazovali na
pribuznost jednotlivych navrhov. Pri predstavenom usporiadani
kritérii st na prvy pohlad zjavné rozdiely i spolocné prvky.

Uplna zhoda je v kritériu ,dostupnost®, ktoré je orientované
na splnenie zakladnej poziadavky zakaznikov [9] - minimalny odpor
pre dosiahnutie bodu poskytnutia sluzby. To dokazuje jeho vyni-
mocné postavenie v oblasti sluzieb vSeobecne i pre oblast sluzieb
dopravy, post a telekomunikacii. Podobne je to s bezpe¢nostou
a spolahlivostou, ktoré sa vzfahuji na prepravovany objekt, resp. na
technicku podporu - schopnost nepretrzitého (bezporuchového)
poskytovania sluzby.

Jeden z vyraznych rozdielov tvori skuto¢nost, ze medzi krité-
riami pre sektor sluzieb vSeobecne sa vyskytuje kritérium ,,materia-
lizacia sluzby*®, ktoré nema explicitne ,,partnera® v dalsich stipcoch
tabul'ky. Je to sposobené tym, ze produkt sektoru sluzieb vo vSe-
obecnosti ma nematerialnu povahu, preto je potrebné ho materia-
lizovat, aby ho zakaznik lepSie vnimal. V oblasti sluzieb dopravy,
post a telekomunikacii je tento problém menej vyrazny, pretoze
tieto sluzby su typické svojou technickou podporou, ktora umoz-

« public organizations - they provide organization and coordina-
tion of TICPS within a region - their task is to provide service
quality from the point of view of satisfaction of customer expec-
tations. They create service and quality strategies; use suitable
technologies; research customer expectation; monitor and
observe the outputs and customer satisfaction; assess effective-
ness of service delivery;

« service providers - efficiency of resource use, monitoring of
output quality. Their task is to operate the services and perform
tasks and functions;

« customers - citizens, enterprises, they use the services in various
degrees for satisfaction of their own needs to transport people,
news, cargoes.

The quality criteria must respect above all the characteristic
services, which are the decisive factors for all stakeholders of
a service but above all for a customer. It is possible to infer the
quality criteria from sources near the customer. The service provider
can define them e.g. on the basis of customer complaints and reac-
tions and s/he can agree upon them with the customers (by assign-
ment of importance to the criteria). There are a number of professio-
nal opinions and recommendations that are directed at the deter-
mination of quality criteria of services generally, and also for cri-
teria of TICPS. The survey of the criteria (and also, of their
groups) is shown in the Table. 1. They were used:

- for a general view of services - criteria (service dimensions),
suggested according to [7];

- the recommendations CEN (Comite¢ europeéne de normalisa-
tion) are determinated for the sphere of transport; they are rec-
ommended in the technical norm for the service quality of
public transport;

- for the info - communication services - recommendations ITU
E.800;

- for the postal services - the conclusions of the 22" Universal
Postal Congress (Beijing 1999) approved the creation of a Quality
of Service Fund (QFS) [8].

The criteria in Table 1 are arranged in order to point out the
relationships between the separate suggestions. The differences,
as well the common features, are evident at first sight.

The full concord is in the criterion “accessibility” which is ori-
ented on the fulfilment of basic customer demands [9] - a minimal
resistance for achievement of the point of delivering service. It
proves its special position in the sphere of services generally as
well as in the sphere of TICPS. Similarly, “security” and “reliabil-
ity”, which are related to the transported object, also to technical
support - ability of permanent (failure - free) delivering service.

One of the important differences is the fact that the criterion
“tangibles” of the service is generally included among criteria for
the sector of services. The criterion does not have a “partner”
explicitly in the other columns of the Table. It is caused by the fact
that the product of services is generally of an immaterial nature,
so it is necessary to materialize the product in order that a cus-
tomer may perceive it better. The problem is less considerable in
the sphere of TICPS because technical support is typical for the
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Prehlad kritérii kvality pre sektor sluZieb v§eobecne a pre vybrané typy sektoru sluzieb Tab. 1
Sektor sluZieb v§eobecne Sluzby dopravy Informacno-komunikaéné sluzby Postové sluzby
Dostupnost Dostupnost Dostupnost Dostupnost
Bezpecénost Bezpeénost Bezpecnost Bezpeénost
Spolahlivost Disponibilnost Spolahlivost Spolahlivost
Komunikacia Informovanost Jednoduchost Zaobchadzanie s dotazmi
Pochopenie zakaznika Starostlivost o cestujucich Pruznost Uspokojenie zakaznika
Zodpovednost Zodpovednost
Doveryhodnost Presnost
Materializacia
Kompetentnost
Zdvorilost
Casové dispozicie Rychlost Rychlost
Komfort
Dopad na Zivotné prostredie
A survey of the quality criteria for the sector of services general and for chosen types of the service sector Table 1
Quality dimensions for services Transportation services Info-communication services Postal services
Accessibility Accessibility Accessibility Accessibility
Security Security Security Security
Reliability Availability Safety Reliability
Communication Information Simplicity Treating with requirements
Understanding the customer Customer care Flexibility Customer satisfaction
Responsiveness Accuracy Responsivenees
Credibility
Tangibles
Competence
Courtesy
Time Speed Speed
Comfort
Environmental impact

nuje produkt pomerne lahko sprevadzat materialovymi vnemami
(vizualne i zvukové sprevadzanie zakaznikov pocas cesty, ponuka
sluzieb inteligentnych sieti, systém track & trace v poste i v naklad-
nej doprave...).

Medzi dalsie kritéria, ktoré nemaju presny ekvivalent v krité-
riach sluzieb dopravy, post a telekomunikacii, patria kritéria, ktoré
reaguju na potrebu priameho kontaktu so zdkaznikom - dovery-
hodnost, kompetentnost, zdvorilost.

Naproti tomu jedno z najddlezitejsich kritérii - rychlost, ktoré
vystupuje vo vSetkych sledovanych typoch sluzieb, nema z pocho-
pitelnych dovodov priamy odraz medzi kritériami sektoru sluZieb
vseobecne.

Kritériam sa podla ich vyznamu priraduje vaha. Vaha kritérii
kvality je Casto ovplyvnena nielen regionalnymi podmienkami, ale
aj takymi prozaickymi vplyvmi, ako je denna doba, kedy je sluzba

services. The technical support allows to accompany the product
by material perceptions in quite an easy way (audiovisual guidance
of customers during a journey, offer of services of intelligent net-
works, the system track & trace in the post and freight traffic, ...)

“Credibility”, “competence”, “courtesy” is other criteria, which
result from the need of a direct contact with a customer.

On the other hand, one of the most important criteria - “speed”,
which appears in all monitored types of services, does not have
a direct projection among the criteria of the sector generally.

A certain value is attached to the criteria according to their
significance. The value of the quality criterion is often influenced
not only by regional circumstances, but also by everyday effects,
such as time of the day when the service is provided. For example,

the criterion in the transportation sector (belonging to the group
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poskytovana. Napriklad kritérium z oblasti dopravy (patriace do
skupiny kritéria ,,Casové dispozicie®), ktoré vyjadruje poziadavky
na pravidelnost, ma réznu vahu v roznych Castiach dia - je dolezi-
tejSia v Spickach, kedy je frekvencia spojov vysoka, menej dolezita
je mimo §picky, pri mensej frekvencii spojov, kedy prevlada krité-
rium presnost prichodov.

Pre praktické vyuzitie kritérii je potrebné vyriesit niekol'ko
zavaznych uloh:

« popis kritérii - priradenie definicie, odporucenie zdroja infor-

macii, urCenie jednotky a presnosti merania, typ kritéria (sub-

jektivne, objektivne);

ziskanie tidajov (meranie hodnét) - dostupnost tidajov, miesto,

Cas, sposob a frekvencia ziskavania udajov, pripadne sposob

vytvorenia odhadu;

« skiimanie zavislosti, interakcie a korelacie - popis ovplyviova-
nia jednotlivych kritérii navzajom i ich zavislost od externych
parametrov, druh zavislosti;

« posudenie ziskanych hodnét - verifikacia kritérii (zrozumitel-
nost, vhodnost, ...) a validacia udajov, porovnavanie udajov s oca-
kavanym stavom, idealnym stavom alebo udajmi o konkurencii.
Zaverom posudzovania je vytvorenie odporucani.

Pri uzatvarani zmliv medzi jednotlivymi ucastnikmi procesu
poskytovania sluZieb dopravy, post i telekomunikacii (koncovy
zakaznik, poskytovatel sluzby, poskytovatel infrastruktiry - tech-
nickej podpory) je taktiez velmi dolezité, aby medzi ucastnikmi
zmluvy bolo jasne definované rozhranie, kde sa urcia parametre
(kritéria) kvality a ich hodnoty, akceptované zucastnenymi stra-
nami. Tieto parametre sa svojou Strukturou moézu zasadne liSit,
pretoZe vo vztahu koncovy zakaznik - poskytovatel sluzby su
dolezité aj aspekty, tykajuce sa kontaktného personalu, pouZzitel-
nosti sluzby. Naproti tomu vo vztahu poskytovatel sluzby - posky-
tovatel infrastruktury prevladaju ,sietové“ parametre, viac
technicky orientované.

Pojem zmluva alebo dohoda o kvalite sluzby (Service Level
Agreement) je pojem, ktory je mozné najjednoduchsie si predsta-
vit pri sluzbach typu - prenajom datového okruhu v telekomuni-
kaciach, zabezpeCenie prepravy veci Spedi¢nou spoloc¢nostou
a pod. V skuto€nosti pri vSetkych typoch sluzieb, ako je napr. tele-
fonna sluzba, cestovanie hromadnou dopravou, pouZitie taxisluzby,
jestvuje urcita predpokladana alebo priamo dohodnuta troven
kvality sluzby, premietnuta napr. vo vSeobecnych podmienkach
a tarifach za sluzbu. Pritom je zrejmé, Ze kvalitu sluzby moze
vyrazne ovplyvnit aj zakaznik, pretoZe podmienky dohody o kvalite
sluzby sa tykaju taktiez jeho pouzivania sluzby (spravanie sa vo
verejnych hromadnych prostriedkoch, pravidla cestnej premavky).
Suvisi to taktiez s otazkou garancie kvality sluzby. V sucasnosti
prevazna Cast komunikacnych sieti a sCasti aj poskytovatelia
sluZieb na nich prevadzkovanych, poskytuju sluzby bez toho, aby
garantovali kvalitu sluzby [10]. Pokial chapeme dohodu o kvalite
sluzby ako zavdzny dokument, sotva moZeme ocakavat, ze posky-
tovatel bude okamzite garantovat vSetky mozné parametre kvality
sluzby. Dokonca to ani nemusi byt vhodné - suvisi to s ekonomic-
kym hladiskom kvality sluzby. Z toho hladiska je sluzbu potrebné
poskytovat nie tak kvalitne, ako je to len mozné, ale tak kvalitne,

of criteria “time dispositions”), which expresses needs for regu-
larity, has a different value in various parts of the day - it is more
important at peak hours - in high - frequency service, it is less
important out of peak hours, in low - frequency service when the
criterion “punctuality” predominates.

It is important to solve several significant tasks for a practical
utilization of the criteria:

« describe the indicators - assignment of a detailed definition, rec-
ommendation of an information source, unit of indicators and
accuracy of measurement, types of indicators (subjective, objec-
tive);

« acquisition of data (measurement of values) - availability of data,
place, time manner and frequency of the data acquisition, in
particular by way of estimation;

« research of correlation, dependencies and interactions - descrip-
tion of influence of separate criteria with each other and the
influence of external parameters, the type of the dependence;

« assessment of the acquired values - verification of the criteria
(comprehensibility, appropriateness, ...) and validity of the data,
comparability of the data with presupposed condition, ideal
condition or with data about competition. The recommendations
are created at the end of the assessment.

When entering into a contract between separate participants
of TICPS process (an end customer, a service provider, an infra-
structure - technical support - provider), it is also very important
to define a range between the participants of the contract where
the quality criteria (dimensions) and their values will be defined.
They will be accepted by the contracting parties. The criteria can
be fundamentally different in their structure because aspects con-
cerning the personnel and applicability of the service are impor-
tant for the customer - service provider relationship. On the other
hand, “network” criteria, which are more technically oriented, pre-
dominate in the service provider - infrastructure provider rela-
tionship.

The notion of Service Level Agreement is a notion which we
can understand in the easiest way when concerning services of the
following type: hiring of a data circle in telecommunications,
transportation of a cargo by a forwarding agency, etc. In fact,
there is a certain presupposed or directly agreed-on level of service
quality, reflected e.g. in the general service conditions and service
rules. Taking into consideration all types of services, such as
telephone service, travelling by public transport, travelling by taxi.
And it is clear, the customer can influence the service quality to
a large extent because the contract requirements about the service
quality relate to his/her utilization of the service (his/her behaviour
in the means of public transport, the Highway Code). It is connected
with the question of guarantee of service quality. Nowadays, the
predominant part of communication networks and partly also the
service providers that operate on them, provide services without
the quality guarantee [10]. If we perceive the concord about the
service quality like a binding document, we can hardly expect that
the provider will immediately guarantee all criteria of the service
quality. Even it need not be suitable - it is related to the economical
aspect of the service. From this point of view, it is necessary to
provide the service not in such a good and workmanlike manner
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ako si to Zela zakaznik. Garancia kvality vedie prirodzene ku
zvyseniu nakladov, a tym aj ceny sluzby. Preto je vhodné, aby
zakaznik aj poskytovatel sluzby zvazili, ktoré parametre budu
zahrnuté do dohody o kvalite sluzby.

V zéasade su mozné tri pristupy podla toho, ako su ucastnikmi

sluzby reSpektované parametre (kritéria) kvality:

prevadzka podla moznosti - v dohode o kvalite sluzby sa neuva-
dzaju parametre kvality, predpoklada sa vsak, Ze obidve strany
(zakaznik aj poskytovatel sluzby) sa podla moznosti spravaju
tak, aby druhej strane nevznikli problémy (Skoda). Spokojnost
zakaznika tak zavisi predov§etkym od vhodného dimenzovania
komunikaéného systému;

riadena prevadzka - zakaznik suhlasi, Ze jeho poziadavky budu
v stlade s dohodnutymi parametrami, hoci poskytovatel sluzby
negarantuje kvalitu sluzby. Zmysel takéhoto vztahu je v tom, ze
poskytovatel siete tymto sposobom pozna poziadavky zakaz-
nika a vie konfigurovat komunikaény systém (alebo urcit pod-
mienky poskytovatelovi siete) tak, aby vedel splnif v priemere
ocakavania zakaznika;

garantovana prevadzka - zakaznik suhlasi, Ze jeho poziadavky
budu v sulade s dohodnutymi parametrami a poskytovatel sluzby
garantuje kvalitu sluzby podla dohodnutych parametrov.

4. Meranie kvality

V oblasti manazérstva kvality tvoria taziskovy problém tloha

priemetu oCakavani zdkaznika do systému poskytovania sluzby
a taktiez poznanie urovne kvality - meranie kvality sluzby. Zaklad-
na poziadavka politiky kvality v kazdej organizacii je urCenie mera-
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as it is possible but in such a manner as the customer wishes it.

The quality guarantee leads, of course, to a costs increase and to

the increase of the price of the service. So it is suitable when both

the customer and the service provider take into consideration
which criteria will be included into the contract about the service
quality.

Basically, there are three possible approaches according to the
way that the criterias of the quality are respected by the participants
of the service:

« operation in compliance with best effort - the quality criteria are
not mentioned in the concord about the service quality; but it
is expected that both parties (the customer, the service provider)
behave - according to their abilities - in order not to cause
problems (damage) to the other party. Therefore customer sat-
isfaction depends predominantly on the suitable dimensioning
of the communication system;

« controlled operation - the customer agrees that his/her require-
ments will be in harmony with the agreed criteria, although the
service provider does not guarantee the service quality. The
meaning of such a relationship is that the network provider
knows the customer requirements in this way and s/he is able
to configure the communication system (or to set the require-
ments to the network operator) in order to be able to fulfil the
customer expectations on average;

« guaranteed operation - the customer agrees that his/her require-
ments will be in harmony with agreed criteria and the service
provider guarantees that the service quality will be in accor-
dance with the agreed criteria.

4. Quality measurement

telnych kvalitativnych
cielov, zodpovedaju-
cich hlavnym zame-
rom rozvoja organiza-
cie. Meranie vo vSe-
obecnosti predstavuje
aktivitu pre ziskavanie
urcitych hodnét sledo-
vanych parametrov. Je
to vacSinou casovo
i nakladovo narocna
praca, ktora pomaha
pri zhromazdovani
potrebnych dat pre
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Obr. 1. Vychodiskové pohlady na kvalitu a jej meranie

In the sphere of quality management,
the most dominant problem is the task of
projection of customer expectations into
the system of delivering service as well as
knowledge of a quality level - the service
quality measurement. The basic require-
ment of quality policy in each organization
is to determinate measurable qualitative
aims that reflect the main designs of orga-
nization development. Generally, a mea-
surement means an activity for acquisition
of certain values of monitored parameters.
Mostly, it is work requiring a lot of time

rozhodovanie.

Meranie kvality vychadza z porovnavania réoznych pohladov

kvality, ako to vyjadruje obrazok ¢. 1. Rozdiely medzi jednotlivymi
pohladmi kvality, zobrazenymi na obrazku, vyjadruju:

mieru spokojnosti zakaznika - rozdiel medzi ocakavanou a vni-
manou kvalitou;

stupen schopnosti poskytovatela sluzby zamerat usilie do oblasti,
ktoré su pre zakaznika najdolezitejSie - rozdiel medzi oakava-
nou kvalitou a cielovou kvalitou;

miera efektivnosti dosiahnutia cielov kvality - rozdiel medzi
cielovou kvalitou a poskytnutou kvalitou.

Fig. 1. Starting views of quality and its measurement

and expense, which helps gather data for

decision-making.

The quality measurement proceeds from the comparison of
views of quality as it is formulated in Figure 1. The differences
between the separate views of quality in Figure 1 express:

« level of customer satisfaction - the difference between the sought
and perceived quality;

« level of the service providers ability to target his effort to the
spheres which are the most important for the customer - the
difference between the sought and targeted quality;

« level of achievement effectiveness of the quality targets - the dif-
ference between the targeted quality and the delivered quality.
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Po merani musi nasledovat porovnavanie nameranych hodnét
s planovanym stavom, pripadne so Standardmi pre sledovany proces.
Pritom je potrebné urcit, kedy je odchylka prijatelna, a kedy je
potrebné vykonat napravny zasah. Pri vykonani zasahu sa rozliSuje
podla urovne rizika ohrozenia kvality sluzby, sposobeného odchyl-
kou, niekol'ko urovni:
« dokladné naplanovanie zasahu a jeho vykonanie po dostatocne;j
priprave (napr. uprava cestovnych poriadkov),
« napravny zasah pri najblizSej vhodnej prileZitosti, pri planova-
nom preruseni prace (napr. pri planovanej vyluke),
» okamzity napravny zasah (presmerovanie hovorov z nefunkéne;j
Casti siete).

4.1. Meranie kvality poskytovanej sluzby -
meranie vykonnosti

Meranie vykonnosti organizacie, poskytujicej sluzby, je ¢innost,
ktora je nevyhnutna nielen pre urcenie urovne kvality, ale aj pre
vzajomné porovnavanie organizacii s podobnym zameranim a po-
sobnostou (benchmarking), a taktieZ pre procesy planovania, ria-
denia a presadzovania stratégie organizacie (balanced scorecards).
Meranie vykonnosti preukaze, ako vhodne st dimenzované a riadené
spracovatelské kapacity organizacie na plnenie poziadaviek zakaz-
nikov.

Podla modelu EFQM je vykonnost definovana ako miera
vysledkov, dosahovanych jednotlivcami, skupinami, organizaciami
i procesmi. Meranie vykonnosti vzdy musi byt viazané na ciele
kvality (obr. ¢. 1) a musi sa teda odvijat od politiky kvality orga-
nizacie. Meranie musi zahriiovat ukazovatele vykonnosti organizac-
nej jednotky a taktiez ukazovatele procesov v ramci organizacnej
jednotky. Meranie vykonnosti procesov je potom Specifické, vzta-
huje sa na konkrétny proces. Pre sluzby dopravy, post a telekomu-
nikacii je mozné vybrat nasledujuce procesy, ktoré boli pouzité aj
pre skimanie kvality komunikacnej obsluhy pri rieSeni vyskumnej
ulohy 519/2 ,Model komunika¢nej obsluhy uzemnospravneho
celku - kraja®:

« ziskanie kontraktu - vytvorenie dohody o poskytnuti sluzby za
ur¢enych podmienok;

« zmena kontraktu - zmena dohodnutych podmienok poskytova-
nia sluzby;

« zrusenie kontraktu - ukoncenie kontraktu spdsobom, uvedenym
v kontrakte;

« realizacia premiestnenia - zakladny vykon sluzby - premiestne-
nie osoby, informacie alebo tovaru podla v kontrakte definova-
nych poziadaviek a za dohodnutych podmienok;

« starostlivost o zakaznika - sprevadzanie poziadavky pocas rea-
lizacie sluzby;

« oprava - proces zmeny systému zo stavu, v ktorom sluzba nie je
poskytovana podla dohodnutych podmienok do stavu, spifiaju-
ceho podmienky kontraktu;

« thrada sluzby - vykonanie platby za sluzbu podla dohodnutych
podmienok.

The comparison of measured values with a planned condi-
tion, particularly with standards for the monitored process, must
follow the measurement. It is necessary to state when an exception
is acceptable and when it is necessary to carry out an improve-
ment. Several standards are distinguished when carrying out the
improvement in compliance with the risk level of damage for
service quality:

« careful planning of the improvement and its carrying out after
an adequate preparation (e.g. a time table adaptation);

« the improvement on the next suitable occasion, at a planned
work interruption (e.g. at a planned closure to traffic);

« an immediate improvement (redirection of calls from a non-
functional part of a network).

4.1. Quality measurement of a provided service
- measurement of performance

The measurement of performance of an organization which is
providing services is a necessary activity not only for stating the
quality level but also for mutual comparison of organizations with
similar functions and activities (benchmarking) and for processes
of planning, managing and enforcing of organization strategies
(Balanced Score Card). The measurement of performance will prove
how suitable the converting capacities of the organizations are for
fulfilment of customer demands.

According to the EFQM model, performance is defined as

a rate of results achieved by individuals, groups, organizations and

processes. The measurement of performance must be bound to

targets of quality (Figure 1) so it must follow from organization
policy. The measurement must include indicators of performance
of the organizational unit and indicators of processes within the
frame of the organizational unit. Then, the measurement of per-
formance of processes is specific, it refers to a concrete process.

It is possible to choose the following processes for TICPS. The

processes were also used for the research of the quality of the com-

munication operation in the research project 519/2 “The model of

a communication service within a territory administration - region”

was held:

« acquisition of a contract - creating a contract about the deliv-
ery of service under the stated terms;

« change of the contract - change of the terms stated in the con-
tract;

« abolition of the contract - abolition of the contract in the
manner which was represented in the contract;

« realization of the transfer - the basic realization of the service
- transportation of a person, an information or a cargo in accor-
dance with the demands which were defined in the contract
and under the agreed terms;

« care for the customer - following the demand during the real-
ization of the service;

« rectification - a process of a system change from a condition in
which the service is not provided according the agreed terms
into a condition which fulfils the terms of the contract;

« service remittance - payment for the service according the agreed
terms;
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Pre uvedené procesy je mozné pouzit univerzalne indikatory
vykonnosti [11], ktoré mo6zu byt uplatnené v rdoznych systémoch
produkcie hmotnych i nehmotnych vyrobkov:

» priebeZzny Cas procesu - Casovy interval od okamihu prijatia
vstupov do procesu po okamih poskytnutia (vyuZzitia) vystupov;

« efektivne vyuzitie ¢asu procesu - Cas Cistej prace pre splnenie
poziadavky k celkovému trvaniu procesu;

« efektivne vyuzitie nakladov - naklady na dosahovanie zhody
v procese ku celkovym nakladom;

« podiel nezhdd v procese - pomer nezhdd, zistenych pri overo-
vani procesu k celkovému poctu zhodnych vystupov;

« uroven vyuzitia disponibilnych kapacit v procese.

Okrem uvedenych ukazovatelov vykonnosti je pre jednotlivé
procesy sluzieb dopravy, pdst a telekomunikacii mozné zvolif Spe-
cialne ukazovatele, ktorych vyber zalezi predovsetkym na vlastnikovi
procesu (obeh vozna, priepustnost dopravného uzla, priemerny cas
od zistenia poruchy do zaciatku opravy, celkové oneskorenie zosta-
venia spojenia, ...).

Meranie vykonnosti musi vyhovovat zakladnym poziadavkam
na doveryhodnost, nezavislost, zodpovednost, na moznost uskutoc-
novat meranie v realnej prevadzke, spravne nacasovanie, presnost
a frekvenciu merania. Jednou z najdolezitejSich uloh pri merani
vykonnosti je urCenie miesta merania. Tu prichadzaju do uvahy
okrem rozhrani medzi procesmi, teda v mieste, kde sa meni vlast-
nik procesu, aj vSetky miesta s potencialom zmeny sledovanych
hodnét pozdiz sledovaného procesu.

4.2. Meranie spokojnosti zakaznika

Pre tispesné riadenie organizacie nepostacuje len merat vykon-
nost, pripadne sa snaZit o dosahovanie vysokej produktivity prace.
Vykonnost a produktivita musia byt nadviazané na uspokojovanie
potrieb zakaznika, teda musia sa odrazit v jeho spokojnosti. Na
urcenie spokojnosti zakaznika nepostacuje len sledovat pocet rekla-
macii, pretoze reklamacia je len jeden zo spdsobov reakcie zakaz-
nika na sluzbu, ktora nebola poskytnuta v stilade s dohodou. Najlepsi
a Casto jediny spoOsob, ako ziskat vierohodné tdaje o vysledkoch
¢innosti organizacie vo vztahu ku koncovému zakaznikovi, je
vykonat zistovanie priamo u zakaznikov. NavySe je tymto sposo-
bom mozné urcit hodnoty kritérii vnimanej kvality a porovnat
jeho vysledky s poznatkami, ktoré ma poskytovatel sluzby o svojej
vykonnosti (o kvalite poskytovanej sluzby). Toto porovnanie je
uskutocnitelné jednoduchym vyplnenim rovnakého dotaznika aj
zakaznikmi, aj poskytovatelom sluzby (operatorom).

Miera spokojnosti zakaznika je vyjadrenim rozdielu medzi
ocakavanou a vnimanou kvalitou poskytovanej sluzby. Priamym
opytanim mdZeme nielen urCit uroven spokojnosti zakaznika, ale
zaroven identifikovat, ktoré prvky sluzby sa najviac podielali na
spokojnosti, resp. nespokojnosti zakaznika. Nasledne je mozné
roznymi metédami (napr. metodou Customer Satisfaction Survey
alebo GAP modelom) odhalit potencial zlepSovania pripravy a pro-
dukcie sluzieb.
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It is possible to use the universal indicators of performance
for the stated processes. They can be used in various systems of
production both of material and immaterial products:

« throughput time - time period from the moment of acceptance
of the entries into the process to time of provision (utilization)
of the outputs;

« an effective utilization of the process time - time of net work
for fulfilment of the demand in comparison with the gross time
of the process;

« an effective utilization of the costs - the costs for achievement
of concord in the process in comparison with the gross costs;

« proportion of disagreements in the process - rate of disagree-
ments stated at verification of the process in comparison with
the total number of corresponding outputs;

« level of utilization of disposable capacities in the process.

Besides the stated indicators of performance, it is possible to
choose special indicators for separate processes of TICPS. The
choice of them depends mostly on the owner of the process (time
of turn round of wagons; transmissivity of a junction; an average
time period from the location of a break-down to the start of its
repair; a total delay of a link ...)

The measurement of performance must be suitable for the basic
demands for reliability, independence, responsiveness; for possibi-
lity to realize the measurement in a real service; for correct timing,
accuracy and frequency of the measurement. Determination of
a place of measurement is one of the most important tasks in the
measurement of performance. We take into consideration both the
boundary lines between processes, a place where the owner of the
process is changed, and all the places with potential of change of
the monitored values along the monitored process.

4.2. Measurement of customer satisfaction

For a successful management of an organization, it is not suf-
ficient to measure the performance, to try to reach high work pro-
ductivity. The performance and productivity must be interrelated
with satisfaction of customer demands, they have to be reflected
in his/her satisfaction. It is not sufficient to observe the amount of
claims for determination of the customer satisfaction because a claim
is only one of the ways in which a customer reacts to a service that
has not been provided in harmony with the concord. To realize
the ascertainment directly with customers is the best and often the
only way to gain authentic data about results of organizational ser-
vices in relationship to an end customer. Moreover, it is possible
to determinate values of the perceived quality criteria and to
compare their results with knowledge which the service provider
has about his/her performance (about quality of the provided
service). It is possible to realize the comparison by a simple fill-
ingin of the same questionnaire both by customers and the service
provider (operator).

Measure of customer satisfaction is an expression of difference
between a sought and perceived quality of a provided service. By
means of direct examination, we can state not only the level of the
customer satisfaction but at the same time identify which features
of the services have participated in the customer satisfaction, or
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5. Poznatky z merania kvality sluzieb dopravy, post
a telekomunikacii

V ramci rieSenia vyskumnej ulohy C 519/2 ,Model komuni-
kacnej obsluhy izemnospravneho celku - kraja“ skupina riesitelov
vytvorila metodiku posudzovania kvality sluzieb komunikacnej
obsluhy a vykonala meranie kvality sluzieb dopravy, post a teleko-
munikacii, ktorého podrobnejsie vysledky boli zverejnené v [12].
Cielom skumania bolo overit metodiku, vytvorenu pre potreby
porovnavania urovne kvality komunikacnej obsluhy vnutri izem-
nospravneho celku - kraja. Predmetom skiimania bola na jednej
strane vykonnost sluzieb v ramci urcitych Casti regionu, na druhej
strane spokojnost zakaznikov s uroviiou poskytovanych sluzieb.

Na zaklade roznych zdrojov (tabulka ¢. 1) a skiimani boli
definované spolo¢né kritéria pre posudzovanie kvality komuni-
kacnej obsluhy, ktoré mali priemet do vSetkych zakladnych typov
dopravnych, postovych a info - komunikaénych sluzieb. Na zaklade
tychto kritérii a po uréeni ich vyznamu pre jednotlivé procesy sle-
dovanych sluZzieb, boli definované vykonnostné parametre (spolu
36 parametrov) pre meranie kvality poskytovanych sluzieb (vykon-
nosti). Napriklad kritérium rychlost, ktorého vyznam sa prejavoval
predovsetkym pri procese realizacie sluzby a pri procese opravy,
bolo premietnuté do niekol'kych technicky orientovanych para-
metrov, z ktorych je mozné pre priklad uviest nasledovné:

« pre sluzby dopravy - pocet vlakovych a autobusovych spojov do
okresného a krajského mesta v pracovnom dni; ¢asova dostup-
nost depa, garaze,

« pre poStové sluzby - pocet poStovych kurzov; spotreba Casu pre
ziskanie nahradného kurzu,

o pre info - komunikaéné sluzby - pristupova kapacita vedenti;
stredny Cas odstranenia poruchy.

Dalsi priklad - kritérium spolahlivosti vo vzfahu k realizacii
sluzby malo priemet do tychto technicky orientovanych paramet-
rov:

« percento dodrziavania grafikonu, resp. cestovného poriadku,
« pocet nespravne dorucenych postovych zasielok,
« straty pri odmietnuti pocas volby (uspesnost volani).

Pre oblast merania vykonnosti sluZieb boli podla zistenych
hodnot uréenych parametrov zhlukovou analyzou vytvorené tri
skupiny obci a miest. Kazdé sidlo sa teda zaradilo podla svojej
urovne vykonnosti sluzieb komunika¢nej obsluhy do urcitej skupiny.
Také rozdelenie moze pomoct pri efektivnom smerovani investicii
do sluzieb dopravy, post a telekomunikacii zo strany organov
Statnej a verejnej spravy.

Spokojnost zakaznika vznika, ak pocitovana kvalita z produk-
cie a vysledku poskytnutej sluzby je rovna, alebo prekracuje oca-
kavanu uroven kvality. Ocakavana kvalita sa vytvara na zaklade
predchadzajucich skusenosti so sluzbou, podla dostupnych infor-
macii, na zaklade odporucani inych zakaznikov.

Zakaznici sa pri rieSeni spominanej vyskumnej ulohy podielali
na odsuhlaseni navrhnutych kritérii, na ich vazeni a taktiez pro-
strednictvom priameho kontaktu vyjadrovali iroven spokojnosti

dissatisfaction. Subsequently, it is possible to reveal a potential of
improvement of services arrangement and production by various
methods (e.g. the method of Customer Satisfaction Survey or the
GAP model).

5. Comments on results from the quality measurement
in the sphere of TICPS

In research project C 519/2 “The model of a communication
service within a territory administration - region”, a group of
researchers has created methodology for judging the quality of
communication services and realized a quality measurement of
TICPS. Detailed results of the measurement have been published
in [12].

The aim of the research was to verify the methodology that had
been created for demands on comparison of a quality level of com-
munication services within a territory administration region. The
object of the research was on the one hand affectivity of the ser-
vices in the frame of certain parts of the region, on the other hand,
the customer satisfaction with level of provided services.

Common criteria for judging the quality of communication
services were defined on the basis of various sources (Table 1).
The criteria had their basis in all basic types of TICPS. Efficiency
parameters (together 36 parameters) for the quality measurement
of the provided services (performance - effectiveness) were defined
on the basis of the criteria and after determination of their signifi-
cance for separate processes of the monitored services. For example,
the criterion “speed”, whose significance was evident above all at
the process of service realization and at the rectification, was
flashbacked into several technically oriented parameters. It is
possible to exemplify them as follows:

« for transportation services - number of train and buses links to
a district or regional town at weekdays; time availability of the
depot or garage;

« for postal services - number of postal rates, time consumption
for gaining a spare rate;

« for info-communication services - entry capacity of circuits, an
average time of a breakdown removal.

Another example, the criterion “reliability” in relationship to
the service realization was flashbacked into the following technically
oriented parameters:

« percentage of a flowchart, or of time table observance;
« number of incorrectly delivered articles;
+ losses at refusal during dialling (succession of calls).

For the measurement of the service performance, 3 groups of
villages and towns were chosen according to the ascertained values
of the stated parameters by cluster analysis. Each home was put
into a certain group according to the performance of communi-
cation services. This division could help an effective direction of
investment into TICPS from state authorities and public adminis-
tration.

Customer satisfaction arises if a perceived quality from pro-
duction and result of the provided service equals or exceeds the
sought level of quality. The sought quality is determinated from
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(vnimana kvalita) s jednotlivymi sluzbami dopravy, post a teleko-
munikacii. Tabul'ka ¢. 2 poskytuje prehlad pouzitych kritérii, podla
ktorych sa dotaznikmi zisfovala uroven spokojnosti zakaznikov,
ako aj zistené hodnoty, a to v stupnici od 1 - Uplne spokojny po 4
- uplne nespokojny. Z podrobnejSieho vyhodnotenia vysledkov
dopytovania bolo zistené, Ze zakaznici citia potencial na zlepSenie
pri autobusovej regionalnej a dial'kovej doprave v oblasti dodrZia-
vania cestovného poriadku a so starostlivostou o pohodlie a neru-
Senul cestu zakaznikov. Zeleznicna osobna doprava ma podla opy-
tanych zakaznikov potencial zlepSenia predovsetkym v oblasti sta-
rostlivosti o zakaznika a zabezpecenia nerusenej cesty. V indivi-
dualnej doprave citia jej uzivatelia problémy predovsetkym v stave
ciest, v orientacii a v dostupnosti informacii o sluzbach pre moto-
ristov. Z dopytovania je taktieZ mozné postrehnut vacsiu nespokoj-
nost individualnych motoristov oproti uzZivatelom verejnej hromad-
nej dopravy.

Vysledok merania spokojnosti zakaznikov s niektorymi Tab. 2

sluzbami komunikacnej obsluhy (1 - uplne spokojny,

4 - plne nespokojny)
Hodnotené kritérium Autobus. Zelezn. Individ.

doprava doprava doprava

Rychlost 2,39 2,35 2,38
Bezpecnost 2,00 1,91 2,25
Miestna dostupnost 2,01 1,99 2,20
Spolahlivost 2,37 2,29 2,68
Robustnost 2,57 2,50 2,33
Jednoduchost 2,07 2,18 2,72
Prisposobivost 2,35 2,41 2,78

6. Zaver

Urcenie kritérii kvality sluzby a meranie kvality predstavuje
analyticky ramec, potrebny pre cestu k zlepsovaniu. Dal§i postup
spociva v porovnavani s najlepSimi (organizaciami, regiéonmi, ...),
v odhaleni potencialu zlepSovania a v neustalom rieSeni problémov
kvality. ZlepSenie kvality sluZieb dopravy, post a telekomunikacii
vyzaduje predovSetkym:

« dosledné zabezpecenie kvality procesov a tym ich stabilizaciu;

« znizenie nakladov redukciou technickych chyb, vypadkov a ne-
presnosti;

« lepsie vyuzitie zdrojov prostrednictvom vysSej pohotovosti trans-
portnych zariadeni a prenosovej (dopravnej) cesty;

« lepsiu sposobilost a spolahlivost.

Neustalym zlepSovanim procesov spojenych s poskytovanim
sluzieb ako aj s vyvojom zakaznicky orientovanych produktov
technickej podpory sluzieb je mozné vytvorit prostredie pre bez-
chybné procesy a tym dosiahnut vysoku tiroven spokojnosti zakaz-
nikov so sluzbami dopravy, post a telekomunikacii. Je to vysada
a zaroven prilezitost pre nositelov politickych rozhodnuti v oblasti
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the basis of previous experience with the service, according to
accessible information; on the basis of recommendations of other
customers.

When solving the above mentioned research project, customers
evaluated and agreed to the suggested criteria and, by means direct
contact, they were asked about level of their satisfaction (the per-
ceived quality) with separate types of TICPS. Table 2 affords
a survey of the criteria according to which the level of customer
satisfaction was determined by means of the questionnaires. It
uses the scale of determined values - from 1 - absolutely satisfied
to 4 - absolutely dissatisfied. A more detailed assessment of the
inquiry results proved that the customers feel an improvement
potential of the local and long-distance bus transportation with
relation to time-table observance, as well as for care about comfort
and undisturbed travelling of customers. Railway transport has,
according to the inquired customers, an improvement potential
above all in the sphere of care about a customer and reinforcement
of undisturbed travelling. Users of individual transport report prob-
lems above all in the construction of roads, in orientation and
accessibility of information about services for motorists. The ques-
tionnaire proves also the higher level of dissatisfaction of the indi-
vidual transport users in comparison with the public transport
users.

The result of the measurement of the customer Table 2

satisfaction with some communication services

(1 - fully satisfied, ..., 4 - fully unsatisfied)
Criteria Bus Railway Individual

transportation| transportation| transport

Speed 2.39 235 238
Safety 2.00 1.91 2.25
Location accessibility 2.01 1.99 2.20
Reliability 2.37 229 2.68
Robustness 2.57 2.50 233
Simplicity 2.07 2.18 2.72
Adaptability 235 241 2.78

6. Conclusion

The determination of the quality criteria of services and the
measurement of performance presents an analytical frame neces-
sary for improvement. Another procedure involves comparison
with the best (organizations, regions, ...), to show the potential for
improvement and in continual research of problems with quality.
The improvement of TICPS requires above all:

« thorough assurance of quality of the processes and their stabi-
lization;

« decrease in costs by means of reduction of technical errors,
break-downs and inaccuracies;

« better utilization of sources by means of higher preparedness of
the transport equipment and transmission (transportation) way;

« better adaptability and reliability.
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dopravy, post a telekomunikacii, aby na urovni $tatu, pripadne
regionu, svojimi aktivitami prispievali k zlepSeniu kvality Zivota
v spolo¢nosti.

Continuous improvement of processes associated with product
development and service can contribute to creating an environ-
ment suitable for error-free processes and with this a high level of

customer satisfaction with TICPS. It is a privilege and opportu-
nity for all decision makers from the area of transportation, post
and telecommunication to have a positive impact on the quality of
life.
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MODELOVANIE PREPRAVNEHO A DOPRAVNEHO PROCESU
UZEMNOSPRAVNEHO CELKU - KRAJA

THE MODELING OF TRANSPORTATION AND TRANSPORT PROCESSES

OF A TERRITORY ADMINISTRATION REGION

Rozvoj dopravy sposobil vznik komplikovanych dopravnych proble-
mov, ktorych riesenie si vyzaduje uplatriovanie dopravno-inZinierskych
metod. Modelovanie prepravného a dopravného procesu vo vicsich
tizemnych celkoch je velmi aktudlne aj z dovodu dostavby cestnej
a dialnicnej siete a zhodnotenia jednotlivych variantov riesenia. V ostat-
nom obdobi sa zacali formulovat nové dopravno-planovacie modely
na principe c¢lenenia obyvatelstva do skupin s rovnakym sprdvanim
v dopravnom procese. Hovori sa im dezagregované alebo individudlne
a jednym z cielov riesenia vyskumnej iilohy bolo overit tento model
v konkrétnych podmienkach Zilinského kraja a porovnanie dosiahnu-
tych vysledkov s doteraz pouzivanymi agregovanymi modelmi, ktoré sa
lisia len v casti vypoctu poZiadaviek na premiestiiovanie.

1. Uvod

Dopravné problémy nadobudli na konci 20. storoCia nezela-
tel'ny rozmer. Ich rieSenie je tym komplikovanejsie, ¢im vécsie a zlo-
ZitejSie je predmetné Uizemie a je v zasade mozné len vyuzitim
modernych modelovacich metod dopravného inzinierstva, ktoré
objasnuju poziadavky obyvatelstva na ich potrebné premiestinova-
nie v priebehu dna, v zavislosti od rozlozenia urbanistickych aktivit
v uzemi a v konfrontacii s ponukou dopravnych systémov, zabez-
pecujucich ich pokrytie. Moderné dopravno-inzinierske metody
umoznuju modelovat cely tento proces a teda aj hladat najvhod-
nejSie rieSenie pre dané uzemie tak, aby obyvatelstvo nevnimalo
dopravny proces ako negativnu stranku svojho zZivotného prostre-
dia.

Je potrebné, aby spracuvana uzemnoplanovacia, ale aj do-
pravno-inzinierska dokumentacia riesila dopravni problematiku
v uzemi s vyuzitim najnovsich poznatkov, ¢o prispeje k jej podstat-
nému skvalitneniu. Uzemné planovanie je sucastou systému ria-
denia rozvoja spolo¢nosti. Musi vychadzat z narodohospodarskeho
planu, socio-ekonomickych vztahov a uréenych priorit rozvoja spo-
lo¢nosti. Tieto musi premietnuf do konkrétneho tizemia, riesit jeho
komplexné vyuzitie, zabezpecit vecnu a casovi koordinaciu vsetke;j
ludskej Cinnosti, ovplyviiujucu rozvoj izemia. Doprava ma v uzem-
noplanovacom procese svoje Specifické postavenie. Zabezpecuje
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The development of transport caused the rise of complex trans-
port problems, which require the application of transport engineering
methods if they are to be solved. The modeling of transportation and
transport processes in major territory units is a current problem for
the reason of completing the road and motorway networks and con-
sidering individual variants of the solution. Recently, new transport
planning models have been formulated on the principle of dividing
the inhabitants into the groups with similar behavior in the transport
process. They are called non-aggregative or individual, and one of the
aims of the research project was to test these models in the region of
Zilina, and to compare the results with the aggregative models which
have been used so far and which are different only in the list of
requirements for transfer.

1. Introduction

At the end of the 20th century transport problems reached
undesirable dimensions. The bigger and the more complex the
given territory, the more difficult the solution. It is possible only
with the application of modern modeling methods of transport
engineering. These clarify the requirements of the population for
their necessary transfer during the day depending on the arrange-
ment of urban activities in the territory, and in the confrontation
with the actual offer of transport systems attempting to meet these
requirements. Modern transport engineering methods make it pos-
sible to model the whole process, which also means to seek the best
solution for the given area so that the inhabitants do not perceive
the transport process as a negative part of their environment.

It is necessary that the processed regional -planning and
transport-engineering documentations solve the transport situation
in an area using the latest knowledge, and so help to improve it.
Urban planning is a part of the system of the society development
control. It needs to be based on the macroeconomic plan, socio-
economic relations and given priorities of the society development.
It must project these into the area, solve its complex exploitation,
and arrange for the material and time coordination of all human
activities influencing the area development. Transport has a specific
position in the process of regional planning. It provides a mutual
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vzajomné prepojenie zakladnych funkcii v izemi a to nutnym pre-
miestiiovanim osdb a nakladov. Specifickost dopravy spociva v jej
roznych systémovych moznostiach pri uspokojovani tychto potrieb
v danom tuzemi, ale aj v dynamike prepravného procesu.

Napriek tomu, Ze sa dopravné inZinierstvo ako vedny odbor
prednasa na naSich vysokych skolach uz od zaciatku Sesdesiatych
rokov a dopravné rieSenia vacSich miest boli spracované s vyuzitim
v tom ¢ase pouZivanych najmodernejSich metod a postupov, v ostat-
nom obdobi je badatelna opacna tendencia, teda rieSenie doprav-
nych problémov jednoduchymi metodami, bez dokladnej analyzy
problémov a objektivneho zhodnotenia moznych rieSeni.

Moderné dopravno-inZinierske metody vyzaduju kvalitnu vypoc-
tovu techniku vratane softvéru, ale aj podstatne detailnejsie vstupné
podklady, predovsetkym o spravani sa obyvatelstva v prepravnom
procese. Zavadzanie tychto metdd u nas zlyhava predovsetkym pre
nedostatok potrebnych podkladov o prepravnom procese, ktorych
ziskavanie je pracne a nakladné. Ide o dopravno-sociologické pries-
kumy priamo v domacnostiach rieSeného izemia, ktorymi sa zis-
kavaju udaje o hybnosti obyvatelstva podla ucelov ciest a pouzitych
dopravnych prostriedkov na prepravu, v zavislosti od jednotlivych
skupin obyvatelstva. Na zaklade tychto udajov sa totiz urcuju
potrebné modelové parametre. Problémy su ale aj so ziskavanim
Strukturalnych veli€in pre jednotlivé Casti rieSeného tizemia (okrsky),
ktoré su relevantné pre jednotlivé aktivity [udskej Cinnosti.

Poziadavka odbornych kruhov, aby sa tejto problematike veno-
vala zvysena pozornost a aby sa aj u nas zavadzali moderné metody
modelovania prepravného a dopravného procesu aj v regionoch,
nasla odozvu na MS SR schvalenim vyskumného projektu C519/2.
Jednou z hlavnych tloh tohto projektu bolo ,Modelovanie doprav-
ného procesu v izemi“. Navrhnuta metodologia modelovania mala
byt preverena a odskusana na konkrétnom rieseni Zilinského kraja.

VyuZzivanie modelovania prepravného a dopravného procesu
vo vécsich uzemnych celkoch je velmi aktualne aj z dovodu dostavby
cestnej a dialninej siete u nas, ¢o by umoznilo dokladné porov-
nanie a zhodnotenie do uvahy prichadzajtcich variantov rieSenia,
vratane navrhu umiestnenia dialni¢nych krizovatiek a ich vhod-
ného tvaru. Takéto spracovanie tohto problému by zaroven ukon-
Cilo Gasté pochybnosti o tom, ¢i bol vybrany najvhodnejsi variant
rieSenia. Obdobne by modelovanie prispelo aj k optimalnemu a eko-
nomicky vyhodnejSiemu rieSeniu regionalnej hromadnej dopravy,
kde si Casto konkuruje Zeleznicna a autobusova doprava. Navyse
niektoré modely umoznuju aj koordinaciu cestovnych poriadkov,
¢o by pre cestujiicu verejnost bolo velmi vitanym vysledkom.

Modelovanie prepravného a dopravného procesu vo velkom
uzemnom celku (region, okres, kraj) sa vykonava v zasade tymi
istymi metodami ako v mestach. Na druhej strane su tu urcité
odlisnosti, ktoré treba v celom postupe zohladnit. Predov§etkym
je to rozsah modelovaného uzemia a teda aj rozsah poziadaviek na
vstupné udaje o rozlozZeni aktivit v izemi a o dopravnych sietach.
Dalej su to $pecifické charakteristiky chovania sa obyvatelstva
v mestach a na vidieku, resp. v roznych Castiach tizemia. Existuju
oblasti s prevladajucou funkciou priemyselnou, polnohospodar-
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connection of basic functions in an area through the necessary
transfer of people and freight. The transport specificity is in its
various system possibilities when meeting these demands in the
given area, and in the dynamics of the transport process.

The transport engineering as a major subject has been taught
at our universities since the early 1960s, and transport situations
of bigger cities were solved using at that time the latest methods
and procedures. However, recently a reverse tendency is notice-
able, that is solving the transport problems using simple methods
without a thorough analysis of problems and an objective consid-
eration of possible solutions.

Modern transport engineering methods require high quality
hardware and software and more detailed input data, especially on
the population behavior in the transport process. The introduc-
tion of these methods in Slovakia fails because of the lack of the
necessary data about the transport process, as it is difficult and
costly to obtain them. There are transport sociological surveys in
the households of the area. They would bring the information on
the dynamics of the population according to the journey purposes
and used means of transport in dependence on different groups of
population, because the necessary modeling parameters are set
according to these data. However, there are also problems with
achieving structural parameters for different zones of the area,
which are relevant for various human activities.

The requirements of experts to pay more attention to this
problem and to introduce modern methods of transportation and
transport modeling in Slovakia were accepted at the Ministry of
Education, and the research project C519/2 was approved. One of
the main tasks of this project was “Modelling the transport process
in an area”. The proposed methodology of modeling was to be
checked and tested in the region of Zilina, solving its transport sit-
uation.

Using the modeling of transportation and transport processes
in major territory units in Slovakia is a current issue because of
completing the road and motorway networks. It would allow a thor-
ough comparison and consideration of the best proposals, includ-
ing the proposal of the motorway crossroads placements and their
suitable shapes. At the same time, such a solution would end the
frequent doubts whether the most suitable variant was chosen. The
modeling would also help the optimal and more economical solu-
tion of the regional public transport problem where rail and bus
transports often compete. In addition, the model can coordinate
timetables, which would be appreciated by the general public.

The modeling of transportation and transport processes in
a major territory unit (district, region) uses the same methods as
in towns. On the other hand there are some differences, which
must be considered. First of all there are the size of the modeled
area and the volume of requirements for the input data about the
activities distribution in the area and about the transport net-
works. Next there are specific characters of behavior of people
living in towns and in the country, or in different parts of the area.
There are regions where industry, agriculture or recreational func-
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skou, rekrea¢nou a podobne, ktoré maji rozdielne socialne a eko-
nomické podmienky.

Systémova analyza miest ukazala, Ze dopravu je potrebné
chapat ako funkciu rozlozenia aktivit v uzemi, teda planovanie
dopravy musi zacinat urbanistickym planovanim. Tento vztah vSak
v ziadnom pripade nie je mozné chapat ako podriadeny, prave
naopak, ide o to, aby objem dopravy, vyvolanej izemnym rieSenim
a jeho rozlozZenie do siete, boli jednym z hlavnych kritérii kvality
urbanistického rieSenia. Doprava v organizme mesta vystupuje ako
miera interakcie medzi Castami iizemia a ich funkénymi zlozkami.
Zabezpecuje teda funkéné previazanie tychto zloziek do jednot-
ného systému. Hladisko minimalizacie potrebnej dopravy sa stava
jednym z kritérii optimalizacie urbanistického riesenia.

Doprava, ¢i uz osobna alebo nakladna, je v sucasnosti charak-
terizovana existenciou niekol'kych vzajomne spolupracujucich a do-
plnajucich sa dopravnych subsystémov.

Zakladnym ciefom dopravného planovania je zabezpecenie
integrity medzi rozvojom jednotlivych aktivit a rozvojom dopravy,
ktora sprostredkuje ich optimalne prepojenie. Na dosiahnutie tohto
ciela je potrebné proces dopravného planovania rozélenit do tychto
zakladnych faz:

o analyza sucasného stavu, ktora spociva najma vo vykonani a vyhod-

noteni potrebnych prieskumov a statistickych udajov na objas-

nenie prepravnych procesov a dopravnych vztahov v zemi,
pricom rozsah a metody prieskumov musia vychadzat z pozia-
daviek pre potreby rieSenia. Na sucasnom stave sa testujii modely

a jeho parametre;

prognoza vyhladovych prepravnych ndrokov, v ktorej sa na zaklade

empiricky zistenych zakonitosti z analyzy dava pravdepodob-

nostna vypoved o buducich poziadavkach na prepravu v uzemi,
za podmienok splnenia predvidanych ¢asovych a priestorovych
zmien v Strukture osidlenia a funkéného vyuzitia ploch, pripadne

v dopravnej infrastrukture. Pri navrhu okamzitych alebo kratko-

dobych opatreni tato faza, samozrejme, odpada;

o ndvrh rieSenia, v ktorom sa preukazuje zabezpecenie vsetkych
buducich prepravnych poZiadaviek, ocakavanych v navrhovom
obdobi, pre vsetky dopravné systémy v rieSenom tizemi v potreb-
nom rozsahu ich dopravnych tras, dopravnych prostriedkov
a dopravnych zariadeni, pri minimalizacii vplyvov tohto procesu
na ekologiu krajiny a zivotné prostredie v sidlach.

Metody dopravnej prognézy nachadzaju v sucasnosti uplatne-
nie aj v komplexnom modelovani dopravného procesu. Krajiny
s vysokym stupiiom automobilizacie postupne zavadzaji na svojom
uzemi systém trvalého monitorovania dopravnej situacie, ako aj
trvalého modelovania celého dopravného procesu, pricom konsta-
tuju, Ze prave zanedbanim trvalého sledovania vyvoja a okamzitym
reagovanim nan premarnili moznost ovplyvnenia del'by prepravnej
prace i véasnych a vhodnych rieSeni mnohych dopravnych prob-
1émov. Komplexné modely objasnuju dosledky roznych opatreni
a navrhov v doprave, priCom sa pouzivaju na:

« reprodukovanie a pochopenie dopravného procesu,
« predpovedanie zmien pre buduce situacie (dopravné prognozy),
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tion prevail, and they have different social and economic condi-
tions.

The system analysis revealed that the transport must be seen
as a function of the activities distribution in an area, which means
that the urban planning must precede the transport planning. This
relation, however, is not a subordinate one at all. On the contrary,
the transport volume caused by urban planning and its distribu-
tion in the network should be one of the main criteria of the
urban planning quality. The transport in a town’s organism func-
tions as a scale of the interaction between the parts of the area and
their functional constituents. It provides the functional intercon-
nection of these constituents into a single system. The question of
minimalizing the necessary transport is becoming one of the cri-
teria for optimalizing the urban planning.

Nowadays the transport, whether it is passenger or freight, is
characterized with the existence of several cooperating and com-
plementing transport subsystems.

The basic aim of the transport planning is to provide the
integrity between the development of different activities and the
development of transport, which mediates their optimal intercon-
nection. To achieve this aim it is necessary to divide the transport
planning process into the following basic phases:

o The analysis of the current state, which means carrying out and
evaluating the necessary surveys and statistic data for clarifying
the transportation processes and transport relations in an area,
while the scale and the methods of the surveys must be based
on the requirements of the solution needs. The models and
parameters are tested on the current state.

 The prognosis of the prospective transportation demands, based on
the rules empirically ascertained from the analysis, it gives
a probabilistic statement of the future requirements of the trans-
portation in an area under the conditions of the fulfillment of
foreseen time and space changes in the settlement structure, and
functional usage of the surfaces, or in the transport infrastruc-
ture. When suggesting immediate or short-term solutions this
phase falls out.

o The solution proposal, which projects securing all future trans-
port requirements expected in the proposal period for all trans-
port systems in the solved area in the needed scale of their
transport routes, means and equipment while minimalizing the
influences of this process on the ecology of the region and on
the environment in urban areas.

The methods of transport prognosis are now also applied in
the complex modeling of the transport process. Countries with
a high level of automobilisation are gradually introducing the system
of permanent monitoring of the transport situation, and of the
permanent modeling of the whole transport process. They admit
that neglecting the permanent monitoring of the development and
the immediate reaction to it, they dissipated the possibility to influ-
ence the division of the transportation labor and the timely and
suitable solutions of many transport problems. Complex models
clarify the consequences of various measures and proposals in the
transport. They are used to:

« reproduce and understand the transport process
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« predpovedanie zmien v dopravnom procese pri systémovych
zmenach v existujicej dopravnej sustave,

« scenare mozného rozvoja, spracované z réoznych pohladov,

« vyhodnotenie navrhnutych variantov dopravného riesenia.

Modely prepravného a dopravného procesu sluzia ako zjed-
nodusené zobrazenie celého jeho priebehu, pricom s ohladom na
ciele pre ktoré sluzia musia byt uplné, pri dostatocnej (vhodnej)
uzemnej a Casovej diferenciacii. Cely proces modelovania pozo-
stava z tychto Styroch krokov:

« vypocet objemov poziadaviek na premiestnenie,

« vypocCet smerovania prepravnych prudov,

« stanovenie delby prepravnej prace na jednotlivé disponibilné
dopravné systémy,

« zataZovanie sieti dopravnych systémov (volba trasy).

Tymito modelovymi (planovacimi) krokmi mozno komplexne
popisat Casopriestorovy prepravny a dopravny proces. Prvé tri kroky
modeluju poZiadavky na premiestiiovanie (dopyt), Stvrty krok mode-
luje ponuku dopravnych systémov. Tieto Ciastkové modely mozu
sluZit aj na objasnenie izolovanych otazok, napr. zatazovanie sieti
pri zmenach v ich infrastrukture, urCenie odporovych zavislosti,
moznych zmien v delbe prepravnej prace a podobne. Dopravny
model sa teda sklada z roznych ¢iastkovych modelov. Pre celkovy
model platia dve podmienky:

« stavba modelu musi byt realizovatelna v postupnych, vzajomne
prepojenych krokoch,

« celkovy model, pozostavajuci z Ciastkovych modelov, musi byt
bezrozporovy.

V ostatnych dvoch desatroCiach sa zacali formulovat nové
dopravno-planovacie modely na principe ¢lenenia obyvatelstva do
skupin s rovnakym spravanim v dopravnom procese. Hovori sa im
dezagregované alebo individualne, ale aj spravanim sa orientované
modely. Postupom ¢asu sa znacne zdokonalili a obstali pri roznom
pouZiti. Su naro¢né na vypoctovu techniku, ale predovsetkym na
detailné podklady, pricom mnohé z nich su zistiteIné len pries-
kumom priamo v domacnostiach. Vyuzivaji predovsetkym teoriu
pravdepodobnosti.

Treba zdoraznit, Ze novsie dezagregované i starSie agregované
modely sa liSia v postupoch len v ¢asti vypoctu (modelovania)
poZziadaviek na premiestnovanie a si prakticky totozné v modelo-
vani ponuky dopravnych systémov (vypocCty zataZzovania doprav-
nych sieti).

Zakladnym principom tychto modelov je Clenenie obyvatel-
stva do homogénnych skupin s rovnakym spravanim v dopravnom
procese, pricom v sucasnosti sa najéastejSie pouZiva Clenenie na:
« ekonomicky aktivne obyvatelstvo s disponibilnym osobnym auto-
mobilom (EsA),

« ekonomicky aktivne obyvatelstvo bez osobného automobilu
(EnA),

« ekonomicky neaktivne obyvatelstvo s disponibilnym osobnym
automobilom (NesA),

« ekonomicky neaktivne obyvatelstvo bez osobného automobilu
(NenA),
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« predict changes for future situations (transport prognosis)

« predict changes in the transport process with the system changes
in the existing transport system

« process scenarios of possible development from different stand-
points

« evaluate proposed variants of the transport solutions

The models of transportation and transport processes serve
as a simplified display of its whole course. With respect to the aims
they serve, they have to be complete, with appropriate space and
time differentiation. The whole modeling process consists of four
steps:

« the calculation of transfer requirements volume

« the calculation of transfer flows direction

« setting the division of the transportation labor in individual dis-
posable transport systems

« loading the transport systems networks (route selection)

These modeling (planning) steps can give a complex descrip-
tion of the space-time transportation and transport process. The
first three steps model the requirements of transfer (demand), the
fourth step models the supply of transport systems. These partial
models can help to clarify isolated problems, e.g. loading networks
in the changes of their infrastructure, specifying impedance depen-
dencies and possible changes in the division of the transportation
labor, etc. The transport model consists of individual partial models.
There are two conditions for the general model:

« the model construction must be implement able in successive
interconnected steps

« the general model consisting of partial models must be without
contradictions

In the last two decades new transport planning models based
on the principle of dividing the population into groups depending
on their behavior in the transport process, began to develop. They
are called non-aggregative, or individual, or behavior oriented
models. They gradually improved and proved reliable in various
applications. They demand high quality hardware and detailed input
data. But those are ascertainable only through a survey in house-
holds. They mainly use the theory of probability.

It should be emphasized that the newer non-aggregative and
the older aggregative models differ in their procedures only par-
tially, namely in their calculations (modelings) of requirements of
transfer, and they are nearly identical in their modelings of trans-
port systems supply (calculations of transport networks loading).

The basic principle of these models is to divide the population
into the homogenate groups depending on their behavior in the
transport process. At present the most frequently used division is
into:

« economically active population with a disposable car (EwC)

« economically active population without a disposable car (Ew/oC)

« economically non-active population with a disposable car (Ne
wC)

« economically non-active population without a disposable car (Ne
w/oC)

« basic school pupils (P)
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« Ziaci zakladnych §kol (Z),

« Ziaci strednych a odbornych §kol (SS),

« studenti vysokych §kol (VS), (pripadne v ¢leneni s/bez disponi-
bilného osobného auta),

« deti do Sest rokov (D),

nakol'ko sa ukazalo, ze medzi hybnostami v priebehu dna, ale aj
vykonanymi aktivitami tychto skupin, su zasadné rozdiely. Samo-
zrejme, toto Clenenie moze byt este zjemnené podla druhu ekono-
mickej aktivity, ale aj v detailnejSom Cleneni v oblasti vzdelavania.

Dal§im principom tychto modelov je predpoklad, Ze aktivity
mimo vlastného bydliska su pri¢inou mobility (hybnosti). Aktivity
su dané vlastne cielovym ucelom kazdej cesty. Cielové ucely ciest
mozno opat Clenif rozne, vZdy v zavislosti od relevantnej Struk-
turalnej veliCiny. Pre jednotlivé skupiny obyvatelstva sa popisuje
poradie typickych aktivit jednej osoby v priebehu dna, ¢im vznikaju
zakladné retazce aktivit. Retazec aktivit implikuje premiestnenie.
Tak napriklad retazec bydlisko - praca - nakup - bydlisko (D-P-S-D)
predstavuje vykonanie troch ciest v poradi bydlisko - pracovisko
(D-P), dalej pracovisko - nakup (sluzby) (P-S) a konec¢ne nakup -
bydlisko (S-D).

Treba ale konStatovat, Ze dezagregované modely pre vypocet
poziadaviek na dopravu neboli zatial u nas pouZité. Pri€inou je
prave poziadavka na vstupné udaje, ktoré nie su k dispozicii. Hoci
z dopravno-sociologickych prieskumov u nas vykonanych by bolo
mozné urCit aj retazce ciest a ich podiel u zakladnych skupin
obyvatelstva, takéto vyhodnotenie prieskumu sa nevykonalo ani
v jednom meste.

Aj agregované postupy postupne prevzali Clenenie obyvatelstva
do skupin, ako aj &lenenie ciest podla ucelu. Ziadny zo zakladnych
Styroch krokov agregovaného postupu nemozno aplikovat Stan-
dardnym jednotnym modelovym komponentom. Pre kazdy krok
existuje dnes mnozstvo metod a vypoctovych programov, liSiacich
sa rozsahom nutnych vstupnych podkladov. Ale existuje aj vela
realnych vyskumnych vysledkov a praktickych skiisenosti.

Obdobne komplikované su aj pocetné algoritmy na vypocet
vplyvov jednotlivych planovacich variantov. V suc¢asnej dopravno-
planovacej praxi zabera analyza vplyvov a ich vzajomné hodnote-
nie v jednotlivych variantoch rieSenia uz vyznamné miesto.

Zaverom k problematike modelovania a prognézovania treba
konstatovat, Ze komplexny priebeh planovacieho procesu rieSenia
dopravy pre uréité uzemie nie je jednoduchy. Pévodny jednoduchy
linearny priebeh pomocou styroch krokov modelovania doprav-
ného procesu (agregovany alebo dezagregovany) sa v praxi vyvinul
na zlozity rozvetveny iterativny proces postupného spresnenia
pouzitych parametrov spatnymi vizbami na predoslé kroky. Tento
iterativny postup je nutny, pretoZe treba preskumat a porovnat
rozmanité vplyvy kazdého planovacieho variantu s pozadovanymi
cielmi, priCom z tohto porovnania moézZe vzist poziadavka na
dalsie variantné rieSenia.
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« secondary and vocational schools students (SS)

« university students (possibly divided into groups with/without
a car) (US)

« children under six (Ch)

It was revealed that these particular groups differ fundamen-
tally in their dynamics during the day and in the performed activ-
ities. Naturally, this division can be more detailed according to the
type of economic activities and in the sphere of education.

Another principle of these models is the assumption that the
activities away from one’s residence are the cause of mobility
(dynamics). The activities are the final aim of every trip. The final
aims of trips can be divided in many ways, always according to the
relevant structural parameter. For each group of the inhabitants
there is a description of successive typical activities of one person
during a day, which creates the basic activities strings. A string of
activities implies the transfer. Take the string residence-work-shop-
ping-residence (R-W-S-R). It represents the performance of three
trips in this order: residence-work (R-W), work-shopping (service)
(W-S), and shopping-residence (S-R).

However, it must be said that non-aggregative models for the
calculation of transport requirements have not been used in Slo-
vakia, yet. The reason is the requirement of the input data, which
are not available. Although the trip strings and their portion in the
basic population groups could be defined from the transport soci-
ological surveys which have been carried out, such a survey has not
been evaluated in any town in this country.

The aggregative methods adopted the division of the popula-
tion into groups and the division of roads according to the scope
as well. None of the four basic steps of the aggregative method can
be applied with a standard uniform model component. For every
step there is a number of methods and computing programs, which
differ from each other in the volume of the necessary input data.
But there are also many real research results and practical experi-
ence.

Numerous algorithms for the calculations of the influences of
individual planning variants are complicated, too. In the present
transport-planning practice, the analysis of influences and their
mutual evaluation in the individual solution variants is of a great
importance.

To conclude the modeling and prognosis problems it should
be said that the complex procedure of the planning process of the
transport solution for an area is not simple. The original simple
linear procedure with four steps of the transport process modeling
(aggregative or non-aggregative) developed into a complex extended
iterative process of a gradual specification of used parameters
through the feedback to the previous steps. This iterative procedure
is necessary because various influences of every planning variant
must be examined and compared with the required aims. From this
comparison a requirement of a new variant solution can issue.
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2. Vstupy a podklady pre modelovanie

Modelovanie prepravného a dopravného procesu v uréitom
uzemi je v sucasnom obdobi z hladiska metodologie na vysokej
urovni. Metodologia je dostatocne flexibilna a umoznuje pouzitie
jednoduchsich metod modelovania pre dlhodobé progndzy a mozné
scenare buduceho rozvoja, ale aj vel'mi detailné metddy, ktoré simu-
luju skutocny proces v rieSenom Uzemi. Tieto modely sa okrem
prognoz pouzivaju aj na rieSenie sucasnych dopravnych problé-
mov, pripadne je mozné ich este dalej prehibit na ¢ast rieseného
uzemia, pripadne na Specifika rieSenej Ciastkovej problematiky.

Zo samotnej prezentdcie metodologie je zjavné, Ze kazda
metoda vyZaduje urcité vstupy, ¢im detailnejsie je modelovanie, tym
rozsiahlejSie su aj poziadavky na vstupné udaje.

Poziadavky na premiestnovanie (dopyt po preprave) v uzemi
su zavislé jednoznaéne od lokalizacie atraktivit v tomto uzemi.
Poziadavky na prepravu za uréité casové obdobie (den, SpiCkové
obdobie), vyjadrené v matici prepravnych vztahov (zdroj - ciel') su
teda zavisle premenné veliCiny, odvodené od poctu aktivit, ktoré
vykonaju obyvatelia za prislusné ¢asové obdobie, ako aj od uzem-
ného rozloZenia jednotlivych atraktivit. To znamena, Ze ako
vstupy pre vypocet prepravnych vztahov slizZia rozdelenie izemia
na dopravné okrsky (zony), idaje o priemernej hybnosti obyva-
telstva za sledované Casové obdobie, ako aj iidaje o atraktivitach
v jednotlivych dopravnych okrskoch.

Mozno konstatovat, Ze vSetky metody vyzaduju uvedené vstupné
udaje. Jedinym rozdielom prezentovanych metéd je, samozrejme,
detailnost tychto vstupov, pripadne ich Specifickost pre danu
metodu.

Clenenie rieseného tizemia do dopravnych okrskov je zakladom
pre modelovanie prepravného a dopravného procesu. Dopravny
okrsok je presne ohraniCené izemie, vytvorené na zaklade uzemno-
spravnych, urbanistickych, hospodarskych, dopravnych, planova-
cich, pripadne inych hladisk, s definovatelnym taziskom, do ktorého
sa fiktivne agreguju vsetky zdroje a ciele ciest, zacinajucich, resp.
kon¢iacich na jeho uzemi. Dopravné okrsky musia zahrnovat celé
rieSené uzemie. Kazdy dopravny okrsok, resp. jeho tazisko je ocislo-
vany prirodzenymi ¢islami od 1 aZ po n. PoCet a ohrani¢enie doprav-
nych okrskov sa stanovuje predovsetkym podla:

« pozadovanej jemnosti a presnosti popisu prepravného procesu,
v zavislosti od cielov rieSenej tlohy,

« velkosti rieSeného uzemia,

« urbanistickej Struktiry rieSeného tizemia,

« Struktury dopravnych sieti v uzemi,

« moznosti ziskania potrebnych demografickych a inych udajov
o aktivitach pre jednotlivé dopravné okrsky,

« limitov pouzitych softvérov a hardvérov, ktoré su pre spracova-
nie k dispozicii, ale aj terminovych, prip. kapacitnych limitov
spracovatelov.

Pri stanovovani hranic dopravnych okrskov pre sidelné utvary
sa vyuzivaju predovsetkym prirodzené i technické predely v riese-
nom uzemi, ako su vodné toky, Zelezni¢né trate, cestné komuni-
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2. The Inputs and Data for the Modeling.

At present the transportation and transport process modeling
in a certain area is on a high level from the point of view of
methodology. The methodology is flexible enough and it allows
using simpler modeling methods for long-term prognoses and pos-
sible scenarios of the future development, and also very detailed
methods, which stimulate the real process in the solved area. Apart
from prognoses, these models are used to solve current transport
problems. They can also be more detailed for a part of the solved
area, or for the specialties of the solved partial problem.

It is obvious from the presentation of the methodology that
every method requires certain inputs, and the more detailed the
modeling, the more extensive the data requirements.

The transfer requirements (transportation demand) in an area
depend on the interactivities localization in this area. The trans-
portation requirements in a particular time unit (day, rush hour)
which are expressed in a matrix of transportation relations (origin-
destination), are dependent variables which are derived from the
number of activities performed by the inhabitants in a period of
time, and from the layout of individual interactivities. It means that
the division of the territory into transport zones, the data about the
average dynamics of the population in a monitored period, and the
data about interactivities in individual transport zones, serve as
the inputs for the calculation of transportation relations.

It can be said that all methods require the mentioned input
data. The only difference of the presented methods is obviously the
degree of details of these inputs, or their specificness for the given
method.

The division of the solved territory into transport zones is the
base of the transportation and transport process modeling. A trans-
port zone is a precisely delimited territory, which is created on the
basis of territorial administration, urban, economic, transport,
planning, or other sides, with a definable center which fictitiously
aggregates all origins and destinations of the trips which begin or
end on its territory. The transport zones must comprise the whole
solved territory. Every transport zone, or its center, is numbered
with a positive integer from 1 to n. The number and the delimita-
tions of transport zones are determined according to:

« the required precision and accuracy of the transportation process
delineation, depending on the aims of the solved problem

« the size of the solved territory

« the urban structure of the solved territory

« the structure of transport networks in the territory

« possibilities of gaining the necessary demographic and other data
about the activities in individual transport zones

« the limits of the hardware and software which are available for
the processing, and also the term and capacity limits of compi-
lers

To determine boundaries of transport zones of settlement for-
mations, natural and technical divides, like rivers, railway lines,
roads of higher category, terrain divides, etc. are used first of all.
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kacie vyssich kategorii, terénne predely a pod. Vhodné je vychadzat
zo scitacich urbanistickych obvodov, stanovenych pre pravidelné
sCitanie Tudu, s pripadnym ich zlu¢ovanim do vacsich celkov,
nakol’ko pre toto ¢lenenie su k dispozicii potrebné Statistické udaje.
Vhodna je aj homogenizacia dopravnych okrskov podla funkcie
uzemia, pricom sa odporuca jemnejsie Clenenie uzemia v intenzivne
zastavanych Castiach. Odporuca sa, aby v mestach boli dopravné
okrsky tvorené do vel'kosti cca 5000 obyvatelov alebo inych Struk-
turalnych veli¢in, o zabezpecuje dostato¢nu presnost modelo-
vania.

Pokial je rieSenym tizemim okres, je vhodné pridelit kazdému
sidelnému utvaru samostatny dopravny okrsok, pricom jeho hranice
tvoria katastralne hranice a tazisko okrsku je v fazisku sidelného
utvaru. Okresné mesto je vhodné v tomto pripade Clenif na nie-
kol'ko okrskov podla prevladajucich funkcii, pripadne ako samo-
statné okrsky vyclenit k mestu pridruzené sidelné utvary.

Aj uzemie kraja alebo regionu by bolo vhodné takto Clenit, ale
sucasné kraje maju 300 az 500 sidelnych utvarov a modelovanie
prepravného procesu v takomto rozsahu dopravnych okrskov by bolo
vel'mi pracne a narocné na vypoctovu techniku. Ako vhodnejsie sa
javi zlucovanie mensSich susednych sidelnych utvarov do jedného
dopravného okrsku. Podmienkou ale je, aby tieto sidelné utvary
boli dopravne obsluhované podla moznosti tymi istymi dopravnymi
trasami, ¢o vyhovuje hlavne v bo¢nych tudoliach, kde je dopravna
obsluha zabezpecovana jedinou cestou a obycajne aj jedinou linkou
SAD. Ur¢itym problémom je v takomto pripade urcenie faZiska
okrsku.

V pripade modelovania celého uzemia Slovenskej republiky
by bolo najvhodnejSie Clenenie uzemia na okresy, pricom jeden
dopravny okrsok by tvorilo vzdy uzemie okresného mesta, zvySok
okresu by tvoril jeden alebo dva okrsky.

Pre navrhované Clenenie uzemia sa nasledne musia zhromaz-
dit potrebné iidaje o Strukturdlnych velicindch (atraktivitach), ako
aj zdkladné charakteristiky prepravného procesu. Pokial je stcastou
prac aj prognoza, musia byt k dispozicii aj udaje o SV pre navr-
hové obdobia prognozy.

Moderné metdédy modelovania prepravnych poziadaviek vyza-
duju detailné Clenenie Strukturalnych veli¢in v uzemi, aby vystiho-
vali vSetky mozné aktivity. Pritom niektoré skupiny obyvatelstva
vykonavaju aktivity, ktoré iné skupiny nevykonavaju, napriklad do
prace chodi len skupina ekonomicky aktivnych, do skoly len skupina
Ziakov a Studentov. Naproti tomu niektoré aktivity vykonavaju
vSetky skupiny obyvatelstva.

V stcasnosti sa pri modelovani prepravnych vztahov bezne
Cleni obyvatelstvo (minimalne) do tychto zakladnych skupin:
« ekonomicky aktivne obyvatelstvo,
« Ziaci zakladnych skol,
« Studenti strednych a vysokych §kol,
« ekonomicky pasivne obyvatelstvo (dochodcovia, Zeny v domac-
nosti, nezamestnani, telesne a mentalne postihnuti),
« deti predskolského veku,
« celkovy pocet obyvatelov (ako sucet vsetkych skupin).
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It is advisable to follow the census urban zones, appointed for
regular censuses, or their incorporation into bigger units, as there
are necessary statistic data for this division. It is also suitable to
homogenize transport zones according to the territory function,
and overbuilt areas should be divided precisely. In towns it is
advisable to create transport zones up to 5000 inhabitants or
other structural parameters, which secures a sufficient precision
of the modeling.

If the solved area is a district, it is suitable to allocate a sepa-
rate transport zone to each settlement formation. Its boundaries
would agree with the cadastral boundaries and the zone center
would be in the center of the settlement formation. In this case it
is advisable to divide the district capital into several zones accord-
ing to their prevailing functions, or to create separate zones of the
settlement formations associated to the town.

It would be suitable to use this kind of division for a region
territory, too, but the present regions have 300 - 500 settlement
formations and modeling the transportation in such a number of
transport zones would be too difficult and would make great
demands on hardware and software. A better option seems to con-
solidate smaller neighboring settlement formations into one trans-
port zone. But there is a condition to service these settlement
formations on the same transport routes, which is very suitable in
the side valleys where the transport service is provided on the
single road and usually by a single bus line. In this case, however,
to determine the zone center can be a problem.

If the whole Slovak Republic was modeled it would be the
most appropriate to divide its territory into districts, while one
transport zone would agree with the territory of the district capital.
The rest of the district would form one or two zones.

Consequently, the necessary data about structural parameters
(interactivities), and basic characteristics of the transportation
process must be gathered for the proposed territory division. If
a prognosis is a part of the works, the data about SV for the prog-
nosis proposal periods must be available.

Modern methods of transportation requirements modeling
require a detailed division of structural parameters in the territory,
so that they cover all possible activities. Some population groups
perform the activities, which other groups do not, e.g. only the
group of economically active people goes to work, and only the
group of pupils and students go to school. On the other hand some
activities are performed by all groups of the population.

At present the common division of the population for the mod-
eling of the transportation relations is into these basic groups:
« economically active population
« basic school pupils
« secondary school and university students
« economically passive population (pensioners, housewives, unem-
ployed, physically or mentally disabled)
« pre-school children

« the total number of the inhabitants (as a sum of all groups)
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Navyse medzi rozhodujuce strukturalne veliiny vyjadrujuce
dalsie aktivity patria:
« pracovné prilezitosti celkom,
» pracovné prileZitosti v terciarnom sektore,
« Ziacke miesta v zakladnych §kolach,
« Studentské miesta v strednych a vysokych §kolach.

Zname su z literatury aj detailnejSie clenenia skupin navyse
podla disponibility osobného auta, ale aj detailnejSie Clenenie
Ziakov na 1. a 2. stupen, alebo Studentov na stredné, vysoké a uci-
listia. Obdobne je mozné pouzit aj dalSie kapacitné parametre,
hlavne pre cesty za kultirou, Sportom a rekreaciou.

Zaverom mozno konStatovaf, ze modelovanie prepravného
procesu si vyzaduje bezpodmienecne (minimalne) znalost poctu
obyvatelov a poctu pracovnych prileZitosti pre kazdy dopravny
okrsok rieSeného uzemia. Bez tychto udajov nie je mozné pre-
pravny proces modelovat, ani ho analyzovat v suasnom stave
a, samozrejme, ani prognozovat.

3. Modelovanie Zilinského kraja

Pri rieSeni vyskumne;j ulohy a jej aplikacii na konkrétnom pri-
klade Zilinského kraja sa potvrdilo, Ze vyber metod a celkového
postupu modelovania prepravného a dopravného procesu je pod-
mieneny dostupnostou relevantnych vstupnych udajov. Ide o deta-
ilnost nutnych uzemno-funkénych charakteristik (Strukturalnych
veli¢in) a prepravnych charakteristik (hybnost, ucely ciest, pouzité
dopravné prostriedky, retazce ciest).

Navrhovany postup modelovania zohladnuje tito skutocnost
a navrhuje metddy a postupy, pre ktoré je mozné ziskat pomerne
hodnoverné hodnoty pre navrhované ¢lenenie izemia s minimal-
nymi poziadavkami na finan¢ne narocné prieskumy. RieSené
uzemie Zilinského kraja je ¢lenené do 11 okresov. V kraji je 313
sidelnych utvarov, v ktorych Zilo v roku 1996 celkom 687 771 oby-
vatelov. Pre vlastné modelovanie bolo uzemie ¢lenené do 139
dopravnych okrskov. Riesené uzemie je prepojené s okolim 23.
cestnymi trasami a 7. Zelezni¢nymi tratami.

Pre modelovanie prepravného procesu v Zilinskom kraji boli
pouzité obidva zakladné postupy - agregovany a dezagregovany.
S modelovanim prepravného procesu pomocou agregovaného
postupu su uz praktické skusenosti z izemno-planovacej alebo
dopravno-inzinierskej dokumentacie miest. Pri rieSeni velkych
uzemnych celkov bol vypocet prepravnych vztahov spracovany
jedine pri VUC Vysokych Tatier v roku 1984 na zaklade vykona-
ného dopravno-sociologického prieskumu (DSP). Dezagregované
postupy u nas eSte neboli vobec pouzité. Nakol'ko sa ich pouZziva-
nie vo vyspelych krajinach rozsiruje, bol za tym u¢elom zakupeny
softvérovy program VISEM, nakol'ko modelovanie prepravného
procesu tymto zlozitym postupom bez $pecialneho programu nie
je prakticky mozné. Aby boli k dispozicii potrebné vstupné pod-
klady, boli spracované z vysledkov DSP aj poZadované zostavy pre
tento postup.
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In addition, among the crucial structural parameters express-
ing other activities there are:
« the opportunities of work in all
« the opportunities of work in the tertiary sector
« pupil places in basic schools
« student places in secondary schools and universities

From literature there are known even more detailed divisions
of groups, e.g. according to the disposability of a car, or the divi-
sion of pupils into the first and the second grades and students into
secondary schools, vocational schools and universities. Similarly,
it is possible to use other capacity parameters, especially for the
culture, sport and recreation trips.

To conclude, it can be said that the transportation process
modeling requires at least the knowledge of the population and the
number of work opportunities in each transport zone of the solved
territory. It is impossible to model the transportation process, to
analyze its present state, nor to prognosticate without these data.

3. Modeling of the region of Zilina

When working on the research project and its application on
the concrete example of the region of Zilina, it was asserted that
the choice of methods as well as the overall method of modeling
the transport and transportation process depends on the accessi-
bility of the relevant input data. This concerns the detailed char-
acter of the necessary functional territory description (structural
parameters) and transport description (dynamics, road functions,
means of transport used, trip strings).

The proposed method of modeling takes this fact into account
and it suggests such methods as to be able to get quite valid para-
meters for the suggested structuring of the territory while minimum
demands are placed on the particularly costly surveys. The region
of Zilina subject to research is structured into 11 districts. There
were 313 urban points, inhabited by 687.771 people in 1996. For
the modeling proper, the territory was divided into 139 transporta-
tion zones. The territory subject to research is connected with the
surrounding area by 23 road lines and 7 railway lines.

For the modeling of transport in the region of Zilina, two main
methods were used - aggregated and disaggregated. The modeling
of transport by means of the aggregated method is already backed
by previous experience from regional planning and transport engi-
neering documentation of cities. As for the solutions of major ter-
ritory units, the only calculation of transport relations was made
for the VUC (territory administration region) Vysoké Tatry in 1984
based on the transport sociological survey (TSS). No disaggre-
gated methods have so far been used in our country. Because their
use in the developed countries is expanding, the software VISEM
was bought for the above purpose, as modeling of transport by
means of such a complicated method is rendered practically impos-
sible without a special program. To get the necessary input data,
the findings of the TSS were processed into configurations neces-
sary for this method.
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Prieskum bol vykonany v mesiacoch oktober az december 1998.
V priebehu roka 1999 boli dotazniky spracované. Vyhodnotenych
bolo celkove 4 182 domacnosti so 14 492 osobami. Pri vyhodno-
covani ciest sa zistilo, Ze treba z tohto vyhodnotenia s ohladom na
neuplnost ¢ast 0sob vylucit, teda v tychto zostavach su spracované
vysledky 12 520 osob. Tato vzorka bola nedostatoéna na vytvore-
nie matice prepravnych vztahov, ale dostatocna na urcenie prie-
mernych hybnosti jednotlivych skupin obyvatelstva, ako aj matic
ciest podla zdrojového a cielového ucelu ich ciest a delby preprav-
nej prace medzi pouzité druhy dopravy. Vysledky prieskumu boli
samostatne spracované pre mesta a pre vidiecke sidla, nakol'ko sa
ukazali znacné rozdiely spravania sa skupin obyvatelstva. V nasle-
dujucej tabul'ke su prezentované zakladné vysledky prieskumu,

Vypocet hybnosti a ciest pre jednotlivé skupiny obyvatelstva a celkom
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The survey was made in the months between October and
December 1998. In the course of 1999 questionnaires were
processed. The survey included a total of 4 182 households with
14 492 persons. When roads were assessed, it was found that some
of the persons had to be excluded for lack of data, therefore the
configurations cover the information obtained from 12 520 persons.
This sample wasn’t sufficient for creation of the matrix of trans-
port relations, however, it was sufficient for the determination of
average dynamics of individual groups of population, as well as
matrices of trips according to origin and destination purpose of
their trips and the distribution of transport as between the means
of transport used. The results of the survey were processed indi-
vidually for cities and country, because considerable differences

Sledovany tdaj Uzemie EsA EnA NEsA NEnA Ziaci Stud. Deti Celkom
PRIESKUM:
1. Vyhodnocovanych mesta 1738 1619 232 806 538 1441 310 6684
0s0b celkom vidiek 1316 1424 187 1160 558 823 368 5836
spolu 3054 3043 419 1966 1096 2264 678 12520
2. Mobilnych 0sob mesta 1621 1475 133 440 502 1149 104 5424
Celkom vidiek 1161 1236 75 428 487 654 91 4132
spolu 2782 2711 208 868 989 1803 195 9556
3. Necestujucich osob mesta 117 144 99 366 36 292 206 1260
Celkom vidiek 155 188 112 732 71 169 271 1704
spolu 272 332 211 1098 107 461 483 2964
4. Zisteny pocet ciest mesta 5125 4278 375 1195 1261 3418 251 15903
mobilnych osdb vidiek 3337 3272 204 1041 1118 1767 202 10941
spolu 8462 7550 579 2236 2379 5185 453 26844
5. Hybnost mobilnych mesta 3,162 2,900 2,820 2,716 2,512 2,975 2,413 2,932
ciest/mob. osobu/den vidiek 2,874 2,647 2,720 2,432 2,296 2,702 2,220 2,648
spolu 3,042 2,785 2,784 2,576 2,405 2,876 2,323 2,809
6. Priemerna hybnost mesta 2,949 2,642 1,616 1,483 2,344 2,372 0,810 2,379
prislusnej skupiny vidiek 2,536 2,298 1,091 0,897 2,004 2,147 0,549 1,875
ciest/obyv./den spolu 2,771 2,481 1,382 1,137 2,171 2,290 0,668 2,144
7. Podiel mobilnych osob mesta 29,886 27,194 2,452 8,112 9,255 21,184 1,917 100,00
skupiny z celku vidiek 28,098 29,913 1,815 10,358 11,786 15,828 2,202 100,00
spolu 29,113 28,370 2,177 9,083 10,350 18,868 2,041 100,00
8. Podiel ciest mobilnych mesta 32,227 26,901 2,358 7,514 7,929 21,493 1,578 100,00
0s0b skupiny z celku vidiek 30,500 29,906 1,865 9,515 10,218 16,150 1,846 100,00
spolu 31,523 28,125 2,157 8,330 8,862 19,315 1,688 100,00
SKUTOCNOST:
9. Celkom os0b prisl. mesta 47364 83208 13907 100596 46104 28949 36884 357012
skupiny v ries. uzemi vidiek 38062 74927 13328 104331 40347 25080 32278 328353
spolu 85426 158135 27235 204927 86451 54029 69162 685365
10. Celkom ciest prisl. mesta 139667 219866 22479 149147 108062 68666 29864 737750
Skupiny v ries. izemi vidiek 96514 172164 14540 93628 80839 53847 17718 529250
spolu 236181 392030 37019 2421775 188900 122513 47582 | 1267000

Mesta: Bytéa, Cadca, Turzovka, Dolny Kubin, Kysucké Nové Mesto, Liptovsky Mikulas, Liptovsky Hradok, Martin, Vrutky, Namestovo, Ruzomberok,

Turcianske Teplice, Tvrdosin, Trstena, Zilina, Rajec
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Calculation of dynamics and trips for individual population groups and the total

The data observed Territory E+c E-c NE+c NE-< Pupils Stud. Children Total
SURVEY:
1. Total of persons Cities 1738 1619 232 806 538 1441 310 6684
evaluated Country 1316 1424 187 1160 558 823 368 5836
Total 3054 3043 419 1966 1096 2264 678 12520
2. Total of mobile Cities 1621 1475 133 440 502 1149 104 5424
persons Country 1161 1236 75 428 487 654 91 4132
Total 21782 2711 208 868 989 1803 195 9556
3. Total of persons not Cities 117 144 99 366 36 292 206 1260
traveling Country 155 188 112 732 T 169 2717 1704
Total 272 332 211 1098 107 461 483 2964
4. The number of journeys Cities 5125 4278 375 1195 1261 3418 251 15903
of mobile persons Country 3337 3272 204 1041 1118 1767 202 10941
Total 8462 7550 579 2236 2379 5185 453 26844
5. Dynamics of mobile Cities 3,162 2,900 2,820 2,716 2,512 2,975 2,413 2,932
journeys/mob. person/day Country 2,874 2,647 2,720 2,432 2,296 2,702 2,220 2,648
Total 3,042 2,785 2,784 2,576 2,405 2,876 2,323 2,809
6. Average dynamics of the Cities 2,949 2,642 1,616 1,483 2,344 2,372 0,810 2,379
respective group Country 2,536 2,298 1,091 0,897 2,004 2,147 0,549 1,875
journeys/population/day Total 2,771 2,481 1,382 1,137 2,171 2,290 0,668 2,144
7. Ratio of mobile persons Cities 29,886 27,194 2,452 8,112 9,255 21,184 1,917 100,00
of the group of the total Country 28,098 29,913 1,815 10,358 11,786 15,828 2,202 100,00
Total 29,113 28,370 2,177 9,083 10,350 18,868 2,041 100,00
8. Ratio of journeys of mobile Cities 32,227 26,901 2,358 7,514 7,929 21,493 1,578 100,00
persons of the group of Country 30,500 29,906 1,865 9,515 10,218 16,150 1,846 100,00
the total Total 31,523 28,125 2,157 8,330 8,862 19,315 1,688 100,00
REALITY:
9. Total of persons of the Cities 47364 83208 13907 100596 46104 28949 36884 357012
respective group Country 38062 74927 13328 104331 40347 25080 32278 328353
in the territory Total 85426 158135 27235 204927 86451 54029 69162 685365
10. Total of journeys of the Cities 139667 219866 22479 149147 108062 68666 29864 737750
respective group in the Country 96514 172164 14540 93628 80839 53847 17718 529250
territory Total 236181 392030 37019 242715 188900 122513 47582 | 1267000

Cities: Bytca, Cadca, Turzovka, Dolny Kubin, Kysucké Nové Mesto, Liptovsky Mikulas, Liptovsky Hradok, Martin, Vrutky, Namestovo,

Ruzomberok, Turéianske Teplice, Tvrdosin, Trstena, Zilina, Rajec

pouzité pri modelovani prepravného procesu agregovanym postu-
pom.

Zhromazdenie rozhodujucich §trukturalnych veli¢in (SV), po-
trebnych pre modelovanie prepravného procesu v rieSenom zemi
Zilinského kraja nebolo jednoduché. Zakladom boli §tatistické
materialy pre jednotlivé okresy ,,Obce v Cislach®. Niektoré potrebné
udaje bolo mozné priamo prevziaf z tejto statistiky (miesta v Skolach,
celkovy pocet obyvatelov), niektoré odvodit z ¢lenenia obyvatelstva
na predproduktivny, produktivny a postproduktivny vek. Potrebné
udaje o pracovnych prilezitostiach nie su vSak Statisticky evido-
vané v poZadovanom rozsahu, pricom tieto udaje su zakladnym
a nenahraditelnym vstupom. Spracovatelom nakoniec neostala ina
moznost, len obratif sa priamo na obecné zastupitelstva, aby poskytli

were found between the behaviors of the population groups. The
following figure shows the basic results of the survey used with the
modeling of transport via the aggregated method.

It wasn’t easy to obtain the decisive structural parameters (SP)
necessary for the modeling of transport in the region of Zilina
subject to the research project. The basic material was represented
by the statistics for individual districts “Districts in Numbers”.
Some necessary data could be taken directly from this statistics
(places in schools, total number of citizens), others could be derived
from the structuring of population into pre-productive, productive
and post-productive age. However, the necessary data concerning
employment opportunities are not statistically recorded in the
desired extent, while these data are the basic and indispensable
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tieto udaje, priCom su si vedomi, Ze tieto su niekedy skor odbor-
nym odhadom ako presnym statistickym udajom. Z vacsich sidiel,
kde bola spracovana izemno-planovacia dokumentacia, boli tieto
udaje prevzaté, pripadne upravené na rovnaké casové obdobie.
Vysledné hodnoty relevantnych Strukturalnych velic¢in, potrebnych
na modelovanie prepravného procesu v ¢leneni po okresoch su
v nasledujucom prehlade.

[OVINIKOCIE
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input. In the end, the researchers were left with no other possibil-
ity than to address the district authorities directly, and ask them to
supply the data, while being aware of the fact that the data are more
of an expert estimate than exact statictics. With major territories
with available regional planning documentation, the data were
taken or modified for the same period of time. Output values of the
relevant structural parameters necessary for the modeling of trans-
port structured by districts are shown in the table below.

C. | Okres Obyva- Ekon. |Neaktivne| Ziaci Studenti Deti Prac. PpIlls. | Ziacke Stud.

okr. telov aktivne prilez. miesta miesta
1 | Bytca 30198 10419 10659 3779 2317 3024 6370 2482 3755 446
2 | Cadca 91891 32625 30480 11957 7262 9566 21563 9636 11964 5553
3 | Dolny Kubin 38690 13644 12544 5249 3054 4199 15491 5384 5337 4057
4 | Kysucké Nové Mesto 33117 11912 11121 4137 2636 3310 8471 3506 4220 2103
5 | Liptovsky Mikulas 74629 26490 27057 8482 5815 6786 26023 14730 8459 6104
6 | Martin 97835 35825 33663 11382 7858 9106 37440 17628 11670 7307
7 | Namestovo 53147 17996 15100 8830 4155 7065 11071 4674 8374 2885
8 | Ruzomberok 59558 20895 21280 7094 4614 5675 21285 7836 7078 3893
9 | Turcianske Teplice 16905 5823 6583 1792 1273 1434 4078 2211 1713 1239
10 | Tvrdosin 33882 12044 10060 5031 2722 4025 10712 3656 4641 2698
11 | Zilina 155513 55887 53611 18717 12323 14974 57469 28030 19244 12780
Kraj celkom 685365 | 243562 | 232157 86451 54029 69162 | 219973 99773 86455 49065
- z toho mesta 357012 130572 114501 46104 28948 36884 | 161292 71791 48801 45812
- z toho vidiecke sidla 328353 112989 117656 40347 25080 32278 58681 27982 37654 3253
Distr.| District Number | Econom. Not Pupils Stud. Children Job J.V. 1Ls. pupil Student

no. of citizens| active active vacancy places places
1 |Bytca 30198 10419 10659 3779 2317 3024 6370 2482 3755 446
2 | Cadca 91891 32625 30480 11957 7262 9566 21563 9636 11964 5553
3 | Dolny Kubin 38690 13644 12544 5249 3054 4199 15491 5384 5337 4057
4 | Kysucké Nové Mesto 33117 11912 11121 4137 2636 3310 8471 3506 4220 2103
5 | Liptovsky Mikulas 74629 26490 27057 8482 5815 6786 26023 14730 8459 6104
6 | Martin 97835 35825 33663 11382 7858 9106 37440 17628 11670 7307
7 | Namestovo 53147 17996 15100 8830 4155 7065 11071 4674 8374 2885
8 | Ruzomberok 59558 20895 21280 7094 4614 5675 21285 7836 7078 3893
9 | Turcianske Teplice 16905 5823 6583 1792 1273 1434 4078 2211 1713 1239
10 | Tvrdosin 33882 12044 10060 5031 2722 4025 10712 3656 4641 2698
11 |Zilina 155513 55887 53611 18717 12323 14974 57469 28030 19244 12780
Region total 685365 | 243562 | 232157 86451 54029 69162 | 219973 99773 86455 49065
- cities 357012 130572 114501 46104 28948 36884 | 161292 71791 48801 45812
- country 328353 112989 117656 40347 25080 32278 58681 27982 37654 3253

Vypocet zdrojovych a cielovych objemov v okrskoch sa vykonal
metddou Specifickych hybnosti podla rozhodujucich Strukturalnych
veli€in, pre zdroje a ciele ciest podla ucelov pre jednotlivé skupiny
obyvatelstva. Vypocet smerovania prepravnych prudov bol vykonany
gravitatnou metodou s vyuzitim odporovej funkcie v tvare flw;) =

Pp IIL.s The calculation of origin and destination volumes in
the zones was made by means of the method of specific dynamics
according to the decisive structural parameters for the origin and
destination of trips according to the purposes for individual
groups of population. The calculation of transportation flow ten-
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= L[,B”, priom pre parameter 3; bola odvodena rovnica z prie-
skumu vykonaného pre VUC Vysoké Tatry v tvare §; = 1,66 + 9,05
[ InL;. Lij je vzdialenost tazisk okrskov po cestnej sieti udavana
v km. Okrajové podmienky pre matice boli splnené pouzitim Det-
roitskej metody. Pri vypocte delby prepravnej prace sa v prvom
kroku oddelili peSie cesty, pricom sa uvazovalo, Ze tieto sa vyko-
navaju len v ramci sidelného utvaru v podiele, ktory zodpoveda vel-
kosti sidla. Na zaklade znamych stupfiov automobilizacie a obsluhy
uzemia hromadnou dopravou, boli nasledne urené podiely ciest
vykonanych ID a HD. Vypocet bol vykonany pre celodenné vztahy
v smerovo vyrovnanych maticiach a pre ranné trojhodinové $pic-
kové obdobie, ktoré je, samozrejme, smerovo nevyrovnané.

Pri modelovani poziadaviek na premiestnovanie pri dezagre-
govanom postupe, bolo potrebné z vykonaného DSP vyhodnotit aj
retazce ciest jednotlivych skupin obyvatelstva, ktorych poznanie
je nevyhnutné a je jednou zo zakladnych podmienok moznosti
pouZitia tohto postupu. Spracované su retazce ciest vetkych skupin,
s uvedenim podielu prislusného refazca pre prislusna skupinu.
Niektoré refazce sa vyskytuju v réznych skupinach, samozrejme
s inym podielom. Celkove sa vyskytuje 120 roznych retazcov ciest.
Nasledujuci prehlad charakterizuje spravanie sa jednotlivych skupin
obyvatelstva:

PREHLADY / REVIEWS

dency was made by using the gravitation method using the imped-
ance function f{w;) = L,]-Bf’, while for the parameter 3, an equation
was derived based on the research carried out for the VUC Vysoké
Tatry in the form of 8; = 1.66 + 9.05 / InL;. Lij is the distance
between zone centres with respect to road lines in km. Other con-
ditions for matrices were fulfilled by using the Detroid method.
Upon calculation of the distribution of transportation work, the
first phase was to separate the pedestrian trips, while it was held
that these were only used within the urban unit in the proportion
correcponding to its size. Based on the known degrees of automo-
bilization and public transport operating in the area ratios of trips
made by individual and public transport were determined. The cal-
culation was made for full day relations in direction balanced matri-
ces, and for the morning three hour peak periods, obviously not
balanced as to direction.

The modeling of the requirements for transportation using
the disaggregated method required to evaluate, on the basis of the
TSS already done, the trip strings of individual population groups,
the knowledge of which is indispensable and it is one of the basic
conditions of using this method. Trip strings of all the groups are
processed, and the proportion of the respective string with respect
to the respective group is stated. Some strings can be found in
several groups, obviously with a different proportion. The number
of different trip strings totals 120. The following table describes
the behaviour of individual population groups:

Skupina Priemerny pocet Maximalny pocet Priemerny pocet Pocet roznych
obyvatelstva ciest na retazec ciest na retazec odchodov z domu refazcov
EsA - ekonomicky aktivne s autom 2,44 8 1,24 61

EnA - ekonomicky aktivne bez auta 2,30 7 1,21 47
NesA - ekonomicky neaktivne s autom 2,18 8 1,28 19
NenA - ekonomicky neaktivne bez auta 2,16 6 1,19 26

S - §tudenti 2,16 8 1,33 44

VA - Zziaci 2,05 4 1,18 16

D - deti 2,13 5 1,09 15
Celkom 2,27 8 1,24 120
Population Average number Maximum number Average number No.of different
group of trips per string of trips per string of home departures strings
E+c - economically active with a car 2.44 8 1.24 61

Ec - economically active without a car 2.30 7 1.21 47
NE+c - economically not active with a car 2.18 8 1.28 19

NE-¢ - economically not active without a car 2.16 6 1.19 26

Stud - students 2.16 8 1.33 44

Pup - pupils 2.05 4 1.18 16
Child - children 2.13 5 1.09 15

Total 227 8 1.24 120

Vlastny vypocet prepravnych vztahov sa vykonal programom
VISEM. Prvym krokom je vypocet zdrojovych objemov ciest v kaz-
dom okrsku, vypocitany na zaklade tam byvajuceho obyvatelstva.
Toto je samozrejme Clenené do skupin, ako v predoslom postupe.
Druhym rozhodujicim vstupom su retazce ciest pre jednotlivé
skupiny obyvatelstva, ale aj denny priebeh ciest podla jednotlivych
cielovych ucelov. Smerovanie ciest program vypocita z retazcov
ciest tak Ze postupne urcuje ciele jednotlivych ciest refazca na

The calculation of transport relations itself was made via the
program VISEM. The first step is the calculation of origin volumes
in each zone, calculated on the basis of the population living there.
This population is, of course, separated into groups as we have seen
above. The second important input are the trip strings for individual
population groups, as well as the day to day course of trips accord-
ing to individual destination purposes. The direction of trips is
calculated by the program in such a way that it continually deter-
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zaklade pravdepodobnosti, vypoéitanej z tidajov rozhodujucich SV
pre dany ucel cesty ostatnych okrskov a odporovej funkcie. Del'ba
prepravnej prace sa vypocita pre kazdu cestu retazca na zaklade
disponibility individualnych dopravnych prostriedkov a pravdepo-
dobnosti rozhodnutia jednotlivca pre vol'bu pouzitého dopravného
prostriedku (Logit model), pricom v ramci retazca potom rozoznava
vymenitelny a nevymenitelny dopravny prostriedok. Vstupmi pre
tento krok su udaje o atribitoch dopravnych prostriedkov a Logit
- parametrov pre kazdu skupinu obyvatelstva. Vysledkom su taktiez
matice ciest jednotlivych druhov dopravy v celodennych a §picko-
vych relaciach.

Pri modelovani dopravného procesu, teda ponuky dopravnych
systémov, si rovnaké postupy, €i uz poziadavky na premiestnenie
boli pocitané agregovanym alebo dezagregovanym postupom. Mode-
lovanie dopravného procesu v zasade pozostava z modelovania
ponuky dopravnych systémov v uzemi a premietnutia poziadaviek
na premiestnenie do tychto systémov. V zasade sa modeluje cestna
siet a siet osobnych hromadnych doprav v rieSenom uzemi. Siet
hromadnych doprav (Zelezni¢na, autobusova, pripadne mestska
hromadna doprava) sa modeluje spolocne, nakol'ko je takto vnimana
cestujucou verejnostou ako alternativa k individualnej doprave.
Pri modelovani menSich uzemi (malé a stredné mesta, menSie
okresy) je mozné postupovat aj manualne, pri vic¢Sich tizemiach
je potrebné vyuzivat programové vybavenie, nakol'ko sa uz straca
prehlad a pri ur¢ovani minimalnych tras a rozlozeni zataZenia moze
dojst k znacnym omylom. V sucasnosti je najpouzivanejSim sof-
tvérom pre tento krok program VISUM od firmy PTV Karlsruhe,
ktory bol zaktpeny a pouzity pre tuto vyskumnu ulohu. Predmetny
softvérovy program vyZaduje znaéné mnozstvo vstupnych udajov,
ktoré su v zasade dostupné, ich spracovanie ale pracne.

Pre modelovanie cestnej siete boli vyuzité podklady Sloven-
skej spravy ciest (pasport siete). Do modelu vstupovali dialnicné
useky a vsetky useky ciest 1. a II. triedy, z ciest III. triedy len tie
useky, ktoré zabezpecuju pristup do jednotlivych sidelnych utvarov
z ciest vySSieho vyznamu, alebo vzajomné prepojenie sidelnych
utvarov. Koncové useky ciest III. triedy, ktoré vedu dalej az po
koniec udolia a nie si uz dalej prepojené na iné sidelné utvary,
neboli do modelu zahrnuté. Obdobne je modelovana aj Zelezni¢na
siet, pozostavajuca z uzlov (stanice) a tisekov, ako aj iseky cestnej
siete, pomocou ktorych s samostatné Zelezni¢né uzly (stanice)
pripojené na modelovanu cestnu sief pre zatazovanie individual-
nou dopravou. Autobusova osobna hromadna doprava je prevadz-
kovana po cestnej sieti a teda je uz zahrnuta (isekmi a uzlami) do
modelu.

Do programu sa zadavaji povinné a nepovinné atributy. Bez
povinnych atributov nie je mozné zostavit konzistentny model,
naproti tomu nepovinné dokaze program nahradif Standardnymi
parametrami pri stavbe modelu siete. Pre uzly su povinné atribty:
¢islo uzlu a jeho X- a Y- koordinaty. Nepovinné st kod, nazov a typ
uzla, ako aj udaj o tom, €i je uzol zaroven zastavkou HD. Pre useky
su povinné: ¢islo uzla zaciatku a konca useku, typ useku, od
ktorého sa odvija zoznam pripustnych dopravnych systémov, dalej
pre ID kapacita, maximalna pripustna rychlost, najvyssia rychlost
a stupen dolezitosti useku, pre HD Standardna rychlost. Nepo-
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mines the destinations of individual trips based on expectation
calculated from the statistics data for the given purpose of the trip
in other zones and the impedance function. The distribution of
transportation work is calculated for every trip of the string based
on the availability of individual means of transport and the expec-
tation of an individual decision for the choice of the means of
transport used (Logit model), while within the string distinction
is made as for the changable and unchangable means of transport.
This results in trip matrices for individual transport means in full
day and peak relations.

Modelling of the transportation process, i.e. the offer of trans-
portation systems, requires the same methods, whether the trans-
portation requirements are calculated via aggregated or disaggre-
gated method. In fact, the modeling of transport consists in the
modeling of the offer of transport systems in an area and the
reflection of the requirements for transport into these systems.
Generally, what is modelled is the road system and the system of
public transport in the area subject to research. The system of
public transport (railway, bus, or city public transport system) is
modelled as a whole, because it is in this way that it is perceived
by the public as an alternative to individual transport. The model-
ing of minor territories (small and mid-size cities, small districts)
can also be done manually; the major territories require the use of
software, because here transparency is lost, and the determination
of minimum trips and distribution of loading can result in major
incorrectness. At present, the most widely used software in this
phase is the program VISUM of the firm PTV Karlsruhe, which was
bought and used for the purposes of the project. The program in
question requires a considerable amount of input data that are basi-
cally available, their processing, however, is quite demanding.

The modeling of road system makes use of the data supplied
by the Slovak Road Administration (“pasport” of the system). The
model entails all high-ways and I-st and II-nd class roads. The III-
rd class roads are only considered to the extent to which they
provide access to individual territory units from the roads of higher
importance, or the connection between territory units. Final sec-
tions of IIl-rd class roads going farther along the walley up to its
end, and are not connected to other territory units were not taken
into account in the model. The railway system is modelled like-
wise, consisting of nods (stations) and sections, as well as sections
of road system by which the nods (stations) are connected to the
modelled road system with respect to loading by individual trans-
port. The public bus system operates on the road system and is
therefore already a part of the model (via sections and nods).

The program can be supplied with obligatory and optional
attributes. A consistent model cannot be made without the oblig-
atory attributes, while the optional attributes can be supplied by
the program itself in the form of standard parameters for model-
ing of a system. The obligatory attributes for nods include: the
number of nod and its X- and Y- coordinators. The optional attrib-
utes include the code, name and type of nod, as well as informa-
tion whether the nod is a point of public transport stop as well. As
for section, the obligatory attributes include: number of nod at the
beginning and end of section, type of section which is the basis of
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vinné su: ¢islo tseku a dizka useku. Pre okrsky je povinnym atri-
butom len Cislo okrsku, nepovinné su nazov a typ okrsku, ako aj
X- a Y- koordinaty. Povinné atribuity na pripojenia okrskov na siet
su Cislo okrsku, ktory sa pripaja na siet a ¢islo uzlu cez ktory sa
vykonava pripojenie. Nepovinné su typ pripojenia, smer pripoje-
nia, dizka a Gas na pripojenie, podiel z objemu ciest, ktory sa reali-
Zuje cez tento pripojny bod, ako aj druhy dopravy, ktoré sa realizuju
z tohto uzla.

Celkove je v modelovanej sieti Zilinského kraja 548 uzlov.
Cestna siet ma 598 usekov. Vsetky useky su obojsmerné. Modelo-
vana Zelezni¢na siet pozostava z 90 usekov, ktoré su taktiez oboj-
smerné. NavySe si eSte modelované cestné useky, pomocou
ktorych je prepojena Zeleznicna doprava so zakladnou modelova-
nou cestnou siefou. Tychto usekov je celkom 16, priCom su taktiez
obojsmerné. Nakoniec si doleZité pripojenia taZisk okrskov na
cestnu siet. Pre kazdy okrsok su zadané Cisla pripojnych bodov
(uzlov), ktorych je minimalne jeden, maximalne pat a sucasne su
v tabul’ke uvedené percentualne podiely z objemu zdrojove;j a cielo-
vej prepravy okrsku.

Takto do modelu zadana dopravna siet s pripojnymi bodmi
tazisk jednotlivych dopravnych okrskov, v ktorych sa predpoklada
vznik a zanik prepravnych narokov, bola zakladom pre zataZova-
nie dopravnej siete. Prepravné vztahy rieSeného uzemia su vyjad-
rené vo vyslednych maticiach prepravnych vztahov (139 X 139
okrskov). Dopravné systémy, predovsetkym cestni dopravu zatazuje
podstatne aj doprava, ktora ma zdroje, ciele, pripadne oboje mimo
rieSeného uzemia. Ide o vonkajsiu zdrojovu alebo cielovii dopravu
a o tranzitnu dopravu. Nakol'ko Slovenska sprava ciest vykonala
prakticky na celom rieSenom tzemi smerovy prieskum zapisom
ECV, bolo mozné tieto vysledky prevziat ako podklad pre zatazo-
vanie cestnej siete.

Zatazenie jednotlivych tsekov siete, vypocitané na zaklade
matic prepravnych vztahov, sa musi samozrejme overovat so sku-
tocnym zatazenim. Pokial vypocCitané zataZenie nezodpoveda sku-
tocnému, treba sa pomocou spatnych vazieb vracat k predoslym
krokom vypoctu prepravnych vztahov a ich korekciami docielit
zhodu skuto¢ného zafazenia s vypoctom. Pomocou tychto spét-
nych vézieb sa vlastne kalibruju pouzité parametre na su¢asnom
stave. Vykonané vypocty dokumentuju, Ze navrhovana metodika
modelovania prepravného a dopravného procesu je spravna, overena
na modelovani v Zilinskom kraji.

4. Zaver

Ulohou modelovania prepravného a dopravného procesu
v ramci vyskumnej ulohy bolo poukazat na moderné dopravno-
inzinierske postupy a metody, pouZivané v sucasnosti v krajinach
s vysokym stupniom automobilizacie pri rieSeni dopravnych prob-
Iémov v tizemi. Odskusanie tychto metod na konkrétnom uzemi
Zilinského kraja demonstruje moZnosti vyuZivania tychto postupov
aj u nas. Treba zabezpecCit odborne fundované navrhy, ktorych
vysledkom budu kvalitné a ekologicky prijatelné dopravné riese-
nia, ¢i uz v mestach, ale aj vo vyssich spravnych celkoch, ktorymi
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the list of possible transportation systems, in terms of IT it is
capacity, maximum speed allowed, maximum speed and degree of
section importance, in terms of PT it is standard speed. The optional
ones include: number of section and its length. The only obliga-
tory attribute for the connection of zones to the system is the
number of the zone connected to the system and the number of
the nod by which the conection is made. The optional ones include
type of connection, direction of connection, length and time for
connection, proportion in trip volume made via the nod, as well
as transport means realized by this nod.

The model of the region of Zilina includes the total of 548
nods. The road system has 598 sections. All the sections are two-
way. The modelled railway system includes 90 sections that are
also two-way. In addition, the model includes the road sections by
which the railway system is connected with the basic road system
modelled. The total of such sections is 16, while they are also two-
way. In the end, an important role is played by the connection of
zone centres to the road system. Each zone entails given numbers
of connecting points (nods) the number of which ranges from one
to five, and at the same time the table shows the percentage of the
volume of origin and destination transportation in a zone.

In this way, the model was supplied with a transport system
with connecting nods of the centres of individual zones, where origin
and termination of transport requirements is expected, and it
served as the basis for the loading of transport system. Transport
relations of the area subject to research are shown in the output
matrices of transport relations (139 X 139 zones). Transport
systems, especially the road transport, however, are loaded to a con-
siderable degree by the transport whose origin, destination or both
lie outside the area in question. This concerns external origin or
destination transport and transit transport. Because the Slovak
Road Administration has carried out an extensive survey covering
the whole area by recording ECV (vehicle identification number),
it was possible to take the results over as the basis for road system
loading.

As a matter of course, the loading of individual sections of the
system calculated by means of transport relations matrices must
be verified via the actual loading. In case the calculated loading
does not correspond with the actual loading, it is necessary to
return to the preceding steps by way of feedback, and to use cor-
rection to achieve correspondence between the actual loading and
the calculation. The feedback is actually used to calibrate the para-
meters used in the present state. The calculations made show that
the methodics suggested for the modeling of transport and trans-
portation process is correct, verified with respect to the modeling
in the region of Zilina.

4. Conclusion

The aim of the modeling of transport and transportation
process within the research project was to pinpoint some modern
transport engineering methods used at present in countries with
a high degree of automobilization with respect to solving the trans-
port problems in the area. The testing of these methods in the con-
crete case of the region of Zilina proves the possibility of using
such methods in our country as well. It is necessary to provide
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su okresy a kraje. Modelovat tak rozsiahle izemie je mozné len
s podporou vhodného softvérového programu.

Nakol'ko u nas v sucasnosti nie je k dispozicii takyto program,
bol nakoniec zakupeny softvérovy program VISION od firmy
PTV Karlsruhe, ktory pozostava z Casti pre modelovanie dopytu -
VISEM a z ¢asti pre modelovanie ponuky - VISUM. Zakupeny
program umoznuje Clenif rieSené uzemie do 200 dopravnych
okrskov, s maximalnym poctom 1000 uzlov a 2500 tsekov na
dopravnych sietach. Tento rozsah by v zasade mal byt dostato¢ny
pre rieSenie velkych uzemnych celkov, regionov, ale aj velkych
a strednych miest.

Dalsim cielom tejto Gasti projektu bolo overenie navrhovanej
metodiky modelovania na Zilinskom kraji. Pre rieSené tizemie su
k dispozicii dostatocné statistické podklady o dopravnych sietach
a ponuke existujucich dopravnych systémov. Na druhej strane
prakticky Ziadne udaje o poziadavkach na prepravu v osobnej
doprave. Preto bolo nutné ziskaf najnutnejsie udaje vykonanim
dopravno-sociologického prieskumu aspon v minimalnom poZa-
dovanom rozsahu. Jeho vykonanie a vyhodnotenie zabralo najviac
¢asu pri rieeni tejto ulohy. Dalsou neprijemnostou bola absencia
Statistickych udajov o pracovnych prilezitostiach celkom a z toho
v terciarnom sektore, v jednotlivych sidelnych utvaroch. Aj tu
bolo potrebné obratit sa na miestne zastupitelstva, aby poskytli
potrebné udaje, pokial ich nemaju, tak aspon odbornym odhadom.
Tieto udaje su spolu s udajmi o miestach v §kolach a demografii
obyvatelstva bezpodmienecne nutné pre moderné postupy mode-
lovania prepravného procesu.

Zaverom mozno konstatovat, Ze vyskumny projekt navrhuje
realnu metodologiu modelovania prepravného a dopravného pro-
cesu s vyuzivanim modernych postupov vo velkych tzemnych
celkoch, overenu na Zilinskom kraji. Nakolko doteraz nebol
v takomto tizemi v praxi rieSeny ziaden planovaci dokument na
useku dopravy pomocou znalosti prepravného procesu, hoci to
platna legislativa vyzaduje, treba poziadat Ministerstvo zivotného
prostredia a Ministerstvo dopravy, post a telekomunikacii SR ako
prislusné pre uzemno-planovaciu a dopravno-inZiniersku dokumen-
taciu, aby dopravné rieSenia velkych uzemnych celkov boli spra-
covavané v zmysle legislativy. Takéto modelové rieSenie by bolo
vhodné postupne spracovat aj pre vSetky nizsie (okresy) a vyssie
(kraje, prip. VUC) tizemnospravne celky. Jedine takymto kom-
plexnym rieSenim mozno zabezpecit optimalnu obsluhu prislus-
ného uzemia a kvalitnu dostupnost jeho uzemnospravneho centra.
Vzhladom na potrebné personalne a technické vybavenie (hardvér,
softvér) takéhoto pracoviska, bolo by vhodné, aby sa vytvorila orga-
nizacia, ktora by zabezpecovala trvale nutni dopravno-inziniersku
sluzbu pre spracovavanu izemno-planovaciu a dopravno-inZinier-
sku dokumentaciu, a to modelovanim prepravného a dopravného
procesu modernymi postupmi a metédami.

Bolo by asi nezodpovedné, keby sa vysledky tejto vyskumne;j
ulohy nasledne nevyuzivali v praxi, nakol’ko by sa nadalej zvacso-
vala disproporcia medzi poziadavkami na premiestiovanie a opti-
malnym rozvojom dopravnych systémov, ¢o by malo za nasledok
dalsie prehlbovanie dopravnych problémov. Na druhej strane by
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professionaly founded proposals, the outcome of which will be
quality and ecologically acceptable transport solutions, whether
in cities or in territory administration units like regions and dis-
tricts. Modelling of an area of this size can only be facilitated with
an aid of an appropriate software.

Due to the fact that such program is not available in our
country at the time, the software VISION of the firm Karlsruhe
was bought in the end, which consists of the part for modeling the
demand - VISEM and the part for modeling the offer - VISUM.
The software bought makes it possible to structure the territory
subject to research into 200 transport zones with a maximum
amount of 1000 nods and 2500 sections in transport systems. This
extent should be sufficient for the solution of major territory units,
regions, as well as big and mid-size cities.

Another aim of the project was the verification of the proposed
methodics of modeling in the region of Zilina. There are sufficient
statistical data available for the area in question, describing trans-
portation systems and their actual offer. Therefore it was neces-
sary to obtain the most vital data via carrying out a transport
sociological survey at least in the minimum extent required. The
processing and assessment of the above was the most time-con-
suming part of the research. Another drawback was the absence
of statistic data on employment opportunities in total, and out of
that in tertiary sphere, by individual territory units. In this respect,
also, it was necessary to address the local authorities to supply the
necessary data, or an expert estimate in case they did not have
them. These data are, together with the data on places at schools
and population demography, indispensable for the modern methods
of transport process modeling.

In conclusion, it can be stated that the research project sug-
gests a real methodology of modeling of transport and transporta-
tion process while using modern methods in major territory units,
verified on the region of Zilina. While with respect to such area
there has never been practical experience with a transport planning
document that would be based on the knowledge of transportation
process, although this is required by law, it is necessary to ask the
Ministry of Environment and the Ministry of Transport, Post and
Telecommunications of the Slovak Republic as the respective insti-
tutions concerning regional planning and transport engineering
documentation to implement transport solutions of major terri-
tory units in line with the valid law. Such model solution should
be gradually processed for all the lower (districts) and higher
(regions) territory units as well. It is only the complex solution of
this kind that can allow for an optimal operation of the respective
territory and high-standard accessibility of its administrative centre.
With regard to the necessary staff and technical capacities (hard-
ware, software) of such a laboratory it would be convenient to set
up an organization that would continuously provide the always
necessary transport engineering services for the regional planning
and transport engineering documentation in preparation via mod-
eling transport and transportation process by modern methods
and procedures.

It would probably be irresponsible not to use the results of
such a research project in real life, because the lack of proportion
between reguirements for transportation and the optimal develop-
ment of transport systems would extend, which would result in
further worsening of transportation problems. On the other hand,

KOMUNIKACIE / COMMUNICATIONS 1-2/2002 =« 29



IO\/LN”d:le PREHLADY / REVIEWS

C O M MUNICATION:S

bola skoda nevyuzivat zaktipeny kvalitny softvér, ale aj mladych | it would be a pity not to use the high-standard software already
odbornikov, vyskolenych v tomto odbore. Modelové rieSenie pre- | bought, as well as the young experts educated in the field. In addi-
pravného a dopravného procesu moze znacne skvalitnit aj urba- | tion, model solution of transport and transportation process can
nisticky navrh, pretoZe optimalizacia poziadaviek na premiestnenie | be of great benefit to urban planning, because optimization of
je zaloZend na spravnom urbanistickom navrhu rozmiestnenia | transportation requirements is based on proper urban planning of
funkcii (aktivit [udskej ¢innosti) v uzemi. distribution of responsibilities (human activities) in the area.
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MOZNOSTI KOMBINOVANE]J DOPRAVY V ZILINSKOM KRAJI

COMBINED TRANSPORT FEASIBILITIES IN THE ZILINA REGION

Kombinovand doprava je jednym z moznych sposobov riesenia
sucasnych problémov Zivotného prostredia v medzindrodnej preprave
tovarov. Zilinsky region md vhodnii geografickii polohu, vyborné komu-
nikacné moznosti a dostatocny potencidl na prepravu tovarov v syste-
moch KD, najmd v smere na zdpad. Zlepsenie ekonomickej situdcie
a uplatnenie logistiky v obehovych procesoch ddva predpoklady na vy-
stavbu a efektivne vyuZitie moderného termindlu kombinovanej dopravy
ako sucasti tovarového centra ndakladnej dopravy v regione.

1. Uvod

Kombinovana doprava, sa definuje ako intermodalna preprava
tovarov v jednej nakladovej jednotke (ISO kontajner, vymenna
nadstavba pripadne celé nakladné vozidlo) najmenej dvoma druhmi
dopravy, priCom pociatocna a koncova preprava cestnou nakladnou
dopravu je co mozno najkratsia. Kombinovana doprava sa v stcas-
nosti pri enormnom naraste cestnej nakladnej prepravy a z toho
vyplyvajucich environmentalnych problémov povazuje za jeden
z moznych spoésobov rieSenia problému udrzatelnej dopravy v Eu-
rope z dovodov jej nizSieho zatazovania zZivotného prostredia.

Praktické poznatky z vykonavania kombinovanej dopravy
ukazuju, Ze ak ma byt kombinovana doprava konkurencieschopna
na liberalizovanom dopravnom trhu v Eurépe, musi spifat niekol-
ko zakladnych podmienok:

- prepravna vzdialenost ma byt vacsia ako 300 - 400 km, vo vyni-
mocnych pripadoch, napr. prekonavani mimoriadnych geogra-
fickych prekazok, moze byt aj kratsia;

- preprava sa ma vykonavat na pravidelnych linkach kombinova-
nej dopravy, najlepSie v kyvadlovych vlakoch s vy$§im vyuzitim
prepravnej kapacity;

- kvalita dodania tovaru musi byt aspon na tirovni cestnej naklad-
nej automobilovej dopravy.

Pri rieSeni problematiky kombinovanej dopravy z hladiska
mensSich uzemnych celkov, ako st malé europske krajiny napr. Slo-
vensko respektive eSte menSich uzemnych celkov napr. krajov je
zrejmé, Ze kombinovana doprava sa moze efektivne zabezpecit len
v pripade medzinarodnej prepravy tovarov.

V tomto ¢lanku sa analyzuju podmienky a mozZnosti efektiv-
neho vyuzitia kombinovanej dopravy v Zilinskom regione. Region
je tvoreny okresmi Zilinského kraja a okresmi v susediacich krajoch,

* Ing. Peter Kacala, research worker
Transport Research Institute of Zilina, E-mail: Kacala@vud.sk

Combined transport is considered to be one of possible ways of
solution of the environment in international transport. The region of
Zilina has a suitable geographic location, excellent communication
possibilities and a sufficient potential for goods transport in combined
transport systems. resulting from its geographical position. Improve-
ment of the economic situation and utilisation of logistics in circulation
processes create preconditions for building and efficient exploitation
of a modern combined transport terminal as a part of freight village.

1. Introduction

Combined transport is defined as an intermodal transport of
goods in one load unit (ISO container, swap body or the whole
truck) by two transport modes at least, while the initial and the
final transports by road freight traffic are as short as possible.
Combined transport at present extreme increase of road freight
traffic and environmental problems resulting from it is considered
as one of possible ways of solution of sustainable transport in
Europe owing to its lower loading of the environment.

Practical knowledge from combined transport performance
show that combined transport to be competitive in the liberalised
transport market in Europe must fulfil the following basic condi-
tions:

- Transport distance will be longer than 300 - 400 km, however,
in exceptional cases, e. g. overcoming extreme geographical
obstacles, it can be shorter;

- Transport will be performed on regular combined transport
lines, the best in shuttles with a better use of transport capacity;

- Quality of goods delivery will be on the level of road freight
traffic at least.

From the point of view of smaller territorial units like small
European countries, e.g. Slovakia or even smaller units, e. g. regions,
it is apparent that the combined traffic can be provided effectively
only in case of international goods transport.

Conditions and possibilities of effective use of combined trans-
port in the Zilina region are analysed in this paper. The region
comprises districts of the Zilina region and districts of neighbour-
ing regions, which are within attraction radius (80 km) of Zilina
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ktoré st v atrakénom obvode (80 km) terminalov v Ziline a Ruzom-
berku a su, respektive budu po dobudovani dial'nice dopravne fahko
a rychlo dosiahnutelné.

2. Potencial kombinovanej dopravy

Zakladnym predpokladom pravidelnych liniek kombinovane;j
dopravy medzi dvoma miestami je dostatoCne silny a vyvazeny
prepravny prud tovarov vhodnych na prepravu v systémoch kom-
binovanej dopravy. Potencial vyplyva z hospodarskej sily prislus-
ného tizemia a jeho vzfahov so zahraniCim, t. j. z mnozZstva tovarov
v medzindrodnej Zelezniénej, cestnej a vodnej doprave v dovoze
a vyvoze v danom uzemnom celku. Na zaklade databaz ZelezniCnej
a cestnej nakladnej medzinarodnej dopravy z roku 1999 bol odvo-
deny potencial kombinovanej dopravy (L2). Predstavuje druhy
tovaru vhodného na prepravu v systémoch kombinovanej dopravy.

PREHLADY / REVIEWS

and Ruzomberok terminals and which will be easily and quickly
accessible after completion of the motorway construction.

2. Combined Transport Potential

A basic assumption for regular combined transport lines
between two localities is sufficiently strong and balanced traffic
flow of goods suitable for transport in combined transport systems.
Potential results from economic power of the respective territory
and international railway, road and water transport and import
and export in the specified territorial its foreign relationship, i. e.
volume of goods in unit. On the base of international goods railway
and road transport data in 1999 year a combined transport poten-
tial was derived. The potential are represented by goods which is
appropriate for carriage in combined transport systems.

Combined Transport Potential in the Zilina region, Table 1
Potencial kombinovanej dopravy v Zilinskom kraji, v tis. ton  Tab. 1 in thous. ton

Region Import Export Spolu Region Import Export Total
Oblast Zilina 264 399 663 Zilina Region 264 399 663
Okres Trencin 33 167 200 Trencin Region 33 167 200
Zilina + Trenéin 297 566 863 Zilina + Trencin 297 566 863
Region Ruzomberok 24 264 288 RuzZomberok District 24 264 288
Okres Poprad 28 55 83 Poprad District 28 55 83

RuzZomberok + Poprad 52 319 37 Ruzomberok + Poprad 52 319 3N

Zilina + Ruzomberok 349 885 1234 Zilina + Ruzomberok 349 885 1234

Potencial tovarov pre kombinovanu dopravu je sustredeny
v regione do dvoch oblasti, v okrese Zilina a v okrese Ruzombe-
rok s viac ako dvojnasobnym mnoZstvom v okrese Zilina. Z tabulky
1 vidiet, Ze vyvoz v danom roku dvojnasobne prevySoval dovoz.
Z podrobnejSej analyzy smerov prepravy (L2) vyplyva, Ze preprava
smerom na zapad tvori viac ako 50 % z celkového potencialu kom-
binovanej dopravy, t. j. viac ako 600 tis. ton s relativne vyvazenym
podielom dovozu a vyvozu. Prepravy na juhovychod, juhozapad
a sever tvoria priblizne okolo 15 %, zvySok su prepravy na vychod.
Z uvedeného vyplyva, ze podmienka dostato¢nosti tovarovych
prudov na efektivnu kombinovanu dopravu je splnena najma v smere
na zapad a spét. Priblizne 5 % prepravy na zapad smeruje do
a z nemeckych, holandskych a belgickych pristavov.

Z uvedeného potencialu bolo v roku 1998 v termindli v Ziline
nalozenych 3,0 tis. ton a v terminali Ruzomberok 3,38 tis. ton.
tovarov. V r. 1999 terminal v Ziline nepracoval a v terminali Ruzom-
berok sa prepravilo 40,33 tis. ton. Mnozstvo prepraveného tovaru
v roku 1999 predstavuje podiel len 3,27 % z potencidlu kombino-
vanej dopravy v regione.

3. Dopravna dostupnost a vybavenost uzemia
s infrastruktarou pre kombinovanu dopravu

Cez Zilinsky kraj prechadzajti vyznamné Zelezni¢né dopravné
trasy vnutrostatnej a medzinarodnej dopravy. St to hlavné dopravné

Goods potential for combined transport is concentrated in
two districts: the Zilina district having more than double volume
than the Ruzomberok district. In the Table 1 it is shown that
export exceeded import twice in the given year. From a more
detailed analysis of traffic directions results that westwards trans-
port constitutes 50% of total combined transport potential, i. e.
more than 600 thous. ton with relatively balanced export-import
share, south-east. South-west and north transports constitutes about
15 %, the rest is eastwards transport. From the above results that
the condition of goods flow sufficiency for effective combined
transport is fulfilled in westwards direction and back. Approxi-
mately 5% of West transport is directed to and from Dutch,
German and Belgium ports.

From the above potential 3.0 thous. ton were loaded in the
Zilina terminal and 3,38 thous. ton in the Ruzomberok terminal
in 1998. In 1999 in the Zilina terminal 0 ton (terminal was out of
operation) and in the RuZomberok terminal 40.33 thous. ton of
goods. The volume of transported goods in 1999 constitutes only
3.27 % share of the combined transport potential in the region.

3. Transport Accessibility and Infrastructure Services
of the Territory for Combined Transport

Important railway routes of the national and international
transport pass the Zilina Region. These are main transport corri-
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koridory stanovené projektom TINA (pristup na eurédpsku dopravnu
siet pre asociované krajiny strednej a vychodnej Eurdpy) a z hla-
diska kombinovanej dopravy sa v meste Zilina krizuju dve Zelez-
ni¢né trate zaradené do AGTC (Dohoda o najdolezitejsich tratiach
kombinovanej dopravy a suvisiacich objektoch), a to trate oznacené
C-E 40 v smere zapad - vychod a C-E 63 v smere sever - juh. Trate
su v sucasnosti priechodné s mens§imi dopravnymi obmedzeniami.
V blizkosti obidvoch miest, Ziliny a Ruzomberku, bude prechadzat
dialnica, pricom v Ziline sa budu kriZovat smery zapad - vychod
a sever - juh.

V regione sa nachadzaju dva terminaly kombinovanej dopravy,
ktoré boli vybudované pred rokom 1998 ako sucast vystavby
systému kontajnerovej dopravy. Terminaly st majetkom ZSR a st
zmluvne prenajaté. Terminal v Ziline nie je v suasnosti v prevadzke
vzhladom na utlm prepravy a obchodnu politiku operatora SKD
INTRANS, a. s., ktory je organizaénou zlozkou CSKD Intrans
Praha, a. s., s majoritnou ucastou holandského kapitalu. Terminal
v RuZomberku prevadzkuje ¢esky operator, METRANS, s. r. o.

Teoreticka kapacita kontajnerového prekladiska v Ruzomberku
je dostatocna na prepravu horeuvedeného potencialu. Jestvujuci
kolajovy Zeriav umoZziiuje manipulovat len kontajnery vel'kosti ISO
1C, pripadne vymenné nadstavby triedy C.

Projektovana kapacita kontajnerového prekladiska v Ziline je
len polovi¢na vzhladom na prepravu mozného potencialu kombi-
novanej prepravy, nevyhovuje priestorovo, usporiadanim ani vyba-
venim manipulaénymi prostriedkami na manipulaciu kontajnerov
vacsich ako ISO 1C a na manipulaciu inych nakladovych jedno-
tiek kombinovanej dopravy.

4. Navrh vybavenia infrastruktiry kombinovanej
dopravy pre zilinsky region

Napriek stagnacii prepravy po Zeleznici a Utlmu prepravy
v kombinovanej doprave v rokoch 1990 - 1996 sposobenej pre-
chodom ekonomiky Slovenska na principy trhovo orientovanej eko-
nomiky ocakavame, ze vyznamna dopravna poloha Zilinského
regionu na krizovatke dvoch smerov medzinarodnej prepravy spolu
s oCakavanym ozivenim ekonomiky Slovenska ako aj postupnym
uplatnovanim zasad logistiky ako sposobu riadenia obehovych
procesov vytvoria impulz na rozvoj infrastruktury kombinovanej
dopravy. K zmene dopravnej orientacie v podstate nedoslo a smer
prepravy zapad - vychod napriek sicasnému utlmu v buducnosti
nadobudne nové rozmery. Rovnako o¢akdvame rozvoj prepravy
v smere juh - sever z pristavov v Jadranskom mori. ZniZenie Zelez-
ni¢nej prepravy sa prejavilo o. i. aj v niektorych projektoch tykaju-
cich sa zilinského regionu. Ide najma o zastavenie vystavby vel'kej
zriadovacej stanice v Ziline - Teplicke. Tuto lokalitu povazujeme
za perspektivnu z hladiska vystavby tovarového centra nakladnej
dopravy, ktorého sucastou bude aj moderny terminal kombinova-
nej dopravy.

Vzhladom na predpokladany terminal kombinovanej dopravy
a funkcie medzinarodného terminalu navrhujeme vybudovat termi-
nal zmiesaného typu (II), vybaveny na prekladku vsetkych druhov
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dors specified by the TINA project (access to the European trans-
port network for associated countries of the Central and East
Europe) and from the combined transport point of view two railway
lines integrated in AGTC (Agreement on the Most Important
Combined Transport Lines and Related Objects) cross the town
of Zilina; the lines marked as C-E 40 West-East and C-E 63 North-
South. At present the lines are through with short traffic limitations.
The motorway will pass close to both towns Zilina and Ruzomberok
and there will be West-East and North-South directions crossed in
Zilina.

There are two terminals of combined transport, which were
built before 1998 as a part of the container transport system con-
struction. Terminals are property of the Slovak Railways, a.s., which
are rent on contract. The Zilina terminal is out of operation at
present which is caused by both transport attenuation and trading
policy of SKD INTRANS a. s. (Inc.) operator, which is the orga-
nized unit of CSKD Intrans Prague, a. s., with the Dutch capital
majority participation. The terminal in RuZomberok is operated
by the Czech operator METRANS Ltd.

A theoretical capacity of the container tranship centre in
Ruzomberok is sufficient for transport of the above stated poten-
tial. The existing track crane enables handling only ISO 1C con-
tainers or class C swap bodies.

A design capacity of the container trans-centre in Zilina is
only half regarding the transport of the possible combined poten-
tial, it corresponds neither in space nor arrangement, nor equip-
ment for handling containers bigger than ISO IC, nor handling
other load units of combined transport.

4. Proposal for Infra§tructure Services of Combined
Transport for the Zilina Region

Despite a stagnation of transport on railways and attenuation
of transport in combined transport during 1990 - 1996 caused by
the transition to the market economy in Slovakia we expect that
an important transport location of the Zilina region on the crossing
of two directions of international transport together with expected
revitalisation of the Slovak economy, as well as a gradual intro-
duction of logistics as the way for circulation processes control
make an impulse for a combined transport infrastructure devel-
opment. Basically, the transport orientation has been not changed
and West-East transport would acquire new dimensions despite
attenuation of transport today. We also expect development of
South-North transport from the Adriatic sea ports. Railway trans-
port decrease was displayed in some projects concerning the Zilina
region, e.g. stop of construction of the big marshalling yard in
Zilina - Teplicka. We consider this location perspective from point
of view of freight village construction, the part of which will be
a modern terminal of combined transport.

Considering the supposed combined transport terminal and
international terminal functions we suggest to build a mix type ter-
minal (II class) equipped for transshipment of all types of com-
bined transport load units. It will be the junction and border
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nakladovych jednotiek kombinovanej dopravy. Bude to uzlovy
a pohrani¢ny terminal s medzinarodnym vyznamom. Navrh termi-
nalu je rieSeny alternativne pre rozpatie kolajového zeriavu 27 m
(alternativa A), respektive 22 m (alternativa B) s moznostou uizem-
ného a kapacitného rozvoja na terminal vysSieho typu (I). Kapa-
cita terminalu je odvodena z rozsahu jeho vystavby, t. j. v zakladnom
alebo rozsirenom variante v prvej etape dosiahne kapacita 31 460
- 36 300 nakladovych jednotiek kombinovanej dopravy za rok, t. j.
114 prelozenych nakladovych jednotiek za 16 hod. a po rozsireni
mozZno pocitat s hodnotou od 190 do 248 preloZenych naklado-
vych jednotiek za 16 hod, ¢o zodpoveda 52 433 - 68 566 zmani-
pulovanych nakladovych jednotiek za rok. Terminal bude
poskytovat colné sluzby s opravnenim pohrani¢nej colnice. Okrem
toho bude zabezpecovat udrzbu a opravu manipulacnych prostried-
kov. Rovnako bude zabezpecovat sluzby pre posadky automobilov
v prepravach RoLa, vratane ubytovacich kapacit. Obsluha terminalu
predpoklada 22 - 45 pracovnikov - podla rozsahu ¢innosti.

Predpokladané investi¢né naklady su zavislé od variantu a eta-
pizacie vystavby a pohybuju sa od 250 mil. Sk do 315 mil. Sk
v beznych cenach.

Schéma navrhovaného terminalu kombinovanej dopravy je na
obrazku 1.

5. Zaver

Zilinsky region, najma mesto Zilina, méa vyborné komunikaéné
moznosti na prepravu tovaru, ktoré vyplyvaju z jeho geografickych
danosti. Zaostava v§ak v ekonomickej vykonnosti za najsilnejsimi
krajmi Slovenska. Nevyhnutnymi predpokladmi na realizaciu uve-
deného projektu je vSak aj zlepSenie hospodarskej situacie v Slo-
venskej republike, prilev zahranicného kapitalu najma v oblasti
vyrobnych a skladovacich kapacit a zavedenie principov logistiky
v obehovych procesoch.

Literatira - References
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terminal of an international importance. The terminal is designed
in two alternatives; for the track crane width of 27 m (A alterna-
tive) or 22 m (B alternative) with a possibility of territorial and
capacity development of the advanced type terminal (I class). The
terminal capacity is derived from the range of its construction, i. e.
in the basic or extended alternative the capacity will reach 31460
- 36300 load units of the combined transport per year in the first
stage; i.e. 114 transshipped load units per 16 hours and after its
extension 190 - 248 load units are expected to be transshipped
per 16 hours, which corresponds with 52433 - 68566 load units
handled per year.

The terminal will provide customs services with the frontier
customs authority. In addition it will provide services for mainte-
nance and repair of handling equipment, as well as services for
vehicle crews in RoLa transport, including lodging capacities. There
are 22 - 45 operators expected in the terminal operation, depend-
ing on the range of activities.

Expected capital costs depend to the alternative and stages of
the construction and they will be from 250 mil. Sk to 315 mil. Sk,
in current prices. The propoed terminal scheme is in Fig. 1.

5. Conclusion

The Zilina region, the town of Zilina especially, have excellent
communication possibilities for goods transport resulting from its
geographical position. However, it lags in economic efficiency after
the strongest Slovak regions. Inevitable assumptions for realisation
of the given project are, however, also an improvement of the eco-
nomic situation in the Slovak Republic, foreign capital income,
especially, in production and storage capacities, and logistics intro-

duction in circulation processes.

[1] KACALA, P.: Typové riesenie termindlov a technické prostriedky kombinovanej dopravy, vyskumny projekt, VUD Zilina, 1994, Zilina
[2] KACALA, P.: Model komunikacnej obsluhy tizemnospravneho celku, ¢ . Kombinovand doprava v riesenom iizemi, VUD Zilina, 2000,

Zilina
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VYSSIE UZEMNE CELKY A DOPRAVNA DOSTUPNOST

ICH SIDELNYCH MIEST

HIGHER TERRITORIAL UNITS AND TRANSPORTATION ACCESSIBILITY

OF THEIR CENTERS

Cldnok sa zaoberd iizemnospravinym clenenim Slovenska z hla-
diska dopravnej dostupnosti sidelnych miest vyssich uizemnych celkov
(krajov). Dopravnii dostupnost definujeme ako priemernii vzdialenost,
ktorti musi obyvatel prekonat pri cestovani z miesta svojho bydliska
do najblizsieho sidelného mesta vyssieho iizemného celku. Porovnd-
vame optimadlny ndavrh clenenia s ndavrhmi, kedy je sidlo niektorého
kraja pevne stanovené.

1. Uvod

KaZzdy navrh zmeny izemnospravneho ¢lenenia Statu a najma
umiestnenia sidelnych miest obsahuje v sebe mnoho faktorov poli-
tickych, socialnych a ekonomickych. Prislusny rozhodovaci a schva-
lovaci proces navySe podlieha protichodnym zaujmom réznych
skupin obyvatelstva, a to na miestnej, ako aj na celostatnej irovni
a kazdé rozhodnutie, ktoré jednej skupine obyvatelstva subjektivne
prospeje, inu skupinu poskodi. Preto je uvedeny proces sériou
rokovani a kompromisov Statnej spravy s miestnou samospravou
a inymi zaujmovymi skupinami. V tejto argumentacii sa, bohuzial,
Casto zabuda na zaujmy obCana napriek tomu, Ze mozno lahko
vycislit, aky dopad bude nanho mat tvar vy$Sich uzemnych celkov
a poloha ich sidelnych miest. V tomto ¢lanku nie je, pochopitelne,
nasim cielom vytvorit nejaky idealny navrh, s ktorym by mohli byt
spokojni vsetci zainteresovani a tieZ sme si vedomi toho, ze nie
vsetky faktory, ktoré maju vplyv na kvalitu navrhu, mozno kvanti-
fikovat. Rovnako tu nehodlame analyzovat problém poCtu vyssich
uzemnych celkov, pretozZe seridzna analyza by predpokladala - ako
ukazeme dalej - vyCislenie nakladov, ktoré by vznikli umiestnenim
sidla vy$Sieho izemného celku v danom mieste. Pri naSich tivahach
sme vySli z povodného vladneho navrhu dvanastich izemnych
celkov, z ¢oho jeden zodpoveda Bratislave s jej mestskymi Castami.
Chceme tu ale poukazat na to, Ze niektoré faktory hrajice tlohu
v kvalite navrhu izemnospravneho ¢lenenia mozno vycislit a pomo-
cou vypoctovych prostriedkov mozno nachadzat odpovede na
otazku, aké by mali byt rozhodnutia, ktoré by viedli k najlepsim
vysledkom z daného hladiska. V ¢lanku berieme do uvahy, Ze re-
alizacia kazdého konkrétneho navrhu vyssich izemnych celkov
a vyber sidelnych miest bude mat vplyv na to, ako daleko musi oby-
vatel cestovat za sluzbami, ktoré st obvykle umiestnené v sidelnom

* Prof. RNDr. Jaroslav Janacek, CSc., Ing. Pudmila Janosikova, CSc.

The paper deals with administration partition of Slovakia in terms
of transportation accessibility of higher territorial unit centers. Trans-
portation accessibility is defined as an average distance, which has to
be traveled by an inhabitant from his place of residence to the nearest
higher territorial unit center. Transport-optimal partition is compared
to designs, in which the place of residence of some higher territorial
unit center is set beforehand.

1. Introduction

Every change in an administration partition of the state terri-
tory and location of higher territorial unit centers has a lot of
political, social and economic consequences. The corresponding
process of decision and ratification is subjected to opposing pri-
orities of various groups of citizens on local as well as country-
wide level. Every decision, which is profitable for one group of
citizens, is injurious for another one. That is why the mentioned
process is a sequence of negotiations and compromises among
public administration, self-administration and other groups of cit-
izens. Citizen’s priorities are often omitted in this argumentation
in spite of that the impact of the form of higher territorial units
and center locations can be easily evaluated. Our goal in this
paper is not to design an ideal partition satisfying all concerned
people and we are aware of that not all factors influencing parti-
tion quality can be evaluated. We are not going to analyze the
number of higher territorial units either, because a serious analy-
sis would suppose that we are able to calculate costs caused by
location a higher territorial unit center at a given place. We come
out from the initial governmental design of twelve higher territorial
units in our considerations, one of which corresponds to Bratislava
with its urban parts. We just want here to highlight that some
factors playing role in partition quality can be evaluated and math-
ematics and computers can help in finding answers of question,
what decisions should be made to accomplish the best results. In
this paper, we take into account that the execution of the particu-
lar design of higher territorial units and center locations impacts
the distance, which an inhabitant has to travel to access services
that are usually located at a regional center [6]. This transporta-
tion aspect of administration partition is called transportation

University of Zilina, Faculty of Management Science and Informatics, Department of Transport Networks
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meste vySSieho uzemného celku [6]. Tento dopravny aspekt uzem-
nospravneho ¢lenenia budeme nazyvat dopravnou dostupnostou.
Dopravnu dostupnost méZeme povazovat za mieru kvality izem-
nospravneho ¢lenenia. Definujeme ju ako priemernu vzdialenost,
ktor musi obyvatel prekonat pri cestovani z miesta svojho byd-
liska do najblizSieho sidelného mesta vysSieho uzemného celku.
Takto chapané kritérium kvality mozno vyhodnotit pre lubovolny
navrh izemnospravneho Clenenia charakterizovaného umiestne-
nim sidelnych miest vysSich uzemnych celkov za rozumného pred-
pokladu, Ze vysSie izemné celky sa vytvaraju priradenim obci
najbliz§iemu sidelnému mestu. Samotné kritérium dostupnosti vSak
nepokryva uplne ekonomicky aspekt tvorby vysSich uzemnych
celkov. Respektovanie ekonomického hladiska neumoziuje vyber
Iubovolného poctu sidelnych miest, a tym i poctu uradov a rovnako
nedovoluje umiestnit sidlo v fubovol'nej obci. Preto v nasledujuicej
studii a analyze budeme povazovat pocet vysSich uzemnych celkov
za dany. Budeme S$tudovat pripad uzemnospravneho ¢lenenia
s optimalnou dostupnostou a porovnavat ho s ré6znymi politicky
¢i inak motivovanymi modifikaciami.

2. Dopravna dostupnost sidelnych miest vyssich
uzemnych celkov

Pri vypocte dopravnej dostupnosti vychadzame z existujlcej
cestnej siete SR popisanej v [1] a [2]. Tato siet obsahuje »n obci so
znamym poctom obyvatelov b; pre j = 1, ..., n. Vzdialenost kazdej
dvojice obci i a j udava prvok d; matice vzdialenosti. Predpokla-
dajme, Ze bolo vytvorenych p vysSich uzemnych celkov a kazdy
vyssi uzemny celok k = 1, ..., p je popisany jednak mnoZinou S
obci, ktoré ho tvoria, a jednak sidelnym mestom i,. Potom mozeme
dostupnost pre celé Slovensko vyjadrit pomocou vyssie uvedenych
udajov vztahom

(Z j;kb,-d,«kf)/@b,)

Vztah (1) vyjadruje priemerni vzdialenost, ktori musi oby-
vatel Slovenska prekonat pri cestovani do sidelného mesta svojho
spravneho celku.

Priradenie obce j k sidelnému mestu / prispeje k hodnote vyrazu
(1) prirastkom c;;, kde

()

i

¢; = (bid; )l (Z’%’) : (2)
j=1

Ak vyjadrime dostupnost danu vztahom (1) pomocou koefi-

cientov c;, dostaneme

p
Z Z bfcfk./' .

k=1jES),

3)

Cim bude hodnota vyrazov (1) alebo (3) mensia, tym lepsia
bude dostupnost sluzieb pre obyvatelov Slovenska.
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accessibility. Transportation accessibility can be regarded as
a measure of the quality of administration partition. It is defined
as an average distance, which has to be traveled by an inhabitant
from his place of residence to the nearest higher territorial unit
center. This quality criterion is possible to evaluate for any parti-
tion design given by higher territorial unit center locations under
consideration that higher territorial units are formed by assigning
villages to the nearest higher territorial unit center. The criterion
of accessibility itself does not include the economic aspect of
higher territorial unit creation. To respect the economic point of
view, any number of higher territorial unit centers and thereby any
number of offices cannot be selected and the center cannot be
located at any place, as well. That is why in the next study and
analysis we will consider the number of higher territorial units to
be given. We will study a partition instance with optimal accessi-
bility and compare it with modifications motivated politically or
in a different way.

2. Transportation accessibility of higher
territorial unit centers

Transportation accessibility calculation is based on the exist-
ing road network in the Slovak Republic described in [1] and [2].
This network includes » dwelling places with known number of
inhabitants b; at each placej = 1, ..., n. The distance between each
pair of places i and j is given by cell d;; of matrix of distances. Let
us suppose that p higher territorial units was created and that each
higher territorial unit k = 1, ..., p is formed by set S, of dwelling
places and by higher territorial unit center i,. Then we can for-
mulate accessibility for the whole Slovak Republic using the above-
mentioned data:

(D

55

=1 E5;

Term (1) expresses the average distance, which has to be trav-
eled by an inhabitant of Slovak Republic to the center of his higher
territorial unit.

The allocation of place j to higher territorial unit center i con-
tributes to the value of term (1) by increment c;;, where

i’

G = (b.,-dfj)/<2bj)- (2)
j=1

When we express the accessibility given by term (1) using

coefficients c;, we get

(3)

P
2. 2 by
k=1jES},

The less is the value of terms (1) or (3), the better is accessi-
bility of services for inhabitants of Slovakia.
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3. Model ilohy dopravne optimalnych
vyssich uzemnych celkov

Tu predpokladame, Ze mnoZina miest, ktoré vobec prichadzaju
do uvahy ako sidelné mesto vySSieho izemného celku, je kone¢na
a dopredu znama. V podmienkach SR sotva mozno predpokladat
umiestnenie sidelného mesta do obce, ktora v su¢asnom usporia-
dani nie je aspon okresnym mestom. V dal§ich uvahach budeme
vychadzat z toho, Ze je danych m kandidatov na sidelné mesta a Ze
je stanoveny pocet p sidelnych miest, ktoré z nich maju byt vybraté.
Rozhodnutie, ¢i ity kandidat z mnoziny {1, ..., m} bude alebo nebude
vybraty, modelujeme bivalentnou premennou y; € {0, 1}, ktora nado-
budne hodnotu 1 v pripade kladného rozhodnutia a hodnotu 0
v opa¢nom pripade. Na modelovanie rozhodnutia o tom, ¢i obec
j bude patrit do uzemného celku uréeného kandidatom i pouZzi-
jeme bivalentné premenné x; € {0, 1} majice jednotkové hodnoty
v pripade priradenia j k i a nulové hodnoty v opacnom pripade.

Teraz méZeme matematicky model ulohy dopravne optimal-
nych vyssich tizemnych celkov formulovat takto:

m n

minimalizujte Z Z i Xy 4)
i=1 j=1
m

za podmienok Z x; =1 pre j=1,..,n (5
i=1
X; =Y, prei=1..mj=1.,n (6)

NE

Vi=p @)
1

X5 ¥ € 0,1} prei=1,..mj=1.,n (8)

Toto je znama uloha o p-mediane siete s kladne ohodnotenymi
usekmi.

V modeli podmienky (5) zabezpecuju, aby kazda obec patrila
prave jednému kandidatovi na sidelné mesto. Podmienky (6) spo-
sobia, Ze ked' bude aspon jedna obec priradena kandidatovi i, potom
kandidat bude vybraty ako sidelné mesto vyssSieho izemného celku.
A napokon podmienka (7) zabrani tomu, aby bol vybraty vacsi
pocet sidelnych miest, nez je stanoveny pocet vyssich uzemnych
celkov.

Tato ulohu mozno dalej upravif na lahSie rieSitelny tvar. Ak
zavedieme Lagrangeov multiplikator f pre relaxovanu podmienku
(7), mozeme tlohu (4)-(8) formulovat takto:

Ndjdite /= 0 také, aby hodnoty premennych y;, i = 1, .., m
optimalneho rieSenia ulohy (9), (5), (6), (8) spliovali podmienku
(7) ako rovnost, pricom ucelova funkcia ulohy je

nyﬂrzzclyxm 9
i=1

i=1j=1
Pre pevne zadané f tvori tloha (9), (5), (6), (8) kapacitne
neobmedzenu lokaénu ulohu (uncapacitated location problem).

Exaktnym rieSenim ulohy (4)-(8), resp. (9), (5), (6), (8) ziskame
navrh (x*, y*) dopravne optimalneho ¢lenenia SR na vysSie izemné
celky s umiestnenim ich sidelnych miest. Tento navrh bude popi-
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3. Model of the problem of transport-optimal
higher territorial units

We suppose the set of cities, which can be taken into account
as higher territorial unit centers, is finite and known in advance.
In the Slovak Republic, the higher territorial unit center location
is hardly supposed to be at a dwelling place, which is not at least
a district center in the present public administration system. In our
next considerations, we will come out from the fact that m candi-
dates for higher territorial unit centers are given and the number
p of centers, which should be selected from candidates, is stated.
Bivalent variable y, € [0, 1] models the decision if candidate
i from the set {1, ..., m} is or is not selected, where value 1 implies
the positive decision and value 0 the negative one. To model the
decision if place j belongs to the unit, which is defined by candi-
date i, we use bivalent variable x; € {0, 1} having value I in the
case of assignment j to / and value 0 in the opposite case.

Now a mathematical model of transport-optimal higher terri-
torial units forming can be completed in the following way:

minimize Z Z Cy X (4)
=1 j=1

subject to z x; =1 for j=1,..,n (5)
i=1
X; =Y fori=1,..,mj=1..,n (6)
D Vi=p (7

x5, ¥, € {0, 1} fori=1,..,mj=1..n (8)

This is the well-known p-median problem in a network with
positive edge weights.

In the model, constraints (5) ensure that each dwelling place
must be assigned to exactly one candidate for higher territorial unit
center. Constraints (6) cause a higher territorial unit center to be
placed at candidate i whenever at least one dwelling place is assigned
to the candidate. Finally, constraint (7) inhibits selecting more can-
didates than the given number of higher territorial units.

This program can be further transformed to a simpler form.
Introducing Lagrangean multiplier /, to relax constraint (7), problem
(4)-(8) can be formulated in this way:

Find /=0, so that values of variables y;, i = 1, ..., m of the
optimal solution of the problem (9), (5), (6), (8) meet constraint
(7) as equality, where the objective function of the problem is

nyﬁzzclyxlw (€]
i=1

i=1j=1

For fixed £, problem (9), (5), (6), (8) is the uncapacitated loca-
tion problem.

Solving problem (4)-(8) or (9), (5), (6), (8) respectively to
optimality, we get design (x*, y*) of transport-optimal partition of
the Slovak Republic to higher territorial units including location
of their centers. This design will be determined by resulting values
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sany vyslednymi hodnotami premennych yF a x} nasledujicim
sposobom: Ti kandidati i € {1, ..., m}, pre ktorych y¥ = 1, budu
sidelnymi mestami. Obec j bude patrif do vysSieho uzemného
celku toho sidelného mesta i, pre ktoré plati xj =

4. Navrh dopravne optimalnych vysSich azemnych
celkov v SR

Na riesenie ulohy (9), (5), (6), (8) sme uz skor implemento-
vali a testovali algoritmus BBdual [ 3, 4] zaloZeny na metdde vetiev
a hranic s vypo¢tom dolnej hranice dualnou vzostupnou metodou
a metddou upravy dualnych premennych. Na urCenie vhodného
parametra f sme pouzili postup z [3], ktory bol implementovany
ako procedura. Vzdialenosti sme ziskali z popisu cestnej siete SR
z [1] a [2], ktorej vlastnosti boli overené v [5].

Z mnoziny obci sme vynali Bratislavu s jej mestskymi ¢astami.
Po tejto operacii sme dostali tilohu s # = 2889 obcami. V dosledku
vynatia Bratislavy poklesol pocet planovanych uzemnych celkov
z 12 na p = 11. Za mnozinu kandidatov {1, ..., m] sidelnych miest
bola pre potreby tejto Stidie povazovana mnozina vsetkych sedem-
desiatich sucasnych sidiel okresov okrem Bratislavy a niektorych
mestskych Casti KoSic.

Po vypocte vykonanom na pocitaci Pentium 100 MHz v case
474 sekund sme ziskali optimalne Clenenie s hodnotou dostup-
nosti d = 28,85 km, so sidelnymi mestami (Bratislava), Trnava,
Nové Zamky, Zvolen, Banovce nad Bebravou, Zilina, Rimavska
Sobota, Poprad, Kosice, Presov, Michalovce, Dolny Kubin a s ¢le-
nenim uzemia ukazanym na obr. 1.
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of variables y; a x} in the following way: Candidates i € {1, ..., m],
for which y* = 1, will be higher territorial unit centers. Dwelling
place j will belong to the higher territorial unit with center i, for
which the equation xj = 1 holds.

4. Design of transport-optimal higher territorial units
in the Slovak Republic

To solve problem (9), (5), (6), (8), we have implemented and
tested procedure BBdual [3, 4] based on a branch-and-bound
approach using a dual ascending method and a dual variables
adjusting method to compute a lower bound. To find an appropri-
ate parameter f, we used an approach from [3] implemented as
a procedure. Distances were drawn from the road network of the
Slovak Republic described in [1] and [2], properties of which
were proved in [5].

Bratislava and its urban parts as a capital with special status
were excluded from the set of dwelling places. After this opera-
tion, n = 2889 dwelling places were taken into consideration. As
a result of excluding Bratislava the number of planned higher ter-
ritorial units decreases from 12 to p = 11. The set of all 70 present
district centers without Bratislava and urban parts of KoSice was
regarded as set {1, ..., m} of candidates for higher territorial unit
centers in this study.

Having done computation run on a PC Pentium 100MHz in the
time of 474 seconds we got the optimal solution with accessibility
value d = 28.85 km, with higher territorial unit centers (Bratislava),
Trnava, Nové Zamky, Zvolen, Banovce nad Bebravou, Zilina,
Rimavska Sobota, Poprad, Kosice, Presov, Michalovce, Dolny Kubin
with territory partition shown in Fig. 1.

Obr. 1. Dopravne optimdlne tizemnosprdvne clenenie
Fig. 1. Transport-optimal administration partition
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5. Analyza niektorych politicky motivovanych navrhov

Navrh dopravne optimalnych vyssich izemnych celkov z pred-
chadzajucej kapitoly neobsahuje niektoré tradicné krajské mesta
ani mesta, ktoré presadzuju niektoré politické zoskupenia. Model
ulohy a metdda rieSenia umoznuju vykonat z hladiska dostupnosti
analyzu toho, €o by stalo napriklad umiestnenie sidla vysSieho
uzemného celku v Komarne (vytvorenie Komarnanskej zupy), alebo
¢o by stalo udrzanie vysSieho uzemného celku v Banskej Bystrici
alebo v Trencine.

Tato analyzu mézZeme vykonat tak, Ze jedno z pozadovanych
umiestneni sidelného mesta fixujeme a vypocitame dopravne opti-
malne umiestnenie zostavajucich desiatich sidelnych miest vratane
priradenia obci vSetkym jedenastim vyssim izemnym celkom. Roz-
diel hodnoty ziskanej dostupnosti a optimalnej dostupnosti z pred-
chadzajucej kapitoly udava dolny odhad toho, o kol'ko sa vykonanim
prislusného politicky motivovaného rozhodnutia zhorsi dostupnost.
Ak by takéto rozhodnutie bolo vykonané bez zmeny sidelnych
miest ostatnych celkov, bola by dostupnost este horSia nez vypo-
¢itany dolny odhad.

PREHLADY / REVIEWS

5. Analysis of some politically motivated designs

The transport-optimal design of higher territorial units from
the previous section does not include any traditional county centers
or cities preferred by some political groups. The problem model
and solution method allow to perform an analysis in terms of acces-
sibility what the cost of, for example, a higher territorial unit center
location in Komarno would be (creation of Komarno higher terri-
torial unit), or what the cost of keeping a county center in Banska
Bystrica or Trencin as a territorial unit center would be.

This analysis can be performed in such a way that one of the
desired higher territorial unit center location is fixed and after then
a transport-optimal location of the remaining ten centers includ-
ing assignment of dwelling places to all eleven higher territorial
units is computed. The difference between the computed accessi-
bility and the optimal accessibility represents the lower bound of
the accessibility increase caused by performing a politically moti-
vated decision. If this decision were performed without a change
in location of the other higher territorial unit centers, the accessi-
bility would be even worse than the computed lower bound.

Dostupnost pri fixovanom sidelnom meste Tab. 1 Accessibility with fixed higher territorial unit center Tab. 1
Navrh [ Fixované mesto d [km] | dd [km]| dd [%] | t[s] Design | Fixed city d [km] | dd [km]| dd [%] | t][s]
Komarno 29,80 | 0,95 3,29 621 1 | Komarno 29.80 | 0.95 3.29 621
2 Banska Bystrica 29,05 0,20 0,69 227 2 Banska Bystrica 29.05 0.20 0.69 227
3 | Trencin 29,15 0,30 1,04 416 3 | Trencin 29.15 0.30 1.04 416
4 | Lucenec 29,00 0,15 0,52 281 4 | Lucenec 29.00 | 0.15 0.52 281
Sidelné mesta v jednotlivych navrhoch Tab. 2 Higher territorial unit centers in designs 1-4 Tab. 2
Sidelné mesto Navrh 1| Navrh 2 | Navrh 3 | Navrh 4 Higher territorial unit center Design 1|Design 2 | Design 3|Design 4
Trnava * * * * Trnava * * * *
Nové Zamky * * ® Nové Zamky * * ®
Komarno * Komarno *
Zvolen * * * Zvolen * * *
Banska Bystrica * Banska Bystrica *
Trencin * Trencin *
Banovce nad Bebravou * * * Banovce nad Bebravou * * *
Zilina * * * * Zilina * * * *
Rimavska Sobota * * Rimavska Sobota * *
Nitra * Nitra *
Lucenec * * Lucenec * *
Poprad * * * * Poprad * * * *
Kosice * * * * Kosice * * * *
Presov * * * * Presov * * * *
Michalovce * * * * Michalovce * * * *
Dolny Kubin * * * Dolny Kubin * * *

Analyzu sme vykonali pre nasledujiice mesta, ktoré nie su
sucastou optimalneho navrhu: Komarno, Banska Bystrica, Trencin

The analysis was performed for the following cities not being
a part of the optimal design: Komarno, Banska Bystrica, Tren¢in
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a Lucenec. Vysledky su zhrnuté v tabul’ke 1, kde kazdému pripadu
zodpoveda jeden riadok. Prvy stipec obsahuje ¢islo analyzy, druhy
nazov fixovaného mesta. Stipec  obsahuje hodnotu dostupnosti pre
jednotlivé pripady. Stipec dd obsahuje rozdiel dostupnosti vypocita-
nej pre analyzovany pripad a optimalnej dostupnosti. Stipec dd%
udava zhor$enie dostupnosti v percentach oproti optimalnej dostup-
nosti z kapitoly 4. V stipci t je pre zaujimavost uvedeny v sekundach
Cas vypoctu vlastného optimalizaéného algoritmu na osobnom
pocitaci Pentium 100 MHz.

Tabul'ka 2 obsahuje zoznamy sidelnych miest pre jednotlivé
analyzované pripady. V prvom stipci tabulky je uvedeny zoznam
vietkych miest, ktoré sa vyskytli aspon v jednom navrhu. Dalgie
stipce tabulky zodpovedaju navrhom 1 aZ 4. V tychto stipcoch je
znakom * vyznacené, Ci prislusné mesto patri do daného navrhu.

Priradenie obci vyssim uzemnym celkom pre navrhy 1 a 2 je
ukazané na obrazkoch 2 a 3.
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and Lucenec. The results are summarized in table 1, where each
row corresponds to one instance. The first column contains the
analysis number, the second one the fixed city name. The column
labeled d refers to the accessibility value for the particular
instances. The column labeled dd indicates the difference between
the accessibility computed for the analyzed instance and the
optimal accessibility. The column labeled dd% reports the per-
centage increase of accessibility against the optimal accessibility
from section 4. In the column t, there are reported algorithmic
running times in seconds obtained on a Pentium 100MHz PC.

Table 2 lists the higher territorial unit centers for the particu-
lar instances. The first column lists all cities occurred in, at least,
one design. The subsequent columns refer to designs 1 to 4. In
these columns, sign * indicates if the corresponding city belongs
to the given design.

Assignment of dwelling places to the higher territorial units for
designs 1 and 2 is shown in figures 2 and 3.

Obr. 2. Dopravne optimdlne vizemnospravne clenenie pri fixovanom sidelnom meste Komdrno
Fig. 2. Transport-optimal administration partition with fixed higher territorial unit center Komdrno

6. Zaver

Ako sme uviedli uz v uvode, urcenie dobrého uzemnospravneho
Clenenia §tatu je prili§ zlozity problém na to, aby ho bolo mozné
redukovat len na otazku dopravnej dostupnosti. Uz len z hladiska
nakladov, ktoré si vyZiada zriadenie sidla vyssieho uzemného celku
v danom meste, su vel'ké rozdiely medzi jednotlivymi kandiduju-
cimi mestami, a to tak v ich sucasnej infrastrukture, ako aj v dis-
ponibilnych ludskych zdrojoch potrebnych pre zabezpecenie chodu
sidelného mesta vysSieho uzemného celku.

Vykonana analyza sa tyka vyhradne otazok dopravnej dostup-
nosti moznych sidiel dvanastich vyssich izemnych celkov a vycCisluje
len tuto dopravnu dostupnost pre politickym rozhodnutim urceny
pocet izemnych celkov.

6. Conclusion

As we have mentioned in the introduction, to design a good
administration partition of the state territory is a complex problem
and it cannot be reduced to the only problem of transport acces-
sibility. From point of view of costs required to establish the higher
territorial unit residence, there are substantial differences among
candidate cities in their current infrastructure, as well as in human
resources needed for higher territorial unit center function.

The performed analysis refers exclusively to transport acces-
sibility of possible centers of twelve higher territorial units and
evaluates just this transport accessibility for a politically stated
number of higher territorial units.
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Obr. 3. Dopravne optimdlne vizemnosprdavne clenenie pri fixovanom sidelnom meste Banskd Bystrica
Fig. 3. Transport-optimal administration partition with fixed higher territorial unit center Banskd Bystrica

Je mozné, Ze rozdiely medzi analyzovanymi navrhmi (pozri
tab. 2) sa mozu niekomu zdat prili§ malé, zvlast ked najvacsi
uvedeny rozdiel je 3,3 % oproti optimalnemu rozdeleniu. Tento
pohlad na analyzu moZe byt znacne klamny, pretoZe si treba uve-
domit, Ze zhorsenie dostupnosti trebars len o 1 % postihne kazdého
70 4 925 751 obyvatelov uvazovanych jedenastich uzemnych celkov,
a to nielen na jeden alebo dva roky, ale po dobu trvania jednej
generacie alebo aj dlhsie.

Preto si myslime, Ze vypracovany sposob analyzy roznych
navrhov a ich porovnavanie s dopravne optimalnym uzemnosprav-
nym ¢lenenim predstavuje cenny nastroj pre podporu rozhodova-
nia, ktory umoziuje Ciselne vyhodnotif aspon tie parametre, ktoré
sa daju kvantifikovat.
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It is possible that somebody can consider the differences
among analyzed designs (see table 2) to be too small, specially
when the greatest difference is 3.3 % against the optimal partition.
This view of analysis can be greatly misleading because it is nec-
essary to realize that increasing of accessibility just by 1 % will
impact each of 4 925 751 inhabitants of eleven higher territorial
units under consideration, and not for one or two years but for
time of one generation or even longer.

Therefore, we believe that the developed way for analysis of
various designs and their comparison to the transport-optimal
administration partition is a useful decision support tool allowing
to evaluate at least those parameters, which can be figured out.
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HODNOTENIE VYBRANE] CASTI CESTNE] SIETE

ZILINSKEHO KRAJA

THE EVALUATION OF A SELECTED PART OF THE ROAD NETWORK IN ZILINA REGION

Zilinskym krajom prechddzajii dva medzindrodné cestné koridory
Va a VI, ale hustota cestnej siete kraja patri medzi najmensie na Slo-
vensku. Cestnd siet je nadmerne zataZend a hlavné cestné tahy kraja
patria medzi iiseky s najvyssou nehodovostou. Model komunikacnej
obsluhy kraja rieseny v uplynulych rokoch sa venoval v ramci integrdcie
dopravnych systémov aj cestnej sieti kraja. Prispevok uvddza zdkladné
charakteristiky siete, iidaje o sucasnej doprave a principy modelova-
nia dopravy. Zdkladné vychodiska pre zlepSenie dopravnej situdcie st
uvedené v zdvere na zdklade hodnotenia siicasného a predpoklada-
ného stavu zataZenosti siete.

1. Cestna siet Zilinského kraja

Doprava tvori dolezita a strategicky rozhodujicu tlohu v hos-
podarskom vyvoji spolo¢nosti. Najdolezitejsim cielom budovania
dopravnej infrastruktury je vytvorenie cestnej siete so zabezpece-
nim optimalnych nakladov a vykonnosti, ako aj dodrzanim bez-
pecnostnych a ekologickych aspektov a socialnych priorit.

Zilinskym krajom prechadzaju dva medzinarodné cestné kori-
dory ,Va“ a VI, ale hustota cestnej siete kraja patri medzi najmen-
Sie na Slovensku. Pomalé tempo vystavby dial'ni¢nej siete v kraji,
zapri¢inené hlavne vysokymi ekonomickymi narokmi sposobilo, ze
existujuca cestna siet je nadmerne zatazena a hlavné cestné tahy
kraja patria medzi useky s najvyssou nehodovostou. Geograficky
charakter krajiny vSak neumoZnuje rozvoj cestnej siete na urovni,
zodpovedajucej demografickym podmienkam. Z toho dévodu je
potrebné hladat sposob skvalitnenia dopravnej obsluhy na zaklade
integracie vSetkych dopravnych systémov nielen v ramci ekono-
mickych pravidiel, ale aj z pohladu jej Gcelnosti.

Uzemie Zilinského kraja pozostava z 11-tich okresov s 313-timi
sidelnymi utvarmi, s celkovym poctom obyvatelov 692 582. Posta-
venie kraja z celo§tatneho pohladu je uvedené v tabulkach 1 - 3,
v ktorych st uvedené aj podrobné udaje o cestnej sieti kraja [1].

Two international corridors “Va” and “VI” pass through Zilina
region, but yet the road network density of the region belongs to the
lowest in Slovakia. The road network is loaded excessively and main
arteries come under a section with a maximum accident rate. The
model of the communication attendance of the region that has been
solved recently deals with the road network in the region in the terms
of the transportation system integration. The paper presents basic
characteristics of the network, information on the present state of the
traffic, as well as principles of a traffic modelling process. The main
resources for improving the traffic situation based on the evaluation
of present situation and forecast for network loading are presented in
the conclusion.

1. The roads network of Zilina region

Transport plays an important, strategic, and decisive role in the
economic development of society. The most important objective of
building transport infrastructure is creation of a road network with
optimum costs and capacity while respecting principles of safety
and ecology and social priorities.

Although two international corridors “Va” and “VI” pass
through Zilina region, the road network density of the region belongs
to the lowest in Slovakia. The slow rate of the motorway network
building in the region was caused above all by high financial
demands inducing an excessive loading of the present road network.
The main arterials come under the section with a maximum acci-
dent rate. The geographical character of the country doesn’t allow
the development of road network at the level corresponding with
demographic conditions. Therefore, it is necessary to create
a method for enhancing the traffic service on the basis of integra-
tion of all transportation systems, not only within the frame of eco-
nomic rules, but also from a serviceability point of view.

The territory of Zilina region consists of 11 counties with 313
urban agglomerations. The total number of the inhabitants is
692 582. The situation of the region from a national point of view
is shown in Tables 1-3 [1]. Detailed information on the road
network in the region is presented there, too.
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Zilinsky kraj v celo§tatnom porovnani k 31. 12. 2000 Tab. 1
Dizka ciest a dialnic Hustota cestne;j siete
Rozloha km? Pocet obyvatelov km km/km? km/10000byv.

Slovensko 49 034 5398657 17737,397 0,362 3,286
Zilinsky kraj 6788 692582 1965,758 0,290 2,838
Zilinsky kraj 13,84% 12,82% 11,08% 80,11% 86,36%

Zilina region in a national comparison (to 31 December, 2000) Table 1

Road density
Area, sq. km Inhabitants Roads length, km -
km/sq.km km/1000inhab.
Slovakia 49 034 5398657 17737.397 0.362 3.286
Zilina region 6788 692582 1965.758 0.290 2.838
Zilina region 13.84% 12.82% 11.08% 80.11% 86.36%
Cestna siet v okresoch Zilinského kraja (dizka v km) Tab. 2
Okres Cesty L. triedy | Cesty II. triedy | Cesty IILtriedy Dial'nice Spolu Cesty ,E“ Trasy ,TEM*
Bytca 25,669 29,421 41,434 0,000 96,524 25,669 8,225
Cadca 32,696 76,581 113,415 0,000 222,692 32,696 32,632
Dolny Kubin 59,180 13,906 89,114 0,000 162,200 36,178 5,430
Kysucké N. Mesto 11,227 0,000 54,995 0,000 66,222 11,227 11,227
Liptovsky Mikulas 72,405 62,148 174,381 42,695 351,629 45,886 86,000
Martin 48,002 8,425 135,426 0,000 191,853 22,596 22,596
Namestovo 38,976 30,010 95,005 0,000 163,991 0,000 0,000
Ruzomberok 60,134 0,000 92,465 3,056 155,655 60,160 52,003
Turcianske Teplice 24,266 26,422 80,840 0,000 131,528 0,000 0,000
Tvrdosin 21,795 41,069 55,155 0,000 118,019 21,795 0,000
Zilina 75,494 44,578 185,373 0,000 305,445 39,131 39,315
Zilinsky kraj: 466,844 332,560 1117,603 45,751 1965,758 295,338 217,314
The road network in counties of Zilina region (length in km) Table 2
County Roads European Trans-European
1™ class 2" class 3" class Motorways Sum roads “E” | Network ,TEM”

Bytca 25.669 29.421 41.434 0.000 96.524 25.669 8.225
Cadca 32.696 76.581 113.415 0.000 222.692 32.696 32.632
Dolny Kubin 59.180 13.906 89.114 0.000 162.200 36.178 5.430
Kysucké N. Mesto 11.227 0.000 54.995 0.000 66.222 11.227 11.227
Liptovsky Mikulas 72.405 62.148 174.381 42.695 351.629 45.886 86,000
Martin 48.002 8.425 135.426 0.000 191.853 22.596 22.596
Namestovo 38.976 30.010 95.005 0.000 163.991 0.000 0.000
RuZomberok 60.134 0.000 92.465 3.056 155.655 60.160 52.003
Turcianske Teplice 24.266 26.422 80.840 0.000 131.528 0.000 0.000
Tvrdosin 21.795 41.069 55.155 0.000 118.019 21.795 0.000
Zilina 75.494 44.578 185.373 0.000 305.445 39.131 39.315
Zilina region: 466.844 332.560 1117.603 45.751 1965.758 295.338 217.314
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Porovnanie dizky a hustoty cestnej siete okresov v Zilinskom kraji

[OVINIKOCIE
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Tab. 3

Okres Rozloha Obyvatelstvo Dizka ciest Hustota cestnej siete
km? % Pocet % km % km/km? | km/tis. obyv.
Bytca 282 4,2 30489 4,4 96,524 4,9 0,342 3,166
Cadca 760 111 92869 13,4 222,692 11,3 0,293 2,398
Dolny Kubin 490 7,2 39442 5,7 162,200 8,3 0,331 4,112
Kys. N. Mesto 174 2,6 33416 4,8 66,222 34 0,381 1,982
Lipt. Mikulas 1322 19,5 74649 10,8 351,629 17,9 0,266 4,710
Martin 736 10,8 97971 14,1 191,853 9,8 0,261 1,958
Namestovo 690 10,2 55366 8,0 163,991 8,3 0,238 2,962
RuzZomberok 647 9,5 59913 8,7 155,655 7,9 0,241 2,598
Turé. Teplice 393 5,8 16823 2,4 131,528 6,7 0,335 7,818
Tvrdosin 479 7,1 34723 5,0 118,019 6,0 0,246 3,399
Zilina 815 12,0 156921 22,7 305,445 15,5 0,375 1,946
Zilinsky kraj 6788 100 692582 100 1965,758 100 0,290 2,838
Comparison of length and density of a provincial road network in Zilina region Table 3
County Area Inhabitants Road length Road network density
sq.km % Number % km % km/sq.km | km/1000 inh.
Bytca 282 42 30489 4.4 96.524 4.9 0.342 3.166
Cadca 760 111 92869 13.4 222.692 11.3 0.293 2.398
Dolny Kubin 490 72 39442 5.7 162.200 8.3 0.331 4112
Kys. N. Mesto 174 2.6 33416 4.8 66.222 34 0.381 1.982
Lipt. Mikulas 1322 19.5 74649 10.8 351.629 17.9 0.266 4.710
Martin 736 10.8 97971 14.1 191.853 9.8 0.261 1.958
Namestovo 690 10.2 55366 8.0 163.991 8.3 0.238 2.962
Ruzomberok 647 9.5 59913 8.7 155.655 79 0.241 2.598
Turc. Teplice 393 5.8 16823 2.4 131.528 6.7 0.335 7.818
Tvrdosin 479 7.1 34723 5.0 118.019 6.0 0.246 3.399
Zilina 815 12.0 156921 22.7 305.445 15.5 0.375 1.946
Zilina region 6788 100 692582 100 1965.758 100 0.290 2.838

Pri hodnoteni Slovenska je zrejmé, Ze Zilinsky kraj ma najnizsiu
hustotu cestnej siete v km/km?, predstavujucu len 80 % z republiko-
vého priemeru a 11 % dizky ciest.

2. Stav nehodovosti

Jednym z najdolezitejSich prvkov hodnotenia kvality cestnej
siete je nehodovost. Zilinsky kraj patri uz niekol'ko rokov k najprob-
lematickejsim oblastiam Slovenskej republiky z pohladu dopravnej
nehodovosti (DN). Za roky 1999 a 2000 mal Zilinsky kraj na
cestach I. a Il. triedy najvacsi podiel na vzniku DN na Slovensku -
4082 a 3661 DN, co je 17 %. Na celej cestnej sieti kraja bolo
v roku 2000 spolu 6024 DN. Viac ako 80 % uzemia kraja je zahr-
nuté do oblasti s nehodovostou, prekracujucou hustotu 2 DN na
1 km cesty. Predovsetkym cesta I/18 patri z hladiska poctu DN na
milion vozokm za rok ku kritickym cestnym tahom celoslovenského

From the evaluation of the Slovak road network it is obvious
that Zilina region has the lowest density of the road network in
km/sq.km. It represents only 80 % of the Slovak average and 11 %
of the road length.

2. Accident rate

An accident rate is one of the most important components of
the road network quality evaluation. For a few years Zilina region
has belonged to the most questionable territories in Slovakia from
a point of view of traffic accidents. In 1999 and 2000 Zilina region
was the biggest contributor to the accident rate in Slovakia on the
roads of 1%t and 2™ class - with 4082 and 3661 accidents, what is
17 %. On all the roads of Zilina region were 6024 accidents in
2000. More than 80% of the region belongs to the area with an

accident rate exceeding 2 accidents per 1 km. Above all the road
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vyznamu. Ku kritickym cestnym fahom celostatneho vyznamu dalej
patria useky ciest 1/61, 1/64, 1/11, 11/487, 11/517, 11/507, 11/583
a /584 (obr. 1). Na izemi kraja sa nachadza jeden kriticky cestny
tah krajského vyznamu a tiez jeden kriticky cestny tah okresného
vyznamu [2].
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Nr. 1/18 belongs to the critical trunk roads of Slovakia from the
point of view of accident rate. The sections of the roads Nr.I/61,
1/64, 1/11, 11/487, 11/507, 11/583 and 11/584 belong to the critical
trunk roads in Slovakia, too (Fig. 1). One critical trunk road of the
regional importance also exists in the area [2].

Obr. 1. Kritické cestné tahy kraja

Fig. 1. The critical trunk roads of the region

Na poklese bezpecnosti cestnej dopravy sa podielaju predo-
vSetkym kritické nehodové lokality KNL (useky, na ktorych je
pocet nehdd vacsi ako kriticky pocet stanoveny Poissonovym roz-
delenim pravdepodobnosti na zaklade analyzy dopravného prudu
a okrajovych podmienok). Na uzemi kraja sa nachadza na sledo-
vanych cestnych tahoch 1. a Il triedy 30-36 KNL, na ktorych sa
za poslednych 5 rokov stalo takmer 19 000 dopravnych nehod
a zahynulo takmer 400 Iudi (tab. 4).

Celkovo sa na uzemi kraja nachadza 5 opakujucich sa KNL,
dve patria do zoznamu KNL uz niekol'ko rokov. Lokality sa nacha-
dzaju na ceste 1/18, 1/61 a 11/487. Podrobné udaje s vyCislenim
nasledkov st uvedené v tab. 5.

Nehodovost na sledovanych cestnych tahoch

The critical accident localities (CAL) participate, above all, in
the road safety decrease. (CAL are the sections, in which the acci-
dent number is higher than the critical number determined by
Poisson probability distribution on the basis of the traffic flow
and boundary conditions analysis.) More than 30 CALs occur on
the observed 1% and 2" class roads, where nearly 19000 traffic
accidents and nearly 400 fatal accidents happened during the last
5 years (Table 4).

Overall five RCAL occur in the region and two belonged to
the list of RCAL during the last few years. The localities are situ-
ated on the roads Nr. I/18, I/61 and I1/487. Detailed data with the
results of quantification are described in Table 5.

Tab. 4

Rok Pocet KNL|Pocet OKNL| Hustota nehodovosti, DN/km Pocet DN | Pocet SZ | Pocet TZ Materialova skoda, mil. Sk
1996 32 1 > 2,00 3990 64 179 88,4
1997 36 2 > 2,11 3741 87 235 170,5
1998 30 2 > 2,11 3410 88 235 187,0
1999 35 2 > 2,11 4082 78 228 204,5
2000 31 5 >1,81 3661 66 158 157,2
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Accident rate on the observed roads Table 4
Year CcAL RCAL® Accident density per km Accident Fg tal Hard injury Property damage, mil. Sk
number number number accidents number
1996 32 1 >2.00 3990 64 179 88.4
1997 36 2 >2.11 3741 87 235 170.5
1998 30 2 >2.11 3410 88 235 187.0
1999 35 2 >2.11 4082 78 228 204.5
2000 31 5 >1.81 3661 66 158 157.2
Vysvetlivky k tabulke: * Repeated critical accident locality
KNL - kritick4a nehodova lokalita
OKNL - opakujuca sa kriticka nehodova lokalita
DN - dopravna nehoda
Sz - smrtelné zranenie
TZ - tazké zranenie

Opakujuce sa KNL na cestnej sieti L. a II. triedy Tab. 5
Rok | Cislo cesty| Dizka Miesto Pocet DN | Poéet SZ | Pocet TZ Materidlova skoda, mil. Sk
useku, km
1/18 0,5 Ruzomberok 23 0 1 0,8
1997 1/18 0,5 Zilina 29 0 0 1,0
/18 0,5 Ruzomberok 22 0 2 L1
1998 1/18 0,5 Zilina 40 0 0 L1
/18 0,5 Ruzomberok 24 0 0 L1
1999 1/18 0,5 Zilina 44 0 0 1,6
11/487 0,37 Cadca 12 0 0 0,25
1/18 0,5 RuzZomberok 19 0 1 0,97
2000 1/61 0,5 Pov. Bystrica 30 0 1 2,22
1/18 0,5 Zilina 11 0 0 0,46
1/18 0,5 Zilina 40 0 2 1,59
The repeated critical accident localities on the 1% and 2™ class roads Table 5
Road Section Accident Fatal Hard injury
Year number | length. km Locality number | accidents | number Property damage. mil. Sk
/18 0.5 RuzZomberok 23 0 1 0.8
1997 1/18 0.5 Zilina 29 0 0 1.0
/18 0.5 Ruzomberok 22 0 2 1.1
1998 1/18 0.5 Zilina 40 0 0 1.1
/18 0.5 Ruzomberok 24 0 0 1.1
1999 1/18 0.5 Zilina 44 0 0 1.6
11/487 0.37 Cadca 12 0 0 0.25
/18 0.5 RuzZomberok 19 0 1 0.97
2000 1/61 0.5 Pov. Bystrica 30 0 1 2.22
1/18 0.5 Zilina 11 0 0 0.46
1/18 0.5 Zilina 40 0 2 1.59
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3. Zatazenie cestnej siete

Pre hodnotenie Casti cestnej siete kraja bola spracovana analyza
jej zataZenosti. Vybraté boli ucelené tahy ciest I. triedy, rozdelené
na poduseky podla dopravného zatazenia. Pre kazdy usek bolo
uvazované s maximalnou intenzitou podla celoStatneho s€itania
dopravy v roku 2000, prepocitanou na rok 2020 pomocou vyhla-
dovych koeficientov rastu dopravy. Ziskané hodnoty st uvedené
na obr. 2. Udaje v zatvorke platia pre vyhladovy rok 2020. Jednot-
livé hodnotené poduseky si oznacené Cislom v kruzku.

PREHLADY / REVIEWS

3. The loading of the road network

The analysis of the carrying capacity was prepared for evalu-
ating the part of the road network in the region. The integrated
parts of the Ist class roads were selected and divided into subsec-
tions according to the traffic volume. The maximum traffic volume
was calculated according to the traffic census from 2000. The
volumes were recalculated for the year 2020 for each section with
coefficients of the traffic growth. The obtained values are shown
in Fig. 2. The data in parentheses are valid for the perspective year
2020. The number in the circle marks the evaluated subsections.

Obr. 2. Intenzita dopravy na cestdach I. triedy v sk.v./24h pre rok 2000 (2020)
Fig. 2. The traffic volume for st class roads in vehicles per day (AADT) for 2000 (2020)

Vysledky poukazali na poddimenzovanie hodndt na najviac
zatazenych usekoch cestnej siete. V Zilinskom kraji sa to prejavilo
predovietkym na usekoch Zilina - Strecno a Vrutky - Martin, kde
intenzita dosiahla 16 726, resp. 17 193 vozidiel za 24 h. Zodpoveda
to priblizne pévodne predpokladanej intenzite okolo roku 2010. Do
vypoctov zatazenosti boli zahrnuté aj hodnoty urcené na zaklade
demografickych udajov a socio-ekonomickych dat, ziskanych dotaz-
nikovym prieskumom v roku 1999.

Cestna siet bola modelovana z ciest I. triedy a niektorych
vybranych usekov ciest II. triedy. Poloha uzlov a tazisk jednotli-
vych okrskov zodpovedala postupu modelovania medzioblastnych
vztahov [3]. Vlastny proces modelovania zahriioval nasledovné

kroky:

The results showed under dimensioning of the values in the
most loaded sections of the road network. In the observed region
it appears, above all, in the sections Zilina - Stre¢no and Vrutky -
Martin where the traffic volume achieved 16726, and 17193 vehi-
cles per day, respectively. It is approximately equivalent to the pre-
sumptive volume for 2010 year.

The data determined on the basis of demographic and social-
economic analyses obtained from the household interviews in
1999 were also included into the calculation. The road network
was modelled from 1% class and selected 2™ class roads. The loca-
tion of nodes and zone centres responds to the modelling system
of the inter-zone relations [3]. The process of the modelling
included the following steps:
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« modelovanie cestnej siete izemia v programe VISUM,

« vypocet matice vzdialenosti s pouzitim metddy najkratsej cesty,
« transformacia matice vzdialenosti do programu VISEM,

« generovanie matice prepravnych vztahov,

« zatazovanie cestnej siete v programe VISUM.

Vysledkom modelovania prepravnych vztahov a ich aplikacie
na cestnu sief si zatazové kartogramy dopravy, spracované pre
denné predpokladané intenzity.

4. Pridelenie dopravy na cestnu siet

Namodelované prepravné vztahy boli pridelené na cestnu siet
kraja so zredukovanym mnozstvom sidelnych utvarov. Vonkajsie
uzemie bolo rozdelené podla smerovania dopravnych sieti na
susedné okresy, kraje, ostatné kraje SR a susedné Staty. Pre vypocet
boli pouzité len udaje, priamo sa tykajuce Zilinského kraja vo forme
zdrojovej, prip. cielovej dopravy. Cielova dopravy z inych oblasti
a doprava tranzitna nebola hodnotena pre Povazsku Bystricu a Prie-
vidzu z dovodu nedostatku informacii. Tento fakt sposobil Ciastoc-
né poddimenzovanie dopravného zataZenia kraja. Zakladna cestna
siet kraja je uvedena na obr. 3 [4].
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« Modelling the road network in the region using the VISUM soft-
ware.

« Calculation of a distance matrix using the nearest road method.

» Transformation of the distance matrix to the VISEM software.

« Generation of the O-D matrix.

« Trip distribution to the road network in VISUM.

The traffic volume diagrams worked out for a daily presump-
tive volume present the results of the trip distribution model and
their application to the road network.

4. The trip assignment to the road network

The modelled traffic relations were distributed to the road
network in the region with a reduced number of urban agglome-
rations. The outer area was divided into the neighbouring counties,
regions, and countries by routing the transport networks. Only the
data concerned Zilina region in the form of the origin or destina-
tion traffic were used for calculation. The destination traffic from
other regions and through traffic from Povazska Bystrica and Prie-
vidza were not evaluated because of lack of information. This fact
caused a partial under dimensioning of the regional traffic loading.
The basic regional roads network is shown in Fig. 3 [4].

Obr. 3. Zikladnd cestnd siet kraja
Fig. 3. The basic road network in the region
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Po ziskani matic prepravnych vzfahov bolo pomocou rovno-
vaznej metody pridelovania dopravy realizované predpokladané
zatazenie cestnej siete (obr. 4). Napriek absencii hodnot tranzitnej
dopravy ziskané zafaZenie siete takmer dosahuje uroven, zistenu
v roku 2000. Z toho je zrejmé, ze odporova funkcia, pouzita v prog-
ramovom prostriedku VISION, nezodpoveda celkom nas§im $peci-
fikam. Modelové hodnoty prekracuji i udaje ziskané gravitacnou
metodou, a to hlavne pri individualnej doprave. Pri hromadnej
doprave st udaje porovnatelné. Preto je potrebné v dalsich analy-
zach venovat pozornost hlavne kalibracii modelu pre program
VISUM.

)
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The expected load of the roads network was obtained by an
equilibrium procedure of the trip assignment after calculating the
O-D matrixes (Fig. 4). The calculated traffic load of the network
almost achieves the level observed in 2000 in spite of the through
traffic volumes absence. Whence it follows that the deterrence
function used in the VISION software does not correspond com-
pletely with Slovak conditions. The model values excess also data
obtained by a gravity method, namely for the private transport. In
case of the public transport the data are comparable. Therefore it
is necessary to pay attention to the model calibration for the
VISUM software in future analyses.

A

Obr. 4. ZataZenie cestnej siete kraja

Fig. 4. The traffic loading of the road network

5. Kapacitné posudenie vybranej casti
cestnej siete

Zaucelom zhodnotenia skutocného stavu zatazenia boli dalej
kapacitne posudené vybraté Casti cestne;j siete. Teoretické hodnoty
pripustnej intenzity v jazdnom pruhu boli porovnané s vypocitanymi
hodnotami, ur¢enymi na zaklade skuto¢nych intenzit a sicasnych
stavebnych a jazdnych podmienok. Porovnanie bolo realizované
percentualnym vyjadrenim podielu skutocnej intenzity ku pripust-
nej hodnote. Hodnotenie isekov s prekrocenou kapacitou je pre-
zentované v tab. 6.

Z tabulky je zrejmé, Ze z 19 hodnotenych usekov ciest I.
triedy v kraji v roku 2000 az 7 isekov malo prekrocenu teoreticku

5. The capacity analysis of a selected part
of the road network

The capacity analysis of the road network in selected parts
was realised in order to determine the recent loading state. Theo-
retical values of an allowable traffic volume in the traffic lane
were compared with calculated values determined on the basis of
real volumes and recent building and traffic conditions. The com-
parison was realised by the percent ratio of the real volume to the
allowable volume. The evaluation of the sections with overloaded
capacity is presented in Table 6.

From the table it results that from 19 evaluated sections of 1%
class road in the region in the year 2000 even 7 sections overloaded
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kapacitu. Uvedené useky st znazornené na obr. 5 Srafovane. V roku
2020 to bude az 12 usekov.

Uvedeny stav zataZenia siete je potrebné povazovat za kriticky.
Predovsetkym cestny tah Bratislava - Zilina - Poprad, tvoreny na
uzemi kraja cestami I/61 a I/18 je prakticky v celom useku za hra-
nicou pripustnej intenzity. Vynimkou je len dialni¢ny usek Ivach-
nova - hranica kraja. Useky Bytéa - Zilina, Zilina - Martin
a Martin - Sucany prekracuju povolenu intenzitu az o 200 % uz
v roku 2000. Podobny stav je i na ceste I/65 Martin - TurCianske
Teplice.
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the theoretical capacity. The listed sections are shown in Fig. 5. In
2020 there will be 12 sections. The presented state of the network
traffic loading has to be regarded as critical. Above all the trunk
road Bratislava - Zilina - Poprad, created in the region by the roads
Nr. I/18 and 1/61, is practically in all its length beyond the stated
limit of the allowable volume, the only exception is the motorway
section from Ivachnova to the region border. The sections Bytca -
Zilina, Zilina - Martin and Martin - Suéany exceed the allowable
volume about 200 % this year. The similar situation is in the road
Nr. I/65 Martin - Turianske Teplice.

Posudenie kapacit v roku 2000 Tab. 6 The evaluation of the capacity in 2000 Table 6
Cislo Pripustna Skutocna Prekrocenie Section Capacity, Traffic Capacity
useku intenzita, voz/h | intenzita, voz/h kapacity, % number vph volume, vph overload, %

1 276 742 169 1 2176 742 169
3 302 817 171 3 302 817 171
4 280 1004 258 4 280 1004 258
5 312 963 209 5 312 963 209
6 411 552 34 6 411 552 34
9 594 759 28 9 594 759 28
13 509 747 47 13 509 747 47

Obr. 5. Useky s prekrocenou pripustnou intenzitou
Fig. 5. The sections with exceeded allowable volume
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6. Odporiucania pre zvySenie kvality

Z uvedenej analyzy vyplyva, Ze cestna siet L. triedy na tzemi
Zilinského kraja je z hladiska kapacity v kritickom stave. Rovnaky
vysledok vyplyva z analyzy nehodovosti. Preto je nevyhnutné budo-
vanie dialni¢nej siete na uzemi kraja v povodne stanovenych kori-
doroch, ktoré navySe zodpovedaji medzinarodnym koridorom.

Literatura - References
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6. Recommendations for quality improvement

From the presented analysis it results that the road network of
Ist class in Zilina region is in a critical state from the point of view
of capacity. The same result follows from the traffic accident analy-
sis. Therefore it is necessary to build the motorways network in
the region namely in the initially determined corridors, which, in
addition, correspond to the international corridors.

[1] Prehlad udajov o sieti cestnych komunikacii SR, SSC Bratislava, Cestna databanka, februar 2001

[2] Prehlady dopravnej nehodovosti na cestnej sieti SR za roky 1996-2000. Utvar dopravnej nehodovosti, SSC Bratislava

[3] Kolektiv: Model komunikacnej obsluhy iizemnospravneho celku - kraja. Sprava z rieSenia vyskumnej tlohy C519. ZU Zilina, 2000.
[4] SEDLIACKOVA, J.: Modelovanie dopravnych vztahov Zilinského okresu. DP, ZU 2001.
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GEOMETRICKE ZAKONITOSTI

VYTVARANIA OBROBENEHO POVRCHU

GEOMETRIC RELATIONS OF THE FORMATION OF A CUT SURFACE

Pri posudzovani drsnosti obrobeného povrchu sa doteraz pouziva
zjednoduseny vztah, ktory vyjadruje zavislost' najvicsej vysky nerov-
2

nosti a posuvu v tvare Rz = v
rE

, kde Rz je drsnost obrobeného
povrchu, fje posuv a r. je polomer zaoblenia rezného klina.

Novsie pristupy ukazujii na nepresnost tejto zavislosti. Na zdklade
experimentdlnych merani autori analyzujii nové vztahy medzi reznymi
podmienkami a drsnostou obrobeného povrchu. Tieto umoznuju pre-
dikovat morfologiu obrobeného povrchu pred vstupom polovyrobku
do vyrobného zariadenia a volit optimdline rezné podmienky z hladiska
pozadovanej kvality povrchu.

1. Uvod

Zvysovanie prevadzkovej spolahlivosti strojovych zariadeni si
Ziada zvySovat kvalitu obrobeného povrchu stciastok. Naroky na
zlepSovanie kvality obrobeného povrchu vyvolavaju hladanie tech-
nologickych moznosti, ako tento problém riesit. Rezervy su vo
vyuZiti zakonitosti procesu vytvarania obrobeného povrchu reznym
klinom.

Je vSeobecne zname, Ze obrobeny povrch sa teoreticky vytvara
pohybom rezného klina vo¢i obrobku, podla kinematiky konkrét-
neho stroja. Dochadza ku kopirovaniu hrotu nastroja na povrch
obrobku, pricom participuje plasticka deformacia povrchu a tri-
bologické korelacie trucich sa ploch nastroja a obrobku. Vysledkom
je zlozity tvar obrobenej plochy. Ak berieme do uvahy len geo-
metrické zakonitosti interakcie nastroj - obrobok, mozno odvodit
pomerne jednoduchy vztah medzi posuvom a drsnostou obrobe-
ného povrchu, t. j. Rz = Rz(f).

Zavislost drsnosti povrchu od reznej rychlosti v, a hibke rezu
a,, ktora je Rz = Rz(v,, a,) sa geometricky neda vyjadrit, pretoze
suvisi so zakonitostami plastickej deformacie povrchu obrobku
pri styku s reznym klinom. Takéto vztahy su vsak vel'mi potrebné
na optimalizaciu reznych podmienok. Jednou z ciest ich ziskania
je experimentalne Studium povrchu pri meniacich sa reznych pod-

When assessing the roughness of the cut surface a simplified
relationship is used representing the dependency of maximum devia-
2

tion of a roughness and a representing feed in the form Rz = 5

Te

where Rz is the roughness of the cut surface, [ is a feed and r, is
a radius of the curving of the knife.

The latest approaches illustrate the inaccuracy of this dependency.
On the basis of the experimental measurements the authors analyse
new relationships between cutting conditions and roughness of the
cut surface. These enable to predict morfology of the cut surface to
the accession of the semi-product in the production facilities and to
select optimal cut conditions of the aspect of the required quality of
the surface.

1. Introduction

Increase of the working reliability of machining systems requires
the increase in the quality of the cut surface components. Require-
ments to improve the quality of machined surface evolve search-
ing for new technological means to solve this problem. Reserves
are in utilization of relations of the process of the creation of the
cut surface with the cutting slice.

It is generally known that the cut surface is theoretically gen-
erated by moving the cutting slice according to kinematics of the
machine. The tip of the tool is reproduces on the cut of the work-
piece where the plastic deformation of the cut and the tribologic
correlations of the areas of tool and workpiece participate.The
result is complicated form of the cut plane. When we think of only
geometric relationships of the interaction the tool - the work, we
can deduce simple relationship within the feed and the roughness
of the cut surface, i. e. Rz = Rz(f).

The dependence of the roughness of the surface on the cut
speed v, and on the depth of the Rz = Rz(v,, a,) cut is impossible
to be described geometrically, because it is related to the plastic
deformation relationships of the surface while in touch with the
cut slice. These relations are necessary to a great extent for

* Prof. Ing. Karol Vasilko, DrSc., PaedDr. Anna Macurova,

optimum cutting conditions. One of the ways how to obtain them
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mienkach. Nasledujuce analytické vztahy su ziskané uvedenym
spdsobom. Prispevok je parcialnym vysledkom rieSenia grantovej
ulohy VEGA 1/7446/20

2. Charakter geometrie
tvorby obrobeného
povrchu

Ak analyzujeme exaktny geo-
metricky vztah medzi reznym kli-
nom nastroja a obrobenym povi-
chom, mozno drsnost povrchu
ur€it z obr. 1.

VDO? - CO?

Rz=CE—-DC=CE—-

dalej plati

!

CE = DO, = DO, = r_, CO, =

Odtial
7

Rz=r.— rﬁ - —.
4
o
e Dalsie upravy vedu ku
2
kvadratickej rovnici Rz* — 2Rzr, + 7 =0.

Po umocneni Rz> — 2Rzr, + r?

Mnohi autori v snahe zjednodusit tento vztah zanedbavali
¢len Rz%, ¢im vznikol frekventovany vztah:
f2
Rz=—-.

8r, (D

€

Jeho graficka interpretacia vyjadruje parabolickt zavislost
medzi posuvom a drsnosfou obrobeného povrchu. Z poslednej
kvadratickej rovnice vyjadrime Rz vztahom:

2_ 42
reX 4. f

RE=——"—,
2
f
kde 4r§ — 220, teda re= E Po tuprave je
f2
Rz=r.=* rz——. 2
4
fZ
Hodnota Rz = r_+ _[r? — ) nie je technicky mozna. Preto
2
plati vzfah pre drsnost povrchu Rz = r, — rﬁ 7 alebo po
dalsej uprave:
1 2_ 2
Rz=r€—5 4r.— f°. (2a)

Nech nezavisle premenna je posuv f, mézeme zobrazif graf
funkcie Rz = Rz(f) pre rozli¢né r,, €o je znazornené na obr. 2.

is the experimental study of the surface in the variable cutting con-

ditions. The following analytic relations are obtained by the pre-

sented method. The paper is a partial result of the solution of the
grant work VEGA 1/7446/20.

Character of geometric

Obr. 1. Interakcia zaobleného rezného klina a obrobku
Fig. 1 Interaction of the curving knife and of the workpiece

R-
e T 2
\Q creation of cutting surface
\ When we analyse an exact

geometric relation between the
knife of the tool and the cut sur-
face it is possible to determine the
roughness of the surface from the
Fig. 1.

VDO? - CO3

Rz=CE—-DC=CE—

further holds
f
CE=D0,=D0,=r,., CO, =—.
Hence
2
Rz=r_— rﬁ — f—
4

f2
After squaring Rz? — 2Rzr_+ r2 — e Next modifications
2
lead to a quadric equation Rz> — 2Rzr, + i 0.

Many authors, trying to simplify this relation ignored the term
Rz, which resulted in a frequent relation
f2
Rz=—

8r M

€

Its graphic interpretation expresses parabolic dependence
between the feed and the roughness of the cut surface. We describe
Rz from the last quadratic equation

22
reXA4r.—f

Re=——"—"7"—,
2
where 4r — 2= 0 then re=— After modification it is
f2
= - — 2
Rz=r, T (2)

f?
Value Rz=r,+ \/ re— iy is not possible technically.

Therefore the relation is valid for the roughness of the cut surface

Rz=r_— _[r} —— or after further modification

Rz_r——\/rz— (2a)

Let independent variable be the feed f, we can describe the
graph of the function Rz = Rz(f) for various r, what can be seen
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Zavislost nie je parabolicka, je
vyjadrena castami elips, dosa-
huje kone¢né hodnoty pre zvo-
lené hodnoty parametra r,.
Technicky to znamena, Ze v oka-
mihu, ked' sa kon¢i priebeh za-
vislosti pre prislusné r,, pricha-
dza do zaberu vedlajsia rezna
hrana. Vzfah (2a) presnejsie vy-
jadruje zavislost Rz = Rz(f),
ako zjednodus$eny vztah (1).

Na obr. 3 je graf funkcie
Rz = Rz(r,). Systém zavislosti
je ziskany na zaklade vztahu
(2a), kde predpokladame, Ze
posuv f je parameter. Zavislosti
su ohranicené zhora. Pre r,
bliziace sa k 0, Rz vel'mi rychle
rastie.

Z povodnej aj zo zavislosti
(1) pre drsnost obrobeného po-
vrchu vyplyva, Rz Ze velmi rych-
le rastie so zvySovanim posuvu.
Preto akékolvek zvySenie posu-
vu ma nepriaznivy vplyv na mor-
fologiu obrobeného povrchu.
Z priestorového diagramu funk-
cie Rz = Rz(r,, f) by bolo mozné
uréit hodnoty r,, ktoré pri zvyse-
nom posuve daju rovnaku hod-
notu Rz. Prakticky by to zname-
nalo pri kazdej zmene posuvu
zmenit polomer zaoblenia hrotu
nastroja, ¢o vsak nie je mozné.
Vyrobcovia reznych nastrojov
vyrabaju rezné platnicky s defi-
novanymi polomermi hrotu. Ako
priklad mozZno uviest vytah
z normy ISO 1832, podla ktorej
napr. vyraba SANDVIK Coro-
mant, kde pre vymenitelné sus-
truznicke platnicky s definova-
né polomery r. = 0,4; 0,8; 1,2;
1,6 a 2,4 mm. Okrem toho sa vy-
rabaju kruhové platnicky s polo-
mermi 8 a 12 mm. Dalsie zvicso-
vanie polomeru hrotu noZa nie je
vhodné z dovodu predlzovania
aktivnej dizky styku reznej hrany
s obrobkom a sklonu ku kmita-

‘mm

Obr. 2. Graf funkcie Rz = Rz(f) pre r. € {0,5; 1; 2; 3; 4; 5} mm
Fig. 2. Graph of function Rz = Rz(f) for r, € {0.5; 1; 2; 3; 4; 5} mm

0 i 2 3 4 5 6

: 7 8
f—.

9

10 mm

402+
T -
R
201,
4
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2N m—
51T —
Q) 1 2 3 4 min
Te >

Obr. 3. Graf funkcie Rz = Rz(r,) zo vztahu (2a).
f€1{0,1;0,2; 0,3; 0,5} mm
Fig. 3. Graph of function Rz = Rz(r,) of the relation (2a).
f€1{0.1;0.2; 0.3; 0.5} mm

Obr. 4. Postupnd zmena profilu rezného klina s casom rezania

Fig. 4. Consecutive change of the section of the cutting slice with the

cutting time

niu technologickej sustavy. Preto zlepSovanie drsnosti povrchu je

potrebné riesit inym spésobom.

K modifikacii teoretickych vztahov pre drsnost povrchu pri-
stupuje aj dalSia skutocnost. Realny tvar hrotu nema presny kruhovy
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in Fig. 2. The dependence is not par-
abolic, it is described by segments of
the elipses, it reaches final values for
the selected values of the parameter
1. Technically it means that in the
moment when the relation for
selected finishes r, there side cutting
edge comes to feed. The relation
(2a) represents more precisely the
dependence Rz = Rz(f) than the
simplified relation (1).

In Fig. 3 there is a graph of the
function Rz = Rz(r,). The system of
dependencies is obtained by the fol-
lowing relation (2a) where we expect
that the feed is a parameter. Depen-
dencies are limited by the upper
parameter. For r, approaching 0, Rz
increases very quickly.

From the original and from the
dependence (1) for the surface rough-
ness of the cut it can be seen that Rz
increases very quickly with incresing
feed. Therefore any increase in feed
has unfavorable effect on morpho-
logy of the cut surface. From the
three dimensional graph of the func-
tion it would be possible to get the
equivalent value Rz.

The producers of cutting tools
produce cutting plates with a defined
radius of the tip. As an example we
can introduce a piece of ISO stan-
dard 1832 according to which, e. g.
SANDVIK Coromant produce their
goods, where for convertible lathe
plates radiuses are defined r, = 0.4;
0.8; 1.2; 1.6 and 2.4 mm. Apart from
it, round plates are produced with
radiuses of 8 and 12 mm. Further
increase of the radius of the tip of
knife is not applicable due to the
expansion of active contact of cutting
edge with workpiece and of inclina-
tion to the vibration of the techno-
logical system. Therefore, the impro-
vement of the roughness of the
surface need to be solved in a differ-
ent way.

Another fact joins the modification of theoretical relations for
the surface roughness. The real shape of the tip is not of accurate

round profile and with the wear it changes considerably. It is
mainly the creation of a hole in side edge according to Fig. 4. This
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Kz,

profil a opotrebenim sa znacne meni.
Ide najmai o vytvaranie zliabku na ved-
lajSom chrbte podla obr. 4 . Pri ma-
lych opotrebeniach moze toto “prelo-
menie” vedlajSej reznej hrany viest
v niektorych pripadoch aj ku zahladzo-
vaniu nerovnosti povrchu. Vznika jeden,
alebo viac dalSich hrotov. Pri vysSich
opotrebeniach sa vSak tento efekt rusi
a drsnost povrchu s opotrebenim ras-
tie.

ESte nazornejSie vyjadruje sledo-
vanu zavislost priestorovy graf Rz =
= Rz(r.,f) na obr. 5.

3. Zavislost drsnosti obrobeného povrchu Rz od reznej
rychlosti v. a posuvu f

Na urcenie drsnosti obrabaného povrchu mame vztah (1)
a (2a). Pre zavislost drsnosti od reznej rychlosti v, teoreticky vztah
neexistuje, preto ju mozno zistit experimentalne. Z experimental-
nych hodnét pri obrabanom materiali: ocel 12050.1, reznom
materiali SK P20 reznych podmienkach: r. = 1 mm, y, = 10°,
Kk = 60°, k, = 30° a z grafickej zavislosti Rz = Rz(v,) je mozné
vyjadrit vztah

Rz=av.’, (3)

kde a a b su konstanty, ktorych vel’kost sa meni so zmenou posu-

vuf.

Uvazujme rovnost (1) a (3), teda

£
8_ =av, b,
r€
z ¢oho
2
Fe = f —b>
8av,
potom je:
£ Y
Ri=——=—-— /|4 —| -1
8av, 2 8av,
alebo
. r _i . 16a2vc—2b
T\ 8av 2 16a?v; 2 )
teda
f? _
e av, b,
rE
z ¢oho
f2
€ Sav?’

Obr. 5. Graf funkcie Rz = Rz(r,, f)
Fig. 5. Graph of the function Rz = Rz(r,, f)

“snap through” of the sub-
sidiary of the cutting edge
allows to smooth the uneve-
ness in some cases.

One or more tips occur.
This effect, however, does not
occur at higher wear and the
roughness of the surface
increases with the wear.

The three dimensional
graph represents the observed
dependence Rz = Rz(r,, f) in
Fig. 5.

3. Dependence of the roughness of the cut surface Rz
on the cutting speed v, and on the feed f

To determine the roughness of the cut surface we have the
relations (1) and (2a). For the dependence of the roughness on
the cutting speed v, the theoretical relation does not exist, there-
fore it is possible to find it experimentally. From the experimental
values at the cutting material SK P20, cutting conditions: r, =
=1 mm, y, = 10°, k = 60°, k., = 30° and from the graphic
dependence Rz = Rz(v,) it is possible to define the relation

Rz=av.", (3)

where a and b are constants, the value of which change with the
feed f.

We consider equation (1) and (3), therefore
LA
8r,
from which
f2

re = =y
€ 8av®

then

Lo 2y
Rz = -— |4 -
: 8av.? 2 8av.® s

or
s 1 [f*— 16a%,
Rz=f EE 2 —2b
8av, 2 16a°y,
thus
7 ,
8r, B
from which
f2
fe™ 8av, "’
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potom je:
Lo Y
Rz = -— /4 -1
: 8av, % 2 8av,? 4
alebo
' 1 [f* = 16a%, %
Rz=f f—b Y ! 2 —2lb ;
8av, 2 16a°v,
teda
f 2 2.—2b
Rz = P f = VfT = 16a7v. ™). 4)

Existencia vyrazu vo vztahu (4) je zaruCena pre hodnoty
posuvu a reznej rychlosti, ktoré spifiaji nerovnost

A= 16a* v * =0,

priCom uvazujeme len technicky rea-
lizovateIné hodnoty, teda f = 4avc_b.
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then it is
o Y
Re=———— [4|==] -1
8av, 2 8av,
or
f 12— 16a>]%
Rz=f 5 5 2 —2b
8av, 2 16a”v,
SO
f 2 2. —2b
Rz = — (f = Vf" = 16a’v, ) 4)
8av,
The existence of the term in the relation (4) is guaranteed for
the values of the feed and cutting speed that satisfy the unequality
A= 16a>* =0,

when we consider only the techni-
cally possible values, so /= 4av, °.

Pre a =200,78 a b= 10,9995
mame graficku zavislost na obr. 6.
Graf je podla vztahu (4) upraveny na
Ra = Ra(v,, /).

Experimentalnym Studiom zavis-
losti drsnosti povrchu od hibky rezu
a, je zavislost takmer linearna, s ma-
lym poklesom R, smerom k vySSim
hibkam rezu. Preto nie je potrebné
tento parameter uvazovat.

25

Obr. 6. Graf zavislosti drsnosti Ra od reznej rychlosti v,

4. Zaver

Poznanie zakonitosti vzniku drs-
nosti obrobeného povrchu dava real-
nu moznost optimalizovat rezné podmienky vo vztahu k pozado-
vanej kvalite povrchu suciastok. Vyrazna zmena R, v zavislosti v,
na ziada pri obrabani oceli vysSie rezné rychlosti. ZvySovanie po-
suvu je jednoznacne nepriaznivé a musi sa realizovat iba pri stcas-
nej Uprave geometrie rezného klina (zva¢Sovanie polomeru zaob-
lenia hrotu). Zavislost drsnosti obrobeného povrchu od hibky
rezu je nevyrazna, napriek tomu bude analyzovana v nadvaznych
pracach.

Literatira - References
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For a = 200.78 and b = 0.9995
we have a graphic dependence in
Fig. 6. The graph is adjusted by the
relation (4) to Ra = Ra(v,., /).

With experimental study of the
dependence of the roughness of the
cut surface on the depth of the cut
a, the dependence is almost linear,
with the short regress R, in the
direction of bigger depths of the cut.
Therefore, it is not necessary to con-
sider this parameter.

£.107mm

Vg M min

4. Conclusion

a od posuvu f
Fig. 6. Graph of the dependence of roughness Ra on the cutting
speed v, and on the feed f.

Knowledge of the relations of the
formation of the roughness of the cut
surface gives a real possibility to opti-
malize cutting conditions in relation to the required quality of the
surface of components. A considerable change R, in the depen-
dence on the v, requires higher cutting speeds in machining steels.
The increase in the feed is thoroughly unfavourable and must be
realised only when geometry of the cutting slice is adjusted
(increase of the radius of tip curving). The dependence of the
roughness of the cut surface on the depth of the cut is dull, in spite
of this it will be analysed in further works.
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Marek Kopinski - Andrzej Surowiecki *

VYBRANE PROBLEMY MECHANIKY SPEVNENYCH ZEMIN

SELECTED PROBLEMS OF REINFORCED SOIL MECHANICS

Uvddzajii sa vybrané problémy mechaniky sypkého zemného prostredia, na priklade vyskumu zmeny tvaru pravouhlych vzoriek zataze-
nych zvislym statickym osovo-symetrickym tlakom. Vzorky boli vystuZené vodorovne rozmiestnenymi sietkami. Popisuje sa spolupdosobenie ele-
mentov spevnenej zeminy, menovite charakteristiky vzajomného vplyvu zemného prostredia a spevnenia na rozmer pasma spoluposobenia.

Pri hodnoteni vplyvu spevnenia zemného prostredia bolo uvaZované stredné vodorovné napdtie a odvodeny koeficient bocného tlaku.

Selected problems of the mechanics of a loose soil medium, illustrated with tests of cuboidal specimens loaded with a vertical, static, axial
symmetric pressure, have been presented. The specimens were reinforced with inserts (nets) situated horizontally, i.e. perpendicular to the plane
of loading. The interaction between reinforced soil components, in particular the influence of soil and reinforcement related factors on the size

of an interaction zone, was discussed.

An average horizontal stress and an experimental coefficient of lateral pressure were taken into account when assessing the effect of

reinforcement on the deformability of soil.

1. Introduction

Reinforced soil has been used as material in various civil engi-
neering structures for over 30 years. The introduction of soil rein-
forcement into engineering practice opened up a new field: rein-
forced soil mechanics, covering three major groups of problems:
proper choice of reinforcement, description of the mechanical
properties of a considered composite material and the interaction
between a reinforced-soil structure and the medium [5].

The Polish Academy of Sciences Institute of Hydro-Engineer-
ing in Gdansk has contributed significantly to the development of
reinforced soil mechanics [2, 4, 5] by creating rigid-elastic and
elastoplastic models of reinforced soil, working out the slope’s and
the retaining wall’s load bearing capacity and the static and kine-
matic solutions of the limit load capacity of loose subsoil loaded
with foundations, etc.

In laboratory testing three main areas relating to: the rein-
forcement’s mechanical properties, the interaction between rein-
forced soil components and the testing of reinforced soil treated
as a composite can be distinguished [5]. As is stated in handbook
[5], divergences of opinion about a proper theoretical approach
to reinforced soil’s function can be successfully settled through
experimentation.

This paper deals with an experimental analysis of the behaviour
of large-size specimens of reinforced loose soil (a laboratory model)
loaded vertically with a static pressure. The vertical (settlement)
and horizontal (lateral pressure) deformations were measured and

* Dr Ing. Marek Kopinski, Dr. hab. inz. Andrzej Surowiecki

the performance of the reinforcement and changes in the values
of the soil specimen’s mechanical properties versus the adopted
parameters relating to the test conditions (load), the soil medium
(compaction), the number and location of reinforcing inserts were
assessed. The reinforced subsoil behaviour model consists of: coarse
river sand and horizontally placed plastic nets (denoted by ST)
and steel net (denoted by SS) with a mesh size of 30 X 30 mm. The
soil specimens were tested in two states of compaction: as loosely
heaped up sand (1 loading cycle) and precompacted soil (9"
loading cycle). The cuboidal test specimens were placed in a 0.54
X 0.54 m in plane and 0.42 m high container. Seven model wall
measurement levels were distinguished: z; = 0.03 m; z, = 0.09 m;
23 =015m;z, = 0.21 m; zg = 0.27 m; z5 = 0.33 m; z; = 0.39 m.

2. Interaction between reinforced soil components

Under vertical static loading ¢ = 0.24 MPa the lateral pressure
of reinforced loosely heaped up sand along the model’s height as
a function of the number of net ST inserts is as shown in Fig. 1.
A single reinforcement at measurement level z, (curve 1), a double
(two nets) reinforcement at depth z3,, = 0.18 m and z5,, = 0.30 m;
a triple reinforcement at levels z,, z, and z¢ and a multilayer rein-
forcement (spaced evenly at every A = 0.06 m along the height)
at levels z,, z,, 23, 24, Zs5, Zg, Z7 Were used.

The tests were comparative in nature: the results were com-
pared with the results obtained for reference specimens, i.e. unre-
inforced sand.

Institute of Civil Engineering, Wroctaw University of Technology, Wyb. Wyspianskiego 27, 50-370 Wroctaw, Poland
T. Kosciuszko Military University, Department of Military Engineering, Obornicka 108, 50-961 Wroctaw, Poland
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Fig. 1. Graphs of horizontal sand specimen pressure as function of
number of reinforcing inserts; 0 - specimen without reinforcement
(reference standard), other denotations in text.

A reinforcement influence zone, i.e. a zone of insert influence
on soil grains, is visible in the graphs. Previously carried out lab-
oratory tests showed that the extent of this zone depends on:

« the magnitude of the external load (reinforcement is a passive
component and it begins to interact with soil grains as a result
of loading) and the history of loading,

« the kind of inserts (the mesh size of the nets, the tensile strength
of the material) and their location.

The medium-reinforcement interaction is satisfactory if the
insert does not stratify the soil, is rigid enough, resists pulling out
and is situated in the zone where maximum lateral pressure data
occur. It has been found that if the medium is reinforced with two
or more inserts, it is possible to control the deformability of the
models by changing the location of the individual inserts. Even
slight vertical dislocations of the inserts are reflected in the redis-
tribution of horizontal earth pressure. If two inserts are situated
too close to each other, the resulting earth pressure distribution
is similar to that characteristic of soil reinforced with one net. In
extreme cases, the effects may be even worse (loss) than for a single
reinforcement.

3. Effect of reinforcement on soil deformability

An average horizontal stress and an experimental coefficient
of lateral pressure were used to determine the effect of reinforce-
ment on soil deformability. The state of limit active pressure (result-
ing from load ¢ = 0.24 MPa) was deemed proper for the analysis
of the behaviour of reinforced soil. Experimental investigations
showed a state of static pressure in the (loosely poured) sand
specimens not subjected to loading.

Graphs of the average horizontal stress in sand specimens
reinforced with one ST net, two nets, three nets or seven nets are
shown in Fig. 2. The location of the reinforcement is the same as
in Fig. 1.

Experimentally determined horizontal stresses o, were used
to determine the experimental coefficients of lateral pressure for
specimens with and without reinforcement (fig. 3):
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Fig. 2. Graphs of average horizontal stress in specimens of loosely
heaped up sand reinforced with ST nets. Commentary in text.

_ —l.p* — -1
K= 0-y,S'r : (Uz) 5 K = o‘y,x’r : (Uz)

(D
where: g, , - an average horizontal stress in soil without rein-
forcement, 0':'5, - an average horizontal stress in reinforced soil,
o, - vertical stress determined in a simplified way on the basis of
experiments.

Syil‘.
151&4\ Pa

0600
0400 1
0,200
e
‘503 o oz AR

Fig. 3. Experimental coefficient of horizontal pressure for loosely
heaped up sand reinforced with ST nets as function of number of
inserts. Load q = 0.24 MPa. Symbols: 0 - reference standard,

1 - single net at level z,, 2 - two neis at levels z;,, and z5 5,

3 - three nets at levels z,, z, and z,, 4 - seven nets vertically spaced
at every Az = 0.06 m.

The following conclusions emerge from the authors’ investi-
gations:

 As the load increases, the pressure coefficient values in a speci-

men of loosely heaped up sand and precompacted sand approach

a certain constant, which they can reach when the upper limit

of the applied load is exceeded. This applies to sand with and

without reinforcement. The value which coefficients K and K~

approach is the lower, the more precompacted (i.e. subjected to
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loading and unloading cycles) the sand was. For upper limit
load ¢ = 0,24 MPa:

KY<K'and K" <K 2)

« For reinforced sand the lateral pressure coefficient values are
markedly lower than for (precompacted or loosely heaped up)
unreinforced sand:

KT<K' K< g™ (3)

It is proposed to determine coefficient K~ as function K~ = f(A,
m_, r.) where A is a reinforcement material parameter (e.g. Young’s
modulus or Poisson’s ratio), m. - the amount of reinforcement in
the soil medium, r, - the spacing of the reinforcement along the
height of the soil layer (spacing Az of inserts or the depth at which
insert z, is situated in the case of a single reinforcement).

4. Reinforced soil behaviour model - proposal
of analytical representation

Reinforcement favourably affects the soil medium’s material
characteristics, taking over some stresses o, produced by lateral
pressure. The taken over part of the stresses in the horizontal plane,
expressed as Ao, is directly proportional to original stress o,
(i.e. in unreinforced soil):

Aoy =floy), 0= A0y, <0, 4)

In a particular soil medium, stress Aa'zyk, further referred to
as “compressing” stress, generally depends on: the magnitude of
the load, the loading history and the reinforcement’s parameters.
Two main variants of the state of stress in reinforced soil are pro-
posed for the theoretical model.

Variant 1. It is assumed that the soil medium’s parameters do
not change. The specimen is in three-dimensional state of principal
stress: o, (vertical stress induced by loading) > ¢, = 073 is a hori-
zontal stress induced by the passive pressure of the neighbouring
zones of the soil medium. It is assumed that the reinforcement
causes an increase of Ao, (compressing a soil element) in the
horizontal stress resulting from the passive pressure of the adja-
cent zones of the medium. Thus the passive-pressure stress acting
on a reinforced soil element (the equation of the reinforced soil
behaviour model) is as follows:

0'; =0+ AUz,k %)

Variant 2. The part of stress o, taken over by the reinforcement
is Ao, and the model equation (a relation for calculating hori-
zontal stress in a reinforced-soil element) is as follows:

*

0y,=0,— Aoy, 0=A0y, <o, (6)

The two hypothetical models can be presented graphically
using limit Mohr’s circles (relating to limit states of active earth
pressure) in a medium with and without reinforcement.

5. Material parameters of reinforced soil

The basic strength features of a reinforced soil medium include:
modulus of elasticity ES internal friction angle ¢, anisotropic
cohesion ¢” (according to [3, 6]) and coefficient of lateral pres-
sure K.

In the limit state of active earth pressure value the following
relation can express K:

*

K,.=K

min

—AK,,,. =12%(45° — 0.5¢) — AK,,. (7

min

where: AK,,,. is a reduction in the coefficient of lateral pressure
owing to reinforcement. The N.T. Long and F. Schlosser formula
[3], which defines the anisotropic cohesion of reinforced soil, has

this form:
¢ =05 R(A2)"" - 1g(45° + 0.5¢) (8)

where: Az - the vertical spacing of the planes of reinforcement, R,
- a unit tensile strength of a reinforcement plane [N/m].

After the transformation of the basic equation of principal
stress in the limit state of active earth pressure (derived from the
theory of limit states) and the substitution of expression (8) we
get:

K,in= 187(45° — 0.5¢) — cosg” - [(1 + sing’) -

“ Ol gran - A2] 7 - R, - 1g(45° + 0.5¢) 9)
Taking into account the results of model tests carried out by
the author [7, 8, 9, 10], the effects of reinforcement were expressed
by parameter AK:
AK = (1g9) " Ep - g(n) (10)
where: g(n) = Wis a correction factor (describing the experiment-
theory relationship) having a functional form.

Adopting a distance sum square minimum as the criterion for
the selection of function g(n), the latter was defined as power
dependence g(n) = n Vi1 where 1 is a number of horizontal rein-
forcement layers. Then formula (10) assumes this particular form:

AK = (1g¢) "+ Eun - Vn (1)

In the literature on soil mechanics one can find relations for
the internal friction as a function of soil compaction degree I,
e.g. the Szaraniec or Weissenbach formulas [1]. When the Weis-
senbach relation is put into formula (11), we get:

AK = (0.58 + 0.51,) " - Eun - Vn (12)

The following exponential relation can describe the above
formula as a function of the degree of soil compaction: y = ba™. If

the parameters in formula (11) are assumed to have the following
values: percentage of reinforcement w = 0.384, factor adjusting
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experimental results to those obtained from formula (10) W =
= g(n) = 1.0- 107 [MPa] "}, the reinforcing insert’s Young’s
modulus E = 2,1 10° MPa, then this relation assumes the follow-
ing particular form:
AK = f(I,) = 1.389 - a* (13)
Allowing for the possibility of introducing number m of degrees
of soil medium compaction (in range /;, = 0.0—1.0), a set of base-

of-power values ¢ = 1.0—0.537 is obtained. If formula (13) is to
be fairly universal, average value a,, = 0.491 should be assumed.

Reinforcement effectiveness ratio AK for specimens of differ-
ent kinds of loosely heaped up and precompacted soil depending
on number n = 1—7 of reinforcing inserts (nets ST) is shown in
Fig. 4.

AK & I
0,2|—
Fi ¢
01_ a b C
/s
I [ TR TN ER (R B
0 1 2 3 4 5 6 7 n

Fig. 4. Parameter AK for soil specimens depending on number
n = 1—17 of reinforcing nets ST. Consistency of loosely heaped up soil
(1) and precompacted soil (IX): a - sand, b - valley gravel,
¢ - basaltic grit.

The anisotropic cohesion of reinforced soil leads to increased
shear strength defined by the following equation [11]:

TT=p.cgetc (14)
in which, acc. to [3, 4, 6], for reinforced soil:
. =D, 1g°(45° + 0.5¢) + py (15)

- vertical stress (perpendicular to a plane of reinforcement),
- additional horizontal stress in the state of damage of a rein-
forced soil specimen, expressed by this relation:

Dy
Po

Do = 2c - 1g(45° + 0.5¢) (16)

If the settlement of a reinforced soil specimen is A/ and it is
caused by vertical compressive stress p,, effective strain E is
expressed by:
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Ey = p.h(AR)™! (17)
a soil (sand) specimen’s strength parameters as a function of the
quantity of reinforcement measured by percentage w are presented
in Fig. 5.

cl® E, [xPa]
6000 - Ee
"
rd
4000 |- -’
4 '.—‘r'
300 [~ 300 [~ Pt c
200 |- 200 [-2000[ g
100 |- 100 | - 2
. \ . }l.xld"[m ]

i
Q 1.89 3,78 5,67

Fig. 5. Soil specimen’s strength parameters as function of reinforcement
quantity (u - percentage of reinforcement); ¢ - cohesion, T, - shear
strength, E, - modulus of elasticity.

6. Conclusion

Selected problems of the mechanics of a loose soil medium,
illustrated with tests of cuboidal specimens loaded with a vertical,
static, axial symmetric pressure, have been presented. The speci-
mens were reinforced with inserts (nets) situated horizontally, i.e.
perpendicular to the plane of loading.

The interaction between reinforced soil components, in par-
ticular the influence of soil and reinforcement related factors on
the size of an interaction zone, was discussed.

An average horizontal stress and an experimental coefficient
of lateral pressure were taken into account when assessing the effect
of reinforcement on the deformability of soil. The limit state of
active pressure was adopted for the analysis of the behaviour of
reinforced soil specimens. From empirical observations conclu-
sions regarding the coefficient of lateral pressure in a reinforced
soil specimen were drawn.

Two versions of a reinforced soil behaviour model were con-
sidered and an analytical representation was proposed for them.
Taking account of the experimental results, relations for the cal-
culation of:

« lateral pressure coefficient K in a limit active state and

« reinforcement effectiveness expressed by reduction AK of the
pressure coefficient (for variable features of the soil and the rein-
forcement inserts)

were derived.

The graph of soil specimen strength parameters versus per-
centage of reinforcement demonstrates the widely recognized (for

over thirty years) advantages of reinforced soil.
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INSTALACIA BUNIEK NA MERANIE TLAKU ZEMINY
V STAVEBNYCH KONSTRUKCIACH

INSTALLATION OF SOIL PRESSURE CELLS IN CIVIL ENGINEERING STRUCTURES

Cldnok sa zaoberd problémom instaldcie buniek urcenych na meranie pédneho tlaku v réznych stavebnych konstrukcidch. V cldnku sii
uvedené priklady aplikdcie okrajového typu tlakovych buniek pouzivanych na meranie tlaku zeminy pésobiaceho na okrajovych povrchoch
takych stavebnych konstrukcii, ako su zdklady budov, tunely, sachty, piloty a oporné miiry, ako aj vsadeného typu tlakovych buniek pouziva-
nych na zaznamendvanie tlaku v zemine ndsypov ciest alebo priehrad. Pri instaldcii tlakovych buniek urcenych na takéto merania by sa mal
pouZit vhodny sposob instaldcie, aby sa minimalizoval rusivy vplyv zdkladovej pody v okoli tlakovych buniek, ktory znacne ovplyviiuje ich iidaje.
V prdci boli prezentované rozne sposoby instaldcie buniek.

The paper deals with the problem of cells installation encountered with the measuring of soil pressure in different civil engineering
structures. In the paper are given application examples of boundary type of pressure cells used to pressure soil measurement acting on
boundary surfaces of such civil engineering structures as building foundation, tunnels, shafts, piles and retaining walls as well as embedded
type pressure cells apllied to stress record within soil of road or dam embankments. When pressure cells are installed for such measurements
suitable installation techniques should be used to minimise ground disturbance in the vicinity of the pressure cells which affects considerably

their indications. In the work different techniques of the cells installation have been presented.

1. Introduction

To evaluate the behavior of any engineering structures such as
buildings, bridges, highways, tunnels, retaining walls, culverts or
dams it is necessary to know the pressure distribution occurring
in the contact plane between those particular structures or their

Vent tubing
a) b) Slope indicator Co. [6] T

Lyngby pressure cell [2]
PT-7 LVDT pressure sensor oil filled pressure
22; cell made of stainless steel D=152,4 mm

2B=12,7mm

0,3 mm brass foil
0,3 mm silicone oil
3 mm brass plate

3::3: Lead wire

Pressure
é transducer
Z
/ Concrete wall

Fig. 1. Examples of a) boundary and b) buried type of pressure cells

Epoxy mortar

elements (e.g. foundations) and the soil media surrounding them
as well as the stresses inside these media. The pressure in the
contact plane is measured by means of boundary cells (Fig. 1a),
and inside the media - by means of sondes (buried cells, Fig. 1b).
The basic way to obtain information about the values and the dis-
tribution of soil pressure is its direct measurement by means of
pressure cells.

In order to obtain reliable pressure measurement results it is
necessary to:

- use adequate cells, characterized by reliable operation and stable
indications in long-term measurements as well by being resis-
tant to moisture and corrosion [11], [16], [22],

- minimize ground disturbances in the vicinity of the pressure
cells by using suitably their installation (placement) procedures
[91. [11], [12], [26].

This work focuses primarily on the analysis of the effect of
pressure cell placement on the value of the recorded stresses and
then the ways of cell installation have been presented both in made
ground (e.g. in road and dam embankments), in virgin soil (e.g.
motorway, railway and subsoil) and on the boundary surfaces of

such structures as tunnels, shafts, piles, and retaining walls.
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2. Effect of the technique the pressure cells
is installed on their response

The identical soil pressure cells, placed in the same stress
field do not necessarily have to record same stresses. One of the
basic factors - apart from the characteristics of the cell itself (shape,
relative rigidity, sensitive and total surface, transverse sensitivity,
bulk density, free vibration frequency, sensitivity to temperature
changes, and water tightness) that affects considerably the pres-
sure cell indications - is the technique the cell is placed and how
it is situated in relation to the structure walls.

Taylor [24] in 1947 and Monfore [15] in 1950 found out that
in order to obtain a reproducible accurate pressure measurement,
the cell rigidity should be equal or much larger than that (modulus)
of the surrounding ground. Taylor [24] in the description of the
phenomenon he called “pocket action” was the first to notice that
if the material in the vicinity of the pressure cell (pocket) is less
compact than the surrounding soil, then the pocket will be under-
loaded and the cell will over-register pressure values.

This finding has been confirmed by Krizek et al. [13] and by
Audibert and Tavenas [3] who evaluated by means of the MES

20
/} E=689000 kN/m*
16 Ew=17200 KN/m?
Modulus of soft soil Ey, 6890 kN/m* ]
\5{0’12 Homogenous soil )
§ / 7/ .
5 gp—e—————J | /]
2 T A
K Softer soil under and above cell 11/ Softer sofl under cell
g 04
S
z
0
0 02 04 06 08 1.0 1.2 14 16 18 20
Normalized Radial Distance r/R
a) Krizek et al[13]
[
M
20 Y
aEg/Ey = Ideal compaction
OEg/Ey = 1/2 under compaction
1 ®Ep/Ey = 4 over compaction
S t a. = Measured normal stress cell
O = Overburden stress
————o———
0 \/\ﬂ/.———'—————'—“‘
Surrounding soil modulus g, o
0.5, - T {
Bedding material modulus £

0
Z 1 2 3 4 5 6 7 & 9 10
Earth pressure cell

b) Audibert and Tavenas [3]

Fig. 2. Effect of the compactness degree of the bedding material
on stress distribution in the vicinity of pressure cell after theoretical
investigation of Krizek et al.[13] as well as Audibert and Tavenas [3]

analysis the effect of the degree of the compactness of the soil filling
the pocket on stress distribution disturbance (Fig. 2a and b).

From Fig. 2b it follows among other things that for the pres-
sure cells to register actual pressure values the material compact-
ness both in the pressure cell and in the bulk should be identical.
This evidences the necessity to apply a proper way of placing the
pressure cells.

Hadala [9] carried out comprehensive investigations on this
issue for diaphragm and column cells (Fig. 3 a and b), both in
laboratory and field conditions.

3 countersunk
holes at 120°

Stainless steel
ring

b)

1.6 mm.rad,

A % 3.2mm diam.

a)

3.05cm
] Electrical tape
f—2.29¢cm —-‘ p

| F—1.68em— |

Strain-gaged

: | column Titanium
3.80cm stress cell

! 0g5em) body and
Cable hole diaphragm

4,.5mm  hole

Cover plate

-
/ 191 mm
_ 4

57mn {4 [05mm! |

/htunium T
cover plate  31.8mm
41.3 mm l
well

Fig. 3. Basic types of soil-stress cells [14] a) column type
b) diaphragm type

He found out that even in the case of testing the pressure
cells in the laboratory where there are better conditions to achieve
repeatability of particular technique of installation as well as homo-
geneity of the hole medium and its particular layers, the alterations
of cell indications reached even 40 %. A uniform repeatable method
of stress cell installation affects to a decisive degree the reduction
of an accidental error in soil stress measurements. Much less favor-
able conditions to achieve repeatable cell readings occur in stress
measurements in field conditions where there is need of placing
the pressure cells in excavations or drilled holes (pits). In this case
the in situ material properties should be determined before a cell
is installed, so that after its installation the pit could be backfilled
with soil with maintaining its original properties in particular
layers. In the case of placing diaphragm cell in soil, the best stress
measurement accuracy is achieved when the method of placing
the cell on the ground surface with subsequent burying it and lev-
eling the ground [9] Two other ways technique of the cell instal-
lation are: a) driving in b) making a pit. Investigations concerning
the evaluation of the methods of installation of column cells
where the thickness (distance between end faces) is larger than in
the case of diaphragm cells are presented in [19]. A wider han-
dling of the method of installation of diaphragm and column cells
and of the effect of their number on measurement accuracy has
been presented in [12], [27]. An important factor affecting the
accuracy of measurement of bulk material stresses is the proxim-
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ity of the structure and clearance between adjacent cells. To avoid
a measuring error resulting from the distribution of cells being too
dense there should be clearance maintained between the cells ver-
tical spacings of 4 cell diameters, horizontal distance 1-0.5 cell
diameter. The latter is in the light of investigations [9] a larger dis-
tance and amounts to 3.5 cell diameters (Fig. 2b).

3. Installation of pressure cells in embankments

The requirements that should be met when pressure cells are
to be installed in embankments are the following:
- suitable compactness of bulk material in the vicinity of pressure
cells,
- selection of other material properties in the vicinity of the cell
to minimize ground structure disturbance and to ensure a proper
contact on the pressure cell-soil boundary.

Installation of cells to measure vertical stresses with regard to
the above requirements has been illustrated with three examples of
embankments: 1) road embankment made from a homogeneous
material (Fig. 4), 2) dam (Fig. 5), and 3) highway (Fig. 6)

3.1. Installation of pressure cells in road embankments

The procedure of the installation of pressure cells in the case
of a road embankment runs as follows [23].When the cells have
been laid on the sand layer (pocket), but before pouring the cover-
ing sand layer, reading is made in order to check the correctness
of the cell performance. Walking over the area performs initial
compactness of the sand layer over the cells laid at suitable intervals.
To make treading down the sand layers easier they are sprinkled
with water. Then 30 cm of the same material is placed, watered and
compacted with a hand-guided impact compactor. Readings are
again obtained from the cells to ensure that the backfilling has not
damaged them and to obtain a zero reading. The cells are moni-
tored until the readings become constant indicating that the cells
have reached equilibrium temperature with the surrounding soil.
In this manner, no temperature correction is required for the zero
reading. Any load registered above this equilibrium reading is con-
sidered as soil pressure. As the fill progresses in height, readings are
taken at increments of 6m of fill. When the fill reaches the profile
grade, the readings are obtained at longer intervals to check cell
stability.

25c¢m earth cover machine

Y77
15cm earthcover hand compacted

15¢cm sand cover
hand compacted =
= g

Sand for
scating

Fig. 4. Cell placement in test sites [23]
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3.2. Installation of pressure cells at dams

A dam embankment consisting of a few layers each of which
consists of bulk material of different properties requires an indi-
vidual technique of pressure cell installation (Fig. 5).
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Fig 5. Installation of the cells in zones of dam embankment [21]:
a) core zones of talus material and boulder clay b) transition zone of
river deposit c¢) shell zone of quarry run and river deposits;
1 - pressure cell, 2 - sand 0-3mm, 3 - core material 0-80mm,
4 - core material 0-30mm, 5 - gravel 0-200mm, 6 - gravel 0-30mm,
7 = rock fill 0-1000mm, 8 - rock fill 0-300mm, 9 - compacted surface.

Figure 5 shows the structure of fill-lenses at the zone of instal-
lation. From this figure, it can be seen that pits up to 200cm in
depth had to be excavated in the fine grained not very flexible core
material cross-sections (Fig 5a) - to protect the cells against damage
because of compaction with 40-t rubber-tired rollers. Similarly, in
order to protect against damage resulting from passing of 60 t trans-
portation trucks, more rigid gravel is put in two layers at the bottom
of a 50 cm excavation (Fig. 5b) In turn, in the protective zone
(Fig. 5¢) the cells were placed in the middle of an excavation of
the projection 10 X 10 m after which its compaction was per-
formed by means of a 80 kN weight of vibratory roller. In each of
these three cases of cell installation a pocket was used in order to
eliminate any bridging action.

3.3. Pressure cells installation in excavation pit
in the soil adjacent to pipe placed below
the surface of highway

The example concerns soil instrumentation of a gas pipe 40.6
cm in diameter ( Fig. 6). The pipe is placed 90 cm to 150 cm below

the surface of finished highway. Both the soil stress cells and the
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soil strain gauges were manually implanted to ensure the proper
location and alignment with reference to the pipe. The placement
is accomplished in successive layers of lifts each of approximately
30 cm thick. The soil for each lift must be compacted by hand in
the proximity of the gauges and their lead wires. A U-shaped picket
provides a protective channel for lead wires as they pass through
each successive lift. For the horizontal run to the readout station
a conduit protects the lead wires.

Conduit to reading
box

Accelerometer box

Junction box

Excavation pit

SR
¢
Detail A 48 ‘

Temperature
measuring device

Flexible conduit
(1.3 cm diam each)

Sheet metal
(1.6 mm thick)

|
Fig. 6. Placement of soil pressure cell in fill of excavation pit [18]

3.4. Installation of cells in order to determine the plane
state of stress in embankments and culverts

The techniques of cell installation discussed above concerned
a measurement of one (vertical) component. And to determine the
plane state of stress, in a plane three differently sloping cells should
be placed (Fig. 7), in turn, establish the full state of stress - six
cells. To accommodate a cell cluster, individual pockets for each
cell are hand dug at the correct locations with flat faces at the
required inclinations. The excavation as a whole should be stable
with side slopes as necessary, and of dimensions not less than
4X4X2m deep. The cell pockets should be excavated with extreme
care to avoid disturbance to the soil, each being of size approxi-
mately twice that of the cell.

Such pressure cell installing can take place in the practice of
constructing highway embankments (Fig.8).

Below, a description is given of two major types of studies of
soil stress in embankments [22]: (1) those involving measurements
of the magnitude and direction of the principal stress within an
embankment and (2) those involving measurements of the magni-
tude and distribution of earth pressures acting on culverts under-
neath fills. Figure 8a shows the instrumentation of type (1) of

stress measurement on the embankment. The number in paren-
theses following the pressure cell cluster identification indicates
the number of cells installed on that site to measure the compo-
nents of earth pressure. Figure 8b shows the location of pressure
cells placed in the type (2) of stress measurements in the
embankments.

Excavation 8m x 3m x 1m deep / Soil or rock fill

S

Pockets for pressure cells

Side slopes 1 in 5

Fig. 7. Arrangement of pressure cells in pockets on the bottom
of excavation to determine stress state in a single plane [7]
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Fig. 8. Location of pressure cells placed in the embankments
Sfor measuring (Smith et al. [23]): a) stresses within embankment,
b) pressures acting on culverts

The pressure cells were installed above the crown of the culvert
and on the original ground near the footing in a 1.50 m X 3.00 m
pit with sloping sides approximately 30 cm deep. A 60 cm square
portion in the center of this area was prepared by removing all
projecting rocks and by leveling the surface. A 60 to 90 cm layer
of soil from the embankment material was then hand compacted
on the prepared pressure cell site. After being placed, the cells were
covered by another 7.5 to 10 cm layer of the same material, which
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was also hand compacted. A 15cm to 30 cm layer of selected
material passing through a 2.0 cm sieve was then hand compacted
over the site, followed by 60 to 90 cm layer of embankment mate-
rial, compacted with a hand operated impact compactor. The lead
wires from each pressure cell were encased in a flexible metal
conduit passing from the cell through an opening in the culvert
wall. The leads were then routed through a junction box and con-
nected a cable raceway to a data collection point at the culvert
crown.

4. Installation of pressure cells in virgin soil

In virgin soil the pressure cells are installed after a cavity is
made in it or an opening drilled, and then the pit is backfilled with
the removed soil with maintaining its physical features in situ in
particular layers. In order to minimize the changes of the physical
features of soil in the vicinity of the cell and to reduce the result-
ing erroneous readings, often departing from real stress values the
applied techniques of installation of cells in virgin soil have been
presented.

4.1 Pressure cell installation in virgin soil
at an inconsiderable depth

To install the cells in a vertical and horizontal position at not
a large depth, hand made pits of a diameter a little deeper than that
of the pressure cell are used. The installation procedure by means
of this method is illustrated in Fig. 9.

Moisture-temperature cell

Soil slightly more moist than the
surrounding embankment was
sheaded around the moisture-
temperature and pressure cells. Soil

\\gvas then hand tamped for the least
-7.5 cm above the cells.

Clay compacted
in 7.5-10 cm lifts
with Wacker

Bottom of trench
compacted with
Wacker

Pressure cell

Fig. 9. Pressure cell installation detail in railway subgrade [6]

4.2 Pressure cell installation in virgin soil
at a large depth

In the case of placing the pressure cells at the depth larger
than 1.0 meter, the method of drilling an opening is used.
Instances of the installation of pressure cells in bored holes have
been presented in Fig. 10 and 11. In the former an opening
225 mm in diameter and 360 mm deep was bored first of all,
above the foreseen location of the pressure cell center.

Soil from the borehole was placed in tight-closed plastic bags.
To make a slot for placing the cells at a required depth, specially
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Ground level

l _____] Recompacted
Hollow cutting r soil
tools 3
f L y Epidermix
7 365
é
Z Pressure
—
cell
Side view Front view
Tamper

Fig 10. Procedure and tools to install gauges for horizontal pressure
measurement in clay soil in situ [4]

Fig 11. Installation of “Glotzl” cells in a borehole (Sauer and Sharma)
[20]: a) cells oriented and fixed, covered with a clay cylinder,
b) lowering of the cylinders in the borehole 1 - metal block,
2 - wire frame, 3 - connection pipe, 4,5 - pressure cells, 6 - clay,
7 - gauze, 8 - casing pipe, 9 - sand, 10 - clay cylinder with cells.

constructed instruments were used of their horizontal section the
same as that of the cells.

Final leveling of the slot bottom was carried out by means of
a half-round cutting tool of a radius equal to that of the pressure
cell, a then the performed half-round surface was packed by means
of a same shape disc, in order to make the cell not lie on loose
ground. After the cell had been leveled, 1 I of epoxy resin was
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poured into the slot through a pipe. The amount of resin had been
selected so that after the installation of the cell the slot should be
filled approximately up to the level of 50 mm above the upper
edge of the cell. The pressure cell was inserted into the slot by
means of a rod ended with a grip matching the cell geometry. The
next day the remaining part of the opening above the resin already
solidified was filled up with soil of the properties possibly close to
those in the untouched state. The inside of the pressure cells
remained in the conditions of atmospheric pressure. In the case of
a considerable sinking of the cells installed in boreholes, the method
of so-called initial wrapping (prepacking) the cells up is used by
Triandafilidis as well as by Sauer and Sharma [20] (Fig.11).

The installation takes place after the previous boring of holes
at a required depth with the usage of steel protective pipes. The
cells foreseen to be installed in a given place of the opening are
fixed to a framework made from wire (Fig.11a), and then the pres-
sure cells become wrapped up cylinder-shaped with virgin soil taken
from the installation place and from the outside covered with
gauze. These cylinders, 17.0 cm in diameter, with the pressure cells
inside, were lowered down the pipe, filling their surroundings with
sand, and above them - with virgin soil, i.e. in this case with clay.
The method of initial packing ensures a minor scatter of mea-
surement results. It can be applied as deep as 30 m [26].

5. Installation of pressure cells at the interface
between soil an concrete

The measuring surface of the pressure cells applied to
measure the pressure acting on the walls of such structures as
tunnels, shafts, foundations and piles can in general find itself at
an inconsiderable distance off the wall or strictly in the wall face.
Soil pressure acting on the inwards withdrawn surface sensitive
towards the structure wall face will be less than that resulting from
the overlay weight and vice versa, a cell pushed forward outside
the wall face will register a larger pressure than that resulting from
the overlay weight. In order to obtain accurate pressure measure-
ments the cells should be situated strictly in the boundary surface.
In general the are two procedures of pressure cell installation in
structure walls. The first is when there is a direct access to mea-
suring surfaces of pressure cells i another one when there is no
such access.

5.1. Installation of pressure cells with direct access
to their measuring sensitive surfaces

Installation of pressure cells with direct access to their mea-
suring surfaces is characterized by a relatively cheap and fast instal-
lation of the cells with a possibility of making the external surface
corresponding to the wall structure (Fig.1a and 12 .). Figure la
shows a typical pressure cell installation in reinforced concrete
wall. The layers of epoxy and epoxy-mortar are kept as thin as pos-
sible, and the free surface is given a roughness comparable to that
of the surrounding concrete even though the measuring signal
from the cell is almost insensitive to deviations in roughness.

Precaste concrete
pile

Earth pressure cell

Hydraulic

piezometer Reinforcing wires

Fig 12. Instrumented cross-sections of a precast concrete pile
(Gregersen et al.| §])

Figure 12 shows installation of cells in 8 m and 16 m long
precast concrete piles driven into a very loose deposit of homoge-
neous sand [9]. The typical piles have a circular cross-section but
the instrumented piles were specially made with flat surfaces on
the opposite sides in order to install a row of vibrating-wire contact
pressure cells and piezometers.

b) 7

i

T

Soil

X

Front View

7

Side View

Fig 13. Determining of stress around drilled shaft (Wright et al. [28]):
a) location of pressure cells on the shaft, b) installation method
for pressure cells.

Figure 13 shows the installation method used in drilled shaft
supporting underground structure [28], [17]. The cells were embed-
ded in soil prior to placing the concrete. A cavity was cut in the
side of the hole and the cell was placed against the soil. Dowel
pins were used to hold the cell in place. Grout was packed around
the periphery of the cell to prevent intrusion of concrete at the
interface of the soil and of the back surface of the cell. A thermo-
couple was placed near each cell. Before the test shaft was installed,
it was believed that some method of shoring the shaft excavation
would be needed. The shoring was necessary due to the length of
time required for the installation of pressure cells and because of
the caving potential of the slickensided clay below 3.05m depth.
Tying 6.10 m long boards to the outside of the reinforced cage
shored the excavation. When placing cells adjacent to culverts,
tunnels or other structures, the cells may be embedded in the back-
fill a short distance away from the structure (Fig. 14). The contact
between the cell and the backfill material should be effected by
means of a layer of fine-grained material as previously described.
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Pressure cells for contact Cable doubled . Coupling
and circumferential stress back :

Shotcrete lining -

* 25 mm dia rigid conduit
7 o '

P T vel

End of rigid conduit

+ Tie Taped end Cell
N\ .
Terminal panel _< Reinforced bar
hairpi .
. . bairpin Coupling
- o e
4. g .-

v o

Concrete pad placed Grout into rock DETAIL "A"
prior to installation
of pressure cell

Portable hydraulic o Pressure
readout DETAIL "B ~cells

Fig 4. Installation of pressure cells in a tunnel lining [7]

—_
Pressure cells

.

5.2. Installation of pressure cells without direct access l\
to their measuring surfaces :
Pressure

cells
Pressure cell placement is more difficult, when there is no Fig 15. Pressure cells installation against the conduit foundation

access to sensitive surface of the cells from the side of the sur- and outside conduit surface facing the embankment fill [16]
rounding ground. This kind of installation occurs e.g. when installed

are the cells measuring the pressure acting on a conduit structure

(Fig. 15) or the pressure acting on an excavated tunnel (Fig.16). 2. Uniform placement technique is necessary to reduce the data
scatter.
3. A stress measurement from a single cell should not be relied
6. Conclusions on as being representative of stress field.
4. Animportant factor affecting the accuracy of measurement of
1. Cell placement plays an important role in cell response. The stresses within soil is the proximity of the structure and clear-
same soil pressure cells, placed in the same stress field do not ance distance between adjacent cells

necessarily have to record identical stresses.
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1-2 cm shotcrete to con-
solidate rock, if
necessary

cut opening in steel
mesh for pressure cells

drilling for hooks

cut steel rods to length
and drive in rock (after
forming hooks)

remove shotcrete for
pressure cells

lay cross rod (torsteel)
in the hooks

cover pressure cell with
cement mortar (thin
cement mix 1:7 without
quick-setting agent)

place the pressure cell
against the excavated
surface

wedge the cell carefully
against the cross rod
with the help of timber
wedges till the cement
paste flows out to the
edges of the cell

shotcrete the pressure
cell

11 remove the timber
wedges carefully

12 remove the cross rod

Fig. 16. (to be continued)
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13 shotcrete around the
pressure cell

14  tangential pressure
cells

15 wire for fixing the
cell and for con-
trolling its position

16 fixing ring

17 repressurising tube

18 fix the pressure cell
with steel mesh so
well that it can not
change its position
during shotcreting

Fig. 16. Schema for installation of radial and tangential cells (Sauer and Sharma [20])

KOMUNIKACIE / COMMUNICATIONS 1-272002 -« 101



KOMNIKOCIe

C O M MUNICATION:S

[14] LYNCH, R. E.: Development of the University of New Mexico soil stress gage, AF WL-TR-65-104, Kirtland Air Force Base, N. M.,
Aug., 1966.

[15] MONFORE ,G. E.: An analysis of the stress distribution in and near stress gauges embedded in elastic solids, Report SP 26 Washington:
US Bureau of Reclamation, 1950.

[16] O’'ROURKE, J. E.: Soil stress measurement experiences, J. Geotech Eng. ASCE Vol.104 No. GT 12, Dec. 1978 pp. 1501-1514.

[17] PENMAN, A. D. M., CHARLES, J. A.: Deformations and stresses in rockfill over a rigid culvert, Building Research Station, Rec.
1975.

[18] Raport on Racine Site, Design of field experiment Ill. Institute of Technology, Chicago, 1982.

[19] REIFF, C. M., LINGER, D. A.: Investigation on buried domes-phase evaluation of instrumentation and preliminary tests, Techn.
Rep.AFWL-TR-67-110, Air Force Weapons Laboratory, Kirtland Air Force Base, N.M. 1967.

[20] SAUER, G., SHARMA, B.: 4 system for stress measurement in construction in rock, Field Measurements in Rock Mechanics, Int.
Symposium Zurich, 1977, pp 317-329.

[21] SCHOBER, W.: Large scale application of Gloetzl type hydraulic stress cells at the Gepatsch Rockfill Dam Austria Baumesstechnik,
Spezial-Informationen uber baustatische Messungen, 1965.

[22] SMITH, T., NORDLIN E.: Evaluation of commercial soil pressure cells, State of California Highway Research Rep. No. M. and R.
636342, 1968.

[23] SMITH, T., SHIRLEY, E., FRAZIER, CH., BOSS, J. F.: Field perfomance of soil pressure cells, State of California, Department of
Public Works, Interim Res. Rep. 638-954-1, May 1971.

[24] TAYLOR, D. W.: Review of pressure distribution theories, Earth pressure cell investigation, Rep. WES, 1947.

[25] TRIANDAFILIDIS, G. E., CALHOUN, D. E.: Simulation of air blastinduced ground motion at Mc Cormick Ranch Test Site,
AFWL-TR-68-27, Vol.: Kirtland Air Force Base, N. M. 1970.

[26] TRIANDAFILIDIS, G.E.: Soil-stress gage design and evaluation, Journal of Testing and Evaluation, Vol. 2, No.3, May 1974 pp.
146-158

[27] WEILER, W. A., KULHAWY, F. H.: Factors affecting stress cell measurements in soil, J.Geotechn. Eng. Div. Proc. ASCE, Vol. 108,
GT 12, Dec. 1982, p. 1529-1548.

[28] WRIGHT, W. V,, COYLE, H. M., BARTOSKEWITZ, R. E., MILBERGER, L. J.: New retaining wall design criteria based on lateral
earth pressure measurements, Res. Rep. No. 169-4F, Texas Transportation Institute, 1975.

102+ KOMUNIKACIE / COMMUNICATIONS 1-2/2002



Katarina Slopkova *

KOMNIKOCIe

C O MMUNICATION:S

TRVANLIVOST POLYMERBETONOV

DURABILITY OF POLYMER CONCRETES

Cldnok sa zaoberd vplyvmi zvySenej teploty, odolnosti voci mrazu,
vody a chemickych médii na pevnost polymérbetonov pri réznom
obsahu spojiva.

1. Uvod

Polymérbetény patria ku kompozitnym materialom, ktorych
vyznam a rozsah pouZitia vo vyrobnej praxi stale narastaju. Viaceré
vyhodné vlastnosti tychto materialov, najma rychly narast pevnosti
a vysoké konecné pevnosti, ich velka huzevnatost, vysoka odol-
nost proti vonkajsim agresivnym vplyvom, predurcuju ich k efek-
tivnemu vyuZzitiu pre rozliéné Specifické ucely a konstrukcie.

V sucasnosti su uz pomerne dobre preskimané niektoré
zakladné vlastnosti polymérbetonov, vyrobenych na baze réznych
druhov zivic. Relativne malo spolahlivych informacii je vSak zatial
o dlhodobej trvanlivosti tychto materialov po ich vystaveni u¢inkom
vysSich teplot, dlhodobom ucinku vody alebo opakovanom poso-
beni mrazu.

Nas vyskum sme zamerali na podrobnejsie preskumanie vplyvu
zvysenej teploty, opakovaného posobenia mrazu a dlhodobého
posobenia vody a chemickych médii na zmeny zakladnych vlast-
nosti polymérbetonov s roznym obsahom spojiva.

2. Pouzité materialy

Pri vyskume sme pouzili polymérbetony vyrobené s epoxido-
vou zivicou ChS EPOXI 1505 ako spojivom. Plnivom bol normovy
kremicity piesok troch frakcii PG I, PG II a PG III a andezitova
mucka z lokality Badin s D,,,. = 0,25 mm v hmotnostnych pome-
roch miesania vypocitanych na zaklade Fullerovej krivky zrnitosti,
ato

PG 1
32,5%

PG II
14,7 %

PG III
34,6 %

andezitova mucka
18,2 %

Normovy kremicity piesok sa pouZil pre jeho Standardné vlast-
nosti a andezitova mucka na vylepSenie granulometrického zloze-
nia plniva.

Decrease of the compressive strength and the flexural strength of
polymer concretes based on an epoxy resin as a result of repetitive
effect of frost, increased temperatures 40 °C and 80 °C and long-term
water effect.

1. Introduction

The polymer concretes belong to composite materials, whose
importance and range of application in production are still increas-
ing. These materials are predetermined for their effective applica-
tion for various specific purposes and constructions by many of
their advantageous properties as are fast growth of the strength
and high final strength, the great ductility and high resistance
against the external aggressive effects.

Nowadays, some of the basic properties of the polymer con-
cretes, which are made on the base of various kind of epoxy resin,
are quite well investigated. Nevertheless, there is a relative short-
age of reliable information about the long-term durability of these
materials after their exposing to effects of increased temperatures,
the long-term water effect or the repetitive effects of frost.

The research was oriented on a detailed survey of increasing
temperature influence, the repetitive effects of frost of chemical
medius and the long-term water effect on changes of basic prop-
erties of polymer concretes with various contents of binder.

2. Applied materials and methodologies

Polymer concretes, which were made with epoxy resin ChS
EPOXI 1505 as binder, were used in the research. The standard
siliceous sand of three size fractions PG I, PG II and PG III and
the andesite powder from the locality Badin with D,,,,. = 0.25mm
were used as a filler. The mix ratio was computed according to the
Fuller’s grading curve namely

PGI
32.5%

PG 1II
14.7%

PG II
34.6%

andesite powder
18.2%.

The standard siliceous sand was applied owing to its known
standard properties and the andesite powder was applied to upgrade
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the granulometric composition of filler.
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Ako spojivo sa pouzila epoxidova zivica ChS EPOXI 1505
v mnozstvach 7,5; 10; 12,5; 15; 17,5; 20; 22,5 a 25 % z hmotnosti
plniva. Na vytvrdzovanie spojiva sa pouZzilo tvrdidlo P-1 v pomere
miesania S:T = 10:1, pricom proces vytvrdzovania prebiehal pri
teplote 20 °C.

Z cerstvych kompozitnych zmesi sa vyrobili sady vzoriek
40 X 40 X 160 mm. Po 7 dioch tvrdnutia boli porovnavacie vzorky
vloZené do laboratérneho prostredia s teplotou 20 °C a relativnou
vlhkostou vzduchu 70 %. Dalsie sady vzoriek boli vlozené do kli-
matizacnej komory s konS§tantnou teplotou 40 °C na ¢as 180 dni
a dalSie sady vzoriek vloZzené do klimatizanej komory s konStant-
nou teplotou 80 °C na Cas 180 dni. Pri stadiu opakovaného mrazu
pozostaval jeden zmrazovaci cyklus zo zmrazovania pocas 4
hodin pri teplote —20°C £ 2°C a z 2 hodin rozmrazovania vo
vode s teplotou 20 °C = 2 °C. Dalsie sady vzoriek boli vlozené do
vodného kupela s teplotou 20 °C = 2 °C na ¢as 15 rokov.

Chemicka odolnost sa zistovala po 7, 28 a 90 diioch posobe-
nia média.

Porovitost bola zistovana porozimetrickou analyzou pomocou
porozimetra ,carlo erba®.

Priebeh poruSovania vzoriek sa ur¢oval zo zmeny pevnosti pri
ohybe (trojbodovy ohyb) a zmeny pevnosti v tlaku na zostatkoch
vzoriek po pevnosti pri ohybe na ploche 225 mm?.

3. Vysledky skusok

Degradacia vlastnosti polymérbetonov vplyvom podsobenia
vysSich teplot je uvedena na obr. 1 a 2. Vysledky potvrdzuji nega-
tivny vplyv posobenia zvySenych teplot na pevnost v tlaku ako aj
pevnost v tahu pri ohybe. Pokles pevnosti narasta so zvySujicou
sa teplotou. Pri vzorkach vystavenych pdsobeniu teploty 80 °C bol
vSeobecne o 14 az 40 % vacsi ako pri zodpovedajucich vzorkach
vystavenych teplote 40 °C.

The epoxy resin ChS EPOXI 1505 was used as a binder. Its
content was 7.5; 10; 12.5; 15. 17.5; 20; 22.5 and 25 % from the weight
of aggregate. The hardener P-1 was used for hardening of binder.
The mix ratio of binder and hardener was B:H = 10:1 and the
process of hardening was running over at temperature of 20 °C.

Series of specimens 40 X 40 X 160 mm were made of the
young composite mixtures. The comparative specimens were stored
in laboratory conditions with temperature of 20 °C and relative
humidity of 70 % after 7 days of hardening. The next series of
specimens were stored 180 days in a climatic box with tempera-
ture of 40 °C and other next series of specimens were stored 180
days in a climatic box with temperature of 80 °C. The specimens
were exposed to repetitive effects of frost. One cycle of freezing
consisted of 4 hours freezing with temperature —20 °C £ 2 °C
and 2 hours defrosting in water with temperature 20 °C = 2 °C.
The next series of specimens were inserted into a water bath with
temperature 20 °C *+ 2 °C for time 15 years.

The resistance to chemical effects was found out after 7.28
and 90 days of medium acting.

The porosity was investigated by porosity analysis using
porosimeter “carlo erba”.

The process of specimen degradation was observed on the
change of flexural strength (three-point bending) and from the
change of compressive strength. The change of compressive strength
was determined on the remains of specimens after flexural strength
testing on the area of 225 mm?

3. Test results

Deterioration of polymer concretes properties, which is influ-
enced by effects of increased temperatures, is shown in the Fig. 1
and Fig. 2. The results confirm negative effects of increased tem-
peratures on the compressive and tensile strength of concrete.
Loss of strength increases with increasing of temperature. Loss of
strength on the specimens exposed to 80 °C was in general higher
by 14 - 40% than on the specimens exposed to 40 °C.

% 100 -
o 90 O
;  o——®— ——

§ g 80 @]
5 = 70
£ 35 60 ,/ /'\\.‘* —8—20°C
SS 50 L= = B——m | |_m40°C
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> & 30
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[0
&3 10
§ 0 |
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Obr. 1. Odolnost polymérbetonov voci teplote
Fig. 1. Temperature resistance of polymer concrete

104+ KOMUNIKACIE / COMMUNICATIONS 1-2/2002



KOMNIKOCIe

C O MMUNICATION:S

. E
2 E 457
oz
5 < 40 __—.-""/.’_—_.—=._
s g 35 —®
S Z 30 — °
« £ | —e—20°C
© © ——
558 9 ,// :’:*ﬁzzl_ m—a0°C
§ £ 15 é/ —&—80°C
FRL
D B 5

g 7.5 10 12.5 15 17.5 20 225 25

Content of binder (weight %) - obsah spojiva (hmot.%)

Obr. 2. Odolnost polymérbetonov voci teplote
Fig.2. Temperature resistance of polymer concrete

Vysledky dalej preukazali, Ze pokles pevnosti polymérbetonov
vplyvom zvysSenych teplot vel'mi zavisi od obsahu spojiva v poly-
mérbetone. So zvysujiicou sa davkou spojiva vyznamne narasta.
Vzhladom na uvedené skutocnosti mozno degradacie pevnosti
pdsobenim zvysenych teplot vysvetlif ako dosledok ich tepelného
starnutia. Prvym priznakom tohto tepelného starnutia je zmena
farby polymérbetonu, ktorej intenzita narastd s obsahom spojiva
v polymérbetone.

Vysledky skusok vyjadrujice vplyv opakovaného posobenia
mrazu na pevnoti skusanych vzoriek st uvedené na obr. 3 a 4 a jed-
noznacne preukazuju, ze poklesy pevnosti v tlaku a v tahu pri
ohybe vyznamne zavisia od obsahu spojiva v polymérbetone. Zatial
¢o pri polymérbetdne s obsahom spojiva 7,5 % sa dosiahol pokles
pevnosti na priblizne 50 % povodnej hodnoty asi po 150 zmrazova-
cich cykloch, pri polymérbetone s obsahom spojiva 25 % sa dosia-
hol rovnaky relativny pokles pevnosti az po 500 zmrazovacich
cykloch.

Dosiahnuté vysledky vedu k zaveru, Ze nepriaznivy Gc¢inok opa-
kovaného posobenia mrazu na polymérbeton je predovSetkym
funkciou mnozstva kapilarnej vody v zatvrdnutom polymérbetone,
pricom toto mnozstvo rozhodujuco zavisi od otvorenej porovitosti
kompozitu. Celkova a otvorena poérovitost su potom predovset-

Moreover, the results of testing showed that loss of strength of
polymer concretes due to increased temperatures depends on the
content of binder in polymer concrete. Loss of content strength
increases significantly with the increasing content of binder. From
the viewpoint of content mentioned facts, deterioration of strength
due to increased temperatures can be explained as a consequence
of their temperature ageing process. The first sign of this tempera-
ture ageing process is a change of polymer concrete color. The
intensity of color increases with content of binder in polymer con-
crete.

The test results, which represent the repetitive effects of frost
on the tested specimens strength, are shown in Fig. 3 and Fig. 4.
These results indicate definitely, that loss of compressive strength
and tensile strength depends significantly on the content of binder
in content polymer concrete. Whereas, loss of strength of polymer
concrete with the content of binder of 7.5 % was 50 % of the native
value after 150 freezing cycles and the same loss of strength of
polymer concrete with content of binder of 25 % was even after
500 freezing cycles.

The results lead to conclusion that the negative repetitive
effect of frost on polymer concrete is mostly a function of capillary
water amount in hardened polymer concrete. This capillary water
amount depends critically on the opened porosity of composite.
The total and opened porosity are depended mostly on the content
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Number of freezing cycles - poéet zmrazovacich cyklov

Obr. 3. Odolnost voci mrazu polymérbetonov
Fig. 3. Frost resistance of polymer concrete
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Obr. 4. Odolnost polymérbetonov voci mrazu

Fig. 4. Frost resistance

kym zavislé od obsahu spojiva. Jednoznacne to preukazuju vysledky
znazornené v obr. 5 a 6, ktoré vyjadruju vztah medzi celkovou
porovitostou, objemom porov a polomerom pérov vzoriek poly-
mérbetonu a ich obsahom spojiva. Najvyssiu otvorent porovitost

obsahom spojiva otvorena porovitost klesa, pricom pri obsahu

of polymer concrete

of binder. The results, which are shown in Fig. 5 and Fig. 6, defi-
nitely indicate this conclusion. These results represent relation
among the total porosity, volume of pores and radius of pores of
the polymer concrete specimens and their content of binder. The
polymer concretes with the least content of binder have the most
opened porosity. The opened porosity is decreased with an increas-
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Content of binder (weight %) - obsah spojiva (hmot.%)
Obr. 5. Porovitost a objem porov polymérbetonov
Fig. 5. Porosity and pores volume of polymer concrete
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Obr. 6: Polomer porov polymérbetonov

Fig. 6: Radius of pores

of polymer concrete
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spojiva 20; 22,5 a 25 % sa prakticky bliZi nulovej hodnote, rovnako
ako polomer porov a objem porov.

Degradacia vlastnosti polymérbetonov vplyvom dlhodobého
posobenia vody (vzorky polymérbetonu ponorené vo vode 15 rokov).
Po 15 rokoch posobenia vody bola zistovana pevnost v fahu pri
ohybe a pevnost tlaku. Vysledky st uvedené na obr. 7 a 8. Dosiah-
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ing volume of binder and it is closing to zero value with content
of binder 20; 22.5 and 25 %. The same conclusion is valid for radius
of pores and volume of pores.

Deterioration of polymer concretes properties (specimens dipp-
ed in water for 15 years), which is influenced by a long-term water
effect, is shown in the Fig. 7 and Fig. 8. The compressive strength
and the tensile strength of concrete were observed after 15 years
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Obr. 7. Odolnost voci vode polymérbetonov
Fig. 7. Water resistance of polymer concrete
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Obr. 8. Odolnost voci vode polymérbetonov
Fig. 8. Water resistance of polymer concrete

nuté vysledky vedu k zaveru, Ze nepriaznivy u€inok dlhodobého
posobenia vody na polymérbetdn je funkciou mnozZstva spojiva.
Zatial ¢o pri polymérbetone s obsahom spojiva 7,5 % sa dosiahol
pokles pevnosti priblizne o 50 az 60 %, pri obsahu spojiva 20; 22,5
a 25 % bol pokles pevnosti minimalny.

Pri zisfovani chemickej odolnosti polymérbetonov sa ako che-
mické médium pouzila 10 % H,SO,, automobilovy olej a moto-
rova nafta. Chemicka odolnost polymérbetonov zavisi hlavne od
odolnosti jeho zloziek (plniva a spojiva) a tieZ od hutnosti kom-
pozitu. Z hladiska dostatoc¢nej chemickej odolnosti je najvyhod-

of water effect. The results lead to a conclusion that the negative
long-term water effect on polymer concrete is function of binder
amount. Whereas, loss of strength of polymer concrete with content
of binder 7.5 % was 50 - 60 % of the native value, the loss of
strength of polymer concrete with content of binder 20; 22.5 and
25 % was minimum.

Motor oil, 10 % H,SO, and motor diesel were applied as chem-
ical medium for observing the chemical resistance of polymer con-
cretes. The chemical resistance of polymer concrete depends mostly
on the resistance of concrete components (filler and binder) as
well as on the composite density. In term of sufficient chemical
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nejsie pre polymérbetony pouzivat inertné plniva s dostatocnou
hutnostou zmesi. Vysledky experimentov su uvedené na obr. 9
a 10. Z vysledkov vyplyva, Ze pevnost v tlaku a pevnost v tahu pri
ohybe pri obsahu spojiva 10 % posobenim skusanych médii vyka-
zuje podstatné zniZenie pevnosti. Pri obsahu spojiva 25 % su
poklesy pevnosti v laku a v tahu pri ohybe minimalne, ¢o vyplyva
zo samotnej Struktury kompozitu.

resistance, the inert fillers with sufficient density of mixture are
the most convenient for applying. The results are shown in Fig. 9
and Fig. 10. It follows from the result analysis that the compres-
sive and tensile strength of concrete are considerably reduced in
the case of content of binder of 10 % from the aggregate weight.
Loss of the compressive and tensile strength of concrete is
minimal by the content of binder of 25 %. The conclusion follows
from the composite structure.

0 7 28
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Obr. 9. Chemickd odolnost polymérbetonov
Fig. 9. Chemical resistance of polymer concrete
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Obr. 10. Chemickd odolnost polymérbeténov
Fig. 10. Chemical resistance of polymer concrete

4. Zaver

Vysledky experimentalneho vyskumu vplyvu zvysenych teplot
do 80 °C, dlhodobého pdsobenia vody, opakovaného mrazu a che-
mickej odolnosti na zakladné vlastnosti polymérbetonov, vyrobe-
nych s odstupnovanym obsahom Zivice ChS EPOXI 1505 ako
spojivom mozno zhrnit do nasledujucich zaverov:

4. Conclusion

The results of experimental research of effects of increased
temperatures up to 80 °C, the long-term water effect, repetitive
effects of frost and resistance to chemical effects on a basic prop-
erties of polymer concretes (polymer concretes were made of
resin ChS EPOXI 1505 as binder with graded content) can be
summarized into the following conclusions:
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denych polymérbetonov, pricom dosiahnuty stupen degradacie
uvedenych vlastnosti sa pri rovnakom case posobenia zvyse-
nej teploty znizuje s obsahom spojiva v polymérbetone. Poso-
benim zvySenych tepldt sa vyznamnejSie nemenia hmotnost
ani objemova hmotnost polymérbetdnu, a preto degradaciu jeho
pevnosti mozno vysvetlit tepelnym starnutim jeho spojivove;j
fazy.

Opakované posobenie mrazu zapricinuje pokles pevnosti poly-
meérbetonov, ktoré su pri rovnakom pocte zmrazovacich cyklov
nepriamo umerné obsahu spojiva v polymérbetone, resp. takmer
priamo umerné hodnote celkovej a otvorenej porovitosti poly-
mérbetonu. Polymérbetony s obsahom spojiva nad 20 %, ktoré
vykazovali iba nepatrnu otvorenu aj celkovu porovitost, pre-
ukazali az trojnasobne vysSiu mrazuvzdornost v porovnani
s polymérbetonmi s nizkym obsahom spojiva.

Dlhodobé posobenie vody zapricinuje zniZenie pevnosti uve-
denych polymérbeténov, pricom dosiahnuty stupen degrada-
cie sa zniZuje s obsahom spojiva v polymérbetone. V pripade
polymérbetonov so spojitou porovitostou dochadza k fyzikal-
nemu a fyzikalno-chemickému posobeniu vody na Strukturu
polymérbetonu, ¢o spdsobuje zniZenie pevnosti v tlaku aj pev-
nosti v tahu pri ohybe.

Chemicka odolnost polymérbetonov zavisi predovsetkym od
mnozstva spojiva, jeho chemickej odolnosti a od druhu pouzi-
tého média. Diftizia agresivneho chemického média sa preja-
vuje zvlast nepriaznivo, ak cely kompozitny systém sa vyznacuje
malou hutnostou a zvySenou porovitostou.
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The effects of increased temperatures decrease the strength of
the observed polymer concretes. The achieved deterioration
degree of presented properties decreases with the content of
binder in polymer concrete considering the same time of effect
of increased temperature. The effects of increased tempera-
tures do not significantly change the weight and bulk density
of polymer concrete, therefore, the strength decrease seems to
be caused by temperature ageing its binder phase.

The repetitive effects of frost decrease strength of presented
polymer concretes. The losses of strength are indirectly pro-
portional to the content of binder at the same number of freez-
ing cycles or they are almost proportional to the value of total
and opened porosity of polymer concrete respectively. The
polymer concretes with content of binder over 20 % had only
trivial total and opened porosity and they indicated even a three
times higher frost resistance in comparison with polymer con-
crete with low content of binder.

The long-term water effect decreases the strength of the observ-
ed polymer concretes and the deterioration degree decreases
with the content of binder considering the same time of the
long-term water effect. The compressive and tensile strength
decrease in the case of polymer concrete with continuous
porosity is caused by a physical and physical-chemical water
effect on the polymer concrete structure.

The chemical resistance of polymer concretes depends mostly
on the content of binder, chemical resistance of binder and
kind of used medium. The diffusion of aggressive chemical
medium is especially negative, if the whole composite system
has a low massiveness and increased porosity.
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dizertacnej prace:  Vplyv rezného prostredia na technologické charakteristiky
pri sustruzeni loziskovej ocele

Autor: Ing. Maria Cillikova
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Skoliace pracovisko: Zilinska univerzita v Ziline, Strojnicka fakulta,
Katedra technologického inzinierstva

Skolitel: doc. Ing. Stanislav Novak, CSc.

Resume:

Doktorandskd dizertacnd prdaca sa zaoberd skumanim vplyvu rezného prostredia na technolo-
gické charakteristiky pri sustruZeni loZiskovej ocele.

Je v nej zahrnuty sithrn sucasnych poznatkov o ucinkoch rezného prostredia na rezny proces,
o0 vlastnostiach reznych kvapalin, rozdeleni reznych kvapalin, volbe reznej kvapaliny podla druhu
obrdbaného materidlu a podla druhu operdcie. Cast prdce je venovand technike pouzivania reznych
kvapalin, novym trendom vo vyvoji reznych kvapalin. Uvedeny je tu aj prieskum pouZivania reznych
kvapalin v niektorych zdvodoch na vyrobu valivych lozZisk.

Prdca obsahuje experimentdlne overenie vplyvu reznych kvapalin na proces siistruzenia loZis-
kovej ocele 14209.3. Experimenty boli spracované na zdklade dvojiiroviiového planu experimentu.
V prdci je skiimany vplyv styroch reznych kvapalin: Cimstar MB 275, Ecocoool 0055, Cimperial 900
a Emulzin H na rezny proces. Pre porovnanie boli vsetky experimenty vykonané aj bez pouZitia
reznych kvapalin. V prdci je vphodnoteny vplyv reznych kvapalin na: rezné sily, drsnost povrchu, tvo-
renie a tvarovanie triesky a trvanlivost reznej hrany. V zdvere je uvedeny technicko-ekonomicky rozbor
pouzivania reznych kvapalin.
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Autor Ing. Pavol Kohit
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Zilina 2001

Nazov doktorandskej

dizertacnej prace:  Perspektivne metody riesenia razu pri kolizii cestnych vozidiel
Autor: Ing. Pavol Kohiit

Vedny odbor: 39-81-9 Studne inZinierstvo

Skoliace pracovisko: Zilinska univerzita v Ziline, Stavebna fakulta

Skolitel: prof. Ing. Gustav Kasanicky, CSc.

Resumeé:

Problematika zrdzky dvoch vozidiel je témou uvedenej doktorandskej dizertacnej prdce. Autor
v nej zahrna sucasné poznatky a metody vypoctu razu dvoch vozidiel zaloZené na bdze koeficientu
restitucie i modely zaloZené na silovom sposobe vypoctu. Navrhnuty bol hybridny model razu (vypra-
cované boli dva varianty modelu vypoctu), vyuzivajiici vyhody silového vypoctu ako i vwhody pristupu
zaloZeného na koeficiente restitiicie. Bol zhotoveny program pre overenie vypoctu pozostdvajiici
z modelu pohybu a rdzu vozidla. Z vykonanych crashtestov a redlnych nehéd (vykonany zber
s podrobnou dokumentdciou, skonstruované bolo Specidlne zariadenie na meranie odporu vozidla
po dopravnej nehode) bolo vykonané overenie modelu. Na zdklade tohto overenia bola konstato-
vand dobrii zhoda skutocného priebehu pohybu vozidiel a vypocitaného pohybu (na zdklade navrh-
nutého modelu).

Prica sa tiez zaoberd problematikou pohybu vozidla, resp. popisom a modelovanim stochastic-
kych javov pri pohybe vozidla.
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dizertacnej prace:  Navrh modelu distribucnej logistiky

Autor: Ing. Martin Krajcovi¢

Vedny odbor: 62-90-9 Podnikovy manazment

Skoliace pracovisko: Zilinska univerzita v Ziline, Strojnicka fakulta,
Katedra priemyslového inZinierstva

Skolitel: Doc. Ing. Eva Slamkova, CSc.

Resumé:

Doktorandska dizertacnd prdaca sa venuje problematike navrhu modelu distribucnej logistiky
s ohladom na splnenie zdkladného ciela - uspokojenia poZiadaviek zakaznikov pri prijatelnej iirovni
vynaloZenych ndkladov. Model distribucnej logistiky je v dizertacnej prdci popisany prostrednictvom
troch zdkladnych prvkov: fyzickej Struktiiry distribucného systému (sklady a doprava), systému ria-
denia materidlového toku v distribiicii (riadenie zdsob) a spdtnej vizby (monitorovanie vykonu distri-
bucného systému). Dizertacnd prdaca navrhuje postup vytvdrania fyzickej Struktiiry distribucného
systému s vyuzitim navrhnutého ndakladového modelu, poddva systematicky prehlad mozZnosti ria-
denia zdsob v distribucnej sieti s rozSirenim o vlastné ndvrhy autora v oblasti vyuzivania tahovych
systémov riadenia zdasob a navrhuje systém monitorovania cinnosti vykondvanych v distribuicii prost-
rednictvom sustavy meratelnych ukazovatelov. V dizertacnej prdci je zdrover uvedend aplikdcia
navrhovanych postupov v praxi.
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Autor: Ing. Tibor Kubjatko

Vedny odbor: 39-81-1 Sudne inzinierstvo

Skoliace pracovisko: Zilinska univerzita v Ziline, Stavebna fakulta
Skolitel: Doc. Ing. Stefan Lis¢ak, CSc.

Resumé:

V dizertacnej prdci je vypracovand komplexnd metodika ohodnocovania cestnych vozidiel
a vypoctu vysky Skody na vozidldch, ¢o je z celospolocenského hladiska velmi vyznamnd iiloha.

Metodika je zaloZend na vyuZiti kategorizovaného etalonového spésobu vypoctu hodnoty jed-
notlivych druhov vozidiel pri pouZiti korekcnych vypoctov redlneho technického zvysku ich Zivotnosti.
Algoritmus vypoctu redlnej technickej vysky skody na vozidldch je zostaveny na zdaklade porovnania
technickych hodnét vozidla pred a po oprave so siicasnym vyhotovenim dodatkovych ekonomickych
parametrov. Metodika umoznuje pri minimdlnej casovej i financnej ndrocnosti vypocet vseobecnej
hodnoty cestného vozidla, ako aj vysku technickej Skody na riom s presnostou poZadovanou pri
vicsine pravnych tikonov (odhad hodnoty vozidla pre potreby kiipy a predaja, exekucného konania,
vyradenia vozidla z evidencie zdkladnych prostriedkov firmy, pre potreby zistenia vysky poistného
plnenia ukradnutych, poskodenych a totdlne znicenych vozidiel, klasifikdciu trestnych cinov pri
odcudzeni, poskodeni a neopravnenom uZivani vozidiel a pod.).

Presnost metodiky bola overend praktickymi vypoctami a porovnanim s vysledkami dalsich
metodik a je preukazné, Ze tdto je pri niZsej casovej ndrocnosti vyssia.

Na jej zdklade bol vytvoreny funkcny pocitacovy program, ktory umoznuje prdacu s rozsiahlymi
databdzami a vyuZitim dalsich matematickych modelov spresnujiicich vysledky svojich vystupov.

Zdkladné principy tejto metodiky su postupne aplikované v odbornej znaleckej praxi, ako aj
v oblastiach suvisiacich s tymto odborom (poistovnictvo, bankovnictvo, financné a leasingové insti-
tiicie, ekonomické, poradenské a pldanovacie institiicie, predajcovia ojazdenych vozidiel...). Rovnako
dochddza k postupnému celoplosnému rozsireniu vyvinutého softvéru Autotax na Slovensku a v dalsich
eurdpskych statoch.
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Nazov doktorandskej
dizertacnej prace:  Ludsky faktor v systéme kvality postovych a telekomunikacnych sluzieb
Autor: Ing. Mariana Strenitzerova

Vedny odbor: 62-03-9 Odvetvové a prierezové ekonomiky
Skoliace pracovisko: Zilinska univerzita, Fakulta prevadzky a ekonomiky dopravy a spojov
Skolitel: prof. Ing. Tatiana Corejova, PhD.

Resume:

Zdkladnym cielom doktorandskej dizertacnej prdace bolo navrhniit uceleny metodicky postup
diagnostikovania kvality ludskych zdrojov v podmienkach velkych sietovych podnikov (SP. 5. p. a ST,
a. s.). Tento metodicky postup umozni stanovit skutocny stav v persondlnej oblasti podniku vo vztahu
k normativnemu, Ziaducemu stavu; stanovit riesenia, smery dalSieho rozvoja, resp. postupy odstra-
nenia nepriaznivého vyvoja.

Z takto formulovaného zdikladného ciela vyplyvali ciastkové ciele doktorandskej dizertacnej prdce:

o analyzovat zdmer, postupy, pristupy, metody riadenia kvality s osobitnym dorazom na otdzky
kvality ludského cinitela a systémov riadenia ludskych zdrojov v podmienkach velkych sietovych
podnikov (SP.$. p., ST a. s.);

« aplikdciou manaZmentu procesov uskutocnit podrobnii dekompoziciu zdkladného procesu Ria-
denie ludskych zdrojov z hladiska obsahu, z hladiska cinnosti (aktivit), ako aj z hladiska jeho
poslania a cielov v systéme riadenia organizdcie;

« definovat vstupy a vystupy zdkladného procesu Riadenie ludskych zdrojov;

uplatnit diagnosticky pristup v skvalitiiovani procesov persondlnych c¢innosti;

stanovit metodicky postup pre diagnostikovanie kvality ludskych zdrojov.

Wtycenym cielom doktorandskej dizertacnej prdace zodpovedali pouZité metédy a postup. Pouzité
metody vychddzali hlavne z poznatkov podnikovej diagnostiky, statistickych metod, hodnotového
manazmentu a manazmentu procesov, ktoré sii vhodné na dosiahnutie stanoveného ciela v oblasti
dekompozicie systemu a aplikdcie v podmienkach velkych sietovych podnikov (SP s. p., ST, a. s.).

PredloZend doktorandska dizertacnd prdca:

 zahfna univerzdlne poznatky a metody, ktoré sa dajii aplikovat'v podmienkach velkych sietovych
podnikov (SE s. p., ST, a. s.);

o dekompoziciou zdkladného procesu Riadenie ludskych zdrojov poskytuje prehlad zdkladnych per-
sondlnych cinnosti a méZe pomoct pri diagnostikovani poriich a ich pricin v jednotlivych fazach
procesu, osobitne v podmienkach velkych sietovych podnikov (SP. s. p., ST a. s.);

» mozZe pomoct velkym sietovym podnikom (SP, $. p., ST, a. s.) pri budovani takého systému riade-
nia kvality, ktory nezohladnuje len technickii, resp. prevddzkovii stranku kvality, ale ktory znacni
pozornost venuje ludskému rozmeru kvality.

K teoretickym prinosom doktorandskej dizertacnej prdce patri:

« rozbor teoretickych a metodologickych vychodisk riadenia ludskych zdrojov a koncepcie riadenia

ludskych zdrojov, ich vyvoj, vyuZitie a moznd aplikdcia v podmienkach velkych sietovych podni-

kov (SP s. p., ST a. s.);

analyza zdkladnych ndstrojov manazmentu kvality zohladnujiicich ludsky faktor:

- pristupy k riadeniu kvality vyzdvihujiice ludsky faktor

- pristupy k zabezpeceniu kvality produktov vyzdvihujiice ludsky faktor

- pristupy k zlepseniu kvality procesov vyzdvihujiice ludsky faktor

- postupy pri hodnoteni kvality zohladnujiice ludsky faktor

- analytické ndstroje manazmentu kvality (FMEA, Ishikawov diagram);

« yytvorenie metodiky diagnostikovania kvality ludskych zdrojov v podmienkach velkych sietovych
podnikov (SP. s. p., ST, a. s.), nakolko tieto podniky sa vyznacujii urcitymi zvldstnostami pre-
miestriovacieho procesu, a preto diagnostikovanie kvality treba tieZ skiimat v kontexte odvetvovej
ekonomiky.

K praktickym prinosom dizertacnej prdce patri:
o podrobnd dekompozicia zdakladného procesu Riadenie ludskych zdrojov z roznych hladisk:
- 7 hladiska obsahu
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- 2 hladiska cinnosti (aktivit)
- z hladiska jeho poslania a cielov v systéme riadenia organizdcie;
o definovanie vstupov, vystupov a kritickych faktorov iispechu jednotlivych ciastkovych procesov
zdkladného procesu Riadenie ludskych zdrojov
o aplikdcia diagnostického pristupu v skvalitiiovani procesov persondlnych cinnosti:
- postupnost a obsah diagnostickych faz - aplikdcia na konkrétnu persondlnu ¢innost.

Diagnosticky pristup v persondine-organizacnom systéme shizi ako systém véasného varovania
- upozornuje na kritické tendencie v zdakladnych oblastiach riadenia ludskych zdrojov a naznacuje
hlavné smery ich odstrdnenia.

Na zdklade definovania vstupov, vystupov a kritickych faktorov tispechu, dekompozicie zdaklad-
ného procesu Riadenie ludskych zdrojov, ako aj aplikdciou diagnostického pristupu pri skvalitnovani
procesov persondlnych cinnosti boli diagnostikované hlavné oblasti zlepsenia jednotlivych ciastko-
vych procesov.

Ndstroje a metédy manaZzérstva kvality umoznuju lepsie poznanie a preniknutie na koren prob-
lémov a na suvislosti medzi nimi, ziskat ¢as namiesto zloZitého postupu a dosiahnut lepsie vysledky
ako pri metode pokusov a omylov. Preto by sa mali metody udomdcnit aj vo velkych sietovych pod-
nikoch (SP 5. p., ST, a. s.) na vsetkych iirovniach riadenia.
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Nazov doktorandskej
dizertacnej prace:  Diskrétne modely zhromazdovania

Autor: RNDr. Julius Rebo
Vedny odbor: 37-01-9 Dopravna a spojova technologia
Skoliace pracovisko: Fakulta riadenia a informatiky Zilinskej univerzity
Skolitel: doc. Mgr. Jiri Slavik, CSc.
Resume:

Doktorandskad dizertacnd praca sa zaoberd podrobnou analyzou diskrétnych procesov zhro-
maZzdovania so zameranim na dopravné procesy. Tym su myslené systémy, v ktorych sii prichddza-
Juice elementy zastavené a zbierané po vopred stanovenii dobu az do ich dalSej obsluhy, ktord sa
vwkondva po skupindch. Prdca sa zameriava na dva zdkladné modely zhromaZdovania s konecnym
alebo nekonecnym zhromazdovacim priestorom, pricom systém je riadeny a sledovany v diskrétnych
casovych okamihoch.

Vplyv vonkajsich podmienok na tieto systémy a ich vyvoj je modelovany ndhodnym procesom
pomocou vhorenych Markovovych retazcov. Je analyzované sprdavanie systémov ako v prechodnom,
tak aj v stabilizovanom rezime. Vety a ich dokazy uvadzajii nutné a postacujiice podmienky prechodu
uvazovanych systémov do stabilizovaného rezimu cinnosti.

Pre oba systémy sii podrobne uvedené metody urcenia pravdepodobnosti stavov a taktiez analyza
charakteristik ich cinnosti v stabilizovanom reZime.

Délezitou castou sii navrhnuté metédy ndkladovej a nendkladovej optimalizdcie dizky periody,
t. J. optimdlneho casového riadenia ukoncenia akumuldcie prichddzajiicich elementov. Ziskané vy-
sledky sii uvadzané v explicitnom tvare umoZnujiicom jednoduché stanovenie charakteristik procesov
a ich vyuzitie pri optimalizdcii dzky periody v zdvislosti od zédkladnych parametrov systémo.
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