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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-

KOMUNIKACIE / COMMUNICATIONS 1-2/2002 hH)



KOMNIKOCIe

C O M M UNICATI ON:S

= 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

KOMNIKOCIe

C O MMUNICATION:S

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,
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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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